






































































 

 

 

 

December 7, 2023 

 

Sent via email 

 

Michael Abraham 

Assistant Director 

Imperial County Planning and Development Services Department 

801 Main St 

El Centro, CA 92243 

MichaelAbraham@co.imperial.ca.us 

442-265-1736 

 

Gerardo Quero 

Planner II 

Imperial County Planning and Development Services Department 

801 Main St 

El Centro, CA 92243 

gerardoquero@co.imperial.ca.us  

442-265-1736 

 

Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-0001, a 

Mineral Exploration Project (SCH No. 2022120331) Environmental Assessment and 

Mitigated Negative Declaration 

 

Dear Mr. Abraham, Mr. Quero, and the Planning Commission: 

 

 We respectfully submit this letter on behalf of the Center for Biological Diversity, 

Western Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Committee, 

Conservation Lands Foundation, Greenaction for Health and Environmental Justice, California 

Native Plant Society, Yuma Audubon Society, the Ahmut Pipa Foundation, and Native 

American Lands Conservancy (collectively “Conservation Organizations”) with respect to the 

above referenced matter. These comments supplement and incorporate by reference our previous 

comments (dated December 16, 2022, December 23, 2022, January 20, 2023, September 12, 

2023, and October 24, 2023) on the County’s Mitigated Negative Declaration (MND) and 

BLM’s Environmental Assessment (EA) and Draft Finding of No Significant Impact (FONSI) 

and proposal to approve the Plan of Operations for the SMP Gold Corp. We submit these 

comments in advance of the December 13, 2023 Planning Commission meeting.1 

 
1 Conservation Organizations have requested several times—including in their December 16, 

2022, January 20, 2023, September 12, 2023, and October 24, 2023 comments—to be placed on 

mailto:MichaelAbraham@co.imperial.ca.us
mailto:gerardoquero@co.imperial.ca.us
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The County, as lead agency under the California Environmental Quality Act (“CEQA”), 

prepared a joint EA/MND for the Project. The Conservation Organizations’ comments on the 

EA/MND explained how the EA/MND failed to comply with CEQA’s basic requirement to act 

as an informational document, in that it lacked meaningful details in critical areas, such as air 

quality, biological resources, cultural resources, and greenhouse gas impacts, without which the 

public and decisionmakers cannot adequately assess the Project’s significant impacts. Because of 

the EA/MND’s shortcomings, it is deficient as a matter of law, and CEQA requires the County 

prepare an environmental impact report to properly disclose and mitigate the Project’s potentially 

significant impacts. The EA/MND also lacks substantial evidence to support the County’s 

conclusions regarding the Project’s impacts and proposed mitigation. These deficiencies 

rendered the document inadequate for purposes of compliance with CEQA. 

 

The Conservation Organizations submit these comments to raise a significant discrepancy 

in the County’s understanding of the Project that must be remedied and clarified in the record 

before the Project can proceed.  

 

I. The County Record Contains A Significant Error That Must Be Resolved. 

 

At the October 25, 2023 Planning Commission meeting, County Planning Development 

Services Staff gave a presentation to the Commission, in which they described the proposed 

Project before the County for consideration. 2 Planning Staff explained that exploration activities 

“would consist of improving and utilizing existing roads and the construction of temporary 

access roads.”3 County staff then proceeded to claim that the Project also “would construct 1.8 

miles of new permanent access road.”4  Then, on December 1, Planning staff released the agenda 

for the December 13, 2023 Planning Commission meeting, recommending approval of the 

Project, which they again claim “would entail constructing a new permanent access road.” 

(Planning Commission Agenda, County of Imperial, December 13, 2023, Item #9.) 

 

The County has made a significant error. The Project permitted by BLM involves no 

permanent access roads. BLM’s Record of Decision confirms that “all proposed new access 

roads would be temporary and would be reclaimed following Project closure. No new 

permanent access roads would be constructed as a result of the Project.” (Exhibit A, 

Decision Record, Oro Cruz Exploration Project, DOI-BLM-CA-D070-2022-0012-EA, p. 4.) 

 

the Project notice list. County Planning Staff continue to notify some – but not all—of the 

interested parties for the project. CEQA requires that lead agencies provide notice to the name 

and last known address of all individuals and organizations that have previously made a written 

request for such notice. (Pub. Resources Code, § 21092, subd. (b)(3); CEQA Guidelines § 15087, 

subd. (a).) Please add all signatories below to the Project notice list. 
2 Audio-Video available at 

https://imperial.granicus.com/player/clip/2460?view_id=2&redirect=true&h=3064b4ae87c139ef

0d0d3342cee2396a.  
3 Ibid. at 1:20. 
4 Ibid. 

https://imperial.granicus.com/player/clip/2460?view_id=2&redirect=true&h=3064b4ae87c139ef0d0d3342cee2396a
https://imperial.granicus.com/player/clip/2460?view_id=2&redirect=true&h=3064b4ae87c139ef0d0d3342cee2396a
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BLM has confirmed that the Project will not result in any permanent roads. As a result, the 

County is required to approve a Reclamation Plan that reclaims all of the Project roads. 

 

As we raised in our October 24, 2023 comments, the updated EA/MND revealed that the 

proposed new access road leading to Drill 1 will remain in place as a “post‐surface exploration 

feature” for up to five years after project implementation. (PDF page 2370.) The continuing use 

of the temporary road for up to five years and impacts of providing access by others to the site 

and surrounding lands from this open road was not previously disclosed or analyzed in the 

EA/MND. This raises significant issues, as the EA/MND did not analyze how the ongoing 

presence of this road during those five years may result in myriad impacts to cultural and 

environmental resources resulting from increased use/access of the Project area.  

 

This distinction is critical and goes directly to the sufficiency of the Project’s 

environmental analysis. Permanent roads can have several effects that cause negative impacts to 

wildlife: mortality from road construction, mortality from collision with vehicles, modification 

of animal behavior, alteration of the physical environment, alteration of the chemical 

environment, spread of exotics, and increased use of areas by humans. The County’s failure to 

accurately describe the Project features, let alone analyze its potential impacts of this new road, 

precludes an assessment of the full extent of such impacts. The public and other governmental 

agencies have been denied the opportunity to evaluate the new information and its significance in 

violation of CEQA. 

 

Furthermore, since the road cannot be permanent, it must be reclaimed. This directly 

pertains to the requirements of the Project’s Reclamation Plan, which the County is required to 

approve. As the court explained in Nelson v. County of Kern, 190 Cal. App. 4th 252 (2010): 

 

The Surface Mining and Reclamation Act (SMARA) requires that persons conducting 

surface mining operations obtain a permit and obtain approval of a reclamation plan from 

a designated lead agency for areas subjected to post-January 1, 1976, mining. (Pub. Res. 

Code, §§ 2770, 2776.)” (Hansen Brothers Enterprises, Inc. v. Board of Supervisors 

(1996) 12 Cal.4th 533, 547, fn. omitted.) In particular, SMARA provides: “[N]o person 

shall conduct surface mining operations unless a permit is obtained from, a reclamation 

plan has been submitted to and approved by, and financial assurances for reclamation 

have been approved by, the lead agency for the operation pursuant to this article.” (§ 

2770, subd. (a).) This section, including the requirement that a surface mining permit be 

obtained from the lead agency, has been described as “‘[a]t the heart of SMARA.’ ” 

(People ex rel. Dept. of Conservation v. El Dorado County (2005) 36 Cal.4th 971, 984.) 

 

SMARA requires that the County approve an adequate reclamation plan. (Pub. Res. Code, 

2773.3.) Under the Imperial County Ordinance, exploratory mining activities fall within the 

definition of Surface Mining Operations (Title 9, Div. 20: Surface Mining & Reclamation 

(hereinafter “Title 9”) § 92001.01.) The County Ordinance prohibits mining activities without 

first obtaining County approval of “a Permit, Reclamation Plan, and financial assurances for 

reclamation,” subject to narrow exceptions which are not relevant here. (Title 9 § 92001.03.) 
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Under SMARA and the County Municipal Code, the Reclamation Plan must provide for 

reclamation of all temporary access roads. (14 CCR § 3502, 3503, Pub. Res. Code, § 92001.03) 

Accordingly, the County cannot proceed with the Project until it amends the project documents 

to confirm that the Project will not result in any new permanent access roads, and ensures that 

the Reclamation Plan details how this road will be reclaimed, which includes describing the 

amount of earthwork required to remediate it. 

 

In sum, the County’s reclamation plan fails to address all of the aspects of the project 

which the BLM permitted by failing to provide a reclamation plan for this temporary access 

road. Moreover, the County’s MND failed to address potentially significant impacts of the 

Project to biological and cultural resources impacts during the five-year period when the 

temporary access road would remain open. The County is required under SMARA and its own 

municipal code to ensure reclamation of the road.  

 

II.  Conclusion 

 

In light of the foregoing, the EA/MND still fails to satisfy CEQA’s requirements and the 

reclamation plan is inadequate. Because the Project will have irreparable impacts, we 

respectfully request that the Project be denied at this time. The Project should not be 

reconsidered until a legally adequate Reclamation Plan and EIR are prepared and certified.   

 

Please include this letter and all references in your project file for the Project. Please also 

include all of the signatories below on your notice list for all future updates, notices, and 

documents related to the Project and do not hesitate to contact us with any questions at the 

number or email listed below.   

 

 

Sincerely, 

 

 
 

Lisa Belenky, Senior Attorney  

Hallie Kutak, Staff Attorney 

Center for Biological Diversity 1212 Broadway, Suite 800 

Oakland, CA 94612  

lbelenky@biologicaldiversity.org  

hkutak@biologicaldiversity.org  

 

 
Joan Taylor, Chair 

California/Nevada Desert Committee 

mailto:lbelenky@biologicaldiversity.org
mailto:hkutak@biologicaldiversity.org
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Sierra Club 

palmcanyon@mac.com  

 

 
T. Robert Przeklasa, Ph.D. 

Executive Director 

Native American Land Conservancy 

rprzeklasa@nativeamericanland.org  

 

 

 
Laura Cunningham, California Director 

Western Watersheds Project  

lcunningham@westernwatersheds.org  

 

 
Jared Naimark, California Mining Organizer  

EARTHWORKS 

jnaimark@earthworksaction.org  

 
Kara Matsumoto, Public Lands Policy Director 

Conservation Lands Foundation  

kara@conservationlands.org  

 
Brendan Wilce 

Conservation Program Coordinator 

California Native Plant Society 

bwilce@cnps.org  

 

mailto:palmcanyon@mac.com
mailto:rprzeklasa@nativeamericanland.org
mailto:lcunningham@westernwatersheds.org
mailto:jnaimark@earthworksaction.org
mailto:kara@conservationlands.org
mailto:bwilce@cnps.org


  

    December 7, 2023 

   Page 6 

 

 
 

Bradley Angel 

Greenaction for Health and Environmental Justice 

bradley@greenaction.org  

 

Preston J. Arrow-weed, President 

Ahmut Pipa Foundation 

ahmut@earthlink.net  

 

 
 

Nancy Meister, President 

Yuma Audubon Society 

Facebook: Yuma Birders 

Website: http://www.yumaaudubon.org  

 

Cc:  

Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  

Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  

Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  

Alyssa Hockaday, CDFW, Alyssa.Hockaday@wildlife.ca.gov  

Heather Brashear, Heather.Brashear@wildlife.ca.gov  

Tom Plenys, EPA, Plenys.Thomas@epa.gov  

Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  

Julianne Polanco, State Historic Preservation Officer (SHPO), julianne.polanco@parks.ca.gov  

Commissioner Laura Miranda, California Native American Heritage Commission. Chairperson 

Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  

 

mailto:bradley@greenaction.org
mailto:ahmut@earthlink.net
http://www.yumaaudubon.org/
mailto:mymartinez@blm.gov
mailto:Brian_Croft@fws.gov
mailto:Magdalena.Rodriguez@wildlife.ca.gov
mailto:Alyssa.Hockaday@wildlife.ca.gov
mailto:Heather.Brashear@wildlife.ca.gov
mailto:Plenys.Thomas@epa.gov
mailto:crb@crb.ca.gov
mailto:julianne.polanco@parks.ca.gov
mailto:Laura.Miranda@nahc.ca.gov
mailto:nahc@nahc.ca.gov
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1.1 Summary of Oro Cruz Exploration Project 

The Bureau of Land Management (BLM) received an exploration plan of operations (Plan) titled 
SMP Gold Corporation Existing Oro Cruz Pit Area Exploration Plan of Operations, BLM Case 
File Number CACA-059124, and has prepared an Environmental Assessment (EA), DOI-BLM-
CA-D070-2022-0012-EA, that analyzes the affected environment, environmental impacts, and 
identifies environmental protection measures associated with the Oro Cruz Exploration Project 
(Project). The EA was prepared as a joint environmental document in coordination with the 
Imperial County Planning Department, which is the lead agency for the California Environmental 
Quality Act (CEQA) permitting for the Project.  

SMP Gold Corp. (SMP) is currently proposing underground and surface mineral exploration 
activities for the Project at the existing Oro Cruz Pit Area within lands administered and managed 
by the BLM, California Desert District Office, El Centro Field Office, in Imperial County, 
California. This EA only analyzes the surface disturbance associated with the Project as the BLM 
does not regulate underground activities. The Project is located in the Cargo Muchacho Mountains 
of the Imperial Valley in southeastern California on BLM-administered lands within Township 15 
South, Range 20 East, Sections 1, 2, 12, and 13, and Township 15 South, Range 21 East, Sections 
6, 7, and 18 (Project Area). The Project Area spans 626.3 acres and is approximately 15 miles 
northwest of Winterhaven, California, 50 miles east of El Centro, California, and 23 miles 
northwest of Yuma, Arizona, by road travel. Area within and surrounding the Project has been 
previously disturbed by historic mining activities, and current surrounding land uses include 
prospecting and dispersed recreation. The Project Area is located within the historic Cargo 
Muchacho-Tumco Mining District. The Project would occur within the Picacho Area of Critical 
Environmental Concern (ACEC), as designated under the Desert Renewable Energy Conservation 
Plan (DRECP). The Project would entail up to 20.54 acres of surface disturbance associated with 
exploratory drilling, road improvements, and temporary access road construction. 

SMP submitted the Plan for the proposed exploration activities in accordance with BLM regulations 
published in 43 Code of Federal Regulations (CFR) 3809 and 43 CFR 3715. Pursuant to 43 CFR 
3809.11 and 3809.401, the Project would result in minor surface reworking of previously mined and 
disturbed areas, and measures would be taken to prevent unnecessary or undue degradation during 
Project operations. The Project would comply with the performance standards in 43 CFR 3809.420 
and other Federal and state laws related to environmental protection and protection of cultural 
resources. The Project is “reasonably incident” to mining as defined in 43 CFR 3715.0-5, and the 
Project would attain the stated level of protection and reclamation required by specific laws in the 
California Desert Conservation Area (CDCA). 

1.2 Decision 

1.2.1  Alternatives Considered for Analysis 

Proposed Action – Exploration activities would consist of utilizing the existing road network for 
Project access; constructing approximately two miles of road improvements for existing roads, 
constructing approximately 6.2 miles of new, temporary 12-foot-wide exploration drilling access 
roads (which would be dependent on accessibility of drill site locations chosen for exploration 
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activities), eight helicopter landing pads, and 65 drill pads to support exploration in seven drill 
areas; and constructing 1.8 miles of a new 15-foot-wide access road and a staging area for access 
to the Project Area and the underground existing Oro Cruz Mine Portal for underground 
exploration within Drill Area 1, all on BLM-administered lands. The proposed disturbance would 
create up to 20.54 acres of surface disturbance under the Proposed Action. The exact location of 
proposed surface disturbance may change based on exploration results as exploration operations 
progress; therefore, the full extent of the disturbance locations has not been defined. Each 
campaign of drilling would determine the subsequent locations of proposed disturbance based on 
the geology or mineralization found. 

Primary highway access to the Project area is off of Interstate 8 to Ogilby Road (State Route 34). 
Existing access roads would be used to the extent possible but some new temporary access roads 
would be required across BLM land. The existing access routes that would be used are BLM-
authorized routes. The proposed drill sites and new temporary access roads would be mostly 
located within previously mined and disturbed areas. 

The Applicant is proposing to implement Project design features (PDFs) to protect resources 
during mineral exploration activities that would be conducted under the Proposed Action. PDFs 
that would be implemented under the Proposed Action, in addition to Conservation Management 
Actions (CMAs) and BLM-required mitigation measures, are detailed in Appendix F of the EA. 

No Action Alternative – Under the No Action Alternative, the Project would not be approved by 
the BLM. The 626.3-acre area would remain available for other existing and future multiple-use 
activities, including future mineral exploration and mining activities, or for other purposes, as 
approved by the BLM. 

1.2.2  Decision and Rationale 

The purpose of the Proposed Action is to provide SMP the opportunity to explore, locate, and 
delineate precious metal (gold) deposits on its mining claims on public lands, as provided under 
the Mining Law. The need for action is established by the BLM’s responsibility under Section 302 
of FLPMA and the BLM Surface Management Regulations at 43 CFR 3809 to respond to a plan 
of operations to allow an operator to prospect, explore, and assess locatable mineral resources on 
public lands, and to take any action to prevent unnecessary or undue degradation of the public 
lands. 

Based on information in the EA, signed Finding of No Significant Impact (FONSI), and other 
related documents, the BLM has decided to approve the Proposed Action as described in 
Section 2.1 of the Environmental Assessment/Mitigated Negative Declaration (EA/MND) Oro 
Cruz Exploration Project, listed on ePlanning as DOI-BLM-CA-D070-2022-0012-EA. The BLM 
finds this action conforms to BLM National Environmental Policy Act (NEPA) requirements. The 
BLM further finds this action in conformance with applicable land use plans, laws, and regulations 
and that it will not cause unnecessary or undue degradation. The Proposed Action, is preferred 
over the No Action Alternative, for the following reasons: 

• The Proposed Action is consistent with the Land Use Plan objectives from the CDCA 
Plan and DRECP which encourages the development of mineral resources in a manner 
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which satisfies national and local needs and provides for economically and 
environmentally sound exploration, extraction and reclamation practices.  

• Drilling is the best method to obtain direct, quantifiable baseline samples for subsurface 
resources and conditions of mineral resources.  

• The Proposed Action may result in or cause temporary impacts to resources described in 
the EA. None of the impacts are considered significant and the Applicant has incorporated 
measures to reduce or mitigate impacts into the Proposed Action. 

As part of this Decision, the PDFs, CMAs and required mitigation measures as contained in the 
EA and as listed in Appendix F of the referenced EA shall be adhered to by the Applicant. 

1.3 Compliance with Laws, Regulations, Policies and Land Use Plans  

The EA and FONSI were prepared in conformance with NEPA, applicable laws and regulations 
passed subsequently, including President’s Council on Environmental Quality regulations 
implementing NEPA (40 CFR 1500-1508), United States (U.S.) Department of the Interior 
requirements, and the policy guidance provided in the BLM NEPA Handbook H-1790-1. Under 
43 CFR 3809.415, the operator of the plan of operations must prevent unnecessary or undue 
degradation to the public lands. The Proposed Action is in conformance with the Federal Land 
Policy and Management Act of 1976 (FLPMA) in ensuring that resource protection is not 
compromised in accordance with the mandated principles of FLPMA.  

The Proposed Action is subject to the 1980 CDCA Plan and the DRECP Land Use Plan 
Amendment (LUPA), which amended the CDCA Plan. Relevant LUPA and ACEC goals and 
objectives under the DRECP for biological, air, cultural, mineral, paleontological, soil and water, 
and visual resource management resources are outlined in the CMA tables. Relevant additional 
CMAs would be implemented for National Conservation Lands and ACECs as well, as the Project 
is located within the Picacho ACEC. The Proposed Action would not result in permanent surface 
disturbance; all areas disturbed under the Project would be reclaimed as outlined in the EA/MND.  

The Proposed Action would include the implementation of best management practices, applicant-
committed environmental protection measures (PDFs), and avoidance and minimization measures. 
Additional CMAs and mitigation measures would also be implemented in conformance with the 
DRECP LUPA and per BLM requirements, as outlined in Appendix F of the EA/MND. 

The Proposed Action and the No Action Alternative analyzed in the EA/MND are consistent with 
federal, state, and local laws, regulations, and plans and programs. The Proposed Action and the 
No Action Alternative are also consistent with state plans and policies for the management of 
mineral and water resources, conservation of threatened and endangered species (Endangered 
Species Act of 1972) and special status species, and cultural resources protection (National 
Historic Preservation Act of 1966), including the DRECP LUPA and the Imperial County General 
Plan. The Proposed Action is in compliance with Sections 401 and 404 of the Clean Water Act 
and the Navigable Waters Protection Rule, California Water Code (Chapter 2 Section 13050), and 
the California Fish and Game Code (Section 1600) for Project permitting in relation to determining 
jurisdictional waters and aquatic resources. The Project would also comply with California Surface 
Mining and Reclamation Act of 1975 (SMARA), including applicable performance standards 
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related to post-exploration site reclamation. A Reclamation Plan has been prepared in accordance 
with SMARA. The action taken herein is in the public interest as there are no hazards to public 
health and safety and environmental damage would be minimized and mitigated under the 
Proposed Action.  

1.4 Public Involvement  

On March 4, 2022, a BLM press release was issued for the Project for a 30-day public scoping 
period, which ended on April 4, 2022. Six public scoping comment letters were received, one from 
a federal agency and five from public interest organizations. Overall, the majority of issues 
identified during public scoping requested analysis of air quality and Project emissions; 
development of a broad range of action alternatives, including alternatives for access and timing 
of the Project; measures to minimize impacts to cultural resources and Tribal concerns, and 
conducting Section 106 of the National Historic Preservation Act (NHPA) consultation with 
Tribes; development of a clear purpose and need and the level of NEPA analysis for compliance 
with land use plans; development of PDFs within the Plan for monitoring and exclusionary fencing 
to protect wildlife species; and development of mitigation measures specifically for desert tortoise 
individuals and habitat. 

The EA/MND and associated unsigned FONSI were available for a 30-day public review and 
comment period from November 16, 2022 through December 16, 2022. The BLM received 373 
public comment letters during the comment period. Public comments received did not result in 
substantive revisions to the EA/MND. All public comments and responses are included as 
Appendix I in the EA/MND. 

Summary of Revisions  

Although the public comments received on the EA/MND did not result in substantive revisions, 
the following list provides a summary of updates that were made for clarity per discrepancies 
noted during the public comment review and response process: 

• Headings within Chapter 1 were revised according to the information provided in each 
paragraph, and text was moved where appropriate within the revised headings. 

• Description of the Proposed Action was clarified throughout Chapters 2 and 3 of the 
EA/MND to specify that all proposed new access roads would be temporary and would be 
reclaimed following Project closure. No new permanent access roads would be constructed 
as a result of the Project.  

• Additional text was included in the analysis for Air Quality (Section 3.3 of the EA/MND) 
to provide the annual Federal Conformity emissions thresholds for all pollutants, where 
available, per 40 CFR 93.153(b) and describe the potential impacts that could result from 
increased particulate matter (PM) emissions. Clarifying text was also added to this section 
to describe the conditions of the Project wherein emissions would be the highest during 
overlap of laydown yard activities and exploratory drilling during the first four to six 
months of the Project, after which point the phases of the Project would not occur 
simultaneously throughout each year of the Project. These revisions did not result in 
revisions to the air quality impact determination for the Proposed Action. 
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• Additional detail was included Section 3.2 of the EA/MND to describe the guidance for 
applying ground disturbance caps within Areas of Critical Environmental Concern in 
compliance with the DRECP LUPA, and regulatory language detailing why disturbance 
caps are not implements for mining or mineral exploration projects in compliance with the 
Mining Law of 1872 and 43 CFR 3809.   

• Clarifying text was included in the analysis for Climate Change, including Greenhouse Gas 
(GHG) Emissions (Section 3.6 of the EA/MND) to provide an accurate comparison of the 
anticipated Project emissions to other U.S. Environmental Protection Agency-monitored 
sources of GHGs (i.e., passenger vehicle use, energy use for homes, and wind turbines) 
and notate impacts of climate change on the proposed Project activities and requirements.  
This section was also revised to summarize the cumulative nature of climate change 
analysis. These revisions did not result in revisions to the climate change and GHGs impact 
determinations for the Proposed Action.  

• Section 106 of the NHPA, updates were added to the EA/MND regarding the status of 
consultation with the State Historic Preservation Office, Tribes and the Traditional Cultural 
Property in the vicinity of the Project Area. Updates were made to Section 3. 8 Cultural 
Resources, Section 3.14 Native American Religious Concerns and Traditional Values and 
Section 4.1.2 Government-to-Government and SHPO Consultation.  

• Additional detail regarding past and present actions within the Visual, Auditory, and 
Atmospheric Area of Potential Effect, which has been identified as occurring within the 
Traditional Cultural Property, was added to the cumulative effects analysis for Native 
American Religious Concerns and Traditional Values within Section 3.14.6 of the 
EA/MND. 

• Clarifying text was added to Section 3.17.2 of the EA/MND to note that the area of analysis 
does not fall within any Special Recreation Management Areas, Extensive Recreation 
Management Ares, or National Scenic Cooperative Management Areas. 

• Section 3.23.3 of the EA/MND was revised to clarify that no sensitive wildlife noise 
receptors were identified, and while special status species may experience indirect impacts 
from noise generation as a result of the Project, overall noise impacts under the Proposed 
Action would be negligible and short-term given that noise impacts from both exploratory 
drilling and helicopter use would not be stationary and would be temporary in nature. 

• The analysis for impacts to threatened and endangered species under Section 3.23.3 of the 
EA/MND was re-organized to separate the discussion of impacts to Mojave Desert tortoise 
habitat and impacts to individual species.  

• Descriptions of applicant-committed PDFs, DRECP-required CMAs, and BLM-required 
mitigation measures were clarified following completion of Section 7 of the Endangered 
Species Act consultation for desert tortoise protection measures, and identification of two 
additional CMAs that were unintentionally omitted from Appendix F in the previously 
published version of the EA/MND.  

• Additional clarification on baseline data collection methods and results for the affected 
environment of vegetation and wildlife species was included in Section 3.23, which did not 
result in revisions to the vegetation or wildlife impact determinations for the Proposed 
Action.  

• Clarifying text was included in the affected environment and analysis for Water Resources 
(Section 3.22 of the EA/MND) to provide details on the volumes of water currently 
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available in reservoirs connected to the Colorado River, as well as the natural groundwater 
recharge rate of the groundwater basin, to provide context for the volumes of water that 
would be required under the Project. Text was also included to describe the process for 
purchasing water under the Project. These revisions did not result in revisions to the water 
resources impact determinations for the Proposed Action.  

• Updates were made to Section 4.1.1 USFWS Consultation to document completion of the 
Section 7 ESA consultation process. 

• The public comment response matrix was included (Appendix I of the EA/MND) along 
with a description of the public comment period in Section 4.2 of the EA/MND.  

• The previously published unsigned FONSI was updated to be consistent with the 
clarifications in the revised EA/MND and to incorporate it into the latest CEQ-compliant 
format.  

1.6 Administrative Remedies  

If you are adversely affected by this decision, you may request that the BLM California State 
Director review this decision. If you request a State Director Review, the request must be received 
in the BLM California State Office at 2800 Cottage Way, Suite W1623, Sacramento, CA 95825, 
no later than 30 calendar days after you receive or have been notified of this decision. The request 
for State Director Review must be filed in accordance with the provisions in 43 CFR 3809.805. 
This decision will remain in effect while the State Director Review is pending, unless a stay is 
granted by the State Director. If you request a stay, you have the burden of proof to demonstrate 
that a stay should be granted. 

If the State Director does not make a decision on your request for review of this decision within 
21 days of receipt of the request, you should consider the request declined and you may appeal 
this decision to the Interior Board of Land Appeals (IBLA). You may contact the BLM California 
State Office to determine when the BLM received the request for State Director Review. You may 
file your Notice of Appeal with this office at 1661 South 4th Street, El Centro, CA 92243 which 
we will forward to IBLA. 

 If you wish to bypass a State Director Review, this decision may be appealed directly to the IBLA 
in accordance with the regulations at 43 CFR 3809.801(a)(1). Your Notice of Appeal must be filed 
in this office at 1661 South 4th Street, El Centro, CA 92243 within 30 days from receipt of this 
decision. As the appellant you have the burden of showing that the decision appealed from is in 
error. Enclosed is BLM Form 1842-1 that contains information on taking appeals to the IBLA. 

This decision will remain in effect while the IBLA reviews the case, unless a stay is granted by 
the IBLA. If you request a stay, you have the burden of proof to demonstrate that a stay should be 
granted. 

Request for a Stay 

If you wish to file a petition pursuant to regulations 43 CFR 4.21 for a stay of the effectiveness of 
this decision during the time that your appeal is being reviewed by Interior Board of Land Appeals 





 

 

 
October 24, 2023 

 
Sent via email 

 
Michael Abraham 
Assistant Director 
Imperial County Planning and Development Services Department 
801 Main St 
El Centro, CA 92243 
MichaelAbraham@co.imperial.ca.us 
442-265-1736 
 
Gerardo Quero 
Planner II 
Imperial County Planning and Development Services Department 
801 Main St 
El Centro, CA 92243 
gerardoquero@co.imperial.ca.us  
442-265-1736 
 
Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-0001, a 
Mineral Exploration Project (SCH No. 2022120331) Environmental Assessment and 
Mitigated Negative Declaration 
 
Dear Mr. Abraham, Mr. Quero, and the Planning Commission: 
 
 We respectfully submit this letter on behalf of the Center for Biological Diversity, 
Western Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Committee, 
Conservation Lands Foundation, Greenaction for Health and Environmental Justice, California 
Native Plant Society, Native American Land Conservancy, and the Ahmut Pipa Foundation 
(collectively “Conservation Organizations”) with respect to the above referenced matter, in 
advance of the October 25, 2023 Planning Commission meeting where this item is on the agenda 
(#7). These comments supplement and incorporate by reference our previous comments (dated 
December 16, 2022, January 20, 2023, and September 12, 2023) on the County’s Mitigated 
Negative Declaration (MND) and BLM’s Environmental Assessment (EA) and Draft Finding of 
No Significant Impact (FONSI) and proposal to approve the Plan of Operations for the SMP 
Gold Corp. The updates to the EA/MND resolve neither the substantive nor procedural issues. 
For the below reasons, along with those detailed in our prior letter, the EA/MND should be 
denied. 
 

mailto:MichaelAbraham@co.imperial.ca.us
mailto:gerardoquero@co.imperial.ca.us
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I. The County Must Allow More Time for the Public to Evaluate and Comment on the 
Updated EA/MND for the Proposed Project.   

The Conservation Organizations voice their strong objection to the way that the Planning 
Commission has handled the publication and posting of documents associated County’s 
Mitigated Negative Declaration (MND) and BLM’s Environmental Assessment (EA) and Draft 
Finding of No Significant Impact (FONSI) and proposal to approve the Plan of Operations for 
the SMP Gold Corp (“Project”). County Planning Staff emailed the updated EA/MND and 
associated documents to some – but not all—of the interested parties for the project on October 
13, 2023—less than 2 weeks before the County’s consideration of the project.1 On October 17, 
four days later, the County circulated another staff report with even more pages, and with zero 
explanation of what material may be new. 

The EA/MND and staff report consist of over two thousand pages, with hundreds of 
pages of additional material. The staff report contained no red line or other explanation of what 
the changes may be, which forced the Conservation Organizations to sift through and compare 
all two thousand pages to see where the new material might be. What’s worse, within these new 
materials, the County repeatedly stated that it had made various updates to the EA/MND’s 
mitigation and analysis, without providing any redline or reference to those changes. The 
additions and revisions to the EA/MND, which constitute hundreds of pages of new information, 
so close to the County’s consideration of this Project deprives the public and the Planning 
Commission of the opportunity to meaningfully consider the issues raised by the proposed 
Project. It is difficult, if not impossible, for the public and interested parties to provide accurate 
and up-to-date comments when the environmental review documents themselves are subject to 
ongoing revisions and changes without proper notice about which material is new and at the last 
minute.  

We urge the County to continue the hearing and make available redline versions of the 
updated documents that show the changes made to the EA/MND since the Planning 
Commission’s September 14, 2023 hearing.  

II. The County’s Changes to the EA/MND Do Not Remedy the Document’s 
Fundamental Flaws. 
 

Like any component of environmental review, a mitigated negative declaration must 
effectuate CEQA’s fundamental purpose to “inform the public and responsible officials of the 
environmental consequences of their decisions before they are made.” (Laurel Heights 
Improvement Ass’n v. Regents of University of California (1993) 6 Cal.4th 1112, 1123.) If 
inform contains a misleading or inadequate discussion of environmental impacts, or fails “to 
include relevant evidence,” it is “inadequate as an informational document.” (Kings County 
Farm Bureau v. City of Hanford (1990) 221 Cal.App.3d 692, 718.)  

 

 
1 For instance, County staff emailed Lisa Belenky, attorney for the Center for Biological Diversity, with links to the 
updated EA/MND and notice for the upcoming Planning Commission hearing. County staff has failed, however, to 
notify any other signatories to Conservation Organizations, or other interested parties who have repeatedly engaged 
on the project, such as the California Department of Fish and Wildlife.  
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The EA/MND remains fundamentally flawed as an informational document, and the 
County’s edits do nothing to remedy those flaws. The updated EA/MND repeatedly fails to 
include information necessary for decisionmakers to meaningfully understand the impacts of the 
proposed Project, and how the Project will effectively mitigate those impacts to less than 
significant levels. For example, the EA/MND acknowledges that plant species observed in the 
field during the March 2021 biological baseline surveys “do not represent a complete floristic 
inventory,” a concern Conservation Organizations repeatedly raised. Rather than remedy that 
inadequacy by conducting the necessary surveys, the EA/MND updated the text of its mitigation 
measure, specifically M‐8 and PDF‐34, to add pre‐construction vegetation surveys prior to 
surface disturbance.2 The vague promise to conduct a vegetation survey does little to resolve the 
EA/MND’s acknowledged information gaps. The EA/MND fails to explain how these surveys 
will be conducted, when they will be conducted, or to provide any other assurances that the 
surveys will be designed to accurately capture the floristic diversity of the site. Rather, the 
EA/MND states in vague and conclusory fashion that a pre-construction survey will “ensure that 
no special status plants are present within areas proposed for disturbance.” But without actually 
including the baseline data on the plants that exist on the Project site, it is impossible for 
decisionmakers to determine the gravity of the Project’s impacts, or whether their severity 
requires the County to prepare an EIR to better assess and mitigate these impacts. 
 

Similarly, the updated EA/MND now reveals that the proposed new access road leading 
to Drill 1 will remain in place as a “post‐surface exploration feature” for reclamation, 
monitoring, and underground exploration activities and would be in place up to five years after 
project implementation. (PDF page 2370.) The continuing use of the road was not previously 
disclosed or analyzed in the EA/MND. The EA/MND did not analyze how the ongoing presence 
of this road may result in myriad environmental impacts resulting from increased use/access of 
the area. These includes dust, which would reduce photosynthesis, affect stomata function, and 
inhibit reproduction on vegetation resources. And although, the EA/MND asserts that the road 
would eventually be removed as part of the project—not as an enforceable mitigation measure as 
CEQA requires (see Lotus v. Department of Transportation (2014) 223 Cal.App.4th 645, 656, 
658)—without describing the amount of earthwork required to remediate it, it is impossible for 
decision makers to understand the scope and impacts from any earthwork that would be 
necessary. 

 
Similar cursory conclusions pervade the EA/MND. The EA/MND repeatedly fails to 

provide comparative evidence to support its conclusions that environmental impacts will be 
sufficiently mitigated with the new and added “clarifications” to its mitigation program. As a 
result, the County’s decisionmakers lack necessary information to determine whether the County 
may proceed with an EA/MND, or instead must prepare an EIR. 
 
III. The EA/MND’s Analysis Remains Deficient. 

 

 
2 CEQA requires that, if the mitigation measures are changed, or mitigation measures are added after public review, 
the mitigated negative declaration ordinarily will have to be recirculated for a second round of public review. (14 
Cal Code Regs §15073.5.) Here, the County did not provide adequate notice or time for the public to adequately 
review the changes to the EA/MND. 
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During the Imperial County Planning Commission meeting held on September 13, 2023,3 
numerous members of the Fort Yuma Quechan Indian Tribe, including several tribal council 
members, voiced their concerns regarding the BLM’s failure to consult. Their testimonies 
emphasized the significance of the traditional cultural resources and landscape, highlighting 
BLM's failure to acknowledge or incorporate the valuable information provided by the tribe 
regarding the location of many cultural resources. 
 

Jordan Joaquin, the President of the Quechan Tribe, and Donald Medart Junior, a Tribal 
Councilmember, both attested that during meetings with BLM, the agency explicitly stated that 
these gatherings should not be considered official tribal consultations and that government-to-
government consultation has not occurred. Furthermore, they pointed out glaring omissions in 
BLM's documentation, noting that “hundreds, if not thousands, of specific glyphs” shared by the 
tribe did not find their way onto the maps provided to Oro Cruz for the project.4 

 
Preston J. Arrow-Weed, a traditional practitioner, also testified about the cycles of 

traditional songs he sings and teaches, and the importance of protecting the land and 
groundwater needed for all living things in the desert.5  
 

Faron Owl, discussed the religious and cultural importance of the “Trail of Dreams” to 
the Quechan and explained that Project activities could “permanently desecrate area belonging to 
our cultural heritage.”6 
 

In response to the concerns raised by the tribal members and the Planning 
Commissioners, BLM staff at the meeting asserted that "consultations are ongoing," despite the 
apparent inadequacy of their previous efforts. In light of these issues, the Imperial County 
Planning Commission made a unanimous decision to postpone consideration of the project until 
such time as BLM could engage in a proper consultation process with the Quechan tribe. 

 
 The updated EA/MND makes abundantly clear that neither BLM nor the County 

engaged in any additional consultation, as the Planning Commission ordered. Instead, it merely 
contains a memorandum written by the developer’s consultant, containing the consultant’s 
summary of communications between the requisite agencies and the tribes. This summary does 
little to address the Quechan’s ongoing concerns about the project, and BLM and the County’s 
failure to consult with the Quechan regarding those concerns. 

 
VI.  Conclusion 
 

In light of the foregoing, the EA/MND still fails to satisfy CEQA’s requirements. At the 
same time, ample evidence still demonstrates that a fair argument exists that the Project may 

 
3 Audio-Video available at 
https://imperial.granicus.com/player/clip/2431?view_id=2&redirect=true&h=f1baefeef32433332
b4c0cd698f7480d. 
4 Id. at minute 1:10-1:15 and 1:18-1:20.  
5 Id. at 1:20-1:24. 
6 Id. at 1:16-1:18. 

https://imperial.granicus.com/player/clip/2431?view_id=2&redirect=true&h=f1baefeef32433332b4c0cd698f7480d
https://imperial.granicus.com/player/clip/2431?view_id=2&redirect=true&h=f1baefeef32433332b4c0cd698f7480d
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result in significant environmental impacts. In light of this evidence, CEQA requires that an EIR 
be prepared. For this reason, and because the Project will have irreparable impacts, we 
respectfully request that the Project be denied at this time. The Project should not be 
reconsidered until a legally adequate EIR is prepared and certified.   
 

Please include this letter and all references in your project file for the Project. Please also 
include all of the signatories below on your notice list for all future updates, notices, and 
documents related to the Project and do not hesitate to contact us with any questions at the 
number or email listed below.   
 
 
Sincerely, 
 

 
 
Lisa Belenky, Senior Attorney  
Hallie Kutak, Staff Attorney 
Center for Biological Diversity 1212 Broadway, Suite 800 
Oakland, CA 94612  
lbelenky@biologicaldiversity.org  
hkutak@biologicaldiversity.org  
 

 
 
Joan Taylor, Chair 
California/Nevada Desert Committee 
Sierra Club 
palmcanyon@mac.com  
 

 
T. Robert Przeklasa, Ph.D. 
Executive Director 
Native American Land Conservancy 
rprzeklasa@nativeamericanland.org  
 
 

mailto:lbelenky@biologicaldiversity.org
mailto:hkutak@biologicaldiversity.org
mailto:palmcanyon@mac.com
mailto:rprzeklasa@nativeamericanland.org
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Laura Cunningham California Director 
Western Watersheds Project  
lcunningham@westernwatersheds.org  
 

 
Jared Naimark, California Mining Organizer  
EARTHWORKS 
jnaimark@earthworksaction.org  

 
Kara Matsumoto, Public Lands Policy Director 
Conservation Lands Foundation  
kara@conservationlands.org  

 
Brendan Wilce 
Conservation Program Coordinator 
California Native Plant Society 
bwilce@cnps.org  
 

 
 
Bradley Angel 
Greenaction for Health and Environmental Justice 
bradley@greenaction.org  
 
Preston J. Arrow-weed, President 
Ahmut Pipa Foundation 
ahmut@earthlink.net  
 
Cc:  
Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  
Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  

mailto:lcunningham@westernwatersheds.org
mailto:jnaimark@earthworksaction.org
mailto:kara@conservationlands.org
mailto:bwilce@cnps.org
mailto:bradley@greenaction.org
mailto:ahmut@earthlink.net
mailto:mymartinez@blm.gov
mailto:Brian_Croft@fws.gov
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Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  
Alyssa Hockaday, CDFW, Alyssa.Hockaday@wildlife.ca.gov  
Heather Brashear, Heather.Brashear@wildlife.ca.gov  
Tom Plenys, EPA, Plenys.Thomas@epa.gov  
Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  
Julianne Polanco, State Historic Preservation Officer (SHPO), 

julianne.polanco@parks.ca.gov  
Commissioner Laura Miranda, California Native American Heritage Commission. 
Chairperson Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  
 

mailto:Magdalena.Rodriguez@wildlife.ca.gov
mailto:Alyssa.Hockaday@wildlife.ca.gov
mailto:Heather.Brashear@wildlife.ca.gov
mailto:Plenys.Thomas@epa.gov
mailto:crb@crb.ca.gov
mailto:julianne.polanco@parks.ca.gov
mailto:Laura.Miranda@nahc.ca.gov
mailto:nahc@nahc.ca.gov


 

 

 

 

September 12, 2023 

 

Sent via email (with attachments by electronic file transfer) 

 

Imperial County Planning Commission 

 

Michael Abraham 

Assistant Director 

Imperial County Planning and Development Services Department 

801 Main St 

El Centro, CA 92243 

MichaelAbraham@co.imperial.ca.us 

ICPDSCommentLetters@co.imperial.ca.us  

442-265-1736 

 

Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-

0001, a Mineral Exploration Project (SCH No. 2022120331) Environmental 

Assessment and Mitigated Negative Declaration 

 

Dear Mr. Abraham: 

 

 We respectfully submit this letter and the accompanying references on behalf of 

the Center for Biological Diversity, Western Watersheds Project, Earthworks, the Sierra 

Club California/Nevada Desert Committee, the Native American Lands Conservancy, 

Conservation Lands Foundation, Greenaction for Health and Environmental Justice, 

California Native Plant Society, and the Ahmut Pipa Foundation (collectively 

“Conservation Organizations”) with respect to the above referenced matter, in advance of 

the September 13, 2023 Planning Commission meeting where this item is on the agenda 

(#3). These comments supplement and incorporate by reference our previous comments 

(dated December 16, 2022, December 23, 2022, and January 20, 2023 and attached 

hereto as Exhibits A through E) on the County’s Mitigated Negative Declaration (MND) 

and BLM’s Environmental Assessment (EA) and Draft Finding of No Significant Impact 

(FONSI) and proposal to approve the Plan of Operations for the SMP Gold Corp.  

 

I. The County Failed To Provide Notice to the Conservation 

Organizations, As Required By Law. 

 

mailto:MichaelAbraham@co.imperial.ca.us
mailto:ICPDSCommentLetters@co.imperial.ca.us
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On December 16, 2022, the Conservation Organizations emailed the County, 

submitting comments on the EA/MND and requesting to be placed on the notice list. 

Again on January 20, 2023, the Conservation Organizations emailed the County to 

submit additional comments and asked once more to be placed on the notice list. The 

County has confirmed in writing that the Conservation Organizations are in fact on the 

interested parties list. (EA/MND at I-75.) Inexplicably, the Conservation Organizations 

received no update on the Project’s environmental review.  

 

CEQA requires that lead agencies provide notice to the name and last known 

address of all individuals and organizations that have previously made a written request 

for such notice. (Pub. Resources Code, § 21092, subd. (b)(3); CEQA Guidelines § 15087, 

subd. (a).) The Conservation Organizations have made multiple written requests. This 

letter was submitted on September 12, the day before the public hearing scheduled for 

September 13, 2023, and the County has not provided the Conservation Organizations 

with notice of any Project documents, deadlines, hearing dates, or developments. This 

violates CEQA’s clear mandates to provide notice to interested parties. 

 

What’s more, the Final EA/MND and response to comments and associated 

documents made available for public review in connection with the hearing contain over 

one thousand pages of revised analysis and technical reports, which were made public 

without notice to interested parties, depriving the public and decision-makers the time 

necessary to review, understand, and comment on the new materials. As a result, the 

County’s failure to comply with the notice requirement has deprived the Conservation 

Organizations of the opportunity to fully comment upon the Project and associated 

environmental review documents, or prepare to appear at the hearing, 

 

Should the County approve and certify the Project without first providing 

adequate notice, it will do so in violation of CEQA. The Conservation Organizations 

request that the County continue the hearing to a later date in order to give the 

Conservation Organizations —and any other potentially interested parties who were not 

notified of the document’s availability—time to review and comment. At a minimum, the 

County should continue the Commission’s hearing on this highly controversial project 

until such time as the public is able to process this voluminous information. 

 

Given the voluminous nature of the new material, which includes significant new 

information, and the extremely limited time the County has provided for the public to 

review it, the Conservation Organizations have been unable to fully review and respond. 

Despite the lack of adequate time to review and comment on the documentation, it is 

clear that approval of the Project would violate the California Environmental Quality Act 

(“CEQA”) and the Surface Mining and Reclamation Act (“SMARA”), among others. 

These comments provide responses to some points raised but are not exhaustive.  
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I. The EA/MND’s Analysis of Biological Resources Remains Deficient. 

 

A. The EA/MND Fails to Properly Assess and Mitigate Impacts to the Desert 

Tortoise. 

 

Numerous commenters, including the California Department of Fish and Wildlife 

(CDFW), observed that the EA/MND failed to analyze the Project’s foreseeable impacts 

to the endangered Mojave Desert Tortoise. According to the EA/MND (Section 3.23.2), 

“evidence of tortoise use of the area was detected in some of the proposed Drill Areas” 

during the focused desert tortoise surveys, making direct impacts to this threatened 

species a certainty if the Project is approved. Rather than remedy its deficient analysis of 

the Project’s foreseeable direct impacts, the EA/MND attempts to excuse its lack of 

analysis by relying exclusively on post-approval preconstruction surveys and avoidance 

measures. The inadequacy of these measures aside, the County’s EA/MND is legally 

inadequate because it fails to disclose in the first instance the Project’s significant 

impacts to the Desert Tortoise. 

 

i. The EA/MND Presents a Fundamentally Flawed Description of the 

Project’s Environmental Setting. 

 

An accurate depiction of existing environmental conditions is critical to a 

complete assessment of project impacts. “[T]o inform decision makers and the public of 

any significant adverse effects a project is likely to have on the physical environment . . ., 

an EIR must delineate environmental conditions prevailing absent the project, defining a 

baseline against which predicted effects can be described and quantified.” (Neighbors for 

Smart Rail v. Exposition Metro Line Construction Authority (2013) 57 Cal.4th 439, 447.) 

Investigating and reporting existing conditions are “crucial function[s] of the EIR.” (Save 

Our Peninsula Comm. v. Monterey County (2001) 87 Cal.App.4th 99, 122 (“SOPC”).) 

“[W]ithout such a description, analysis of impacts, mitigation measures and project 

alternatives becomes impossible.” (County of Amador v. El Dorado County Water 

Agency (1999) 76 Cal.App.4th 931, 953.) Decisionmakers must be able to weigh the 

project’s effects against “real conditions on the ground.” (City of Carmel-by-the-Sea v. 

Bd. of Supervisors (1986) 183 Cal.App.3d 229, 246.) 

 

Here, the EA/MND fails to accurately survey for and identify the desert tortoise 

that may be affected by the Project and therefore undercuts the legitimacy of the 

environmental impact analysis from the outset. Indeed, as many agency and expert 

commenters, the desert tortoise surveys for the Project were conducted over one week in 

January 2021, outside of the tortoise’s active period. “(See USFWS 2009, p. 4–8 

[“surveys should be conducted during the desert tortoise’s most active periods (April 

through May or September through October.”]) Because desert tortoises hibernate in 

underground burrows during winter months, adults are essentially unobservable during 
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January, and therefore the timing and scope of the surveys were insufficient to determine 

the full extent of desert tortoise on the Project site. (See CDFW comment, EA/MND, I-

108.) 

 

CEQA requires the County to describe the environmental setting in a manner “that 

will give the public and decision makers the most accurate picture practically possible of 

the project’s likely impacts.” (Neighbors for Smart Rail, 57 Cal.4th at 449.) By failing to 

conduct proper surveys for the desert tortoise, the EA/MND falls far short of this 

requirement. 

 

ii. The EA/MND Fails to Analyze the Impacts to Desert Tortoise Habitat. 

 

The Project will require the removal of vegetation from the site prior to the start of 

construction for up to 20.54 acres, which will necessarily include any desert tortoise 

habitat located in the Project footprint. Yet the EA/MND fails to acknowledge any 

potentially significant direct or indirect impacts associated with the destruction or adverse 

modification of the desert tortoise’s habitat.  

 

Habitat destruction due to urban development, mining activities, and off-road 

vehicle use has significantly reduced the tortoise's available living space. Moreover, 

factors like climate change, prolonged droughts, and invasive plant species have 

disrupted the fragile desert ecosystems on which these tortoises depend for food and 

shelter. (USFWS 2022). Range-wide, the desert tortoise continues to lose over ten 

thousand acres each year. (Ibid.) According to the USFWS: 

 
Overall, desert tortoises do not coexist well with human development and disturbances; 

tortoises are essentially absent from habitat within 1 km of areas with greater than 10% 

development (including … surface mines and quarries; Carter et al. 2020).  

 

(USFWS 2022.)  

 

Operations on the Project site will result not just in the loss of desert tortoises from 

the site itself, but will eliminate this habitat from use, potentially resulting in significant 

adverse impacts. Large expanses of high-quality habitat are necessary to provide 

resilience to populations as they fluctuate due to threats under the other listing factors, 

such as variability in precipitation patterns; localized declines attributed to drought, 

disease, or predation events; or stochastic population dynamics (USFWS 2022, Averill-

Murray et al. 2021). As habitat is lost and fragmented, habitat patches become smaller, 

patch populations (e.g., clusters of tortoises) have fewer tortoises and become more 

disjunct, extinction probabilities within patches increase, and the number of occupied 

patches decreases (USFWS 2022).  
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None of these impacts are analyzed in the EA/MND. The EA/MND does not 

acknowledge significant individual or cumulative impacts to desert tortoises associated 

with the reduction in habitat or habitat connectivity.  

 

B. The EA/MND Fails to Properly Describe the Environmental Setting and 

Assess and Mitigate Impacts to Special Status Plants and Wildlife. 

 

The EA/MND fails to provide adequate baseline information and description of 

the environmental setting for species other than the desert tortoise. This deficiency 

extends to the EA/MND’s treatment of rare plants, animals, and other imperiled desert 

species, as well as more common species likely present on the Project site. For some 

species or habitats baseline conditions are lacking or totally absent and as a result no 

impact assessment is provided for these biological resources. (Nelson v. Cnty. of Kern 

(2010) 190 Cal. App. 4th 252, 284 [information before County showing that mining 

exploration project could significantly impact plant and animal life in the area meets the 

fair argument test to require preparation of an EIR.].) 

 

The failure to address numerous species is the inevitable result of inadequate 

surveys.  The EA/MND conducted one plant and wildlife survey in March 2021.  It 

conducted no other focused or protocol level surveys for any special-status plant or 

animal species aside from the focused survey for desert tortoise. (EA/MND at I-97.) 

 

The MND/EA (Section 3.20.2) concluded that the following special-status plants 

have historically occurred near the Project site or have the potential to occur: Wiggin’s 

croton (Croton wigginsii), sand foot (Pholisma sonorae), Munz cholla (Cylindropuntia 

munzii), flat-seeded spurge (Euphorbia platysperma), pink fairy-duster (Calliandra 

erophylla), and glandular ditaxis (Ditaxis claryana). While no BLM special status species 

were documented during the survey, section 3.20.2 of the EA/MND was amended to 

clarify that pink fairyduster (Calliandra eriophylla) was found on the project site and that 

this 2B.3 listed species does require CEQA review, despite not being a BLM listed 

species. 

 

Many sensitive plant species are either annuals or herbaceous perennials. The 

EA/MND presumed any remaining special-status plant species were absent, even though 

the EA/MND’s single survey was outside their blooming period, and thus the 

presumption is unsupported. For example, a March survey would not detect Pholisma 

sonorae, despite the plant’s likelihood of being present. This perennial species is only 

visible aboveground for a portion of the year, typically in April and May. The California 

Consortium of Herbaria records show that, of the 29 collections of this species, 55% 

occurred in April, 38% occurred in May, and only 7% occurred in March (The Jepson 

Herbarium, 2023a), demonstrating statistically how uncommon it would be for this 

species to be present in March.  
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A 9 quad CNDDB rare plant search of the project area showed additional species 

with the potential to occur that, while not BLM special status species, should have been 

included for CEQA review. California snake bush (Colubrina californica), and crown of 

thorns (Koeberlinia spinosa var. tenuispina) are shrub species that may have been 

detectable during the March 2021 surveys. Roughstalk witch grass (Panicum hirticaule 

ssp. hirticaule), however, would not have been detectable at this time. The species 

blooms from August through December, and the California Consortium of Herbaria 

records show that the majority of collections were made between September and 

November (87.5%), with one collection in December, one in January, and one in May. 

The Jepson Herbarium, 2023b). There are no collections from February through April 

(The Jepson Herbarium, 2023b).   

 

Seasonally appropriate surveys (e.g., spring surveys after adequate precipitation) 

are necessary to accurately evaluate whether these sensitive annual and herbaceous 

perennial species are present on site. CDFW highlighted this requirement in its comments 

on the EA/MND for the project.  
 

CDFW is concerned that the habitat assessments were not conducted at the appropriate 

time(s) of year to detect all special status plants on the Project site and did not follow the 

standard protocol to detect special status plants… . CDFW recommends that a revised 

MND/EA or other CEQA document include a thorough, recent, floristic-based 

assessment of special-status plants completed at the appropriate time(s) of year before 

Imperial County adopts the MND/EA. 

 

(EA/MND at I-100.) 

 

California has experienced a significant shift in ecological conditions after the wet 

winter of 2022-2023. This is true of the Project Area as well. The EA/MND’s biological 

surveys were conducted in the March 2021, in the midst of a multi-year drought. Due to 

the extremely high precipitation of the past winter, current ecological conditions are 

likely significantly different. It is extremely likely that this wet winter and recent summer 

rains have impacted special-status species in the Project Area and that several species not 

detected during the 2021 surveys would have been present during the spring of this year. 

The Applicant must conduct additional follow-up surveys to reassess the baseline 

conditions and potential impacts to sensitive species and habitats after the significant 

increase in precipitation over the past year. 

 

Critically, even the County acknowledges that its surveys were inadequate. It 

agreed that “the March 2021 biological baseline surveys do not represent a complete 

floristic inventory as it is representative of the species that were identified during the 

surveys and may not be representative of species that are present year-round.” (EA/MND 

at I-101.) Because of the deficiencies of the baseline data for the proposed project area, 
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the EA/MND fails to adequately describe the environmental baseline for biological 

conditions on the Project site. And without the proper baseline data, the EA/MND also 

lacks evidence to presume that temporary barrier fencing around the few  individual 

plants found in earlier surveys will minimize impacts to any special status plant species 

throughout the Project. (EA/MND, PDF-34.) In sum, the EA/MND lacks evidence to 

conclude that the project will not have a significant impact with mitigation incorporated, 

and a fair argument still exists that the Project may have such impacts. 

 

C. The EA/MND Fails To Assess and Mitigate Impacts to Bat Species. 

 

Numerous commenters, including CDFW, observed that the EA/MND failed to 

assess or mitigate impacts to bats roosting in underground mines. (See, e.g., EA/MND at 

I-75).  Specifically, the MND/EA (Appendix E, Biological Assessment Section 5.1.2) 

acknowledged that “previous survey efforts detected 20 high value bat roosts in 

underground mines within the Analysis Area.” Additionally, the MND/EA states “these 

mine features were occupied by a suite of species including California leaf-nosed bat 

(Macrotus californicus), Townsend’s big-eared bat (Corynorhinus townsendii), pallid bat 

(Antrozous pallidus) and an unknown myotis species, likely cave myotis (Myotis 

velifer).” While the EA/MND failed to conduct any underground survey or monitoring 

effort, commenters presented evidence from prior surveys showing that these bats are 

present year-round. 

 

The EA/MND does not dispute that a fair argument exists that these species may 

be impacted. Rather than remedy its deficient survey efforts or undertake a sufficient 

analysis of the Project’s foreseeable direct impacts, the EA/MND attempts to excuse its 

lack of analysis and mitigation by claiming that the EA/MND need “analyze[] effects 

resulting from surface disturbance only” and explains that underground exploration is 

“not subject to permitting under the 43 CFR 3809 Surface Management regulations.” 

Such an assertion is irrelevant and failure to address these issues violates CEQA and 

renders the EA/MND legally inadequate. 

 

Under CEQA, the County is required to consider the whole of the action in its 

environmental review. (CEQA Guidelines, Section 15378.) The definition of “project” is 

“given a broad interpretation in order to maximize protection of the environment.” 

(Nelson, supra, 190 Cal.App.4th at p. 278 [BLM’s review of proposed surface mining 

operations under NEPA does not preclude county from undertaking environmental 

review of entire mining proposal under CEQA]; Lighthouse Field Beach Rescue v. City of 

Santa Cruz (2005) 131 Cal.App.4th 1170, 1180 (internal quotation omitted); see also, 

Muzzy Ranch Co. v. Solano County Airport Land Use Com. (2007) 41 Cal.4th 372, 381-

83; Fullerton Joint Union High Sch. Dist. v. State Bd. of Educ. (1982) 32 Cal.3d 779, 

796-97; Bozung v. Local Agency Formation Com. (1975) 13 Cal.3d 263, 277-81.) A 

“project” is “the whole of an action” directly undertaken, supported, or authorized by a 
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public agency “which may cause either a direct physical change in the environment, or a 

reasonably foreseeable indirect physical change in the environment.” (Pub. Resources 

Code, § 21065; CEQA Guidelines, § 15378(a).) Critically, under CEQA, “the term 

‘project’ refers to the underlying activity and not the governmental approval process.” 

(California Unions for Reliable Energy v. Mojave Desert Air Quality Mgmt. Dist. (2009) 

178 Cal.App.4th 1225, 1241, (quoting Orinda Assn v. Bd. of Supervisors (1986) 182 

Cal.App.3d 1145, 1171-72 [emphasis added]; CEQA Guidelines, § 15378(c).) This 

means that the project encompasses all foreseeable direct and indirect environmental 

impacts associated with the project, not just those activities subject to a governmental 

permit. (Id. [“The term 'project' refers to the activity which is being approved and which 

may be subject to several discretionary approvals by governmental agencies. The term 

'project' does not mean each separate governmental approval.”]) 

 

 Bats have been frequently observed in and around the Project site and are known 

to roost in the existing underground mines in the Cargos Muchachos Mountains. The 

purpose of the Project is “to access the underground Oro Cruz Mine portal 

for underground exploration” via drilling, making direct impacts to these species a 

certainty if the Project is approved. (EA/MND, sec. 2.1.1.) The County cannot hide 

behind the scope of BLM’s permitting authority when defining the environmental 

impacts of the Project. (Nelson, supra, 190 Cal.App.4th at p. 278.) By failing to disclose 

or analyze the potentially significant impacts to bat species, the EA/MND is left legally 

inadequate. 

 

II.      The EA/MND’s Cultural Resources Analysis Is Inadequate, and 

There Is a Fair Argument that the Project May Have Significant 

Impacts to Cultural Resources. 

 

A. The County Has Not Properly Analyzed or Mitigated Impacts to Tribal 

Cultural Resources.  

The site is an important cultural resource for the Fort Yuma Quechan Indian Tribe, 

which has been affiliated with the location for thousands of years. In the tribe’s own 

words:  

 

“The location holds its significance to the Quechan People as a part of a greater 

cultural, religious and spiritual landscape that is entwined with origin stories, 

traditions and ceremonies, and the cultural patrimony of the Quechan People. The 

Quechan Tribe considers this landscape a Traditional Cultural Place (Traditional 

Cultural Property). This location has a specific name within the Quechan 

language. As stated previously, this landscape is associated with the cultural 

practices, religious beliefs and history that are important to the Tribe to continue 

and maintain the Tribe’s cultural identity. The large number of trails, geoglyphs, 

ceramics, etc. in this location is proof of the longterm history, continued use and 
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significance of this area to the Quechan people and the connection of this location 

to the broader cultural landscape in this region. The Quechan people still utilize 

this area today in various cultural capacities. The preservation of this area is 

essential to continue the cultural, religious and traditional practices and teaching of 

future generations of Quechan youth. 

 

This location is tied to the origins of song cycles which live within this landscape. 

These songs specifically reference and speak of the landscape contained within the 

proposed project area. These songs are still sung today by the Quechan people. 

Therefore, they are still a part of everyday life and tie the Quechan people to these 

places. Use of this landscape for the proposed project would be a direct assault on 

the preservation of the history, culture and religion of the Quechan people, and for 

that reason this landscape must be preserved for the Quechan culture to continue. 

 

(EA/MND, Appendix I p. I-82)1 

 

B. The Tribe Requested Consultation Under AB 52 and the County Did 

Not Consult. 

Recognizing the irreplaceable nature of tribal cultural resources, California passed 

AB 52 to require lead agencies to consult with tribes during the CEQA process. (OPR 

2023.) The consultation process is necessary for the protection of the resources that are 

“centrally important to tribal culture and tradition,” which include sites, features, places, 

or cultural landscapes. (Id, Pub. Res. Code § 21074.) The consultation process requires 

the lead agency to “seek, discuss, and consider carefully” the views of the tribe, and to 

“seek agreement.” (OPR 2017.) This is necessary to respect and honor tribal sovereignty. 

(Id.) Effective consultation is an ongoing conversation, not a single event. (Id.) 

 

The law also imposes substantive requirements, namely, that “[a] project with an 

effect that may cause a substantial adverse change in the significance of a tribal cultural 

resource is a project that may have a significant effect on the environment.” (Pub. Res. 

Code, § 21084.2.) Evidence that could support the finding of a significant effect on a 

tribal resource includes formal statements from a Tribal Historic Preservation Officer. 

(OPR 2017) If, through consultation with a tribe, the lead agency determines that the 

project may hurt a tribal cultural resource, the agency must consider mitigation measures. 

(Id.) 

 

The Fort Yuma Quechan Indian Tribe asserts that it notified Imperial County of its 

desire to engage in consultation regarding this Project. (EA/MND, Appendix I p. I-82.) 

 
1 See also Creative FRONTLINE airs on KPFK, from Producers Robert Lundahl and Tracker Quinone (July 19, 

2023). Interview available at: 

https://www.youtube.com/watch?v=GoCe_lIGTZ4&t=1s&ab_channel=ROBERTLUNDAHLFILMMAKING. The 

Conservation Organizations request that this interview be placed in the administrative record. 

https://www.youtube.com/watch?v=GoCe_lIGTZ4&t=1s&ab_channel=ROBERTLUNDAHLFILMMAKING
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The County claims that the tribe did not respond to the letter it sent initiating 

consultation, and therefore no consultation was required. (Id.) This factual dispute shows 

that Imperial County has not successfully communicated with the tribe as intended by AB 

52. 

 

Further, the evidence in the record shows that the Fort Yuma Quechan Indian 

Tribe was very engaged in advocating to protect their cultural resources on the site. The 

tribe was in frequent contact with BLM to “identify[] potential areas of concern that may 

be associated with the Project.” (EA/MND, p. 123.) The tribe first met with BLM 

regarding the Project on July 12, 2021, and the EA/MND details how tribal 

representatives attended at least eight site visits and meetings with BLM over the next 

two years. (Id.) 

 

The tribe demonstrated its profound concern about the Project’s impacts and its 

willingness to participate extensively in the review process. The County has violated AB 

52 by ignoring this request for consultation.  

 

C. The County’s Determination of No Significant Impact to Cultural 

Resources Is Not Supported by Evidence.  

It is a violation of CEQA to approve a project using an MND without first 

resolving uncertainties regarding the project’s potential to cause significant impacts. 

(Sunstrom v. County of Mendocino (1988) 202 Cal.App.3d 296.) This is because a lead 

agency must prepare an EIR whenever a fair argument supports the project could have a 

significant impact. (Id.) 

 

Despite the lack of adequate consultation, the County has concluded through an 

EA/MND that the Project would not have significant impacts on tribal cultural resources. 

(EA/MND, p. 53.) The MND cannot support this claim. The EA/MND did not find that 

the site is not historically or culturally significant. (Pub. Res. Code, § 21084.1.)  Instead, 

the EA/MND merely notes that “not enough information has been provided to understand 

the nature, extent, and use of the resource, and therefore to fully assess impacts.” 

(EA/MND, p. 56.) The EA/MND stops short of explaining how, if the County cannot 

“fully assess impacts,” it can still conclude that there is no substantial evidence 

supporting a fair argument that the impacts may be significant.  

 

The EA/MND itself includes a letter from H. Jill McCormick, the tribe’s Historic 

Preservation Officer, explaining that BLM’s analysis of impacts did not incorporate input 

from the tribe regarding what sites were sacred or traditionally important. As Ms. 

McCormick said in the comment letter, it is not possible for BLM to make any 

conclusions about the impact of the Project when “there was no input on the cultural, 

religious, or spiritual effects of this project on the Quechan people.” (EA/MND, 

Appendix I p. I-82)  
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The Governor’s Office of Planning and Research advises lead agencies to “invest 

time and effort into” gathering information and “seeking a mutually agreeable 

resolution,” and the EA/MND does not show that the County followed this guidance. 

(OPR 2017.) A Tribal Historic Preservation Officer’s statement that the tribe has not been 

adequately consulted and that the project would cause “great harm” to their cultural 

practices establishes a “fair argument” that the project might have a significant effect on 

tribal cultural resources. (CEQA Guidelines § 15064(f)(1), Pub. Res. Code, § 21084.2.) 

The County admits that it does not have enough information to assess impacts and to 

establish that there will not be such an impact. Therefore, the EA/MND is inadequate and 

an EIS/EIR is required to gather the necessary information before the Project may 

proceed. 

 

III. The EA/MND’s Analysis of Hydrological and Water Quality Impacts 

Remains Deficient. 

 

The EA/MND’s evaluation of the Project’s hydrological and water quality impacts 

is flawed because it lacks the necessary facts and analysis to support its conclusions that 

the Project would not create significant impacts.  

 

The EA/MND recognizes that substantially degrading surface water quality, or 

altering the existing draining pattern of an area, including through the alteration of the 

course of streams, could negatively affect the hydrology of the Project site and 

surrounding areas. As a result, the EA/MND’s thresholds of significance recognize that 

the Project would have a significant hydrology impact if it would 1) “substantially 

degrade surface or ground water quality,” or 2) “substantially alter the existing drainage 

pattern of the site or area, including through the alteration of the course of a stream or 

river or through the addition of impervious surfaces,” such as in a manner that could 

result in siltation on- or off-site. (EA/MND, Table 3-31.)  

 

The EA/MND’s mapping identifies natural ephemeral drainages throughout the 

site, which convey water during storm events. (EA/MND, Sec. 3.22.3.) Elsewhere, the 

mapping shows that the Project plans to drill immediately adjacent to or on top of these 

ephemeral streams. (EA/MND, Figure 2-1, 3-11.)  

 

A thorough analysis of these issues is critical. Yet the EA/MND summarily 

concluded there would be a less than significant impact, without disclosing or analyzing 

how drilling may affect these streams, what mitigation might be required, or what actions 

the Project would take to prevent drilling from affecting the streams. (EA/MND, Sec. 

3.22.3.) The EA/MND does not describe the type of drilling that would occur, what 

chemicals may be involved, the slope of the surrounding areas (which would inform the 

measures needed to prevent run off), or the steps it will take to ensure that drilling will 
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not result in chemical or sediment runoff.2 And while the EA/MND makes a vague 

reference to best management practices (“BMPs”), it fails to commit to any such 

practices, which also constitutes an unlawful deferral of mitigation (see, infra, section V.)  

 

It is beyond dispute that surface mining for gold may have significant 

environmental impacts on perennial or intermittent streams. (Martin 2020, Okanogan 

2023, Punia 2021, Timsina 2022, Yaraghi 2020.) The Department of Interior’s surface 

mining regulations specifically prohibit surface mining activities within 100 feet of an 

ephemeral stream. (30 C.F.R. 816.57 [“No land within 100 feet of a perennial stream or 

an intermittent stream shall be disturbed by surface mining activities, unless the 

regulatory authority specifically authorizes surface mining activities closer to, or 

through, such a stream.].) Not only does the EA/MND appear to be in violation of these 

regulations, but it fails to provide the necessary disclosures so that the public may assess 

the Project’s compliance with these regulations, as well as the potential environmental 

effects on hydrology. And without any of these necessary facts, such as the planned areas 

for drilling or the planned distance between drilling and streams, the EA/MND cannot 

specifically authorize these activities. In sum, the EA/MND simply lacks information to 

conclude that the Project would not result in a significant environmental impact. 

 

V.      The EA/MND’s Mitigation Is Improperly Deferred 

 

A lead agency cannot base a negative declaration on the presumed success of 

mitigation measures that have not been formulated at the time of project approval. 

(Sunstrom v. County of Mendocino (1988) 202 Cal.App.3d 296.) To address fugitive dust, 

the County claims any impacts will be mitigated to less than significant levels because 

SMP “would develop a site-specific Operation Dust Control Plan, which would be 

submitted to the ICAPCD.” (EA/MND at I-72.) Similarly, to address any hydrological 

impacts, the EA/MND 

The California Court of Appeal had held that such improper deferral of mitigation 

renders an MND inadequate as a matter of law. In Schaeffer Land Trust v. San Jose City 

Council, a proposed mitigation measure required a project applicant “to obtain a 

biological report regarding the Stephens’ kangaroo rat” and to “comply with any 

recommendations in the report.” ((1995) 36 Cal.App.4th 1359.) Since the measure 

“required the applicant to comply with any recommendations of a report that had yet to 

be performed,” the court found that the measure “was on all fours” and could not serve as 

the basis for a legal adequate MND. (Ibid.) 

 
2 Roads and other project features could disrupt surface hydrology, including washes and ephemeral streams that are 

protected under California law as “waters of the state.” Alteration of those features requires an agreement with the 

California Department of Fish and Wildlife (see Fish and Game Code section 1602) and dredge or fill activities in 

those areas are regulated by the California State Water Resources Control Board and/or the local Regional Board 

(see State Water Resources Control Board Resolution No. 2019-0015 and Resolution No. 2021-0012). 
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Since the EA/MND only requires SMP to comply with recommendations that have 

yet to be developed or performed, the measure cannot serve as the basis for this MND. 

This is because the circumstances under which a lead agency may rely on a mitigated 

negative declaration are limited: only when “there is no substantial evidence in light of 

the whole record before the public agency that the project . . . may have a significant 

effect on the environment” may an agency prepare a negative declaration or mitigated 

negative declaration instead of an EIR. (Pub. Res. Code § 21064.5; see also id. §§ 21064, 

21080(c).) If there is substantial evidence supporting a fair argument (a low threshold) 

that a project may have a significant effect on the environment, an agency must prepare 

an EIR. (Id. § 21080(d).) Without such disclosure or analysis before Project approval, the 

EA/MND simply lacks a basis or any information to conclude that there is no fair 

argument that there may be significant fugitive dust impacts, including the potential dust 

impacts to wildlife. Proper analysis of the air quality impacts is especially important due 

to the significant cumulative air quality issues in the Imperial County basin. 

VI. The Project’s Potentially Significant Impacts Require Preparation of 

an EIR. 

 

An agency must prepare an EIR whenever it is presented with a “fair argument” 

that a project may have a significant effect on the environment, even if there is also 

substantial evidence to indicate that the impact is not significant. (See No Oil, Inc. v. City 

of Los Angeles (1974) 13 Cal.3d 68; see also Friends of B Street v. City of Hayward 

(1980) 106 Cal.App.3d 988; Guidelines § 15064(f)(1).) Where there are conflicting 

opinions regarding the significance of an impact, the agency must treat the impact 

as significant and prepare an EIR. (Stanislaus Audubon Society v. County of Stanislaus 

(1995) 33 Cal.App.4th 144, 150-51; Guidelines § 15064(f)(1).) 

 

An initial study also must provide the factual basis, with analysis included, for 

making the determination that no significant impact will result from the project. 

(Guidelines, § 15063(d)(3).) In making this determination, the agency must consider the 

direct and indirect impacts of the project as a whole (Guidelines § 15064(d)), as well as 

the project’s cumulative impacts (see City of Antioch v. City Council of Pittsburg (1986) 

187 Cal.App.3d 1325, 1332-33). 

 

Here, the County must prepare an EIR because, as set forth above, there is a fair 

argument that the Project will cause significant impacts related to cultural resources and 

biological resources, among other impacts. There is substantial evidence in light of the 

whole record that the project may have a significant effect on the environment which 

cannot be mitigated or avoided, requiring recirculation and preparation of an EIR. 

(CEQA Guidelines, § 15073.5.) For such a controversial project with significant, 

irreversible environmental impacts, the environmental document must include a detailed 

and thorough analysis of the Project’s likely impacts to permit informed decisions about 
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the Project and identify effective mitigation measures and alternatives that could reduce 

these impacts. 

 

VII.  Conclusion 

 

As set forth above, the EA/MND does not come close to satisfying CEQA’s 

requirements. It fails to describe the Project setting based on adequate survey data and 

consultation with the affected tribe and fails to provide a complete analysis of Project 

impacts and feasible mitigation measures. At the same time, ample evidence 

demonstrates that a fair argument exists that the Project may result in significant 

environmental impacts. In light of this evidence, CEQA requires that an EIR be prepared. 

 

For this reason, and because the Project will have irreparable impacts, we 

respectfully request that the Project be denied at this time. The Project should not be 

reconsidered until a legally adequate EIR is prepared and certified.   

 

Please include this letter and all references in your project file for the Project. 

Please also include all of the signatories below on your notice list for all future updates, 

notices, and documents related to the Project and do not hesitate to contact us with any 

questions at the email listed below.   

 

 

Sincerely, 

 

 
 

Lisa Belenky, Senior Attorney  

Hallie Kutak, Staff Attorney 

Center for Biological Diversity 1212 Broadway, Suite 800 

Oakland, CA 94612  

lbelenky@biologicaldiversity.org  

hkutak@biologicaldiversity.org  

 

 
 

Joan Taylor, Chair 

California/Nevada Desert Committee 

Sierra Club 

mailto:lbelenky@biologicaldiversity.org
mailto:hkutak@biologicaldiversity.org
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palmcanyon@mac.com  

 

 
T. Robert Przeklasa, Ph.D. 

Executive Director 

Native American Land Conservancy 

rprzeklasa@nativeamericanland.org  

 

 

 

 
Laura Cunningham California Director 

Western Watersheds Project  

lcunningham@westernwatersheds.org  

 

 
Jared Naimark, California Mining Organizer  

EARTHWORKS 

jnaimark@earthworksaction.org  

 
Kara Matsumoto, Public Lands Policy Director 

Conservation Lands Foundation  

kara@conservationlands.org  

 
Brendan Wilce 

Conservation Program Coordinator 

California Native Plant Society 

mailto:palmcanyon@mac.com
mailto:rprzeklasa@nativeamericanland.org
mailto:lcunningham@westernwatersheds.org
mailto:jnaimark@earthworksaction.org
mailto:kara@conservationlands.org
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bwilce@cnps.org  

 

 
 

Bradley Angel 

Greenaction for Health and Environmental Justice 

bradley@greenaction.org  

 

Preston J. Arrow-weed, President 

Ahmut Pipa Foundation 

ahmut@earthlink.net  

 

Cc:  

Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  

Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  

Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  

Alyssa Hockaday, CDFW, Alyssa.Hockaday@wildlife.ca.gov  

Heather Brashear, Heather.Brashear@wildlife.ca.gov  

Tom Plenys, EPA, Plenys.Thomas@epa.gov  

Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  

Julianne Polanco, State Historic Preservation Officer (SHPO), 

julianne.polanco@parks.ca.gov  

Commissioner Laura Miranda, California Native American Heritage Commission. 

Chairperson Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  

 

Attachments: 

 

Exhibit A: December 23, 2022 Conservation Organizations Letter re Oro Cruz EA/MND 

Exhibit B: January 20, 2023 Conservation Organizations Letter re Oro Cruz EA/MND 

Exhibit C: January 20, 2023 Site Photographs of Oro Cruz Project Site 

Exhibit D: December 16, 2022 CNPS Letter re Oro Cruz Project 

Exhibit E: December 16, 2022 NALC Letter re Oro Cruz Project 

 

 

 

mailto:bwilce@cnps.org
mailto:bradley@greenaction.org
mailto:ahmut@earthlink.net
mailto:mymartinez@blm.gov
mailto:Brian_Croft@fws.gov
mailto:Magdalena.Rodriguez@wildlife.ca.gov
mailto:Alyssa.Hockaday@wildlife.ca.gov
mailto:Heather.Brashear@wildlife.ca.gov
mailto:Plenys.Thomas@epa.gov
mailto:crb@crb.ca.gov
mailto:julianne.polanco@parks.ca.gov
mailto:Laura.Miranda@nahc.ca.gov
mailto:nahc@nahc.ca.gov
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Exhibit A 



 
Comments on Oro Cruz Exploration Project EA/MND 
December 16, 2022  1  

Submitted via email and via e-planning 
 
Bureau of Land Management        December 16, 2022 
Attn: Mayra Martinez 
1661 S 4th St. 
El Centro, CA 92243 mymartinez@blm.gov 
 

Re: SMP Gold Corp. Oro Cruz Exploration Project EA/MND 
 
Dear Ms. Martinez,   
 

These comments are timely submitted on the BLM’s Environmental Assessment (EA) and Draft 
Finding of No Significant Impact (FONSI) and proposal to approve the Plan of Operations (PoO) for the 
SMP Gold Corp. Oro Cruz Exploration Project (Project) from the Center for Biological Diversity, Western 
Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Committee, Conservation Lands 
Foundation, Greenaction for Health and Environmental Justice, Mojave Desert Land Trust, California 
Native Plant Society, and the Ahmut Pipa Foundation (collectively “Conservation Organizations”).  These 
comments are timely submitted. Although the BLM and Imperial County prepared a joint document with the 
EA and a Mitigated Negative Declaration (MND) combined, BLM provided public notice for the EA 
comment period ending December 16, 2022. On December 13, 2022, Imperial County notified the public of 
an opportunity to comment on the MND with comments due January 20, 2023. Because the project is a 
single project and both NEPA and CEQA require the agencies to consider the whole of the project in their 
review, the Conservation Organizations reserve the right to add additional comments regarding the joint 
EA/MND and compliance with State laws including SMARA and CEQA during the comment period 
noticed by Imperial County. 

 
As detailed below, BLM’s review and proposed approval of the Project violates a number of federal 

laws, including the Federal Land Policy Management Act (FLPMA), the National Environmental Policy Act 
(NEPA), and other federal laws and regulations.  At a minimum, due to the likely potential for significant 
impacts, BLM must prepare a full Environmental Impact Statement (EIS) for this Project. In addition, 
because there is a fair argument that the project will have significant impacts, Imperial County must prepare 
an EIR.  

 
These comments incorporate the previous comments submitted by the above groups, especially as the 

EA fails to adequately respond to those comments. 
 

I. The Project, and BLM’s Review and Proposed Approval, Violates FLPMA 
 

BLM’s review and proposed approval of the Project violates the agency’s multiple duties to protect 
public land resources under FLPMA. 

 
A.  The Project Must Comply with All Applicable Land Use Plans 
 

 FLPMA is the basic “organic act” for management of the BLM public lands.  Under FLPMA, BLM 
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must develop land use plans for the public lands under its control, 43 U.S.C. § 1712, and all resource 
management decisions must be in accordance with those plans. Id. § 1732(a), 43 C.F.R. § 1610.5-3(a). See 
Norton v. S. Utah Wilderness Alliance, 542 U.S. 55, 69 (2004) (this requirement “prevent[s] BLM from 
taking actions inconsistent with the provisions of a land use plan”); Ore. Natural Res. Council v. Brong, 492 
F.3d 1120, 1128 (9th Cir. 2007) (holding BLM decision is “inconsistent with the [Land Use] Plan and, 
consequently, violate FLPMA”); W. Watersheds Project v. Salazar, 843 F.Supp.2d 1105, 1114 (D. Id. 2012) 
(reversing BLM decisions as inconsistent with land use plans); W. Watersheds Project v. Bennett, 392 
F.Supp.2d 1217, 1227 (D. Id. 2005) (same). 

 
 If a proposed action is not clearly consistent with the land use plan, BLM must either deny the 

proposed action or amend the plan, complying with NEPA and allowing for public participation. See 43 
C.F.R. §§ 1610.5-3, 1610.5-5. See also National Parks and Conservation Ass’n v. FAA, 998 F.2d 1523, 
1526 (10th Cir. 1993) (nonconforming land use required RMP amendment).  The Interior Board of Land 
Appeals recognizes that this “consistency” requirement reflects the mandatory duty to fully and strictly 
comply with the governing land management plans. See, e.g. Jenott Mining Corp., 134 IBLA 191, 194 
(1995); Uintah Mountain Club, 112 IBLA 287, 291 (1990); Marvin Hutchings v. BLM, 116 IBLA 55, 62 
(1990); Southern Utah Wilderness Alliance, 111 IBLA 207, 210-211 (1989). 

 
 Complying with the RMP is required by both the general land use conformity requirement of 

FLPMA as well as BLM’s duty under FLPMA to “prevent unnecessary or undue degradation” (“UUD”) of 
the public lands. 43 U.S.C. §1732(b).  To prevent UUD, BLM must ensure that all environmental protection 
standards will be met at all times. 43 C.F.R. § 3809.5 (definition of UUD prohibited by FLPMA includes 
“fail[ure] to comply with one or more of the following: … Federal and state laws related to environmental 
protection.”). 

 
 “All future resource management authorizations and actions … shall conform to the approved plan.” 

43 C.F.R. §1610.5-3(a).  BLM defines “conformity” as requiring that “a resource management action shall 
be specifically provided for in the plan, or if not specifically mentioned, shall be clearly consistent with the 
terms, conditions, and decisions of the approved plan or plan amendment.” Id. §1601.0-5(b).  “Consistent” is 
defined as requiring that decisions “will adhere to the terms, conditions, and decisions of officially approved 
and adopted resource related plans.” Id. §1601.0-5(c). 

 
 Mining operations are not exempted from FLPMA’s requirement to comply with the RMP.  For 

example, in Western Exploration v. U.S. Dept. of the Interior, 250 F. Supp. 3d 718, 747 (D. Nev. 2017), the 
court held that in the mining context, as well as for other potential uses of public land, RMP standards to 
protect the Greater Sage Grouse must be met to comply with BLM’s duty to “prevent unnecessary or undue 
degradation” under FLPMA.  The court rejected a challenge from the mining industry and others and agreed 
with the Interior Department that meeting the RMP requirements was part of the UUD mandate: 

 
Defendants [Interior Department et al.] contend that the ‘‘unnecessary or undue degradation’’ 
standard in the statute does not preclude the agency from establishing a more protective 
standard that seeks improvements in land conditions that ‘‘go beyond the status quo.’’ The 
FEIS states that “if actions by third parties result in habitat loss and degradation, even after 
applying avoidance and minimization measures, then compensatory mitigation projects will 
be used to provide a net conservation gain to the sage-grouse.’’ The Agencies’ goals to 
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enhance, conserve, and restore sage-grouse habitat and to increase the abundance and 
distribution of the species, they argue, is best met by the net conservation gain strategy 
because it permits disturbances so long as habitat loss is both mitigated and counteracted 
through restorative projects. If anything, this strategy demonstrates that the Agencies allow 
some degradation to public land to occur for multiple use purposes, but that degradation 
caused to sage- grouse habitat on that land be counteracted. The Court fails to see how 
BLM’s decision to implement this standard is arbitrary and capricious. Moreover, the Court 
cannot find that BLM did not consider all relevant factors in choosing this strategy, as it 
appears to possess elements proposed in the DEIS. 

 
In sum, Plaintiffs fail to establish that BLM’s challenged decisions under FLPMA are 
arbitrary, capricious, an abuse of discretion, or otherwise not in accordance with law. 

 
Western Exploration, at 747 (internal citations omitted). See also Mineral Policy Center v. Norton, 292 F. 
Supp. 2d 30, 49 (D.D.C. 2003) (“when BLM receives a proposed plan of operations under the 2001 rules, 
pursuant to Section 3809.420(a)(3), it assures that the proposed mining use conforms to the terms, 
conditions, and decisions of the applicable land use plan, in full compliance with FLPMA’s land use 
planning and multiple use policies.”). 

 
 BLM’s mitigation policy, as detailed by the Interior Solicitor, acknowledges the need to ensure 

compliance with an RMP as part of its mitigation duties under the FLPMA UUD standard. In discussing the 
previous rulemaking (quoted above) with approval, the Solicitor reiterated “‘the operator’s responsibility to 
comply with applicable land use plans and BLM’s responsibility to specify necessary mitigation measures.’ 
Id. at 54,840 (emphasis supplied).” M-37039, The Bureau of Land Management’s Authority to Address 
Impacts of its Land Use Authorizations through Mitigation, 20, n. 115 (Dec. 21, 2016)(Mitigation Opinion).  
The 2016 Mitigation Opinion was temporarily revoked in 2017, but was recently reinstated by the Solicitor. 
M-37075, Withdrawal of M-37046 and Reinstatement of M-37039 (April 15, 2022) (Exhibit 2). This new 
Opinion noted that the 2017 Opinion (M-37046) “expresses no views regarding the merits of the legal 
analysis or conclusions contained in the [2016 Opinion].” M-37075 at 2. 

 
 The Solicitor noted that “in the hardrock mining context, the BLM has long recognized that the UUD 

requirement creates a ‘responsibility [for the BLM] to specify necessary mitigation measures’ when 
approving mining plans of operations.” M-37039, at 19 (citations omitted). “The BLM regulations 
addressing surface management of hardrock mining operations on public lands have consistently included 
mitigation as a requirement for preventing UUD, including as part of the general performance standards in 
the current regulations.” Id. 

 
B.  The Project Does Not Comply with the Management Requirements and 

Prescriptions of the DRECP and Federal Law. 
 

1. California Desert National Conservation Lands 
 
 The Picacho ACEC was designated as an ACEC and as California Desert National Conservation 
Lands (CDNCLs) by the Desert Renewable Energy Conservation Plan (DRECP) Record of Decision signed 
in September of 2016. The DRECP identifies CDNCLs, in accordance with the Omnibus Public Land 
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Management Act of 2009 (Omnibus Act), which are nationally significant landscapes within the California 
Desert Conservation Area (CDCA) with outstanding cultural, ecological, and scientific values. The 
CDNCLs are a permanent addition to the National Landscape Conservation System (NLCS), as per the 
direction to BLM in the Omnibus Act. DRECP at xi-xii. 
 
 The Omnibus Act added to the newly established NLCS “[a]ny area designated by Congress to be 
administered for conservation purposes, including…public land within the [CDCA] administered by the 
[BLM] for conservation purposes.” 16 U.S.C. § 7202(b)(2)(D).  Unlike other CDCA lands managed under 
multiple‐use principles, these areas are to be managed “in a manner that protects the values for which [they 
were] designated.” Id. § 7202(c)(2); see also 43 U.S.C. §1732(a). 
 
 The Federal Land Policy Management Act (FLPMA) requires that public lands be managed under 
multiple use principles “except that where a tract of such public land has been dedicated to specific uses 
according to any other provisions of law it shall be managed in accordance with such law” (emphasis 
added). Thus, all NLCS lands within the CDCA must be managed to prohibit discretionary uses that are 
incompatible with the conservation, protection, and restoration of their landscapes. See 16 U.S.C. § 7202. 
 
 Because the project is in the Picacho Area of Critical Environmental Concern it will significantly 
impact nationally significant values therein, including cultural, ecological, and scientific resources of this 
area. These values and the management goals are detailed in the DRECP Appendix B regarding the Picacho 
ACEC. Most importantly, the BLM EA/MND must consider how the goals can be met if the Project is 
approved. The goals include to enhance, protect, and preserve the cultural and biological resources, and to 
maintain desert tortoise habitat connectivity between the Chuckwalla Desert Wildlife Management/Area of 
Critical Environmental Concern/ Critical Habitat Units and high value climate refugia for wildlife.  Due to 
their special protective designation, ACECs, including the Picacho ACEC, must be managed to a higher 
conservation standard that is consistently implemented across all ACECs. The EA/MND fails to show that 
BLM fully considered how the Project would affect these management goals.  
 

2. National Conservation Lands Standards 
 
 The 2009 Omnibus Bill (Omnibus) established the National Conservation Lands as a permanent 
system of protected lands, “...to conserve, protect and restore nationally significant landscapes that have 
outstanding cultural, ecological, and scientific values for the benefit of current and future generations.” Id. 
To ensure that the permanently protected National Conservation Lands are managed in order to “conserve, 
protect and restore nationally significant landscapes,” all units within the system have several basic 
conservation standards, including: 
 

1) Prescriptive language that requires the area to be managed for the conservation, 
protection and enhancement of resources over other uses; 
2) A prohibition on discretionary uses that are not consistent with conservation and 
protection of these resources; 
3) A mineral withdrawal; and 
4) Restrictions on off-road vehicles and a travel management plan with restrictions 
necessary to protect the area. 
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These standards ensure that lands within the system are managed consistently for conservation and 
safeguarded for future generations. The Omnibus Bill makes clear that units of the system must be managed 
to a higher conservation standard. 
 

3. Department of the Interior and BLM Policy 
 
 Conservation primacy and standards for the system have also been outlined in Department of the 
Interior guidance and BLM policies. In 2010, Secretarial Order 3308 established a unified conservation 
vision for managing the National Conservation Lands ‘as required by the Omnibus Act of 2009’ to 
‘conserve, protect, and restore nationally significant landscapes.´ Further stating that “the BLM shall ensure 
that the components of the [system] are managed to protect the values for which they were designated, 
including, where appropriate, prohibiting uses that are in conflict with those values.” Secretarial Order 3308, 
Management of the National Landscape Conservation System, Nov 15, 2010, Sec. 4. 
 
 In 2011, BLM released the 15-Year Strategic Plan, setting specific goals for how to manage the 
National Conservation Lands focused on conservation, protection, and restoration. The Strategic Plan further 
expanded that “there is an overarching and explicit commitment to conservation and resource protection as 
the primary objective” and that the BLM shall “not authorize discretionary uses that cannot be managed in a 
manner compatible with the designation proclamation or legislation.” The National Landscape Conservation 
System, 15 Year Strategy, 2010. 
 
 In 2012, BLM released two relevant Policy Manuals: 6100-National Landscape Conservation 
System Management; and 6220-National Monuments, Conservation areas, and Similar Designations. When 
making management decisions BLM must use these manuals as guidance. Secretarial Order 3308, and 
policy manual 6100 and 6220 provide guidance to BLM employees on the drafting of management plans 
and land use plan decisions as related to the National Conservation Lands. The Secretarial Order, 15-Year 
Strategy and Policy Manuals make clear that agency policy prioritizes conservation over other uses within 
the National Conservation Lands. 
 
 Lastly, it should be clear, that the CDNCLs are managed as part of the National Conservation Lands, 
and no longer managed under multiple-use standards as outlined in the Federal Land Policy Management 
Act. See BLM’s 15-Year Strategy for the National Conservation Lands, citing FLPMA, as amended, Public 
Law No. 94-579, Title III, Sec. 302(a). Clearly, units of the National Conservation Lands must be managed 
for the specific uses for which they were designated. 
 
 BLM is precluded from permitting exploration activities that may run afoul of the requirements of 
the governing land use plan, and adversely impact the very purposes for which the ACEC and CDNCL were 
designated. Exploration activities will result in habitat loss, fragmentation, noise and dust, as well as adverse 
impacts to groundwater, cultural and scenic resources. FLPMA requires BLM to conduct all management 
and implementation activities “in accordance with” governing RMPs. 43 U.S.C. § 1732(a); see also 43 CFR 
§ 1610.5-3(a) (“All future resource management authorizations and actions .. . shall conform to the approved 
plan”). The EA was required to fully analyze and disclose whether the actions proposed in the amended Plan 
of Operations (PoO) conform to the requirements of the DRECP, including the objectives for land; wildlife; 
vegetation; cultural and tribal resources, and other resources.  It has failed to do so. 

 



 
Comments on Oro Cruz Exploration Project EA/MND 
December 16, 2022  6  

 BLM cannot approve any actions under the PoO that are inconsistent with BLM’s own management 
plans, management policies, guidelines, handbooks, and manuals. Here the EA/MND fails to show that the 
Project will not be inconsistent with the management plans and policies, and therefore BLM should not 
approve the Project.  

 
4. The EA/MND Fails to Fully Address ACEC and CDNCL Standards  

 
 While the SMP Gold Corporation’s Oro Cruz Pit Area Exploration Plan of Operation recognizes that 
the proposed project is within an Area of Critical Environmental Concern (ACEC) - specifically the Picacho 
ACEC, it fails to identify that it is also within an area identified as part of the California Desert National 
Conservation Lands (CDNCL), which are part of the National Conservation Lands System (NLCS). The EA 
now acknowledges the project is within CDNCL lands but still fails to adequately address the project in the 
context of the NCLS. 
 

The Desert Renewable Energy Conservation Plan (DRECP) provided a framework for the Picacho 
ACEC. Applicable Objectives (from Appendix L of the DRECP) for the Picacho ACEC/CDNCL lands that 
need to be addressed for compliance in the environmental review include: 
 

- Minimize soil disturbance. 
- Protect and enhance robust populations of both rare and common native plants. Unique plant 

assemblages exist within this ACEC, including mesquite and all thorn assemblages. 
- Create a baseline of plant species to track environmental changes. 
- Maintain and enhance habitat that supports native wildlife; Desert Tortoise, Mule Deer, 

Bighorn Sheep. 
- Manage landscape to ensure wildlife passage and connectivity between wildlife populations. 
- Protect biodiversity and manage for resilience (protect climate refugia and provide for 

migration corridors). 
- Maintain and or enhance key ecosystem processes (e.g., carbon sequestration, water residence 

time) and prepare and respond to significant disturbances to the environment (e.g., floods). 
- Encourage compliance with ACEC management recommendations 
- Protect resource values of the ACEC 
- Review certain proposed mining activities to ensure that they provide adequate protection of 

public lands and their resources. Mining activities would be allowed with appropriate analysis, 
stipulations, and mitigation. 

 
           Special attention is to be given to project impacts that may affect groundwater. Specifically, “for any 
activity that proposes to utilize groundwater resources regardless of project location,” BLM must comply 
with the groundwater CMA’s, including CMA LUPA-SW-23 that states: 
 

LUPA-SW-23: A Water (Groundwater) Supply Assessment shall be prepared in conjunction 
with the activity’s NEPA analysis and prior to an approval or authorization. This assessment 
must be approved by the BLM in coordination with USFWS, CDFW, and other agencies, as 
appropriate, prior to the development, extraction, injection, or consumptive use of any water 
resource. The purpose of the Water Supply Assessment is to determine whether over-use or 
over-draft conditions exist within the project basin(s), and whether the project creates or 
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exacerbates these conditions. The Assessment shall include an evaluation of existing 
extractions, water rights, and management plans for the water supply in the basin(s) (i.e., 
cumulative impacts), and whether these cumulative impacts (including the proposed project) 
can maintain existing land uses as well as existing aquatic, riparian, and other water-
dependent resources within the basin(s) (i.e., cumulative impacts), and whether these 
cumulative impacts (including the proposed project) can maintain existing land uses as well 
as existing aquatic, riparian, and other water-dependent resources within the basin(s). 

 
DRECP at 141. 
 
The Water Supply Assessment shall also address: 
 

• Estimates of the total cone of depression considering cumulative drawdown from all potential 
pumping in the basin(s), including the project, for the life of the project through the 
decommissioning phase 
• Potential to cause subsidence and loss of aquifer storage capacity due to groundwater 
pumping 
• Potential to cause injury to other water rights, water uses, and landowners 
• Changes in water quality and quantity that affect other beneficial uses 
• Effects on groundwater dependent vegetation and groundwater discharge to surface water 
resources such as streams, springs, seeps, wetlands, and playas that could impact biological 
resources, habitat, or are culturally important to Native Americans 
• Additional field work that may be required, such as an aquifer test, to evaluate site specific 
project pumping impacts and if necessary, establish trigger points that can be used for a 
Groundwater Water Monitoring and Mitigation Plan 
• The mitigation measures required, if there are significant or potentially significant impacts on 
water resources include but are not limited to, the use of specific technologies, management 
practices, retirement of active water rights, development of a recycled water supply, or water 
imports. 

 
BLM’s environmental review must provide a Groundwater Supply Assessment in conjunction with its 

analysis of the proposed project under NEPA to comply with the Plan requirements and FLPMA. But has 
failed to do so. The EA/MND, Appendix B says that it is unnecessary to provide a Ground Water Supply 
Assessment and that other groundwater CMAs do not apply because the groundwater extraction is not under 
the Project site, but this response fails to address the key question—whether and how the use of 
groundwater for this Project may affect resources and potentially cause injury to other water uses and 
whether mitigation is needed.  In addition, as discussed below, the failure to fully analyze these uses and 
impacts violates BLM’s duties under NEPA.  The EA/MND at 59 states the water will come from either 
Gold Rock Ranch and/or a local water purveyor and without even fully identifying the source states there 
will be “sufficient water supplies available to serve the Project. Therefore, the Project would have less than 
significant impacts.” EA/MND at 59. This kind of conclusory statement without support does not meet the 
requirements of the Plan in the CMAs, NEPA, or CEQA. Further, the EA/MND (at 92) admits 
“Groundwater may be encountered during the course of exploratory drilling within the Drill Pads.” But fails 
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to quantify the amount of groundwater that may be affected if it is encountered as well as the baseline 
conditions of the groundwater. This also contradicts the premise in the EA/MND that no groundwater on site 
would be affected. 
 

C.  The Project Fails to Prevent Undue Impairment of the Scenic, Scientific and 
Environmental Values of the CDCA. 

 
 BLM must also consider whether the proposed PoO complies with the FLPMA requirements “to 

protect the scenic, scientific, and environmental values of the public lands of the California Desert 
Conservation Area against undue impairment, and to assure against pollution of the streams and waters 
within the California Desert Conservation Area.” 43 U.S.C. § 1781. 

 
 The undue impairment standard is a more environmentally protective standard than the unnecessary 

and undue degradation (UUD) standard (discussed in more detail below), which applies on all BLM lands: 
 

Under FLPMA section 601(f), BLM can prevent activities that cause undue impairment to 
the scenic, scientific, and environmental values or cause pollution of streams and waters of 
the CDCA, separate and apart from BLM’s authority to prevent unnecessary or undue 
degradation. The IBLA has agreed that BLM’s obligation to protect the three enumerated 
CDCA values from ‘‘undue impairment’’ supplements the unnecessary or undue degradation 
standard for CDCA lands. See Eric L. Price, James C. Thomas, 116 IBLA 210, 218–219 
(1990).  Thus, BLM decisions with respect to development proposals in the CDCA are 
governed by both the ‘‘undue impairment’’ standard of subsection 601(f) and the 
‘‘unnecessary or undue degradation’’ standard of section 302(b), as implemented by the 
subpart 3809 regulations. 

 
66 Fed. Reg. 69998, 70018 (Nov. 21, 2000). See also Reeves v. U.S., 54 Fed. Cl. 652, 670-674 (Fed. Cl. 
2002) (in the context of the “nonimpairment” standard for Wilderness Study Areas, federal claims court held 
that mining claimant had no property right under the Mining Law to violate the standard, upholding BLM’s 
denial of the proposed plan of operations). BLM’s surface mining regulations, 43 C.F.R. § 3809 et seq., 
specifically define UUD as occurring when operations “[f]ail to attain a stated level of protection or 
reclamation required by specific laws in areas such as the California Desert Conservation Area.” 43 C.F.R. § 
3809.5. 

 
 BLM was required to fully consider FLPMA’s “undue impairment” standard for the CDCA and 

require measures “to protect the scenic, scientific, and environmental values of the public lands of the 
California Desert Conservation Area against undue impairment, and to assure against pollution of the 
streams and waters within the California Desert Conservation Area.” FLPMA Section 601(f), 43 U.S.C. § 
1781(f).  All of the areas within the proposed plan of operations are protected as CDNCL and/or ACEC; 
therefore, as part of the analysis of the proposed plan of operations, BLM must look to the objectives, 
desired future conditions, allowable uses, and Conservation Management Actions (CMAs) adopted in the 
DRECP (as detailed above), but the EA/MND fails to show that BLM has done so. Allowing any 
unmitigated adverse impacts to sensitive and protected plant species, wildlife, water resources, cultural 
resources, scenic, and other environment values would violate FLPMA’s standards for these lands, and 
therefore the Project should not be approved. 
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D.  The Project Fails to Prevent Unnecessary or Undue Degradation of Public Land 
Resources. 

 
 FLPMA requires that the BLM “take any action necessary to prevent unnecessary or undue 
degradation of the lands.” 43 U.S.C. § 1732(b).  This is known as the “prevent UUD” standard. This duty to 
“prevent undue degradation” is “the heart of FLPMA [that] amends and supersedes the Mining Law.” 
Mineral Policy Center v. Norton, 292 F.Supp.2d 30, 42 (D.D.C. 2003).  “FLPMA, by its plain terms, vests 
the Secretary of the Interior [and the BLM] with the authority – indeed the obligation – to disapprove of an 
otherwise permissible mining operation because the operation, though necessary for mining, would unduly 
harm or degrade the public land.” Id. 

 
 The 3809 regulations implement FLPMA’s mandate to prevent UUD through two primary 

provisions: (1) the definition of UUD at 3809.5; and (2) the Performance Standards at 3809.420.  As 
detailed below, BLM must fully consider the UUD mandate and protect public resources.  The Performance 
Standards in Part 3809 mandates that all operations “must take mitigation measures specified by BLM to 
protect public lands.” 43 CFR § 3809.420(a)(4).  BLM cannot approve a mining project that would cause 
UUD. 43 C.F.R. § 3809.411(d)(3)(iii).  “FLPMA’s requirement that the Secretary prevent UUD 
supplements requirements imposed by other federal laws and by state law.” 
Center for Biological Diversity v. Dept. of Interior, 623 F.3d 633, 644 (9th Cir. 2010).  BLM complies with 
this mandate “by exercising case-by-case discretion to protect the environment through the process of: (1) 
approving or rejecting individual mining plans of operation.” Id. at 645, quoting 
  Mineral Policy Center, 292 F.Supp.2d at 44: 

 
“Mitigation measures fall squarely within the actions the Secretary can direct to prevent 
unnecessary or undue degradation of the public lands.  An impact that can be mitigated, but is 
not, is clearly unnecessary.” 65 Fed. Reg. 69998, 70052 (Nov. 21, 2000) (preamble to BLM’s 
43 C.F.R. Part 3809 mining regulations).  Furthermore, if an UUD cannot be prevented 
through mitigation measures, BLM must reject the plan of operations.  Kendall’s Concerned 
Area Residents, 129 IBLA 130, 138 (1994) (“If unnecessary or undue degradation cannot be 
prevented by mitigation measures, BLM is required to deny approval of the plan.”). 

 
 In undertaking environmental review of this proposed plan of operations, BLM must consider 

whether mitigation measures can protect the species, habitats, soils, cultural and water resources affected by 
the proposed plan of operations in order to prevent UUD.  That analysis must include detailed identification 
of direct and indirect impacts as well as cumulative impacts.  It must identify specific mitigation measures 
that address each impact and also include an analysis of the effectiveness of each measure in order to meet 
BLM’s duties under NEPA as well as FLPMA. As detailed below, the EA/MND fails to adequately address 
environmental impacts and as a result has also failed to show it has taken steps to prevent UUD.   

  
E. The Project Fails to Meet the FLPMA and Part 3809 Reclamation and Submittal 

Requirements and the SMARA requirements  
 
 Related to, and part of, the failure to prevent undue impairment and UUD under FLPMA, the Project 
fails to meet all of the requirements of the 43 CFR Part 3809.420 Performance Standards and the PoO 
submittal requirements of 3809.401.  Those rules require detailed operational and reclamation requirements 
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for all proposed activities. 
 
 But the EA and the PoO fall far short of these mandates.  As one example, the EA says that there will 
be 65 drill sites (EA at 6).  Yet the maps of the drill sites in the PoO show well over 100 sites. See PoO 
Figures 3a-3h.  In addition, many, indeed most, of these drill sites do not show any road access, whether 
existing or proposed.  Section 3809.401(b) requires detailed plans for all “drill sites” and “access routes,” as 
well as detailed reclamation plans for all these sites.  Yet, while the PoO clearly shows the company’s 
drilling sites, the EA contains no analysis of these additional sites (a NEPA violation as well, as noted 
below). 
 
 Regarding the “reclamation” professed to comply with the 3809 standards, the BLM does not intend 
to require reclamation of the newly-constructed road coming up from the south from American Girl Wash 
for 5 or more years.  
 

Access to the Oro Cruz Portal would require the construction of 9,640 linear ft (1.8 miles) of 
new 15-foot-wide road. The road would be secured from unauthorized access for the duration 
of activity at the portal staging area while assuring access by BLM staff. A gate would be 
placed across the road accompanied by proper deterrence on either side of the gate (i.e. fence, 
berm, or large boulder).  
 
Reclamation would be implemented at the 2.8-acre portal staging area and all equipment 
would be removed within the 5-year reclamation monitoring period. 

 
PoO at 4.  BLM does not explain why reclamation will take 5 years at this site, especially when it would 
begin concurrently.  Nor does BLM why all of the equipment and facilities could not be removed 
immediately, not just within 5 years. 
 

It appears that BLM is keeping this new road open to the portal area (and allowing its construction in 
the first place) in order to facilitate the company’s future mining operations.  Indeed, there is no mention of 
closing the road, even after that 5 years.  BLM does not explain why drilling areas 1 and 6 could not occur 
first, and be fully reclaimed, along with the southern access road. 

 
Notably, “The anticipated post-Project land uses are mining, recreational uses, and open space.” 

PoO at 20 (emphasis added).  As the company has stated: “the Oro Cruz Gold Project hosts many 
exploration targets in addition to a high-grade oxide gold zone that, based on the historical mine operation 
records, is amenable to conventional heap leach extractive methods.”  About Us - Southern Empire 
Resources at https://smp.gold/about/  (pdf from December 14, 2022) (Attachment 1).  

 
Under NEPA and FLPMA, if the post-Project land use is “mining,” then this future use should have 

been analyzed.  
 
 Further, the EA and project documents available to the public by BLM do not contain the 
reclamation cost estimate and bonding for all these facilities/activities as required by the Part 3809 rules.  
This includes the failure to include the operational and reclamation information and analysis for the 
additional dozens/scores of drill sites noted above, but also for the construction and reclamation of the new 

https://smp.gold/about/
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southern access route. 
 
F. BLM Failed to Comply with the Requirements for Rights of Ways Under FLPMA Title V. 

 
The EA and proposed Project approval fail to meet the strict public interest, environmental protection, 

and financial requirements of the Federal Land Policy and Management Act (FLPMA).  BLM is under the 
mistaken view that all of the new access roads are governed by “rights” under the 1872 Mining Law and the 
43 CFR part 3809 regulations.  Although it could be argued that the company has a right for one access road 
into its claim block, BLM proposes additional new route(s), especially the new road from the south to access 
drill areas 1 and 6. See PoO Figure 2.  

 
 But as shown in that Figure 2, these drill areas can be accessed from the north, from the existing road 

along Tumco Wash (with only a slight area of new construction needed). See also PoO Figure 3b.  With that 
access from the north, drill areas 1 and 6 can be accessed without the construction of a new road coming up 
from American Girl Wash.  Thus, the new road all the way up from American Girl Wash is not needed to 
access the claims and drilling areas.  As such, the company cannot assert any legitimate “right” under the 
Mining Law, and that road is not “authorized by the mining laws” under 43 CFR 3809.1(a) and 3809.2(a).   

 
In addition, constructing this new, and unneeded, road, violates the protective standards and 

requirements under the FLPMA undue impairment, UUD, Land Use Plan, and other requirements noted 
above. 

 
Even if it could be constructed, this access road is governed by FLPMA Title V, Section 504, and 

requires the issuance of a Right-of-Way (ROW) to construct the road across public lands. See Alanco 
Environmental Resources Corp., 145 IBLA 289, 297 (1998) (“construction of a road, was subject not only to 
authorization under 43 C.F.R. Subpart 3809, but also to issuance of a right-of-way under 43 C.F.R. Part 
2800.”); Wayne D. Klump, 130 IBLA 98, 100 (1995) (“Regardless of his right of access across the public 
lands to his mining claims and of his prior water rights, use of the public lands must be in compliance with 
the requirements of the relevant statutes and regulations [FLPMA Title V and ROW regulations].”).  The 
leading treatise on federal natural resources law confirms this rule: “Rights-of-way must be explicitly 
applied for and granted; approvals of mining plans or other operational plans do not implicitly confer a 
right-of-way.” George C. Coggins & Robert L. Glicksman, Pub. Nat. Res. Law, § 15.21 (2d ed. 2020).  

 
BLM may grant a Right-of-Way (ROW) only if it “(4) will do no unnecessary damage to the 

environment.” 43 U.S.C. § 1764(a).  Rights of way “shall be granted, issued or renewed … consistent with 
… any other applicable laws.” Id. § 1764(c).  A right-of-way that “may have significant impact on the 
environment” requires submission of a plan of construction, operation, and rehabilitation of the right-of-
way. Id. § 1764(d).  A Title V SUP/ROW “shall contain terms and conditions which will … (ii) minimize 
damage to scenic and esthetic values and fish and wildlife habitat and otherwise protect the environment.” 
Id. § 1765(a).  In addition, the ROW can only be issued if activities resulting from the ROW: 

 
(i)protect Federal property and economic interests; (ii) manage efficiently the lands which are 
subject to the right-of-way or adjacent thereto and protect the other lawful users of the lands 
adjacent to or traversed by such right-of-way; (iii) protect lives and property; (iv) protect the 
interests of individuals living in the general area traversed by the right-of-way who rely on 
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the fish, wildlife, and other biotic resources of the area for subsistence purposes; (v) require 
location of the right-of-way along a route that will cause least damage to the environment, 
taking into consideration feasibility and other relevant factors; and (vi) otherwise protect the 
public interest in the lands traversed by the right-of-way or adjacent thereto. 

   
FLPMA, § 1765(b). 

 
At least three important potential substantive requirements flow from the FLPMA’s ROW provisions.  

First, BLM has a mandatory duty under Section 505(a) to impose conditions that “will minimize damage to 
scenic and esthetic values and fish and wildlife habitat and otherwise protect the environment.” Id. §1765(a).  
The terms of this section do not limit “damage” specifically to the land within the ROW corridor.  Rather, 
the repeated use of the expansive term “the environment” indicates that the overall effects of the ROW on 
wildlife, environmental, scenic and aesthetic values must be evaluated and these resources protected.  In 
addition, the obligation to impose terms and conditions that “protect Federal property and economic 
interests” in Section 505(b) requires that the BLM must impose conditions that protect not only the land 
crossed by the right-of-way, but all federal land affected by the approval of the ROW.  In this case, as noted 
herein, BLM failed to evaluate all aspects and ramifications of issuing the ROW for the Ambler Road.  At a 
minimum, the DEIS failed to consider the mineral material/gravel mines and related infrastructure made 
possible by the ROW.  Also as noted herein, the DEIS fails to show how the mineral projects in the Ambler 
District made possible by the issuance of the ROW meet these FLPMA requirements.    

 
Second, the requirements in Section 505(b) mandate a BLM determination as to what conditions are 

“necessary” to protect federal property and economic interests, as well as “otherwise protect[ing] the public 
interest in the lands traversed by the right-of-way or adjacent thereto.”  This means that the agency can only 
approve the ROW if it “protects the public interest in lands” not only upon which the road would traverse, 
but also lands and resources adjacent to and associated with the ROW.   

 
Third, is the requirement that the right-of-way grant “do no unnecessary damage to the environment” 

and be “consistent with … any other applicable laws,” id. §§ 1764(a)-(c). This means that a grant of a ROW 
leading to the exploration and mining must satisfy all applicable laws, regulations and policies, including all 
state and local laws, etc.   

 
The federal courts have repeatedly held that the federal land agency not only has the authority to 

consider the adverse impacts on lands and waters outside the immediate ROW corridor, it has an obligation 
to protect these resources under FLPMA.  In County of Okanogan v. National Marine Fisheries Service, 347 
F.3d 1081 (9th Cir. 2003), the court affirmed the Forest Service’s imposition of mandatory minimum stream 
flows as a condition of granting a ROW for a water pipeline across USFS land.  This was true even when the 
condition/requirement restricted or denied vested property rights (in that case, water rights). Id. at 1085-86. 

 
The BLM thus cannot issue a ROW that fails to “protect the environment” as required by FLPMA, 

including the environmental resource values in and not within the ROW corridor.  “FLPMA itself does not 
authorize the Supervisor’s consideration of the interests of private facility owners as weighed against 
environmental interests such as protection of fish and wildlife habitat.  FLPMA requires all land-use 
authorizations to contain terms and conditions which will protect resources and the environment.”  Colorado 
Trout Unlimited v. U.S. Dept. of Agriculture, 320 F.Supp.2d 1090, 1108 (D. Colo. 2004)(emphasis in 
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original) appeal dismissed as moot, 441 F.3d 1214 (10th Cir. 2006). 
 

The Interior Department, interpreting FLPMA V and its right-of-way regulations, has held that:  “A 
right-of-way application may be denied, however, if the authorized officer determines that the grant of the 
proposed right-of-way would be inconsistent with the purpose for which the public lands are managed or if 
the grant of the proposed right-of-way would not be in the public interest or would be inconsistent with 
applicable laws.” Clifford Bryden, 139 IBLA 387, 389-90 (1997) 1997 WL 558400 at *3 (affirming denial 
of right-of-way for water pipeline, where diversion from spring would be inconsistent with BLM wetland 
protection standards).  Here, allowing access and granting a ROW for the southern route would be 
“inconsistent with the purpose for which the public lands are managed,” as detailed above, and thus cannot 
be authorized.   

 
Similar to the County of Okanogan and Colorado Trout Unlimited federal court decisions noted 

above, the Interior Department has held that the fact that a ROW applicant has a property right that may be 
adversely affected by the denial of the ROW does not override the agency’s duties to protect the “public 
interest.”  In Kenneth Knight, 129 IBLA 182, 185 (1994), the BLM’s denial of the ROW was affirmed due 
not only to the direct impact of the water pipeline, but on the adverse effects of the removal of the water in 
the first place:  

 
[T]he granting of the right-of-way and concomitant reduction of that resource, would, in all 
likelihood, adversely affect public land values, including grazing, wildlife, and riparian 
vegetation and wildlife habitat. The record is clear that, while construction of the 
improvements associated with the proposed right-of-way would have minimal immediate 
physical impact on the public lands, the effect of removal of water from those lands would be 
environmental degradation. Prevention of that degradation, by itself, justified BLM's 
rejection of the application. 

 
1994 WL 481924 at *3.  That was also the case in Clifford Bryden, as the adverse impacts from the removal 
of the water was considered just as important as the adverse impacts from the pipeline that would deliver the 
water. 139 IBLA at 388-89.  See also C.B. Slabaugh, 116 IBLA 63 (1990) 1990 WL 308006 (affirming 
denial of right-of-way for water pipeline, where BLM sought to prevent applicant from establishing a water 
right in a wilderness study area). 

 
In King’s Meadow Ranches, 126 IBLA 339 (1993), 1993 WL 417949, the IBLA affirmed the denial 

of right-of-way for a water pipeline, where the pipeline would degrade riparian vegetation and reduce bald 
eagle habitat.  The Department specifically noted that under FLPMA Title V: “[A]s BLM has held, it is not 
private interests but the public interest that must be served by the issuance of a right-of-way.”  126 IBLA at 
342, 1993 WL 417949 at *3 (emphasis added).  As the IBLA recently held:  

 
The public interest determination is more than a finding that no laws will be violated by 
granting the ROW. Even if UUD [Unnecessary or Undue Degradation] can be avoided, 
degradation to public resources posed by a requested ROW may factor into BLM's 
determination of whether that ROW would be in the public interest. For example, in Sun 
Studs, we upheld BLM's rejection of a logging road ROW permit based on environmental 
considerations without any suggestion that the environmental harm rose to the level of 
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unlawful degradation. 
 

Klamath-Siskiyou Wildlands Center, IBLA 2019-75, at 9 (April 29, 2019), citing Sun Studs, 27 IBLA at 
282-83. 

 
II. The EA and Proposed FONSI Violate NEPA 

 
NEPA requires federal agencies to take a “hard look” at the environmental consequences of their 

proposed actions. Kleppe v. Sierra Club, 427 U.S. 390, 410 n.21 (1976); Blue Mountain Biodiversity Project 
v. Blackwood, 161 F.3d 1208, 1211 (9th Cir. 1998).  To take this “hard look,” agencies must prepare an EIS 
for all “major Federal actions significantly affecting the quality of the human environment.” 42 U.S.C. § 
4332(C).  The standard for when an agency must prepare an EIS is a “low standard.” Klamath Siskiyou 
Wildlands Ctr. v. Boody, 468 F.3d 549, 562 (9th Cir. 2006). 

 
The Council on Environmental Quality (CEQ) establishes NEPA regulations, which are binding on 

every federal agency. 40 C.F.R. § 1500.3(a) (2020). The original regulations implementing NEPA were 
published by CEQ in 1978. See 40 Fed. Reg. 55,978 (Nov. 29, 1978). In 2020, the Trump administration 
published new CEQ NEPA regulations. See 85 Fed. Reg. 43,304 (July 16, 2020) (codified at 40 C.F.R. Part 
1500).  The Biden administration has since revised the regulations and is making further revisions. See 87 
Fed. Reg. 23,453 (April 20, 2022).  

 
The Secretary of the Interior issued Order #3399, on April 16, 2021, which states that: 

“Bureaus/Offices will not apply the 2020 Rule in a manner that would change the application or level of 
NEPA that would have been applied to a proposed action before the 2020 Rule went into effect on 
September 14, 2020.”  Thus, the 1978 NEPA rules apply here. 

 
Under NEPA, if an agency is unsure whether a proposed action may have significant environmental 

effects, it may prepare a shorter “environmental assessment” to determine whether an EIS is necessary. 40 
C.F.R. § 1501.4(c) (1978); 40 C.F.R. § 1501.5 (2020).  To avoid preparing an EIS, the agency’s EA and 
FONSI must provide a “convincing statement of reasons” why a project’s impacts are insignificant. 40 
C.F.R. §§ 1501.4, 1508.9, 1508.13 (1978).  

 
The scope of NEPA review is broad. BLM must evaluate and disclose the direct, indirect, and 

cumulative effects of the proposed action and its alternatives on ecological, aesthetic, historic, cultural, 
economic, social, and health interests. 40 C.F.R. §§ 1508.7–1508.8 (1978).  That did not happen here. 

 
It should also be noted that the EA repeatedly describes the Project lands as “previously disturbed,” as 

one of the grounds to support its truncated FLPMA and NEPA review.  “[T]he Project  
is an exploratory drilling project, that would occur entirely within an area disturbed by historical mining 
activities.  The majority of the Project Area has been disturbed due to these historical mining operations.” 
EA at 114.  BLM does not inform the public as to which “majority” Project lands were “previously 
disturbed” by mineral operations. 

 
Yet, even if some, but certainly not most, of the Project lands experienced previous mining activities, 

under BLM regulations, these lands were satisfactorily “reclaimed.”  Thus, BLM cannot justify new and 
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significant impacts to public land and resources under the guise that the lands had been “previously 
disturbed” by mining, as all of those lands have been supposedly reclaimed to support public uses such as 
for recreation, wildlife, cultural values, etc. – resources that will be impacted by the Project. 
 
A. The EA Failed to Fully Analyze Direct, Indirect and Cumulative Impacts. 

 
The EA fails to conduct the required “hard look” at the Project’s impacts, including both the drilling 

areas and the access route(s) and the Project as a whole. 
 

Under NEPA, BLM must consider all direct, indirect, and cumulative environmental impacts of the 
proposed action. 40 CFR §§ 1502.16, 1508.8, 1508.25(c).  Direct effects are caused by the action and occur 
at the same time and place as the proposed project. 40 CFR § 1508.8(a).  Indirect effects are caused by the 
action and are later in time or farther removed in distance, but are still reasonably foreseeable. 40 CFR § 
1508.8(b).  Both types of impacts include “effects on natural resources and on the components, structures, 
and functioning of affected ecosystems,” as well as “aesthetic, historic, cultural, economic, social or health 
[effects].” Id. 

 
BLM’s limited environmental review of the exploratory drilling and road access is inadequate under 

NEPA.  At a minimum, as noted above, the PoO proposed to be approved shows well over 100 drill sites, 
but the EA is based on only 65 drill sites. EA at 6.  Additionally, the likely impacts of use of these public 
lands by heavy equipment and exploratory drilling that are not adequately disclosed or addressed include, 
but are not limited to: 

 
• Impacts to wildlife; 
• Impacts to native habitat; 
• Impacts to soils; 
• Impacts to groundwater and hydrology; 
• Impacts to air quality; 
• Impacts to the ACEC; 
• Impacts to cultural resources and Environmental Justice; 
• Consistency with Resource Management Plans. 
 

BLM must also fully review the impacts from all “past, present, and reasonably foreseeable future 
actions.”  These are the “cumulative effect/impacts” under NEPA. Cumulative effects/impacts are defined 
as: 

[T]he impact on the environment which results from the incremental impact of the action 
when added to other past, present, and reasonably foreseeable future actions regardless of 
what agency (Federal or non-Federal) or person undertakes such other actions. Cumulative 
impacts can result from individually minor but collectively significant actions taking place 
over a period of time. 

 
40 CFR § 1508.7.  In a cumulative impact analysis, an agency must take a “hard look” at all actions. 

 
An EA’s analysis of cumulative impacts must give a sufficiently detailed catalogue of past, 
present, and future projects, and provide adequate analysis about how these projects, and 
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differences between the projects, are thought to have impacted the environment. … Without 
such information, neither the courts nor the public ... can be assured that the [agency] 
provided the hard look that it is required to provide. 

 
Te-Moak Tribe of Western Shoshone v. U.S. Dept. of Interior, 608 F.3d 592, 603 (9th Cir. 2010) (rejecting 
BLM-issued EA for mineral exploration that had failed to include detailed analysis of impacts from nearby 
proposed mining operations). 

 
NEPA’s mandate to analyze cumulative impacts applies to all “past,” “present,” and “reasonably 

foreseeable future actions.” 40 C.F.R. §1508.7.  BLM must include “mine-specific or cumulative 
data.” Great Basin Resource Watch v. BLM, 844 F.3d 1095, 1105 (9th Cir. 2016), quoting Great Basin 
Mine Watch v. Hankins, 456 F.3d 955, 973 (9th Cir. 2006).  It must provide a detailed “quantified” 
analysis of other projects’ combined environmental impacts, and “identify and discuss the impacts that 
will be caused by each successive project. Including how the combination of those various impacts is 
expected to affect the environment” within the area. Great Basin Res. Watch, 844 F.3d at 1105. 

 
 The EA does not adequately analyze the cumulative impacts from the other proposed activities 

within the cumulative effects study area on environmental justice, cultural resources and uses, wildlife, 
recreation, air quality, and other potentially affected resources.  The EA contains little, if any, detailed 
analysis of these and other past, present, and “Reasonably Foreseeable Future Activities” (RFFAs) 
within the potentially affected areas that may cumulatively affect these resources.  BLM simply lists 
the acreages of these activities, with no detailed impacts analysis. 

 
The Ninth Circuit has repeatedly rejected similarly cursory analyses contained in BLM EAs and 

EISs for mineral operations, holding that listing other projects does not satisfy NEPA:  
 

[S]imply listing all relevant actions is not sufficient. Rather, “some quantified or detailed 
information is required. Without such information, neither the courts nor the public ... can be 
assured that the [agency] provided the hard look that it is required to provide.” Neighbors of 
Cuddy Mountain v. U.S. Forest Serv., 137 F.3d 1372, 1379 (9th Cir. 1998). 

 
Great Basin Res. Watch, 844 F.3d at 1104.  The Ninth Circuit in Great Basin Mine Watch v. Hankins 
specifically rejected BLM’s argument that a list of other projects and their acreages satisfied NEPA’s 
cumulative impacts analysis requirements: “A calculation of the total number of acres to be impacted by 
other projects in the watershed is a necessary component of a cumulative effects analysis, but is not a 
sufficient description of the actual environmental effects that can be expected.” 456 F.3d at 973 (emph. 
added). 

 
But that’s exactly what the EA does here.  It provides a general description of other types of projects 

in the area, and their general impacts, and their acreages.  But no details or analysis is provided – not even 
the names of the RFFA projects. See EA Table 3-37 (for the cumulative impacts to wildlife, merely listing 
the general types of past, present, and RFFAs, and their acreages). EA at 106-07. 

 
In addition, the EA fails to even mention other existing and RFFA operations/activities in the 

cumulative affects study area (CESA).  For example, for the Environmental Justice CESA, the EA correctly 
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notes its large area. EA Figure 3-4.  Yet there is no discussion, analysis, or even a list, of the other current 
and RFFA projects in this CESA.  As BLM knows, there are a number of mineral projects proposed in this 
CESA. See Imperial Exploration Project (and maps showing the projects within the Environmental Justice 
CESA for the Oro Cruz Project) (Attachment 2). 

 
 Regarding the CESAs themselves, the EA improperly restricted the scope of analysis for critical 

resources such as wildlife, and even more importantly, Native American Cultural/Historical Resources. See 
EA Figures 3-2, 3-12.  As discussed in more detail below, BLM is aware, the Tribes and Native 
communities that have lived and used these areas for millennium consider these mountains, and the Project 
site, as part of a much larger cultural landscape, which includes Indian Pass and related Trails network (such 
as the Trail of Dreams). See Record of Decision for the Imperial Project, at 10 (discussing Trail of Dreams 
as a ground for denying the Project)(Attachment 3).  BLM cannot avoid its duties to the Tribes, and under 
NEPA and FLPMA cannot ignore these facts. 

 
Here, the adverse impacts from the Project when added to other past, present or reasonably 

foreseeable future actions is clearly essential to the BLM’s determination (and duty to ensure) that the 
Project complies with all legal requirements and minimizes all adverse environmental impacts. “[W]hen the 
nature of the effect is reasonably foreseeable but its extent is not, we think that the agency may not simply 
ignore the effect.  The CEQ has devised a specific procedure for ‘evaluating reasonably foreseeable 
significant adverse effects on the human environment’ when ‘there is incomplete or unavailable 
information.’ 40 C.F.R. § 1502.22.” Mid States Coalition for Progress v. Surface Transportation Board, 345 
F.3d 520, 549-550 (8th Cir. 2003).  The BLM’s failure to obtain this information, or make the necessary 
showings under § 1502.22, for all direct, indirect and cumulative impacts violates NEPA. 

 
Thus, BLM failed to fully consider the cumulative impacts from all past, present, and reasonably 

foreseeable future projects in the region on, at a minimum, environmental justice, water and air quality, 
recreation, cultural/religious, wildlife, scenic and visual resources, etc.  BLM must fully review, and 
subject such review to public comment in a revised draft EA or EIS, the cumulative impacts from all 
other past, present and RFFAs including mining/exploration, grazing, recreation, energy development, 
roads, ORV use, etc., in the region. The EA’s failure to include these reviews violates NEPA. 

 
B. The EA fails to fully review all baseline conditions. 

 
The establishment of the baseline conditions of the affected environment is a fundamental 

requirement of the NEPA process whether an EA or EIS is prepared: 
 

“NEPA clearly requires that consideration of environmental impacts of proposed projects 
take place before [a final decision] is made.” LaFlamme v. FERC, 842 F.2d 1063, 1071 (9th 
Cir.1988) (emphasis in original). Once a project begins, the “pre-project environment” 
becomes a thing of the past, thereby making evaluation of the project's effect on pre-project 
resources impossible. Id. Without establishing the baseline conditions which exist in the 
vicinity … before [the project] begins, there is simply no way to determine what effect the 
proposed [project] will have on the environment and, consequently, no way to comply with 
NEPA. Half Moon Bay Fisherman’s Mark’t Ass’n v. Carlucci, 857 F.2d 505, 510 (9th Cir. 
1988). “In analyzing the affected environment, NEPA requires the agency to set forth the 
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baseline conditions.” 
 
Western Watersheds Project v. BLM, 552 F.Supp.2d 1113, 1126 (D. Nev. 2008).  Similarly, the CEQ 
explained: “The concept of a baseline against which to compare predictions of the effects of the proposed 
action and reasonable alternatives is critical to the NEPA process.” Council of Environmental Quality, 
Considering Cumulative Effects under the National Environmental Policy Act (May 11, 1999).  “NEPA 
requires that the agency provide the data on which it bases its environmental analysis. Such analyses must 
occur before the proposed action is approved, not afterward.” Northern Plains v. Surf. Transp. Brd., 668 
F.3d 1067, 1083 (9th Cir 2011) (concluding that an agency’s “plans to conduct surveys and studies as part of 
its post-approval mitigation measures,” in the absence of baseline data, indicate failure to take the requisite 
“hard look” at environmental impacts).  Baseline information and analysis must be part of the environmental 
review and be subject to public review and comment under NEPA. 
 
 Federal courts have repeatedly rejected EAs for mineral exploration project that do not contain 
detailed analysis of baseline conditions for all potentially affected resources, such as groundwater, wildlife, 
etc. See Gifford Pinchot Task Force v. Perez, 2014 WL 3019165, **27-33 (D. Or. 2014) (BLM EA for 
mineral exploration failed to analyze baseline ground water conditions); Cascade Forest Conservancy v. 
Heppler, 2021 WL 641614, *17–20 (D. Oregon 2021); ICL v. U.S. Forest Serv., 2012 WL 3758161, *14–17 
(D. Idaho 2012); ICL v. U.S. Forest Serv., 429 F. Supp. 3d 719, 730-32 (D. Idaho 2019). 
 

Here, the EA failed to obtain this baseline information on all potentially affected resources, including 
listed and imperiled plants and animals, other native and non-native vegetation and wildlife, ground and 
surface waters resources and water quality, air quality, recreation, cultural/religious/historical, and soils. 
 
C. The EA failed to include an adequate mitigation plan under NEPA and BLM mining 

regulations 
 

As noted herein, the EA fails to have an adequate plan to mitigate the significant impacts to cultural 
and environmental resources, as required by NEPA, FLPMA, and BLM regulations (e.g., Part 3809).  As 
just one example, the EA fails to analyze mitigation of the dozens/scores of potential drill sites (and access 
routes), as it fails to analyze their impacts at all.  There is also no mitigation for the loss of Native American 
religious and cultural use and values at and around the Project site. 

 
Under NEPA, the agency must have an adequate mitigation plan to minimize or eliminate all 

potential project impacts. NEPA requires the agency to: (1) “include appropriate mitigation measures not 
already included in the proposed action or alternatives,” 40 CFR § 1502.14(e); and (2) “include discussions 
of: . . . Means to mitigate adverse environmental impacts (if not already covered under 1502.14(e)).” 40 
CFR § 1502.16(a)(9). NEPA regulations define “mitigation” as a way to avoid, minimize, rectify, or 
compensate for the impact of a potentially harmful action. 40 C.F.R. §§1508.1(s). “[O]mission of a 
reasonably complete discussion of possible mitigation measures would undermine the ‘action-forcing’ 
function of NEPA. Without such a discussion, neither the agency nor other interested groups and individuals 
can properly evaluate the severity of the adverse effects.” Robertson v. Methow Valley Citizens Council, 
490 U.S. 332, 353 (1989). NEPA requires that the agency discuss mitigation measures, with “sufficient 
detail to ensure that environmental consequences have been fairly evaluated.” Methow Valley, 490 U.S. at 
352. 
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An essential component of a reasonably complete mitigation discussion is an assessment of whether 

the proposed mitigation measures can be effective. Compare Neighbors of Cuddy Mountain v. U.S. Forest 
Service, 137 F.3d 1372, 1381 (9th Cir.1998) (disapproving an EIS that lacked such an assessment) with 
Okanogan Highlands Alliance v. Williams, 236 F.3d 468, 477 (9th Cir.2000) (upholding an EIS where 
“[e]ach mitigating process was evaluated separately and given an effectiveness rating”). The Supreme Court 
has required a mitigation discussion precisely for the purpose of evaluating whether anticipated 
environmental impacts can be avoided. Methow Valley, 490 U.S. at 351–52 (citing 42 U.S.C. § 4332(C)(ii)). 

 
A mitigation discussion without at least some evaluation of effectiveness is useless in making that 

determination. South Fork Band Council v. Dept. of Interior, 588 F.3d 718, 727 (9th Cir. 2009) (rejecting 
EIS for failure to conduct adequate review of mitigation and mitigation effectiveness in mine EIS). “The 
comments submitted by [plaintiff] also call into question the efficacy of the mitigation measures and rely on 
several scientific studies.  In the face of such concerns, it is difficult for this Court to see how the [agency’s] 
reliance on mitigation is supported by substantial evidence in the record.” Wyoming Outdoor Council v. 
U.S. Army Corps of Eng’rs, 351 F. Supp. 2d 1232, 1251 n. 8 (D. Wyo. 2005). See also Dine Citizens v. 
Klein, 747 F.Supp.2d 1234, 1258-59 (D. Colo. 2010) (finding “lack of detail as the nature of the mitigation 
measures” precluded “meaningful judicial review”). 
 
D. The agency must fully review all reasonable alternatives 
 

NEPA requires the agency to “study, develop, and describe appropriate alternatives to recommended 
courses of action in any proposal that involves unresolved conflicts concerning alternative uses of available 
resources.” 42 U.S.C. § 4332(E); 40 CFR § 1502.14.  It must “rigorously explore and objectively evaluate 
all reasonable alternatives” to the proposed action. City of Tenakee Springs v. Clough, 915 F.2d 1308, 1310 
(9th Cir. 1990).  NEPA requires the environmental review to "present the environmental impacts of the 
proposal and the alternatives in comparative form, thus sharply defining the issues and providing a clear 
basis for choice among options by the decisionmaker and the public.” League of Wilderness Defs.-Blue Mts. 
Biodiversity Project v. United States Forest Serv., 689 F.3d 1060, 1069 (9th Cir. 2012).  Whether an EA or 
EIS is prepared, BLM must “rigorously explore and objectively evaluate all reasonable alternatives” 
including alternatives that are “not within the [lead agency’s] jurisdiction. 40 C.F.R. § 1502.14(a), (c).” Id. 
at 1071.  “While a federal agency need not consider all possible alternatives for a given action in preparing 
an EA, it must consider a range of alternatives that covers the full spectrum of possibilities.” Ayers v. Espy, 
873 F.Supp. 455, 473 (D. Colo. 1994). 
 

In this case, the EA failed to justify its rejection and/or failure to fully consider, at a minimum, the 
following reasonable alternatives: (1) access to each activity without the construction of new roads or 
reconstruction/improvement any existing or reclaimed, which could require helicopter access; (2) reduction 
in the amount, scope, and impact of each activity or group of activities including drilling waste disposal; (3) 
timing restrictions to protect wildlife; (4) preclusion of any impact to cultural/religious/historical resources, 
(5) moving the activities further from wildlife core/home ranges and (6) avoidance of rare plants/plant 
communities and their ecological/hydrological requirements. 
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III. Failure to Prepare EIS Violates NEPA 
 
 BLM’s proposed issuance of a FONSI, and failure to prepare an EIS, violates NEPA and FLPMA.  
At the outset, due to the fundamental NEPA deficiencies in the EA noted above, BLM cannot issue a 
FONSI.  BLM’s deficient EA renders its FONSI inadequate.  “[I]f the EA is deficient under NEPA in one of 
the ways Plaintiff has previously argued, then the [agency’s] DN/FONSI is necessarily arbitrary and 
capricious because it relied on the 2012 EA.” Gifford Pinchot Task Force v. Perez, 2014 WL 3019165, *40 
(D. Or. 2014).   
 

This follows a line of well-established Ninth Circuit precedent. See Native Ecosystems Council v. 
Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (USFS violated NEPA in issuing FONSI based on inadequate 
analysis); Ctr. for Biological Diversity v. NHTSA, 508 F.3d 1212, 1223-24 (9th Cir. 2007) (When an EA 
fails to comply with NEPA requirements, it “do[es] not constitute a ‘hard look’ at the environmental 
consequences of the action as required by NEPA. Thus, the FONSI is arbitrary and capricious.”). 
 

Here, BLM’s decision not to prepare an EIS was made without the critical information regarding 
cumulative and other impacts, alternatives, mitigation, and baseline conditions detailed above.  As such, the 
FONSI is consequently invalid.  

 
NEPA requires federal agencies to prepare an EIS for “major Federal actions significantly affecting 

the quality of the human environment.” 42 U.S.C. § 4332(C). “If an agency decides not to prepare an EIS, it 
must supply a convincing statement of reasons to explain why a project’s impacts are insignificant.” Native 
Ecosystems Council v. Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (quotation omitted).  It is well established 
in the Ninth Circuit that an “EIS must be prepared if substantial questions are raised as to whether a project . 
. . may cause significant degradation of some human environmental factor.” Blue Mountains, 161 F.3d at 
1212 (quotation omitted). “Thus, to prevail on a claim that the [agency] violated its statutory duty to prepare 
an EIS, a plaintiff need not show that significant effects will in fact occur.” Id. (quotation omitted). “It is 
enough for the plaintiff to raise substantial questions whether a project may have a significant effect on the 
environment.” Id. (quotation omitted).  

 
The Ninth Circuit has regularly described the bar for whether significant effects may occur as a “low 

standard.” See, e.g., League of Wilderness Defenders v. Connaughton, 752 F.3d 755, 760 (9th Cir. 2014); 
Cal. Wilderness Coal. v. U.S. Dep’t of Energy, 631 F.3d 1072, 1097 (9th Cir. 2011); Klamath Siskiyou 
Wildlands Center v. Boody, 468 F.3d 549, 562 (9th Cir. 2006).  Applying these principles, the Ninth Circuit 
has ordered EISs where plaintiffs raise substantial questions as to whether there may be significant impacts. 
See, e.g., Blue Mountains, 161 F.3d at 1212–16; Nat’l Parks, 241 F.3d at 732; Ocean Advocates v. U.S. 
Army Corps of Eng’rs, 402 F.3d 846, 868 (9th Cir. 2005); Bark, 958 F.3d at 873; Envtl. Def. Ctr., 36 F.4th 
at 882. 
 

Courts have ordered an EIS where cursory analysis in an EA—like BLM’s analysis here—renders 
effects highly controversial, unknown, or uncertain and, thus, potentially significant.  The Ninth Circuit held 
that an EA with “data gaps” and “lack of data” concerning potential effects requires an EIS. See National 
Parks, 241 F.3d at 733 (an agency’s “lack of knowledge does not excuse the preparation of an EIS; rather it 
requires the [agency] to do the necessary work to obtain it.”); Blue Mountains, 161 F.3d at 1212–16 (lack of 
supporting data and cursory treatment of environmental effects in EA warranted preparation of EIS).  
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Similarly, in Hausrath v. U.S. Dep’t of the Air Force, 491 F. Supp. 3d 770 (D. Idaho 2020), the court found 
effects were controversial and required preparation of an EIS where plaintiffs “identified serious gaps in the 
USFAF’s analyses concerning the effects of noise from the proposed action” to the community and wildlife. 
Id. at 802.  The court also found that an EIS was required because the action in Hausrath had uncertain 
effects due to “the absence of baseline noise data actually measuring the ambient noise levels in the affected 
communities.” Id. at 802–03. 

 
Here, based on the EA’s inadequate analysis, the significance of the Project’s impacts to public 

resources, an EIS is required.  That was the case recently in the California Desert as found by BLM.  For an  
exploration drilling proposed on Conglomerate Mesa, BLM is requiring an EIS instead of an EA.  That was 
for an exploration drilling project of far fewer drill sites, road construction, and environmental impacts. See 
March 9, 2022 letter from Carl Symons, BLM Ridgecrest Field Manager, to Mojave Precious Metals 
(Attachment 4).  That project at Conglomerate Mesa involves only 12 acres and 30 drill sites, far less drill 
sites and surface impacts than are contemplated for this Oro Cruz project. Id.  Notably, the Conglomerate 
Mesa project is within the same California Desert Resource Management Plan for the CDCA, also involves 
ACEC and CDNCL lands, and other critical public resources as does the much-larger Oro Cruz Project.  
BLM properly found that an EIS is required for the Conglomerate Mesa proposal, and should make the same 
finding here.  
 

A. Biological Resources 
 

1. Desert Tortoise 
 

 The Picacho Area of Environmental Concern (ACEC) was established in part to conserve the 
declining Mojave desert tortoise (EA at 25). Active burrows and tortoise sign were found in the drill areas 
(EA at 98). 

 
The environmental review must clearly address alternative proposals for avoiding, minimizing, and 

mitigating the impacts to the desert tortoise and any occupied habitat. Yet the required mitigation measures 
outlined in Appendix F, Table F-3 simply state that access roads will be fenced with tortoise exclusion 
fencing in Tumco Wash. 
 

An aggressive raven prevention plan also needs to be developed as part of the environmental review 
and followed during project development and implementation. LUPA-BIO-6 is listed as a mitigation 
measure, with raven management guidelines, but nothing specific to the project area. More detail of raven 
management specific to this area needs to be given, including nest management. Ravens are an increasing 
threat to Mojave desert tortoises range-wide. 

 
2. Flat-tailed horned lizard and Colorado fringe-toed lizard 

 
Small areas of sand can harbor fringe-toed lizards (Uma notata) and fringe-toed lizards (Phrynosoma 

mccallii), and the EA at 79 mentions that surveyors found small sand patches in the western edge of the area 
of analysis during March 2021 plant surveys. The Plan of Operations states that loose sandy soils are present 
in the project area. But surveys during the main activity time for reptiles—May and June—were not 
undertaken. These reptile species may have been dormant in underground burrows in March. Therefore, the 
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presence of these two lizard species needs to be assessed with targeted surveys during the proper season. No 
Aeolian Sand Transport assessment was conducted, as is required by LUPA-BIO-1. A Habitat Assessment 
was undertaken but is simply shown as habitat photos in Appendix E. No sand areas were mapped. Photos 
13 and 14 in Appendix E show sandy areas, but methods for assessing sand habitats or sand transport are not 
given. 
 

3. Golden Eagles 
 

Apparently, no nest surveys were undertaken. Avian surveys found active nesting prairie falcons (EA 
at 96). Helicopter operations to deliver drilling equipment, water, and other supplies to mountain drill sites 
could disturb any golden eagles nesting in the area and could lead to take under the Bald and Golden Eagle 
Protection Act. Golden eagles are also fully protected species under California law and cannot be taken at 
any time.  (Cal. Fish and Game Code §3511(b)(7).) Targeted surveys during the winter nesting season 
should be undertaken. 
 

The EA states at 100: 
 

Should golden eagles or golden eagle nests be identified during pre-clearance surveys, CMA 
LUPA-BIO-IFS-24 would be implemented to minimize impacts of surface disturbance within 
one-mile of active golden eagle nests or territories, as included in Appendix F. 

 
This indicates that no nest surveys were undertaken to determine the location and number of 

breeding pairs and active nests in the Project Area. This is not acceptable. 
 
The Finding of No Significant Impact for the Silicon Exploration Project Environmental Assessment 

DOIBLM-NV-B020-2020-0017-EA (Attachment 5) states for golden eagles: 

There was one golden eagle nest and five possible golden eagle nests within one mile of the 
Project Area. None of the nests were occupied during 2019 field surveys; however, one nest 
was active during 2020 field surveys. To avoid impacts to those nests, AGA would 
implement the EPM in Section 2.2.6.10 that states Project activities would not be conducted 
between January 1 and August 31 within one mile of a nest. However, if that is not 
practicable, a survey would be conducted after March 21 at eagle nest sites that are within 
one mile of the Project Area to determine occupancy. The timing of the surveys may be 
adjusted due to winter weather conditions and is subject to approval from the NDOW based 
on consideration of bighorn sheep (Ovis canadensis) lambing activity. If a nest has a bird in 
an incubating/brooding posture, it would be assumed that the nest is active that year, and a 
one-mile disturbance buffer would be applied until August 31, or until it has been determined 
that 1) the nest has failed; or 2) the young have fledged and are no longer dependent on the 
nest. The buffer sizes may be reduced with approval from the US Fish and Wildlife Service 
(USFWS). If the nest is not active at the time of the surveys, the one-mile buffer would not 
apply and Project activities could commence. (FONSI at 6).  

Ultimately the gold exploration company decided to seek a take permit from US Fish and Wildlife 
Service, which was analyzed in a March 2022 Environmental Assessment. (Attachment 6).  This gold 
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exploration project did not use helicopters. The Service discusses the need for a take permit: 

This Environmental Assessment (EA) analyzes the environmental consequences of the 
United States (U.S.) Fish and Wildlife Service (Service) issuing an incidental take permit for 
the take of golden eagles (Aquila chrysaetos) associated with the Silicon Exploration Project 
(Project) pursuant to the National Environmental Policy Act (NEPA) (42 United States Code 
[U.S.C.] §§ 4321–4347). Issuance of an eagle take permit by the Service for take that is 
incidental to otherwise lawful activities under the Bald and Golden Eagle Protection Act 
(Eagle Act) (16 U.S.C. §§ 668–668d and 50 Code of Federal Regulations [CFR] § 22.26) 
constitutes a discretionary federal action that is subject to NEPA. This EA assists the Service 
in ensuring compliance with NEPA, and in making a determination as to whether any 
“significant” impacts could result from the analyzed actions that would require preparation of 
an Environmental Impact Statement (EIS). This EA evaluates the effects of alternatives for 
the Service’s decision whether to issue an eagle take permit. (EA at 1) 

The Service issued a take permit for eagles for the Silicon Exploration Project. (See Attachment 5).  

Without proper eagle nest surveys, the Oro Cruz applicant may unintentionally harass golden eagles 
that might be nesting in the mountains around the drill areas, especially with the use of helicopters. This 
could result in the loss of productivity of eagles in the region. 
 

4. Desert Bighorn Sheep 
 
Currently desert bighorn sheep are not known to be present in the Cargo Muchacho mountains, but the 

proposed project area is within the desert bighorn Wildlife Habitat Management Area designated in BLM’s 
2002 Northern and Eastern Colorado Desert Plan Amendment.  Repatriating the desert bighorn sheep in the 
Cargo Muchacho Mountains is a key goal to sustaining the desert bighorn sheep metapopulation particularly 
as the effects of climate change advance. The environmental review must analyze the impacts to bighorn 
sheep habitat from the proposed project and whether it could impact future recovery efforts. 
 

The EA at 95 states that no known guzzlers are in the area, but otherwise the EA does not analyze 
potential bighorn sheep habitat here, nor future recovery efforts. 
 

5. Burro Deer 
 

The EA at 97 states that mule deer were observed during 2021 desert tortoise surveys. This narrow 
endemic mule deer subspecies (Odocoileus hemionus eremicus) is only found in the Colorado Desert of 
southeastern California. Measures should be outlined that avoid disturbing these deer populations. 
 

6. Rare  Plants  
 

Although several rare plants are known in this area and some are identified in the EA/MND (at 79), 
it is unclear when plant surveys were conducted and whether they were seasonally appropriate to find 
certain plants.  Therefore other rare plants may have been missed. Without more information it appears that 
the conclusions in the EA/MND that rare plants will not be significantly impacted is unsupported.  
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 B.  Cultural Resources 
 

The proposed action would adversely affect the sacred Tribal Cultural Landscape that consists of the 
ancient trail network, called Trail of Dreams or Xam Kwatchan Trail Network, which extends from Avi 
Kwa Ame (Spirit Mountain, Nevada) to the Avi Kwlal (Pilot Knob, California). The area that would be 
disturbed by the Oro Cruz exploration project is included in this Tribal Cultural Landscape. (See Figure 2 
(map) Attachment 7). The EA has failed to analyze the impact on this Tribal Cultural Landscape held sacred 
by six native American Tribes in the region. Comments submitted by the Quechan Tribe are referenced in 
the EA (section 3.14.3):  
 

The proposed Project location is sited within a region that is highly significant to the Fort 
Yuma Quechan Indian Tribe. This is a location that the Tribe attaches great cultural, religious 
and spiritual significance to. The Fort Yuma Quechan Indian Tribe objects to the proposed 
mining project and the proximity of the operation to a significant cultural landscape and 
items of cultural patrimony which are integral to the spiritual and everyday lives of the 
Quechan people. 
 

However, the EA states (section 3.14.3) states that “Currently, not enough information has been provided to 
understand the nature, extent and use of the resource, and therefore to fully assess impacts or determine if 
there are minimization or avoidance measures that would apply.”  Not having enough information to analyze 
the impacts on the Tribal Cultural Landscape is not sufficient grounds to determine the project would have 
no significant impacts on Native American Religious Concerns and Traditional Values. Instead, the BLM 
should require an EIS to analyze these impacts in detail.  

Furthermore, BLM pursuant to the 2019 Dingell Act the BLM was required to develop and implement a 
cultural resources management plan for the Xam Kwatchan Trail Network: 

Not later than 2 years after the date of enactment of the John D. Dingell, Jr. Conservation, 
Management, and Recreation Act [enacted March 12, 2019], the Secretary shall develop and 
implement a Tribal cultural resources management plan to identify, protect, and conserve 
cultural resources of Indian Tribes associated with the Xam Kwatchan Trail network 
extending from Avikwaame (Spirit Mountain, Nevada) to Avikwlal (Pilot Knob, California). 

 
16 U.S.C.S. § 410aaa-75. That plan is overdue and BLM cannot authorize mine exploration activities on 
lands associated with the Xam Kwatchan Trail Network until it completes the tribal cultural resources 
management plan which is needed to ensure protection and conservation of these resources.  
 
 C.  Additional Resource Issues  
 

The environmental review must provide sufficient information to evaluate serious aspects of the 
project and raise many questions, which if answered, might expose environmental impacts. 
 
 
 



 
Comments on Oro Cruz Exploration Project EA/MND 
December 16, 2022  25  

1. Source of Groundwater and Impacts 
 
The EA, at 87-92, states that 2,000 gallons of water per day will be required for drilling and dust 
suppression. The water would be procured from Gold Rock Ranch and/or another local water purveyor. A 
mobile water truck would be utilized onsite for dust suppression, and applied water would either naturally 
evaporate or infiltrate into the ground. The impact of taking that water from existing wells is not addressed 
despite the drought conditions in the area. And even though the specific source of water is not known, the 
EA/MND at 92 claims that the “Project would not consume groundwater from the Imperial Valley 
Groundwater Basin” – there is no support for this statement.  In addition, because the groundwater in this 
area is connected to the Colorado River, taking any water from the water table must be strictly accounted for 
under the law of the river. (See Map 7 in Attachment 8).  The EA/MND fails to analyze how groundwater 
pumping from off-site sources may impact the Imperial Valley groundwater district and the Colorado River 
accounting surface (as noted above). Because the identification and analysis of groundwater resources, 
including the source of water and the impacts of its extractions, are not adequately disclosed or addressed 
the EA/MND violates NEPA and CEQA.  
 

2. Surface Disturbance 
 

The EA/MND (at 5) calculates the surface disturbance at 20.54 acres – but it is unclear if that 
calculation accounts for additional for turnaround spaces for the large trucks and heavy equipment, sumps, 
and overburden. All the road segments and drill pads must be considered new ground disturbances 
regardless of being on top of the roads and pads of previous mining/drilling/disturbed areas. Use of all road 
segments and pads for the proposed project will cause new disturbances. The EA/MND attempts to waive 
away the significance of these new surface disturbances on previously reclaimed areas, undermining the 
environmental review.  
 

3. Reclamation Plan is Not Provided 
 

The EA/MND refers to a Reclamation Plan (Sespe 2022) (at 8), but it is not provided with the 
EA/MND. Instead the EA/MND provides only a summary: “A summary of the Reclamation Plan is 
provided below, and complete details are provided in SMP – Oro Cruz Exploration Project Reclamation 
Plan (Sespe 2022), on file with Imperial County (Reclamation Plan #21-0001).” EA/MND at 8-10.  A copy 
of the plan should have been circulated to the public during the comment period.  Several important 
recommendations for reclamation from scoping comments do not appear to have been addressed in the 
EA/MND:  

 
● Prohibit blading of road segments or the staging area. Mow or hand cut vegetation to within 

inches of the ground on the road segments and then drive over them to the drill pad, creating a 
2-track path and leaving the roots intact. Vegetation will grow back faster from root stock than 
from seed. 

● Prohibit tracked vehicles and require only vehicles equipped with oversized, balloon tires to 
minimize soil compaction and to speed revegetation. 

● Topsoil is thin in the desert and what is scraped off for reclamation may blow away, if not 
covered. That topsoil needs to be protected by stockpiling at appropriate height to prevent 
composting from occurring which would kill off propagules and soil fauna. 
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● Plant seedlings and require reseeding only in the fall. Do not use hydroseeding methods. 
● The seed source for reseeding must contain locally sourced native species only. The grasses 

should be grasses that are native to the project site. 
● The BLM or an independent botanist needs to survey all of the drill sites and roads to them 

annually starting after the drilling ends, to determine whether SMP Gold Corporation has 
complied with the reclamation requirements. This information should be shared with the public. 
Issue a notice of violation if the results are substandard. 

● Require an annual report in the fall on how the revegetation is progressing and the presence of 
and removal of all noxious weeds. 

● Establish criteria for “successful reclamation”. Including the density and diversity of species 
● Require remediation if plants aren’t established after three years. 
● Identify who will be responsible for the monitoring after three years if the goals have not been 

met and funding from the project proponent to be sure it continues. 
● Clean vehicles before entering the project site if they have been driven where they could pick 

up non-native plant propagules on their vehicle. 
 
 Because these important issues regarding reclamation raised in scoping were not addressed in the 
EA/MND, and a copy of the full Reclamation Plan is not provided for public review, the document is 
inadequate as an informational document under NEPA and CEQA.  

 
IV. The Mitigated Negative Declaration is Inadequate to Fulfill the Requirements of SMARA or 
CEQA. 
 

A. SMARA and the County Ordinance Require the County to Evaluate Both the Mining 
Exploration Project and the Reclamation Plan 

 
Imperial County is identified as the lead agency for both SMARA and CEQA. EA/MND at 2.  As the court 
explained in Nelson v. County of Kern, 190 Cal. App. 4th 252 (2010):  
 

The Legislature declared that its intent in enacting SMARA was “to create and maintain an 
effective and comprehensive surface mining and reclamation policy with regulation of 
surface mining operations so as to assure that: [¶] (a) Adverse environmental effects are 
prevented or minimized and that mined lands are reclaimed to a usable condition which is 
readily adaptable for alternative land uses[; and ¶] (b) The production and conservation of 
minerals are encouraged, while giving consideration to values relating to recreation, 
watershed, wildlife, range and forage, and aesthetic enjoyment.” (§ 2712, subds. (a) & (b).) 
“To achieve those goals, SMARA requires that persons conducting surface mining operations 
obtain a permit and obtain approval of a reclamation plan from a designated lead agency for 
areas subjected to post-January 1, 1976, mining. (§§ 2770, 2776.)” (Hansen Brothers 
Enterprises, Inc. v. Board of Supervisors (1996) 12 Cal.4th 533, 547, fn. omitted.) In 
particular, SMARA provides: “[N]o person shall conduct surface mining operations unless a 
permit is obtained from, a reclamation plan has been submitted to and approved by, and 
financial assurances for reclamation have been approved by, the lead agency for the operation 
pursuant to this article.” (§ 2770, subd. (a).) This section, including the requirement that a 
surface mining permit be obtained from the lead agency, has been described as “‘[a]t the 
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heart of SMARA.’ ” (People ex rel. Dept. of Conservation v. El Dorado County (2005) 36 
Cal.4th 971, 984.) 
 
To facilitate the enforcement of SMARA, section 2774 states that “[e]very lead agency shall 
adopt ordinances in accordance with state policy that establish procedures for the review and 
approval of reclamation plans and financial assurances and the issuance of a permit to 
conduct surface mining operations . . .” (§ 2774, subd. (a).)    

 
Under the Imperial County Ordinance, exploratory mining activities fall within the definition of 

Surface Mining Operations (Title 9, Div. 20: Surface Mining & Reclamation (hereinafter “Title 9”) § 
92001.01.) The County Ordinance prohibits mining activities without first obtaining County approval of “a 
Permit, Reclamation Plan, and financial assurances for reclamation,” subject to narrow exceptions which are 
not relevant here.  Title 9 § 92001.03.  

 
The EA/MND acknowledges that Imperial County must approve the reclamation plan (at 2), but fails 

to acknowledge that a permit approval is also needed.  Just as in Nelson, here, the is no question that the 
County, as lead agency, “is responsible under SMARA and the local ordinance to evaluate the entire [] 
proposal and to determine both whether to issue a permit for mining operations and whether to approve the 
reclamation plan.” Nelson, 190 Cal. App. 4th at 269 (emphasis in original; citing Pub. Res. Code §§ 2770, 
subd. (a), 2774, subd. (a)). And as in Nelson, “[t]hat being the case, it was improper for County to sever the 
mining operations from the scope of its review under SMARA.” Id. 190 Cal. App. 4th at 269.  

 
As noted above, a complete copy of the reclamation plan was not provided to the public during this 

comment period. On this basis, the conservation groups reserve the right to provide additional comments 
once a complete copy of the reclamation plan is provided. The summary provided in the EA/MND is 
insufficient for the public or decision makers to determine if the reclamation plan is adequate to meet 
SMARA standards, and because the reclamation plan is a key part of the mitigation for the project, the 
failure to provide the public with all relevant studies and information also fails CEQA and fails to show that 
an MND is appropriate.  
 

B. CEQA requires the County to consider the whole of the action in an EIR. 
 

The joint EA/MND section “3.2 CEQA Checklist and Impact Analysis” is insufficient in several 
ways as detailed below and an EIR is needed. The purpose of CEQA is to provide decision-makers and the 
public with environmental information before decisions are made, not after. As the California Supreme 
Court observed in Laurel Heights I, “[i]f post-approval environmental review were allowed, [CEQA 
analyses] would likely become nothing more than post hoc rationalizations to support action already taken. 
We have expressly condemned this [practice].” Laurel Heights Improvement Ass’n v. Regents of Univ. of 
Cal. (“Laurel Heights I”), (1988) 47 Cal. 3d 376, 394 (citation omitted). Accordingly, “public agencies shall 
not undertake actions concerning the proposed public project that would have a significant adverse effect or 
limit the choice of alternatives or mitigation measures, before completion of CEQA compliance.” CEQA 
Guidelines § 15004(b)(2). In particular, an agency shall not “take any action which gives impetus to a 
planned or foreseeable project in a manner that forecloses alternatives or mitigation measures that would 
ordinarily be part of CEQA review of that public project.” CEQA Guidelines § 15004(b)(2)(B). CEQA 
requires the preparation of environmental review documents “as early as feasible in the planning process to 
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enable environmental considerations to influence project program and design and yet late enough to provide 
meaningful information for environmental assessment.” Laurel Heights I, 47 Cal. 3d at 395; see also CEQA 
Guidelines § 15004(b). 
 

Only when “there is no substantial evidence in light of the whole record before the public agency 
that the project . . . may have a significant effect on the environment” may an agency prepare a negative 
declaration or mitigated negative declaration instead of an EIR. (Public Res. Code § 21064.5; see also id. §§ 
21064, 21080(c).). A mitigated negative declaration, in particular, is prepared “when the initial study has 
identified potentially significant effects on the environment, but . . . revisions in the project plans or 
proposals . . . would avoid the effects or mitigate the effects to a point where clearly no significant effect on 
the environment would occur” and there is no substantial evidence the project may have a significant effect 
on the environment. (Id. § 20164.5.) If there is substantial evidence that a project may have a significant 
effect on the environment, an agency must prepare an EIR. (Id. § 21080(d).) 

If an agency is presented with so much as “a fair argument that a project may have a significant 
effect on the environment, the lead agency shall prepare an EIR even though it may also be presented with 
other substantial evidence that the project will not have a significant effect.”  (CEQA Guidelines § 
15064(f)(1); see also No Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 68, 75. By contrast, negative declarations 
are appropriate only when there is no substantial evidence in light of the whole record before the public 
agency that the project, as revised, may have a significant effect on the environment. Pub. Resources Code, 
§ 21064.5; see also § 21080, subd. (c); CEQA Guidelines §§ 15006, subd. (h), 15064, subd. (f)(2), 15070, 
subd. (b), 15369.5.   

Where, as here, there is a fair argument that the proposed project – the proposed mine exploration 
activities including new and expanded access roads and a reclamation plan—may have a significant effect 
on the environment, preparation of an EIR is required. Public Resources Code §§ 21100, 21151; CEQA 
Guidelines § 15064(a)(1); No Oil, Inc. v. City of Los Angeles (1974) 13 Cal. 3d 68, 82. No such 
determination can be made in this instance as detailed in this letter, there are potentially significant impacts 
to wildlife, water, air, cultural resources, and other resources. 
 

Furthermore, under CEQA, an EIR must be prepared even if the lead agency can point to substantial 
evidence in the record supporting its determination that no significant effect will occur. Architectural 
Heritage Assn. v. County of Monterey (2004) 122 Cal. App. 4th 1095, 1110. The lead agency may not 
dismiss evidence because it believes that there is contrary evidence that is more credible. Pocket Protectors 
v. City of Sacramento (2005) 124 Cal. App. 4th 903, 935. Either there is substantial evidence showing the 
possibility of a significant environmental effect or there is not. If there is, then the lead agency must prepare 
an EIR. Architectural Heritage Assn., 122 Cal. App. 4th at 1109-1110. Importantly, the “fair argument” test 
“establishes a low threshold for initial preparation of an EIR, which reflects a preference for resolving 
doubts in favor of environmental review.” Id. at 1110.  
 

The County is required to consider the whole of the action in its CEQA review. CEQA Guidelines, 
Section 15378. The definition of “project” is “given a broad interpretation in order to maximize protection 
of the environment.”  Lighthouse Field Beach Rescue v. City of Santa Cruz (2005) 131 Cal.App.4th 1170, 
1180 (internal quotation omitted); see also, Muzzy Ranch Co. v. Solano County Airport Land Use Com. 
(2007) 41 Cal.4th 372, 381-83; Fullerton Joint Union High Sch. Dist. v. State Bd. of Educ. (1982) 32 Cal.3d 
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779, 796-97; Bozung v. Local Agency Formation Com. (1975) 13 Cal.3d 263, 277-81.)  A “project” is “the 
whole of an action” directly undertaken, supported, or authorized by a public agency “which may cause 
either a direct physical change in the environment, or a reasonably foreseeable indirect physical change in 
the environment.”  (Public Resources Code § 21065; CEQA Guidelines § 15378(a).)  Under CEQA, “the 
term ‘project’ refers to the underlying activity and not the governmental approval process.”  California 
Unions for Reliable Energy v. Mojave Desert Air Quality Mgmt. Dist. (2009) 178 Cal.App.4th 1225, 1241, 
(quoting Orinda Assn v. Bd. of Supervisors (1986) 182 Cal.App.3d 1145, 1171-72 [emphasis added].) 
(CEQA Guidelines, § 15378(c) [“The term 'project' refers to the activity which is being approved and which 
may be subject to several discretionary approvals by governmental agencies. The term 'project' does not 
mean each separate governmental approval.”].  As the court concluded in Nelson, 190 Cal. App. 4th at 272 
“the entire CEQA project that had to be reviewed by County included both the mining operations and the 
reclamation plan. Both aspects were integrally related and constituted the whole of the action or the entire 
activity for which approvals were being sought.” Put another way, “CEQA required County to engage in an 
environmental review of both the mining operations and the reclamation plan—the entire project.” Id. 
 
  Under the County Ordinance, before a permit or reclamation plan can be approved, the site plan and 
reclamation plan must be found to meet the requirements of SMARA and other state statutes and regulations 
including CEQA. See Title 9 § 92002.03. Unfortunately, the County’s ordinance does not fully describe the 
County’s CEQA obligations because it only expressly mentions CEQA in the context of approval of the 
reclamation plan. Title 9 § 92002.03(B)(4).  Here, the County does not acknowledge the need for a permit 
for all operations and the IS/MND fails to address several potentially significant impacts, rendering it 
inadequate. 
 

As detailed above, the Project may have significant direct and indirect impacts on listed species 
(desert tortoise), fully protected species (golden eagles), as well as other wildlife species of special concern 
(flat-tailed horned lizard and Colorado fringe-toed lizard), therefore, an EIR is required. See, e.g., CEQA 
Guidelines §15065(a)(1) (mandatory findings of significance). Impacts to habitat for rare flora and fauna are 
significant under section 15065 and require full evaluation under CEQA. See Mira Monte Homeowners 
Association v. Ventura County, 165 Cal.App.3d 357, 363-364.  In addition, the EA/MND fails to show that 
all needed plant surveys were undertaken, particularly fall plant surveys.  On this basis as well the EA/MND 
is inadequate.  
 
 As detailed above, the analysis of impacts to water resources is woefully incomplete. EA/MND 
states that Project water use overall will be up to 2,000 gallons per day and approximately 240,000 gallons 
of water over the life of the Project (EA/MND at 90) and that the water would be trucked in from existing 
wells but does not identify which wells (at 92). And even though the specific source of water is not known, 
the EA/MND at 92 claims that “Project would not consume groundwater from the Imperial Valley 
Groundwater Basin” – there is no support for this statement. Further, the EA/MND at 92 admits 
“Groundwater may be encountered during the course of exploratory drilling within the Drill Pads.” But the 
EA/MND fails to quantify the amount of groundwater that may be affected if it is encountered. This also 
contradicts the premise in the EA/MND that no groundwater on site would be affected.  The IS/MND notes 
that the area is not an adjudicated basin but provides no analysis to support the determination that this level 
of groundwater use is not significant in this arid environment that is currently in drought conditions. Water, 
especially in the desert and even more so in the time of chronic drought in California is a key resource that 
needs to have a full analysis in an EIR for this proposed project. The County should have fully addressed 
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those potentially significant impacts but did not, on this basis as well an EIR is needed. In addition, as noted 
above, groundwater in this area is limited because it’s use may draw water from the Colorado River, the 
CEQA review did not disclose whether a water right is needed. Because the EA/MND fails address this 
potentially significant impact to Colorado River water resources, it is inadequate on this basis as well. 
Because the IS/MND failed to fully identify and analyze impacts of groundwater use by the Project it fails to 
comply with CEQA.  
 

CEQA also requires that environmental review must analyze the effects of any proposed mitigation 
measures and their likely efficacy. CEQA Guidelines § 15126.4(a)(1)(D) (“If a mitigation measure would 
cause one or more significant effects in addition to those that would be caused by the project as proposed, 
the effects of the mitigation measures shall be discussed”); Save Our Peninsula Comm. v. Monterey Board 
of Supervisors (2001) 87 Cal.App.4th 99, 130 (“An EIR is required to discuss the impacts of mitigation 
measures”). An agency's determination that a proposed mitigation measure will effectively mitigate an 
impact must be supported by substantial evidence. City of Irvine v. County of Orange (2015) 238 
Cal.App.4th 526. 
 

The IS/MND suggests several mitigation measures that may themselves have impacts which are not 
analyzed. For example, the IS/MND acknowledges for air quality that the area is in nonattainment for PM10 
(at 17), and that the project will cause emissions and relies on standard “project design features (“PDFs”) 
incorporating the local air district rules for fugitive dust emissions and GHG emissions to mitigate impacts 
to PM10 air quality (at 19). However, those PDFs which would potentially reduce impacts to air quality, 
which address mitigation measures for air quality relied on in the IS/MND, would use potentially significant 
amounts of water and the mitigation measures are very general.  PDF-7 for Air Quality only states that “The 
Project would comply with applicable State of California and Imperial County Air District rules for fugitive 
dust emissions and greenhouse gas emissions.” It does not provide details of those rules.  

 
Compliance with the law alone is not sufficient evidence to support a finding of no significant 

impact under the CEQA. See Oro Fino Gold Mining Corp. v. County of El Dorado (1990) 225 Cal. App. 3d 
872, 881–882. The IS/MND assumes that compliance with other regulations and programs will mitigate the 
air quality impacts to less-than-significant levels. The IS/MND lacks any project-specific analysis of the 
potential impacts and the effect that regulatory compliance could have on those impacts.  Because the 
Project does not disclose the specifics of the Project’s impacts in the first instance, nor provide any specifics 
on these regulatory programs, the IS/MND lacks a basis to conclude that these regulatory programs in and of 
themselves will reduce the environmental impacts of this project to less-than-significant levels. Accordingly, 
the IS/MND’s conclusion that air quality impacts will be mitigated to less-than-significant levels is 
unsupported.  

 
Further, although EA/MND at 91 and Appendix F Table F-1, PDF-3 state “Water used for dust 

control would be kept to a practicable minimum . . .”, the EA/MND elsewhere states that Project water use 
overall will be up to 2,000 gallons per day and approximately 240,000 gallons of water over the life of the 
Project (EA/MND at 90) and that the water would be trucked in from existing wells but does not identify 
which wells (at 92). As explained above, this discussion of the groundwater use is in adequate. Because the 
mitigation measure to address potential impacts to air quality may have potentially significant impacts to 
water resources, the MND should have fully addressed those potentially significant impacts but did not. In 
addition, as noted above, groundwater in this area is limited because it’s use may draw water from the 
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Colorado River, the CEQA review did not disclose whether a water right is needed. Because the EA/MND 
fails to mention this additional potential limit on water availability for the mitigation measure it relies on, it 
is inadequate on this basis as well. Because the IS/MND failed to address the impacts of the water use for 
the air quality mitigation measure the MND cannot be relied on and the County has failed to comply with 
CEQA.  
 

Here, there are several potentially significant impacts that are not shown to be fully mitigated 
including impacts to wildlife, cultural resources, air quality and ground water and there are potentially 
significant impacts to the environment that are not adequately identified and analyzed including 
inconsistencies with the governing land use management plan (as detailed above). Therefore, the County 
must prepare an EIR and cannot rely on a mitigated negative declaration.   
 

The proposed mining exploration project may also have significant impacts to cultural resources.  
Imperial County claims it has fulfilled its obligations under AB 52 with a letter to a single tribe that went 
unanswered (EA/MND at 49). This fails to comply with the spirit of consultation requirement cannot excuse 
the County’s failure to consider cultural resources and information tribal representatives have provided to 
BLM regarding the Project’s potentially significant effects on cultural resources. On this basis as well, an 
EIR is needed.  
 

Based on the number of imperiled species with potential to be affected by the proposed mining 
exploration, lack of adequate biological surveys, and because potential impacts to water resources and air 
quality that have not been fully identified or analyzed in the EA/MND, an EIR is required. 
 
Conclusion 
 

Due to the numerous violations of FLPMA, NEPA, and other laws, BLM cannot approve the 
Project based on the EA and must prepare an EIS. Due to Imperial County’s failure to comply with 
SMARA, CEQA and other laws and regulations, and because there is a fair argument that the Project 
will significantly impact the environment Imperial County cannot approve the Project based on the 
IS/MND and must prepare an EIR.1   Please keep us informed of all notices associated with this 
project.  
 

Respectfully, 
 
 
Lisa Belenky, Senior Attorney  
Hallie Kutak, Staff Attorney 
Center for Biological Diversity  
lbelenky@biologicaldiversity.org  
hkutak@biologicaldiversity.org 
 
 

 
1 As noted above, because the notice period for the IS/MND by Imperial County continues until January 20, 2023, the 
conservation organizations reserve the right to provide additional detailed comments on all issues.  

 
Joan Taylor, Chair 
Sierra Club California/Nevada Desert Committee 
 
 
Laura Cunningham California Director 
Western Watersheds Project  
lcunningham@westernwatersheds.org  
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Conservation Program Manager 
California Native Plant Society 
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About Us – Southern Empire Resources

Acquisition, Exploration and Development of Gold Deposits in North America.

Southern Empire is focused on the acquisition, exploration and development of gold
deposits in North America. Our projects are located in the world’s best mining
jurisdictions and they are selected strategically to be positioned near existing
infrastructure.

ORO CRUZ & AMERICAN GIRL, CARGO MUCHACHO MOUNTAINS,
CALIFORNIA

In the Cargo Muchacho mountains of Imperial County, southeast California, Southern Empire owns
the American Girl Mine Property and holds options to acquire a 100% interest in the 2,160 hectares
(5,338 acre) Oro Cruz Property located approximately 22.5 kilometres (km; 14 miles) southeast of
the operating Mesquite gold mine of Equinox Gold Corp.

With a history that includes extensive drilling and large-scale open pit and underground mining by
the American Girl Mining Joint Venture (53 per cent owned by MK Gold Co., a subsidiary of
Morrison Knudsen Corporation, and 47 per cent owned by Hecla Mining Company), which was
suspended during the gold market downturn in 1996, the Oro Cruz Gold Project hosts many
exploration targets in addition to a high-grade oxide gold zone that, based on the historical mine
operation records, is amenable to conventional heap leach extractive methods.

EQUITY INTEREST IN BULLFROG GOLD CORP.

Southern Empire also holds a significant equity interest in Bullfrog Gold Corp., a US based gold
exploration company with a commanding land package in the Bullfrog Mine area from which
Barrick Gold Corp. produced more than 2 million ounces during the 1990’s.

EXPERIENCED & KNOWLEDGABLE MANAGEMENT TEAM



Our team, including 2015 Canadian Mining Hall of Fame inductee, Ron Netolitzky, has decades of
experience and the proven ability to deliver results. Meet our leadership team here.

Southern Empire is listed on Toronto’s TSX Venture Exchange under the symbol SMP  and also
trades on Germany’s Frankfurt Exchange, having the symbol 5RE.

Our share capital is widely, but tightly held. Please, see our current Share Capital Structure.

For further information, please contact Southern Empire here and visit our SEDAR page.

SMP CORPORATE PRESENTATION

CONTACT SMP

Join our Mailing List

Direct Contact Form
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2020 – Imperial Exploration Project 
Pursuant to CFR §3809.401 

1.0 Introduction 

1.1 Purpose and Scope 

This Exploration Plan of Operations (“EPO”) describes the Imperial Exploration Project 
("Project") proposed by Imperial USA Corporation ("IUC").  The purpose of the Project is 
to develop exploratory drill holes for mineral, geotechnical, environmental, 
hydrogeological, and/or engineering assessments.  This EPO is submitted pursuant to 
and in conformance with the U.S. Bureau of Land Management ("BLM") Surface 
Management Regulations at 43 CFR § 3809 et seq. 

1.2  Project Overview 

The Project is a drilling program on three segments of a claim block controlled by IUC 
that includes contiguous unpatented lode and mill site claims on 2,939 acres (1,149 
ha.) (the "Project Segments").  The Project Segments are located north of the Cargo 
Muchacho Mountains in southeast Imperial County, California and approximately 47 
miles east-northeast of El Centro, California and 22.5 miles north-northwest of Yuma, 
Arizona. (Figure 1).  The boundaries of the Project Segments and land use status are 
presented on Figure 2. 

All IUC's claims located within the Project Segments are on federally owned lands 
administered by the BLM El Centro Field Office. There are no private or state-owned 
lands within the Projects Segments.  

The Project Segments trend southeast to northwest and are referred to as (i) the Indian 
Pass Segment at the southeast end of the project area, (ii) the Ogilby Segment in the 
trend center, and (iii) the East Mesquite Segment in the northwest.  The Project 
Segments will be accessed primarily by (i) Indian Pass Road, (ii) the Ogilby Road, and 
(iii) several existing BLM Legal Routes within and around the Project Segments.  Table 
1 presents pertinent information on the Project Segments.  

Table 1. Project Segments 

Project 
Segment 

Claim 
Names 

Acres 
Disturbed 

Total 
Acres BLM Legal Routes Used Township, Range 

and Section 

Indian Pass 
UYA, 
BB, 
SWL 

10.8 1,571 649, 680, 989, 880, 841, 840, 
843, 845, 859, 858, 878, 877 

NW Corner of T.14S. 
R.21E and SW Corner 
T.13S., R.21.E.  

Ogilby KMI 1.9 645 654,647, 645, 643, 641, 631, 
615, 531 

SE Corner of T.13S, 
R.20E. 

East 
Mesquite KMI 1.6 723 648,683,754.735,629 T. 13S., R.19E, S.12, 
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The Project proposes to grade drill pads within the Project Segments that will be used 
to complete 4-inch diameter exploratory drill holes for mineral, geotechnical, 
environmental, hydrogeological, and/or engineering assessments.  Grading, where 
needed, will be accomplished with a rubber-tired backhoe loader and will be 
conducted in a manner to minimize disturbance.  A core or reverse circulation (“RC”) 
drill rig will advance the drill holes. 

Access to the drill pads on the Project Segments will utilize BLM Legal Routes, and 
previously disturbed lands as much as possible.  Attachment A provides an overview 
map and individual maps for each Project Segment.   

Using the local workforce where possible, work will begin as soon as this EPO has 
been approved and equipment can be mobilized. The operation, including reclamation, 
should be complete within about three years from start-up.  No permanent fixed 
structures will be built, and all equipment and any temporary structures will be 
removed from individual pads after completion of drilling and proper abandonment of 
the drill holes. 

The Project is designed and will be operated to minimize potential direct, indirect, and 
cumulative impacts related to the resources discussed below.  Table 2 identifies 
resources with potential to be impacted by the Project, and the development and 
operating practices that will be used to minimize any potential impacts. 

Table 2. Project Practices to Reduce Potential Impacts 

Potentially Affected Resource Practice 

Air 

• Implement dust control measures such as two-track
trails watering and treatment during movement of
equipment.

• Employee training for dust emission reduction
• Reduced speed limits

Water 

• Utilize BMPs to minimize erosion and sedimentation.
• Utilize approved non-hazardous drill lubricants and

palliatives for dust control.
• Clean up spills immediately.
• Recycle ~80% of the water at the process site.

Land/Soils 

• Use BLM Legal Routes for access to drill sites to fullest
extent possible.

• Use rubber-tired backhoe-loader to minimize
disturbance.

• Stockpile topsoil for revegetation.

Vegetation • Minimize new disturbance to limit vegetation damage.
• Relocate cacti for use prior to grading.

Wildlife • Minimize new disturbance to limit habitat degradation.
• Desert tortoise awareness training for all employees.
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• Baseline and preconstruction surveys for desert tortoise
• Monitoring in advance of all new grading activity
• Exclusionary fencing where appropriate

Special Species Status 

• Train workers to recognize and protect special status
species.

• Record any observations or encounters of species with
special status.

• Determine if observations or encounters merit
additional measures.

Cultural Resources 

• Avoid adverse effects to historic properties through
project redesign; utilization of existing ground
disturbance; and oversight by archaeological monitors
where appropriate.

• Train workers to recognize and avoid cultural resources.
• Develop and implement drilling work plans to avoid

adverse effects.
• Adhere to existing guidance in The CA BLM Protocol to

address human remains and unanticipated discoveries.

Visual Resources 

• Remove temporary structures upon completion of use.
• Remove all equipment upon completion of drilling on

each pad.
• Drill cuttings buried on site or worked into the surface of

the drill pad prior to topsoil application.
• Regrade disturbed areas to blend with topography

during reclamation.
• Revegetate disturbed areas.

Recreation/Public Safety 

• Minimize new disturbance. Exclude public from
operational areas only. Safety signage will be posted the
drill pads and along the two-track trails.

• Will not block BLM Legal Routes.

1.3  History 

The region has a long mining history which dates back to the 1780's and has 
continued until the present with mines such as Picacho, Tumco, and American Girl 
from the late 1800’s and more recently, the opening of the Mesquite Mine in 1986. 
Mining activities within in the Project boundaries, however, were limited to minor dry 
placer exploration operations and drilling exploration conducted in the 1970's into the 
1990s.  

More recently, Chemgold, Inc. began exploring the Indian Pass area for a mining 
operation in the mid-1990s.  This project was continued as Glamis Imperial 
Corporation’s Imperial Project.  Between the two companies, over 300 exploration drill 
holes were placed in the Indian Pass area that included numerous access roads and 
the conversion of some drill holes into groundwater monitoring wells and piezometers. 
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This area was also the subject of several technical environmental studies and 
evaluations that included Cultural Resource and Biological assessments, amongst 
others.  Previous field work for assessing mineralization potential, rock hounding and 
recreational use of the area by off-road enthusiasts has resulted in a significant 
amount of disturbance on the site. 

1.4  Environmental Setting 

The Project area is situated on nearly flat terrain south of the Chocolate Mountains 
and north of the Cargo Muchacho Mountains, at elevations ranging between 760 and 
925 feet above mean sea level (AMSL).  The Project area is transected by ephemeral 
washes which drain from the northeast to the southwest, terminating by infiltration 
against the Algodones Dunes.  

Present and pre-mining land use of the Project area includes mineral-related activities, 
recreation (rock-hounding and off-highway vehicle use), hunting and wildlife habitat.  

Soils on the Project area are 0 to 18 inches thick and poorly developed, consisting of 
gravelly or coarse sands, with most of the area covered by upland flats or desert 
pavement. Vegetation in the Project area is sparse, with plants more abundant along 
washes. Typical upland vegetation is a shrub/scrub type consisting of burrobush, 
creosote bush, teddy-bear cholla, and ocotillo; washes have additional tree species of 
desert ironwood and palo verde, and other shrub species of sweetbush and desert 
lavender.  

Previous groundwater studies completed in the mid 1990’s for the Project area 
determined that groundwater elevations varied extensively across the Project area and 
ranged from 75 feet amsl to 575 feet amsl. Tests conducted in the Indian Pass 
Segment of the Project indicated that the hydraulic conductivity of the bedrock 
formation is very low.  The closest surface water bodies to the Project area are the 
Colorado River approximately 7.75 miles to the east and the Salton Sea about 44 miles 
northwest (Westec, 1996). 

Average annual precipitation in the Project area is approximately 4.5 inches.  All 
surface drainages in the area are ephemeral, with flows occurring only during and 
immediately following major precipitation events. Precipitation tends to occur in 
fairly short, intense storm events in the summer and frontal storms in the winter 

2.0  Applicant Information 

2.1  Name of Operator and Claimant 

Imperial USA Corporation  
312 E Barioni Blvd.  
Imperial, CA 92251 
c/o Marc Leduc  
(720) 635-3143 (Marc@Koremining.com) 
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2.2  Taxpayer EIN:  

88-0262623 

2.3  Individual Completing Application 

Dennis Fransway 
EnviroMINE, Inc 
3511 Camino Del Rio South Suite 403 
San Diego, CA 92108 
619-284-8515 (Dennis@Enviromineinc.com) 

2.4  Legal Description and Claim Information 

The proposed activities for this Project will take place on the three Project Segments 
presented in Table 1, the Indian Pass Segment is located is located in the northwest 
corner of Township 14S, Range 21E and the southwest corner of Township 13S, Range 
21E. Ogilby Segment is located in the SE Corner of T.13S, R.20E. and  East Mesquite 
is T. 13S., R.19E, S.12 all on the Hedges, CA 7.5 Quad, San Bernardino Base 
Meridian.  The specific details for the location and the claims are presented in 
Attachment B.  All claims are controlled by IUC. 

2.5  Claim type 

Lode and Mill Site 

2.6  Relationship to BLM Regulations and Land Use Plan Conformance 

The three Project Segments are located within the Picacho Area of Critical 
Environmental Concern ("ACEC") established as a result of the Desert Renewable 
Energy Conservation Plan ("DRECP") in 2016 (Figure 2).  Under BLM regulations, any 
level of new disturbance within an ACEC will require a Plan of Operation and 
Environmental Assessment pursuant to the National Environmental Policy Act 
("NEPA").  Exploration activities proposed in this EPO subject to this requirement 
include overland access, two-track trail establishment (to the limited extent where 
access via BLM Legal Routes is not available), grading of exploration drill pads and 
sumps, and reclamation. 

Although certain activities in the ACEC are subject to a disturbance cap,1 all 
disturbance associated with IUC's exploration activities discussed herein are not 
subject to the ACEC disturbance cap, because IUC's exploration activities are 
"operations" "reasonably incident" to surface mining, as defined within 43 CFR § 

1 It is unclear whether BLM has inventoried existing disturbance throughout the ACEC. 
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3809.5 and 3715.0-5, respectively. Thus, IUC's exploration activities, which are 
authorized by the Mining Law of 1872, cannot be limited by provisions of a 
subordinate land-use plan such as the DRECP.  (See, e.g., BLM H-3809-1 Surface 
Management Handbook, p 8-14, § 8.7.1.2) Accordingly, the ACEC disturbance cap 
shall "have no force and effect" on IUC's right to enter and explore IUC's unpatented 
mining claims located within the Ogilby and East Mesquite Segments. 

Moreover, although IUC's unpatented mining claims located within the Indian Pass 
Segment are located within the "Indian Pass Withdrawal Area," which was subject to a 
20-year withdrawal from mineral entry effective October 27, 2000, and was 
subsequently permanently withdrawn from mineral entry on or around March 12, 
2019, both withdrawals were subject to valid existing rights.  As set forth in that 
certain 2002 BLM Mineral Report (Serial No. CACA 35511), IUC's unpatented mining 
claims located within the Indian Pass Segment were deemed valid as of 1998, prior to 
any withdrawal from mineral entry, and therefore remain open for mineral entry and 
exploration by IUC and not subject to the ACEC disturbance cap.  

The proposed drill pads on the Indian Pass segment of the Project are all located on 
valid mill site or lode claims as identified in the 2002 Mineral Report cited above.  
Work on the mill site claims will consist of placing drill holes for the purpose of 
collecting geotechnical data, conducting hydrogeological assessments or other 
ancillary purposes. Drill pads on these mill site claims are identified with the 
designator “G” attached to the pad number.  For example, KIP20–XXXG.   Lode claims 
will be drilled for mineral re-assessment and to collect information on the 
geotechnical, hydrogeologic and subsurface conditions of the Project.  These pads do 
not have the “G’ designator attached to the claim number. 

(area left blank intentionally) 

2 "In addition, land use plans must recognize the rights granted by the Mining Law to enter, 
explore, and develop mineral resources on the public lands.  A land use plan cannot change 
the law’s authorization to use public lands that are open to location under the Mining Law. 
Areas may only be removed from operation of the Mining Law by congressional withdrawal or in 
accordance with the withdrawal provisions of Section 204 of FLPMA."  Further, in areas open to 
mineral entry or closed subject to valid existing rights, a land use plan cannot preclude mining 
or restrict certain types of mining activities, or generally place limits on the type or size of an 
operation. 
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3.1  Activity Description 

The activity described in this EPO is an exploration drilling program to complete 
mineral, geotechnical, environmental, hydrogeological, and/or engineering 
assessments within the following three Project Segments: (i) the Indian Pass Segment, 
(ii) the Ogilby Segment and (iii) the East Mesquite Segment of the Project.  These three 
Project Segments lie on a southeast to northwest trend with Indian Pass Segment on 
the southeast and East Mesquite Segment on the northwest of the Project area. 

Exploration activities on all Project Segments proposed in this EPO include overland 
access via 10 feet wide two-track trails  (to the extent BLM Legal Routes are not 
available), grading of exploration drill pads and sumps, and reclamation.   

The proposed drilling operations will access all the Project Segments across BLM Legal 
Routes and overland access with 10 feet wide, two-track trails, as much as possible, to 
minimize disturbance. Two-track trails will also be used where old roads disturbed the 
site in the past.  A total of one hundred and sixty-eight (168) drill pads will be 
constructed on the three Project Segments and multiple borings may be drilled on 
each pad.  After drilling for mineral re-assessment is completed on pad KIP20-109 and 
for geotechnical purposes on KIP20-110G, a boring will be completed, and 
groundwater monitoring wells installed at these locations. To support the groundwater 
monitoring, piezometers for measuring groundwater levels will be installed in 
completed boreholes on pads KIP20-004, KIP20-054 and KIP20-007. 

Four, small test pits will also be excavated by an excavator for metallurgical samples. 
These test pits will be located on a rock outcrop on the northern part of the Indian 
Pass segment of the Project and are expected to be completed in approximately two 
days. These test pits will be 4 ft. wide x 15 ft. long and 10 ft. deep with approximately 
30 cubic yards, total, of rock material retrieved for analysis. Each trench will be 
backfilled immediately after completion. Test pits 1 and 2 will be on claim UYA-189. 
Test Pit 3 will be on claim UYA-101 and Test Pit 4 on claim UYA-186. 

3.2  Location and Access 

The route of access from El Centro, California to the Indian Pass and Ogilby Project 
Segments of the Project area is to proceed east on Interstate 8 about 44 miles to the 
Ogilby Road exit (Exit 159).  From Yuma, Arizona take Interstate 8-West approximately 
15.3 miles to the Ogilby Road Exit.  Turn north and proceed approximately 13.3 miles 
to the intersection with Indian Pass Road, a graded dirt road.  Turn east (right) and 
continue for approximately 5.0 miles to the Project area (Figure 3).  Access to the East 
Mesquite segment is to proceed north on Ogilby Road approximately about 8.25 miles 
past Indian Pass Road to BLM Legal Route 648 and go west.  A power/telephone line 
is adjacent to this road on the north side. No incorporated towns are located within 20 
miles of the Project area; however, there is a fueling station and a California Highway  

3.0  Description of Exploration Activity
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road trails/unmaintained roads previously used by other operators and off-road 
vehicles are present in the proposed Project area.  As much as practical, IUC will 
follow these previously disturbed trails/unmaintained roads to access the locations of 
the new drill pads. Safety signage will be place around all active Project areas, at each 
pad and along each of the two track trails used by the Project. 

3.3  Project Area Biology 

The following description of the biological resources is based on previous assessments 
of the Indian Pass Segment of the Project.  Ogilby and the East Mesquite Segments 
have not been evaluated however, IUC is in the process of contracting for professional 
services to have both biological and cultural evaluations conducted for the disturbance 
areas of these two Project Segments.   

3.3.1 Vegetation 
Biological surveys completed in the mid-1990s described the vegetation communities 
on the Indian Pass Segment ("Indian Pass Study Area") of the Project and assessed the 
potential for special-status plant species to occur (Figure 5).  In 2018 a biological 
evaluation for the Indian Pass Study Area found that no substantial changes in 
vegetation composition have occurred within that area over the past 25 years.  
Vegetation communities mapped during the 1995 surveys persist in the Indian Pass 
Study Area; however, the names given to those communities have changed. (Table 3.)  

Table 3.  Vegetation Communities within the Indian Pass Study Area 

Vegetation Community  
1990s 

Vegetation Community 
2018 

Sensitive? Acres 

Desert succulent scrub 
Creosote bush scrub No 662.61 

Creosote bush – white burr sage No 266.49 
Desert pavement No 500.30 

Microphyll woodland Blue palo verde – ironwood woodland Yes 140.82 
Total: 1570.22 



Figure 4
Imperial Exploration 

Project:
Project Vicinity

Date: 8/28/2020

Ogilby Road

Indian Pass Rd.

Indian Pass
Segment

Ogilby
Segment

East Mesquite
Segment

American Girl Mine

Mesquite Mine

Pilot Knob Mine

Cargo 
Muchacho Mountains

Chocolate 
Mountains

HWY 78

HWY 78

I-8

Sources: Esri, HERE, Garmin, USGS, Intermap, INCREMENT P, NRCan, Esri Japan,
METI, Esri China (Hong Kong), Esri Korea, Esri (Thailand), NGCC, © OpenStreetMap
contributors, and the GIS User Community

0 52.5
Miles

Document Path: 
C:\Current Projects\1795-Imperial Project Notice of Intent\GIS\POO\Figures\Figure 4 - Project Vicinity.mxd

Legend

Nearby Mines

Segment
Boundaries

U.S. Interstate
Highways

State Route
Highways

Indian Pass Road

Coordinate System: NAD 1983 UTM Zone 11N



Figure 5
Imperial Exploration 

Project:
Biological Study

Area

Date: 6/23/2020

680

877

681

858

878

803

859

840

843

803

841

989

877

881

880

805

680

878

649

845Ind
ian

 Pa
ss 

Rd

0 1,600800
Feet

Document Path: 
C:\Current Projects\1795-Imperial Project Notice of Intent\GIS\POO\Figures\Figure 5 - Biological Study Area.mxd

Legend
Study Area

Indian Pass Road

BLM Legal Routes

Coordinate System: NAD 1983 UTM Zone 11N

Service Layer Credits:  Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN,



14 
 

Special-Status Species - Vegetation 
Previous surveys assessed the potential for 26 special status species to occur in the 
Indian Pass Study Area.  Of the 26 special status species, 12 special status plant 
species were determined to have a moderate to high potential to occur within the 
Indian Pass Study Area.  
 
Two plant species classified under the California Native Plant Society ("CNPS") 
Inventory system were observed during a 2018 survey. Pink fairyduster (CNPS 2B.3) 
was observed in shallow, narrow tributary washes to the major washes within the 
Indian Pass Study Area. Approximately 7,000 individuals were identified and mapped 
on silty or sandy drainage bottoms within thee drainages. Pink velvet mallow (CNPS 
4.3) was also observed in several localized patches in the westernmost major wash 
within the Study Area. Approximately 200 individuals were identified and mapped on 
the wash edges under blue palo verde–ironwood woodland canopy. 
 
Neither species is protected under California's applicable plant life protection statutes, 
including the California Endangered Species Act ("CESA"), the Native Plant Protection 
Act ("NPPA"), and the Desert Native Plant Act ("DNPA"). 
 
Threatened or Endangered Plant Species 
No threatened or endangered plant species were observed in the Indian Pass Study 
Area.  
 
3.3.2 Wildlife 
Wildlife composition and habitats have remained generally un-changed in the last 25 
years.  Wildlife encountered during a 2019 site visit make up the basis for the 
assessment of current conditions (WRA. 2020). 
 
Special-Status Wildlife 
One special-status wildlife species, black-tailed gnatcatcher (California Fish and 
Wildlife Service: Watch List), was commonly observed flying and foraging within the 
larger washes on the Indian Pass segment of the property in 2018.  Based on a review 
of the resources and databases, a total of 29 special-status wildlife species have been 
documented in the vicinity of the Indian Pass Study Area.  Twelve of these species 
have been documented within 5 miles of the Indian Pass Study Area.   
 
Threatened or Endangered Animal Species 
The Mojave Desert tortoise is a federally listed species that is known to occupy the 
Project area. The Project Segments and all drill pads located thereon are not located 
within Mojave Desert tortoise Designated Critical Habitat.   
 
Due to the potential presence of desert tortoise within the vicinity of the Project 
Segments , formal consultation between BLM and USFWS may be necessary. A 
biological assessment that addresses the impacts to the desert tortoise would be 
required to initiate formal consultation. The measures described in the Section 3.3.3 
Mitigation, below, reflect standard or anticipated requirements, and may be 
incorporated as part of the Project. Any Biological Opinion resulting from any Section 
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7 Consultation would provide specific conditions and requirements that may 
supersede some of the following measures.  
 
Raptors 
There are no known raptor nests in the Project area, although several raptors have 
been observed foraging in the area. 
 
3.3.3  Mitigation  
Pre-construction surveys for special-status plants and wildlife will be completed within 
30 days of the start of work.  If necessary, access routes and pads will be adjusted to 
avoid sensitive species.  A Desert tortoise monitor will be utilized to clear all grading in 
advance of the activity. 
 
Plants: 

 
• Ocotillo shrubs and all cacti species will be identified.  If two track trails or 

pads cannot be adjusted to avoid these plants, they will be salvaged by 
excavating and placing in containers for future reclamation. 
 

 
Wildlife:   
 

• Desert Tortoise Monitoring and Exclusion 
 

• Best Management Practices ("BMPs") for desert tortoise surveying, 
monitoring and avoidance will be utilized. Specific mitigation measures 
may be necessary and will be implemented consistent with state and/or 
federal law, BLM requirements, and USFWS requirements.  
 

• There will be pre-construction surveys utilizing USFWS approved (2009, 
2019)3 survey methods of defined project areas for tortoise sign. 
Surveyors will first determine whether desert tortoise are present in the 
area. If appropriate, surveyors will record tortoise sign on a standardized 
form. Tortoise sign includes burrows and burrow conditions, scats that 
are not burrows, carcasses, tracks, and live animals. If appropriate, 
survey results will be used to determine an estimated number of desert 
tortoises in the project area(s) using USFWS (2019) methodology and any 
necessary further action will be taken consistent with state and/or 
federal law.  
 

• Clearance surveys will be conducted consistent with USFWS Desert 
Tortoise Field Manual (2009) and any other current guidance.  

 

 
3 Desert Tortoise (Mojave Population) Field Manual (Gopherus agassizii), December 2009; 
Preparing for Any Action That May Occur Within the Range Of The Mojave Desert Tortoise 
(Gopherus agassizii), October 8, 2019. 
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• Prior to construction activities, an Authorized Biologist4 will present a 
Worker Environmental Awareness Program ("WEAP") to all project 
personnel. The WEAP will contain information concerning the biology 
and distribution of the desert tortoise, desert tortoise activity patterns, 
desert tortoise sensitivity to human activities, desert tortoise legal status, 
and occurrence. 
 

• Desert tortoise exclusion fencing will be constructed, where viable, 
consistent with clearance survey areas. Construction sites should be 
completely fenced with security and desert tortoise exclusion fencing, 
including desert tortoise exclusion gates at access points. Exclusion 
fencing will be maintained over the course of construction and 
operations, as necessary.  
 

• An Authorized Biologist or a Desert Tortoise Monitor trained and 
authorized by USFWS and/or BLM, as appropriate, will be present at the 
site during two-track trail establishment and pad grading. Desert tortoise 
clearance surveys of any unfenced work areas will be conducted 
immediately prior to the onset of pre-construction, during grading 
operations, and reclamation of the disturbance areas. Such monitoring 
shall be conducted in compliance with all applicable state and federal 
requirements. 
 

• All information regarding the location and characteristics of any 
encountered tortoises will be documented. Any tortoise encountered by 
the crew shall not be touched or harassed and the encounter shall be 
reported to the Monitor or Authorized Biologist immediately for further 
action consistent with state and/or federal law. 
 

• Grading for pad construction will begin shortly after approval of the EPO.  
All project related vehicular traffic will be limited to a speed of 15 mph for 
safety and as a Desert tortoise protection measure. Silt fences around 
the sump and pad, in addition to safety fencing around each sump, will 
prevent wildlife access to the pad.  These pads will be used for 3 to 12 
days maximum before drilling is completed and the drill hole(s) closed by 
completely backfilling with hydrated bentonite chips. All equipment and 
temporary structures will then be removed from the pad. Once the sump 
dries, the safety fence will be removed, and the sump backfilled.  

 
3.4  Other Permits 
 
After BLM approval of the EPO and prior to the start of operations, IUC will apply for 
and obtain well permits for the borings through the Imperial County Planning and 
Development Services Building Group.  The Colorado River Basin Regional Water 
Quality Control Board (CRBRWQCB) has been notified of the exploration to confirm 

 
4 As defined by USFWS Authorized Biologist Qualifications Statement (October 20, 2008), 
https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualificatio
ns_statement_10-20-08.pdf.  

https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualifications_statement_10-20-08.pdf
https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualifications_statement_10-20-08.pdf
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that discharge of water and drilling sediments to the sump  qualifies to obtain 
coverage  by filing a Notice of Intent under General Order R7-2015-0006 For 
Discharges Of Low Threat Wastewaters To Surface Waters.   A National Pollution and 
Discharge Elimination (NPDES) Notice of Intent will be filed with the State Water 
Resources Board and a Storm Water Pollution Prevention Plan (SWPPP) will be 
developed prior to the start of the Project.  Imperial County’s Planning and 
Development Services will be contacted regarding Surface Mining and Reclamation Act 
(SMARA) and any applicable requirements. 
 
The Imperial County Air Pollution Control District (ICAPCD) will be contacted to 
inquire about potential operating permits.  Discussions with the agency have been 
completed on local dust control requirements. 
 
3.5  Drill Site & Two-track Trail Establishment 
 
The new drill sites will be located on separate drill pads that will be no larger than 50 
feet by 50 feet, plus a sump 5 feet deep by 5 feet wide by 15 feet long to capture mud 
and cuttings from the drill fluid.  A rubber-tired backhoe loader will be used to build 
the pads and sump areas.  Each pad will be cleared of vegetation and graded level to 
accommodate the equipment.  Ditches and berms will be used to divert up-gradient 
storm water away from the pads.  When necessary, a road grader will be brought to 
the project site to maintain BLM Legal Routes and County dirt Roads utilized by the 
project.  A tracked excavator, Cat 349F or equivalent, will be used to excavate the four 
test pits on Indian Pass and a rubber tire dump truck with a 10-yard capacity will 
transport the rock sample off site. 
 
Locations of the proposed routes for access to the pads, and test pits on Indian Pass 
for each Project Segment are presented on individual maps in Attachment A.  Old 
roads (non-BLM Legal Routes) are shown in orange, existing BLM Legal Routes in 
green, and proposed new two-track trails are shown as red colored lines to the drill 
pads.  Drill pads are outlined in yellow.  Any cactus species or ocotillo shrubs 
encountered within proposed two-track trails will be salvaged or avoided.  Salvaged 
plant species will be dug out by hand or by small backhoe and placed in adequately 
sized containers.  These container plants will be cared for in an offsite location and 
will be re-planted in the same general area from which they were originally salvaged.  
If grading is required in localized areas to allow access to the drill pads, the depth of 
grading will be limited to that necessary to allow passage of 4-wheel drive vehicles and 
will be completed with the backhoe loader.  Dry drainages will be crossed 
perpendicular to the water flow direction with any vertical side banks sloped to the 
channel bottom.  No drainages will be blocked by the two track trails. Typical designs 
for the two track trails and pads are presented in Attachment C. 
 
Disturbance from the 168 pads will total 9.6 acres and sumps of 0.3 acres.  Two-track 
trails are measured at12,510 feet in length and 10 feet in width for a combined total of 
125,100 sq. ft., or 2.9 acres.  Total anticipated disturbance from the drill pads, sumps, 
turnouts and access routes will be 13.2 acres (Table 4).  
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Table 4. Project Features and Disturbed Acreage 
 

Project Feature 
Length 
(feet) 

Width 
(feet) 

Square 
Footage 

Disturbed 
Acreage* 

New Two-track Trails 
(includes 3,138 ft. of 
unmaintained roads) 

112,510 10 125,100 2.9 

Turnouts (6 ea.) 190 ea. 15 ea. 17,100 0.4 
168 Drill Pads 50 ea. 50 ea. 420,000 9.6 
168 sumps 15 ea. 5 ea. 12,600 0.3 

Totals: 624,375 13.2 
*rounded to a tenth acre 

 
Drilling fluids and drill cuttings from the drill rig will be contained in the sump on 
each pad.  Water in the sump will be recycled into the drilling stem.  A small rubber-
tired backhoe loader will be used to dig or expand sumps at the direction of an IUC 
representative to ensure that water does not overflow the sumps. 
 
Topsoil on each pad shall be salvaged and stockpiled on the edge of each pad for use 
in reclamation of the disturbance at the end of the drilling project.  Vegetation will not 
be separated from the topsoil to encourage rapid reestablishment.  Best Management 
Practices in the form of silt fences, straw waddles, contour ditches and soil berms will 
be utilized to inhibit erosion.  All products containing straw or seed utilized on the 
Project will be certified as ‘weed-free’. 
 
3.6  Drill Site/Drill Hole Locations 
 
Drilling on each pad may include multiple, angle borings at a drill length between 820 
feet (250 m) and 1,476 feet (450 m).  Individual borings will be drilled at angles 
ranging from 60 to 90 degrees from horizontal.  Total depths of the borings will range 
from approximately 550 feet to 1,050 feet below ground surface.  Drill holes will be 
drilled on azimuths ranging from 0 to 275 degrees.  
 
All drill holes shall be completed and immediately abandoned upon completion in 
accordance with the well permits issued by the Imperial County Department of 
Planning and Development Services and the standards specified by the California 
Department of Water Resources Bulletin 74-81 and Bulletin 74-90, CA - Well 
Standards.  Prior to closure, all drill holes shall be abandoned in compliance with the 
permit to eliminate any threat to public safety and wildlife. 
 
3.7  Operations 
 
Up to three drill rigs and support vehicles may be operating simultaneously on the 
project each season depending on the availability of these rigs in the southwest U.S. 
and the analytical results of samples collected as the exploration project proceeds.  
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Mobile equipment to be used by the operation per individual shift is listed in Table 5. 
and discussed in the following paragraphs. No processing equipment will be used on 
the Project. 

Table 5.  Imperial Exploration Mobile Equipment 

Imperial Onsite Mobile Equipment – Drilling, Grading and Reclamation 

No. Make Type/Model Weight (lbs.) Purpose Usage 
3 Atlas Core Drill Rig- CS1000 45,000 Core Drilling 90% 

1 Schramm Reverse Circulation Drill 
Rig – 685 45,000 Reverse circulation drilling 10% 

3 Freightliner Water Truck - M2106 66,000 Drill rig support - General 
dust suppression 100% 

1 Cat Excavator – 349F 100,000  Test Pit Excavation, truck 
loading, backfilling pits* 2 days 

1 Freightliner Dump truck, 10-cu, yd. 
capacity - 108SD  69,000 Transport bulk rock samples 

off site* 2 days 

1 John Deere Backhoe Loader - 310L EP 13,800 Drill Pad grading, sump 
excavation, reclamation* 30% 

1 Cat Road Grader - 140K 38,603 BLM Legal Route and County 
road maintenance* Occasional 

3 Ford Pickup - F250 4x4 6,618 Transportation for drill crew 75 miles/day 

4 Ford Pickup - F150 - 4x4 4,951 Transportation for site 
geologist, supervisor, QC 75 miles/day 

*single shift during daylight hours

A  4x4 truck mounted core drill rig, such as an Atlas Copco CS1000 8.5 feet long and 
7.3 feet wide) or a Schramm 685, respectively, or equivalents, will be used for the 
borings and will operate 24 hours per day. The Atlas Copco rig is 8.5 feet long, 5.3 feet 
wide and 32.5 feet high with drill masts fully extended. This drill rig will be delivered 
and moved by trailer or be mounted on a truck. Each truck mounted drill rig weighs 
approximately 45,000 lbs., has a wheelbase of 146 inches and is 9.5 feet wide 
including mirrors. 

The drill rig will be accompanied by an all-terrain 4x4, 4,000-gallon water truck, a 
3/4-ton, 4 x 4 pickup used by the drill crew (3) members, and 1/2-ton, 4x4 pickup for 
the geologist.  These vehicles will be used for each 12-hour shift.  Pickups (2) will 
make one round trip per day, per shift and that mileage is indicated in Table 5. The 
water truck and drill rig will remain on the pad for both shifts. The water truck will 
make one round trip per shift to the water source.  If multiple drill rigs area operating 
on the Project simultaneously, a third 4x4 pick up would also be present for the use of 
a drilling supervisor to coordinate the drilling operations. 

Cores retrieved will be HQ (2.5 inches) or PQ (3.35 inches) size with a drill hole 
diameter of 3.78 inches or 4.83 inches, respectively.   Rock samples will be collected 
from the drill cuttings of the RC rig. 
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A rubber-tired backhoe loader, similar to a John Deere 310L EP model, will be used to 
level the pads and excavate the sump areas. This backhoe loader weighs 13,800 lbs. 
and is 7-feet wide and has a 7-foot wheelbase.  Minimal grading of pads is anticipated 
due to the low relief in the area. This loader will not be stored on the Project site after 
the drill pads are leveled and two-track trails established.  It will return to the Project 
during reclamation for recontouring the pads and any necessary ripping to reduce 
compaction.  
 
If necessary, a road grader will be brought to the project site to maintain BLM Legal 
Routes and County dirt Roads utilized by the project.  A track mounted excavator, Cat 
349F or equivalent, will be used to excavate the four test pits on Indian Pass. This 
excavator weights approximately 100,000 lbs. If available in the area, a rubber-tired 
excavator will be used.  A 10-yard capacity, rubber-tired dump truck will be loaded 
with rock sample, approximately 7 yards per trench, by the excavator and transported 
to an offsite facility for processing.  When the test pits have been completed and 
backfilled, this equipment will be removed from the Project site. It is expected that the 
test pits will be dug, sampled and backfilled over a course of two days.  
 
A portable toilet will remain on the pad until the borings are backfilled in accordance 
with County well permits.  All drill sites will be accessed using existing BLM Legal 
Routes where available.  Two-track trails, cleared of vegetation by cutting to near 
surface level, will be utilized for travel from maintained BLM roads to the drill pads. 
 
3.7.1  Dust Control and Water Use 
A water truck will be equipped with spray bars and will have a capacity of 4,000 
gallons of water.  This truck will be utilized to provide water for the drill rig and to 
apply water on frequently traveled road pad surfaces to control dust during operations 
per ICAPCD Rule 801 F.1.  Although the use of palliatives is not anticipated, any 
palliative (dust control additives) used to enhance dust control will be a magnesium 
chloride solution and will be approved by the CRBRWQCB prior to application.  If wind 
speed on the project site exceeds 25 miles per hour, water will be applied to the 
disturbed area at least once per hour. No more than 5-gallons of the magnesium 
chloride will be on site at any one time and shall be stored on the water truck, 
 
Water will be utilized for the drilling. An organic polymer, brand name Polyore, may be 
added to the drilling fluid to reduce friction on the drill bits. Polyore is a natural food-
grade polymer, non-toxic, and biodegradable.  It is a non-mineral powder made from 
Guar Gum (PDSCo.Inc., 2020).  
 
Flocculants may also be used to settle particles in recycled water and will be a 
powdered, aluminum sulfate flocculant. There will be no more than a 5-gallon bucket 
of the flocculant stored on the drill rig during operations.  
  
Water use for a 12-hour shift is anticipated to be approximately 4,000-gallons per shift 
(8,000 gals/day) for both drilling and dust control.  In the event there is excessive 
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water loss due to fractures in the rock, a second tank of water may be needed to 
complete the work shift or until the water loss is stopped. 
    
IUC will obtain water for drilling and dust control from a legal source (either via 
purchase or permitted groundwater extraction) in the vicinity of the Project. 
 
3.7.2  Power and Communications 
No power sources are proposed for the exploration activities. Any supplemental power 
needed at site would be provided by a portable generator on the drill rig that would be 
permitted and in compliance with California Air Resources Board (CARB) emissions 
and registration requirements. 
 
On-site communications will be provided through hand-held radios and cellular 
service, as available. If additional communications capacity is needed, trailer mounted 
temporary radio towers may be used. 
 
3.7.3  Storm Water 
Storm water from the disturbance areas will be managed according to the best 
management practices outlined in the SWPPP that will be prepared upon Project 
approval. 
 
3.7.5  Support Facilities 
No support facilities or buildings are needed. 
 
3.8  Environmental Protection Measures 
 
IUC will continue to implement the following applicant-committed environmental 
protection measures to ensure a safe and environmentally sound exploration project. 
 
3.8.1  Air Quality 
IUC, in compliance with the ICAPCD Air Quality Best Management Practices, will 
protect air quality by undertaking road and two-track trail maintenance activities to 
reduce fugitive dust emissions.  Two-track trails will be watered using fresh water to 
reduce fugitive dust emissions, based upon weather and surface conditions.  
Application of water by water trucks will be done, as needed.  Wet drilling methods will 
be used to reduce the potential for fugitive dust emissions. 
 
A 15-mph speed limit for all project equipment will be enforced.  Vehicle speeds will be 
reduced in areas of disturbance to minimize the potential for fugitive dust emissions to 
maintain operational safety and protect any wildlife.  Project vehicles will be 
maintained regularly to ensure they are operating in a manner to minimize vehicle 
emissions. 
 
Electrical power to run air compressors and/or work lighting, if needed, would be 
provided by a drill rig mounted generator permitted for use by CARB.  If a non-exempt 
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portable diesel-powered generator is necessary, it shall be registered under the 
Statewide Portable Equipment Registration Program Regulation (PERP) administered 
by CARB.  
 
All fuel used on the Project will comply with CARB fuel quality requirements. Off-road 
equipment used on the project will be registered under CARB’s DOORS program prior 
to operating on the Project. 
 
3.8.2  Water Quality 
All drill holes will be plugged upon completion of the drill hole in accordance with 
Imperial County Well Permits and California Bulletin 74-81 and 74-90.  Two drill holes 
will be converted to monitoring wells.  One well will be placed on pad KIP20-109 and 
one on KIP20-110G of the Indian Pass Segment of the project. Both will be completed 
as a 6-inch diameter monitoring wells that will be used for groundwater sampling and 
water level measurements over the term of the approved plan and possibly continue 
into future permitting efforts. Groundwater sample collection and water level 
measurements will be completed quarterly during Season 1 and bi-annual after the 
first season.  Collected water samples shall be analyzed for the Standard Water 
Quality parameters and for CA Title 22 Metals by an independent, CA certified 
laboratory. 
 
It is estimated that groundwater will be encountered in this area within 650 feet of the 
ground surface.(Personal Communication, Groundwater Levels at Indian Pass, 2020) 
 
The monitoring wells will be completed and secured in accordance with County well 
permits. A cross section diagram of the well design is included in Attachment D. A 
secured, (tamper proof lock), steel collar embedded in concrete will be installed around 
the well head and a locking well cap placed on the well casing.  No automatic sampling 
equipment or communication devices will be left on site. A transducer may be placed 
inside the well casings and a battery-powered data logger placed on the interior of the 
secured steel collar to measure water elevations.  If used, data from the logger would 
be manually recovered each quarter and the battery replaced.  
 
In support of the groundwater monitoring conducted on the wells, IUC will also install 
three piezometers in select drill holes that will be used to measure water levels around 
the site. Piezometers will be placed on the following drill pads: 
 

• KIP20-007,  
• KIP20-044, and  
• KIP20-054.  

 
These piezometers will be made of blank 2-inch Schedule 80 PVC casing with up to 80 
feet of 2-inch Schedule 80 PVC slotted well screen installed on the bottom of the blank 
casing.  Each piezometer will be placed in a vertical core boring that is cased with an 
8-inch steel casing in a 12-inch diameter boring to a depth of 20-feet and sealed with 
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a concrete grout.  Within this steel casing, a 5-inch diameter core boring will be drilled 
to a depth that is a 6-inches below the planned length of the piezometer depth.   
 
After the core boring is complete, the bottom 6-inches will be packed with sand, the 
casing and well screen inserted and the remainder of the boring around the screen 
segment packed with sand to the height of groundwater surface level.  A slurry of 
hydrated bentonite will then be pumped into the boring to create a 20-foot seal above 
the groundwater surface. The reminder of the boring up to the steel casing will be 
filled with a bentonite grout seal with casing centralizers placed every 100-feet in the 
boring to keep the casing vertical. Once the PVC casing installation is complete, the 
surface will be secured with the installation of a steel encased well vault and a  4-foot 
by 4-foot concrete pad poured around the vault.  
 
Installation materials and anticipated depths of the piezometers are provided as D2 -
Typical Piezometer Detail in Attachment D and will be secured as shown on the detail.  
Well permits for these piezometers will be obtained through Imperial County.  
 
The monitoring wells and piezometers will be removed in accordance with  the 
requirements of the County well permit if these are not needed by the claim holders for 
future groundwater evaluations.   If the wells and piezometers remain in place after 
the Project ends, these will be left in a secured condition so unauthorized personnel 
are unable to access the interior casing. 
 
Storm water BMPs will be used for surface disturbance sites to minimize storm water 
erosion.  Shallow sediment traps will consist of a hand dug depression up to 6-inches 
deep, 3-feet long and 3-feet wide with straw wattles around the downhill side of a 
depression may be placed on a pad surface as part of the BMPS.  These are not 
engineered structures and may be installed on any pad if runoff accumulates on the 
pad and as necessary to control erosion and sedimentation. These depressions will be 
reclaimed as part of the pad reclamation. 
 
Drill cuttings will be contained on site, and fluids managed utilizing appropriate 
control measures.  Best Management Practices will be used as necessary until the  
end of the drill program.  
 
3.8.3  Spill Contingency Plan 
Materials and equipment necessary for spill cleanup will be kept at each drill rig.  
Equipment and materials will include, but not be limited to, shovels, gloves, safety 
glasses, sorbent materials (absorbent pads and granulated clay pellets), sand, 
sawdust, and plastic/metal trash containers specifically for this purpose. 
 
Well-maintained equipment will be used to perform the work required on the Project.  
When practicable, equipment maintenance will be performed off-site.  In the event of 
oil, fuel, lubricating grease or other equipment leaks, cleanup will be conducted 
immediately.  If a leak results in liquid pooling an oil-absorbing product will be 
applied.  
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Once the cleanup product has absorbed the spill material, the product will be removed 
and placed in the petroleum contaminated soil bin located on the active pad and the 
material disposed of according to state and federal regulations.  Any contaminated soil 
will be removed, managed, and disposed of at an off-site facility in compliance with 
state and federal regulations.  In the event of oil, fuel, or hydraulic fluid leaks, cleanup 
will be conducted as soon as possible.  In the event of a major spill, the following 
actions will be taken in addition to any federal, state, and local health and safety 
regulations: 
 

• Contain the spread or migration of the spill using the on-hand supply of 
erosion control structures and/or by creating dirt berms, as feasible and 
necessary. 

 
• Regulated wastes will be removed from the Project area and disposed of 

in a state, federal, or local designated area. 
 
If a spill of a petroleum constituent is considered to meet the reportable quantity per 
the Imperial County’s Certified Unified Public Agency (CUPA) guidelines or a reportable 
quantity for hazardous waste is released based on the U.S. Environmental Protection 
Agency (EPA) guidelines established under Title III List of Lists (40 CFR Part 302), the 
BLM and Imperial County CUPA will be notified within 24 hours and the appropriate 
remedial actions and confirmation sampling will be conducted under direction of the 
BLM and Imperial County CUPA. 
 
3.8.4  Soils and Erosion Prevention and Control 
IUC will conduct exploration operations in a manner which minimizes soil erosion. 
Erosion and runoff control measures, such as water bars, ditching, and other water 
control structures will be implemented in areas of surface disturbance.  After the 
exploration program is completed in an area, the surface disturbance will be graded, 
re-contoured, and available topsoil/growth medium replaced, and the area will be 
seeded with an BLM-approved native seed mixture in order to establish a ground cover 
and minimize erosion.  Revegetation activities will commence at the earliest feasible 
time following reclamation activities.  Best Management Practices (BMPs) will be 
utilized to control erosion and sedimentation.  BMPs utilized to control erosion and 
sedimentation will be detailed in SWPPP prepared for the approved project. 
 
3.8.5  Surface Water Resources 
Natural drainage patterns will not be altered.  Drill site construction within drainage 
channels will be avoided unless prior approval from the BLM is obtained.  When 
drainages must be crossed with a two-track trails, best management practices, 
identified in the SWPPP to be prepared for the Project, will be followed to minimize the 
surface erosion and sedimentation potential.  Smaller drainage patterns that could be 
affected by trench or pad construction will be restored, and regrading will conform to 
the adjacent topography upon completion of the exploration program.  The 
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construction and maintenance practices from the BLM Gold Book, Surface Operating 
Standards and Guidelines, Fourth Edition, Revised 2007 will be implemented. 

All exploration activities will be conducted using BMPs such that sediments, cuttings, 
drilling fluids, or any other material or substance will be fully contained in sumps to 
ensure that these materials do not enter drainages. 

Sumps will be excavated and managed to prevent overtopping and saturating the 
safety berms.  IUC will monitor sumps regularly for seeps or other evidence of erosion 
and will direct drill crews to cease activity and notify supervisors if seepage is 
observed.  IUC will ensure that sump evacuation proceeds for as long as drilling or 
other water-producing activities continue.  If evacuation is not possible, drilling will be 
stopped as soon as water levels approach the sump capacity.  No trash will be placed 
in the sumps. 

3.8.6  Solid and Hazardous Wastes 
The Project will not generate or dispose of any hazardous waste on the exploration 
area.  Petroleum products will be used on-site.  Petroleum products are excluded as 
hazardous substances under the Comprehensive Environmental Response, 
Compensation, and Liability Act section 101(14).  Diesel will be transported to the site 
in a mobile fuel/lube truck but will not be stored on-site.  Motor oil, lubricating grease 
and solvent in small quantities (one case each or less) would be maintained in a fully 
contained box on the drill rig for emergency use. If regulated materials (petroleum 
products) are spilled, measures will be taken under IUC spill response guidelines to 
control the extent of the spill, and the appropriate agencies will be notified in 
accordance with the applicable federal and state regulations. 

Solid waste will be collected at each drill pad and maintained in a covered container to 
prevent raven scavenging.  All solid waste will be removed from each active pad daily 
and shall be disposed of at a suitable disposal site. 

A portable toilet will be located on each active drilling pad.  The toilets will be regularly 
serviced using a contract cleaning service that will manage disposal of the sewage 
waste. 

3.8.7 Wildlife and Sensitive Species 
To avoid potential impacts to breeding migratory birds, a BLM-approved biologist will 
survey in early spring of each year, all areas proposed for drilling or surface 
disturbance for the presence of active nests.  IUC has committed to conducting pre-
disturbance migratory bird nest surveys in the spring and establishing exclusion 
zones around active nests as part of the applicant committed EPMs.  Additionally, 
surface disturbance clearance surveys will be conducted following BLM Wildlife 
Protocols (BLM 2014c) when a proposed activity involves ground disturbance during 
the nesting season, defined by the BLM as March 1 through July 31. When active 
nests are located, or if other evidence of nesting is observed (e.g., mating pairs, 
territorial defense, carrying nesting material, transporting food), IUC's biologist will 
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recommend to the BLM an avoidance buffer around the nest.  BLM, in coordination 
with the U.S. Fish and Wildlife Service (USFWS), will review and approve avoidance 
measures prior to surface disturbance.  IUC's biologist will inform IUC when the birds 
have left the nest.  IUC will not conduct any drilling or surface disturbing activities 
within the exclusion zone until the biologist determines that the birds are no longer 
nesting. 
 
During the nesting season (March 1 to July 31), IUC will not conduct drilling or 
surface disturbing activities within a 0.5-mile radius of any active raptor nests.  Upon 
identifying an active raptor nest, IUC will immediately notify the BLM.  Speed limits 
will be posted, and vehicle speeds reduced in areas of disturbance to minimize the 
potential for fugitive dust emissions, to protect wildlife and to maintain operational 
safely.  Speed limits will be enforced. 
 
3.8.8  Special Status Species 
In the event that other special status plant or wildlife species are identified within the 
Project, IUC will not conduct surface disturbing activities within the species' habitat 
until the BLM can evaluate the potential impact and coordinate with IUC to devise and 
implement a plan to avoid the habitat.  To the extent avoidance is not feasible, IUC will 
coordinate with BLM and any other appropriate agency to comply with all applicable 
laws and regulations. 
 
In the event 30-day preconstruction surveys identify special status plant or wildlife 
species only protected pursuant to California law, IUC will coordinate with BLM and 
the appropriate state agency (e.g., California Natural Resources Agency or California 
Department of Fish and Wildlife) to avoid impacts to that species or otherwise comply 
with applicable California law and regulations. 
 
All test pits, sumps, and other small excavations that pose a hazard or nuisance to the 
public, wildlife, or livestock will be adequately fenced to preclude access or 
constructed with a sloped end for easy egress. 
 
3.8.9  Cultural and Paleontological Resources 
IUC will conduct exploration activities in accordance with all applicable state and 
federal regulations.  As part of the baseline data collection to support the NEPA 
analysis for this project, IUC will contract with a qualified archaeologist to conduct a 
Class III level cultural survey of each of the proposed disturbance areas to identify 
cultural resources and evaluate those resources for the National Register of Historic 
Places.   
 
The archaeologist will submit a report that adheres to the BLM's Cultural Resource 
Inventory Guidelines documenting the results of the inventory.  Documented sites will 
be protected from surface disturbing activities by an exclusion zone defined by BLM 
until the BLM determines the National Register eligibility of each archaeological site.  
IUC will avoid adverse effects to historic properties (i.e. sites eligible or potentially 
eligible for the National Register) through project redesign; archaeological monitoring; 
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or limiting ground disturbing activities to existing, modern disturbance.  IUC will 
provide BLM with a written work plan for avoiding adverse effects to historic 
properties.  Sites determined not eligible by BLM will not require avoidance or 
archaeological monitoring.   
 
IUC will not knowingly disturb, alter, injure, or destroy any scientifically important 
paleontological remains, or adversely affect any historical or archaeological site, 
structure, building or object eligible or potentially eligible for the National Register on 
federal lands. 
 
IUC will be responsible for ensuring that employees, contractors, or any others 
associated with the Exploration Project do not damage, destroy, or vandalize historic 
properties. Should unauthorized damage to cultural resources occur within or near 
the Exploration Project during the period of construction, operation, or rehabilitation 
due to the unauthorized, negligent, or inadvertent actions of IUC or other Exploration 
Project personnel, IUC will be responsible for costs of rehabilitation or mitigation.  
 
If human remains/burials or any previously unidentified cultural (archaeological or 
historical) resources are discovered during construction  activities under the approved 
Plan, IUC will immediately cease activities, ensure that the discovery is appropriately 
protected, and immediately notify the BLM Authorized Officer by telephone, followed 
with written confirmation.  The remains or unanticipated find will be handled in 
accordance with Stipulation 9.0 or 11.0 of the Protocol Agreement Among California 
BLM and California SHPO and Nevada SHPO (2019) and any applicable state and 
federal regulations.  Work will not resume, and the discovery will be protected until 
notified in writing by the BLM Authorized Officer.  
 
IUC's employees and contractors will receive training on the potential for cultural 
resources and the procedures required by IUC to avoid unauthorized disturbance, 
alteration, or destruction of  any remains or any historical or archaeological site, 
structure, building or object on federal land.  This issue will be covered during the 
daily safety meeting. 
 
3.8.10 Survey Monuments 
Survey monuments, witness corners, and/or reference monuments will be protected to 
the extent economically and technically feasible.  Should moving such a feature be 
required, IUC will ensure that a California licensed surveyor oversee and execute the 
relocation in a manner consistent with applicable laws.  The BLM will be notified in 
writing prior to the moving of any such survey monument. 
 
3.8.11 Vegetation/Desert Shrub Resources 
Reseeding will be consistent with all BLM recommendations for seed mix constituents, 
application rate, and seeding methods.  Where possible, IUC will minimize removal of 
desert shrubs and succulents during activities associated with drill pad and two-track 
trails establishment. 
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3.8.12 Wildland Fire Protection 
All applicable state and federal fire laws and regulations will be complied with and all 
reasonable measures will be taken to prevent and suppress fires in the Project area.  
In the event the proposed Project activities start or cause a wildfire, IUC will be 
responsible for all the costs associated with the suppression. 

IUC will comply with all applicable state and federal fire laws and regulations and all 
reasonable measures (i.e., vehicle hand tools, extinguisher), contact BLM concerning 
fire controls on welding) will be taken to prevent and suppress fires in the Project area. 

All Project vehicles will carry fire extinguishers and a minimum of ten gallons of water 
during the months of May through September.  Adequate fire- fighting equipment, i.e., 
shovel, Pulaski, extinguisher(s), and a minimum ten gallons of water, will be kept at 
the drill site(s).  Vehicle catalytic converters will be inspected often and cleaned of all 
brush and grass debris. 

Welding operations will be conducted in an area free from or mostly free from 
vegetation.  A minimum of ten gallons of water and a shovel will be on hand to 
extinguish any fires created from the sparks.  Extra personnel will be at the welding 
site to watch for fires created by welding sparks.  Welding aprons will be used when 
conditions warrant (i.e., during red flag warnings). 

Wildland fires will immediately be reported by calling 911.  Information reported will 
include the location (latitude and longitude if possible), fuels involved, time started, 
who or what is near the fire, and the direction of fire spread.  The El Centro Field 
Office will be notified with the same information after the initial call is completed. 

3.8.13 Public and Wildlife Safety
Mine Safety and Health Administration (MSHA) approved safety signage will be 
posted at the intersection of a BLM Legal Route and the active two-track trail, along 
the  two-track trails and at the  entrance to and around, an operating pad to 
discourage the public from entering the work area. If necessary, a temporary gate-
type structure will be placed across the two-track trails near the pad entrance that 
would require vehicle occupants to stop and open prior to proceeding.  A silt fence 
will be installed around the edge of the pad to discourage rodents, reptiles, and 
tortoises from entering the active area.  A safety fence will be installed around each 
sump.  In addition, the ends of each sump will be sloped to allow small animal or 
reptile species to escape if they should fall into the sump. 

Each drill hole will be abandoned in accordance with the Imperial County well permits 
as soon as it is completed by backfilling from the bottom of the drill hole to the ground 
surface with hydrated bentonite chips using a tremie tool. If an emergency requires all 
personnel to leave the site immediately, the drill hole would be covered by a heavy 
steel plate prior  to leaving the site. 
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Since each pad will be operating 24 hours per day for seven days, no fence other than 
a safety fence around the sump and silt fencing  will be installed.  Under routine 
conditions, the site will only be left after drill holes have been properly abandoned.  
 
4.0  Reclamation Plan 
 
Reclamation of all areas disturbed will be completed to the standard described in 
Section 3809.420 of 43 CFR and reasonable measures will be taken to prevent 
unnecessary or undue degradation of Federal lands during operations and 
reclamation.  These measures will include restricting reclamation activities to 
disturbed areas (e.g. not obtaining fill or covering materials from undisturbed areas). 
 
4.1  Reclamation Grading 
 
Abandonment of individual drill holes will be accomplished using hydrated bentonite 
chips applied with a tremie tool from the bottom of the borehole to the surface.  
Sumps will be backfilled when dry. Excess drill cuttings will be worked into the 
surface of the pad and compacted areas will be ripped or scarified.  Drainages 
disturbed by the project by grading for pads, if any, will be re-established to their 
original pattern and gradient. After compaction relief and drainage establishment, the 
pad and two-track trails will be graded to approximate original contour to blend with 
the existing topography. All salvaged topsoil will then be spread over the surface, left 
in a roughened condition in preparation for planting with native seed in the fall of the 
year. Any vegetation disturbed during the grading will be strewn across the pad.  
 
Signs will be posted around the recontoured pads and along the two-track trails that 
indicate reclamation is in progress and to stay off.  A small berm will be placed across 
the trail at the intersection of the trail with a BLM Legal Route or County Road to 
discourage access to the trail.  
 
4.2  Revegetation 
 
After completion of all drilling activities and boring abandonment, each pad will be 
graded to the approximate original contour of the surrounding topography and left in a 
roughened condition.  On flatter areas, the two-track trails surface will be scarified, 
and water bars installed where needed to prevent runoff from running down the two-
track trails.  If necessary, ripper teeth will be used on the bucket to relieve deep 
compaction.  After final grading, salvaged topsoil will be spread over the disturbed 
area as a seed bed.  The prepared seed bed will then be planted with the native seed 
mix presented in Table 6, or as recommended by BLM, by hand broadcasting, or 
broadcast by rotary spreaders.  Native seed mix will be certified as weed free. 
 
 
 
Table 6. Seed mixture for Imperial Exploration Project 
 

Species Pure Live Seed* 
(pounds per acre) 
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General Seed:  
creosote (Larrea tridentata) 4 
white burr sage (Ambrosia dumosa) 3 
brittlebush (Encelia farinosa) 2 
small flowered fagonia (Fagonia laevis) 1 
white rhatany (Krameria bicolor) 1 
Special Seed: (for specific applications in washes)  
Pink fairyduster ((Calliandra eriophylla), 0.5 
Pink velvet mallow (Horsfordia alata) 0.5 
Salvaged Container Plants:  
salvaged ocotillo and all cactus species will be 
transplanted near original locations unknown 

Total:  12 
*Seed mix will be certified as weed-free. 

 
The two-track trails will be bonded for re-seeding; pads and sumps will be bonded for 
reclamation grading and seeding costs.  Weed control will be addressed with the 
Imperial County Agricultural Commissioner’s office. 
 
4.3  Weed Control 
 
IUC will be responsible for controlling all noxious weeds in newly disturbed areas until 
the reclamation activities have been determined to be successful and released by the 
BLM authorized officer. 
 
As part of weed control measures, IUC will require that the undercarriage of all 
contractor vehicles be cleaned and inspected prior to entering the Project area if the 
vehicle is coming from an area outside of southern California. 
 
Monitoring for weeds will occur annually by the Project Biologist.  Based on the 
Biologists recommendations, weeds will be removed by hand or through the use of an 
herbicide that is approved for use on public lands.  If weeds are removed by hand, all 
removed vegetative matter will be placed in plastic bags and removed from public land.  
These bags will be disposed of at a licensed solid waste facility. 
 
5.0  Monitoring Plan 
 
5.1  Wildlife  
 
IUC will provide photos of threatened, endangered and special status species in the 
project kickoff meeting.  All personnel on the site will be instructed to recognize and 
avoid disturbing these species or other wildlife encountered during the daily safety 
meeting. Speed limits will be established and enforced. Prior to moving any vehicles on 
the site, the area beneath the vehicles will be inspected for the presence of Desert 
tortoise.  Sightings and injury or death of any species will be recorded and reported to 
the BLM. 
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5.2  Archaeological Sites  
 
Archaeological sites determined eligible or unevaluated for the National Register will be 
marked and avoided by all project personnel.  IUC will monitor operations to ensure 
that these sites and other artifacts that may be discovered, are not disturbed.  BLM 
will be contacted promptly if artifacts are discovered.  All markings identifying a site 
will be removed after initial grading of the pads are completed. 
 
5.3  Surface Water Quality  
 
Surface water quality at the exploration site and process site will be monitored as 
required by the SWPPP prepared to comply with the NPDES General Permit for 
Industrial Facilities. 
 
 
5.4  Reclamation Success  
 
IUC will inspect the exploration site annually for three years following the winter rains 
to see if disturbed areas are revegetating and other reclamation measures need repair 
or modification.  Should remedial work appear necessary, IUC will consult with the 
BLM El Centro Field Office to agree on methods and to obtain approval to carry out 
the work. 
 
 
 
5.5  Annual Reporting 
 
IUC will provide a monitoring report to BLM on an annual basis that documents 
project activities including, a map of all project disturbance (two-track trails, drill 
pads, etc.), a description of all project reclamation completed and monitoring data 
collected; including wildlife, cultural resource and revegetation.  A summary of drill 
hole status, work completed, and work planned for the following season will also be 
included.  
 

6.0  Interim Management Plan 
 
Temporary closure is not anticipated but could be necessitated by heavy rains 
interfering with drilling, break-down of key equipment, unavailability of fuel or key 
supplies, labor disputes or other unforeseeable events. 
 
Should temporary closure be required, IUC would notify the BLM El Centro Field 
Office of the closure, identify the reason for the closure and the expected duration of 
the closure.  In the event of a temporary shutdown, an IUC representative will remain 
on site until drilling can resume.  Drill holes will not be left in an unsafe manner and 
will either be backfilled completely with hydrated bentonite chips or, in an emergency 
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event where personnel are required to leave immediately, covered with a heavy steel 
plate 
 
In the event shutdowns, existing borings would be abandoned according to permit 
requirements and sumps dried and filled. All equipment and temporary structures 
would be removed from the project site except for silt fencing which would remain 
until the pads are reclaimed.  Signage would remain in place. Disturbed areas would 
be checked every six weeks during a closure to ensure storm water BMPS are in 
operating condition. 
 

7.0  Schedule of Activities 
 
The drilling program is expected to be completed within 3 years from the approval of 
the Exploration Plan of Operation. 
 
Exploration drilling will be conducted on each of the three Project Segments during 
each of the three years.  Approximately one-third of the identified pads in each 
segment will be drilled per season depending on the availability of drill rigs and the 
results from the exploration.  During the year, drilling will be dispersed throughout 
each Segment and not in numerical sequence. This allows the development of an 
overview of the sub-surface conditions and geologic resources. During the second and 
third years, drilling will be more concentrated in areas where positive geologic 
conditions and test results were found during the previous seasons.   On the Indian 
Pass and Ogilby Segments, drilling will generally proceed in a north to south pattern 
while East Mesquite will be drilled in a west to east pattern.   
 
After drilling is completed on the pads, the sumps will be allowed to dry, the safety 
fence removed, and the sump filled.  Recontouring of the pads and spreading of topsoil 
would follow within 60 days of cessation of exploration activities.  BMPs would remain 
in place during this period. Signage that indicates “Reclamation in Process – Stay Off” 
would be posted along the two-track trail and at the pad.  At the intersection of a two-
track trail and a BLM Legal Route, a short, low berm will be placed across the trail to 
discourage the vehicular use of the trail by the public. 
 
Seeding would occur on the pads and the two-track trails each season between 
November 15th and January 15th to take advantage of seasonal rains.  Monitoring of 
the revegetation on all IUC disturbance will continue for 3 years following reclamation. 
 
IUC will provide an annual report documenting project activities including, a map of 
all project disturbance (drill sites, drill pads, test pits, geophysical pads, etc.), all 
project reclamation completed, any monitoring data (water, stormwater, revegetation), 
and a summary of drill hole status (active or plugged and abandoned). Also included 
will be a description of the anticipated activities for the following exploration season.  
 
As previously discussed, IUC will contract with a Cultural Resource specialist and  a 
wildlife biologist  to clear all two-track trails and pads within the Project boundaries in 
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advance of disturbance.  If cultural sites are identified in the survey area or the 
biologist recommends avoidance of an area, the trail routes and pad locations will be 
modified to avoid those sites or the Desert tortoise. 
 

8.0  Reclamation Cost Estimate/Financial Assurance 
 
IUC will provide the BLM with an irrevocable financial assurance mechanism in an 
amount equal to the reclamation cost estimate as a financial guarantee. 
A financial assurance cost estimate (FACE) for reclamation on the Imperial Exploration 
Project will be provided to the BLM prior to approval of this proposed EPO.  Included 
in the estimate shall be costs for reclaiming new drill sites, abandoning drill borings, 
re-seeding trails and pads, mobilization-demobilization cost and the associated 
contingency. 
 
9.0  Occupancy 
 
No occupancy of the site is proposed.  No permanent structures or facilities will be 
placed in the Project area.   
 
Nothing proposed in this EPO will interfere with public access to adjacent public 
lands.  Existing BLM Legal Routes will remain open to the public and will not be 
blocked by the Project. 
 
10.0 Acknowledgements 
 
Imperial USA Corporation will complete all necessary reclamation of areas disturbed 
during the operations to the standards described in 36 CFR §3809.420 and the Terms 
and Conditions of US BLM-El Centro Field Office Notice.  IUC will assure that 
reasonable measures will be taken to prevent unnecessary or undue degradation of 
the federal lands during operations.   
 
It is understood that, should the nature of the operation change, a modified or 
supplemental Plan of Operations and Reclamation Plan may be required.  
 
It is understood that approval of this Plan of Operations and Reclamation Plan does 
not constitute certification of ownership to any person named herein or recognition of 
the validity of any mining claim herein. 
 
It is understood that a bond, equivalent to the actual cost of performing the agreed 
upon reclamation measures, will be required before this plan can be approved. 
 
Bonding and any bond reduction amounts will be set on a site-specific basis in 
coordination with cooperating agencies. 
 
It is understood that approval of this plan does not relieve IUC of the responsibility to 
comply with other applicable Federal or State laws, rules, or regulations. 
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It is understood that any information provided with the plan that is marked 
confidential will be treated by the BLM in accordance its rules, and regulations. 
 
IUC agrees to comply with all Conditions in the Plan of Operations and Reclamation 
Plan, including recommended changes and reclamation requirements.  
 
IUC understands that the bond will not be released until the BLM or state agency in 
charge gives written approval of the reclamation work. 
 
 
Signature of Operator: _______________________________________    
 
(On behalf of) ___________________________ Date: ______________________________ 
 
 

(to be signed upon approval)
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EXECUTIVE SUMMARY

This document constitutes the Record of Decision (ROD) for the Imperial Project, an open-pit
gold mine proposed by the Glamis Imperial Corporation on public lands administered by the
Department of the Interior’s Bureau of Land Management (BLM) in eastern Imperial County,
California.  This ROD is prepared in accordance with the National Environmental Policy Act
(NEPA), the Federal Land Policy and Management Act (FLPMA), and other applicable Federal
laws and regulations. 

After extensive analysis, public review and comment, and application of pertinent Federal laws
and policies, it is the decision of the Department of the Interior, based upon the recommendation
of the BLM, not to approve the plan of operations for the Imperial Project. This represents the
No Action alternative as described in the Final Environmental Impact Statement/Environmental
Impact Report (FEIS/EIR) published jointly by BLM and Imperial County on November 17,
2000. The FEIS/EIR is available online at http://www.ca.blm.gov/elcentro/imperial_project.html.

This decision is based upon the following key factors determined to be unique to this particular
proposal:

• the proposed project is located in an area determined to have nationally significant Native
American values and historic properties and would cause unavoidable adverse impacts to
these resources.

• the proposed project will result in unavoidable adverse impacts to visual quality in this
substantially undisturbed landscape.

• the impacts of the proposed project cannot be mitigated to the point of meeting the
statutory requirement in FLPMA that BLM must prevent “undue impairment” of the
public lands in the CDCA.

• the proposed project is inconsistent with the CDCA plan.
• the identified unavoidable and adverse environmental impacts resulting from the project

override the possible economic benefits that might be derived from the project.
• the proposed project fails to meet the overall statutory requirement in FLPMA that BLM

must prevent “unnecessary or undue degradation” of the public land resources.

The proposed project area, about 45 miles northeast of El Centro, California, and 20 miles
northwest of Yuma, Arizona, lies within the boundaries of the California Desert Conservation
Area (CDCA), designated by Congress in Section 601 of FLPMA as a region requiring special
management due to its nationally significant resources.  The proposed project, to be located on
1,571 acres of unpatented mining claims held by Glamis Imperial Corporation, would encompass
a mine and processing area, including open pits, waste rock and topsoil stockpiles, heap leach
pads, administrative and maintenance facilities, a precious metal recovery plant, haul roads, an
electrical substation, distribution lines, and associated facilities.  Up to 150 million tons of ore
would be mined and leached, and an additional 300 million tons of waste rock would be deposited
on the site under the proposal. 

http://www.ca.blm.gov/elcentro/imperial_project.html
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In making the determination that the proposed project area contains nationally significant Native
American values and historic properties, this ROD relies heavily upon the advice of the Advisory
Council on Historic Preservation, an official Presidential advisory organization.  The Council
advised the Secretary of the Interior on October 19, 1999, that the Indian Pass-Running Man
Area of Traditional Cultural Concern in which the project would be located is archeologically
significant and retains critical religious, historic, and educational importance to the Native
American tribes in the area.  The Council further advised that even if all feasible mitigation
measures identified were required as a condition of approval, the project would still result in
serious and irreparable degradation of the sacred and historic values in the area.  The Council
concluded that the project would effectively destroy the identified historic resources and
recommended denial of the project.  A copy of the Council’s letter is included as Appendix A of
this ROD.

In interpreting the legal authorities pertaining to this particular project, this ROD relies upon the
Department of the Interior Solicitor’s Opinion of December 27, 1999, which describes the nature
of BLM’s discretionary authority under the statutory standards of “undue impairment” and
“unnecessary or undue degradation” to proposed actions on the public lands in the CDCA.  A
copy of the Opinion is included as Appendix B of this ROD.

In addition to Glamis Imperial Corporation’s proposed action and the No Action alternative (not
to approve the plan of operations), the Department also considered West Pit, East Pit, and
Complete Pit Backfill alternatives.  Several other alternatives were considered initially but were
eliminated from detailed analysis in the FEIS/EIR, including alternative mine locations,
alternatives to relocate facilities, and alternative mining and processing methods.  The No Action
alternative is both the agency’s preferred alternative and the environmentally preferable alternative
as identified in the FEIS/EIR.

During the extensive environmental review process, the combined public comment periods
provided for approximately 11 months of public review.  A draft EIS/EIR on the project was
published in November 1996 for public review and comment through March 1997.  Based upon
public comments received, the November 1996 draft EIS/EIR was withdrawn and a new draft
EIS/EIR was prepared and published November 1997 for public comment through April 1998. 
Four public hearings were held to receive comments on the two drafts.  A public hearing on the
project was also conducted by the Advisory Council on Historic Preservation in March 1999.  
Public comments on the FEIS/EIR were also accepted for 30 days.   Approximately 1,000
individual comments were received by BLM on the project during these comment periods.   These
comments were carefully considered and are addressed in the FEIS or in this ROD.

Since this was a joint environmental review process, BLM worked closely with Imperial County
in the EIS/EIR preparation.  As part of the environmental review process, BLM and Imperial
County consulted and coordinated with the U.S. Fish and Wildlife Service, the U.S.
Environmental Protection Agency, the U.S. Geological Survey, the U.S. Army Corps of
Engineers, the U.S. Bureau of Reclamation (Lower Colorado Division), the Advisory Council on
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Historic Preservation, the Governor’s Office of Planning and Research, the California Department
of Conservation, the California Department of Fish and Game, the California State Office of
Historic Preservation, the California Native American Heritage Commission, the California
Regional Water Quality Control Board, the Metropolitan Water District of Southern California,
and the Southern California Association of Governments.  In accordance with Section 106 of the
National Historic Preservation Act, BLM also officially consulted with the Quechan Tribal
Council, Fort Yuma Indian Reservation.  In addition to correspondence from the Quechan Tribe
and verbal discussions and tours with Tribal members, BLM held three formal government-to-
government consultations with the Tribe: December 16, 1997; February 4, 2000; and November
27, 2000.

This ROD constitutes the final administrative decision of the Department of the Interior.

Additional information on this decision can be obtained from BLM’s El Centro Field Office, 1661
S. 4th Street, El Centro, California, 92243, telephone (760) 337-4400.
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DECISION

After extensive analysis, public review and comment, and application of pertinent Federal laws
and policies, it is the decision of the Department of the Interior, based upon the recommendation
of the BLM, not to approve the plan of operations for the Imperial Project.  This represents the
No Action alternative as specified in the FEIS/EIR published jointly by BLM and Imperial County
on November 17, 2000.

This decision is based upon the following key factors determined to be unique to this particular
proposal:

• the proposed project is located in an area determined to have nationally significant Native
American values and historic properties and would cause unavoidable adverse impacts to
these resources.

• the proposed project will result in unavoidable adverse impacts to visual quality in this
substantially undisturbed landscape.

• the impacts of the proposed project cannot be mitigated to the point of meeting the
statutory requirement in FLPMA that BLM must prevent “undue impairment” of the
public lands in the CDCA.

• the proposed project is inconsistent with the CDCA plan.
• the identified unavoidable and adverse environmental impacts resulting from the project

override the possible economic benefits that might be derived from the project.
• the proposed project fails to meet the overall statutory requirement in FLPMA that BLM

must prevent “unnecessary or undue degradation” of the public land resources.
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RATIONALE

The proposed project would cause significant and unavoidable adverse impacts to values of
critical importance to Native American Tribes. 

The proposed project would significantly damage the network of Native American trail segments
and related cultural resources associated with the nationally significant Indian Pass-Running Man
Area of Traditional Cultural Concern (ATCC) (see Figure 1 and Appendix D). The Indian Pass-
Running Man ATCC is recognized by the Department as having values of critical religious,
cultural, and educational importance to the Colorado River Indian Tribes, Ft. Mojave Indian
Tribe, and particularly the Quechan Tribe. Development and operation of the proposed gold mine
would significantly diminish the integrity and spiritual qualities of the ATCC as a place of
solitude, knowledge, and power to the tribes.

The proposed project would destroy portions of the Trail of Dreams, other trails, and related
ceremonial areas providing a spiritual pathway between Pilot Knob, 25 miles from the site, and
Newberry Mountain, 115 miles away.  The Quechan and the other tribes believe the project would
impair the ability to travel, both physically and spiritually, along the Trail of Dreams; to make
ceremonial use of the prayer circles, rock alignments, and other cultural features in the project
area; to gain protection from metaphysical dangers; and to continue to use the project area for
vision quests and teaching tribal youths about their culture.

In consideration of the scope and magnitude of the project’s potential impacts to critical Native
American values, BLM requested the advice of the Advisory Council on Historic Preservation. 
The Council’s findings and recommendations were formally submitted to the Secretary on
October 19, 1999 (see Appendix A).  The Department has considered these recommendations and
concurs with the following Council findings: 1) the values of the ATCC are of premier importance
to the Quechan Tribe for sustaining their traditional religion and culture; 2) the ATCC has
retained sufficient integrity of setting, feeling, and association to remain a critically important area
for traditional uses; 3) the proposed mining operation would unduly degrade the ATCC; 4)
concerned individuals and the Quechan Tribe have consistently voiced their overwhelming
opposition to the project; and 5) mitigation measures proposed by Glamis Imperial Corporation
are not adequate to compensate for the loss of Native American values and historic properties if
the mining project were approved. 

Approval of the proposed project would not be in conformance with Executive Order 13007 on
Indian Sacred Sites.  The proposed project would not conform to Executive Order 13007 because
the project would destroy access to and the ceremonial use of sacred sites by the Quechan and
would significantly harm the integrity of sacred sites. While direct physical damage could be
reduced on some sites through mitigation proposed by Glamis Imperial Corporation, according to
the Quechan, the overall loss of the integrity of the ATCC and its spiritual value to the Quechan
could not be offset.  Further, the Quechan have stated financial or off-site mitigation measures 
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would not compensate for these adverse impacts.  This conclusion is supported by the Council,
the California State Historic Preservation Office, and the California Native American Heritage
Commission. 

Approval of the proposed project would result in disproportionate adverse impacts to Native
Americans, and thus would also not conform with Executive Order 12898 on Environmental
Justice. The Quechan have consistently expressed concern over the cumulative impacts of the
proposed project. When combined with the impacts from existing mines, interstate highway
development, and other land development in their traditional territory, the impacts of the
proposed project would result in an increase in the already significant loss of values to the
Quechan. Archaeological surveys and historic records over the past 20 years have documented
Native American values and historic properties lost to the Quechan as a result of various Federal
and State projects.  The Quechan have stated that other substantial unrecorded losses have also
occurred. 

The proposed project would cause significant and unavoidable adverse impacts to historic
properties determined eligible for the National Register of Historic Places. 

The proposed project would have an adverse effect on 55 historic properties determined eligible
for listing in the National Register of Historic Places, including the Indian Pass-Running Man
Area of Traditional Cultural Concern.  The eligible properties also include significant Native
American trail segments and other historic properties such as geoglyphs, rock rings, ceremonial
quartz and ceramic scatters, and cleared circles, both inside and outside the footprint of the
proposed project.  The eligible properties would be disturbed or destroyed through excavation of
the open pits and construction and operation of the leach pad, waste rock and soil stockpiles,
diversion channels, haul and access roads, and associated processing and support facilities.  In
addition to the direct physical effects, mining related noise and visual impacts of the project would
further diminish the quality of the eligible properties.  In its letter of July 21, 1998, the State
Historic Preservation Office has concurred with BLM’s determination of adverse effects
(Appendix D). 

Mitigation measures would reduce but not eliminate adverse effects to 23 of the 55 historic
properties determined eligible for the National Register of Historic Places.  In the November 1997
draft EIS/EIR, the project proponent modified the initial proposal to provide for mitigation of
adverse effects to these resources.  The company redesigned the mining plan to reduce impacts
including reduction in the heights of the waste rock and stockpiles as well as other design
modifications.  The company also agreed to undertake an archaeological data recovery program
to preserve archeological materials and compensate the Quechan through enhancement of the
existing Quechan heritage preservation program, including the acquisition and preservation of off-
site archaeological resources.   

However, the mitigation measures proposed by Glamis Imperial Corporation would not be
effective in reducing adverse effects on 32 of the 55 historic properties.  Even after implementing
the mitigation measures, characteristics relating to integrity of setting, feeling, and association,
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which qualify the properties for listing to the National Register of Historic Places, would be
irreversibly disturbed by mining activities: integrity of the Trail of Dreams, other prehistoric trails,
and related ceremonial areas would be impaired; the existing natural landscape would be
permanently altered; opportunities for solitude would be diminished; and the overall spiritual value
of the ATCC would be irreversibly damaged.  The Council, after reviewing the company’s
proposed mitigation measures and carefully evaluating the potential impacts, stated in its October
19, 1999 letter to the Secretary of the Interior (see Appendix A) that the mitigation measures
would “do little to reduce the devastating impacts on the historic properties and their environment
and fall short of compensating for the loss of traditional, religious, and cultural values of the
ATCC.”  The Department agrees with the Advisory Council’s conclusion.

The proposed project would cause significant and unavoidable adverse impacts to visual
quality. 

The project would result in significant long-term change to the area’s sensitive visual quality.  It
would, therefore, not conform to the CDCA plan’s applicable visual resources management
rating, which provides for the existing landscape character to be maintained (see Appendix C).

An open 880-foot deep East Pit, and 280-foot high waste rock stockpiles and heap would remain
as permanent substantial changes to the existing undisturbed natural landscape (see Figures 2 and
3).  The level of contrast would gradually diminish after backfilling of the Singer and West Pits,
regrading and replanting native vegetation, and overall reclamation of the site following
completion of mining. However, the substantial visual contrast would remain after final
reclamation is completed.

The project would result in significant visual impacts, specifically:  (1) disruption of the existing
landscape with new man-made land forms, including waste rock and leach piles which would be
100-150 feet higher than any existing natural features in the vicinity; (2) alteration of surface
color, texture, and vegetation cover on approximately 1,300 acres; and (3) adverse effects to a
landscape which includes Picacho Peak, Indian Pass, and other unique natural landmarks that are
also historically important to Native American culture and the general public. These visual
impacts would be clearly visible from the Indian Pass Road and other routes of travel in the
immediate vicinity of the project area.

The proposed project would permanently alter the character of a visually sensitive area.  The
factors that cause the project site to be sensitive to changes in visual quality include: (1) the
existing visual quality of the proposed project area and surrounding landscape is substantially
undisturbed; (2) the existing topography of gently sloping ground and low rolling ridges provides
little opportunity to screen or blend the project within the surrounding landscape; and (3) the 5-10
mile distance between the mine site and the surrounding mountains creates broad depth of field in
which the proposed project site is visible from various public vantage points.
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The overall effect of significant and unavoidable adverse impacts would cause undue
impairment to the CDCA.

The overall effect of significant and unavoidable adverse impacts on Native American values,
historic properties, and visual quality would significantly diminish the “scenic, scientific, and
environmental values” of the CDCA, values BLM is required by Section 601 of FLPMA to
protect.  Specifically, the Quechan Tribe’s ability to practice sacred traditions as an integral part
of the Quechan culture would be irreparably damaged; 55 traditional historic properties which are
eligible for listing in the National Register of Historic Places, including the Running Man/Indian
Pass ATCC, would effectively be destroyed; and the scenic quality of  a substantially undisturbed
area would be irreversibly altered.  Despite efforts by Glamis Imperial Corporation to reduce
adverse impacts through mitigation, no effective means were found to prevent the significant level
of destruction to important CDCA values.  Finally, as stated earlier, approval of the project would
not conform with Indian Sacred Sites and Environmental Justice Executive Orders.  The severity
of these combined impacts would be so great, and of such scope and magnitude, that undue
impairment would result.

The proposed project would not be in conformance with the CDCA plan.    

The proposed project would not conform with the CDCA plan because the significant and
unavoidable adverse environmental impacts discussed in this ROD would exceed the maximum
level of impact allowed under the plan; thus, the project would result in undue impairment. 
Further, the scope and magnitude of these effects would be so great as to preclude consideration
of a plan amendment to permit the project. 

The CDCA plan’s multiple use guidelines and the minerals management provisions of the plan
would allow mineral development to be considered in this area.  However, no effective means of
mitigation were found to avoid significant and unavoidable adverse impacts.  Such impacts would
irreversibly and irretrievably harm important resources of an area designated in the CDCA plan in
1980 as Multiple Use Class L (Limited Use).  Multiple Use Class L is specifically intended for the
protection of  “sensitive, natural, scenic, ecological, and cultural resource values” and  provides
for “generally lower-intensity, carefully controlled multiple use of resources, while ensuring that
sensitive values are not significantly diminished.”  The proposed project would not achieve this
required level of protection.

The Multiple Use Class L designation appropriately fits this area based on the sensitive and
significant environmental resources in and around the proposed project site.  Because of the
identified significant resource values in this area, a plan amendment designating this area as
Multiple Use Class M (Moderate Use) or Multiple Use Class I (Intensive Use) would not provide
adequate protection and, thus, would not be warranted.  On October 27, 2000, the Department of
the Interior withdrew the project area and surrounding public lands, totaling 9,360 acres, from
further mining to protect recognized historic properties, Native American values, and the visual
quality of the ATCC; portions of  the Indian Pass Area of Critical Environmental Concern;  and
portions of the Indian Pass and Picacho Peak Wilderness Areas. 
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The Department reviewed the records of permitted mines in the CDCA in comparison to the
FEIS/EIR analysis of the proposed project.  Although BLM has previously approved other large-
scale gold mining operations in Multiple Use Class L areas, the unique combination of important
environmental factors discussed in this ROD set this proposed project apart from those other
projects. Six of the 12 existing CDCA mining operations were approved in Multiple Use Class L 
areas: America, Colosseum, Picacho, Morning Star, Castle Mountain, and Briggs mines (see
Appendix E).  Unlike the proposed project, no Native American values or historic property issues
(other than preservation of the historic mining activities at some of these sites) were identified
during project review for the American, Picacho, Morning Star, Colosseum, and Castle Mountain
mines.  Native American values or historic properties were identified at the Briggs mine; however,
the two identified historic properties were avoided and fenced by the mine operator as a condition
of approval of the plan of operations. All of the permitted mines, unlike the proposed project,
were located on sites previously disturbed by mining activity.  Even in the Briggs mine site, where
the evidence of previous mining activity was considered minor, the surrounding mountains were
close to the project site and reduced visual contrast to an acceptable level. 

The identified unavoidable and adverse environmental impacts resulting from the project
override the possible economic benefits that might be derived from the project.

It is the conclusion of the Department that the possible economic benefits that might be derived
from the project, as described in the FEIS/EIR and summarized below, do not overcome the legal
requirements to prevent undue impairment to public lands in the CDCA.

The Department recognizes the importance of developing public land resources and the economic
and social benefits that mining has on the local, regional, and national economies of the United
States.  Glamis Imperial Corporation estimates that the proposed project would generate up to
120 local job opportunities through the life of the project and would incur approximately $48
million in initial capital expenditures.  In addition, Glamis Imperial Corporation estimates that
there would be continuing capital expenditures of  $1.7 million per year and $26 million per year
in non-capital expenditures, including payroll. The proposed project would be required to pay
sales tax on all expenditures and pay local property taxes on mine assets.  All these effects are
possible economic benefits of the proposed project.

However, the mineral deposit involved in this proposed project by its nature requires considerable
surface disturbance to support operations.  The mineral deposit supporting the proposed project is
one of the lowest gold grades for open-pit, dump heap leach operations in the United States (see
Appendix F).  From Glamis Imperial Corporation’s estimates of an average reserve grade of 0.016
ounces of gold per ton, approximately 280 tons of rock would be mined, moved, processed, and
stored for each ounce of gold produced.  In addition, gold prices have fallen approximately 27
percent since the project was initially proposed in 1995.  A decrease from approximately $384 per
ounce in 1995 to an estimated $278 per ounce in 2000 has significantly reduced the potential of
this project to be economically sustainable.
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While it is the policy of the Department to consider the possible economic benefits of
development of public land resources, that consideration must be made in the context of all other
public land resource values, including environmental, historic, and other values.  In this case, the
overall adverse environmental impacts caused by the project would outweigh the possible
economic benefits to be derived from mining a mineral deposit with an average reserve grade of
0.016 ounces of gold per ton.

The proposed project would cause unnecessary or undue degradation to public lands.

As discussed, the significant and unavoidable adverse environmental impacts of the project would
result in “undue impairment” because approval of the project would not be in conformance with
the CDCA plan and a plan amendment is not warranted.   Further, it is determined that loss of the
identified scenic, scientific and environmental values to the people of the United States would
override the possible economic benefits that might be derived from the project.

By causing undue impairment to CDCA values, it is the conclusion of the Department that the
project would result in unnecessary or undue degradation to the public lands.
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ALTERNATIVES CONSIDERED

A.  ALTERNATIVES TO THE PLAN CONSIDERED IN DETAIL 

• Proposed Project (Glamis Imperial Corporation’s proposed plan of operations)
• West Pit Alternative
• East Pit Alternative
• Complete Pit Backfill Alternative
  
Each alternative assumes use of the same environmental protection and reclamation measures as
the proposed action. 

1.  Proposed Action

The proposed action, i.e., Glamis Imperial Corporation’s plan of operations as presented to BLM,
was to be located on 1,571 acres of unpatented mining claims and would encompass the mine and
processing area, including open pits, waste rock and topsoil stockpiles, heap leach pads,
administrative and maintenance facilities, a precious metal recovery plant, haul roads, an electrical
substation, distribution lines, and associated facilities.  Up to 150 million tons of ore would be
mined and leached, and 300 million tons of waste rock would be mined and deposited on the site.  
Specifically, the plan proposed to backfill and reclaim the Singer and West Pits and leave the 880-
foot East Pit open  (see Figure 3).  It also would create two waste dumps and a 280-foot heap
leach pad. 

The agency’s preferred alternative as identified in both the 1996 and 1997 EIS/EIR drafts was the
proposed action as presented by Glamis Imperial Corporation.  However, the agency preferred
alternative was changed to No Action in the November 2000 Final EIS/EIR, to reflect new
information concerning historic properties and Native American values.  In particular, information
concerning historic and archaeological resources identified during expanded field survey and
analysis in 1997, a report provided by the Advisory Council on Historic Preservation (see
Appendix A), and consultation with the Quechan Tribe substantially increased agency awareness
and understanding of  the importance of the site to Native Americans.  That new information was
a significant factor in the agency’s decision to change its initial preferred alternative to the No
Action alternative, and ultimately in the Department’s decision not to approve the Imperial
Project.

2.  West Pit Alternative

This alternative would create the least amount of total surface disturbance by mining only the
West Pit and Singer Pit.  Approximately one-third of the disturbance would be produced,
compared to the proposed action, or about 40 percent of the ore and 30 percent of the waste
rock.  Total surface disturbance would be reduced to approximately 853 acres, or about
63 percent of the total 1,362 acres disturbed under the proposed action. Only a small part of the
West Pit would be backfilled. The Singer Pit would not be backfilled, since the East Pit would not
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be mined. The south waste rock stockpile and the heap leach pile would be about the same height
as under the proposed action. Total project life for the West Pit Alternative would be about 10
years, compared to 20 years for the proposed action. 

This alternative would slightly reduce the total area of disturbance but would not eliminate
significant adverse impacts to Native American values, historic and archaeological resources, and
visual quality.  The density of historic or archaeological properties determined eligible for the
National Register of Historic Places is higher on the west side of the project area, and includes the
main trail segments and associated sites. This area would be disturbed under the West Pit
Alternative. The remaining waste rock stockpile and heap would be substantially the same height
and form as in the proposed action and would cause significant adverse impacts to visual quality,
even after mitigation.

3.  East Pit Alternative 

Under this alternative, the East Pit and Singer Pit would be mined, producing a total of about
67 percent of the mined rock produced under the proposed action, or about 60 percent of the ore
and 70 percent of the waste rock.  Total surface disturbance under the East Pit Alternative would
be reduced to approximately 1,126 acres, or about 83 percent of the total 1,362 acres disturbed
under the proposed action. The Singer Pit would be completely backfilled with waste rock from
mining the East Pit, and the East Pit would not be backfilled.  The south waste rock stockpile and
the east waste rock stockpile would still be about the same 300-foot height as the proposed
action, but the heap leach pile would be a height of 250 feet. Total project life would be
approximately 14 years, versus 20 years. Final reclamation might continue beyond the end of the
14 years. Indian Pass Road would not be relocated around the project mine and process area
under the East Pit Alternative.

The East Pit Alternative would disturb 40 percent less surface area than the proposed action. It
would not fully develop the identified mineral reserves. It would still require almost the same
projected capital and annual operating costs of the East Pit Alternative. Glamis Imperial
Corporation stated that this East Pit Alternative would not be an economically viable project, and
would not be profitable.

The elimination of the West Pit and reduction in size of the south waste rock stockpile under this
alternative would reduce the scope and magnitude of adverse impacts by avoiding the area of
highest historic or archaeological site density. However, significant Native American values and
historic properties would be destroyed under this alternative, including the overall integrity of the
Indian Pass-Running Man ATCC. Impacts to visual quality would be slightly reduced but would
also remain significant.

4.  Complete Pit Backfill Alternative

The purpose of this alternative was to evaluate the feasibility of complete backfill of all three
proposed pits.  All available waste rock would be used to completely backfill to at least the
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original grade. The East Pit would then be backfilled. Because mined rock occupies more volume
than unbroken rock, all the rock from the pit would not fit back into the same pit.  Surface
disturbance would not be reduced by the Complete Pit Backfill Alternative. Refilling the East Pit
could take more than four years, and cost $80 million to $100 million.  This alternative would
reduce the significance of adverse effects to visual resources by eliminating the waste rock
stockpiles and the open pit. The heap leach pad would still remain. This alternative would also
reduce the significant adverse visual effects to the Indian Pass-Running Man ATCC. The
alternative would allow the full amount of discovered ore to be mined. Glamis Imperial
Corporation states that the Complete Pit Backfill Alternative would not be an economically viable
project, and would not be profitable.

B.  ALTERNATIVES CONSIDERED BUT ELIMINATED FROM DETAILED
ANALYSIS

Several other alternatives identified in the FEIS were not analyzed in detail.  These are
summarized below.

1. Alternative Mine Locations

One alternative was to construct and operate a mine at an entirely different location than the
proposed project area. However, such an alternative would fail to meet the objectives of the
proposed action,  to profitably recover the precious metals within the project site. Another
alternative included potential off-site locations for the mine facilities, pits, heap leach pad, and
waste rock stockpiles.  However, there was no environmental advantage to this alternative as the
disturbance would be greater in scope and equal in impact.

2.  Alternatives to Relocate Road, Water Wells, and Utility Corridors

Since these alternatives did not substantially decrease any of the significant adverse effects of the
proposed action, and because the cost would reduce conformance with the basic project
objectives, these were eliminated from any further consideration.

3.  Alternative Mining and Processing Methods

Although there are several variations on mining techniques, including underground mining or in-
situ mining, none are feasible in this type of ore body because the deposits necessary to support
such methods are not present.

Like mining, there are several potential alternative methods for processing ore other than cyanide
heap leach.  Considered were vat leaching, carbon in pulp, flotation, or a combination of these
processes.  None were technically feasible for the type of ore involved in the proposed project,
and were eliminated from consideration. 
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PUBLIC INVOLVEMENT

Opportunities for Public Involvement

The BLM, as the lead Federal agency, and Imperial County, as the lead State agency, diligently
involved the public throughout the joint Federal/State environmental review process.   In response
to Glamis Imperial Corporation submission of a mining plan of operations, BLM published a news
release and a  Notice of Intent in the Federal Register on March 24, 1995, announcing the
company’s mining proposal and the initiation of the NEPA process to prepare an EIS on the
project.  On April 5, 1995, Imperial County distributed its Notice of Preparation of an EIR
initiating the California Environmental Quality Act process. 

A Draft EIS/EIR was published on November 1, 1996 for public comment and review.  Public
hearings were held in La Mesa and Holtville, California.  After the initial 60-day public review,
BLM extended the public comment period twice, through March 24, 1997.  More than
425 written comment letters were received, and 49 people testified at the two public hearings. 
After a review of the comments received, the BLM and Imperial County jointly announced on
June 11, 1997 that a new Draft EIS/EIR for the Imperial Project would be prepared and
recirculated.

On August 1, 1997, BLM formally withdrew the November 1996 Draft EIS and announced its
intent to prepare another EIS for the Imperial Project. All comments on the 1996 draft were
treated as scoping comments for the revised Draft EIS/EIR.  Imperial County concurred in this
decision.  

A revised Draft EIS/EIR was published on November 28, 1997, and made available for public
review through January 27, 1998.  Public hearings were again held in La Mesa and Holtville,
California.  After the initial 60-day review, BLM extended the public comment period twice,
through April 13, 1998.  More than 541 comments were received, including public testimony at
the two public hearings.

An additional public hearing by the Advisory Council on Historic Preservation, a Presidential
advisory organization, was held in Holtville, California in March 1999.   That hearing focused on
the potential impacts of the project on cultural, historic, and archeological resources associated
with the Quechan and other tribes. 

BLM and Imperial County included in the FEIS/EIR, published on November 17, 2000, a
summary of all general comments received and details on all substantive public comments
received during two the public comment periods which cumulatively totaled approximately 10
months.   The agencies’ responses to all substantive comments received are included in that
document.

In addition, BLM also accepted public comments on the FEIS/EIR for 30 days, through
December 18, 2000.  A total of 24 comments were received.  Although many of the comments
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were general, i.e., supporting or opposing the project, and none of the comments contained
substantially new information, many raised issues seeking clarification or interpretation of data in
the FEIS or its supporting documents.  These issues were carefully considered in development of
this ROD and are summarized, along with BLM’s responses, in Appendix G.

Interagency/Intergovernmental Coordination

As part of the environmental review process, BLM and Imperial County consulted and
coordinated with the U.S. Fish and Wildlife Service, the U.S. Environmental Protection Agency,
the U.S. Geological Survey, the U.S. Army Corps of Engineers, the U.S. Bureau of Reclamation
(Lower Colorado Division), the Advisory Council on Historic Preservation, the Governor’s Office
of Planning and Research, the California Department of Conservation, the California Department
of Fish and Game, the California State Office of Historic Preservation, the California Native
American Heritage Commission, the California Regional Water Quality Control Board, the
Metropolitan Water District of Southern California, and the Southern California Association of
Governments.  In accordance with Section 106 of the National Historic Preservation Act, BLM
also officially consulted with the Quechan Tribal Council, Fort Yuma Indian Reservation.  In
addition to correspondence from the Tribe and verbal discussions and tours, BLM held three
formal government-to-government consultations with the Tribe: December 16, 1997; February 4,
2000; and November 27, 2000.

Coordination with the County of Imperial

BLM and the County of Imperial jointly prepared all the environmental review documents under
the provisions of the National Environmental Policy Act and the California Environmental Quality
Act.  The County’s draft EIR and BLM’s draft EIS were released concurrently for public review. 
The County’s role under the Surface Mining and Reclamation Act of 1975 is to determine the
adequacy of the surface mining reclamation plan submitted by Glamis Imperial Corporation as
part of the mining proposal.  The Imperial County Planning and Building Department has taken no
action on the proposed reclamation plan, pending issuance of BLM’s decision regarding the plan
of operations. 
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APPENDICES
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Appendix A

Advisory Council on Historic Preservation, 10/19/99 letter
and BLM letter to ACHP, 8/25/98
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Appendix B

Solicitor’s Opinion, Regulation of Hardrock Mining, 12/27/99
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Appendix C

Visual Resources Supporting Documents
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Appendix D

National Historic Preservation Act Section 106 Documents
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National Historic Preservation Act
Description of Section 106 Review Process

An intensive, pedestrian inventory for and evaluation of cultural/archaeological resources was
completed for the proposed mine and process area, ancillary area, overbuilt 92 kV/34.5
transmission line corridor, and buffer areas.  During the inventory, which was conducted by KEA
Environmental with assistance by members of the Quechan Tribe, 88 sites associated with Native
American and/or EuroAmerican activities were identified.  Results of the inventory and evaluation
may be found in the report by KEA Environmental for the Bureau of Land Management (BLM),
which is titled, “Where Trails Cross: Cultural Resources Inventory and Evaluation for the Imperial
Project, Imperial County, California,” October 1997, and in the EIS/EIR.  

The resource sites were evaluated according to criteria of eligibility to the National Register of
Historic Places.  The criteria for eligibility are significance in American history, architecture,
archeology, engineering and culture; as well as integrity of location, design, setting, materials,
workmanship, feeling, and association; and (A) association with events that have made a
significant contribution to the broad patterns of our history, or (B) association with the lives of
persons significant in our past, or (C) embodiment of the distinctive characteristics of a type,
period, or method of construction, or representation of the work of a master, or possession of
high artistic values, or representation of a significant and distinguishable entity whose components
may lack individual distinction, or (D) yield or potential to yield information important in
prehistory or history.

Properties evaluated for eligibility to the National Register of Historic Places may reflect
significance in architecture, history, archeology, engineering, and culture.  One kind of cultural
significance refers to the beliefs, customs, and practices of a living community of people that have
been passed down through the generations, usually orally or through practice, and that are
important in maintaining the continuing cultural identity of the community.  Like any other
property, a traditional cultural property is evaluated against the standards for integrity and four
basic National Register Criteria.  

Quechan tribal members identified the project vicinity as a traditional cultural property.  They
emphasized that the project vicinity is extremely important to their cultural values and integrity,
and any destruction of the area would result in destruction of their present and future heritage. 
An area defined by the distribution of Native American trail segments and other cultural features
including geoglyphs, broken quartz, broken ceramic pots, and cleared circles, and which included
the project area,  was identified as the Indian Pass-Running Man Area of Traditional Cultural
Concern (ATCC).  

The California State Historic Preservation Officer concurred with BLM that the ATCC met criteria
for eligibility to the National Register.  The ATCC was designed to focus on the undertaking and
the Area of Potential Effect (APE), as identified in the KEA report,  which was defined as the
power line access rights-of-way and one-quarter of a mile on all sides of the footprint of the
project. 
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Appendix E

Comparison of Permitted Mines within Multiple Use Class L (Limited Use) Areas
of the California Desert Conservation Area



Record of Decision for the Imperial Project Page 82

Mine Operator County/
Area

Date of
Approval
/
Closure

Evidence of
Previous
Mining
Activity

Mine Facility
Physiography

Native American/NRHP
Issues 

America Mine America Mine Joint
Venture

San Bernardino
Bullion Mountains
BLM POO-Yes

1984
1988

Yes mine-mountains
waste dumps-
mountains
leach pads- slope

No 

Colosseum Mine Bond Gold San Bernardino
Clark Mountains
BLM POO-Yes

1986
1992

Yes mine-mountains
waste dumps-
mountains
tailings- mountains

No

Picacho Mine Glamis Gold Imperial County
Picacho Mountains
BLM POO-Yes

1986
1998

Yes mine-mountains
waste dumps-
mountains
leach pads- slope

No

Morning Star
Mine

Vanderbuilt Gold
Corp.

San Bernardino
Southern Ivanpah
Range
BLM POO-Yes

1986
1990

Yes mine-mountain
waste dumps-foothills
leach pads-foothills

No

Castle Mountain Viceroy Gold San Bernardino
Castle Mountains
BLM POO-Yes

1990
--

Yes mine-mountains
waste dumps-
mountains
leach pads-slope

No 

Briggs Mine Canyon Resources Inyo County
Panamint
Mountains
BLM POO-Yes

1996
–

Yes (minor) mine-mountains
waste dumps-
mountains
leach pads-slope

Yes, but plan of
operations modified
to avoid substantial
impacts
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Appendix F

Deposit Grade and Reserve Comparisons, U.S. 
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Deposit Grade and Reserves Comparison
for various gold deposits in the United States*

DEPOSIT PROCESSING
MODEL

TONNAGE
(1,000 tons)

AVERAGE
RESERVE

GRADE
(Ounce/Ton)

RECOVERY
RATE

OUNCES RECOVERED

North Star-NV Dump Leach 1,000 0.015 65% 9,750

Pinson-NV Dump Leach 1,300 0.029 93% 35,061

Getchell-NV Dump Leach 1,900 0.026 75% 37,050

Yankee-NV Dump Leach 2,000 0.045 70% 63,000

Picacho-CA Dump Leach 2,900 0.038 75% 82,650

Kinsley-NV Dump Leach 3,400 0.032 75% 81,600

Gold Quarry-NV Dump Leach 3,500 0.016 65% 36,400

Mac-NV Dump Leach 5,400 0.014 65% 49,140

Pete-NV Dump Leach 6,400 0.026 65% 108,160

Dee-NV Dump Leach 8,300 0.025 72% 149,400

Tusc-NV Dump Leach 8,700 0.019 65% 107,445

Bald Mountain-
NV

Dump Leach 11,400 0.076 75% 649,800

Bear Track-NV Dump Leach 22,800 0.034 75% 581,400

Golden Sun-NV Dump Leach 32,400 0.026 75% 631,800

Post/Betze-NV Dump Leach 33,900 0.020 90% 610,200

Twin Creeks-NV Dump Leach 40,900 0.024 65% 638,040

Mesquite-CA Dump Leach 52,800 0.021 70% 776,160

Rand-CA Dump Leach 55,200 0.023 75% 952,200

Imperial
Project-CA 

Dump Leach 95,200 0.016 80% 1,216,000

Round Mtn-NV Dump Leach 254,400 0.020 55% 2,798,400

*Table modified from Roger Haskins, Senior Mining Law Specialist, Bureau of Land Management,
Washington, DC (1998)
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Appendix G

Responses to Comments on FEIS
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Public Comments to Final EIS/EIR (Significant Issues Raised and Department/BLM
Response)

Of the 24 comments received by BLM on the FEIS, most voiced general opposition to the
proposed project and supported the No Action alternative.  A few voiced general or specific
support of the project.  Of those addressing specific issues, either positive or negative to this
decision, the following were identified as significant and warranting description and response by
the Department of the Interior and BLM.

Issue: The California State Native American Heritage Commission, an official State agency,
endorsed the No Action alternative, citing adverse effects to sensitive Native American
archeological and cultural resources.  Response: The resources specified in the Commission’s
letter were recognized in the FEIS and are noted in the ROD as rationale for the decision not to
approve the project.

Issue: A number of comments cited the newly published BLM mining regulations (43 Code of
Federal Regulations, Part 3809) as supporting authority for denying the project.  Response: While
the final regulations were published on November 21, 2000, they do not become effective until
January 20, 2000 and, therefore, cannot be used as a basis for this decision.

Issue: Two comments addressed the  issue of the strategic importance of gold as a decision factor.
Comments stated that gold is currently not listed as strategic mineral and should have no impact on
BLM’s decision.  Response: Gold’s strategic mineral status was not specifically addressed in the
FEIS/EIR. However, the ROD discusses the conclusion of the Department that significant and
unavoidable adverse environmental impacts outweigh the possible economic benefits of gold
mining under the proposed project.  As the comments indicate, gold is not currently listed as a
strategic mineral by the Defense National Stockpile Center of the Department of Defense. 

Issue: Two letters from the Quechan Tribe provide substantial information about the history of the
Tribe and an official, government-to-government statement that the mine would “damage sacred
sites and trails . . . .”  Response: This information is considered to be consistent with the Tribe’s
earlier cultural data provided to BLM, already contained in the FEIS, and is reflected in the ROD.

Issue: The Quechan Tribe also presented further information that the proposed project interferes
with the Tribe’s First Amendment rights regarding their ability to practice their traditional religion. 
The Tribe disagrees with the Solicitor’s Opinion of December 27, 1999, and its interpretation of
this issue in context of the Lyng case, and requests this issue be used in the ROD to deny the mine. 
Response: The Department and BLM have reviewed the legal information and citations provided
the Tribe, and conclude that the interpretation in the December 27, 1999 Opinion is still accurate
and represents the Department’s legal position in this matter.

Issue: Comments indicated that the Imperial Project would not be consistent with the current
management direction provided in the Northern and Eastern Colorado Desert Plan (NECO).
Response: Because NECO will not likely be completed before the second half of 2001, any
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application of NECO to the proposed project would be premature, and NECO is not used in this
decision.

Issue: Several comments requested that the decision be signed by the “highest level” possible so
any challenges can be addressed quickly in Federal Court.  Response: Given the nature and
importance of this decision, and considering the Department of the Interior’s trust responsibility to
Native American tribes, the Secretary has decided to sign the ROD.

Issue: Several comments noted the withdrawal of 9,360 acres (which includes the proposed
project) by Secretarial Order on October 27, 2000 and stated it should be a factor in the decision. 
Response:  The withdrawal is a separate agency decision and does not substantially affect existing
claims in this area on which the Glamis Imperial proposed mining project is based.  Therefore, the
withdrawal cannot be a rationale for this decision.

Issue: Comments requested that BLM’s visual resources policy documents be included in the
ROD.  Response: Supporting documentation on visual resources is included in the appendices of
the ROD.

Issue: Several comments requested that the entirety of the FEIS/EIR be attached to the ROD;
other comments requested specific sections be attached, including section 6.2 regarding
impairment of CDCA values. Response: The attachment of the FEIS/EIR to the ROD is not
necessary as the ROD is the decision document issued as a result of the analysis in the FEIS/EIR.
The FEIS/EIR was prepared as a tool to assist in the decision making process. Copies of the
FEIS/EIR may be obtained from BLM, subject to availability, or may be accessed on the Web at
http://www.ca.blm.gov/elcentro/imperial_project.html.

Issue: Several comments challenged the conclusion of the FEIS/EIR that no significant cumulative
impacts would result from the proposed project.  One comment specifically identified the need to
consider potential cumulative impacts such as the future development of the new Town of Felicity. 
Response: With regard to the first statement, BLM agrees, and this ROD reflects consideration of
the combined adverse impacts to Native American values, historic properties, and visual quality. 
As for the proposed Town of Felicity, the development is too speculative at the present time to
consider in this ROD.

Issue: One comment indicates that the Section 106 process was not completed in a manner
consistent with the regulations in Part 800 of Title 36 of the Code of Federal Regulations. 
Response: BLM followed the requirements of the 1991 Programmatic Agreement with the
California SHPO and the Advisory Council on Historic Preservation; adhered to its responsibilities
to consult with tribes on a government-to-government basis; followed the MOU with the
California Native American Heritage Commission; and applied the requirements of  the Sacred
Sites Executive Order.  The SHPO concurs with BLM’s consideration of Section 106 and its
determination of adverse effects (see Appendix D).
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Issue: A comment indicated that BLM had not consulted with the necessary tribes because the
Quechan Tribe is only one of several Yuman speaking tribes that use the area.  Response: During
the collection of the ethnographic data for the EIS/EIR and according to applicable Federal
government records, the Quechan Tribe is explicitly identified as the federally recognized tribal
government in this particular area.  However, other affected tribes were notified by BLM of the
project, testified at the Advisory Council’s public hearing in Holtville in support of the Quechan,
and deferred to the Quechan as the tribal contact with BLM regarding the project.

Issue: One comment stated that the BLM’s designation of the Indian Pass-Running Man Area of
Traditional Cultural Concern (ATCC) was an administrative determination of BLM and did not
represent the entire spectrum of Native American concerns.  Response: The ATCC was a
collaborative determination of the Quechan and BLM.  It was identified to provide a basis for
analysis in the EIS/EIR of potential effects of the proposed project on sacred sites.  The Quechan
and BLM understood that the ATCC did not include the entire spectrum of Native American
concerns but was of sufficient scope to provide a reasonable basis of analysis. The SHPO
concurred with the ATCC as a reasonable approach.  

Issue: One comment questioned whether, given a 60-year hiatus in use of the Trail of Dreams, if a
mine with the life of 20 years would constitute an unresolvable adverse effect, particularly
considering that Interstate 10 crosses the trail.  Response: The Tribe did not say that its members
have not used the area for 60 years, only that they have not used the area regularly during that
period.   Further, the Quechan have consistently expressed concern over the cumulative impacts of
development, such as Interstate 10, on their traditional cultural values.

Issue: Comments raised the issue of environmental justice if the project were approved.
Response: The FEIS/EIR discussed applicability of Executive Order 12898 on Environmental
Justice.  Although the FEIS/EIR suggests the proposed project is consistent with Executive Order
12898, the Department’s decision not to approve the project is based in part on the finding of
disproportionate adverse impacts to the Quechan as further discussed in this ROD.

Issue: A comment stated that the cultural and religious factors to the Quechan should stand alone
as a rationale for denial.   Response:   The decision of the Department not to approve the project
is based on consideration of the combined environmental impacts of the project compared to the
possible economic benefits of mining under the project in light of applicable statutory standards.
The environmental effects to the Native American values, historic and archaeological resources
and visual quality are closely interrelated.

Issue: Comments stated that the proposed Imperial Project is different from other gold mines
previously approved by BLM in the CDCA.  Response: The Department reviewed the records of
permitted mines in the CDCA in comparison to the FEIS/EIR analysis of the proposed project.  
The comparison demonstrates that the proposed project involves a unique combination of
environmental conditions not present in other mines (see Appendix E). 
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Issue: One comment cited outdated information in the FEIS/EIR, mostly pertaining to dates and
other supporting data (including formal government to government consultations conducted with
the Quechan Tribe) referenced in the document and requests correction of those dates in the ROD.
Response: The Quechan consultation dates have been updated and included in the ROD, as well as
dates pertaining to the Indian Pass withdrawal. 

Issue: One comment stated that BLM has underestimated the significance of the Native American
values and historic properties at the project site.  Response: The ROD directly quotes the
Council’s views on this matter.  The ROD also relies on the Council’s determination that this area
contains nationally significant historic properties and Native American values as one of the basic
rationales for the decision not to approve the project.

Issue: A few comments, both for and against the proposed project, asserted that the Solicitor’s
Opinion of December 27, 1999, provides a basis for denial of other mining operations, both in the
California Desert and throughout the West.  Response: The Solicitor’s Opinion was specifically
requested by BLM to address the proposed Glamis Imperial project and its location in a Multiple
Use Class L area of the California Desert Plan and an Area of Traditional Cultural Concern with
the significant historic properties and Native American values documented as present at the site. 
However, determining whether the legal analysis of the Opinion may be applicable to other sites is
beyond the scope of this ROD.

Issue: One comment takes issue with the conclusion of the Solicitor’s Opinion that the Section
106 process under the National Historic Preservation Act (NHPA) is not intended to impose
substantive obligations on BLM (see p. 18, footnote 22 of the Opinion) and asserts that a recent
court decision (Muckleshoot v. US Forest Service, 1999) interprets this authority more accurately. 
Response: The Department has reviewed the referenced court decision and has determined the
Solicitor’s Opinion represents the legal position of the Department in this matter. The Federal
Land Policy and Management Act, not the NHPA, was the primary legal authority on which the
Solicitor based his conclusion that BLM has authority to deny approval of a plan of operations
within the CDCA if the plan would impair other resources unduly and no reasonable measures are
available to mitigate that harm.

Issue: One comment asserted that the Solicitor’s Opinion represents a “new rule” directing a BLM
decision and exceeds the statutory authority and intent of the Federal Land Policy and
Management Act and the California Desert Protection Act.  It further asserts that any decision to
deny the mine would be inconsistent with the agency’s longstanding practice involving mine
development projects in the CDCA.  Response: The Department has reviewed the information
provided and disagrees with the commenter’s interpretation.  The United States District Court for
the District of Southern California has already rejected the argument that the Solicitor’s Opinion
directs BLM to make a particular decision.

Issue: Some comments stated that the lack of economic benefits of mining must be a rationale for
denial.  Response: It is not the policy of the BLM or the Department to determine whether a
business is to be judged by its value to the economy.  Rather it is the policy to consider the
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possible economic benefits of development of public land resources in the context of all other
public land resource values, including environmental, historic, and other values. In this case, the
overall adverse environmental impacts of mining a mineral deposit with an average reserve grade
of 0.016 ounces of gold per ton were found to outweigh the possible economic benefits to be
derived from the proposed project.

Issue: Several comments raised hazardous materials related  issues about the project.  
Response:  The FEIS/EIR addressed these issues adequately and the proponent, if authorized,
would be required to comply with all applicable State and Federal laws pertaining to hazardous
materials.
 
Issue: One comment raised the issue of a pending lawsuit regarding the Endangered Species Act
filed against BLM by the Center for Biological Diversity and others, and questions whether that
suit affects the Indian Pass area.  Response:  While the complaint filed by the Center addresses the
entire CDCA, it does not specifically cite the Indian Pass area (including the proposed mining
project).  The settlement agreements filed with the court as of the date of this ROD do not involve
the Indian Pass area.

Issue: Some comments challenged the adequacy of the FEIS/EIR, stating that the FEIS/EIR does
not support project approval or approval of alternatives other than No Action.  Response: The
decision of the Department is not to approve the project. The FEIS/EIR supports this decision.
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Finding of No Significant Impact 
NEPA: DOI-BLM-NV-B020-2020-0017-EA 

Case Files: NVN-097820 (Plan) 

I have reviewed Environmental Assessment (EA) DOI-BLM-NV-B020-2020-0017-EA dated July 
2020. The EA analyzes the Exploration Plan of Operations. After consideration of the environmental 
effects as described in the EA (and incorporated herein), I have determined that the Proposed Action 
will not significantly affect the quality of the human environment, individually or cumulatively with 
other actions in the general area. No environmental effects meet the definition of significance in 
context or intensity as described in 40 Code of Federal Regulations (CFR) 1508.27; therefore, 
preparation of an Environmental Impact Statement (EIS) is not required per Section 102(2) (c) of the 
National Environmental Policy Act (NEPA). 
 
DOI-BLM-NV-B020-2020-0017-EA has been reviewed through the interdisciplinary team process 
and has been posted for public comment for 45 days. 
 
It has been determined that the Project is in conformance with the approved Tonopah Resource 
Management Plan, and its amendments, and is consistent with the plans and policies of neighboring 
local, county, state, tribal, and federal agencies and governments. This finding and conclusion is 
based on my consideration of the Council on Environmental Quality’s (CEQ) criteria for significance 
(40 CFR 1508.27), both with regard to the context and the intensity of impacts described in the EA. 
 
Context 

In September 2019, AngloGold Ashanti North America (AGA) submitted an Exploration Plan of 
Operations (EPO) for the proposed Silicon Exploration Project (Proposed Action) in southcentral 
Nevada. This EPO would include the exploration activities on the claim blocks held by AGA and 
Renaissance Gold Inc. The EPO, baseline reports, and Supplemental Environmental Reports (SERs) 
used in the preparation of this EA are on file and available for public review at the Bureau of Land 
Management (BLM) in Tonopah, Nevada, during regular business hours (Monday through Friday, 
excluding holidays from 7:30 AM to 4:30 PM PST) by appointment. 
 
The BLM has evaluated the EPO titled Silicon Exploration Project Plan of Operations 
NVN-097820/Nevada Reclamation Permit Application, and has prepared an EA, DOI-BLM-NV-
B020-2020-0017-EA, that analyzes the affected environment, environmental impacts, and identifies 
environmental protection measures associated with the Project. The final EPO was submitted 
April 21, 2020, in accordance with the BLM Surface Management Regulations 43 Code of Federal 
Regulations (CFR) 3809, as amended. It has been assigned BLM case file number NVN-097820.  
 
The EPO is located approximately seven miles northeast of Beatty in Nye County, Nevada. The legal 
description of the EPO Area is provided in the table below. The EPO Area encompasses 
approximately 3,630 acres of public lands administered by the BLM Battle Mountain District Office. 
The proposed Silicon EPO Area is underlain by 305 lode claims that are owned or controlled by 
AGA or Renaissance Gold Inc. (EPO, Appendix C, Claim Information). 
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Project Legal Description* 

Townships Ranges Sections 
11 South 47 East 13, 23 through 27 
11 South 48 East 8 through 10, 14 through 22, 27 through 33 
12 South 47 East 12 through 17, 23, and 24 
12 South 48 East 4 through 7 

*Mt. Diablo Base and Meridian, Nevada 
 
AGA is currently acknowledged to conduct 4.75 acres of surface disturbance, including access road 
and drill site construction, within the Project Area under an Exploration Notice, BLM case file 
number NVN-095843. AGA proposes to conduct phased mineral exploration-related activities within 
a 3,630-acre Project Area, that would create up to approximately 150 acres of new surface 
disturbance for a total Project-related disturbance of approximately 155 acres. Exploration activities 
would be conducted in phases, with approximately 55 acres of new surface disturbance occurring 
under Phase I, including up to five acres of Notice-level disturbance. An additional 100 acres of 
surface disturbing activities would occur under subsequent phases. Under the existing Notice NVN-
095843, AGA could conduct up to five acres of disturbance. The proposed surface disturbing 
activities are anticipated to occur over a period of approximately ten years.  
 
Pursuant to NEPA and the Council on Environmental Quality regulations on implementing NEPA, 
the EA identifies, describes, and evaluates environmental protection measures (EPMs) that would 
mitigate the possible impacts of the preferred alternative. The short- and long-term impacts as 
disclosed in the EA are not considered to be significant to the human environment. The short-term 
impacts from implementation of the Project are local; they are not regional or national in nature. The 
long-term impacts resulting from the Project would be mitigated by concurrent reclamation during 
the life of the Project and meeting all reclamation requirements prior to ending the Project. 
 
Intensity 

1.   Impacts that may be both beneficial and adverse. 

Potential impacts to the environment as identified in Section 3 of the EA include the following: 
 

Lands and Realty 

The Proposed Action would not result in effects or changes to land ownership and would not 
result in conflicts, substantial modifications, or termination of the rights-of-way (ROWs) or 
land use authorizations within the EPO Area. Effects of the Proposed Action on lands and 
realty would be minor, short-term, and localized.  
 
Lands with Wilderness Characteristics 

The Project would result in up to 155 acres of surface disturbance, which could occur anywhere 
in the Project Area, and potentially within the Yucca Mountain LWC unit. Phase I activities 
would not occur within the LWC unit, but locations of disturbance under subsequent phases are 
unknown. These activities, in combination with the February 2020 wilderness characteristics 
inventory update findings of identifying three Wilderness Inventory Roads within the LWC 
unit, could eliminate the unit’s qualifying wilderness characteristics including naturalness and 
solitude, by bisecting the LWC unit and consequently reducing the LWC unit to less than 5,000 
acres. The three identified Wilderness Inventory Roads experience a variety of uses, and during 
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the February 11, 2020, field work, one drill rig, two water trucks, and several pick-up trucks 
associated with the drilling activities were seen driving on one of the three Wilderness 
Inventory Roads. 

 
The wilderness characteristics of the lands within the unit, particularly “solitude,” would be 
impacted by vehicles associated with Project activities using the three Wilderness Inventory 
Roads, as mineral exploration activities would likely be seen, heard, and felt by visitors within 
the LWC unit, as well as other activity (e.g., recreation) on the three roads. 
 
Migratory Birds 

Direct or indirect adverse effects to migratory birds from the Proposed Action are not 
anticipated. Direct effects resulting from the destruction of active nests or disturbance to 
breeding behavior are considered negligible, short-term, and localized. Indirect effects resulting 
from the temporary loss of potential foraging and breeding habitat are considered minor, short-
term, and localized. The EPM in Section 2.2.6.5 of the EA and reclamation of 155 acres of 
surface disturbance would minimize any potential adverse effects to migratory birds. 
 
Noxious Weeds, Invasive and Non-native Species 

Adverse effects to vegetation resources from noxious weeds, invasive and non-native species 
could include the spread and establishment of these species during surface disturbing activities, 
including travel and maintenance of the Project Access Roads. Potential adverse effects from 
the spread and establishment of noxious weeds, invasive and non-native species would be 
minimized by the EPM in Section 2.2.6.7 of the EA and concurrent reclamation; potential 
adverse effects are considered minor, short-term, and localized. 
  
Recreation 

Project Area roads would remain open during Project activities, and there would be no fencing 
to preclude use, except for fences around sumps to protect wildlife. There is other similar land 
available to dispersed recreational visitors in the vicinity of the Project Area. The organized 
OHV races contain stipulations for road repairs, and some have stipulations for notifications 
being sent to area stakeholders prior to the event. Any adverse effects to recreation would be 
minor, short-term, and localized. 
 
Soils 

Soils in the Project Area have a primarily low erosion hazard from water and a moderate 
erosion hazard from wind. Potential impacts to soils would be reduced by the EPMs outlined in 
Section 2.2.6.12 requiring the use of BMPs to minimize stormwater erosion. As a result of 
reclamation of all drill sites, sumps, overland travel, and road construction, the post‐exploration 
topography is expected to be like pre‐Project conditions, which would reestablish the site 
characteristics of slope and aspect of soil associations within the Project Area. As a result of 
the implementation of the EPMs in Section 2.2.6.12 of the EA and concurrent reclamation 
efforts, soil loss due to the surface disturbing activities associated with implementation of the 
Proposed Action would be minor, long‐term, and localized.  
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Special Status Species 

Exploration activities, including the construction of roads and overland travel, could disturb 
special status wildlife species due to the presence of humans and by creating noise and dust. 
However, foraging activities within the Project Area could continue since the proposed surface 
disturbance activities only cover approximately four percent of the entire Project Area (155 
acres out of a total of 3,630 acres). Indirect, localized, long‐term adverse effects to foraging 
activities would occur due to the temporary loss of vegetation as a result of Project-related 
surface disturbance. 
 
Two populations of black woollypod were identified during the NNHP data request. The first 
identified reference area had one Astragalus species, but that species lacked the dense, silvery 
hairs borne on the stems and leaflets that is characteristic of black woollypod and its look-
alikes. 

 
One individual in transition to the second identified reference area had dense silvery hairs, but 
the flowers and fruits that indicate the defining characteristics of black woollypod were not 
present, so no positive identification was possible. The second identified reference area had 
approximately ten individuals of the target milkvetch species. These individuals were in 
varying life stages, but several had flowers and fruits. These were positively identified as black 
woollypod. 

 
The terrain around the positively identified black woollypod reference population was that of 
loose talus hillsides of approximately 25 percent slope. The soil underneath the loose talus had 
a sandy clayey consistency, which appeared to be the limiting factor for the presence of black 
woollypod. 
 
Four locations were chosen via desktop analysis to review habitat characteristics in relation to 
black woollypod: two that had characteristics consistent with those of the reference site (e.g., 
areas of greater than 25 percent slope and with Zibate-Zyplar-Dedas soil association) and two 
contrasting sites that did not have these characteristics. 

 
Neither of the recon points (Recon Points 1 and 3) for potential positive habitat to support 
black woollypod had the characteristics observed within the reference population. Both recon 
points had slopes greater than or equal to 25 percent but had minimal talus present and the soils 
lacked the clay content necessary to support this species. Recon Point 1 also appeared to have 
been recently burned from a wildfire and as such had a much higher cover of annual grasses 
and exposed soils. 

 
The recon points (Recon Points 2 and 5) selected for potential negative habitat lacked all the 
characteristics necessary to support black woollypod. The slopes were less than 25 percent, 
talus was not well developed, bare ground was present, and the soils lacked the necessary clay 
content. 
 
Brewer’s sparrow (Spizella breweri), loggerhead shrike (Lanius ludovicianus), LeConte’s 
thrasher (Taxostoma lecontei), and golden eagle were observed during the migratory surveys. 
Potential adverse effects to breeding from the Project could include possible direct loss of nests 
(e.g., crushing) or indirect effects (e.g., abandonment) from increased noise and human 
presence within close proximity to an active nest site. Implementation of the EPM outlined in 
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Section 2.2.6.5 of the EA for migratory birds would ensure that prior to surface disturbance, a 
nesting survey for migratory birds (including BLM sensitive avian species) would be 
conducted and nests avoided if exploration activities occur during the avian breeding season. 
Vegetation removal would result in a reduction of breeding habitat for BLM sensitive avian 
species in the Project Area. This acreage would not all be disturbed at one time due to 
incremental disturbance and concurrent reclamation of the surface exploration disturbance. 
Potential adverse effects to migratory birds would be minor, long‐term, and localized. 
 
There was one golden eagle nest and five possible golden eagle nests within one mile of the 
Project Area. None of the nests were occupied during 2019 field surveys; however, one nest 
was active during 2020 field surveys. To avoid impacts to those nests, AGA would implement 
the EPM in Section 2.2.6.10 that states Project activities would not be conducted between 
January 1 and August 31 within one mile of a nest. However, if that is not practicable, a survey 
would be conducted after March 21 at eagle nest sites that are within one mile of the Project 
Area to determine occupancy. The timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from the NDOW based on consideration of bighorn sheep 
(Ovis canadensis) lambing activity. If a nest has a bird in an incubating/brooding posture, it 
would be assumed that the nest is active that year, and a one-mile disturbance buffer would be 
applied until August 31, or until it has been determined that 1) the nest has failed; or 2) the 
young have fledged and are no longer dependent on the nest. The buffer sizes may be reduced 
with approval from the US Fish and Wildlife Service (USFWS). If the nest is not active at the 
time of the surveys, the one-mile buffer would not apply and Project activities could 
commence. 
   
Survey data collected for this Project indicate high and moderate levels of bat use (defined as 
roost sites with high acoustic activity and/or moderate to high maternity use) at sites NY-0328, 
NY-0334, NY-0335, NY-1496, NY-1499, NY-2002, NY-2843, and NY-2844. To minimize 
potential adverse effects to bats, AGA would implement and follow the EPM outlined in 
Section 2.2.6.10 of the EA and avoid conducting drilling activities within a 200-yard buffer of 
the adit opening throughout the life of the Project. Potential adverse effects to bats are 
considered minor, long-term, and localized. 
 
BLM sensitive big game species, such as bighorn sheep, may avoid the Project Area due to 
noise and other anthropogenic disturbances generated by the Project. These potential adverse 
effects would temporarily reduce the available habitat area for BLM sensitive big game 
species. Potential adverse effects to these BLM sensitive big game species would be considered 
minor, short‐term, and localized. Additionally, sumps associated with drill sites would be built 
with an incline on one end to allow for egress/ingress for humans and fenced when necessary to 
preclude access. Implementation of the EPM outlined in Section 2.2.6.13 of the EA would help 
minimize impacts to BLM sensitive big game species. 
 
Surface and Groundwater Resources  

Potential adverse effects to surface water quality would result from spills and sedimentation or 
erosion from surface disturbing activities. The potential adverse effects to surface water quality 
from spilled petroleum products would be minimized by the implementation of the Spill 
Response and Contingency Plan included as Appendix D of the EPO. The potential adverse 
effects to surface water quality from sedimentation would be minimized by the implementation 
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of the EPMs outlined in Section 2.2.6.12 of the EA. Therefore, potential adverse effects to 
surface water resources would be considered negligible, long-term, and localized.  
 
Potential adverse effects to groundwater resources are not anticipated. The proposed Project 
includes 109 drill pads and drill holes during Phase I activities. The planned 
breakdown of drilling is approximately 70 RC drill holes (ranging between 60 to 79) and 39 
core holes (ranging between 30 and 49). Phase I activities would be implemented over 
approximately two years. The yearly implementation (approximately 35 RC holes and 
approximately 19 core holes) is similar to the Notice-level program and can be expected to 
have the similar net neutral to positive effect on the water resources. Subsequent phases of 
drilling are not yet planned, but are expected to have similar yearly implementations as the 
Phase I activities. 
 
AGA has no plans to apply for water rights with NDWR in the Project Area. AGA’s intent is to 
continue to source drill injection waters with annual temporary water right permits with 
NDWR, in conjunction with BWSD. 

 
The water resources (springs and water rights) along the Amargosa River valley are greater 
than 3.5 miles away from the recent Notice-level and proposed Project drilling. Due to the net 
positive water balance observed in the area of the Notice-level drilling and the remote distance 
of the nearest receptors, impacts to groundwater resources are considered minor, long-term, and 
localized. 
 
Vegetation 

Approximately 155 acres would be disturbed over the ten‐year Project life as a result of 
implementation of the Proposed Action. Approximately 150 acres of proposed disturbance is 
associated with phased surface exploration activities that could occur in any of the ecological 
sites in the Project Area. However, since the blackbrush dominated community occurs in 
almost the entire Project Area, it is anticipated that all proposed disturbance would occur in this 
community. The surface disturbance associated with exploration activities within the Project 
Area would be reclaimed and reseeded concurrently whenever feasible. Any surface 
disturbance related to the Proposed Action would not result in the loss of any unique vegetation 
community but would still result in a temporary loss of vegetation. Reclamation associated 
with the Proposed Action would begin upon completion of Project activities using a 
BLM-approved seed mixture. Monitoring activities are included in the Proposed Action, which 
would ensure that the revegetation meets reclamation standards. Potential adverse effects to 
vegetation as a result of surface disturbing activities associated with implementation of the 
Proposed Action would be minor, long‐term, and localized. 
 
Wildlife 

Adverse direct effects to wildlife would consist of disturbance from human activity, noise, and 
potential mortality from vehicle collisions, and indirect impacts would consist of temporary 
habitat loss and potential infestation of noxious weeds that would reduce the quality of the 
habitat. Approximately 155 acres of proposed disturbance associated with surface exploration 
activities could occur anywhere within the Project Area and would be created incrementally 
over the potential ten-year Project life.  
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During exploration, sumps associated with drill sites would be constructed with a sloped end 
for egress and when necessary, fenced, backfilled, or covered within 30 days of construction 
completion to preclude access. After exploration activities have been terminated, reclamation 
would involve regrading disturbed areas related to this Project to their approximate original 
contour, and reseeding with a BLM-approved weed free seed mix. Reclamation would be 
completed no later than two years after the completion of activities under the Proposed Action, 
with monitoring for revegetation success continuing until revegetated areas are released. 
Invasive, non‐native species reduce the quality of habitat for wildlife. Project‐related activities 
increase the potential for the spread of these species further reducing the quality of wildlife 
habitat in the Project Area. AGA would implement EPMs for noxious weeds, outlined in 
Section 2.2.6.7 of the EA, which would mitigate or reduce the potential adverse effects of 
noxious weeds and invasive species to wildlife habitat. Potential adverse effects associated 
with the loss of wildlife habitat are considered minor, long‐term, and localized. 
Due to surface disturbing activities, there would be a potential of direct mortality to small 
mammals (e.g., being crushed by vehicles or equipment). Surface disturbing activities would 
also impact small mammal habitat by removing vegetation and rocks and potentially disturbing 
burrows. Disturbed habitat would be reseeded with a reclamation seed mix that would include 
forage species for small mammals. Although mortality of small mammals could occur, 
potential adverse effects would be considered minor, short‐term, and localized. 
 
Large mammals, such as mule deer, may avoid the Project Area due to noise generated by the 
Project. These potential adverse effects would temporarily reduce the available habitat area for 
large mammals. Potential adverse effects to these large mammals would be considered minor, 
short‐term, and localized. Additionally, as outlined in the EPM in Section 2.2.6.13 of the EA, 
sumps associated with drill sites would be constructed with a sloped end for egress and when 
necessary, fenced, backfilled, or covered within 30 days of construction completion to preclude 
access.    
 
Reptiles would be impacted by surface disturbing activities, which would remove vegetation 
and disturb soil. Surface disturbance would remove potential areas for the sagebrush lizard and 
western whiptail to lay their eggs or could destroy eggs laid within disturbance areas. Loss of 
vegetative cover and burrows could result in greater mortality due to predators. Temporary 
disturbance would reduce the foraging area but would be restored through reclamation. 
Potential adverse effects to reptiles would be minor, short‐term, and localized.  
 

2.   The degree to which the proposed action affects public health and safety.  

The effects of the Project on both public health and safety would not have significant adverse 
impacts as AGA would be required to follow the Mine Safety and Health Administration 
regulations along with maintaining all equipment and facilities in a safe and orderly manner. 
 
Through adherence to EPMs, and Best Management Practices (BMPs), the Project would not 
result in potentially substantial or adverse impacts to public health and safety. Public safety 
would be maintained throughout the life of the Project. A complete list of EPMs can be found 
in Section 2.2.6 of the EA.  
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3.   Unique characteristics of the geographic area such as proximity of historic or cultural 
resources, park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically 
critical areas.  

AGA would conduct exploration activities in accordance with applicable state and federal 
regulations. As part of the baseline data collection to support the NEPA analysis for this 
proposed Project, a Class III cultural resources inventory was conducted in the entire Project 
Area, to identify cultural sites and sites that are eligible for the National Register of Historic 
Places (NRHP).  
 
AGA would notify the BLM‐authorized officer, by telephone, and with written confirmation, 
immediately by telephone and in writing within 72 hours upon the discovery of human 
remains, funerary objects, sacred objects, or objects of cultural patrimony. AGA would 
immediately stop all activities within 100 meters of the discovery and not commence again 
until a notice to proceed is issued by the BLM‐authorized officer. 
 
Any undiscovered cultural resources identified by AGA, or any person working on their  
behalf, during the course of activities on federal land would immediately be reported to 
the authorized officer by telephone and in writing within 72 hours. The permit holder 
would suspend all operations within 100 meters of such discovery and protect it until 
an evaluation of the discovery can be made by the authorized officer. 
 
There are no park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically 
critical areas in the Project Area or vicinity. 
 

4.   The degree to which the effects on the quality of the human environment are likely to be 
highly controversial. 

The Project is not expected to have effects on the quality of the human environment such that 
they are highly controversial. The parameters of the Project activities, along with associated 
reclamation are well established. The Project Area is isolated from human habitations. Except 
for mineral exploration, wildlife habitat, and recreation uses, the Project Area is typically 
uninhabited. 
 
Reclamation measures would return the Project Area to its pre-Project uses of wildlife habitat 
and dispersed recreation. 
    

5.   The degree to which the possible effects on the human environments are highly uncertain or 
involve unique or unknown risks. 

There are no known effects of the Project identified in the EA that would be considered highly 
uncertain or involve unique or unknown risks. Project activities similar to what has been 
included in the Project have been conducted numerous times over many years on BLM-
administered land and the effects are well understood. This is demonstrated through the effects 
analysis in Section 3 of the EA. 
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6.   The degree to which the action may establish a precedent for future actions with significant 
effects or represents a decision in principle about a future consideration. 

The Project will not establish a precedent for future actions with significant effects or represent 
a decision about a future consideration. Completion of the EA does not establish a precedent 
for other assessments or authorization of other development Projects including additional 
actions in the Project Area. Any future Projects within the area or in surrounding areas will be 
analyzed on their own merits, independent of the actions currently selected. 
 

7.   Whether the action is related to other actions with individually insignificant but cumulatively 
significant impacts. 

Direct and indirect impacts of the Proposed Action were analyzed in Section 3 (Environmental 
Consequences) of the EA. None of the environmental impacts disclosed under item 1 above 
and discussed in detail in Section 3 of the EA are considered significant. Past, present, and 
reasonably foreseeable future actions as identified in Section 4 of the EA have been considered 
in the cumulative impacts analysis within Section 4 of the EA. The cumulative impacts analysis 
examined all the affected resources and all other appropriate actions within the Cumulative 
Effects Study Areas and determined that the Project would not incrementally contribute to any 
significant impacts. In addition, for any actions that might be proposed in the future, further 
site-specific environmental analysis, including assessment of cumulative impacts, would be 
required.  
 

8.   The degree to which the action may adversely affect districts, sites, highways, structures, or 
objects listed in or eligible for listing in the National Register of Historic Places or may 
cause loss or destruction of significant scientific, cultural, or historic resources. 

Adverse effects to cultural resources would not occur, as AGA has committed to avoiding all 
sites eligible for listing on the NRHP by a buffer of 30 meters, as outlined in the EPM in 
Section 2.2.6.2 of the EA. Adherence to the EPM would result in a “no historic properties 
effected” determination.     
 

9.   The degree to which the action may adversely affect an endangered or threatened species or 
its habitat that has been determined to be critical under the Endangered Species Act of 1973. 

The USFWS, the Nevada Natural Heritage Program (NNHP), and Nevada Department of 
Wildlife were contacted to obtain a list of threatened, endangered, and sensitive species that 
have the potential to occur within the Project Area.  In addition, the most recent BLM Sensitive 
Status Species List, which includes threatened and endangered species, was evaluated to 
determine if any species had the potential to occur within the Project Area and vicinity. 
 
The USFWS indicated the following two endangered and one threatened species that may be 
affected by Project activities: southwestern willow flycatcher (Empidonax traillii extimus), 
Endangered; Yuma clapper rail (Rallus longirostris yumaensis), Endangered; and desert 
tortoise (Gopherus agassizi), Threatened. There were no critical habitats identified in the 
Project Area. The NNHP reported that the Funeral Mountain milkvetch (or BLM-preferred 
naming of black woollypod) (Astragalus funereus), a global and state ranked Imperiled and 
BLM sensitive species, has been recorded in the Project Area. 
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The southwestern willow flycatcher and Yuma clapper rail were not observed during the 2019 
field surveys; the Project Area does not contain suitable habitat for either species as they are 
riparian obligate species. 

Focused desert tortoise protocol-level 100 percent coverage presence/absence surveys were 
conducted in the Project Area March 1, 2019, to June 5, 2019. Vegetation in the Project Area 
consisted of mixed desert shrub communities mostly dominated by blackbrush ( Coleogyne 
ramosissima). Other common shrubs included spiny menodora (Menodora spinescens), 
Mexican bladdersage (Salazaria mexicana), winterfat (Krascheninnikovia lanata), jointfir 
(Ephedra sp.), desert-thorn (Lycium sp.), Mojave indigobush (Psorothamnus arborescens), and 
Mojave woodyaster (Xylorhiza tortifolia). Scattered Joshua trees (Yucca brevifolia), creosote 
bush (Larrea tridentata), burrobush (Ambrosia dumosa), and sagebrush (Artemisia sp.) were 
also present. Abundant native annuals included phacelia (Phacelia sp.), fiddleneck (Amsinckia 
sp.), pincushion (Chaenactis sp.), desertdandelion (Malacothrix sp.), lupine (Lupinus sp.), and 
milkvetch (Astragalus sp.). The invasive grass red brome (Bromus rubens) was observed 
throughout the Project Area. During surveys, there were several areas that biologists 
determined were not suitable to survey because of the steep terrain and loose rock that made 
the areas treacherous. After adjusting for the removed areas, biologists surveyed a total length 
of 533.7 miles of transects and encountered 194 burrows, none of which were definitively 
identified as constructed by desert tortoise (Class 1, 2, or 3). No live tortoises or tortoise signs 
were observed during surveys of the Project Area. However, two adult tortoises were 
encountered incidentally outside of official surveys. One adult female tortoise was encountered 
approximately two miles south of the Project Area while the survey crew was leaving the 
Project. The second tortoise was an adult of unknown sex observed by one of the AGA 
geologists on the western edge of the Project Area. AGA geologists/drilling teams also 
encountered two carcasses and a live tortoise while undertaking surface mapping and sampling 
activities within their claims in 2018, which AGA reported to the BLM via email on May 23, 
2018. 

USFWS formal consultation in compliance with Section 7 of the Endangered Species Act of 
1973, as amended (ESA) was completed on November 25, 2019 (08ENVS00-2020-F-0017 and 
1-5-01-F-570). The USFWS concluded that the Project is not likely to jeopardize the continued 
existence of the threatened Mojave desert tortoise (Gopherus agassizi). The Proposed Action 
was appended to the Tonopah Programmatic Biological Opinion. 

JO. Whether the action threatens a violation of Federal, State, or local law or requirements 
imposed for the protection of the environments. 

The Project will not violate or threaten to violate any federal, state, or local law or requirement 
imposed for the protection of the environment. 

C2 ' 
Perry B. Wickham 
Field Manager 
Tonopah Field Office 
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1.0 Introduction 

This Environmental Assessment (EA) analyzes the environmental consequences of the United 
States (U.S.) Fish and Wildlife Service (Service) issuing an incidental take permit for the take of 
golden eagles (Aquila chrysaetos) associated with the Silicon Exploration Project (Project) 
pursuant to the National Environmental Policy Act (NEPA) (42 United States Code [U.S.C.] §§ 
4321–4347). Issuance of an eagle take permit by the Service for take that is incidental to 
otherwise lawful activities under the Bald and Golden Eagle Protection Act (Eagle Act) (16 
U.S.C. §§ 668–668d and 50 Code of Federal Regulations [CFR] § 22.26) constitutes a 
discretionary federal action that is subject to NEPA. This EA assists the Service in ensuring 
compliance with NEPA, and in making a determination as to whether any “significant” impacts 
could result from the analyzed actions that would require preparation of an Environmental 
Impact Statement (EIS). This EA evaluates the effects of alternatives for the Service’s decision 
whether to issue an eagle take permit. 

The Eagle Act authorizes the Service to issue eagle take permits only when the take is 
compatible with the preservation of each eagle species, defined as “consistent with the goals of 
maintaining stable or increasing breeding populations in all eagle management units and the 
persistence of local populations throughout the geographic range of each species” (50 CFR 22.3). 

The Applicant, AngloGold Ashanti North America (AGA, Applicant), is requesting Eagle Act 
take coverage for resource exploration associated with the Project and has submitted an 
incidental eagle take permit application to the Service. The Project’s Eagle Conservation Plan 
(ECP) (Appendix A) is the foundation of the application from the Applicant. 

The Applicant is requesting a permit for reoccurring disturbance to and loss of annual 
productivity from breeding golden eagles for up to 10 times over no more than 10 years. This EA 
evaluates whether issuance of the incidental eagle take permit would have significant impacts on 
the existing human environment. “Significance” under NEPA is defined by regulation at 40 CFR 
1508.27, and requires short- and long-term consideration of both the context of a proposal and its 
intensity. 

This proposal conforms with, and carries out, the management approach analyzed in, and 
adopted subsequent to, the Service’s Programmatic Environmental Impact Statement (PEIS) for 
the Eagle Rule Revision, December 2016 (USFWS 2016a). Project-specific information not 
considered in the PEIS has been considered in this EA as described below. Based on this Project-
specific analysis and application of the criteria provided in the PEIS, the Service has determined 
that an EA is the appropriate level of review. 
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1.1 Purpose and Need 

The Service’s purpose in considering the proposed action is to fulfill their authority under the 
Eagle Act (16 U.S.C. §§ 668–668e) and its regulations (50 CFR § 22). Applicants whose 
otherwise lawful activities may result in take of eagles can apply for eagle incidental take 
permits so that their projects may proceed without potential violations of the Eagle Act. The 
Service may issue eagle take permits for eagle take that is associated with, but not the purpose 
of, an activity. Such permits can be issued by the Service when the take that is authorized is 
compatible with the Eagle Act preservation standard; it is necessary to protect an interest in a 
particular locality; it is associated with, but not the purpose of, the activity; and it cannot be 
practicably avoided (50 CFR § 22 and 81 Federal Register 91494). 

The need for this action is a decision on an eagle incidental take permit application from AGA. 
The decision must comply with all applicable regulatory requirements and be compatible with 
the preservation of eagles. 

1.2 Authorities 

Service authorities are codified under multiple statutes that address management and 
conservation of natural resources from many perspectives, including, but not limited to the 
effects of land, water, and energy development on fish, wildlife, plants, and their habitats. This 
analysis is based on the Eagle Act (16 U.S.C. 668–668e) and its regulations (50 CFR 22). The 
PEIS (USFWS 2016a) has a full list of authorities that apply to this action (USFWS 2016a: 
Section 1.6, pages 7-12), which are incorporated by reference here. 

1.3 Background 

AGA’s Plan of Operations (Plan) has been approved by the BLM Battle Mountain District 
Office, Tonopah Field Office (BLM 2020). Under the Plan, AGA is approved to conduct 
exploration drilling within the Project Plan boundary (Figure 1-1). The Project is located 
approximately seven miles northeast of Beatty, Nevada in Nye County and can be accessed in 
two directions from Beatty, Nevada: 1) traveling south 1.3 miles on U.S. Highway 95 (US 95) 
and approximately 8.9 miles up Fluorspar Canyon Road (Nye County Road 249) and Tate’s 
Wash Road (Nye County Road 926019); and 2) traveling 3.6 miles north on US 95 and 
approximately 4.1 miles east on the North Beatty Wash Road (Nye County Road 926026) that 
connects to the Beatty Wash Road (Nye County Road 926025) at the Project.  

The Project includes conducting an exploration drilling program within the approximately 3,630-
acre Plan boundary to determine the extent and quality of a mineral resource within the 
approximately. Surface-disturbing activities are approved for up to 155 acres, and consist of an 
existing road network for Project access, reverse circulation and core drilling from constructed 
drill sites, road construction and overland travel, bulk sampling, geotechnical auger holes and 
geological test pits, geologic and geophysical mapping, water monitoring well and water 
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extraction well installation, and construction of a meteorological station. The disturbance occurs 
in phases, and Phase I consists of approximately 50 acres of surface disturbance in addition to 
five acres of Notice-level surface disturbance for a total of approximately 55 acres. The 
remaining 100 acres of disturbance will occur under subsequent phases (155 acres total) over 
approximately 10 years. Exploration activities may occur year-round and 24 hours per day, with 
up to four drill rigs operating at one time and up to 20 personnel present. 

Within the vicinity of the BLM-approved drilling, six nest sites (SI-301, SI-302, SI-303, SI-304, 
SI-305, and SI-502), thought to represent one breeding pair’s territory, are located on natural 
features. The location of the ore body occurs in the immediate proximity of the nest sites. 

The Project area (Silicon Exploration Project Plan of Operations boundary and a surrounding 
four-mile radius) includes various rock outcrops that serve as potential eagle nesting areas. 
Vegetation communities are dominated by Mojave Mid-Elevation Mixed Desert Scrub, Sonora-
Mojave Creosotebush-White Bursage Desert Scrub, and Inter-Mountain Basins Semi-Desert 
Shrub Steppe, which provide habitat of varying ranges for golden eagle prey base. Limited water 
sources are present in the Plan boundary, and the majority of seeps and springs in the Project 
area are present along the Amargosa River, which is approximately three miles west of the nest 
sites. In addition, paved and non-paved roads are located in the Project area, including US 95, 
that provide carrion for eagles and represent potential scavenging habitat. 

1.4 Scoping, Consultation, and Coordination 

This EA incorporates by reference the scoping performed for the PEIS (USFWS 2016a: Chapter 
6, page 175). A draft of this EA, the Applicant’s ECP, and a draft Finding of No Significant 
Impact was made public on the Service’s Pacific Southwest Region webpage 
(https://www.fws.gov/cno/conservation/MigratoryBirds/EaglePermits.html) for 30 days to solicit 
public comments beginning December 20, 2022. The Service received one public comment letter 
on the draft EA and revisions were incorporated into the EA as a result of substantive comments, 
as appropriate. Public comments and responses are included in Appendix B.  

1.5 Tribal Coordination 

Tribal participation is an integral part of the NEPA and the National Historic Preservation Act 
(NHPA) process, as well as a key component of determining whether to issue an eagle take 
permit. Cultural and religious concerns regarding eagles were analyzed in the PEIS (USFWS 
2016a), and tribal consultation was conducted for the PEIS (USFWS 2016a). The PEIS (USFWS 
2016a) identified tribal coordination as an important issue for subsequent analysis, given the 
cultural importance of eagles to the tribes. In accordance with Executive Order 13175, 
Consultation and Coordination with tribal governments (65 Federal Register 67249, November 
9, 2000), the NHPA Section 106 (36 CFR 800) and the Service’s Native American Policy, the 
Service consults with Native American tribal governments whenever actions taken under the 

https://www.fws.gov/cno/conservation/MigratoryBirds/EaglePermits.html
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authority of the Eagle Act may affect tribal lands, resources, or the ability to self-govern. This 
coordination process is also intended to ensure compliance with the American Indian Religious 
Freedom Act. 

The Service sent letters to eight federally recognized tribal governments located within 109 miles 
(the natal dispersal distance of golden eagles, thought to adequately define the species local area 
population [LAP]) of the Project informing them of the received permit application and 
preparation of this EA, and offering the opportunity for formal consultation regarding potential 
issuance of the permit. In addition, comments from Tribes are also encouraged and welcomed 
during the 30-day comment period on the EA. 

2.0 Proposed Action and Alternatives 

In this analysis, and in our consideration of take authorization to the Applicant, each incident of 
“take” results in loss of productivity for a single season for a single eagle breeding pair. Take 
that may result in injury or mortality of eagles is not expected nor would it be authorized under 
this permit. While the available data indicates one breeding territory is most likely to be 
impacted by activities, as these pairs have nests located in the vicinity of the Project Area, eagle 
populations are dynamic with shifting territory boundaries and eagle pairs may establish new 
nest locations. New territories and new nesting locations may be identified in the Project Area or 
its vicinity over the life of the permit. To allow for operational flexibility, the Applicant may 
utilize the 10 take authorizations for no more than ten years and as needed should nesting 
locations differ within the Project Area. Effects of up to ten incidents of take over ten years is 
expected to be the same, regardless of exact location. 

2.1 Alternative 1: Proposed Action 

The Service proposes to issue an incidental eagle take permit, with associated conditions, to the 
Applicant for disturbance to and loss of annual productivity of breeding golden eagles, as 
allowed by regulation (Proposed Action). The permit would be issued for up to 10 incidents of 
take over no more than 10 years.  

Under this alternative, all monitoring and adaptive management measures, minimization 
measures, and detection and reporting measures outlined in Section 2.11-2.13 would be permit 
requirements. Monitoring associated with the permit would be conducted as outlined in Table 
2-1 and by a third party monitor as required by our regulations.  

2.1.1 Compensatory Mitigation 

Compensatory mitigation would be conducted within the Pacific Flyaway Eagle Management 
Unit (EMU). The Applicant would provide the compensatory mitigation at the required 1.2:1 
ratio by retrofitting electric utility poles, as discussed in the 2016 PEIS. The intent would be to 
minimize the potential for eagle electrocutions and ensure that the effects of eagle incidental take 
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are offset at the population level. The amount of compensatory mitigation required for the lost 
productivity has been determined through the Service’s Golden Eagle Resource Equivalency 
Analysis (REA) (USFWS, 2013). The permit would require 90 to 207 electric utility poles to be 
retrofitted to offset the impacts to golden eagle breeding territories. The exact number of retrofits 
depends on the longevity of each pole’s retrofit. Simple retrofits are accomplished by placing 
plastic covers on electric components. As plastic covers are a temporary solution, once 
retrofitted, the power pole is considered “eagle safe” for 10 years. If a pole is reframed or 
reconstructed, the pole is made permanently safe for eagles because adequate spacing is provided 
between electrical components. The Service gives a 30-year credit for this type of retrofit 
(USFWS, 2013).  

AGA would provide compensatory mitigation for five incidents of take no later than 30 days 
after permit issuance. At the five-year review, the Service and AGA would consult and evaluate 
the amount of mitigation owed or credited for the remainder of the permit authorization period. 

2.1.2 Adaptive Management 

Continued monitoring will inform the Applicant on the status of existing nests as well as if new 
nests are being constructed near the Project and its associated activities. If monitoring determines 
that multiple take events may occur in a given year, and that the Proponent is approaching their 
take permit limits (i.e., up to 10 takes over no more than 10 years), adaptive management would 
be implemented. First, the Applicant would apply avoidance buffers on in-use/occupied nests to 
prevent incidental take (no surface-disturbing activities within one mile of an in-use/occupied 
nest during breeding season including early courtship through post fledging nest dependency 
(i.e., December 15 through July 15). If avoidance is not practicable, the Proponent may request a 
permit amendment from the Service. During annual monitoring, should a bald eagle nest be 
discovered in the project area, the Applicant would implement protective buffers and coordinate 
with the Service.. Additionally, at the five-year review of the permit, the Service may consider 
additional adaptive management strategies, if necessary, in coordination with the Applicant. 

2.1.3 Eagle Nest Monitoring 

The Applicant will monitor eagle nest sites annually using independent, third party monitors that 
report directly to the Service. The project area eagle nest monitoring will inform the applicant 
and agencies when golden eagle nests are in-use in the project area in order to validate the 
number of take incidents that occur, and ensure compliance with the permit authorization.  

2.1.4 Five Year Review 

Long term eagle incidental take permits require we conduct five year reviews. During the five 
year review process, we would evaluate if take occurred for each known breeding territory in 
each year. For example, should disturbance occur within one mile of a golden eagle nest during 
the courtship phase, or egg laying period of the breeding season (January 15 – April 1), the 
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Service would assume project activities prevented eagles from breeding and a take incident 
occurred. If the applicant’s data validates no disturbance occurred within one mile of a breeding 
pair’s nest site until after April 1 in a given year, and monitoring confirms nests are not in-use, 
the Applicant could proceed with their Project activities and the Service would determine no take 
occurred. We would take into consideration any alternate nests used within a given territory 
when evaluating the Project data and making these determinations.  

After assessing how many take incidents occurred during the first five years, we would then 
evaluate how much compensatory mitigation might be either credited or owed for the remainder 
of the 10 year permit duration. 

2.2 Alternative 2: No Action Alternative 

Under the No Action Alternative, the Service would take no further action on AGA’s permit 
application. However, the Service must take action on the permit application and determine 
whether to deny or issue the permit. Accordingly, this alternative is considered because Service 
policy requires evaluation of a No Action Alternative and it provides a clear comparison of any 
potential impacts to the human environment from the Proposed Action. The No Action 
Alternative in this context analyzes predictable outcomes of the Service not issuing a permit. 
Should a Permit not be issued, compensatory mitigation would not be required. Thus, for 
purposes of analyzing the No Action Alternative, the conservation measures proposed in the 
Permit application package would not be required. The Applicant may choose to voluntarily 
implement some, none, or all of those conservation measures. Under this alternative, it is 
assumed that the Applicant would take reasonable steps to avoid taking eagles, but AGA would 
not be protected from enforcement for violating the Eagle Act should take of an eagle occur. 

2.3 Common to All Alternatives 

This section describes components of the Project that are the same for the Proposed Action and 
No Action Alternative whether or not a permit is issued. If a permit is issued, these measures 
would become permit requirements. 

2.3.1 Monitoring 

The Applicant will implement all measures required by other agencies and jurisdictions to 
conduct the activity at this site, including applicant-committed Environmental Protection 
Measures (ACEPMs). The applicant will implement all conservation measures and commitments 
summarized below. Monitoring will be implemented over the life of the Project. Table 2-1 
presents a summary of the ACEPMs with monitoring and a schedule for implementation per the 
existing BLM NEPA document (BLM 2020).  
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Table 2-1 ACEPM Monitoring Schedule 

ACEPM Monitoring Actions Duration 

ACEPM 1 

A nest survey would be conducted by a qualified biologist prior to 
any surface disturbance associated with exploration activities during 
the avian breeding season (March 1 through July 31) for raptors and 
other migratory birds. Pre-disturbance surveys for migratory birds 
are only valid for 14 days. If the disturbance for the specific location 
does not occur within 14 days of the survey, another survey would 
be needed. If active nests are located, or if other evidence of nesting 

Annually as needed for 
the life of the Project. 

(i.e., mated pairs, territorial defense, carrying nest material, 
transporting food), a protective buffer (the size depending on the 
habitat requirements of the species) would be delineated after 
consultation with the BLM resource specialist. Source: BLM 2020 

ACEPM 2 

Annual surveys would be conducted at golden eagle nest sites that 
are within one mile of the Project Area to determine nest status. The 
timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from the Nevada Department 
of Wildlife (NDOW) based on consideration of bighorn sheep (Ovis 
canadensis) lambing activity. Source: BLM 2020 

Annually as needed for 
the life of the Project. 

ACEPM 3 
Vehicle speeds on undeveloped access roads shall not exceed 15 
miles per hour (mph) and 25 mph on more improved main access 
roads. Source: BLM 2020 

For the life of the Project. 

Source: BLM 2020 

2.3.2 Minimization Measures 

AGA is implementing the following measures and will continue to implement the measures to 
minimize impacts to golden eagles from the Project.  

Carcass Management: Staff will remove carcasses from all roadways within the Plan boundary 
when on site and dispose of them appropriately to reduce the risk of vehicle collisions. 

Employee Awareness and Training Program: Staff and contractors working on the Project will 
be provided training on reducing risks to eagle collisions, reporting eagle and nest observations, 
and any Service requirements provided within the eagle permit. 

2.3.3 Detection and Reporting Measures 

Eagle injuries, mortalities, and previously undocumented eagle nests may be detected through 
incidental observations by AGA personnel and contractors. To improve the probability that 
injuries and mortalities do not go undetected, AGA field staff will be advised to remain alert for 
eagles within exploration areas and access roads at all times. The detection of any new nest sites 
will occur through incidental observations and any monitoring that occurs. 

In the event that a new nest is detected within proximity to exploration activities, the AGA 
Environmental Department or designee will record the circumstances and conditions associated 
with the observation. Among the information recorded and reported to the Service will be the 
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date and time of the detection, the Global Positioning System location (North American Datum 
83), the status of the nest, and if possible, the species. 

When AGA personnel or their contractors encounter a golden eagle injury or mortality within the 
Plan boundary, they must report the incident to the AGA Environmental Representative. 
Personnel must not handle dead or injured eagles unless specifically directed to do so by the 
Service. In the event of an eagle injury, AGA’s Environmental Representative will notify the 
Service and NDOW immediately (the same business day) and in the event of mortality, 
notification will occur by the next business day. 

2.4 Other Alternatives Considered but Not Evaluated in this Environmental Assessment 

The Service considered other alternatives based on communication with the Applicant but 
concluded that these alternatives did not meet the purpose and need underlying the action 
because they were impracticable for the Applicant to carry out or did not adequately address the 
risk of take at the Project. Therefore, the Service did not assess the potential environmental 
impacts of those alternatives. Below is a summary of the alternatives considered but eliminated 
from further review. 

2.4.1 Alternative 3: Deny Permit 

Under this alternative, the Service would deny the permit application because the Applicant falls 
under one of the disqualifying factors and circumstances denoted in 50 CFR 13.21, the 
application fails to meet all regulatory permit issuance criteria and required determinations listed 
in 50 CFR 22.26, or because the Service determined that the risk to eagles is so low that a take 
permit is unnecessary. 

Our permit issuance regulations at 50 CFR 13.21(b) set forth a variety of circumstances that 
disqualify an Applicant from obtaining a permit. None of the disqualifying factors or 
circumstances denoted in 50 CFR 13.21 apply to AGA. Next, the Service considered whether the 
Applicant meets all issuance criteria for the type of permit being issued. For eagle take permits, 
those issuance criteria are found in § 22.26(f). AGA’s application meets all the regulatory 
issuance criteria and required determinations (50 CFR 22.26) for eagle take permits. 

When an Applicant for an eagle take permit is not disqualified under 50 CFR 13.21 and meets all 
the issuance criteria of 50 CFR 22.26, denial of the permit is not a reasonable option. Therefore, 
this alternative, denial of the permit, was eliminated from further consideration. 

3.0 Affected Environment 

This section describes the current status of the environmental resources and values that are 
affected by the Proposed Action and alternatives. 
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3.1 Golden Eagles 

General information on the population trends, distribution, and habitat of golden eagles are 
detailed in the PEIS (USFWS 2016a: Sections 3.3 and 3.4). This section more specifically 
describes the golden eagle population in the Project area. 

3.1.1 Project Area Habitat 

Foraging Habitat 

Vegetation communities in the Project area have been mapped by the Southwest Regional Gap 
Analysis Project (SWReGAP) in land cover files (USGS 2011). The SWReGAP mapping shows 
24 vegetation communities occurring within the four-mile radius of the Plan boundary (Table 3-
1). Three are mapped as over five percent of the Project area: Mojave Mid-Elevation Mixed 
Desert Scrub (46 percent), Sonora-Mojave Creosotebush-White Bursage Desert Scrub (30 
percent), and Inter-Mountain Basins Semi-Desert Shrub Steppe (13 percent). Each of the 
remaining 21 communities account for approximately 11 percent of the Project area. The 
potential foraging value of the various habitat types present in the region has not been quantified, 
but in general, they support golden eagle prey base at varying degrees which supports golden 
eagle foraging. Cliffs, canyons, and outcrops have the potential to support nesting golden eagles. 

Table 3-1 SWReGAP Vegetation Communities within the Project Area 

Vegetation Community Acres Percent 
Agriculture 138 0.12% 
Developed, Open Space - Low Intensity 651 0.55% 
Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland 6 0.01% 
Great Basin Pinyon-Juniper Woodland 178 0.15% 
Great Basin Xeric Mixed Sagebrush Shrubland 1,065 0.90% 
Inter-Mountain Basins Big Sagebrush Shrubland 474 0.40% 
Inter-Mountain Basins Cliff and Canyon 36 0.03% 
Inter-Mountain Basins Greasewood Flat 42 0.04% 
Inter-Mountain Basins Mixed Salt Desert Scrub 1,199 1.01% 
Inter-Mountain Basins Montane Sagebrush Steppe 105 0.09% 
Inter-Mountain Basins Semi-Desert Grassland 9 0.01% 
Inter-Mountain Basins Semi-Desert Shrub Steppe 15,443 13.04% 
Invasive Annual and Biennial Forbland 2 0.00% 
Invasive Annual Grassland 11 0.01% 
Mojave Mid-Elevation Mixed Desert Scrub 54,305 45.85% 
North American Arid West Emergent Marsh 27 0.02% 
North American Warm Desert Bedrock Cliff and Outcrop 5,653 4.77% 
North American Warm Desert Lower Montane Riparian Woodland and Shrubland 266 0.22% 
North American Warm Desert Playa 608 0.51% 
North American Warm Desert Volcanic Rockland 634 0.54% 
North American Warm Desert Wash 26 0.02% 
Recently Mined or Quarried 233 0.20% 
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Vegetation Community Acres Percent 
Sonora-Mojave Creosotebush-White Bursage Desert Scrub 35,485 29.96% 
Sonora-Mojave Mixed Salt Desert Scrub 1,840 1.55% 

Total 118,438 100.00 
*Bold denotes dominant habitat types. 

Other habitat types that are believed to represent golden eagle foraging habitats in the region 
include roads and natural water sources. Paved (e.g., US 95) and non-paved roads are located 
within the Project area. Golden eagles frequently feed on roadkill and other carrion (especially 
during winter) even when live prey is available; golden eagles consume fresh carrion during the 
nesting season (Kochert and Steenhof 2002). Roads within the Project area, particularly 
improved roads that allow vehicles to travel at higher speeds, represent golden eagle scavenging 
habitat (note, however, that they also present a substantial hazard to golden eagles, which are at 
risk of being killed or injured by vehicle strikes). Springs provide a reliable water source for 
eagle prey and, therefore, have the potential to allow for higher concentrations of eagle prey in 
those areas. There are multiple seeps and springs and intermittent and ephemeral drainages along 
the Amargosa River approximately three miles west of the nest sites. Riparian habitats, 
agricultural pivots, and pastures in the Project area also support populations of rodents and 
lagomorphs.  

Nesting Habitat 

Golden eagle nesting habitat includes cliff and rock outcrops in Beatty Wash, the Yucca 
Mountains to the and east, and the Bare Mountains to the south Golden eagles may nest in trees 
if available. 

Other Topographic Features Attractive to Eagles 

Tops of slopes oriented perpendicular to prevailing winds or near ridge crests of cliff edges are 
features that are conducive to slope soaring and are attractive features for eagles. Mountainous 
areas that include ridgelines and slopes with a variety of aspects, such that winds from multiple 
directions would create deflection currents, are also suitable for soaring. Saddles or low points on 
ridge lines or near riparian corridors may serve as flight paths. 

3.1.2 Project Area Golden Eagle Population  

The golden eagle nesting territories within the four-mile radius of the Project were delineated 
based on surveys conducted in 2019 and 2020, as well as information provided by NDOW. A 
total of four distinct territories were delineated based on proximity of nests to one another and 
concurrent use of adjacent nests. Appendix C summarizes the golden eagle territories and status 
of nests within the Project area. Figure 3-1 shows the nest locations in the Project area and 
vicinity. There is limited data for fledged young in the Project area. One of four territories within 
the Project area was documented by NDOW as fledging young in 2014 (SWCA 2019). The 



Environmental Assessment 11 Silicon Exploration Project 

nesting rate for 2019 was zero percent (none of four territories in-use) and for 2020 was 25 
percent (one of four territories in-use).  

3.1.3 Territories Within the Project’s Plan Boundary 

One known territory occurs within the Plan boundary (Figure 3-2). There are six nest sites 
within the territory (SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502) with five located inside 
of the Plan boundary and one outside. These nests are within 1.2 miles of each other and have 
not been simultaneously in use. The territory was documented as occupied and fledged an eaglet 
in 2014, and was not occupied in 2015, 2018, or 2019 (SWCA 2019). This territory was 
occupied again in 2020 with an incubating eagle observed on SI-301 (SWCA 2020). The next 
closest territory is approximately three miles to the southwest. 

3.1.4 Project Eagle Population Stressors 

Exploration Activities 

Exploration activities include preparation of drill pads, development of roads, and drilling. Risks 
to golden eagles include unintentional disturbance from activity near nest sites, such as noise and 
visual irritation from surface disturbance, vehicular traffic on roads, and drilling.  

Roads 

Mobile equipment (i.e., vehicles) used in operations at the Project or traveling to or from the 
Project could strike and injure or kill wildlife. Road-killed wildlife may attract scavenging 
eagles, which in turn could be injured or killed by vehicle collision. AGA has speed limits placed 
on equipment and vehicles operating at the Project. Vehicle speeds on undeveloped access roads 
shall not exceed 15 mph and 25 mph on more improved main access roads. The greater risk for 
vehicle mortality is on area roads outside of the Project (e.g. US 95), which are outside of AGA’s 
control, due to higher speeds and additional traffic. 

Utilities 

Electrical utility infrastructure present in the Project area includes power poles, power lines and 
guy wires, and transformers. These utilities present risks to eagles from electrocution and 
collision. Electrical transmission and distribution lines that do not include sufficient spacing 
between energized lines or between energized lines and ground wires represent an electrocution 
hazard to large birds. The Project is not authorized to construct additional electrical utility 
infrastructure; therefore, additional electrical utility infrastructure would not be constructed by 
the proponent within the Project area. 
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3.2 Bald Eagles 

Bald eagles (Haliaeetus leucocephalus) are known to occur in the region, but are not expected to 
be affected by exploration activities associated with the Project; therefore, disturbance and loss 
of territory of bald eagles are not expected to result from the Project (BLM 2020). 

3.3 Migratory Birds 

Effects to migratory birds have been analyzed in the PEIS (USFWS 2016a). A variety of 
migratory birds have been identified in the Plan boundary; however, issuance of the proposed 
permit is not anticipated to affect one or more species of migratory birds. Additionally, AGA has 
ACEPMs to reduce potential impacts to migratory birds within the Plan boundary (BLM 2020). 

3.4 Species Listed under the Endangered Species Act 

The Mojave desert tortoise (Gopherus agassizii), a federally threatened species listed under the 
Endangered Species Act of 1973 (ESA), as amended (ESA) (16 U.S.C. §§ 1531-1544), has the 
potential to occur within the Plan boundary (BLM 2020). The Service consultation in compliance 
with Section 7 of the ESA was completed on November 25, 2019 (08ENVS00-2020-F-0017). 
The Service concluded that the Project is not likely to jeopardize the continued existence of the 
threatened Mojave desert tortoise, and the Applicant would implement desert tortoise 
minimization measures outlined during the consultation. The Service’s decision regarding an 
eagle take permit would not alter the physical footprint of the Project and therefore would not 
alter the Project impacts to federally threatened and endangered species in the Plan boundary, 
including the Mojave desert tortoise. 

3.5 Coordination with Tribal Governments 

Bald and golden eagles are important symbols of U.S. history and sacred to many Native 
American cultures. Some Native American cultures utilize eagles, eagle feathers, and other eagle 
parts for religious practices and cultural ceremonies. Outside of rituals and practices, wild eagles 
as live beings are deeply important to many tribes (Lawrence 1990, as cited by USFWS 2016a). 
Numerous tribes confirmed the importance of wild eagles during scoping and tribal consultation 
for the PEIS (Service 2016).  

Tribal participation is an integral part of the NEPA and the National Historic Preservation Act 
(NHPA) process, as well as a key component of the Service’s decision whether to issue an eagle 
take permit. Cultural and religious concerns regarding eagles were analyzed in the PEIS (Service 
2016), and tribal consultation already conducted for the PEIS is incorporated by reference into 
this EA. The PEIS identified tribal coordination as an important issue for subsequent analysis, 
given the cultural importance of eagles to the tribes. In accordance with Executive Order 13175, 
Consultation and Coordination with Tribal Governments (65 FR 67249), the NHPA Section 106 
(36 CFR § 800) and the Service’s Native American Policy, the Service consults with Native 
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American tribal governments whenever our actions taken under the authority of the Eagle Act 
may affect tribal lands, resources, or the ability to self-govern. This coordination process is also 
intended to ensure compliance the American Indian Religious Freedom Act.  

To notify Tribes regarding potential issuance of the requested Permit, the Service sent letters to 
the eight federally-recognized tribal governments located within 109 miles (the natal dispersal 
distance of golden eagles thought to adequately define the local area population of the eagles) of 
the Project informing them of the received Permit application and preparation of this EA.  

As of the start of the 30-day comment period, no tribes provided comment during scoping and 
tribal outreach for this EA. The Proposed Action or considered alternatives would not impact 
cultural or socioeconomic interests beyond the impacts already discussed in the PEIS. Therefore, 
cultural and socioeconomic interests has not been analyzed further in this EA. 

3.6 Climate Change 

Climate change was considered in the PEIS (USFWS 2016a; Section 3.9, page 144), and is not 
analyzed further in this EA. 

4.0 Environmental Consequences 

This section summarizes the effects on the environment of implementing the Proposed Action or 
alternatives to the action. The discussion of overall effects to the environment of the eagle take 
permit program is provided in the PEIS (USFWS 2016a). This section of this EA analyzes only 
the effects that were not analyzed in the PEIS (USFWS 2016a) that may result from the issuance 
of an eagle take permit for this Project. 

4.1 Alternative 1: Proposed Action 

In determining the significance of effects of the Project on eagles, the Service screened the 
Proposed Action of issuing an eagle take permit for the take of golden eagles against the analysis 
provided in the PEIS (USFWS 2016a) and the Service’s 2016 report, Bald and Golden Eagles 
Population Demographics and Estimation of Sustainable Take in the United States, 2016 Update 
(USFWS 2016b). The Service assessed Project effects to eagles at the project, local, and regional 
scales. 

4.1.1 Direct and Indirect Effects 

Under the Proposed Action, the Applicant is requesting authorization for disturbance to and loss 
of annual productivity from breeding golden eagles for up to 10 take incidents for no more than 
10 years from the date of the issuance of the permit. Within one mile of authorized surface 
disturbance activities, there is thought to be one breeding pair occupying a territory that consists 
of six nest sites (SI-301, SI-302, SI-30, SI-304, SI-305, and SI-502) (Figure 3-2) which are 
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located on natural outcrops. During implementation of exploration activities, it is most likely that 
eagles associated with this territory are the most likely to be the breeding pair impacted. 
However, there is some potential for a second breeding pair to nest within one mile of surface 
disturbance that could also be impacted. As such, the Proposed Action would authorize the 
disturbance to and loss of annual productivity for up to 10 take incidents to breeding golden 
eagles over a 10 year period regardless of which territory might be disturbed. We acknowledge 
that the take incidents could occur such that one breeding pair is disturbed per year, or multiple 
breeding pairs could be disturbed in any given year. Regardless, the Applicant could not exceed 
10 take incidents over the 10 year authorization period.  

The Proposed Action would have a direct impact to the golden eagles through the presence of 
drilling in close proximity to their nests, thus causing potential negative impacts to golden eagle 
breeding and nesting activities. 

Disturbance of an occupied golden eagle territory is assumed to result in loss of annual 
productivity (i.e., number of young reared) from that territory. The Service uses an estimate of 
0.59 golden eagle young fledged per occupied nesting territory per year (USFWS 2016c) to 
estimate loss of annual productivity. 

Along with the monitoring and minimization measures outlined in Section 2, the Applicant 
would provide compensatory mitigation to offset the expected take. To determine the amount of 
mitigation required, the Service’s Golden Eagle REA was used (USFWS 2018) as described in 
Section 2 of this EA.  

The Eagle Act regulations require compensatory mitigation to be conducted in the same Eagle 
Management Unit (EMU) in which the take occurs. The Project is located in the Pacific Flyway 
EMU. The site of power poles to be retrofitted has not yet been determined but would be in the 
Pacific Flyway. 

In addition, the Proposed Action incorporates adaptive management and minimization measures 
as described in Section 2. The proposed ACEPMs would continue to be implemented but as 
permit stipulations to further reduce the risk of Project-related injury or mortality hazards to 
eagles within the Project boundary. 

The Proposed Action meets the purpose and need as it is consistent with the Eagle Act and its 
regulations and adequately addresses the risk of take at the Project. 

Bald Eagles 

Because the Project has not changed in scope, timing, or duration, no significant adverse effects 
are foreseen to bald eagles as a result of the Project (BLM 2020). Although take of bald eagles is 
not expected to occur at this Project and take of bald eagles would not be permitted, bald eagles 
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in the region may benefit from avoidance and minimization measures established to reduce the 
risk to golden eagles. Bald eagles may benefit from compensatory mitigation actions provided to 
offset the take of golden eagles under the Proposed Action. 

Migratory Birds 

Because the Project has not changed in scope, timing, or duration, no significant adverse effects 
to migratory bird populations are expected as a result of the Project (BLM 2020). Issuance of an 
eagle take permit to the Project may also provide benefits to migratory birds. Power pole retrofits 
completed as compensatory mitigation for the eagle take permit may minimize electrocution risk 
for raptors and other migratory birds, just as with eagles. 

Species Listed under the Endangered Species Act 

The Mojave desert tortoise (Gopherus agassizii), a federally threatened species listed under the 
Endangered Species Act of 1973 (ESA), as amended (ESA) (16 U.S.C. §§ 1531-1544), has the 
potential to occur within the Plan boundary (BLM 2020). The Service consultation in compliance 
with Section 7 of the ESA was completed on November 25, 2019 (08ENVS00-2020-F-0017). 
The Service concluded that the Project is not likely to jeopardize the continued existence of the 
threatened Mojave desert tortoise, and the Applicant would implement desert tortoise 
minimization measures outlined during the consultation (BLM 2020). The effects of authorizing 
incidental eagle take is not expected to have effects to species protected by the ESA, including 
the Mojave desert tortoise. 

4.1.2 Cumulative Effects 

The purpose of this cumulative effects evaluation is to identify situations where the eagle take 
proposed under the Proposed Action, combined with take from other present or foreseeable 
future actions and sources, may be approaching levels that are biologically problematic or that 
cannot reasonably be offset through compensatory mitigation. Effects of take may be cumulative 
at the project scale, at the local-area eagle population scale, and at the EMU scale. 

At the Project scale, the alteration of the eagle habitat from Project development could cause 
shifting in eagle pair territory boundaries in the vicinity of the Project, which could cause 
increased antagonistic interactions with surrounding eagle pairs, potentially creating a ripple-
effect of impacts to eagles in areas surrounding the Project. 

To ensure that eagle populations at the local scale are not depleted by cumulative take in the 
local area, the Service analyzed in the PEIS (USFWS 2016a) the amount of take that can be 
authorized while still maintaining LAP of eagles. The LAP scale is defined for eagles as the 
median natal dispersal distance for the given species, which for golden eagles is a 109-mile 
radius (USFWS 2016b). In order to issue a permit, cumulative authorized take must not exceed 
five percent of a LAP unless the Service can demonstrate why allowing take to exceed that limit 
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is still compatible with the preservation of eagles. The eagle take permit regulations require the 
Service to conduct an individual LAP analysis for each permit application as part of the 
application review. 

Therefore, the Service considered cumulative effects to the LAP surrounding the Project Plan 
boundary (Figure 4-1) to evaluate whether the take to be authorized under this permit, together 
with other sources of permitted take and unpermitted eagle mortality, may be incompatible with 
the persistence of the Project’s LAP. Data provided by AGA, data on other eagle take authorized 
and permitted by the Service, and other reliably documented unauthorized eagle mortalities has 
been incorporated to estimate cumulative impacts to the LAP. The cumulative effects analysis 
was conducted as described in the Service’s Eagle Conservation Plan Guidance (USFWS 2013). 

The LAP for the Project was estimated to be 365.44 golden eagles. The five percent benchmark 
for authorized take of that LAP is 18.27 eagles, while current authorized take in the LAP, 
including that estimated to occur at the Project, is 4.77 golden eagles or 1.31 percent of the LAP 
per year. The take that would be authorized by this permit for the Project does not exceed one 
percent of the LAP, so it would not significantly impact the LAP. 

Additionally, take of eagles has the potential to affect the larger eagle population. Accordingly, 
the 2016 PEIS analyzed the cumulative effects of permitting take of golden eagles in 
combination with ongoing unauthorized sources of human-caused eagle mortality and other 
present or foreseeable future actions affecting golden eagle populations. As part of the analysis, 
the Service determined sustainable limits to permitted take within each EMU. The take that 
would be authorized by this permit would be offset by the compensatory mitigation that would 
be provided by the Applicant, so it would not significantly impact the EMU eagle population. 
The minimization measures that would be required under the permit, along with the additional 
adaptive management measures, are designed to further ensure that the permit is compatible with 
the preservation of golden eagles at the regional EMU population scale. 

4.2 Alternative 2: No Action Alternative 

4.2.1 Direct and Indirect Effects 

The Service assumes the level of take is the same under the Proposed Action and No Action 
Alternative, but under the No Action Alternative, the Service would take no action on the permit 
application. A permit would not be issued, and compensatory mitigation would not be required. 
Under this alternative, direct impacts of the Project on the golden eagle population would be 
assumed to be loss of productivity at one nest site in one golden eagle breeding pair’s territory, 
over ten years, and this take would not be offset by compensatory mitigation. The Applicant 
would continue to implement the monitoring and avoidance measures for the Project as 
described in Section 2; however, additional measures outside of those referenced in Section 2, 
including compensatory mitigation, would not be implemented. 
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This alternative does not meet the purpose and need for the action because, by regulation (50 
CFR 13.21), when in receipt of a completed application, the Service must either issue or deny a 
permit to the Applicant. The No Action Alternative also does not meet the purpose of and need 
for the action because it would result in the adverse, unmitigated effects to golden eagles 
described above, and these effects are not compatible with the preservation of golden eagles. 

Bald Eagles 

Under the No Action Alternative, benefits that bald eagles might incur from minimization 
measures established under a golden eagle take permit to reduce the risk to golden eagles, as well 
as from compensatory mitigation actions provided to offset the take of golden eagles, would not 
occur. 

Migratory Birds 

Any incidental benefits to migratory birds from minimization measures and compensatory 
mitigation required under an eagle take permit would not be realized under the No Action 
Alternative.  

Species Listed under the Endangered Species Act 

Any incidental effects to federally threatened and endangered species from minimization 
measures and compensatory mitigation required under an eagle take permit would not be realized 
under the No Action Alternative. 

4.2.2 Cumulative Effects 

Cumulative impacts are defined as incremental impacts of the action on the environment when 
added to other past, present, and reasonably foreseeable future actions. The geographic extent of 
for the analysis of cumulative impacts is within a 175-kilometer (109-mile) radius surrounding 
the Project LAP, which represents the average natal dispersal distance of golden eagles (USFWS 
2016a). There is incomplete information available regarding the level of unpermitted golden 
eagle take in the region; thus, golden eagle take in the past, present, and foreseeable future is not 
fully known. Over the past 25 years, the Service knows of 142 golden eagles killed by a variety 
of causes. This information suggests that approximately 5.68 golden eagles are killed per year in 
the LAP. Thus, the known annual unpermitted take suggests an anticipated unpermitted take of 
approximate 1.52 percent per year for the LAP. Two permits have been previously issued within 
the LAP (#00542B and 23857D) which have authorized take of 4.18 golden eagles each year. 
The Service is currently reviewing one additional permit application 20776D, and if issued, take 
would be fully offset by the compensatory mitigation that would be provided by the permit 
holder. Overlap of take from pending permit applications (#20776D) within the LAP is 
approximately 0.59 estimated eagles per year. 
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The total anticipated cumulative take would be 2.99 percent per year for the LAP. The loss of 
productivity authorized by permits would be fully offset by the compensatory mitigation that 
would be provided by the permit holders. The anticipated unpermitted take of approximate 1.52 
percent per year for the LAP would not be offset by compensatory mitigation. 

4.3 Comparison of Effects of Alternatives 

The main differences between the Proposed Action and the No Action Alternative are the issuing 
of a permit with compensatory mitigation requirements to offset the permitted take under the 
Proposed Action and the level of concurrent and post-construction monitoring that would occur 
(Table 4-1). The Service assumes the level of take is the same under the Proposed Action and 
No Action Alternative, but under the No Action Alternative, compensatory mitigation would not 
be required.  

The Proposed Action is likely to have no significant impacts on golden eagles as there is no 
unmitigated take, and it meets all regulatory requirements and the conservation standard set forth 
in the 2016 PEIS (USFWS 2016a). 

Table 4-1 Comparison of the Proposed Action and No Action Alternative 

 Alternative 1: Proposed Action Alternative 2: No Action Alternative 

Eagle Take Levels Loss of productivity from breeding golden 
eagles up to 10 incidents over 10 years.  

Loss of productivity from breeding 
golden eagles up to 10 incidents over 10 
years.  

Avoidance and 
Minimization 

Applicant will continue to implement the 
measures to minimize impacts to golden 
eagles (Section 2) at the Project including: 
vehicle speed limits; employee 
awareness/training programs; and carcass 
management. 

Same as detailed under the Proposed 
Action, as the applicant is committed to 
these measures even without issuance of 
a permit. 

Compensatory 
Mitigation 

Retrofitting of power poles to offset the loss 
of annual productivity from breeding golden 
eagles for up to 10 take incident for no more 
than 10 years from the date of the issuance of 
the permit. 

None provided. 

Detection and 
Reporting  

Applicant will continue to meet their BLM 
requirements from the 2020 EA, implement 
the measures to minimize impacts to golden 
eagles (Section 2) including the reporting and 
detection system to ensure that personnel 
adhere to the appropriate actions should a 
previously unidentified nest, injured eagle, or 
deceased eagle be identified. 

Same as detailed under the Proposed 
Action. 

Unmitigated Eagle 
Take None. 

Loss of productivity from breeding 
golden eagles up to 10 take incidents 
over 10 years. 
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 Alternative 1: Proposed Action Alternative 2: No Action Alternative 

Adaptive Management 

If continued monitoring determines that there 
are multiple takes occurring in a given year 
and that the Proponent is approaching their 
take permit limits, adaptive management 
would be implemented. First, the Applicant 
would apply avoidance buffers on in-
use/occupied nests to prevent incidental take. 
If avoidance is not practicable, the Proponent 
may request a permit amendment from the 
Service. Additionally, at the five-year review 
of the permit, the Service and the Applicant 
may consider additional adaptive 
management strategies. 

None. 

Data 
Collection/Monitoring 

A qualified third party biologist will monitor 
golden eagle nests within one mile of the 
Project annually to determine nest status. 
Applicant will also document any eagle 
mortality identified while working at the 
Project.  

AGA will conduct annual nest status 
monitoring for the Project, as the 
applicant is committed to these 
measures even without issuance of a 
permit.  

Company Liability for 
Eagle Take None Yes. 
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5.0 Mitigation 

The Proposed Action incorporates measures to minimize and avoid impacts to the maximum 
degree practicable, as required by regulation. To ensure that regional eagle populations are 
maintained consistent with the preservation standard, regulations require that any golden eagle 
take that cannot practicably be avoided and is above EMU take limits must be offset by 
compensatory mitigation at a 1.2 to 1 ratio. As golden eagle take limits for all EMUs were 
determined to be zero (USFWS 2016a), compensatory mitigation is necessary to offset any 
authorized take of golden eagles. The 1.2 to 1 ratio for compensatory mitigation achieves a net 
benefit to golden eagle populations, ensuring that regional eagle populations are maintained 
consistent with the preservation standard of the Eagle Act despite indications of declines in 
golden eagle populations (USFWS 2016a). As this would fully offset the estimated take, as well 
as provide an additional net benefit to eagle populations, there would be no significant effects to 
eagle populations from issuing an eagle take permit under the Proposed Action. Section 2 
provides details of the compensatory mitigation and minimization measures that would be 
completed under the Proposed Action. 
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1.0 PURPOSE OF THIS PLAN 

The purpose of this Eagle Conservation Plan (ECP) is to support an application for a golden eagle 
(Aquila chrysaetos) nest take permit under the permit regulations of the Bald and Golden Eagle 
Protection Act of 1940, as amended (BGEPA). Specifically, AngloGold Ashanti North America 
(AGA) is requesting a take permit issued by the United States Fish and Wildlife Service (USFWS) 
under 50 Code of Federal Regulations (CFR) § 22.26 for the incidental take of golden eagles from 
otherwise lawful activities associated with the Silicon Exploration Project (Project). The Project is 
located approximately six miles (10 kilometers [km]) northeast of the town of Beatty, Nevada 
(Figure 1). The Project is a mineral exploration project authorized by the Bureau of Land 
Management (BLM) Battle Mountain District, Tonopah Field Office in Nye County, Nevada. 

The BGEPA (as amended) prohibits the “take” of bald and golden eagles. BGEPA defines “take” 
to include “pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest or disturb,” 
and prohibits take of individuals and their parts, nests, or eggs. Permitting regulations (50 CFR Part 
22) were issued in 2009 and revised in 2016. Known as the “Eagle Permitting Rule,” these regulations 
allow the USFWS to administer a permit program allowing for the lawful take of eagles and nests. 

AGA has prepared this ECP to support their application for a BGEPA eagle “take” permit. This ECP 
provides information and materials to support an eagle nest take permit application and 
demonstrates that the proposed take is compatible with the preservation of golden eagles and 
the issuance criteria in 50 CFR § 22.26. There are six golden eagle nest sites (SI-301, SI-302, SI-303, 
SI-304, SI-305, and SI-502) associated with one territory within the one-mile buffer of authorized 
Project disturbance. This ECP supports the eagle nest take permit application that has been 
submitted by AGA requesting authorization for reoccurring disturbance to and loss of annual 
productivity from breeding golden eagles no more than 10 times up to 10 years (2022-2032). 

An application for a take permit under 50 CFR § 22.26 requires the information listed below. Also 
provided is a reference to where in this ECP the information is provided. 

• The duration of the Project for the permit is 10 years (see Section 1); 

• A description of approved activities at the Project and surrounding area (Section 2); 

• A discussion of eagle habitat, as it relates to foraging, nesting, and topography, found in 
the four-mile radius of the Project area (Section 3); 

• A brief description of the golden eagle nesting population within a four-mile radius of the 
proposed Plan of Operations (Plan) boundary and territories proposed for take (Section 4); 

• An assessment of the risks to golden eagles posed by the Project (Section 5); 

• A review of practicable avoidance and minimization measures that AGA could and are 
employing to abate the potential risk (Section 6); and 

• Monitoring and adaptive management of eagle populations (Section 7).  
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2.0 INTRODUCTION AND BACKGROUND 

2.1 LOCATION AND EXPLORATION HISTORY 

The project is located on the western end of the Yucca Mountains and is located approximately 
six miles (10 km) northeast of the town of Beatty in Nye County, Nevada. The Project can be 
assessed in two directions from Beatty, Nevada: 1) traveling south 1.3 miles (2.1 km) on U.S. 
Highway 95 (US 95) and approximately 8.9 miles (14.3 km) up Fluorspar Canyon Road (Nye County 
Road 249) and Tate’s Wash Road (Nye County Road 926019); and 2) traveling 3.6 miles (5.8 km) 
north on US 95 and approximately 4.1 miles (6.6 km) east on the North Beatty Wash Road (Nye 
County Road 926026) that connects to the Beatty Wash Road (Nye County Road 926025) at the 
Project. AGA submitted a notice of intent (Notice N-95843) in 2019, the Plan was approved by BLM 
in 2020 (NVN-097820) (BLM, 2020a), and a Finding of No Significant Impact and Decision Record 
were issued by the BLM on July 24, 2020 (BLM, 2020b). 

2.2 AUTHORIZED AND PROPOSED FACILITIES 

AGA is authorized to conduct phased mineral exploration-related activities within a 3,630-acre 
area (Project Area) to determine the extent and quality of a mineral resource. Surface-disturbing 
activities are approved for up to 155 acres. The following are authorized disturbances that could 
occur as a result of the Project, which are also shown on Figure 2: reverse circulation and core 
drilling from constructed drill sites, road construction and overland travel, bulk sampling, 
geotechnical auger holes and geological test pits, geologic and geophysical mapping, water 
monitoring well and water extraction well installation, and construction of a meteorological 
station. Some of these features have not yet been constructed, and these disturbances occur in 
phases. Phase I consists of approximately 50 acres of surface disturbance in addition to five acres 
of Notice-level surface disturbance for a total of approximately 55 acres. The remaining 100 acres 
of disturbance will occur under subsequent phases over approximately 10 years. Exploration 
activities may occur year-round and 24 hours per day, with up to four drill rigs operating at one 
time and up to 20 personnel on site. In addition to AGA’s authorized disturbance, there is an 
existing road network throughout the Project area used for Project access.   
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3.0 AREA HABITATS 

The Eagle Conservation Plan Guidance Module 1 – Land-based Wind Energy, Version 2 
recommends that an analysis of potential impacts on nesting golden eagles include the Project 
footprint itself (Plan boundary) and a surrounding four-mile buffer area (study area) (Figure 1). 
Although this guidance was designed for wind energy, no such guidance exists for mining, and is 
the best available guidance for analysis of potential impacts. 

3.1 FORAGING HABITAT 

Vegetation communities in the study area have been mapped by the Southwest Regional Gap 
Analysis Project (SWReGAP) in land cover types (Figure 3) (USGS, 2011). The SWReGAP mapping 
shows 24 vegetation communities occurring within the study area. Table 1 presents the total acres 
of the vegetation communities within the study area. Three vegetation communities are mapped 
as over five percent of the Project area: Mojave Mid-Elevation Mixed Desert Scrub (51 percent), 
Sonora-Mojave Creosotebush-White Bursage Desert Scrub (24 percent), and Inter-Mountain Basins 
Semi-Desert Shrub Steppe (16 percent). Each of the remaining 21 communities account for 
approximately nine percent of the study area. Golden eagle prey species, such as black-tailed 
jackrabbits (Lepus californicus), mountain cottontails (Sylvilagus nuttallii), and larger diurnal 
rodents (i.e., yellow-bellied marmots [Marmota flaviventris]), are commonly found within many of 
the vegetation communities present in the study area. The potential foraging value of the various 
habitat types present in the region has not been quantified, but in general, they are believed to 
represent high-value native foraging habitats. 

Other habitat types that are believed to represent important golden eagle foraging habitats in 
the region include roads and natural water sources. Paved (e.g., US 95) and non-paved roads are 
located within the study area. Golden eagles frequently feed on roadkill and other carrion 
(especially during winter) even when live prey is available; golden eagles consume fresh carrion 
during the nesting season (Kochert and Steenhof, 2002). Roads within the Project area, particularly 
improved roads that allow vehicles to travel at higher speeds, represent potentially high-value 
golden eagle scavenging habitat. Springs provide a reliable water source for eagle prey and, 
therefore, have the potential to allow for higher concentrations of eagle prey in those areas. There 
are multiple seeps and springs and intermittent and ephemeral drainages along the Amargosa 
River approximately three miles west of the nest sites. Riparian habitats, agricultural pivots, and 
pastures in the Project area also support populations of rodents and lagomorphs.  

3.2 NESTING HABITAT 

Within the study area, various rock outcrops were identified as areas with nesting golden eagles. 
In 2020, there was one in-use/occupied golden eagle nest (SI-301) documented in the study area, 
which was on a rock outcrop. Golden eagle nesting habitat includes cliff and rock outcrops in 
Beatty Wash, the Yucca Mountains to the north and east, and the Bare Mountains to the south. 
Golden eagles may nest in tree if available.  



 
Eagle Conservation Plan – Silicon Exploration Project 
AngloGold Ashanti North America 

November 2021 
4 

 

3.3 TOPOGRAPHIC FEATURES ATTRACTIVE TO EAGLES 

Tops of slopes oriented perpendicular to prevailing winds or near ridge crests of cliff edges are 
features that are conducive to slope soaring and are attractive features for eagles. Saddles or 
low points on ridge lines or near riparian corridors may serve as flight paths. Nearby perch and 
roost sites may also attract eagles. As described above, the area surrounding the Project 
represents golden eagle potential foraging habitat, though the value of this habitat varies in 
quality. 

Cliffs and outcrops occur in the Beatty Wash, the Yucca Mountains to the north and east, and the 
Bare Mountains to the south. Mountainous areas that include ridgelines and slopes with a variety 
of aspects, such that winds from multiple directions would create deflection currents, are suitable 
for soaring. Habitats surrounding the Project include perch and roost sites, and the area is suitable 
golden eagle nesting and foraging habitat as described above. 
 
Table 1 SWReGAP Vegetation Communities within the Study Area (Four-mile Radius) 

Vegetation Community Acres Percent 

Developed, Open Space - Low Intensity 66 0.09 

Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland 6 0.01 

Great Basin Pinyon-Juniper Woodland 165 0.23 

Great Basin Xeric Mixed Sagebrush Shrubland 1,009 1.39 

Inter-Mountain Basins Big Sagebrush Shrubland 376 0.52 

Inter-Mountain Basins Cliff and Canyon 35 0.05 

Inter-Mountain Basins Greasewood Flat 37 0.05 

Inter-Mountain Basins Mixed Salt Desert Scrub 822 1.13 

Inter-Mountain Basins Montane Sagebrush Steppe 3 <0.01 

Inter-Mountain Basins Semi-Desert Grassland 9 0.01 

Inter-Mountain Basins Semi-Desert Shrub Steppe 12,119 16.65 

Invasive Annual and Biennial Forbland 2 <0.01 

Invasive Annual Grassland 10 0.01 

Mojave Mid-Elevation Mixed Desert Scrub 37,014 50.86 

North American Arid West Emergent Marsh 26 0.04 

North American Warm Desert Bedrock Cliff and Outcrop 892 1.23 

North American Warm Desert Lower Montane Riparian Woodland and Shrubland 266 0.37 

North American Warm Desert Playa 364 0.5 

North American Warm Desert Volcanic Rockland 612 0.84 

Recently Mined or Quarried 233 0.32 

Sonora-Mojave Creosotebush-White Bursage Desert Scrub 17,212 23.65 

Sonora-Mojave Mixed Salt Desert Scrub 1,491 2.05 

Total 72,771 100 
*Bold denotes dominant habitat types. 
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4.0 TERRITORIES PROPOSED FOR TAKE 

A major component of the risk assessment is to identify Project activities that could result in a take. 
Those territories proposed for take are those that have been identified within the Plan boundary 
and are in the USFWS’s one-mile buffer of surface disturbance activities. Golden eagle surveys 
have been conducted around the Project area in 2019, 2020, and 2021 (SWCA, 2019, 2020, 2021), 
and additional data regarding the Beatty Wash Territory was provided by Nevada Department of 
Wildlife (NDOW) for 2014, 2015, and 2018 (SWCA, 2019). Inventory and monitoring efforts of 2019, 
2020, and 2021 have followed Pagel et al. (2010), which is the standard golden eagle survey 
protocol accepted by the USFWS. In 2019 and 2020, surveys were ground based due to restricted 
airspace of the Nevada Test and Training Range, and NDOW had previously expressed concern 
of potential impacts of aerial surveys to desert bighorn sheep (Ovis canadensis nelsoni) during the 
lambing season. These two surveys (2019 and 2020) focused on completing a thorough inventory 
of nests within a four-mile radius and capturing information regarding nest occupancy, 
productivity, and success. The 2021 survey was ground-based but only focused eight nests from 
two territories (Beatty Wash and Upper Beatty Wash) that were considered in-use/occupied during 
2019 and 2020. 

The 2019 surveys were conducted between January 10-25 and March 12-17, and the 2020 surveys 
were conducted between January 15-24 and February 20-27. The 2021 surveys were conducted 
between January 13-16 and March 2-22.  

A total of 14 golden eagle nest sites have been documented within four-mile radius of the study 
area during six surveys over the last eight years (2014, 2015, 2018, 2019, 2020, and 2021). During 
these six surveys, two nests (SI-301 and SI-510) were considered in-use/occupied by golden eagles 
(Table 2). In addition to the current nests known to occur and breeding pairs using the four-mile 
radius, there is potential for additional nests, territories, and breeding pairs to nest in the area.  

One in-use/occupied nest (SI-301) and five alternative nests (SI-302, SI-303, SI-304, and SI-305) are 
less than one-mile of the proposed surface disturbance and within the Project boundary. The 
remaining alternate nest (SI-502) is within one mile of the proposed surface disturbance and 
located outside Project boundary. These six nests have been considered a territory referred to as 
Beatty Wash. As such, the potential impacts of the Project include the indirect take of the Beatty 
Wash territory. A viewshed analysis has been conducted using proposed disturbance, 
topography, and Geographic Information System tools for each nest to illustrate the portions of 
anthropogenic activity that are within line-of-sight from the golden eagle nests subject to take 
(Figure 4). Due to their sensitive nature, nest locations are not shown in this figure. 
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Table 2 Golden Eagle Nests Within the Vicinity of the Project and Status (2014-2021) 

Territory Nest ID 
Year and Territory Status   

Number of 
Seasons 
Territory 

was In-Use 
/Occupied 

Territory 
Occupancy 

Rate 
20141 20151 20181 20191 20202 20213 

Beatty 
Wash 

SI-301 

In
-U

se
/O

cc
up

ie
d 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

n-
Us

e/
O

cc
up

ie
d 

Un
oc

cu
pi

ed
 

2 0.33 

SI-302 

SI-303 

SI-304 

SI-305 

SI-502 

Upper 
Beatty 
Wash 

SI-206 

-- -- -- 
s

/O
cc

up
ie

d
e

 

oc
cu

pi
ed

 

no
cc

up
ie

d*
 

1 0.5 

SI-209 

SI-211 

SI-510 

In
-U Un U

Fluorspar 
Canyon SI-503 -- -- -- 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

-- 0 0 

Specie 
Spring 

SI-003 

-- -- -- 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

-- 0 0 SI-004 

SI-019 

Total Number of In-
Use/Occupied 
Territories/Total 
Territories 
Surveyed 

1/1 0/1 0/1 1/4 1/4 0/1 
  

Territory 
Occupancy Rate 1 0 0 0.25 0.25 0 

Bold territory is proposed for take 
1 SWCA, 2019 – No specific-nest information provided for 2014, 2015, and 2018 surveys 
2 SWCA, 2020 
3 SWCA, 2021 
*Only SI-211 and SI-510 were monitored 
In-Use/Occupied = an eagle (bald or golden) nest characterized by the presence of egg(s), dependent 
young, or an adult on the nest in the past 10 days during the breeding season 
Unoccupied (alternative nest) = one of potentially several nests within a nesting territory that is not an in-
use/occupied nest at the current time. When there is not an in-use/occupied nest, all nests in the territory 
are alternate nest  
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4.1 BEATTY WASH TERRITORY: SI-301, SI-302, SI-303, SI-304, SI-305, 
AND SI-502 

The Beatty Wash territory consists of six nests (SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502) on the 
western of the Project boundary along Beatty Wash on the western portion of the Yucca 
Mountains. These nests are within 1.1 miles of each other and have not been simultaneously in use. 
The closest nest (SI-003) is 4.1 miles southwest of SI-502, and the next closest nest (SI-503) is 4.2 miles 
to the southwest of SI-502. Both closest nests are thought to be part of a separate territory.  

All six nests were surveyed from 2019 to 2021, and these nests were found and identified as golden 
eagle nests in 2019. However, NDOW data suggests that one nest within the territory was in-
use/occupied (in-use) in 2014 (SWCA, 2019); therefore, some of these nests in Beatty Wash territory 
were potentially identified earlier than 2019. Because nest-specific data is not available for 2014 
to 2018, occupancy was calculated for individual nests using the 2019 to 2021 data and it should 
be recognized that the actual occupancy per nest is likely different. During this period, SI-301 was 
in-use/occupied in 2020 resulting in an occupancy rate of 33 percent. All other nests within Beatty 
Wash territory were never in-use/occupied resulting in an occupancy rate of zero percent. 
Overall, the territory was documented as in-use/occupied in 2014 and 2020 resulting in a territory 
occupancy rate of 33 percent. The territory is above the average occupancy when compared 
to territories within the study area (average occupancy per territory per year is 16.7 percent). 
Graph 1 presents the Beatty Wash territory status per year compared to the average for the 
territories defined with the study area. 

Graph 1 Beatty Wash Territory Occupancy Rate Compared to Average Territory Occupancy 
Rates of Study Area 
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5.0 RISK ASSESSMENT 

A major component of the risk assessment is to identify project activities that could result in a take. 
This section presents a discussion of the assessment of the level of risk from the Project to the golden 
eagle breeding population in the vicinity of the Project. Principal risks to golden eagles from 
mineral exploration are generally low, and include activities associated with exploration drill pads, 
drilling, and exploration roads, and other proposed/authorized mining activities listed in Section 
2.0. The greatest risk-factor to golden eagles associated with a mineral exploration project is likely 
occur during the courtship, nesting, and fledging season. This is especially true when golden eagle 
breeding territories are located within one mile of surface activity.  

A summary of proposed take to golden eagles anticipated from activities associated with Project 
is provided in Table 3. Discussion of the risk that could be posed by the Project to golden eagles is 
described below. 

Table 3 Summary of Impacts to Eagles at the Silicon Exploration Project  

Eagle Impact Silicon Impacts 

Direct take (mortality) Sections 5.2 and 5.3: None anticipated, low risk  
Indirect take (loss of productivity from Section 4.0: Breeding Golden Eagles and Associated 
disturbance) Territories No More than 10 times for up to 10 years  
Habitat loss Section 5.1 

Territory loss (number of territories) Section 4.0: Breeding Golden Eagles and Associated 
Territories No More than 10 times for up to 10 years 

Nest removal 
involved) 

(number of nests for each territory None 

 

5.1 HABITAT-RELATED RISKS 

The Project is approved for total surface disturbance of up to 155 acres. Reduction of habitat 
because of direct exploration disturbance has the potential to impact golden eagles. Specifically, 
impacts to functional shrublands that support jackrabbit populations could influence prey 
availability to golden eagles, especially during the breeding season when adults are foraging 
routinely to provide adequate food for their young. However, due to the extensive amount of 
available foraging habitat within the four-mile buffer of the Project (Table 1 and Figure 3), scarcity 
of food because of direct loss of habitat is not likely to be a limiting factor to the local golden 
eagle breeding population.  

5.2 VEHICLE COLLISION-RELATED RISKS 

Mobile equipment (i.e., vehicles) used in operations at the Project or traveling to or from the 
Project could strike and injure or kill wildlife. Road-killed wildlife may attract scavenging eagles, 
which in turn could be injured or killed by vehicle collision. Because AGA already implements 
conservation measures associated with reducing road mortality risk (see Section 6.0), the potential 
for eagle mortality due to vehicle collision at the Project is low. Additional traffic controls can be 
implemented by AGA as necessary through direct communication regarding road hazards.   
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6.0 AVOIDANCE AND MINIMIZATION MEASURES 

AGA currently employs conservation measures associated with the authorized Plan, including 
applicant-committed Environmental Protection Measures (ACEPMs). The applicant will implement 
all conservation measures and commitments summarized below. Upon issuance of a take permit, 
monitoring would be conducted as required per permit stipulations, including being conducted 
by a third party over the life of the Project. Table 4 presents a summary of the ACEPMs with 
monitoring and a schedule for implementation. Although not specific to golden eagle protection, 
the implementation and continuation of the following plans will continue to benefit golden eagle 
conservation: 1) noxious weed control, 2) solid and hazardous wastes 3) management, 
reclamation, 4) carcass management on roadways; 5) employee awareness and training 
program, and 6) detection and reporting measures. 

Table 4 Golden Eagle Protection Measures 

ACEPM Monitoring Actions Duration 

ACEPM 1 

A nest survey would be conducted by a qualified biologist prior to 
any surface disturbance associated with exploration activities during 
the avian breeding season (March 1 through July 31) for raptors and 
other migratory birds. Pre-disturbance surveys for migratory birds are 
only valid for 14 days. If the disturbance for the specific location 
does not occur within 14 days of the survey, another survey would 
be needed. If in-use/occupied nests are located, or if other 
evidence of nesting (i.e., mated pairs, territorial defense, carrying 
nest material, transporting food), a protective buffer (the size 
depending on the habitat requirements of the species) would be 
delineated after consultation with the BLM resource specialist. 
Source: BLM, 2020a 

Annually as 
needed for the 
life of the Project. 

ACEPM 2 

Annual surveys would be conducted at golden eagle nest sites that 
are within one mile of the Project Area to determine occupancy. 
The timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from NDOW based on 
consideration of bighorn sheep (Ovis canadensis) lambing activity. 
Source: BLM, 2020a 

Annually as 
needed for the 
life of the Project. 

ACEPM 3 
Vehicle speeds on undeveloped access roads shall not exceed 15 
miles per hour and 25 miles per hour on more improved main access 
roads. Source: BLM, 2020a 

For the life of the 
Project. 
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7.0 MONITORING AND ADAPTIVE MANAGEMENT 

Upon issuance of a take permit, AGA will conduct aerial and ground surveys of the eagle 
population within the one-mile radius of the Plan boundary for the duration of exploration 
operations following Pagel et al. (2010) using a third-party contractor. Monitoring objectives 
include: 1) to track occupancy, productivity, and success of nests within the Plan boundary; and 
2) to further delineate and refine the understanding of eagle territories within the one-mile radius. 
As needed, golden eagle nests within proximity to active mining will be monitored to document 
nest occupancy. Reports associated with this monitoring will be prepared and provided as 
specified in the take permit conditions. 

For adaptive management purposes, verification of implemented avoidance and minimization 
measures, as provided in Section 6.0, is necessary. AGA currently has a monitoring and reporting 
system for incidents related to wildlife fatality. Any incident that results in wildlife fatality or death 
must be reported to NDOW. Any golden eagle injuries or mortalities must be reported to NDOW 
and the USFWS. 

AGA will continue to monitor the area golden eagle population for additional golden eagle nests. 
During the life of the Project, AGA recognizes the possibility for new construction of golden eagle 
nests within the Plan boundary and one-mile radius. Continued monitoring will inform the 
Applicant on the status of existing nests as well as if new nests are being constructed near the 
Project and its associated activities. If monitoring determines that there are multiple takes 
occurring in a given year and that the Proponent is approaching their take permit limits (i.e., up 
to 10 takes over no more than 10 years), adaptive management would be implemented. First, the 
Applicant would apply avoidance buffers on in-use/occupied nests to prevent incidental take 
(no surface-disturbing activities within one mile of an in-use/occupied nest during breeding season 
including early courtship through post fledging nest dependency (i.e., December 15 through July 
15). If avoidance is not practicable, the Proponent may request a permit amendment from the 
Service. Additionally, at the five-year review of the permit, the Service may consider additional 
adaptive management strategies, if necessary, in coordination with the Applicant. 
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APPENDIX B 

Public Comments and Responses 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

1 1.1 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We would like to request that 
instead of ten.  

the permit only be issued for 5 Takes Comment noted. Under Alternative 1: Proposed Action, the 
Service has analyzed the impacts of 10 incidents of take per the 
application submitted by the Applicant for the Project and we will 
make a decision for the requested permit based on our analysis as 
presented in the EA. 
 
 

1 1.2 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Members of Basin and Range Watch and Western Watersheds 
Project live within 4 miles of the Silicon Exploration Project and 
have watched nearly in a daily basis, their operation and mitigation 
violations that happen sometimes. 

Concerns regarding the Applicant’s compliance with the BLMs 
applicant committed environmental protection measures 
(ACEPMs) and mitigation are beyond the scope of this EA; 
however, these concerns have been shared with the BLM Tonopah 
Field Office as they are the under purview of the BLM Decision 
Record and their EA for the Project. 
 
 

1 1.3 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We request this because AngloGold Ashanti North America has not 
been within adequate compliance with the regulations of the Bureau 
of Land Management Decision Record mitigation which approved 
the Silicon Exploration Project. In particular, the drillers for the 
company have not complied with the regulations to mitigate night 
lighting or noise. The exploration project runs on a 24/7 schedule 
and for safety reasons, the exploration sites have been extensively 
illuminated. The BLM Environmental Assessment for the project in 
2020 required that night lighting be mitigated to a point of less 
intensity. 

Concerns regarding the Applicant’s compliance with the BLMs 
applicant committed environmental protection measures 
(ACEPMs) and mitigation are beyond the scope of this EA; 
however, these concerns have been shared with the BLM Tonopah 
Field Office as they are the under purview of the BLM Decision 
Record and their EA for the Project. In addition we will continue 
our coordination with the BLM and the industry to consider and 
evaluate best management practices for birds when using night 
lighting  
 
 

1 1.4 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We have observed golden eagles regularly across this region, 
including over the hills where gold exploration is occurring, as well 
as foraging over adjacent creosote desert rolling terrain and Oasis 
Valley. We have viewed nests with binoculars on the nearby Bare 
Mountains. 

Comment noted. The existing environment and baseline data for 
known presence of golden eagles and foraging habitat are 
discussed within Chapter 3.0 Affected Environment of the EA, 
noting the current existence of territories and individual nests 
observed and documented within the area of analysis. 

1 1.5 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Lights:  
 
Since August of 2020, members of Basin and Range Watch have 
complained to the BLM about 8 different times asking that 
AngloGold’s requirement to mitigate light pollution be enforced. 
The fall out of compliance about every other month. The BLM EA 
states:  
 

Concerns regarding the Applicant’s compliance with the BLMs 
ACEPMs and mitigation are beyond the scope of this EA. 
However, we shared the commenter’s concerns about lights with 
the BLM Tonopah Field Office as they are the under purview of 
the BLM Decision Record and their EA for the Project. 
 
We also discussed the commenters concerns with the Applicant 
focused on understanding potential measures available to 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

“To minimize effects from lighting, AGA would utilize hooded 
stationary lights and light plants. Lighting would be directed onto 
the pertinent site only and away from adjacent areas not in use, 
with safety and proper lighting of the active work areas being the 
primary goal. Lighting fixtures would be hooded and shielded as 
appropriate. AGA would utilize lighting designed to reduce the 
impacts to night skies.”  
 
At any given time, there can be as many as 5 different bright lights 
on the mountain they are exploring on. Some of the lights are 
pointed west as well as east and are brighter than moonlight.  
 
The complaints have been mostly based on aesthetics, but these 
lights are clearly too bright to mitigate impacts to wildlife. These 
lights most likely are attracting and impacting eagles, other 
migratory birds and bats. The problems do commonly occur in 
winter during eagle nesting seasons. 

implement lighting Best Management Practices to minimizing 
impacts to birds. The Service will continue to coordinate with the 
BLM, the Applicant, and the industry to understand current 
practices and to explore opportunities for improvements.   
 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 

1 1.6 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Noise:  
 
The drill rigs are very loud. They must drill bits down hundreds of 
feet. They also continuously change the drill bits which makes a 
very loud “clink” noise. The noise can be heard as far as three miles 
away but becomes more intense about one mile away.  
 
The acoustic environment has a major influence in shaping animal 
behavior. A growing number of studies quantify the impact of 
nonlethal human disturbance on the behavior and reproductive 
success of animals. Most researchers agree that noise can effect an 
animal's physiology and behavior, and if it becomes a chronic 
stress, noise can be injurious to an animal's energy budget, 
reproductive success and long-term survival.  
 
In draft guidelines for human disturbance of breeding golden 
eagles, Hansen et al. (2017) state that ground disturbance and noise 
can be more significant than aerial noise to raptors:  
 

In general, animals appear to be more responsive to louder 
sounds than to quieter ones (Bowles 1995). For example, 
Mexican spotted owls only flushed in response to 
helicopters and chainsaws when sound energy was above 
certain levels (chainsaws: 46 dBA, helicopters: 92 dBA; 

Comment noted. The Service acknowledges the potential for noise 
to affect eagles, as is reflected in our regional buffer guidance that 
recommends a 1 mile no disturbance buffer for most activities, and 
a 2 mile buffer for blasting. If buffers are not practical for a 
project to implement, in most situations we recommend the project 
proponent apply for an incidental eagle take permit.. We evaluated 
the Applicant’s request for an eagle incidental take permit 
accordingly in this EA, considering potential for disturbance to 
eagles from Project exploration activities including noise.  Under 
the Bald and Golden Eagle Protection Act permit regulations (50 
CFR 22.26) we must consider, among other things, if an eagle take 
request is necessary to protect a legitimate interest in a particular 
locality. As the BLM had previously authorized the Project’s 
exploration activities, these activities are a legitimate interest.  
Therefore, our EA analyzed the Applicant’s eagle take request as 
allowed by our regulations.  If issued an incidental eagle take 
permit, the Applicant’s impacts to golden eagles would be offset 
through required compensatory mitigation. To address long term 
population concerns, our Regional Migratory Bird Program is 
actively engaged in coordination efforts with the other agencies, 
including the BLM, industries, researchers, and non-government 
organizations in our efforts to manage for sustainable populations 
of eagles and birds throughout Nevada..  

Delaney et al. 1999). Awbry and Bowles (1990:21 cited in 
USFWS 2006) stated that "what little published literature 
(on raptors) is available suggests that noise begins to 
disturb most birds at around 80–85 decibels (dB) sound 
levels and that the threshold for the flight response is 
around 95 dB." The Service (USFWS 2006) noted in its 
review of effects of human disturbance on northern spotted 
owls that raptors tend to be more sensitive to visual 
disturbances than to auditory ones. However, auditory and 
visual stimuli from human activities may often interact 
synergistically in their effects on wildlife (USFWS 2006). 
This synergistic effect could be responsible for findings 
that raptors are often more strongly affected by terrestrial 
activities than aerial activities (USFWS 2006; e.g., Fraser 
et al. 1985, Delaney et al. 1999, Grubb et al. 2010). The 
Service (USFWS 2006) recommended an injury threshold 
for northern spotted owls of 46 dBA for terrestrial 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

activities due to the potential for stronger effects of 
ground-based activities than of aerial activities.  

 
Road traffic by trucks, water trucks, and heavy machinery can 
impact eagles. In wildlife considerations in planning and managing 
road corridors little attention has been given to the effects of 
disturbance by traffic on populations of breeding birds. Recent 
studies, however, show evidence of strongly reduced densities of 
many species of woodland and open habitat in broad zones adjacent 
to busy roads. The density reduction is related to a reduced habitat 
quality, and traffic noise is probably the most critical factor. 
Because density can underestimate the habitat quality, the effects 
on breeding populations are probably larger than have been 
established (Reijnen et al. 1997).  
 
Long-term disturbance could lead to declines in animal populations, 
including eagles. We recommend that heavy and loud mining and 
traffic activities should not be allowed 1.2 km from an active 
golden eagle nest during the period January 1 to August 1.  

1 1.7 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Mining activities that produce extremely loud noises should be 
avoided within 1/2 mile of active nests (or within 1 mile in open 
areas), unless greater tolerance to the activity (or similar activity) 
has been demonstrated by the eagles in the nesting area.  

In general, we recommend that a project may demonstrate 
compliance with the Eagle Act in two ways, by either 
implementing no disturbance buffers recommended by the 
Service, or by applying for an eagle incidental take permit. As 
described in the EA, we would authorize disturbance incidental to 
the project’s activities, thereby alleviating the need for the project 
to implement nest buffers. The comment is noted and will be 
retained in our records.  

1 1.8 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Nests should be monitored during the mining activity. Per Table 2-1 of the Service’s EA (page 6-7), annual nest surveys 
are to be conducted by a qualified biologist prior to surface 
disturbing activities during the avian breeding season (March 1 
through July 31) for the life of the Project. Additionally, annual 
surveys are to be conducted at golden eagle nests documented 
within one mile of the Project.  

1 1.9 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Loss of Foraging Habitat:  
 
About 40 percent of the main ridge AngloGold is exploring on has 
been impacted. Many plant communities have been removed 
including creosote/bursage, Joshua tree, blackbrush and several 
others. 
 

Concerns regarding the Applicant’s compliance with the ACEPMs 
for mitigation of impacts to golden eagle foraging habitat are 
beyond the scope of this EA; however, these concerns have been 
shared with the BLM Tonopah Field Office as they are the under 
purview of the BLM Decision Record and their EA for the Project. 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

According to the BLM EA: “The depth of cut for newly constructed 
exploration roads would be minimal. During reclamation activities 
at the Project, potential growth media stored in the form of berms 
and push piles, created during construction activities, would be 
distributed over surface disturbance areas. Distribution of the 
salvaged growth media during the earthwork portion of 
reclamation would support effective recontouring and seedbed 
preparation prior to seeding. Soil amendments are not considered 
necessary in those areas where sufficient growth media are 
available.”  
 
Very few of these mitigation measures have been implemented to 
minimize damage to foraging habitat. 

1 1.10 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Bald Eagles:  
 
The BLM EA stated that: Bald eagles (Haliaeetus leucocephalus) 
are known to occur in the region, but are not expected to be 
affected by exploration activities associated with the Project; 
therefore, disturbance and loss of territory of bald eagles are not 
expected to result from the Project (BLM 2020).  
 
Members of Basin and Range Watch have sited bald eagles a 
number of times at the Parker Ranch, which is included in the 
Silicon “project area” defined by the eagle report from the EA. 
Cunningham observed an immature bald eagle on January 3, 2022, 
roosting on a cottonwood in Oasis Valley in the morning within 
view of the Silicon Mine project; it flew off. The area may be a 
migration corridor and foraging habitat for bald eagles given that 
some artificial ponds and lakes are stocked with bass. 

The Service’s determination that disturbance and loss of territory 
of bald eagles is not anticipated as a result of Project activities is 
based on baseline data collected and annual monitoring survey 
results within the area of analysis. While bald eagles are known to 
occur in the region, territories and individual nests have not been 
documented within the area of analysis; therefore, we determined 
take of bald eagles is not likely under the proposed project. 
Section 2.1.2 of the EA (page 5) includes adaptive management 
measures that would apply to bald eagles. 

1 1.11 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Conclusion:  
 
Please do not issue ten takes for eagles for this company. They are 
just trying to make their lack of compliance legal. Please only issue 
5 Takes for the next ten years.  
 
 

Comment noted.  We have considered the applicant’s permit 
request as allowed under our Eagle Act incidental take permit 
regulations (50 CFR 22.26). We have determined that issuance of 
a permit to the Applicant allowing for up to 10 incidents of take 
from disturbance over 10 years is appropriate and would not result 
in population level impacts.  
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Appendix C Project Area Golden Eagle Territories and Nest Data Summary 

Annual golden eagle ground surveys have been conducted within a four-mile radius of the Project in 2019 
and 2020. Additionally, some data from earlier years is available from Nevada Department of Wildlife 
(NDOW). A summary of golden eagle nest survey data for nests within four miles of the Project from 2019 
and 2020 is presented in Table 1. 

Table 1 Summary of Nest Surveys from 2019 and 2020 

Year 2019 2020 

Golden Eagle (or Possible Golden Eagle) Nests Surveyed 14 14 
In-use1 Golden Eagle Nests 0 1 
Not in-use2 Golden Eagle (or Possible Golden Eagle) Nests 14 13 

1 In-use Nest – A nest used for breeding in the current year by a pair of golden eagles. 
2 Not in-use – Those nests not selected by golden eagles for use in the current nesting season. 
Sources: SWCA 2019 and 2020 

In addition, the golden eagle nesting territories within the four-mile radius of the Project were 
delineated (SWCA 2019). Four distinct territories were delineated based on proximity of nests to 
one another, concurrent use of adjacent nests, alternating use (from year to year) of adjacent nests, 
and nearest available quality nesting substrate obtained from surveys and monitoring at the Project. 
Figure 3 from SWCA’s 2019 report displays the four golden eagle nesting territories relative to 
the Project area and the 14 nest sites. This figure has not been included in this document due to the 
sensitive nature of eagle nest locations. Table 2 summarizes the golden eagle territories and use 
within the Project area. 

Of the four territories delineated, the survey area and methods are only consistent in the Project 
area for 2019 and 2020 data, and there is limited data available for the Project area from 2014, 
2015 and 2018. Data available for 2014, 2015 and 2018 were provided to SWCA by NDOW 
(SWCA 2019). Of the territories delineated, one was in-use in 2014, none were in-use in 2015, 
2018, or 2019, and one was in-use in 2020.  In 2014, NDOW identified that one of the nests in the 
Beatty Wash territory successfully fledged eaglets (SWCA 2019). There is no additional data 
available for fledging success of the territories surveyed.  



Territory Nest ID 
Year and Territory Status Number of Seasons 

Territory was In-use Territory Use Rate 

2014 2015 2018 2019 2020 

Beatty 
Wash 

SI-301 

In-use Not In-use Not In-use Not In-use In-use 2 0.40 

SI-302 

SI-303 

SI-304 

SI-305 

SI-502 

Upper 
Beatty 
Wash 

SI-206 

-- -- -- Not In-use Not In-use 0 0.00 
SI-209 
SI-211 

SI-510 

Fluorspar 
Canyon SI-503 -- -- -- Not In-use Not In-use 0 0.00 

Specie 
Spring 

SI-003 

-- -- -- Not In-use Not In-use 0 0.00 SI-004 

SI-019 
Total Number of In-
use Territories/Total 
Territories Surveyed 

1/1 0/1 0/1 0/4 1/4 

Territory Use Rate 1.00 0.00 0.00 0.00 0.25 

 Table 2 Territories within the Project Area and Status 

Note: Of the four territories delineated, the survey area and methods are only consistent in the Project area for 2019 and 2020. 
Source: SWCA 2019 and 2020
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Abstract

Native American belief systems do not distin-
guish geographic boundaries for revered 
landscapes, and the appropriate scale at which 
to assess ethnographic landscapes may not be 
readily apparent, as they range greatly from small 
scale to large. The cultural landscape associ-
ated with the Xam Kwatcan trail in California, 
Arizona and Nevada is 160 miles in length. It 
incorporates extant trails, associated ceremonial 
sites, and highly revered geographic places. This 
vast size raises management concerns, but Native 
American cultural perspectives can be clearly 
described and taken into account under relevant 
federal laws (i.e., Section 106 of the National 
Historic Preservation Act) using ethnographic 
interviews. Landscape scale is a useful construct 
in understanding that a place may be simultane-
ously significant on several scales.

Key Words

Ethnographic landscapes, Native American  
trails, regional-scale landscapes, southwestern 
United States

Ethnographic Trail Systems as Large-Scale Cultural 
Landscapes: Preservation and Management Issues

James H. Cleland, Ph.D., Principal, EDAW, Inc., San Diego, California, United States

Introduction

It is well known that Native American ethno-
graphic landscapes can encompass relatively large 
geographic expanses (Hardesty 2000; Parker and 
King 1992). Sacred mountains, such as Mt. Shasta 
in California, San Francisco Peak in Arizona, and 
Devils Tower in Wyoming, are examples. What 
is less widely appreciated is that Native American 
belief systems often not only refrain from delin-
eating geographic boundaries with respect to 
specific revered landforms, such as mountains, 
but also insist on a critical interconnection among 
what might otherwise be considered separate 
landscapes. Boundary definition can be prob-
lematic for all types of cultural landscapes, but 
this problem can seem even more daunting when 
specific locations such as mountain peaks, inter-
montane basins, river valleys, and residential areas 
are inextricably interconnected through a complex 
belief system. In the case of Native American 
ethnographic landscapes, song cycles and other 
sacred texts often weave huge geographies together 
to form an interconnected whole—a whole seen 
by modern tribes as critical to their cultural 
continuity. Because of these widespread inter-
connections, scales for ethnographic landscape 
assessments can range from the relatively local to 
the regional and trans-regional. As a result, the 
appropriate scale of assessment may not be readily 
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apparent to non-native resource management 
agencies or cultural resource professionals who are 
not trained specialists. 

This paper focuses on a large-scale regional cul-
tural landscape associated with a trail system in the 
arid southwestern United States. Trails of cultural 
significance to Native Americans in this region 
range from relatively short ceremonial pathways 
(Hedges and Hamann 1992; Van Vlack and Stoffle 
2006) to trans-regional trails that are closely tied 
to epic accounts of tribal history, tribal identity, 
and cultural continuity. A well-known example 
of a regional trail system is the Chacoan Road 
network (Hardesty 2000). Lesser-known examples, 
but equally daunting in scale, are the Salt Song 
Trail of the Paiute and Chemehuevi tribes and the 
Xam Kwatcan trail system of the Quechan Tribe. 
The Salt Song Trail traverses southwestern Utah, 
southern Nevada and much of southern California. 
The “Salt Song” tells of the trail and its surrounding 
landscape:

It’s telling about different landmarks, 
different mountains, the beauty of this 
mountain, what it stands for, what medi-
cines are found in that mountain. The Salt 
Song tells all of that. If you understood it, 
you’d be a scholar (Eddy 2004).

The Xam Kwatcan trail system, the primary focus 
of this paper, is 160 miles or more in length, 
encompasses portions of three states (California, 
Arizona, and Nevada), and traverses the traditional 
territory of multiple Native American tribes. It 
incorporates extant trails still visible on the desert 
surface, associated ceremonial sites, and elements 
of the natural landscape, including highly revered 
geographic places. A component of this trail 
system is currently a focus of legal action under the 
North American Free Trade Agreement (NAFTA), 

which challenges the impact of a large open-pit 
mine on such a vast landscape.

The present paper concludes that when adequate 
ethnographic interviews have been undertaken, 
Native American cultural perspectives can be 
clearly described and taken into account under the 
U.S. National Historic Preservation Act (NHPA).  

As defined by the National Park Service, an ethno-
graphic landscape is an area containing a variety 
of natural and cultural resources, including plant 
and animal communities that associated people 
define as heritage resources (USDI, NPS-28 1998). 
Further, the NHPA defines a traditional cultural 
property (TCP) as one that is eligible for inclusion 
in the National Register of Historic Places (National 
Register) because of its association with cultural 
practices or beliefs of a living community that are 
(a) rooted in that community’s history, and (b) 
important in maintaining the continuing cultural 
identity of the community (USDI, NPS, NRB 1998). 
By these definitions, the Xam Kwatcan trail system 
can be considered a significant ethnographic land-
scape and a traditional cultural property. Beyond 
these definitions, what about its scale?

The concept of landscape scale must include 
the understanding that a specific ethnographic 
landscape may be significant because it operates 
simultaneously on several scales – local, regional, 
and trans-regional. “Region” is a tricky word 
that may connote a variety of geographic scales, 
depending on the context. In this paper, I use the 
term “regional-scale ethnographic landscape” to 
denote an area that has geographic unity in terms 
of its natural and cultural environment and corre-
sponds to a verifiable ethnographic construct. 
While a local-scale landscape might entail a 
particular valley or mountain range and vary in 
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size up to a few hundred square miles, a regional-
scale landscape might encompass several mountain 
ranges and valleys and range up to an area of a few 
thousand square miles.

The Xam Kwatcan Trail System and the 
Trail of Dreams

Ethnographically, the Native American tribes 
who occupied most of western Arizona and 
southeastern California were speakers of related 
languages of the Yuman family. (Figure 1) The 
lowland Yuman tribes, including the Quechan, 
Mojave, Kamia, Cocopah, Halchidhoma, and 
Maricopa shared many cultural elements, 
including mythic traditions, cosmology, and reli-
gion. They strongly resisted missionization and 
continued to practice their traditional life ways 
through the mid-nineteenth century.

The regional environment was strongly dichoto-
mous—the hyper-arid Sonora desert, crossed by 
the “linear oasis” of the Colorado River (Stone 
1991). Structured by this environment, the 
economy was based on floodplain agriculture, 
fishing, and harvesting of wild plant foods. For 
most lowland tribes, hunting was decidedly a 
secondary subsistence activity. These groups trav-
eled widely across the desert for purposes of social 
visitation, religious pilgrimages, trade, alliance 
building, and warfare (Altschul and Ezzo 1994; 
Forbes 1965; Forde 1931; Kroeber 1925). The 
construction of a regional trail system was a key 
component of this cultural system (Baksh 1997; 
Cleland and Apple 2003; Johnson 1985, 2001; 
Rogers 1936; Von Werlhof 1987).  

The regional trail system plays an important role in 
the origin legends and the religious practice of the 

Yuman peoples. According to Quechan cultural 
tradition:  

In the beginning ... [the Creator] 
Kwikumat ... created real people. … The 
several Yuman tribes all descended from 
the top of Avikwame[Spirit Mountain 
near Laughlin, Nevada] and spread to 
their respective territories. The Quechan, 
however, took a special trail called xam 
kwatcán (‘another going down’). As a 
result, the Quechan adopted their tribal 
name, which is a form of the word 
kwatcán (Forbes 1965, 3-4).  

Thus, contemporary tribal identity is directly tied 
to the Xam Kwatcan trail. 

For the lowland Yuman groups, dreaming is 
considered the primary road to spiritual knowl-
edge and wisdom. Dreams are acquired during 
sleep, but are interpreted via mythological narra-
tives. It is noteworthy that dreaming is also directly 
tied in with the regional trail system. A contempo-
rary Quechan put it this way:  

They [Quechan] were taught that 
dreaming enabled them to have direct 
contact with various supernatural beings 
in order to gain advice and teaching on 
how to solve the problems of the living.  
While dreaming, their souls returned 
[following trails] to the time of creation 
to learn. … So the mountains along 
the Colorado River region are highly 
significant in regional Native American 
cultural and ethnic identity. Spiritual 
activities and events are deeply associated 
with numerous intaglios, petroglyphs, 
trails, lithic scatters, and cleared circles 
present along the Colorado River and 
surrounding hills (Cachora 1994, 14).  
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Figure 1. Native American tribes of the Lower Colorado River. (Kroeber 1925)
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Figure 2.  Map of Xam Kwatcan Trail and related places. (Baksh, 1995, 1997; Johnson 1985, 2001; Raven 
and Raven 1986)
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Writing of the Mojave at the turn of the twentieth 
century, Kroeber (1925, 454-455) wrote:

[A] Mohave can not tell a story or a 
dream without naming the exact spot at 
which each character journeyed or slept or 
stood or looked about [emphasis added]... 

The naming and description of distant places on 
the vast desert landscape was a common thread in 
the lowland Yuman narrative tradition, reinforcing 
and facilitating the culture of long-distance travel. 
Kroeber continued about the important connec-
tion between dreaming and narrative:

Dreams, then are the foundation of 
Mohave life; and dreams throughout are 
cast in a mythological mold. There is no 
people whose activities are more shaped 
by this psychic state... and none whose 
civilization is so completely, so deliberately, 
reflected in their myths.

Thus, myth and dreams are somewhat interchange-
able but are set in real space on the landscape—a 
respected dreamer usually related his dreams in 
terms of mythic traditions, and as Kroeber noted, 
these mythic traditions molded lowland Yuman 
culture to an exceptionally high degree.  

Another important connection between the trail 
system and traditional religious practice was the 
keruk, or cremation ceremony. The keruk was the 
most important religious ceremony and often 
the occasion for relatively large social gatherings 
(Altschul and Ezzo 1994; Forbes 1965; Forde 1931).  
Pilot Knob near Yuma was the site of the mythic 
first cremation – the cremation of the Creator god 
– and served as an ongoing location for major 
keruks. Following completion of the keruk, people 

seeking spiritual guidance would undertake a 
pilgrimage from Pilot Knob to Avikwame, the 
creation mountain and home of the Creator, near 
Laughlin, some 160 miles to the north. It is said 
that a pilgrim could make the trip in four days, 
quite a feat of endurance, and a tribute to the 
quality of the trail system. The Xam Kwatcan trail 
system connected Pilot Knob with the creation 
mountain (Forbes 1965; Johnson 1985; Raven and 
Raven 1986) and was used in the keruk pilgrimage.

According to contemporary Quechan, there 
were two major branches of the Xam Kwatcan 
trail leading north from Pilot Knob. (Figure 2) 
The more easterly branch is referred to as the 
Medicine Trail and the more westerly branch is 
referred to as the Trail of Dreams (Baksh 1997).  
The two branches merge near a major rock art 
complex (Figure 3) near Palo Verde Point on the 
Colorado River.

Character-Defining Elements of the 
Contemporary Cultural Landscape

In the lower Colorado River culture area, Native 
American groups continue to occupy their tradi-
tional territories and maintain exceptionally strong 
cultural continuity, as evidenced in contemporary 
culture by the unbroken use of native languages, 
the maintenance of oral history and traditional oral 
narratives, the continued practice of certain ritual 
and ceremonial activities, and a strong identifica-
tion with the land (Baksh 1997; Bee 1981; Raven 
and Raven 1986; Woods 2001). A strong identifica-
tion with the land is typical of cultural persistence 
throughout southern California (Bean and Vane 
1978). Tribes continue to occupy their pre-contact 
homeland and express a close personal affinity with 
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the places of their ancestors. For many of the desert 
groups, not only are places in or near reservations 
remembered and revered, but quite distant places 
continue to have cultural meaning and importance.  
As an example, Avikwame, the creation mountain, 
is over 150 miles from the Quechan Reservation, 
but remains central in narrative, ceremony,  
and identity.

Lowland Yuman cultural authorities stress the 
interconnectedness of places and recoil from 
regulatory imperatives to divide the landscape and 
assess the resulting parts individually:

The sites in that area tie in with something 
that is bigger in the long run. As I’ve said 
before, the whole area along the Colorado 
River is sacred (Baksh 1997, 21).  

The Quechan note that all the sites in 
their traditional range are connected 
spatially, culturally, and spiritually. They 
should not, therefore, be considered as 
isolated occurrences, but rather as part of 
a greater network of cultural heritage. As 

such, effects to one site create effects on all 
the others (Woods 2001, 20).

This point of view can be appreciated by recalling 
Kroeber’s remark that every story and dream is 
manifested at specific places within the desert land-
scape, and that stories and dreams are central to 
the Yuman cultural experience.

Constructed Elements

Traditional cultural activities, some of which are 
ongoing, have left a coherent body of material 
remains on the desert landscape, connected by 
a largely extant trail system (Figure 4). The trail 
system connects cultural and natural elements, 
such as specific mountains, which the Lower 
Colorado groups identify as culturally significant. 
Many trails were intentionally created and are not 
simply a result of repeated use (Johnson 1985; von 
Werlhof 1987). The Native American trail system 

Figure 3. One of many petroglyph panels at Palo Verde 
Point. (Hedges in Cleland and Apple 2003)

Figure 4.  Recording a portion of the Xam Kwatcan trail 
system. (Photo by author)
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clearly reflects the distribution of prehistoric sites 
in the region. A recent large-scale survey revealed 
that 40 percent of the 120-plus recorded prehistoric 
sites had trail features.  
 
Geoglyphs and rock features constitute other 
important types of Native American landscape 
construction. (Figure 5) Geoglyphs (sometimes 
referred to as intaglios) are naturalistic abstract 
figures typically incised into the surface of the 
desert so that the lighter colored subsurface is 
exposed, creating light-on-dark images. These 

figures are unique to the Sonora and southern 
Mojave deserts and can be expansive in scale with 
individual elements exceeding 30 m (100 ft.) in 
length (Johnson 1985). Others may measure only 
a meter or two across. Sonora Desert archaeolo-
gists (Johnson 1985; Von Werlhof 2004) have made 
a convincing case that some anthropomorphic 
geoglyphs represent mythological characters and 
events. These constructions are concentrated at 
locations of particular traditional significance 
(Altschul and Ezzo 1994; Baksh 1995; Pigniolo et 
al. 1997; Raven and Raven 1986). Cleared circles 

Figure 5: Historic aerial photograph of an expansive geoglyph associated with the Xam Kwatcan Trail. (Setzler and 
Stewart 1952)
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and other cleared areas on desert pavements 
constitute another key type of cultural landscape 
construction encountered in areas of high cultural 
significance.  

Elements of the Natural Landscape

Mojave historical narratives (e.g., Kroeber 1925; 
Kroeber and Kroeber 1973) make it clear that the 
lowland Yuman groups “catalogued” and remem-
bered the names of many distant places (Kroeber 
and Kroeber 1973). Forde (1931) noted that the 
Quechan, too, remembered a vast array of named 
places, but did not record many of them individu-
ally. These named places had varying prominence 
within the core narrative literature and its corre-
lated belief system. Not every named place rises to 
the same level of significance.

Several mountains had particular importance, 
but not all highly revered places were topographic 
prominences. The Indian Pass area, where two 
major trails (including the Trail of Dreams) 
crossed, was particularly esteemed as a teaching 
place where initiates were brought to learn arcane 
cultural traditions considered critical to the main-
tenance of Quechan culture. Mesas surrounding 
important peaks (Pilot Knob Mesa, for example) 
are considered especially sensitive and contain high 
frequencies of constructed cultural elements such 
as geoglyphs, rock rings, and cleared circles (Ezzo 
and Altschul 1993; Raven and Raven 1986).

Beyond the physiography of place, lowland 
Yuman tradition puts significant emphasis on the 
plants and animals native to each place. Speaking 
of the culturally-related Chemehuevi, Halmo 
(2001) noted:

Given the intimate interrelationship 
between plants, animals, soil and water, 
Chemehuevi concerns for these resources 
are clear. Plants and animals are consid-
ered sacred resources that must be 
used appropriately. … As mentioned, 
all traditional Chemehuevi territory is 
perceived to be a sacred homeland given 
to the people by their Creator. Any inap-
propriate treatment of the land is viewed 
as upsetting the balance with adverse 
consequences.

In sum, traditional Yuman cultural beliefs interact 
to create the need to address an integrated cultural 
landscape comprised of archaeological sites, 
natural formations, the biotic community, and 
trails that is truly regional in scale. The National 
Park Service originally defined an ethnographic 
landscape as a “landscape containing a variety 
of natural and cultural resources that associated 
people define as heritage resources” (Birnbaum 
1994). Contemporary Native American consultants 
and ethnographic testimony gathered in the early 
twentieth century agree that the associated people 
(in this case existing Yuman tribes) define an 
expansive, holistic landscape across the desert as an 
important heritage resource.

Management Issues

The immensity of regional-scale ethnographic 
landscapes and the insistence by many contem-
porary Native American spokespeople on the 
interconnectedness of the natural and cultural 
elements of these landscapes raises serious 
management issues. Can such a landscape be 
considered a cultural property under U.S. laws and 
regulations? If so, how would its boundaries be 
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determined and whose responsibility would it be 
to define the boundaries? Then, there is the issue of 
integrity. Typically, any regional-scale ethnographic 
landscape would have already been subject to some 
severe disturbance. How would one even begin 
to assess whether historical values still exist? In 
the case of the ethnographic landscape associated 
with the Xam Quechan trail system, three east-
west Interstate highways cross it, several modern 
cities have been developed within it, and the once 
wild Colorado River has been tamed by dams 
and levees, and irrigated agricultural fields have 
replaced wetlands and sloughs.

Having faced these issues on several major proj-
ects involving land-management decisions within 
this regional-scale landscape, I have come to the 
conclusion that most of the objections to consid-
ering regional landscapes result from a too-rigid 
set of assumptions as to what U.S. regulations actu-
ally say and require. Through experience, I have 
come to understand that current laws, regulations, 
and guidelines contain most of the tools necessary 
to come to reasonable and balanced land-manage-
ment decisions that take into account Native 
American values. 

To put this conclusion into perspective, I 
will examine an ongoing NAFTA claim (U.S. 
Department of State 2007) by a Canadian mining 
company denied the right to develop a massive 
open-pit gold mine that would have impacted the 
Trail of Dreams and a specific place—Indian Pass 
as well as the regional ethnographic landscape as a 
whole. The issues and regulatory processes at issue 
in this case are exceedingly complex, and I will 
only attempt to summarize some of the cultural 
resources issues. This could be a precedent-setting 
case, and its high profile is underscored by the fact 

that the National Trust for Historic Preservation 
put Indian Pass on its most endangered list  
in 2002.
 
Indian Pass had been known since the 1920s as an 
area rich in archaeological material, as evidenced 
by surface collections and excavations conducted 
by Malcolm Rogers (1936, 1939, 1966; Waters 
1982). However, Rogers’ work was never fully 
reported, and many archaeologists remained 
unaware of the value of the area. And, no one had 
thought to ask the Native American tribes what 
they thought until the Glamis Imperial Mine  
was proposed. 

Native American values for the area started to 
come to light during public scoping meetings held 
by Bureau of Land Management (BLM) under 
the auspices of the National Environmental Policy 
Act (NEPA). Native American representatives 
voiced strong opposition to the project. BLM then 
retained the services of a cultural anthropolo-
gist who had previous experience with lowland 
Yuman tribes to assess the basis of this opposi-
tion. Ethnographic interviews revealed that many 
Quechan were concerned about all ancestral 
sites in their traditional territory; too many had 
already been destroyed. The Trail of Dreams 
passes through the proposed mine area, while the 
Medicine Trail was already cut-through by another 
open-pit gold mine. The Quechan believe that the 
construction of the proposed mine would preclude 
their ability to perform the pilgrimage from Pilot 
Knob to the creation mountain, physically and 
in dreams. The Indian Pass area is also of special 
significance. It is a “strong” place and ancestral 
spirits are thought to dwell there. Landscape 
features were of importance, as were aspects of 
the constructed environment. The intersection of 
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the two trails is an important aspect. Additionally, 
and of critical importance, the Indian Pass area is 
a teaching place that must be visited to learn tradi-
tional cultural practices. It is the first in a series of 
such places. The other places would be useless if 
the first place were destroyed. No mitigation could 
lessen the cultural damage that would be done if 
the mine were to proceed.

My company (EDAW, Inc.) conducted the archaeo-
logical survey required to conform to both NEPA 
and Section 106. Suffice it to say, the archaeological 
data supported the Quechan claims. The proposed 
site for the mine was found to hold a high 
concentration of features of probable ceremonial 
significance, and these features probably span at 
least a thousand-year period (Pigniolo et al. 1997). 
A trail associated with many ceremonial features 
can still be seen on the ground extending from the 
major trail intersection through the proposed open 
pit mine. This trail has been identified in the field 
by Native Americans as the Trail of Dreams. Based 
partly on the impacts to traditional cultural prop-
erties, the Department of the Interior denied the 
permit application in January 2001. This denial was 
subsequently reversed, but the State of California 
also moved to block the project.

Attorneys and an expert witness for the mining 
company have been critical of some of the cultural 
resources findings, raising issues of fact as well 
as procedural issues (Sebastian 2006). Of most 
importance for present purposes is the issue of 
scale. The mining company argues that since the 
Native Americans are concerned about a cultural 
landscape that is regional in scale, the impact of the 
mine itself would have to be considered relatively 
minor, only a few square miles out of many thou-
sands (McKee 2005).

How valid is this criticism? I think it is fair to say 
that it would be impossible to stop all develop-
ment in a regional scale landscape just because it 
would adversely impact that landscape. As noted 
above, the area in question contains modern 
towns and numerous modern transportation 
routes. If all projects are not stopped, why would 
one project be singled out for denial while 
another is allowed to go forward? This question 
underscores one of the major points I want to 
make. In the Imperial Mine case, if the regional-
level landscape was the only issue, then it is 
doubtful that the government would have blocked 
the project. Rather, it was the confluence of land-
scapes on several scales at the proposed mine site 
that led to the government’s decision. Not only 
was there a regional issue, there was the issue of 
the Indian Pass area itself and the local manifes-
tation of the Trail of Dreams within that more 
restricted landscape. Although I cannot speak 
for Native Americans, my experience on other 
projects is that strident objections to projects 
are not raised based solely on regional concerns. 
While many Native Americans would prefer to 
see all new development restricted to previously 
disturbed areas, it is only when a project severely 
affects a more localized landscape of particular 
concern that the level of opposition raises to 
criticality.  

Conclusions and Recommendations

In a more general sense, then, how is a regional 
scale landscape to be dealt with and managed?  
There might be a tendency either to panic and 
say “Oh, it’s just too big, we can’t possibly deal 
with it,” or to shrug and say “Well, if everything is 
important, what difference does it make?” Neither 
of these reactions can be justified under current 
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Federal regulations and guidelines. My recom-
mendation is to take regional cultural landscapes 
seriously first by acknowledging the existence of 
such landscapes for purposes of full disclosure. 
If a good case can be made for the existence of a 
regional scale landscape, it only makes sense that 
land managers and cultural resources professionals 
should take it into account in decision-making. 
Moreover, in the case of ethnographic landscapes, 
federal guidelines are quite clear that the concerns 
of the affected cultural group should be sought out 
and considered (Parker and King 1992). However, 
does this mean that a regional scale landscape 
should be formally evaluated for National Register 
eligibility as a TCP or ethnographic landscape? In 
my view, little would be gained in most cases by 
such an effort. In a rare case, such an assessment 
might become necessary to avoid a legal challenge, 
but this would not normally be the case.

What then is the proper format for taking a 
regional-scale landscape into account? In case of a 
federal undertaking subject to NEPA, impacts to 
the regional landscape would have to be addressed 
separately in the required cumulative impact 
assessment. This is a point that attorneys for Native 
American groups are beginning to recognize and 
advocate for. In addition, undertakings under 
Section 106 would address the regional landscape 
in the consultation documents, either in an agree-
ment document like a memorandum of agreement 
or in agreeing that there would be no effect. Finally, 
in long-term land management programs, regional 
scale landscape concerns can be addressed with 
a formal plan for stewardship. Regional thinking 
would help lead the cultural resources profes-
sion toward large-scale planning similar to the 
ecosystem-management approach that is gaining 
popularity relative to rare and endangered species.

In conclusion, the idea of scale in cultural land-
scape analysis helps to illuminate and explain 
varying kinds of traditional cultural concerns: 
concerns dealing on the one hand with holistic 
regional landscapes and on the other with more 
localized places and their roles within the larger 
regional landscapes. This approach serves better 
to integrate Native American concerns and guide 
appropriate, informed management decisions. 
Issues of boundary determination and scale are 
more readily conceived and resolved within the 
context of a holistic landscape analysis than within 
a more partitive approach.
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Update of the Accounting Surface Along the 
Lower Colorado River

By Stephen M. Wiele, Stanley A. Leake, Sandra J. Owen-Joyce, and Emmet H. McGuire

Abstract
The accounting-surface method was developed in the 

1990s by the U.S. Geological Survey, in cooperation with the 

Bureau of Reclamation, to identify wells outside the flood 

plain of the lower Colorado River that yield water that will 

be replaced by water from the river. This method was needed 

to identify which wells require an entitlement for diversion 

of water from the Colorado River and need to be included 

in accounting for consumptive use of Colorado River water 

as outlined in the Consolidated Decree of the United States 

Supreme Court in Arizona v. California. The method is based 

on the concept of a river aquifer and an accounting surface 

within the river aquifer. The study area includes the val-

ley adjacent to the lower Colorado River and parts of some 

adjacent valleys in Arizona, California, Nevada, and Utah and 

extends from the east end of Lake Mead south to the southerly 

international boundary with Mexico. Contours for the original 

accounting surface were hand drawn based on the shape of 

the aquifer, water-surface elevations in the Colorado River 

and drainage ditches, and hydrologic judgment. This report 

documents an update of the original accounting surface based 

on updated water-surface elevations in the Colorado River 

and drainage ditches and the use of simple, physically based 

ground-water flow models to calculate the accounting surface 

in four areas adjacent to the free-flowing river.

Introduction
The accounting-surface method was developed in the 

1990s by the U.S. Geological Survey (USGS), in cooperation 

with the Bureau of Reclamation (Reclamation), to identify 

wells outside the flood plain of the lower Colorado River that 

yield water that will be replaced by water from the river (Wil-

son and Owen-Joyce, 1994; Owen-Joyce and others, 2000). 

Prior to the development of the accounting-surface method, 

water pumped from many wells outside the flood plain was 

not included when accounting for consumptive use of river 

water. A method was needed to identify which wells pump 

water that will be replaced by water from the Colorado River 

and need to be included in accounting for consumptive use of 

Colorado River water as outlined in the Consolidated Decree 

of the United States Supreme Court in Arizona v. California, 

547 U.S.150 (2006). The method is based on the concept of a 

river aquifer and an accounting surface within the river aqui-

fer. The study area includes the valley adjacent to the lower 

Colorado River and parts of some adjacent valleys in Arizona, 

California, Nevada, and Utah and extends from the east end 

of Lake Mead south to the southerly international boundary 

with Mexico (fig. 1). Nearly 15 years have passed since the 

development of the original accounting surface. Prior to the 

issuance of a proposed rule to define the accounting proce-

dure, an update of the accounting surface is needed for use in 

the process of Decree accounting for the following reasons:

1. The original accounting surface was generated on the 

basis of water-surface profiles of the lower Colorado 

River computed for the highest median monthly pro-

jected discharge for 1992–2001 and assuming delivery 

of full allocations of river water to users in the United 

States. Since that time, historical data are available that 

represent the current and anticipated future operation of 

the Colorado River for the delivery of full allocation of 

river water to users in the United States and treaty deliv-

eries to Mexico.

2. The original water-surface profiles were generated 

with a surface-water model representing river-channel 

conditions surveyed between 1980 and 1988. More 

recent river stage information is available, and the target 

elevations for Lakes Mohave and Havasu have changed 

slightly since the original accounting surface was devel-

oped.

3. The original accounting surface in parts of the Parker and 

Palo Verde areas was based on water-surface elevations 

in drainage ditches or wells along the edge of the flood 

plain that represented regulated flow conditions of the late 

1980s and early 1990s. Furthermore, the elevations from 

the drainage ditches used in the Palo Verde Valley were 

based on a nonstandard vertical datum, adding an error to 

the elevation of the accounting surface in that area.

4. Improved ground-water flow modeling is now available 

that will allow efficient construction of an accounting 

surface tied to the river in reaches not adjacent to reser-

voirs. An accounting surface computed with a physically 
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Figure 1. Map showing the lower Colorado River and areal extent of the river aquifer.
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based model is an improvement on the original account-

ing surface, which was hand-drawn based on hydrologic 

judgment, and can be easily replicated and quickly 

updated as required.

Legal Framework

The Colorado River Compact of 1922 apportions the 

waters of the Colorado River between the upper basin and the 

lower basin (U.S. Congress, 1948, p. A17-A22). The require-

ment for participation of the USGS and Reclamation is stated 

in Article V:

 The chief official of each signatory State 

charged with the administration of water rights, 

together with the Director of the United States 

Reclamation Service and the Director of the United 

States Geological Survey shall cooperate, ex-officio:

(a) To promote the systematic determination and 

coordination of the facts as to flow, appropriation, 

consumption, and use of water in the Colorado River 

Basin, and the interchange of available information 

in such matters.

Water in the lower Colorado River is apportioned among 

the States of California, Arizona, and Nevada by the Boulder 

Canyon Project Act of December 21, 1928 (U.S. Congress, 

1948, p. A213–A225) and confirmed by the Consolidated 

Decree (U.S. Supreme Court, 2006) in terms of consumptive 

use. The decree is specific about the responsibility of the Sec-

retary of the Interior to account for consumptive use of water 

from the mainstream. Consumptive use is defined to include 

“water drawn from the mainstream by underground pumping.” 

Article V of the Consolidated Decree (U.S. Supreme Court, 

2006) states in part:

 The United States shall prepare and maintain, or 

provide for the preparation and maintenance of, and 

shall make available, annually and at such shorter 

intervals as the Secretary of the Interior shall deem 

necessary or advisable, for inspection by interested 

persons at all reasonable times and at a reasonable 

place or places, complete, detailed and accurate 

records of: * * *

* * * (B) Diversions of water from the mainstream, 

return flow of such water to the stream as is avail-

able for consumptive use in the United States or in 

satisfaction of the Mexican treaty obligation, and 

consumptive use of such water. These quantities 

shall be stated separately as to each diverter from the 

mainstream, each point of diversion, and each of the 

States of Arizona, California, and Nevada; * * *

Article I of the decree defines terminology and states in part:

(A) “Consumptive use” means diversions from the 

stream less such return flow thereto as is available 

for consumptive use in the United States or in satis-

faction of the Mexican treaty obligation;

(B) “Mainstream” means the mainstream of the 

Colorado River downstream from Lee Ferry within 

the United States, including the reservoirs thereon;

(C) Consumptive use from the mainstream within 

a state shall include all consumptive uses of water 

of the mainstream, including water drawn from the 

mainstream by underground pumping, and includ-

ing but not limited to, consumptive uses made by 

persons, by agencies of that state, and by the United 

States for the benefit of Indian reservations and 

other federal establishments within the state; * * *

Ground water in the river aquifer beneath the flood plain 

is considered to be Colorado River water, and water pumped 

from wells on the flood plain is presumed to be river water and 

is accounted for as Colorado River water. Drainage ditches 

that lie along the edge of the flood plain contain a mixture of 

river water (recharged on the flood plain from the application 

of diverted irrigation water) and tributary water. 

Purpose and Scope

This report documents the updates to the data and method 

used to generate the accounting surface in previous reports 

(Wilson and Owen-Joyce, 1994; Owen-Joyce and others, 2000) 

and presents the updated accounting surface needed to identify 

wells outside the flood plain of the lower Colorado River that 

yield water that will be replaced by water from the Colorado 

River. The report describes the process to update the account-

ing surface using simple, physically based ground-water flow 

models and contains maps (figs. 4–7 and plates 1–3) that show 

the elevation and contours of the updated accounting surface. 

Site-specific data were collected where needed to update the 

accounting surface. 

Data Collection

The USGS collected hydrologic data for the study 

during 2007–08. Most field work was done along the drain-

age ditches on the flood plain in Parker and Cibola Valleys 

in Arizona, in Palo Verde Valley in California, and in the 

Yuma area in Arizona and California. Additional data were 

collected along reaches of the river between Parker and 

Headgate Rock Dams and from upstream of Imperial Dam 

to the northerly international boundary (NIB) with Mexico. 

Water-surface elevations in drainage ditches were deter-

mined by use of Global Positioning System (GPS) surveys 

(Remondi, 1985). The data are stored in a database of the 

Arizona Water Science Center of the U.S. Geological Sur-

vey, Tucson, Arizona.

Precise GPS was used to collect water-level elevation 

data in the drainage ditches of agricultural areas along the 
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lower Colorado River in Parker, Cibola, and Palo Verde Val-

leys and in the Yuma area. Field collection of data for the Palo 

Verde Valley drainage-ditch survey was conducted during 

the weeks of August 13 and 27, 2007. Data for the drainage 

ditches in Parker Valley were collected during the weeks of 

August 27 and September 10, 2007. Data for the Cibola Valley 

drainage ditches were collected during the week of November 

5, 2007. Data for the drainage ditches in the Yuma area were 

collected January 30–31, 2008. Precise GPS was also used 

to collect data for specific reaches along the Colorado River. 

Data for the river between Parker Dam and Headgate Rock 

Dam were collected January 24, 2008. Data for the river in the 

Yuma area were collected the week of February 4, 2008.

Survey methods included collecting survey data by using 

Real-Time Kinematic (RTK)-Infill and static GPS. RTK GPS 

was used to collect edge-of-water or staff-gage elevations in 

the drainage ditches. RTK base-station positions were located 

at higher topographic locations near the drainage ditches. The 

base-station positions were selected by virtue of line-of-sight 

capability with the area of the drainage ditch to be surveyed. 

Because most survey points within the drainage ditches were 

obscured from the base station by the embankments, two 

technicians conducted the survey for safety and to ensure line-

of-site radio link between the RTK base station and rover unit. 

One technician entered the drainage ditch to place the rover 

GPS antenna pole at the edge of water or, when available, on 

top of a staff gage, while the second technician remained at the 

top of the drainage ditch with the rover radio receiver. Down-

to-water measurements were made from the top-of-staff gage 

or other measuring-point positions.

Static GPS methods included the occupation of surround-

ing survey benchmarks that have coordinates published by 

the National Geodetic Survey (NGS). Data collected from the 

static occupations were used to tie-in, correct, and check the 

coordinates of individual RTK base-station positions for each 

of the individual drainage-ditch surveys. In addition, indi-

vidual base-station positions from each of the drainage ditches 

were surveyed to a single benchmark located just west of the 

right bank cableway tie-back at the Colorado River below Palo 

Verde Dam (USGS 09429100) streamflow-gaging station. 

Selected top-of-staff measuring points and surrounding NGS 

benchmarks, when available, were reoccupied with RTK GPS 

to check for survey accuracy and repeatability. The accuracy 

of the surveyed elevations was ± 0.20 feet.

Various precise GPS methods were used to collect water-

level elevation data depending on the conditions that existed 

in those areas. Traditional RTK and faststatic techniques were 

not feasible due to line-of-sight problems and the absence of 

an established faststatic base station in the area between Parker 

and Headgate Rock Dams. Data were collected at eleven 

points along this reach of the river by treating each point as a 

base station and obtaining an Online Positioning User Service 

(OPUS) solution for each point. In the Yuma area, where there 

is an established base station surveyed in at the Yuma USGS 

office, data were collected at 28 points in drainage ditches and 

at 6 wells using the faststatic technique. Along the river in the 

reach upstream from Laguna Dam, 15 elevation points were 

collected by using the faststatic technique with the Yuma base 

station at the USGS office. Along the river in the Yuma area 

downstream from Laguna Dam to the NIB with Mexico, the 

RTK technique was used to collect data at 14 points by using 

both the AMVD and COCO base stations, which are devel-

oped benchmarks established by the City of Yuma.

Previous Investigations

The accounting-surface method is described for two areas 

in separate reports—the area upstream from Laguna Dam 

in Wilson and Owen-Joyce (1994) and the area downstream 

from Laguna Dam in Owen-Joyce and others (2000). Previous 

geohydrologic studies of the lower Colorado River valley from 

Davis Dam to Yuma defined and described the formations that 

constitute the river aquifer, discussed the geologic structures and 

framework of the lower Colorado River valley, and described 

the occurrence and movement of ground water (Metzger, 1965, 

1968; Metzger and Loeltz, 1973; Metzger and others, 1973; 

Olmsted and others, 1973). The major emphasis of these studies 

was the ground-water flow system beneath the flood plain and its 

relation to the Colorado River because few wells were available 

outside the flood plain to provide water levels or samples for 

chemical analysis. Refinement of the hydrogeologic framework, 

updated maps of ground-water flow, estimates of ground-water 

storage in the mound under Yuma Mesa, water-chemistry analy-

ses, and water-budget components are topics covered in a recent 

study of the Yuma area (Dickinson and others, 2006). Additional 

work to develop procedures to apply the accounting-surface 

method to water-level data from wells applied geographic 

information system (GIS) methods to identify areas where wells 

pump water that will be replaced by water from the Colorado 

River (Spangler and others, 2007).
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Accounting-Surface Method
The accounting-surface method was developed to iden-

tify wells outside the flood plain of the lower Colorado River 

that yield water that will be replaced by water from the river 

(Wilson and Owen-Joyce, 1994; Owen-Joyce and others, 

2000). The method is based on the concept of a river aquifer 
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and an accounting surface within the river aquifer. The method 

provides a uniform criterion for all users pumping water from 

wells by determining whether the elevation of the static water 

table at a well is above or below the accounting surface. The 

elevation of the static water table at a well is determined by 

measuring the elevation of the static water level in the well. 

The static water level is the level of the water in a well that is 

not being affected by ground-water withdrawal or the level to 

which water will rise in a tightly cased well under its full pres-

sure head. Wells that have a static water-level elevation equal 

to or below the accounting surface are presumed to yield water 

that will be replaced by water from the river. Wells that have 

a static water-level elevation above the accounting surface are 

presumed to yield water that will be replaced by water from 

precipitation and inflow from tributary valleys (fig. 2). Ground 

water in the river aquifer beneath the flood plain is considered 

to be Colorado River water regardless of water levels. Water 

pumped from wells on the flood plain is presumed to be river 

water and is accounted for as Colorado River water. 

The accounting surface is defined to represent the eleva-

tion and slope of the static water table in the river aquifer 

outside the flood plain and the reservoirs of the Colorado 

River that would exist if the water in the river aquifer were 

derived only from the river (Wilson and Owen-Joyce, 1994). 

The accounting surface extends outward from the edges of 

the flood plain or a reservoir to the subsurface boundary of 

the river aquifer. Initial attempts to compare the water level in 

wells to the accounting surface were stymied by the inability 

to obtain water levels in every well (Spangler and others, 

2007). Consequently, a method was devised by Spangler and 

others (2007) to estimate the water surface from available data 

and a new category—near the accounting surface—was added 

to the existing categories of well water levels—at, below, or 

above the accounting surface. GIS methods were used to cre-

ate maps from measured water-level data that were then used 

to delineate areas where the water levels in wells were above 

or below the accounting surface. Estimations of water eleva-

tion can be made for wells without a measured water level 

(Spangler and others, 2007) from these maps. Water levels in 

wells were measured with calibrated steel or electrical tapes 

that are accurate to within tenths or hundredths of a foot. A 

differential GPS was used to determine land-surface eleva-

tions to within an operational accuracy of ± 0.43 ft, resulting in 

calculated water-level elevations having a 95-percent confi-

dence interval of ± 0.84 ft. GIS interpolation tools were used 

to delineate areas within the river aquifer where water-level 

elevations are presumed to be above, below, and near (within 

± 0.84 ft at the 95-percent confidence interval) the elevation of 

the accounting surface. 

The criterion in the accounting-surface method for all 

users pumping water from wells was changed by Spangler 

and others (2007) to determining whether the elevation of 

the static water table at a well is above, near, or below the 

accounting surface. Wells that have a static water-level 

Figure 2. Schematic diagram showing the river aquifer and accounting surface (red line) of the lower Colorado River. 
Wells labeled “R” have a static water-level elevation equal to or below the accounting surface and are presumed to 
yield water that will be replaced by water from the river. Wells labeled “T” have a static water-level elevation above 
the accounting surface and are presumed to yield water that will be replaced by water from precipitation and inflow 
from tributary valleys (Modified from Wilson and Owen-Joyce, 1994).
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elevation near, equal to, or below the accounting surface are 

presumed to yield water that will be replaced by water from 

the river. Wells that have a static water-level elevation above 

the accounting surface are presumed to yield water that will 

be replaced by water from precipitation and inflow from 

tributary valleys.

River Aquifer

The boundary of the area that contains the accounting sur-

face was defined as the river aquifer and delineated in the pre-

vious studies (Wilson and Owen-Joyce, 1994; Owen-Joyce and 

others, 2000). The river aquifer consists of permeable, partly 

saturated sediments and sedimentary rocks that are hydrauli-

cally connected to the Colorado River so that water can move 

between the river and the aquifer in response to withdrawal of 

water from the aquifer or differences in water-level elevations 

between the river and the aquifer. The subsurface limit of the 

river aquifer is the nearly impermeable bedrock of the bottom 

and sides of the basins that underlie the Colorado River valley 

and adjacent tributary valleys, which is a barrier to ground-

water flow. For this study the boundary of the river aquifer 

remains the same as defined previously (fig. 1).

The river aquifer beneath the area where the accounting 

surface exists can be divided into two areas. The first area is 

where the water table is controlled by reservoirs, and the second 

area is where the water table is controlled by the Colorado 

River, drainage ditches on the flood plain, or both. In areas con-

trolled by reservoirs, the accounting surface is set at a constant 

elevation defined by a representative reservoir level specified by 

Reclamation. In areas controlled by the Colorado River, drain-

age ditches, or both, the accounting surface varies depending on 

the shape of the aquifer and the surface-water elevations.

Generation of the Accounting Surface

The accounting surface adjacent to free-flowing reaches 

of the river between reservoirs published by Wilson and 

Owen-Joyce (1994) and Owen-Joyce and others (2000) was 

represented by hand-drawn contours based on surface-water 

profiles. In Parker and Palo Verde Valleys, drainage ditches or 

wells along the edge of the flood plain were used to define the 

level of the accounting surface. Reclamation considers the water 

levels in the drainage ditches to represent the level of Colorado 

River water beneath the flood plain. Adjacent to reservoirs, the 

accounting surface is flat, and is set to an elevation of the adja-

cent reservoir defined by the annual high water-surface eleva-

tion used by Reclamation to operate the reservoirs under normal 

flow conditions.

The general strategy for updating the accounting surface 

was as follows:

1. The extent of the river aquifer and area over which the 

accounting surface was defined by Wilson and Owen-

Joyce (1994) and Owen-Joyce and others (2000) was 

retained.

2. Water-surface profiles of the Colorado River and drain-

age ditches used in defining the accounting surface were 

updated using the most recent information available. 

Drainage ditches were used in Parker, Palo Verde, and 

Cibola Valleys in defining the accounting surface.

3.  Water-surface elevations in reservoirs were updated 

on the basis of current operating conditions for Lakes 

Mead, Mohave, and Havasu.

4. Contours of the accounting surface adjacent to free-

flowing reaches of the Colorado River were generated 

using simple steady-state ground-water models that 

simulate two-dimensional flow, using a constant trans-

missivity value, with river and drainage-ditch elevations 

as boundary conditions.

The discharges along the free-flowing reaches of the 

Colorado River and the water-surface elevations in reservoirs 

used to define the accounting surface were specified by Recla-

mation. Implementation of this general strategy is discussed in 

more detail in the following sections.

Criteria for Establishing Reservoir Water-Surface 
Elevations and Colorado River Flow Conditions 
Used to Generate the Accounting Surface

The water-surface elevations in the Colorado River, reser-

voirs, and drainage ditches satisfy the following criteria (Jeffrey 

C. Addiego, Bureau of Reclamation, written commun., 2007):

The Colorado River is flowing under normal operat-

ing conditions. Normal operating conditions exist 

when releases from the reservoirs are being made to 

accommodate downstream requirements where each 

State is using its full apportionment (consumptive use 

in Arizona + California + Nevada equals 7.5 million 

acre-feet) and a treaty-specified 1.5 million acre-feet 

is being delivered to Mexico (approximately 1.36 

million acre-feet at the NIB with Mexico and 0.14 

million acre-feet at the land boundary near San Luis). 

Flow and (or) river stage values can be either his-

torical or modeled values, and should exclude flood 

flows from the lower basin tributaries and side-wash 

inflows.

The hydraulic influence of the Colorado River under 

normal operating conditions is defined by the mean 

stage of the Colorado River (excluding reservoirs) dur-

ing the highest flow month of the year (the flow that 

should be used to calculate the river stage is the mean 

monthly flow for the highest flow month of the year).

The elevations used for the reservoirs (Lakes Mohave 

and Havasu) are the high monthly target elevation for 

the year used when operating under normal operating 

conditions — 644 feet for Lake Mohave and 448.7 feet 

for Lake Havasu. 
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The maximum elevation of the accounting surface for 

Lake Mead is the top of the spillway gates in their 

fixed (down) position (1,205.4 feet). This elevation 

corresponds to an elevation (and corresponding area) 

in the vicinity of Lake Mead where a well would have 

the potential to pump Colorado River water. Whether 

a well would be considered to pump Colorado River 

water in the Lake Mead area would depend upon the 

actual lake elevations during the accounting year.

The flows and river stage values account for major 

diversions from and return flows to the river at their 

respective locations. These diversions and return flows 

include, at minimum, the diversion at Headgate Rock 

Dam and major drainage ditches from the Colorado 

River Indian Reservation, the diversion at Palo Verde 

Diversion Dam and major drainage ditches from the 

Palo Verde Irrigation District, the diversions from Lake 

Havasu by the Central Arizona Project and the Metro-

politan Water District canals, the diversions at Imperial 

Dam and major returns below Imperial Dam. As many 

diversions and return flow points are used as practi-

cal given the available data and the practical influence 

upon the resultant values. 

Areas of the River Aquifer Controlled by 
Reservoirs

The accounting surface elevations in the river aquifer sur-

rounding Lake Havasu, Lake Mohave, and Lake Mead are deter-

mined by the reservoir levels. Reclamation has determined that 

the accounting-surface elevations are 448.7 ft for Lake Havasu, 

644.0 ft for Lake Mohave, and 1205.4 ft for Lake Mead. 

Areas of the River Aquifer Controlled by the 
Colorado River, Drainage Ditches, or Both

River Reaches
Along reaches of the Colorado River without irrigation 

on the flood plain where the river loses water to the aquifer, the 

accounting surface is determined by the water surface of the 

Colorado River. Under predevelopment conditions and where 

the flood plain is not irrigated with diverted river water, ground-

water levels in areas outside the flood plain that are higher than 

the Colorado River are caused only by tributary ground-water 

inflow. In this case, the river controls the elevation of the water 

table under the flood plain, and the accounting surface would be 

lower than the higher water level caused by tributary ground-

water inflow. Water pumped from a well with a static water 

level above the accounting surface would be deemed tributary 

water, and an entitlement would not be needed.

A calibrated and documented step-backwater model was 

not available for the study area, and development of such 

a model was beyond the scope of this study. Reclamation 

Colorado River 
gaging station

River      
mile

Discharge, in 
cubic feet per 

second
Below Hoover Dam 342.0 17,634

Below Davis Dam 275.5 17,069

At Big Bend 264.7 19,567

Below Parker Dam 192.2 12,370

Forebay at Headgate Rock Dam 177.7 11,402

At Parker 175.3 11,970

At Water Wheel 151.5 11,157

Below Palo Verde Diversion Dam 132.7 10,924

At Taylor Ferry 106.4 9,825

At Lower Cibola Bridge 86.9 10,399

Above Imperial Dam 49.2 10,222

Below Imperial Dam 49.2 549

Below Laguna Dam 41.7 716

Below Yuma Main Canal Wasteway 29.4 1,527

Table 1. Discharges used to determine the water-surface elevation 
of the Colorado River used in the ground water-flow models.
[River miles start at the southerly international boundary with Mexico and 

increase upstream (Bureau of Reclamation, 2001)]

Figure 3. Water surface profile of the Colorado River used in 
the ground-water flow models. The approximate extent of the 
accounting surface in each of the four modeled areas is also 
displayed as a function of river mile. River miles (Bureau of Rec-
lamation, 2001) start at the southerly international boundary with 
Mexico and increase upstream.
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surface elevations used to represent the Colorado River south 

of Eleven-mile gage are in the appendixes (available only 

online at http://pubs.usgs.gov/sir/2008/5113/appendixes/).

Mohave Valley—The water-surface profile was deter-

mined from the stage-discharge relations at four streamflow-

gaging stations at river miles 275.4 (Colorado River below 

Davis Dam), 264.7 (Colorado River at Big Bend), 243.4 (Colo-

rado River below Needles Bridge), and 233.6 (Colorado River 

near Topock [at RS41]), and the elevation of Lake Havasu. 

Parker Valley and Palo Verde Valley—The linearly inter-

polated profile was based on streamflow-gaging station data at 

river miles 192.2 (Colorado River below Parker Dam), 177.7 

(Colorado River Forebay above Headgate Rock), 175.3 (Colo-

rado River at Parker), 151.5 (Colorado River at Water Wheel), 

132.7 (Colorado River below Palo Verde Diversion Dam), 106.4 

(Colorado River at Taylor Ferry), and 86.9 (Colorado River at 

Lower Cibola Bridge) and Reclamation GIS coverages of the 

extent of the Palo Verde Dam and Headgate Rock Dam forebays 

(Shana Tighi, Bureau of Reclamation, written commun. 2008). 

Water-surface elevation measurements were made between 

Colorado River
gaging station

UTM coordintate1, in meters Elevation,
in feet

River mile Agency
Easting Northing

Below Davis Dam (09423000) 721369 3895914 503.17 275.40 USGS

Big Bend 717750 3884573 486.60 264.70 Reclamation

Below Needles Bridge 721649 3855318 462.20 243.30 Reclamation

RS41 (below Topock Marsh) 731394 3844023 454.14 233.60 Reclamation

Below Parker Dam (09427500) 763366 3798537 370.45 192.20 USGS

Forebay at Headgate Rock Dam 750315 3783939 362.62 177.70 Reclamation

Parker 748190 3781783 344.00 175.30 Reclamation

Water Wheel 728171 3756367 302.63 151.50 Reclamation

Below Palo Verde Diversion Dam 732289 3732777 267.02 132.70 Reclamation

Taylor Ferry (TFLC) 720531 3701245 231.57 106.40 Reclamation

Lower Cibola Bridge 716492 3676582 208.38 86.90 Reclamation

Below Imperial Dam (09429500) 736985 3640727 180.72 49.20 USGS

Below Laguna Dam (0942600) 732742 3633016 127.06 41.7 USGS

Below Yuma Main Canal Wasteway (09521100) 720849 3623858 113.22 29.50 USGS

Above Rockwood Weir 713707 3622116 106.80 23.10 IBWC

Above Morelos Dam 712976 3620783 105.00 22.10 IBWC

Below Morelos Dam 712939 3620723 100.20 22.11 IBWC

Eleven-mile gage 711163 3616163 92.20 18.80 IBWC

1 Universal Transverse Mercator, Zone 11 coordinates, North American Datum of 1927.

reevaluated the discharges below dams and streamflow-gaging 

stations along the river used to establish the water-surface 

elevations according to the criteria described above (Doug-

las B. Blatchford, Bureau of Reclamation, written commun., 

2007) and produced the discharges in table 1. The water-

surface profile of the Colorado River was based on a profile 

linearly interpolated between streamflow-gaging stations that 

was provided by Reclamation (Shana G. Tighi, written com-

mun., 2008) that included streamflow data collected at gaging 

stations operated by Reclamation, USGS, and the International 

Boundary and Water Commission (IBWC). That profile was 

modified by additional water-surface elevation measurements 

made by the USGS. Water-surface measurements were made 

where the linearly interpolated profile deviated significantly 

from the profiles used in the previous studies (Wilson and 

Owen-Joyce, 1994; Owen-Joyce and others, 2000). The water-

surface profile of the Colorado River used in the ground-water 

flow models is shown in figure 3. Data from streamflow-

gaging stations and USGS measurements are listed in tables 

2 and 3. Tables containing the water-surface elevations in the 

drainage ditches, the path of the Colorado River in Universal 

Transverse Mercator (UTM) coordinates, and the digitized 

Table 2. Streamflow-gaging station data used to define the water-surface elevation used in the ground-water flow models.

[Agency: USGS, U.S. Geological Survey; Reclamation, Bureau of Reclamation; IBWC, International Boundary and Water Commission]
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River mile
UTM Coordinates1, in meters Elevation,

in feetEasting Northing

191.74 763447 3798135 368.3

190.77 763714 3796614 367.1

189.00 763681 3794281 362.2

188.56 763001 3794254 365.1

187.31 761528 3793982 365.0

186.14 760340 3793027 364.9

184.34 758613 3790855 365.2

182.92 757106 3789138 365.0

181.33 755824 3787245 364.8

179.68 754201 3785508 364.8

178.07 752000 3784263 365.0

47.86 736669 3639365 156.2

47.72 736624 3639178 150.8

46.81 736281 3638125 150.8

44.43 735168 3635338 150.8

40.98 731882 3631582 2122.9

38.47 731591 3627923 2121.3

35.93 731039 3624107 2119.8

34.46 729226 3622800 2118.6

34.31 728990 3622783 2118.4

33.39 727531 3622993 2117.7

31.55 724802 3623457 2114.7

31.41 724567 3623385 2114.8

30.98 723908 3623357 2114.1

29.70 721982 3623768 3112.0

28.88 720667 3623899 3111.1

28.20 719580 3623936 3110.1

26.69 717318 3624355 3108.5

25.83 716056 3624828 3107.7

1 Universal Transverse Mercator, Zone 11 coordinates, North Ameri-

can Datum of 1927.

2 These elevations were increased by 0.8 ft for use in the ground-water 

model to account for difference in discharge specified for the accounting 

surface and the discharge during the stage measurements. See the section 

Yuma Area for further explanation.

3 These elevations were increased by 1.2 ft for use in the ground-water 

model to account for difference in discharge specified for the accounting 

surface and the discharge during the stage measurements. See the section 

Yuma Area for further explanation.

Table 3. Colorado River water-surface elevation 
measurements used to define the water-surface elevation 
used in the ground-water flow models.

Parker Dam and Headgate Rock Dam during this study because 

the interpolated profile showed the forebay behind Headgate 

Rock Dam extending upstream to around river mile 189, 

whereas the earlier profile had a sloping water surface, resulting 

in higher water-surface elevations. The measurements supported 

the extent of the forebay represented in the interpolated profile.

Above Imperial Dam to Laguna Dam—The linearly inter-

polated profile was based on a streamflow-gaging station at river 

mile 49.2 (Colorado River below Imperial Dam) and Reclama-

tion GIS coverages of the Imperial and Laguna Dam forebays. 

Water-surface elevation measurements were made above Impe-

rial Dam and showed that the linearly interpolated profile overes-

timates the extent of the forebay. The measurements, which show 

a sloping water surface, were used in the ground-water model. 

The measurements were made at a discharge of about 6,000 ft3/s, 

whereas the discharge specified for the accounting surface in this 

reach was 10,222 ft3/s. Stage-discharge relations were not avail-

able for this reach and a correction for the difference between 

the two discharges was not made. Water-surface measurements 

made between Imperial Dam and Laguna Dam supported the 

linearly interpolated profile drawn from the Reclamation GIS 

coverage of the Laguna Dam forebay.

Yuma area—The following six streamflow-gaging sta-

tions were used for this reach: Colorado River below Laguna 

Dam, below Yuma Main Canal Wasteway, above Rockwood 

Weir at the NIB (International Boundary and Water Commis-

sion (IBWC) 095-219.00), immediately above Morelos Dam 

(IBWC 09-5220.21), immediately below Morelos Dam (IBWC 

09-5220.41), and at Eleven-mile gage (IBWC 09-5221.00). The 

previous water-surface profile (Owen-Joyce and others, 2000) 

showed considerable variability in the water-surface profile 

between Laguna and Morelos Dams that was not represented 

by the linearly interpolated profile, so water-surface elevation 

measurements were made in this reach. The measurements were 

made at lower discharges than specified for the updated account-

ing surface. Corrections to water-surface elevations that account 

for the differences in discharge were estimated from the stage-

discharge rating curves at the below Laguna Dam streamflow-

gaging station and the below Yuma Main Canal Wasteway 

streamflow-gaging station. Between Laguna Dam and the below 

Yuma Main Canal Wasteway streamflow-gaging station, the 

updated accounting surface discharge was 716 ft3/s, whereas the 

discharge measured during the water-surface elevation measure-

ments was 440 ft3/s. The water-surface profile between Laguna 

Dam and the below Yuma Main Canal Wasteway streamflow-

gaging station was defined in the ground-water model by the 

measurements plus a correction of 0.8 ft, based on the stage-

discharge rating curve at the below Laguna Dam streamflow-

gaging station. In the reach between the below Yuma Main Canal 

Wasteway streamflow-gaging station and Morelos Dam, the 

discharge specified for the updated accounting surface was 1,526 

ft3/s. The discharges measured during the water-surface elevation 

measurements were 670 and 778 ft3/s. The water-surface profile 

between the below Yuma Main Canal Wasteway streamflow-

gaging station and the above Rockwood Weir streamflow-gaging 
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station was defined in the ground-water model by the measure-

ments plus a correction of 1.2 ft, based on the stage-discharge 

rating curve at the below Yuma Main Canal Wasteway stream-

flow-gaging station and the average of the measured discharges 

in that reach. An analysis of streamflow-gaging station records 

by Jeffrey C. Addiego (Bureau of Reclamation, written com-

mun., 2008) provided the water-surface elevation at the above 

Rockwood Weir streamflow-gaging station. Just above and 

below Morelos Dam and at the Eleven-mile gage (at river mile 

18.8), the average monthly high stages at the IBWC streamflow-

gaging stations were used to establish the water-surface eleva-

tions. Below Eleven-mile gage, the land surface digitized along 

the path of the Colorado River was used as the water-surface 

boundary condition in the ground-water flow model. 

Drainage Ditch Reaches
Along reaches of the Colorado River where water is 

diverted for irrigation on the flood plain, drainage ditches inter-

cept return flow to the river and the river gains water from the 

aquifer. In these reaches, the accounting surface is defined by 

using the water-surface elevation in the drainage ditches along 

the edge of the flood plain. Flood-plain irrigation with diverted 

Colorado River water causes a higher ground-water level under 

the flood plain because irrigation water not consumptively 

used by crops percolates down to the water table and causes 

the water table to rise. There is a constant flow of irrigation 

with diverted river water, percolation to the drainage ditches 

or river, and flow in the drainage ditches to the river. Intercep-

tion of the percolated irrigation water by a network of drainage 

ditches connected to the Colorado River keeps the water table 

from rising up into the root zone and this level is higher than it 

would be if controlled by the river. Because water in the drain-

age ditches is considered Colorado River water for account-

ing surface purposes, it warrants the same level of protection 

from depletion without an entitlement as water in the Colorado 

River and stored in reservoirs. Where drainage ditches intercept 

percolated irrigation water, the water-surface elevations in the 

drainage ditches were used to define the accounting surface. 

Drainage ditches along the edge of the flood plain could not be 

used in the Yuma area because the elevation of the water surface 

is controlled mainly by recharge from the unlined canals that 

are above the flood-plain elevation and run parallel to the edge 

of the flood plain rather than by percolation from irrigation on 

the flood plain. Water-surface elevations in the drainage ditches 

were determined from USGS measurements in 2007 and 2008.

Ground-Water Flow Models
In the previous studies, the accounting surface was hand-

drawn using hydrologic judgment to extend water-surface 

elevations into the river aquifer based on the shape of the river 

aquifer. This study refines that procedure by using simple 

physically based steady-state numerical models to calculate 

the updated accounting surface. 

The river aquifer was represented as a single model layer 

of uniform aquifer thickness and spatially invariant or constant 

transmissivity. Because transmissivity is the product of the 

aquifer thickness and hydraulic conductivity, hydraulic con-

ductivity in the model also is constant. With the assumption of 

a spatially invariant or constant transmissivity throughout the 

model domain, the governing equation of steady-state flow in 

two dimensions is:

   

                              (1)

where h is hydraulic head and x and y represent Cartesian coor-

dinates along orthogonal axes. Aquifer thickness and conductiv-

ity are not present in equation 1; the distribution of heads in the 

modeled river aquifer depends only on the aquifer boundaries 

and the specified water-surface elevations in the drainage ditches 

in the flood plain and in the Colorado River. Flow rates through 

the aquifer would depend on the aquifer transmissivity, but flow 

rates are not considered in this study. 

The river aquifer adjacent to the Colorado River is uncon-

fined. The assumption of constant transmissivity neglects spatial 

variations in transmissivity that would arise from the spatial 

variations in the vertical position of the water table. The assump-

tion also neglects variations in transmissivity that occur from 

variations in the vertical position of the aquifer bottom as well 

as spatial variations in hydraulic conductivity. A more rigorous 

approach would be to use the nonlinear Boussinesq equation 

instead of the simpler linear Laplace equation (equation 1). That 

approach, however, would have required unavailable information 

on aquifer geometry and hydraulic properties. Use of equation 

1 is in keeping with a long history in the field of ground-water 

hydrology of using simple linear equations with the assumption 

of homogeneous properties to approximate ground-water condi-

tions and responses and is consistent with the overall parsimoni-

ous approach taken in the concept, definition, and application of 

an accounting surface.

The accounting surface in the four areas was modeled with 

MODFLOW 2000 (Harbaugh and others, 2000) using the water-

surface elevations in the Colorado River and drainage ditches as 

constant-head boundaries. The grid spacing in the models was 

0.25 mi along model rows and columns. General characteris-

tics of the model grids are given in table 4 and the extent of the 

model grids is shown in figure 1. The path and distribution of 

Colorado River and drainage ditch water-surface elevations were 

established on the model grids using the RIVGRID program 

(Leake and Claar, 1999). The water-surface elevations defined 

by RIVGRID were then incorporated into the models as nodes 

with a constant head. 

Areas of the river aquifer adjacent to the Colorado River for 

which the accounting surface was modeled include (1) Mohave 

Valley; (2) Parker, Palo Verde, and Cibola Valleys; (3) Imperial 

Dam to Laguna Dam; and (4) the Yuma area. Each area was 

modeled with a single horizontal layer of cells of thickness 500 ft 

and hydraulic conductivity 39.2 ft/day; however, as pointed out 

in the discussion of equation 1, the model predictions of the 

accounting surface are independent of thickness and hydraulic 

∂
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∂
=
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conductivity. Tests were carried out by varying hydraulic con-

ductivity and thickness to verify that computed head distribu-

tions were independent of these parameters. Rows and columns 

of the model grids were oriented in east-west and north-south 

directions in the UTM, Zone 11, coordinate system. 

Updated Accounting Surface
The accounting surface around reservoirs was updated using 

a reservoir elevation. The accounting surface is set at its maxi-

mum possible level of 1,205.4 ft in the river aquifer around Lake 

Mead (fig. 4 and plate 1) and has not changed from the original 

accounting surface. The accounting surface is set at 644.0 ft in 

the river aquifer around Lake Mohave (fig. 5 and plate 1), and at 

448.7 ft in the river aquifer around Lake Havasu (fig. 5 and plate 

2), the current high monthly target elevations for these reservoirs. 

These elevations are slightly different from the high monthly tar-

get elevation used for the original accounting surface. In the river 

aquifer between the major reservoirs, ground-water flow models 

with boundary conditions set by Colorado River and drainage 

ditch water-surface elevations were used to contour the account-

ing surface. The models computed water-level elevations over the 

entire river aquifer; however, only contours in the river aquifer 

where the accounting surface exists are shown for modeled areas 

(figs. 4–7 and plates 1–3). The updated accounting surface is 

shown on maps for Mohave Valley and adjacent tributary areas 

(fig. 5 and plate 2); for Parker, Palo Verde, and Cibola Valleys 

and adjacent tributary areas (fig. 6 and plate 2); and for the Yuma 

area upstream and downstream from Laguna Dam and adjacent 

tributary areas (fig. 7 and plate 3). The model grid in the Yuma 

area extends to the south of the accounting surface, but only con-

tours in the area with the accounting surface are shown.

Summary
An update of the accounting surface developed in the 

1990s to identify wells outside the flood plain of the lower 

Colorado River that yield water that will be replaced by 

water from the river was required as a result of changes in 

the ground and surface water systems and a datum correc-

tion to the water surface elevations in drainage ditches. The 

updated accounting surface will be used to identify which 

wells need an entitlement for diversion of water from the 

Colorado River and need to be included in accounting for 

consumptive use of Colorado River water as outlined in the 

Consolidated Decree of the United States Supreme Court in 

Arizona v. California, 547 U.S.150 (2006). Contours of the 

original accounting surface were hand drawn based on the 

shape of the aquifer, water-surface elevations in the Colo-

rado River and drainage ditches, and hydrologic judgment. 

The original accounting surface was updated based on 

updated water-surface elevations in the Colorado River and 

drainage ditches, and the use of a simple, physically based 

ground-water flow model to calculate the accounting sur-

face. The water-surface elevation of the Colorado River was 

determined for discharges specified by Reclamation. The 

water-surface elevations were derived from a linearly inter-

polated profile between USGS and Reclamation streamflow-

gaging stations and supplemented by IBWC streamflow-

gaging stations downstream from the northerly international 

boundary with Mexico. In addition, water-surface eleva-

tions were measured where the linearly interpolated profile 

deviated significantly from the water-surface profile used 

to develop the original accounting surface. The USGS also 

measured water-surface elevations in drainage ditches in the 

Parker, Palo Verde, and Cibola Valleys. 

The accounting surface was modeled with MODFLOW 

2000 (Harbaugh and others, 2000) using the water-surface 

elevations in the Colorado River and drainage ditches as 

constant-head boundaries. Reaches of the river aquifer 

adjacent to the Colorado River for which the accounting 

surface was modeled include (1) Mohave Valley, (2) Parker, 

Palo Verde, and Cibola Valleys, (3) Imperial Dam to Laguna 

Dam, and (4) the Yuma area. The development and applica-

tion of computer models will make further updating of the 

accounting surface, if necessary, a straightforward task. 

In the river aquifer adjacent to reservoirs, the accounting 

surface was determined by a reservoir elevation specified by 

Reclamation. 

Area modeled 
UTM Coordinates of northwest 
corner of model grid1, in meters Number of 

model rows
Number of 

model columns
Number of 

active cells2

Easting Northing

Mohave Valley 706260.7 3897829.0 160 139 13,264

Parker, Palo Verde, and Cibola Valleys 636449.1 3797916.0 329 388 87,176

Imperial Dam to Laguna Dam 730975.8 3672261.3 103  88 4,702

Yuma Area 640414.6 3691950.0 511 340 69,814

1 Universal Transverse Mercator, Zone 11 coordinates, North American Datum of 1927.
2 Includes cells with computed head and constant-head cells used to represent water-surface features.

Table 4. Properties of ground-water flow models used to compute the accounting surface for areas along the lower Colorado River.
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Figure 4. Map showing the accounting surface in the areas surrounding Lake Mead, 
Arizona, Utah, and Nevada.
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Figure 5. Map showing the accounting surface in Mohave Valley and adjacent tribu
-

tary areas in Arizona, California, and Nevada.
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Figure 7. Map showing the accounting surface in the Yuma area upstream and downstream from Laguna Dam and adjacent 
tributary areas in Arizona and California.
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January 20, 2023 

 

Sent via email (with attachments by electronic file transfer) 

 

Michael Abraham 

Assistant Director 

Imperial County Planning and Development Services Department 

801 Main St 

El Centro, CA 92243 

MichaelAbraham@co.imperial.ca.us 

ICPDSCommentLetters@co.imperial.ca.us.  

442-265-1736 

 

 

Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-0001, a 

Mineral Exploration Project (SCH No. 2022120331) Environmental Assessment and 

Mitigated Negative Declaration 

 

Dear Mr. Abraham: 

 

 These comments are submitted on the IS21-0029 SMP Gold Corp (Oro Cruz) 

Reclamation Plan #21-0001 Mineral Exploration Project (SCH No. 2022120331) (“Project”) 

from Center for Biological Diversity, Western Watersheds Project, Earthworks, the Sierra Club 

California/Nevada Desert Committee, Conservation Lands Foundation, Greenaction for Health 

and Environmental Justice, Mojave Desert Land Trust, California Native Plant Society, and the 

Ahmut Pipa Foundation (collectively “Conservation Organizations”). These comments 

supplement and incorporate by reference our previous comments (dated December 16, 2022) on 

BLM’s Environmental Assessment (EA) and Draft Finding of No Significant Impact (FONSI) 

and proposal to approve the Plan of Operations for the SMP Gold Corp. These comments were 

sent to the County and are also attached as Exhibit 1. The Conservation Organizations have 

reviewed the Environmental Assessment and Mitigated Negative Declaration (“EA/MND”) and 

associated environmental review documents closely and are concerned that Imperial County 

(“County”) has failed to adequately disclose, analyze, and mitigate the Project’s significant 

environmental impacts as required under the California Environmental Quality Act, Public 

Resources Code section 21000 et seq. (“CEQA”) and 14 California Code of Regulations section 

15000 et seq. (“CEQA Guidelines”). The Conservation Organizations urge the County to prepare 

and circulate an Environmental Impact Report (“EIR”) for the Project prior to taking any further 

action on the Project application.    

 

// 

mailto:MichaelAbraham@co.imperial.ca.us
mailto:ICPDSCommentLetters@co.imperial.ca.us
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// 

I. The County Must Prepare an EIR for the Project.  

  

CEQA was enacted for the state to “take all action necessary to protect, rehabilitate, and 

enhance the environmental quality of the state” and to “[e]nsure that the long-term protection of 

the environment . . . shall be the guiding criterion in public decisions.” (Pub. Res. Code 

§ 21001.) The CEQA Guidelines state that “CEQA was intended to be interpreted in such a 

manner as to afford the fullest possible protection to the environment within the reasonable scope 

of the statutory language,” and that “[t]he purpose of CEQA is . . . to compel government at all 

levels to make decisions with environmental consequences in mind.” (CEQA Guidelines § 

15003.) CEQA is an information document and, as such, “requires full environmental 

disclosure.” (Communities for a Better Environment v. City of Richmond (2010) 184 Cal.App.4th 

70, 89.) 

Only when “there is no substantial evidence in light of the whole record before the public 

agency that the project . . . may have a significant effect on the environment” may an agency 

prepare a negative declaration or mitigated negative declaration instead of an EIR. (Pub. Res. 

Code § 21064.5; see also id. §§ 21064, 21080(c).) A mitigated negative declaration, in particular, 

is prepared “when the initial study has identified potentially significant effects on the 

environment, but . . . revisions in the project plans or proposals . . . would avoid the effects or 

mitigate the effects to a point where clearly no significant effect on the environment would 

occur” and there is no substantial evidence the project may have a significant effect on the 

environment. (Id. § 20164.5.) If there is substantial evidence that a project may have a significant 

effect on the environment, an agency must prepare an EIR. (Id. § 21080(d).) 

If an agency is presented with so much as “a fair argument that a project may have a 

significant effect on the environment, the lead agency shall prepare an EIR even though it may 

also be presented with other substantial evidence that the project will not have a significant 

effect.”  (CEQA Guidelines § 15064(f)(1); see also No Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 

68, 75.) 

The CEQA Guidelines provide guidance for determining if a project’s effects are 

significant. Such a determination “calls for careful judgment on the part of the public agency 

involved, based to the extent possible on scientific and factual data” and a “consider[ation of] the 

views held by members of the public in all areas affected.” (Id. § 15064(b)-(c).) The lead agency 

must consider both direct and indirect physical changes in the environment caused by the project. 

(Id. § 15064(d).)  

CEQA also requires consideration of cumulative impacts. An EIR is required “if the 

cumulative impact may be significant and the project’s incremental effect, though individually 

limited, is cumulatively considerable . . . when viewed in connection with the effects of past 

projects, the effects of other current project, and the effects of probable future projects.” (Id. § 

15064(h)(1).) Cumulatively considerable environmental effects require a mandatory finding of 

significance. (Id. § 15065(a)(3).) 

CEQA also has a substantive mandate and requires effective mitigation. “[P]ublic 

agencies should not approve projects as proposed if there are feasible alternatives or feasible 
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mitigation measures available which would substantially lessen the significant environmental 

effects of such projects.” (Pub. Res. Code § 21002.) CEQA requires mitigation measures to be 

“fully enforceable through permit conditions, agreements, or other measures.” (See id. § 

21081.6(b); CEQA Guidelines § 15126.4(a)(2).) “Formulation of mitigation measures should not 

be deferred until some future time.” (CEQA Guidelines § 15126.4(a)(1)(B).) 

The Project’s impacts on biological resources, air quality and greenhouse emissions, 

energy, water supply, cultural resources and numerous other factors are readily apparent given 

the type, location and scale of the project. Any one of these factors alone is sufficient to warrant 

preparation of an EIR. 

II. The EA/MND Lacks an Adequate Analysis of and Mitigation for the Project’s 

Impacts to Biological Resources 

 

The EA/MND lacks adequate detail in the description and analysis of special-status 

species that occur, have the potential to occur, or historically occurred in and near the Project 

area. Below we provide just a few illustrative examples of the EA/MND’s shortcomings in this 

respect, though this is not a comprehensive list. The below information provides ample support 

of a fair argument that the project may have a significant effect on the environment. 

Accordingly, the County must prepare an EIR. (CEQA Guidelines § 15064(f)(1); see also No 

Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 68, 75.) 

A. Desert Tortoise Are a Special Status Species, the Impacts to Which are 

Presumed to be Significant. 

 

The CEQA Guidelines indicate that a Project can be expected to have significant impacts 

to biological resources if the Project has a substantial adverse effect, either directly or through 

habitat modifications, on any species identified as a candidate, sensitive, or special status species 

in local or regional plans, policies, or regulations, or by the California Department of Fish and 

Game or U.S. Fish and Wildlife Service. (CEQA Guidelines, Appendix G, subd. IV(a).) 

Accordingly, the EA/MND itself indicates that the Project’s impacts will be significant if it will 

“have a substantial adverse effect, either directly or through habitat modifications, on any species 

identified as a candidate . . . species . . . by the California Department of Fish and Game.”  

(EA/MND at 1021; see also CEQA Guidelines § 15065(a)(1) [when performing an initial study, 

agencies shall make a mandatory finding of significance where a proposed project has the 

potential to substantially reduce the number or restrict the range of a listed species], California 

Fish and Game Code § 2085 [CESA candidate species treated like threatened or endangered 

species].) 

 

The Mojave Desert Tortoise is listed as threatened under the Endangered Species Act and 

California Endangered Species Act (“CESA”). (55 Fed. Reg. 12178 12191, 14 CCR § 670.5.) 

The tortoise has been the official State Reptile since 1972. (Assembly Bill 1089, Chapter 683, 

1972.) In addition, on October 14, 2020, the California Fish and Game Commission (“CFGC”) 

advanced the Mojave Desert Tortoise to candidacy to uplist it from threatened to endangered 

 
1 The EA/MND posted on CEQANet was not paginated. Citations to the EA/MND in this comment letter refer to the 

PDF page number. 
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under CESA, protecting these imperiled species from harm during the ongoing review process. 

(CFGC 2020.) Consequently, the Project’s impacts to the desert tortoise must be considered 

significant and fully evaluated and disclosed to the public. (Nelson v. Cnty. of Kern (2010) 190 

Cal.App.4th 252, 284 [information before County showing that mining exploration project could 

significantly impact plant and animal life in the area meets the fair argument test to require 

preparation of an EIR.].) 

 

Desert tortoise are on the decline throughout their range, including in Imperial County 

(Allison and McLuckie 2018). In this area, the desert tortoise are part of the most southern 

population in California, where they endure the most arid and hottest habitat in California. As 

noted in our attached comments on the NEPA document, “the Picacho Area of Environmental 

Concern (ACEC) was established in part to conserve the declining Mojave desert tortoise.”  

(Exhibit 1 at p. 21; BLM 2016.) 

 

With active burrows and tortoise sign found in some of the drill areas (EA at 98), it is 

incumbent that these animals be protected from any harms. The EA/MND assumes that any 

impacts will be mitigated to less-than-significant levels with the avoidance, minimization and 

mitigation measures outlined in Appendix F, Table F-3. The proposed measures are wholly 

inadequate to protect the on-site desert tortoise. Accordingly, the Project’s impacts will remain 

significant and should be considered in an EIR. In that analysis the County must consider 

adoption of the following additional feasible mitigation measures at minimum: 

- Commit to secure an “incidental take permit” from the California Department of 

Fish and Wildlife, in addition to the Federal “take” permit, prior to any groundbreaking 

activities; 

- Preconstruction surveys prior to the proposed project implementation; 

- On-site biological monitor during project implementation who has wildlife 

agency permits to move desert tortoise out of harm’s way; 

- Fencing of all worksites, roads and other areas of disturbance associated with the 

proposed project; 

- A detailed raven plan that effectively discourages ravens from being drawn to the 

site during proposed project implementation as well as during the restoration efforts and 

fencing removal. 

 

B. The EA/MND Does Not Adequately Describe the Environmental Baseline for 

Various Other Species. 

 

The EA/MND fails to provide adequate baseline information and description of the 

environmental setting for species other than the desert tortoise. This deficiency extends to the 

EA/MND’s treatment of rare plants, animals, and communities. For some species or habitats 

baseline conditions are lacking or totally absent and as a result no impact assessment is provided 

for these biological resources. The failure to address numerous species may be the result of 

inadequate surveys. 

. 

1. Flat-tailed horned lizard and Colorado fringe-toed lizard  
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The EA/MND (at 79) states that surveyors found small sand patches in the western edge 

of the area of analysis during March 2021 plant surveys. The Plan of Operations states that loose 

sandy soils are present in the project area. Sandy soils are the preferred habitat for the imperiled 

flat-tailed horned lizard Phrynosoma mccallii and the Colorado Desert fringe-toed lizard (Uma 

notata), both of which are State Species of Special Concern (Thompson 2016). These reptile 

species may have been dormant in underground burrows or inactive during the surveys which 

were performed in March 2021. California Department of Wildlife’s recommendations for 

managing the flat-tailed horned lizard include “limit[ing] habitat disturbance and destruction. 

Development that leads to habitat conversion or fragmentation should be avoided or limited in … 

habitat.” (Ibid.) For the Colorado Desert fringe-toed lizard, “[p]rotecting sand dune habitat from 

the impact of off-highway vehicle use” is a key management strategy. (Ibid.) Implementing these 

management strategies will help minimize impacts to these lizards and need to be included in the 

MND. Creation of new roads in this area as part of the proposed Project is of concern because it 

could further fragment habitat and provide new access for off-highway vehicles.   Additionally, 

the avoidance and minimization measures for desert tortoise may benefit these lizards, but 

additional analysis and avoidance measure need to be put in place to avoid lizard impacts. 

 

2. Golden Eagles 

 

As per our comments on the EA, it is imperative that the County conduct golden eagle 

nest surveys and discuss compliance with all the federal and state requirements for eagles in 

detail.   

 

3. Le Conte’s Thrasher 

 

The California Natural Diversity Database (2023) documents that the Le Conte’s thrasher 

(Toxostoma lecontei), a California Species of Special Concern, is present in the general proposed 

project area. These very shy, non-migratory birds are easily disturbed and known to be “[o]ften 

exceptionally wary of humans; vulnerable to off-road vehicle activity, other disturbance, and 

removal of shrubs for agricultural or other development.” (CDFW 2005). These birds have been 

known to be declining for years. (CDFW 2005). The MND must include the results of targeted 

surveys for Le Conte’s thrasher. Based on the outcome of the surveys the MND must be updated 

to include the outcome of the surveys and the analysis of impacts from the proposed action. 

 

4.  Desert Bighorn Sheep 

 

Desert bighorn sheep (see map below) historically occupied the Cargo Muchacho 

Mountains. California Department of Fish and Wildlife is repatriating desert bighorn to various 

ranges throughout their historic range.  While the Cargo Muchachos are not currently being 

repatriated, the impact to habitat from the exploratory drilling must be analyzed in the context of 

impacts to future desert bighorn repatriation.  Desert bighorn are a “fully protected” species 

under California law.  

 

 

(continued on next page…) 
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Map of Desert Bighorn Sheep Habitat – CDFW n.d. 

 

5. Bats 

 

While three bat species were identified definitively in the EA/MND and an additional species 

was speculated, the California Natural Diversity Database (2023) has one record of the western 

mastiff bat (Eumops perotis californicus) occurring in the general area of the proposed project. 

All these bat species are State Species of Special Concern. These findings collectively also 

indicate a high level of diversity of bats in the localized area. Additional surveys need to be 

conducted during the appropriate time of year to evaluate the presence of important roosting 

sites, including maternity roosts for these species that have that life history requirement, and 

provide an analysis of potential impacts to these species from the proposed project.   
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6. Rare Plants 

 

According to the California Natural Diversity Data base (2023), two additional rare 

plants have been documented in the general area of the proposed project area. These include the 

pink fairy-duster (Calliandra eriophylla) CRPR 2.3, which is not analyzed despite the 

EA/MND’s acknowledgment that it has a “high likelihood” of occurrence, and the glandular 

ditaxis (Ditaxis claryana) CRPR 2.2, which also is not analyzed despite the EA/MND’s 

acknowledgment that it may occur on site. (EA/MND at 302.) These species, in addition to the 

plants analyzed in the EA/MND, are tracked by the State of California because of their 

rarity/threats. As such, the MND is inadequate because it failed to target these species in the 

appropriately timed botanical surveys and failed to provide a full floral inventory of the species 

identified on site. Absent adequate surveys, the EA/MND lacks evidence showing that the 

Project will not impact these rare plants. Since evidence exists supporting a fair argument that 

there may be an impact, the County must prepare an EIR. 

 

7. Rare Plant Communities 

 

The EA/MND identifies the Blue Palo Verde-Ironwood Alliance (also identified by its 

scientific name Parkinsonia florida—Olneya tesota alliance) as microphyll woodlands existing 

on-site. (EA/MND at 78.) Microphyll woodlands are very important habitat for migratory bird 

species as well as desert tortoise. (Audubon 2019; Luckenbach 1972.) It is also a sensitive plant 

community identified by the State of California. (EA/MND at 78.) The EA/MND mapped 

microphyll woodlands to cover 2 percent of the proposed project area, but the Conservation 

Biology Institute mapping – which was contracted by federal and state agencies for the Desert 

Renewable Energy Conservation Plan (DRECP) – mapped a much greater extent of microphyll 

woodlands than the MND identifies. (Databasin 2014.) A site-specific mapping of the microphyll 

woodlands (aka Blue Palo Verde- Ironwood Alliance or Parkinsonia florida—Olneya tesota 

alliance) must be done. Since evidence exists supporting a fair argument that there may be an 

impact to the microphyll woodlands identified in the DRECP, the County must prepare an EIR. 

 

III. The EA/MND Fails to Adequately Analyze, Disclose, and Mitigate the Project’s 

Significant Adverse Air Quality Impacts. 

 

The EA/MND’s evaluation of the Project’s air quality impacts is flawed. It fails to 

disclose and study the Project’s full suite of air quality impacts and fails to adopt all feasible 

mitigation measures to mitigate those impacts. (See EA/MND Sec. 3.3.5.) The County must 

require an EIR to adequately analyze the Project’s air quality impacts, acknowledge their 

significance, and consider and adopt feasible mitigation to reduce those impacts.  

 

A. This Project would add extractive development to a region already 

suffering from poor air quality. 

Air quality is a significant environmental and public health concern in California. 

Unhealthy, polluted air contributes to and exacerbates many diseases and increases mortality 

rates. The U.S. government estimates that between 10-12 percent of total health costs can be 
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attributed to air pollution. (VCAPCD 2003.) Many plants and trees, including agricultural crops, 

are also injured by air pollutants. This damage ranges from decreases in productivity, a 

weakened ability to survive drought and pests, to direct mortality. (Id.) Terrestrial wildlife is also 

affected by air pollution as the plants and trees that constitute their habitats are weakened or 

killed. Aquatic species and habitats are also affected by air pollution through the formation of 

acid rain that raises the pH level in oceans, rivers and lakes. Greenhouse gases, such as the air 

pollutant carbon dioxide which is released by fossil fuel combustion, contribute directly to 

human-induced climate change (EPA 2016), and in a positive feedback loop, poor air quality that 

contributes to climate change will in turn worsen the impacts of climate change and attendant air 

pollution. (BAAQMD 2016.) 

According to the American Lung Association’s 2022 “State of the Air” report, Imperial 

County has a “Fail” grade for both year-round ozone and particulate matter pollution, under both 

the 24-hour and annual metrics. (Id.) Ozone (commonly referred to as smog) is created by the 

atmospheric mixing of gases from fossil fuel combustion and other volatile organic compounds 

and sunlight. Although it is invisible, ozone poses one of the greatest health risks, prompting the 

EPA to strengthen its National Ambient Air Quality Standard for Ozone in 2015. (ALA 2022.) 

PM2.5 is a common component of vehicle exhaust emissions and contributes to visible air 

pollution. These tiny participles are dangerous because they are small enough to escape our 

body’s natural defenses and enter the blood stream.  

 

Fugitive dust is the term used to describe the fine particulate matter – PM2.5 and PM10 – 

that results from ground disturbance, such as construction, road-building operations, or mining. 

Fugitive dust can impede breathing and cause respiratory irritation, cough, airway obstruction 

and poor lung function. (Blodgett 2004.) Chronic or long-term exposure can lead to lung 

inflammation, bronchitis and emphysema and produce a severe lung disease known as silicosis, a 

form of pulmonary fibrosis. (Hnizdo 2003.) Fugitive dust emissions would result from project 

operations. (EA/MND at Sec. 3.3.3.) 

 

B. By Excluding Stationary Source Emissions, the Project Improperly 

Underestimates the Project’s Air Quality Emissions 

 

Although the EA/MND purports to evaluate whether the Project would emit criteria 

pollutants for which the region is in nonattainment status, it fails to analyze the Project’s total 

emissions. (EA/MND at Sec. 3.3.5(b).) The EA/MND’s air quality analysis inexplicably omits 

the Project’s stationary source emissions and concludes, based on mobile sources alone, that the 

Project will have less-than-significant impacts. (Ibid.)  

 

The EA/MND does not define what is included under the umbrella term “stationary 

source.” It appears to refer to the Imperial County Air Pollution Control District (ICAPCD) 

rules, which define stationary source to encompass “any building, structure, facility, Equipment, 

or Emissions Unit which emits or may emit any Affected Pollutant directly or as a Fugitive 

Emission.” (ICAPCD Rule 207.) The County’s definition appear to include the wide-range of 

on-site activities, including the drill rigs, generators, and construction. Even comparing the 

emissions calculations in Appendix E to the disclosed mobile source emissions in EA/MND 

Section 3.3.5(b), “stationary sources” appear to be the main driver of the Project’s air quality 
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impacts. (See Appendix E.) When the Project’s total emissions are calculated, they well exceed 

the County’s thresholds of significance. Yet nowhere does the EA/MND analyze or make a 

significance finding for total Project emissions. This obscures the Project’s true impacts.  

 

The EA/MND claims it need not analyze the emissions from stationary sources because 

stationary source emissions are “already subject to mitigation” under the air district rules, 

specifically ICAPCD Rule 207. This reasoning ignores the clear requirements in the ICAPCD 

CEQA Handbook, which mandate “an Initial Study [] analyze all phases of a development 

project including, operational (long-term) and cumulative impacts so as to determine the level of 

significance.” (ICAPCD 2017 at 9.) This mandate is consistent with CEQA, which requires full 

disclosure of all the potential air pollutants and/or toxic air emissions from a project. (Citizens to 

Preserve the Ojai v. County of Ventura (1985) 176 Cal.App.3d 421 [a quantitative analysis of the 

full impact is necessary to determine the impact of air quality emissions.]) Excluding stationary 

sources from the air quality emissions fails to take a hard look at an important environmental 

impact. This failure violates CEQA. 

 

The EA/MND also claims that it need not consider stationary source emissions because 

the County’s threshold of significance is designed to only evaluate mobile sources. (EA/MND at 

28.) Even if the Project’s mobile source emissions are less-than-significant under this threshold, 

a determination that an environmental impact complies with a particular threshold of significance 

does not relieve a lead agency of its obligation to consider evidence that indicates the impact 

may be significant despite compliance with the threshold. (CEQA Guidelines § 15064(b)(2).)  

 

The primary and overriding basis for the County's conclusion here was its assumption 

that the project’s CEQA analysis is limited to mobile sources only. But once that assumption is 

removed, the situation is entirely different. When the entire project is considered, the record 

reveals sufficient information and inferences to indicate a fair argument that significant 

environmental impacts may exist, requiring an EIR. (Nelson v. Cnty. of Kern (2010) 190 Cal. 

App. 4th 252, 283.)  

 

C. The EA/MND Fails to Analyze or Disclose the Project’s Fugitive Dust 

Emissions. 

 

Furthermore, nowhere does the EA/MND analyze the significance of the Project’s 

fugitive dust impacts. Fugitive dust is typically used to describe the fine particulate matter – 

PM2.5 and PM10. The EA/MND separately evaluates the Project’s PM2.5 and PM10 emissions, 

finding neither meet the respective thresholds of significance. In Appendix E, however, the 

EA/MND recognizes a third category of particulate matter, called “PM,” and estimates those 

emissions will reach up to 373.22 pounds per year, the vast majority of which will come from 

helicopter use and laydown yard emissions (220.93 and 147.97 pounds per year, respectively). 

This estimate well exceeds any threshold of significance for any criteria pollutant set by the 

County. Inexplicably, nowhere in the EA/MND’s air quality analysis is this impact disclosed or 

analyzed against a threshold of significance. 

 

The Project then attempts to dispel any concerns about fugitive dust by concluding that 

compliance with construction fugitive dust control measures will reduce any impacts to less-



  

    January 20, 2023 

   Page 10 

 

than-significant levels. (EA/MND at 29 [“[T]hrough implementation of the ICAPCD’s standard 

construction fugitive dust controls and standard construction mitigation measures, the Project 

would not result in a cumulatively considerable net increase of any criteria pollutant…].) 

Appendix E makes clear that the majority of fugitive dust emissions will come from project 

operations (helicopter use and laydown yard emissions), not construction. Mitigation to reduce 

construction impacts does not provide evidence that the Project’s overall fugitive dust will be 

reduced to less-than-significant levels. Therefore, a fair argument exists that the Project may 

have a significant effect on the environment necessitating the preparation of an EIR. 

 

D. The EA/MND’s Few Air Quality Mitigation Measures Are Unenforceable 

and Deferred. 

 

Generally, mitigation measures should not be deferred, and feasibility findings should not 

be delegated to staff. (CEQA Guidelines, §§ 15126.4(a)(1)(B), 15025(b)(2).) Specific details of a 

mitigation measure “may be developed after project approval when it is impractical or infeasible 

to include those details during the project's environmental review provided that the agency (1) 

commits itself to the mitigation, (2) adopts specific performance standards the mitigation will 

achieve, and (3) identifies the type(s) of potential action(s) that can feasibly achieve that 

performance standard and that will [be] considered, analyzed, and potentially incorporated in the 

mitigation measure.’” (Golden Door Properties v. County of San Diego (2020) 50 Cal.App.5th 

467, 518.) The EA/MND fails to meet these requirements. 

 

The EA/MND notes that the Project Applicant will comply with ICAPCD Regulation 

VIII – Fugitive Dust Rules to develop and implement—at a later date and outside of the public 

process – a dust control plan to address fugitive dust. (EA/MND at Sec. 3.3.5(b).) The lead 

agency is expected to develop mitigation in an open public process. (Communities for a Better 

Environment v. City of Richmond (2010) 184 Cal.App.4th 70, 93.) The EA/MND offers no 

reason why a dust control plan cannot be developed as part of the Project’s environmental 

review, nor does it include objective standards to guide the County’s approval of the plan. As 

written, the measure creates an enormous loophole and allows the Project applicant and the 

County to determine—at a later date, without oversight or objective standards, and without 

supporting its decision with substantial evidence—whether mitigation will be implemented. It is 

entirely inappropriate to defer analysis of fugitive dust mitigation until after Project approval, 

especially since formulating a plan appears to be entirely feasible.  

 

 

IV. The EA/MND Failed to Properly Analyze or Adequately Mitigate Greenhouse Gas 

Emissions. 

 

A. Climate Change is a Catastrophic and Pressing Threat to California. 

 

A strong, international scientific consensus has established that human-caused climate 

change is causing widespread harms to human society and natural systems, and that climate 

change threats are becoming increasingly dangerous. The Intergovernmental Panel on Climate 

Change (IPCC), the leading international scientific body for the assessment of climate change, 

concluded in its 2014 Fifth Assessment Report that: “[w]arming of the climate system is 
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unequivocal, and since the 1950s, many of the observed changes are unprecedented over decades 

to millennia. The atmosphere and ocean have warmed, the amounts of snow and ice have 

diminished, and sea level has risen,” and further that “[r]ecent climate changes have had 

widespread impacts on human and natural systems.” (IPCC 2014.) These findings were echoed in 

the United States’ own 2014 Third National Climate Assessment and 2017 Climate Science 

Special Report, prepared by scientific experts and reviewed by the National Academy of 

Sciences and multiple federal agencies. The Third National Climate Assessment concluded that 

“[m]ultiple lines of independent evidence confirm that human activities are the primary cause of 

the global warming of the past 50 years” and “[i]impacts related to climate change are already 

evident in many regions and are expected to become increasingly disruptive across the nation 

throughout this century and beyond.” (Melillo 2014.)  

 

Immediate and aggressive greenhouse gas emissions reductions are necessary to keep 

warming well below 2°C above pre-industrial levels. The IPCC Fifth Assessment Report and 

other expert assessments have established global carbon budgets, or the total amount of carbon 

that can be burned while maintaining some probability of staying below a given temperature 

target. According to the IPCC, total cumulative anthropogenic emissions of CO2 must remain 

below about 1,000 GtCO2 from 2011 onward for a 66 percent probability of limiting warming to 

2°C above pre-industrial levels, and to 400 GtCO2 from 2011 onward for a 66 percent 

probability of limiting warming to 1.5°C. (IPCC 2014 at 63-64 & Table 2.) These carbon 

budgets have been reduced to 850 GtCO2 and 240 GtCO2, respectively, from 2015 onward. 

(Rogelj 2016 at Table 2.) As of 2022, climate policies by the world’s countries would lead to an 

estimated 2.7°C of warming, and possibly up to 3.6°C of warming, well above the level needed 

to avoid the worst dangers of climate change. (Climate Action Tracker 2022.) 

 

The United States has contributed more to climate change than any other country.  The 

U.S. is the world’s biggest cumulative emitter of greenhouse gas pollution, responsible for 27 

percent of cumulative global CO2 emissions since 1850, and the U.S. is currently the world’s 

second highest emitter on an annual and per capita basis. (World Resources Institute 2020.) 

Nonetheless, U.S. climate policy is wholly inadequate to meet the international climate target to 

hold global average temperature rise to well below 2°C above pre-industrial levels to avoid the 

worst dangers of climate change. Current U.S. climate policy has been ranked as “critically 

insufficient” by an international team of climate policy experts and climate scientists which 

concluded: “These steps represent a severe backwards move and an abrogation of the United 

States’ responsibility as the world’s second largest emitter at a time when more, not less, 

commitment is needed from all governments to avert the worst impacts of climate change.” 

(Climate Action Tracker 2022.) 

 

In its 2018 Special Report on Global Warming of 1.5°C, the IPCC—the leading 

international scientific body for the assessment of climate change—described the devastating 

harms that would occur at 2°C warming. The report highlights the necessity of limiting warming 

to 1.5°C to avoid catastrophic impacts to people and life on Earth. (IPCC 2018.) The report also 

provides overwhelming evidence that climate hazards are more urgent and more severe than 

previously thought, and that aggressive reductions in emissions within the next decade are 

essential to avoid the most devastating climate change harms.  
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In response to inadequate action on the national level, California has taken steps through 

legislation and regulation to fight climate change and reduce statewide GHG emissions. 

Enforcement and compliance with these steps are essential to help stabilize the climate and avoid 

catastrophic impacts to our environment. California has a mandate under AB 32 to reach 1990 

levels of GHG emissions by the year 2020, equivalent to approximately a 15 percent reduction 

from a business-as-usual projection. (Health & Saf. Code, § 38550.) Based on the warning of the 

Intergovernmental panel on Climate Change and leading climate scientists, Governor Brown 

issued an executive order in April 2015 requiring GHG emission reduction 40 percent below 

1990 levels by 2030. (Executive Order B-30-15 (2015).) The Executive Order is in line with a 

previous Executive Order mandating the state reduce emission levels to 80 percent below 1990 

levels by 2050 in order to minimize significant climate change impacts. (Executive Order S-3-05 

(2005).) In enacting SB 375, the state has also recognized the critical role that land use planning 

plays in achieving greenhouse gas emission reductions in California. 

 

The state Legislature has found that failure to achieve greenhouse gas reduction would be 

“detrimental” to the state’s economy. (Health & Saf. Code § 38501(b).) In his 2015 Inaugural 

Address, Governor Brown reiterated his commitment to reduce greenhouse gas emissions with 

three new goals for the next fifteen years: 

• Increase electricity derived from renewable sources to 50 percent;  

• Reduce today’s petroleum use in cars and trucks by 50 percent;  

• Double the efficiency of existing buildings and make heating fuels cleaner.  

(Brown 2015 Address.)  

 

Although some sources of GHG emissions may seem insignificant, climate change is a 

problem with cumulative impacts and effects. (Ctr. for Biological Diversity v. Nat’l Highway 

Traffic Safety Admin., (9th Cir. 2008) 538 F.3d 1172, 1217 (“the impact of greenhouse gas 

emissions on climate change is precisely the kind of cumulative impacts analysis” that agencies 

must conduct).) One source or one small project may not appear to have a significant effect on 

climate change, but the combined impacts of many sources can drastically damage California’s 

climate as a whole. Therefore, project-specific GHG emission disclosure, analysis and mitigation 

is vital to California meeting its climate goals and maintaining our climate.   

The impacts of climate change are already being felt by humans and wildlife. Human-

induced climate change, including more frequent and intense extreme events, has caused 

widespread adverse impacts and related losses and damages to nature and people. (IPCC 2022.) 

This rise in weather and climate extremes has led to some irreversible impacts, as natural and 

human systems are pushed beyond their ability to adapt. (IPCC 2022.) 

 

In the IPCC’s most recent report, entitled Climate Change 2022: Impacts, Adaptation and 

Vulnerability, it found that warming is proceeding even faster than anticipated, and the best-case 

scenario for climate change is slipping out of reach. (IPCC 2022.) The report now estimates that, 

over the next 20 years, the world will cross the global warming threshold of 1.5°C. And unless 

there are immediate, rapid and large-scale reductions in greenhouse gas emissions, limiting 

warming to close to 1.5°C—or even 2°C—will be beyond reach. The United Nations Secretary 

General described the forecasts in this report as an “atlas of human suffering.” (Borenstein 

2022.) 
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Given the increasingly urgent need for drastic action to reduce GHG emissions, 

the EA/MND’s decision to give short shrift to the Project’s significant climate change 

effects is all the more alarming. 

 

B. The EA/MND Fails to Adequately Disclose the Project’s GHG Impacts. 

 

A CEQA document “must present facts and analysis, not simply the bare conclusions or 

opinions of the agency.” (Bay Area Citizens v. Association of Bay Area Governments (2016) 248 

Cal.App.4th 966, 977 (quoting Californians for Alternatives to Toxics v. Calif. Dept. of Food and 

Agric. (2005) 136 Cal.App.4th 1, 13). The discussion of impacts must provide sufficient 

information and analysis to allow the public to discern the basis for the agency’s impact findings. 

(Sierra Club, supra, 6 Cal. 5th at p. 513 [“There must be a disclosure of the ‘analytic route the 

… agency traveled from evidence to action.”].) A “conclusory discussion” of a significant 

environmental impact makes a CEQA document “inadequate as an informational document” as a 

matter of law.” (Id. at 514.) 

 

A “conclusory discussion” of a significant environmental impact makes an EA/MND 

“inadequate as an informational document” as a matter of law. (Sierra Club, supra, 6 Cal.5th at 

p. 514.) An EIR must provide information regarding the project's significant environmental 

impacts that is sufficient to allow decision-makers and the public to understand the 

environmental consequences of the project. (Id. at p. 520; Laurel Heights Improvement Ass'n v 

Regents of Univ. of Cal. (1988) 47 Cal.3d 376, 404; See CEQA Guidelines § 15151.) The 

document must include enough detail to enable the public “to understand and to consider 

meaningfully the issues raised by the proposed project.” (Id. at 516 (citation omitted).) 

 

The analysis of greenhouse gas impacts offers the public little information to understand 

Project activities that will generate GHG emissions. The EA/MND presents one table with the 

Project’s projected GHG emissions. (EA/MND at 28.) While the EA/MND expends dozens of 

pages identifying the global sources of GHG emissions, the EA/MND discloses only a single 

Project sources of emissions underlying these totals: fuel consumption. (Ibid.) The EA/MND 

fails to analyze and disclose the activities that would result in GHG emissions, primarily 

associated with use of off-road construction equipment, on-road hauling and vendor (material 

delivery) trucks, and worker vehicles. From the sole table provided, and without any basic 

explanation, the public and decisionmakers have no way to understand and independently 

evaluate the environmental consequences of the Project. (See EA/MND Sec. 3.6.5 and Appendix 

E at 224.)   

 

While EA/MND purports to provide additional detail in Appendix E, Appendix E merely 

breaks down greenhouse gas emissions into CO2, CH4, and N20, rather than detailing the actual 

sources of greenhouse gas emissions.2 Such a conclusory discussion of the Project’s GHG 

impacts renders the EA/MND inadequate as an informational document. 

 
2  The California Supreme Court has repeatedly cautioned that readers should not be forced to sift through 

appendixes to detect the EIR’s environmental analysis. (Cleveland Nat. Forest Found. v. San Diego Assn. of 

Governments (2017) 3 Cal.5th 497, 516; Cal. Oak Found. v. City of Santa Clarita (2005) 133 Cal.App.4th 1219, 
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C. By Excluding Stationary Source Emissions, the Project Underestimates 

the Project’s Greenhouse Gas Emissions. 

 

One need look no further than the EA/MND’s lack of disclosure for the activities 

underlying its greenhouse gas estimates to understand why CEQA requires such disclosure. The 

EA/MND fails to include GHG emissions from stationary sources and therefore underestimates 

the Project’s impact on climate change. (Appendix E at 224.) 

 

The EA/MND estimates that the Project’s greenhouse gas emissions will be 3,021 metric 

tons per year and summarily concludes that, based on SCAQMD’s 10,000 metric ton threshold, 

that the Project will have less than significant climate impacts. (EA/MND at 28.) However, 

according to a footnote in Appendix E, this estimate too “does not include stationary source 

emissions.” (Appendix E at 224.) 

 

The EA/MND provides no justification for omitting the greenhouse gas impacts 

generated by stationary sources which appear to comprise a large portion of the Project’s 

activity. (Appendix E at 224.) Given the information gleaned from elsewhere in the EA/MND, 

however, there is ample evidence to suggest that the Project would have significant GHG 

impacts. This Project proposes to construct approximately two miles of road improvements for 

existing roads, approximately 6.2 miles of new and temporary 12-foot-wide exploration drilling 

access roads; eight helicopter landing pads; 65 drill pads; 1.8 miles of new permanent access 

roads; a staging area for access to the Project Area; and seven drill sites. (EA/MND at 5.) The 

Project would disturb 21 acres. (Ibid.) The Project proposes to utilize gasoline-powered 

helicopter equipment and rely primarily on diesel and gasoline (see sec 3.9.3) – an anthropogenic 

source of carbon – for energy generation. The Project identifies not a single project design 

feature or mitigation measures aimed to lessen these emissions.  

 

Consequently, because of the deficiencies of the impact analysis for the proposed Project, 

the EA/MND fails to adequately disclose and properly estimate the Project’s GHG emissions. A 

fair argument exists to show the Project may have an impact on greenhouse gas emissions, and 

the County must prepare an EIR to disclose, analyze, and mitigate these impacts. 

 

D. The EA/MND Lacks Evidentiary Support that GHG Impacts Would Be 

Less-Than-Significant. 

 

The document offers three reasons for why the Project’s greenhouse gas emissions should 

not be considered a significant impact. Each of these reasons is unavailing.  

 

First, as discussed above, the EA/MND relies on a numerical estimate that excludes most 

of the GHG-generating activity associated with the Project.  

 

 
1239 [“[I]nformation scattered here and there in EIR appendices, or a report buried in an appendix, is not a 

substitute for good faith reasoned analysis.”], internal quotations omitted.) 
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Second, the EA/MND relies on the fuel efficiency of vehicles established by California’s 

2017 Scoping Plan to suggest that the Project “does not have its own GHG emissions but is 

simply a location in which GHG emissions are taking place.” (EA/MND at 28.) This argument 

ignores what CEQA is meant to do – namely, ensure that a lead agency fully evaluates, discloses, 

and mitigates wherever feasible a project’s significant environmental effects. (Pub. Res. Code, 

§§ 21000, et seq.) The EA/MND may consider what mitigation is within the County’s 

jurisdiction when analyzing feasible mitigation measures, but these statewide fuel standards do 

not absolve the EA/MND of CEQA’s requirement that it disclose and analyze all potentially 

significant impacts associated with a project.  

 

The GHG analysis here is similar to the one that failed in Friends of Oroville v. City of 

Oroville (2013) 219 Cal.App.4th 832, 842. In that case, the Court held that the City of Oroville 

had failed to assess the impact of a project’s greenhouse gas emission because it had improperly 

applied the threshold for determining the significance of project greenhouse gas emissions. 

(Ibid.) There, the EIR used the “Scoping Plan Measures” from the Assembly Bill 32 Scoping 

Plan to create a significance threshold. (Id. at 843.) However, it concluded that the certain 

measures need not be applied to the project because they were meant to be implemented at a 

state-wide level. (Ibid.) The court said that by choosing a framework that excluded consideration 

of fuel consumption, the EIR “ignore[ed] the elephant in the room,” since 68% of the Project’s 

GHG emissions came from these impacts. (Ibid.) By relying on an inapplicable state-wide plan 

to disclaim responsibility to fully analyze and disclose impacts, that analysis – and this one, too – 

are deficient. Plus, the 2017 Scoping Plan is no longer valid; the California Air Resources Board 

in 2022 issued a new Scoping Plan, which the EA/MND did not consider.  

 

The EA/MND’s third reason as to why the Project has no significant climate impact is the 

most illogical. The EA/MND concludes that, since climate change is a global problem, “no 

single project is large enough to impact climate change.” (EA/MND at 28.) Courts have rejected 

this “drop-in-the-bucket” approach to impact analysis. In Kings County, the court invalidated an 

EIR that concluded increased ozone impacts from the project would be insignificant because it 

would emit relatively minor amounts of precursor pollutants compared to the large volume 

already emitted by other sources in the county, (1990) 221 Cal.App.3d 692, 717-18. The Kings 

County court rightly stated, “The relevant question to be addressed…is not the relative amount of 

precursors emitted by the project when compared with preexisting emissions, but whether any 

additional amount should be considered significant in light of the serious nature of the ozone 

problems in this air basin. (Id. at 718.) Likewise, here, the EA/MND may not minimize the 

Project’s impacts by comparing them to a global problem. (CEQA Guidelines §15064.4(b) [In 

determining the significance of a project's GHG emissions, the lead agency "should focus its 

analysis on the reasonably foreseeable incremental contribution of the project's emissions to the 

effects of climate change … even if [such contribution] appears relatively small compared to 

statewide, national or global emissions."].) 

 

V. The EA/MND’s Analysis of the Project’s Energy Impacts is Incomplete and 

Inadequate. 

 

CEQA requires agencies to analyze whether their projects will result in wasteful or 

inefficient use of energy. (Pub. Res. Code, § 21100(b)(3); CEQA Guidelines §15126.2(b) CEQA 



  

    January 20, 2023 

   Page 16 

 

Guidelines Appendix F.)  To demonstrate that a project will not result in the wasteful use of 

energy, agencies must show that the project has decreased per capita energy consumption, 

decreased reliance on fossil fuel use, and increased reliance on renewable energy sources. (Cal. 

Clean Energy Com. v. City of Woodland (2014) 225 Cal.App.4th 173, 209; Pub. Res. C 

§21100(b)(3); see also People v. County of Kern (1976) 62 Cal.App.3d 761, 774.)  

 

The entirety of fuel consumption resulting from this Project would be attributable to the 

burning of diesel, gasoline, and jet fuel – all fossil fuels. (EA/MND at 35.) The Project is 

expected to consume approximately 36,138 gallons of diesel fuel and 1,500 gallons of JetB fuel. 

(EA/MND at 36.) Despite the Project’s massive fuel consumption, the EA/MND concludes that 

any impacts would be less than significant because this amount is “nominal” compared to the 

fuel consumed in the entirety of Imperial Country. (Ibid.)  

 

The EA/MND attempts to minimize the impact of the Project’s fuel consumption by 

comparing it to the County’s annual fuel consumption, which is 24.3 million gallons. (EA/MND 

at 35.) This is disingenuous. The more applicable statistic would be to compare annual fuel 

consumption to similarly sized mining exploration Projects, an analysis the EA/MND does not 

undertake.  

 

The EA/MND again argues that current fuel efficiency standards, in and of themselves, 

suggest that this Project should not be considered inefficient or wasteful. Yet this Project does 

nothing to facilitate increased fuel efficiency. Compliance with existing fuel efficiency standards 

alone – absent project-specific analysis—is not sufficient evidence to support a finding of no 

significant impact under the CEQA. (Oro Fino Gold Mining Corp. v. County of El Dorado 

(1990) 225 Cal. App. 3d 872, 881–882.) Otherwise, any projects burning fossil fuels – regardless 

of the amount – could claim an efficient use of energy. 

This reasoning also ignores what CEQA is meant to do – namely, ensure that a lead 

agency fully evaluates, discloses, and mitigates wherever feasible a project’s significant 

environmental effects. (Pub. Res. Code, §§ 21000, et seq.) The EA/MND may consider what 

mitigation is within the County’s jurisdiction when analyzing feasible mitigation measures, but 

these statewide standards do not absolve the EA/MND of CEQA’s requirement that it disclose 

and analyze all potentially significant impacts associated with a project. Significance thresholds 

must not foreclose consideration of any potentially significant environmental effect, or the 

CEQA analysis is deficient. (Protect the Historic Amador Waterways v. Amador Water Agency 

(2004) 116 Cal.App.4th 1099, 1109 [“A threshold of significance cannot be applied in a way that 

would foreclose the consideration of other substantial evidence tending to show the 

environmental effect to which the threshold relates might be significant.”].) 

 

Finally, the EA/MND ignores the requirements of Appendix F of CEQA. Neither the 

EA/MND nor any of the technical appendices provide any information on how this Project seeks 

to decrease overall energy use or its reliance on fossil fuels; instead, the Project relies exclusively 

on fossil fuels. This misses the clear legislative intent driving an energy analysis – to reduce 

fossil fuel use and maximize energy efficiency.  
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VI.  The EA/MND Fails to Adequately Analyze the Project’s Impacts on 

Water Supplies. 

 California faces unprecedented challenges in its effort to allocate and conserve limited 

water resources, especially as water supply dwindles in the face of climate change and 

population growth. The Project would further exacerbate regional and statewide supply by 

constructing new roads and engaging in mining exploration activities that, absent an identified 

water source, threatens to overdraft local groundwater supply. In light of these, and other, 

underlying concerns, the EA/MND’s analysis of the Project’s water supply fails to adequately 

consider all potential significant impacts. 

 

The Project anticipates using up to approximately 2,000 gallons of water daily for active 

drilling periods. (EA/MND at 97.) The EA/MND surmises that water would be procured from 

Gold Rock Ranch “and/or” a local water purveyor. (Ibid.) On these facts alone, the EA/MND 

concludes there is adequate water supply available to meet the needs of the Project and finds a 

less than significant impact related to water supply. (EA/MND at 66.)  

 

CEQA requires that an analysis present decisionmakers “with sufficient facts to evaluate 

the pros and cons of supplying the amount of water that the [project] will need.” (Vineyard Area 

Citizens for Responsible Growth, Inc. v. City of Rancho Cordova (2007) 40 Cal.4th 412, 430-31.) 

This includes identifying and analyzing water supplies that “bear a likelihood of actually proving 

available; speculative sources and unrealistic allocations (‘paper water’) are insufficient bases for 

decision-making under CEQA.” (Id. at 42.) 

 

The EA/MND’s water supply analysis does not comply with this mandate. Instead, it 

falters from the outset because the EA/MND acknowledges that water for the project has not yet 

been secured. The EA/MND cannot rely on paper water to conclude the Project has adequate 

water available to supply its needs.  

 

Furthermore, while the EA/MND promises to not rely on surface and groundwater 

“within the Project Area,” it provides no assurances that it will not buy groundwater from the 

neighboring Gold Rock Ranch or the local water purveyor. (EA/MND at 65.) Given the 

“minimal amount” of surface water in the region (EA/MND at 74), nothing is stopping the 

Project from purchasing and using groundwater from the local basin. CEQA requires that the 

Project disclose and analyze if it will “[s]ubstantially decrease groundwater supplies or interfere 

substantially with groundwater recharge. (CEQA Guidelines, Appendix G, X(b).) This analysis 

is not limited to the Project area. The EA/MND fails to study this impact. 

VII. The Project will Have a Significant Impact on Cultural Resources and Cultural 

Landscapes.   

Substantial evidence, gathered through BLM’s government-to-government consultation 

with culturally affiliated tribes in the project area, supports a “fair argument” that there is a 

significant effect on the environment. (See MND § 3.14 Native American Religious Concerns 

and Traditional Values.) Despite this evidence, the County has failed to engage in a “good faith” 

effort and consult with all affected tribes, in violation of AB 52. (Pub. Res. Code § 21082.3(a).) 
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This failure underscores the EA/MND’s failure to evaluate all known facts about the cultural 

resources and cultural landscapes that were obtained through ongoing consultation by BLM. (See 

MND § 3.14.2)  

1. The County Has Failed to Consult With Affected Tribes, As AB 52 

Requires.   

 Under CEQA, as set forth in AB 52, a lead agency must engage in a “good faith” effort 

to consult with all affected tribes to develop mitigation measures that are reasonable and 

mutually agreed upon. (Pub. Res. Code, § 21082.3(a).) An agency cannot certify an MND if it 

has not conducted and completed consultation with all affected tribes that are willing to engage. 

(Pub. Res. Code, § 21082.3(b).) Agencies are required to provide notice to all “California Native 

American tribe(s) traditionally and culturally affiliated with a geographic area of the proposed 

project.” (Pub. Res. Code § 21080.3.1(a)-(b).)  

The MND identified several tribes that could potentially be impacted by the project. 

BLM sent 16 notice letters initiating formal government-to-government consultation and 

received 7 comment letters. Imperial County, on the other hand, sent out only one written notice 

for consultation, to the Fort Yuma Quechan Indian Tribe. (See MND at Sec.3.14.2-5)  

By failing to engage in a “good faith” effort and consult with all affected tribes to 

develop mitigation measures that are reasonable and mutually agreed upon, the County has not 

complied with CEQA. (Pub. Res. Code § 21082.3(a).) The County must contact all affected 

tribes and work together with those tribes to develop mitigation measures. Until the County has 

performed consultation, it cannot move forward with certifying the project.  

2. Absent Adequate Consultation, the EA/MND Lacks a Basis to Conclude 

Impacts to Tribal Cultural Resources are Fully Disclosed and Properly 

Mitigated.    

Under CEQA, a historical resource is a resource listed or determined to be eligible for 

listing in the California Register of Historical Resources. (Pub. Res. Code § 21084.1) The fact 

that a resource is not listed or determined to be eligible for listing or not included in a local 

register of historical resources, or not deemed significant pursuant to criteria set forth 

in subdivision (g) of Section 5024.1 “shall not preclude a lead agency from determining whether 

the resource may be an historical resource for purposes of this section.” (Id.) Historic resources 

are subject to CEQA and should be given “special recognition.” (See Friends of Sierra Madre v. 

City of Sierra Madre (2001) 25 Cal.4th 165, 186; Citizens for a Sustainable Treasure Island v. 

City & County of San Francisco (2014) 227 Cal.App.4th 1036, 1065.)  Tribal cultural resources 

include places and objects that hold cultural value to California Native American tribes, 

regardless of the tribe’s recognition status. (Pub. Res. Code § 21084.2(b).) A tribal cultural 

landscape may also qualify as a cultural resource depending on the extent it is “geographically 

defined in terms of the size and scope of the landscape.” (Pub. Res. Code § 21074(b).)  

 

https://research.ceb.com/raw/primary-law/cases/25cal4th165
https://research.ceb.com/raw/primary-law/cases/25cal4th165
https://research.ceb.com/raw/primary-law/cases/227calapp4th1036
https://research.ceb.com/raw/primary-law/cases/227calapp4th1036
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The EA/MND identified a total of 75 cultural resources within a mile of the site and 12 

that intersect the project site. Within the relevant area, “25 cultural prehistoric resources were 

identified that may be in continued use by Native American individuals, such as trails, 

geoglyphs, and rock art sites." (EA/MND at 38, emphasis added.) Furthermore, in consultation 

with BLM, the Fort Yuma Quechan Indian Tribe objected to the project due to impacts to "a 

significant cultural landscape and items of cultural patrimony which are integral to the spiritual 

and everyday lives of the Quechan people." (EA/MND at 48.) 

Evidence exists from BLM’s consultation that the Project is within a region that is 

“highly significant” and holds great cultural, religious, and spiritual significance to the Fort 

Yuma Quechan Indian Tribe. (EA/MND at sec. 3.1.3.) The County disregards this evidence, and 

concludes that, because the Fort Yuma Quechan Indian Tribe did not respond to the County’s 

letter, it need not consider the evidence secured through BLM’s consultation of cultural 

resources on site. Instead, the County considered only impacts to cultural resources identified via 

record searches. It refused to evaluate the impacts to tribal cultural resources or cultural 

landscapes. Until BLM completes consultation and Imperial County starts consultation with all 

culturally affiliated and affected tribes, the EA/MND cannot accurately conclude that impacts to 

tribal resources will be less than significant. (Pub. Res. Code § 21074(b) [consultation ensures 

that tribal knowledge about cultural resources and landscapes are fully considered.]) Given this 

clear evidence of tribal cultural resources within and near the project area, lack of response to the 

AB 52 consultation letter is not adequate to support the County’s conclusion that impacts to 

cultural resources are less than significant. 

VIII. CONCLUSION 

 

Thank you for the opportunity to submit comments on the EA/MND for the Project. We 

urge the County not to approve the Project without first preparing an EIR and complying with 

CEQA. The EIR should, among other things, address and evaluate the potentially significant 

impacts described in this letter.   

 

Given the possibility that the Conservation Organizations may choose to pursue legal 

remedies in order to ensure that the County complies with its legal obligations, including those 

arising under CEQA, we respectfully remind the County of its statutory duty to maintain and 

preserve all documents and communications that may constitute part of the “administrative 

record” of this proceeding. (§ 21167.6(e); see Golden Door Properties, LLC v. Superior Court 

(2020) 53 Cal.App.5th 733.) The administrative record encompasses any and all documents and 

communications that relate to any and all actions taken by the County with respect to the Project, 

and includes “pretty much everything that ever came near a proposed [project] or [] the agency’s 

compliance with CEQA . . . .” (County of Orange v. Superior Court (2003) 113 Cal.App.4th 1, 

8.) The administrative record further includes all correspondence, emails, and text messages sent 

to or received by the County’s representatives or employees, that relate to the Project, including 

any correspondence, emails, and text messages sent between the County’s representatives or 

employees and the Applicant’s representatives or employees. Maintenance and preservation of 

the administrative record requires that, inter alia, the County (1) suspend all data destruction 

policies; and (2) preserve all relevant hardware unless an exact replica of each file is made. 
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Please include this letter and all references in your project file for the Project. Please also 

include all of the signatories below on your notice list for all future updates, notices, and 

documents related to the Project and do not hesitate to contact us with any questions at the 

numbers or emails listed below.   

 

 

Sincerely, 

 
Lisa Belenky, Senior Attorney      

Hallie Kutak, Staff Attorney      

Center for Biological Diversity  

lbelenky@biologicaldiversity.org  

hkutak@biologicaldiversity.org  

 
Joan Taylor, Chair 

Sierra Club California/Nevada Desert Committee 

palmcanyon@mac.com 
 

 
Laura Cunningham California Director 

Western Watersheds Project  

lcunningham@westernwatersheds.org  

 
Jared Naimark, California Mining Organizer  

EARTHWORKS 

jnaimark@earthworksaction.org  

 
Kara Matsumoto, Public Lands Policy Director 

Conservation Lands Foundation  

kara@conservationlands.org  

 

mailto:lbelenky@biologicaldiversity.org
mailto:hkutak@biologicaldiversity.org
mailto:palmcanyon@mac.com
mailto:lcunningham@westernwatersheds.org
mailto:jnaimark@earthworksaction.org
mailto:kara@conservationlands.org
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Kelly Herbinson and Cody Hanford  

Joint Executive Directors 

Mojave Desert Land Trust 

kelly@mdlt.org 

 
Isabella Langone, J.D. 

Conservation Program Manager 

California Native Plant Society 

ilangone@cnps.org  

 

 
Bradley Angel 

Greenaction for Health and Environmental Justice 

bradley@greenaction.org  

 

Cc:  

Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  

Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  

Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  

Tom Plenys, EPA, Plenys.Thomas@epa.gov  

Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  

Julianne Polanco, State Historic Preservation Officer (SHPO), julianne.polanco@parks.ca.gov  

Commissioner Laura Miranda, California Native American Heritage Commission. Chairperson 

Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  

 

 

Attachments: 

 

Exhibit 1: December 16, 2022 Comments on Oro Cruz Exploration Project EA/MND 

Exhibit 2: Photographs of the Project site 

 

 

mailto:kelly@mdlt.org
mailto:ilangone@cnps.org
mailto:bradley@greenaction.org
mailto:mymartinez@blm.gov
mailto:Brian_Croft@fws.gov
mailto:Magdalena.Rodriguez@wildlife.ca.gov
mailto:Plenys.Thomas@epa.gov
mailto:crb@crb.ca.gov
mailto:julianne.polanco@parks.ca.gov
mailto:Laura.Miranda@nahc.ca.gov
mailto:nahc@nahc.ca.gov
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Submitted via email and via e-planning 
 
Bureau of Land Management        December 16, 2022 
Attn: Mayra Martinez 
1661 S 4th St. 
El Centro, CA 92243 mymartinez@blm.gov 
 

Re: SMP Gold Corp. Oro Cruz Exploration Project EA/MND 
 
Dear Ms. Martinez,   
 

These comments are timely submitted on the BLM’s Environmental Assessment (EA) and Draft 
Finding of No Significant Impact (FONSI) and proposal to approve the Plan of Operations (PoO) for the 
SMP Gold Corp. Oro Cruz Exploration Project (Project) from the Center for Biological Diversity, Western 
Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Committee, Conservation Lands 
Foundation, Greenaction for Health and Environmental Justice, Mojave Desert Land Trust, California 
Native Plant Society, and the Ahmut Pipa Foundation (collectively “Conservation Organizations”).  These 
comments are timely submitted. Although the BLM and Imperial County prepared a joint document with the 
EA and a Mitigated Negative Declaration (MND) combined, BLM provided public notice for the EA 
comment period ending December 16, 2022. On December 13, 2022, Imperial County notified the public of 
an opportunity to comment on the MND with comments due January 20, 2023. Because the project is a 
single project and both NEPA and CEQA require the agencies to consider the whole of the project in their 
review, the Conservation Organizations reserve the right to add additional comments regarding the joint 
EA/MND and compliance with State laws including SMARA and CEQA during the comment period 
noticed by Imperial County. 

 
As detailed below, BLM’s review and proposed approval of the Project violates a number of federal 

laws, including the Federal Land Policy Management Act (FLPMA), the National Environmental Policy Act 
(NEPA), and other federal laws and regulations.  At a minimum, due to the likely potential for significant 
impacts, BLM must prepare a full Environmental Impact Statement (EIS) for this Project. In addition, 
because there is a fair argument that the project will have significant impacts, Imperial County must prepare 
an EIR.  

 
These comments incorporate the previous comments submitted by the above groups, especially as the 

EA fails to adequately respond to those comments. 
 

I. The Project, and BLM’s Review and Proposed Approval, Violates FLPMA 
 

BLM’s review and proposed approval of the Project violates the agency’s multiple duties to protect 
public land resources under FLPMA. 

 
A.  The Project Must Comply with All Applicable Land Use Plans 
 

 FLPMA is the basic “organic act” for management of the BLM public lands.  Under FLPMA, BLM 

mailto:mymartinez@blm.gov
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must develop land use plans for the public lands under its control, 43 U.S.C. § 1712, and all resource 
management decisions must be in accordance with those plans. Id. § 1732(a), 43 C.F.R. § 1610.5-3(a). See 
Norton v. S. Utah Wilderness Alliance, 542 U.S. 55, 69 (2004) (this requirement “prevent[s] BLM from 
taking actions inconsistent with the provisions of a land use plan”); Ore. Natural Res. Council v. Brong, 492 
F.3d 1120, 1128 (9th Cir. 2007) (holding BLM decision is “inconsistent with the [Land Use] Plan and, 
consequently, violate FLPMA”); W. Watersheds Project v. Salazar, 843 F.Supp.2d 1105, 1114 (D. Id. 2012) 
(reversing BLM decisions as inconsistent with land use plans); W. Watersheds Project v. Bennett, 392 
F.Supp.2d 1217, 1227 (D. Id. 2005) (same). 

 
 If a proposed action is not clearly consistent with the land use plan, BLM must either deny the 

proposed action or amend the plan, complying with NEPA and allowing for public participation. See 43 
C.F.R. §§ 1610.5-3, 1610.5-5. See also National Parks and Conservation Ass’n v. FAA, 998 F.2d 1523, 
1526 (10th Cir. 1993) (nonconforming land use required RMP amendment).  The Interior Board of Land 
Appeals recognizes that this “consistency” requirement reflects the mandatory duty to fully and strictly 
comply with the governing land management plans. See, e.g. Jenott Mining Corp., 134 IBLA 191, 194 
(1995); Uintah Mountain Club, 112 IBLA 287, 291 (1990); Marvin Hutchings v. BLM, 116 IBLA 55, 62 
(1990); Southern Utah Wilderness Alliance, 111 IBLA 207, 210-211 (1989). 

 
 Complying with the RMP is required by both the general land use conformity requirement of 

FLPMA as well as BLM’s duty under FLPMA to “prevent unnecessary or undue degradation” (“UUD”) of 
the public lands. 43 U.S.C. §1732(b).  To prevent UUD, BLM must ensure that all environmental protection 
standards will be met at all times. 43 C.F.R. § 3809.5 (definition of UUD prohibited by FLPMA includes 
“fail[ure] to comply with one or more of the following: … Federal and state laws related to environmental 
protection.”). 

 
 “All future resource management authorizations and actions … shall conform to the approved plan.” 

43 C.F.R. §1610.5-3(a).  BLM defines “conformity” as requiring that “a resource management action shall 
be specifically provided for in the plan, or if not specifically mentioned, shall be clearly consistent with the 
terms, conditions, and decisions of the approved plan or plan amendment.” Id. §1601.0-5(b).  “Consistent” is 
defined as requiring that decisions “will adhere to the terms, conditions, and decisions of officially approved 
and adopted resource related plans.” Id. §1601.0-5(c). 

 
 Mining operations are not exempted from FLPMA’s requirement to comply with the RMP.  For 

example, in Western Exploration v. U.S. Dept. of the Interior, 250 F. Supp. 3d 718, 747 (D. Nev. 2017), the 
court held that in the mining context, as well as for other potential uses of public land, RMP standards to 
protect the Greater Sage Grouse must be met to comply with BLM’s duty to “prevent unnecessary or undue 
degradation” under FLPMA.  The court rejected a challenge from the mining industry and others and agreed 
with the Interior Department that meeting the RMP requirements was part of the UUD mandate: 

 
Defendants [Interior Department et al.] contend that the ‘‘unnecessary or undue degradation’’ 
standard in the statute does not preclude the agency from establishing a more protective 
standard that seeks improvements in land conditions that ‘‘go beyond the status quo.’’ The 
FEIS states that “if actions by third parties result in habitat loss and degradation, even after 
applying avoidance and minimization measures, then compensatory mitigation projects will 
be used to provide a net conservation gain to the sage-grouse.’’ The Agencies’ goals to 
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enhance, conserve, and restore sage-grouse habitat and to increase the abundance and 
distribution of the species, they argue, is best met by the net conservation gain strategy 
because it permits disturbances so long as habitat loss is both mitigated and counteracted 
through restorative projects. If anything, this strategy demonstrates that the Agencies allow 
some degradation to public land to occur for multiple use purposes, but that degradation 
caused to sage- grouse habitat on that land be counteracted. The Court fails to see how 
BLM’s decision to implement this standard is arbitrary and capricious. Moreover, the Court 
cannot find that BLM did not consider all relevant factors in choosing this strategy, as it 
appears to possess elements proposed in the DEIS. 

 
In sum, Plaintiffs fail to establish that BLM’s challenged decisions under FLPMA are 
arbitrary, capricious, an abuse of discretion, or otherwise not in accordance with law. 

 
Western Exploration, at 747 (internal citations omitted). See also Mineral Policy Center v. Norton, 292 F. 
Supp. 2d 30, 49 (D.D.C. 2003) (“when BLM receives a proposed plan of operations under the 2001 rules, 
pursuant to Section 3809.420(a)(3), it assures that the proposed mining use conforms to the terms, 
conditions, and decisions of the applicable land use plan, in full compliance with FLPMA’s land use 
planning and multiple use policies.”). 

 
 BLM’s mitigation policy, as detailed by the Interior Solicitor, acknowledges the need to ensure 

compliance with an RMP as part of its mitigation duties under the FLPMA UUD standard. In discussing the 
previous rulemaking (quoted above) with approval, the Solicitor reiterated “‘the operator’s responsibility to 
comply with applicable land use plans and BLM’s responsibility to specify necessary mitigation measures.’ 
Id. at 54,840 (emphasis supplied).” M-37039, The Bureau of Land Management’s Authority to Address 
Impacts of its Land Use Authorizations through Mitigation, 20, n. 115 (Dec. 21, 2016)(Mitigation Opinion).  
The 2016 Mitigation Opinion was temporarily revoked in 2017, but was recently reinstated by the Solicitor. 
M-37075, Withdrawal of M-37046 and Reinstatement of M-37039 (April 15, 2022) (Exhibit 2). This new 
Opinion noted that the 2017 Opinion (M-37046) “expresses no views regarding the merits of the legal 
analysis or conclusions contained in the [2016 Opinion].” M-37075 at 2. 

 
 The Solicitor noted that “in the hardrock mining context, the BLM has long recognized that the UUD 

requirement creates a ‘responsibility [for the BLM] to specify necessary mitigation measures’ when 
approving mining plans of operations.” M-37039, at 19 (citations omitted). “The BLM regulations 
addressing surface management of hardrock mining operations on public lands have consistently included 
mitigation as a requirement for preventing UUD, including as part of the general performance standards in 
the current regulations.” Id. 

 
B.  The Project Does Not Comply with the Management Requirements and 

Prescriptions of the DRECP and Federal Law. 
 

1. California Desert National Conservation Lands 
 
 The Picacho ACEC was designated as an ACEC and as California Desert National Conservation 
Lands (CDNCLs) by the Desert Renewable Energy Conservation Plan (DRECP) Record of Decision signed 
in September of 2016. The DRECP identifies CDNCLs, in accordance with the Omnibus Public Land 
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Management Act of 2009 (Omnibus Act), which are nationally significant landscapes within the California 
Desert Conservation Area (CDCA) with outstanding cultural, ecological, and scientific values. The 
CDNCLs are a permanent addition to the National Landscape Conservation System (NLCS), as per the 
direction to BLM in the Omnibus Act. DRECP at xi-xii. 
 
 The Omnibus Act added to the newly established NLCS “[a]ny area designated by Congress to be 
administered for conservation purposes, including…public land within the [CDCA] administered by the 
[BLM] for conservation purposes.” 16 U.S.C. § 7202(b)(2)(D).  Unlike other CDCA lands managed under 
multiple‐use principles, these areas are to be managed “in a manner that protects the values for which [they 
were] designated.” Id. § 7202(c)(2); see also 43 U.S.C. §1732(a). 
 
 The Federal Land Policy Management Act (FLPMA) requires that public lands be managed under 
multiple use principles “except that where a tract of such public land has been dedicated to specific uses 
according to any other provisions of law it shall be managed in accordance with such law” (emphasis 
added). Thus, all NLCS lands within the CDCA must be managed to prohibit discretionary uses that are 
incompatible with the conservation, protection, and restoration of their landscapes. See 16 U.S.C. § 7202. 
 
 Because the project is in the Picacho Area of Critical Environmental Concern it will significantly 
impact nationally significant values therein, including cultural, ecological, and scientific resources of this 
area. These values and the management goals are detailed in the DRECP Appendix B regarding the Picacho 
ACEC. Most importantly, the BLM EA/MND must consider how the goals can be met if the Project is 
approved. The goals include to enhance, protect, and preserve the cultural and biological resources, and to 
maintain desert tortoise habitat connectivity between the Chuckwalla Desert Wildlife Management/Area of 
Critical Environmental Concern/ Critical Habitat Units and high value climate refugia for wildlife.  Due to 
their special protective designation, ACECs, including the Picacho ACEC, must be managed to a higher 
conservation standard that is consistently implemented across all ACECs. The EA/MND fails to show that 
BLM fully considered how the Project would affect these management goals.  
 

2. National Conservation Lands Standards 
 
 The 2009 Omnibus Bill (Omnibus) established the National Conservation Lands as a permanent 
system of protected lands, “...to conserve, protect and restore nationally significant landscapes that have 
outstanding cultural, ecological, and scientific values for the benefit of current and future generations.” Id. 
To ensure that the permanently protected National Conservation Lands are managed in order to “conserve, 
protect and restore nationally significant landscapes,” all units within the system have several basic 
conservation standards, including: 
 

1) Prescriptive language that requires the area to be managed for the conservation, 
protection and enhancement of resources over other uses; 
2) A prohibition on discretionary uses that are not consistent with conservation and 
protection of these resources; 
3) A mineral withdrawal; and 
4) Restrictions on off-road vehicles and a travel management plan with restrictions 
necessary to protect the area. 
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These standards ensure that lands within the system are managed consistently for conservation and 
safeguarded for future generations. The Omnibus Bill makes clear that units of the system must be managed 
to a higher conservation standard. 
 

3. Department of the Interior and BLM Policy 
 
 Conservation primacy and standards for the system have also been outlined in Department of the 
Interior guidance and BLM policies. In 2010, Secretarial Order 3308 established a unified conservation 
vision for managing the National Conservation Lands ‘as required by the Omnibus Act of 2009’ to 
‘conserve, protect, and restore nationally significant landscapes.´ Further stating that “the BLM shall ensure 
that the components of the [system] are managed to protect the values for which they were designated, 
including, where appropriate, prohibiting uses that are in conflict with those values.” Secretarial Order 3308, 
Management of the National Landscape Conservation System, Nov 15, 2010, Sec. 4. 
 
 In 2011, BLM released the 15-Year Strategic Plan, setting specific goals for how to manage the 
National Conservation Lands focused on conservation, protection, and restoration. The Strategic Plan further 
expanded that “there is an overarching and explicit commitment to conservation and resource protection as 
the primary objective” and that the BLM shall “not authorize discretionary uses that cannot be managed in a 
manner compatible with the designation proclamation or legislation.” The National Landscape Conservation 
System, 15 Year Strategy, 2010. 
 
 In 2012, BLM released two relevant Policy Manuals: 6100-National Landscape Conservation 
System Management; and 6220-National Monuments, Conservation areas, and Similar Designations. When 
making management decisions BLM must use these manuals as guidance. Secretarial Order 3308, and 
policy manual 6100 and 6220 provide guidance to BLM employees on the drafting of management plans 
and land use plan decisions as related to the National Conservation Lands. The Secretarial Order, 15-Year 
Strategy and Policy Manuals make clear that agency policy prioritizes conservation over other uses within 
the National Conservation Lands. 
 
 Lastly, it should be clear, that the CDNCLs are managed as part of the National Conservation Lands, 
and no longer managed under multiple-use standards as outlined in the Federal Land Policy Management 
Act. See BLM’s 15-Year Strategy for the National Conservation Lands, citing FLPMA, as amended, Public 
Law No. 94-579, Title III, Sec. 302(a). Clearly, units of the National Conservation Lands must be managed 
for the specific uses for which they were designated. 
 
 BLM is precluded from permitting exploration activities that may run afoul of the requirements of 
the governing land use plan, and adversely impact the very purposes for which the ACEC and CDNCL were 
designated. Exploration activities will result in habitat loss, fragmentation, noise and dust, as well as adverse 
impacts to groundwater, cultural and scenic resources. FLPMA requires BLM to conduct all management 
and implementation activities “in accordance with” governing RMPs. 43 U.S.C. § 1732(a); see also 43 CFR 
§ 1610.5-3(a) (“All future resource management authorizations and actions .. . shall conform to the approved 
plan”). The EA was required to fully analyze and disclose whether the actions proposed in the amended Plan 
of Operations (PoO) conform to the requirements of the DRECP, including the objectives for land; wildlife; 
vegetation; cultural and tribal resources, and other resources.  It has failed to do so. 
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 BLM cannot approve any actions under the PoO that are inconsistent with BLM’s own management 
plans, management policies, guidelines, handbooks, and manuals. Here the EA/MND fails to show that the 
Project will not be inconsistent with the management plans and policies, and therefore BLM should not 
approve the Project.  

 
4. The EA/MND Fails to Fully Address ACEC and CDNCL Standards  

 
 While the SMP Gold Corporation’s Oro Cruz Pit Area Exploration Plan of Operation recognizes that 
the proposed project is within an Area of Critical Environmental Concern (ACEC) - specifically the Picacho 
ACEC, it fails to identify that it is also within an area identified as part of the California Desert National 
Conservation Lands (CDNCL), which are part of the National Conservation Lands System (NLCS). The EA 
now acknowledges the project is within CDNCL lands but still fails to adequately address the project in the 
context of the NCLS. 
 

The Desert Renewable Energy Conservation Plan (DRECP) provided a framework for the Picacho 
ACEC. Applicable Objectives (from Appendix L of the DRECP) for the Picacho ACEC/CDNCL lands that 
need to be addressed for compliance in the environmental review include: 
 

- Minimize soil disturbance. 
- Protect and enhance robust populations of both rare and common native plants. Unique plant 

assemblages exist within this ACEC, including mesquite and all thorn assemblages. 
- Create a baseline of plant species to track environmental changes. 
- Maintain and enhance habitat that supports native wildlife; Desert Tortoise, Mule Deer, 

Bighorn Sheep. 
- Manage landscape to ensure wildlife passage and connectivity between wildlife populations. 
- Protect biodiversity and manage for resilience (protect climate refugia and provide for 

migration corridors). 
- Maintain and or enhance key ecosystem processes (e.g., carbon sequestration, water residence 

time) and prepare and respond to significant disturbances to the environment (e.g., floods). 
- Encourage compliance with ACEC management recommendations 
- Protect resource values of the ACEC 
- Review certain proposed mining activities to ensure that they provide adequate protection of 

public lands and their resources. Mining activities would be allowed with appropriate analysis, 
stipulations, and mitigation. 

 
           Special attention is to be given to project impacts that may affect groundwater. Specifically, “for any 
activity that proposes to utilize groundwater resources regardless of project location,” BLM must comply 
with the groundwater CMA’s, including CMA LUPA-SW-23 that states: 
 

LUPA-SW-23: A Water (Groundwater) Supply Assessment shall be prepared in conjunction 
with the activity’s NEPA analysis and prior to an approval or authorization. This assessment 
must be approved by the BLM in coordination with USFWS, CDFW, and other agencies, as 
appropriate, prior to the development, extraction, injection, or consumptive use of any water 
resource. The purpose of the Water Supply Assessment is to determine whether over-use or 
over-draft conditions exist within the project basin(s), and whether the project creates or 
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exacerbates these conditions. The Assessment shall include an evaluation of existing 
extractions, water rights, and management plans for the water supply in the basin(s) (i.e., 
cumulative impacts), and whether these cumulative impacts (including the proposed project) 
can maintain existing land uses as well as existing aquatic, riparian, and other water-
dependent resources within the basin(s) (i.e., cumulative impacts), and whether these 
cumulative impacts (including the proposed project) can maintain existing land uses as well 
as existing aquatic, riparian, and other water-dependent resources within the basin(s). 

 
DRECP at 141. 
 
The Water Supply Assessment shall also address: 
 

• Estimates of the total cone of depression considering cumulative drawdown from all potential 
pumping in the basin(s), including the project, for the life of the project through the 
decommissioning phase 
• Potential to cause subsidence and loss of aquifer storage capacity due to groundwater 
pumping 
• Potential to cause injury to other water rights, water uses, and landowners 
• Changes in water quality and quantity that affect other beneficial uses 
• Effects on groundwater dependent vegetation and groundwater discharge to surface water 
resources such as streams, springs, seeps, wetlands, and playas that could impact biological 
resources, habitat, or are culturally important to Native Americans 
• Additional field work that may be required, such as an aquifer test, to evaluate site specific 
project pumping impacts and if necessary, establish trigger points that can be used for a 
Groundwater Water Monitoring and Mitigation Plan 
• The mitigation measures required, if there are significant or potentially significant impacts on 
water resources include but are not limited to, the use of specific technologies, management 
practices, retirement of active water rights, development of a recycled water supply, or water 
imports. 

 
BLM’s environmental review must provide a Groundwater Supply Assessment in conjunction with its 

analysis of the proposed project under NEPA to comply with the Plan requirements and FLPMA. But has 
failed to do so. The EA/MND, Appendix B says that it is unnecessary to provide a Ground Water Supply 
Assessment and that other groundwater CMAs do not apply because the groundwater extraction is not under 
the Project site, but this response fails to address the key question—whether and how the use of 
groundwater for this Project may affect resources and potentially cause injury to other water uses and 
whether mitigation is needed.  In addition, as discussed below, the failure to fully analyze these uses and 
impacts violates BLM’s duties under NEPA.  The EA/MND at 59 states the water will come from either 
Gold Rock Ranch and/or a local water purveyor and without even fully identifying the source states there 
will be “sufficient water supplies available to serve the Project. Therefore, the Project would have less than 
significant impacts.” EA/MND at 59. This kind of conclusory statement without support does not meet the 
requirements of the Plan in the CMAs, NEPA, or CEQA. Further, the EA/MND (at 92) admits 
“Groundwater may be encountered during the course of exploratory drilling within the Drill Pads.” But fails 
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to quantify the amount of groundwater that may be affected if it is encountered as well as the baseline 
conditions of the groundwater. This also contradicts the premise in the EA/MND that no groundwater on site 
would be affected. 
 

C.  The Project Fails to Prevent Undue Impairment of the Scenic, Scientific and 
Environmental Values of the CDCA. 

 
 BLM must also consider whether the proposed PoO complies with the FLPMA requirements “to 

protect the scenic, scientific, and environmental values of the public lands of the California Desert 
Conservation Area against undue impairment, and to assure against pollution of the streams and waters 
within the California Desert Conservation Area.” 43 U.S.C. § 1781. 

 
 The undue impairment standard is a more environmentally protective standard than the unnecessary 

and undue degradation (UUD) standard (discussed in more detail below), which applies on all BLM lands: 
 

Under FLPMA section 601(f), BLM can prevent activities that cause undue impairment to 
the scenic, scientific, and environmental values or cause pollution of streams and waters of 
the CDCA, separate and apart from BLM’s authority to prevent unnecessary or undue 
degradation. The IBLA has agreed that BLM’s obligation to protect the three enumerated 
CDCA values from ‘‘undue impairment’’ supplements the unnecessary or undue degradation 
standard for CDCA lands. See Eric L. Price, James C. Thomas, 116 IBLA 210, 218–219 
(1990).  Thus, BLM decisions with respect to development proposals in the CDCA are 
governed by both the ‘‘undue impairment’’ standard of subsection 601(f) and the 
‘‘unnecessary or undue degradation’’ standard of section 302(b), as implemented by the 
subpart 3809 regulations. 

 
66 Fed. Reg. 69998, 70018 (Nov. 21, 2000). See also Reeves v. U.S., 54 Fed. Cl. 652, 670-674 (Fed. Cl. 
2002) (in the context of the “nonimpairment” standard for Wilderness Study Areas, federal claims court held 
that mining claimant had no property right under the Mining Law to violate the standard, upholding BLM’s 
denial of the proposed plan of operations). BLM’s surface mining regulations, 43 C.F.R. § 3809 et seq., 
specifically define UUD as occurring when operations “[f]ail to attain a stated level of protection or 
reclamation required by specific laws in areas such as the California Desert Conservation Area.” 43 C.F.R. § 
3809.5. 

 
 BLM was required to fully consider FLPMA’s “undue impairment” standard for the CDCA and 

require measures “to protect the scenic, scientific, and environmental values of the public lands of the 
California Desert Conservation Area against undue impairment, and to assure against pollution of the 
streams and waters within the California Desert Conservation Area.” FLPMA Section 601(f), 43 U.S.C. § 
1781(f).  All of the areas within the proposed plan of operations are protected as CDNCL and/or ACEC; 
therefore, as part of the analysis of the proposed plan of operations, BLM must look to the objectives, 
desired future conditions, allowable uses, and Conservation Management Actions (CMAs) adopted in the 
DRECP (as detailed above), but the EA/MND fails to show that BLM has done so. Allowing any 
unmitigated adverse impacts to sensitive and protected plant species, wildlife, water resources, cultural 
resources, scenic, and other environment values would violate FLPMA’s standards for these lands, and 
therefore the Project should not be approved. 
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D.  The Project Fails to Prevent Unnecessary or Undue Degradation of Public Land 
Resources. 

 
 FLPMA requires that the BLM “take any action necessary to prevent unnecessary or undue 
degradation of the lands.” 43 U.S.C. § 1732(b).  This is known as the “prevent UUD” standard. This duty to 
“prevent undue degradation” is “the heart of FLPMA [that] amends and supersedes the Mining Law.” 
Mineral Policy Center v. Norton, 292 F.Supp.2d 30, 42 (D.D.C. 2003).  “FLPMA, by its plain terms, vests 
the Secretary of the Interior [and the BLM] with the authority – indeed the obligation – to disapprove of an 
otherwise permissible mining operation because the operation, though necessary for mining, would unduly 
harm or degrade the public land.” Id. 

 
 The 3809 regulations implement FLPMA’s mandate to prevent UUD through two primary 

provisions: (1) the definition of UUD at 3809.5; and (2) the Performance Standards at 3809.420.  As 
detailed below, BLM must fully consider the UUD mandate and protect public resources.  The Performance 
Standards in Part 3809 mandates that all operations “must take mitigation measures specified by BLM to 
protect public lands.” 43 CFR § 3809.420(a)(4).  BLM cannot approve a mining project that would cause 
UUD. 43 C.F.R. § 3809.411(d)(3)(iii).  “FLPMA’s requirement that the Secretary prevent UUD 
supplements requirements imposed by other federal laws and by state law.” 
Center for Biological Diversity v. Dept. of Interior, 623 F.3d 633, 644 (9th Cir. 2010).  BLM complies with 
this mandate “by exercising case-by-case discretion to protect the environment through the process of: (1) 
approving or rejecting individual mining plans of operation.” Id. at 645, quoting 
  Mineral Policy Center, 292 F.Supp.2d at 44: 

 
“Mitigation measures fall squarely within the actions the Secretary can direct to prevent 
unnecessary or undue degradation of the public lands.  An impact that can be mitigated, but is 
not, is clearly unnecessary.” 65 Fed. Reg. 69998, 70052 (Nov. 21, 2000) (preamble to BLM’s 
43 C.F.R. Part 3809 mining regulations).  Furthermore, if an UUD cannot be prevented 
through mitigation measures, BLM must reject the plan of operations.  Kendall’s Concerned 
Area Residents, 129 IBLA 130, 138 (1994) (“If unnecessary or undue degradation cannot be 
prevented by mitigation measures, BLM is required to deny approval of the plan.”). 

 
 In undertaking environmental review of this proposed plan of operations, BLM must consider 

whether mitigation measures can protect the species, habitats, soils, cultural and water resources affected by 
the proposed plan of operations in order to prevent UUD.  That analysis must include detailed identification 
of direct and indirect impacts as well as cumulative impacts.  It must identify specific mitigation measures 
that address each impact and also include an analysis of the effectiveness of each measure in order to meet 
BLM’s duties under NEPA as well as FLPMA. As detailed below, the EA/MND fails to adequately address 
environmental impacts and as a result has also failed to show it has taken steps to prevent UUD.   

  
E. The Project Fails to Meet the FLPMA and Part 3809 Reclamation and Submittal 

Requirements and the SMARA requirements  
 
 Related to, and part of, the failure to prevent undue impairment and UUD under FLPMA, the Project 
fails to meet all of the requirements of the 43 CFR Part 3809.420 Performance Standards and the PoO 
submittal requirements of 3809.401.  Those rules require detailed operational and reclamation requirements 
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for all proposed activities. 
 
 But the EA and the PoO fall far short of these mandates.  As one example, the EA says that there will 
be 65 drill sites (EA at 6).  Yet the maps of the drill sites in the PoO show well over 100 sites. See PoO 
Figures 3a-3h.  In addition, many, indeed most, of these drill sites do not show any road access, whether 
existing or proposed.  Section 3809.401(b) requires detailed plans for all “drill sites” and “access routes,” as 
well as detailed reclamation plans for all these sites.  Yet, while the PoO clearly shows the company’s 
drilling sites, the EA contains no analysis of these additional sites (a NEPA violation as well, as noted 
below). 
 
 Regarding the “reclamation” professed to comply with the 3809 standards, the BLM does not intend 
to require reclamation of the newly-constructed road coming up from the south from American Girl Wash 
for 5 or more years.  
 

Access to the Oro Cruz Portal would require the construction of 9,640 linear ft (1.8 miles) of 
new 15-foot-wide road. The road would be secured from unauthorized access for the duration 
of activity at the portal staging area while assuring access by BLM staff. A gate would be 
placed across the road accompanied by proper deterrence on either side of the gate (i.e. fence, 
berm, or large boulder).  
 
Reclamation would be implemented at the 2.8-acre portal staging area and all equipment 
would be removed within the 5-year reclamation monitoring period. 

 
PoO at 4.  BLM does not explain why reclamation will take 5 years at this site, especially when it would 
begin concurrently.  Nor does BLM why all of the equipment and facilities could not be removed 
immediately, not just within 5 years. 
 

It appears that BLM is keeping this new road open to the portal area (and allowing its construction in 
the first place) in order to facilitate the company’s future mining operations.  Indeed, there is no mention of 
closing the road, even after that 5 years.  BLM does not explain why drilling areas 1 and 6 could not occur 
first, and be fully reclaimed, along with the southern access road. 

 
Notably, “The anticipated post-Project land uses are mining, recreational uses, and open space.” 

PoO at 20 (emphasis added).  As the company has stated: “the Oro Cruz Gold Project hosts many 
exploration targets in addition to a high-grade oxide gold zone that, based on the historical mine operation 
records, is amenable to conventional heap leach extractive methods.”  About Us - Southern Empire 
Resources at https://smp.gold/about/  (pdf from December 14, 2022) (Attachment 1).  

 
Under NEPA and FLPMA, if the post-Project land use is “mining,” then this future use should have 

been analyzed.  
 
 Further, the EA and project documents available to the public by BLM do not contain the 
reclamation cost estimate and bonding for all these facilities/activities as required by the Part 3809 rules.  
This includes the failure to include the operational and reclamation information and analysis for the 
additional dozens/scores of drill sites noted above, but also for the construction and reclamation of the new 

https://smp.gold/about/
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southern access route. 
 
F. BLM Failed to Comply with the Requirements for Rights of Ways Under FLPMA Title V. 

 
The EA and proposed Project approval fail to meet the strict public interest, environmental protection, 

and financial requirements of the Federal Land Policy and Management Act (FLPMA).  BLM is under the 
mistaken view that all of the new access roads are governed by “rights” under the 1872 Mining Law and the 
43 CFR part 3809 regulations.  Although it could be argued that the company has a right for one access road 
into its claim block, BLM proposes additional new route(s), especially the new road from the south to access 
drill areas 1 and 6. See PoO Figure 2.  

 
 But as shown in that Figure 2, these drill areas can be accessed from the north, from the existing road 

along Tumco Wash (with only a slight area of new construction needed). See also PoO Figure 3b.  With that 
access from the north, drill areas 1 and 6 can be accessed without the construction of a new road coming up 
from American Girl Wash.  Thus, the new road all the way up from American Girl Wash is not needed to 
access the claims and drilling areas.  As such, the company cannot assert any legitimate “right” under the 
Mining Law, and that road is not “authorized by the mining laws” under 43 CFR 3809.1(a) and 3809.2(a).   

 
In addition, constructing this new, and unneeded, road, violates the protective standards and 

requirements under the FLPMA undue impairment, UUD, Land Use Plan, and other requirements noted 
above. 

 
Even if it could be constructed, this access road is governed by FLPMA Title V, Section 504, and 

requires the issuance of a Right-of-Way (ROW) to construct the road across public lands. See Alanco 
Environmental Resources Corp., 145 IBLA 289, 297 (1998) (“construction of a road, was subject not only to 
authorization under 43 C.F.R. Subpart 3809, but also to issuance of a right-of-way under 43 C.F.R. Part 
2800.”); Wayne D. Klump, 130 IBLA 98, 100 (1995) (“Regardless of his right of access across the public 
lands to his mining claims and of his prior water rights, use of the public lands must be in compliance with 
the requirements of the relevant statutes and regulations [FLPMA Title V and ROW regulations].”).  The 
leading treatise on federal natural resources law confirms this rule: “Rights-of-way must be explicitly 
applied for and granted; approvals of mining plans or other operational plans do not implicitly confer a 
right-of-way.” George C. Coggins & Robert L. Glicksman, Pub. Nat. Res. Law, § 15.21 (2d ed. 2020).  

 
BLM may grant a Right-of-Way (ROW) only if it “(4) will do no unnecessary damage to the 

environment.” 43 U.S.C. § 1764(a).  Rights of way “shall be granted, issued or renewed … consistent with 
… any other applicable laws.” Id. § 1764(c).  A right-of-way that “may have significant impact on the 
environment” requires submission of a plan of construction, operation, and rehabilitation of the right-of-
way. Id. § 1764(d).  A Title V SUP/ROW “shall contain terms and conditions which will … (ii) minimize 
damage to scenic and esthetic values and fish and wildlife habitat and otherwise protect the environment.” 
Id. § 1765(a).  In addition, the ROW can only be issued if activities resulting from the ROW: 

 
(i)protect Federal property and economic interests; (ii) manage efficiently the lands which are 
subject to the right-of-way or adjacent thereto and protect the other lawful users of the lands 
adjacent to or traversed by such right-of-way; (iii) protect lives and property; (iv) protect the 
interests of individuals living in the general area traversed by the right-of-way who rely on 
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the fish, wildlife, and other biotic resources of the area for subsistence purposes; (v) require 
location of the right-of-way along a route that will cause least damage to the environment, 
taking into consideration feasibility and other relevant factors; and (vi) otherwise protect the 
public interest in the lands traversed by the right-of-way or adjacent thereto. 

   
FLPMA, § 1765(b). 

 
At least three important potential substantive requirements flow from the FLPMA’s ROW provisions.  

First, BLM has a mandatory duty under Section 505(a) to impose conditions that “will minimize damage to 
scenic and esthetic values and fish and wildlife habitat and otherwise protect the environment.” Id. §1765(a).  
The terms of this section do not limit “damage” specifically to the land within the ROW corridor.  Rather, 
the repeated use of the expansive term “the environment” indicates that the overall effects of the ROW on 
wildlife, environmental, scenic and aesthetic values must be evaluated and these resources protected.  In 
addition, the obligation to impose terms and conditions that “protect Federal property and economic 
interests” in Section 505(b) requires that the BLM must impose conditions that protect not only the land 
crossed by the right-of-way, but all federal land affected by the approval of the ROW.  In this case, as noted 
herein, BLM failed to evaluate all aspects and ramifications of issuing the ROW for the Ambler Road.  At a 
minimum, the DEIS failed to consider the mineral material/gravel mines and related infrastructure made 
possible by the ROW.  Also as noted herein, the DEIS fails to show how the mineral projects in the Ambler 
District made possible by the issuance of the ROW meet these FLPMA requirements.    

 
Second, the requirements in Section 505(b) mandate a BLM determination as to what conditions are 

“necessary” to protect federal property and economic interests, as well as “otherwise protect[ing] the public 
interest in the lands traversed by the right-of-way or adjacent thereto.”  This means that the agency can only 
approve the ROW if it “protects the public interest in lands” not only upon which the road would traverse, 
but also lands and resources adjacent to and associated with the ROW.   

 
Third, is the requirement that the right-of-way grant “do no unnecessary damage to the environment” 

and be “consistent with … any other applicable laws,” id. §§ 1764(a)-(c). This means that a grant of a ROW 
leading to the exploration and mining must satisfy all applicable laws, regulations and policies, including all 
state and local laws, etc.   

 
The federal courts have repeatedly held that the federal land agency not only has the authority to 

consider the adverse impacts on lands and waters outside the immediate ROW corridor, it has an obligation 
to protect these resources under FLPMA.  In County of Okanogan v. National Marine Fisheries Service, 347 
F.3d 1081 (9th Cir. 2003), the court affirmed the Forest Service’s imposition of mandatory minimum stream 
flows as a condition of granting a ROW for a water pipeline across USFS land.  This was true even when the 
condition/requirement restricted or denied vested property rights (in that case, water rights). Id. at 1085-86. 

 
The BLM thus cannot issue a ROW that fails to “protect the environment” as required by FLPMA, 

including the environmental resource values in and not within the ROW corridor.  “FLPMA itself does not 
authorize the Supervisor’s consideration of the interests of private facility owners as weighed against 
environmental interests such as protection of fish and wildlife habitat.  FLPMA requires all land-use 
authorizations to contain terms and conditions which will protect resources and the environment.”  Colorado 
Trout Unlimited v. U.S. Dept. of Agriculture, 320 F.Supp.2d 1090, 1108 (D. Colo. 2004)(emphasis in 
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original) appeal dismissed as moot, 441 F.3d 1214 (10th Cir. 2006). 
 

The Interior Department, interpreting FLPMA V and its right-of-way regulations, has held that:  “A 
right-of-way application may be denied, however, if the authorized officer determines that the grant of the 
proposed right-of-way would be inconsistent with the purpose for which the public lands are managed or if 
the grant of the proposed right-of-way would not be in the public interest or would be inconsistent with 
applicable laws.” Clifford Bryden, 139 IBLA 387, 389-90 (1997) 1997 WL 558400 at *3 (affirming denial 
of right-of-way for water pipeline, where diversion from spring would be inconsistent with BLM wetland 
protection standards).  Here, allowing access and granting a ROW for the southern route would be 
“inconsistent with the purpose for which the public lands are managed,” as detailed above, and thus cannot 
be authorized.   

 
Similar to the County of Okanogan and Colorado Trout Unlimited federal court decisions noted 

above, the Interior Department has held that the fact that a ROW applicant has a property right that may be 
adversely affected by the denial of the ROW does not override the agency’s duties to protect the “public 
interest.”  In Kenneth Knight, 129 IBLA 182, 185 (1994), the BLM’s denial of the ROW was affirmed due 
not only to the direct impact of the water pipeline, but on the adverse effects of the removal of the water in 
the first place:  

 
[T]he granting of the right-of-way and concomitant reduction of that resource, would, in all 
likelihood, adversely affect public land values, including grazing, wildlife, and riparian 
vegetation and wildlife habitat. The record is clear that, while construction of the 
improvements associated with the proposed right-of-way would have minimal immediate 
physical impact on the public lands, the effect of removal of water from those lands would be 
environmental degradation. Prevention of that degradation, by itself, justified BLM's 
rejection of the application. 

 
1994 WL 481924 at *3.  That was also the case in Clifford Bryden, as the adverse impacts from the removal 
of the water was considered just as important as the adverse impacts from the pipeline that would deliver the 
water. 139 IBLA at 388-89.  See also C.B. Slabaugh, 116 IBLA 63 (1990) 1990 WL 308006 (affirming 
denial of right-of-way for water pipeline, where BLM sought to prevent applicant from establishing a water 
right in a wilderness study area). 

 
In King’s Meadow Ranches, 126 IBLA 339 (1993), 1993 WL 417949, the IBLA affirmed the denial 

of right-of-way for a water pipeline, where the pipeline would degrade riparian vegetation and reduce bald 
eagle habitat.  The Department specifically noted that under FLPMA Title V: “[A]s BLM has held, it is not 
private interests but the public interest that must be served by the issuance of a right-of-way.”  126 IBLA at 
342, 1993 WL 417949 at *3 (emphasis added).  As the IBLA recently held:  

 
The public interest determination is more than a finding that no laws will be violated by 
granting the ROW. Even if UUD [Unnecessary or Undue Degradation] can be avoided, 
degradation to public resources posed by a requested ROW may factor into BLM's 
determination of whether that ROW would be in the public interest. For example, in Sun 
Studs, we upheld BLM's rejection of a logging road ROW permit based on environmental 
considerations without any suggestion that the environmental harm rose to the level of 



 
Comments on Oro Cruz Exploration Project EA/MND 
December 16, 2022  14  

unlawful degradation. 
 

Klamath-Siskiyou Wildlands Center, IBLA 2019-75, at 9 (April 29, 2019), citing Sun Studs, 27 IBLA at 
282-83. 

 
II. The EA and Proposed FONSI Violate NEPA 

 
NEPA requires federal agencies to take a “hard look” at the environmental consequences of their 

proposed actions. Kleppe v. Sierra Club, 427 U.S. 390, 410 n.21 (1976); Blue Mountain Biodiversity Project 
v. Blackwood, 161 F.3d 1208, 1211 (9th Cir. 1998).  To take this “hard look,” agencies must prepare an EIS 
for all “major Federal actions significantly affecting the quality of the human environment.” 42 U.S.C. § 
4332(C).  The standard for when an agency must prepare an EIS is a “low standard.” Klamath Siskiyou 
Wildlands Ctr. v. Boody, 468 F.3d 549, 562 (9th Cir. 2006). 

 
The Council on Environmental Quality (CEQ) establishes NEPA regulations, which are binding on 

every federal agency. 40 C.F.R. § 1500.3(a) (2020). The original regulations implementing NEPA were 
published by CEQ in 1978. See 40 Fed. Reg. 55,978 (Nov. 29, 1978). In 2020, the Trump administration 
published new CEQ NEPA regulations. See 85 Fed. Reg. 43,304 (July 16, 2020) (codified at 40 C.F.R. Part 
1500).  The Biden administration has since revised the regulations and is making further revisions. See 87 
Fed. Reg. 23,453 (April 20, 2022).  

 
The Secretary of the Interior issued Order #3399, on April 16, 2021, which states that: 

“Bureaus/Offices will not apply the 2020 Rule in a manner that would change the application or level of 
NEPA that would have been applied to a proposed action before the 2020 Rule went into effect on 
September 14, 2020.”  Thus, the 1978 NEPA rules apply here. 

 
Under NEPA, if an agency is unsure whether a proposed action may have significant environmental 

effects, it may prepare a shorter “environmental assessment” to determine whether an EIS is necessary. 40 
C.F.R. § 1501.4(c) (1978); 40 C.F.R. § 1501.5 (2020).  To avoid preparing an EIS, the agency’s EA and 
FONSI must provide a “convincing statement of reasons” why a project’s impacts are insignificant. 40 
C.F.R. §§ 1501.4, 1508.9, 1508.13 (1978).  

 
The scope of NEPA review is broad. BLM must evaluate and disclose the direct, indirect, and 

cumulative effects of the proposed action and its alternatives on ecological, aesthetic, historic, cultural, 
economic, social, and health interests. 40 C.F.R. §§ 1508.7–1508.8 (1978).  That did not happen here. 

 
It should also be noted that the EA repeatedly describes the Project lands as “previously disturbed,” as 

one of the grounds to support its truncated FLPMA and NEPA review.  “[T]he Project  
is an exploratory drilling project, that would occur entirely within an area disturbed by historical mining 
activities.  The majority of the Project Area has been disturbed due to these historical mining operations.” 
EA at 114.  BLM does not inform the public as to which “majority” Project lands were “previously 
disturbed” by mineral operations. 

 
Yet, even if some, but certainly not most, of the Project lands experienced previous mining activities, 

under BLM regulations, these lands were satisfactorily “reclaimed.”  Thus, BLM cannot justify new and 
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significant impacts to public land and resources under the guise that the lands had been “previously 
disturbed” by mining, as all of those lands have been supposedly reclaimed to support public uses such as 
for recreation, wildlife, cultural values, etc. – resources that will be impacted by the Project. 
 
A. The EA Failed to Fully Analyze Direct, Indirect and Cumulative Impacts. 

 
The EA fails to conduct the required “hard look” at the Project’s impacts, including both the drilling 

areas and the access route(s) and the Project as a whole. 
 

Under NEPA, BLM must consider all direct, indirect, and cumulative environmental impacts of the 
proposed action. 40 CFR §§ 1502.16, 1508.8, 1508.25(c).  Direct effects are caused by the action and occur 
at the same time and place as the proposed project. 40 CFR § 1508.8(a).  Indirect effects are caused by the 
action and are later in time or farther removed in distance, but are still reasonably foreseeable. 40 CFR § 
1508.8(b).  Both types of impacts include “effects on natural resources and on the components, structures, 
and functioning of affected ecosystems,” as well as “aesthetic, historic, cultural, economic, social or health 
[effects].” Id. 

 
BLM’s limited environmental review of the exploratory drilling and road access is inadequate under 

NEPA.  At a minimum, as noted above, the PoO proposed to be approved shows well over 100 drill sites, 
but the EA is based on only 65 drill sites. EA at 6.  Additionally, the likely impacts of use of these public 
lands by heavy equipment and exploratory drilling that are not adequately disclosed or addressed include, 
but are not limited to: 

 
• Impacts to wildlife; 
• Impacts to native habitat; 
• Impacts to soils; 
• Impacts to groundwater and hydrology; 
• Impacts to air quality; 
• Impacts to the ACEC; 
• Impacts to cultural resources and Environmental Justice; 
• Consistency with Resource Management Plans. 
 

BLM must also fully review the impacts from all “past, present, and reasonably foreseeable future 
actions.”  These are the “cumulative effect/impacts” under NEPA. Cumulative effects/impacts are defined 
as: 

[T]he impact on the environment which results from the incremental impact of the action 
when added to other past, present, and reasonably foreseeable future actions regardless of 
what agency (Federal or non-Federal) or person undertakes such other actions. Cumulative 
impacts can result from individually minor but collectively significant actions taking place 
over a period of time. 

 
40 CFR § 1508.7.  In a cumulative impact analysis, an agency must take a “hard look” at all actions. 

 
An EA’s analysis of cumulative impacts must give a sufficiently detailed catalogue of past, 
present, and future projects, and provide adequate analysis about how these projects, and 
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differences between the projects, are thought to have impacted the environment. … Without 
such information, neither the courts nor the public ... can be assured that the [agency] 
provided the hard look that it is required to provide. 

 
Te-Moak Tribe of Western Shoshone v. U.S. Dept. of Interior, 608 F.3d 592, 603 (9th Cir. 2010) (rejecting 
BLM-issued EA for mineral exploration that had failed to include detailed analysis of impacts from nearby 
proposed mining operations). 

 
NEPA’s mandate to analyze cumulative impacts applies to all “past,” “present,” and “reasonably 

foreseeable future actions.” 40 C.F.R. §1508.7.  BLM must include “mine-specific or cumulative 
data.” Great Basin Resource Watch v. BLM, 844 F.3d 1095, 1105 (9th Cir. 2016), quoting Great Basin 
Mine Watch v. Hankins, 456 F.3d 955, 973 (9th Cir. 2006).  It must provide a detailed “quantified” 
analysis of other projects’ combined environmental impacts, and “identify and discuss the impacts that 
will be caused by each successive project. Including how the combination of those various impacts is 
expected to affect the environment” within the area. Great Basin Res. Watch, 844 F.3d at 1105. 

 
 The EA does not adequately analyze the cumulative impacts from the other proposed activities 

within the cumulative effects study area on environmental justice, cultural resources and uses, wildlife, 
recreation, air quality, and other potentially affected resources.  The EA contains little, if any, detailed 
analysis of these and other past, present, and “Reasonably Foreseeable Future Activities” (RFFAs) 
within the potentially affected areas that may cumulatively affect these resources.  BLM simply lists 
the acreages of these activities, with no detailed impacts analysis. 

 
The Ninth Circuit has repeatedly rejected similarly cursory analyses contained in BLM EAs and 

EISs for mineral operations, holding that listing other projects does not satisfy NEPA:  
 

[S]imply listing all relevant actions is not sufficient. Rather, “some quantified or detailed 
information is required. Without such information, neither the courts nor the public ... can be 
assured that the [agency] provided the hard look that it is required to provide.” Neighbors of 
Cuddy Mountain v. U.S. Forest Serv., 137 F.3d 1372, 1379 (9th Cir. 1998). 

 
Great Basin Res. Watch, 844 F.3d at 1104.  The Ninth Circuit in Great Basin Mine Watch v. Hankins 
specifically rejected BLM’s argument that a list of other projects and their acreages satisfied NEPA’s 
cumulative impacts analysis requirements: “A calculation of the total number of acres to be impacted by 
other projects in the watershed is a necessary component of a cumulative effects analysis, but is not a 
sufficient description of the actual environmental effects that can be expected.” 456 F.3d at 973 (emph. 
added). 

 
But that’s exactly what the EA does here.  It provides a general description of other types of projects 

in the area, and their general impacts, and their acreages.  But no details or analysis is provided – not even 
the names of the RFFA projects. See EA Table 3-37 (for the cumulative impacts to wildlife, merely listing 
the general types of past, present, and RFFAs, and their acreages). EA at 106-07. 

 
In addition, the EA fails to even mention other existing and RFFA operations/activities in the 

cumulative affects study area (CESA).  For example, for the Environmental Justice CESA, the EA correctly 
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notes its large area. EA Figure 3-4.  Yet there is no discussion, analysis, or even a list, of the other current 
and RFFA projects in this CESA.  As BLM knows, there are a number of mineral projects proposed in this 
CESA. See Imperial Exploration Project (and maps showing the projects within the Environmental Justice 
CESA for the Oro Cruz Project) (Attachment 2). 

 
 Regarding the CESAs themselves, the EA improperly restricted the scope of analysis for critical 

resources such as wildlife, and even more importantly, Native American Cultural/Historical Resources. See 
EA Figures 3-2, 3-12.  As discussed in more detail below, BLM is aware, the Tribes and Native 
communities that have lived and used these areas for millennium consider these mountains, and the Project 
site, as part of a much larger cultural landscape, which includes Indian Pass and related Trails network (such 
as the Trail of Dreams). See Record of Decision for the Imperial Project, at 10 (discussing Trail of Dreams 
as a ground for denying the Project)(Attachment 3).  BLM cannot avoid its duties to the Tribes, and under 
NEPA and FLPMA cannot ignore these facts. 

 
Here, the adverse impacts from the Project when added to other past, present or reasonably 

foreseeable future actions is clearly essential to the BLM’s determination (and duty to ensure) that the 
Project complies with all legal requirements and minimizes all adverse environmental impacts. “[W]hen the 
nature of the effect is reasonably foreseeable but its extent is not, we think that the agency may not simply 
ignore the effect.  The CEQ has devised a specific procedure for ‘evaluating reasonably foreseeable 
significant adverse effects on the human environment’ when ‘there is incomplete or unavailable 
information.’ 40 C.F.R. § 1502.22.” Mid States Coalition for Progress v. Surface Transportation Board, 345 
F.3d 520, 549-550 (8th Cir. 2003).  The BLM’s failure to obtain this information, or make the necessary 
showings under § 1502.22, for all direct, indirect and cumulative impacts violates NEPA. 

 
Thus, BLM failed to fully consider the cumulative impacts from all past, present, and reasonably 

foreseeable future projects in the region on, at a minimum, environmental justice, water and air quality, 
recreation, cultural/religious, wildlife, scenic and visual resources, etc.  BLM must fully review, and 
subject such review to public comment in a revised draft EA or EIS, the cumulative impacts from all 
other past, present and RFFAs including mining/exploration, grazing, recreation, energy development, 
roads, ORV use, etc., in the region. The EA’s failure to include these reviews violates NEPA. 

 
B. The EA fails to fully review all baseline conditions. 

 
The establishment of the baseline conditions of the affected environment is a fundamental 

requirement of the NEPA process whether an EA or EIS is prepared: 
 

“NEPA clearly requires that consideration of environmental impacts of proposed projects 
take place before [a final decision] is made.” LaFlamme v. FERC, 842 F.2d 1063, 1071 (9th 
Cir.1988) (emphasis in original). Once a project begins, the “pre-project environment” 
becomes a thing of the past, thereby making evaluation of the project's effect on pre-project 
resources impossible. Id. Without establishing the baseline conditions which exist in the 
vicinity … before [the project] begins, there is simply no way to determine what effect the 
proposed [project] will have on the environment and, consequently, no way to comply with 
NEPA. Half Moon Bay Fisherman’s Mark’t Ass’n v. Carlucci, 857 F.2d 505, 510 (9th Cir. 
1988). “In analyzing the affected environment, NEPA requires the agency to set forth the 
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baseline conditions.” 
 
Western Watersheds Project v. BLM, 552 F.Supp.2d 1113, 1126 (D. Nev. 2008).  Similarly, the CEQ 
explained: “The concept of a baseline against which to compare predictions of the effects of the proposed 
action and reasonable alternatives is critical to the NEPA process.” Council of Environmental Quality, 
Considering Cumulative Effects under the National Environmental Policy Act (May 11, 1999).  “NEPA 
requires that the agency provide the data on which it bases its environmental analysis. Such analyses must 
occur before the proposed action is approved, not afterward.” Northern Plains v. Surf. Transp. Brd., 668 
F.3d 1067, 1083 (9th Cir 2011) (concluding that an agency’s “plans to conduct surveys and studies as part of 
its post-approval mitigation measures,” in the absence of baseline data, indicate failure to take the requisite 
“hard look” at environmental impacts).  Baseline information and analysis must be part of the environmental 
review and be subject to public review and comment under NEPA. 
 
 Federal courts have repeatedly rejected EAs for mineral exploration project that do not contain 
detailed analysis of baseline conditions for all potentially affected resources, such as groundwater, wildlife, 
etc. See Gifford Pinchot Task Force v. Perez, 2014 WL 3019165, **27-33 (D. Or. 2014) (BLM EA for 
mineral exploration failed to analyze baseline ground water conditions); Cascade Forest Conservancy v. 
Heppler, 2021 WL 641614, *17–20 (D. Oregon 2021); ICL v. U.S. Forest Serv., 2012 WL 3758161, *14–17 
(D. Idaho 2012); ICL v. U.S. Forest Serv., 429 F. Supp. 3d 719, 730-32 (D. Idaho 2019). 
 

Here, the EA failed to obtain this baseline information on all potentially affected resources, including 
listed and imperiled plants and animals, other native and non-native vegetation and wildlife, ground and 
surface waters resources and water quality, air quality, recreation, cultural/religious/historical, and soils. 
 
C. The EA failed to include an adequate mitigation plan under NEPA and BLM mining 

regulations 
 

As noted herein, the EA fails to have an adequate plan to mitigate the significant impacts to cultural 
and environmental resources, as required by NEPA, FLPMA, and BLM regulations (e.g., Part 3809).  As 
just one example, the EA fails to analyze mitigation of the dozens/scores of potential drill sites (and access 
routes), as it fails to analyze their impacts at all.  There is also no mitigation for the loss of Native American 
religious and cultural use and values at and around the Project site. 

 
Under NEPA, the agency must have an adequate mitigation plan to minimize or eliminate all 

potential project impacts. NEPA requires the agency to: (1) “include appropriate mitigation measures not 
already included in the proposed action or alternatives,” 40 CFR § 1502.14(e); and (2) “include discussions 
of: . . . Means to mitigate adverse environmental impacts (if not already covered under 1502.14(e)).” 40 
CFR § 1502.16(a)(9). NEPA regulations define “mitigation” as a way to avoid, minimize, rectify, or 
compensate for the impact of a potentially harmful action. 40 C.F.R. §§1508.1(s). “[O]mission of a 
reasonably complete discussion of possible mitigation measures would undermine the ‘action-forcing’ 
function of NEPA. Without such a discussion, neither the agency nor other interested groups and individuals 
can properly evaluate the severity of the adverse effects.” Robertson v. Methow Valley Citizens Council, 
490 U.S. 332, 353 (1989). NEPA requires that the agency discuss mitigation measures, with “sufficient 
detail to ensure that environmental consequences have been fairly evaluated.” Methow Valley, 490 U.S. at 
352. 
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An essential component of a reasonably complete mitigation discussion is an assessment of whether 

the proposed mitigation measures can be effective. Compare Neighbors of Cuddy Mountain v. U.S. Forest 
Service, 137 F.3d 1372, 1381 (9th Cir.1998) (disapproving an EIS that lacked such an assessment) with 
Okanogan Highlands Alliance v. Williams, 236 F.3d 468, 477 (9th Cir.2000) (upholding an EIS where 
“[e]ach mitigating process was evaluated separately and given an effectiveness rating”). The Supreme Court 
has required a mitigation discussion precisely for the purpose of evaluating whether anticipated 
environmental impacts can be avoided. Methow Valley, 490 U.S. at 351–52 (citing 42 U.S.C. § 4332(C)(ii)). 

 
A mitigation discussion without at least some evaluation of effectiveness is useless in making that 

determination. South Fork Band Council v. Dept. of Interior, 588 F.3d 718, 727 (9th Cir. 2009) (rejecting 
EIS for failure to conduct adequate review of mitigation and mitigation effectiveness in mine EIS). “The 
comments submitted by [plaintiff] also call into question the efficacy of the mitigation measures and rely on 
several scientific studies.  In the face of such concerns, it is difficult for this Court to see how the [agency’s] 
reliance on mitigation is supported by substantial evidence in the record.” Wyoming Outdoor Council v. 
U.S. Army Corps of Eng’rs, 351 F. Supp. 2d 1232, 1251 n. 8 (D. Wyo. 2005). See also Dine Citizens v. 
Klein, 747 F.Supp.2d 1234, 1258-59 (D. Colo. 2010) (finding “lack of detail as the nature of the mitigation 
measures” precluded “meaningful judicial review”). 
 
D. The agency must fully review all reasonable alternatives 
 

NEPA requires the agency to “study, develop, and describe appropriate alternatives to recommended 
courses of action in any proposal that involves unresolved conflicts concerning alternative uses of available 
resources.” 42 U.S.C. § 4332(E); 40 CFR § 1502.14.  It must “rigorously explore and objectively evaluate 
all reasonable alternatives” to the proposed action. City of Tenakee Springs v. Clough, 915 F.2d 1308, 1310 
(9th Cir. 1990).  NEPA requires the environmental review to "present the environmental impacts of the 
proposal and the alternatives in comparative form, thus sharply defining the issues and providing a clear 
basis for choice among options by the decisionmaker and the public.” League of Wilderness Defs.-Blue Mts. 
Biodiversity Project v. United States Forest Serv., 689 F.3d 1060, 1069 (9th Cir. 2012).  Whether an EA or 
EIS is prepared, BLM must “rigorously explore and objectively evaluate all reasonable alternatives” 
including alternatives that are “not within the [lead agency’s] jurisdiction. 40 C.F.R. § 1502.14(a), (c).” Id. 
at 1071.  “While a federal agency need not consider all possible alternatives for a given action in preparing 
an EA, it must consider a range of alternatives that covers the full spectrum of possibilities.” Ayers v. Espy, 
873 F.Supp. 455, 473 (D. Colo. 1994). 
 

In this case, the EA failed to justify its rejection and/or failure to fully consider, at a minimum, the 
following reasonable alternatives: (1) access to each activity without the construction of new roads or 
reconstruction/improvement any existing or reclaimed, which could require helicopter access; (2) reduction 
in the amount, scope, and impact of each activity or group of activities including drilling waste disposal; (3) 
timing restrictions to protect wildlife; (4) preclusion of any impact to cultural/religious/historical resources, 
(5) moving the activities further from wildlife core/home ranges and (6) avoidance of rare plants/plant 
communities and their ecological/hydrological requirements. 
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III. Failure to Prepare EIS Violates NEPA 
 
 BLM’s proposed issuance of a FONSI, and failure to prepare an EIS, violates NEPA and FLPMA.  
At the outset, due to the fundamental NEPA deficiencies in the EA noted above, BLM cannot issue a 
FONSI.  BLM’s deficient EA renders its FONSI inadequate.  “[I]f the EA is deficient under NEPA in one of 
the ways Plaintiff has previously argued, then the [agency’s] DN/FONSI is necessarily arbitrary and 
capricious because it relied on the 2012 EA.” Gifford Pinchot Task Force v. Perez, 2014 WL 3019165, *40 
(D. Or. 2014).   
 

This follows a line of well-established Ninth Circuit precedent. See Native Ecosystems Council v. 
Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (USFS violated NEPA in issuing FONSI based on inadequate 
analysis); Ctr. for Biological Diversity v. NHTSA, 508 F.3d 1212, 1223-24 (9th Cir. 2007) (When an EA 
fails to comply with NEPA requirements, it “do[es] not constitute a ‘hard look’ at the environmental 
consequences of the action as required by NEPA. Thus, the FONSI is arbitrary and capricious.”). 
 

Here, BLM’s decision not to prepare an EIS was made without the critical information regarding 
cumulative and other impacts, alternatives, mitigation, and baseline conditions detailed above.  As such, the 
FONSI is consequently invalid.  

 
NEPA requires federal agencies to prepare an EIS for “major Federal actions significantly affecting 

the quality of the human environment.” 42 U.S.C. § 4332(C). “If an agency decides not to prepare an EIS, it 
must supply a convincing statement of reasons to explain why a project’s impacts are insignificant.” Native 
Ecosystems Council v. Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (quotation omitted).  It is well established 
in the Ninth Circuit that an “EIS must be prepared if substantial questions are raised as to whether a project . 
. . may cause significant degradation of some human environmental factor.” Blue Mountains, 161 F.3d at 
1212 (quotation omitted). “Thus, to prevail on a claim that the [agency] violated its statutory duty to prepare 
an EIS, a plaintiff need not show that significant effects will in fact occur.” Id. (quotation omitted). “It is 
enough for the plaintiff to raise substantial questions whether a project may have a significant effect on the 
environment.” Id. (quotation omitted).  

 
The Ninth Circuit has regularly described the bar for whether significant effects may occur as a “low 

standard.” See, e.g., League of Wilderness Defenders v. Connaughton, 752 F.3d 755, 760 (9th Cir. 2014); 
Cal. Wilderness Coal. v. U.S. Dep’t of Energy, 631 F.3d 1072, 1097 (9th Cir. 2011); Klamath Siskiyou 
Wildlands Center v. Boody, 468 F.3d 549, 562 (9th Cir. 2006).  Applying these principles, the Ninth Circuit 
has ordered EISs where plaintiffs raise substantial questions as to whether there may be significant impacts. 
See, e.g., Blue Mountains, 161 F.3d at 1212–16; Nat’l Parks, 241 F.3d at 732; Ocean Advocates v. U.S. 
Army Corps of Eng’rs, 402 F.3d 846, 868 (9th Cir. 2005); Bark, 958 F.3d at 873; Envtl. Def. Ctr., 36 F.4th 
at 882. 
 

Courts have ordered an EIS where cursory analysis in an EA—like BLM’s analysis here—renders 
effects highly controversial, unknown, or uncertain and, thus, potentially significant.  The Ninth Circuit held 
that an EA with “data gaps” and “lack of data” concerning potential effects requires an EIS. See National 
Parks, 241 F.3d at 733 (an agency’s “lack of knowledge does not excuse the preparation of an EIS; rather it 
requires the [agency] to do the necessary work to obtain it.”); Blue Mountains, 161 F.3d at 1212–16 (lack of 
supporting data and cursory treatment of environmental effects in EA warranted preparation of EIS).  
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Similarly, in Hausrath v. U.S. Dep’t of the Air Force, 491 F. Supp. 3d 770 (D. Idaho 2020), the court found 
effects were controversial and required preparation of an EIS where plaintiffs “identified serious gaps in the 
USFAF’s analyses concerning the effects of noise from the proposed action” to the community and wildlife. 
Id. at 802.  The court also found that an EIS was required because the action in Hausrath had uncertain 
effects due to “the absence of baseline noise data actually measuring the ambient noise levels in the affected 
communities.” Id. at 802–03. 

 
Here, based on the EA’s inadequate analysis, the significance of the Project’s impacts to public 

resources, an EIS is required.  That was the case recently in the California Desert as found by BLM.  For an  
exploration drilling proposed on Conglomerate Mesa, BLM is requiring an EIS instead of an EA.  That was 
for an exploration drilling project of far fewer drill sites, road construction, and environmental impacts. See 
March 9, 2022 letter from Carl Symons, BLM Ridgecrest Field Manager, to Mojave Precious Metals 
(Attachment 4).  That project at Conglomerate Mesa involves only 12 acres and 30 drill sites, far less drill 
sites and surface impacts than are contemplated for this Oro Cruz project. Id.  Notably, the Conglomerate 
Mesa project is within the same California Desert Resource Management Plan for the CDCA, also involves 
ACEC and CDNCL lands, and other critical public resources as does the much-larger Oro Cruz Project.  
BLM properly found that an EIS is required for the Conglomerate Mesa proposal, and should make the same 
finding here.  
 

A. Biological Resources 
 

1. Desert Tortoise 
 

 The Picacho Area of Environmental Concern (ACEC) was established in part to conserve the 
declining Mojave desert tortoise (EA at 25). Active burrows and tortoise sign were found in the drill areas 
(EA at 98). 

 
The environmental review must clearly address alternative proposals for avoiding, minimizing, and 

mitigating the impacts to the desert tortoise and any occupied habitat. Yet the required mitigation measures 
outlined in Appendix F, Table F-3 simply state that access roads will be fenced with tortoise exclusion 
fencing in Tumco Wash. 
 

An aggressive raven prevention plan also needs to be developed as part of the environmental review 
and followed during project development and implementation. LUPA-BIO-6 is listed as a mitigation 
measure, with raven management guidelines, but nothing specific to the project area. More detail of raven 
management specific to this area needs to be given, including nest management. Ravens are an increasing 
threat to Mojave desert tortoises range-wide. 

 
2. Flat-tailed horned lizard and Colorado fringe-toed lizard 

 
Small areas of sand can harbor fringe-toed lizards (Uma notata) and fringe-toed lizards (Phrynosoma 

mccallii), and the EA at 79 mentions that surveyors found small sand patches in the western edge of the area 
of analysis during March 2021 plant surveys. The Plan of Operations states that loose sandy soils are present 
in the project area. But surveys during the main activity time for reptiles—May and June—were not 
undertaken. These reptile species may have been dormant in underground burrows in March. Therefore, the 
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presence of these two lizard species needs to be assessed with targeted surveys during the proper season. No 
Aeolian Sand Transport assessment was conducted, as is required by LUPA-BIO-1. A Habitat Assessment 
was undertaken but is simply shown as habitat photos in Appendix E. No sand areas were mapped. Photos 
13 and 14 in Appendix E show sandy areas, but methods for assessing sand habitats or sand transport are not 
given. 
 

3. Golden Eagles 
 

Apparently, no nest surveys were undertaken. Avian surveys found active nesting prairie falcons (EA 
at 96). Helicopter operations to deliver drilling equipment, water, and other supplies to mountain drill sites 
could disturb any golden eagles nesting in the area and could lead to take under the Bald and Golden Eagle 
Protection Act. Golden eagles are also fully protected species under California law and cannot be taken at 
any time.  (Cal. Fish and Game Code §3511(b)(7).) Targeted surveys during the winter nesting season 
should be undertaken. 
 

The EA states at 100: 
 

Should golden eagles or golden eagle nests be identified during pre-clearance surveys, CMA 
LUPA-BIO-IFS-24 would be implemented to minimize impacts of surface disturbance within 
one-mile of active golden eagle nests or territories, as included in Appendix F. 

 
This indicates that no nest surveys were undertaken to determine the location and number of 

breeding pairs and active nests in the Project Area. This is not acceptable. 
 
The Finding of No Significant Impact for the Silicon Exploration Project Environmental Assessment 

DOIBLM-NV-B020-2020-0017-EA (Attachment 5) states for golden eagles: 

There was one golden eagle nest and five possible golden eagle nests within one mile of the 
Project Area. None of the nests were occupied during 2019 field surveys; however, one nest 
was active during 2020 field surveys. To avoid impacts to those nests, AGA would 
implement the EPM in Section 2.2.6.10 that states Project activities would not be conducted 
between January 1 and August 31 within one mile of a nest. However, if that is not 
practicable, a survey would be conducted after March 21 at eagle nest sites that are within 
one mile of the Project Area to determine occupancy. The timing of the surveys may be 
adjusted due to winter weather conditions and is subject to approval from the NDOW based 
on consideration of bighorn sheep (Ovis canadensis) lambing activity. If a nest has a bird in 
an incubating/brooding posture, it would be assumed that the nest is active that year, and a 
one-mile disturbance buffer would be applied until August 31, or until it has been determined 
that 1) the nest has failed; or 2) the young have fledged and are no longer dependent on the 
nest. The buffer sizes may be reduced with approval from the US Fish and Wildlife Service 
(USFWS). If the nest is not active at the time of the surveys, the one-mile buffer would not 
apply and Project activities could commence. (FONSI at 6).  

Ultimately the gold exploration company decided to seek a take permit from US Fish and Wildlife 
Service, which was analyzed in a March 2022 Environmental Assessment. (Attachment 6).  This gold 
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exploration project did not use helicopters. The Service discusses the need for a take permit: 

This Environmental Assessment (EA) analyzes the environmental consequences of the 
United States (U.S.) Fish and Wildlife Service (Service) issuing an incidental take permit for 
the take of golden eagles (Aquila chrysaetos) associated with the Silicon Exploration Project 
(Project) pursuant to the National Environmental Policy Act (NEPA) (42 United States Code 
[U.S.C.] §§ 4321–4347). Issuance of an eagle take permit by the Service for take that is 
incidental to otherwise lawful activities under the Bald and Golden Eagle Protection Act 
(Eagle Act) (16 U.S.C. §§ 668–668d and 50 Code of Federal Regulations [CFR] § 22.26) 
constitutes a discretionary federal action that is subject to NEPA. This EA assists the Service 
in ensuring compliance with NEPA, and in making a determination as to whether any 
“significant” impacts could result from the analyzed actions that would require preparation of 
an Environmental Impact Statement (EIS). This EA evaluates the effects of alternatives for 
the Service’s decision whether to issue an eagle take permit. (EA at 1) 

The Service issued a take permit for eagles for the Silicon Exploration Project. (See Attachment 5).  

Without proper eagle nest surveys, the Oro Cruz applicant may unintentionally harass golden eagles 
that might be nesting in the mountains around the drill areas, especially with the use of helicopters. This 
could result in the loss of productivity of eagles in the region. 
 

4. Desert Bighorn Sheep 
 
Currently desert bighorn sheep are not known to be present in the Cargo Muchacho mountains, but the 

proposed project area is within the desert bighorn Wildlife Habitat Management Area designated in BLM’s 
2002 Northern and Eastern Colorado Desert Plan Amendment.  Repatriating the desert bighorn sheep in the 
Cargo Muchacho Mountains is a key goal to sustaining the desert bighorn sheep metapopulation particularly 
as the effects of climate change advance. The environmental review must analyze the impacts to bighorn 
sheep habitat from the proposed project and whether it could impact future recovery efforts. 
 

The EA at 95 states that no known guzzlers are in the area, but otherwise the EA does not analyze 
potential bighorn sheep habitat here, nor future recovery efforts. 
 

5. Burro Deer 
 

The EA at 97 states that mule deer were observed during 2021 desert tortoise surveys. This narrow 
endemic mule deer subspecies (Odocoileus hemionus eremicus) is only found in the Colorado Desert of 
southeastern California. Measures should be outlined that avoid disturbing these deer populations. 
 

6. Rare  Plants  
 

Although several rare plants are known in this area and some are identified in the EA/MND (at 79), 
it is unclear when plant surveys were conducted and whether they were seasonally appropriate to find 
certain plants.  Therefore other rare plants may have been missed. Without more information it appears that 
the conclusions in the EA/MND that rare plants will not be significantly impacted is unsupported.  
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 B.  Cultural Resources 
 

The proposed action would adversely affect the sacred Tribal Cultural Landscape that consists of the 
ancient trail network, called Trail of Dreams or Xam Kwatchan Trail Network, which extends from Avi 
Kwa Ame (Spirit Mountain, Nevada) to the Avi Kwlal (Pilot Knob, California). The area that would be 
disturbed by the Oro Cruz exploration project is included in this Tribal Cultural Landscape. (See Figure 2 
(map) Attachment 7). The EA has failed to analyze the impact on this Tribal Cultural Landscape held sacred 
by six native American Tribes in the region. Comments submitted by the Quechan Tribe are referenced in 
the EA (section 3.14.3):  
 

The proposed Project location is sited within a region that is highly significant to the Fort 
Yuma Quechan Indian Tribe. This is a location that the Tribe attaches great cultural, religious 
and spiritual significance to. The Fort Yuma Quechan Indian Tribe objects to the proposed 
mining project and the proximity of the operation to a significant cultural landscape and 
items of cultural patrimony which are integral to the spiritual and everyday lives of the 
Quechan people. 
 

However, the EA states (section 3.14.3) states that “Currently, not enough information has been provided to 
understand the nature, extent and use of the resource, and therefore to fully assess impacts or determine if 
there are minimization or avoidance measures that would apply.”  Not having enough information to analyze 
the impacts on the Tribal Cultural Landscape is not sufficient grounds to determine the project would have 
no significant impacts on Native American Religious Concerns and Traditional Values. Instead, the BLM 
should require an EIS to analyze these impacts in detail.  

Furthermore, BLM pursuant to the 2019 Dingell Act the BLM was required to develop and implement a 
cultural resources management plan for the Xam Kwatchan Trail Network: 

Not later than 2 years after the date of enactment of the John D. Dingell, Jr. Conservation, 
Management, and Recreation Act [enacted March 12, 2019], the Secretary shall develop and 
implement a Tribal cultural resources management plan to identify, protect, and conserve 
cultural resources of Indian Tribes associated with the Xam Kwatchan Trail network 
extending from Avikwaame (Spirit Mountain, Nevada) to Avikwlal (Pilot Knob, California). 

 
16 U.S.C.S. § 410aaa-75. That plan is overdue and BLM cannot authorize mine exploration activities on 
lands associated with the Xam Kwatchan Trail Network until it completes the tribal cultural resources 
management plan which is needed to ensure protection and conservation of these resources.  
 
 C.  Additional Resource Issues  
 

The environmental review must provide sufficient information to evaluate serious aspects of the 
project and raise many questions, which if answered, might expose environmental impacts. 
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1. Source of Groundwater and Impacts 
 
The EA, at 87-92, states that 2,000 gallons of water per day will be required for drilling and dust 
suppression. The water would be procured from Gold Rock Ranch and/or another local water purveyor. A 
mobile water truck would be utilized onsite for dust suppression, and applied water would either naturally 
evaporate or infiltrate into the ground. The impact of taking that water from existing wells is not addressed 
despite the drought conditions in the area. And even though the specific source of water is not known, the 
EA/MND at 92 claims that the “Project would not consume groundwater from the Imperial Valley 
Groundwater Basin” – there is no support for this statement.  In addition, because the groundwater in this 
area is connected to the Colorado River, taking any water from the water table must be strictly accounted for 
under the law of the river. (See Map 7 in Attachment 8).  The EA/MND fails to analyze how groundwater 
pumping from off-site sources may impact the Imperial Valley groundwater district and the Colorado River 
accounting surface (as noted above). Because the identification and analysis of groundwater resources, 
including the source of water and the impacts of its extractions, are not adequately disclosed or addressed 
the EA/MND violates NEPA and CEQA.  
 

2. Surface Disturbance 
 

The EA/MND (at 5) calculates the surface disturbance at 20.54 acres – but it is unclear if that 
calculation accounts for additional for turnaround spaces for the large trucks and heavy equipment, sumps, 
and overburden. All the road segments and drill pads must be considered new ground disturbances 
regardless of being on top of the roads and pads of previous mining/drilling/disturbed areas. Use of all road 
segments and pads for the proposed project will cause new disturbances. The EA/MND attempts to waive 
away the significance of these new surface disturbances on previously reclaimed areas, undermining the 
environmental review.  
 

3. Reclamation Plan is Not Provided 
 

The EA/MND refers to a Reclamation Plan (Sespe 2022) (at 8), but it is not provided with the 
EA/MND. Instead the EA/MND provides only a summary: “A summary of the Reclamation Plan is 
provided below, and complete details are provided in SMP – Oro Cruz Exploration Project Reclamation 
Plan (Sespe 2022), on file with Imperial County (Reclamation Plan #21-0001).” EA/MND at 8-10.  A copy 
of the plan should have been circulated to the public during the comment period.  Several important 
recommendations for reclamation from scoping comments do not appear to have been addressed in the 
EA/MND:  

 
● Prohibit blading of road segments or the staging area. Mow or hand cut vegetation to within 

inches of the ground on the road segments and then drive over them to the drill pad, creating a 
2-track path and leaving the roots intact. Vegetation will grow back faster from root stock than 
from seed. 

● Prohibit tracked vehicles and require only vehicles equipped with oversized, balloon tires to 
minimize soil compaction and to speed revegetation. 

● Topsoil is thin in the desert and what is scraped off for reclamation may blow away, if not 
covered. That topsoil needs to be protected by stockpiling at appropriate height to prevent 
composting from occurring which would kill off propagules and soil fauna. 
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● Plant seedlings and require reseeding only in the fall. Do not use hydroseeding methods. 
● The seed source for reseeding must contain locally sourced native species only. The grasses 

should be grasses that are native to the project site. 
● The BLM or an independent botanist needs to survey all of the drill sites and roads to them 

annually starting after the drilling ends, to determine whether SMP Gold Corporation has 
complied with the reclamation requirements. This information should be shared with the public. 
Issue a notice of violation if the results are substandard. 

● Require an annual report in the fall on how the revegetation is progressing and the presence of 
and removal of all noxious weeds. 

● Establish criteria for “successful reclamation”. Including the density and diversity of species 
● Require remediation if plants aren’t established after three years. 
● Identify who will be responsible for the monitoring after three years if the goals have not been 

met and funding from the project proponent to be sure it continues. 
● Clean vehicles before entering the project site if they have been driven where they could pick 

up non-native plant propagules on their vehicle. 
 
 Because these important issues regarding reclamation raised in scoping were not addressed in the 
EA/MND, and a copy of the full Reclamation Plan is not provided for public review, the document is 
inadequate as an informational document under NEPA and CEQA.  

 
IV. The Mitigated Negative Declaration is Inadequate to Fulfill the Requirements of SMARA or 
CEQA. 
 

A. SMARA and the County Ordinance Require the County to Evaluate Both the Mining 
Exploration Project and the Reclamation Plan 

 
Imperial County is identified as the lead agency for both SMARA and CEQA. EA/MND at 2.  As the court 
explained in Nelson v. County of Kern, 190 Cal. App. 4th 252 (2010):  
 

The Legislature declared that its intent in enacting SMARA was “to create and maintain an 
effective and comprehensive surface mining and reclamation policy with regulation of 
surface mining operations so as to assure that: [¶] (a) Adverse environmental effects are 
prevented or minimized and that mined lands are reclaimed to a usable condition which is 
readily adaptable for alternative land uses[; and ¶] (b) The production and conservation of 
minerals are encouraged, while giving consideration to values relating to recreation, 
watershed, wildlife, range and forage, and aesthetic enjoyment.” (§ 2712, subds. (a) & (b).) 
“To achieve those goals, SMARA requires that persons conducting surface mining operations 
obtain a permit and obtain approval of a reclamation plan from a designated lead agency for 
areas subjected to post-January 1, 1976, mining. (§§ 2770, 2776.)” (Hansen Brothers 
Enterprises, Inc. v. Board of Supervisors (1996) 12 Cal.4th 533, 547, fn. omitted.) In 
particular, SMARA provides: “[N]o person shall conduct surface mining operations unless a 
permit is obtained from, a reclamation plan has been submitted to and approved by, and 
financial assurances for reclamation have been approved by, the lead agency for the operation 
pursuant to this article.” (§ 2770, subd. (a).) This section, including the requirement that a 
surface mining permit be obtained from the lead agency, has been described as “‘[a]t the 
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heart of SMARA.’ ” (People ex rel. Dept. of Conservation v. El Dorado County (2005) 36 
Cal.4th 971, 984.) 
 
To facilitate the enforcement of SMARA, section 2774 states that “[e]very lead agency shall 
adopt ordinances in accordance with state policy that establish procedures for the review and 
approval of reclamation plans and financial assurances and the issuance of a permit to 
conduct surface mining operations . . .” (§ 2774, subd. (a).)    

 
Under the Imperial County Ordinance, exploratory mining activities fall within the definition of 

Surface Mining Operations (Title 9, Div. 20: Surface Mining & Reclamation (hereinafter “Title 9”) § 
92001.01.) The County Ordinance prohibits mining activities without first obtaining County approval of “a 
Permit, Reclamation Plan, and financial assurances for reclamation,” subject to narrow exceptions which are 
not relevant here.  Title 9 § 92001.03.  

 
The EA/MND acknowledges that Imperial County must approve the reclamation plan (at 2), but fails 

to acknowledge that a permit approval is also needed.  Just as in Nelson, here, the is no question that the 
County, as lead agency, “is responsible under SMARA and the local ordinance to evaluate the entire [] 
proposal and to determine both whether to issue a permit for mining operations and whether to approve the 
reclamation plan.” Nelson, 190 Cal. App. 4th at 269 (emphasis in original; citing Pub. Res. Code §§ 2770, 
subd. (a), 2774, subd. (a)). And as in Nelson, “[t]hat being the case, it was improper for County to sever the 
mining operations from the scope of its review under SMARA.” Id. 190 Cal. App. 4th at 269.  

 
As noted above, a complete copy of the reclamation plan was not provided to the public during this 

comment period. On this basis, the conservation groups reserve the right to provide additional comments 
once a complete copy of the reclamation plan is provided. The summary provided in the EA/MND is 
insufficient for the public or decision makers to determine if the reclamation plan is adequate to meet 
SMARA standards, and because the reclamation plan is a key part of the mitigation for the project, the 
failure to provide the public with all relevant studies and information also fails CEQA and fails to show that 
an MND is appropriate.  
 

B. CEQA requires the County to consider the whole of the action in an EIR. 
 

The joint EA/MND section “3.2 CEQA Checklist and Impact Analysis” is insufficient in several 
ways as detailed below and an EIR is needed. The purpose of CEQA is to provide decision-makers and the 
public with environmental information before decisions are made, not after. As the California Supreme 
Court observed in Laurel Heights I, “[i]f post-approval environmental review were allowed, [CEQA 
analyses] would likely become nothing more than post hoc rationalizations to support action already taken. 
We have expressly condemned this [practice].” Laurel Heights Improvement Ass’n v. Regents of Univ. of 
Cal. (“Laurel Heights I”), (1988) 47 Cal. 3d 376, 394 (citation omitted). Accordingly, “public agencies shall 
not undertake actions concerning the proposed public project that would have a significant adverse effect or 
limit the choice of alternatives or mitigation measures, before completion of CEQA compliance.” CEQA 
Guidelines § 15004(b)(2). In particular, an agency shall not “take any action which gives impetus to a 
planned or foreseeable project in a manner that forecloses alternatives or mitigation measures that would 
ordinarily be part of CEQA review of that public project.” CEQA Guidelines § 15004(b)(2)(B). CEQA 
requires the preparation of environmental review documents “as early as feasible in the planning process to 
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enable environmental considerations to influence project program and design and yet late enough to provide 
meaningful information for environmental assessment.” Laurel Heights I, 47 Cal. 3d at 395; see also CEQA 
Guidelines § 15004(b). 
 

Only when “there is no substantial evidence in light of the whole record before the public agency 
that the project . . . may have a significant effect on the environment” may an agency prepare a negative 
declaration or mitigated negative declaration instead of an EIR. (Public Res. Code § 21064.5; see also id. §§ 
21064, 21080(c).). A mitigated negative declaration, in particular, is prepared “when the initial study has 
identified potentially significant effects on the environment, but . . . revisions in the project plans or 
proposals . . . would avoid the effects or mitigate the effects to a point where clearly no significant effect on 
the environment would occur” and there is no substantial evidence the project may have a significant effect 
on the environment. (Id. § 20164.5.) If there is substantial evidence that a project may have a significant 
effect on the environment, an agency must prepare an EIR. (Id. § 21080(d).) 

If an agency is presented with so much as “a fair argument that a project may have a significant 
effect on the environment, the lead agency shall prepare an EIR even though it may also be presented with 
other substantial evidence that the project will not have a significant effect.”  (CEQA Guidelines § 
15064(f)(1); see also No Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 68, 75. By contrast, negative declarations 
are appropriate only when there is no substantial evidence in light of the whole record before the public 
agency that the project, as revised, may have a significant effect on the environment. Pub. Resources Code, 
§ 21064.5; see also § 21080, subd. (c); CEQA Guidelines §§ 15006, subd. (h), 15064, subd. (f)(2), 15070, 
subd. (b), 15369.5.   

Where, as here, there is a fair argument that the proposed project – the proposed mine exploration 
activities including new and expanded access roads and a reclamation plan—may have a significant effect 
on the environment, preparation of an EIR is required. Public Resources Code §§ 21100, 21151; CEQA 
Guidelines § 15064(a)(1); No Oil, Inc. v. City of Los Angeles (1974) 13 Cal. 3d 68, 82. No such 
determination can be made in this instance as detailed in this letter, there are potentially significant impacts 
to wildlife, water, air, cultural resources, and other resources. 
 

Furthermore, under CEQA, an EIR must be prepared even if the lead agency can point to substantial 
evidence in the record supporting its determination that no significant effect will occur. Architectural 
Heritage Assn. v. County of Monterey (2004) 122 Cal. App. 4th 1095, 1110. The lead agency may not 
dismiss evidence because it believes that there is contrary evidence that is more credible. Pocket Protectors 
v. City of Sacramento (2005) 124 Cal. App. 4th 903, 935. Either there is substantial evidence showing the 
possibility of a significant environmental effect or there is not. If there is, then the lead agency must prepare 
an EIR. Architectural Heritage Assn., 122 Cal. App. 4th at 1109-1110. Importantly, the “fair argument” test 
“establishes a low threshold for initial preparation of an EIR, which reflects a preference for resolving 
doubts in favor of environmental review.” Id. at 1110.  
 

The County is required to consider the whole of the action in its CEQA review. CEQA Guidelines, 
Section 15378. The definition of “project” is “given a broad interpretation in order to maximize protection 
of the environment.”  Lighthouse Field Beach Rescue v. City of Santa Cruz (2005) 131 Cal.App.4th 1170, 
1180 (internal quotation omitted); see also, Muzzy Ranch Co. v. Solano County Airport Land Use Com. 
(2007) 41 Cal.4th 372, 381-83; Fullerton Joint Union High Sch. Dist. v. State Bd. of Educ. (1982) 32 Cal.3d 
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779, 796-97; Bozung v. Local Agency Formation Com. (1975) 13 Cal.3d 263, 277-81.)  A “project” is “the 
whole of an action” directly undertaken, supported, or authorized by a public agency “which may cause 
either a direct physical change in the environment, or a reasonably foreseeable indirect physical change in 
the environment.”  (Public Resources Code § 21065; CEQA Guidelines § 15378(a).)  Under CEQA, “the 
term ‘project’ refers to the underlying activity and not the governmental approval process.”  California 
Unions for Reliable Energy v. Mojave Desert Air Quality Mgmt. Dist. (2009) 178 Cal.App.4th 1225, 1241, 
(quoting Orinda Assn v. Bd. of Supervisors (1986) 182 Cal.App.3d 1145, 1171-72 [emphasis added].) 
(CEQA Guidelines, § 15378(c) [“The term 'project' refers to the activity which is being approved and which 
may be subject to several discretionary approvals by governmental agencies. The term 'project' does not 
mean each separate governmental approval.”].  As the court concluded in Nelson, 190 Cal. App. 4th at 272 
“the entire CEQA project that had to be reviewed by County included both the mining operations and the 
reclamation plan. Both aspects were integrally related and constituted the whole of the action or the entire 
activity for which approvals were being sought.” Put another way, “CEQA required County to engage in an 
environmental review of both the mining operations and the reclamation plan—the entire project.” Id. 
 
  Under the County Ordinance, before a permit or reclamation plan can be approved, the site plan and 
reclamation plan must be found to meet the requirements of SMARA and other state statutes and regulations 
including CEQA. See Title 9 § 92002.03. Unfortunately, the County’s ordinance does not fully describe the 
County’s CEQA obligations because it only expressly mentions CEQA in the context of approval of the 
reclamation plan. Title 9 § 92002.03(B)(4).  Here, the County does not acknowledge the need for a permit 
for all operations and the IS/MND fails to address several potentially significant impacts, rendering it 
inadequate. 
 

As detailed above, the Project may have significant direct and indirect impacts on listed species 
(desert tortoise), fully protected species (golden eagles), as well as other wildlife species of special concern 
(flat-tailed horned lizard and Colorado fringe-toed lizard), therefore, an EIR is required. See, e.g., CEQA 
Guidelines §15065(a)(1) (mandatory findings of significance). Impacts to habitat for rare flora and fauna are 
significant under section 15065 and require full evaluation under CEQA. See Mira Monte Homeowners 
Association v. Ventura County, 165 Cal.App.3d 357, 363-364.  In addition, the EA/MND fails to show that 
all needed plant surveys were undertaken, particularly fall plant surveys.  On this basis as well the EA/MND 
is inadequate.  
 
 As detailed above, the analysis of impacts to water resources is woefully incomplete. EA/MND 
states that Project water use overall will be up to 2,000 gallons per day and approximately 240,000 gallons 
of water over the life of the Project (EA/MND at 90) and that the water would be trucked in from existing 
wells but does not identify which wells (at 92). And even though the specific source of water is not known, 
the EA/MND at 92 claims that “Project would not consume groundwater from the Imperial Valley 
Groundwater Basin” – there is no support for this statement. Further, the EA/MND at 92 admits 
“Groundwater may be encountered during the course of exploratory drilling within the Drill Pads.” But the 
EA/MND fails to quantify the amount of groundwater that may be affected if it is encountered. This also 
contradicts the premise in the EA/MND that no groundwater on site would be affected.  The IS/MND notes 
that the area is not an adjudicated basin but provides no analysis to support the determination that this level 
of groundwater use is not significant in this arid environment that is currently in drought conditions. Water, 
especially in the desert and even more so in the time of chronic drought in California is a key resource that 
needs to have a full analysis in an EIR for this proposed project. The County should have fully addressed 
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those potentially significant impacts but did not, on this basis as well an EIR is needed. In addition, as noted 
above, groundwater in this area is limited because it’s use may draw water from the Colorado River, the 
CEQA review did not disclose whether a water right is needed. Because the EA/MND fails address this 
potentially significant impact to Colorado River water resources, it is inadequate on this basis as well. 
Because the IS/MND failed to fully identify and analyze impacts of groundwater use by the Project it fails to 
comply with CEQA.  
 

CEQA also requires that environmental review must analyze the effects of any proposed mitigation 
measures and their likely efficacy. CEQA Guidelines § 15126.4(a)(1)(D) (“If a mitigation measure would 
cause one or more significant effects in addition to those that would be caused by the project as proposed, 
the effects of the mitigation measures shall be discussed”); Save Our Peninsula Comm. v. Monterey Board 
of Supervisors (2001) 87 Cal.App.4th 99, 130 (“An EIR is required to discuss the impacts of mitigation 
measures”). An agency's determination that a proposed mitigation measure will effectively mitigate an 
impact must be supported by substantial evidence. City of Irvine v. County of Orange (2015) 238 
Cal.App.4th 526. 
 

The IS/MND suggests several mitigation measures that may themselves have impacts which are not 
analyzed. For example, the IS/MND acknowledges for air quality that the area is in nonattainment for PM10 
(at 17), and that the project will cause emissions and relies on standard “project design features (“PDFs”) 
incorporating the local air district rules for fugitive dust emissions and GHG emissions to mitigate impacts 
to PM10 air quality (at 19). However, those PDFs which would potentially reduce impacts to air quality, 
which address mitigation measures for air quality relied on in the IS/MND, would use potentially significant 
amounts of water and the mitigation measures are very general.  PDF-7 for Air Quality only states that “The 
Project would comply with applicable State of California and Imperial County Air District rules for fugitive 
dust emissions and greenhouse gas emissions.” It does not provide details of those rules.  

 
Compliance with the law alone is not sufficient evidence to support a finding of no significant 

impact under the CEQA. See Oro Fino Gold Mining Corp. v. County of El Dorado (1990) 225 Cal. App. 3d 
872, 881–882. The IS/MND assumes that compliance with other regulations and programs will mitigate the 
air quality impacts to less-than-significant levels. The IS/MND lacks any project-specific analysis of the 
potential impacts and the effect that regulatory compliance could have on those impacts.  Because the 
Project does not disclose the specifics of the Project’s impacts in the first instance, nor provide any specifics 
on these regulatory programs, the IS/MND lacks a basis to conclude that these regulatory programs in and of 
themselves will reduce the environmental impacts of this project to less-than-significant levels. Accordingly, 
the IS/MND’s conclusion that air quality impacts will be mitigated to less-than-significant levels is 
unsupported.  

 
Further, although EA/MND at 91 and Appendix F Table F-1, PDF-3 state “Water used for dust 

control would be kept to a practicable minimum . . .”, the EA/MND elsewhere states that Project water use 
overall will be up to 2,000 gallons per day and approximately 240,000 gallons of water over the life of the 
Project (EA/MND at 90) and that the water would be trucked in from existing wells but does not identify 
which wells (at 92). As explained above, this discussion of the groundwater use is in adequate. Because the 
mitigation measure to address potential impacts to air quality may have potentially significant impacts to 
water resources, the MND should have fully addressed those potentially significant impacts but did not. In 
addition, as noted above, groundwater in this area is limited because it’s use may draw water from the 
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Colorado River, the CEQA review did not disclose whether a water right is needed. Because the EA/MND 
fails to mention this additional potential limit on water availability for the mitigation measure it relies on, it 
is inadequate on this basis as well. Because the IS/MND failed to address the impacts of the water use for 
the air quality mitigation measure the MND cannot be relied on and the County has failed to comply with 
CEQA.  
 

Here, there are several potentially significant impacts that are not shown to be fully mitigated 
including impacts to wildlife, cultural resources, air quality and ground water and there are potentially 
significant impacts to the environment that are not adequately identified and analyzed including 
inconsistencies with the governing land use management plan (as detailed above). Therefore, the County 
must prepare an EIR and cannot rely on a mitigated negative declaration.   
 

The proposed mining exploration project may also have significant impacts to cultural resources.  
Imperial County claims it has fulfilled its obligations under AB 52 with a letter to a single tribe that went 
unanswered (EA/MND at 49). This fails to comply with the spirit of consultation requirement cannot excuse 
the County’s failure to consider cultural resources and information tribal representatives have provided to 
BLM regarding the Project’s potentially significant effects on cultural resources. On this basis as well, an 
EIR is needed.  
 

Based on the number of imperiled species with potential to be affected by the proposed mining 
exploration, lack of adequate biological surveys, and because potential impacts to water resources and air 
quality that have not been fully identified or analyzed in the EA/MND, an EIR is required. 
 
Conclusion 
 

Due to the numerous violations of FLPMA, NEPA, and other laws, BLM cannot approve the 
Project based on the EA and must prepare an EIS. Due to Imperial County’s failure to comply with 
SMARA, CEQA and other laws and regulations, and because there is a fair argument that the Project 
will significantly impact the environment Imperial County cannot approve the Project based on the 
IS/MND and must prepare an EIR.1   Please keep us informed of all notices associated with this 
project.  
 

Respectfully, 
 
 
Lisa Belenky, Senior Attorney  
Hallie Kutak, Staff Attorney 
Center for Biological Diversity  
lbelenky@biologicaldiversity.org  
hkutak@biologicaldiversity.org 
 
 

 
1 As noted above, because the notice period for the IS/MND by Imperial County continues until January 20, 2023, the 
conservation organizations reserve the right to provide additional detailed comments on all issues.  

 
Joan Taylor, Chair 
Sierra Club California/Nevada Desert Committee 
 
 
Laura Cunningham California Director 
Western Watersheds Project  
lcunningham@westernwatersheds.org  
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Jared Naimark, California Mining Organizer  
EARTHWORKS 
jnaimark@earthworksaction.org  
 
 
Kara Matsumoto, Public Lands Policy Director 
Conservation Lands Foundation  
kara@conservationlands.org  
 
Kelly Herbinson and Cody Hanford  
Joint Executive Directors 
Mojave Desert Land Trust 
kelly@mdlt.org 
 
 

 
 
 
Isabella Langone, J.D. 
Conservation Program Manager 
California Native Plant Society 
ilangone@cnps.org  
 
 
Bradley Angel 
Greenaction for Health and Environmental Justice 
bradley@greenaction.org  
 
Preston J. Arrow-weed, President 
Ahmut Pipa Foundation 
ahmut@earthlink.net  
 

cc:  
Michael Abraham, Assistant Director, Imperial County Planning & Development Services 

michaelabraham@co.imperial.ca.us ; ICPDSCommentLetters@co.imperial.ca.us  
Brian Croft, USFWS, Brian_Croft@fws.gov  
Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  
Tom Plenys, EPA, Plenys.Thomas@epa.gov  
Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  
Julianne Polanco, State Historic Preservation Officer (SHPO), julianne.polanco@parks.ca.gov  
Commissioner Laura Miranda, California Native American Heritage Commission. Chairperson 

Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  
 
Attachments: 
 
Attachment 1: About Us - Southern Empire Resources at https://smp.gold/about/  (pdf from December 14, 

2022) 
Attachment 2: EXPLORATION PLAN OF OPERATION for the IMPERIAL EXPLORATION PROJECT 

IMPERIAL COUNTY, CA, revised Oct. 2020 
Attachment 3: Record of Decision for the Imperial Project Gold Mine Proposal Imperial County, California, 

U.S. Department of Interior, BLM Case File No. CA 670-41027 OEPC #DES-97-43 and 
#DES-99-8 OEPC #FES-00-50, Signed by the Secretary of Interior, January 17, 2001 

Attachment 4: March 9, 2022 letter from Carl Symons, BLM Ridgecrest Field Manager, to Mojave Precious 
Metals 

Attachment 5: FONSI for the Silicon Exploration Project Plan of Operations Nevada Reclamation Permit 
Application DOI-BLM-NV-B020-2020-0017-EA available at 
https://www.fws.gov/media/silicon-exploration-project-eagle-permit-nepa-documents ;  
https://eplanning.blm.gov/public_projects/1505119/200366575/20022705/250028909/20200
724_Silicon_FONSI_Final_Signed.pdf 
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About Us – Southern Empire Resources

Acquisition, Exploration and Development of Gold Deposits in North America.

Southern Empire is focused on the acquisition, exploration and development of gold
deposits in North America. Our projects are located in the world’s best mining
jurisdictions and they are selected strategically to be positioned near existing
infrastructure.

ORO CRUZ & AMERICAN GIRL, CARGO MUCHACHO MOUNTAINS,
CALIFORNIA

In the Cargo Muchacho mountains of Imperial County, southeast California, Southern Empire owns
the American Girl Mine Property and holds options to acquire a 100% interest in the 2,160 hectares
(5,338 acre) Oro Cruz Property located approximately 22.5 kilometres (km; 14 miles) southeast of
the operating Mesquite gold mine of Equinox Gold Corp.

With a history that includes extensive drilling and large-scale open pit and underground mining by
the American Girl Mining Joint Venture (53 per cent owned by MK Gold Co., a subsidiary of
Morrison Knudsen Corporation, and 47 per cent owned by Hecla Mining Company), which was
suspended during the gold market downturn in 1996, the Oro Cruz Gold Project hosts many
exploration targets in addition to a high-grade oxide gold zone that, based on the historical mine
operation records, is amenable to conventional heap leach extractive methods.

EQUITY INTEREST IN BULLFROG GOLD CORP.

Southern Empire also holds a significant equity interest in Bullfrog Gold Corp., a US based gold
exploration company with a commanding land package in the Bullfrog Mine area from which
Barrick Gold Corp. produced more than 2 million ounces during the 1990’s.

EXPERIENCED & KNOWLEDGABLE MANAGEMENT TEAM



Our team, including 2015 Canadian Mining Hall of Fame inductee, Ron Netolitzky, has decades of
experience and the proven ability to deliver results. Meet our leadership team here.

Southern Empire is listed on Toronto’s TSX Venture Exchange under the symbol SMP  and also
trades on Germany’s Frankfurt Exchange, having the symbol 5RE.

Our share capital is widely, but tightly held. Please, see our current Share Capital Structure.

For further information, please contact Southern Empire here and visit our SEDAR page.

SMP CORPORATE PRESENTATION

CONTACT SMP

Join our Mailing List

Direct Contact Form
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2020 – Imperial Exploration Project 
Pursuant to CFR §3809.401 

1.0 Introduction 

1.1 Purpose and Scope 

This Exploration Plan of Operations (“EPO”) describes the Imperial Exploration Project 
("Project") proposed by Imperial USA Corporation ("IUC").  The purpose of the Project is 
to develop exploratory drill holes for mineral, geotechnical, environmental, 
hydrogeological, and/or engineering assessments.  This EPO is submitted pursuant to 
and in conformance with the U.S. Bureau of Land Management ("BLM") Surface 
Management Regulations at 43 CFR § 3809 et seq. 

1.2  Project Overview 

The Project is a drilling program on three segments of a claim block controlled by IUC 
that includes contiguous unpatented lode and mill site claims on 2,939 acres (1,149 
ha.) (the "Project Segments").  The Project Segments are located north of the Cargo 
Muchacho Mountains in southeast Imperial County, California and approximately 47 
miles east-northeast of El Centro, California and 22.5 miles north-northwest of Yuma, 
Arizona. (Figure 1).  The boundaries of the Project Segments and land use status are 
presented on Figure 2. 

All IUC's claims located within the Project Segments are on federally owned lands 
administered by the BLM El Centro Field Office. There are no private or state-owned 
lands within the Projects Segments.  

The Project Segments trend southeast to northwest and are referred to as (i) the Indian 
Pass Segment at the southeast end of the project area, (ii) the Ogilby Segment in the 
trend center, and (iii) the East Mesquite Segment in the northwest.  The Project 
Segments will be accessed primarily by (i) Indian Pass Road, (ii) the Ogilby Road, and 
(iii) several existing BLM Legal Routes within and around the Project Segments.  Table 
1 presents pertinent information on the Project Segments.  

Table 1. Project Segments 

Project 
Segment 

Claim 
Names 

Acres 
Disturbed 

Total 
Acres BLM Legal Routes Used Township, Range 

and Section 

Indian Pass 
UYA, 
BB, 
SWL 

10.8 1,571 649, 680, 989, 880, 841, 840, 
843, 845, 859, 858, 878, 877 

NW Corner of T.14S. 
R.21E and SW Corner 
T.13S., R.21.E.  

Ogilby KMI 1.9 645 654,647, 645, 643, 641, 631, 
615, 531 

SE Corner of T.13S, 
R.20E. 

East 
Mesquite KMI 1.6 723 648,683,754.735,629 T. 13S., R.19E, S.12, 
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The Project proposes to grade drill pads within the Project Segments that will be used 
to complete 4-inch diameter exploratory drill holes for mineral, geotechnical, 
environmental, hydrogeological, and/or engineering assessments.  Grading, where 
needed, will be accomplished with a rubber-tired backhoe loader and will be 
conducted in a manner to minimize disturbance.  A core or reverse circulation (“RC”) 
drill rig will advance the drill holes. 

Access to the drill pads on the Project Segments will utilize BLM Legal Routes, and 
previously disturbed lands as much as possible.  Attachment A provides an overview 
map and individual maps for each Project Segment.   

Using the local workforce where possible, work will begin as soon as this EPO has 
been approved and equipment can be mobilized. The operation, including reclamation, 
should be complete within about three years from start-up.  No permanent fixed 
structures will be built, and all equipment and any temporary structures will be 
removed from individual pads after completion of drilling and proper abandonment of 
the drill holes. 

The Project is designed and will be operated to minimize potential direct, indirect, and 
cumulative impacts related to the resources discussed below.  Table 2 identifies 
resources with potential to be impacted by the Project, and the development and 
operating practices that will be used to minimize any potential impacts. 

Table 2. Project Practices to Reduce Potential Impacts 

Potentially Affected Resource Practice 

Air 

• Implement dust control measures such as two-track
trails watering and treatment during movement of
equipment.

• Employee training for dust emission reduction
• Reduced speed limits

Water 

• Utilize BMPs to minimize erosion and sedimentation.
• Utilize approved non-hazardous drill lubricants and

palliatives for dust control.
• Clean up spills immediately.
• Recycle ~80% of the water at the process site.

Land/Soils 

• Use BLM Legal Routes for access to drill sites to fullest
extent possible.

• Use rubber-tired backhoe-loader to minimize
disturbance.

• Stockpile topsoil for revegetation.

Vegetation • Minimize new disturbance to limit vegetation damage.
• Relocate cacti for use prior to grading.

Wildlife • Minimize new disturbance to limit habitat degradation.
• Desert tortoise awareness training for all employees.
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• Baseline and preconstruction surveys for desert tortoise
• Monitoring in advance of all new grading activity
• Exclusionary fencing where appropriate

Special Species Status 

• Train workers to recognize and protect special status
species.

• Record any observations or encounters of species with
special status.

• Determine if observations or encounters merit
additional measures.

Cultural Resources 

• Avoid adverse effects to historic properties through
project redesign; utilization of existing ground
disturbance; and oversight by archaeological monitors
where appropriate.

• Train workers to recognize and avoid cultural resources.
• Develop and implement drilling work plans to avoid

adverse effects.
• Adhere to existing guidance in The CA BLM Protocol to

address human remains and unanticipated discoveries.

Visual Resources 

• Remove temporary structures upon completion of use.
• Remove all equipment upon completion of drilling on

each pad.
• Drill cuttings buried on site or worked into the surface of

the drill pad prior to topsoil application.
• Regrade disturbed areas to blend with topography

during reclamation.
• Revegetate disturbed areas.

Recreation/Public Safety 

• Minimize new disturbance. Exclude public from
operational areas only. Safety signage will be posted the
drill pads and along the two-track trails.

• Will not block BLM Legal Routes.

1.3  History 

The region has a long mining history which dates back to the 1780's and has 
continued until the present with mines such as Picacho, Tumco, and American Girl 
from the late 1800’s and more recently, the opening of the Mesquite Mine in 1986. 
Mining activities within in the Project boundaries, however, were limited to minor dry 
placer exploration operations and drilling exploration conducted in the 1970's into the 
1990s.  

More recently, Chemgold, Inc. began exploring the Indian Pass area for a mining 
operation in the mid-1990s.  This project was continued as Glamis Imperial 
Corporation’s Imperial Project.  Between the two companies, over 300 exploration drill 
holes were placed in the Indian Pass area that included numerous access roads and 
the conversion of some drill holes into groundwater monitoring wells and piezometers. 
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This area was also the subject of several technical environmental studies and 
evaluations that included Cultural Resource and Biological assessments, amongst 
others.  Previous field work for assessing mineralization potential, rock hounding and 
recreational use of the area by off-road enthusiasts has resulted in a significant 
amount of disturbance on the site. 

1.4  Environmental Setting 

The Project area is situated on nearly flat terrain south of the Chocolate Mountains 
and north of the Cargo Muchacho Mountains, at elevations ranging between 760 and 
925 feet above mean sea level (AMSL).  The Project area is transected by ephemeral 
washes which drain from the northeast to the southwest, terminating by infiltration 
against the Algodones Dunes.  

Present and pre-mining land use of the Project area includes mineral-related activities, 
recreation (rock-hounding and off-highway vehicle use), hunting and wildlife habitat.  

Soils on the Project area are 0 to 18 inches thick and poorly developed, consisting of 
gravelly or coarse sands, with most of the area covered by upland flats or desert 
pavement. Vegetation in the Project area is sparse, with plants more abundant along 
washes. Typical upland vegetation is a shrub/scrub type consisting of burrobush, 
creosote bush, teddy-bear cholla, and ocotillo; washes have additional tree species of 
desert ironwood and palo verde, and other shrub species of sweetbush and desert 
lavender.  

Previous groundwater studies completed in the mid 1990’s for the Project area 
determined that groundwater elevations varied extensively across the Project area and 
ranged from 75 feet amsl to 575 feet amsl. Tests conducted in the Indian Pass 
Segment of the Project indicated that the hydraulic conductivity of the bedrock 
formation is very low.  The closest surface water bodies to the Project area are the 
Colorado River approximately 7.75 miles to the east and the Salton Sea about 44 miles 
northwest (Westec, 1996). 

Average annual precipitation in the Project area is approximately 4.5 inches.  All 
surface drainages in the area are ephemeral, with flows occurring only during and 
immediately following major precipitation events. Precipitation tends to occur in 
fairly short, intense storm events in the summer and frontal storms in the winter 

2.0  Applicant Information 

2.1  Name of Operator and Claimant 

Imperial USA Corporation  
312 E Barioni Blvd.  
Imperial, CA 92251 
c/o Marc Leduc  
(720) 635-3143 (Marc@Koremining.com) 
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2.2  Taxpayer EIN:  

88-0262623 

2.3  Individual Completing Application 

Dennis Fransway 
EnviroMINE, Inc 
3511 Camino Del Rio South Suite 403 
San Diego, CA 92108 
619-284-8515 (Dennis@Enviromineinc.com) 

2.4  Legal Description and Claim Information 

The proposed activities for this Project will take place on the three Project Segments 
presented in Table 1, the Indian Pass Segment is located is located in the northwest 
corner of Township 14S, Range 21E and the southwest corner of Township 13S, Range 
21E. Ogilby Segment is located in the SE Corner of T.13S, R.20E. and  East Mesquite 
is T. 13S., R.19E, S.12 all on the Hedges, CA 7.5 Quad, San Bernardino Base 
Meridian.  The specific details for the location and the claims are presented in 
Attachment B.  All claims are controlled by IUC. 

2.5  Claim type 

Lode and Mill Site 

2.6  Relationship to BLM Regulations and Land Use Plan Conformance 

The three Project Segments are located within the Picacho Area of Critical 
Environmental Concern ("ACEC") established as a result of the Desert Renewable 
Energy Conservation Plan ("DRECP") in 2016 (Figure 2).  Under BLM regulations, any 
level of new disturbance within an ACEC will require a Plan of Operation and 
Environmental Assessment pursuant to the National Environmental Policy Act 
("NEPA").  Exploration activities proposed in this EPO subject to this requirement 
include overland access, two-track trail establishment (to the limited extent where 
access via BLM Legal Routes is not available), grading of exploration drill pads and 
sumps, and reclamation. 

Although certain activities in the ACEC are subject to a disturbance cap,1 all 
disturbance associated with IUC's exploration activities discussed herein are not 
subject to the ACEC disturbance cap, because IUC's exploration activities are 
"operations" "reasonably incident" to surface mining, as defined within 43 CFR § 

1 It is unclear whether BLM has inventoried existing disturbance throughout the ACEC. 
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3809.5 and 3715.0-5, respectively. Thus, IUC's exploration activities, which are 
authorized by the Mining Law of 1872, cannot be limited by provisions of a 
subordinate land-use plan such as the DRECP.  (See, e.g., BLM H-3809-1 Surface 
Management Handbook, p 8-14, § 8.7.1.2) Accordingly, the ACEC disturbance cap 
shall "have no force and effect" on IUC's right to enter and explore IUC's unpatented 
mining claims located within the Ogilby and East Mesquite Segments. 

Moreover, although IUC's unpatented mining claims located within the Indian Pass 
Segment are located within the "Indian Pass Withdrawal Area," which was subject to a 
20-year withdrawal from mineral entry effective October 27, 2000, and was 
subsequently permanently withdrawn from mineral entry on or around March 12, 
2019, both withdrawals were subject to valid existing rights.  As set forth in that 
certain 2002 BLM Mineral Report (Serial No. CACA 35511), IUC's unpatented mining 
claims located within the Indian Pass Segment were deemed valid as of 1998, prior to 
any withdrawal from mineral entry, and therefore remain open for mineral entry and 
exploration by IUC and not subject to the ACEC disturbance cap.  

The proposed drill pads on the Indian Pass segment of the Project are all located on 
valid mill site or lode claims as identified in the 2002 Mineral Report cited above.  
Work on the mill site claims will consist of placing drill holes for the purpose of 
collecting geotechnical data, conducting hydrogeological assessments or other 
ancillary purposes. Drill pads on these mill site claims are identified with the 
designator “G” attached to the pad number.  For example, KIP20–XXXG.   Lode claims 
will be drilled for mineral re-assessment and to collect information on the 
geotechnical, hydrogeologic and subsurface conditions of the Project.  These pads do 
not have the “G’ designator attached to the claim number. 

(area left blank intentionally) 

2 "In addition, land use plans must recognize the rights granted by the Mining Law to enter, 
explore, and develop mineral resources on the public lands.  A land use plan cannot change 
the law’s authorization to use public lands that are open to location under the Mining Law. 
Areas may only be removed from operation of the Mining Law by congressional withdrawal or in 
accordance with the withdrawal provisions of Section 204 of FLPMA."  Further, in areas open to 
mineral entry or closed subject to valid existing rights, a land use plan cannot preclude mining 
or restrict certain types of mining activities, or generally place limits on the type or size of an 
operation. 
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3.1  Activity Description 

The activity described in this EPO is an exploration drilling program to complete 
mineral, geotechnical, environmental, hydrogeological, and/or engineering 
assessments within the following three Project Segments: (i) the Indian Pass Segment, 
(ii) the Ogilby Segment and (iii) the East Mesquite Segment of the Project.  These three 
Project Segments lie on a southeast to northwest trend with Indian Pass Segment on 
the southeast and East Mesquite Segment on the northwest of the Project area. 

Exploration activities on all Project Segments proposed in this EPO include overland 
access via 10 feet wide two-track trails  (to the extent BLM Legal Routes are not 
available), grading of exploration drill pads and sumps, and reclamation.   

The proposed drilling operations will access all the Project Segments across BLM Legal 
Routes and overland access with 10 feet wide, two-track trails, as much as possible, to 
minimize disturbance. Two-track trails will also be used where old roads disturbed the 
site in the past.  A total of one hundred and sixty-eight (168) drill pads will be 
constructed on the three Project Segments and multiple borings may be drilled on 
each pad.  After drilling for mineral re-assessment is completed on pad KIP20-109 and 
for geotechnical purposes on KIP20-110G, a boring will be completed, and 
groundwater monitoring wells installed at these locations. To support the groundwater 
monitoring, piezometers for measuring groundwater levels will be installed in 
completed boreholes on pads KIP20-004, KIP20-054 and KIP20-007. 

Four, small test pits will also be excavated by an excavator for metallurgical samples. 
These test pits will be located on a rock outcrop on the northern part of the Indian 
Pass segment of the Project and are expected to be completed in approximately two 
days. These test pits will be 4 ft. wide x 15 ft. long and 10 ft. deep with approximately 
30 cubic yards, total, of rock material retrieved for analysis. Each trench will be 
backfilled immediately after completion. Test pits 1 and 2 will be on claim UYA-189. 
Test Pit 3 will be on claim UYA-101 and Test Pit 4 on claim UYA-186. 

3.2  Location and Access 

The route of access from El Centro, California to the Indian Pass and Ogilby Project 
Segments of the Project area is to proceed east on Interstate 8 about 44 miles to the 
Ogilby Road exit (Exit 159).  From Yuma, Arizona take Interstate 8-West approximately 
15.3 miles to the Ogilby Road Exit.  Turn north and proceed approximately 13.3 miles 
to the intersection with Indian Pass Road, a graded dirt road.  Turn east (right) and 
continue for approximately 5.0 miles to the Project area (Figure 3).  Access to the East 
Mesquite segment is to proceed north on Ogilby Road approximately about 8.25 miles 
past Indian Pass Road to BLM Legal Route 648 and go west.  A power/telephone line 
is adjacent to this road on the north side. No incorporated towns are located within 20 
miles of the Project area; however, there is a fueling station and a California Highway  

3.0  Description of Exploration Activity
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road trails/unmaintained roads previously used by other operators and off-road 
vehicles are present in the proposed Project area.  As much as practical, IUC will 
follow these previously disturbed trails/unmaintained roads to access the locations of 
the new drill pads. Safety signage will be place around all active Project areas, at each 
pad and along each of the two track trails used by the Project. 

3.3  Project Area Biology 

The following description of the biological resources is based on previous assessments 
of the Indian Pass Segment of the Project.  Ogilby and the East Mesquite Segments 
have not been evaluated however, IUC is in the process of contracting for professional 
services to have both biological and cultural evaluations conducted for the disturbance 
areas of these two Project Segments.   

3.3.1 Vegetation 
Biological surveys completed in the mid-1990s described the vegetation communities 
on the Indian Pass Segment ("Indian Pass Study Area") of the Project and assessed the 
potential for special-status plant species to occur (Figure 5).  In 2018 a biological 
evaluation for the Indian Pass Study Area found that no substantial changes in 
vegetation composition have occurred within that area over the past 25 years.  
Vegetation communities mapped during the 1995 surveys persist in the Indian Pass 
Study Area; however, the names given to those communities have changed. (Table 3.)  

Table 3.  Vegetation Communities within the Indian Pass Study Area 

Vegetation Community  
1990s 

Vegetation Community 
2018 

Sensitive? Acres 

Desert succulent scrub 
Creosote bush scrub No 662.61 

Creosote bush – white burr sage No 266.49 
Desert pavement No 500.30 

Microphyll woodland Blue palo verde – ironwood woodland Yes 140.82 
Total: 1570.22 
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Special-Status Species - Vegetation 
Previous surveys assessed the potential for 26 special status species to occur in the 
Indian Pass Study Area.  Of the 26 special status species, 12 special status plant 
species were determined to have a moderate to high potential to occur within the 
Indian Pass Study Area.  
 
Two plant species classified under the California Native Plant Society ("CNPS") 
Inventory system were observed during a 2018 survey. Pink fairyduster (CNPS 2B.3) 
was observed in shallow, narrow tributary washes to the major washes within the 
Indian Pass Study Area. Approximately 7,000 individuals were identified and mapped 
on silty or sandy drainage bottoms within thee drainages. Pink velvet mallow (CNPS 
4.3) was also observed in several localized patches in the westernmost major wash 
within the Study Area. Approximately 200 individuals were identified and mapped on 
the wash edges under blue palo verde–ironwood woodland canopy. 
 
Neither species is protected under California's applicable plant life protection statutes, 
including the California Endangered Species Act ("CESA"), the Native Plant Protection 
Act ("NPPA"), and the Desert Native Plant Act ("DNPA"). 
 
Threatened or Endangered Plant Species 
No threatened or endangered plant species were observed in the Indian Pass Study 
Area.  
 
3.3.2 Wildlife 
Wildlife composition and habitats have remained generally un-changed in the last 25 
years.  Wildlife encountered during a 2019 site visit make up the basis for the 
assessment of current conditions (WRA. 2020). 
 
Special-Status Wildlife 
One special-status wildlife species, black-tailed gnatcatcher (California Fish and 
Wildlife Service: Watch List), was commonly observed flying and foraging within the 
larger washes on the Indian Pass segment of the property in 2018.  Based on a review 
of the resources and databases, a total of 29 special-status wildlife species have been 
documented in the vicinity of the Indian Pass Study Area.  Twelve of these species 
have been documented within 5 miles of the Indian Pass Study Area.   
 
Threatened or Endangered Animal Species 
The Mojave Desert tortoise is a federally listed species that is known to occupy the 
Project area. The Project Segments and all drill pads located thereon are not located 
within Mojave Desert tortoise Designated Critical Habitat.   
 
Due to the potential presence of desert tortoise within the vicinity of the Project 
Segments , formal consultation between BLM and USFWS may be necessary. A 
biological assessment that addresses the impacts to the desert tortoise would be 
required to initiate formal consultation. The measures described in the Section 3.3.3 
Mitigation, below, reflect standard or anticipated requirements, and may be 
incorporated as part of the Project. Any Biological Opinion resulting from any Section 
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7 Consultation would provide specific conditions and requirements that may 
supersede some of the following measures.  
 
Raptors 
There are no known raptor nests in the Project area, although several raptors have 
been observed foraging in the area. 
 
3.3.3  Mitigation  
Pre-construction surveys for special-status plants and wildlife will be completed within 
30 days of the start of work.  If necessary, access routes and pads will be adjusted to 
avoid sensitive species.  A Desert tortoise monitor will be utilized to clear all grading in 
advance of the activity. 
 
Plants: 

 
• Ocotillo shrubs and all cacti species will be identified.  If two track trails or 

pads cannot be adjusted to avoid these plants, they will be salvaged by 
excavating and placing in containers for future reclamation. 
 

 
Wildlife:   
 

• Desert Tortoise Monitoring and Exclusion 
 

• Best Management Practices ("BMPs") for desert tortoise surveying, 
monitoring and avoidance will be utilized. Specific mitigation measures 
may be necessary and will be implemented consistent with state and/or 
federal law, BLM requirements, and USFWS requirements.  
 

• There will be pre-construction surveys utilizing USFWS approved (2009, 
2019)3 survey methods of defined project areas for tortoise sign. 
Surveyors will first determine whether desert tortoise are present in the 
area. If appropriate, surveyors will record tortoise sign on a standardized 
form. Tortoise sign includes burrows and burrow conditions, scats that 
are not burrows, carcasses, tracks, and live animals. If appropriate, 
survey results will be used to determine an estimated number of desert 
tortoises in the project area(s) using USFWS (2019) methodology and any 
necessary further action will be taken consistent with state and/or 
federal law.  
 

• Clearance surveys will be conducted consistent with USFWS Desert 
Tortoise Field Manual (2009) and any other current guidance.  

 

 
3 Desert Tortoise (Mojave Population) Field Manual (Gopherus agassizii), December 2009; 
Preparing for Any Action That May Occur Within the Range Of The Mojave Desert Tortoise 
(Gopherus agassizii), October 8, 2019. 
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• Prior to construction activities, an Authorized Biologist4 will present a 
Worker Environmental Awareness Program ("WEAP") to all project 
personnel. The WEAP will contain information concerning the biology 
and distribution of the desert tortoise, desert tortoise activity patterns, 
desert tortoise sensitivity to human activities, desert tortoise legal status, 
and occurrence. 
 

• Desert tortoise exclusion fencing will be constructed, where viable, 
consistent with clearance survey areas. Construction sites should be 
completely fenced with security and desert tortoise exclusion fencing, 
including desert tortoise exclusion gates at access points. Exclusion 
fencing will be maintained over the course of construction and 
operations, as necessary.  
 

• An Authorized Biologist or a Desert Tortoise Monitor trained and 
authorized by USFWS and/or BLM, as appropriate, will be present at the 
site during two-track trail establishment and pad grading. Desert tortoise 
clearance surveys of any unfenced work areas will be conducted 
immediately prior to the onset of pre-construction, during grading 
operations, and reclamation of the disturbance areas. Such monitoring 
shall be conducted in compliance with all applicable state and federal 
requirements. 
 

• All information regarding the location and characteristics of any 
encountered tortoises will be documented. Any tortoise encountered by 
the crew shall not be touched or harassed and the encounter shall be 
reported to the Monitor or Authorized Biologist immediately for further 
action consistent with state and/or federal law. 
 

• Grading for pad construction will begin shortly after approval of the EPO.  
All project related vehicular traffic will be limited to a speed of 15 mph for 
safety and as a Desert tortoise protection measure. Silt fences around 
the sump and pad, in addition to safety fencing around each sump, will 
prevent wildlife access to the pad.  These pads will be used for 3 to 12 
days maximum before drilling is completed and the drill hole(s) closed by 
completely backfilling with hydrated bentonite chips. All equipment and 
temporary structures will then be removed from the pad. Once the sump 
dries, the safety fence will be removed, and the sump backfilled.  

 
3.4  Other Permits 
 
After BLM approval of the EPO and prior to the start of operations, IUC will apply for 
and obtain well permits for the borings through the Imperial County Planning and 
Development Services Building Group.  The Colorado River Basin Regional Water 
Quality Control Board (CRBRWQCB) has been notified of the exploration to confirm 

 
4 As defined by USFWS Authorized Biologist Qualifications Statement (October 20, 2008), 
https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualificatio
ns_statement_10-20-08.pdf.  

https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualifications_statement_10-20-08.pdf
https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualifications_statement_10-20-08.pdf
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that discharge of water and drilling sediments to the sump  qualifies to obtain 
coverage  by filing a Notice of Intent under General Order R7-2015-0006 For 
Discharges Of Low Threat Wastewaters To Surface Waters.   A National Pollution and 
Discharge Elimination (NPDES) Notice of Intent will be filed with the State Water 
Resources Board and a Storm Water Pollution Prevention Plan (SWPPP) will be 
developed prior to the start of the Project.  Imperial County’s Planning and 
Development Services will be contacted regarding Surface Mining and Reclamation Act 
(SMARA) and any applicable requirements. 
 
The Imperial County Air Pollution Control District (ICAPCD) will be contacted to 
inquire about potential operating permits.  Discussions with the agency have been 
completed on local dust control requirements. 
 
3.5  Drill Site & Two-track Trail Establishment 
 
The new drill sites will be located on separate drill pads that will be no larger than 50 
feet by 50 feet, plus a sump 5 feet deep by 5 feet wide by 15 feet long to capture mud 
and cuttings from the drill fluid.  A rubber-tired backhoe loader will be used to build 
the pads and sump areas.  Each pad will be cleared of vegetation and graded level to 
accommodate the equipment.  Ditches and berms will be used to divert up-gradient 
storm water away from the pads.  When necessary, a road grader will be brought to 
the project site to maintain BLM Legal Routes and County dirt Roads utilized by the 
project.  A tracked excavator, Cat 349F or equivalent, will be used to excavate the four 
test pits on Indian Pass and a rubber tire dump truck with a 10-yard capacity will 
transport the rock sample off site. 
 
Locations of the proposed routes for access to the pads, and test pits on Indian Pass 
for each Project Segment are presented on individual maps in Attachment A.  Old 
roads (non-BLM Legal Routes) are shown in orange, existing BLM Legal Routes in 
green, and proposed new two-track trails are shown as red colored lines to the drill 
pads.  Drill pads are outlined in yellow.  Any cactus species or ocotillo shrubs 
encountered within proposed two-track trails will be salvaged or avoided.  Salvaged 
plant species will be dug out by hand or by small backhoe and placed in adequately 
sized containers.  These container plants will be cared for in an offsite location and 
will be re-planted in the same general area from which they were originally salvaged.  
If grading is required in localized areas to allow access to the drill pads, the depth of 
grading will be limited to that necessary to allow passage of 4-wheel drive vehicles and 
will be completed with the backhoe loader.  Dry drainages will be crossed 
perpendicular to the water flow direction with any vertical side banks sloped to the 
channel bottom.  No drainages will be blocked by the two track trails. Typical designs 
for the two track trails and pads are presented in Attachment C. 
 
Disturbance from the 168 pads will total 9.6 acres and sumps of 0.3 acres.  Two-track 
trails are measured at12,510 feet in length and 10 feet in width for a combined total of 
125,100 sq. ft., or 2.9 acres.  Total anticipated disturbance from the drill pads, sumps, 
turnouts and access routes will be 13.2 acres (Table 4).  
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Table 4. Project Features and Disturbed Acreage 
 

Project Feature 
Length 
(feet) 

Width 
(feet) 

Square 
Footage 

Disturbed 
Acreage* 

New Two-track Trails 
(includes 3,138 ft. of 
unmaintained roads) 

112,510 10 125,100 2.9 

Turnouts (6 ea.) 190 ea. 15 ea. 17,100 0.4 
168 Drill Pads 50 ea. 50 ea. 420,000 9.6 
168 sumps 15 ea. 5 ea. 12,600 0.3 

Totals: 624,375 13.2 
*rounded to a tenth acre 

 
Drilling fluids and drill cuttings from the drill rig will be contained in the sump on 
each pad.  Water in the sump will be recycled into the drilling stem.  A small rubber-
tired backhoe loader will be used to dig or expand sumps at the direction of an IUC 
representative to ensure that water does not overflow the sumps. 
 
Topsoil on each pad shall be salvaged and stockpiled on the edge of each pad for use 
in reclamation of the disturbance at the end of the drilling project.  Vegetation will not 
be separated from the topsoil to encourage rapid reestablishment.  Best Management 
Practices in the form of silt fences, straw waddles, contour ditches and soil berms will 
be utilized to inhibit erosion.  All products containing straw or seed utilized on the 
Project will be certified as ‘weed-free’. 
 
3.6  Drill Site/Drill Hole Locations 
 
Drilling on each pad may include multiple, angle borings at a drill length between 820 
feet (250 m) and 1,476 feet (450 m).  Individual borings will be drilled at angles 
ranging from 60 to 90 degrees from horizontal.  Total depths of the borings will range 
from approximately 550 feet to 1,050 feet below ground surface.  Drill holes will be 
drilled on azimuths ranging from 0 to 275 degrees.  
 
All drill holes shall be completed and immediately abandoned upon completion in 
accordance with the well permits issued by the Imperial County Department of 
Planning and Development Services and the standards specified by the California 
Department of Water Resources Bulletin 74-81 and Bulletin 74-90, CA - Well 
Standards.  Prior to closure, all drill holes shall be abandoned in compliance with the 
permit to eliminate any threat to public safety and wildlife. 
 
3.7  Operations 
 
Up to three drill rigs and support vehicles may be operating simultaneously on the 
project each season depending on the availability of these rigs in the southwest U.S. 
and the analytical results of samples collected as the exploration project proceeds.  
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Mobile equipment to be used by the operation per individual shift is listed in Table 5. 
and discussed in the following paragraphs. No processing equipment will be used on 
the Project. 

Table 5.  Imperial Exploration Mobile Equipment 

Imperial Onsite Mobile Equipment – Drilling, Grading and Reclamation 

No. Make Type/Model Weight (lbs.) Purpose Usage 
3 Atlas Core Drill Rig- CS1000 45,000 Core Drilling 90% 

1 Schramm Reverse Circulation Drill 
Rig – 685 45,000 Reverse circulation drilling 10% 

3 Freightliner Water Truck - M2106 66,000 Drill rig support - General 
dust suppression 100% 

1 Cat Excavator – 349F 100,000  Test Pit Excavation, truck 
loading, backfilling pits* 2 days 

1 Freightliner Dump truck, 10-cu, yd. 
capacity - 108SD  69,000 Transport bulk rock samples 

off site* 2 days 

1 John Deere Backhoe Loader - 310L EP 13,800 Drill Pad grading, sump 
excavation, reclamation* 30% 

1 Cat Road Grader - 140K 38,603 BLM Legal Route and County 
road maintenance* Occasional 

3 Ford Pickup - F250 4x4 6,618 Transportation for drill crew 75 miles/day 

4 Ford Pickup - F150 - 4x4 4,951 Transportation for site 
geologist, supervisor, QC 75 miles/day 

*single shift during daylight hours

A  4x4 truck mounted core drill rig, such as an Atlas Copco CS1000 8.5 feet long and 
7.3 feet wide) or a Schramm 685, respectively, or equivalents, will be used for the 
borings and will operate 24 hours per day. The Atlas Copco rig is 8.5 feet long, 5.3 feet 
wide and 32.5 feet high with drill masts fully extended. This drill rig will be delivered 
and moved by trailer or be mounted on a truck. Each truck mounted drill rig weighs 
approximately 45,000 lbs., has a wheelbase of 146 inches and is 9.5 feet wide 
including mirrors. 

The drill rig will be accompanied by an all-terrain 4x4, 4,000-gallon water truck, a 
3/4-ton, 4 x 4 pickup used by the drill crew (3) members, and 1/2-ton, 4x4 pickup for 
the geologist.  These vehicles will be used for each 12-hour shift.  Pickups (2) will 
make one round trip per day, per shift and that mileage is indicated in Table 5. The 
water truck and drill rig will remain on the pad for both shifts. The water truck will 
make one round trip per shift to the water source.  If multiple drill rigs area operating 
on the Project simultaneously, a third 4x4 pick up would also be present for the use of 
a drilling supervisor to coordinate the drilling operations. 

Cores retrieved will be HQ (2.5 inches) or PQ (3.35 inches) size with a drill hole 
diameter of 3.78 inches or 4.83 inches, respectively.   Rock samples will be collected 
from the drill cuttings of the RC rig. 
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A rubber-tired backhoe loader, similar to a John Deere 310L EP model, will be used to 
level the pads and excavate the sump areas. This backhoe loader weighs 13,800 lbs. 
and is 7-feet wide and has a 7-foot wheelbase.  Minimal grading of pads is anticipated 
due to the low relief in the area. This loader will not be stored on the Project site after 
the drill pads are leveled and two-track trails established.  It will return to the Project 
during reclamation for recontouring the pads and any necessary ripping to reduce 
compaction.  
 
If necessary, a road grader will be brought to the project site to maintain BLM Legal 
Routes and County dirt Roads utilized by the project.  A track mounted excavator, Cat 
349F or equivalent, will be used to excavate the four test pits on Indian Pass. This 
excavator weights approximately 100,000 lbs. If available in the area, a rubber-tired 
excavator will be used.  A 10-yard capacity, rubber-tired dump truck will be loaded 
with rock sample, approximately 7 yards per trench, by the excavator and transported 
to an offsite facility for processing.  When the test pits have been completed and 
backfilled, this equipment will be removed from the Project site. It is expected that the 
test pits will be dug, sampled and backfilled over a course of two days.  
 
A portable toilet will remain on the pad until the borings are backfilled in accordance 
with County well permits.  All drill sites will be accessed using existing BLM Legal 
Routes where available.  Two-track trails, cleared of vegetation by cutting to near 
surface level, will be utilized for travel from maintained BLM roads to the drill pads. 
 
3.7.1  Dust Control and Water Use 
A water truck will be equipped with spray bars and will have a capacity of 4,000 
gallons of water.  This truck will be utilized to provide water for the drill rig and to 
apply water on frequently traveled road pad surfaces to control dust during operations 
per ICAPCD Rule 801 F.1.  Although the use of palliatives is not anticipated, any 
palliative (dust control additives) used to enhance dust control will be a magnesium 
chloride solution and will be approved by the CRBRWQCB prior to application.  If wind 
speed on the project site exceeds 25 miles per hour, water will be applied to the 
disturbed area at least once per hour. No more than 5-gallons of the magnesium 
chloride will be on site at any one time and shall be stored on the water truck, 
 
Water will be utilized for the drilling. An organic polymer, brand name Polyore, may be 
added to the drilling fluid to reduce friction on the drill bits. Polyore is a natural food-
grade polymer, non-toxic, and biodegradable.  It is a non-mineral powder made from 
Guar Gum (PDSCo.Inc., 2020).  
 
Flocculants may also be used to settle particles in recycled water and will be a 
powdered, aluminum sulfate flocculant. There will be no more than a 5-gallon bucket 
of the flocculant stored on the drill rig during operations.  
  
Water use for a 12-hour shift is anticipated to be approximately 4,000-gallons per shift 
(8,000 gals/day) for both drilling and dust control.  In the event there is excessive 
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water loss due to fractures in the rock, a second tank of water may be needed to 
complete the work shift or until the water loss is stopped. 
    
IUC will obtain water for drilling and dust control from a legal source (either via 
purchase or permitted groundwater extraction) in the vicinity of the Project. 
 
3.7.2  Power and Communications 
No power sources are proposed for the exploration activities. Any supplemental power 
needed at site would be provided by a portable generator on the drill rig that would be 
permitted and in compliance with California Air Resources Board (CARB) emissions 
and registration requirements. 
 
On-site communications will be provided through hand-held radios and cellular 
service, as available. If additional communications capacity is needed, trailer mounted 
temporary radio towers may be used. 
 
3.7.3  Storm Water 
Storm water from the disturbance areas will be managed according to the best 
management practices outlined in the SWPPP that will be prepared upon Project 
approval. 
 
3.7.5  Support Facilities 
No support facilities or buildings are needed. 
 
3.8  Environmental Protection Measures 
 
IUC will continue to implement the following applicant-committed environmental 
protection measures to ensure a safe and environmentally sound exploration project. 
 
3.8.1  Air Quality 
IUC, in compliance with the ICAPCD Air Quality Best Management Practices, will 
protect air quality by undertaking road and two-track trail maintenance activities to 
reduce fugitive dust emissions.  Two-track trails will be watered using fresh water to 
reduce fugitive dust emissions, based upon weather and surface conditions.  
Application of water by water trucks will be done, as needed.  Wet drilling methods will 
be used to reduce the potential for fugitive dust emissions. 
 
A 15-mph speed limit for all project equipment will be enforced.  Vehicle speeds will be 
reduced in areas of disturbance to minimize the potential for fugitive dust emissions to 
maintain operational safety and protect any wildlife.  Project vehicles will be 
maintained regularly to ensure they are operating in a manner to minimize vehicle 
emissions. 
 
Electrical power to run air compressors and/or work lighting, if needed, would be 
provided by a drill rig mounted generator permitted for use by CARB.  If a non-exempt 
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portable diesel-powered generator is necessary, it shall be registered under the 
Statewide Portable Equipment Registration Program Regulation (PERP) administered 
by CARB.  
 
All fuel used on the Project will comply with CARB fuel quality requirements. Off-road 
equipment used on the project will be registered under CARB’s DOORS program prior 
to operating on the Project. 
 
3.8.2  Water Quality 
All drill holes will be plugged upon completion of the drill hole in accordance with 
Imperial County Well Permits and California Bulletin 74-81 and 74-90.  Two drill holes 
will be converted to monitoring wells.  One well will be placed on pad KIP20-109 and 
one on KIP20-110G of the Indian Pass Segment of the project. Both will be completed 
as a 6-inch diameter monitoring wells that will be used for groundwater sampling and 
water level measurements over the term of the approved plan and possibly continue 
into future permitting efforts. Groundwater sample collection and water level 
measurements will be completed quarterly during Season 1 and bi-annual after the 
first season.  Collected water samples shall be analyzed for the Standard Water 
Quality parameters and for CA Title 22 Metals by an independent, CA certified 
laboratory. 
 
It is estimated that groundwater will be encountered in this area within 650 feet of the 
ground surface.(Personal Communication, Groundwater Levels at Indian Pass, 2020) 
 
The monitoring wells will be completed and secured in accordance with County well 
permits. A cross section diagram of the well design is included in Attachment D. A 
secured, (tamper proof lock), steel collar embedded in concrete will be installed around 
the well head and a locking well cap placed on the well casing.  No automatic sampling 
equipment or communication devices will be left on site. A transducer may be placed 
inside the well casings and a battery-powered data logger placed on the interior of the 
secured steel collar to measure water elevations.  If used, data from the logger would 
be manually recovered each quarter and the battery replaced.  
 
In support of the groundwater monitoring conducted on the wells, IUC will also install 
three piezometers in select drill holes that will be used to measure water levels around 
the site. Piezometers will be placed on the following drill pads: 
 

• KIP20-007,  
• KIP20-044, and  
• KIP20-054.  

 
These piezometers will be made of blank 2-inch Schedule 80 PVC casing with up to 80 
feet of 2-inch Schedule 80 PVC slotted well screen installed on the bottom of the blank 
casing.  Each piezometer will be placed in a vertical core boring that is cased with an 
8-inch steel casing in a 12-inch diameter boring to a depth of 20-feet and sealed with 
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a concrete grout.  Within this steel casing, a 5-inch diameter core boring will be drilled 
to a depth that is a 6-inches below the planned length of the piezometer depth.   
 
After the core boring is complete, the bottom 6-inches will be packed with sand, the 
casing and well screen inserted and the remainder of the boring around the screen 
segment packed with sand to the height of groundwater surface level.  A slurry of 
hydrated bentonite will then be pumped into the boring to create a 20-foot seal above 
the groundwater surface. The reminder of the boring up to the steel casing will be 
filled with a bentonite grout seal with casing centralizers placed every 100-feet in the 
boring to keep the casing vertical. Once the PVC casing installation is complete, the 
surface will be secured with the installation of a steel encased well vault and a  4-foot 
by 4-foot concrete pad poured around the vault.  
 
Installation materials and anticipated depths of the piezometers are provided as D2 -
Typical Piezometer Detail in Attachment D and will be secured as shown on the detail.  
Well permits for these piezometers will be obtained through Imperial County.  
 
The monitoring wells and piezometers will be removed in accordance with  the 
requirements of the County well permit if these are not needed by the claim holders for 
future groundwater evaluations.   If the wells and piezometers remain in place after 
the Project ends, these will be left in a secured condition so unauthorized personnel 
are unable to access the interior casing. 
 
Storm water BMPs will be used for surface disturbance sites to minimize storm water 
erosion.  Shallow sediment traps will consist of a hand dug depression up to 6-inches 
deep, 3-feet long and 3-feet wide with straw wattles around the downhill side of a 
depression may be placed on a pad surface as part of the BMPS.  These are not 
engineered structures and may be installed on any pad if runoff accumulates on the 
pad and as necessary to control erosion and sedimentation. These depressions will be 
reclaimed as part of the pad reclamation. 
 
Drill cuttings will be contained on site, and fluids managed utilizing appropriate 
control measures.  Best Management Practices will be used as necessary until the  
end of the drill program.  
 
3.8.3  Spill Contingency Plan 
Materials and equipment necessary for spill cleanup will be kept at each drill rig.  
Equipment and materials will include, but not be limited to, shovels, gloves, safety 
glasses, sorbent materials (absorbent pads and granulated clay pellets), sand, 
sawdust, and plastic/metal trash containers specifically for this purpose. 
 
Well-maintained equipment will be used to perform the work required on the Project.  
When practicable, equipment maintenance will be performed off-site.  In the event of 
oil, fuel, lubricating grease or other equipment leaks, cleanup will be conducted 
immediately.  If a leak results in liquid pooling an oil-absorbing product will be 
applied.  
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Once the cleanup product has absorbed the spill material, the product will be removed 
and placed in the petroleum contaminated soil bin located on the active pad and the 
material disposed of according to state and federal regulations.  Any contaminated soil 
will be removed, managed, and disposed of at an off-site facility in compliance with 
state and federal regulations.  In the event of oil, fuel, or hydraulic fluid leaks, cleanup 
will be conducted as soon as possible.  In the event of a major spill, the following 
actions will be taken in addition to any federal, state, and local health and safety 
regulations: 
 

• Contain the spread or migration of the spill using the on-hand supply of 
erosion control structures and/or by creating dirt berms, as feasible and 
necessary. 

 
• Regulated wastes will be removed from the Project area and disposed of 

in a state, federal, or local designated area. 
 
If a spill of a petroleum constituent is considered to meet the reportable quantity per 
the Imperial County’s Certified Unified Public Agency (CUPA) guidelines or a reportable 
quantity for hazardous waste is released based on the U.S. Environmental Protection 
Agency (EPA) guidelines established under Title III List of Lists (40 CFR Part 302), the 
BLM and Imperial County CUPA will be notified within 24 hours and the appropriate 
remedial actions and confirmation sampling will be conducted under direction of the 
BLM and Imperial County CUPA. 
 
3.8.4  Soils and Erosion Prevention and Control 
IUC will conduct exploration operations in a manner which minimizes soil erosion. 
Erosion and runoff control measures, such as water bars, ditching, and other water 
control structures will be implemented in areas of surface disturbance.  After the 
exploration program is completed in an area, the surface disturbance will be graded, 
re-contoured, and available topsoil/growth medium replaced, and the area will be 
seeded with an BLM-approved native seed mixture in order to establish a ground cover 
and minimize erosion.  Revegetation activities will commence at the earliest feasible 
time following reclamation activities.  Best Management Practices (BMPs) will be 
utilized to control erosion and sedimentation.  BMPs utilized to control erosion and 
sedimentation will be detailed in SWPPP prepared for the approved project. 
 
3.8.5  Surface Water Resources 
Natural drainage patterns will not be altered.  Drill site construction within drainage 
channels will be avoided unless prior approval from the BLM is obtained.  When 
drainages must be crossed with a two-track trails, best management practices, 
identified in the SWPPP to be prepared for the Project, will be followed to minimize the 
surface erosion and sedimentation potential.  Smaller drainage patterns that could be 
affected by trench or pad construction will be restored, and regrading will conform to 
the adjacent topography upon completion of the exploration program.  The 
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construction and maintenance practices from the BLM Gold Book, Surface Operating 
Standards and Guidelines, Fourth Edition, Revised 2007 will be implemented. 

All exploration activities will be conducted using BMPs such that sediments, cuttings, 
drilling fluids, or any other material or substance will be fully contained in sumps to 
ensure that these materials do not enter drainages. 

Sumps will be excavated and managed to prevent overtopping and saturating the 
safety berms.  IUC will monitor sumps regularly for seeps or other evidence of erosion 
and will direct drill crews to cease activity and notify supervisors if seepage is 
observed.  IUC will ensure that sump evacuation proceeds for as long as drilling or 
other water-producing activities continue.  If evacuation is not possible, drilling will be 
stopped as soon as water levels approach the sump capacity.  No trash will be placed 
in the sumps. 

3.8.6  Solid and Hazardous Wastes 
The Project will not generate or dispose of any hazardous waste on the exploration 
area.  Petroleum products will be used on-site.  Petroleum products are excluded as 
hazardous substances under the Comprehensive Environmental Response, 
Compensation, and Liability Act section 101(14).  Diesel will be transported to the site 
in a mobile fuel/lube truck but will not be stored on-site.  Motor oil, lubricating grease 
and solvent in small quantities (one case each or less) would be maintained in a fully 
contained box on the drill rig for emergency use. If regulated materials (petroleum 
products) are spilled, measures will be taken under IUC spill response guidelines to 
control the extent of the spill, and the appropriate agencies will be notified in 
accordance with the applicable federal and state regulations. 

Solid waste will be collected at each drill pad and maintained in a covered container to 
prevent raven scavenging.  All solid waste will be removed from each active pad daily 
and shall be disposed of at a suitable disposal site. 

A portable toilet will be located on each active drilling pad.  The toilets will be regularly 
serviced using a contract cleaning service that will manage disposal of the sewage 
waste. 

3.8.7 Wildlife and Sensitive Species 
To avoid potential impacts to breeding migratory birds, a BLM-approved biologist will 
survey in early spring of each year, all areas proposed for drilling or surface 
disturbance for the presence of active nests.  IUC has committed to conducting pre-
disturbance migratory bird nest surveys in the spring and establishing exclusion 
zones around active nests as part of the applicant committed EPMs.  Additionally, 
surface disturbance clearance surveys will be conducted following BLM Wildlife 
Protocols (BLM 2014c) when a proposed activity involves ground disturbance during 
the nesting season, defined by the BLM as March 1 through July 31. When active 
nests are located, or if other evidence of nesting is observed (e.g., mating pairs, 
territorial defense, carrying nesting material, transporting food), IUC's biologist will 
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recommend to the BLM an avoidance buffer around the nest.  BLM, in coordination 
with the U.S. Fish and Wildlife Service (USFWS), will review and approve avoidance 
measures prior to surface disturbance.  IUC's biologist will inform IUC when the birds 
have left the nest.  IUC will not conduct any drilling or surface disturbing activities 
within the exclusion zone until the biologist determines that the birds are no longer 
nesting. 
 
During the nesting season (March 1 to July 31), IUC will not conduct drilling or 
surface disturbing activities within a 0.5-mile radius of any active raptor nests.  Upon 
identifying an active raptor nest, IUC will immediately notify the BLM.  Speed limits 
will be posted, and vehicle speeds reduced in areas of disturbance to minimize the 
potential for fugitive dust emissions, to protect wildlife and to maintain operational 
safely.  Speed limits will be enforced. 
 
3.8.8  Special Status Species 
In the event that other special status plant or wildlife species are identified within the 
Project, IUC will not conduct surface disturbing activities within the species' habitat 
until the BLM can evaluate the potential impact and coordinate with IUC to devise and 
implement a plan to avoid the habitat.  To the extent avoidance is not feasible, IUC will 
coordinate with BLM and any other appropriate agency to comply with all applicable 
laws and regulations. 
 
In the event 30-day preconstruction surveys identify special status plant or wildlife 
species only protected pursuant to California law, IUC will coordinate with BLM and 
the appropriate state agency (e.g., California Natural Resources Agency or California 
Department of Fish and Wildlife) to avoid impacts to that species or otherwise comply 
with applicable California law and regulations. 
 
All test pits, sumps, and other small excavations that pose a hazard or nuisance to the 
public, wildlife, or livestock will be adequately fenced to preclude access or 
constructed with a sloped end for easy egress. 
 
3.8.9  Cultural and Paleontological Resources 
IUC will conduct exploration activities in accordance with all applicable state and 
federal regulations.  As part of the baseline data collection to support the NEPA 
analysis for this project, IUC will contract with a qualified archaeologist to conduct a 
Class III level cultural survey of each of the proposed disturbance areas to identify 
cultural resources and evaluate those resources for the National Register of Historic 
Places.   
 
The archaeologist will submit a report that adheres to the BLM's Cultural Resource 
Inventory Guidelines documenting the results of the inventory.  Documented sites will 
be protected from surface disturbing activities by an exclusion zone defined by BLM 
until the BLM determines the National Register eligibility of each archaeological site.  
IUC will avoid adverse effects to historic properties (i.e. sites eligible or potentially 
eligible for the National Register) through project redesign; archaeological monitoring; 
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or limiting ground disturbing activities to existing, modern disturbance.  IUC will 
provide BLM with a written work plan for avoiding adverse effects to historic 
properties.  Sites determined not eligible by BLM will not require avoidance or 
archaeological monitoring.   
 
IUC will not knowingly disturb, alter, injure, or destroy any scientifically important 
paleontological remains, or adversely affect any historical or archaeological site, 
structure, building or object eligible or potentially eligible for the National Register on 
federal lands. 
 
IUC will be responsible for ensuring that employees, contractors, or any others 
associated with the Exploration Project do not damage, destroy, or vandalize historic 
properties. Should unauthorized damage to cultural resources occur within or near 
the Exploration Project during the period of construction, operation, or rehabilitation 
due to the unauthorized, negligent, or inadvertent actions of IUC or other Exploration 
Project personnel, IUC will be responsible for costs of rehabilitation or mitigation.  
 
If human remains/burials or any previously unidentified cultural (archaeological or 
historical) resources are discovered during construction  activities under the approved 
Plan, IUC will immediately cease activities, ensure that the discovery is appropriately 
protected, and immediately notify the BLM Authorized Officer by telephone, followed 
with written confirmation.  The remains or unanticipated find will be handled in 
accordance with Stipulation 9.0 or 11.0 of the Protocol Agreement Among California 
BLM and California SHPO and Nevada SHPO (2019) and any applicable state and 
federal regulations.  Work will not resume, and the discovery will be protected until 
notified in writing by the BLM Authorized Officer.  
 
IUC's employees and contractors will receive training on the potential for cultural 
resources and the procedures required by IUC to avoid unauthorized disturbance, 
alteration, or destruction of  any remains or any historical or archaeological site, 
structure, building or object on federal land.  This issue will be covered during the 
daily safety meeting. 
 
3.8.10 Survey Monuments 
Survey monuments, witness corners, and/or reference monuments will be protected to 
the extent economically and technically feasible.  Should moving such a feature be 
required, IUC will ensure that a California licensed surveyor oversee and execute the 
relocation in a manner consistent with applicable laws.  The BLM will be notified in 
writing prior to the moving of any such survey monument. 
 
3.8.11 Vegetation/Desert Shrub Resources 
Reseeding will be consistent with all BLM recommendations for seed mix constituents, 
application rate, and seeding methods.  Where possible, IUC will minimize removal of 
desert shrubs and succulents during activities associated with drill pad and two-track 
trails establishment. 
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3.8.12 Wildland Fire Protection 
All applicable state and federal fire laws and regulations will be complied with and all 
reasonable measures will be taken to prevent and suppress fires in the Project area.  
In the event the proposed Project activities start or cause a wildfire, IUC will be 
responsible for all the costs associated with the suppression. 

IUC will comply with all applicable state and federal fire laws and regulations and all 
reasonable measures (i.e., vehicle hand tools, extinguisher), contact BLM concerning 
fire controls on welding) will be taken to prevent and suppress fires in the Project area. 

All Project vehicles will carry fire extinguishers and a minimum of ten gallons of water 
during the months of May through September.  Adequate fire- fighting equipment, i.e., 
shovel, Pulaski, extinguisher(s), and a minimum ten gallons of water, will be kept at 
the drill site(s).  Vehicle catalytic converters will be inspected often and cleaned of all 
brush and grass debris. 

Welding operations will be conducted in an area free from or mostly free from 
vegetation.  A minimum of ten gallons of water and a shovel will be on hand to 
extinguish any fires created from the sparks.  Extra personnel will be at the welding 
site to watch for fires created by welding sparks.  Welding aprons will be used when 
conditions warrant (i.e., during red flag warnings). 

Wildland fires will immediately be reported by calling 911.  Information reported will 
include the location (latitude and longitude if possible), fuels involved, time started, 
who or what is near the fire, and the direction of fire spread.  The El Centro Field 
Office will be notified with the same information after the initial call is completed. 

3.8.13 Public and Wildlife Safety
Mine Safety and Health Administration (MSHA) approved safety signage will be 
posted at the intersection of a BLM Legal Route and the active two-track trail, along 
the  two-track trails and at the  entrance to and around, an operating pad to 
discourage the public from entering the work area. If necessary, a temporary gate-
type structure will be placed across the two-track trails near the pad entrance that 
would require vehicle occupants to stop and open prior to proceeding.  A silt fence 
will be installed around the edge of the pad to discourage rodents, reptiles, and 
tortoises from entering the active area.  A safety fence will be installed around each 
sump.  In addition, the ends of each sump will be sloped to allow small animal or 
reptile species to escape if they should fall into the sump. 

Each drill hole will be abandoned in accordance with the Imperial County well permits 
as soon as it is completed by backfilling from the bottom of the drill hole to the ground 
surface with hydrated bentonite chips using a tremie tool. If an emergency requires all 
personnel to leave the site immediately, the drill hole would be covered by a heavy 
steel plate prior  to leaving the site. 
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Since each pad will be operating 24 hours per day for seven days, no fence other than 
a safety fence around the sump and silt fencing  will be installed.  Under routine 
conditions, the site will only be left after drill holes have been properly abandoned.  
 
4.0  Reclamation Plan 
 
Reclamation of all areas disturbed will be completed to the standard described in 
Section 3809.420 of 43 CFR and reasonable measures will be taken to prevent 
unnecessary or undue degradation of Federal lands during operations and 
reclamation.  These measures will include restricting reclamation activities to 
disturbed areas (e.g. not obtaining fill or covering materials from undisturbed areas). 
 
4.1  Reclamation Grading 
 
Abandonment of individual drill holes will be accomplished using hydrated bentonite 
chips applied with a tremie tool from the bottom of the borehole to the surface.  
Sumps will be backfilled when dry. Excess drill cuttings will be worked into the 
surface of the pad and compacted areas will be ripped or scarified.  Drainages 
disturbed by the project by grading for pads, if any, will be re-established to their 
original pattern and gradient. After compaction relief and drainage establishment, the 
pad and two-track trails will be graded to approximate original contour to blend with 
the existing topography. All salvaged topsoil will then be spread over the surface, left 
in a roughened condition in preparation for planting with native seed in the fall of the 
year. Any vegetation disturbed during the grading will be strewn across the pad.  
 
Signs will be posted around the recontoured pads and along the two-track trails that 
indicate reclamation is in progress and to stay off.  A small berm will be placed across 
the trail at the intersection of the trail with a BLM Legal Route or County Road to 
discourage access to the trail.  
 
4.2  Revegetation 
 
After completion of all drilling activities and boring abandonment, each pad will be 
graded to the approximate original contour of the surrounding topography and left in a 
roughened condition.  On flatter areas, the two-track trails surface will be scarified, 
and water bars installed where needed to prevent runoff from running down the two-
track trails.  If necessary, ripper teeth will be used on the bucket to relieve deep 
compaction.  After final grading, salvaged topsoil will be spread over the disturbed 
area as a seed bed.  The prepared seed bed will then be planted with the native seed 
mix presented in Table 6, or as recommended by BLM, by hand broadcasting, or 
broadcast by rotary spreaders.  Native seed mix will be certified as weed free. 
 
 
 
Table 6. Seed mixture for Imperial Exploration Project 
 

Species Pure Live Seed* 
(pounds per acre) 
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General Seed:  
creosote (Larrea tridentata) 4 
white burr sage (Ambrosia dumosa) 3 
brittlebush (Encelia farinosa) 2 
small flowered fagonia (Fagonia laevis) 1 
white rhatany (Krameria bicolor) 1 
Special Seed: (for specific applications in washes)  
Pink fairyduster ((Calliandra eriophylla), 0.5 
Pink velvet mallow (Horsfordia alata) 0.5 
Salvaged Container Plants:  
salvaged ocotillo and all cactus species will be 
transplanted near original locations unknown 

Total:  12 
*Seed mix will be certified as weed-free. 

 
The two-track trails will be bonded for re-seeding; pads and sumps will be bonded for 
reclamation grading and seeding costs.  Weed control will be addressed with the 
Imperial County Agricultural Commissioner’s office. 
 
4.3  Weed Control 
 
IUC will be responsible for controlling all noxious weeds in newly disturbed areas until 
the reclamation activities have been determined to be successful and released by the 
BLM authorized officer. 
 
As part of weed control measures, IUC will require that the undercarriage of all 
contractor vehicles be cleaned and inspected prior to entering the Project area if the 
vehicle is coming from an area outside of southern California. 
 
Monitoring for weeds will occur annually by the Project Biologist.  Based on the 
Biologists recommendations, weeds will be removed by hand or through the use of an 
herbicide that is approved for use on public lands.  If weeds are removed by hand, all 
removed vegetative matter will be placed in plastic bags and removed from public land.  
These bags will be disposed of at a licensed solid waste facility. 
 
5.0  Monitoring Plan 
 
5.1  Wildlife  
 
IUC will provide photos of threatened, endangered and special status species in the 
project kickoff meeting.  All personnel on the site will be instructed to recognize and 
avoid disturbing these species or other wildlife encountered during the daily safety 
meeting. Speed limits will be established and enforced. Prior to moving any vehicles on 
the site, the area beneath the vehicles will be inspected for the presence of Desert 
tortoise.  Sightings and injury or death of any species will be recorded and reported to 
the BLM. 
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5.2  Archaeological Sites  
 
Archaeological sites determined eligible or unevaluated for the National Register will be 
marked and avoided by all project personnel.  IUC will monitor operations to ensure 
that these sites and other artifacts that may be discovered, are not disturbed.  BLM 
will be contacted promptly if artifacts are discovered.  All markings identifying a site 
will be removed after initial grading of the pads are completed. 
 
5.3  Surface Water Quality  
 
Surface water quality at the exploration site and process site will be monitored as 
required by the SWPPP prepared to comply with the NPDES General Permit for 
Industrial Facilities. 
 
 
5.4  Reclamation Success  
 
IUC will inspect the exploration site annually for three years following the winter rains 
to see if disturbed areas are revegetating and other reclamation measures need repair 
or modification.  Should remedial work appear necessary, IUC will consult with the 
BLM El Centro Field Office to agree on methods and to obtain approval to carry out 
the work. 
 
 
 
5.5  Annual Reporting 
 
IUC will provide a monitoring report to BLM on an annual basis that documents 
project activities including, a map of all project disturbance (two-track trails, drill 
pads, etc.), a description of all project reclamation completed and monitoring data 
collected; including wildlife, cultural resource and revegetation.  A summary of drill 
hole status, work completed, and work planned for the following season will also be 
included.  
 

6.0  Interim Management Plan 
 
Temporary closure is not anticipated but could be necessitated by heavy rains 
interfering with drilling, break-down of key equipment, unavailability of fuel or key 
supplies, labor disputes or other unforeseeable events. 
 
Should temporary closure be required, IUC would notify the BLM El Centro Field 
Office of the closure, identify the reason for the closure and the expected duration of 
the closure.  In the event of a temporary shutdown, an IUC representative will remain 
on site until drilling can resume.  Drill holes will not be left in an unsafe manner and 
will either be backfilled completely with hydrated bentonite chips or, in an emergency 
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event where personnel are required to leave immediately, covered with a heavy steel 
plate 
 
In the event shutdowns, existing borings would be abandoned according to permit 
requirements and sumps dried and filled. All equipment and temporary structures 
would be removed from the project site except for silt fencing which would remain 
until the pads are reclaimed.  Signage would remain in place. Disturbed areas would 
be checked every six weeks during a closure to ensure storm water BMPS are in 
operating condition. 
 

7.0  Schedule of Activities 
 
The drilling program is expected to be completed within 3 years from the approval of 
the Exploration Plan of Operation. 
 
Exploration drilling will be conducted on each of the three Project Segments during 
each of the three years.  Approximately one-third of the identified pads in each 
segment will be drilled per season depending on the availability of drill rigs and the 
results from the exploration.  During the year, drilling will be dispersed throughout 
each Segment and not in numerical sequence. This allows the development of an 
overview of the sub-surface conditions and geologic resources. During the second and 
third years, drilling will be more concentrated in areas where positive geologic 
conditions and test results were found during the previous seasons.   On the Indian 
Pass and Ogilby Segments, drilling will generally proceed in a north to south pattern 
while East Mesquite will be drilled in a west to east pattern.   
 
After drilling is completed on the pads, the sumps will be allowed to dry, the safety 
fence removed, and the sump filled.  Recontouring of the pads and spreading of topsoil 
would follow within 60 days of cessation of exploration activities.  BMPs would remain 
in place during this period. Signage that indicates “Reclamation in Process – Stay Off” 
would be posted along the two-track trail and at the pad.  At the intersection of a two-
track trail and a BLM Legal Route, a short, low berm will be placed across the trail to 
discourage the vehicular use of the trail by the public. 
 
Seeding would occur on the pads and the two-track trails each season between 
November 15th and January 15th to take advantage of seasonal rains.  Monitoring of 
the revegetation on all IUC disturbance will continue for 3 years following reclamation. 
 
IUC will provide an annual report documenting project activities including, a map of 
all project disturbance (drill sites, drill pads, test pits, geophysical pads, etc.), all 
project reclamation completed, any monitoring data (water, stormwater, revegetation), 
and a summary of drill hole status (active or plugged and abandoned). Also included 
will be a description of the anticipated activities for the following exploration season.  
 
As previously discussed, IUC will contract with a Cultural Resource specialist and  a 
wildlife biologist  to clear all two-track trails and pads within the Project boundaries in 
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advance of disturbance.  If cultural sites are identified in the survey area or the 
biologist recommends avoidance of an area, the trail routes and pad locations will be 
modified to avoid those sites or the Desert tortoise. 
 

8.0  Reclamation Cost Estimate/Financial Assurance 
 
IUC will provide the BLM with an irrevocable financial assurance mechanism in an 
amount equal to the reclamation cost estimate as a financial guarantee. 
A financial assurance cost estimate (FACE) for reclamation on the Imperial Exploration 
Project will be provided to the BLM prior to approval of this proposed EPO.  Included 
in the estimate shall be costs for reclaiming new drill sites, abandoning drill borings, 
re-seeding trails and pads, mobilization-demobilization cost and the associated 
contingency. 
 
9.0  Occupancy 
 
No occupancy of the site is proposed.  No permanent structures or facilities will be 
placed in the Project area.   
 
Nothing proposed in this EPO will interfere with public access to adjacent public 
lands.  Existing BLM Legal Routes will remain open to the public and will not be 
blocked by the Project. 
 
10.0 Acknowledgements 
 
Imperial USA Corporation will complete all necessary reclamation of areas disturbed 
during the operations to the standards described in 36 CFR §3809.420 and the Terms 
and Conditions of US BLM-El Centro Field Office Notice.  IUC will assure that 
reasonable measures will be taken to prevent unnecessary or undue degradation of 
the federal lands during operations.   
 
It is understood that, should the nature of the operation change, a modified or 
supplemental Plan of Operations and Reclamation Plan may be required.  
 
It is understood that approval of this Plan of Operations and Reclamation Plan does 
not constitute certification of ownership to any person named herein or recognition of 
the validity of any mining claim herein. 
 
It is understood that a bond, equivalent to the actual cost of performing the agreed 
upon reclamation measures, will be required before this plan can be approved. 
 
Bonding and any bond reduction amounts will be set on a site-specific basis in 
coordination with cooperating agencies. 
 
It is understood that approval of this plan does not relieve IUC of the responsibility to 
comply with other applicable Federal or State laws, rules, or regulations. 
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It is understood that any information provided with the plan that is marked 
confidential will be treated by the BLM in accordance its rules, and regulations. 
 
IUC agrees to comply with all Conditions in the Plan of Operations and Reclamation 
Plan, including recommended changes and reclamation requirements.  
 
IUC understands that the bond will not be released until the BLM or state agency in 
charge gives written approval of the reclamation work. 
 
 
Signature of Operator: _______________________________________    
 
(On behalf of) ___________________________ Date: ______________________________ 
 
 

(to be signed upon approval)
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EXECUTIVE SUMMARY

This document constitutes the Record of Decision (ROD) for the Imperial Project, an open-pit
gold mine proposed by the Glamis Imperial Corporation on public lands administered by the
Department of the Interior’s Bureau of Land Management (BLM) in eastern Imperial County,
California.  This ROD is prepared in accordance with the National Environmental Policy Act
(NEPA), the Federal Land Policy and Management Act (FLPMA), and other applicable Federal
laws and regulations. 

After extensive analysis, public review and comment, and application of pertinent Federal laws
and policies, it is the decision of the Department of the Interior, based upon the recommendation
of the BLM, not to approve the plan of operations for the Imperial Project. This represents the
No Action alternative as described in the Final Environmental Impact Statement/Environmental
Impact Report (FEIS/EIR) published jointly by BLM and Imperial County on November 17,
2000. The FEIS/EIR is available online at http://www.ca.blm.gov/elcentro/imperial_project.html.

This decision is based upon the following key factors determined to be unique to this particular
proposal:

• the proposed project is located in an area determined to have nationally significant Native
American values and historic properties and would cause unavoidable adverse impacts to
these resources.

• the proposed project will result in unavoidable adverse impacts to visual quality in this
substantially undisturbed landscape.

• the impacts of the proposed project cannot be mitigated to the point of meeting the
statutory requirement in FLPMA that BLM must prevent “undue impairment” of the
public lands in the CDCA.

• the proposed project is inconsistent with the CDCA plan.
• the identified unavoidable and adverse environmental impacts resulting from the project

override the possible economic benefits that might be derived from the project.
• the proposed project fails to meet the overall statutory requirement in FLPMA that BLM

must prevent “unnecessary or undue degradation” of the public land resources.

The proposed project area, about 45 miles northeast of El Centro, California, and 20 miles
northwest of Yuma, Arizona, lies within the boundaries of the California Desert Conservation
Area (CDCA), designated by Congress in Section 601 of FLPMA as a region requiring special
management due to its nationally significant resources.  The proposed project, to be located on
1,571 acres of unpatented mining claims held by Glamis Imperial Corporation, would encompass
a mine and processing area, including open pits, waste rock and topsoil stockpiles, heap leach
pads, administrative and maintenance facilities, a precious metal recovery plant, haul roads, an
electrical substation, distribution lines, and associated facilities.  Up to 150 million tons of ore
would be mined and leached, and an additional 300 million tons of waste rock would be deposited
on the site under the proposal. 

http://www.ca.blm.gov/elcentro/imperial_project.html
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In making the determination that the proposed project area contains nationally significant Native
American values and historic properties, this ROD relies heavily upon the advice of the Advisory
Council on Historic Preservation, an official Presidential advisory organization.  The Council
advised the Secretary of the Interior on October 19, 1999, that the Indian Pass-Running Man
Area of Traditional Cultural Concern in which the project would be located is archeologically
significant and retains critical religious, historic, and educational importance to the Native
American tribes in the area.  The Council further advised that even if all feasible mitigation
measures identified were required as a condition of approval, the project would still result in
serious and irreparable degradation of the sacred and historic values in the area.  The Council
concluded that the project would effectively destroy the identified historic resources and
recommended denial of the project.  A copy of the Council’s letter is included as Appendix A of
this ROD.

In interpreting the legal authorities pertaining to this particular project, this ROD relies upon the
Department of the Interior Solicitor’s Opinion of December 27, 1999, which describes the nature
of BLM’s discretionary authority under the statutory standards of “undue impairment” and
“unnecessary or undue degradation” to proposed actions on the public lands in the CDCA.  A
copy of the Opinion is included as Appendix B of this ROD.

In addition to Glamis Imperial Corporation’s proposed action and the No Action alternative (not
to approve the plan of operations), the Department also considered West Pit, East Pit, and
Complete Pit Backfill alternatives.  Several other alternatives were considered initially but were
eliminated from detailed analysis in the FEIS/EIR, including alternative mine locations,
alternatives to relocate facilities, and alternative mining and processing methods.  The No Action
alternative is both the agency’s preferred alternative and the environmentally preferable alternative
as identified in the FEIS/EIR.

During the extensive environmental review process, the combined public comment periods
provided for approximately 11 months of public review.  A draft EIS/EIR on the project was
published in November 1996 for public review and comment through March 1997.  Based upon
public comments received, the November 1996 draft EIS/EIR was withdrawn and a new draft
EIS/EIR was prepared and published November 1997 for public comment through April 1998. 
Four public hearings were held to receive comments on the two drafts.  A public hearing on the
project was also conducted by the Advisory Council on Historic Preservation in March 1999.  
Public comments on the FEIS/EIR were also accepted for 30 days.   Approximately 1,000
individual comments were received by BLM on the project during these comment periods.   These
comments were carefully considered and are addressed in the FEIS or in this ROD.

Since this was a joint environmental review process, BLM worked closely with Imperial County
in the EIS/EIR preparation.  As part of the environmental review process, BLM and Imperial
County consulted and coordinated with the U.S. Fish and Wildlife Service, the U.S.
Environmental Protection Agency, the U.S. Geological Survey, the U.S. Army Corps of
Engineers, the U.S. Bureau of Reclamation (Lower Colorado Division), the Advisory Council on
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Historic Preservation, the Governor’s Office of Planning and Research, the California Department
of Conservation, the California Department of Fish and Game, the California State Office of
Historic Preservation, the California Native American Heritage Commission, the California
Regional Water Quality Control Board, the Metropolitan Water District of Southern California,
and the Southern California Association of Governments.  In accordance with Section 106 of the
National Historic Preservation Act, BLM also officially consulted with the Quechan Tribal
Council, Fort Yuma Indian Reservation.  In addition to correspondence from the Quechan Tribe
and verbal discussions and tours with Tribal members, BLM held three formal government-to-
government consultations with the Tribe: December 16, 1997; February 4, 2000; and November
27, 2000.

This ROD constitutes the final administrative decision of the Department of the Interior.

Additional information on this decision can be obtained from BLM’s El Centro Field Office, 1661
S. 4th Street, El Centro, California, 92243, telephone (760) 337-4400.
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DECISION

After extensive analysis, public review and comment, and application of pertinent Federal laws
and policies, it is the decision of the Department of the Interior, based upon the recommendation
of the BLM, not to approve the plan of operations for the Imperial Project.  This represents the
No Action alternative as specified in the FEIS/EIR published jointly by BLM and Imperial County
on November 17, 2000.

This decision is based upon the following key factors determined to be unique to this particular
proposal:

• the proposed project is located in an area determined to have nationally significant Native
American values and historic properties and would cause unavoidable adverse impacts to
these resources.

• the proposed project will result in unavoidable adverse impacts to visual quality in this
substantially undisturbed landscape.

• the impacts of the proposed project cannot be mitigated to the point of meeting the
statutory requirement in FLPMA that BLM must prevent “undue impairment” of the
public lands in the CDCA.

• the proposed project is inconsistent with the CDCA plan.
• the identified unavoidable and adverse environmental impacts resulting from the project

override the possible economic benefits that might be derived from the project.
• the proposed project fails to meet the overall statutory requirement in FLPMA that BLM

must prevent “unnecessary or undue degradation” of the public land resources.
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RATIONALE

The proposed project would cause significant and unavoidable adverse impacts to values of
critical importance to Native American Tribes. 

The proposed project would significantly damage the network of Native American trail segments
and related cultural resources associated with the nationally significant Indian Pass-Running Man
Area of Traditional Cultural Concern (ATCC) (see Figure 1 and Appendix D). The Indian Pass-
Running Man ATCC is recognized by the Department as having values of critical religious,
cultural, and educational importance to the Colorado River Indian Tribes, Ft. Mojave Indian
Tribe, and particularly the Quechan Tribe. Development and operation of the proposed gold mine
would significantly diminish the integrity and spiritual qualities of the ATCC as a place of
solitude, knowledge, and power to the tribes.

The proposed project would destroy portions of the Trail of Dreams, other trails, and related
ceremonial areas providing a spiritual pathway between Pilot Knob, 25 miles from the site, and
Newberry Mountain, 115 miles away.  The Quechan and the other tribes believe the project would
impair the ability to travel, both physically and spiritually, along the Trail of Dreams; to make
ceremonial use of the prayer circles, rock alignments, and other cultural features in the project
area; to gain protection from metaphysical dangers; and to continue to use the project area for
vision quests and teaching tribal youths about their culture.

In consideration of the scope and magnitude of the project’s potential impacts to critical Native
American values, BLM requested the advice of the Advisory Council on Historic Preservation. 
The Council’s findings and recommendations were formally submitted to the Secretary on
October 19, 1999 (see Appendix A).  The Department has considered these recommendations and
concurs with the following Council findings: 1) the values of the ATCC are of premier importance
to the Quechan Tribe for sustaining their traditional religion and culture; 2) the ATCC has
retained sufficient integrity of setting, feeling, and association to remain a critically important area
for traditional uses; 3) the proposed mining operation would unduly degrade the ATCC; 4)
concerned individuals and the Quechan Tribe have consistently voiced their overwhelming
opposition to the project; and 5) mitigation measures proposed by Glamis Imperial Corporation
are not adequate to compensate for the loss of Native American values and historic properties if
the mining project were approved. 

Approval of the proposed project would not be in conformance with Executive Order 13007 on
Indian Sacred Sites.  The proposed project would not conform to Executive Order 13007 because
the project would destroy access to and the ceremonial use of sacred sites by the Quechan and
would significantly harm the integrity of sacred sites. While direct physical damage could be
reduced on some sites through mitigation proposed by Glamis Imperial Corporation, according to
the Quechan, the overall loss of the integrity of the ATCC and its spiritual value to the Quechan
could not be offset.  Further, the Quechan have stated financial or off-site mitigation measures 
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would not compensate for these adverse impacts.  This conclusion is supported by the Council,
the California State Historic Preservation Office, and the California Native American Heritage
Commission. 

Approval of the proposed project would result in disproportionate adverse impacts to Native
Americans, and thus would also not conform with Executive Order 12898 on Environmental
Justice. The Quechan have consistently expressed concern over the cumulative impacts of the
proposed project. When combined with the impacts from existing mines, interstate highway
development, and other land development in their traditional territory, the impacts of the
proposed project would result in an increase in the already significant loss of values to the
Quechan. Archaeological surveys and historic records over the past 20 years have documented
Native American values and historic properties lost to the Quechan as a result of various Federal
and State projects.  The Quechan have stated that other substantial unrecorded losses have also
occurred. 

The proposed project would cause significant and unavoidable adverse impacts to historic
properties determined eligible for the National Register of Historic Places. 

The proposed project would have an adverse effect on 55 historic properties determined eligible
for listing in the National Register of Historic Places, including the Indian Pass-Running Man
Area of Traditional Cultural Concern.  The eligible properties also include significant Native
American trail segments and other historic properties such as geoglyphs, rock rings, ceremonial
quartz and ceramic scatters, and cleared circles, both inside and outside the footprint of the
proposed project.  The eligible properties would be disturbed or destroyed through excavation of
the open pits and construction and operation of the leach pad, waste rock and soil stockpiles,
diversion channels, haul and access roads, and associated processing and support facilities.  In
addition to the direct physical effects, mining related noise and visual impacts of the project would
further diminish the quality of the eligible properties.  In its letter of July 21, 1998, the State
Historic Preservation Office has concurred with BLM’s determination of adverse effects
(Appendix D). 

Mitigation measures would reduce but not eliminate adverse effects to 23 of the 55 historic
properties determined eligible for the National Register of Historic Places.  In the November 1997
draft EIS/EIR, the project proponent modified the initial proposal to provide for mitigation of
adverse effects to these resources.  The company redesigned the mining plan to reduce impacts
including reduction in the heights of the waste rock and stockpiles as well as other design
modifications.  The company also agreed to undertake an archaeological data recovery program
to preserve archeological materials and compensate the Quechan through enhancement of the
existing Quechan heritage preservation program, including the acquisition and preservation of off-
site archaeological resources.   

However, the mitigation measures proposed by Glamis Imperial Corporation would not be
effective in reducing adverse effects on 32 of the 55 historic properties.  Even after implementing
the mitigation measures, characteristics relating to integrity of setting, feeling, and association,
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which qualify the properties for listing to the National Register of Historic Places, would be
irreversibly disturbed by mining activities: integrity of the Trail of Dreams, other prehistoric trails,
and related ceremonial areas would be impaired; the existing natural landscape would be
permanently altered; opportunities for solitude would be diminished; and the overall spiritual value
of the ATCC would be irreversibly damaged.  The Council, after reviewing the company’s
proposed mitigation measures and carefully evaluating the potential impacts, stated in its October
19, 1999 letter to the Secretary of the Interior (see Appendix A) that the mitigation measures
would “do little to reduce the devastating impacts on the historic properties and their environment
and fall short of compensating for the loss of traditional, religious, and cultural values of the
ATCC.”  The Department agrees with the Advisory Council’s conclusion.

The proposed project would cause significant and unavoidable adverse impacts to visual
quality. 

The project would result in significant long-term change to the area’s sensitive visual quality.  It
would, therefore, not conform to the CDCA plan’s applicable visual resources management
rating, which provides for the existing landscape character to be maintained (see Appendix C).

An open 880-foot deep East Pit, and 280-foot high waste rock stockpiles and heap would remain
as permanent substantial changes to the existing undisturbed natural landscape (see Figures 2 and
3).  The level of contrast would gradually diminish after backfilling of the Singer and West Pits,
regrading and replanting native vegetation, and overall reclamation of the site following
completion of mining. However, the substantial visual contrast would remain after final
reclamation is completed.

The project would result in significant visual impacts, specifically:  (1) disruption of the existing
landscape with new man-made land forms, including waste rock and leach piles which would be
100-150 feet higher than any existing natural features in the vicinity; (2) alteration of surface
color, texture, and vegetation cover on approximately 1,300 acres; and (3) adverse effects to a
landscape which includes Picacho Peak, Indian Pass, and other unique natural landmarks that are
also historically important to Native American culture and the general public. These visual
impacts would be clearly visible from the Indian Pass Road and other routes of travel in the
immediate vicinity of the project area.

The proposed project would permanently alter the character of a visually sensitive area.  The
factors that cause the project site to be sensitive to changes in visual quality include: (1) the
existing visual quality of the proposed project area and surrounding landscape is substantially
undisturbed; (2) the existing topography of gently sloping ground and low rolling ridges provides
little opportunity to screen or blend the project within the surrounding landscape; and (3) the 5-10
mile distance between the mine site and the surrounding mountains creates broad depth of field in
which the proposed project site is visible from various public vantage points.
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The overall effect of significant and unavoidable adverse impacts would cause undue
impairment to the CDCA.

The overall effect of significant and unavoidable adverse impacts on Native American values,
historic properties, and visual quality would significantly diminish the “scenic, scientific, and
environmental values” of the CDCA, values BLM is required by Section 601 of FLPMA to
protect.  Specifically, the Quechan Tribe’s ability to practice sacred traditions as an integral part
of the Quechan culture would be irreparably damaged; 55 traditional historic properties which are
eligible for listing in the National Register of Historic Places, including the Running Man/Indian
Pass ATCC, would effectively be destroyed; and the scenic quality of  a substantially undisturbed
area would be irreversibly altered.  Despite efforts by Glamis Imperial Corporation to reduce
adverse impacts through mitigation, no effective means were found to prevent the significant level
of destruction to important CDCA values.  Finally, as stated earlier, approval of the project would
not conform with Indian Sacred Sites and Environmental Justice Executive Orders.  The severity
of these combined impacts would be so great, and of such scope and magnitude, that undue
impairment would result.

The proposed project would not be in conformance with the CDCA plan.    

The proposed project would not conform with the CDCA plan because the significant and
unavoidable adverse environmental impacts discussed in this ROD would exceed the maximum
level of impact allowed under the plan; thus, the project would result in undue impairment. 
Further, the scope and magnitude of these effects would be so great as to preclude consideration
of a plan amendment to permit the project. 

The CDCA plan’s multiple use guidelines and the minerals management provisions of the plan
would allow mineral development to be considered in this area.  However, no effective means of
mitigation were found to avoid significant and unavoidable adverse impacts.  Such impacts would
irreversibly and irretrievably harm important resources of an area designated in the CDCA plan in
1980 as Multiple Use Class L (Limited Use).  Multiple Use Class L is specifically intended for the
protection of  “sensitive, natural, scenic, ecological, and cultural resource values” and  provides
for “generally lower-intensity, carefully controlled multiple use of resources, while ensuring that
sensitive values are not significantly diminished.”  The proposed project would not achieve this
required level of protection.

The Multiple Use Class L designation appropriately fits this area based on the sensitive and
significant environmental resources in and around the proposed project site.  Because of the
identified significant resource values in this area, a plan amendment designating this area as
Multiple Use Class M (Moderate Use) or Multiple Use Class I (Intensive Use) would not provide
adequate protection and, thus, would not be warranted.  On October 27, 2000, the Department of
the Interior withdrew the project area and surrounding public lands, totaling 9,360 acres, from
further mining to protect recognized historic properties, Native American values, and the visual
quality of the ATCC; portions of  the Indian Pass Area of Critical Environmental Concern;  and
portions of the Indian Pass and Picacho Peak Wilderness Areas. 
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The Department reviewed the records of permitted mines in the CDCA in comparison to the
FEIS/EIR analysis of the proposed project.  Although BLM has previously approved other large-
scale gold mining operations in Multiple Use Class L areas, the unique combination of important
environmental factors discussed in this ROD set this proposed project apart from those other
projects. Six of the 12 existing CDCA mining operations were approved in Multiple Use Class L 
areas: America, Colosseum, Picacho, Morning Star, Castle Mountain, and Briggs mines (see
Appendix E).  Unlike the proposed project, no Native American values or historic property issues
(other than preservation of the historic mining activities at some of these sites) were identified
during project review for the American, Picacho, Morning Star, Colosseum, and Castle Mountain
mines.  Native American values or historic properties were identified at the Briggs mine; however,
the two identified historic properties were avoided and fenced by the mine operator as a condition
of approval of the plan of operations. All of the permitted mines, unlike the proposed project,
were located on sites previously disturbed by mining activity.  Even in the Briggs mine site, where
the evidence of previous mining activity was considered minor, the surrounding mountains were
close to the project site and reduced visual contrast to an acceptable level. 

The identified unavoidable and adverse environmental impacts resulting from the project
override the possible economic benefits that might be derived from the project.

It is the conclusion of the Department that the possible economic benefits that might be derived
from the project, as described in the FEIS/EIR and summarized below, do not overcome the legal
requirements to prevent undue impairment to public lands in the CDCA.

The Department recognizes the importance of developing public land resources and the economic
and social benefits that mining has on the local, regional, and national economies of the United
States.  Glamis Imperial Corporation estimates that the proposed project would generate up to
120 local job opportunities through the life of the project and would incur approximately $48
million in initial capital expenditures.  In addition, Glamis Imperial Corporation estimates that
there would be continuing capital expenditures of  $1.7 million per year and $26 million per year
in non-capital expenditures, including payroll. The proposed project would be required to pay
sales tax on all expenditures and pay local property taxes on mine assets.  All these effects are
possible economic benefits of the proposed project.

However, the mineral deposit involved in this proposed project by its nature requires considerable
surface disturbance to support operations.  The mineral deposit supporting the proposed project is
one of the lowest gold grades for open-pit, dump heap leach operations in the United States (see
Appendix F).  From Glamis Imperial Corporation’s estimates of an average reserve grade of 0.016
ounces of gold per ton, approximately 280 tons of rock would be mined, moved, processed, and
stored for each ounce of gold produced.  In addition, gold prices have fallen approximately 27
percent since the project was initially proposed in 1995.  A decrease from approximately $384 per
ounce in 1995 to an estimated $278 per ounce in 2000 has significantly reduced the potential of
this project to be economically sustainable.
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While it is the policy of the Department to consider the possible economic benefits of
development of public land resources, that consideration must be made in the context of all other
public land resource values, including environmental, historic, and other values.  In this case, the
overall adverse environmental impacts caused by the project would outweigh the possible
economic benefits to be derived from mining a mineral deposit with an average reserve grade of
0.016 ounces of gold per ton.

The proposed project would cause unnecessary or undue degradation to public lands.

As discussed, the significant and unavoidable adverse environmental impacts of the project would
result in “undue impairment” because approval of the project would not be in conformance with
the CDCA plan and a plan amendment is not warranted.   Further, it is determined that loss of the
identified scenic, scientific and environmental values to the people of the United States would
override the possible economic benefits that might be derived from the project.

By causing undue impairment to CDCA values, it is the conclusion of the Department that the
project would result in unnecessary or undue degradation to the public lands.
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ALTERNATIVES CONSIDERED

A.  ALTERNATIVES TO THE PLAN CONSIDERED IN DETAIL 

• Proposed Project (Glamis Imperial Corporation’s proposed plan of operations)
• West Pit Alternative
• East Pit Alternative
• Complete Pit Backfill Alternative
  
Each alternative assumes use of the same environmental protection and reclamation measures as
the proposed action. 

1.  Proposed Action

The proposed action, i.e., Glamis Imperial Corporation’s plan of operations as presented to BLM,
was to be located on 1,571 acres of unpatented mining claims and would encompass the mine and
processing area, including open pits, waste rock and topsoil stockpiles, heap leach pads,
administrative and maintenance facilities, a precious metal recovery plant, haul roads, an electrical
substation, distribution lines, and associated facilities.  Up to 150 million tons of ore would be
mined and leached, and 300 million tons of waste rock would be mined and deposited on the site.  
Specifically, the plan proposed to backfill and reclaim the Singer and West Pits and leave the 880-
foot East Pit open  (see Figure 3).  It also would create two waste dumps and a 280-foot heap
leach pad. 

The agency’s preferred alternative as identified in both the 1996 and 1997 EIS/EIR drafts was the
proposed action as presented by Glamis Imperial Corporation.  However, the agency preferred
alternative was changed to No Action in the November 2000 Final EIS/EIR, to reflect new
information concerning historic properties and Native American values.  In particular, information
concerning historic and archaeological resources identified during expanded field survey and
analysis in 1997, a report provided by the Advisory Council on Historic Preservation (see
Appendix A), and consultation with the Quechan Tribe substantially increased agency awareness
and understanding of  the importance of the site to Native Americans.  That new information was
a significant factor in the agency’s decision to change its initial preferred alternative to the No
Action alternative, and ultimately in the Department’s decision not to approve the Imperial
Project.

2.  West Pit Alternative

This alternative would create the least amount of total surface disturbance by mining only the
West Pit and Singer Pit.  Approximately one-third of the disturbance would be produced,
compared to the proposed action, or about 40 percent of the ore and 30 percent of the waste
rock.  Total surface disturbance would be reduced to approximately 853 acres, or about
63 percent of the total 1,362 acres disturbed under the proposed action. Only a small part of the
West Pit would be backfilled. The Singer Pit would not be backfilled, since the East Pit would not
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be mined. The south waste rock stockpile and the heap leach pile would be about the same height
as under the proposed action. Total project life for the West Pit Alternative would be about 10
years, compared to 20 years for the proposed action. 

This alternative would slightly reduce the total area of disturbance but would not eliminate
significant adverse impacts to Native American values, historic and archaeological resources, and
visual quality.  The density of historic or archaeological properties determined eligible for the
National Register of Historic Places is higher on the west side of the project area, and includes the
main trail segments and associated sites. This area would be disturbed under the West Pit
Alternative. The remaining waste rock stockpile and heap would be substantially the same height
and form as in the proposed action and would cause significant adverse impacts to visual quality,
even after mitigation.

3.  East Pit Alternative 

Under this alternative, the East Pit and Singer Pit would be mined, producing a total of about
67 percent of the mined rock produced under the proposed action, or about 60 percent of the ore
and 70 percent of the waste rock.  Total surface disturbance under the East Pit Alternative would
be reduced to approximately 1,126 acres, or about 83 percent of the total 1,362 acres disturbed
under the proposed action. The Singer Pit would be completely backfilled with waste rock from
mining the East Pit, and the East Pit would not be backfilled.  The south waste rock stockpile and
the east waste rock stockpile would still be about the same 300-foot height as the proposed
action, but the heap leach pile would be a height of 250 feet. Total project life would be
approximately 14 years, versus 20 years. Final reclamation might continue beyond the end of the
14 years. Indian Pass Road would not be relocated around the project mine and process area
under the East Pit Alternative.

The East Pit Alternative would disturb 40 percent less surface area than the proposed action. It
would not fully develop the identified mineral reserves. It would still require almost the same
projected capital and annual operating costs of the East Pit Alternative. Glamis Imperial
Corporation stated that this East Pit Alternative would not be an economically viable project, and
would not be profitable.

The elimination of the West Pit and reduction in size of the south waste rock stockpile under this
alternative would reduce the scope and magnitude of adverse impacts by avoiding the area of
highest historic or archaeological site density. However, significant Native American values and
historic properties would be destroyed under this alternative, including the overall integrity of the
Indian Pass-Running Man ATCC. Impacts to visual quality would be slightly reduced but would
also remain significant.

4.  Complete Pit Backfill Alternative

The purpose of this alternative was to evaluate the feasibility of complete backfill of all three
proposed pits.  All available waste rock would be used to completely backfill to at least the
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original grade. The East Pit would then be backfilled. Because mined rock occupies more volume
than unbroken rock, all the rock from the pit would not fit back into the same pit.  Surface
disturbance would not be reduced by the Complete Pit Backfill Alternative. Refilling the East Pit
could take more than four years, and cost $80 million to $100 million.  This alternative would
reduce the significance of adverse effects to visual resources by eliminating the waste rock
stockpiles and the open pit. The heap leach pad would still remain. This alternative would also
reduce the significant adverse visual effects to the Indian Pass-Running Man ATCC. The
alternative would allow the full amount of discovered ore to be mined. Glamis Imperial
Corporation states that the Complete Pit Backfill Alternative would not be an economically viable
project, and would not be profitable.

B.  ALTERNATIVES CONSIDERED BUT ELIMINATED FROM DETAILED
ANALYSIS

Several other alternatives identified in the FEIS were not analyzed in detail.  These are
summarized below.

1. Alternative Mine Locations

One alternative was to construct and operate a mine at an entirely different location than the
proposed project area. However, such an alternative would fail to meet the objectives of the
proposed action,  to profitably recover the precious metals within the project site. Another
alternative included potential off-site locations for the mine facilities, pits, heap leach pad, and
waste rock stockpiles.  However, there was no environmental advantage to this alternative as the
disturbance would be greater in scope and equal in impact.

2.  Alternatives to Relocate Road, Water Wells, and Utility Corridors

Since these alternatives did not substantially decrease any of the significant adverse effects of the
proposed action, and because the cost would reduce conformance with the basic project
objectives, these were eliminated from any further consideration.

3.  Alternative Mining and Processing Methods

Although there are several variations on mining techniques, including underground mining or in-
situ mining, none are feasible in this type of ore body because the deposits necessary to support
such methods are not present.

Like mining, there are several potential alternative methods for processing ore other than cyanide
heap leach.  Considered were vat leaching, carbon in pulp, flotation, or a combination of these
processes.  None were technically feasible for the type of ore involved in the proposed project,
and were eliminated from consideration. 
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PUBLIC INVOLVEMENT

Opportunities for Public Involvement

The BLM, as the lead Federal agency, and Imperial County, as the lead State agency, diligently
involved the public throughout the joint Federal/State environmental review process.   In response
to Glamis Imperial Corporation submission of a mining plan of operations, BLM published a news
release and a  Notice of Intent in the Federal Register on March 24, 1995, announcing the
company’s mining proposal and the initiation of the NEPA process to prepare an EIS on the
project.  On April 5, 1995, Imperial County distributed its Notice of Preparation of an EIR
initiating the California Environmental Quality Act process. 

A Draft EIS/EIR was published on November 1, 1996 for public comment and review.  Public
hearings were held in La Mesa and Holtville, California.  After the initial 60-day public review,
BLM extended the public comment period twice, through March 24, 1997.  More than
425 written comment letters were received, and 49 people testified at the two public hearings. 
After a review of the comments received, the BLM and Imperial County jointly announced on
June 11, 1997 that a new Draft EIS/EIR for the Imperial Project would be prepared and
recirculated.

On August 1, 1997, BLM formally withdrew the November 1996 Draft EIS and announced its
intent to prepare another EIS for the Imperial Project. All comments on the 1996 draft were
treated as scoping comments for the revised Draft EIS/EIR.  Imperial County concurred in this
decision.  

A revised Draft EIS/EIR was published on November 28, 1997, and made available for public
review through January 27, 1998.  Public hearings were again held in La Mesa and Holtville,
California.  After the initial 60-day review, BLM extended the public comment period twice,
through April 13, 1998.  More than 541 comments were received, including public testimony at
the two public hearings.

An additional public hearing by the Advisory Council on Historic Preservation, a Presidential
advisory organization, was held in Holtville, California in March 1999.   That hearing focused on
the potential impacts of the project on cultural, historic, and archeological resources associated
with the Quechan and other tribes. 

BLM and Imperial County included in the FEIS/EIR, published on November 17, 2000, a
summary of all general comments received and details on all substantive public comments
received during two the public comment periods which cumulatively totaled approximately 10
months.   The agencies’ responses to all substantive comments received are included in that
document.

In addition, BLM also accepted public comments on the FEIS/EIR for 30 days, through
December 18, 2000.  A total of 24 comments were received.  Although many of the comments
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were general, i.e., supporting or opposing the project, and none of the comments contained
substantially new information, many raised issues seeking clarification or interpretation of data in
the FEIS or its supporting documents.  These issues were carefully considered in development of
this ROD and are summarized, along with BLM’s responses, in Appendix G.

Interagency/Intergovernmental Coordination

As part of the environmental review process, BLM and Imperial County consulted and
coordinated with the U.S. Fish and Wildlife Service, the U.S. Environmental Protection Agency,
the U.S. Geological Survey, the U.S. Army Corps of Engineers, the U.S. Bureau of Reclamation
(Lower Colorado Division), the Advisory Council on Historic Preservation, the Governor’s Office
of Planning and Research, the California Department of Conservation, the California Department
of Fish and Game, the California State Office of Historic Preservation, the California Native
American Heritage Commission, the California Regional Water Quality Control Board, the
Metropolitan Water District of Southern California, and the Southern California Association of
Governments.  In accordance with Section 106 of the National Historic Preservation Act, BLM
also officially consulted with the Quechan Tribal Council, Fort Yuma Indian Reservation.  In
addition to correspondence from the Tribe and verbal discussions and tours, BLM held three
formal government-to-government consultations with the Tribe: December 16, 1997; February 4,
2000; and November 27, 2000.

Coordination with the County of Imperial

BLM and the County of Imperial jointly prepared all the environmental review documents under
the provisions of the National Environmental Policy Act and the California Environmental Quality
Act.  The County’s draft EIR and BLM’s draft EIS were released concurrently for public review. 
The County’s role under the Surface Mining and Reclamation Act of 1975 is to determine the
adequacy of the surface mining reclamation plan submitted by Glamis Imperial Corporation as
part of the mining proposal.  The Imperial County Planning and Building Department has taken no
action on the proposed reclamation plan, pending issuance of BLM’s decision regarding the plan
of operations. 



Record of Decision for the Imperial Project Page 21

APPENDICES
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Appendix A

Advisory Council on Historic Preservation, 10/19/99 letter
and BLM letter to ACHP, 8/25/98
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Appendix B

Solicitor’s Opinion, Regulation of Hardrock Mining, 12/27/99
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Appendix C

Visual Resources Supporting Documents
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Appendix D

National Historic Preservation Act Section 106 Documents
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National Historic Preservation Act
Description of Section 106 Review Process

An intensive, pedestrian inventory for and evaluation of cultural/archaeological resources was
completed for the proposed mine and process area, ancillary area, overbuilt 92 kV/34.5
transmission line corridor, and buffer areas.  During the inventory, which was conducted by KEA
Environmental with assistance by members of the Quechan Tribe, 88 sites associated with Native
American and/or EuroAmerican activities were identified.  Results of the inventory and evaluation
may be found in the report by KEA Environmental for the Bureau of Land Management (BLM),
which is titled, “Where Trails Cross: Cultural Resources Inventory and Evaluation for the Imperial
Project, Imperial County, California,” October 1997, and in the EIS/EIR.  

The resource sites were evaluated according to criteria of eligibility to the National Register of
Historic Places.  The criteria for eligibility are significance in American history, architecture,
archeology, engineering and culture; as well as integrity of location, design, setting, materials,
workmanship, feeling, and association; and (A) association with events that have made a
significant contribution to the broad patterns of our history, or (B) association with the lives of
persons significant in our past, or (C) embodiment of the distinctive characteristics of a type,
period, or method of construction, or representation of the work of a master, or possession of
high artistic values, or representation of a significant and distinguishable entity whose components
may lack individual distinction, or (D) yield or potential to yield information important in
prehistory or history.

Properties evaluated for eligibility to the National Register of Historic Places may reflect
significance in architecture, history, archeology, engineering, and culture.  One kind of cultural
significance refers to the beliefs, customs, and practices of a living community of people that have
been passed down through the generations, usually orally or through practice, and that are
important in maintaining the continuing cultural identity of the community.  Like any other
property, a traditional cultural property is evaluated against the standards for integrity and four
basic National Register Criteria.  

Quechan tribal members identified the project vicinity as a traditional cultural property.  They
emphasized that the project vicinity is extremely important to their cultural values and integrity,
and any destruction of the area would result in destruction of their present and future heritage. 
An area defined by the distribution of Native American trail segments and other cultural features
including geoglyphs, broken quartz, broken ceramic pots, and cleared circles, and which included
the project area,  was identified as the Indian Pass-Running Man Area of Traditional Cultural
Concern (ATCC).  

The California State Historic Preservation Officer concurred with BLM that the ATCC met criteria
for eligibility to the National Register.  The ATCC was designed to focus on the undertaking and
the Area of Potential Effect (APE), as identified in the KEA report,  which was defined as the
power line access rights-of-way and one-quarter of a mile on all sides of the footprint of the
project. 
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Appendix E

Comparison of Permitted Mines within Multiple Use Class L (Limited Use) Areas
of the California Desert Conservation Area
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Mine Operator County/
Area

Date of
Approval
/
Closure

Evidence of
Previous
Mining
Activity

Mine Facility
Physiography

Native American/NRHP
Issues 

America Mine America Mine Joint
Venture

San Bernardino
Bullion Mountains
BLM POO-Yes

1984
1988

Yes mine-mountains
waste dumps-
mountains
leach pads- slope

No 

Colosseum Mine Bond Gold San Bernardino
Clark Mountains
BLM POO-Yes

1986
1992

Yes mine-mountains
waste dumps-
mountains
tailings- mountains

No

Picacho Mine Glamis Gold Imperial County
Picacho Mountains
BLM POO-Yes

1986
1998

Yes mine-mountains
waste dumps-
mountains
leach pads- slope

No

Morning Star
Mine

Vanderbuilt Gold
Corp.

San Bernardino
Southern Ivanpah
Range
BLM POO-Yes

1986
1990

Yes mine-mountain
waste dumps-foothills
leach pads-foothills

No

Castle Mountain Viceroy Gold San Bernardino
Castle Mountains
BLM POO-Yes

1990
--

Yes mine-mountains
waste dumps-
mountains
leach pads-slope

No 

Briggs Mine Canyon Resources Inyo County
Panamint
Mountains
BLM POO-Yes

1996
–

Yes (minor) mine-mountains
waste dumps-
mountains
leach pads-slope

Yes, but plan of
operations modified
to avoid substantial
impacts
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Appendix F

Deposit Grade and Reserve Comparisons, U.S. 
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Deposit Grade and Reserves Comparison
for various gold deposits in the United States*

DEPOSIT PROCESSING
MODEL

TONNAGE
(1,000 tons)

AVERAGE
RESERVE

GRADE
(Ounce/Ton)

RECOVERY
RATE

OUNCES RECOVERED

North Star-NV Dump Leach 1,000 0.015 65% 9,750

Pinson-NV Dump Leach 1,300 0.029 93% 35,061

Getchell-NV Dump Leach 1,900 0.026 75% 37,050

Yankee-NV Dump Leach 2,000 0.045 70% 63,000

Picacho-CA Dump Leach 2,900 0.038 75% 82,650

Kinsley-NV Dump Leach 3,400 0.032 75% 81,600

Gold Quarry-NV Dump Leach 3,500 0.016 65% 36,400

Mac-NV Dump Leach 5,400 0.014 65% 49,140

Pete-NV Dump Leach 6,400 0.026 65% 108,160

Dee-NV Dump Leach 8,300 0.025 72% 149,400

Tusc-NV Dump Leach 8,700 0.019 65% 107,445

Bald Mountain-
NV

Dump Leach 11,400 0.076 75% 649,800

Bear Track-NV Dump Leach 22,800 0.034 75% 581,400

Golden Sun-NV Dump Leach 32,400 0.026 75% 631,800

Post/Betze-NV Dump Leach 33,900 0.020 90% 610,200

Twin Creeks-NV Dump Leach 40,900 0.024 65% 638,040

Mesquite-CA Dump Leach 52,800 0.021 70% 776,160

Rand-CA Dump Leach 55,200 0.023 75% 952,200

Imperial
Project-CA 

Dump Leach 95,200 0.016 80% 1,216,000

Round Mtn-NV Dump Leach 254,400 0.020 55% 2,798,400

*Table modified from Roger Haskins, Senior Mining Law Specialist, Bureau of Land Management,
Washington, DC (1998)
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Appendix G

Responses to Comments on FEIS
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Public Comments to Final EIS/EIR (Significant Issues Raised and Department/BLM
Response)

Of the 24 comments received by BLM on the FEIS, most voiced general opposition to the
proposed project and supported the No Action alternative.  A few voiced general or specific
support of the project.  Of those addressing specific issues, either positive or negative to this
decision, the following were identified as significant and warranting description and response by
the Department of the Interior and BLM.

Issue: The California State Native American Heritage Commission, an official State agency,
endorsed the No Action alternative, citing adverse effects to sensitive Native American
archeological and cultural resources.  Response: The resources specified in the Commission’s
letter were recognized in the FEIS and are noted in the ROD as rationale for the decision not to
approve the project.

Issue: A number of comments cited the newly published BLM mining regulations (43 Code of
Federal Regulations, Part 3809) as supporting authority for denying the project.  Response: While
the final regulations were published on November 21, 2000, they do not become effective until
January 20, 2000 and, therefore, cannot be used as a basis for this decision.

Issue: Two comments addressed the  issue of the strategic importance of gold as a decision factor.
Comments stated that gold is currently not listed as strategic mineral and should have no impact on
BLM’s decision.  Response: Gold’s strategic mineral status was not specifically addressed in the
FEIS/EIR. However, the ROD discusses the conclusion of the Department that significant and
unavoidable adverse environmental impacts outweigh the possible economic benefits of gold
mining under the proposed project.  As the comments indicate, gold is not currently listed as a
strategic mineral by the Defense National Stockpile Center of the Department of Defense. 

Issue: Two letters from the Quechan Tribe provide substantial information about the history of the
Tribe and an official, government-to-government statement that the mine would “damage sacred
sites and trails . . . .”  Response: This information is considered to be consistent with the Tribe’s
earlier cultural data provided to BLM, already contained in the FEIS, and is reflected in the ROD.

Issue: The Quechan Tribe also presented further information that the proposed project interferes
with the Tribe’s First Amendment rights regarding their ability to practice their traditional religion. 
The Tribe disagrees with the Solicitor’s Opinion of December 27, 1999, and its interpretation of
this issue in context of the Lyng case, and requests this issue be used in the ROD to deny the mine. 
Response: The Department and BLM have reviewed the legal information and citations provided
the Tribe, and conclude that the interpretation in the December 27, 1999 Opinion is still accurate
and represents the Department’s legal position in this matter.

Issue: Comments indicated that the Imperial Project would not be consistent with the current
management direction provided in the Northern and Eastern Colorado Desert Plan (NECO).
Response: Because NECO will not likely be completed before the second half of 2001, any
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application of NECO to the proposed project would be premature, and NECO is not used in this
decision.

Issue: Several comments requested that the decision be signed by the “highest level” possible so
any challenges can be addressed quickly in Federal Court.  Response: Given the nature and
importance of this decision, and considering the Department of the Interior’s trust responsibility to
Native American tribes, the Secretary has decided to sign the ROD.

Issue: Several comments noted the withdrawal of 9,360 acres (which includes the proposed
project) by Secretarial Order on October 27, 2000 and stated it should be a factor in the decision. 
Response:  The withdrawal is a separate agency decision and does not substantially affect existing
claims in this area on which the Glamis Imperial proposed mining project is based.  Therefore, the
withdrawal cannot be a rationale for this decision.

Issue: Comments requested that BLM’s visual resources policy documents be included in the
ROD.  Response: Supporting documentation on visual resources is included in the appendices of
the ROD.

Issue: Several comments requested that the entirety of the FEIS/EIR be attached to the ROD;
other comments requested specific sections be attached, including section 6.2 regarding
impairment of CDCA values. Response: The attachment of the FEIS/EIR to the ROD is not
necessary as the ROD is the decision document issued as a result of the analysis in the FEIS/EIR.
The FEIS/EIR was prepared as a tool to assist in the decision making process. Copies of the
FEIS/EIR may be obtained from BLM, subject to availability, or may be accessed on the Web at
http://www.ca.blm.gov/elcentro/imperial_project.html.

Issue: Several comments challenged the conclusion of the FEIS/EIR that no significant cumulative
impacts would result from the proposed project.  One comment specifically identified the need to
consider potential cumulative impacts such as the future development of the new Town of Felicity. 
Response: With regard to the first statement, BLM agrees, and this ROD reflects consideration of
the combined adverse impacts to Native American values, historic properties, and visual quality. 
As for the proposed Town of Felicity, the development is too speculative at the present time to
consider in this ROD.

Issue: One comment indicates that the Section 106 process was not completed in a manner
consistent with the regulations in Part 800 of Title 36 of the Code of Federal Regulations. 
Response: BLM followed the requirements of the 1991 Programmatic Agreement with the
California SHPO and the Advisory Council on Historic Preservation; adhered to its responsibilities
to consult with tribes on a government-to-government basis; followed the MOU with the
California Native American Heritage Commission; and applied the requirements of  the Sacred
Sites Executive Order.  The SHPO concurs with BLM’s consideration of Section 106 and its
determination of adverse effects (see Appendix D).
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Issue: A comment indicated that BLM had not consulted with the necessary tribes because the
Quechan Tribe is only one of several Yuman speaking tribes that use the area.  Response: During
the collection of the ethnographic data for the EIS/EIR and according to applicable Federal
government records, the Quechan Tribe is explicitly identified as the federally recognized tribal
government in this particular area.  However, other affected tribes were notified by BLM of the
project, testified at the Advisory Council’s public hearing in Holtville in support of the Quechan,
and deferred to the Quechan as the tribal contact with BLM regarding the project.

Issue: One comment stated that the BLM’s designation of the Indian Pass-Running Man Area of
Traditional Cultural Concern (ATCC) was an administrative determination of BLM and did not
represent the entire spectrum of Native American concerns.  Response: The ATCC was a
collaborative determination of the Quechan and BLM.  It was identified to provide a basis for
analysis in the EIS/EIR of potential effects of the proposed project on sacred sites.  The Quechan
and BLM understood that the ATCC did not include the entire spectrum of Native American
concerns but was of sufficient scope to provide a reasonable basis of analysis. The SHPO
concurred with the ATCC as a reasonable approach.  

Issue: One comment questioned whether, given a 60-year hiatus in use of the Trail of Dreams, if a
mine with the life of 20 years would constitute an unresolvable adverse effect, particularly
considering that Interstate 10 crosses the trail.  Response: The Tribe did not say that its members
have not used the area for 60 years, only that they have not used the area regularly during that
period.   Further, the Quechan have consistently expressed concern over the cumulative impacts of
development, such as Interstate 10, on their traditional cultural values.

Issue: Comments raised the issue of environmental justice if the project were approved.
Response: The FEIS/EIR discussed applicability of Executive Order 12898 on Environmental
Justice.  Although the FEIS/EIR suggests the proposed project is consistent with Executive Order
12898, the Department’s decision not to approve the project is based in part on the finding of
disproportionate adverse impacts to the Quechan as further discussed in this ROD.

Issue: A comment stated that the cultural and religious factors to the Quechan should stand alone
as a rationale for denial.   Response:   The decision of the Department not to approve the project
is based on consideration of the combined environmental impacts of the project compared to the
possible economic benefits of mining under the project in light of applicable statutory standards.
The environmental effects to the Native American values, historic and archaeological resources
and visual quality are closely interrelated.

Issue: Comments stated that the proposed Imperial Project is different from other gold mines
previously approved by BLM in the CDCA.  Response: The Department reviewed the records of
permitted mines in the CDCA in comparison to the FEIS/EIR analysis of the proposed project.  
The comparison demonstrates that the proposed project involves a unique combination of
environmental conditions not present in other mines (see Appendix E). 
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Issue: One comment cited outdated information in the FEIS/EIR, mostly pertaining to dates and
other supporting data (including formal government to government consultations conducted with
the Quechan Tribe) referenced in the document and requests correction of those dates in the ROD.
Response: The Quechan consultation dates have been updated and included in the ROD, as well as
dates pertaining to the Indian Pass withdrawal. 

Issue: One comment stated that BLM has underestimated the significance of the Native American
values and historic properties at the project site.  Response: The ROD directly quotes the
Council’s views on this matter.  The ROD also relies on the Council’s determination that this area
contains nationally significant historic properties and Native American values as one of the basic
rationales for the decision not to approve the project.

Issue: A few comments, both for and against the proposed project, asserted that the Solicitor’s
Opinion of December 27, 1999, provides a basis for denial of other mining operations, both in the
California Desert and throughout the West.  Response: The Solicitor’s Opinion was specifically
requested by BLM to address the proposed Glamis Imperial project and its location in a Multiple
Use Class L area of the California Desert Plan and an Area of Traditional Cultural Concern with
the significant historic properties and Native American values documented as present at the site. 
However, determining whether the legal analysis of the Opinion may be applicable to other sites is
beyond the scope of this ROD.

Issue: One comment takes issue with the conclusion of the Solicitor’s Opinion that the Section
106 process under the National Historic Preservation Act (NHPA) is not intended to impose
substantive obligations on BLM (see p. 18, footnote 22 of the Opinion) and asserts that a recent
court decision (Muckleshoot v. US Forest Service, 1999) interprets this authority more accurately. 
Response: The Department has reviewed the referenced court decision and has determined the
Solicitor’s Opinion represents the legal position of the Department in this matter. The Federal
Land Policy and Management Act, not the NHPA, was the primary legal authority on which the
Solicitor based his conclusion that BLM has authority to deny approval of a plan of operations
within the CDCA if the plan would impair other resources unduly and no reasonable measures are
available to mitigate that harm.

Issue: One comment asserted that the Solicitor’s Opinion represents a “new rule” directing a BLM
decision and exceeds the statutory authority and intent of the Federal Land Policy and
Management Act and the California Desert Protection Act.  It further asserts that any decision to
deny the mine would be inconsistent with the agency’s longstanding practice involving mine
development projects in the CDCA.  Response: The Department has reviewed the information
provided and disagrees with the commenter’s interpretation.  The United States District Court for
the District of Southern California has already rejected the argument that the Solicitor’s Opinion
directs BLM to make a particular decision.

Issue: Some comments stated that the lack of economic benefits of mining must be a rationale for
denial.  Response: It is not the policy of the BLM or the Department to determine whether a
business is to be judged by its value to the economy.  Rather it is the policy to consider the
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possible economic benefits of development of public land resources in the context of all other
public land resource values, including environmental, historic, and other values. In this case, the
overall adverse environmental impacts of mining a mineral deposit with an average reserve grade
of 0.016 ounces of gold per ton were found to outweigh the possible economic benefits to be
derived from the proposed project.

Issue: Several comments raised hazardous materials related  issues about the project.  
Response:  The FEIS/EIR addressed these issues adequately and the proponent, if authorized,
would be required to comply with all applicable State and Federal laws pertaining to hazardous
materials.
 
Issue: One comment raised the issue of a pending lawsuit regarding the Endangered Species Act
filed against BLM by the Center for Biological Diversity and others, and questions whether that
suit affects the Indian Pass area.  Response:  While the complaint filed by the Center addresses the
entire CDCA, it does not specifically cite the Indian Pass area (including the proposed mining
project).  The settlement agreements filed with the court as of the date of this ROD do not involve
the Indian Pass area.

Issue: Some comments challenged the adequacy of the FEIS/EIR, stating that the FEIS/EIR does
not support project approval or approval of alternatives other than No Action.  Response: The
decision of the Department is not to approve the project. The FEIS/EIR supports this decision.



 
 
 
 
 

Attachment 4 







 

 

 
 
 
 
 

Attachment 5 



 

 
U.S. Department of the Interior  
Bureau of Land Management 

 

 

 

Finding of No Significant Impact 

 

 
DOI-BLM-NV-B020-2020-0017-EA 

 

 

 
 

Silicon Exploration Project Plan of Operations 
Nevada Reclamation Permit Application 

 
 
 

 
PREPARING OFFICE 

U.S. Department of the Interior  
Bureau of Land Management  
Tonopah Field Office, Nevada 



2 
 

 
Silicon Exploration Project  

DOI-BLM-NV-B020-2020-0017-FONSI 

Finding of No Significant Impact 
NEPA: DOI-BLM-NV-B020-2020-0017-EA 

Case Files: NVN-097820 (Plan) 

I have reviewed Environmental Assessment (EA) DOI-BLM-NV-B020-2020-0017-EA dated July 
2020. The EA analyzes the Exploration Plan of Operations. After consideration of the environmental 
effects as described in the EA (and incorporated herein), I have determined that the Proposed Action 
will not significantly affect the quality of the human environment, individually or cumulatively with 
other actions in the general area. No environmental effects meet the definition of significance in 
context or intensity as described in 40 Code of Federal Regulations (CFR) 1508.27; therefore, 
preparation of an Environmental Impact Statement (EIS) is not required per Section 102(2) (c) of the 
National Environmental Policy Act (NEPA). 
 
DOI-BLM-NV-B020-2020-0017-EA has been reviewed through the interdisciplinary team process 
and has been posted for public comment for 45 days. 
 
It has been determined that the Project is in conformance with the approved Tonopah Resource 
Management Plan, and its amendments, and is consistent with the plans and policies of neighboring 
local, county, state, tribal, and federal agencies and governments. This finding and conclusion is 
based on my consideration of the Council on Environmental Quality’s (CEQ) criteria for significance 
(40 CFR 1508.27), both with regard to the context and the intensity of impacts described in the EA. 
 
Context 

In September 2019, AngloGold Ashanti North America (AGA) submitted an Exploration Plan of 
Operations (EPO) for the proposed Silicon Exploration Project (Proposed Action) in southcentral 
Nevada. This EPO would include the exploration activities on the claim blocks held by AGA and 
Renaissance Gold Inc. The EPO, baseline reports, and Supplemental Environmental Reports (SERs) 
used in the preparation of this EA are on file and available for public review at the Bureau of Land 
Management (BLM) in Tonopah, Nevada, during regular business hours (Monday through Friday, 
excluding holidays from 7:30 AM to 4:30 PM PST) by appointment. 
 
The BLM has evaluated the EPO titled Silicon Exploration Project Plan of Operations 
NVN-097820/Nevada Reclamation Permit Application, and has prepared an EA, DOI-BLM-NV-
B020-2020-0017-EA, that analyzes the affected environment, environmental impacts, and identifies 
environmental protection measures associated with the Project. The final EPO was submitted 
April 21, 2020, in accordance with the BLM Surface Management Regulations 43 Code of Federal 
Regulations (CFR) 3809, as amended. It has been assigned BLM case file number NVN-097820.  
 
The EPO is located approximately seven miles northeast of Beatty in Nye County, Nevada. The legal 
description of the EPO Area is provided in the table below. The EPO Area encompasses 
approximately 3,630 acres of public lands administered by the BLM Battle Mountain District Office. 
The proposed Silicon EPO Area is underlain by 305 lode claims that are owned or controlled by 
AGA or Renaissance Gold Inc. (EPO, Appendix C, Claim Information). 
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Project Legal Description* 

Townships Ranges Sections 
11 South 47 East 13, 23 through 27 
11 South 48 East 8 through 10, 14 through 22, 27 through 33 
12 South 47 East 12 through 17, 23, and 24 
12 South 48 East 4 through 7 

*Mt. Diablo Base and Meridian, Nevada 
 
AGA is currently acknowledged to conduct 4.75 acres of surface disturbance, including access road 
and drill site construction, within the Project Area under an Exploration Notice, BLM case file 
number NVN-095843. AGA proposes to conduct phased mineral exploration-related activities within 
a 3,630-acre Project Area, that would create up to approximately 150 acres of new surface 
disturbance for a total Project-related disturbance of approximately 155 acres. Exploration activities 
would be conducted in phases, with approximately 55 acres of new surface disturbance occurring 
under Phase I, including up to five acres of Notice-level disturbance. An additional 100 acres of 
surface disturbing activities would occur under subsequent phases. Under the existing Notice NVN-
095843, AGA could conduct up to five acres of disturbance. The proposed surface disturbing 
activities are anticipated to occur over a period of approximately ten years.  
 
Pursuant to NEPA and the Council on Environmental Quality regulations on implementing NEPA, 
the EA identifies, describes, and evaluates environmental protection measures (EPMs) that would 
mitigate the possible impacts of the preferred alternative. The short- and long-term impacts as 
disclosed in the EA are not considered to be significant to the human environment. The short-term 
impacts from implementation of the Project are local; they are not regional or national in nature. The 
long-term impacts resulting from the Project would be mitigated by concurrent reclamation during 
the life of the Project and meeting all reclamation requirements prior to ending the Project. 
 
Intensity 

1.   Impacts that may be both beneficial and adverse. 

Potential impacts to the environment as identified in Section 3 of the EA include the following: 
 

Lands and Realty 

The Proposed Action would not result in effects or changes to land ownership and would not 
result in conflicts, substantial modifications, or termination of the rights-of-way (ROWs) or 
land use authorizations within the EPO Area. Effects of the Proposed Action on lands and 
realty would be minor, short-term, and localized.  
 
Lands with Wilderness Characteristics 

The Project would result in up to 155 acres of surface disturbance, which could occur anywhere 
in the Project Area, and potentially within the Yucca Mountain LWC unit. Phase I activities 
would not occur within the LWC unit, but locations of disturbance under subsequent phases are 
unknown. These activities, in combination with the February 2020 wilderness characteristics 
inventory update findings of identifying three Wilderness Inventory Roads within the LWC 
unit, could eliminate the unit’s qualifying wilderness characteristics including naturalness and 
solitude, by bisecting the LWC unit and consequently reducing the LWC unit to less than 5,000 
acres. The three identified Wilderness Inventory Roads experience a variety of uses, and during 
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the February 11, 2020, field work, one drill rig, two water trucks, and several pick-up trucks 
associated with the drilling activities were seen driving on one of the three Wilderness 
Inventory Roads. 

 
The wilderness characteristics of the lands within the unit, particularly “solitude,” would be 
impacted by vehicles associated with Project activities using the three Wilderness Inventory 
Roads, as mineral exploration activities would likely be seen, heard, and felt by visitors within 
the LWC unit, as well as other activity (e.g., recreation) on the three roads. 
 
Migratory Birds 

Direct or indirect adverse effects to migratory birds from the Proposed Action are not 
anticipated. Direct effects resulting from the destruction of active nests or disturbance to 
breeding behavior are considered negligible, short-term, and localized. Indirect effects resulting 
from the temporary loss of potential foraging and breeding habitat are considered minor, short-
term, and localized. The EPM in Section 2.2.6.5 of the EA and reclamation of 155 acres of 
surface disturbance would minimize any potential adverse effects to migratory birds. 
 
Noxious Weeds, Invasive and Non-native Species 

Adverse effects to vegetation resources from noxious weeds, invasive and non-native species 
could include the spread and establishment of these species during surface disturbing activities, 
including travel and maintenance of the Project Access Roads. Potential adverse effects from 
the spread and establishment of noxious weeds, invasive and non-native species would be 
minimized by the EPM in Section 2.2.6.7 of the EA and concurrent reclamation; potential 
adverse effects are considered minor, short-term, and localized. 
  
Recreation 

Project Area roads would remain open during Project activities, and there would be no fencing 
to preclude use, except for fences around sumps to protect wildlife. There is other similar land 
available to dispersed recreational visitors in the vicinity of the Project Area. The organized 
OHV races contain stipulations for road repairs, and some have stipulations for notifications 
being sent to area stakeholders prior to the event. Any adverse effects to recreation would be 
minor, short-term, and localized. 
 
Soils 

Soils in the Project Area have a primarily low erosion hazard from water and a moderate 
erosion hazard from wind. Potential impacts to soils would be reduced by the EPMs outlined in 
Section 2.2.6.12 requiring the use of BMPs to minimize stormwater erosion. As a result of 
reclamation of all drill sites, sumps, overland travel, and road construction, the post‐exploration 
topography is expected to be like pre‐Project conditions, which would reestablish the site 
characteristics of slope and aspect of soil associations within the Project Area. As a result of 
the implementation of the EPMs in Section 2.2.6.12 of the EA and concurrent reclamation 
efforts, soil loss due to the surface disturbing activities associated with implementation of the 
Proposed Action would be minor, long‐term, and localized.  
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Special Status Species 

Exploration activities, including the construction of roads and overland travel, could disturb 
special status wildlife species due to the presence of humans and by creating noise and dust. 
However, foraging activities within the Project Area could continue since the proposed surface 
disturbance activities only cover approximately four percent of the entire Project Area (155 
acres out of a total of 3,630 acres). Indirect, localized, long‐term adverse effects to foraging 
activities would occur due to the temporary loss of vegetation as a result of Project-related 
surface disturbance. 
 
Two populations of black woollypod were identified during the NNHP data request. The first 
identified reference area had one Astragalus species, but that species lacked the dense, silvery 
hairs borne on the stems and leaflets that is characteristic of black woollypod and its look-
alikes. 

 
One individual in transition to the second identified reference area had dense silvery hairs, but 
the flowers and fruits that indicate the defining characteristics of black woollypod were not 
present, so no positive identification was possible. The second identified reference area had 
approximately ten individuals of the target milkvetch species. These individuals were in 
varying life stages, but several had flowers and fruits. These were positively identified as black 
woollypod. 

 
The terrain around the positively identified black woollypod reference population was that of 
loose talus hillsides of approximately 25 percent slope. The soil underneath the loose talus had 
a sandy clayey consistency, which appeared to be the limiting factor for the presence of black 
woollypod. 
 
Four locations were chosen via desktop analysis to review habitat characteristics in relation to 
black woollypod: two that had characteristics consistent with those of the reference site (e.g., 
areas of greater than 25 percent slope and with Zibate-Zyplar-Dedas soil association) and two 
contrasting sites that did not have these characteristics. 

 
Neither of the recon points (Recon Points 1 and 3) for potential positive habitat to support 
black woollypod had the characteristics observed within the reference population. Both recon 
points had slopes greater than or equal to 25 percent but had minimal talus present and the soils 
lacked the clay content necessary to support this species. Recon Point 1 also appeared to have 
been recently burned from a wildfire and as such had a much higher cover of annual grasses 
and exposed soils. 

 
The recon points (Recon Points 2 and 5) selected for potential negative habitat lacked all the 
characteristics necessary to support black woollypod. The slopes were less than 25 percent, 
talus was not well developed, bare ground was present, and the soils lacked the necessary clay 
content. 
 
Brewer’s sparrow (Spizella breweri), loggerhead shrike (Lanius ludovicianus), LeConte’s 
thrasher (Taxostoma lecontei), and golden eagle were observed during the migratory surveys. 
Potential adverse effects to breeding from the Project could include possible direct loss of nests 
(e.g., crushing) or indirect effects (e.g., abandonment) from increased noise and human 
presence within close proximity to an active nest site. Implementation of the EPM outlined in 
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Section 2.2.6.5 of the EA for migratory birds would ensure that prior to surface disturbance, a 
nesting survey for migratory birds (including BLM sensitive avian species) would be 
conducted and nests avoided if exploration activities occur during the avian breeding season. 
Vegetation removal would result in a reduction of breeding habitat for BLM sensitive avian 
species in the Project Area. This acreage would not all be disturbed at one time due to 
incremental disturbance and concurrent reclamation of the surface exploration disturbance. 
Potential adverse effects to migratory birds would be minor, long‐term, and localized. 
 
There was one golden eagle nest and five possible golden eagle nests within one mile of the 
Project Area. None of the nests were occupied during 2019 field surveys; however, one nest 
was active during 2020 field surveys. To avoid impacts to those nests, AGA would implement 
the EPM in Section 2.2.6.10 that states Project activities would not be conducted between 
January 1 and August 31 within one mile of a nest. However, if that is not practicable, a survey 
would be conducted after March 21 at eagle nest sites that are within one mile of the Project 
Area to determine occupancy. The timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from the NDOW based on consideration of bighorn sheep 
(Ovis canadensis) lambing activity. If a nest has a bird in an incubating/brooding posture, it 
would be assumed that the nest is active that year, and a one-mile disturbance buffer would be 
applied until August 31, or until it has been determined that 1) the nest has failed; or 2) the 
young have fledged and are no longer dependent on the nest. The buffer sizes may be reduced 
with approval from the US Fish and Wildlife Service (USFWS). If the nest is not active at the 
time of the surveys, the one-mile buffer would not apply and Project activities could 
commence. 
   
Survey data collected for this Project indicate high and moderate levels of bat use (defined as 
roost sites with high acoustic activity and/or moderate to high maternity use) at sites NY-0328, 
NY-0334, NY-0335, NY-1496, NY-1499, NY-2002, NY-2843, and NY-2844. To minimize 
potential adverse effects to bats, AGA would implement and follow the EPM outlined in 
Section 2.2.6.10 of the EA and avoid conducting drilling activities within a 200-yard buffer of 
the adit opening throughout the life of the Project. Potential adverse effects to bats are 
considered minor, long-term, and localized. 
 
BLM sensitive big game species, such as bighorn sheep, may avoid the Project Area due to 
noise and other anthropogenic disturbances generated by the Project. These potential adverse 
effects would temporarily reduce the available habitat area for BLM sensitive big game 
species. Potential adverse effects to these BLM sensitive big game species would be considered 
minor, short‐term, and localized. Additionally, sumps associated with drill sites would be built 
with an incline on one end to allow for egress/ingress for humans and fenced when necessary to 
preclude access. Implementation of the EPM outlined in Section 2.2.6.13 of the EA would help 
minimize impacts to BLM sensitive big game species. 
 
Surface and Groundwater Resources  

Potential adverse effects to surface water quality would result from spills and sedimentation or 
erosion from surface disturbing activities. The potential adverse effects to surface water quality 
from spilled petroleum products would be minimized by the implementation of the Spill 
Response and Contingency Plan included as Appendix D of the EPO. The potential adverse 
effects to surface water quality from sedimentation would be minimized by the implementation 
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of the EPMs outlined in Section 2.2.6.12 of the EA. Therefore, potential adverse effects to 
surface water resources would be considered negligible, long-term, and localized.  
 
Potential adverse effects to groundwater resources are not anticipated. The proposed Project 
includes 109 drill pads and drill holes during Phase I activities. The planned 
breakdown of drilling is approximately 70 RC drill holes (ranging between 60 to 79) and 39 
core holes (ranging between 30 and 49). Phase I activities would be implemented over 
approximately two years. The yearly implementation (approximately 35 RC holes and 
approximately 19 core holes) is similar to the Notice-level program and can be expected to 
have the similar net neutral to positive effect on the water resources. Subsequent phases of 
drilling are not yet planned, but are expected to have similar yearly implementations as the 
Phase I activities. 
 
AGA has no plans to apply for water rights with NDWR in the Project Area. AGA’s intent is to 
continue to source drill injection waters with annual temporary water right permits with 
NDWR, in conjunction with BWSD. 

 
The water resources (springs and water rights) along the Amargosa River valley are greater 
than 3.5 miles away from the recent Notice-level and proposed Project drilling. Due to the net 
positive water balance observed in the area of the Notice-level drilling and the remote distance 
of the nearest receptors, impacts to groundwater resources are considered minor, long-term, and 
localized. 
 
Vegetation 

Approximately 155 acres would be disturbed over the ten‐year Project life as a result of 
implementation of the Proposed Action. Approximately 150 acres of proposed disturbance is 
associated with phased surface exploration activities that could occur in any of the ecological 
sites in the Project Area. However, since the blackbrush dominated community occurs in 
almost the entire Project Area, it is anticipated that all proposed disturbance would occur in this 
community. The surface disturbance associated with exploration activities within the Project 
Area would be reclaimed and reseeded concurrently whenever feasible. Any surface 
disturbance related to the Proposed Action would not result in the loss of any unique vegetation 
community but would still result in a temporary loss of vegetation. Reclamation associated 
with the Proposed Action would begin upon completion of Project activities using a 
BLM-approved seed mixture. Monitoring activities are included in the Proposed Action, which 
would ensure that the revegetation meets reclamation standards. Potential adverse effects to 
vegetation as a result of surface disturbing activities associated with implementation of the 
Proposed Action would be minor, long‐term, and localized. 
 
Wildlife 

Adverse direct effects to wildlife would consist of disturbance from human activity, noise, and 
potential mortality from vehicle collisions, and indirect impacts would consist of temporary 
habitat loss and potential infestation of noxious weeds that would reduce the quality of the 
habitat. Approximately 155 acres of proposed disturbance associated with surface exploration 
activities could occur anywhere within the Project Area and would be created incrementally 
over the potential ten-year Project life.  
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During exploration, sumps associated with drill sites would be constructed with a sloped end 
for egress and when necessary, fenced, backfilled, or covered within 30 days of construction 
completion to preclude access. After exploration activities have been terminated, reclamation 
would involve regrading disturbed areas related to this Project to their approximate original 
contour, and reseeding with a BLM-approved weed free seed mix. Reclamation would be 
completed no later than two years after the completion of activities under the Proposed Action, 
with monitoring for revegetation success continuing until revegetated areas are released. 
Invasive, non‐native species reduce the quality of habitat for wildlife. Project‐related activities 
increase the potential for the spread of these species further reducing the quality of wildlife 
habitat in the Project Area. AGA would implement EPMs for noxious weeds, outlined in 
Section 2.2.6.7 of the EA, which would mitigate or reduce the potential adverse effects of 
noxious weeds and invasive species to wildlife habitat. Potential adverse effects associated 
with the loss of wildlife habitat are considered minor, long‐term, and localized. 
Due to surface disturbing activities, there would be a potential of direct mortality to small 
mammals (e.g., being crushed by vehicles or equipment). Surface disturbing activities would 
also impact small mammal habitat by removing vegetation and rocks and potentially disturbing 
burrows. Disturbed habitat would be reseeded with a reclamation seed mix that would include 
forage species for small mammals. Although mortality of small mammals could occur, 
potential adverse effects would be considered minor, short‐term, and localized. 
 
Large mammals, such as mule deer, may avoid the Project Area due to noise generated by the 
Project. These potential adverse effects would temporarily reduce the available habitat area for 
large mammals. Potential adverse effects to these large mammals would be considered minor, 
short‐term, and localized. Additionally, as outlined in the EPM in Section 2.2.6.13 of the EA, 
sumps associated with drill sites would be constructed with a sloped end for egress and when 
necessary, fenced, backfilled, or covered within 30 days of construction completion to preclude 
access.    
 
Reptiles would be impacted by surface disturbing activities, which would remove vegetation 
and disturb soil. Surface disturbance would remove potential areas for the sagebrush lizard and 
western whiptail to lay their eggs or could destroy eggs laid within disturbance areas. Loss of 
vegetative cover and burrows could result in greater mortality due to predators. Temporary 
disturbance would reduce the foraging area but would be restored through reclamation. 
Potential adverse effects to reptiles would be minor, short‐term, and localized.  
 

2.   The degree to which the proposed action affects public health and safety.  

The effects of the Project on both public health and safety would not have significant adverse 
impacts as AGA would be required to follow the Mine Safety and Health Administration 
regulations along with maintaining all equipment and facilities in a safe and orderly manner. 
 
Through adherence to EPMs, and Best Management Practices (BMPs), the Project would not 
result in potentially substantial or adverse impacts to public health and safety. Public safety 
would be maintained throughout the life of the Project. A complete list of EPMs can be found 
in Section 2.2.6 of the EA.  
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3.   Unique characteristics of the geographic area such as proximity of historic or cultural 
resources, park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically 
critical areas.  

AGA would conduct exploration activities in accordance with applicable state and federal 
regulations. As part of the baseline data collection to support the NEPA analysis for this 
proposed Project, a Class III cultural resources inventory was conducted in the entire Project 
Area, to identify cultural sites and sites that are eligible for the National Register of Historic 
Places (NRHP).  
 
AGA would notify the BLM‐authorized officer, by telephone, and with written confirmation, 
immediately by telephone and in writing within 72 hours upon the discovery of human 
remains, funerary objects, sacred objects, or objects of cultural patrimony. AGA would 
immediately stop all activities within 100 meters of the discovery and not commence again 
until a notice to proceed is issued by the BLM‐authorized officer. 
 
Any undiscovered cultural resources identified by AGA, or any person working on their  
behalf, during the course of activities on federal land would immediately be reported to 
the authorized officer by telephone and in writing within 72 hours. The permit holder 
would suspend all operations within 100 meters of such discovery and protect it until 
an evaluation of the discovery can be made by the authorized officer. 
 
There are no park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically 
critical areas in the Project Area or vicinity. 
 

4.   The degree to which the effects on the quality of the human environment are likely to be 
highly controversial. 

The Project is not expected to have effects on the quality of the human environment such that 
they are highly controversial. The parameters of the Project activities, along with associated 
reclamation are well established. The Project Area is isolated from human habitations. Except 
for mineral exploration, wildlife habitat, and recreation uses, the Project Area is typically 
uninhabited. 
 
Reclamation measures would return the Project Area to its pre-Project uses of wildlife habitat 
and dispersed recreation. 
    

5.   The degree to which the possible effects on the human environments are highly uncertain or 
involve unique or unknown risks. 

There are no known effects of the Project identified in the EA that would be considered highly 
uncertain or involve unique or unknown risks. Project activities similar to what has been 
included in the Project have been conducted numerous times over many years on BLM-
administered land and the effects are well understood. This is demonstrated through the effects 
analysis in Section 3 of the EA. 
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6.   The degree to which the action may establish a precedent for future actions with significant 
effects or represents a decision in principle about a future consideration. 

The Project will not establish a precedent for future actions with significant effects or represent 
a decision about a future consideration. Completion of the EA does not establish a precedent 
for other assessments or authorization of other development Projects including additional 
actions in the Project Area. Any future Projects within the area or in surrounding areas will be 
analyzed on their own merits, independent of the actions currently selected. 
 

7.   Whether the action is related to other actions with individually insignificant but cumulatively 
significant impacts. 

Direct and indirect impacts of the Proposed Action were analyzed in Section 3 (Environmental 
Consequences) of the EA. None of the environmental impacts disclosed under item 1 above 
and discussed in detail in Section 3 of the EA are considered significant. Past, present, and 
reasonably foreseeable future actions as identified in Section 4 of the EA have been considered 
in the cumulative impacts analysis within Section 4 of the EA. The cumulative impacts analysis 
examined all the affected resources and all other appropriate actions within the Cumulative 
Effects Study Areas and determined that the Project would not incrementally contribute to any 
significant impacts. In addition, for any actions that might be proposed in the future, further 
site-specific environmental analysis, including assessment of cumulative impacts, would be 
required.  
 

8.   The degree to which the action may adversely affect districts, sites, highways, structures, or 
objects listed in or eligible for listing in the National Register of Historic Places or may 
cause loss or destruction of significant scientific, cultural, or historic resources. 

Adverse effects to cultural resources would not occur, as AGA has committed to avoiding all 
sites eligible for listing on the NRHP by a buffer of 30 meters, as outlined in the EPM in 
Section 2.2.6.2 of the EA. Adherence to the EPM would result in a “no historic properties 
effected” determination.     
 

9.   The degree to which the action may adversely affect an endangered or threatened species or 
its habitat that has been determined to be critical under the Endangered Species Act of 1973. 

The USFWS, the Nevada Natural Heritage Program (NNHP), and Nevada Department of 
Wildlife were contacted to obtain a list of threatened, endangered, and sensitive species that 
have the potential to occur within the Project Area.  In addition, the most recent BLM Sensitive 
Status Species List, which includes threatened and endangered species, was evaluated to 
determine if any species had the potential to occur within the Project Area and vicinity. 
 
The USFWS indicated the following two endangered and one threatened species that may be 
affected by Project activities: southwestern willow flycatcher (Empidonax traillii extimus), 
Endangered; Yuma clapper rail (Rallus longirostris yumaensis), Endangered; and desert 
tortoise (Gopherus agassizi), Threatened. There were no critical habitats identified in the 
Project Area. The NNHP reported that the Funeral Mountain milkvetch (or BLM-preferred 
naming of black woollypod) (Astragalus funereus), a global and state ranked Imperiled and 
BLM sensitive species, has been recorded in the Project Area. 
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The southwestern willow flycatcher and Yuma clapper rail were not observed during the 2019 
field surveys; the Project Area does not contain suitable habitat for either species as they are 
riparian obligate species. 

Focused desert tortoise protocol-level 100 percent coverage presence/absence surveys were 
conducted in the Project Area March 1, 2019, to June 5, 2019. Vegetation in the Project Area 
consisted of mixed desert shrub communities mostly dominated by blackbrush ( Coleogyne 
ramosissima). Other common shrubs included spiny menodora (Menodora spinescens), 
Mexican bladdersage (Salazaria mexicana), winterfat (Krascheninnikovia lanata), jointfir 
(Ephedra sp.), desert-thorn (Lycium sp.), Mojave indigobush (Psorothamnus arborescens), and 
Mojave woodyaster (Xylorhiza tortifolia). Scattered Joshua trees (Yucca brevifolia), creosote 
bush (Larrea tridentata), burrobush (Ambrosia dumosa), and sagebrush (Artemisia sp.) were 
also present. Abundant native annuals included phacelia (Phacelia sp.), fiddleneck (Amsinckia 
sp.), pincushion (Chaenactis sp.), desertdandelion (Malacothrix sp.), lupine (Lupinus sp.), and 
milkvetch (Astragalus sp.). The invasive grass red brome (Bromus rubens) was observed 
throughout the Project Area. During surveys, there were several areas that biologists 
determined were not suitable to survey because of the steep terrain and loose rock that made 
the areas treacherous. After adjusting for the removed areas, biologists surveyed a total length 
of 533.7 miles of transects and encountered 194 burrows, none of which were definitively 
identified as constructed by desert tortoise (Class 1, 2, or 3). No live tortoises or tortoise signs 
were observed during surveys of the Project Area. However, two adult tortoises were 
encountered incidentally outside of official surveys. One adult female tortoise was encountered 
approximately two miles south of the Project Area while the survey crew was leaving the 
Project. The second tortoise was an adult of unknown sex observed by one of the AGA 
geologists on the western edge of the Project Area. AGA geologists/drilling teams also 
encountered two carcasses and a live tortoise while undertaking surface mapping and sampling 
activities within their claims in 2018, which AGA reported to the BLM via email on May 23, 
2018. 

USFWS formal consultation in compliance with Section 7 of the Endangered Species Act of 
1973, as amended (ESA) was completed on November 25, 2019 (08ENVS00-2020-F-0017 and 
1-5-01-F-570). The USFWS concluded that the Project is not likely to jeopardize the continued 
existence of the threatened Mojave desert tortoise (Gopherus agassizi). The Proposed Action 
was appended to the Tonopah Programmatic Biological Opinion. 

JO. Whether the action threatens a violation of Federal, State, or local law or requirements 
imposed for the protection of the environments. 

The Project will not violate or threaten to violate any federal, state, or local law or requirement 
imposed for the protection of the environment. 

C2 ' 
Perry B. Wickham 
Field Manager 
Tonopah Field Office 

)vly 241 ,Zo-z_o 
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1.0 Introduction 

This Environmental Assessment (EA) analyzes the environmental consequences of the United 
States (U.S.) Fish and Wildlife Service (Service) issuing an incidental take permit for the take of 
golden eagles (Aquila chrysaetos) associated with the Silicon Exploration Project (Project) 
pursuant to the National Environmental Policy Act (NEPA) (42 United States Code [U.S.C.] §§ 
4321–4347). Issuance of an eagle take permit by the Service for take that is incidental to 
otherwise lawful activities under the Bald and Golden Eagle Protection Act (Eagle Act) (16 
U.S.C. §§ 668–668d and 50 Code of Federal Regulations [CFR] § 22.26) constitutes a 
discretionary federal action that is subject to NEPA. This EA assists the Service in ensuring 
compliance with NEPA, and in making a determination as to whether any “significant” impacts 
could result from the analyzed actions that would require preparation of an Environmental 
Impact Statement (EIS). This EA evaluates the effects of alternatives for the Service’s decision 
whether to issue an eagle take permit. 

The Eagle Act authorizes the Service to issue eagle take permits only when the take is 
compatible with the preservation of each eagle species, defined as “consistent with the goals of 
maintaining stable or increasing breeding populations in all eagle management units and the 
persistence of local populations throughout the geographic range of each species” (50 CFR 22.3). 

The Applicant, AngloGold Ashanti North America (AGA, Applicant), is requesting Eagle Act 
take coverage for resource exploration associated with the Project and has submitted an 
incidental eagle take permit application to the Service. The Project’s Eagle Conservation Plan 
(ECP) (Appendix A) is the foundation of the application from the Applicant. 

The Applicant is requesting a permit for reoccurring disturbance to and loss of annual 
productivity from breeding golden eagles for up to 10 times over no more than 10 years. This EA 
evaluates whether issuance of the incidental eagle take permit would have significant impacts on 
the existing human environment. “Significance” under NEPA is defined by regulation at 40 CFR 
1508.27, and requires short- and long-term consideration of both the context of a proposal and its 
intensity. 

This proposal conforms with, and carries out, the management approach analyzed in, and 
adopted subsequent to, the Service’s Programmatic Environmental Impact Statement (PEIS) for 
the Eagle Rule Revision, December 2016 (USFWS 2016a). Project-specific information not 
considered in the PEIS has been considered in this EA as described below. Based on this Project-
specific analysis and application of the criteria provided in the PEIS, the Service has determined 
that an EA is the appropriate level of review. 
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1.1 Purpose and Need 

The Service’s purpose in considering the proposed action is to fulfill their authority under the 
Eagle Act (16 U.S.C. §§ 668–668e) and its regulations (50 CFR § 22). Applicants whose 
otherwise lawful activities may result in take of eagles can apply for eagle incidental take 
permits so that their projects may proceed without potential violations of the Eagle Act. The 
Service may issue eagle take permits for eagle take that is associated with, but not the purpose 
of, an activity. Such permits can be issued by the Service when the take that is authorized is 
compatible with the Eagle Act preservation standard; it is necessary to protect an interest in a 
particular locality; it is associated with, but not the purpose of, the activity; and it cannot be 
practicably avoided (50 CFR § 22 and 81 Federal Register 91494). 

The need for this action is a decision on an eagle incidental take permit application from AGA. 
The decision must comply with all applicable regulatory requirements and be compatible with 
the preservation of eagles. 

1.2 Authorities 

Service authorities are codified under multiple statutes that address management and 
conservation of natural resources from many perspectives, including, but not limited to the 
effects of land, water, and energy development on fish, wildlife, plants, and their habitats. This 
analysis is based on the Eagle Act (16 U.S.C. 668–668e) and its regulations (50 CFR 22). The 
PEIS (USFWS 2016a) has a full list of authorities that apply to this action (USFWS 2016a: 
Section 1.6, pages 7-12), which are incorporated by reference here. 

1.3 Background 

AGA’s Plan of Operations (Plan) has been approved by the BLM Battle Mountain District 
Office, Tonopah Field Office (BLM 2020). Under the Plan, AGA is approved to conduct 
exploration drilling within the Project Plan boundary (Figure 1-1). The Project is located 
approximately seven miles northeast of Beatty, Nevada in Nye County and can be accessed in 
two directions from Beatty, Nevada: 1) traveling south 1.3 miles on U.S. Highway 95 (US 95) 
and approximately 8.9 miles up Fluorspar Canyon Road (Nye County Road 249) and Tate’s 
Wash Road (Nye County Road 926019); and 2) traveling 3.6 miles north on US 95 and 
approximately 4.1 miles east on the North Beatty Wash Road (Nye County Road 926026) that 
connects to the Beatty Wash Road (Nye County Road 926025) at the Project.  

The Project includes conducting an exploration drilling program within the approximately 3,630-
acre Plan boundary to determine the extent and quality of a mineral resource within the 
approximately. Surface-disturbing activities are approved for up to 155 acres, and consist of an 
existing road network for Project access, reverse circulation and core drilling from constructed 
drill sites, road construction and overland travel, bulk sampling, geotechnical auger holes and 
geological test pits, geologic and geophysical mapping, water monitoring well and water 



Environmental Assessment 3 Silicon Exploration Project 

extraction well installation, and construction of a meteorological station. The disturbance occurs 
in phases, and Phase I consists of approximately 50 acres of surface disturbance in addition to 
five acres of Notice-level surface disturbance for a total of approximately 55 acres. The 
remaining 100 acres of disturbance will occur under subsequent phases (155 acres total) over 
approximately 10 years. Exploration activities may occur year-round and 24 hours per day, with 
up to four drill rigs operating at one time and up to 20 personnel present. 

Within the vicinity of the BLM-approved drilling, six nest sites (SI-301, SI-302, SI-303, SI-304, 
SI-305, and SI-502), thought to represent one breeding pair’s territory, are located on natural 
features. The location of the ore body occurs in the immediate proximity of the nest sites. 

The Project area (Silicon Exploration Project Plan of Operations boundary and a surrounding 
four-mile radius) includes various rock outcrops that serve as potential eagle nesting areas. 
Vegetation communities are dominated by Mojave Mid-Elevation Mixed Desert Scrub, Sonora-
Mojave Creosotebush-White Bursage Desert Scrub, and Inter-Mountain Basins Semi-Desert 
Shrub Steppe, which provide habitat of varying ranges for golden eagle prey base. Limited water 
sources are present in the Plan boundary, and the majority of seeps and springs in the Project 
area are present along the Amargosa River, which is approximately three miles west of the nest 
sites. In addition, paved and non-paved roads are located in the Project area, including US 95, 
that provide carrion for eagles and represent potential scavenging habitat. 

1.4 Scoping, Consultation, and Coordination 

This EA incorporates by reference the scoping performed for the PEIS (USFWS 2016a: Chapter 
6, page 175). A draft of this EA, the Applicant’s ECP, and a draft Finding of No Significant 
Impact was made public on the Service’s Pacific Southwest Region webpage 
(https://www.fws.gov/cno/conservation/MigratoryBirds/EaglePermits.html) for 30 days to solicit 
public comments beginning December 20, 2022. The Service received one public comment letter 
on the draft EA and revisions were incorporated into the EA as a result of substantive comments, 
as appropriate. Public comments and responses are included in Appendix B.  

1.5 Tribal Coordination 

Tribal participation is an integral part of the NEPA and the National Historic Preservation Act 
(NHPA) process, as well as a key component of determining whether to issue an eagle take 
permit. Cultural and religious concerns regarding eagles were analyzed in the PEIS (USFWS 
2016a), and tribal consultation was conducted for the PEIS (USFWS 2016a). The PEIS (USFWS 
2016a) identified tribal coordination as an important issue for subsequent analysis, given the 
cultural importance of eagles to the tribes. In accordance with Executive Order 13175, 
Consultation and Coordination with tribal governments (65 Federal Register 67249, November 
9, 2000), the NHPA Section 106 (36 CFR 800) and the Service’s Native American Policy, the 
Service consults with Native American tribal governments whenever actions taken under the 

https://www.fws.gov/cno/conservation/MigratoryBirds/EaglePermits.html
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authority of the Eagle Act may affect tribal lands, resources, or the ability to self-govern. This 
coordination process is also intended to ensure compliance with the American Indian Religious 
Freedom Act. 

The Service sent letters to eight federally recognized tribal governments located within 109 miles 
(the natal dispersal distance of golden eagles, thought to adequately define the species local area 
population [LAP]) of the Project informing them of the received permit application and 
preparation of this EA, and offering the opportunity for formal consultation regarding potential 
issuance of the permit. In addition, comments from Tribes are also encouraged and welcomed 
during the 30-day comment period on the EA. 

2.0 Proposed Action and Alternatives 

In this analysis, and in our consideration of take authorization to the Applicant, each incident of 
“take” results in loss of productivity for a single season for a single eagle breeding pair. Take 
that may result in injury or mortality of eagles is not expected nor would it be authorized under 
this permit. While the available data indicates one breeding territory is most likely to be 
impacted by activities, as these pairs have nests located in the vicinity of the Project Area, eagle 
populations are dynamic with shifting territory boundaries and eagle pairs may establish new 
nest locations. New territories and new nesting locations may be identified in the Project Area or 
its vicinity over the life of the permit. To allow for operational flexibility, the Applicant may 
utilize the 10 take authorizations for no more than ten years and as needed should nesting 
locations differ within the Project Area. Effects of up to ten incidents of take over ten years is 
expected to be the same, regardless of exact location. 

2.1 Alternative 1: Proposed Action 

The Service proposes to issue an incidental eagle take permit, with associated conditions, to the 
Applicant for disturbance to and loss of annual productivity of breeding golden eagles, as 
allowed by regulation (Proposed Action). The permit would be issued for up to 10 incidents of 
take over no more than 10 years.  

Under this alternative, all monitoring and adaptive management measures, minimization 
measures, and detection and reporting measures outlined in Section 2.11-2.13 would be permit 
requirements. Monitoring associated with the permit would be conducted as outlined in Table 
2-1 and by a third party monitor as required by our regulations.  

2.1.1 Compensatory Mitigation 

Compensatory mitigation would be conducted within the Pacific Flyaway Eagle Management 
Unit (EMU). The Applicant would provide the compensatory mitigation at the required 1.2:1 
ratio by retrofitting electric utility poles, as discussed in the 2016 PEIS. The intent would be to 
minimize the potential for eagle electrocutions and ensure that the effects of eagle incidental take 
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are offset at the population level. The amount of compensatory mitigation required for the lost 
productivity has been determined through the Service’s Golden Eagle Resource Equivalency 
Analysis (REA) (USFWS, 2013). The permit would require 90 to 207 electric utility poles to be 
retrofitted to offset the impacts to golden eagle breeding territories. The exact number of retrofits 
depends on the longevity of each pole’s retrofit. Simple retrofits are accomplished by placing 
plastic covers on electric components. As plastic covers are a temporary solution, once 
retrofitted, the power pole is considered “eagle safe” for 10 years. If a pole is reframed or 
reconstructed, the pole is made permanently safe for eagles because adequate spacing is provided 
between electrical components. The Service gives a 30-year credit for this type of retrofit 
(USFWS, 2013).  

AGA would provide compensatory mitigation for five incidents of take no later than 30 days 
after permit issuance. At the five-year review, the Service and AGA would consult and evaluate 
the amount of mitigation owed or credited for the remainder of the permit authorization period. 

2.1.2 Adaptive Management 

Continued monitoring will inform the Applicant on the status of existing nests as well as if new 
nests are being constructed near the Project and its associated activities. If monitoring determines 
that multiple take events may occur in a given year, and that the Proponent is approaching their 
take permit limits (i.e., up to 10 takes over no more than 10 years), adaptive management would 
be implemented. First, the Applicant would apply avoidance buffers on in-use/occupied nests to 
prevent incidental take (no surface-disturbing activities within one mile of an in-use/occupied 
nest during breeding season including early courtship through post fledging nest dependency 
(i.e., December 15 through July 15). If avoidance is not practicable, the Proponent may request a 
permit amendment from the Service. During annual monitoring, should a bald eagle nest be 
discovered in the project area, the Applicant would implement protective buffers and coordinate 
with the Service.. Additionally, at the five-year review of the permit, the Service may consider 
additional adaptive management strategies, if necessary, in coordination with the Applicant. 

2.1.3 Eagle Nest Monitoring 

The Applicant will monitor eagle nest sites annually using independent, third party monitors that 
report directly to the Service. The project area eagle nest monitoring will inform the applicant 
and agencies when golden eagle nests are in-use in the project area in order to validate the 
number of take incidents that occur, and ensure compliance with the permit authorization.  

2.1.4 Five Year Review 

Long term eagle incidental take permits require we conduct five year reviews. During the five 
year review process, we would evaluate if take occurred for each known breeding territory in 
each year. For example, should disturbance occur within one mile of a golden eagle nest during 
the courtship phase, or egg laying period of the breeding season (January 15 – April 1), the 
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Service would assume project activities prevented eagles from breeding and a take incident 
occurred. If the applicant’s data validates no disturbance occurred within one mile of a breeding 
pair’s nest site until after April 1 in a given year, and monitoring confirms nests are not in-use, 
the Applicant could proceed with their Project activities and the Service would determine no take 
occurred. We would take into consideration any alternate nests used within a given territory 
when evaluating the Project data and making these determinations.  

After assessing how many take incidents occurred during the first five years, we would then 
evaluate how much compensatory mitigation might be either credited or owed for the remainder 
of the 10 year permit duration. 

2.2 Alternative 2: No Action Alternative 

Under the No Action Alternative, the Service would take no further action on AGA’s permit 
application. However, the Service must take action on the permit application and determine 
whether to deny or issue the permit. Accordingly, this alternative is considered because Service 
policy requires evaluation of a No Action Alternative and it provides a clear comparison of any 
potential impacts to the human environment from the Proposed Action. The No Action 
Alternative in this context analyzes predictable outcomes of the Service not issuing a permit. 
Should a Permit not be issued, compensatory mitigation would not be required. Thus, for 
purposes of analyzing the No Action Alternative, the conservation measures proposed in the 
Permit application package would not be required. The Applicant may choose to voluntarily 
implement some, none, or all of those conservation measures. Under this alternative, it is 
assumed that the Applicant would take reasonable steps to avoid taking eagles, but AGA would 
not be protected from enforcement for violating the Eagle Act should take of an eagle occur. 

2.3 Common to All Alternatives 

This section describes components of the Project that are the same for the Proposed Action and 
No Action Alternative whether or not a permit is issued. If a permit is issued, these measures 
would become permit requirements. 

2.3.1 Monitoring 

The Applicant will implement all measures required by other agencies and jurisdictions to 
conduct the activity at this site, including applicant-committed Environmental Protection 
Measures (ACEPMs). The applicant will implement all conservation measures and commitments 
summarized below. Monitoring will be implemented over the life of the Project. Table 2-1 
presents a summary of the ACEPMs with monitoring and a schedule for implementation per the 
existing BLM NEPA document (BLM 2020).  
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Table 2-1 ACEPM Monitoring Schedule 

ACEPM Monitoring Actions Duration 

ACEPM 1 

A nest survey would be conducted by a qualified biologist prior to 
any surface disturbance associated with exploration activities during 
the avian breeding season (March 1 through July 31) for raptors and 
other migratory birds. Pre-disturbance surveys for migratory birds 
are only valid for 14 days. If the disturbance for the specific location 
does not occur within 14 days of the survey, another survey would 
be needed. If active nests are located, or if other evidence of nesting 

Annually as needed for 
the life of the Project. 

(i.e., mated pairs, territorial defense, carrying nest material, 
transporting food), a protective buffer (the size depending on the 
habitat requirements of the species) would be delineated after 
consultation with the BLM resource specialist. Source: BLM 2020 

ACEPM 2 

Annual surveys would be conducted at golden eagle nest sites that 
are within one mile of the Project Area to determine nest status. The 
timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from the Nevada Department 
of Wildlife (NDOW) based on consideration of bighorn sheep (Ovis 
canadensis) lambing activity. Source: BLM 2020 

Annually as needed for 
the life of the Project. 

ACEPM 3 
Vehicle speeds on undeveloped access roads shall not exceed 15 
miles per hour (mph) and 25 mph on more improved main access 
roads. Source: BLM 2020 

For the life of the Project. 

Source: BLM 2020 

2.3.2 Minimization Measures 

AGA is implementing the following measures and will continue to implement the measures to 
minimize impacts to golden eagles from the Project.  

Carcass Management: Staff will remove carcasses from all roadways within the Plan boundary 
when on site and dispose of them appropriately to reduce the risk of vehicle collisions. 

Employee Awareness and Training Program: Staff and contractors working on the Project will 
be provided training on reducing risks to eagle collisions, reporting eagle and nest observations, 
and any Service requirements provided within the eagle permit. 

2.3.3 Detection and Reporting Measures 

Eagle injuries, mortalities, and previously undocumented eagle nests may be detected through 
incidental observations by AGA personnel and contractors. To improve the probability that 
injuries and mortalities do not go undetected, AGA field staff will be advised to remain alert for 
eagles within exploration areas and access roads at all times. The detection of any new nest sites 
will occur through incidental observations and any monitoring that occurs. 

In the event that a new nest is detected within proximity to exploration activities, the AGA 
Environmental Department or designee will record the circumstances and conditions associated 
with the observation. Among the information recorded and reported to the Service will be the 
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date and time of the detection, the Global Positioning System location (North American Datum 
83), the status of the nest, and if possible, the species. 

When AGA personnel or their contractors encounter a golden eagle injury or mortality within the 
Plan boundary, they must report the incident to the AGA Environmental Representative. 
Personnel must not handle dead or injured eagles unless specifically directed to do so by the 
Service. In the event of an eagle injury, AGA’s Environmental Representative will notify the 
Service and NDOW immediately (the same business day) and in the event of mortality, 
notification will occur by the next business day. 

2.4 Other Alternatives Considered but Not Evaluated in this Environmental Assessment 

The Service considered other alternatives based on communication with the Applicant but 
concluded that these alternatives did not meet the purpose and need underlying the action 
because they were impracticable for the Applicant to carry out or did not adequately address the 
risk of take at the Project. Therefore, the Service did not assess the potential environmental 
impacts of those alternatives. Below is a summary of the alternatives considered but eliminated 
from further review. 

2.4.1 Alternative 3: Deny Permit 

Under this alternative, the Service would deny the permit application because the Applicant falls 
under one of the disqualifying factors and circumstances denoted in 50 CFR 13.21, the 
application fails to meet all regulatory permit issuance criteria and required determinations listed 
in 50 CFR 22.26, or because the Service determined that the risk to eagles is so low that a take 
permit is unnecessary. 

Our permit issuance regulations at 50 CFR 13.21(b) set forth a variety of circumstances that 
disqualify an Applicant from obtaining a permit. None of the disqualifying factors or 
circumstances denoted in 50 CFR 13.21 apply to AGA. Next, the Service considered whether the 
Applicant meets all issuance criteria for the type of permit being issued. For eagle take permits, 
those issuance criteria are found in § 22.26(f). AGA’s application meets all the regulatory 
issuance criteria and required determinations (50 CFR 22.26) for eagle take permits. 

When an Applicant for an eagle take permit is not disqualified under 50 CFR 13.21 and meets all 
the issuance criteria of 50 CFR 22.26, denial of the permit is not a reasonable option. Therefore, 
this alternative, denial of the permit, was eliminated from further consideration. 

3.0 Affected Environment 

This section describes the current status of the environmental resources and values that are 
affected by the Proposed Action and alternatives. 
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3.1 Golden Eagles 

General information on the population trends, distribution, and habitat of golden eagles are 
detailed in the PEIS (USFWS 2016a: Sections 3.3 and 3.4). This section more specifically 
describes the golden eagle population in the Project area. 

3.1.1 Project Area Habitat 

Foraging Habitat 

Vegetation communities in the Project area have been mapped by the Southwest Regional Gap 
Analysis Project (SWReGAP) in land cover files (USGS 2011). The SWReGAP mapping shows 
24 vegetation communities occurring within the four-mile radius of the Plan boundary (Table 3-
1). Three are mapped as over five percent of the Project area: Mojave Mid-Elevation Mixed 
Desert Scrub (46 percent), Sonora-Mojave Creosotebush-White Bursage Desert Scrub (30 
percent), and Inter-Mountain Basins Semi-Desert Shrub Steppe (13 percent). Each of the 
remaining 21 communities account for approximately 11 percent of the Project area. The 
potential foraging value of the various habitat types present in the region has not been quantified, 
but in general, they support golden eagle prey base at varying degrees which supports golden 
eagle foraging. Cliffs, canyons, and outcrops have the potential to support nesting golden eagles. 

Table 3-1 SWReGAP Vegetation Communities within the Project Area 

Vegetation Community Acres Percent 
Agriculture 138 0.12% 
Developed, Open Space - Low Intensity 651 0.55% 
Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland 6 0.01% 
Great Basin Pinyon-Juniper Woodland 178 0.15% 
Great Basin Xeric Mixed Sagebrush Shrubland 1,065 0.90% 
Inter-Mountain Basins Big Sagebrush Shrubland 474 0.40% 
Inter-Mountain Basins Cliff and Canyon 36 0.03% 
Inter-Mountain Basins Greasewood Flat 42 0.04% 
Inter-Mountain Basins Mixed Salt Desert Scrub 1,199 1.01% 
Inter-Mountain Basins Montane Sagebrush Steppe 105 0.09% 
Inter-Mountain Basins Semi-Desert Grassland 9 0.01% 
Inter-Mountain Basins Semi-Desert Shrub Steppe 15,443 13.04% 
Invasive Annual and Biennial Forbland 2 0.00% 
Invasive Annual Grassland 11 0.01% 
Mojave Mid-Elevation Mixed Desert Scrub 54,305 45.85% 
North American Arid West Emergent Marsh 27 0.02% 
North American Warm Desert Bedrock Cliff and Outcrop 5,653 4.77% 
North American Warm Desert Lower Montane Riparian Woodland and Shrubland 266 0.22% 
North American Warm Desert Playa 608 0.51% 
North American Warm Desert Volcanic Rockland 634 0.54% 
North American Warm Desert Wash 26 0.02% 
Recently Mined or Quarried 233 0.20% 
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Vegetation Community Acres Percent 
Sonora-Mojave Creosotebush-White Bursage Desert Scrub 35,485 29.96% 
Sonora-Mojave Mixed Salt Desert Scrub 1,840 1.55% 

Total 118,438 100.00 
*Bold denotes dominant habitat types. 

Other habitat types that are believed to represent golden eagle foraging habitats in the region 
include roads and natural water sources. Paved (e.g., US 95) and non-paved roads are located 
within the Project area. Golden eagles frequently feed on roadkill and other carrion (especially 
during winter) even when live prey is available; golden eagles consume fresh carrion during the 
nesting season (Kochert and Steenhof 2002). Roads within the Project area, particularly 
improved roads that allow vehicles to travel at higher speeds, represent golden eagle scavenging 
habitat (note, however, that they also present a substantial hazard to golden eagles, which are at 
risk of being killed or injured by vehicle strikes). Springs provide a reliable water source for 
eagle prey and, therefore, have the potential to allow for higher concentrations of eagle prey in 
those areas. There are multiple seeps and springs and intermittent and ephemeral drainages along 
the Amargosa River approximately three miles west of the nest sites. Riparian habitats, 
agricultural pivots, and pastures in the Project area also support populations of rodents and 
lagomorphs.  

Nesting Habitat 

Golden eagle nesting habitat includes cliff and rock outcrops in Beatty Wash, the Yucca 
Mountains to the and east, and the Bare Mountains to the south Golden eagles may nest in trees 
if available. 

Other Topographic Features Attractive to Eagles 

Tops of slopes oriented perpendicular to prevailing winds or near ridge crests of cliff edges are 
features that are conducive to slope soaring and are attractive features for eagles. Mountainous 
areas that include ridgelines and slopes with a variety of aspects, such that winds from multiple 
directions would create deflection currents, are also suitable for soaring. Saddles or low points on 
ridge lines or near riparian corridors may serve as flight paths. 

3.1.2 Project Area Golden Eagle Population  

The golden eagle nesting territories within the four-mile radius of the Project were delineated 
based on surveys conducted in 2019 and 2020, as well as information provided by NDOW. A 
total of four distinct territories were delineated based on proximity of nests to one another and 
concurrent use of adjacent nests. Appendix C summarizes the golden eagle territories and status 
of nests within the Project area. Figure 3-1 shows the nest locations in the Project area and 
vicinity. There is limited data for fledged young in the Project area. One of four territories within 
the Project area was documented by NDOW as fledging young in 2014 (SWCA 2019). The 
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nesting rate for 2019 was zero percent (none of four territories in-use) and for 2020 was 25 
percent (one of four territories in-use).  

3.1.3 Territories Within the Project’s Plan Boundary 

One known territory occurs within the Plan boundary (Figure 3-2). There are six nest sites 
within the territory (SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502) with five located inside 
of the Plan boundary and one outside. These nests are within 1.2 miles of each other and have 
not been simultaneously in use. The territory was documented as occupied and fledged an eaglet 
in 2014, and was not occupied in 2015, 2018, or 2019 (SWCA 2019). This territory was 
occupied again in 2020 with an incubating eagle observed on SI-301 (SWCA 2020). The next 
closest territory is approximately three miles to the southwest. 

3.1.4 Project Eagle Population Stressors 

Exploration Activities 

Exploration activities include preparation of drill pads, development of roads, and drilling. Risks 
to golden eagles include unintentional disturbance from activity near nest sites, such as noise and 
visual irritation from surface disturbance, vehicular traffic on roads, and drilling.  

Roads 

Mobile equipment (i.e., vehicles) used in operations at the Project or traveling to or from the 
Project could strike and injure or kill wildlife. Road-killed wildlife may attract scavenging 
eagles, which in turn could be injured or killed by vehicle collision. AGA has speed limits placed 
on equipment and vehicles operating at the Project. Vehicle speeds on undeveloped access roads 
shall not exceed 15 mph and 25 mph on more improved main access roads. The greater risk for 
vehicle mortality is on area roads outside of the Project (e.g. US 95), which are outside of AGA’s 
control, due to higher speeds and additional traffic. 

Utilities 

Electrical utility infrastructure present in the Project area includes power poles, power lines and 
guy wires, and transformers. These utilities present risks to eagles from electrocution and 
collision. Electrical transmission and distribution lines that do not include sufficient spacing 
between energized lines or between energized lines and ground wires represent an electrocution 
hazard to large birds. The Project is not authorized to construct additional electrical utility 
infrastructure; therefore, additional electrical utility infrastructure would not be constructed by 
the proponent within the Project area. 
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3.2 Bald Eagles 

Bald eagles (Haliaeetus leucocephalus) are known to occur in the region, but are not expected to 
be affected by exploration activities associated with the Project; therefore, disturbance and loss 
of territory of bald eagles are not expected to result from the Project (BLM 2020). 

3.3 Migratory Birds 

Effects to migratory birds have been analyzed in the PEIS (USFWS 2016a). A variety of 
migratory birds have been identified in the Plan boundary; however, issuance of the proposed 
permit is not anticipated to affect one or more species of migratory birds. Additionally, AGA has 
ACEPMs to reduce potential impacts to migratory birds within the Plan boundary (BLM 2020). 

3.4 Species Listed under the Endangered Species Act 

The Mojave desert tortoise (Gopherus agassizii), a federally threatened species listed under the 
Endangered Species Act of 1973 (ESA), as amended (ESA) (16 U.S.C. §§ 1531-1544), has the 
potential to occur within the Plan boundary (BLM 2020). The Service consultation in compliance 
with Section 7 of the ESA was completed on November 25, 2019 (08ENVS00-2020-F-0017). 
The Service concluded that the Project is not likely to jeopardize the continued existence of the 
threatened Mojave desert tortoise, and the Applicant would implement desert tortoise 
minimization measures outlined during the consultation. The Service’s decision regarding an 
eagle take permit would not alter the physical footprint of the Project and therefore would not 
alter the Project impacts to federally threatened and endangered species in the Plan boundary, 
including the Mojave desert tortoise. 

3.5 Coordination with Tribal Governments 

Bald and golden eagles are important symbols of U.S. history and sacred to many Native 
American cultures. Some Native American cultures utilize eagles, eagle feathers, and other eagle 
parts for religious practices and cultural ceremonies. Outside of rituals and practices, wild eagles 
as live beings are deeply important to many tribes (Lawrence 1990, as cited by USFWS 2016a). 
Numerous tribes confirmed the importance of wild eagles during scoping and tribal consultation 
for the PEIS (Service 2016).  

Tribal participation is an integral part of the NEPA and the National Historic Preservation Act 
(NHPA) process, as well as a key component of the Service’s decision whether to issue an eagle 
take permit. Cultural and religious concerns regarding eagles were analyzed in the PEIS (Service 
2016), and tribal consultation already conducted for the PEIS is incorporated by reference into 
this EA. The PEIS identified tribal coordination as an important issue for subsequent analysis, 
given the cultural importance of eagles to the tribes. In accordance with Executive Order 13175, 
Consultation and Coordination with Tribal Governments (65 FR 67249), the NHPA Section 106 
(36 CFR § 800) and the Service’s Native American Policy, the Service consults with Native 
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American tribal governments whenever our actions taken under the authority of the Eagle Act 
may affect tribal lands, resources, or the ability to self-govern. This coordination process is also 
intended to ensure compliance the American Indian Religious Freedom Act.  

To notify Tribes regarding potential issuance of the requested Permit, the Service sent letters to 
the eight federally-recognized tribal governments located within 109 miles (the natal dispersal 
distance of golden eagles thought to adequately define the local area population of the eagles) of 
the Project informing them of the received Permit application and preparation of this EA.  

As of the start of the 30-day comment period, no tribes provided comment during scoping and 
tribal outreach for this EA. The Proposed Action or considered alternatives would not impact 
cultural or socioeconomic interests beyond the impacts already discussed in the PEIS. Therefore, 
cultural and socioeconomic interests has not been analyzed further in this EA. 

3.6 Climate Change 

Climate change was considered in the PEIS (USFWS 2016a; Section 3.9, page 144), and is not 
analyzed further in this EA. 

4.0 Environmental Consequences 

This section summarizes the effects on the environment of implementing the Proposed Action or 
alternatives to the action. The discussion of overall effects to the environment of the eagle take 
permit program is provided in the PEIS (USFWS 2016a). This section of this EA analyzes only 
the effects that were not analyzed in the PEIS (USFWS 2016a) that may result from the issuance 
of an eagle take permit for this Project. 

4.1 Alternative 1: Proposed Action 

In determining the significance of effects of the Project on eagles, the Service screened the 
Proposed Action of issuing an eagle take permit for the take of golden eagles against the analysis 
provided in the PEIS (USFWS 2016a) and the Service’s 2016 report, Bald and Golden Eagles 
Population Demographics and Estimation of Sustainable Take in the United States, 2016 Update 
(USFWS 2016b). The Service assessed Project effects to eagles at the project, local, and regional 
scales. 

4.1.1 Direct and Indirect Effects 

Under the Proposed Action, the Applicant is requesting authorization for disturbance to and loss 
of annual productivity from breeding golden eagles for up to 10 take incidents for no more than 
10 years from the date of the issuance of the permit. Within one mile of authorized surface 
disturbance activities, there is thought to be one breeding pair occupying a territory that consists 
of six nest sites (SI-301, SI-302, SI-30, SI-304, SI-305, and SI-502) (Figure 3-2) which are 
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located on natural outcrops. During implementation of exploration activities, it is most likely that 
eagles associated with this territory are the most likely to be the breeding pair impacted. 
However, there is some potential for a second breeding pair to nest within one mile of surface 
disturbance that could also be impacted. As such, the Proposed Action would authorize the 
disturbance to and loss of annual productivity for up to 10 take incidents to breeding golden 
eagles over a 10 year period regardless of which territory might be disturbed. We acknowledge 
that the take incidents could occur such that one breeding pair is disturbed per year, or multiple 
breeding pairs could be disturbed in any given year. Regardless, the Applicant could not exceed 
10 take incidents over the 10 year authorization period.  

The Proposed Action would have a direct impact to the golden eagles through the presence of 
drilling in close proximity to their nests, thus causing potential negative impacts to golden eagle 
breeding and nesting activities. 

Disturbance of an occupied golden eagle territory is assumed to result in loss of annual 
productivity (i.e., number of young reared) from that territory. The Service uses an estimate of 
0.59 golden eagle young fledged per occupied nesting territory per year (USFWS 2016c) to 
estimate loss of annual productivity. 

Along with the monitoring and minimization measures outlined in Section 2, the Applicant 
would provide compensatory mitigation to offset the expected take. To determine the amount of 
mitigation required, the Service’s Golden Eagle REA was used (USFWS 2018) as described in 
Section 2 of this EA.  

The Eagle Act regulations require compensatory mitigation to be conducted in the same Eagle 
Management Unit (EMU) in which the take occurs. The Project is located in the Pacific Flyway 
EMU. The site of power poles to be retrofitted has not yet been determined but would be in the 
Pacific Flyway. 

In addition, the Proposed Action incorporates adaptive management and minimization measures 
as described in Section 2. The proposed ACEPMs would continue to be implemented but as 
permit stipulations to further reduce the risk of Project-related injury or mortality hazards to 
eagles within the Project boundary. 

The Proposed Action meets the purpose and need as it is consistent with the Eagle Act and its 
regulations and adequately addresses the risk of take at the Project. 

Bald Eagles 

Because the Project has not changed in scope, timing, or duration, no significant adverse effects 
are foreseen to bald eagles as a result of the Project (BLM 2020). Although take of bald eagles is 
not expected to occur at this Project and take of bald eagles would not be permitted, bald eagles 
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in the region may benefit from avoidance and minimization measures established to reduce the 
risk to golden eagles. Bald eagles may benefit from compensatory mitigation actions provided to 
offset the take of golden eagles under the Proposed Action. 

Migratory Birds 

Because the Project has not changed in scope, timing, or duration, no significant adverse effects 
to migratory bird populations are expected as a result of the Project (BLM 2020). Issuance of an 
eagle take permit to the Project may also provide benefits to migratory birds. Power pole retrofits 
completed as compensatory mitigation for the eagle take permit may minimize electrocution risk 
for raptors and other migratory birds, just as with eagles. 

Species Listed under the Endangered Species Act 

The Mojave desert tortoise (Gopherus agassizii), a federally threatened species listed under the 
Endangered Species Act of 1973 (ESA), as amended (ESA) (16 U.S.C. §§ 1531-1544), has the 
potential to occur within the Plan boundary (BLM 2020). The Service consultation in compliance 
with Section 7 of the ESA was completed on November 25, 2019 (08ENVS00-2020-F-0017). 
The Service concluded that the Project is not likely to jeopardize the continued existence of the 
threatened Mojave desert tortoise, and the Applicant would implement desert tortoise 
minimization measures outlined during the consultation (BLM 2020). The effects of authorizing 
incidental eagle take is not expected to have effects to species protected by the ESA, including 
the Mojave desert tortoise. 

4.1.2 Cumulative Effects 

The purpose of this cumulative effects evaluation is to identify situations where the eagle take 
proposed under the Proposed Action, combined with take from other present or foreseeable 
future actions and sources, may be approaching levels that are biologically problematic or that 
cannot reasonably be offset through compensatory mitigation. Effects of take may be cumulative 
at the project scale, at the local-area eagle population scale, and at the EMU scale. 

At the Project scale, the alteration of the eagle habitat from Project development could cause 
shifting in eagle pair territory boundaries in the vicinity of the Project, which could cause 
increased antagonistic interactions with surrounding eagle pairs, potentially creating a ripple-
effect of impacts to eagles in areas surrounding the Project. 

To ensure that eagle populations at the local scale are not depleted by cumulative take in the 
local area, the Service analyzed in the PEIS (USFWS 2016a) the amount of take that can be 
authorized while still maintaining LAP of eagles. The LAP scale is defined for eagles as the 
median natal dispersal distance for the given species, which for golden eagles is a 109-mile 
radius (USFWS 2016b). In order to issue a permit, cumulative authorized take must not exceed 
five percent of a LAP unless the Service can demonstrate why allowing take to exceed that limit 
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is still compatible with the preservation of eagles. The eagle take permit regulations require the 
Service to conduct an individual LAP analysis for each permit application as part of the 
application review. 

Therefore, the Service considered cumulative effects to the LAP surrounding the Project Plan 
boundary (Figure 4-1) to evaluate whether the take to be authorized under this permit, together 
with other sources of permitted take and unpermitted eagle mortality, may be incompatible with 
the persistence of the Project’s LAP. Data provided by AGA, data on other eagle take authorized 
and permitted by the Service, and other reliably documented unauthorized eagle mortalities has 
been incorporated to estimate cumulative impacts to the LAP. The cumulative effects analysis 
was conducted as described in the Service’s Eagle Conservation Plan Guidance (USFWS 2013). 

The LAP for the Project was estimated to be 365.44 golden eagles. The five percent benchmark 
for authorized take of that LAP is 18.27 eagles, while current authorized take in the LAP, 
including that estimated to occur at the Project, is 4.77 golden eagles or 1.31 percent of the LAP 
per year. The take that would be authorized by this permit for the Project does not exceed one 
percent of the LAP, so it would not significantly impact the LAP. 

Additionally, take of eagles has the potential to affect the larger eagle population. Accordingly, 
the 2016 PEIS analyzed the cumulative effects of permitting take of golden eagles in 
combination with ongoing unauthorized sources of human-caused eagle mortality and other 
present or foreseeable future actions affecting golden eagle populations. As part of the analysis, 
the Service determined sustainable limits to permitted take within each EMU. The take that 
would be authorized by this permit would be offset by the compensatory mitigation that would 
be provided by the Applicant, so it would not significantly impact the EMU eagle population. 
The minimization measures that would be required under the permit, along with the additional 
adaptive management measures, are designed to further ensure that the permit is compatible with 
the preservation of golden eagles at the regional EMU population scale. 

4.2 Alternative 2: No Action Alternative 

4.2.1 Direct and Indirect Effects 

The Service assumes the level of take is the same under the Proposed Action and No Action 
Alternative, but under the No Action Alternative, the Service would take no action on the permit 
application. A permit would not be issued, and compensatory mitigation would not be required. 
Under this alternative, direct impacts of the Project on the golden eagle population would be 
assumed to be loss of productivity at one nest site in one golden eagle breeding pair’s territory, 
over ten years, and this take would not be offset by compensatory mitigation. The Applicant 
would continue to implement the monitoring and avoidance measures for the Project as 
described in Section 2; however, additional measures outside of those referenced in Section 2, 
including compensatory mitigation, would not be implemented. 
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This alternative does not meet the purpose and need for the action because, by regulation (50 
CFR 13.21), when in receipt of a completed application, the Service must either issue or deny a 
permit to the Applicant. The No Action Alternative also does not meet the purpose of and need 
for the action because it would result in the adverse, unmitigated effects to golden eagles 
described above, and these effects are not compatible with the preservation of golden eagles. 

Bald Eagles 

Under the No Action Alternative, benefits that bald eagles might incur from minimization 
measures established under a golden eagle take permit to reduce the risk to golden eagles, as well 
as from compensatory mitigation actions provided to offset the take of golden eagles, would not 
occur. 

Migratory Birds 

Any incidental benefits to migratory birds from minimization measures and compensatory 
mitigation required under an eagle take permit would not be realized under the No Action 
Alternative.  

Species Listed under the Endangered Species Act 

Any incidental effects to federally threatened and endangered species from minimization 
measures and compensatory mitigation required under an eagle take permit would not be realized 
under the No Action Alternative. 

4.2.2 Cumulative Effects 

Cumulative impacts are defined as incremental impacts of the action on the environment when 
added to other past, present, and reasonably foreseeable future actions. The geographic extent of 
for the analysis of cumulative impacts is within a 175-kilometer (109-mile) radius surrounding 
the Project LAP, which represents the average natal dispersal distance of golden eagles (USFWS 
2016a). There is incomplete information available regarding the level of unpermitted golden 
eagle take in the region; thus, golden eagle take in the past, present, and foreseeable future is not 
fully known. Over the past 25 years, the Service knows of 142 golden eagles killed by a variety 
of causes. This information suggests that approximately 5.68 golden eagles are killed per year in 
the LAP. Thus, the known annual unpermitted take suggests an anticipated unpermitted take of 
approximate 1.52 percent per year for the LAP. Two permits have been previously issued within 
the LAP (#00542B and 23857D) which have authorized take of 4.18 golden eagles each year. 
The Service is currently reviewing one additional permit application 20776D, and if issued, take 
would be fully offset by the compensatory mitigation that would be provided by the permit 
holder. Overlap of take from pending permit applications (#20776D) within the LAP is 
approximately 0.59 estimated eagles per year. 
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The total anticipated cumulative take would be 2.99 percent per year for the LAP. The loss of 
productivity authorized by permits would be fully offset by the compensatory mitigation that 
would be provided by the permit holders. The anticipated unpermitted take of approximate 1.52 
percent per year for the LAP would not be offset by compensatory mitigation. 

4.3 Comparison of Effects of Alternatives 

The main differences between the Proposed Action and the No Action Alternative are the issuing 
of a permit with compensatory mitigation requirements to offset the permitted take under the 
Proposed Action and the level of concurrent and post-construction monitoring that would occur 
(Table 4-1). The Service assumes the level of take is the same under the Proposed Action and 
No Action Alternative, but under the No Action Alternative, compensatory mitigation would not 
be required.  

The Proposed Action is likely to have no significant impacts on golden eagles as there is no 
unmitigated take, and it meets all regulatory requirements and the conservation standard set forth 
in the 2016 PEIS (USFWS 2016a). 

Table 4-1 Comparison of the Proposed Action and No Action Alternative 

 Alternative 1: Proposed Action Alternative 2: No Action Alternative 

Eagle Take Levels Loss of productivity from breeding golden 
eagles up to 10 incidents over 10 years.  

Loss of productivity from breeding 
golden eagles up to 10 incidents over 10 
years.  

Avoidance and 
Minimization 

Applicant will continue to implement the 
measures to minimize impacts to golden 
eagles (Section 2) at the Project including: 
vehicle speed limits; employee 
awareness/training programs; and carcass 
management. 

Same as detailed under the Proposed 
Action, as the applicant is committed to 
these measures even without issuance of 
a permit. 

Compensatory 
Mitigation 

Retrofitting of power poles to offset the loss 
of annual productivity from breeding golden 
eagles for up to 10 take incident for no more 
than 10 years from the date of the issuance of 
the permit. 

None provided. 

Detection and 
Reporting  

Applicant will continue to meet their BLM 
requirements from the 2020 EA, implement 
the measures to minimize impacts to golden 
eagles (Section 2) including the reporting and 
detection system to ensure that personnel 
adhere to the appropriate actions should a 
previously unidentified nest, injured eagle, or 
deceased eagle be identified. 

Same as detailed under the Proposed 
Action. 

Unmitigated Eagle 
Take None. 

Loss of productivity from breeding 
golden eagles up to 10 take incidents 
over 10 years. 
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 Alternative 1: Proposed Action Alternative 2: No Action Alternative 

Adaptive Management 

If continued monitoring determines that there 
are multiple takes occurring in a given year 
and that the Proponent is approaching their 
take permit limits, adaptive management 
would be implemented. First, the Applicant 
would apply avoidance buffers on in-
use/occupied nests to prevent incidental take. 
If avoidance is not practicable, the Proponent 
may request a permit amendment from the 
Service. Additionally, at the five-year review 
of the permit, the Service and the Applicant 
may consider additional adaptive 
management strategies. 

None. 

Data 
Collection/Monitoring 

A qualified third party biologist will monitor 
golden eagle nests within one mile of the 
Project annually to determine nest status. 
Applicant will also document any eagle 
mortality identified while working at the 
Project.  

AGA will conduct annual nest status 
monitoring for the Project, as the 
applicant is committed to these 
measures even without issuance of a 
permit.  

Company Liability for 
Eagle Take None Yes. 
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5.0 Mitigation 

The Proposed Action incorporates measures to minimize and avoid impacts to the maximum 
degree practicable, as required by regulation. To ensure that regional eagle populations are 
maintained consistent with the preservation standard, regulations require that any golden eagle 
take that cannot practicably be avoided and is above EMU take limits must be offset by 
compensatory mitigation at a 1.2 to 1 ratio. As golden eagle take limits for all EMUs were 
determined to be zero (USFWS 2016a), compensatory mitigation is necessary to offset any 
authorized take of golden eagles. The 1.2 to 1 ratio for compensatory mitigation achieves a net 
benefit to golden eagle populations, ensuring that regional eagle populations are maintained 
consistent with the preservation standard of the Eagle Act despite indications of declines in 
golden eagle populations (USFWS 2016a). As this would fully offset the estimated take, as well 
as provide an additional net benefit to eagle populations, there would be no significant effects to 
eagle populations from issuing an eagle take permit under the Proposed Action. Section 2 
provides details of the compensatory mitigation and minimization measures that would be 
completed under the Proposed Action. 
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1.0 PURPOSE OF THIS PLAN 

The purpose of this Eagle Conservation Plan (ECP) is to support an application for a golden eagle 
(Aquila chrysaetos) nest take permit under the permit regulations of the Bald and Golden Eagle 
Protection Act of 1940, as amended (BGEPA). Specifically, AngloGold Ashanti North America 
(AGA) is requesting a take permit issued by the United States Fish and Wildlife Service (USFWS) 
under 50 Code of Federal Regulations (CFR) § 22.26 for the incidental take of golden eagles from 
otherwise lawful activities associated with the Silicon Exploration Project (Project). The Project is 
located approximately six miles (10 kilometers [km]) northeast of the town of Beatty, Nevada 
(Figure 1). The Project is a mineral exploration project authorized by the Bureau of Land 
Management (BLM) Battle Mountain District, Tonopah Field Office in Nye County, Nevada. 

The BGEPA (as amended) prohibits the “take” of bald and golden eagles. BGEPA defines “take” 
to include “pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest or disturb,” 
and prohibits take of individuals and their parts, nests, or eggs. Permitting regulations (50 CFR Part 
22) were issued in 2009 and revised in 2016. Known as the “Eagle Permitting Rule,” these regulations 
allow the USFWS to administer a permit program allowing for the lawful take of eagles and nests. 

AGA has prepared this ECP to support their application for a BGEPA eagle “take” permit. This ECP 
provides information and materials to support an eagle nest take permit application and 
demonstrates that the proposed take is compatible with the preservation of golden eagles and 
the issuance criteria in 50 CFR § 22.26. There are six golden eagle nest sites (SI-301, SI-302, SI-303, 
SI-304, SI-305, and SI-502) associated with one territory within the one-mile buffer of authorized 
Project disturbance. This ECP supports the eagle nest take permit application that has been 
submitted by AGA requesting authorization for reoccurring disturbance to and loss of annual 
productivity from breeding golden eagles no more than 10 times up to 10 years (2022-2032). 

An application for a take permit under 50 CFR § 22.26 requires the information listed below. Also 
provided is a reference to where in this ECP the information is provided. 

• The duration of the Project for the permit is 10 years (see Section 1); 

• A description of approved activities at the Project and surrounding area (Section 2); 

• A discussion of eagle habitat, as it relates to foraging, nesting, and topography, found in 
the four-mile radius of the Project area (Section 3); 

• A brief description of the golden eagle nesting population within a four-mile radius of the 
proposed Plan of Operations (Plan) boundary and territories proposed for take (Section 4); 

• An assessment of the risks to golden eagles posed by the Project (Section 5); 

• A review of practicable avoidance and minimization measures that AGA could and are 
employing to abate the potential risk (Section 6); and 

• Monitoring and adaptive management of eagle populations (Section 7).  
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2.0 INTRODUCTION AND BACKGROUND 

2.1 LOCATION AND EXPLORATION HISTORY 

The project is located on the western end of the Yucca Mountains and is located approximately 
six miles (10 km) northeast of the town of Beatty in Nye County, Nevada. The Project can be 
assessed in two directions from Beatty, Nevada: 1) traveling south 1.3 miles (2.1 km) on U.S. 
Highway 95 (US 95) and approximately 8.9 miles (14.3 km) up Fluorspar Canyon Road (Nye County 
Road 249) and Tate’s Wash Road (Nye County Road 926019); and 2) traveling 3.6 miles (5.8 km) 
north on US 95 and approximately 4.1 miles (6.6 km) east on the North Beatty Wash Road (Nye 
County Road 926026) that connects to the Beatty Wash Road (Nye County Road 926025) at the 
Project. AGA submitted a notice of intent (Notice N-95843) in 2019, the Plan was approved by BLM 
in 2020 (NVN-097820) (BLM, 2020a), and a Finding of No Significant Impact and Decision Record 
were issued by the BLM on July 24, 2020 (BLM, 2020b). 

2.2 AUTHORIZED AND PROPOSED FACILITIES 

AGA is authorized to conduct phased mineral exploration-related activities within a 3,630-acre 
area (Project Area) to determine the extent and quality of a mineral resource. Surface-disturbing 
activities are approved for up to 155 acres. The following are authorized disturbances that could 
occur as a result of the Project, which are also shown on Figure 2: reverse circulation and core 
drilling from constructed drill sites, road construction and overland travel, bulk sampling, 
geotechnical auger holes and geological test pits, geologic and geophysical mapping, water 
monitoring well and water extraction well installation, and construction of a meteorological 
station. Some of these features have not yet been constructed, and these disturbances occur in 
phases. Phase I consists of approximately 50 acres of surface disturbance in addition to five acres 
of Notice-level surface disturbance for a total of approximately 55 acres. The remaining 100 acres 
of disturbance will occur under subsequent phases over approximately 10 years. Exploration 
activities may occur year-round and 24 hours per day, with up to four drill rigs operating at one 
time and up to 20 personnel on site. In addition to AGA’s authorized disturbance, there is an 
existing road network throughout the Project area used for Project access.   
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3.0 AREA HABITATS 

The Eagle Conservation Plan Guidance Module 1 – Land-based Wind Energy, Version 2 
recommends that an analysis of potential impacts on nesting golden eagles include the Project 
footprint itself (Plan boundary) and a surrounding four-mile buffer area (study area) (Figure 1). 
Although this guidance was designed for wind energy, no such guidance exists for mining, and is 
the best available guidance for analysis of potential impacts. 

3.1 FORAGING HABITAT 

Vegetation communities in the study area have been mapped by the Southwest Regional Gap 
Analysis Project (SWReGAP) in land cover types (Figure 3) (USGS, 2011). The SWReGAP mapping 
shows 24 vegetation communities occurring within the study area. Table 1 presents the total acres 
of the vegetation communities within the study area. Three vegetation communities are mapped 
as over five percent of the Project area: Mojave Mid-Elevation Mixed Desert Scrub (51 percent), 
Sonora-Mojave Creosotebush-White Bursage Desert Scrub (24 percent), and Inter-Mountain Basins 
Semi-Desert Shrub Steppe (16 percent). Each of the remaining 21 communities account for 
approximately nine percent of the study area. Golden eagle prey species, such as black-tailed 
jackrabbits (Lepus californicus), mountain cottontails (Sylvilagus nuttallii), and larger diurnal 
rodents (i.e., yellow-bellied marmots [Marmota flaviventris]), are commonly found within many of 
the vegetation communities present in the study area. The potential foraging value of the various 
habitat types present in the region has not been quantified, but in general, they are believed to 
represent high-value native foraging habitats. 

Other habitat types that are believed to represent important golden eagle foraging habitats in 
the region include roads and natural water sources. Paved (e.g., US 95) and non-paved roads are 
located within the study area. Golden eagles frequently feed on roadkill and other carrion 
(especially during winter) even when live prey is available; golden eagles consume fresh carrion 
during the nesting season (Kochert and Steenhof, 2002). Roads within the Project area, particularly 
improved roads that allow vehicles to travel at higher speeds, represent potentially high-value 
golden eagle scavenging habitat. Springs provide a reliable water source for eagle prey and, 
therefore, have the potential to allow for higher concentrations of eagle prey in those areas. There 
are multiple seeps and springs and intermittent and ephemeral drainages along the Amargosa 
River approximately three miles west of the nest sites. Riparian habitats, agricultural pivots, and 
pastures in the Project area also support populations of rodents and lagomorphs.  

3.2 NESTING HABITAT 

Within the study area, various rock outcrops were identified as areas with nesting golden eagles. 
In 2020, there was one in-use/occupied golden eagle nest (SI-301) documented in the study area, 
which was on a rock outcrop. Golden eagle nesting habitat includes cliff and rock outcrops in 
Beatty Wash, the Yucca Mountains to the north and east, and the Bare Mountains to the south. 
Golden eagles may nest in tree if available.  
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3.3 TOPOGRAPHIC FEATURES ATTRACTIVE TO EAGLES 

Tops of slopes oriented perpendicular to prevailing winds or near ridge crests of cliff edges are 
features that are conducive to slope soaring and are attractive features for eagles. Saddles or 
low points on ridge lines or near riparian corridors may serve as flight paths. Nearby perch and 
roost sites may also attract eagles. As described above, the area surrounding the Project 
represents golden eagle potential foraging habitat, though the value of this habitat varies in 
quality. 

Cliffs and outcrops occur in the Beatty Wash, the Yucca Mountains to the north and east, and the 
Bare Mountains to the south. Mountainous areas that include ridgelines and slopes with a variety 
of aspects, such that winds from multiple directions would create deflection currents, are suitable 
for soaring. Habitats surrounding the Project include perch and roost sites, and the area is suitable 
golden eagle nesting and foraging habitat as described above. 
 
Table 1 SWReGAP Vegetation Communities within the Study Area (Four-mile Radius) 

Vegetation Community Acres Percent 

Developed, Open Space - Low Intensity 66 0.09 

Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland 6 0.01 

Great Basin Pinyon-Juniper Woodland 165 0.23 

Great Basin Xeric Mixed Sagebrush Shrubland 1,009 1.39 

Inter-Mountain Basins Big Sagebrush Shrubland 376 0.52 

Inter-Mountain Basins Cliff and Canyon 35 0.05 

Inter-Mountain Basins Greasewood Flat 37 0.05 

Inter-Mountain Basins Mixed Salt Desert Scrub 822 1.13 

Inter-Mountain Basins Montane Sagebrush Steppe 3 <0.01 

Inter-Mountain Basins Semi-Desert Grassland 9 0.01 

Inter-Mountain Basins Semi-Desert Shrub Steppe 12,119 16.65 

Invasive Annual and Biennial Forbland 2 <0.01 

Invasive Annual Grassland 10 0.01 

Mojave Mid-Elevation Mixed Desert Scrub 37,014 50.86 

North American Arid West Emergent Marsh 26 0.04 

North American Warm Desert Bedrock Cliff and Outcrop 892 1.23 

North American Warm Desert Lower Montane Riparian Woodland and Shrubland 266 0.37 

North American Warm Desert Playa 364 0.5 

North American Warm Desert Volcanic Rockland 612 0.84 

Recently Mined or Quarried 233 0.32 

Sonora-Mojave Creosotebush-White Bursage Desert Scrub 17,212 23.65 

Sonora-Mojave Mixed Salt Desert Scrub 1,491 2.05 

Total 72,771 100 
*Bold denotes dominant habitat types. 
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4.0 TERRITORIES PROPOSED FOR TAKE 

A major component of the risk assessment is to identify Project activities that could result in a take. 
Those territories proposed for take are those that have been identified within the Plan boundary 
and are in the USFWS’s one-mile buffer of surface disturbance activities. Golden eagle surveys 
have been conducted around the Project area in 2019, 2020, and 2021 (SWCA, 2019, 2020, 2021), 
and additional data regarding the Beatty Wash Territory was provided by Nevada Department of 
Wildlife (NDOW) for 2014, 2015, and 2018 (SWCA, 2019). Inventory and monitoring efforts of 2019, 
2020, and 2021 have followed Pagel et al. (2010), which is the standard golden eagle survey 
protocol accepted by the USFWS. In 2019 and 2020, surveys were ground based due to restricted 
airspace of the Nevada Test and Training Range, and NDOW had previously expressed concern 
of potential impacts of aerial surveys to desert bighorn sheep (Ovis canadensis nelsoni) during the 
lambing season. These two surveys (2019 and 2020) focused on completing a thorough inventory 
of nests within a four-mile radius and capturing information regarding nest occupancy, 
productivity, and success. The 2021 survey was ground-based but only focused eight nests from 
two territories (Beatty Wash and Upper Beatty Wash) that were considered in-use/occupied during 
2019 and 2020. 

The 2019 surveys were conducted between January 10-25 and March 12-17, and the 2020 surveys 
were conducted between January 15-24 and February 20-27. The 2021 surveys were conducted 
between January 13-16 and March 2-22.  

A total of 14 golden eagle nest sites have been documented within four-mile radius of the study 
area during six surveys over the last eight years (2014, 2015, 2018, 2019, 2020, and 2021). During 
these six surveys, two nests (SI-301 and SI-510) were considered in-use/occupied by golden eagles 
(Table 2). In addition to the current nests known to occur and breeding pairs using the four-mile 
radius, there is potential for additional nests, territories, and breeding pairs to nest in the area.  

One in-use/occupied nest (SI-301) and five alternative nests (SI-302, SI-303, SI-304, and SI-305) are 
less than one-mile of the proposed surface disturbance and within the Project boundary. The 
remaining alternate nest (SI-502) is within one mile of the proposed surface disturbance and 
located outside Project boundary. These six nests have been considered a territory referred to as 
Beatty Wash. As such, the potential impacts of the Project include the indirect take of the Beatty 
Wash territory. A viewshed analysis has been conducted using proposed disturbance, 
topography, and Geographic Information System tools for each nest to illustrate the portions of 
anthropogenic activity that are within line-of-sight from the golden eagle nests subject to take 
(Figure 4). Due to their sensitive nature, nest locations are not shown in this figure. 
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Table 2 Golden Eagle Nests Within the Vicinity of the Project and Status (2014-2021) 

Territory Nest ID 
Year and Territory Status   

Number of 
Seasons 
Territory 

was In-Use 
/Occupied 

Territory 
Occupancy 

Rate 
20141 20151 20181 20191 20202 20213 

Beatty 
Wash 

SI-301 

In
-U

se
/O

cc
up

ie
d 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

n-
Us

e/
O

cc
up

ie
d 

Un
oc

cu
pi

ed
 

2 0.33 

SI-302 

SI-303 

SI-304 

SI-305 

SI-502 

Upper 
Beatty 
Wash 

SI-206 

-- -- -- 
s

/O
cc

up
ie

d
e

 

oc
cu

pi
ed

 

no
cc

up
ie

d*
 

1 0.5 

SI-209 

SI-211 

SI-510 

In
-U Un U

Fluorspar 
Canyon SI-503 -- -- -- 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

-- 0 0 

Specie 
Spring 

SI-003 

-- -- -- 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

-- 0 0 SI-004 

SI-019 

Total Number of In-
Use/Occupied 
Territories/Total 
Territories 
Surveyed 

1/1 0/1 0/1 1/4 1/4 0/1 
  

Territory 
Occupancy Rate 1 0 0 0.25 0.25 0 

Bold territory is proposed for take 
1 SWCA, 2019 – No specific-nest information provided for 2014, 2015, and 2018 surveys 
2 SWCA, 2020 
3 SWCA, 2021 
*Only SI-211 and SI-510 were monitored 
In-Use/Occupied = an eagle (bald or golden) nest characterized by the presence of egg(s), dependent 
young, or an adult on the nest in the past 10 days during the breeding season 
Unoccupied (alternative nest) = one of potentially several nests within a nesting territory that is not an in-
use/occupied nest at the current time. When there is not an in-use/occupied nest, all nests in the territory 
are alternate nest  
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4.1 BEATTY WASH TERRITORY: SI-301, SI-302, SI-303, SI-304, SI-305, 
AND SI-502 

The Beatty Wash territory consists of six nests (SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502) on the 
western of the Project boundary along Beatty Wash on the western portion of the Yucca 
Mountains. These nests are within 1.1 miles of each other and have not been simultaneously in use. 
The closest nest (SI-003) is 4.1 miles southwest of SI-502, and the next closest nest (SI-503) is 4.2 miles 
to the southwest of SI-502. Both closest nests are thought to be part of a separate territory.  

All six nests were surveyed from 2019 to 2021, and these nests were found and identified as golden 
eagle nests in 2019. However, NDOW data suggests that one nest within the territory was in-
use/occupied (in-use) in 2014 (SWCA, 2019); therefore, some of these nests in Beatty Wash territory 
were potentially identified earlier than 2019. Because nest-specific data is not available for 2014 
to 2018, occupancy was calculated for individual nests using the 2019 to 2021 data and it should 
be recognized that the actual occupancy per nest is likely different. During this period, SI-301 was 
in-use/occupied in 2020 resulting in an occupancy rate of 33 percent. All other nests within Beatty 
Wash territory were never in-use/occupied resulting in an occupancy rate of zero percent. 
Overall, the territory was documented as in-use/occupied in 2014 and 2020 resulting in a territory 
occupancy rate of 33 percent. The territory is above the average occupancy when compared 
to territories within the study area (average occupancy per territory per year is 16.7 percent). 
Graph 1 presents the Beatty Wash territory status per year compared to the average for the 
territories defined with the study area. 

Graph 1 Beatty Wash Territory Occupancy Rate Compared to Average Territory Occupancy 
Rates of Study Area 
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5.0 RISK ASSESSMENT 

A major component of the risk assessment is to identify project activities that could result in a take. 
This section presents a discussion of the assessment of the level of risk from the Project to the golden 
eagle breeding population in the vicinity of the Project. Principal risks to golden eagles from 
mineral exploration are generally low, and include activities associated with exploration drill pads, 
drilling, and exploration roads, and other proposed/authorized mining activities listed in Section 
2.0. The greatest risk-factor to golden eagles associated with a mineral exploration project is likely 
occur during the courtship, nesting, and fledging season. This is especially true when golden eagle 
breeding territories are located within one mile of surface activity.  

A summary of proposed take to golden eagles anticipated from activities associated with Project 
is provided in Table 3. Discussion of the risk that could be posed by the Project to golden eagles is 
described below. 

Table 3 Summary of Impacts to Eagles at the Silicon Exploration Project  

Eagle Impact Silicon Impacts 

Direct take (mortality) Sections 5.2 and 5.3: None anticipated, low risk  
Indirect take (loss of productivity from Section 4.0: Breeding Golden Eagles and Associated 
disturbance) Territories No More than 10 times for up to 10 years  
Habitat loss Section 5.1 

Territory loss (number of territories) Section 4.0: Breeding Golden Eagles and Associated 
Territories No More than 10 times for up to 10 years 

Nest removal 
involved) 

(number of nests for each territory None 

 

5.1 HABITAT-RELATED RISKS 

The Project is approved for total surface disturbance of up to 155 acres. Reduction of habitat 
because of direct exploration disturbance has the potential to impact golden eagles. Specifically, 
impacts to functional shrublands that support jackrabbit populations could influence prey 
availability to golden eagles, especially during the breeding season when adults are foraging 
routinely to provide adequate food for their young. However, due to the extensive amount of 
available foraging habitat within the four-mile buffer of the Project (Table 1 and Figure 3), scarcity 
of food because of direct loss of habitat is not likely to be a limiting factor to the local golden 
eagle breeding population.  

5.2 VEHICLE COLLISION-RELATED RISKS 

Mobile equipment (i.e., vehicles) used in operations at the Project or traveling to or from the 
Project could strike and injure or kill wildlife. Road-killed wildlife may attract scavenging eagles, 
which in turn could be injured or killed by vehicle collision. Because AGA already implements 
conservation measures associated with reducing road mortality risk (see Section 6.0), the potential 
for eagle mortality due to vehicle collision at the Project is low. Additional traffic controls can be 
implemented by AGA as necessary through direct communication regarding road hazards.   
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6.0 AVOIDANCE AND MINIMIZATION MEASURES 

AGA currently employs conservation measures associated with the authorized Plan, including 
applicant-committed Environmental Protection Measures (ACEPMs). The applicant will implement 
all conservation measures and commitments summarized below. Upon issuance of a take permit, 
monitoring would be conducted as required per permit stipulations, including being conducted 
by a third party over the life of the Project. Table 4 presents a summary of the ACEPMs with 
monitoring and a schedule for implementation. Although not specific to golden eagle protection, 
the implementation and continuation of the following plans will continue to benefit golden eagle 
conservation: 1) noxious weed control, 2) solid and hazardous wastes 3) management, 
reclamation, 4) carcass management on roadways; 5) employee awareness and training 
program, and 6) detection and reporting measures. 

Table 4 Golden Eagle Protection Measures 

ACEPM Monitoring Actions Duration 

ACEPM 1 

A nest survey would be conducted by a qualified biologist prior to 
any surface disturbance associated with exploration activities during 
the avian breeding season (March 1 through July 31) for raptors and 
other migratory birds. Pre-disturbance surveys for migratory birds are 
only valid for 14 days. If the disturbance for the specific location 
does not occur within 14 days of the survey, another survey would 
be needed. If in-use/occupied nests are located, or if other 
evidence of nesting (i.e., mated pairs, territorial defense, carrying 
nest material, transporting food), a protective buffer (the size 
depending on the habitat requirements of the species) would be 
delineated after consultation with the BLM resource specialist. 
Source: BLM, 2020a 

Annually as 
needed for the 
life of the Project. 

ACEPM 2 

Annual surveys would be conducted at golden eagle nest sites that 
are within one mile of the Project Area to determine occupancy. 
The timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from NDOW based on 
consideration of bighorn sheep (Ovis canadensis) lambing activity. 
Source: BLM, 2020a 

Annually as 
needed for the 
life of the Project. 

ACEPM 3 
Vehicle speeds on undeveloped access roads shall not exceed 15 
miles per hour and 25 miles per hour on more improved main access 
roads. Source: BLM, 2020a 

For the life of the 
Project. 
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7.0 MONITORING AND ADAPTIVE MANAGEMENT 

Upon issuance of a take permit, AGA will conduct aerial and ground surveys of the eagle 
population within the one-mile radius of the Plan boundary for the duration of exploration 
operations following Pagel et al. (2010) using a third-party contractor. Monitoring objectives 
include: 1) to track occupancy, productivity, and success of nests within the Plan boundary; and 
2) to further delineate and refine the understanding of eagle territories within the one-mile radius. 
As needed, golden eagle nests within proximity to active mining will be monitored to document 
nest occupancy. Reports associated with this monitoring will be prepared and provided as 
specified in the take permit conditions. 

For adaptive management purposes, verification of implemented avoidance and minimization 
measures, as provided in Section 6.0, is necessary. AGA currently has a monitoring and reporting 
system for incidents related to wildlife fatality. Any incident that results in wildlife fatality or death 
must be reported to NDOW. Any golden eagle injuries or mortalities must be reported to NDOW 
and the USFWS. 

AGA will continue to monitor the area golden eagle population for additional golden eagle nests. 
During the life of the Project, AGA recognizes the possibility for new construction of golden eagle 
nests within the Plan boundary and one-mile radius. Continued monitoring will inform the 
Applicant on the status of existing nests as well as if new nests are being constructed near the 
Project and its associated activities. If monitoring determines that there are multiple takes 
occurring in a given year and that the Proponent is approaching their take permit limits (i.e., up 
to 10 takes over no more than 10 years), adaptive management would be implemented. First, the 
Applicant would apply avoidance buffers on in-use/occupied nests to prevent incidental take 
(no surface-disturbing activities within one mile of an in-use/occupied nest during breeding season 
including early courtship through post fledging nest dependency (i.e., December 15 through July 
15). If avoidance is not practicable, the Proponent may request a permit amendment from the 
Service. Additionally, at the five-year review of the permit, the Service may consider additional 
adaptive management strategies, if necessary, in coordination with the Applicant. 



 
Eagle Conservation Plan – Silicon Exploration Project 
AngloGold Ashanti North America 

November 2021 
11 

 

8.0 REFERENCES 

Bureau of Land Management (BLM). 2020a. AngloGold Ashanti North America Silicon Exploration 
Project Nye County, Nevada Environmental Assessment. Battle Mountain District. #DOI-
BLM-NV-B020-2020-0017-EA. April 2020. 

Bureau of Land Management (BLM). 2020b. AngloGold Ashanti North America Silicon Exploration 
Project Nye County, Nevada Finding of No Significant Impact and Decision Record. Battle 
Mountain District. #DOI-BLM-NV-B020-2020-0017-EA. July 24, 2020. 

Kochert, M. N. and K. Steenhof. 2002. Golden Eagles in the U.S. and Canada: Status, Trends, and 
Conservation Challenges. Journal of Raptor Research. 36(supplement):33-40. 

Pagel, J.E., D.M. Whittington, and G.T. Allen. 2010. Interim Golden Eagle Inventory and Monitoring 
Protocols; and Other Recommendations. Division of Migratory Bird Management, U.S. Fish 
and Wildlife Service. February 2010. 

SWCA Environmental Consultants. 2019. Silicon Exploration Project Golden Eagle Nest Survey 
Report. Prepared for AngloGold Ashanti north America and Bureau of Land Management 
Tonopah Field Office. July 2019. 

SWCA Environmental Consultants. 2020. Silicon Exploration Project Golden Eagle Nest Follow-up 
Occupancy Survey, Proposed Silicon Exploration Project, Nye County, Nevada. August 5, 
2020. 

SWCA Environmental Consultants. 2021. Silicon Exploration Project 2021 Golden Eagle Nest Survey, 
Proposed Silicon Exploration Project, Nye County, Nevada. March 22, 2021. 

United States Geological Survey (USGS). 2011. National Gap Analysis Program. Southwest Regional 
GAP Analysis Project—Land Cover Descriptions. RS/GIS Laboratory, College of Natural 
Resources, Utah State University.  
http://swregap.nmsu.edu/HMdatabase/landc_database_report.pdf  

http://swregap.nmsu.edu/HMdatabase/landc_database_report.pdf


 

FIGURES 



£¤95

CALIFORNIA

NEVADA

Beatty

N
Y

E
 C

O
.

E
S

M
E

R
A

L
D

A
 C

O
.

($$¯
0 5 10

Miles

Anglo Ashanti North America
Eagle Conservation Plan
Silicon Exploration Project

Nye County, NV

NAD 1983 UTM Zone 11N

V
:\

2
0
3

7
\A

c
ti
v
e

\2
0

3
7

2
2

3
1
7

\0
3

_
d

a
ta

\g
is

_
c
a
d

\g
is

\m
x
d

s
\F

ig
1

_
P

ro
je

c
t_

L
o

c
a

ti
o

n
_

v
2

_
8

x
1
1

P
.m

x
d

  
  

  
R

e
v
is

e
d

: 
2

0
2

1
-0

7
-0

6
 B

y
: 
c
h

rj
o

h
n

s
o

n

Disclaimer: Stantec assumes no responsibility for data supplied in electronic format. The recipient accepts full responsibility for verifying the accuracy and completeness of the data. 

The recipient releases Stantec, its officers, employees, consultants and agents, from any and all claims arising in any way from the content or provision of the data.

Figure 1
Project Location
and Study Area

1 in = 10 miles

203722317

Legend

Silicon Project Boundary

Raptor Survey Area (4-Mile Radius)

Exploration Roads

1ST REVIEW: BTDRAWN BY: CJ 2ND REVIEW: JE

DATE: 7/6/2021

S
e

rv
ic

e
 L

a
y
e

r 
C

re
d

it
s
: 
S

o
u

rc
e
s
: 

E
s
ri

, 
H

E
R

E
, 

G
a

rm
in

, 
In

te
rm

a
p
, 

in
c
re

m
e

n
t 

P
 C

o
rp

.,
 G

E
B

C
O

, 
U

S
G

S
, 

F
A

O
, 
N

P
S

, 
N

R
C

A
N

, 
G

e
o

B
a

s
e

, 
IG

N
, 

K
a

d
a

s
te

r 
N

L
, 

O
rd

n
a

n
c
e
 S

u
rv

e
y,

 E
s
ri

 J
a

p
a

n
, 

M
E

T
I,

 E
s
ri

 C
h

in
a

 (
H

o
n

g
 K

o
n

g
),

 (
c
) 

O
p

e
n
S

tr
e

e
tM

a
p

 c
o

n
tr

ib
u

to
rs

, 
a

n
d

 t
h

e
 G

IS
 U

s
e

r 
C

o
m

m
u

n
it
y

 S
o
u

rc
e
: 

E
s
ri

, 
D

ig
it
a
lG

lo
b

e
, 
G

e
o

E
y
e

, 
E

a
rt

h
s
ta

r 
G

e
o

g
ra

p
h

ic
s
, 
C

N
E

S
/A

ir
b

u
s
 D

S
, 

U
S

D
A

, 
U

S
G

S
, 
A

e
ro

G
R

ID
, 

IG
N

, 
a

n
d

 t
h

e
 G

IS
 U

s
e

r 
C

o
m

m
u
n

it
y

PROJECT NO:

Nevada

Project 
Location



V
:\

2
0

3
7

\A
c

ti
v
e

\2
0

3
7

2
2

3
1

7
\0

3
_

d
a

ta
\g

is
_

c
a

d
\g

is
\m

x
d

s
\F

ig
2

_
E

x
is

ti
n

g
_

a
n

d
_

P
ro

p
o

s
e

d
_

F
a

c
il
it
ie

s
_

v
2

_
8

x
1
1

L
.m

x
d

  
  

  
R

e
v

is
e

d
: 

2
0

2
1

-0
7

-0
6

 B
y
: 

c
h

rj
o

h
n

s
o

n

Disclaimer: Stantec assumes no responsibility for data supplied in electronic format. The recipient accepts full responsibility for verifying the accuracy and completeness of the data. 

The recipient releases Stantec, its officers, employees, consultants and agents, from any and all claims arising in any way from the content or provision of the data.

2037222317

Legend

Silicon Project Boundary

Raptor Survey Area (4-mile Radius)

Exploration Roads

S
e

rv
ic

e
 L

a
y

e
r 

C
re

d
it
s
: 

S
o

u
rc

e
: 

E
s
ri

, 
M

a
x
a

r,
 G

e
o

E
y

e
, 

E
a

rt
h

s
ta

r 
G

e
o

g
ra

p
h

ic
s

, 
C

N
E

S
/A

ir
b

u
s
 D

S
, 

U
S

D
A

, 
U

S
G

S
, 

A
e

ro
G

R
ID

, 
IG

N
, 

a
n

d
 t

h
e

 G
IS

 U
s
e

r 
C

o
m

m
u

n
it
y

($$¯
0 1.5 3

Miles

Anglo Ashanti North America
Eagle Conservation Plan
Silicon Exploration Project

Nye County, NV
NAD 1983 UTM Zone 11N Figure 2

Existing and Proposed Facililties

1 in = 3 miles

1ST REVIEW: BTDRAWN BY: CJ 2ND REVIEW: JE

DATE: 7/6/2021 PROJECT NO:



Disclaimer: Stantec assumes no responsibility for data supplied in electronic format. The recipient accepts full responsibility for verifying the accuracy and completeness of the data. The recipient releases Stantec, its officers, employees, consultants and agents, from any and all claims arising in any way from the content or provision of the data.

V
:\
2

0
3

7
\A

c
ti
v
e
\2

0
3

7
2

2
3
1

7
\0

3
_

d
a
ta

\g
is

_
c
a

d
\g

is
\m

x
d

s
\F

ig
3

_
F

o
ra

g
in

g
_
H

a
b

it
a

t_
w

it
h

in
_

S
tu

d
y
_

A
re

a
_

V
2

_
1
1
x
1
7

L
.m

x
d

  
  

  
R

e
v
is

e
d

: 
2

0
2
1

-0
7

-0
6
 B

y
: 

c
h

rj
o

h
n
s
o
n

Legend

Silicon Project Boundary    

Raptor Survey Area (Alternate 4-Mile Radius)

Exploration Roads

S
e

rv
ic

e
 L

a
y

e
r 

C
re

d
it

s
: 

S
o

u
rc

e
s

: 
E

s
ri

, 
H

E
R

E
, 

G
a

rm
in

, 
In

te
rm

a
p

, 
in

c
re

m
e

n
t 

P
 C

o
rp

.,
 G

E
B

C
O

, 
U

S
G

S
, 

F
A

O
, 

N
P

S
, 

N
R

C
A

N
, 

G
e

o
B

a
s
e

, 
IG

N
, 

K
a

d
a

s
te

r 
N

L
, 

O
rd

n
a

n
c
e

 S
u

rv
e

y
, 

E
s
ri

 J
a

p
a

n
, 

M
E

T
I,

 E
s

ri
 C

h
in

a
 (

H
o

n
g

 K
o

n
g

),
 (

c
) 

O
p

e
n

S
tr

e
e

tM
a

p
 c

o
n

tr
ib

u
to

rs
, 

a
n

d
 t

h
e

 G
IS

 U
s

e
r 

C
o

m
m

u
n

it
y

Anglo Ashanti North America
Eagle Conservation Plan
Silicon Exploration Project

Nye County, NV
NAD 1983 UTM Zone 11N Figure 3

Foraging Habitat
Within Study Area

1 in = 8,000 feet

1ST REVIEW: BTDRAWN BY: CJ 2ND REVIEW: JE

DATE: 7/6/2021

($$¯
0 4,100 8,200

Feet

2037222317PROJECT NO:

Land Cover Description
Developed, Open Space - Low
Intensity

Great Basin Foothill and Lower
Montane Riparian Woodland and
Shrubland

Great Basin Pinyon-Juniper
Woodland

Great Basin Xeric Mixed Sagebrush
Shrubland

Inter-Mountain Basins Big Sagebrush
Shrubland

Inter-Mountain Basins Cliff and
Canyon

Inter-Mountain Basins Greasewood
Flat

Inter-Mountain Basins Mixed Salt
Desert Scrub

Inter-Mountain Basins Montane
Sagebrush Steppe

Inter-Mountain Basins Semi-Desert
Grassland

Inter-Mountain Basins Semi-Desert
Shrub Steppe

Invasive Annual Grassland

Invasive Annual and Biennial
Forbland

Mojave Mid-Elevation Mixed Desert
Scrub

North American Arid West Emergent
Marsh

North American Warm Desert
Bedrock Cliff and Outcrop

North American Warm Desert Lower
Montane Riparian Woodland and
Shrubland

North American Warm Desert Playa

North American Warm Desert
Volcanic Rockland

Recently Mined or Quarried

Sonora-Mojave Creosotebush-White
Bursage Desert Scrub

Sonora-Mojave Mixed Salt Desert
Scrub



V
:\

2
0

3
7

\A
c

ti
v
e

\2
0

3
7

2
2

3
1

7
\0

3
_

d
a

ta
\g

is
_

c
a

d
\g

is
\m

x
d

s
\F

ig
4

_
V

ie
w

s
h

e
d

_
v
2

_
8

x
1
1

L
.m

x
d

  
  

  
R

e
v
is

e
d

: 
2

0
2

1
-0

7
-0

6
 B

y
: 

c
h

rj
o

h
n

s
o

n

Disclaimer: Stantec assumes no responsibility for data supplied in electronic format. The recipient accepts full responsibility for verifying the accuracy and completeness of the data. 

The recipient releases Stantec, its officers, employees, consultants and agents, from any and all claims arising in any way from the content or provision of the data.

2037222317

Legend

Silicon Project Boundary

Raptor Survey Area (4-mile
Radius)

Exploration Roads

Golden Eagle Territory

Project Boundary 1-mile Radius

Viewshed
Not Visible

Visible

S
e

rv
ic

e
 L

a
y

e
r 

C
re

d
it
s
: 

S
o

u
rc

e
: 

E
s
ri

, 
M

a
x
a

r,
 G

e
o

E
y

e
, 

E
a

rt
h

s
ta

r 
G

e
o

g
ra

p
h

ic
s

, 
C

N
E

S
/A

ir
b

u
s
 D

S
, 

U
S

D
A

, 
U

S
G

S
, 

A
e

ro
G

R
ID

, 
IG

N
, 

a
n

d
 t

h
e

 G
IS

 U
s
e

r 
C

o
m

m
u

n
it
y

($$¯
0 1.5 3

Miles

Anglo Ashanti North America
Eagle Conservation Plan
Silicon Exploration Project

Nye County, NV
NAD 1983 UTM Zone 11N Figure 4

Golden Eagle Nests Viewshed

1 in = 3 miles

1ST REVIEW: BTDRAWN BY: CJ 2ND REVIEW: JE

DATE: 7/6/2021 PROJECT NO:



 

 

APPENDIX B 

Public Comments and Responses 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

1 1.1 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We would like to request that 
instead of ten.  

the permit only be issued for 5 Takes Comment noted. Under Alternative 1: Proposed Action, the 
Service has analyzed the impacts of 10 incidents of take per the 
application submitted by the Applicant for the Project and we will 
make a decision for the requested permit based on our analysis as 
presented in the EA. 
 
 

1 1.2 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Members of Basin and Range Watch and Western Watersheds 
Project live within 4 miles of the Silicon Exploration Project and 
have watched nearly in a daily basis, their operation and mitigation 
violations that happen sometimes. 

Concerns regarding the Applicant’s compliance with the BLMs 
applicant committed environmental protection measures 
(ACEPMs) and mitigation are beyond the scope of this EA; 
however, these concerns have been shared with the BLM Tonopah 
Field Office as they are the under purview of the BLM Decision 
Record and their EA for the Project. 
 
 

1 1.3 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We request this because AngloGold Ashanti North America has not 
been within adequate compliance with the regulations of the Bureau 
of Land Management Decision Record mitigation which approved 
the Silicon Exploration Project. In particular, the drillers for the 
company have not complied with the regulations to mitigate night 
lighting or noise. The exploration project runs on a 24/7 schedule 
and for safety reasons, the exploration sites have been extensively 
illuminated. The BLM Environmental Assessment for the project in 
2020 required that night lighting be mitigated to a point of less 
intensity. 

Concerns regarding the Applicant’s compliance with the BLMs 
applicant committed environmental protection measures 
(ACEPMs) and mitigation are beyond the scope of this EA; 
however, these concerns have been shared with the BLM Tonopah 
Field Office as they are the under purview of the BLM Decision 
Record and their EA for the Project. In addition we will continue 
our coordination with the BLM and the industry to consider and 
evaluate best management practices for birds when using night 
lighting  
 
 

1 1.4 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We have observed golden eagles regularly across this region, 
including over the hills where gold exploration is occurring, as well 
as foraging over adjacent creosote desert rolling terrain and Oasis 
Valley. We have viewed nests with binoculars on the nearby Bare 
Mountains. 

Comment noted. The existing environment and baseline data for 
known presence of golden eagles and foraging habitat are 
discussed within Chapter 3.0 Affected Environment of the EA, 
noting the current existence of territories and individual nests 
observed and documented within the area of analysis. 

1 1.5 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Lights:  
 
Since August of 2020, members of Basin and Range Watch have 
complained to the BLM about 8 different times asking that 
AngloGold’s requirement to mitigate light pollution be enforced. 
The fall out of compliance about every other month. The BLM EA 
states:  
 

Concerns regarding the Applicant’s compliance with the BLMs 
ACEPMs and mitigation are beyond the scope of this EA. 
However, we shared the commenter’s concerns about lights with 
the BLM Tonopah Field Office as they are the under purview of 
the BLM Decision Record and their EA for the Project. 
 
We also discussed the commenters concerns with the Applicant 
focused on understanding potential measures available to 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

“To minimize effects from lighting, AGA would utilize hooded 
stationary lights and light plants. Lighting would be directed onto 
the pertinent site only and away from adjacent areas not in use, 
with safety and proper lighting of the active work areas being the 
primary goal. Lighting fixtures would be hooded and shielded as 
appropriate. AGA would utilize lighting designed to reduce the 
impacts to night skies.”  
 
At any given time, there can be as many as 5 different bright lights 
on the mountain they are exploring on. Some of the lights are 
pointed west as well as east and are brighter than moonlight.  
 
The complaints have been mostly based on aesthetics, but these 
lights are clearly too bright to mitigate impacts to wildlife. These 
lights most likely are attracting and impacting eagles, other 
migratory birds and bats. The problems do commonly occur in 
winter during eagle nesting seasons. 

implement lighting Best Management Practices to minimizing 
impacts to birds. The Service will continue to coordinate with the 
BLM, the Applicant, and the industry to understand current 
practices and to explore opportunities for improvements.   
 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 

1 1.6 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Noise:  
 
The drill rigs are very loud. They must drill bits down hundreds of 
feet. They also continuously change the drill bits which makes a 
very loud “clink” noise. The noise can be heard as far as three miles 
away but becomes more intense about one mile away.  
 
The acoustic environment has a major influence in shaping animal 
behavior. A growing number of studies quantify the impact of 
nonlethal human disturbance on the behavior and reproductive 
success of animals. Most researchers agree that noise can effect an 
animal's physiology and behavior, and if it becomes a chronic 
stress, noise can be injurious to an animal's energy budget, 
reproductive success and long-term survival.  
 
In draft guidelines for human disturbance of breeding golden 
eagles, Hansen et al. (2017) state that ground disturbance and noise 
can be more significant than aerial noise to raptors:  
 

In general, animals appear to be more responsive to louder 
sounds than to quieter ones (Bowles 1995). For example, 
Mexican spotted owls only flushed in response to 
helicopters and chainsaws when sound energy was above 
certain levels (chainsaws: 46 dBA, helicopters: 92 dBA; 

Comment noted. The Service acknowledges the potential for noise 
to affect eagles, as is reflected in our regional buffer guidance that 
recommends a 1 mile no disturbance buffer for most activities, and 
a 2 mile buffer for blasting. If buffers are not practical for a 
project to implement, in most situations we recommend the project 
proponent apply for an incidental eagle take permit.. We evaluated 
the Applicant’s request for an eagle incidental take permit 
accordingly in this EA, considering potential for disturbance to 
eagles from Project exploration activities including noise.  Under 
the Bald and Golden Eagle Protection Act permit regulations (50 
CFR 22.26) we must consider, among other things, if an eagle take 
request is necessary to protect a legitimate interest in a particular 
locality. As the BLM had previously authorized the Project’s 
exploration activities, these activities are a legitimate interest.  
Therefore, our EA analyzed the Applicant’s eagle take request as 
allowed by our regulations.  If issued an incidental eagle take 
permit, the Applicant’s impacts to golden eagles would be offset 
through required compensatory mitigation. To address long term 
population concerns, our Regional Migratory Bird Program is 
actively engaged in coordination efforts with the other agencies, 
including the BLM, industries, researchers, and non-government 
organizations in our efforts to manage for sustainable populations 
of eagles and birds throughout Nevada..  

Delaney et al. 1999). Awbry and Bowles (1990:21 cited in 
USFWS 2006) stated that "what little published literature 
(on raptors) is available suggests that noise begins to 
disturb most birds at around 80–85 decibels (dB) sound 
levels and that the threshold for the flight response is 
around 95 dB." The Service (USFWS 2006) noted in its 
review of effects of human disturbance on northern spotted 
owls that raptors tend to be more sensitive to visual 
disturbances than to auditory ones. However, auditory and 
visual stimuli from human activities may often interact 
synergistically in their effects on wildlife (USFWS 2006). 
This synergistic effect could be responsible for findings 
that raptors are often more strongly affected by terrestrial 
activities than aerial activities (USFWS 2006; e.g., Fraser 
et al. 1985, Delaney et al. 1999, Grubb et al. 2010). The 
Service (USFWS 2006) recommended an injury threshold 
for northern spotted owls of 46 dBA for terrestrial 



Silicon Exploration Project Eagle Take Permit Application 
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Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

activities due to the potential for stronger effects of 
ground-based activities than of aerial activities.  

 
Road traffic by trucks, water trucks, and heavy machinery can 
impact eagles. In wildlife considerations in planning and managing 
road corridors little attention has been given to the effects of 
disturbance by traffic on populations of breeding birds. Recent 
studies, however, show evidence of strongly reduced densities of 
many species of woodland and open habitat in broad zones adjacent 
to busy roads. The density reduction is related to a reduced habitat 
quality, and traffic noise is probably the most critical factor. 
Because density can underestimate the habitat quality, the effects 
on breeding populations are probably larger than have been 
established (Reijnen et al. 1997).  
 
Long-term disturbance could lead to declines in animal populations, 
including eagles. We recommend that heavy and loud mining and 
traffic activities should not be allowed 1.2 km from an active 
golden eagle nest during the period January 1 to August 1.  

1 1.7 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Mining activities that produce extremely loud noises should be 
avoided within 1/2 mile of active nests (or within 1 mile in open 
areas), unless greater tolerance to the activity (or similar activity) 
has been demonstrated by the eagles in the nesting area.  

In general, we recommend that a project may demonstrate 
compliance with the Eagle Act in two ways, by either 
implementing no disturbance buffers recommended by the 
Service, or by applying for an eagle incidental take permit. As 
described in the EA, we would authorize disturbance incidental to 
the project’s activities, thereby alleviating the need for the project 
to implement nest buffers. The comment is noted and will be 
retained in our records.  

1 1.8 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Nests should be monitored during the mining activity. Per Table 2-1 of the Service’s EA (page 6-7), annual nest surveys 
are to be conducted by a qualified biologist prior to surface 
disturbing activities during the avian breeding season (March 1 
through July 31) for the life of the Project. Additionally, annual 
surveys are to be conducted at golden eagle nests documented 
within one mile of the Project.  

1 1.9 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Loss of Foraging Habitat:  
 
About 40 percent of the main ridge AngloGold is exploring on has 
been impacted. Many plant communities have been removed 
including creosote/bursage, Joshua tree, blackbrush and several 
others. 
 

Concerns regarding the Applicant’s compliance with the ACEPMs 
for mitigation of impacts to golden eagle foraging habitat are 
beyond the scope of this EA; however, these concerns have been 
shared with the BLM Tonopah Field Office as they are the under 
purview of the BLM Decision Record and their EA for the Project. 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

According to the BLM EA: “The depth of cut for newly constructed 
exploration roads would be minimal. During reclamation activities 
at the Project, potential growth media stored in the form of berms 
and push piles, created during construction activities, would be 
distributed over surface disturbance areas. Distribution of the 
salvaged growth media during the earthwork portion of 
reclamation would support effective recontouring and seedbed 
preparation prior to seeding. Soil amendments are not considered 
necessary in those areas where sufficient growth media are 
available.”  
 
Very few of these mitigation measures have been implemented to 
minimize damage to foraging habitat. 

1 1.10 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Bald Eagles:  
 
The BLM EA stated that: Bald eagles (Haliaeetus leucocephalus) 
are known to occur in the region, but are not expected to be 
affected by exploration activities associated with the Project; 
therefore, disturbance and loss of territory of bald eagles are not 
expected to result from the Project (BLM 2020).  
 
Members of Basin and Range Watch have sited bald eagles a 
number of times at the Parker Ranch, which is included in the 
Silicon “project area” defined by the eagle report from the EA. 
Cunningham observed an immature bald eagle on January 3, 2022, 
roosting on a cottonwood in Oasis Valley in the morning within 
view of the Silicon Mine project; it flew off. The area may be a 
migration corridor and foraging habitat for bald eagles given that 
some artificial ponds and lakes are stocked with bass. 

The Service’s determination that disturbance and loss of territory 
of bald eagles is not anticipated as a result of Project activities is 
based on baseline data collected and annual monitoring survey 
results within the area of analysis. While bald eagles are known to 
occur in the region, territories and individual nests have not been 
documented within the area of analysis; therefore, we determined 
take of bald eagles is not likely under the proposed project. 
Section 2.1.2 of the EA (page 5) includes adaptive management 
measures that would apply to bald eagles. 

1 1.11 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Conclusion:  
 
Please do not issue ten takes for eagles for this company. They are 
just trying to make their lack of compliance legal. Please only issue 
5 Takes for the next ten years.  
 
 

Comment noted.  We have considered the applicant’s permit 
request as allowed under our Eagle Act incidental take permit 
regulations (50 CFR 22.26). We have determined that issuance of 
a permit to the Applicant allowing for up to 10 incidents of take 
from disturbance over 10 years is appropriate and would not result 
in population level impacts.  
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Appendix C Project Area Golden Eagle Territories and Nest Data Summary 

Annual golden eagle ground surveys have been conducted within a four-mile radius of the Project in 2019 
and 2020. Additionally, some data from earlier years is available from Nevada Department of Wildlife 
(NDOW). A summary of golden eagle nest survey data for nests within four miles of the Project from 2019 
and 2020 is presented in Table 1. 

Table 1 Summary of Nest Surveys from 2019 and 2020 

Year 2019 2020 

Golden Eagle (or Possible Golden Eagle) Nests Surveyed 14 14 
In-use1 Golden Eagle Nests 0 1 
Not in-use2 Golden Eagle (or Possible Golden Eagle) Nests 14 13 

1 In-use Nest – A nest used for breeding in the current year by a pair of golden eagles. 
2 Not in-use – Those nests not selected by golden eagles for use in the current nesting season. 
Sources: SWCA 2019 and 2020 

In addition, the golden eagle nesting territories within the four-mile radius of the Project were 
delineated (SWCA 2019). Four distinct territories were delineated based on proximity of nests to 
one another, concurrent use of adjacent nests, alternating use (from year to year) of adjacent nests, 
and nearest available quality nesting substrate obtained from surveys and monitoring at the Project. 
Figure 3 from SWCA’s 2019 report displays the four golden eagle nesting territories relative to 
the Project area and the 14 nest sites. This figure has not been included in this document due to the 
sensitive nature of eagle nest locations. Table 2 summarizes the golden eagle territories and use 
within the Project area. 

Of the four territories delineated, the survey area and methods are only consistent in the Project 
area for 2019 and 2020 data, and there is limited data available for the Project area from 2014, 
2015 and 2018. Data available for 2014, 2015 and 2018 were provided to SWCA by NDOW 
(SWCA 2019). Of the territories delineated, one was in-use in 2014, none were in-use in 2015, 
2018, or 2019, and one was in-use in 2020.  In 2014, NDOW identified that one of the nests in the 
Beatty Wash territory successfully fledged eaglets (SWCA 2019). There is no additional data 
available for fledging success of the territories surveyed.  



Territory Nest ID 
Year and Territory Status Number of Seasons 

Territory was In-use Territory Use Rate 

2014 2015 2018 2019 2020 

Beatty 
Wash 

SI-301 

In-use Not In-use Not In-use Not In-use In-use 2 0.40 

SI-302 

SI-303 

SI-304 

SI-305 

SI-502 

Upper 
Beatty 
Wash 

SI-206 

-- -- -- Not In-use Not In-use 0 0.00 
SI-209 
SI-211 

SI-510 

Fluorspar 
Canyon SI-503 -- -- -- Not In-use Not In-use 0 0.00 

Specie 
Spring 

SI-003 

-- -- -- Not In-use Not In-use 0 0.00 SI-004 

SI-019 
Total Number of In-
use Territories/Total 
Territories Surveyed 

1/1 0/1 0/1 0/4 1/4 

Territory Use Rate 1.00 0.00 0.00 0.00 0.25 

 Table 2 Territories within the Project Area and Status 

Note: Of the four territories delineated, the survey area and methods are only consistent in the Project area for 2019 and 2020. 
Source: SWCA 2019 and 2020
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Abstract

Native American belief systems do not distin-
guish geographic boundaries for revered 
landscapes, and the appropriate scale at which 
to assess ethnographic landscapes may not be 
readily apparent, as they range greatly from small 
scale to large. The cultural landscape associ-
ated with the Xam Kwatcan trail in California, 
Arizona and Nevada is 160 miles in length. It 
incorporates extant trails, associated ceremonial 
sites, and highly revered geographic places. This 
vast size raises management concerns, but Native 
American cultural perspectives can be clearly 
described and taken into account under relevant 
federal laws (i.e., Section 106 of the National 
Historic Preservation Act) using ethnographic 
interviews. Landscape scale is a useful construct 
in understanding that a place may be simultane-
ously significant on several scales.

Key Words

Ethnographic landscapes, Native American  
trails, regional-scale landscapes, southwestern 
United States

Ethnographic Trail Systems as Large-Scale Cultural 
Landscapes: Preservation and Management Issues

James H. Cleland, Ph.D., Principal, EDAW, Inc., San Diego, California, United States

Introduction

It is well known that Native American ethno-
graphic landscapes can encompass relatively large 
geographic expanses (Hardesty 2000; Parker and 
King 1992). Sacred mountains, such as Mt. Shasta 
in California, San Francisco Peak in Arizona, and 
Devils Tower in Wyoming, are examples. What 
is less widely appreciated is that Native American 
belief systems often not only refrain from delin-
eating geographic boundaries with respect to 
specific revered landforms, such as mountains, 
but also insist on a critical interconnection among 
what might otherwise be considered separate 
landscapes. Boundary definition can be prob-
lematic for all types of cultural landscapes, but 
this problem can seem even more daunting when 
specific locations such as mountain peaks, inter-
montane basins, river valleys, and residential areas 
are inextricably interconnected through a complex 
belief system. In the case of Native American 
ethnographic landscapes, song cycles and other 
sacred texts often weave huge geographies together 
to form an interconnected whole—a whole seen 
by modern tribes as critical to their cultural 
continuity. Because of these widespread inter-
connections, scales for ethnographic landscape 
assessments can range from the relatively local to 
the regional and trans-regional. As a result, the 
appropriate scale of assessment may not be readily 
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apparent to non-native resource management 
agencies or cultural resource professionals who are 
not trained specialists. 

This paper focuses on a large-scale regional cul-
tural landscape associated with a trail system in the 
arid southwestern United States. Trails of cultural 
significance to Native Americans in this region 
range from relatively short ceremonial pathways 
(Hedges and Hamann 1992; Van Vlack and Stoffle 
2006) to trans-regional trails that are closely tied 
to epic accounts of tribal history, tribal identity, 
and cultural continuity. A well-known example 
of a regional trail system is the Chacoan Road 
network (Hardesty 2000). Lesser-known examples, 
but equally daunting in scale, are the Salt Song 
Trail of the Paiute and Chemehuevi tribes and the 
Xam Kwatcan trail system of the Quechan Tribe. 
The Salt Song Trail traverses southwestern Utah, 
southern Nevada and much of southern California. 
The “Salt Song” tells of the trail and its surrounding 
landscape:

It’s telling about different landmarks, 
different mountains, the beauty of this 
mountain, what it stands for, what medi-
cines are found in that mountain. The Salt 
Song tells all of that. If you understood it, 
you’d be a scholar (Eddy 2004).

The Xam Kwatcan trail system, the primary focus 
of this paper, is 160 miles or more in length, 
encompasses portions of three states (California, 
Arizona, and Nevada), and traverses the traditional 
territory of multiple Native American tribes. It 
incorporates extant trails still visible on the desert 
surface, associated ceremonial sites, and elements 
of the natural landscape, including highly revered 
geographic places. A component of this trail 
system is currently a focus of legal action under the 
North American Free Trade Agreement (NAFTA), 

which challenges the impact of a large open-pit 
mine on such a vast landscape.

The present paper concludes that when adequate 
ethnographic interviews have been undertaken, 
Native American cultural perspectives can be 
clearly described and taken into account under the 
U.S. National Historic Preservation Act (NHPA).  

As defined by the National Park Service, an ethno-
graphic landscape is an area containing a variety 
of natural and cultural resources, including plant 
and animal communities that associated people 
define as heritage resources (USDI, NPS-28 1998). 
Further, the NHPA defines a traditional cultural 
property (TCP) as one that is eligible for inclusion 
in the National Register of Historic Places (National 
Register) because of its association with cultural 
practices or beliefs of a living community that are 
(a) rooted in that community’s history, and (b) 
important in maintaining the continuing cultural 
identity of the community (USDI, NPS, NRB 1998). 
By these definitions, the Xam Kwatcan trail system 
can be considered a significant ethnographic land-
scape and a traditional cultural property. Beyond 
these definitions, what about its scale?

The concept of landscape scale must include 
the understanding that a specific ethnographic 
landscape may be significant because it operates 
simultaneously on several scales – local, regional, 
and trans-regional. “Region” is a tricky word 
that may connote a variety of geographic scales, 
depending on the context. In this paper, I use the 
term “regional-scale ethnographic landscape” to 
denote an area that has geographic unity in terms 
of its natural and cultural environment and corre-
sponds to a verifiable ethnographic construct. 
While a local-scale landscape might entail a 
particular valley or mountain range and vary in 
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size up to a few hundred square miles, a regional-
scale landscape might encompass several mountain 
ranges and valleys and range up to an area of a few 
thousand square miles.

The Xam Kwatcan Trail System and the 
Trail of Dreams

Ethnographically, the Native American tribes 
who occupied most of western Arizona and 
southeastern California were speakers of related 
languages of the Yuman family. (Figure 1) The 
lowland Yuman tribes, including the Quechan, 
Mojave, Kamia, Cocopah, Halchidhoma, and 
Maricopa shared many cultural elements, 
including mythic traditions, cosmology, and reli-
gion. They strongly resisted missionization and 
continued to practice their traditional life ways 
through the mid-nineteenth century.

The regional environment was strongly dichoto-
mous—the hyper-arid Sonora desert, crossed by 
the “linear oasis” of the Colorado River (Stone 
1991). Structured by this environment, the 
economy was based on floodplain agriculture, 
fishing, and harvesting of wild plant foods. For 
most lowland tribes, hunting was decidedly a 
secondary subsistence activity. These groups trav-
eled widely across the desert for purposes of social 
visitation, religious pilgrimages, trade, alliance 
building, and warfare (Altschul and Ezzo 1994; 
Forbes 1965; Forde 1931; Kroeber 1925). The 
construction of a regional trail system was a key 
component of this cultural system (Baksh 1997; 
Cleland and Apple 2003; Johnson 1985, 2001; 
Rogers 1936; Von Werlhof 1987).  

The regional trail system plays an important role in 
the origin legends and the religious practice of the 

Yuman peoples. According to Quechan cultural 
tradition:  

In the beginning ... [the Creator] 
Kwikumat ... created real people. … The 
several Yuman tribes all descended from 
the top of Avikwame[Spirit Mountain 
near Laughlin, Nevada] and spread to 
their respective territories. The Quechan, 
however, took a special trail called xam 
kwatcán (‘another going down’). As a 
result, the Quechan adopted their tribal 
name, which is a form of the word 
kwatcán (Forbes 1965, 3-4).  

Thus, contemporary tribal identity is directly tied 
to the Xam Kwatcan trail. 

For the lowland Yuman groups, dreaming is 
considered the primary road to spiritual knowl-
edge and wisdom. Dreams are acquired during 
sleep, but are interpreted via mythological narra-
tives. It is noteworthy that dreaming is also directly 
tied in with the regional trail system. A contempo-
rary Quechan put it this way:  

They [Quechan] were taught that 
dreaming enabled them to have direct 
contact with various supernatural beings 
in order to gain advice and teaching on 
how to solve the problems of the living.  
While dreaming, their souls returned 
[following trails] to the time of creation 
to learn. … So the mountains along 
the Colorado River region are highly 
significant in regional Native American 
cultural and ethnic identity. Spiritual 
activities and events are deeply associated 
with numerous intaglios, petroglyphs, 
trails, lithic scatters, and cleared circles 
present along the Colorado River and 
surrounding hills (Cachora 1994, 14).  
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Figure 1. Native American tribes of the Lower Colorado River. (Kroeber 1925)
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Figure 2.  Map of Xam Kwatcan Trail and related places. (Baksh, 1995, 1997; Johnson 1985, 2001; Raven 
and Raven 1986)
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Writing of the Mojave at the turn of the twentieth 
century, Kroeber (1925, 454-455) wrote:

[A] Mohave can not tell a story or a 
dream without naming the exact spot at 
which each character journeyed or slept or 
stood or looked about [emphasis added]... 

The naming and description of distant places on 
the vast desert landscape was a common thread in 
the lowland Yuman narrative tradition, reinforcing 
and facilitating the culture of long-distance travel. 
Kroeber continued about the important connec-
tion between dreaming and narrative:

Dreams, then are the foundation of 
Mohave life; and dreams throughout are 
cast in a mythological mold. There is no 
people whose activities are more shaped 
by this psychic state... and none whose 
civilization is so completely, so deliberately, 
reflected in their myths.

Thus, myth and dreams are somewhat interchange-
able but are set in real space on the landscape—a 
respected dreamer usually related his dreams in 
terms of mythic traditions, and as Kroeber noted, 
these mythic traditions molded lowland Yuman 
culture to an exceptionally high degree.  

Another important connection between the trail 
system and traditional religious practice was the 
keruk, or cremation ceremony. The keruk was the 
most important religious ceremony and often 
the occasion for relatively large social gatherings 
(Altschul and Ezzo 1994; Forbes 1965; Forde 1931).  
Pilot Knob near Yuma was the site of the mythic 
first cremation – the cremation of the Creator god 
– and served as an ongoing location for major 
keruks. Following completion of the keruk, people 

seeking spiritual guidance would undertake a 
pilgrimage from Pilot Knob to Avikwame, the 
creation mountain and home of the Creator, near 
Laughlin, some 160 miles to the north. It is said 
that a pilgrim could make the trip in four days, 
quite a feat of endurance, and a tribute to the 
quality of the trail system. The Xam Kwatcan trail 
system connected Pilot Knob with the creation 
mountain (Forbes 1965; Johnson 1985; Raven and 
Raven 1986) and was used in the keruk pilgrimage.

According to contemporary Quechan, there 
were two major branches of the Xam Kwatcan 
trail leading north from Pilot Knob. (Figure 2) 
The more easterly branch is referred to as the 
Medicine Trail and the more westerly branch is 
referred to as the Trail of Dreams (Baksh 1997).  
The two branches merge near a major rock art 
complex (Figure 3) near Palo Verde Point on the 
Colorado River.

Character-Defining Elements of the 
Contemporary Cultural Landscape

In the lower Colorado River culture area, Native 
American groups continue to occupy their tradi-
tional territories and maintain exceptionally strong 
cultural continuity, as evidenced in contemporary 
culture by the unbroken use of native languages, 
the maintenance of oral history and traditional oral 
narratives, the continued practice of certain ritual 
and ceremonial activities, and a strong identifica-
tion with the land (Baksh 1997; Bee 1981; Raven 
and Raven 1986; Woods 2001). A strong identifica-
tion with the land is typical of cultural persistence 
throughout southern California (Bean and Vane 
1978). Tribes continue to occupy their pre-contact 
homeland and express a close personal affinity with 
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the places of their ancestors. For many of the desert 
groups, not only are places in or near reservations 
remembered and revered, but quite distant places 
continue to have cultural meaning and importance.  
As an example, Avikwame, the creation mountain, 
is over 150 miles from the Quechan Reservation, 
but remains central in narrative, ceremony,  
and identity.

Lowland Yuman cultural authorities stress the 
interconnectedness of places and recoil from 
regulatory imperatives to divide the landscape and 
assess the resulting parts individually:

The sites in that area tie in with something 
that is bigger in the long run. As I’ve said 
before, the whole area along the Colorado 
River is sacred (Baksh 1997, 21).  

The Quechan note that all the sites in 
their traditional range are connected 
spatially, culturally, and spiritually. They 
should not, therefore, be considered as 
isolated occurrences, but rather as part of 
a greater network of cultural heritage. As 

such, effects to one site create effects on all 
the others (Woods 2001, 20).

This point of view can be appreciated by recalling 
Kroeber’s remark that every story and dream is 
manifested at specific places within the desert land-
scape, and that stories and dreams are central to 
the Yuman cultural experience.

Constructed Elements

Traditional cultural activities, some of which are 
ongoing, have left a coherent body of material 
remains on the desert landscape, connected by 
a largely extant trail system (Figure 4). The trail 
system connects cultural and natural elements, 
such as specific mountains, which the Lower 
Colorado groups identify as culturally significant. 
Many trails were intentionally created and are not 
simply a result of repeated use (Johnson 1985; von 
Werlhof 1987). The Native American trail system 

Figure 3. One of many petroglyph panels at Palo Verde 
Point. (Hedges in Cleland and Apple 2003)

Figure 4.  Recording a portion of the Xam Kwatcan trail 
system. (Photo by author)
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clearly reflects the distribution of prehistoric sites 
in the region. A recent large-scale survey revealed 
that 40 percent of the 120-plus recorded prehistoric 
sites had trail features.  
 
Geoglyphs and rock features constitute other 
important types of Native American landscape 
construction. (Figure 5) Geoglyphs (sometimes 
referred to as intaglios) are naturalistic abstract 
figures typically incised into the surface of the 
desert so that the lighter colored subsurface is 
exposed, creating light-on-dark images. These 

figures are unique to the Sonora and southern 
Mojave deserts and can be expansive in scale with 
individual elements exceeding 30 m (100 ft.) in 
length (Johnson 1985). Others may measure only 
a meter or two across. Sonora Desert archaeolo-
gists (Johnson 1985; Von Werlhof 2004) have made 
a convincing case that some anthropomorphic 
geoglyphs represent mythological characters and 
events. These constructions are concentrated at 
locations of particular traditional significance 
(Altschul and Ezzo 1994; Baksh 1995; Pigniolo et 
al. 1997; Raven and Raven 1986). Cleared circles 

Figure 5: Historic aerial photograph of an expansive geoglyph associated with the Xam Kwatcan Trail. (Setzler and 
Stewart 1952)
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and other cleared areas on desert pavements 
constitute another key type of cultural landscape 
construction encountered in areas of high cultural 
significance.  

Elements of the Natural Landscape

Mojave historical narratives (e.g., Kroeber 1925; 
Kroeber and Kroeber 1973) make it clear that the 
lowland Yuman groups “catalogued” and remem-
bered the names of many distant places (Kroeber 
and Kroeber 1973). Forde (1931) noted that the 
Quechan, too, remembered a vast array of named 
places, but did not record many of them individu-
ally. These named places had varying prominence 
within the core narrative literature and its corre-
lated belief system. Not every named place rises to 
the same level of significance.

Several mountains had particular importance, 
but not all highly revered places were topographic 
prominences. The Indian Pass area, where two 
major trails (including the Trail of Dreams) 
crossed, was particularly esteemed as a teaching 
place where initiates were brought to learn arcane 
cultural traditions considered critical to the main-
tenance of Quechan culture. Mesas surrounding 
important peaks (Pilot Knob Mesa, for example) 
are considered especially sensitive and contain high 
frequencies of constructed cultural elements such 
as geoglyphs, rock rings, and cleared circles (Ezzo 
and Altschul 1993; Raven and Raven 1986).

Beyond the physiography of place, lowland 
Yuman tradition puts significant emphasis on the 
plants and animals native to each place. Speaking 
of the culturally-related Chemehuevi, Halmo 
(2001) noted:

Given the intimate interrelationship 
between plants, animals, soil and water, 
Chemehuevi concerns for these resources 
are clear. Plants and animals are consid-
ered sacred resources that must be 
used appropriately. … As mentioned, 
all traditional Chemehuevi territory is 
perceived to be a sacred homeland given 
to the people by their Creator. Any inap-
propriate treatment of the land is viewed 
as upsetting the balance with adverse 
consequences.

In sum, traditional Yuman cultural beliefs interact 
to create the need to address an integrated cultural 
landscape comprised of archaeological sites, 
natural formations, the biotic community, and 
trails that is truly regional in scale. The National 
Park Service originally defined an ethnographic 
landscape as a “landscape containing a variety 
of natural and cultural resources that associated 
people define as heritage resources” (Birnbaum 
1994). Contemporary Native American consultants 
and ethnographic testimony gathered in the early 
twentieth century agree that the associated people 
(in this case existing Yuman tribes) define an 
expansive, holistic landscape across the desert as an 
important heritage resource.

Management Issues

The immensity of regional-scale ethnographic 
landscapes and the insistence by many contem-
porary Native American spokespeople on the 
interconnectedness of the natural and cultural 
elements of these landscapes raises serious 
management issues. Can such a landscape be 
considered a cultural property under U.S. laws and 
regulations? If so, how would its boundaries be 
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determined and whose responsibility would it be 
to define the boundaries? Then, there is the issue of 
integrity. Typically, any regional-scale ethnographic 
landscape would have already been subject to some 
severe disturbance. How would one even begin 
to assess whether historical values still exist? In 
the case of the ethnographic landscape associated 
with the Xam Quechan trail system, three east-
west Interstate highways cross it, several modern 
cities have been developed within it, and the once 
wild Colorado River has been tamed by dams 
and levees, and irrigated agricultural fields have 
replaced wetlands and sloughs.

Having faced these issues on several major proj-
ects involving land-management decisions within 
this regional-scale landscape, I have come to the 
conclusion that most of the objections to consid-
ering regional landscapes result from a too-rigid 
set of assumptions as to what U.S. regulations actu-
ally say and require. Through experience, I have 
come to understand that current laws, regulations, 
and guidelines contain most of the tools necessary 
to come to reasonable and balanced land-manage-
ment decisions that take into account Native 
American values. 

To put this conclusion into perspective, I 
will examine an ongoing NAFTA claim (U.S. 
Department of State 2007) by a Canadian mining 
company denied the right to develop a massive 
open-pit gold mine that would have impacted the 
Trail of Dreams and a specific place—Indian Pass 
as well as the regional ethnographic landscape as a 
whole. The issues and regulatory processes at issue 
in this case are exceedingly complex, and I will 
only attempt to summarize some of the cultural 
resources issues. This could be a precedent-setting 
case, and its high profile is underscored by the fact 

that the National Trust for Historic Preservation 
put Indian Pass on its most endangered list  
in 2002.
 
Indian Pass had been known since the 1920s as an 
area rich in archaeological material, as evidenced 
by surface collections and excavations conducted 
by Malcolm Rogers (1936, 1939, 1966; Waters 
1982). However, Rogers’ work was never fully 
reported, and many archaeologists remained 
unaware of the value of the area. And, no one had 
thought to ask the Native American tribes what 
they thought until the Glamis Imperial Mine  
was proposed. 

Native American values for the area started to 
come to light during public scoping meetings held 
by Bureau of Land Management (BLM) under 
the auspices of the National Environmental Policy 
Act (NEPA). Native American representatives 
voiced strong opposition to the project. BLM then 
retained the services of a cultural anthropolo-
gist who had previous experience with lowland 
Yuman tribes to assess the basis of this opposi-
tion. Ethnographic interviews revealed that many 
Quechan were concerned about all ancestral 
sites in their traditional territory; too many had 
already been destroyed. The Trail of Dreams 
passes through the proposed mine area, while the 
Medicine Trail was already cut-through by another 
open-pit gold mine. The Quechan believe that the 
construction of the proposed mine would preclude 
their ability to perform the pilgrimage from Pilot 
Knob to the creation mountain, physically and 
in dreams. The Indian Pass area is also of special 
significance. It is a “strong” place and ancestral 
spirits are thought to dwell there. Landscape 
features were of importance, as were aspects of 
the constructed environment. The intersection of 
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the two trails is an important aspect. Additionally, 
and of critical importance, the Indian Pass area is 
a teaching place that must be visited to learn tradi-
tional cultural practices. It is the first in a series of 
such places. The other places would be useless if 
the first place were destroyed. No mitigation could 
lessen the cultural damage that would be done if 
the mine were to proceed.

My company (EDAW, Inc.) conducted the archaeo-
logical survey required to conform to both NEPA 
and Section 106. Suffice it to say, the archaeological 
data supported the Quechan claims. The proposed 
site for the mine was found to hold a high 
concentration of features of probable ceremonial 
significance, and these features probably span at 
least a thousand-year period (Pigniolo et al. 1997). 
A trail associated with many ceremonial features 
can still be seen on the ground extending from the 
major trail intersection through the proposed open 
pit mine. This trail has been identified in the field 
by Native Americans as the Trail of Dreams. Based 
partly on the impacts to traditional cultural prop-
erties, the Department of the Interior denied the 
permit application in January 2001. This denial was 
subsequently reversed, but the State of California 
also moved to block the project.

Attorneys and an expert witness for the mining 
company have been critical of some of the cultural 
resources findings, raising issues of fact as well 
as procedural issues (Sebastian 2006). Of most 
importance for present purposes is the issue of 
scale. The mining company argues that since the 
Native Americans are concerned about a cultural 
landscape that is regional in scale, the impact of the 
mine itself would have to be considered relatively 
minor, only a few square miles out of many thou-
sands (McKee 2005).

How valid is this criticism? I think it is fair to say 
that it would be impossible to stop all develop-
ment in a regional scale landscape just because it 
would adversely impact that landscape. As noted 
above, the area in question contains modern 
towns and numerous modern transportation 
routes. If all projects are not stopped, why would 
one project be singled out for denial while 
another is allowed to go forward? This question 
underscores one of the major points I want to 
make. In the Imperial Mine case, if the regional-
level landscape was the only issue, then it is 
doubtful that the government would have blocked 
the project. Rather, it was the confluence of land-
scapes on several scales at the proposed mine site 
that led to the government’s decision. Not only 
was there a regional issue, there was the issue of 
the Indian Pass area itself and the local manifes-
tation of the Trail of Dreams within that more 
restricted landscape. Although I cannot speak 
for Native Americans, my experience on other 
projects is that strident objections to projects 
are not raised based solely on regional concerns. 
While many Native Americans would prefer to 
see all new development restricted to previously 
disturbed areas, it is only when a project severely 
affects a more localized landscape of particular 
concern that the level of opposition raises to 
criticality.  

Conclusions and Recommendations

In a more general sense, then, how is a regional 
scale landscape to be dealt with and managed?  
There might be a tendency either to panic and 
say “Oh, it’s just too big, we can’t possibly deal 
with it,” or to shrug and say “Well, if everything is 
important, what difference does it make?” Neither 
of these reactions can be justified under current 
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Federal regulations and guidelines. My recom-
mendation is to take regional cultural landscapes 
seriously first by acknowledging the existence of 
such landscapes for purposes of full disclosure. 
If a good case can be made for the existence of a 
regional scale landscape, it only makes sense that 
land managers and cultural resources professionals 
should take it into account in decision-making. 
Moreover, in the case of ethnographic landscapes, 
federal guidelines are quite clear that the concerns 
of the affected cultural group should be sought out 
and considered (Parker and King 1992). However, 
does this mean that a regional scale landscape 
should be formally evaluated for National Register 
eligibility as a TCP or ethnographic landscape? In 
my view, little would be gained in most cases by 
such an effort. In a rare case, such an assessment 
might become necessary to avoid a legal challenge, 
but this would not normally be the case.

What then is the proper format for taking a 
regional-scale landscape into account? In case of a 
federal undertaking subject to NEPA, impacts to 
the regional landscape would have to be addressed 
separately in the required cumulative impact 
assessment. This is a point that attorneys for Native 
American groups are beginning to recognize and 
advocate for. In addition, undertakings under 
Section 106 would address the regional landscape 
in the consultation documents, either in an agree-
ment document like a memorandum of agreement 
or in agreeing that there would be no effect. Finally, 
in long-term land management programs, regional 
scale landscape concerns can be addressed with 
a formal plan for stewardship. Regional thinking 
would help lead the cultural resources profes-
sion toward large-scale planning similar to the 
ecosystem-management approach that is gaining 
popularity relative to rare and endangered species.

In conclusion, the idea of scale in cultural land-
scape analysis helps to illuminate and explain 
varying kinds of traditional cultural concerns: 
concerns dealing on the one hand with holistic 
regional landscapes and on the other with more 
localized places and their roles within the larger 
regional landscapes. This approach serves better 
to integrate Native American concerns and guide 
appropriate, informed management decisions. 
Issues of boundary determination and scale are 
more readily conceived and resolved within the 
context of a holistic landscape analysis than within 
a more partitive approach.



The Alliance for Historic Landscape Preservation         �3

References
Altschul, Jeffery H., and Joseph A. Ezzo. 1994. The expression of ceremonial space along the Lower Colorado River. In Recent 

research along the Lower Colorado River, ed. Joseph A. Ezzo, 51-68. SRI Technical Series no. 51. Tucson: Statistical 
Research, Inc.

Baksh, Michael. 1997. Native American consultation for the Chemgold Imperial Project. Document on file with Bureau of 
Land Management, El Centro, and Tierra Environmental Services, San Diego, California.

_____. 1995. Native American research plan for the Spirit Mountain study area of the Lake Mead National Recreation Area. 
Prepared for the National Park Service, Lake Mead National Recreation Area, Boulder, Nevada. Prepared by Tierra 
Environmental Services, San Diego, California.

Bean, Lowell J. and Sylvia Brakke Vane. 1978. Persistence and power: A study of Native American peoples of the Sonoran Desert. 
Rosemead, Calif.: Southern California Edison Company.

Bee, Robert L. 1981. Crosscurrents along the Colorado: The impact of government policy on the Quechan Indians. Tucson: 
University of Arizona Press.

Birnbaum, Charles A. 1994. Protecting cultural landscapes: Planning, treatment and management of historic landscapes. 
Preservation Briefs 36. Washington, D.C.: U.S. Department of the Interior, National Park Service. 

Cachora, Lorey. 1994. The spirit life of Yuman-speaking peoples: Lower Colorado River between Arizona and California. In 
Recent Research along the Lower Colorado River, ed. Joseph A. Ezzo, 13-14. SRI Technical Series no. 51. Tucson: Statistical 
Research, Inc.

Cleland, James H. and Rebecca M. Apple. 2003. A view across the cultural landscape of the Lower Colorado Desert. San Diego: 
EDAW, Inc.

Ezzo, Joseph A., and Jeffery H. Altschul. 1993. An archaeological survey of Pilot Knob, Imperial County, California: A class III 
cultural resources survey and evaluation. In Glyphs and quarries of the Lower Colorado River Valley, ed. Joseph A. Ezzo 
and Jeffery H. Altschul. SRI Technical Series no. 44, part 4. Tucson: Statistical Research, Inc.

Figueroa, Esther. 2004. The Salt Song Trail: Bringing creation back together. San Francisco: The Cultural Conservancy. Digital 
video disk (DVD). 

Forbes, Jack D. 1965. Warriors of the Colorado: The Yumas of the Quechan Nation and their neighbors. Norman: University of 
Oklahoma Press.

Forde, Daryll C. 1931. Ethnography of the Yuma Indians. University of California (Berkeley) Publications in American 
Archaeology and Ethnology 28 (4): 83-278.

Halmo, David B. 2001. Traditional Chemehuevi-Southern Paiute occupancy and use of lands and resources in the area of poten-
tial effect of the proposed North Baja gas pipeline alignment corridor: A preliminary assessment of potential impacts and 
cultural concerns. Lake Havasu, Calif.: Chemehuevi Tribe.

Hardesty, Donald L. 2000. Ethnographic landscapes: Transforming nature into culture. In Preserving cultural landscapes in 
America, ed. Arnold R. Alanen and Robert Z. Melnick, 169-185. Baltimore: Johns Hopkins University Press.



��         Exploring the Boundaries of Historic Landscape Preservation

Hedges, Ken, and Diane Hamann. 1992. Look to the mountaintop: Rock art at Texas Hill, Arizona. In American Indian rock 
art, ed. Donald E. Weaver, Jr., vol. ��, 44-55. El Toro, Calif.: American Rock Art Research Association.

Johnson, Boma. 1985. Earth figures of the Lower Colorado and Gila River deserts: A functional analysis. Phoenix: Arizona 
Archaeological Society. 

_____. 2001. Attachment A: Cultural resources overview of the North Baja pipeline project. In Appendix D of Cultural 
resources evaluation for the North Baja gas pipeline. Prepared by Archaeology Plus, Ivins, Utah. Prepared for Woods 
Cultural Research, LLC, Evergreen, Colorado.

Kroeber, Alfred L. 1925. Handbook of the Indians of California. New York: Dover Publications.

Kroeber, A. L. and C. B. Kroeber. 1973. A Mohave war reminiscence, 1854-1880. New York: Dover Publications.

McKee, Mike. 2005. Indian tribe steps into clash over mine. The Recorder, October 7. http://www.law.
com/jsp/ca/PubArticleCA/.

Parker, Patricia L. and Thomas F. King. 1992. Guidelines for evaluating and documenting traditional cultural properties. National 
Register Bulletin 38. Washington, D.C.: U.S. Department of the Interior, National Park Service.

Pigniolo, Andrew R., Jackson Underwood, and James H. Cleland. 1997. Where trails cross: Cultural resources inventory and 
evaluation for the Imperial Project, Imperial County, California. Document on file with Environmental Management 
Associates, Brea, California, KEA Environmental, San Diego, California, and BLM El Centro, California.

Raven, Shelly, and Christopher Raven. 1986. The archaeology of creation: Native American ethnology of cultural resources at 
Pilot Knob. Managed and reviewed by Clyde M. Woods. Document on file.

Rogers, Malcolm J. 1936. Yuman pottery making. San Diego Museum of Man Papers no. 2. San Diego: San Diego Museum of 
Man. 

_____. 1939. Early lithic industries of the Lower Basin of the Colorado River and adjacent desert areas. San Diego Museum of 
Man Papers no. 3. San Diego: San Diego Museum of Man. 

_____. 1966. Ancient hunters of the far west. Ed. Richard F. Pourade. San Diego: Copley Press. 

Sebastian, Lynne. 2006. Supplemental report: Cultural resource issues, compliance and decisions relative to the Glamis 
Imperial Project. Rio Rancho, N.M.:  SRI Foundation. 

Setzler, Frank M. and Richard H. Stewart. 1952. Seeking the secret of the giants. National Geographic 102 (3): 390-404.

Stone, Connie L. 1991. The linear oasis: Managing cultural resources along the Lower Colorado River. Arizona BLM Cultural 
Resource Publication no. 6. Phoenix: U.S. Department of the Interior, Bureau of Land Management.

U.S. Department of the Interior, National Park Service. 1998. NPS-28: Cultural resource management guideline. Washington, 
D.C.: U.S. Department of the Interior, National Park Service. 

U.S. Department of the Interior, National Park Service. 1998. Guidelines for evaluating and documenting traditional cultural 
properties. National Register Bulletin 38. Washington, D.C.: U.S. Department of the Interior, National Park Service.

U.S. Department of State. 2007. Glamis Gold v. United States of America. http://www.state.gov/s/l/c10986.htm. 



The Alliance for Historic Landscape Preservation         ��

Van Vlack, Kathleen and Richard Stoffle. 2006. Puha paths: Local landscapes and pilgrimage trails in the Southern Great Basin 
and Colorado Plateau. Symposium 3 at the 30th Great Basin Anthropological Conference, Las Vegas, Nevada.

von Werlhof, Jay. 1987. Spirits of the Earth, a study of earthen art in the North American deserts. Vol. 1, The North desert. 
Ocotillo, Calif.: Imperial Valley College Museum.

_____. 2004. That they may know and remember. Vol. 2, Spirits of the Earth. Ocotillo, Calif.: Imperial Valley College Desert 
Museum Society. 

Waters, Michael R. 1982. The lowland Patayan ceramic typology. In Hohokam and Patayan: Prehistory of southwestern Arizona, 
ed. Randall H. McGuire and Michael B. Schiffer, 537-570. New York: Academic Press.

Woods, Clyde M. 2001. North Baja pipeline project Native American studies. Prepared for EDAW, Inc. and Foster Wheeler 
Environmental. Prepared by Woods Cultural Research, LLC, Evergreen, Colorado.



 
 
 
 
 

Attachment 8 



   1

U.S. Department of the Interior
U.S. Geological Survey

Scientific Investigations Report 2008–5113

Prepared in cooperation with the Bureau of Reclamation 
 

Update of the Accounting Surface 
Along the Lower Colorado River

 



FRONT COVER—Looking upstream at Palo Verde Dam on the Colorado River near Blythe, California.   
Photo taken by Sandra J. Owen-Joyce, July 25, 2007.



Update of the Accounting Surface 
Along the Lower Colorado River

By Stephen M. Wiele, Stanley A. Leake, Sandra J. Owen-Joyce, and Emmet H. McGuire

Prepared in cooperation with the Bureau of Reclamation 

Scientific Investigations Report 2008–5113 

U.S. Department of the Interior
U.S. Geological Survey



ii  

U.S. Department of the Interior
KEN SALAZAR, Secretary

U.S. Geological Survey
Suzette M. Kimball, Acting Director

U.S. Geological Survey, Reston, Virginia: 2008
Revised and printed 2009, version 1.1

This report and any updates to it are available online at: 
http://pubs.usgs.gov/sir/2008/5113/

For product and ordering information: 
World Wide Web:  http://www.usgs.gov/pubprod
Telephone:  1-888-ASK-USGS

For more information on the USGS — the Federal source for science about the Earth, its natural and living 
resources, natural hazards, and the environment: 
World Wide Web:  http://www.usgs.gov
Telephone:  1-888-ASK-USGS

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by 
the U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright owners 
to reproduce any copyrighted materials contained within this report.

Suggested citation:
Wiele, S.M., Leake, S.A., Owen-Joyce, S.J., and McGuire, E.H., 2009, Update of the accounting surface along 
the lower Colorado River: U.S. Geological Survey Scientific Investigations Report 2008-5113, version 1.1, 16 p.,  
3 plates in pocket.

Cataloging-in-publication data are on file with the Library of Congress (http://www.loc.gov/).



   iii

Contents

Abstract ...........................................................................................................................................................1
Introduction.....................................................................................................................................................1

Legal Framework...................................................................................................................................3
Purpose and Scope ..............................................................................................................................3
Data Collection ......................................................................................................................................3
Previous Investigations........................................................................................................................4
Acknowledgments ................................................................................................................................4

Accounting-Surface Method .......................................................................................................................4
River Aquifer ..........................................................................................................................................6
Generation of the Accounting Surface .............................................................................................6
Criteria for Establishing Reservoir Water-Surface Elevations and Colorado River Flow 

Conditions Used to Generate the Accounting Surface .....................................................6
Areas of the River Aquifer Controlled by Reservoirs ......................................................................7
Areas of the River Aquifer Controlled by the Colorado River, Drainage Ditches, or Both ........7

River Reaches...............................................................................................................................7
Drainage Ditch Reaches ...........................................................................................................10

Ground-Water Flow Models .......................................................................................................................10
Updated Accounting Surface ....................................................................................................................11
Summary........................................................................................................................................................11
References Cited..........................................................................................................................................16

Appendixes [available only online at http://pubs.usgs.gov/sir/2008/5113/appendixes]
 
1. Drainage ditch water-surface elevations used in the ground-water flow model.
2. Path of the Colorado River used in the ground-water flow models.
3. Digitized surface elevations used to represent the Colorado River in the groundwater 
    flow model south of Eleven-mile gage. 
 
 

Plates [in pocket]
 
1. Map showing the accounting surface around Lake Mead and Lake Mohave.
2. Map showing the accounting surface around Lake Havasu and in Mohave, Parker, Palo Verde,
    and Cibola Valleys and in adjacent tributary areas in Arizona, Nevada, and California. 
3. Map showing the accounting surface between southern Cibola Valley and the southerly 
    International boundary and in adjacent tributary areas in Arizona and California. 
 
 

Figures
1. Map showing the lower Colorado River and areal extent of the river aquifer ................................2
2. Schematic diagram showing the river aquifer and accounting surface of the 

lower Colorado River .................................................................................................................................5
3. Water surface profile of the Colorado River used in the ground-water flow models ....................7
4. Map showing the accounting surface in the areas surrounding Lake Mead Arizona, 

Utah, and Nevada ....................................................................................................................................12



iv  

Inch/Pound to SI

Multiply      By To obtain

Length

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

Volume

acre-foot (acre-ft)  1,233 cubic meter (m3)

acre-foot (acre-ft)  0.001233 cubic hectometer (hm3) 

Flow rate

foot per day (ft/d) 0.3048 meter per day (m/d)

cubic foot per second (ft3/s)  0.02832 cubic meter per second (m3/s)

Vertical coordinate information is referenced to the “National Vertical Geodetic Datum of 1929 (NGVD 29).” 

Horizontal coordinate information is referenced to the “North American Datum of 1927 (NAD 27).” 

Elevation, as used in this report, refers to distance above the vertical datum. 

Conversion Factors and Datum

Tables
1. Discharges used to determine the water-surface elevation of the Colorado River 

used in the ground-water flow models. .................................................................................................7
2. Streamflow-gaging station data used to define the water-surface elevation 

used in the ground-water flow models. .................................................................................................8
3. Colorado River water-surface elevation measurements used to define the 

water-surface elevation used in the ground-water flow models. .....................................................9
4. Properties of ground-water flow models used to compute the accounting 

surface for areas along the lower Colorado River. ............................................................................11

5. Map showing the accounting surface in Mohave Valley and adjacent tributary 
areas in Arizona, California, and Nevada ............................................................................................13

6. Map showing the accounting surface in Parker, Palo Verde, and Cibola Valleys 
and adjacent tributary areas in Arizona and California ....................................................................14

7. Map showing the accounting surface in the Yuma area upstream and 
downstream from Laguna Dam and adjacent tributary areas in Arizona and California ............16



   1

Update of the Accounting Surface Along the 
Lower Colorado River

By Stephen M. Wiele, Stanley A. Leake, Sandra J. Owen-Joyce, and Emmet H. McGuire

Abstract
The accounting-surface method was developed in the 

1990s by the U.S. Geological Survey, in cooperation with the 

Bureau of Reclamation, to identify wells outside the flood 

plain of the lower Colorado River that yield water that will 

be replaced by water from the river. This method was needed 

to identify which wells require an entitlement for diversion 

of water from the Colorado River and need to be included 

in accounting for consumptive use of Colorado River water 

as outlined in the Consolidated Decree of the United States 

Supreme Court in Arizona v. California. The method is based 

on the concept of a river aquifer and an accounting surface 

within the river aquifer. The study area includes the val-

ley adjacent to the lower Colorado River and parts of some 

adjacent valleys in Arizona, California, Nevada, and Utah and 

extends from the east end of Lake Mead south to the southerly 

international boundary with Mexico. Contours for the original 

accounting surface were hand drawn based on the shape of 

the aquifer, water-surface elevations in the Colorado River 

and drainage ditches, and hydrologic judgment. This report 

documents an update of the original accounting surface based 

on updated water-surface elevations in the Colorado River 

and drainage ditches and the use of simple, physically based 

ground-water flow models to calculate the accounting surface 

in four areas adjacent to the free-flowing river.

Introduction
The accounting-surface method was developed in the 

1990s by the U.S. Geological Survey (USGS), in cooperation 

with the Bureau of Reclamation (Reclamation), to identify 

wells outside the flood plain of the lower Colorado River that 

yield water that will be replaced by water from the river (Wil-

son and Owen-Joyce, 1994; Owen-Joyce and others, 2000). 

Prior to the development of the accounting-surface method, 

water pumped from many wells outside the flood plain was 

not included when accounting for consumptive use of river 

water. A method was needed to identify which wells pump 

water that will be replaced by water from the Colorado River 

and need to be included in accounting for consumptive use of 

Colorado River water as outlined in the Consolidated Decree 

of the United States Supreme Court in Arizona v. California, 

547 U.S.150 (2006). The method is based on the concept of a 

river aquifer and an accounting surface within the river aqui-

fer. The study area includes the valley adjacent to the lower 

Colorado River and parts of some adjacent valleys in Arizona, 

California, Nevada, and Utah and extends from the east end 

of Lake Mead south to the southerly international boundary 

with Mexico (fig. 1). Nearly 15 years have passed since the 

development of the original accounting surface. Prior to the 

issuance of a proposed rule to define the accounting proce-

dure, an update of the accounting surface is needed for use in 

the process of Decree accounting for the following reasons:

1. The original accounting surface was generated on the 

basis of water-surface profiles of the lower Colorado 

River computed for the highest median monthly pro-

jected discharge for 1992–2001 and assuming delivery 

of full allocations of river water to users in the United 

States. Since that time, historical data are available that 

represent the current and anticipated future operation of 

the Colorado River for the delivery of full allocation of 

river water to users in the United States and treaty deliv-

eries to Mexico.

2. The original water-surface profiles were generated 

with a surface-water model representing river-channel 

conditions surveyed between 1980 and 1988. More 

recent river stage information is available, and the target 

elevations for Lakes Mohave and Havasu have changed 

slightly since the original accounting surface was devel-

oped.

3. The original accounting surface in parts of the Parker and 

Palo Verde areas was based on water-surface elevations 

in drainage ditches or wells along the edge of the flood 

plain that represented regulated flow conditions of the late 

1980s and early 1990s. Furthermore, the elevations from 

the drainage ditches used in the Palo Verde Valley were 

based on a nonstandard vertical datum, adding an error to 

the elevation of the accounting surface in that area.

4. Improved ground-water flow modeling is now available 

that will allow efficient construction of an accounting 

surface tied to the river in reaches not adjacent to reser-

voirs. An accounting surface computed with a physically 
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Figure 1. Map showing the lower Colorado River and areal extent of the river aquifer.
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based model is an improvement on the original account-

ing surface, which was hand-drawn based on hydrologic 

judgment, and can be easily replicated and quickly 

updated as required.

Legal Framework

The Colorado River Compact of 1922 apportions the 

waters of the Colorado River between the upper basin and the 

lower basin (U.S. Congress, 1948, p. A17-A22). The require-

ment for participation of the USGS and Reclamation is stated 

in Article V:

 The chief official of each signatory State 

charged with the administration of water rights, 

together with the Director of the United States 

Reclamation Service and the Director of the United 

States Geological Survey shall cooperate, ex-officio:

(a) To promote the systematic determination and 

coordination of the facts as to flow, appropriation, 

consumption, and use of water in the Colorado River 

Basin, and the interchange of available information 

in such matters.

Water in the lower Colorado River is apportioned among 

the States of California, Arizona, and Nevada by the Boulder 

Canyon Project Act of December 21, 1928 (U.S. Congress, 

1948, p. A213–A225) and confirmed by the Consolidated 

Decree (U.S. Supreme Court, 2006) in terms of consumptive 

use. The decree is specific about the responsibility of the Sec-

retary of the Interior to account for consumptive use of water 

from the mainstream. Consumptive use is defined to include 

“water drawn from the mainstream by underground pumping.” 

Article V of the Consolidated Decree (U.S. Supreme Court, 

2006) states in part:

 The United States shall prepare and maintain, or 

provide for the preparation and maintenance of, and 

shall make available, annually and at such shorter 

intervals as the Secretary of the Interior shall deem 

necessary or advisable, for inspection by interested 

persons at all reasonable times and at a reasonable 

place or places, complete, detailed and accurate 

records of: * * *

* * * (B) Diversions of water from the mainstream, 

return flow of such water to the stream as is avail-

able for consumptive use in the United States or in 

satisfaction of the Mexican treaty obligation, and 

consumptive use of such water. These quantities 

shall be stated separately as to each diverter from the 

mainstream, each point of diversion, and each of the 

States of Arizona, California, and Nevada; * * *

Article I of the decree defines terminology and states in part:

(A) “Consumptive use” means diversions from the 

stream less such return flow thereto as is available 

for consumptive use in the United States or in satis-

faction of the Mexican treaty obligation;

(B) “Mainstream” means the mainstream of the 

Colorado River downstream from Lee Ferry within 

the United States, including the reservoirs thereon;

(C) Consumptive use from the mainstream within 

a state shall include all consumptive uses of water 

of the mainstream, including water drawn from the 

mainstream by underground pumping, and includ-

ing but not limited to, consumptive uses made by 

persons, by agencies of that state, and by the United 

States for the benefit of Indian reservations and 

other federal establishments within the state; * * *

Ground water in the river aquifer beneath the flood plain 

is considered to be Colorado River water, and water pumped 

from wells on the flood plain is presumed to be river water and 

is accounted for as Colorado River water. Drainage ditches 

that lie along the edge of the flood plain contain a mixture of 

river water (recharged on the flood plain from the application 

of diverted irrigation water) and tributary water. 

Purpose and Scope

This report documents the updates to the data and method 

used to generate the accounting surface in previous reports 

(Wilson and Owen-Joyce, 1994; Owen-Joyce and others, 2000) 

and presents the updated accounting surface needed to identify 

wells outside the flood plain of the lower Colorado River that 

yield water that will be replaced by water from the Colorado 

River. The report describes the process to update the account-

ing surface using simple, physically based ground-water flow 

models and contains maps (figs. 4–7 and plates 1–3) that show 

the elevation and contours of the updated accounting surface. 

Site-specific data were collected where needed to update the 

accounting surface. 

Data Collection

The USGS collected hydrologic data for the study 

during 2007–08. Most field work was done along the drain-

age ditches on the flood plain in Parker and Cibola Valleys 

in Arizona, in Palo Verde Valley in California, and in the 

Yuma area in Arizona and California. Additional data were 

collected along reaches of the river between Parker and 

Headgate Rock Dams and from upstream of Imperial Dam 

to the northerly international boundary (NIB) with Mexico. 

Water-surface elevations in drainage ditches were deter-

mined by use of Global Positioning System (GPS) surveys 

(Remondi, 1985). The data are stored in a database of the 

Arizona Water Science Center of the U.S. Geological Sur-

vey, Tucson, Arizona.

Precise GPS was used to collect water-level elevation 

data in the drainage ditches of agricultural areas along the 
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lower Colorado River in Parker, Cibola, and Palo Verde Val-

leys and in the Yuma area. Field collection of data for the Palo 

Verde Valley drainage-ditch survey was conducted during 

the weeks of August 13 and 27, 2007. Data for the drainage 

ditches in Parker Valley were collected during the weeks of 

August 27 and September 10, 2007. Data for the Cibola Valley 

drainage ditches were collected during the week of November 

5, 2007. Data for the drainage ditches in the Yuma area were 

collected January 30–31, 2008. Precise GPS was also used 

to collect data for specific reaches along the Colorado River. 

Data for the river between Parker Dam and Headgate Rock 

Dam were collected January 24, 2008. Data for the river in the 

Yuma area were collected the week of February 4, 2008.

Survey methods included collecting survey data by using 

Real-Time Kinematic (RTK)-Infill and static GPS. RTK GPS 

was used to collect edge-of-water or staff-gage elevations in 

the drainage ditches. RTK base-station positions were located 

at higher topographic locations near the drainage ditches. The 

base-station positions were selected by virtue of line-of-sight 

capability with the area of the drainage ditch to be surveyed. 

Because most survey points within the drainage ditches were 

obscured from the base station by the embankments, two 

technicians conducted the survey for safety and to ensure line-

of-site radio link between the RTK base station and rover unit. 

One technician entered the drainage ditch to place the rover 

GPS antenna pole at the edge of water or, when available, on 

top of a staff gage, while the second technician remained at the 

top of the drainage ditch with the rover radio receiver. Down-

to-water measurements were made from the top-of-staff gage 

or other measuring-point positions.

Static GPS methods included the occupation of surround-

ing survey benchmarks that have coordinates published by 

the National Geodetic Survey (NGS). Data collected from the 

static occupations were used to tie-in, correct, and check the 

coordinates of individual RTK base-station positions for each 

of the individual drainage-ditch surveys. In addition, indi-

vidual base-station positions from each of the drainage ditches 

were surveyed to a single benchmark located just west of the 

right bank cableway tie-back at the Colorado River below Palo 

Verde Dam (USGS 09429100) streamflow-gaging station. 

Selected top-of-staff measuring points and surrounding NGS 

benchmarks, when available, were reoccupied with RTK GPS 

to check for survey accuracy and repeatability. The accuracy 

of the surveyed elevations was ± 0.20 feet.

Various precise GPS methods were used to collect water-

level elevation data depending on the conditions that existed 

in those areas. Traditional RTK and faststatic techniques were 

not feasible due to line-of-sight problems and the absence of 

an established faststatic base station in the area between Parker 

and Headgate Rock Dams. Data were collected at eleven 

points along this reach of the river by treating each point as a 

base station and obtaining an Online Positioning User Service 

(OPUS) solution for each point. In the Yuma area, where there 

is an established base station surveyed in at the Yuma USGS 

office, data were collected at 28 points in drainage ditches and 

at 6 wells using the faststatic technique. Along the river in the 

reach upstream from Laguna Dam, 15 elevation points were 

collected by using the faststatic technique with the Yuma base 

station at the USGS office. Along the river in the Yuma area 

downstream from Laguna Dam to the NIB with Mexico, the 

RTK technique was used to collect data at 14 points by using 

both the AMVD and COCO base stations, which are devel-

oped benchmarks established by the City of Yuma.

Previous Investigations

The accounting-surface method is described for two areas 

in separate reports—the area upstream from Laguna Dam 

in Wilson and Owen-Joyce (1994) and the area downstream 

from Laguna Dam in Owen-Joyce and others (2000). Previous 

geohydrologic studies of the lower Colorado River valley from 

Davis Dam to Yuma defined and described the formations that 

constitute the river aquifer, discussed the geologic structures and 

framework of the lower Colorado River valley, and described 

the occurrence and movement of ground water (Metzger, 1965, 

1968; Metzger and Loeltz, 1973; Metzger and others, 1973; 

Olmsted and others, 1973). The major emphasis of these studies 

was the ground-water flow system beneath the flood plain and its 

relation to the Colorado River because few wells were available 

outside the flood plain to provide water levels or samples for 

chemical analysis. Refinement of the hydrogeologic framework, 

updated maps of ground-water flow, estimates of ground-water 

storage in the mound under Yuma Mesa, water-chemistry analy-

ses, and water-budget components are topics covered in a recent 

study of the Yuma area (Dickinson and others, 2006). Additional 

work to develop procedures to apply the accounting-surface 

method to water-level data from wells applied geographic 

information system (GIS) methods to identify areas where wells 

pump water that will be replaced by water from the Colorado 

River (Spangler and others, 2007).
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Accounting-Surface Method
The accounting-surface method was developed to iden-

tify wells outside the flood plain of the lower Colorado River 

that yield water that will be replaced by water from the river 

(Wilson and Owen-Joyce, 1994; Owen-Joyce and others, 

2000). The method is based on the concept of a river aquifer 
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and an accounting surface within the river aquifer. The method 

provides a uniform criterion for all users pumping water from 

wells by determining whether the elevation of the static water 

table at a well is above or below the accounting surface. The 

elevation of the static water table at a well is determined by 

measuring the elevation of the static water level in the well. 

The static water level is the level of the water in a well that is 

not being affected by ground-water withdrawal or the level to 

which water will rise in a tightly cased well under its full pres-

sure head. Wells that have a static water-level elevation equal 

to or below the accounting surface are presumed to yield water 

that will be replaced by water from the river. Wells that have 

a static water-level elevation above the accounting surface are 

presumed to yield water that will be replaced by water from 

precipitation and inflow from tributary valleys (fig. 2). Ground 

water in the river aquifer beneath the flood plain is considered 

to be Colorado River water regardless of water levels. Water 

pumped from wells on the flood plain is presumed to be river 

water and is accounted for as Colorado River water. 

The accounting surface is defined to represent the eleva-

tion and slope of the static water table in the river aquifer 

outside the flood plain and the reservoirs of the Colorado 

River that would exist if the water in the river aquifer were 

derived only from the river (Wilson and Owen-Joyce, 1994). 

The accounting surface extends outward from the edges of 

the flood plain or a reservoir to the subsurface boundary of 

the river aquifer. Initial attempts to compare the water level in 

wells to the accounting surface were stymied by the inability 

to obtain water levels in every well (Spangler and others, 

2007). Consequently, a method was devised by Spangler and 

others (2007) to estimate the water surface from available data 

and a new category—near the accounting surface—was added 

to the existing categories of well water levels—at, below, or 

above the accounting surface. GIS methods were used to cre-

ate maps from measured water-level data that were then used 

to delineate areas where the water levels in wells were above 

or below the accounting surface. Estimations of water eleva-

tion can be made for wells without a measured water level 

(Spangler and others, 2007) from these maps. Water levels in 

wells were measured with calibrated steel or electrical tapes 

that are accurate to within tenths or hundredths of a foot. A 

differential GPS was used to determine land-surface eleva-

tions to within an operational accuracy of ± 0.43 ft, resulting in 

calculated water-level elevations having a 95-percent confi-

dence interval of ± 0.84 ft. GIS interpolation tools were used 

to delineate areas within the river aquifer where water-level 

elevations are presumed to be above, below, and near (within 

± 0.84 ft at the 95-percent confidence interval) the elevation of 

the accounting surface. 

The criterion in the accounting-surface method for all 

users pumping water from wells was changed by Spangler 

and others (2007) to determining whether the elevation of 

the static water table at a well is above, near, or below the 

accounting surface. Wells that have a static water-level 

Figure 2. Schematic diagram showing the river aquifer and accounting surface (red line) of the lower Colorado River. 
Wells labeled “R” have a static water-level elevation equal to or below the accounting surface and are presumed to 
yield water that will be replaced by water from the river. Wells labeled “T” have a static water-level elevation above 
the accounting surface and are presumed to yield water that will be replaced by water from precipitation and inflow 
from tributary valleys (Modified from Wilson and Owen-Joyce, 1994).
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elevation near, equal to, or below the accounting surface are 

presumed to yield water that will be replaced by water from 

the river. Wells that have a static water-level elevation above 

the accounting surface are presumed to yield water that will 

be replaced by water from precipitation and inflow from 

tributary valleys.

River Aquifer

The boundary of the area that contains the accounting sur-

face was defined as the river aquifer and delineated in the pre-

vious studies (Wilson and Owen-Joyce, 1994; Owen-Joyce and 

others, 2000). The river aquifer consists of permeable, partly 

saturated sediments and sedimentary rocks that are hydrauli-

cally connected to the Colorado River so that water can move 

between the river and the aquifer in response to withdrawal of 

water from the aquifer or differences in water-level elevations 

between the river and the aquifer. The subsurface limit of the 

river aquifer is the nearly impermeable bedrock of the bottom 

and sides of the basins that underlie the Colorado River valley 

and adjacent tributary valleys, which is a barrier to ground-

water flow. For this study the boundary of the river aquifer 

remains the same as defined previously (fig. 1).

The river aquifer beneath the area where the accounting 

surface exists can be divided into two areas. The first area is 

where the water table is controlled by reservoirs, and the second 

area is where the water table is controlled by the Colorado 

River, drainage ditches on the flood plain, or both. In areas con-

trolled by reservoirs, the accounting surface is set at a constant 

elevation defined by a representative reservoir level specified by 

Reclamation. In areas controlled by the Colorado River, drain-

age ditches, or both, the accounting surface varies depending on 

the shape of the aquifer and the surface-water elevations.

Generation of the Accounting Surface

The accounting surface adjacent to free-flowing reaches 

of the river between reservoirs published by Wilson and 

Owen-Joyce (1994) and Owen-Joyce and others (2000) was 

represented by hand-drawn contours based on surface-water 

profiles. In Parker and Palo Verde Valleys, drainage ditches or 

wells along the edge of the flood plain were used to define the 

level of the accounting surface. Reclamation considers the water 

levels in the drainage ditches to represent the level of Colorado 

River water beneath the flood plain. Adjacent to reservoirs, the 

accounting surface is flat, and is set to an elevation of the adja-

cent reservoir defined by the annual high water-surface eleva-

tion used by Reclamation to operate the reservoirs under normal 

flow conditions.

The general strategy for updating the accounting surface 

was as follows:

1. The extent of the river aquifer and area over which the 

accounting surface was defined by Wilson and Owen-

Joyce (1994) and Owen-Joyce and others (2000) was 

retained.

2. Water-surface profiles of the Colorado River and drain-

age ditches used in defining the accounting surface were 

updated using the most recent information available. 

Drainage ditches were used in Parker, Palo Verde, and 

Cibola Valleys in defining the accounting surface.

3.  Water-surface elevations in reservoirs were updated 

on the basis of current operating conditions for Lakes 

Mead, Mohave, and Havasu.

4. Contours of the accounting surface adjacent to free-

flowing reaches of the Colorado River were generated 

using simple steady-state ground-water models that 

simulate two-dimensional flow, using a constant trans-

missivity value, with river and drainage-ditch elevations 

as boundary conditions.

The discharges along the free-flowing reaches of the 

Colorado River and the water-surface elevations in reservoirs 

used to define the accounting surface were specified by Recla-

mation. Implementation of this general strategy is discussed in 

more detail in the following sections.

Criteria for Establishing Reservoir Water-Surface 
Elevations and Colorado River Flow Conditions 
Used to Generate the Accounting Surface

The water-surface elevations in the Colorado River, reser-

voirs, and drainage ditches satisfy the following criteria (Jeffrey 

C. Addiego, Bureau of Reclamation, written commun., 2007):

The Colorado River is flowing under normal operat-

ing conditions. Normal operating conditions exist 

when releases from the reservoirs are being made to 

accommodate downstream requirements where each 

State is using its full apportionment (consumptive use 

in Arizona + California + Nevada equals 7.5 million 

acre-feet) and a treaty-specified 1.5 million acre-feet 

is being delivered to Mexico (approximately 1.36 

million acre-feet at the NIB with Mexico and 0.14 

million acre-feet at the land boundary near San Luis). 

Flow and (or) river stage values can be either his-

torical or modeled values, and should exclude flood 

flows from the lower basin tributaries and side-wash 

inflows.

The hydraulic influence of the Colorado River under 

normal operating conditions is defined by the mean 

stage of the Colorado River (excluding reservoirs) dur-

ing the highest flow month of the year (the flow that 

should be used to calculate the river stage is the mean 

monthly flow for the highest flow month of the year).

The elevations used for the reservoirs (Lakes Mohave 

and Havasu) are the high monthly target elevation for 

the year used when operating under normal operating 

conditions — 644 feet for Lake Mohave and 448.7 feet 

for Lake Havasu. 
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The maximum elevation of the accounting surface for 

Lake Mead is the top of the spillway gates in their 

fixed (down) position (1,205.4 feet). This elevation 

corresponds to an elevation (and corresponding area) 

in the vicinity of Lake Mead where a well would have 

the potential to pump Colorado River water. Whether 

a well would be considered to pump Colorado River 

water in the Lake Mead area would depend upon the 

actual lake elevations during the accounting year.

The flows and river stage values account for major 

diversions from and return flows to the river at their 

respective locations. These diversions and return flows 

include, at minimum, the diversion at Headgate Rock 

Dam and major drainage ditches from the Colorado 

River Indian Reservation, the diversion at Palo Verde 

Diversion Dam and major drainage ditches from the 

Palo Verde Irrigation District, the diversions from Lake 

Havasu by the Central Arizona Project and the Metro-

politan Water District canals, the diversions at Imperial 

Dam and major returns below Imperial Dam. As many 

diversions and return flow points are used as practi-

cal given the available data and the practical influence 

upon the resultant values. 

Areas of the River Aquifer Controlled by 
Reservoirs

The accounting surface elevations in the river aquifer sur-

rounding Lake Havasu, Lake Mohave, and Lake Mead are deter-

mined by the reservoir levels. Reclamation has determined that 

the accounting-surface elevations are 448.7 ft for Lake Havasu, 

644.0 ft for Lake Mohave, and 1205.4 ft for Lake Mead. 

Areas of the River Aquifer Controlled by the 
Colorado River, Drainage Ditches, or Both

River Reaches
Along reaches of the Colorado River without irrigation 

on the flood plain where the river loses water to the aquifer, the 

accounting surface is determined by the water surface of the 

Colorado River. Under predevelopment conditions and where 

the flood plain is not irrigated with diverted river water, ground-

water levels in areas outside the flood plain that are higher than 

the Colorado River are caused only by tributary ground-water 

inflow. In this case, the river controls the elevation of the water 

table under the flood plain, and the accounting surface would be 

lower than the higher water level caused by tributary ground-

water inflow. Water pumped from a well with a static water 

level above the accounting surface would be deemed tributary 

water, and an entitlement would not be needed.

A calibrated and documented step-backwater model was 

not available for the study area, and development of such 

a model was beyond the scope of this study. Reclamation 

Colorado River 
gaging station

River      
mile

Discharge, in 
cubic feet per 

second
Below Hoover Dam 342.0 17,634

Below Davis Dam 275.5 17,069

At Big Bend 264.7 19,567

Below Parker Dam 192.2 12,370

Forebay at Headgate Rock Dam 177.7 11,402

At Parker 175.3 11,970

At Water Wheel 151.5 11,157

Below Palo Verde Diversion Dam 132.7 10,924

At Taylor Ferry 106.4 9,825

At Lower Cibola Bridge 86.9 10,399

Above Imperial Dam 49.2 10,222

Below Imperial Dam 49.2 549

Below Laguna Dam 41.7 716

Below Yuma Main Canal Wasteway 29.4 1,527

Table 1. Discharges used to determine the water-surface elevation 
of the Colorado River used in the ground water-flow models.
[River miles start at the southerly international boundary with Mexico and 

increase upstream (Bureau of Reclamation, 2001)]

Figure 3. Water surface profile of the Colorado River used in 
the ground-water flow models. The approximate extent of the 
accounting surface in each of the four modeled areas is also 
displayed as a function of river mile. River miles (Bureau of Rec-
lamation, 2001) start at the southerly international boundary with 
Mexico and increase upstream.
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surface elevations used to represent the Colorado River south 

of Eleven-mile gage are in the appendixes (available only 

online at http://pubs.usgs.gov/sir/2008/5113/appendixes/).

Mohave Valley—The water-surface profile was deter-

mined from the stage-discharge relations at four streamflow-

gaging stations at river miles 275.4 (Colorado River below 

Davis Dam), 264.7 (Colorado River at Big Bend), 243.4 (Colo-

rado River below Needles Bridge), and 233.6 (Colorado River 

near Topock [at RS41]), and the elevation of Lake Havasu. 

Parker Valley and Palo Verde Valley—The linearly inter-

polated profile was based on streamflow-gaging station data at 

river miles 192.2 (Colorado River below Parker Dam), 177.7 

(Colorado River Forebay above Headgate Rock), 175.3 (Colo-

rado River at Parker), 151.5 (Colorado River at Water Wheel), 

132.7 (Colorado River below Palo Verde Diversion Dam), 106.4 

(Colorado River at Taylor Ferry), and 86.9 (Colorado River at 

Lower Cibola Bridge) and Reclamation GIS coverages of the 

extent of the Palo Verde Dam and Headgate Rock Dam forebays 

(Shana Tighi, Bureau of Reclamation, written commun. 2008). 

Water-surface elevation measurements were made between 

Colorado River
gaging station

UTM coordintate1, in meters Elevation,
in feet

River mile Agency
Easting Northing

Below Davis Dam (09423000) 721369 3895914 503.17 275.40 USGS

Big Bend 717750 3884573 486.60 264.70 Reclamation

Below Needles Bridge 721649 3855318 462.20 243.30 Reclamation

RS41 (below Topock Marsh) 731394 3844023 454.14 233.60 Reclamation

Below Parker Dam (09427500) 763366 3798537 370.45 192.20 USGS

Forebay at Headgate Rock Dam 750315 3783939 362.62 177.70 Reclamation

Parker 748190 3781783 344.00 175.30 Reclamation

Water Wheel 728171 3756367 302.63 151.50 Reclamation

Below Palo Verde Diversion Dam 732289 3732777 267.02 132.70 Reclamation

Taylor Ferry (TFLC) 720531 3701245 231.57 106.40 Reclamation

Lower Cibola Bridge 716492 3676582 208.38 86.90 Reclamation

Below Imperial Dam (09429500) 736985 3640727 180.72 49.20 USGS

Below Laguna Dam (0942600) 732742 3633016 127.06 41.7 USGS

Below Yuma Main Canal Wasteway (09521100) 720849 3623858 113.22 29.50 USGS

Above Rockwood Weir 713707 3622116 106.80 23.10 IBWC

Above Morelos Dam 712976 3620783 105.00 22.10 IBWC

Below Morelos Dam 712939 3620723 100.20 22.11 IBWC

Eleven-mile gage 711163 3616163 92.20 18.80 IBWC

1 Universal Transverse Mercator, Zone 11 coordinates, North American Datum of 1927.

reevaluated the discharges below dams and streamflow-gaging 

stations along the river used to establish the water-surface 

elevations according to the criteria described above (Doug-

las B. Blatchford, Bureau of Reclamation, written commun., 

2007) and produced the discharges in table 1. The water-

surface profile of the Colorado River was based on a profile 

linearly interpolated between streamflow-gaging stations that 

was provided by Reclamation (Shana G. Tighi, written com-

mun., 2008) that included streamflow data collected at gaging 

stations operated by Reclamation, USGS, and the International 

Boundary and Water Commission (IBWC). That profile was 

modified by additional water-surface elevation measurements 

made by the USGS. Water-surface measurements were made 

where the linearly interpolated profile deviated significantly 

from the profiles used in the previous studies (Wilson and 

Owen-Joyce, 1994; Owen-Joyce and others, 2000). The water-

surface profile of the Colorado River used in the ground-water 

flow models is shown in figure 3. Data from streamflow-

gaging stations and USGS measurements are listed in tables 

2 and 3. Tables containing the water-surface elevations in the 

drainage ditches, the path of the Colorado River in Universal 

Transverse Mercator (UTM) coordinates, and the digitized 

Table 2. Streamflow-gaging station data used to define the water-surface elevation used in the ground-water flow models.

[Agency: USGS, U.S. Geological Survey; Reclamation, Bureau of Reclamation; IBWC, International Boundary and Water Commission]
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River mile
UTM Coordinates1, in meters Elevation,

in feetEasting Northing

191.74 763447 3798135 368.3

190.77 763714 3796614 367.1

189.00 763681 3794281 362.2

188.56 763001 3794254 365.1

187.31 761528 3793982 365.0

186.14 760340 3793027 364.9

184.34 758613 3790855 365.2

182.92 757106 3789138 365.0

181.33 755824 3787245 364.8

179.68 754201 3785508 364.8

178.07 752000 3784263 365.0

47.86 736669 3639365 156.2

47.72 736624 3639178 150.8

46.81 736281 3638125 150.8

44.43 735168 3635338 150.8

40.98 731882 3631582 2122.9

38.47 731591 3627923 2121.3

35.93 731039 3624107 2119.8

34.46 729226 3622800 2118.6

34.31 728990 3622783 2118.4

33.39 727531 3622993 2117.7

31.55 724802 3623457 2114.7

31.41 724567 3623385 2114.8

30.98 723908 3623357 2114.1

29.70 721982 3623768 3112.0

28.88 720667 3623899 3111.1

28.20 719580 3623936 3110.1

26.69 717318 3624355 3108.5

25.83 716056 3624828 3107.7

1 Universal Transverse Mercator, Zone 11 coordinates, North Ameri-

can Datum of 1927.

2 These elevations were increased by 0.8 ft for use in the ground-water 

model to account for difference in discharge specified for the accounting 

surface and the discharge during the stage measurements. See the section 

Yuma Area for further explanation.

3 These elevations were increased by 1.2 ft for use in the ground-water 

model to account for difference in discharge specified for the accounting 

surface and the discharge during the stage measurements. See the section 

Yuma Area for further explanation.

Table 3. Colorado River water-surface elevation 
measurements used to define the water-surface elevation 
used in the ground-water flow models.

Parker Dam and Headgate Rock Dam during this study because 

the interpolated profile showed the forebay behind Headgate 

Rock Dam extending upstream to around river mile 189, 

whereas the earlier profile had a sloping water surface, resulting 

in higher water-surface elevations. The measurements supported 

the extent of the forebay represented in the interpolated profile.

Above Imperial Dam to Laguna Dam—The linearly inter-

polated profile was based on a streamflow-gaging station at river 

mile 49.2 (Colorado River below Imperial Dam) and Reclama-

tion GIS coverages of the Imperial and Laguna Dam forebays. 

Water-surface elevation measurements were made above Impe-

rial Dam and showed that the linearly interpolated profile overes-

timates the extent of the forebay. The measurements, which show 

a sloping water surface, were used in the ground-water model. 

The measurements were made at a discharge of about 6,000 ft3/s, 

whereas the discharge specified for the accounting surface in this 

reach was 10,222 ft3/s. Stage-discharge relations were not avail-

able for this reach and a correction for the difference between 

the two discharges was not made. Water-surface measurements 

made between Imperial Dam and Laguna Dam supported the 

linearly interpolated profile drawn from the Reclamation GIS 

coverage of the Laguna Dam forebay.

Yuma area—The following six streamflow-gaging sta-

tions were used for this reach: Colorado River below Laguna 

Dam, below Yuma Main Canal Wasteway, above Rockwood 

Weir at the NIB (International Boundary and Water Commis-

sion (IBWC) 095-219.00), immediately above Morelos Dam 

(IBWC 09-5220.21), immediately below Morelos Dam (IBWC 

09-5220.41), and at Eleven-mile gage (IBWC 09-5221.00). The 

previous water-surface profile (Owen-Joyce and others, 2000) 

showed considerable variability in the water-surface profile 

between Laguna and Morelos Dams that was not represented 

by the linearly interpolated profile, so water-surface elevation 

measurements were made in this reach. The measurements were 

made at lower discharges than specified for the updated account-

ing surface. Corrections to water-surface elevations that account 

for the differences in discharge were estimated from the stage-

discharge rating curves at the below Laguna Dam streamflow-

gaging station and the below Yuma Main Canal Wasteway 

streamflow-gaging station. Between Laguna Dam and the below 

Yuma Main Canal Wasteway streamflow-gaging station, the 

updated accounting surface discharge was 716 ft3/s, whereas the 

discharge measured during the water-surface elevation measure-

ments was 440 ft3/s. The water-surface profile between Laguna 

Dam and the below Yuma Main Canal Wasteway streamflow-

gaging station was defined in the ground-water model by the 

measurements plus a correction of 0.8 ft, based on the stage-

discharge rating curve at the below Laguna Dam streamflow-

gaging station. In the reach between the below Yuma Main Canal 

Wasteway streamflow-gaging station and Morelos Dam, the 

discharge specified for the updated accounting surface was 1,526 

ft3/s. The discharges measured during the water-surface elevation 

measurements were 670 and 778 ft3/s. The water-surface profile 

between the below Yuma Main Canal Wasteway streamflow-

gaging station and the above Rockwood Weir streamflow-gaging 
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station was defined in the ground-water model by the measure-

ments plus a correction of 1.2 ft, based on the stage-discharge 

rating curve at the below Yuma Main Canal Wasteway stream-

flow-gaging station and the average of the measured discharges 

in that reach. An analysis of streamflow-gaging station records 

by Jeffrey C. Addiego (Bureau of Reclamation, written com-

mun., 2008) provided the water-surface elevation at the above 

Rockwood Weir streamflow-gaging station. Just above and 

below Morelos Dam and at the Eleven-mile gage (at river mile 

18.8), the average monthly high stages at the IBWC streamflow-

gaging stations were used to establish the water-surface eleva-

tions. Below Eleven-mile gage, the land surface digitized along 

the path of the Colorado River was used as the water-surface 

boundary condition in the ground-water flow model. 

Drainage Ditch Reaches
Along reaches of the Colorado River where water is 

diverted for irrigation on the flood plain, drainage ditches inter-

cept return flow to the river and the river gains water from the 

aquifer. In these reaches, the accounting surface is defined by 

using the water-surface elevation in the drainage ditches along 

the edge of the flood plain. Flood-plain irrigation with diverted 

Colorado River water causes a higher ground-water level under 

the flood plain because irrigation water not consumptively 

used by crops percolates down to the water table and causes 

the water table to rise. There is a constant flow of irrigation 

with diverted river water, percolation to the drainage ditches 

or river, and flow in the drainage ditches to the river. Intercep-

tion of the percolated irrigation water by a network of drainage 

ditches connected to the Colorado River keeps the water table 

from rising up into the root zone and this level is higher than it 

would be if controlled by the river. Because water in the drain-

age ditches is considered Colorado River water for account-

ing surface purposes, it warrants the same level of protection 

from depletion without an entitlement as water in the Colorado 

River and stored in reservoirs. Where drainage ditches intercept 

percolated irrigation water, the water-surface elevations in the 

drainage ditches were used to define the accounting surface. 

Drainage ditches along the edge of the flood plain could not be 

used in the Yuma area because the elevation of the water surface 

is controlled mainly by recharge from the unlined canals that 

are above the flood-plain elevation and run parallel to the edge 

of the flood plain rather than by percolation from irrigation on 

the flood plain. Water-surface elevations in the drainage ditches 

were determined from USGS measurements in 2007 and 2008.

Ground-Water Flow Models
In the previous studies, the accounting surface was hand-

drawn using hydrologic judgment to extend water-surface 

elevations into the river aquifer based on the shape of the river 

aquifer. This study refines that procedure by using simple 

physically based steady-state numerical models to calculate 

the updated accounting surface. 

The river aquifer was represented as a single model layer 

of uniform aquifer thickness and spatially invariant or constant 

transmissivity. Because transmissivity is the product of the 

aquifer thickness and hydraulic conductivity, hydraulic con-

ductivity in the model also is constant. With the assumption of 

a spatially invariant or constant transmissivity throughout the 

model domain, the governing equation of steady-state flow in 

two dimensions is:

   

                              (1)

where h is hydraulic head and x and y represent Cartesian coor-

dinates along orthogonal axes. Aquifer thickness and conductiv-

ity are not present in equation 1; the distribution of heads in the 

modeled river aquifer depends only on the aquifer boundaries 

and the specified water-surface elevations in the drainage ditches 

in the flood plain and in the Colorado River. Flow rates through 

the aquifer would depend on the aquifer transmissivity, but flow 

rates are not considered in this study. 

The river aquifer adjacent to the Colorado River is uncon-

fined. The assumption of constant transmissivity neglects spatial 

variations in transmissivity that would arise from the spatial 

variations in the vertical position of the water table. The assump-

tion also neglects variations in transmissivity that occur from 

variations in the vertical position of the aquifer bottom as well 

as spatial variations in hydraulic conductivity. A more rigorous 

approach would be to use the nonlinear Boussinesq equation 

instead of the simpler linear Laplace equation (equation 1). That 

approach, however, would have required unavailable information 

on aquifer geometry and hydraulic properties. Use of equation 

1 is in keeping with a long history in the field of ground-water 

hydrology of using simple linear equations with the assumption 

of homogeneous properties to approximate ground-water condi-

tions and responses and is consistent with the overall parsimoni-

ous approach taken in the concept, definition, and application of 

an accounting surface.

The accounting surface in the four areas was modeled with 

MODFLOW 2000 (Harbaugh and others, 2000) using the water-

surface elevations in the Colorado River and drainage ditches as 

constant-head boundaries. The grid spacing in the models was 

0.25 mi along model rows and columns. General characteris-

tics of the model grids are given in table 4 and the extent of the 

model grids is shown in figure 1. The path and distribution of 

Colorado River and drainage ditch water-surface elevations were 

established on the model grids using the RIVGRID program 

(Leake and Claar, 1999). The water-surface elevations defined 

by RIVGRID were then incorporated into the models as nodes 

with a constant head. 

Areas of the river aquifer adjacent to the Colorado River for 

which the accounting surface was modeled include (1) Mohave 

Valley; (2) Parker, Palo Verde, and Cibola Valleys; (3) Imperial 

Dam to Laguna Dam; and (4) the Yuma area. Each area was 

modeled with a single horizontal layer of cells of thickness 500 ft 

and hydraulic conductivity 39.2 ft/day; however, as pointed out 

in the discussion of equation 1, the model predictions of the 

accounting surface are independent of thickness and hydraulic 
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conductivity. Tests were carried out by varying hydraulic con-

ductivity and thickness to verify that computed head distribu-

tions were independent of these parameters. Rows and columns 

of the model grids were oriented in east-west and north-south 

directions in the UTM, Zone 11, coordinate system. 

Updated Accounting Surface
The accounting surface around reservoirs was updated using 

a reservoir elevation. The accounting surface is set at its maxi-

mum possible level of 1,205.4 ft in the river aquifer around Lake 

Mead (fig. 4 and plate 1) and has not changed from the original 

accounting surface. The accounting surface is set at 644.0 ft in 

the river aquifer around Lake Mohave (fig. 5 and plate 1), and at 

448.7 ft in the river aquifer around Lake Havasu (fig. 5 and plate 

2), the current high monthly target elevations for these reservoirs. 

These elevations are slightly different from the high monthly tar-

get elevation used for the original accounting surface. In the river 

aquifer between the major reservoirs, ground-water flow models 

with boundary conditions set by Colorado River and drainage 

ditch water-surface elevations were used to contour the account-

ing surface. The models computed water-level elevations over the 

entire river aquifer; however, only contours in the river aquifer 

where the accounting surface exists are shown for modeled areas 

(figs. 4–7 and plates 1–3). The updated accounting surface is 

shown on maps for Mohave Valley and adjacent tributary areas 

(fig. 5 and plate 2); for Parker, Palo Verde, and Cibola Valleys 

and adjacent tributary areas (fig. 6 and plate 2); and for the Yuma 

area upstream and downstream from Laguna Dam and adjacent 

tributary areas (fig. 7 and plate 3). The model grid in the Yuma 

area extends to the south of the accounting surface, but only con-

tours in the area with the accounting surface are shown.

Summary
An update of the accounting surface developed in the 

1990s to identify wells outside the flood plain of the lower 

Colorado River that yield water that will be replaced by 

water from the river was required as a result of changes in 

the ground and surface water systems and a datum correc-

tion to the water surface elevations in drainage ditches. The 

updated accounting surface will be used to identify which 

wells need an entitlement for diversion of water from the 

Colorado River and need to be included in accounting for 

consumptive use of Colorado River water as outlined in the 

Consolidated Decree of the United States Supreme Court in 

Arizona v. California, 547 U.S.150 (2006). Contours of the 

original accounting surface were hand drawn based on the 

shape of the aquifer, water-surface elevations in the Colo-

rado River and drainage ditches, and hydrologic judgment. 

The original accounting surface was updated based on 

updated water-surface elevations in the Colorado River and 

drainage ditches, and the use of a simple, physically based 

ground-water flow model to calculate the accounting sur-

face. The water-surface elevation of the Colorado River was 

determined for discharges specified by Reclamation. The 

water-surface elevations were derived from a linearly inter-

polated profile between USGS and Reclamation streamflow-

gaging stations and supplemented by IBWC streamflow-

gaging stations downstream from the northerly international 

boundary with Mexico. In addition, water-surface eleva-

tions were measured where the linearly interpolated profile 

deviated significantly from the water-surface profile used 

to develop the original accounting surface. The USGS also 

measured water-surface elevations in drainage ditches in the 

Parker, Palo Verde, and Cibola Valleys. 

The accounting surface was modeled with MODFLOW 

2000 (Harbaugh and others, 2000) using the water-surface 

elevations in the Colorado River and drainage ditches as 

constant-head boundaries. Reaches of the river aquifer 

adjacent to the Colorado River for which the accounting 

surface was modeled include (1) Mohave Valley, (2) Parker, 

Palo Verde, and Cibola Valleys, (3) Imperial Dam to Laguna 

Dam, and (4) the Yuma area. The development and applica-

tion of computer models will make further updating of the 

accounting surface, if necessary, a straightforward task. 

In the river aquifer adjacent to reservoirs, the accounting 

surface was determined by a reservoir elevation specified by 

Reclamation. 

Area modeled 
UTM Coordinates of northwest 
corner of model grid1, in meters Number of 

model rows
Number of 

model columns
Number of 

active cells2

Easting Northing

Mohave Valley 706260.7 3897829.0 160 139 13,264

Parker, Palo Verde, and Cibola Valleys 636449.1 3797916.0 329 388 87,176

Imperial Dam to Laguna Dam 730975.8 3672261.3 103  88 4,702

Yuma Area 640414.6 3691950.0 511 340 69,814

1 Universal Transverse Mercator, Zone 11 coordinates, North American Datum of 1927.
2 Includes cells with computed head and constant-head cells used to represent water-surface features.

Table 4. Properties of ground-water flow models used to compute the accounting surface for areas along the lower Colorado River.
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Figure 4. Map showing the accounting surface in the areas surrounding Lake Mead, 
Arizona, Utah, and Nevada.
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Figure 5. Map showing the accounting surface in Mohave Valley and adjacent tribu
-

tary areas in Arizona, California, and Nevada.
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Figure 7. Map showing the accounting surface in the Yuma area upstream and downstream from Laguna Dam and adjacent 
tributary areas in Arizona and California.
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January 20, 2023 

 

Sent via email 

 

Michael Abraham 

Assistant Director 

Imperial County Planning and Development Services Department 

801 Main St 

El Centro, CA 92243 

MichaelAbraham@co.imperial.ca.us 

ICPDSCommentLetters@co.imperial.ca.us.  

442-265-1736 

 
Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-0001, a 
Mineral Exploration Project (SCH No. 2022120331) Environmental Assessment and 
Mitigated Negative Declaration 
 
Dear Mr. Abraham: 

 

Please find included with this cover letter photographs taken at the site of the proposed IS21-

0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-0001 Mineral Exploration Project (SCH 

No. 2022120331). These photographs were taken on January 20, 2023.  

 

Please include these materials in the County’s files, and the administrative record, for the 

Project. 

 

 

Sincerely, 

 
Lisa Belenky, Senior Attorney      

Hallie Kutak, Staff Attorney      

Center for Biological Diversity  

lbelenky@biologicaldiversity.org  

hkutak@biologicaldiversity.org  
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    January 20, 2023 
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Cc:  

Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  

Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  

Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  

Tom Plenys, EPA, Plenys.Thomas@epa.gov  

Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  

Julianne Polanco, State Historic Preservation Officer (SHPO), julianne.polanco@parks.ca.gov  

Commissioner Laura Miranda, California Native American Heritage Commission. Chairperson 

Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  
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Exhibit D 



 December 16, 2022 

 Bureau of Land Management 
 El Centro Field Office 
 Attn: Mayra Martinez 
 1661 S 4th St. 
 El Centro, California 92243 

 Submitted via email to:  mymartinez@blm.gov  csahagun@blm.gov  kmiyamoto@blm.gov 

 Re: California Native Plant Society Comments on Oro Cruz Exploration Project 
 DOI-BLM-CA-D070-2022-0012-EA 

 Dear Ms. Martinez: 

 Thank you for the opportunity to comment on the Environmental Assessment/Mitigated 
 Negative Declaration (EA/MND) for the Oro Cruz Exploration Project. The following 
 comments are submitted on behalf of the California Native Plant Society (CNPS), a 
 non-profit environmental organization with over 12,000 members in 36 Chapters across 
 California and Baja California, Mexico. CNPS’s mission is to protect California’s native 
 plant heritage and preserve it for future generations through the application of science, 
 research, education, and conservation. We work closely with decision-makers, scientists, 
 and local planners to advocate for well-informed policies, regulations, and land 
 management practices. 

 This EA/MND claims that the impacts from this project are expected to be negligible, 
 short-term, and localized, but the project does not adhere to Area of Critical 
 Environmental Concern (ACEC) management requirements or local ordinances, fails to 
 adequately establish baseline conditions on the project site, and does not consider impacts 
 to seasonal waterways and sensitive natural communities. Approving exploration would 
 lay the groundwork for future mining projects in this area and this exploratory project 
 should not be pursued. At a minimum, the BLM needs to properly establish baseline 
 conditions for special-status and locally protected plant species through protocol-level 
 floristic surveys and circulate a revised environmental review document. Given the 
 potentially significant impacts and unique ecological and cultural resources in the area, the 
 BLM should prepare an EIS that accurately analyzes the project’s potential impacts to 
 botanical resources. 

mailto:mymartinez@blm.gov
mailto:csahagun@blm.gov
mailto:kmiyamoto@blm.gov


 Picacho Area of Critical Environmental Concern 

 While mineral exploration and development is not prohibited in the Picacho ACEC, introducing 
 mining would not align with the management objectives of protecting critical desert tortoise 
 habitat and other biological resources and preserving the wilderness character of the area.  The 
 Federal Land Policy and Management Act of 1976 (FLPMA) (43 U.S.C. § 1712 Sec. 202 (c)(3)) 
 requires the BLM to prioritize the protection of ACECs. As defined, ACECs are “public lands 
 where special  management attention is required to protect and prevent irreparable damage.” This 
 exploratory action could lead to a full scale mining operation which would have much greater 
 impacts than exploration alone. Allowing exploration opens the door to future mining in this 
 area, which would contradict the mandate to prioritize protection or uphold the initial intent of 
 the designation of this ACEC. We urge the BLM to prioritize the conservation of the biological 
 resources in the Picacho ACEC and to not jeopardize its ecological values by re-introducing 
 mining operations into the area. 

 Special-Status Plant Species 

 The plant lists from the WestLand and Stantec surveys are inconsistent with each other, and both 
 include inaccurate scientific names and may have potentially misidentified  Prosopis juliflora 
 (which does not appear to be native to this area). In light of these flaws, neither survey effort 
 seems to be accurate or comprehensive enough to establish baseline conditions.  The EA/MND 
 concludes that the project will result in disturbance of 20.54 acres of potential habitat for special 
 status plant species, but that “no direct impact to sensitive plant species would occur from direct 
 removal of individuals or populations.” (Section 3.20.2, p. 79). This conclusion apparently is 
 based on the statement that “No special status plant species have been identified within the 
 Project Area,” which is based on an inaccurate baseline setting and is contradicted by the 
 evidence provided in the EA/MND.  The EA/MND states that no special-status plant species 
 have been identified in the project area, however pink fairyduster (  Calliandra eriophylla  ) was 
 identified during the WestLand Resources survey in tables 1 and 6,  although it was mis-spelled as 
 Cylindropuntia eriophylla  in table 1. The map in figure 7 appears to show the pink fairyduster 
 being located in drill area 2. These surveys are insufficient to conclude that additional habitat 
 assessments or surveys would not be required, as stated in LUPA BIO-1. It is unlikely that 
 project work would occur at a time that monitors would be able to accurately identify special 
 status plant species, as described in PDF-33, and therefore it is unlikely that impacts to 
 occurrences of this species will be adequately avoided or minimized. 

 An EIS should be prepared that includes appropriate botanical surveys, so that the analysis of 
 potential impacts can be based on an accurate environmental baseline. As stated by WestLand on 
 page ES-1 “Plant species observations do not represent a complete floristic survey.” According to 
 the California Department of Fish and Wildlife’s (CDFW) Protocols for Surveying and 
 Evaluating Impacts to Special Status Native Plant Populations and Sensitive Natural 
 Communities (protocols),  1  “Botanical field surveys and subsequent reporting should be 
 comprehensive and floristic in nature and not restricted to or focused only on a list.” The 

 1  https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=18959&inline 
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 EA/MND should describe the baseline physical conditions on the project site through which the 
 lead agency will determine whether an impact is significant (CEQA Guidelines, § 15125(a)(1)), 
 and shall succinctly describe the environment of the area(s) to be affected (NEPA Guidelines, § 
 1502.15). The failure to conduct floristic surveys precludes the agency from being able to 
 accurately establish the baseline physical conditions, and thereby precludes the EA/MND from 
 meeting the CEQA and NEPA mandates of making an evidence-based determination of the 
 project’s impacts to botanical resources and mitigating those impacts if they are significant. The 
 CDFW protocols recommend the following regarding the extent, timing, and number of surveys 
 that would be needed to capture baseline conditions: 

 Survey Extent - “Botanical field surveys should be comprehensive over the entire project 
 area, including areas that will be directly or indirectly impacted by the project. Adjoining 
 properties should also be surveyed where direct or indirect project effects could occur, 
 such as those from fuel modification, herbicide application, invasive species, and altered 
 hydrology. Surveys restricted to known locations of special status plants may not identify 
 all special status plants and sensitive natural communities present, and therefore do not 
 provide a sufficient level of information to determine potential impacts.” 

 Timing and Number of Visits - “Conduct botanical field surveys in the field at the 
 times of year when plants will be both evident and identifiable. Usually this is 
 during flowering or fruiting. Space botanical field survey visits throughout the 
 growing season to accurately determine what plants exist in the project area. This 
 usually involves multiple visits to the project area (e.g., in early, mid, and 
 late-season) to capture the floristic diversity at a level necessary to determine if 
 special status plants are present.  The timing and number of visits necessary to 
 determine if special status plants are present is determined by geographic location, 
 the natural communities present, and the weather patterns of the year(s) in which 
 botanical field surveys are conducted.” 

 The BLM’s Survey Protocols Required for NEPA and ESA Compliance for BLM Special 
 Status Plant Species (CA IB-2010-012) echo many of the CDFW guidelines, and should 
 be followed to identify special status plant species in this DEIR. 

 “A single inventory on a single date will seldom suffice.  For example, when one 
 special status plant species suspected to be in the inventory can only be found and 
 identified in April and another species can only be located and identified in 
 August, at least two inventories are necessary.” 

 “In advance of the project site inventory, contractors should visit known 
 populations of the target species in similar habitat conditions to determine 
 current-year growth conditions and phenology.  If, based on these visits to known 
 populations, it appears likely that the project site inventory will fail to detect 
 occurrences because of drought conditions (as may be the case for annual plant 
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 species or geophytic plants), BLM may require contractors to perform additional 
 inventories in the following year.” 

 There is no indication that reference sites of known populations were used to verify that 
 special-status populations would be detectable. The Stantec surveys were conducted in 
 January and the WestLand surveys were conducted in March. The March survey may have 
 been able to identify many species, however this survey was on the leading edge of the 
 bloom period for  Croton wigginsii  and  Pholisma sonorae  , and without establishing 
 reference sites it is unsure whether these species would have been identifiable during these 
 surveys. A nine-quad CNPS Rare Plant Inventory search of the surrounding area showed 
 that  Colubrina californica  ,  Koeberlinia spinosa var. tenuispina  , and  Panicum hirticaule 
 ssp. hirticaule  all have the potential to occur here, and all bloom outside of the window of 
 the surveys. These surveys need to be conducted not only during times when plant species 
 would be identifiable, but also in years with sufficient rain that they would be identifiable, 
 as verified by reference sites. 

 Chapter 12.48 of the County Code of Ordinances prohibits the destruction (e.g., dig up, 
 remove, mutilate, or destroy) or disturbance of specific tree and flower species. Though 
 the EA states that none of these species were found in the project area, two of these 
 species appear in table 1 (Plant species observed in the Analysis Area during the field 
 survey) of the WestLand Resources Biological Resources Technical Report. The beavertail 
 pricklypear (  Opuntia basilaris  ) and ocotillo (  Fouquieria splendens  ) are both protected 
 from destruction or disturbance. The locations of these species should be recorded during 
 the floristic surveys recommended above, along with any other locally protected or 
 special-status species that are discovered. Any additional protected or special-status 
 species should be analyzed for potential impacts and added to figure 7. 

 The description of pre-clearance surveys performed pursuant to CMA LUPA-BIO-2 
 should be clarified to reflect that special-status plants would be identified and PDF-33 
 should be amended to include a requirement that pre-construction or pre-clearance 
 surveys be conducted to identify botanical resources. 

 Sensitive Natural Communities 

 Though the 2021 baseline surveys done by WestLand stated that there were no streams 
 or riparian areas located in the project area (page 102 of EA/MND), the map in figure 
 2-1 clearly shows a stream running directly through the project area. The road 
 improvements running south from the existing access road into drill area 4 crosses 
 through ephemeral streams and washes of Tumco wash and the new permanent access 
 road would impact the American Girl wash. The construction and improvement of these 
 roads should be evaluated for impacts to these habitats, including the potential for 
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 introducing illegal OHV use to this area. Additionally WestLand identified Blue palo 
 verde-ironwood alliance in xeroriparian habitat across 2% of the project area; this natural 
 community is classified as sensitive by the CDFW. Creosote-brittlebush alliance covers 
 74% of the project area and is also listed by CDFW as a sensitive natural community. 
 The potential impacts to the seasonal streams illustrated in figure 3.1 and the sensitive 
 natural communities that make up the vast majority of the project area need to be 
 addressed in an EIS. 

 The Picacho ACEC is covered by the Desert Renewable Energy Conservation Plan 
 (DRECP), and therefore the project must comply with all applicable Conservation and 
 Management Actions (CMAs). LUPA-BIO-SVF-1 states that “For activity-specific 
 NEPA analysis, a map delineating potential sites and habitat assessment of the following 
 special vegetation features is required: Yucca clones, creosote rings, Saguaro cactus, 
 Joshua tree woodland, microphyll woodland, Crucifixion thorn stands” and goes on to 
 state that “Resource not found on the project site” although areas of microphyll 
 woodland are present and would likely be impacted by the road improvements and by the 
 new permanent access road. Despite being identified, the required map identifying 
 microphyll woodlands is not included in the EA/MND. LUPA-BIO-SVF-6 goes on to 
 say that “impacts to microphyll woodlands will be avoided, except for minor incursions,” 
 citing the Glossary of Terms to define “microphyll woodlands” and “minor incursions” 
 however this glossary does not appear to have been included in this document. The 
 meaning of “minor incursion” is key to understanding the potential impacts to 
 microphyll woodlands. The EA/MND fails to show that these CMAs have been 
 followed. 

 We urge the BLM to not approve this application for exploratory drilling, as mining is 
 not a desirable use for the area given the extensive environmental risks it poses to the 
 natural resources, and mining is inconsistent with the management and protection of 
 critical habitat and resources in the ACEC. The project should also not be approved until 
 an EIS is produced to correct the errors in the botanical resources analysis and 
 adequately describe the baseline conditions of the project site. Thank you for the 
 opportunity to comment on this project and please contact me if you have any questions. 

 Sincerely, 

 Brendan Wilce 
 Conservation Program Coordinator 
 California Native Plant Society 
 bwilce@cnps.org 
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December 16, 2022

Bureau of Land Management

Attn: Mayra Martinez

1661 S 4th St.

El Centro, CA 92243

mymartinez@blm.gov

RE: Public comment period for the Oro Cruz exploration project

Dear Ms. Martinez,

I write on behalf of the Native American Land Conservancy to express serious concerns about the

proposed SMP Gold Corp. Oro Cruz Exploration Project within the Picacho Area of Critical Environmental

Concern. This excavation would take place at Indian Pass, the traditional cultural homelands of the Fort

Yuma Quechan Tribe and a place of great spiritual significance.

The Native American Land Conservancy (NALC) is a nonprofit, intertribal organization. Our mission is to

acquire, preserve, and protect our sacred lands. We do this through land acquisition, education, cultural

programming, and the survey and monitoring of Tribal historic properties. The NALC provides culturally

appropriate protective management and stewardship of natural and cultural areas, engaging Tribal

communities in California, Arizona, and Nevada. Through our Learning Landscapes program, we inspire

Tribal youth to engage with their history and culture on the land.

Indian Pass is of paramount importance to the continued health and wellbeing of the Quechan people. It

is part of a greater interconnected landscape which they term a Tribal Cultural Place, and it is central to

their day-to-day life and religion. It contains ancestral trails, cultural sites, sleeping circles, and other

evidence of the Quechan people’s historic and continued presence in the area. The Oro Cruz Exploration

Project would put future generations of Quechan people and their cultural survival in jeopardy.

The processes required for gold mining - such as extensive topsoil removal - create irreparable and

permanent harm to the land. Gold mines leak, despite assurances by companies to say otherwise, and

they release contaminates such as arsenic, cyanide, and other hazardous materials. The 2015 Gold King

Mine disaster, which contaminated the Animas River and endangered multiple Tribal communities, is just

one example of the catastrophic consequences resulting from gold mining. The Oro Cruz Exploration

Project would negatively impact the landscape’s water, air, and soil quality, creating dangerous outcomes

for plants, animals, insects, and nearby communities long into the future. The Picacho Area of Critical

Environmental Concern is also critical habitat for the threatened Mojave Desert Tortoise.

(760) 600-9001 | WWW.NATIVEAMERICANLAND.ORG

300 S. HIGHLAND SPRINGS AVE., STE 6C #279, BANNING, CA 92220

mailto:mymartinez@blm.gov
http://www.nativeamericanland.org


The Oro Cruz Exploration Project threatens the entire ecosystem at Indian Pass, as well as the cultural

heritage and religious values of the Quechan people. For centuries, Indigenous peoples across the

United States have been greatly impacted by the damages caused by mining projects. This proposal, if

approved, would continue this harmful legacy and cause irreversible damage to a landscape of great

cultural, religious, and spiritual importance. Indian Pass is a sacred place of healing, growth, and learning

for the Quechan people, and it must be protected for all future generations.

NALC stands with the Fort Yuma Quechan Tribe in opposing the Oro Cruz Exploration Project proposal.

Additionally, we request the Bureau of Land Management to require an Environmental Impact Statement

to evaluate the comprehensive impacts of this proposal.

Thank you for your consideration of this request. Please feel free to contact me at

rprzeklasa@nativamericanland.org if you have any additional questions.

Sincerely,

T. Robert Przeklasa, Ph. D.

Executive Director

(760) 600-9001 | WWW.NATIVEAMERICANLAND.ORG

300 S. HIGHLAND SPRINGS AVE., STE 6C #279, BANNING, CA 92220
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Connectivity of Mojave Desert Tortoise Populations: 
Management Implications for Maintaining a Viable 
Recovery Network

By Roy C. Averill-Murray1, Todd C. Esque2, Linda J. Allison1, Scott Bassett3, Sarah K. Carter2, 
Kirsten E. Dutcher3, Steven J. Hromada3, Ken E. Nussear3, Kevin Shoemaker3

Executive Summary
The historic distribution of Mojave desert tortoises 

(Gopherus agassizii) was relatively continuous across the 
range, and the importance of tortoise habitat outside of 
designated tortoise conservation areas (TCAs) to recovery 
has long been recognized for its contributions to supporting 
gene flow between TCAs and to minimizing impacts and 
edge effects within TCAs. However, connectivity of Mojave 
desert tortoise populations has become a concern because 
of recent and proposed development of large tracts of desert 
tortoise habitat that cross, fragment, and surround designated 
conservation areas. This paper summarizes the underlying 
concepts and importance of connectivity for Mojave desert 
tortoise populations by reviewing current information 
on connectivity and providing information to managers 
for maintaining or enhancing desert tortoise population 
connectivity as they consider future proposals for development 
and management actions.

Maintaining an ecological network for the Mojave desert 
tortoise, with a system of core habitats (TCAs) connected 
by linkages, is necessary to support demographically viable 
populations and long-term gene flow within and between 
TCAs. There are four points for wildlife and land-management 
agencies to consider when making decisions that could 
affect connectivity of Mojave desert tortoise populations (for 
example, in updating actions in resource management plans 
or amendments that could help maintain or restore functional 
connectivity in light of the latest information):

1. Management of all desert tortoise habitat for 
persistence and connectivity. Desert tortoise populations 
continue to decline within most TCAs, and it is unlikely 
that trends are better in populations outside protected 

areas. Fragmentation exacerbates negative population 
trends by breaking large continuous populations into 
smaller isolated populations. Connectivity within 
large populations can enhance resilience to localized 
disturbances due to rescue by neighboring individuals. 
In contrast, smaller fragmented populations are resistant 
to rescue by their isolation and thus could suffer 
irreversible declines to extirpation from a variety of 
threats and stochastic events. Enhanced threat reduction 
to reverse declines within TCAs and to maintain 
occupied habitat in the surrounding matrix would help 
reduce the variability in population growth rates and 
improve the resilience of protected populations even 
while implementing efforts to improve connectivity.

Each TCA has unique strengths and weaknesses 
regarding its ability to support minimum sustainable 
populations based on areal extent and its ability to support 
population increases based on landscape connection with 
adjacent populations. Considering how proposed projects 
(inside or outside of TCAs) affect connectivity and the ability 
of TCAs to support at least 5,000 adult tortoises (the numerical 
goal for each TCA) could help managers to maintain the 
resilience of TCAs to population declines. The same project, 
in an alternative location, could have very different impacts on 
local and regional populations. For example, within the habitat 
matrix surrounding TCAs, narrowly delineated corridors 
may not allow for natural population dynamics if they do not 
accommodate overlapping home ranges along most of their 
widths so that tortoises reside, grow, find mates, and produce 
offspring that can replace older tortoises. In addition, most 
habitat outside TCAs may receive more surface disturbance 
than habitat within TCAs. Therefore, managing the entire 
remaining matrix of desert tortoise habitat for permeability 
may be better than delineating fixed corridors. These 
concepts apply, especially given uncertainty about long-term 
condition of habitat, within and outside of TCAs under a 
changing climate.

1Desert Tortoise Recovery Office, U.S. Fish and Wildlife Service.
2U.S. Geological Survey.
3University of Nevada, Reno.
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Ultimately, questions such as “What are the critical 
linkages that need to be protected?” could be better framed as 
“How can we manage the remaining habitat matrix in ways 
that sustain ecological processes and habitat suitability for 
special status species?” Land-management decisions made in 
the context of the latter question may be more conducive to 
maintenance of a functional ecological network.

2. Limitations on landscape-level disturbance across 
habitat managed for the desert tortoise. Clearly 
delineating habitat linkages and differentiating them 
from non-delineated areas by the uses that are permitted 
or prohibited within them by specific management 
guidelines can help achieve functional connectivity. Such 
guidelines would be most effective if they considered 
and accounted for all surface disturbances (for example, 
temporary disturbances such as fiberoptic lines or 
off-highway vehicle routes, right-of-ways, utility-scale 
solar development, urbanization) to the extent possible. 
A weighted framework that varies with the permanence 
or severity of the disturbance, and can be additive to 
quantify cumulative effects, could be useful (Xiong, 
2020). For example, minor roads can alter tortoise 
movements independently of other features (Peaden 
and others, 2017; Hromada and others, 2020), but if the 
isolated dirt road is accompanied by a powerline that 
encourages raven predation (Xiong, 2020), then the 
two features together may be additive. Ignoring minor 
or temporary disturbance on the landscape could result 
in a cumulatively large impact that is not explicitly 
acknowledged (Goble, 2009); therefore, understanding 
and quantifying all surface disturbance on a given 
landscape is prudent.

a. In California, the Bureau of Land Management 
established 0.1–1.0 percent caps on new 
surface-disturbance for TCAs and mapped linkages 
that address the issues described in number 1 of 
this list.

b. Nevada, Utah, and Arizona currently do not have 
surface-disturbance limits. Limits comparable to 
those in the Desert Renewable Energy Conservation 
Plan (DRECP) would be 0.5 percent within TCAs 
and 1 percent within the linkages modeled by 
Averill-Murray and others (2013). Limits in some 
areas of California within the Desert Renewable 
Energy Conservation Plan, such as Ivanpah Valley, 
are more restrictive, at 0.1 percent. Continuity 
across the state line in Nevada could be achieved 
with comparable limits in the adjacent portion of 
Ivanpah Valley, as well as the Greater Trout Canyon 
Translocation Area and the Stump Springs Regional 
Augmentation Site. These more restrictive limits 
would help protect remaining habitat in the major 
interstate connectivity pathway through Ivanpah 
Valley and focal areas of population augmentation 

that provide additional population connectivity along 
the western flank of the Spring Mountains.

c. In a recent study that analyzed 13 years of desert 
tortoise monitoring data, nearly all desert tortoise 
observations were at sites in which 5 percent or less 
of the surrounding landscape within 1 kilometer 
was disturbed (Carter and others, 2020a). To help 
maintain tortoise habitability and permeability 
across all other non-conservation-designated 
tortoise habitat, all surface disturbance could be 
limited to less than 5-percent development per 
square kilometer because the 5-percent threshold 
for development is the point at which tortoise 
occupation drops precipitously (Carter and others, 
2020a). However, although individual desert 
tortoises were observed at development levels up to 
5 percent, we do not know the fitness or reproductive 
characteristics of these individuals. This level of 
development also may not allow for long-term 
persistence of healthy populations that are of 
adequate size needed for demographic or functional 
connectivity; therefore, a conservative interpretation 
suggests that, ideally, development could be lower. 
Lower development levels would be particularly 
useful in areas within the upper 5th percentile 
of connectivity values modeled by Gray and 
others (2019).

d. Reducing ancillary threats in places where 
connectivity is restricted to narrow strips of habitat, 
for example, narrow mountain passes or vegetated 
strips between solar development, could enhance 
the functionality of these vulnerable linkages. In 
such areas, maintaining multiple, redundant linkages 
could further enhance overall connectivity.

3. Minimization of mortality from roads and 
maximization of passage under roads. Roads pose a 
significant threat to the long-term persistence of local 
tortoise populations, and roads of high traffic volume 
lead to severe population declines, which ultimately 
fragments populations farther away from the roads. 
Three points (a.–c.) pertain to reducing direct mortality 
of tortoises on the many paved roads that cross desert 
tortoise habitat and to maintaining a minimal level of 
permeability across these roads:

a. Tortoise-exclusion fencing tied into culverts, 
underpasses, overpasses, or other passages below 
roads in desert tortoise habitat, would limit vehicular 
mortality of tortoises and provide opportunities for 
movement across the roads. Installation of shade 
structures on the habitat side of fences installed 
in areas with narrow population-depletion zones 
would limit overheating of tortoises that may pace 
the fence.
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b. Passages below highways could be maintained 
or retrofitted to ensure safe tortoise access, for 
example, by filling eroded drop-offs or modifying 
erosion-control features such as rip-rap to make 
them safer and more passable for tortoises. 
Wildlife management agencies could work with 
transportation departments to develop construction 
standards that are consistent with hydrologic/erosion 
management goals, while also incorporating a design 
and materials consistent with tortoise survival and 
passage and make the standards widely available. 
The process would be most effective if the status 
of passages was regularly monitored and built into 
management plans.

c. Healthy tortoise populations along fenced highways 
could be supported by ensuring that land inside 
tortoise-exclusion fences is not so degraded that it 
leads to degradation of tortoise habitat outside the 
exclusion areas. For example, severe invasive plant 
infestations inside a highway exclusion could cause 
an increase of invasive plants outside the exclusion 
area and degrade habitat; therefore, invasive plants 
inside road rights of way could be mown or treated 
with herbicide to limit their spread into adjacent 
tortoise habitat and minimize the risk of these plants 
carrying wildfires into adjacent habitat.

4. Adaptation of management based on new information. 
Future research will continue to build upon and refine 
models related to desert tortoise population connectivity 
and develop new ones. New models could consider 
landscape levels of development and be constructed such 
that they share common foundations to support future 
synthesis efforts. If model development was undertaken 
in partnership with entities that are responsible for 
management of desert tortoise habitat, it would facilitate 
incorporation of current and future modeling results 
into their land management decisions. There are specific 
topics that may be clarified with further evaluation:

a. The effects of climate change on desert tortoise 
habitat, distribution, and population connectivity;

b. The effects of large-scale fires, especially within 
repeatedly burned habitat, on desert tortoise 
distribution and population connectivity;

c. The ability of solar energy facilities or similar 
developments to support tortoise movement and 
presence by leaving washes intact; leaving native 

vegetation intact whenever possible, or if not 
possible, mowing the site, allowing vegetation 
to re-sprout, and managing weeds; and allowing 
tortoises to occupy the sites; and

d. The design and frequency of underpasses necessary 
to maintain functional demographic and genetic 
connectivity across linear features, like highways.

Introduction
Connectivity of Mojave desert tortoise 

(Gopherus agassizii) populations has become an issue of 
increasing concern due to recent and proposed development 
of large tracts of desert tortoise habitat that cross, fragment, 
and surround designated conservation areas. Much of this 
development is a result of the recent renewable energy 
boom, but also includes long-planned urban expansion and 
infrastructure projects that are reaching the implementation 
phase. Researchers have studied the implications of existing 
tortoise conservation areas becoming isolated due to this 
development and have modeled past, current, and potential 
future population connectivity across the desert tortoise’s 
range (see later in the text). Managers have incorporated much 
of the available information into individual planning decisions 
(for example, Desert Renewable Energy and Conversation 
Plan Land Use Plan Amendment to the California Desert 
Conservation Plan of 1980 [DRECP], draft Apple Valley 
Habitat Conservation Plan). However, general principles for 
maintaining functionally connected desert tortoise populations 
have not been synthesized to assist with a comprehensive, 
species-wide analysis, and several existing land-management 
plans lack the focus on desert tortoise population connectivity 
present in other plans such as the DRECP. The Management 
Oversight Group for the Mojave Desert Tortoise requested 
guidance to clarify the needs of the Mojave desert tortoise 
for habitat connectivity from the Western Ecological 
Research Center of the U.S. Geological Survey and the 
Recovery Office of the U.S. Fish and Wildlife Service for 
the Mojave Desert Tortoise. This report is a collaboration 
to provide that guidance by summarizing the underlying 
concepts and importance of connectivity for Mojave desert 
tortoise populations by (1) reviewing current information 
on connectivity and (2) providing information to managers 
for maintaining or enhancing desert tortoise population 
connectivity as they consider future proposals for development 
and management actions.
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The Framework for Mojave Desert 
Tortoise Recovery

Historic Population Connectivity

The historic distribution of Mojave desert tortoises was 
relatively continuous across the range, broken only by major 
topographic barriers, such as the Baker Sink and Death Valley, 
California, and the Spring Mountains, Nevada (Germano 
and others, 1994; Nussear and others, 2009, respectively). 
Although desert tortoises generally do not move long distances 
over their lifetimes, historically, modest dispersal and 
connected home ranges occurred over a relatively continuous 
distribution across the tortoise’s range. This contiguous 
distribution fostered historically high levels of gene flow and 
a population structure characterized as isolation-by-distance 
(Murphy and others, 2007; Hagerty and Tracy, 2010; Hagerty 
and others, 2011). Maintaining functionally connected 
landscapes is necessary to conserve historic genetic gradation 
(Frankham, 2006). Large, connected landscapes also are 
necessary to facilitate natural range shifts in response to 
climate change (Krosby and others, 2010; National Fish, 
Wildlife, and Plants Climate Adaptation Partnership, 2012; 
Hilty and others, 2020). Nevertheless, though gene flow and 
adaptive capacity are critically important in the long term, the 
need for extensive, unfragmented habitat is of more immediate 
concern for supporting populations that are demographically 
viable on time scales relative to management (Kuo and 
Janzen, 2004).

Design and Goals of the Current Network of 
Tortoise Conservation Areas

Tortoise conservation areas (TCAs1) form the foundation 
of the desert tortoise recovery strategy and are centered 
around 12 designated critical habitat units that range in area 
from approximately 220 to 4,131 square miles (U.S. Fish 
and Wildlife Service, 2011). Effective conservation areas are 
designed to support species viability according to ecological 
concepts of representation, redundancy, and resilience 
(U.S. Fish and Wildlife Service, 1994, 2016; Shaffer and 
Stein, 2000).

• Representation captures the breadth of genetic or 
ecological diversity of a species, and recovery units 

are distributed across the range in a pattern designed 
to capture this breadth (U.S. Fish and Wildlife 
Service, 2011).

• Redundancy, having multiple protected populations 
within representative units, protects against 
catastrophic loss of any particular population. In 
the case of the Mojave desert tortoise, each of the 
recovery units identified in the 2011 recovery plan 
contain multiple TCAs, except for the Upper Virgin 
River Recovery Unit in Utah (U.S. Fish and Wildlife 
Service, 2011).

• Resilience represents the ability of populations 
to recover from stochastic setbacks, such as 
drought-induced population declines or localized 
disease outbreaks. To maintain resilience, TCAs 
were envisioned to sustain a population of at least 
5,000 adult tortoises (U.S. Fish and Wildlife Service, 
1994). In situations where a critical habitat unit was 
smaller than the threshold of 1,295 square kilometers 
(km2), or if the number of tortoises was found to be 
fewer than 5,000, land management was expected to 
maintain connectivity to larger populations outside the 
critical habitat unit and to other critical habitat units 
(U.S. Fish and Wildlife Service, 1994).

The importance of tortoise habitat outside of TCAs, 
to recovery, has long been recognized for its contributions 
to supporting gene flow among TCAs and to minimizing 
impacts and edge effects within TCAs (U.S. Fish and Wildlife 
Service, 1994, 2011). This dependence, on a reserve design 
of protected areas supported by surrounding areas that are not 
necessarily protected, is considered the linchpin of sustaining 
a resilient protected area network (U.S. Fish and Wildlife 
Service, 2011).

Challenges and Weaknesses of the Current 
Network of Tortoise Conservation Areas

When the original recovery plan was developed, there 
were no reliable abundance estimates for tortoises in any 
critical habitat unit. However, one unit in particular, the 
Upper Virgin River Critical Habitat Unit, was insufficient 
in size to support the necessary 5,000 adult tortoises, thus, 
it was identified as requiring intensive management since 
its establishment (U.S. Fish and Wildlife Service, 1994). 
Range-wide monitoring since 2004 (1999 in Upper Virgin 
River) provides population estimates and recent changes in 
tortoise density for each TCA. As of 2014, 11 of 17 TCAs 
had negative population trends, and 8 of 17 were estimated 
to contain fewer than 5,000 adult tortoises (Allison and 
McLuckie, 2018; fig. 1).

1Tortoise conservation areas include desert tortoise habitat within 
designated critical habitat, Desert Wildlife Management Areas, Areas 
of Critical Environmental Concern, Grand Canyon-Parashant National 
Monument, Desert National Wildlife Refuge, National Park Service lands, 
Red Cliffs Desert Reserve, and other conservation areas or easements 
managed for desert tortoises (U.S. Fish and Wildlife, 2011).
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Figure 1. Population trends and abundance of adult Mojave desert tortoises within tortoise conservation areas (TCAs). 
Yellow lines represent major roads and highways. Color ramp from white to green represents low to high probability of tortoise 
presence, respectively.
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In addition to concerns about the status of tortoise 
populations within the TCAs, the configuration of several 
TCAs is inconsistent with optimal reserve design. The 
theoretically optimal reserve shape would be circular to 
minimize the perimeter and potential edge effects relative to 
the area because the quality of habitat within conservation 
areas can be affected by factors present outside conservation 
area boundaries (Harrison and Bruna, 1999; Environmental 
Law Institute, 2003; Radeloff and others, 2010). For example, 
subsidized predators within the urban-wildland interface can 
affect tortoise populations well within TCAs (Kristan and 
Boarman, 2003; Esque and others, 2010). However, to capture 
the actual pattern of suitable habitat while accommodating 
land ownership considerations, all TCAs have complex 
perimeters, often with narrow extensions or projections into 
relatively unprotected habitat (fig. 1). This is partly because, 
prior to TCA establishment, the landscape already had many 
inholdings and disturbances that were avoided because they 
rendered the habitat incompatible for tortoise use. The result 
of this configuration is a network of land parcels of variable 
habitat quality and tortoise permeability (Gray and others, 
2019). All of these issues emphasize the importance of 
maintaining, and ideally increasing, the availability of habitat 
connectivity within and among TCAs.

Functional Connectivity of Desert Tortoise 
Populations Across the Landscape

Connectivity can be viewed as the degree to which 
regional landscapes, encompassing a variety of natural, 
semi-natural, and developed land-cover types, are conducive 
to wildlife movement and to sustaining ecological processes 
(Ament and others, 2014; Hilty and others, 2020). 
Functionally, connectivity describes the degree to which 
landscapes facilitate or impede the movement of organisms 
and processes (Meiklejohn and others, 2010; Hilty and others, 
2020). Decreased connectivity results from various degrees of 
landscape resistance. For example, natural linear features that 
entirely preclude movement for tortoises include impassable 
vertical cliffs, talus slopes, and large rivers. Semi-permeable 
features include natural habitats with questionably sufficient 
thermal cover, such as burned areas or playa edges, or other 
features typical of the urban-wildland interface, such as 
ploughed lots, roads, railways, and large berms, all of which 
can act as filters that reduce connectivity between populations 

in the absence of appropriate underpasses or overpasses 
(Peaden and others, 2015; Rautsaw and others, 2018; Dutcher 
and others, 2020a; Hromada and others, 2020).

The features listed in the previous paragraph are 
widespread across the Mojave Desert; for example, almost all 
TCAs are divided internally or separated from adjacent units 
by major roads and highways (fig. 1). Abundance of tortoise 
sign decreases closer to unfenced roadways, resulting in a 
zone of population depletion of up to 4 kilometers (km) from 
highways with the highest traffic volumes (Hoff and Marlow, 
2002; Boarman and Sazaki, 2006; Nafus and others, 2013; 
Peaden and others, 2015). These depleted zones effectively 
eliminate or severely reduce connectivity of tortoise 
populations across the range. Many miles of tortoise-barrier 
fencing have been installed along roads, primarily within 
TCAs, with this fencing connected to culverts. Although 
individual tortoises cross through culverts (Boarman and 
others, 1998; Hromada and others, 2020), the effectiveness of 
culverts in mitigating the fragmenting effects of highways at a 
population scale is unknown. Even culverts designed to reduce 
resistance across linear barriers can be ineffective if materials 
such as rip-rap of talus-sized rocks prevent access by tortoises.

Structure and Dynamics of Desert 
Tortoise Populations

Desert tortoises do not occur at uniform densities across 
the landscape (Krzysik, 2002). Local population abundances 
fluctuate asynchronously because of differences in habitat 
quality and variability in precipitation patterns, such as 
localized declines attributed to drought, disease, or predation 
events (Peterson, 1994; Longshore and others, 2003; Tracy 
and others, 2004; Esque and others, 2010; Emblidge and 
others, 2015) or stochastic population dynamics (U.S. Fish and 
Wildlife Service, 2011). Adjacent habitat patches of sufficient 
quality to support healthy tortoise populations are necessary 
for local population declines or extinctions to be rescued 
by recolonization (Fahrig and Merriam, 1994). As habitat is 
lost and fragmented, habitat patches become smaller, patch 
populations (for example, clusters of tortoises) have fewer 
tortoises and become more disjunct, extinction probabilities 
within patches increase, and the number of occupied patches 
decreases (Fahrig, 2002; Ovaskainen and others, 2002). 
As described earlier, tortoise populations adjacent to and 
contiguous with populations within TCAs are essential for 
long-term species viability and recovery given the limitations 
of the existing TCA reserve design (fig. 2).
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Figure 2. Inter-patch habitat connectivity of Mojave desert tortoises. Each hexagon represents a 259-hectare (640-acre) habitat 
patch. A, Historically interconnected habitat constrained by major topographic barriers; B, Inter-patch relationships across a part 
of the landscape are represented by red arrows; and C, Reduction in patch connections occurs with habitat loss and fragmentation, 
conceptually represented by gray patches. 
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Large expanses of high-quality habitat are necessary to 
increase the likelihood that tortoises from local areas, with 
higher recruitment, will emigrate and repopulate (or “rescue”) 
adjacent areas of suitable habitat (for example, within TCAs) 
that may have fewer tortoises due to low recruitment or high 
mortality (Germano and Joyner, 1988; Morafka, 1994; Tracy 
and others, 2004). This rescue effect has been described and 
studied using island biogeography concepts and principles 
that lead us to expect that the probability a population will 
persist is related to the size and isolation of the habitat patch 
on which it exists (MacArthur and Wilson, 1967; Brown and 
Kodric-Brown, 1977). Figure 2B provides an example of 
the historical relationship between habitat patches for desert 
tortoises in the Mojave Desert. Patches suffering localized 
declines in tortoise numbers could be recolonized by tortoises 
emigrating from adjacent patches. As habitat is degraded, lost, 
or fragmented by anthropogenic barriers, however, inter-patch 
relationships may break down, resulting in a decreased 
likelihood that recolonizations will occur. In short, tortoises 
within remaining patches that have fewer connections are 
more likely to be extirpated and less likely to be replaced than 
tortoises inhabiting patches surrounded by permeable habitats 
with intact connections (fig. 2C; Lefkovitch and Fahrig, 1985). 
Such fragmentation could isolate and reduce the viability of 
regional populations, including those within TCAs, creating 
an “extinction debt” (Kuussaari and others, 2009; Hylander 
and Ehrlén, 2013) that extends well beyond the perimeters 
of parcels of lost habitats. Rescue of unoccupied habitat 
patches may not occur, or may be delayed, if few tortoises 
disperse from nearby small or declining populations (Adler 
and Nuernberger, 1994). Unoccupied patches present a special 
problem if the source of the decline is unknown because 
evidence is lacking to indicate whether the decline was due 
to temporary conditions for the occupants or if the site can 
no longer sustain tortoises. Obtaining better information 
about habitat quality requirements may resolve some of 
this uncertainty.

Effectively Connecting Current Desert Tortoise 
Habitat to Recover Populations

The patterns of population distribution and dynamics 
described earlier represent those of a “patchy” metapopulation 
(Harrison, 1991). For species with this type of metapopulation 
dynamic to persist over the long term, connectivity between 
patches must be provided through contiguous viable habitat. 
The Mojave desert tortoise requires interconnected habitat 
across its range to sustain populations within and outside 

of TCAs over multiple generations (Tracy and others, 
2004). Low-mobility species, such as the desert tortoise, are 
considered “corridor dwellers” that may spend their entire life 
within corridors (Beier and Loe, 1992). In effect, low mobility 
of the species means that interconnected local populations of 
tortoises must persist across the landscape to ensure overall 
species persistence (fig. 2B).

In contrast, passage species may move through corridors 
between protected areas in days or weeks, even at large 
spatial scales (Beier and Loe, 1992). Though individual desert 
tortoises can move many kilometers in one season (Berry, 
1986; Edwards and others, 2004), this type of movement has 
been observed in large, open areas rather than a long (for 
example, tens of kilometers), narrow strip of habitat a few 
meters—or even a few hundred meters—wide. Tortoises may 
traverse short culverts and thereby navigate the otherwise 
absolute barrier of a fenced road (Boarman and others, 1998) 
or may occupy narrow mountain passes (Dutcher and others, 
2020b; Hromada and others, 2020), but tortoise movement 
patterns do not lead us to expect that a tortoise in one TCA 
would traverse a long narrow strip of preserved desert 
vegetation to another TCA many kilometers distant in its 
lifetime. For all these reasons, habitat linkages among TCAs 
must be wide enough to sustain multiple home ranges or local 
clusters of resident tortoises (Beier and others, 2008; Morafka, 
1994), while accounting for edge effects, in order to sustain 
regional tortoise populations.

Recent Research Relevant to Desert 
Tortoise Habitat and Connectivity

A variety of spatial habitat models have been developed 
for the management of desert tortoise habitat, including 
models describing habitat suitability, levels of development 
within modeled habitat, landscape genetics, tortoise habitat 
linkages, and connectivity (appendix 1; figs. 1.1–1.4). These 
models have been used for project-proponent and regulatory 
planning, establishing survey requirements, evaluating reports 
for project compliance, and as base inputs for subsequent 
spatial models. Furthermore, many of the natural resource 
layers developed for these models (for example, soil texture 
layer by Nowicki and others, 2019; wash layers by Gray and 
others, 2019) have been applied to understand habitats for 
other species of management concern across the southwestern 
United States (for example, Mohave Ground Squirrel 
by Inman and others, 2013; multiple species and energy 
development by Vandergast and others, 2013).
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Spatial models that focus on habitat connectivity 
that are in development were presented at the annual 
symposium of the Desert Tortoise Council in February 2020 
(https:/ /deserttor toise.org/ wp- content/ uploads/ 
ABSTRACTS_ 2020- DTC- FINAL- Feb72020.pdf), and 
included syntheses of habitat status (Nussear and others, 
2020), genetic responses to landscape disturbances (Dutcher 
and others, 2020a), desert tortoise movements (Hromada and 
others, 2020), demographics (Shoemaker and others, 2020), 
and alternative future habitat scenarios (Bassett and others, 
2020). The development of these models is ongoing and 
dynamic. For example, three of the ‘working’ models have 
been published since the presentation in February (Dutcher 
and others, 2020b; Carter and others, 2020a; Hromada and 
others, 2020). In particular, these studies reinforced evidence 
of reduced movements and gene flow across linear barriers 
(highways and railroads), while reporting movements and 
gene flow across mountain passes (Dutcher and others, 
2020b), and documented limited tortoise observations in 
areas with greater than 5-percent surface disturbance per km2 
(fig. 3; Carter and others, 2020a). For these models, surface 
disturbance was derived for nationally available datasets, and 
does not necessarily include temporary disturbance.

Several additional models are still in development 
but can be accessed as they become ready for distribution. 
Available data and modelling, along with the models still 
in development, will further inform management agencies 
seeking to address connectivity issues for the Mojave 
desert tortoise.

Management Implications
Maintaining an ecological network (recovery network) 

for the Mojave desert tortoise, with a system of core habitats 
(TCAs) connected by linkages (Hilty and others, 2020), is 
necessary to support demographically viable populations 
and long-term gene flow within and between TCAs. There 
are three points for wildlife and land-management agencies 
to consider when making decisions that could affect 
connectivity of Mojave desert tortoise populations (for 
example, in updating actions in resource management plans 
or amendments that could help maintain or restore functional 
connectivity in light of the latest information).

(1) Management of All Desert Tortoise Habitat 
for Persistence and Connectivity

Desert tortoise populations continue to decline within 
most TCAs (Allison and McLuckie, 2018), and it is unlikely 
that trends are better in populations outside protected areas. 
Fragmentation exacerbates negative trends by increasing the 
probability that isolated populations will suffer irreversible 
declines due to stochastic (unpredictable) effects acting on 
their smaller local abundances, especially when combined 
with multiple external threats within the population fragments. 
Enhanced threat reduction to reverse declines within TCAs 
and maintained occupied habitat in the surrounding matrix 
would help reduce the variability in population growth rates 
and improve the resilience of protected populations, while 
implementing efforts to improve connectivity.

Each TCA has unique strengths and weaknesses 
regarding its ability to support minimum sustainable 
populations based on areal extent, and its ability to support 
population increases based on landscape connection with 
adjacent populations. Considering how proposed projects 
(inside or outside of TCAs) affect connectivity and the ability 
of TCAs to support at least 5,000 (the numerical goal for 
each TCA) adult tortoises could help managers maintain the 
resilience of TCAs to population declines. The same project 
in an alternative location may have very different impacts on 
local or regional connectivity. For example, within the habitat 
matrix surrounding TCAs, narrowly delineated corridors 
may not allow for natural population dynamics if they do not 
accommodate overlapping home ranges along most of their 
widths so that tortoises reside, grow, find mates, and produce 
offspring that can replace older tortoises (Beier and Loe, 1992; 
Beier, 2018). In addition, most habitat outside TCAs may 
receive more surface disturbance than habitat within TCAs 
(Carter and others, 2020a). Therefore, managing the entire 
remaining matrix of desert tortoise habitat for permeability 
may be better than delineating fixed corridors (Beier, 2018; 
Gray and others, 2019). These concepts apply, especially given 
uncertainty about long-term condition of habitat within and 
outside of TCAs under a changing climate.
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Figure 3. Observations of live Mojave desert tortoises from the 
U.S. Fish and Wildlife Service range-wide monitoring program 
relative to the proportion of development in the surrounding 
landscape within 1 kilometer (km) of the observation location 
(Terrestrial Development Index). A development index value of 5 
indicates that 5 percent of the area within 1 km of that location 
has been altered by development. Adapted from Carter and 
others (2020a).
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Ultimately, questions such as “What are the critical 
linkages that need to be protected?” may be better framed as 
“How can we manage the remaining habitat matrix in ways 
that sustain ecological processes and habitat suitability for 
special status species.” Land-management decisions made 
in the context of the latter question could be more conducive 
to maintenance of a functional ecological network and the 
recovery of the Mojave desert tortoise.

(2) Limitations on Landscape-level Disturbance 
Across Habitat Managed for the Desert Tortoise

Clearly delineating habitat linkages and differentiating 
them from non-delineated areas by the uses that are permitted 
or prohibited within them by specific management guidelines 
can help achieve functional connectivity. Such guidelines 
would be most effective if they considered and accounted for 
all surface disturbances (for example, temporary disturbances 
such as fiberoptic lines or off-highway vehicle routes, 
right-of-ways, utility-scale solar development, urbanization) to 
the extent possible. A weighted framework that varies with the 
permanence or severity of the disturbance and can be additive 
to quantify cumulative effects may be useful. For example, 
minor roads can alter tortoise movements independently 
of other features (Hromada and others, 2020; Peaden and 
others, 2017), but if the isolated dirt road is accompanied by 
a powerline that encourages raven predation (Xiong, 2020), 
the two features together may be additive. Ignoring minor 
or temporary disturbance on the landscape could result in a 
cumulatively large impact that is not explicitly acknowledged 
(Goble, 2009). Therefore, a commitment to understanding 
and quantifying all surface disturbance on a given landscape 
is needed.

a. In California, the Bureau of Land Management 
established 0.1–1.0-percent new surface-disturbance 
caps for TCAs and mapped linkages that address the 
issues described in the “(1) Management of All Desert 
Tortoise Habitat for Persistence and Connectivity” 
section (fig. 4; table 1; U.S. Bureau of Land 
Management, 2016).

b. Nevada, Utah, and Arizona currently do not have 
surface-disturbance limits. Limits comparable to those 
in the DRECP would be 0.5 percent within TCAs and 
1 percent within the linkages modeled by Averill-Murray 
and others (2013). Limits in some areas of California 
within the DRECP, such as Ivanpah Valley, are more 
restrictive at 0.1 percent (fig. 4; table 1). Continuity 
across the state line in Nevada could be achieved with 

comparable limits in the adjacent portion of Ivanpah 
Valley, as well as the Greater Trout Canyon translocation 
area and the Stump Springs Regional Augmentation 
Site (fig. 5). These more restrictive limits help protect 
remaining habitat in the major interstate connectivity 
pathway through Ivanpah Valley (Hagerty and others, 
2011) and focal areas of population augmentation that 
provide additional population connectivity along the 
western flank of the Spring Mountains.

c. In a recent study that analyzed 13 years of desert 
tortoise monitoring data, nearly all desert tortoise 
observations were at sites in which 5 percent or 
less of the surrounding landscape within 1 km was 
disturbed (Carter and others, 2020a). To help maintain 
tortoise inhabitance and permeability across all other 
non-conservation-designated tortoise habitat, all surface 
disturbance could be limited to less than 5-percent 
development per square kilometer because the 5-percent 
threshold for development is the point at which tortoise 
occupation drops precipitously (Carter and others, 
2020a; fig. 3). However, it is important to note that 
5 percent may not maintain population sizes needed 
for demographic or functional connectivity; therefore, 
ideally, development thresholds should be lower. 
Lower development thresholds would be particularly 
useful in areas within the upper 5th percentile of 
connectivity values modeled by Gray and others (2019; 
fig. 1.3; fig. 5).

However, although individual desert tortoises were 
observed at development levels up to 5 percent, we do not 
know the fitness or reproductive characteristics of these 
individuals. This level of development also may not allow 
for long-term persistence of healthy populations that are 
of adequate size needed for demographic or functional 
connectivity; therefore, ideally development should be lower. 
This would be particularly useful in areas within the upper 
5th percentile of connectivity values modeled by Gray and 
others (2019).

d. Reducing ancillary threats in places where connectivity 
is restricted to narrow strips of habitat, for example, 
narrow mountain passes or vegetated strips between 
solar development, could enhance the functionality of 
these vulnerable linkages. In such areas, maintaining 
multiple, redundant linkages could further enhance 
overall connectivity. Attention to the spatial 
configuration of allowed disturbances also would help 
ensure that any existing bottlenecks to connectivity are 
not severed.
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Table 1. Surface-disturbance caps in desert tortoise conservation areas and linkages in the California Desert 
Renewable Energy Conservation Plan (U.S. Bureau of Land Management, 2016).

[ACEC, Area of Critical Environmental Concern; CHU, critical habitat unit]

Location
Disturbance cap 

(percentage)

Tortoise conservation area (numbers correspond to fig. 4)

1. Desert Tortoise Research Natural Area 0.1
2. Fremont-Kramer ACEC and CHU 0.5
3. Superior-Cronese ACEC and CHU 0.5
4. Ord-Rodman ACEC and CHU 0.5
5. Pinto Mountains ACEC and CHU 0.5
6. Chuckwalla ACEC and CHU 0.5
7. Chemehuevi Desert ACEC and CHU 0.5
8. Piute Valley ACEC and CHU 0.5
9. Shadow Valley ACEC 0.5
10. Ivanpah Valley ACEC (includes critical habitat on Bureau of Land Management land) 0.1

Desert tortoise linkages (see legend in fig. 4)

Ord-Rodman to Superior-Cronese to Mojave National Preserve 1
Superior-Cronese to Mojave National Preserve to Shadow Valley to Death Valley National Park 1
Joshua Tree National Park and Pinto Mountains to Chemehuevi 1
Death Valley National Park to Nevada National Security Site 1
Ivanpah Valley 0.1
Chemehuevi to Chuckwalla 0.1
Pinto Wash 0.1
Ord-Rodman to Joshua Tree National Park 0.5
Fremont-Kramer to Ord-Rodman 0.5
High-value Colorado Desert Habitat 1
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(3) Minimization of Mortality from Roads and 
Maximization of Passage Under Roads

Roads pose a significant threat to the long-term 
persistence of local tortoise populations, and roads of high 
traffic volume lead to severe population declines (Peaden, 
2017), which ultimately fragments populations farther away 
from the roads. Three points pertain to reducing direct 
mortality of tortoises on the many paved roads that cross 
desert tortoise habitat and maintaining a minimal level of 
permeability across these roads.

a. Tortoise-exclusion fencing tied into culverts, underpasses 
or overpasses, or other passages below roads in desert 
tortoise habitat, would limit vehicular mortality of 
tortoises and would provide opportunities for movement 
across the roads (Boarman and others, 1997). Installation 
of shade structures on the habitat side of fences installed 
in areas with narrow population-depletion zones would 
limit overheating of tortoises that may pace the fence 
(Peaden and others, 2017).

b. Passages below highways could be maintained or 
retrofitted to ensure safe tortoise access, for example, by 
filling eroded drop-offs or by modifying erosion-control 
features, such as rip-rap, to make them safer and 
more passable for tortoises. Wildlife management 
agencies could work with transportation departments to 
develop construction standards that are consistent with 
hydrologic/erosion management goals, which would also 
maximize the potential for tortoise survival and passage 
and make the standards widely available. The process 
would be most effective if the status of passages was 
regularly monitored and built into management plans.

c. Healthy tortoise populations along fenced highways 
could be supported by ensuring that land inside 
tortoise-exclusion fences is not so degraded that it leads 
to degradation of tortoise habitat outside the exclusion 
areas. As one example, invasive plants inside road 
rights of way could be mown or treated with herbicide 
to limit their spread into adjacent tortoise habitat and to 
minimize the risk of these plants carrying wildfires into 
adjacent habitat.

(4) Adaptation of Management Based on 
New Information

The models described herein have already been useful 
for informing management of tortoise habitat to support 
population recovery and connectivity. Future research will 
continue to build upon and refine these models and develop 
new ones. New models could consider landscape levels of 
development and be constructed such that they share common 
foundations to support future synthesis efforts. If model 
development was undertaken in partnership with entities that 
are responsible for management of desert tortoise habitat, it 
would facilitate incorporation of current and future modeling 
results into their land management decisions (Carter and 
others, 2020b). There are specific topics that could be clarified 
with further evaluation:

a. The effects of climate change on desert tortoise habitat, 
distribution, and population connectivity (Nussear and 
others, 2020; Shoemaker and others, 2020);

b. The effects of large-scale fires, especially within 
repeatedly burned habitat, on desert tortoise distribution 
and population connectivity;

c. The ability of solar energy facilities or similar 
developments to support tortoise movement and 
presence by leaving washes intact, leaving native 
vegetation intact whenever possible, or if not possible, 
mowing the site to allow vegetation to re-sprout, 
managing weeds, and allowing tortoises to occupy the 
sites; and

d. The design and frequency of underpasses necessary 
to maintain functional demographic and genetic 
connectivity across linear features such as highways.

Summary
This report summarizes the underlying concepts and 

importance of landscape connectivity for Mojave desert 
tortoise populations by reviewing current information 
on connectivity and providing information to managers 
for maintaining or enhancing desert tortoise population 
connectivity as they consider future proposals for development 
and management actions.
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Appendix 1. Recent Desert Tortoise Habitat and Connectivity Models
The figures provided in this appendix (figs. 1.1–1.4) were important in the development of guidance on the habitat 

connectivity needs of the Mojave desert tortoise for natural resource managers.

Image source: National Geographic Society. Copyright:© 2013 National Geographic Society, i-cubed. 0 50 100 MILES
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Figure 1.1. Range-wide Mojave desert tortoise habitat probability model (Nussear and others, 2009) overlain by the U.S. Fish and 
Wildlife Service (USFWS) linkage model (Averill-Murray and others, 2013) that connects designated tortoise conservation areas. 
The color ramp from white to green represents the probability of tortoise presence from low to high, respectively.
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Image source: National Geographic Society. Copyright:© 2013 National Geographic Society, i-cubed.

Figure 1.2. Mojave desert tortoise landscape genetics modeled by Hagerty and others (2011) showing least-cost paths between 
sampled population centroids overlying an isolation-by-resistance surface.
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Image source: National Geographic Society. Copyright:© 2013 National Geographic Society, i-cubed. 0 50 100 MILES
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Figure 1.3. Range-wide omnidirectional connectivity model (Gray and others, 2019) for the Mojave desert tortoise overlain by the 
U.S. Fish and Wildlife Service (USFWS) linkage model (blue) that connects designated tortoise conservation areas (Averill-Murray and 
others, 2013).
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Image source: National Geographic Society. Copyright:© 2013 National Geographic Society, i-cubed.
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Figure 1.4. Terrestrial development index modeled by Carter and others (2020).
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Panicum hirticaule J. Presl subsp. hirticaule
NATIVE
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Time: Aug--Dec
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Jepson eFlora Author: Robert W. Freckmann & Robert Webster
Reference: Freckmann & Lelong 2003 FNANM 25:406--450, 450--488
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(Note: any qualifiers in the taxon distribution description, such as 'northern', 'southern', 'adjacent' etc.,
are not reflected in the map above, and in some cases indication of a taxon in a subdivision is based on
a single collection or author-verified occurence).
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Pholisma sonorae (Torr. ex A. Gray) Yatsk.
NATIVE
Stem: 5--15 dm, 0.5--2 cm diam. Flower: calyx lobes linear; corolla pink to purple, abaxially glabrous, margin white; ovary chambers 12--32. Chromosomes: 2n=36.
Ecology: Dunes, sandy areas; Elevation: < 200 m. Bioregional Distribution: DSon (se Imperial Co.); Distribution Outside California: western Arizona, northwestern Me
Flowering Time: Apr--May Note: Parasitic on Eriogonum, Tiquilia, Ambrosia, Pluchea. Threatened by off-road vehicles.
Synonyms: Ammobroma sonorae A. Gray
Jepson eFlora Author: George Yatskievych
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Abstract: Gold mining uses chemicals that are discharged into rivers without any control when there
are no good mining practices, generating environmental and public health problems, especially for
downstream inhabitants who use the water for consumption, as is the case in Monterrey township,
where the Boque River water is consumed. In this study, we evaluate Boque River water quality
analyzing some physicochemical parameters such as pH, heavy metals, Hg, and cyanide; bioassays
(Lactuca sativa, Hydra attenuata, and Daphnia magna), mutagenicity (Ames test), and microbiological
assays. The results show that some physicochemical parameters exceed permitted concentrations
(Hg, Cd, and cyanide). D. magna showed sensitivity and L. sativa showed inhibition and excessive
growth in the analyzed water. Mutagenic values were obtained for all of the sample stations.
The presence of bacteria and somatic coliphages in the water show a health risk to inhabitants.
In conclusion, the presence of Cd, Hg, and cyanide in the waters for domestic consumption was
evidenced in concentrations that can affect the environment and the health of the Monterrey inhabitants.
The mutagenic index indicates the possibility of mutations in the population that consumes this
type of water. Bioassays stand out as an alert system when concentrations of chemical contaminants
cannot be analytically detected.

Keywords: bioassays; gold mining; health risk; mercury; microbiological indicators; mutagenicity; toxicity

1. Introduction

Gold mining in developing countries is the main source of income for 30 million miners globally.
About 12% of global gold production is through illegal mining that provides a significant economic
benefit to miners but also proves hazardous/harmful for the environment by causing impacts such as
water source sedimentation, land cover degradation, deforestation, soil degradation, and chemical
contamination with mercury, cyanide, nitric acid, and zinc [1–3]. In Colombia, despite the various
alternatives to avoid the use of Hg in gold extraction, the use of the elemental Hg–Au amalgamation
method in small-scale artisanal mining areas is extensive [4,5].

Within the gold mining protocols, mercury and cyanide play an important role. These materials
are easy to use, available at a low-cost, and easily accessible. However, there is little awareness among
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the users or villagers about the use risk of cyanide and mercury in the gold extraction process [1,2].
This activity has led to serious pollution of terrestrial and aquatic ecosystems in emerging countries,
impacting mining and fishing communities, and also these polluting elements can reach human
beings [4–7].

According to the records of the Colombian Mining Association (ACM), gold production increased
in 2020, going from 8.9 tons in 2019 to 9.5 tons in the first quarter of 2020, this represents a growth
of 7% [8]. On the other hand, for gold extraction, 86% is considered illegal, taking place without a
recognized mining title or without being registered. Medium-scale mining constitutes up to 26% and
large-scale mining only takes up 2% of the total [9,10]. The population of the Bolívar department is
2,195,811 inhabitants, according to DANE’s (National Statistics Administrative Department) projection
for 2019 [11]. According to Carranza-Lopez et al. [4] the gold-mining districts (GMDs) at the department
of Bolívar have extensive Hg contamination, and this situation requires special attention to reduce
environmental and human health problems.

Municipalities of Montecristo, Santa Rosa del Sur, San Martín de Loba, Morales, San Pablo,
Barranco de Loba, and Simití that are in Bolívar are where gold mining mainly takes place. Simití is
known as the municipality that has the largest gold mining activity within the Bolívar department.
It has an estimated population of 10,360 inhabitants in an area of 1345 km2, the mining activity occurs
in the Boque River, which flows in Simití. It starts on Serranía San Lucas, passes through Monterrey
district, and flows into Magdalena River [12–14] (Figure 1).
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Gold mining in Middle Magdalena has been carried out through artisanal practices, without
considering the implications in the community and ecosystems due to the practice of non-regulated
techniques affecting the environment, natural resources as well as health conditions and welfare of the
population. Gold mining severely affects water resources, biodiversity, animals, flora, and fauna in
its geographical area. In addition, the presence of certain types of mining settlements bring to pass
certain types of domestic wastewater discharges without treatment to the Boque River, affecting the
quality of the water and the inhabitants downstream [15–19]. The discharge of wastewater into a water
body involves a large number and diversity of heavy toxic chemicals, many of which are unknown.
These chemicals may react with each other, which can increase the toxicity level, which creates a
negative impact on the structure and functioning of the natural ecosystem [4,20].

To determine the effect of gold extraction in the region, the evaluation of physicochemical
parameters of the water is required. Nevertheless, the illegal settlements do not have sanitation
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systems, so microbiological contamination becomes an additional problem. However, even if in some
of the above-mentioned situations the parameters could be between the legal requirements, it should
be considered that trace heavy elements might have an impact on the population and the ecosystem
after long periods of exposure. Thus, it is necessary to test different representatives of the trophic chain
to identify the impact of the pollutants through bioassays tests [20–23].

Bioassays are described as alert mechanisms for long-term periods of exposure to chemical
pollutants. These are used as indicators of substances that are harmful to living cells and tissues,
useful even in the cases where physicochemical parameters fulfill the requirements of water quality [24].
Likewise, this possible bioaccumulation of chemical elements in the trophic chains can generate
mutagenicity or toxicity, which is why it is important to be able to establish whether a complex system
such as a water sample from a mining region has these undesirable characteristics, which can be
detected by the Ames test or bioassays [25–27]. Some Latin American countries have made progress in
the application of toxicity tests, while for Colombia, toxicity tests in natural environments are scarce
compared to the evaluation of hazardous waste and industrial dumping [28,29]. On the other hand,
the Ames test has proven to be effective for the identification of potentially carcinogenic or mutagenic
chemicals, achieving its immediate adoption and its requirement by regulatory authorities around
the world [30]. In the Ames test, Salmonella typhimurium (S. typhimurium) is used as an indicator of
bacterial mutagenesis as a consequence of exposure to chemical contaminants [25,26].

Taking into consideration that the water of the Boque River is used in human consumption
without treatment and it collects chemical pollutants from the mining activity, such as mercury and
cyanide, the use of the Ames test in the evaluation of this water will permit the evaluation of its possible
carcinogenic or mutagenic effect, making it a relevant issue for the inhabitants of Simití. For this
reason, it is necessary to have data on bioassays and Ames test indicators in environmental samples,
especially in mining, which has become one of the most important fonts of economic resources in
Colombia and at the same time of damage not sufficiently evaluated to date. In order to have a complete
evaluation of the water quality in relation to the possible presence of bacteria, viruses, and parasites
and the risk to the inhabitants, it is necessary to use indicators of fecal contamination, with the most
used indicators being total coliforms and Escherichia coli as bacterial indicators and somatic phages as
viral indicators, which allow indication of the presence of pathogenic microorganisms in the water.

The aim of this research is to evaluate the impact generated by the exploitation of bad mining
practices such as the use of dangerous chemical compounds in gold mining, which are drained into
surface waters such as the Boque River in the South of Bolívar, Colombia, as well as the waste generated
in the mining settlements. The assessment of the impact on the environment, living organisms,
and human health will be done through the detection of heavy metals, microbiological indicators,
and bioassays, which through a joint assessment will provide important aspects to protect the health of
the inhabitants of Monterrey.

2. Materials and Methods

2.1. Study Area

The Boque River has an approximate area of 876 km2 and merges into the Magdalena River.
The Monterrey district belongs to the Municipality of Simití, Department of Bolívar (Colombia).
The inhabitants who live within the Monterey township collect and use the water from the Boque River
for different activities, this being the main source of water supply (Figure 1) [27].

2.2. Water Physicochemical Analysis, Heavy Metals, and Cyanide Detection

Some physicochemical parameters were analyzed such as pH (pH/T tester pHep®4,
Hanna Instruments, RI, USA) [31], chemical oxygen demand (COD photometer Hanna Instruments,
New England, RI, USA) [32], and total solids by the gravimetric method [33]. The detection of heavy
metals was performed using a Varian SpectrAA 220 G Atomic Absorption Spectrometer(Varian-Agilent
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Inst., Palo Alto, San Francisco, CA, USA), following previous publications: cadmium, chromium, zinc,
and nickel [34]; mercury in a direct mercury analyzer (DMA-80, Milestone Inc., Sorisole, Italy) [35];
and cyanide in a portable photometer (Hanna Instruments, RI, USA) [36]. All reactive, analytical
standards and reference materials were purchased from Merck (Merck KGaA, Darmstadt, Germany).
The results obtained in the samples from Village Gato, Village Tigui, and the water catchment of the
Boque River were compared with normative 0631/2015 [37], which establishes the parameters to be
monitored and maximum permissible limits in the specific discharges of non-domestic wastewater
(precious minerals and gold). While for houses and deep-well underground sites, they were evaluated
in compliance with normative 2115/2007 [38], which regulates water for human consumption.

2.3. Bioassays

In the bioassays, Lactuca sativa (L. sativa) [39] and Hydra attenuata (H. attenuata) [40] were used as a
biological indicators of water quality. After the follow-up of the results of the two first collections of
water samples, a modification of the protocol was performed replacing Daphnia magna (D. magna) [41]
instead of H. attenuata due to no evidence of sensitivity against the possible harmful substances that
might be present in the water samples by H. attenuata. The effects on organisms can be inhibition,
sublethality, and lethality volume/volume (v/v). The water samples were diluted in four different
concentrations 25%, 50%, 75%, and 100% (v/v); reconstituted hard water (160–180 mg/L CaCO3)
was used as diluent for the D. magna and H. attenuata; while for L. sativa, distilled water was used.
The response of H. attenuata was read using a binocular stereoscope (Leica). Before taking the readings,
the containers were shaken in a circular way to reactivate the movement of D. magna and confirm their
state. In the case of L. sativa, graph paper was used to measure the length of the radicle.

2.3.1. Endpoint and Toxic Response Model

L. sativa, half-maximal inhibitory concentration (IC50): root growth reduction or inhibitory effects
on lettuce seed germination and root growth after 5 days. D. magna, lethal concentration (LC50): number
dead/total number or lethal effects of water were observed after 48 h of exposure, and H. attenuata,
median effective concentration (EC50): density reduction or lethality test, produced by irreversible
morphological changes after 96 h of exposure.

2.3.2. Toxicity

To calculate the lethal concentration (LC50), the half-maximal inhibitory concentration (IC50),
and median effective concentration (EC50), the method used was Environmental Protection Agency
(EPA) Probit analysis model [42–44]. When results in EC50/LC50/IC50 cannot be reported by the statistical
program, they are reported as the percentage of effect (%) in the lowest concentration at which the
event is still present on the evaluated population [20].

2.4. Ames Test

The method was applied according to Ames [45] using Salmonella typhimurium (S. typhimurium)
TA98 and TA100 strains to evaluate possible mutagenicity. The cultures were grown in Oxoid nutrient
broth No. 2. The samples of water were diluted in four different concentrations 25%, 50%, 75%,
and 100% (v/v). The mutagenic effect was evaluated from the number of revertant colonies per plate.
The plates were prepared in triplicate for every test sample, and the result presented was the mean
of triplicate observation. The mutagenic activity was detected after 120 h of exposure at 37 (±2) ◦C.
The revertant colonies’ readings were counted using an automatic colony counter (Industrial Scientific).
For accuracy of the results, mutagenic index (MI) values greater than or equal to two (≥2) were
considered mutagenic [46].
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2.5. Statistic Analysis

To establish whether there is a relationship between evaluated physicochemical parameters and
heavy metals with results of bioassays, a one-way analysis of variance (ANOVA) was performed with
a significance level of p < 0.05.

2.6. Microbiological Analysis

The determination of total coliforms and E. coli as indicators of bacterial fecal contamination
was performed according to the ISO 9308-1 standard method [47]. Cellulose acetate membranes of
0.45 µm × 47 mm (Sartorius) were used for the filtration. Dark blue/purple colonies on Chromocult
agar (Merck) were presumed to be E. coli. The detection and quantification of somatic coliphages as
indicators of viral fecal contamination was performed according to the ISO 10705-2 standard procedure
and modified Scholten’s agar (MSA) (OXOID) was used for the detection of coliphages [48].

The results obtained in the samples from Village Gato, Village Tigui, and the water catchment of the
Boque River were compared with normative 1594/1984 [49], which regulates waters that can be treated
by conventional systems for human consumption. While for houses and deep-well underground
sites, they were evaluated in compliance with normative 2115/2007 [38], which regulates water for
human consumption. Normative 2115/2007 only beholds the microbiological quality concerning
total coliforms and E. coli. Although coliphage concentrations are not regulated within Colombian
normatives, their detection is relevant since they confirm contamination of fecal origin and the possible
presence of pathogenic viruses, both in drinking water and in water for human consumption.

3. Results

3.1. Physicochemical Parameters

Parameters such as COD, total solids, and pH did not exceed the limits of Colombian normative
0631/2015 [37], in the first three sample stations. However, the level of cadmium was excessive in the
Village Gato station in the first sampling with a concentration of 0.05 mg/L. Chromium did surpass
the limit in the first sampling in Village Tigui. Likewise, mercury in Village Gato exceeded the limit
in the third sampling (0.0029 mg/L). Moreover, in the Village Tigui station, the measurements in the
second sampling exceeded 0.0025 mg/L and those in the water catchment of the Boque River in the
first sampling were also excessive with 0.0022 mg/L. Furthermore, the permitted concentration of
cyanides in the first and second sampling with a concentration of 1.02 and 1.32 mg/L, respectively,
was excessive at the Village Tigui sampling station. While in the water catchment of the Boque River
station, the prescribed cyanide level was exceeded in the second sampling with a concentration of
1.57 mg/L (Appendix A—Table A1).

The values of heavy metals analyzed in the last two sampling stations were compared with
normative 2115/2007 [38] based on waters for human consumption. On one hand, the level of cadmium
exceeded the limits established by the regulations for the house station in the second and third sampling
with concentrations of 0.03 and 0.01 mg/L, respectively. While the cyanide concentration was exceeded
only in the second sampling (1.11 mg/L). On the other hand, the established values of cadmium
exceeded only in the second sampling in deep-well underground, presenting a concentration of
0.01 mg/L. Mercury was detected in each of the samples for both the house and deep-well underground
stations, but the concentrations did not exceed the limits established in normative 2115 of 2007 [38].
The other metals evaluated (Zn, Ni, and Cr) were not detected in any of the samples analyzed
(Appendix A—Table A2).

3.2. Bioassays

Table 1 shows the different percentages of growth inhibition of L. sativa in three samples for
five evaluated stations. As the results show, there was root inhibition in some sampling stations and
overgrowth in others. In Village Gato, in the third sampling, there was excess growth at a concentration
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of 25%. Likewise, in Village Tigui, the greatest inhibitions registered were observed at a concentration
of 25%. In general, among all the sampled stations where the greatest inhibition was observed the
highest was in Village Tigui, followed by house, deep-well underground, Village Gato, and the smallest
recorded in the water catchment of the Boque River.

Table 1. Bioassays results with Lactuca sativa.

Sampling Station
(n = 15)

1S
% (v/v) Effect

2S
% (v/v) Effect

3S
% (v/v) Effect

Village Gato 33% Inhibition to 75% 27% Inhibition to 100% 133% Growth to 25%
Village Tigui 44% Inhibition to 25% 24% Inhibition to 25% 4% Inhibition to 50%

Water catchment of the Boque River 0% Inhibition to 100% 27% Inhibition to 100% 110% Growth to 100%
House 34% Inhibition to 25% 19% Inhibition to 75% 6% Inhibition to 50%

Deep-well underground 35% Inhibition to 50% 36% Inhibition to 75% 6% Inhibition to 75%

S: sampling, the numbers 1S, 2S, and 3S correspond to the months of July, September, and December in which the
sample was taken; n: is the number of samples.

In Table 2, it is observed that the D. magna indicator has different mortality percentages since
the same four concentrations of the sample are evaluated as in the L. sativa bioassay. The highest
was 23% mortality at a concentration of 50% at the water catchment of the Boque River station and
17% mortality at 75% at the Village Tigui sampling station, followed by the house and deep-well
underground stations. Finally, the lowest concentration of mortality was obtained in the Village Gato
station with 33% mortality at 100%. For H. attenuata, it was not possible to determine the EC50 and
LC50 values because there were no morphological changes, indicating lethality or sublethality, in the
three samplings carried out, reporting 0% sublethality at 100% (v/v) and 0% lethality at 100% (v/v).

Table 2. Results of bioassay with Daphnia magna.

Sampling Station 3S
% (v/v) Effect(n = 15)

Village Tigui 17% mortality to 75%
Village Gato 33% mortality to 100%

Water catchment of the Boque River 23% mortality to 50%
House 47% mortality to 100%

Deep-well underground 43% mortality to 100%

S: sampling, the number 3S corresponds to the month of December in which the sample was taken; n: is the number
of samples.

3.3. Ames Test

The results obtained with the Ames test using S. typhimurium TA98 and TA100 strains are presented
in Table 3, where the mutagenic index (MI) is shown for each condition used in the assay. According to
Table 3, for the second sampling of the house station, mutagenic values were observed for both strain
TA98 and TA100 in each of the concentrations evaluated. While for Village Gato, with strain TA100,
a value of 2.4 was observed in the 100% concentration (Table 3). For the other sampling sites, there was
no mutagenic index.
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Table 3. Mutagenic index, for each concentration analyzed in the five sampling stations with strain
Salmonella typhimurium TA98 and S. typhimurium TA100.

Sampling Stations
(n = 15)

Concentration
v/v (%)

TA98 TA100

(MI) (MI)

S1 S2 S3 S1 S2 S3

Village Gato

25 0.77 1.07 0.00 0.97 0.46 1.00
50 0.86 0.87 0.20 1.09 0.68 1.20
75 1.06 1.49 0.60 1.27 0.77 1.70
100 1.12 1.93 1.00 1.51 1.14 2.40

Village Tigui

25 0.97 0.70 0.00 1.37 0.20 0.60
50 0.95 0.74 0.00 1.39 0.34 0.90
75 1.12 1.14 0.10 1.48 0.33 1.00
100 1.21 1.82 0.40 1.81 0.56 1.20

Water catchment of
the Boque River

25 1.17 0.39 0.30 0.94 0.27 0.60
50 1.39 0.63 0.50 1.00 0.24 0.70
75 1.41 0.47 0.60 1.21 0.35 1.10
100 1.50 0.59 0.90 1.71 0.44 1.30

House

25 0.68 41.78 0.40 1.01 11.05 0.60
50 1.00 48.49 0.60 1.17 12.39 1.00
75 1.06 56.62 0.80 1.36 13.75 2.00
100 1.21 58.31 1.10 1.70 15.09 2.50

Deep-well
underground

25 88.0 0.39 0.20 1.02 0.37 0.80
50 0.88 0.50 0.50 1.16 1.21 1.20
75 1.00 0.50 0.80 1.23 0.42 1.70
100 0.55 0.64 0.90 1.28 0.64 2.00

S: sampling, the numbers 1S, 2S, and 3S correspond to the month of July, September, and December in which the
sample was taken; n: is the number of samples; MI: mutagenic index.

3.4. Statistical Analysis

The statistical analysis performed to determine a possible relationship between the results of the
physicochemical parameters against the toxicity indicators showed that there is a relationship between
the inhibition of L. sativa concerning to mercury with a significance of p < 0.05.

However, due to the low number of samples analyzed for H. attenuata (three samples) versus the
number of samples for D. magna (15 samples), it was not possible to establish whether there was a
correlation with the concentration of metals or with the results of L. sativa.

3.5. Microbiological Analysis

Table 4 shows the results of the concentration of fecal contamination indicators (total coliforms,
E. coli, and somatic coliphages) for the different types of water of the five sampling stations. Table 4
shows that concentrations between 103 and 105 colony forming unit (CFU)/100 mL for total coliforms
were obtained at the different stations. While in the case of E. coli, concentrations between 103 and 104

CFU/100 mL were obtained. Somatic coliphages were detected in samples taken at Village Gato and
house stations. Colombia does not have regulations for the presence of this indicator, although this is
necessary since the presence of somatic coliphages represents a risk to the health of the community.

While, for the water catchment of the Boque River, Village Tigui, and deep-well underground
stations, the presence of phages in some samples was not detected (<1.0 × 103). The results
were compared with decree 1594/1984 [49], which establishes the concentration of total coliforms
(2.0 × 104/100 mL) allowed in waters that will be treated by conventional systems: while normative
2115/2007 [38], establishes that the concentrations for total coliforms and E. coli for drinking water is
0 CFU/100 mL.
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Table 4. Results of total coliforms, Escherichia coli, and somatic coliphages in waters of the Boque River
and drinking waters.

Sampling Stations
(n = 15)

Microbiological Indicators

Total Coliforms
CFU/100 mL

E. coli
CFU/100 mL

Somatic Coliphages
PFU/100 mL

1S 2S 3S 1S 2S 3S 1S 2S 3S

Village Gato 7.0 × 103 1.1 × 105 4.1 × 105 1.0 × 103 4.0 × 103 8.0 × 104 1.4 × 103 1.0 × 102 4.5
Village Tigui 1.3 × 105 3.2 × 104 2.2 × 105 2.0 × 103 2.0 × 103 3.0 × 104 4.9 × 103 3.0 × 102 <1.0 × 103

Water catchment of
the Boque River 2.4 × 104 1.7 × 104 4.0 × 105 1.0 × 103 1.0 × 103 1.0 × 104 <1.0 × 102 <1.0 × 103 1.9

House 4.0 × 104 1.4 × 105 2.8 × 105 1.0 × 103 3.0 × 104 3.0 × 104 1.0 × 102 2.0 × 104 1.0 × 102

Deep-well
underground 3.2 × 104 6.0 × 104 3.8 × 105 1.0 × 103 4.0 × 104 4.0 × 104 2.0 × 102 <1.0 × 103 1.0

CFU/100 mL: colony forming units in 100 mL of analyzed water; PFU/100 mL: plaque forming units in 100 mL of
analyzed water; n: number of samples analyzed. S: sampling, the numbers 1S, 2S, and 3S correspond to the month
of July, September, and December in which the sample was taken; <: less than the limit of quantification; n: is the
number of samples.

4. Discussion

4.1. Bioassays

4.1.1. Hydra attenuata and Daphnia magna

By applying the H. attenuata toxicity test, it was not possible to determine lethality or sub-lethality
since there were no morphological changes in the three samples taken. An important factor that could
influence why H. attenuata was not sensitive to contaminants present in this water, is that the toxicity of
metals is modified by abiotic factors such as hardness, pH, and water temperature [50]. For example,
if water hardness is high, the formation of metal complexes tends to increase, which in turn lowers the
effect of toxic divalent metals [50,51].

H. attenuata has a higher sensitivity to toxic substances at acidic pH, compared to that at
alkaline or neutral pH [52]. The pH value of the water sample from the Boque River is about 7
(Appendix A—Tables A1 and A2), which could influence H. attenuata not presenting sensitivity when
heavy metals, cyanides, or other toxic substances are in the water.

Due to the results obtained with H. attenuata in the first two samples, D. magna was used in the last
sampling, to find an animal indicator that presented a greater sensitivity to these types of contaminants.
Table 2 shows different mortality percentages that were found, demonstrating the sensitivity of this
organism to the contaminants present in the water of the Boque River that is consumed by the Monterrey
population. Studies conducted by Forget et al. [53] with D. magna, show percentages of toxicity up
to 70% against heavy metals. Castro-Català et al. [54] evaluated the toxicity of sediments and water
in rivers with the presence of pesticides and heavy metals using D. magna as an animal indicator,
showing that it can be sensitive to these types of samples, due to its high metabolic rate [55]. Likewise,
Lattuada et al. [56], in southern Brazil, used D. magna as an indicator of toxicity in waters affected
by coal mining, in which heavy metals such as Fe, Mn, Zn, Ni, Cd, and Pb were found. The results
showed sensitivity by this indicator in this type of water and suggest the evaluation of toxicity in
waters from gold mining. Moreover, studies conducted in China by Wu et al. [57] demonstrated that
the most frequently encountered heavy metals in a region affected by gold mining were mercury
and cadmium, as observed in the results found in the drinking water of the population of Monterrey
(Appendix A—Tables A1 and A2).

4.1.2. Lactuca Sativa

The differences observed between chemical parameters and toxicity may be related to the fact that
the samples were not collected simultaneously and that it is not the same water because along the river
route and on the different sampling days, diverse factors can alter its quality. Likewise, dilution effects
due to rain, sedimentation, the introduction of new pollutants, among others, can have an influence.
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Additionally, the water entering the treatment plant can be more contaminated, taking into account
that it travels through tanks that are not in operation or comes into contact with sludge that might
have a higher concentration of contaminants, which may return to the column of water.

The increase in germination, compared to the positive control (overgrowth), is related to the
presence of organic matter because they are essential nutrients for L. sativa seed germination, and if
they are available in high concentrations, they will stimulate growth. On the other hand, mercury and
cyanide at the Village Tigui station (Appendix A—Tables A1 and A2) had higher concentrations.
The inhibition rates of 24% and 44% for samples 1 and 2 at the concentration of 25%, affect the growth
of the seed as the higher concentration of pollutants results in greater inhibition. Castillo et al. [24]
found inhibition in the germination of seeds in waters contaminated with mercury and argue that it
can occur due to the harmful effects caused by mercury at the cellular level in the seed. These results
coincide with other studies where L. sativa has been proposed as a useful tool to evaluate and compare
the toxicity of industrial effluents that present heavy metal contamination [58].

Likewise, the level of cadmium (Appendix A—Tables A1 and A2), also exceeded the minimum
values established by the regulations for water for human consumption; studies have been reported
where the exposure of L. sativa to this metal causes toxic and harmful effects that decrease its growth as
the concentration of Cd, and thereby its adsorption, increases [59–61]. Just as the presence of heavy
metals and cyanide has toxic implications in the plant and animal model, in the same way, it will affect
the health of the human being [62,63].

Cd is one of the most toxic elements to which man is exposed since the accumulation of this
metal in the body is gradual and increases with age due to its long half-life, greater than 20 years [64].
This is why eating food or drinking water with very high levels of cadmium causes severe stomach
irritation, which causes vomiting, diarrhea, and sometimes death [64]. Moreover, cyanide exceeded the
allowed limits (0.05 mg/L) in one of the samples analyzed in one of the houses (1.11 mg/L). The guide
values of the World Health Organization [65] establish that the concentration of cyanide toxic to
humans is 0.07 mg/L. Exposure to this concentration or higher may cause inhibition of cell growth,
thereby affecting the breathing process and the metabolism of nitrogen and phosphate. It also inhibits
the activity of some metalloproteins, joining cofactors such as the heme group of hemoglobin [66].

Finally, cyanide has acute effects on human health such as irritation of the eyes, nose, and throat.
High exposure causes intoxication with headache, weakness, nausea, strong heartbeat, coma, and even
death. As for chronic effects, it causes nosebleeds and nose lesions and can cause enlargement of the
thyroid gland, which can interfere with its regular function [67].

4.2. Ames Test

In some cases, there was a decrease in reverts with increasing doses, which may be due to the
presence of toxic substances that prevent the growth of bacteria [68]. However, in most of the sampling
stations, a direct relationship was observed between the number of revertants and the increase in the
concentration of heavy metals. This demonstrates the high probability of the presence of substances
such as heavy metals and organic compounds in the Boque River that cause base-pair mutations and
changes in the DNA reading frame of bacteria.

When observing the reversion of the strains, it was evidenced that they exceed 2–40 times the
value of the negative control for the TA98 strain in the second sample in one of the houses, and from
2.0 to 2.5 for the TA100 strain in the third sample for the house and underground well. According to
Orozco and Zuleta [69], some samples can exceed 100 times the negative control and these results are
related to the quality of the water.

Likewise, Meléndez et al. [70] investigated the mutagenic activity of drinking water before
and after chlorination at the Villa Hermosa plant, Medellín, Colombia, finding that contamination
and chlorination influence mutagenicity. They used the Ames test with strains TA100 and TA98.
Sierra et al. [71] evaluated the mutagenic activity of the Cauca River water with the same strains with
and without the enzyme activator S9, finding that the highest rate of mutagenicity was observed with
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strain TA98 without enzyme activator. However, the TA100 strain is characterized by presenting the
hisG46 mutation and has specific markers that give it greater sensitivity to the test; within these are the
uvr mutation, the uvrB mutation, and the plasmid pKM101 [26,68].

Mesquidaz et al. [72] reported alarming figures in the mercury concentrations used in the
gold extraction process in a mine in northern Colombia, which ranges from 50 to 100 tons in 2007.
Furthermore, it is reported that, thanks to this pollutant present in water, the health of the population
has been affected, since Hg was found in human hair at a concentration of 12.8 µg/g, a figure that is well
above international standards. It has been shown that inhabitants of different municipalities in southern
Bolívar where gold mining takes place have high levels of Hg contamination, and this situation requires
special attention to reduce environmental and human health problems [4]. Mercury contamination has
been linked to health problems, as direct absorption of mercury vapor released by incinerators in gold
mining, or ingestion of mercury-containing wastes, causes hydrargyrism and poisoning. Mercury (Hg)
is one of the heavy metals of greatest concern to populations that consume fish. This pollutant can be
released from many sources and has various toxic effects in humans [73].

Some of the health problems caused are excessive salivation, shortness of breath and fatigue,
bronchitis, tremors and irritability, personality changes (due to brain damage), a sensation of floating
teeth and pain in them, kidney and respiratory damage that can lead to death from problems in the
lungs and other organs of the body [74–76]. While breathing polluted air, elemental mercury can
reach the brain, affecting nerve cells and the olfactory system. The main organs in which mercury
accumulates are the brain and the kidney [77,78].

4.3. Statistical Analysis

The statistical analysis showed a relationship between the inhibition of L. sativa concerning
mercury with a significance of p < 0.05; this inhibition in the germination of L. sativa with this metal was
also reported in Chile, where the exposure of the seeds to Hg inhibited their growth [19]. The toxicity
caused multiple harmful effects in the seed at the cellular level such as a change in permeability in
the cell membrane and the affinity to react with phosphate groups and the sulfhydryl group (SH).
When mercury interacts with the SH groups to form the S–Hg–S bonds, it disrupts the stability of the
group can affect seed germination and seedling growth whose tissues are rich in SH groups [79].

On the other hand, it was not possible to establish a correlation between the vegetal and the
animal model due to the number of samples collected. When comparing the results of the bioassays
associating for D. magna and L. sativa, it was observed that the variability due to the sampling was not
simultaneous for every sample and it could be possibly affected by a new spill in the river. Additionally,
these are different organisms with different sensitivity to the contaminants present in the Boque River
water and there exist other factors that can influence this response. For example, some bacteria can
naturally modify mercury (Hg2+) by ion methylation forming CH3–Hg+, which is more toxic and is
incorporated into trophic chains, affecting the animal model more than the vegetable model [80].

4.4. Total Coliforms, Escherichia Coli, and Somatic Coliphages

The microbiological results confirm the high fecal contamination in all the sampling stations
(Table 4). Total coliform concentrations exceeded the limits for Colombian regulations [49]. In the case
of drinking water for human consumption (deep-well underground and house), total coliforms and
E. coli were well above levels required by regulation for drinking water [38]. Likewise, in the case
of drinking water for human consumption by the treatment system (Village Gato, Tigui, and water
catchment of the Boque River), the concentrations allowed for total coliforms were exceeded [49].

Campos-Pinilla et al. [81] and Sánchez-Alfonso et al. [82] in studies carried out in the Bogotá
River found a total coliform concentration between 103 and 106 CFU/100 mL and for E. coli between
103 and 105/100 mL. This coincides with the values found in this study, which range between 103

and 105 CFU/100 mL of total coliforms and for E. coli between 103 and 104 CFU/100 mL (Table 4).
Likewise, studies conducted by Lucena et al. [83] and Sánchez-Alfonso et al. [82] in rivers show average
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concentrations of somatic coliphages between 102 and 104 plaque forming unit (PFU)/100 mL, similar to
those found in this study with ranges from 1 and 103 PFU/100 mL. The concentration of microorganisms
in river water varies depending on climatic factors, geographical area, and the amount of organic matter
present in water bodies [84,85]. The mine exploitation site is a settlement space for the population
that works in this activity legally or illegally, which generates a high level of household waste in the
river causing contamination by the discharge of fecal matter and organic matter, which explains the
concentration of indicators of fecal contamination. It is related to the absence of treatment systems and
improper installation of septic tanks.

The detected concentrations of total coliforms and E. coli in all the drinking water samples
and the detection of somatic coliphages in some samples of water used for human consumption
confirm the fecal contamination and the possible presence of pathogenic viruses in the drinking water
(Table 4). These concentrations of indicators are similar to those detected in river samples as reported
by Lucena et al. [83], Campos-Pinilla et al. [81], and Sánchez-Alfonso et al. [82], which could increase
the risk for residents.

5. Conclusions

The results obtained with the three toxicity indicators reveal that H. attenuata does not present
sensitivity to toxic substances present in this type of water, so its use for this purpose is not
recommended. On the other hand, D. magna showed sensitivity even in diluted samples as well as
L. sativa, which showed growth inhibition and excessive growth in different concentrations of the
analyzed water, inclusive of waters with pollutant concentrations below the detection level. The Ames
test shows an increase in the revertants indicating the possibility of mutations in the population that
consumes this type of water, which is correlated with the results of the mutagenicity test that showed a
mutagenic effect in the five stations evaluated with both strains used in the study. The highest mutagenic
index was found in the water sample taken from the house sampling station. The concentration of
bacteria in the water exceeded the limits allowed by Colombian regulations, creating a health risk,
also with an alert call to the presence of possible pathogenic viruses, and the risk that they imply for
the inhabitants of Monterrey due to somatic coliphage levels determined.

This research recognizes the potential use of bioassays to evaluate the toxic effects generated by
chemical wastes produced by gold mining and discharged into surface waters. The use of animal
and plant models is recommended to evaluate said effects on the environment and public health and
infer the damages that until now have not been sufficiently evaluated having as correlation factors
physicochemical and microbiological parameters.

Finally, this research generated data that contribute to the knowledge of the effects caused to
the environmental and public health by illegal and legal mining carried out with bad practices in
emerging countries with inefficient controls of this type of activity. These assays used can help sanitation
organizations in different countries to take preventive actions on this issue
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Appendix A

Table A1. Results of physicochemical parameter analysis compared with the normative 0631/2015.

Physicochemical
Parameters

(n = 9)
Village Gato Village Tigui Water Catchment of the Boque River Limit of the

Regulations

Number of Sampling S1 S2 S3 S1 S2 S3 S1 S2 S3 Normative
0631/2015 [37]

pH 7.36 7.49 7.33 7.55 6.05 6.57 7.61 7.56 7.63 6.0–9.0
COD (mg/L) 32.67 <0.001 5.52 22.46 <0.001 24.17 29.63 40.72 4.82 150

Total solids (g/10 mL) 0.0024 0.00165 0.0 0.0007 0.0058 0.0029 0.0001 0.00316 0.0005 50
Cyanide (mg/L) <0.025 <0.025 0.025 1.02 1.32 <0.025 <0.025 1.57 <0.025 1.0

Cadmium (Cd) (mg/L) 0.05 0.03 0.02 <1.0 × 10−2 0.02 0.02 <1.0 × 10−2 0.02 0.01 0.05
Chrome (Cr) (mg/L) <1.0 × 10−6 <1.0 × 10−6 <1.0 × 10−6 0.06 <1.0 × 10−6 0.04 <1.0 × 10−6 <1.0 × 10−6 <1.0 × 10−6 0.5

Mercury (Hg) (mg/L) 0.0008 0.0029 0.0003 0.001 0.0025 0.0008 0.0022 0.002 0.0008 0.002
Nickel (Ni) (mg/L) <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 0.5
Zinc (Zn) (mg/L) <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 3.0

mg/L: milligram per liter; S: sampling, the numbers 1S, 2S, and 3S correspond to the month of July, September, and December in which the sample was taken; <: less than the limit of
quantification; n: is the number of samples; COD: chemical oxygen demand.

Table A2. Results of physicochemical parameters analysis compared with the normative 2115 of 2007.

Physicochemical
Parameters

(n = 6)
House Deep-Well Underground Limit of the Regulations

Number of sampling S1 S2 S3 S1 S2 S3 Normative 2115/2007 [38]

pH 7.6 7.53 7.44 6.95 6.79 6.61 6.5–9.0
Cyanide (mg/L) <0.025 1.11 <0.025 <0.025 <0.025 <0.025 0.05

Cadmium (Cd) (mg/L) <1.0 × 10−2 0.03 0.03 <1.0 × 10−2 0.01 <1.0 × 10−2 0.003
Chrome (Cr) (mg/L) 0.02 <1.0 × 10−6 <1 × 10−6 <1.0 × 10−6 <1.0 × 10−6 <1.0 × 10−6 0.05

Mercury (Hg) (mg/L) 0.0004 0.0005 0.0003 0.0007 0.0003 0.0007 0.001
Nickel (Ni) (mg/L) <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 0.2
Zinc (Zn) (mg/L) <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 <1.0 × 10−3 3.0

mg/L: milligram per liter; S: sampling, the numbers 1S, 2S, and 3S correspond to the month of July, September, and December in which the sample was taken; <: less than the limit of
quantification; n: is the number of samples.
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A stream feeding the Nine Acre

Wetland, located near the

Buckhorn mining operation
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How Gold Mining Can Affect Water Quality

There are several ways in which gold mining can affect water quality. Some of the following information

is taken from the Safe Drinking Water Foundation online article, “Mining and Water Pollution.” Local

photos are displayed, pertaining to Buckhorn Mountain and the associated facilities.

Introduction

Water is essential to life on our planet. A prerequisite of sustainable

development must be to ensure uncontaminated streams, rivers, lakes

and oceans.

Mining affects fresh water through heavy use of water in processing

ore, and through water pollution from discharged mine ef�uent and

seepage from tailings and waste rock impoundments. Increasingly,

human activities such as mining threaten the water sources on which

we all depend. Water has been called “mining’s most common

casualty” (James Lyon, interview, Mineral Policy Center, Washington

DC). There is growing awareness of the environmental legacy of

mining activities that have been undertaken with little concern for the

environment. The price we have paid for our everyday use of minerals

has sometimes been very high. Mining by its nature consumes, diverts

and can seriously pollute water resources.

Negative Impacts
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While there have been improvements to mining practices in recent years, signi�cant environmental risks

remain. Negative impacts can vary from the sedimentation caused by poorly built roads during

exploration through to the sediment, and disturbance of water during mine construction. Water pollution

from mine waste rock and tailings may need to be managed for decades, if not centuries, after closure.

These impacts depend on a variety of factors, such as the sensitivity of local terrain, the composition of

minerals being mined, the type of technology employed, the skill, knowledge and environmental

commitment of the company, and �nally, our ability to monitor and enforce compliance with

environmental regulations. One of the problems is that mining has become more mechanized and

therefore able to handle more rock and ore material than ever before. Therefore, mine waste has

multiplied enormously. As mine technologies are developed to make it more pro�table to mine low grade

ore, even more waste will be generated in the future.

Waste From The Mining Process

Ore is mineralized rock containing a valued metal such as gold…The ore is crushed into �nely ground

tailings for processing with various chemicals and separating processes to extract the �nal product.

Kettle River facilities

Types O� Water Pollution From Mining

Acid Mine Drainage

Many of the metals being mined in North America, including the gold mined from Buckhorn, tend

to be found in rock that contains sul�de minerals. When ore and surrounding rock are excavated

during mining, the sul�des become exposed to water and air, and may form sulfuric acid. This

acid in turn leaches metals and other substances from the rocks that can harm ecosystems. The

acid will leach from the rock as long as its source rock is exposed to air and water and until the

sulphides are leached out – a process that can last hundreds, even thousands of years. Acid is

<
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carried off the minesite by rainwater or

surface drainage and deposited into nearby

streams, rivers, lakes and groundwater. Acid

mine drainage is considered one of the most

serious environmental threats posed by

mining, and it can devastate aquatic

resources for generations.

Heavy Metal Contamination & Leaching

Heavy metal pollution is caused when such

metals as arsenic, cobalt, copper, cadmium,

lead, silver and zinc contained in excavated rock or exposed in an underground mine come in

contact with water. Metals are leached out and carried downstream as water washes over the

rock surface. Although metals can become mobile in neutral pH conditions, leaching is

particularly accelerated in the low pH conditions such as are created by Acid Mine Drainage.

Processing Chemicals Pollution

This kind of pollution occurs when chemical agents (such as cyanide or sulphuric acid used by

mining companies to separate the target mineral from the ore) spill, leak, or leach from the mine

site into nearby water bodies. These chemicals can be highly toxic to humans and wildlife.

Erosion and Sedimentation

Mineral development disturbs soil and rock in the course of constructing and maintaining roads,

open pits, and waste impoundments. In the absence of adequate prevention and control

strategies, erosion of the exposed earth may carry substantial amounts of sediment into streams,

rivers and lakes. Excessive sediment can clog riverbeds and smother watershed vegetation,

wildlife habitat and aquatic organisms.

Drillpad exploration

<
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Water �uantity

Mining can deplete surface and groundwater supplies. Groundwater withdrawals may damage or destroy

streamside habitat many miles from the actual mine site. [end quote from the Mining and Water Pollution

article]
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Abstract

Mines disturb ecological systems and are major source of environmental contamination at local and regional

levels. Mines generate a huge quantity of sulfide rich waste, such as tailings and waste rocks, during the ore

extraction and mineral processing. Sulfides on exposure to oxygen and water generates acid mine drainage

(AMD) which leads to a decrease in pH and leaching of heavy metals from the waste. The AMD generation

capacity of mine waste depends on the chemical composition of waste, extraction, or beneficiation process

and climatic factors. The runoff from waste piles enriched with AMD mixes with streams and increases the

load of heavy metals. The percolation of heavy metals from waste piles contaminates the groundwater and

the impact is more in shallow aquifers. The abandoned mines (surface and underground) left after the

extraction of ore are also major source of water contamination. Additionally, the overexploitation of water

resources during dewatering and changes in land use and land cover due to mines disturbs the recharge and

discharge capacity of aquifers. It leads to the degradation of water quality and changes in hydrogeochemical

processes. Thus the implementation of proper waste management and treatment policies are urgently

needed to save the quality and quantity of water resources in the mining regions.
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Abstract

Surface gold mining severely degrades landscapes, causing deforestation, soil erosion

and displacement, and toxic contamination. The prevalence of both large-scale and

artisanal, small-scale surface gold mining in the tropics has risen over recent decades.

Restoration strategies developed for less-severe forms of degradation may not suffi-

ciently address the unique ecological conditions of former gold mines. In this review,

we summarize biophysical challenges to the restoration and reforestation of large-

and small-scale gold mines in the tropics and synthesize the findings of studies that

test restoration strategies at these sites. Certain practices, such as the backfilling of

mined pits, topsoil conservation, and the preservation of local seed sources, emerge

from the literature as crucial for the timely and effective restoration of gold mines.

However, because the severity of ecological degradation varies greatly within and

between individual mines, and given the relatively small number (n = 42) of published

tropical field studies found in our literature review, we highlight a clear need for con-

tinued research and development of restoration strategies specific to ecological con-

ditions of former gold mines in the tropics.

K E YWORD S

ASGM, gold, mine reclamation, reforestation, surface mining, tropical restoration

1 | INTRODUCTION

Restoration of degraded landscapes in the tropics has the potential to

conserve biodiversity, sequester carbon, and promote sustainable live-

lihoods (Chazdon et al., 2009; Lamb et al., 2005; Poorter et al., 2016).

However, land-use history and extent of degradation significantly

influence restoration's pace and trajectory (Chazdon, 2008). The most

severe forms of anthropogenic land degradation, such as those caused

by surface mining, present significant restoration challenges for practi-

tioners and affected communities (Ahirwal & Pandey, 2020). Surface

mining causes 7% of deforestation in developing nations (Hosonuma

et al., 2012), and leads to intense soil disturbance such as the displace-

ment of topsoil, loss of edaphic biological activity, heavy-metal con-

tamination, and nutrient-leaching (Ahirwal et al., 2016; Sheoran

et al., 2010). Prevailing restoration methods are generally designed to

recover landscapes after agriculture and logging and are often insuffi-

cient to address degradation due to surface mining (Ahirwal &

Pandey, 2020; Woodbury et al., 2020).

Within the surface mining industry, the mining of gold through

ecologically destructive techniques such as open-pit mining and

dredging (Haldar, 2013), represents a growing environmental threat in

the tropics. Regions such as the Guiana Shield, south-central
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Amazonia, West Africa, and Western Australia all have significant

deposits of gold (Hammond et al., 2007), and data from 2018 indi-

cated that tropical nations produced about 43% of the global gold

supply (Alexander et al., 2019). Consequently, surface gold mining is a

substantial driver of deforestation in heavily-mined areas such as

French Guiana, the Madre de Dios region of Peru, the Antioquia

region of Colombia (Dezécache et al., 2017; Espejo et al., 2018), and

western Ghana (Schueler et al., 2011). In recent decades, successive

surges in the international price of gold have driven an unprecedented

expansion of both formal and clandestine gold mining, particularly

operations in Amazonia (Asner et al., 2013; Hammond et al., 2007)

and equatorial Africa (Armah et al., 2013; Schueler et al., 2011). It is

becoming increasingly economically feasible to extract gold from low-

grade deposits, threatening protected tropical biodiversity hotspots

and major waterways with physical degradation and chemical

contamination, and presenting grave health risks to affected rural

communities (Alvarez-Berríos & Aide, 2015; Betancur-Corredor

et al., 2018; Gibb & O'Leary, 2014).

Despite the severity and pervasiveness of the degradation caused

by surface gold mining, this represents the first review analyzing the

ecological fate of former tropical gold mines and the restoration tech-

niques available to rehabilitate or reclaim these converted landscapes.

We summarize the biophysical effects of surface gold mining, noting

the differences between large-scale and artisanal, small-scale gold

mining (ASGM) operations. We examine the response of the natural

plant community after mine closure or abandonment and then assess

potential active restoration techniques. Although we focus on gold

mining here, many of the impacts and restoration options covered by

our review apply to surface mines of other minerals in the tropics

(e.g., bauxite, copper, and iron).

F IGURE 1 Left—A large gold mining pit in Guyana (image by Michelle Kalamandeen). Right—An aerial photo of a large-scale opencast gold

mine in Namibia. In large-scale gold mining operations, vast areas of land are converted to construct access roads, mining pits, overburden heaps,
and tailings storage facilities (image by Hanspeter Baumeler) [Colour figure can be viewed at wileyonlinelibrary.com]

F IGURE 2 Left—an isolated ASGM site in the Amazon (image by Sue Palminteri/Mongabay). Right—an aerial photo depicting the
considerable extent of ASGM operations in the Peruvian Amazon (image by Rhett A. Butler/Mongabay) [Colour figure can be viewed at
wileyonlinelibrary.com]
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2 | SCALES AND MODALITIES OF
OPERATIONS

Throughout this review, we differentiate between the two spatial

scales of surface gold mining operations prevalent in the tropics:

large-scale surface mining, and ASGM (Figures 1 and 2). These two

scales of operations employ very different actors and use different

mining techniques (Hammond et al., 2007), meriting separate assess-

ments of both ecological impacts and restoration potential.

2.1 | Large-scale gold mining

National and transnational corporations operate large surface gold

mines and are part of the formal economy. These large mines produce

about 85% of the world's gold supply (Metcalf & Veiga, 2012). Although

the largest producers are in temperate zones, gold mining is on the rise

in the tropics: between 2018 and 2019, large mines in Indonesia, Mali,

the Democratic Republic of Congo, Burkina Faso, and Chile had the

greatest increases in gold production (Alexander et al., 2019).

A single large-scale surface gold mine typically employs hundreds

of workers, including skilled staff using advanced technologies

(Bury, 2004), and processes over 500,000 Mg of ore annually

(Hammond et al., 2007) using open-cast techniques, in which gold ore

deposits are extracted from deep and expansive open pits. The primary

method of refining, utilized by formal industrial operations since the

1880s, is ‘cyanidation’, in which the mined ore is soaked in a dilute

solution of sodium cyanide (NaCN) to leach out gold (Hilson &

Monhemius, 2006). Remnants of processed and leached deposits, called

‘tailings’, are transported to tailings storage facilities for long-term stor-

age (Lottermoser, 2010). Tailings solids are often piled to construct ‘tail-
ings dams’ which embank ‘tailings ponds’—large lagoons of effluents

and slurry waste from the mining process (Festin et al., 2019) (Figure 1).

In most modern large-scale gold mining operations, over 99% of the

originally mined ore eventually becomes tailings (Lottermoser, 2010).

2.2 | Artisanal and small-scale gold mining

As of 2009, an estimated 70 countries across the globe had a docu-

mented presence of ASGM, 65 of which were nations in the tropics

and subtropics (Telmer & Veiga, 2009). Globally, ASGM operations

produce around 350 Mg of gold per year, or about 15% of the global

gold supply (Metcalf & Veiga, 2012). Up to 15 million people across

the globe directly practice ASGM (Metcalf & Veiga, 2012), while 80 to

100 million people rely on ASGM for some portion of their livelihoods

(Armah et al., 2013). Many artisanal gold miners come from socially

and economically marginalized communities (Armah et al., 2013).

ASGM operations involve small groups of individuals, often from

rural and immigrant communities, who process small volumes of ore

over small areas (Hammond et al., 2007)—in some cases, illegally

(Fisher et al., 2018; Naughton, 1993). While ASGM traditionally

evokes images of low-impact methods like panning, it now commonly

involves the removal of the soil using machinery such as excavators to

dig open pits in floodplain deposits or suction pumps to dredge

streambed deposits. Operations increasingly feature pressurized

hydraulic jets to dislodge large volumes of deposits and wash them

into sluices (flow-regulated channels where heavy metals are gravity-

separated) (Byizigiro et al., 2015; Hammond et al., 2007).

If gravity separation methods cannot produce concentrates with

over 20% gold—the level of purity required for the smelting process—

then artisanal miners use a mercury amalgamation process. Mercury

forms an alloy (amalgam) with gold, chemically separating it from

other minerals (Hammond et al., 2007; Telmer & Veiga, 2009). ASGM

operations generally use mercury amalgamation rather than cyanida-

tion because it is more cost-efficient and accessible (Telmer &

Veiga, 2009). Often, ASGM operations abandon open dumps of

mercury-contaminated tailings, allowing effluent to discharge into the

surrounding environment (Fashola et al., 2016).

3 | BIOPHYSICAL DEGRADATION FROM
SURFACE GOLD MINING IN THE TROPICS

We categorize degradation caused by large-scale gold mining and

ASGM into three main categories: deforestation, soil degradation, and

toxic contamination (Table 1). We describe how these changes to the

biotic and abiotic environment, and associated social conditions, pose

unique challenges to restoration efforts at former tropical gold mine

sites.

3.1 | Deforestation

The degree of forest loss depends on the type and scale of mining

methods employed. Large-scale projects typically involve signifi-

cant deforestation at the operation level, removing vegetation to

construct vast pits, tailings storage facilities, access roads, and

other infrastructure (Alvarez-Berríos & Aide, 2015). While global

estimates of deforestation due to surface gold mining are not avail-

able, regional studies demonstrate the industry's impact. In

Colombia, for example, large gold mining operations cleared

31,554 ha of forest between 2001 and 2018—a greater area than

was deforested for any other mined mineral (González-González

et al., 2021). Particularly, in Antioquia, the Country's main gold-

mining region, legal mining caused 24% of local deforestation in

2018 (González-González et al., 2021).

ASGM's contribution to deforestation is not well documented in

most regions, and is likely underestimated due to the small size and/or

illegality of individual projects. Moreover, ASGM often occurs in eco-

logically sensitive old-growth forests, riparian zones, and wetlands

(Alvarez-Berríos & Aide, 2015; Román-Dañobeytia et al., 2015). In

well-documented ASGM hotspots in the Guiana Shield and the Madre

de Dios region of Peru, small-scale gold mining is a primary driver of

land-use conversion, outpacing logging, agriculture, and ranching

(Peterson & Heemskerk, 2001; Román-Dañobeytia et al., 2015).
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Between 2010 and 2017, an estimated 57,000 ha of forest in the Gui-

ana Shield and 60,000 ha in Peru were lost due to gold mining, the

majority to small-scale operations (Espejo et al., 2018; Kalamandeen

et al., 2020).

Extensive deforestation creates additional challenges to restora-

tion efforts beyond an immediate loss of vegetation. When limited

remnant forest patches are left to supply seeds to denuded land-

scapes, natural regeneration is much slower to occur, hindering the

process of ecological succession and forest recovery; see Section 4.2

on natural regeneration (Pollo et al., 2011; Valois-Cuesta et al., 2017).

Additionally, deforestation has a compounding effect on erosion,

accelerating soil loss and the spread of contaminants from the mining

process throughout ecosystems (Diringer et al., 2020).

3.2 | Soil degradation

Both large-scale and ASGM operations involve significant mechanical

and chemical manipulation of the earth during the extraction and pro-

cessing of gold ore. These processes result in chronic and acute forms

of soil degradation in both active and abandoned surface gold mines,

including soil erosion, infertility, and toxicity. This soil degradation

limits the rate and form of natural recolonization of abandoned sites

by plants and soil biota.

3.2.1 | Soil dislodgement and erosion

Surface gold mining involves soil dislodgement during the mining pro-

cess. In large-scale gold mining operations, immense quantities of

overlying soil and waste rock (called ‘overburden’) are unearthed to

extract gold deposits. At the Geita Gold Mine in Tanzania, for exam-

ple, a single open-pit operation excavated over 81 million m3 of over-

burden, altering local topography enough to divert streams nearly

3 km away from their original channels (Emel et al., 2014). ASGM

operations using heavy machinery can also dislodge significant vol-

umes of soil, often enough to destabilize riverbanks and hillsides, and

wash high loads of suspended solids into streams (Byizigiro

et al., 2015; Moreno-Brush et al., 2016).

Erosion continues to be a challenge for restoration efforts even

after the mining process has ceased. Steeply-sloped stockpiles and

tailings dams are prone to erosion by wind and overland flow, particu-

larly when left unvegetated (Blight, 1991; Nsiah & Schaaf, 2019a;

Windsor & Clements, 2001). Erosion depletes organic content and

nutrient-holding clay-size particles in topsoil stockpiles, limiting the

effectiveness of post-closure soil recapping and revegetation efforts,

especially in tropical areas where mineral soils are naturally weathered

and nutrient-poor (Ashton & Seidler, 2014; Jordan, 1985; Sousa

et al., 2008). The erosion of tailings dams can cause contaminants to

seep into the surrounding environment (Daniell et al., 2019; Festin

et al., 2019) and in the most extreme cases, can lead to dam collapse,

endangering miners and neighboring communities (Hilson &

Monhemius, 2006; Nsiah & Schaaf, 2019a).

3.2.2 | Soil fertility

In addition to erosion, surface mining reduces soil fertility by intermix-

ing the nutrient- and organic matter-rich topsoil with newly exposed

rocky, nutrient-poor subsoils, and by producing infertile tailings

(Festin et al., 2019). Physically, remnant subsoils at both active and

abandoned sites are typically gravelly and sandy (Eludoyin

et al., 2017; Guedron et al., 2009; Román-Dañobeytia et al., 2015),

while tailings are composed of fine sand and silt-sized particles

(Orlekowsky et al., 2013; Rossouw et al., 2009), and lacking clay. The

lack of organic matter and clay in remnant subsoils and tailings results

in poor cohesion and limited capacity to retain moisture and nutrients.

Some remnant substrates may also become highly compacted by the

use of heavy machinery (Peláez et al., 2013), limiting plant

establishment.

TABLE 1 Summarizes the main environmental and social challenges associated with ASGM and large-scale surface gold mine restoration in
the tropics

Challenges to

restoration Artisanal and small-scale Large-scale

Deforestation • Removal of smaller areas of riparian forest • Removal of large patches of forest for mining pits, access

roads, and housing for miners

Soil degradation • Pits usually left unfilled; topsoil not retained • Topsoil often lost or degraded during excavation, storage,

and backfilling processes

• Erosion of riverbank and riverbed, leading to

sedimentation and pollution of aquatic ecosystems

• Erosion of tailings and overburden heaps; dam collapse

can occur in the most severe cases

• Remnant substrate has lowered amounts of available

nutrients, reduced biological activity, and is often more

acidic

• Remnant substrate has lowered amounts of available

nutrients, reduced biological activity, and is often more

acidic

Toxic byproducts • Mercury • Cyanide; Heavy metals; Acid Mine Drainage

Social challenges • Often illegal and/or poorly regulated; little incentive for

restoration

• Laws requiring rehabilitation vary by region; enforcement

is often haphazard

• Many miners live in poverty
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Chemically, remnant substrates and tailings typically have lower

nutrient levels, including organic C (dos Santos et al., 2013; Eludoyin

et al., 2017; Román-Dañobeytia et al., 2015), total N (Mulligan

et al., 2006; Sheoran et al., 2010) and available P, Ca2+, K+, Mg2+, and

Na+ (Eludoyin et al., 2017). With lower cation exchange capacity than

nearby forest and agricultural lands (Eludoyin et al., 2017; Orlekowsky

et al., 2013), these substrates often do not hold onto essential nutri-

ents in plant-available forms. These substrates are typically acidic

(Eludoyin et al., 2017), leading to higher levels of bioavailable toxic

metals and metalloids (Bruce et al., 2003). However, tailings dams can

have a wide variation in pH and may even be alkaline depending on

the chemical reagents involved in mining and the substrates' position

on the dam slope (Mulligan et al., 2006; Rossouw et al., 2009).

Gold mining can also have negative impacts on soil biology. For-

mer gold mine sites in Brazil had significantly lower soil microbial bio-

mass than an unmined reference site (dos Santos et al., 2013).

Microbial community composition also shifts, with more autotrophic

and fewer heterotrophic organisms present at gold mines, slowing

nutrient cycling (Prasetyo et al., 2010; Rosario et al., 2007). However,

there is a need for more research on how these changes to the soil

microbiome will impact restoration efforts.

3.3 | Toxicity and contamination

Contaminants from the gold mining process can enter surrounding

ecosystems through purposeful dumping, gradual leaching, and tail-

ings dam collapses, degrading adjacent soils, polluting waterways, and

poisoning organisms (Hilson & Monhemius, 2006; Miserendino

et al., 2013). During the ore excavation process, heavy metals previ-

ously bound in underlying rocks are released into surface soils and

waterways. Elevated levels of heavy metals such as cadmium, lead,

zinc, and copper have been documented in the remnant substrates of

former ASGM sites (Eludoyin et al., 2017; Salami et al., 2003), while

high concentrations of arsenic, nickel, and cobalt are often present in

wastes from large-scale operations (Antwi et al., 2017; Bruce

et al., 2003; Fashola et al., 2016; Orlekowsky et al., 2013). After exca-

vation, ore purification processes introduce further contaminants:

mercury is primarily used in ASGM, and cyanide in large-scale opera-

tions. Contamination from gold mines can be far-reaching; at a large-

scale operation in Tanzania, for example, streams carrying contami-

nants have affected up to 37 km2 of cultivated land throughout the

surrounding watershed (Emel et al., 2014).

Rainfall patterns can influence the spread and severity of contam-

ination from gold mines. For instance, intense rainfall increases the

erosion of contaminant-bearing surfaces and the dispersion of toxins

(Winde & Jacobus van der Walt, 2004; Zaidi et al., 2012). Gold mines

in areas of the wet tropics that receive high levels of year-round rain-

fall, therefore, may be at higher risk of contaminant spread compared

to drier tropical and temperate regions. However, hourly changes in

precipitation can affect the delivery of contaminants into streams,

with very heavy rainfall events temporarily diluting contaminant con-

centrations (Davies et al., 2011).

3.3.1 | Acid mine drainage

Gold-bearing ore and surrounding rock often contain high concentra-

tions of heavy metal sulfides, particularly pyrite (FeS2)

(Lottermoser, 2010). When heavy metal sulfides previously bound in

rock are brought to the surface during ore excavation, they react with

oxygen in air and water to create sulfuric acid. This oxidation process

leads to acid mine drainage (AMD), which exacerbates the leaching of

heavy metals into surrounding ecosystems and acidifies streams

(Fashola et al., 2016). AMD disrupts aquatic food webs from the

bottom-up, destroying habitat and food access as streambeds become

coated with solid precipitates (Kefeni et al., 2017; Naicker et al., 2003;

Oberholster et al., 2013). AMD can affect expansive areas surround-

ing gold mines; in South Africa, for example, groundwater over 10 km

from a gold mining area was found to be contaminated by AMD

(Naicker et al., 2003).

3.3.2 | Mercury

Mercury used to refine gold in ASGM operations represents the larg-

est global source of anthropogenic mercury emissions (US EPA, 2014),

released into both the atmosphere and lithosphere (Telmer &

Veiga, 2009). While miners are directly exposed to mercury vapor dur-

ing amalgamation, neighboring communities that consume fish from

contaminated rivers are also affected (Fréry et al., 2001; Gibb &

O'Leary, 2014). In acidic, organic matter-rich river sediments, elemen-

tal mercury used in ASGM undergoes abiotic and biotic (bacteria-

mediated) methylation reactions to form methylmercury, a toxic

organic compound that is readily absorbed by aquatic organisms and

biomagnifies at higher trophic levels (Veiga, 1997). Chronic and acute

exposure to methylmercury harms the central nervous system, and

can irreversibly damage neurodevelopment of fetuses in utero (Poulin

et al., 2008). Despite the risks of mercury accumulation in humans

and animals from ASGM, concentrations in river water and sediment

at ASGM sites are often variable, and difficult to distinguish from

background mercury levels from natural emission sources (Howard

et al., 2011; Moreno-Brush et al., 2016; Pfeiffer et al., 1989), though

recent advances in isotopic analyses promise more accurate tracking

of ASGM-associated mercury movement through aquatic ecosystems

(Schudel et al., 2019). Depending on local hydrology, downstream

areas may experience higher levels of contamination than mined sites

(Marrugo-Negrete et al., 2015; Miserendino et al., 2013).

3.3.3 | Cyanide

Cyanide is used to extract gold from ore in large-scale mining opera-

tions and is often present in tailings and leached ore

(Lottermoser, 2010). Cyanide is toxic to all animal life and can be

absorbed through the lungs, skin, and mucous membranes, preventing

cellular oxygen utilization (Kulig & Ballantyne, 1991). While most con-

taminants present in gold mines are heavy metals or metalloids,
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cyanide is a notable exception. In contrast to these other contami-

nants, cyanide is capable of being degraded into non-toxic compo-

nents by acclimatized microbiota (Akcil et al., 2003). While cyanide

can be lethal to plants when present in high concentrations, at lower

doses, some plants can metabolize cyanide into an amino acid, aspara-

gine (Trapp & Christiansen, 2003). Despite its lesser persistence in the

environment, the management of cyanide-laden waste is very impor-

tant, because breaches and failures in tailings dams can release high

concentrations of cyanide into adjacent soils and waterways, which

can be lethal to wildlife and people (Hilson & Monhemius, 2006). Ani-

mals that come in contact with unnetted cyanide-containing tailings

ponds are also at risk of poisoning and death (Donato et al., 2007;

Eisler & Wiemeyer, 2004).

3.3.4 | Contamination and plant growth

The impact of contamination on plant growth is of particular concern

for restoration projects. At low concentrations, common gold mine

contaminants like mercury and cyanide appear to have a negligible

effect on terrestrial plant growth (Ekyastuti et al., 2016; Kalamandeen

et al., 2020; Trapp & Christiansen, 2003). However, higher concentra-

tions of some forms of cyanide can be lethal to plants, while a build-

up of mercury in soil and water can reduce germination rates, root

development, and aboveground growth of plants (Patra &

Sharma, 2000; Trapp & Christiansen, 2003). High concentrations of

other heavy metals can also directly limit plant establishment and

growth, or indirectly affect vegetation productivity by making soils

inhospitable to the soil microbiota supplying nutrients to plants (dos

Santos et al., 2013). Even when not at phytotoxic levels, the presence

of contaminants can still limit the range of feasible restoration

approaches. For example, establishing agroforestry projects on con-

taminated soils can endanger human and livestock health when there

is significant biomagnification in harvested plant parts (Marrugo-

Negrete et al., 2015; Terán-Mita et al., 2013). Management activities

such as prescribed fires also have to be carefully planned, because

they can re-release contaminants already absorbed by vegetation

(Abraham et al., 2018).

3.4 | Social challenges

3.4.1 | Social challenges to ASGM restoration

In 2013, the Minamata Convention on Mercury was signed by more

than 130 nations with the goal of limiting anthropogenic mercury

emissions. The trade of mercury for gold processing was not banned

by the Convention, but signing nations were required to develop

action plans to reduce mercury use (Kessler, 2013). However,

attempts to regulate the ASGM sector and educate communities on

the dangers of mercury use have been largely ineffective

(Hilson, 2006; Jønsson et al., 2013; Miserendino et al., 2013;

Puluhulawa & Harun, 2019). The informal and remote nature of

ASGM makes it difficult to regulate at the national level (Miserendino

et al., 2013; Sousa, Veiga, Van Zyl, et al., 2011). Additionally, mining

communities tend to experience high rates of extreme poverty, vio-

lent crime, and disease (Betancur-Corredor et al., 2018) and have few

alternative sources of income (Schueler et al., 2011). Alternative gold

refining methods often require knowledge, technology, and invest-

ment that is not accessible to miners (Hilson, 2006; Veiga, 1997).

3.4.2 | Social challenges to large-scale gold mine
restoration

In many regions, laws require large mining companies to rehabilitate

mine sites after closure. However, legal requirements vary greatly

between nations, enforcement may be haphazard, and successional

trajectories may not be headed towards the proposed reference eco-

systems (Ahirwal & Pandey, 2020; Hayati et al., 2021; Woodbury

et al., 2020). Many developing nations in the tropics have weaker

environmental legislation and enforcement, and in some cases, cor-

ruption within governing bodies limits the effectiveness of mine recla-

mation policy (Hayati et al., 2021; Holden & Jacobson, 2008). In

Brazil, for example, mining companies are required to restore ecosys-

tems to as close to pre-mine conditions as possible, but the current

legal structure provides limited guidance on appropriate restoration

targets and techniques (Gastauer et al., 2019), and environmental

fines for noncompliance are rarely enforced (Volckhausen, 2020). In

Cameroon and Ghana, enforcement of mine rehabilitation policy is

also inconsistent, and illegal ASGM often continues even after large

mines are officially closed (Essapo & Ekedi, 2020; Owusu-Nimo

et al., 2018). In Australia, most large-scale mines can be held indefi-

nitely in a ‘care and maintenance’ phase, where active mining has

ceased, but the land has not been fully rehabilitated (Vivoda

et al., 2019). In Indonesia, despite legislation, restoration of mined

lands is rarely enforced by government officials, and corruption in the

mine licensing process has been documented (Hayati et al., 2021).

Inconsistency in mine rehabilitation policy and enforcement further

hinders attempts to restore these landscapes.

4 | RESTORATION AND REHABILITATION
OF GOLD-MINING SITES IN THE TROPICS

Due to the extensive environmental impacts of large-scale and ASGM

operations, standard forest restoration techniques, developed to

recover the land after agriculture, ranching, or logging, may not be suf-

ficient for mined areas. We identified 42 tropical, field-based studies

that specifically examined gold mine restoration techniques (see

Annex A: Literature Review Methods). These were primarily from

South America (n = 15) and Africa (n = 18), with far fewer in Asia

(n = 4) and Australasia (n = 5) (Figure 3). Overall, more field studies

were conducted at large-scale gold mines (n = 26), than at ASGM

(n = 15); one study examined mines of both scales. Most studies in

South America and Asia were conducted at ASGM sites. In Africa and
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Australasia, most studies focused on large-scale gold mines. All studies

from Asia took place in Indonesia, and all Australasian studies took

place in Australia (Figure 3). While most studies we found to occur in

countries with both documented ASGM and large-scale mining, many

gold-producing countries in the tropics lack any published field-based

restoration research (Figure 3). Additionally, the restoration goals of

these studies varied. In some cases, the goal was rapid revegetation

for sediment and contaminant control rather than restoration to natu-

ral forest conditions (Weiersbye et al., 2006). Other projects had fur-

ther objectives involving agriculture or agroforestry (Tetteh, Logah,

et al., 2015), silviculture (Sousa et al., 2008; Tetteh, Ampofo, &

Logah, 2015), or livestock production (Bruce et al., 2003). In this sec-

tion, we summarize the findings to examine the effectiveness of vari-

ous site preparation, natural regeneration, and tree-planting methods.

We also briefly discuss phytoremediation, a strategy for restoring

heavily contaminated landscapes.

4.1 | Basic site preparation: Backfilling and topsoil
conservation

Surface mine restoration is significantly more feasible and effective

when planning occurs well before mining even begins. Basic site prep-

aration steps can greatly improve restoration trajectories, including

(1) conserving topsoil removed during the mining processes, (2) back-

filling mining pits and contouring steeply sloped areas, and

(3) promptly re-spreading conserved topsoil at the site (Ahirwal

et al., 2016; Parrotta & Knowles, 2001). Topsoil conservation is

particularly crucial in the tropics, where soil already tends to be natu-

rally weathered, with limited available nutrients (Ashton &

Seidler, 2014; Jordan, 1985; Sousa et al., 2008). In addition to its

nutrient content, conserved topsoil also contains mycorrhizae, soil

microbes and fauna, and plant propagules (present in the buried seed

bank) that help native plants to spontaneously establish under favor-

able moisture and light regimes (Sousa et al., 2008).

Stockpiling topsoil for re-application after mine closure is the

most common and feasible conservation method. However, biological

activity and restoration utility—including nutrient availability, the

abundance of soil microbes, and the viability of buried seeds—wanes

with long-term (over 1-year) stockpiling, due to erosion and anaerobic

conditions at the center of the stockpile (Block et al., 2020;

Ghose, 2001; Parrotta & Knowles, 2001; Valliere et al., 2022). These

impacts can be mitigated by including biomass, such as tree roots and

stumps, in the stockpiles to retain more organic content (Nsiah &

Schaaf, 2019b), and by establishing vegetation on stockpile surfaces

(Windsor & Clements, 2001) to help facilitative soil microbes persist

until mine closure (Bell et al., 2003). Steeply-sloped stockpiles can also

be protected from erosion by contouring and grading down their

slopes (Windsor & Clements, 2001) and covering their surface with

biogeotextiles (Nsiah & Schaaf, 2019a).

After mine closure, filling open pits with waste rock and subsoils

excavated during mining is an essential step to promote the restora-

tion of these sites. While backfilling is already a common practice at

large mine sites, ASGM pits are often left unfilled, which slows and

prevents the establishment of woody species (Ramkat, 2017). Unfilled

pits typically have gravelly bottoms and often accumulate standing

F IGURE 3 Map of gold-mining production and research around the world. The yellow highlights indicate tropical countries where ASGM has
been documented (Telmer & Veiga, 2009). The gray shading indicates global gold production levels for all tropical countries producing more than
10 mg of gold (World Gold Council, 2021). The numbers in boxes show the number of field-based studies of gold mine restoration in each
country out of the 42 studies that we assessed in this review [Colour figure can be viewed at wileyonlinelibrary.com]
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water, preventing seedlings from taking root (Peterson &

Heemskerk, 2001). Refilling improves the likelihood of natural regen-

eration, particularly at small ASGM sites surrounded by a rich forest

seed source (Salami et al., 2003).

Some areas may require additional site preparation steps. Very

compacted surfaces may require plowing to allow plant establishment

and root development (Peláez et al., 2013), while sites with poor soil

aggregate stability may have to be treated with binding agents like

oxides (Tetteh, Ampofo, & Logah, 2015). Highly contaminated areas,

such as tailings storage facilities, will need additional site preparation

steps, such as the installation of impermeable liners, to contain runoff

and leachate (see Annex B: Treatments for Tailings Dams - Contain-

ment Strategies).

4.2 | Restoration using natural regeneration

4.2.1 | Natural regeneration without topsoil
conservation

Studies indicate that without topsoil conservation, natural regener-

ation at former gold mines is significantly delayed (Ekyastuti

et al., 2016; Román-Dañobeytia et al., 2015; Sousa et al., 2008)

compared to sites abandoned after less severe land conversions,

such as agriculture. Tailings, eroded waste rock, and pit bottoms

can remain unvegetated or hold standing water for years, if not

decades, in both large-scale (Mulligan et al., 2006; Okereafor

et al., 2020; Rossouw et al., 2009) and ASGM sites (Peterson &

Heemskerk, 2001; Schimann et al., 2012). The sparse recolonizing

vegetation is often entirely herbaceous (Haagner et al., 2008;

Salami et al., 2003; Weiersbye et al., 2006) and includes fewer

woody species seedlings than nearby forest floors (Eludoyin

et al., 2017; Peterson & Heemskerk, 2001). In some cases, trees

may not regenerate even when surrounded by seed sources from

adjacent forests due to stalled tree root establishment from poor

drainage, subsurface compaction, and soil infertility (Peterson &

Heemskerk, 2001). Natural regeneration is even less vigorous and

more transient on rapidly eroding, steep slopes of heaped overbur-

den and tailings (Weiersbye et al., 2006).

When operations dig small pits (e.g., around 1.5 m2) and leave

good seed sources, the natural regeneration of trees is more likely

(Adesipo et al., 2020; Eludoyin et al., 2017; Salami et al., 2003). The

unexcavated areas around pits may support the regeneration of some

pioneer species, but often these are non-native species as natives are

excluded by soil and water pollution (Adesipo et al., 2020; Eludoyin

et al., 2017; Salami et al., 2003). Thus, even when natural regeneration

occurs, the complete recovery of species diversity may take decades

or longer (Baez et al., 2022; Valois-Cuesta et al., 2017). Furthermore,

trees are still less speciose and abundant at such sites, with most of

the vegetation dominated by herbs, climbers, creepers, and tuber

plants, unlike adjacent reference forests that mostly feature trees,

shrubs, and ferns (Haagner et al., 2008; Salami et al., 2003; Weiersbye

et al., 2006).

4.2.2 | Natural regeneration with topsoil
conservation

Few field studies examine the impact of backfilling and topsoil conser-

vation practices on natural regeneration at former gold mines in the

tropics. However, such landscaping efforts can restore drainage and

fertility to conditions more favorable to tree regeneration, particularly

when seed sources are also nearby. The studies we assessed found

that backfilling and topsoil conservation at gold mine sites near forest

fragments had faster and more diverse natural regeneration of trees

(Rodrigues et al., 2004; Sousa et al., 2008) and higher soil microbial

activity (Schimann et al., 2012) than in areas without these site prepa-

ration steps. While these preliminary findings suggest that backfilling

and topsoil conservation can improve natural regeneration success,

more field-based experimentation is needed.

4.3 | Restoration using planting approaches

Because of the slow and limited natural regeneration process at most

abandoned tropical gold mines, it may take decades or longer to

achieve desired ecosystem functions or species compositions without

active planting (Baez et al., 2022; Couic et al., 2018; Rossouw

et al., 2009). Restoration approaches involving tree planting vary

widely in level of intensity, ranging from lower-input enrichment

planting techniques (Haimbili et al., 2016; Pollo et al., 2011; Román-

Dañobeytia et al., 2015) to the creation of exclusive plantations of

desired species (Schimann et al., 2007; Tetteh, Ampofo, &

Logah, 2015; Tetteh, Logah, et al., 2015). Overall, most tree planting

studies on mine sites tended to focus on a mix of exotic and native

legumes (in the Fabaceae family; see Section 4.3.2). Non-woody

plants, such as grasses and herbaceous groundcovers can also be

incorporated into planting strategies, but are not discussed in-depth

in this section (see Annex D for a complete list of species planted in

tropical field experiments).

As with natural regeneration approaches, soil management plays

a crucial role in determining the success of tree-planting efforts

(Nsiah & Schaaf, 2019b; Parrotta & Knowles, 2001; Sousa

et al., 2008). Sites without conserved topsoil need to ameliorate poor

nutrient content and coarse soil texture. The application of fertilizer

or organic amendments is one approach to improve the growth and

survival of tree plantings in some field studies (Ekyastuti et al., 2016;

Román-Dañobeytia et al., 2015; Sousa et al., 2008), while plantings of

leguminous, nitrogen-fixing tree species capable of growing in a poor

substrate is another commonly-studied approach.

4.3.1 | Leguminous tree planting

Leguminous (Fabaceae) trees are commonly planted to counteract the

deficiency of nutrients in mined substrates, particularly at sites with-

out topsoil conservation practices (Sheoran et al., 2010; Woodbury

et al., 2020). In general, leguminous trees have relatively high survival

3668 TIMSINA ET AL.

 1099145x, 2022, 18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ldr.4430, W

iley O
nline L

ibrary on [12/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



rates, even in the least fertile substrates of former gold mine sites,

though there is variability based on site conditions and species (Baez

et al., 2022; Haimbili et al., 2016; Mulligan et al., 2006; Tetteh,

Ampofo, & Logah, 2015). For example, after one year, planted Acacia

seedlings had a survival rate of about 45% in unamended tailings in

one field experiment (Haimbili et al., 2016), whereas up to 100% of

Acacia and Mimosa seedlings still survived five years after being

planted on fertilized and limed overburden in another study (Assis

et al., 2011) (see Annex D for summaries of field-based planting

experiments). Plantings of legumes can improve mine substrates by

fixing nitrogen into the soil, and may also serve as a sustained source

of organic matter by providing leaf litter (Peláez et al., 2013; Schimann

et al., 2012; Thomas, 2014). Established plants also improve soil qual-

ity by increasing soil pH, soil organic carbon, available phosphorus,

exchangeable potassium (Peláez et al., 2013; Tetteh, Logah,

et al., 2015), cation exchange capacity, microbial activity (Couic

et al., 2018; Schimann et al., 2007; Velásquez Ramírez et al., 2021)

and aggregate stability (Peláez et al., 2013). Plantings of leguminous

trees can also increase soil biomass and microbial activity (dos Santos

et al., 2013), although their impact may be higher in clay-based soils

than in sandier ones (Schimann et al., 2007).

4.3.2 | Non-leguminous tree planting

While leguminous species dominate tree-planting studies, a few

field studies also tested plantings of non-leguminous trees. At

large-scale gold mines, backfilled and topsoil-capped pits can sup-

port the establishment and growth of non-leguminous native trees

(Pollo et al., 2011). Similarly, ASGM sites restored with topsoil

reapplication and organic amendments can support mixed-species

plantations of native species and commercial timber species

(Ekyastuti et al., 2016; Sousa et al., 2008). When topsoil is reap-

plied, rehabilitated surfaces may not even require organic amend-

ments to achieve good survivorship of non-leguminous plantings

(Nsiah & Schaaf, 2019b). However, without topsoil application,

non-leguminous native trees may grow slowly, even with organic

amendments (Román-Dañobeytia et al., 2015). Overall, more

research is needed to identify native, non-leguminous tree species

and effective soil amelioration techniques appropriate for tropical

gold mine restoration.

4.3.3 | Tree planting on overburden and tailings

Woody species may not readily establish on the steeply sloped, partic-

ularly infertile growing substrate of tailings dams and overburden

heaps. Initial fertilization (Mulligan et al., 2006; Nsiah & Schaaf, 2020;

Weiersbye et al., 2006), irrigation, and transplantation of nursery-

hardened containerized (rather than bare-root) seedlings (Mulligan

et al., 2006; Weiersbye et al., 2006), liming (Assis et al., 2011), and the

incorporation of B-horizon subsoils into the growing substrate (Assis

et al., 2011; Nsiah & Schaaf, 2020) can all improve the survival of

planted trees. However, many introduced woody species cannot sur-

vive long-term in these environments without continued amelioration,

and in particularly unsteady surfaces, perennial herbs and shrubs may

be more effective than trees at stabilizing these systems (Assis

et al., 2011; Rossouw et al., 2009) (see Annex B: Treatments for Tail-

ings Dams).

4.3.4 | Phytoremediation

Phytoremediation is a restoration approach that uses living plants to

immobilize, metabolize, and extract contaminants from water and soil

(Salt et al., 1998). It is rapidly emerging as a cost-effective method of

ameliorating mine substrate, particularly tailings (Wang et al., 2017). In

some phytoremediation approaches, plants that metabolize or immo-

bilize toxins may be planted and indefinitely left on-site to help pre-

vent the spread of contaminants throughout the site. In other cases,

plants that hyperaccumulate contaminants, often heavy metals, are

planted and then removed from the site to prevent the reentry of con-

taminants into the ecosystem through decomposition, or consumption

by people and wildlife.

While phytoremediation species can sometimes naturally regen-

erate in contaminated sites, their growth may be too sparse for them

to stabilize and effectively remediate the soil (Okereafor et al., 2020),

and therefore usually need to be actively planted to achieve desired

densities. However, we found very few field-based planting trials of

potential phytoremediator species (see Annex C for species used in

gold mine phytoremediation).

4.4 | Restoration pathways for former gold mines
in the tropics

Field-based experimentation at former gold mines in the tropics is

still limited, but studies conducted at these sites reveal important

findings for restoration. In the diagram below (Figure 4), we high-

light that restoring these landscapes depends greatly on the degree

of degradation present at a particular site, particularly the quality

of growing substrate and availability of local seed sources. If min-

ing companies and small-scale miners plan ahead and complete

integral site preparation steps before mine closure, including back-

filling and topsoil conservation, lower-input revegetation strate-

gies, such as natural regeneration and enrichment planting, become

much more feasible. However, at sites where substrate is highly

contaminated and few seed sources remain, more intensive, multi-

step approaches will often be necessary to recuperate the fertility

of the substrate and kickstart reforestation. These potential path-

ways are not intended to be prescriptive or all-encompassing; res-

toration options will depend on the goals, budget, and timeline of a

given project. Ultimately, surface gold mining, even in its less-

severe forms, degrades tropical ecosystems, and forest recovery in

these landscapes will likely be slower and require much more active

restoration intervention than in unmined areas.
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5 | CONCLUSIONS AND
RECOMMENDATIONS

While the ecological impacts of tropical surface gold mining are well-

documented, we see a clear need for more field-based experimenta-

tion to develop a methodology for restoring these degraded land-

scapes. The continued identification of suitable woody species

(in particular, a greater diversity of non-leguminous native species)

and effective substrate amelioration processes are essential. Many

earlier rehabilitation efforts wasted substantial resources by tempo-

rarily altering mine land substrates for species of plants that failed to

persist beyond the initial years of tending (Weiersbye et al., 2006).

Long-term establishment of self-sustaining vegetation requires a care-

ful and adaptive selection of species that can persist in the often harsh

conditions of former mine sites (Ahirwal & Pandey, 2020). There is a

strong need to develop sequential, longer-term restoration treatments

to determine the best methods for transitioning these landscapes

from mine closure to recovery. Field studies indicate that restoration

to pre-mine species composition may not be possible at more

degraded former gold mine sites, at least not without a lengthy and

costly series of plantings, soil amendments, and monitoring.

Given the evident difficulties involved in reforesting former sur-

face gold mines in the tropics—and the importance of proper planning

and site preparation for effective restoration—governing agencies,

land managers, miners, and local communities need to understand the

challenge and monetary expense involved in such efforts. Tropical

gold mine restoration is unlikely to succeed without more active

involvement from mining communities (Antwi et al., 2017; Betancur-

Corredor et al., 2018), the incentivization and enforcement of small-

scale mine restoration (Ramkat, 2017; Sousa, Veiga, Meech,

et al., 2011), and more in-depth and long-term monitoring of large-

scale mine restoration projects (Betancur-Corredor et al., 2018). While

this review focuses on strategies for restoring mined landscapes,

slowing the spread of tropical gold mining, or modifying some of the

more harmful practices involved in operations, is essential for limiting

long-term forest loss and ecological degradation. Along with contin-

ued field-based research, a combination of increased outreach to min-

ing communities, governmental regulation of rehabilitation projects,

and consumer education on the ethical and environmental impact of

gold can all play a role in improving restoration outcomes.
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F IGURE 4 Restoration options at former mine sites are
influenced by initial site conditions. Sites with plentiful local seed
sources and well-conserved growing substrates are the best
candidates for natural regeneration methods. Sites with more
degraded substrate and few seed sources may require active
restoration efforts, including basic site preparation, substrate
amelioration, and plantings. The most degraded sites, such as tailings
storage facilities, may also require additional steps to sequester or
remove contaminants. However, it is important to note that more
active restoration methods could still be applied to sites with less
degraded conditions, depending on specific restoration objectives,
budgets, and timelines. Options flow top to bottom from most to least
degraded initial site condition, and most to least resources
(e.g., money, labor, etc.) required
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Jaramillo, P. M., Rufini, M., Marra, L. M., Var�on L�opez, M., Pereira da

Silva, M. A., Fonsêca Sousa Soares, C. R., & de Souza Moreira, F. M.

(2013). Soil biological attributes in arsenic-contaminated gold mining

sites after revegetation. Ecotoxicology, 22, 1526–1537. https://doi.

org/10.1007/s10646-013-1139-9

Eisler, R., & Wiemeyer, S. N. (2004). Cyanide Hazards to Plants and Ani-

mals from Gold Mining and Related Water Issues. In G. W. Ware (Ed.),

Reviews of environmental contamination and toxicology (pp. 21–54).

TIMSINA ET AL. 3671

 1099145x, 2022, 18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ldr.4430, W

iley O
nline L

ibrary on [12/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-8995-9933
https://orcid.org/0000-0002-8995-9933
https://orcid.org/0000-0002-1892-045X
https://orcid.org/0000-0002-1892-045X
https://orcid.org/0000-0002-7194-4397
https://orcid.org/0000-0002-7194-4397
https://orcid.org/0000-0001-5583-3390
https://orcid.org/0000-0001-5583-3390
https://doi.org/10.1016/j.chemosphere.2017.09.117
https://doi.org/10.1016/j.chemosphere.2017.09.117
https://doi.org/10.1186/s12898-020-00276-9
https://doi.org/10.1186/s12898-020-00276-9
https://doi.org/10.1002/tqem.21481
https://doi.org/10.1111/rec.13268
https://doi.org/10.1111/rec.13268
https://doi.org/10.1016/S0892-6875(03)00101-8
https://doi.org/10.1016/S0892-6875(03)00101-8
https://doi.org/10.1088/1748-9326/10/1/014006
https://doi.org/10.1007/s11625-017-0474-9
https://doi.org/10.1007/s11625-017-0474-9
https://doi.org/10.1089/env.2013.0006
https://doi.org/10.1089/env.2013.0006
https://doi.org/10.1073/pnas.1318271110
https://doi.org/10.1590/S0100-67622011000500019
https://doi.org/10.21068/2539200X.969
https://doi.org/10.1071/sb02004
https://doi.org/10.1016/j.jclepro.2018.07.142
https://doi.org/10.21000/JASMR91010323
https://doi.org/10.1016/j.apsoil.2019.08.009
https://doi.org/10.1016/j.apsoil.2019.08.009
https://doi.org/10.1016/S0378-4274(02)00378-8
https://doi.org/10.1016/S0378-4274(02)00378-8
https://doi.org/10.1111/j.0016-7398.2004.05042.x
https://doi.org/10.12854/erde-146-21
https://doi.org/10.1126/science.1155365
https://doi.org/10.1126/science.1155365
https://doi.org/10.1111/j.1523-1739.2009.01338.x
https://doi.org/10.1039/C8EM00016F
https://doi.org/10.1039/C8EM00016F
https://doi.org/10.1007/s12665-019-8095-5
https://doi.org/10.1016/j.scitotenv.2011.04.034
https://doi.org/10.1088/1748-9326/aa6082
https://doi.org/10.1088/1748-9326/aa6082
https://doi.org/10.1021/acs.est.9b06620
https://doi.org/10.1016/j.envint.2007.04.007
https://doi.org/10.1007/s10646-013-1139-9
https://doi.org/10.1007/s10646-013-1139-9


Berlin, Germany: Springer. https://doi.org/10.1007/978-1-4419-

9100-3_2

Ekyastuti, W., Astiani, D., & Roslinda, E. (2016). Prospect of indigenous

plant species for revegetation in the tailings area of ex community gold

mine. Biodiversitas Journal of Biological Diversity, 17, 764–768. https://
doi.org/10.13057/biodiv/d170252

Eludoyin, A. O., Ojo, A. T., Ojo, T. O., & Awotoye, O. O. (2017). Effects of

artisanal gold mining activities on soil properties in a part of south-

western Nigeria. Cogent Environmental Science, 3, 1–11. https://doi.
org/10.1080/23311843.2017.1305650

Emel, J., Plisinski, J., & Rogan, J. (2014). Monitoring geomorphic and hydro-

logic change at mine sites using satellite imagery: The Geita gold mine

in Tanzania. Applied Geography, 54, 243–249. https://doi.org/10.

1016/j.apgeog.2014.07.009

Espejo, J. C., Messinger, M., Román-Dañobeytia, F., Ascorra, C.,

Fernandez, L. E., & Silman, M. (2018). Deforestation and Forest degra-

dation due to gold Mining in the Peruvian Amazon: A 34-year perspec-

tive. Remote Sensing, 10, 1903. https://doi.org/10.3390/rs10121903

Essapo, D., & Ekedi, M. (2020). Assessing green policies for the rehabilita-

tion and sustainable restoration of mine sites in Cameroon: Case of

the Mayo-Darlé Mine site, Adamawa region. Ghana Journal of Geogra-

phy, 12, 125–146. https://doi.org/10.4314/gjg.v12i2.6
Fashola, M. O., Ngole-Jeme, V. M., & Babalola, O. O. (2016). Heavy metal

pollution from gold mines: Environmental effects and bacterial strate-

gies for resistance. International Journal of Environmental Research and

Public Health, 13, 1–20. https://doi.org/10.3390/ijerph13111047
Festin, E. S., Tigabu, M., Chileshe, M. N., Syampungani, S., & Odén, P. C.

(2019). Progresses in restoration of post-mining landscape in Africa.

Journal of Forestry Research, 30, 381–396. https://doi.org/10.1007/
s11676-018-0621-x

Fisher, J., Arora, P., & Rhee, S. (2018). Conserving tropical forests: Can sus-

tainable livelihoods outperform artisanal or informal mining? Sustain-

ability, 10, 2586. https://doi.org/10.3390/su10082586

Fréry, N., Maury-Brachet, R., Maillot, E., Deheeger, M., de Mérona, B., &

Boudou, A. (2001). Gold-mining activities and mercury contamination

of native Amerindian communities in French Guiana: Key role of fish

in dietary uptake. Environmental Health Perspectives, 109, 449–456.
https://doi.org/10.1289/ehp.109-1240303

Gastauer, M., Souza Filho, P. W. M., Ramos, S. J., Caldeira, C. F., Silva, J. R.,

Siqueira, J. O., & Furtini Neto, A. E. (2019). Mine land rehabilitation in

Brazil: Goals and techniques in the context of legal requirements.

Ambio, 48, 74–88. https://doi.org/10.1007/s13280-018-1053-8
Ghose, M. (2001). Management of topsoil for geo-environmental reclama-

tion of coal mining areas. Environmental Geology, 40, 1405–1410.
https://doi.org/10.1007/s002540100321

Gibb, H., & O'Leary, K. G. (2014). Mercury exposure and health impacts

among individuals in the artisanal and small-scale gold mining commu-

nity: A comprehensive review. Environmental Health Perspectives, 122,

667–672. https://doi.org/10.1289/ehp.1307864
González-González, A., Clerici, N., & Quesada, B. (2021). Growing mining

contribution to Colombian deforestation. Environmental Research Let-

ters, 16, 064046. https://doi.org/10.1088/1748-9326/abfcf8

Guedron, S., Grangeon, S., Lanson, B., & Grimaldi, M. (2009). Mercury spe-

ciation in a tropical soil association; consequence of gold mining on hg

distribution in French Guiana. Geoderma, 153, 331–346. https://doi.
org/10.1016/j.geoderma.2009.08.017

Haagner, A., Kellner, K. & Tongway, D. (2008). Enhancing conventional

rehabilitation monitoring in South Africa by adding landscape function

characteristics. In A. Fourie, A. Fourie, M. Tibbett, M. Tibbett, I.

Weiersbye, I. Weiersbye, P. Dye & P. Dye (Eds.) Paper presented at

the Third International Seminar On Mine Closure. Australian Centre

for Geomechanics, (pp. 809–820).
Haimbili, E., Shiponeni, N., & Carrick, P. (2016). Testing the suitability of

mined soils for native species establishment at Navachab Gold Mine,

Namibia. Academic Journal of Science (AJS), 6, 319–344.

Haldar, S. K. (2013). Chapter 11 - elements of mining. In S. K. Haldar (Ed.),

Mineral exploration (pp. 193–222). Amsterdam, NL: Elsevier. https://

doi.org/10.1016/B978-0-12-416005-7.00011-8

Hammond, D. S., Gond, V., de Thoisy, B., Forget, P.-M., & DeDijn, B. P. E.

(2007). Causes and consequences of a tropical forest gold rush in the

Guiana hield, South America. Ambio, 36, 661–670. https://doi.org/10.
1579/0044-7447(2007)36[661:cacoat]2.0.co;2

Hayati, T., Cornelius, C. M., & Wibisana, A. G. (2021). Why reclamation

bonding mechanisms fail in Indonesia. Journal of Energy & Natural

Resources Law, 39, 393–418. https://doi.org/10.1080/02646811.

2020.1844962

Hilson, G. (2006). Abatement of mercury pollution in the small-scale gold

mining industry: Restructuring the policy and research agendas. Sci-

ence of the Total Environment, 362, 1–14. https://doi.org/10.1016/j.
scitotenv.2005.09.065

Hilson, G., & Monhemius, A. J. (2006). Alternatives to cyanide in the gold

mining industry: What prospects for the future? Journal of Cleaner Pro-

duction, 14, 1158–1167. https://doi.org/10.1016/j.jclepro.2004.

09.005

Holden, W. N., & Jacobson, R. D. (2008). Civil society opposition to non-

ferrous metals Mining in Guatemala. Voluntas: International Journal of

Voluntary and Nonprofit Organizations, 19, 325–350. https://doi.org/
10.1007/s11266-008-9073-9

Hosonuma, N., Herold, M., Sy, V. D., Fries, R. S. D., Brockhaus, M.,

Verchot, L., Angelsen, A., & Romijn, E. (2012). An assessment of defor-

estation and forest degradation drivers in developing countries. Envi-

ronmental Research Letters, 7, 12. https://doi.org/10.1088/1748-

9326/7/4/044009

Howard, J., Trotz, M. A., Thomas, K., Omisca, E., Chiu, H. T., Halfhide, T.,

Akiwumi, F., Michael, R., & Stuart, A. L. (2011). Total mercury loadings

in sediment from gold mining and conservation areas in Guyana. Envi-

ronmental Monitoring and Assessment, 179, 555–573. https://doi.org/
10.1007/s10661-010-1762-3

Jønsson, J. B., Charles, E., & Kalvig, P. (2013). Toxic mercury versus

appropriate technology: Artisanal gold miners' retort aversion.

Resources Policy, 38, 60–67. https://doi.org/10.1016/j.resourpol.

2012.09.001

Jordan, C. F. (1985). Nutrient cycling in tropical forest ecosystems. Princi-

ples and their application in management and conservation. Nutrient

cycling in tropical forest ecosystems. Principles and their application in

management and conservation (pp. 190). Chichester, UK: John Wiley &

Sons.

Kalamandeen, M., Gloor, E., Johnson, I., Agard, S., Katow, M.,

Vanbrooke, A., Ashley, D., Batterman, S. A., Ziv, G., Holder-Collins, K.,

Phillips, O. L., Brondizio, E. S., Vieira, I., & Galbraith, D. (2020). Limited

biomass recovery from gold mining in Amazonian forests. Journal of

Applied Ecology, 57, 1730–1740. https://doi.org/10.1111/1365-2664.
13669

Kefeni, K. K., Msagati, T. A. M., & Mamba, B. B. (2017). Acid mine drainage:

Prevention, treatment options, and resource recovery: A review. Jour-

nal of Cleaner Production, 151, 475–493. https://doi.org/10.1016/j.
jclepro.2017.03.082

Kessler, R. (2013). The Minamata convention on mercury: A first step

toward protecting future generations. Environmental Health Perspec-

tives, 121, A304–A309. https://doi.org/10.1289/ehp.121-A304
Kulig KW, Ballantyne B. (1991). Cyanide toxicity. San Rafael,

California: United States Agency for Toxic Substances and Disease

Registry.

Lamb, D., Erskine, P. D., & Parrotta, J. A. (2005). Restoration of degraded

tropical Forest landscapes. Science, 310, 1628–1632. https://doi.org/
10.1126/science.1111773

Lottermoser, B. G. (2010). Introduction to mine wastes. In B. Lottermoser

(Ed.), Mine wastes: Characterization, treatment and environmental

impacts (pp. 1–41). Berlin/Heidelberg: Springer-Verlag. https://doi.

org/10.1007/978-3-642-12419-8_1

3672 TIMSINA ET AL.

 1099145x, 2022, 18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ldr.4430, W

iley O
nline L

ibrary on [12/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/978-1-4419-9100-3_2
https://doi.org/10.1007/978-1-4419-9100-3_2
https://doi.org/10.13057/biodiv/d170252
https://doi.org/10.13057/biodiv/d170252
https://doi.org/10.1080/23311843.2017.1305650
https://doi.org/10.1080/23311843.2017.1305650
https://doi.org/10.1016/j.apgeog.2014.07.009
https://doi.org/10.1016/j.apgeog.2014.07.009
https://doi.org/10.3390/rs10121903
https://doi.org/10.4314/gjg.v12i2.6
https://doi.org/10.3390/ijerph13111047
https://doi.org/10.1007/s11676-018-0621-x
https://doi.org/10.1007/s11676-018-0621-x
https://doi.org/10.3390/su10082586
https://doi.org/10.1289/ehp.109-1240303
https://doi.org/10.1007/s13280-018-1053-8
https://doi.org/10.1007/s002540100321
https://doi.org/10.1289/ehp.1307864
https://doi.org/10.1088/1748-9326/abfcf8
https://doi.org/10.1016/j.geoderma.2009.08.017
https://doi.org/10.1016/j.geoderma.2009.08.017
https://doi.org/10.1016/B978-0-12-416005-7.00011-8
https://doi.org/10.1016/B978-0-12-416005-7.00011-8
https://doi.org/10.1579/0044-7447(2007)36[661:cacoat]2.0.co;2
https://doi.org/10.1579/0044-7447(2007)36[661:cacoat]2.0.co;2
https://doi.org/10.1080/02646811.2020.1844962
https://doi.org/10.1080/02646811.2020.1844962
https://doi.org/10.1016/j.scitotenv.2005.09.065
https://doi.org/10.1016/j.scitotenv.2005.09.065
https://doi.org/10.1016/j.jclepro.2004.09.005
https://doi.org/10.1016/j.jclepro.2004.09.005
https://doi.org/10.1007/s11266-008-9073-9
https://doi.org/10.1007/s11266-008-9073-9
https://doi.org/10.1088/1748-9326/7/4/044009
https://doi.org/10.1088/1748-9326/7/4/044009
https://doi.org/10.1007/s10661-010-1762-3
https://doi.org/10.1007/s10661-010-1762-3
https://doi.org/10.1016/j.resourpol.2012.09.001
https://doi.org/10.1016/j.resourpol.2012.09.001
https://doi.org/10.1111/1365-2664.13669
https://doi.org/10.1111/1365-2664.13669
https://doi.org/10.1016/j.jclepro.2017.03.082
https://doi.org/10.1016/j.jclepro.2017.03.082
https://doi.org/10.1289/ehp.121-A304
https://doi.org/10.1126/science.1111773
https://doi.org/10.1126/science.1111773
https://doi.org/10.1007/978-3-642-12419-8_1
https://doi.org/10.1007/978-3-642-12419-8_1


Marrugo-Negrete, J., Pinedo-Hernández, J., & Díez, S. (2015). Geochemistry

of mercury in tropical swamps impacted by gold mining. Chemosphere,

134, 44–51. https://doi.org/10.1016/j.chemosphere.2015.03.012

Metcalf, S. M., & Veiga, M. M. (2012). Using street theatre to increase

awareness of and reduce mercury pollution in the artisanal gold mining

sector: A case from Zimbabwe. Journal of Cleaner Production, 37, 179–
184. https://doi.org/10.1016/j.jclepro.2012.07.004

Miserendino, R. A., Bergquist, B. A., Adler, S. E., Guimarães, J. R. D.,
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CHAPTER 1.  PURPOSE 
 
The purpose of the Desert Tortoise Field Manual (Manual) is to update and consolidate existing 
survey and handling protocols, procedures, and applicable Federal regulations related to the 
federally-threatened desert tortoise – Mojave population (Gopherus agassizii) into one 
document.  This Manual supersedes all previous handling guidelines and procedures documents 
for the Mojave population of the desert tortoise.  This Manual was developed specifically for the 
Mojave population of the desert tortoise.  Additional information on the desert tortoise, including 
its biology, ecology, and Federal status, can be downloaded at 
http://www.fws.gov/nevada/desert_tortoise/ 
  
This Manual is a consolidation and revision of the following documents:   

• Procedures for Endangered Species Act Compliance for the Mojave Desert Tortoise 
(USFWS 1992a) 

• Field Survey Protocol for Any Federal Action that May Occur Within the Range of the 
Desert Tortoise (USFWS 1992b)  

• Field Survey Protocol for Any Non-Federal Action that May Occur Within the Range of 
the Desert Tortoise (USFWS 1992c) 

• Guidelines for Handling Desert Tortoises during Construction Projects, previously 
prepared by the Desert Tortoise Council (July 1994, revised July 1999) 

• Desert Tortoise Exclusion Fence Specifications, prepared by the USFWS (Chapter 8).  
 
This Manual provides guidance for pre-project survey methods to determine the status of the 
desert tortoise for projects occurring within the species’ range on Federal and non-Federal lands.  
The purpose of this guidance is to provide technical assistance to entities to determine whether a 
biological opinion or incidental take permit may be needed prior to project implementation.   
This Manual is also intended for use by Authorized Biologists and desert tortoise Monitors 
(section 3.1) conducting activities under an Endangered Species Act (ESA) section 7 biological 
opinion or section 10 incidental take permit and provides guidance on handling desert tortoises 
that need to be moved out of harm's way or prevented from re-entering a project site.  
 
This Manual does not authorize desert tortoise handling/capturing or any other form of take (See 
Chapter 2 for definition of “take”) without appropriate Federal and State authorizations.  The 
responsible Federal and State agencies will review the qualifications statement for each potential 
desert tortoise biologist and authorize him/her to serve as an Authorized desert tortoise Biologist 
for a given project.  The Manual includes methods that are effectively used by professional 
desert tortoise researchers; as field protocols evolve, they will be updated with new information 
as it becomes available and posted on-line.   
 
We encourage comments on this Manual; please submit problems encountered and 
recommendations for improvement to the USFWS (see AGENCY/ORGANIZATION CONTACT 
INFORMATION section above).  In subsequent years, the USFWS will use your input to revise and 
incorporate new information and methods. 
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CHAPTER 2.  PROCEDURES FOR FEDERAL ENDANGERED SPECIES ACT 
COMPLIANCE FOR THE DESERT TORTOISE 
On August 4, 1989, the USFWS published an emergency rule listing the Mojave population of 
the desert tortoise as endangered (54 FR 42270).  On April 2, 1990, the USFWS determined the 
Mojave population of the desert tortoise to be threatened (55 FR

 

 12178).  Section 9 of the ESA 
prohibits the "take" of any federally listed threatened or endangered species without first 
obtaining the necessary take exemption from the USFWS and state permits where applicable. 
Take is defined as: "harming, harassing, pursuing, hunting, shooting, wounding, killing, 
capturing, collecting, or attempting to engage in any such conduct" (Section 3(18), ESA).  Harm 
is defined as: "significant habitat modification or degradation where it actually kills or injures 
wildlife by significantly impairing essential behavior patterns, including breeding, feeding, or 
shelter" (50 CFR § 17.3(c)).  Take also includes modification of habitat that would result in harm 
to the desert tortoise.  There are two ways to legally take a threatened or endangered species; one 
is through an incidental take statement in a USFWS biological opinion under section 7 of the 
ESA and the other is through a permit issued by the USFWS under section 10 (refer to Section 
2.1.1 for more information on biological opinions and section 2.2 and Chapter 3 for section 10 
permits). 

For purposes of the ESA, desert tortoise habitat is defined as 1) areas with presence of desert 
tortoises or desert tortoise sign (e.g., shells, bones, scutes, scats, sheltersites, tracks, egg shell 
fragments, courtship rings, drinking sites, etc.) that are likely to be part or all of a lifetime home 
range, 2) dispersal areas (i.e., habitat corridors), or 3) areas suitable for desert tortoises as 
identified by the USFWS or in the most recent recovery plan for the Mojave population of the 
desert tortoise (http://www.fws.gov/nevada/desert_tortoise/). 
 
Pre-project surveys for the desert tortoise following the USFWS guidance in Chapter 4 are not 
expected to result in take and therefore do not require surveyors to first obtain a recovery permit.  
However, to ensure quality control and reduce the likelihood of USFWS non-concurrence with 
survey results, we recommend that each potential surveyor complete and sign the Desert Tortoise 
Authorized Biologist Request Form 
(http://www.fws.gov/ventura/speciesinfo/protocols_guidelines/) and submit it to USFWS and the 
appropriate State agency for review prior to initiating any survey.  Upon receiving the survey 
results, if the USFWS determines that  the methods implemented or qualifications of the 
surveyors were inadequate, the USFWS may not accept the survey results.  In such cases, 
surveys would need to be repeated using approved methods and qualified surveyors.   

2.1.    Federal Actions 
2.1.1.  
 

Consultation under Section 7 of the ESA 

Section 7(a)(1) of the ESA requires all Federal agencies, in consultation with the Secretary of the 
Interior (delegated to the USFWS), to utilize their authorities in furtherance of recovering 
federally listed species by carrying out programs for the conservation of endangered and 
threatened species.   

 

http://www.fws.gov/nevada/desert_tortoise/�
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Section 7(a)(2) of the ESA and implementing regulations (50 CFR § 402) require all Federal 
agencies to consult with the USFWS for certain actions.  There are two types of consultations, 
informal and formal.  Informal consultation with the USFWS occurs when the Federal agency 
determines that an action they propose to authorize, fund, or carry out “may affect” a federally 
endangered or threatened species or critical habitat. Through the informal consultation process, 
the Federal agency, in coordination with the USFWS, may develop changes to the proposed 
action that result in no effect to the listed species, only beneficial effects to the listed species, or 
may affect but is not likely to adversely affect the listed species.  In the first two situations, the 
consultation process is documented and terminated.  In the last situation, the informal 
consultation process is completed with the USFWS issuing a letter of concurrence. 

 
Section 7(a) regulations of the ESA require each Federal agency to review its actions at the 
earliest possible time to determine whether any action they propose to authorize, fund, or carry 
out may adversely affect listed species or adversely modify designated critical habitat.  If such a 
determination is made, formal consultation is required with the USFWS; please contact the 
USFWS to determine the type of consultation required. 

 
Through completion of the formal section 7 process, the USFWS may issue a biological opinion 
to the Federal agency stating "no jeopardy/adverse modification" is expected as a result of the 
proposed action for listed plants and animals, and exempting incidental take of listed animals.  A 
no jeopardy/adverse modification biological opinion concludes that the proposed action will not 
jeopardize the continued existence of the species or result in adverse modification of designated 
critical habitat.  Without this exemption, the Federal agency would  violate section 9 of the ESA 
if the proposed project were implemented and resulted in take of a listed species. 

 
Federal actions that are nondiscretionary, entirely beneficial to the listed species, or have no 
adverse effects on listed species are not subject to formal consultation.  All actions which require 
approval by the Federal action agency are considered discretionary.  The “may affect” standard 
applies to those activities that occur in suitable habitat, or habitat considered necessary for the 
conservation of a listed species.  It is the responsibility of the Federal action agency to determine 
which actions may affect threatened or endangered species or critical habitat, and to initiate 
consultation accordingly with the USFWS. 
 
Once a Federal agency has determined that its action may adversely affect a listed species or 
critical habitat, the Federal agency should submit a written request to the USFWS for formal 
consultation.  This request should be accompanied by a biological assessment/evaluation of the 
action and its impacts (Section 2.3).   

 
The Federal agency requesting formal consultation is responsible for providing the USFWS with 
the best scientific and commercial data available and relevant to the consultation.  The “best 
data” mean data that are available and/or can be obtained during consultation, and are needed for 
an adequate review of the effects that an action may have on listed species or critical habitat (50 
CFR § 402.14(d)). 

 
Should the Federal action agency determine that the effect to the desert tortoise is entirely 
beneficial, then formal consultation may not be required.  In this case, the action agency may 
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request concurrence from the USFWS that the action is not likely to adversely affect the desert 
tortoise through informal consultation.  Beneficial actions that are part of a larger action which 
has not undergone section 7 consultation cannot be considered under informal consultation if the 
larger action includes adverse effects to the desert tortoise (e.g., construction of a pasture fence 
within an allotment in desert tortoise habitat which has not yet undergone section 7 consultation).  
In such instances, grazing within the allotment is considered to be an “interrelated” and 
“interdependent” action of the proposed fence.  Interrelated actions are those that are part of a 
larger action and depend on the larger action for their justification.  Interdependent actions are 
those that have no independent utility apart from the action under consideration.  Both 
interrelated and interdependent actions are considered “effects of the action” (50 CFR § 402.02). 

 
Formal consultation results in a biological opinion issued by the USFWS to the action agency.  
The biological opinion makes a determination on whether or not the proposed action subject to 
consultation is likely to jeopardize the continued existence of the listed species or result in 
destruction or adverse modification of critical habitat.  The finding takes into account the: 1) 
rangewide status of the species, 2) the environmental baseline condition of the listed species in 
the action area; 3) the direct, indirect, interrelated, and interdependent effects attributable to the 
Federal action at hand; and 4) the cumulative effects of State and private actions reasonably 
certain to occur in the area of the Federal action. 

 
Biological opinions issued by the USFWS will contain the following information: 

 
1.  An assessment of the status of the species, both rangewide and within the action 

area.  
 
2. An analysis of the direct and indirect effects, as well as the effects of interrelated 

and interdependent activities (50 CFR § 402) and cumulative effects of future 
non-Federal activities that are reasonably certain to occur in the action area. 

 
3. A determination whether the action is likely or not likely to jeopardize the 

continued existence of the species, or will result in the destruction or adverse 
modification of critical habitat.  Reasonable and prudent alternatives will be 
provided, if at all possible, if the biological opinion indicates that the proposed 
action is likely to jeopardize the continued existence of the species (jeopardy 
opinion) or result in the destruction or adverse modification of critical habitat 
(adverse modification opinion). 

 
4. An incidental take statement that identifies the anticipated level of incidental take 

that is expected to occur and provides mandatory reasonable and prudent 
measures and mandatory terms and conditions for minimizing any incidental take 
exempted in the biological opinion.  This includes monitoring and reporting 
requirements. 

 
5. Conservation recommendations that, if implemented, would minimize impacts 

and promote the conservation of the species. Conservation recommendations are 
not mandatory but are intended to provide an opportunity for the agency to further 
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the conservation of the desert tortoise as mandated under section 7(a)(1) of the 
ESA. 

 
Confusion often arises concerning the difference between reasonable and prudent alternatives 
and reasonable and prudent measures.  “Reasonable and prudent alternatives,” part of a jeopardy 
or adverse modification opinion, are modifications to the proposed action that will avoid 
jeopardizing the continued existence of a listed species and/or destroying or adversely modifying 
the listed species’ critical habitat.  The Federal agency decides whether or not to implement 
reasonable and prudent alternatives.  Failure to implement these alternatives, however, can lead 
to a violation of section 7(a)(2), if the action at any point in time causes a listed species to 
become jeopardized or results in the destruction or adverse modification of critical habitat.  A 
Federal agency must notify the USFWS of its final decision regarding implementation of 
reasonable and prudent alternatives.  The Federal agency can apply for an ESA exemption if it 
determines that it cannot comply with the requirements of section 7(a)(2) after consultation with 
the USFWS. 

 
“Reasonable and prudent measures,” along with terms and conditions that implement them, are 
mandatory elements that minimize incidental take.  Reasonable and prudent measures cannot 
alter the basic design, location, scope, duration, or timing of the action and may involve only 
minor changes (50 CFR § 402.14(i)(2)).  They include monitoring and reporting requirements.  
The Federal action agency must comply with the terms and conditions that implement the 
reasonable and prudent measures, which the USFWS considers necessary to minimize incidental 
take, to be in compliance with the ESA. 

 
It is not possible to determine an exact point at which the continued existence of a species would 
be jeopardized or adverse modification of critical habitat would occur without fully analyzing 
proposed actions in relation to the existing environmental baseline.  Therefore, the USFWS will 
analyze each Federal action submitted for formal consultation on a case-by-case basis.   

 
Formal consultation is initiated on the date the Federal agency’s request is received by the 
USFWS if the Federal agency provides all relevant data required by 50 CFR § 402.14(c).  Within 
10 working days, the USFWS will acknowledge receipt of the consultation request in writing.  
Upon reviewing the biological assessment provided by the Federal action agency, the USFWS 
will advise the Federal agency if insufficient information has been provided, and request 
additional information needed to complete the formal consultation process.   

 
Formal consultation concludes within 90 days after its initiation unless suspended because of 
insufficient information or extended in accordance with 50 CFR § 402.14(e).  The USFWS may 
use an additional 45-day period (total of 135 days) to issue the biological opinion to the Federal 
agency. The USFWS is responsible for ensuring that biological opinions are prepared and 
delivered within 135 days of initiation of consultation.  The USFWS may request an extension of 
the consultation period.  

 
When the Federal agency asks to review the draft biological opinion, the above time frames 
continue to apply.  However, no final opinion will be issued before 135 days while the agency is 
reviewing the draft.  Once comments on the draft are received by the USFWS, the biological 
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opinion is finalized and delivered to the Federal agency.  If comments on the draft opinion result 
in major changes or clarifications, a time extension can be sought by the USFWS from the 
Federal agency.   

 
If relevant data are known to be available to the Federal agency or will be available as a result of 
ongoing or imminent studies, the USFWS may request the data and any other analyses in 
accordance with 50 CFR § 402.14(c) or suggest that consultation be postponed until those data or 
analyses are available.  The USFWS has the responsibility to alert the Federal agency (and any 
applicant) of areas where additional data would provide a better information base from which to 
formulate a biological opinion.  The advice from the USFWS is intended to help the Federal 
agency to better satisfy its duty to ensure that its proposed action is not likely to jeopardize listed 
species or adversely modify/destroy critical habitat. 

 
If the Federal agency insists that consultation be completed without the requested data or 
analyses, the USFWS will document in the biological opinion that certain analyses or data were 
not provided and why the information would have been helpful in conducting the consultation.  
In cases where gaps occur in the data base, the USFWS will evaluate the wors-case scenario and 
provide the benefit of the doubt to the species concerned. 
 
2.1.2.   

 
Incidental Take under Section 7 of the ESA 

In cases where the USFWS concludes through consultation procedures that an action and the 
resultant take of listed species is not likely to jeopardize the continued existence of the listed 
species, the USFWS must provide an incidental take statement that specifies the anticipated level 
(amount or extent) of such taking and those reasonable and prudent measures considered 
necessary or appropriate to minimize such impact (50 CFR § 402.14(i)).  There are two types of 
take under the ESA, incidental and intentional.  An incidental take situation would exist if an 
otherwise lawful activity would result in the direct loss of a individual desert tortoise, or a 
sheltersite with a desert tortoise inside.  An example would be the unintentional crushing of a 
desert tortoise by heavy equipment used for the otherwise lawful purpose of constructing a 
house.  The take of the desert tortoise would be “incidental” to construction of the house.  
Conversely, intentional take is the purposeful take of a listed species, such as hunting,or 
capturing a listed species.  Because the definition of “fish and wildlife” in the ESA includes 
eggs, the USFWS must also consider incidental take of desert tortoise eggs in a biological 
opinion, if such take may occur. 
 
In a biological opinion, the USFWS estimates the amount of incidental take for individual desert 
tortoises and the amount of habitat that may be modified, and provides reasonable and prudent 
measures and terms and conditions that minimize adverse effects to the listed species.  Under 
section 7(o)(2) of the ESA, a biological opinion with an incidental take statement operates as an 
exemption to the section 9 prohibitions against take. 

 
 

Incidental take may also occur when federally listed wildlife are harmed or harassed by activities 
within their home range.  For desert tortoises, harm may include destruction or degradation of 
habitat components (e.g., soil, vegetation) necessary for the desert tortoise’s existence.  
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However, habitat cannot be “taken” in the context of the ESA.  Harassment may occur when a 
desert tortoise is moved out of the action area to avoid harm.  In these situations, the USFWS 
recommends that the project proponent initiate a dialogue with the USFWS to discuss the  
likelihood of incidental take. 

 
Any unauthorized take of desert tortoises that results from activities carried out in a manner not 
consistent with, or not authorized under, the provisions of section 7 of the ESA may be subject to 
investigation by the USFWS pursuant to section 9 of the ESA.  Criminal penalties for illegal take 
of a threatened species include up to $25,000 in fines and 6 months in prison.  Civil penalties 
may also be imposed as the ESA has a provision for citizen lawsuits.  

2.2.    Non-Federal Actions 
2.2.1.   

 
Conservation Planning under Section 10 of the ESA 

A permit from the USFWS pursuant to section 10(a)(1)(B) of the ESA authorizes incidental take 
for a non-Federal entity much as a section 7 consultation does through an incidental take 
statement in a biological opinion for a Federal action.  Individuals, corporations, non-Federal 
government entities, State and local governments, Tribes, and other parties can apply for an 
incidental take permit by submitting an application and a habitat conservation plan (HCP) to the 
USFWS.  “Habitat conservation planning” is the term often used to refer to this process. 
 
Section 10(a)(1)(B) of the ESA requires that the Secretary of the Interior may not issue a permit 
for incidental take unless the applicant submits a conservation plan.   Section 3 of the ESA 
defines conservation as using all methods and procedures necessary to bring an endangered or 
threatened species to the point at which measures provided in the ESA are no longer necessary 
(i.e., recovery).  Congress intended that the conservation planning process be used to reduce 
conflicts between listed species and non-Federal development, and to provide a framework that 
would encourage creative partnerships between the private sector and local, State, Tribal, and 
Federal agencies in the interests of listed species and habitat conservation.  The existing laws and 
regulations provide for, and encourage, flexibility and ingenuity in the development of an HCP 
that will reduce pertinent conflicts under the ESA.  The USFWS recommends maximizing 
efficiency of effort by developing regional HCPs which include incidental take requests from a 
number of entities through the appropriate local regulatory agency. 

 
The issuance of an incidental take permit by the USFWS is contingent upon the applicant’s 
development of a USFWS-approved HCP for the listed species affected by the project or action.  
Unlisted species may be included in the process and become covered under the permit if they are 
listed during the term of the permit.  A more detailed document, “Habitat Conservation Planning 
and Incidental Take Permit Processing Handbook” is available from the USFWS’s Sacramento, 
Albuquerque, and Denver Regional Offices, or any field office, and on the internet at:  
http://www.fws.gov/endangered/hcp/hcpbktoc.pdf.   

 
Upon receipt of the application and HCP, the USFWS may issue an incidental take permit if it 
determines that the following conditions have been met: 

 
1. The taking will be incidental to an otherwise lawful action; 
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2. The applicant will, to the maximum extent practicable, minimize and mitigate the 
impacts of taking; 

3. The applicant will ensure that adequate funding will be provided for the 
conservation plan and changed circumstances; 

4. The applicant will provide procedures to deal with unforeseen circumstances; 
5. The taking will not appreciably reduce the likelihood of the survival and recovery 

of the subject species in the wild; 
6. The applicant will ensure that other measures required by the USFWS will be 

provided (e.g., Implementing Agreement); and 
7. The plan will be implemented. 
 

The third item above, regarding funding, generally requires development of an implementing 
agreement.  This agreement is a legal document binding all implementing parties to the proposed 
HCP and their specific responsibilities. 

 
Issuance of an incidental take permit by the USFWS is a Federal action requiring National 
Environmental Policy Act (NEPA) compliance through  preparation of  a categorical exclusion, 
an environmental assessment, or an environmental impact statement.  To expedite this process, 
the USFWS will often delegate the development of information necessary for NEPA 
documentation to the applicant.  Generally, if the incidental take permit will result in a 
significant net loss of individuals and/or habitat, an environmental impact statement likely will 
be required.  This process often requires 2 years to complete.  Conversely, if the permit will 
result in a net gain or insignificant net loss of individuals and/or habitat, an environmental 
assessment leading to a finding of no significant impact likely will be sufficient for NEPA 
compliance.  In such a scenario, a permit could be considered for issuance within 1 year.  
Preparation times for HCP and NEPA documents vary according to the specific circumstances of 
each proposed action and are therefore difficult to predict. 

 
When the HCP is approved by the USFWS, the section 7 consultation process is initiated on the 
proposed issuance of an incidental take permit to the applicant.  The USFWS prepares and issues 
a biological opinion on the proposed Federal action to issue a Federal incidental take permit.  
When issued, the permit would authorize incidental take of listed, or future listed species covered 
under the permit, provided that the applicant institutes appropriate conservation measures for 
habitat maintenance, enhancement, and protection, coincident with development, which are 
detailed in the HCP. 
 
The USFWS recognizes that completion of measures proposed in an HCP often takes a 
considerable amount of time.  To provide incentives for all parties to participate in the 
conservation planning process, assurances exist that the terms and conditions of the incidental 
take permit will be available for the life of the HCP.  Permits of 30 years or more duration may 
be appropriate to provide assurances to the private sector and non-Federal governments that 
long-term commitments to funding, land use restrictions, and habitat conservation will be 
maintained.  Funding, land use restrictions, and habitat conservation are usually required to 
continue in perpetuity.  Ensuring adequate funding for management of conserved habitat may 
require establishment of a trust fund. 
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The USFWS will evaluate all requests for incidental take permits under section 10(a)(1)(B) of 
the ESA.  Permit applicants must submit an official application form (Form 3-200) to the 
appropriate Regional Director of the USFWS.  ESA permits are issued in accordance with 50 
CFR § 13.21. 

2.3.    Recommended Format for Biological Evaluations/Biological Assessment 
The following is provided as a recommended guideline, although information should be 
presented in the order identified below.  As projects vary in complexity, the biological 
evaluation/biological assessment (BE/BA) may also vary.  Development of the BE/BA may not 
occur in the format order.  Rather,  as additional information becomes available during the 
crafting of the BE/BA, the appropriate sections will be modified.  Federally funded or permitted 
exploratory activities that may affect listed species and occur prior to project implementation 
must also undergo section 7 consultation.  

Cover Page:  Name of project, location (city, county, etc.), and date.   

Table of Contents (all pages must be numbered)  

A.  Executive Summary 

1.  Brief summary of project (2 or 3 sentences) 

2.  In tabular format, identify the species, critical habitat, status, and effects 
determinations.  If “no effect”, include a brief paragraph for each species (these 
will not be addressed again.)  For example: 

 

SPECIES LISTING STATUS DETERMINATION 

Mojave desert tortoise Threatened Likely to adversely affect 

Mojave desert tortoise, critical habitat Designated Likely to adversely affect 

Southwestern willow flycatcher Endangered Not likely to adversely affect 

 

B.    Project Description  

1.  Location:  Describe construction boundary: mileposts, State, county, and GPS 
coordinates  ).  Include vicinity map (all maps and photographs must be first generation 
copies, legible and at a scale to be meaningful to the description of the activity). 

2.   Definition of Action Area:  All areas affected directly or indirectly by the Federal 
action and not merely the immediate area involved in the action.  Include all off-site use 
areas (e.g., access roads, new utility lines, materials sources, waste sites, mitigation sites, 



December 2009  2-9 
 

stockpiling areas, staging) and locations.  A map is helpful, overlaying the entire action 
area with species and habitat occurrences.  Please see Chapter 4 of the USFWS’s section 
7 handbook for a complete description and examples of the Action Area 
(http://www.fws.gov/endangered/consultations/s7hndbk/s7hndbk.htm). 

3.  Proposed Action:  
a.   Describe the anticipated steps involved in the action in their expected or logical 

order of implementation and include diagrams that are useful.  The intent of the 
proposed action section is to describe  what will be built, how it will be built, and 
when.  Include description of actions for the entire action area (including 
interrelated and interdependent actions (see section 2.1.1)).  Describe how the 
project will be accessed and if ongoing operations and maintenance is anticipated 
to occur following completion of the construction phase of the project.  If the 
contractor proposes an alternative construction method other than that described 
in the BE/BA, concurrence from the Services is required. 

b. Identify Best Management Practices (BMPs), weed-control, habitat restoration, 
and other measures (i.e., work windows, construction techniques, avoidance) 
designed to minimize adverse effects in this section. 

c. Describe monitoring and reporting plans, as well as conservation bank credits or 
mitigation sites if applicable. 

C.   Description of the species and their habitat 

Identify each species and each critical habitat.  Include the following (repeat for each 
listed species and listed habitat): 

 1.   Consultation with State wildlife agency and/or Natural Heritage database; 

2.   Literature reviews; 

3.   Consultation with experts on species, as necessary; 

4.   Descriptions of the species and general habitat requirements; 

5.   Relationship of habitat in the project area to local populations; 

6.   Map of the project area at an appropriate scale to show vegetation types and 
important biological features, such as habitat for sensitive species, wetlands or 
unique plant assemblages; 

7.   Photographs keyed to locations labeled on the project map; 

8.   Species information in Action Area including survey protocol used, by whom, etc.  
Include names of surveyors and a statement of their qualifications or 
authorizations to conduct the survey; and 

9.   Identify designated or proposed critical habitat as separate listed entities.  List the 
primary constituent elements and address the extent to which they are found in the 
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action area.  These can be introduced in table format and elaborated in subsequent 
text. 

D.   Environmental Baseline 

Describe the past and present effects of human actions on the species or critical habitat in 
the action area.  Describe existing habitat conditions and species trends in detail.  Use 
watershed analysis from the BLM or Forest Service where available, State wildlife 
agency, or any other available scientific or commercial databases or information.  Include 
information on climate change (e.g., changes to the species’ range, distribution, habitat, 
etc.).  

E.   Effects of the Action:  Include a discussion of direct and indirect effects relative to the 
species:  

1.  Direct Effects - Those effects caused directly by the proposed action (include 
those based on sideboards).  Provide the rationale for each determination; 

2.   Indirect Effects - Caused by or will result from the proposed action and are later 
in time, but are still reasonably certain to occur; and   

3.  Cumulative Effects - Those effects of future State or private activities, not Federal 
activities, that are reasonably certain to occur within the action area. 

F.   Determination of Effect 

This section must include a clear statement of effect for each species.  Example: “We 
conclude that the Fiber-Optic Line Project may affect, but will not likely adversely affect 
the Mojave desert tortoise because....”   

G.   References and Personal Communications Cited 

Example of Literature Cited: 

Smith, D. M. 2001. Genetic subdivision and speciation in the western North American 
spotted snake complex, Thamnophis punctatus. Evolution 4:29-35. 

Example of Personal Communications (must be documented): 
 
 Leslie Brown, Research Biologist 

Smith Nature Center 
4125 Willowtree Drive 
Greenville, Oregon 85194 
January 8, 2009 telephone communication (or email, site visit, etc.) 
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CHAPTER 3.  FEDERAL AND STATE AUTHORIZATIONS FOR IMPLEMENTING 
DESERT TORTOISE MEASURES REQUIRED UNDER SECTIONS 7 OR 10 OF THE ESA 
 
When a project will be implemented under the purview of a section 7 biological opinion or a 
section 10 permit for the Mojave population of the desert tortoise, the USFWS requires each 
desert tortoise survey be conducted by a desert tortoise Authorized Biologist approved by the 
USFWS.  In addition, the appropriate State wildlife agency should be contacted for their 
permitting requirements.  Within the States of Nevada, California, Utah, and Arizona, 
individuals must obtain the appropriate permits or authorizations from the respective State 
wildlife agency to be authorized to handle desert tortoises.  Authorized individuals must comply 
with any section 7 biological opinion and Federal and State permits for the project.   In 
California, CDFG must approve the all individuals involved in handling desert tortoises 
including Monitors and Authorized Biologists.  Contact the appropriate agencies for clarification 
if there are questions about or conflicting conditions between a section 7 biological 
opinion/section 10 incidental take permit and a State permit.   
 
As a general rule, an Authorized Biologist has a bachelors or graduate degree in biology, 
ecology, wildlife biology, herpetology, or related discipline with prior field experience using 
accepted resource agency techniques to survey for desert tortoises.  The proposed Authorized 
Biologist shall submit to the USFWS a completed and signed “Desert Tortoise - Authorized 
Biologist and Monitor Responsibilities and Qualifications Form” (Qualifications Form) provided 
below.  USFWS is developing a training and certification program for persons who want to be 
Authorized Biologists.  Until this program is in place, Authorized Biologists will be reviewed 
based on the information submitted on the Qualifications Form. 
 
Submit the Qualifications Form to the appropriate USFWS field office (See 
AGENCY/ORGANIZATION CONTACT INFORMATION preceding Chapter 1) at least 30 
days prior to initiation of activities.  If required, submit the Qualifications Form to the Federal 
action agency with whom the USFWS has consulted under section 7 of the ESA.  Submit an 
updated Qualifications Form for each project even if you have been approved previously, unless 
you have been instructed otherwise by the USFWS or State wildlife agency.   
If you seek approval to attach/remove/insert any devices or equipment to/into desert tortoises, 
withdraw blood, or conduct other procedures on desert tortoises, a recovery permit (section 
10(a)(1)(A) permit) or similar authorization may be required.  The application for a recovery 
permit requires completion of Form 3-200-55, which can be downloaded at 
http://www.fws.gov/forms/3-200-55.pdf.  Submit the completed form to the appropriate USFWS 
regional office (http://ww.fws.gov/endangered/permits/permitscontact.html). 
 
3.1.   Desert Tortoise - Authorized Biologist and Monitor Responsibilities and  
 Qualifications Form  
 
AUTHORIZED BIOLOGIST – Authorized Biologists must keep current with the latest 
USFWS protocols, guidelines, and regulations pertaining to the desert tortoise.  Some of these 
are available at http://www.fws.gov/ventura/speciesinfo/protocols_guidelines/. 
 
Authorized Biologists will serve as mentors to train Desert Tortoise Monitors and should 
approve Monitors to conduct specific activities based on the Monitor’s demonstrated skills, 
knowledge and qualifications.  Direct supervision is always required for field and clearance 
surveys; direct supervision means that the Authorized Biologist has direct voice and sight contact 
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with the desert Tortoise Monitor.  An Authorized Biologist is responsible for the outcome of all 
desert tortoise related activities for which the project is approved, including errors committed by 
Desert Tortoise Monitors.  
 
The Authorized Biologist must have thorough and current knowledge of desert tortoise 
identification, behavior, natural history, ecology, and physiology, and demonstrate substantial 
field experience and training to safely and successfully conduct their required duties.  Authorized 
Biologists are approved to monitor project activities within desert tortoise habitat and are 
responsible for locating desert tortoises and their sign (i.e., conduct field and clearance surveys).  
Authorized Biologists must ensure proper implementation of protective measures, and make 
certain that the effects of the project on the desert tortoise and its habitat are minimized in 
accordance with a biological opinion or incidental take permit.  All incidents of noncompliance 
in accordance with the biological opinion or permit must be recorded and reported. 
  
To be authorized, the applicant must have the knowledge and experience to conduct any or all of 
the following, as needed:  
 

• Locate, identify, and report all forms of desert tortoise sign in accordance with 
approved protocols;  

• Handle and temporarily hold desert tortoises;  
• Relocate/translocate desert tortoises prior to implementation of projects;  
• Excavate burrows to locate desert tortoises or eggs;  
• Reconstruct desert tortoise burrows;  
• Unearth and relocate desert tortoise eggs;  
• Review and approve individual Desert Tortoise Monitors and their activities based on       
qualifications of the Monitors;  
• Directly supervise Desert Tortoise Monitors during clearance surveys and train 

Monitors in all aspects of protecting desert tortoises during implementation of projects;  
• Be familiar with the project biological assessment and biological opinion or incidental 

take permit (copy in hand);  
• Ensure proper implementation of protective measures;  
• Record and report incidents of noncompliance in accordance with a biological opinion 

or permit; and  
• Halt project activities per provisions of the biological opinion or permit.  

 
DESERT TORTOISE MONITOR – Desert Tortoise Monitors will be approved by the 
Authorized Biologist(s) or USFWS (if an Authorized Biologist is not required) for a project.  
Desert Tortoise Monitors will assist the Authorized Biologist on project activities within desert 
tortoise habitat, ensure proper implementation of protective measures, and record and report 
desert tortoise and sign observations in accordance with approved protocol.  They will report 
incidents of noncompliance in accordance with a biological opinion or permit, move desert 
tortoises from harm’s way when desert tortoises enter project sites and place these animals in 
designated safe areas or maintain the desert tortoises in their immediate possession until an 
Authorized Biologist assumes care of the animal.  Monitors assist Authorized Biologists during 
surveys and serve as apprentices to acquire experience.  Monitors may not conduct field or 
clearance surveys or other specialized duties of the Authorized Biologist unless directly 
supervised by an Authorized Biologist; “directly supervised” means the Authorized Biologist has 
direct voice and sight contact with the Monitor.   
 
 



December 2009  3‐3 

3.2.  DESERT TORTOISE AUTHORIZED BIOLOGIST QUALIFICATIONS FORM  
 

This form should be used to provide your qualifications to agency officials if you wish to 
undertake the duties of an authorized biologist with regard to desert tortoises during construction 
or other projects authorized under Sections 7 (Biological Opinions) or 10(a)(1)(B) (i.e. Habitat 
Conservation Plans) of the Endangered Species Act.   
 
(If you seek approval to attach/remove/insert any devices or equipment to/into desert tortoises, 
withdraw blood, or conduct other procedures on desert tortoises, a recovery permit or similar 
authorization may be required.  Application for a recovery permit requires completion of Form 3-
200-55, which can be downloaded at http://www.fws.gov/forms/3-200-55.pdf.)  
 

1.  Contact Information:  

Name 

 

 

Address 

 

 

City, State, Zip Code 

 

 

Phone Number(s) 

 

 

Email Address 

 

 

 

2.  Date:  

 

3.  Areas in which authorization is requested (check all that apply): 

 

□ San Bernardino, Kern, Inyo and Los Angeles Counties, California     (Ventura office) 

□ Riverside, San Diego, and Imperial Counties, California        (Carlsbad office) 

□ Nevada     □ Utah     □ Arizona  

 

4.   Please provide information on the project: 
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USFWS Biological 
Opinion or HCP No.  

When Applicable  

 Date:   

Project Name 

 

 

Federal Agency 

(If Applicable) 

 

Proponent or Contractor 

 

 

  

 

5.  If you hold, or have held, any relevant state or federal wildlife permits provide the following: 

 

 

Species 

 

 

Dates 

State (specify) or 

Federal Permit 
Number 

 

 

Authorized Activities 

 

 

 

   

 

 

 

   

 

 

 

   

 

 

 

6.  Education:  Provide up to three schools, listing most recent first: 
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Institution 

Dates 
attended 

 

Major/Minor 

Degree  

received 

    

    

    

 

7.  Desert Tortoise Training.  

 

Name/Type of Training 

Dates 
(From/To) 

 

Location 

 

Instructor/Sponsor 

1. Classes    

2. Field Training    

3. Translocation    

4.    

 

8.  Experience – Include only those positions relevant to the requested work with desert 
tortoises.  Distinguish between wild Mojave desert tortoise and other experience.  Include only 
your experience, not information for the project you worked on (e.g., if 100 tortoises were 
handled on a project and you handled 5 of those tortoises, include only those 5.  List most 
recent experience first.  Handling a Mojave desert tortoise must be authorized by a Biological 
Opinion or other permit and reported to the USFWS.  Information provided in this section will be 
used by the USFWS to track the numbers of tortoises affected by previous projects (baseline).  
Be sure to include a project supervisor or other contact that can verify your skills and 
experience in relation to your job performance.  Attach additional sheets as necessary. 
Please use numbers in each column; do not use “X’s” to indicate participation in the activity.  If 
your experience is limited to less than three desert tortoise positions, please include 
additional job experience and references in the section below. 
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Experience by project and activity:   

Project Name: 

Job Title:  

Dates of Employment: 

Supervisor / Project Contact  
Name: 

Phone: 

Email Address: 

Conduct 

 Clearance 

 Surveys 

 (Hrs/Days) 

Excavate 
DT  

burrows  

(No.) 

Locate DT 

 No.  

< 100mm  

 ≥ 100mm 

Handled for 

Relocation 

 DTs (No.) 

Excavate, 

 and 

 relocate 

 DT nests 

 (No.) 

1. 

 

 

     

2. 

      

3.  

      

4. 

 

  

  

  

  

  

  

  

       

5. 

       

6. 

       

7. 

       



December 2009  3‐7 

Experience by project and activity (continued): Each project number should correspond with the project listed on the previous page 

 

Project  Name 

(Number should correspond to previous page) 

 

Construct 

Artificial 

Burrows 

(No.) 

Monitor project 
equipment and 

activities (Hrs/Days) 

Oversee project 
compliance 
(Hrs/Days) 

Supervise DT 
field staff  

(Hrs/Days) and 
No. staff 

supervised 

DT fence 

Installation 
and 

inspection 

(Hrs/Days) 

Present DT 

Awareness 

Training 

(No.) 

1. 
 

     

2. 
 

     

3. 
 

     

4. 

 

 

 

 

 

 

 

 

 

     

5. 
 

 

     

6. 
 

 

     

7. 
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Summary of experience:  

Total time spent for all desert tortoise-related field activities (referenced above):   

               Specify total number of hours: 
     OR   total number of 8-hour days: __________________ 

Total number of miles/kilometers walked conducting survey transects: 
 
Total number of wild, free-ranging desert tortoises you personally handled:            

 <100 mm:  _______ 
 >100 mm:  _______          
     

Additional supervisory experience other than with desert tortoise work: 

Project Hours Staff (No.) 

   

   

   

   

 

Additional references for individuals who have held less than three  
positions working with desert tortoise  
 

Project Name: 

 

Job Title:  

Dates of employment: 

Supervisor / Project Contact: 

Name: 

Phone: 

Email address: 

Project Name: 

 

Job Title:  

Dates of employment: 

 

 

 

Supervisor / Project Contact:  

Name: 

Phone: 

Email address: 

 

 

 



 

December 2009    3‐9 
 

Project Name: 

 

Job Title:  

Dates of employment: 

 

 

 

 

Supervisor / Project Contact:  

Name: 

Phone: 

Email address: 

 

 

 

 

 

 

I certify that the information submitted in this form is complete and accurate to the best of my knowledge and 
belief.   

I understand that any false statement herein may subject me to the criminal penalties of 18 U.S.C. Ch.47, 
Sec. 1001. 

 

 

 

 

Signed: ___________________________________________Date:________________________  

 

 
 
 
 
 
 

 

 
 

 



42.4
19.41

92.54

Total action area (acres) 3000

0.800

1080

108

19

Transect Length (km)
Tortoises within 5m of 

centerline l_i*((n_i/l_i) - (n/L))^2

1 10.0 0 0.002493075

2 10.0 0 0.002493075

3 10.0 0 0.002493075

4 10.0 0 0.002493075

5 10.0 2 0.33933518

6 10.0 0 0.002493075

7 10.0 0 0.002493075

8 10.0 0 0.002493075

9 10.0 0 0.002493075

10 10.0 2 0.33933518

11 10.0 0 0.002493075

12 10.0 0 0.002493075

13 10.0 2 0.33933518

14 10.0 1 0.070914127

15 10.0 1 0.070914127

16 10.0 1 0.070914127

17 10.0 1 0.070914127

18 10.0 0 0.002493075

19 10.0 0 0.002493075

20 10.0 0 0.002493075

21 10.0 2 0.33933518

22 10.0 0 0.002493075

23 10.0 0 0.002493075

24 10.0 0 0.002493075

25 10.0 0 0.002493075

N =

Lower 95%CI = 

Prob that a tort is above ground given winter rainfall 
(Pa from Table 2) = 

Transects of various lengths

Table 3. USFWS Desert Tortoise Pre-Project Survey Guidance
What is the estimated number of tortoises and associated 95% confidence 

interval for the action area?
INSTRUCTIONS Use this tab when your transects were of unequal length.  
Enter the appropriate values from the survey into the yellow cells below.  The 
number of tortoises and assocated 95% confidence interval for the action area will 
be calculated.

Number of tortoises found during surveys (n) = 

Upper 95%CI = 

Total length of transects walked (km) = 

Number of transects walked = 



26 10.0 0 0.002493075

27 10.0 0 0.002493075

28 10.0 0 0.002493075

29 10.0 0 0.002493075

30 10.0 0 0.002493075

31 10.0 0 0.002493075

32 10.0 0 0.002493075

33 10.0 0 0.002493075

34 10.0 0 0.002493075

35 10.0 0 0.002493075

36 10.0 1 0.070914127

37 10.0 0 0.002493075

38 10.0 0 0.002493075

39 10.0 0 0.002493075

40 10.0 1 0.070914127

41 10.0 0 0.002493075

42 10.0 0 0.002493075

43 10.0 0 0.002493075

44 10.0 0 0.002493075

45 10.0 0 0.002493075

46 10.0 0 0.002493075

47 10.0 1 0.070914127

48 10.0 0 0.002493075

49 10.0 1 0.070914127

50 10.0 0 0.002493075

51 10.0 0 0.002493075

52 10.0 0 0.002493075

53 10.0 0 0.002493075

54 10.0 0 0.002493075

55 10.0 0 0.002493075

56 10.0 0 0.002493075

57 10.0 0 0.002493075

58 10.0 0 0.002493075

59 10.0 0 0.002493075

60 10.0 0 0.002493075

61 10.0 0 0.002493075

62 10.0 0 0.002493075

63 10.0 0 0.002493075

64 10.0 0 0.002493075

65 10.0 0 0.002493075

66 10.0 0 0.002493075

67 10.0 0 0.002493075

68 10.0 0 0.002493075

69 10.0 0 0.002493075

70 10.0 0 0.002493075

71 10.0 0 0.002493075

72 10.0 0 0.002493075

73 10.0 0 0.002493075

74 10.0 0 0.002493075

75 10.0 0 0.002493075

76 10.0 0 0.002493075



77 10.0 0 0.002493075

78 10.0 0 0.002493075

79 10.0 0 0.002493075

80 10.0 0 0.002493075

81 10.0 0 0.002493075

82 10.0 0 0.002493075

83 10.0 1 0.070914127

84 10.0 0 0.002493075

85 10.0 0 0.002493075

86 10.0 0 0.002493075

87 10.0 1 0.070914127

88 10.0 0 0.002493075

89 10.0 0 0.002493075

90 10.0 0 0.002493075

91 10.0 0 0.002493075

92 10.0 0 0.002493075

93 10.0 0 0.002493075

94 10.0 0 0.002493075

95 10.0 0 0.002493075

96 10.0 0 0.002493075

97 10.0 0 0.002493075

98 10.0 0 0.002493075

99 10.0 0 0.002493075

100 10.0 0 0.002493075

101 10.0 1 0.070914127

102 10.0 0 0.002493075

103 10.0 0 0.002493075

104 10.0 0 0.002493075

105 10.0 0 0.002493075

106 10.0 0 0.002493075

107 10.0 0 0.002493075

108 10.0 0 0.002493075

109 5.0 0 0.001246537

110 5.0 0 0.001246537

111 5.0 0 0.001246537

112 5.0 0 0.001246537

113 5.0 0 0.001246537

114 5.0 0 0.001246537

115 5.0 0 0.001246537

116 5.0 0 0.001246537

117 5.0 0 0.001246537

118 5.0 0 0.001246537

119 5.0 0 0.001246537

120 5.0 0 0.001246537

121 5.0 0 0.001246537

122 5.0 0 0.001246537

123 5.0 1 0.16966759

124 5.0 0 0.001246537

125 5.0 0 0.001246537

126 5.0 0 0.001246537

127 5.0 0 0.001246537



128 5.0 0 0.001246537

129 3.0 0 0.000747922

130 3.0 0 0.000747922

131 3.0 0 0.000747922

132 3.0 0 0.000747922

133 3.0 0 0.000747922

134 3.0 0 0.000747922

135 3.0 0 0.000747922

136 3.0 0 0.000747922

137 3.0 0 0.000747922

138 3.0 0 0.000747922

139 3.0 0 0.000747922

140 3.0 0 0.000747922

141 3.0 0 0.000747922

142 3.0 0 0.000747922

143 3.0 1 0.302502308

144 3.0 0 0.000747922

145 3.0 0 0.000747922

146 3.0 0 0.000747922

147 3.0 0 0.000747922

148 3.0 0 0.000747922

149 3.0 0 0.000747922

150 3.0 0 0.000747922

151 3.0 0 0.000747922

152 3.0 0 0.000747922

153 3.0 0 0.000747922

154 3.0 0 0.000747922

155 3.0 0 0.000747922

156 3.0 0 0.000747922

157 3.0 0 0.000747922

158 3.0 0 0.000747922

159 3.0 0 0.000747922

160 3.0 0 0.000747922

161 3.0 0 0.000747922

162 3.0 0 0.000747922

163 3.0 0 0.000747922

164 3.0 0 0.000747922

165 3.0 0 0.000747922

166 3.0 0 0.000747922

167 3.0 0 0.000747922

168 3.0 0 0.000747922

169 3.0 0 0.000747922

170 3.0 0 0.000747922

171 3.0 0 0.000747922

172 3.0 0 0.000747922

173 3.0 0 0.000747922

174 3.0 0 0.000747922

175 3.0 0 0.000747922

176 3.0 0 0.000747922

177 3.0 0 0.000747922

178 3.0 0 0.000747922



179 #DIV/0!

180 #DIV/0!

181 #DIV/0!

182 #DIV/0!

183 #DIV/0!

184 #DIV/0!

185 #DIV/0!

186 #DIV/0!

187 #DIV/0!

188 #DIV/0!

189 #DIV/0!

190 #DIV/0!

191 #DIV/0!

192 #DIV/0!

193 #DIV/0!

194 #DIV/0!

195 #DIV/0!

196 #DIV/0!

197 #DIV/0!

198 #DIV/0!

199 #DIV/0!

200 #DIV/0!

201 #DIV/0!

202 #DIV/0!

203 #DIV/0!

204 #DIV/0!

205 #DIV/0!

206 #DIV/0!

207 #DIV/0!

208 #DIV/0!

209 #DIV/0!

210 #DIV/0!

211 #DIV/0!

212 #DIV/0!

213 #DIV/0!

214 #DIV/0!

215 #DIV/0!

216 #DIV/0!

217 #DIV/0!

218 #DIV/0!

219 #DIV/0!

220 #DIV/0!

221 #DIV/0!

222 #DIV/0!

223 #DIV/0!

224 #DIV/0!

225 #DIV/0!

226 #DIV/0!

227 #DIV/0!

228 #DIV/0!

229 #DIV/0!



230 #DIV/0!

231 #DIV/0!

232 #DIV/0!

233 #DIV/0!

234 #DIV/0!

235 #DIV/0!

236 #DIV/0!

237 #DIV/0!

238 #DIV/0!

239 #DIV/0!

240 #DIV/0!

241 #DIV/0!

242 #DIV/0!

243 #DIV/0!

244 #DIV/0!

245 #DIV/0!

246 #DIV/0!

247 #DIV/0!

248 #DIV/0!

249 #DIV/0!

250 #DIV/0!





December 2009  4-1 
 

CHAPTER 4.  PREPARING FOR ANY ACTION THAT MAY OCCUR WITHIN THE 
RANGE OF THE MOJAVE POPULATION OF THE DESERT TORTOISE 
 
4.1.  General Information on the Ecology of the Desert Tortoise 
 
Most habitat for the Mojave population of the desert tortoise is below 4,500 feet (1372 meters) 
elevation in the creosote bush-bursage series of the Mojave desert scrub biome; dominant plants 
are creosote bush (Larrea tridentata) and white bursage (Ambrosia dumosa).  Desert tortoise 
habitat may also include various cacti species (Opuntia spp.), saltbush (Atriplex spp.) scrub, and 
Joshua tree (Yucca brevifolia) woodlands at elevations up to approximately 5,000 feet (1524 
meters).  The desert tortoise is a large, herbivorous reptile.  Mojave desert tortoises are typically 
active during the day and when annual plants are most abundant during spring and early summer.  
However, they can also be active following rain events and unseasonably warm periods during 
fall and winter.  If rain events occur at night, tortoises may emerge from their burrows to drink.  
Female desert tortoises construct nests during the late afternoon and evening, and any desert 
tortoise may emerge from its burrows at night during extreme heat (see section 7.3).  Desert 
tortoises usually spend the remainder of the year in sheltersites, escaping the extreme weather 
conditions of the Mojave Desert.  Location and type of sheltersites vary greatly in different 
geographic locations (see section 4.2).  For detailed information on the ecology of the Mojave 
desert tortoise, please see http://www.fws.gov/nevada/desert_tortoise. 
 
4.2  Desert Tortoise Burrows 
  
Desert tortoises use a variety of sheltersites including soil burrows, caliche caves, lava tubes, 
pallets, rock caves, rodent or other animal’s burrows, and shrubs or man-made structures, such as 
vehicles and equipment.  For this Manual, the term “burrow” means any structure that could be 
used by a desert tortoise for shelter. 
 
4.2.1.  Determining if a Desert Tortoise is Present in a Burrow  
 

If sufficient sunlight is available, use a mirror to direct light into the opening of the burrow to 
locate desert tortoise sign including a desert tortoise.  Alternatives to a mirror are the use of a 
LED flashlight, fiber-optic scope, or miniature camera.  Please refer to section 7.6 for 
disinfecting procedures for equipment.  If the terminus of the burrow or any side chambers 
cannot be observed, or if the light is insufficient, use a fiber-optic scope or miniature camera to 
inspect all areas of the burrow.  

4.2.2.   Describing Burrows 
  
Desert tortoises typically excavate soil burrows that are flat on the bottom and domed on top to 
match the profile of the desert tortoise shell (half-moon shape).  The condition class of a burrow 
(see below) does not necessarily exclude use or occupation by a desert tortoise.  When 
aestivating in a burrow, desert tortoises may backfill the burrow giving the appearance of the 
terminus.  Spider webs, litter, and other debris may accumulate in burrow openings overnight, 
and openings may collapse during winter rains.  Do not assume that a burrow is inactive if it 
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looks unused or collapsed.  Desert tortoises may use canid or mustelid excavations, and may be 
found in burrows of other animals, particularly kit foxes.  Burrowing owls may use desert 
tortoise burrows, but do not assume that burrows occupied by owls are not also occupied by 
desert tortoises.  Juvenile desert tortoises create their own burrows, which may resemble rodent 
burrows, or use rodent burrows.  Therefore, consider all burrows to be occupied by desert 
tortoises until determined otherwise.   
  
Record basic information on the data sheet for each burrow including its class, if occupied by a 
desert tortoise or other animals, other sign present, GPS location, and other distinguishing 
information (see below).  We recommend photographing burrows and submitting the 
photographs to the USFWS with the data sheets.  Record the information electronically or use 
permanent black ink and high rag content, acid-free paper when recording all data.   

Condition Class:  

1. currently active, with desert tortoise or recent desert tortoise sign 
2. good condition, definitely desert tortoise; no evidence of recent use 
3. deteriorated condition which includes collapsed burrows; definitely desert tortoise 

(please describe) 
4. good condition;  possibly desert tortoise (please describe) 
5. deteriorated condition which includes collapsed burrows; possibly desert tortoise 

(please describe) 
 

4.2.3.  Mapping Burrows   

Map desert tortoise burrows using a GPS unit with sufficient accuracy to easily navigate back to 
the location.  Indicate the condition class of the burrow and whether it is occupied by a desert 
tortoise.  There are several important reasons for mapping it:  a) resource agencies can determine 
how many desert tortoises were encountered on the project compared with the number of 
burrows excavated,  b) the information will be available for future projects in the same area,  c) 
burrow locations may be important for organizing desert tortoise removals and determining 
desert tortoise hot spots versus areas where few, if any, desert tortoises are found, and d) the 
number and location of burrows found during initial desert tortoise surveys can be compared 
with the number and location of burrows found during monitoring or subsequent surveys;  (i.e., 
the data may provide information to determine appropriate take limits based on the findings of 
initial surveys).  Typically, the USFWS requires a report that includes the number of desert 
tortoises observed during the project.  Some projects require that all desert tortoise sign be 
mapped.  If an artificial burrow is used, map it accurately.  If the burrow is blocked or 
temporarily penned (see section 7.10.3, Penning Desert Tortoises), map and mark it in the field 
to easily find it later. 

4.2.4.  Map Types   

For reporting purposes, display burrow locations on maps of appropriate scale, preferably on 
aerial photography maps.  If monitoring a linear right-of-way, number the burrows sequentially 
within a given portion (e.g., "B-23-2," for burrow #23 on reach 2).  As an alternative, use United 
States Geological Survey (USGS) 7.5' topographical maps (scale 1" = 2,000'), paper or 
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electronic, or enlargements of them.  Project maps at a scale of 1" = 100' or 1" = 200' are 
particularly useful when burrows are common and better resolution is necessary.  The assigned 
numbers may be cross-referenced with data sheets, field notes, and photographs. 

4.3.  Presence/absence and abundance desert tortoise survey protocol  
 
This protocol provides recommendations for survey methodology to determine presence/absence 
and abundance of desert tortoises for projects occurring within the species range on Federal and 
non-Federal lands, and to provide a standard method for reporting survey results. Information 
gathered from these procedures will: 1) help determine the appropriate level of consultation with 
USFWS and the appropriate State wildlife agency, 2) help determine the incidental take of desert 
tortoises resulting from proposed projects as defined by the ESA and California Endangered 
Species Act (CESA) and 3) help minimize and avoid take. 
 
This guidance includes: 
 Site Assessment 
 Pre-project Field Survey Protocol for Potential Desert Tortoise Habitats 
 USFWS Desert Tortoise Pre-project Survey Data Sheet 
 

This guidance is subject to revision as new information becomes available.  Before initiating the 
protocols described below, please check with your local USFWS and appropriate State wildlife 
agency to verify that you are implementing the most up-to-date methods.  To ensure quality and 
reduce the likelihood of nonconcurrence with survey results, we recommend that the names and 
qualifications of the surveyors be provided to USFWS and appropriate State agency for review 
prior to initiating surveys.  
 
In Nevada:  
            U.S. Fish and Wildlife Service 
            Nevada Fish and Wildlife Office  
            4701 North Torrey Pines Drive  
            Las Vegas, Nevada 89130  
            (702) 515-5230 

 

In California: 
Inyo, Kern, Los Angeles, and San 
Bernardino Counties:  

U.S. Fish and Wildlife Service  
Ventura Fish and Wildlife Office  
2493 Portola Road, Suite B  
Ventura, California 93003  
(805) 644-1766  

 
Imperial and Riverside Counties, and 
Joshua Tree National Park and the San 
Bernardino National Forest in San 
Bernardino Co:  

U.S. Fish and Wildlife Service  
Carlsbad Fish and Wildlife Office  
6010 Hidden Valley Road  
Carlsbad, California 92009  
(760) 431-9440  
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In Utah:  
U.S. Fish and Wildlife Service  
Utah Ecological Services Field 
Office  
2369 West Orton Circle 
West Valley City, Utah 84119 
(801) 975-3330  

 

 

In Arizona: 
U.S. Fish and Wildlife Service  
Arizona Fish and Wildlife 
Conservation Office -Flagstaff   
323 North Leroux Street, Suite 201 
Flagstaff, Arizona 86001 
(928) 226-0614  

 

 

State Wildlife Agencies 
Nevada: Department of Wildlife: 

Southern Region  
4747 Vegas Drive 
Las Vegas, Nevada  89108 
 (702) 486-5127 

 

California Department of Fish and Game (CDFG) 
For Fresno, Kern, Kings, Madera, Mariposa, Merced, Monterey, San Benito, San Luis 
Obispo, Stanislaus, Tulare and Tuolumne Counties: 

Central Region Headquarters Office  
1234 E. Shaw Avenue 
Fresno, California 93710 
(559) 243-4005 ext. 151 

 
For Imperial, Inyo, Mono, Riverside and San Bernardino Counties: 

Inland Deserts Regional Office 
3602 Inland Empire Boulevard, Suite C-220 
Ontario, California 91764 
(909) 484-0167 

 
For Los Angeles, Orange, San Diego, Santa Barbara and Ventura Counties: 

South Coast Regional Office 
4949 Viewridge Avenue 
San Diego, California 92123 
(858) 467-4201 
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Utah Division of Wildlife Resources:  
Southern Region 
1470 N Airport Road 
Cedar City, Utah 84720 
(435) 865-6100 

 
Washington County Field Office 
344 East Sunland Drive, Suite #8 
St. George, Utah 84790 
(435) 688-1426 

Arizona Game & Fish Department 
State Headquarters--Nongame Branch 
5000 W. Carefree Highway 
Phoenix, Arizona 85086 
(623) 236-7767 

 

 



December 2009  4-6 
 

Site Assessment 
 
Use the below key to assess if desert tortoises may be present within or near the action area and 
determine survey and consultation requirements1.  The action area is defined by regulation as all 
areas to be affected directly or indirectly and not merely the immediate area involved in the 
action (50 CFR §402.02).  The extent of the action area is not limited to the footprint of the 
action nor is it limited by the authority of the Federal, State, or local agency or any other entity 
proposing the project.  The environmental baseline, the analysis of the effects of the action, and 
the amount or extent of incidental take are based upon the action area.  If you cannot access the 
entire action area during your surveys for some reason (e.g., access to private property is 
unavailable), please note that in your survey report. 
 
 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

 

1
If determined that the proposed project is not likely to adversely affect the desert tortoise and a tortoise or tortoise sign (shells, 

bones, scutes, limbs, burrows, pallets, scats, egg shell fragments, tracks, courtship rings, drinking sites, mineral licks, etc.) is found 

in the action area during implementation of the proposed project, the proposed action should immediately stop and then it must be 

determined whether further or formal consultation is necessary to comply with the ESA or CESA in California.  It is recommended 

that the USFWS and CDFG in California be notified in writing within three days of the discovery.  This short notification period will 

help ensure a prompt response by USFWS and CDFG to facilitate ESA and CESA compliance. 

                                                            

 

Does the action area contain 3 or more of the following characteristics? 

 Creosote bush scrub, Joshua tree woodland, Mojave-saltbush-
allscale scrub, blackbrush and/or juniper woodland communities 

 Average annual precipitation from 5 to 20-cm (2 to 8-in) 

 Desert flats, valleys, washes, bajadas, alluvial fans, rolling hills, 
and/or low mountains 

 Elevations of ~100 to 1525-m (~300 to 5000-ft) 

 Friable soils for digging burrows and/or caves or rock outcrops

Does the desert tortoise appear 

on a USFWS or state agency 

species list for the action area? 

Is the proposed action area within 

Recovery Unit or distribution boundaries 

for the desert tortoise (Figure 1)? 

No Unnecessary to contact 

USFWS or state agency 

Yes or Unknown 

Pre-project survey is 

necessary 

No or Unknown 

Yes

Contact local 

USFWS and 

appropriate state 

agency office for 

further guidance 

No  

Yes

Pre-project survey is 

necessary 



December 2009  4-7 
 



December 2009  4-8 
 

 

Pre-project Field Survey Protocol for Potential Desert Tortoise Habitats 

Objectives of survey 

 Determine presence or absence of desert tortoises within the action area 

 Estimate the number of desert tortoises (abundance) within the action area 

 Assess the distribution of desert tortoises within the action area to inform take avoidance and 
minimization 

 
The action area is defined by regulation as all areas to be affected directly or indirectly and not 
merely the immediate area involved in the action (50 CFR §402.02).  The action area is not 
limited to the "footprint" of the action or jurisdiction.  Rather, it is a biological determination of 
the reach of the proposed action on listed species.  
 
Field Methods 
This protocol takes into account the fact that not all desert tortoises within the action area are 
seen by the surveyor.  Provided is an equation which accounts for tortoises that are below ground 
at the time of surveys and for above-ground desert tortoises that are cryptic and may be missed. 
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Surveys of 100% coverage, or probabilistic sampling where appropriate, should utilize this 
equation to estimate the number of desert tortoises within the action area (see below; Table 1, Pa 

and Pd).  
 

o Information to determine presence/absence and estimate number of desert tortoises within 
the action area is collected during the same survey effort.  Surveyed objects include all 
desert tortoises that are above ground (both out of burrows and within burrows but still 
visible), as well as all desert tortoise sign (burrows, scats, carcasses, etc.).  Record all 
locations of desert tortoises and sign encountered during the survey effort using the USFWS 
2009 Desert Tortoise Pre-Project Survey Data Sheet (attached).  Please submit a copy of the 
original datasheets with results of the survey to your local USFWS office.  

o Surveys should be conducted during the desert tortoise’s most active periods (April through 
May or September through October) (Nussear and Tracy 2007; Inman 2008; USFWS 2009). 
Surveys outside these time periods may be approved by USFWS, and CDFG in California 
(e.g., warm weather in March or rainfall in August stimulating increased desert tortoise 
activity).  

o Desert tortoises utilize burrows to avoid daily and annual thermal extremes (Woodbury and 
Hardy 1948).  Therefore, surveys should take place when air temperatures are below 40 
degrees C (104 degrees F) (Zimmerman et al. 1994; Walde et al. 2003; Inman 2008).  Air 
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temperature is measured ~5-cm from the soil surface in an area of full sun, but in the shade 
of the observer. 

o Ten-meter (~30-ft) wide belt transects should be used during surveys.  For all projects, 
surveys which cover the entire project area with the 10-m belt transects (100 percent 
coverage) are always an acceptable option.  For very large action areas, probabilistic 
sampling may also be an option, such that the appropriate proportion of the action area is 
surveyed (Table 2).  If probabilistic sampling is an option for the project site, each transect 
should be chosen either systematically or randomly ensuring that the entire action area has 
an equal probability of being included in the sample.  Transects should be completed in a 
random order, oriented in a logistically convenient pattern (e.g., lines, squares, or triangles).  
Any sampling design other than simple systematic or random sampling must be approved by 
USFWS (e.g. stratification). See Frequently Asked Questions section for a discussion of 100 
percent coverage and probabilistic sampling. 

o USFWS considers the results of a pre-project survey to be valid for no more than one year.  
If survey results are older than one year, please contact the local USFWS office. 

 

Presence or absence of desert tortoises within the project vicinity 

o Occurrence of either live desert tortoises or desert tortoise sign (burrows, scats, and 
carcasses) in the action area indicates desert tortoise presence and therefore requires formal 
consultation with USFWS.  

o If neither desert tortoises nor sign are encountered during the action area surveys and the 
project, or any portion of project, is ≤  (less than or equal to) 0.8 km2 (200 acres) or linear, 
three additional 10-m (~30-ft) belt transects at 200-m (~655-ft) intervals parallel to and/or 
encircling the project area perimeter (200-m, 400-m, and 600-m from the perimeter of the 
project site) should be surveyed.  These transects are employed only as part of the 
presence/absence determination; they are not included in the estimation of desert tortoise 
abundance. See Frequently Asked Questions section below for an explanation of why 
additional surveys are needed. 

o If neither desert tortoises nor sign are encountered during the action area surveys, as well as 
project perimeter surveys where appropriate, please contact your local USFWS office.  
Informal consultation with the USFWS may be required even though no desert tortoises or 
sign are found during surveys. 

 

Number of desert tortoises within the action area 

The attached Table 4.3 spreadsheet will estimate the number of adult desert tortoises (> (greater 
than) 160 mm MCL) within the action area using the “Number of desert tortoises within the 
action area” equation from above. 

Enter the requested information into the Table 4.3 spreadsheet, as follows: 
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1. Enter the total project area. 

2. Enter the appropriate value from Table 1 for the term “probability that a desert tortoise is 
above ground” (Pa). 

3. Enter the number of adult desert tortoises (>160-mm midline carapace length) found 
during the survey of the action area for the term “number of desert tortoises observed 
above ground” (n). 

 

Table 4.1. Probability that a desert tortoise is above ground (Pa) relative to the previous 
winter’s rainfall (October through March) 

Use amount of rainfall from the winter preceding the pre-project survey to determine which 
value of Pa is appropriate for the project 

To find this amount of rainfall, go to the Western Regional Climate Center site: 
http://www.wrcc.dri.edu/summary/Climsmsca.html; click on your location and scroll down 
to “monthly totals” 

Previous Winter Rain  Probability (Pa) Variance(Pa) 

<40 mm (~1.5 inches) 0.64 0.08 

>40 mm (~1.5 inches) 0.80 0.05 

 

The estimate for the term “probability of detecting a desert tortoise if above ground (Pd)” is 
already included in spreadsheet Table 3 (Pd = 0.63; variance = 0.011).  See Frequently Asked 
Questions section below for how Pa and Pd and their associated variances were estimated. 

See Appendix 1 for a detailed description of the method used to estimate desert tortoise 
abundance. 

100 percent Coverage or Probabilistic Sampling?  

100% coverage surveys are always an acceptable option, regardless of the size of the action area. 
For very large action areas, probabilistic sampling may be an additional option, such that the 
appropriate proportion of the action area is surveyed as detailed below. 

For the 2009 field season, probabilistic sampling is not an option for desert tortoise pre-
project surveys in California due to the requirement of CESA to avoid, minimize, and fully 
mitigate (CDFG code section 2081).  In addition, probabilistic sampling is not an option for 
desert tortoise pre-project surveys in the Upper Virgin River Recovery Unit due to its small 
size and its need to be intensively managed (USFWS 1994). 
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Table 4.2. Is probabilistic sampling an appropriate option for the proposed action area? 

Is your action area smaller than the area given below for the recovery unit in which the 
project occurs?  

Recovery Unit Threshold Action Area to Allow Sampling 

Western Mojave 7.2 km2 (1777 acres) 

Eastern Mojave 10.8 km2 (2676 acres) 

Colorado Desert 6.4 km2 (1573 acres) 

Northeastern Mojave 23.3 km2 (5764 acres) 

  

If yes: 100% coverage surveys of your action area must be completed. 

If no, total transect lengths that must be surveyed are given below. 100% coverage 
surveys are also an option, regardless of the size of the project. 

Recovery Unit Total Transect Length (km) to Sample 

Western Mojave 719 

Eastern Mojave 1083 

Colorado Desert 637 

Northeastern Mojave 2333 
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Is the survey proposed for the desert 

tortoise’s most active periods (April through 

May or September through October)? 

Is your action area linear or 

smaller than the area given in 

Table 2 for the recovery unit in 

which the project occurs?

Please confer with your local 

USFWS and appropriate 

state agency office. 

Yes No or Unknown 

Yes or 

Unknown 
No

100% coverage surveys of your action 

area should be completed, using 10-m 

belt transects.  

Record occurrence of live tortoises and 
tortoise sign (burrows, scats, and 
carcasses etc.) on the data sheet 

100% coverage surveys or probabilistic sampling (outside of 

California) of the action area should be completed.  If 

probabilistic sampling is utilized, 10-m belt transects should be 

arranged such that the appropriate proportion of the action 

area is surveyed as defined in Table 2. 

Record occurrence of live tortoises and tortoise sign (burrows, 
scats, and carcasses etc) on the data sheet provided. 

Were live tortoises or tortoise sign (burrows, 

scats, and carcasses etc) encountered within 

the action area during the survey effort? 

Were any live tortoises over 160-mm 

MCL encountered within the action 

area during the survey effort? 

Conduct three 10-m (~30-ft) belt 

transects at 200-m (~655-ft) 

intervals parallel to and/or encircling 

the project area perimeter. 

Were live tortoises or tortoise sign 

Is the project smaller 

than 0.8 km
2
 (200 

acres) or linear?

Yes No 

Please confer with your 

local USFWS and 

appropriate state 

agency office.

Desert tortoise presence 

can be determined. 

Desert tortoise presence can 

be determined 

To estimate the number of 

adult tortoises within the action 

area (>160 mm MCL), enter 

the requested information into 

the Table 3 spreadsheet. 

Desert tortoise presence 

can be determined. 

Yes No Yes 

No 

Yes No 

Please contact your 

local USFWS and 

appropriate state 

agency office.

Decision Tree for Pre-project Field Survey Protocol for Potential Desert Tortoise 
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Frequently Asked Questions: Desert Tortoise Pre-project Field Survey Protocol  

Why did USFWS revise the 1992 USFWS Desert Tortoise Pre-project Survey Protocol? 

Desert tortoises occur at low densities across most of the Mojave Desert (USFWS 2006).  They 
are cryptic and spend much of their time underground in burrows (Burge 1977; Nagy and 
Medica 1986; Bulova 1994) and therefore not all animals within an area will be seen by even the 
best trained surveyors.  Tortoises underground in burrows, as well as individuals hidden above 
ground, need to be included in estimates.  

The 1992 USFWS Desert Tortoise Pre-project Survey protocol was based on a BLM protocol 
from the mid-1970s, which utilized the best available information at the time, but did not take 
into account that some tortoises will be underground and missed during the survey effort.  The 
data collected during the extensive USFWS range-wide monitoring program (currently <7,000-
km of transects each year; USFWS 2006) have allowed us to improve pre-project survey 
methods.  Data about the proportion of tortoises underground in burrows, as well as the 
probability that an above-ground tortoise will be observed by the surveyor are included in the 
estimate of the number of tortoises within the action area (Pa and Pd). 

This protocol also addresses the potential for using probabilistic sampling when the action area is 
above the size limits given in Table 2.  One hundred percent coverage surveys are always an 
acceptable option, regardless of the size of the action area.  For very large action areas, sampling 
may be an additional option, such that the abundance estimates can be calculated when an 
appropriate proportion of the action area is surveyed.  Estimates of tortoise densities within 
recovery units from the range-wide monitoring program have been used to calculate how many 
km2 of a project site must be surveyed to produce a statistically robust abundance estimate 
(Table 4.2). 

What happened to the zone of influence transects recommended in the 1992 protocol? 

This revised protocol requires that the entire action area, rather than just the project footprint, be 
included in the survey effort.  The action area is defined by regulation as “all areas to be 
affected directly or indirectly by the Federal action and not merely the immediate area involved 
in the action” (50 CFR §402.02).  The action area is therefore not limited to the footprint of the 
project nor is it limited by the Federal agency's authority.  Rather, the action area is a biological 
determination of the reach of the proposed action on listed species, which must, by definition, 
encompass the zone of influence of the project. 

How did USFWS determine the values for the “probability that a tortoise is above ground”? 

The USFWS range-wide monitoring program estimated the proportion of the desert tortoise 
population that is visible using telemetered animals from focal areas in spring 2001-2005 
(USFWS 2006).  This probability is related to the previous winter’s rainfall, as illustrated in 
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Table 4.1.  The range of fall above-ground activity is similar to spring numbers, but the 
variability is much higher (Nussear and Tracy 2007; Inman 2008).  Until more robust estimates 
of fall above-ground activity are available, spring estimates based on the previous winter’s 
rainfall (October through March) are used for surveys conducted in either active period.  

How did USFWS establish the value for the “probability of detecting a tortoise, if above 
ground”? 

For the past 5 years, surveyors in the USFWS range-wide monitoring program have undergone 
training on established transects with artificial tortoises.  Trained surveyors detected an average 
of ~63% of model tortoises that were within 5-m of either side of the transect center-line 
(USFWS unpublished). 

Why are only tortoises over 160-mm MCL used to estimate the number of tortoises within the 
action area? 

The values of Pa and Pd used in the equation to estimate the number of tortoises within the action 
area are based on USFWS range-wide monitoring data collected for tortoises ≥160-mm MCL. 

What is the purpose of 100% coverage surveys versus probabilistic sampling? 

The purpose of surveying is to determine presence/absence and estimate the abundance of desert 
tortoises within the action area.  For 100% coverage surveys, transects are placed across the 
entire action area; thus, the entire area for which abundance is estimated is surveyed.  A 
probabilistic sampling approach, on the other hand, uses data from randomly or systematically 
placed transects to draw inferences about locations where surveys are not conducted.  All 
locations for which abundance will be estimated must have an equal probability of being 
included in the sample. 

How were the threshold project sizes calculated for determining whether 100% coverage or 
probabilistic sampling is appropriate? 

The validity of probabilistic sampling requires that all locations for which abundance will be 
estimated have an equal probability of being included in the sample, as well as the expected 
sample size.  Estimating the number of tortoises within the project area using probabilistic 
sampling is limited by the number of tortoises encountered during the survey effort.  Therefore, 
whether or not the project area must be surveyed using 100% coverage or can be 
probabilistically sampled is based on the area expected to yield a survey count of 20 tortoises 
(Krzysik 2002).  Table 4.2 uses tortoise densities and detection probabilities estimated from 
2001-2005 range-wide line-distance sampling efforts for each tortoise Recovery Unit (USFWS 
2006) to calculate that area of a project site that must be surveyed to produce a statistically 
robust estimate.  If the project area is large enough to allow the option of probabilistic sampling, 
Table 4.2 provides the minimum transect kilometers (10-m wide) that must be surveyed. 
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What if the minimum length of 10-m wide transect kilometers are completed but 20 tortoises 
were not found in the action area? 

If probabilistic sampling is used and < 20 tortoises are found after surveying the total transect 
length prescribed by Table 4.2, number of tortoises within the action area may be estimated 
using number found. 

Do I keep surveying if 20 tortoises are found before the minimum transect kilometers that 
must be surveyed are completed? 

If probabilistic sampling was used and the transects have been completed in a random order, 
project area surveys may be considered complete when 20 tortoises have been found or the 
specified number of kilometers have been sampled, whichever happens first.  It is okay if more 
that 20 tortoises are found, this will decrease the width of the 95% confidence interval for the 
abundance estimate. 

Why do small and linear projects where no tortoises were found have to do additional surveys 
at 150-m (~500-ft) intervals parallel to the project area perimeter? 

Even though neither tortoises nor tortoise sign were found within the action area at the time of 
the survey, the area may be part of an animal’s home range.  The home range of a female desert 
tortoise averages around 0.15 to 0.16 km2 (35 to 40 acres), about one third the size of male home 
ranges, which are variable and can be > 2 km2 (O'Conner et al. 1994; Duda et al. 1999; Harless et 
al. in press).  Therefore, projects that are ≤ 0.8 km2 (200 acres) or linear may overlap only part of 
a tortoise’s home range and the possibility that a resident tortoise was outside the project area at 
the time surveys were conducted must be addressed.  In these cases, USFWS recommends three 
additional 10-m (~30-ft) belt transects at 200-m (~655-ft) intervals parallel to and/or encircling 
the project area perimeter (200-m, 400-m (~1312 ft), and 600-m (~1968 ft) from the perimeter of 
the project site).  Record any tortoises or sign encountered during these surveys.  These transects 
are employed only as part of the presence/absence determination; they are not included in the 
estimation of tortoise abundance within the project area. 

What does the 95 percent confidence interval for the number of tortoises within the action 
area mean? 

Confidence intervals are used to indicate the reliability of an estimate. The interval gives an 
estimated range of values, calculated from a set of sample data, which is likely to include an 
unknown population parameter (in this case, the true number of tortoises within the action area). 
A wider confidence interval indicates that less certainty is associated with the estimate (see 
Appendix 2).  The Table 4.3 spreadsheet calculates the abundance and associated 95 percent 
confidence interval for the estimated number of tortoises within the project area (Buckland et al. 
2001).  
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Appendix 1. Detailed description of desert tortoise abundance and CI estimation 

 

The estimated abundance of adult desert tortoises within the action area is given by: 
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where N̂ = estimated abundance within entire action area, n = number of tortoises 
observed above ground, A = total action area, and a = actual area surveyed (= total # km 
surveyed * 0.01). For 100% coverage surveys, A/a = 1. 

 

Table 3 uses the following equations to calculate the 95% confidence interval for the estimate of 
tortoise abundance within the action area (Buckland et al. 2001), assuming all replicate transect 
lines are the same length, 10-km. 
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where )(r̂va n = the spatial variation in the number of tortoises detected through the total 
transect length L, ni = the number of tortoises seen on transect i, li = the length of 
individual transect i, and k = total number of transects walked. 

Putting the sources of variability together, the variance of density is: 
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Because the tortoise density sampling distribution is positively skewed, the confidence 
interval is calculated using a log-distribution for density and built with division and 
multiplication, rather than addition and subtraction from the mean as with a symmetrical 
interval (Buckland et al. 2001). 

Thus, the 95% confidence interval for N̂ is: 
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Given the simplifying assumptions in this protocol, the 95% confidence interval around the 
estimated number of tortoises within the action area will be wide (e.g., the estimate of the 
number of tortoises will be imprecise).  While this level of imprecision would not be 
appropriate for recovery planning and decision making at large scales, this protocol provides 
estimates at local scales that most efficiently utilize the best information that is available to 
provide statistically defensible results. 
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Appendix 2. Example 

Project location = near Beatty, NV (within the Eastern Mojave RU) 

Action area = 12 km2 (3,000 acres) 

According to this protocol’s Site Assessment key, the proposed action is within the known range 
of the desert tortoise.  The local USFWS and appropriate State wildlife agency offices were 
contacted and a species list, which includes the desert tortoise, was obtained for the action area. 
Therefore, pre-project survey and consultation are necessary. 

The project footprint is only 10 km2, but since the project will include blasting, the reach of the 
proposed action on listed species extends to 12 km2.  Thus, the action area (and therefore the 
area which needs to be surveyed for desert tortoises) is 12 km2 (which is more inclusive than 
the 10 km2 project footprint). 

According to Table 2 of the pre-project survey protocol, the project size of 12 km2 is above the 
threshold project area to allow probabilistic sampling in the Western Mojave RU (10.8 km2 
threshold).  Therefore, at a minimum, 1,083 km of transects must be walked. For this example, 
108 10-km transects (10-m wide) were placed systematically across the project site and were 
completed in a random order.  Surveys of 100% coverage in which 10-m wide transects were 
placed across the entire 12 km2 action area would also have been acceptable. 

Transects totaling 1,083 km were conducted and 19 adult tortoises (> 160 mm carapace length) 
were found (as well as tortoise sign, both of which were catalogued using the USFWS 2009 
DT pre-project survey protocol data sheet).  If 20 adult tortoises had been encountered before 
the 1,083 km of transects were completed, and transects were conducted in a random order, 
then surveys could have been considered complete after the 20th tortoise was catalogued. 

Data collected from the108 transects (live animals encountered <160-mm MCL) 

Number of 
tortoises (ni) 

Number of transects on which ni tortoises 
were seen 

0 93 

1 11 

2 4 

 

Using the Western Regional Climate Center website, it was determined that the Beatty area had 
received 97-mm (3.8 inches) of rain in the October through March preceding the survey effort, 
which is above the 40-mm (1.5 inches) in Table 1.  Therefore, Pa of 0.80 will be used in this 
estimation.  
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Thus, from 
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To calculate the 95% confidence interval for our abundance estimate, we use: 
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Using our log-transformation because the tortoise density sampling distribution is positively 
skewed, 
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Summary 

Using the Site Assessment key, it was determined that survey and consultation were necessary 
for the proposed action.  Thus, the pre-project field survey protocol was implemented.  In this 
case, probabilistic sampling with equal length transects (10-km long) was used and 19 adult 
tortoises and tortoise sign were found during the sampling of the action area, indicating 
presence.  Using the equations and data presented in Appendix 1 of this protocol, Table 3 
estimated the actual number of tortoises within the project was estimated to be ~42, with a 
95% confidence interval of ~(19, 92). 
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USFWS DESERT TORTOISE PRE-PROJECT SURVEY DATA SHEET 
 
Date of survey: ___________ Survey biologist(s):______________________________________________ 
          (month, day, year) 

Site description: _________________________________________________________________________ 
        (project name and size; general location) 

County: ____________ Quad:_________________ Location:______________________________________ 
                 (UTM coordinates, lat-long, and/or TRS; map datum) 

Transect #: ____ Transect length: ______ Type of survey: ______________________________________ 
                              (acres to be surveyed; 100% coverage/probabilistic sampling) 

GPS Start-point: _________________ ______________________ Start time: ____________am/pm  
                                  (easting, northing, elevation in meters)  

GPS End-point: __________________ _______________________ End time: ____________am/pm  
        (easting, northing, elevation in meters) 

Start Temp: _______ºC Weather: _______________________________________  End Temp: _______ºC 

Live Tortoises 

Detection 

number 

GPS location 

 Easting    Northing 

Time 
Tortoise location 

(in burrow: all of tortoise 
beneath plane of burrow 

opening, or not in burrow) 

Approx MCL 
>160-mm? 
(Yes, No or 
Unknown) 

Existing tag # 
and color, if 

present 

1       

2       

3       

4       

5       

6       

7       

8       

Tortoise Sign (burrows1, scats, carcasses, etc) 

Detection 
number 

GPS location 
 Easting    Northing 

Type of sign 
(burrows, scats, carcass, etc) Description and comments 

1     

2     

3     

4     

5     

6     

7     

8     

1  See section 4.1.2 for information on burrow condition class and photographing burrows 
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CHAPTER  5.  AFTER A BIOLOGICAL OPINION OR TAKE PERMIT HAS 
BEEN ISSUED FOR THE DESERT TORTOISE - MOJAVE POPULATION:  
PRELIMINARY CONSIDERATIONS BEFORE GOING TO THE FIELD  

5.1.   Marking and Numbering  
Typically, desert tortoises are not marked or numbered in association with most projects.  If you 
intend to permanently mark or number desert tortoises (e.g., by notching the shell or attaching a 
tag), you must be authorized to do so and coordinate with the USFWS Desert Tortoise Recovery 
Office ( DTRO) for instruction.  The DTRO in coordination with other agencies assigns tortoise 
numbers that are used by scientists to mark desert tortoises throughout its range.  You must 
contact the DTRO and appropriate State wildlife agency before marking desert tortoises.   

5.2.    Field Supplies and Equipment 
Prepare in advance for a variety of field situations.  A list of materials needed for handling desert 
tortoises is provided below.  Many researchers have a kit for each type of activity (e.g., tortoise 
handling kit, burrow excavation kit, etc.).  Organize all the materials and equipment that you 
need to expeditiously handle desert tortoises to ensure their safety and minimize stress.  

 
All authorized personnel (Authorized Biologists and 10(a)(1)(A) permitted biologists) must be 
knowledgeable on diseases, parasites, and precautions to avoid the spread of pathogens when 
handling desert tortoises.  Upper Respiratory Tract Disease, (URTD) caused by Mycoplasma 
spp. was identified as one of the threats that contributed to the population decline and subsequent 
listing of the desert tortoise as threatened by the USFWS and CDFG.  This and other diseases 
(e.g., cutaneous dyskeratosis) are present in many populations of the desert tortoise.  Also 
present are parasitic ticks, which are potential vectors of disease to humans (Berry and 
Christopher 2001). 
 
5.2.1.   
 

Documents 

Agency document(s) regulating the specific project may include: 
 

• USFWS biological opinion or incidental take permit 
• BLM stipulations 
• USFWS Authorized Biologist or desert tortoise Monitor approval and/or 
• Copy of 10(a)(1)(A) permit or other permits  
• State wildlife agency permit 
• State memorandum of understanding 

 
 
5.2.2.   
 

Basic supplies and equipment 

• Hand-held GPS unit with extra batteries 
• Desert Tortoise Field Manual 
• Thermometer (to measure air and ground temperatures) 
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• Watch or clock (to record start and finish processing times) 
• Hand held mirror (for viewing inside burrow) 
• LED flashlight 
• Water 
• Project maps 
• Clipboard 
• Data sheets (in this Manual) 
• Tortoise tapping rod (collapsible fishing pole, etc.) 
• Surveyor's tape 

 
5.2.3.   
 

Desert tortoise handling and marking 

• Disposable latex gloves (for handling tortoise) 
• Different sizes of coffee cans (or similar cylinders) and waterproof disposable plastic (for 

immobilizing tortoise and preventing disease transmission) 
• Toothbrush, disinfected (for cleaning dirt from scute to be numbered) 
• Acrylic paint or typewriter correction fluid (for making dot to number tortoise) 
• Waterproof, capillary pen (for numbering the tortoise and keeping notes) 
• ½-inch masking tape (to cover growth areas prior to applying epoxy) 
• Epoxy, toothpicks, wooden coffee stirrer, tongue depressors (to cover the number on the 

scute and to apply the epoxy) 
• Hand lens (for observing parasites) 
• 0.175 percent sodium hypochlorite (bleach) solution (1 part household bleach to 10 parts 

water)  in a spray bottle (for disinfecting equipment) or Nolvasan (chlorhexidine 
diacetate) 

• Rubber/plastic container and lid (for soaking instruments in Nolvasan) 
• Container for rehydrating tortoises 
• New, disposable cardboard boxes or disinfected plastic containers (for holding 

and/or transporting tortoises) 
• Plastic, ziplock bags (for holding unused latex gloves and weighing juvenile tortoises) 
• Garbage bags (for disposing of used gloves, grocery bags, etc.) 
• Disposable baby changing sheets 
• DTRO/State wildlife agency-approved, sequential numbering scheme for marking 

tortoises and three-cornered files 
 
5.2.4.   
 

Desert tortoise weighing and measuring 

• Cloth bags to transport desert tortoises (allows air flow; should be wetted to cool desert 
tortoises; and must be washed and bleached before reuse) 

• Cord with appropriate tensile strength (to harness and weigh the desert tortoise) 
• Calipers (for measuring mid-line carapace length) 
• Metal or plastic rule 
• 100 gram, 1.0 kilogram, and 5.0 kilogram tubular spring scale (to weigh desert tortoises) 

 
5.2.5.   Desert tortoise burrow excavation and construction 
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• Measuring tape (for burrow dimensions) 
• Compass (for burrow orientation) 
• Leather or cloth gloves (to avoid animal stings and/or bites) 
• Shovels (2) (for excavating burrow) 
• Garden trowel (for excavating small burrows and nests) 
• 4 foot  x 8 foot x ¼ inch thick plywood (for artificial burrow construction) 
• Hand saw (to cut plywood into appropriate size and shape) 
• Surveyor's tape (for marking a burrow) 

 
5.2.6.   
 

Desert tortoise egg handling 

• Felt-tipped pen (for marking eggs) 
• Plastic bucket (for transporting eggs) 
• Garden trowel (for excavating nest) 

 
5.2.7.   
 

Other 

• Fiber-optic scope or miniature camera and clear protective covering (to avoid disease 
transmission) 

• Pads or blanket for truck bed to cushion transported tortoise and reduce heat 
• Phone number and contact person of local USFWS field office, State wildlife agency, 

BLM field office, etc. 
• Phone number of nearest qualified veterinarian to treat injured tortoise 
• Extra change of clothing, including extra shoes 

 
LITERATURE CITED 

Berry, K. H. and M. M. Christopher 2001.  Guidelines for the field evaluation of desert tortoise 
health and disease.  Journal of Wildlife Diseases, 37(3) 427-450. 

McCullough, D.L., K.D. Jones, and T.E. Olson. 1993.  List of materials to be carried in the truck;  
list of materials to be included in the tortoise kit;  tortoise excavation/removal data sheets;  
tortoise shell data sheet;  and rough draft of a handling protocol.  Materials received from 
McCullough Ecological Systems and Dames & Moore in response to a request for 
materials to be included in these Guidelines.  Las Vegas, Nevada and Santa Barbara, 
California. 
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CHAPTER 6.  CLEARANCE SURVEY PROTOCOL FOR THE DESERT 
TORTOISE - MOJAVE POPULATION 

6.1.   Objectives 
• Locate as many desert tortoises as possible within the project site. 
• Remove all desert tortoises encountered from the project site. 
• Safely excavate, collect, and rebury desert tortoise eggs. 

6.2.   Applicability of Clearance Surveys 
For projects located in occupied desert tortoise habitat, especially those projects with a 
permanent or linear disturbance (e.g., pipelines, roads, transmission lines), a clearance survey 
may be required as part of the Terms and Conditions of a biological opinion or incidental take 
permit.  This survey is intended to reduce the likelihood that desert tortoises are killed or injured 
as a result of the proposed action.  Clearance survey methods may include temporarily penning 
desert tortoises within the area surrounding its burrow, relocating desert tortoises from the 
impact area, or translocating desert tortoises to a designated area outside its home range in 
accordance with a USFWS-approved translocation plan (Section 7.10). 

6.3.   Methodology 
• Clearance surveys require 100 percent coverage of the project area, with a focus on locating 

all desert tortoises above and below ground within the project area.  This survey would be 
conducted immediately prior to surface disturbance at each site within the project area or 
following construction of a desert tortoise-proof fence or similar barrier encompassing the 
project area to ensure that tortoises cannot enter the project area. 

• Clearance surveys at the project site must consist of at least 2 consecutive surveys of the site.  
Surveys shall involve walking transects less than or equal to 15-feet (5-meter) wide under 
typical conditions.  In areas of dense vegetation or when conditions limit the ability of the 
surveyor’s to locate desert tortoises, transects should be reduced in width accordingly.  
Clearance surveys should be conducted when desert tortoises are most active (April through 
May or September through October).  If desert tortoises are found during the second pass, the 
USFWS and appropriate State wildlife agency may require a third survey.  If any desert 
tortoises need to be translocated follow the USFWS-approved translocation plan for that 
project. 

• After the desert tortoise exclusion fence has been installed, the fencing should be checked 
several times a day to ensure a tortoise has not been trapped within the fence and may be 
exposed to lethal temperatures.  Desert tortoises often pace along new fences attempting to 
gain access to the other side or return to areas from which they were removed. 

• All methods used for handling desert tortoises during the clearance surveys must be in 
accordance with this Manual.  Anyone that handles desert tortoises during clearance 
activities must have the appropriate authorizations from USFWS and the State. 

• During the clearance surveys, desert tortoises in burrows may be removed through tapping 
(Section 6.4) or careful excavation.  Multiple visits may be necessary if desert tortoises are 
inaccessible in deep caves or burrows.  
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• During all handling procedures, desert tortoises shall be treated in a manner to ensure that 
they do not overheat or exhibit signs of overheating (e.g., gaping, foaming at the mouth, 
etc.), or are placed in a situation where they cannot maintain surface and core temperatures 
necessary to their well-being.  Desert tortoises shall be kept shaded at all times until it is 
safe to release them.  Ambient air temperature shall be measured in the shade, protected 
from wind, at a height of 2 inches (5 centimeters) above the ground surface.  All clearance 
activities (capture, transport, release, etc.) shall occur when ambient temperatures are below 
95 degrees F (35 degrees C) and not anticipated to rise above 95 degrees F (35 degrees C) 
before handling and processing desert tortoises are completed.  Refer to section 7.4 for 
handling desert tortoises during hot temperatures. 

• If a desert tortoise is encountered aboveground and outside the temperature limits refer to 
Section 7.4 or 7.5.         

• The area cleared and number of desert tortoises found within that area must be reported to 
the local USFWS and the appropriate State wildlife agency.  The report should be made in 
writing, either by mail or email.  Notification should be received within one week. 

• If a desert tortoise is encountered after clearance surveys have been completed, process the 
tortoise according to the methods described above.  

6.4.   Extracting Desert Tortoises from Burrows 
Before touching a desert tortoise or using any instrument that comes into contact with a desert 
tortoise, implement procedures described in Section 7.6.  Examine the burrow for other 
occupants (e.g., snakes, spiders, scorpions, wasps, Gila monsters, etc.).  Firmly pound the soil at 
the side of the “apron” or soil mound at the entrance of the burrow 5 to 6 times with an open 
hand then listen for desert tortoise movement; wait 30 seconds and repeat several times if 
needed.  Avoid disturbing or pounding the center of the apron or entrance of the burrow where 
desert tortoises typically dig nests and lay their eggs.  If the desert tortoise is visible deep in its 
burrow, the observer can gently tap the carapace 3 to 4 times with a stick (Medica et al. 1986).  
The observer should then remove the stick and move away from the burrow entrance.  If tapping 
is successful, the desert tortoise will emerge, usually to the burrow entrance.  If desert tortoise 
movements are not heard within a few minutes, discontinue tapping.  
 
If the desert tortoise is within arm’s reach, firmly grasp the gular, plastron, or posterior edge of 
the carapace and gently pull the tortoise towards the burrow entrance.  If the desert tortoise 
resists to the point where moderate pulling effort is unsuccessful, stop pulling while maintaining 
a grip on the tortoise; resume when the tortoise relaxes.  Never use a hook or other instrument 
to remove a desert tortoise from a burrow or otherwise compromise the integrity of a 
burrow if the desert tortoise will remain in the project area.   
 
If the area is to be cleared of all desert tortoises, excavate the burrow as described in Section 6.5.  
If the tortoise is in a deep caliche cave which cannot be excavated without potentially harming 
the desert tortoise, record the location and contact the USFWS for instruction.   
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6.5.   Excavating Burrows 
According to most agency documents, desert tortoise burrows are excavated only if they occur 
within a proposed disturbance area.  If excavating a burrow to relocate a desert tortoise, and an 
artificial burrow is required, it should be constructed before beginning the excavation (Section 
6.7.).  Biological opinions and permits typically require that such areas be flagged and that 
project activities be confined to those areas.  As an alternative to excavation in certain 
circumstances, the immediate area surrounding a burrow occupied by a desert tortoise may be 
temporarily penned, if authorized by the USFWS and the appropriate State wildlife agency 
(Section 6.9.).   
 
When required, take measurements of the burrow before excavating it.  Before excavation, feel 
for desert tortoise eggs by gently probing the soil in front of the burrow opening (i.e., the mound) 
with a blunt instrument (e.g., knitting needle) or similar instrument, and along the floor of the 
burrow as you excavate the burrow.  The purpose of probing is to locate areas of excavated soil 
which are less compacted and may indicate a nest.  Eggs have been found up to 6 feet (1.9 
meters) in front of burrow openings and up to 6 feet (1.9 meters) within the entrance of a burrow; 
they may also occur in the mound at the burrow opening.  To avoid crushing eggs, do not scrape 
the shovel across the bottom of the burrow, but continue to probe the area with your fingers as 
you proceed.  Removal of the top 10 inches (25 centimeters) of soil (or until a hard layer of soil 
is encountered) will typically ensure that you find any desert tortoise eggs.  Be particularly 
careful from late April to mid-October when eggs are most likely present.  If found, follow the 
USFWS's egg handling protocol (Section 6.6.). 
 
Excavators should wear leather or cloth gloves during burrow excavation to avoid being bitten or 
stung by venomous animals.  Use blunt-nosed shovels or garden trowels.  The preferred method 
involves two individuals, each with a shovel, to excavate a burrow.  Place a shovel in the burrow 
entrance, or garden trowel for small burrows, and slice away the ceiling with the second shovel 
or trowel.  Remove the soil with the first shovel or trowel as excavation proceeds and repeat.  
Excavate the burrow slowly and carefully and stop often to see if a desert tortoise is within reach.  
Do not collapse the burrow ahead of the shovel or trowel inside the burrow.  You should feel the 
shovel contact the other shovel with each stroke to avoid striking a desert tortoise.  It may take 
several minutes or several hours to excavate a desert tortoise burrow, depending on its length and 
other characteristics. 
 
Always excavate the burrow to its absolute end(s), and then excavate an additional foot-or-so 
(0.3 meter) of harder soil beyond the suspected end to ensure that a desert tortoise is not behind a 
dirt plug or mound.  Search all side tunnels within the burrow for desert tortoises, especially in 
kit fox dens.  If a desert tortoise is found, do not assume that it is alone.  After removing the first 
desert tortoise encountered, return to the burrow and continue to excavate it looking for 
additional desert tortoises.  After excavating the burrow, leave it collapsed so that no desert 
tortoise may reuse it easily.     
 
When excavating a burrow, stop digging when a desert tortoise is encountered.  If during the 
desert tortoise less-active period (i.e., during July - August, and November - February; in 
Arizona the less-active period may begin in late May or June), relocate the desert tortoise to  an 
artificial burrow.  If it is during the most-active period (i.e., when desert tortoises are most likely 
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above ground; March - June, and September - October), place the desert tortoise in the shade of a 
shrub, or depending on conditions, in an artificial burrow (Section 6.7.). 

6.6.   Nest and Egg Handling Protocol 
Desert tortoises may lay eggs during the months of May through July and usually hatch July 
through October.  Some eggs may not hatch, or hatchlings may not emerge until the following 
spring.  Because desert tortoise eggs are also protected by the ESA, the Authorized Biologist 
shall search for nests and encouraged to search prior to clearance surveys.  Desert tortoise eggs 
shall be moved to artificial nests either in the wild or at a USFWS-approved facility.  If you 
encounter unemerged hatchlings, contact the USFWS and appropriate State wildlife agency for 
instructions.  Authorized Biologists must receive special training in the procedures outlined 
below.  If you discover a nest and have not been trained, the nest shall be carefully covered with 
soil so as not to move the eggs then contact the USFWS and appropriate State wildlife agency 
for instructions. 
 
Any nest that is found shall be carefully excavated by hand at a time of day when the air 
temperature 6 inches (15 centimeters) above the ground is approximately equal to the soil 
temperature at egg level.  Immediately upon finding a nest, discontinue using large tools. The 
Authorized Biologist shall excavate the nest using his or her hands.  Disposable rubber or latex 
gloves must be worn when marking and handling eggs.  Before disturbance of nest contents, 
each egg shall be gently marked with a small dot on the top using a felt-tipped pen to establish 
the egg's orientation in the nest.  In handling nest contents, eggs must be maintained in this 
orientation at all times.  Because egg shells become extremely fragile in the last few weeks 
before hatching, special care shall be taken with eggs found from August to mid-October.  
Because the egg is very fragile, it may break during handling; this will be lethal to the 
developing tortoise inside.    Broken eggs shall be buried nearby and left in the field, or the 
contents preserved and made available for research projects.  Report broken eggs to the USFWS 
and appropriate State wildlife agency as required for tortoise mortalities. 
 
The Authorized Biologist shall measure and record the depth of the nest below the soil surface, 
the cardinal location of the nest in relation to any adjacent shrub (i.e., north, south, east, or west 
side of the shrub), the species of shrub and its approximate foliage volume, and the soil type.  
Place approximately 1 inch (2.5 centimeters) of soil from the nest area in a bucket and carefully 
transfer the eggs to the bucket, maintaining egg orientation.  Gently cover the eggs with soil that 
is free of cobbles and pebbles, to a depth equivalent to that of the original nest. 
 
If good desert tortoise habitat is available in the general area, the eggs shall be relocated between 
150 to 1,000 feet (45.7 to 305 meters) from outer boundary of the project site, unless directed 
differently by USFWS.  Eggs and tortoises shall only be placed on lands administered by a 
Federal agency or on lands when a written authorization to bury the eggs or relocate the tortoises 
has been obtained.  A nest shall be prepared with the same depth, orientation, location in relation 
to a specific shrub species, and in the same soil type as the original nest.  The eggs shall be 
transferred to the new nest, maintaining their original orientation.  The eggs shall be replaced so 
that they touch one another.  Gently cover with soil from which cobbles and pebbles have been 
removed so that all the air spaces around the eggs are filled.  Relocated nests in the wild shall be 
monitored by an Authorized Biologist.  The monitoring program shall be developed in 
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consultation with the USFWS and appropriate State wildlife agency.  Care must be taken to 
remove any scent of tortoise eggs or human activity at the nest site to minimize nest predation. 
 
If a suitable site for a nest is not available in the wild, the eggs shall be prepared for incubation in 
a suitable holding facility.  A small amount of soil shall be placed in a bucket and the eggs 
transferred to the bucket using the technique specified above, making sure that the eggs are 
touching one another.  The bucket shall be carefully filled to the depth of the original nest, but 
leave the top of the soil layer 3 inches (7.6 centimeters) below the rim of the bucket so that future 
hatchlings cannot escape.  The bucket shall be buried in soil in a safe location at a holding 
facility approved by the USFWS and appropriate State wildlife agency. 
 
The Authorized Biologist shall record in detail all the procedures used in moving eggs.  
Personnel caring for incubating eggs at a facility shall maintain a record of where the eggs were 
found, method of incubation, length of time and conditions under which the eggs were incubated, 
observations of eggs during the incubation period, information about hatchling health and 
behavior, and disposition of the hatchlings. 

6.7.   Constructing Artificial Burrows 
Constructing an artificial burrow will take from 30 minutes to several hours, depending on the 
substrate.  An artificial burrow is intended to provide replacement shelter and protection to a 
desert tortoise when removed from its natural burrow.  The USFWS requires experience and 
training in burrow construction prior to being authorized to construct an artificial burrow.  The 
information provided below including Figures 6.1 and 6.2 is a general description of the methods 
for constructing artificial burrows taken from Tortoise Group’s adoption and care pamphlet 
(www.tortoisegroup.org). 
 
Create an artificial burrow that is the same orientation and size as the burrow from which the 
desert tortoise was taken.  The burrow for a juvenile desert tortoise should be 3 to 4 feet (0.9 to 
1.2 meters) long and an adult tortoise burrow should be 5 to 6 feet (1.5 to 1.8 meters) long.  
Burrow construction involves digging a three-sided shelf upon which plywood will be placed to 
serve as the roof of the burrow.  A channel is dug below the level of the shelf which 
approximates the width of the tortoise and functions as the actual burrow (Figure 6.1).   
 
Determine the width and length to dig the shelf, place the plywood on the ground.  Use corner 
stakes and twine to delineate the perimeter.  Dig the burrow in a downward slant of 15 to 20 
degrees below the horizontal line of the ground (Figure 6.2).  Place the plywood onto the shelf.  
Fit the plywood snugly and then remove it.  Next, dig the channel and loosen the soil along the 
floor of the channel to a depth of 6 inches (15.2 centimeters) to allow a tortoise to dig its way out 
should the plywood sag and possibly trap or pin it in the burrow.  Replace the plywood and 
shovel dirt on top.  Place rocks along the eave of the burrow roof, above the opening (Figure 
6.2).  Mound the dirt so that rain water will not puddle on top of the finished burrow.   
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   Figure 6.2 
 
We recommend that you cover the opening of 
the artificial burrow with rocks or wood for 2 
or 3 days to ensure that the tortoise remains 
within the burrow and out of harm's way, or 
that it resumes hibernation or aestivation.  
Alternatively, the tortoise and its burrow may 

be temporarily penned (Section 6.9).  Providing an artificial burrow is particularly important if 
most of the burrows have been lost to disturbance and a desert tortoise would be unable to find 
an existing burrow in a reasonable amount of time.  After several days, when project activities 
have ceased in the area (i.e., as on a pipeline or transmission line), or when you are reasonably 
sure that the tortoise is safely hibernating or aestivating, it is absolutely essential that you 
remove the rocks from the opening of the blocked burrow or remove the pens around the 
tortoise and its burrow. 

6.8.  Mapping and Finding Blocked Burrows   
If you block a desert tortoise inside a burrow or temporarily pen the tortoise and its burrow 
according to instructions from the USFWS, you must return to that burrow and unblock it or 
remove the enclosure as soon as possible.  Tortoises shall not be blocked in burrows during 
extreme high temperatures and construction activity shall be carefully monitored in the area 
around the blocked or penned tortoise.  Accurately map the burrow with GPS so that you can 
find it again.  Additionally, we recommend that you mark the area as a backup in case of GPS 
failure.  For example, mark burrows with lath or ribbon placed a minimum of 100 feet (30.5 
meters) from burrow.  The marker should provide a cryptic message sufficient to locate the 
burrow (e.g., B23-2100FTS, to indicate that Burrow #23 on Reach 2 is 100 feet (30.5 meters) 
south of the lath (LaRue 1993)).  The area must be discretely marked to avoid attracting people 
or ravens to the burrow. 

 6.9.   Temporarily Confining Desert Tortoises 
Desert tortoises found in the project area sheltering in a burrow during a period of reduced 
activity (e.g., winter), may be temporarily penned according to instructions from the USFWS.  
Tortoises shall not be penned in burrows during extreme high temperatures and construction 
activity shall be carefully monitored in the area around the penned tortoise.  The methodology 
for penning desert tortoises (U.S. Department of Defense 2005) is adapted from a methodology 
developed by Gilbert Goodlett (EnviroPlus Consulting, Ridgecrest, California).  Generally, 

Figure 6.1 
1  6 1 
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desert tortoises should not be penned in areas of moderate or heavy public use.  Penning shall be 
accomplished by installing a circular fence, approximately 20 feet (6 meters) in diameter to 
enclose the tortoise/burrow.  The pen should be constructed with durable materials (i.e., 16 gauge 
or heavier) suitable to resist desert environments.  Fence material should consist of ½-inch 
hardware cloth or 1-inch horizontal by 2-inch (2.5 by 5.0 centimeters) vertical, galvanized 
welded wire.  Pen material should be 24 inches (50 centimeters) in width.  Steel T-posts or rebar 
(2 to 3 feet or 0.6 to 0.9 meter) should be placed every 5 to 6 feet (1.5 to 1.8 meters) to support 
the pen material.  The pen material should extend 18 inches (45.7 centimeters) aboveground.  
The bottom of the enclosure shall be buried 6 to 12 inches (15 to 30 centimeters) or bent inward 
(towards the burrow), soil mounded along the base, and implement other measures to ensure zero 
ground clearance.  Care shall be taken to minimize visibility of the pen by the public.  An 
Authorized Biologist or Desert Tortoise Monitor shall check the pen at least daily and ensure that 
the desert tortoise is in the burrow or pen, the desert tortoise is okay, and the pen is intact.  All 
instances of penning or issues associated with penning shall be reported to the USFWS within 3 
days. 
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CHAPTER 7.   GUIDELINES FOR HANDLING DESERT TORTOISES- 
MOJAVE POPULATION AND THEIR EGGS 

7.1.   Objectives 

• Provide the reader with the most current methods for handling desert tortoises based on 
research and experience implementing previous handling protocols. 

• Provide guidance to ensure the health and well-being of desert tortoises while allowing 
collection of data and necessary handling of desert tortoises. 

• Ensure that diseases and parasites are not transmitted among desert tortoises. 

7.2.   Specific Considerations before Handling Desert Tortoises 
Depending on the circumstances, desert tortoises that are beneath machinery, in trenches or 
pipes, under pallets, or anywhere on the project site may be in danger and may need to be 
moved.  Desert tortoises may be handled only by authorized personnel, but other project 
personnel may move a desert tortoise the shortest distance necessary to remove the desert 
tortoise from imminent danger if an Authorized Biologist is not present.  The desert tortoise shall 
be monitored until an Authorized Biologist or USFWS is contacted for further instruction.  If 
desert tortoises must be moved, a secure location must be available and the appropriate 
procedures in this Manual must be followed to ensure safe handling.  If a secure location is not 
available, the tortoise must be held pending instruction from USFWS and the appropriate State 
wildlife agency.  Before touching a desert tortoise, implement procedures described in Section 
7.6.   

7.3.    Temperature Considerations 
Desert tortoises, particularly small ones, have been observed to be active aboveground every 
month of the year.  However, the preferred daytime body temperature of desert tortoises is 69 
degrees F to 101 degrees F (20.5 degrees C to 38 degrees C) (McGinnis and Voigt 1971).  The 
critical maximum body temperature is between 103 degrees F and 112 degrees F (39 degrees C 
to 44 degrees C) (Brattstrom 1965, Naegle 1976).  Berry and Turner (1984) found that juvenile 
desert tortoises preferred air temperatures of 63 degrees F to 66 degrees F (17 degrees C to 19 
degrees C) during March, and 77 degrees F to 83 degrees F (25 degrees C to 28 degrees C) 
during June.  Consequently, more juvenile desert tortoises were located in the morning (76.1 
percent) than in the afternoon (23.9 percent).  Zimmerman et al. (1994) found that air 
temperatures were comparable between 2 and 10 inches (5 centimeters to 25.4 centimeters) 
aboveground, with maximum variance of less than 3.5 degrees F (1.2 degrees C).  Current 
information on lower temperature limits for desert tortoise activity is not well known. 
 
Walde et al. (2003) observed that desert tortoises retreated into burrows when the air temperature 
reached 91.0 degrees F ± 3.5 degrees F (32.7 degrees C ± 1.2 degrees) and ground temperatures 
reached 95 degrees F ± 6 degrees F (35 degrees C ± 2.4 degrees); 95 percent of the desert tortoise 
observations aboveground occurred at air temperatures less than 91.4 degrees F (33 degrees C).  
Ground temperatures shall be measured on the ground surface in an area near the desert tortoise 
in full sun, with the thermometer in the shadow of the observer.  Ambient air temperature shall 
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be measured in the shade, protected from wind, at a height of 2 inches (5 centimeters) above the 
ground surface.   
 
During extreme heat, desert tortoises that shelter in relatively shallow burrows will remain in the 
burrow as long as the burrow temperature is lower than the temperature outside of the burrow.  
At night the air and surface temperatures drop faster than the temperature in the burrow.  When 
the air and surface temperature drop below the burrow temperature, the desert tortoise may exit 
the burrow in an effort to lower its body temperature.  Desert tortoises have been observed 
moving from a few feet out of the burrow to 50 feet (15 meters) or more during the night (Steve 
Ferrand, 2009, Nevada Biological Consulting, in litt.).  Tortoises shall not be blocked in burrows 
during extreme temperatures and construction sites shall be carefully inspected during these 
periods for tortoises aboveground.   

7.4.   Hot Temperatures 
Desert tortoises shall be treated in a manner to ensure that they do not overheat or exhibit signs 
of overheating, which include aggressive struggling by the desert tortoise, hot to the touch, 
frothing at the mouth, excessive salivation, or voiding its bladder.  Desert tortoises shall not be 
placed in a situation where they cannot maintain surface and core temperatures necessary to their 
well-being.  Desert tortoises shall be kept shaded at all times until it is safe to release them.  
Ground temperatures are much hotter than air temperatures thus never place a desert tortoise on 
unshaded ground.  Removal of the upper layer of hot substrate would expose a cooler layer 
below. 

 
No desert tortoise shall be captured, moved, transported, released, or purposefully caused to 
leave its burrow for whatever reason when the ground temperature is above 95 degrees F (35 
degrees C).  Temperature must be measured in the shade and protected from the wind at a 
height of 2 inches (5 centimeters) above the ground.  No desert tortoise shall be captured if 
ground temperature is anticipated to exceed 95 degrees F (35 degrees C) before handling and 
relocation can be completed.  If the ground temperature exceeds 95 degrees F (35 degrees C) 
during handling or processing, desert tortoises shall be kept shaded in an environment where 
the ambient air temperatures do not exceed 91 degrees F (32.7 degrees C) and ground 
temperature does not exceed 95 degrees F (35 degrees C).  The desert tortoise shall not be 
released until ground temperature at the release site declines to below 95 degrees F (35 degrees 
C). 
 
If a desert tortoise is found aboveground when these upper temperatures are exceeded and the 
desert tortoise must be moved from harm's way, place the desert tortoise in a clean, unused 
cardboard box or disinfected open plastic container, and keep it in a climate-controlled 
environment (e.g., air conditioned vehicle or building) until the ambient air and ground 
temperatures are below upper limits. 
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Hyperthermic Desert Tortoises 
 
Before touching a desert tortoise, implement procedures described in Section 7.6.  If an animal 
begins frothing at the mouth, it is probably nearing an upper lethal body temperature and 
immediate action is required:  a) capture, transport, and hold the desert tortoise in a climate-
controlled environment, or b) if a nearby climate-controlled environment is unavailable, place 
the desert tortoise in an unused or open disinfected plastic container in the shade and pour cool 
water over the shell to a depth that ensures the nares remain above the water level.  If no 
container is available, excavate a depression in a shaded area; place the desert tortoise in the 
depression and pour water over the shell.  Heat-stressed desert tortoises shall not be released 
until they resume normal behavior.  Monitor the desert tortoise after release until normal 
behavior resumes including sheltering. 

7.5.   Cold Temperatures 
If a desert tortoise is found aboveground during cold temperatures (i.e., ambient temperature less 
than 55 degrees F or 12.8 degrees C) and its burrow cannot be located nearby or will be 
destroyed, then capture the animal and implement the appropriate actions in Table 7.1.  Before 
touching a desert tortoise, implement procedures described in Section 7.6.  If relocating the 
desert tortoise to a natural burrow, ensure that the burrow is unoccupied; both a natural or 
artificial burrow must be of appropriate size within the average home range for that size and sex 
animal.  If the end of the burrow cannot be seen, the burrow must be examined with a fiber-optic 
scope to ensure that the burrow and all side channels are unoccupied by other desert tortoises.  
Placing a desert tortoise in a burrow occupied by another desert tortoise may promote disease 
transmission and aggressive behavior between the desert tortoises.  
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Table 7.1.  Actions to implement for desert tortoises in harm’s way or adjacent to project 
areas during cold temperatures.    
 
CIRCUMSTANCE ACTIONS 
 
 
Desert tortoise above ground: 

Find natural, 
unoccupied 
burrow; block 
tortoise inside 

Construct artificial 
burrow; block 
tortoise inside 

Construct pen 
around tortoise and 
burrow (Section 
6.9) 

Desert tortoise in harm’s way, not 
in burrow X X  

Desert tortoise and burrow in 
harm’s way X X  

Desert tortoise in harm’s way, 
nearby burrow not in harm’s way   X 

Desert tortoise adjacent to project, 
burrow in harm’s way X X  

Desert tortoise adjacent to project, 
no burrow X X  

Desert tortoise and burrow 
adjacent to project, not in harm’s 
way 

  X 

Desert tortoise in burrow:    
Desert tortoise in harm’s way X X  
Desert tortoise adjacent to project   X 
 

7.6.   Procedures to Avoid Transmission of Diseases or Parasites 
At all times, handle a desert tortoise as if it has  a contagious disease or parasites, and in such a 
way to avoid transmitting disease or parasites from one desert tortoise to another.  Much of the 
following information was developed by Berry and Christopher 2001.   

  
During handling each desert tortoise, wear a new pair of disposable latex or rubber gloves (i.e., 
one pair of gloves, per desert tortoise, per encounter).  If a glove is torn while handling a desert 
tortoise, which is likely when its toenail scrapes the glove, put on a new glove over the old one.  
Used gloves and disposable supplies (e.g., surveyors tape or flagging, etc.) must be placed in a 
plastic trash bag and disposed of offsite.  

  
All tools that contact desert tortoises shall be disinfected in accordance with procedures 
described in Section 7.6.2. 
 
7.6.1.   Disinfecting Clothing 
 
Do not allow a desert tortoise to contact clothing.  If it does, change clothes before handling 
another desert tortoise.  Contaminated clothes must be washed before worn again while handling 
desert tortoises.  Keep a change of clothes on-hand and change clothes, including shoes, before 
leaving the site for another geographical location (e.g., another valley or mountain range would 
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be considered a separate location).  As an alternative, wear disposable jumpsuits or gowns and 
disposable paper or plastic shoe covers.  Use disposable paper or plastic sheeting to place under 
the desert tortoise or on the lap of field workers; disposable baby changing sheets may prove 
useful. 
 
7.6.2.   Disinfecting Tools and Equipment 
 
All equipment and work surfaces after contact with each desert tortoise, any equipment (e.g., 
scales, calipers, ruler, etc.) that comes in contact with a desert tortoise, including poles used to 
probe burrows or tap desert tortoises from burrows (Medica et al. 1986), must be disinfected.  
Disinfecting solutions shall be either 0.175 percent sodium hypochlorite (bleach) (Wendland et 
al. 2009) or Nolvasan (prepared according to the manufacturer's instructions).  A 0.175 percent 
sodium hypochlorite bleach is a 1:10 dilution of 5 percent household bleach to water.  Before 
disinfecting, first remove any organic debris (e.g., dirt, feces, etc.) by rinsing the area with water 
or brushing off the area with paper towels or a scrub brush.  If using a bleach solution, the 
equipment and work surface shall be saturated with the solution and allowed to air dry.  If using 
a Nolvasan solution, the equipment and work surface shall be submersed in the solution (bath) 
for a minimum of 10 minutes before being used on another animal.  Equipment baths shall be 
changed regularly according to the label instructions.  Measures should be taken to avoid 
transmission of pathogens between burrows when using a fiber-optic scope which may include 
covering the scope with a disposable plastic cover. 
 
Between study sites, equipment, particularly buckets will be scrubbed using a dish soap and 
bleach solution.  After rinsing, the bleach solution will be sprayed on the equipment and allowed 
to air dry.  This will minimize the chance of cross-contamination between study sites. 

   
Only metal or plastic rulers may be used; never use a wooden ruler, which is too porous and 
cannot be properly disinfected.  If permitted to notch desert tortoises, files must be disinfected 
after each use.   

   
Thoroughly clean field vehicles inside and out at a car wash before moving to another 
geographical location. 

7.7.   Capturing Desert Tortoises 
When encountering a desert tortoise outside its burrow, approach the animal slowly (e.g., if the 
desert tortoise is 15 feet (4.5 meters) away, pace your approach with pauses to contact the desert 
tortoise in 30 seconds).  Put on a clean, unused pair of latex or rubber gloves and grasp the desert 
tortoise at its bridge (connection between the carapace and plastron) with both hands, holding it 
firmly with its plastron parallel to, and facing the ground.  Slowly lift the desert tortoise to your 
waist height and slowly and smoothly walk to where the desert tortoise will be placed (e.g., 
remove from harm’s way). 
 
If a desert tortoise is collected at or near sunset and intended to be released the same day, hold 
the desert tortoise overnight in a clean, unused cardboard box or open disinfected plastic 
container, and release it the next morning at or near the capture site.  Monitor the desert tortoise 
until it resumes normal behavior. 
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7.8.   Processing Desert Tortoises 
Before touching a desert tortoise, implement procedures described in Section 7.6.  A desert 
tortoise shall only be processed (i.e., weighed, measured, or sexed) if authorized in a biological 
opinion or permit.  An experienced biologist should be able to process a desert tortoise in 5 to 10 
minutes.  Do not process a desert tortoise if the ambient temperature exceeds 95 degrees F 
(35 degrees C) (Section 6.3 or 7.4.) or if there is a chance that a second desert tortoise could be 
in harm’s way and requires timely action while processing the first one.  

 
Inspect a desert tortoise and record data on size, sex, distinctive features, indications of health 
and disease (e.g., ectoparasites, shell lesions, signs of osteoporosis or osteomalacia, injuries, 
evidence of URTD, etc.).  Ensure that the desert tortoise is maintained in a horizontal position at 
all times. 
 
7.8.1.   Measuring and Sexing 
 
If authorized and required, measure the midline carapace length (MCL) of the desert tortoise 
from the nuchal to pygal scutes using calipers, which provide the most accurate measurement.  
Measurements should be taken in millimeters (mm).  Before touching a desert tortoise, 
implement procedures described in Section 7.6.   
 
The sex of desert tortoises less than 180 mm MCL cannot be accurately determined based on 
external characteristics.  Generally, the following male characteristics differentiate them from 
females:  a) concave plastron; b) longer, more curved gulars; c) larger, well-developed chin 
glands; d) longer, broader, more conical tail; and e) shorter, thicker toenails.  Pay particular 
attention to the gular projection and the shape of the plastron, which are the two best features for 
differentiating the sexes.  For very large desert tortoises, feel the concave (male) or flattened 
(female) plastron or see it by holding the desert tortoise at eye level without turning the desert 
tortoise on its back.  When in doubt, record all other information and mark "sex unknown" on the 
data sheet. 
 
7.8.2.   Weighing 
 
Handle desert tortoises carefully.  Mishandling may result in injury or cause the tortoise to void 
its bladder.   Before touching a desert tortoise, implement procedures described in Section 7.6.  If 
using a digital scale, immobilize the desert tortoise as described in Section 7.8.3.  If using a 
spring scale, place the desert tortoise inside a harness made of clean, unused cord that will avoid 
the spread of pathogens.  It will also minimize gross contamination to the desert tortoise and to 
field equipment from urination or defecation.  The harness shall consist of a double loop with 
one loop crossing the plastron posterior to the forelimbs and the other anterior to the hind limbs.  
As the Authorized Biologist slowly begins to raise the tortoise, the tortoise shall remain 
positioned horizontally and care shall be taken to ensure that the tortoise does slip out of the 
harness or fall. Using the harness allows the Authorized Biologist to observe any stressful 
behavior exhibited by the desert tortoise (e.g., flailing of legs) and act quickly to correct this 
situation.  Suspend the harness from the scale, ensuring the desert tortoise is securely and safely 
positioned, a few inches above sand or soil substrate.  Keep weighing time to a minimum; and 
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take every precaution to prevent the desert tortoise from falling or voiding.  Once the desert 
tortoise has been weighed, dispose of the harness.   
 
The following spring scale sizes are recommended:  a) 0 to 100 gram scale with a 1.0 gram 
precision for small desert tortoises; b) 1 kilogram scale with a 10 gram precision for moderate-
sized desert tortoises; and c) 5 kilogram scale with a 50 gram precision for large desert tortoises.  
It is best to use the smallest scale that will accommodate the weight of a desert tortoise. 
Occasionally a desert tortoise will weigh more than 5 kilograms; in this case you may use two 5-
kilogram scales simultaneously on the harness and add the weights.  Keep scales clean and 
calibrated.   

 
Experts recommend weighing a desert tortoise immediately after capture.  This provides a true 
weight.  Should the desert tortoise void its bladder, weigh it afterwards to determine how much 
fluid has been lost.  Another reason for weighing a desert tortoise is to determine if it is 
underweight for its size.  Low weight may be the result of disease, drought conditions, recent 
egg-laying, or other factors. 

7.8.3.   Restricting Mobility 
 
Using cylinders - Before touching a desert tortoise, implement procedures described in Section 
7.6.  A desert tortoise may be placed on the top of a cylindrical holding stand such as a coffee 
can or other large can to facilitate processing.  The stand should be large enough to support the 
desert tortoise and small enough to prevent any waving appendages from touching the stand, and 
tall enough to prevent desert tortoise from touching a solid surface below.  Given that desert 
tortoises come in all sizes, a range of stand sizes will be needed.  Note that coffee cans and other 
types of stands come in several sizes and can be "nested" in one another for ease of transport 
thereby accommodating different-sized desert tortoises.  Freedom to move its appendages may 
encourage a desert tortoise to extend its head, which allows observation of the eyes, nares, chin 
glands, and beak where most signs of URTD are observed.  The stand must be disinfected before 
using it with another desert tortoise, or place waterproof plastic on top of the stand prior to each 
use, then position the desert tortoise on top of the plastic, and discard the plastic afterwards. 
 
7.8.4.   Assessing Desert Tortoise Health 
 
A section 7 biological opinion or section 10 permit may require a health assessment for 
encountered desert tortoises.  Before initiating this assessment, contact the appropriate USFWS 
office to determine the information to be included in the health assessment.  This will determine 
the qualifications needed by the person conducting the health assessment.  You will need the 
approval of the person conducting the health assessment from the USFWS.  
7.8.5.   Marking Desert Tortoises 
 
You must contact the DTRO and appropriate State wildlife agency before marking desert 
tortoises.  Before touching a desert tortoise, implement procedures described in Section 7.6.  If 
authorized, first restrict movement of the desert tortoise (Section 7.8.3.).  Next, use a clean, 
disinfected toothbrush to remove dirt from the left fourth costal scute, where the desert tortoise 
will be marked.  If this scute is damaged, use the right fourth costal scute.  Next, place a small 
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dot (i.e., no larger than 1/4 inch (0.64 centimeter) in diameter) of correction fluid (i.e., white out) 
or acrylic paint on the scute.  The number is likely to last longer if placed on a rough, off-
centered surface where shell-wear is less common, which is one reason only the fourth costal 
scutes are used for marking.  Once the spot is dry, write the identifying mark on the spot using a 
waterproof, permanent black ink pen.  Some biologists recommend using a capillary type 
technical pen (e.g., fine-tip Sharpie).   

 
Allow the number to dry before applying 5-minute epoxy.  Mix the epoxy on a file card or piece 
of paper, then transfer the mixed epoxy to the dot on the shell using a toothpick, wooden coffee 
stirrer, or tongue depressor.  Wait several seconds until the epoxy starts to thicken but is still 
liquid enough to spread over the numbered spot with ease.  Cover the paint spot overlapping its 
edges just enough to seal the paint.  Never allow the epoxy to spill over onto the growth area, 
which occurs at the border between two scutes.  Anticipate this when applying the paint so 
there will be space for the epoxy to overlap the paint without entering the seams.  It may be 
helpful to cover the margins of the scute with ½-inch wide masking tape before applying the 
epoxy, to ensure that the epoxy does not touch the growth area, especially on smaller desert 
tortoises.  Record the identifying mark on the data sheet.  Dispose of used materials 
appropriately after use on each desert tortoise. 
 
7.8.6.   Photographing Desert Tortoises 
 
Before touching a desert tortoise for photographing, implement procedures described in Section 
7.6.  If permitted, photograph processed desert tortoises as follows:  a) dorsal view of the 
carapace; b) the numbered scute; and c) frontal view of the desert tortoise's face and forelegs.  
Photograph any recent or previously healed injuries or unusual anomalies.  Unless specifically 
required, do not photograph the plastron which would require unnecessary handling and risk to 
the tortoise.  It is important that each object fills 80 to 90 percent of the frame and that the object 
be clearly focused.  Digital photographs are preferred.  Two types of labels are recommended:  a) 
hold a small card adjacent to the desert tortoise so that the above information is clearly visible on 
the photograph without blocking the part of the desert tortoise being photographed; or, b) attach 
a 1/2 inch x 1/2 inch, adhesive label to the desert tortoise to allow for closer, more detailed 
photographs of the subject.  Dispose of label appropriately following use on each desert tortoise. 
 
Keep a log of the photographs in your field notes (e.g., "photo number 453, carapace of desert 
tortoise 4").  You must be familiar with the features of the camera.  Label photographs with the 
following information:  date, biologist's name, project name, desert tortoise number, UTM or 
lat/long, county, and state. 
  
Supplies and equipment: 
 
  3 inch x 5 inch file cards (for identifying photographs) 

½ inch x ½ inch labels or other stickers (to attach to desert tortoise to identify  
photograph) 

  Camera 
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7.9.   Desert Tortoise Urination and Hydration 
Desert tortoises may void their bladder:  1) when first encountered, picked up, or carried; 2) the 
longer you handle them; and (3) during drought conditions, which is also when water availability 
is at its lowest.  Since desert tortoises store water in their bladders, any loss of this fluid may 
result in death (Averill-Murray 2002).  Discourage bladder voiding by gently and slowly moving 
the desert tortoise.  If the tortoise does void, record on the data sheet the quantity, color, and 
viscosity of the urine.  If the desert tortoise has already been weighed, weigh it again to estimate 
the amount of lost fluid.  Avoid all unnecessary actions that may result in stress to the animal.   

   
If the desert tortoise urinates, it should be rehydrated.  To rehydrate, soak the desert tortoise at 
the release location in a tub with a clean unused plastic disposable liner for a minimum of 10 to 
20 minutes in a quiet protected area.  Water level shall not be higher than the lower jaw of the 
animal; the water temperature should be tepid.  Desert tortoises must be soaked individually.  
Weigh the desert tortoise before and after placing in water.  Even if desert tortoises do not drink, 
they can absorb water through their cloaca.  Weighing the desert tortoise before and after placing 
it in water will determine if the tortoise took in water (James Jarchow, veterinarian, pers. 
comm.).  

   
On warm days, transport the desert tortoise in the shade.  Remember to roll up your sleeves and 
wear protective clothing to avoid transmitting disease or parasites to other desert tortoises that 
may come in contact with your clothing.  When handling is complete, remove and properly 
dispose of your gloves and protective clothing.  

7.10.   Moving and Releasing Desert Tortoises 
In this Manual, relocating desert tortoises is defined as moving them from harm’s way but 
allowing them to remain within their home ranges.  To relocate, move the desert tortoise the 
distance directed in the permit or biological opinion once the desert tortoise has been processed.  
The minimum distance from the edge of the project footprint that a desert tortoise can be 
relocated will be determined by its age and sex (different home range sizes), the presence or 
absence of desert tortoise-proof fencing around the perimeter of the project footprint, and the 
duration of the project activity.  Desert tortoises may attempt to return to their point of capture.  
A desert tortoise should not be placed on private land without the written permission of the 
landowner. 

 
In this Manual, translocating desert tortoises is defined as moving them from harm’s way to a 
location outside their home range (e.g., more than 1,000 feet (305 meters)).  Translocating 
tortoises should only occur when authorized by the permitting agencies and in accordance with 
an approved, project-specific translocation plan.  Translocation not only affects the desert 
tortoise being moved but also may impact resident desert tortoises in the translocation area.  The 
effectiveness of translocation of desert tortoises as a conservation or recovery tool has not been 
proven.  Until its effectiveness is determined, it should be implemented only on an experimental 
basis and in close coordination with the USFWS and State wildlife agency.    

  
For temperature considerations, refer to Section 7.3.  To discourage urination or if the tortoise 
voided during handling, refer to Section 7.9. 
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After processing is completed, release the desert tortoise as soon as possible while considering 
its well-being.  Desert tortoises shall be released individually and not in groups.  The biological 
opinion or permit may require that desert tortoises be removed from the project site and placed in 
the shade of a shrub, in a natural unoccupied burrow, or in an artificial burrow.  Desert tortoises 
shall be released at a safe location as near to the point of capture as possible.  If a desert tortoise 
is found aboveground, release it aboveground if environmental conditions are suitable (Sections 
7.4 and 7.5), or hold it until conditions are suitable, then release it.  When releasing the desert 
tortoise, slowly lower the animal to the ground, release it, and slowly walk away.  Following 
release, monitor the desert tortoise until it exhibits and maintains normal behavior.  Further, we 
recommend that desert tortoises not be put into existing burrows to avoid exposing the desert 
tortoise to diseases. 

 
If a desert tortoise and its burrow are not in harm’s way but adjacent to project activities, as an 
alternative to moving, construct a temporary restraining pen around the desert tortoise and its 
burrow to protect it during project activities (See Section 6.9.). 
7.10.1.  Temporarily Holding Desert Tortoises 
 
There may be a situation where a desert tortoise needs to be removed from the field, held 
overnight or longer, and then released at its point of capture.  While held, each desert tortoise 
shall remain in a clean, unused or disinfected container that is covered or closed.  Newspaper 
placed in the bottom will absorb any urine that is voided.  The box shall be ventilated in such a 
way that a desert tortoise's leg or head cannot be caught in the ventilation hole.  Never put more 
than one desert tortoise in a container, and avoid placing anything in a container occupied by a 
tortoise that previously came in contact with another tortoise without following disinfection 
procedures (Section 7.6.).   
 
7.10.2.  Transporting by Vehicle 
 
Do not allow desert tortoises to roam freely in the vehicle.  Do not transport desert tortoises in 
shopping or grocery bags or other containers less sturdy than a new cardboard box.  Discard the 
box immediately after use to ensure that it is not used for another desert tortoise. 

   
Never place desert tortoises over the catalytic converter or other area in a vehicle that becomes 
hot.  Pad truck beds or floorboards and travel at speeds that minimize vibrations or shifting of the 
box.  Never leave a desert tortoise unattended in a vehicle.  During summer months, transport 
desert tortoises in an air-conditioned vehicle, placing them in a covered, unused cardboard box 
while maintaining the vehicle interior temperature between 75 degrees F and 80 degrees F (23.9 
degrees C and 26.7 degrees C).  If a desert tortoise is captured during the winter, maintain the 
desert tortoise at its current body temperature, which will be less stressful to it than much 
warmer temperatures, and may allow it to remain in a physiological state of brumation.  When 
transporting an adult female desert tortoise, assume it may be gravid (i.e., April through July) 
and take special care to avoid jolting and jostling to ensure that the eggs are not ruptured which 
may result in her death from egg yolk peritonitis. 
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7.11.   Injured or Dead Desert Tortoises 
If an injured desert tortoise is encountered that may have been the result of project activities, 
follow the instructions of the biological opinion/permit, which typically requires immediate 
transport to a qualified veterinarian.  Contact the USFWS and appropriate State wildlife agency. 
Document the injury with photographs and a written description of the injury; circumstances and 
probable cause; and recommendations to avoid future injuries.  Submit this information to the 
USFWS and other appropriate agencies. 

   
If a dying or dead desert tortoise is encountered, you may not salvage or collect it unless 
authorized to so under a biological opinion, section 10 permit, or under 50 Code of Federal 
Regulations 17.31. 
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CHAPTER 8.  DESERT TORTOISE EXCLUSION FENCE 

RECOMMENDED SPECIFICATIONS FOR  
DESERT TORTOISE EXCLUSION FENCING 

These specifications were developed to standardize fence materials and construction procedures 
to confine tortoises or exclude them from harmful situations, primarily roads and highways.  
Prior to commencing any field work, all field workers should comply with all stipulations and 
measures developed by the jurisdictional land manager and the U.S. Fish and Wildlife Service 
for conducting such activities in desert tortoise habitat, which will include, at a minimum, 
completing a desert tortoise education program. 

Fence Construction 
Materials 

Fences should be constructed with durable materials (i.e., 16 gauge or heavier) suitable to resist 
desert environments, alkaline and acidic soils, wind, and erosion.  Fence material should consist 
of 1-inch horizontal by 2-inch vertical, galvanized welded wire, 36 inches in width.  Other 
materials include:  Hog rings, steel T-posts, and smooth or barbed livestock wire.  Hog rings 
should be used to attach the fence material to existing strand fence.  Steel T-posts (5 to 6-foot) 
are used for new fence construction.  If fence is constructed within the range of bighorn sheep,  

6-foot T-posts should be used (see New Fence Construction below).  Standard smooth livestock 
wire fencing should be used for new fence construction, on which tortoise-proof fencing would 
be attached. 

Retrofitting Existing Livestock Fence 

Option 1 (see enclosed drawing).  Fence material should be buried a minimum of 12 inches 
below the ground surface, leaving 22-24 inches above ground.  A trench should be dug or a cut 
made with a blade on heavy equipment to allow 12 inches of fence to be buried below the natural 
level of the ground.  The top end of the tortoise fence should be secured to the livestock wire 
with hog rings at 12 to 18-inch intervals.  Distances between T-posts should not exceed 10 feet, 
unless the tortoise fence is being attached to an existing right-of-way fence that has larger 
interspaces between posts.  The fence must be perpendicular to the ground surface, or slightly 
angled away from the road, towards the side encountered by tortoises.  After the fence has been 
installed and secured to the top wire and T-posts, excavated soil will be replaced and compacted 
to minimize soil erosion.  

Option 2 (see enclosed drawing).  In situations where burying the fence is not practical because 
of rocky or undigable substrate, the fence material should be bent at a 90Ε angle to produce a 
lower section approximately 14 inches wide which will be placed parallel to, and in direct 
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contact with, the ground surface; the remaining 22-inch wide upper section should be placed 
vertically against the existing fence, perpendicular to the ground and attached to the existing 
fence with hog rings at 12 to18-inch intervals.  The lower section in contact with the ground 
should be placed within the enclosure in the direction of potential tortoise encounters and level 
with the ground surface.  Soil and cobble (approximately 2 to 4 inches in diameter; can use larger 
rocks where soil is shallow) should be placed on top of the lower section of fence material on the 
ground covering it with up to 4 inches of material, leaving a minimum of 18 inches of open 
space between the cobble surface and the top of the tortoise-proof fence.  Care should be taken to 
ensure that the fence material parallel to the ground surface is adequately covered and is flush 
with the ground surface.  

New Fence Construction 

Options 1 or 2 should be followed except in areas that require special construction and 
engineering such as wash-out sections (see below).  T-posts should be driven approximately  

24 inches below the ground surface spaced approximately 10 feet apart.  Livestock wire should 
be stretched between the T-posts, 18 to 24 inches above the ground to match the top edge of the 
fence material; desert tortoise-proof fencing should be attached to this wire with hog rings placed 
at 12 to 18-inch intervals.  Smooth (barb-less) livestock wire should be used except where 
grazing occurs. 

If fence is constructed within the range of bighorn sheep, two smooth-strand wires are required at 
the top of the T-post, approximately 4 inches apart, to make the wire(s) more visible to sheep. A 
20 to 24-inch gap must exist between the top of the fence material and the lowest smooth-strand 
wire at the top of the T-post.  The lower of the top two smooth-strand wires must be at least 43 
inches above the ground surface.   

(72-inch T-posts:  24 inches below ground + 18 inches of tortoise fence above ground + 20 to 
24-inch gap to lower top wire + 4 inches to upper top wire = 66 to 70 inches).  

Inspection of Desert Tortoise Barriers 
The risk level for a desert tortoise encountering a breach in the fence is greatest in the spring and 
fall, particularly around the time of precipitation including the period during which precipitation 
occurs and at least several days afterward.  All desert tortoise fences and cattleguards should be 
inspected on a regular basis sufficient to maintain an effective barrier to tortoise movement.  
Inspections should be documented in writing and include any observations of entrapped animals; 
repairs needed including bent T-posts, leaning or non-perpendicular fencing, cuts, breaks, and 
gaps; cattleguards without escape paths for tortoises or needed maintenance; tortoises and 
tortoise burrows including carcasses; and recommendations for supplies and equipment needed 
to complete repairs and maintenance.  
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All fence and cattleguard inventories should be inspected at least twice per year. However, 
during the first 2 to 3 years all inspections will be conducted quarterly at a minimum, to identify 
and document breaches, and problem areas such as wash-outs, vandalism, and cattleguards that 
fill-in with soil or gravel.  GPS coordinates and mileages from existing highway markers should 
be recorded in order to pinpoint problem locations and build a database of problem locations that 
may require more frequent checking.  Following 2 to 3 years of initial inspection, subsequent 
inspections should focus on known problem areas which will be inspected more frequently than 
twice per year.  In addition to semi-annual inspections, problem areas prone to wash-outs should 
be inspected following precipitation that produces potentially fence-damaging water flow.  A 
database of problem areas will be established whereby checking fences in such areas can be done 
efficiently.  

Repair and Maintenance of Desert Tortoise Barriers 
Repairs of fence wash-outs:  (1) realign the fence out of the wash if possible to avoid the 
problem area, or (2) re-construct tortoise-proof fencing using techniques that will ensure that an 
effective desert tortoise barrier is established that will not require frequent repairs and 
maintenance. 

Gaps and breaks will require either:  (a) repairs to the existing fence in place, with similar 
diameter and composition of original material, (b) replacement of the damaged section to the 
nearest T-post, with new fence material that original fence standards, (c) burying fence, and/or 
(d) restoring zero ground clearance by filling in gaps or holes under the fence and replacing 
cobble over fence constructed under Option 2.  Tortoise-proof fencing should be constructed and 
maintained at cattleguards to ensure that a desert tortoise barrier exists at all times.   

All fence damage should be repaired in a timely manner to ensure that tortoises do not travel 
through damaged sections.  Similarly, cattleguards will be cleaned out of deposited material 
underneath them in a timely manner.  In addition to periodic inspections, debris should be 
removed that accumulates along the fence.  All cattleguards that serve as tortoise barriers should 
be installed and maintained to ensure that any tortoise that falls underneath has a path of escape 
without crossing the intended barrier.   
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5-YEAR REVIEW 
Mojave Desert Tortoise/Gopherus agassizii 

 
GENERAL INFORMATION 
 
Species: Mojave desert tortoise  
 
Original Listing 
Federal Register (FR) Notice:  45 FR 55654 
Date of Final Listing Rule:  August 20, 1980 
Entity Listed:  Beaver Dam Slope population of the desert tortoise in Utah 
Classification:  Threatened with Critical Habitat 
 
Revised Listing 
FR Notice:  54 FR 32326 
Date Listed:  August 4, 1989 
Entity Listed:  Mojave population of desert tortoise 
Classification:  Emergency listing as endangered 

 
No emergency action was taken under this rule to reclassify the Beaver Dam Slope 
subpopulation in Utah as endangered because it was already protected under the Act (Service 
1980: 45 FR 55654). 

 
Revised Listing 
FR Notice:  55 FR 12178 
Date Listed:  April 2, 1990 
Entity Listed:  Mojave population of desert tortoise 
Classification:  Threatened 
 
Associated Rulemakings: 
Similarity of appearance 
FR Notice:  55 FR 12178 
Date Listed:  April 2, 1990 
Entity Listed:  Sonoran population of desert tortoise found outside its natural range in Arizona 
(south and east of the Colorado River) and Mexico 
Classification:  Threatened 
 
Proposed determination of Critical Habitat 
FR Notice: 58 FR 45748 
Date:  August 30, 1993 
 
Determination of Critical Habitat 
FR Notice: 59 FR 5820 
Date: August 8, 1994 
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Critical Habitat was designated on over 6,000,000 acres in portions of the Mojave and Colorado 
deserts. The Colorado Desert is a subdivision of the Sonoran Desert and is located in California 
west of the Colorado River. This designation includes primarily Federal lands in southwestern 
Utah, northwestern Arizona, southern Nevada, and southern California. 
 
Methodology used to complete the review 
This review was prepared by the Desert Tortoise Recovery Office and coordinated with field 
offices within Regions 8, 2, and 6. We used information from the 2010 5-year review (Service 
2010a), 2011 Recovery Plan (Service 2011a), and survey information and research results from 
published literature by experts who have been monitoring and studying various aspects of this 
species. We received three letters in response to our FR notice initiating this 5-year review (from 
one individual and three non-governmental organizations). These sources together with personal 
communications with experts were our primary sources of information used to update the 
species’ status and threats. This 5-year review contains updated information on the species’ 
biology and threats and an assessment of that information compared to that known at the time of 
publication of the revised recovery plan in 2011.  
 
Contact Information 

 
Lead Regional Office:  Bjorn Erickson, Regional Recovery Coordinator, Region 8, 
California and Nevada; (916) 414-6741. 

 
Lead Field Office:  Roy Averill-Murray, Desert Tortoise Recovery Coordinator, Desert 
Tortoise Recovery Office, Southern Nevada Field Office; (775) 861-6300. 

 
Cooperating Field Offices: 
 
Brian Croft, Fish and Wildlife Biologist, Palm Springs Fish and Wildlife Office; (760) 
322-2070  
 
Brian Wooldridge, Fish and Wildlife Biologist, Flagstaff Ecological Services Sub-office, 
Arizona Ecological Services Field Office; (928) 556-2106 
 
Garrett Sisson, Fish and Wildlife Biologist, Utah Ecological Services Field Office; (801) 
975-3330 

 
Cooperating Regional Offices:  
 
Angela Anders, Recovery Coordinator, Southwest Region, Region 2; (505) 248-6664. 
 
Craig Hansen, Recovery Coordinator, Mountain-Prairie Region, Region 6; (303) 236-
7905. 
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REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy 
We concluded in the 2010 5-year review that the currently listed Mojave population of the desert 
tortoise was a valid distinct population segment under the 1996 DPS policy, but individual 
subunits of the Mojave DPS do not qualify as distinct population segments (Service 2010a). In 
summary, habitat occupied by the Mojave DPS is relatively continuously distributed, and genetic 
differentiation within the DPS is consistent with isolation-by-distance in a continuous-
distribution model of gene flow. In addition, observed variation in behavioral and physiological 
characteristics across the DPS was likely related to environmental gradations between the 
described subdivisions of the Mojave and Colorado deserts. In 2010 we concluded that these 
factors disqualified subunits of the Mojave DPS under the discreteness criterion of the policy. 
 
Since the revised recovery plan was published, the Mojave DPS was taxonomically elevated to 
species status as Gopherus agassizii, and most tortoises east of the Colorado River are now 
recognized by the scientific community as G. morafkai (Murphy et al. 2011). However, the 
Colorado River has been a porous genetic barrier through time for multiple species, including 
desert tortoises (Dolby et al. 2019). To date, nine local populations that include G. agassizii or 
hybrids with G. morafkai have been genetically identified east of the Colorado River in Arizona 
(Fig. 1; McLuckie et al. 1999; Edwards et al. 2015; Dolby 2020). Herein, we keep with historical 
common usage by referring to G. agassizii as the Mojave Desert Tortoise and G. morafkai as the 
Sonoran Desert Tortoise. We formally recognized G. morafkai taxonomically in 2012 (77 FR 
69997), and we recommend that the listing status of G. agassizii under the Act also be evaluated 
relative to its current taxonomy and distribution. Further consideration of DPSs within a 
taxonomically revised listed entity could be made at that time. 
 
Recovery Criteria 
Recovery Objective 1 (Demography) 
Maintain self-sustaining populations of desert tortoises within each recovery unit into the future. 
 

Recovery Criterion 1. Rates of population change (λ) for desert tortoises are increasing 
(i.e., λ > 1) over at least 25 years (a single tortoise generation), as measured a) by 
extensive, range-wide monitoring across tortoise conservation areas within each recovery 
unit, and b) by direct monitoring and estimation of vital rates (recruitment, survival) from 
demographic study areas within each recovery unit. 
 

Recovery Objective 2 (Distribution) 
Maintain well-distributed populations of desert tortoises throughout each recovery unit.  
 

Recovery Criterion 2. Distribution of desert tortoises throughout each tortoise 
conservation area is increasing over at least 25 years (i.e., ψ [occupancy] > 0).  
 

Recovery Objective 3 (Habitat) 
Ensure that habitat within each recovery unit is protected and managed to support long-term 
viability of desert tortoise populations. 
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Figure 1. Genetic samples collected from desert tortoises east of the Colorado River (Edwards et 
al. 2015; Dolby 2020). Bold numbers indicate sample sizes at each site. EB = East Bajada 
monitoring plot; HF = Hualapai Foothills plot; BUCK = Buck Mountains plot. Recovery units in 
inset not labeled in main map: 1 = Upper Virgin River; 3 = Western Mojave. 
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Recovery Criterion 3. The quantity of desert tortoise habitat within each desert tortoise 
conservation area is maintained with no net loss until tortoise population viability is 
ensured. When parameters relating habitat quality to tortoise populations are defined and 
a mechanism to track these parameters established, the condition of desert tortoise habitat 
should also be demonstrably improving. 

 
Recovery Plan: U.S. Fish and Wildlife Service. 2011. Revised recovery plan for the Mojave 
population of the desert tortoise (Gopherus agassizii). U.S. Fish and Wildlife Service, Pacific 
Southwest Region, Sacramento, California. 222 pp. 
 
Desert tortoise populations and habitat have not been monitored long enough for recovery 
criteria to have been met. However, declining trends in tortoise density (Recovery Criterion 1) 
need to be reversed in most areas (see below). 
 
Updated Information and Current Species Status  
This section summarizes new information since the last status review and the revised recovery 
plan (Service 2010a; Service 2011a). This does not constitute a comprehensive literature review 
of the great deal of research that has been published on desert tortoises since 2011, but provides 
on overview of substantial new information that pertains directly to the species’ status. A 
bibliography of literature published since 2011, organized by research recommendations in the 
revised recovery plan, is provided in Appendix A. 
 
Biology and Habitat 
Genetics 
Genomic analysis indicates that G. agassizii populations east of the Colorado River are not 
genetically diverged from populations west of the Colorado, but the known eastern populations 
are relatively small and isolated (Dolby 2020). Two additional studies published more detailed 
genetic analyses of Mojave Desert Tortoises since 2011. Shaffer et al. (2017) found evidence of 
genetic differentiation between tortoise populations in a northern group that corresponds with the 
Eastern Mojave Recovery Unit and recovery units to the north and a southern group that 
corresponds with the Western Mojave and Colorado Desert recovery units. This division is 
consistent with previous mitochondrial and nuclear genetic analyses (Lamb et al. 1989; Murphy 
et al. 2007; Hagerty and Tracy 2010). Also consistent with past studies, relatedness between 
tortoises was predicted by geographic distance both within and between the major north/south 
groups, but the divergence of populations between the two major groups was greater than the 
divergence at comparable distances within each group (Shaffer et al. 2017). Shaffer et al. also 
found secondary differentiation that separates populations between the Western Mojave and 
Colorado Desert recovery units. Sánchez-Ramírez et al. (2018) found the same differentiation as 
above, additional minor differentiation within the Western Mojave Recovery Unit, and levels of 
admixture between populations consistent with isolation by distance. 
 
Spatial Distribution 
Our knowledge of the precise distribution of tortoises in the Upper Virgin River Recovery Unit 
outside the Red Cliffs Desert Reserve is limited, but we continue to work with our partners to 
acquire distribution information throughout Washington County, Utah. For example, a 
population assessment of the desert tortoise in the recovery unit applied analytical units that 
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recognized the extent of contiguous potential habitat beyond the recovery units drawn in 2011 
and which extends from Utah into Arizona (Fig. 2; Service 2021a). 
 

 
Figure 2. Boundary of the Upper Virgin River Recovery Unit relative to contiguous modeled 
habitat across the Utah-Arizona state line and population analytical units (Service 2021a). The 
black-and-white gradient lines around the periphery of the range indicate the potential for 
tortoises to be found outside mapped recovery unit boundaries, in which case those tortoises 
naturally would be assigned to the adjacent recovery unit. 
 
 
Desert tortoise observations south of Palm Springs, California, and into Anza Borrego Desert 
State Park (ABDSP) have long been considered to be from captive releases (Luckenbach 1976, 
1982). Recent records include at least five localities from the vicinity of the Philip L. Boyd Deep 
Canyon Desert Research Center on the northeastern flank of the Santa Rosa Mountains to central 
ABDSP, and observations of juvenile tortoises indicate that these populations are naturally 
reproducing (Fig. 3; Manning 2018; Puffer et al. 2018). Genetic analysis of samples collected in 
2018 found that all sampled tortoises are G. agassizii, but resolution of source populations to 
determine whether the tortoises originate from near to or distant from ABDSP is ongoing 
(Manning 2018). Nevertheless, this information extends the distribution of reproducing Mojave 
Desert Tortoises greater than 60 km south of Palm Springs and beyond the southern edge of the 
Colorado Desert Recovery Unit boundary depicted in the recovery plan (Service 2011a). 
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Figure 3. The Colorado Desert Recovery Unit relative to Mojave Desert Tortoise localities from 
the northern flank of the Santa Rosa Mountains through Anza Borrego Desert State Park. The 
black-and-white gradient lines around the periphery of the range indicate the potential for 
tortoises to be found outside mapped recovery unit boundaries, in which case those tortoises 
naturally would be assigned to the adjacent recovery unit. 
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Documented populations of Mojave Desert Tortoises east of the Colorado River in Arizona 
occur as far north as the vicinity of Temple Bar on Lake Mead National Recreation Area (Fig. 1). 
Additional populations, some including hybrids with Sonoran Desert Tortoises, encircle the 
western, southern, and eastern flanks of the Black Mountains west of Kingman; south at least to 
the Buck Mountains; and east to the western foothills of the Hualapai Mountains (Fig. 1). A 
single individual genetically diagnosed as a hybrid was found among four sampled individuals 
(the other three were G. morafkai) on the U.S. Army Yuma Proving Ground (Fig. 1). A single 
Mojave Desert Tortoise also was documented near a Sonoran Desert Tortoise near Wickieup, 
Arizona (the farthest east point in Fig. 1); the genotype of this tortoise suggests it is closely 
related to those tortoises found in the Black Mountains, particularly on their eastern bajada 
(Dolby 2020). We suspect that this tortoise was illegally translocated by people given its 
proximity to both Interstate 40 and Highway 93. 
 
Abundance, Density, and Population Viability 
With several exceptions, populations monitored within Tortoise Conservation Areas (TCAs; 
Service 2011a) continued to decline between 2004 and 2014 (Allison and McLuckie 2018). 
Populations declined on average in every TCA except those in the Northeastern Mojave 
Recovery Unit and in Joshua Tree and Piute Valley in the Colorado Desert Recovery Unit (Table 
1). Extrapolating densities across modeled habitat in all the recovery units, the total number of 
adult tortoises declined by an estimated 124,050 (37%) during that time period (Table 1). Mean 
density of adult tortoises in 11 of the 17 TCAs was below 3.9/km2, which is thought to be this 
species’ minimum viable density (Table 1; Service 1994a). Updated trend analysis scheduled 
following the 2020 field season was postponed due to cancellation of field work and collection 
of necessary data in much of the range as a result of the COVID-19 pandemic. In the meantime 
and as expected, some annual density estimates in TCAs since 2014 have been higher and some 
lower than projected from past trends (McLuckie et al. 2018; Service 2016, 2018a, 2019, 2020a). 
An upcoming analysis of trends (with at least three more years of annual data in each TCA) is 
expected to refine our current working understanding of trends in each TCA and recovery unit 
but not to substantively change patterns described in the previous analysis because population 
growth in this long-lived species will be slow (Service 1994a). 
 
Spatial population viability analysis using data from 12 capture-recapture plots in Nevada, 
Arizona, and Utah found negative population growth and higher probabilities of local extinction 
in the vicinity and north of Eldorado Valley between 1977 and 2003 (Harju 2019). This regional 
negative trend has continued since 2004 (Table 1). Unfortunately, data that would allow a more 
comprehensive spatial analysis including California have not been made available, but recent 
analyses of local or regional populations in California show that population levels and trends can 
vary markedly within TCAs and over time. For example, following declines in the 1990s, 
tortoise density within the Desert Tortoise Research Natural Area (DTRNA) on the northwestern 
edge of Fremont-Kramer had increased to roughly 2.5 times densities outside the DTRNA by 
2012 (Berry et al. 2020). This difference was associated with a greater degree of protection 
inside the DTRNA than in adjacent critical habitat and private lands (Berry et al. 2014). 
Meanwhile, estimated tortoise numbers declined by over 75% on a 2.59-km2 plot within Joshua 
Tree National Park between 1996 and 2012, largely as a result of reduced survival from 1997 to 
2002 that was concurrent with persistent drought (Lovich et al. 2014). Increases in annual 
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survival of tortoises on the plot following 2002 coincide with increasing trends in average 
density across the park between 2004 and 2014 (Table 1). 
 
 
Table 1. Annual trends in adult (≥180 mm midline carapace length) tortoise density (km-2) within 
each recovery unit and monitored Tortoise Conservation Area (TCA) and estimated changes in 
total adult tortoise abundance within each recovery unit between 2004 and 2014 (Allison and 
McLuckie 2018). Superscripts in TCA names represent label codes used in Figure 8. 

Recovery Unit 
TCA 

Annual 
Trend 

Modeled 
Habitat 
(km2) 

2004 
Abundance 

2014 
Abundance  

Change in 
Abundance, 
2004–2014 

Mean 
Density in 
2014 from 

Trend 
Western Mojave RU –7.1% 23,139 131,540 64,871 –66,668  

Fremont-KramerFK –6.8%   6,196  2.6 
Ord-RodmanOR –8.2%   3,064  3.6 

Superior-CroneseSC –9.3%   7,398  2.4 
Colorado Desert RU –4.5% 18,024 103,675 66,097 –37,578  

Chocolate MountainAG –3.3%   5,146  2.8 
ChuckwallaCK –4.1%   9,304  3.3 

ChemehueviCM –10.8%   10,469  2.8 
FennerFE –7.3%   8,517  4.8 

Joshua TreeJT 6.2%   4,319  3.7 
Pinto MountainsPT –8.3%   1,241  2.4 

Piute ValleyPV 4.4%   4,874  5.3 
Eastern Mojave RU –11.2% 16,061 75,342 24,664 –50,679  

Eldorado ValleyEV –9.2%   1,543  1.5 
IvanpahIV –7.4%   5,578  2.3 

Northeastern Mojave RU 13.1% 10,664 12,610 46,701 34,091  
Beaver Dam SlopeBD 22.2%   18,220  6.2 

Coyote Springs ValleyCS 10.2%   3,801  4.0 
Gold Butte-PakoonGB 14.4%   4,278  2.7 

Mormon MesaMM 8.2%   5,432  6.4 
Upper Virgin River RU –3.2% 613 13,226 10,010 –3,216  
Red Cliffs Desert ReserveRC –3.2%   1,760  15.3 
Total  68,501 336,393 212,343 –124,050  

 
 
Most Mojave Desert Tortoise populations east of the Colorado River have not been monitored 
extensively. However, a 1-mi2 mark-recapture plot on the eastern bajada of the Black Mountains 
(EB) was surveyed six times between 1990 and 2017, and a similar plot in the foothills of the 
Hualapai Mountains (HF) was surveyed five times between 1991 and 2016. Most genotyped 
tortoises at EB were identified as G. agassizii with some hybrids, while genotyped tortoises at 
HF were a mix of hybrids and G. morafkai (Fig. 1; Edwards et al. 2015; Dolby 2020).  
 
The average adult survival rate through 2007 at EB and HF were among the lowest (0.87 and 
0.89, respectively) across 15 plots in Arizona, the rest of which are populated by Sonoran Desert 
Tortoises (Zylstra et al. 2013). The period of lowest survival coincided with extreme drought, 
and cumulative survival of adult tortoises during the drought period (0.30 and 0.34 at EB and 
HF, respectively) indicated that abundance of adults was reduced by over 50% during that time 
(Zylstra et al. 2013). Estimated abundance at EB dropped from about 60–70 adult tortoises 
during the 1990s to 9 adults in 2002 (Woodman et al. 2008); since then, abundance has increased 
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to ~35 adults (Rubke and O’Donnell 2019). Abundance at HF in 2005 (estimated 12 adults) had 
dropped from estimates of greater than 30 adult tortoises in the 1990s (Woodman et al. 2006) 
before increasing back to ~25 adults in 2016 (Rubke et al. 2017). The most recent density 
estimates were 10.3 adults/km2 and 7.3 adults/km2 at EB and HF, respectively (Rubke et al. 
2017; Rubke and O’Donnell 2019). These densities are substantially greater than mean 2014 
densities in the adjacent TCAs to the west (Eldorado, Fenner, Chemehuevi; Table 1), although 
densities on the plots are not necessarily representative of broader, regional densities because the 
plots were selected largely due to the relative ease of finding tortoises (Averill-Murray 2000). 
 
Another 1-mi2 mark-recapture plot in the Buck Mountains was surveyed in 2002, 2005, and 2010 
(EcoPlan Associates 2011). Most genotyped tortoises on this plot were identified as hybrids with 
some G. agassizii (Fig. 1; Edwards et al. 2015; Dolby 2020). Fewer tortoises occupy this plot 
than EB or HF, and abundance appears to have declined between each survey, from 21 to 17 to 
13 adult tortoises, respectively; the estimates are imprecise, so interpretations of a trend from 
these three data points should be made with caution (EcoPlan Associates 2011). 
 
Threats Analysis 
The 2010 status review noted that the approach of focusing on individual threats may not have 
produced expected gains toward desert tortoise recovery because multiple threats act 
simultaneously to suppress tortoise populations at any given location within the species’ range. 
The 2011 revised recovery plan emphasized expanding the understanding of multiple and 
combined effects of threats on tortoise populations. A model of these inter-relationships was 
developed as the basis of a spatial decision support system to help prioritize implementation of 
management actions that would provide the greatest benefit to recovery (Darst et al. 2013).  
 
The decision support system produced rankings of threats that affect—and recovery actions that 
would benefit—each TCA across the range (Service 2014a, b, c). Individual threats vary widely 
among each of the TCAs, which is apparent in the number of threats that rank within the top five 
within one or more TCAs despite having an average rank in the bottom half of threats across all 
TCAs (Fig. 4). However, the types of recovery actions that would have the greatest effect in 
reducing or eliminating the cumulative risk from threats across the desert tortoise’s range fall 
within a relatively narrow set (Fig. 5). As a result, the Desert Tortoise Management Oversight 
Group (MOG) endorsed the top five range-wide recovery actions (i.e., restore habitat, education, 
decrease human subsidies, targeted predator control, and installing barrier fencing along 
highways) as the highest priorities for implementation (Lohoefener 2015). The MOG 
subsequently added fire management planning and implementation to their list of priorities given 
its preventative relationship with the need for habitat restoration (Souza 2017). 
 
The condition of most threats is similar to that described in the previous status review, but the 
spatial decision support system provided a better understanding of the relative importance of 
threats and recovery actions to desert tortoise populations. The following review describes 
substantive new information since 2011 relative to changes in threats, conservation measures, 
and regulatory mechanisms that pertain to the five listing factors outlined in section 4(a)(1) of 
the Act. Each section begins with the extracted summary of threats from the previous status 
review for reference. 
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Figure 4. Mean rank plus one standard deviation of threats to desert tortoise populations (left) and the frequency that each threat appears in the top-five ranking (right) across 28 
Tortoise Conservation Areas (TCAs), as modeled in the desert tortoise spatial decision support system (from Service 2014a, b, c).  
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Figure 5. Frequency that each recovery action type appears in the top-five ranking across 28 Tortoise Conservation Areas (TCAs), as modeled in the desert tortoise spatial decision 
support system (from Service 2014a, b, c). 
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Factor A: Present or Threatened Destruction, Modification, or Curtailment of Habitat or Range  
Summary from Service (2010a): Since the time of listing, many threats associated with Factor 
A continue to impact the desert tortoise. In particular, human populations, paved and unpaved 
roads, non-native invasive plants and the associated threat of wildfire, and prospective energy 
development (especially renewable energy development and associated utility corridors) have 
increased. These threats result in continued habitat loss, population fragmentation, nutritional 
compromise, soil erosion, and indirect impacts associated with increased human presence, 
including illegal dumping, human-subsidies for predators, and introduction of toxins. Since the 
time of listing, off-highway vehicle areas and trails have been formally designated, but 
unauthorized use continues to be a significant source of habitat degradation. Many grazing 
allotments within Critical Habitat have been retired; however large areas are also still grazed. 
 
Range-wide, the absolute amount of desert tortoise habitat lost (north and west of the Colorado 
River) decreased from 93,071 acres lost in the six years prior to publication of the revised 
recovery plan (2005–2010) to 70,671 acres lost in the six years following publication of the 
revised recovery plan (2012–2017; calculated from data from Eichenwald et al. [2020] who 
estimated habitat loss from LandSat imagery by sudden changes in the trend of the normalized 
difference vegetation index [NDVI] at image pixels over time). Only three of the top 12 ranked 
threats within TCAs are directly related to Factor A (Fig. 4; Service 2014a, b, c). However, the 
cumulative importance of habitat-related threats is demonstrated by the fact that most recovery 
action types that are ranked in the top five in any TCA directly address habitat (Fig. 5). In 
addition, threats under this factor remain important because large expanses of high-quality 
habitat are necessary to provide resilience to populations as they fluctuate due to threats under 
the other listing factors, such as variability in precipitation patterns; localized declines attributed 
to drought, disease, or predation events; or stochastic population dynamics (Averill-Murray et al. 
2021). As habitat is lost and fragmented, habitat patches become smaller, patch populations (e.g., 
clusters of tortoises) have fewer tortoises and become more disjunct, extinction probabilities 
within patches increase, and the number of occupied patches decreases (Fahrig 2002; 
Ovaskainen et al. 2002). 
 
Of particular note since the completion of the previous 5-year review, large areas of desert 
tortoise habitat have been developed or approved for development for utility-scale solar energy. 
These developments are located outside of TCAs, but in aggregate they would result in 
development of approximately 74,000 acres of desert tortoise habitat (Table 2; Fig. 6). In fact, 
solar energy development is the second-ranked threat in the Boulder City Conservation 
Easement, and it is the top threat outside of TCAs within the Northeast Mojave Recovery 
Implementation Team’s Southeastern Nevada Workgroup area (Service 2014b). Solar 
development has increased dramatically within the Northeastern Mojave Recovery Unit in the 
last three years (Fig. 6). To minimize the impacts of such developments, construction of projects 
in Nevada increasingly have allowed native vegetation to regrow and desert tortoises to reoccupy 
the sites (approximately 13,000 acres), although the success of this approach in maintaining 
functional habitat remains to be determined. 
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Table 2. List of solar projects and impacted acreage that have received biological opinions 
or incidental take permits, 2010–2021. Asterisks indicate projects allowing vegetation to 
regrow and desert tortoises to reoccupy the sites. 

Recovery Unit 
Project Habitat (acres) Citation 

Eastern Mojave   
Ivanpah Solar Electric Generating System 3,582 Service 2011b 

Stateline 1,685 Service 2013a 
Silver State North 685 Service 2010b 
Silver State South  2,427 Service 2013a 
Nevada Solar One  400 Burroughs 2012 

Copper Mountain North  1,400 Burroughs 2012  
Copper Mountain  380 Burroughs 2012 

Townsite  885 Service 2014d 
Techren Boulder City  2,200 Service 2012b 

Valley Electric Association* 80 Service 2015a 
Canyon Mesa* 123 Service 2019b 

Yellow Pine  4,285 Service 2020b 
Subtotal 18,132  
Western Mojave   

Mojave 0a Service 2011c 
Cinco 500 Service 2015b 

Soda Mountain 1,726 Service 2015c 
High Desert 547 Service 2019c 

Subtotal 2,773  
Northeastern Mojave   

Res Americas Moapa Solar Energy Center  951 Service 2014e 
Moapa K Road  2,141 Service 2012c 

Playa 1,538 Service 2015d 
Invenergy Harry Allen 594 Service 2015d 

NV Energy Dry Lake Solar Energy Center 751 Service 2015d 
NV Energy Dry Lake Solar Energy Center at Harry Allen 55 Service 2015d 

Aiya 672 Service 2015e 
Mountainview 146 Wise 2018 

Gemini*65% 7,113 Service 2019d 
Eagle Shadow Mountain* 2,285 Service 2019e 

Arrow Canyon Solar Project* 2,124 Service 2020c 
Southern Bighorn Solar 1 Project* 2,642 Service 2021b 
Southern Bighorn Solar 2 Project* 1,025 Service 2021c  

Subtotal 22,037  
Colorado Desert   

Genesis 1,774 Service 2010c 
Blythe 6,958 Service 2010d 

Desert Sunlight 4,004 Service 2011d 
McCoy 4,533 Service 2013b 

Desert Harvest 1,300 Service 2013c 
Rice 1,368 Service 2011e 

Palen 3,140 Service 2018b 
Desert Quartzite 2,831 Service 2019f 

IP Athos 3,440 Service 2019g 
Crimson 2,201 Service 2020d 

Subtotal 31,549  
Grand Total 74,491  

aPrimarily in abandoned agricultural fields 
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Figure 6. Acreage for solar projects within each recovery unit that have received biological 
opinions or incidental take permits, 2010–2021. 
 
 
The Desert Renewable Energy and Conversation Plan (DRECP) Land Use Plan Amendment to 
the California Desert Conservation Act Plan of 1980 resulted in the designation of approximately 
388,000 acres of development focus areas where the Bureau of Land Management would apply a 
streamlined review process to applications for projects that generate renewable energy; the 
Bureau estimated that approximately 11,290 acres of modeled desert tortoise habitat within the 
development focus areas would eventually be developed for renewable energy (U.S. Bureau of 
Land Management 2016). The Bureau also adopted numerous conservation and management 
actions as part of the plan amendment. Chief among these was the establishment of new limits on 
ground-disturbance activities (past, present, and future) of 0.1–1.0% relative to total Bureau of 
Land Management lands within TCAs and mapped linkages between TCAs. In addition, all 
activities, except transmission, that will result in the long-term removal of habitat supporting 
more than five tortoises at least 160 mm carapace length per square mile, or more than 35 
individuals in total, are prohibited; the upper limit is five total individuals for projects within 
TCAs or mapped population linkages. The number of desert tortoises on a site will be based on 
estimates derived from the protocol surveys described previously using the USFWS’s pre-
activity survey protocol. The land-use plan amendment also increased the amount of land that the 
Bureau manages for conservation in California (e.g., areas of critical environmental concern, 
California Desert National Conservation Lands, etc.) from 6,118,135 to 8,689,669 acres, 
although not all of the areas subject to increased protection are within desert tortoise habitat 
(U.S. Bureau of Land Management 2016a). The Bureau will also manage lands outside of 
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development focus areas according to numerous conservation and management actions that are 
more protective of desert tortoises than direction contained in the previous land use plan.  
 
Additional military training-land expansions have also occurred or have been approved. The 
Department of the Army (Army) expanded training onto 18,197 acres of designated critical 
habitat on the southern area of Fort Irwin that had previously been off-limits to training, thus 
requiring the translocation of approximately 650 adult desert tortoises (Service 2012a). To help 
offset the effects of this habitat loss, the Army acquired approximately 100,000 acres of non-
federal land within the Superior-Cronese Critical Habitat Unit for conservation management of 
desert tortoises. It also purchased the base property of three cattle allotments on which the 
Bureau subsequently re-allotted the forage to wildlife. The Army also funded several other 
activities aimed at conserving desert tortoises in the Western Mojave Recovery Unit. In addition, 
the Army plans to expand activities onto and displace tortoises from up to 62,045 acres of its 
western training area in the near future, which is designated critical habitat and currently off-
limits to training. 
 
The Department of the Navy (Navy) expanded training for the Marine Corps Air Ground Combat 
Center (MCAGCC) at Twentynine Palms into approximately 167,982 acres of public and private 
land, which required translocating approximately 1,000 adult tortoises (Service 2017). Most of 
the expansion area lies within the Johnson Valley Off-highway Vehicle Recreation Area. To help 
offset the effects of habitat loss, the Navy committed to funding several activities aimed at 
conserving desert tortoises, particularly within the Ord-Rodman Critical Habitat Unit into which 
many tortoises from the expansion area were translocated. These measures include establishment 
of special use areas on MCAGCC with limited surface-disturbing military activities, increased 
law enforcement in the Ord-Rodman Critical Habitat Unit, predator monitoring and targeted 
control within translocation sites, rehabilitation of closed routes, and installation of off-highway-
vehicle barriers and desert tortoise exclusion fencing, among other activities. 
 
The 26,509-acre Cuddeback Range expansion area on the Naval Air Weapons Station at China 
Lake includes approximately 2,777 acres of tortoise habitat. The Cuddeback Range lies within 
the Superior-Cronese Critical Habitat Unit, but all of the disturbance would occur in a previously 
disturbed area that the U.S. Air Force historically used as a target zone. The Navy will include 
the entire Cuddeback Range in its Integrated Natural Resource Management Plan and construct a 
perimeter fence around the range to prevent trespass by the public. These actions will provide 
conservation benefits for plants, fish, and wildlife within the area, including the desert tortoise. 
Because the Navy will not disturb most of the area, it did not translocate any desert tortoises as 
part of this action (Service 2019h). 
 
Invasive grass-fueled wildfires remain a concern across much of the tortoise’s range. For 
example, the Meadow Valley Fire burned approximately 23,500 acres of desert tortoise habitat 
(none in designated critical habitat) in the Bureau of Land Management’s Caliente Field Office 
jurisdiction in July 2020. Most of this overlapped habitat that burned in 2005, further 
complicating recovery of that area, and about 800 acres of previously unburned habitat were 
affected by the new fire (A. Delcalzo, personal communication, 2021). In addition, multiple fires 
burned over 11,000 acres and killed at least 25 tortoises in the Red Cliffs Desert Reserve (Upper 
Virgin River Recovery Unit) in July 2020 (McLuckie et al. 2021). These fires represent 
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approximately 20% of the Upper Virgin River Critical Habitat Unit. About 1/3 of the area had 
been previously unburned (McLuckie et al. 2021 [from oral presentation]). In California, the 
August 2020 Dome Fire in Mojave National Preserve burned 43,273 acres of peripheral (higher 
elevation) tortoise habitat (National Park Service 2020). All of these fires were fueled at least in 
part by invasive annual Bromus grasses. While the distribution of Bromus rubens is expected to 
increase under a warming climate, drier winters may weaken the Bromus-fire cycle (Bradley et 
al. 2016). 
 
In addition to the well-publicized trespass grazing that continues in the Gold Butte-Pakoon TCA, 
livestock grazing continues to be authorized in the Grand Canyon-Parashant National 
Monument, Arizona; Beaver Dam Wash National Conservation Area, Utah; Mojave National 
Preserve, California; and other TCAs across the range, including Bureau of Land Management-
managed lands outside of the national monuments in Arizona, California, and Utah (e.g., U.S. 
Bureau of Land Management 2008, 2016b, 2019a; U.S. Bureau of Land Management and 
National Park Service 2008). East of the Colorado River, livestock grazing occurs in tortoise 
habitat managed by both the Bureau of Land Management and the Arizona State Land 
Department. Additionally, invasive grass-fueled wildfires are a concern in this area, similar to 
the rest of the tortoise’s range. Threat simulations for tortoises in the Gold Butte-Pakoon area 
indicated that the combined effect of legal and illegal livestock grazing and feral burro 
disturbances caused the more severe declines in tortoise abundance relative to human presence, 
subsidized predators, and wildfire (Tuma et al. 2016).  
 
A new threat is the recent and rapid increase in illegal cannabis farms in the Mojave Desert, 
primarily since 2016 in southern California (Cosgrove and Sahagún 2021). For example, San 
Bernardino sheriff’s deputies recently documented 860 illegal farms in that county alone. Many 
of these occur within or adjacent to designated critical habitat. Bulldozers typically scrape the 
vegetation and topsoil into berms to prepare the sites for greenhouses, and water is often stolen 
from agricultural wells, aqueducts, or hydrants for irrigation. The problem has become so severe 
that the California Department of Fish and Wildlife recently solicited grant proposals for cleanup 
and remediation of environmental damage in watersheds affected by illicit cannabis cultivation on 
government lands (California Department of Fish and Wildlife 2021). 
 
Overall, desert tortoises do not coexist well with human development and disturbances; tortoises 
are essentially absent from habitat within 1 km of areas with greater than 10% development 
(including urban development, cultivated agriculture, energy development, surface mines and 
quarries, pipelines and transmission lines, and roads and railroads; Carter et al. 2020). Across 
both sides of the Colorado River, only 5% of modeled Mojave Desert Tortoise habitat had levels 
of development exceeding this threshold (Carter et al. 2020), so space does not appear to be a 
limiting factor to tortoise recovery. Parsing these data by recovery unit shows that at least 39% 
of tortoise habitat in each recovery unit has almost no development within 1 km (Table 3; Fig. 
7). The Upper Virgin River Recovery Unit has the highest proportion of developed tortoise 
habitat with 14% of habitat occurring within 1 km of lands that have been developed more than 
10% (Table 3; Fig. 7), and habitat affected by development is only likely to increase further with 
ongoing urban growth in Washington County.  
 
Specific to roads, all tortoise populations declined in TCAs with route densities (paved and 
unpaved) above 0.75 km/km2, although there was much variation in tortoise population trends at 
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lower route densities (Fig. 8). Potential construction of approximately 6.9 km of multi-lane 
highway near the southern boundary of the Red Cliffs Desert Reserve (U.S. Bureau of Land 
Management 2021) is an example of development that would encroach on quality tortoise habitat 
if constructed. Managing development and habitat disturbances is primarily important relative to 
maintaining connectivity of inter-connected blocks of tortoise habitat (Averill-Murray et al. 
2021), while improving tortoise survival and recruitment requires managing the threats that 
affect tortoise mortality and the quality of habitat within those blocks. We note that the national 
roads database used in the analyses mentioned here lacks the accuracy of smaller-scaled local 
datasets, especially under-representing unauthorized, unpaved routes (Carr et al. 2017). 
However, unpaved routes typically pose problems of mitigating habitat degradation rather than 
absolute habitat loss, although some degree of absolute habitat loss ultimately will be associated 
with the expansion of the Spangler, El Mirage, and Johnson Valley off-highway vehicle (OHV) 
recreation areas under the 2019 John D. Dingell, Jr. Conservation, Management, and Recreation 
Act as OHV use and trails increase in those areas. 
 
 
Table 3. Proportion of Mojave Desert Tortoise habitat with <1% or >10% human development 
within 1 km. Proportions are given for each recovery unit overall, within protected areas1, and 
within habitat outside the protected areas (Unprotected) as calculated from the development 
index of Carter et al. (2020). 

Recovery Unit 
<1% 

(within 
overall 
unit) 

>10% 
(within 
overall 
unit) 

<1% 
(within 

protected 
areas1) 

>10% 
(within 

protected 
areas1) 

<1% 
(within 

unprotected 
areas) 

>10% 
(within 

unprotected 
areas) 

Upper Virgin River 0.39 0.14 0.45 0.07 0.38 0.15 
Northeastern Mojave 0.66 0.05 0.79 0.00 0.57 0.09 
Eastern Mojave 0.58 0.05 0.74 0.00 0.45 0.09 
Western Mojave 0.47 0.05 0.81 0.01 0.39 0.07 
Colorado Desert 0.65 0.04 0.74 0.01 0.54 0.09 
Mohave County, AZ2 0.58 0.04 0.84 0.01 0.51 0.05 

1Includes wilderness areas, national parks, national monuments, and national conservation areas designated as GAP 
Analysis Project status 1 and 2 protected areas (U.S. Geological Survey 2020). 
2Includes habitat for both Mojave Desert Tortoises and Sonoran Desert Tortoises south and east of the Colorado 
River (i.e., outside the current range listed under the Act). 
 
 
Counter to the threats documented above, President Obama designated the 1.6 million-acre 
Mojave Trails National Monument in 2016 (Obama 2016). Much of the monument includes 
designated wilderness or other lands managed for conservation (e.g., parts of the Fenner and 
Chemehuevi critical habitat units), but it also includes almost 267,000 acres of lands that had 
previously been acquired by The Wildlands Conservancy and donated to the Bureau of Land 
Management (The Wildlands Conservancy 2021). The monument also adds a layer of protection 
to much of the modeled tortoise habitat linkage between the Superior-Cronese and Ord-Rodman 
critical habitat units in the Western Mojave Recovery Unit and the Mojave National Preserve in 
the Eastern Mojave Recovery Unit (cf. Averill-Murray et al. 2013).  
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Figure 7. Frequency distribution of development levels for Mojave Desert Tortoise habitat within 
each recovery unit and Mohave County as calculated from the development index of Carter et al. 
(2020). UVR = Upper Virgin River, NEM = Northeastern Mojave Desert, EM = Eastern Mojave 
Desert, WM = Western Mojave Desert, CD = Colorado Desert, MC = Mohave County, Arizona 
(including habitat modeled for both Mojave Desert Tortoises and Sonoran Desert Tortoises south 
and east of the Colorado River). 
 

 
Figure 8. Population trends of Mojave Desert Tortoises plotted against density of paved and 
unpaved roads within Tortoise Conservation Areas. Codes are given in Table 1. 
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Much work also is ongoing to address the MOG’s priorities related to habitat restoration and 
reduction of roadkill via installation of tortoise barrier fencing along highways. Numerous 
habitat restoration projects by State and federal agencies, local governments, and non-
governmental organizations are in progress or planned in every recovery unit. These projects 
address threats including invasive plants, fire potential, unpaved roads, and surface disturbance, 
although the range-wide scale of the threats still outweighs the cumulative scope of the current 
projects. Through 2011 approximately 1,660 km of highway roadside (including both sides of 
roads for those fenced on each side) had tortoise exclusion fencing installed to prevent road 
mortalities. Unfortunately, only approximately 43 km of roadside have been fenced in the decade 
since 2011. Almost 500 km of roadside have been identified as priorities for fencing based on 
our current understanding of road-effect zone area, relative habitat potential, and locations of 
extant populations (Holcomb 2019). Finally, the Department of Defense and Department of the 
Interior recently initiated a Recovery and Sustainment Partnership (DOD and DOI 2018). In this 
partnership, DOD and DOI developed an action plan for the Mojave Desert Tortoise with the 
goal to implement actions that would accelerate recovery of the tortoise while reducing the 
regulatory burden on DOD installations (DOD and DOI 2019). An implementation plan is in 
development which focuses on identifying ways to accelerate habitat restoration, fencing 
conservation areas and roadways, and addressing unauthorized routes in the Western Mojave 
Desert Recovery Unit. 
 
Factor B: Overutilization for Commercial, Recreational, Scientific, or Educational Purposes 
Summary from Service (2010a): Little quantitative evidence regarding collection and deliberate 
maiming and killing of desert tortoise by humans has been obtained since time of listing, and the 
relative significance of this threat remains unknown. 
 
Little new information on threats under Factor B has become available since the most recent 
status review. However, the potential for negative impacts to desert tortoise populations on either 
side of the Colorado River exists from collection and deliberate maiming/killing as a result of 
human access, vehicles on paved/unpaved roads, and non-motorized recreation (Fig. 4; 
Grandmaison and Frary 2012). Various research activities are permitted for purposes of 
enhancing the recovery and conservation of the desert tortoise. These activities provide valuable 
information that can be used to recover and improve management of the desert tortoise, resulting 
in few cases of unintentional injury or mortality based on past experience and the protective 
measures imposed upon all permittees (Service 2013d). 
 
Factor C: Disease or Predation 
Summary from Service (2010a): The available evidence indicates that upper respiratory tract 
disease is probably the most important infectious disease for desert tortoises, and external 
factors, such as environmental contaminants and drought, may increase susceptibility. However, 
additional research is needed to clarify the role of disease in desert tortoise population dynamics 
relative to other threats. Ravens and coyotes have dramatically increased in the desert southwest 
over the past 25 years due to anthropogenic subsidization and have been commonly implicated 
in tortoise predation. Instances of isolated, very intense predation suggest predation comes to 
the forefront as a management concern, especially where landscapes have been altered and 
intensive human use occurs or in times of extreme drought. The population-level effects of these 
or other predators, however, are unknown. 
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Disease was the third-ranked threat across TCAs (Fig. 4), and much has been published since 
2011 (Appendix). The most common pathogen (Mycoplasma agassizii) and cause of upper 
respiratory tract disease (URTD) has been found in populations across the desert tortoise’s range 
north and west of the Colorado River (Sandmeier et al. 2013; Weitzman et al. 2017). Less 
sampling of Mojave Desert Tortoises east of the Colorado River has been done, but visual signs 
of URTD have been rare on the EB, HF, and Buck Mountains plots, although one tortoise at HF 
had antibodies to M. agassizii in 2005 (EcoPlan Associates 2011; Rubke et al. 2017; Rubke and 
O’Donnell 2019). The host-disease relationship is complex: high transmission rates usually 
require extensive contact between tortoises over multiple days (Aiello et al. 2016); responses to 
infection and infection patterns over time can be highly variable, including recurrence of disease 
from subclinical infections (Sandmeier et al. 2017; Aiello et al. 2018); and multiple factors may 
contribute to outbreaks of URTD include environmental stress, human impacts, exposure to 
heavy metals and other toxicants, and the escape or release of captive tortoises (Jacobson et al. 
2014). Collectively, current research suggests that direct disease management of wild tortoise 
populations is less important (other than in translocations of tortoises between populations) than 
managing factors that affect their habitat and its capacity to support healthy tortoises (i.e., under 
Factor A). For example, Bromus rubens negatively affects health and survival of juvenile desert 
tortoises (Drake et al. 2016). 
 
Since 2011, badgers have emerged as a predator that can exert severe effects at the local level 
(Embledge et al. 2015). Also, a study of coyote diets suggested that tortoises are 
opportunistically consumed consistently at low levels over time and under variable 
environmental conditions (Cypher et al. 2018). Population impacts may be higher near human 
settlements where coyotes are subsidized by human food items, however (Esque et al. 2010; 
Cypher et al. 2018). The proportion of predator (coyote, kit fox, raven, dog, red-tailed hawk) 
scats containing tortoise DNA suggests that tortoises could be consumed at higher rates than 
previously estimated through morphological analysis of scat (Boarman and Kristan 2018). As 
mentioned under Factor A, habitat fragmentation can exacerbate local declines caused by 
elevated predation because as tortoise populations become more disjunct, extinction probabilities 
within patches increase due to the lack of immigration from adjacent populations (Averill-
Murray et al. 2021). Meanwhile, scientists continue to attribute predation by tremendously 
inflated raven populations, subsidized by human food and water sources, to unsustainable 
pressure on tortoise recruitment (Holcomb et al. accepted), and raven control recently has been 
expanded within designated critical habitat in California to focus on broad-scale removal of 
ravens. New tools also are now being applied to address this threat, including oiling raven eggs 
to prevent hatching and applying demographic models to guide efforts in reducing raven 
numbers (Shields et al. 2019; Hanley et al. accepted; Holcomb et al. accepted). Predation has 
not been a substantial mortality factor for tortoises at the HF or Buck Mountains plots (EcoPlan 
Associates 2011; Rubke et al. 2017). Evidence of attacks by free-roaming dogs or other canids at 
EB were common during the 1990s, but such predation has been less apparent since at least 2007 
(Woodman et al. 2008; Rubke and O’Donnell 2019). 
 
Factor D: Inadequacy of Existing Regulatory Mechanisms 
Summary from Service (2010a): There are Federal and State regulatory mechanisms which 
provide discretionary protections for the desert tortoise based on current management direction, 
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but with the exception of the California Fish and Game Code, none guarantee protection absent 
the Endangered Species Act. While many land use plans completed since time of listing include 
language specific to protection of the tortoise, land management agencies frequently do not have 
sufficient funding to enforce their land use regulations, and personnel are often spread across 
vast landscapes with multiple resource responsibilities. 
 
In October 2020, the California Fish and Game Commission designated the Mojave Desert 
Tortoise a candidate species for Endangered status under the California Endangered Species Act 
in response to a petition to uplist the species from Threatened status. A final decision on the 
listing status was expected by 21 October 2021 (California Fish and Game Commission 2020). 
However, an uplisted status designation will not carry any additional regulatory protections 
under the California Endangered Species Act (L. Patterson, personal communication, 2021). 
 
As noted under Factor A, the DRECP in California established more restrictive caps and other 
limitations on new surface disturbance on public lands within TCAs and desert tortoise linkages. 
However, the summary from the previous status review remains generally applicable today, 
including for populations east of the Colorado River. Law enforcement has an average ranking of 
7.1 among 27 recovery action types across TCAs (calculated from Service 2014a, b, c). The 
shortage in law enforcement is exemplified by a number of examples: 

• Difficulties in improving compliance with off-highway-vehicle travel have led to 24,518 
km of ground transportation linear features in the western Mojave planning area, which is 
greater than 2.5 times the 9,651 km currently designated as open/limited (U.S. Bureau of 
Land Management 2019a, b). 

• Unauthorized and unregulated development is occurring in occupied tortoise habitat on 
private lands in northwest Mohave County, Arizona (Service 2019i). 

• The Bureau of Land Management has been unable to remove trespass cattle from the 
Gold Butte National Monument and adjacent areas for over two decades, leading to the 
well-publicized armed stand-off during an attempted roundup in April 2014. 

• Authorities have warned the public to avoid all the illegal cannabis farms across the 
Mojave Desert because resources are insufficient to deal with them (Cosgrove and 
Sahagún 2021). Illegal cannabis farms have already led to the cessation of raven 
monitoring and management efforts in the Fremont-Kramer Critical Habitat Unit in 2021, 
with the likelihood that tortoise monitoring in the same unit scheduled for 2022 will be 
cancelled due to safety concerns for field workers. 

 
Factor E: Other Natural or Manmade Factors Affecting its Continued Existence 
Summary from Service (2010a): Captive releases continue to have the potential to introduce 
disease and genetic contamination into wild populations of desert tortoises, although the 
magnitude of such releases and their effects on tortoise populations remains unknown. Since the 
time of listing, it has become apparent that the combined effects of global climate change (i.e., 
increased ambient temperatures and altered precipitation patterns) and drought may become 
significant factors in the long-term persistence of the species. Little is known regarding direct 
effects of climate change on the desert tortoise and its habitat, although increased drought will 
likely affect desert tortoises, directly through habitat loss and indirectly through decreased 
availability/quality of food and increased predation and possibly disease. Little information is 
available on the actual or relative impacts of other potential threats documented under Factor E. 
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Three of the top 10-ranked threats are associated with Factor E, specifically climate change (Fig. 
4). The climate in the southwestern U.S. from 2000 through 2021 was the driest 22-year period 
in over 1200 years and is predicted to continue through 2022 and likely beyond (Williams et al. 
2022). Questions remain about the effect of increased temperatures on hatchling sex ratios and 
about the effect of decreased precipitation or increased drought frequency on tortoise egg 
production and survival of all age classes (Service 2010a, 2011). Research suggests that desert 
tortoises will produce and lay eggs earlier in a warming climate (Lovich et al. 2012), which 
could lead to increased annual egg production by providing more time for females to lay 
additional clutches in a year (Wallis et al. 1999). Shifts in egg production and nesting still might 
not compensate for changes in the environment depending on factors such as the time nests 
spend above the critical thermal maximum temperature for eggs and whether the availability of 
forage necessary to provide the nutrients for egg production synchronizes with shifts in tortoise 
activity (Lovich et al. 2017). In addition, declining reproductive output across much of the 
Mojave desert tortoise’s range, as estimated between 1990 and 2018, could have a negative 
population-level effect, especially if precipitation is significantly reduced across the species’ 
range as predicted under some climate models (Mitchell et al. 2021). Effects of any reduction in 
reproductive output will be compounded by the failure to reduce human-subsidized predation 
pressure on juvenile tortoises, especially by ravens. 
 
Several local-level models projected substantial reductions in and movement upslope of suitable 
desert tortoise habitat under the anticipated effects of climate change. For example, at moderate 
predictions of climate change (+2°C maximum July temperature, –50 mm annual precipitation), 
modeled desert tortoise habitat at Joshua Tree National Park shrank by nearly 66% in the Mojave 
Desert portion and nearly 88% in the Sonoran Desert portion of the park (Barrows 2011). 
Similarly, projections of 1°C to 3°C warmer maximum July temperatures resulted in modeled 
habitat reductions of 24% and 55%, respectively, in the vicinity of MCAGCC (Barrows et al. 
2016). Likewise, models of the region surrounding Lake Mead National Recreation Area using a 
similar range of climate projections as those above predicted habitat reductions of up to 77% 
(Barrows and Murphy 2011). Much of the predicted habitat east of the Colorado River shifted 
upslope away from LMNRA onto adjacent BLM lands under the warmer and drier scenarios 
(Barrows and Murphy 2011).  
 
Currently, two projects are investigating implications of climate change across the Mojave desert 
tortoise’s range. One is investigating how both land use and climate change will impact tortoise 
gene flow and corridor functionality using present and future habitat models (Heaton 2020). The 
second began with the premise that reliance on standard habitat models for performing climate 
vulnerability assessments may overestimate the risk from climate change because such 
assessments place more focus on the nature and magnitude of exposure to change than species’ 
adaptive capacity to change; this project is using data collected across the broadest possible 
range of environmental conditions to estimate tortoise population growth rates as a function of 
inter-correlated vital rates, body condition, and spatiotemporally varying environmental 
conditions and then to assess metapopulation viability under multiple plausible future scenarios 
(Shoemaker 2020). Both projects are scheduled to be completed in mid-2022. 
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Synthesis 
Allison and McLuckie (2018): The negative population trends in most of the TCAs for Mojave 
Desert Tortoises indicate that this species is on the path to extinction under current conditions. 
This may reflect inadequate recovery action implementation, slow response by tortoises and 
their habitat to implemented actions, or new and ongoing human activities in the desert that have 
not been mitigated appropriately. It may also be a result of stochastic or directional climatic 
events that impact large expanses of tortoise habitat (e.g., drought, fire, climate change) and are 
largely beyond the realm of local land management activities. Our results are a call to action to 
remove ongoing threats to tortoises from TCAs, and possibly to contemplate the role of human 
activities outside TCAs and their impact on tortoise populations inside them.  
 
As documented by Allison and McLuckie (2018), the status of the Mojave Desert Tortoise had 
not improved by 2014 and most threats to the species persist at or above 2010–2011 levels. 
These conditions portend further status deterioration in the absence of concerted efforts by land 
managers to meaningfully reduce predator subsidies, vehicle-caused tortoise mortalities, and 
invasive annual plants in important tortoise habitats. The magnitude of population trends and 
status of current threats led the International Union for the Conservation of Nature and Natural 
Resources to reclassify the species as Critically Endangered under their unique Red List criteria 
(Berry et al. 2021).  
 
Despite being in a more precarious overall situation than at the time of publication of the revised 
recovery plan, recognition of G. agassizii populations east of the Colorado River makes the 
range of the species slightly larger than the currently listed entity, and the total range-wide 
population consisted of hundreds of thousands of individuals (all size classes) at last estimation. 
In addition, the MOG has taken steps to prioritize and implement actions that would be most 
effective at facilitating recovery across the range. Although sufficient time has not yet passed to 
see substantial population improvements of a species with such a slow life history, we expect 
those efforts to result in positive impacts over time. Those efforts, combined with the total 
estimated population size, and increasing population trends in parts of the range, suggest that the 
species is not in imminent danger of extinction in the foreseeable future, so we do not 
recommend a change in status under the Endangered Species Act at this time. An updated 
analysis of population trends is in preparation, and new models of the effects of land use and 
climate change on the Mojave Desert Tortoise will also soon be available for a more informed 
status recommendation in the next five-year review. Basing an updated status recommendation 
on upcoming models of future scenarios and trends will also allow an assessment of progress of 
large-scale conservation initiatives such as more concerted raven monitoring and management 
and the Recovery and Sustainment Partnership between the Department of Defense and 
Department of Interior. 
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RESULTS 
 
Recommended Classification: No change is needed 
 
Recovery Priority Number: 11C (no change) 
 

Brief Rationale: The RPN is based on a) ongoing population declines and threats; b) a 
low potential for recovery, based on current uncertainties about various threats and our ability to 
manage them; c) listed at species level; and d) potential conflict with development or other forms 
of economic activity. 
 
 
RECOMMENDATIONS FOR FUTURE ACTIONS 
In light of declining trends across much of the Mojave Desert Tortoise’s range and the status of 
threats across the range, the highest-priority actions over the next five years are listed below. 
Recommended actions in the 2011 recovery plan are identified by recovery action number.  
 
1. Most importantly, the top recovery actions endorsed by the Desert Tortoise MOG require 

more aggressive implementation (Fig. 5). 
a. Habitat restoration (Recovery Action 2.6): Define habitat status and desired conditions 

relative to desert tortoise fitness (5.1 and 5.2, in part) and target restoration or protection 
efforts to meet those conditions. Habitat restoration should address invasive weeds, 
native forage plants, and recovery of unpaved roads and routes. 

b. Minimize excessive predation on tortoises by decreasing predator access to human 
subsidies and with targeted predator control (2.14). Demographic models should guide 
efforts to reduce raven abundance and predation rates on tortoises via tools such as oiling 
raven eggs to prevent hatching as well as efforts to remove targeted numbers of breeding 
and non-breeding adults in areas that exceed 0.89 ravens/km2 or other thresholds derived 
from updated modeling. All active raven nests within approximately 1–2 km, depending 
on local raven density, of TCAs should be oiled or removed. 

c. Install and maintain tortoise barrier fencing (2.5, in part) along priority stretches of 
highways (see Holcomb 2019). 

d. Fire management planning and implementation (2.1, in part): Fire prevention and 
management should be pursued throughout the Mojave and Colorado deserts to contain 
the grass-fire cycle. Minimizing the size and intensity of fires will ease subsequent 
restoration efforts, even in previously burned areas. Identifying and mapping priority 
areas and developing a fire plan for habitat protection, fire-crew access, and the use of 
natural or created fuel breaks could help limit response time and fire spread. 

e. Environmental education (2.3): Coordinated, consistent messaging should increase 
awareness on how targeted user groups, such as off-highway-vehicle enthusiasts, and the 
general public can recreate responsibly to minimize their impacts on desert tortoise 
populations and should include subjects such as adoption programs for captive tortoises, 
the importance of discouraging unauthorized breeding of desert tortoises in captivity, and 
the illegality of releasing captive tortoises into wildlands. 
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2. Maintain landscape connectivity and the resilience of TCAs (2.11) via actions described by 
Averill-Murray et al. (2021). 
a. Manage all desert tortoise habitat for persistence and connectivity. For example, 

managing the entire remaining matrix of desert tortoise habitat outside TCAs for 
permeability may be better than delineating fixed corridors between TCAs. 

b. Limit landscape-level disturbance across habitat managed for the desert tortoise (2.1) by 
extending surface-disturbance caps similar to those enacted by the DRECP in California 
to the rest of the Mojave Desert Tortoise’s range. 

c. In addition to minimizing mortality from roads as per 1.c, above, maximize passage 
under roads, e.g., by filling eroded drop-offs or by modifying erosion-control features 
such as rip-rap at culvert entrances to make them safer and more passable for tortoises. 

d. Adapt management based on information from research (5.5) on i) the effects of climate 
change on desert tortoise habitat, distribution, and population connectivity; ii) the effects 
of large-scale fires, especially within repeatedly burned habitat, on desert tortoise 
distribution and population connectivity; iii) the ability of solar energy facilities or 
similar developments to support tortoise movement and presence by leaving washes and 
native vegetation intact; and iv) the design and frequency of underpasses necessary to 
maintain functional demographic and genetic connectivity across roads and highways. 

 
3. Increase law enforcement efforts across the range of the desert tortoise (2.4), especially 

within TCAs, to minimize impacts of habitat destruction and degradation as a result of 
unauthorized OHV use, unpermitted cannabis farms, and trespass grazing. 

 
4. Use population augmentation to help achieve recovery criteria in each of the five recovery 

units according to the Fish and Wildlife Service’s population augmentation strategy (3.2–
3.4). Individual augmentation plans should include design, feasibility and risk assessment, 
implementation, monitoring, and evaluation and adjustment elements (Service 2021d). 

 
5. Update the taxonomy, distribution, and listed status of Gopherus agassizii under the 

Endangered Species Act to include populations east of the Colorado River (Fig. 1). A 
“similarity of appearance” rule may be necessary for G. morafkai populations or individuals 
that occur within the range of the Mojave Desert Tortoise.  

 
6. Incorporate updated population trend analysis (Service, in progress) and climate change/land-

use modeling (5.5: Heaton 2020; Shoemaker 2020) into the next 5-year review. These 
climate-change models should be used to inform management strategies under the Resist-
Accept-Direct framework for ecological adaptation (Schuurman et al. 2021; Williams 2021). 

 
7. Range-wide monitoring efforts continue to fluctuate at suboptimal levels due to inconsistent 

funding (Allison and McLuckie 2018). Therefore, we reiterate the 2002 recommendation 
“that the Secretary of the Interior work with the Secretary of Defense and other agencies and 
organizations involved in tortoise recovery to identify and assess options for securing 
continued funding for rangewide population monitoring” to ensure that long-term monitoring 
of the desert tortoise is sustained (General Accounting Office [GAO] 2002). Estimation of 
trends within TCAs also would be improved by streamlining individual-agency access 
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processes. For example, access has been difficult to obtain for certain parcels of critical 
habitat during the primary tortoise active season. 
 

8. Develop a revised spatial decision support system to improve models of threats, recovery 
actions, and tortoise demographics (5.3, 6.1). Development should include up-to-date 
underlying geospatial data, evaluation of prior conceptual models, and improved 
operationalization of recovery action terminology. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW of the Mojave Desert Tortoise (Gopherus agassizii) 

 
Current Classification: Threatened 
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 
____ Uplist to Endangered 
____ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
 ____ Extinction 
 ____ Recovery 
 ____ Original data for classification in error 
_X__ No change needed 

 
Appropriate Listing/Reclassification Priority Number, if applicable: 11C 
 
 
APPROVAL: 
 
Assistant Regional Director, Pacific Southwest Region, Fish and Wildlife Service 
 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
  



 

31 
 

REFERENCES 
Aiello, C.M., K.E. Nussear, T.C. Esque, P.G. Emblidge, P. Sah, S. Bansal, and P.J. Hudson. 
2016. Host contact and shedding patterns clarify variation in pathogen exposure and transmission 
in threatened tortoise Gopherus agassizii: implications for disease modelling and management. 
Journal of Animal Ecology DOI: 10.1111/1365.2656.12511. 
 
Aiello, C.M., T.C. Esque, K.E. Nussear, P.G. Emblidge, and P.J. Hudson. 2018. The slow 
dynamics of mycoplasma infections in a tortoise host reveal heterogeneity pertinent to pathogen 
transmission and monitoring. Epidemiology and Infection 1–10. DOI: 10.1017/ 
S0950268818002613. 
 
Allison, L.J., and A.M. McLuckie. 2018. Population trends in Mojave Desert Tortoises 
(Gopherus agassizii). Herpetological Conservation and Biology 13:433–452. 
 
Averill-Murray, R.C. 2000. Survey protocol for Sonoran Desert Tortoise monitoring plots: 
reviewed and revised. Arizona Interagency Desert Tortoise Team. 
 
Averill-Murray, R.C., C.R. Darst, N. Strout, and M. Wong. 2013. Conserving population 
linkages for the Mojave Desert Tortoise (Gopherus agassizii). Herpetological Conservation and 
Biology 8:1–15. 
 
Averill-Murray, R.C., T.C. Esque, L.J. Allison, S. Bassett, S.K. Carter, K.E. Dutcher, S.J. 
Hromada, K.E. Nussear, and K. Shoemaker. 2021. Connectivity of Mojave Desert Tortoise 
populations: management implications for maintaining a viable recovery network. U.S. 
Geological Survey Open-file Report 2021–1033. 
 
Barrows, C.W. 2011. Sensitivity to climate change for two reptiles at the Mojave–Sonoran 
Desert interface. Journal of Arid Environments 75:629–635. 
 
Barrows, C.W., and M.L. Murphy. 2011. Niche modeling and implications of climate change on 
Desert Tortoise (Gopherus agassizii) in Lake Mead National Recreation Area. Report to Lake 
Mead National Recreation Area. Center for Conservation Biology, University of California, 
Riverside. 
 
Barrows, C.W., B.T. Henen, and A.E. Karl. 2016. Identifying climate refugia: a framework to 
inform conservation strategies for Agassiz’s Desert Tortoise in a warmer future. Chelonian 
Conservation and Biology 15:2–11. 
 
Berry, K.H., L.M. Lyren, J.L. Lee, and T.Y. Bailey. 2014. Protection benefits Desert Tortoise 
(Gopherus agassizii) abundance: the influence of three management strategies on a threatened 
species. Herpetological Monographs 28:66–92. 
 
Berry, K.H., J.L. Yee, T.A. Shields, and L. Stockton. 2020. The catastrophic decline of tortoises 
at a fenced natural area. Wildlife Monographs 205:1–53. 
 



 

32 
 

Berry, K.H., L.J. Allison, A.M. McLuckie, M. Vaughn, M., and R.W. Murphy. 2021. Gopherus 
agassizii. The IUCN Red List of Threatened Species 2021:e.T97246272A3150871. 
https://dx.doi.org/10.2305/IUCN.UK.2021-2.RLTS.T97246272A3150871.en. 
Bradley, B., C.A. Curtis, and J. Chambers. 2016. Bromus response to climate and projected 
changes with climate change. Pages 257–274 In Germino, J.M., J.C. Chambers, and C.S. Brown 
(eds.), Exotic Brome-grasses in Arid and Semiarid Ecosystems of the Western US: Causes, 
Consequences, and Management Implications. Springer, Heidelberg, Switzerland. 
 
Burroughs, M. 2012. Email correspondence “Re: Solar updates”, 25 April 2012. 
 
California Department of Fish and Wildlife. 2021. Cannabis Restoration Grant Program: 2021 
Proposal Solicitation Notice, Watershed Remediation and Enhancement. California Department 
of Fish and Wildlife. 
 
California Fish and Game Commission. 2021. Notice of Findings: Mohave Desert Tortoise. 
 
Carr, N.B., I.F. Leinwand, and D.J.A Wood. 2017. A multiscale index of landscape intactness for 
management of public lands. Pages 55–74 In Carter, S.K., N.B. Carr, K.H. Miller, and D.J.A. 
Wood (eds.), Multiscale guidance and tools for implementing a landscape approach to resource 
management in the Bureau of Land Management. U.S. Geological Survey Open-File Report 
2016−1207. 
 
Carter, S.K., K.E. Nussear, T.C. Esque, I.A.F. Leinwand, E. Masters, R.D. Inman, N.B. Carr, and 
L.J. Allison. 2020. Quantifying development to inform management of Mojave and Sonoran 
desert tortoise habitat in the American southwest. Endangered Species Research 42:167–184. 
 
Cosgrove, J., and L. Sahagún. 2021. Illegal pot invades California’s deserts, bringing violence, 
fear, ecological destruction. Los Angeles Times, 11 July 2021. 
Cypher, B.L., E.C. Kelly, T.L. Westall, and C.L. Van Horn Job. 2018. Coyote diet patterns in the 
Mojave Desert: implications for threatened desert tortoises. Pacific Conservation Biology DOI: 
10.1071/PC17039. 
 
Darst, C.R., P.J. Murphy, N.W. Strout, S.P. Campbell, K.J. Field, L. Allison, and R.C. Averill-
Murray. 2013. A strategy for prioritizing threats and recovery actions for at-risk species. 
Environmental Management 51:786–800. 
 
[DoD and DoI] Department of Defense and Department of Interior. 2018. Memorandum of 
Understanding between the Department of Defense and Department of Interior Establishing a 
Recovery and Sustainment Partnership Initiative. Signed June 2018.  
 
[DoD and DoI] Department of Defense and Department of Interior. 2019. Recovery and 
Sustainment Partnership Initiative: Mojave Desert Tortoise (Gopherus agassizii) Action Plan 
(Revised). Signed September 2019.  
 



 

33 
 

Dolby, G.A. 2020. Characterizing the Sonoran Desert Tortoise through genomic analyses of 
hybrids and speciation. Final Report for Project #I17001 to the Arizona Game and Fish 
Department, Phoenix, Arizona. 
 
Dolby, G.A., R.J. Dorsey, and M.R. Graham. 2019. A legacy of geo‐climatic complexity and 
genetic divergence along the lower Colorado River: insights from the geological record and 33 
desert‐adapted animals. Journal of Biogeography DOI: 10.1111/jbi.13685. 
 
Drake, K.K., L. Bowen, K.E. Nussear, T.C. Esque, A.J. Berger, N.A. Custer, S.C. Waters, J.D. 
Johnson, A.K. Miles, and R.L. Lewison. 2016. Negative impacts of invasive plants on 
conservation of sensitive desert wildlife. Ecosphere 7(10):e01531.10.1002/ecs2.1531. 
 
EcoPlan Associates. 2011. Desert tortoise surveys at the Buck Mountains long-term monitoring 
plot, Mohave County, Arizona, 2010. Report to Arizona Game and Fish Department and Bureau 
of Land Management, Phoenix, Arizona. 
 
Edwards, T., K.H. Berry, R.D. Inman, T.C. Esque, K.E. Nussear, C.A. Jones, and M. Culver. 
2015. Testing taxon tenacity of tortoises: evidence for a geographical selection gradient at a 
secondary contact zone. Ecology and Evolution DOI:10.1002/ece3.1500. 
 
Eichenwald, A.J., M.J. Evans, and J.W. Malcom. 2020. US imperiled species are most 
vulnerable to habitat loss on private lands. Frontiers in Ecology and the Environment 18:439–
446. 
 
Emblidge, P.G., K.E. Nussear, T.C. Esque, C.M. Aiello, and A.D. Walde. 2015. Severe predation 
on a population of threatened desert tortoises: the American Badger as a novel predator. 
Endangered Species Research 28:109–116. 
 
Fahrig, L. 2002. Effect of habitat fragmentation on the extinction threshold: a synthesis. 
Ecological Applications 12:346–353. 
 
[GAO] General Accounting Office. 2002. Endangered Species: Research Strategy and Long-
Term Monitoring Needed for the Mojave Desert Tortoise Recovery Program. GAO-03-23. 
Washington, D.C. 
 
Grandmaison, D.D., and V.J. Frary. 2012. Estimating the probability if illegal desert tortoise 
collection in the Sonoran Desert. Journal of Wildlife Management 76:262–268. 
 
Hagerty, B.E., and C.R. Tracy. 2010. Defining population structure for the Mojave Desert 
Tortoise. Conservation Genetics 11:1795–1807. 
 
Hanley B.J., A.F. Currylow, K.L. Holcomb, T. Shields, S. Boland, W.I. Boarman, and M. 
Vaughn. Accepted. Management hat trick: tools for suppressing subsidized avian predator 
abundance. Human-Wildlife Interactions. 
 



 

34 
 

Harju, S. 2019. Mojave Desert Tortoise spatially-explicit population viability analysis. Report to 
Clark County Desert Conservation Program, Las Vegas, Nevada. 
 
Heaton, J.S. 2020. The impacts of land use and climate change on Mojave Desert Tortoise gene 
flow and corridor functionality. November 2020 Interim Report to SERDP. Project Number 
RC18–1207. University of Nevada, Reno. 
 
Holcomb, K.L. 2019. Top priority fencing recommendations generated by the recovery 
importance index. U.S. Fish and Wildlife Service, Palm Springs, California. 
 
Holcomb, K.L., P.S. Coates, B.G. Prochazka, T. Shields, and W.I. Boarman. Accepted. A Desert 
Tortoise-Common Raven viable species conflict threshold. Human-Wildlife Interactions. 
 
Jacobson, E.R., M.B. Brown, L.D. Wendland, D.R. Brown, P.A. Klein, M.M. Christopher, and 
K.H. Berry. 2014. Mycoplasmosis and upper respiratory tract disease of tortoises: a review and 
update. The Veterinary Journal 201:257–264. 
 
Lamb, T., J.C. Avise, and J.W. Gibbons. 1989. Phylogeographic patterns in mitochondrial DNA 
of the Desert Tortoise (Xerobates agassizii), and evolutionary relationships among North 
American gopher tortoises. Evolution 43:76–87. 
 
Lohoefener, R. 2015. June 30, 2015, Meeting Summary. Memo to the Desert Tortoise 
Management Oversight Group. U.S. Fish and Wildlife Service, Pacific Southwest Region. 
 
Lovich, J.E., M. Agha, M. Meulblok, K. Meyer, J. Ennen, C. Loughran, S. Madrak, and C. 
Bjurlin. 2012. Climatic variation affects clutch phenology in Agassiz’s Desert Tortoise Gopherus 
agassizii. Endangered Species Research 19:63–74.  
 
Lovich, J.E., C.B. Yackulic, J. Freilich, M. Agha, M. Austin, K.P. Meyer, T.R. Arundel, J. 
Hansen, M.S. Vamstad, and S.A. Root. 2014. Climatic variation and tortoise survival: has a 
desert species met its match? Biological Conservation 169:214–224. 
 
Lovich, J.E., R. Averill-Murray, M. Agha, J.R. Ennen, and M. Austin. 2017. Variation in annual 
clutch phenology of Desert Tortoises (Gopherus morafkai) in the Sonoran Desert of Arizona. 
Herpetologica 73:313–322. 
 
Luckenbach, R.A. 1976. Field estimates of California populations of Gopherus agassizii. I. 
Procedures. Proceedings of The Desert Tortoise Council Symposium 1976:22–37. 
 
Luckenbach, R.A. 1982. Ecology and management of the Desert Tortoise (Gopherus agassizii) in 
California. Pages 1–39 In R.B. Bury (ed.), North American Tortoises: Conservation and Ecology. 
Wildlife Research Report 12, U.S. Fish and Wildlife Service, Washington, D.C. 
 
Manning, J.A. 2018. Genetic origins and population status of desert tortoises in Anza-Borrego 
Desert State Park, California: initial steps toward population monitoring. California Department 
of Parks and Recreation, Colorado Desert District, Borrego Springs, California. 



 

35 
 

 
Mitchell, C.I., D.A. Friend, L.T. Phillips, E.A. Hunter, J.E. Lovich, M. Agha, S.R. Puffer, K.L. 
Cummings, P.A. Medica, T.C. Esque, K.E. Nussear, and K.T. Shoemaker. 2021. ‘Unscrambling’ 
the drivers of egg production in Agassiz’s Desert Tortoise: climate and individual attributes 
predict reproductive output. Endangered Species Research 44:217–230.  
 
McLuckie, A.M., T. Lamb, C.R. Schwalbe, and R.D. McCord. 1999. Genetic and morphometric 
assessment of an unusual tortoise (Gopherus agassizii) population in the Black Mountains of 
Arizona. Journal of Herpetology 33:36–44. 
 
McLuckie, A.M., R.J. Bowers, M.M. Linke, and R.A. Fridell. 2018. Regional desert tortoise 
monitoring in the Red Cliffs Desert Reserve, 2017. Publication No. 18–02, Utah Division of 
Wildlife Resources, Salt Lake City. 
 
McLuckie, A.M., R.A. Fridell, J.O. Kellam, M.J. Schijf, and C.B. Rognan. 2021. Fire mortality 
within the Red Cliffs Desert Reserve. Abstracts for the 46th Annual Meeting and Symposium of 
the Desert Tortoise Council, p. 26. 
 
Murphy, R.W., K.H. Berry, T. Edwards, and A.M. McLuckie. 2007. A genetic assessment of the 
recovery units for the Mojave population of the Desert Tortoise, Gopherus agassizii. Chelonian 
Conservation and Biology 6:229–251. 
 
Murphy, R.W., K.H. Berry, T. Edwards, A.E. Leviton, A. Lathrop, and J.D. Riedle. 2011. The 
dazed and confused identity of Agassiz’s land tortoise (Testudines, Testudinidae) with the 
description of a new species, and its consequences for conservation. ZooKeys 113:39–71. 
 
National Park Service. 2020. Dome fire. https://www.nps.gov/moja/learn/nature/dome-fire.htm. 
Accessed 12 October 2021. 
 
Obama, B. 2016. Proclamation 9395—Establishment of the Mojave Trails National Monument. 
DCPD Number: DCPD201600074. 
 
Ovaskainen, O., K. Sato, J. Bascompte, and I. Hanski. 2002. Metapopulation models for 
extinction threshold in spatially correlated landscapes. Journal of Theoretical Biology 215:95–
108. 
 
Puffer, S.R., J.E. Lovich, and K.E. Cummings. 2018. Research supporting a desert tortoise 
(Gopherus agassizii) monitoring program and population genetics studies within the Coachella 
Valley Multiple Species Habitat Conservation Plan area: 2018 annual report to the Fish and 
Wildlife Service as required under Recovery Permit no. TE-198910-5. U.S. Geological Survey, 
Flagstaff, Arizona. 
 
Rubke, C.A., and R.P. O’Donnell. 2019. Sonoran Desert Tortoise population surveys at three 
long-term monitoring plots in Arizona, 2018: Arrastra Mountains, East Bajada, and Little Shipp 
Wash. Final Report to Arizona State Office, U.S. Bureau of Land Management. Arizona Game 
and Fish Department, Phoenix, Arizona. 

https://www.nps.gov/moja/learn/nature/dome-fire.htm.%20Accessed%2012%20October%202021
https://www.nps.gov/moja/learn/nature/dome-fire.htm.%20Accessed%2012%20October%202021


 

36 
 

 
Rubke, C.A., W.L. Crumbo, and D.J. Leavitt. 2017. Sonoran Desert Tortoise population surveys 
at two long-term monitoring plots in Arizona, 2016: Harquahala Mountains and Hualapai 
Foothills. Final Report to Arizona State Office, U.S. Bureau of Land Management. Arizona 
Game and Fish Department, Phoenix, Arizona. 
 
Sánchez-Ramírez, Y, Rico, K.H. Berry, T. Edwards, A.E. Karl, B.T. Henen, and R.W. Murphy. 
2018. Landscape limits gene flow and drives population structure in Agassiz’s Desert Tortoise 
(Gopherus agassizii). Scientific Reports 8:11231. DOI: 10.1038/s41598–018–29395–6. 
 
Sandmeier, F.C., C.R. Tracy, B.E. Hagerty, S. DuPré, H. Mohammadpour, and K Hunter Jr. 
2013. Mycoplasmal upper respiratory tract disease across the range of the threatened Mojave 
Desert Tortoise: associations with thermal regime and natural antibodies. EcoHealth DOI: 
10.1007/s10393–013–0835–5. 
 
Sandmeier, F.C., K.N. Maloney, C.R. Tracy, D. Hyde, H. Mohammadpour, R. Marlow, S. 
DuPré, and K. Hunter. 2017. Chronic disease in the Mojave Desert Tortoise: host physiology and 
recrudescence obscure patterns of pathogen transmission. Ecology and Evolution 
DOI:10.1002/ece3.3480. 
 
Schuurman, G.W., D.N. Cole, A.E. Cravens, S. Covington, S.D. Crausbay, C.H. Hoffman, D.J. 
Lawrence, D.R. Magness, J.M. Morton, E.A. Nelson, and R. O’Malley. 2021. Navigating 
ecological transformation: Resist-Accept-Direct as a path to a new resource management 
paradigm. BioScience 72:16–29. 
 
[Service] U.S. Fish and Wildlife Service. 1994a. Desert Tortoise (Mojave Population) Recovery 
Plan. U.S. Fish and Wildlife Service, Portland, Oregon. 
 
[Service] U.S. Fish and Wildlife Service. 1994b. Endangered and threatened wildlife and plants; 
determination of critical habitat for the Mojave population of the Desert Tortoise. FR 59:5820–
5866. 
 
[Service] U.S. Fish and Wildlife Service. 2010a. Mojave population of the Desert Tortoise 
(Gopherus agassizii) 5-year review: summary and evaluation. U.S. Fish and Wildlife Service, 
Desert Tortoise Recovery Office, Reno, Nevada.  
 
[Service] U.S. Fish and Wildlife Service. 2010b. Formal Consultation for the Silver State Solar 
Project (NextLight Renewable Power, LLC), Clark County, Nevada. Nevada Fish and Wildlife 
Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2010c. Section 7 Biological Opinion on the Genesis 
Solar Energy Project, Riverside County, California. Carlsbad Fish and Wildlife Office, Carlsbad, 
California. 
 



 

37 
 

[Service] U.S. Fish and Wildlife Service. 2010d. Section 7 Biological Opinion on the Blythe 
Solar Power Plant, Riverside County, California. Carlsbad Fish and Wildlife Office, Carlsbad, 
California. 
 
[Service] U.S. Fish and Wildlife Service. 2011a. Revised recovery plan for the Mojave 
population of the Desert Tortoise (Gopherus agassizii). U.S. Fish and Wildlife Service, Pacific 
Southwest Region, Sacramento, California. 
 
[Service] U.S. Fish and Wildlife Service. 2011b. Biological Opinion on BrightSource Energy’s 
Ivanpah Solar Electric Generating System Project, San Bernardino County, California [CACA-
48668, 49502, 49503, 49504] (8-8-10-F-24R). Ventura Fish and Wildlife Office, Ventura, 
California. 
 
[Service] U.S. Fish and Wildlife Service. 2011c. Biological Opinion on Mojave Solar, LLC’s 
Mojave Solar Project, San Bernardino County, California (8-8-11-F-3). Ventura Fish and 
Wildlife Office, Ventura, California. 
 
[Service] U.S. Fish and Wildlife Service. 2011d. Biological Opinion on the Desert Sunlight Solar 
Farm Project, Riverside County, California (CACA 48649). Carlsbad Fish and Wildlife Office, 
Carlsbad, California. 
 
[Service] U.S. Fish and Wildlife Service. 2011e. Biological Opinion on the Proposed Rice Solar 
Energy Project, Riverside County, California. Carlsbad Fish and Wildlife Office, Carlsbad, 
California. 
 
[Service] U.S. Fish and Wildlife Service. 2012a. Biological Opinion for the Proposed Addition 
of Maneuver Training Lands at Fort Irwin, California (8-8-11-F-38R). Ventura Fish and Wildlife 
Office, Ventura, California. 
 
[Service] U.S. Fish and Wildlife Service. 2012b. Formal Consultation for the Techren Boulder 
City Solar Project, Boulder City, Clark County, Nevada. Nevada Fish and Wildlife Office, Las 
Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2012c. Biological Opinion for the K Road Moapa Solar 
Project, Moapa River Indian Reservation, Clark County, Nevada. Nevada Fish and Wildlife 
Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2013a. Biological Opinion for the Stateline Solar and 
Silver State Solar South Projects, San Bernardino County, California, and Clark County, Nevada 
(Stateline: 2800(P), CACA-048669, CAD090.01; Silver State South: 6840 (NV-052)) (Stateline: 
8-8-13-F-43; Silver State South: 84320-2010-F-0208-R003). Ventura Fish and Wildlife Office, 
Ventura, California. 
 
[Service] U.S. Fish and Wildlife Service. 2013b. Section 7 Biological Opinion on the McCoy 
Solar Power Project, Riverside County, California. Carlsbad Fish and Wildlife Office, Carlsbad, 
California. 



 

38 
 

 
[Service] U.S. Fish and Wildlife Service. 2013c. Biological Opinion on the Proposed Desert 
Harvest Solar Project, Riverside County, California [CACA 044919]. Carlsbad Fish and Wildlife 
Office, Carlsbad, California. 
 
[Service] U.S. Fish and Wildlife Service. 2013d. Issuance of Recovery Permits under Section 
10(a)(1)(A) and Authorization of Recovery Actions under Section 6(c) of the Endangered 
Species Act for the Threatened Mojave Desert Tortoise in California, Nevada, Utah, and 
Arizona. Nevada Fish and Wildlife Office, Reno. 
 
[Service] U.S. Fish and Wildlife Service. 2014a. Recovery action plan for the Mojave Desert 
Tortoise in California. U.S. Fish and Wildlife Service, Pacific Southwest Region, Sacramento, 
California. Developed in coordination with the California Mojave Recovery Implementation 
Team.  
 
[Service] U.S. Fish and Wildlife Service. 2014b. Recovery action plan for the Mojave Desert 
Tortoise in the Northeast Mojave Desert. U.S. Fish and Wildlife Service, Pacific Southwest 
Region, Sacramento, California. Developed in coordination with the North-East Mojave 
Recovery Implementation Team. 
 
[Service] U.S. Fish and Wildlife Service. 2014c. Recovery action plan for the Mojave Desert 
Tortoise in the Upper Virgin River Recovery Unit. U.S. Fish and Wildlife Service, Pacific 
Southwest Region, Sacramento, California. Developed in coordination with the Upper Virgin 
River Recovery Implementation Team.  
 
[Service] U.S. Fish and Wildlife Service. 2014d. Biological Opinion for the Townsite Solar 
Transmission Project, Clark County, Nevada. Nevada Fish and Wildlife Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2014e. Biological Opinion for the Res Americas 
Moapa Solar Energy Center, Moapa River Indian Reservation, Clark County, Nevada. Nevada 
Fish and Wildlife Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2015a. Biological Opinion for Issuance of a Section 
10(a)(l)(B) Incidental Take Permit for the Valley Electric Association’s Community Solar 
Project Low-Effect Habitat Conservation Plan, Pahrump, Nye County, Nevada. Southern Nevada 
Fish and Wildlife Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2015b. Biological Opinion for the RE Barren Ridge 1 
LLC's RE Cinco Generation Intertie Line and RE Cinco Solar Project, Kern County, California 
(2831-03 (P) CACA-53735 CAD000.06). Carlsbad Fish and Wildlife Office, Carlsbad, 
California. 
 
[Service] U.S. Fish and Wildlife Service. 2015c. Biological Opinion for the Soda Mountain Solar 
Project, San Bernardino County, California [2831.03(CP), CACA-49584, 
CAD000.06/CAD080]. Carlsbad Fish and Wildlife Office, Carlsbad, California. 
 



 

39 
 

[Service] U.S. Fish and Wildlife Service. 2015d. FINAL- Project-level Formal Consultations for 
Four Solar Energy Projects in the Dry Lake Solar Energy Zone, Clark County, Nevada. Southern 
Nevada Fish and Wildlife Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2015e. Final Biological Opinion for the Aiya Solar 
Energy Project. Southern Nevada Fish and Wildlife Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2016. Range-wide Monitoring of the Mojave Desert 
Tortoise (Gopherus agassizii): 2015 and 2016 Annual Reporting. Report by the Desert Tortoise 
Recovery Office, U.S. Fish and Wildlife Service, Reno, Nevada. 
 
[Service] U.S. Fish and Wildlife Service. 2017. Biological Opinion for Land Acquisition and 
Airspace Establishment, Twentynine Palms, California (8-8-11-F-65R). Carlsbad Fish and 
Wildlife Office, Carlsbad, California. 
 
[Service] U.S. Fish and Wildlife Service. 2018a. Range-wide Monitoring of the Mojave Desert 
Tortoise (Gopherus agassizii): 2017 Annual Reporting. Report by the Desert Tortoise Recovery 
Office, U.S. Fish and Wildlife Service, Reno, Nevada. 
 
[Service] U.S. Fish and Wildlife Service. 2018b. Section 7 Biological Opinion on the Palen Solar 
Project, Riverside County, California. Carlsbad Fish and Wildlife Office, Carlsbad, California. 
 
[Service] U.S. Fish and Wildlife Service. 2019a. Range-wide Monitoring of the Mojave Desert 
Tortoise (Gopherus agassizii): 2018 Annual Reporting. Report by the Desert Tortoise Recovery 
Office, U.S. Fish and Wildlife Service, Reno, Nevada. 
 
[Service] U.S. Fish and Wildlife Service. 2019b. Intra-Service Biological Opinion for Issuance 
of a Section 10(a)(1)(B) Incidental Take Permit for the Canyon Mesa Solar Project Low-Effect 
Habitat Conservation Plan, Nye County, Nevada (TE53923D-0). Southern Nevada Fish and 
Wildlife Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2019c. Intra-Service Consultation on the Issuance of a 
Section 10(a)(1)(B) Permit for the High Desert Solar Project, San Bernardino County, California. 
Palm Springs Fish and Wildlife Office, Palm Springs, California. 
 
[Service] U.S. Fish and Wildlife Service. 2019d. Formal and Informal Consultation under 
Section 7 of the Endangered Species Act for the Gemini Solar Project, Clark County, Nevada. 
Southern Nevada Fish and Wildlife Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2019e. Biological Opinion for the Eagle Shadow 
Mountain Solar Project Moapa River Indian Reservation, Clark County, Nevada. Southern 
Nevada Fish and Wildlife Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2019f. Section 7 Biological Opinion on the Desert 
Quartzite Solar Project, Riverside County, California. Carlsbad Fish and Wildlife Office, 
Carlsbad, California. 



 

40 
 

 
[Service] U.S. Fish and Wildlife Service. 2019g. Section 7 Biological Opinion on the IP Athos 
Renewable Energy Project, Riverside County, California. Carlsbad Fish and Wildlife Office, 
Carlsbad, California. 
 
[Service] U.S. Fish and Wildlife Service. 2019h. Biological Opinion for Proposed Activities 
within the Cuddeback Range Land Withdrawal at the Naval Air Weapons Station, China Lake, 
California (FWS-INY-KRN-SBR-16B0219-19F0246). Carlsbad Fish and Wildlife Office, 
Carlsbad, California. 
 
[Service] U.S. Fish and Wildlife Service. 2019i. Draft meeting notes for northwest Mohave 
County Mojave Desert Tortoise general conservation plan meeting with Mohave County 
Development Services, Arizona Game and Fish Department, Bureau of Land Management 
Arizona Strip Field Office, and Quad States Local Governments Authority. Meeting held 
September 5, 2019. 
 
[Service] U.S. Fish and Wildlife Service. 2020a. Range-wide Monitoring of the Mojave Desert 
Tortoise (Gopherus agassizii): 2019 Annual Reporting DRAFT. Report by the Desert Tortoise 
Recovery Office, U.S. Fish and Wildlife Service, Reno, Nevada. 
 
[Service] U.S. Fish and Wildlife Service. 2020b. Formal Consultation under Section 7 of the 
Endangered Species Act for the Yellow Pine Solar Project, Nye County, Nevada. Southern 
Nevada Fish and Wildlife Office, Las Vegas. 
 
[Service] U.S. Fish and Wildlife Service. 2020c. Biological Opinion for the Arrow Canyon Solar 
Project, Moapa River Indian Reservation, Clark County, Nevada. Dated November 12, 2020. 
Memorandum to Western Regional Director, Bureau of Indian Affairs, Phoenix, Arizona. From 
Field Supervisor, Southern Nevada Fish and Wildlife Office. Las Vegas, Nevada.  
 
[Service] U.S. Fish and Wildlife Service. 2020d. Section 7 Biological Opinion on the Crimson 
Solar Project, Riverside County, California. Carlsbad Fish and Wildlife Office, Carlsbad, 
California. 
 
[Service] U.S. Fish and Wildlife Service. 2021a. Biological report for the Upper Virgin River 
recovery unit population of the Mojave desert tortoise (Gopherus agassizii), Version 1. January 
2021. Utah Ecological Services Field Office, Salt Lake City, Utah. 
 
[Service] U.S. Fish and Wildlife Service. 2021b. Biological Opinion on the Southern Bighorn 
Solar I Project. U.S. Fish and Wildlife Service, Las Vegas, Nevada 
 
[Service] U.S. Fish and Wildlife Service. 2021c. Biological Opinion on the Southern Bighorn 
Solar II Project. U.S. Fish and Wildlife Service, Las Vegas, Nevada 
 
[Service] U.S. Fish and Wildlife Service. 2021d. Population augmentation strategy for the 
Mojave Desert Tortoise Recovery Program. U.S. Fish and Wildlife Service, Las Vegas, Nevada. 
 



 

41 
 

Shaffer, H.B., E. McCartney-Melstad, P.L. Ralph, G. Bradburd, E. Lundgren, J. Vu, B. Hagerty, 
F. Sandmeier, C. Weitzman, and C.R. Tracy. 2017. Desert tortoises in the genomic age: 
population genetics and the landscape. bioRxiv 195743. DOI: 10.1101/195743. 
 
Shields, T., A. Currylow, B. Hanley, S. Boland, W. Boarman, and M. Vaughn. 2019. Novel 
management tools for subsidized avian predators and a case study in the conservation of a 
threatened species. Ecosphere 10:e02895. 
 
Shoemaker, K. 2020. Critical habitat breadth for Gopherus tortoises: a new paradigm for 
managing threatened and endangered species in a non-stationary world. January 2020 Interim 
Report to SERDP. Project Number RC18–1103. University of Nevada, Reno. 
  
Souza, P. 2017. June 13, 2017, Meeting Summary. Memo to the Desert Tortoise Management 
Oversight Group. U.S. Fish and Wildlife Service, Pacific Southwest Region. 
 
The Wildlands Conservancy. 2021. Mojave Trails National Monument. 
https://wildlandsconservancy.org/conservation/mojavetrailsnm. Accessed on 27 October 2021. 
 
Tuma, M.W., C. Millington, N. Schumaker, and P. Burnett. 2016. Modeling Agassiz’s Desert 
Tortoise population response to anthropogenic stressors. Journal of Wildlife Management 
80:414–429. 
 
U.S. Bureau of Land Management. 2008. Arizona Strip Field Office Resource Management 
Plan and Record of Decision. 
 
U.S. Bureau of Land Management. 2016a. Desert Renewable Energy Conservation Plan Land 
Use Plan Amendment to the California Desert Conservation Area Plan, Bishop Resource 
Management Plan, and Bakersfield Resource Management Plan. BLM/CA/PL-
2016/03+1793+8321. 
 
U.S. Bureau of Land Management. 2016b. Beaver Dam Wash National Conservation Area 
Record of Decision and Approved Resource Management Plan. St. George Field Office. DOI-
BLM-UT-C030-2015-1-EIS. 
 
U.S. Bureau of Land Management. 2019a. West Mojave Route Network Project Final California 
Desert Conservation Plan Amendment and Supplemental Environmental Impact Statement for 
the California Desert District. BLM/CA/DOI-BLM-CA-D080-2018-0008-EIS. 
 
U.S. Bureau of Land Management. 2019b. Record of Decision: West Mojave Route Network 
Project Decision to Amend California Desert Conservation Area Plan and Implement Nine 
Travel Management Plans. Bureau of Land Management, California Desert District. 
 
U.S. Bureau of Land Management. 2021. Record of Decision and Approved Resource 
Management Plan Amendments for the Northern Corridor Right-of-way, Red Cliffs National 
Conservation Area Resource Management Plan, and St. George Field Office Resource 
Management Plan.  

https://wildlandsconservancy.org/conservation/mojavetrailsnm


 

42 
 

 
U.S. Bureau of Land Management and National Park Service. 2008. Grand Canyon-Parashant 
National Monument Management Records of Decision and Resource Management Plan/General 
Management Plan. Arizona Strip District, Bureau of Land Management, and Lake Mead 
National Recreation Area, National Park Service. 
 
U.S. Geological Survey. 2020. Gap Analysis Project Protected Areas Database of the United 
States (PAD-US) 2.1: U.S. Geological Survey data release, https://doi.org/10.5066/P92QM3NT. 
 
Wallis, I.R., B.T. Henen, and K.A. Nagy. 1999. Egg size and annual egg production by female 
desert tortoises (Gopherus agassizii): the importance of food abundance, body size, and date of 
egg shelling. Journal of Herpetology 33:394–408.  
 
Weitzman, C.L., F.C. Sandmeier, and C.R. Tracy. 2017. Prevalence and diversity of the upper 
respiratory pathogen Mycoplasma agassizii in Mojave Desert Tortoises (Gopherus agassizii). 
Herpetologica 73:113–120. 
 
Williams, A.P., B.I. Cook, and J.E. Smerdon. 2022. Rapid intensification of the emerging 
southwestern North American megadrought in 2020–2021. Nature Climate Change.  
 
Williams, J.W. 2021. RAD: a paradigm, shifting. BioScience 72:13–15. 
 
Wise, C. 2018. Email correspondence “Status of the Species”, 28 June 2018. 
 
Woodman, P., J. Smith, B. Reiley, and E. Green. 2008. Desert tortoise population surveys at five 
plots in Arizona, Fall, 2007. Report to Arizona Game and Fish Department, Phoenix, Arizona. 
 
Woodman, P., L. Pavliscak, J. Smith, and B. Reiley. 2006. Desert tortoise population surveys at 
three plots in Arizona, Fall, 2005. Report to Arizona Game and Fish Department, Phoenix, 
Arizona. 
 
Zylstra, E.R., R.J. Steidl, C.A. Jones, and R.C. Averill-Murray. 2013. Spatial and temporal 
variation in survival of a rare reptile: a 22-year study of Sonoran Desert Tortoises. Oecologica 
173:107–116. 

PERSONAL COMMUNICATIONS 

Delcalzo, A. 10 March 2021 email re: Meadow Valley Fire. 

Patterson, L. 26 July 2021 email re: California Endangered Species Act. 

  



 

43 
 

APPENDIX: Published Research Since 2011 
 
This appendix lists research on Mojave Desert Tortoises that has been published since the 2011 
recovery plan. Sections are organized by numbered recommendations in the recovery plan. 
 
3.4 Implement translocations in target areas to augment populations using a 

scientifically rigorous, research-based approach 
Translocation  
Aiello et al. 2014. Disease dynamics during wildlife translocations: disruptions to the host 

population and potential consequences for transmission in desert tortoise contact networks. 
Animal Conservation 17(Suppl. 1):27–39. 

Averill-Murray and Hagerty. 2014. Translocation relative to spatial genetic structure of the 
Mojave Desert Tortoise, Gopherus agassizii. Chelonian Conservation and Biology 13:35–41. 

Brand et al. 2016. Mitigation-driven translocation effects on temperature, condition, growth, and 
mortality of Mojave desert tortoise (Gopherus agassizii) in the face of solar energy 
development. Biological Conservation 200:104–111. 

Dickson et al. 2019. Multiyear monitoring of survival following mitigation-driven translocation 
of a long-lived threatened reptile. Conservation Biology 5:1094–1105. 

Drake et al. 2012. Does translocation influence physiological stress in the desert tortoise? 
Animal Conservation 15:560–570. 

Edwards and Berry. 2013. Are captive tortoises a reservoir for conservation? An assessment of 
genealogical affiliation of captive Gopherus agassizii to local, wild populations. 
Conservation Genetics doi:10.1007/s10592–013–0458–y. 

Farnsworth et al. 2015. Short-term space-use patterns of translocated Mojave Desert Tortoise in 
southern California. PLoS One 10(9):e0134250.doi:10.1371/journal.pone.0134250. 

Germano et al. 2015. Mitigation-driven translocations: are we moving wildlife in the right 
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Conservation Easement, Nevada) 

Hedrick. 2021. Comment on “Individual heterozygosity predicts translocation success in 
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Hansson et al. 2021. Comment on “Individual heterozygosity predicts translocation success in 
threatened desert tortoises.” Science 10.1126/science.abh1105. 

Hinderle et al. 2015. The effects of homing and movement behaviors on translocation: desert 
tortoises in the western Mojave Desert. Journal of Wildlife Management 79:137–147. 
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survivorship, reproduction, and movements. Journal of Wildlife Management 76:1341–1353. 
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the dynamic and changing environment of the Mojave desert tortoise. Ecology and Evolution 
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Scott et al. 2021. Response to comment on “Individual heterozygosity predicts translocation 
success in threatened desert tortoises.” Science 10.1126/science.abg3199. 

Scott et al. 2021. Response to comment on “Individual heterozygosity predicts translocation 
success in threatened desert tortoises.” Science 10.1126/science.abh2633. 

 
Head-starting  
Daly et al. 2018. Comparing growth and body condition of indoor-reared, outdoor-reared, and 

direct-released juvenile Mojave Desert Tortoises. Herpetological Conservation and Biology 
13:622–633. 

Daly et al. 2019. Survival and movements of head-started Mojave Desert Tortoises. Journal of 
Wildlife Management 83:1700–1710. 

Hazard et al. 2015. Post-release dispersal and predation of head-started juvenile desert tortoises 
(Gopherus agassizii): effect of release site distance on homing behavior. Herpetological 
Conservation and Biology 10:504–515. 

Mack et al. 2018. Crowding affects health, growth, and behavior in headstart pens for Agassiz’s 
Desert Tortoise. Chelonian Conservation and Biology 17:14–26. 

McGovern et al. 2020. Comparing husbandry techniques for optimal head-starting of the Mojave 
Desert Tortoise (Gopherus agassizii). Herpetological Conservation and Biology 15:626–641. 

McGovern et al. 2020. The effect of size on postrelease survival of head-started Mojave Desert 
Tortoises. Journal of Fish and Wildlife Management 11:494–506.  

McGovern et al. 2021. Comparing post-release cover and burrow use by differentially head-
started Mojave Desert Tortoises in southern California. Conservation Evidence Journal 
18:37–43. 

Nagy et al. 2015. Head-started desert tortoises (Gopherus agassizii): movements, survivorship 
and mortality causes following their release. Herpetological Conservation and Biology 
10:203–215. 
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Conservation and Biology 10:535–549. 

Nagy et al. 2016. Weather and sex ratios of head-started Agassiz’s desert tortoise Gopherus 
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Nagy et al. 2020. Head-started Agassiz’s Desert Tortoises Gopherus agassizii achieve high 
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Mojave Desert Tortoise (Gopherus agassizii). Herpetological Conservation and Biology 
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5.1 Determine factors that influence the distribution of desert tortoises.  
 Validate and refine the desert tortoise habitat model. Expand to model potential effects of 

global climate change on existing desert tortoise habitat. 
 Determine characteristics that contribute to the relative condition (e.g., high or low quality) 

of desert tortoise habitat. 
Harju and Cambrin. 2019. Identifying habitat correlates of latent occupancy when apparent 

annual occupancy is confounded with availability for detection. Biological Conservation 
DOI: 10.1016/j.biocon.2019.108246. 

Inman et al. 2019. Local niche differences predict genotype associations in sister taxa of desert 
tortoise. Diversity and Distributions. DOI: 10.1111/ddi.12927 

Todd et al. 2016. Habitat selection by juvenile Mojave Desert Tortoises. Journal of Wildlife 
Management. DOI:10.1002/jwmg.1054. 

 
5.2 Conduct research on the restoration of desert tortoise habitat. Papers loosely 

categorized according to topics identified in the recovery plan: 
a) Evaluate the effectiveness of different restoration methods. 
b) Identify methods to eradicate non-native, invasive plants within desert tortoise 

habitat. 
c) Assess the ecological consequences of climate change on future vegetation 

communities within the range of the desert tortoise. 
d) Correlate habitat restoration with desert tortoise population status. 
e) Other restoration-related papers since 2011. 

bAbella. 2014. Effectiveness of exotic plant treatments on National Park Service lands in the 
United States. Invasive Plant Science and Management 7:147–163. 

aAbella. 2017. Persistent establishment of outplanted seedlings in the Mojave Desert. Ecological 
Restoration 35(1):16–19. 

aAbella and Berry. 2016. Enhancing and restoring habitat for the desert tortoise Gopherus 
agassizii. Journal of Fish and Wildlife Management doi:10.3996/052015–JFWM–046. 

eAbella, S.R., and L.P. Chiquoine. 2019. The good with the bad: when ecological restoration 
facilitates native and non-native species. Restoration Ecology 27:343–351. 

aAbella and Smith. 2013. Annual-perennial plant relationships and species selection for desert 
restoration. Journal of Arid Land 5:298–309. 

bAbella et al. 2011. Relationships of native desert plants with red brome (Bromus rubens): 
toward identifying invasion-reducing species. Invasive Plant Science and Management 
4:115–124. 

aAbella et al. 2012. Outplanting but not seeding establishes native desert perennials. Native 
Plants 13:81–89. 

bAbella et al. 2012. Identifying native vegetation for reducing exotic species during the 
restoration of desert ecosystems. Restoration Ecology 20:781–787. 

aAbella et al. 2015. Restoring a desert ecosystem using soil salvage, revegetation, and irrigation. 
Journal of Arid Environments 115:44–52. 

aAbella et al. 2015. Enhancing quality of desert tortoise habitat: augmenting native forage and 
cover plants. Journal of Fish and Wildlife Management 6:278–289. 
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cBachelet et al. 2016. Climate change effects on southern California deserts. Journal of Arid 
Environments 127:17–29. 

aBerry et al. 2015. Bidirectional recovery patterns of Mojave Desert vegetation in an aqueduct 
pipeline corridor after 36 years: I. Perennial shrubs and grasses. Journal of Arid 
Environments http://dx.doi.org/10.1016/j.jaridenv.2015.03.004. 

aBerry et al. 2015. Bidirectional recovery patterns of Mojave Desert vegetation in an aqueduct 
pipeline corridor after 36 years: II. Annual plants. Journal of Arid Environments 122: 141–
153. https://doi.org/10.1016/j.jaridenv.2015.06.016. 

aChiquoine et al. 2016. Rapidly restoring biological soil crusts and ecosystem functions in a 
severely disturbed desert ecosystem. Ecological Applications 26:1260–1272. 

aDeFalco and Esque. 2014. Soil seed banks: preserving native biodiversity and repairing 
damaged desert shrublands. California’s Deserts, Part 2: threats and conservation strategies. 
Fremontia 42:20–23. 

aDeFalco et al. 2012. Supplementing seed banks to rehabilitate disturbed Mojave Desert 
shrublands: Where do all the seeds go? Restoration Ecology 20:85–94. 

aDevitt et al. 2020. Post burn restoration response of Encelia virginensis within a small wash 
system in the Mojave Desert. Ecological Restoration 38:169–179.  

eEsque et al. 2021. Priority species lists to restore desert tortoise and pollinator habitats in 
Mojave Desert shrublands. Natural Areas Journal 41:145–158. 

aJones et al. 2014. Seedling ecology and restoration of blackbrush (Coleogyne ramosissima) in 
the Mojave Desert, United States. Restoration Ecology doi: 10.1111/rec.12128. 

cMunson et al. 2015. Long-term plant responses to climate are moderated by biophysical 
attributes in a North American desert. Journal of Ecology 103:657–668. 

cMunson et al. 2016. Cumulative drought and land-use impacts on perennial vegetation across a 
North American dryland region. Applied Vegetation Science doi:10.1111/avsc.12228. 

aScoles-Sciulla et al. 2014. Contrasting long-term survival of two outplanted Mojave Desert 
perennials for post-fire restoration. Arid Land Research and Management 29:110–124. 

aScoles-Sciulla et al. 2015. Contrasting long-term survival of two outplanted Mojave Desert 
perennials for post-fire revegetation. Arid Land Research and Management 29:110–124. 

eShryock et al. 2015. Landscape genomics of Sphaeralcea ambigua in the Mojave Desert: a 
multivariate, spatially-explicit approach to guide ecological restoration. Conservation 
Genetics 16:1303–1317. 

eShryock et al. 2017. Landscape genetic approaches to guide native plant restoration in the 
Mojave Desert. Ecological Applications 27:429–445. 

eShryock et al. 2020. Harnessing landscape genomics to identify future climate resilient 
genotypes in a desert annual. Molecular Ecology 2020:00:1-20. 

 
5.3 Improve models of threats, threat mitigation, and desert tortoise demographics. 

Papers loosely categorized according to topics identified in the recovery plan: 
a) Develop conceptual and quantitative models of threats to clarify interactive 

relationships between threats and to identify critical synergies that contribute to 
population declines. Demographic effects of individual threats and suites of threats on 
tortoise populations should be determined experimentally. 

b) Develop and test models of the effectiveness of management actions. 
c) Model desert tortoise demography relative to habitat condition to determine the 

proportion of habitat that needs to be occupied (or is available to be occupied) for 

http://dx.doi.org/10.1016/j.jaridenv.2015.03.004
https://doi.org/10.1016/j.jaridenv.2015.06.016


 

47 
 

recovery. Models should incorporate predicted effects of climate change on desert 
tortoise demography as well as on the current composition of tortoise habitat. 

d) Update population viability analyses. 
e) Other publications since 2011 directly related to particular threats and demographics 

i. Invasive plants 
ii. Fire and burned habitat 

iii. Wind energy development 
iv. Predation 
v. Climate 

vi. Other 
e.iiAbella and Engel. 2013. Influences of wildfires on organic carbon, total nitrogen, and other 

properties of desert soils. Soil Science Society of America Journal 77:1806–1817. 
e.iAbella et al. 2012. Biophysical correlates with the distribution of the invasive annual red brome 

(Bromus rubens) on a Mojave Desert landscape. Invasive Plant Science and Management 
5:47–56. 

e.iiiAgha et al. 2015. Turbines and terrestrial vertebrates: variation in tortoise survivorship 
between a wind energy facility and an adjacent undisturbed wildland area in the desert 
Southwest (USA). Environmental Management doi:10.1007/s00267–015–0498–9. 

e.viAgha et al. 2015. The effect of research activities and winter precipitation on voiding 
behaviour of Agassiz’s desert tortoises (Gopherus agassizii). Wildlife Research 41:641–649. 

e.viAgha et al. 2015. Nelson’s Big Horn Sheep (Ovis canadensis nelson) trample Agassiz’s 
Desert Tortoise (Gopherus agassizii) burrow at a California wind energy facility. Bulletin of 
the Southern California Academy of Sciences 114:58–62. 

e.viAgha et al. 2017. Mammalian mesocarnivore visitation at tortoise burrows in a wind farm. Journal 
of Wildlife Management 81:1117–1124. 

e.ivAnderson and Berry. 2019. Gopherus agassizii (Agassiz’s Desert Tortoise). Predation. 
Herpetological Review 50:351. 

e.vBarrows et al. 2016. Identifying climate refugia: a framework to inform conservation strategies 
for Agassiz’s Desert Tortoise in a warmer future. Chelonian Conservation and Biology 15:2–
11. 

aBerry et al. 2013. Multiple factors affect a population of Agassiz’s desert tortoise (Gopherus 
agassizii) in the northwestern Mojave Desert. Herpetological Monographs 27:87–109. 

aBerry et al. 2014. Protection benefits desert tortoise (Gopherus agassizii) abundance: the 
influence of three management strategies on a threatened species. Herpetological 
Monographs 28:66–92. 

e.iBerry et al. 2014. Models of invasion and establishment for African mustard (Brassica 
tournefortii). Invasive Plant Science and Management 7:599–616. 

e.viBerry et al. 2020. Feral burros and other influences of desert tortoise presence in the western 
Sonoran Desert. Herpetologica 76:403–413. 

aBerry et al. 2020. The catastrophic decline of tortoises at a fenced natural area. Wildlife 
Monographs 205:1–53. 

aBerry et al. 2020. An uncertain future for a population of desert tortoises experiencing human 
impacts. Herpetologica 76:1–11. 

e.ivBoarman and Kristan. 2018. Boulder City Conservation Easement desert tortoise predation 
study: predator assessment report. Clark County Desert Conservation Program. Las Vegas, 
Nevada. 
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e.iiBrooks. 2012. Effects of high fire frequency in creosote bush scrub vegetation of the Mojave 
Desert. International Journal of Wildland Fire 21:61–68. 

aCarter et al. 2020. Quantifying development to inform management of Mojave and Sonoran 
desert tortoise habitat in the American southwest. Endangered Species Research 42:167–184. 

e.viCohn et al. 2021. Heavy metal concentrations in Mojave Desert Tortoises (Gopherus 
agassizii) related to a mitigation translocation project, Ivanpah Valley, California, USA. 
Herpetological Conservation and Biology 16:128–141. 

bCuster et al. 2017. Drawing a line in the sand: effectiveness of off-highway vehicle management 
in California’s Sonoran desert. Journal of Environmental Management 
http://dx.doi.org/10.1016/j.jenvman.2017.02.033. 

e.ivCypher et al. 2018. Coyote diet patterns in the Mojave Desert: implications for threatened 
desert tortoises. Pacific Conservation Biology https://doi.org/10.1071/PC17039. 

aDarst et al. 2013. A strategy for prioritizing threats and recovery actions for at-risk species. 
Environmental Management 51:786–800. 

e.iiDrake et al. 2015. Desert tortoise use of burned habitat in the eastern Mojave Desert. Journal 
of Wildlife Management doi:10.1002/jwmg.874. 

e.iDrake et al. 2016. Negative impacts of invasive plants on conservation of sensitive desert 
wildlife. Ecosphere 7(10):e01531.10.1002/ecs2.1531. 

e.ivEmblidge, et al. 2015. Severe predation on a population of threatened desert tortoises: the 
American Badger as a novel predator. Endangered Species Research 28:109–116. 

e.iiiEnnen et al. 2012. Nesting ecology of a population of Gopherus agassizii at a utility-scale 
wind energy facility in southern California. Copeia 2012:222–228. 

e.vEnnen et al. 2012. Female Agassiz’s desert tortoise activity at a wind energy facility in 
southern California: the influence of an El Niño event. Natural Science 4:30–37. 

e.iGermino et al. 2016. Exotic Brome-Grasses in Arid and Semiarid Ecosystems of the Western 
U.S.: Causes, Consequences, and Management Implications. Springer, Cham, Switzerland. 

e.iiGray and Dickson. 2016. Applying fire connectivity and centrality measures to mitigate the 
cheatgrass-fire cycle in the arid West, USA. Landscape Ecology 31:1681–1696. 

e.iiHegeman et al. 2014. Probabilistic models of fire occurrence across National Park Service 
units within the Mojave Desert network, USA. Landscape Ecology 29:1587–1600. 

e.ivHenderson et al. 2016. Gopherus agassizii (Mohave Desert Tortoise). Nest depredation. 
Herpetological Review 47:446–447. 

e.iJurand and Abella. 2013. Soil seed banks of the exotic annual grass Bromus rubens on a burned 
desert landscape. Rangeland Ecology and Management 66:157–163. 

e.ivKelly et al. 2019. Temporal variation in foraging patterns in Desert Kit Foxes (Vulpes 
macrotis arsipus) in the Mojave Desert, California, USA. Journal of Arid Environments 
167:1–7.  

e.ivKelly et al. 2021. Predation on desert tortoises (Gopherus agassizii) by desert canids. Journal 
of Arid Environments 189:104476. https://doi.org/10.1016/j.jaridenv.2021.104476.  

e.viLoughran et al. 2011. Gopherus agassizii (Desert Tortoise). Burrow collapse. Herpetological 
Review 42:593. 

e.viLovich et al. 2011. Turtles, culverts, and alternative energy development: an unreported but 
potentially significant mortality threat to the desert tortoise (Gopherus agassizii). Chelonian 
Conservation and Biology 10:124–129. 

e.vLovich et al. 2012. Climatic variation affects clutch phenology in Agassiz’s desert tortoise 
Gopherus agassizii. Endangered Species Research 19:63–74. 

http://dx.doi.org/10.1016/j.jenvman.2017.02.033
https://doi.org/10.1016/j.jaridenv.2021.104476
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e.iiiLovich et al. 2014. Nest site characteristics, nesting movements, and lack of long-term nest 
site fidelity in Agassiz’s desert tortoises at a wind energy facility in southern California. 
California Fish and Game 100:404–416. 

e.ivLovich et al. 2014. Black bears (Ursus americanus) as a novel potential predator of Agassiz’s 
Desert Tortoises (Gopherus agassizii) at a California wind energy facility. Bulletin of the 
Southern California Academy of Sciences 113:34–41. 

e.vLovich et al. 2014. Climatic variation and tortoise survival: has a desert species met its match? 
Biological Conservation 169:214–224. 

e.iiLovich et al. 2018. Agassiz’s desert tortoise (Gopherus agassizii) activity areas are little changed 
after wind turbine-induced fires in California. International Journal of Wildland Fire 27:851–856.  

e.vMack et al. 2015. Factors affecting the thermal environment of Agassizi’s desert tortoise 
(Gopherus agassizii) cover sites in the central Mojave Desert during periods of temperature 
extremes. Journal of Herpetology 49:405–414. 

e.vMitchell et al. 2021. ‘Unscrambling’ the drivers of egg production in Agassiz’s Desert 
Tortoise: climate and individual attributes predict reproductive output. Endangered Species 
Research 44:217–230.  

e.viNafus et al. 2013. Relative abundance and demographic structure of Agassiz’s desert tortoise 
(Gopherus agassizii) along roads of varying size and traffic volume. Biological Conservation 
162:100–106. 

e.ivNafus et al. 2017. Cues from a common predator cause survival-linked behavioral adjustments 
in Mojave Desert tortoises (Gopherus agassizii). Behavioral Ecology and Sociobiology 
doi:10.1007/s00265–017–2387–0. 

e.vNafus et al. 2017. Precipitation quantity and timing affect native plant production and growth 
of a key herbivore, the desert tortoise, in the Mojave Desert. Climate Change Responses 
doi:10.1186/s40665–017–0032–9. 

e.vNowakowski et al. 2020. Thermal performance curves based on field movements reveal 
context-dependence of thermal traits in a desert ectotherm. Landscape Ecology 35:893–906. 

b, e.viPeaden. 2017. Habitat use and behavior of Agassiz’s Desert Tortoise (Gopherus agassizii): 
outpacing development to achieve long standing conservation goals. PhD Dissertation. 
University of California, Davis. 

e.viPeaden et al. 2015. Delimiting road-effect zones for threatened species: implications for 
mitigation fencing. Wildlife Research 42:650–659. 

aPeaden et al. 2017. Effects of roads and roadside fencing on movements, space use, and 
carapace temperatures of a threatened tortoise. Biological Conservation 214:13–22. 

aShields et al. 2019. Novel management tools for subsidized avian predators and a case study in 
the conservation of a threatened species. Ecosphere 10:e02895. 

e.iiShyrock et al. 2014. Life-history traits predict perennial species response to fire in a desert 
ecosystem. Ecology and Evolution 4:3046–3059. 

e.vSieg et al. 2015. Mojave desert tortoise (Gopherus agassizii) thermal ecology and reproductive 
success along a rainfall cline. Integrative Zoology 10:282–294. 

e.viSmith et al. 2015. Gopherus agassizii (Agassiz’s Desert Tortoise). Mechanical injury. 
Herpetological Review 46:423–424. 

e.ivSmith et al. 2016. A potential predator-prey interaction of an American Badger and an 
Agassiz’s Desert Tortoise with a review of badger predation on turtles. California Fish and 
Game 102:131–144. 

e.ivSpenceley et al. 2015. Gopherus agassizii (Agassiz’s Desert Tortoise). Attempted predation. 
Herpetological Review 46:422–423. 
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e.iiSoulard et al. 2013. The role of fire on soil mounds and surface roughness in the Mojave 
Desert. Earth Surf. Process. Landforms 38:111–121. 

e.iiSyphard et al. 2017. Trends and drivers of fire activity vary across California aridland 
ecosystems. Journal of Arid Environments 144:110–122. 

aTuma et al. 2016. Modeling Agassiz’s Desert Tortoise population response to anthropogenic 
stressors. Journal of Wildlife Management doi:10.1002/jwmg.1044. 
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5.4 Conduct research on desert tortoise diseases and their effects on tortoise 

populations. Papers loosely categorized according to topics identified in the recovery 
plan: 
a) Determine whether population declines through environmental stress are less severe 

when Mycoplasma is absent. 
b) Determine if desert tortoises exposed to simulated drought conditions become more 

susceptible to infection and more infectious. 
c) Determine whether diets high in plants of low nutritional value increase susceptibility 

to disease, as well as infectiousness. 
d) Identify virulent and less virulent strains of Mycoplasma in wild and captive 

populations and monitor temporal and spatial change in prevalence in relation to host 
genetic status and environmental stressors.  

e) Identify genes expressing toxin production and the circumstances when these genes 
are expressed. 

f) Examine the level of cross immunity between strains and variation in resistance in 
relation to the plane of nutrition and availability of water. 

g) Identify which individual tortoises are shedding, how they shed, when they shed, and 
for how long they shed infectious Mycoplasma particles. 

h) Identify whether individuals removed from drought-stressed areas or areas with 
severely deteriorated habitats continue to shed Mycoplasma and for how long. This 
research will identify in more detail seasonal forces of infection, the period of 
infectiousness, and how infectiousness varies under different circumstances. 

i) Undertake trials to determine if it is possible to cure individuals with Mycoplasma 
infections, even if only feasible in captive individuals. 

j) Examine the behavior of infectious tortoises in comparison to uninfected tortoises in 
the wild. Obtain estimates of contact rate according to sex, age, and season. This 
research will help us understand the most critical epidemiological parameters 
associated with transmission and, with other data, allow us to produce a predictive 
model of outbreak. 

k) Examine the implications of releasing sick tortoises into uninfected populations. 
l) Further explore natural antibodies in desert tortoises. 
m) Create a comprehensive disease-tortoise population model that incorporates the above 

information. 
n) Evaluate other known or emerging diseases for effects on desert tortoise populations. 
o) Other health- or disease-related publications since 2011 

http://dx.doi.org/10.1071/WF12158
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 FWS Focus

Overview
The Mojave population of desert tortoise (Gopherus agassizii) includes all tortoises north and west of
the Colorado River in Arizona, Utah, Nevada and California. Listed as threatened in 1990, these
tortoises are impacted by ongoing threats, including loss, degradation and fragmentation of habitat
due to development. They are also impacted by increased wildfire due to non-
native invasive vegetation, disease, road mortality and predation of their eggs and hatchlings. 

Scientific Name
Gopherus agassizii

Common Name
Desert Tortoise, Mohave Desert Tortoise, Agassiz's Desert Tortoise, Mojave Desert Tortoise

FWS Category

Reptiles

Image Details

Desert Tortoise

https://www.fws.gov/media/481186
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Kingdom

Animalia

Location in Taxonomic Tree   ()

Genus
 Gopherus

Species
 Gopherus agassizii

Identification Numbers

TSN:   ()

173856 

Characteristics

Habitat

Mojave population of desert tortoise lives in a variety of habitats from sandy flats to rocky
foothills, including alluvial fans, washes and canyons.

Desert
Arid land with usually sparse vegetation.

Behavior

HABITAT 

BEHAVIOR 

https://www.fws.gov/species/animals-animalia
https://www.fws.gov/species/desert-tortoise-gopherus-agassizii
https://www.fws.gov/taxonomic-tree/29437
https://www.fws.gov/taxonomic-tree/29438
https://www.fws.gov/species/desert-tortoise-gopherus-agassizii
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=173856
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The desert tortoise hibernates in burrows for up to nine months each year, and is most
active from March to June and September to October.

Color & Pattern

The desert tortoise has a top shell is brown, gray or black, and the shell underneath is
lighter.

Sound

The desert tortoise produces a variety of sounds - hisses, grunts, pops, whoops, huhs,
echs, bips, etc.

Size & Shape

The desert tortoise has a short tail, flattened front legs that are adapted for digging,
elephant-like hind legs and a high-domed shell. 

MeasurementsShell height: 4 to 6 inchesShell length: 8 to 15 inches

Weight

Adult tortoises weigh eight to 15 pounds.

Life Span

Desert tortoises can live roughly 50 to 80 years, but take 13 to 20 years to reach sexual
maturity.

PHYSICAL CHARACTERISTICS 

LIFE CYCLE 



9/10/23, 3:49 PM Desert Tortoise (Gopherus agassizii) | U.S. Fish & Wildlife Service

https://www.fws.gov/species/desert-tortoise-gopherus-agassizii 4/9

Food

The desert tortoise eat various herbs, grasses, cacti and wildflowers.

Geography

LAUNCH INTERACTIVE MAP

FOOD 
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−
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Timeline
Explore the information available for this taxon's timeline. You can select an event on the timeline to
view more information, or cycle through the content available in the carousel below.

42 ITEMS

Key:

May 20, 2021

 Five Year Review (Information Solicitation)

Initiation of 5-Year Status Reviews of 76 Species
in California and Nevada; request for
information
Publication type: Notice

Population:

VIEW FEDERAL REGISTER DOCUMENT
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 Event  Regulatory Status Change

Refine Your Search

Content Type

4d

4e

Biological Opinion

Conservation Plan

Critical Habitat

Document

Five Year Review

Habitat Conservation Plan

Image

Listing

NEPA - EIS

Notice

Press Release

Recovery Plan

Sta� Profile

Story
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Filter By Publish Date

Information & Media
Below is a list of additional information and media on this taxon. You can further refine your
results, or enter a search term below.
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End Date 
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Enter Search Term  Sort by

Decision for Northern Corridor to Help Support Local Communities
While also Protecting Habitat and Species Released

ST. GEORGE, Utah – The Bureau of Land Management and U.S. Fish and
Wildlife Service (Service) announce today decisions that provide
Washington County, Utah, the foundation for the future infrastructure
needed to support one of the fastest growing communities in the nation,
while providing...

Press Release

Jan 14, 2021

Final Environmental Impact Statement Considering highway right-
of-way, amended HCP, and Incidental Take Permit for Mojave
Desert Tortoise

St. George, UT - The Bureau of Land Management (BLM) and U.S. Fish and
Wildlife Service (Service) have issued the final environmental impact
statement (Final EIS) that considers a highway right-of-way application,
amended habitat conservation plan and incidental take permit for the
Mojave desert...

Press Release

Nov 12, 2020

HCP, NEPA - EIS

Conservation Plan

https://www.fws.gov/press-release/2021-01/decision-northern-corridor-help-support-local-communities-while-also
https://www.fws.gov/press-release/2021-01/decision-northern-corridor-help-support-local-communities-while-also
https://www.fws.gov/press-release/2020-11/final-environmental-impact-statement-considering-highway-right-way-amended
https://www.fws.gov/press-release/2020-11/final-environmental-impact-statement-considering-highway-right-way-amended
https://www.fws.gov/node/265205
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HCP, NEPA - ROD

Conservation Plan

HCP, The HCP

Conservation Plan

Mojave Desert Tortoise population augmentation strategy

PDF

Feb 1, 2021

Revised USFWS DT Translocation Guidance

PDF

Jun 3, 2020

Translocation Guidance Attachment 1: Clearance survey protocol

Word Document

Jun 2, 2020

Translocation Guidance Attachment 2: Temporary Captive Care of
Wild Mojave Desert Tortoises

https://www.fws.gov/node/265206
https://www.fws.gov/node/265207
https://www.fws.gov/media/mojave-desert-tortoise-population-augmentation-strategy
https://www.fws.gov/media/revised-usfws-dt-translocation-guidance
https://www.fws.gov/media/translocation-guidance-attachment-1-clearance-survey-protocol
https://www.fws.gov/media/translocation-guidance-attachment-2-temporary-captive-care-wild-mojave-desert-tortoises
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PDF

Jun 2, 2020

Translocation Guidance Attachment 1: Clearance survey protocol

PDF

Jun 2, 2020

https://www.fws.gov/species/desert-tortoise-gopherus-agassizii
https://www.fws.gov/species/desert-tortoise-gopherus-agassizii
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January 20, 2023 

 

Sent via email (with attachments by electronic file transfer) 

 

Michael Abraham 

Assistant Director 

Imperial County Planning and Development Services Department 

801 Main St 

El Centro, CA 92243 

MichaelAbraham@co.imperial.ca.us 

ICPDSCommentLetters@co.imperial.ca.us.  

442-265-1736 

 

 

Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-0001, a 

Mineral Exploration Project (SCH No. 2022120331) Environmental Assessment and 

Mitigated Negative Declaration 

 

Dear Mr. Abraham: 

 

 These comments are submitted on the IS21-0029 SMP Gold Corp (Oro Cruz) 

Reclamation Plan #21-0001 Mineral Exploration Project (SCH No. 2022120331) (“Project”) 

from Center for Biological Diversity, Western Watersheds Project, Earthworks, the Sierra Club 

California/Nevada Desert Committee, Conservation Lands Foundation, Greenaction for Health 

and Environmental Justice, Mojave Desert Land Trust, California Native Plant Society, and the 

Ahmut Pipa Foundation (collectively “Conservation Organizations”). These comments 

supplement and incorporate by reference our previous comments (dated December 16, 2022) on 

BLM’s Environmental Assessment (EA) and Draft Finding of No Significant Impact (FONSI) 

and proposal to approve the Plan of Operations for the SMP Gold Corp. These comments were 

sent to the County and are also attached as Exhibit 1. The Conservation Organizations have 

reviewed the Environmental Assessment and Mitigated Negative Declaration (“EA/MND”) and 

associated environmental review documents closely and are concerned that Imperial County 

(“County”) has failed to adequately disclose, analyze, and mitigate the Project’s significant 

environmental impacts as required under the California Environmental Quality Act, Public 

Resources Code section 21000 et seq. (“CEQA”) and 14 California Code of Regulations section 

15000 et seq. (“CEQA Guidelines”). The Conservation Organizations urge the County to prepare 

and circulate an Environmental Impact Report (“EIR”) for the Project prior to taking any further 

action on the Project application.    

 

// 

mailto:MichaelAbraham@co.imperial.ca.us
mailto:ICPDSCommentLetters@co.imperial.ca.us
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// 

I. The County Must Prepare an EIR for the Project.  

  

CEQA was enacted for the state to “take all action necessary to protect, rehabilitate, and 

enhance the environmental quality of the state” and to “[e]nsure that the long-term protection of 

the environment . . . shall be the guiding criterion in public decisions.” (Pub. Res. Code 

§ 21001.) The CEQA Guidelines state that “CEQA was intended to be interpreted in such a 

manner as to afford the fullest possible protection to the environment within the reasonable scope 

of the statutory language,” and that “[t]he purpose of CEQA is . . . to compel government at all 

levels to make decisions with environmental consequences in mind.” (CEQA Guidelines § 

15003.) CEQA is an information document and, as such, “requires full environmental 

disclosure.” (Communities for a Better Environment v. City of Richmond (2010) 184 Cal.App.4th 

70, 89.) 

Only when “there is no substantial evidence in light of the whole record before the public 

agency that the project . . . may have a significant effect on the environment” may an agency 

prepare a negative declaration or mitigated negative declaration instead of an EIR. (Pub. Res. 

Code § 21064.5; see also id. §§ 21064, 21080(c).) A mitigated negative declaration, in particular, 

is prepared “when the initial study has identified potentially significant effects on the 

environment, but . . . revisions in the project plans or proposals . . . would avoid the effects or 

mitigate the effects to a point where clearly no significant effect on the environment would 

occur” and there is no substantial evidence the project may have a significant effect on the 

environment. (Id. § 20164.5.) If there is substantial evidence that a project may have a significant 

effect on the environment, an agency must prepare an EIR. (Id. § 21080(d).) 

If an agency is presented with so much as “a fair argument that a project may have a 

significant effect on the environment, the lead agency shall prepare an EIR even though it may 

also be presented with other substantial evidence that the project will not have a significant 

effect.”  (CEQA Guidelines § 15064(f)(1); see also No Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 

68, 75.) 

The CEQA Guidelines provide guidance for determining if a project’s effects are 

significant. Such a determination “calls for careful judgment on the part of the public agency 

involved, based to the extent possible on scientific and factual data” and a “consider[ation of] the 

views held by members of the public in all areas affected.” (Id. § 15064(b)-(c).) The lead agency 

must consider both direct and indirect physical changes in the environment caused by the project. 

(Id. § 15064(d).)  

CEQA also requires consideration of cumulative impacts. An EIR is required “if the 

cumulative impact may be significant and the project’s incremental effect, though individually 

limited, is cumulatively considerable . . . when viewed in connection with the effects of past 

projects, the effects of other current project, and the effects of probable future projects.” (Id. § 

15064(h)(1).) Cumulatively considerable environmental effects require a mandatory finding of 

significance. (Id. § 15065(a)(3).) 

CEQA also has a substantive mandate and requires effective mitigation. “[P]ublic 

agencies should not approve projects as proposed if there are feasible alternatives or feasible 
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mitigation measures available which would substantially lessen the significant environmental 

effects of such projects.” (Pub. Res. Code § 21002.) CEQA requires mitigation measures to be 

“fully enforceable through permit conditions, agreements, or other measures.” (See id. § 

21081.6(b); CEQA Guidelines § 15126.4(a)(2).) “Formulation of mitigation measures should not 

be deferred until some future time.” (CEQA Guidelines § 15126.4(a)(1)(B).) 

The Project’s impacts on biological resources, air quality and greenhouse emissions, 

energy, water supply, cultural resources and numerous other factors are readily apparent given 

the type, location and scale of the project. Any one of these factors alone is sufficient to warrant 

preparation of an EIR. 

II. The EA/MND Lacks an Adequate Analysis of and Mitigation for the Project’s 

Impacts to Biological Resources 

 

The EA/MND lacks adequate detail in the description and analysis of special-status 

species that occur, have the potential to occur, or historically occurred in and near the Project 

area. Below we provide just a few illustrative examples of the EA/MND’s shortcomings in this 

respect, though this is not a comprehensive list. The below information provides ample support 

of a fair argument that the project may have a significant effect on the environment. 

Accordingly, the County must prepare an EIR. (CEQA Guidelines § 15064(f)(1); see also No 

Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 68, 75.) 

A. Desert Tortoise Are a Special Status Species, the Impacts to Which are 

Presumed to be Significant. 

 

The CEQA Guidelines indicate that a Project can be expected to have significant impacts 

to biological resources if the Project has a substantial adverse effect, either directly or through 

habitat modifications, on any species identified as a candidate, sensitive, or special status species 

in local or regional plans, policies, or regulations, or by the California Department of Fish and 

Game or U.S. Fish and Wildlife Service. (CEQA Guidelines, Appendix G, subd. IV(a).) 

Accordingly, the EA/MND itself indicates that the Project’s impacts will be significant if it will 

“have a substantial adverse effect, either directly or through habitat modifications, on any species 

identified as a candidate . . . species . . . by the California Department of Fish and Game.”  

(EA/MND at 1021; see also CEQA Guidelines § 15065(a)(1) [when performing an initial study, 

agencies shall make a mandatory finding of significance where a proposed project has the 

potential to substantially reduce the number or restrict the range of a listed species], California 

Fish and Game Code § 2085 [CESA candidate species treated like threatened or endangered 

species].) 

 

The Mojave Desert Tortoise is listed as threatened under the Endangered Species Act and 

California Endangered Species Act (“CESA”). (55 Fed. Reg. 12178 12191, 14 CCR § 670.5.) 

The tortoise has been the official State Reptile since 1972. (Assembly Bill 1089, Chapter 683, 

1972.) In addition, on October 14, 2020, the California Fish and Game Commission (“CFGC”) 

advanced the Mojave Desert Tortoise to candidacy to uplist it from threatened to endangered 

 
1 The EA/MND posted on CEQANet was not paginated. Citations to the EA/MND in this comment letter refer to the 

PDF page number. 
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under CESA, protecting these imperiled species from harm during the ongoing review process. 

(CFGC 2020.) Consequently, the Project’s impacts to the desert tortoise must be considered 

significant and fully evaluated and disclosed to the public. (Nelson v. Cnty. of Kern (2010) 190 

Cal.App.4th 252, 284 [information before County showing that mining exploration project could 

significantly impact plant and animal life in the area meets the fair argument test to require 

preparation of an EIR.].) 

 

Desert tortoise are on the decline throughout their range, including in Imperial County 

(Allison and McLuckie 2018). In this area, the desert tortoise are part of the most southern 

population in California, where they endure the most arid and hottest habitat in California. As 

noted in our attached comments on the NEPA document, “the Picacho Area of Environmental 

Concern (ACEC) was established in part to conserve the declining Mojave desert tortoise.”  

(Exhibit 1 at p. 21; BLM 2016.) 

 

With active burrows and tortoise sign found in some of the drill areas (EA at 98), it is 

incumbent that these animals be protected from any harms. The EA/MND assumes that any 

impacts will be mitigated to less-than-significant levels with the avoidance, minimization and 

mitigation measures outlined in Appendix F, Table F-3. The proposed measures are wholly 

inadequate to protect the on-site desert tortoise. Accordingly, the Project’s impacts will remain 

significant and should be considered in an EIR. In that analysis the County must consider 

adoption of the following additional feasible mitigation measures at minimum: 

- Commit to secure an “incidental take permit” from the California Department of 

Fish and Wildlife, in addition to the Federal “take” permit, prior to any groundbreaking 

activities; 

- Preconstruction surveys prior to the proposed project implementation; 

- On-site biological monitor during project implementation who has wildlife 

agency permits to move desert tortoise out of harm’s way; 

- Fencing of all worksites, roads and other areas of disturbance associated with the 

proposed project; 

- A detailed raven plan that effectively discourages ravens from being drawn to the 

site during proposed project implementation as well as during the restoration efforts and 

fencing removal. 

 

B. The EA/MND Does Not Adequately Describe the Environmental Baseline for 

Various Other Species. 

 

The EA/MND fails to provide adequate baseline information and description of the 

environmental setting for species other than the desert tortoise. This deficiency extends to the 

EA/MND’s treatment of rare plants, animals, and communities. For some species or habitats 

baseline conditions are lacking or totally absent and as a result no impact assessment is provided 

for these biological resources. The failure to address numerous species may be the result of 

inadequate surveys. 

. 

1. Flat-tailed horned lizard and Colorado fringe-toed lizard  
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The EA/MND (at 79) states that surveyors found small sand patches in the western edge 

of the area of analysis during March 2021 plant surveys. The Plan of Operations states that loose 

sandy soils are present in the project area. Sandy soils are the preferred habitat for the imperiled 

flat-tailed horned lizard Phrynosoma mccallii and the Colorado Desert fringe-toed lizard (Uma 

notata), both of which are State Species of Special Concern (Thompson 2016). These reptile 

species may have been dormant in underground burrows or inactive during the surveys which 

were performed in March 2021. California Department of Wildlife’s recommendations for 

managing the flat-tailed horned lizard include “limit[ing] habitat disturbance and destruction. 

Development that leads to habitat conversion or fragmentation should be avoided or limited in … 

habitat.” (Ibid.) For the Colorado Desert fringe-toed lizard, “[p]rotecting sand dune habitat from 

the impact of off-highway vehicle use” is a key management strategy. (Ibid.) Implementing these 

management strategies will help minimize impacts to these lizards and need to be included in the 

MND. Creation of new roads in this area as part of the proposed Project is of concern because it 

could further fragment habitat and provide new access for off-highway vehicles.   Additionally, 

the avoidance and minimization measures for desert tortoise may benefit these lizards, but 

additional analysis and avoidance measure need to be put in place to avoid lizard impacts. 

 

2. Golden Eagles 

 

As per our comments on the EA, it is imperative that the County conduct golden eagle 

nest surveys and discuss compliance with all the federal and state requirements for eagles in 

detail.   

 

3. Le Conte’s Thrasher 

 

The California Natural Diversity Database (2023) documents that the Le Conte’s thrasher 

(Toxostoma lecontei), a California Species of Special Concern, is present in the general proposed 

project area. These very shy, non-migratory birds are easily disturbed and known to be “[o]ften 

exceptionally wary of humans; vulnerable to off-road vehicle activity, other disturbance, and 

removal of shrubs for agricultural or other development.” (CDFW 2005). These birds have been 

known to be declining for years. (CDFW 2005). The MND must include the results of targeted 

surveys for Le Conte’s thrasher. Based on the outcome of the surveys the MND must be updated 

to include the outcome of the surveys and the analysis of impacts from the proposed action. 

 

4.  Desert Bighorn Sheep 

 

Desert bighorn sheep (see map below) historically occupied the Cargo Muchacho 

Mountains. California Department of Fish and Wildlife is repatriating desert bighorn to various 

ranges throughout their historic range.  While the Cargo Muchachos are not currently being 

repatriated, the impact to habitat from the exploratory drilling must be analyzed in the context of 

impacts to future desert bighorn repatriation.  Desert bighorn are a “fully protected” species 

under California law.  

 

 

(continued on next page…) 
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Map of Desert Bighorn Sheep Habitat – CDFW n.d. 

 

5. Bats 

 

While three bat species were identified definitively in the EA/MND and an additional species 

was speculated, the California Natural Diversity Database (2023) has one record of the western 

mastiff bat (Eumops perotis californicus) occurring in the general area of the proposed project. 

All these bat species are State Species of Special Concern. These findings collectively also 

indicate a high level of diversity of bats in the localized area. Additional surveys need to be 

conducted during the appropriate time of year to evaluate the presence of important roosting 

sites, including maternity roosts for these species that have that life history requirement, and 

provide an analysis of potential impacts to these species from the proposed project.   
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6. Rare Plants 

 

According to the California Natural Diversity Data base (2023), two additional rare 

plants have been documented in the general area of the proposed project area. These include the 

pink fairy-duster (Calliandra eriophylla) CRPR 2.3, which is not analyzed despite the 

EA/MND’s acknowledgment that it has a “high likelihood” of occurrence, and the glandular 

ditaxis (Ditaxis claryana) CRPR 2.2, which also is not analyzed despite the EA/MND’s 

acknowledgment that it may occur on site. (EA/MND at 302.) These species, in addition to the 

plants analyzed in the EA/MND, are tracked by the State of California because of their 

rarity/threats. As such, the MND is inadequate because it failed to target these species in the 

appropriately timed botanical surveys and failed to provide a full floral inventory of the species 

identified on site. Absent adequate surveys, the EA/MND lacks evidence showing that the 

Project will not impact these rare plants. Since evidence exists supporting a fair argument that 

there may be an impact, the County must prepare an EIR. 

 

7. Rare Plant Communities 

 

The EA/MND identifies the Blue Palo Verde-Ironwood Alliance (also identified by its 

scientific name Parkinsonia florida—Olneya tesota alliance) as microphyll woodlands existing 

on-site. (EA/MND at 78.) Microphyll woodlands are very important habitat for migratory bird 

species as well as desert tortoise. (Audubon 2019; Luckenbach 1972.) It is also a sensitive plant 

community identified by the State of California. (EA/MND at 78.) The EA/MND mapped 

microphyll woodlands to cover 2 percent of the proposed project area, but the Conservation 

Biology Institute mapping – which was contracted by federal and state agencies for the Desert 

Renewable Energy Conservation Plan (DRECP) – mapped a much greater extent of microphyll 

woodlands than the MND identifies. (Databasin 2014.) A site-specific mapping of the microphyll 

woodlands (aka Blue Palo Verde- Ironwood Alliance or Parkinsonia florida—Olneya tesota 

alliance) must be done. Since evidence exists supporting a fair argument that there may be an 

impact to the microphyll woodlands identified in the DRECP, the County must prepare an EIR. 

 

III. The EA/MND Fails to Adequately Analyze, Disclose, and Mitigate the Project’s 

Significant Adverse Air Quality Impacts. 

 

The EA/MND’s evaluation of the Project’s air quality impacts is flawed. It fails to 

disclose and study the Project’s full suite of air quality impacts and fails to adopt all feasible 

mitigation measures to mitigate those impacts. (See EA/MND Sec. 3.3.5.) The County must 

require an EIR to adequately analyze the Project’s air quality impacts, acknowledge their 

significance, and consider and adopt feasible mitigation to reduce those impacts.  

 

A. This Project would add extractive development to a region already 

suffering from poor air quality. 

Air quality is a significant environmental and public health concern in California. 

Unhealthy, polluted air contributes to and exacerbates many diseases and increases mortality 

rates. The U.S. government estimates that between 10-12 percent of total health costs can be 
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attributed to air pollution. (VCAPCD 2003.) Many plants and trees, including agricultural crops, 

are also injured by air pollutants. This damage ranges from decreases in productivity, a 

weakened ability to survive drought and pests, to direct mortality. (Id.) Terrestrial wildlife is also 

affected by air pollution as the plants and trees that constitute their habitats are weakened or 

killed. Aquatic species and habitats are also affected by air pollution through the formation of 

acid rain that raises the pH level in oceans, rivers and lakes. Greenhouse gases, such as the air 

pollutant carbon dioxide which is released by fossil fuel combustion, contribute directly to 

human-induced climate change (EPA 2016), and in a positive feedback loop, poor air quality that 

contributes to climate change will in turn worsen the impacts of climate change and attendant air 

pollution. (BAAQMD 2016.) 

According to the American Lung Association’s 2022 “State of the Air” report, Imperial 

County has a “Fail” grade for both year-round ozone and particulate matter pollution, under both 

the 24-hour and annual metrics. (Id.) Ozone (commonly referred to as smog) is created by the 

atmospheric mixing of gases from fossil fuel combustion and other volatile organic compounds 

and sunlight. Although it is invisible, ozone poses one of the greatest health risks, prompting the 

EPA to strengthen its National Ambient Air Quality Standard for Ozone in 2015. (ALA 2022.) 

PM2.5 is a common component of vehicle exhaust emissions and contributes to visible air 

pollution. These tiny participles are dangerous because they are small enough to escape our 

body’s natural defenses and enter the blood stream.  

 

Fugitive dust is the term used to describe the fine particulate matter – PM2.5 and PM10 – 

that results from ground disturbance, such as construction, road-building operations, or mining. 

Fugitive dust can impede breathing and cause respiratory irritation, cough, airway obstruction 

and poor lung function. (Blodgett 2004.) Chronic or long-term exposure can lead to lung 

inflammation, bronchitis and emphysema and produce a severe lung disease known as silicosis, a 

form of pulmonary fibrosis. (Hnizdo 2003.) Fugitive dust emissions would result from project 

operations. (EA/MND at Sec. 3.3.3.) 

 

B. By Excluding Stationary Source Emissions, the Project Improperly 

Underestimates the Project’s Air Quality Emissions 

 

Although the EA/MND purports to evaluate whether the Project would emit criteria 

pollutants for which the region is in nonattainment status, it fails to analyze the Project’s total 

emissions. (EA/MND at Sec. 3.3.5(b).) The EA/MND’s air quality analysis inexplicably omits 

the Project’s stationary source emissions and concludes, based on mobile sources alone, that the 

Project will have less-than-significant impacts. (Ibid.)  

 

The EA/MND does not define what is included under the umbrella term “stationary 

source.” It appears to refer to the Imperial County Air Pollution Control District (ICAPCD) 

rules, which define stationary source to encompass “any building, structure, facility, Equipment, 

or Emissions Unit which emits or may emit any Affected Pollutant directly or as a Fugitive 

Emission.” (ICAPCD Rule 207.) The County’s definition appear to include the wide-range of 

on-site activities, including the drill rigs, generators, and construction. Even comparing the 

emissions calculations in Appendix E to the disclosed mobile source emissions in EA/MND 

Section 3.3.5(b), “stationary sources” appear to be the main driver of the Project’s air quality 
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impacts. (See Appendix E.) When the Project’s total emissions are calculated, they well exceed 

the County’s thresholds of significance. Yet nowhere does the EA/MND analyze or make a 

significance finding for total Project emissions. This obscures the Project’s true impacts.  

 

The EA/MND claims it need not analyze the emissions from stationary sources because 

stationary source emissions are “already subject to mitigation” under the air district rules, 

specifically ICAPCD Rule 207. This reasoning ignores the clear requirements in the ICAPCD 

CEQA Handbook, which mandate “an Initial Study [] analyze all phases of a development 

project including, operational (long-term) and cumulative impacts so as to determine the level of 

significance.” (ICAPCD 2017 at 9.) This mandate is consistent with CEQA, which requires full 

disclosure of all the potential air pollutants and/or toxic air emissions from a project. (Citizens to 

Preserve the Ojai v. County of Ventura (1985) 176 Cal.App.3d 421 [a quantitative analysis of the 

full impact is necessary to determine the impact of air quality emissions.]) Excluding stationary 

sources from the air quality emissions fails to take a hard look at an important environmental 

impact. This failure violates CEQA. 

 

The EA/MND also claims that it need not consider stationary source emissions because 

the County’s threshold of significance is designed to only evaluate mobile sources. (EA/MND at 

28.) Even if the Project’s mobile source emissions are less-than-significant under this threshold, 

a determination that an environmental impact complies with a particular threshold of significance 

does not relieve a lead agency of its obligation to consider evidence that indicates the impact 

may be significant despite compliance with the threshold. (CEQA Guidelines § 15064(b)(2).)  

 

The primary and overriding basis for the County's conclusion here was its assumption 

that the project’s CEQA analysis is limited to mobile sources only. But once that assumption is 

removed, the situation is entirely different. When the entire project is considered, the record 

reveals sufficient information and inferences to indicate a fair argument that significant 

environmental impacts may exist, requiring an EIR. (Nelson v. Cnty. of Kern (2010) 190 Cal. 

App. 4th 252, 283.)  

 

C. The EA/MND Fails to Analyze or Disclose the Project’s Fugitive Dust 

Emissions. 

 

Furthermore, nowhere does the EA/MND analyze the significance of the Project’s 

fugitive dust impacts. Fugitive dust is typically used to describe the fine particulate matter – 

PM2.5 and PM10. The EA/MND separately evaluates the Project’s PM2.5 and PM10 emissions, 

finding neither meet the respective thresholds of significance. In Appendix E, however, the 

EA/MND recognizes a third category of particulate matter, called “PM,” and estimates those 

emissions will reach up to 373.22 pounds per year, the vast majority of which will come from 

helicopter use and laydown yard emissions (220.93 and 147.97 pounds per year, respectively). 

This estimate well exceeds any threshold of significance for any criteria pollutant set by the 

County. Inexplicably, nowhere in the EA/MND’s air quality analysis is this impact disclosed or 

analyzed against a threshold of significance. 

 

The Project then attempts to dispel any concerns about fugitive dust by concluding that 

compliance with construction fugitive dust control measures will reduce any impacts to less-
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than-significant levels. (EA/MND at 29 [“[T]hrough implementation of the ICAPCD’s standard 

construction fugitive dust controls and standard construction mitigation measures, the Project 

would not result in a cumulatively considerable net increase of any criteria pollutant…].) 

Appendix E makes clear that the majority of fugitive dust emissions will come from project 

operations (helicopter use and laydown yard emissions), not construction. Mitigation to reduce 

construction impacts does not provide evidence that the Project’s overall fugitive dust will be 

reduced to less-than-significant levels. Therefore, a fair argument exists that the Project may 

have a significant effect on the environment necessitating the preparation of an EIR. 

 

D. The EA/MND’s Few Air Quality Mitigation Measures Are Unenforceable 

and Deferred. 

 

Generally, mitigation measures should not be deferred, and feasibility findings should not 

be delegated to staff. (CEQA Guidelines, §§ 15126.4(a)(1)(B), 15025(b)(2).) Specific details of a 

mitigation measure “may be developed after project approval when it is impractical or infeasible 

to include those details during the project's environmental review provided that the agency (1) 

commits itself to the mitigation, (2) adopts specific performance standards the mitigation will 

achieve, and (3) identifies the type(s) of potential action(s) that can feasibly achieve that 

performance standard and that will [be] considered, analyzed, and potentially incorporated in the 

mitigation measure.’” (Golden Door Properties v. County of San Diego (2020) 50 Cal.App.5th 

467, 518.) The EA/MND fails to meet these requirements. 

 

The EA/MND notes that the Project Applicant will comply with ICAPCD Regulation 

VIII – Fugitive Dust Rules to develop and implement—at a later date and outside of the public 

process – a dust control plan to address fugitive dust. (EA/MND at Sec. 3.3.5(b).) The lead 

agency is expected to develop mitigation in an open public process. (Communities for a Better 

Environment v. City of Richmond (2010) 184 Cal.App.4th 70, 93.) The EA/MND offers no 

reason why a dust control plan cannot be developed as part of the Project’s environmental 

review, nor does it include objective standards to guide the County’s approval of the plan. As 

written, the measure creates an enormous loophole and allows the Project applicant and the 

County to determine—at a later date, without oversight or objective standards, and without 

supporting its decision with substantial evidence—whether mitigation will be implemented. It is 

entirely inappropriate to defer analysis of fugitive dust mitigation until after Project approval, 

especially since formulating a plan appears to be entirely feasible.  

 

 

IV. The EA/MND Failed to Properly Analyze or Adequately Mitigate Greenhouse Gas 

Emissions. 

 

A. Climate Change is a Catastrophic and Pressing Threat to California. 

 

A strong, international scientific consensus has established that human-caused climate 

change is causing widespread harms to human society and natural systems, and that climate 

change threats are becoming increasingly dangerous. The Intergovernmental Panel on Climate 

Change (IPCC), the leading international scientific body for the assessment of climate change, 

concluded in its 2014 Fifth Assessment Report that: “[w]arming of the climate system is 



  

    January 20, 2023 

   Page 11 

 

unequivocal, and since the 1950s, many of the observed changes are unprecedented over decades 

to millennia. The atmosphere and ocean have warmed, the amounts of snow and ice have 

diminished, and sea level has risen,” and further that “[r]ecent climate changes have had 

widespread impacts on human and natural systems.” (IPCC 2014.) These findings were echoed in 

the United States’ own 2014 Third National Climate Assessment and 2017 Climate Science 

Special Report, prepared by scientific experts and reviewed by the National Academy of 

Sciences and multiple federal agencies. The Third National Climate Assessment concluded that 

“[m]ultiple lines of independent evidence confirm that human activities are the primary cause of 

the global warming of the past 50 years” and “[i]impacts related to climate change are already 

evident in many regions and are expected to become increasingly disruptive across the nation 

throughout this century and beyond.” (Melillo 2014.)  

 

Immediate and aggressive greenhouse gas emissions reductions are necessary to keep 

warming well below 2°C above pre-industrial levels. The IPCC Fifth Assessment Report and 

other expert assessments have established global carbon budgets, or the total amount of carbon 

that can be burned while maintaining some probability of staying below a given temperature 

target. According to the IPCC, total cumulative anthropogenic emissions of CO2 must remain 

below about 1,000 GtCO2 from 2011 onward for a 66 percent probability of limiting warming to 

2°C above pre-industrial levels, and to 400 GtCO2 from 2011 onward for a 66 percent 

probability of limiting warming to 1.5°C. (IPCC 2014 at 63-64 & Table 2.) These carbon 

budgets have been reduced to 850 GtCO2 and 240 GtCO2, respectively, from 2015 onward. 

(Rogelj 2016 at Table 2.) As of 2022, climate policies by the world’s countries would lead to an 

estimated 2.7°C of warming, and possibly up to 3.6°C of warming, well above the level needed 

to avoid the worst dangers of climate change. (Climate Action Tracker 2022.) 

 

The United States has contributed more to climate change than any other country.  The 

U.S. is the world’s biggest cumulative emitter of greenhouse gas pollution, responsible for 27 

percent of cumulative global CO2 emissions since 1850, and the U.S. is currently the world’s 

second highest emitter on an annual and per capita basis. (World Resources Institute 2020.) 

Nonetheless, U.S. climate policy is wholly inadequate to meet the international climate target to 

hold global average temperature rise to well below 2°C above pre-industrial levels to avoid the 

worst dangers of climate change. Current U.S. climate policy has been ranked as “critically 

insufficient” by an international team of climate policy experts and climate scientists which 

concluded: “These steps represent a severe backwards move and an abrogation of the United 

States’ responsibility as the world’s second largest emitter at a time when more, not less, 

commitment is needed from all governments to avert the worst impacts of climate change.” 

(Climate Action Tracker 2022.) 

 

In its 2018 Special Report on Global Warming of 1.5°C, the IPCC—the leading 

international scientific body for the assessment of climate change—described the devastating 

harms that would occur at 2°C warming. The report highlights the necessity of limiting warming 

to 1.5°C to avoid catastrophic impacts to people and life on Earth. (IPCC 2018.) The report also 

provides overwhelming evidence that climate hazards are more urgent and more severe than 

previously thought, and that aggressive reductions in emissions within the next decade are 

essential to avoid the most devastating climate change harms.  
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In response to inadequate action on the national level, California has taken steps through 

legislation and regulation to fight climate change and reduce statewide GHG emissions. 

Enforcement and compliance with these steps are essential to help stabilize the climate and avoid 

catastrophic impacts to our environment. California has a mandate under AB 32 to reach 1990 

levels of GHG emissions by the year 2020, equivalent to approximately a 15 percent reduction 

from a business-as-usual projection. (Health & Saf. Code, § 38550.) Based on the warning of the 

Intergovernmental panel on Climate Change and leading climate scientists, Governor Brown 

issued an executive order in April 2015 requiring GHG emission reduction 40 percent below 

1990 levels by 2030. (Executive Order B-30-15 (2015).) The Executive Order is in line with a 

previous Executive Order mandating the state reduce emission levels to 80 percent below 1990 

levels by 2050 in order to minimize significant climate change impacts. (Executive Order S-3-05 

(2005).) In enacting SB 375, the state has also recognized the critical role that land use planning 

plays in achieving greenhouse gas emission reductions in California. 

 

The state Legislature has found that failure to achieve greenhouse gas reduction would be 

“detrimental” to the state’s economy. (Health & Saf. Code § 38501(b).) In his 2015 Inaugural 

Address, Governor Brown reiterated his commitment to reduce greenhouse gas emissions with 

three new goals for the next fifteen years: 

• Increase electricity derived from renewable sources to 50 percent;  

• Reduce today’s petroleum use in cars and trucks by 50 percent;  

• Double the efficiency of existing buildings and make heating fuels cleaner.  

(Brown 2015 Address.)  

 

Although some sources of GHG emissions may seem insignificant, climate change is a 

problem with cumulative impacts and effects. (Ctr. for Biological Diversity v. Nat’l Highway 

Traffic Safety Admin., (9th Cir. 2008) 538 F.3d 1172, 1217 (“the impact of greenhouse gas 

emissions on climate change is precisely the kind of cumulative impacts analysis” that agencies 

must conduct).) One source or one small project may not appear to have a significant effect on 

climate change, but the combined impacts of many sources can drastically damage California’s 

climate as a whole. Therefore, project-specific GHG emission disclosure, analysis and mitigation 

is vital to California meeting its climate goals and maintaining our climate.   

The impacts of climate change are already being felt by humans and wildlife. Human-

induced climate change, including more frequent and intense extreme events, has caused 

widespread adverse impacts and related losses and damages to nature and people. (IPCC 2022.) 

This rise in weather and climate extremes has led to some irreversible impacts, as natural and 

human systems are pushed beyond their ability to adapt. (IPCC 2022.) 

 

In the IPCC’s most recent report, entitled Climate Change 2022: Impacts, Adaptation and 

Vulnerability, it found that warming is proceeding even faster than anticipated, and the best-case 

scenario for climate change is slipping out of reach. (IPCC 2022.) The report now estimates that, 

over the next 20 years, the world will cross the global warming threshold of 1.5°C. And unless 

there are immediate, rapid and large-scale reductions in greenhouse gas emissions, limiting 

warming to close to 1.5°C—or even 2°C—will be beyond reach. The United Nations Secretary 

General described the forecasts in this report as an “atlas of human suffering.” (Borenstein 

2022.) 



  

    January 20, 2023 

   Page 13 

 

 

Given the increasingly urgent need for drastic action to reduce GHG emissions, 

the EA/MND’s decision to give short shrift to the Project’s significant climate change 

effects is all the more alarming. 

 

B. The EA/MND Fails to Adequately Disclose the Project’s GHG Impacts. 

 

A CEQA document “must present facts and analysis, not simply the bare conclusions or 

opinions of the agency.” (Bay Area Citizens v. Association of Bay Area Governments (2016) 248 

Cal.App.4th 966, 977 (quoting Californians for Alternatives to Toxics v. Calif. Dept. of Food and 

Agric. (2005) 136 Cal.App.4th 1, 13). The discussion of impacts must provide sufficient 

information and analysis to allow the public to discern the basis for the agency’s impact findings. 

(Sierra Club, supra, 6 Cal. 5th at p. 513 [“There must be a disclosure of the ‘analytic route the 

… agency traveled from evidence to action.”].) A “conclusory discussion” of a significant 

environmental impact makes a CEQA document “inadequate as an informational document” as a 

matter of law.” (Id. at 514.) 

 

A “conclusory discussion” of a significant environmental impact makes an EA/MND 

“inadequate as an informational document” as a matter of law. (Sierra Club, supra, 6 Cal.5th at 

p. 514.) An EIR must provide information regarding the project's significant environmental 

impacts that is sufficient to allow decision-makers and the public to understand the 

environmental consequences of the project. (Id. at p. 520; Laurel Heights Improvement Ass'n v 

Regents of Univ. of Cal. (1988) 47 Cal.3d 376, 404; See CEQA Guidelines § 15151.) The 

document must include enough detail to enable the public “to understand and to consider 

meaningfully the issues raised by the proposed project.” (Id. at 516 (citation omitted).) 

 

The analysis of greenhouse gas impacts offers the public little information to understand 

Project activities that will generate GHG emissions. The EA/MND presents one table with the 

Project’s projected GHG emissions. (EA/MND at 28.) While the EA/MND expends dozens of 

pages identifying the global sources of GHG emissions, the EA/MND discloses only a single 

Project sources of emissions underlying these totals: fuel consumption. (Ibid.) The EA/MND 

fails to analyze and disclose the activities that would result in GHG emissions, primarily 

associated with use of off-road construction equipment, on-road hauling and vendor (material 

delivery) trucks, and worker vehicles. From the sole table provided, and without any basic 

explanation, the public and decisionmakers have no way to understand and independently 

evaluate the environmental consequences of the Project. (See EA/MND Sec. 3.6.5 and Appendix 

E at 224.)   

 

While EA/MND purports to provide additional detail in Appendix E, Appendix E merely 

breaks down greenhouse gas emissions into CO2, CH4, and N20, rather than detailing the actual 

sources of greenhouse gas emissions.2 Such a conclusory discussion of the Project’s GHG 

impacts renders the EA/MND inadequate as an informational document. 

 
2  The California Supreme Court has repeatedly cautioned that readers should not be forced to sift through 

appendixes to detect the EIR’s environmental analysis. (Cleveland Nat. Forest Found. v. San Diego Assn. of 

Governments (2017) 3 Cal.5th 497, 516; Cal. Oak Found. v. City of Santa Clarita (2005) 133 Cal.App.4th 1219, 
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C. By Excluding Stationary Source Emissions, the Project Underestimates 

the Project’s Greenhouse Gas Emissions. 

 

One need look no further than the EA/MND’s lack of disclosure for the activities 

underlying its greenhouse gas estimates to understand why CEQA requires such disclosure. The 

EA/MND fails to include GHG emissions from stationary sources and therefore underestimates 

the Project’s impact on climate change. (Appendix E at 224.) 

 

The EA/MND estimates that the Project’s greenhouse gas emissions will be 3,021 metric 

tons per year and summarily concludes that, based on SCAQMD’s 10,000 metric ton threshold, 

that the Project will have less than significant climate impacts. (EA/MND at 28.) However, 

according to a footnote in Appendix E, this estimate too “does not include stationary source 

emissions.” (Appendix E at 224.) 

 

The EA/MND provides no justification for omitting the greenhouse gas impacts 

generated by stationary sources which appear to comprise a large portion of the Project’s 

activity. (Appendix E at 224.) Given the information gleaned from elsewhere in the EA/MND, 

however, there is ample evidence to suggest that the Project would have significant GHG 

impacts. This Project proposes to construct approximately two miles of road improvements for 

existing roads, approximately 6.2 miles of new and temporary 12-foot-wide exploration drilling 

access roads; eight helicopter landing pads; 65 drill pads; 1.8 miles of new permanent access 

roads; a staging area for access to the Project Area; and seven drill sites. (EA/MND at 5.) The 

Project would disturb 21 acres. (Ibid.) The Project proposes to utilize gasoline-powered 

helicopter equipment and rely primarily on diesel and gasoline (see sec 3.9.3) – an anthropogenic 

source of carbon – for energy generation. The Project identifies not a single project design 

feature or mitigation measures aimed to lessen these emissions.  

 

Consequently, because of the deficiencies of the impact analysis for the proposed Project, 

the EA/MND fails to adequately disclose and properly estimate the Project’s GHG emissions. A 

fair argument exists to show the Project may have an impact on greenhouse gas emissions, and 

the County must prepare an EIR to disclose, analyze, and mitigate these impacts. 

 

D. The EA/MND Lacks Evidentiary Support that GHG Impacts Would Be 

Less-Than-Significant. 

 

The document offers three reasons for why the Project’s greenhouse gas emissions should 

not be considered a significant impact. Each of these reasons is unavailing.  

 

First, as discussed above, the EA/MND relies on a numerical estimate that excludes most 

of the GHG-generating activity associated with the Project.  

 

 
1239 [“[I]nformation scattered here and there in EIR appendices, or a report buried in an appendix, is not a 

substitute for good faith reasoned analysis.”], internal quotations omitted.) 
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Second, the EA/MND relies on the fuel efficiency of vehicles established by California’s 

2017 Scoping Plan to suggest that the Project “does not have its own GHG emissions but is 

simply a location in which GHG emissions are taking place.” (EA/MND at 28.) This argument 

ignores what CEQA is meant to do – namely, ensure that a lead agency fully evaluates, discloses, 

and mitigates wherever feasible a project’s significant environmental effects. (Pub. Res. Code, 

§§ 21000, et seq.) The EA/MND may consider what mitigation is within the County’s 

jurisdiction when analyzing feasible mitigation measures, but these statewide fuel standards do 

not absolve the EA/MND of CEQA’s requirement that it disclose and analyze all potentially 

significant impacts associated with a project.  

 

The GHG analysis here is similar to the one that failed in Friends of Oroville v. City of 

Oroville (2013) 219 Cal.App.4th 832, 842. In that case, the Court held that the City of Oroville 

had failed to assess the impact of a project’s greenhouse gas emission because it had improperly 

applied the threshold for determining the significance of project greenhouse gas emissions. 

(Ibid.) There, the EIR used the “Scoping Plan Measures” from the Assembly Bill 32 Scoping 

Plan to create a significance threshold. (Id. at 843.) However, it concluded that the certain 

measures need not be applied to the project because they were meant to be implemented at a 

state-wide level. (Ibid.) The court said that by choosing a framework that excluded consideration 

of fuel consumption, the EIR “ignore[ed] the elephant in the room,” since 68% of the Project’s 

GHG emissions came from these impacts. (Ibid.) By relying on an inapplicable state-wide plan 

to disclaim responsibility to fully analyze and disclose impacts, that analysis – and this one, too – 

are deficient. Plus, the 2017 Scoping Plan is no longer valid; the California Air Resources Board 

in 2022 issued a new Scoping Plan, which the EA/MND did not consider.  

 

The EA/MND’s third reason as to why the Project has no significant climate impact is the 

most illogical. The EA/MND concludes that, since climate change is a global problem, “no 

single project is large enough to impact climate change.” (EA/MND at 28.) Courts have rejected 

this “drop-in-the-bucket” approach to impact analysis. In Kings County, the court invalidated an 

EIR that concluded increased ozone impacts from the project would be insignificant because it 

would emit relatively minor amounts of precursor pollutants compared to the large volume 

already emitted by other sources in the county, (1990) 221 Cal.App.3d 692, 717-18. The Kings 

County court rightly stated, “The relevant question to be addressed…is not the relative amount of 

precursors emitted by the project when compared with preexisting emissions, but whether any 

additional amount should be considered significant in light of the serious nature of the ozone 

problems in this air basin. (Id. at 718.) Likewise, here, the EA/MND may not minimize the 

Project’s impacts by comparing them to a global problem. (CEQA Guidelines §15064.4(b) [In 

determining the significance of a project's GHG emissions, the lead agency "should focus its 

analysis on the reasonably foreseeable incremental contribution of the project's emissions to the 

effects of climate change … even if [such contribution] appears relatively small compared to 

statewide, national or global emissions."].) 

 

V. The EA/MND’s Analysis of the Project’s Energy Impacts is Incomplete and 

Inadequate. 

 

CEQA requires agencies to analyze whether their projects will result in wasteful or 

inefficient use of energy. (Pub. Res. Code, § 21100(b)(3); CEQA Guidelines §15126.2(b) CEQA 
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Guidelines Appendix F.)  To demonstrate that a project will not result in the wasteful use of 

energy, agencies must show that the project has decreased per capita energy consumption, 

decreased reliance on fossil fuel use, and increased reliance on renewable energy sources. (Cal. 

Clean Energy Com. v. City of Woodland (2014) 225 Cal.App.4th 173, 209; Pub. Res. C 

§21100(b)(3); see also People v. County of Kern (1976) 62 Cal.App.3d 761, 774.)  

 

The entirety of fuel consumption resulting from this Project would be attributable to the 

burning of diesel, gasoline, and jet fuel – all fossil fuels. (EA/MND at 35.) The Project is 

expected to consume approximately 36,138 gallons of diesel fuel and 1,500 gallons of JetB fuel. 

(EA/MND at 36.) Despite the Project’s massive fuel consumption, the EA/MND concludes that 

any impacts would be less than significant because this amount is “nominal” compared to the 

fuel consumed in the entirety of Imperial Country. (Ibid.)  

 

The EA/MND attempts to minimize the impact of the Project’s fuel consumption by 

comparing it to the County’s annual fuel consumption, which is 24.3 million gallons. (EA/MND 

at 35.) This is disingenuous. The more applicable statistic would be to compare annual fuel 

consumption to similarly sized mining exploration Projects, an analysis the EA/MND does not 

undertake.  

 

The EA/MND again argues that current fuel efficiency standards, in and of themselves, 

suggest that this Project should not be considered inefficient or wasteful. Yet this Project does 

nothing to facilitate increased fuel efficiency. Compliance with existing fuel efficiency standards 

alone – absent project-specific analysis—is not sufficient evidence to support a finding of no 

significant impact under the CEQA. (Oro Fino Gold Mining Corp. v. County of El Dorado 

(1990) 225 Cal. App. 3d 872, 881–882.) Otherwise, any projects burning fossil fuels – regardless 

of the amount – could claim an efficient use of energy. 

This reasoning also ignores what CEQA is meant to do – namely, ensure that a lead 

agency fully evaluates, discloses, and mitigates wherever feasible a project’s significant 

environmental effects. (Pub. Res. Code, §§ 21000, et seq.) The EA/MND may consider what 

mitigation is within the County’s jurisdiction when analyzing feasible mitigation measures, but 

these statewide standards do not absolve the EA/MND of CEQA’s requirement that it disclose 

and analyze all potentially significant impacts associated with a project. Significance thresholds 

must not foreclose consideration of any potentially significant environmental effect, or the 

CEQA analysis is deficient. (Protect the Historic Amador Waterways v. Amador Water Agency 

(2004) 116 Cal.App.4th 1099, 1109 [“A threshold of significance cannot be applied in a way that 

would foreclose the consideration of other substantial evidence tending to show the 

environmental effect to which the threshold relates might be significant.”].) 

 

Finally, the EA/MND ignores the requirements of Appendix F of CEQA. Neither the 

EA/MND nor any of the technical appendices provide any information on how this Project seeks 

to decrease overall energy use or its reliance on fossil fuels; instead, the Project relies exclusively 

on fossil fuels. This misses the clear legislative intent driving an energy analysis – to reduce 

fossil fuel use and maximize energy efficiency.  
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VI.  The EA/MND Fails to Adequately Analyze the Project’s Impacts on 

Water Supplies. 

 California faces unprecedented challenges in its effort to allocate and conserve limited 

water resources, especially as water supply dwindles in the face of climate change and 

population growth. The Project would further exacerbate regional and statewide supply by 

constructing new roads and engaging in mining exploration activities that, absent an identified 

water source, threatens to overdraft local groundwater supply. In light of these, and other, 

underlying concerns, the EA/MND’s analysis of the Project’s water supply fails to adequately 

consider all potential significant impacts. 

 

The Project anticipates using up to approximately 2,000 gallons of water daily for active 

drilling periods. (EA/MND at 97.) The EA/MND surmises that water would be procured from 

Gold Rock Ranch “and/or” a local water purveyor. (Ibid.) On these facts alone, the EA/MND 

concludes there is adequate water supply available to meet the needs of the Project and finds a 

less than significant impact related to water supply. (EA/MND at 66.)  

 

CEQA requires that an analysis present decisionmakers “with sufficient facts to evaluate 

the pros and cons of supplying the amount of water that the [project] will need.” (Vineyard Area 

Citizens for Responsible Growth, Inc. v. City of Rancho Cordova (2007) 40 Cal.4th 412, 430-31.) 

This includes identifying and analyzing water supplies that “bear a likelihood of actually proving 

available; speculative sources and unrealistic allocations (‘paper water’) are insufficient bases for 

decision-making under CEQA.” (Id. at 42.) 

 

The EA/MND’s water supply analysis does not comply with this mandate. Instead, it 

falters from the outset because the EA/MND acknowledges that water for the project has not yet 

been secured. The EA/MND cannot rely on paper water to conclude the Project has adequate 

water available to supply its needs.  

 

Furthermore, while the EA/MND promises to not rely on surface and groundwater 

“within the Project Area,” it provides no assurances that it will not buy groundwater from the 

neighboring Gold Rock Ranch or the local water purveyor. (EA/MND at 65.) Given the 

“minimal amount” of surface water in the region (EA/MND at 74), nothing is stopping the 

Project from purchasing and using groundwater from the local basin. CEQA requires that the 

Project disclose and analyze if it will “[s]ubstantially decrease groundwater supplies or interfere 

substantially with groundwater recharge. (CEQA Guidelines, Appendix G, X(b).) This analysis 

is not limited to the Project area. The EA/MND fails to study this impact. 

VII. The Project will Have a Significant Impact on Cultural Resources and Cultural 

Landscapes.   

Substantial evidence, gathered through BLM’s government-to-government consultation 

with culturally affiliated tribes in the project area, supports a “fair argument” that there is a 

significant effect on the environment. (See MND § 3.14 Native American Religious Concerns 

and Traditional Values.) Despite this evidence, the County has failed to engage in a “good faith” 

effort and consult with all affected tribes, in violation of AB 52. (Pub. Res. Code § 21082.3(a).) 
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This failure underscores the EA/MND’s failure to evaluate all known facts about the cultural 

resources and cultural landscapes that were obtained through ongoing consultation by BLM. (See 

MND § 3.14.2)  

1. The County Has Failed to Consult With Affected Tribes, As AB 52 

Requires.   

 Under CEQA, as set forth in AB 52, a lead agency must engage in a “good faith” effort 

to consult with all affected tribes to develop mitigation measures that are reasonable and 

mutually agreed upon. (Pub. Res. Code, § 21082.3(a).) An agency cannot certify an MND if it 

has not conducted and completed consultation with all affected tribes that are willing to engage. 

(Pub. Res. Code, § 21082.3(b).) Agencies are required to provide notice to all “California Native 

American tribe(s) traditionally and culturally affiliated with a geographic area of the proposed 

project.” (Pub. Res. Code § 21080.3.1(a)-(b).)  

The MND identified several tribes that could potentially be impacted by the project. 

BLM sent 16 notice letters initiating formal government-to-government consultation and 

received 7 comment letters. Imperial County, on the other hand, sent out only one written notice 

for consultation, to the Fort Yuma Quechan Indian Tribe. (See MND at Sec.3.14.2-5)  

By failing to engage in a “good faith” effort and consult with all affected tribes to 

develop mitigation measures that are reasonable and mutually agreed upon, the County has not 

complied with CEQA. (Pub. Res. Code § 21082.3(a).) The County must contact all affected 

tribes and work together with those tribes to develop mitigation measures. Until the County has 

performed consultation, it cannot move forward with certifying the project.  

2. Absent Adequate Consultation, the EA/MND Lacks a Basis to Conclude 

Impacts to Tribal Cultural Resources are Fully Disclosed and Properly 

Mitigated.    

Under CEQA, a historical resource is a resource listed or determined to be eligible for 

listing in the California Register of Historical Resources. (Pub. Res. Code § 21084.1) The fact 

that a resource is not listed or determined to be eligible for listing or not included in a local 

register of historical resources, or not deemed significant pursuant to criteria set forth 

in subdivision (g) of Section 5024.1 “shall not preclude a lead agency from determining whether 

the resource may be an historical resource for purposes of this section.” (Id.) Historic resources 

are subject to CEQA and should be given “special recognition.” (See Friends of Sierra Madre v. 

City of Sierra Madre (2001) 25 Cal.4th 165, 186; Citizens for a Sustainable Treasure Island v. 

City & County of San Francisco (2014) 227 Cal.App.4th 1036, 1065.)  Tribal cultural resources 

include places and objects that hold cultural value to California Native American tribes, 

regardless of the tribe’s recognition status. (Pub. Res. Code § 21084.2(b).) A tribal cultural 

landscape may also qualify as a cultural resource depending on the extent it is “geographically 

defined in terms of the size and scope of the landscape.” (Pub. Res. Code § 21074(b).)  

 

https://research.ceb.com/raw/primary-law/cases/25cal4th165
https://research.ceb.com/raw/primary-law/cases/25cal4th165
https://research.ceb.com/raw/primary-law/cases/227calapp4th1036
https://research.ceb.com/raw/primary-law/cases/227calapp4th1036
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The EA/MND identified a total of 75 cultural resources within a mile of the site and 12 

that intersect the project site. Within the relevant area, “25 cultural prehistoric resources were 

identified that may be in continued use by Native American individuals, such as trails, 

geoglyphs, and rock art sites." (EA/MND at 38, emphasis added.) Furthermore, in consultation 

with BLM, the Fort Yuma Quechan Indian Tribe objected to the project due to impacts to "a 

significant cultural landscape and items of cultural patrimony which are integral to the spiritual 

and everyday lives of the Quechan people." (EA/MND at 48.) 

Evidence exists from BLM’s consultation that the Project is within a region that is 

“highly significant” and holds great cultural, religious, and spiritual significance to the Fort 

Yuma Quechan Indian Tribe. (EA/MND at sec. 3.1.3.) The County disregards this evidence, and 

concludes that, because the Fort Yuma Quechan Indian Tribe did not respond to the County’s 

letter, it need not consider the evidence secured through BLM’s consultation of cultural 

resources on site. Instead, the County considered only impacts to cultural resources identified via 

record searches. It refused to evaluate the impacts to tribal cultural resources or cultural 

landscapes. Until BLM completes consultation and Imperial County starts consultation with all 

culturally affiliated and affected tribes, the EA/MND cannot accurately conclude that impacts to 

tribal resources will be less than significant. (Pub. Res. Code § 21074(b) [consultation ensures 

that tribal knowledge about cultural resources and landscapes are fully considered.]) Given this 

clear evidence of tribal cultural resources within and near the project area, lack of response to the 

AB 52 consultation letter is not adequate to support the County’s conclusion that impacts to 

cultural resources are less than significant. 

VIII. CONCLUSION 

 

Thank you for the opportunity to submit comments on the EA/MND for the Project. We 

urge the County not to approve the Project without first preparing an EIR and complying with 

CEQA. The EIR should, among other things, address and evaluate the potentially significant 

impacts described in this letter.   

 

Given the possibility that the Conservation Organizations may choose to pursue legal 

remedies in order to ensure that the County complies with its legal obligations, including those 

arising under CEQA, we respectfully remind the County of its statutory duty to maintain and 

preserve all documents and communications that may constitute part of the “administrative 

record” of this proceeding. (§ 21167.6(e); see Golden Door Properties, LLC v. Superior Court 

(2020) 53 Cal.App.5th 733.) The administrative record encompasses any and all documents and 

communications that relate to any and all actions taken by the County with respect to the Project, 

and includes “pretty much everything that ever came near a proposed [project] or [] the agency’s 

compliance with CEQA . . . .” (County of Orange v. Superior Court (2003) 113 Cal.App.4th 1, 

8.) The administrative record further includes all correspondence, emails, and text messages sent 

to or received by the County’s representatives or employees, that relate to the Project, including 

any correspondence, emails, and text messages sent between the County’s representatives or 

employees and the Applicant’s representatives or employees. Maintenance and preservation of 

the administrative record requires that, inter alia, the County (1) suspend all data destruction 

policies; and (2) preserve all relevant hardware unless an exact replica of each file is made. 
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Please include this letter and all references in your project file for the Project. Please also 

include all of the signatories below on your notice list for all future updates, notices, and 

documents related to the Project and do not hesitate to contact us with any questions at the 

numbers or emails listed below.   

 

 

Sincerely, 

 
Lisa Belenky, Senior Attorney      

Hallie Kutak, Staff Attorney      

Center for Biological Diversity  

lbelenky@biologicaldiversity.org  

hkutak@biologicaldiversity.org  

 
Joan Taylor, Chair 

Sierra Club California/Nevada Desert Committee 

palmcanyon@mac.com 
 

 
Laura Cunningham California Director 

Western Watersheds Project  

lcunningham@westernwatersheds.org  

 
Jared Naimark, California Mining Organizer  

EARTHWORKS 

jnaimark@earthworksaction.org  

 
Kara Matsumoto, Public Lands Policy Director 

Conservation Lands Foundation  

kara@conservationlands.org  

 

mailto:lbelenky@biologicaldiversity.org
mailto:hkutak@biologicaldiversity.org
mailto:palmcanyon@mac.com
mailto:lcunningham@westernwatersheds.org
mailto:jnaimark@earthworksaction.org
mailto:kara@conservationlands.org
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Kelly Herbinson and Cody Hanford  

Joint Executive Directors 

Mojave Desert Land Trust 

kelly@mdlt.org 

 
Isabella Langone, J.D. 

Conservation Program Manager 

California Native Plant Society 

ilangone@cnps.org  

 

 
Bradley Angel 

Greenaction for Health and Environmental Justice 

bradley@greenaction.org  

 

Cc:  

Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  

Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  

Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  

Tom Plenys, EPA, Plenys.Thomas@epa.gov  

Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  

Julianne Polanco, State Historic Preservation Officer (SHPO), julianne.polanco@parks.ca.gov  

Commissioner Laura Miranda, California Native American Heritage Commission. Chairperson 

Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  

 

 

Attachments: 

 

Exhibit 1: December 16, 2022 Comments on Oro Cruz Exploration Project EA/MND 

Exhibit 2: Photographs of the Project site 

 

 

mailto:kelly@mdlt.org
mailto:ilangone@cnps.org
mailto:bradley@greenaction.org
mailto:mymartinez@blm.gov
mailto:Brian_Croft@fws.gov
mailto:Magdalena.Rodriguez@wildlife.ca.gov
mailto:Plenys.Thomas@epa.gov
mailto:crb@crb.ca.gov
mailto:julianne.polanco@parks.ca.gov
mailto:Laura.Miranda@nahc.ca.gov
mailto:nahc@nahc.ca.gov
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Submitted via email and via e-planning 
 
Bureau of Land Management        December 16, 2022 
Attn: Mayra Martinez 
1661 S 4th St. 
El Centro, CA 92243 mymartinez@blm.gov 
 

Re: SMP Gold Corp. Oro Cruz Exploration Project EA/MND 
 
Dear Ms. Martinez,   
 

These comments are timely submitted on the BLM’s Environmental Assessment (EA) and Draft 
Finding of No Significant Impact (FONSI) and proposal to approve the Plan of Operations (PoO) for the 
SMP Gold Corp. Oro Cruz Exploration Project (Project) from the Center for Biological Diversity, Western 
Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Committee, Conservation Lands 
Foundation, Greenaction for Health and Environmental Justice, Mojave Desert Land Trust, California 
Native Plant Society, and the Ahmut Pipa Foundation (collectively “Conservation Organizations”).  These 
comments are timely submitted. Although the BLM and Imperial County prepared a joint document with the 
EA and a Mitigated Negative Declaration (MND) combined, BLM provided public notice for the EA 
comment period ending December 16, 2022. On December 13, 2022, Imperial County notified the public of 
an opportunity to comment on the MND with comments due January 20, 2023. Because the project is a 
single project and both NEPA and CEQA require the agencies to consider the whole of the project in their 
review, the Conservation Organizations reserve the right to add additional comments regarding the joint 
EA/MND and compliance with State laws including SMARA and CEQA during the comment period 
noticed by Imperial County. 

 
As detailed below, BLM’s review and proposed approval of the Project violates a number of federal 

laws, including the Federal Land Policy Management Act (FLPMA), the National Environmental Policy Act 
(NEPA), and other federal laws and regulations.  At a minimum, due to the likely potential for significant 
impacts, BLM must prepare a full Environmental Impact Statement (EIS) for this Project. In addition, 
because there is a fair argument that the project will have significant impacts, Imperial County must prepare 
an EIR.  

 
These comments incorporate the previous comments submitted by the above groups, especially as the 

EA fails to adequately respond to those comments. 
 

I. The Project, and BLM’s Review and Proposed Approval, Violates FLPMA 
 

BLM’s review and proposed approval of the Project violates the agency’s multiple duties to protect 
public land resources under FLPMA. 

 
A.  The Project Must Comply with All Applicable Land Use Plans 
 

 FLPMA is the basic “organic act” for management of the BLM public lands.  Under FLPMA, BLM 

mailto:mymartinez@blm.gov
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must develop land use plans for the public lands under its control, 43 U.S.C. § 1712, and all resource 
management decisions must be in accordance with those plans. Id. § 1732(a), 43 C.F.R. § 1610.5-3(a). See 
Norton v. S. Utah Wilderness Alliance, 542 U.S. 55, 69 (2004) (this requirement “prevent[s] BLM from 
taking actions inconsistent with the provisions of a land use plan”); Ore. Natural Res. Council v. Brong, 492 
F.3d 1120, 1128 (9th Cir. 2007) (holding BLM decision is “inconsistent with the [Land Use] Plan and, 
consequently, violate FLPMA”); W. Watersheds Project v. Salazar, 843 F.Supp.2d 1105, 1114 (D. Id. 2012) 
(reversing BLM decisions as inconsistent with land use plans); W. Watersheds Project v. Bennett, 392 
F.Supp.2d 1217, 1227 (D. Id. 2005) (same). 

 
 If a proposed action is not clearly consistent with the land use plan, BLM must either deny the 

proposed action or amend the plan, complying with NEPA and allowing for public participation. See 43 
C.F.R. §§ 1610.5-3, 1610.5-5. See also National Parks and Conservation Ass’n v. FAA, 998 F.2d 1523, 
1526 (10th Cir. 1993) (nonconforming land use required RMP amendment).  The Interior Board of Land 
Appeals recognizes that this “consistency” requirement reflects the mandatory duty to fully and strictly 
comply with the governing land management plans. See, e.g. Jenott Mining Corp., 134 IBLA 191, 194 
(1995); Uintah Mountain Club, 112 IBLA 287, 291 (1990); Marvin Hutchings v. BLM, 116 IBLA 55, 62 
(1990); Southern Utah Wilderness Alliance, 111 IBLA 207, 210-211 (1989). 

 
 Complying with the RMP is required by both the general land use conformity requirement of 

FLPMA as well as BLM’s duty under FLPMA to “prevent unnecessary or undue degradation” (“UUD”) of 
the public lands. 43 U.S.C. §1732(b).  To prevent UUD, BLM must ensure that all environmental protection 
standards will be met at all times. 43 C.F.R. § 3809.5 (definition of UUD prohibited by FLPMA includes 
“fail[ure] to comply with one or more of the following: … Federal and state laws related to environmental 
protection.”). 

 
 “All future resource management authorizations and actions … shall conform to the approved plan.” 

43 C.F.R. §1610.5-3(a).  BLM defines “conformity” as requiring that “a resource management action shall 
be specifically provided for in the plan, or if not specifically mentioned, shall be clearly consistent with the 
terms, conditions, and decisions of the approved plan or plan amendment.” Id. §1601.0-5(b).  “Consistent” is 
defined as requiring that decisions “will adhere to the terms, conditions, and decisions of officially approved 
and adopted resource related plans.” Id. §1601.0-5(c). 

 
 Mining operations are not exempted from FLPMA’s requirement to comply with the RMP.  For 

example, in Western Exploration v. U.S. Dept. of the Interior, 250 F. Supp. 3d 718, 747 (D. Nev. 2017), the 
court held that in the mining context, as well as for other potential uses of public land, RMP standards to 
protect the Greater Sage Grouse must be met to comply with BLM’s duty to “prevent unnecessary or undue 
degradation” under FLPMA.  The court rejected a challenge from the mining industry and others and agreed 
with the Interior Department that meeting the RMP requirements was part of the UUD mandate: 

 
Defendants [Interior Department et al.] contend that the ‘‘unnecessary or undue degradation’’ 
standard in the statute does not preclude the agency from establishing a more protective 
standard that seeks improvements in land conditions that ‘‘go beyond the status quo.’’ The 
FEIS states that “if actions by third parties result in habitat loss and degradation, even after 
applying avoidance and minimization measures, then compensatory mitigation projects will 
be used to provide a net conservation gain to the sage-grouse.’’ The Agencies’ goals to 
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enhance, conserve, and restore sage-grouse habitat and to increase the abundance and 
distribution of the species, they argue, is best met by the net conservation gain strategy 
because it permits disturbances so long as habitat loss is both mitigated and counteracted 
through restorative projects. If anything, this strategy demonstrates that the Agencies allow 
some degradation to public land to occur for multiple use purposes, but that degradation 
caused to sage- grouse habitat on that land be counteracted. The Court fails to see how 
BLM’s decision to implement this standard is arbitrary and capricious. Moreover, the Court 
cannot find that BLM did not consider all relevant factors in choosing this strategy, as it 
appears to possess elements proposed in the DEIS. 

 
In sum, Plaintiffs fail to establish that BLM’s challenged decisions under FLPMA are 
arbitrary, capricious, an abuse of discretion, or otherwise not in accordance with law. 

 
Western Exploration, at 747 (internal citations omitted). See also Mineral Policy Center v. Norton, 292 F. 
Supp. 2d 30, 49 (D.D.C. 2003) (“when BLM receives a proposed plan of operations under the 2001 rules, 
pursuant to Section 3809.420(a)(3), it assures that the proposed mining use conforms to the terms, 
conditions, and decisions of the applicable land use plan, in full compliance with FLPMA’s land use 
planning and multiple use policies.”). 

 
 BLM’s mitigation policy, as detailed by the Interior Solicitor, acknowledges the need to ensure 

compliance with an RMP as part of its mitigation duties under the FLPMA UUD standard. In discussing the 
previous rulemaking (quoted above) with approval, the Solicitor reiterated “‘the operator’s responsibility to 
comply with applicable land use plans and BLM’s responsibility to specify necessary mitigation measures.’ 
Id. at 54,840 (emphasis supplied).” M-37039, The Bureau of Land Management’s Authority to Address 
Impacts of its Land Use Authorizations through Mitigation, 20, n. 115 (Dec. 21, 2016)(Mitigation Opinion).  
The 2016 Mitigation Opinion was temporarily revoked in 2017, but was recently reinstated by the Solicitor. 
M-37075, Withdrawal of M-37046 and Reinstatement of M-37039 (April 15, 2022) (Exhibit 2). This new 
Opinion noted that the 2017 Opinion (M-37046) “expresses no views regarding the merits of the legal 
analysis or conclusions contained in the [2016 Opinion].” M-37075 at 2. 

 
 The Solicitor noted that “in the hardrock mining context, the BLM has long recognized that the UUD 

requirement creates a ‘responsibility [for the BLM] to specify necessary mitigation measures’ when 
approving mining plans of operations.” M-37039, at 19 (citations omitted). “The BLM regulations 
addressing surface management of hardrock mining operations on public lands have consistently included 
mitigation as a requirement for preventing UUD, including as part of the general performance standards in 
the current regulations.” Id. 

 
B.  The Project Does Not Comply with the Management Requirements and 

Prescriptions of the DRECP and Federal Law. 
 

1. California Desert National Conservation Lands 
 
 The Picacho ACEC was designated as an ACEC and as California Desert National Conservation 
Lands (CDNCLs) by the Desert Renewable Energy Conservation Plan (DRECP) Record of Decision signed 
in September of 2016. The DRECP identifies CDNCLs, in accordance with the Omnibus Public Land 
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Management Act of 2009 (Omnibus Act), which are nationally significant landscapes within the California 
Desert Conservation Area (CDCA) with outstanding cultural, ecological, and scientific values. The 
CDNCLs are a permanent addition to the National Landscape Conservation System (NLCS), as per the 
direction to BLM in the Omnibus Act. DRECP at xi-xii. 
 
 The Omnibus Act added to the newly established NLCS “[a]ny area designated by Congress to be 
administered for conservation purposes, including…public land within the [CDCA] administered by the 
[BLM] for conservation purposes.” 16 U.S.C. § 7202(b)(2)(D).  Unlike other CDCA lands managed under 
multiple‐use principles, these areas are to be managed “in a manner that protects the values for which [they 
were] designated.” Id. § 7202(c)(2); see also 43 U.S.C. §1732(a). 
 
 The Federal Land Policy Management Act (FLPMA) requires that public lands be managed under 
multiple use principles “except that where a tract of such public land has been dedicated to specific uses 
according to any other provisions of law it shall be managed in accordance with such law” (emphasis 
added). Thus, all NLCS lands within the CDCA must be managed to prohibit discretionary uses that are 
incompatible with the conservation, protection, and restoration of their landscapes. See 16 U.S.C. § 7202. 
 
 Because the project is in the Picacho Area of Critical Environmental Concern it will significantly 
impact nationally significant values therein, including cultural, ecological, and scientific resources of this 
area. These values and the management goals are detailed in the DRECP Appendix B regarding the Picacho 
ACEC. Most importantly, the BLM EA/MND must consider how the goals can be met if the Project is 
approved. The goals include to enhance, protect, and preserve the cultural and biological resources, and to 
maintain desert tortoise habitat connectivity between the Chuckwalla Desert Wildlife Management/Area of 
Critical Environmental Concern/ Critical Habitat Units and high value climate refugia for wildlife.  Due to 
their special protective designation, ACECs, including the Picacho ACEC, must be managed to a higher 
conservation standard that is consistently implemented across all ACECs. The EA/MND fails to show that 
BLM fully considered how the Project would affect these management goals.  
 

2. National Conservation Lands Standards 
 
 The 2009 Omnibus Bill (Omnibus) established the National Conservation Lands as a permanent 
system of protected lands, “...to conserve, protect and restore nationally significant landscapes that have 
outstanding cultural, ecological, and scientific values for the benefit of current and future generations.” Id. 
To ensure that the permanently protected National Conservation Lands are managed in order to “conserve, 
protect and restore nationally significant landscapes,” all units within the system have several basic 
conservation standards, including: 
 

1) Prescriptive language that requires the area to be managed for the conservation, 
protection and enhancement of resources over other uses; 
2) A prohibition on discretionary uses that are not consistent with conservation and 
protection of these resources; 
3) A mineral withdrawal; and 
4) Restrictions on off-road vehicles and a travel management plan with restrictions 
necessary to protect the area. 
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These standards ensure that lands within the system are managed consistently for conservation and 
safeguarded for future generations. The Omnibus Bill makes clear that units of the system must be managed 
to a higher conservation standard. 
 

3. Department of the Interior and BLM Policy 
 
 Conservation primacy and standards for the system have also been outlined in Department of the 
Interior guidance and BLM policies. In 2010, Secretarial Order 3308 established a unified conservation 
vision for managing the National Conservation Lands ‘as required by the Omnibus Act of 2009’ to 
‘conserve, protect, and restore nationally significant landscapes.´ Further stating that “the BLM shall ensure 
that the components of the [system] are managed to protect the values for which they were designated, 
including, where appropriate, prohibiting uses that are in conflict with those values.” Secretarial Order 3308, 
Management of the National Landscape Conservation System, Nov 15, 2010, Sec. 4. 
 
 In 2011, BLM released the 15-Year Strategic Plan, setting specific goals for how to manage the 
National Conservation Lands focused on conservation, protection, and restoration. The Strategic Plan further 
expanded that “there is an overarching and explicit commitment to conservation and resource protection as 
the primary objective” and that the BLM shall “not authorize discretionary uses that cannot be managed in a 
manner compatible with the designation proclamation or legislation.” The National Landscape Conservation 
System, 15 Year Strategy, 2010. 
 
 In 2012, BLM released two relevant Policy Manuals: 6100-National Landscape Conservation 
System Management; and 6220-National Monuments, Conservation areas, and Similar Designations. When 
making management decisions BLM must use these manuals as guidance. Secretarial Order 3308, and 
policy manual 6100 and 6220 provide guidance to BLM employees on the drafting of management plans 
and land use plan decisions as related to the National Conservation Lands. The Secretarial Order, 15-Year 
Strategy and Policy Manuals make clear that agency policy prioritizes conservation over other uses within 
the National Conservation Lands. 
 
 Lastly, it should be clear, that the CDNCLs are managed as part of the National Conservation Lands, 
and no longer managed under multiple-use standards as outlined in the Federal Land Policy Management 
Act. See BLM’s 15-Year Strategy for the National Conservation Lands, citing FLPMA, as amended, Public 
Law No. 94-579, Title III, Sec. 302(a). Clearly, units of the National Conservation Lands must be managed 
for the specific uses for which they were designated. 
 
 BLM is precluded from permitting exploration activities that may run afoul of the requirements of 
the governing land use plan, and adversely impact the very purposes for which the ACEC and CDNCL were 
designated. Exploration activities will result in habitat loss, fragmentation, noise and dust, as well as adverse 
impacts to groundwater, cultural and scenic resources. FLPMA requires BLM to conduct all management 
and implementation activities “in accordance with” governing RMPs. 43 U.S.C. § 1732(a); see also 43 CFR 
§ 1610.5-3(a) (“All future resource management authorizations and actions .. . shall conform to the approved 
plan”). The EA was required to fully analyze and disclose whether the actions proposed in the amended Plan 
of Operations (PoO) conform to the requirements of the DRECP, including the objectives for land; wildlife; 
vegetation; cultural and tribal resources, and other resources.  It has failed to do so. 
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 BLM cannot approve any actions under the PoO that are inconsistent with BLM’s own management 
plans, management policies, guidelines, handbooks, and manuals. Here the EA/MND fails to show that the 
Project will not be inconsistent with the management plans and policies, and therefore BLM should not 
approve the Project.  

 
4. The EA/MND Fails to Fully Address ACEC and CDNCL Standards  

 
 While the SMP Gold Corporation’s Oro Cruz Pit Area Exploration Plan of Operation recognizes that 
the proposed project is within an Area of Critical Environmental Concern (ACEC) - specifically the Picacho 
ACEC, it fails to identify that it is also within an area identified as part of the California Desert National 
Conservation Lands (CDNCL), which are part of the National Conservation Lands System (NLCS). The EA 
now acknowledges the project is within CDNCL lands but still fails to adequately address the project in the 
context of the NCLS. 
 

The Desert Renewable Energy Conservation Plan (DRECP) provided a framework for the Picacho 
ACEC. Applicable Objectives (from Appendix L of the DRECP) for the Picacho ACEC/CDNCL lands that 
need to be addressed for compliance in the environmental review include: 
 

- Minimize soil disturbance. 
- Protect and enhance robust populations of both rare and common native plants. Unique plant 

assemblages exist within this ACEC, including mesquite and all thorn assemblages. 
- Create a baseline of plant species to track environmental changes. 
- Maintain and enhance habitat that supports native wildlife; Desert Tortoise, Mule Deer, 

Bighorn Sheep. 
- Manage landscape to ensure wildlife passage and connectivity between wildlife populations. 
- Protect biodiversity and manage for resilience (protect climate refugia and provide for 

migration corridors). 
- Maintain and or enhance key ecosystem processes (e.g., carbon sequestration, water residence 

time) and prepare and respond to significant disturbances to the environment (e.g., floods). 
- Encourage compliance with ACEC management recommendations 
- Protect resource values of the ACEC 
- Review certain proposed mining activities to ensure that they provide adequate protection of 

public lands and their resources. Mining activities would be allowed with appropriate analysis, 
stipulations, and mitigation. 

 
           Special attention is to be given to project impacts that may affect groundwater. Specifically, “for any 
activity that proposes to utilize groundwater resources regardless of project location,” BLM must comply 
with the groundwater CMA’s, including CMA LUPA-SW-23 that states: 
 

LUPA-SW-23: A Water (Groundwater) Supply Assessment shall be prepared in conjunction 
with the activity’s NEPA analysis and prior to an approval or authorization. This assessment 
must be approved by the BLM in coordination with USFWS, CDFW, and other agencies, as 
appropriate, prior to the development, extraction, injection, or consumptive use of any water 
resource. The purpose of the Water Supply Assessment is to determine whether over-use or 
over-draft conditions exist within the project basin(s), and whether the project creates or 
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exacerbates these conditions. The Assessment shall include an evaluation of existing 
extractions, water rights, and management plans for the water supply in the basin(s) (i.e., 
cumulative impacts), and whether these cumulative impacts (including the proposed project) 
can maintain existing land uses as well as existing aquatic, riparian, and other water-
dependent resources within the basin(s) (i.e., cumulative impacts), and whether these 
cumulative impacts (including the proposed project) can maintain existing land uses as well 
as existing aquatic, riparian, and other water-dependent resources within the basin(s). 

 
DRECP at 141. 
 
The Water Supply Assessment shall also address: 
 

• Estimates of the total cone of depression considering cumulative drawdown from all potential 
pumping in the basin(s), including the project, for the life of the project through the 
decommissioning phase 
• Potential to cause subsidence and loss of aquifer storage capacity due to groundwater 
pumping 
• Potential to cause injury to other water rights, water uses, and landowners 
• Changes in water quality and quantity that affect other beneficial uses 
• Effects on groundwater dependent vegetation and groundwater discharge to surface water 
resources such as streams, springs, seeps, wetlands, and playas that could impact biological 
resources, habitat, or are culturally important to Native Americans 
• Additional field work that may be required, such as an aquifer test, to evaluate site specific 
project pumping impacts and if necessary, establish trigger points that can be used for a 
Groundwater Water Monitoring and Mitigation Plan 
• The mitigation measures required, if there are significant or potentially significant impacts on 
water resources include but are not limited to, the use of specific technologies, management 
practices, retirement of active water rights, development of a recycled water supply, or water 
imports. 

 
BLM’s environmental review must provide a Groundwater Supply Assessment in conjunction with its 

analysis of the proposed project under NEPA to comply with the Plan requirements and FLPMA. But has 
failed to do so. The EA/MND, Appendix B says that it is unnecessary to provide a Ground Water Supply 
Assessment and that other groundwater CMAs do not apply because the groundwater extraction is not under 
the Project site, but this response fails to address the key question—whether and how the use of 
groundwater for this Project may affect resources and potentially cause injury to other water uses and 
whether mitigation is needed.  In addition, as discussed below, the failure to fully analyze these uses and 
impacts violates BLM’s duties under NEPA.  The EA/MND at 59 states the water will come from either 
Gold Rock Ranch and/or a local water purveyor and without even fully identifying the source states there 
will be “sufficient water supplies available to serve the Project. Therefore, the Project would have less than 
significant impacts.” EA/MND at 59. This kind of conclusory statement without support does not meet the 
requirements of the Plan in the CMAs, NEPA, or CEQA. Further, the EA/MND (at 92) admits 
“Groundwater may be encountered during the course of exploratory drilling within the Drill Pads.” But fails 
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to quantify the amount of groundwater that may be affected if it is encountered as well as the baseline 
conditions of the groundwater. This also contradicts the premise in the EA/MND that no groundwater on site 
would be affected. 
 

C.  The Project Fails to Prevent Undue Impairment of the Scenic, Scientific and 
Environmental Values of the CDCA. 

 
 BLM must also consider whether the proposed PoO complies with the FLPMA requirements “to 

protect the scenic, scientific, and environmental values of the public lands of the California Desert 
Conservation Area against undue impairment, and to assure against pollution of the streams and waters 
within the California Desert Conservation Area.” 43 U.S.C. § 1781. 

 
 The undue impairment standard is a more environmentally protective standard than the unnecessary 

and undue degradation (UUD) standard (discussed in more detail below), which applies on all BLM lands: 
 

Under FLPMA section 601(f), BLM can prevent activities that cause undue impairment to 
the scenic, scientific, and environmental values or cause pollution of streams and waters of 
the CDCA, separate and apart from BLM’s authority to prevent unnecessary or undue 
degradation. The IBLA has agreed that BLM’s obligation to protect the three enumerated 
CDCA values from ‘‘undue impairment’’ supplements the unnecessary or undue degradation 
standard for CDCA lands. See Eric L. Price, James C. Thomas, 116 IBLA 210, 218–219 
(1990).  Thus, BLM decisions with respect to development proposals in the CDCA are 
governed by both the ‘‘undue impairment’’ standard of subsection 601(f) and the 
‘‘unnecessary or undue degradation’’ standard of section 302(b), as implemented by the 
subpart 3809 regulations. 

 
66 Fed. Reg. 69998, 70018 (Nov. 21, 2000). See also Reeves v. U.S., 54 Fed. Cl. 652, 670-674 (Fed. Cl. 
2002) (in the context of the “nonimpairment” standard for Wilderness Study Areas, federal claims court held 
that mining claimant had no property right under the Mining Law to violate the standard, upholding BLM’s 
denial of the proposed plan of operations). BLM’s surface mining regulations, 43 C.F.R. § 3809 et seq., 
specifically define UUD as occurring when operations “[f]ail to attain a stated level of protection or 
reclamation required by specific laws in areas such as the California Desert Conservation Area.” 43 C.F.R. § 
3809.5. 

 
 BLM was required to fully consider FLPMA’s “undue impairment” standard for the CDCA and 

require measures “to protect the scenic, scientific, and environmental values of the public lands of the 
California Desert Conservation Area against undue impairment, and to assure against pollution of the 
streams and waters within the California Desert Conservation Area.” FLPMA Section 601(f), 43 U.S.C. § 
1781(f).  All of the areas within the proposed plan of operations are protected as CDNCL and/or ACEC; 
therefore, as part of the analysis of the proposed plan of operations, BLM must look to the objectives, 
desired future conditions, allowable uses, and Conservation Management Actions (CMAs) adopted in the 
DRECP (as detailed above), but the EA/MND fails to show that BLM has done so. Allowing any 
unmitigated adverse impacts to sensitive and protected plant species, wildlife, water resources, cultural 
resources, scenic, and other environment values would violate FLPMA’s standards for these lands, and 
therefore the Project should not be approved. 
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D.  The Project Fails to Prevent Unnecessary or Undue Degradation of Public Land 
Resources. 

 
 FLPMA requires that the BLM “take any action necessary to prevent unnecessary or undue 
degradation of the lands.” 43 U.S.C. § 1732(b).  This is known as the “prevent UUD” standard. This duty to 
“prevent undue degradation” is “the heart of FLPMA [that] amends and supersedes the Mining Law.” 
Mineral Policy Center v. Norton, 292 F.Supp.2d 30, 42 (D.D.C. 2003).  “FLPMA, by its plain terms, vests 
the Secretary of the Interior [and the BLM] with the authority – indeed the obligation – to disapprove of an 
otherwise permissible mining operation because the operation, though necessary for mining, would unduly 
harm or degrade the public land.” Id. 

 
 The 3809 regulations implement FLPMA’s mandate to prevent UUD through two primary 

provisions: (1) the definition of UUD at 3809.5; and (2) the Performance Standards at 3809.420.  As 
detailed below, BLM must fully consider the UUD mandate and protect public resources.  The Performance 
Standards in Part 3809 mandates that all operations “must take mitigation measures specified by BLM to 
protect public lands.” 43 CFR § 3809.420(a)(4).  BLM cannot approve a mining project that would cause 
UUD. 43 C.F.R. § 3809.411(d)(3)(iii).  “FLPMA’s requirement that the Secretary prevent UUD 
supplements requirements imposed by other federal laws and by state law.” 
Center for Biological Diversity v. Dept. of Interior, 623 F.3d 633, 644 (9th Cir. 2010).  BLM complies with 
this mandate “by exercising case-by-case discretion to protect the environment through the process of: (1) 
approving or rejecting individual mining plans of operation.” Id. at 645, quoting 
  Mineral Policy Center, 292 F.Supp.2d at 44: 

 
“Mitigation measures fall squarely within the actions the Secretary can direct to prevent 
unnecessary or undue degradation of the public lands.  An impact that can be mitigated, but is 
not, is clearly unnecessary.” 65 Fed. Reg. 69998, 70052 (Nov. 21, 2000) (preamble to BLM’s 
43 C.F.R. Part 3809 mining regulations).  Furthermore, if an UUD cannot be prevented 
through mitigation measures, BLM must reject the plan of operations.  Kendall’s Concerned 
Area Residents, 129 IBLA 130, 138 (1994) (“If unnecessary or undue degradation cannot be 
prevented by mitigation measures, BLM is required to deny approval of the plan.”). 

 
 In undertaking environmental review of this proposed plan of operations, BLM must consider 

whether mitigation measures can protect the species, habitats, soils, cultural and water resources affected by 
the proposed plan of operations in order to prevent UUD.  That analysis must include detailed identification 
of direct and indirect impacts as well as cumulative impacts.  It must identify specific mitigation measures 
that address each impact and also include an analysis of the effectiveness of each measure in order to meet 
BLM’s duties under NEPA as well as FLPMA. As detailed below, the EA/MND fails to adequately address 
environmental impacts and as a result has also failed to show it has taken steps to prevent UUD.   

  
E. The Project Fails to Meet the FLPMA and Part 3809 Reclamation and Submittal 

Requirements and the SMARA requirements  
 
 Related to, and part of, the failure to prevent undue impairment and UUD under FLPMA, the Project 
fails to meet all of the requirements of the 43 CFR Part 3809.420 Performance Standards and the PoO 
submittal requirements of 3809.401.  Those rules require detailed operational and reclamation requirements 
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for all proposed activities. 
 
 But the EA and the PoO fall far short of these mandates.  As one example, the EA says that there will 
be 65 drill sites (EA at 6).  Yet the maps of the drill sites in the PoO show well over 100 sites. See PoO 
Figures 3a-3h.  In addition, many, indeed most, of these drill sites do not show any road access, whether 
existing or proposed.  Section 3809.401(b) requires detailed plans for all “drill sites” and “access routes,” as 
well as detailed reclamation plans for all these sites.  Yet, while the PoO clearly shows the company’s 
drilling sites, the EA contains no analysis of these additional sites (a NEPA violation as well, as noted 
below). 
 
 Regarding the “reclamation” professed to comply with the 3809 standards, the BLM does not intend 
to require reclamation of the newly-constructed road coming up from the south from American Girl Wash 
for 5 or more years.  
 

Access to the Oro Cruz Portal would require the construction of 9,640 linear ft (1.8 miles) of 
new 15-foot-wide road. The road would be secured from unauthorized access for the duration 
of activity at the portal staging area while assuring access by BLM staff. A gate would be 
placed across the road accompanied by proper deterrence on either side of the gate (i.e. fence, 
berm, or large boulder).  
 
Reclamation would be implemented at the 2.8-acre portal staging area and all equipment 
would be removed within the 5-year reclamation monitoring period. 

 
PoO at 4.  BLM does not explain why reclamation will take 5 years at this site, especially when it would 
begin concurrently.  Nor does BLM why all of the equipment and facilities could not be removed 
immediately, not just within 5 years. 
 

It appears that BLM is keeping this new road open to the portal area (and allowing its construction in 
the first place) in order to facilitate the company’s future mining operations.  Indeed, there is no mention of 
closing the road, even after that 5 years.  BLM does not explain why drilling areas 1 and 6 could not occur 
first, and be fully reclaimed, along with the southern access road. 

 
Notably, “The anticipated post-Project land uses are mining, recreational uses, and open space.” 

PoO at 20 (emphasis added).  As the company has stated: “the Oro Cruz Gold Project hosts many 
exploration targets in addition to a high-grade oxide gold zone that, based on the historical mine operation 
records, is amenable to conventional heap leach extractive methods.”  About Us - Southern Empire 
Resources at https://smp.gold/about/  (pdf from December 14, 2022) (Attachment 1).  

 
Under NEPA and FLPMA, if the post-Project land use is “mining,” then this future use should have 

been analyzed.  
 
 Further, the EA and project documents available to the public by BLM do not contain the 
reclamation cost estimate and bonding for all these facilities/activities as required by the Part 3809 rules.  
This includes the failure to include the operational and reclamation information and analysis for the 
additional dozens/scores of drill sites noted above, but also for the construction and reclamation of the new 

https://smp.gold/about/
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southern access route. 
 
F. BLM Failed to Comply with the Requirements for Rights of Ways Under FLPMA Title V. 

 
The EA and proposed Project approval fail to meet the strict public interest, environmental protection, 

and financial requirements of the Federal Land Policy and Management Act (FLPMA).  BLM is under the 
mistaken view that all of the new access roads are governed by “rights” under the 1872 Mining Law and the 
43 CFR part 3809 regulations.  Although it could be argued that the company has a right for one access road 
into its claim block, BLM proposes additional new route(s), especially the new road from the south to access 
drill areas 1 and 6. See PoO Figure 2.  

 
 But as shown in that Figure 2, these drill areas can be accessed from the north, from the existing road 

along Tumco Wash (with only a slight area of new construction needed). See also PoO Figure 3b.  With that 
access from the north, drill areas 1 and 6 can be accessed without the construction of a new road coming up 
from American Girl Wash.  Thus, the new road all the way up from American Girl Wash is not needed to 
access the claims and drilling areas.  As such, the company cannot assert any legitimate “right” under the 
Mining Law, and that road is not “authorized by the mining laws” under 43 CFR 3809.1(a) and 3809.2(a).   

 
In addition, constructing this new, and unneeded, road, violates the protective standards and 

requirements under the FLPMA undue impairment, UUD, Land Use Plan, and other requirements noted 
above. 

 
Even if it could be constructed, this access road is governed by FLPMA Title V, Section 504, and 

requires the issuance of a Right-of-Way (ROW) to construct the road across public lands. See Alanco 
Environmental Resources Corp., 145 IBLA 289, 297 (1998) (“construction of a road, was subject not only to 
authorization under 43 C.F.R. Subpart 3809, but also to issuance of a right-of-way under 43 C.F.R. Part 
2800.”); Wayne D. Klump, 130 IBLA 98, 100 (1995) (“Regardless of his right of access across the public 
lands to his mining claims and of his prior water rights, use of the public lands must be in compliance with 
the requirements of the relevant statutes and regulations [FLPMA Title V and ROW regulations].”).  The 
leading treatise on federal natural resources law confirms this rule: “Rights-of-way must be explicitly 
applied for and granted; approvals of mining plans or other operational plans do not implicitly confer a 
right-of-way.” George C. Coggins & Robert L. Glicksman, Pub. Nat. Res. Law, § 15.21 (2d ed. 2020).  

 
BLM may grant a Right-of-Way (ROW) only if it “(4) will do no unnecessary damage to the 

environment.” 43 U.S.C. § 1764(a).  Rights of way “shall be granted, issued or renewed … consistent with 
… any other applicable laws.” Id. § 1764(c).  A right-of-way that “may have significant impact on the 
environment” requires submission of a plan of construction, operation, and rehabilitation of the right-of-
way. Id. § 1764(d).  A Title V SUP/ROW “shall contain terms and conditions which will … (ii) minimize 
damage to scenic and esthetic values and fish and wildlife habitat and otherwise protect the environment.” 
Id. § 1765(a).  In addition, the ROW can only be issued if activities resulting from the ROW: 

 
(i)protect Federal property and economic interests; (ii) manage efficiently the lands which are 
subject to the right-of-way or adjacent thereto and protect the other lawful users of the lands 
adjacent to or traversed by such right-of-way; (iii) protect lives and property; (iv) protect the 
interests of individuals living in the general area traversed by the right-of-way who rely on 
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the fish, wildlife, and other biotic resources of the area for subsistence purposes; (v) require 
location of the right-of-way along a route that will cause least damage to the environment, 
taking into consideration feasibility and other relevant factors; and (vi) otherwise protect the 
public interest in the lands traversed by the right-of-way or adjacent thereto. 

   
FLPMA, § 1765(b). 

 
At least three important potential substantive requirements flow from the FLPMA’s ROW provisions.  

First, BLM has a mandatory duty under Section 505(a) to impose conditions that “will minimize damage to 
scenic and esthetic values and fish and wildlife habitat and otherwise protect the environment.” Id. §1765(a).  
The terms of this section do not limit “damage” specifically to the land within the ROW corridor.  Rather, 
the repeated use of the expansive term “the environment” indicates that the overall effects of the ROW on 
wildlife, environmental, scenic and aesthetic values must be evaluated and these resources protected.  In 
addition, the obligation to impose terms and conditions that “protect Federal property and economic 
interests” in Section 505(b) requires that the BLM must impose conditions that protect not only the land 
crossed by the right-of-way, but all federal land affected by the approval of the ROW.  In this case, as noted 
herein, BLM failed to evaluate all aspects and ramifications of issuing the ROW for the Ambler Road.  At a 
minimum, the DEIS failed to consider the mineral material/gravel mines and related infrastructure made 
possible by the ROW.  Also as noted herein, the DEIS fails to show how the mineral projects in the Ambler 
District made possible by the issuance of the ROW meet these FLPMA requirements.    

 
Second, the requirements in Section 505(b) mandate a BLM determination as to what conditions are 

“necessary” to protect federal property and economic interests, as well as “otherwise protect[ing] the public 
interest in the lands traversed by the right-of-way or adjacent thereto.”  This means that the agency can only 
approve the ROW if it “protects the public interest in lands” not only upon which the road would traverse, 
but also lands and resources adjacent to and associated with the ROW.   

 
Third, is the requirement that the right-of-way grant “do no unnecessary damage to the environment” 

and be “consistent with … any other applicable laws,” id. §§ 1764(a)-(c). This means that a grant of a ROW 
leading to the exploration and mining must satisfy all applicable laws, regulations and policies, including all 
state and local laws, etc.   

 
The federal courts have repeatedly held that the federal land agency not only has the authority to 

consider the adverse impacts on lands and waters outside the immediate ROW corridor, it has an obligation 
to protect these resources under FLPMA.  In County of Okanogan v. National Marine Fisheries Service, 347 
F.3d 1081 (9th Cir. 2003), the court affirmed the Forest Service’s imposition of mandatory minimum stream 
flows as a condition of granting a ROW for a water pipeline across USFS land.  This was true even when the 
condition/requirement restricted or denied vested property rights (in that case, water rights). Id. at 1085-86. 

 
The BLM thus cannot issue a ROW that fails to “protect the environment” as required by FLPMA, 

including the environmental resource values in and not within the ROW corridor.  “FLPMA itself does not 
authorize the Supervisor’s consideration of the interests of private facility owners as weighed against 
environmental interests such as protection of fish and wildlife habitat.  FLPMA requires all land-use 
authorizations to contain terms and conditions which will protect resources and the environment.”  Colorado 
Trout Unlimited v. U.S. Dept. of Agriculture, 320 F.Supp.2d 1090, 1108 (D. Colo. 2004)(emphasis in 
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original) appeal dismissed as moot, 441 F.3d 1214 (10th Cir. 2006). 
 

The Interior Department, interpreting FLPMA V and its right-of-way regulations, has held that:  “A 
right-of-way application may be denied, however, if the authorized officer determines that the grant of the 
proposed right-of-way would be inconsistent with the purpose for which the public lands are managed or if 
the grant of the proposed right-of-way would not be in the public interest or would be inconsistent with 
applicable laws.” Clifford Bryden, 139 IBLA 387, 389-90 (1997) 1997 WL 558400 at *3 (affirming denial 
of right-of-way for water pipeline, where diversion from spring would be inconsistent with BLM wetland 
protection standards).  Here, allowing access and granting a ROW for the southern route would be 
“inconsistent with the purpose for which the public lands are managed,” as detailed above, and thus cannot 
be authorized.   

 
Similar to the County of Okanogan and Colorado Trout Unlimited federal court decisions noted 

above, the Interior Department has held that the fact that a ROW applicant has a property right that may be 
adversely affected by the denial of the ROW does not override the agency’s duties to protect the “public 
interest.”  In Kenneth Knight, 129 IBLA 182, 185 (1994), the BLM’s denial of the ROW was affirmed due 
not only to the direct impact of the water pipeline, but on the adverse effects of the removal of the water in 
the first place:  

 
[T]he granting of the right-of-way and concomitant reduction of that resource, would, in all 
likelihood, adversely affect public land values, including grazing, wildlife, and riparian 
vegetation and wildlife habitat. The record is clear that, while construction of the 
improvements associated with the proposed right-of-way would have minimal immediate 
physical impact on the public lands, the effect of removal of water from those lands would be 
environmental degradation. Prevention of that degradation, by itself, justified BLM's 
rejection of the application. 

 
1994 WL 481924 at *3.  That was also the case in Clifford Bryden, as the adverse impacts from the removal 
of the water was considered just as important as the adverse impacts from the pipeline that would deliver the 
water. 139 IBLA at 388-89.  See also C.B. Slabaugh, 116 IBLA 63 (1990) 1990 WL 308006 (affirming 
denial of right-of-way for water pipeline, where BLM sought to prevent applicant from establishing a water 
right in a wilderness study area). 

 
In King’s Meadow Ranches, 126 IBLA 339 (1993), 1993 WL 417949, the IBLA affirmed the denial 

of right-of-way for a water pipeline, where the pipeline would degrade riparian vegetation and reduce bald 
eagle habitat.  The Department specifically noted that under FLPMA Title V: “[A]s BLM has held, it is not 
private interests but the public interest that must be served by the issuance of a right-of-way.”  126 IBLA at 
342, 1993 WL 417949 at *3 (emphasis added).  As the IBLA recently held:  

 
The public interest determination is more than a finding that no laws will be violated by 
granting the ROW. Even if UUD [Unnecessary or Undue Degradation] can be avoided, 
degradation to public resources posed by a requested ROW may factor into BLM's 
determination of whether that ROW would be in the public interest. For example, in Sun 
Studs, we upheld BLM's rejection of a logging road ROW permit based on environmental 
considerations without any suggestion that the environmental harm rose to the level of 
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unlawful degradation. 
 

Klamath-Siskiyou Wildlands Center, IBLA 2019-75, at 9 (April 29, 2019), citing Sun Studs, 27 IBLA at 
282-83. 

 
II. The EA and Proposed FONSI Violate NEPA 

 
NEPA requires federal agencies to take a “hard look” at the environmental consequences of their 

proposed actions. Kleppe v. Sierra Club, 427 U.S. 390, 410 n.21 (1976); Blue Mountain Biodiversity Project 
v. Blackwood, 161 F.3d 1208, 1211 (9th Cir. 1998).  To take this “hard look,” agencies must prepare an EIS 
for all “major Federal actions significantly affecting the quality of the human environment.” 42 U.S.C. § 
4332(C).  The standard for when an agency must prepare an EIS is a “low standard.” Klamath Siskiyou 
Wildlands Ctr. v. Boody, 468 F.3d 549, 562 (9th Cir. 2006). 

 
The Council on Environmental Quality (CEQ) establishes NEPA regulations, which are binding on 

every federal agency. 40 C.F.R. § 1500.3(a) (2020). The original regulations implementing NEPA were 
published by CEQ in 1978. See 40 Fed. Reg. 55,978 (Nov. 29, 1978). In 2020, the Trump administration 
published new CEQ NEPA regulations. See 85 Fed. Reg. 43,304 (July 16, 2020) (codified at 40 C.F.R. Part 
1500).  The Biden administration has since revised the regulations and is making further revisions. See 87 
Fed. Reg. 23,453 (April 20, 2022).  

 
The Secretary of the Interior issued Order #3399, on April 16, 2021, which states that: 

“Bureaus/Offices will not apply the 2020 Rule in a manner that would change the application or level of 
NEPA that would have been applied to a proposed action before the 2020 Rule went into effect on 
September 14, 2020.”  Thus, the 1978 NEPA rules apply here. 

 
Under NEPA, if an agency is unsure whether a proposed action may have significant environmental 

effects, it may prepare a shorter “environmental assessment” to determine whether an EIS is necessary. 40 
C.F.R. § 1501.4(c) (1978); 40 C.F.R. § 1501.5 (2020).  To avoid preparing an EIS, the agency’s EA and 
FONSI must provide a “convincing statement of reasons” why a project’s impacts are insignificant. 40 
C.F.R. §§ 1501.4, 1508.9, 1508.13 (1978).  

 
The scope of NEPA review is broad. BLM must evaluate and disclose the direct, indirect, and 

cumulative effects of the proposed action and its alternatives on ecological, aesthetic, historic, cultural, 
economic, social, and health interests. 40 C.F.R. §§ 1508.7–1508.8 (1978).  That did not happen here. 

 
It should also be noted that the EA repeatedly describes the Project lands as “previously disturbed,” as 

one of the grounds to support its truncated FLPMA and NEPA review.  “[T]he Project  
is an exploratory drilling project, that would occur entirely within an area disturbed by historical mining 
activities.  The majority of the Project Area has been disturbed due to these historical mining operations.” 
EA at 114.  BLM does not inform the public as to which “majority” Project lands were “previously 
disturbed” by mineral operations. 

 
Yet, even if some, but certainly not most, of the Project lands experienced previous mining activities, 

under BLM regulations, these lands were satisfactorily “reclaimed.”  Thus, BLM cannot justify new and 
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significant impacts to public land and resources under the guise that the lands had been “previously 
disturbed” by mining, as all of those lands have been supposedly reclaimed to support public uses such as 
for recreation, wildlife, cultural values, etc. – resources that will be impacted by the Project. 
 
A. The EA Failed to Fully Analyze Direct, Indirect and Cumulative Impacts. 

 
The EA fails to conduct the required “hard look” at the Project’s impacts, including both the drilling 

areas and the access route(s) and the Project as a whole. 
 

Under NEPA, BLM must consider all direct, indirect, and cumulative environmental impacts of the 
proposed action. 40 CFR §§ 1502.16, 1508.8, 1508.25(c).  Direct effects are caused by the action and occur 
at the same time and place as the proposed project. 40 CFR § 1508.8(a).  Indirect effects are caused by the 
action and are later in time or farther removed in distance, but are still reasonably foreseeable. 40 CFR § 
1508.8(b).  Both types of impacts include “effects on natural resources and on the components, structures, 
and functioning of affected ecosystems,” as well as “aesthetic, historic, cultural, economic, social or health 
[effects].” Id. 

 
BLM’s limited environmental review of the exploratory drilling and road access is inadequate under 

NEPA.  At a minimum, as noted above, the PoO proposed to be approved shows well over 100 drill sites, 
but the EA is based on only 65 drill sites. EA at 6.  Additionally, the likely impacts of use of these public 
lands by heavy equipment and exploratory drilling that are not adequately disclosed or addressed include, 
but are not limited to: 

 
• Impacts to wildlife; 
• Impacts to native habitat; 
• Impacts to soils; 
• Impacts to groundwater and hydrology; 
• Impacts to air quality; 
• Impacts to the ACEC; 
• Impacts to cultural resources and Environmental Justice; 
• Consistency with Resource Management Plans. 
 

BLM must also fully review the impacts from all “past, present, and reasonably foreseeable future 
actions.”  These are the “cumulative effect/impacts” under NEPA. Cumulative effects/impacts are defined 
as: 

[T]he impact on the environment which results from the incremental impact of the action 
when added to other past, present, and reasonably foreseeable future actions regardless of 
what agency (Federal or non-Federal) or person undertakes such other actions. Cumulative 
impacts can result from individually minor but collectively significant actions taking place 
over a period of time. 

 
40 CFR § 1508.7.  In a cumulative impact analysis, an agency must take a “hard look” at all actions. 

 
An EA’s analysis of cumulative impacts must give a sufficiently detailed catalogue of past, 
present, and future projects, and provide adequate analysis about how these projects, and 
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differences between the projects, are thought to have impacted the environment. … Without 
such information, neither the courts nor the public ... can be assured that the [agency] 
provided the hard look that it is required to provide. 

 
Te-Moak Tribe of Western Shoshone v. U.S. Dept. of Interior, 608 F.3d 592, 603 (9th Cir. 2010) (rejecting 
BLM-issued EA for mineral exploration that had failed to include detailed analysis of impacts from nearby 
proposed mining operations). 

 
NEPA’s mandate to analyze cumulative impacts applies to all “past,” “present,” and “reasonably 

foreseeable future actions.” 40 C.F.R. §1508.7.  BLM must include “mine-specific or cumulative 
data.” Great Basin Resource Watch v. BLM, 844 F.3d 1095, 1105 (9th Cir. 2016), quoting Great Basin 
Mine Watch v. Hankins, 456 F.3d 955, 973 (9th Cir. 2006).  It must provide a detailed “quantified” 
analysis of other projects’ combined environmental impacts, and “identify and discuss the impacts that 
will be caused by each successive project. Including how the combination of those various impacts is 
expected to affect the environment” within the area. Great Basin Res. Watch, 844 F.3d at 1105. 

 
 The EA does not adequately analyze the cumulative impacts from the other proposed activities 

within the cumulative effects study area on environmental justice, cultural resources and uses, wildlife, 
recreation, air quality, and other potentially affected resources.  The EA contains little, if any, detailed 
analysis of these and other past, present, and “Reasonably Foreseeable Future Activities” (RFFAs) 
within the potentially affected areas that may cumulatively affect these resources.  BLM simply lists 
the acreages of these activities, with no detailed impacts analysis. 

 
The Ninth Circuit has repeatedly rejected similarly cursory analyses contained in BLM EAs and 

EISs for mineral operations, holding that listing other projects does not satisfy NEPA:  
 

[S]imply listing all relevant actions is not sufficient. Rather, “some quantified or detailed 
information is required. Without such information, neither the courts nor the public ... can be 
assured that the [agency] provided the hard look that it is required to provide.” Neighbors of 
Cuddy Mountain v. U.S. Forest Serv., 137 F.3d 1372, 1379 (9th Cir. 1998). 

 
Great Basin Res. Watch, 844 F.3d at 1104.  The Ninth Circuit in Great Basin Mine Watch v. Hankins 
specifically rejected BLM’s argument that a list of other projects and their acreages satisfied NEPA’s 
cumulative impacts analysis requirements: “A calculation of the total number of acres to be impacted by 
other projects in the watershed is a necessary component of a cumulative effects analysis, but is not a 
sufficient description of the actual environmental effects that can be expected.” 456 F.3d at 973 (emph. 
added). 

 
But that’s exactly what the EA does here.  It provides a general description of other types of projects 

in the area, and their general impacts, and their acreages.  But no details or analysis is provided – not even 
the names of the RFFA projects. See EA Table 3-37 (for the cumulative impacts to wildlife, merely listing 
the general types of past, present, and RFFAs, and their acreages). EA at 106-07. 

 
In addition, the EA fails to even mention other existing and RFFA operations/activities in the 

cumulative affects study area (CESA).  For example, for the Environmental Justice CESA, the EA correctly 
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notes its large area. EA Figure 3-4.  Yet there is no discussion, analysis, or even a list, of the other current 
and RFFA projects in this CESA.  As BLM knows, there are a number of mineral projects proposed in this 
CESA. See Imperial Exploration Project (and maps showing the projects within the Environmental Justice 
CESA for the Oro Cruz Project) (Attachment 2). 

 
 Regarding the CESAs themselves, the EA improperly restricted the scope of analysis for critical 

resources such as wildlife, and even more importantly, Native American Cultural/Historical Resources. See 
EA Figures 3-2, 3-12.  As discussed in more detail below, BLM is aware, the Tribes and Native 
communities that have lived and used these areas for millennium consider these mountains, and the Project 
site, as part of a much larger cultural landscape, which includes Indian Pass and related Trails network (such 
as the Trail of Dreams). See Record of Decision for the Imperial Project, at 10 (discussing Trail of Dreams 
as a ground for denying the Project)(Attachment 3).  BLM cannot avoid its duties to the Tribes, and under 
NEPA and FLPMA cannot ignore these facts. 

 
Here, the adverse impacts from the Project when added to other past, present or reasonably 

foreseeable future actions is clearly essential to the BLM’s determination (and duty to ensure) that the 
Project complies with all legal requirements and minimizes all adverse environmental impacts. “[W]hen the 
nature of the effect is reasonably foreseeable but its extent is not, we think that the agency may not simply 
ignore the effect.  The CEQ has devised a specific procedure for ‘evaluating reasonably foreseeable 
significant adverse effects on the human environment’ when ‘there is incomplete or unavailable 
information.’ 40 C.F.R. § 1502.22.” Mid States Coalition for Progress v. Surface Transportation Board, 345 
F.3d 520, 549-550 (8th Cir. 2003).  The BLM’s failure to obtain this information, or make the necessary 
showings under § 1502.22, for all direct, indirect and cumulative impacts violates NEPA. 

 
Thus, BLM failed to fully consider the cumulative impacts from all past, present, and reasonably 

foreseeable future projects in the region on, at a minimum, environmental justice, water and air quality, 
recreation, cultural/religious, wildlife, scenic and visual resources, etc.  BLM must fully review, and 
subject such review to public comment in a revised draft EA or EIS, the cumulative impacts from all 
other past, present and RFFAs including mining/exploration, grazing, recreation, energy development, 
roads, ORV use, etc., in the region. The EA’s failure to include these reviews violates NEPA. 

 
B. The EA fails to fully review all baseline conditions. 

 
The establishment of the baseline conditions of the affected environment is a fundamental 

requirement of the NEPA process whether an EA or EIS is prepared: 
 

“NEPA clearly requires that consideration of environmental impacts of proposed projects 
take place before [a final decision] is made.” LaFlamme v. FERC, 842 F.2d 1063, 1071 (9th 
Cir.1988) (emphasis in original). Once a project begins, the “pre-project environment” 
becomes a thing of the past, thereby making evaluation of the project's effect on pre-project 
resources impossible. Id. Without establishing the baseline conditions which exist in the 
vicinity … before [the project] begins, there is simply no way to determine what effect the 
proposed [project] will have on the environment and, consequently, no way to comply with 
NEPA. Half Moon Bay Fisherman’s Mark’t Ass’n v. Carlucci, 857 F.2d 505, 510 (9th Cir. 
1988). “In analyzing the affected environment, NEPA requires the agency to set forth the 
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baseline conditions.” 
 
Western Watersheds Project v. BLM, 552 F.Supp.2d 1113, 1126 (D. Nev. 2008).  Similarly, the CEQ 
explained: “The concept of a baseline against which to compare predictions of the effects of the proposed 
action and reasonable alternatives is critical to the NEPA process.” Council of Environmental Quality, 
Considering Cumulative Effects under the National Environmental Policy Act (May 11, 1999).  “NEPA 
requires that the agency provide the data on which it bases its environmental analysis. Such analyses must 
occur before the proposed action is approved, not afterward.” Northern Plains v. Surf. Transp. Brd., 668 
F.3d 1067, 1083 (9th Cir 2011) (concluding that an agency’s “plans to conduct surveys and studies as part of 
its post-approval mitigation measures,” in the absence of baseline data, indicate failure to take the requisite 
“hard look” at environmental impacts).  Baseline information and analysis must be part of the environmental 
review and be subject to public review and comment under NEPA. 
 
 Federal courts have repeatedly rejected EAs for mineral exploration project that do not contain 
detailed analysis of baseline conditions for all potentially affected resources, such as groundwater, wildlife, 
etc. See Gifford Pinchot Task Force v. Perez, 2014 WL 3019165, **27-33 (D. Or. 2014) (BLM EA for 
mineral exploration failed to analyze baseline ground water conditions); Cascade Forest Conservancy v. 
Heppler, 2021 WL 641614, *17–20 (D. Oregon 2021); ICL v. U.S. Forest Serv., 2012 WL 3758161, *14–17 
(D. Idaho 2012); ICL v. U.S. Forest Serv., 429 F. Supp. 3d 719, 730-32 (D. Idaho 2019). 
 

Here, the EA failed to obtain this baseline information on all potentially affected resources, including 
listed and imperiled plants and animals, other native and non-native vegetation and wildlife, ground and 
surface waters resources and water quality, air quality, recreation, cultural/religious/historical, and soils. 
 
C. The EA failed to include an adequate mitigation plan under NEPA and BLM mining 

regulations 
 

As noted herein, the EA fails to have an adequate plan to mitigate the significant impacts to cultural 
and environmental resources, as required by NEPA, FLPMA, and BLM regulations (e.g., Part 3809).  As 
just one example, the EA fails to analyze mitigation of the dozens/scores of potential drill sites (and access 
routes), as it fails to analyze their impacts at all.  There is also no mitigation for the loss of Native American 
religious and cultural use and values at and around the Project site. 

 
Under NEPA, the agency must have an adequate mitigation plan to minimize or eliminate all 

potential project impacts. NEPA requires the agency to: (1) “include appropriate mitigation measures not 
already included in the proposed action or alternatives,” 40 CFR § 1502.14(e); and (2) “include discussions 
of: . . . Means to mitigate adverse environmental impacts (if not already covered under 1502.14(e)).” 40 
CFR § 1502.16(a)(9). NEPA regulations define “mitigation” as a way to avoid, minimize, rectify, or 
compensate for the impact of a potentially harmful action. 40 C.F.R. §§1508.1(s). “[O]mission of a 
reasonably complete discussion of possible mitigation measures would undermine the ‘action-forcing’ 
function of NEPA. Without such a discussion, neither the agency nor other interested groups and individuals 
can properly evaluate the severity of the adverse effects.” Robertson v. Methow Valley Citizens Council, 
490 U.S. 332, 353 (1989). NEPA requires that the agency discuss mitigation measures, with “sufficient 
detail to ensure that environmental consequences have been fairly evaluated.” Methow Valley, 490 U.S. at 
352. 
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An essential component of a reasonably complete mitigation discussion is an assessment of whether 

the proposed mitigation measures can be effective. Compare Neighbors of Cuddy Mountain v. U.S. Forest 
Service, 137 F.3d 1372, 1381 (9th Cir.1998) (disapproving an EIS that lacked such an assessment) with 
Okanogan Highlands Alliance v. Williams, 236 F.3d 468, 477 (9th Cir.2000) (upholding an EIS where 
“[e]ach mitigating process was evaluated separately and given an effectiveness rating”). The Supreme Court 
has required a mitigation discussion precisely for the purpose of evaluating whether anticipated 
environmental impacts can be avoided. Methow Valley, 490 U.S. at 351–52 (citing 42 U.S.C. § 4332(C)(ii)). 

 
A mitigation discussion without at least some evaluation of effectiveness is useless in making that 

determination. South Fork Band Council v. Dept. of Interior, 588 F.3d 718, 727 (9th Cir. 2009) (rejecting 
EIS for failure to conduct adequate review of mitigation and mitigation effectiveness in mine EIS). “The 
comments submitted by [plaintiff] also call into question the efficacy of the mitigation measures and rely on 
several scientific studies.  In the face of such concerns, it is difficult for this Court to see how the [agency’s] 
reliance on mitigation is supported by substantial evidence in the record.” Wyoming Outdoor Council v. 
U.S. Army Corps of Eng’rs, 351 F. Supp. 2d 1232, 1251 n. 8 (D. Wyo. 2005). See also Dine Citizens v. 
Klein, 747 F.Supp.2d 1234, 1258-59 (D. Colo. 2010) (finding “lack of detail as the nature of the mitigation 
measures” precluded “meaningful judicial review”). 
 
D. The agency must fully review all reasonable alternatives 
 

NEPA requires the agency to “study, develop, and describe appropriate alternatives to recommended 
courses of action in any proposal that involves unresolved conflicts concerning alternative uses of available 
resources.” 42 U.S.C. § 4332(E); 40 CFR § 1502.14.  It must “rigorously explore and objectively evaluate 
all reasonable alternatives” to the proposed action. City of Tenakee Springs v. Clough, 915 F.2d 1308, 1310 
(9th Cir. 1990).  NEPA requires the environmental review to "present the environmental impacts of the 
proposal and the alternatives in comparative form, thus sharply defining the issues and providing a clear 
basis for choice among options by the decisionmaker and the public.” League of Wilderness Defs.-Blue Mts. 
Biodiversity Project v. United States Forest Serv., 689 F.3d 1060, 1069 (9th Cir. 2012).  Whether an EA or 
EIS is prepared, BLM must “rigorously explore and objectively evaluate all reasonable alternatives” 
including alternatives that are “not within the [lead agency’s] jurisdiction. 40 C.F.R. § 1502.14(a), (c).” Id. 
at 1071.  “While a federal agency need not consider all possible alternatives for a given action in preparing 
an EA, it must consider a range of alternatives that covers the full spectrum of possibilities.” Ayers v. Espy, 
873 F.Supp. 455, 473 (D. Colo. 1994). 
 

In this case, the EA failed to justify its rejection and/or failure to fully consider, at a minimum, the 
following reasonable alternatives: (1) access to each activity without the construction of new roads or 
reconstruction/improvement any existing or reclaimed, which could require helicopter access; (2) reduction 
in the amount, scope, and impact of each activity or group of activities including drilling waste disposal; (3) 
timing restrictions to protect wildlife; (4) preclusion of any impact to cultural/religious/historical resources, 
(5) moving the activities further from wildlife core/home ranges and (6) avoidance of rare plants/plant 
communities and their ecological/hydrological requirements. 
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III. Failure to Prepare EIS Violates NEPA 
 
 BLM’s proposed issuance of a FONSI, and failure to prepare an EIS, violates NEPA and FLPMA.  
At the outset, due to the fundamental NEPA deficiencies in the EA noted above, BLM cannot issue a 
FONSI.  BLM’s deficient EA renders its FONSI inadequate.  “[I]f the EA is deficient under NEPA in one of 
the ways Plaintiff has previously argued, then the [agency’s] DN/FONSI is necessarily arbitrary and 
capricious because it relied on the 2012 EA.” Gifford Pinchot Task Force v. Perez, 2014 WL 3019165, *40 
(D. Or. 2014).   
 

This follows a line of well-established Ninth Circuit precedent. See Native Ecosystems Council v. 
Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (USFS violated NEPA in issuing FONSI based on inadequate 
analysis); Ctr. for Biological Diversity v. NHTSA, 508 F.3d 1212, 1223-24 (9th Cir. 2007) (When an EA 
fails to comply with NEPA requirements, it “do[es] not constitute a ‘hard look’ at the environmental 
consequences of the action as required by NEPA. Thus, the FONSI is arbitrary and capricious.”). 
 

Here, BLM’s decision not to prepare an EIS was made without the critical information regarding 
cumulative and other impacts, alternatives, mitigation, and baseline conditions detailed above.  As such, the 
FONSI is consequently invalid.  

 
NEPA requires federal agencies to prepare an EIS for “major Federal actions significantly affecting 

the quality of the human environment.” 42 U.S.C. § 4332(C). “If an agency decides not to prepare an EIS, it 
must supply a convincing statement of reasons to explain why a project’s impacts are insignificant.” Native 
Ecosystems Council v. Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (quotation omitted).  It is well established 
in the Ninth Circuit that an “EIS must be prepared if substantial questions are raised as to whether a project . 
. . may cause significant degradation of some human environmental factor.” Blue Mountains, 161 F.3d at 
1212 (quotation omitted). “Thus, to prevail on a claim that the [agency] violated its statutory duty to prepare 
an EIS, a plaintiff need not show that significant effects will in fact occur.” Id. (quotation omitted). “It is 
enough for the plaintiff to raise substantial questions whether a project may have a significant effect on the 
environment.” Id. (quotation omitted).  

 
The Ninth Circuit has regularly described the bar for whether significant effects may occur as a “low 

standard.” See, e.g., League of Wilderness Defenders v. Connaughton, 752 F.3d 755, 760 (9th Cir. 2014); 
Cal. Wilderness Coal. v. U.S. Dep’t of Energy, 631 F.3d 1072, 1097 (9th Cir. 2011); Klamath Siskiyou 
Wildlands Center v. Boody, 468 F.3d 549, 562 (9th Cir. 2006).  Applying these principles, the Ninth Circuit 
has ordered EISs where plaintiffs raise substantial questions as to whether there may be significant impacts. 
See, e.g., Blue Mountains, 161 F.3d at 1212–16; Nat’l Parks, 241 F.3d at 732; Ocean Advocates v. U.S. 
Army Corps of Eng’rs, 402 F.3d 846, 868 (9th Cir. 2005); Bark, 958 F.3d at 873; Envtl. Def. Ctr., 36 F.4th 
at 882. 
 

Courts have ordered an EIS where cursory analysis in an EA—like BLM’s analysis here—renders 
effects highly controversial, unknown, or uncertain and, thus, potentially significant.  The Ninth Circuit held 
that an EA with “data gaps” and “lack of data” concerning potential effects requires an EIS. See National 
Parks, 241 F.3d at 733 (an agency’s “lack of knowledge does not excuse the preparation of an EIS; rather it 
requires the [agency] to do the necessary work to obtain it.”); Blue Mountains, 161 F.3d at 1212–16 (lack of 
supporting data and cursory treatment of environmental effects in EA warranted preparation of EIS).  
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Similarly, in Hausrath v. U.S. Dep’t of the Air Force, 491 F. Supp. 3d 770 (D. Idaho 2020), the court found 
effects were controversial and required preparation of an EIS where plaintiffs “identified serious gaps in the 
USFAF’s analyses concerning the effects of noise from the proposed action” to the community and wildlife. 
Id. at 802.  The court also found that an EIS was required because the action in Hausrath had uncertain 
effects due to “the absence of baseline noise data actually measuring the ambient noise levels in the affected 
communities.” Id. at 802–03. 

 
Here, based on the EA’s inadequate analysis, the significance of the Project’s impacts to public 

resources, an EIS is required.  That was the case recently in the California Desert as found by BLM.  For an  
exploration drilling proposed on Conglomerate Mesa, BLM is requiring an EIS instead of an EA.  That was 
for an exploration drilling project of far fewer drill sites, road construction, and environmental impacts. See 
March 9, 2022 letter from Carl Symons, BLM Ridgecrest Field Manager, to Mojave Precious Metals 
(Attachment 4).  That project at Conglomerate Mesa involves only 12 acres and 30 drill sites, far less drill 
sites and surface impacts than are contemplated for this Oro Cruz project. Id.  Notably, the Conglomerate 
Mesa project is within the same California Desert Resource Management Plan for the CDCA, also involves 
ACEC and CDNCL lands, and other critical public resources as does the much-larger Oro Cruz Project.  
BLM properly found that an EIS is required for the Conglomerate Mesa proposal, and should make the same 
finding here.  
 

A. Biological Resources 
 

1. Desert Tortoise 
 

 The Picacho Area of Environmental Concern (ACEC) was established in part to conserve the 
declining Mojave desert tortoise (EA at 25). Active burrows and tortoise sign were found in the drill areas 
(EA at 98). 

 
The environmental review must clearly address alternative proposals for avoiding, minimizing, and 

mitigating the impacts to the desert tortoise and any occupied habitat. Yet the required mitigation measures 
outlined in Appendix F, Table F-3 simply state that access roads will be fenced with tortoise exclusion 
fencing in Tumco Wash. 
 

An aggressive raven prevention plan also needs to be developed as part of the environmental review 
and followed during project development and implementation. LUPA-BIO-6 is listed as a mitigation 
measure, with raven management guidelines, but nothing specific to the project area. More detail of raven 
management specific to this area needs to be given, including nest management. Ravens are an increasing 
threat to Mojave desert tortoises range-wide. 

 
2. Flat-tailed horned lizard and Colorado fringe-toed lizard 

 
Small areas of sand can harbor fringe-toed lizards (Uma notata) and fringe-toed lizards (Phrynosoma 

mccallii), and the EA at 79 mentions that surveyors found small sand patches in the western edge of the area 
of analysis during March 2021 plant surveys. The Plan of Operations states that loose sandy soils are present 
in the project area. But surveys during the main activity time for reptiles—May and June—were not 
undertaken. These reptile species may have been dormant in underground burrows in March. Therefore, the 
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presence of these two lizard species needs to be assessed with targeted surveys during the proper season. No 
Aeolian Sand Transport assessment was conducted, as is required by LUPA-BIO-1. A Habitat Assessment 
was undertaken but is simply shown as habitat photos in Appendix E. No sand areas were mapped. Photos 
13 and 14 in Appendix E show sandy areas, but methods for assessing sand habitats or sand transport are not 
given. 
 

3. Golden Eagles 
 

Apparently, no nest surveys were undertaken. Avian surveys found active nesting prairie falcons (EA 
at 96). Helicopter operations to deliver drilling equipment, water, and other supplies to mountain drill sites 
could disturb any golden eagles nesting in the area and could lead to take under the Bald and Golden Eagle 
Protection Act. Golden eagles are also fully protected species under California law and cannot be taken at 
any time.  (Cal. Fish and Game Code §3511(b)(7).) Targeted surveys during the winter nesting season 
should be undertaken. 
 

The EA states at 100: 
 

Should golden eagles or golden eagle nests be identified during pre-clearance surveys, CMA 
LUPA-BIO-IFS-24 would be implemented to minimize impacts of surface disturbance within 
one-mile of active golden eagle nests or territories, as included in Appendix F. 

 
This indicates that no nest surveys were undertaken to determine the location and number of 

breeding pairs and active nests in the Project Area. This is not acceptable. 
 
The Finding of No Significant Impact for the Silicon Exploration Project Environmental Assessment 

DOIBLM-NV-B020-2020-0017-EA (Attachment 5) states for golden eagles: 

There was one golden eagle nest and five possible golden eagle nests within one mile of the 
Project Area. None of the nests were occupied during 2019 field surveys; however, one nest 
was active during 2020 field surveys. To avoid impacts to those nests, AGA would 
implement the EPM in Section 2.2.6.10 that states Project activities would not be conducted 
between January 1 and August 31 within one mile of a nest. However, if that is not 
practicable, a survey would be conducted after March 21 at eagle nest sites that are within 
one mile of the Project Area to determine occupancy. The timing of the surveys may be 
adjusted due to winter weather conditions and is subject to approval from the NDOW based 
on consideration of bighorn sheep (Ovis canadensis) lambing activity. If a nest has a bird in 
an incubating/brooding posture, it would be assumed that the nest is active that year, and a 
one-mile disturbance buffer would be applied until August 31, or until it has been determined 
that 1) the nest has failed; or 2) the young have fledged and are no longer dependent on the 
nest. The buffer sizes may be reduced with approval from the US Fish and Wildlife Service 
(USFWS). If the nest is not active at the time of the surveys, the one-mile buffer would not 
apply and Project activities could commence. (FONSI at 6).  

Ultimately the gold exploration company decided to seek a take permit from US Fish and Wildlife 
Service, which was analyzed in a March 2022 Environmental Assessment. (Attachment 6).  This gold 
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exploration project did not use helicopters. The Service discusses the need for a take permit: 

This Environmental Assessment (EA) analyzes the environmental consequences of the 
United States (U.S.) Fish and Wildlife Service (Service) issuing an incidental take permit for 
the take of golden eagles (Aquila chrysaetos) associated with the Silicon Exploration Project 
(Project) pursuant to the National Environmental Policy Act (NEPA) (42 United States Code 
[U.S.C.] §§ 4321–4347). Issuance of an eagle take permit by the Service for take that is 
incidental to otherwise lawful activities under the Bald and Golden Eagle Protection Act 
(Eagle Act) (16 U.S.C. §§ 668–668d and 50 Code of Federal Regulations [CFR] § 22.26) 
constitutes a discretionary federal action that is subject to NEPA. This EA assists the Service 
in ensuring compliance with NEPA, and in making a determination as to whether any 
“significant” impacts could result from the analyzed actions that would require preparation of 
an Environmental Impact Statement (EIS). This EA evaluates the effects of alternatives for 
the Service’s decision whether to issue an eagle take permit. (EA at 1) 

The Service issued a take permit for eagles for the Silicon Exploration Project. (See Attachment 5).  

Without proper eagle nest surveys, the Oro Cruz applicant may unintentionally harass golden eagles 
that might be nesting in the mountains around the drill areas, especially with the use of helicopters. This 
could result in the loss of productivity of eagles in the region. 
 

4. Desert Bighorn Sheep 
 
Currently desert bighorn sheep are not known to be present in the Cargo Muchacho mountains, but the 

proposed project area is within the desert bighorn Wildlife Habitat Management Area designated in BLM’s 
2002 Northern and Eastern Colorado Desert Plan Amendment.  Repatriating the desert bighorn sheep in the 
Cargo Muchacho Mountains is a key goal to sustaining the desert bighorn sheep metapopulation particularly 
as the effects of climate change advance. The environmental review must analyze the impacts to bighorn 
sheep habitat from the proposed project and whether it could impact future recovery efforts. 
 

The EA at 95 states that no known guzzlers are in the area, but otherwise the EA does not analyze 
potential bighorn sheep habitat here, nor future recovery efforts. 
 

5. Burro Deer 
 

The EA at 97 states that mule deer were observed during 2021 desert tortoise surveys. This narrow 
endemic mule deer subspecies (Odocoileus hemionus eremicus) is only found in the Colorado Desert of 
southeastern California. Measures should be outlined that avoid disturbing these deer populations. 
 

6. Rare  Plants  
 

Although several rare plants are known in this area and some are identified in the EA/MND (at 79), 
it is unclear when plant surveys were conducted and whether they were seasonally appropriate to find 
certain plants.  Therefore other rare plants may have been missed. Without more information it appears that 
the conclusions in the EA/MND that rare plants will not be significantly impacted is unsupported.  
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 B.  Cultural Resources 
 

The proposed action would adversely affect the sacred Tribal Cultural Landscape that consists of the 
ancient trail network, called Trail of Dreams or Xam Kwatchan Trail Network, which extends from Avi 
Kwa Ame (Spirit Mountain, Nevada) to the Avi Kwlal (Pilot Knob, California). The area that would be 
disturbed by the Oro Cruz exploration project is included in this Tribal Cultural Landscape. (See Figure 2 
(map) Attachment 7). The EA has failed to analyze the impact on this Tribal Cultural Landscape held sacred 
by six native American Tribes in the region. Comments submitted by the Quechan Tribe are referenced in 
the EA (section 3.14.3):  
 

The proposed Project location is sited within a region that is highly significant to the Fort 
Yuma Quechan Indian Tribe. This is a location that the Tribe attaches great cultural, religious 
and spiritual significance to. The Fort Yuma Quechan Indian Tribe objects to the proposed 
mining project and the proximity of the operation to a significant cultural landscape and 
items of cultural patrimony which are integral to the spiritual and everyday lives of the 
Quechan people. 
 

However, the EA states (section 3.14.3) states that “Currently, not enough information has been provided to 
understand the nature, extent and use of the resource, and therefore to fully assess impacts or determine if 
there are minimization or avoidance measures that would apply.”  Not having enough information to analyze 
the impacts on the Tribal Cultural Landscape is not sufficient grounds to determine the project would have 
no significant impacts on Native American Religious Concerns and Traditional Values. Instead, the BLM 
should require an EIS to analyze these impacts in detail.  

Furthermore, BLM pursuant to the 2019 Dingell Act the BLM was required to develop and implement a 
cultural resources management plan for the Xam Kwatchan Trail Network: 

Not later than 2 years after the date of enactment of the John D. Dingell, Jr. Conservation, 
Management, and Recreation Act [enacted March 12, 2019], the Secretary shall develop and 
implement a Tribal cultural resources management plan to identify, protect, and conserve 
cultural resources of Indian Tribes associated with the Xam Kwatchan Trail network 
extending from Avikwaame (Spirit Mountain, Nevada) to Avikwlal (Pilot Knob, California). 

 
16 U.S.C.S. § 410aaa-75. That plan is overdue and BLM cannot authorize mine exploration activities on 
lands associated with the Xam Kwatchan Trail Network until it completes the tribal cultural resources 
management plan which is needed to ensure protection and conservation of these resources.  
 
 C.  Additional Resource Issues  
 

The environmental review must provide sufficient information to evaluate serious aspects of the 
project and raise many questions, which if answered, might expose environmental impacts. 
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1. Source of Groundwater and Impacts 
 
The EA, at 87-92, states that 2,000 gallons of water per day will be required for drilling and dust 
suppression. The water would be procured from Gold Rock Ranch and/or another local water purveyor. A 
mobile water truck would be utilized onsite for dust suppression, and applied water would either naturally 
evaporate or infiltrate into the ground. The impact of taking that water from existing wells is not addressed 
despite the drought conditions in the area. And even though the specific source of water is not known, the 
EA/MND at 92 claims that the “Project would not consume groundwater from the Imperial Valley 
Groundwater Basin” – there is no support for this statement.  In addition, because the groundwater in this 
area is connected to the Colorado River, taking any water from the water table must be strictly accounted for 
under the law of the river. (See Map 7 in Attachment 8).  The EA/MND fails to analyze how groundwater 
pumping from off-site sources may impact the Imperial Valley groundwater district and the Colorado River 
accounting surface (as noted above). Because the identification and analysis of groundwater resources, 
including the source of water and the impacts of its extractions, are not adequately disclosed or addressed 
the EA/MND violates NEPA and CEQA.  
 

2. Surface Disturbance 
 

The EA/MND (at 5) calculates the surface disturbance at 20.54 acres – but it is unclear if that 
calculation accounts for additional for turnaround spaces for the large trucks and heavy equipment, sumps, 
and overburden. All the road segments and drill pads must be considered new ground disturbances 
regardless of being on top of the roads and pads of previous mining/drilling/disturbed areas. Use of all road 
segments and pads for the proposed project will cause new disturbances. The EA/MND attempts to waive 
away the significance of these new surface disturbances on previously reclaimed areas, undermining the 
environmental review.  
 

3. Reclamation Plan is Not Provided 
 

The EA/MND refers to a Reclamation Plan (Sespe 2022) (at 8), but it is not provided with the 
EA/MND. Instead the EA/MND provides only a summary: “A summary of the Reclamation Plan is 
provided below, and complete details are provided in SMP – Oro Cruz Exploration Project Reclamation 
Plan (Sespe 2022), on file with Imperial County (Reclamation Plan #21-0001).” EA/MND at 8-10.  A copy 
of the plan should have been circulated to the public during the comment period.  Several important 
recommendations for reclamation from scoping comments do not appear to have been addressed in the 
EA/MND:  

 
● Prohibit blading of road segments or the staging area. Mow or hand cut vegetation to within 

inches of the ground on the road segments and then drive over them to the drill pad, creating a 
2-track path and leaving the roots intact. Vegetation will grow back faster from root stock than 
from seed. 

● Prohibit tracked vehicles and require only vehicles equipped with oversized, balloon tires to 
minimize soil compaction and to speed revegetation. 

● Topsoil is thin in the desert and what is scraped off for reclamation may blow away, if not 
covered. That topsoil needs to be protected by stockpiling at appropriate height to prevent 
composting from occurring which would kill off propagules and soil fauna. 
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● Plant seedlings and require reseeding only in the fall. Do not use hydroseeding methods. 
● The seed source for reseeding must contain locally sourced native species only. The grasses 

should be grasses that are native to the project site. 
● The BLM or an independent botanist needs to survey all of the drill sites and roads to them 

annually starting after the drilling ends, to determine whether SMP Gold Corporation has 
complied with the reclamation requirements. This information should be shared with the public. 
Issue a notice of violation if the results are substandard. 

● Require an annual report in the fall on how the revegetation is progressing and the presence of 
and removal of all noxious weeds. 

● Establish criteria for “successful reclamation”. Including the density and diversity of species 
● Require remediation if plants aren’t established after three years. 
● Identify who will be responsible for the monitoring after three years if the goals have not been 

met and funding from the project proponent to be sure it continues. 
● Clean vehicles before entering the project site if they have been driven where they could pick 

up non-native plant propagules on their vehicle. 
 
 Because these important issues regarding reclamation raised in scoping were not addressed in the 
EA/MND, and a copy of the full Reclamation Plan is not provided for public review, the document is 
inadequate as an informational document under NEPA and CEQA.  

 
IV. The Mitigated Negative Declaration is Inadequate to Fulfill the Requirements of SMARA or 
CEQA. 
 

A. SMARA and the County Ordinance Require the County to Evaluate Both the Mining 
Exploration Project and the Reclamation Plan 

 
Imperial County is identified as the lead agency for both SMARA and CEQA. EA/MND at 2.  As the court 
explained in Nelson v. County of Kern, 190 Cal. App. 4th 252 (2010):  
 

The Legislature declared that its intent in enacting SMARA was “to create and maintain an 
effective and comprehensive surface mining and reclamation policy with regulation of 
surface mining operations so as to assure that: [¶] (a) Adverse environmental effects are 
prevented or minimized and that mined lands are reclaimed to a usable condition which is 
readily adaptable for alternative land uses[; and ¶] (b) The production and conservation of 
minerals are encouraged, while giving consideration to values relating to recreation, 
watershed, wildlife, range and forage, and aesthetic enjoyment.” (§ 2712, subds. (a) & (b).) 
“To achieve those goals, SMARA requires that persons conducting surface mining operations 
obtain a permit and obtain approval of a reclamation plan from a designated lead agency for 
areas subjected to post-January 1, 1976, mining. (§§ 2770, 2776.)” (Hansen Brothers 
Enterprises, Inc. v. Board of Supervisors (1996) 12 Cal.4th 533, 547, fn. omitted.) In 
particular, SMARA provides: “[N]o person shall conduct surface mining operations unless a 
permit is obtained from, a reclamation plan has been submitted to and approved by, and 
financial assurances for reclamation have been approved by, the lead agency for the operation 
pursuant to this article.” (§ 2770, subd. (a).) This section, including the requirement that a 
surface mining permit be obtained from the lead agency, has been described as “‘[a]t the 
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heart of SMARA.’ ” (People ex rel. Dept. of Conservation v. El Dorado County (2005) 36 
Cal.4th 971, 984.) 
 
To facilitate the enforcement of SMARA, section 2774 states that “[e]very lead agency shall 
adopt ordinances in accordance with state policy that establish procedures for the review and 
approval of reclamation plans and financial assurances and the issuance of a permit to 
conduct surface mining operations . . .” (§ 2774, subd. (a).)    

 
Under the Imperial County Ordinance, exploratory mining activities fall within the definition of 

Surface Mining Operations (Title 9, Div. 20: Surface Mining & Reclamation (hereinafter “Title 9”) § 
92001.01.) The County Ordinance prohibits mining activities without first obtaining County approval of “a 
Permit, Reclamation Plan, and financial assurances for reclamation,” subject to narrow exceptions which are 
not relevant here.  Title 9 § 92001.03.  

 
The EA/MND acknowledges that Imperial County must approve the reclamation plan (at 2), but fails 

to acknowledge that a permit approval is also needed.  Just as in Nelson, here, the is no question that the 
County, as lead agency, “is responsible under SMARA and the local ordinance to evaluate the entire [] 
proposal and to determine both whether to issue a permit for mining operations and whether to approve the 
reclamation plan.” Nelson, 190 Cal. App. 4th at 269 (emphasis in original; citing Pub. Res. Code §§ 2770, 
subd. (a), 2774, subd. (a)). And as in Nelson, “[t]hat being the case, it was improper for County to sever the 
mining operations from the scope of its review under SMARA.” Id. 190 Cal. App. 4th at 269.  

 
As noted above, a complete copy of the reclamation plan was not provided to the public during this 

comment period. On this basis, the conservation groups reserve the right to provide additional comments 
once a complete copy of the reclamation plan is provided. The summary provided in the EA/MND is 
insufficient for the public or decision makers to determine if the reclamation plan is adequate to meet 
SMARA standards, and because the reclamation plan is a key part of the mitigation for the project, the 
failure to provide the public with all relevant studies and information also fails CEQA and fails to show that 
an MND is appropriate.  
 

B. CEQA requires the County to consider the whole of the action in an EIR. 
 

The joint EA/MND section “3.2 CEQA Checklist and Impact Analysis” is insufficient in several 
ways as detailed below and an EIR is needed. The purpose of CEQA is to provide decision-makers and the 
public with environmental information before decisions are made, not after. As the California Supreme 
Court observed in Laurel Heights I, “[i]f post-approval environmental review were allowed, [CEQA 
analyses] would likely become nothing more than post hoc rationalizations to support action already taken. 
We have expressly condemned this [practice].” Laurel Heights Improvement Ass’n v. Regents of Univ. of 
Cal. (“Laurel Heights I”), (1988) 47 Cal. 3d 376, 394 (citation omitted). Accordingly, “public agencies shall 
not undertake actions concerning the proposed public project that would have a significant adverse effect or 
limit the choice of alternatives or mitigation measures, before completion of CEQA compliance.” CEQA 
Guidelines § 15004(b)(2). In particular, an agency shall not “take any action which gives impetus to a 
planned or foreseeable project in a manner that forecloses alternatives or mitigation measures that would 
ordinarily be part of CEQA review of that public project.” CEQA Guidelines § 15004(b)(2)(B). CEQA 
requires the preparation of environmental review documents “as early as feasible in the planning process to 
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enable environmental considerations to influence project program and design and yet late enough to provide 
meaningful information for environmental assessment.” Laurel Heights I, 47 Cal. 3d at 395; see also CEQA 
Guidelines § 15004(b). 
 

Only when “there is no substantial evidence in light of the whole record before the public agency 
that the project . . . may have a significant effect on the environment” may an agency prepare a negative 
declaration or mitigated negative declaration instead of an EIR. (Public Res. Code § 21064.5; see also id. §§ 
21064, 21080(c).). A mitigated negative declaration, in particular, is prepared “when the initial study has 
identified potentially significant effects on the environment, but . . . revisions in the project plans or 
proposals . . . would avoid the effects or mitigate the effects to a point where clearly no significant effect on 
the environment would occur” and there is no substantial evidence the project may have a significant effect 
on the environment. (Id. § 20164.5.) If there is substantial evidence that a project may have a significant 
effect on the environment, an agency must prepare an EIR. (Id. § 21080(d).) 

If an agency is presented with so much as “a fair argument that a project may have a significant 
effect on the environment, the lead agency shall prepare an EIR even though it may also be presented with 
other substantial evidence that the project will not have a significant effect.”  (CEQA Guidelines § 
15064(f)(1); see also No Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 68, 75. By contrast, negative declarations 
are appropriate only when there is no substantial evidence in light of the whole record before the public 
agency that the project, as revised, may have a significant effect on the environment. Pub. Resources Code, 
§ 21064.5; see also § 21080, subd. (c); CEQA Guidelines §§ 15006, subd. (h), 15064, subd. (f)(2), 15070, 
subd. (b), 15369.5.   

Where, as here, there is a fair argument that the proposed project – the proposed mine exploration 
activities including new and expanded access roads and a reclamation plan—may have a significant effect 
on the environment, preparation of an EIR is required. Public Resources Code §§ 21100, 21151; CEQA 
Guidelines § 15064(a)(1); No Oil, Inc. v. City of Los Angeles (1974) 13 Cal. 3d 68, 82. No such 
determination can be made in this instance as detailed in this letter, there are potentially significant impacts 
to wildlife, water, air, cultural resources, and other resources. 
 

Furthermore, under CEQA, an EIR must be prepared even if the lead agency can point to substantial 
evidence in the record supporting its determination that no significant effect will occur. Architectural 
Heritage Assn. v. County of Monterey (2004) 122 Cal. App. 4th 1095, 1110. The lead agency may not 
dismiss evidence because it believes that there is contrary evidence that is more credible. Pocket Protectors 
v. City of Sacramento (2005) 124 Cal. App. 4th 903, 935. Either there is substantial evidence showing the 
possibility of a significant environmental effect or there is not. If there is, then the lead agency must prepare 
an EIR. Architectural Heritage Assn., 122 Cal. App. 4th at 1109-1110. Importantly, the “fair argument” test 
“establishes a low threshold for initial preparation of an EIR, which reflects a preference for resolving 
doubts in favor of environmental review.” Id. at 1110.  
 

The County is required to consider the whole of the action in its CEQA review. CEQA Guidelines, 
Section 15378. The definition of “project” is “given a broad interpretation in order to maximize protection 
of the environment.”  Lighthouse Field Beach Rescue v. City of Santa Cruz (2005) 131 Cal.App.4th 1170, 
1180 (internal quotation omitted); see also, Muzzy Ranch Co. v. Solano County Airport Land Use Com. 
(2007) 41 Cal.4th 372, 381-83; Fullerton Joint Union High Sch. Dist. v. State Bd. of Educ. (1982) 32 Cal.3d 
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779, 796-97; Bozung v. Local Agency Formation Com. (1975) 13 Cal.3d 263, 277-81.)  A “project” is “the 
whole of an action” directly undertaken, supported, or authorized by a public agency “which may cause 
either a direct physical change in the environment, or a reasonably foreseeable indirect physical change in 
the environment.”  (Public Resources Code § 21065; CEQA Guidelines § 15378(a).)  Under CEQA, “the 
term ‘project’ refers to the underlying activity and not the governmental approval process.”  California 
Unions for Reliable Energy v. Mojave Desert Air Quality Mgmt. Dist. (2009) 178 Cal.App.4th 1225, 1241, 
(quoting Orinda Assn v. Bd. of Supervisors (1986) 182 Cal.App.3d 1145, 1171-72 [emphasis added].) 
(CEQA Guidelines, § 15378(c) [“The term 'project' refers to the activity which is being approved and which 
may be subject to several discretionary approvals by governmental agencies. The term 'project' does not 
mean each separate governmental approval.”].  As the court concluded in Nelson, 190 Cal. App. 4th at 272 
“the entire CEQA project that had to be reviewed by County included both the mining operations and the 
reclamation plan. Both aspects were integrally related and constituted the whole of the action or the entire 
activity for which approvals were being sought.” Put another way, “CEQA required County to engage in an 
environmental review of both the mining operations and the reclamation plan—the entire project.” Id. 
 
  Under the County Ordinance, before a permit or reclamation plan can be approved, the site plan and 
reclamation plan must be found to meet the requirements of SMARA and other state statutes and regulations 
including CEQA. See Title 9 § 92002.03. Unfortunately, the County’s ordinance does not fully describe the 
County’s CEQA obligations because it only expressly mentions CEQA in the context of approval of the 
reclamation plan. Title 9 § 92002.03(B)(4).  Here, the County does not acknowledge the need for a permit 
for all operations and the IS/MND fails to address several potentially significant impacts, rendering it 
inadequate. 
 

As detailed above, the Project may have significant direct and indirect impacts on listed species 
(desert tortoise), fully protected species (golden eagles), as well as other wildlife species of special concern 
(flat-tailed horned lizard and Colorado fringe-toed lizard), therefore, an EIR is required. See, e.g., CEQA 
Guidelines §15065(a)(1) (mandatory findings of significance). Impacts to habitat for rare flora and fauna are 
significant under section 15065 and require full evaluation under CEQA. See Mira Monte Homeowners 
Association v. Ventura County, 165 Cal.App.3d 357, 363-364.  In addition, the EA/MND fails to show that 
all needed plant surveys were undertaken, particularly fall plant surveys.  On this basis as well the EA/MND 
is inadequate.  
 
 As detailed above, the analysis of impacts to water resources is woefully incomplete. EA/MND 
states that Project water use overall will be up to 2,000 gallons per day and approximately 240,000 gallons 
of water over the life of the Project (EA/MND at 90) and that the water would be trucked in from existing 
wells but does not identify which wells (at 92). And even though the specific source of water is not known, 
the EA/MND at 92 claims that “Project would not consume groundwater from the Imperial Valley 
Groundwater Basin” – there is no support for this statement. Further, the EA/MND at 92 admits 
“Groundwater may be encountered during the course of exploratory drilling within the Drill Pads.” But the 
EA/MND fails to quantify the amount of groundwater that may be affected if it is encountered. This also 
contradicts the premise in the EA/MND that no groundwater on site would be affected.  The IS/MND notes 
that the area is not an adjudicated basin but provides no analysis to support the determination that this level 
of groundwater use is not significant in this arid environment that is currently in drought conditions. Water, 
especially in the desert and even more so in the time of chronic drought in California is a key resource that 
needs to have a full analysis in an EIR for this proposed project. The County should have fully addressed 
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those potentially significant impacts but did not, on this basis as well an EIR is needed. In addition, as noted 
above, groundwater in this area is limited because it’s use may draw water from the Colorado River, the 
CEQA review did not disclose whether a water right is needed. Because the EA/MND fails address this 
potentially significant impact to Colorado River water resources, it is inadequate on this basis as well. 
Because the IS/MND failed to fully identify and analyze impacts of groundwater use by the Project it fails to 
comply with CEQA.  
 

CEQA also requires that environmental review must analyze the effects of any proposed mitigation 
measures and their likely efficacy. CEQA Guidelines § 15126.4(a)(1)(D) (“If a mitigation measure would 
cause one or more significant effects in addition to those that would be caused by the project as proposed, 
the effects of the mitigation measures shall be discussed”); Save Our Peninsula Comm. v. Monterey Board 
of Supervisors (2001) 87 Cal.App.4th 99, 130 (“An EIR is required to discuss the impacts of mitigation 
measures”). An agency's determination that a proposed mitigation measure will effectively mitigate an 
impact must be supported by substantial evidence. City of Irvine v. County of Orange (2015) 238 
Cal.App.4th 526. 
 

The IS/MND suggests several mitigation measures that may themselves have impacts which are not 
analyzed. For example, the IS/MND acknowledges for air quality that the area is in nonattainment for PM10 
(at 17), and that the project will cause emissions and relies on standard “project design features (“PDFs”) 
incorporating the local air district rules for fugitive dust emissions and GHG emissions to mitigate impacts 
to PM10 air quality (at 19). However, those PDFs which would potentially reduce impacts to air quality, 
which address mitigation measures for air quality relied on in the IS/MND, would use potentially significant 
amounts of water and the mitigation measures are very general.  PDF-7 for Air Quality only states that “The 
Project would comply with applicable State of California and Imperial County Air District rules for fugitive 
dust emissions and greenhouse gas emissions.” It does not provide details of those rules.  

 
Compliance with the law alone is not sufficient evidence to support a finding of no significant 

impact under the CEQA. See Oro Fino Gold Mining Corp. v. County of El Dorado (1990) 225 Cal. App. 3d 
872, 881–882. The IS/MND assumes that compliance with other regulations and programs will mitigate the 
air quality impacts to less-than-significant levels. The IS/MND lacks any project-specific analysis of the 
potential impacts and the effect that regulatory compliance could have on those impacts.  Because the 
Project does not disclose the specifics of the Project’s impacts in the first instance, nor provide any specifics 
on these regulatory programs, the IS/MND lacks a basis to conclude that these regulatory programs in and of 
themselves will reduce the environmental impacts of this project to less-than-significant levels. Accordingly, 
the IS/MND’s conclusion that air quality impacts will be mitigated to less-than-significant levels is 
unsupported.  

 
Further, although EA/MND at 91 and Appendix F Table F-1, PDF-3 state “Water used for dust 

control would be kept to a practicable minimum . . .”, the EA/MND elsewhere states that Project water use 
overall will be up to 2,000 gallons per day and approximately 240,000 gallons of water over the life of the 
Project (EA/MND at 90) and that the water would be trucked in from existing wells but does not identify 
which wells (at 92). As explained above, this discussion of the groundwater use is in adequate. Because the 
mitigation measure to address potential impacts to air quality may have potentially significant impacts to 
water resources, the MND should have fully addressed those potentially significant impacts but did not. In 
addition, as noted above, groundwater in this area is limited because it’s use may draw water from the 
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Colorado River, the CEQA review did not disclose whether a water right is needed. Because the EA/MND 
fails to mention this additional potential limit on water availability for the mitigation measure it relies on, it 
is inadequate on this basis as well. Because the IS/MND failed to address the impacts of the water use for 
the air quality mitigation measure the MND cannot be relied on and the County has failed to comply with 
CEQA.  
 

Here, there are several potentially significant impacts that are not shown to be fully mitigated 
including impacts to wildlife, cultural resources, air quality and ground water and there are potentially 
significant impacts to the environment that are not adequately identified and analyzed including 
inconsistencies with the governing land use management plan (as detailed above). Therefore, the County 
must prepare an EIR and cannot rely on a mitigated negative declaration.   
 

The proposed mining exploration project may also have significant impacts to cultural resources.  
Imperial County claims it has fulfilled its obligations under AB 52 with a letter to a single tribe that went 
unanswered (EA/MND at 49). This fails to comply with the spirit of consultation requirement cannot excuse 
the County’s failure to consider cultural resources and information tribal representatives have provided to 
BLM regarding the Project’s potentially significant effects on cultural resources. On this basis as well, an 
EIR is needed.  
 

Based on the number of imperiled species with potential to be affected by the proposed mining 
exploration, lack of adequate biological surveys, and because potential impacts to water resources and air 
quality that have not been fully identified or analyzed in the EA/MND, an EIR is required. 
 
Conclusion 
 

Due to the numerous violations of FLPMA, NEPA, and other laws, BLM cannot approve the 
Project based on the EA and must prepare an EIS. Due to Imperial County’s failure to comply with 
SMARA, CEQA and other laws and regulations, and because there is a fair argument that the Project 
will significantly impact the environment Imperial County cannot approve the Project based on the 
IS/MND and must prepare an EIR.1   Please keep us informed of all notices associated with this 
project.  
 

Respectfully, 
 
 
Lisa Belenky, Senior Attorney  
Hallie Kutak, Staff Attorney 
Center for Biological Diversity  
lbelenky@biologicaldiversity.org  
hkutak@biologicaldiversity.org 
 
 

 
1 As noted above, because the notice period for the IS/MND by Imperial County continues until January 20, 2023, the 
conservation organizations reserve the right to provide additional detailed comments on all issues.  

 
Joan Taylor, Chair 
Sierra Club California/Nevada Desert Committee 
 
 
Laura Cunningham California Director 
Western Watersheds Project  
lcunningham@westernwatersheds.org  
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Jared Naimark, California Mining Organizer  
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jnaimark@earthworksaction.org  
 
 
Kara Matsumoto, Public Lands Policy Director 
Conservation Lands Foundation  
kara@conservationlands.org  
 
Kelly Herbinson and Cody Hanford  
Joint Executive Directors 
Mojave Desert Land Trust 
kelly@mdlt.org 
 
 

 
 
 
Isabella Langone, J.D. 
Conservation Program Manager 
California Native Plant Society 
ilangone@cnps.org  
 
 
Bradley Angel 
Greenaction for Health and Environmental Justice 
bradley@greenaction.org  
 
Preston J. Arrow-weed, President 
Ahmut Pipa Foundation 
ahmut@earthlink.net  
 

cc:  
Michael Abraham, Assistant Director, Imperial County Planning & Development Services 

michaelabraham@co.imperial.ca.us ; ICPDSCommentLetters@co.imperial.ca.us  
Brian Croft, USFWS, Brian_Croft@fws.gov  
Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  
Tom Plenys, EPA, Plenys.Thomas@epa.gov  
Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  
Julianne Polanco, State Historic Preservation Officer (SHPO), julianne.polanco@parks.ca.gov  
Commissioner Laura Miranda, California Native American Heritage Commission. Chairperson 

Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  
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#DES-99-8 OEPC #FES-00-50, Signed by the Secretary of Interior, January 17, 2001 

Attachment 4: March 9, 2022 letter from Carl Symons, BLM Ridgecrest Field Manager, to Mojave Precious 
Metals 

Attachment 5: FONSI for the Silicon Exploration Project Plan of Operations Nevada Reclamation Permit 
Application DOI-BLM-NV-B020-2020-0017-EA available at 
https://www.fws.gov/media/silicon-exploration-project-eagle-permit-nepa-documents ;  
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About Us – Southern Empire Resources

Acquisition, Exploration and Development of Gold Deposits in North America.

Southern Empire is focused on the acquisition, exploration and development of gold
deposits in North America. Our projects are located in the world’s best mining
jurisdictions and they are selected strategically to be positioned near existing
infrastructure.

ORO CRUZ & AMERICAN GIRL, CARGO MUCHACHO MOUNTAINS,
CALIFORNIA

In the Cargo Muchacho mountains of Imperial County, southeast California, Southern Empire owns
the American Girl Mine Property and holds options to acquire a 100% interest in the 2,160 hectares
(5,338 acre) Oro Cruz Property located approximately 22.5 kilometres (km; 14 miles) southeast of
the operating Mesquite gold mine of Equinox Gold Corp.

With a history that includes extensive drilling and large-scale open pit and underground mining by
the American Girl Mining Joint Venture (53 per cent owned by MK Gold Co., a subsidiary of
Morrison Knudsen Corporation, and 47 per cent owned by Hecla Mining Company), which was
suspended during the gold market downturn in 1996, the Oro Cruz Gold Project hosts many
exploration targets in addition to a high-grade oxide gold zone that, based on the historical mine
operation records, is amenable to conventional heap leach extractive methods.

EQUITY INTEREST IN BULLFROG GOLD CORP.

Southern Empire also holds a significant equity interest in Bullfrog Gold Corp., a US based gold
exploration company with a commanding land package in the Bullfrog Mine area from which
Barrick Gold Corp. produced more than 2 million ounces during the 1990’s.

EXPERIENCED & KNOWLEDGABLE MANAGEMENT TEAM



Our team, including 2015 Canadian Mining Hall of Fame inductee, Ron Netolitzky, has decades of
experience and the proven ability to deliver results. Meet our leadership team here.

Southern Empire is listed on Toronto’s TSX Venture Exchange under the symbol SMP  and also
trades on Germany’s Frankfurt Exchange, having the symbol 5RE.

Our share capital is widely, but tightly held. Please, see our current Share Capital Structure.

For further information, please contact Southern Empire here and visit our SEDAR page.

SMP CORPORATE PRESENTATION

CONTACT SMP

Join our Mailing List

Direct Contact Form
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2020 – Imperial Exploration Project 
Pursuant to CFR §3809.401 

1.0 Introduction 

1.1 Purpose and Scope 

This Exploration Plan of Operations (“EPO”) describes the Imperial Exploration Project 
("Project") proposed by Imperial USA Corporation ("IUC").  The purpose of the Project is 
to develop exploratory drill holes for mineral, geotechnical, environmental, 
hydrogeological, and/or engineering assessments.  This EPO is submitted pursuant to 
and in conformance with the U.S. Bureau of Land Management ("BLM") Surface 
Management Regulations at 43 CFR § 3809 et seq. 

1.2  Project Overview 

The Project is a drilling program on three segments of a claim block controlled by IUC 
that includes contiguous unpatented lode and mill site claims on 2,939 acres (1,149 
ha.) (the "Project Segments").  The Project Segments are located north of the Cargo 
Muchacho Mountains in southeast Imperial County, California and approximately 47 
miles east-northeast of El Centro, California and 22.5 miles north-northwest of Yuma, 
Arizona. (Figure 1).  The boundaries of the Project Segments and land use status are 
presented on Figure 2. 

All IUC's claims located within the Project Segments are on federally owned lands 
administered by the BLM El Centro Field Office. There are no private or state-owned 
lands within the Projects Segments.  

The Project Segments trend southeast to northwest and are referred to as (i) the Indian 
Pass Segment at the southeast end of the project area, (ii) the Ogilby Segment in the 
trend center, and (iii) the East Mesquite Segment in the northwest.  The Project 
Segments will be accessed primarily by (i) Indian Pass Road, (ii) the Ogilby Road, and 
(iii) several existing BLM Legal Routes within and around the Project Segments.  Table 
1 presents pertinent information on the Project Segments.  

Table 1. Project Segments 

Project 
Segment 

Claim 
Names 

Acres 
Disturbed 

Total 
Acres BLM Legal Routes Used Township, Range 

and Section 

Indian Pass 
UYA, 
BB, 
SWL 

10.8 1,571 649, 680, 989, 880, 841, 840, 
843, 845, 859, 858, 878, 877 

NW Corner of T.14S. 
R.21E and SW Corner 
T.13S., R.21.E.  

Ogilby KMI 1.9 645 654,647, 645, 643, 641, 631, 
615, 531 

SE Corner of T.13S, 
R.20E. 

East 
Mesquite KMI 1.6 723 648,683,754.735,629 T. 13S., R.19E, S.12, 
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The Project proposes to grade drill pads within the Project Segments that will be used 
to complete 4-inch diameter exploratory drill holes for mineral, geotechnical, 
environmental, hydrogeological, and/or engineering assessments.  Grading, where 
needed, will be accomplished with a rubber-tired backhoe loader and will be 
conducted in a manner to minimize disturbance.  A core or reverse circulation (“RC”) 
drill rig will advance the drill holes. 

Access to the drill pads on the Project Segments will utilize BLM Legal Routes, and 
previously disturbed lands as much as possible.  Attachment A provides an overview 
map and individual maps for each Project Segment.   

Using the local workforce where possible, work will begin as soon as this EPO has 
been approved and equipment can be mobilized. The operation, including reclamation, 
should be complete within about three years from start-up.  No permanent fixed 
structures will be built, and all equipment and any temporary structures will be 
removed from individual pads after completion of drilling and proper abandonment of 
the drill holes. 

The Project is designed and will be operated to minimize potential direct, indirect, and 
cumulative impacts related to the resources discussed below.  Table 2 identifies 
resources with potential to be impacted by the Project, and the development and 
operating practices that will be used to minimize any potential impacts. 

Table 2. Project Practices to Reduce Potential Impacts 

Potentially Affected Resource Practice 

Air 

• Implement dust control measures such as two-track
trails watering and treatment during movement of
equipment.

• Employee training for dust emission reduction
• Reduced speed limits

Water 

• Utilize BMPs to minimize erosion and sedimentation.
• Utilize approved non-hazardous drill lubricants and

palliatives for dust control.
• Clean up spills immediately.
• Recycle ~80% of the water at the process site.

Land/Soils 

• Use BLM Legal Routes for access to drill sites to fullest
extent possible.

• Use rubber-tired backhoe-loader to minimize
disturbance.

• Stockpile topsoil for revegetation.

Vegetation • Minimize new disturbance to limit vegetation damage.
• Relocate cacti for use prior to grading.

Wildlife • Minimize new disturbance to limit habitat degradation.
• Desert tortoise awareness training for all employees.
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• Baseline and preconstruction surveys for desert tortoise
• Monitoring in advance of all new grading activity
• Exclusionary fencing where appropriate

Special Species Status 

• Train workers to recognize and protect special status
species.

• Record any observations or encounters of species with
special status.

• Determine if observations or encounters merit
additional measures.

Cultural Resources 

• Avoid adverse effects to historic properties through
project redesign; utilization of existing ground
disturbance; and oversight by archaeological monitors
where appropriate.

• Train workers to recognize and avoid cultural resources.
• Develop and implement drilling work plans to avoid

adverse effects.
• Adhere to existing guidance in The CA BLM Protocol to

address human remains and unanticipated discoveries.

Visual Resources 

• Remove temporary structures upon completion of use.
• Remove all equipment upon completion of drilling on

each pad.
• Drill cuttings buried on site or worked into the surface of

the drill pad prior to topsoil application.
• Regrade disturbed areas to blend with topography

during reclamation.
• Revegetate disturbed areas.

Recreation/Public Safety 

• Minimize new disturbance. Exclude public from
operational areas only. Safety signage will be posted the
drill pads and along the two-track trails.

• Will not block BLM Legal Routes.

1.3  History 

The region has a long mining history which dates back to the 1780's and has 
continued until the present with mines such as Picacho, Tumco, and American Girl 
from the late 1800’s and more recently, the opening of the Mesquite Mine in 1986. 
Mining activities within in the Project boundaries, however, were limited to minor dry 
placer exploration operations and drilling exploration conducted in the 1970's into the 
1990s.  

More recently, Chemgold, Inc. began exploring the Indian Pass area for a mining 
operation in the mid-1990s.  This project was continued as Glamis Imperial 
Corporation’s Imperial Project.  Between the two companies, over 300 exploration drill 
holes were placed in the Indian Pass area that included numerous access roads and 
the conversion of some drill holes into groundwater monitoring wells and piezometers. 
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This area was also the subject of several technical environmental studies and 
evaluations that included Cultural Resource and Biological assessments, amongst 
others.  Previous field work for assessing mineralization potential, rock hounding and 
recreational use of the area by off-road enthusiasts has resulted in a significant 
amount of disturbance on the site. 

1.4  Environmental Setting 

The Project area is situated on nearly flat terrain south of the Chocolate Mountains 
and north of the Cargo Muchacho Mountains, at elevations ranging between 760 and 
925 feet above mean sea level (AMSL).  The Project area is transected by ephemeral 
washes which drain from the northeast to the southwest, terminating by infiltration 
against the Algodones Dunes.  

Present and pre-mining land use of the Project area includes mineral-related activities, 
recreation (rock-hounding and off-highway vehicle use), hunting and wildlife habitat.  

Soils on the Project area are 0 to 18 inches thick and poorly developed, consisting of 
gravelly or coarse sands, with most of the area covered by upland flats or desert 
pavement. Vegetation in the Project area is sparse, with plants more abundant along 
washes. Typical upland vegetation is a shrub/scrub type consisting of burrobush, 
creosote bush, teddy-bear cholla, and ocotillo; washes have additional tree species of 
desert ironwood and palo verde, and other shrub species of sweetbush and desert 
lavender.  

Previous groundwater studies completed in the mid 1990’s for the Project area 
determined that groundwater elevations varied extensively across the Project area and 
ranged from 75 feet amsl to 575 feet amsl. Tests conducted in the Indian Pass 
Segment of the Project indicated that the hydraulic conductivity of the bedrock 
formation is very low.  The closest surface water bodies to the Project area are the 
Colorado River approximately 7.75 miles to the east and the Salton Sea about 44 miles 
northwest (Westec, 1996). 

Average annual precipitation in the Project area is approximately 4.5 inches.  All 
surface drainages in the area are ephemeral, with flows occurring only during and 
immediately following major precipitation events. Precipitation tends to occur in 
fairly short, intense storm events in the summer and frontal storms in the winter 

2.0  Applicant Information 

2.1  Name of Operator and Claimant 

Imperial USA Corporation  
312 E Barioni Blvd.  
Imperial, CA 92251 
c/o Marc Leduc  
(720) 635-3143 (Marc@Koremining.com) 
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2.2  Taxpayer EIN:  

88-0262623 

2.3  Individual Completing Application 

Dennis Fransway 
EnviroMINE, Inc 
3511 Camino Del Rio South Suite 403 
San Diego, CA 92108 
619-284-8515 (Dennis@Enviromineinc.com) 

2.4  Legal Description and Claim Information 

The proposed activities for this Project will take place on the three Project Segments 
presented in Table 1, the Indian Pass Segment is located is located in the northwest 
corner of Township 14S, Range 21E and the southwest corner of Township 13S, Range 
21E. Ogilby Segment is located in the SE Corner of T.13S, R.20E. and  East Mesquite 
is T. 13S., R.19E, S.12 all on the Hedges, CA 7.5 Quad, San Bernardino Base 
Meridian.  The specific details for the location and the claims are presented in 
Attachment B.  All claims are controlled by IUC. 

2.5  Claim type 

Lode and Mill Site 

2.6  Relationship to BLM Regulations and Land Use Plan Conformance 

The three Project Segments are located within the Picacho Area of Critical 
Environmental Concern ("ACEC") established as a result of the Desert Renewable 
Energy Conservation Plan ("DRECP") in 2016 (Figure 2).  Under BLM regulations, any 
level of new disturbance within an ACEC will require a Plan of Operation and 
Environmental Assessment pursuant to the National Environmental Policy Act 
("NEPA").  Exploration activities proposed in this EPO subject to this requirement 
include overland access, two-track trail establishment (to the limited extent where 
access via BLM Legal Routes is not available), grading of exploration drill pads and 
sumps, and reclamation. 

Although certain activities in the ACEC are subject to a disturbance cap,1 all 
disturbance associated with IUC's exploration activities discussed herein are not 
subject to the ACEC disturbance cap, because IUC's exploration activities are 
"operations" "reasonably incident" to surface mining, as defined within 43 CFR § 

1 It is unclear whether BLM has inventoried existing disturbance throughout the ACEC. 
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3809.5 and 3715.0-5, respectively. Thus, IUC's exploration activities, which are 
authorized by the Mining Law of 1872, cannot be limited by provisions of a 
subordinate land-use plan such as the DRECP.  (See, e.g., BLM H-3809-1 Surface 
Management Handbook, p 8-14, § 8.7.1.2) Accordingly, the ACEC disturbance cap 
shall "have no force and effect" on IUC's right to enter and explore IUC's unpatented 
mining claims located within the Ogilby and East Mesquite Segments. 

Moreover, although IUC's unpatented mining claims located within the Indian Pass 
Segment are located within the "Indian Pass Withdrawal Area," which was subject to a 
20-year withdrawal from mineral entry effective October 27, 2000, and was 
subsequently permanently withdrawn from mineral entry on or around March 12, 
2019, both withdrawals were subject to valid existing rights.  As set forth in that 
certain 2002 BLM Mineral Report (Serial No. CACA 35511), IUC's unpatented mining 
claims located within the Indian Pass Segment were deemed valid as of 1998, prior to 
any withdrawal from mineral entry, and therefore remain open for mineral entry and 
exploration by IUC and not subject to the ACEC disturbance cap.  

The proposed drill pads on the Indian Pass segment of the Project are all located on 
valid mill site or lode claims as identified in the 2002 Mineral Report cited above.  
Work on the mill site claims will consist of placing drill holes for the purpose of 
collecting geotechnical data, conducting hydrogeological assessments or other 
ancillary purposes. Drill pads on these mill site claims are identified with the 
designator “G” attached to the pad number.  For example, KIP20–XXXG.   Lode claims 
will be drilled for mineral re-assessment and to collect information on the 
geotechnical, hydrogeologic and subsurface conditions of the Project.  These pads do 
not have the “G’ designator attached to the claim number. 

(area left blank intentionally) 

2 "In addition, land use plans must recognize the rights granted by the Mining Law to enter, 
explore, and develop mineral resources on the public lands.  A land use plan cannot change 
the law’s authorization to use public lands that are open to location under the Mining Law. 
Areas may only be removed from operation of the Mining Law by congressional withdrawal or in 
accordance with the withdrawal provisions of Section 204 of FLPMA."  Further, in areas open to 
mineral entry or closed subject to valid existing rights, a land use plan cannot preclude mining 
or restrict certain types of mining activities, or generally place limits on the type or size of an 
operation. 
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3.1  Activity Description 

The activity described in this EPO is an exploration drilling program to complete 
mineral, geotechnical, environmental, hydrogeological, and/or engineering 
assessments within the following three Project Segments: (i) the Indian Pass Segment, 
(ii) the Ogilby Segment and (iii) the East Mesquite Segment of the Project.  These three 
Project Segments lie on a southeast to northwest trend with Indian Pass Segment on 
the southeast and East Mesquite Segment on the northwest of the Project area. 

Exploration activities on all Project Segments proposed in this EPO include overland 
access via 10 feet wide two-track trails  (to the extent BLM Legal Routes are not 
available), grading of exploration drill pads and sumps, and reclamation.   

The proposed drilling operations will access all the Project Segments across BLM Legal 
Routes and overland access with 10 feet wide, two-track trails, as much as possible, to 
minimize disturbance. Two-track trails will also be used where old roads disturbed the 
site in the past.  A total of one hundred and sixty-eight (168) drill pads will be 
constructed on the three Project Segments and multiple borings may be drilled on 
each pad.  After drilling for mineral re-assessment is completed on pad KIP20-109 and 
for geotechnical purposes on KIP20-110G, a boring will be completed, and 
groundwater monitoring wells installed at these locations. To support the groundwater 
monitoring, piezometers for measuring groundwater levels will be installed in 
completed boreholes on pads KIP20-004, KIP20-054 and KIP20-007. 

Four, small test pits will also be excavated by an excavator for metallurgical samples. 
These test pits will be located on a rock outcrop on the northern part of the Indian 
Pass segment of the Project and are expected to be completed in approximately two 
days. These test pits will be 4 ft. wide x 15 ft. long and 10 ft. deep with approximately 
30 cubic yards, total, of rock material retrieved for analysis. Each trench will be 
backfilled immediately after completion. Test pits 1 and 2 will be on claim UYA-189. 
Test Pit 3 will be on claim UYA-101 and Test Pit 4 on claim UYA-186. 

3.2  Location and Access 

The route of access from El Centro, California to the Indian Pass and Ogilby Project 
Segments of the Project area is to proceed east on Interstate 8 about 44 miles to the 
Ogilby Road exit (Exit 159).  From Yuma, Arizona take Interstate 8-West approximately 
15.3 miles to the Ogilby Road Exit.  Turn north and proceed approximately 13.3 miles 
to the intersection with Indian Pass Road, a graded dirt road.  Turn east (right) and 
continue for approximately 5.0 miles to the Project area (Figure 3).  Access to the East 
Mesquite segment is to proceed north on Ogilby Road approximately about 8.25 miles 
past Indian Pass Road to BLM Legal Route 648 and go west.  A power/telephone line 
is adjacent to this road on the north side. No incorporated towns are located within 20 
miles of the Project area; however, there is a fueling station and a California Highway  

3.0  Description of Exploration Activity
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road trails/unmaintained roads previously used by other operators and off-road 
vehicles are present in the proposed Project area.  As much as practical, IUC will 
follow these previously disturbed trails/unmaintained roads to access the locations of 
the new drill pads. Safety signage will be place around all active Project areas, at each 
pad and along each of the two track trails used by the Project. 

3.3  Project Area Biology 

The following description of the biological resources is based on previous assessments 
of the Indian Pass Segment of the Project.  Ogilby and the East Mesquite Segments 
have not been evaluated however, IUC is in the process of contracting for professional 
services to have both biological and cultural evaluations conducted for the disturbance 
areas of these two Project Segments.   

3.3.1 Vegetation 
Biological surveys completed in the mid-1990s described the vegetation communities 
on the Indian Pass Segment ("Indian Pass Study Area") of the Project and assessed the 
potential for special-status plant species to occur (Figure 5).  In 2018 a biological 
evaluation for the Indian Pass Study Area found that no substantial changes in 
vegetation composition have occurred within that area over the past 25 years.  
Vegetation communities mapped during the 1995 surveys persist in the Indian Pass 
Study Area; however, the names given to those communities have changed. (Table 3.)  

Table 3.  Vegetation Communities within the Indian Pass Study Area 

Vegetation Community  
1990s 

Vegetation Community 
2018 

Sensitive? Acres 

Desert succulent scrub 
Creosote bush scrub No 662.61 

Creosote bush – white burr sage No 266.49 
Desert pavement No 500.30 

Microphyll woodland Blue palo verde – ironwood woodland Yes 140.82 
Total: 1570.22 
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Special-Status Species - Vegetation 
Previous surveys assessed the potential for 26 special status species to occur in the 
Indian Pass Study Area.  Of the 26 special status species, 12 special status plant 
species were determined to have a moderate to high potential to occur within the 
Indian Pass Study Area.  
 
Two plant species classified under the California Native Plant Society ("CNPS") 
Inventory system were observed during a 2018 survey. Pink fairyduster (CNPS 2B.3) 
was observed in shallow, narrow tributary washes to the major washes within the 
Indian Pass Study Area. Approximately 7,000 individuals were identified and mapped 
on silty or sandy drainage bottoms within thee drainages. Pink velvet mallow (CNPS 
4.3) was also observed in several localized patches in the westernmost major wash 
within the Study Area. Approximately 200 individuals were identified and mapped on 
the wash edges under blue palo verde–ironwood woodland canopy. 
 
Neither species is protected under California's applicable plant life protection statutes, 
including the California Endangered Species Act ("CESA"), the Native Plant Protection 
Act ("NPPA"), and the Desert Native Plant Act ("DNPA"). 
 
Threatened or Endangered Plant Species 
No threatened or endangered plant species were observed in the Indian Pass Study 
Area.  
 
3.3.2 Wildlife 
Wildlife composition and habitats have remained generally un-changed in the last 25 
years.  Wildlife encountered during a 2019 site visit make up the basis for the 
assessment of current conditions (WRA. 2020). 
 
Special-Status Wildlife 
One special-status wildlife species, black-tailed gnatcatcher (California Fish and 
Wildlife Service: Watch List), was commonly observed flying and foraging within the 
larger washes on the Indian Pass segment of the property in 2018.  Based on a review 
of the resources and databases, a total of 29 special-status wildlife species have been 
documented in the vicinity of the Indian Pass Study Area.  Twelve of these species 
have been documented within 5 miles of the Indian Pass Study Area.   
 
Threatened or Endangered Animal Species 
The Mojave Desert tortoise is a federally listed species that is known to occupy the 
Project area. The Project Segments and all drill pads located thereon are not located 
within Mojave Desert tortoise Designated Critical Habitat.   
 
Due to the potential presence of desert tortoise within the vicinity of the Project 
Segments , formal consultation between BLM and USFWS may be necessary. A 
biological assessment that addresses the impacts to the desert tortoise would be 
required to initiate formal consultation. The measures described in the Section 3.3.3 
Mitigation, below, reflect standard or anticipated requirements, and may be 
incorporated as part of the Project. Any Biological Opinion resulting from any Section 



15 
 

7 Consultation would provide specific conditions and requirements that may 
supersede some of the following measures.  
 
Raptors 
There are no known raptor nests in the Project area, although several raptors have 
been observed foraging in the area. 
 
3.3.3  Mitigation  
Pre-construction surveys for special-status plants and wildlife will be completed within 
30 days of the start of work.  If necessary, access routes and pads will be adjusted to 
avoid sensitive species.  A Desert tortoise monitor will be utilized to clear all grading in 
advance of the activity. 
 
Plants: 

 
• Ocotillo shrubs and all cacti species will be identified.  If two track trails or 

pads cannot be adjusted to avoid these plants, they will be salvaged by 
excavating and placing in containers for future reclamation. 
 

 
Wildlife:   
 

• Desert Tortoise Monitoring and Exclusion 
 

• Best Management Practices ("BMPs") for desert tortoise surveying, 
monitoring and avoidance will be utilized. Specific mitigation measures 
may be necessary and will be implemented consistent with state and/or 
federal law, BLM requirements, and USFWS requirements.  
 

• There will be pre-construction surveys utilizing USFWS approved (2009, 
2019)3 survey methods of defined project areas for tortoise sign. 
Surveyors will first determine whether desert tortoise are present in the 
area. If appropriate, surveyors will record tortoise sign on a standardized 
form. Tortoise sign includes burrows and burrow conditions, scats that 
are not burrows, carcasses, tracks, and live animals. If appropriate, 
survey results will be used to determine an estimated number of desert 
tortoises in the project area(s) using USFWS (2019) methodology and any 
necessary further action will be taken consistent with state and/or 
federal law.  
 

• Clearance surveys will be conducted consistent with USFWS Desert 
Tortoise Field Manual (2009) and any other current guidance.  

 

 
3 Desert Tortoise (Mojave Population) Field Manual (Gopherus agassizii), December 2009; 
Preparing for Any Action That May Occur Within the Range Of The Mojave Desert Tortoise 
(Gopherus agassizii), October 8, 2019. 
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• Prior to construction activities, an Authorized Biologist4 will present a 
Worker Environmental Awareness Program ("WEAP") to all project 
personnel. The WEAP will contain information concerning the biology 
and distribution of the desert tortoise, desert tortoise activity patterns, 
desert tortoise sensitivity to human activities, desert tortoise legal status, 
and occurrence. 
 

• Desert tortoise exclusion fencing will be constructed, where viable, 
consistent with clearance survey areas. Construction sites should be 
completely fenced with security and desert tortoise exclusion fencing, 
including desert tortoise exclusion gates at access points. Exclusion 
fencing will be maintained over the course of construction and 
operations, as necessary.  
 

• An Authorized Biologist or a Desert Tortoise Monitor trained and 
authorized by USFWS and/or BLM, as appropriate, will be present at the 
site during two-track trail establishment and pad grading. Desert tortoise 
clearance surveys of any unfenced work areas will be conducted 
immediately prior to the onset of pre-construction, during grading 
operations, and reclamation of the disturbance areas. Such monitoring 
shall be conducted in compliance with all applicable state and federal 
requirements. 
 

• All information regarding the location and characteristics of any 
encountered tortoises will be documented. Any tortoise encountered by 
the crew shall not be touched or harassed and the encounter shall be 
reported to the Monitor or Authorized Biologist immediately for further 
action consistent with state and/or federal law. 
 

• Grading for pad construction will begin shortly after approval of the EPO.  
All project related vehicular traffic will be limited to a speed of 15 mph for 
safety and as a Desert tortoise protection measure. Silt fences around 
the sump and pad, in addition to safety fencing around each sump, will 
prevent wildlife access to the pad.  These pads will be used for 3 to 12 
days maximum before drilling is completed and the drill hole(s) closed by 
completely backfilling with hydrated bentonite chips. All equipment and 
temporary structures will then be removed from the pad. Once the sump 
dries, the safety fence will be removed, and the sump backfilled.  

 
3.4  Other Permits 
 
After BLM approval of the EPO and prior to the start of operations, IUC will apply for 
and obtain well permits for the borings through the Imperial County Planning and 
Development Services Building Group.  The Colorado River Basin Regional Water 
Quality Control Board (CRBRWQCB) has been notified of the exploration to confirm 

 
4 As defined by USFWS Authorized Biologist Qualifications Statement (October 20, 2008), 
https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualificatio
ns_statement_10-20-08.pdf.  

https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualifications_statement_10-20-08.pdf
https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualifications_statement_10-20-08.pdf
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that discharge of water and drilling sediments to the sump  qualifies to obtain 
coverage  by filing a Notice of Intent under General Order R7-2015-0006 For 
Discharges Of Low Threat Wastewaters To Surface Waters.   A National Pollution and 
Discharge Elimination (NPDES) Notice of Intent will be filed with the State Water 
Resources Board and a Storm Water Pollution Prevention Plan (SWPPP) will be 
developed prior to the start of the Project.  Imperial County’s Planning and 
Development Services will be contacted regarding Surface Mining and Reclamation Act 
(SMARA) and any applicable requirements. 
 
The Imperial County Air Pollution Control District (ICAPCD) will be contacted to 
inquire about potential operating permits.  Discussions with the agency have been 
completed on local dust control requirements. 
 
3.5  Drill Site & Two-track Trail Establishment 
 
The new drill sites will be located on separate drill pads that will be no larger than 50 
feet by 50 feet, plus a sump 5 feet deep by 5 feet wide by 15 feet long to capture mud 
and cuttings from the drill fluid.  A rubber-tired backhoe loader will be used to build 
the pads and sump areas.  Each pad will be cleared of vegetation and graded level to 
accommodate the equipment.  Ditches and berms will be used to divert up-gradient 
storm water away from the pads.  When necessary, a road grader will be brought to 
the project site to maintain BLM Legal Routes and County dirt Roads utilized by the 
project.  A tracked excavator, Cat 349F or equivalent, will be used to excavate the four 
test pits on Indian Pass and a rubber tire dump truck with a 10-yard capacity will 
transport the rock sample off site. 
 
Locations of the proposed routes for access to the pads, and test pits on Indian Pass 
for each Project Segment are presented on individual maps in Attachment A.  Old 
roads (non-BLM Legal Routes) are shown in orange, existing BLM Legal Routes in 
green, and proposed new two-track trails are shown as red colored lines to the drill 
pads.  Drill pads are outlined in yellow.  Any cactus species or ocotillo shrubs 
encountered within proposed two-track trails will be salvaged or avoided.  Salvaged 
plant species will be dug out by hand or by small backhoe and placed in adequately 
sized containers.  These container plants will be cared for in an offsite location and 
will be re-planted in the same general area from which they were originally salvaged.  
If grading is required in localized areas to allow access to the drill pads, the depth of 
grading will be limited to that necessary to allow passage of 4-wheel drive vehicles and 
will be completed with the backhoe loader.  Dry drainages will be crossed 
perpendicular to the water flow direction with any vertical side banks sloped to the 
channel bottom.  No drainages will be blocked by the two track trails. Typical designs 
for the two track trails and pads are presented in Attachment C. 
 
Disturbance from the 168 pads will total 9.6 acres and sumps of 0.3 acres.  Two-track 
trails are measured at12,510 feet in length and 10 feet in width for a combined total of 
125,100 sq. ft., or 2.9 acres.  Total anticipated disturbance from the drill pads, sumps, 
turnouts and access routes will be 13.2 acres (Table 4).  
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Table 4. Project Features and Disturbed Acreage 
 

Project Feature 
Length 
(feet) 

Width 
(feet) 

Square 
Footage 

Disturbed 
Acreage* 

New Two-track Trails 
(includes 3,138 ft. of 
unmaintained roads) 

112,510 10 125,100 2.9 

Turnouts (6 ea.) 190 ea. 15 ea. 17,100 0.4 
168 Drill Pads 50 ea. 50 ea. 420,000 9.6 
168 sumps 15 ea. 5 ea. 12,600 0.3 

Totals: 624,375 13.2 
*rounded to a tenth acre 

 
Drilling fluids and drill cuttings from the drill rig will be contained in the sump on 
each pad.  Water in the sump will be recycled into the drilling stem.  A small rubber-
tired backhoe loader will be used to dig or expand sumps at the direction of an IUC 
representative to ensure that water does not overflow the sumps. 
 
Topsoil on each pad shall be salvaged and stockpiled on the edge of each pad for use 
in reclamation of the disturbance at the end of the drilling project.  Vegetation will not 
be separated from the topsoil to encourage rapid reestablishment.  Best Management 
Practices in the form of silt fences, straw waddles, contour ditches and soil berms will 
be utilized to inhibit erosion.  All products containing straw or seed utilized on the 
Project will be certified as ‘weed-free’. 
 
3.6  Drill Site/Drill Hole Locations 
 
Drilling on each pad may include multiple, angle borings at a drill length between 820 
feet (250 m) and 1,476 feet (450 m).  Individual borings will be drilled at angles 
ranging from 60 to 90 degrees from horizontal.  Total depths of the borings will range 
from approximately 550 feet to 1,050 feet below ground surface.  Drill holes will be 
drilled on azimuths ranging from 0 to 275 degrees.  
 
All drill holes shall be completed and immediately abandoned upon completion in 
accordance with the well permits issued by the Imperial County Department of 
Planning and Development Services and the standards specified by the California 
Department of Water Resources Bulletin 74-81 and Bulletin 74-90, CA - Well 
Standards.  Prior to closure, all drill holes shall be abandoned in compliance with the 
permit to eliminate any threat to public safety and wildlife. 
 
3.7  Operations 
 
Up to three drill rigs and support vehicles may be operating simultaneously on the 
project each season depending on the availability of these rigs in the southwest U.S. 
and the analytical results of samples collected as the exploration project proceeds.  
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Mobile equipment to be used by the operation per individual shift is listed in Table 5. 
and discussed in the following paragraphs. No processing equipment will be used on 
the Project. 

Table 5.  Imperial Exploration Mobile Equipment 

Imperial Onsite Mobile Equipment – Drilling, Grading and Reclamation 

No. Make Type/Model Weight (lbs.) Purpose Usage 
3 Atlas Core Drill Rig- CS1000 45,000 Core Drilling 90% 

1 Schramm Reverse Circulation Drill 
Rig – 685 45,000 Reverse circulation drilling 10% 

3 Freightliner Water Truck - M2106 66,000 Drill rig support - General 
dust suppression 100% 

1 Cat Excavator – 349F 100,000  Test Pit Excavation, truck 
loading, backfilling pits* 2 days 

1 Freightliner Dump truck, 10-cu, yd. 
capacity - 108SD  69,000 Transport bulk rock samples 

off site* 2 days 

1 John Deere Backhoe Loader - 310L EP 13,800 Drill Pad grading, sump 
excavation, reclamation* 30% 

1 Cat Road Grader - 140K 38,603 BLM Legal Route and County 
road maintenance* Occasional 

3 Ford Pickup - F250 4x4 6,618 Transportation for drill crew 75 miles/day 

4 Ford Pickup - F150 - 4x4 4,951 Transportation for site 
geologist, supervisor, QC 75 miles/day 

*single shift during daylight hours

A  4x4 truck mounted core drill rig, such as an Atlas Copco CS1000 8.5 feet long and 
7.3 feet wide) or a Schramm 685, respectively, or equivalents, will be used for the 
borings and will operate 24 hours per day. The Atlas Copco rig is 8.5 feet long, 5.3 feet 
wide and 32.5 feet high with drill masts fully extended. This drill rig will be delivered 
and moved by trailer or be mounted on a truck. Each truck mounted drill rig weighs 
approximately 45,000 lbs., has a wheelbase of 146 inches and is 9.5 feet wide 
including mirrors. 

The drill rig will be accompanied by an all-terrain 4x4, 4,000-gallon water truck, a 
3/4-ton, 4 x 4 pickup used by the drill crew (3) members, and 1/2-ton, 4x4 pickup for 
the geologist.  These vehicles will be used for each 12-hour shift.  Pickups (2) will 
make one round trip per day, per shift and that mileage is indicated in Table 5. The 
water truck and drill rig will remain on the pad for both shifts. The water truck will 
make one round trip per shift to the water source.  If multiple drill rigs area operating 
on the Project simultaneously, a third 4x4 pick up would also be present for the use of 
a drilling supervisor to coordinate the drilling operations. 

Cores retrieved will be HQ (2.5 inches) or PQ (3.35 inches) size with a drill hole 
diameter of 3.78 inches or 4.83 inches, respectively.   Rock samples will be collected 
from the drill cuttings of the RC rig. 
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A rubber-tired backhoe loader, similar to a John Deere 310L EP model, will be used to 
level the pads and excavate the sump areas. This backhoe loader weighs 13,800 lbs. 
and is 7-feet wide and has a 7-foot wheelbase.  Minimal grading of pads is anticipated 
due to the low relief in the area. This loader will not be stored on the Project site after 
the drill pads are leveled and two-track trails established.  It will return to the Project 
during reclamation for recontouring the pads and any necessary ripping to reduce 
compaction.  
 
If necessary, a road grader will be brought to the project site to maintain BLM Legal 
Routes and County dirt Roads utilized by the project.  A track mounted excavator, Cat 
349F or equivalent, will be used to excavate the four test pits on Indian Pass. This 
excavator weights approximately 100,000 lbs. If available in the area, a rubber-tired 
excavator will be used.  A 10-yard capacity, rubber-tired dump truck will be loaded 
with rock sample, approximately 7 yards per trench, by the excavator and transported 
to an offsite facility for processing.  When the test pits have been completed and 
backfilled, this equipment will be removed from the Project site. It is expected that the 
test pits will be dug, sampled and backfilled over a course of two days.  
 
A portable toilet will remain on the pad until the borings are backfilled in accordance 
with County well permits.  All drill sites will be accessed using existing BLM Legal 
Routes where available.  Two-track trails, cleared of vegetation by cutting to near 
surface level, will be utilized for travel from maintained BLM roads to the drill pads. 
 
3.7.1  Dust Control and Water Use 
A water truck will be equipped with spray bars and will have a capacity of 4,000 
gallons of water.  This truck will be utilized to provide water for the drill rig and to 
apply water on frequently traveled road pad surfaces to control dust during operations 
per ICAPCD Rule 801 F.1.  Although the use of palliatives is not anticipated, any 
palliative (dust control additives) used to enhance dust control will be a magnesium 
chloride solution and will be approved by the CRBRWQCB prior to application.  If wind 
speed on the project site exceeds 25 miles per hour, water will be applied to the 
disturbed area at least once per hour. No more than 5-gallons of the magnesium 
chloride will be on site at any one time and shall be stored on the water truck, 
 
Water will be utilized for the drilling. An organic polymer, brand name Polyore, may be 
added to the drilling fluid to reduce friction on the drill bits. Polyore is a natural food-
grade polymer, non-toxic, and biodegradable.  It is a non-mineral powder made from 
Guar Gum (PDSCo.Inc., 2020).  
 
Flocculants may also be used to settle particles in recycled water and will be a 
powdered, aluminum sulfate flocculant. There will be no more than a 5-gallon bucket 
of the flocculant stored on the drill rig during operations.  
  
Water use for a 12-hour shift is anticipated to be approximately 4,000-gallons per shift 
(8,000 gals/day) for both drilling and dust control.  In the event there is excessive 
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water loss due to fractures in the rock, a second tank of water may be needed to 
complete the work shift or until the water loss is stopped. 
    
IUC will obtain water for drilling and dust control from a legal source (either via 
purchase or permitted groundwater extraction) in the vicinity of the Project. 
 
3.7.2  Power and Communications 
No power sources are proposed for the exploration activities. Any supplemental power 
needed at site would be provided by a portable generator on the drill rig that would be 
permitted and in compliance with California Air Resources Board (CARB) emissions 
and registration requirements. 
 
On-site communications will be provided through hand-held radios and cellular 
service, as available. If additional communications capacity is needed, trailer mounted 
temporary radio towers may be used. 
 
3.7.3  Storm Water 
Storm water from the disturbance areas will be managed according to the best 
management practices outlined in the SWPPP that will be prepared upon Project 
approval. 
 
3.7.5  Support Facilities 
No support facilities or buildings are needed. 
 
3.8  Environmental Protection Measures 
 
IUC will continue to implement the following applicant-committed environmental 
protection measures to ensure a safe and environmentally sound exploration project. 
 
3.8.1  Air Quality 
IUC, in compliance with the ICAPCD Air Quality Best Management Practices, will 
protect air quality by undertaking road and two-track trail maintenance activities to 
reduce fugitive dust emissions.  Two-track trails will be watered using fresh water to 
reduce fugitive dust emissions, based upon weather and surface conditions.  
Application of water by water trucks will be done, as needed.  Wet drilling methods will 
be used to reduce the potential for fugitive dust emissions. 
 
A 15-mph speed limit for all project equipment will be enforced.  Vehicle speeds will be 
reduced in areas of disturbance to minimize the potential for fugitive dust emissions to 
maintain operational safety and protect any wildlife.  Project vehicles will be 
maintained regularly to ensure they are operating in a manner to minimize vehicle 
emissions. 
 
Electrical power to run air compressors and/or work lighting, if needed, would be 
provided by a drill rig mounted generator permitted for use by CARB.  If a non-exempt 



22 
 

portable diesel-powered generator is necessary, it shall be registered under the 
Statewide Portable Equipment Registration Program Regulation (PERP) administered 
by CARB.  
 
All fuel used on the Project will comply with CARB fuel quality requirements. Off-road 
equipment used on the project will be registered under CARB’s DOORS program prior 
to operating on the Project. 
 
3.8.2  Water Quality 
All drill holes will be plugged upon completion of the drill hole in accordance with 
Imperial County Well Permits and California Bulletin 74-81 and 74-90.  Two drill holes 
will be converted to monitoring wells.  One well will be placed on pad KIP20-109 and 
one on KIP20-110G of the Indian Pass Segment of the project. Both will be completed 
as a 6-inch diameter monitoring wells that will be used for groundwater sampling and 
water level measurements over the term of the approved plan and possibly continue 
into future permitting efforts. Groundwater sample collection and water level 
measurements will be completed quarterly during Season 1 and bi-annual after the 
first season.  Collected water samples shall be analyzed for the Standard Water 
Quality parameters and for CA Title 22 Metals by an independent, CA certified 
laboratory. 
 
It is estimated that groundwater will be encountered in this area within 650 feet of the 
ground surface.(Personal Communication, Groundwater Levels at Indian Pass, 2020) 
 
The monitoring wells will be completed and secured in accordance with County well 
permits. A cross section diagram of the well design is included in Attachment D. A 
secured, (tamper proof lock), steel collar embedded in concrete will be installed around 
the well head and a locking well cap placed on the well casing.  No automatic sampling 
equipment or communication devices will be left on site. A transducer may be placed 
inside the well casings and a battery-powered data logger placed on the interior of the 
secured steel collar to measure water elevations.  If used, data from the logger would 
be manually recovered each quarter and the battery replaced.  
 
In support of the groundwater monitoring conducted on the wells, IUC will also install 
three piezometers in select drill holes that will be used to measure water levels around 
the site. Piezometers will be placed on the following drill pads: 
 

• KIP20-007,  
• KIP20-044, and  
• KIP20-054.  

 
These piezometers will be made of blank 2-inch Schedule 80 PVC casing with up to 80 
feet of 2-inch Schedule 80 PVC slotted well screen installed on the bottom of the blank 
casing.  Each piezometer will be placed in a vertical core boring that is cased with an 
8-inch steel casing in a 12-inch diameter boring to a depth of 20-feet and sealed with 
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a concrete grout.  Within this steel casing, a 5-inch diameter core boring will be drilled 
to a depth that is a 6-inches below the planned length of the piezometer depth.   
 
After the core boring is complete, the bottom 6-inches will be packed with sand, the 
casing and well screen inserted and the remainder of the boring around the screen 
segment packed with sand to the height of groundwater surface level.  A slurry of 
hydrated bentonite will then be pumped into the boring to create a 20-foot seal above 
the groundwater surface. The reminder of the boring up to the steel casing will be 
filled with a bentonite grout seal with casing centralizers placed every 100-feet in the 
boring to keep the casing vertical. Once the PVC casing installation is complete, the 
surface will be secured with the installation of a steel encased well vault and a  4-foot 
by 4-foot concrete pad poured around the vault.  
 
Installation materials and anticipated depths of the piezometers are provided as D2 -
Typical Piezometer Detail in Attachment D and will be secured as shown on the detail.  
Well permits for these piezometers will be obtained through Imperial County.  
 
The monitoring wells and piezometers will be removed in accordance with  the 
requirements of the County well permit if these are not needed by the claim holders for 
future groundwater evaluations.   If the wells and piezometers remain in place after 
the Project ends, these will be left in a secured condition so unauthorized personnel 
are unable to access the interior casing. 
 
Storm water BMPs will be used for surface disturbance sites to minimize storm water 
erosion.  Shallow sediment traps will consist of a hand dug depression up to 6-inches 
deep, 3-feet long and 3-feet wide with straw wattles around the downhill side of a 
depression may be placed on a pad surface as part of the BMPS.  These are not 
engineered structures and may be installed on any pad if runoff accumulates on the 
pad and as necessary to control erosion and sedimentation. These depressions will be 
reclaimed as part of the pad reclamation. 
 
Drill cuttings will be contained on site, and fluids managed utilizing appropriate 
control measures.  Best Management Practices will be used as necessary until the  
end of the drill program.  
 
3.8.3  Spill Contingency Plan 
Materials and equipment necessary for spill cleanup will be kept at each drill rig.  
Equipment and materials will include, but not be limited to, shovels, gloves, safety 
glasses, sorbent materials (absorbent pads and granulated clay pellets), sand, 
sawdust, and plastic/metal trash containers specifically for this purpose. 
 
Well-maintained equipment will be used to perform the work required on the Project.  
When practicable, equipment maintenance will be performed off-site.  In the event of 
oil, fuel, lubricating grease or other equipment leaks, cleanup will be conducted 
immediately.  If a leak results in liquid pooling an oil-absorbing product will be 
applied.  
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Once the cleanup product has absorbed the spill material, the product will be removed 
and placed in the petroleum contaminated soil bin located on the active pad and the 
material disposed of according to state and federal regulations.  Any contaminated soil 
will be removed, managed, and disposed of at an off-site facility in compliance with 
state and federal regulations.  In the event of oil, fuel, or hydraulic fluid leaks, cleanup 
will be conducted as soon as possible.  In the event of a major spill, the following 
actions will be taken in addition to any federal, state, and local health and safety 
regulations: 
 

• Contain the spread or migration of the spill using the on-hand supply of 
erosion control structures and/or by creating dirt berms, as feasible and 
necessary. 

 
• Regulated wastes will be removed from the Project area and disposed of 

in a state, federal, or local designated area. 
 
If a spill of a petroleum constituent is considered to meet the reportable quantity per 
the Imperial County’s Certified Unified Public Agency (CUPA) guidelines or a reportable 
quantity for hazardous waste is released based on the U.S. Environmental Protection 
Agency (EPA) guidelines established under Title III List of Lists (40 CFR Part 302), the 
BLM and Imperial County CUPA will be notified within 24 hours and the appropriate 
remedial actions and confirmation sampling will be conducted under direction of the 
BLM and Imperial County CUPA. 
 
3.8.4  Soils and Erosion Prevention and Control 
IUC will conduct exploration operations in a manner which minimizes soil erosion. 
Erosion and runoff control measures, such as water bars, ditching, and other water 
control structures will be implemented in areas of surface disturbance.  After the 
exploration program is completed in an area, the surface disturbance will be graded, 
re-contoured, and available topsoil/growth medium replaced, and the area will be 
seeded with an BLM-approved native seed mixture in order to establish a ground cover 
and minimize erosion.  Revegetation activities will commence at the earliest feasible 
time following reclamation activities.  Best Management Practices (BMPs) will be 
utilized to control erosion and sedimentation.  BMPs utilized to control erosion and 
sedimentation will be detailed in SWPPP prepared for the approved project. 
 
3.8.5  Surface Water Resources 
Natural drainage patterns will not be altered.  Drill site construction within drainage 
channels will be avoided unless prior approval from the BLM is obtained.  When 
drainages must be crossed with a two-track trails, best management practices, 
identified in the SWPPP to be prepared for the Project, will be followed to minimize the 
surface erosion and sedimentation potential.  Smaller drainage patterns that could be 
affected by trench or pad construction will be restored, and regrading will conform to 
the adjacent topography upon completion of the exploration program.  The 
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construction and maintenance practices from the BLM Gold Book, Surface Operating 
Standards and Guidelines, Fourth Edition, Revised 2007 will be implemented. 

All exploration activities will be conducted using BMPs such that sediments, cuttings, 
drilling fluids, or any other material or substance will be fully contained in sumps to 
ensure that these materials do not enter drainages. 

Sumps will be excavated and managed to prevent overtopping and saturating the 
safety berms.  IUC will monitor sumps regularly for seeps or other evidence of erosion 
and will direct drill crews to cease activity and notify supervisors if seepage is 
observed.  IUC will ensure that sump evacuation proceeds for as long as drilling or 
other water-producing activities continue.  If evacuation is not possible, drilling will be 
stopped as soon as water levels approach the sump capacity.  No trash will be placed 
in the sumps. 

3.8.6  Solid and Hazardous Wastes 
The Project will not generate or dispose of any hazardous waste on the exploration 
area.  Petroleum products will be used on-site.  Petroleum products are excluded as 
hazardous substances under the Comprehensive Environmental Response, 
Compensation, and Liability Act section 101(14).  Diesel will be transported to the site 
in a mobile fuel/lube truck but will not be stored on-site.  Motor oil, lubricating grease 
and solvent in small quantities (one case each or less) would be maintained in a fully 
contained box on the drill rig for emergency use. If regulated materials (petroleum 
products) are spilled, measures will be taken under IUC spill response guidelines to 
control the extent of the spill, and the appropriate agencies will be notified in 
accordance with the applicable federal and state regulations. 

Solid waste will be collected at each drill pad and maintained in a covered container to 
prevent raven scavenging.  All solid waste will be removed from each active pad daily 
and shall be disposed of at a suitable disposal site. 

A portable toilet will be located on each active drilling pad.  The toilets will be regularly 
serviced using a contract cleaning service that will manage disposal of the sewage 
waste. 

3.8.7 Wildlife and Sensitive Species 
To avoid potential impacts to breeding migratory birds, a BLM-approved biologist will 
survey in early spring of each year, all areas proposed for drilling or surface 
disturbance for the presence of active nests.  IUC has committed to conducting pre-
disturbance migratory bird nest surveys in the spring and establishing exclusion 
zones around active nests as part of the applicant committed EPMs.  Additionally, 
surface disturbance clearance surveys will be conducted following BLM Wildlife 
Protocols (BLM 2014c) when a proposed activity involves ground disturbance during 
the nesting season, defined by the BLM as March 1 through July 31. When active 
nests are located, or if other evidence of nesting is observed (e.g., mating pairs, 
territorial defense, carrying nesting material, transporting food), IUC's biologist will 
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recommend to the BLM an avoidance buffer around the nest.  BLM, in coordination 
with the U.S. Fish and Wildlife Service (USFWS), will review and approve avoidance 
measures prior to surface disturbance.  IUC's biologist will inform IUC when the birds 
have left the nest.  IUC will not conduct any drilling or surface disturbing activities 
within the exclusion zone until the biologist determines that the birds are no longer 
nesting. 
 
During the nesting season (March 1 to July 31), IUC will not conduct drilling or 
surface disturbing activities within a 0.5-mile radius of any active raptor nests.  Upon 
identifying an active raptor nest, IUC will immediately notify the BLM.  Speed limits 
will be posted, and vehicle speeds reduced in areas of disturbance to minimize the 
potential for fugitive dust emissions, to protect wildlife and to maintain operational 
safely.  Speed limits will be enforced. 
 
3.8.8  Special Status Species 
In the event that other special status plant or wildlife species are identified within the 
Project, IUC will not conduct surface disturbing activities within the species' habitat 
until the BLM can evaluate the potential impact and coordinate with IUC to devise and 
implement a plan to avoid the habitat.  To the extent avoidance is not feasible, IUC will 
coordinate with BLM and any other appropriate agency to comply with all applicable 
laws and regulations. 
 
In the event 30-day preconstruction surveys identify special status plant or wildlife 
species only protected pursuant to California law, IUC will coordinate with BLM and 
the appropriate state agency (e.g., California Natural Resources Agency or California 
Department of Fish and Wildlife) to avoid impacts to that species or otherwise comply 
with applicable California law and regulations. 
 
All test pits, sumps, and other small excavations that pose a hazard or nuisance to the 
public, wildlife, or livestock will be adequately fenced to preclude access or 
constructed with a sloped end for easy egress. 
 
3.8.9  Cultural and Paleontological Resources 
IUC will conduct exploration activities in accordance with all applicable state and 
federal regulations.  As part of the baseline data collection to support the NEPA 
analysis for this project, IUC will contract with a qualified archaeologist to conduct a 
Class III level cultural survey of each of the proposed disturbance areas to identify 
cultural resources and evaluate those resources for the National Register of Historic 
Places.   
 
The archaeologist will submit a report that adheres to the BLM's Cultural Resource 
Inventory Guidelines documenting the results of the inventory.  Documented sites will 
be protected from surface disturbing activities by an exclusion zone defined by BLM 
until the BLM determines the National Register eligibility of each archaeological site.  
IUC will avoid adverse effects to historic properties (i.e. sites eligible or potentially 
eligible for the National Register) through project redesign; archaeological monitoring; 
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or limiting ground disturbing activities to existing, modern disturbance.  IUC will 
provide BLM with a written work plan for avoiding adverse effects to historic 
properties.  Sites determined not eligible by BLM will not require avoidance or 
archaeological monitoring.   
 
IUC will not knowingly disturb, alter, injure, or destroy any scientifically important 
paleontological remains, or adversely affect any historical or archaeological site, 
structure, building or object eligible or potentially eligible for the National Register on 
federal lands. 
 
IUC will be responsible for ensuring that employees, contractors, or any others 
associated with the Exploration Project do not damage, destroy, or vandalize historic 
properties. Should unauthorized damage to cultural resources occur within or near 
the Exploration Project during the period of construction, operation, or rehabilitation 
due to the unauthorized, negligent, or inadvertent actions of IUC or other Exploration 
Project personnel, IUC will be responsible for costs of rehabilitation or mitigation.  
 
If human remains/burials or any previously unidentified cultural (archaeological or 
historical) resources are discovered during construction  activities under the approved 
Plan, IUC will immediately cease activities, ensure that the discovery is appropriately 
protected, and immediately notify the BLM Authorized Officer by telephone, followed 
with written confirmation.  The remains or unanticipated find will be handled in 
accordance with Stipulation 9.0 or 11.0 of the Protocol Agreement Among California 
BLM and California SHPO and Nevada SHPO (2019) and any applicable state and 
federal regulations.  Work will not resume, and the discovery will be protected until 
notified in writing by the BLM Authorized Officer.  
 
IUC's employees and contractors will receive training on the potential for cultural 
resources and the procedures required by IUC to avoid unauthorized disturbance, 
alteration, or destruction of  any remains or any historical or archaeological site, 
structure, building or object on federal land.  This issue will be covered during the 
daily safety meeting. 
 
3.8.10 Survey Monuments 
Survey monuments, witness corners, and/or reference monuments will be protected to 
the extent economically and technically feasible.  Should moving such a feature be 
required, IUC will ensure that a California licensed surveyor oversee and execute the 
relocation in a manner consistent with applicable laws.  The BLM will be notified in 
writing prior to the moving of any such survey monument. 
 
3.8.11 Vegetation/Desert Shrub Resources 
Reseeding will be consistent with all BLM recommendations for seed mix constituents, 
application rate, and seeding methods.  Where possible, IUC will minimize removal of 
desert shrubs and succulents during activities associated with drill pad and two-track 
trails establishment. 
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3.8.12 Wildland Fire Protection 
All applicable state and federal fire laws and regulations will be complied with and all 
reasonable measures will be taken to prevent and suppress fires in the Project area.  
In the event the proposed Project activities start or cause a wildfire, IUC will be 
responsible for all the costs associated with the suppression. 

IUC will comply with all applicable state and federal fire laws and regulations and all 
reasonable measures (i.e., vehicle hand tools, extinguisher), contact BLM concerning 
fire controls on welding) will be taken to prevent and suppress fires in the Project area. 

All Project vehicles will carry fire extinguishers and a minimum of ten gallons of water 
during the months of May through September.  Adequate fire- fighting equipment, i.e., 
shovel, Pulaski, extinguisher(s), and a minimum ten gallons of water, will be kept at 
the drill site(s).  Vehicle catalytic converters will be inspected often and cleaned of all 
brush and grass debris. 

Welding operations will be conducted in an area free from or mostly free from 
vegetation.  A minimum of ten gallons of water and a shovel will be on hand to 
extinguish any fires created from the sparks.  Extra personnel will be at the welding 
site to watch for fires created by welding sparks.  Welding aprons will be used when 
conditions warrant (i.e., during red flag warnings). 

Wildland fires will immediately be reported by calling 911.  Information reported will 
include the location (latitude and longitude if possible), fuels involved, time started, 
who or what is near the fire, and the direction of fire spread.  The El Centro Field 
Office will be notified with the same information after the initial call is completed. 

3.8.13 Public and Wildlife Safety
Mine Safety and Health Administration (MSHA) approved safety signage will be 
posted at the intersection of a BLM Legal Route and the active two-track trail, along 
the  two-track trails and at the  entrance to and around, an operating pad to 
discourage the public from entering the work area. If necessary, a temporary gate-
type structure will be placed across the two-track trails near the pad entrance that 
would require vehicle occupants to stop and open prior to proceeding.  A silt fence 
will be installed around the edge of the pad to discourage rodents, reptiles, and 
tortoises from entering the active area.  A safety fence will be installed around each 
sump.  In addition, the ends of each sump will be sloped to allow small animal or 
reptile species to escape if they should fall into the sump. 

Each drill hole will be abandoned in accordance with the Imperial County well permits 
as soon as it is completed by backfilling from the bottom of the drill hole to the ground 
surface with hydrated bentonite chips using a tremie tool. If an emergency requires all 
personnel to leave the site immediately, the drill hole would be covered by a heavy 
steel plate prior  to leaving the site. 
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Since each pad will be operating 24 hours per day for seven days, no fence other than 
a safety fence around the sump and silt fencing  will be installed.  Under routine 
conditions, the site will only be left after drill holes have been properly abandoned.  
 
4.0  Reclamation Plan 
 
Reclamation of all areas disturbed will be completed to the standard described in 
Section 3809.420 of 43 CFR and reasonable measures will be taken to prevent 
unnecessary or undue degradation of Federal lands during operations and 
reclamation.  These measures will include restricting reclamation activities to 
disturbed areas (e.g. not obtaining fill or covering materials from undisturbed areas). 
 
4.1  Reclamation Grading 
 
Abandonment of individual drill holes will be accomplished using hydrated bentonite 
chips applied with a tremie tool from the bottom of the borehole to the surface.  
Sumps will be backfilled when dry. Excess drill cuttings will be worked into the 
surface of the pad and compacted areas will be ripped or scarified.  Drainages 
disturbed by the project by grading for pads, if any, will be re-established to their 
original pattern and gradient. After compaction relief and drainage establishment, the 
pad and two-track trails will be graded to approximate original contour to blend with 
the existing topography. All salvaged topsoil will then be spread over the surface, left 
in a roughened condition in preparation for planting with native seed in the fall of the 
year. Any vegetation disturbed during the grading will be strewn across the pad.  
 
Signs will be posted around the recontoured pads and along the two-track trails that 
indicate reclamation is in progress and to stay off.  A small berm will be placed across 
the trail at the intersection of the trail with a BLM Legal Route or County Road to 
discourage access to the trail.  
 
4.2  Revegetation 
 
After completion of all drilling activities and boring abandonment, each pad will be 
graded to the approximate original contour of the surrounding topography and left in a 
roughened condition.  On flatter areas, the two-track trails surface will be scarified, 
and water bars installed where needed to prevent runoff from running down the two-
track trails.  If necessary, ripper teeth will be used on the bucket to relieve deep 
compaction.  After final grading, salvaged topsoil will be spread over the disturbed 
area as a seed bed.  The prepared seed bed will then be planted with the native seed 
mix presented in Table 6, or as recommended by BLM, by hand broadcasting, or 
broadcast by rotary spreaders.  Native seed mix will be certified as weed free. 
 
 
 
Table 6. Seed mixture for Imperial Exploration Project 
 

Species Pure Live Seed* 
(pounds per acre) 
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General Seed:  
creosote (Larrea tridentata) 4 
white burr sage (Ambrosia dumosa) 3 
brittlebush (Encelia farinosa) 2 
small flowered fagonia (Fagonia laevis) 1 
white rhatany (Krameria bicolor) 1 
Special Seed: (for specific applications in washes)  
Pink fairyduster ((Calliandra eriophylla), 0.5 
Pink velvet mallow (Horsfordia alata) 0.5 
Salvaged Container Plants:  
salvaged ocotillo and all cactus species will be 
transplanted near original locations unknown 

Total:  12 
*Seed mix will be certified as weed-free. 

 
The two-track trails will be bonded for re-seeding; pads and sumps will be bonded for 
reclamation grading and seeding costs.  Weed control will be addressed with the 
Imperial County Agricultural Commissioner’s office. 
 
4.3  Weed Control 
 
IUC will be responsible for controlling all noxious weeds in newly disturbed areas until 
the reclamation activities have been determined to be successful and released by the 
BLM authorized officer. 
 
As part of weed control measures, IUC will require that the undercarriage of all 
contractor vehicles be cleaned and inspected prior to entering the Project area if the 
vehicle is coming from an area outside of southern California. 
 
Monitoring for weeds will occur annually by the Project Biologist.  Based on the 
Biologists recommendations, weeds will be removed by hand or through the use of an 
herbicide that is approved for use on public lands.  If weeds are removed by hand, all 
removed vegetative matter will be placed in plastic bags and removed from public land.  
These bags will be disposed of at a licensed solid waste facility. 
 
5.0  Monitoring Plan 
 
5.1  Wildlife  
 
IUC will provide photos of threatened, endangered and special status species in the 
project kickoff meeting.  All personnel on the site will be instructed to recognize and 
avoid disturbing these species or other wildlife encountered during the daily safety 
meeting. Speed limits will be established and enforced. Prior to moving any vehicles on 
the site, the area beneath the vehicles will be inspected for the presence of Desert 
tortoise.  Sightings and injury or death of any species will be recorded and reported to 
the BLM. 
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5.2  Archaeological Sites  
 
Archaeological sites determined eligible or unevaluated for the National Register will be 
marked and avoided by all project personnel.  IUC will monitor operations to ensure 
that these sites and other artifacts that may be discovered, are not disturbed.  BLM 
will be contacted promptly if artifacts are discovered.  All markings identifying a site 
will be removed after initial grading of the pads are completed. 
 
5.3  Surface Water Quality  
 
Surface water quality at the exploration site and process site will be monitored as 
required by the SWPPP prepared to comply with the NPDES General Permit for 
Industrial Facilities. 
 
 
5.4  Reclamation Success  
 
IUC will inspect the exploration site annually for three years following the winter rains 
to see if disturbed areas are revegetating and other reclamation measures need repair 
or modification.  Should remedial work appear necessary, IUC will consult with the 
BLM El Centro Field Office to agree on methods and to obtain approval to carry out 
the work. 
 
 
 
5.5  Annual Reporting 
 
IUC will provide a monitoring report to BLM on an annual basis that documents 
project activities including, a map of all project disturbance (two-track trails, drill 
pads, etc.), a description of all project reclamation completed and monitoring data 
collected; including wildlife, cultural resource and revegetation.  A summary of drill 
hole status, work completed, and work planned for the following season will also be 
included.  
 

6.0  Interim Management Plan 
 
Temporary closure is not anticipated but could be necessitated by heavy rains 
interfering with drilling, break-down of key equipment, unavailability of fuel or key 
supplies, labor disputes or other unforeseeable events. 
 
Should temporary closure be required, IUC would notify the BLM El Centro Field 
Office of the closure, identify the reason for the closure and the expected duration of 
the closure.  In the event of a temporary shutdown, an IUC representative will remain 
on site until drilling can resume.  Drill holes will not be left in an unsafe manner and 
will either be backfilled completely with hydrated bentonite chips or, in an emergency 
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event where personnel are required to leave immediately, covered with a heavy steel 
plate 
 
In the event shutdowns, existing borings would be abandoned according to permit 
requirements and sumps dried and filled. All equipment and temporary structures 
would be removed from the project site except for silt fencing which would remain 
until the pads are reclaimed.  Signage would remain in place. Disturbed areas would 
be checked every six weeks during a closure to ensure storm water BMPS are in 
operating condition. 
 

7.0  Schedule of Activities 
 
The drilling program is expected to be completed within 3 years from the approval of 
the Exploration Plan of Operation. 
 
Exploration drilling will be conducted on each of the three Project Segments during 
each of the three years.  Approximately one-third of the identified pads in each 
segment will be drilled per season depending on the availability of drill rigs and the 
results from the exploration.  During the year, drilling will be dispersed throughout 
each Segment and not in numerical sequence. This allows the development of an 
overview of the sub-surface conditions and geologic resources. During the second and 
third years, drilling will be more concentrated in areas where positive geologic 
conditions and test results were found during the previous seasons.   On the Indian 
Pass and Ogilby Segments, drilling will generally proceed in a north to south pattern 
while East Mesquite will be drilled in a west to east pattern.   
 
After drilling is completed on the pads, the sumps will be allowed to dry, the safety 
fence removed, and the sump filled.  Recontouring of the pads and spreading of topsoil 
would follow within 60 days of cessation of exploration activities.  BMPs would remain 
in place during this period. Signage that indicates “Reclamation in Process – Stay Off” 
would be posted along the two-track trail and at the pad.  At the intersection of a two-
track trail and a BLM Legal Route, a short, low berm will be placed across the trail to 
discourage the vehicular use of the trail by the public. 
 
Seeding would occur on the pads and the two-track trails each season between 
November 15th and January 15th to take advantage of seasonal rains.  Monitoring of 
the revegetation on all IUC disturbance will continue for 3 years following reclamation. 
 
IUC will provide an annual report documenting project activities including, a map of 
all project disturbance (drill sites, drill pads, test pits, geophysical pads, etc.), all 
project reclamation completed, any monitoring data (water, stormwater, revegetation), 
and a summary of drill hole status (active or plugged and abandoned). Also included 
will be a description of the anticipated activities for the following exploration season.  
 
As previously discussed, IUC will contract with a Cultural Resource specialist and  a 
wildlife biologist  to clear all two-track trails and pads within the Project boundaries in 
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advance of disturbance.  If cultural sites are identified in the survey area or the 
biologist recommends avoidance of an area, the trail routes and pad locations will be 
modified to avoid those sites or the Desert tortoise. 
 

8.0  Reclamation Cost Estimate/Financial Assurance 
 
IUC will provide the BLM with an irrevocable financial assurance mechanism in an 
amount equal to the reclamation cost estimate as a financial guarantee. 
A financial assurance cost estimate (FACE) for reclamation on the Imperial Exploration 
Project will be provided to the BLM prior to approval of this proposed EPO.  Included 
in the estimate shall be costs for reclaiming new drill sites, abandoning drill borings, 
re-seeding trails and pads, mobilization-demobilization cost and the associated 
contingency. 
 
9.0  Occupancy 
 
No occupancy of the site is proposed.  No permanent structures or facilities will be 
placed in the Project area.   
 
Nothing proposed in this EPO will interfere with public access to adjacent public 
lands.  Existing BLM Legal Routes will remain open to the public and will not be 
blocked by the Project. 
 
10.0 Acknowledgements 
 
Imperial USA Corporation will complete all necessary reclamation of areas disturbed 
during the operations to the standards described in 36 CFR §3809.420 and the Terms 
and Conditions of US BLM-El Centro Field Office Notice.  IUC will assure that 
reasonable measures will be taken to prevent unnecessary or undue degradation of 
the federal lands during operations.   
 
It is understood that, should the nature of the operation change, a modified or 
supplemental Plan of Operations and Reclamation Plan may be required.  
 
It is understood that approval of this Plan of Operations and Reclamation Plan does 
not constitute certification of ownership to any person named herein or recognition of 
the validity of any mining claim herein. 
 
It is understood that a bond, equivalent to the actual cost of performing the agreed 
upon reclamation measures, will be required before this plan can be approved. 
 
Bonding and any bond reduction amounts will be set on a site-specific basis in 
coordination with cooperating agencies. 
 
It is understood that approval of this plan does not relieve IUC of the responsibility to 
comply with other applicable Federal or State laws, rules, or regulations. 
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It is understood that any information provided with the plan that is marked 
confidential will be treated by the BLM in accordance its rules, and regulations. 
 
IUC agrees to comply with all Conditions in the Plan of Operations and Reclamation 
Plan, including recommended changes and reclamation requirements.  
 
IUC understands that the bond will not be released until the BLM or state agency in 
charge gives written approval of the reclamation work. 
 
 
Signature of Operator: _______________________________________    
 
(On behalf of) ___________________________ Date: ______________________________ 
 
 

(to be signed upon approval)
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EXECUTIVE SUMMARY

This document constitutes the Record of Decision (ROD) for the Imperial Project, an open-pit
gold mine proposed by the Glamis Imperial Corporation on public lands administered by the
Department of the Interior’s Bureau of Land Management (BLM) in eastern Imperial County,
California.  This ROD is prepared in accordance with the National Environmental Policy Act
(NEPA), the Federal Land Policy and Management Act (FLPMA), and other applicable Federal
laws and regulations. 

After extensive analysis, public review and comment, and application of pertinent Federal laws
and policies, it is the decision of the Department of the Interior, based upon the recommendation
of the BLM, not to approve the plan of operations for the Imperial Project. This represents the
No Action alternative as described in the Final Environmental Impact Statement/Environmental
Impact Report (FEIS/EIR) published jointly by BLM and Imperial County on November 17,
2000. The FEIS/EIR is available online at http://www.ca.blm.gov/elcentro/imperial_project.html.

This decision is based upon the following key factors determined to be unique to this particular
proposal:

• the proposed project is located in an area determined to have nationally significant Native
American values and historic properties and would cause unavoidable adverse impacts to
these resources.

• the proposed project will result in unavoidable adverse impacts to visual quality in this
substantially undisturbed landscape.

• the impacts of the proposed project cannot be mitigated to the point of meeting the
statutory requirement in FLPMA that BLM must prevent “undue impairment” of the
public lands in the CDCA.

• the proposed project is inconsistent with the CDCA plan.
• the identified unavoidable and adverse environmental impacts resulting from the project

override the possible economic benefits that might be derived from the project.
• the proposed project fails to meet the overall statutory requirement in FLPMA that BLM

must prevent “unnecessary or undue degradation” of the public land resources.

The proposed project area, about 45 miles northeast of El Centro, California, and 20 miles
northwest of Yuma, Arizona, lies within the boundaries of the California Desert Conservation
Area (CDCA), designated by Congress in Section 601 of FLPMA as a region requiring special
management due to its nationally significant resources.  The proposed project, to be located on
1,571 acres of unpatented mining claims held by Glamis Imperial Corporation, would encompass
a mine and processing area, including open pits, waste rock and topsoil stockpiles, heap leach
pads, administrative and maintenance facilities, a precious metal recovery plant, haul roads, an
electrical substation, distribution lines, and associated facilities.  Up to 150 million tons of ore
would be mined and leached, and an additional 300 million tons of waste rock would be deposited
on the site under the proposal. 

http://www.ca.blm.gov/elcentro/imperial_project.html
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In making the determination that the proposed project area contains nationally significant Native
American values and historic properties, this ROD relies heavily upon the advice of the Advisory
Council on Historic Preservation, an official Presidential advisory organization.  The Council
advised the Secretary of the Interior on October 19, 1999, that the Indian Pass-Running Man
Area of Traditional Cultural Concern in which the project would be located is archeologically
significant and retains critical religious, historic, and educational importance to the Native
American tribes in the area.  The Council further advised that even if all feasible mitigation
measures identified were required as a condition of approval, the project would still result in
serious and irreparable degradation of the sacred and historic values in the area.  The Council
concluded that the project would effectively destroy the identified historic resources and
recommended denial of the project.  A copy of the Council’s letter is included as Appendix A of
this ROD.

In interpreting the legal authorities pertaining to this particular project, this ROD relies upon the
Department of the Interior Solicitor’s Opinion of December 27, 1999, which describes the nature
of BLM’s discretionary authority under the statutory standards of “undue impairment” and
“unnecessary or undue degradation” to proposed actions on the public lands in the CDCA.  A
copy of the Opinion is included as Appendix B of this ROD.

In addition to Glamis Imperial Corporation’s proposed action and the No Action alternative (not
to approve the plan of operations), the Department also considered West Pit, East Pit, and
Complete Pit Backfill alternatives.  Several other alternatives were considered initially but were
eliminated from detailed analysis in the FEIS/EIR, including alternative mine locations,
alternatives to relocate facilities, and alternative mining and processing methods.  The No Action
alternative is both the agency’s preferred alternative and the environmentally preferable alternative
as identified in the FEIS/EIR.

During the extensive environmental review process, the combined public comment periods
provided for approximately 11 months of public review.  A draft EIS/EIR on the project was
published in November 1996 for public review and comment through March 1997.  Based upon
public comments received, the November 1996 draft EIS/EIR was withdrawn and a new draft
EIS/EIR was prepared and published November 1997 for public comment through April 1998. 
Four public hearings were held to receive comments on the two drafts.  A public hearing on the
project was also conducted by the Advisory Council on Historic Preservation in March 1999.  
Public comments on the FEIS/EIR were also accepted for 30 days.   Approximately 1,000
individual comments were received by BLM on the project during these comment periods.   These
comments were carefully considered and are addressed in the FEIS or in this ROD.

Since this was a joint environmental review process, BLM worked closely with Imperial County
in the EIS/EIR preparation.  As part of the environmental review process, BLM and Imperial
County consulted and coordinated with the U.S. Fish and Wildlife Service, the U.S.
Environmental Protection Agency, the U.S. Geological Survey, the U.S. Army Corps of
Engineers, the U.S. Bureau of Reclamation (Lower Colorado Division), the Advisory Council on
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Historic Preservation, the Governor’s Office of Planning and Research, the California Department
of Conservation, the California Department of Fish and Game, the California State Office of
Historic Preservation, the California Native American Heritage Commission, the California
Regional Water Quality Control Board, the Metropolitan Water District of Southern California,
and the Southern California Association of Governments.  In accordance with Section 106 of the
National Historic Preservation Act, BLM also officially consulted with the Quechan Tribal
Council, Fort Yuma Indian Reservation.  In addition to correspondence from the Quechan Tribe
and verbal discussions and tours with Tribal members, BLM held three formal government-to-
government consultations with the Tribe: December 16, 1997; February 4, 2000; and November
27, 2000.

This ROD constitutes the final administrative decision of the Department of the Interior.

Additional information on this decision can be obtained from BLM’s El Centro Field Office, 1661
S. 4th Street, El Centro, California, 92243, telephone (760) 337-4400.
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DECISION

After extensive analysis, public review and comment, and application of pertinent Federal laws
and policies, it is the decision of the Department of the Interior, based upon the recommendation
of the BLM, not to approve the plan of operations for the Imperial Project.  This represents the
No Action alternative as specified in the FEIS/EIR published jointly by BLM and Imperial County
on November 17, 2000.

This decision is based upon the following key factors determined to be unique to this particular
proposal:

• the proposed project is located in an area determined to have nationally significant Native
American values and historic properties and would cause unavoidable adverse impacts to
these resources.

• the proposed project will result in unavoidable adverse impacts to visual quality in this
substantially undisturbed landscape.

• the impacts of the proposed project cannot be mitigated to the point of meeting the
statutory requirement in FLPMA that BLM must prevent “undue impairment” of the
public lands in the CDCA.

• the proposed project is inconsistent with the CDCA plan.
• the identified unavoidable and adverse environmental impacts resulting from the project

override the possible economic benefits that might be derived from the project.
• the proposed project fails to meet the overall statutory requirement in FLPMA that BLM

must prevent “unnecessary or undue degradation” of the public land resources.
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RATIONALE

The proposed project would cause significant and unavoidable adverse impacts to values of
critical importance to Native American Tribes. 

The proposed project would significantly damage the network of Native American trail segments
and related cultural resources associated with the nationally significant Indian Pass-Running Man
Area of Traditional Cultural Concern (ATCC) (see Figure 1 and Appendix D). The Indian Pass-
Running Man ATCC is recognized by the Department as having values of critical religious,
cultural, and educational importance to the Colorado River Indian Tribes, Ft. Mojave Indian
Tribe, and particularly the Quechan Tribe. Development and operation of the proposed gold mine
would significantly diminish the integrity and spiritual qualities of the ATCC as a place of
solitude, knowledge, and power to the tribes.

The proposed project would destroy portions of the Trail of Dreams, other trails, and related
ceremonial areas providing a spiritual pathway between Pilot Knob, 25 miles from the site, and
Newberry Mountain, 115 miles away.  The Quechan and the other tribes believe the project would
impair the ability to travel, both physically and spiritually, along the Trail of Dreams; to make
ceremonial use of the prayer circles, rock alignments, and other cultural features in the project
area; to gain protection from metaphysical dangers; and to continue to use the project area for
vision quests and teaching tribal youths about their culture.

In consideration of the scope and magnitude of the project’s potential impacts to critical Native
American values, BLM requested the advice of the Advisory Council on Historic Preservation. 
The Council’s findings and recommendations were formally submitted to the Secretary on
October 19, 1999 (see Appendix A).  The Department has considered these recommendations and
concurs with the following Council findings: 1) the values of the ATCC are of premier importance
to the Quechan Tribe for sustaining their traditional religion and culture; 2) the ATCC has
retained sufficient integrity of setting, feeling, and association to remain a critically important area
for traditional uses; 3) the proposed mining operation would unduly degrade the ATCC; 4)
concerned individuals and the Quechan Tribe have consistently voiced their overwhelming
opposition to the project; and 5) mitigation measures proposed by Glamis Imperial Corporation
are not adequate to compensate for the loss of Native American values and historic properties if
the mining project were approved. 

Approval of the proposed project would not be in conformance with Executive Order 13007 on
Indian Sacred Sites.  The proposed project would not conform to Executive Order 13007 because
the project would destroy access to and the ceremonial use of sacred sites by the Quechan and
would significantly harm the integrity of sacred sites. While direct physical damage could be
reduced on some sites through mitigation proposed by Glamis Imperial Corporation, according to
the Quechan, the overall loss of the integrity of the ATCC and its spiritual value to the Quechan
could not be offset.  Further, the Quechan have stated financial or off-site mitigation measures 
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would not compensate for these adverse impacts.  This conclusion is supported by the Council,
the California State Historic Preservation Office, and the California Native American Heritage
Commission. 

Approval of the proposed project would result in disproportionate adverse impacts to Native
Americans, and thus would also not conform with Executive Order 12898 on Environmental
Justice. The Quechan have consistently expressed concern over the cumulative impacts of the
proposed project. When combined with the impacts from existing mines, interstate highway
development, and other land development in their traditional territory, the impacts of the
proposed project would result in an increase in the already significant loss of values to the
Quechan. Archaeological surveys and historic records over the past 20 years have documented
Native American values and historic properties lost to the Quechan as a result of various Federal
and State projects.  The Quechan have stated that other substantial unrecorded losses have also
occurred. 

The proposed project would cause significant and unavoidable adverse impacts to historic
properties determined eligible for the National Register of Historic Places. 

The proposed project would have an adverse effect on 55 historic properties determined eligible
for listing in the National Register of Historic Places, including the Indian Pass-Running Man
Area of Traditional Cultural Concern.  The eligible properties also include significant Native
American trail segments and other historic properties such as geoglyphs, rock rings, ceremonial
quartz and ceramic scatters, and cleared circles, both inside and outside the footprint of the
proposed project.  The eligible properties would be disturbed or destroyed through excavation of
the open pits and construction and operation of the leach pad, waste rock and soil stockpiles,
diversion channels, haul and access roads, and associated processing and support facilities.  In
addition to the direct physical effects, mining related noise and visual impacts of the project would
further diminish the quality of the eligible properties.  In its letter of July 21, 1998, the State
Historic Preservation Office has concurred with BLM’s determination of adverse effects
(Appendix D). 

Mitigation measures would reduce but not eliminate adverse effects to 23 of the 55 historic
properties determined eligible for the National Register of Historic Places.  In the November 1997
draft EIS/EIR, the project proponent modified the initial proposal to provide for mitigation of
adverse effects to these resources.  The company redesigned the mining plan to reduce impacts
including reduction in the heights of the waste rock and stockpiles as well as other design
modifications.  The company also agreed to undertake an archaeological data recovery program
to preserve archeological materials and compensate the Quechan through enhancement of the
existing Quechan heritage preservation program, including the acquisition and preservation of off-
site archaeological resources.   

However, the mitigation measures proposed by Glamis Imperial Corporation would not be
effective in reducing adverse effects on 32 of the 55 historic properties.  Even after implementing
the mitigation measures, characteristics relating to integrity of setting, feeling, and association,
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which qualify the properties for listing to the National Register of Historic Places, would be
irreversibly disturbed by mining activities: integrity of the Trail of Dreams, other prehistoric trails,
and related ceremonial areas would be impaired; the existing natural landscape would be
permanently altered; opportunities for solitude would be diminished; and the overall spiritual value
of the ATCC would be irreversibly damaged.  The Council, after reviewing the company’s
proposed mitigation measures and carefully evaluating the potential impacts, stated in its October
19, 1999 letter to the Secretary of the Interior (see Appendix A) that the mitigation measures
would “do little to reduce the devastating impacts on the historic properties and their environment
and fall short of compensating for the loss of traditional, religious, and cultural values of the
ATCC.”  The Department agrees with the Advisory Council’s conclusion.

The proposed project would cause significant and unavoidable adverse impacts to visual
quality. 

The project would result in significant long-term change to the area’s sensitive visual quality.  It
would, therefore, not conform to the CDCA plan’s applicable visual resources management
rating, which provides for the existing landscape character to be maintained (see Appendix C).

An open 880-foot deep East Pit, and 280-foot high waste rock stockpiles and heap would remain
as permanent substantial changes to the existing undisturbed natural landscape (see Figures 2 and
3).  The level of contrast would gradually diminish after backfilling of the Singer and West Pits,
regrading and replanting native vegetation, and overall reclamation of the site following
completion of mining. However, the substantial visual contrast would remain after final
reclamation is completed.

The project would result in significant visual impacts, specifically:  (1) disruption of the existing
landscape with new man-made land forms, including waste rock and leach piles which would be
100-150 feet higher than any existing natural features in the vicinity; (2) alteration of surface
color, texture, and vegetation cover on approximately 1,300 acres; and (3) adverse effects to a
landscape which includes Picacho Peak, Indian Pass, and other unique natural landmarks that are
also historically important to Native American culture and the general public. These visual
impacts would be clearly visible from the Indian Pass Road and other routes of travel in the
immediate vicinity of the project area.

The proposed project would permanently alter the character of a visually sensitive area.  The
factors that cause the project site to be sensitive to changes in visual quality include: (1) the
existing visual quality of the proposed project area and surrounding landscape is substantially
undisturbed; (2) the existing topography of gently sloping ground and low rolling ridges provides
little opportunity to screen or blend the project within the surrounding landscape; and (3) the 5-10
mile distance between the mine site and the surrounding mountains creates broad depth of field in
which the proposed project site is visible from various public vantage points.
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The overall effect of significant and unavoidable adverse impacts would cause undue
impairment to the CDCA.

The overall effect of significant and unavoidable adverse impacts on Native American values,
historic properties, and visual quality would significantly diminish the “scenic, scientific, and
environmental values” of the CDCA, values BLM is required by Section 601 of FLPMA to
protect.  Specifically, the Quechan Tribe’s ability to practice sacred traditions as an integral part
of the Quechan culture would be irreparably damaged; 55 traditional historic properties which are
eligible for listing in the National Register of Historic Places, including the Running Man/Indian
Pass ATCC, would effectively be destroyed; and the scenic quality of  a substantially undisturbed
area would be irreversibly altered.  Despite efforts by Glamis Imperial Corporation to reduce
adverse impacts through mitigation, no effective means were found to prevent the significant level
of destruction to important CDCA values.  Finally, as stated earlier, approval of the project would
not conform with Indian Sacred Sites and Environmental Justice Executive Orders.  The severity
of these combined impacts would be so great, and of such scope and magnitude, that undue
impairment would result.

The proposed project would not be in conformance with the CDCA plan.    

The proposed project would not conform with the CDCA plan because the significant and
unavoidable adverse environmental impacts discussed in this ROD would exceed the maximum
level of impact allowed under the plan; thus, the project would result in undue impairment. 
Further, the scope and magnitude of these effects would be so great as to preclude consideration
of a plan amendment to permit the project. 

The CDCA plan’s multiple use guidelines and the minerals management provisions of the plan
would allow mineral development to be considered in this area.  However, no effective means of
mitigation were found to avoid significant and unavoidable adverse impacts.  Such impacts would
irreversibly and irretrievably harm important resources of an area designated in the CDCA plan in
1980 as Multiple Use Class L (Limited Use).  Multiple Use Class L is specifically intended for the
protection of  “sensitive, natural, scenic, ecological, and cultural resource values” and  provides
for “generally lower-intensity, carefully controlled multiple use of resources, while ensuring that
sensitive values are not significantly diminished.”  The proposed project would not achieve this
required level of protection.

The Multiple Use Class L designation appropriately fits this area based on the sensitive and
significant environmental resources in and around the proposed project site.  Because of the
identified significant resource values in this area, a plan amendment designating this area as
Multiple Use Class M (Moderate Use) or Multiple Use Class I (Intensive Use) would not provide
adequate protection and, thus, would not be warranted.  On October 27, 2000, the Department of
the Interior withdrew the project area and surrounding public lands, totaling 9,360 acres, from
further mining to protect recognized historic properties, Native American values, and the visual
quality of the ATCC; portions of  the Indian Pass Area of Critical Environmental Concern;  and
portions of the Indian Pass and Picacho Peak Wilderness Areas. 
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The Department reviewed the records of permitted mines in the CDCA in comparison to the
FEIS/EIR analysis of the proposed project.  Although BLM has previously approved other large-
scale gold mining operations in Multiple Use Class L areas, the unique combination of important
environmental factors discussed in this ROD set this proposed project apart from those other
projects. Six of the 12 existing CDCA mining operations were approved in Multiple Use Class L 
areas: America, Colosseum, Picacho, Morning Star, Castle Mountain, and Briggs mines (see
Appendix E).  Unlike the proposed project, no Native American values or historic property issues
(other than preservation of the historic mining activities at some of these sites) were identified
during project review for the American, Picacho, Morning Star, Colosseum, and Castle Mountain
mines.  Native American values or historic properties were identified at the Briggs mine; however,
the two identified historic properties were avoided and fenced by the mine operator as a condition
of approval of the plan of operations. All of the permitted mines, unlike the proposed project,
were located on sites previously disturbed by mining activity.  Even in the Briggs mine site, where
the evidence of previous mining activity was considered minor, the surrounding mountains were
close to the project site and reduced visual contrast to an acceptable level. 

The identified unavoidable and adverse environmental impacts resulting from the project
override the possible economic benefits that might be derived from the project.

It is the conclusion of the Department that the possible economic benefits that might be derived
from the project, as described in the FEIS/EIR and summarized below, do not overcome the legal
requirements to prevent undue impairment to public lands in the CDCA.

The Department recognizes the importance of developing public land resources and the economic
and social benefits that mining has on the local, regional, and national economies of the United
States.  Glamis Imperial Corporation estimates that the proposed project would generate up to
120 local job opportunities through the life of the project and would incur approximately $48
million in initial capital expenditures.  In addition, Glamis Imperial Corporation estimates that
there would be continuing capital expenditures of  $1.7 million per year and $26 million per year
in non-capital expenditures, including payroll. The proposed project would be required to pay
sales tax on all expenditures and pay local property taxes on mine assets.  All these effects are
possible economic benefits of the proposed project.

However, the mineral deposit involved in this proposed project by its nature requires considerable
surface disturbance to support operations.  The mineral deposit supporting the proposed project is
one of the lowest gold grades for open-pit, dump heap leach operations in the United States (see
Appendix F).  From Glamis Imperial Corporation’s estimates of an average reserve grade of 0.016
ounces of gold per ton, approximately 280 tons of rock would be mined, moved, processed, and
stored for each ounce of gold produced.  In addition, gold prices have fallen approximately 27
percent since the project was initially proposed in 1995.  A decrease from approximately $384 per
ounce in 1995 to an estimated $278 per ounce in 2000 has significantly reduced the potential of
this project to be economically sustainable.
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While it is the policy of the Department to consider the possible economic benefits of
development of public land resources, that consideration must be made in the context of all other
public land resource values, including environmental, historic, and other values.  In this case, the
overall adverse environmental impacts caused by the project would outweigh the possible
economic benefits to be derived from mining a mineral deposit with an average reserve grade of
0.016 ounces of gold per ton.

The proposed project would cause unnecessary or undue degradation to public lands.

As discussed, the significant and unavoidable adverse environmental impacts of the project would
result in “undue impairment” because approval of the project would not be in conformance with
the CDCA plan and a plan amendment is not warranted.   Further, it is determined that loss of the
identified scenic, scientific and environmental values to the people of the United States would
override the possible economic benefits that might be derived from the project.

By causing undue impairment to CDCA values, it is the conclusion of the Department that the
project would result in unnecessary or undue degradation to the public lands.
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ALTERNATIVES CONSIDERED

A.  ALTERNATIVES TO THE PLAN CONSIDERED IN DETAIL 

• Proposed Project (Glamis Imperial Corporation’s proposed plan of operations)
• West Pit Alternative
• East Pit Alternative
• Complete Pit Backfill Alternative
  
Each alternative assumes use of the same environmental protection and reclamation measures as
the proposed action. 

1.  Proposed Action

The proposed action, i.e., Glamis Imperial Corporation’s plan of operations as presented to BLM,
was to be located on 1,571 acres of unpatented mining claims and would encompass the mine and
processing area, including open pits, waste rock and topsoil stockpiles, heap leach pads,
administrative and maintenance facilities, a precious metal recovery plant, haul roads, an electrical
substation, distribution lines, and associated facilities.  Up to 150 million tons of ore would be
mined and leached, and 300 million tons of waste rock would be mined and deposited on the site.  
Specifically, the plan proposed to backfill and reclaim the Singer and West Pits and leave the 880-
foot East Pit open  (see Figure 3).  It also would create two waste dumps and a 280-foot heap
leach pad. 

The agency’s preferred alternative as identified in both the 1996 and 1997 EIS/EIR drafts was the
proposed action as presented by Glamis Imperial Corporation.  However, the agency preferred
alternative was changed to No Action in the November 2000 Final EIS/EIR, to reflect new
information concerning historic properties and Native American values.  In particular, information
concerning historic and archaeological resources identified during expanded field survey and
analysis in 1997, a report provided by the Advisory Council on Historic Preservation (see
Appendix A), and consultation with the Quechan Tribe substantially increased agency awareness
and understanding of  the importance of the site to Native Americans.  That new information was
a significant factor in the agency’s decision to change its initial preferred alternative to the No
Action alternative, and ultimately in the Department’s decision not to approve the Imperial
Project.

2.  West Pit Alternative

This alternative would create the least amount of total surface disturbance by mining only the
West Pit and Singer Pit.  Approximately one-third of the disturbance would be produced,
compared to the proposed action, or about 40 percent of the ore and 30 percent of the waste
rock.  Total surface disturbance would be reduced to approximately 853 acres, or about
63 percent of the total 1,362 acres disturbed under the proposed action. Only a small part of the
West Pit would be backfilled. The Singer Pit would not be backfilled, since the East Pit would not
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be mined. The south waste rock stockpile and the heap leach pile would be about the same height
as under the proposed action. Total project life for the West Pit Alternative would be about 10
years, compared to 20 years for the proposed action. 

This alternative would slightly reduce the total area of disturbance but would not eliminate
significant adverse impacts to Native American values, historic and archaeological resources, and
visual quality.  The density of historic or archaeological properties determined eligible for the
National Register of Historic Places is higher on the west side of the project area, and includes the
main trail segments and associated sites. This area would be disturbed under the West Pit
Alternative. The remaining waste rock stockpile and heap would be substantially the same height
and form as in the proposed action and would cause significant adverse impacts to visual quality,
even after mitigation.

3.  East Pit Alternative 

Under this alternative, the East Pit and Singer Pit would be mined, producing a total of about
67 percent of the mined rock produced under the proposed action, or about 60 percent of the ore
and 70 percent of the waste rock.  Total surface disturbance under the East Pit Alternative would
be reduced to approximately 1,126 acres, or about 83 percent of the total 1,362 acres disturbed
under the proposed action. The Singer Pit would be completely backfilled with waste rock from
mining the East Pit, and the East Pit would not be backfilled.  The south waste rock stockpile and
the east waste rock stockpile would still be about the same 300-foot height as the proposed
action, but the heap leach pile would be a height of 250 feet. Total project life would be
approximately 14 years, versus 20 years. Final reclamation might continue beyond the end of the
14 years. Indian Pass Road would not be relocated around the project mine and process area
under the East Pit Alternative.

The East Pit Alternative would disturb 40 percent less surface area than the proposed action. It
would not fully develop the identified mineral reserves. It would still require almost the same
projected capital and annual operating costs of the East Pit Alternative. Glamis Imperial
Corporation stated that this East Pit Alternative would not be an economically viable project, and
would not be profitable.

The elimination of the West Pit and reduction in size of the south waste rock stockpile under this
alternative would reduce the scope and magnitude of adverse impacts by avoiding the area of
highest historic or archaeological site density. However, significant Native American values and
historic properties would be destroyed under this alternative, including the overall integrity of the
Indian Pass-Running Man ATCC. Impacts to visual quality would be slightly reduced but would
also remain significant.

4.  Complete Pit Backfill Alternative

The purpose of this alternative was to evaluate the feasibility of complete backfill of all three
proposed pits.  All available waste rock would be used to completely backfill to at least the
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original grade. The East Pit would then be backfilled. Because mined rock occupies more volume
than unbroken rock, all the rock from the pit would not fit back into the same pit.  Surface
disturbance would not be reduced by the Complete Pit Backfill Alternative. Refilling the East Pit
could take more than four years, and cost $80 million to $100 million.  This alternative would
reduce the significance of adverse effects to visual resources by eliminating the waste rock
stockpiles and the open pit. The heap leach pad would still remain. This alternative would also
reduce the significant adverse visual effects to the Indian Pass-Running Man ATCC. The
alternative would allow the full amount of discovered ore to be mined. Glamis Imperial
Corporation states that the Complete Pit Backfill Alternative would not be an economically viable
project, and would not be profitable.

B.  ALTERNATIVES CONSIDERED BUT ELIMINATED FROM DETAILED
ANALYSIS

Several other alternatives identified in the FEIS were not analyzed in detail.  These are
summarized below.

1. Alternative Mine Locations

One alternative was to construct and operate a mine at an entirely different location than the
proposed project area. However, such an alternative would fail to meet the objectives of the
proposed action,  to profitably recover the precious metals within the project site. Another
alternative included potential off-site locations for the mine facilities, pits, heap leach pad, and
waste rock stockpiles.  However, there was no environmental advantage to this alternative as the
disturbance would be greater in scope and equal in impact.

2.  Alternatives to Relocate Road, Water Wells, and Utility Corridors

Since these alternatives did not substantially decrease any of the significant adverse effects of the
proposed action, and because the cost would reduce conformance with the basic project
objectives, these were eliminated from any further consideration.

3.  Alternative Mining and Processing Methods

Although there are several variations on mining techniques, including underground mining or in-
situ mining, none are feasible in this type of ore body because the deposits necessary to support
such methods are not present.

Like mining, there are several potential alternative methods for processing ore other than cyanide
heap leach.  Considered were vat leaching, carbon in pulp, flotation, or a combination of these
processes.  None were technically feasible for the type of ore involved in the proposed project,
and were eliminated from consideration. 
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PUBLIC INVOLVEMENT

Opportunities for Public Involvement

The BLM, as the lead Federal agency, and Imperial County, as the lead State agency, diligently
involved the public throughout the joint Federal/State environmental review process.   In response
to Glamis Imperial Corporation submission of a mining plan of operations, BLM published a news
release and a  Notice of Intent in the Federal Register on March 24, 1995, announcing the
company’s mining proposal and the initiation of the NEPA process to prepare an EIS on the
project.  On April 5, 1995, Imperial County distributed its Notice of Preparation of an EIR
initiating the California Environmental Quality Act process. 

A Draft EIS/EIR was published on November 1, 1996 for public comment and review.  Public
hearings were held in La Mesa and Holtville, California.  After the initial 60-day public review,
BLM extended the public comment period twice, through March 24, 1997.  More than
425 written comment letters were received, and 49 people testified at the two public hearings. 
After a review of the comments received, the BLM and Imperial County jointly announced on
June 11, 1997 that a new Draft EIS/EIR for the Imperial Project would be prepared and
recirculated.

On August 1, 1997, BLM formally withdrew the November 1996 Draft EIS and announced its
intent to prepare another EIS for the Imperial Project. All comments on the 1996 draft were
treated as scoping comments for the revised Draft EIS/EIR.  Imperial County concurred in this
decision.  

A revised Draft EIS/EIR was published on November 28, 1997, and made available for public
review through January 27, 1998.  Public hearings were again held in La Mesa and Holtville,
California.  After the initial 60-day review, BLM extended the public comment period twice,
through April 13, 1998.  More than 541 comments were received, including public testimony at
the two public hearings.

An additional public hearing by the Advisory Council on Historic Preservation, a Presidential
advisory organization, was held in Holtville, California in March 1999.   That hearing focused on
the potential impacts of the project on cultural, historic, and archeological resources associated
with the Quechan and other tribes. 

BLM and Imperial County included in the FEIS/EIR, published on November 17, 2000, a
summary of all general comments received and details on all substantive public comments
received during two the public comment periods which cumulatively totaled approximately 10
months.   The agencies’ responses to all substantive comments received are included in that
document.

In addition, BLM also accepted public comments on the FEIS/EIR for 30 days, through
December 18, 2000.  A total of 24 comments were received.  Although many of the comments
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were general, i.e., supporting or opposing the project, and none of the comments contained
substantially new information, many raised issues seeking clarification or interpretation of data in
the FEIS or its supporting documents.  These issues were carefully considered in development of
this ROD and are summarized, along with BLM’s responses, in Appendix G.

Interagency/Intergovernmental Coordination

As part of the environmental review process, BLM and Imperial County consulted and
coordinated with the U.S. Fish and Wildlife Service, the U.S. Environmental Protection Agency,
the U.S. Geological Survey, the U.S. Army Corps of Engineers, the U.S. Bureau of Reclamation
(Lower Colorado Division), the Advisory Council on Historic Preservation, the Governor’s Office
of Planning and Research, the California Department of Conservation, the California Department
of Fish and Game, the California State Office of Historic Preservation, the California Native
American Heritage Commission, the California Regional Water Quality Control Board, the
Metropolitan Water District of Southern California, and the Southern California Association of
Governments.  In accordance with Section 106 of the National Historic Preservation Act, BLM
also officially consulted with the Quechan Tribal Council, Fort Yuma Indian Reservation.  In
addition to correspondence from the Tribe and verbal discussions and tours, BLM held three
formal government-to-government consultations with the Tribe: December 16, 1997; February 4,
2000; and November 27, 2000.

Coordination with the County of Imperial

BLM and the County of Imperial jointly prepared all the environmental review documents under
the provisions of the National Environmental Policy Act and the California Environmental Quality
Act.  The County’s draft EIR and BLM’s draft EIS were released concurrently for public review. 
The County’s role under the Surface Mining and Reclamation Act of 1975 is to determine the
adequacy of the surface mining reclamation plan submitted by Glamis Imperial Corporation as
part of the mining proposal.  The Imperial County Planning and Building Department has taken no
action on the proposed reclamation plan, pending issuance of BLM’s decision regarding the plan
of operations. 
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APPENDICES
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Appendix A

Advisory Council on Historic Preservation, 10/19/99 letter
and BLM letter to ACHP, 8/25/98
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Appendix B

Solicitor’s Opinion, Regulation of Hardrock Mining, 12/27/99









































Record of Decision for the Imperial Project Page 59

Appendix C

Visual Resources Supporting Documents
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Appendix D

National Historic Preservation Act Section 106 Documents
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National Historic Preservation Act
Description of Section 106 Review Process

An intensive, pedestrian inventory for and evaluation of cultural/archaeological resources was
completed for the proposed mine and process area, ancillary area, overbuilt 92 kV/34.5
transmission line corridor, and buffer areas.  During the inventory, which was conducted by KEA
Environmental with assistance by members of the Quechan Tribe, 88 sites associated with Native
American and/or EuroAmerican activities were identified.  Results of the inventory and evaluation
may be found in the report by KEA Environmental for the Bureau of Land Management (BLM),
which is titled, “Where Trails Cross: Cultural Resources Inventory and Evaluation for the Imperial
Project, Imperial County, California,” October 1997, and in the EIS/EIR.  

The resource sites were evaluated according to criteria of eligibility to the National Register of
Historic Places.  The criteria for eligibility are significance in American history, architecture,
archeology, engineering and culture; as well as integrity of location, design, setting, materials,
workmanship, feeling, and association; and (A) association with events that have made a
significant contribution to the broad patterns of our history, or (B) association with the lives of
persons significant in our past, or (C) embodiment of the distinctive characteristics of a type,
period, or method of construction, or representation of the work of a master, or possession of
high artistic values, or representation of a significant and distinguishable entity whose components
may lack individual distinction, or (D) yield or potential to yield information important in
prehistory or history.

Properties evaluated for eligibility to the National Register of Historic Places may reflect
significance in architecture, history, archeology, engineering, and culture.  One kind of cultural
significance refers to the beliefs, customs, and practices of a living community of people that have
been passed down through the generations, usually orally or through practice, and that are
important in maintaining the continuing cultural identity of the community.  Like any other
property, a traditional cultural property is evaluated against the standards for integrity and four
basic National Register Criteria.  

Quechan tribal members identified the project vicinity as a traditional cultural property.  They
emphasized that the project vicinity is extremely important to their cultural values and integrity,
and any destruction of the area would result in destruction of their present and future heritage. 
An area defined by the distribution of Native American trail segments and other cultural features
including geoglyphs, broken quartz, broken ceramic pots, and cleared circles, and which included
the project area,  was identified as the Indian Pass-Running Man Area of Traditional Cultural
Concern (ATCC).  

The California State Historic Preservation Officer concurred with BLM that the ATCC met criteria
for eligibility to the National Register.  The ATCC was designed to focus on the undertaking and
the Area of Potential Effect (APE), as identified in the KEA report,  which was defined as the
power line access rights-of-way and one-quarter of a mile on all sides of the footprint of the
project. 
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Appendix E

Comparison of Permitted Mines within Multiple Use Class L (Limited Use) Areas
of the California Desert Conservation Area
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Mine Operator County/
Area

Date of
Approval
/
Closure

Evidence of
Previous
Mining
Activity

Mine Facility
Physiography

Native American/NRHP
Issues 

America Mine America Mine Joint
Venture

San Bernardino
Bullion Mountains
BLM POO-Yes

1984
1988

Yes mine-mountains
waste dumps-
mountains
leach pads- slope

No 

Colosseum Mine Bond Gold San Bernardino
Clark Mountains
BLM POO-Yes

1986
1992

Yes mine-mountains
waste dumps-
mountains
tailings- mountains

No

Picacho Mine Glamis Gold Imperial County
Picacho Mountains
BLM POO-Yes

1986
1998

Yes mine-mountains
waste dumps-
mountains
leach pads- slope

No

Morning Star
Mine

Vanderbuilt Gold
Corp.

San Bernardino
Southern Ivanpah
Range
BLM POO-Yes

1986
1990

Yes mine-mountain
waste dumps-foothills
leach pads-foothills

No

Castle Mountain Viceroy Gold San Bernardino
Castle Mountains
BLM POO-Yes

1990
--

Yes mine-mountains
waste dumps-
mountains
leach pads-slope

No 

Briggs Mine Canyon Resources Inyo County
Panamint
Mountains
BLM POO-Yes

1996
–

Yes (minor) mine-mountains
waste dumps-
mountains
leach pads-slope

Yes, but plan of
operations modified
to avoid substantial
impacts
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Appendix F

Deposit Grade and Reserve Comparisons, U.S. 
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Deposit Grade and Reserves Comparison
for various gold deposits in the United States*

DEPOSIT PROCESSING
MODEL

TONNAGE
(1,000 tons)

AVERAGE
RESERVE

GRADE
(Ounce/Ton)

RECOVERY
RATE

OUNCES RECOVERED

North Star-NV Dump Leach 1,000 0.015 65% 9,750

Pinson-NV Dump Leach 1,300 0.029 93% 35,061

Getchell-NV Dump Leach 1,900 0.026 75% 37,050

Yankee-NV Dump Leach 2,000 0.045 70% 63,000

Picacho-CA Dump Leach 2,900 0.038 75% 82,650

Kinsley-NV Dump Leach 3,400 0.032 75% 81,600

Gold Quarry-NV Dump Leach 3,500 0.016 65% 36,400

Mac-NV Dump Leach 5,400 0.014 65% 49,140

Pete-NV Dump Leach 6,400 0.026 65% 108,160

Dee-NV Dump Leach 8,300 0.025 72% 149,400

Tusc-NV Dump Leach 8,700 0.019 65% 107,445

Bald Mountain-
NV

Dump Leach 11,400 0.076 75% 649,800

Bear Track-NV Dump Leach 22,800 0.034 75% 581,400

Golden Sun-NV Dump Leach 32,400 0.026 75% 631,800

Post/Betze-NV Dump Leach 33,900 0.020 90% 610,200

Twin Creeks-NV Dump Leach 40,900 0.024 65% 638,040

Mesquite-CA Dump Leach 52,800 0.021 70% 776,160

Rand-CA Dump Leach 55,200 0.023 75% 952,200

Imperial
Project-CA 

Dump Leach 95,200 0.016 80% 1,216,000

Round Mtn-NV Dump Leach 254,400 0.020 55% 2,798,400

*Table modified from Roger Haskins, Senior Mining Law Specialist, Bureau of Land Management,
Washington, DC (1998)
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Appendix G

Responses to Comments on FEIS
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Public Comments to Final EIS/EIR (Significant Issues Raised and Department/BLM
Response)

Of the 24 comments received by BLM on the FEIS, most voiced general opposition to the
proposed project and supported the No Action alternative.  A few voiced general or specific
support of the project.  Of those addressing specific issues, either positive or negative to this
decision, the following were identified as significant and warranting description and response by
the Department of the Interior and BLM.

Issue: The California State Native American Heritage Commission, an official State agency,
endorsed the No Action alternative, citing adverse effects to sensitive Native American
archeological and cultural resources.  Response: The resources specified in the Commission’s
letter were recognized in the FEIS and are noted in the ROD as rationale for the decision not to
approve the project.

Issue: A number of comments cited the newly published BLM mining regulations (43 Code of
Federal Regulations, Part 3809) as supporting authority for denying the project.  Response: While
the final regulations were published on November 21, 2000, they do not become effective until
January 20, 2000 and, therefore, cannot be used as a basis for this decision.

Issue: Two comments addressed the  issue of the strategic importance of gold as a decision factor.
Comments stated that gold is currently not listed as strategic mineral and should have no impact on
BLM’s decision.  Response: Gold’s strategic mineral status was not specifically addressed in the
FEIS/EIR. However, the ROD discusses the conclusion of the Department that significant and
unavoidable adverse environmental impacts outweigh the possible economic benefits of gold
mining under the proposed project.  As the comments indicate, gold is not currently listed as a
strategic mineral by the Defense National Stockpile Center of the Department of Defense. 

Issue: Two letters from the Quechan Tribe provide substantial information about the history of the
Tribe and an official, government-to-government statement that the mine would “damage sacred
sites and trails . . . .”  Response: This information is considered to be consistent with the Tribe’s
earlier cultural data provided to BLM, already contained in the FEIS, and is reflected in the ROD.

Issue: The Quechan Tribe also presented further information that the proposed project interferes
with the Tribe’s First Amendment rights regarding their ability to practice their traditional religion. 
The Tribe disagrees with the Solicitor’s Opinion of December 27, 1999, and its interpretation of
this issue in context of the Lyng case, and requests this issue be used in the ROD to deny the mine. 
Response: The Department and BLM have reviewed the legal information and citations provided
the Tribe, and conclude that the interpretation in the December 27, 1999 Opinion is still accurate
and represents the Department’s legal position in this matter.

Issue: Comments indicated that the Imperial Project would not be consistent with the current
management direction provided in the Northern and Eastern Colorado Desert Plan (NECO).
Response: Because NECO will not likely be completed before the second half of 2001, any
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application of NECO to the proposed project would be premature, and NECO is not used in this
decision.

Issue: Several comments requested that the decision be signed by the “highest level” possible so
any challenges can be addressed quickly in Federal Court.  Response: Given the nature and
importance of this decision, and considering the Department of the Interior’s trust responsibility to
Native American tribes, the Secretary has decided to sign the ROD.

Issue: Several comments noted the withdrawal of 9,360 acres (which includes the proposed
project) by Secretarial Order on October 27, 2000 and stated it should be a factor in the decision. 
Response:  The withdrawal is a separate agency decision and does not substantially affect existing
claims in this area on which the Glamis Imperial proposed mining project is based.  Therefore, the
withdrawal cannot be a rationale for this decision.

Issue: Comments requested that BLM’s visual resources policy documents be included in the
ROD.  Response: Supporting documentation on visual resources is included in the appendices of
the ROD.

Issue: Several comments requested that the entirety of the FEIS/EIR be attached to the ROD;
other comments requested specific sections be attached, including section 6.2 regarding
impairment of CDCA values. Response: The attachment of the FEIS/EIR to the ROD is not
necessary as the ROD is the decision document issued as a result of the analysis in the FEIS/EIR.
The FEIS/EIR was prepared as a tool to assist in the decision making process. Copies of the
FEIS/EIR may be obtained from BLM, subject to availability, or may be accessed on the Web at
http://www.ca.blm.gov/elcentro/imperial_project.html.

Issue: Several comments challenged the conclusion of the FEIS/EIR that no significant cumulative
impacts would result from the proposed project.  One comment specifically identified the need to
consider potential cumulative impacts such as the future development of the new Town of Felicity. 
Response: With regard to the first statement, BLM agrees, and this ROD reflects consideration of
the combined adverse impacts to Native American values, historic properties, and visual quality. 
As for the proposed Town of Felicity, the development is too speculative at the present time to
consider in this ROD.

Issue: One comment indicates that the Section 106 process was not completed in a manner
consistent with the regulations in Part 800 of Title 36 of the Code of Federal Regulations. 
Response: BLM followed the requirements of the 1991 Programmatic Agreement with the
California SHPO and the Advisory Council on Historic Preservation; adhered to its responsibilities
to consult with tribes on a government-to-government basis; followed the MOU with the
California Native American Heritage Commission; and applied the requirements of  the Sacred
Sites Executive Order.  The SHPO concurs with BLM’s consideration of Section 106 and its
determination of adverse effects (see Appendix D).
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Issue: A comment indicated that BLM had not consulted with the necessary tribes because the
Quechan Tribe is only one of several Yuman speaking tribes that use the area.  Response: During
the collection of the ethnographic data for the EIS/EIR and according to applicable Federal
government records, the Quechan Tribe is explicitly identified as the federally recognized tribal
government in this particular area.  However, other affected tribes were notified by BLM of the
project, testified at the Advisory Council’s public hearing in Holtville in support of the Quechan,
and deferred to the Quechan as the tribal contact with BLM regarding the project.

Issue: One comment stated that the BLM’s designation of the Indian Pass-Running Man Area of
Traditional Cultural Concern (ATCC) was an administrative determination of BLM and did not
represent the entire spectrum of Native American concerns.  Response: The ATCC was a
collaborative determination of the Quechan and BLM.  It was identified to provide a basis for
analysis in the EIS/EIR of potential effects of the proposed project on sacred sites.  The Quechan
and BLM understood that the ATCC did not include the entire spectrum of Native American
concerns but was of sufficient scope to provide a reasonable basis of analysis. The SHPO
concurred with the ATCC as a reasonable approach.  

Issue: One comment questioned whether, given a 60-year hiatus in use of the Trail of Dreams, if a
mine with the life of 20 years would constitute an unresolvable adverse effect, particularly
considering that Interstate 10 crosses the trail.  Response: The Tribe did not say that its members
have not used the area for 60 years, only that they have not used the area regularly during that
period.   Further, the Quechan have consistently expressed concern over the cumulative impacts of
development, such as Interstate 10, on their traditional cultural values.

Issue: Comments raised the issue of environmental justice if the project were approved.
Response: The FEIS/EIR discussed applicability of Executive Order 12898 on Environmental
Justice.  Although the FEIS/EIR suggests the proposed project is consistent with Executive Order
12898, the Department’s decision not to approve the project is based in part on the finding of
disproportionate adverse impacts to the Quechan as further discussed in this ROD.

Issue: A comment stated that the cultural and religious factors to the Quechan should stand alone
as a rationale for denial.   Response:   The decision of the Department not to approve the project
is based on consideration of the combined environmental impacts of the project compared to the
possible economic benefits of mining under the project in light of applicable statutory standards.
The environmental effects to the Native American values, historic and archaeological resources
and visual quality are closely interrelated.

Issue: Comments stated that the proposed Imperial Project is different from other gold mines
previously approved by BLM in the CDCA.  Response: The Department reviewed the records of
permitted mines in the CDCA in comparison to the FEIS/EIR analysis of the proposed project.  
The comparison demonstrates that the proposed project involves a unique combination of
environmental conditions not present in other mines (see Appendix E). 
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Issue: One comment cited outdated information in the FEIS/EIR, mostly pertaining to dates and
other supporting data (including formal government to government consultations conducted with
the Quechan Tribe) referenced in the document and requests correction of those dates in the ROD.
Response: The Quechan consultation dates have been updated and included in the ROD, as well as
dates pertaining to the Indian Pass withdrawal. 

Issue: One comment stated that BLM has underestimated the significance of the Native American
values and historic properties at the project site.  Response: The ROD directly quotes the
Council’s views on this matter.  The ROD also relies on the Council’s determination that this area
contains nationally significant historic properties and Native American values as one of the basic
rationales for the decision not to approve the project.

Issue: A few comments, both for and against the proposed project, asserted that the Solicitor’s
Opinion of December 27, 1999, provides a basis for denial of other mining operations, both in the
California Desert and throughout the West.  Response: The Solicitor’s Opinion was specifically
requested by BLM to address the proposed Glamis Imperial project and its location in a Multiple
Use Class L area of the California Desert Plan and an Area of Traditional Cultural Concern with
the significant historic properties and Native American values documented as present at the site. 
However, determining whether the legal analysis of the Opinion may be applicable to other sites is
beyond the scope of this ROD.

Issue: One comment takes issue with the conclusion of the Solicitor’s Opinion that the Section
106 process under the National Historic Preservation Act (NHPA) is not intended to impose
substantive obligations on BLM (see p. 18, footnote 22 of the Opinion) and asserts that a recent
court decision (Muckleshoot v. US Forest Service, 1999) interprets this authority more accurately. 
Response: The Department has reviewed the referenced court decision and has determined the
Solicitor’s Opinion represents the legal position of the Department in this matter. The Federal
Land Policy and Management Act, not the NHPA, was the primary legal authority on which the
Solicitor based his conclusion that BLM has authority to deny approval of a plan of operations
within the CDCA if the plan would impair other resources unduly and no reasonable measures are
available to mitigate that harm.

Issue: One comment asserted that the Solicitor’s Opinion represents a “new rule” directing a BLM
decision and exceeds the statutory authority and intent of the Federal Land Policy and
Management Act and the California Desert Protection Act.  It further asserts that any decision to
deny the mine would be inconsistent with the agency’s longstanding practice involving mine
development projects in the CDCA.  Response: The Department has reviewed the information
provided and disagrees with the commenter’s interpretation.  The United States District Court for
the District of Southern California has already rejected the argument that the Solicitor’s Opinion
directs BLM to make a particular decision.

Issue: Some comments stated that the lack of economic benefits of mining must be a rationale for
denial.  Response: It is not the policy of the BLM or the Department to determine whether a
business is to be judged by its value to the economy.  Rather it is the policy to consider the
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possible economic benefits of development of public land resources in the context of all other
public land resource values, including environmental, historic, and other values. In this case, the
overall adverse environmental impacts of mining a mineral deposit with an average reserve grade
of 0.016 ounces of gold per ton were found to outweigh the possible economic benefits to be
derived from the proposed project.

Issue: Several comments raised hazardous materials related  issues about the project.  
Response:  The FEIS/EIR addressed these issues adequately and the proponent, if authorized,
would be required to comply with all applicable State and Federal laws pertaining to hazardous
materials.
 
Issue: One comment raised the issue of a pending lawsuit regarding the Endangered Species Act
filed against BLM by the Center for Biological Diversity and others, and questions whether that
suit affects the Indian Pass area.  Response:  While the complaint filed by the Center addresses the
entire CDCA, it does not specifically cite the Indian Pass area (including the proposed mining
project).  The settlement agreements filed with the court as of the date of this ROD do not involve
the Indian Pass area.

Issue: Some comments challenged the adequacy of the FEIS/EIR, stating that the FEIS/EIR does
not support project approval or approval of alternatives other than No Action.  Response: The
decision of the Department is not to approve the project. The FEIS/EIR supports this decision.



 
 
 
 
 

Attachment 4 







 

 

 
 
 
 
 

Attachment 5 



 

 
U.S. Department of the Interior  
Bureau of Land Management 

 

 

 

Finding of No Significant Impact 

 

 
DOI-BLM-NV-B020-2020-0017-EA 

 

 

 
 

Silicon Exploration Project Plan of Operations 
Nevada Reclamation Permit Application 

 
 
 

 
PREPARING OFFICE 

U.S. Department of the Interior  
Bureau of Land Management  
Tonopah Field Office, Nevada 



2 
 

 
Silicon Exploration Project  

DOI-BLM-NV-B020-2020-0017-FONSI 

Finding of No Significant Impact 
NEPA: DOI-BLM-NV-B020-2020-0017-EA 

Case Files: NVN-097820 (Plan) 

I have reviewed Environmental Assessment (EA) DOI-BLM-NV-B020-2020-0017-EA dated July 
2020. The EA analyzes the Exploration Plan of Operations. After consideration of the environmental 
effects as described in the EA (and incorporated herein), I have determined that the Proposed Action 
will not significantly affect the quality of the human environment, individually or cumulatively with 
other actions in the general area. No environmental effects meet the definition of significance in 
context or intensity as described in 40 Code of Federal Regulations (CFR) 1508.27; therefore, 
preparation of an Environmental Impact Statement (EIS) is not required per Section 102(2) (c) of the 
National Environmental Policy Act (NEPA). 
 
DOI-BLM-NV-B020-2020-0017-EA has been reviewed through the interdisciplinary team process 
and has been posted for public comment for 45 days. 
 
It has been determined that the Project is in conformance with the approved Tonopah Resource 
Management Plan, and its amendments, and is consistent with the plans and policies of neighboring 
local, county, state, tribal, and federal agencies and governments. This finding and conclusion is 
based on my consideration of the Council on Environmental Quality’s (CEQ) criteria for significance 
(40 CFR 1508.27), both with regard to the context and the intensity of impacts described in the EA. 
 
Context 

In September 2019, AngloGold Ashanti North America (AGA) submitted an Exploration Plan of 
Operations (EPO) for the proposed Silicon Exploration Project (Proposed Action) in southcentral 
Nevada. This EPO would include the exploration activities on the claim blocks held by AGA and 
Renaissance Gold Inc. The EPO, baseline reports, and Supplemental Environmental Reports (SERs) 
used in the preparation of this EA are on file and available for public review at the Bureau of Land 
Management (BLM) in Tonopah, Nevada, during regular business hours (Monday through Friday, 
excluding holidays from 7:30 AM to 4:30 PM PST) by appointment. 
 
The BLM has evaluated the EPO titled Silicon Exploration Project Plan of Operations 
NVN-097820/Nevada Reclamation Permit Application, and has prepared an EA, DOI-BLM-NV-
B020-2020-0017-EA, that analyzes the affected environment, environmental impacts, and identifies 
environmental protection measures associated with the Project. The final EPO was submitted 
April 21, 2020, in accordance with the BLM Surface Management Regulations 43 Code of Federal 
Regulations (CFR) 3809, as amended. It has been assigned BLM case file number NVN-097820.  
 
The EPO is located approximately seven miles northeast of Beatty in Nye County, Nevada. The legal 
description of the EPO Area is provided in the table below. The EPO Area encompasses 
approximately 3,630 acres of public lands administered by the BLM Battle Mountain District Office. 
The proposed Silicon EPO Area is underlain by 305 lode claims that are owned or controlled by 
AGA or Renaissance Gold Inc. (EPO, Appendix C, Claim Information). 
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Project Legal Description* 

Townships Ranges Sections 
11 South 47 East 13, 23 through 27 
11 South 48 East 8 through 10, 14 through 22, 27 through 33 
12 South 47 East 12 through 17, 23, and 24 
12 South 48 East 4 through 7 

*Mt. Diablo Base and Meridian, Nevada 
 
AGA is currently acknowledged to conduct 4.75 acres of surface disturbance, including access road 
and drill site construction, within the Project Area under an Exploration Notice, BLM case file 
number NVN-095843. AGA proposes to conduct phased mineral exploration-related activities within 
a 3,630-acre Project Area, that would create up to approximately 150 acres of new surface 
disturbance for a total Project-related disturbance of approximately 155 acres. Exploration activities 
would be conducted in phases, with approximately 55 acres of new surface disturbance occurring 
under Phase I, including up to five acres of Notice-level disturbance. An additional 100 acres of 
surface disturbing activities would occur under subsequent phases. Under the existing Notice NVN-
095843, AGA could conduct up to five acres of disturbance. The proposed surface disturbing 
activities are anticipated to occur over a period of approximately ten years.  
 
Pursuant to NEPA and the Council on Environmental Quality regulations on implementing NEPA, 
the EA identifies, describes, and evaluates environmental protection measures (EPMs) that would 
mitigate the possible impacts of the preferred alternative. The short- and long-term impacts as 
disclosed in the EA are not considered to be significant to the human environment. The short-term 
impacts from implementation of the Project are local; they are not regional or national in nature. The 
long-term impacts resulting from the Project would be mitigated by concurrent reclamation during 
the life of the Project and meeting all reclamation requirements prior to ending the Project. 
 
Intensity 

1.   Impacts that may be both beneficial and adverse. 

Potential impacts to the environment as identified in Section 3 of the EA include the following: 
 

Lands and Realty 

The Proposed Action would not result in effects or changes to land ownership and would not 
result in conflicts, substantial modifications, or termination of the rights-of-way (ROWs) or 
land use authorizations within the EPO Area. Effects of the Proposed Action on lands and 
realty would be minor, short-term, and localized.  
 
Lands with Wilderness Characteristics 

The Project would result in up to 155 acres of surface disturbance, which could occur anywhere 
in the Project Area, and potentially within the Yucca Mountain LWC unit. Phase I activities 
would not occur within the LWC unit, but locations of disturbance under subsequent phases are 
unknown. These activities, in combination with the February 2020 wilderness characteristics 
inventory update findings of identifying three Wilderness Inventory Roads within the LWC 
unit, could eliminate the unit’s qualifying wilderness characteristics including naturalness and 
solitude, by bisecting the LWC unit and consequently reducing the LWC unit to less than 5,000 
acres. The three identified Wilderness Inventory Roads experience a variety of uses, and during 
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the February 11, 2020, field work, one drill rig, two water trucks, and several pick-up trucks 
associated with the drilling activities were seen driving on one of the three Wilderness 
Inventory Roads. 

 
The wilderness characteristics of the lands within the unit, particularly “solitude,” would be 
impacted by vehicles associated with Project activities using the three Wilderness Inventory 
Roads, as mineral exploration activities would likely be seen, heard, and felt by visitors within 
the LWC unit, as well as other activity (e.g., recreation) on the three roads. 
 
Migratory Birds 

Direct or indirect adverse effects to migratory birds from the Proposed Action are not 
anticipated. Direct effects resulting from the destruction of active nests or disturbance to 
breeding behavior are considered negligible, short-term, and localized. Indirect effects resulting 
from the temporary loss of potential foraging and breeding habitat are considered minor, short-
term, and localized. The EPM in Section 2.2.6.5 of the EA and reclamation of 155 acres of 
surface disturbance would minimize any potential adverse effects to migratory birds. 
 
Noxious Weeds, Invasive and Non-native Species 

Adverse effects to vegetation resources from noxious weeds, invasive and non-native species 
could include the spread and establishment of these species during surface disturbing activities, 
including travel and maintenance of the Project Access Roads. Potential adverse effects from 
the spread and establishment of noxious weeds, invasive and non-native species would be 
minimized by the EPM in Section 2.2.6.7 of the EA and concurrent reclamation; potential 
adverse effects are considered minor, short-term, and localized. 
  
Recreation 

Project Area roads would remain open during Project activities, and there would be no fencing 
to preclude use, except for fences around sumps to protect wildlife. There is other similar land 
available to dispersed recreational visitors in the vicinity of the Project Area. The organized 
OHV races contain stipulations for road repairs, and some have stipulations for notifications 
being sent to area stakeholders prior to the event. Any adverse effects to recreation would be 
minor, short-term, and localized. 
 
Soils 

Soils in the Project Area have a primarily low erosion hazard from water and a moderate 
erosion hazard from wind. Potential impacts to soils would be reduced by the EPMs outlined in 
Section 2.2.6.12 requiring the use of BMPs to minimize stormwater erosion. As a result of 
reclamation of all drill sites, sumps, overland travel, and road construction, the post‐exploration 
topography is expected to be like pre‐Project conditions, which would reestablish the site 
characteristics of slope and aspect of soil associations within the Project Area. As a result of 
the implementation of the EPMs in Section 2.2.6.12 of the EA and concurrent reclamation 
efforts, soil loss due to the surface disturbing activities associated with implementation of the 
Proposed Action would be minor, long‐term, and localized.  
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Special Status Species 

Exploration activities, including the construction of roads and overland travel, could disturb 
special status wildlife species due to the presence of humans and by creating noise and dust. 
However, foraging activities within the Project Area could continue since the proposed surface 
disturbance activities only cover approximately four percent of the entire Project Area (155 
acres out of a total of 3,630 acres). Indirect, localized, long‐term adverse effects to foraging 
activities would occur due to the temporary loss of vegetation as a result of Project-related 
surface disturbance. 
 
Two populations of black woollypod were identified during the NNHP data request. The first 
identified reference area had one Astragalus species, but that species lacked the dense, silvery 
hairs borne on the stems and leaflets that is characteristic of black woollypod and its look-
alikes. 

 
One individual in transition to the second identified reference area had dense silvery hairs, but 
the flowers and fruits that indicate the defining characteristics of black woollypod were not 
present, so no positive identification was possible. The second identified reference area had 
approximately ten individuals of the target milkvetch species. These individuals were in 
varying life stages, but several had flowers and fruits. These were positively identified as black 
woollypod. 

 
The terrain around the positively identified black woollypod reference population was that of 
loose talus hillsides of approximately 25 percent slope. The soil underneath the loose talus had 
a sandy clayey consistency, which appeared to be the limiting factor for the presence of black 
woollypod. 
 
Four locations were chosen via desktop analysis to review habitat characteristics in relation to 
black woollypod: two that had characteristics consistent with those of the reference site (e.g., 
areas of greater than 25 percent slope and with Zibate-Zyplar-Dedas soil association) and two 
contrasting sites that did not have these characteristics. 

 
Neither of the recon points (Recon Points 1 and 3) for potential positive habitat to support 
black woollypod had the characteristics observed within the reference population. Both recon 
points had slopes greater than or equal to 25 percent but had minimal talus present and the soils 
lacked the clay content necessary to support this species. Recon Point 1 also appeared to have 
been recently burned from a wildfire and as such had a much higher cover of annual grasses 
and exposed soils. 

 
The recon points (Recon Points 2 and 5) selected for potential negative habitat lacked all the 
characteristics necessary to support black woollypod. The slopes were less than 25 percent, 
talus was not well developed, bare ground was present, and the soils lacked the necessary clay 
content. 
 
Brewer’s sparrow (Spizella breweri), loggerhead shrike (Lanius ludovicianus), LeConte’s 
thrasher (Taxostoma lecontei), and golden eagle were observed during the migratory surveys. 
Potential adverse effects to breeding from the Project could include possible direct loss of nests 
(e.g., crushing) or indirect effects (e.g., abandonment) from increased noise and human 
presence within close proximity to an active nest site. Implementation of the EPM outlined in 
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Section 2.2.6.5 of the EA for migratory birds would ensure that prior to surface disturbance, a 
nesting survey for migratory birds (including BLM sensitive avian species) would be 
conducted and nests avoided if exploration activities occur during the avian breeding season. 
Vegetation removal would result in a reduction of breeding habitat for BLM sensitive avian 
species in the Project Area. This acreage would not all be disturbed at one time due to 
incremental disturbance and concurrent reclamation of the surface exploration disturbance. 
Potential adverse effects to migratory birds would be minor, long‐term, and localized. 
 
There was one golden eagle nest and five possible golden eagle nests within one mile of the 
Project Area. None of the nests were occupied during 2019 field surveys; however, one nest 
was active during 2020 field surveys. To avoid impacts to those nests, AGA would implement 
the EPM in Section 2.2.6.10 that states Project activities would not be conducted between 
January 1 and August 31 within one mile of a nest. However, if that is not practicable, a survey 
would be conducted after March 21 at eagle nest sites that are within one mile of the Project 
Area to determine occupancy. The timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from the NDOW based on consideration of bighorn sheep 
(Ovis canadensis) lambing activity. If a nest has a bird in an incubating/brooding posture, it 
would be assumed that the nest is active that year, and a one-mile disturbance buffer would be 
applied until August 31, or until it has been determined that 1) the nest has failed; or 2) the 
young have fledged and are no longer dependent on the nest. The buffer sizes may be reduced 
with approval from the US Fish and Wildlife Service (USFWS). If the nest is not active at the 
time of the surveys, the one-mile buffer would not apply and Project activities could 
commence. 
   
Survey data collected for this Project indicate high and moderate levels of bat use (defined as 
roost sites with high acoustic activity and/or moderate to high maternity use) at sites NY-0328, 
NY-0334, NY-0335, NY-1496, NY-1499, NY-2002, NY-2843, and NY-2844. To minimize 
potential adverse effects to bats, AGA would implement and follow the EPM outlined in 
Section 2.2.6.10 of the EA and avoid conducting drilling activities within a 200-yard buffer of 
the adit opening throughout the life of the Project. Potential adverse effects to bats are 
considered minor, long-term, and localized. 
 
BLM sensitive big game species, such as bighorn sheep, may avoid the Project Area due to 
noise and other anthropogenic disturbances generated by the Project. These potential adverse 
effects would temporarily reduce the available habitat area for BLM sensitive big game 
species. Potential adverse effects to these BLM sensitive big game species would be considered 
minor, short‐term, and localized. Additionally, sumps associated with drill sites would be built 
with an incline on one end to allow for egress/ingress for humans and fenced when necessary to 
preclude access. Implementation of the EPM outlined in Section 2.2.6.13 of the EA would help 
minimize impacts to BLM sensitive big game species. 
 
Surface and Groundwater Resources  

Potential adverse effects to surface water quality would result from spills and sedimentation or 
erosion from surface disturbing activities. The potential adverse effects to surface water quality 
from spilled petroleum products would be minimized by the implementation of the Spill 
Response and Contingency Plan included as Appendix D of the EPO. The potential adverse 
effects to surface water quality from sedimentation would be minimized by the implementation 
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of the EPMs outlined in Section 2.2.6.12 of the EA. Therefore, potential adverse effects to 
surface water resources would be considered negligible, long-term, and localized.  
 
Potential adverse effects to groundwater resources are not anticipated. The proposed Project 
includes 109 drill pads and drill holes during Phase I activities. The planned 
breakdown of drilling is approximately 70 RC drill holes (ranging between 60 to 79) and 39 
core holes (ranging between 30 and 49). Phase I activities would be implemented over 
approximately two years. The yearly implementation (approximately 35 RC holes and 
approximately 19 core holes) is similar to the Notice-level program and can be expected to 
have the similar net neutral to positive effect on the water resources. Subsequent phases of 
drilling are not yet planned, but are expected to have similar yearly implementations as the 
Phase I activities. 
 
AGA has no plans to apply for water rights with NDWR in the Project Area. AGA’s intent is to 
continue to source drill injection waters with annual temporary water right permits with 
NDWR, in conjunction with BWSD. 

 
The water resources (springs and water rights) along the Amargosa River valley are greater 
than 3.5 miles away from the recent Notice-level and proposed Project drilling. Due to the net 
positive water balance observed in the area of the Notice-level drilling and the remote distance 
of the nearest receptors, impacts to groundwater resources are considered minor, long-term, and 
localized. 
 
Vegetation 

Approximately 155 acres would be disturbed over the ten‐year Project life as a result of 
implementation of the Proposed Action. Approximately 150 acres of proposed disturbance is 
associated with phased surface exploration activities that could occur in any of the ecological 
sites in the Project Area. However, since the blackbrush dominated community occurs in 
almost the entire Project Area, it is anticipated that all proposed disturbance would occur in this 
community. The surface disturbance associated with exploration activities within the Project 
Area would be reclaimed and reseeded concurrently whenever feasible. Any surface 
disturbance related to the Proposed Action would not result in the loss of any unique vegetation 
community but would still result in a temporary loss of vegetation. Reclamation associated 
with the Proposed Action would begin upon completion of Project activities using a 
BLM-approved seed mixture. Monitoring activities are included in the Proposed Action, which 
would ensure that the revegetation meets reclamation standards. Potential adverse effects to 
vegetation as a result of surface disturbing activities associated with implementation of the 
Proposed Action would be minor, long‐term, and localized. 
 
Wildlife 

Adverse direct effects to wildlife would consist of disturbance from human activity, noise, and 
potential mortality from vehicle collisions, and indirect impacts would consist of temporary 
habitat loss and potential infestation of noxious weeds that would reduce the quality of the 
habitat. Approximately 155 acres of proposed disturbance associated with surface exploration 
activities could occur anywhere within the Project Area and would be created incrementally 
over the potential ten-year Project life.  
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During exploration, sumps associated with drill sites would be constructed with a sloped end 
for egress and when necessary, fenced, backfilled, or covered within 30 days of construction 
completion to preclude access. After exploration activities have been terminated, reclamation 
would involve regrading disturbed areas related to this Project to their approximate original 
contour, and reseeding with a BLM-approved weed free seed mix. Reclamation would be 
completed no later than two years after the completion of activities under the Proposed Action, 
with monitoring for revegetation success continuing until revegetated areas are released. 
Invasive, non‐native species reduce the quality of habitat for wildlife. Project‐related activities 
increase the potential for the spread of these species further reducing the quality of wildlife 
habitat in the Project Area. AGA would implement EPMs for noxious weeds, outlined in 
Section 2.2.6.7 of the EA, which would mitigate or reduce the potential adverse effects of 
noxious weeds and invasive species to wildlife habitat. Potential adverse effects associated 
with the loss of wildlife habitat are considered minor, long‐term, and localized. 
Due to surface disturbing activities, there would be a potential of direct mortality to small 
mammals (e.g., being crushed by vehicles or equipment). Surface disturbing activities would 
also impact small mammal habitat by removing vegetation and rocks and potentially disturbing 
burrows. Disturbed habitat would be reseeded with a reclamation seed mix that would include 
forage species for small mammals. Although mortality of small mammals could occur, 
potential adverse effects would be considered minor, short‐term, and localized. 
 
Large mammals, such as mule deer, may avoid the Project Area due to noise generated by the 
Project. These potential adverse effects would temporarily reduce the available habitat area for 
large mammals. Potential adverse effects to these large mammals would be considered minor, 
short‐term, and localized. Additionally, as outlined in the EPM in Section 2.2.6.13 of the EA, 
sumps associated with drill sites would be constructed with a sloped end for egress and when 
necessary, fenced, backfilled, or covered within 30 days of construction completion to preclude 
access.    
 
Reptiles would be impacted by surface disturbing activities, which would remove vegetation 
and disturb soil. Surface disturbance would remove potential areas for the sagebrush lizard and 
western whiptail to lay their eggs or could destroy eggs laid within disturbance areas. Loss of 
vegetative cover and burrows could result in greater mortality due to predators. Temporary 
disturbance would reduce the foraging area but would be restored through reclamation. 
Potential adverse effects to reptiles would be minor, short‐term, and localized.  
 

2.   The degree to which the proposed action affects public health and safety.  

The effects of the Project on both public health and safety would not have significant adverse 
impacts as AGA would be required to follow the Mine Safety and Health Administration 
regulations along with maintaining all equipment and facilities in a safe and orderly manner. 
 
Through adherence to EPMs, and Best Management Practices (BMPs), the Project would not 
result in potentially substantial or adverse impacts to public health and safety. Public safety 
would be maintained throughout the life of the Project. A complete list of EPMs can be found 
in Section 2.2.6 of the EA.  
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3.   Unique characteristics of the geographic area such as proximity of historic or cultural 
resources, park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically 
critical areas.  

AGA would conduct exploration activities in accordance with applicable state and federal 
regulations. As part of the baseline data collection to support the NEPA analysis for this 
proposed Project, a Class III cultural resources inventory was conducted in the entire Project 
Area, to identify cultural sites and sites that are eligible for the National Register of Historic 
Places (NRHP).  
 
AGA would notify the BLM‐authorized officer, by telephone, and with written confirmation, 
immediately by telephone and in writing within 72 hours upon the discovery of human 
remains, funerary objects, sacred objects, or objects of cultural patrimony. AGA would 
immediately stop all activities within 100 meters of the discovery and not commence again 
until a notice to proceed is issued by the BLM‐authorized officer. 
 
Any undiscovered cultural resources identified by AGA, or any person working on their  
behalf, during the course of activities on federal land would immediately be reported to 
the authorized officer by telephone and in writing within 72 hours. The permit holder 
would suspend all operations within 100 meters of such discovery and protect it until 
an evaluation of the discovery can be made by the authorized officer. 
 
There are no park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically 
critical areas in the Project Area or vicinity. 
 

4.   The degree to which the effects on the quality of the human environment are likely to be 
highly controversial. 

The Project is not expected to have effects on the quality of the human environment such that 
they are highly controversial. The parameters of the Project activities, along with associated 
reclamation are well established. The Project Area is isolated from human habitations. Except 
for mineral exploration, wildlife habitat, and recreation uses, the Project Area is typically 
uninhabited. 
 
Reclamation measures would return the Project Area to its pre-Project uses of wildlife habitat 
and dispersed recreation. 
    

5.   The degree to which the possible effects on the human environments are highly uncertain or 
involve unique or unknown risks. 

There are no known effects of the Project identified in the EA that would be considered highly 
uncertain or involve unique or unknown risks. Project activities similar to what has been 
included in the Project have been conducted numerous times over many years on BLM-
administered land and the effects are well understood. This is demonstrated through the effects 
analysis in Section 3 of the EA. 
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6.   The degree to which the action may establish a precedent for future actions with significant 
effects or represents a decision in principle about a future consideration. 

The Project will not establish a precedent for future actions with significant effects or represent 
a decision about a future consideration. Completion of the EA does not establish a precedent 
for other assessments or authorization of other development Projects including additional 
actions in the Project Area. Any future Projects within the area or in surrounding areas will be 
analyzed on their own merits, independent of the actions currently selected. 
 

7.   Whether the action is related to other actions with individually insignificant but cumulatively 
significant impacts. 

Direct and indirect impacts of the Proposed Action were analyzed in Section 3 (Environmental 
Consequences) of the EA. None of the environmental impacts disclosed under item 1 above 
and discussed in detail in Section 3 of the EA are considered significant. Past, present, and 
reasonably foreseeable future actions as identified in Section 4 of the EA have been considered 
in the cumulative impacts analysis within Section 4 of the EA. The cumulative impacts analysis 
examined all the affected resources and all other appropriate actions within the Cumulative 
Effects Study Areas and determined that the Project would not incrementally contribute to any 
significant impacts. In addition, for any actions that might be proposed in the future, further 
site-specific environmental analysis, including assessment of cumulative impacts, would be 
required.  
 

8.   The degree to which the action may adversely affect districts, sites, highways, structures, or 
objects listed in or eligible for listing in the National Register of Historic Places or may 
cause loss or destruction of significant scientific, cultural, or historic resources. 

Adverse effects to cultural resources would not occur, as AGA has committed to avoiding all 
sites eligible for listing on the NRHP by a buffer of 30 meters, as outlined in the EPM in 
Section 2.2.6.2 of the EA. Adherence to the EPM would result in a “no historic properties 
effected” determination.     
 

9.   The degree to which the action may adversely affect an endangered or threatened species or 
its habitat that has been determined to be critical under the Endangered Species Act of 1973. 

The USFWS, the Nevada Natural Heritage Program (NNHP), and Nevada Department of 
Wildlife were contacted to obtain a list of threatened, endangered, and sensitive species that 
have the potential to occur within the Project Area.  In addition, the most recent BLM Sensitive 
Status Species List, which includes threatened and endangered species, was evaluated to 
determine if any species had the potential to occur within the Project Area and vicinity. 
 
The USFWS indicated the following two endangered and one threatened species that may be 
affected by Project activities: southwestern willow flycatcher (Empidonax traillii extimus), 
Endangered; Yuma clapper rail (Rallus longirostris yumaensis), Endangered; and desert 
tortoise (Gopherus agassizi), Threatened. There were no critical habitats identified in the 
Project Area. The NNHP reported that the Funeral Mountain milkvetch (or BLM-preferred 
naming of black woollypod) (Astragalus funereus), a global and state ranked Imperiled and 
BLM sensitive species, has been recorded in the Project Area. 
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The southwestern willow flycatcher and Yuma clapper rail were not observed during the 2019 
field surveys; the Project Area does not contain suitable habitat for either species as they are 
riparian obligate species. 

Focused desert tortoise protocol-level 100 percent coverage presence/absence surveys were 
conducted in the Project Area March 1, 2019, to June 5, 2019. Vegetation in the Project Area 
consisted of mixed desert shrub communities mostly dominated by blackbrush ( Coleogyne 
ramosissima). Other common shrubs included spiny menodora (Menodora spinescens), 
Mexican bladdersage (Salazaria mexicana), winterfat (Krascheninnikovia lanata), jointfir 
(Ephedra sp.), desert-thorn (Lycium sp.), Mojave indigobush (Psorothamnus arborescens), and 
Mojave woodyaster (Xylorhiza tortifolia). Scattered Joshua trees (Yucca brevifolia), creosote 
bush (Larrea tridentata), burrobush (Ambrosia dumosa), and sagebrush (Artemisia sp.) were 
also present. Abundant native annuals included phacelia (Phacelia sp.), fiddleneck (Amsinckia 
sp.), pincushion (Chaenactis sp.), desertdandelion (Malacothrix sp.), lupine (Lupinus sp.), and 
milkvetch (Astragalus sp.). The invasive grass red brome (Bromus rubens) was observed 
throughout the Project Area. During surveys, there were several areas that biologists 
determined were not suitable to survey because of the steep terrain and loose rock that made 
the areas treacherous. After adjusting for the removed areas, biologists surveyed a total length 
of 533.7 miles of transects and encountered 194 burrows, none of which were definitively 
identified as constructed by desert tortoise (Class 1, 2, or 3). No live tortoises or tortoise signs 
were observed during surveys of the Project Area. However, two adult tortoises were 
encountered incidentally outside of official surveys. One adult female tortoise was encountered 
approximately two miles south of the Project Area while the survey crew was leaving the 
Project. The second tortoise was an adult of unknown sex observed by one of the AGA 
geologists on the western edge of the Project Area. AGA geologists/drilling teams also 
encountered two carcasses and a live tortoise while undertaking surface mapping and sampling 
activities within their claims in 2018, which AGA reported to the BLM via email on May 23, 
2018. 

USFWS formal consultation in compliance with Section 7 of the Endangered Species Act of 
1973, as amended (ESA) was completed on November 25, 2019 (08ENVS00-2020-F-0017 and 
1-5-01-F-570). The USFWS concluded that the Project is not likely to jeopardize the continued 
existence of the threatened Mojave desert tortoise (Gopherus agassizi). The Proposed Action 
was appended to the Tonopah Programmatic Biological Opinion. 

JO. Whether the action threatens a violation of Federal, State, or local law or requirements 
imposed for the protection of the environments. 

The Project will not violate or threaten to violate any federal, state, or local law or requirement 
imposed for the protection of the environment. 

C2 ' 
Perry B. Wickham 
Field Manager 
Tonopah Field Office 

)vly 241 ,Zo-z_o 
Date 
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1.0 Introduction 

This Environmental Assessment (EA) analyzes the environmental consequences of the United 
States (U.S.) Fish and Wildlife Service (Service) issuing an incidental take permit for the take of 
golden eagles (Aquila chrysaetos) associated with the Silicon Exploration Project (Project) 
pursuant to the National Environmental Policy Act (NEPA) (42 United States Code [U.S.C.] §§ 
4321–4347). Issuance of an eagle take permit by the Service for take that is incidental to 
otherwise lawful activities under the Bald and Golden Eagle Protection Act (Eagle Act) (16 
U.S.C. §§ 668–668d and 50 Code of Federal Regulations [CFR] § 22.26) constitutes a 
discretionary federal action that is subject to NEPA. This EA assists the Service in ensuring 
compliance with NEPA, and in making a determination as to whether any “significant” impacts 
could result from the analyzed actions that would require preparation of an Environmental 
Impact Statement (EIS). This EA evaluates the effects of alternatives for the Service’s decision 
whether to issue an eagle take permit. 

The Eagle Act authorizes the Service to issue eagle take permits only when the take is 
compatible with the preservation of each eagle species, defined as “consistent with the goals of 
maintaining stable or increasing breeding populations in all eagle management units and the 
persistence of local populations throughout the geographic range of each species” (50 CFR 22.3). 

The Applicant, AngloGold Ashanti North America (AGA, Applicant), is requesting Eagle Act 
take coverage for resource exploration associated with the Project and has submitted an 
incidental eagle take permit application to the Service. The Project’s Eagle Conservation Plan 
(ECP) (Appendix A) is the foundation of the application from the Applicant. 

The Applicant is requesting a permit for reoccurring disturbance to and loss of annual 
productivity from breeding golden eagles for up to 10 times over no more than 10 years. This EA 
evaluates whether issuance of the incidental eagle take permit would have significant impacts on 
the existing human environment. “Significance” under NEPA is defined by regulation at 40 CFR 
1508.27, and requires short- and long-term consideration of both the context of a proposal and its 
intensity. 

This proposal conforms with, and carries out, the management approach analyzed in, and 
adopted subsequent to, the Service’s Programmatic Environmental Impact Statement (PEIS) for 
the Eagle Rule Revision, December 2016 (USFWS 2016a). Project-specific information not 
considered in the PEIS has been considered in this EA as described below. Based on this Project-
specific analysis and application of the criteria provided in the PEIS, the Service has determined 
that an EA is the appropriate level of review. 



Environmental Assessment 2 Silicon Exploration Project 

1.1 Purpose and Need 

The Service’s purpose in considering the proposed action is to fulfill their authority under the 
Eagle Act (16 U.S.C. §§ 668–668e) and its regulations (50 CFR § 22). Applicants whose 
otherwise lawful activities may result in take of eagles can apply for eagle incidental take 
permits so that their projects may proceed without potential violations of the Eagle Act. The 
Service may issue eagle take permits for eagle take that is associated with, but not the purpose 
of, an activity. Such permits can be issued by the Service when the take that is authorized is 
compatible with the Eagle Act preservation standard; it is necessary to protect an interest in a 
particular locality; it is associated with, but not the purpose of, the activity; and it cannot be 
practicably avoided (50 CFR § 22 and 81 Federal Register 91494). 

The need for this action is a decision on an eagle incidental take permit application from AGA. 
The decision must comply with all applicable regulatory requirements and be compatible with 
the preservation of eagles. 

1.2 Authorities 

Service authorities are codified under multiple statutes that address management and 
conservation of natural resources from many perspectives, including, but not limited to the 
effects of land, water, and energy development on fish, wildlife, plants, and their habitats. This 
analysis is based on the Eagle Act (16 U.S.C. 668–668e) and its regulations (50 CFR 22). The 
PEIS (USFWS 2016a) has a full list of authorities that apply to this action (USFWS 2016a: 
Section 1.6, pages 7-12), which are incorporated by reference here. 

1.3 Background 

AGA’s Plan of Operations (Plan) has been approved by the BLM Battle Mountain District 
Office, Tonopah Field Office (BLM 2020). Under the Plan, AGA is approved to conduct 
exploration drilling within the Project Plan boundary (Figure 1-1). The Project is located 
approximately seven miles northeast of Beatty, Nevada in Nye County and can be accessed in 
two directions from Beatty, Nevada: 1) traveling south 1.3 miles on U.S. Highway 95 (US 95) 
and approximately 8.9 miles up Fluorspar Canyon Road (Nye County Road 249) and Tate’s 
Wash Road (Nye County Road 926019); and 2) traveling 3.6 miles north on US 95 and 
approximately 4.1 miles east on the North Beatty Wash Road (Nye County Road 926026) that 
connects to the Beatty Wash Road (Nye County Road 926025) at the Project.  

The Project includes conducting an exploration drilling program within the approximately 3,630-
acre Plan boundary to determine the extent and quality of a mineral resource within the 
approximately. Surface-disturbing activities are approved for up to 155 acres, and consist of an 
existing road network for Project access, reverse circulation and core drilling from constructed 
drill sites, road construction and overland travel, bulk sampling, geotechnical auger holes and 
geological test pits, geologic and geophysical mapping, water monitoring well and water 
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extraction well installation, and construction of a meteorological station. The disturbance occurs 
in phases, and Phase I consists of approximately 50 acres of surface disturbance in addition to 
five acres of Notice-level surface disturbance for a total of approximately 55 acres. The 
remaining 100 acres of disturbance will occur under subsequent phases (155 acres total) over 
approximately 10 years. Exploration activities may occur year-round and 24 hours per day, with 
up to four drill rigs operating at one time and up to 20 personnel present. 

Within the vicinity of the BLM-approved drilling, six nest sites (SI-301, SI-302, SI-303, SI-304, 
SI-305, and SI-502), thought to represent one breeding pair’s territory, are located on natural 
features. The location of the ore body occurs in the immediate proximity of the nest sites. 

The Project area (Silicon Exploration Project Plan of Operations boundary and a surrounding 
four-mile radius) includes various rock outcrops that serve as potential eagle nesting areas. 
Vegetation communities are dominated by Mojave Mid-Elevation Mixed Desert Scrub, Sonora-
Mojave Creosotebush-White Bursage Desert Scrub, and Inter-Mountain Basins Semi-Desert 
Shrub Steppe, which provide habitat of varying ranges for golden eagle prey base. Limited water 
sources are present in the Plan boundary, and the majority of seeps and springs in the Project 
area are present along the Amargosa River, which is approximately three miles west of the nest 
sites. In addition, paved and non-paved roads are located in the Project area, including US 95, 
that provide carrion for eagles and represent potential scavenging habitat. 

1.4 Scoping, Consultation, and Coordination 

This EA incorporates by reference the scoping performed for the PEIS (USFWS 2016a: Chapter 
6, page 175). A draft of this EA, the Applicant’s ECP, and a draft Finding of No Significant 
Impact was made public on the Service’s Pacific Southwest Region webpage 
(https://www.fws.gov/cno/conservation/MigratoryBirds/EaglePermits.html) for 30 days to solicit 
public comments beginning December 20, 2022. The Service received one public comment letter 
on the draft EA and revisions were incorporated into the EA as a result of substantive comments, 
as appropriate. Public comments and responses are included in Appendix B.  

1.5 Tribal Coordination 

Tribal participation is an integral part of the NEPA and the National Historic Preservation Act 
(NHPA) process, as well as a key component of determining whether to issue an eagle take 
permit. Cultural and religious concerns regarding eagles were analyzed in the PEIS (USFWS 
2016a), and tribal consultation was conducted for the PEIS (USFWS 2016a). The PEIS (USFWS 
2016a) identified tribal coordination as an important issue for subsequent analysis, given the 
cultural importance of eagles to the tribes. In accordance with Executive Order 13175, 
Consultation and Coordination with tribal governments (65 Federal Register 67249, November 
9, 2000), the NHPA Section 106 (36 CFR 800) and the Service’s Native American Policy, the 
Service consults with Native American tribal governments whenever actions taken under the 

https://www.fws.gov/cno/conservation/MigratoryBirds/EaglePermits.html
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authority of the Eagle Act may affect tribal lands, resources, or the ability to self-govern. This 
coordination process is also intended to ensure compliance with the American Indian Religious 
Freedom Act. 

The Service sent letters to eight federally recognized tribal governments located within 109 miles 
(the natal dispersal distance of golden eagles, thought to adequately define the species local area 
population [LAP]) of the Project informing them of the received permit application and 
preparation of this EA, and offering the opportunity for formal consultation regarding potential 
issuance of the permit. In addition, comments from Tribes are also encouraged and welcomed 
during the 30-day comment period on the EA. 

2.0 Proposed Action and Alternatives 

In this analysis, and in our consideration of take authorization to the Applicant, each incident of 
“take” results in loss of productivity for a single season for a single eagle breeding pair. Take 
that may result in injury or mortality of eagles is not expected nor would it be authorized under 
this permit. While the available data indicates one breeding territory is most likely to be 
impacted by activities, as these pairs have nests located in the vicinity of the Project Area, eagle 
populations are dynamic with shifting territory boundaries and eagle pairs may establish new 
nest locations. New territories and new nesting locations may be identified in the Project Area or 
its vicinity over the life of the permit. To allow for operational flexibility, the Applicant may 
utilize the 10 take authorizations for no more than ten years and as needed should nesting 
locations differ within the Project Area. Effects of up to ten incidents of take over ten years is 
expected to be the same, regardless of exact location. 

2.1 Alternative 1: Proposed Action 

The Service proposes to issue an incidental eagle take permit, with associated conditions, to the 
Applicant for disturbance to and loss of annual productivity of breeding golden eagles, as 
allowed by regulation (Proposed Action). The permit would be issued for up to 10 incidents of 
take over no more than 10 years.  

Under this alternative, all monitoring and adaptive management measures, minimization 
measures, and detection and reporting measures outlined in Section 2.11-2.13 would be permit 
requirements. Monitoring associated with the permit would be conducted as outlined in Table 
2-1 and by a third party monitor as required by our regulations.  

2.1.1 Compensatory Mitigation 

Compensatory mitigation would be conducted within the Pacific Flyaway Eagle Management 
Unit (EMU). The Applicant would provide the compensatory mitigation at the required 1.2:1 
ratio by retrofitting electric utility poles, as discussed in the 2016 PEIS. The intent would be to 
minimize the potential for eagle electrocutions and ensure that the effects of eagle incidental take 
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are offset at the population level. The amount of compensatory mitigation required for the lost 
productivity has been determined through the Service’s Golden Eagle Resource Equivalency 
Analysis (REA) (USFWS, 2013). The permit would require 90 to 207 electric utility poles to be 
retrofitted to offset the impacts to golden eagle breeding territories. The exact number of retrofits 
depends on the longevity of each pole’s retrofit. Simple retrofits are accomplished by placing 
plastic covers on electric components. As plastic covers are a temporary solution, once 
retrofitted, the power pole is considered “eagle safe” for 10 years. If a pole is reframed or 
reconstructed, the pole is made permanently safe for eagles because adequate spacing is provided 
between electrical components. The Service gives a 30-year credit for this type of retrofit 
(USFWS, 2013).  

AGA would provide compensatory mitigation for five incidents of take no later than 30 days 
after permit issuance. At the five-year review, the Service and AGA would consult and evaluate 
the amount of mitigation owed or credited for the remainder of the permit authorization period. 

2.1.2 Adaptive Management 

Continued monitoring will inform the Applicant on the status of existing nests as well as if new 
nests are being constructed near the Project and its associated activities. If monitoring determines 
that multiple take events may occur in a given year, and that the Proponent is approaching their 
take permit limits (i.e., up to 10 takes over no more than 10 years), adaptive management would 
be implemented. First, the Applicant would apply avoidance buffers on in-use/occupied nests to 
prevent incidental take (no surface-disturbing activities within one mile of an in-use/occupied 
nest during breeding season including early courtship through post fledging nest dependency 
(i.e., December 15 through July 15). If avoidance is not practicable, the Proponent may request a 
permit amendment from the Service. During annual monitoring, should a bald eagle nest be 
discovered in the project area, the Applicant would implement protective buffers and coordinate 
with the Service.. Additionally, at the five-year review of the permit, the Service may consider 
additional adaptive management strategies, if necessary, in coordination with the Applicant. 

2.1.3 Eagle Nest Monitoring 

The Applicant will monitor eagle nest sites annually using independent, third party monitors that 
report directly to the Service. The project area eagle nest monitoring will inform the applicant 
and agencies when golden eagle nests are in-use in the project area in order to validate the 
number of take incidents that occur, and ensure compliance with the permit authorization.  

2.1.4 Five Year Review 

Long term eagle incidental take permits require we conduct five year reviews. During the five 
year review process, we would evaluate if take occurred for each known breeding territory in 
each year. For example, should disturbance occur within one mile of a golden eagle nest during 
the courtship phase, or egg laying period of the breeding season (January 15 – April 1), the 
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Service would assume project activities prevented eagles from breeding and a take incident 
occurred. If the applicant’s data validates no disturbance occurred within one mile of a breeding 
pair’s nest site until after April 1 in a given year, and monitoring confirms nests are not in-use, 
the Applicant could proceed with their Project activities and the Service would determine no take 
occurred. We would take into consideration any alternate nests used within a given territory 
when evaluating the Project data and making these determinations.  

After assessing how many take incidents occurred during the first five years, we would then 
evaluate how much compensatory mitigation might be either credited or owed for the remainder 
of the 10 year permit duration. 

2.2 Alternative 2: No Action Alternative 

Under the No Action Alternative, the Service would take no further action on AGA’s permit 
application. However, the Service must take action on the permit application and determine 
whether to deny or issue the permit. Accordingly, this alternative is considered because Service 
policy requires evaluation of a No Action Alternative and it provides a clear comparison of any 
potential impacts to the human environment from the Proposed Action. The No Action 
Alternative in this context analyzes predictable outcomes of the Service not issuing a permit. 
Should a Permit not be issued, compensatory mitigation would not be required. Thus, for 
purposes of analyzing the No Action Alternative, the conservation measures proposed in the 
Permit application package would not be required. The Applicant may choose to voluntarily 
implement some, none, or all of those conservation measures. Under this alternative, it is 
assumed that the Applicant would take reasonable steps to avoid taking eagles, but AGA would 
not be protected from enforcement for violating the Eagle Act should take of an eagle occur. 

2.3 Common to All Alternatives 

This section describes components of the Project that are the same for the Proposed Action and 
No Action Alternative whether or not a permit is issued. If a permit is issued, these measures 
would become permit requirements. 

2.3.1 Monitoring 

The Applicant will implement all measures required by other agencies and jurisdictions to 
conduct the activity at this site, including applicant-committed Environmental Protection 
Measures (ACEPMs). The applicant will implement all conservation measures and commitments 
summarized below. Monitoring will be implemented over the life of the Project. Table 2-1 
presents a summary of the ACEPMs with monitoring and a schedule for implementation per the 
existing BLM NEPA document (BLM 2020).  
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Table 2-1 ACEPM Monitoring Schedule 

ACEPM Monitoring Actions Duration 

ACEPM 1 

A nest survey would be conducted by a qualified biologist prior to 
any surface disturbance associated with exploration activities during 
the avian breeding season (March 1 through July 31) for raptors and 
other migratory birds. Pre-disturbance surveys for migratory birds 
are only valid for 14 days. If the disturbance for the specific location 
does not occur within 14 days of the survey, another survey would 
be needed. If active nests are located, or if other evidence of nesting 

Annually as needed for 
the life of the Project. 

(i.e., mated pairs, territorial defense, carrying nest material, 
transporting food), a protective buffer (the size depending on the 
habitat requirements of the species) would be delineated after 
consultation with the BLM resource specialist. Source: BLM 2020 

ACEPM 2 

Annual surveys would be conducted at golden eagle nest sites that 
are within one mile of the Project Area to determine nest status. The 
timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from the Nevada Department 
of Wildlife (NDOW) based on consideration of bighorn sheep (Ovis 
canadensis) lambing activity. Source: BLM 2020 

Annually as needed for 
the life of the Project. 

ACEPM 3 
Vehicle speeds on undeveloped access roads shall not exceed 15 
miles per hour (mph) and 25 mph on more improved main access 
roads. Source: BLM 2020 

For the life of the Project. 

Source: BLM 2020 

2.3.2 Minimization Measures 

AGA is implementing the following measures and will continue to implement the measures to 
minimize impacts to golden eagles from the Project.  

Carcass Management: Staff will remove carcasses from all roadways within the Plan boundary 
when on site and dispose of them appropriately to reduce the risk of vehicle collisions. 

Employee Awareness and Training Program: Staff and contractors working on the Project will 
be provided training on reducing risks to eagle collisions, reporting eagle and nest observations, 
and any Service requirements provided within the eagle permit. 

2.3.3 Detection and Reporting Measures 

Eagle injuries, mortalities, and previously undocumented eagle nests may be detected through 
incidental observations by AGA personnel and contractors. To improve the probability that 
injuries and mortalities do not go undetected, AGA field staff will be advised to remain alert for 
eagles within exploration areas and access roads at all times. The detection of any new nest sites 
will occur through incidental observations and any monitoring that occurs. 

In the event that a new nest is detected within proximity to exploration activities, the AGA 
Environmental Department or designee will record the circumstances and conditions associated 
with the observation. Among the information recorded and reported to the Service will be the 
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date and time of the detection, the Global Positioning System location (North American Datum 
83), the status of the nest, and if possible, the species. 

When AGA personnel or their contractors encounter a golden eagle injury or mortality within the 
Plan boundary, they must report the incident to the AGA Environmental Representative. 
Personnel must not handle dead or injured eagles unless specifically directed to do so by the 
Service. In the event of an eagle injury, AGA’s Environmental Representative will notify the 
Service and NDOW immediately (the same business day) and in the event of mortality, 
notification will occur by the next business day. 

2.4 Other Alternatives Considered but Not Evaluated in this Environmental Assessment 

The Service considered other alternatives based on communication with the Applicant but 
concluded that these alternatives did not meet the purpose and need underlying the action 
because they were impracticable for the Applicant to carry out or did not adequately address the 
risk of take at the Project. Therefore, the Service did not assess the potential environmental 
impacts of those alternatives. Below is a summary of the alternatives considered but eliminated 
from further review. 

2.4.1 Alternative 3: Deny Permit 

Under this alternative, the Service would deny the permit application because the Applicant falls 
under one of the disqualifying factors and circumstances denoted in 50 CFR 13.21, the 
application fails to meet all regulatory permit issuance criteria and required determinations listed 
in 50 CFR 22.26, or because the Service determined that the risk to eagles is so low that a take 
permit is unnecessary. 

Our permit issuance regulations at 50 CFR 13.21(b) set forth a variety of circumstances that 
disqualify an Applicant from obtaining a permit. None of the disqualifying factors or 
circumstances denoted in 50 CFR 13.21 apply to AGA. Next, the Service considered whether the 
Applicant meets all issuance criteria for the type of permit being issued. For eagle take permits, 
those issuance criteria are found in § 22.26(f). AGA’s application meets all the regulatory 
issuance criteria and required determinations (50 CFR 22.26) for eagle take permits. 

When an Applicant for an eagle take permit is not disqualified under 50 CFR 13.21 and meets all 
the issuance criteria of 50 CFR 22.26, denial of the permit is not a reasonable option. Therefore, 
this alternative, denial of the permit, was eliminated from further consideration. 

3.0 Affected Environment 

This section describes the current status of the environmental resources and values that are 
affected by the Proposed Action and alternatives. 
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3.1 Golden Eagles 

General information on the population trends, distribution, and habitat of golden eagles are 
detailed in the PEIS (USFWS 2016a: Sections 3.3 and 3.4). This section more specifically 
describes the golden eagle population in the Project area. 

3.1.1 Project Area Habitat 

Foraging Habitat 

Vegetation communities in the Project area have been mapped by the Southwest Regional Gap 
Analysis Project (SWReGAP) in land cover files (USGS 2011). The SWReGAP mapping shows 
24 vegetation communities occurring within the four-mile radius of the Plan boundary (Table 3-
1). Three are mapped as over five percent of the Project area: Mojave Mid-Elevation Mixed 
Desert Scrub (46 percent), Sonora-Mojave Creosotebush-White Bursage Desert Scrub (30 
percent), and Inter-Mountain Basins Semi-Desert Shrub Steppe (13 percent). Each of the 
remaining 21 communities account for approximately 11 percent of the Project area. The 
potential foraging value of the various habitat types present in the region has not been quantified, 
but in general, they support golden eagle prey base at varying degrees which supports golden 
eagle foraging. Cliffs, canyons, and outcrops have the potential to support nesting golden eagles. 

Table 3-1 SWReGAP Vegetation Communities within the Project Area 

Vegetation Community Acres Percent 
Agriculture 138 0.12% 
Developed, Open Space - Low Intensity 651 0.55% 
Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland 6 0.01% 
Great Basin Pinyon-Juniper Woodland 178 0.15% 
Great Basin Xeric Mixed Sagebrush Shrubland 1,065 0.90% 
Inter-Mountain Basins Big Sagebrush Shrubland 474 0.40% 
Inter-Mountain Basins Cliff and Canyon 36 0.03% 
Inter-Mountain Basins Greasewood Flat 42 0.04% 
Inter-Mountain Basins Mixed Salt Desert Scrub 1,199 1.01% 
Inter-Mountain Basins Montane Sagebrush Steppe 105 0.09% 
Inter-Mountain Basins Semi-Desert Grassland 9 0.01% 
Inter-Mountain Basins Semi-Desert Shrub Steppe 15,443 13.04% 
Invasive Annual and Biennial Forbland 2 0.00% 
Invasive Annual Grassland 11 0.01% 
Mojave Mid-Elevation Mixed Desert Scrub 54,305 45.85% 
North American Arid West Emergent Marsh 27 0.02% 
North American Warm Desert Bedrock Cliff and Outcrop 5,653 4.77% 
North American Warm Desert Lower Montane Riparian Woodland and Shrubland 266 0.22% 
North American Warm Desert Playa 608 0.51% 
North American Warm Desert Volcanic Rockland 634 0.54% 
North American Warm Desert Wash 26 0.02% 
Recently Mined or Quarried 233 0.20% 
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Vegetation Community Acres Percent 
Sonora-Mojave Creosotebush-White Bursage Desert Scrub 35,485 29.96% 
Sonora-Mojave Mixed Salt Desert Scrub 1,840 1.55% 

Total 118,438 100.00 
*Bold denotes dominant habitat types. 

Other habitat types that are believed to represent golden eagle foraging habitats in the region 
include roads and natural water sources. Paved (e.g., US 95) and non-paved roads are located 
within the Project area. Golden eagles frequently feed on roadkill and other carrion (especially 
during winter) even when live prey is available; golden eagles consume fresh carrion during the 
nesting season (Kochert and Steenhof 2002). Roads within the Project area, particularly 
improved roads that allow vehicles to travel at higher speeds, represent golden eagle scavenging 
habitat (note, however, that they also present a substantial hazard to golden eagles, which are at 
risk of being killed or injured by vehicle strikes). Springs provide a reliable water source for 
eagle prey and, therefore, have the potential to allow for higher concentrations of eagle prey in 
those areas. There are multiple seeps and springs and intermittent and ephemeral drainages along 
the Amargosa River approximately three miles west of the nest sites. Riparian habitats, 
agricultural pivots, and pastures in the Project area also support populations of rodents and 
lagomorphs.  

Nesting Habitat 

Golden eagle nesting habitat includes cliff and rock outcrops in Beatty Wash, the Yucca 
Mountains to the and east, and the Bare Mountains to the south Golden eagles may nest in trees 
if available. 

Other Topographic Features Attractive to Eagles 

Tops of slopes oriented perpendicular to prevailing winds or near ridge crests of cliff edges are 
features that are conducive to slope soaring and are attractive features for eagles. Mountainous 
areas that include ridgelines and slopes with a variety of aspects, such that winds from multiple 
directions would create deflection currents, are also suitable for soaring. Saddles or low points on 
ridge lines or near riparian corridors may serve as flight paths. 

3.1.2 Project Area Golden Eagle Population  

The golden eagle nesting territories within the four-mile radius of the Project were delineated 
based on surveys conducted in 2019 and 2020, as well as information provided by NDOW. A 
total of four distinct territories were delineated based on proximity of nests to one another and 
concurrent use of adjacent nests. Appendix C summarizes the golden eagle territories and status 
of nests within the Project area. Figure 3-1 shows the nest locations in the Project area and 
vicinity. There is limited data for fledged young in the Project area. One of four territories within 
the Project area was documented by NDOW as fledging young in 2014 (SWCA 2019). The 
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nesting rate for 2019 was zero percent (none of four territories in-use) and for 2020 was 25 
percent (one of four territories in-use).  

3.1.3 Territories Within the Project’s Plan Boundary 

One known territory occurs within the Plan boundary (Figure 3-2). There are six nest sites 
within the territory (SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502) with five located inside 
of the Plan boundary and one outside. These nests are within 1.2 miles of each other and have 
not been simultaneously in use. The territory was documented as occupied and fledged an eaglet 
in 2014, and was not occupied in 2015, 2018, or 2019 (SWCA 2019). This territory was 
occupied again in 2020 with an incubating eagle observed on SI-301 (SWCA 2020). The next 
closest territory is approximately three miles to the southwest. 

3.1.4 Project Eagle Population Stressors 

Exploration Activities 

Exploration activities include preparation of drill pads, development of roads, and drilling. Risks 
to golden eagles include unintentional disturbance from activity near nest sites, such as noise and 
visual irritation from surface disturbance, vehicular traffic on roads, and drilling.  

Roads 

Mobile equipment (i.e., vehicles) used in operations at the Project or traveling to or from the 
Project could strike and injure or kill wildlife. Road-killed wildlife may attract scavenging 
eagles, which in turn could be injured or killed by vehicle collision. AGA has speed limits placed 
on equipment and vehicles operating at the Project. Vehicle speeds on undeveloped access roads 
shall not exceed 15 mph and 25 mph on more improved main access roads. The greater risk for 
vehicle mortality is on area roads outside of the Project (e.g. US 95), which are outside of AGA’s 
control, due to higher speeds and additional traffic. 

Utilities 

Electrical utility infrastructure present in the Project area includes power poles, power lines and 
guy wires, and transformers. These utilities present risks to eagles from electrocution and 
collision. Electrical transmission and distribution lines that do not include sufficient spacing 
between energized lines or between energized lines and ground wires represent an electrocution 
hazard to large birds. The Project is not authorized to construct additional electrical utility 
infrastructure; therefore, additional electrical utility infrastructure would not be constructed by 
the proponent within the Project area. 
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3.2 Bald Eagles 

Bald eagles (Haliaeetus leucocephalus) are known to occur in the region, but are not expected to 
be affected by exploration activities associated with the Project; therefore, disturbance and loss 
of territory of bald eagles are not expected to result from the Project (BLM 2020). 

3.3 Migratory Birds 

Effects to migratory birds have been analyzed in the PEIS (USFWS 2016a). A variety of 
migratory birds have been identified in the Plan boundary; however, issuance of the proposed 
permit is not anticipated to affect one or more species of migratory birds. Additionally, AGA has 
ACEPMs to reduce potential impacts to migratory birds within the Plan boundary (BLM 2020). 

3.4 Species Listed under the Endangered Species Act 

The Mojave desert tortoise (Gopherus agassizii), a federally threatened species listed under the 
Endangered Species Act of 1973 (ESA), as amended (ESA) (16 U.S.C. §§ 1531-1544), has the 
potential to occur within the Plan boundary (BLM 2020). The Service consultation in compliance 
with Section 7 of the ESA was completed on November 25, 2019 (08ENVS00-2020-F-0017). 
The Service concluded that the Project is not likely to jeopardize the continued existence of the 
threatened Mojave desert tortoise, and the Applicant would implement desert tortoise 
minimization measures outlined during the consultation. The Service’s decision regarding an 
eagle take permit would not alter the physical footprint of the Project and therefore would not 
alter the Project impacts to federally threatened and endangered species in the Plan boundary, 
including the Mojave desert tortoise. 

3.5 Coordination with Tribal Governments 

Bald and golden eagles are important symbols of U.S. history and sacred to many Native 
American cultures. Some Native American cultures utilize eagles, eagle feathers, and other eagle 
parts for religious practices and cultural ceremonies. Outside of rituals and practices, wild eagles 
as live beings are deeply important to many tribes (Lawrence 1990, as cited by USFWS 2016a). 
Numerous tribes confirmed the importance of wild eagles during scoping and tribal consultation 
for the PEIS (Service 2016).  

Tribal participation is an integral part of the NEPA and the National Historic Preservation Act 
(NHPA) process, as well as a key component of the Service’s decision whether to issue an eagle 
take permit. Cultural and religious concerns regarding eagles were analyzed in the PEIS (Service 
2016), and tribal consultation already conducted for the PEIS is incorporated by reference into 
this EA. The PEIS identified tribal coordination as an important issue for subsequent analysis, 
given the cultural importance of eagles to the tribes. In accordance with Executive Order 13175, 
Consultation and Coordination with Tribal Governments (65 FR 67249), the NHPA Section 106 
(36 CFR § 800) and the Service’s Native American Policy, the Service consults with Native 
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American tribal governments whenever our actions taken under the authority of the Eagle Act 
may affect tribal lands, resources, or the ability to self-govern. This coordination process is also 
intended to ensure compliance the American Indian Religious Freedom Act.  

To notify Tribes regarding potential issuance of the requested Permit, the Service sent letters to 
the eight federally-recognized tribal governments located within 109 miles (the natal dispersal 
distance of golden eagles thought to adequately define the local area population of the eagles) of 
the Project informing them of the received Permit application and preparation of this EA.  

As of the start of the 30-day comment period, no tribes provided comment during scoping and 
tribal outreach for this EA. The Proposed Action or considered alternatives would not impact 
cultural or socioeconomic interests beyond the impacts already discussed in the PEIS. Therefore, 
cultural and socioeconomic interests has not been analyzed further in this EA. 

3.6 Climate Change 

Climate change was considered in the PEIS (USFWS 2016a; Section 3.9, page 144), and is not 
analyzed further in this EA. 

4.0 Environmental Consequences 

This section summarizes the effects on the environment of implementing the Proposed Action or 
alternatives to the action. The discussion of overall effects to the environment of the eagle take 
permit program is provided in the PEIS (USFWS 2016a). This section of this EA analyzes only 
the effects that were not analyzed in the PEIS (USFWS 2016a) that may result from the issuance 
of an eagle take permit for this Project. 

4.1 Alternative 1: Proposed Action 

In determining the significance of effects of the Project on eagles, the Service screened the 
Proposed Action of issuing an eagle take permit for the take of golden eagles against the analysis 
provided in the PEIS (USFWS 2016a) and the Service’s 2016 report, Bald and Golden Eagles 
Population Demographics and Estimation of Sustainable Take in the United States, 2016 Update 
(USFWS 2016b). The Service assessed Project effects to eagles at the project, local, and regional 
scales. 

4.1.1 Direct and Indirect Effects 

Under the Proposed Action, the Applicant is requesting authorization for disturbance to and loss 
of annual productivity from breeding golden eagles for up to 10 take incidents for no more than 
10 years from the date of the issuance of the permit. Within one mile of authorized surface 
disturbance activities, there is thought to be one breeding pair occupying a territory that consists 
of six nest sites (SI-301, SI-302, SI-30, SI-304, SI-305, and SI-502) (Figure 3-2) which are 
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located on natural outcrops. During implementation of exploration activities, it is most likely that 
eagles associated with this territory are the most likely to be the breeding pair impacted. 
However, there is some potential for a second breeding pair to nest within one mile of surface 
disturbance that could also be impacted. As such, the Proposed Action would authorize the 
disturbance to and loss of annual productivity for up to 10 take incidents to breeding golden 
eagles over a 10 year period regardless of which territory might be disturbed. We acknowledge 
that the take incidents could occur such that one breeding pair is disturbed per year, or multiple 
breeding pairs could be disturbed in any given year. Regardless, the Applicant could not exceed 
10 take incidents over the 10 year authorization period.  

The Proposed Action would have a direct impact to the golden eagles through the presence of 
drilling in close proximity to their nests, thus causing potential negative impacts to golden eagle 
breeding and nesting activities. 

Disturbance of an occupied golden eagle territory is assumed to result in loss of annual 
productivity (i.e., number of young reared) from that territory. The Service uses an estimate of 
0.59 golden eagle young fledged per occupied nesting territory per year (USFWS 2016c) to 
estimate loss of annual productivity. 

Along with the monitoring and minimization measures outlined in Section 2, the Applicant 
would provide compensatory mitigation to offset the expected take. To determine the amount of 
mitigation required, the Service’s Golden Eagle REA was used (USFWS 2018) as described in 
Section 2 of this EA.  

The Eagle Act regulations require compensatory mitigation to be conducted in the same Eagle 
Management Unit (EMU) in which the take occurs. The Project is located in the Pacific Flyway 
EMU. The site of power poles to be retrofitted has not yet been determined but would be in the 
Pacific Flyway. 

In addition, the Proposed Action incorporates adaptive management and minimization measures 
as described in Section 2. The proposed ACEPMs would continue to be implemented but as 
permit stipulations to further reduce the risk of Project-related injury or mortality hazards to 
eagles within the Project boundary. 

The Proposed Action meets the purpose and need as it is consistent with the Eagle Act and its 
regulations and adequately addresses the risk of take at the Project. 

Bald Eagles 

Because the Project has not changed in scope, timing, or duration, no significant adverse effects 
are foreseen to bald eagles as a result of the Project (BLM 2020). Although take of bald eagles is 
not expected to occur at this Project and take of bald eagles would not be permitted, bald eagles 



Environmental Assessment 15 Silicon Exploration Project 

in the region may benefit from avoidance and minimization measures established to reduce the 
risk to golden eagles. Bald eagles may benefit from compensatory mitigation actions provided to 
offset the take of golden eagles under the Proposed Action. 

Migratory Birds 

Because the Project has not changed in scope, timing, or duration, no significant adverse effects 
to migratory bird populations are expected as a result of the Project (BLM 2020). Issuance of an 
eagle take permit to the Project may also provide benefits to migratory birds. Power pole retrofits 
completed as compensatory mitigation for the eagle take permit may minimize electrocution risk 
for raptors and other migratory birds, just as with eagles. 

Species Listed under the Endangered Species Act 

The Mojave desert tortoise (Gopherus agassizii), a federally threatened species listed under the 
Endangered Species Act of 1973 (ESA), as amended (ESA) (16 U.S.C. §§ 1531-1544), has the 
potential to occur within the Plan boundary (BLM 2020). The Service consultation in compliance 
with Section 7 of the ESA was completed on November 25, 2019 (08ENVS00-2020-F-0017). 
The Service concluded that the Project is not likely to jeopardize the continued existence of the 
threatened Mojave desert tortoise, and the Applicant would implement desert tortoise 
minimization measures outlined during the consultation (BLM 2020). The effects of authorizing 
incidental eagle take is not expected to have effects to species protected by the ESA, including 
the Mojave desert tortoise. 

4.1.2 Cumulative Effects 

The purpose of this cumulative effects evaluation is to identify situations where the eagle take 
proposed under the Proposed Action, combined with take from other present or foreseeable 
future actions and sources, may be approaching levels that are biologically problematic or that 
cannot reasonably be offset through compensatory mitigation. Effects of take may be cumulative 
at the project scale, at the local-area eagle population scale, and at the EMU scale. 

At the Project scale, the alteration of the eagle habitat from Project development could cause 
shifting in eagle pair territory boundaries in the vicinity of the Project, which could cause 
increased antagonistic interactions with surrounding eagle pairs, potentially creating a ripple-
effect of impacts to eagles in areas surrounding the Project. 

To ensure that eagle populations at the local scale are not depleted by cumulative take in the 
local area, the Service analyzed in the PEIS (USFWS 2016a) the amount of take that can be 
authorized while still maintaining LAP of eagles. The LAP scale is defined for eagles as the 
median natal dispersal distance for the given species, which for golden eagles is a 109-mile 
radius (USFWS 2016b). In order to issue a permit, cumulative authorized take must not exceed 
five percent of a LAP unless the Service can demonstrate why allowing take to exceed that limit 
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is still compatible with the preservation of eagles. The eagle take permit regulations require the 
Service to conduct an individual LAP analysis for each permit application as part of the 
application review. 

Therefore, the Service considered cumulative effects to the LAP surrounding the Project Plan 
boundary (Figure 4-1) to evaluate whether the take to be authorized under this permit, together 
with other sources of permitted take and unpermitted eagle mortality, may be incompatible with 
the persistence of the Project’s LAP. Data provided by AGA, data on other eagle take authorized 
and permitted by the Service, and other reliably documented unauthorized eagle mortalities has 
been incorporated to estimate cumulative impacts to the LAP. The cumulative effects analysis 
was conducted as described in the Service’s Eagle Conservation Plan Guidance (USFWS 2013). 

The LAP for the Project was estimated to be 365.44 golden eagles. The five percent benchmark 
for authorized take of that LAP is 18.27 eagles, while current authorized take in the LAP, 
including that estimated to occur at the Project, is 4.77 golden eagles or 1.31 percent of the LAP 
per year. The take that would be authorized by this permit for the Project does not exceed one 
percent of the LAP, so it would not significantly impact the LAP. 

Additionally, take of eagles has the potential to affect the larger eagle population. Accordingly, 
the 2016 PEIS analyzed the cumulative effects of permitting take of golden eagles in 
combination with ongoing unauthorized sources of human-caused eagle mortality and other 
present or foreseeable future actions affecting golden eagle populations. As part of the analysis, 
the Service determined sustainable limits to permitted take within each EMU. The take that 
would be authorized by this permit would be offset by the compensatory mitigation that would 
be provided by the Applicant, so it would not significantly impact the EMU eagle population. 
The minimization measures that would be required under the permit, along with the additional 
adaptive management measures, are designed to further ensure that the permit is compatible with 
the preservation of golden eagles at the regional EMU population scale. 

4.2 Alternative 2: No Action Alternative 

4.2.1 Direct and Indirect Effects 

The Service assumes the level of take is the same under the Proposed Action and No Action 
Alternative, but under the No Action Alternative, the Service would take no action on the permit 
application. A permit would not be issued, and compensatory mitigation would not be required. 
Under this alternative, direct impacts of the Project on the golden eagle population would be 
assumed to be loss of productivity at one nest site in one golden eagle breeding pair’s territory, 
over ten years, and this take would not be offset by compensatory mitigation. The Applicant 
would continue to implement the monitoring and avoidance measures for the Project as 
described in Section 2; however, additional measures outside of those referenced in Section 2, 
including compensatory mitigation, would not be implemented. 
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This alternative does not meet the purpose and need for the action because, by regulation (50 
CFR 13.21), when in receipt of a completed application, the Service must either issue or deny a 
permit to the Applicant. The No Action Alternative also does not meet the purpose of and need 
for the action because it would result in the adverse, unmitigated effects to golden eagles 
described above, and these effects are not compatible with the preservation of golden eagles. 

Bald Eagles 

Under the No Action Alternative, benefits that bald eagles might incur from minimization 
measures established under a golden eagle take permit to reduce the risk to golden eagles, as well 
as from compensatory mitigation actions provided to offset the take of golden eagles, would not 
occur. 

Migratory Birds 

Any incidental benefits to migratory birds from minimization measures and compensatory 
mitigation required under an eagle take permit would not be realized under the No Action 
Alternative.  

Species Listed under the Endangered Species Act 

Any incidental effects to federally threatened and endangered species from minimization 
measures and compensatory mitigation required under an eagle take permit would not be realized 
under the No Action Alternative. 

4.2.2 Cumulative Effects 

Cumulative impacts are defined as incremental impacts of the action on the environment when 
added to other past, present, and reasonably foreseeable future actions. The geographic extent of 
for the analysis of cumulative impacts is within a 175-kilometer (109-mile) radius surrounding 
the Project LAP, which represents the average natal dispersal distance of golden eagles (USFWS 
2016a). There is incomplete information available regarding the level of unpermitted golden 
eagle take in the region; thus, golden eagle take in the past, present, and foreseeable future is not 
fully known. Over the past 25 years, the Service knows of 142 golden eagles killed by a variety 
of causes. This information suggests that approximately 5.68 golden eagles are killed per year in 
the LAP. Thus, the known annual unpermitted take suggests an anticipated unpermitted take of 
approximate 1.52 percent per year for the LAP. Two permits have been previously issued within 
the LAP (#00542B and 23857D) which have authorized take of 4.18 golden eagles each year. 
The Service is currently reviewing one additional permit application 20776D, and if issued, take 
would be fully offset by the compensatory mitigation that would be provided by the permit 
holder. Overlap of take from pending permit applications (#20776D) within the LAP is 
approximately 0.59 estimated eagles per year. 
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The total anticipated cumulative take would be 2.99 percent per year for the LAP. The loss of 
productivity authorized by permits would be fully offset by the compensatory mitigation that 
would be provided by the permit holders. The anticipated unpermitted take of approximate 1.52 
percent per year for the LAP would not be offset by compensatory mitigation. 

4.3 Comparison of Effects of Alternatives 

The main differences between the Proposed Action and the No Action Alternative are the issuing 
of a permit with compensatory mitigation requirements to offset the permitted take under the 
Proposed Action and the level of concurrent and post-construction monitoring that would occur 
(Table 4-1). The Service assumes the level of take is the same under the Proposed Action and 
No Action Alternative, but under the No Action Alternative, compensatory mitigation would not 
be required.  

The Proposed Action is likely to have no significant impacts on golden eagles as there is no 
unmitigated take, and it meets all regulatory requirements and the conservation standard set forth 
in the 2016 PEIS (USFWS 2016a). 

Table 4-1 Comparison of the Proposed Action and No Action Alternative 

 Alternative 1: Proposed Action Alternative 2: No Action Alternative 

Eagle Take Levels Loss of productivity from breeding golden 
eagles up to 10 incidents over 10 years.  

Loss of productivity from breeding 
golden eagles up to 10 incidents over 10 
years.  

Avoidance and 
Minimization 

Applicant will continue to implement the 
measures to minimize impacts to golden 
eagles (Section 2) at the Project including: 
vehicle speed limits; employee 
awareness/training programs; and carcass 
management. 

Same as detailed under the Proposed 
Action, as the applicant is committed to 
these measures even without issuance of 
a permit. 

Compensatory 
Mitigation 

Retrofitting of power poles to offset the loss 
of annual productivity from breeding golden 
eagles for up to 10 take incident for no more 
than 10 years from the date of the issuance of 
the permit. 

None provided. 

Detection and 
Reporting  

Applicant will continue to meet their BLM 
requirements from the 2020 EA, implement 
the measures to minimize impacts to golden 
eagles (Section 2) including the reporting and 
detection system to ensure that personnel 
adhere to the appropriate actions should a 
previously unidentified nest, injured eagle, or 
deceased eagle be identified. 

Same as detailed under the Proposed 
Action. 

Unmitigated Eagle 
Take None. 

Loss of productivity from breeding 
golden eagles up to 10 take incidents 
over 10 years. 
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 Alternative 1: Proposed Action Alternative 2: No Action Alternative 

Adaptive Management 

If continued monitoring determines that there 
are multiple takes occurring in a given year 
and that the Proponent is approaching their 
take permit limits, adaptive management 
would be implemented. First, the Applicant 
would apply avoidance buffers on in-
use/occupied nests to prevent incidental take. 
If avoidance is not practicable, the Proponent 
may request a permit amendment from the 
Service. Additionally, at the five-year review 
of the permit, the Service and the Applicant 
may consider additional adaptive 
management strategies. 

None. 

Data 
Collection/Monitoring 

A qualified third party biologist will monitor 
golden eagle nests within one mile of the 
Project annually to determine nest status. 
Applicant will also document any eagle 
mortality identified while working at the 
Project.  

AGA will conduct annual nest status 
monitoring for the Project, as the 
applicant is committed to these 
measures even without issuance of a 
permit.  

Company Liability for 
Eagle Take None Yes. 
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5.0 Mitigation 

The Proposed Action incorporates measures to minimize and avoid impacts to the maximum 
degree practicable, as required by regulation. To ensure that regional eagle populations are 
maintained consistent with the preservation standard, regulations require that any golden eagle 
take that cannot practicably be avoided and is above EMU take limits must be offset by 
compensatory mitigation at a 1.2 to 1 ratio. As golden eagle take limits for all EMUs were 
determined to be zero (USFWS 2016a), compensatory mitigation is necessary to offset any 
authorized take of golden eagles. The 1.2 to 1 ratio for compensatory mitigation achieves a net 
benefit to golden eagle populations, ensuring that regional eagle populations are maintained 
consistent with the preservation standard of the Eagle Act despite indications of declines in 
golden eagle populations (USFWS 2016a). As this would fully offset the estimated take, as well 
as provide an additional net benefit to eagle populations, there would be no significant effects to 
eagle populations from issuing an eagle take permit under the Proposed Action. Section 2 
provides details of the compensatory mitigation and minimization measures that would be 
completed under the Proposed Action. 
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1.0 PURPOSE OF THIS PLAN 

The purpose of this Eagle Conservation Plan (ECP) is to support an application for a golden eagle 
(Aquila chrysaetos) nest take permit under the permit regulations of the Bald and Golden Eagle 
Protection Act of 1940, as amended (BGEPA). Specifically, AngloGold Ashanti North America 
(AGA) is requesting a take permit issued by the United States Fish and Wildlife Service (USFWS) 
under 50 Code of Federal Regulations (CFR) § 22.26 for the incidental take of golden eagles from 
otherwise lawful activities associated with the Silicon Exploration Project (Project). The Project is 
located approximately six miles (10 kilometers [km]) northeast of the town of Beatty, Nevada 
(Figure 1). The Project is a mineral exploration project authorized by the Bureau of Land 
Management (BLM) Battle Mountain District, Tonopah Field Office in Nye County, Nevada. 

The BGEPA (as amended) prohibits the “take” of bald and golden eagles. BGEPA defines “take” 
to include “pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest or disturb,” 
and prohibits take of individuals and their parts, nests, or eggs. Permitting regulations (50 CFR Part 
22) were issued in 2009 and revised in 2016. Known as the “Eagle Permitting Rule,” these regulations 
allow the USFWS to administer a permit program allowing for the lawful take of eagles and nests. 

AGA has prepared this ECP to support their application for a BGEPA eagle “take” permit. This ECP 
provides information and materials to support an eagle nest take permit application and 
demonstrates that the proposed take is compatible with the preservation of golden eagles and 
the issuance criteria in 50 CFR § 22.26. There are six golden eagle nest sites (SI-301, SI-302, SI-303, 
SI-304, SI-305, and SI-502) associated with one territory within the one-mile buffer of authorized 
Project disturbance. This ECP supports the eagle nest take permit application that has been 
submitted by AGA requesting authorization for reoccurring disturbance to and loss of annual 
productivity from breeding golden eagles no more than 10 times up to 10 years (2022-2032). 

An application for a take permit under 50 CFR § 22.26 requires the information listed below. Also 
provided is a reference to where in this ECP the information is provided. 

• The duration of the Project for the permit is 10 years (see Section 1); 

• A description of approved activities at the Project and surrounding area (Section 2); 

• A discussion of eagle habitat, as it relates to foraging, nesting, and topography, found in 
the four-mile radius of the Project area (Section 3); 

• A brief description of the golden eagle nesting population within a four-mile radius of the 
proposed Plan of Operations (Plan) boundary and territories proposed for take (Section 4); 

• An assessment of the risks to golden eagles posed by the Project (Section 5); 

• A review of practicable avoidance and minimization measures that AGA could and are 
employing to abate the potential risk (Section 6); and 

• Monitoring and adaptive management of eagle populations (Section 7).  
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2.0 INTRODUCTION AND BACKGROUND 

2.1 LOCATION AND EXPLORATION HISTORY 

The project is located on the western end of the Yucca Mountains and is located approximately 
six miles (10 km) northeast of the town of Beatty in Nye County, Nevada. The Project can be 
assessed in two directions from Beatty, Nevada: 1) traveling south 1.3 miles (2.1 km) on U.S. 
Highway 95 (US 95) and approximately 8.9 miles (14.3 km) up Fluorspar Canyon Road (Nye County 
Road 249) and Tate’s Wash Road (Nye County Road 926019); and 2) traveling 3.6 miles (5.8 km) 
north on US 95 and approximately 4.1 miles (6.6 km) east on the North Beatty Wash Road (Nye 
County Road 926026) that connects to the Beatty Wash Road (Nye County Road 926025) at the 
Project. AGA submitted a notice of intent (Notice N-95843) in 2019, the Plan was approved by BLM 
in 2020 (NVN-097820) (BLM, 2020a), and a Finding of No Significant Impact and Decision Record 
were issued by the BLM on July 24, 2020 (BLM, 2020b). 

2.2 AUTHORIZED AND PROPOSED FACILITIES 

AGA is authorized to conduct phased mineral exploration-related activities within a 3,630-acre 
area (Project Area) to determine the extent and quality of a mineral resource. Surface-disturbing 
activities are approved for up to 155 acres. The following are authorized disturbances that could 
occur as a result of the Project, which are also shown on Figure 2: reverse circulation and core 
drilling from constructed drill sites, road construction and overland travel, bulk sampling, 
geotechnical auger holes and geological test pits, geologic and geophysical mapping, water 
monitoring well and water extraction well installation, and construction of a meteorological 
station. Some of these features have not yet been constructed, and these disturbances occur in 
phases. Phase I consists of approximately 50 acres of surface disturbance in addition to five acres 
of Notice-level surface disturbance for a total of approximately 55 acres. The remaining 100 acres 
of disturbance will occur under subsequent phases over approximately 10 years. Exploration 
activities may occur year-round and 24 hours per day, with up to four drill rigs operating at one 
time and up to 20 personnel on site. In addition to AGA’s authorized disturbance, there is an 
existing road network throughout the Project area used for Project access.   
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3.0 AREA HABITATS 

The Eagle Conservation Plan Guidance Module 1 – Land-based Wind Energy, Version 2 
recommends that an analysis of potential impacts on nesting golden eagles include the Project 
footprint itself (Plan boundary) and a surrounding four-mile buffer area (study area) (Figure 1). 
Although this guidance was designed for wind energy, no such guidance exists for mining, and is 
the best available guidance for analysis of potential impacts. 

3.1 FORAGING HABITAT 

Vegetation communities in the study area have been mapped by the Southwest Regional Gap 
Analysis Project (SWReGAP) in land cover types (Figure 3) (USGS, 2011). The SWReGAP mapping 
shows 24 vegetation communities occurring within the study area. Table 1 presents the total acres 
of the vegetation communities within the study area. Three vegetation communities are mapped 
as over five percent of the Project area: Mojave Mid-Elevation Mixed Desert Scrub (51 percent), 
Sonora-Mojave Creosotebush-White Bursage Desert Scrub (24 percent), and Inter-Mountain Basins 
Semi-Desert Shrub Steppe (16 percent). Each of the remaining 21 communities account for 
approximately nine percent of the study area. Golden eagle prey species, such as black-tailed 
jackrabbits (Lepus californicus), mountain cottontails (Sylvilagus nuttallii), and larger diurnal 
rodents (i.e., yellow-bellied marmots [Marmota flaviventris]), are commonly found within many of 
the vegetation communities present in the study area. The potential foraging value of the various 
habitat types present in the region has not been quantified, but in general, they are believed to 
represent high-value native foraging habitats. 

Other habitat types that are believed to represent important golden eagle foraging habitats in 
the region include roads and natural water sources. Paved (e.g., US 95) and non-paved roads are 
located within the study area. Golden eagles frequently feed on roadkill and other carrion 
(especially during winter) even when live prey is available; golden eagles consume fresh carrion 
during the nesting season (Kochert and Steenhof, 2002). Roads within the Project area, particularly 
improved roads that allow vehicles to travel at higher speeds, represent potentially high-value 
golden eagle scavenging habitat. Springs provide a reliable water source for eagle prey and, 
therefore, have the potential to allow for higher concentrations of eagle prey in those areas. There 
are multiple seeps and springs and intermittent and ephemeral drainages along the Amargosa 
River approximately three miles west of the nest sites. Riparian habitats, agricultural pivots, and 
pastures in the Project area also support populations of rodents and lagomorphs.  

3.2 NESTING HABITAT 

Within the study area, various rock outcrops were identified as areas with nesting golden eagles. 
In 2020, there was one in-use/occupied golden eagle nest (SI-301) documented in the study area, 
which was on a rock outcrop. Golden eagle nesting habitat includes cliff and rock outcrops in 
Beatty Wash, the Yucca Mountains to the north and east, and the Bare Mountains to the south. 
Golden eagles may nest in tree if available.  
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3.3 TOPOGRAPHIC FEATURES ATTRACTIVE TO EAGLES 

Tops of slopes oriented perpendicular to prevailing winds or near ridge crests of cliff edges are 
features that are conducive to slope soaring and are attractive features for eagles. Saddles or 
low points on ridge lines or near riparian corridors may serve as flight paths. Nearby perch and 
roost sites may also attract eagles. As described above, the area surrounding the Project 
represents golden eagle potential foraging habitat, though the value of this habitat varies in 
quality. 

Cliffs and outcrops occur in the Beatty Wash, the Yucca Mountains to the north and east, and the 
Bare Mountains to the south. Mountainous areas that include ridgelines and slopes with a variety 
of aspects, such that winds from multiple directions would create deflection currents, are suitable 
for soaring. Habitats surrounding the Project include perch and roost sites, and the area is suitable 
golden eagle nesting and foraging habitat as described above. 
 
Table 1 SWReGAP Vegetation Communities within the Study Area (Four-mile Radius) 

Vegetation Community Acres Percent 

Developed, Open Space - Low Intensity 66 0.09 

Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland 6 0.01 

Great Basin Pinyon-Juniper Woodland 165 0.23 

Great Basin Xeric Mixed Sagebrush Shrubland 1,009 1.39 

Inter-Mountain Basins Big Sagebrush Shrubland 376 0.52 

Inter-Mountain Basins Cliff and Canyon 35 0.05 

Inter-Mountain Basins Greasewood Flat 37 0.05 

Inter-Mountain Basins Mixed Salt Desert Scrub 822 1.13 

Inter-Mountain Basins Montane Sagebrush Steppe 3 <0.01 

Inter-Mountain Basins Semi-Desert Grassland 9 0.01 

Inter-Mountain Basins Semi-Desert Shrub Steppe 12,119 16.65 

Invasive Annual and Biennial Forbland 2 <0.01 

Invasive Annual Grassland 10 0.01 

Mojave Mid-Elevation Mixed Desert Scrub 37,014 50.86 

North American Arid West Emergent Marsh 26 0.04 

North American Warm Desert Bedrock Cliff and Outcrop 892 1.23 

North American Warm Desert Lower Montane Riparian Woodland and Shrubland 266 0.37 

North American Warm Desert Playa 364 0.5 

North American Warm Desert Volcanic Rockland 612 0.84 

Recently Mined or Quarried 233 0.32 

Sonora-Mojave Creosotebush-White Bursage Desert Scrub 17,212 23.65 

Sonora-Mojave Mixed Salt Desert Scrub 1,491 2.05 

Total 72,771 100 
*Bold denotes dominant habitat types. 
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4.0 TERRITORIES PROPOSED FOR TAKE 

A major component of the risk assessment is to identify Project activities that could result in a take. 
Those territories proposed for take are those that have been identified within the Plan boundary 
and are in the USFWS’s one-mile buffer of surface disturbance activities. Golden eagle surveys 
have been conducted around the Project area in 2019, 2020, and 2021 (SWCA, 2019, 2020, 2021), 
and additional data regarding the Beatty Wash Territory was provided by Nevada Department of 
Wildlife (NDOW) for 2014, 2015, and 2018 (SWCA, 2019). Inventory and monitoring efforts of 2019, 
2020, and 2021 have followed Pagel et al. (2010), which is the standard golden eagle survey 
protocol accepted by the USFWS. In 2019 and 2020, surveys were ground based due to restricted 
airspace of the Nevada Test and Training Range, and NDOW had previously expressed concern 
of potential impacts of aerial surveys to desert bighorn sheep (Ovis canadensis nelsoni) during the 
lambing season. These two surveys (2019 and 2020) focused on completing a thorough inventory 
of nests within a four-mile radius and capturing information regarding nest occupancy, 
productivity, and success. The 2021 survey was ground-based but only focused eight nests from 
two territories (Beatty Wash and Upper Beatty Wash) that were considered in-use/occupied during 
2019 and 2020. 

The 2019 surveys were conducted between January 10-25 and March 12-17, and the 2020 surveys 
were conducted between January 15-24 and February 20-27. The 2021 surveys were conducted 
between January 13-16 and March 2-22.  

A total of 14 golden eagle nest sites have been documented within four-mile radius of the study 
area during six surveys over the last eight years (2014, 2015, 2018, 2019, 2020, and 2021). During 
these six surveys, two nests (SI-301 and SI-510) were considered in-use/occupied by golden eagles 
(Table 2). In addition to the current nests known to occur and breeding pairs using the four-mile 
radius, there is potential for additional nests, territories, and breeding pairs to nest in the area.  

One in-use/occupied nest (SI-301) and five alternative nests (SI-302, SI-303, SI-304, and SI-305) are 
less than one-mile of the proposed surface disturbance and within the Project boundary. The 
remaining alternate nest (SI-502) is within one mile of the proposed surface disturbance and 
located outside Project boundary. These six nests have been considered a territory referred to as 
Beatty Wash. As such, the potential impacts of the Project include the indirect take of the Beatty 
Wash territory. A viewshed analysis has been conducted using proposed disturbance, 
topography, and Geographic Information System tools for each nest to illustrate the portions of 
anthropogenic activity that are within line-of-sight from the golden eagle nests subject to take 
(Figure 4). Due to their sensitive nature, nest locations are not shown in this figure. 
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Table 2 Golden Eagle Nests Within the Vicinity of the Project and Status (2014-2021) 

Territory Nest ID 
Year and Territory Status   

Number of 
Seasons 
Territory 

was In-Use 
/Occupied 

Territory 
Occupancy 

Rate 
20141 20151 20181 20191 20202 20213 

Beatty 
Wash 

SI-301 

In
-U

se
/O

cc
up

ie
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Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
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cu
pi

ed
 

n-
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e/
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cc
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2 0.33 

SI-302 

SI-303 

SI-304 

SI-305 

SI-502 

Upper 
Beatty 
Wash 

SI-206 

-- -- -- 
s

/O
cc

up
ie

d
e

 

oc
cu

pi
ed

 

no
cc

up
ie

d*
 

1 0.5 

SI-209 

SI-211 

SI-510 

In
-U Un U

Fluorspar 
Canyon SI-503 -- -- -- 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

-- 0 0 

Specie 
Spring 

SI-003 

-- -- -- 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

-- 0 0 SI-004 

SI-019 

Total Number of In-
Use/Occupied 
Territories/Total 
Territories 
Surveyed 

1/1 0/1 0/1 1/4 1/4 0/1 
  

Territory 
Occupancy Rate 1 0 0 0.25 0.25 0 

Bold territory is proposed for take 
1 SWCA, 2019 – No specific-nest information provided for 2014, 2015, and 2018 surveys 
2 SWCA, 2020 
3 SWCA, 2021 
*Only SI-211 and SI-510 were monitored 
In-Use/Occupied = an eagle (bald or golden) nest characterized by the presence of egg(s), dependent 
young, or an adult on the nest in the past 10 days during the breeding season 
Unoccupied (alternative nest) = one of potentially several nests within a nesting territory that is not an in-
use/occupied nest at the current time. When there is not an in-use/occupied nest, all nests in the territory 
are alternate nest  
 



 
Eagle Conservation Plan – Silicon Exploration Project 
AngloGold Ashanti North America 

November 2021 
7 

 

4.1 BEATTY WASH TERRITORY: SI-301, SI-302, SI-303, SI-304, SI-305, 
AND SI-502 

The Beatty Wash territory consists of six nests (SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502) on the 
western of the Project boundary along Beatty Wash on the western portion of the Yucca 
Mountains. These nests are within 1.1 miles of each other and have not been simultaneously in use. 
The closest nest (SI-003) is 4.1 miles southwest of SI-502, and the next closest nest (SI-503) is 4.2 miles 
to the southwest of SI-502. Both closest nests are thought to be part of a separate territory.  

All six nests were surveyed from 2019 to 2021, and these nests were found and identified as golden 
eagle nests in 2019. However, NDOW data suggests that one nest within the territory was in-
use/occupied (in-use) in 2014 (SWCA, 2019); therefore, some of these nests in Beatty Wash territory 
were potentially identified earlier than 2019. Because nest-specific data is not available for 2014 
to 2018, occupancy was calculated for individual nests using the 2019 to 2021 data and it should 
be recognized that the actual occupancy per nest is likely different. During this period, SI-301 was 
in-use/occupied in 2020 resulting in an occupancy rate of 33 percent. All other nests within Beatty 
Wash territory were never in-use/occupied resulting in an occupancy rate of zero percent. 
Overall, the territory was documented as in-use/occupied in 2014 and 2020 resulting in a territory 
occupancy rate of 33 percent. The territory is above the average occupancy when compared 
to territories within the study area (average occupancy per territory per year is 16.7 percent). 
Graph 1 presents the Beatty Wash territory status per year compared to the average for the 
territories defined with the study area. 

Graph 1 Beatty Wash Territory Occupancy Rate Compared to Average Territory Occupancy 
Rates of Study Area 
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5.0 RISK ASSESSMENT 

A major component of the risk assessment is to identify project activities that could result in a take. 
This section presents a discussion of the assessment of the level of risk from the Project to the golden 
eagle breeding population in the vicinity of the Project. Principal risks to golden eagles from 
mineral exploration are generally low, and include activities associated with exploration drill pads, 
drilling, and exploration roads, and other proposed/authorized mining activities listed in Section 
2.0. The greatest risk-factor to golden eagles associated with a mineral exploration project is likely 
occur during the courtship, nesting, and fledging season. This is especially true when golden eagle 
breeding territories are located within one mile of surface activity.  

A summary of proposed take to golden eagles anticipated from activities associated with Project 
is provided in Table 3. Discussion of the risk that could be posed by the Project to golden eagles is 
described below. 

Table 3 Summary of Impacts to Eagles at the Silicon Exploration Project  

Eagle Impact Silicon Impacts 

Direct take (mortality) Sections 5.2 and 5.3: None anticipated, low risk  
Indirect take (loss of productivity from Section 4.0: Breeding Golden Eagles and Associated 
disturbance) Territories No More than 10 times for up to 10 years  
Habitat loss Section 5.1 

Territory loss (number of territories) Section 4.0: Breeding Golden Eagles and Associated 
Territories No More than 10 times for up to 10 years 

Nest removal 
involved) 

(number of nests for each territory None 

 

5.1 HABITAT-RELATED RISKS 

The Project is approved for total surface disturbance of up to 155 acres. Reduction of habitat 
because of direct exploration disturbance has the potential to impact golden eagles. Specifically, 
impacts to functional shrublands that support jackrabbit populations could influence prey 
availability to golden eagles, especially during the breeding season when adults are foraging 
routinely to provide adequate food for their young. However, due to the extensive amount of 
available foraging habitat within the four-mile buffer of the Project (Table 1 and Figure 3), scarcity 
of food because of direct loss of habitat is not likely to be a limiting factor to the local golden 
eagle breeding population.  

5.2 VEHICLE COLLISION-RELATED RISKS 

Mobile equipment (i.e., vehicles) used in operations at the Project or traveling to or from the 
Project could strike and injure or kill wildlife. Road-killed wildlife may attract scavenging eagles, 
which in turn could be injured or killed by vehicle collision. Because AGA already implements 
conservation measures associated with reducing road mortality risk (see Section 6.0), the potential 
for eagle mortality due to vehicle collision at the Project is low. Additional traffic controls can be 
implemented by AGA as necessary through direct communication regarding road hazards.   
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6.0 AVOIDANCE AND MINIMIZATION MEASURES 

AGA currently employs conservation measures associated with the authorized Plan, including 
applicant-committed Environmental Protection Measures (ACEPMs). The applicant will implement 
all conservation measures and commitments summarized below. Upon issuance of a take permit, 
monitoring would be conducted as required per permit stipulations, including being conducted 
by a third party over the life of the Project. Table 4 presents a summary of the ACEPMs with 
monitoring and a schedule for implementation. Although not specific to golden eagle protection, 
the implementation and continuation of the following plans will continue to benefit golden eagle 
conservation: 1) noxious weed control, 2) solid and hazardous wastes 3) management, 
reclamation, 4) carcass management on roadways; 5) employee awareness and training 
program, and 6) detection and reporting measures. 

Table 4 Golden Eagle Protection Measures 

ACEPM Monitoring Actions Duration 

ACEPM 1 

A nest survey would be conducted by a qualified biologist prior to 
any surface disturbance associated with exploration activities during 
the avian breeding season (March 1 through July 31) for raptors and 
other migratory birds. Pre-disturbance surveys for migratory birds are 
only valid for 14 days. If the disturbance for the specific location 
does not occur within 14 days of the survey, another survey would 
be needed. If in-use/occupied nests are located, or if other 
evidence of nesting (i.e., mated pairs, territorial defense, carrying 
nest material, transporting food), a protective buffer (the size 
depending on the habitat requirements of the species) would be 
delineated after consultation with the BLM resource specialist. 
Source: BLM, 2020a 

Annually as 
needed for the 
life of the Project. 

ACEPM 2 

Annual surveys would be conducted at golden eagle nest sites that 
are within one mile of the Project Area to determine occupancy. 
The timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from NDOW based on 
consideration of bighorn sheep (Ovis canadensis) lambing activity. 
Source: BLM, 2020a 

Annually as 
needed for the 
life of the Project. 

ACEPM 3 
Vehicle speeds on undeveloped access roads shall not exceed 15 
miles per hour and 25 miles per hour on more improved main access 
roads. Source: BLM, 2020a 

For the life of the 
Project. 
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7.0 MONITORING AND ADAPTIVE MANAGEMENT 

Upon issuance of a take permit, AGA will conduct aerial and ground surveys of the eagle 
population within the one-mile radius of the Plan boundary for the duration of exploration 
operations following Pagel et al. (2010) using a third-party contractor. Monitoring objectives 
include: 1) to track occupancy, productivity, and success of nests within the Plan boundary; and 
2) to further delineate and refine the understanding of eagle territories within the one-mile radius. 
As needed, golden eagle nests within proximity to active mining will be monitored to document 
nest occupancy. Reports associated with this monitoring will be prepared and provided as 
specified in the take permit conditions. 

For adaptive management purposes, verification of implemented avoidance and minimization 
measures, as provided in Section 6.0, is necessary. AGA currently has a monitoring and reporting 
system for incidents related to wildlife fatality. Any incident that results in wildlife fatality or death 
must be reported to NDOW. Any golden eagle injuries or mortalities must be reported to NDOW 
and the USFWS. 

AGA will continue to monitor the area golden eagle population for additional golden eagle nests. 
During the life of the Project, AGA recognizes the possibility for new construction of golden eagle 
nests within the Plan boundary and one-mile radius. Continued monitoring will inform the 
Applicant on the status of existing nests as well as if new nests are being constructed near the 
Project and its associated activities. If monitoring determines that there are multiple takes 
occurring in a given year and that the Proponent is approaching their take permit limits (i.e., up 
to 10 takes over no more than 10 years), adaptive management would be implemented. First, the 
Applicant would apply avoidance buffers on in-use/occupied nests to prevent incidental take 
(no surface-disturbing activities within one mile of an in-use/occupied nest during breeding season 
including early courtship through post fledging nest dependency (i.e., December 15 through July 
15). If avoidance is not practicable, the Proponent may request a permit amendment from the 
Service. Additionally, at the five-year review of the permit, the Service may consider additional 
adaptive management strategies, if necessary, in coordination with the Applicant. 
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APPENDIX B 

Public Comments and Responses 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

1 1.1 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We would like to request that 
instead of ten.  

the permit only be issued for 5 Takes Comment noted. Under Alternative 1: Proposed Action, the 
Service has analyzed the impacts of 10 incidents of take per the 
application submitted by the Applicant for the Project and we will 
make a decision for the requested permit based on our analysis as 
presented in the EA. 
 
 

1 1.2 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Members of Basin and Range Watch and Western Watersheds 
Project live within 4 miles of the Silicon Exploration Project and 
have watched nearly in a daily basis, their operation and mitigation 
violations that happen sometimes. 

Concerns regarding the Applicant’s compliance with the BLMs 
applicant committed environmental protection measures 
(ACEPMs) and mitigation are beyond the scope of this EA; 
however, these concerns have been shared with the BLM Tonopah 
Field Office as they are the under purview of the BLM Decision 
Record and their EA for the Project. 
 
 

1 1.3 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We request this because AngloGold Ashanti North America has not 
been within adequate compliance with the regulations of the Bureau 
of Land Management Decision Record mitigation which approved 
the Silicon Exploration Project. In particular, the drillers for the 
company have not complied with the regulations to mitigate night 
lighting or noise. The exploration project runs on a 24/7 schedule 
and for safety reasons, the exploration sites have been extensively 
illuminated. The BLM Environmental Assessment for the project in 
2020 required that night lighting be mitigated to a point of less 
intensity. 

Concerns regarding the Applicant’s compliance with the BLMs 
applicant committed environmental protection measures 
(ACEPMs) and mitigation are beyond the scope of this EA; 
however, these concerns have been shared with the BLM Tonopah 
Field Office as they are the under purview of the BLM Decision 
Record and their EA for the Project. In addition we will continue 
our coordination with the BLM and the industry to consider and 
evaluate best management practices for birds when using night 
lighting  
 
 

1 1.4 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We have observed golden eagles regularly across this region, 
including over the hills where gold exploration is occurring, as well 
as foraging over adjacent creosote desert rolling terrain and Oasis 
Valley. We have viewed nests with binoculars on the nearby Bare 
Mountains. 

Comment noted. The existing environment and baseline data for 
known presence of golden eagles and foraging habitat are 
discussed within Chapter 3.0 Affected Environment of the EA, 
noting the current existence of territories and individual nests 
observed and documented within the area of analysis. 

1 1.5 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Lights:  
 
Since August of 2020, members of Basin and Range Watch have 
complained to the BLM about 8 different times asking that 
AngloGold’s requirement to mitigate light pollution be enforced. 
The fall out of compliance about every other month. The BLM EA 
states:  
 

Concerns regarding the Applicant’s compliance with the BLMs 
ACEPMs and mitigation are beyond the scope of this EA. 
However, we shared the commenter’s concerns about lights with 
the BLM Tonopah Field Office as they are the under purview of 
the BLM Decision Record and their EA for the Project. 
 
We also discussed the commenters concerns with the Applicant 
focused on understanding potential measures available to 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

“To minimize effects from lighting, AGA would utilize hooded 
stationary lights and light plants. Lighting would be directed onto 
the pertinent site only and away from adjacent areas not in use, 
with safety and proper lighting of the active work areas being the 
primary goal. Lighting fixtures would be hooded and shielded as 
appropriate. AGA would utilize lighting designed to reduce the 
impacts to night skies.”  
 
At any given time, there can be as many as 5 different bright lights 
on the mountain they are exploring on. Some of the lights are 
pointed west as well as east and are brighter than moonlight.  
 
The complaints have been mostly based on aesthetics, but these 
lights are clearly too bright to mitigate impacts to wildlife. These 
lights most likely are attracting and impacting eagles, other 
migratory birds and bats. The problems do commonly occur in 
winter during eagle nesting seasons. 

implement lighting Best Management Practices to minimizing 
impacts to birds. The Service will continue to coordinate with the 
BLM, the Applicant, and the industry to understand current 
practices and to explore opportunities for improvements.   
 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 

1 1.6 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Noise:  
 
The drill rigs are very loud. They must drill bits down hundreds of 
feet. They also continuously change the drill bits which makes a 
very loud “clink” noise. The noise can be heard as far as three miles 
away but becomes more intense about one mile away.  
 
The acoustic environment has a major influence in shaping animal 
behavior. A growing number of studies quantify the impact of 
nonlethal human disturbance on the behavior and reproductive 
success of animals. Most researchers agree that noise can effect an 
animal's physiology and behavior, and if it becomes a chronic 
stress, noise can be injurious to an animal's energy budget, 
reproductive success and long-term survival.  
 
In draft guidelines for human disturbance of breeding golden 
eagles, Hansen et al. (2017) state that ground disturbance and noise 
can be more significant than aerial noise to raptors:  
 

In general, animals appear to be more responsive to louder 
sounds than to quieter ones (Bowles 1995). For example, 
Mexican spotted owls only flushed in response to 
helicopters and chainsaws when sound energy was above 
certain levels (chainsaws: 46 dBA, helicopters: 92 dBA; 

Comment noted. The Service acknowledges the potential for noise 
to affect eagles, as is reflected in our regional buffer guidance that 
recommends a 1 mile no disturbance buffer for most activities, and 
a 2 mile buffer for blasting. If buffers are not practical for a 
project to implement, in most situations we recommend the project 
proponent apply for an incidental eagle take permit.. We evaluated 
the Applicant’s request for an eagle incidental take permit 
accordingly in this EA, considering potential for disturbance to 
eagles from Project exploration activities including noise.  Under 
the Bald and Golden Eagle Protection Act permit regulations (50 
CFR 22.26) we must consider, among other things, if an eagle take 
request is necessary to protect a legitimate interest in a particular 
locality. As the BLM had previously authorized the Project’s 
exploration activities, these activities are a legitimate interest.  
Therefore, our EA analyzed the Applicant’s eagle take request as 
allowed by our regulations.  If issued an incidental eagle take 
permit, the Applicant’s impacts to golden eagles would be offset 
through required compensatory mitigation. To address long term 
population concerns, our Regional Migratory Bird Program is 
actively engaged in coordination efforts with the other agencies, 
including the BLM, industries, researchers, and non-government 
organizations in our efforts to manage for sustainable populations 
of eagles and birds throughout Nevada..  

Delaney et al. 1999). Awbry and Bowles (1990:21 cited in 
USFWS 2006) stated that "what little published literature 
(on raptors) is available suggests that noise begins to 
disturb most birds at around 80–85 decibels (dB) sound 
levels and that the threshold for the flight response is 
around 95 dB." The Service (USFWS 2006) noted in its 
review of effects of human disturbance on northern spotted 
owls that raptors tend to be more sensitive to visual 
disturbances than to auditory ones. However, auditory and 
visual stimuli from human activities may often interact 
synergistically in their effects on wildlife (USFWS 2006). 
This synergistic effect could be responsible for findings 
that raptors are often more strongly affected by terrestrial 
activities than aerial activities (USFWS 2006; e.g., Fraser 
et al. 1985, Delaney et al. 1999, Grubb et al. 2010). The 
Service (USFWS 2006) recommended an injury threshold 
for northern spotted owls of 46 dBA for terrestrial 
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activities due to the potential for stronger effects of 
ground-based activities than of aerial activities.  

 
Road traffic by trucks, water trucks, and heavy machinery can 
impact eagles. In wildlife considerations in planning and managing 
road corridors little attention has been given to the effects of 
disturbance by traffic on populations of breeding birds. Recent 
studies, however, show evidence of strongly reduced densities of 
many species of woodland and open habitat in broad zones adjacent 
to busy roads. The density reduction is related to a reduced habitat 
quality, and traffic noise is probably the most critical factor. 
Because density can underestimate the habitat quality, the effects 
on breeding populations are probably larger than have been 
established (Reijnen et al. 1997).  
 
Long-term disturbance could lead to declines in animal populations, 
including eagles. We recommend that heavy and loud mining and 
traffic activities should not be allowed 1.2 km from an active 
golden eagle nest during the period January 1 to August 1.  

1 1.7 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Mining activities that produce extremely loud noises should be 
avoided within 1/2 mile of active nests (or within 1 mile in open 
areas), unless greater tolerance to the activity (or similar activity) 
has been demonstrated by the eagles in the nesting area.  

In general, we recommend that a project may demonstrate 
compliance with the Eagle Act in two ways, by either 
implementing no disturbance buffers recommended by the 
Service, or by applying for an eagle incidental take permit. As 
described in the EA, we would authorize disturbance incidental to 
the project’s activities, thereby alleviating the need for the project 
to implement nest buffers. The comment is noted and will be 
retained in our records.  

1 1.8 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Nests should be monitored during the mining activity. Per Table 2-1 of the Service’s EA (page 6-7), annual nest surveys 
are to be conducted by a qualified biologist prior to surface 
disturbing activities during the avian breeding season (March 1 
through July 31) for the life of the Project. Additionally, annual 
surveys are to be conducted at golden eagle nests documented 
within one mile of the Project.  

1 1.9 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Loss of Foraging Habitat:  
 
About 40 percent of the main ridge AngloGold is exploring on has 
been impacted. Many plant communities have been removed 
including creosote/bursage, Joshua tree, blackbrush and several 
others. 
 

Concerns regarding the Applicant’s compliance with the ACEPMs 
for mitigation of impacts to golden eagle foraging habitat are 
beyond the scope of this EA; however, these concerns have been 
shared with the BLM Tonopah Field Office as they are the under 
purview of the BLM Decision Record and their EA for the Project. 
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According to the BLM EA: “The depth of cut for newly constructed 
exploration roads would be minimal. During reclamation activities 
at the Project, potential growth media stored in the form of berms 
and push piles, created during construction activities, would be 
distributed over surface disturbance areas. Distribution of the 
salvaged growth media during the earthwork portion of 
reclamation would support effective recontouring and seedbed 
preparation prior to seeding. Soil amendments are not considered 
necessary in those areas where sufficient growth media are 
available.”  
 
Very few of these mitigation measures have been implemented to 
minimize damage to foraging habitat. 

1 1.10 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Bald Eagles:  
 
The BLM EA stated that: Bald eagles (Haliaeetus leucocephalus) 
are known to occur in the region, but are not expected to be 
affected by exploration activities associated with the Project; 
therefore, disturbance and loss of territory of bald eagles are not 
expected to result from the Project (BLM 2020).  
 
Members of Basin and Range Watch have sited bald eagles a 
number of times at the Parker Ranch, which is included in the 
Silicon “project area” defined by the eagle report from the EA. 
Cunningham observed an immature bald eagle on January 3, 2022, 
roosting on a cottonwood in Oasis Valley in the morning within 
view of the Silicon Mine project; it flew off. The area may be a 
migration corridor and foraging habitat for bald eagles given that 
some artificial ponds and lakes are stocked with bass. 

The Service’s determination that disturbance and loss of territory 
of bald eagles is not anticipated as a result of Project activities is 
based on baseline data collected and annual monitoring survey 
results within the area of analysis. While bald eagles are known to 
occur in the region, territories and individual nests have not been 
documented within the area of analysis; therefore, we determined 
take of bald eagles is not likely under the proposed project. 
Section 2.1.2 of the EA (page 5) includes adaptive management 
measures that would apply to bald eagles. 

1 1.11 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Conclusion:  
 
Please do not issue ten takes for eagles for this company. They are 
just trying to make their lack of compliance legal. Please only issue 
5 Takes for the next ten years.  
 
 

Comment noted.  We have considered the applicant’s permit 
request as allowed under our Eagle Act incidental take permit 
regulations (50 CFR 22.26). We have determined that issuance of 
a permit to the Applicant allowing for up to 10 incidents of take 
from disturbance over 10 years is appropriate and would not result 
in population level impacts.  
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Appendix C Project Area Golden Eagle Territories and Nest Data Summary 

Annual golden eagle ground surveys have been conducted within a four-mile radius of the Project in 2019 
and 2020. Additionally, some data from earlier years is available from Nevada Department of Wildlife 
(NDOW). A summary of golden eagle nest survey data for nests within four miles of the Project from 2019 
and 2020 is presented in Table 1. 

Table 1 Summary of Nest Surveys from 2019 and 2020 

Year 2019 2020 

Golden Eagle (or Possible Golden Eagle) Nests Surveyed 14 14 
In-use1 Golden Eagle Nests 0 1 
Not in-use2 Golden Eagle (or Possible Golden Eagle) Nests 14 13 

1 In-use Nest – A nest used for breeding in the current year by a pair of golden eagles. 
2 Not in-use – Those nests not selected by golden eagles for use in the current nesting season. 
Sources: SWCA 2019 and 2020 

In addition, the golden eagle nesting territories within the four-mile radius of the Project were 
delineated (SWCA 2019). Four distinct territories were delineated based on proximity of nests to 
one another, concurrent use of adjacent nests, alternating use (from year to year) of adjacent nests, 
and nearest available quality nesting substrate obtained from surveys and monitoring at the Project. 
Figure 3 from SWCA’s 2019 report displays the four golden eagle nesting territories relative to 
the Project area and the 14 nest sites. This figure has not been included in this document due to the 
sensitive nature of eagle nest locations. Table 2 summarizes the golden eagle territories and use 
within the Project area. 

Of the four territories delineated, the survey area and methods are only consistent in the Project 
area for 2019 and 2020 data, and there is limited data available for the Project area from 2014, 
2015 and 2018. Data available for 2014, 2015 and 2018 were provided to SWCA by NDOW 
(SWCA 2019). Of the territories delineated, one was in-use in 2014, none were in-use in 2015, 
2018, or 2019, and one was in-use in 2020.  In 2014, NDOW identified that one of the nests in the 
Beatty Wash territory successfully fledged eaglets (SWCA 2019). There is no additional data 
available for fledging success of the territories surveyed.  



Territory Nest ID 
Year and Territory Status Number of Seasons 

Territory was In-use Territory Use Rate 

2014 2015 2018 2019 2020 

Beatty 
Wash 

SI-301 

In-use Not In-use Not In-use Not In-use In-use 2 0.40 

SI-302 

SI-303 

SI-304 

SI-305 

SI-502 

Upper 
Beatty 
Wash 

SI-206 

-- -- -- Not In-use Not In-use 0 0.00 
SI-209 
SI-211 

SI-510 

Fluorspar 
Canyon SI-503 -- -- -- Not In-use Not In-use 0 0.00 

Specie 
Spring 

SI-003 

-- -- -- Not In-use Not In-use 0 0.00 SI-004 

SI-019 
Total Number of In-
use Territories/Total 
Territories Surveyed 

1/1 0/1 0/1 0/4 1/4 

Territory Use Rate 1.00 0.00 0.00 0.00 0.25 

 Table 2 Territories within the Project Area and Status 

Note: Of the four territories delineated, the survey area and methods are only consistent in the Project area for 2019 and 2020. 
Source: SWCA 2019 and 2020
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Abstract

Native American belief systems do not distin-
guish geographic boundaries for revered 
landscapes, and the appropriate scale at which 
to assess ethnographic landscapes may not be 
readily apparent, as they range greatly from small 
scale to large. The cultural landscape associ-
ated with the Xam Kwatcan trail in California, 
Arizona and Nevada is 160 miles in length. It 
incorporates extant trails, associated ceremonial 
sites, and highly revered geographic places. This 
vast size raises management concerns, but Native 
American cultural perspectives can be clearly 
described and taken into account under relevant 
federal laws (i.e., Section 106 of the National 
Historic Preservation Act) using ethnographic 
interviews. Landscape scale is a useful construct 
in understanding that a place may be simultane-
ously significant on several scales.

Key Words

Ethnographic landscapes, Native American  
trails, regional-scale landscapes, southwestern 
United States

Ethnographic Trail Systems as Large-Scale Cultural 
Landscapes: Preservation and Management Issues

James H. Cleland, Ph.D., Principal, EDAW, Inc., San Diego, California, United States

Introduction

It is well known that Native American ethno-
graphic landscapes can encompass relatively large 
geographic expanses (Hardesty 2000; Parker and 
King 1992). Sacred mountains, such as Mt. Shasta 
in California, San Francisco Peak in Arizona, and 
Devils Tower in Wyoming, are examples. What 
is less widely appreciated is that Native American 
belief systems often not only refrain from delin-
eating geographic boundaries with respect to 
specific revered landforms, such as mountains, 
but also insist on a critical interconnection among 
what might otherwise be considered separate 
landscapes. Boundary definition can be prob-
lematic for all types of cultural landscapes, but 
this problem can seem even more daunting when 
specific locations such as mountain peaks, inter-
montane basins, river valleys, and residential areas 
are inextricably interconnected through a complex 
belief system. In the case of Native American 
ethnographic landscapes, song cycles and other 
sacred texts often weave huge geographies together 
to form an interconnected whole—a whole seen 
by modern tribes as critical to their cultural 
continuity. Because of these widespread inter-
connections, scales for ethnographic landscape 
assessments can range from the relatively local to 
the regional and trans-regional. As a result, the 
appropriate scale of assessment may not be readily 
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apparent to non-native resource management 
agencies or cultural resource professionals who are 
not trained specialists. 

This paper focuses on a large-scale regional cul-
tural landscape associated with a trail system in the 
arid southwestern United States. Trails of cultural 
significance to Native Americans in this region 
range from relatively short ceremonial pathways 
(Hedges and Hamann 1992; Van Vlack and Stoffle 
2006) to trans-regional trails that are closely tied 
to epic accounts of tribal history, tribal identity, 
and cultural continuity. A well-known example 
of a regional trail system is the Chacoan Road 
network (Hardesty 2000). Lesser-known examples, 
but equally daunting in scale, are the Salt Song 
Trail of the Paiute and Chemehuevi tribes and the 
Xam Kwatcan trail system of the Quechan Tribe. 
The Salt Song Trail traverses southwestern Utah, 
southern Nevada and much of southern California. 
The “Salt Song” tells of the trail and its surrounding 
landscape:

It’s telling about different landmarks, 
different mountains, the beauty of this 
mountain, what it stands for, what medi-
cines are found in that mountain. The Salt 
Song tells all of that. If you understood it, 
you’d be a scholar (Eddy 2004).

The Xam Kwatcan trail system, the primary focus 
of this paper, is 160 miles or more in length, 
encompasses portions of three states (California, 
Arizona, and Nevada), and traverses the traditional 
territory of multiple Native American tribes. It 
incorporates extant trails still visible on the desert 
surface, associated ceremonial sites, and elements 
of the natural landscape, including highly revered 
geographic places. A component of this trail 
system is currently a focus of legal action under the 
North American Free Trade Agreement (NAFTA), 

which challenges the impact of a large open-pit 
mine on such a vast landscape.

The present paper concludes that when adequate 
ethnographic interviews have been undertaken, 
Native American cultural perspectives can be 
clearly described and taken into account under the 
U.S. National Historic Preservation Act (NHPA).  

As defined by the National Park Service, an ethno-
graphic landscape is an area containing a variety 
of natural and cultural resources, including plant 
and animal communities that associated people 
define as heritage resources (USDI, NPS-28 1998). 
Further, the NHPA defines a traditional cultural 
property (TCP) as one that is eligible for inclusion 
in the National Register of Historic Places (National 
Register) because of its association with cultural 
practices or beliefs of a living community that are 
(a) rooted in that community’s history, and (b) 
important in maintaining the continuing cultural 
identity of the community (USDI, NPS, NRB 1998). 
By these definitions, the Xam Kwatcan trail system 
can be considered a significant ethnographic land-
scape and a traditional cultural property. Beyond 
these definitions, what about its scale?

The concept of landscape scale must include 
the understanding that a specific ethnographic 
landscape may be significant because it operates 
simultaneously on several scales – local, regional, 
and trans-regional. “Region” is a tricky word 
that may connote a variety of geographic scales, 
depending on the context. In this paper, I use the 
term “regional-scale ethnographic landscape” to 
denote an area that has geographic unity in terms 
of its natural and cultural environment and corre-
sponds to a verifiable ethnographic construct. 
While a local-scale landscape might entail a 
particular valley or mountain range and vary in 
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size up to a few hundred square miles, a regional-
scale landscape might encompass several mountain 
ranges and valleys and range up to an area of a few 
thousand square miles.

The Xam Kwatcan Trail System and the 
Trail of Dreams

Ethnographically, the Native American tribes 
who occupied most of western Arizona and 
southeastern California were speakers of related 
languages of the Yuman family. (Figure 1) The 
lowland Yuman tribes, including the Quechan, 
Mojave, Kamia, Cocopah, Halchidhoma, and 
Maricopa shared many cultural elements, 
including mythic traditions, cosmology, and reli-
gion. They strongly resisted missionization and 
continued to practice their traditional life ways 
through the mid-nineteenth century.

The regional environment was strongly dichoto-
mous—the hyper-arid Sonora desert, crossed by 
the “linear oasis” of the Colorado River (Stone 
1991). Structured by this environment, the 
economy was based on floodplain agriculture, 
fishing, and harvesting of wild plant foods. For 
most lowland tribes, hunting was decidedly a 
secondary subsistence activity. These groups trav-
eled widely across the desert for purposes of social 
visitation, religious pilgrimages, trade, alliance 
building, and warfare (Altschul and Ezzo 1994; 
Forbes 1965; Forde 1931; Kroeber 1925). The 
construction of a regional trail system was a key 
component of this cultural system (Baksh 1997; 
Cleland and Apple 2003; Johnson 1985, 2001; 
Rogers 1936; Von Werlhof 1987).  

The regional trail system plays an important role in 
the origin legends and the religious practice of the 

Yuman peoples. According to Quechan cultural 
tradition:  

In the beginning ... [the Creator] 
Kwikumat ... created real people. … The 
several Yuman tribes all descended from 
the top of Avikwame[Spirit Mountain 
near Laughlin, Nevada] and spread to 
their respective territories. The Quechan, 
however, took a special trail called xam 
kwatcán (‘another going down’). As a 
result, the Quechan adopted their tribal 
name, which is a form of the word 
kwatcán (Forbes 1965, 3-4).  

Thus, contemporary tribal identity is directly tied 
to the Xam Kwatcan trail. 

For the lowland Yuman groups, dreaming is 
considered the primary road to spiritual knowl-
edge and wisdom. Dreams are acquired during 
sleep, but are interpreted via mythological narra-
tives. It is noteworthy that dreaming is also directly 
tied in with the regional trail system. A contempo-
rary Quechan put it this way:  

They [Quechan] were taught that 
dreaming enabled them to have direct 
contact with various supernatural beings 
in order to gain advice and teaching on 
how to solve the problems of the living.  
While dreaming, their souls returned 
[following trails] to the time of creation 
to learn. … So the mountains along 
the Colorado River region are highly 
significant in regional Native American 
cultural and ethnic identity. Spiritual 
activities and events are deeply associated 
with numerous intaglios, petroglyphs, 
trails, lithic scatters, and cleared circles 
present along the Colorado River and 
surrounding hills (Cachora 1994, 14).  
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Figure 1. Native American tribes of the Lower Colorado River. (Kroeber 1925)
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Figure 2.  Map of Xam Kwatcan Trail and related places. (Baksh, 1995, 1997; Johnson 1985, 2001; Raven 
and Raven 1986)
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Writing of the Mojave at the turn of the twentieth 
century, Kroeber (1925, 454-455) wrote:

[A] Mohave can not tell a story or a 
dream without naming the exact spot at 
which each character journeyed or slept or 
stood or looked about [emphasis added]... 

The naming and description of distant places on 
the vast desert landscape was a common thread in 
the lowland Yuman narrative tradition, reinforcing 
and facilitating the culture of long-distance travel. 
Kroeber continued about the important connec-
tion between dreaming and narrative:

Dreams, then are the foundation of 
Mohave life; and dreams throughout are 
cast in a mythological mold. There is no 
people whose activities are more shaped 
by this psychic state... and none whose 
civilization is so completely, so deliberately, 
reflected in their myths.

Thus, myth and dreams are somewhat interchange-
able but are set in real space on the landscape—a 
respected dreamer usually related his dreams in 
terms of mythic traditions, and as Kroeber noted, 
these mythic traditions molded lowland Yuman 
culture to an exceptionally high degree.  

Another important connection between the trail 
system and traditional religious practice was the 
keruk, or cremation ceremony. The keruk was the 
most important religious ceremony and often 
the occasion for relatively large social gatherings 
(Altschul and Ezzo 1994; Forbes 1965; Forde 1931).  
Pilot Knob near Yuma was the site of the mythic 
first cremation – the cremation of the Creator god 
– and served as an ongoing location for major 
keruks. Following completion of the keruk, people 

seeking spiritual guidance would undertake a 
pilgrimage from Pilot Knob to Avikwame, the 
creation mountain and home of the Creator, near 
Laughlin, some 160 miles to the north. It is said 
that a pilgrim could make the trip in four days, 
quite a feat of endurance, and a tribute to the 
quality of the trail system. The Xam Kwatcan trail 
system connected Pilot Knob with the creation 
mountain (Forbes 1965; Johnson 1985; Raven and 
Raven 1986) and was used in the keruk pilgrimage.

According to contemporary Quechan, there 
were two major branches of the Xam Kwatcan 
trail leading north from Pilot Knob. (Figure 2) 
The more easterly branch is referred to as the 
Medicine Trail and the more westerly branch is 
referred to as the Trail of Dreams (Baksh 1997).  
The two branches merge near a major rock art 
complex (Figure 3) near Palo Verde Point on the 
Colorado River.

Character-Defining Elements of the 
Contemporary Cultural Landscape

In the lower Colorado River culture area, Native 
American groups continue to occupy their tradi-
tional territories and maintain exceptionally strong 
cultural continuity, as evidenced in contemporary 
culture by the unbroken use of native languages, 
the maintenance of oral history and traditional oral 
narratives, the continued practice of certain ritual 
and ceremonial activities, and a strong identifica-
tion with the land (Baksh 1997; Bee 1981; Raven 
and Raven 1986; Woods 2001). A strong identifica-
tion with the land is typical of cultural persistence 
throughout southern California (Bean and Vane 
1978). Tribes continue to occupy their pre-contact 
homeland and express a close personal affinity with 



The Alliance for Historic Landscape Preservation         ��

the places of their ancestors. For many of the desert 
groups, not only are places in or near reservations 
remembered and revered, but quite distant places 
continue to have cultural meaning and importance.  
As an example, Avikwame, the creation mountain, 
is over 150 miles from the Quechan Reservation, 
but remains central in narrative, ceremony,  
and identity.

Lowland Yuman cultural authorities stress the 
interconnectedness of places and recoil from 
regulatory imperatives to divide the landscape and 
assess the resulting parts individually:

The sites in that area tie in with something 
that is bigger in the long run. As I’ve said 
before, the whole area along the Colorado 
River is sacred (Baksh 1997, 21).  

The Quechan note that all the sites in 
their traditional range are connected 
spatially, culturally, and spiritually. They 
should not, therefore, be considered as 
isolated occurrences, but rather as part of 
a greater network of cultural heritage. As 

such, effects to one site create effects on all 
the others (Woods 2001, 20).

This point of view can be appreciated by recalling 
Kroeber’s remark that every story and dream is 
manifested at specific places within the desert land-
scape, and that stories and dreams are central to 
the Yuman cultural experience.

Constructed Elements

Traditional cultural activities, some of which are 
ongoing, have left a coherent body of material 
remains on the desert landscape, connected by 
a largely extant trail system (Figure 4). The trail 
system connects cultural and natural elements, 
such as specific mountains, which the Lower 
Colorado groups identify as culturally significant. 
Many trails were intentionally created and are not 
simply a result of repeated use (Johnson 1985; von 
Werlhof 1987). The Native American trail system 

Figure 3. One of many petroglyph panels at Palo Verde 
Point. (Hedges in Cleland and Apple 2003)

Figure 4.  Recording a portion of the Xam Kwatcan trail 
system. (Photo by author)
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clearly reflects the distribution of prehistoric sites 
in the region. A recent large-scale survey revealed 
that 40 percent of the 120-plus recorded prehistoric 
sites had trail features.  
 
Geoglyphs and rock features constitute other 
important types of Native American landscape 
construction. (Figure 5) Geoglyphs (sometimes 
referred to as intaglios) are naturalistic abstract 
figures typically incised into the surface of the 
desert so that the lighter colored subsurface is 
exposed, creating light-on-dark images. These 

figures are unique to the Sonora and southern 
Mojave deserts and can be expansive in scale with 
individual elements exceeding 30 m (100 ft.) in 
length (Johnson 1985). Others may measure only 
a meter or two across. Sonora Desert archaeolo-
gists (Johnson 1985; Von Werlhof 2004) have made 
a convincing case that some anthropomorphic 
geoglyphs represent mythological characters and 
events. These constructions are concentrated at 
locations of particular traditional significance 
(Altschul and Ezzo 1994; Baksh 1995; Pigniolo et 
al. 1997; Raven and Raven 1986). Cleared circles 

Figure 5: Historic aerial photograph of an expansive geoglyph associated with the Xam Kwatcan Trail. (Setzler and 
Stewart 1952)
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and other cleared areas on desert pavements 
constitute another key type of cultural landscape 
construction encountered in areas of high cultural 
significance.  

Elements of the Natural Landscape

Mojave historical narratives (e.g., Kroeber 1925; 
Kroeber and Kroeber 1973) make it clear that the 
lowland Yuman groups “catalogued” and remem-
bered the names of many distant places (Kroeber 
and Kroeber 1973). Forde (1931) noted that the 
Quechan, too, remembered a vast array of named 
places, but did not record many of them individu-
ally. These named places had varying prominence 
within the core narrative literature and its corre-
lated belief system. Not every named place rises to 
the same level of significance.

Several mountains had particular importance, 
but not all highly revered places were topographic 
prominences. The Indian Pass area, where two 
major trails (including the Trail of Dreams) 
crossed, was particularly esteemed as a teaching 
place where initiates were brought to learn arcane 
cultural traditions considered critical to the main-
tenance of Quechan culture. Mesas surrounding 
important peaks (Pilot Knob Mesa, for example) 
are considered especially sensitive and contain high 
frequencies of constructed cultural elements such 
as geoglyphs, rock rings, and cleared circles (Ezzo 
and Altschul 1993; Raven and Raven 1986).

Beyond the physiography of place, lowland 
Yuman tradition puts significant emphasis on the 
plants and animals native to each place. Speaking 
of the culturally-related Chemehuevi, Halmo 
(2001) noted:

Given the intimate interrelationship 
between plants, animals, soil and water, 
Chemehuevi concerns for these resources 
are clear. Plants and animals are consid-
ered sacred resources that must be 
used appropriately. … As mentioned, 
all traditional Chemehuevi territory is 
perceived to be a sacred homeland given 
to the people by their Creator. Any inap-
propriate treatment of the land is viewed 
as upsetting the balance with adverse 
consequences.

In sum, traditional Yuman cultural beliefs interact 
to create the need to address an integrated cultural 
landscape comprised of archaeological sites, 
natural formations, the biotic community, and 
trails that is truly regional in scale. The National 
Park Service originally defined an ethnographic 
landscape as a “landscape containing a variety 
of natural and cultural resources that associated 
people define as heritage resources” (Birnbaum 
1994). Contemporary Native American consultants 
and ethnographic testimony gathered in the early 
twentieth century agree that the associated people 
(in this case existing Yuman tribes) define an 
expansive, holistic landscape across the desert as an 
important heritage resource.

Management Issues

The immensity of regional-scale ethnographic 
landscapes and the insistence by many contem-
porary Native American spokespeople on the 
interconnectedness of the natural and cultural 
elements of these landscapes raises serious 
management issues. Can such a landscape be 
considered a cultural property under U.S. laws and 
regulations? If so, how would its boundaries be 
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determined and whose responsibility would it be 
to define the boundaries? Then, there is the issue of 
integrity. Typically, any regional-scale ethnographic 
landscape would have already been subject to some 
severe disturbance. How would one even begin 
to assess whether historical values still exist? In 
the case of the ethnographic landscape associated 
with the Xam Quechan trail system, three east-
west Interstate highways cross it, several modern 
cities have been developed within it, and the once 
wild Colorado River has been tamed by dams 
and levees, and irrigated agricultural fields have 
replaced wetlands and sloughs.

Having faced these issues on several major proj-
ects involving land-management decisions within 
this regional-scale landscape, I have come to the 
conclusion that most of the objections to consid-
ering regional landscapes result from a too-rigid 
set of assumptions as to what U.S. regulations actu-
ally say and require. Through experience, I have 
come to understand that current laws, regulations, 
and guidelines contain most of the tools necessary 
to come to reasonable and balanced land-manage-
ment decisions that take into account Native 
American values. 

To put this conclusion into perspective, I 
will examine an ongoing NAFTA claim (U.S. 
Department of State 2007) by a Canadian mining 
company denied the right to develop a massive 
open-pit gold mine that would have impacted the 
Trail of Dreams and a specific place—Indian Pass 
as well as the regional ethnographic landscape as a 
whole. The issues and regulatory processes at issue 
in this case are exceedingly complex, and I will 
only attempt to summarize some of the cultural 
resources issues. This could be a precedent-setting 
case, and its high profile is underscored by the fact 

that the National Trust for Historic Preservation 
put Indian Pass on its most endangered list  
in 2002.
 
Indian Pass had been known since the 1920s as an 
area rich in archaeological material, as evidenced 
by surface collections and excavations conducted 
by Malcolm Rogers (1936, 1939, 1966; Waters 
1982). However, Rogers’ work was never fully 
reported, and many archaeologists remained 
unaware of the value of the area. And, no one had 
thought to ask the Native American tribes what 
they thought until the Glamis Imperial Mine  
was proposed. 

Native American values for the area started to 
come to light during public scoping meetings held 
by Bureau of Land Management (BLM) under 
the auspices of the National Environmental Policy 
Act (NEPA). Native American representatives 
voiced strong opposition to the project. BLM then 
retained the services of a cultural anthropolo-
gist who had previous experience with lowland 
Yuman tribes to assess the basis of this opposi-
tion. Ethnographic interviews revealed that many 
Quechan were concerned about all ancestral 
sites in their traditional territory; too many had 
already been destroyed. The Trail of Dreams 
passes through the proposed mine area, while the 
Medicine Trail was already cut-through by another 
open-pit gold mine. The Quechan believe that the 
construction of the proposed mine would preclude 
their ability to perform the pilgrimage from Pilot 
Knob to the creation mountain, physically and 
in dreams. The Indian Pass area is also of special 
significance. It is a “strong” place and ancestral 
spirits are thought to dwell there. Landscape 
features were of importance, as were aspects of 
the constructed environment. The intersection of 
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the two trails is an important aspect. Additionally, 
and of critical importance, the Indian Pass area is 
a teaching place that must be visited to learn tradi-
tional cultural practices. It is the first in a series of 
such places. The other places would be useless if 
the first place were destroyed. No mitigation could 
lessen the cultural damage that would be done if 
the mine were to proceed.

My company (EDAW, Inc.) conducted the archaeo-
logical survey required to conform to both NEPA 
and Section 106. Suffice it to say, the archaeological 
data supported the Quechan claims. The proposed 
site for the mine was found to hold a high 
concentration of features of probable ceremonial 
significance, and these features probably span at 
least a thousand-year period (Pigniolo et al. 1997). 
A trail associated with many ceremonial features 
can still be seen on the ground extending from the 
major trail intersection through the proposed open 
pit mine. This trail has been identified in the field 
by Native Americans as the Trail of Dreams. Based 
partly on the impacts to traditional cultural prop-
erties, the Department of the Interior denied the 
permit application in January 2001. This denial was 
subsequently reversed, but the State of California 
also moved to block the project.

Attorneys and an expert witness for the mining 
company have been critical of some of the cultural 
resources findings, raising issues of fact as well 
as procedural issues (Sebastian 2006). Of most 
importance for present purposes is the issue of 
scale. The mining company argues that since the 
Native Americans are concerned about a cultural 
landscape that is regional in scale, the impact of the 
mine itself would have to be considered relatively 
minor, only a few square miles out of many thou-
sands (McKee 2005).

How valid is this criticism? I think it is fair to say 
that it would be impossible to stop all develop-
ment in a regional scale landscape just because it 
would adversely impact that landscape. As noted 
above, the area in question contains modern 
towns and numerous modern transportation 
routes. If all projects are not stopped, why would 
one project be singled out for denial while 
another is allowed to go forward? This question 
underscores one of the major points I want to 
make. In the Imperial Mine case, if the regional-
level landscape was the only issue, then it is 
doubtful that the government would have blocked 
the project. Rather, it was the confluence of land-
scapes on several scales at the proposed mine site 
that led to the government’s decision. Not only 
was there a regional issue, there was the issue of 
the Indian Pass area itself and the local manifes-
tation of the Trail of Dreams within that more 
restricted landscape. Although I cannot speak 
for Native Americans, my experience on other 
projects is that strident objections to projects 
are not raised based solely on regional concerns. 
While many Native Americans would prefer to 
see all new development restricted to previously 
disturbed areas, it is only when a project severely 
affects a more localized landscape of particular 
concern that the level of opposition raises to 
criticality.  

Conclusions and Recommendations

In a more general sense, then, how is a regional 
scale landscape to be dealt with and managed?  
There might be a tendency either to panic and 
say “Oh, it’s just too big, we can’t possibly deal 
with it,” or to shrug and say “Well, if everything is 
important, what difference does it make?” Neither 
of these reactions can be justified under current 
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Federal regulations and guidelines. My recom-
mendation is to take regional cultural landscapes 
seriously first by acknowledging the existence of 
such landscapes for purposes of full disclosure. 
If a good case can be made for the existence of a 
regional scale landscape, it only makes sense that 
land managers and cultural resources professionals 
should take it into account in decision-making. 
Moreover, in the case of ethnographic landscapes, 
federal guidelines are quite clear that the concerns 
of the affected cultural group should be sought out 
and considered (Parker and King 1992). However, 
does this mean that a regional scale landscape 
should be formally evaluated for National Register 
eligibility as a TCP or ethnographic landscape? In 
my view, little would be gained in most cases by 
such an effort. In a rare case, such an assessment 
might become necessary to avoid a legal challenge, 
but this would not normally be the case.

What then is the proper format for taking a 
regional-scale landscape into account? In case of a 
federal undertaking subject to NEPA, impacts to 
the regional landscape would have to be addressed 
separately in the required cumulative impact 
assessment. This is a point that attorneys for Native 
American groups are beginning to recognize and 
advocate for. In addition, undertakings under 
Section 106 would address the regional landscape 
in the consultation documents, either in an agree-
ment document like a memorandum of agreement 
or in agreeing that there would be no effect. Finally, 
in long-term land management programs, regional 
scale landscape concerns can be addressed with 
a formal plan for stewardship. Regional thinking 
would help lead the cultural resources profes-
sion toward large-scale planning similar to the 
ecosystem-management approach that is gaining 
popularity relative to rare and endangered species.

In conclusion, the idea of scale in cultural land-
scape analysis helps to illuminate and explain 
varying kinds of traditional cultural concerns: 
concerns dealing on the one hand with holistic 
regional landscapes and on the other with more 
localized places and their roles within the larger 
regional landscapes. This approach serves better 
to integrate Native American concerns and guide 
appropriate, informed management decisions. 
Issues of boundary determination and scale are 
more readily conceived and resolved within the 
context of a holistic landscape analysis than within 
a more partitive approach.
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Update of the Accounting Surface Along the 
Lower Colorado River

By Stephen M. Wiele, Stanley A. Leake, Sandra J. Owen-Joyce, and Emmet H. McGuire

Abstract
The accounting-surface method was developed in the 

1990s by the U.S. Geological Survey, in cooperation with the 

Bureau of Reclamation, to identify wells outside the flood 

plain of the lower Colorado River that yield water that will 

be replaced by water from the river. This method was needed 

to identify which wells require an entitlement for diversion 

of water from the Colorado River and need to be included 

in accounting for consumptive use of Colorado River water 

as outlined in the Consolidated Decree of the United States 

Supreme Court in Arizona v. California. The method is based 

on the concept of a river aquifer and an accounting surface 

within the river aquifer. The study area includes the val-

ley adjacent to the lower Colorado River and parts of some 

adjacent valleys in Arizona, California, Nevada, and Utah and 

extends from the east end of Lake Mead south to the southerly 

international boundary with Mexico. Contours for the original 

accounting surface were hand drawn based on the shape of 

the aquifer, water-surface elevations in the Colorado River 

and drainage ditches, and hydrologic judgment. This report 

documents an update of the original accounting surface based 

on updated water-surface elevations in the Colorado River 

and drainage ditches and the use of simple, physically based 

ground-water flow models to calculate the accounting surface 

in four areas adjacent to the free-flowing river.

Introduction
The accounting-surface method was developed in the 

1990s by the U.S. Geological Survey (USGS), in cooperation 

with the Bureau of Reclamation (Reclamation), to identify 

wells outside the flood plain of the lower Colorado River that 

yield water that will be replaced by water from the river (Wil-

son and Owen-Joyce, 1994; Owen-Joyce and others, 2000). 

Prior to the development of the accounting-surface method, 

water pumped from many wells outside the flood plain was 

not included when accounting for consumptive use of river 

water. A method was needed to identify which wells pump 

water that will be replaced by water from the Colorado River 

and need to be included in accounting for consumptive use of 

Colorado River water as outlined in the Consolidated Decree 

of the United States Supreme Court in Arizona v. California, 

547 U.S.150 (2006). The method is based on the concept of a 

river aquifer and an accounting surface within the river aqui-

fer. The study area includes the valley adjacent to the lower 

Colorado River and parts of some adjacent valleys in Arizona, 

California, Nevada, and Utah and extends from the east end 

of Lake Mead south to the southerly international boundary 

with Mexico (fig. 1). Nearly 15 years have passed since the 

development of the original accounting surface. Prior to the 

issuance of a proposed rule to define the accounting proce-

dure, an update of the accounting surface is needed for use in 

the process of Decree accounting for the following reasons:

1. The original accounting surface was generated on the 

basis of water-surface profiles of the lower Colorado 

River computed for the highest median monthly pro-

jected discharge for 1992–2001 and assuming delivery 

of full allocations of river water to users in the United 

States. Since that time, historical data are available that 

represent the current and anticipated future operation of 

the Colorado River for the delivery of full allocation of 

river water to users in the United States and treaty deliv-

eries to Mexico.

2. The original water-surface profiles were generated 

with a surface-water model representing river-channel 

conditions surveyed between 1980 and 1988. More 

recent river stage information is available, and the target 

elevations for Lakes Mohave and Havasu have changed 

slightly since the original accounting surface was devel-

oped.

3. The original accounting surface in parts of the Parker and 

Palo Verde areas was based on water-surface elevations 

in drainage ditches or wells along the edge of the flood 

plain that represented regulated flow conditions of the late 

1980s and early 1990s. Furthermore, the elevations from 

the drainage ditches used in the Palo Verde Valley were 

based on a nonstandard vertical datum, adding an error to 

the elevation of the accounting surface in that area.

4. Improved ground-water flow modeling is now available 

that will allow efficient construction of an accounting 

surface tied to the river in reaches not adjacent to reser-

voirs. An accounting surface computed with a physically 
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Figure 1. Map showing the lower Colorado River and areal extent of the river aquifer.
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based model is an improvement on the original account-

ing surface, which was hand-drawn based on hydrologic 

judgment, and can be easily replicated and quickly 

updated as required.

Legal Framework

The Colorado River Compact of 1922 apportions the 

waters of the Colorado River between the upper basin and the 

lower basin (U.S. Congress, 1948, p. A17-A22). The require-

ment for participation of the USGS and Reclamation is stated 

in Article V:

 The chief official of each signatory State 

charged with the administration of water rights, 

together with the Director of the United States 

Reclamation Service and the Director of the United 

States Geological Survey shall cooperate, ex-officio:

(a) To promote the systematic determination and 

coordination of the facts as to flow, appropriation, 

consumption, and use of water in the Colorado River 

Basin, and the interchange of available information 

in such matters.

Water in the lower Colorado River is apportioned among 

the States of California, Arizona, and Nevada by the Boulder 

Canyon Project Act of December 21, 1928 (U.S. Congress, 

1948, p. A213–A225) and confirmed by the Consolidated 

Decree (U.S. Supreme Court, 2006) in terms of consumptive 

use. The decree is specific about the responsibility of the Sec-

retary of the Interior to account for consumptive use of water 

from the mainstream. Consumptive use is defined to include 

“water drawn from the mainstream by underground pumping.” 

Article V of the Consolidated Decree (U.S. Supreme Court, 

2006) states in part:

 The United States shall prepare and maintain, or 

provide for the preparation and maintenance of, and 

shall make available, annually and at such shorter 

intervals as the Secretary of the Interior shall deem 

necessary or advisable, for inspection by interested 

persons at all reasonable times and at a reasonable 

place or places, complete, detailed and accurate 

records of: * * *

* * * (B) Diversions of water from the mainstream, 

return flow of such water to the stream as is avail-

able for consumptive use in the United States or in 

satisfaction of the Mexican treaty obligation, and 

consumptive use of such water. These quantities 

shall be stated separately as to each diverter from the 

mainstream, each point of diversion, and each of the 

States of Arizona, California, and Nevada; * * *

Article I of the decree defines terminology and states in part:

(A) “Consumptive use” means diversions from the 

stream less such return flow thereto as is available 

for consumptive use in the United States or in satis-

faction of the Mexican treaty obligation;

(B) “Mainstream” means the mainstream of the 

Colorado River downstream from Lee Ferry within 

the United States, including the reservoirs thereon;

(C) Consumptive use from the mainstream within 

a state shall include all consumptive uses of water 

of the mainstream, including water drawn from the 

mainstream by underground pumping, and includ-

ing but not limited to, consumptive uses made by 

persons, by agencies of that state, and by the United 

States for the benefit of Indian reservations and 

other federal establishments within the state; * * *

Ground water in the river aquifer beneath the flood plain 

is considered to be Colorado River water, and water pumped 

from wells on the flood plain is presumed to be river water and 

is accounted for as Colorado River water. Drainage ditches 

that lie along the edge of the flood plain contain a mixture of 

river water (recharged on the flood plain from the application 

of diverted irrigation water) and tributary water. 

Purpose and Scope

This report documents the updates to the data and method 

used to generate the accounting surface in previous reports 

(Wilson and Owen-Joyce, 1994; Owen-Joyce and others, 2000) 

and presents the updated accounting surface needed to identify 

wells outside the flood plain of the lower Colorado River that 

yield water that will be replaced by water from the Colorado 

River. The report describes the process to update the account-

ing surface using simple, physically based ground-water flow 

models and contains maps (figs. 4–7 and plates 1–3) that show 

the elevation and contours of the updated accounting surface. 

Site-specific data were collected where needed to update the 

accounting surface. 

Data Collection

The USGS collected hydrologic data for the study 

during 2007–08. Most field work was done along the drain-

age ditches on the flood plain in Parker and Cibola Valleys 

in Arizona, in Palo Verde Valley in California, and in the 

Yuma area in Arizona and California. Additional data were 

collected along reaches of the river between Parker and 

Headgate Rock Dams and from upstream of Imperial Dam 

to the northerly international boundary (NIB) with Mexico. 

Water-surface elevations in drainage ditches were deter-

mined by use of Global Positioning System (GPS) surveys 

(Remondi, 1985). The data are stored in a database of the 

Arizona Water Science Center of the U.S. Geological Sur-

vey, Tucson, Arizona.

Precise GPS was used to collect water-level elevation 

data in the drainage ditches of agricultural areas along the 
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lower Colorado River in Parker, Cibola, and Palo Verde Val-

leys and in the Yuma area. Field collection of data for the Palo 

Verde Valley drainage-ditch survey was conducted during 

the weeks of August 13 and 27, 2007. Data for the drainage 

ditches in Parker Valley were collected during the weeks of 

August 27 and September 10, 2007. Data for the Cibola Valley 

drainage ditches were collected during the week of November 

5, 2007. Data for the drainage ditches in the Yuma area were 

collected January 30–31, 2008. Precise GPS was also used 

to collect data for specific reaches along the Colorado River. 

Data for the river between Parker Dam and Headgate Rock 

Dam were collected January 24, 2008. Data for the river in the 

Yuma area were collected the week of February 4, 2008.

Survey methods included collecting survey data by using 

Real-Time Kinematic (RTK)-Infill and static GPS. RTK GPS 

was used to collect edge-of-water or staff-gage elevations in 

the drainage ditches. RTK base-station positions were located 

at higher topographic locations near the drainage ditches. The 

base-station positions were selected by virtue of line-of-sight 

capability with the area of the drainage ditch to be surveyed. 

Because most survey points within the drainage ditches were 

obscured from the base station by the embankments, two 

technicians conducted the survey for safety and to ensure line-

of-site radio link between the RTK base station and rover unit. 

One technician entered the drainage ditch to place the rover 

GPS antenna pole at the edge of water or, when available, on 

top of a staff gage, while the second technician remained at the 

top of the drainage ditch with the rover radio receiver. Down-

to-water measurements were made from the top-of-staff gage 

or other measuring-point positions.

Static GPS methods included the occupation of surround-

ing survey benchmarks that have coordinates published by 

the National Geodetic Survey (NGS). Data collected from the 

static occupations were used to tie-in, correct, and check the 

coordinates of individual RTK base-station positions for each 

of the individual drainage-ditch surveys. In addition, indi-

vidual base-station positions from each of the drainage ditches 

were surveyed to a single benchmark located just west of the 

right bank cableway tie-back at the Colorado River below Palo 

Verde Dam (USGS 09429100) streamflow-gaging station. 

Selected top-of-staff measuring points and surrounding NGS 

benchmarks, when available, were reoccupied with RTK GPS 

to check for survey accuracy and repeatability. The accuracy 

of the surveyed elevations was ± 0.20 feet.

Various precise GPS methods were used to collect water-

level elevation data depending on the conditions that existed 

in those areas. Traditional RTK and faststatic techniques were 

not feasible due to line-of-sight problems and the absence of 

an established faststatic base station in the area between Parker 

and Headgate Rock Dams. Data were collected at eleven 

points along this reach of the river by treating each point as a 

base station and obtaining an Online Positioning User Service 

(OPUS) solution for each point. In the Yuma area, where there 

is an established base station surveyed in at the Yuma USGS 

office, data were collected at 28 points in drainage ditches and 

at 6 wells using the faststatic technique. Along the river in the 

reach upstream from Laguna Dam, 15 elevation points were 

collected by using the faststatic technique with the Yuma base 

station at the USGS office. Along the river in the Yuma area 

downstream from Laguna Dam to the NIB with Mexico, the 

RTK technique was used to collect data at 14 points by using 

both the AMVD and COCO base stations, which are devel-

oped benchmarks established by the City of Yuma.

Previous Investigations

The accounting-surface method is described for two areas 

in separate reports—the area upstream from Laguna Dam 

in Wilson and Owen-Joyce (1994) and the area downstream 

from Laguna Dam in Owen-Joyce and others (2000). Previous 

geohydrologic studies of the lower Colorado River valley from 

Davis Dam to Yuma defined and described the formations that 

constitute the river aquifer, discussed the geologic structures and 

framework of the lower Colorado River valley, and described 

the occurrence and movement of ground water (Metzger, 1965, 

1968; Metzger and Loeltz, 1973; Metzger and others, 1973; 

Olmsted and others, 1973). The major emphasis of these studies 

was the ground-water flow system beneath the flood plain and its 

relation to the Colorado River because few wells were available 

outside the flood plain to provide water levels or samples for 

chemical analysis. Refinement of the hydrogeologic framework, 

updated maps of ground-water flow, estimates of ground-water 

storage in the mound under Yuma Mesa, water-chemistry analy-

ses, and water-budget components are topics covered in a recent 

study of the Yuma area (Dickinson and others, 2006). Additional 

work to develop procedures to apply the accounting-surface 

method to water-level data from wells applied geographic 

information system (GIS) methods to identify areas where wells 

pump water that will be replaced by water from the Colorado 

River (Spangler and others, 2007).
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Accounting-Surface Method
The accounting-surface method was developed to iden-

tify wells outside the flood plain of the lower Colorado River 

that yield water that will be replaced by water from the river 

(Wilson and Owen-Joyce, 1994; Owen-Joyce and others, 

2000). The method is based on the concept of a river aquifer 
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and an accounting surface within the river aquifer. The method 

provides a uniform criterion for all users pumping water from 

wells by determining whether the elevation of the static water 

table at a well is above or below the accounting surface. The 

elevation of the static water table at a well is determined by 

measuring the elevation of the static water level in the well. 

The static water level is the level of the water in a well that is 

not being affected by ground-water withdrawal or the level to 

which water will rise in a tightly cased well under its full pres-

sure head. Wells that have a static water-level elevation equal 

to or below the accounting surface are presumed to yield water 

that will be replaced by water from the river. Wells that have 

a static water-level elevation above the accounting surface are 

presumed to yield water that will be replaced by water from 

precipitation and inflow from tributary valleys (fig. 2). Ground 

water in the river aquifer beneath the flood plain is considered 

to be Colorado River water regardless of water levels. Water 

pumped from wells on the flood plain is presumed to be river 

water and is accounted for as Colorado River water. 

The accounting surface is defined to represent the eleva-

tion and slope of the static water table in the river aquifer 

outside the flood plain and the reservoirs of the Colorado 

River that would exist if the water in the river aquifer were 

derived only from the river (Wilson and Owen-Joyce, 1994). 

The accounting surface extends outward from the edges of 

the flood plain or a reservoir to the subsurface boundary of 

the river aquifer. Initial attempts to compare the water level in 

wells to the accounting surface were stymied by the inability 

to obtain water levels in every well (Spangler and others, 

2007). Consequently, a method was devised by Spangler and 

others (2007) to estimate the water surface from available data 

and a new category—near the accounting surface—was added 

to the existing categories of well water levels—at, below, or 

above the accounting surface. GIS methods were used to cre-

ate maps from measured water-level data that were then used 

to delineate areas where the water levels in wells were above 

or below the accounting surface. Estimations of water eleva-

tion can be made for wells without a measured water level 

(Spangler and others, 2007) from these maps. Water levels in 

wells were measured with calibrated steel or electrical tapes 

that are accurate to within tenths or hundredths of a foot. A 

differential GPS was used to determine land-surface eleva-

tions to within an operational accuracy of ± 0.43 ft, resulting in 

calculated water-level elevations having a 95-percent confi-

dence interval of ± 0.84 ft. GIS interpolation tools were used 

to delineate areas within the river aquifer where water-level 

elevations are presumed to be above, below, and near (within 

± 0.84 ft at the 95-percent confidence interval) the elevation of 

the accounting surface. 

The criterion in the accounting-surface method for all 

users pumping water from wells was changed by Spangler 

and others (2007) to determining whether the elevation of 

the static water table at a well is above, near, or below the 

accounting surface. Wells that have a static water-level 

Figure 2. Schematic diagram showing the river aquifer and accounting surface (red line) of the lower Colorado River. 
Wells labeled “R” have a static water-level elevation equal to or below the accounting surface and are presumed to 
yield water that will be replaced by water from the river. Wells labeled “T” have a static water-level elevation above 
the accounting surface and are presumed to yield water that will be replaced by water from precipitation and inflow 
from tributary valleys (Modified from Wilson and Owen-Joyce, 1994).
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elevation near, equal to, or below the accounting surface are 

presumed to yield water that will be replaced by water from 

the river. Wells that have a static water-level elevation above 

the accounting surface are presumed to yield water that will 

be replaced by water from precipitation and inflow from 

tributary valleys.

River Aquifer

The boundary of the area that contains the accounting sur-

face was defined as the river aquifer and delineated in the pre-

vious studies (Wilson and Owen-Joyce, 1994; Owen-Joyce and 

others, 2000). The river aquifer consists of permeable, partly 

saturated sediments and sedimentary rocks that are hydrauli-

cally connected to the Colorado River so that water can move 

between the river and the aquifer in response to withdrawal of 

water from the aquifer or differences in water-level elevations 

between the river and the aquifer. The subsurface limit of the 

river aquifer is the nearly impermeable bedrock of the bottom 

and sides of the basins that underlie the Colorado River valley 

and adjacent tributary valleys, which is a barrier to ground-

water flow. For this study the boundary of the river aquifer 

remains the same as defined previously (fig. 1).

The river aquifer beneath the area where the accounting 

surface exists can be divided into two areas. The first area is 

where the water table is controlled by reservoirs, and the second 

area is where the water table is controlled by the Colorado 

River, drainage ditches on the flood plain, or both. In areas con-

trolled by reservoirs, the accounting surface is set at a constant 

elevation defined by a representative reservoir level specified by 

Reclamation. In areas controlled by the Colorado River, drain-

age ditches, or both, the accounting surface varies depending on 

the shape of the aquifer and the surface-water elevations.

Generation of the Accounting Surface

The accounting surface adjacent to free-flowing reaches 

of the river between reservoirs published by Wilson and 

Owen-Joyce (1994) and Owen-Joyce and others (2000) was 

represented by hand-drawn contours based on surface-water 

profiles. In Parker and Palo Verde Valleys, drainage ditches or 

wells along the edge of the flood plain were used to define the 

level of the accounting surface. Reclamation considers the water 

levels in the drainage ditches to represent the level of Colorado 

River water beneath the flood plain. Adjacent to reservoirs, the 

accounting surface is flat, and is set to an elevation of the adja-

cent reservoir defined by the annual high water-surface eleva-

tion used by Reclamation to operate the reservoirs under normal 

flow conditions.

The general strategy for updating the accounting surface 

was as follows:

1. The extent of the river aquifer and area over which the 

accounting surface was defined by Wilson and Owen-

Joyce (1994) and Owen-Joyce and others (2000) was 

retained.

2. Water-surface profiles of the Colorado River and drain-

age ditches used in defining the accounting surface were 

updated using the most recent information available. 

Drainage ditches were used in Parker, Palo Verde, and 

Cibola Valleys in defining the accounting surface.

3.  Water-surface elevations in reservoirs were updated 

on the basis of current operating conditions for Lakes 

Mead, Mohave, and Havasu.

4. Contours of the accounting surface adjacent to free-

flowing reaches of the Colorado River were generated 

using simple steady-state ground-water models that 

simulate two-dimensional flow, using a constant trans-

missivity value, with river and drainage-ditch elevations 

as boundary conditions.

The discharges along the free-flowing reaches of the 

Colorado River and the water-surface elevations in reservoirs 

used to define the accounting surface were specified by Recla-

mation. Implementation of this general strategy is discussed in 

more detail in the following sections.

Criteria for Establishing Reservoir Water-Surface 
Elevations and Colorado River Flow Conditions 
Used to Generate the Accounting Surface

The water-surface elevations in the Colorado River, reser-

voirs, and drainage ditches satisfy the following criteria (Jeffrey 

C. Addiego, Bureau of Reclamation, written commun., 2007):

The Colorado River is flowing under normal operat-

ing conditions. Normal operating conditions exist 

when releases from the reservoirs are being made to 

accommodate downstream requirements where each 

State is using its full apportionment (consumptive use 

in Arizona + California + Nevada equals 7.5 million 

acre-feet) and a treaty-specified 1.5 million acre-feet 

is being delivered to Mexico (approximately 1.36 

million acre-feet at the NIB with Mexico and 0.14 

million acre-feet at the land boundary near San Luis). 

Flow and (or) river stage values can be either his-

torical or modeled values, and should exclude flood 

flows from the lower basin tributaries and side-wash 

inflows.

The hydraulic influence of the Colorado River under 

normal operating conditions is defined by the mean 

stage of the Colorado River (excluding reservoirs) dur-

ing the highest flow month of the year (the flow that 

should be used to calculate the river stage is the mean 

monthly flow for the highest flow month of the year).

The elevations used for the reservoirs (Lakes Mohave 

and Havasu) are the high monthly target elevation for 

the year used when operating under normal operating 

conditions — 644 feet for Lake Mohave and 448.7 feet 

for Lake Havasu. 
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The maximum elevation of the accounting surface for 

Lake Mead is the top of the spillway gates in their 

fixed (down) position (1,205.4 feet). This elevation 

corresponds to an elevation (and corresponding area) 

in the vicinity of Lake Mead where a well would have 

the potential to pump Colorado River water. Whether 

a well would be considered to pump Colorado River 

water in the Lake Mead area would depend upon the 

actual lake elevations during the accounting year.

The flows and river stage values account for major 

diversions from and return flows to the river at their 

respective locations. These diversions and return flows 

include, at minimum, the diversion at Headgate Rock 

Dam and major drainage ditches from the Colorado 

River Indian Reservation, the diversion at Palo Verde 

Diversion Dam and major drainage ditches from the 

Palo Verde Irrigation District, the diversions from Lake 

Havasu by the Central Arizona Project and the Metro-

politan Water District canals, the diversions at Imperial 

Dam and major returns below Imperial Dam. As many 

diversions and return flow points are used as practi-

cal given the available data and the practical influence 

upon the resultant values. 

Areas of the River Aquifer Controlled by 
Reservoirs

The accounting surface elevations in the river aquifer sur-

rounding Lake Havasu, Lake Mohave, and Lake Mead are deter-

mined by the reservoir levels. Reclamation has determined that 

the accounting-surface elevations are 448.7 ft for Lake Havasu, 

644.0 ft for Lake Mohave, and 1205.4 ft for Lake Mead. 

Areas of the River Aquifer Controlled by the 
Colorado River, Drainage Ditches, or Both

River Reaches
Along reaches of the Colorado River without irrigation 

on the flood plain where the river loses water to the aquifer, the 

accounting surface is determined by the water surface of the 

Colorado River. Under predevelopment conditions and where 

the flood plain is not irrigated with diverted river water, ground-

water levels in areas outside the flood plain that are higher than 

the Colorado River are caused only by tributary ground-water 

inflow. In this case, the river controls the elevation of the water 

table under the flood plain, and the accounting surface would be 

lower than the higher water level caused by tributary ground-

water inflow. Water pumped from a well with a static water 

level above the accounting surface would be deemed tributary 

water, and an entitlement would not be needed.

A calibrated and documented step-backwater model was 

not available for the study area, and development of such 

a model was beyond the scope of this study. Reclamation 

Colorado River 
gaging station

River      
mile

Discharge, in 
cubic feet per 

second
Below Hoover Dam 342.0 17,634

Below Davis Dam 275.5 17,069

At Big Bend 264.7 19,567

Below Parker Dam 192.2 12,370

Forebay at Headgate Rock Dam 177.7 11,402

At Parker 175.3 11,970

At Water Wheel 151.5 11,157

Below Palo Verde Diversion Dam 132.7 10,924

At Taylor Ferry 106.4 9,825

At Lower Cibola Bridge 86.9 10,399

Above Imperial Dam 49.2 10,222

Below Imperial Dam 49.2 549

Below Laguna Dam 41.7 716

Below Yuma Main Canal Wasteway 29.4 1,527

Table 1. Discharges used to determine the water-surface elevation 
of the Colorado River used in the ground water-flow models.
[River miles start at the southerly international boundary with Mexico and 

increase upstream (Bureau of Reclamation, 2001)]

Figure 3. Water surface profile of the Colorado River used in 
the ground-water flow models. The approximate extent of the 
accounting surface in each of the four modeled areas is also 
displayed as a function of river mile. River miles (Bureau of Rec-
lamation, 2001) start at the southerly international boundary with 
Mexico and increase upstream.
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surface elevations used to represent the Colorado River south 

of Eleven-mile gage are in the appendixes (available only 

online at http://pubs.usgs.gov/sir/2008/5113/appendixes/).

Mohave Valley—The water-surface profile was deter-

mined from the stage-discharge relations at four streamflow-

gaging stations at river miles 275.4 (Colorado River below 

Davis Dam), 264.7 (Colorado River at Big Bend), 243.4 (Colo-

rado River below Needles Bridge), and 233.6 (Colorado River 

near Topock [at RS41]), and the elevation of Lake Havasu. 

Parker Valley and Palo Verde Valley—The linearly inter-

polated profile was based on streamflow-gaging station data at 

river miles 192.2 (Colorado River below Parker Dam), 177.7 

(Colorado River Forebay above Headgate Rock), 175.3 (Colo-

rado River at Parker), 151.5 (Colorado River at Water Wheel), 

132.7 (Colorado River below Palo Verde Diversion Dam), 106.4 

(Colorado River at Taylor Ferry), and 86.9 (Colorado River at 

Lower Cibola Bridge) and Reclamation GIS coverages of the 

extent of the Palo Verde Dam and Headgate Rock Dam forebays 

(Shana Tighi, Bureau of Reclamation, written commun. 2008). 

Water-surface elevation measurements were made between 

Colorado River
gaging station

UTM coordintate1, in meters Elevation,
in feet

River mile Agency
Easting Northing

Below Davis Dam (09423000) 721369 3895914 503.17 275.40 USGS

Big Bend 717750 3884573 486.60 264.70 Reclamation

Below Needles Bridge 721649 3855318 462.20 243.30 Reclamation

RS41 (below Topock Marsh) 731394 3844023 454.14 233.60 Reclamation

Below Parker Dam (09427500) 763366 3798537 370.45 192.20 USGS

Forebay at Headgate Rock Dam 750315 3783939 362.62 177.70 Reclamation

Parker 748190 3781783 344.00 175.30 Reclamation

Water Wheel 728171 3756367 302.63 151.50 Reclamation

Below Palo Verde Diversion Dam 732289 3732777 267.02 132.70 Reclamation

Taylor Ferry (TFLC) 720531 3701245 231.57 106.40 Reclamation

Lower Cibola Bridge 716492 3676582 208.38 86.90 Reclamation

Below Imperial Dam (09429500) 736985 3640727 180.72 49.20 USGS

Below Laguna Dam (0942600) 732742 3633016 127.06 41.7 USGS

Below Yuma Main Canal Wasteway (09521100) 720849 3623858 113.22 29.50 USGS

Above Rockwood Weir 713707 3622116 106.80 23.10 IBWC

Above Morelos Dam 712976 3620783 105.00 22.10 IBWC

Below Morelos Dam 712939 3620723 100.20 22.11 IBWC

Eleven-mile gage 711163 3616163 92.20 18.80 IBWC

1 Universal Transverse Mercator, Zone 11 coordinates, North American Datum of 1927.

reevaluated the discharges below dams and streamflow-gaging 

stations along the river used to establish the water-surface 

elevations according to the criteria described above (Doug-

las B. Blatchford, Bureau of Reclamation, written commun., 

2007) and produced the discharges in table 1. The water-

surface profile of the Colorado River was based on a profile 

linearly interpolated between streamflow-gaging stations that 

was provided by Reclamation (Shana G. Tighi, written com-

mun., 2008) that included streamflow data collected at gaging 

stations operated by Reclamation, USGS, and the International 

Boundary and Water Commission (IBWC). That profile was 

modified by additional water-surface elevation measurements 

made by the USGS. Water-surface measurements were made 

where the linearly interpolated profile deviated significantly 

from the profiles used in the previous studies (Wilson and 

Owen-Joyce, 1994; Owen-Joyce and others, 2000). The water-

surface profile of the Colorado River used in the ground-water 

flow models is shown in figure 3. Data from streamflow-

gaging stations and USGS measurements are listed in tables 

2 and 3. Tables containing the water-surface elevations in the 

drainage ditches, the path of the Colorado River in Universal 

Transverse Mercator (UTM) coordinates, and the digitized 

Table 2. Streamflow-gaging station data used to define the water-surface elevation used in the ground-water flow models.

[Agency: USGS, U.S. Geological Survey; Reclamation, Bureau of Reclamation; IBWC, International Boundary and Water Commission]
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River mile
UTM Coordinates1, in meters Elevation,

in feetEasting Northing

191.74 763447 3798135 368.3

190.77 763714 3796614 367.1

189.00 763681 3794281 362.2

188.56 763001 3794254 365.1

187.31 761528 3793982 365.0

186.14 760340 3793027 364.9

184.34 758613 3790855 365.2

182.92 757106 3789138 365.0

181.33 755824 3787245 364.8

179.68 754201 3785508 364.8

178.07 752000 3784263 365.0

47.86 736669 3639365 156.2

47.72 736624 3639178 150.8

46.81 736281 3638125 150.8

44.43 735168 3635338 150.8

40.98 731882 3631582 2122.9

38.47 731591 3627923 2121.3

35.93 731039 3624107 2119.8

34.46 729226 3622800 2118.6

34.31 728990 3622783 2118.4

33.39 727531 3622993 2117.7

31.55 724802 3623457 2114.7

31.41 724567 3623385 2114.8

30.98 723908 3623357 2114.1

29.70 721982 3623768 3112.0

28.88 720667 3623899 3111.1

28.20 719580 3623936 3110.1

26.69 717318 3624355 3108.5

25.83 716056 3624828 3107.7

1 Universal Transverse Mercator, Zone 11 coordinates, North Ameri-

can Datum of 1927.

2 These elevations were increased by 0.8 ft for use in the ground-water 

model to account for difference in discharge specified for the accounting 

surface and the discharge during the stage measurements. See the section 

Yuma Area for further explanation.

3 These elevations were increased by 1.2 ft for use in the ground-water 

model to account for difference in discharge specified for the accounting 

surface and the discharge during the stage measurements. See the section 

Yuma Area for further explanation.

Table 3. Colorado River water-surface elevation 
measurements used to define the water-surface elevation 
used in the ground-water flow models.

Parker Dam and Headgate Rock Dam during this study because 

the interpolated profile showed the forebay behind Headgate 

Rock Dam extending upstream to around river mile 189, 

whereas the earlier profile had a sloping water surface, resulting 

in higher water-surface elevations. The measurements supported 

the extent of the forebay represented in the interpolated profile.

Above Imperial Dam to Laguna Dam—The linearly inter-

polated profile was based on a streamflow-gaging station at river 

mile 49.2 (Colorado River below Imperial Dam) and Reclama-

tion GIS coverages of the Imperial and Laguna Dam forebays. 

Water-surface elevation measurements were made above Impe-

rial Dam and showed that the linearly interpolated profile overes-

timates the extent of the forebay. The measurements, which show 

a sloping water surface, were used in the ground-water model. 

The measurements were made at a discharge of about 6,000 ft3/s, 

whereas the discharge specified for the accounting surface in this 

reach was 10,222 ft3/s. Stage-discharge relations were not avail-

able for this reach and a correction for the difference between 

the two discharges was not made. Water-surface measurements 

made between Imperial Dam and Laguna Dam supported the 

linearly interpolated profile drawn from the Reclamation GIS 

coverage of the Laguna Dam forebay.

Yuma area—The following six streamflow-gaging sta-

tions were used for this reach: Colorado River below Laguna 

Dam, below Yuma Main Canal Wasteway, above Rockwood 

Weir at the NIB (International Boundary and Water Commis-

sion (IBWC) 095-219.00), immediately above Morelos Dam 

(IBWC 09-5220.21), immediately below Morelos Dam (IBWC 

09-5220.41), and at Eleven-mile gage (IBWC 09-5221.00). The 

previous water-surface profile (Owen-Joyce and others, 2000) 

showed considerable variability in the water-surface profile 

between Laguna and Morelos Dams that was not represented 

by the linearly interpolated profile, so water-surface elevation 

measurements were made in this reach. The measurements were 

made at lower discharges than specified for the updated account-

ing surface. Corrections to water-surface elevations that account 

for the differences in discharge were estimated from the stage-

discharge rating curves at the below Laguna Dam streamflow-

gaging station and the below Yuma Main Canal Wasteway 

streamflow-gaging station. Between Laguna Dam and the below 

Yuma Main Canal Wasteway streamflow-gaging station, the 

updated accounting surface discharge was 716 ft3/s, whereas the 

discharge measured during the water-surface elevation measure-

ments was 440 ft3/s. The water-surface profile between Laguna 

Dam and the below Yuma Main Canal Wasteway streamflow-

gaging station was defined in the ground-water model by the 

measurements plus a correction of 0.8 ft, based on the stage-

discharge rating curve at the below Laguna Dam streamflow-

gaging station. In the reach between the below Yuma Main Canal 

Wasteway streamflow-gaging station and Morelos Dam, the 

discharge specified for the updated accounting surface was 1,526 

ft3/s. The discharges measured during the water-surface elevation 

measurements were 670 and 778 ft3/s. The water-surface profile 

between the below Yuma Main Canal Wasteway streamflow-

gaging station and the above Rockwood Weir streamflow-gaging 
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station was defined in the ground-water model by the measure-

ments plus a correction of 1.2 ft, based on the stage-discharge 

rating curve at the below Yuma Main Canal Wasteway stream-

flow-gaging station and the average of the measured discharges 

in that reach. An analysis of streamflow-gaging station records 

by Jeffrey C. Addiego (Bureau of Reclamation, written com-

mun., 2008) provided the water-surface elevation at the above 

Rockwood Weir streamflow-gaging station. Just above and 

below Morelos Dam and at the Eleven-mile gage (at river mile 

18.8), the average monthly high stages at the IBWC streamflow-

gaging stations were used to establish the water-surface eleva-

tions. Below Eleven-mile gage, the land surface digitized along 

the path of the Colorado River was used as the water-surface 

boundary condition in the ground-water flow model. 

Drainage Ditch Reaches
Along reaches of the Colorado River where water is 

diverted for irrigation on the flood plain, drainage ditches inter-

cept return flow to the river and the river gains water from the 

aquifer. In these reaches, the accounting surface is defined by 

using the water-surface elevation in the drainage ditches along 

the edge of the flood plain. Flood-plain irrigation with diverted 

Colorado River water causes a higher ground-water level under 

the flood plain because irrigation water not consumptively 

used by crops percolates down to the water table and causes 

the water table to rise. There is a constant flow of irrigation 

with diverted river water, percolation to the drainage ditches 

or river, and flow in the drainage ditches to the river. Intercep-

tion of the percolated irrigation water by a network of drainage 

ditches connected to the Colorado River keeps the water table 

from rising up into the root zone and this level is higher than it 

would be if controlled by the river. Because water in the drain-

age ditches is considered Colorado River water for account-

ing surface purposes, it warrants the same level of protection 

from depletion without an entitlement as water in the Colorado 

River and stored in reservoirs. Where drainage ditches intercept 

percolated irrigation water, the water-surface elevations in the 

drainage ditches were used to define the accounting surface. 

Drainage ditches along the edge of the flood plain could not be 

used in the Yuma area because the elevation of the water surface 

is controlled mainly by recharge from the unlined canals that 

are above the flood-plain elevation and run parallel to the edge 

of the flood plain rather than by percolation from irrigation on 

the flood plain. Water-surface elevations in the drainage ditches 

were determined from USGS measurements in 2007 and 2008.

Ground-Water Flow Models
In the previous studies, the accounting surface was hand-

drawn using hydrologic judgment to extend water-surface 

elevations into the river aquifer based on the shape of the river 

aquifer. This study refines that procedure by using simple 

physically based steady-state numerical models to calculate 

the updated accounting surface. 

The river aquifer was represented as a single model layer 

of uniform aquifer thickness and spatially invariant or constant 

transmissivity. Because transmissivity is the product of the 

aquifer thickness and hydraulic conductivity, hydraulic con-

ductivity in the model also is constant. With the assumption of 

a spatially invariant or constant transmissivity throughout the 

model domain, the governing equation of steady-state flow in 

two dimensions is:

   

                              (1)

where h is hydraulic head and x and y represent Cartesian coor-

dinates along orthogonal axes. Aquifer thickness and conductiv-

ity are not present in equation 1; the distribution of heads in the 

modeled river aquifer depends only on the aquifer boundaries 

and the specified water-surface elevations in the drainage ditches 

in the flood plain and in the Colorado River. Flow rates through 

the aquifer would depend on the aquifer transmissivity, but flow 

rates are not considered in this study. 

The river aquifer adjacent to the Colorado River is uncon-

fined. The assumption of constant transmissivity neglects spatial 

variations in transmissivity that would arise from the spatial 

variations in the vertical position of the water table. The assump-

tion also neglects variations in transmissivity that occur from 

variations in the vertical position of the aquifer bottom as well 

as spatial variations in hydraulic conductivity. A more rigorous 

approach would be to use the nonlinear Boussinesq equation 

instead of the simpler linear Laplace equation (equation 1). That 

approach, however, would have required unavailable information 

on aquifer geometry and hydraulic properties. Use of equation 

1 is in keeping with a long history in the field of ground-water 

hydrology of using simple linear equations with the assumption 

of homogeneous properties to approximate ground-water condi-

tions and responses and is consistent with the overall parsimoni-

ous approach taken in the concept, definition, and application of 

an accounting surface.

The accounting surface in the four areas was modeled with 

MODFLOW 2000 (Harbaugh and others, 2000) using the water-

surface elevations in the Colorado River and drainage ditches as 

constant-head boundaries. The grid spacing in the models was 

0.25 mi along model rows and columns. General characteris-

tics of the model grids are given in table 4 and the extent of the 

model grids is shown in figure 1. The path and distribution of 

Colorado River and drainage ditch water-surface elevations were 

established on the model grids using the RIVGRID program 

(Leake and Claar, 1999). The water-surface elevations defined 

by RIVGRID were then incorporated into the models as nodes 

with a constant head. 

Areas of the river aquifer adjacent to the Colorado River for 

which the accounting surface was modeled include (1) Mohave 

Valley; (2) Parker, Palo Verde, and Cibola Valleys; (3) Imperial 

Dam to Laguna Dam; and (4) the Yuma area. Each area was 

modeled with a single horizontal layer of cells of thickness 500 ft 

and hydraulic conductivity 39.2 ft/day; however, as pointed out 

in the discussion of equation 1, the model predictions of the 

accounting surface are independent of thickness and hydraulic 

∂
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∂
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conductivity. Tests were carried out by varying hydraulic con-

ductivity and thickness to verify that computed head distribu-

tions were independent of these parameters. Rows and columns 

of the model grids were oriented in east-west and north-south 

directions in the UTM, Zone 11, coordinate system. 

Updated Accounting Surface
The accounting surface around reservoirs was updated using 

a reservoir elevation. The accounting surface is set at its maxi-

mum possible level of 1,205.4 ft in the river aquifer around Lake 

Mead (fig. 4 and plate 1) and has not changed from the original 

accounting surface. The accounting surface is set at 644.0 ft in 

the river aquifer around Lake Mohave (fig. 5 and plate 1), and at 

448.7 ft in the river aquifer around Lake Havasu (fig. 5 and plate 

2), the current high monthly target elevations for these reservoirs. 

These elevations are slightly different from the high monthly tar-

get elevation used for the original accounting surface. In the river 

aquifer between the major reservoirs, ground-water flow models 

with boundary conditions set by Colorado River and drainage 

ditch water-surface elevations were used to contour the account-

ing surface. The models computed water-level elevations over the 

entire river aquifer; however, only contours in the river aquifer 

where the accounting surface exists are shown for modeled areas 

(figs. 4–7 and plates 1–3). The updated accounting surface is 

shown on maps for Mohave Valley and adjacent tributary areas 

(fig. 5 and plate 2); for Parker, Palo Verde, and Cibola Valleys 

and adjacent tributary areas (fig. 6 and plate 2); and for the Yuma 

area upstream and downstream from Laguna Dam and adjacent 

tributary areas (fig. 7 and plate 3). The model grid in the Yuma 

area extends to the south of the accounting surface, but only con-

tours in the area with the accounting surface are shown.

Summary
An update of the accounting surface developed in the 

1990s to identify wells outside the flood plain of the lower 

Colorado River that yield water that will be replaced by 

water from the river was required as a result of changes in 

the ground and surface water systems and a datum correc-

tion to the water surface elevations in drainage ditches. The 

updated accounting surface will be used to identify which 

wells need an entitlement for diversion of water from the 

Colorado River and need to be included in accounting for 

consumptive use of Colorado River water as outlined in the 

Consolidated Decree of the United States Supreme Court in 

Arizona v. California, 547 U.S.150 (2006). Contours of the 

original accounting surface were hand drawn based on the 

shape of the aquifer, water-surface elevations in the Colo-

rado River and drainage ditches, and hydrologic judgment. 

The original accounting surface was updated based on 

updated water-surface elevations in the Colorado River and 

drainage ditches, and the use of a simple, physically based 

ground-water flow model to calculate the accounting sur-

face. The water-surface elevation of the Colorado River was 

determined for discharges specified by Reclamation. The 

water-surface elevations were derived from a linearly inter-

polated profile between USGS and Reclamation streamflow-

gaging stations and supplemented by IBWC streamflow-

gaging stations downstream from the northerly international 

boundary with Mexico. In addition, water-surface eleva-

tions were measured where the linearly interpolated profile 

deviated significantly from the water-surface profile used 

to develop the original accounting surface. The USGS also 

measured water-surface elevations in drainage ditches in the 

Parker, Palo Verde, and Cibola Valleys. 

The accounting surface was modeled with MODFLOW 

2000 (Harbaugh and others, 2000) using the water-surface 

elevations in the Colorado River and drainage ditches as 

constant-head boundaries. Reaches of the river aquifer 

adjacent to the Colorado River for which the accounting 

surface was modeled include (1) Mohave Valley, (2) Parker, 

Palo Verde, and Cibola Valleys, (3) Imperial Dam to Laguna 

Dam, and (4) the Yuma area. The development and applica-

tion of computer models will make further updating of the 

accounting surface, if necessary, a straightforward task. 

In the river aquifer adjacent to reservoirs, the accounting 

surface was determined by a reservoir elevation specified by 

Reclamation. 

Area modeled 
UTM Coordinates of northwest 
corner of model grid1, in meters Number of 

model rows
Number of 

model columns
Number of 

active cells2

Easting Northing

Mohave Valley 706260.7 3897829.0 160 139 13,264

Parker, Palo Verde, and Cibola Valleys 636449.1 3797916.0 329 388 87,176

Imperial Dam to Laguna Dam 730975.8 3672261.3 103  88 4,702

Yuma Area 640414.6 3691950.0 511 340 69,814

1 Universal Transverse Mercator, Zone 11 coordinates, North American Datum of 1927.
2 Includes cells with computed head and constant-head cells used to represent water-surface features.

Table 4. Properties of ground-water flow models used to compute the accounting surface for areas along the lower Colorado River.
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Figure 4. Map showing the accounting surface in the areas surrounding Lake Mead, 
Arizona, Utah, and Nevada.

114°114°30' W

37° N

36°30'

36°

Base from U.S. Geological Survey

digital data, 1:100,000. 1982,

Universal Transverse Mercator

projection, Zone 11, Datum NAD27,

National Vertical Geodetic Datum of 1929.

Hoover

Dam

1205.4

1205.4

1205.4

1205.4

1205.4

1205.4

1205.4

644

Lake
Mead

U
t
a

h

N
e

v
a

d
a

A
r

i
z

o
n

a

Explanation

Area of river aquifer around reservoirs –

number is the elevation of the accounting

surface, in feet.

E River mile

0 4 8 Miles

3

1205.4

15

§̈¦

£

15

93

£95

342
340

335

330

325

320

315

310

342
340

335

330

325

320

315

310 E

E

E

E

E

E

E

E

C
olor ado

R
iver



Summary  13

Figure 5. Map showing the accounting surface in Mohave Valley and adjacent tribu
-

tary areas in Arizona, California, and Nevada.
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Figure 7. Map showing the accounting surface in the Yuma area upstream and downstream from Laguna Dam and adjacent 
tributary areas in Arizona and California.
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About This Report

Why “State of the Air”?  The Clean Air Act requires the U .S . Environmental Protection Agency (EPA) to set health-
based limits, called National Ambient Air Quality Standards (NAAQS), for six dangerous 
outdoor air pollutants: particulate matter, ozone, nitrogen oxides, sulfur dioxide, carbon 
monoxide and lead . “State of the Air” looks at two of the most widespread and 
dangerous pollutants from this group, fine particulate matter and ozone . 

The NAAQS identify what is considered a safe level of each pollutant to breathe, based 
on the most recent health and medical science, including an adequate margin of safety 
for those most at risk . These standards alert the public when pollution levels place 
Americans’ health at risk and require states and local governments to take steps to 
reduce emissions to attain the standards . The standards are also used to inform families 
with children, seniors, people with lung or heart disease and others when air pollution 
levels are dangerous through color-coded air quality alerts, so they can take steps to 
limit their exposure . Under the Clean Air Act, the standards must be based solely on 
what is needed to protect health . 

Setting national health-based standards and requiring states that violate the standards 
to enact plans to clean up their air pollution problems have been a great benefit to the 
public health of the nation . Since the Clean Air Act was passed in 1970, emissions of 
these outdoor air pollutants, including ozone and particle pollution, have fallen by 78%, 
according to EPA . But as “State of the Air” 2022 shows, millions of Americans are still 
breathing unhealthy air .

 Purpose and History of “State of the Air”
In the year 2000, the American Lung Association launched its annual “State of the Air” 
report to provide the public with easy-to-understand information about the quality of the 
air in their local communities based on the credible data and sound science that EPA is 
required to use to set the air quality standards . 

For the first several years, “State of the Air” focused solely on ozone pollution and 
included data for five populations at increased risk—children, older adults, children 
with asthma, adults with asthma and people with emphysema . In 2004, changes to 
the air quality standards and the deployment of air pollution monitoring enabled the 
addition of short-term and year-round fine particle pollution to the report . Over time, 
accumulating scientific evidence has shown significant health harms from both ozone 
and particle pollution among other groups of vulnerable individuals . “State of the Air” has 
accommodated this new information by gradually adding populations-at-risk categories 
to its reporting . “State of the Air” 2022 now includes data for 10 vulnerable groups .

Since its inception, “State of the Air” has been tremendously successful in raising 
awareness about particle pollution and ozone, two of the most dangerous and pervasive 
air pollutants nationwide . The American Lung Association is proud and grateful that the 
public, the media, clean air advocates and decision-makers have used this report every 
day, year after year, to call attention to the work that remains to be done to protect the 
health of all Americans from the threat of air pollution .

 How “State of the Air” Can Be Used
We write and release “State of the Air” every year to make information on air quality and 
health clear and accessible to everyone . We show the progress each community has 
made and how much more needs to be done to achieve healthy air . In this report, you’ll 
find information on local air quality nationwide . You’ll also find the latest roundup of the 
research on how air pollution affects health . With these tools, you can help keep your 
lungs and your family’s lungs safer from unhealthy air . 

This report also includes ideas for how you can become a champion for clean air . 
First, we have suggestions for concrete actions you can take to reduce your own 
contributions to air pollution and climate change . And second, we invite you to take 

For long-time Los Angeles area 
residents, poor air quality isn’t 
always top of mind, with smog and 
bad air days a regular occurrence .

Lee M . has lived in Southern 
California for 12 years . The change 
in air quality is noticeable when 
away, such as during his visits to 
Portland, Oregon .

“When you go to other places, 
you realize it’s not as fresh as it 
could be,” he says. “There’s that 
feeling when you get off the train in 
Portland—it’s green, I can breathe 
and it doesn’t smell like cars.”

Lee considers air quality when 
choosing where to live . He avoids 
living near freeways due to noise 
and air concerns but still has to 
regularly clean his porch of soot 
and dust, especially when winds 
blow wildfire smoke into the region .

“Clean air makes for a better place 
to be.”

Lee M. 
West Hollywood, California
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About This Report

advocacy action with the American Lung Association . Our report includes policy 
recommendations for every level of government . Your voice is powerful, and when you 
tell your leaders that your lungs depend on stronger limits on air pollution, you make a 
compelling case . Please share your story and add your name to our petition—and then, 
take the next step . Reach out to your representatives at every level of government, share 
the “State of the Air” results for your community, and call on them to take action to 
protect public health .
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State of the Air 2022 
Methodology

 Statistical Methodology: The Air Quality Data

 Data Sources
Ozone and short-term particle pollution: The data on air quality throughout the United 
States were obtained from the U .S . Environmental Protection Agency’s Air Quality 
System (AQS) . The American Lung Association contracted with Dr . Allen S . Lefohn, 
A .S .L . & Associates, Helena, Montana, to characterize the hourly averaged ozone 
concentration information and the 24-hour averaged PM2 .5 concentration information for 
the three-year period for 2018-2020 for each monitoring site .

Year-round particle pollution: Design values for the annual PM2 .5 concentrations by 
county for the period 2018-2020 were retrieved November 23, 2021, from data posted 
on May 24, 2021, at the U .S . Environmental Protection Agency’s website at https://www .
epa .gov/air-trends/air-quality-design-values .

The Lung Association received critical assistance from members of the National 
Association of Clean Air Agencies and the Association of Air Pollution Control Agencies . 
With their assistance, all state and local agencies were provided the opportunity to 
review and comment on the data in draft tabular form . The Lung Association reviewed all 
discrepancies with the agencies and, if needed, with Dr . Lefohn at A .S .L . & Associates . 
The American Lung Association wishes to express its continued appreciation to 
the state and local air directors for their willingness to assist in ensuring that the 
characterized data used in this report are correct .

 Ozone Data Analysis
The 2018, 2019 and 2020 AQS hourly ozone data were used to calculate the daily 
8-hour maximum concentration for each ozone-monitoring site . The hourly averaged 
ozone data were downloaded on June 29, 2021, following the close of the authorized 
period for quality review and assurance certification of data . Only the hourly average 
ozone concentrations derived from FRM and FEM monitors were used in the analysis . 
The data were considered for a three-year period for the same reason that EPA uses 
three years of data to determine compliance with the ozone standard: to prevent a 
situation in any single year where anomalies of weather or other factors create air 
pollution levels that inaccurately reflect the normal conditions . The highest 8-hour daily 
maximum concentration in each county for 2018, 2019 and 2020, based on EPA-defined 
ozone season, was identified .

The current National Ambient Air Quality Standard for ozone is 70 parts per billion (ppb) 
measured over eight hours . EPA’s Air Quality Index reflects the 70 ppb standard . A .S .L . & 
Associates prepared a table by county that summarized, for each of the three years, the 
number of days the ozone level was within the ranges identified by EPA based on the 
EPA Air Quality Index:

8-hour Ozone Concentration Air Quality Index Levels

0-54 ppb n Good (Green)

55-70 ppb n Moderate (Yellow)

71-85 ppb n Unhealthy for Sensitive Groups (Orange)

86-105 ppb n Unhealthy (Red)

106-200 ppb n Very Unhealthy (Purple)

>200 ppb n Hazardous (Maroon)

http://www.lung.org
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The goal of this report was to identify the number of days that 8-hour daily maximum 
concentrations in each county occurred within the defined ranges . This approach 
provided an indication of the level of pollution for all monitored days, not just those days 
that fell under the requirements for attaining the National Ambient Air Quality Standards . 
Therefore, no data capture criteria were applied to eliminate monitoring sites or to 
require a number of valid days for the ozone season .

The daily maximum 8-hour average concentration for a given day is derived from the 
highest of the 17 consecutive 8-hour averages beginning with the 8-hour period from 
7:00 a .m . to 3:00 p .m . and ending with the 8-hour period from 11:00 p .m . to 7:00 a .m . the 
following day . This follows the process EPA uses for the current ozone standard adopted 
in 2015 but differs from the form used under the previous 0 .075 ppm 8-hour average 
ozone standard that was established in 2008 . All valid days of data within the ozone 
season were used in the analysis . However, for computing an 8-hour average, at least 75 
percent of the hourly concentrations (i .e ., 6-8 hours) had to be available for the 8-hour 
period . In addition, an 8-hour daily maximum average was identified if valid 8-hour 
averages were available for at least 75 percent of possible hours in the day (i .e ., at least 
13 of the possible 17 8-hour averages) . Because EPA includes days with inadequate 
data (i .e ., not 75 percent complete) if the standard value is exceeded, our data capture 
methodology also included the site’s 8-hour value if at least one valid 8-hour period 
were available, and it was 71 ppb or higher . 

As instructed by the Lung Association, A .S .L . & Associates included the exceptional 
(e .g ., wildfires) and natural events (e .g ., stratospheric intrusions) that were identified in 
the database and identified for the Lung Association the dates and monitoring sites 
that experienced such events . Some data have been flagged by the state or local 
air pollution control agency to indicate that they had raised issues with EPA about 
those data . For each day across all sites within a specific county, the highest daily 
maximum 8-hour average ozone concentration was recorded and then the results were 
summarized by county for the number of days the ozone levels were within the ranges 
identified above .

Following receipt of the above information, the American Lung Association identified the 
number of days each county, with at least one ozone monitor, experienced air quality 
designated as orange (Unhealthy for Sensitive Groups), red (Unhealthy) or purple (Very 
Unhealthy) . When insufficient data were available in any year, an “incomplete” was 
identified for the 3-year period . Insufficient data exist for various reasons . For example, 
when a specific monitor was used for a special study and the monitor was then 
discontinued in other years, an “incomplete” is assigned .

 Short-Term Particle Pollution Data Analysis
A .S .L . & Associates identified the maximum daily 24-hour AQS PM2 .5 concentration for 
each county in 2018, 2019 and 2020 with monitoring information . The 24-hour PM2 .5 
data were downloaded on August 4, 2021, following the close of the authorized period 
for quality review and assurance certification of data . In addition, on August 4, 2021, 
hourly averaged PM2 .5 concentration data were characterized into 24-hour average 
PM2 .5 values by EPA and provided to A .S .L . & Associates . Using these results, A .S .L . & 
Associates prepared a table by county that summarized, for each of the three years, the 
number of days the maximum of the daily PM2 .5 concentration was within the ranges 
identified by EPA based on the EPA Air Quality Index, as adopted by EPA on December 
14, 2012:
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24-hour PM2.5 Concentration Air Quality Index Levels

0 .0 µg/m3 to 12 .0 µg/m3 n Good (Green)

12 .1 µg/m3 to 35 .4 µg/m3 n Moderate (Yellow)

35 .5 µg/m3 to 55 .4 µg/m3 n Unhealthy for Sensitive Groups (Orange)

55 .5 µg/m3 to 150 .4 µg/m3 n Unhealthy (Red)

150 .5 µg/m3 to 250 .4 µg/m3 n Very Unhealthy (Purple)

greater than or equal to 250 .5 µg/m3 n Hazardous (Maroon)

All previous data collected for 24-hour average PM2 .5 were characterized using the AQI 
thresholds listed above .

The goal of this report was to identify the number of days that the maximum in each 
county of the daily PM2 .5 concentration occurred within the defined ranges . This 
approach provided an indication of the level of pollution for all monitored days, not just 
those days that fell under the requirements for attaining the national ambient air quality 
standards . Therefore, no data capture criteria were used to eliminate monitoring sites . 
Both 24-hour averaged PM data, as well as hourly averaged PM data averaged over 
24 hours were used . Included in the analysis are data collected using only FRM and 
FEM methods, which reported hourly and 24-hour averaged data . As instructed by the 
Lung Association, A .S .L . & Associates included the exceptional and natural events that 
were identified in the database and identified for the Lung Association the dates and 
monitoring sites that experienced such events . Some data have been flagged by the 
state or local air pollution control agency to indicate that they had raised issues with 
EPA about those data . For each day across all sites within a specific county, the highest 
daily maximum 24-h PM2 .5 concentration was recorded and then the results were 
summarized by county for the number of days the concentration levels were within the 
ranges identified above .

Following receipt of the above information, the American Lung Association identified 
the number of days each county, with at least one PM2 .5 monitor, experienced air quality 
designated as orange (Unhealthy for Sensitive Groups), red (Unhealthy), purple (Very 
Unhealthy) or maroon (Hazardous) .

 Description of County Grading System 

 Ozone and Short-Term Particle Pollution (24-hour PM2.5)
The grades for ozone and short-term particle pollution (24-hour PM2 .5) were based on 
a weighted average calculation . To determine weighted averages, the Lung Association 
followed these four steps separately for each pollutant in each county:

1 . Assigned weighting factors to each category of the Air Quality Index . Days of poor air 
quality were given the following weighting factors:

 Orange days  1.0
 Red days 1.5
 Purple days 2.0
 Maroon days 2.5

This ensured that days when the air pollution levels were worse received appropriately 
greater weight .

2 . Multiplied the total number of days within each AQI category by their assigned factor, 
and added all the categories to calculate a total:

 Total = [Orange days x 1] + [Red days x 1.5] + [Purple days x 2] +  
  [Maroon days x 2.5]
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3 . Divided the total by three to determine the weighted average, since the monitoring 
data were collected over a three-year period:

 Weighted Average = Total ÷ 3

Weighted average was then used to determine each county’s grades for ozone and 24-
hour PM2 .5 according to the following table:

Weighted Average Grade

0 .0 A

0 .3 to 0 .9 B

1 .0 to 2 .0 C

2 .1 to 3 .2 D

3 .3 or higher F

All counties with a weighted average of zero (corresponding to no exceedances of the 
standard over the three-year period) were given a grade of “A .” 

For ozone, an “F” grade was set to generally correlate with the number of unhealthy air 
days that would place a county in nonattainment for the ozone standard .

For short-term particle pollution, fewer unhealthy air days are required for an F than for 
nonattainment under the PM2 .5 standard . The national air quality standard is set to allow 
two percent of the days during the three years to exceed 35 µg/m3 (called a “98th 
percentile” form) before violating the standard . That would be roughly 21 unhealthy 
days in three years . The grading used in this report would allow only about one percent 
of the days to be over 35 µg/m3 (called a “99th percentile” form) . The American Lung 
Association supports using the tighter limits in a 99th percentile form as a more 
appropriate standard that is intended to protect the public from short-term episodes or 
spikes in pollution .

Weighted averages allow comparisons to be drawn based on severity of air pollution . 
For example, if one county had nine orange days and no red days, it would earn a 
weighted average of 3 .0 and a D grade . However, another county that had only eight 
orange days but also two red days, which signify days with more serious air pollution, 
would receive an F . That second county would have a weighted average of 3 .7 .

Note that this system differs significantly from the methodology EPA uses to determine 
violations of both the ozone and the 24-hour PM2 .5 standards . EPA determines whether 
a county violates the standard based on the fourth maximum daily 8-hour ozone 
reading each year averaged over three years . Multiple days of unhealthy air beyond the 
highest four in each year are not considered . By contrast, the system used in this report 
recognizes when a community’s air quality repeatedly results in unhealthy air throughout 
the three years . Consequently, some counties will receive grades of “F” in this report, 
showing repeated instances of unhealthy air, while still meeting the EPA’s 2015 ozone 
standard . The American Lung Association’s position is that the evidence shows that the 
2015 ozone standard, although stronger than the 2008 standard, still fails to adequately 
protect public health .

Counties were ranked by weighted average . Metropolitan areas were ranked by the 
highest weighted average among the counties within a given Metropolitan Statistical 
Area as of 2020 as defined by the White House Office of Management and Budget 
(OMB) . 

 Year-Round Particle Pollution (Annual PM2.5)
Since no comparable Air Quality Index exists for year-round particle pollution (annual 
PM2 .5), the grading was based on the 2012 National Ambient Air Quality Standard for 
annual PM2 .5 of 12 µg/m3 . Counties that EPA listed as being at or below 12 µg/m3 were 
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given grades of “Pass .” Counties that EPA listed as being at or above 12 .1 µg/m3were 
given grades of “Fail .” Where insufficient data existed for EPA to determine a design 
value, those counties received a grade of “Incomplete .”

Design value is the calculated concentration of a pollutant based on the form of the 
national ambient air quality standard and is used by EPA to determine whether the 
air quality in a county meets the standard . Counties were ranked by design value . 
Metropolitan areas were ranked by the highest design value among the counties within 
a given Metropolitan Statistical Area as of 2020 as defined by the OMB .

 Statistical Methodology: Population Data
The Lung Association calculates the county population at risk from these pollutants 
based on the population from the entire county where the monitor is located . The Lung 
Association then calculates the metropolitan population at risk based upon the largest 
metropolitan area that contains that county . Not only do people from that county or 
metropolitan area circulate within the county and the metropolitan area, but the air 
pollution also circulates to that monitor from throughout the county and metropolitan 
area .

Details about how the populations-at-risk numbers are derived can be found in the Data 
Table Notes .
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Key Findings  The “State of the Air” 2022 report finds that despite decades of progress on cleaning up 
sources of air pollution, more than 40% of Americans—over 137 million people—are 
living in places with failing grades for unhealthy levels of particle pollution or ozone . This 
is 2 .1 million more people breathing unhealthy air compared to last year’s report . Nearly 9 
million more people were impacted by daily spikes in deadly particle pollution than 
reported last year . In the three years covered by this report, Americans experienced 
more days of “very unhealthy” and “hazardous” air quality than ever before in the 
two-decade history of “State of the Air .”

More than 4 in 10 

Americans live in places 

with unhealthy levels of 

air pollution.

 The “State of the Air” report looks at two of the most widespread and dangerous air 
pollutants, fine particles and ozone . The air quality data used in the report is collected 
at official monitoring sites across the United States by the federal, state, local and Tribal 
governments . The Lung Association calculates values reflecting the air pollution problem 
and assigns grades for daily and long-term measures of particle pollution and daily 
measures of ozone . Those values are also used to rank cities (metropolitan areas) and 
counties . This year’s report presents data from 2018, 2019 and 2020, the most recent 
quality-assured nationwide air pollution data publicly available . See About This Report 
for more detail about the methodology for data collection and analysis.

“State of the Air” 2022 is the 23rd edition of this annual report, which was first published 
in 2000 . From the beginning, the findings in “State of the Air” have reflected the 
successes of the Clean Air Act, as emissions from transportation, power plants and 
manufacturing have been reduced . In recent years, however, the findings of the report 
have added to the evidence that a changing climate is making it harder to protect 
human health . The three years covered by “State of the Air” 2022 ranked among the 
seven hottest years on record globally . Spikes in particle pollution and high ozone days 
related to wildfires and extreme heat are putting millions more people at risk and adding 
challenges to the work that states and cities are doing across the nation to clean up air 
pollution .

The combination of policy-driven reductions in emissions on the one hand and climate 
change-fueled increases in pollution on the other hand is resulting in a widening 
disparity between air quality in eastern and western states . Fifteen years ago, in the 
2007 “State of the Air” report, 136 counties in 36 states got failing grades for spikes in 
particle pollution, including 31 counties in 7 states west of the Rocky Mountains . In 2022, 
96 counties in 15 states got failing grades for short-term particles, and 86 of them were 
in 11 western states . Historically urban, industrialized eastern and midwestern states 
like New Jersey, New York and Ohio, which in 2007 had 21 counties on the list between 
them, are now getting passing grades . A similar story can be told for annual particle 
pollution . In 2007, 73 counties in 18 states got failing grades for annual particle pollution, 
and all but 8 counties in California and one in Montana were east of the Rockies . In 
2022, all of the 21 counties that got a failing grade for annual particle pollution were in 5 
western states .

People of color are 
3.6 times more likely 

than white people to 

live in a county with 

3 failing grades

 Again this year, “State of the Air” finds that the burden of living with unhealthy air is not 
shared equally . Close to 19 .8 million people live in the 14 counties that failed all three 
measures . Of those, 14 .1 million are people of color . People of color were 61% more likely 
than white people to live in a county with a failing grade for at least one pollutant, and 
3 .6 times as likely to live in a county with failing grades for all three pollutants .

In “State of the Air” 2022, Fresno, California displaced Fairbanks, Alaska as the 
metropolitan area with the worst short-term particle pollution and Bakersfield, California 
continued in the most-polluted slot for year-round particle pollution for the third year in 
a row . Los Angeles remains the city with the worst ozone pollution in the nation, as it has 
for all but one of the 23 years tracked by the “State of the Air” report .
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 Short-term Particle Pollution Trends
In the years 2018, 2019 and 2020, some 63 .2 million people lived in the 96 counties that 
earned an F for unhealthy spikes in particulate matter air pollution . This represents close 
to 8 .9 million more people over a larger area than in last year’s “State of the Air” report, 
and more people than in any of the last seven reports—since the current version of the 
Air Quality Index was adopted .

More than 63 million 
Americans 

live in counties with 

F grades for 

spikes in daily 

particle pollution.

63MM
 Even compared with the past two years of “State of the Air” reports—in which many 

cities and counties experienced their highest weighted average number of days ever 
reported for fine particle pollution—results this year were again worse throughout much 
of the western U .S .

Among those cities ranked in the worst 25, more had poorer air quality than showed 
improvement, with the weighted average number of days with high levels of fine particle 
pollution worsening on average by 3 .6 (from 12 .9 to 16 .5), a 28% increase . Eight cities 
on this list posted their highest-ever weighted average number of days with unhealthy 
levels of particle pollution and two, Fairbanks, Alaska and Redding-Red Bluff, California, 
did so for their third report in a row .

Twenty of last year’s worst 25 cities remained listed among the 25 worst in this year’s 
report, though their relative ranks shifted around quite a bit . The five cities new to the 
list in 2022 were Salinas, San Luis Obispo and San Diego in California; Boise, Idaho and 
Bellingham, Washington .

Missoula, Montana; El Centro and Santa Barbara, California; Lancaster, Pennsylvania and 
Las Vegas all moved off the list of worst 25 cities . However, in two of these (Lancaster 
and Las Vegas), the air quality actually got worse . In fact, because the weighted 
averages for fine particles worsened so much generally, all five of these cities, plus 
Denver and Fort Collins, Colorado, posted weighted averages for particle pollution in the 
2022 report higher than that of the 25th-ranked city in last year’s report . 

Of all 25 cities, only one, Salt Lake City, posted its best performance ever for this 
pollutant—as it had in last year’s report . Its rank improved to 20th worst in this year’s 
report, from 17th last year, and 7th worst two years ago .
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5 Redding-Red Blu�, CA

6 Chico, CA

7 Sacramento-Roseville, CA

8 Los Angeles-Long Beach, CA

9 Visalia, CA

9 Yakima, WA

11 Phoenix-Mesa, AZ

12 Reno-Carson City-Fernley, NV 

13 San Diego-Chula Vista-Carlsbad, CA

14 Salinas, CA

15 Eugene-Springfield, OR

16 Sea�le-Tacoma, WA

17 Spokane-Spokane Valley-Coeur d'Alene, WA-ID

18 Logan, UT-ID

19 Portland-Vancouver-Salem, OR-WA

20 Salt Lake City-Provo-Orem, UT

21 Medford-Grants Pass, OR

22 Pi�sburgh-New Castle-Weirton, PA-OH-WV

22 San Luis Obispo-Paso Robles, CA

24 Bellingham, WA

24 Boise City-Mountain Home-Ontario, ID-OR
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25 Cities Most Polluted by Daily PM

Fairbanks, AK

Bakersfield, CA

In “State of the Air” 2022, only one city among the 25 worst for short-term particle 
pollution is not in the western U .S . Pittsburgh again showed improvement and moved to 
22nd worst in this year’s report, yet it remained the worst metro area in the country east 
of Utah for this pollutant measure .

All but one of the 
25 worst cities for 

short-term particle 

pollution are in the 

western U.S.

 Of the remaining 24 worst cities, 11 were in California, nine in the Pacific Northwest and 
four in the Southwest . This continues a shifting geographic trend driven in large part by 
the increasing number and size of wildfires resulting from climate change-induced heat 
and drought .
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Extreme Pollution Levels on the Rise

In the last several years, Americans have been seeing media coverage of 
catastrophic wildfires in the western U .S . Images of iconic cities like San 
Francisco bathed in an eerie orange glow that darkened the sky in the 
middle of the day were reminiscent of those deadly air pollution events of 
the mid-twentieth century that prompted the passage of the Clean Air Act .
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Worst Levels of Daily Particle Pollution Increasing Rapidly

Legend

Very Unhealthy Purple Days

Hazardous Maroon Days

Wildfires in the western  
U .S . are not only 
increasing the number of 
days and places with 
unhealthy levels of 
particle pollution . They 
are also increasing the 
severity of pollution, 
resulting in a sharp rise in 
the number of days 
designated as either 
purple or maroon . These 
are the levels on the Air 
Quality Index that carry 
the strongest health warnings . On purple very unhealthy days, “The risk of 
health effects is increased for everyone .” On maroon hazardous days, a 
health warning of emergency conditions is issued, saying, “Everyone is more 
likely to be affected” .

“State of the Air” 2022 includes 26 counties across six western states where 
levels spiked to “hazardous,” the highest “maroon” level in the Air Quality 
Index, on a total of 74 days, far outstripping the ten such days in last year’s 
report . These counties are home to 4 .5 million people . During the three 
years covered by the report, 116 “very unhealthy” or “purple” air quality days 
were recorded in 47 counties across eight states, home to some 34 million 
people . This was almost twice the number of such days recorded in either 
of the previous two reports, and more than ten times as many as were 
reported in “State of the Air” 2018 .

Year-round Particle Pollution Trends
Some 20 .3 million people live in the 21 counties where year-round particle pollution 
levels do not meet the national air quality standard, and that receive a failing grade in 
“State of the Air” 2022 . This is slightly fewer people living in counties with unhealthy 
levels of year-round particle pollution than in the past three years’ reports, but higher 
than in reports published in 2017 and 2018 .

By its nature, the year-round measure of average particle pollution is not as volatile as 
the daily measure . Changes over time may look smaller, but because they represent 
recurring exposures over many days and weeks, small differences can have a big impact 
on public health . The 25 most polluted cities for year-round particle pollution (which 
actually includes 26 cities this year, because of a tie for 25th place) continued last year’s 
trend of worsening slightly, by an average of 0 .2 micrograms per cubic meter (from 12 .0 
to 12 .2) . 

Eighteen cities suffered worse year-round levels during 2018-2020 than in last year’s 
report, and four reported their worst ever: Medford-Grants Pass and Bend-Prineville, 
Oregon; Redding-Red Bluff, California; and Yakima, Washington . In contrast, six of 
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the most polluted cities had lower year-round levels, including Detroit and Pittsburgh, 
which reported their lowest levels ever . Pittsburgh, a city long notorious for its industrial 
pollution, showed the most improvement of any of the cities on this list, lowering its 
average annual particle pollution level by 1 .3 micrograms per cubic meter, and achieving 
a passing grade for the first time . 

New on the worst 25 list this year were Chico, California; Bend-Prineville, Oregon; 
Yakima, Washington; and Augusta, Georgia . Cleveland, Missoula and New York all 
improved enough to leave the list .
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25 Cities Most Polluted by Annual PM
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Bakersfield, CA

Fresno-Madera-Hanford, CA

Visalia, CA

San Jose-San Francisco-Oakland, CA

Los Angeles-Long Beach, CA

Medford-Grants Pass, OR

Fairbanks, AK

Phoenix-Mesa, AZ

Chico, CA

El Centro, CA

Sacramento-Roseville, CA

Cincinnati-Wilmington-Maysville, OH-KY-IN

Indianapolis-Carmel-Muncie, IN

Pi�sburgh-New Castle-Weirton, PA-OH-WV

Bend-Prineville, OR

Detroit-Warren-Ann Arbor, MI

Redding-Red Blu�, CA

Eugene-Springfield, OR

McAllen-Edinburg, TX

Philadelphia-Reading-Camden, PA-NJ-DE-MD

Yakima, WA

Chicago-Naperville, IL-IN-WI

Houston-The Woodlands, TX

St. Louis-St. Charles-Farmington, MO-IL

Augusta-Richmond County, GA-SC

Shreveport-Bossier City-Minden, LA
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Unlike the worst 25 cities for the daily measure of particle pollution, the worst 25 cities for long-
term particle pollution were more distributed around the country . In addition to cities most 
affected by western wildfires, cities with high power plant emissions as well as local industrial 
and mobile sources continued to show up on this list . These included Cincinnati, Indianapolis, 
Pittsburgh, Detroit, Philadelphia, Chicago, Houston, St . Louis, Augusta and Shreveport .

For year-round average levels of fine particles, all cities but the ten most polluted 
meet the current national air quality standards and get a passing grade in “State of 
the Air” . However, evidence shows that no threshold exists for harmful effects from 
particle pollution, even below the official standard . The Lung Association continues 
to advocate for standards more protective of health for fine particle pollution . See 
Recommendations for Action.

 Ozone Pollution Trends
Exposure to unhealthy levels of ozone air pollution continues to make breathing difficult 
for millions of Americans all across the country . In the years 2018, 2019 and 2020, more 
than 122 .3 million people lived in the 156 counties that earned an F for ozone . That is 
fewer than in the past four reports, but more than the 116 .5 million people in the 2017 
report . There are still a lot of vulnerable people, including 27 .8 million children and 18 .5 
million people age 65 or older, exposed to ozone air pollution and increased risk of harm .

3 out of every 8 
Americans live in 

counties with 

F grades 
for ozone
smog 

 The list of 25 cities with the worst ozone pollution in “State of the Air” 2022 and their 
order of ranking remained relatively stable compared with last year’s report . Cities that 
improved enough to move off the list were Milwaukee and Sheboygan, Wisconsin; 
Philadelphia; and the Washington-Baltimore metro area . They were replaced by San Luis 
Obispo, Reno, Detroit and San Antonio . 

Cities in the West and the Southwest continue to dominate the most ozone-polluted list . 
California retains its historic distinction of having the most cities on the list, with 11 of the 
25 most-polluted cities . The Southwest fills most of the remaining slots, with an equal 
number . In this year’s report, only three of the worst 25 cities for ozone are east of the 
Mississippi River . And no metropolitan areas in the Pacific Northwest, the Mid-Atlantic or 
the Southeast rank among the 25 worst cities most polluted by ozone .
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25 Cities Most Polluted by Ozone

Bakersfield, CA

Visalia, CA

San Diego-Chula Vista-Carlsbad, CA

Los Angeles-Long Beach, CA

Fresno-Madera-Hanford, CA

Phoenix-Mesa, AZ

Denver-Aurora, CO

Houston-The Woodlands, TX

Sacramento-Roseville, CA

Salt Lake City-Provo-Orem, UT

Las Vegas-Henderson, NV

El Paso-Las Cruces, TX-NM

San Jose-San Francisco-Oakland, CA

New York-Newark, NY-NJ-CT-PA

El Centro, CA

Chicago-Naperville, IL-IN-WI

Dallas-Fort Worth, TX-OK

Fort Collins, CO

San Luis Obispo-Paso Robles, CA

Chico, CA

Reno-Carson City-Fernley, NV

Albuquerque-Santa Fe-Las Vegas, NM

Redding-Red Blu�, CA

Detroit-Warren-Ann Arbor, MI

San Antonio-New Braunfels-Pearsall, TX

Overall, the 25 most ozone-polluted cities in the U .S . experienced fewer bad air days on 
average from 2018 to 2020 than did those in last year’s report covering 2017 to 2019 . 
Five California cities on the list plus the New York metro area recorded their fewest days 
of high ozone in the report’s 23-year history, although three of them are still among the 
ten most ozone-polluted cities in the nation .

The geographical distribution of cities with the worst ozone problems continues a 
trend seen over the past six reports: fewer eastern cities and more western cities . Oil 
and gas extraction and population growth in the Southwest and improved cleanup of 
power plants in the East have shifted the cities that experienced the greatest number 
of unhealthy ozone days . However, there are still problems in the East, not only from 
mobile sources and industry, but also from transported pollution when ozone and ozone 
precursors enter from upwind sources, nearby and even from as far as the Midwest . 
For example, Fairfield County, Connecticut is the county with the highest ozone in the 
eastern half of the nation, in part because of pollution transported from other states . 

The three years covered 

by State of the Air 2022 

ranked among the 

seven hottest years 

on record globally.

 Higher temperatures over longer periods also make a difference . Although cleanup of 
ozone precursor pollutants has been working to reduce ozone concentrations, climate 
change, with its higher temperatures and more frequent stagnation events, plays a 
significant role in making the number of unhealthy ozone days higher than it would 
otherwise be . Simply, climate change is undercutting the progress we would have made . 
The Lung Association continues to advocate for standards more protective of health 
for ozone pollution that better reflect the current science . See Recommendations for 
Action for details.
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 Populations at Risk
Nearly 263 million people live in the 932 counties for which there is data for at least one 
pollutant in this year’s report . The proportion of the population in those counties varies 
by pollutant (see Figure 4) . The majority of U S counties actually don’t have monitors—
which means that many communities, especially rural ones, don’t have official monitored 
information on their air quality . It is important to note that the population numbers 
included in this section are only for those places that collect air pollution data, and do 
not reflect the entire population of these groups in the U .S .

D
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C
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B
35.8

A
37.6

F
122.3

Population (millions) 
by County Ozone Grade

Population (millions) 
by County Annual PM Grade

Fail
20.3

Pass
182.7

Population (millions) 
by County 24-hour PM Grade

F
63.2

D12.9

C13.8

B
57.6

A
78.2

All of the more than 137 million Americans living in places with failing grades for 
unhealthy levels of ozone or particle pollution are at risk of harm to their health . But some 
groups of people are especially vulnerable to illness and death from their exposure . See 
People at Risk for more detail about the factors that contribute to increased risk.

The number of people in these high-risk groups in “State of the Air” 2022 are as follows:

 n People of color—Some 72 million people of color live in counties that received at 
least one failing grade for ozone and/or particle pollution . Over 14 million people of 
color live in counties that received failing grades on all three measures, including 
nearly 10 million Hispanics .

 n People experiencing poverty—More than 15 .9 million people with incomes meeting 
the federal poverty definition live in counties that received an F for at least one 
pollutant . Over 2 .6 million people in poverty live in counties failing all three measures .

 n Children and older adults—Some 31 million children under age 18 and nearly 21 
million adults age 65 and over live in counties that received an F for at least one 
pollutant . Almost 4 .7 million children and 2 .8 million seniors live in counties failing all 
three measures .

 n People with underlying health conditions
 ● Asthma—2 .3 million children and nearly 10 million adults with asthma 
live in counties that received an F for at least one pollutant . More than 
320,000 children and 1 .4 million adults with asthma live in counties failing 
all three measures .

 ● Chronic Obstructive Pulmonary Disease (COPD)—Over 6 .1 million 
people with COPD live in counties that received an F for at least one 
pollutant . Almost 800,000 people with COPD live in counties failing all 
three measures .

 ● Lung Cancer—More than 66,000 people diagnosed with lung cancer 
in 2018 live in counties that received an F for at least one pollutant . And 
7,400 people diagnosed with lung cancer live in counties failing all three 
measures .

 ● Cardiovascular Disease—More than 8 million people with cardiovascular 
disease live in counties that received an F for at least one pollutant . More 
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than 1 million people live in counties failing all three measures .

 ● Pregnancy—Adverse impacts from air pollution have been shown both 
for those who are pregnant as well as for the developing fetus . More than 
1 .5 million pregnancies were recorded in 2020 in counties that received 
at least one F for particle pollution . Of those, 210,000 are in counties that 
received failing grades for all three measures .

For more detail about the number of people at risk by grade and by pollutant, see Data 
Table 1. The populations at risk are also included by county in the State Data Tables.

 Most Polluted Places to Live
In addition to the 25 worst cities for each pollutant listed above, the 25 most polluted 
counties for ozone and particle pollution are ranked in the tables below:

 Daily PM  
Ranking State County
 1 CA Fresno
 2 CA Mono
 3 CA Kern
 4 CA Kings
 5 AK Fairbanks North Star
 6 CA Inyo
 7 CA Siskiyou
 8 OR Klamath
 9 CA Stanislaus
 10 CA San Joaquin
 11 CA Tehama
 12 CA Madera
 13 CA Colusa
 14 CA Butte
 15 CA Sacramento
 16 CA Los Angeles
 17 CA Merced
 18 CA Mendocino
 19 CA Placer
 20 CA Nevada
 21 CA Plumas
 21 CA Sutter
 23 WA Okanogan
 24 CA Calaveras
 25 CA Alameda
 25 CA Contra Costa

Annual PM
Ranking State County
 1 CA Mono
 2 CA Kern
 3 CA Kings
 3 CA Tulare
 5 OR Klamath
 6 CA Plumas
 7 CA Fresno
 8 CA Stanislaus
 9 CA San Bernardino
 10 OR Jackson
 11 CA Riverside
 11 CA San Joaquin
 13 CA Madera
 14 MT Lincoln
 15 CA Merced
 16 AK Fairbanks North Star
 16 CA Los Angeles
 18 AZ Pinal
 19 CA Butte
 19 OR Josephine
 21 CA Imperial
 22 WA Okanogan
 22 CA Sacramento
 24 CA Sutter
 25 OH Hamilton

Ozone
 Ranking State County
 1 CA San Bernardino
 2 CA Riverside
 3 CA Los Angeles
 4 CA Kern
 5 CA Tulare
 6 CA Fresno
 7 AZ Maricopa
 8 CA San Diego
 9 CO Jefferson
 10 TX Harris
 11 CA El Dorado
 11 CA Kings
 13 UT Salt Lake
 14 NV Clark
 15 CA Mariposa
 16 CA Orange
 17 CA Madera
 18 NM Doña Ana
 19 CA Stanislaus
 20 CT Fairfield
 21 CA Imperial
 22 NM Eddy
 23 CO Douglas
 24 AZ Pinal
 25 IL Cook
 25 CA Merced
 25 TX Tarrant

Fourteen counties received failing grades for all 3 measures of pollution: Butte, Fresno, 
Imperial, Kern, Kings, Los Angeles, Madera, Merced, Riverside, San Bernardino, San 
Joaquin, Stanislaus, and Tulare in California, and Pinal in Arizona .

 Cleanest Places to Live
Many cities in the U .S . enjoy air that is considered clean for one or more of the pollution 
measures tracked in “State of the Air .” In this year’s report, 64 of the cities for which 
there is monitoring data had zero high ozone days and 80 cities had zero high short-
term particle days (32 fewer than last year) . Because year-round particle pollution is 
scored differently, the cleanest cities for this measure can be ranked . As a result of ties 
for the 25th best metro area, there are 31 cities on this year’s list . See Data Tables 3a-c.

Ten cities rank on all three cleanest cities lists for particle pollution and ozone . They had 
zero days high in particle pollution or ozone and are among the 31 cities with the lowest 
year-round particle levels . Added to the list this year are Bangor, Maine (returning after 

http://www.lung.org


Key Findings

American Lung Association State of the Air 202220 Lung.org

a one-year break due to incomplete data); and Charlottesville, Harrisonburg and Virginia 
Beach, Virginia . Lincoln, Nebraska; and Elmira, NY returned after coming onto the list last 
year . The other three again repeat their appearance on this list . 

Listed alphabetically, these cities are:

 n Bangor, ME
 n Burlington-South Burlington-Barre, VT
 n Charlottesville, VA
 n Elmira-Corning, NY
 n Harrisonburg-Staunton, VA
 n Lincoln-Beatrice, NE
 n Roanoke, VA
 n Urban Honolulu, HI
 n Virginia Beach-Norfolk, VA-NC
 n Wilmington, NC
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Health Impact of  
Air Pollution

 Health Effects of Particle Pollution
Particle pollution—also known as particulate matter—is a deadly and growing threat to 
public health in communities around the country . The more researchers learn about the 
health effects of particle pollution, the more dangerous it is recognized to be .

 What is Particle Pollution?
Particle pollution refers to a mixture of tiny bits of solids and liquids in the air we breathe . 
Particle pollution comes from many sources . Factories, power plants, and diesel- and 
gasoline-powered motor vehicles (cars, trucks and buses) and equipment either directly 
emit fine particles or generate other pollutants such as nitrogen oxides (NOx), known 
as precursors because they can then form into fine particles in the atmosphere . Other 
sources of particle pollution include wildfires, burning wood in wood stoves or residential 
fireplaces and burning biomass for electricity .

 Sources of particle pollution 

Individual particles may be too small to be visible, but when pollution levels are high, they 
can make the air appear thick and hazy . Researchers and regulators categorize particles 
according to size, grouping them as coarse, fine and ultrafine . Coarse particles, called 
PM10, can include wind-blown dust, ash, pollen and smoke . Fine particles, PM2 .5, are 
most often a by-product of burning wood or fossil fuels . The tiniest are called ultrafine 
particles, or PM0 .1, which are also produced by combustion .

The differences in size make a big difference in where and how particles affect our 
health . Our bodies’ natural defenses help us to keep coarse particles out of the deepest 
parts of our lungs, although these particles do deposit in the larger airways . However, 
those defenses do not keep smaller fine or ultrafine particles from penetrating to the air 
sacs of the lungs . Many of these particles get trapped in the air sacs, while the smallest 
are so minute that they can pass from the air sacs into the bloodstream and disperse to 
other organs of the body .

 What Can Particles Do to Your Health?
Particle pollution can be very dangerous to breathe, especially at higher concentrations . 
It can trigger illness, hospitalization and premature death . Researchers estimate that 
PM2 .5 is responsible for nearly 48,000 premature deaths in the United States every year .1 

 Short-Term Exposure

Short-term spikes in particle pollution that last from a few hours to a few days can kill . 
Premature deaths from breathing these particles can occur on the very day that particle 
levels are high, or up to a month or two afterward . Most premature deaths are from 
respiratory and cardiovascular causes . Particle pollution does not just make people die 
a few days earlier than they might otherwise—in many cases these deaths would not 
have occurred for years if the air were cleaner .2

Studies linking short-term exposure to PM2 .5 to death from all causes have been 
accumulating for a number of years . Taken together, this body of research provides 
consistent evidence of positive associations between particle pollution and mortality 
across diverse geographic locations and in populations with a wide range of 
demographic characteristics . Recently, a large international study found an association 
between short-term exposure to PM2 .5 and daily all-cause, cardiovascular and respiratory 
mortality in more than 600 cities across the globe .3
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Even low daily levels of fine particles can be deadly . A 2016 study found that people 
aged 65 and older in New England faced a higher risk of premature death from particle 
pollution, even in places that met current standards for short-term particle pollution .4 
Looking nationwide in a 2017 study, researchers found more evidence that older adults 
faced a higher risk of premature death even when levels of short-term particle pollution 
remained well within the current national standards . This was consistent whether the 
older adults lived in cities, suburbs or rural areas .5

Particle pollution also has many other harmful effects, ranging from decreased lung 
function to heart attacks . Extensive research has linked short-term increases in particle 
pollution to:

 n increased mortality in infants;6

 n increased hospital admissions for cardiovascular disease, including heart attacks and 
strokes;7

 n increased hospital admissions and emergency department visits for chronic 
obstructive pulmonary disease (COPD);8

 n increased severity of asthma attacks and hospitalization for asthma among 
children .9,10

 Year-Round Exposure

Decades of research have firmly established that breathing particle pollution day in and 
day out can also be deadly . Across numerous seminal studies that looked at different 
groups of people living in different parts of the country, the results consistently showed 
a clear relationship between exposure to particulate matter and mortality .11

Recent research using publicly available data on a cohort of more than one million 
adults in the U .S . reconfirmed that long-term exposure to PM2 .5 was associated with 
elevated risks of early death . The increased risk was primarily associated with death 
from cardiovascular and respiratory causes, including heart disease, stroke, influenza 
and pneumonia . Researchers also found a similar association between exposure to 
fine particle pollution and an increased risk of death from lung cancer among never-
smokers .12 Another study of 68 .5 million Medicare-enrolled adults in the United States 
between 2000 and 2016 found a 6-8% increase in risk of all-cause mortality for every 
10µg/m3 increase in PM2 .5 .

13

Research has also linked year-round exposure to particle pollution to a wide array of 
serious health effects at every stage of life, from conception through old age . Among 
pregnant people, fetuses and children, long-term particle pollution exposure is linked to: 

 n Increased risk of preterm birth and low birth weight;14 

 n Increased fetal and infant mortality;15 

 n Reduced lung development and impaired lung function in children;16 

 n Higher likelihood of children developing asthma .17 

In adults, long-term particle pollution exposure is linked to:

 n Increased risk from existing cardiovascular and respiratory disease, including a 
worsening of heart disease, atherosclerosis and COPD;18,19 

 n Higher likelihood of developing diabetes;20 

 n Higher likelihood of getting lung cancer and of dying from it;21 

 n Impaired cognitive functioning and an increased risk of Parkinson’s disease, 
Alzheimer’s disease and other dementias later in life .22,23 

The good news is, cleaning up particle pollution makes a difference . Research has 
shown a consistent relationship between decreasing PM2 .5 concentrations and 
improving respiratory health in children and adults in communities that have reduced 
their levels of year-round particle pollution .24

Summertime should be a great 
time to be outdoors in Montana, 
with warm weather and sunshine in 
a state full of natural splendors . But 
wildfire smoke often forces people 
to stay indoors .

Bailey B . lives in Butte, a western 
Montana city surrounded by 
mountains on three sides . Some 
days in the summer, thick smoke 
fully obscures the mountains . 
“There are times you can’t go 
outside in the summertime,” she 
says . 

“There’s no point in going outside if 
you can’t breathe.”

She notices more issues with 
runny noses, irritated eyes and 
coughing when wildfire smoke is in 
the air . Her father-in-law, who uses 
supplemental oxygen, can’t leave 
the house on such days without 
wearing a good mask .

A Montana resident for the last 
12 years, Bailey looks forward to 
hiking and camping in the summer, 
but she says wildfire smoke makes 
her consider spending those 
months elsewhere .

“The air quality in Montana is bad 
enough that if I could leave in the 
summers, I would.”

Bailey B. 
Butte, Montana
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Particle Pollution and COVID-19

In the early days of the COVID-19 pandemic, several well-respected research 
teams in the U .S . set out to investigate possible links between long-term 
exposure to air pollution, especially PM2 .5, and increased risk of infection 
and death from the SARS CoV-2 virus that causes the disease . Using the 
limited population-based data available at the time, some of them found a 
positive association and estimates of a specific percentage of COVID deaths 
attributable to air pollution . However, there were a number of methodological 
issues that may have influenced their results . The virus had not yet reached 
many parts of the country; community testing was extremely limited; the 
number of infections and death was probably dramatically undercounted; 
and little was known about how the disease was spreading through the 
population .

Since that time, the virus has become more widespread and better 
understood, but much remains uncertain about the nature of the mechanisms 
linking exposure to air pollution with COVID-19-related infection, severity and 
death . But some connections are clear . Air pollution is known to impact the 
functioning of the immune system and increase susceptibility to respiratory 
infections in general . Air pollution also increases the risk of chronic lung and 
cardiovascular diseases that put people at higher risk of poor outcomes from 
COVID-19 . Communities of color, which have been especially hard hit by the 
pandemic, are also disproportionately exposed to unhealthy air .25

 Who is Most at Risk From Particle Pollution?
Anyone who lives where particle pollution levels are high is at risk . Some people face 
higher risk, however, based on their underlying health and other characteristics . (See 
the People at Risk section for more information about vulnerable groups.) Research has 
shown that the groups at the greatest risk from particle pollution include:

 n Pregnant people and fetuses;26 

 n Infants, children and older people (>65 years of age);27

 n People with lung disease, especially asthma, but also people with COPD;28 

 n People with cardiovascular disease;29

 n People with lung cancer;30

 n People of color;31

 n Current or former smokers;32

 n People with low incomes;33 and

 n People who are obese or have diabetes .34

 

Air pollution can harm children 

and adults in many ways. 

 

Wheezing and coughing 

Shortness of breath 

Asthma attacks 

Worsening COPD 

Lung cancer 

 

Premature death 

Susceptibility to infections 

Heart attacks and strokes 

Impaired cognitive functioning 

Metabolic disorders 

Preterm births and low birth weight  

Respiratory Other
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 Health Effects of Ozone Pollution
Ozone air pollution, sometimes known as smog, is one of the most widespread 
pollutants in the United States . It is also one of the most dangerous . Scientists have 
studied the effects of ozone on human health for decades . Hundreds of studies have 
confirmed that ozone harms people at levels currently found in many parts of the United 
States . 

 What is Ozone?
Ozone is a gas composed of molecules with three oxygen atoms . (The oxygen we 
need for life is made up of molecules with two oxygen atoms) . Ozone forms in the 
lower atmosphere when a combination of other pollutants, usually nitrogen oxides 
(NOx) and volatile organic compounds (VOCs), “cook” together in sunlight through a 
series of chemical reactions . NOx and VOCs are produced primarily when fossil fuels 
such as gasoline, diesel, oil, natural gas or coal are burned or when solvents and some 
other chemicals evaporate . NOx is emitted from power plants, motor vehicles and other 
sources of high-heat combustion . VOCs are emitted from motor vehicles, oil and gas 
operations, chemical plants, refineries, factories, gas stations, paint, consumer products 
and other sources . 

 

VOCs
NOx Ozone

If these ingredients are present under the right conditions, they react to form ozone . 
Sunlight is key, with higher temperatures increasing ozone production . Because the 
reactions take place in the atmosphere, ozone often shows up downwind of the sources 
of the original emissions, sometimes many miles from where it formed .

Ozone air pollution is sometimes called ground-level ozone, to distinguish it from the 
much higher-altitude stratospheric ozone layer that protects the Earth from damaging 
ultraviolet rays from the sun .

 What Can Ozone Pollution Do to Your Health?
Ozone gas is a powerful lung irritant . When it is inhaled into the lungs, it reacts with the 
delicate lining of the airways, causing inflammation and other damage that can impact 
multiple body systems . Ozone exposure can also shorten lives .

Ozone has a serious effect on the respiratory system, both in the short term and over 
the course of years of exposure . When ozone levels are high, many people experience 
breathing problems such as chest tightness, coughing and shortness of breath, 
often within hours of exposure . Even healthy young adults may experience respiratory 
symptoms and decreased lung function .35 

Other breathing problems that have been tied to short-term exposure to ozone include:

 n Worsening of symptoms, increased medication use, and increased emergency 
department visits and hospital admissions for people with asthma and COPD;36 

 n Susceptibility to respiratory infections such as pneumonia, resulting in an increased 
likelihood of emergency department visits and hospitalizations .37

Living with ozone pollution long term may cause lasting damage to respiratory health, 
including:

 n Development of new cases of asthma in children;38

 n Damage to the airways, leading to development of COPD;39
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 n Increased allergic response .40

The inflammation and systemic stress caused by short- and long-term exposure to 
ozone can also do damage to tissues, DNA and proteins throughout the body, which 
can cause or worsen other disease conditions over time . These include:

 n Increased risk of metabolic disorders, including glucose intolerance, hyperglycemia 
and diabetes;41

 n Impact on the central nervous system, including brain inflammation, structural 
changes and increased risk of cognitive decline;42,43

 n Increased likelihood of reproductive and developmental harm, including reduced 
fertility, preterm birth, stillbirth and low birth weight;44,45

 n Possible cardiovascular effects—although according to the most recent EPA review, 
the evidence linking ozone to heart disease, heart failure and stroke is mixed .46

The damage ozone does to the body can be deadly. Recent research has affirmed 
earlier findings that short-term exposure to ozone, even at levels below the current 
standard, likely increases the risk of premature death, particularly for older adults .47 
There is also a growing body of evidence that long-term exposures to ambient ozone 
may be associated with an increased risk of cardiovascular and respiratory disease 
mortality .48

 Who is Most at Risk from Ozone Pollution?
Anyone who spends time outdoors where ozone pollution levels are high may be at risk . 
Some people face a higher-than-average risk, however, because of their underlying 
health and other characteristics . (See the People at Risk section for more information 
about vulnerable groups.) Research has shown that the groups at greatest risk from 
ozone pollution include:

 n Pregnant people and fetuses;49

 n Children;

 n Anyone 65 and older;

 n People with existing lung disease such as asthma and COPD;

 n People who work or exercise outdoors .50

 People at Risk
The health burden of air pollution is not evenly shared . There are people more at risk of 
illness and death from air pollution than others . Several key factors affect an individual’s 
level of risk:

 n Exposure—Where someone lives, where they go to school and where they work 
make a big difference in how much air pollution they breathe . In general, the higher 
the exposure, the greater the risk of harm .

 n Susceptibility—Pregnant people and their fetuses, children, older adults and people 
living with chronic conditions, especially heart and lung disease, may be physically 
more susceptible to the health impacts of air pollution than other adults .

 n Access to healthcare—Whether or not a person has health coverage, a healthcare 
provider and access to linguistically and culturally appropriate health information may 
influence their overall health status and how they are impacted by environmental 
stressors like air pollution .

 n Psychosocial stress—There is increasing evidence that non-physical stressors 
such as poverty, racial/ethnic discrimination and fear of deportation can amplify the 
harmful effects of air pollution .

These risk factors are not mutually exclusive and often interact in ways that lead to 
significant health inequities among subgroups of the population .
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 People of Color 
Research has shown that people of color are more likely to be exposed to air pollution 
and more likely to suffer harm to their health from air pollution than white people .51,52 
Much of this inequity can be traced to the long history of systemic racism in the United 
States . Practices such as redlining, the discriminatory outlining of riskier neighborhoods 
by mortgage lenders, institutionalized residential segregation in the 20th century, 
impairing the ability of many people of color to build wealth and limiting their mobility and 
political power . Over the years, decision-makers have found it easier to place sources of 
pollution, such as power plants, industrial facilities, landfills and highways, in economically 
disadvantaged communities of color than in more affluent, predominantly white 
neighborhoods . The resulting disproportionate exposure to air pollution has contributed 
to high rates of emergency department visits for asthma and other diseases53,54

People of color are also more likely than white people to be living with one or more 
chronic conditions that make them more susceptible to the health impact of air pollution, 
including asthma, diabetes and heart disease .55 

 People Experiencing Poverty
There is evidence that having low income or living in lower income areas puts people at 
increased risk from air pollution, although the correlation is not as strong as with race and 
ethnicity .56,57 People living in poverty are more likely to live in close proximity to sources of 
pollution and have fewer resources to relocate than people with more financial security .58 
Poverty itself, along with the problems that beset many low-income communities, such 
as lack of safety, have been associated with increased psychosocial distress and chronic 
stress, which in turn make people more vulnerable to pollution-related health effects .59 
People with low income also have lower rates of health coverage and less access to 
quality and affordable health care to provide relief to them when they get sick .

 Children 
Children are both more susceptible to harm from air pollution and more likely to be 
exposed than adults . The growth and development of a child’s lungs and breathing 
ability start in utero and continue into early adulthood . Exposure to air pollution at any 
stage of that development process can have both immediate and lasting impacts 
on developing lungs and children’s health . In addition, the body’s defenses that help 
adults fight off infections are still developing in children . Children have more respiratory 
infections than adults, which also seems to increase their susceptibility to air pollution .60

Children breathe more rapidly and inhale more air relative to their size than do adults . 
They are more likely to spend time outdoors, running around, being active and breathing 
hard . Consequently, they are more exposed to polluted outdoor air than adults typically 
are . 

 Older Adults
Much of the illness and premature death caused by air pollution occurs in older adults, 
who are at increased risk of harm for several reasons . As a person ages, the normal 
process of thinning and weakening of the lung tissue and the supporting muscle and 
bones of the ribcage results in diminishing lung function over time . The increased 
impairment that results from exposure to air pollutants then has an add-on effect, 
putting stress on the lungs and heart . Older people are also more likely to be living with 
chronic diseases, and there is evidence that co-existing chronic lung, heart or circulatory 
conditions may worsen following exposure to environmental pollutants .61 

The strength of the immune system also declines with age, leaving older people at 
greater risk of contracting infections and less able to get them under control before they 
become serious . Because exposure to air pollution increases susceptibility to respiratory 
infections, it also increases the risk of severe illness and death in older adults . 
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 People with Underlying Health Conditions
For the millions of people in the U .S . living with illnesses such as asthma, COPD, 
diabetes, heart disease and lung cancer, exposure to air pollution places them at greater 
risk of harm to their health than those without disease . The cellular injury and systemic 
inflammation triggered by breathing ozone and particle pollution put additional stress 
on people’s lungs, heart and other organs already compromised by disease . This can 
result in a worsening of symptoms, increased medication use, more frequent emergency 
department visits and hospitalizations, an overall reduced quality of life and, far too often, 
premature death .

 Pregnant People and Fetuses
Pregnancy is always a susceptible time for both the mother and the developing fetus . 
The pregnant body undergoes dramatic physiological changes in hormone levels, 
metabolism and circulation throughout months of gestation . The rapid and complex 
development of the fetus is a precisely timed and sequenced process . The inflammation 
and oxidative stress resulting from exposure to air pollution during pregnancy can 
increase the risk of hypertensive disorders, including preeclampsia, in the mother and 
lead to intrauterine inflammation and damage to the placenta that can disrupt the 
growth and development of the fetus . Fetal health may also be impacted in a number of 
ways by environmental contaminants that have been shown to cross the placenta .62 

Exposure to both ozone and particle pollution during pregnancy is strongly associated 
with premature birth, low birth weight and stillbirth . These risks are amplified in 
pregnancies where the mother is already at higher risk, such as people of color and 
those chronic conditions, especially asthma .63

 People with a Smoking History
There is some recent evidence suggesting that current and former smokers are at 
greater risk of health harm from exposure to fine particle pollution compared with never-
smokers . They are more likely to develop lung cancer and to die prematurely .64 Smoking 
damages the lungs, heart, blood vessels and other organs .65 This impairment leaves the 
person with a smoking history more vulnerable to the health impact of air pollution than 
a never-smoker .

 Emerging Threats
Since the passage of the Clean Air Act in 1970, the federal, state, local and Tribal 
governments and businesses, community leaders and advocates have invested years 
of effort into reducing the public health threat from air pollution . By many measures, the 
air the nation breathes is dramatically cleaner than it was 50 years ago . “State of the Air” 
has documented this long-term improvement over the past 22 years . In recent years, 
however, new threats have emerged that are causing air pollution levels to rise and the 
potential harm to vulnerable populations to increase .

 Climate Change
The scientific evidence has clearly shown for years that impacts from climate change 
threaten human health . These health impacts are no longer a concern for the future . 
They’re happening now . What remains to be seen is how much these impacts increase 
in severity, how much action to reduce greenhouse gas emissions is able to mitigate 
them, and how much communities are able to adapt to the impacts that can’t be 
avoided .

The rising global temperatures and disruption of short- and long-term weather patterns 
caused by climate change are putting the health Americans at risk . The impacts of 

For people with lung conditions like 
asthma, checking the air quality is 
a regular part of life .

“It’s something we automatically 
think about before we do outside 
activities,” says LA resident Jaime 
K., who has asthma. “If the air 
quality is bad, we don’t go out to 
the grocery store, out for walks or 
out to play with my daughter.”

She says in an ideal world, she’d 
live near the ocean . But because 
housing costs by the water are 
so high, she purchased a home 
further inland near a highway . 
Despite using air filters to improve 
the air quality inside, soot builds 
up daily due to vehicles and, 
increasingly, wildfire smoke .

“No matter how much I clean,” 
Jaime says, “I always have a layer 
of dust the next day.”

Jaime K. 
Los Angeles, California
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climate change currently being experienced in communities nationwide include an 
increase in extreme weather events, deterioration of air quality from increased ozone 
formation and wildfire smoke, expansion of the range of disease-carrying pests and 
increased stresses that affect mental health and well-being .

People and communities are differentially exposed to these climate-related hazards as 
well as being disproportionately affected by climate-related health risks . Populations 
experiencing greater health risks include children, older adults, low-income communities 
and some communities of color . 

“State of the Air” largely focuses on the health harms linked to increases in particle 
pollution and ozone, but increasing heat itself is another significant risk factor that adds 
to the climate vulnerability of some of the same populations who face increased risk 
from air pollution .66 Children are especially vulnerable to extreme heat . They spend more 
time playing outside and participating in vigorous activity than the average adult . Their 
bodies have a high surface area-to-mass ratio, so must divert more blood flow to their 
skin to dissipate heat, which may strain other bodily functions .67 

Among older adults, increased heat and exposure to air pollution raises the risk of 
premature death and results in more emergency room visits and hospital admissions, 
especially among those older adults who spend more time outdoors . The physical 
changes associated with aging—including those that affect breathing and movement—
can make it even more difficult to respond to climate change . In the past two decades, 
heat-related mortality for older persons has almost doubled, reaching a record high 
19,000 deaths in 2018 .68 Heat waves also significantly increase the risk of illness and 
death in people living with chronic lung disease .69

 Wildfires
Wildfires are posing a growing threat to public health in many parts of the U .S . Increased 
heat and drought caused by climate change are resulting in larger, more frequent fires 
that blanket communities in smoke and leave residents gasping for air . Smoke from 
large fires can spread over hundreds or thousands of miles, polluting the air breathed 
by millions of people . In the years 2016-2019, individuals in the U .S . experienced a 19% 
increase in the number of days they were exposed to high wildfire risk compared to 
2001-2004 .70

Wildfire smoke is a complex mixture of fine and course particulate matter and gases, 
including carbon monoxide, nitrogen oxides, volatile organic compounds and air toxics . 
The chemical composition of wildfire smoke varies widely depending on the location of 
the fire and the material burned . The details of how these differences impact health is 
the subject of ongoing research .71 

The most widespread health threat from smoke is from fine particles . Like other sources 
of fine particle pollution, wildfire smoke can be extremely harmful to the lungs, especially 
for children, older adults and people with asthma, COPD, chronic heart disease and 
diabetes . Recent research has confirmed that severe wildfire episodes are associated 
with increased risk of hospital admissions for respiratory diseases for Medicare 
recipients .72 Pregnant people exposed to wildfire smoke are more likely to experience 
adverse pregnancy outcomes, including preterm birth .73 There is also strong evidence 
linking smoke exposure to increased risk of premature death .74 

The health impact of breathing wildfire smoke for extended periods of time, year after 
year, as is happening in some hard-hit communities, remains unknown .

 E-Commerce Shipping and Transport
The COVID-19 pandemic has transformed personal shopping behavior, accelerating 
the shift from in-store shopping for products and services to ordering them online . 
This has increased demand for fast, personalized delivery service and has resulted in 
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a rising number of delivery trucks and vans on neighborhood streets, supported by a 
proliferation of warehouses, distribution centers and long-distance haulers on highways . 
To maximize their efficiency, large retailers and shipping companies are clustering 
new warehouses together in sprawling complexes, often in already highly-polluted 
communities . More traffic in and out of these areas, especially since the bulk of it is 
diesel-powered, brings more unhealthy air pollution to the communities where it is 
concentrated .75 The U .S . EPA estimates that 72 million Americans live along major truck 
freight routes, and notes that they are more likely to be people of color and have lower 
incomes .76 

Changes in consumer behavior have also had a major impact on port cities, which 
are dealing with an increase in cargo imports . The rapid growth in shipping traffic has 
resulted in backlogs of ships idling in harbors and off-shore waiting to unload, as well 
as increased congestion of the port-related cargo freight system of trucks, trains and 
planes . Between January and September 2021, the busy Ports of Los Angeles and 
Long Beach in California saw an average increase of 20 percent in cargo movement 
compared to the same time in 2019 prior to the COVID-19 pandemic . According to 
estimates from the California Air Resources Board, as of October 2021, the increased 
congestion had resulted in overall container ship emissions increases of 20 tons per 
day (tpd) of oxides of nitrogen (NOx) and 0 .5 tpd of particulate matter . This increase in 
NOx emissions from container ships is roughly equivalent to the total emissions from 
5 .8 million passenger cars . Additionally, the increased diesel particulate emissions are 
comparable to the exhaust particulate emissions from almost 100,000 diesel trucks .77

Exposure to traffic-related pollution is a serious health hazard to those living in freight-
impacted communities . The mixture of emissions has been linked to poor birth 
outcomes, reduced lung and cognitive development, development and worsening of 
chronic respiratory and cardiovascular diseases, increased risk of dementia, cancer and 
premature death .78 Unfortunately, the health burden for e-commerce-related pollution 
tends to disproportionately impact disadvantaged communities . Since low-income 
communities and communities of color make up a significant proportion of residents in 
disadvantaged communities, they are often burdened with the negative by-products of 
congestion and exposure to on-road emissions .79
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Recommendations for 
Personal Action and 
Policy Change

 We need action at every level to clean up air pollution and address climate change . 

 Individuals
You can take action to protect yourself and your family from the dangers of air pollution . 
Regardless of its grade or ranking in this report, any community can experience days 
with unhealthy levels of air pollution . Some simple precautions will reduce your risk:

1 . Check daily air pollution forecasts in your area at airnow .gov . The color-coded 
forecasts let you know when the air is unhealthy in your community . When the air is 
bad, move your exercise plans and other activities indoors . 

2 . Protect yourself from wildfire smoke if you live in a fire-prone area . Learn more about 
using masks and creating a clean room inside your home with our wildfire resources 
at Lung .org/wildfire . 

3 . Reduce your own contributions to air pollution . Prioritize walking, biking and public 
transit over gasoline-powered vehicles . Conserve electricity and purchase your 
power from clean, non-combustion sources if you can . Don’t burn wood, leaves or 
trash . Learn more about how to reduce your impact with our Stand Up For Clean Air 
initiative at Lung .org/air . 

 Local Governments
Local governments have the power to help ensure that city and county operations 
are zero-emission and that residents have the ability to choose zero-emission forms 
of transportation and electricity . These actions must benefit the communities most 
impacted by unhealthy air . 

1 . Adopt a climate action plan . Reduce city- and county-wide emissions by supporting 
walking, biking and transit and zero-emission-vehicle infrastructure, and ensuring that 
building and parking policies support these goals . Include measures to address the 
impacts of climate change on residents, including health impacts . 

2 . Purchase zero-emission fleet vehicles . Commit to purchasing zero-emission garbage 
and recycling trucks, transit buses, school buses and other vehicles . 

3 . Establish purchasing goals for renewable, non-combustion electricity . Power city and 
county operations with truly clean sources of electricity like wind, solar, geothermal or 
tidal . 

 State, Territorial and Tribal Governments
1 . Set a clean or renewable electricity standard or clean peak standard that phases out 

the use of coal, oil, natural gas (also known as methane gas) and other combustion 
and replaces it with wind, solar, geothermal and tidal and other non-combustion 
forms of electricity . Do not allow for the increased use of biomass or municipal solid 
waste for electricity because of their contributions to particle pollution .

2 . Invest in air quality monitoring . In addition to EPA funding placement of air quality 
monitors, communities should increase monitoring to capture pollution levels that 
disproportionately impact communities near polluting sources in order to address 
them .

3 . States: Use Clean Air Act authority to adopt the California zero-emissions standards 
for light-, medium- and heavy-duty vehicles . These include California’s Low-Emission 
Vehicle criteria pollutant and greenhouse gas regulations; Zero-Emission Vehicle 
regulations; and Advanced Clean Trucks regulations .

 Federal Government
Every federal agency, the White House and Congress must act now to dramatically 
reduce air and climate pollution and drive an urgent nationwide transition to zero-
emission transportation and electricity . 40% of the investments made to meet these 
goals must improve air quality, health and life in underserved communities . Key, urgent 

Alia V . resides in an area with 
periodically severe air pollution . Yet 
there are many aspects of Houston 
she loves, such as its tremendous 
cultural and educational 
resources . The city also has green 
transportation initiatives, including 
a municipal hybrid fleet .

In summer, she and her husband 
limit their kids’ time outside on 
ozone action days . Because public 
transit options in the region are 
limited, she relies on her car to 
travel even on days with high 
ozone levels .

She says awareness about the 
importance of air quality is on the 
rise locally, although it’s a problem 
that really demands a statewide 
approach . For example, increasing 
the incentive to opt for electric 
vehicles “would help people 
balance their transportation needs 
with sustainability .”

Also, with Houston being near the 
Gulf of Mexico, there are numerous 
oil refineries just south of the city . 
“There have been from time to time 
chemical fires where you’ll have air 
impacts,” Alia says . “When those 
things occur, people stay indoors .”

Alia V. 
Houston, Texas

http://www.lung.org
http://www.airnow.gov/
https://www.lung.org/clean-air/emergencies-and-natural-disasters/wildfires
http://Lung.org/wildfire
http://www.lung.org/air
http://Lung.org/air
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opportunities for action include:

1 . Congress must pass investments in zero-emission electricity and transportation into 
law . Key investments included in the House-passed Build Back Better Act urgently 
need to be passed into law in order to drive the nationwide zero-emission transition 
needed to clean up harmful air pollution and address climate change . 

2 . EPA must propose and finalize strong new emissions standards that transition the 
nation’s cars and trucks to zero-emission vehicles . EPA must set stronger standards 
for greenhouse gas emissions for light-duty vehicles beginning in Model Year 
2027 . EPA must finalize a strong rule for heavy-duty vehicles this year and adopt an 
additional rule beginning in Model Year 2030 .

3 . EPA must set a stronger national standard for particulate matter . The research shows 
that the new standard should be set at 8 micrograms per cubic meter annually, and 
25 micrograms per cubic meter daily, to protect those at greatest risk of harm . Not 
only will stronger standards drive cleanup of polluting sources nationwide, they will 
also mean that families across the country are better informed about when their local 
air quality may put their health at risk at Lung .org/sota-petition .

4 . EPA must set a stronger national standard for ozone . The scientific evidence shows 
that a standard of 60 parts per billion would better protect people from harm, 
especially those at greatest risk . As with particulate matter, stronger standards will 
not only ensure cleanup of polluting sources, but also better empower people to 
avoid dangerous levels of this pollutant . 

http://www.lung.org
http://Lung.org/sota-petition
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Notes for state grades tables

1 . Not all counties have monitors for either ozone or particle pollution . If 
a county does not have any monitors for either pollutant, that county’s 
name is not on the list in these tables . The decision about monitors in 
the county is made by the state and the U .S . Environmental Protection 
Agency, not by the American Lung Association .

2 . INC (Incomplete) indicates that monitoring is underway for that 
pollutant in that county, but that the data are incomplete for all three 
years . 

3 . DNC (Data Not Collected) indicates that data on that particular 
pollutant is not collected in that county .

4 . The Weighted Average (Wgt. Avg) was derived by adding the three 
years of individual level data (2018-2020), multiplying the sums of 
each level by the assigned standard weights (i .e . 1=orange, 1 .5=red, 
2 .0=purple and 2 .5=maroon) and calculating the average . Grades are 
assigned based on the weighted averages as follows: A=0 .0, B=0 .3-
0 .9, C=1 .0-2 .0, D=2 .1-3 .2, F=3 .3+ .

5 . The Design Value is the calculated concentration of a pollutant based 
on the National Ambient Air Quality Standard for PM2 .5, which is 12 µg/
m3 . Counties with design values of 12 or lower received a grade of 
“Pass” for Annual PM2 .5 . Counties with design values of 12 .1 or higher 
received a grade of “Fail .”

Notes for at-risk groups tables

1 . Total Population is based on 2020 U .S . Census and represents the 
at-risk populations in counties with ozone or PM2 .5 pollution monitors; 
it does not represent the entire state’s sensitive populations .

2 . Those 18 & under and 65 & over are vulnerable to ozone and PM2 .5 . 
Do not use them as population denominators for disease estimates—
that will lead to incorrect estimates .

3 . Pediatric asthma estimates are for those under 18 years of age and 
represent the estimated number of people who had asthma in 2020 
based on the state rates when available or national rates when not 
(Behavioral Risk Factor Surveillance System, or BRFSS), applied to 
county population estimates (U .S . Census) .

4 . Adult asthma estimates are for those 18 years and older and 
represent the estimated number of people who had asthma during 
2020 based on state rates (BRFSS) applied to county population 
estimates (U .S . Census) .

5 . COPD estimates are for adults 18 and over who had ever been 
diagnosed with chronic obstructive pulmonary disease, which 
includes chronic bronchitis and emphysema, based on state rates 
(BRFSS) applied to county population estimates (U .S . Census) . 

6 . Lung cancer estimates are for all ages and represent the estimated 
number of people diagnosed with lung cancer in 2018 based on 
state rates (StateCancerProfiles.gov) applied to county population 
estimates (U .S . Census) .

7 . Cardiovascular disease estimates are for adults 18 and over who 
have been diagnosed within their lifetime, based on state rates 
(BRFSS) applied to county population estimates (U .S . Census) . CV 
disease includes coronary heart disease, stroke and heart attack .

8 . Pregnancy estimates are for females 18-49 and based on state rates 
of pregnancies resulting in live births applied to population estimates 
(U .S . Census) .

9 . Poverty estimates include all ages and come from the U .S . Census 
Bureau’s Small Area Income and Poverty Estimates program . The 
estimates are derived from a model using estimates of income or 
poverty from the Annual Social and Economic Supplement and the 
Current Population Survey, 2020 . Puerto Rico poverty estimates come 
from the U .S . Census Bureau’s American Community Survey, 2015-
2019 .

10 . People of color are defined as anyone Hispanic or non-Hispanic 
Black, Asian, American Indian/Alaska Native, Native Hawaiian and 
Other Pacific Islander, or two or more races and are based on 2020 
county population estimates (U .S Census) .

11 . Adding across rows does not produce valid estimates . Adding the at-
risk categories (asthma, COPD, poverty, etc .) will double-count people 
who fall into more than one category .

Data Table Notes
See Methodology for a full explanation of data sources and calculations made for state grades.

http://www.lung.org
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Table 1 Populations at Risk by Grade and by Pollutant

People at Risk from Short-Term Particle Pollution (Daily PM2.5)
 Chronic Diseases Age Groups
            Number  
In Counties Where Adult Pediatric  Lung CV  65 and     People of Total of 
the Grades Were: Asthma Asthma COPD Cancer Disease Under 18 Over Pregnancies  Poverty  Color  Population Counties

Grade A (0 .0) 5,734,749 1,333,719 3,912,594 44,544 5,287,400 16,630,671 13,514,488 833,388 8,840,372 32,159,146 78,153,295 294

Grade B  (0 .3-0 .9) 4,036,892 996,474 2,905,338 33,048 3,803,298 12,858,220 9,056,218 665,620 7,217,479 25,851,553 57,593,948 146

Grade C (1 .0-2 .0) 1,031,963 239,824 689,288 7,572 895,521 2,976,493 2,159,726 158,477 1,643,073 5,352,485 13,774,271 50

Grade D (2 .1-3 .2) 830,223 235,696 532,798 6,339 714,146 3,224,138 1,675,988 157,226 1,721,676 7,407,114 12,897,111 25

Grade F (3 .3+) 4,681,901 1,019,040 2,720,932 25,741 3,551,545 14,267,119 9,675,591 680,976 7,217,076 35,240,543 63,241,786 96

National Population  
in Counties with  
PM2 .5 Monitors 16,640,524 3,906,948 10,980,883 119,804 14,557,845 51,019,482 36,807,399 2,548,703 27,131,651 107,556,089 230,325,170 645

People at Risk from Year-Round Particle Pollution (Annual PM2.5)
 Chronic Diseases Age Groups
            Number  
In Counties Where Adult Pediatric  Lung CV  65 and     People of Total of 
the Grades Were: Asthma Asthma COPD Cancer Disease Under 18 Over Pregnancies  Poverty  Color  Population Counties

Pass 13,156,179 3,116,225 8,928,186 97,167 11,777,051 40,243,948 29,474,018 2,032,020 21,158,008 82,263,444 182,703,927 499

Fail 1,462,707 328,136 823,853 7,648 1,062,210 4,786,996 2,911,151 214,907 2,724,854 14,169,688 20,302,100 21

National Population  
in Counties with  
PM2 .5 Monitors 16,640,524 3,906,948 10,980,883 119,804 14,557,845 51,019,482 36,807,399 2,548,703 27,131,651 107,556,089 230,325,170 645

People at Risk from Ozone
 Chronic Diseases Age Groups

           Number  
In Counties Where Adult Pediatric  CV  65 and    People of Total of 
the Grades Were: Asthma Asthma COPD Disease Under 18 Over Pregnancies  Poverty  Color  Population Counties

Grade A (0 .0) 2,605,910 612,719 2,010,342 2,689,958 8,026,888 6,930,736 392,291 4,365,338 13,549,365 37,586,978 240

Grade B  (0 .3-0 .9) 2,595,751 619,427 1,916,031 2,553,986 7,602,697 6,329,609 381,417 3,832,800 11,949,060 35,768,125 166

Grade C (1 .0-2 .0) 2,678,221 599,029 1,791,867 2,401,595 7,877,603 6,085,969 389,497 3,939,828 13,943,492 36,287,551 145

Grade D (2 .1-3 .2) 767,110 185,688 520,639 675,480 2,311,567 1,653,471 115,882 1,017,025 3,415,703 10,344,606 45

Grade F (3 .3+) 8,828,767 2,090,081 5,497,608 7,232,858 27,757,159 18,504,790 1,369,131 14,303,845 65,603,244 122,346,191 156

National Population  
in Counties with  
Ozone Monitors 17,635,298 4,143,925 11,856,179 15,713,475 54,008,577 39,903,719 2,668,425 27,800,815 109,146,398 244,496,238 798

http://www.lung.org
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Table 2a People at Risk in 25 U.S. Cities Most Polluted by Short-Term Particle Pollution (Daily PM2.5)

2022   Total   65 and  Pediatric Adult    Lung CV  People
Rank Metropolitan Statistical Areas Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies  of Color Poverty

 1 Fresno-Madera-Hanford, CA 1,311,371 365,101 168,092 24,912 88,818 48,526 491 62,048 13,508 933,115 209,238

 2 Bakersfield, CA 901,362 258,380 104,230 17,630 60,364 31,826 337 40,622 9,077 611,843 159,609

 3 Fairbanks, AK 95,651 22,646 11,227 1,687 6,590 3,143 46 4,605 1,259 29,538 6,565

 4 San Jose-San Francisco- 
  Oakland, CA 9,608,006 2,033,942 1,517,721 138,782 712,280 415,252 3,588 537,189 101,110 6,022,743 826,883

 5 Redding-Red Bluff, CA 243,521 53,827 51,222 3,673 17,848 12,030 91 15,712 2,164 59,800 33,037

 6 Chico, CA 212,744 42,938 39,082 2,930 15,926 9,726 79 12,496 2,241 63,972 35,963

 7 Sacramento-Roseville, CA 2,650,900 597,440 441,110 40,765 193,091 116,063 988 150,362 27,195 1,279,967 298,099

 8 Los Angeles-Long Beach, CA 18,629,661 4,149,249 2,728,079 283,114 1,361,923 773,668 6,951 999,687 199,345 13,040,678 2,227,753

 9 Visalia, CA 468,680 141,778 55,595 9,674 30,688 16,485 175 21,064 4,807 341,854 79,348

 9 Yakima, WA 251,879 73,890 36,210 5,401 17,214 9,376 124 12,831 2,523 146,837 36,781

 11 Phoenix-Mesa, AZ 5,114,212 1,173,151 849,985 94,573 383,476 230,864 2,110 303,432 54,016 2,334,152 580,518

 12 Reno-Carson City-Fernley, NV 644,730 132,772 123,579 9,498 48,994 39,083 316 50,916 6,363 227,711 64,613

 13 San Diego-Chula Vista- 
  Carlsbad, CA 3,332,427 707,614 496,393 48,282 246,524 138,923 1,246 178,459 35,587 1,852,772 306,807

 14 Salinas, CA 430,906 111,407 62,634 7,602 30,015 17,209 161 22,152 4,259 305,910 47,870

 15 Eugene-Springfield, OR 382,986 68,706 78,637 4,775 33,375 19,305 182 23,919 3,632 72,400 54,433

 16 Seattle-Tacoma, WA 4,952,595 1,037,744 752,054 75,859 378,575 203,486 2,437 275,903 54,443 1,802,210 391,416

 17 Spokane-Spokane Valley- 
  Coeur d'Alene, WA-ID 745,213 163,109 134,569 11,977 56,205 33,165 360 46,140 7,802 109,959 90,477

 18 Logan, UT-ID 144,219 43,117 15,148 2,713 10,848 4,030 41 5,732 2,125 22,766 12,685

1 9 Portland-Vancouver- 
  Salem, OR-WA 3,282,871 693,419 535,218 48,703 273,290 145,553 1,573 184,102 32,465 908,893 313,266

 20 Salt Lake City-Provo-Orem, UT 2,672,368 770,573 285,283 47,473 206,440 77,200 715 111,241 37,614 631,570 179,524

 21 Medford-Grants Pass, OR 309,897 61,999 74,925 4,309 26,047 17,166 148 21,307 2,477 57,246 39,758

 22 Pittsburgh-New Castle- 
  Weirton, PA-OH-WV 2,593,177 487,318 548,492 55,269 213,963 160,478 1,588 228,249 25,364 372,912 267,874

 22 San Luis Obispo-Paso Robles, CA 282,249 49,195 60,460 3,357 21,870 14,227 106 18,390 2,736 90,044 28,338

 24 Bellingham, WA 231,016 43,776 42,341 3,200 18,112 10,130 114 14,109 2,599 51,174 26,423

 24 Boise City-Mountain Home- 
  Ontario, ID-OR 853,555 206,584 133,709 15,354 61,661 37,302 388 50,968 10,132 182,416 77,941

Notes:

Cities are ranked using the highest weighted average for any county within that Combined Metropolitan Statistical Area or Metropolitan Statistical Area .

Adding across rows does not produce valid estimates . Adding the disease categories (asthma, COPD, etc .) will double-count people who fall into more than one category .
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Table 2b People at Risk in 25 U.S. Cities Most Polluted by Year-Round Particle Pollution (Annual PM2.5)

2022   Total   65 and  Pediatric Adult    Lung CV  People
Rank Metropolitan Statistical Areas Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies  of Color Poverty

 1 Bakersfield, CA 901,362 258,380 104,230 17,630 60,364 31,826 337 40,622 9,077 611,843 159,609

 2 Visalia, CA 468,680 141,778 55,595 9,674 30,688 16,485 175 21,064 4,807 341,854 79,348

 2 Fresno-Madera-Hanford, CA 1,311,371 365,101 168,092 24,912 88,818 48,526 491 62,048 13,508 933,115 209,238

 4 San Jose-San Francisco- 
  Oakland, CA 9,608,006 2,033,942 1,517,721 138,782 712,280 415,252 3,588 537,189 101,110 6,022,743 826,883

 5 Los Angeles-Long Beach, CA 18,629,661 4,149,249 2,728,079 283,114 1,361,923 773,668 6,951 999,687 199,345 13,040,678 2,227,753

 6 Medford-Grants Pass, OR 309,897 61,999 74,925 4,309 26,047 17,166 148 21,307 2,477 57,246 39,758

 7 Fairbanks, AK 95,651 22,646 11,227 1,687 6,590 3,143 46 4,605 1,259 29,538 6,565

 8 Phoenix-Mesa, AZ 5,114,212 1,173,151 849,985 94,573 383,476 230,864 2,110 303,432 54,016 2,334,152 580,518

 9 Chico, CA 212,744 42,938 39,082 2,930 15,926 9,726 79 12,496 2,241 63,972 35,963

 10 El Centro, CA 180,267 51,396 24,546 3,507 12,094 6,800 67 8,707 1,688 162,934 31,134

 11 Sacramento-Roseville, CA 2,650,900 597,440 441,110 40,765 193,091 116,063 988 150,362 27,195 1,279,967 298,099

 12 Cincinnati-Wilmington- 
  Maysville, OH-KY-IN 2,291,863 529,189 370,689 37,461 183,043 155,352 1,583 185,483 25,689 481,836 233,571

 13 Indianapolis-Carmel-Muncie, IN 2,473,639 590,241 369,249 33,909 183,779 155,080 1,506 175,353 29,521 657,938 254,114

 14 Pittsburgh-New Castle- 
  Weirton, PA-OH-WV 2,593,177 487,318 548,492 55,269 213,963 160,478 1,588 228,249 25,364 372,912 267,874

 15 Bend-Prineville, OR 226,874 44,353 48,404 3,082 19,358 11,894 108 14,743 1,933 30,090 18,885

 16 Detroit-Warren-Ann Arbor, MI 5,323,779 1,144,485 925,231 96,669 462,752 347,934 3,186 412,838 55,700 1,728,152 695,508

 16 Redding-Red Bluff, CA 243,521 53,827 51,222 3,673 17,848 12,030 91 15,712 2,164 59,800 33,037

 18 Eugene-Springfield, OR 382,986 68,706 78,637 4,775 33,375 19,305 182 23,919 3,632 72,400 54,433

 18 McAllen-Edinburg, TX 939,466 299,144 108,512 20,601 47,662 31,391 445 44,526 11,421 886,190 223,089

 18 Philadelphia-Reading- 
  Camden, PA-NJ-DE-MD 7,214,065 1,550,288 1,237,320 156,196 564,546 359,895 4,215 518,164 77,597 2,818,437 766,649

 21 Yakima, WA 251,879 73,890 36,210 5,401 17,214 9,376 124 12,831 2,523 146,837 36,781

 22 Houston-The Woodlands, TX 7,340,823 1,913,528 882,117 131,780 405,973 271,066 3,489 381,379 92,074 4,759,663 977,111

 22 Chicago-Naperville, IL-IN-WI 9,770,485 2,178,175 1,531,190 148,074 663,501 463,364 5,875 590,691 105,051 4,588,513 1,025,857

 24 St . Louis-St . Charles- 
  Farmington, MO-IL 2,909,003 636,983 510,930 53,682 208,373 178,779 1,917 209,406 31,673 756,460 298,040

 25 Augusta-Richmond County,  
  GA-SC 614,312 139,547 103,999 12,675 43,363 34,529 356 48,212 6,550 284,559 94,628

 25 Shreveport-Bossier City- 
  Minden, LA 430,347 101,565 75,829 8,887 25,843 28,538 264 35,926 5,148 203,233 83,045

Notes:

Cities are ranked using the highest design value for any county within that Combined Metropolitan Statistical Area or Metropolitan Statistical Area .

Adding across rows does not produce valid estimates . Adding the disease categories (asthma, COPD, etc .) will double-count people who have been diagnosed with more than one disease .
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Table 2c  People at Risk in 25 Most Ozone-Polluted Cities

2022   Total   65 and  Pediatric Adult    CV  People
Rank Metropolitan Statistical Areas Population Under 18 Over Asthma Asthma COPD Disease Pregnancies  of Color Poverty

 1 Los Angeles-Long Beach, CA 18,629,661 4,149,249 2,728,079 283,114 1,361,923 773,668 999,687 199,345 13,040,678 2,227,753

 2 Bakersfield, CA 901,362 258,380 104,230 17,630 60,364 31,826 40,622 9,077 611,843 159,609

 3 Visalia, CA 468,680 141,778 55,595 9,674 30,688 16,485 21,064 4,807 341,854 79,348

 4 Fresno-Madera-Hanford, CA 1,311,371 365,101 168,092 24,912 88,818 48,526 62,048 13,508 933,115 209,238

 5 Phoenix-Mesa, AZ 5,114,212 1,173,151 849,985 94,573 383,476 230,864 303,432 54,016 2,334,152 580,518

 6 San Diego-Chula Vista-Carlsbad, CA 3,332,427 707,614 496,393 48,282 246,524 138,923 178,459 35,587 1,852,772 306,807

 7 Denver-Aurora, CO 3,652,385 793,260 503,881 59,113 274,959 125,939 162,350 39,619 1,285,122 295,637

 8 Houston-The Woodlands, TX 7,340,823 1,913,528 882,117 131,780 405,973 271,066 381,379 92,074 4,759,663 977,111

 9 Sacramento-Roseville, CA 2,650,900 597,440 441,110 40,765 193,091 116,063 150,362 27,195 1,279,967 298,099

 10 Salt Lake City-Provo-Orem, UT 2,672,368 770,573 285,283 47,473 206,440 77,200 111,241 37,614 631,570 179,524

 11 Las Vegas-Henderson, NV 2,364,017 533,319 374,501 38,152 172,888 130,205 166,635 25,581 1,382,153 308,069

 12 El Paso-Las Cruces, TX-NM 1,067,454 277,128 145,623 19,251 63,190 38,977 56,256 12,848 910,233 190,638

 13 San Jose-San Francisco- 
  Oakland, CA 9,608,006 2,033,942 1,517,721 138,782 712,280 415,252 537,189 101,110 6,022,743 826,883

 14 New York-Newark, NY-NJ-CT-PA 22,491,979 4,769,615 3,778,550 401,191 1,675,005 882,073 1,320,965 242,730 11,747,218 2,526,144

 15 El Centro, CA 180,267 51,396 24,546 3,507 12,094 6,800 8,707 1,688 162,934 31,134

 16 Chicago-Naperville, IL-IN-WI 9,770,485 2,178,175 1,531,190 148,074 663,501 463,364 590,691 105,051 4,588,513 1,025,857

 16 Dallas-Fort Worth, TX-OK 8,186,093 2,068,544 1,011,669 142,789 459,236 310,276 436,524 103,566 4,409,852 851,167

 18 Fort Collins, CO 360,428 68,325 60,330 5,091 27,972 13,385 17,499 3,960 65,512 34,579

 19 San Luis Obispo-Paso Robles, CA 282,249 49,195 60,460 3,357 21,870 14,227 18,390 2,736 90,044 28,338

 20 Chico, CA 212,744 42,938 39,082 2,930 15,926 9,726 12,496 2,241 63,972 35,963

 21 Reno-Carson City-Fernley, NV 644,730 132,772 123,579 9,498 48,994 39,083 50,916 6,363 227,711 64,613

 22 Albuquerque-Santa Fe-L 
  as Vegas, NM 1,165,181 242,811 224,127 17,483 93,049 47,511 73,307 12,060 722,982 165,607

 23 Redding-Red Bluff, CA 243,521 53,827 51,222 3,673 17,848 12,030 15,712 2,164 59,800 33,037

 24 Detroit-Warren-Ann Arbor, MI 5,323,779 1,144,485 925,231 96,669 462,752 347,934 412,838 55,700 1,728,152 695,508

 25 San Antonio-New Braunfels- 
  Pearsall, TX 2,611,111 644,211 356,480 44,366 146,716 100,473 143,237 32,355 1,756,278 351,397

Notes:

Cities are ranked using the highest weighted average for any county within that Combined Metropolitan Statistical Area or Metropolitan Statistical Area .

Adding across rows does not produce valid estimates . Adding the disease categories (asthma, COPD, etc .) will double-count people who have been diagnosed with more than one disease .  
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Table 3a Cleanest U.S. Cities for Short-Term Particle Pollution (Daily PM2.5)

Asheville-Marion-Brevard, NC 546,914

Bangor, ME 151,655

Bloomington-Bedford, IN 214,548

Bloomington-Pontiac, IL 206,670

Boston-Worcester-Providence,  
MA-RI-NH-CT 8,293,925

Bowling Green-Glasgow, KY 235,109

Brunswick, GA 119,157

Burlington-Fort Madison-Keokuk, IA-IL-MO 102,975

Burlington-South Burlington-Barre, VT 279,488

Cedar Rapids-Iowa City, IA 449,617

Champaign-Urbana, IL 225,547

Charleston-Huntington-Ashland,  
WV-OH-KY 770,402

Charlottesville, VA 219,910

Cleveland-Indianola, MS 54,882

Columbus-Auburn-Opelika, GA-AL 489,489

Dayton-Springfield-Kettering, OH 1,081,343

Decatur, IL 103,015

Eau Claire-Menomonie, WI 215,449

Elmira-Corning, NY 177,279

Erie-Meadville, PA 352,123

Fayetteville-Sanford-Lumberton, NC 859,593

Fayetteville-Springdale-Rogers, AR 548,634

Florence, SC 204,097

Fort Smith, AR-OK 250,434

Gadsden, AL 102,371

Grand Island, NE 75,325

Grand Junction, CO 155,603

Green Bay-Shawano, WI 368,711

Greensboro-Winston-Salem- 
High Point, NC 1,699,123

Greenville-Kinston-Washington, NC 285,717

Harrisonburg-Staunton, VA 260,025

Hartford-East Hartford, CT 1,466,482

Hickory-Lenoir-Morganton, NC 370,266

Hot Springs-Malvern, AR 133,576

Houma-Thibodaux, LA 207,455

Huntsville-Decatur, AL 634,421

Johnson City-Kingsport-Bristol, TN-VA 512,723

Johnstown-Somerset, PA 201,588

Knoxville-Morristown-Sevierville, TN 1,157,575

Kokomo-Peru, IN 118,060

La Crosse-Onalaska, WI-MN 137,134

Lafayette-West Lafayette-Frankfort, IN 265,484

Lansing-East Lansing, MI 548,248

Lexington-Fayette-Richmond- 
Frankfort, KY 749,885

Lima-Van Wert-Celina, OH 217,093

Lincoln-Beatrice, NE 359,267

Lynchburg, VA 264,386

Midland-Odessa, TX 351,380

Milwaukee-Racine-Waukesha, WI 2,049,805

Mobile-Daphne-Fairhope, AL 657,979

Montgomery-Selma-Alexander City, AL 459,464

Morgantown-Fairmont, WV 196,161

New Orleans-Metairie-Hammond, LA-MS 1,510,672

North Port-Sarasota, FL 1,087,915

Orlando-Lakeland-Deltona, FL 4,229,714

Owensboro, KY 119,795

Palm Bay-Melbourne-Titusville, FL 608,459

Parkersburg-Marietta-Vienna, WV-OH 148,295

Pensacola-Ferry Pass, FL-AL 547,784

Portland-Lewiston-South Portland, ME 651,768

Pueblo-Cañon City, CO 217,690

Richmond, VA 1,303,469

Roanoke, VA 313,784

Rochester-Batavia-Seneca Falls, NY 1,158,471

Saginaw-Midland-Bay City, MI 375,696

Salisbury-Cambridge, MD-DE 455,334

Scottsboro-Fort Payne, AL 123,240

Scranton--Wilkes-Barre, PA 552,528

Sioux Falls, SD 273,566

Springfield, MA 695,654

Springfield-Jacksonville-Lincoln, IL 304,758

St . George, UT 184,913

Syracuse-Auburn, NY 722,067

Tuscaloosa, AL 253,211

Urban Honolulu, HI 963,826

Virginia Beach-Norfolk, VA-NC 1,871,410

Waterloo-Cedar Falls, IA 168,314

Wheeling, WV-OH 137,217

Wilmington, NC 301,284

Yuma, AZ 217,824

Note: 
Monitors in these cities reported no days when PM2 .5 levels reached the unhealthful range using the Air Quality Index based on the 2012 NAAQS . 

 

Metropolitan Statistical Area Population Metropolitan Statistical Area Population Metropolitan Statistical Area Population
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Table 3b Top 25 Cleanest U.S. Cities for Year-Round Particle Pollution (Annual PM2.5) 

 2022 Design
Rank Value Metropolitan Statistical Area Population

 1 3 .4 Cheyenne, WY 100,595

 2 3 .7 Wilmington, NC 301,284

 3 3 .8 Urban Honolulu, HI 963,826

 4 3 .9 Kahului-Wailuku-Lahaina, HI 167,902

 5 4 .6 Bangor, ME 151,655

 6 4 .7 Casper, WY 80,815

 7 5 .1 Bellingham, WA 231,016

 8 5 .2 Bismarck, ND 129,641

 8 5 .2 Elmira-Corning, NY 177,279

 8 5 .2 Sioux Falls, SD 273,566

 8 5 .2 St . George, UT 184,913

 12 5 .6 Duluth, MN-WI 288,648

 13 5 .7 Asheville-Marion-Brevard, NC 546,914

 13 5 .7 Colorado Springs, CO 753,839

 13 5 .7 Grand Junction, CO 155,603

 13 5 .7 Syracuse-Auburn, NY 722,067

 17 5 .8 Pittsfield, MA 124,571

 18 6 .0 Lynchburg, VA 264,386

 19 6 .2 Greenville-Kinston-Washington, NC 285,717

 19 6 .2 Saginaw-Midland-Bay City, MI 375,696

 21 6 .3 Charlottesville, VA 219,910

 22 6 .5 Anchorage, AK 397,308

 22 6 .5 Palm Bay-Melbourne-Titusville, FL 608,459

 22 6 .5 Rapid City-Spearfish, SD 170,735

 25 6 .6 Burlington-South Burlington-Barre, VT 279,488

 25 6 .6 Fargo-Wahpeton, ND-MN 270,911

 25 6 .6 Harrisonburg-Staunton, VA 260,025

 25 6 .6 Lincoln-Beatrice, NE 359,267

 25 6 .6 Roanoke, VA 313,784

 25 6 .6 Rochester-Batavia-Seneca Falls, NY 1,158,471

 25 6 .6 Virginia Beach-Norfolk, VA-NC 1,871,410  

Notes:

Cities are ranked by using the highest design value for any county within that metropolitan area .  
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Table 3c Cleanest U.S. Cities for Ozone Air Pollution

Metropolitan Statistical Area Population Metropolitan Statistical Area Population

Altoona-Huntingdon, PA 165,597

Bangor, ME 151,655

Bismarck, ND 129,641

Blacksburg-Christiansburg, VA 167,244

Bowling Green-Glasgow, KY 235,109

Brownsville-Harlingen-Raymondville, TX 445,341

Brunswick, GA 119,157

Burlington-South Burlington-Barre, VT 279,488

Charlottesville, VA 219,910

Cheyenne, WY 100,595

Clarksville, TN-KY 314,364

Columbus-Auburn-Opelika, GA-AL 489,489

Corpus Christi-Kingsville-Alice, TX 536,258

Crestview-Fort Walton Beach-Destin, FL 289,468

Duluth, MN-WI 288,648

Elmira-Corning, NY 177,279

Erie-Meadville, PA 352,123

Eugene-Springfield, OR 382,986

Fairbanks, AK 95,651

Fargo-Wahpeton, ND-MN 270,911

Fayetteville-Sanford-Lumberton, NC 859,593

Fayetteville-Springdale-Rogers, AR 548,634

Florence, SC 204,097

Fort Smith, AR-OK 250,434

Gadsden, AL 102,371

Gainesville-Lake City, FL 404,971

Harrisonburg-Staunton, VA 260,025

Hickory-Lenoir-Morganton, NC 370,266

Jackson-Vicksburg-Brookhaven, MS 667,859

Jacksonville-St . Marys-Palatka, FL-GA 1,718,095

Jefferson City, MO 150,198

Johnstown-Somerset, PA 201,588

La Crosse-Onalaska, WI-MN 137,134

Lafayette-Opelousas-Morgan City, LA 619,529

Laredo, TX 277,681

Lexington-Fayette-Richmond-Frankfort, KY 749,885

Lincoln-Beatrice, NE 359,267

McAllen-Edinburg, TX 939,466

Monroe-Ruston, LA 245,388

Morgantown-Fairmont, WV 196,161

Myrtle Beach-Conway, SC-NC 577,841

New Bern-Morehead City, NC 192,756

Ocala, FL 373,513

Panama City, FL 171,322

Pittsfield, MA 124,571

Quincy-Hannibal, IL-MO 113,315

Raleigh-Durham-Cary, NC 2,117,636

Rapid City-Spearfish, SD 170,735

Roanoke, VA 313,784

Rochester-Austin, MN 263,212

Rocky Mount-Wilson-Roanoke Rapids, NC 296,234

Salinas, CA 430,906

San Juan-Bayamón, PR 2,275,309

Savannah-Hinesville-Statesboro, GA 590,020

Scottsboro-Fort Payne, AL 123,240

Shreveport-Bossier City-Minden, LA 430,347

Springfield, MO 475,220

Tupelo-Corinth, MS 203,090

Urban Honolulu, HI 963,826

Virginia Beach-Norfolk, VA-NC 1,871,410

Waco, TX 277,005

Wausau-Stevens Point-Wisconsin Rapids, WI 306,751

Williamsport-Lock Haven, PA 151,166

Wilmington, NC 301,284

Notes:

Monitors in these cities reported no days when ozone air pollution reached the unhealthful range using the Air Quality Index based on 2015 NAAQS .
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Table 4a Cleanest Counties for Short-Term Particle Pollution (Daily PM2.5)

Baldwin AL Mobile-Daphne-Fairhope, AL

Clay AL 

DeKalb AL Scottsboro-Fort Payne, AL

Etowah AL Gadsden, AL

Madison AL Huntsville-Decatur, AL

Mobile AL Mobile-Daphne-Fairhope, AL

Montgomery AL Montgomery-Selma-Alexander City, AL

Morgan AL Huntsville-Decatur, AL

Russell AL Columbus-Auburn-Opelika, GA-AL

Tuscaloosa AL Tuscaloosa, AL

La Paz AZ 

Yuma AZ Yuma, AZ

Arkansas AR 

Crittenden AR Memphis-Forrest City, TN-MS-AR

Polk AR 

Washington AR Fayetteville-Springdale-Rogers, AR

Arapahoe CO Denver-Aurora, CO

Delta CO 

Mesa CO Grand Junction, CO

Hartford CT Hartford-East Hartford, CT

Litchfield CT New York-Newark, NY-NJ-CT-PA

New London CT Hartford-East Hartford, CT

Kent DE Philadelphia-Reading-Camden, PA-NJ-DE-MD

New Castle DE Philadelphia-Reading-Camden, PA-NJ-DE-MD

Sussex DE Salisbury-Cambridge, MD-DE

Brevard FL Palm Bay-Melbourne-Titusville, FL

Escambia FL Pensacola-Ferry Pass, FL-AL

Miami-Dade FL Miami-Port St . Lucie-Fort Lauderdale, FL

Orange FL Orlando-Lakeland-Deltona, FL

Palm Beach FL Miami-Port St . Lucie-Fort Lauderdale, FL

Pinellas FL Tampa-St . Petersburg-Clearwater, FL

Polk FL Orlando-Lakeland-Deltona, FL

Sarasota FL North Port-Sarasota, FL

Seminole FL Orlando-Lakeland-Deltona, FL

Volusia FL Orlando-Lakeland-Deltona, FL

Clarke GA Atlanta-Athens-Clarke County-Sandy Springs,  
  GA-AL

Clayton GA Atlanta-Athens-Clarke County-Sandy Springs,  
  GA-AL

Cobb GA Atlanta-Athens-Clarke County-Sandy Springs,  
  GA-AL

Fulton GA Atlanta-Athens-Clarke County-Sandy Springs,  
  GA-AL

Glynn GA Brunswick, GA

Hall GA Atlanta-Athens-Clarke County-Sandy Springs,  
  GA-AL

Muscogee GA Columbus-Auburn-Opelika, GA-AL

Honolulu HI Urban Honolulu, HI

Kauai HI 

Champaign IL Champaign-Urbana, IL

DuPage IL Chicago-Naperville, IL-IN-WI

Jersey IL St . Louis-St . Charles-Farmington, MO-IL

Kane IL Chicago-Naperville, IL-IN-WI

McHenry IL Chicago-Naperville, IL-IN-WI

McLean IL Bloomington-Pontiac, IL

Macon IL Decatur, IL

St . Clair IL St . Louis-St . Charles-Farmington, MO-IL

Sangamon IL Springfield-Jacksonville-Lincoln, IL

Clark IN Louisville-Jefferson County-Elizabethtown- 
  Bardstown, KY-IN

Dubois IN 

Greene IN 

Howard IN Kokomo-Peru, IN

Monroe IN Bloomington-Bedford, IN

Spencer IN 

Tippecanoe IN Lafayette-West Lafayette-Frankfort, IN

Whitley IN Fort Wayne-Huntington-Auburn, IN

Black Hawk IA Waterloo-Cedar Falls, IA

Clinton IA Davenport-Moline, IA-IL

Johnson IA Cedar Rapids-Iowa City, IA

Lee IA Burlington-Fort Madison-Keokuk, IA-IL-MO

Linn IA Cedar Rapids-Iowa City, IA

Montgomery IA 

Palo Alto IA 

Van Buren IA 

Woodbury IA Sioux City, IA-NE-SD

Trego KS 

Bell KY 

Boyd KY Charleston-Huntington-Ashland, WV-OH-KY

Campbell KY Cincinnati-Wilmington-Maysville, OH-KY-IN

Carter KY Charleston-Huntington-Ashland, WV-OH-KY

Christian KY Clarksville, TN-KY

Daviess KY Owensboro, KY

Fayette KY Lexington-Fayette-Richmond-Frankfort, KY

Hardin KY Louisville-Jefferson County-Elizabethtown- 
  Bardstown, KY-IN

Perry KY 

Pike KY 

Pulaski KY 

Warren KY Bowling Green-Glasgow, KY

Jefferson Parish LA New Orleans-Metairie-Hammond, LA-MS

Orleans Parish LA New Orleans-Metairie-Hammond, LA-MS

St . Bernard Parish LA New Orleans-Metairie-Hammond, LA-MS

Tangipahoa Parish LA New Orleans-Metairie-Hammond, LA-MS

Terrebonne Parish LA Houma-Thibodaux, LA

West Baton Rouge  
Parish LA Baton Rouge, LA

County State Metropolitan Statistical Area County State Metropolitan Statistical Area

Notes:

Monitors in these counties reported no days when PM2 .5 levels reached the unhealthful range using the Air Quality Index based on the 2012 NAAQS .
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Androscoggin ME Portland-Lewiston-South Portland, ME

Cumberland ME Portland-Lewiston-South Portland, ME

Hancock ME 

Kennebec ME 

Oxford ME 

Penobscot ME Bangor, ME

Cecil MD Philadelphia-Reading-Camden, PA-NJ-DE-MD

Dorchester MD Salisbury-Cambridge, MD-DE

Garrett MD 

Harford MD Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Howard MD Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Kent MD 

Montgomery MD Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Prince George's MD Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Washington MD Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Bristol MA Boston-Worcester-Providence, MA-RI-NH-CT

Essex MA Boston-Worcester-Providence, MA-RI-NH-CT

Franklin MA Springfield, MA

Hampden MA Springfield, MA

Hampshire MA Springfield, MA

Middlesex MA Boston-Worcester-Providence, MA-RI-NH-CT

Plymouth MA Boston-Worcester-Providence, MA-RI-NH-CT

Suffolk MA Boston-Worcester-Providence, MA-RI-NH-CT

Worcester MA Boston-Worcester-Providence, MA-RI-NH-CT

Allegan MI Grand Rapids-Kentwood-Muskegon, MI

Bay MI Saginaw-Midland-Bay City, MI

Genesee MI Detroit-Warren-Ann Arbor, MI

Ingham MI Lansing-East Lansing, MI

Lenawee MI Detroit-Warren-Ann Arbor, MI

Macomb MI Detroit-Warren-Ann Arbor, MI

Manistee MI 

Missaukee MI 

Oakland MI Detroit-Warren-Ann Arbor, MI

Ottawa MI Grand Rapids-Kentwood-Muskegon, MI

St . Clair MI Detroit-Warren-Ann Arbor, MI

Schoolcraft MI 

Anoka MN Minneapolis-St . Paul, MN-WI

Becker MN 

Carlton MN Duluth, MN-WI

Cook MN 

Lake MN Duluth, MN-WI

Lyon MN 

Stearns MN Minneapolis-St . Paul, MN-WI

Wright MN Minneapolis-St . Paul, MN-WI

Bolivar MS Cleveland-Indianola, MS

DeSoto MS Memphis-Forrest City, TN-MS-AR

Harrison MS Gulfport-Biloxi, MS

Jackson MS Gulfport-Biloxi, MS

Cedar MO 

Clay MO Kansas City-Overland Park-Kansas City, MO-KS

Lancaster NE Lincoln-Beatrice, NE

Washington NE Omaha-Council Bluffs-Fremont, NE-IA

Belknap NH Boston-Worcester-Providence, MA-RI-NH-CT

Cheshire NH 

Grafton NH 

Hillsborough NH Boston-Worcester-Providence, MA-RI-NH-CT

Rockingham NH Boston-Worcester-Providence, MA-RI-NH-CT

Atlantic NJ Philadelphia-Reading-Camden, PA-NJ-DE-MD

Bergen NJ New York-Newark, NY-NJ-CT-PA

Camden NJ Philadelphia-Reading-Camden, PA-NJ-DE-MD

Cumberland NJ Philadelphia-Reading-Camden, PA-NJ-DE-MD

Gloucester NJ Philadelphia-Reading-Camden, PA-NJ-DE-MD

Hudson NJ New York-Newark, NY-NJ-CT-PA

Hunterdon NJ New York-Newark, NY-NJ-CT-PA

Mercer NJ New York-Newark, NY-NJ-CT-PA

Middlesex NJ New York-Newark, NY-NJ-CT-PA

Morris NJ New York-Newark, NY-NJ-CT-PA

Ocean NJ New York-Newark, NY-NJ-CT-PA

Passaic NJ New York-Newark, NY-NJ-CT-PA

Santa Fe NM Albuquerque-Santa Fe-Las Vegas, NM

Taos NM 

Bronx NY New York-Newark, NY-NJ-CT-PA

Chautauqua NY 

Essex NY 

Monroe NY Rochester-Batavia-Seneca Falls, NY

Onondaga NY Syracuse-Auburn, NY

Orange NY New York-Newark, NY-NJ-CT-PA

Queens NY New York-Newark, NY-NJ-CT-PA

Richmond NY New York-Newark, NY-NJ-CT-PA

Steuben NY Elmira-Corning, NY

Suffolk NY New York-Newark, NY-NJ-CT-PA

Buncombe NC Asheville-Marion-Brevard, NC

Catawba NC Hickory-Lenoir-Morganton, NC

Cumberland NC Fayetteville-Sanford-Lumberton, NC

Davidson NC Greensboro-Winston-Salem-High Point, NC

Durham NC Raleigh-Durham-Cary, NC

Forsyth NC Greensboro-Winston-Salem-High Point, NC

Guilford NC Greensboro-Winston-Salem-High Point, NC

Jackson NC 

Johnston NC Raleigh-Durham-Cary, NC

Montgomery NC 

New Hanover NC Wilmington, NC

Pitt NC Greenville-Kinston-Washington, NC

Billings ND 

County State Metropolitan Statistical Area County State Metropolitan Statistical Area

Table 4a Cleanest Counties for Short-Term Particle Pollution (24-hour PM2.5) (cont.)

Notes:

Monitors in these counties reported no days when PM2 .5 levels reached the unhealthful range using the Air Quality Index based on the 2012 NAAQS .
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Dunn ND 

McKenzie ND 

Allen OH Lima-Van Wert-Celina, OH

Athens OH 

Butler OH Cincinnati-Wilmington-Maysville, OH-KY-IN

Clark OH Dayton-Springfield-Kettering, OH

Jefferson OH Pittsburgh-New Castle-Weirton, PA-OH-WV

Lake OH Cleveland-Akron-Canton, OH

Lawrence OH Charleston-Huntington-Ashland, WV-OH-KY

Medina OH Cleveland-Akron-Canton, OH

Montgomery OH Dayton-Springfield-Kettering, OH

Portage OH Cleveland-Akron-Canton, OH

Dewey OK 

Sequoyah OK Fort Smith, AR-OK

Adams PA Harrisburg-York-Lebanon, PA

Armstrong PA Pittsburgh-New Castle-Weirton, PA-OH-WV

Bradford PA 

Cambria PA Johnstown-Somerset, PA

Erie PA Erie-Meadville, PA

Fayette PA Pittsburgh-New Castle-Weirton, PA-OH-WV

Greene PA 

Lackawanna PA Scranton-Wilkes-Barre, PA

Mercer PA Youngstown-Warren, OH-PA

Montgomery PA Philadelphia-Reading-Camden, PA-NJ-DE-MD

Tioga PA 

Washington PA Pittsburgh-New Castle-Weirton, PA-OH-WV

Westmoreland PA Pittsburgh-New Castle-Weirton, PA-OH-WV

York PA Harrisburg-York-Lebanon, PA

Kent RI Boston-Worcester-Providence, MA-RI-NH-CT

Providence RI Boston-Worcester-Providence, MA-RI-NH-CT

Washington RI Boston-Worcester-Providence, MA-RI-NH-CT

Chesterfield SC 

Edgefield SC Augusta-Richmond County, GA-SC

Florence SC Florence, SC

Richland SC Columbia-Orangeburg-Newberry, SC

Spartanburg SC Greenville-Spartanburg-Anderson, SC

York SC Charlotte-Concord, NC-SC

Brookings SD 

Custer SD 

Minnehaha SD Sioux Falls, SD

Blount TN Knoxville-Morristown-Sevierville, TN

Knox TN Knoxville-Morristown-Sevierville, TN

Loudon TN Knoxville-Morristown-Sevierville, TN

McMinn TN Chattanooga-Cleveland-Dalton, TN-GA

Maury TN Nashville-Davidson-Murfreesboro, TN

Roane TN Knoxville-Morristown-Sevierville, TN

Sullivan TN Johnson City-Kingsport-Bristol, TN-VA

Brewster TX 

El Paso TX El Paso-Las Cruces, TX-NM

Iron UT 

Washington UT St . George, UT

Bennington VT 

Chittenden VT Burlington-South Burlington-Barre, VT

Rutland VT 

Albemarle VA Charlottesville, VA

Arlington VA Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Charles City VA Richmond, VA

Chesterfield VA Richmond, VA

Fairfax VA Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Frederick VA Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Henrico VA Richmond, VA

Loudoun VA Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Roanoke VA Roanoke, VA

Rockingham VA Harrisonburg-Staunton, VA

Bristol City VA Johnson City-Kingsport-Bristol, TN-VA

Hampton City VA Virginia Beach-Norfolk, VA-NC

Lynchburg City VA Lynchburg, VA

Norfolk City VA Virginia Beach-Norfolk, VA-NC

Richmond City VA Richmond, VA

Salem City VA Roanoke, VA

Virginia Beach City VA Virginia Beach-Norfolk, VA-NC

Cabell WV Charleston-Huntington-Ashland, WV-OH-KY

Hancock WV Pittsburgh-New Castle-Weirton, PA-OH-WV

Harrison WV 

Kanawha WV Charleston-Huntington-Ashland, WV-OH-KY

Marshall WV Wheeling, WV-OH

Monongalia WV Morgantown-Fairmont, WV

Ohio WV Wheeling, WV-OH

Wood WV Parkersburg-Marietta-Vienna, WV-OH

Ashland WI 

Brown WI Green Bay-Shawano, WI

Dodge WI Milwaukee-Racine-Waukesha, WI

Eau Claire WI Eau Claire-Menomonie, WI

Forest WI 

Kenosha WI Chicago-Naperville, IL-IN-WI

La Crosse WI La Crosse-Onalaska, WI-MN

Milwaukee WI Milwaukee-Racine-Waukesha, WI

Ozaukee WI Milwaukee-Racine-Waukesha, WI

Taylor WI 

Vilas WI 

Waukesha WI Milwaukee-Racine-Waukesha, WI

Converse WY 

Sweetwater WY 

County State Metropolitan Statistical Area County State Metropolitan Statistical Area

Table 4a Cleanest Counties for Short-Term Particle Pollution (24-hour PM2.5) (cont.)

Notes:

Monitors in these counties reported no days when PM2 .5 levels reached the unhealthful range using the Air Quality Index based on the 2012 NAAQS .

http://www.lung.org


Data Tables

American Lung Association State of the Air 202245 Lung.org

Table 4b Top 25 Cleanest Counties for Year-Round Particle Pollution (Annual PM2.5)

2022 
Rank County State Design Value Metropolitan Statistical Area

 1 Gallatin MT 2 .2 

 2 Kauai HI 2 .9 

 3 Hancock ME 3 .0 

 3 Carlton MN 3 .0 Duluth, MN-WI

 5 Hillsborough NH 3 .1 Boston-Worcester-Providence, MA-RI-NH-CT

 5 Essex NY 3 .1 

 7 Custer SD 3 .2 

 8 Laramie WY 3 .4 Cheyenne, WY

 9 Santa Fe NM 3 .7 Albuquerque-Santa Fe-Las Vegas, NM

 9 New Hanover NC 3 .7 Wilmington, NC

 9 Burke ND 3 .7 

 12 Honolulu HI 3 .8 Urban Honolulu, HI

 12 Billings ND 3 .8 

 12 Hughes SD 3 .8 

 12 Park WY 3 .8 

 12 Sublette WY 3 .8 

 17 Maui HI 3 .9 Kahului-Wailuku-Lahaina, HI

 17 Cook MN 3 .9 

 19 Belknap NH 4 .1 Boston-Worcester-Providence, MA-RI-NH-CT

 19 McKenzie ND 4 .1 

 21 La Paz AZ 4 .2 

 22 Lake MN 4 .3 Duluth, MN-WI

 22 Jackson SD 4 .3 

 24 Brookings SD 4 .4 

 25 Pima AZ 4 .5 Tucson-Nogales, AZ

 25 Washington RI 4 .5 Boston-Worcester-Providence, MA-RI-NH-CT

 25 Teton WY 4 .5 

Notes:

Counties are ranked by Design Value .   
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Table 4c Cleanest Counties for Ozone Air Pollution

Baldwin AL Mobile-Daphne-Fairhope, AL

DeKalb AL Scottsboro-Fort Payne, AL

Elmore AL Montgomery-Selma-Alexander City, AL

Etowah AL Gadsden, AL

Morgan AL Huntsville-Decatur, AL

Russell AL Columbus-Auburn-Opelika, GA-AL

Sumter AL 

Denali Borough AK 

Fairbanks North  
Star Borough AK Fairbanks, AK

Clark AR 

Newton AR 

Washington AR Fayetteville-Springdale-Rogers, AR

Colusa CA 

Glenn CA 

Humboldt CA 

Lake CA 

Mendocino CA 

Monterey CA Salinas, CA

Santa Cruz CA San Jose-San Francisco-Oakland, CA

Sonoma CA San Jose-San Francisco-Oakland, CA

Archuleta CO 

Delta CO 

Alachua FL Gainesville-Lake City, FL

Baker FL Jacksonville-St . Marys-Palatka, FL-GA

Bay FL Panama City, FL

Broward FL Miami-Port St . Lucie-Fort Lauderdale, FL

Collier FL Cape Coral-Fort Myers-Naples, FL

Columbia FL Gainesville-Lake City, FL

Duval FL Jacksonville-St . Marys-Palatka, FL-GA

Flagler FL Orlando-Lakeland-Deltona, FL

Holmes FL 

Liberty FL 

Marion FL Ocala, FL

Okaloosa FL Crestview-Fort Walton Beach-Destin, FL

Palm Beach FL Miami-Port St . Lucie-Fort Lauderdale, FL

Pinellas FL Tampa-St . Petersburg-Clearwater, FL

St . Lucie FL Miami-Port St . Lucie-Fort Lauderdale, FL

Santa Rosa FL Pensacola-Ferry Pass, FL-AL

Sarasota FL North Port-Sarasota, FL

Volusia FL Orlando-Lakeland-Deltona, FL

Wakulla FL Tallahassee, FL

Chatham GA Savannah-Hinesville-Statesboro, GA

Chattooga GA Chattanooga-Cleveland-Dalton, TN-GA

Columbia GA Augusta-Richmond County, GA-SC

Glynn GA Brunswick, GA

Murray GA Chattanooga-Cleveland-Dalton, TN-GA

Muscogee GA Columbus-Auburn-Opelika, GA-AL

Sumter GA 

Honolulu HI Urban Honolulu, HI

Adams IL Quincy-Hannibal, IL-MO

Brown IN Indianapolis-Carmel-Muncie, IN

Clinton IA Davenport-Moline, IA-IL

Montgomery IA 

Van Buren IA 

Johnson KS Kansas City-Overland Park-Kansas City, MO-KS

Leavenworth KS Kansas City-Overland Park-Kansas City, MO-KS

Sumner KS Wichita-Winfield, KS

Trego KS 

Bell KY 

Carter KY Charleston-Huntington-Ashland, WV-OH-KY

Christian KY Clarksville, TN-KY

Edmonson KY Bowling Green-Glasgow, KY

Fayette KY Lexington-Fayette-Richmond-Frankfort, KY

Hancock KY Owensboro, KY

Hardin KY Louisville-Jefferson County-Elizabethtown- 
  Bardstown, KY-IN

Jessamine KY Lexington-Fayette-Richmond-Frankfort, KY

McCracken KY Paducah-Mayfield, KY-IL

Morgan KY 

Perry KY 

Pike KY 

Pulaski KY 

Simpson KY 

Trigg KY Clarksville, TN-KY

Warren KY Bowling Green-Glasgow, KY

Washington KY 

Bossier Parish LA Shreveport-Bossier City-Minden, LA

Caddo Parish LA Shreveport-Bossier City-Minden, LA

Lafayette Parish LA Lafayette-Opelousas-Morgan City, LA

Livingston Parish LA Baton Rouge, LA

Ouachita Parish LA Monroe-Ruston, LA

St . James Parish LA New Orleans-Metairie-Hammond, LA-MS

St . Martin Parish LA Lafayette-Opelousas-Morgan City, LA

Androscoggin ME Portland-Lewiston-South Portland, ME

Aroostook ME 

Cumberland ME Portland-Lewiston-South Portland, ME

Kennebec ME 

Oxford ME 

Penobscot ME Bangor, ME

Garrett MD 

Washington MD Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

County State Metropolitan Statistical Area County State Metropolitan Statistical Area

Note:

Monitors in these counties reported no days when ozone air pollution reached the unhealthful range using the Air Quality Index based on 2015 NAAQS .  
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Berkshire MA Pittsfield, MA

Franklin MA Springfield, MA

Middlesex MA Boston-Worcester-Providence, MA-RI-NH-CT

Carlton MN Duluth, MN-WI

Hennepin MN Minneapolis-St . Paul, MN-WI

Lake MN Duluth, MN-WI

Lyon MN 

Mille Lacs MN Minneapolis-St . Paul, MN-WI

Olmsted MN Rochester-Austin, MN

St . Louis MN Duluth, MN-WI

Washington MN Minneapolis-St . Paul, MN-WI

Hancock MS Gulfport-Biloxi, MS

Hinds MS Jackson-Vicksburg-Brookhaven, MS

Lauderdale MS 

Lee MS Tupelo-Corinth, MS

Yalobusha MS 

Callaway MO Jefferson City, MO

Cedar MO 

Greene MO Springfield, MO

Ste . Genevieve MO 

Flathead MT 

Lewis and Clark MT 

Phillips MT 

Richland MT 

Rosebud MT 

Knox NE 

Lancaster NE Lincoln-Beatrice, NE

Belknap NH Boston-Worcester-Providence, MA-RI-NH-CT

Cheshire NH 

Grafton NH 

Hillsborough NH Boston-Worcester-Providence, MA-RI-NH-CT

Merrimack NH Boston-Worcester-Providence, MA-RI-NH-CT

Monmouth NJ New York-Newark, NY-NJ-CT-PA

Hamilton NY 

Steuben NY Elmira-Corning, NY

Alexander NC Hickory-Lenoir-Morganton, NC

Avery NC 

Buncombe NC Asheville-Marion-Brevard, NC

Caldwell NC Hickory-Lenoir-Morganton, NC

Carteret NC New Bern-Morehead City, NC

Caswell NC 

Cumberland NC Fayetteville-Sanford-Lumberton, NC

Durham NC Raleigh-Durham-Cary, NC

Edgecombe NC Rocky Mount-Wilson-Roanoke Rapids, NC

Graham NC 

Granville NC Raleigh-Durham-Cary, NC

Johnston NC Raleigh-Durham-Cary, NC

Lincoln NC Charlotte-Concord, NC-SC

Macon NC 

Martin NC 

Montgomery NC 

New Hanover NC Wilmington, NC

Person NC Raleigh-Durham-Cary, NC

Pitt NC Greenville-Kinston-Washington, NC

Rockingham NC Greensboro-Winston-Salem-High Point, NC

Rowan NC Charlotte-Concord, NC-SC

Swain NC 

Wake NC Raleigh-Durham-Cary, NC

Yancey NC 

Billings ND 

Burke ND 

Burleigh ND Bismarck, ND

Cass ND Fargo-Wahpeton, ND-MN

Dunn ND 

McKenzie ND 

Mercer ND 

Oliver ND Bismarck, ND

Ward ND 

Fayette OH Columbus-Marion-Zanesville, OH

Licking OH Columbus-Marion-Zanesville, OH

Mahoning OH Youngstown-Warren, OH-PA

Medina OH Cleveland-Akron-Canton, OH

Noble OH 

Adair OK 

Kay OK 

Ottawa OK Joplin-Miami, MO-OK

Sequoyah OK Fort Smith, AR-OK

Columbia OR Portland-Vancouver-Salem, OR-WA

Lane OR Eugene-Springfield, OR

Marion OR Portland-Vancouver-Salem, OR-WA

Umatilla OR 

Blair PA Altoona-Huntingdon, PA

Bradford PA 

Cambria PA Johnstown-Somerset, PA

Centre PA State College-DuBois, PA

Elk PA 

Erie PA Erie-Meadville, PA

Franklin PA Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Lackawanna PA Scranton-Wilkes-Barre, PA

Lawrence PA Pittsburgh-New Castle-Weirton, PA-OH-WV

Lycoming PA Williamsport-Lock Haven, PA

Somerset PA Johnstown-Somerset, PA

County State Metropolitan Statistical Area County State Metropolitan Statistical Area

Table 4c Cleanest Counties for Ozone Air Pollution (cont.) 

Note:

Monitors in these counties reported no days when ozone air pollution reached the unhealthful range using the Air Quality Index based on 2015 NAAQS .  
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Tioga PA 

Aiken SC Augusta-Richmond County, GA-SC

Berkeley SC Charleston-North Charleston, SC

Chesterfield SC 

Darlington SC Florence, SC

Edgefield SC Augusta-Richmond County, GA-SC

Horry SC Myrtle Beach-Conway, SC-NC

Jackson SD 

Meade SD Rapid City-Spearfish, SD

Claiborne TN 

DeKalb TN 

Jefferson TN Knoxville-Morristown-Sevierville, TN

Brewster TX 

Cameron TX Brownsville-Harlingen-Raymondville, TX

Harrison TX Longview, TX

Hidalgo TX McAllen-Edinburg, TX

McLennan TX Waco, TX

Nueces TX Corpus Christi-Kingsville-Alice, TX

Polk TX 

Webb TX Laredo, TX

Iron UT 

Chittenden VT Burlington-South Burlington-Barre, VT

Rutland VT 

Albemarle VA Charlottesville, VA

Caroline VA 

Chesterfield VA Richmond, VA

Fauquier VA Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Frederick VA Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Giles VA Blacksburg-Christiansburg, VA

Hanover VA Richmond, VA

Madison VA Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Prince Edward VA 

Prince William VA Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Roanoke VA Roanoke, VA

Rockbridge VA 

Rockingham VA Harrisonburg-Staunton, VA

Wythe VA 

Hampton City VA Virginia Beach-Norfolk, VA-NC

Suffolk City VA Virginia Beach-Norfolk, VA-NC

Clallam WA 

Clark WA Portland-Vancouver-Salem, OR-WA

Skagit WA Seattle-Tacoma, WA

Berkeley WV Washington-Baltimore-Arlington, DC-MD-VA-WV-PA

Cabell WV Charleston-Huntington-Ashland, WV-OH-KY

Gilmer WV 

Greenbrier WV 

Monongalia WV Morgantown-Fairmont, WV

Tucker WV 

Wood WV Parkersburg-Marietta-Vienna, WV-OH

Ashland WI 

Forest WI 

La Crosse WI La Crosse-Onalaska, WI-MN

Marathon WI Wausau-Stevens Point-Wisconsin Rapids, WI

Taylor WI 

Vilas WI 

Johnson WY 

Laramie WY Cheyenne, WY

Cataño PR San Juan-Bayamón, PR

County State Metropolitan Statistical Area County State Metropolitan Statistical Area

Table 4c Cleanest Counties for Ozone Air Pollution (cont.) 

Note:

Monitors in these counties reported no days when ozone air pollution reached the unhealthful range using the Air Quality Index based on 2015 NAAQS .  
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ALABAMA
American Lung Association in Alabama

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Baldwin 0 0 0 0.0 A 0 0 0 0 0.0 A 7.5 Pass

Clay DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.0 Pass

Colbert INC INC INC INC INC INC INC INC INC INC INC INC INC

DeKalb 0 0 0 0.0 A 0 0 0 0 0.0 A 7.2 Pass

Elmore 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Etowah 0 0 0 0.0 A 0 0 0 0 0.0 A 8.0 Pass

Houston INC INC INC INC INC INC INC INC INC INC INC INC INC

Jefferson 15 1 0 5.5 F 1 0 0 0 0.3 B 10.0 Pass

Madison 1 0 0 0.3 B 0 0 0 0 0.0 A 7.3 Pass

Mobile 1 0 0 0.3 B 0 0 0 0 0.0 A 8.1 Pass

Montgomery 1 0 0 0.3 B 0 0 0 0 0.0 A 8.4 Pass

Morgan 0 0 0 0.0 A 0 0 0 0 0.0 A 7.3 Pass

Russell 0 0 0 0.0 A 0 0 0 0 0.0 A 9.1 Pass

Shelby 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Sumter 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Tuscaloosa 1 0 0 0.3 B 0 0 0 0 0.0 A 7.7 Pass
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ALABAMA
American Lung Association in Alabama

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Baldwin 229,287 48,445 49,485 6,393 16,246 19,461 143 21,977 2,362 20,189 38,272

Clay 13,112 2,665 2,805 352 939 1,126 8 1,269 137 1,818 2,547

Colbert 55,411 11,601 11,387 1,531 3,942 4,600 34 5,151 598 7,864 12,434

DeKalb 71,658 17,170 12,839 2,266 4,919 5,579 45 6,159 756 10,778 14,639

Elmore 82,158 18,049 13,411 2,382 5,808 6,329 51 6,866 982 8,972 22,075

Etowah 102,371 21,858 20,061 2,885 7,256 8,379 64 9,327 1,125 15,650 23,418

Houston 106,580 24,312 19,910 3,208 7,420 8,422 66 9,327 1,203 15,534 36,710

Jefferson 655,342 148,938 109,511 19,656 45,818 49,372 406 53,674 7,998 92,310 332,780

Madison 379,453 81,893 59,238 10,808 26,992 28,973 237 31,205 4,447 39,100 134,961

Mobile 412,716 95,867 70,526 12,652 28,647 31,356 256 34,261 4,857 71,398 180,441

Montgomery 224,639 52,655 35,947 6,949 15,575 16,579 139 17,930 2,769 44,058 152,969

Morgan 119,883 27,402 21,897 3,616 8,349 9,516 75 10,517 1,265 16,995 30,059

Russell 58,237 13,957 8,779 1,842 4,017 4,271 36 4,592 704 11,702 31,825

Shelby 221,428 50,700 36,343 6,691 15,461 17,029 138 18,530 2,587 15,227 51,670

Sumter 12,225 2,361 2,426 312 889 977 8 1,080 155 3,338 9,119

Tuscaloosa 210,758 43,973 29,766 5,803 15,158 14,913 131 15,684 2,929 28,776 83,670
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ALASKA
American Lung Association in Alaska

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Anchorage Municipality DNC DNC DNC DNC DNC 4 4 0 0 3.3 F 6.5 Pass

Denali Borough 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Fairbanks North Star  
Borough 0 0 0 0.0 A 52 34 1 3 37.5 F 13.0 Fail

Juneau City and Borough DNC DNC DNC DNC DNC 4 0 0 0 1.3 C 6.1 Pass

Matanuska-Susitna  
Borough INC INC INC INC INC 3 0 0 0 1.0 C 5.2 Pass
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ALASKA
American Lung Association in Alaska

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Anchorage Municipality 287,095 68,438 35,114 5,100 19,598 9,808 138 14,690 3,944 23,200 125,275

Denali Borough 2,081 352 264 26 153 80 1 121 28 127 457

Fairbanks North Star  
Borough 95,651 22,646 11,227 1,687 6,590 3,143 46 4,605 1,259 6,565 29,538

Juneau City and Borough 31,849 6,595 4,720 491 2,257 1,214 15 1,887 421 2,510 11,547

Matanuska-Susitna  
Borough 110,213 431 169 32 94 49 1 74 18 9,365 24,229
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ARIZONA
American Lung Association in Arizona

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Apache DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Cochise 2 0 0 0.7 B INC INC INC INC INC INC INC INC

Coconino 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Gila 42 3 0 15.5 F DNC DNC DNC DNC DNC DNC DNC DNC

La Paz 4 0 0 1.3 C 0 0 0 0 0.0 A 4.2 Pass

Maricopa 109 6 0 39.3 F 17 3 1 0 7.8 F 9.7 Pass

Navajo 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Pima 16 0 0 5.3 F 1 0 0 0 0.3 B 4.5 Pass

Pinal 49 1 0 16.8 F 36 3 0 0 13.5 F 12.8 Fail

Santa Cruz DNC DNC DNC DNC DNC 7 2 0 0 3.3 F 9.2 Pass

Yavapai 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Yuma 6 0 0 2.0 C 0 0 0 0 0.0 A 8.6 Pass
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ARIZONA
American Lung Association in Arizona

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Apache 71,875 19,055 11,834 1,536 5,140 3,174 30 4,193 679 22,939 58,861

Cochise 127,450 26,725 30,285 2,154 9,755 6,666 53 9,186 1,083 17,815 57,628

Coconino 142,481 28,386 19,744 2,288 11,108 5,950 59 7,586 1,825 22,540 65,515

Gila 54,303 10,483 16,358 845 4,232 3,262 22 4,628 395 8,911 20,775

La Paz 21,480 3,351 8,956 270 1,736 1,504 9 2,228 137 4,405 9,268

Maricopa 4,579,081 1,057,472 729,812 85,248 342,822 203,645 1,889 266,182 49,346 520,797 2,100,910

Navajo 112,112 28,787 21,896 2,321 8,092 5,307 46 7,168 975 25,532 65,128

Pima 1,061,175 214,766 221,336 17,313 82,112 52,480 438 70,916 10,911 154,790 521,192

Pinal 480,828 105,196 103,815 8,480 36,422 23,957 199 32,622 4,275 50,810 212,467

Santa Cruz 46,808 12,345 8,955 995 3,347 2,177 19 2,936 451 7,810 39,590

Yavapai 240,226 37,447 80,939 3,019 19,558 15,620 99 22,367 1,687 25,610 48,459

Yuma 217,824 53,985 43,682 4,352 15,876 10,019 90 13,590 2,013 31,745 152,526
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ARKANSAS
American Lung Association in Arkansas

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Arkansas DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.8 Pass

Ashley DNC DNC DNC DNC DNC 1 0 0 0 0.3 B INC INC

Benton DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

Clark 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Craighead DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

Crittenden 6 0 0 2.0 C 0 0 0 0 0.0 A 8.2 Pass

Garland DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Jackson DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Newton 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Polk 1 0 0 0.3 B 0 0 0 0 0.0 A 8.2 Pass

Pulaski 3 0 0 1.0 C 1 0 0 0 0.3 B 9.0 Pass

Union DNC DNC DNC DNC DNC 1 0 0 0 0.3 B INC INC

Washington 0 0 0 0.0 A 0 0 0 0 0.0 A 7.8 Pass
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ARKANSAS
American Lung Association in Arkansas

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Arkansas 17,383 4,017 3,562 299 1,231 1,295 13 1,768 184 2,940 5,510

Ashley 19,339 4,361 4,181 325 1,383 1,489 15 2,036 198 3,279 6,154

Benton 288,774 74,410 39,776 5,545 19,409 17,665 221 23,531 3,515 25,970 81,222

Clark 22,103 4,181 3,783 312 1,617 1,466 17 1,993 309 3,830 7,040

Craighead 112,245 27,886 15,883 2,078 7,623 6,864 86 9,183 1,444 18,130 28,896

Crittenden 47,616 12,816 6,944 955 3,171 3,028 36 4,035 567 10,671 28,522

Garland 99,789 19,753 24,664 1,472 7,396 8,111 76 11,244 1,009 15,359 18,552

Jackson 16,636 3,375 3,108 251 1,212 1,201 13 1,626 187 3,344 3,868

Newton 7,602 1,462 2,110 109 571 660 6 921 66 1,406 533

Polk 19,707 4,402 4,677 328 1,417 1,568 15 2,165 187 3,538 2,360

Pulaski 392,980 90,601 64,898 6,751 27,540 26,453 299 35,589 4,836 59,031 192,557

Union 38,219 9,101 7,190 678 2,674 2,742 29 3,716 410 6,381 15,095

Washington 243,216 58,194 30,165 4,336 16,606 14,059 187 18,674 3,255 30,994 72,899
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CALIFORNIA
American Lung Association in California

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Alameda 15 1 0 5.5 F 9 20 3 0 15.0 F 11.0 Pass

Amador 10 1 0 3.8 F DNC DNC DNC DNC DNC DNC DNC DNC

Butte 25 5 0 10.8 F 25 19 4 3 23.0 F 12.2 Fail

Calaveras 14 2 0 5.7 F 21 18 0 0 16.0 F 10.9 Pass

Colusa 0 0 0 0.0 A 18 35 0 0 23.5 F 10.2 Pass

Contra Costa 10 0 0 3.3 F 11 20 2 0 15.0 F 10.5 Pass

Del Norte DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

El Dorado 49 13 1 23.5 F DNC DNC DNC DNC DNC DNC DNC DNC

Fresno 156 15 1 60.2 F 77 45 5 0 51.5 F 15.7 Fail

Glenn 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Humboldt 0 0 0 0.0 A 4 0 0 0 1.3 C 7.7 Pass

Imperial 51 3 0 18.5 F 15 1 0 0 5.5 F 12.1 Fail

Inyo 35 0 0 11.7 F 17 28 8 5 29.2 F 8.0 Pass

Kern 225 39 1 95.2 F 79 28 1 0 41.0 F 17.6 Fail

Kings 69 1 0 23.5 F 86 24 0 0 40.7 F 16.6 Fail

Lake 0 0 0 0.0 A 2 4 1 0 3.3 F 7.2 Pass

Los Angeles 190 79 17 114.2 F 42 12 1 0 20.7 F 13.0 Fail

Madera 57 3 0 20.5 F 36 22 1 0 23.7 F 13.5 Fail

Marin 1 0 0 0.3 B 7 13 2 0 10.2 F 8.7 Pass

Mariposa 52 8 0 21.3 F DNC DNC DNC DNC DNC DNC DNC DNC

Mendocino 0 0 0 0.0 A 22 16 2 3 19.2 F 9.2 Pass

Merced 45 2 0 16.0 F 27 23 0 0 20.5 F 13.1 Fail

Mono DNC DNC DNC DNC DNC 25 26 12 18 44.3 F 20.7 Fail

Monterey 0 0 0 0.0 A 10 11 2 0 10.2 F 7.2 Pass

Napa 3 0 0 1.0 C 10 16 0 0 11.3 F INC INC

Nevada 35 7 1 15.8 F 18 18 3 0 17.0 F 8.8 Pass

Orange 43 10 2 20.7 F 20 4 0 0 8.7 F 11.0 Pass

Placer 43 3 0 15.8 F 23 18 1 0 17.3 F 10.6 Pass

Plumas DNC DNC DNC DNC DNC 21 18 0 1 16.8 F 15.9 Fail

Riverside 252 84 11 133.3 F 29 6 0 0 12.7 F 13.8 Fail

Sacramento 36 2 0 13.0 F 22 21 5 0 21.2 F 11.9 Pass

San Benito 4 0 0 1.3 C 16 8 0 0 9.3 F 7.0 Pass

San Bernardino 220 169 33 179.8 F 32 6 0 0 13.7 F 14.2 Fail

San Diego 79 6 0 29.3 F 21 10 0 0 12.0 F 9.6 Pass

San Francisco 1 0 0 0.3 B 5 16 1 0 10.3 F 9.9 Pass

San Joaquin 16 0 0 5.3 F 34 24 3 0 25.3 F 13.8 Fail

San Luis Obispo 31 0 1 11.0 F 7 8 2 0 7.7 F 8.0 Pass

San Mateo 3 0 0 1.0 C 7 15 0 0 9.8 F 9.1 Pass

Santa Barbara 6 1 0 2.5 D 9 3 0 0 4.5 F 8.2 Pass

Santa Clara 9 1 0 3.5 F 16 19 0 0 14.8 F 11.1 Pass
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CALIFORNIA (cont .)
American Lung Association in California

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Santa Cruz 0 0 0 0.0 A 11 15 2 2 14.2 F 7.7 Pass

Shasta 18 1 0 6.5 F 2 6 0 0 3.7 F 10.9 Pass

Siskiyou 4 0 0 1.3 C 27 34 2 1 28.2 F 10.4 Pass

Solano 5 0 0 1.7 C 8 15 2 0 11.5 F 11.3 Pass

Sonoma 0 0 0 0.0 A 4 14 2 0 9.7 F 7.4 Pass

Stanislaus 51 4 0 19.0 F 40 26 1 0 27.0 F 14.5 Fail

Sutter 25 2 0 9.3 F 25 14 1 1 16.8 F 11.7 Pass

Tehama 19 3 0 7.8 F 21 34 0 0 24.0 F 9.7 Pass

Tulare 231 27 2 91.8 F 32 6 0 0 13.7 F 16.6 Fail

Tuolumne 27 1 0 9.5 F DNC DNC DNC DNC DNC DNC DNC DNC

Ventura 39 4 0 15.0 F 7 2 0 0 3.3 F 8.0 Pass

Yolo 4 0 0 1.3 C 3 2 1 0 2.7 D INC INC
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CALIFORNIA
American Lung Association in California

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Alameda 1,662,323 334,971 245,136 22,856 124,778 70,046 620 90,268 18,797 139,636 1,163,564

Amador 40,083 6,040 11,232 412 3,207 2,421 15 3,191 259 3,678 9,303

Butte 212,744 42,938 39,082 2,930 15,926 9,726 79 12,496 2,241 35,963 63,972

Calaveras 46,308 7,822 13,402 534 3,629 2,838 17 3,754 331 5,310 9,493

Colusa 21,558 5,817 3,313 397 1,480 879 8 1,136 207 2,200 14,267

Contra Costa 1,152,333 256,001 192,734 17,468 84,451 51,425 430 67,134 11,521 82,136 670,745

Del Norte 27,968 5,792 5,323 395 2,086 1,322 11 1,719 213 4,604 10,719

El Dorado 192,925 37,833 43,941 2,581 14,636 10,277 72 13,570 1,589 15,992 44,987

Fresno 1,000,918 281,011 128,421 19,174 67,574 36,996 374 47,320 10,378 168,153 721,213

Glenn 28,283 7,543 4,694 515 1,950 1,199 11 1,554 260 3,470 14,143

Humboldt 134,977 25,426 25,762 1,735 10,281 6,368 50 8,208 1,433 20,847 36,157

Imperial 180,267 51,396 24,546 3,507 12,094 6,800 67 8,707 1,688 31,134 162,934

Inyo 18,046 3,712 4,385 253 1,349 973 7 1,277 147 1,940 7,134

Kern 901,362 258,380 104,230 17,630 60,364 31,826 337 40,622 9,077 159,609 611,843

Kings 152,692 41,006 16,579 2,798 10,470 5,278 58 6,672 1,442 19,874 105,553

Lake 64,479 13,821 15,131 943 4,772 3,412 24 4,485 516 10,131 20,728

Los Angeles 9,943,046 2,099,477 1,444,480 143,253 737,556 414,388 3,709 534,658 109,495 1,289,368 7,372,841

Madera 157,761 43,084 23,092 2,940 10,774 6,252 59 8,056 1,688 21,211 106,349

Marin 257,332 50,067 60,655 3,416 19,576 14,042 96 18,604 2,076 15,119 75,458

Mariposa 17,160 2,799 4,935 191 1,352 1,044 6 1,375 127 2,258 3,673

Mendocino 86,061 18,165 20,420 1,239 6,387 4,551 32 5,958 735 12,099 31,154

Merced 279,252 80,994 32,779 5,526 18,609 9,874 104 12,598 2,894 44,302 207,335

Mono 14,534 2,517 2,496 172 1,132 677 5 882 143 1,285 5,019

Monterey 430,906 111,407 62,634 7,602 30,015 17,209 161 22,152 4,259 47,870 305,910

Napa 135,965 27,002 27,606 1,842 10,258 6,719 51 8,780 1,282 10,356 66,033

Nevada 99,606 16,777 28,765 1,145 7,800 6,055 37 7,982 766 9,040 15,312

Orange 3,166,857 682,093 497,745 46,541 233,982 137,580 1,181 178,926 32,806 280,128 1,924,519

Placer 402,950 88,446 82,115 6,035 29,623 19,749 150 25,871 3,690 25,815 118,520

Plumas 18,967 3,308 5,772 226 1,475 1,184 7 1,563 136 2,509 3,312

Riverside 2,489,188 611,654 377,582 41,735 176,509 102,838 930 132,868 25,397 275,176 1,663,704

Sacramento 1,559,146 362,640 230,866 24,744 112,481 64,346 581 83,031 16,617 192,386 889,492

San Benito 64,055 16,309 8,659 1,113 4,492 2,518 24 3,255 640 5,025 43,663

San Bernardino 2,189,183 568,470 267,911 38,788 152,317 81,573 817 104,690 23,333 308,021 1,611,307

San Diego 3,332,427 707,614 496,393 48,282 246,524 138,923 1,246 178,459 35,587 306,807 1,852,772

San Francisco 866,606 116,585 144,152 7,955 70,332 39,484 324 50,403 10,530 85,356 523,767

San Joaquin 767,967 204,755 102,362 13,971 52,942 29,509 287 38,004 7,872 104,295 542,155

San Luis Obispo 282,249 49,195 60,460 3,357 21,870 14,227 106 18,390 2,736 28,338 90,044

San Mateo 758,308 151,086 129,480 10,309 57,148 34,426 283 44,743 7,784 41,158 469,896

Santa Barbara 444,766 98,377 71,442 6,713 32,475 18,788 166 24,015 4,770 44,777 251,968

Santa Clara 1,907,105 406,243 271,911 27,719 141,158 78,874 713 101,807 20,206 123,516 1,340,420
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CALIFORNIA (cont .)
American Lung Association in California

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Santa Cruz 269,925 50,533 48,696 3,448 20,614 12,516 101 16,179 2,885 27,524 116,814

Shasta 179,027 38,519 38,146 2,628 13,218 8,925 67 11,652 1,607 24,570 38,200

Siskiyou 43,245 8,737 11,611 596 3,248 2,472 16 3,252 327 6,086 10,934

Solano 446,935 97,645 75,173 6,663 32,858 19,819 167 25,718 4,396 40,283 284,884

Sonoma 489,819 93,925 103,462 6,409 37,262 24,750 183 32,341 4,618 37,609 184,480

Stanislaus 550,081 147,826 74,916 10,087 37,802 21,250 205 27,355 5,609 70,568 333,529

Sutter 96,385 24,577 15,597 1,677 6,750 4,069 36 5,266 940 10,984 53,851

Tehama 64,494 15,308 13,076 1,045 4,630 3,105 24 4,060 557 8,467 21,600

Tulare 468,680 141,778 55,595 9,674 30,688 16,485 175 21,064 4,807 79,348 341,854

Tuolumne 54,515 9,172 14,909 626 4,264 3,187 20 4,178 395 6,158 11,430

Ventura 841,387 187,555 140,361 12,797 61,559 37,289 314 48,545 8,314 75,060 468,307

Yolo 219,728 45,195 29,180 3,084 16,340 8,546 82 10,777 2,780 31,066 119,985
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COLORADO
American Lung Association in Colorado

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Adams 10 1 0 3.8 F 4 0 0 0 1.3 C INC INC

Arapahoe 29 3 0 11.2 F 0 0 0 0 0.0 A 6.1 Pass

Archuleta 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Boulder 40 1 0 13.8 F 16 2 0 0 6.3 F 8.1 Pass

Chaffee INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Clear Creek 30 3 0 11.5 F DNC DNC DNC DNC DNC DNC DNC DNC

Delta 0 0 0 0.0 A 0 0 0 0 0.0 A INC INC

Denver 18 0 0 6.0 F 13 1 0 0 4.8 F 9.9 Pass

Douglas 41 7 0 17.2 F 9 0 0 0 3.0 D 6.9 Pass

El Paso 13 1 0 4.8 F 1 0 0 0 0.3 B 5.7 Pass

Garfield 17 1 0 6.2 F 1 0 0 0 0.3 B INC INC

Gilpin INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Grand INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Gunnison 6 1 0 2.5 D DNC DNC DNC DNC DNC DNC DNC DNC

Jefferson 74 6 0 27.7 F DNC DNC DNC DNC DNC DNC DNC DNC

La Plata 6 0 0 2.0 C INC INC INC INC INC INC INC INC

Larimer 39 3 0 14.5 F 13 1 0 0 4.8 F 7.2 Pass

Mesa 7 0 0 2.3 D 0 0 0 0 0.0 A 5.7 Pass

Moffat INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Montezuma 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Montrose INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Park INC INC INC INC INC INC INC INC INC INC INC INC INC

Pueblo DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Rio Blanco 4 0 0 1.3 C 1 0 0 0 0.3 B 8.3 Pass

San Miguel INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Teller INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Weld 13 0 0 4.3 F 14 0 0 0 4.7 F 9.5 Pass
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COLORADO
American Lung Association in Colorado

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Adams 519,883 133,141 57,362 9,921 37,408 16,014 196 20,298 5,617 48,180 267,852

Arapahoe 657,452 150,660 91,972 11,227 48,661 22,707 248 29,372 6,953 45,760 270,418

Archuleta 14,196 2,503 3,910 187 1,086 702 5 965 102 1,319 3,292

Boulder 327,171 59,914 51,081 4,465 25,632 12,094 124 15,711 3,567 30,205 73,470

Chaffee 20,661 3,078 5,453 229 1,644 997 8 1,360 153 1,844 3,050

Clear Creek 9,586 1,393 2,079 104 772 440 4 590 78 695 1,163

Delta 31,067 6,064 8,545 452 2,322 1,493 12 2,057 225 3,690 5,858

Denver 735,538 137,511 89,428 10,247 58,011 23,813 278 30,060 9,341 89,598 329,197

Douglas 360,750 88,474 47,154 6,593 26,098 12,494 136 16,151 3,592 10,942 69,507

El Paso 728,310 171,062 98,703 12,747 53,623 24,352 275 31,378 7,563 64,656 231,494

Garfield 60,366 15,090 8,616 1,124 4,336 2,088 23 2,716 578 3,965 19,754

Gilpin 6,235 887 1,171 66 506 279 2 370 54 408 834

Grand 15,794 2,543 3,044 189 1,256 673 6 893 138 1,071 2,126

Gunnison 17,593 2,848 2,502 212 1,422 630 7 807 194 1,595 2,348

Jefferson 583,283 111,382 101,112 8,300 44,992 22,668 220 29,819 5,838 34,963 131,377

La Plata 56,564 10,303 11,042 768 4,388 2,331 21 3,100 549 5,447 12,192

Larimer 360,428 68,325 60,330 5,091 27,972 13,385 136 17,499 3,960 34,579 65,512

Mesa 155,603 32,525 31,773 2,424 11,643 6,334 59 8,483 1,459 16,752 29,907

Moffat 13,144 3,283 2,180 245 938 483 5 638 118 1,290 2,717

Montezuma 26,408 5,575 6,352 415 1,949 1,177 10 1,604 214 3,374 7,322

Montrose 43,322 9,005 10,818 671 3,205 1,966 16 2,688 347 4,477 10,481

Park 18,955 2,843 4,312 212 1,510 906 7 1,223 135 1,476 2,137

Pueblo 169,823 37,631 32,929 2,804 12,523 6,720 64 8,970 1,594 23,367 82,505

Rio Blanco 6,342 1,532 1,081 114 458 235 2 311 58 597 1,009

San Miguel 8,105 1,357 1,337 101 644 324 3 424 80 611 1,236

Teller 25,529 4,258 6,188 317 1,987 1,223 10 1,661 188 1,856 3,328

Weld 333,983 85,801 42,529 6,394 23,893 10,807 126 13,892 3,462 29,123 118,271
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CONNECTICUT
American Lung Association in Connecticut

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Fairfield 40 11 0 18.8 F 4 0 0 0 1.3 C 7.9 Pass

Hartford 6 0 0 2.0 C 0 0 0 0 0.0 A 7.6 Pass

Litchfield 4 0 0 1.3 C 0 0 0 0 0.0 A 4.7 Pass

Middlesex 16 1 0 5.8 F DNC DNC DNC DNC DNC DNC DNC DNC

New Haven 34 6 0 14.3 F 1 0 0 0 0.3 B 8.0 Pass

New London 16 1 0 5.8 F 0 0 0 0 0.0 A INC INC

Tolland 9 0 0 3.0 D DNC DNC DNC DNC DNC DNC DNC DNC

Windham 7 0 0 2.3 D DNC DNC DNC DNC DNC DNC DNC DNC
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CONNECTICUT
American Lung Association in Connecticut

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Fairfield 942,426 207,093 157,961 24,385 78,978 38,413 503 49,793 8,616 81,309 374,058

Hartford 889,226 184,271 158,944 21,698 75,661 36,703 474 47,857 8,326 92,518 362,356

Litchfield 179,610 31,595 40,910 3,720 15,646 8,701 96 11,569 1,409 13,160 23,596

Middlesex 161,657 27,325 35,121 3,217 14,266 7,620 86 10,079 1,387 12,020 27,686

New Haven 851,948 169,759 155,504 19,989 73,179 35,649 454 46,539 8,192 92,869 333,501

New London 264,999 50,700 51,381 5,970 22,918 11,468 142 15,049 2,317 20,478 67,666

Tolland 150,600 25,520 25,401 3,005 13,522 6,093 81 7,864 1,552 9,362 25,208

Windham 116,540 22,689 20,774 2,672 10,071 4,918 62 6,397 1,067 11,719 21,333

http://www.lung.org


Data Tables

American Lung Association State of the Air 202265 Lung.org

DELAWARE
American Lung Association in Delaware

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Kent 2 0 0 0.7 B 0 0 0 0 0.0 A INC INC

New Castle 11 0 0 3.7 F 0 0 0 0 0.0 A 7.6 Pass

Sussex 4 0 0 1.3 C 0 0 0 0 0.0 A 7.0 Pass
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DELAWARE
American Lung Association in Delaware

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Kent 183,643 41,789 32,951 3,114 15,542 8,552 106 13,394 2,018 23,168 74,193

New Castle 561,531 119,200 92,855 8,882 48,620 25,956 325 40,073 6,289 55,026 250,437

Sussex 241,635 43,667 71,788 3,254 21,242 14,917 140 24,380 1,921 26,206 59,650
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DISTRICT OF COLUMBIA
American Lung Association in the District of Columbia

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

District of Columbia 9 1 0 3.5 F 0 2 0 0 1.0 C 8.7 Pass
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DISTRICT OF COLUMBIA
American Lung Association in the District of Columbia

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

District of Columbia 712,816 129,588 89,833 12,128 60,216 24,821 321 34,259 8,724 101,959 443,805
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FLORIDA
American Lung Association in Florida

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Alachua 0 0 0 0.0 A 1 0 0 0 0.3 B 6.9 Pass

Baker 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Bay 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Brevard 1 0 0 0.3 B 0 0 0 0 0.0 A 6.5 Pass

Broward 0 0 0 0.0 A 2 0 0 0 0.7 B 9.1 Pass

Collier 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Columbia 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Duval 0 0 0 0.0 A 2 0 0 0 0.7 B 8.5 Pass

Escambia 1 0 0 0.3 B 0 0 0 0 0.0 A 8.6 Pass

Flagler 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Highlands 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Hillsborough 11 0 0 3.7 F 1 0 0 0 0.3 B 7.8 Pass

Holmes 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Indian River 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Lake 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Lee 1 0 0 0.3 B 1 0 0 0 0.3 B 7.4 Pass

Leon 1 0 0 0.3 B 1 0 0 0 0.3 B 7.5 Pass

Liberty 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Manatee 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Marion 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Martin 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Miami-Dade 3 0 0 1.0 C 0 0 0 0 0.0 A 7.9 Pass

Okaloosa 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Orange 1 1 0 0.8 B 0 0 0 0 0.0 A 6.7 Pass

Osceola 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Palm Beach 0 0 0 0.0 A 0 0 0 0 0.0 A 6.2 Pass

Pasco 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Pinellas 0 0 0 0.0 A 0 0 0 0 0.0 A 7.6 Pass

Polk 2 0 0 0.7 B 0 0 0 0 0.0 A 7.8 Pass

St. Lucie 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Santa Rosa 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Sarasota 0 0 0 0.0 A 0 0 0 0 0.0 A 7.1 Pass

Seminole 2 0 0 0.7 B 0 0 0 0 0.0 A 6.9 Pass

Volusia 0 0 0 0.0 A 0 0 0 0 0.0 A 7.5 Pass

Wakulla 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC
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FLORIDA
American Lung Association in Florida

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Alachua 271,218 48,613 41,101 2,878 16,261 13,238 146 17,241 3,490 44,315 107,254

Baker 29,566 6,986 4,327 414 1,665 1,492 16 1,918 270 3,416 5,896

Bay 171,322 34,958 32,343 2,069 10,055 9,909 93 12,963 1,590 20,719 40,590

Brevard 608,459 109,939 148,845 6,508 36,665 39,980 329 53,448 5,075 59,282 161,745

Broward 1,958,105 408,571 343,446 24,185 114,278 109,191 1,059 142,043 19,710 214,119 1,286,266

Collier 392,973 65,137 131,353 3,856 23,891 29,477 213 40,794 2,833 39,254 148,906

Columbia 72,654 15,589 14,379 923 4,194 4,158 40 5,493 610 10,444 20,489

Duval 966,728 217,109 143,432 12,852 55,185 48,683 523 62,776 10,447 143,438 470,213

Escambia 322,364 67,108 56,280 3,972 18,752 17,361 175 22,711 3,239 41,047 116,497

Flagler 118,451 19,422 37,557 1,150 7,248 8,839 64 12,110 881 11,058 30,322

Highlands 106,639 17,689 38,933 1,047 6,456 8,275 58 11,585 735 16,905 36,507

Hillsborough 1,497,957 328,286 223,205 19,433 86,168 76,357 811 98,332 16,389 175,650 793,024

Holmes 19,594 3,998 3,995 237 1,148 1,160 11 1,531 155 3,651 2,702

Indian River 162,518 24,843 56,213 1,471 10,044 12,623 88 17,462 1,134 13,959 40,816

Lake 375,492 70,790 102,111 4,190 22,300 25,207 203 34,238 3,183 34,282 120,889

Lee 790,767 135,483 233,231 8,020 47,888 55,664 428 76,097 6,411 81,863 271,491

Leon 295,460 54,766 42,552 3,242 17,604 14,203 159 18,398 3,920 49,598 131,517

Liberty 8,364 1,415 1,313 84 512 449 5 579 58 1,342 2,399

Manatee 411,219 72,560 118,217 4,295 24,798 28,816 222 39,223 3,290 44,512 120,917

Marion 373,513 69,134 109,439 4,092 22,229 25,901 202 35,470 3,037 55,608 115,902

Martin 162,088 25,863 52,569 1,531 9,963 12,238 88 16,805 1,101 17,627 35,999

Miami-Dade 2,707,303 546,130 459,870 32,328 159,380 149,414 1,464 193,757 27,885 399,797 2,341,820

Okaloosa 212,820 47,397 35,134 2,806 12,155 11,076 116 14,442 2,048 19,813 58,416

Orange 1,404,396 303,887 177,333 17,988 81,053 66,864 760 85,015 16,525 174,206 855,563

Osceola 385,315 92,259 52,332 5,461 21,587 18,587 209 23,815 4,224 45,150 271,147

Palm Beach 1,507,600 283,688 374,600 16,793 89,713 97,114 815 130,725 13,370 178,480 703,807

Pasco 570,412 114,864 129,888 6,799 33,469 35,354 308 47,171 5,207 64,340 161,846

Pinellas 976,802 153,289 253,295 9,074 60,519 66,759 527 89,551 8,536 106,309 259,292

Polk 744,552 162,387 152,545 9,612 42,692 42,566 403 56,591 7,228 104,836 329,538

St. Lucie 337,186 65,616 84,505 3,884 19,913 21,810 182 29,379 2,904 45,996 151,145

Santa Rosa 189,139 41,307 31,199 2,445 10,909 10,239 103 13,257 1,765 17,152 34,693

Sarasota 443,465 61,556 168,215 3,644 27,807 36,392 239 50,732 2,947 37,949 77,557

Seminole 474,171 98,271 77,457 5,817 27,696 25,417 256 32,922 5,048 37,499 198,625

Volusia 561,497 97,565 142,378 5,775 34,047 37,190 304 49,981 4,824 63,322 168,046

Wakulla 34,319 7,024 5,554 416 2,018 1,886 19 2,429 295 3,204 7,195
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GEORGIA
American Lung Association in Georgia

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Bibb 1 0 0 0.3 B 3 0 0 0 1.0 C 8.6 Pass

Chatham 0 0 0 0.0 A 1 0 0 0 0.3 B 8.7 Pass

Chattooga 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Clarke 2 0 0 0.7 B 0 0 0 0 0.0 A 8.8 Pass

Clayton DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.4 Pass

Cobb 1 0 0 0.3 B 0 0 0 0 0.0 A 8.3 Pass

Coffee DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 6.6 Pass

Columbia 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Dawson 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

DeKalb 3 1 0 1.5 C 1 0 0 0 0.3 B 8.2 Pass

Dougherty DNC DNC DNC DNC DNC 5 0 0 0 1.7 C 8.9 Pass

Douglas 5 0 0 1.7 C DNC DNC DNC DNC DNC DNC DNC DNC

Fulton 10 1 0 3.8 F 0 0 0 0 0.0 A 9.4 Pass

Glynn 0 0 0 0.0 A 0 0 0 0 0.0 A 7.2 Pass

Gwinnett 2 0 0 0.7 B 1 0 0 0 0.3 B 9.5 Pass

Hall DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.5 Pass

Henry 10 0 0 3.3 F DNC DNC DNC DNC DNC DNC DNC DNC

Houston DNC DNC DNC DNC DNC 4 1 0 0 1.8 C 9.1 Pass

Lowndes DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 7.5 Pass

Murray 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Muscogee 0 0 0 0.0 A 0 0 0 0 0.0 A 8.6 Pass

Pike 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Richmond 3 0 0 1.0 C 4 0 0 0 1.3 C 10.3 Pass

Rockdale 7 0 0 2.3 D DNC DNC DNC DNC DNC DNC DNC DNC

Sumter 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Walker DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Washington DNC DNC DNC DNC DNC 3 0 0 0 1.0 C 8.0 Pass
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GEORGIA
American Lung Association in Georgia

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Bibb 152,737 36,643 25,054 3,580 10,432 7,904 87 11,259 1,730 40,946 96,705

Chatham 289,463 59,966 47,728 5,859 20,582 15,237 166 21,605 3,411 43,011 152,065

Chattooga 24,843 5,517 4,572 539 1,745 1,389 14 2,001 228 4,431 4,444

Clarke 127,795 21,626 15,370 2,113 9,392 5,870 73 7,932 1,982 28,845 56,993

Clayton 292,646 79,946 29,689 7,811 18,907 12,893 167 17,385 3,653 48,136 267,428

Cobb 762,944 174,344 100,677 17,034 52,602 38,007 439 52,525 8,922 69,097 375,820

Coffee 43,218 10,446 6,243 1,021 2,935 2,153 25 3,016 439 9,184 18,583

Columbia 160,377 40,199 23,109 3,928 10,769 7,973 92 11,183 1,769 10,629 53,843

Dawson 27,113 5,417 5,601 529 1,966 1,619 16 2,359 257 2,332 2,527

DeKalb 762,009 173,235 101,784 16,926 52,572 37,441 437 51,811 9,392 118,345 537,993

Dougherty 86,477 20,166 14,727 1,970 5,962 4,530 49 6,480 1,011 22,686 65,930

Douglas 147,988 37,520 18,142 3,666 9,872 7,168 85 9,857 1,728 16,770 94,993

Fulton 1,077,402 226,285 132,710 22,109 75,794 52,478 620 71,690 13,767 136,220 654,109

Glynn 85,568 18,094 18,310 1,768 6,121 5,073 49 7,449 863 13,107 31,210

Gwinnett 942,627 248,849 102,525 24,313 61,831 43,624 543 59,242 10,826 97,747 619,317

Hall 206,591 50,373 33,031 4,922 14,044 10,743 119 15,254 2,146 25,886 82,841

Henry 239,139 60,104 29,384 5,872 16,003 11,658 137 16,030 2,797 20,755 148,976

Houston 160,110 40,807 21,389 3,987 10,668 7,725 92 10,739 1,820 17,041 73,186

Lowndes 118,268 28,556 15,400 2,790 7,989 5,456 68 7,544 1,482 22,695 56,142

Murray 40,032 9,645 6,217 942 2,732 2,100 23 2,968 418 6,319 7,380

Muscogee 196,442 48,430 27,773 4,732 13,232 9,490 113 13,274 2,237 40,029 118,884

Pike 19,121 4,420 3,150 432 1,324 1,038 11 1,476 203 1,902 2,458

Richmond 202,079 45,486 30,123 4,444 14,010 10,132 116 14,218 2,314 48,382 135,129

Rockdale 90,939 21,903 13,897 2,140 6,206 4,783 52 6,745 991 11,464 66,237

Sumter 29,282 6,596 5,159 644 2,041 1,563 17 2,242 327 6,726 17,955

Walker 70,116 14,932 13,552 1,459 4,989 4,020 40 5,821 696 9,650 6,776

Washington 20,150 4,339 3,664 424 1,426 1,127 12 1,620 177 3,887 11,673 
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HAWAII
American Lung Association in Hawaii

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Hawaii DNC DNC DNC DNC DNC 11 2 0 0 4.7 F 5.3 Pass

Honolulu 0 0 0 0.0 A 0 0 0 0 0.0 A 3.8 Pass

Kauai DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 2.9 Pass

Maui DNC DNC DNC DNC DNC 2 1 0 0 1.2 C 3.9 Pass
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HAWAII
American Lung Association in Hawaii

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Hawaii 203,340 43,054 45,787 3,325 14,213 6,530 84 10,973 2,092 24,301 142,734

Honolulu 963,826 201,296 181,138 15,544 66,765 27,954 400 46,223 10,899 74,186 794,325

Kauai 71,851 15,474 15,308 1,195 4,999 2,247 30 3,764 748 7,005 50,936

Maui 167,902 35,994 32,803 2,779 11,703 5,079 70 8,461 1,821 15,690 117,940
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IDAHO
American Lung Association in Idaho

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Ada 2 0 0 0.7 B 4 0 0 0 1.3 C 6.9 Pass

Bannock INC INC INC INC INC INC INC INC INC INC INC INC INC

Benewah DNC DNC DNC DNC DNC 10 6 0 1 7.2 F INC INC

Butte 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Canyon DNC DNC DNC DNC DNC 12 5 0 0 6.5 F 9.0 Pass

Franklin DNC DNC DNC DNC DNC 8 1 0 0 3.2 D 6.3 Pass

Idaho 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Jerome DNC DNC DNC DNC DNC 5 0 0 0 1.7 C INC INC

Lemhi DNC DNC DNC DNC DNC 6 0 0 0 2.0 C 9.5 Pass

Shoshone DNC DNC DNC DNC DNC 14 4 3 1 9.5 F 10.9 Pass

http://www.lung.org


Data Tables

American Lung Association State of the Air 202276 Lung.org

IDAHO
American Lung Association in Idaho

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Ada 494,399 112,243 76,757 8,364 36,262 21,907 224 29,937 6,079 37,356 78,871

Bannock 88,795 22,673 13,447 1,689 6,256 3,658 40 5,085 1,100 10,592 15,118

Benewah 9,430 2,061 2,204 154 707 520 4 719 87 1,167 1,483

Butte 2,646 614 671 46 194 144 1 204 23 373 231

Canyon 237,053 64,616 34,261 4,815 16,338 9,674 107 13,304 2,868 24,648 71,095

Franklin 14,215 4,398 2,079 328 932 570 6 784 154 1,078 1,315

Idaho 16,823 3,254 4,895 242 1,302 1,013 8 1,439 131 2,138 1,626

Jerome 24,578 7,366 3,321 549 1,632 967 11 1,320 268 2,990 9,865

Lemhi 8,054 1,461 2,565 109 633 507 4 727 67 1,222 539

Shoshone 12,911 2,607 3,137 194 987 722 6 1,005 120 1,832 1,141
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ILLINOIS
American Lung Association in Illinois

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Adams 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Champaign 6 0 0 2.0 C 0 0 0 0 0.0 A 7.7 Pass

Clark 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Cook 36 8 0 16.0 F 2 0 0 0 0.7 B 10.6 Pass

DuPage 9 2 0 4.0 F 0 0 0 0 0.0 A INC INC

Effingham 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Hamilton 4 0 0 1.3 C 1 0 0 0 0.3 B 8.6 Pass

Jersey 6 0 0 2.0 C 0 0 0 0 0.0 A 7.9 Pass

Jo Daviess 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Kane 15 1 0 5.5 F 0 0 0 0 0.0 A 8.7 Pass

Lake 18 3 0 7.5 F DNC DNC DNC DNC DNC DNC DNC DNC

McHenry 18 0 0 6.0 F 0 0 0 0 0.0 A 8.1 Pass

McLean 4 0 0 1.3 C 0 0 0 0 0.0 A 9.2 Pass

Macon 3 0 0 1.0 C 0 0 0 0 0.0 A 9.5 Pass

Macoupin 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Madison 11 4 0 5.7 F 1 0 0 0 0.3 B 10.5 Pass

Peoria 6 0 0 2.0 C 1 0 0 0 0.3 B 8.6 Pass

Randolph 1 0 0 0.3 B 2 0 0 0 0.7 B INC INC

Rock Island 3 0 0 1.0 C 1 0 0 0 0.3 B INC INC

St. Clair 5 1 0 2.2 D 0 0 0 0 0.0 A 9.6 Pass

Sangamon 1 0 0 0.3 B 0 0 0 0 0.0 A 8.4 Pass

Will 6 0 0 2.0 C 1 1 0 0 0.8 B INC INC

Winnebago 3 1 0 1.5 C 1 0 0 0 0.3 B INC INC
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American Lung Association in Illinois

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Adams 64,783 14,558 13,616 1,006 4,266 3,292 39 4,445 590 6,735 5,741

Champaign 209,192 39,463 28,658 2,728 14,825 8,925 126 10,940 2,689 29,150 70,812

Clark 15,268 3,397 3,155 235 1,007 784 9 1,060 135 1,563 528

Cook 5,108,284 1,095,041 792,111 75,700 346,474 232,759 3,068 298,709 57,320 646,192 2,976,526

DuPage 917,481 205,415 153,269 14,200 61,076 43,435 552 56,943 9,167 53,259 316,906

Effingham 34,065 8,110 6,326 561 2,215 1,644 21 2,189 308 3,128 1,506

Hamilton 8,084 1,749 1,818 121 536 427 5 582 72 1,040 380

Jersey 21,616 4,366 4,372 302 1,467 1,119 13 1,504 202 1,775 983

Jo Daviess 21,239 3,937 6,247 272 1,441 1,287 13 1,817 154 1,906 1,204

Kane 531,010 130,652 78,758 9,032 34,454 23,803 320 30,855 5,334 38,218 231,458

Lake 693,593 163,684 106,676 11,315 45,543 31,825 418 41,432 6,773 46,919 278,221

McHenry 305,888 69,971 48,368 4,837 20,225 14,439 184 18,940 2,931 18,998 62,002

McLean 171,256 36,219 24,364 2,504 11,726 7,468 103 9,378 2,083 17,168 35,842

Macon 103,015 22,865 21,528 1,581 6,815 5,216 62 7,026 1,008 12,674 25,628

Macoupin 44,567 9,303 9,454 643 2,991 2,334 27 3,161 403 4,707 1,870

Madison 262,635 56,710 47,802 3,920 17,611 12,844 158 17,000 2,629 28,469 41,275

Peoria 177,652 42,053 32,116 2,907 11,612 8,375 107 11,047 1,804 24,583 55,292

Randolph 31,351 5,950 6,176 411 2,169 1,602 19 2,130 240 3,251 4,964

Rock Island 140,907 31,370 28,522 2,169 9,332 7,026 85 9,411 1,328 18,365 41,930

St. Clair 258,046 59,779 43,662 4,133 16,997 12,142 155 15,947 2,627 35,007 101,005

Sangamon 193,882 42,644 36,699 2,948 12,910 9,565 116 12,733 1,927 24,310 39,682

Will 688,726 166,069 96,632 11,480 45,045 30,705 414 39,578 7,091 48,881 263,345

Winnebago 281,295 65,366 51,855 4,519 18,443 13,596 169 18,067 2,746 40,305 92,993
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INDIANA
American Lung Association in Indiana

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Allen 7 0 0 2.3 D 2 0 0 0 0.7 B 8.8 Pass

Bartholomew 3 0 0 1.0 C 1 0 0 0 0.3 B 7.0 Pass

Boone 7 0 0 2.3 D DNC DNC DNC DNC DNC DNC DNC DNC

Brown 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Carroll 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Clark 5 0 0 1.7 C 0 0 0 0 0.0 A 7.4 Pass

Delaware 3 0 0 1.0 C 1 0 0 0 0.3 B 8.2 Pass

Dubois DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.6 Pass

Elkhart 3 0 0 1.0 C 0 2 0 0 1.0 C 8.1 Pass

Floyd 6 0 0 2.0 C INC INC INC INC INC INC INC INC

Greene 3 0 0 1.0 C 0 0 0 0 0.0 A 7.8 Pass

Hamilton 7 0 0 2.3 D 1 0 0 0 0.3 B 7.8 Pass

Hendricks 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Henry DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 7.6 Pass

Howard 7 0 0 2.3 D 0 0 0 0 0.0 A 7.3 Pass

Huntington INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Jackson INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Knox 5 0 0 1.7 C DNC DNC DNC DNC DNC DNC DNC DNC

Lake 10 1 0 3.8 F 2 0 0 0 0.7 B 9.8 Pass

LaPorte 15 2 0 6.0 F 1 0 0 0 0.3 B INC INC

Madison 7 0 0 2.3 D 1 0 0 0 0.3 B 8.4 Pass

Marion 12 0 0 4.0 F 8 1 0 0 3.2 D 11.5 Pass

Monroe DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.7 Pass

Morgan INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Perry 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Porter 13 1 0 4.8 F 0 1 0 0 0.5 B 8.0 Pass

Posey 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

St. Joseph 10 0 0 3.3 F 1 1 0 0 0.8 B 8.9 Pass

Shelby 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Spencer DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.1 Pass

Sullivan DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Tippecanoe DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.8 Pass

Vanderburgh 4 0 0 1.3 C 1 0 0 0 0.3 B 9.0 Pass

Vigo 3 0 0 1.0 C 2 0 0 0 0.7 B 8.7 Pass

Wabash 5 0 0 1.7 C DNC DNC DNC DNC DNC DNC DNC DNC

Warrick 5 0 0 1.7 C DNC DNC DNC DNC DNC DNC DNC DNC

Whitley DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.8 Pass
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INDIANA
American Lung Association in Indiana

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Allen 382,187 97,062 58,532 5,576 27,731 23,563 233 26,897 4,460 42,833 105,154

Bartholomew 84,447 20,136 14,254 1,157 6,237 5,458 52 6,308 923 7,566 16,945

Boone 69,347 17,910 9,864 1,029 5,043 4,323 42 4,849 784 3,547 7,591

Brown 15,112 2,589 3,878 149 1,202 1,253 9 1,520 133 1,473 754

Carroll 20,228 4,402 4,112 253 1,529 1,455 12 1,720 201 1,567 1,370

Clark 119,266 26,425 19,548 1,518 9,051 7,916 73 9,036 1,388 10,131 21,407

Delaware 113,454 20,349 20,080 1,169 8,989 7,529 69 8,726 1,515 20,399 15,399

Dubois 42,542 10,273 7,887 590 3,129 2,915 26 3,406 417 2,799 4,628

Elkhart 206,161 56,303 31,819 3,234 14,564 12,572 126 14,421 2,264 19,761 54,273

Floyd 78,936 17,827 13,454 1,024 5,949 5,303 48 6,095 893 8,922 10,210

Greene 32,203 6,969 6,539 400 2,442 2,337 20 2,756 321 3,569 1,280

Hamilton 344,238 89,883 45,716 5,163 25,005 21,061 210 23,367 4,089 14,489 61,469

Hendricks 173,251 42,211 25,455 2,425 12,818 10,921 106 12,299 1,978 8,692 31,155

Henry 48,033 9,739 9,460 559 3,707 3,442 29 4,037 454 4,811 3,287

Howard 82,732 18,770 16,640 1,078 6,164 5,785 50 6,861 875 9,390 13,200

Huntington 36,395 7,877 6,567 452 2,770 2,508 22 2,905 393 3,187 2,054

Jackson 44,222 10,803 7,531 621 3,251 2,924 27 3,373 466 4,489 5,972

Knox 36,522 7,800 6,878 448 2,771 2,476 22 2,906 385 5,506 2,948

Lake 487,536 113,159 84,881 6,500 36,351 32,499 297 37,601 5,495 75,936 227,659

LaPorte 109,663 23,353 20,647 1,342 8,357 7,609 67 8,888 1,071 12,524 23,845

Madison 129,681 27,585 24,594 1,585 9,881 9,017 79 10,547 1,378 14,937 20,254

Marion 966,183 237,144 126,594 13,623 71,244 56,746 588 63,123 12,498 135,820 450,864

Monroe 148,219 23,056 20,804 1,324 12,115 8,824 90 9,880 2,263 24,316 25,197

Morgan 70,707 15,681 12,596 901 5,368 4,955 43 5,706 741 5,939 3,190

Perry 19,154 4,077 3,663 234 1,458 1,333 12 1,562 172 2,160 1,242

Porter 170,980 36,927 29,904 2,121 13,031 11,610 104 13,388 1,935 14,436 30,780

Posey 25,275 5,541 5,077 318 1,910 1,819 15 2,143 251 2,327 1,099

St. Joseph 271,484 63,290 45,106 3,636 20,175 17,330 165 19,999 3,228 33,070 77,597

Shelby 44,871 10,092 8,104 580 3,385 3,119 27 3,609 465 4,149 3,790

Spencer 20,225 4,316 4,158 248 1,540 1,483 12 1,750 197 1,574 1,124

Sullivan 20,578 3,910 3,811 225 1,616 1,442 13 1,673 192 2,823 1,761

Tippecanoe 196,115 39,707 23,936 2,281 15,200 10,895 120 12,012 2,718 28,815 49,462

Vanderburgh 182,447 39,167 32,517 2,250 13,868 12,184 111 14,155 2,128 25,669 31,801

Vigo 106,608 21,497 18,203 1,235 8,230 6,922 65 7,999 1,252 20,134 15,909

Wabash 30,784 6,307 6,711 362 2,349 2,240 19 2,686 323 3,075 1,854

Warrick 63,269 14,693 11,473 844 4,715 4,320 39 5,023 678 3,990 5,310

Whitley 34,378 7,814 6,488 449 2,576 2,399 21 2,803 350 2,426 1,715
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IOWA
American Lung Association in Iowa

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Black Hawk DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.9 Pass

Bremer 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Clinton 0 0 0 0.0 A 0 0 0 0 0.0 A 8.8 Pass

Harrison 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Johnson DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.8 Pass

Lee DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.3 Pass

Linn 5 0 0 1.7 C 0 0 0 0 0.0 A 8.2 Pass

Montgomery 0 0 0 0.0 A 0 0 0 0 0.0 A 6.7 Pass

Muscatine DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 8.3 Pass

Palo Alto 2 0 0 0.7 B 0 0 0 0 0.0 A 6.9 Pass

Polk 2 0 0 0.7 B 0 2 0 0 1.0 C 7.5 Pass

Pottawattamie DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 8.2 Pass

Scott 5 0 0 1.7 C 1 1 0 0 0.8 B 8.5 Pass

Van Buren 0 0 0 0.0 A 0 0 0 0 0.0 A 7.1 Pass

Woodbury DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.8 Pass
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American Lung Association in Iowa

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Black Hawk 130,786 28,408 22,876 1,635 9,393 6,098 78 8,342 1,623 15,410 25,977

Bremer 25,311 5,734 5,084 330 1,771 1,259 15 1,752 283 1,323 1,396

Clinton 46,392 10,479 9,480 603 3,223 2,422 28 3,359 473 5,717 4,319

Harrison 13,928 3,205 2,794 184 961 732 8 1,012 134 1,129 610

Johnson 153,740 30,223 19,658 1,740 11,617 6,293 92 8,273 2,300 20,522 35,047

Lee 33,480 7,111 7,150 409 2,363 1,789 20 2,492 326 3,689 3,220

Linn 227,854 51,825 38,001 2,983 16,094 10,779 136 14,605 2,686 18,011 35,081

Montgomery 9,935 2,246 2,208 129 685 538 6 754 96 1,125 703

Muscatine 42,394 10,384 7,490 598 2,906 2,039 25 2,789 452 4,258 10,105

Palo Alto 8,845 2,039 1,992 117 608 467 5 659 84 817 665

Polk 494,281 121,471 68,181 6,992 34,465 21,470 295 28,499 6,123 55,560 116,535

Pottawattamie 93,328 21,758 17,172 1,252 6,480 4,622 56 6,337 1,007 8,407 12,488

Scott 173,216 40,588 29,825 2,336 12,082 8,289 103 11,282 1,981 20,606 36,429

Van Buren 7,069 1,647 1,581 95 482 381 4 535 65 1,013 268

Woodbury 103,138 26,801 16,012 1,543 7,000 4,597 62 6,210 1,173 11,311 31,046
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KANSAS
American Lung Association in Kansas

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Johnson 0 0 0 0.0 A 1 0 0 0 0.3 B INC INC

Leavenworth 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Neosho 1 0 0 0.3 B 2 0 0 0 0.7 B INC INC

Sedgwick 1 0 0 0.3 B 2 0 0 0 0.7 B INC INC

Shawnee 0 1 0 0.5 B 3 2 0 0 2.0 C 9.6 Pass

Sumner 0 0 0 0.0 A 2 0 0 0 0.7 B 8.0 Pass

Trego 0 0 0 0.0 A 0 0 0 0 0.0 A INC INC

Wyandotte 2 1 0 1.2 C 6 0 0 0 2.0 C INC INC
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KANSAS
American Lung Association in Kansas

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Johnson 607,220 144,321 94,102 10,770 45,776 28,756 322 38,404 7,367 27,345 127,455

Leavenworth 82,246 19,300 12,727 1,440 6,227 3,901 44 5,205 861 6,425 17,715

Neosho 15,929 3,891 3,249 290 1,167 820 8 1,151 161 2,125 1,798

Sedgwick 519,907 131,426 80,071 9,808 38,443 23,858 276 31,961 6,221 68,637 170,812

Shawnee 175,999 40,932 33,963 3,055 13,168 8,946 93 12,409 1,986 18,039 47,255

Sumner 22,578 5,421 4,481 405 1,664 1,175 12 1,639 226 2,502 2,517

Trego 2,758 516 723 39 213 168 1 243 25 279 166

Wyandotte 165,265 45,546 21,558 3,399 11,937 7,091 88 9,279 1,997 27,673 99,374
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KENTUCKY
American Lung Association in Kentucky

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Bell 0 0 0 0.0 A 0 0 0 0 0.0 A 7.4 Pass

Boone 1 1 0 0.8 B DNC DNC DNC DNC DNC DNC DNC DNC

Boyd 1 0 0 0.3 B 0 0 0 0 0.0 A 7.5 Pass

Bullitt 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Campbell 2 0 0 0.7 B 0 0 0 0 0.0 A 7.8 Pass

Carter 0 0 0 0.0 A 0 0 0 0 0.0 A 5.9 Pass

Christian 0 0 0 0.0 A 0 0 0 0 0.0 A 8.1 Pass

Daviess 3 0 0 1.0 C 0 0 0 0 0.0 A 8.3 Pass

Edmonson 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Fayette 0 0 0 0.0 A 0 0 0 0 0.0 A INC INC

Greenup 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Hancock 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Hardin 0 0 0 0.0 A 0 0 0 0 0.0 A 7.5 Pass

Henderson INC INC INC INC INC INC INC INC INC INC INC INC INC

Jefferson 12 2 0 5.0 F 3 0 0 0 1.0 C 10.1 Pass

Jessamine 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Livingston 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

McCracken 0 0 0 0.0 A 1 0 0 0 0.3 B 8.8 Pass

Morgan 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Oldham 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Perry 0 0 0 0.0 A 0 0 0 0 0.0 A 6.7 Pass

Pike 0 0 0 0.0 A 0 0 0 0 0.0 A 6.4 Pass

Pulaski 0 0 0 0.0 A 0 0 0 0 0.0 A 7.3 Pass

Simpson 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Trigg 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Warren 0 0 0 0.0 A 0 0 0 0 0.0 A 7.9 Pass

Washington 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC
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KENTUCKY
American Lung Association in Kentucky

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Bell 25,482 5,330 5,188 364 2,338 2,629 21 2,665 266 7,293 1,567

Boone 135,396 34,844 19,428 2,380 11,715 12,081 114 11,777 1,535 8,752 18,078

Boyd 46,516 9,995 9,598 683 4,234 4,791 39 4,870 466 7,047 3,260

Bullitt 82,182 17,506 13,830 1,196 7,550 8,059 69 7,962 930 7,053 5,299

Campbell 94,020 19,396 15,853 1,325 8,612 8,981 79 8,867 1,120 9,613 7,518

Carter 26,542 5,916 5,226 404 2,393 2,674 22 2,704 279 4,780 935

Christian 71,478 19,341 9,188 1,321 5,824 5,345 61 5,137 788 10,996 24,935

Daviess 101,978 24,842 17,954 1,697 8,913 9,603 86 9,601 1,116 13,239 12,912

Edmonson 12,235 2,191 2,619 150 1,167 1,320 10 1,340 130 1,914 700

Fayette 324,735 67,276 46,761 4,595 29,341 28,402 273 27,444 4,373 45,575 96,376

Greenup 34,865 7,481 7,586 511 3,177 3,670 29 3,758 355 4,451 1,379

Hancock 8,742 2,158 1,590 147 766 845 7 848 91 1,248 439

Hardin 111,309 26,975 16,636 1,842 9,761 9,999 94 9,774 1,257 12,066 26,891

Henderson 44,740 10,114 8,441 691 4,020 4,437 38 4,463 482 5,862 6,251

Jefferson 767,452 167,854 130,786 11,465 69,065 72,377 644 71,721 9,149 85,737 262,393

Jessamine 54,057 12,762 8,750 872 4,788 5,032 45 4,966 633 5,489 6,435

Livingston 9,041 1,799 2,113 123 846 1,007 8 1,038 86 1,251 470

McCracken 65,644 14,511 13,726 991 5,903 6,684 55 6,817 704 9,974 11,289

Morgan 13,142 2,355 2,280 161 1,252 1,318 11 1,300 120 2,764 1,045

Oldham 66,999 16,826 9,481 1,149 5,890 6,124 57 5,954 686 3,143 7,945

Perry 25,456 5,868 4,568 401 2,285 2,507 21 2,505 271 5,448 1,360

Pike 57,057 11,741 11,326 802 5,280 5,918 48 5,971 602 13,151 1,799

Pulaski 65,530 14,411 12,899 984 5,947 6,668 55 6,738 694 12,308 3,996

Simpson 18,635 4,401 3,175 301 1,655 1,778 16 1,767 205 2,194 2,763

Trigg 14,776 3,167 3,513 216 1,354 1,631 12 1,690 133 2,455 1,800

Warren 134,510 30,994 18,257 2,117 11,797 11,320 113 10,895 1,781 23,887 30,892

Washington 12,147 2,800 2,293 191 1,090 1,215 10 1,223 125 1,705 1,467
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LOUISIANA
American Lung Association in Louisiana

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Ascension Parish 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Bossier Parish 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Caddo Parish 0 0 0 0.0 A 3 0 0 0 1.0 C 10.3 Pass

Calcasieu Parish 3 0 0 1.0 C 1 0 0 0 0.3 B 7.4 Pass

East Baton Rouge Parish 14 0 0 4.7 F 2 0 0 0 0.7 B 9.0 Pass

Iberville Parish 13 0 0 4.3 F 0 1 0 0 0.5 B 8.3 Pass

Jefferson Parish 1 0 0 0.3 B 0 0 0 0 0.0 A 7.9 Pass

Lafayette Parish 0 0 0 0.0 A 1 0 0 0 0.3 B 8.2 Pass

Lafourche Parish 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Livingston Parish 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Orleans Parish DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.0 Pass

Ouachita Parish 0 0 0 0.0 A 1 0 0 0 0.3 B 7.5 Pass

Pointe Coupee Parish 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Rapides Parish DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 7.7 Pass

St. Bernard Parish 3 0 0 1.0 C 0 0 0 0 0.0 A 8.1 Pass

St. James Parish 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

St. John the Baptist Parish 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

St. Martin Parish 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

St. Tammany Parish 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Tangipahoa Parish DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.3 Pass

Terrebonne Parish DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.4 Pass

West Baton Rouge Parish 6 0 0 2.0 C 0 0 0 0 0.0 A 8.9 Pass
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LOUISIANA
American Lung Association in Louisiana

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Ascension Parish 128,665 34,100 16,360 2,984 7,512 7,767 79 9,250 1,614 12,284 42,381

Bossier Parish 127,275 31,226 19,526 2,732 7,551 8,010 79 9,769 1,569 22,118 44,059

Caddo Parish 237,479 55,258 43,395 4,835 14,316 15,968 145 20,255 2,858 48,267 133,330

Calcasieu Parish 203,310 50,813 31,809 4,446 12,014 12,895 125 15,872 2,453 33,070 68,769

East Baton Rouge Parish 439,729 99,278 66,885 8,687 26,671 27,799 269 33,445 5,984 70,357 247,669

Iberville Parish 32,070 6,431 5,408 563 2,027 2,198 20 2,725 376 6,695 16,832

Jefferson Parish 432,346 95,490 78,689 8,356 26,549 29,588 266 37,485 5,108 68,914 210,326

Lafayette Parish 246,518 58,087 35,142 5,083 14,869 15,484 152 18,583 3,184 39,122 86,661

Lafourche Parish 97,596 22,420 16,012 1,962 5,948 6,480 60 8,062 1,154 13,907 22,763

Livingston Parish 143,737 36,430 19,928 3,188 8,502 8,916 89 10,753 1,801 16,672 20,235

Orleans Parish 389,476 76,561 63,157 6,699 24,615 26,082 238 31,777 5,425 79,419 268,575

Ouachita Parish 152,439 37,290 24,012 3,263 9,069 9,728 94 11,968 1,918 34,803 64,975

Pointe Coupee Parish 21,529 4,612 4,712 404 1,329 1,570 13 2,074 226 3,704 8,508

Rapides Parish 128,567 31,572 22,005 2,763 7,643 8,433 79 10,603 1,489 23,284 50,632

St. Bernard Parish 47,647 12,384 6,028 1,084 2,795 2,867 29 3,393 618 10,053 18,659

St. James Parish 20,727 4,622 3,848 404 1,271 1,430 13 1,824 232 2,668 10,637

St. John the Baptist Parish 42,516 10,315 6,476 903 2,557 2,757 26 3,400 511 7,089 28,865

St. Martin Parish 52,954 12,516 8,639 1,095 3,204 3,502 33 4,368 606 8,847 18,744

St. Tammany Parish 263,446 62,152 47,710 5,439 15,926 17,959 162 22,933 2,957 26,239 59,421

Tangipahoa Parish 136,765 33,249 20,836 2,909 8,151 8,647 84 10,543 1,726 26,792 50,911

Terrebonne Parish 109,859 27,401 16,898 2,398 6,526 7,030 68 8,667 1,291 16,981 37,058

West Baton Rouge Parish 26,792 6,479 3,972 567 1,606 1,703 17 2,074 322 3,823 12,227
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MAINE
American Lung Association in Maine

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Androscoggin 0 0 0 0.0 A 0 0 0 0 0.0 A 5.1 Pass

Aroostook 0 0 0 0.0 A 1 4 0 0 2.3 D 6.4 Pass

Cumberland 0 0 0 0.0 A 0 0 0 0 0.0 A 7.6 Pass

Hancock 3 0 0 1.0 C 0 0 0 0 0.0 A 3.0 Pass

Kennebec 0 0 0 0.0 A 0 0 0 0 0.0 A INC INC

Knox 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Oxford 0 0 0 0.0 A 0 0 0 0 0.0 A 5.3 Pass

Penobscot 0 0 0 0.0 A 0 0 0 0 0.0 A 4.6 Pass

Washington 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

York 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC
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MAINE
American Lung Association in Maine

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Androscoggin 108,547 23,217 19,975 1,852 9,077 6,707 76 7,615 957 12,326 11,098

Aroostook 66,804 12,213 16,937 974 5,692 4,794 47 5,738 490 9,934 4,292

Cumberland 298,111 54,314 58,292 4,333 25,883 19,093 208 21,771 2,761 24,812 30,414

Hancock 55,088 9,190 14,501 733 4,777 4,051 38 4,866 417 5,586 3,108

Kennebec 122,955 23,318 25,621 1,860 10,537 8,139 86 9,403 1,042 13,341 7,145

Knox 39,951 6,962 10,791 555 3,422 2,931 28 3,546 288 3,927 1,964

Oxford 58,132 10,490 13,375 837 5,012 4,094 41 4,803 448 7,439 2,993

Penobscot 151,655 27,017 29,606 2,155 13,241 9,782 106 11,139 1,367 17,558 10,083

Washington 31,473 6,041 8,058 482 2,647 2,250 22 2,703 230 3,738 3,432

York 209,066 38,070 45,405 3,037 18,044 14,142 146 16,435 1,740 16,691 13,205

http://www.lung.org


Data Tables

American Lung Association State of the Air 202291 Lung.org

MARYLAND
American Lung Association in Maryland

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Anne Arundel 18 0 0 6.0 F DNC DNC DNC DNC DNC DNC DNC DNC

Baltimore 15 0 0 5.0 F 1 0 0 0 0.3 B 7.7 Pass

Calvert 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Carroll 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Cecil 10 0 0 3.3 F 0 0 0 0 0.0 A 6.6 Pass

Charles 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Dorchester 4 1 0 1.8 C 0 0 0 0 0.0 A 5.4 Pass

Frederick 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Garrett 0 0 0 0.0 A 0 0 0 0 0.0 A 5.3 Pass

Harford 20 0 0 6.7 F 0 0 0 0 0.0 A 6.6 Pass

Howard DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.8 Pass

Kent 4 0 0 1.3 C 0 0 0 0 0.0 A 5.7 Pass

Montgomery 1 0 0 0.3 B 0 0 0 0 0.0 A 6.8 Pass

Prince George's 14 1 0 5.2 F 0 0 0 0 0.0 A 6.3 Pass

Washington 0 0 0 0.0 A 0 0 0 0 0.0 A 7.0 Pass

Baltimore City 13 0 0 4.3 F 1 0 0 0 0.3 B 7.9 Pass
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MARYLAND
American Lung Association in Maryland

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Anne Arundel 582,777 129,428 90,331 9,787 40,613 21,629 298 32,448 6,404 29,711 199,301

Baltimore 826,017 178,962 148,700 13,533 57,710 32,379 421 49,543 9,271 71,471 373,274

Calvert 93,072 21,332 14,909 1,613 6,384 3,548 48 5,407 942 4,911 21,502

Carroll 169,092 36,578 30,053 2,766 11,763 6,737 86 10,381 1,675 8,614 20,661

Cecil 103,419 22,996 17,186 1,739 7,155 4,002 53 6,114 1,068 8,994 16,459

Charles 164,436 39,196 21,861 2,964 11,209 5,851 84 8,703 1,853 11,956 105,673

Dorchester 31,853 6,619 7,188 501 2,224 1,389 16 2,203 312 4,657 12,096

Frederick 265,161 61,173 40,522 4,626 18,237 9,809 135 14,768 2,879 16,024 77,971

Garrett 28,852 5,220 6,789 395 2,078 1,313 15 2,091 267 3,633 1,098

Harford 256,805 56,851 43,705 4,299 17,806 9,962 131 15,222 2,685 15,611 65,614

Howard 328,200 79,158 48,178 5,986 22,276 11,891 168 17,849 3,657 17,817 166,298

Kent 19,192 2,922 5,254 221 1,431 931 10 1,496 184 2,134 4,252

Montgomery 1,051,816 241,475 173,612 18,260 72,299 39,896 537 60,658 11,553 70,020 605,221

Prince George's 909,612 200,956 129,868 15,196 63,629 32,948 464 48,874 10,620 84,663 800,721

Washington 151,146 32,679 26,999 2,471 10,546 5,961 77 9,144 1,473 17,632 35,296

Baltimore City 586,131 117,753 87,793 8,904 42,265 21,402 298 31,473 7,591 112,678 424,739
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MASSACHUSETTS
American Lung Association in Massachusetts

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Barnstable 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Berkshire 0 0 0 0.0 A 1 0 0 0 0.3 B 5.8 Pass

Bristol 13 0 0 4.3 F 0 0 0 0 0.0 A 6.5 Pass

Dukes 8 0 0 2.7 D DNC DNC DNC DNC DNC DNC DNC DNC

Essex 5 0 0 1.7 C 0 0 0 0 0.0 A 6.1 Pass

Franklin 0 0 0 0.0 A 0 0 0 0 0.0 A 6.8 Pass

Hampden 2 0 0 0.7 B 0 0 0 0 0.0 A 5.4 Pass

Hampshire 2 0 0 0.7 B 0 0 0 0 0.0 A 6.0 Pass

Middlesex 0 0 0 0.0 A 0 0 0 0 0.0 A INC INC

Norfolk 1 0 0 0.3 B INC INC INC INC INC INC INC INC

Plymouth 3 0 0 1.0 C 0 0 0 0 0.0 A 6.8 Pass

Suffolk 1 0 0 0.3 B 0 0 0 0 0.0 A 8.2 Pass

Worcester 4 0 0 1.3 C 0 0 0 0 0.0 A 7.4 Pass
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MASSACHUSETTS
American Lung Association in Massachusetts

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Barnstable 213,164 30,988 68,379 2,424 19,978 11,259 118 18,666 1,344 16,203 22,806

Berkshire 124,571 20,552 30,743 1,608 11,285 5,596 69 9,191 982 11,917 15,718

Bristol 566,765 115,833 100,125 9,060 48,469 21,026 313 34,150 5,107 55,797 107,759

Dukes 17,461 3,095 4,512 242 1,564 804 10 1,325 126 1,299 2,295

Essex 791,263 165,705 142,375 12,961 67,272 29,470 437 47,909 7,026 69,830 250,072

Franklin 70,267 11,877 16,792 929 6,333 3,109 39 5,102 560 7,423 7,007

Hampden 463,986 97,861 82,861 7,655 39,292 17,007 256 27,627 4,251 64,583 181,112

Hampshire 161,401 23,059 30,075 1,804 14,745 6,086 89 9,850 1,848 12,910 27,554

Middlesex 1,609,379 313,718 257,247 24,539 138,418 56,319 889 90,970 15,753 110,410 473,755

Norfolk 709,409 145,739 124,312 11,400 60,546 26,124 392 42,413 6,505 40,721 192,855

Plymouth 523,738 109,505 100,676 8,565 44,723 20,370 289 33,220 4,341 36,890 101,392

Suffolk 801,582 129,528 101,227 10,132 70,781 24,570 443 39,087 9,936 124,289 438,708

Worcester 829,212 171,695 137,277 13,430 70,570 29,847 458 48,363 7,480 76,029 205,897
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MICHIGAN
American Lung Association in Michigan

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Allegan 18 0 0 6.0 F 0 0 0 0 0.0 A 6.9 Pass

Bay DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.2 Pass

Benzie 2 2 0 1.7 C DNC DNC DNC DNC DNC DNC DNC DNC

Berrien 17 0 0 5.7 F DNC DNC DNC DNC DNC DNC DNC DNC

Cass 12 0 0 4.0 F DNC DNC DNC DNC DNC DNC DNC DNC

Chippewa INC INC INC INC INC INC INC INC INC INC INC INC INC

Clinton 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Genesee 4 0 0 1.3 C 0 0 0 0 0.0 A 6.9 Pass

Huron 10 0 0 3.3 F DNC DNC DNC DNC DNC DNC DNC DNC

Ingham 2 0 0 0.7 B 0 0 0 0 0.0 A INC INC

Kalamazoo 9 0 0 3.0 D 1 0 0 0 0.3 B 7.8 Pass

Kent 10 0 0 3.3 F 1 0 0 0 0.3 B 8.0 Pass

Lenawee 6 0 0 2.0 C 0 0 0 0 0.0 A 8.3 Pass

Macomb 23 0 0 7.7 F 0 0 0 0 0.0 A 7.0 Pass

Manistee 2 0 0 0.7 B 0 0 0 0 0.0 A INC INC

Mason 2 1 0 1.2 C DNC DNC DNC DNC DNC DNC DNC DNC

Missaukee 1 0 0 0.3 B 0 0 0 0 0.0 A 6.4 Pass

Muskegon 10 3 0 4.8 F DNC DNC DNC DNC DNC DNC DNC DNC

Oakland 16 1 0 5.8 F 0 0 0 0 0.0 A 7.8 Pass

Ottawa 10 0 0 3.3 F 0 0 0 0 0.0 A 8.0 Pass

St. Clair 10 1 0 3.8 F 0 0 0 0 0.0 A 7.5 Pass

Schoolcraft 5 0 0 1.7 C 0 0 0 0 0.0 A INC INC

Tuscola 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Washtenaw 11 0 0 3.7 F 0 1 0 0 0.5 B 8.3 Pass

Wayne 15 0 0 5.0 F 10 1 0 0 3.8 F 10.9 Pass

Wexford 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC
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MICHIGAN
American Lung Association in Michigan

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Allegan 118,927 28,245 20,857 2,386 10,044 7,716 71 9,224 1,131 8,552 14,289

Bay 102,387 20,215 22,031 1,707 9,049 7,305 61 8,925 966 12,891 10,676

Benzie 17,852 3,121 4,895 264 1,610 1,424 11 1,800 145 1,673 1,145

Berrien 153,025 32,868 31,798 2,776 13,233 10,608 92 12,931 1,450 22,678 38,854

Cass 51,584 10,511 11,457 888 4,526 3,753 31 4,623 454 5,677 7,056

Chippewa 36,958 6,657 7,105 562 3,339 2,511 22 2,993 324 4,486 11,465

Clinton 79,753 17,421 14,480 1,471 6,898 5,298 48 6,339 794 6,220 8,460

Genesee 404,794 89,929 74,353 7,596 34,818 26,851 242 32,190 4,123 73,344 113,478

Huron 30,653 5,809 8,197 491 2,718 2,405 18 3,038 238 3,500 1,582

Ingham 290,609 56,692 42,064 4,789 25,823 17,202 174 19,502 3,737 37,873 89,658

Kalamazoo 265,988 56,844 42,073 4,801 23,065 16,102 159 18,636 3,163 30,871 62,013

Kent 658,708 156,190 95,704 13,193 55,655 38,946 395 44,932 7,380 71,769 178,861

Lenawee 97,808 20,366 19,425 1,720 8,544 6,717 59 8,122 917 8,860 13,471

Macomb 870,791 180,465 155,985 15,243 76,470 58,254 521 69,427 8,974 79,269 198,237

Manistee 24,738 4,223 6,727 357 2,243 1,970 15 2,483 182 2,898 2,846

Mason 29,164 5,844 7,424 494 2,552 2,209 17 2,772 242 3,531 2,589

Missaukee 15,152 3,399 3,254 287 1,294 1,063 9 1,306 130 1,892 959

Muskegon 173,883 39,445 31,433 3,332 14,853 11,334 104 13,547 1,713 20,887 41,565

Oakland 1,253,459 255,956 224,038 21,619 110,492 83,890 750 99,861 12,848 97,171 361,362

Ottawa 294,635 69,105 47,097 5,837 24,907 17,887 176 20,906 3,250 19,048 49,300

St. Clair 159,293 32,557 31,676 2,750 14,029 11,219 95 13,608 1,475 19,531 14,510

Schoolcraft 8,104 1,406 2,274 119 734 668 5 849 60 950 1,194

Tuscola 52,289 10,554 11,250 891 4,605 3,769 31 4,619 462 5,862 3,726

Washtenaw 366,473 67,404 55,087 5,693 33,031 22,326 220 25,458 4,597 41,374 109,788

Wayne 1,740,623 409,018 282,744 34,548 147,484 108,791 1,041 128,134 18,764 344,282 884,507

Wexford 33,743 7,754 6,800 655 2,866 2,299 20 2,800 306 3,809 2,023
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MINNESOTA
American Lung Association in Minnesota

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Anoka 2 0 0 0.7 B 0 0 0 0 0.0 A 6.9 Pass

Becker 2 0 0 0.7 B 0 0 0 0 0.0 A 5.0 Pass

Beltrami DNC DNC DNC DNC DNC 2 1 0 0 1.2 C 6.0 Pass

Carlton 0 0 0 0.0 A 0 0 0 0 0.0 A 3.0 Pass

Cass DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 5.0 Pass

Cook DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 3.9 Pass

Crow Wing 1 0 0 0.3 B 1 0 0 0 0.3 B 4.7 Pass

Dakota DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 7.3 Pass

Goodhue 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Hennepin 0 0 0 0.0 A 1 1 0 0 0.8 B 8.3 Pass

Lake 0 0 0 0.0 A 0 0 0 0 0.0 A 4.3 Pass

Lyon 0 0 0 0.0 A 0 0 0 0 0.0 A 5.8 Pass

Mille Lacs 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Olmsted 0 0 0 0.0 A 1 0 0 0 0.3 B 7.1 Pass

Ramsey DNC DNC DNC DNC DNC 1 1 0 0 0.8 B 7.7 Pass

St. Louis 0 0 0 0.0 A 3 0 0 0 1.0 C 5.6 Pass

Scott 2 0 0 0.7 B 1 0 0 0 0.3 B INC INC

Stearns 1 0 0 0.3 B 0 0 0 0 0.0 A 6.0 Pass

Washington 0 0 0 0.0 A INC INC INC INC INC INC INC INC

Wright 4 0 0 1.3 C 0 0 0 0 0.0 A 6.2 Pass
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MINNESOTA
American Lung Association in Minnesota

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Anoka 359,921 85,218 53,744 3,622 23,466 12,479 188 20,140 3,923 25,261 77,776

Becker 34,456 8,234 7,542 350 2,189 1,344 18 2,354 315 3,857 4,794

Beltrami 47,442 11,896 7,987 506 3,018 1,596 25 2,662 527 5,488 13,352

Carlton 35,769 7,943 6,489 338 2,355 1,335 19 2,234 335 2,962 4,274

Cass 29,928 6,161 8,015 262 1,958 1,313 16 2,376 239 3,740 5,135

Cook 5,417 815 1,617 35 378 258 3 472 46 464 859

Crow Wing 65,644 13,811 15,508 587 4,314 2,698 34 4,767 599 5,549 3,542

Dakota 431,807 104,210 65,605 4,429 27,956 14,864 225 24,115 4,777 20,759 102,275

Goodhue 46,318 10,164 9,631 432 3,034 1,815 24 3,125 446 3,277 3,941

Hennepin 1,268,408 274,984 189,574 11,687 85,036 42,915 661 69,046 15,420 115,824 405,012

Lake 10,639 2,028 2,913 86 709 474 6 859 88 841 518

Lyon 25,271 6,501 4,326 276 1,590 869 13 1,455 269 2,152 4,404

Mille Lacs 26,146 6,122 4,955 260 1,688 981 14 1,663 253 2,361 3,043

Olmsted 159,298 38,722 25,798 1,646 10,260 5,432 83 8,952 1,826 10,052 34,454

Ramsey 547,903 127,110 83,399 5,402 35,962 18,162 285 29,475 6,672 66,975 217,214

St. Louis 198,538 37,314 41,131 1,586 13,577 7,708 104 13,195 2,150 19,339 18,244

Scott 150,689 40,008 17,784 1,700 9,535 4,821 79 7,481 1,716 6,383 31,538

Stearns 162,038 37,721 25,798 1,603 10,599 5,468 85 8,961 1,844 16,574 26,845

Washington 265,476 64,112 42,477 2,725 17,134 9,393 138 15,393 2,807 11,461 51,404

Wright 140,249 38,567 18,740 1,639 8,711 4,543 73 7,243 1,503 6,393 12,291
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MISSISSIPPI
American Lung Association in Mississippi

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Bolivar 2 0 0 0.7 B 0 0 0 0 0.0 A INC INC

DeSoto 3 1 0 1.5 C 0 0 0 0 0.0 A 8.0 Pass

Forrest DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 9.1 Pass

Grenada DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

Hancock 0 0 0 0.0 A 1 0 0 0 0.3 B 8.0 Pass

Harrison 4 0 0 1.3 C 0 0 0 0 0.0 A 8.9 Pass

Hinds 0 0 0 0.0 A 2 0 0 0 0.7 B 9.6 Pass

Jackson 3 0 0 1.0 C 0 0 0 0 0.0 A 8.4 Pass

Lauderdale 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Lee 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Yalobusha 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC
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MISSISSIPPI
American Lung Association in Mississippi

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Bolivar 30,142 7,412 5,138 708 2,021 1,987 22 2,714 360 8,059 20,478

DeSoto 188,275 47,306 25,627 4,520 12,600 11,915 137 15,780 2,385 17,653 74,370

Forrest 75,009 17,418 10,698 1,664 5,101 4,681 54 6,139 1,038 17,991 32,311

Grenada 20,610 4,931 3,810 471 1,398 1,420 15 1,971 232 4,351 9,526

Hancock 48,000 9,391 10,234 897 3,454 3,640 35 5,148 502 7,428 7,495

Harrison 208,801 49,348 33,415 4,715 14,204 13,759 152 18,581 2,485 34,186 77,616

Hinds 227,966 53,920 35,295 5,151 15,482 14,783 165 19,812 2,933 56,977 174,070

Jackson 143,802 32,971 24,064 3,150 9,900 9,781 105 13,335 1,674 19,105 46,908

Lauderdale 73,751 17,071 13,517 1,631 5,045 5,055 54 6,979 821 15,725 35,849

Lee 85,466 21,316 13,193 2,037 5,728 5,568 62 7,517 1,019 11,194 30,787

Yalobusha 11,982 2,604 2,606 249 836 885 9 1,258 127 2,495 5,066
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MISSOURI
American Lung Association in Missouri

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Andrew 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Boone 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Buchanan DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 8.4 Pass

Callaway 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Cass 1 0 0 0.3 B 1 0 0 0 0.3 B 6.3 Pass

Cedar 0 0 0 0.0 A 0 0 0 0 0.0 A 7.1 Pass

Clay 12 0 0 4.0 F 0 0 0 0 0.0 A 6.1 Pass

Clinton 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Greene 0 0 0 0.0 A 1 0 0 0 0.3 B 7.5 Pass

Jackson DNC DNC DNC DNC DNC 2 1 0 0 1.2 C 7.8 Pass

Jasper 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Jefferson 8 0 0 2.7 D 2 0 0 0 0.7 B 7.1 Pass

Lincoln 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Monroe 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Perry 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

St. Charles 15 1 0 5.5 F DNC DNC DNC DNC DNC DNC DNC DNC

Ste. Genevieve 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

St. Louis 13 0 0 4.3 F 2 0 0 0 0.7 B 8.6 Pass

St. Louis City 13 1 0 4.8 F 5 1 0 0 2.2 D 8.9 Pass
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MISSOURI
American Lung Association in Missouri

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Andrew 17,586 4,036 3,490 360 1,255 1,212 12 1,407 174 1,586 1,108

Boone 182,991 37,426 24,281 3,342 13,930 10,485 124 11,339 2,616 22,178 40,002

Buchanan 86,530 19,314 14,884 1,724 6,305 5,597 59 6,343 912 10,789 15,060

Callaway 44,887 9,301 7,729 830 3,341 2,966 31 3,351 483 4,693 4,622

Cass 106,806 25,207 18,889 2,251 7,620 7,048 72 8,044 1,128 7,182 14,090

Cedar 14,322 3,458 3,343 309 992 1,030 10 1,231 124 2,603 822

Clay 253,463 60,214 37,716 5,376 18,267 15,520 172 17,245 2,983 19,299 51,629

Clinton 20,553 4,726 3,833 422 1,472 1,397 14 1,605 204 1,902 1,404

Greene 294,997 60,747 50,489 5,424 22,063 18,688 200 21,081 3,645 40,491 38,789

Jackson 705,925 164,090 111,086 14,651 51,097 43,797 478 49,031 8,333 86,479 268,834

Jasper 121,648 29,808 19,735 2,661 8,638 7,499 82 8,458 1,382 18,117 20,265

Jefferson 226,543 51,470 36,484 4,595 16,452 14,759 154 16,575 2,437 19,991 13,656

Lincoln 60,119 15,164 8,577 1,354 4,249 3,661 41 4,056 659 5,604 4,320

Monroe 8,672 1,895 2,113 169 618 649 6 777 73 1,115 639

Perry 19,194 4,381 3,795 391 1,373 1,317 13 1,528 192 2,212 1,009

St. Charles 406,204 92,500 66,009 8,259 29,495 26,094 275 29,341 4,515 20,179 56,141

Ste. Genevieve 17,924 3,929 3,748 351 1,292 1,280 12 1,495 165 1,582 793

St. Louis 994,020 218,138 188,004 19,476 72,303 66,895 672 76,912 10,991 88,893 349,476

St. Louis City 297,645 55,302 43,829 4,938 23,052 18,441 202 20,229 4,003 59,993 163,743
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MONTANA
American Lung Association in Montana

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Fergus 1 0 0 0.3 B 6 3 0 0 3.5 F 4.6 Pass

Flathead 0 0 0 0.0 A 15 9 0 0 9.5 F 7.9 Pass

Gallatin DNC DNC DNC DNC DNC 10 0 0 0 3.3 F 2.2 Pass

Lewis and Clark 0 0 0 0.0 A 10 7 0 0 6.8 F 8.3 Pass

Lincoln DNC DNC DNC DNC DNC 11 16 2 1 13.8 F 13.3 Fail

Missoula INC INC INC INC INC 6 6 0 0 5.0 F 8.8 Pass

Phillips 0 0 0 0.0 A 4 1 0 0 1.8 C 5.3 Pass

Powder River 3 0 0 1.0 C 5 1 0 0 2.2 D 6.7 Pass

Ravalli DNC DNC DNC DNC DNC 3 5 0 0 3.5 F 5.5 Pass

Richland 0 0 0 0.0 A 1 0 0 0 0.3 B 4.8 Pass

Rosebud 0 0 0 0.0 A 5 2 0 0 2.7 D 5.6 Pass

Silver Bow DNC DNC DNC DNC DNC 6 3 0 0 3.5 F 5.6 Pass

Yellowstone DNC DNC DNC DNC DNC 4 3 0 0 2.8 D INC INC
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MONTANA
American Lung Association in Montana

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Fergus 11,104 2,310 2,793 135 922 643 5 786 93 1,469 721

Flathead 105,851 22,811 21,971 1,335 8,826 5,652 48 6,774 997 11,014 8,017

Gallatin 116,806 22,660 15,560 1,327 10,180 5,074 53 5,744 1,424 9,972 10,554

Lewis and Clark 70,229 15,021 13,862 879 5,885 3,671 32 4,374 681 6,994 6,405

Lincoln 20,343 3,678 6,173 215 1,729 1,337 9 1,663 148 3,598 1,579

Missoula 121,630 22,239 20,436 1,302 10,654 5,835 55 6,776 1,468 14,029 13,856

Phillips 3,919 890 936 52 319 222 2 271 29 576 679

Powder River 1,681 270 502 16 147 110 1 137 13 206 130

Ravalli 45,002 8,282 12,270 485 3,840 2,788 20 3,428 360 5,075 3,350

Richland 11,043 2,823 1,712 165 886 511 5 597 105 882 1,287

Rosebud 8,836 2,540 1,474 149 674 409 4 484 79 1,535 4,069

Silver Bow 35,180 7,195 6,891 421 2,982 1,820 16 2,162 345 4,528 3,560

Yellowstone 162,990 37,729 29,006 2,209 13,396 7,963 74 9,397 1,676 16,988 23,661
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NEBRASKA
American Lung Association in Nebraska

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Douglas 4 0 0 1.3 C 1 1 0 0 0.8 B 7.4 Pass

Hall DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Knox 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Lancaster 0 0 0 0.0 A 0 0 0 0 0.0 A 6.6 Pass

Sarpy DNC DNC DNC DNC DNC 2 0 0 0 0.7 B 8.2 Pass

Scotts Bluff DNC DNC DNC DNC DNC 1 0 0 0 0.3 B INC INC

Washington DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.8 Pass
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NEBRASKA
American Lung Association in Nebraska

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Douglas 574,332 145,434 79,092 6,828 33,853 21,021 316 28,017 7,656 55,209 181,716

Hall 61,028 16,812 9,296 789 3,467 2,311 34 3,156 709 7,093 21,838

Knox 8,304 2,018 2,162 95 478 396 5 603 73 1,100 1,290

Lancaster 320,650 72,159 47,527 3,388 19,602 11,918 177 16,099 4,425 28,584 63,010

Sarpy 188,856 50,820 23,558 2,386 10,924 6,715 104 8,784 2,461 9,104 38,412

Scotts Bluff 35,299 8,771 7,004 412 2,055 1,491 19 2,144 400 4,287 10,218

Washington 20,901 4,999 3,933 235 1,235 906 12 1,274 227 1,104 1,189
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NEVADA
American Lung Association in Nevada

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Churchill 7 0 0 2.3 D DNC DNC DNC DNC DNC DNC DNC DNC

Clark 65 0 0 21.7 F 9 3 0 0 4.5 F 9.7 Pass

Douglas DNC DNC DNC DNC DNC 12 12 3 0 12.0 F 6.8 Pass

Elko INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Lyon 10 0 0 3.3 F DNC DNC DNC DNC DNC DNC DNC DNC

Washoe 29 0 0 9.7 F 16 11 2 0 12.2 F 8.3 Pass

White Pine 8 0 0 2.7 D DNC DNC DNC DNC DNC DNC DNC DNC

Carson City 11 0 0 3.7 F 16 11 0 0 10.8 F 6.7 Pass
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NEVADA
American Lung Association in Nevada

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Churchill 25,363 5,799 4,924 415 1,873 1,514 12 1,979 235 2,581 7,174

Clark 2,315,963 525,404 359,536 37,586 168,840 126,357 1,136 161,380 25,242 301,418 1,369,838

Douglas 49,088 7,653 15,268 547 4,186 3,965 24 5,411 357 3,893 9,723

Elko 53,006 14,228 6,664 1,018 3,626 2,588 26 3,254 539 5,815 17,927

Lyon 58,319 12,221 12,718 874 4,480 3,765 29 4,979 520 5,814 15,627

Washoe 477,082 100,997 82,298 7,225 35,621 27,397 234 35,293 4,967 47,922 182,634

White Pine 9,466 1,885 1,860 135 725 581 5 757 72 1,021 2,688

Carson City 56,034 11,388 11,893 815 4,329 3,591 27 4,733 491 6,656 19,036
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NEW HAMPSHIRE
American Lung Association in New Hampshire

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Belknap 0 0 0 0.0 A 0 0 0 0 0.0 A 4.1 Pass

Cheshire 0 0 0 0.0 A 0 0 0 0 0.0 A 5.5 Pass

Coos 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Grafton 0 0 0 0.0 A 0 0 0 0 0.0 A 5.2 Pass

Hillsborough 0 0 0 0.0 A 0 0 0 0 0.0 A 3.1 Pass

Merrimack 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Rockingham 4 0 0 1.3 C 0 0 0 0 0.0 A 5.2 Pass

http://www.lung.org


Data Tables

American Lung Association State of the Air 2022110 Lung.org

NEW HAMPSHIRE
American Lung Association in New Hampshire

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Belknap 61,551 11,019 14,465 794 5,742 3,551 36 4,410 459 4,472 3,202

Cheshire 76,228 13,495 16,326 973 7,238 4,167 45 5,089 653 6,379 4,773

Coos 31,174 5,045 7,826 364 2,954 1,861 18 2,334 208 3,828 1,684

Grafton 90,691 14,263 19,996 1,028 8,829 5,035 53 6,162 803 7,217 8,868

Hillsborough 418,735 83,293 69,907 6,004 39,462 21,016 247 24,515 3,698 29,194 70,440

Merrimack 152,622 28,410 29,474 2,048 14,442 8,087 90 9,681 1,292 9,764 12,330

Rockingham 311,307 58,757 59,581 4,236 29,280 16,730 183 19,970 2,516 14,099 25,255
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NEW JERSEY
American Lung Association in New Jersey

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Atlantic 2 0 0 0.7 B 0 0 0 0 0.0 A 6.5 Pass

Bergen 18 2 0 7.0 F 0 0 0 0 0.0 A INC INC

Camden 10 0 0 3.3 F 0 0 0 0 0.0 A 9.4 Pass

Cumberland 3 0 0 1.0 C 0 0 0 0 0.0 A 8.3 Pass

Essex 3 1 0 1.5 C 1 0 0 0 0.3 B 8.5 Pass

Gloucester 9 0 0 3.0 D 0 0 0 0 0.0 A INC INC

Hudson 7 2 0 3.3 F 0 0 0 0 0.0 A INC INC

Hunterdon 4 2 0 2.3 D 0 0 0 0 0.0 A 7.7 Pass

Mercer 11 1 0 4.2 F 0 0 0 0 0.0 A 7.5 Pass

Middlesex 10 0 0 3.3 F 0 0 0 0 0.0 A 7.8 Pass

Monmouth 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Morris 5 0 0 1.7 C 0 0 0 0 0.0 A INC INC

Ocean 10 0 0 3.3 F 0 0 0 0 0.0 A 6.2 Pass

Passaic 4 0 0 1.3 C 0 0 0 0 0.0 A INC INC

Union DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 8.7 Pass

Warren 1 0 0 0.3 B 1 0 0 0 0.3 B 7.3 Pass
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NEW JERSEY
American Lung Association in New Jersey

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Atlantic 262,945 55,021 50,404 4,266 18,238 10,721 140 17,507 2,719 35,571 116,795

Bergen 930,394 195,299 167,551 15,142 64,378 37,155 495 60,231 9,937 59,225 425,060

Camden 506,809 114,399 82,806 8,870 34,309 19,075 270 30,587 5,687 61,747 227,527

Cumberland 147,008 35,582 23,419 2,759 9,742 5,385 79 8,626 1,487 18,073 81,271

Essex 800,501 189,657 114,057 14,705 53,269 28,561 426 45,132 9,425 111,465 561,379

Gloucester 293,245 62,834 49,177 4,872 20,148 11,371 156 18,284 3,198 20,136 66,899

Hudson 671,666 136,182 83,755 10,559 46,563 22,885 358 35,199 8,845 86,854 477,308

Hunterdon 124,797 23,467 25,099 1,819 8,891 5,390 67 8,847 1,168 4,932 20,052

Mercer 367,239 77,966 58,961 6,045 25,272 13,904 196 22,202 4,202 33,028 193,641

Middlesex 822,736 177,643 130,598 13,773 56,350 30,933 439 49,353 9,301 59,132 487,102

Monmouth 618,381 128,608 116,045 9,971 42,929 25,361 329 41,354 6,155 35,894 154,643

Morris 491,087 101,111 88,146 7,839 34,144 19,790 262 32,074 5,077 22,653 148,221

Ocean 614,237 149,924 140,718 11,624 40,994 25,722 327 43,137 5,465 63,592 98,065

Passaic 500,382 118,440 76,786 9,183 33,359 18,232 267 29,055 5,620 83,071 300,551

Union 555,394 129,820 83,347 10,065 37,146 20,363 296 32,397 6,151 50,517 340,830

Warren 105,624 20,289 20,323 1,573 7,481 4,428 56 7,225 1,050 7,539 21,820
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NEW MEXICO
American Lung Association in New Mexico

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Bernalillo 24 0 0 8.0 F 1 0 0 0 0.3 B 8.4 Pass

Doña Ana 53 3 0 19.2 F 5 1 0 0 2.2 D 7.9 Pass

Eddy 45 5 0 17.5 F DNC DNC DNC DNC DNC DNC DNC DNC

Lea 9 0 0 3.0 D 1 0 0 0 0.3 B 7.0 Pass

Rio Arriba 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Sandoval 17 0 0 5.7 F DNC DNC DNC DNC DNC DNC DNC DNC

San Juan 20 0 0 6.7 F DNC DNC DNC DNC DNC DNC DNC DNC

Santa Fe 5 0 0 1.7 C 0 0 0 0 0.0 A 3.7 Pass

Taos DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 5.7 Pass

Valencia 7 0 0 2.3 D DNC DNC DNC DNC DNC DNC DNC DNC
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NEW MEXICO
American Lung Association in New Mexico

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Bernalillo 681,666 143,532 118,406 10,335 54,323 26,234 217 40,353 7,479 102,304 424,189

Doña Ana 221,262 52,954 36,983 3,813 16,858 7,975 71 12,171 2,491 44,372 162,418

Eddy 58,418 15,500 8,548 1,116 4,337 1,988 19 3,050 599 7,379 32,667

Lea 71,830 21,583 8,141 1,554 5,090 2,114 23 3,227 753 8,713 48,173

Rio Arriba 38,521 8,769 8,021 631 3,005 1,637 12 2,538 357 7,510 33,607

Sandoval 148,904 33,620 28,511 2,421 11,653 6,039 48 9,340 1,491 15,305 86,374

San Juan 123,312 31,546 19,912 2,271 9,278 4,462 39 6,870 1,268 26,171 78,111

Santa Fe 151,946 26,066 39,993 1,877 12,626 7,537 48 11,692 1,373 18,645 86,080

Taos 32,593 5,517 9,340 397 2,708 1,701 10 2,642 269 6,094 20,867

Valencia 77,574 17,934 14,491 1,291 6,028 3,092 25 4,779 752 11,697 53,210
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NEW YORK
American Lung Association in New York

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Albany 2 0 0 0.7 B 3 0 0 0 1.0 C 7.4 Pass

Bronx 13 0 0 4.3 F 0 0 0 0 0.0 A 8.1 Pass

Chautauqua 5 0 0 1.7 C 0 0 0 0 0.0 A 5.9 Pass

Dutchess 1 1 0 0.8 B DNC DNC DNC DNC DNC DNC DNC DNC

Erie 2 0 0 0.7 B 0 1 0 0 0.5 B 7.2 Pass

Essex 2 0 0 0.7 B 0 0 0 0 0.0 A 3.1 Pass

Hamilton 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Herkimer INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Jefferson 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Kings DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Monroe 4 0 0 1.3 C 0 0 0 0 0.0 A 6.6 Pass

New York 12 1 0 4.5 F 1 0 0 0 0.3 B INC INC

Niagara 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Onondaga 2 0 0 0.7 B 0 0 0 0 0.0 A 5.7 Pass

Orange 1 0 0 0.3 B 0 0 0 0 0.0 A INC INC

Oswego 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Putnam 2 1 0 1.2 C DNC DNC DNC DNC DNC DNC DNC DNC

Queens 15 0 0 5.0 F 0 0 0 0 0.0 A 6.6 Pass

Richmond 8 0 0 2.7 D 0 0 0 0 0.0 A INC INC

Rockland 6 0 1 2.7 D DNC DNC DNC DNC DNC DNC DNC DNC

Saratoga 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Steuben 0 0 0 0.0 A 0 0 0 0 0.0 A 5.2 Pass

Suffolk 25 1 0 8.8 F 0 0 0 0 0.0 A INC INC

Tompkins 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Wayne 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Westchester 13 1 0 4.8 F DNC DNC DNC DNC DNC DNC DNC DNC
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NEW YORK
American Lung Association in New York

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Albany 303,654 55,217 54,365 4,545 23,860 12,143 172 18,069 3,468 32,736 88,238

Bronx 1,401,142 343,756 192,581 28,298 102,192 48,529 793 70,852 16,024 333,670 1,276,104

Chautauqua 126,032 25,405 26,724 2,091 9,578 5,583 72 8,371 1,167 17,909 16,715

Dutchess 293,293 54,027 54,693 4,448 22,920 12,563 167 18,532 2,917 22,960 87,954

Erie 917,241 184,393 172,524 15,179 70,143 38,099 520 56,653 9,347 117,938 234,297

Essex 36,891 5,784 9,243 476 2,943 1,846 21 2,786 294 3,565 2,940

Hamilton 4,345 558 1,447 46 353 262 2 402 29 378 245

Herkimer 60,945 12,401 13,240 1,021 4,614 2,754 35 4,129 544 7,192 3,714

Jefferson 108,095 25,814 15,874 2,125 7,942 3,712 62 5,498 1,058 13,411 20,138

Kings 2,538,934 573,050 376,413 47,174 189,748 89,828 1,436 132,459 30,402 446,856 1,601,732

Monroe 740,900 151,729 135,770 12,490 56,446 30,182 420 44,853 7,794 100,122 224,766

New York 1,611,989 230,115 281,526 18,943 133,131 63,453 912 94,547 21,400 255,059 854,472

Niagara 208,396 41,205 42,101 3,392 15,949 9,173 118 13,644 1,965 23,934 31,927

Onondaga 459,214 96,850 82,947 7,973 34,723 18,597 260 27,589 4,776 56,835 109,502

Orange 385,234 98,284 56,368 8,091 27,648 14,047 219 20,481 3,764 39,859 147,346

Oswego 116,346 24,200 20,359 1,992 8,839 4,784 66 7,031 1,135 15,935 7,437

Putnam 98,532 19,037 18,327 1,567 7,609 4,312 56 6,323 908 5,516 23,659

Queens 2,225,821 444,017 377,297 36,552 171,253 88,704 1,262 130,602 24,148 226,286 1,678,234

Richmond 475,327 102,965 80,934 8,476 35,743 19,070 269 28,029 4,867 49,625 196,554

Rockland 326,225 93,793 52,501 7,721 22,284 11,882 185 17,599 3,007 46,407 121,958

Saratoga 230,298 44,717 44,681 3,681 17,737 10,016 131 14,826 2,239 14,249 23,146

Steuben 94,657 20,217 19,364 1,664 7,091 4,146 54 6,184 855 11,291 6,424

Suffolk 1,474,273 305,751 261,770 25,170 112,005 61,596 836 90,435 14,279 87,692 501,183

Tompkins 101,058 14,703 15,769 1,210 8,355 3,654 57 5,440 1,371 10,927 23,277

Wayne 89,339 18,876 17,871 1,554 6,718 3,940 51 5,842 791 8,589 9,404

Westchester 965,802 207,948 172,471 17,118 72,609 39,755 547 58,607 9,701 71,781 461,595
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NORTH CAROLINA
American Lung Association in North Carolina

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Alexander 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Avery 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Buncombe 0 0 0 0.0 A 0 0 0 0 0.0 A 5.7 Pass

Caldwell 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Carteret 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Caswell 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Catawba DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.0 Pass

Cumberland 0 0 0 0.0 A 0 0 0 0 0.0 A 7.2 Pass

Davidson DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.8 Pass

Durham 0 0 0 0.0 A 0 0 0 0 0.0 A 7.7 Pass

Edgecombe 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Forsyth 2 0 0 0.7 B 0 0 0 0 0.0 A 8.9 Pass

Graham 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Granville 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Guilford 1 0 0 0.3 B 0 0 0 0 0.0 A 6.8 Pass

Haywood 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Jackson INC INC INC INC INC 0 0 0 0 0.0 A 6.4 Pass

Johnston 0 0 0 0.0 A 0 0 0 0 0.0 A 7.6 Pass

Lee INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Lenoir 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Lincoln 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Macon 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Martin 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Mecklenburg 15 0 0 5.0 F 2 0 0 0 0.7 B 8.9 Pass

Mitchell DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 5.5 Pass

Montgomery 0 0 0 0.0 A 0 0 0 0 0.0 A 7.4 Pass

New Hanover 0 0 0 0.0 A 0 0 0 0 0.0 A 3.7 Pass

Northampton DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

Person 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Pitt 0 0 0 0.0 A 0 0 0 0 0.0 A 6.2 Pass

Rockingham 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Rowan 0 0 0 0.0 A INC INC INC INC INC INC INC INC

Swain 0 0 0 0.0 A 1 0 0 0 0.3 B 7.0 Pass

Union 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Wake 0 0 0 0.0 A 1 0 0 0 0.3 B 7.5 Pass

Yancey 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC
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NORTH CAROLINA
American Lung Association in North Carolina

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Alexander 37,441 7,335 7,809 843 2,333 2,138 24 3,176 334 4,248 5,028

Avery 17,571 2,627 4,036 302 1,157 1,052 11 1,583 148 2,398 2,030

Buncombe 263,477 47,485 55,508 5,457 16,753 14,677 166 22,024 2,853 35,693 44,149

Caldwell 82,100 16,245 17,217 1,867 5,102 4,723 52 7,010 766 10,557 11,114

Carteret 69,558 11,692 18,421 1,344 4,450 4,473 44 6,854 578 6,394 9,350

Caswell 22,443 4,123 5,223 474 1,415 1,349 14 2,033 185 3,287 8,794

Catawba 160,307 34,873 29,884 4,007 9,748 8,608 101 12,630 1,602 18,349 41,057

Cumberland 336,364 83,473 42,529 9,592 19,857 14,079 213 20,090 3,888 58,933 196,610

Davidson 169,234 36,521 31,947 4,197 10,309 9,242 107 13,541 1,670 20,044 35,899

Durham 327,306 65,770 46,245 7,558 20,508 15,084 206 21,574 4,229 36,583 185,709

Edgecombe 50,829 11,344 10,768 1,304 3,056 2,794 32 4,211 511 12,004 32,616

Forsyth 383,843 86,782 64,463 9,973 23,158 19,249 241 28,029 4,274 48,382 169,632

Graham 8,474 1,690 2,145 194 522 509 5 786 74 1,382 1,209

Granville 60,486 12,326 10,941 1,416 3,747 3,305 38 4,792 576 8,601 25,759

Guilford 540,521 119,326 86,182 13,712 32,892 26,529 339 38,373 6,333 69,163 277,385

Haywood 62,972 11,266 16,083 1,295 3,981 3,893 40 5,974 566 8,503 5,153

Jackson 44,033 7,199 9,070 827 2,863 2,363 28 3,564 509 6,603 8,502

Johnston 216,246 54,039 30,341 6,210 12,690 10,331 136 14,596 2,334 24,359 73,315

Lee 62,353 14,893 10,785 1,711 3,694 3,160 39 4,619 629 9,411 26,472

Lenoir 55,720 12,408 11,650 1,426 3,353 3,082 35 4,620 530 9,459 28,627

Lincoln 88,097 18,189 16,668 2,090 5,431 4,946 56 7,199 845 10,351 13,418

Macon 35,994 6,550 10,588 753 2,253 2,331 23 3,676 291 4,600 4,203

Martin 22,178 4,462 5,527 513 1,364 1,346 14 2,061 198 4,424 10,623

Mecklenburg 1,128,945 258,686 133,309 29,727 68,426 49,592 710 68,959 14,279 122,098 612,395

Mitchell 14,881 2,680 3,867 308 939 924 9 1,423 127 2,052 1,277

Montgomery 27,238 5,834 5,875 670 1,656 1,532 17 2,305 260 4,200 10,086

New Hanover 236,613 42,375 44,982 4,870 15,118 12,559 149 18,599 2,767 23,331 53,359

Northampton 19,088 3,355 5,380 386 1,206 1,242 12 1,931 151 4,046 11,673

Person 39,925 8,104 8,231 931 2,466 2,284 25 3,380 378 5,310 13,597

Pitt 182,924 38,434 26,036 4,417 11,327 8,264 115 11,898 2,422 30,096 84,681

Rockingham 91,285 18,277 19,497 2,100 5,651 5,291 57 7,874 860 12,458 25,601

Rowan 142,495 31,350 25,809 3,603 8,645 7,513 90 10,998 1,426 19,964 41,202

Swain 14,179 3,139 2,802 361 856 761 9 1,133 145 1,931 5,647

Union 244,562 63,643 32,536 7,314 14,162 11,704 154 16,333 2,583 16,946 71,990

Wake 1,132,271 263,953 141,073 30,332 68,173 51,491 714 71,803 13,621 82,129 461,088

Yancey 18,099 3,265 4,848 375 1,140 1,137 11 1,760 155 2,677 1,429
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NORTH DAKOTA
American Lung Association in North Dakota

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Billings 0 0 0 0.0 A 0 0 0 0 0.0 A 3.8 Pass

Burke 0 0 0 0.0 A 1 0 0 0 0.3 B 3.7 Pass

Burleigh 0 0 0 0.0 A 2 2 0 0 1.7 C 5.2 Pass

Cass 0 0 0 0.0 A 2 1 0 0 1.2 C 6.6 Pass

Dunn 0 0 0 0.0 A 0 0 0 0 0.0 A INC INC

McKenzie 0 0 0 0.0 A 0 0 0 0 0.0 A 4.1 Pass

Mercer 0 0 0 0.0 A 2 0 0 0 0.7 B 4.9 Pass

Oliver 0 0 0 0.0 A 3 0 0 0 1.0 C 5.2 Pass

Ward 0 0 0 0.0 A 3 0 0 0 1.0 C 4.9 Pass

Williams INC INC INC INC INC INC INC INC INC INC INC INC INC

http://www.lung.org


Data Tables

American Lung Association State of the Air 2022120 Lung.org

NORTH DAKOTA
American Lung Association in North Dakota

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Billings 890 179 214 12 60 45 1 72 9 89 76

Burke 2,118 534 461 35 134 99 1 158 21 166 173

Burleigh 96,212 22,479 16,636 1,463 6,352 4,189 56 6,169 1,234 7,934 11,347

Cass 183,904 41,210 23,714 2,681 12,572 7,292 107 9,777 2,810 17,324 29,198

Dunn 4,465 1,127 747 73 286 192 3 283 46 442 844

McKenzie 15,242 4,938 1,366 321 908 508 9 648 194 1,130 3,749

Mercer 8,174 1,900 1,713 124 529 388 5 607 80 646 633

Oliver 1,926 473 461 31 121 95 1 154 16 206 120

Ward 68,466 16,267 9,295 1,058 4,591 2,709 40 3,698 932 5,829 12,625

Williams 38,700 11,614 3,527 756 2,393 1,325 23 1,679 497 3,665 9,103
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OHIO
American Lung Association in Ohio

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Allen 6 0 0 2.0 C 0 0 0 0 0.0 A 7.0 Pass

Ashtabula 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Athens DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.4 Pass

Belmont DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Butler 11 0 0 3.7 F 0 0 0 0 0.0 A INC INC

Clark 7 0 0 2.3 D 0 0 0 0 0.0 A 8.9 Pass

Clermont 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Clinton 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Cuyahoga 21 0 0 7.0 F 3 1 0 0 1.5 C 9.3 Pass

Delaware 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Fayette 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Franklin 4 0 0 1.3 C 1 0 0 0 0.3 B 8.8 Pass

Geauga 11 0 0 3.7 F DNC DNC DNC DNC DNC DNC DNC DNC

Greene 1 0 0 0.3 B INC INC INC INC INC INC INC INC

Hamilton 18 1 0 6.5 F 2 0 0 0 0.7 B 11.6 Pass

Harrison DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Jefferson 2 0 0 0.7 B 0 0 0 0 0.0 A INC INC

Knox 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Lake 20 0 0 6.7 F 0 0 0 0 0.0 A 6.6 Pass

Lawrence 2 0 0 0.7 B 0 0 0 0 0.0 A 6.9 Pass

Licking 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Lorain 1 0 0 0.3 B 0 1 0 0 0.5 B 7.2 Pass

Lucas 17 1 0 6.2 F 1 0 0 0 0.3 B INC INC

Madison 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Mahoning 0 0 0 0.0 A 1 0 0 0 0.3 B INC INC

Medina 0 0 0 0.0 A 0 0 0 0 0.0 A 7.3 Pass

Miami 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Montgomery 8 0 0 2.7 D 0 0 0 0 0.0 A 9.1 Pass

Noble 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Portage 1 0 0 0.3 B 0 0 0 0 0.0 A INC INC

Preble 1 0 0 0.3 B 1 0 0 0 0.3 B 8.1 Pass

Scioto DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Stark 6 0 0 2.0 C 1 0 0 0 0.3 B 9.0 Pass

Summit 4 0 0 1.3 C 3 0 0 0 1.0 C 8.8 Pass

Trumbull 5 0 0 1.7 C 1 1 0 0 0.8 B 7.1 Pass

Warren 12 0 0 4.0 F DNC DNC DNC DNC DNC DNC DNC DNC

Washington 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Wood 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC
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American Lung Association in Ohio

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Allen 101,980 23,452 18,881 1,691 7,870 6,458 67 8,443 1,027 12,387 20,294

Ashtabula 96,513 21,112 19,494 1,522 7,541 6,553 63 8,622 911 15,354 10,549

Athens 65,481 9,409 9,292 678 5,684 3,768 43 4,720 963 12,301 6,696

Belmont 65,932 12,452 14,354 898 5,334 4,667 43 6,180 603 7,893 4,938

Butler 385,648 89,341 59,968 6,443 29,941 23,095 253 29,480 4,433 37,769 80,643

Clark 133,593 29,735 26,956 2,144 10,374 8,878 87 11,714 1,379 18,577 21,871

Clermont 207,449 46,510 36,548 3,354 16,202 13,355 136 17,266 2,163 18,827 14,731

Clinton 41,921 9,471 7,565 683 3,261 2,694 27 3,499 442 4,611 2,918

Cuyahoga 1,227,883 251,006 234,376 18,100 97,921 80,383 802 105,038 13,743 183,748 512,984

Delaware 213,554 54,450 31,430 3,926 16,130 12,821 140 16,249 2,337 7,876 36,692

Fayette 28,579 6,665 5,282 481 2,199 1,849 19 2,411 294 3,859 2,313

Franklin 1,324,624 306,055 167,882 22,070 103,561 72,337 867 90,133 17,063 199,428 511,564

Geauga 93,271 20,879 20,157 1,506 7,216 6,559 61 8,702 824 5,752 4,366

Greene 170,122 34,889 30,673 2,516 13,584 10,780 112 13,998 1,924 14,570 28,406

Hamilton 817,985 186,668 132,221 13,461 63,656 49,148 535 63,104 9,478 101,099 290,735

Harrison 15,014 3,044 3,381 220 1,192 1,084 10 1,442 139 2,019 810

Jefferson 64,939 12,551 14,559 905 5,214 4,617 43 6,146 655 9,593 6,593

Knox 62,423 14,217 11,787 1,025 4,828 4,000 41 5,239 659 6,440 3,043

Lake 229,569 44,800 48,384 3,231 18,462 16,066 150 21,186 2,296 17,854 29,595

Lawrence 59,091 12,711 11,606 917 4,646 3,970 39 5,202 613 11,521 3,190

Licking 178,100 40,762 30,647 2,939 13,836 11,308 117 14,588 1,898 17,039 20,905

Lorain 312,172 67,390 60,480 4,860 24,532 20,800 205 27,217 3,183 36,055 70,229

Lucas 428,294 97,929 73,586 7,062 33,247 26,654 280 34,452 4,776 73,336 138,207

Madison 44,559 9,051 7,281 653 3,592 2,858 30 3,644 417 3,795 5,326

Mahoning 226,075 45,001 49,996 3,245 18,018 15,776 148 21,008 2,210 34,336 56,334

Medina 180,912 39,321 34,580 2,836 14,212 12,172 119 15,872 1,813 10,598 12,340

Miami 107,516 24,574 20,806 1,772 8,304 7,067 70 9,269 1,083 8,534 9,166

Montgomery 531,610 116,633 98,808 8,411 41,600 33,877 348 44,249 5,869 75,773 160,400

Noble 14,364 2,694 4,147 194 1,144 1,161 10 1,594 105 1,753 740

Portage 162,583 29,652 28,706 2,138 13,389 10,509 106 13,542 1,958 15,339 18,112

Preble 40,836 9,083 8,232 655 3,176 2,768 27 3,643 398 3,546 1,695

Scioto 74,347 16,061 14,127 1,158 5,843 4,869 49 6,362 765 16,161 5,175

Stark 369,772 78,704 75,310 5,675 29,081 24,900 242 32,832 3,804 47,524 52,123

Summit 538,866 111,547 102,313 8,044 42,873 35,621 352 46,457 5,791 64,333 130,506

Trumbull 196,800 39,925 44,273 2,879 15,599 13,915 129 18,562 1,904 30,489 26,197

Warren 238,412 57,117 36,496 4,119 18,365 14,681 157 18,653 2,492 12,124 36,557

Washington 59,652 11,721 13,190 845 4,773 4,204 39 5,590 593 7,772 3,107

Wood 131,113 26,461 21,164 1,908 10,554 7,856 86 10,065 1,626 12,315 16,350
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OKLAHOMA
American Lung Association in Oklahoma

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Adair 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Bryan INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Canadian 7 0 0 2.3 D DNC DNC DNC DNC DNC DNC DNC DNC

Carter INC INC INC INC INC 3 0 0 0 1.0 C 8.5 Pass

Choctaw INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Cleveland 5 0 0 1.7 C 3 0 0 0 1.0 C 10.0 Pass

Comanche 4 0 0 1.3 C 1 0 0 0 0.3 B 7.6 Pass

Creek 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Dewey 7 0 0 2.3 D 0 0 0 0 0.0 A 7.8 Pass

Jefferson INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Johnston INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Kay 0 0 0 0.0 A 4 0 0 0 1.3 C 8.5 Pass

Le Flore DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

Love INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

McClain INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Mayes 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Nowata INC INC INC INC INC INC INC INC INC INC INC INC INC

Oklahoma 12 0 0 4.0 F 1 0 0 0 0.3 B 9.7 Pass

Osage 7 0 0 2.3 D DNC DNC DNC DNC DNC DNC DNC DNC

Ottawa 0 0 0 0.0 A 2 0 0 0 0.7 B INC INC

Pittsburg 2 0 0 0.7 B 1 0 0 0 0.3 B 8.3 Pass

Sequoyah 0 0 0 0.0 A 0 0 0 0 0.0 A 7.8 Pass

Tulsa 9 1 0 3.5 F 1 0 0 0 0.3 B 9.2 Pass

Washington INC INC INC INC INC INC INC INC INC INC INC INC INC
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OKLAHOMA
American Lung Association in Oklahoma

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Adair 21,955 5,882 3,542 576 1,758 1,443 14 1,831 239 4,858 13,473

Bryan 48,998 11,369 8,751 1,114 4,089 3,294 32 4,238 582 7,577 14,859

Canadian 153,192 39,562 20,967 3,876 12,528 9,337 101 11,609 1,881 11,342 39,608

Carter 48,353 12,038 8,452 1,180 3,952 3,244 32 4,163 541 8,986 15,269

Choctaw 14,646 3,536 3,134 346 1,193 1,074 10 1,415 152 2,807 5,999

Cleveland 287,066 60,152 41,387 5,894 24,983 17,958 190 22,378 3,852 29,765 85,340

Comanche 121,099 28,427 16,182 2,785 10,226 7,240 80 8,967 1,454 17,465 54,030

Creek 71,485 16,569 13,328 1,623 5,965 5,059 47 6,515 769 9,089 17,847

Dewey 4,815 1,272 899 125 383 328 3 426 48 500 946

Jefferson 5,949 1,452 1,272 142 483 437 4 575 56 1,030 1,435

Johnston 10,824 2,569 2,152 252 891 768 7 1,001 115 1,921 3,492

Kay 43,274 10,712 8,599 1,050 3,508 2,997 29 3,927 450 6,451 11,723

Le Flore 49,935 12,004 9,247 1,176 4,115 3,457 33 4,463 526 8,753 14,806

Love 10,230 2,499 1,925 245 837 706 7 915 112 1,188 3,122

McClain 41,348 10,470 6,575 1,026 3,383 2,734 27 3,454 472 4,280 9,084

Mayes 41,152 9,452 7,883 926 3,437 2,937 27 3,797 443 6,873 14,974

Nowata 10,076 2,263 2,011 222 846 742 7 962 101 1,635 3,529

Oklahoma 804,041 203,019 115,530 19,893 66,078 49,483 530 61,947 10,068 119,595 362,140

Osage 46,642 9,889 9,863 969 3,963 3,514 31 4,591 462 5,864 17,354

Ottawa 30,879 7,634 5,787 748 2,516 2,110 20 2,737 337 5,522 11,206

Pittsburg 43,679 9,868 8,927 967 3,644 3,133 29 4,100 437 6,809 13,879

Sequoyah 41,538 9,765 7,897 957 3,446 2,959 27 3,823 446 6,936 16,047

Tulsa 657,589 164,234 99,560 16,092 54,119 41,559 433 52,335 8,041 82,694 259,879

Washington 52,222 12,445 10,403 1,219 4,290 3,675 34 4,802 565 7,596 14,902
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OREGON
American Lung Association in Oregon

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Clackamas 7 0 0 2.3 D DNC DNC DNC DNC DNC DNC DNC DNC

Columbia 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Crook DNC DNC DNC DNC DNC 1 2 0 2 3.0 D 11.0 Pass

Harney DNC DNC DNC DNC DNC 9 9 0 1 8.3 F 10.7 Pass

Jackson 7 0 0 2.3 D 3 8 3 1 7.8 F 13.9 Fail

Josephine DNC DNC DNC DNC DNC 1 3 0 1 2.7 D 12.2 Fail

Klamath DNC DNC DNC DNC DNC 30 27 3 2 27.2 F 16.3 Fail

Lake DNC DNC DNC DNC DNC 9 4 0 0 5.0 F 9.2 Pass

Lane 0 0 0 0.0 A 8 2 2 6 10.0 F 10.8 Pass

Marion 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Multnomah 3 0 0 1.0 C 2 1 0 1 2.0 C 8.2 Pass

Umatilla 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Wasco INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Washington 1 0 0 0.3 B 3 0 1 1 2.5 D 8.6 Pass
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OREGON
American Lung Association in Oregon

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Clackamas 421,596 89,039 80,711 6,188 35,473 20,875 201 25,851 3,655 28,451 82,347

Columbia 52,876 10,793 10,613 750 4,483 2,726 25 3,377 429 4,825 6,631

Crook 25,105 4,941 6,449 343 2,113 1,463 12 1,817 184 2,564 3,074

Harney 7,373 1,485 1,841 103 617 417 4 517 54 906 1,044

Jackson 221,844 45,018 51,164 3,129 18,632 11,926 106 14,797 1,840 26,011 44,984

Josephine 88,053 16,981 23,761 1,180 7,415 5,240 42 6,510 637 13,747 12,262

Klamath 68,739 14,883 15,168 1,034 5,687 3,594 33 4,458 548 13,307 15,938

Lake 7,949 1,519 2,085 106 673 470 4 584 53 1,179 1,322

Lane 382,986 68,706 78,637 4,775 33,375 19,305 182 23,919 3,632 54,433 72,400

Marion 349,204 83,836 57,493 5,826 28,427 15,393 166 19,044 3,133 41,191 125,228

Multnomah 815,637 147,168 116,360 10,228 72,257 34,771 389 42,923 9,027 89,646 254,550

Umatilla 77,752 19,394 12,728 1,348 6,249 3,394 37 4,199 639 8,605 27,251

Wasco 26,403 5,744 5,609 399 2,186 1,347 13 1,670 215 3,195 7,175

Washington 603,514 133,558 85,949 9,282 50,749 25,377 288 31,342 6,012 45,009 217,915
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PENNSYLVANIA
American Lung Association in Pennsylvania

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Adams 2 0 0 0.7 B 0 0 0 0 0.0 A INC INC

Allegheny 12 1 0 4.5 F 17 4 0 0 7.7 F 11.1 Pass

Armstrong 4 0 0 1.3 C 0 0 0 0 0.0 A 7.8 Pass

Beaver 6 0 0 2.0 C 3 0 0 0 1.0 C 8.9 Pass

Berks 6 0 0 2.0 C 5 1 0 0 2.2 D 8.2 Pass

Blair 0 0 0 0.0 A 1 0 0 0 0.3 B 8.2 Pass

Bradford 0 0 0 0.0 A 0 0 0 0 0.0 A 6.9 Pass

Bucks 16 3 0 6.8 F DNC DNC DNC DNC DNC DNC DNC DNC

Cambria 0 0 0 0.0 A 0 0 0 0 0.0 A 8.7 Pass

Centre 0 0 0 0.0 A 2 0 0 0 0.7 B 8.6 Pass

Chester 2 0 0 0.7 B 2 0 0 0 0.7 B 8.7 Pass

Clearfield 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Cumberland DNC DNC DNC DNC DNC 7 0 0 0 2.3 D 7.9 Pass

Dauphin 1 0 0 0.3 B 6 1 0 0 2.5 D 8.6 Pass

Delaware 8 0 0 2.7 D 7 0 0 0 2.3 D 10.8 Pass

Elk 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Erie 0 0 0 0.0 A 0 0 0 0 0.0 A 7.5 Pass

Fayette 1 0 0 0.3 B 0 0 0 0 0.0 A INC INC

Franklin 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Greene 1 0 0 0.3 B 0 0 0 0 0.0 A 6.5 Pass

Indiana 2 0 0 0.7 B INC INC INC INC INC INC INC INC

Lackawanna 0 0 0 0.0 A 0 0 0 0 0.0 A 7.2 Pass

Lancaster 5 0 0 1.7 C 13 2 0 0 5.3 F 9.3 Pass

Lawrence 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Lebanon INC INC INC INC INC 5 0 0 0 1.7 C INC INC

Lehigh 2 0 0 0.7 B 3 0 0 0 1.0 C 8.4 Pass

Luzerne 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Lycoming 0 0 0 0.0 A INC INC INC INC INC INC INC INC

Mercer 4 0 0 1.3 C 0 0 0 0 0.0 A 7.8 Pass

Monroe 2 0 0 0.7 B INC INC INC INC INC INC INC INC

Montgomery 8 0 0 2.7 D 0 0 0 0 0.0 A 7.5 Pass

Northampton 6 0 0 2.0 C 3 0 0 0 1.0 C 7.8 Pass

Philadelphia 19 1 0 6.8 F 1 0 0 0 0.3 B 8.8 Pass

Somerset 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Susquehanna DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Tioga 0 0 0 0.0 A 0 0 0 0 0.0 A 5.7 Pass

Washington 2 0 0 0.7 B 0 0 0 0 0.0 A 7.9 Pass

Westmoreland 2 0 0 0.7 B 0 0 0 0 0.0 A 7.0 Pass

Wyoming DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

York 1 0 0 0.3 B 0 0 0 0 0.0 A 9.2 Pass
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PENNSYLVANIA
American Lung Association in Pennsylvania

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Adams 102,742 20,241 22,136 2,326 8,306 6,314 62 9,160 944 7,867 11,590

Allegheny 1,211,358 225,642 239,803 25,928 100,546 70,844 736 100,456 12,752 123,280 269,034

Armstrong 64,162 12,146 14,924 1,396 5,191 4,119 39 6,074 553 7,391 1,971

Beaver 162,575 31,285 36,521 3,595 13,168 10,138 99 14,856 1,476 14,568 18,172

Berks 421,017 92,872 75,685 10,672 33,582 23,666 256 33,026 4,214 44,744 128,038

Blair 121,007 24,418 26,220 2,806 9,721 7,349 74 10,707 1,128 13,608 6,779

Bradford 60,221 13,158 13,461 1,512 4,703 3,683 37 5,435 517 6,364 2,594

Bucks 627,987 125,771 124,652 14,452 50,921 37,914 382 53,825 5,859 36,950 108,003

Cambria 128,672 24,446 30,539 2,809 10,393 8,165 78 12,137 1,149 15,360 9,885

Centre 161,496 23,904 25,003 2,747 14,438 8,674 99 11,401 1,934 18,339 23,500

Chester 526,759 117,549 91,151 13,507 41,971 29,525 320 40,795 5,234 26,903 113,767

Clearfield 78,612 14,141 16,829 1,625 6,509 4,899 48 7,055 647 10,386 5,758

Cumberland 255,857 52,031 49,184 5,979 20,793 14,720 156 20,813 2,581 18,630 41,527

Dauphin 279,874 62,727 49,769 7,208 22,247 15,540 170 21,661 2,870 31,903 102,011

Delaware 566,753 124,290 97,909 14,282 45,483 31,280 344 43,202 5,990 50,715 199,096

Elk 29,607 5,646 6,843 649 2,390 1,914 18 2,816 243 2,426 832

Erie 268,426 56,188 51,518 6,456 21,631 15,418 163 21,826 2,674 34,469 44,049

Fayette 128,126 24,456 28,587 2,810 10,404 8,011 78 11,706 1,140 23,301 10,950

Franklin 155,637 34,168 31,690 3,926 12,275 9,139 95 13,173 1,482 14,354 20,279

Greene 35,621 6,846 7,144 787 2,923 2,129 22 3,029 320 4,154 2,426

Indiana 83,664 15,012 17,171 1,725 6,985 4,963 51 7,093 864 10,570 5,224

Lackawanna 208,989 42,573 43,142 4,892 16,839 12,412 127 17,873 2,051 24,549 35,503

Lancaster 546,192 126,895 103,569 14,581 42,685 30,437 332 43,316 5,420 40,963 104,219

Lawrence 85,083 16,946 19,528 1,947 6,811 5,312 52 7,847 760 10,676 7,369

Lebanon 141,663 31,959 28,532 3,672 11,099 8,173 86 11,782 1,349 12,360 27,642

Lehigh 370,802 83,731 64,419 9,621 29,480 20,324 225 28,180 3,846 42,385 142,928

Luzerne 316,982 63,247 64,528 7,267 25,719 18,868 193 27,021 3,016 46,287 69,505

Lycoming 113,209 23,138 22,998 2,659 9,130 6,673 69 9,571 1,112 14,273 11,336

Mercer 108,545 20,688 24,802 2,377 8,799 6,798 66 10,005 976 12,677 10,980

Monroe 170,154 32,867 31,513 3,777 14,027 10,111 104 14,067 1,667 17,353 62,132

Montgomery 833,869 178,136 154,709 20,469 66,944 47,772 507 67,047 8,321 45,874 212,670

Northampton 305,892 60,069 61,061 6,902 24,981 18,111 186 25,779 3,018 22,304 77,514

Philadelphia 1,578,487 338,752 226,967 38,924 129,820 79,887 957 105,156 19,510 296,836 1,039,502

Somerset 72,916 13,105 17,093 1,506 5,977 4,682 45 6,906 579 7,952 4,264

Susquehanna 40,006 7,464 9,879 858 3,224 2,635 24 3,943 321 4,580 1,622

Tioga 40,381 7,962 9,302 915 3,241 2,524 25 3,730 366 4,493 1,606

Washington 206,803 40,235 44,460 4,623 16,781 12,704 126 18,410 1,916 17,444 17,127

Westmoreland 347,087 62,876 82,748 7,225 28,328 22,490 211 33,319 3,027 31,545 22,645

Wyoming 26,557 5,087 6,019 585 2,151 1,669 16 2,450 238 2,697 1,283

York 450,448 98,211 83,103 11,285 35,948 25,756 274 36,136 4,415 31,392 80,758
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PUERTO RICO
American Lung Association in Puerto Rico

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Adjuntas DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Bayamón INC INC INC INC INC 4 5 0 0 3.8 F INC INC

Caguas DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Cataño 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Fajardo DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Guayama DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

Guaynabo DNC DNC DNC DNC DNC 2 1 0 0 1.2 C INC INC

Juncos INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Mayagüez INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Ponce DNC DNC DNC DNC DNC 2 0 0 0 0.7 B INC INC
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PUERTO RICO
American Lung Association in Puerto Rico

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Adjuntas 17,213 3,138 3,684 231 1,471 790 3 1,389 98 11,065 18,020

Bayamón 166,499 27,089 38,666 1,998 14,586 7,687 26 13,683 984 59,828 185,187

Caguas 123,421 21,031 26,601 1,551 10,694 5,675 19 9,940 767 48,401 127,244

Cataño 22,788 4,083 5,086 301 1,956 1,031 4 1,826 135 11,785 23,155

Fajardo 28,879 5,125 6,649 378 2,488 1,327 5 2,371 175 13,535 32,124

Guayama 39,114 6,976 7,757 514 3,346 1,746 6 2,993 232 19,431 36,614

Guaynabo 82,858 12,292 19,955 906 7,396 3,967 13 7,114 469 21,916 89,780

Juncos 38,165 7,289 6,592 538 3,202 1,665 6 2,771 261 18,354 37,012

Mayagüez 70,259 11,344 17,955 837 6,178 3,199 11 5,835 405 39,987 73,077

Ponce 128,858 23,286 30,688 1,717 11,066 5,856 20 10,563 717 70,263 137,491 
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RHODE ISLAND
American Lung Association in Rhode Island

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Kent 7 0 0 2.3 D 0 0 0 0 0.0 A 4.9 Pass

Providence 10 0 0 3.3 F 0 0 0 0 0.0 A 8.5 Pass

Washington 8 1 0 3.2 D 0 0 0 0 0.0 A 4.5 Pass
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RHODE ISLAND
American Lung Association in Rhode Island

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

KKent 164,646 30,311 32,853 2,872 16,302 9,887 102 11,500 1,427 12,295 21,823

Providence 636,547 129,300 102,173 12,253 61,549 33,577 394 37,987 6,319 75,510 257,091

Washington 125,746 19,996 28,055 1,895 12,795 7,920 78 9,299 1,106 9,341 11,750

http://www.lung.org


Data Tables

American Lung Association State of the Air 2022133 Lung.org

SOUTH CAROLINA
American Lung Association in South Carolina

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Aiken 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Anderson 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Berkeley 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Charleston 1 0 0 0.3 B 1 0 0 0 0.3 B 6.9 Pass

Chesterfield 0 0 0 0.0 A 0 0 0 0 0.0 A INC INC

Colleton INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Darlington 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Edgefield 0 0 0 0.0 A 0 0 0 0 0.0 A 7.3 Pass

Florence DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.4 Pass

Greenville 1 0 0 0.3 B 1 0 0 0 0.3 B 7.4 Pass

Horry 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Lexington DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 7.4 Pass

Oconee INC INC INC INC INC INC INC INC INC INC INC INC INC

Pickens INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Richland 3 0 0 1.0 C 0 0 0 0 0.0 A 7.1 Pass

Spartanburg 3 0 0 1.0 C 0 0 0 0 0.0 A 7.8 Pass

York 11 0 0 3.7 F 0 0 0 0 0.0 A INC INC
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SOUTH CAROLINA
American Lung Association in South Carolina

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Aiken 172,895 36,711 35,425 2,736 12,892 11,640 102 16,022 1,728 22,201 59,673

Anderson 204,353 45,947 38,030 3,424 15,043 13,235 121 18,087 2,094 28,177 47,407

Berkeley 235,987 55,842 34,611 4,161 17,038 13,716 140 18,291 2,572 25,655 87,716

Charleston 417,981 80,470 72,734 5,996 31,740 26,293 248 35,388 4,816 48,326 143,742

Chesterfield 45,606 9,956 8,845 742 3,400 3,053 27 4,192 438 8,879 18,333

Colleton 37,481 8,448 7,828 630 2,756 2,537 22 3,508 355 7,437 16,055

Darlington 66,509 14,563 13,360 1,085 4,926 4,440 39 6,108 684 12,327 30,446

Edgefield 27,120 4,695 5,527 350 2,129 1,891 16 2,591 233 4,161 11,456

Florence 137,588 32,146 24,573 2,395 9,989 8,649 81 11,772 1,488 23,016 67,601

Greenville 532,486 121,329 88,239 9,041 38,906 32,592 316 43,966 5,829 63,371 172,611

Horry 365,449 63,274 94,875 4,715 28,602 28,003 216 39,315 3,320 46,156 81,506

Lexington 303,946 69,267 51,064 5,161 22,323 18,993 180 25,713 3,202 31,262 80,086

Oconee 80,015 15,603 19,338 1,163 6,111 5,886 48 8,229 704 8,833 12,730

Pickens 127,983 23,792 21,970 1,773 9,763 7,962 76 10,674 1,466 18,343 19,202

Richland 419,051 89,413 57,157 6,663 30,906 23,579 248 30,974 5,256 62,651 247,020

Spartanburg 326,205 75,244 54,390 5,607 23,775 20,036 193 27,069 3,508 45,129 106,342

York 289,105 68,824 43,468 5,128 20,999 17,345 171 23,279 3,209 25,145 89,799
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SOUTH DAKOTA
American Lung Association in South Dakota

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Brookings 6 0 0 2.0 C 0 0 0 0 0.0 A 4.4 Pass

Brown DNC DNC DNC DNC DNC 1 0 0 0 0.3 B INC INC

Codington INC INC INC INC INC 1 0 0 0 0.3 B 6.9 Pass

Custer 2 0 0 0.7 B 0 0 0 0 0.0 A 3.2 Pass

Hughes DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 3.8 Pass

Jackson 0 0 0 0.0 A 1 0 0 0 0.3 B 4.3 Pass

Meade 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Minnehaha 4 0 0 1.3 C 0 0 0 0 0.0 A 5.2 Pass

Pennington DNC DNC DNC DNC DNC 3 0 0 0 1.0 C 6.5 Pass

Union 3 0 0 1.0 C 1 0 0 0 0.3 B 6.1 Pass
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SOUTH DAKOTA
American Lung Association in South Dakota

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Brookings 35,603 7,512 4,581 560 2,334 1,516 19 1,757 561 3,186 3,811

Brown 38,738 9,201 7,017 686 2,420 1,894 21 2,528 488 3,399 5,580

Codington 28,186 6,615 5,269 493 1,764 1,413 15 1,916 327 2,499 2,428

Custer 9,017 1,308 2,948 97 616 615 5 930 76 847 963

Hughes 17,336 4,226 3,157 315 1,073 855 9 1,156 215 1,562 3,258

Jackson 3,321 1,158 459 86 178 135 2 176 37 944 2,030

Meade 28,588 6,273 4,651 467 1,837 1,363 15 1,759 359 2,416 3,823

Minnehaha 196,659 49,550 27,051 3,692 12,158 8,705 105 10,980 2,598 15,537 37,085

Pennington 115,926 26,144 22,539 1,948 7,335 5,927 62 8,072 1,352 13,734 23,549

Union 16,192 3,947 3,043 294 1,001 809 9 1,102 187 955 1,519

http://www.lung.org


Data Tables

American Lung Association State of the Air 2022137 Lung.org

TENNESSEE
American Lung Association in Tennessee

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Anderson 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Blount 2 0 0 0.7 B 0 0 0 0 0.0 A 6.8 Pass

Claiborne 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Davidson 5 1 0 2.2 D 2 0 0 0 0.7 B 9.0 Pass

DeKalb 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Dyer DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 6.8 Pass

Hamilton 1 0 0 0.3 B 0 1 0 0 0.5 B 8.1 Pass

Jefferson 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Knox 1 0 0 0.3 B 0 0 0 0 0.0 A 8.1 Pass

Lawrence DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Loudon 1 0 0 0.3 B 0 0 0 0 0.0 A 6.6 Pass

McMinn DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.2 Pass

Madison DNC DNC DNC DNC DNC 1 0 0 0 0.3 B INC INC

Maury DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.2 Pass

Montgomery DNC DNC DNC DNC DNC 2 0 0 0 0.7 B INC INC

Putnam DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 6.4 Pass

Roane DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.9 Pass

Sevier 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Shelby 11 0 0 3.7 F 0 1 0 0 0.5 B 8.7 Pass

Sullivan 2 0 0 0.7 B 0 0 0 0 0.0 A 6.7 Pass

Sumner 1 0 0 0.3 B 1 0 0 0 0.3 B 6.7 Pass

Williamson 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Wilson 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

http://www.lung.org


Data Tables

American Lung Association State of the Air 2022138 Lung.org

TENNESSEE
American Lung Association in Tennessee

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Anderson 77,558 16,391 16,024 1,596 6,425 6,377 55 7,433 779 10,155 8,679

Blount 134,751 26,572 28,667 2,588 11,382 11,391 96 13,285 1,369 12,219 12,828

Claiborne 32,023 6,092 6,624 593 2,723 2,678 23 3,108 334 5,779 1,616

Davidson 694,176 140,831 89,606 13,716 57,062 46,714 491 50,673 9,582 85,618 301,712

DeKalb 20,837 4,424 4,011 431 1,728 1,694 15 1,942 209 3,591 2,589

Dyer 36,693 8,670 6,660 844 2,940 2,824 26 3,234 394 6,022 7,672

Hamilton 371,662 76,552 67,922 7,456 30,803 28,837 263 32,995 4,257 48,007 108,127

Jefferson 55,307 10,506 11,520 1,023 4,730 4,744 39 5,478 554 6,948 4,430

Knox 475,609 98,706 78,711 9,613 39,206 35,320 337 39,805 5,709 50,345 86,670

Lawrence 44,432 11,020 8,084 1,073 3,510 3,404 32 3,905 446 6,651 3,013

Loudon 54,910 10,477 15,164 1,020 4,676 5,084 39 6,245 465 5,736 7,270

McMinn 54,208 11,283 11,148 1,099 4,515 4,487 38 5,214 554 7,439 6,093

Madison 98,360 21,758 17,781 2,119 8,009 7,558 69 8,646 1,118 20,847 43,777

Maury 99,590 22,878 16,923 2,228 8,028 7,497 71 8,481 1,106 9,763 21,457

Montgomery 214,251 57,064 21,039 5,558 16,178 12,619 152 13,263 2,767 22,576 82,248

Putnam 80,929 16,818 13,904 1,638 6,650 5,992 58 6,825 924 13,250 9,922

Roane 53,841 9,974 12,852 971 4,631 4,832 38 5,729 506 7,178 4,144

Sevier 99,244 20,214 20,519 1,969 8,330 8,336 70 9,661 983 13,485 10,962

Shelby 936,017 232,369 135,453 22,631 73,380 65,355 661 72,306 11,170 174,664 608,748

Sullivan 158,755 30,096 35,806 2,931 13,536 13,749 113 16,196 1,582 21,301 11,239

Sumner 195,561 45,298 32,344 4,412 15,786 14,842 139 16,640 2,154 18,595 34,337

Williamson 245,348 64,913 34,573 6,322 19,096 17,903 174 19,488 2,643 10,080 40,625

Wilson 148,130 34,399 23,952 3,350 11,965 11,243 105 12,533 1,622 11,645 24,555
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TEXAS
American Lung Association in Texas

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Atascosa DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

Bell 7 0 0 2.3 D INC INC INC INC INC INC INC INC

Bexar 22 0 0 7.3 F 1 1 0 0 0.8 B 8.4 Pass

Bowie DNC DNC DNC DNC DNC 3 0 0 0 1.0 C 9.4 Pass

Brazoria 12 3 0 5.5 F DNC DNC DNC DNC DNC DNC DNC DNC

Brazos DNC DNC DNC DNC DNC INC INC INC INC INC INC INC INC

Brewster 0 0 0 0.0 A 0 0 0 0 0.0 A 5.7 Pass

Cameron 0 0 0 0.0 A 6 3 0 0 3.5 F 10.1 Pass

Collin 25 2 0 9.3 F DNC DNC DNC DNC DNC DNC DNC DNC

Culberson INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Dallas 24 1 0 8.5 F 4 2 0 0 2.3 D 9.1 Pass

Denton 32 1 0 11.2 F INC INC INC INC INC INC INC INC

Ector DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Ellis 5 0 0 1.7 C 1 0 0 0 0.3 B INC INC

El Paso 36 3 0 13.5 F 0 0 0 0 0.0 A 8.8 Pass

Galveston 17 0 1 6.3 F 2 0 0 0 0.7 B 7.7 Pass

Gregg 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Harris 52 11 2 24.2 F 4 2 0 0 2.3 D 10.6 Pass

Harrison 0 0 0 0.0 A 1 0 0 0 0.3 B 8.4 Pass

Hidalgo 0 0 0 0.0 A 9 2 0 0 4.0 F 10.8 Pass

Hood 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Hunt 3 1 0 1.5 C DNC DNC DNC DNC DNC DNC DNC DNC

Jefferson 13 1 0 4.8 F 2 0 0 0 0.7 B 9.1 Pass

Johnson 16 1 0 5.8 F DNC DNC DNC DNC DNC DNC DNC DNC

Kaufman 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Kleberg DNC DNC DNC DNC DNC 7 3 0 0 3.8 F INC INC

Lubbock DNC DNC DNC DNC DNC 1 0 0 0 0.3 B INC INC

McLennan 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Maverick DNC DNC DNC DNC DNC 0 1 0 0 0.5 B INC INC

Montgomery 21 1 0 7.5 F DNC DNC DNC DNC DNC DNC DNC DNC

Navarro 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Nueces 0 0 0 0.0 A 1 2 0 0 1.3 C 8.8 Pass

Orange 7 0 0 2.3 D 1 0 0 0 0.3 B 9.1 Pass

Parker 6 1 0 2.5 D DNC DNC DNC DNC DNC DNC DNC DNC

Polk 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Potter DNC DNC DNC DNC DNC 1 0 0 0 0.3 B INC INC

Randall 11 0 0 3.7 F DNC DNC DNC DNC DNC DNC DNC DNC

Rockwall 8 0 0 2.7 D DNC DNC DNC DNC DNC DNC DNC DNC

Smith 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Tarrant 39 6 0 16.0 F 2 0 0 0 0.7 B 9.0 Pass

Travis 7 0 0 2.3 D 4 1 0 0 1.8 C 9.6 Pass

Victoria 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Webb 0 0 0 0.0 A 5 1 0 0 2.2 D INC INC
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TEXAS
American Lung Association in Texas

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Atascosa 51,724 13,937 7,839 960 2,820 2,050 25 2,961 585 7,618 35,074

Bell 369,927 101,469 42,635 6,988 19,966 12,758 176 17,991 4,714 52,839 207,418

Bexar 2,026,823 508,033 256,003 34,987 113,205 75,013 963 106,225 25,996 297,131 1,487,343

Bowie 93,481 21,998 16,144 1,515 5,328 3,993 45 5,826 1,013 15,191 34,915

Brazoria 380,518 98,618 47,520 6,792 21,108 14,372 181 20,279 4,583 30,696 212,098

Brazos 232,555 47,869 23,030 3,297 13,644 7,644 111 10,578 3,616 48,484 105,169

Brewster 9,237 1,695 2,226 117 560 468 4 705 94 1,282 4,635

Cameron 424,180 125,191 60,281 8,622 22,258 15,753 201 22,742 4,925 102,649 388,243

Collin 1,072,069 271,590 122,633 18,704 60,148 40,392 509 56,314 13,688 65,922 495,470

Culberson 2,149 490 459 34 123 100 1 150 21 397 1,681

Dallas 2,635,888 673,806 300,111 46,404 146,621 95,195 1,252 133,235 34,316 357,084 1,901,458

Denton 919,324 219,412 101,526 15,110 52,519 34,341 436 47,673 12,310 62,596 398,243

Ector 167,701 51,201 16,214 3,526 8,679 5,347 80 7,431 2,036 22,439 118,417

Ellis 191,760 50,547 25,537 3,481 10,581 7,427 91 10,547 2,284 14,973 81,912

El Paso 841,286 223,201 107,874 15,371 46,040 30,804 400 43,799 10,299 145,103 743,741

Galveston 345,089 82,494 52,548 5,681 19,660 14,310 164 20,544 4,058 33,751 150,979

Gregg 124,229 31,745 19,837 2,186 6,890 5,032 59 7,306 1,439 21,845 53,846

Harris 4,738,253 1,245,010 532,122 85,741 261,091 169,473 2,253 237,065 60,889 747,146 3,398,922

Harrison 66,386 16,416 11,946 1,131 3,730 2,892 31 4,238 724 10,136 24,651

Hidalgo 875,200 278,262 101,088 19,163 44,433 29,256 415 41,494 10,667 207,104 824,001

Hood 63,527 13,083 16,415 901 3,749 3,333 30 5,060 589 5,919 10,683

Hunt 99,807 23,618 16,389 1,627 5,696 4,241 47 6,142 1,145 12,240 30,182

Jefferson 250,127 60,632 37,705 4,176 14,137 10,069 120 14,491 2,763 42,858 153,245

Johnson 179,575 46,317 26,260 3,190 9,970 7,185 85 10,305 2,049 16,676 55,399

Kaufman 143,198 40,236 16,863 2,771 7,708 5,185 68 7,296 1,761 12,958 61,455

Kleberg 30,338 7,350 4,163 506 1,698 1,094 14 1,574 401 6,030 24,290

Lubbock 314,772 74,142 40,975 5,106 17,845 11,511 149 16,388 4,275 47,957 150,364

McLennan 259,730 63,184 39,176 4,351 14,602 10,169 123 14,690 3,295 42,552 116,614

Maverick 58,378 17,863 7,075 1,230 3,015 2,006 28 2,855 683 11,439 56,802

Montgomery 626,351 162,296 86,121 11,177 34,785 24,720 298 35,187 7,362 51,122 228,802

Navarro 50,694 13,457 8,702 927 2,781 2,140 24 3,128 542 7,383 23,295

Nueces 363,148 87,760 55,673 6,044 20,522 14,625 173 21,101 4,369 62,210 260,316

Orange 82,878 20,684 13,494 1,424 4,650 3,476 39 5,038 927 12,368 17,210

Parker 148,198 36,480 23,884 2,512 8,377 6,318 71 9,120 1,631 11,729 26,613

Polk 52,995 10,629 10,282 732 3,179 2,545 26 3,719 462 7,282 15,162

Potter 116,004 31,238 15,703 2,151 6,323 4,368 55 6,241 1,301 22,745 66,202

Randall 139,899 33,584 21,936 2,313 7,911 5,640 66 8,166 1,705 13,225 43,193

Rockwall 109,888 29,269 14,136 2,016 6,056 4,261 52 6,021 1,299 5,214 35,604

Smith 235,806 57,144 40,830 3,935 13,296 9,935 112 14,533 2,807 29,150 96,834

Tarrant 2,123,347 547,500 254,161 37,705 117,937 78,765 1,007 110,691 27,168 220,041 1,176,917

Travis 1,300,503 271,448 136,406 18,694 76,783 47,024 620 64,976 18,575 129,969 667,137

Victoria 91,936 23,048 15,537 1,587 5,124 3,794 44 5,545 1,060 14,859 52,206

Webb 277,681 88,873 27,714 6,120 14,094 8,957 132 12,496 3,404 54,564 267,775
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UTAH
American Lung Association in Utah

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Box Elder 7 1 0 2.8 D INC INC INC INC INC INC INC INC

Cache 4 0 0 1.3 C 24 2 0 0 9.0 F 7.2 Pass

Carbon 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Davis 25 1 0 8.8 F 7 1 0 0 2.8 D 7.1 Pass

Duchesne 16 4 0 7.3 F 7 0 0 0 2.3 D 6.8 Pass

Garfield 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Iron 0 0 0 0.0 A 0 0 0 0 0.0 A 4.8 Pass

Salt Lake 61 3 0 21.8 F 15 1 0 0 5.5 F 8.1 Pass

San Juan 9 0 0 3.0 D DNC DNC DNC DNC DNC DNC DNC DNC

Tooele 8 1 0 3.2 D 8 1 0 0 3.2 D 6.8 Pass

Uintah 22 5 1 10.5 F 1 0 0 0 0.3 B 5.8 Pass

Utah 24 1 0 8.5 F 15 6 0 0 8.0 F 7.2 Pass

Washington 4 0 0 1.3 C 0 0 0 0 0.0 A 5.2 Pass

Weber 22 1 0 7.8 F 4 1 0 0 1.8 C INC INC
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UTAH
American Lung Association in Utah

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Box Elder 57,007 17,626 7,548 1,086 4,243 1,736 15 2,663 701 3,817 7,637

Cache 130,004 38,719 13,069 2,385 9,916 3,460 35 4,948 1,971 11,607 21,451

Carbon 20,760 5,354 3,829 330 1,643 737 6 1,213 254 2,590 3,660

Davis 359,232 111,817 38,278 6,889 26,837 10,229 96 14,843 4,825 17,794 61,724

Duchesne 19,894 6,603 2,525 407 1,433 588 5 898 236 2,076 3,024

Garfield 5,050 1,144 1,222 70 412 203 1 356 52 474 589

Iron 56,814 15,846 7,798 976 4,414 1,733 15 2,668 790 7,593 8,242

Salt Lake 1,165,517 305,484 134,562 18,820 93,257 35,628 313 51,851 16,597 79,980 348,996

San Juan 15,278 4,427 2,281 273 1,166 505 4 790 181 2,782 8,438

Tooele 74,512 23,631 7,024 1,456 5,536 2,081 20 2,931 1,014 4,224 13,572

Uintah 35,970 11,544 4,268 711 2,640 1,042 10 1,560 455 3,853 6,595

Utah 651,059 211,225 52,169 13,013 47,992 16,062 175 21,868 9,689 49,771 120,954

Washington 184,913 46,233 42,016 2,848 14,637 6,963 49 12,169 2,113 12,615 30,166

Weber 262,658 71,841 32,174 4,426 20,647 8,097 70 12,009 3,560 18,994 64,172
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VERMONT
American Lung Association in Vermont

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Bennington 1 0 0 0.3 B 0 0 0 0 0.0 A 5.7 Pass

Chittenden 0 0 0 0.0 A 0 0 0 0 0.0 A 6.6 Pass

Rutland 0 0 0 0.0 A 0 0 0 0 0.0 A 7.5 Pass
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VERMONT
American Lung Association in Vermont

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Bennington 35,338 6,574 8,437 477 3,052 1,853 20 2,636 257 3,536 2,335

Chittenden 164,306 28,617 26,445 2,076 15,433 7,186 91 9,731 1,622 13,194 19,963

Rutland 57,764 10,024 13,626 727 5,085 3,042 32 4,310 418 6,659 2,857
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VIRGINIA
American Lung Association in Virginia

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Albemarle 0 0 0 0.0 A 0 0 0 0 0.0 A 6.3 Pass

Arlington 4 0 0 1.3 C 0 0 0 0 0.0 A 7.3 Pass

Caroline 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Charles City 1 0 0 0.3 B 0 0 0 0 0.0 A 6.2 Pass

Chesterfield 0 0 0 0.0 A 0 0 0 0 0.0 A 6.3 Pass

Fairfax 3 0 0 1.0 C 0 0 0 0 0.0 A 8.6 Pass

Fauquier 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Frederick 0 0 0 0.0 A 0 0 0 0 0.0 A 7.2 Pass

Giles 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Hanover 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Henrico 1 0 0 0.3 B 0 0 0 0 0.0 A 6.9 Pass

Loudoun 2 0 0 0.7 B 0 0 0 0 0.0 A 6.8 Pass

Madison 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Prince Edward 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Prince William 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Roanoke 0 0 0 0.0 A 0 0 0 0 0.0 A 6.6 Pass

Rockbridge 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Rockingham 0 0 0 0.0 A 0 0 0 0 0.0 A 6.6 Pass

Stafford 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Wythe 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Bristol City DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.4 Pass

Hampton City 0 0 0 0.0 A 0 0 0 0 0.0 A 6.1 Pass

Lynchburg City DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.0 Pass

Norfolk City DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.6 Pass

Richmond City DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.8 Pass

Salem City DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.5 Pass

Suffolk City 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Virginia Beach City DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 6.6 Pass

http://www.lung.org


Data Tables

American Lung Association State of the Air 2022146 Lung.org

VIRGINIA
American Lung Association in Virginia

 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Albemarle 110,652 21,879 21,877 1,630 7,596 5,340 57 7,359 1,217 6,602 25,966

Arlington 240,119 43,510 27,285 3,242 16,557 9,611 123 12,309 3,355 14,273 93,815

Caroline 30,860 6,982 5,330 520 2,069 1,440 16 1,954 308 2,950 11,360

Charles City 6,821 985 1,810 73 515 410 3 580 56 676 3,848

Chesterfield 358,245 84,502 56,749 6,297 23,698 16,117 183 21,657 3,898 23,305 143,881

Fairfax 1,150,847 267,135 165,549 19,906 76,411 50,429 591 66,904 12,617 59,990 581,453

Fauquier 71,361 16,389 12,330 1,221 4,811 3,411 37 4,623 683 4,270 15,297

Frederick 91,119 20,664 16,697 1,540 6,116 4,350 47 5,946 888 6,658 16,765

Giles 16,663 3,319 3,709 247 1,165 880 9 1,227 151 1,757 942

Hanover 108,262 23,357 20,287 1,740 7,412 5,333 56 7,291 1,047 5,266 18,324

Henrico 333,766 74,502 54,871 5,552 22,352 15,181 171 20,467 3,711 27,328 161,813

Loudoun 422,784 115,921 42,912 8,638 26,615 16,485 217 21,124 4,819 13,241 195,047

Madison 13,312 2,634 3,075 196 933 714 7 1,001 119 1,241 2,083

Prince Edward 23,006 3,671 3,948 274 1,624 1,039 12 1,400 276 4,470 8,962

Prince William 475,533 126,506 50,931 9,427 30,119 18,635 244 23,995 5,363 22,884 282,131

Roanoke 94,509 18,668 21,101 1,391 6,579 4,925 48 6,882 916 5,499 14,417

Rockbridge 22,757 4,016 6,162 299 1,633 1,309 12 1,869 191 2,333 1,911

Rockingham 82,346 18,007 16,445 1,342 5,564 4,029 42 5,569 809 6,681 10,381

Stafford 156,748 40,512 17,216 3,019 10,037 6,238 81 8,046 1,699 8,148 65,849

Wythe 28,620 5,570 6,420 415 2,016 1,530 15 2,134 264 3,400 1,835

Bristol City 17,329 3,553 3,845 265 1,190 886 9 1,240 170 2,948 2,144

Hampton City 135,464 28,572 21,774 2,129 9,124 6,018 69 8,084 1,543 17,494 85,522

Lynchburg City 81,561 15,455 11,869 1,152 5,495 3,313 42 4,391 1,152 10,926 30,959

Norfolk City 242,803 46,980 28,925 3,501 16,351 9,448 125 12,197 2,908 36,765 138,009

Richmond City 232,226 39,325 32,809 2,930 16,262 9,951 119 13,073 3,189 39,609 132,963

Salem City 25,340 4,745 4,998 354 1,773 1,253 13 1,721 278 2,087 4,031

Suffolk City 93,913 22,241 14,322 1,657 6,208 4,183 48 5,593 1,003 8,330 48,393

Virginia Beach City 451,231 98,948 68,347 7,373 30,126 19,662 231 26,237 5,068 35,860 178,417
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WASHINGTON
American Lung Association in Washington

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Benton 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Clallam 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Clark 0 0 0 0.0 A 8 1 2 5 8.7 F 9.4 Pass

King 6 0 0 2.0 C 8 10 3 0 9.7 F 9.1 Pass

Kitsap DNC DNC DNC DNC DNC 4 6 3 0 6.3 F 5.8 Pass

Kittitas DNC DNC DNC DNC DNC 9 6 3 1 8.8 F 7.8 Pass

Okanogan DNC DNC DNC DNC DNC 4 18 5 3 16.2 F 11.9 Pass

Pierce 3 0 0 1.0 C 10 8 3 0 9.3 F 8.6 Pass

Skagit 0 0 0 0.0 A 3 3 0 0 2.5 D INC INC

Snohomish DNC DNC DNC DNC DNC 9 10 1 0 8.7 F 9.1 Pass

Spokane 4 0 0 1.3 C 5 8 2 3 9.5 F 9.4 Pass

Stevens DNC DNC DNC DNC DNC 1 3 1 3 5.0 F INC INC

Thurston 1 0 0 0.3 B DNC DNC DNC DNC DNC DNC DNC DNC

Whatcom 2 0 0 0.7 B 4 9 1 0 6.5 F 5.1 Pass

Yakima DNC DNC DNC DNC DNC 14 10 1 4 13.7 F 10.7 Pass
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 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Benton 206,426 54,188 32,470 3,961 14,743 8,213 102 11,340 2,055 18,527 64,610

Clallam 78,067 12,901 24,362 943 6,380 4,490 38 6,840 591 10,194 14,182

Clark 496,865 115,440 81,400 8,438 36,992 20,873 244 28,862 5,137 42,918 115,966

King 2,274,315 450,060 311,240 32,899 176,029 90,509 1,119 120,129 26,791 169,478 978,203

Kitsap 272,787 54,570 51,531 3,989 21,161 12,213 134 17,165 2,607 21,851 66,686

Kittitas 49,204 8,226 8,402 601 3,953 2,106 24 2,878 586 5,962 8,156

Okanogan 42,620 9,704 9,791 709 3,211 2,061 21 3,018 363 8,306 15,178

Pierce 913,890 211,603 131,699 15,468 67,896 36,229 450 48,922 9,868 77,361 322,522

Skagit 130,789 27,876 28,615 2,038 10,012 6,183 64 8,946 1,218 12,300 34,605

Snohomish 830,393 185,227 119,179 13,540 62,475 33,722 409 45,520 8,814 57,832 275,008

Spokane 528,225 115,066 89,411 8,411 40,015 22,387 260 30,988 5,557 69,001 86,693

Stevens 46,360 9,743 11,478 712 3,582 2,383 23 3,523 367 6,881 6,284

Thurston 294,074 62,199 53,507 4,547 22,480 12,875 145 18,024 3,107 28,058 77,886

Whatcom 231,016 43,776 42,341 3,200 18,112 10,130 114 14,109 2,599 26,423 51,174

Yakima 251,879 73,890 36,210 5,401 17,214 9,376 124 12,831 2,523 36,781 146,837
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WEST VIRGINIA
American Lung Association in West Virginia

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Berkeley 0 0 0 0.0 A 2 0 0 0 0.7 B 8.2 Pass

Brooke DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 8.7 Pass

Cabell 0 0 0 0.0 A 0 0 0 0 0.0 A INC INC

Gilmer 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Greenbrier 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Hancock 2 0 0 0.7 B 0 0 0 0 0.0 A INC INC

Harrison DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 7.0 Pass

Kanawha 1 0 0 0.3 B 0 0 0 0 0.0 A 7.5 Pass

Marion DNC DNC DNC DNC DNC 0 0 0 0 0.0 A INC INC

Marshall DNC DNC DNC DNC DNC 0 0 0 0 0.0 A 8.6 Pass

Monongalia 0 0 0 0.0 A 0 0 0 0 0.0 A 6.8 Pass

Ohio 2 0 0 0.7 B 0 0 0 0 0.0 A 7.4 Pass

Tucker 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Wood 0 0 0 0.0 A 0 0 0 0 0.0 A 7.5 Pass
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 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Berkeley 122,125 27,975 18,805 2,634 11,878 12,088 92 11,670 1,275 12,137 20,918

Brooke 21,674 3,803 5,373 358 2,217 2,539 16 2,651 189 2,502 985

Cabell 91,589 17,984 17,977 1,693 9,143 9,430 69 9,499 994 17,499 9,274

Gilmer 7,811 1,139 1,412 107 832 817 6 801 65 1,384 1,440

Greenbrier 34,319 6,600 8,312 621 3,440 3,937 26 4,108 304 5,987 2,475

Hancock 28,571 5,349 6,912 504 2,889 3,332 22 3,465 251 3,380 1,849

Harrison 66,870 14,158 13,489 1,333 6,591 7,182 51 7,260 636 8,940 4,051

Kanawha 176,253 34,925 38,329 3,288 17,600 19,381 133 19,838 1,694 27,150 22,080

Marion 55,962 11,126 11,145 1,047 5,586 5,895 42 5,945 572 7,210 4,152

Marshall 30,103 5,674 7,161 534 3,039 3,473 23 3,603 257 4,042 1,099

Monongalia 106,819 17,383 14,432 1,637 11,172 9,889 81 9,246 1,378 15,281 12,834

Ohio 41,182 7,944 9,408 748 4,120 4,540 31 4,697 397 7,041 3,321

Tucker 6,816 974 1,893 92 724 860 5 910 57 912 182

Wood 82,938 17,312 17,642 1,630 8,197 9,110 63 9,292 769 11,757 4,113
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WISCONSIN
American Lung Association in Wisconsin

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Ashland 0 0 0 0.0 A 0 0 0 0 0.0 A 5.1 Pass

Brown 2 0 0 0.7 B 0 0 0 0 0.0 A 7.0 Pass

Columbia 5 0 0 1.7 C DNC DNC DNC DNC DNC DNC DNC DNC

Dane 3 0 0 1.0 C 1 0 0 0 0.3 B 8.2 Pass

Dodge 6 0 0 2.0 C 0 0 0 0 0.0 A 7.6 Pass

Door 9 0 0 3.0 D DNC DNC DNC DNC DNC DNC DNC DNC

Eau Claire 1 0 0 0.3 B 0 0 0 0 0.0 A 7.6 Pass

Fond du Lac 3 0 0 1.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Forest 0 0 0 0.0 A 0 0 0 0 0.0 A 5.1 Pass

Grant DNC DNC DNC DNC DNC 1 0 0 0 0.3 B 8.3 Pass

Jefferson 6 0 0 2.0 C DNC DNC DNC DNC DNC DNC DNC DNC

Kenosha 23 4 0 9.7 F 0 0 0 0 0.0 A 7.2 Pass

Kewaunee 4 1 0 1.8 C DNC DNC DNC DNC DNC DNC DNC DNC

La Crosse 0 0 0 0.0 A 0 0 0 0 0.0 A 7.7 Pass

Manitowoc 8 2 0 3.7 F DNC DNC DNC DNC DNC DNC DNC DNC

Marathon 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Milwaukee 11 2 0 4.7 F 0 0 0 0 0.0 A 8.4 Pass

Outagamie 4 0 0 1.3 C 1 0 0 0 0.3 B 7.3 Pass

Ozaukee 12 3 0 5.5 F 0 0 0 0 0.0 A 6.6 Pass

Racine 17 3 0 7.2 F DNC DNC DNC DNC DNC DNC DNC DNC

Rock 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Sauk 2 0 0 0.7 B 1 0 0 0 0.3 B 7.1 Pass

Sheboygan 15 4 0 7.0 F DNC DNC DNC DNC DNC DNC DNC DNC

Taylor 0 0 0 0.0 A 0 0 0 0 0.0 A 6.4 Pass

Vilas 0 0 0 0.0 A 0 0 0 0 0.0 A 5.0 Pass

Walworth 7 0 0 2.3 D DNC DNC DNC DNC DNC DNC DNC DNC

Waukesha 6 0 0 2.0 C 0 0 0 0 0.0 A 9.0 Pass
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 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Ashland 15,415 3,345 3,193 200 1,222 684 9 921 140 1,845 2,750

Brown 264,610 61,790 41,957 3,692 20,878 10,436 151 13,490 2,778 21,896 53,625

Columbia 57,668 12,003 10,893 717 4,673 2,533 33 3,332 536 3,873 4,714

Dane 552,536 110,215 81,102 6,585 45,540 20,781 315 26,673 6,774 51,956 117,364

Dodge 87,336 16,898 16,187 1,010 7,227 3,852 50 5,037 765 5,822 9,378

Door 27,889 4,496 8,735 269 2,290 1,542 16 2,202 206 2,159 1,896

Eau Claire 105,260 21,076 17,292 1,259 8,600 4,079 60 5,349 1,267 9,830 11,351

Fond du Lac 102,902 21,669 20,005 1,295 8,273 4,487 59 5,961 1,017 7,562 11,676

Forest 8,960 1,718 2,139 103 728 437 5 596 75 1,055 1,902

Grant 51,021 10,676 9,230 638 4,101 2,066 29 2,748 501 5,616 2,709

Jefferson 85,038 17,317 15,618 1,035 6,940 3,687 49 4,831 865 6,003 9,250

Kenosha 169,671 37,450 25,722 2,238 13,703 6,814 97 8,669 1,821 18,137 42,834

Kewaunee 20,386 4,235 4,410 253 1,635 940 12 1,267 179 1,355 1,217

La Crosse 118,502 23,103 20,590 1,380 9,731 4,762 67 6,277 1,407 11,307 12,817

Manitowoc 78,757 16,015 17,215 957 6,353 3,676 45 4,952 692 6,126 8,311

Marathon 135,593 30,696 25,214 1,834 10,714 5,782 77 7,635 1,294 8,986 16,340

Milwaukee 945,016 224,058 135,814 13,387 74,315 34,880 538 44,736 11,108 175,538 473,053

Outagamie 188,766 43,675 29,904 2,609 14,959 7,528 108 9,701 1,938 12,271 24,970

Ozaukee 90,043 18,941 18,932 1,132 7,210 4,090 51 5,492 833 3,786 8,402

Racine 195,802 44,587 34,187 2,664 15,521 8,185 112 10,685 1,909 17,971 57,578

Rock 163,084 36,951 28,577 2,208 12,932 6,789 93 8,881 1,647 14,946 29,663

Sauk 64,449 14,555 12,626 870 5,073 2,790 37 3,723 603 5,151 6,390

Sheboygan 115,240 25,049 21,966 1,497 9,203 4,995 66 6,611 1,076 8,529 19,675

Taylor 20,318 4,646 4,134 278 1,595 914 12 1,219 172 1,920 938

Vilas 22,356 3,717 7,026 222 1,829 1,258 13 1,788 143 2,136 3,272

Walworth 103,953 20,805 19,835 1,243 8,481 4,514 59 5,974 1,050 8,418 15,271

Waukesha 406,172 85,747 80,221 5,123 32,675 18,097 231 24,004 3,862 16,952 50,961
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WYOMING
American Lung Association in Wyoming

 HIGH OZONE DAYS 2018–2020 HIGH PARTICLE POLLUTION DAYS 2018–2020

 24-Hour Annual
    Wgt.       Wgt.   Design Pass/ 
County Orange Red Purple Avg. Grade Orange  Red  Purple Maroon  Avg. Grade Value Fail

Albany 6 0 0 2.0 C 3 1 0 0 1.5 C 4.9 Pass

Big Horn 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC

Campbell 1 0 0 0.3 B 1 0 0 0 0.3 B INC INC

Carbon INC INC INC INC INC DNC DNC DNC DNC DNC DNC DNC DNC

Converse 4 0 0 1.3 C 0 0 0 0 0.0 A INC INC

Fremont 4 0 0 1.3 C 4 1 0 0 1.8 C 7.2 Pass

Johnson 0 0 0 0.0 A DNC DNC DNC DNC DNC DNC DNC DNC

Laramie 0 0 0 0.0 A 4 2 0 0 2.3 D 3.4 Pass

Natrona 2 0 0 0.7 B 3 0 0 0 1.0 C 4.7 Pass

Park INC INC INC INC INC 4 0 0 0 1.3 C 3.8 Pass

Sheridan INC INC INC INC INC 1 0 0 0 0.3 B 6.5 Pass

Sublette 13 3 0 5.8 F 1 1 0 0 0.8 B 3.8 Pass

Sweetwater 6 0 0 2.0 C 0 0 0 0 0.0 A INC INC

Teton 2 0 0 0.7 B 8 5 0 0 5.2 F 4.5 Pass

Uinta 4 0 0 1.3 C DNC DNC DNC DNC DNC DNC DNC DNC

Weston 2 0 0 0.7 B DNC DNC DNC DNC DNC DNC DNC DNC
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 AT-RISK GROUPS

 Lung Diseases
 Total  65 & Pediatric  Adult  Lung CV   People 
County Population Under 18 Over Asthma Asthma COPD Cancer Disease Pregnancies Poverty  of Color

Albany 38,950 6,150 5,026 528 3,404 1,599 15 2,135 558 5,635 6,818

Big Horn 11,575 2,822 2,548 242 857 615 4 823 103 1,311 1,466

Campbell 46,676 12,539 5,430 1,077 3,471 1,870 18 2,506 512 3,340 5,995

Carbon 14,711 3,298 2,671 283 1,137 722 6 966 136 1,453 3,395

Converse 13,804 3,341 2,457 287 1,038 674 5 903 134 1,120 1,594

Fremont 39,317 9,913 7,767 852 2,902 1,972 15 2,641 368 5,772 12,015

Johnson 8,588 1,816 2,291 156 653 516 3 690 73 757 791

Laramie 100,595 22,903 17,155 1,968 7,784 4,758 38 6,370 1,060 7,242 22,127

Natrona 80,815 19,332 13,153 1,661 6,167 3,730 31 4,995 863 7,420 11,212

Park 29,331 5,969 7,346 513 2,273 1,702 11 2,279 265 2,368 2,660

Sheridan 30,863 6,405 6,856 550 2,403 1,685 12 2,255 299 2,839 2,693

Sublette 9,856 2,104 2,146 181 761 536 4 717 91 610 1,103

Sweetwater 42,673 10,843 5,864 932 3,218 1,824 16 2,444 468 3,187 8,878

Teton 23,497 4,161 3,900 357 1,945 1,149 9 1,539 275 1,207 4,461

Uinta 20,215 5,608 3,165 482 1,460 902 8 1,208 205 1,697 2,667

Weston 6,743 1,360 1,515 117 527 375 3 503 56 679 670
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Abstract.—Populations of the Mojave Desert Tortoise (Gopherus agassizii) experienced severe declines in abundance 
in the decades leading up to 1990, when the species was listed as threatened under the U.S. Endangered Species 
Act.  Population responses to recovery efforts have not been well documented because of the difficulties of studying 
this low-density, cryptic species over a time period appropriate to its long generation time.  We used line distance 
sampling to estimate annual adult densities since 1999 in Utah and since 2004 elsewhere in the range of Mojave 
Desert Tortoises.  We used generalized least squares regression on log-transformed adult tortoise densities to 
estimate annual percentage change through 2014 in each of 17 Tortoise Conservation Areas (TCAs) in the five 
recovery units.  We report annual proportional increases in density of adults in the Northeastern Mojave Recovery 
Unit, but declines in the other four recovery units. Adjusting these densities and trends for the area of potential 
habitat in each recovery unit, we estimated that in 2004 there were 336,393 adult tortoises (standard error [SE] = 
51,596), with an overall loss of 124,050 adult tortoises (SE = 36,062) by 2014.  The proportion of juveniles in our 
surveys has been decreasing in all five recovery units since 2007.  Prevailing declines in the abundance of adults 
overall and in four of the five recovery units indicate the need for more aggressive implementation of recovery 
actions and more critical evaluation of the suite of future activities and projects in tortoise habitat that may 
exacerbate ongoing population declines.

Key Words.—Colorado Desert; distance sampling; information theory; long-term monitoring; Mojave Desert; species 
recovery

introduction 

Turtles around the world face the highest level of 
endangerment of any vertebrate lineage today (Stanford 
et al. 2018).  Historical extinctions and recent crises 
have characterized species on islands or with relatively 
localized and easily exploitable populations (Stanford et 
al. 2018).  However, turtles as a group are vulnerable in 
part due to their shared life histories based on high adult 
survival, delayed age at first reproduction, and low rates 
of juvenile recruitment (Congdon et al. 1993; Stanford et 
al. 2018).  Even tortoises with relatively large historical 
ranges are susceptible to threats with relatively small 
effects, in combination and acting over long generation 
times, and this life-history strategy also diminishes their 
ability to recovery quickly from population losses.

Populations of the Desert Tortoise (Gopherus 
agassizii, sensu stricto) experienced severe declines 
in abundance in the decades leading up to 1990, when 
populations in the Mojave and Colorado deserts west and 
north of the Colorado River were listed as Threatened 
under the U.S. Endangered Species Act (U.S. Fish 
and Wildlife Service [USFWS]1990).  Murphy et al. 
(2011) split the full species into two: the Mojave Desert 
Tortoise (Gopherus agassizii) occupying the range north 

and west of the Colorado River (the same area listed as 
Threatened above and retaining this listing) and the 
Sonoran Desert Tortoise (G. morafkai) south and east of 
the Colorado River.  Population responses to recovery 
efforts for G. agassizii have not been well documented, 
in part, because of the difficulties of studying this 
low-density, long-lived species.  The current recovery 
plan (USFWS 2011) designates five recovery units 
for G. agassizii that are intended to conserve genetic, 
behavioral, and morphological diversity necessary for 
the long-term recovery of the entire listed species (Fig. 
1).  The recovery plan also defines criteria that form the 
basis for decisions about continued listing status.  For 
instance, rates of population change of G. agassizii 
should be increasing for at least one tortoise generation 
(25 y) in all recovery units to warrant delisting (USFWS 
2011).

Whereas G. agassizii (sensu stricto) were initially 
protected on the basis of population declines estimated 
on a limited number of small, selectively located mark-
recapture study plots, over the longer term, status 
descriptions should be based on more extensive and 
rigorous population estimates (Tracy, R.C., R. Averill-
Murray, W.I. Boarman, D. Delehanty, J. Heaton, E. 
McCoy, D. Morafka, K. Nussear, B. Hagerty, and 
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P. Medica. 2004. Desert Tortoise Recovery Plan 
Assessment. Report to the U.S. Fish and Wildlife 
Service, Reno, Nevada. Available from http://www.
fws.gov/nevada/desert_tortoise/documents/dtrpac/
dtrpac_report.pdf [Accessed 15 August 2018]).  In 1999, 
agencies cooperating on recovery of G. agassizii adopted 
distance sampling (Buckland et al. 2001) for estimating 
population density at large spatial scales.   Surveyors 
use distance sampling to account for the proportion 
of the population that is not observed at increasing 

distances from the observers.  We conducted distance 
sampling surveys for G. agassizii throughout Tortoise 
Conservation Areas (TCAs; Fig. 1), which include 
federally designated critical habitat for the species 
(USFWS 1994), as well as in contiguous areas with 
conservation designations and suitable tortoise habitat 
(Nussear et al. 2009).  Most recovery units (USFWS 
1994, 2011) contained more than one TCA (Fig. 1).  
Ongoing monitoring for G. agassizii based on distance 
sampling has been conducted since 1997 in the Upper 

Figure 1. Tortoise Conservation Areas (TCAs, n = 17) for Mojave Desert Tortoises (Gopherus agassizii) that were monitored in the 
Mojave and Colorado deserts, USA.  Sites were monitored through 2014 and began in 2004 except in the Red Cliffs Desert Reserve, 
where surveys started in 1999.  TCAs and their codes are Chocolate Mountains Aerial Gunnery Range (AG), Beaver Dam Slope (BD), 
Chuckwalla (CK), Chemehuevi (CM), Coyote Springs Valley (CS), Eldorado Valley (EV), Fenner (FE), Fremont-Kramer (FK), Gold 
Butte-Pakoon (GB), Ivanpah (IV), Joshua Tree (JT), Mormon Mesa (MM), Ord-Rodman (OR), Pinto Mountains (PT), Piute Valley (PV), 
Red Cliffs (RC), Superior-Cronese (SC).  Observations to estimate visibility were made of transmittered tortoises at the numbered focal 
sites: 1) Superior-Cronese, 2) Ord-Rodman, 3) Twentynine Palms, 4) Joshua Tree, 5) Chuckwalla, 6) Ivanpah, 7) Jean, 8) Indian Springs, 
9) Piute Valley 1, 10) Chemehuevi, 11) Piute Valley 2, 12) Halfway Wash, 13) Gold Butte, 14) Red Cliffs. Potential habitat as defined in 
the text is overlain on the southwestern United States in the extent indicator.
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Virgin River Recovery Unit by the Utah Division of 
Wildlife Resources and by the USFWS in the remaining 
four recovery units starting in 2001. 

 In this paper, we start by developing annual density 
estimates for each TCA based on distance sampling.  
These efforts are typically collaboratively funded with 
each agency requiring annual reports that include annual 
population estimates.  Our second and primary goal 
herein was to use these annual estimates to describe 
adult G. agassizii population trends for each TCA and 
recovery unit.  These trends must account for precision 
of annual estimates that is often low, variable, and 
correlated between TCAs within years.  Although we 
cannot fully evaluate the recovery criterion that requires 
increasing population numbers in each recovery unit 
until at least 25 y of surveys have been completed 
(USFWS 2011), this monitoring program is part of 
the adaptive management strategy for recovering G. 
agassizii.  Our third goal was to use the interim regional 
population trends to evaluate the effectiveness of the 
recovery program.  Our fourth goal was to characterize 
future trajectories for these populations based on 
changing patterns of relative abundance of juveniles.

Materials and Methods

Study areas.—Gopherus agassizii occur throughout 
large, continuous regions of the Mojave and Colorado 
deserts of North America (Fig. 1).  They occupy a 
broad elevational range (sea level to 2,225 m) from 
valley bottoms and bajada slopes at lower elevations to 
upper alluvial and mountain slopes at higher elevations 
(Luckenbach 1982).  Typical habitat for G. agassizii is 
Creosote Bush (Larrea tridentata) scrub in association 
with White Bursage (Ambrosia dumosa) but they are 
also found in Joshua Tree (Yucca brevifolia) woodland, 
Blackbrush (Coleogyne ramosissima) scrub, microphyll 
woodlands, Shadscale (Atriplex confertifolia) scrub, 
saltbush (Atriplex spp.) scrub, cactus scrub, and warm 
season grassland (Germano et al. 1994; Nussear et al. 
2009).  Throughout their range, tortoises inhabit areas 
that include deeply incised washes, sandstone outcrops, 
rugged rocky canyons, and basalt-capped ridges 
interspersed with sandy valleys (Bury et al. 1994).  
However, tortoises most commonly occur in areas with 
gentle slopes, sufficient shrub cover, and friable soils to 
allow burrow construction (Bury et al. 1994).

Starting in 1997 in Upper Virgin River Recovery 
Unit and in 2001 elsewhere, we surveyed 17 TCAs 
across the five recovery units (Fig. 1).  We did not survey 
every TCA every year, but the total area of 29,127 km2 

comprises the long-term monitoring frame (Table 1).  
The TCAs named for Red Cliffs Desert Reserve (RC) 
and Joshua Tree National Park (JT) exclude portions 
of these jurisdictions that were not potential tortoise 

habitat (USFWS 1994); RC also excluded a portion that 
was used for translocations of wild tortoises displaced 
by development.  Each year we made behavioral 
observations on tortoises at up to 11 of the 14 focal sites 
within the overall study area (Fig. 1) to estimate the 
proportion of tortoises that were potentially visible to 
transect surveyors.

Data collection.—Initially, we placed transects 
randomly within each TCA.  In RC, these were 
permanent transect locations from the beginning of the 
program, and we surveyed the 153 transects annually 
between 1999 and 2001, then every other year.  Between 
2001 and 2003 in the rest of the range, there was 
restricted sampling based on various environmental 
criteria (USFWS 2006), so for comparability we only 
used data collected starting in 2004 when transects 
were sited at random throughout TCAs.  Beginning 
in 2007 in these areas outside RC, we shifted from 
strictly random placement to random selection from a 
set of systematically placed transects that covered each 
TCA.  Both of these methods result in transects that 
were located at random with respect to the location of 
tortoises, so the resulting annual density estimates are 
unbiased.  Each year, available funding determined the 
number of transects assigned in each TCA.

Sampling methods we used adhered to study design 
considerations for distance sampling (Anderson, 
D.R., and K.P. Burnham. 1996. A monitoring program 
for the desert tortoise. Report to the Desert Tortoise 
Management Oversight Group. Available from https://
www.fws.gov/nevada/desert_tortoise/documents/
reports/Anderson-Burnham.1996.monitoringplan.pdf. 
[Accessed 15 August 2018]).  We based initial transect 
and overall survey length on preliminary estimates of 
encounter rate and associated effort required to estimate 
density with a coefficient of variation (CV) of 0.10–
0.15.  We modified the number and length of transects as 
specified in Buckland et al. (2001) during earlier years 
of the surveys and based on updated information about 
encounter rates.

We completed surveys between mid-March and 
the end of May each year, when preferred food plants 
flower and G. agassizii are generally active outside of 
burrows.  We started transects early enough so surveys 
would be completed before the hottest time of the day, 
scheduling survey dates in specific TCAs to correspond 
to peak daily tortoise activity based on past experience 
as well as observation of tortoises outfitted with radio-
transmitters (see below).  Surveys generally started 
around 0800 during March but started as early as sunrise 
by the beginning of May.

Generally, each two-person team walked one transect 
each day, using a compass and pre-specified bearings.  
Standard transects were 12 km long, walked in a 
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square that was 3 km on each side.  Where relatively 
open creosote-bursage alluvial slopes dominated the 
landscape, we found that repeated searching near the 
centerline did not improve encounter rates or detection 
on the line (USFWS 2006), so we did not mark the 
transect centerline for additional search effort.  Instead, 
the leader surveyed along a straight path with a 25-m 
cord trailing behind.  The second observer followed at 
the end of the moving cord and searched independently.  
The cord served as the transect centerline when taking 
distance measurements, and we calculated the walked 
length of these transects as the straight-line distance 
between GPS point coordinates that were recorded 
approximately 500 m apart along the transect.

In RC, where terrain rendered tortoises less visible, 
surveyors used a three-pass survey to effectively 
search on and near the marked transect centerline.  
One crew member, Observer A, dragged the end of 
the 50-m surveyor tape, following the transect bearing 
to its intended location.  Observer A then walked in a 
sinusoidal pattern back toward the beginning of the tape 
searching for tortoises on one side of the tape while the 
other crew member walked in a similar sinusoidal pattern 
on the opposite side.  Observer A then searched directly 

along the tape back to the end.  The process repeated 
itself, with the roles of the two surveyors reversing each 
time.  This intensive searching and the rugged terrain 
limited transects to 2 km per team each day.

We measured the distance and bearing of the tortoise 
to the observer on the center line in order to calculate 
the perpendicular distance of the tortoise to the transect 
center line.  We measured distances with 30-m fiberglass 
or 50-m surveyor tapes, and we measured bearings with 
compasses.  We used all observations of tortoises > 180 
mm carapace length (CL) to develop detection curves 
and density estimates, whether tortoises were in burrows, 
in the open, or under vegetation.  When tortoises 
were on the surface or could be easily extracted from 
burrows, we recorded CL and sex.  Without suggesting 
that there is a single size threshold for reproduction 
within or between populations (Germano 1994), we 
refer hereafter to tortoises that are at least 180 mm CL 
as adults and smaller tortoises as juveniles. 

Because we placed transects at random with respect 
to terrain and human infrastructure, and because 
standard transects were 3 km on each side, it was not 
unusual for the surveyed path to cross through varied 
terrain or be blocked by an obstacle such as a highway.  

table 1. Tortoise Conservation Areas within each Recovery Unit including total area (km2) and total effort (km) by year.  Tortoise 
Conservation Areas (with acronym; Acr) are grouped under corresponding larger recovery units.  Red Cliffs Desert Reserve was also 
surveyed in 1999 (307 km), 2000 (302 km), 2001 (314 km) and 2003 (309 km). 

Tortoise Conservation Area Acr Area (km2) 2004 2005 2007 2008 2009 2010 2011 2012 2013 2014

Colorado Desert 13,530 3,319 3,984 2,007 1,348 1,375 2,383 1,316 1,403

    Chocolate Mtn Aerial

    Gunnery Range AG 755 331 228 404 158 378 378 363 413 554

    Chuckwalla CK 3,509 1,083 866 747 112 613 280 213

    Chemehuevi CM 4,038 836 1,129 180 84 119 458 354 176

    Fenner FE 1,841 410 288 178 108 121 246 179 168

    Joshua Tree JT 1,567 278 601 135 102 240 227 147 183

    Pinto Mountains PT 751 56 155 131 72 162 213 118 140

    Piute Valley PV 1,070 325 717 231 713 355 249 239 159

Eastern Mojave 3,720 876 620 368 714 548 578 746 639

    Eldorado Valley EV 1,153 361 452 188 594 427 212 331 320

    Ivanpah IV 2,567 515 168 180 120 120 365 416 318

Northeastern Mojave 4,889 1,037 1,489 2,304 1,485 4,154 4,265 3,984 4,184

    Beaver Dam Slope BD 828 421 478 2578 631 662 751 819 683

    Coyote Springs Valley CS 1,117 365 237 906 1,592 1,504 1,046 967 996

    Gold Butte-Pakoon GB 1,977 361 432 300 733 1,258 1,039 1,116 923

    Mormon Mesa MM 968 311 398 621 691 1,286 1,298 1,227 1,253

Western Mojave 6,873 1,534 1,979 896 599 1,351 2,144 1,257 876 2,095

    Fremont-Kramer FK 2,417 463 661 300 216 361 566 264 193 815

    Ord-Rodman OR 1,124 381 310 141 102 197 270 174 158 472

    Superior-Cronese SC 3,332 690 1,009 456 281 793 1,307 820 525 808

Upper Virgin River 115 305 308 310 310 314

    Red Cliffs Desert Reserve RC 115 305 308 310 310 314
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The rules for modifying transects in these situations 
involved reflecting or elongating transects to avoid 
obstacles associated with human infrastructure (large 
roads, private inholdings, etc.), or shortening transects 
in rugged terrain.  The sampling frame therefore 
represented the walkable area of each TCA.  Transects 
that were partially outside TCA boundaries were initially 
completed without regard for these jurisdictional 
changes, but where the boundary was impassable, 
we reflected transect segments into TCAs as needed 
(Buckland et al. 2001) or pivoted shorter transects in 
RC on their northeastern corner to fit inside the TCA.  
By 2010 we reflected transects so that all paths were 
inside TCAs.

We used behavioral observations of tortoises carrying 
radio transmitters (Boarman et al. 1998) to estimate 
the proportion of individuals available to be seen 
above ground or in burrows during transect surveys, 
G0 (Anderson and Burnham, op. cit.).  Telemetry 
technicians used a VHF radio receiver and directional 
antenna to locate radio-equipped tortoises (n = 5–30) at 
each focal site (Fig. 1) during the same daily time period 
when field crews were walking transects in that region 
of the desert.  Observers completed a survey circuit of all 
transmittered animals as many times as possible (range, 
0–5 times per day) during the allotted time, recording 
each time whether the tortoise was visible.

Estimation of annual tortoise density in each 
TCA.—We used distance sampling (Buckland et al. 
2001) to develop density estimates based on encounter 
rates in each TCA adjusted for imperfect detection of 
animals farther from the transect centerline.  Estimates 
were developed each year separately for reporting to 
sponsoring agencies.  We used Program DISTANCE, 6.2 
(Thomas et al. 2010), to estimate Pa, the proportion of 
adult G. agassizii detected within w meters of the transect 
centerline.  We truncated observations by distance from 
the centerline to improve model fit as judged by the 
simplicity of the resulting detection function (Buckland 
et al. 2001).  Truncation typically reduced the number 
of observations overall by 5% or fewer, improving 
estimates of detection probability but reducing the 
number of observations to estimate encounter rate in 
each TCA.  Sample size considerations also contributed 
to our decision to rely on pooling robustness (Buckland 
et al. 2001) rather than using covariates to model 
detection function estimates (Marques et al. 2007).  
Detection function estimation is robust in the face of 
pooling data from different observers, on different days, 
and in different areas (Buckland et al. 2001) as long as 
factors that cause variability in detection probability 
are represented proportionately (Marques et al. 2007).  
Such factors include vegetation that differentially 
obscures vision with distance and different detection 

patterns characteristic of individual crews (pairs).  
Crews on the same team walked the same number of 
transects although crews on different teams might 
not.  For these reasons, we placed transects at random 
in each TCA and developed separate detection curves 
each year for each field team, pooling data from all 
TCAs surveyed by that team.  Teams also correspond 
to regions of the desert, and years are correlated with 
precipitation conditions that affect spring vegetation 
height and cover, so detection curves that are created 
separately for teams and years also indirectly address 
additional factors that affect detection.  In years when 
a team surveyed both in the Mojave and the Sonoran 
deserts, where the vegetation types may affect tortoise 
detection differentially, we used two separate detection 
curves if the sum of their AIC values was less than the 
AIC value for the single detection curve for the team.  In 
RC, where the same transects were walked each year, 
we used a single detection curve for all years of the 
study.  Although we pooled observations from multiple 
TCAs (or from multiple years in RC) for each detection 
curve, we estimated adult tortoise encounter rates (n/L) 
and the variance of n separately for each TCA each year.

The distance to which observations were truncated, 
w, determined the reported area searched in each TCA, 
2wL, where L is the total length in kilometers walked.  
We applied Akaike’s Information Criterion (AIC) to 
select among detection-function models (uniform, 
half normal, and hazard-rate) and key function/series 
expansions recommended in Buckland et al. (2001).  
Where more than one model were strongly supported 
by the data, we selected on the basis of Chi-square 
goodness-of-fit statistics near the transect centerline.

If there is imperfect detection on the transect 
centerline, a further correction factor must be applied to 
estimate the true density of tortoises.  Because transects 
in RC used a three-pass method to search the centerline, 
we assumed that all tortoises at the transect centerline 
were detected.  Elsewhere, detections by two observers 
walking the centerline one after the other allowed 
estimation of the detection probability for tortoises 
within increasing distances from the transect centerline 
as for a two-pass removal estimator (White et al. 1982); 
this provides a test of the assumption that all tortoises on 
the transect centerline are recorded (g(0) = 1). 

We used a final correction factor, G0, to adjust the 
density estimate to account for tortoises hidden in 
burrows in addition to those that were visible.  Each 
bootstrapped estimate of G0 was based on one randomly 
selected visibility record for each tortoise outfitted with 
a radio transmitter on each day it was located.  We 
generated 1,000 bootstrap samples in PASW Statistics 
(release 18.0.2, SPSS, Inc. Chicago, Illinois, USA) to 
estimate G0 and its standard error by site.
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Annual density in each TCA was estimated as:
 

Whereas n and L were estimated separately for each 
TCA, observations from multiple TCAs were used 
to generate a single estimate of Pa.  We also applied 
estimates of G0 to more than one TCA, and we based 
estimates of g(0) on all observations from the two-
pass surveys.  This pooling of information can lead to 
covariance between TCA estimates in a given year (see 
below).  Although two of the correction factors have 
similar symbols, when the parameter symbol involves 
a capital letter (G0), we are referring to the proportion 
visible; the lower-case letter refers to the probability of 
detection of visible tortoises at the centerline.

Describing trends in adult tortoise densities.—We 
used R 3.4.1 (R Core Team 2017) to develop marginal 
models (Pinheiro et al. 2017) describing the natural log 
of tortoise density per km2 as a function of year and 
location.  Logarithmic transformations have a special 
interpretation when modelling trends; a modest linear 
trend in a logarithmic quantity represents a proportional 
change rather than a linear one (Keene 1995).  A slope 
of 0.05 for ln(density) regressed on years, for instance, 
would be interpreted as a 5% increase per year. Our 
models included TCA, Year, and Year2.  Year was centered 
before modeling (Schielzeth 2010).  Year2 was included 
to capture any curvilinear population responses, and we 
anticipate modeling additional polynomial terms in the 
future when we are considering a longer time period.  
The full model also included two-way interactions 
between TCA and the linear and quadratic time factors.  
We used generalized least squares regression to also 
weight annual density estimates based on their variance 
and to add covariance structure to account for sets of 
density estimates that were inherently correlated because 
they shared correction factors of Pa or G0 (Pekar and 
Brabec 2016).  This second level of analysis therefore 
incorporated information about the first-level (annual 
density) variances and covariances.

We used a model based on the full suite of fixed 
effects to select among different variance weighting and 
covariance structures (Zuur et al. 2009).  We used model 
selection procedures based on second-order AIC (AICc, 
Burnham and Anderson 2002; Mazerolle 2015) to 
decide whether to weight the analysis by the variance or 
CV of the annual density estimates.  We also considered 
whether to model correlations among residuals for 
density estimates from the same Year, or due to use of 
pooled G0 and Pa estimates for multiple TCA density 
estimates (see above).  For all subsequent tests of 
potential fixed-effects models, we selected a covariance 

structure to account for within-Year correlation of 
residuals and weighted optimization procedures as a 
function of the CV of annual density estimates.

With the final variance weighting and correlation 
structures in place, we used AICc for selection among 
alternative models and examined the fit of the best 
model using marginal r2 (Nagelkerke 1991).  We used 
ANCOVA to examine whether slopes and intercepts 
of TCAs in each recovery unit described the same 
pattern (Zar 1996).  To apply tortoise densities from the 
TCAs to entire recovery units, we estimated the area of 
potential habitat in each of the five recovery units based 
on Nussear et al. (2009).  We only considered 1-km2 

grid cells assigned a probability of occupancy > 0.5 as 
potential habitat (Liu et al. 2005) after removing any 
area identified as an impervious surface (Fry et al. 2011).

Describing trends in representation of juvenile 
size class.—During surveys, we noted all observed 
tortoises of any size; however, smaller tortoises were 
less detectable than adults and there were too few 
observations of smaller tortoises to make density 
estimates based on distance sampling.  Instead, to 
complement our analysis of changes in the abundance of 
adult tortoises, we used mixed effects logistic regression 
(Bates et al. 2015) to evaluate the relative proportion 
of juvenile tortoises detected in each recovery unit, 
fitting the observations to models including Year, Year2, 
Recovery Unit, and two-way interactions between 
Recovery Unit and the time factors as predictors.  We 
also included the categorical form of Year as a random 
factor to account for any enforced correlation across the 
recovery units in proportion of juveniles present due to 
annual conditions.  Because we observed many fewer 
juvenile tortoises than adults, we report results at the 
larger spatial scale of the recovery unit rather than for 
each TCA.  Tortoises that could not be extracted from 
burrows were often classified as unknown rather than 
as adults or juveniles, especially earlier in the study 
period.  We conservatively assumed all unclassified 
tortoises were adults, so that estimates of the proportion 
of juvenile observations earlier in the time series were 
not inflated.  Lacking information on detectability 
of juveniles to correct our raw data, the relative 
proportion of juveniles that we examined reflected their 
representation among detected animals, not the actual 
proportion of juveniles in the population.  We used AIC 
for model selection, weighting, and averaging (Barton 
2015).  Note that because the continuous input variable 
Year was standardized to a mean of zero and divided 
by two standard deviations before model development 
(Schielzeth 2010), we could consider models with the 
quadratic form of this variable even if the linear form was 
not present in the model; this is equivalent to assuming 
opposing trends at the start and end of the study period 
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but no average trend overall.  This standardization also 
allowed us to use model averaging on interaction terms 
(Schielzeth 2010).  For models describing Year2 effects, 
the inflection point at which trends shifted between 
increases and decreases in the odds of encountering 
juveniles on surveys was estimated as –βYear/2βYear

2. 

results

Adult densities and trends.—Annual probability of 
detection within 2 m of the transect centerline varied 
from 0.95 to 1.00, and converged on g(0) = 1.0 (Fig. 
2), so we added no g(0) correction to annual density 
estimates.  In contrast, although estimated tortoise 
visibility (G0) was generally greater than 0.80, it was 
estimated as low as 0.35 at Chemehuevi in 2012 (Fig. 3, 
Appendix A), illustrating the degree of bias possible if 
tortoise density estimates do not include corrections for 
tortoises unavailable for detection.  Some of our focal 
sites were consistently characterized by more above-
ground activity than others (Fig. 3).  The half-strip 
width, w, was generally between 12 and 22 m (Appendix 
B).  Detection rate, Pa, was 0.64 in RC and averaged 
0.45 in the other TCAs, where two-pass surveys were 
implemented; however, whether two- or three-pass 
sampling was used, the detection shoulder near the 
centerline consistently indicated nearly complete 
detection out to 2 m (10% of w) as recommended by 
Buckland et al. (2001). 

Annual density estimates ranged from 0.2 adult 
tortoises/km2 (SE = 0.2) in GB in 2005 to 28.0/ km2 (SE 
= 4.0) in RC in 2000 (Table 2).  During the first years 
reported here (2004 and 2005), TCAs in the Northeastern 
Mojave Recovery Unit had lower mean densities (< 5.0/ 

Figure 2. Detection of Mojave Desert Tortoises (Gopherus 
agassizii) at the transect centerline (g(0)) based on all two-pass 
survey observations as remote as x meters from the transect 
centerline.  Dotted lines are annual curves; solid line is overall 
pattern across years from 2004 through 2014 (no surveys conducted 
in 2006).  Note the convergence of g(0) on 1.0 as x goes to 0.

Figure 3. Box and whisker plots indicating the proportion of adult Mojave Desert Tortoises (Gopherus agassizii) visible (G0) at each of 
14 focal sites shown in Fig. 1 during transect surveys from 1999 through 2014.  Boxes represent the interquartile range (values from the 
25th – 75th percentile), crossed by a heavy bar at the median.  Dotted-line whiskers indicate the extent of the 12.5–87.5 percentile, with 
any values outside this range shown as hollow dots below some whiskers.  Sites are ordered from west on the left to east.  Not all focal 
sites were used to correct density estimates each year.  For instance, only Red Cliffs was monitored before 2004, and Jean was used in 
only one year of observation. 
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km2) than TCAs in other recovery units.  Each year we 
surveyed RC, it consistently had the highest densities of 
adult tortoises.

The best model to describe variation in adult tortoise 
densities supported the hypothesis that densities changed 
proportionally over time, with different linear trends in 
each TCA (Table 3).  Models based on linear trends 
had strong support (cumulative model weights = ∑w 
= 0.9996; Table 3), whereas those including quadratic 
effects of time had essentially no support (∑w < 0.0001).  

We report tortoise trend estimates based only on the 
best-performing model, with w > 0.999 and describing 
a large amount of variation in loge(Density).  Estimates 
of r2 (marginal r2 = 0.84, Nagelkerke’s modified r2 = 
0.92) indicated that after weighting to address variance 
heterogeneity and building in covariance structure, there 
was considerable variance in adult densities that could 
be explained by the effects of Year, TCA, and their 
interaction.  Covariance between TCA density estimates 
from the same year accounted for 17.0% of the total 

table 2. Densities (n/km2) of adult Mojave Desert Tortoises (Gopherus agassizii) and corresponding standard errors (SEs) in each 
Tortoise Conservation Area (TCA) from 2004 to 2014.  Acronyms for TCAs are given in Table 1.  RC was also surveyed earlier: 1999 
(34.3, SE = 11.32), 2000 (25.7, SE = 5.61), 2001 (24.4, SE = 5.69), 2003 (14.0, SE = 2.79). 

TCA within Recovery Unit Year

2004 2005 2007 2008 2009 2010 2011 2012 2013 2014

Colorado Desert

AG 11.4 
(3.55)

13.4 
(4.31)

6.5 
(1.50)

4.5 
(2.56)

7.5 
(2.74)

13.8 
(3.52)

6.0 
(1.84)

7.3 
(1.96)

8.4 
(2.09)

CK 4.9 
(1.49)

6.0 
(1.77)

4.3 
(1.19)

4.2 
(2.84)

3.7 
(1.14)

3.9 
(1.37)

3.9 
(1.62)

CM 6.7 
(1.27)

10.3 
(3.10)

3.9 
(1.71)

4.8 
(3.07)

9.4 
(5.98)

4.2 
(1.40)

4.0 
(1.51)

0.8 
(0.90)

FE 8.2 
(1.94)

13.5 
(2.80)

6.2 
(2.37)

6.6 
(3.05)

8.3 
(4.01)

6.9 
(2.49)

6.8 
(2.78)

0.9 
(0.95)

JT 1.9 
(0.53)

2.7 
(0.79)

3.0 
(1.94)

2.3 
(1.75)

2.3 
(1.56)

2.8 
(1.56)

3.5 
(1.33)

3.4 
(1.63)

PT 2.2 
(2.12)

9.9 
(3.58)

1.9 
(0.98)

3.3 
(3.53)

4.3 
(2.38)

3.4 
(1.85)

3.3 
(1.39)

3.7 
(1.57)

PV 2.9 
(1.13)

3.7 
(0.90)

4.1 
(1.88)

4.1 
(1.28)

3.6 
(1.64)

3.8 
(1.37)

6.6 
(2.62)

1.9 
(1.46)

Eastern Mojave

EV 2.6 
(0.94)

5.0 
(1.25)

4.1 
(1.69)

1.8 
(0.85)

3.8 
(1.56)

1.0 
(0.62)

2.8 
(1.13)

0.9 
(0.74)

IV 4.4 
(1.19)

4.4 
(2.46)

5.6 
(1.95)

5.1 
(2.92)

4.1 
(1.86)

1.0 
(0.48)

4.5 
(1.72)

2.8 
(1.79)

Northeastern Mojave

BD 0.9 
(0.49)

1.1 
(0.57)

1.1 
(0.59)

3.2 
(1.61)

3.3 
(0.93)

3.3 
(1.22)

5.4 
(1.60)

2.6 
(1.06)

CS 1.3 
(0.54)

3.3 
(1.23)

1.4 
(0.47)

1.2 
(0.37)

2.0 
(0.74)

3.6 
(0.87)

4.0 
(0.88)

2.9 
(0.66)

GB 0.6 
(0.34)

0.2 
(0.18)

1.1 
(0.58)

2.2 
(1.14)

1.7 
(0.61)

1.6 
(0.58)

2.3 
(0.74)

1.7 
(0.68)

MM 2.4 
(0.88)

4.9 
(1.37)

3.0 
(0.93)

1.9 
(0.73)

7.3 
(2.83)

5.5 
(1.15)

6.3 
(2.10)

4.3 
(1.30)

Upper Virgin River

RC 22.5 
(4.59)

22.1 
(10.76)

15.5 
(3.74)

19.3 
(4.14)

18.3 
(5.58)

Western Mojave

FK 8.4 
(2.31)

5.3 
(1.28)

3.0 
(1.46)

0.5 
(0.51)

3.3 
(1.13)

2.4 
(0.60)

3.5 
(1.11)

2.2 
(1.07)

4.7 
(1.05)

OR 7.3 
(2.25)

7.7 
(1.80)

7.1 
(3.26)

5.0 
(5.34)

7.2 
(2.65)

7.5 
(1.85)

3.2 
(1.18)

4.6 
(2.14)

3.5 
(0.88)

SC 6.3 
(1.84)

6.3 
(1.32)

5.9 
(2.28)

1.9 
(1.19)

4.6 
(1.12)

2.6 
(0.49)

3.4 
(0.79)

4.3 
(1.41)

2.5 
(0.60)
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variance.  Visual inspection of residual plots did not 
reveal any obvious deviations from homoscedasticity or 
normality.

Densities of adult G. agassizii were declining, on 
average, in every recovery unit except the Northeastern 
Mojave (Table 4, Fig. 4).  Average density of adult 
tortoises increased in the Northeastern Mojave 
Recovery Unit at 13.1%/y (SE = 4.3%) since 2004, with 
especially large rates of increase (> 13%/y) estimated in 
BD and GB.  Adult densities in the other four recovery 
units have declined at different annual rates: Colorado 
Desert (˗4.5%, SE = 2.8%), Upper Virgin River (˗3.2%, 
SE = 2.0%), Eastern Mojave (˗11.2%, SE = 5.0%), 
and Western Mojave (˗7.1%, SE = 3.3%).  Based on 
analysis of covariance, three of the four recovery units 
with more than one TCA could be characterized by 
common regression slopes (Eastern Mojave: F1,12 = 
0.305, P = 0.591; Western Mojave: F2,21 = 0.094, P = 
0.910; Northeastern Mojave: F3,24 = 1.206, P = 0.317; 
Colorado Desert: F6,43 = 2.391, P = 0.044), but intercepts 
indicate different initial densities in two of the recovery 
units (Eastern Mojave: F1,13 = 2.560, P = 0.134; Western 
Mojave: F2,23 = 3.326, P = 0.054; Northeastern Mojave: 
F3,27 = 11.073, P < 0.001; Colorado Desert: F6,49 = 5.090, 
P < 0.001).  The estimates we report above and in Table 

4 are therefore total regression results for the Colorado 
Desert and Northeastern Mojave recovery units to 
characterize this greater within-recovery unit variation 
in slopes and/or intercepts, but common regression 
results for the other recovery units.  Slopes differed 
between recovery units (F4,119 = 9.422, P < 0.001).

We applied estimated recovery unit densities based 
on TCAs to all potential habitat in each recovery unit, 
developing a high-end estimate of abundance for each 
recovery unit in 2004 and 2014 (Table 5).  Despite the 
increasing population trend of adults in the Northeastern 
Mojave, its small area and low starting density resulted 
in a relatively small overall increase in the number of 
adult tortoises by 2014.  In contrast, the much larger 
areas of the Eastern and Western Mojave and Colorado 
Desert recovery units, plus the higher estimated initial 
densities in these areas, explain much of the estimated 
total loss of adults since 2004.  We estimate there were 
124,050 fewer adult tortoises (SE = 36,062) range-wide 
in 2014 compared to the 336,393 tortoises (SE = 51,596) 
present in 2004. 

Changes in representation of juvenile size class.—
The full model of spatial and temporal effects describing 
the proportion of juveniles among observed tortoises 

Figure 4. Trends in density (tortoises/km2) of adult Mojave Desert Tortoises (Gopherus agassizii) in each recovery unit through 2014: 
since 1999 for Upper Virgin River Recovery Unit and for all others since 2004.  Separate markers are used for annual density estimates 
for each tortoise conservation area within the recovery unit.  The modeled change in density is the bold line and its 90% CI is shown with 
the dashed line, reflecting the Type I error specified in U.S. Fish and Wildlife Service (2011).

Herpetological Conservation and Biology



 442   

reduced the unexplained variance by 30.6% compared to 
the model of an overall average proportion, accounting 
for intra-year correlated proportions.  Although the 
model with only Recovery Unit as a fixed effect had the 
lowest AIC, there was considerable support for models 
other than the top-ranking one (Table 6).  The next five 
ranked models added Year or Year2 effects and were 
within five AIC units of the best model; the cumulative 
weight of the top six models was > 0.95.  As expected 
based on the ranked models, model-averaged parameter 
estimates indicated that the odds of finding a juvenile 
tortoise differed primarily between recovery units, with 
a weaker pattern of change over time (Table 7).  This 
analysis approach does not allow us to estimate the true 
proportion of juveniles in the population, and indeed 
the higher proportion of juveniles found in the Upper 
Virgin River Recovery Unit is undoubtedly a product 
of the three-pass search technique used there in contrast 
to two-passes elsewhere. Of the four recovery units 
in which we used two-pass surveys, the probability 
of encountering a juvenile was consistently lowest 
in the Western Mojave Recovery Unit.  The model-
averaged Year parameter estimate indicated the average 
pattern over all years (1999 through 2014) because we 
standardized the input variable Year (mean = 2007.0, 
SD = 4.1).  The model-averaged Year parameter for 
each recovery unit is close to zero, indicating similar 
proportions at the beginning and end of the survey 
period, with slightly fewer juveniles in the Northeastern 
and Western Mojave recovery units, and slightly more 
elsewhere.  However, the negative sign of the Recovery 
Unit X Year2 parameter estimates indicated that between 
the beginning and end of the survey period, there were 
increased odds of encountering juveniles (Schielzeth 
2010); the proportion of juveniles was increasing when 
surveys began in 1999 but peaked in 2007 and have 
been declining in all recovery units since then. 

The linear and quadratic time effects indicate 
that in all recovery units the odds of encountering a 
juvenile have declined since 2007 (Table 7, Fig. 5), 
which is most of the period of surveys for four of the 
five recovery units.  The magnitude of the Recovery 
Unit X Year2 effects indicates this trend was strongest 
in the Eastern and Northeastern Mojave recovery 
units, so that in 2014 there were 23% fewer (Eastern 
Mojave) and 15% fewer (Northeastern Mojave) 
juveniles compared to 2004.  In 2007, the year when 
the proportion of juveniles was estimated to be highest 
in all recovery units, P(juvenile2007UpperVirginRiver) = 0.189, 
CV = 0.057 and, in contrast, P(juvenile2007Western Mojave) = 
0.099, CV = 0.067.  The probability that an encountered 
tortoise was a juvenile was also consistently low in the 
Colorado Desert (P[juvenile2007Colorado Desert] = 0.119, CV 
= 0.131) and lower than in the remaining two recovery 
units (P[juvenile2007Eastern Mojave] = 0.149, CV = 0.187; 
P[juvenile2007Northeastern Mojave] = 0.140, CV = 0.085).

discussion

Our analyses provide the first estimates of regional 
and range-wide population trends for G. agassizii.  
Overall this threatened species is experiencing large, 
ongoing population declines, and adult tortoise numbers 
have decreased by over 50% in some recovery units 
since 2004.  Although TCAs within the same recovery 
unit had very different initial densities, trends were more 
similar within recovery units than between them.  Only 
one of the five recovery units (Northeastern Mojave) 
exhibited population increases across all TCAs; this 
recovery unit also had the lowest densities at the start of 
our study period in 2004.

Maximum annual population growth rate projected 
in the eastern Mojave Desert during optimum forage 
conditions on a 2.59-km2 study plot was 2% (Turner 
et al. 1987, unpubl. report), while Nussear and Tracy 
(2007) simulated annual population growth rates as 

table 3. Model selection table for all models fit to log-
transformed annual densities of adult Mojave Desert Tortoises 
(Gopherus agassizii) through 2014 for all Tortoise Conservation 
Areas (TCAs), starting in 1999 for Red Cliffs Desert Reserve and 
in 2004 for the remaining 16 TCAs.  Model weights (w) express 
the relative support for each model given the data and are based on 
relative scores for the second order Akaike’s Information Criterion 
(AICc).

Model
Log 

likelihood AICc ΔAICc w

TCA + Year + TCA×Year ˗42.2 186.0 0.0 0.9996

TCA + Year ˗76.7 203.2 17.2 0.0002

TCA ˗78.4 203.9 17.9 0.0001

TCA + Year + Year2 ˗76.0 204.7 18.7 0.0001

TCA + Year + Year2 + 
TCA×Year + TCA×Year2

˗25.6 229.2 43.2 0.0000

Year + Year2 ˗150.0 312.7 126.7 0.0000

Year ˗155.3 321.1 135.1 0.0000

Random effects only ˗160.3 329.0 143.0 0.0000

Figure 5. Relative proportion of juvenile Mojave Desert Tortoises 
(Gopherus agassizii) in each recovery unit through 2014: since 
1999 for Upper Virgin River Recovery Unit and for all others since 
2004.
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high as 5%.  We describe regional population increases 
in some TCAs much larger than this, possibly indicating 
that optimal environmental conditions alone do not 
explain these increases.  Several unpaved roads in 
these TCAs have been closed by the BLM and legal 
protections since the early 1990s may have reduced the 
number of tortoises purposely killed or removed from 
the wild.  Nonetheless, the 3.7-fold increase in adults 
since 2004 that is described here would be unexpected 
even under much more active management.  The large 
variance associated with these estimates of population 
trend probably factors into the magnitude of the estimate.  
Large variances that describe the best estimates of trends 
in adult density indicate that more modest increases are 
almost as strongly supported by the data. 

Encounter rates make the largest contribution to 
variance in the annual TCA density estimates, reflecting 
the non-random pattern of tortoises on the landscape.  
High between-transect variability in encounter rate 
means that within-year encounter rate variance will be 
high, as will between-year variance unless the same 
transects are surveyed each year.  This is the case only 

in RC, the only TCA where encounter rate variance was 
never the primary contributor to the density variance 
(more about variance considerations below). 

Based on the rapid increase in the number of adults, 
juveniles in the Northeastern Mojave Recovery Unit 
must also be increasing in absolute terms despite the 
˗0.021 change in their relative number since 2004.  
Locally focused demographic studies are required to 
describe the roles of increasing adult survivorship and/
or recruitment into adult size classes; these studies could 
also further our understanding of the survivorship of 
the more cryptic juveniles (USFWS 2011).  Population 
trends of the future (over more than a generation) 
will provide a measure of reproduction and juvenile 
survivorship since 2004 in the Northeastern Mojave 
TCAs. 

Declining adult densities through 2014 have left 
the Western Mojave adult numbers at 49% and in the 
Eastern Mojave at 33% of their 2004 levels.  Such steep 
declines in the density of adults are only sustainable if 
there were suitably large improvements in reproduction 
and juvenile growth and survival.  However, the 
proportion of juveniles has not increased anywhere since 
2007, and in these two recovery units the proportion of 
juveniles in 2014 has declined to 91% and 77% of their 
representation in 2004, respectively.  This may be a 
continuation of ongoing population declines for at least 
part of the Western Mojave (Berry et al. 2013).  

Reductions in the number of juvenile tortoises may 
reflect reduced reproduction and/or increased mortality 
of smaller tortoises.  Drought indices for the deserts 
of the southwestern United States have increased in 
recent decades (USFWS 2006, Guida et al. 2014), with 
speculation that female tortoises consequently reduce 
annual reproductive effort (Henen 1997, 2002) or that 
hatchlings may be at increased risk of emerging to find 
too little moisture and related forage (Morafka 1994; 
Nagy and Medica 1986; Nagy et al. 1997; Wilson et 
al. 2001).  Many other sources of mortality to smaller 
desert tortoises have been identified (Darst et al. 
2013), but recent attention has focused especially on 
increased predation risk in the Western Mojave, Eastern 
Mojave, and Colorado Desert recovery units due to 
prey-switching during droughts by Coyotes (Canus 
latrans; Esque et al. 2010) and especially by increasing 
abundance of Common Ravens (Corvus corax), which 
typically prey on smaller tortoises rather than on adults 
(Boarman and Berry 1995; Kristan and Boarman 2003).

Ultimately, trends in adult and juvenile densities 
reflect the impact of numerous unquantified threats to G. 
agassizii populations over the period of the study (Tracy 
et al., op. cit.; Darst et al. 2013).  With few exceptions, the 
multitude of threats, acting over the long lives of these 
animals, prevents more rapid and direct identification of 
specific agents responsible for G. agassizii population 

table 4. Parameter estimates and standard errors (SEs) from the 
best-fitting model describing loge-transformed density/km2 of adult 
Mojave Desert Tortoises (Gopherus agassizii).  The model applies 
for the period through 2014 for all recovery units, starting in 1999 
in Upper Virgin River and in 2004 for the remaining four recovery 
units. 

Recovery unit / 
Tortoise Conservation Area Intercept (SE) Slope (SE)

Western Mojave ˗3.174(0.102) -0.071(0.033)

     Fremont-Kramer (FK) -3.195(0.103) -0.068(0.030)

     Ord-Rodman (OR) -2.801(0.104) -0.082(0.031)

     Superior-Cronese (SC) -3.149(0.092) -0.093(0.029)

Colorado Desert -3.051(0.078) -0.045(0.028)

     Chocolate Mtn Aerial Gunnery Range
     (AG)

-2.395(0.115) -0.033(0.033)

     Chuckwalla (CK) -3.093(0.119) -0.041(0.042)

     Chemehuevi (CM) -2.966(0.131) -0.108(0.047)

     Fenner (FE) -2.574(0.127) -0.073(0.048)

     Joshua Tree (JT) -3.553(0.132) 0.062(0.044)

     Pinto Mountains (PT) -3.144(0.149) -0.083(0.058)

     Piute Valley (PV) -3.193(0.120) 0.044(0.049)

Northeastern Mojave -3.870(0.119) 0.131(0.043)

     Beaver Dam Slope (BD) -3.975(0.143) 0.222(0.052)

     Coyote Springs Valley (CS) -3.750(0.100) 0.102(0.041)

     Gold Butte-Pakoon (GB) -4.365(0.148) 0.144(0.048)

     Mormon Mesa (MM) -3.148(0.101) 0.082(0.041)

Eastern Mojave -3.544(0.132) -0.112(0.050)

     Eldorado Valley (EV) -3.589(0.131) -0.092(0.051)

     Ivanpah (IV) -3.273(0.126) -0.074(0.048)

Upper Virgin River -1.654(0.093) -0.032(0.021)

     Red Cliffs Desert Reserve (RC) -1.654(0.093) -0.032(0.021)
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increases or declines.  Local conditions in each TCA 
also determine whether the same threat will act with 
similar severity.  For instance, although wildfires in 
2005 in RC were associated with high tortoise mortality 
(McLuckie et al. 2014), similarly large fires that year in 
GB are believed to have impacted areas of poor tortoise 
habitat quality due to earlier overgrazing.  These areas 
supported lower densities of tortoises at the time of the 
wildfire, so the impact of the fires was much less in GB 
than in RC (Tuma et al. 2016). 

Techniques appropriate for describing survivorship 
and reproduction have characterized tortoise population 
dynamics in a handful of small, unrepresentative areas, 
while surveys in larger, more typical low-density areas 
are difficult to associate with specific local human 
activities.  The trends we describe are consistent 
with published observations within some TCAs.  As 
mentioned above in the Upper Virgin River Recovery 
Unit, RC experienced catastrophic wildfire as well as 

a drought-related die-off of tortoises during the period 
of this study (McLuckie et al. 2014).  The vulnerability 
of this smaller recovery unit in the face of such large-
scale impacts remains of paramount concern.  In the 
Western Mojave Recovery Unit, decreasing population 
trends in the decades before 2004 were described based 
on multiple widespread but local mark-recapture plots 
(Doak et al. 1994; Berry and Medica 1995; Tracy et 
al., op. cit.); other evidence of population declines 
came from comparison of the frequency of live and 
dead tortoise sightings in the Western Mojave TCAs 
(Tracy et al., op. cit.).  During the period covered by our 
study, Esque et al. (2010) also noted increased rates of 
predation by coyotes in the Western Mojave and linked 
this to decreases in their mammal prey base following 
drought.

In other parts of the desert, earlier research on local 
plots sometimes described population trajectories that 
differ from declines reported by us, such as static adult 
tortoise numbers on 2.59- km2 plots in the IV TCA in 
the Eastern Mojave Recovery Unit, and in PV and FE in 
the Colorado Desert Recovery Unit (Berry and Medica 
1995).  The data in these cases were for earlier decades 
and describe patterns on single local plots that were not 

table 5. Estimated change in abundance of adult Mojave Desert Tortoises (Gopherus agassizii) in each recovery unit between 2004 and 
2014, including standard error (SE) of abundance estimates.  Abundance estimates are based on recovery unit densities calculated from 
the model in Table 4 and applied to all areas of the associated recovery unit meeting criteria as modeled habitat, whether inside or outside 
TCAs. 
Recovery Unit Modeled Habitat (km2) 2004 Abundance (SE) 2014 Abundance (SE) Δ Abundance (SE)

Western Mojave 23,139 131,540 (35,415) 64,871 (17,465) -66,668 (17,949)

Colorado Desert 18,024 103,675 (30,366) 66,097 (19,359) -37,578 (11,006)

Northeastern Mojave 10,664 12,610 (4,304) 46,701 (15,940) 34,091 (11,636)

Eastern Mojave 16,061 75,342 (21,589) 24,664 (7,067) -50,679 (14,522)

Upper Virgin River 613 13,226 (1,115) 10,010 (1,234) -3,216 (340)

Total 68,501 336,393 (51,596) 212,343 (31,391) -124,050 (36,062)

table 6. Model selection table for mixed model logistic regression 
describing the proportion of observations that were juvenile 
Mojave Desert Tortoises (Gopherus agassizii) from 2004 through 
2014 for all recovery units (starting in 1999 for Upper Virgin River 
Recovery Unit).  Year was also used as a categorical variable to 
capture the random effects of annual conditions.  Model weights 
(w) express the relative support for each model given the data and 
are based on relative scores for Akaike’s Information Criterion 
(AIC).  Models with ΔAIC < 5 are shown (these model weights 
cumulatively account for > 0.95 of model support) as well as the 
top model for describing patterns in adult densities (Table 3) and 
the null model.

Model Log likel. AIC ΔAIC w

RU ˗1967.8 3947.5 0.0 0.324

RU + Year2 ˗1966.8 3947.6 0.1 0.309

RU + Year ˗1967.7 3949.5 2.0 0.119

RU + Year + Year2 ˗1966.8 3949.6 2.1 0.114

RU + Year2 + 
RU×Year2

˗1964.1 3950.2 2.7 0.084

RU + Year + Year2 + 
RU×Year2

˗1964.0 3951.9 4.4 0.036

RU + Year + RU×Year ˗1965.9 3953.8 6.3 0.014

Random factors only ˗1982.0 3968.1 20.6 0.000

table 7. Parameter estimates (standard errors) for changes in 
the relative proportion of juveniles observed on surveys for adult 
Mojave Desert Tortoises (Gopherus agassizii) from 2004 through 
2014 in four of the five recovery units and since 1999 in Upper 
Virgin River Recovery Unit.  Estimates are model-averaged with 
shrinkage across the top six models in Table 6.  For interpreting 
inflection points, the input variable Year was standardized based 
on mean = 2007.0 and standard deviation = 4.1.  

Recovery Unit Intercept Year Year2

Colorado Desert ˗1.999 
(0.133)

0.003 
(0.088)

˗0.097 
(0.380)

Eastern Mojave ˗1.729 
(0.206)

0.003 
(0.106)

˗0.484 
(1.262)

Northeastern Mojave ˗1.822 
(0.107)

˗0.001 
(0.095)

˗0.307 
(0.534)

Upper Virgin River ˗1.445 
(0.066)

0.003 
(0.003)

˗0.212 
(0.045)

Western Mojave ˗2.198 
(0.071)

˗0.005 
(0.105)

˗0.154 
(0.330)
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selected to be representative of the larger TCA (Corn 
1994; Anderson et al. 2001; Tracy et al., op. cit.).  For 
instance, ongoing and long-term declines on a 2.59-km2 

plot in the JT TCA of the Colorado Desert Recovery 
Unit (Lovich et al. 2014) may reflect drought impacts 
they describe, in addition to consequences from the 
unimproved road that bisects the plot, and predator 
impacts reported elsewhere in a low relief site (Berry et 
al. 2013).  These characteristics of the plot differ from 
large areas of the TCA, which are in more rugged terrain 
and where we characterize populations as increasing.

Throughout our assessment, we describe tortoise 
status based on adult densities, which is useful for 
comparison of areas of different sizes.  However, if 
the area available to tortoises is decreasing, then trends 
in tortoise density no longer capture the magnitude of 
decreases in abundance.  Some of the area of potential 
habitat (68,501 km2) has certainly been modified in a 
way that decreases the number of tortoises present.  We 
used area estimates that removed impervious surfaces 
created by development as cities in the desert expanded.  
However, we did not address degradation and loss of 
habitat from recent expansion of military operations 
(753.4 km2 so far on Fort Irwin and the Marine Corps Air 
Ground Command Center), from intense large scale fires 
such as those that burned 576.2 km2 in critical habitat 
alone in 2005, or from development of utility-scale solar 
facilities in the desert that have been permitted on 194 
km2 to date (USFWS 2016).  The impact of the many 
smaller land use conversions (habitat loss) have not 
been compiled, but this and the small scale of habitat 
restoration projects (habitat gain) have been dwarfed by 
the scale of habitat conversion from military exercises, 
renewable energy facilities, and catastrophic fire.  Due 
to loss and degradation of potential habitat, the recovery 
unit abundance estimates in Table 5 are maximum 
estimates.  Habitat loss would also disrupt the prevailing 
population structure of this widely distributed species 
with geographically limited dispersal (isolation by 
distance; Murphy et al. 2007; Hagerty and Tracy 2010).  
Demographic connection with nearby local populations 
has enabled repopulation of at least one area after a local 
die-off of tortoises (Germano and Joyner 1988).  We 
therefore anticipate an additional impact of this habitat 
loss is decreasing resilience of local tortoise populations 
by reducing demographic connections to neighboring 
populations (Fahrig 2007).  Military and commercial 
operations and infrastructure projects that reduce 
tortoise habitat in the desert are anticipated to continue.

The high variability of population estimates and the 
serious consequences of hypothesis testing that fails 
to detect a true population decline are ongoing topics 
in conservation biology (Johnson 1989; Taylor and 
Gerrodette 1993; Taylor et al. 2007; Gerrodette 2011).  
Conventional hypothesis testing involves comparison 

of observed trend estimates to a null model of static 
population size; this unnecessarily restricts the scope 
and usefulness of monitoring programs to acquiring 
enough information to rule out no-action (Wade 2000; 
Gerrodette 2011).  Instead, we used an information-
theoretic approach in which the data are applied to each 
competing model; we drew conclusions based on the 
relative support for each model given the data (Burnham 
and Anderson 2002).  In this case, regional trend models 
best described the data in hand.  Our current analysis 
strongly concludes that there are similar population 
trends within recovery units, with different trends 
between recovery units.

The range-wide scope of our analysis also uses the 
power of replication in space to underline regional 
trends rather than attempting to describe one local trend 
in isolation (see Freilich et al. 2005; Inman et al. 2009).  
We would have reached less definitive conclusions if 
the monitoring effort had continued exclusively in a few 
dozen 2.59-km2 study plots that had been initiated in 
the 1970s or if fewer TCAs had been surveyed, perhaps 
in a less coordinated effort.  Instead, the current range-
wide distance sampling program provides fairly coarse 
but clear summaries of patterns in tortoise density and 
abundance, definitive because they sample regionally 
and range-wide.

Although our results demonstrate the power of this 
monitoring program to detect large positive and negative 
trends over a 10–15-y period, large SEs for density trends 
we found reflect two important sources of imprecision 
in the population growth estimates.  First, long-term 
monitoring programs spread over a large area are 
describing multiple underlying local phenomena.  This 
can be seen in the consistent but TCA-specific within-
recovery-unit trends.  The same phenomenon is expected 
within TCAs.  For example, each end of a valley may be 
experiencing different population dynamics, or lowland 
habitat may offer different population growth potential 
from upland habitat.  It is also to be expected that there 
is some variation in the degree of population growth 
supported by year-to-year environmental conditions.  
These sources of variability in TCA- or recovery-unit-
level population dynamics are reflected in the SE of 
our population trend estimates.  By modeling intra-year 
covariation in TCA density estimates, we accounted for 
some of the process variation due to annual conditions.

Sampling error of the density estimate is a composite 
of the errors from the encounter rate estimates as well as 
from both correction factors that are applied.  Estimation 
of Pa consistently contributes about 10% to the variance 
in the annual density estimates (e.g., McLuckie et 
al. 2002), and many more observations are needed to 
develop a detection curve than to estimate encounter 
rate.  Detection curves based on 60 observations might 
be minimally acceptable (Buckland et al. 2001), whereas 
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encounter rate estimates based on the same number of 
detections would be robust.  This issue underlies the 
simulations by Freilich et al. (2005), which led them 
to reject distance sampling as a viable method for such 
sparsely distributed animals.  The current monitoring 
program always applied much greater survey effort to 
estimate TCA-specific encounter rates than anticipated 
by Freilich et al. (2005); also, to avoid poor detection 
estimates, we pooled detection distances across all 
TCAs completed by a given team of surveyors.  A 
certain amount of precision is also lost to the annual 
density estimates by correcting for G0.  However, this 
quantity can vary considerably between years, so failure 
to correct population estimates adequately would add 
bias to annual density estimates (Freilich et al. 2000). 

Encounter rate estimation is consistently the largest 
variance component in all TCA density estimates (e.g., 
McLuckie et al. 2002).  Most encounter rate variance is 
inherent to the distribution of tortoises on the landscape 
(Krzysik 2002), reflecting topographic and vegetation 
differences between transects with additional sampling 
variance reflecting relative survey effort.  The planned 
and sustained effort in RC has resulted in much larger 
sample sizes than in other TCAs and more precision for 
annual population density estimates (CV = SE/density 
consistently between 0.12 and 0.15), contributing to 
lower between-year sampling error.  Sampling error 
is also reduced because we survey the same transects 
in RC each year.  The declining trend in abundance 
was therefore discernible even though RC was only 
monitored every other year, an approach that has not 
been pursued in the rest of the range where survey effort 
has fluctuated at a generally suboptimal level based on 
inconsistent funding.

Turtles and tortoises world-wide are as threatened 
with extinction as any other vertebrate lineage (Stanford 
et al. 2018).  The crisis in turtle survival stems from 
ongoing direct exploitation that targets turtles for 
consumption or captivity as well as from indirect or 
untargeted harm such as mortality on roadways or 
non-lethal degradation of the habitat they need to 
survive.  Most extinct turtle taxa in the past hundreds 
of years were extirpated from constrained areas (mostly 
giant tortoises endemic to islands), whereas the turtle 
species that are currently most endangered are primarily 
threatened by habitat alteration and collection for the pet 
trade or food market (Stanford et al. 2018).  Gopherus 
agassizii is one of six North American species of 
Gopherus, part of all of which have protected status 
under U.S. or Mexican regulations or both.  Gopherus 
flavomarginatus is listed among the top 25 threatened 
freshwater and terrestrial turtle species (Stanford et 
al. 2018), and populations have been decimated by 
habitat loss and ongoing collection for consumption.  
The remaining Gopherus species are widespread, 

which is not characteristic of turtles that have faced 
the first waves of extinction and local extirpation of the 
modern era.  Population losses have nonetheless been 
documented in these Gopherus species (Bury et al. 
1988; McCoy et al. 2006; Allison and McCoy 2014), 
and G. agassizii is now included in the list of the top 
50 turtle and tortoise species at greatest risk (Stanford 
et al. 2018).  Unlike earlier groups of turtle and tortoise 
species at risk of extinction, declines in Gopherus may 
instead reflect compounding impacts of threats that are 
not acutely lethal to individuals or populations (USFWS 
2011).  In common with other turtles and tortoises, their 
life history puts G. agassizii at greater risk from even 
slightly elevated adult mortality (Congdon et al. 1993; 
Doak et al. 1994) and recovery from population declines 
will require more than enhancing adult survivorship 
(Spencer et al. 2017).  Currently, 60.8% of turtle species 
are designated Threatened on the International Union for 
Conservation of Nature (IUCN) Red List (IUCN 2017), 
including all Gopherus species except G. berlandieri.  
Although populations comprising G. morafkai and G. 
evgoodei were classified as conspecifics of G. agassizii 
at the time of the most recent IUCN status assessment, 
they are now recognized as distinct species, and are 
considered Vulnerable by the Tortoise and Freshwater 
Turtle Specialist Group, which officially consults to 
update the IUCN Red List (Rhodin et al. 2017).

The negative population trends in most of the TCAs 
for Mojave Desert Tortoises indicate that this species is 
on the path to extinction under current conditions.  This 
may reflect inadequate recovery action implementation, 
slow response by tortoises and their habitat to 
implemented actions, or new and ongoing human 
activities in the desert that have not been mitigated 
appropriately.  It may also be a result of stochastic or 
directional climatic events that impact large expanses of 
tortoise habitat (e.g., drought, fire, climate change) and 
are largely beyond the realm of local land management 
activities.  Our results are a call to action to remove 
ongoing threats to tortoises from TCAs, and possibly to 
contemplate the role of human activities outside TCAs 
and their impact on tortoise populations inside them.

Long-term monitoring is an essential component 
of evidence-based management (Lindenmayer and 
Likens 2010).  It determines whether the composite 
management efforts over ecologically meaningful 
time periods have been effective.  For G. agassizii, the 
reinvigoration of the interagency management oversight 
group tasked with implementing recovery activities 
based on their predicted effectiveness has the potential 
to translate results from this monitoring program into 
decisions about maintaining or altering contemporary 
management activities. Monitoring of declining 
populations should be deeply integrated in conservation 
and recovery programs.  Recovery plans under the U.S. 
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Endangered Species Act always stipulate population 
thresholds that would trigger removal of federal 
protection, but adaptive-management triggers based 
on monitoring results that show population declines 
are absent from most recovery planning (Lindenmayer 
et al. 2013) and have not yet been integrated into the 
management for G. agassizii.

Although these surveys were designed to provide a 
25-y description of population growth, it is clear that 
this single purpose would be an underutilization of the 
program that can certainly address interim management 
questions (Nichols and Williams 2006).  For long-lived 
G. agassizii, monitoring of the reproductive portion of 
the population also captures the effects of management 
on the population segment that must be the basis 
for recovery.  Population recovery will necessitate 
accelerated, prioritized recovery activities (Darst et al. 
2013).  Targeted, local effectiveness monitoring (Lyons 
et al. 2008; Lindenmayer et al. 2011), where possible, 
would complement our larger population monitoring 
program.  Both types of monitoring will be needed to 
characterize the effectiveness of recovery activities 
where the list of threats is so large and varied.
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Herpetological Conservation and Biology
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aPPendix a. Annual proportion visible, G0 (standard error), at each focal site where we monitored transmittered adult Mojave Desert 
Tortoises (Gopherus agassizii).  Sites are listed in order from the western-most to the eastern-most and their locations are indicated in 
Fig. 1.  Red Cliffs was also surveyed earlier: 1999 (0.63, SE = 0.185), 2000 (0.86, SE = 0. 144), 2001 (0.86, SE = 0.167), 2003 (0.87, SE 
= 0. 135).

Site 2004 2005 2007 2008 2009 2010 2011 2012 2013 2014

Superior-Cronese 0.95
(0.081)

0.92
(0.094)

0.96
(0.050)

0.75
(0.197)

0.90
(0.120)

0.98
(0.056)

0.94
(0.073)

0.94
(0.073)

0.91
(0.101)

Ord-Rodman 0.98
(0.035)

0.92
(0.083)

0.64
(0.213)

0.74
(0.130)

0.96
(0.054)

0.94
(0.072)

0.95
(0.062)

0.79
(0.156)

0.99
(0.030)

Twentynine Palms 0.98
(0.028)

0.90
(0.110)

0.97
(0.047)

0.74
(0.113)

Chuckwalla 0.70
(0.183)

0.74
(0.153)

0.87
(0.060)

0.55
(0.105)

0.73
(0.175)

0.84
(0.125)

0.85
(0.108)

0.82
(0.075)

0.84
(0.058)

0.59
(0.087)

Ivanpah 0.95
(0.071)

0.87
(0.102)

0.94
(0.091)

0.79
(0.107)

0.79
(0.120)

0.88
(0.157)

0.87
(0.149)

0.54
(0.098)

Jean 0.86
(0.142)

Indian Springs 0.79
(0.140)

0.83
(0.153)

0.88
(0.118)

0.86
(0.130)

0.79
(0.093)

0.98
(0.049)

Piute Valley 1 0.84
(0.148)

0.91
(0.118)

0.81
(0.178)

0.73
(0.127)

0.79
(0.218)

0.86
(0.141)

0.65
(0.148)

Chemehuevi 0.88
(0.104)

0.65
(0.174)

0.62
(0.118)

0.80
(0.120)

0.84
(0.130)

0.81
(0.144)

0.80
(0.162)

0.35
(0.077)

Piute Valley 2 0.80
(0.191)

0.87
(0.166)

Halfway Wash 0.64
(0.167)

0.77
(0.200)

0.55
(0.152)

0.54
(0.116)

0.68
(0.136)

Gold Butte 0.76
(0.141)

0.65
(0.155)

0.52
(0.118)

0.68
(0.123)

Red Cliffs 0.86
(0.140)

0.53
(0.247)

0.68
(0.131)

0.74
(0.134)

0.66
(0.180)
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aPPendix b. Detection statistics for field teams surveying separate Tortoise Conservation Areas (TCAs) each year.  Teams walked L total 
km over k transects and detected n adult Mojave Desert Tortoises, which was Pa proportion of those available within w meters of the 
transect centerline.  The coefficient of variation (CV) for Pa is also listed. Separate detection curves were built for each team each year, 
except in Red Cliffs Desert Reserve (RC), for which we report on the single composite detection curve. Other TCAs are abbreviated 
as Chocolate Mountains Aerial Gunnery Range (AG), Beaver Dam Slope (BD), Chuckwalla (CK), Chemehuevi (CM), Coyote Springs 
Valley (CS), Eldorado Valley (EV), Fenner (FE), Fremont-Kramer (FK), Gold Butte-Pakoon (GB), Ivanpah (IV), Joshua Tree (JT), 
Mormon Mesa (MM), Ord-Rodman (OR), Pinto Mountains (PT), Piute Valley (PV), and Superior-Cronese (SC).  

Year TCAs k L w n Pa CV(Pa)

1999 to 2013 RC 1,417 2,778 20 1,141 0.64 0.02

2004 AG, CK, CM, FE, IV, JT, PT 316 3,509 15 292 0.57 0.03

2004 FK, OR, SC 138 1,534 15 134 0.42 0.19

2004 BD, CS, EV, GB, MM, PV 175 1,723 22 57 0.47 0.10

2005 AG, CK, CM, FE, FK, IV, JT, OR, PT, SC 451 5,414 13 394 0.47 0.06

2005 BD, CS, EV, GB, MM, PV 267 2,852 18 108 0.40 0.10

2007 BD, CS, EV, GB, MM, PV 282 2,723 13 67 0.57 0.10

2007 AG, CK, CM, FE, FK, IV, JT, OR, PT, SC 271 3,174 16 155 0.39 0.09

2008 BD, CS, EV, MM, PM 566 5,705 18 127 0.41 0.10

2008 AG, CK, CM, FE, FK, IV, JT, OR, PT, SC 118 1,354 14 42 0.47 0.33

2009 BD, CS, EV, GB, MM, PV 568 5,525 15 109 0.25 0.23

2009 AG, CM, FE, FK, IV, JT, OR, PT, SC 225 2,492 14 103 0.35 0.10

2010 BD, CS, GB, MM 425 4,265 16 164 0.41 0.08

2010 CM, EV, FE, IV, PV 368 2,465 14 109 0.59 0.06

2010 FK, OR, SC 187 2,144 12 91 0.58 0.07

2010 AG, CK, JT, PT 140 1,431 8 85 0.67 0.10

2011 BD, CS, GB, MM 380 3,984 20 166 0.43 0.10

2011 CM, EV, FE, IV, PV 312 2,548 20 133 0.32 0.19

2011 CK, FK, JT, OR, PT, SC 160 1,802 16 100 0.53 0.08

2012 BD, CS, GB, MM 369 4,184 21 151 0.38 0.12

2012 CM, EV, FE, IV, PV 201 1,695 15 28 0.43 0.26

2012 AG, CK, FK, JT, OR, PT, SC 162 1,776 14 73 0.40 0.15

2013 AG, BD, GB 173 2,019 16 68 0.45 0.20

2014 AG, FK, OR, SC 230 2,649 10 118 0.61 0.06
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Name Colorado Desert Microphyll Woodlands

Status Recognized State California

Priority State Counties Imperial, Riverside, San Bernardino

Proposed Criteria -

Confirmed Criteria D4i

Central Coordinates Area (acres) Elevation (meters)

34.45810, -114.44650 58,999 Min:63 Max:266 Avg:196

Bird Conservation Region

Northern Pacific Rainforests, Great Basin, Sierra Nevada, Coastal California, 
Sonoran and Mojave Desert
SITE DESCRIPTION

Microphyll woodlands are desert plant communities defined in large part by trees with tiny leaves, such 
as palo verde and desert ironwood. Also referred to as ‘xeric riparian’ or ‘xeroriparian’ habitats, these 
woodlands are ecological bottlenecks: they are estimated to comprise only five percent of land cover in 
the Sonoran Desert yet they account for 95 percent of Sonoran Desert stopover habitat for migrating 
birds. California’s largest microphyll woodlands include Chemehuevi Wash (San Bernardino Co., 
opposite Lake Havasu City, AZ), Vidal Wash (San Bernardino/Riverside Co., southwest of Parker, AZ), 
the McCoy Wash complex (Riverside Co., northwest of Blythe, CA) and Milpitas Wash (Imperial Co., 
west of Cibola NWR). Another major occurrence of this habitat lies along the eastern slope of the 
Algodones Dunes, halfway between the Colorado River and the south end of the Salton Sea. At this 
location, washes flowing southwestward from the Chocolate Mountains are blocked by the Algodones 
Dunes, forming lush woodlands and boggy sumps that may hold water for prolonged periods at the 
base of the dunes. Dominant trees include desert ironwood (Olneya tesota), blue palo verde 
(Parkinsonia florida), honey mesquite (Prosopis glandulosa), and desert-willow (Chilopsis linearis). 
Essentially the entire IBA falls under the jurisdiction of the Bureau of Land Management.

COLORADO DESERT MICROPHYLL WOODLANDS

1/19/2023 1:33:12 PM



ORNITHOLOGICAL SIGNIFICANCE

The Colorado Desert’s microphyll woodlands are important migratory stopover locations particularly in the spring. Birds flying northward 
across the Gran Desierto de Altar move in a broad front through the Lower Colorado River Valley, following blooming microphyll woodland 
species like mesquite as they move northward and then northwestward toward the Transverse Ranges and the Sierra Nevada. Migrants 
diffuse across the desert following wet winters, when food is plentiful, and dry conditions constrict them to more productive sites such as the 
Colorado River and these major wash systems. Long-eared Owls breed locally, and can form large winter roosts here. The scrubby woodland 
here also represents westernmost outposts for several primarily Mexican species more common in Arizona, such as Elf Owl (recently 
discovered in the Indian Pass Wilderness southeast of the Chocolate Mtns), Gila Woodpecker (Milpitas Wash), the Arizona Bell’s Vireo 
(Chemehuevi Wash), and Lucy’s Warbler. The Chemehuevi Wash is one of the only locations in California that is known to support regularly-
nesting populations of Bendire’s Thrasher (McCreedy 2015). All of these woodlands support breeding populations of Crissal Thrashers many 
miles from their usual riparian strongholds on the Colorado River, and LeConte’s Thrashers nest on the Chemehuevi Wash, Vidal Wash, and 
in large numbers in the Algodones Dunes.

Common 
Name

Date Seasonal/Daily Season Observed Density 
(#km/2)

Units Proposed Confirmed

Bell's Vireo -

Bendire's 
Thrasher

-

Crissal Thrasher -

Elf Owl -

Gila Woodpecker -

SPECIES DATA AND CRITERIA

National Audubon Society 2013 ®
Important Bird Areas in the U.S.
Available @ http://www.audubon.org/bird/iba
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Le Conte's 
Thrasher

-

Loggerhead 
Shrike

-

Long-eared Owl -

Lucy's Warbler -

OWNERSIP

Assessment Date % of IBA Ownership

6/26/2019 95 Federal/Bureau of Land Management BLM 

1 State

0 Federal/Bureau of Indian Affairs

1 Federal/FWS - National Wildlife Refuge

6/26/2019
Essentially the entire IBA falls under the jurisdiction of the Bureau of Land Management.

National Audubon Society 2013 ®
Important Bird Areas in the U.S.
Available @ http://www.audubon.org/bird/iba
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HABITAT

Assessment Date % of IBA Habitat

1/1/2008 - Forested Upland

- Shrubland/Shrubland/Desert Riparian

- Barren/Bare Rock/Sand/Clay/Other

- Barren/Bare Rock/Sand/Clay/Sand Dune

1/1/2008 The lower Colorado Desert has one of the most arid climates in California, but includes 
several widely-spaced patches of microphyll woodland, much of which is associated with 
washes that flow east into the Colorado River. Another major occurrence of this habitat lies 
along the northeastern base of the Algodones Dunes. Dominant trees include Ironwood 
(Olneya tesota), Paloverde and Honey Mesquite (which should be categorized as "Desert 
Wash"). Habitat Type: "Shrubland/ Shrubland/ Desert Riparian" refers to "Desert Wash" with 
Ironwood, Paloverde, and Honey Mesquite.

National Audubon Society 2013 ®
Important Bird Areas in the U.S.
Available @ http://www.audubon.org/bird/iba
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THREATS

Assessment Date % of IBA Threat

12/3/2019 - Recreation/tourism/Off-road vehicles

CONSERVATION ISSUES

1/1/2008 While portions of these sites are secure due to their remoteness, those closest to roads are 
heavily used by OHV enthusiasts. The unique woodland at the Algodones Dunes has been 
the site of recent controversy between the BLM and OHV riders, thousands of which descend 
upon the "town" of Glamis during winter weekends. Various lawsuits over the management 
of these riders have forced the closure of several areas, further angering riders and inviting 
retaliation. Mining is also an issue locally. Resort/marina development associated with the 
Colorado River has removed large tracts of mesquite woodland within this IBA (e.g. "Big 
River", part of Vidal Wash), which has led to regional extirpations of scarce taxa such as Elf 
Owl.

11/22/2019
While portions of these sites are secure due to their remoteness, those closest to roads are heavily used 
by off-highway vehicle (OHV) enthusiasts. McCreedy (2015) found that OHV trail density was positively 
correlated with woodland density, as these woodlands are beautiful, and they are a popular destination 
for everyone. Camping is permitted throughout California’s microphyll woodlands, increasing chances for 
fire disturbance. Microphyll woodland tree species are slow growing, not well-adapted for fire, and will 
require many decades to recover following burns. Close to the Colorado River, feral burro populations 
overgraze understories and limit regeneration, depriving nesting bird species of cover. 

12/3/2019 While portions of these sites are secure due to their remoteness, those closest to roads are 
heavily used by OHV enthusiasts. The unique woodland at the Algodones Dunes has been 
the site of recent controversy between the BLM and OHV riders, thousands of which descend 
upon the "town" of Glamis during winter weekends. Various lawsuits over the management 
of these riders have forced the closure of several areas, further angering riders and inviting 
retaliation. Mining is also an issue locally. Resort/marina development associated with the 
Colorado River has removed large tracts of mesquite woodland within this IBA (e.g. "Big 
River", part of Vidal Wash), which has led to regional extirpations of scarce taxa such as Elf 
Owl.

National Audubon Society 2013 ®
Important Bird Areas in the U.S.
Available @ http://www.audubon.org/bird/iba
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Planning Healthy Places
A Guidebook for Addressing Local Sources of Air Pollutants in Community Planning

This report is for information purposes only. Recommendations are 
advisory and should be followed by local governments at their own 
discretion. This report may inform local land use planning in the Bay 
Area, but does not commit local governments or the Air District to any 
specific course of regulatory action.
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WHat is Planning HealtHy Places?

Planning Healthy Places is a guidebook that provides important air quality and public health 
information, and is intended to assist local governments in addressing and minimizing potential air 
quality issues by providing tools and recommended best practices that can be implemented to reduce 
exposure and emissions from local sources of air pollutants. The Bay Area Air Quality Management 
District (Air District) provides this information to be considered by land use planners, elected officials, 
developers, community groups, public health advocates, and anyone interested in integrating land 
use, air quality and public health. The Air District intends that the information and recommendations 
in this guidebook be incorporated into city or county General Plans, neighborhood or specific plans, 
land use development ordinances, or into single projects. The Air District’s primary goal in providing 
this guidebook is to support and promote infill development - which is vital to reducing vehicle 
miles traveled (VMT) and the associated air pollutant and greenhouse gas (GHG) emissions - while 
minimizing local exposure to air pollution and promoting clean, healthy air for existing and future 
residents.

The Air District acknowledges that many factors other than solely air quality play a role in public 
health and healthy communities, including adequate housing, access to food and healthcare 
services, opportunities for active transportation and exercise, water quality, outdoor space, and more. 
There are many elements to consider and balance when planning for healthy communities, and 
the Air District encourages local governments and other decision-makers to use this guidebook in 
conjunction with resources on other aspects of public health.
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Planning HealtHy Places
Protecting Bay Area public health, air quality and the climate is the core mission of the Bay Area Air 
Quality Management District (Air District). Clean air is fundamental to public health and the high 
quality of life that makes the Bay Area a desirable place to live, work and visit. There are millions of 
emission sources in our region - oil refineries, industrial manufacturers, gas stations, cars and trucks, 
construction equipment, lawn mowers, fireplaces, consumer products, and more - that collectively 
emit many different types of air pollutants that are harmful to public health and the global climate. 
Through Air District and state level regulations and incentive programs, tremendous progress has 
been made in improving air quality. However, despite this progress, the quest for clean air continues 
and the challenges ahead seem daunting in our motor vehicle driven society. Transportation related 
emissions are significant sources of air pollutants such as fine particulate matter (fine PM) and 
toxic air contaminants (TACs) that have adverse health effects; further reductions in transportation 
emissions will result in health benefits. Additionally, cars and trucks represent the single largest 
source of greenhouse gas (GHG) emissions in the Bay Area; reducing these transportation related 
emissions is critical to achieving GHG reduction goals to stabilize the climate. 

New health studies are continually providing evidence that air pollutants are harmful to our health 
at lower levels than previously thought. Additionally, some communities and neighborhoods in the 
region experience relatively higher air pollution levels and corresponding negative health impacts 
than others. Levels of local air pollutants such as fine PM and TACs are highest near air pollution 
sources, such as freeways, heavily trafficked seaports, and large industrial facilities. In addition, there 
are many smaller, more discrete sources of air pollution - including gas stations and back-up diesel 
generators - that exacerbate conditions in communities with already elevated levels of air pollution 
that can be harmful to people’s health. 

Placing residences in infill locations near jobs, transit and other services is increasingly important to 
help to reduce vehicle miles traveled, which will in turn improve overall air quality and reduce GHGs. 
However, careful planning is needed in areas that may have high localized levels of air pollution. 
Development in locations near major sources of air pollution could also result in increased local 
exposure to unhealthy levels of air pollutants to the people living there unless steps are taken to 
minimize exposure and reduce emissions. To assist local governments in addressing and minimizing 
potential air quality issues, the Air District is releasing this guidebook which provides recommended 
best practices that can be implemented to reduce exposure and emissions from local sources of air 
pollutants. Local governments, developers, and other interested stakeholders are encouraged to 
utilize this guidebook to implement these air quality solutions. 
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efforts to reDuce 
air Pollution 
& exPosure

For over sixty years the Air District has 
been implementing programs to reduce air 
pollution and public exposure. Air District 
actions include: conducting air monitoring 
and modeling to identify locations of 
elevated pollution concentrations and 
to assess potential health impacts (see 
Figure 1); adopting regulations, plans 
and guidelines to reduce emissions from 
stationary (i.e. industrial) and mobile (i.e. 
cars) pollution sources; enforcing existing 
Air District regulations and the state’s 
mobile source regulations; providing 
grants and incentives to reduce emissions 
from mobile sources (targeted in the Bay 
Area’s most impacted communities); 
and outreach and education to Bay Area 
residents on air quality issues and trends. 
These efforts, in combination with the 
California Air Resources Board’s (ARB) 

vast array of regulations to reduce criteria pollutants, 
and toxic air contaminant (TAC’s) including diesel particulate matter emissions from cars, trucks 
and industrial facilities, have been successful. Levels of criteria pollutants including fine particulates 
(fine PM), and TACs have been reduced dramatically in the Bay Area. The region has seen a fourfold 
reduction in cancer risk due to air toxics since 1990.

on-going cHallenges

However, despite these accomplishments, some communities in the Bay Area are still 
disproportionately impacted by unhealthy levels of air pollution. The Air District’s Community Air 
Risk Evaluation (CARE) program, which was initiated to identify, evaluate, and reduce health risks 
associated with exposure to air pollution, has conducted extensive research into identifying where 
disproportionately impacted communities are located. The CARE program examines TAC and fine PM 
emissions data from stationary sources, area sources, and on-road and off-road mobile sources, as 
well as ozone standard exceedance data, and health data for communities throughout the Bay Area 
to assess the potential exposure and health risks to sensitive populations such as children and the 
elderly. Identifying impacted communities and the significant air pollution sources within communities 
has helped the Air District to target emission reduction strategies for specific sources, and identify 

Figure 1: 2013 Impacted Communities
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potential land use mitigation strategies to further reduce exposure in these disproportionately 
impacted areas. Figure 1 shows the most impacted communities in the Bay Area, as identified by 
the CARE program. It is particularly important for local governments within these CARE communities 
to implement the recommendations in this guidebook, because existing residents in these areas are 
exposed to higher concentrations of air pollution than other areas throughout the region.

The information presented in this guidebook builds upon the work conducted under the CARE 
program. The maps produced in conjunction with this guidebook are based upon local modeling 
conducted to identify potential impacts of air pollution at a fine grained, smaller scale (down to a 
20m X 20m grid), as opposed to the region-wide maps conducted by the CARE program to identify 
communities which are, overall, more impacted by air quality than others. 

climate cHange & Public HealtH

As described previously, despite progress in reducing air pollution, some Bay Area residents are 
disproportionately impacted from exposure to air pollutants, and climate change threatens to 
further exacerbate air pollution. Longer and more severe heat waves will increase emissions of 
ozone precursors, accelerate ozone formation, and reduce wind and vertical mixing that disperse 
pollutants.  Higher temperatures and drought conditions will create the conditions that lead to more 
frequent and more severe wildfires.  As a consequence of climate change, Bay Area residents will 
be susceptible to increased respiratory and cardiovascular disease, as well as heat stroke and heat 
exhaustion.  And the Bay Area communities that are already most impacted by air pollution will 
also be most vulnerable to the negative health impacts related to climate change.  Therefore, it is 
more important than ever that we plan our communities to safeguard public health and minimize 
exposure to air pollution. 
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HealtH imPacts
It is important to understand the potential health outcomes from exposure to certain types of air 
pollutants. Fine particulate matter and toxic air contaminants are the air pollutants which pose the 
greatest risk to people’s health in the Bay Area.

Toxic Air Contaminants (TACs): The California Air Resources Board (ARB) is responsible for 
identifying TACs, which are defined as pollutants that “may cause or contribute to an increase in 
deaths or in serious illness, or which may pose a present or potential hazard to human health”. TACs 
are emitted from a wide range of sources in the Bay Area including diesel engines, cars, trucks, 
industrial processes, and gas stations. Types of TACs include diesel particulates, lead, benzene, 
formaldehyde, and hexavalent chromium, to name a few. These TACs, and others, are present in 
Bay Area air. Diesel particulate matter is the most significant toxic air contaminant, accounting for 
roughly 85% of the cancer risk from air toxics in the region. Exposure to TACs can cause serious 
health effects, including cancer and birth defects. Other adverse health effects can include damage 
to the immune system, neurological, reproductive (reduced fertility), developmental, and respiratory 
problems.

Fine Particulate Matter (PM): Epidemiological studies have established that exposure to fine 
particulate matter has serious adverse health impacts. “Fine” particulate matter refers to very 
small particles (less than 2.5 microns in diameter) that can travel deep into the lungs and enter 
the bloodstream. Fine PM originates from a variety of sources, including fossil fuel combustion, 
residential wood burning and cooking, and natural sources such as wildfires and dust. Researchers 
established long ago that exposure to PM has negative effects on the respiratory system, such 
as triggering asthma attacks, aggravating bronchitis, and diminishing lung function. More recent 
studies have found that fine PM can also harm the cardiovascular system, and may cause 
atherosclerosis (hardening of the arteries), ischemic strokes (caused by an obstruction of the blood 
supply to the brain), and heart attacks. Because of the serious cardiovascular effects of exposure 
to PM, studies have found a clear correlation between PM levels and exposure, and mortality. 
Studies also indicate that exposure to PM may be related to other negative health effects, including 
impacts on the brain such as reduced cognitive function, as well as an increased risk of diabetes. 
Recent research in the United States and internationally has begun to examine the potential health 
effects of even smaller particles known as ultrafine particles (UFP), which are particles less than 
1.0 microns in diameter. Findings to date demonstrate that UFP can evade the body’s defense 
mechanisms and penetrate deeply into lungs, bloodstream and organs. Exposure to fine PM remains 
the leading public health risk and contributor to premature death from air pollution in the Bay Area. 
For more information on fine PM and associated health effects, see the Air District’s informational 
report entitled, “Understanding Particulate Matter: Protecting Public Health in the San Francisco Bay 
Area” (2012).

As discussed previously, air pollution control programs and strategies in the state and the Bay 
Area have helped improve region-wide air quality significantly, despite growth in population and 
vehicle-miles traveled. However, these regional strategies are not always sufficient in protecting the 
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health of people who live nearby sources of localized fine PM and toxic air contaminants. Research 
and epidemiological findings confirm that harmful TAC and fine PM pollutants are found in higher 
concentrations closer to their source of origin.

A number of health studies have shown that increased pollutant levels occur near busy roadways. 
For example, according to ARB, a study conducted in the Bay Area found concentrations of traffic-
related fine PM and TACs to be highest within 300 meters downwind of freeways. Accordingly, the 
associated adverse health impacts are elevated in these areas. Evidence from recent studies is rapidly 
accumulating that indicates that people who live near busy roadways/freeways and other major 
sources of pollution are more likely to suffer from adverse health effects, including respiratory ailments 
such as reduced lung function and asthma, cardiovascular disease, low birth weight and pre-term 
birth, and have higher mortality rates than people who do not live in close proximity to such pollution 
sources. For instance, a Los Angeles County study found that pregnant women who live within 750 
feet of high-volume roads have a 10-20% higher risk of early birth and low-birth weight babies. Health 
impacts to children living near roadways have been well documented and include wheezing, reduced 
lung function, and asthma. Other key health findings from health studies include:

• Increased premature death from near-roadway exposure of fine PM (Caiazzo, 
et al. 2013);

• Emerging consensus that exposure to near-roadway traffic-related pollution 
causes the development of asthma in children (Perez, et al. 2012);

• Increased non-asthma respiratory symptoms, impaired lung function, all-cause 
mortality, cardiovascular mortality, and cardiovascular morbility from exposure 
to traffic emissions (Boehmer, et al. 2013); 

• Exposure to fine PM and other traffic-related particles were associated with 
decreased birth weight in California (Basu, 2013).

In response to earlier findings from the research, ARB developed recommendations for restricting 
sensitive land uses near heavily trafficked freeways/roadways and other types of air pollution sources 
(ARB’s Air Quality and Land Use Handbook: A Community Health Perspective, April 2005). The U.S. EPA 
and Federal Highway Administration recently adopted new rules requiring agencies to demonstrate 
that transportation projects involving significant increases in diesel traffic do not create hazardous 
“hot spots”. The U.S. EPA has also established new air monitoring requirements for locations near busy 
freeways in order to characterize local air pollutant concentrations, as well as associated exposures 
to sensitive populations. The implications of localized air pollutant concentrations and associated 
adverse health impacts make it important that local planners and policy makers take into account the 
local effects of air pollution on new development, as well as the effect of existing and new sources of 
air pollution on existing communities.
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sensitive PoPulations & lanD uses

Children and infants are among the most 
susceptible to air pollution due to their 
developing lungs, higher inhalation rates, 
narrower airways, and less mature immune 
systems. Children with allergies may also have 
an enhanced allergic response when exposed 
to particulate matter pollution. Other sensitive 
populations include the elderly, pregnant 
women, and those with respiratory or 
cardiovascular illnesses affected by air 
pollution. In recent years, the scientific 
understanding of the range of health effects 
of air pollution has increased, and numerous 

studies are finding adverse health effects from air pollution at levels once considered safe. 

Sensitive land uses are places where sensitive populations are most likely to spend their time, 
such as schools, playgrounds, day care centers, nursing homes, medical facilities, and residential 
communities. Employment centers and commercial areas (that do not include residential or day care 
facilities) are generally not considered to be sensitive land uses, although local governments may 
apply recommendations in this document to such land uses if they so choose.

location, location, location

The Air District has a long history of supporting land use strategies that will reduce automobile 
use and emissions. Steps taken by the Air District to promote such land use strategies include the 
provision of tools such as CEQA guidelines for land use development projects, a transportation 
demand management tool, and control strategies in the 2010 Clean Air Plan (and prior clean 
air plans) on transportation and land use. The Air District collaborated with the Metropolitan 
Transportation Commission in 2014 to develop and jointly adopt the Bay Area Commuter Benefits 
Program which promotes the use of alternative transportation modes such as bicycling, walking, and 
taking transit. The Air District also provides grants for bicycling, ridesharing and shuttle programs, 
for example Bay Area BikeShare, to reduce on-road vehicle emissions and promote sustainable 
transportation modes.

Accordingly, the Air District strongly supports local and regional efforts to reduce vehicle miles 
traveled and promote “focused growth”, i.e. infill, transit-oriented, and mixed-use development 
throughout the region. Building such communities is critical to achieving reduced vehicle miles 
traveled, which will assist the Bay Area in attaining and maintaining health-based ambient air 
quality standards; in achieving continued reductions in TACs and fine PM from mobile sources; and 
in meeting GHG reduction goals. Focused growth strategies have the long-term benefit of improving 
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overall air quality while also providing many other benefits to the Bay Area environment, including 
the preservation of natural land and open space, improved water quality, and protection of habitat 
and native wildlife species. Focused growth also provides important economic and equity benefits, 
including reduced traffic congestion and lower transportation costs, more housing options, and 
better access to jobs. Plan Bay Area, approved in July 2013, is the Bay Area’s long-range plan 
to meet the requirements of SB 375 and advance focused growth initiatives which will reduce 
greenhouse gas emissions, improve regional air quality, expand housing and transportation choices, 
and build a strong regional economy. Plan Bay Area is an important step in creating healthier 
communities in our region, and the Air District strongly supports its initiatives.

However, despite the many long-term benefits of focused growth, the Air District cautions that 
locating sensitive populations in close proximity to major sources of air pollution (such as freeways 
and large industrial facilities) can expose people to harmful air pollution. As noted, concentrations 
of TACs and fine PM can be substantially elevated adjacent to and downwind of these sources, 
putting people who live there at risk of developing adverse health effects. Fortunately, negative 
health effects can be greatly reduced when distance is increased between the source of air pollution 
and sensitive land uses, and/or when measures are taken to reduce to remove air pollution (for 
example, through the use of air filtration). Accordingly, the Air District has provided a list of best 
practices that should be applied when placing sensitive land uses in areas with high levels if air 
pollution or in close proximity to local sources of air pollution.

The Air District acknowledges that local governments consider and balance many factors when 
making local land use decisions. This guidebook provides public health and air quality information 
to be considered along with other issues, such as housing needs, economic development priorities, 
and other quality of life issues. As previously stated, the overarching goal of this guidebook is to 
support and encourage infill development  while promoting clean, healthy air for existing and future 
residents. Careful community planning can address the competing issues created by the need for 
infill development, while also protecting public health. This guidebook provides local governments 
with the information and tools needed to make their communities as health-protective as can be 
(from an air quality perspective). 
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Planning strategies
Planning Healthy Places recommends three primary strategies: (1) reduce or prevent emissions 
from pollution source(s) when possible; (2) implement best practices where appropriate to reduce 
exposure to harmful pollutants; and (3) perform a more detailed study of an area when necessary. 
These recommendations are all described in detail in the following section. A flowchart (pg. 13) and 
an interactive map are available to assist in identifying where best practices and further study should 
be applied. The locations shown in purple on the Air District’s mapping tool represent where the Air 
District recommends implementing best practices. The locations shown in blue on the mapping tool 
represent where the Air District recommends conducting further study. See Figure 2 on pg. 10 for an 
example of the map, and visit www.baaqmd.gov/planninghealthyplaces for the complete map.

imPlement best Practices to reDuce emissions

One of the most effective ways to reduce the public’s exposure to harmful air pollution is to reduce 
emissions of TACs and fine PM released into the Bay Area air basin. Several agencies at various levels 
of government work to reduce air pollution. Air quality is regulated at the federal level by the U.S. EPA, 
at the state level by ARB, and by regional air districts. The Air District implements many programs 
to reduce the amount of air pollution emitted from stationary and mobile sources of air pollution. 
However, with over ~19,000 permitted stationary sources of emissions, 5 oil refineries, 150 million 
vehicle miles driven per day, and numerous sea ports and airports, the cumulative effects of all these 
sources cannot be completely eliminated. 

Local governments can complement federal, state, and regional air quality programs to help 
protect residents of the Bay Area by implementing strategies that reduce emissions, and therefore 
the public’s exposure to TACs and fine PM, through their land use authority and adoption of local 
ordinances. Examples include policies that limit the use of diesel generators, or control their 
emissions; limit the idling of trucks to 2 minutes or less; require the electrification of loading 
docks in new and existing commercial land uses; transportation demand management strategies; 
traffic management strategies, and stipulations on development projects to use only the cleanest 
equipment, vehicles and fuel during construction (a complete list of construction measures, which 
can be adopted as standard conditions of approval, begins on pg. 25). Local action to reduce air 
pollutant emissions has the benefit of protecting both existing and future residents from the potential 
adverse health effects from exposure to air pollution.

The Air District recommends that local governments adopt, as policies and/or enforceable 
ordinances, the following “best practices to reduce emissions”. Implementing as many 
“best practices to reduce emissions” as is feasible will reduce potential health risks to 
the greatest extent. Best practices to reduce exposure to air pollution are discussed 
beginning on pg. 10.
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best Practices to reduce emissions of local air Pollution

Retrofit Generators to Low or Zero Emitting Technology
Encourage or require existing uses to retrofit generators with Best Available Control Technology to 
meet ARB’s Tier 4 emission standards. Encourage the use of zero emission back-up power.

Electrify Loading Docks 
Require the electrification of all loading docks to facilitate plug-in capability, and encourage or 
require trucks to utilize grid power in order to deliver goods. 

Limit Idling Times
Prohibit trucks from idling for more than two minutes, or prohibit idling altogether.

Promote Zero Emission Vehicles and Alternative Fuels 
Promote the use of  zero emission vehicles and equipment, as well as renewable fuels (such as 
biogas).

Promote or Require the Use of Transportation Refrigeration Units (TRU)
The use of TRU’s allows delivery trucks to maintain refrigeration in lieu of running/idling the main 
engine, thereby reduces emissions of diesel PM and TACs. 

Transportation Demand Management (TDM) Strategies
Require the implementation of as many TDM strategies as feasible into projects. Examples include, 
but are not limited to, parking pricing strategies; parking maximums; mandated parking spaces 
for car-sharing programs; the provision of transit passes in residential, commercial and office 
developments; charging stations for electric vehicles; bicycle lockers or racks; teleworking policies; 
bicycling improvements; and more. For a recommended list of TDM strategies, consult the Air 
District’s TDM tool: http://www.baaqmd.gov/plans-and-climate/air-quality-plans/smart-growth.

Traffic Management Strategies
Implement traffic circles at intersections, and lower speed limits. Consistent findings from multiple 
studies indicate that stop-and-go driving, vehicle idling, and deceleration/acceleration create hot 
spots. Additionally, many studies show that there are optimal speed limit ranges that result in lower 
emissions. As a co-benefit, these actions can enhance the pedestrian and bicycling environment.

 A full description and detail on each best practice to reduce emissions is located in 
Appendix A. 
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imPlement best 
Practices to 
reDuce exPosure

In recent years, communities 
throughout California have been 
investigating and implementing best 
practices to reduce local exposure to 
air pollution. Reducing exposure to 
harmful air pollutants is not the same 
as reducing actual emissions. However, 
there are a variety of practices that are 
effective, technically feasible, relatively 
low cost, and have demonstrated the 
ability to reduce people’s exposure to 
air pollution, and therefore minimize 
the potential adverse health effects. 
Many such best practices can be easily 
replicated from one jurisdiction to 
another. 

The best practices to reduce exposure are generally oriented for new development. 
However, many of the best practices to reduce exposure, such as installing air filters, 
can also be implemented at existing development, though implementation may be 
more difficult or costly.

The Air District recommends implementing all “best practices to reduce exposure” that 
are feasible and applicable to a project or plan in locations identified by the Air District 
as likely to experience elevated levels of air pollution, which are depicted in purple on 
the Air District’s mapping tool (see FIgure 2 for an example, visit www.baaqmd.gov/

planninghealthyplaces to access the tool).

Figure 2
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summary of best Practices to reduce exposure to local air Pollution

Health Protective Distances
Plan sensitive land uses as far from local sources of air pollution such as freeways as is feasible.  

Install Air Filters
Install air filters rated at a minimum efficiency reporting value (MERV) 13 or higher in buildings associated 
with sensitive land uses (e.g. schools, residences, hospitals).

Project Phasing
When applicable, and when development is being phased over time (i.e. being built over several years), 
build residential units and/or sensitive land uses that are closest to the emissions source at the latest 
date in the future (e.g. in year 5 vs. year 1).

Building Site Design and Operations
When designing a project site or developing a plan area, place sensitive land uses as far away from 
emission sources (including loading docks, busy roads, etc.) as is feasible. Place open space, commercial 
buildings, or parking garages between sensitive land uses and air pollution sources. This will help to 
create a “buffer” separating housing and other sensitive land uses away from air pollutants. Locate 
operable windows, balconies, and building air intakes as far away from any emission source as is feasible. 
Incorporating open space (i.e. parks) between buildings can improve air flow and air pollution movement.

Barriers (sound walls)
Consider incorporating solid barriers into site design, similar to a sound wall, between buildings and 
sources of air pollution (for example, a freeway).

Vegetation
Plant dense rows of trees and other vegetation between sensitive land uses and emission source(s). 
Large, evergreen trees with long life spans work best in trapping air pollution, including: Pine, Cypress, 
Hybrid Poplar, and Redwoods.

Consider Limiting Ground Floor Uses
Consider limiting sensitive land uses on the ground floor units of buildings near non-elevated sources, e.g. 
ground level heavily traveled roadways and freeways.

Alternative Truck Routes
Truck routes can be planned or re-rerouted through non-residential neighborhoods, and to avoid other 
sensitive land uses such as daycare centers, schools, and elderly facilities.

A full description and detail on each Best Practice to Reduce Exposure to air pollution is 
located in Appendix B.
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furtHer stuDy areas

The Air District has identified a number of areas within the Bay Area where additional analysis (i.e. 
further study) is recommended to assess the local concentrations of TACs and fine PM, and therefore 
the health risks from air pollution. These areas are characterized by “large and complex” industrial 
facilties such as oil refineries, large airports, and seaports, etc., and the Air District recommends 
using caution when considering sensitive land uses in these areas. More information on “large and 
complex” sources is below.

Conducting “further study” would entail air quality modeling to more precisely determine fine PM 
concentrations and/or to estimate increased health risks from air toxics to determine if there is 
an unacceptable level of health risk, and to identify measures that can be implemented to reduce 
the health risks to acceptable levels. Air District staff can provide assistance in conducting “further 
study”, including providing emissions data and information on specific air pollution sources. Once 
further study is complete, Air District staff can assist in identifying the best measures to reduce 
health risks. Local jurisdictions or project applicants can request Air District assistance with the 
“further study” process by contacting the Air District. Contact information is available at www.
baaqmd.gov/planninghealthyplaces. 

In conjunction with this guidebook is a mapping tool produced by the Air District, which shows where 
the “large and complex” sources are located. Visit www.baaqmd.gov/planninghealthyplaces to view 
the maps. The locations depicted in blue show the location of the “large and complex” sources, 
and are designated as further study. The flowchart on the next page provides an explanation on 
determining if a project or plan area may be in a location with elevated levels of air pollutants, and 
where the Air District recommends conducting further study versus implementing best practices.

large and/or complex sources

Large and complex sources, for example oil refineries or seaports, can emit relatively high levels 
of TACs and fine PM. There are typically numerous emission sources within each of these facilities, 
making it difficult to characterize the specific local variations of concentrations of TACS and fine PM 
within the surrounding community. 

Larger gas stations with higher volume throughput are considered complex sources due to the type 
of emissions they release. Gas stations emit TACs that are primarily gaseous in nature. Because 
some of the best practices discussed previously (e.g. air filters) solely reduce fine (and coarse) PM, 
a more detailed local analysis is necessary to determine potential impacts of gaseous air pollutants 
and to identify appropriate health protective measures. Gas stations are required to install best 
available control technology as part of their permit from the Air District. The control technologies 
reduce upwards of 95% of their emissions, but not all of them. Therefore, aside from increasing the 
distance between these sources and sensitive land uses, there are fewer options to reduce exposure 
from these source types. Carbon filters can be used in building ventilation systems to remove odors, 
gases and vapors; however they are not commonly used in residential buildings due to cost and 
maintenance requirements.
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aPPlying tHe Planning 
strategies

The flowchart below provides a general overview for determining if a particular planning area or 
project site may be located in an area with elevated concentrations of air pollution, and how to 
address such situations during the planning process. To accompany the flow chart, the Air District 
provides an interactive mapping tool of Bay Area communities which identifies the locations that are 
characterized by elevated air pollution levels or the presence of “large and complex” sources. The 
interactive mapping tool depicts areas where the Air District recommends implementing best 
practices, and where the Air District recommends conducting further study. The mapping tool 
also quickly shows where no additional analysis or best practices are recommended (from an air 
quality perspective). Visit www.baaqmd.gov/planninghealthyplaces to access the mapping tool. 

Instructions: Open the Air District’s interactive mapping tool. Find your project or 
plan area by using the search function in the map. Consult the flow chart below.

1. is your Project or Plan in a blue area?
 --> yes: conduct further study (see pg. 12).
 --> no: go to step 2.

2. is your Project or Plan in a PurPle area?
 --> yes: implement best practices to reduce exposure (see pg. 10).
 --> no: no further analysis is recommended.
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imPlementation
Local government agencies can utilize a variety of strategies to reduce exposure to, and 
emissions of, air pollution, including the adoption of air quality-specific ordinances (e.g. San 
Francisco’s Article 38); standard conditions of approval relating to air quality (e.g. Oakland’s 
Standard Conditions of Approval); and the incorporation of air quality-related policies 
and measures into general plans and other planning documents (e.g. Richmond, San 
Jose, Hayward, and Santa Clara County General Plan updates). Several examples of local 
government actions are described below. The examples are offered to demonstrate that 
there are ways in which local government agencies can pro-actively address local sources of 
air pollution within their communities. The Air District recommends that local governments 
implement policies and/or ordinances that are clear and enforceable, and include a 
mechanism for monitoring. Strong language in policies and/or ordinances will increase 
effectiveness of the action.

These examples may change or be updated over time. Visit the Air District’s website, 
www.baaqmd.gov/planninghealthyplaces to view any additions or revisions to the list 
of case studies highlighted below. The Air District also encourages readers to visit each 
jurisdiction’s website to determine the most up-to-date policies and requirements.

city of san francisco, article 38

Article 38 (originally adopted in 2008 and updated in 2014), intended to protect health 
and welfare in San Francisco, established Air Pollutant Exposure Zones (Zones) and 
requires enhanced ventilation systems to be installed for all urban infill sensitive land use 
development within those Zones. San Francisco collaborated with the Air District to create a 
map of the Air Pollutant Exposure Zones based on air quality modeling. These Zones depict 
all locations within San Francisco where the estimated cumulative PM2.5 concentration is 
greater than 10 micrograms/m3 or where the cumulative excess cancer risk of cancer from 
air pollutants is greater than 100 in a million. Additionally, the Zones include all locations 
within 500 feet of any freeway, even if those locations were not otherwise captured by 
modeling estimates. The Zones also incorporate additional areas of concern, which include 
zip codes with high hospitalization rates and emergency room visits for air pollution-related 
conditions (such as asthma, pneumonia, etc.) and concentrations of PM2.5 greater than 9 
micrograms/m3 or cumulative excess cancer risk is greater than 90 in a million.

Article 38 requires enhanced ventilation systems “capable of achieving the protection 
from particulate matter (PM2.5) equivalent to that associated with MERV 13 filtration (as defined by 
ASHRAE standard 52.2)” to be installed in sensitive use buildings that are identified within the Air 
Pollutant Exposure Zones that are either a) newly constructed; b) undergoing a “major alteration to 
existing building”; or c) subject of an application for a Planning Department-permitted Change of Use. 
Additional information, including a map of the Air Pollutant Exposure Zones, is located on the City of 
San Francisco’s Article 38 webpage.
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san francisco clean construction orDinance

In April 2007, the City and County of San Francisco (City) adopted an Ordinance requiring public 
projects to reduce emissions at construction sites starting in 2009.  In March 2015, the City 
expanded the existing Ordinance to require public projects to further reduce emissions at construction 
sites in certain areas with high levels of background concentrations of air pollutants. The revised 
Clean Construction Ordinance became operative on September 6, 2015 and contains the following 
requirements:

• Use Tier 2 or higher engines and the most effective Verified Diesel Emission 
Control Strategies (VDECS) available for the engine type (Tier 4 engines 
automatically meet this requirement) as certified by the California Air 
Resources Board (ARB).

• Prohibit portable diesel engines where access to alternative sources of power 
are available.

• Restrict idling to two minutes.

• Properly maintain and tune equipment in accordance with manufacturer 
specifications.

A Construction Emissions Minimization Plan is required for all construction projects within an Air 
Pollution Exposure Zone, which must include the following:

• An equipment inventory which shall include estimates of the construction 
timeline by phase with description of each piece of off- road equipment 
required for each phase.

• Signage indicating idling limits and engine/Verified Diesel Emission Control 
Strategies requirements. 

• Certification Statement.

Monitoring of all construction activities including:

• An equipment inventory which shall include estimates of the construction 
timeline by phase with description of each piece of off- road equipment 
required for each phase.

• Quarterly reports documenting compliance with the Emissions Plan which 
shall be maintained at the project site.
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• Final report summarizing construction activities.

city of san francisco, community 
risk reDuction Plan

The City and County of San Francisco is developing a Community Risk Reduction Plan (CRRP). The 
purpose of the CRRP is to protect human health through the reduction of emissions and exposure 
to ambient air pollution in the City and County of San Francisco. The CRRP is expected to establish 
citywide objectives and targets for air quality improvement and a set of local actions to reduce health 
impacts for disproportionately exposed communities in San Francisco.

city of oaklanD, stanDarD 
conDitions of aPProval

To help clarify and standardize analysis and decision-making in the environmental review process 
in the City of Oakland, the City established standard conditions of approvals (SCAs) that apply to 
all development projects, depending upon the specific circumstances of each project. The SCAs 
are designed to substantially mitigate environmental effects. There are a number of SCAs on 
environmental issues ranging from aesthetics, to air quality, to transportation. The SCAs are part of 
the municipal code, formally adopted by the Oakland City Council in 2008. They were most recently 
updated in July 2015.

Oakland’s SCA’s for air quality relate to construction and operations. The SCA’s for construction 
require that “all projects involving construction activities shall implement all of the following 
applicable air pollution control measures during construction of the project”. The SCAs include 
a number of “basic controls” for dust and exhaust related construction emissions. There are 
also “enhanced controls” for construction that apply to projects of certain criteria, such as large 
residential projects, demolition projects, etc. These projects must apply all “basic” and “enhanced” 
controls (which include additional measures addressing dust and exhaust related emissions).

The City of Oakland also requires conditions to all projects that meet the following criteria:

a. The project involves any of the following sensitive land uses: residential uses; new or expanded 
daycares, schools, parks, nursing homes, or medical facilities; AND

b. The project is located within 1,000 (or other distance as specified below) of one or more of the 
following sources of air pollution: 

• Freeway; 

• Roadway with significant traffic (at least 10,000 vehicles/day); 
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• Rail line (except BART) with over 30 trains per day; 

• Distribution center that accommodates more than 100 trucks per day, more 
than 40 trucks with operating TRU units per day, or where the TRU unit 
operations exceed 300 hours per work week.

• Major rail or truck yard (such as the Union Pacific rail yard adjacent to the 
Port of Oakland);

• Ferry Terminal;

• Stationary pollutant source requiring permit from BAAQMD (such as a diesel 
generator);

• Within 0.5 miles of the Port of Oakland or Oakland Airport;

• Within 300 feet of a gas station;

• Within 300 feet of a dry cleaner with a machine using PERC (or within 500 
feet of a dry cleaner with two or more machines using PERC); AND

c. The project exceeds the health risk screening criteria after a screening analysis is conducted in 
accordance with the BAAQMD CEQA Guidelines.

Health Risk Reduction Measures
Requirement: The project applicant shall incorporate appropriate measures into the project design in 
order to reduce the potential health risk due to exposure to toxic air contaminants.
The project applicant shall choose one of the following methods:

1. The project applicant shall retain a qualified air quality consultant to prepare a Health Risk 
Assessment (HRA) in accordance with California Air Resources Board (CARB) and Office of 
Environmental Health and Hazard Assessment requirements to determine the health risk of exposure 
of project residents/occupants/users to air pollutants. The HRA shall be submitted to the City for 
review and approval. If the HRA concludes that the health risk is at or below acceptable levels, then 
health risk reduction measures are not required. If the HRA concludes that the health risk exceeds 
acceptable levels, health risk reduction measures shall be identified to reduce the health risk to 
acceptable levels. Identified risk reduction measures shall be submitted to the City for review and 
approval and be included on the project drawings submitted for the construction-related permit or on 
other documentation submitted to the City; 

OR

2. The project applicant shall incorporate the following health risk reduction measures into the 
project. These features shall be submitted to the City for review and approval and be included on the 
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project drawings submitted for the construction-related permit or on other documentation submitted to 
the City:

• Installation of air filtration to reduce cancer risks and Particulate Matter (PM) 
exposure for residents and other sensitive populations in the project that 
are in close proximity to sources of air pollution. Air filter devices shall be 
rated MERV-13 [MERV-16 for projects located in the West Oakland Specific 
Plan area] or higher. As part of implementing this measure, an ongoing 
maintenance plan for the building’s HVAC air filtration system shall be required.

• Where appropriate, install passive electrostatic filtering systems, especially 
those with low air velocities (i.e., 1 mph).

• Phasing of residential developments when proposed within 500 feet of 
freeways such that homes nearest the freeway are built last, if feasible.

• The project shall be designed to locate sensitive receptors as far away as 
feasible from the source(s) of air pollution. Operable windows, balconies, and 
building air intakes shall be located as far away from these sources as feasible. 
If near a distribution center, residents shall be located as far away as feasible 
from a loading dock or where trucks concentrate to deliver goods.

• Sensitive receptors shall be located on the upper floors of buildings, if feasible.

• Planting trees and/or vegetation between sensitive receptors and pollution 
source, if feasible. Trees that are best suited to trapping PM shall be planted, 
including one or more of the following: Pine (Pinus nigra var. maritima), 
Cypress (X Cupressocyparis leylandii), Hybrid popular (Populus deltoids X 
trichocarpa), and Redwood (Sequoia sempervirens).

• Sensitive receptors shall be located as far away from truck activity areas, such 
as loading docks and delivery areas, as feasible.

• Existing and new diesel generators shall meet CARB’s Tier 4 emission 
standards, if feasible.

• Emissions from diesel trucks shall be reduced through implementing the 
following measures, if feasible: Installing electrical hook-ups for diesel trucks at 
loading docks; Requiring trucks to use Transportation Refrigeration Units (TRU) 
that meet Tier 4 emission standards; Requiring truck-intensive projects to use 
advanced exhaust technology (e.g., hybrid) or alternative fuels; Prohibiting 
trucks from idling for more than two minutes; Establishing truck routes to 
avoid sensitive receptors in the project. A truck route program, along with truck 
calming, parking, and delivery restrictions, shall be implemented.

18 planning healthy places   |   2016   |   Bay area air Quality Management District



Maintenance of Health Risk Reduction Measures
Requirement: The project applicant shall maintain, repair, and/or replace installed health risk 
reduction measures, including but not limited to the HVAC system (if applicable), on an ongoing and 
as-needed basis. Prior to occupancy, the project applicant shall prepare and then distribute to the 
building manager/operator an operation and maintenance manual for the HVAC system and filter 
including the maintenance and replacement schedule for the filter.

Stationary Sources of Air Pollution (Toxic Air Contaminants): The following condition applies to all 
projects that involve a stationary pollutant source requiring a permit from BAAQMD, including but not 
limited to back-up diesel generators. The California Building Code requires back-up diesel generators 
for all buildings over 70 feet tall.

Requirement: The project applicant shall incorporate appropriate measures into the project design in 
order to reduce the potential health risk due to on-site stationary sources of toxic air contaminants. 
The project applicant shall choose one of the following methods:

• The project applicant shall retain a qualified air quality consultant to prepare 
a Health Risk Assessment (HRA) in accordance with California Air Resources 
Board (CARB) and Office of Environmental Health and Hazard Assessment 
requirements to determine the health risk associated with proposed 
stationary sources of pollution in the project. The HRA shall be submitted to 
the City for review and approval. If the HRA concludes that the health risk is 
at or below acceptable levels, then health risk reduction measures are not 
required. If the HRA concludes the health risk exceeds acceptable levels, 
health risk reduction measures shall be identified to reduce the health risk 
to acceptable levels. Identified risk reduction measures shall be submitted 
to the City for review and approval and be included on the project drawings 
submitted for the construction-related permit or on other documentation 
submitted to the City.

OR

• The project applicant shall incorporate the following health risk reduction 
measures into the project. These features shall be submitted to the City for 
review and approval and be included on the project drawings submitted for 
the construction-related permit or on other documentation submitted to the 
City: Installation of non-diesel fueled generators, if feasible, or; Installation 
of diesel generators with an EPA-certified Tier 4 engine or engines that are 
retrofitted with a CARB Level 3 Verified Diesel Emissions Control Strategy, if 
feasible.

Truck-Related Risk Reduction Measures (Toxic Air Contaminants): The following condition applies 
to all projects that involve new truck loading docks or a truck fleet of any size registered to the project 
applicant/operator.
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Truck Loading Docks
Requirement: The project applicant shall locate proposed truck loading docks as far from nearby 
sensitive receptors as feasible.

Truck Fleet Emission Standards
Requirement: The project applicant shall comply with all applicable California Air Resources Board 
(CARB) requirements to control emissions from diesel engines and demonstrate compliance to the 
satisfaction of the City. Methods to comply include, but are not limited to, new clean diesel trucks, 
lower-tier diesel engine trucks with added Particulate Matter (PM) filters, hybrid trucks, alternative 
energy trucks, or other methods that achieve the applicable CARB emission standard. Compliance 
with this requirement shall be verified through CARB’s Verification.

city of san jose, 2040 general Plan

The City of San Jose (City) updated its general plan in 2012. The City’s 2040 General Plan includes 
a number of environmentally sustainable and environmental justice goals and initiatives, including 
reducing residents’ exposure to toxic air contaminants. To promote implementation of these policies, 
City staff has identified measurements and tracking tools to monitor the City’s progress, as well as 
specific policies and action statements.

Policies on Toxic Air Contaminants
• Require completion of air quality modeling for sensitive land uses such as 

new residential developments that are located near sources of pollution, 
such as freeways and industrial uses.

• Require new residential development projects and projects categorized as 
sensitive receptors to incorporate effective mitigation into project designs 
or be located an adequate distance from sources of toxic air contaminants 
(TACs) to avoid significant risks to health and safety.

• For projects that emit toxic air contaminants, require project proponents 
to prepare health risk assessments in accordance with Air District 
recommended procedures as part of environmental review and employ 
effective mitigation to reduce possible health risks to a less than significant 
level. Alternatively, require new projects (such as but not limited to industrial, 
manufacturing, and processing facilities) that are sources of TACs to be 
located an adequate distance from residential areas and other sensitive 
populations.

• Review projects generating significant heavy duty truck traffic to designate 
truck routes that minimize exposure of sensitive populations to TACs and 
particulate matter.
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• Encourage the installation of appropriate air filtration at existing schools, 
residences, and other sensitive land uses adversely affected by pollution 
sources.

• Encourage the use of pollution absorbing trees and vegetation in buffer 
areas between substantial sources of TACs and sensitive land uses.

Actions on Toxic Air Contaminants
• Develop and adopt a comprehensive Community Risk Reduction Plan that 

includes: baseline inventory of toxic air contaminants and particulate matter 
smaller than 2.5 microns (PM2.5) emissions from all sources, emissions 
reduction targets, and enforceable emission reduction strategies and 
performance measures. The Community Risk Reduction Plan will include 
enforcement and monitoring tools to ensure regular review of progress 
toward the emission reduction targets, progress reporting to the public and 
responsible agencies, and periodic updates of the plan, as appropriate.

• Consult with the Air District to identify stationary and mobile TAC sources and 
determine the need for and requirements of a health risk assessment for 
proposed developments.

• For new projects that generate truck traffic, require signs which remind 
drivers that the State truck idling law limits truck idling to five minutes.

city of ricHmonD, general Plan

The City of Richmond (City) updated its General Plan in 2012, and it includes a voluntary Community 
Health and Wellness element. The purpose of the new element is to “establish a strong policy 
framework for developing conditions that will improve the physical health and emotional well-being 
of Richmond residents.” The element also seeks to make the connection between community and 
environmental health and compact, sustainable development. Richmond’s General Plan states that 
“…many residents and workers are impacted by air, water, soil and noise pollution. Richmond has 
many heavy industrial land uses including a seaport, major refinery, and significant railroad terminal 
that contribute to local air and noise pollution.” To address these impacts, the City adopted policies in 
the General Plan to reduce emissions of, and exposure to, air pollutants (see below).

City staff also recommends improvements to air quality by working with the Air District and industrial 
operators to reduce emissions from industry, ships, trucks and automobiles; especially to reduce 
exposure to children and seniors. Specific air quality-related policies within the Community Health 
and Wellness element include:

• Support regional policies and efforts that improve air quality to protect 
human and environmental health and minimize disproportionate impacts on 
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sensitive population groups. Work with businesses and industry, residents 
and regulatory agencies to reduce the impact of direct, indirect and 
cumulative impacts of stationary and non-stationary sources of pollution 
such as industry, the Port, railroads, diesel trucks and busy roadways. 
Ensure that sensitive uses such as schools, childcare centers, parks and 
playgrounds, housing and community gathering places are protected from 
adverse impacts of emissions.

• Continue to work with stakeholders to reduce impacts associated with 
air quality on disadvantaged neighborhoods and continue to participate 
in regional planning efforts with nearby jurisdictions and the Bay Area 
Air Quality Management District to meet or exceed air quality standards. 
Support regional, state and federal efforts to enforce existing pollution 
control laws and strengthen regulations. 

city of HayWarD, general Plan

The 2040 Hayward General Plan (Approved July 2014) integrates the typical elements of a 
community risk reduction plan into the policy framework of the General Plan. The policy framework 
includes specific long-term goals, policies, and implementation programs to reduce communitywide 
exposure to TACs and PM2.5. This integrated approach allows the City to incorporate the analysis 
and components of a “stand-alone” community risk reduction plan into appropriate section of 
the General Plan. One of the long-term goals of the Plan (NR-2) is to improve the health and 
sustainability of the community through continued local efforts to improve regional air quality, 
reduce greenhouse gas emissions, and reduce community exposure to health risks associated with 
toxic air contaminants and fine particulate matter. Notable policies and programs under this goal 
include:  

• NR-2.13 Wood Stove and Fireplace Replacement: The City shall promote the 
replacement of non-EPA certified fireplaces and woodstoves and encourage 
city residents to participate in Bay Area Air Quality Management District 
programs, such as the Wood Stove Rebate Program. 

• NR-2.15 Community Risk Reduction Strategy: The City shall maintain 
and implement the General Plan as Hayward’s community risk reduction 
strategy to reduce health risks associated with toxic air contaminants (TACs) 
and fine particulate matter (PM2.5) in both existing and new development. 

• NR-2.16 Sensitive Uses: The City shall minimize exposure of sensitive 
receptors to toxic air contaminants (TAC), fine particulate matter (PM2.5), 
and odors to the extent possible, and consider distance, orientation, and 
wind direction when siting sensitive land uses in proximity to TAC- and 
PM2.5-emitting sources and odor sources in order to minimize health risk.
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• NR-2.17 Source Reduction Measures: The City shall coordinate with and 
support the efforts of the Bay Area Air Quality Management District, the 
California Air Resources Board, the U.S. Environmental Protection Agency, 
and other agencies as appropriate to implement source reduction measures 
and best management practices that address both existing and new sources 
of toxic air contaminants (TAC), fine particulate matter (PM2.5), and odors.

• NR-2.18 Exposure Reduction Measures for New Receptors: The City shall 
require development projects to implement all applicable best management 
practices that will reduce exposure of new sensitive receptors (e.g., hospitals, 
schools, daycare facilities, elderly housing and convalescent facilities) to 
odors, toxic air contaminants (TAC) and fine particulate matter (PM2.5).

• NR-2.19 Exposure Reduction Measures for both Existing and New Receptors: 
The City shall work with area businesses, residents and partnering 
organizations to provide information about best management practices that 
can be implemented on a voluntary basis to reduce exposure of sensitive 
receptors to toxic air contaminants (TAC) and fine particulate matter (PM2.5).

santa clara county, general Plan

The Health Element of the Santa Clara County General Plan has been prepared at the direction of 
the Santa Clara County Board of Supervisors as a new element, incorporating and updating certain 
existing subject matter and policies from the existing Health and Safety Chapters, and building a 
renewed emphasis on collaborative, comprehensive approaches to planning for community health. 
Under the “Air Quality and Climate Change,” section there are major strategies and policies intended 
to convey a comprehensive approach for improving air quality, protecting the climate, and protecting 
public health. Examples include:

• HE-G.4 Off-road source: Encourage mobile source emission reduction from 
off-road equipment such as construction, farming, lawn and garden, and 
recreational vehicles by retrofitting, retiring and replacing equipment and by 
using alternate fuel vehicles. 

• HE-G.7 Sensitive receptor uses: Promote measures to protect sensitive 
receptor uses, such as residential areas, schools, day care centers, 
recreational playfields and trails, and medical facilities by locating uses 
away from major roadways and stationary area sources of pollution, where 
possible, or incorporating feasible, effective mitigation measures.

• HE-G.8 CARE Communities focus: Promote awareness of geographic 
areas subject to persistently poorer air quality and assist the Air District in 
monitoring and reducing emissions from all sources in CARE communities

23planning healthy places |   2016   |   Bay area air Quality Management District



• HE-G.9 Healthy infill development: Promote measures and mitigations for 
infill development to protect residents from air and noise pollution, such 
as more stringent building performance standards, proper siting criteria, 
development and environmental review processes, and enhanced air 
filtration.
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Planning for 
construction

While construction activities are typically short-term or temporary in duration, they can generate a 
substantial amount of particulate matter and other criteria pollutants, toxic air contaminants, fugitive 
dust, and greenhouse gases. Therefore the emissions associated with construction activity can have 
regional implications to the attainment status of state and federal ambient air quality standards, but 
more importantly may adversely impact the health of 
nearby sensitive populations.

Emissions from construction equipment are regulated 
by both the US EPA and ARB. The emission standards for 
new engines vary according to the rated horsepower of 
the engine and model year of the equipment, and are set 
forth in a series of tiers (1-4), with each tier becoming 
progressively cleaner for either nitrogen oxides (NOx) 
and/or PM emissions. In addition, ARB’s In-Use Off-Road 
Diesel Vehicle Regulation (Off-Road rule) generally applies 
to all self-propelled off-road diesel vehicles over 25 
horsepower used in California. The Off-Road rule requires 
off-road fleet owners subject to the rule to meet fleet wide emission limits based on the size of their 
fleet and to reduce their emissions by retiring, replacing, or repowering older engines or installing 
Verified Diesel Emission Control Strategy, or VDECS. Compliance dates range from 2014 for larger 
fleets to 2019 for the smallest fleets.

The overall purpose of the Off-Road rule is to encourage turnover of older, higher-emitting equipment 
to cleaner, lower-emitting equipment in construction fleets. This turnover will help to further reduce 
emissions of NOx and fine PM within California communities.

While such programs and regulations will gradually reduce air pollution from the construction fleet, 
best practices are still needed to reduce air pollutants at the local level, which will help to protect 
sensitive populations that may be in close proximity to construction activity.

construction best Practices
Table 1 presents a current list of best practices for construction equipment identified by the Air 
District. The best practices address both dust generated by construction activity as well as exhaust 
from construction equipment. This list will be updated as new technologies or strategies become 
available to further reduce the air quality and health impacts associated with construction activity. 
All of the best practices applicable to a project should be required at the time grading permits are 
issued.

all of the best practices for 
construction should be required 
at the time grading permits are 

issued. implementation of these 
best practices, or others that achieve 

the same or greater emission 
reductions, should ensure that 

regional or local air quality impacts 
from construction are minimized 
to the maximum extent feasible.
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Table 1: Best Practices for Construction
For Dust

All exposed surfaces (e.g., parking areas, staging areas, soil piles, graded areas, and unpaved access roads) 
shall be watered two times per day. Maintain minimum soil moisture of 12 percent. Moisture content can be 
verified by lab samples or moisture probe.

All haul trucks transporting soil, sand, or other loose material off-site shall be covered.

All visible mud or dirt track-out onto adjacent public roads shall be removed using wet power vacuum street 
sweepers at least once per day. The use of dry power sweeping should be done in conjunction with thorough 
watering of the subject roads.

All vehicle speeds on unpaved roads shall be limited to 15 mph.

All roadway, driveway and sidewalk paving shall be completed as soon as possible. Building pads shall be paved 
as soon as possible after grading.

All construction sites shall provide a posted sign visible to the public with the telephone number and person to 
contact at the Lead Agency regarding dust complaints. The recommended response time for corrective action 
shall be within 48 hours. The Air District’s Complaint Line (1-800-334-6367) shall also be included on posted 
signs to ensure compliance with applicable regulations.

All excavation, grading, and/or demolition activities shall be suspended when average wind speeds

exceed 20 mph.

Wind breaks (e.g. trees, fences) shall be installed on the windward side(s) of actively disturbed areas of 
construction. Wind breaks should have maximum 50 percent air porosity.

Vegetative ground cover (e.g. fast germinating native grass seed) shall be planted in disturbed areas as soon as 
possible and watered appropriately until vegetation is established.`

The simultaneous occurrence of excavation, grading, and ground-disturbing construction activities on the same 
area at any one time shall be limited. Activities shall be phased to reduce the amount of disturbed surfaces at 
any one time).

All trucks and equipment, including their tires, shall be washed off prior to leaving the site.

Site accesses to a distance of 100 feet from the paved road shall be treated with a six- to 12-inch compacted 
layer of wood chips, mulch, or gravel.

Sandbags or other erosion control measures shall be installed to prevent silt runoff to public roadways from 
sites with a slope greater than one percent.

For Exhaust
The applicant/general contractor for the project shall demonstrate to the local jurisdiction that all off-road 
equipment greater than 25 hp that will be operating for more than 20 hours over the entire duration of the 
construction activities at the site, including equipment from subcontractors meets the following requirement:

1) Be Zero Emissions OR 2) have engines that meet for exceed either US EPA or ARB Tier 2 off-road emission 
standards; and 3) have engines are retrofitted with an ARB Level 3 Verified Diesel Emissions Control Strategy 
(VDECS), if one is available for the equipment being used (equipment with engines meeting Tier 4 Interim 
or Tier 4 Final emission standards automatically meet this requirement, therefore a VDECS would not be 
required).

Idling time of diesel powered construction equipment, trucks and generators shall be limited to no more than 2 
minutes. Clear signage shall be provided for construction workers at all access points.

All construction equipment shall be maintained and properly tuned in accordance with the manufacturers’ 
specifications.

Portable diesel generators shall be prohibited. Grid power electricity should be used to provide power at 
construction sites; or propane and natural gas generators may be used when grid power electricity is not 
feasible.
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glossary 

Bay Area Air Quality Management District (Air District)  
A regional air pollution control agency with jurisdiction over the nine counties that surround the Bay 
(excepting northeastern Solano and northern Sonoma counties); the Air District oversees policies and 
adopts regulations for the control of air pollution from stationary sources.

Best Practices to Reduce Emissions 
Measures that reduce actual emissions, and therefore reduce health risks from air pollution. The 
Air District recommends that local governments adopt best practices as community-wide policies or 
ordinances. See pg. 9 for a complete list of best practices to reduce emissions.

Best Practices to Reduce Exposure 
Measures that do not reduce actual emissions, but reduce people’s exposure to pollutants and 
therefore reduce health risks. Examples include air filters, vegetation, and alternative truck routes. 
The Air District recommends implementing these types of measures in areas with elevated health 
risks (purple areas on Air District maps). See pg. 10 for the map, and for a complete list of best 
practices to reduce exposure. 

California Air Resources Board (ARB) 
A state agency, whose mission is to promote and protect public health, welfare and ecological 
resources through the reduction of air pollutants; the ARB oversees policies and adopts regulations 
for the control of air pollution from primarily mobile sources.

Cumulative Impact
The impact on the environment and the public which results from the incremental impact of the 
action when added to other past, present, and reasonably foreseeable future actions regardless 
of what agency or person undertakes such other actions. Cumulative impacts can result from 
individually minor but collectively significant actions taking place over a period of time

Fine Particulate Matter (PM) 
Includes tiny particles with a diameter less than or equal to 2.5 microns. This fraction of particulate 
matter penetrates more deeply into the lungs than larger particles. 

Further Study 
Conducting further study would entail air quality modeling of fine PM concentrations, and/or 
estimating increased health risks from air toxics to determine if there is an unacceptable level of 
health risk, and to identify if measures can be implemented to reduce health risks to acceptable 
levels.

Mobile Sources of Air Pollution  
Sources of air pollution such as automobiles, motorcycles, trucks, off-road vehicles, boats and 
airplanes. 
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Sensitive Land uses 
Places where sensitive populations are most likely to spend their time, such as schools, playgrounds, 
daycare centers, nursing homes, medical facilities, and residential communities.

Sensitive Populations  
People, including infants, children, the elderly, and those with pre-existing conditions (such as 
asthma) that are at greater risk than the general population to the adverse health effects of air 
pollutants.

Stationary Sources of Air Pollution 
Non-mobile sources such as power plants, refineries and manufacturing facilities which emit air 
pollutants.  

Toxic Air Contaminants (TACs)  or Air Toxics 
TACs are air pollutants, identified by the ARB, which may cause or contribute to an increase in deaths 
or in serious illness, or which may pose a present or potential health hazard. Health effects may occur 
at extremely low levels of TACs. 
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aPPenDix a: best Practices 
to reDuce emissions of 

local air Pollution 
The Air District recommends that local government agencies adopt the following “best practices 
to reduce emissions” as enforceable ordinances or standard conditions of approval, and/or as 
community-wide policies. Implementing all of the “best practices to reduce emissions” will likely 
result in the greatest reduction in local levels of air pollutants. However, the Air District acknowledges 
that implementing all of the following “best practices to reduce emissions” may not be feasible or 
appropriate in every community. 

The research regarding the availability and effectiveness of “best practices to reduce exposure” is 
continually evolving. Air District staff will update the recommended measures as new information 
becomes available.

retrofit generators (to loW or zero emissions)
Many buildings in developed areas include back-up diesel generators to provide emergency power in 
the event of power failure. Even if such engines are not used for emergency purposes, they are still 
operated periodically for maintenance and testing. Diesel backup generators, specifically older ones, 
can have significant diesel particulate matter emissions. As part of its diesel risk reduction program, 
ARB adopted an air toxic control measure for stationary engines, or generators. The measure requires 
that new generators, including back-up generators and generators used in construction, be certified 
to meet emission standards set by ARB and US EPA (ARB and US EPA have identical emission 
standards for generators). ARB/US EPA emission standards apply to generators larger than 50 horse 
power and are set forth as Tiers 1 through 4, with Tier 4 engines being the cleanest. Generator 
engines certified as Tier 4 reduce PM emissions 85 to 90 percent over a non-tiered engine, whereas 
Tier 1 only reduces PM emissions by 25 percent. By 2015, all new generator engines must have 
met Tier 4 emission standards. But since these regulations apply only to new engines, older existing 
generators can continue contributing to local air pollution. Local governments can require, via a local 
ordinance, development agreement, or other means, that existing older generators not subject to ARB 
limits be replaced with a new low or zero emitting generator or be retrofitted with control technologies 
such as diesel particulate filters, resulting in significant reductions in diesel PM emissions. New, zero 
emission back-up power technologies are also becoming available, including fuel cell back-up power 
(example: Bloom Energy).

electrify loaDing Docks 
Heavy duty diesel trucks are the predominant means to deliver goods to grocery stores, shopping 
malls, and other commercial and retail land uses. Diesel trucks normally need to idle their main 
diesel engine during loading and unloading operations to operate mechanical lift equipment or 
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to run the air conditioner or heater in the cab of the truck. This idling of the main diesel engine 
produces a substantial amount of diesel particulate matter emissions and can impact the health 
of nearby people. The particulate matter emissions can be reduced or eliminated by requiring the 
electrification of all loading docks. Trucks that are equipped to utilize grid power can significantly 
reduce their emissions.  Installing electrical outlets at all loading docks and promoting or requiring 
only trucks capable of plugging-in to deliver goods will lead to localized reductions in diesel 
emissions, thereby decreasing the potential for health risks to those that live and work in the area. 

limit iDling times
Prohibiting trucks from idling for more than two minutes can reduce emissions by limiting the 
amount of time that trucks run their engines. Idling limits could apply to all types and sizes of trucks, 
and/or buses, that spend extended periods of time at idle when loading and unloading, staging or 
when not in active use. ARB regulations limit idling time to no more than five continuous minutes 
(for commercial motor vehicles with gross vehicular weight ratings of greater than 10,000 pounds). 
Local governments may, and often do, pass local ordinances that further limit allowable idling 
time to no more than two continuous minutes. In addition, local enforcement of ARB or local idling 
limits increases their effectiveness. Strict local limits on idling diesel engines, combined with local 
enforcement, can reduce local exposure to diesel exhaust.

ARB’s idling regulation contains a number of exemptions that allow for longer idling periods 
when safety or power needs for equipment are required. Communities should consider if similar 
exemptions are appropriate when adopting a local ordinance on idling time limits.

zero emission tecHnology & alternative fuels
Zero emission (i.e. plug-in electric or hydrogen powered) vehicles have become more commonplace 
but will need the necessary infrastructure to continue to grow. Local governments can promote this 
infrastructure by requiring it at new or existing development (for example, required plug-in stations 
for electric vehicles). Diesel powered on-road and off-road equipment manufacturers are constantly 
developing new technologies and strategies to reduce diesel particulate matter emissions in order 
to comply with increasingly stringent ARB regulations. In addition, fuel providers are also developing 
lower emission and renewable fuels, such as biodiesel, to comply with ARB fuels regulations. 
Promoting the use of these new technologies and fuels within our communities, either through 
requirements or incentives, can reduce or eliminate the adverse health impacts from local sources 
of TACs and PM air pollution.

For example, truck manufacturers have begun offering diesel electric hybrids for all but the heaviest 
trucks. Gasoline hybrids are available for lighter weight trucks. The availability of propane and 
natural gas powered trucks is somewhat limited in terms of weight class and usage, although there 
are some well-established markets for natural and/or bio gas buses and garbage trucks. Trucks 
powered by battery or fuel cell hybrid electric are currently limited to demonstration projects, but 
when commercialized will present the lowest emission option.
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Promote or reQuire tHe use of 
transPortation refrigeration units (tru)
Trucks delivering goods often need to keep perishable items refrigerated or at a constant 
temperature. The use of Transportation Refrigeration Units (TRUs) in lieu of running the main engine 
on delivery trucks maintains refrigeration while minimizing diesel emissions. TRUs are refrigeration 
systems powered by diesel internal combustion engines designed to refrigerate perishable products 
that are transported in various containers, including semi-trailers, truck vans, shipping containers, 
and rail cars. Local policies or programs that promote the use of transportation refrigeration units, 
especially if they meet the federal Environmental Protection Agency’s (US EPA) Tier 4 emission 
standards, can reduce emissions of diesel particulate matter and toxic air contaminants by 50 to 
80 percent. It should be noted that while TRU engines are relatively small, ranging from 9 to 36 
horsepower, significant numbers of these engines congregating at distribution centers, truck stops, 
and other facilities, could still result in the potential for adverse health risks to sensitive populations 
nearby.

transPortation DemanD 
management (tDm) strategies
As previously mentioned in this guidebook, the Air District strongly supports local and regional 
efforts to reduce vehicle miles traveled and promote “focused growth”, i.e. infill, transit-oriented, and 
mixed-use development throughout the region. Building such communities is critical to achieving 
reduced vehicle miles traveled, which will: reduce criteria pollutants, greenhouse gases, and toxic 
air contaminant and fine PM emissions from passenger vehicles, as well as assist the Bay Area in 
attaining and maintaining health-based ambient air quality standards. Focused growth strategies 
have the long-term benefit of improving overall air quality while also providing many other benefits to 
the Bay Area environment, including the preservation of natural land and open space, improved water 
quality, and protection of habitat and native wildlife species. Focused growth also provides important 
economic and equity benefits, including reduced traffic congestion and lower transportation costs, 
more housing options, and better access to jobs. 

The Air District recommends requiring the implementation of as many TDM strategies as is feasible 
into projects and plans. Examples include, but are not limited to, parking pricing strategies; parking 
maximums; mandated parking spaces for car-sharing programs; the provision of transit passes in 
residential, commercial and office developments; charging stations for electric vehicles; bicycle 
lockers or racks; teleworking policies; bicycling improvements; and more. For a recommended list of 
TDM strategies, consult the Air District’s TDM tool: http://www.baaqmd.gov/plans-and-climate/air-
quality-plans/smart-growth.

traffic management strategies
Studies demonstrate that managing how traffic flows is a strategy to reduce the amount of air 
pollution emitted from vehicles.  
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Traffic Smoothing
Reducing acceleration and deceleration can reduce fuel consumption and emissions. Creating a more 
constant traffic speed (i.e. traffic smoothing) can reduce emissions fairly significantly (up to ~50%, 
according to several studies). Strategies to smooth traffic include installing roundabouts at stop-
controlled intersections. 

Speed Limits
Driving speed is one of the most important factors that determine vehicle emissions, according 
to ARB. A study by El-Shawarby et al (2005) found that fuel consumption and emission rates are 
optimum in the range of 38-55 mph. Outside of this range, both fuel consumption and emission rates 
increase considerably. 
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aPPenDix b: best Practices 
to reDuce exPosure to 

local air Pollution 
The Air District recommends that local government agencies adopt the following “best practices 
to reduce exposure” as enforceable ordinances or standard conditions of approval, and/or as 
community-wide policies. Implementing all of the “best practices to reduce exposure” will likely 
result in the greatest reduction in potential health risks from air pollution. However, the Air District 
acknowledges that implementing all of the following “best practices to reduce exposure” may not be 
feasible or appropriate in every community. Of particular importance is the best practice related to air 
filtration, which is one of the most effective strategies to reduce exposure. 

The research regarding the availability and effectiveness of “best practices to reduce exposure” is 
continually evolving. Air District staff will update the recommended measures as new information 
becomes available.

HealtH Protective Distance
As stated, from an air quality standpoint, reducing vehicle miles travled (VMT) is crucial. Reducing 
VMT will reduce criteria pollutants, greenhouse gases, and toxic air contaminants. Cars and trucks 
represent the single largest source of greenhouse gas emissions in the Bay Area; reducing these 
transportation-related emissions through integrated land use and transportation planning and infill 
development is critical to achieving GHG reduction goals to stabilize the climate. Transportation 
is also a significant source of fine PM and TACs. Therefore, reducing VMT is a high priority for air 
quality and the climate. However, increased development in certain locations near major sources 
of air pollution may result in increased local exposure to unhealthy levels of air pollutants to the 
people living there unless steps are taken to reduce exposure and reduce emissions. This guidebook 
includes many strategies to reduce both emissions and exposure. One strategy for reducing exposure 
is to plan sensitive land uses farther from localized air pollution sources (such as freeways) as is 
feasible and appropriate. This is one of the most effective health protective strategies that can be 
implemented to protect children and other vulnerable populations from the harmful effects of air 
pollution. In general, as the distance from a local source of air pollution increases, the level of air 
pollution and associated health risk decreases.

A means to implement or consider proximity to air pollution sources is zoning. For example, when 
updating or making revisions to a zoning code in an area characterized by elevated levels of air 
pollution (such as immediately adjacent to a freeway), local government may choose to designate 
the land use as commercial, office, or parking instead of residential, if that is feasible or appropriate 
given the context. The Air District aknowledges that local land use decisions are complicated 
and many factors need to be considered and balanced. The Air District simply encourages local 
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governments to consider air quality along with other public health elements when making land use 
decisions. 

The Air District recognizes that in dense urban communities, implementing a health protective 
distance between sensitive land uses and sources of air pollution may not always be feasible. If it is 
not possible to implement health protective distances, then the additional best practices to reduce 
exposure to local air pollution will help to reduce health risks, if fully implemented. 

air filters
Because many people spend a majority of their time indoors, reducing the entry of air pollutants into 
a home (or school, daycare, etc.) is a viable option to mitigate the adverse health impacts related to 
air pollutant exposures, particularly fine PM. Heating, ventilating, and air conditioning (HVAC) systems 
control the air flow in buildings by circulating outside air through, and eventually out of a building. 
The use of high efficiency filtration in central HVAC systems and in portable air cleaners has been 
shown to be effective in most circumstances. Depending on the particle size, high efficiency filters 
can remove 50% - 98% of particles in the air, and portable air cleaners (designed for homes without a 
central HVAC) can remove 30% to 90% of particles.

The American Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) uses a 
Minimum Efficiency Reporting Value (MERV) measurement scale to rate the effectiveness of air filters 
on a scale of 1 to 16. For example, MERV-13 air filtration devices installed on an HVAC air intake 
system can remove 80-90% of indoor particulate matter (greater than 0.3 microns in diameter). 
High Efficiency Particle Filters, or HEPA filters, are effective at removing mold, pollen and ultrafine 
particles. HEPA filters have a particle size removal efficiency of > 99.999% for particles 0.3 - 1 micron 
in diameter which is roughly equivalent to a MERV 20 rating (US EPA, Residential Air Cleaners August 
2009). However, only a few HEPA filters are designed for use in residential applications.

Studies conducted in California (Bhangar et al 2011, Less et al., 2015) have shown that particulate 
levels in homes with high efficiency filtration systems were 50% to 74% lower than those without 
filtration systems. Modeling simulations (Brown et al 2014) showed similar findings. The effectiveness 
of air filters in reducing health risks depends heavily on properly sealed ducting and maintenance. 
Higher MERV rated filters also require increased air pressure, which requires more energy use and 
can cause ducts to fail if not properly installed and sealed. However, while air filtration systems do 
result in additional energy use, a well-sealed building envelope will help reduce energy use and will 
also increase the effectiveness of air filtration. An ongoing maintenance plan for a building’s HVAC 
air filtration system should therefore be included in any air filtration best practice adopted by a local 
government. For additional information on air filters, see the U.S. EPA’s document, “Residential Air 
Cleaners: A Summary of Available Information August 2009”.

HVAC filtration is an effective and feasible air quality mitigation strategy. It is becoming increasingly 
common in Bay Area jurisdictions. For example, San Francisco requires MERV 13 air filters in new 
residential buildings located within designated “air pollutant exposure zones” (locations where toxic 
risk or fine PM levels exceed designated thresholds).
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The Air District recommends requiring the installation and implementation of an air filtration system 
in sensitive land uses (minimum of MERV 13) along with a maintenance plan detailing how the 
filtration system will be maintained.

Project PHasing
In 2008, the California Air Resources Board adopted the On-Road Heavy Duty Diesel Vehicle (in 
use) regulation to dramatically reduce diesel particulate matter emissions from trucks and buses. 
The regulation requires owners of diesel trucks to retrofit or replace their engines so that by 2016, 
nearly all trucks would have diesel particulate matter emissions equal to a 2010 or newer model 
year engine. The regulation went into effect in 2012, and will result in significant reductions in diesel 
particulate matter emissions from on-road diesel trucks and buses as truck and bus owners comply 
with the regulation. ARB estimates there should be up to an 80 percent reduction in diesel particulate 
matter by 2023 from on-road trucks and buses. Accordingly, it is expected that the geographic scope 
of areas with unhealthy levels of diesel exhaust will decrease in future years as this truck and bus 
fleet becomes cleaner.

The ARB regulation makes project phasing an effective strategy for reducing people’s exposure to 
fine PM and TAC emissions when the project or plan area is impacted from a source of emissions 
that includes on-road trucks and buses, such as a freeway or distribution center. When it is feasible 
to do so, such as on a relatively large project site, buildings that will be closest to the source of diesel 
particulate matter from on-road trucks or buses could be built last, so that air pollution from nearby 
highways or roadways will have time to decline based on the turnover of older diesel trucks and buses 
resulting from the ARB regulation. Phasing development near highways and major roadways can 
reduce exposure to fine PM concentrations and TACs.

builDing anD site Design
Designing residential buildings and sites to locate people away from emission sources is an effective 
way to protect people’s health.

Building Design
Building design can be an important factor in reducing exposure to PM and TACs by improving indoor 
air quality, especially when considering the location of the air intake for building ventilation. Generally, 
air pollution decreases with distance and with height, therefore air intake locations should be located 
as far as is feasible away from emission sources to provide the cleanest air to building occupants.

Other beneficial design features may further improve indoor air quality. Operable windows and 
balconies could be installed away from high volume roadways or other sources of air pollution, if 
feasible. For example, if local sources of air pollution are located on the west of the building, operable 
windows and balconies could be installed on the east side of the building (if feasible) where the 
concentrations of fine PM and TACs are likely to be lower.
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Site Design
When designing a plan or project that includes sensitive land uses near local sources of fine PM 
and TACs, buildings within the development that do not house people, such as parking garages, 
commercial buildings or open space, could be located closest to the local source of emissions (such 
as a freeway), and act as a barrier between the pollution source and residential or other sensitive 
land uses. Also, implementing open space such as parks (that do not have recreational amenities 
such as basketball or tennis courts, soccer fields, playgrounds, etc.) between buildings can improve 
air flow and air pollution movement. This strategy can help to reduce build up of air pollution, or air 
pollution “hot spots”.

soliD barriers
Consider incorporating solid barriers, similar to sound walls, between buildings and sources of air 
pollution. Studies have demonstrated that barriers can reduce air pollutant levels, while also reducing 
noise (co-benefit). Recent research indicates that sound walls, in conjunction with vegetation (see 
below) is more effective than either strategy implemented on it’s own to reduce air pollutant levels. 

vegetation
Planting certain trees can be an effective strategy for reducing exposure to air pollution. Some 
trees and vegetation type may trap and filter coarse and fine particulates in the leaves, stems, and 
twigs. Trapped particles are eventually washed to the ground by rainfall. Trees also lower the air 
temperature by providing shade over streets and parking lots, thereby reducing evaporative emissions 
from vehicles and energy consumed on air conditioning during summer months.

The effectiveness of fine PM removal depends on the tree species planted. Large, evergreen trees 
(those with foliage year-round) with long-life spans are best. In addition, trees with branches and 
leaves that have a sticky surface are best at trapping fine PM. Trees with a fine, complex foliage 
structure that allows significant in-canopy airflow will also perform better at trapping particulate 
matter. Pines, Cypress, Hybrid Popular, and Redwoods are an example of trees that do well in 
trapping pollution.

In addition to the type of tree, the placement of the trees, relative to major roadways or other diesel 
emission sources, and how densely they are planted, are important considerations in using trees as a 
strategy to reduce air pollution exposure. Trees should be planted between land uses and the source 
of emissions, and as densely as feasible, while still maintaining the health of the trees. Additionally, 
some trees emit volatile organic compounds (VOCs) which can lead to the formation of ozone. Care 
should be taken that trees planted with the intent to reduce fine PM do not also emit high levels of 
VOCs. 

Research is continuing to determine and quantify the effectiveness of planting of trees near a source 
of particulate matter in reducing exposure.

The Urban Forest Ecosystems Institute at California Polytechnic University, San Luis Obispo (which 
partners with CalFire, the U.S. Forest Service and PG&E) maintains SelecTree, a tree selection tool 
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designed to help users select appropriate trees based on a number of considerations, including leaf 
and flower characteristics, site conditions and constraints (such as soil conditions, soil pH, seaside 
exposure, etc.), pest and disease information, health and safety concerns (non-native CA species, 
fire resistance, biogenic emissions, root damage potential, etc.) and special values (attracts wildlife). 
The Air District encourages the ues of this tool to assist in making comprehensive decisions on tree 
selection while also taking into consideration a tree’s biogenic emissions.

In addition, the Air District may undertake a guidance document on trees, which will include 
recommendations on the types of tress that are preferred for air quality (biogenic emissions), 
exposure reduction, and climate protection/carbon sequestration, while also considering other 
factors including water quality, pest management, pollen reduction, aesthetics and more.

limit grounD floor uses
Placing residential development on the second floor of a building or higher can be an effective 
strategy for reducing exposure to local pollutants from a nearby at-grade highway or busy roadway. 
This strategy is often applied to mixed use buildings on infill sites, where the ground floor is reserved 
for commercial space and the second and subsequent floors are used for residential. Limiting ground 
floor residential development is generally most effective when the adjacent roadway is not elevated. 

alternative truck routes
Truck routes can be planned or re-routed through non-residential neighborhoods, and to avoid other 
sensitive land uses such as daycare centers, schools, and elderly facilities. For example, the City 
of Oakland recently worked with community groups to re-route trucks away from residential streets 
around the Oakland Coliseum to address local concern about air pollution levels. 
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aPPenDix c
tecHnical notes

The mapping tool created by the Air District include blue and purple areas (located: www.baaqmd.
gov/planninghealthyplaces). 

The blue areas represent “large and/or complex” sources where further study is recommended. The 
Air District relied on ARB’s document entitled, “2005 Air Quality Land Use Handbook: A Community 
Health Perspective” (ARB Land Use Handbook) to define “large and/or complex” sources, and their 
associated further study areas. The further study areas are defined below:

• 0.5 miles around all major airports, including OAK, SFO, SJC;

• 0.5 miles around all oil refineries;

• 0.5 miles around the Port of Oakland; 1,000 feet around all other seaports;

• 1,000 feet around railyards (except Caltrain yards in San Jose & San 
Francisco - these are included in AQ modeling in purple areas)

• 150 feet around medium gas stations (based on Air District emissions data); 
and

• 300 feet around large gas stations (based on Air District emissions data).

The purple areas on the maps are based on a screening level, cumulative analysis of all mobile and 
stationary sources of air pollution in the region. To create the purple areas, the Air District identified 
areas that exceed 100 in a million for cancer risk, and/or exceed fine PM concentrations of 0.8 
micrograms per cubic meter, and/or are within 500 feet of a freeway, 175 feet of a major roadway 
(>30k AADT), or 500 feet of a ferry terminal. Implementation of best practices to reduce emissions 
and exposure will reduce the health risks; however, the emissions and exposures will not be 
completely eliminated. 

The Air District will be releasing a document that will provide greater detail on the methodology used 
to model the estimated levels of air pollutants and health risks on a cumulative basis throughout the 
region. This document will be available at: www.baaqmd.gov/planninghealthyplaces upon completion 
(est. late spring / early summer 2016).
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Picacho 

National Conservation Lands Ecoregion: Colorado Desert and Lake Cahuilla 

Description/Location : This proposed ACEC and NLCS lands are located east of Ogilby Road in Imperial 
County, north of the Quechan Indian Reservation.  It encompasses the Picacho general region, including the 
Cargo Muchacho Mountains, Buzzards Peak and the Vinagre Wash area. 
 
Nationally Significant Values: 
Cultural: These conservation lands and this unit contain nationally significant prehistoric cultural resources 
including habitation sites, geoglyphs, trails, and areas of sacred value to the local Native American tribes.  
Other historic properties (properties eligible for or listed in the National Register of Historic Places [NRHP]), 
within these lands include the Tumco/Hedges historic gold mining districts and the Quechan Area of 
Traditional Cultural Concern.  The proposed conservation lands link and protect a vast and significant 
cultural landscape important to many tribes, from the Cargo Muchacho Mountains and Colorado River up 
through related landscapes in the Colorado Desert subarea through Joshua Tree National Park and into the 
Mojave Desert. 
 
Ecological: The unit’s lands contain critical habitat for desert tortoise populations in the southern portion of 
their range and is essential for maintaining connectivity. The unit also contains areas with a combination of 
meteorological, geological, hydrological, topographical features that have been identified as important 
climate refugia (slow/minimized climate changes) for wildlife species. These conservation lands provide an 
unbroken linkage between eight wilderness areas in three subareas, and connect these lands from the 
Colorado River to Joshua Tree National Park and into the Mojave Desert.    
 
Scientific: Numerous prehistoric and historic archaeological sites located within this area contain significant 
information values that would inform our understanding and knowledge of the past.    
 
Special Designations/Management Plan/Date: No previous special designation. 
 
Relevance and Importance Criteria 
The ACEC serves as an outstanding representative of the Sonoran Desert with a full complement of the 
characteristic wildlife and plant species. The unit also contains areas with a combination of meteorological, 
geological, hydrological, topographical features that have been identified as important climate refugia 
(slow/minimized climate changes) for wildlife species. The ACEC provides unique opportunity for multiple 
use management‐ aside from its rich wildlife and botanical resources; it has been utilized extensively for 
outdoor recreation. The area is also essential for other important wildlife species including Bighorn Sheep 
and Mule Deer and includes important movement corridors for these species.  These corridors provide 
wildlife the ability to disperse across long distances in order to connect different habitat and populations.  
Additionally, the area supports several species of bats and birds. 
 
Lands with Wilderness Characteristics: This unit contains 17,618 acres of lands that would be managed to 
protect wilderness character under the preferred alternative.  The CMAs for lands managed to protect 
wilderness character would also apply in those areas. 
 
Overarching Goals:  To enhance, protect and preserve the cultural and biological resources while providing 
compatible recreational opportunities. To maintain desert tortoise habitat connectivity between the 
Chuckwalla Desert Wildlife Management/Area of Critical Environmental Concern/ Critical Habitat Units and 
high value climate refugia for wildlife.  
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Where the CMAs in this Special Management Plan conflict from the CMAs included in Volume II of the 
Proposed LUPA and Final EIS, the more restrictive CMA would be applied (i.e. management that best 
supports resource conservation and limits impacts to the values for which the conservation unit was 
designated), unless otherwise specified. 
 
If this area is included in the National Conservation Lands, the BLM will manage this area to protect the 
Nationally Significant Values above.  Appropriate multiple uses will be allowed, consistent with this Special 
Unit Management Plan and the CMAs in Volume II.  If an activity is not specifically covered by the CMAs, it 
will be allowed if it is consistent with the Nationally Significant Values, but prohibited if the uses conflict 
with those values. 
 
Designation and Acreage by Alternative: 

Alternative 
BLM Acres of NLCS 

within ACEC or Wildlife 
Allocation 

BLM Acres within 
ACEC 

BLM Acres within 
Wildlife Allocation 

ACEC 
Disturbance Cap 

No Action  0  0  0  NA 

Preferred 
Alternative 

182,962  184,542  0  0.5%, 1% 

1  90,400  0  197,800 
Wildlife 
Allocation 

2  139,600  140,300  0  0.5%, 1% 

3  182,500  184,100  0  0.5%, 1% 

4  49,600  0  50,300 
Wildlife 
Allocation 

* Acreage values are for BLM managed lands 
 
Objectives (desired future condition)/Allowable Uses/Management Actions  Resource  

Objective: Minimize soil disturbance.  
 
Objective: Manage the ACEC with the standards for CO, H2S, visibility‐reducing 
particles, and attainment for other criteria in accordance with the standards 
set by the Imperial County Air Pollution Control District. 
 
Management Actions:  Coordinate with the Imperial County Air Pollution 
Control District. 

Soil, water, air 

Objective: Protect and enhance robust populations of both rare and common 
native plants. Unique plant assemblages exist within this ACEC including 
mesquite and all thorn assemblages. 
Management Action: Manage vehicular traffic to stay on designated OHV 
routes.  
Management Action: Place signs, kiosks and interpretive information at key 

Vegetation (incl. special 
status species) 
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recreational sites to better inform the public about the important plant 
resources. 
Management Action: Eradicate and control the spread of invasive and noxious 
weeds. 
 
Objective: Create a baseline of plant species to track environmental changes.  
Management Action: Inventory vascular and non‐vascular plants, include soil 
crust species, in the ACEC. 
Objective: Maintain and enhance habitat that supports native wildlife; Desert 
Tortoise, Mule Deer, Bighorn Sheep. 
Management Action: Monitor wildlife for habitat and population change. 
Management Action: Allow construction of wildlife waters as appropriate. 
 
Objective: Reduce wild burro populations to appropriate management levels  
to maintain wildlife habitat in the ACEC. 
Management Action: Conduct periodic removal of wild burros. 
 
Objective: Manage landscape to ensure wildlife passage and connectivity 
between wildlife populations. 

Fish and Wildlife (incl. 
special status species) 

Objective 1:  Protect biodiversity and manage for resilience (protect climate 
refugia and provide for migration corridors).  
  
Management Action 1: Prioritize habitat enhancement in areas expected to 
provide for the greatest level of resiliency (good response or rehabilitation 
results after significant disturbance such as fire) and or resistance to change 
(e.g. climate refugia). 
 
Management Action 2: Consider actions that enhance the primary productivity 
of climate refugia with native species restoration, reduced soil surface 
disturbance, and habitat infrastructure to increase carrying capacity of refugia 
(e.g., wetland, oasis).  
 
Management Action 3: Maintain migration corridor integrity by minimizing 
obstructions (fences, roads), disturbances (limiting access to water and shade 
during peak temperatures) and habitat fragmentation. 
   
Objective 2: Maintain and or enhance key ecosystem processes (e.g., carbon 
sequestration, water residence time) and prepare and respond to significant 
disturbances to the environment (e.g. floods). 
 
Management Action 1:  Develop proactive and responsive management 
actions for potentially dangerous and damaging disturbances to the 
environment, which are exacerbated by climate change (e.g. wildfire, flash 
floods, etc.).   
 
Management Action 2: Minimize carbon sequestration losses from 
management activities by reducing impacts to vegetation, soil structure and 
soil biota.  

Climate Change and 
Adaptation  
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Management Action 3: Leverage disturbance events and other landscape 
changes, when possible, as opportunities to assess climate adaptation actions. 
For example, revegetation objectives for projected climate scenarios benefiting 
multiple ecosystem services (habitat and carbon sequestration objectives). 
 
See programmatic ACEC cultural resources objective and action items in 
general cultural resources rules.  
 
Objective: Provide for the protection of highly sensitive cultural resources. 
Management Action: Perform route restoration to erase illegal routes. 
Management Action: Monitor the creation of illegal routes and perform route 
restoration as needed.         
Management Action: Conduct patrols and surveillance.  
Management Action: Manage vehicular traffic to stay on designated OHV 
Routes. 
Management Action: Nominate the significant sites or potential districts to the 
NRHP. 
Management Action: Consult with local Indian tribes and knowledgeable 
traditional practitioners regarding the cultural resource values present within 
the ACEC. 
 
Objective: Increase public awareness of the cultural resources values within 
the ACEC. 
Management Action: Install informative signage and kiosks at various 
appropriate locations within the ACEC.  
 

Cultural Resources 

Objective: Manage the route of travel network to fulfill requirements of the 
original CDCA Plan and the NECO Plan Amendment. 
Management Action: Provide signage and maps to the public to inform them of 
route locations and regulations. 
Management Action: Increase patrols and other BLM personnel visits to the 
area, as needed to improve compliance with resource protection  
Management Action: Monitor the creation of illegal routes and perform route 
restoration as needed.         

Trails and Travel 
Management 

Objective: Promote dispersed recreational activities in this area which would 
include (but is not limited to) sight‐seeing, camping, hunting, target shooting, 
hiking, rock collecting, and 4x4 touring.  
 
Objective: Encourage compliance with ACEC management recommendations 
Management Action: Increase patrols  and other BLM personnel visits to the 
area as needed to improve compliance with resource protections 
Management Action: Provide signage and maps to the public to inform them of 
route locations and regulations. 

Recreation 
 
 
 
 
 

Objective: Consolidate through tenure adjustment. 
Management Action: Acquire inholdings, edgeholdings and other interests 
from willing sellers. 
 

Land Tenure 
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Objective: Protect resource values of the ACEC 
 
Management Action 1: Land use authorization proposals (new, renewal, and 
amendment) will be analyzed on a case‐by‐case basis to assess whether they 
are compatible with the ACEC and its management goals. 
Management Action 2: Limit energy transmission line ROWs to designated 
utility corridors. 
 

Rights of Way 

Not available for renewable energy.  
Geothermal: ACECs are closed to geothermal leasing and development unless 
they overlap with a DFA where geothermal is allowed.  Where there is overlap, 
ACECs are open to geothermal leasing with an NSO stipulation.  

Renewable Energy  
 

Objective: Review certain proposed mining activities to ensure that they 
provide adequate protection of public lands and their resources. 
 
Allowable Uses: 
Mining activities would be allowed with appropriate analysis, stipulations, and 
mitigation. There are currently some active mining claims and proposal for 
mineral exploration beyond casual use in the area. There is also one active and 
one proposed sand and gravel operation within the former American Girl 
Mine.  
 
Management Actions:   
New mining claims will be allowed within the ACEC. However, proposals for 
active mining operations beyond casual use will need to be analyzed on a case‐
by‐case basis, to assess whether they can be accommodated within the 
Picacho ACEC and its management goals.  
 

Locatable Minerals   
Mineral Materials 
Non‐Energy Leasables 
 

Allowable Uses: This ACEC would continue to be used for training maneuvers 
for the military including practice landing and take‐off of a helicopter or other 
aircraft at remote locations on public lands that are not critical habitat or 
contain sensitive cultural resources (reference Instruction Memorandum No. 
2001‐030). 

Military Use 
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Arizona

Conservation Footprint
Legislatively & Legally Protected Areas
National Conservation Lands

ACEC Boundaries
0.5% Disturbance Cap

1% Disturbance Cap

DRECP Boundary
CDCA Boundary
OHV Boundary

Land Status
Bureau of Land Management
Department of Defense

Picacho
6/25/2015

Draft Map Boundaries Subject to Change0 2 4

Miles

78

r
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dusty gravel mine 1998, Cerrillos
Photo thanks to Lighthawk copyright © 1998

"[I]mpacts from the development of a typical sand and gravel mine include
dust and diesel fumes generated on the haul road to and from the mine." --S.B.

~

Executive Summary

       Aggregate, stone, and industrial mineral mines are common across New Mexico,
with more than 200 such operations having active permits in 2001. Although aggregate
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and stone mines are not regulated under the New Mexico Mining Act, they are registered
with MMD and permitted by NMED for air and water quality purposes. In addition,
portable crusher/screen plants are allowed to operate for up to one year with minimal
permitting requirements and then can move operations to other sites with no
requirements for public notification. The primary environmental impacts from aggregate,
stone, and industrial mineral mines in New Mexico are degraded air quality from stack
emissions and disturbed areas on the mine and groundwater usage. Surface and
groundwater quality impacts from such mines are relatively benign in New Mexico due
to the semi-arid climate and lack of perennial streams. Other environmental impacts
include increased traffic on new or improved or existing roads; cumulative impacts as
construction materials are hauled, stockpiled, and spread on highway and building
construction projects; and aesthetic degradation caused by both active and abandoned
aggregate, stone, and industrial mineral mines in major viewsheds.

       Existing environmental laws are limited in scope in regulating aggregate and stone
mines in New Mexico. All but the largest of these mines are considered minor sources of
air pollutants and are allowed to emit limited quantities of Total Suspended Particulates,
sulfur compounds, nitrogen dioxide, and Volatile Organic Compounds under their air
quality permits. These emissions may have detrimental effects on certain rural
communities (e.g., Velarde, Los Cerrillos, Socorro), but the state does not consider these
impacts to be significant or to pose serious public health hazards. Existing regulations do
not account for the concentration of such mines in and around urban areas where the
majority of highway and building construction occurs. Because aggregate and stone
mines are exempted from reclamation and regulatory requirements under the New
Mexico Mining Act, these mines are not required to re-vegetate or reclaim their
operations. Consequently, hundreds of abandoned and inactive mines are located in
every county of the state.

The following recommendations are made to better manage environmental problems and
mitigate the effects of aggregate, stone, and industrial mineral mines.

1. Deny operating permits to new operations if inactive or abandoned mines
located in appropriate areas could be re-opened to provide the same resource.
New operations should be permitted only if no other suitable materials are
available in a given area. This would make better use of existing resources in
areas where disturbance has already occurred and prevent the random and
incoherent development of aggregate and stone mines.
2. Enforce existing mine and mill air quality permits strongly and
consistently. The state seldom enforces the terms of air quality permits and
rarely issues Notices of Violation or fines allowed under the Air Quality Act.
This would require that the state hire more inspectors and make certain
"problem" mines and mills come into compliance to set an example for all
operations.
3. Deny permits to mines that propose locating in areas unsuited for mining.
Mines should not be allowed to operate near Native American "sacred sites,"
residential neighborhoods, historic rural communities, or in areas where the
resulting "scar" will ruin a scenic viewshed.
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4. Encourage the use of re-cycled materials in building and road construction.
"Glassphalt," "Plasphalt," and used tires could replace or supplement
aggregate, crushed rock, base course, sand, and gravel in highway
construction. Likewise, use of re-cycled materials could be encouraged in the
construction industry. This would reduce the need to open new mines and
help with the problem of overloaded landfills. Because re-cycled materials are
not currently competitive with many highway construction materials, the state
and federal government will likely have to subsidize the use of re-cycled
materials. However, over time it is likely that re-cycled materials will become
more widely used and the cost differential between road construction and
building materials and re-cycled materials will narrow.

    1. Introduction

    This report has been prepared for the Rural Conservation Alliance (RCA) to identify
the environmental impacts of aggregate and stone mining in New Mexico and to
recommend mitigation measures to address these impacts. Aggregate and stone mining is
not regulated under the New Mexico Mining Act, but the New Mexico Environment
Department (NMED) issues air quality and water quality permits for these mines and
their associated crushing plants. "Aggregate and stone mining" is the term used by the
Mining and Minerals Division (MMD) and includes the following types of materials as
listed in "Mines, Mills, and Quarries in New Mexico" (Mining and Minerals Division
and others, 2001): shale and clay; sand and gravel; aggregate; base course; crushed rock;
limestone; fill dirt; top soil; caliche; scoria; "red dog" (coal clinker); rip rap; agate;
travertine; and dimension stone. Mines producing these materials are exempted from
reclamation requirements under the New Mexico Mining Act; but each of these mines
must be registered with MMD and must have the appropriate permits from other
agencies like MSHA (Mine Safety and Health Administration) and DOT (Department of
Transportation). In addition to state and federal regulations, some of the 33 counties in
New Mexico have land use regulations that are administered through the county
Planning Department.

       Aggregate and stone mining produces materials that are used in road construction
(aggregate, base course, crushed rock, sand and gravel); building construction and
landscaping (topsoil, fill dirt, rip rap, scoria, travertine, dimension stone); and other
general construction uses. Because the economics of construction materials depend
heavily on the proximity of the mine to the point of use, aggregate and stone mines are
found in the highest concentrations in urban areas where most home and office
construction and general highway construction occurs. However, these mines are located
in every county of the state and many of the largest of the mines producing road
construction materials are situated immediately adjacent to highways in order to reduce
haul costs. Because haul costs (i.e., fuel, labor, and maintenance) are the single largest
variable in determining the cost of material in road construction, sand and gravel mines
are often opened near to a specific road project and then abandoned once the project is
completed. Consequently, the majority of both active and inactive sand and gravel mines
are located along interstate highways or major state and county roads.
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       New Mexico had more than 200 permitted aggregate, stone, and industrial mineral
mines in 2001 (Tables 1 and 2). Total employment for all industrial mineral and
aggregate mines was 1710 in 2001; total combined revenues for industrial mineral and
aggregate production was $2,025,426, with 48% of that total coming from aggregate and
stone mines (MMD and others, 2001, Table 1). No data are available for the areas
disturbed by each of these mines but most operations range in size from one to 20 acres.
In the Rio Grande Valley, most aggregate and stone operations are mining deposits in the
Santa Fe Group, a thick sequence of Tertiary to Holocene-age sediments deposited in the
Rio Grande Rift, a major structural feature that runs from Leadville, Colorado to the Las
Cruces-El Paso area (Hawley and others, 1978). However, sand and gravel deposits are
located in every county of the state and are mined based on their proximity to the point
of final use, quality of the materials in the deposit, and accessibility. No estimates have
been made for the volume of aggregate and stone deposits in New Mexico, but it is
generally assumed that resource development is limited only by proximity to
construction projects and transportation costs and not by the size or quality of deposits.

Table 1. Aggregate and Stone Mines in New Mexico, 2001 (MMD and others, 2001).
* s/c= shale and clay; sg= sand and gravel; l= limestone; bc= base course; g= gravel; s=
sand; fd= fill dirt; t= topsoil; c= caliche; agg= aggregate; sco= scoria; aga= agate; rd=
red dog (clinker); cr= crushed rock.

 County  Types of Mines*  Number
 Bernalillo  s/c; bc; l; fd; sg  5

 Chavez  sg; g; bc; t; fd; s; agg  8
 Cibola  l  1
 Colfax  bc; g; sg  4
 Curry  bc; c; cr  9

 De Baca  sg; cr  4

 Doña Ana  sg; fd; rd; sco; bc;
agg; cr; c  26

 Eddy  fd; bc; cr; s  1
 Grant  l; bc; s; sg; fd  5

 Hidalgo  sg  2
 Lea  cg; bc; fd; s; c; t  3

 Lincoln  cr; bc; fd; sg  2
 Luna aga; agg; bc; g; cr  4

 McKinley l; rd; s; bc; sg  7
 Mora  sg 1 

 Otero  s; bc; g; t; c; sg; cr;
fd; agg 7 

 Quay bc; sg; agg  2
 Rio Arriba sg; sco  5
 Roosevelt cr; c; bc; fd; sg  2

 San Juan sg; agg; s; fd; cr; bc;
g  16

 San Miguel  cr; g; fd; bc; sg  4
 Sandoval  Ssg; bc; s; cr; g  11



9/20/22, 3:34 PM Environmental Impacts of Aggregate and Stone Mining in New Mexico, by Steve Blodgett, M.S., 2004

www.raintreecounty.com/Blodgett.html 5/14

g; ; ; ; g

 Santa Fe  sco; bc; cr; fd; t; g; s  8
 Sierra  sg; bc; fd; g  3

 Socorro  agg; sg; bc; cr; fd  5
 Taos  sg; bc; cr; fd; g; s  10

 Torrance  bc; agg; g; fd; c; cr  5
 Union  sco  2

 Valencia  sg; cr; s; bc  4
 Total  165

       Table 1 above lists the permitted aggregate and stone mines in New Mexico by
county for 2001, the most recent year for which statistics are available. This table does
not include the numerous aggregate and stone mines located on Indian land (19 pueblos,
Jicarilla and Mescalero Apache, and Navajo Nation lands, including Alamo, Ramah, and
To'haji'lee), which are regulated under Tribal and federal laws. 
       In addition to permitted state mines and Indian mines, several hundred abandoned or
inactive sand and gravel, aggregate, and other mines that produced construction
materials are scattered across the state. Few of these mines have been formally
reclaimed, although some have been naturally re-vegetated to some extent. Note that
these mines do not include industrial minerals like gypsum, calcite, perlite, pumice, salt,
silica, humate, zeolites, and mica. Table 2 lists mines that produced industrial minerals in
New Mexico in 2001. These mines are listed here because some types of industrial
minerals mining (e.g., gypsum, calcite, perlite, silica, zeolites, and mica) produce
environmental impacts similar to aggregate and stone mines. Industrial minerals are
covered under the New Mexico Mining Act so these mines have formal permitting and
reclamation requirements.

Table 2. Industrial Mineral Mines in New Mexico, 2001 (MMD and others, 2001).
*c= clay; g= gypsum; p= perlite; ca= calcite; s= salt; si= silica; h= humate; m= mica; z=
zeolites; d= dimension stone; o= other.

 County  Types of Mines*  Number
 Bernalillo  c; g; p  3

 Cibola  P  3
 Doña Ana  c; g; ca  3

Eddy  S  4
Grant  Si  4

 Hidalgo  Si  1
 McKinley  H  3

Otero  O  1
 Rio Arriba  p; m  2
Sandoval  g; h; p  7
 Santa Fe  p; si  5

Sierra  Z  1
Socorro  P  1

 Taos  p; m  3
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 Valencia  D  1
 Total  42

    2. New Mexico Air Quality Regulations

    Regulations governing air quality in New Mexico are found in the NMAC Title 20,
Chapter 2. The relevant regulations for aggregate and stone mines are found in Chapter
2, Part 3 (Ambient Air Quality Standards [AAQS]). The preamble to Part 3 (NMAC
20.2.3.108) makes the following statement: "Ambient Air Quality Standards are not
intended to provide a sharp dividing line between air of satisfactory quality and air of
unsatisfactory quality. They are, however, numbers which represent objectives that will
preserve our air resources. It is understood that at certain times, due to unusual
meteorological conditions, these standards may be exceeded for short periods of time
without the addition of specific pollutants into the atmosphere (emphasis added)." 
Those parameters regulated under AAQS include total suspended particulates (TSP);
sulfur compounds (SO2, H2S, total reduced sulfur); carbon monoxide (CO); and
nitrogen dioxide (NO2). Table 3 below lists the AAQS for each of these parameters.

Table 3. New Mexico Ambient Air Quality Standards 
(NMAC 20.2.3.109-20.2.3.111).

 Parameter  Standard
 Total Suspended Particulates  mg/m3
        24-hour average  150
        7-day average  110
       30-day average  90
     Annual geometric mean  60
 Sulfur Compounds  ppm
    Sulfur dioxide  
        Annual arithmetic
average

 0.02

       24-hour average 0.10
      Hydrogen Sulfide  0.010
     Total Reduced Sulfur  0.003
 Carbon Monoxide  ppm
        8-hour average  8.7
        1-hour average  13.1
 Nitrogen Dioxide  ppm
        24-hour average  0.10
         Annual arithmetic
average

 0.05

       The regulations define "major stationary sources of air pollutants" to include those
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sources that directly emit or have the potential to emit 100 or more tons per year of any
air pollutant. Among the categories of stationary sources listed in NMAC 20.2.70 Q2 are
portland cement plants (c); lime plants (k); and phosphate rock processing plants (l). The
other 23 stationary sources listed are associated with coal, oil, metallic mining/milling,
and power plants. Thus, with the exception noted above, aggregate, stone, sand, gravel,
and industrial mineral mines and mills are not considered "major stationary sources" of
air pollutants under the New Mexico regulations.

       The Air Quality Bureau (AQB) in NMED maintains 34 monitoring sites across the
state for ambient air quality. Two additional sites are monitored for meteorological
parameters only. The state runs 13 ozone monitors, nine NO2 monitors, eight SO2
monitors, 3 CO monitors, and 35 particulate monitors (both continuous and intermittent)
that monitor both PM 10 and PM 2.5 particulates. Most of the NMED monitors are
located in Doña Ana County along the border with El Paso and Juarez where the air
quality is poor. San Juan County, location of the majority of oil, gas, and coal production
in New Mexico, has the next highest number of monitoring stations. In other areas of the
state, monitoring is performed according to need. For example, in Santa Fe County the
only pollutants monitored are carbon monoxide and particulates because of the absence
of industries that would produce other pollutants.

       During 2001-2002, Bernalillo County (Albuquerque) received a grant from EPA for
toxics monitoring. A total of 19 pollutants, including heavy metals, aldehydes, and
various VOCs were monitored. The AQB does not have jurisdiction over facilities in
Bernalillo County (Albuquerque) or on Indian lands, where regulation is done by either
EPA or Tribal programs.

       Only 3 areas in the state have experienced chronic exceedances of EPA standards.
Two of those areas are in Doña Ana County (for ozone and PM-10 non-attainment) and
one area is in Grant County around the Hurley smelter (SO2 non-attainment), which is
now inactive. Many areas in Doña Ana County experience elevated particulate levels
during high wind events. Although these are natural events, the Air Quality Bureau has
implemented a Natural Events Action Plan (NEAP) in order to mitigate any man-made
contributions such as uncontrolled construction sites.

       Aggregate and stone mines are required to obtain air quality permits from NMED
that specify the amount of particulate matter or other pollutants a given mine or mill is
allowed to emit. The AQB conducts emission inventories by performing dispersion
modeling. For a point source like an aggregate or stone mine, the AQB collects the
following information for an emissions inventory (NMED AQB Dispersion Modeling
Section Web page):
       1. Facility name; physical location; contact information;
       2. Actual emissions by pollutant, including criteria pollutants, precursor pollutants,
hazardous air pollutants (HAPs), and New Mexico toxic air pollutants (TAPs);
       3. Actual operation status, hours per year, and per cent throughput per quarter;
       4. Emission stack parameters; and
       5. Annual process or fuel combustion rates and fuel characteristics.
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       The AQB Permitting Section processes permit applications for industries that emit
pollutants to the air under two categories: New Source Review (NSR) or Title V. The
NSR group is responsible for issuing Construction Permits, Technical and
Administrative revisions or modifications to existing permits, Notices of Intent (NOIs)
for smaller industrial operations, and No Permit Required (NPR) determinations.
Construction permits (under NSR) are required for all sources with the potential
emission rate greater than 10 pounds per hour or 25 tons per year of criteria pollutants
(e.g., NOx and CO). Operating permits under Title V are required for major sources that
have the potential to emit more than 100 tons per year for criteria pollutants or for
landfills greater than 2.5 million cubic meters. Major sources also include facilities that
have the potential to emit greater than 10 tons per year of a single Hazardous Air
Pollutant or 25 tons per year of any combination of HAPs (NMED AQB Permitting
Section Web page).

       Table 4 lists the permitted air quality parameters for aggregate, stone, and industrial
mineral operations that have applied for permits in 2003. These are examples of the
various types of mines and processing facilities that are permitted by NMED and
registered with MMD as aggregate or stone mines or industrial mineral mines or plants.
Under the criteria listed above, most aggregate and stone mines and mills in New
Mexico are permitted under the NSR program and are issued Construction Permits or
revisions or modifications to existing permits. None of the operations listed in Table 4
would be listed as a major source for criteria pollutants and thus none are permitted
under Title V.

       Some large sand and gravel mines or cement plants in Bernalillo County would be
permitted as major sources of criteria pollutants, but these operations are regulated by
EPA Region 6 and not the AQB.

Table 4. 2003 Air Quality Permit Applicants for Aggregate or Stone Mines/Mills in
New Mexico (2003 permit applications, NMED-Air Quality Web page). * TSP= total
suspended particulates; PM 10= particulate matter < 10 microns diameter; NOx=
nitrogen oxides; SO2= sulfur dioxide; CO= carbon monoxide; VOCs= volatile organic
compounds; tpy= tons per year.

 Owner  County  Type of Mine
 Permitted
Emissions

(tpy)*

 Robert E.
Rivera  Guadalupe  Aggregate

Crusher plant

 TSP= 13; PM
10= 7; NOx=
39; CO= 9;
VOCs= 1

 Hanson
Aggregates
WRP

 Torrance  Aggregate
Crusher plant

 TSP= 170; total
emissions~ 362;
NOx and CO<
100

 Toro Mining &
Minerals  Luna  Perlite

Mine/mill
 TSP= 8; PM
10= 4

 Coppola  Santa Fe  TSP= 18; PM
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Concrete  Concrete batch
plant

10= 25; NOx=
25; CO= 25

 Twin Mountain
Rock  Colfax  Aggregate

Crusher plant

 TSP= 55; PM
10= 16; SO2=
10; NOx= 31;
CO= 38;
VOCs= 5

 Robert Medina
& Sons
Concrete &
Sand

 Taos  Sand & gravel

 TSP= 46; PM
10= 23; NOx=
77; SO2= 14;
CO= 17;
VOCs= 4

 Associated
Asphalt, Inc.-
Primary Plant

 Santa Fe  Asphalt

 TSP= 11; PM
10= 6; NOx=
44; CO= 10;
SO2/VOCs< 1

 Associated
Asphalt, Inc.-
Pioneer Rip-Rap
Plant

 Santa Fe  Rip-rap

 TSP= 21; PM
10= 8; NOx=
19; CO= 5;
SO2/VOCs< 1

 

   3. Environmental Impacts

   Documenting the environmental impacts produced by aggregate, stone, and selected
industrial mineral mines in New Mexico is difficult because of several complicating
factors:

       --Lack of regulatory data collection for most mines due to exemptions under NM
Mining Act (aggregate and stone mining);
       --Complications in urban areas caused by numerous sources of air pollution;
       --Lack of "baseline" data that would allow comparisons of pre-mining and active
mining conditions for air and water quality;
       --Naturally arid climatic and soil conditions that create conditions favorable for wind
and water erosion.

       However, it is possible to perform qualitative analyses of the environmental impacts
of aggregate, stone, and industrial mineral mining for relatively small areas. 
       The most recognized health hazards from these mines involve airborne particulate
emissions. Total Suspended Particulates is a measure of all particulates emitted by a
mine, while PM-10 particles represent some of the smallest particles (<10 _ in diameter)
that can stay suspended in the air for long periods and pose the greatest respiratory health
hazards. Some industrial minerals, like perlite and silica flux, create extremely fine
particles of silica that can cause silicosis on prolonged exposure. Gypsum mines can also
produce very fine gypsum ([Ca(SO)4. 2H2O] dust that can irritate the lungs and mucus
membranes. All other types of aggregate and sand mining involve the excavation,
crushing, and screening of rocks that are predominantly Al-Mg-Fe-silicates, except for
limestone and caliche, which are calcium carbonate. None of the minerals contained in
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these types of rocks is known to cause heavy- metals poisoning or cancer, and the
potential health risks posed by TSPs from these minerals involve respiratory problems
caused by chronic irritation of the lungs and mucus membranes.

       Many air quality permits require that sampling be done only once every 7 days for
one 24-hour period, which means that the air quality at a given mine or mill is sampled
only 14% of the time. Thus, the mine is allowed to choose when these samples will be
collected, which means that sampling can be avoided on extremely windy days and can
usually be done under calm conditions. This selective sampling allows the permittee (the
mine and/or mill) to remain in compliance with the air quality permit even though its
operation may be violating terms of the permit the majority of the time. Although the
mine must meet TSP standards for 24-hour, 7-day, and 30-day averages, these
measurements are taken from a stack and do not include TSPs from pits, haul roads, and
disturbed areas on the property. 

       One environmental impact that is often a problem in more temperate climates is the
sediment load produced to surface water by aggregate, stone, and industrial mineral
mines. In wetter areas of the United States, the sediment loading from these mines to
streams, bays, lakes, and wetlands has been identified as a source of significant
degradation to water supplies. Mines are required to capture surface water runoff and
treat it on site, generally in settling ponds where the sediments drop out of the ponded
water. However, because of the semi-arid climate in New Mexico, where annual
precipitation in lower (<6000 feet msl) elevations ranges from 4 to 12 inches, very few
perennial streams exist. Consequently, excess sedimentation in surface runoff from
mines is generally not a problem except in those instances where a sand and gravel (or
industrial mineral) mine is located immediately adjacent to a perennial stream. All
permitted mines must comply with NMED ground and surface water quality standards.
Most mines comply with water quality standards by installing silt fences or sediment
basins to capture sediments on the permitted property.

       Generally, aggregate and stone mines do not produce materials containing heavy
metals or radionuclides. Because no current or historical aggregate or stone mines are
known to have produced ARD (Acid Rock Drainage), acidic runoff containing heavy
metals is not considered to be an environmental problem at these mines. However,
aggregate and stone mines are not required by either NMED or MMD to conduct
analyses for heavy metals or radionuclides in their permit applications, so no such data
have been collected for these mines. Because some areas of the Rio Grande Valley
contain small deposits of uranium (e.g., several small abandoned uranium
mines/prospects on Cochiti Pueblo east of the Rio Grande), it would be appropriate to
test for radionuclides if there is evidence of uranium mineralization in the deposit to be
developed.

       Another major environmental impact from aggregate and stone mines is
groundwater use. Because mines are required to wash some materials on site and also
control dust, some mines use millions of gallons of scarce groundwater to perform these
tasks. Although dust control is necessary at these mines, the use of scarce potable water
for dust suppression must be weighed against the increasing demands of domestic water
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use. Some operations, like the Oglebay Norton mica mill in Velarde, have secured water
rights for hundreds of acre-feet of water use per year. This mill also receives an 80%
"return flow credit" for water discharged to tailing ponds that is alleged to infiltrate into
the alluvium and "return" to the Rio Grande alluvial aquifer. It is extremely unlikely that
anywhere close to 80% of the water used by this mill "returns" to the aquifer. Although
the New Mexico State Engineer's Office is supposed to regulate all groundwater
development, most aggregate and stone mines (as well as many industrial mineral mines)
develop and use water wells with little or no oversight from the state. Consequently, the
actual amount of water used by such mines and mills is unknown.

   3.1 Cumulative and Associated Environmental Impacts

   The most obvious environmental impact from aggregate, stone, and industrial mineral
mines is degraded air quality, and associated health effects, resulting from airborne
emissions from both the stack and the disturbed areas at these mines. In an arid
landscape like New Mexico, the impacts of such mines on surface and groundwater
quality is not likely to be significant. However, these mines should be viewed as a first
step in development, whether it is highway, residential, or general construction. When
one tracks a truck load of sand and gravel from its excavation, through loading and
hauling, and to its ultimate use as either fill dirt, base course, cement, or some other
construction use, it becomes clear that the environmental impacts of sand and gravel
mining are widespread and cumulative. Below is a partial list of the potential cumulative
impacts from the development of a typical sand and gravel mine.
       --Dust and diesel fumes generated on the haul road to and from the mine.
       --Fugitive dust blowing from the uncovered or partially covered dump trucks.
       --Fugitive dust from poorly monitored crushers and out-of-compliance operations.
       --Fugitive dust from piles of sand and gravel at the construction sites.
       --Fugitive dust from the spreading of sand and gravel at the construction site,
whether highway or building construction.
       --Increased traffic (highways) or population (building construction), with a
concomitant increase in air pollution from more vehicles (highways and rural roads) and
more disturbed land (building construction).
       --Increased air pollution from some sand and gravel mines after they are abandoned
and until natural re-vegetation stabilizes the surface soil.

       Each of the impacts listed above produces real-world effects that are difficult to
measure. In the past, smaller populations and lower levels of development made these
impacts less noticeable. But with larger populations and development that consistently
outstrips the government's ability to regulate its impacts, the cumulative effects of
aggregate and stone mining, especially in urban areas, contribute to the overall
degradation of the environment. In rural areas these impacts are also serious for affected
local communities.

       A related impact from aggregate and stone mining is increased traffic congestion and
safety hazards in both small rural communities and urban areas. Unlike metals or coal
mines where most of the truck traffic occurs on private mine property, aggregate, stone,
and industrial mineral mines create traffic on public highways. For example, the Oglebay
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Norton mica mine near Peñasco hauls ore 35 miles one-way along narrow, two-lane
mountain roads to a mill in Velarde, which is located in a very congested area in the Rio
Grande Valley. Another example is a currently inactive crushed rock mine north of the
village of Los Cerrillos. When this mine was operating, trucks drove through the village
8 hours per day and created dust, noise, diesel fumes, and general congestion in this
small historic community. Wherever such mines are located, it is common to note traffic
hazards as trucks enter and leave public highways dozens of times each day.

       Another important impact of aggregate and stone mining is aesthetic degradation.
The major transportation corridors of New Mexico (I-40 East-West; I-25 North-South)
were built with local materials, as are all highways. Drivers on I-40 and I-25 crossing
New Mexico can see hundreds of abandoned pits and dozens of active aggregate and
stone mines from the highway. Sprawling urban areas like Albuquerque and Santa Fe-
Española are pock-marked with huge sand and gravel pits. Although these mines made
highway construction less expensive, their impacts on the scenic viewsheds across New
Mexico are significant.

       One final impact created by these mines could be called the "public nuisance" effect.
For years certain operations, like the Dicaperl perlite mine and mill in Socorro or
Oglebay Norton mica mill in Velarde, have been emitting dust that disturbs neighbors.
The state has not been effective in making either of these operations control their
emissions and nearby homes are often covered with a fine layer of perlite or mica dust
from the mill. The Velarde mill also frequently operates at night and makes enough noise
to disturb neighbors as far as a mile away. The combination of bright lights to aid night
operations, loud noises from crushers and screen plants, and chronic dust emissions
creates a public nuisance for those people unfortunate enough to live near such
operations.

    4. Conclusions and Recommendations

    Aggregate, stone, and industrial mineral mines are common across New Mexico.
Although aggregate and stone mines are not regulated under the New Mexico Mining
Act, they are registered with MMD and permitted by NMED for air and water quality
purposes. The primary environmental impact from aggregate, stone, and industrial
mineral mines in New Mexico is degraded air quality from stack emissions and disturbed
areas on the mine. Surface and groundwater quality impacts from such mine are
relatively benign in New Mexico due to the semi-arid climate and lack of perennial
streams. Other environmental impacts include increased traffic on new or improved
roads; cumulative impacts as construction materials are hauled, stockpiled, and spread on
highway and building construction projects; and aesthetic degradation caused by
aggregate, stone, and industrial mineral mines in major viewsheds.

       Existing environmental laws are limited in scope in regulating aggregate and stone
mines in New Mexico. All but the largest of these mines are considered minor sources of
air pollutants and are allowed to emit limited quantities of Total Suspended Particulates,
sulfur compounds, nitrogen dioxide, and Volatile Organic Compounds. These emissions
may be considered nuisances in certain rural communities (e.g., Velarde, Los Cerrillos,
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Socorro), but the state does not consider these impacts to be significant or to pose serious
public health hazards. Existing regulations do not account for the concentration of such
mines in and around urban areas where the majority of highway and building
construction occurs. Because aggregate and stone mines are exempted from reclamation
and regulatory requirements under the New Mexico Mining Act, these mines are not
required to re-vegetate or reclaim their operations. Consequently, hundreds of abandoned
and inactive mines are located in every county of the state.

       Mitigating the environmental impacts of aggregate, stone, and industrial mineral
mines could be improved by making some changes to existing regulations and, most
importantly, by controlling development and sprawl in both urban and rural areas of the
state. The following recommendations are made to better manage environmental
problems and mitigate the effects of aggregate, stone, and industrial mineral mines.

       1. Deny operating permits to new operations if inactive or abandoned mines could
be re-opened to provide the same resource. New operations should be permitted only if
no other suitable materials are available in a given area. This would make better use of
existing resources in areas where disturbance has already occurred and prevent the
random and incoherent development of aggregate and stone mines.
       2. Enforce existing mine and mill air quality permits strongly and consistently. The
state seldom enforces the terms of air quality permits and rarely issues Notices of
Violation or fines allowed under the Air Quality Act. This would require that the state
hire more inspectors and make certain "problem" mines and mills come into compliance
to set an example for all operations.
       3. Deny permits to mines that propose locating in areas unsuited for mining. Mines
should not be allowed to operate near Native American "sacred sites," residential
neighborhoods, historic rural communities, or in areas where the resulting "scar" will
ruin a scenic viewshed.
       4. Encourage the use of re-cycled materials like "glassphalt," "plasphalt," and used
tires to replace aggregate, crushed rock, base course, sand, and gravel in highway
construction. This would reduce the need to open new mines and help with the problem
of overloaded landfills. Because re-cycled materials are not currently competitive with
many highway construction materials, the state and federal government will likely have
to subsidize the use of re-cycled materials. However, over time it is likely that re-cycled
materials will become more widely used and the cost differential between road
construction materials and re-cycled materials will narrow.
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DISTRIBUTION, ABUNDANCE, AND SEASONALITY 

An uncommon to rare, local resident in southern California deserts from southern Mono Co.
south to the Mexican border, and in western and southern San Joaquin Valley. Occurs primarily in
open desert wash, desert scrub, alkali desert scrub, and desert succulent shrub habitats; also
occurs in Joshua tree habitat with scattered shrubs. Although formerly found north to Fresno 
Co., rarely recorded north of Kern Co. since the 1950s (Grinnell and Miller 1944, McCaskie 
et al. 1979, 1988, Garrett and Dunn 1981). 

SPECIFIC HABITAT REQUIREMENTS 

Feeding: Feeds on a variety of insects and other terrestrial arthropods; occasionally on
seeds, small lizards, other small vertebrates (Bent 1948, Sheppard 1970). Mostly forages on
ground by probing and digging in soil and litter with bill. 

Cover: Uses scattered desert shrubs and cactus for cover; frequently saltbush and cholla.

Reproduction: Commonly nests in a dense, spiny shrub or densely branched cactus in 
desert wash habitat. Nest usually placed 0.6 to 2.6 m (2-8 ft) above ground. 

Water: Apparently does not require drinking water (Sheppard 1970). 

Pattern: Frequents desert washes and flats with scattered shrubs and large areas of 
open, sandy, or alkaline terrain in desert wash, desert scrub, alkali desert scrub, and desert
succulent shrub habitats. 

SPECIES LIFE HISTORY 

Activity Patterns: Yearlong, diurnal activity. Avoids activity in hottest part of day in warm
season (Sheppard 1970). 

Seasonal Movements/Migration: Not migratory. 

Home Range: Home range averaged 40 ha (100 ac) in saltbush-cholla scrub (Sheppard 
1970). 

Territory: Territorial throughout year. Nesting territory averaged 6 ha (15 ac) in
saltbush-cholla scrub; defended most actively from early December to early February
(Sheppard 1970). 

Reproduction: Breeding season extends from late January into early June, with a peak
from mid-March to mid-April. Clutch size usually 3 eggs, range 2-4. Frequently attempts 2 or 



3 broods per yr. Incubation 14-20 days; fledging begins at 14-18 days (Sheppard 1970). 
Both sexes incubate and tend altricial young (Harrison 1978), which leave parents' territory at 
about 4 wk (Sheppard 1970). 

Niche: Often exceptionally wary of humans; vulnerable to off-road vehicle activity, other 
disturbance, and removal of shrubs for agricultural or other development (Remsen 1978). 

Comments: A California Species of Special Concern (Remsen 1978). Numbers have 
declined in recent decades 

REFERENCES 

Bent, A. C. 1948. Life histories of North American nuthatches, wrens, thrashers, and their 
allies. U.S. Natl. Mus. Bull. 195. 475pp. 

Engels, W. L. 1940. Structural adaptations in thrashers (Mimidae: Genus Toxostoma) with 
comments on interspecific relationships. Univ. Calif. Publ. Zool. 42:341-400. 

Garrett, K., and J. Dunn. 1981. Birds of southern California. Los Angeles Audubon Soc. 
408pp. 

Grinnell, J. 1933. The Le Conte thrashers of the San Joaquin. Condor 35:107-114. 
Grinnell, J., and A. H. Miller. 1944. The distribution of the birds of California. Pac. Coast 

Avifauna No. 27. 608pp. 
Harrison, C. 1978. A field guide to the nests, eggs and nestlings of north American birds. W. 

Collins Sons and Co., Cleveland, OH. 416pp. 
McCaskie, G., P. De Benedictis, R. Erickson, and J. Morlan. 1979. Birds of northern 

California, an annotated field list. 2nd ed. Golden Gate Audubon Soc., Berkeley. 84pp. 
McCaskie, G., P. De Benedictis, R. Erickson, and J. Morlan. 1988. Birds of northern 

California, an annotated field list. 2nd ed. Golden Gate Audubon Soc., Berkeley. 
Reprinted with suppl. 108pp. 

Remsen, J. V., Jr. 1978. Bird species of special concern in California. Calif. Dep. Fish and 
Game, Sacramento. Wildl. Manage. Admin. Rep. No. 78-1. 54pp. 

Sheppard, J. M. 1970. A study of the Le Conte's thrasher. Calif. Birds 1:85-94. 

B400 
Life history accounts for species in the California Wildlife Habitat Relationships (CWHR) System were originally published in: 
Zeiner, D.C., W.F.Laudenslayer, Jr., K.E. Mayer, and M. White, eds. 1988-1990. California's Wildlife. Vol. I-III. California Depart. 
of Fish and Game, Sacramento, California. Updates are noted in accounts that have been added or edited since original publication. 



CDFW Seeks Public Comment Related to Mojave Desert Tortoise  

 May 11, 2022  

 

The California Department of Fish and Wildlife (CDFW) is seeking public comment on a 
proposal to uplist the Mojave Desert Tortoise from threatened to endangered under the California 
Endangered Species Act (CESA). 

The Mojave Desert Tortoise (Gopherus agassizii) is found in the Mojave Desert, the western 
Sonoran Desert and the southern Great Basin Desert. They spend much of the year underground 
in burrows to shelter from extreme temperatures. When they do emerge, they feed on native 
grasses. Their densities have declined drastically in many places in California in the past 20 
years. Threats include habitat fragmentation, development in these desert regions, increasing 
drought due to climate change, invasive grasses out-competing food items preferred by tortoise, 
disease, predation by coyotes and ravens, and human-caused mortality. 

In March 2020, the Defenders of Wildlife submitted a petition to the California Fish and Game 
Commission to formally uplist the Mojave Desert Tortoise as an endangered species under 
CESA. The Commission published findings of its decision to advance the species to candidacy 
on October 14, 2020, triggering a period during which CDFW will conduct a status review to 
inform the Commission’s decision on whether to uplist the species. 



As part of the status review process, CDFW is soliciting public comment regarding the species’ 
ecology, biology, life history, distribution, abundance, threats and habitat that may be essential 
for the species, and any recommendations for management. Comments, data and other 
information can be submitted by email to wildlifemgt@wildlife.ca.gov. If submitting comments 
by email, please include “Mojave Desert Tortoise” in the subject heading. 

Comments may also be submitted by mail to: 

California Department of Fish and Wildlife 
Wildlife Diversity Program 
Attn: Anne Hilborn 
P.O. Box 944209 
Sacramento, CA 94244-2090 

All comments received by June 10, 2022 will be evaluated prior to submission of the CDFW 
report to the Commission. Receipt of the report will be placed on the agenda for the next 
available meeting of the Commission after delivery and the report will be made available to the 
public at that time. Following the receipt of the CDFW report, the Commission will allow a 30-
day public comment period prior to taking any action on the petition. 

CDFW’s Mohave Desert Tortoise petition evaluation report (PDF)(opens in new tab) can be 
found on the CDFW website. 

### 

Photo by Dana Wilson, courtesy of the Bureau of Land Management. 
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Models that account only for the effects of natural processes are not
able to explain the warming observed over the past century. Models
that also account for the greenhouse gases emitted by humans are
able to explain this warming.

Click the image to view a larger version.

Earth's temperature depends on the balance between energy entering and leaving the planet’s system. When
incoming energy from the sun is absorbed by the Earth system, Earth warms. When the sun’s energy is
reflected back into space, Earth avoids warming. When absorbed energy is released back into space, Earth
cools. Many factors, both natural and human, can cause changes in Earth’s energy balance, including:

Variations in the sun's energy reaching Earth
Changes in the reflectivity of Earth’s atmosphere and surface
Changes in the greenhouse effect, which affects the amount of heat retained by Earth’s atmosphere

These factors have caused Earth’s climate to change many times.

Scientists have pieced together a record of Earth’s climate, dating back hundreds of thousands of years (and,
in some cases, millions or hundreds of millions of years), by analyzing a number of indirect measures of
climate such as ice cores, tree rings, glacier lengths, pollen remains, and ocean sediments, and by studying
changes in Earth’s orbit around the sun.[2]

This record shows that the climate system varies naturally over a wide range of time scales. In general,
climate changes prior to the Industrial Revolution in the 1700s can be explained by natural causes, such as
changes in solar energy, volcanic eruptions, and natural changes in greenhouse gas (GHG) concentrations.[2]

Recent climate changes, however, cannot be explained by natural causes alone. Research indicates that
natural causes do not explain most observed warming, especially warming since the mid-20th century.
Rather, it is extremely likely that human activities have been the dominant cause of that warming.[2]

Top of Page

Radiative Forcing

Radiative forcing is a measure of the influence of a particular factor (e.g. GHGs, aerosols, or land use
changes) on the net change in Earth’s energy balance. On average, a positive radiative forcing tends to
warm the surface of the planet, while a negative forcing tends to cool the surface.

GHGs have a positive forcing because they absorb energy radiating from Earth’s surface, rather than
allowing it to be directly transmitted into space. This warms the atmosphere like a blanket. Aerosols, or
small particles, can have a positive or negative radiative forcing, depending on how they absorb and
emit heat or reflect light. For example, black carbon aerosols have a positive forcing since they absorb
sunlight. Sulfate aerosols have a negative forcing since they reflect sunlight back into space.

NOAA’s Annual GHG Index, which tracks changes in radiative forcing from GHGs over time, shows
that such forcing from human-added GHGs has increased 27.5 percent between 1990 and 2009.
Increases in CO2 in the atmosphere are responsible for 80% of the increase. The contribution to
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radiative forcing by CH4 and CFCs has been nearly constant or declining, respectively, in recent years.

The greenhouse effect causes the atmosphere to retain heat

When sunlight reaches Earth’s surface, it can either be reflected back into space or absorbed by Earth. Once
absorbed, the planet releases some of the energy back into the atmosphere as heat (also called infrared
radiation). Greenhouse gases like water vapor (H2O), carbon dioxide (CO2), and methane (CH4) absorb
energy, slowing or preventing the loss of heat to space. In this way, GHGs act like a blanket, making Earth
warmer than it would otherwise be. This process is commonly known as the “greenhouse effect.”

The role of the greenhouse effect in the past

Over the last several hundred thousand years, CO2 levels varied in tandem with the glacial cycles. During
warm "interglacial" periods, CO2 levels were higher. During cool "glacial" periods, CO2 levels were

lower.[2] The heating or cooling of Earth’s surface and oceans can cause changes in the natural sources and
sinks of these gases, and thus change greenhouse gas concentrations in the atmosphere.[2] These changing
concentrations are thought to have acted as a positive feedback, amplifying the temperature changes caused
by long-term shifts in Earth’s orbit.[2]

Estimates of the Earth’s changing CO2 concentration (top) and Antarctic
temperature (bottom), based on analysis of ice core data extending back
800,000 years. Until the past century, natural factors caused atmospheric
CO2 concentrations to vary within a range of about 180 to 300 parts per
million by volume (ppmv). Warmer periods coincide with periods of
relatively high CO2 concentrations. Note: The past century’s temperature
changes and rapid CO2 rise (to 400 ppmv in 2015) are not shown here.
Increases over the past half century are shown in the Recent Role section.
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Click the image to view a larger version.
Source: Based on data appearing in NRC (2010).

Feedbacks Can Amplify or Reduce Changes

Climate feedbacks amplify or reduce direct warming and cooling effects. They do not change the
planet’s temperature directly. Feedbacks that amplify changes are called positive feedbacks. Feedbacks
that counteract changes are called negative feedbacks. Feedbacks are associated with changes in surface
reflectivity, clouds, water vapor, and the carbon cycle.

Water vapor appears to cause the most important positive feedback. As Earth warms, the rate of
evaporation and the ability of air to hold water vapor both rise, increasing the amount of water vapor in
the air. Because water vapor is a greenhouse gas, this leads to further warming.

The melting of Arctic sea ice is another example of a positive climate feedback. As temperatures rise,
sea ice retreats. The loss of ice exposes the underlying sea surface, which is darker and absorbs more
sunlight than ice, increasing the total amount of warming.

Some types of clouds cause a negative feedback. Warming temperatures can increase the amount or
reflectivity of these clouds, reflecting more sunlight back into space, cooling the surface of the planet.
Other types of clouds, however, contribute a positive feedback.

There are also several positive feedbacks that increase GHG concentrations. For example, as
temperatures warm:

Natural processes that are affected by warming, such as permafrost thawing, tend to release more
CO2.
The ocean releases CO2 into the atmosphere and absorbs atmospheric CO2 at a slower rate.
Several types of land surfaces may release more methane (CH4).

These changes lead to higher concentrations of atmospheric GHGs and contribute to increased
warming.
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This graph shows the increase in greenhouse gas (GHG)
concentrations in the atmosphere over the last 2,000 years. Increases
in concentrations of these gases since 1750 are due to human
activities in the industrial era. Concentration units are parts per
million (ppm) or parts per billion (ppb), indicating the number of
molecules of the greenhouse gas per million or billion molecules of
air.

Click the image to view a larger version.
Source: U.S. National Climate Assessment (2014).

The recent role of the greenhouse effect

Since the Industrial Revolution began around 1750, human activities have contributed substantially to
climate change by adding CO2 and other heat-trapping gases to the atmosphere. These greenhouse gas
emissions have increased the greenhouse effect and caused Earth’s surface temperature to rise. The primary
human activity affecting the amount and rate of climate change is greenhouse gas emissions from the burning
of fossil fuels.

The main greenhouse gases

The most important GHGs directly emitted by humans include carbon dioxide (CO2), methane (CH4),
nitrous oxide (N2O), and several others. The sources and recent trends of these gases are detailed below.

Carbon dioxide 

Carbon dioxide is the primary greenhouse gas that is contributing to recent climate change. CO2 is absorbed
and emitted naturally as part of the carbon cycle, through plant and animal respiration, volcanic eruptions,
and ocean-atmosphere exchange. Human activities, such as the burning of fossil fuels and changes in land
use, release large amounts of CO2, causing concentrations in the atmosphere to rise.

Atmospheric CO2 concentrations have increased by more than 40% since pre-industrial times, from
approximately 280 parts per million by volume (ppmv) in the 18th century to over 400 ppmv in 2015. The
monthly average concentration at Mauna Loa now exceeds 400 ppmv for the first time in human history. The
current CO2 level is higher than it has been in at least 800,000 years.[2]

Some volcanic eruptions released large quantities of CO2 in the distant past. However, the U.S. Geological
Survey (USGS) reports that human activities now emit more than 135 times as much CO2 as volcanoes each
year.

Human activities currently release over 30 billion tons of CO2 into the atmosphere every year.[2] The
resultant build-up of CO2 in the atmosphere is like a tub filling with water, where more water flows from the
faucet than the drain can take away.
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Atmospheric carbon dioxide concentration has risen
from pre-industrial levels of 280 parts per million
by volume (ppmv) to over 401 ppmv in 2016. Since
1959 alone (shown here), concentrations have risen
by more than 85 ppmv. The yearly rise and fall in
the chart reflects the growth and decay or northern
hemisphere vegetation. 

Click the image to view a larger version.
Source: NOAA

If the amount of water flowing into a bathrub is
greater than the amount of water leaving through
the drain, the water level will rise. CO2 emissions
are like the flow of water into the world's carbon
bathtub. "Sources" of CO2 emissions such as fossil
fuel burning, cement manufacture, and land use are
like the bathtub's faucet. "Sinks" of CO2 in the
ocean and on land (such as plants) that take up CO2
are like the drain. Today, human activities have
turned up the flow from the CO2 "faucet," which is
much larger than the "drain" can cope with, and the
level of CO2 in the atmosphere (like the level of
water in a bathtub) is rising.

For more information on the human and natural sources and sinks of CO2 emissions, and actions that can
reduce emissions, see the Carbon Dioxide page in the Greenhouse Gas Emissions website.

Methane 

Methane is produced through both natural and human activities. For example, natural wetlands, agricultural
activities, and fossil fuel extraction and transport all emit CH4.

Methane is more abundant in Earth’s atmosphere now than at any time in at least the past 800,000
years.[2] Due to human activities, CH4 concentrations increased sharply during most of the 20th century and
are now more than two-and-a-half times pre-industrial levels. In recent decades, the rate of increase has
slowed considerably.[2]

For more information on CH4 emissions and sources, and actions that can reduce emissions, see
EPA’s Methane page in the Greenhouse Gas Emissions website. For information on how methane is
impacting the Arctic, see the EPA report Methane and Black Carbon Impacts on the Arctic.

Nitrous oxide 

Nitrous oxide is produced through natural and human activities, mainly through agricultural activities and
natural biological processes. Fuel burning and some other processes also create N2O. Concentrations of N2O
have risen approximately 20% since the start of the Industrial Revolution, with a relatively rapid increase
toward the end of the 20th century.[2]

Overall, N2O concentrations have increased more rapidly during the past century than at any time in the past

22,000 years.[2] For more information on N2O emissions and sources, and actions that can reduce emissions,
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see EPA’s Nitrous Oxide page in the Greenhouse Gas Emissions website.

Other greenhouse gases

Water vapor is the most abundant greenhouse gas and also the most important in terms of its
contribution to the natural greenhouse effect, despite having a short atmospheric lifetime. Some human
activities can influence local water vapor levels. However, on a global scale, the concentration of water
vapor is controlled by temperature, which influences overall rates of evaporation and
precipitation.[2] Therefore, the global concentration of water vapor is not substantially affected by
direct human emissions.

Tropospheric ozone (O3), which also has a short atmospheric lifetime, is a potent greenhouse gas.
Chemical reactions create ozone from emissions of nitrogen oxides and volatile organic compounds
from automobiles, power plants, and other industrial and commercial sources in the presence of
sunlight. In addition to trapping heat, ground-level ozone is a pollutant that can cause respiratory
health problems and damage crops and ecosystems.

Chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulfur hexafluoride (SF6), together called F-gases, are often used in
coolants, foaming agents, fire extinguishers, solvents, pesticides, and aerosol propellants. Unlike water
vapor and ozone, these F-gases have a long atmospheric lifetime, and some of these emissions will
affect the climate for many decades or centuries.

For more information on greenhouse gas emissions, see the Greenhouse Gas Emissions website, including an
expanded discussion of global warming potentials and how they are used to measure the relative strengths of
greenhouse gases. To learn more about actions that can reduce these emissions, see What You Can Do.

Other climate forcers

Particles and aerosols in the atmosphere can also affect climate. Human activities such as burning fossil fuels
and biomass contribute to emissions of these substances, although some aerosols also come from natural
sources such as volcanoes and marine plankton.

Black carbon (BC) is a solid particle or aerosol, not a gas, but it also contributes to warming of the
atmosphere. Unlike GHGs, BC can directly absorb incoming and reflected sunlight in addition to
absorbing infrared radiation. BC can also be deposited on snow and ice, darkening the surface and
thereby increasing the snow's absorption of sunlight and accelerating melt. For information on how
BC is impacting the Arctic, see EPA assessment Methane and Black Carbon Impacts on the Arctic.

Sulfates, organic carbon, and other aerosols can cause cooling by reflecting sunlight.

Warming and cooling aerosols can interact with clouds, changing a number of cloud attributes such as
their formation, dissipation, reflectivity, and precipitation rates. Clouds can contribute both to cooling,
by reflecting sunlight, and warming, by trapping outgoing heat.

For more information on greenhouse gas emissions, see the Greenhouse Gas Emissions website. To learn
more about actions that can reduce these emissions, see What EPA is Doing and What You Can Do.

Top of Page

Changes in the sun’s energy affect how much energy reaches
Earth’s system
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The sun’s energy received at the top of Earth’s atmosphere has been
measured by satellites since 1978. It has followed its natural 11-year
cycle of small ups and downs, but with no net increase (bottom).
Over the same period, global temperature has risen markedly (top).

Click the image to view a larger version.
Source: USGCRP (2009).

Climate is influenced by natural changes that affect how much solar energy reaches Earth. These changes
include changes within the sun and changes in Earth’s orbit.

Changes occurring in the sun itself can affect the intensity of the sunlight that reaches Earth’s surface. The
intensity of the sunlight can cause either warming (during periods of stronger solar intensity) or cooling
(during periods of weaker solar intensity). The sun follows a natural 11-year cycle of small ups and downs in
intensity, but the effect on Earth’s climate is small.[1]

Changes in the shape of Earth’s orbit as well as the tilt and position of Earth’s axis can also affect the amount
of sunlight reaching Earth’s surface.[1][2]

The role of the sun’s energy in the past

Changes in the sun’s intensity have influenced Earth’s climate in the past. For example, the so-called “Little
Ice Age” between the 17th and 19th centuries may have been partially caused by a low solar activity phase
from 1645 to 1715, which coincided with cooler temperatures. The “Little Ice Age” refers to a slight cooling
of North America, Europe, and probably other areas around the globe.[2]
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Changes in Earth’s orbit have had a big impact on climate over tens to hundreds of thousands of years. In
fact, the amount of summer sunshine on the Northern Hemisphere, which is affected by changes in the
planet’s orbit, appears to drive the advance and retreat of ice sheets. These changes appear to be the primary
cause of past cycles of ice ages, in which Earth has experienced long periods of cold temperatures (ice ages),
as well as shorter interglacial periods (periods between ice ages) of relatively warmer temperatures.[1][2]

Rates of Climate Change Have Varied Over Time

Click to learn about how rates of climate change have varied over time.

The recent role of the sun’s energy

Changes in solar energy continue to affect climate. However, over the last 11-year solar cycle, solar output
has been lower than it has been since the mid-20th century, and therefore does not explain the recent warming
of the earth.[2] Similarly, changes in the shape of Earth’s orbit as well as the tilt and position of Earth’s axis
affect temperature on very long timescales (tens to hundreds of thousands of years), and therefore cannot
explain the recent warming.

Changes in reflectivity affect how much energy enters Earth’s
system

When sunlight reaches Earth, it can be reflected or absorbed. The amount that is reflected or absorbed
depends on Earth’s surface and atmosphere. Light-colored objects and surfaces, like snow and clouds, tend to
reflect most sunlight, while darker objects and surfaces, like the ocean, forests, or soil, tend to absorb more
sunlight.

The term albedo refers to the amount of solar radiation reflected from an object or surface, often expressed as
a percentage. Earth as a whole has an albedo of about 30%, meaning that 70% of the sunlight that reaches the
planet is absorbed.[3] Absorbed sunlight warms Earth’s land, water, and atmosphere.

Reflectivity is also affected by aerosols. Aerosols are small particles or liquid droplets in the atmosphere that
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can absorb or reflect sunlight. Unlike greenhouse gases, the climate effects of aerosols vary depending on
what they are made of and where they are emitted. Those aerosols that reflect sunlight, such as particles from
volcanic eruptions or sulfur emissions from burning coal, have a cooling effect. Those that absorb sunlight,
such as black carbon (a part of soot), have a warming effect.

The role of reflectivity in the past

Natural changes in reflectivity, like the melting of sea ice, have contributed to climate change in the past,
often acting as feedbacks to other processes.

Volcanoes have played a noticeable role in climate. Volcanic particles that reach the upper atmosphere can
reflect enough sunlight back to space to cool the surface of the planet by a few tenths of a degree for several
years.[2] These particles are an example of cooling aerosols. Volcanic particles from a single eruption do not
produce long-term change because they remain in the atmosphere for a much shorter time than GHGs.[2]

The recent role of reflectivity

Human changes in land use and land cover have changed Earth’s reflectivity. Processes such as deforestation,
reforestation, desertification, and urbanization often contribute to changes in climate in the places they occur.
These effects may be significant regionally, but are smaller when averaged over the entire globe.

In addition, human activities have generally increased the number of aerosol particles in the atmosphere.
Overall, human-generated aerosols have a net cooling effect offsetting about one-third of the total warming
effect associated with human greenhouse gas emissions. Reductions in overall aerosol emissions can
therefore lead to more warming. However, targeted reductions in black carbon emissions can reduce
warming.[1]

Top of Page
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REVIEW

Chronic obstructive pulmonary disease due to
occupational exposure to silica dust: a review of
epidemiological and pathological evidence
E Hnizdo, V Vallyathan
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Occup Environ Med 2003;60:237–243

Occupational exposure is an important risk factor for
chronic obstructive pulmonary disease (COPD), and
silica dust is one of the most important occupational
respiratory toxins. Epidemiological and pathological
studies suggest that silica dust exposure can lead to
COPD, even in the absence of radiological signs of
silicosis, and that the association between cumulative
silica dust exposure and airflow obstruction is
independent of silicosis. Recent clinicopathological and
experimental studies have contributed further towards
explaining the potential mechanism through which silica
can cause pathological changes that may lead to the
development of COPD. In this paper we review the
epidemiological and pathological evidence relevant to
the development of COPD in silica dust exposed
workers within the context of recent findings. The
evidence surveyed suggests that chronic levels of silica
dust that do not cause disabling silicosis may cause the
development of chronic bronchitis, emphysema, and/or
small airways disease that can lead to airflow
obstruction, even in the absence of radiological silicosis.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Occupational exposure to crystalline silica
(silica) dust occurs in many industrial
operations worldwide.1 The reduction of

silica dust exposure levels in most developed
countries during the last century resulted in dra-
matic decreases in morbidity and mortality from
silicosis and silica dust associated tuberculosis
(TB). Despite this, chronic obstructive pulmonary
disease (COPD) remains a health issue in workers
exposed to silica dust.1–8

Epidemiological studies show that silica dust
exposure can lead to airflow obstruction in the
absence of radiological signs of silicosis,4–8 and that
the association between cumulative silica dust
exposure and airflow obstruction can be independ-
ent of silicosis.9 10 It is therefore likely that certain
properties of silica dust are capable of causing
COPD that may precede, or be independent of, sili-
cosis development. Recent clinicopathological and
experimental studies help to explain the potential
for silica dust to cause pathological changes that
may lead to the development of COPD.

The purpose of the present paper is to review
the epidemiological and pathological evidence on
the association between COPD and silica dust

exposure in the light of recent clinical and experi-

mental findings. The aim is to address the

unresolved issue of whether silica dust can cause

pathological changes in the lungs leading to the

development of COPD at exposure levels that may

not cause silicosis. The review will briefly define

COPD, outline the potential pathological mecha-

nisms by which silica dust can cause COPD, and

present the evidence for airflow obstruction and

the pathological changes.

DEFINITION OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE
The American Thoracic Society (ATS) defines

COPD as a “disease state characterised by the

presence of airflow obstruction due to chronic

bronchitis or emphysema”.11 The European Respi-

ratory Society (ERS) definition of COPD is based

on progressive and irreversible reduction of

maximum expiratory flow.12 In silica dust exposed

workers, lung fibrosis and pulmonary tuberculo-

sis can contribute to airflow obstruction. While it

is not possible to quantify precisely the contribu-

tion of individual pathological changes to airflow

obstruction in silica dust exposed workers, the

review attempts to evaluate their relative import-

ance.

POTENTIAL MECHANISMS OF SILICA
PATHOGENICITY IN THE LUNGS—AN
OUTLINE
The current thinking is that chronic inflamma-

tion and remodelling of small airways (bronchi-

tis) and destruction of lung parenchyma (emphy-

sema), in response to inhalant oxidants generated

by smoking and other environmental exposures,

leads to COPD.13 14 The predominant inflamma-

tory cells involved in the airways remodelling and

parenchymal destruction characteristic of COPD

are neutrophils, macrophages, and T lymphocytes

(CD8+ and CD4+).15 There are several potential

mechanisms by which silica particles can initiate

cell injury leading to COPD. These include

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abbreviations: α1-AT, α1 protease inhibitor; BHR,
bronchial hyperresponsiveness; COPD, chronic obstructive
pulmonary disease; CT, computed tomography; DLCO,
carbon monoxide diffusion in the lung; ES, emphysema
score; FEF, forced expiratory flow; FEV1, forced expiratory
volume in one second; FVC, forced vital capacity; MDAD,
mineral dust airways disease; MMEF, maximal
mid-expiratory flow; NMRD, non-malignant respiratory
disease; TB, tuberculosis; VC, vital capacity

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Dr E Hnizdo, Division of
Respiratory Disease, MS
H2800, National Institute
for Occupational Safety
and Health, 1095
Willowdale Road,
Morgantown, WV 26505,
USA; Exh6@cdc.gov

Accepted 20 August 2002
. . . . . . . . . . . . . . . . . . . . . . .

237

www.occenvmed.com

http://oem.bmj.com


cytotoxicity,16 17 leading to generation of reactive oxygen/

nitrogen species,18 19 and secretion of proinflammatory factors,

cytokines, chemokines, elastase,20–23 and fibrogenic factors.24 25

Potentially these mechanisms can initiate changes in lung tis-

sue leading to airflow obstruction as follows: (a) silica

particles can initiate toxic and inflammatory processes in con-

ducting and peripheral airways, and alveolar tissue character-

ised by release of mediators leading to increased production of

oxidants, cytokines, chemokines, and elastase, inducing

airways inflammation16 17 and emphysema20–23; or (b) silica

particles can cause epithelial cell injury that facilitates

penetration of the silica particles through the walls of small

airways and causes localised fibrosis.24 25 Restrictive disease

has been associated with a production of collagen and

fibroblast growth factors, leading to fibrosis in the alveolar

walls,26 and formation of silicotic nodules.27 28 Depending on

the exposure pattern and individual susceptibility there can be

pathological states with opposing effects on pulmonary func-

tion: chronic bronchitis, bronchiolitis, and emphysema, which

cause airflow obstruction; and fibrosis, which causes primarily

restrictive changes.

EPIDEMIOLOGICAL EVIDENCE FOR
EXPOSURE-RESPONSE RELATION FOR AIRFLOW
OBSTRUCTION
The epidemiological studies of the exposure-response relation

between silica dust exposure and airflow obstruction have

been divided into those where radiological signs of silicosis

were present, and those where radiological signs of silicosis

were absent (table 1).

Studies where radiological silicosis was present
A study of white South African gold miners showed that the

forced expiratory volume in one second (FEV1), and the FEV1/

FVC ratio, adjusted for age, height, and tobacco smoking,

decreased with increasing cumulative respirable dust expo-

sure, in both smokers and non-smokers.29 30 The average

cumulative dust exposure attributable loss in lung function,

estimated for a 50 year old miner exposed for 24 years to an

average respirable dust concentration of 0.6 mg/m3 was 236 ml

of FEV1 (95% CI 135 to 338), 217 ml of FVC (95%CI 110 to

324), and 2.3% of FEV1/FVC (95% CI 0.8 to 3.8).30 This is

equivalent to an average excess loss of 9.8 ml/y of FEV1 and 9.0

ml/y of FVC over 24 years of mining. In this study silicosis was

not associated with significant loss of FEV1 or FVC.9 30 In a fol-

low up study five years later similar estimates for lung

function losses were found.30

To provide perspective on the above estimates, these were

related to prediction curves for lung function decline with age

for the general population of white males 31 (fig 1). The results

show that regardless of smoking habits, young white South

African gold miners (fig 1, curve D30 32) on average had better

lung function than the general population. However, older

miners (smokers and non-smokers) had a steeper decline in

FEV1 with age than the general population.

Similar losses in lung function were also observed among

black South African gold miners,33 Canadian hard rock

miners,34 and US molybdenum miners35 (table 1).

Studies where radiological silicosis was absent
In a 12 year follow up study, Swedish granite crushers exposed

to mean cumulative respirable silica dust of 7.2 mg/m3-y had a

greater loss of FEV1 by 150 ml (4.6%) and of FEV1/FVC % by

3.2 (5.4%) when compared to age and smoking matched

unexposed controls.36 The functional changes were consistent

with airflow obstruction in the granite crushers. In a cross

sectional study of 45 380 Norwegian men of 30–46 years of

age, 3445 had occupational exposure to silica dust.4 Workers

with 15 or more years of silica dust exposure had a statistically

significant excess loss of FEV1 of 4.3 ml/y (95% CI 1.1 to 7.5)

over the years of exposure.4 In comparison, the loss due to

smoking 20 cigarettes/day was estimated as 6.9 ml/y. The

exposure-response trend for FEV1 and duration of silica dust

exposure was similar among non-smokers, ex-smokers, and

smokers. The loss in FEV1/FVC (but not in FVC), was also sta-

tistically significant among those with 15 or more years of

exposure. Corroborative reports on silica dust associated

airflow obstruction are from studies of 144 concrete workers,5

172 potato sorters exposed to diatomaceous earth,6 389 French

pottery workers,7 and Chinese silica exposed workers.8

In summary, the epidemiological studies show an exposure-

response relation between airflow obstruction (loss of FEV1

and FEV1/FVC) and cumulative silica dust exposure in smok-

ers as well as in non-smokers. The relation was observed in

groups of relatively young silica dust exposed workers who did

not have radiological signs of silicosis, and at average exposure

Table 1 A summary of studies which estimated lung function loss associated with average cumulative dust exposure or
average duration of exposure*

Reference n
Mean
age (y)

Exposure indices

Estimated loss of FEV1 and FVC
associated with mean cumulative
respirable dust or duration of dust
exposure

Mean duration
of dust
exposure (y)

Mean respirable
dust (mg/m3);
% of silica

Mean cumulative
respirable dust
(mg/m3-y)

FEV1 (ml);
loss per year
(ml/y)

FEV1/
FVC
(%)

FVC
(ml)

Studies where radiological signs of silicosis were found or where results for radiological silicosis were not reported
Wiles and Faure, 197729

Hnizdo, 199030
2260 50 24 0.6†; 30% 13.4 236; 9.8 ml/y 2.3 217

Cowie and Mabena, 199133 1197 46 25 0.6†; 30% NA 200; 8.0
447‡

3.3 NS
351‡

Manfreda et al, 198234 95 39 13 0.5; 8% NA 325 NS 364
Kreiss et al, 198935 281 44 9 NA; 19% 8.3 155 NS NS
Studies where radiological signs of silicosis were not found
Malmberg et al, 199336 45 52 22 0.16 §;NA 7.2 150 3.2 NS
Humerfelt et al, 19984 3445 38 7 <0.2 §;NA NA 31; 4.3 4.5 NS
Meijer et al, 20015 144 36 11 0.8; 9% 7.0 NS 2.2 NS
Jorna et al, 19946 172 45 12 2.2; 12% NA 124; 11 3.8 NS

*Only studies for which the loss in lung function could be estimated.
†Respirable dust measured before hydrochloric acid treatment.
‡Additional loss associated with silicosis ILO category 3/3.
§Respirable silica.
NS, statistically not significant; NA, data not available.
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levels between 0.2 to 0.1 mg/m3 of respirable silica (table 1).

The variability between studies in the estimated excess loss

may be due to differences in sample size, exposure levels, dust

toxicity,37 38 and the prevalence of silicosis.

COMBINED EFFECT OF SILICA DUST EXPOSURE
AND SMOKING ON AIRFLOW OBSTRUCTION
Several studies have shown that smoking can potentiate the

effect of silica dust. Studies of Canadian and US hard rock

miners found that the effect of silica dust on lung function

pattern is different in smokers compared to non-smokers.34 35

In non-smokers, the observed decreases in residual lung

capacity measurements were suggestive of a restrictive

impairment.35 On the other hand, smokers had significantly

reduced FEV1, FEV1/FVC, FVC, and maximal expiratory flow

rates, and increased residual lung capacity measurements—a

pattern suggestive of emphysema. These changes increased

with increasing dust levels, suggesting that smoking potenti-

ates the association between silica dust and emphysema-like

functional changes.35

A study of South African gold miners estimated the fraction

of cases with severe airflow obstruction attributable to dust

only, smoking only, and the combined effect of the two expo-

sures (that is, the attributable fractions), and the fraction of

cases that could be prevented by removal from each exposure

(that is, the preventable fractions).39 The attributable fractions

for severe airflow obstruction (found in 20% of miners) were

estimated as 8% for dust alone, 42% for smoking, 40% for the

combined effect of silica dust and smoking, and 10% for

unknown factors. Estimated preventable fractions show that

elimination of silica dust exposure would prevent 48%, and

elimination of smoking 82% of severe airflow obstruction.39

In summary, the evidence shows that smoking potentiates

the effect of silica dust exposure on airflow obstruction. Thus,

eliminating or decreasing both dust and smoking is important

in preventing silica dust associated COPD. The magnitudes of

attributable and preventable fractions, however, are popula-

tion specific and depend on the prevalence and intensity of

exposure.

MORTALITY FROM CHRONIC OBSTRUCTIVE LUNG
DISEASE
Numerous mortality studies of cohorts of silica dust exposed

workers report increased mortality from non-malignant

respiratory disease (NMRD).40–43 Generally, NMRD combines

deaths from pneumoconioses and COPD. In mortality studies

of South African gold miners, deaths from pneumoconiosis

(ICD9, 500–505) and COPD (ICD9, 416, 490–492, 496) were

coded separately, based on death certificate and postmortem

examination findings for pneumoconioses, emphysema, and

airways disease.42 In a recent study, of total 2032 deaths, 138

were from COPD (SMR 161, 95% CI 135 to 190), and 16 were

from pneumoconioses.42 The studies found increasing

exposure-response trend for COPD mortality and cumulative

dust exposure that was modified by tobacco smoking.44 The

attributable fractions for COPD mortality were estimated as

5% for dust alone, 34% for smoking, 59% for the combined

effect of silica dust and smoking, and 2% for unknown

factors.44 In the absence of silica dust exposure, 64% of COPD

deaths could be prevented, whereas in the absence of

smoking, 93% of COPD deaths could be prevented.44

In summary, deaths from COPD likely constitute a large

proportion of deaths from NMRD in silica dust exposed work-

ers. Silica dust exposure increases mortality from COPD and

the effect is modified by tobacco smoking.

CAUSE OF AIRFLOW OBSTRUCTION IN SILICA DUST
EXPOSED WORKERS
Epidemiological and clinicopathological studies investigated

whether silicosis or other silica dust associated pathological

changes cause airflow obstruction in silica dust exposed

workers. Two case-control studies compared lung function in

South African gold miners with and without radiological signs

of silicosis, who were matched for cumulative dust exposure,

tobacco consumption, and age. No significant differences were

found between silicotic and non-silicotic miners in

spirometry,9 10 plethysmography, blood gas analysis, and exer-

cise tests—except for the slope of phase III. The slope of phase

III was significantly elevated with a corresponding increase in

closing volume in silicotic miners, suggesting impairment in

the ventilation of alveolar units.10 Thus after matching on

cumulative silica dust exposure and smoking, radiological

signs of silicosis were not associated with significant airflow

obstruction. These results support the hypothesis that the

effect of cumulative silica dust exposure on airflow obstruc-

tion seen in the cohort of South African gold miners29 30 is

independent of silicosis.

However, undetected silicotic nodules in the lungs may

potentially explain airflow obstruction in silica exposed work-

ers without radiological signs of silicosis. This issue was

addressed by clinicopathological studies that correlated com-

puted tomography (CT) findings for silicosis and emphysema

with pulmonary function in silica exposed workers. In these

studies, CT scan grades for silicosis and emphysema were

found to correlate with standard radiographic45 46 and patho-

logical scores,47 respectively, but the CT scan was found to be

more sensitive in detecting confluent silicosis.48 Among 17

silicotic subjects, poor correlations were found between spiro-

metry and profusion of nodules on the chest radiograph and

CT scan, while there was a significant correlation between CT

emphysema score and decreasing FEV1 and DLCO.49 In a study

of 30 silicotics, the emphysema score rather than the degree of

silicosis was associated with decreased FEV1 and FVC;

however, decrease in DLCO was associated with severe silicosis

with PMF.50 In non-smokers with progressive massive fibrosis

(PMF), emphysema was present even in non-fibrotic areas of

the lung. A study of 111 silica exposed workers evaluated the

prevalence and severity of emphysema according to smoking

status and severity of silicosis.45 There was no emphysema and

no airflow abnormalities in non-smokers without silicosis

(n = 7), whereas all non-smoking silicotics (n = 6) had

emphysema affecting on average 25% of the lung. In smokers,

the prevalence and severity of emphysema increased with

severity of silicosis. Emphysema and associated airflow

Figure 1 Predicted values for gold miners, according to levels of
dust exposure and smoking habits, projected onto predicted curves
for general white male population. A, non-smokers; B, current
smokers of one pack a day; C, current smokers of two packs a day.
The D curve shows the mean observed FEV1 values for 20 and 30
year old white South African miners, smokers and non-smokers,
joined with values for the 50 and 55 year old miners. Adapted from
Hnizdo and colleagues.30
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obstruction were especially prevalent in confluent silicosis

(that was often not detectable radiologically). These authors

concluded that in simple radiographic silicosis, emphysema,

rather than silicosis, is associated with reduced FEV1/FVC

ratio, and maximal mid-expiratory flow (MMEF) and DLCO.48

The study also found that silica dust exposure was associated

with more emphysema than asbestos dust.48 In a study of 70

black South African gold miners, CT scan scores for silicosis of

0, 1, 2, and 3 were associated with mean emphysema CT scores

of 14%, 46%, 48%, and 67%, respectively.51 Emphysema, rather

than silicosis, was reported to be associated with reduction of

FEV1/FVC and MMEF. In Chinese silica dust exposed workers,

radiological signs of hyperinflation were associated with

significant airflow obstruction and increasing grades of

silicosis.52

In summary, the above studies show that emphysema,

rather than silicosis, correlates with airflow obstruction

observed among silica dust exposed workers, including

subjects with silicosis. The CT scan studies were small,

however, and did not consider the effect of cumulative dust

exposure.

EXTENT OF EMPHYSEMA DUE TO SILICA DUST
EXPOSURE AND ASSOCIATED AIRFLOW
OBSTRUCTION
Three epidemiological studies of South African gold miners

investigated the exposure-response relation between silica

dust exposure and emphysema found at autopsy.53–55 A stand-

ardised assessment of emphysema was done on paper

mounted whole lung sections and the resulting emphysema

score (ES) represents the percentage of the lung affected by

emphysema. These studies estimated that working for 20

years in jobs with high silica dust exposure increases risk of

emphysema (ES >30) between 3.5 times (95% CI 1.6 and

6.6)54 55 and 12.7 times (95% CI 3 to 52)53 in comparison to

those with low dust exposure.

The amount of emphysema attributable to smoking and

silica dust was estimated by a study of 1553 postmortem

examinations.55 The mean ES, adjusted for the effect of dust,

silicosis, and age, was 7.1 for non-smokers and 36.5 for smok-

ers of 20+ cigarettes/day—that is, an increase of nearly 30 ES

units attributable to smoking. In comparison, the adjusted

mean ES was 24.4 for the lowest dust exposed group and 29.3

for the highest dust exposed group—that is, an increase of 4.9

ES units attributable to high dust exposure. In addition, the

dust adjusted increase associated with marked silicosis was

4.8 ES units. Thus, the amount of emphysema attributable to

the combined effects of high dust exposure and marked

silicosis was approximately 10 ES units. These results are sup-

ported by a study of 242 lifelong never smoking gold miners of

an average age at death of 65.9 and ∼23 years of mining, where

the median ES at autopsy was 5 (fig 2).56 Thirty per cent of the

workers had ES of 0, 55% had ES between 1 and 20, and 15%

had ES above 20.

Relating the attributable emphysema scores to estimated

loss of lung function observed in life further illustrates the

relative contribution of smoking and silica dust. Figure 3

shows the relation between mean percentage predicted FEV1

observed five years prior to death and the mean emphysema

score found at autopsy among 726 South African gold

miners.57 FEV1 % predicted is categorised into impairment cat-

egories used for workers’ compensation. As illustrated in fig 3,

ES of 30 units attributed to smoking can cause moderate to

severe airways obstruction. Adding 10 ES units attributable to

the combined effects of high dust and silicosis would make the

obstruction more severe. On the other hand, without the effect

of smoking, the effect of silica dust exposure and silicosis—

that is, ∼10 ES units, would result mainly in mild obstruction.

Figure 3 also shows that even a small increase in the average

ES score caused by silica dust alone can result in measurable

lung function loss. Thus the cut off point of 30 ES used in the

above exposure-response studies53–55 may have led to an under

estimation of the association between silica dust exposure and

emphysema.

The importance of emphysema, mucus gland hyperplasia,

and silicosis found at postmortem examination to airflow

obstruction observed five years prior to death was also investi-

gated in a clinicopathological study of 724 South African gold

miners with a mean age of 64 years and ∼24 years of

mining.57 In this study the emphysema score was the most

important explanatory variable for loss of FEV1 observed in

life. Emphysema was associated mainly with reported

symptoms of dyspnoea, rather than cough and phlegm, during

life.

In summary, postmortem examination studies show an

association between silica dust exposure, silicosis, and

emphysema. The amount of emphysema found among never-

smokers with long silica dust exposure can lead to mild to

moderate airflow obstruction. The postmortem examination

findings are consistent with the CT scan studies that among

silica dust exposed workers emphysema correlates better with

airflow obstruction than silicosis.

MECHANISMS BY WHICH SILICA DUST CAN
INDUCE EMPHYSEMA
The mechanism by which silica can produce emphysema is not

well understood.22 Current evidence suggests that the mech-

anism is similar to that of cigarette smoke—that is, the

Figure 2 Frequency distribution for the centriacinar, panacinar,
and total emphysema scores found in non-smokers with long duration
of silica dust exposure. From Hnizdo and colleagues.56

Figure 3 Observed (*) and estimated mean FEV1 % predicted and
85% mean CI in relation to emphysema score found within five years
at postmortem examination in 726 South African gold miners. In-life
compensation categories (normal, mild, moderate, severe) are
indicated. From Hnizdo and colleagues.57
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destruction of α1 protease inhibitor (α1-AT) by oxidants

generated by inflammatory cells as well as silica dust.22

Emphysema induced by cigarette smoke is initiated by the

oxidants in cigarette smoke causing a protease-antiprotease

inbalance and decreased anti-elastase activity.58 It is postu-

lated that silica may induce emphysema by the release of pro-

teolytic enzymes from dust evoked inflammatory cells and by

oxidative inactivation of α1-AT by the excessive oxygen free

radicals generated by silica particles and inflammatory

cells.20–23 This hypothesis is supported by a recent animal study

of markers of connective tissue breakdown (desmosine,

hydroxyproline) in response to silica instillation and their cor-

relation with an increase of neutrophil driven protease.23

Experimental studies on rats show that intratracheal instilla-

tion of quartz in increasing doses can cause emphysema and

thickened airways walls, leading to significantly reduced lung

function.59 Changes compatible with emphysema were ob-

served at lower doses of quartz than small airways fibrosis and

early silicotic nodules.59 This is consistent with the high

potential of silica compared to coal to cause cytotoxicity, and

release of proinflammatory mediators, cytokines, and reactive

species at a sustained level by the repeated frustrated phago-

cytosis of silica.16 18 Acute inflammatory reactions elicited by

silica can lead to an increased α1-AT breakdown and decreased

anti-elastase activity, providing support to epidemiological

and pathological observations.

In summary, experimental studies show that silica can

cause elastic tissue destruction by inactivation of α1-AT, which

could lead to emphysema in the absence of fibrosis by a

pathological mechanism similar to smoking induced emphy-

sema.

EFFECT OF SILICA ON AIRWAYS DISEASE
Chronic bronchitis
Epidemiological studies show that the prevalence of chronic

bronchitis (chronic productive cough) increases with intensity

and duration of silica exposure.29 33 35 60 61 A clinicopathological

study of COPD among South African gold miners found that

in the absence of emphysema, a marked degree of mucus

glands hyperplasia is associated with little airflow

obstruction.57 Furthermore, marked mucus glands hyperplasia

was associated mainly with rhonchi, sputum production, and

cough during life, but less with symptoms of breathlessness

which were associated strongly with emphysema.57 In

addition, chronic bronchitis in the absence of airflow obstruc-

tion was not associated with increased mortality from COPD

in these miners.62

Current evidence on COPD pathology indicates that mucus

derived from mucus secreting submucosal glands and goblet

cells in conducting airways is associated with symptoms of

chronic bronchitis—that is, cough and sputum.13 14 However,

inflammation and structural alterations occurring in periph-

eral airways and lung parenchyma are considered the most

important contributors of airflow obstruction in COPD.14 15 63 64

Infiltration of T lymphocytes and macrophages in the subepi-

thelial wall have also been implicated in the characteristic

changes in conducting airways.15 65

In summary, silica dust exposure increases the risk of

chronic bronchitis. The evidence suggests that mucus gland

hyperplasia in conducting airways without emphysema

and/or small airways disease is unlikely to cause a significant

airflow obstruction.

Mineral dust airways disease
Experimental and clinical studies show that mineral dusts,

including silica, can cause small lesions in all types of small

airways, but affecting mostly the walls of membranous and

respiratory bronchioles and alveolar ducts.66 These lesions

consist of deposits of fibrous tissue, often accompanied by

pigment, and variably accompanied by inflammatory infil-

trates. Respiratory bronchioles appear to get affected before

the alveolar ducts. This condition, defined as mineral dust air-

ways disease (MDAD), is morphologically distinguishable

from the small airway disease produced by tobacco smoke.66 67

In a clinicopathological study, MDAD was found in 25% (13

of 53) of workers with previous occupational mineral dust

exposure, and in 0.8% (one of 121) of those without such

exposure.67 In dust exposed subjects, those with MDAD had

significantly decreased FEV1, FEF25–75, VC, and DLCO, and

increased residual capacity when compared to those without

MDAD matched on smoking and age. Not all subjects exposed

to mineral dust show MDAD, but in affected subjects MDAD is

widespread, affecting 70% of the respiratory and 40–70% of

the membranous bronchioles.67 In contrast, micronodules

(that is, fibrotic lesions in respiratory bronchioles) diagnosed

by CT scan were not related to airways obstruction in 35 silica

exposed workers.68 CT scan assessed emphysema, on the other

hand, was associated with decreased lung function (FEV1,

FEV/FVC, and DLCO) and the association was not affected by

the presence of micronodules. A study of small airways

obstruction in 153 granite quarry workers, by a computerised

electronic digitiser of flow rates at low lung volumes, reported

that obstruction was increased among silica dust exposed

workers, even in the absence of radiological signs of silicosis

and large airways obstruction.69

Silica particles are strongly fibrogenic and can penetrate

airway epithelium, triggering generation of reactive oxygen

species, proliferative and fibrogenic growth factors, and

inflammatory mediators.23 24 It is generally assumed that

inflammatory cells are the initiators of the fibrogenic

response. However, airway wall fibrosis due to silica may occur

in the absence of any increase in inflammatory cells in the air-

space or circulation and may be independent of inflammation

and emphysema.23

In summary, the evidence shows that silica dust exposure

can cause widespread fibrotic lesions in small airways, affect-

ing mostly the walls of membranous and respiratory bronchi-

oles and to a lesser degree alveolar ducts. These changes may

lead to airflow obstruction. The exposure-response relation for

silica dust exposure and MDAD, and the associated airflow

obstruction has not been well established.

THE ROLE OF ATOPY AND BRONCHIAL
HYPERRESPONSIVNESS IN DEVELOPMENT OF COPD
Atopy and non-specific bronchial hyperresponsivness (BHR)

have been identified as risk factors for COPD.70–72 It has been

proposed that atopy and BHR can modify the effect of

cigarette smoking on COPD.70–72 There is a question whether

atopy and BHR modify the effect of silica on the development

of COPD. In silica dust exposed South African gold miners, the

presence of reactive airways was associated with reduced FVC,

FEV1, and FEV1/FVC, but duration of silica dust exposure was

not related to reactive airways.73 In addition, respiratory chal-

lenge with gold mine dust was not associated with a

significant decrease in FEV1 or FVC, even in those who had

COPD.74 In a study of 3445 Norwegian silica dust exposed

workers, neither asthma (or wheezing), nor atopy were found

to be significant modifiers of the effect of silica on

spirometry.4 Similar results were found in a study of potato

sorters exposed to diatomaceous earth.6

In summary, the evidence from cross sectional studies does

not support the hypothesis that asthma, atopy, or BHR modify

the effect of silica dust on lung function loss. Since selection

bias due to healthy worker effect could account for these find-

ings, a prospective study is required to establish this

conclusively.
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EFFECT OF PULMONARY TB ON AIRFLOW
OBSTRUCTION
Silica dust exposed workers are at increased risk of developing

TB,1 even in the absence of silicosis.75 Residual damage from

treated TB is associated with airflow obstruction and

restriction in the general population.76 In black South African

gold miners, chronic lung function loss increased with the

number of episodes of treated TB.77 The mean chronic deficits

in FEV1 after one, two, and three episodes were 153 ml, 326 ml,

and 410 ml, respectively, with a corresponding FVC deficit of

96 ml, 286 ml, and 345 ml.77 TB was found also to be an

important predictor of airflow obstruction in former South

African gold miners.78 79

CONCLUSION
It is well recognised that severe silicosis can cause significant

lung function impairment.80 81 There are, however, questions as

to whether silica dust can cause other pathological changes in

the lungs leading to the development of COPD, and whether

these changes precede development of silicosis and can occur

at exposure levels that may not cause silicosis.

The evidence from epidemiological studies of workers

exposed to average respirable silica dust concentrations rang-

ing between 0.2 and 0.1 mg/m3 shows a significant exposure-

response relation for cumulative dust exposure and airflow

obstruction that is independent of radiological signs of silico-

sis. Exposure-response trend was observed, especially in

younger populations, of silica dust exposed workers who did

not have radiological signs of silicosis (table 1) and in

mortality studies. Smoking potentiates the effect of silica dust

on airflow obstruction and death from COPD.

Emphysema appears to be the predominant pathology

associated with airflow obstruction in silica dust exposed

workers. Postmortem examination studies found an exposure-

response relation between cumulative silica dust exposure,

silicosis, and emphysema. The amount of emphysema found

in silica dust exposed never-smokers could be associated with

mild to moderate obstruction in life. Emphysema usually

coexists with inflammation in small airways and small

airways disease is important in COPD.14 However, the

exposure-response for small airways disease, and its role in

airflow obstruction observed in silica dust exposed workers, is

still not clear. In experimental studies, silica was shown to be

capable of inducing inflammatory changes in epithelial cells

that may potentially lead to small airway disease. A

clinicopathological study shows that MDAD can be wide-

spread and may lead to airflow obstruction. There is also evi-

dence of increased prevalence of small airway obstruction

among silica dust exposed workers.

It was shown that in rats exposed to silica dust, emphysema

occurs at lower silica doses than does fibrosis in small airways

or early silicotic nodules.59 This suggests that silica dust

induced emphysema could precede MDAD and silicosis in

humans. However, in high dust levels and severe silicosis, the

restrictive pattern can make it difficult to detect airflow

obstruction caused by emphysema that has been induced by

silica dust.82 It is of interest therefore that most of the

epidemiological studies that did not find radiological signs of

silicosis, found statistically significant airflow obstruction

(decreased FEV1/FVC ratio) with increasing silica dust

exposure (table 1), even in relatively young workers.4 Apart

from silica dust dose, variability in dust toxicity and contami-

nation by other toxic particles83 may determine the amount

and presence of the respiratory injury.

In summary, the evidence surveyed here suggests that

chronic lower levels of silica exposure may lead to the

development of emphysema, chronic bronchitis, and/or MDAD

that can lead to airflow obstruction, even in the absence of

radiological signs of silicosis.
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1. Purpose 
 
The Guidelines for the implementation of the California Environmental Quality Act (CEQA) 
section 15022 states, “[e]ach public agency shall adopt objectives, criteria, and specific 
procedures consistent with CEQA and these Guidelines for administering its 
responsibilities under CEQA…”1  Thus, this guidance document shall serve to fulfill the 
Imperial County Air Pollution Control District’s (ICAPCD) obligation under CEQA2.  In 
addition, the objectives, criteria and specific procedures, henceforth known as protocol, 
are intended to serve as guidance and are not intended to replace the authority or 
requirements of CEQA or its Guidelines.  In the event that any of the following protocol 
conflicts with the provisions of CEQA or its Guidelines, the provisions of CEQA or its 
Guidelines shall control. 
 
As stated above the intent of this document is to develop and adopt protocol for the 
ICAPCD.  This protocol has been created to serve as a guidance tool in assisting Lead 
Agencies, consultants, ICAPCD staff, and project proponents with uniform procedures, 
which are designed to help assess any potential air quality impacts from residential, 
commercial, and industrial developments during the environmental review process.  The 
protocol is designed to give local, public and government agencies specific guidelines 
that identify when an air quality analysis is necessary, the type of analysis that should be 
performed, the level of significance of the impacts predicted by the analysis, and the 
mitigation measures needed to eliminate or reduce the overall air quality impacts.  
Because CEQA establishes a “duty” upon public agencies to minimize or avoid 
environmental damage where feasible the ultimate outcome of any analysis should be 
the development and implementation of mitigation measures.3  In order to properly 
determine and implement mitigation measures the preparation of an air quality analysis 
resulting from an environmental document must be consistent with the rules and 
regulations governing the ICAPCD and those found within the guidelines of CEQA.  This 
handbook strives to provide guidance for the accurate and consistent evaluation of the 
potential air quality impacts created by plans and development proposals.  Therefore, it 
is understood that when a proper air quality analysis is evaluated it will necessarily help 
identify mitigation measures, which will reduce or eliminate adverse and significant 
impacts.  The reduction of such adverse impacts will improve ambient concentrations, 
which ultimately will improve air quality in Imperial County. 
  

                                                           
1 The California Environmental Quality Act (Division 13, Public Resources Code, (PRC), 21000 et. seq.) as adopted by the 
State Legislature and as may be amended by Legislative Act and now contained in Title 14, Chapter 3 of the California 
Administrative Code, now cited as the CALIFORNIA CODE OF REGULATIONS (CCR) (commencing with Section 15000). 
2 Throughout this document the term ICAPCD refers to the Imperial County Air Pollution Control District. 
3 CEQA Guidelines §15021 
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2. Introduction 
 
Clean air is vital to the health and welfare of every citizen of this country.  The residents 
of Imperial County have an inherent right to clean air.  To answer the call of improving 
and maintaining clean air, the legislature has given local ICAPCD regional authority over 
the control of air pollution from all sources other than emissions from motor vehicles.  
The ICAPCD has regulatory control over all stationary sources of air contaminants.  These 
stationary sources are divided into point sources, such as factories, geothermal plants and 
rock quarries, and indirect sources, such as paved and unpaved roads, open areas and 
construction projects.  These types of sources tend to have emissions that fit a generalized 
category and are considerably too small to warrant permitting.  Generally, point sources 
of air contaminants are required to obtain specific operational permits from the ICAPCD 
while indirect sources are exempt.  Indirect sources are facilities as well as land uses which 
do not emit a significant amount of pollution on their own but rather attract or generate 
motor vehicle trips which result in emissions of ozone precursors (VOC’s, ROG, NOx), 
carbon monoxide (CO) and fine particulate matter(PM10 & PM2.5).4   
 
With the enactment of CEQA in 1970 the California Legislature required public agencies 
to consider and to disclose the environmental effects of their decisions to the public and 
governmental decision-makers.  As an integral part of the disclosure requirements, CEQA 
mandates the implementation of feasible mitigation measures or alternatives so as to 
mitigate significant adverse impacts to the environment.  Generally, CEQA address’s a 
broad range of environmental issues, including water quality, noise, land use, natural 
resources, transportation, energy, human health and air quality.  The specific legislative 
tool for the implementation of CEQA is the CEQA Guidelines adopted by the Office of 
Planning and Research in the Governor’s Office.  These Guidelines apply statewide and 
they govern the assessment, disclosure and review of all environmental impacts that may 
result from proposed projects. 
 
This handbook has been designed to provide the Lead Agency, the Environmental 
Evaluation Committee (EEC) members, ICAPCD staff, other public agencies and project 
proponents with specific guidelines that identify when an air quality analysis is necessary, 
the type of analysis that should be performed, the significance of the impacts predicted 
by the analysis, and the mitigation measures needed to reduce the overall air quality 
impacts.  The ICAPCD’s handbook is solely an air quality guidance document.  To address 
the overall general CEQA process, the Lead Agency, EEC members, ICAPCD staff, other 
public agencies and project proponents should follow the appropriately adopted CEQA 
document for each municipality.  For those projects and public departments which fall 
under the jurisdiction of Imperial County the Planning and Development Services 
                                                           
4 Health & Safety Code §40716 gives ICAPCDs authority over indirect or area sources of air contaminants 
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Department’s guidance manual entitled “Rules and Regulations to Implement California 
Environmental Quality Act (CEQA) as Amended” should be followed.   
 
3. Role of the ICAPCD within the CEQA Process 
 
Under CEQA, the ICAPCD may act as a Lead Agency, a Responsible Agency or a Reviewing 
Agency.  
 
Lead Agency: A Lead Agency normally is the agency with general discretionary 
governmental powers, such as a city or county5.  That is, if a government agency – city or 
county – has jurisdiction over discretionary land use permits then that agency will be the 
preferred Lead Agency6.  For example, the Imperial County Department of Planning & 
Development Services has jurisdiction over zoning and as such is typically the lead agency 
for all residential, commercial and industrial development projects proposed within 
Imperial County7.  The ICAPCD will undertake the Lead Agency role when a project 
requires an ICAPCD permit and no other agency has prepared or will prepare a CEQA 
document for that project.8   
 
A Lead Agency is responsible for compliance with CEQA by ensuring that the potential 
environmental impacts associated with a proposed project are adequately assessed.  The 
assessment is comprised of several determinations, which includes, but is not limited to, 
exempting a project from CEQA and for those projects deemed nonexempt, preparing a 
Negative Declaration (ND), a Mitigated Negative Declaration (MND) or an Environmental 
Impact Report (EIR).  Because CEQA grants the Lead Agency full discretionary authority to 
determine the type of environmental document to be prepared, CEQA included a 
requirement that Lead Agencies consult with and solicit comments from responsible and 
reviewing agencies during the preparation of environmental documents.9   
  

                                                           
5 CEQA Guidelines section 15051 (b) (1) 
6 Discretionary land use permits include but are not limited to conditional use permits, tentative maps and Specific 
Plans. 
7 According to the “Rules and Regulations to Implement CEQA Rules” adopted by the Planning & Development Services 
Department the Planning/Building Department is designated as the principal “Lead Agency” Department for the County 
with respect to the CEQA compliance, of projects. 
8The regulations found in the “Rules and Regulations to Implement CEQA Rules” adopted by the Planning & 
Development Services Department shall be applicable to all County Department(s) that have responsibilities under 
CEQA as either a “Lead Agency” or a “Responsible Agency”. 
9 CEQA Guidelines §15050 (c).  In addition, Environmental documents include but are not limited to an Initial Study, a 
ND, and Mitigated ND or any of the many types of EIR’s. 
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Responsible Agency:  A Responsible Agency is a public agency, other than the Lead 
Agency, which has responsibility for carrying out or approving a project.10  The power to 
approve a project has been defined as a discretionary approval power.11  Therefore, the 
ICAPCD is a Responsible Agency for projects or portions of a project that require an 
ICAPCD permit or that require any other approval by the ICAPCD.  For example, a project 
under the jurisdiction of the Imperial County will submit an Initial Study to the EEC for 
review.  Here, the ICAPCD is considered a Responsible Agency because it is a member of 
the EEC.  However, the EEC as a body will determine, by vote, whether an EIR, Mitigated 
ND, or ND is required for the project and will cause the appropriate document to be 
prepared.  Similarly, the ICAPCD has discretionary permitting approval power.  Under this 
capacity, the ICAPCD may coordinate the environmental review process with the ICAPCD’s 
permitting process.  While the Lead Agency considers all the potential impacts of a 
project, the Responsible Agency only considers those aspects that are within the agency’s 
expertise or that require any other approval by the ICAPCD.  Under this capacity, the 
ICAPCD will review and comment to the Lead Agency where the deficiencies lie in the air 
quality analysis and provide suggestions as to the feasible mitigation measures. 
 
Reviewing Agency:  Under CEQA, when an agency is neither a Lead Agency nor a 
Responsible Agency but has jurisdiction by law with respect to the project or is a Trustee 
agency over a particular natural resource, that agency is said to have reviewing power 
over the proposed project.12  As a Reviewing Agency, the ICAPCD serves as an advisory 
agency to the Lead Agency.  The ICAPCD comments on the adequacy of the air quality 
analysis, helps to identify a project’s impact on air quality and recommends any potential 
mitigation measures for Lead Agency consideration.  In addition, the ICAPCD may 
comment on other sections of the environmental document, such as traffic, which are 
related to the impacts on air quality.  In any event, a final review by the ICAPCD will include 
an identification of any deficiencies in the air quality analysis and the recommendation of 
feasible mitigation measures.  
 
In all cases, the primary concern of the ICAPCD is air quality improvement and 
maintenance.  The ICAPCD provides guidance primarily to mitigate adverse impacts to air 
quality from development projects within the Imperial County.  For most urban 
development proposals, this typically involves projects where the vehicle trip generation 
is enough to potentially cause high emission levels, which may hinder the ICAPCD’s efforts 
in attaining and maintaining the Federal and State ambient air quality standards. 
  

                                                           
10 Public Resources Code §21069 
11 CEQA Guidelines §15381 
12 CEQA Guidelines §15086 
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4. Thresholds of Significance 
 
Under CEQA, each public agency is encouraged to develop and publish thresholds of 
significance.  These thresholds of significance should be an identifiable quantitative, 
qualitative or performance level of a particular environmental effect; the noncompliance 
with would mean the effect would normally be significant while compliance with would 
mean the effect would normally be less than significant.13   
 
Generally, a project proponent must submit a preliminary application to an appropriate 
Lead Agency for a preliminary review.  The discretionary authority granted to Lead 
Agencies during the preliminary review process is found in CEQA.  According to the CEQA 
guidelines, if during the preliminary review process the Lead Agency can clearly determine 
that an EIR is required the Lead Agency may, under its discretionary powers, skip further 
preliminary review and begin work directly on the EIR process14.  In any case, CEQA grants 
to the Lead Agency the complete discretionary power to determine the type of 
environmental document, which will be prepared for a proposed project. 
 
Under most circumstances, upon completion of the preliminary review, an Initial Study is 
conducted to identify any significant environmental impacts created by the proposed 
project.15  The Initial Study should analyze all phases of a proposed project that includes 
construction and operation as well as cumulative impacts.  When the air quality evaluation 
of an Initial Study identifies no potential significant air quality impacts or a less than 
significant impact then the Lead Agency may decide to adopt a ND16.  However, when the 
air quality evaluation of an Initial Study identifies potentially significant air quality impacts 
then further environmental review is required.  Lead Agencies and project proponents are 
encouraged to utilize computer tools, such as, CalEEMod to analyze direct and indirect 
sources of emissions.  Such a review may result in the development of a Mitigated ND or 
an EIR.  An EIR will require the project proponent to evaluate the identified adverse air 
quality impacts through the process of a Comprehensive Air Quality Analysis Report. 
 
CEQA requires full disclosure of all the potential air pollutants and/or toxic air emissions 
from a project.  As stated above, the air quality analysis conducted during the Initial Study 
phase, should help to identify these potential emissions.  Typically, the Initial Study is in 

                                                           
13 CEQA Guidelines §15064.7 
14Found in Article 5 section 15060 (d) of the CEQA guidelines. 
15 CEQA Guidelines §15063 (c) (5) provides that an initial study provide “…documentation of the factual basis for the 
finding..” and §15063 (d) (3) provides “that entries on a checklist or other form are briefly explained to indicate that 
there is some evidence to support the entries.” 
16 Before the release of the ND the Lead Agency must determine that there is no substantial evidence, in light of the 
whole record before the agency, that the project without mitigation may have a potentially significant impact on air 
quality. 
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the form of an “Environmental Checklist.”17  CEQA included criteria in the “Environmental 
Checklist Form,” where by a project will be deemed to have a “potentially significant 
impact” on air quality if it: 
   
a) Conflict[s] with or obstruct[s] implementation of the applicable air quality plan. 
b) Violate any air quality standard or contribute to an existing or projected air quality 

violation. 
c) Result in a cumulatively considerable net increase of any criteria pollutant for 

which the project region is non-attainment under an applicable federal or state 
ambient air quality standard (including releasing emissions that exceed 
quantitative thresholds for ozone precursors.) 

d) Expose the public (especially schools, day care centers, hospitals, retirement 
homes, convalescence facilities and residences) to substantial pollutant 
concentrations. 

e) Create objectionable odors affecting a substantial number of people. 
 
Similarly, the ICAPCD has established significance thresholds to assist Lead Agencies in 
determining whether a proposed project may have a significant air quality impact.  
Therefore, projects whose emissions are expected to meet or exceed the thresholds of 
significance for the operational phases of a project will be deemed to have a potentially 
significant adverse impact on air quality.  Another tool available for Lead Agencies and 
project proponents is the use of project screening, discussed below. 
 
It is not the intent of this guidance handbook, including the thresholds or procedures 
found therein, to apply to projects, which are specifically exempt within the CEQA 
Guideline, Sections 15260-15285 (Statutory Exemptions) and 15300-15332 (Categorical 
Exemptions). 
 
4.1 Thresholds of Significance for Project Operations 
 
In order to assist Lead Agencies in making a determination on the type of environmental 
document to prepare, this section, provides quantitative criteria in the form of thresholds 
to help in the assessment of the environmental impacts.  When the preliminary analysis 
of a project indicates that the proposed project may potentially be near the thresholds 
identified below, the Lead Agency may consider the project as having a potentially 
significant impact.  Please refer to section 4.2 Screening Criteria for Project Impacts for 
further information.  However, further analysis would then be required to help identify the 
level of emissions and the subsequent level of impact.  In addition, the emission analysis 
should explore any mitigating characteristics of the project or site which should help the 
                                                           
17 CEQA Guidelines Appendix G 
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Lead Agency identify any feasible mitigation measures.  That is, an Initial Study should 
analyze all phases of a development project including, operational (long-term) and 
cumulative impacts so as to determine the level of significance.18  As mentioned above, 
when the air quality impacts of a project are found to be insignificant then a Lead Agency 
may determine that a ND is appropriate.  However, when the air quality impacts of a 
project are considered significant because one or more of the thresholds are met or 
exceeded then a determination by the Lead Agency of either a Mitigated ND or an EIR 
may be made.19   
 
Because the operational phase of a proposed project has the potential of creating lasting 
or long term impacts on Air Quality, it is important that a proposed development evaluate 
the potential impacts carefully.  Therefore, the results of an initial study should compare 
all operational emissions of a project, including motor vehicle, area source and stationary 
or point sources to the thresholds in Table 1 below.  Table 1 provides general guidelines 
for determining the significance of impacts and the recommended type of environmental 
analysis required based on the total emissions that are expected from the operational 
phase of a project.  For industrial development projects, the thresholds in Table 1 should 
be used only to determine significance of the impact from mobile source emissions 
attracted to the stationary source.  Therefore, Table 1 would not be used to determine 
significance for the air emissions associated with the stationary source, including off-road 
mobile emissions produced within the stationary source.  Those stationary source 
emissions are already subject to mitigation according to Rule 207, New and Modified 
Stationary Source Review and Rule 201 and must therefore be excluded.  However, the 
Lead Agency has the authority to request a comprehensive air quality analysis or an EIR 
to address the impact of the stationary source regardless of the threshold in table 1, 
according to CEQA guidelines.  
  

                                                           
18 CEQA Guidelines §15063 and §15064 
19 An MND is appropriate when impacts can be made insignificant due to the imposition of mitigation measures. 
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Table 1, Thresholds of Significance for Project Operations 
 

Pollutant Tier I Tier II 
NOx and ROG Less than 137 lbs/day 137 lbs/day and greater 
PM10 and SOx  Less than 150 lbs/day 150 lbs and greater 
CO and PM2.5 Less than 550 lbs/day 550 lbs/day and greater 

Level of Significance Less Than Significant Significant Impact 

Level of Analysis Initial Study 
Comprehensive Air Quality 
Analysis Report 

Environmental Document Negative Declaration Mitigated ND or EIR 
 
Tier I. Less than 137 lbs/day of NOx or ROG; less than 150 lbs/day of PM10 or 

SOx; or less than 550 lbs/day of CO or PM2.5 
 
Any proposed residential, commercial, or industrial development with a potential to emit 
less than 137 lbs/day of NOx or ROG; less than 150 lbs/day of PM10 or SOx; or less than 
550 lbs/day of CO or PM2.5 may potentially have an adverse impact on local air quality.  
From the ICAPCD’s perspective residential, commercial and industrial developments with 
a potential to emit below this level will not be required to develop a Comprehensive Air 
Quality Analysis Report or an EIR.  However, an Initial Study would be required to help the 
Lead Agency determine whether the project would have a less than significant impact.  It 
must be mentioned that the determination of a “less than significant” impact is 
distinguished from a “no impact” determination in that the air quality analysis conducted 
during the Initial Study would reveal that the operational phase of a proposed project 
would in fact have a potential air quality impact which would not meet the established 
thresholds for the operational phase.  A “no impact” determination would arise when the 
air quality analysis conducted during the Initial Study would reveal no potential air quality 
impacts.  Further, in keeping with the requirements of CEQA and as a point of clarification, 
a “No Impact” determination must be “adequately supported by the information sources 
a Lead Agency cites.”20 
 
In any case, the Lead Agency is required by CEQA to disclose the identified environmental 
effects and the ways in which the environmental effects will be mitigated to achieve a 
level of less than significant.  To achieve a level of insignificance the Lead Agency 
should require the implementation of all feasible standard mitigation measures 
listed in Section 7.2.21  It is important to note that the measures identified in Section 7.2 

                                                           
20 CEQA Guidelines Appendix G “Environmental Checklist Form.” 
21 CEQA Guidelines §15364 states: “Feasible” means capable of being accomplished in a successful manner within a 
reasonable period of time, taking into account economic, environmental, legal, social, and technological factors. 
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do not represent a comprehensive list of all mitigation measures.  Alternative mitigation 
measures may be proposed by the project proponent, the Lead Agency or the ICAPCD.  
The ICAPCD requires that alternative mitigation measures be fully documented with a 
copy of the documentation attached to the Initial Study.  In addition, for some residential 
and commercial development projects, the developer may be required to implement off-
site mitigation measures in order to further reduce the air quality impacts.  All residential 
and commercial projects are required to abide by off-site mitigation requirements under 
section 7.4 
 
Tier II. 137 lbs/day or greater of NOx or ROG; 150 lbs/day or greater of PM10 or 

SOx; or 550 lbs/day or greater of CO or PM2.5 
 
Any proposed residential, commercial, or industrial development with a potential to meet 
or exceed the 137 lbs/day of NOx or ROG; 150 lbs/day of PM10 or SOx; or 550 lbs/day of 
CO or PM2.5 is considered to have a significant impact on regional and local air quality.  
Therefore, Tier II projects are required to implement all standard mitigation 
measures as well as all feasible discretionary mitigation measures.  These measures 
must be listed and incorporated into the environmental document, which is prepared 
by the Lead Agency.  Typically, Tier II projects are required, by the Lead Agency, to 
prepare an EIR however, should a Lead Agency exempt a project from the development 
of an EIR the ICAPCD requires, at a minimum, a Comprehensive Air Quality Analysis 
Report.  A properly developed Comprehensive Air Quality analysis Report will identify the 
significant air quality impacts and the required mitigation measures associated with the 
project.  Please refer to Section 6 of this handbook for a discussion on the requirements 
of a Comprehensive Air Quality Analysis Report.  A menu of standard and discretionary 
mitigation measures are listed in Sections 7.2 and 7.3.  These mitigation measures serve 
to provide the project proponent with feasible measures to help reduce the air quality 
impacts identified in the Comprehensive Air Quality Analysis Report.  In addition, 
residential, commercial and industrial development projects may be required to 
implement off-site mitigation measures in order to further reduce the air quality impacts.  
All residential, commercial and industrial projects are required to abide by off-site 
mitigation requirements under Section 7.4 
 
4.2 Construction Emissions for Tier I Projects 
 
It is not uncommon for construction related emissions, which are generally temporary in 
nature, to have a temporary adverse impact on air quality.  Construction, by its very nature 
may produce a variety of emissions however particulate matter (PM10) is the pollutant of 
greatest concern.  Past experience has shown that the emissions from construction can 
cause substantial increases in localized concentrations of PM10.  The most common 
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activities associated with construction involve site preparation, earthmoving activities and 
general construction.  These activities include, but are not limited to, demolition, grading, 
excavation, cut and fill operations, trenching, soil compaction, land clearing, grubbing and 
the addition of improvements such as roadway surfaces, structures and facilities.  These 
common construction activities generate emissions from: 
 
1. Fuel combustion from mobile heavy-duty diesel and gasoline powered equipment. 
2. Portable auxiliary equipment 
3. Worker commuter trips 
4. Fugitive dust from soil disturbance. 

 
While construction PM10 emissions can vary greatly depending on the phase of the 
construction, level of activity and other factors, there are feasible mitigation or control 
measures, which can be reasonably implemented to significantly reduce PM10 emissions.  
Because particulate emissions from construction activities have the potential of leading 
to adverse health effects as well as nuisance concerns, such as reduced visibility, all 
projects are required to mitigate construction impacts by regulation.  Section 7.1 
represents a summary of standard mitigation measures for the control PM10 as adopted 
by the ICAPCD in a set of rules, collectively known as Regulation VIII.  Another source of 
construction related emissions comes from the use of diesel powered construction 
equipment which has been known to produce ozone precursor emissions and combustion 
related particulate emissions.  To help projects address these emissions Section 7.1 also 
includes standard mitigation measures for construction equipment. 
 
The approach of the CEQA analyses for construction particulate matter impacts should be 
qualitative as opposed to quantitative (Tier II projects please refer to Section 6).  While a 
Lead Agency may elect to quantify construction emissions, the ICAPCD recommends the 
implementation of effective and comprehensive mitigation measures as found in Section 
7.1.  In any case, regardless of the size of the project, the standard mitigation 
measures for construction equipment and fugitive PM10 must be implemented at all 
construction sites.  The implementation of discretionary mitigation measures, as 
listed in Section 7.1, apply to those construction sites which are 5 acres or more for 
non-residential developments or 10 acres or more in size for residential 
developments.  The mitigation measures found in Section 7.1 are intended to be a menu 
of feasible mitigation measures they are not intended to be an all inclusive comprehensive 
list of all mitigation measures.  Alternatives may be proposed by the Lead Agency, a 
Developer or the ICAPCD however, the alternatives must produce the same level of 
mitigation.  In addition, the ICAPCD requires documentation of all alternative mitigation 
measures and a copy of the documentation should be attached to the Initial Study. 
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4.3 Screening Criteria for Project Impacts 
 
During the preliminary analysis of a project, the Lead Agency may utilize the project 
screening criteria as a simple indication of whether a proposed project may meet or 
exceed the operational thresholds found in Section 4.1.  That is, Table 2 may serve as an 
indicator to the Lead Agency of any further analysis, which may be required, such as an 
initial study and/or a Comprehensive Air Quality Analysis Report.  However, the Lead 
Agency should note that Table 2 is not intended to be comprehensive but rather a guiding 
tool.22  Should Table 2 indicate that the proposed project may potentially exceed the 
operational thresholds then the Lead Agency has discretionary authority to require either 
a Comprehensive Air Quality Analysis Report or an EIR.  The criteria used to evaluate air 
emissions associated with residential and commercial projects is based primarily on the 
combustion emissions generated by motor vehicles and area source emissions (paved 
and unpaved roads, construction projects, open areas, etc.)  The CalEEMod model was 
used to evaluate the emissions associated with these projects23.  The following list is not 
comprehensive and should be used as general guidance only.  As mentioned above, the 
Lead Agency is encouraged to develop a more refined analysis of the air quality impacts 
that are specific to a particular project, especially for those proposed projects, which 
exceed the screening thresholds.  The latest CalEEMod model is recommended for use in 
the evaluation of air quality impacts. 
 
Consultation between the Lead Agency and the ICAPCD is strongly recommended for 
those development projects, which are not represented in Table 2.  Some examples of the 
type of projects which are not represented are General plans, Specific Plans and/or 
Enterprise Zones.  For mixed use projects, it is strongly recommended by the ICAPCD that 
these types of projects perform a CalEEMod model on the whole of the project comparing 
the results to the thresholds found in Table 1.  In any event, the intent of the consultation 
is to provide the Lead Agency with helpful information on the applicability of a 
Comprehensive Air Quality Analysis Report or an EIR on proposed projects. 
 

  

                                                           
22 There are other air quality issues, such as high CO concentrations, odors, toxics and cumulative impacts, which must 
be considered when evaluating a project’s potential for causing adverse air quality impacts. 
23 CalEEMod is a planning tool for estimating vehicle travel, fuel use and resulting emissions related to land use 
projects.  The model is used to calculate emissions of ROG, CO, NOX and PM10 from vehicle use associated with 
specific construction developments. 
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Table 2, Screening Criteria for Project Air Quality Impacts 
Land Use Units of 

Measure 
Trip  

Generatio
n Rate(1) 

Project Size which Would 
Generate Air Emissions Greater 

than the Threshold Limit(2) 
Single Family Dwelling Unit 9.57 825 Units 
Apartments Mid Rise Dwelling Unit 5.76 1,700 Units 
Condominiums General Dwelling Unit 6.90 1,650 Units 

Condominiums High Rise Dwelling Unit 5.26 1,650 Units 
Mobile Home Park Dwelling Unit 4.99 2,300 Units 

Convenience Market (24 hour) 1,000 sq ft 737.99 20,500 sq ft 

Convenience Market w/gas pumps 1,000 sq ft 845.60 14,500 sq ft 

Supermarket 1,000 sq ft 102.24 78,000 sq ft 
Warehouse  1,000 sq ft 2.59 660,000 sq ft 

(90% HHD, 5% LDA, 5% LDT1) 
Source: CalEEMod, version 2016.3.2-programmed by Trinity using Microsoft SQL Compact Edition in conjunction with a Visual Basic 
Graphical User interface (GUI) 
(1) Trip generation rates in this table are from the Institute of Transportation Engineers (ITE) Trip Generation Rate Tables 
(2) Emissions are defined as NOx, ROG, CO or PM10 

 
4.4 Consistency with the Most Recent Clean Air Plan for Imperial County 
 
Within the CEQA guidelines, Section 15125 (d) requires that an EIR discuss consistency 
between the proposed project and the applicable regional plans.  Section 6 of this 
handbook, similarly, requires that a Comprehensive Air Quality Analysis Report discuss 
the consistency between the proposed project and the most recent regional plans.  A 
consistency analysis with the Clean Air Plans is required for large residential developments 
and large commercial developments which are required to develop an EIR and/or a 
Comprehensive Air Quality Analysis Report.  The EIR and/or a Comprehensive Air Quality 
Analysis Report of a proposed project should demonstrate compliance with the most 
recent ozone Air Quality Attainment Plan (AQAP) and PM10 State Implementation Plan 
(SIP).  The EIR and/or a Comprehensive Air Quality Analysis Report of a proposed project 
should also demonstrate compliance not only with the Imperial County Rules and 
Regulations but also those of the State and Federal Regulations.   
 
4.5 Comparison of Predicted Ambient Pollutant Concentrations to State and 

Federal Air Quality Standards. 
 
To help protect the public health and welfare, the State and Federal governments 
established Ambient Air Quality Standards for certain pollutants, known as criteria 
pollutants.  When a large residential and/or commercial project is deemed to have the 
potential to cause an exceedance of the Ambient Air Quality Standards an ICAPCD air 
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quality dispersion model may be required.  A project is considered to have a significant 
impact if the emissions associated with the project are predicted to cause or contribute 
to a violation of any Ambient Air Quality Standard.  The petitioner should identify in the 
EIR or the Comprehensive Air Quality Analysis Report any on-site and off-site control 
measures which reduce the concentration of air emissions below the Ambient Air Quality 
Standards. 
 
4.6 Special Conditions 
     
Project impacts may also be considered significant if one or more of the following special 
conditions apply: 
 
a. Development projects which locate in close proximity to already existing industrial 

type operations which have the potential to emit toxic or hazardous air pollutants, 
even at a very low level of emissions, may be considered significant because of the 
increased cancer risk to the in coming population.  This is also true of development 
projects which have the potential to emit toxic or hazardous air pollutants and are 
located in close proximity to sensitive receptors.  Such projects may be required to 
prepare a health risk assessment to determine the potential level of risk associated 
with the operation.  The ICAPCD should be consulted on any project with the 
potential to emit toxic or hazardous air pollutants. In addition, pursuant to the 
requirements of California Health and Safety Code 42301.6 (AB 3205) and Public 
Resources Code Section 21151.8, subdivision (a)(2), any proposed industrial or 
commercial project site located within 1000 feet of a school must be referred to 
the ICAPCD for review. 

 
b. If a determination is made that a development project has the potential to cause a 

nuisance problem which impacts a considerable number of people, the project may 
be considered as having a significant effect.  There are projects that may emit 
pollutants in concentrations that would not otherwise be significant except as a 
nuisance, as an example projects which emit hydrogen sulfide.  

 
If a project is proposed within the screening level distance in Table 3, the ICAPCD 
should be contacted for information regarding potential odor problems.  For 
projects that involve new receptors located near an existing odor source(s), a public 
information reviewing request should be submitted to the ICAPCD for a review of 
any existing odor complaints and for the nearest odor emitting facility(ies).  
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Table 3, Project Screening Distances for Potential Odor Sources 
 

Type of Operation Project Screening 
Distance 

Wastewater Treatment Plant 1 mile 

Sanitary Landfill 1 mile 

Composting Station 1 mile 

Feedlot 1 mile 

Asphalt Plant 1 mile 

Painting/Coating Operations 
(auto body shops) 

1 mile 

Rendering Plant 1 mile 

 
5. Methods for Calculating Project Emissions 
 
Air pollutant emissions from an urban development can derive from a variety of sources, 
including, but not limited to, motor vehicles, natural gas use, electric energy use, 
combustion-powered utility equipment, paints and solvents, equipment or operations 
used by various commercial and industrial facilities, construction and demolition 
equipment and operations, as well as various other sources.  The amount and type of 
emissions produced, and their potential to cause significant impacts, depends on the type 
and level of development proposed.  The following sections describe the recommended 
methods generally used to calculate emissions from residential and commercial projects. 
  
5.1 Motor Vehicle Emissions 
 
Motor vehicles are the primary source of long-term emissions caused by residential and 
commercial land uses.  These land uses often do not directly emit significant amounts of 
air pollutants, but cause or attract motor vehicle trips that do produce emissions.  Such 
land uses are referred to as indirect sources. 
 
Motor vehicle emissions associated with indirect sources should be calculated for projects, 
which exceed the screening criteria listed in Table 2, Screening Criteria for Project Air 
Quality Impacts.  Calculations should be based on the most recent vehicle emission factors 
(EMFAC series) provided by the California Air Resources Board (CARB), and trip generation 
factors published by the Institute of Transportation Engineers (ITE).  These factors have 
been incorporated into a simple computer model called CalEEMod.  CalEEMod 
incorporates the EMFAC emission factors and ITE trip rates.   
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CalEEMod is a planning tool for estimating vehicle travel, fuel use and resulting emissions 
related to land use projects.  The model calculates emissions of ROG, CO, NOX and PM10 
from vehicle use associated with new or modified development such as shopping centers, 
housing, commercial services and industrial land uses.  CalEEMod allows users to compare 
motor vehicle emissions as a function of the number of vehicle trips associated with a 
given land use and the vehicle miles traveled for each particular type of trip taken.  The 
calculated emissions can then be used as a basis for project screening. 
 
User-specific inputs to the model include project type, year, season, trip speed and other 
parameters.  The default values should be used when no other project specific information 
is available.  If different values are used, justification and documentation for the inputs 
should be provided on the appropriate document. 
 
The ICAPCD recommends using the most recent version of CalEEMod and the 
corresponding version of EMFAC.  A link to the most recent version of CalEEMod can be 
accessed from the California Air Pollution Control Officers Association (CAPCOA) website 
at www.capcoa.org or at www.caleemod.com.  As an alternative, the petitioner may 
choose to manually evaluate the air emissions associated with a particular project. 
 
A thorough emissions analysis should be performed on all relevant emission sources, 
using emission factors from EPA document AP-42 “Compliance of Air Pollutant Emission 
Factors”, the latest version of EMFAC, or other approved source(s).  The emission analysis 
should include calculations for estimated emissions of all criteria pollutants and toxic 
substances released from the project.  Documentation of emission factors and all 
assumptions should be provided. 
 
6. Air Quality Analysis 
 
This section is intended to help project proponents understand the application of an Air 
Quality Analysis.  Typically, during the initial study portion of a proposed project a 
preliminary Air Quality Analysis, such as CalEEMod, is conducted to help reveal potential 
air quality impacts.   When indications of the analysis demonstrates that a project may 
potentially have significant impacts then further review is required to identify those 
impacts and to determine the appropriate mitigation measures.  As mentioned before a 
Lead Agency has the discretionary authority to determine the type of environmental 
documentation which is required.  There is a distinction; the Lead Agency may only require 
a Comprehensive Air Quality Analysis Report as opposed to an EIR.  However, even when 
a Lead Agency does not require an EIR and the proposed project either meets or exceeds 
those significance criteria mentioned above a Comprehensive Air Quality Analysis Report 

http://www.capcoa.org/
http://www.caleemod.com/
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is still required.  For all other projects, a preliminary Air Quality Analysis such as an initial 
study with CalEEMod is sufficient enough to identify potential impacts and their respective 
mitigation measures.   
 
6.1 Comprehensive Air Quality Analysis Report 
 
A Comprehensive Air Quality Analysis Report should address the air quality impacts from 
both the construction and operational phases of a proposed project.  The analysis should 
include, at a minimum, all of the following: 
 
a. A description of the existing air quality and related emissions within the impacted area, 

including the attainment status of the ICAPCD relative to State and Federal air quality 
standards and any existing regulatory restrictions to development.  Included should 
be data from the closest air quality monitoring station(s) to the project site.  The most 
recent Clean Air Plans should be consulted for applicable information. 

 
b. A description of criteria and toxic air pollutants emitted from the project and their 

primary health impacts.  The description shall include short and long term health 
effects from exposure of elevated levels of these pollutants.  As well as, a description 
of the impact upon encroaching development from the emissions of toxic and criteria 
pollutants from existing facilities.  In addition, this section shall describe how increase’s 
in these pollutants impact the health of any susceptible group.  

 
c. A thorough emission analysis should be performed on all relevant emission sources 

using the latest version of CalEEMod or other ICAPCD approved source(s).  The 
emission analysis should include calculations for estimated emissions of all criteria 
pollutants and toxic substances released from the anticipated land mix on a daily and 
yearly basis.  Documentation of emission factors and all assumptions (i.e. anticipated 
land uses, average daily trip rates from generation studies, etc) should be provided as 
an appendix to the Comprehensive Air Quality Analysis Report. 

 
d. The Comprehensive Air Quality Analysis Report should include a range of alternatives 

to the proposed project that could effectively minimize air quality impacts, if feasible.  
A thorough emissions analysis should be conducted for each of the proposed 
alternatives identified.  The project proponent and/or interested parties should contact 
the ICAPCD if additional information and guidance is required.  All calculations and 
assumptions used should be fully documented as an appendix to the Comprehensive 
Air Quality Analysis Report. 
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e. For those projects with a potential to generate heavy volumes of traffic and which can 
lead to high levels of CO, hot spot modeling should be used to determine compliance 
with the state CO standard at the intersections and/or roadway links that are 
considered most impacted by the proposed project.   The “hot spots” should be 
determined according to the traffic impact analysis.  One of the most common models 
is CALINE4, developed by and available from the California Department of 
Transportation; however, any other ICAPCD approved hot spot model can be used.  If 
determinative results from the air modeling indicate a significant impact, mitigation 
measures must be identified and incorporated into the appropriate environmental 
document.  The effectiveness of any proposed mitigation measure(s) should be 
quantified by estimating the effects of the measure(s) on the volume of traffic and/or 
speeds, and CO concentrations. 

 
f. The Comprehensive Air Quality Analysis Report should include a section describing 

the cumulative impacts from all identified existing and proposed future projects.  
Under CEQA “cumulative impacts” refers to two or more individual effects which when 
considered together are considerable or which compound or increase other 
environmental impacts.  CEQA also explains that any cumulative impact analysis 
should consider the incremental impact of a project added to other closely related 
past, present and reasonably foreseeable probable future projects.24   Lead Agencies 
should utilize the threshold limits in Section 4.  In addition, any cumulative CO analysis 
should be accounted for in a CO hotspot analysis described above.  

 
g. The Comprehensive Air Quality Analysis Report should include an evaluation of the 

projects consistency with the Clean Air Plan and applicable ICAPCD Rules and 
Regulations. 

 
h. Mitigation measures should be recommended, as appropriate, following the 

guidelines of this handbook. 
 
i. Construction Emission Analysis 
 

As mentioned previously, construction-related emissions are generally short-term in 
duration, but may still cause temporary adverse air quality impacts.  In some cases, the 
emissions from construction represent the largest air quality impact associated with a 
given project.  The most common activities associated with construction involve site 
preparation, earthmoving activities and general construction.  These activities include 
but are not limited to, demolition, grading, excavation, cut and fill operations, 
trenching, soil compaction, land clearing, grubbing and the addition of improvements 

                                                           
24 CEQA Guidelines section 15355 
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such as roadway surfaces, structures and facilities.  These common construction 
activities generate emissions from 

 
1. Fuel combustion from mobile heavy-duty diesel and gasoline powered equipment. 
2. Portable auxiliary equipment 
3. Worker commuter trips 
4. Fugitive dust from soil disturbance. 

 
The types of pollution that construction activities can generate include PM10, ROG, 
NOx, CO and possibly air toxics.   However, with respect to general construction 
activities, PM10 is the pollutant of greatest concern.  Construction related PM10 
emissions can cause a substantial increase in localized concentrations, which under 
certain circumstances can contribute to violations of the state and federal ambient air 
quality standards.  As such, the Imperial County adopted Regulation VIII, which 
contains a variety of feasible fugitive dust control measures to help bring the ICAPCD 
into compliance with the National Ambient Air Quality Standards (NAAQS).  Therefore, 
implementation of the Regulation and its measures apply to any proposed project 
regardless of its determined level of significance or size. 
 
The emissions from construction activities, such as fugitive PM10 and exhaust 
emissions from construction equipment, must be quantified and identified in an EIR 
or a Comprehensive Air Quality Analysis Report.   Table 4 below is intended to serve 
as a guide for project developers and interested parties in determining the 
recommended type of mitigation measures.    

 
Table 4, Thresholds of Significance for Construction Activities 

 
Pollutant Thresholds 

PM10 150 lbs/day 

ROG 75 lbs/day 

NOx 100 lbs/day 

CO 550 lbs/day 
 
PROJECTS BELOW THE THRESHOLD OF SIGNIFICANCE FOR CONSTRUCTION 
 
For those residential and commercial projects which fall below the level of significance for 
construction adherence to the most current rules adopted for the control of fugitive dust 
is mandatory.  In addition, the ICAPCD requires the use of the standard mitigation 
measures for construction equipment and fugitive dust found under Section 7.1 of this 
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handbook.  Please note that the mitigation measures listed are not intended to be all 
inclusive.  Alternative mitigation measures may be proposed either by the project 
proponent, the Lead Agency or the ICAPCD.  In any event, the ICAPCD requires that any 
alternative mitigation measure be fully documented with a copy of the documentation 
attached to the Initial study. 
 
PROJECTS GREATER THAN THE THRESHOLD OF SIGNIFICANCE FOR 
CONSTRUCTION 
 
Residential and commercial projects which are greater than the level of significance for 
construction may have a significant impact on local and, under certain circumstances, 
regional air quality.  These projects must conduct a construction analysis that 
appropriately reflects the identified potential construction air quality impacts.  In addition, 
the quantification of construction emissions should be utilized to help define the analysis 
of a health risk assessment. A health risk assessment requires a diesel exhaust screening 
level which should be performed in consultation with ICAPCD engineering staff.  Projects 
that are prone to a significant use of heavy-duty diesel equipment and that are within 
areas prone to human exposure will be required to perform a diesel exhaust screening 
level.  Factors considered by the ICAPCD staff when determining if a screening risk analysis 
is necessary include the expected emissions from diesel equipment, the location of the 
project and the distance to sensitive receptors.   

 
In order to help reduce or eliminate construction impacts these projects are required to 
implement standard, discretionary and enhanced mitigation measures found in Section 
7.1 for construction equipment and fugitive PM10.  In addition, a health risk assessment 
as described above is also required.   
 
In order to help Lead Agencies identify feasible mitigation measures for those projects 
which have been deemed to have a significant environmental impact, a mitigation 
measures section has been added to this handbook.  Section 7, Mitigation Measures, 
includes a menu of mitigation measures for the construction and operational phases of a 
project.  Subsection 7.1 lists the feasible mitigation measures that are recommended for 
the construction phase of the project while Subsection 7.2 lists the feasible mitigation 
measures for the operational phase of a project.  Because Section 7 in its entirety does 
not represent a comprehensive list of all mitigation measures the project proponent or 
the Lead Agency may propose alternative mitigation measures that are capable of 
providing the same level of mitigation.  The ICAPCD requires documentation of all 
alternative mitigation measures and a copy of the documentation should be attached to 
the Initial Study. 
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In no way does this CEQA handbook absolve or otherwise preclude a project from 
compliance with any and all appropriate Imperial County Air Pollution Control 
District Rules and Regulations.  All projects are required to comply with applicable 
ICAPCD rules and regulations.  For the construction phase of a project this means 
that compliance with the requirements of Regulation VIII is absolute. 
 
7. Mitigation Measures 
       
Under CEQA, a Lead Agency must mitigate or avoid significant environmental impacts 
associated with a proposed project.  Projects which have been deemed to have a 
significant environmental impact must identify feasible mitigation measures or 
alternatives to reduce the impacts below a level of significance.  Thus, an EIR must not 
only identify significant environmental impacts but the EIR must attempt to mitigate or 
avoid those significant impacts by implementing feasible mitigation measures.  Similarly, 
a MND should identify mitigation measures and include those measures as part of the 
project to reduce impacts on air quality to a less than significant.  To achieve a level of 
insignificance, a project must reduce its air quality impacts below the threshold levels 
indicated in Section 4.  In order to help Lead Agencies make proper discretionary 
judgments regarding the feasibility of the mitigation measures pertaining to air quality 
the following information is provided. 
 
This section contains a menu of mitigation measures, which may be used by project 
proponents and local agencies, to mitigate air quality impacts resulting from any 
proposed project.  By definition an air quality mitigation measure must go beyond 
already existing requirements and regulations.  Federal, State and local level regulatory 
programs currently exist to reduce air pollutant emissions from a variety of sources.  Even 
with these regulatory programs additional mitigation measures are needed to 
supplement and compliment already existing regulations to help eliminate air quality 
impacts.   
 
7.1 Construction Equipment and Fugitive PM10 Mitigation Measures 
 
Construction emissions, while traditionally temporary in nature, have been known to 
cause adverse air quality impacts.  In fact, in some cases, construction emissions tend to 
represent the largest portion of the air quality impacts associated with a given project.  
Emissions resulting from the common activities associated with general construction and 
construction equipment both contribute to elevated concentrations of PM10, CO and 
ozone precursor emissions. 
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Below are a number of fugitive dust mitigation measures, which have been shown to 
significantly reduce emissions.  The following examples are not considered all inclusive.  
Use of alternative mitigation measures may also be considered if the appropriate 
documentation is provided. 
 
In no way does compliance with Regulation VIII, Fugitive Dust Control measures 
alleviate or otherwise preclude a project from compliance with any and all other 
applicable laws, ordinances, resolutions, rules, statutes or other local, state or 
federal regulations or requirements. 
 
REGULATION VIII - FUGITIVE DUST CONTROL MEASURES (Most recently adopted) 
– All construction sites, regardless of size, must comply with the requirements contained 
within Regulation VIII.  Although compliance with Regulation VIII does not constitute 
mitigation under the reductions attributed to environmental impacts its main purpose is 
to reduce the amount of PM10 entrained into the atmosphere as a result of anthropogenic 
(man-made) fugitive dust sources.  Therefore, under all preliminary modeling a 
presumption is made that all projects are in compliance with Regulation VIII. 
   
Standard Mitigation Measures for Fugitive PM10 Control 
 
a. All disturbed areas, including Bulk Material storage which is not being actively utilized, 

shall be effectively stabilized and visible emissions shall be limited to no greater than 
20% opacity for dust emissions by using water, chemical stabilizers, dust suppressants, 
tarps or other suitable material such as vegetative ground cover. 

 
b. All on site and off site unpaved roads will be effectively stabilized and visible emissions 

shall be limited to no greater than 20% opacity for dust emissions by paving, chemical 
stabilizers, dust suppressants and/or watering. 

 
c. All unpaved traffic areas one (1) acre or more with 75 or more average vehicle trips 

per day will be effectively stabilized and visible emission shall be limited to no greater 
than 20% opacity for dust emissions by paving, chemical stabilizers, dust suppressants 
and/or watering. 

 
d. The transport of Bulk Materials shall be completely covered unless six inches of 

freeboard space from the top of the container is maintained with no spillage and loss 
of Bulk Material.  In addition, the cargo compartment of all Haul Trucks is to be cleaned 
and/or washed at delivery site after removal of Bulk Material. 
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e. All Track-Out or Carry-Out will be cleaned at the end of each workday or immediately 
when mud or dirt extends a cumulative distance of 50 linear feet or more onto a paved 
road within an Urban area. 

 
f. Movement of Bulk Material handling or transfer shall be stabilized prior to handling 

or at points of transfer with application of sufficient water, chemical stabilizers or by 
sheltering or enclosing the operation and transfer line. 

 
g. The construction of any new Unpaved Road is prohibited within any area with a 

population of 500 or more unless the road meets the definition of a Temporary 
Unpaved Road.  Any temporary unpaved road shall be effectively stabilized and visible 
emissions shall be limited to no greater than 20% opacity for dust emission by paving, 
chemical stabilizers, dust suppressants and/or watering. 

 
In order to provide a greater degree of PM10 reductions, above that required by 
Regulation VIII, the ICAPCD recommends the following: 
 
Discretionary Mitigation Measures for Fugitive PM10 Control 
 
a. Water exposed soil with adequate frequency for continued moist soil. 
 
b. Replace ground cover in disturbed areas as quickly as possible 
 
c. Automatic sprinkler system installed on all soil piles 
  
d. Vehicle speed for all construction vehicles shall not exceed 15 mph on any unpaved 

surface at the construction site. 
 
e. Develop a trip reduction plan to achieve a 1.5 AVR for construction employees 
  
f. Implement a shuttle service to and from retail services and food establishments during 

lunch hours  
 
Although the preceding discussion of construction impacts and mitigation measures are 
primarily focused on PM10 emissions from fugitive dust sources, Lead Agencies should 
also seek to reduce emissions from construction equipment exhaust.  Because of the 
availability of new control devices, required in the manufacturing of PM oxidation catalysts 
and NOx absorbers, substantial reductions in PM and NOx emissions from diesel engines 
is achievable.  These new retrofit kits and in some cases new original equipment require 
the use of ultra low sulfur diesel in order to be effective. 
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Standard Mitigation Measures for Construction Combustion Equipment 
 
a. Use of alternative fueled or catalyst equipped diesel construction equipment, 

including all off-road and portable diesel powered equipment. 
 
b. Minimize idling time either by shutting equipment off when not in use or reducing the 

time of idling to 5 minutes as a maximum. 
 
c. Limit, to the extent feasible, the hours of operation of heavy duty equipment and/or 

the amount of equipment in use 
 
d. Replace fossil fueled equipment with electrically driven equivalents (provided they are 

not run via a portable generator set) 
 
To help provide a greater degree of reduction of PM emissions from construction 
combustion equipment the ICAPCD recommends the following enhanced measures. 
 
Enhanced Mitigation Measures for Construction Equipment 
 
a. Curtail construction during periods of high ambient pollutant concentrations; this 

may include ceasing of construction activity during the peak hour of vehicular 
traffic on adjacent roadways 

 
b. Implement activity management (e.g. rescheduling activities to reduce short-term 

impacts) 
 
7.2 Standard Mitigation Measures for Project Operations 
 
These standard air quality mitigation measures have been separated according to land 
use and mitigation type.   
 
According to Table 1, Tier I, projects generating less than 137 lbs/day of NOx or ROG; 
less than 150 lbs/day of PM10 or SOX; or less than 550 lbs/day of CO or PM2.5, the 
Initial Study should require implementation of all the Standard Mitigation Measures 
in order to help mitigate or reduce the air quality impacts to a level of insignificance.  
However, simple implementation of the mitigation measures does not guarantee 
that the project will be insignificant.  The insignificance must be determined by the 
results of the Initial Study.   
 



Imperial County APCD  CEQA Air Quality Handbook  Page 26 

According to Table 1, Tier II, projects generating 137 lbs/day or greater of NOx or 
ROG; 150 lbs/day or greater of PM10 or SOX; or 550 lbs/day or greater of CO or PM2.5, 
the EIR or Comprehensive Air Quality Analysis Report should select and implement 
all feasible and practicable measures from the discretionary list, in addition to the 
Standard Mitigation Measures. 
 
RESIDENTIAL PROJECTS 
 
Standard mitigation measures for residential projects include the following site design 
and energy efficiency standards: 
 
Standard Site Design Measures 
 
a. Link cul-de-sacs and dead-end streets to encourage pedestrian and bicycle travel; 
 
b. Allocate easements or land dedications for bikeways and pedestrian walkways; 
 
c. Provide continuous sidewalks separated from the roadway by landscaping and on-

street parking.  Adequate lighting for sidewalks must be provided, along with 
crosswalks at intersections; 

 
d. Bicycle storage at apartment complexes or condos without garages. 
 
Standard Energy Efficiency Measures 
 
a. Measures which meet mandatory, prescriptive and/or performance measures as 

required by Title 24. 
 
COMMERCIAL PROJECTS 
 
Standard mitigation measures for commercial projects include the following site design 
and energy efficiency standards: 
 
Standard Site Design Measures 
 
a. Provide on-site bicycle lockers and/or racks; 
 
b. Provide on-site eating, refrigeration and food vending facilities to reduce 

lunchtime trips; 
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c. Provide shower and locker facilities to encourage employees to bike and/or walk 
to work; 

 
d. Provide for paving a minimum of 100 feet from the property line for commercial 

driveways that access County paved roads as per County Standard Commercial 
Driveway Detail 410B (formerly SW-131A). 

 
Standard Energy Efficiency Measures 
 
a. Measures which meet mandatory, prescriptive and/or performance measures as 

required by Title 24. 
 
7.3 Discretionary Mitigation Measures 
 
The discretionary mitigation measures listed in this section have been separated 
according to land use and mitigation type.  It is important to note that the measures 
identified here do not represent a comprehensive list of all mitigation measures possible.  
Project proponents are encouraged to propose other alternatives that are capable of 
providing the same level of mitigation. 
 
RESIDENTIAL PROJECTS 
 
Discretionary Site Design Measures 
 
a. If the project is located on an established transit route, improve public transit 

accessibility by providing transit turnouts with direct pedestrian access to project. 
 
b. For bus service within a ¼ mile of the project provide bus stop improvements such 

as shelters, route information, benches and lighting.  
 
c. Increase street tree planting. 
 
d. Outdoor electrical outlets to encourage the use of electric appliances and tools. 
 
e. Provide bikeway lanes and/or link new comparable bikeway lanes to already 

existing lanes. 
 
f. Increase the number of bicycle routes/lanes. 
 
g. Provide pedestrian signalization and signage to improve pedestrian safety. 
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h. Synchronize traffic lights on streets impacted by development 
 
Discretionary Energy Efficiency Measures 
   
a. Use roof material with a solar reflectance value meeting the EPA/DEO Energy Star® 

rating to reduce summer cooling needs. 
 
b. Use high efficiency gas or solar water heaters. 
 
c. Use built-in energy efficient appliances. 
 
d. Use double-paned windows. 
 
e. Use low energy street lighting (i.e. sodium). 
 
f. Use energy efficient interior lighting. 
 
g. Use low energy traffic signals (i.e. light emitting diode). 
 
h. Install door sweeps and weather stripping if more efficient doors and windows are 

not available. 
 
COMMERCIAL PROJECTS 
 
Discretionary Site Design Measures 
 
a. Increase street tree planting 
 
b. Shade tree planting in parking lots to reduce evaporative emissions from parked 

vehicles. 
 
c. Increase number of bicycle routes/lanes. 
 
d. If the project is located on an established transit route, improve public transit 

accessibility by providing transit turnouts with direct pedestrian access to protect 
or improve transit stop amenities. 

 
e. For bus service within a ¼ mile of the project provide bus stop improvements such 

as shelters, route information, benches and lighting 
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f. Implement on-site circulation design elements in parking lots to reduce vehicle 

queuing and improve the pedestrian environment. 
 
g. Provide pedestrian signalization and signage to improve pedestrian safety. 
 
h. Synchronize traffic lights on streets impacted by development 
 
Discretionary Energy Efficiency Measures 
 
a. Use roof material with a solar reflectance value meeting the EPA/DOE Energy Star® 

rating to reduce summer cooling needs. 
 
b. Use built-in energy efficient appliances, where applicable. 
 
c. Use double-paned windows. 
 
d. Use low energy parking lot and street lights (i.e. sodium). 
 
e. Use energy efficient interior lighting. 
 
f. Use low energy traffic signals (i.e. light emitting diode). 
 
g. Install door sweeps and weather stripping if more efficient doors and windows are 

not available. 
 
h. Install high efficiency gas/electric space heating. 
 
INDUSTRIAL PROJECTS 
 
a. Implement carpool/vanpool programs and incentives (i.e. carpool ride matching 

for employees, assistance with vanpool formation, provision of vanpool vehicles, 
etc.) 

 
b. Provide for shuttle/mini bus service such as to establish a shuttle service from 

residential care areas to the worksite. 
 
c. Provide preferential carpool and vanpool parking 
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d. Construct transit facilities such as bus turnouts/bus bulbs, benches, shelters, etc if 
the project is located on an established transit route. 

 
e. Design and locate buildings to facilitate transit access (i.e., locate building 

entrances near transit stops, eliminate building setbacks, etc.) 
 
f. Provide incentives to employees to take public transportation, walk, bike, etc. 
 
g. Provide pedestrian signalization and signage to improve pedestrian safety. 
 
h. Implement on-site circulation design elements in parking lots to reduce vehicle 

queing and improve the pedestrian environment. 
 
i. Provide on-site bicycle and motorcycle parking.  Such as providing weather-

protected bicycle parking for employees. 
 
j. Provide safe, direct access for bicyclists to adjacent bicycle routes. 
 
k. Provide shower and locker facilities to encourage employees to bike and/or walk 

to work – typically, one shower and three lockers for every 25 employees. 
 
l. Provide on-site eating, refrigeration and food vending facilities to reduce 

lunchtime trips. 
 
m. Increase street tree planting 
 
n. Measures which meet mandatory, prescriptive and/or performance measures as 

required by Title 24. 
 
o. Use low emission fleet vehicles such as TLEV, ULEV, LEV, ZEV 
 
p. Install an electrical vehicle charging station with both conductive and inductive 

charging capabilities. 
 
q. Use built-in energy efficient appliances, where applicable. 
 
r. Use double-paned windows 
 
s. Use low energy parking lot and street lights 
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t. Use energy efficient interior lighting 
 
7.4 Off-site Mitigation  
 
Off-site mitigation for Commercial and Residential Developments: 
 
Off-site mitigation measures are designed to offset emissions from residential and 
commercial projects that cannot be fully mitigated with on-site measures.  Typically, off-
site reductions can occur as a result from either stationary or mobile sources.  For example, 
NOx emissions from increased vehicle trips from a residential development could be 
reduced by funding the expansion of existing transit services.  Rule 310, Operational 
Development Fee has been adopted by the ICAPCD as a sound method for mitigating the 
emissions produced from the operations of new development projects throughout the 
County of Imperial.  All project proponents have the option of either providing off-site 
mitigation or paying an Operational Development Fee.  The evaluation process in 
providing this fee is found within the applicability and administrative requirements of Rule 
310 
 
Off-site mitigation for Industrial Projects: 
 
Because industrial development projects are by their very nature much more complex, the 
evaluation of the air impacts resulting from an industrial development is addressed at two 
levels: that of the environmental review process and that of the ICAPCD permitting review 
process.  The ICAPCD permitting review process addresses mitigation of air emissions 
from the Stationary source.   Therefore, the ICAPCD has adopted the guidance policy #5 
to help Lead Agencies and interested parties in the evaluation of off-site mitigation from 
mobile sources attracted to the stationary sources.   



 

INTERGOVERNMENTAL PANEL ON climate change

 

The Intergovernmental Panel on Climate Change (IPCC) is the leading international body for the assessment 
of climate change. It was established by the United Nations Environment Programme (UNEP) and the World 

Meteorological Organization (WMO) to provide an authoritative international assessment of the scientific 
aspects of climate change, based on the most recent scientific, technical and socio-economic information 
published worldwide. The IPCC’s periodic assessments of the causes, impacts and possible response strategies 
to climate change are the most comprehensive and up-to-date reports available on the subject, and form the 
standard reference for all concerned with climate change in academia, government and industry worldwide. This 
Synthesis Report is the fourth element of the IPCC Fifth Assessment Report, Climate Change 2013/2014. More than  
800 international experts assessed climate change in this Fifth Assessment Report. The three Working Group 
contributions are available from the Cambridge University Press:
 
Climate Change 2013 – The Physical Science Basis 
Contribution of Working Group I  to the Fifth Assessment Report of the IPCC
(ISBN 9781107661820 paperback; ISBN 9781107057999 hardback) 

Climate Change 2014 – Impacts, Adaptation, and Vulnerability         
Contribution of Working Group II to the Fifth Assessment Report of the IPCC
(Part A: ISBN 9781107641655 paperback; ISBN 9781107058071 hardback)
(Part B: ISBN 9781107683860 paperback; ISBN 9781107058163 hardback)

Climate Change 2014 – Mitigation of Climate Change                   
Contribution of Working Group III to the Fifth Assessment Report of the IPCC
(ISBN 9781107654815 paperback; ISBN 9781107058217 hardback) 

Climate Change 2014 – Synthesis Report is based on the assessments carried out by the three Working Groups of 
the IPCC and written by a dedicated Core Writing Team of authors. It provides an integrated assessment of climate 
change and addresses the following topics: 
• Observed changes and their causes
• Future climate changes, risks and impacts 
• Future pathways for adaptation, mitigation and sustainable development
• Adaptation and mitigation
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Foreword

The Synthesis Report (SYR) distils and integrates the findings of the 
three Working Group contributions to the Fifth Assessment Report 
(AR5) of the Intergovernmental Panel on Climate Change (IPCC), the 
most comprehensive assessment of climate change undertaken thus 
far by the IPCC: Climate Change 2013: The Physical Science Basis; Cli-
mate Change 2014: Impacts, Adaptation, and Vulnerability; and Clima-
te Change 2014: Mitigation of Climate Change. The SYR also incorpo-
rates the findings of two Special Reports on Renewable Energy Sources 
and Climate Change Mitigation (2011) and on Managing the Risks of 
Extreme Events and Disasters to Advance Climate Change Adaptation 
(2011). 

The SYR confirms that human influence on the climate system is clear 
and growing, with impacts observed across all continents and oceans. 
Many of the observed changes since the 1950s are unprecedented over 
decades to millennia. The IPCC is now 95 percent certain that humans 
are the main cause of current global warming. In addition, the SYR finds 
that the more human activities disrupt the climate, the greater the risks 
of severe, pervasive and irreversible impacts for people and ecosystems, 
and long-lasting changes in all components of the climate system. The 
SYR highlights that we have the means to limit climate change and 
its risks, with many solutions that allow for continued economic and 
human development. However, stabilizing temperature increase to 
below 2°C relative to pre-industrial levels will require an urgent and 
fundamental departure from business as usual. Moreover, the longer we 
wait to take action, the more it will cost and the greater the technologi-
cal, economic, social and institutional challenges we will face.

These and the other findings of the SYR have undoubtedly and consi-
derably enhanced our understanding of some of the most critical issues 
in relation to climate change: the role of greenhouse gas emissions; the 
severity of potential risks and impacts, especially for the least develo-
ped countries and vulnerable communities, given their limited ability 
to cope; and the options available to us and their underlying require-
ments to ensure that the effects of climate change remain manageable. 
As such, the SYR calls for the urgent attention of both policymakers 
and citizens of the world to tackle this challenge.

The timing of the SYR, which was released on 2nd November 2014 in 
Copenhagen, was crucial. Policymakers met in December 2014 in Lima 
at the 20th Conference of Parties under the United Nations Framework 
Convention on Climate Change (UNFCCC) to prepare the groundwork 
for the 21st Session in 2015 in Paris, when they have been tasked with 
concluding a new agreement to deal with climate change. It is our 
hope that the scientific findings of the SYR will be the basis of their 
motivation to find the way to a global agreement which can keep cli-
mate change to a manageable level, as the SYR gives us the knowledge 
to make informed choices, and enhances our vital understanding of the 
rationale for action – and the serious implications of inaction. Ignorance 
can no longer be an excuse for tergiversation. 

As an intergovernmental body jointly established in 1988 by the World 
Meteorological Organization (WMO) and the United Nations Environ-
ment Programme (UNEP), the Intergovernmental Panel on Climate 
Change (IPCC) has provided policymakers with the most authoritative 

and objective scientific and technical assessments in this field. Begin-
ning in 1990, this series of IPCC Assessment Reports, Special Reports, 
Technical Papers, Methodology Reports and other products have 
become standard works of reference.

The SYR was made possible thanks to the voluntary work, dedication 
and commitment of thousands of experts and scientists from around 
the globe, representing a range of views and disciplines. We would 
like to express our deep gratitude to all the members of the Core Wri-
ting Team of the SYR, members of the Extended Writing Team, and the 
Review Editors, all of whom enthusiastically took on the huge chal-
lenge of producing an outstanding SYR on top of the other tasks they 
had already committed to during the AR5 cycle. We would also like 
to thank the staff of the Technical Support Unit of the SYR and the 
IPCC Secretariat for their dedication in organizing the production of 
this IPCC report. 

We also wish to acknowledge and thank the governments of the IPCC 
member countries for their support of scientists in developing this 
report, and for their contributions to the IPCC Trust Fund to provide 
the essentials for participation of experts from developing countries 
and countries with economies in transition. We would like to express 
our appreciation to the government of Wallonia (Belgium) for hosting 
the Scoping Meeting of the SYR, to the governments of Norway, the 
Netherlands, Germany and Malaysia for hosting drafting sessions of the 
SYR, and to the government of Denmark for hosting the 40th Session of 
the IPCC where the SYR was approved. The generous financial support 
from the governments of Norway and the Netherlands, from the Korea 
Energy Economics Institute, and the in-kind support by the Netherlands 
Environmental Assessment Agency and The Energy and Resources Insti-
tute, New Delhi (India), enabled the smooth operation of the Technical 
Support Unit of the SYR. This is gratefully acknowledged.

We would particularly like to express our thanks to Dr Rajendra K. 
Pachauri, Chairman of the IPCC, for his leadership and constant gui-
dance throughout the production of this report.

Michel Jarraud
Secretary General
World Meteorological Organization

Achim Steiner
Executive Director
United Nations Environmental Programme
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Preface

The Synthesis Report (SYR), constituting the final product of the Fifth 
Assessment Report (AR5) of the Intergovernmental Panel on Climate 
Change (IPCC), is published under the title Climate Change 2014. This 
report distils, synthesizes and integrates the key findings of the three 
Working Group contributions – The Physical Science Basis, Impacts, 
Adaptation, and Vulnerability and Mitigation of Climate Change – to 
the AR5 in a concise document for the benefit of decision makers in 
the government, the private sector as well as the public at large. The 
SYR also draws on the findings of the two Special Reports brought out 
in 2011 dealing with Renewable Energy Sources and Climate Change 
Mitigation, and Managing the Risks of Extreme Events and Disasters to 
Advance Climate Change Adaptation. The SYR, therefore, is a compre- 
hensive up-to-date compilation of assessments dealing with climate 
change, based on the most recent scientific, technical and socio-economic  
literature in the field.

Scope of the Report

This document is the result of coordinated and carefully connected 
cross Working Group efforts to ensure coherent and comprehensive  
information on various aspects related to climate change. This SYR  
includes a consistent evaluation and assessment of uncertainties and 
risks; integrated costing and economic analysis; regional aspects; 
changes, impacts and responses related to water and earth systems, 
the carbon cycle including ocean acidification, cryosphere and sea 
level rise; as well as treatment of mitigation and adaptation options 
within the framework of sustainable development. Through the entire 
length of the SYR, information is also provided relevant to Article 2, 
the ultimate objective of the United Nations Framework Convention 
on Climate Change (UNFCCC).

Other aspects of climate change covered in this report include direct 
impacts of climate change on natural systems as well as both direct 
and indirect impacts on human systems, such as human health, food 
security and security of societal conditions. By embedding climate 
change risk and issues of adaptation and mitigation within the frame-
work of sustainable development, the SYR also highlights the fact that 
nearly all systems on this planet would be affected by the impacts 
of a changing climate, and that it is not possible to draw boundaries 
around climate change, its associated risks and impacts on the one 
hand and on the other, development which meets the needs of the 
present generation without compromising the ability of future gene-
rations to meet their own needs. The Report, therefore, also focuses 
on connections between these aspects and provides information on 
how climate change overlaps with and mainstreams into other deve-
lopmental issues.

Structure

The Report comprises a Summary for Policymakers (SPM) and a longer 
report from which the SPM is derived, as well as annexes. Even though 
the SPM follows a structure and sequence similar to that in the longer 

report, some specific issues covered under more than one topic of the 
longer report are summarized in one particular section of the SPM. 
Each paragraph of the SPM contains references to the respective text 
in the longer report. In turn, the latter contains extensive references to 
relevant chapters of the underlying Working Group Reports or the two 
Special Reports mentioned above. The SYR is essentially self-contained, 
and its SPM includes the most policy relevant material drawn from the 
longer report and the entire AR5.

All the three contributions to the AR5 including each Summary for  
Policymakers, each Technical Summary, frequently asked questions as 
well as the Synthesis Report in all official UN languages are available 
online on the IPCC website and in electronic offline versions. In these 
electronic versions, references in the SYR to relevant parts of the under-
lying material are provided as hyperlinks, thereby enabling the reader to 
easily find further scientific, technical and socio-economic information. 
A user guide, glossary of terms used and listing of acronyms, authors, 
Review Editors and Expert Reviewers are provided in the annexes to 
this report.

To facilitate access to the findings of the SYR for a wide readership 
and to enhance their usability for stakeholders, each section of the 
SPM carries highlighted headline statements. Taken together, these  
21 headline statements provide an overarching summary in simple and 
completely non-technical language for easy assimilation by readers 
from different walks of life. These headline statements have been craf-
ted by the authors of the Report, and approved by the member gover-
nments of the IPCC.

The longer report is structured around four topic headings as manda-
ted by the Panel:

Observed changes and their causes (Topic 1) integrates new information 
from the three Working Groups on observed changes in the climate  
system, including changes in the atmosphere, oceans, cryosphere and 
sea level; recent and past drivers and human influences affecting emis-
sion drivers; observed impacts, including changes in extreme weather 
and climate events; and attribution of climate changes and impacts. 

Future climate changes, risks and impacts (Topic 2) presents informa- 
tion about future climate change, risks and impacts. It integrates infor-
mation about key drivers of future climate, the relationship between 
cumulative emissions and temperature change, and projected changes 
in the climate system in the 21st century and beyond. It assesses future 
risks and impacts caused by a changing climate and the interaction of 
climate-related and other hazards. It provides information about long-
term changes including sea-level rise and ocean acidification, and the 
risk of irreversible and abrupt changes. 

Future Pathways for Adaptation, Mitigation and Sustainable Deve-
lopment (Topic 3) addresses future pathways for adaptation and  
mitigation as complementary strategies for reducing and managing 
the risks of climate change and assesses their interaction with sus-
tainable development. It describes analytical approaches for effective 
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decision-making and differences in risks of climate change, adaptation 
and mitigation in terms of timescale, magnitude and persistence. It 
analyses the characteristics of adaptation and mitigation pathways, 
and associated challenges, limits and benefits, including for different 
levels of future warming.

Adaptation and Mitigation (Topic 4) brings together information from 
Working Groups II and III on specific adaptation and mitigation opti-
ons, including environmentally sound technologies and infrastructure, 
sustainable livelihoods, behaviour and lifestyle choices. It describes 
common enabling factors and constraints, and policy approaches,  
finance and technology on which effective response measures depend. 
It shows opportunities for integrated responses and links adaptation 
and mitigation with other societal objectives.

Process

The SYR of the AR5 of the IPCC has been prepared in accordance with 
the procedures of the IPCC to ensure adequate effort and rigor being 
achieved in the process. For the AR5 the preparation of the SYR was 
taken in hand a year earlier than was the case with the Fourth Assess- 
ment Report (AR4) – while the Working Group Reports were still 
being completed – with a view to enhancing integration and ensuring  
adequate synthesis. A scoping meeting specifically for proposing the 
detailed outline of the AR5 Synthesis Report was held in Liège,  
Belgium in August, 2010, and the outline produced in that meeting was 
approved by the Panel in October, 2010 in Busan, Republic of Korea. 
In accordance with IPCC procedures, the IPCC Chair in consultation 
with the Co-Chairs of the Working Groups nominated authors for the 
Core Writing Team (CWT) of the SYR and a total of 45 CWT members 
and 9 Review Editors were selected and accepted by the IPCC Bureau 
in March, 2012. In addition, 14 Extended Writing Team (EWT) authors 
were selected by the CWT with the approval of the Chair of the IPCC, 
and this latter group contributed substantially to the material and the 
text provided in this report. During evolution of the contents of the 
SYR the IPCC Bureau was approached and it approved the inclusion 
of 6 additional CWT members and an additional Review Editor.  
This further enhanced and deepened the expertise required for the  
preparation of the Report. The final draft report which has undergone 
a combined review by experts and governments was submitted to the 
40th Session of the IPCC, held from 27 October to 1 November 2014 in 
Copenhagen, Denmark, where governments approved the SPM line by 
line and adopted the longer report section by section. 
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Stephen H. Schneider 
(11 February 1945 – 19 July 2010)

The Synthesis Report of the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) is dedicated to 
the memory of Stephen H. Schneider, one of the foremost climate scientists of our time.

Steve Schneider, born in New York, trained as a plasma physicist, embraced scholarship in the field of climate science almost  
40 years ago and continued his relentless efforts creating new knowledge in the field and informing policymakers and the public 
at large on the growing problem of climate change and solutions for dealing with it. At all times Steve Schneider remained 
intrepid and forthright in expressing his views. His convictions were driven by the strength of his outstanding scientific expertise. 
He was highly respected as Founding Editor of the interdisciplinary journal Climatic Change and authored hundreds of books and 
papers, many of which were co-authored with scientists from diverse disciplines. His association with the IPCC began with the 
First Assessment Report which was published in 1990, and which played a major role in the scientific foundation of the UN Frame- 
work Convention on Climate Change. Subsequently, he was Lead Author, Coordinating Lead Author and Expert Reviewer for 
various Assessment Reports and a member of the Core Writing Team for the Synthesis Report of the Fourth Assessment Report. 
His life and accomplishments have inspired and motivated members of the Core Writing Team of this Report. Steve Schneider’s 
knowledge was a rare synthesis of several disciplines which are an essential part of the diversity inherent in climate science.
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Summary for Policymakers

2

SPM

Introduction

This Synthesis Report is based on the reports of the three Working Groups of the Intergovernmental Panel on Climate Change 
(IPCC), including relevant Special Reports. It provides an integrated view of climate change as the final part of the IPCC’s 
Fifth Assessment Report (AR5).

This summary follows the structure of the longer report which addresses the following topics: Observed changes and their 
causes; Future climate change, risks and impacts; Future pathways for adaptation, mitigation and sustainable development; 
Adaptation and mitigation.

In the Synthesis Report, the certainty in key assessment findings is communicated as in the Working Group Reports and 
Special Reports. It is based on the author teams’ evaluations of underlying scientific understanding and is expressed as a 
qualitative level of confidence (from very low to very high) and, when possible, probabilistically with a quantified likelihood 
(from exceptionally unlikely to virtually certain)1. Where appropriate, findings are also formulated as statements of fact with-
out using uncertainty qualifiers.

This report includes information relevant to Article 2 of the United Nations Framework Convention on Climate Change 
(UNFCCC).

SPM 1.  Observed Changes and their Causes

Human influence on the climate system is clear, and recent anthropogenic emissions of green-
house gases are the highest in history. Recent climate changes have had widespread impacts 
on human and natural systems. {1}

SPM 1.1  Observed changes in the climate system

Warming of the climate system is unequivocal, and since the 1950s, many of the observed 
changes are unprecedented over decades to millennia. The atmosphere and ocean have 
warmed, the amounts of snow and ice have diminished, and sea level has risen. {1.1}

Each of the last three decades has been successively warmer at the Earth’s surface than any preceding decade since 1850. The 
period from 1983 to 2012 was likely the warmest 30-year period of the last 1400 years in the Northern Hemisphere, where 
such assessment is possible (medium confidence). The globally averaged combined land and ocean surface temperature 
data as calculated by a linear trend show a warming of 0.85 [0.65 to 1.06] °C 2 over the period 1880 to 2012, when multiple 
independently produced datasets exist (Figure SPM.1a). {1.1.1, Figure 1.1}

In addition to robust multi-decadal warming, the globally averaged surface temperature exhibits substantial decadal and 
interannual variability (Figure SPM.1a). Due to this natural variability, trends based on short records are very sensitive to the 
beginning and end dates and do not in general reflect long-term climate trends. As one example, the rate of warming over 
  
1 Each finding is grounded in an evaluation of underlying evidence and agreement. In many cases, a synthesis of evidence and agreement supports an 

assignment of confidence. The summary terms for evidence are: limited, medium or robust. For agreement, they are low, medium or high. A level of 
confidence is expressed using five qualifiers: very low, low, medium, high and very high, and typeset in italics, e.g., medium confidence. The follow-
ing terms have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99–100% probability, very likely 90–100%, 
likely 66–100%, about as likely as not 33–66%, unlikely 0–33%, very unlikely 0–10%, exceptionally unlikely 0–1%. Additional terms (extremely 
likely 95–100%, more likely than not >50–100%, more unlikely than likely 0–<50%, extremely unlikely 0–5%) may also be used when appropriate. 
Assessed likelihood is typeset in italics, e.g., very likely. See for more details: Mastrandrea, M.D., C.B. Field, T.F. Stocker, O. Edenhofer, K.L. Ebi, D.J. Frame, 
H. Held, E. Kriegler, K.J. Mach, P.R. Matschoss, G.-K. Plattner, G.W. Yohe and F.W. Zwiers, 2010: Guidance Note for Lead Authors of the IPCC Fifth Assess-
ment Report on Consistent Treatment of Uncertainties, Intergovernmental Panel on Climate Change (IPCC), Geneva, Switzerland, 4 pp.

2 Ranges in square brackets or following ‘±’ are expected to have a 90% likelihood of including the value that is being estimated, unless otherwise 
stated.
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Figure SPM.1 |  The complex relationship between the observations (panels a, b, c, yellow background) and the emissions (panel d, 
light blue background) is addressed in Section 1.2 and Topic 1. Observations and other indicators of a changing global climate system. Observa-
tions: (a) Annually and globally averaged combined land and ocean surface temperature anomalies relative to the average over the period 1986 to 2005. 
Colours indicate different data sets. (b) Annually and globally averaged sea level change relative to the average over the period 1986 to 2005 in the 
longest-running dataset. Colours indicate different data sets. All datasets are aligned to have the same value in 1993, the first year of satellite altimetry 
data (red). Where assessed, uncertainties are indicated by coloured shading. (c) Atmospheric concentrations of the greenhouse gases carbon dioxide 
(CO2, green), methane (CH4, orange) and nitrous oxide (N2O, red) determined from ice core data (dots) and from direct atmospheric measurements (lines). 
Indicators: (d) Global anthropogenic CO2 emissions from forestry and other land use as well as from burning of fossil fuel, cement production and flaring. 
Cumulative emissions of CO2 from these sources and their uncertainties are shown as bars and whiskers, respectively, on the right hand side. The global 
effects of the accumulation of CH4 and N2O emissions are shown in panel c. Greenhouse gas emission data from 1970 to 2010 are shown in Figure SPM.2. 
{Figures 1.1, 1.3, 1.5}
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the past 15 years (1998–2012; 0.05 [–0.05 to 0.15] °C per decade), which begins with a strong El Niño, is smaller than the 
rate calculated since 1951 (1951–2012; 0.12 [0.08 to 0.14] °C per decade). {1.1.1, Box 1.1}

Ocean warming dominates the increase in energy stored in the climate system, accounting for more than 90% of the energy 
accumulated between 1971 and 2010 (high confidence), with only about 1% stored in the atmosphere. On a global scale, 
the ocean warming is largest near the surface, and the upper 75 m warmed by 0.11 [0.09 to 0.13] °C per decade over the 
period 1971 to 2010. It is virtually certain that the upper ocean (0−700 m) warmed from 1971 to 2010, and it likely warmed 
between the 1870s and 1971. {1.1.2, Figure 1.2}

Averaged over the mid-latitude land areas of the Northern Hemisphere, precipitation has increased since 1901 (medium  
confidence before and high confidence after 1951). For other latitudes, area-averaged long-term positive or negative trends 
have low confidence. Observations of changes in ocean surface salinity also provide indirect evidence for changes in the 
global water cycle over the ocean (medium confidence). It is very likely that regions of high salinity, where evaporation dom-
inates, have become more saline, while regions of low salinity, where precipitation dominates, have become fresher since 
the 1950s. {1.1.1, 1.1.2}

Since the beginning of the industrial era, oceanic uptake of CO2 has resulted in acidification of the ocean; the pH of ocean 
surface water has decreased by 0.1 (high confidence), corresponding to a 26% increase in acidity, measured as hydrogen ion 
concentration. {1.1.2}

Over the period 1992 to 2011, the Greenland and Antarctic ice sheets have been losing mass (high confidence), likely at a 
larger rate over 2002 to 2011. Glaciers have continued to shrink almost worldwide (high confidence). Northern Hemisphere 
spring snow cover has continued to decrease in extent (high confidence). There is high confidence that permafrost tempera-
tures have increased in most regions since the early 1980s in response to increased surface temperature and changing snow 
cover. {1.1.3}

The annual mean Arctic sea-ice extent decreased over the period 1979 to 2012, with a rate that was very likely in the range 
3.5 to 4.1% per decade. Arctic sea-ice extent has decreased in every season and in every successive decade since 1979, with 
the most rapid decrease in decadal mean extent in summer (high confidence). It is very likely that the annual mean Antarctic 
sea-ice extent increased in the range of 1.2 to 1.8% per decade between 1979 and 2012. However, there is high confidence 
that there are strong regional differences in Antarctica, with extent increasing in some regions and decreasing in others. 
{1.1.3, Figure 1.1}

Over the period 1901 to 2010, global mean sea level rose by 0.19 [0.17 to 0.21] m (Figure SPM.1b). The rate of sea level rise 
since the mid-19th century has been larger than the mean rate during the previous two millennia (high confidence). {1.1.4, 
Figure 1.1}

SPM 1.2  Causes of climate change

Anthropogenic greenhouse gas (GHG) emissions since the pre-industrial era have driven large increases in the atmospheric 
concentrations of carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) (Figure SPM.1c). Between 1750 and 2011, 
cumulative anthropogenic CO2 emissions to the atmosphere were 2040 ± 310 GtCO2. About 40% of these emissions have 
remained in the atmosphere (880 ± 35 GtCO2); the rest was removed from the atmosphere and stored on land (in plants and 
soils) and in the ocean. The ocean has absorbed about 30% of the emitted anthropogenic CO2, causing ocean acidification. 
About half of the anthropogenic CO2 emissions between 1750 and 2011 have occurred in the last 40 years (high confidence) 
(Figure SPM.1d). {1.2.1, 1.2.2}

Anthropogenic greenhouse gas emissions have increased since the pre-industrial era, driven 
largely by economic and population growth, and are now higher than ever. This has led to atmo-
spheric concentrations of carbon dioxide, methane and nitrous oxide that are unprecedented in 
at least the last 800,000 years. Their effects, together with those of other anthropogenic driv-
ers, have been detected throughout the climate system and are extremely likely to have been 
the dominant cause of the observed warming since the mid-20th century. {1.2, 1.3.1}
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Total anthropogenic GHG emissions have continued to increase over 1970 to 2010 with larger absolute increases between 
2000 and 2010, despite a growing number of climate change mitigation policies. Anthropogenic GHG emissions in 2010 have 
reached 49 ± 4.5 GtCO2-eq/yr 3. Emissions of CO2 from fossil fuel combustion and industrial processes contributed about 78% 
of the total GHG emissions increase from 1970 to 2010, with a similar percentage contribution for the increase during the 
period 2000 to 2010 (high confidence) (Figure SPM.2). Globally, economic and population growth continued to be the most 
important drivers of increases in CO2 emissions from fossil fuel combustion. The contribution of population growth between 
2000 and 2010 remained roughly identical to the previous three decades, while the contribution of economic growth has 
risen sharply. Increased use of coal has reversed the long-standing trend of gradual decarbonization (i.e., reducing the carbon 
intensity of energy) of the world’s energy supply (high confidence). {1.2.2}

The evidence for human influence on the climate system has grown since the IPCC Fourth Assessment Report (AR4). It is 
extremely likely that more than half of the observed increase in global average surface temperature from 1951 to 2010 was 
caused by the anthropogenic increase in GHG concentrations and other anthropogenic forcings together. The best estimate 
of the human-induced contribution to warming is similar to the observed warming over this period (Figure SPM.3). Anthro-
pogenic forcings have likely made a substantial contribution to surface temperature increases since the mid-20th century 
over every continental region except Antarctica4. Anthropogenic influences have likely affected the global water cycle since 
1960 and contributed to the retreat of glaciers since the 1960s and to the increased surface melting of the Greenland ice 
sheet since 1993. Anthropogenic influences have very likely contributed to Arctic sea-ice loss since 1979 and have very likely 
made a substantial contribution to increases in global upper ocean heat content (0–700 m) and to global mean sea level rise 
observed since the 1970s. {1.3, Figure 1.10}

3 Greenhouse gas emissions are quantified as CO2-equivalent (GtCO2-eq) emissions using weightings based on the 100-year Global Warming Potentials, 
using IPCC Second Assessment Report values unless otherwise stated. {Box 3.2}

4 For Antarctica, large observational uncertainties result in low confidence that anthropogenic forcings have contributed to the observed warming aver-
aged over available stations.
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Figure SPM.2 |  Total annual anthropogenic greenhouse gas (GHG) emissions (gigatonne of CO2-equivalent per year, GtCO2-eq/yr) for the period 1970 
to 2010 by gases: CO2 from fossil fuel combustion and industrial processes; CO2 from Forestry and Other Land Use (FOLU); methane (CH4); nitrous oxide 
(N2O); fluorinated gases covered under the Kyoto Protocol (F-gases). Right hand side shows 2010 emissions, using alternatively CO2-equivalent emission 
weightings based on IPCC Second Assessment Report (SAR) and AR5 values. Unless otherwise stated, CO2-equivalent emissions in this report include the 
basket of Kyoto gases (CO2, CH4, N2O as well as F-gases) calculated based on 100-year Global Warming Potential (GWP100) values from the SAR (see Glos-
sary). Using the most recent GWP100 values from the AR5 (right-hand bars) would result in higher total annual GHG emissions (52 GtCO2-eq/yr) from an 
increased contribution of methane, but does not change the long-term trend significantly. {Figure 1.6, Box 3.2}
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SPM 1.3  Impacts of climate change

In recent decades, changes in climate have caused impacts on natural and human systems on 
all continents and across the oceans. Impacts are due to observed climate change, irrespec-
tive of its cause, indicating the sensitivity of natural and human systems to changing climate. 
{1.3.2}

Evidence of observed climate change impacts is strongest and most comprehensive for natural systems. In many regions, 
changing precipitation or melting snow and ice are altering hydrological systems, affecting water resources in terms of 
quantity and quality (medium confidence). Many terrestrial, freshwater and marine species have shifted their geographic 
ranges, seasonal activities, migration patterns, abundances and species interactions in response to ongoing climate change 
(high confidence). Some impacts on human systems have also been attributed to climate change, with a major or minor 
contribution of climate change distinguishable from other influences (Figure SPM.4). Assessment of many studies covering 
a wide range of regions and crops shows that negative impacts of climate change on crop yields have been more common 
than positive impacts (high confidence). Some impacts of ocean acidification on marine organisms have been attributed to 
human influence (medium confidence). {1.3.2}

Combined anthropogenic forcings

Other anthropogenic forcings

OBSERVED WARMING

Greenhouse gases

Contributions to observed surface temperature change over the period 1951–2010

Natural forcings

Natural internal variability

–0.5 0.0 0.5 1.0
(°C)

Figure SPM.3 |  Assessed likely ranges (whiskers) and their mid-points (bars) for warming trends over the 1951–2010 period from well-mixed greenhouse 
gases, other anthropogenic forcings (including the cooling effect of aerosols and the effect of land use change), combined anthropogenic forcings, natural 
forcings and natural internal climate variability (which is the element of climate variability that arises spontaneously within the climate system even in the 
absence of forcings). The observed surface temperature change is shown in black, with the 5 to 95% uncertainty range due to observational uncertainty. 
The attributed warming ranges (colours) are based on observations combined with climate model simulations, in order to estimate the contribution of an 
individual external forcing to the observed warming. The contribution from the combined anthropogenic forcings can be estimated with less uncertainty 
than the contributions from greenhouse gases and from other anthropogenic forcings separately. This is because these two contributions partially compen-
sate, resulting in a combined signal that is better constrained by observations. {Figure 1.9}
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SPM 1.4  Extreme events

Changes in many extreme weather and climate events have been observed since about 1950. 
Some of these changes have been linked to human influences, including a decrease in cold tem-
perature extremes, an increase in warm temperature extremes, an increase in extreme high sea 
levels and an increase in the number of heavy precipitation events in a number of regions. {1.4}

It is very likely that the number of cold days and nights has decreased and the number of warm days and nights has increased 
on the global scale. It is likely that the frequency of heat waves has increased in large parts of Europe, Asia and Australia. It is 

Widespread impacts attributed to climate change based on the available scientific literature since the AR4 
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Figure SPM.4 |  Based on the available scientific literature since the IPCC Fourth Assessment Report (AR4), there are substantially more impacts in recent 
decades now attributed to climate change. Attribution requires defined scientific evidence on the role of climate change. Absence from the map of addi-
tional impacts attributed to climate change does not imply that such impacts have not occurred. The publications supporting attributed impacts reflect a 
growing knowledge base, but publications are still limited for many regions, systems and processes, highlighting gaps in data and studies. Symbols indicate 
categories of attributed impacts, the relative contribution of climate change (major or minor) to the observed impact and confidence in attribution. Each 
symbol refers to one or more entries in WGII Table SPM.A1, grouping related regional-scale impacts. Numbers in ovals indicate regional totals of climate 
change publications from 2001 to 2010, based on the Scopus bibliographic database for publications in English with individual countries mentioned in title, 
abstract or key words (as of July 2011). These numbers provide an overall measure of the available scientific literature on climate change across regions; 
they do not indicate the number of publications supporting attribution of climate change impacts in each region. Studies for polar regions and small islands 
are grouped with neighbouring continental regions. The inclusion of publications for assessment of attribution followed IPCC scientific evidence criteria 
defined in WGII Chapter 18. Publications considered in the attribution analyses come from a broader range of literature assessed in the WGII AR5. See WGII 
Table SPM.A1 for descriptions of the attributed impacts. {Figure 1.11}
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very likely that human influence has contributed to the observed global scale changes in the frequency and intensity of  
daily temperature extremes since the mid-20th century. It is likely that human influence has more than doubled the prob- 
ability of occurrence of heat waves in some locations. There is medium confidence that the observed warming has increased 
heat-related human mortality and decreased cold-related human mortality in some regions. {1.4}

There are likely more land regions where the number of heavy precipitation events has increased than where it has decreased. 
Recent detection of increasing trends in extreme precipitation and discharge in some catchments implies greater risks of 
flooding at regional scale (medium confidence). It is likely that extreme sea levels (for example, as experienced in storm 
surges) have increased since 1970, being mainly a result of rising mean sea level. {1.4}

Impacts from recent climate-related extremes, such as heat waves, droughts, floods, cyclones and wildfires, reveal significant 
vulnerability and exposure of some ecosystems and many human systems to current climate variability (very high confi-
dence). {1.4}

SPM 2.  Future Climate Changes, Risks and Impacts

Continued emission of greenhouse gases will cause further warming and long-lasting  
changes in all components of the climate system, increasing the likelihood of severe,  
pervasive and irreversible impacts for people and ecosystems. Limiting climate change would 
require substantial and sustained reductions in greenhouse gas emissions which, together 
with adaptation, can limit climate change risks. {2}

SPM 2.1  Key drivers of future climate

Cumulative emissions of CO2 largely determine global mean surface warming by the late 
21st century and beyond. Projections of greenhouse gas emissions vary over a wide range, 
depending on both socio-economic development and climate policy. {2.1}

Anthropogenic GHG emissions are mainly driven by population size, economic activity, lifestyle, energy use, land use patterns, 
technology and climate policy. The Representative Concentration Pathways (RCPs), which are used for making projections 
based on these factors, describe four different 21st century pathways of GHG emissions and atmospheric concentrations, 
air pollutant emissions and land use. The RCPs include a stringent mitigation scenario (RCP2.6), two intermediate scenarios 
(RCP4.5 and RCP6.0) and one scenario with very high GHG emissions (RCP8.5). Scenarios without additional efforts to 
constrain emissions (’baseline scenarios’) lead to pathways ranging between RCP6.0 and RCP8.5 (Figure SPM.5a). RCP2.6 is 
representative of a scenario that aims to keep global warming likely below 2°C above pre-industrial temperatures. The RCPs 
are consistent with the wide range of scenarios in the literature as assessed by WGIII5. {2.1, Box 2.2, 4.3}

Multiple lines of evidence indicate a strong, consistent, almost linear relationship between cumulative CO2 emissions and 
projected global temperature change to the year 2100 in both the RCPs and the wider set of mitigation scenarios analysed 
in WGIII (Figure SPM.5b). Any given level of warming is associated with a range of cumulative CO2 emissions6, and therefore, 
e.g., higher emissions in earlier decades imply lower emissions later. {2.2.5, Table 2.2}

5 Roughly 300 baseline scenarios and 900 mitigation scenarios are categorized by CO2-equivalent concentration (CO2-eq) by 2100. The CO2-eq includes 
the forcing due to all GHGs (including halogenated gases and tropospheric ozone), aerosols and albedo change.

6 Quantification of this range of CO2 emissions requires taking into account non-CO2 drivers.
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Figure SPM.5 |  (a) Emissions of carbon dioxide (CO2) alone in the Representative Concentration Pathways (RCPs) (lines) and the associated scenario 
categories used in WGIII (coloured areas show 5 to 95% range). The WGIII scenario categories summarize the wide range of emission scenarios published 
in the scientific literature and are defined on the basis of CO2-eq concentration levels (in ppm) in 2100. The time series of other greenhouse gas emissions 
are shown in Box 2.2, Figure 1. (b) Global mean surface temperature increase at the time global CO2 emissions reach a given net cumulative total, plotted 
as a function of that total, from various lines of evidence. Coloured plume shows the spread of past and future projections from a hierarchy of climate-
carbon cycle models driven by historical emissions and the four RCPs over all times out to 2100, and fades with the decreasing number of available models. 
Ellipses show total anthropogenic warming in 2100 versus cumulative CO2 emissions from 1870 to 2100 from a simple climate model (median climate 
response) under the scenario categories used in WGIII. The width of the ellipses in terms of temperature is caused by the impact of different scenarios for 
non-CO2 climate drivers. The filled black ellipse shows observed emissions to 2005 and observed temperatures in the decade 2000–2009 with associated 
uncertainties. {Box 2.2, Figure 1; Figure 2.3}
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Multi-model results show that limiting total human-induced warming to less than 2°C relative to the period 1861–1880 with 
a probability of >66%7 would require cumulative CO2 emissions from all anthropogenic sources since 1870 to remain below 
about 2900 GtCO2 (with a range of 2550 to 3150 GtCO2 depending on non-CO2 drivers). About 1900 GtCO2

8 had already been 
emitted by 2011. For additional context see Table 2.2. {2.2.5}

SPM 2.2 Projected changes in the climate system

Surface temperature is projected to rise over the 21st century under all assessed emission 
scenarios. It is very likely that heat waves will occur more often and last longer, and that 
extreme precipitation events will become more intense and frequent in many regions. The 
ocean will continue to warm and acidify, and global mean sea level to rise. {2.2}

The projected changes in Section SPM 2.2 are for 2081–2100 relative to 1986–2005, unless otherwise indicated.

Future climate will depend on committed warming caused by past anthropogenic emissions, as well as future anthropogenic 
emissions and natural climate variability. The global mean surface temperature change for the period 2016–2035 relative to 
1986–2005 is similar for the four RCPs and will likely be in the range 0.3°C to 0.7°C (medium confidence). This assumes that 
there will be no major volcanic eruptions or changes in some natural sources (e.g., CH4 and N2O), or unexpected changes in 
total solar irradiance. By mid-21st century, the magnitude of the projected climate change is substantially affected by the 
choice of emissions scenario. {2.2.1, Table 2.1}

Relative to 1850–1900, global surface temperature change for the end of the 21st century (2081–2100) is projected to likely 
exceed 1.5°C for RCP4.5, RCP6.0 and RCP8.5 (high confidence). Warming is likely to exceed 2°C for RCP6.0 and RCP8.5 
(high confidence), more likely than not to exceed 2°C for RCP4.5 (medium confidence), but unlikely to exceed 2°C for RCP2.6 
(medium confidence). {2.2.1}

The increase of global mean surface temperature by the end of the 21st century (2081–2100) relative to 1986–2005 is likely 
to be 0.3°C to 1.7°C under RCP2.6, 1.1°C to 2.6°C under RCP4.5, 1.4°C to 3.1°C under RCP6.0 and 2.6°C to 4.8°C under 
RCP8.59. The Arctic region will continue to warm more rapidly than the global mean (Figure SPM.6a, Figure SPM.7a). {2.2.1, 
Figure 2.1, Figure 2.2, Table 2.1}

It is virtually certain that there will be more frequent hot and fewer cold temperature extremes over most land areas on daily 
and seasonal timescales, as global mean surface temperature increases. It is very likely that heat waves will occur with a 
higher frequency and longer duration. Occasional cold winter extremes will continue to occur. {2.2.1}

7 Corresponding figures for limiting warming to 2°C with a probability of >50% and >33% are 3000 GtCO2 (range of 2900 to 3200 GtCO2) and 3300 GtCO2 
(range of 2950 to 3800 GtCO2) respectively. Higher or lower temperature limits would imply larger or lower cumulative emissions respectively.

8 This corresponds to about two thirds of the 2900 GtCO2 that would limit warming to less than 2°C with a probability of >66%; to about 63% of the total 
amount of 3000 GtCO2 that would limit warming to less than 2°C with a probability of >50%; and to about 58% of the total amount of 3300 GtCO2 
that would limit warming to less than 2°C with a probability of >33%.

9 The period 1986–2005 is approximately 0.61 [0.55 to 0.67] °C warmer than 1850–1900. {2.2.1}
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Figure SPM.6 |  Global average surface temperature change (a) and global mean sea level rise10 (b) from 2006 to 2100 as determined by multi-model 
simulations. All changes are relative to 1986–2005. Time series of projections and a measure of uncertainty (shading) are shown for scenarios RCP2.6 
(blue) and RCP8.5 (red). The mean and associated uncertainties averaged over 2081–2100 are given for all RCP scenarios as coloured vertical bars at the 
right hand side of each panel. The number of Coupled Model Intercomparison Project Phase 5 (CMIP5) models used to calculate the multi-model mean is 
indicated. {2.2, Figure 2.1}

Changes in precipitation will not be uniform. The high latitudes and the equatorial Pacific are likely to experience an increase 
in annual mean precipitation under the RCP8.5 scenario. In many mid-latitude and subtropical dry regions, mean precipi-
tation will likely decrease, while in many mid-latitude wet regions, mean precipitation will likely increase under the RCP8.5 
scenario (Figure SPM.7b). Extreme precipitation events over most of the mid-latitude land masses and over wet tropical 
regions will very likely become more intense and more frequent. {2.2.2, Figure 2.2}

The global ocean will continue to warm during the 21st century, with the strongest warming projected for the surface in 
tropical and Northern Hemisphere subtropical regions (Figure SPM.7a). {2.2.3, Figure 2.2}

10 Based on current understanding (from observations, physical understanding and modelling), only the collapse of marine-based sectors of the Antarctic 
ice sheet, if initiated, could cause global mean sea level to rise substantially above the likely range during the 21st century. There is medium confidence 
that this additional contribution would not exceed several tenths of a meter of sea level rise during the 21st century.
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Earth System Models project a global increase in ocean acidification for all RCP scenarios by the end of the 21st century, with 
a slow recovery after mid-century under RCP2.6. The decrease in surface ocean pH is in the range of 0.06 to 0.07 (15 to 17% 
increase in acidity) for RCP2.6, 0.14 to 0.15 (38 to 41%) for RCP4.5, 0.20 to 0.21 (58 to 62%) for RCP6.0 and 0.30 to 0.32 
(100 to 109%) for RCP8.5. {2.2.4, Figure 2.1}

Year-round reductions in Arctic sea ice are projected for all RCP scenarios. A nearly ice-free11 Arctic Ocean in the summer sea-
ice minimum in September before mid-century is likely for RCP8.512 (medium confidence). {2.2.3, Figure 2.1}

It is virtually certain that near-surface permafrost extent at high northern latitudes will be reduced as global mean surface 
temperature increases, with the area of permafrost near the surface (upper 3.5 m) projected to decrease by 37% (RCP2.6) to 
81% (RCP8.5) for the multi-model average (medium confidence). {2.2.3}

The global glacier volume, excluding glaciers on the periphery of Antarctica (and excluding the Greenland and Antarctic ice 
sheets), is projected to decrease by 15 to 55% for RCP2.6 and by 35 to 85% for RCP8.5 (medium confidence). {2.2.3}

11 When sea-ice extent is less than one million km2 for at least five consecutive years.
12 Based on an assessment of the subset of models that most closely reproduce the climatological mean state and 1979–2012 trend of the Arctic sea-ice 

extent.

RCP2.6 RCP8.5

−20 −10−30−50 −40 0 10 20 30 40 50

(b) Change in average precipitation (1986−2005 to 2081−2100)

3932

(%)

(a) Change in average surface temperature (1986−2005 to 2081−2100)

3932

(°C)
−0.5−1−2 −1.5 0 1 1.5 2 3 4 5 7 9 110.5

Figure SPM.7 |  Change in average surface temperature (a) and change in average precipitation (b) based on multi-model mean projections for 
2081–2100 relative to 1986–2005 under the RCP2.6 (left) and RCP8.5 (right) scenarios. The number of models used to calculate the multi-model mean 
is indicated in the upper right corner of each panel. Stippling (i.e., dots) shows regions where the projected change is large compared to natural internal 
variability and where at least 90% of models agree on the sign of change. Hatching (i.e., diagonal lines) shows regions where the projected change is less 
than one standard deviation of the natural internal variability. {2.2, Figure 2.2}
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There has been significant improvement in understanding and projection of sea level change since the AR4. Global mean sea 
level rise will continue during the 21st century, very likely at a faster rate than observed from 1971 to 2010. For the period 
2081–2100 relative to 1986–2005, the rise will likely be in the ranges of 0.26 to 0.55 m for RCP2.6, and of 0.45 to 0.82 m  
for RCP8.5 (medium confidence)10 (Figure SPM.6b). Sea level rise will not be uniform across regions. By the end of the  
21st century, it is very likely that sea level will rise in more than about 95% of the ocean area. About 70% of the coastlines 
worldwide are projected to experience a sea level change within ±20% of the global mean. {2.2.3}

SPM 2.3  Future risks and impacts caused by a changing climate

Climate change will amplify existing risks and create new risks for natural and human sys-
tems. Risks are unevenly distributed and are generally greater for disadvantaged people and 
communities in countries at all levels of development. {2.3}

Risk of climate-related impacts results from the interaction of climate-related hazards (including hazardous events and 
trends) with the vulnerability and exposure of human and natural systems, including their ability to adapt. Rising rates and 
magnitudes of warming and other changes in the climate system, accompanied by ocean acidification, increase the risk 
of severe, pervasive and in some cases irreversible detrimental impacts. Some risks are particularly relevant for individual 
regions (Figure SPM.8), while others are global. The overall risks of future climate change impacts can be reduced by limiting 
the rate and magnitude of climate change, including ocean acidification. The precise levels of climate change sufficient to 
trigger abrupt and irreversible change remain uncertain, but the risk associated with crossing such thresholds increases with 
rising temperature (medium confidence). For risk assessment, it is important to evaluate the widest possible range of impacts, 
including low-probability outcomes with large consequences. {1.5, 2.3, 2.4, 3.3, Box Introduction.1, Box 2.3, Box 2.4}

A large fraction of species faces increased extinction risk due to climate change during and beyond the 21st century, espe-
cially as climate change interacts with other stressors (high confidence). Most plant species cannot naturally shift their 
geographical ranges sufficiently fast to keep up with current and high projected rates of climate change in most landscapes; 
most small mammals and freshwater molluscs will not be able to keep up at the rates projected under RCP4.5 and above 
in flat landscapes in this century (high confidence). Future risk is indicated to be high by the observation that natural global 
climate change at rates lower than current anthropogenic climate change caused significant ecosystem shifts and species 
extinctions during the past millions of years. Marine organisms will face progressively lower oxygen levels and high rates and 
magnitudes of ocean acidification (high confidence), with associated risks exacerbated by rising ocean temperature extremes 
(medium confidence). Coral reefs and polar ecosystems are highly vulnerable. Coastal systems and low-lying areas are at 
risk from sea level rise, which will continue for centuries even if the global mean temperature is stabilized (high confidence). 
{2.3, 2.4, Figure 2.5}

Climate change is projected to undermine food security (Figure SPM.9). Due to projected climate change by the mid-21st century 
and beyond, global marine species redistribution and marine biodiversity reduction in sensitive regions will challenge the sustained 
provision of fisheries productivity and other ecosystem services (high confidence). For wheat, rice and maize in tropical and temper-
ate regions, climate change without adaptation is projected to negatively impact production for local temperature increases 
of 2°C or more above late 20th century levels, although individual locations may benefit (medium confidence). Global tem-
perature increases of ~4°C or more13 above late 20th century levels, combined with increasing food demand, would pose 
large risks to food security globally (high confidence). Climate change is projected to reduce renewable surface water and 
groundwater resources in most dry subtropical regions (robust evidence, high agreement), intensifying competition for water 
among sectors (limited evidence, medium agreement). {2.3.1, 2.3.2}

13 Projected warming averaged over land is larger than global average warming for all RCP scenarios for the period 2081–2100 relative to 1986–2005. 
For regional projections, see Figure SPM.7. {2.2}
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Until mid-century, projected climate change will impact human health mainly by exacerbating health problems that already 
exist (very high confidence). Throughout the 21st century, climate change is expected to lead to increases in ill-health in many 
regions and especially in developing countries with low income, as compared to a baseline without climate change (high 
confidence). By 2100 for RCP8.5, the combination of high temperature and humidity in some areas for parts of the year is 
expected to compromise common human activities, including growing food and working outdoors (high confidence). {2.3.2}

In urban areas climate change is projected to increase risks for people, assets, economies and ecosystems, including risks 
from heat stress, storms and extreme precipitation, inland and coastal flooding, landslides, air pollution, drought, water scar-
city, sea level rise and storm surges (very high confidence). These risks are amplified for those lacking essential infrastructure 
and services or living in exposed areas. {2.3.2}

Climate change poses risks for food production

Change in maximum catch potential (2051–2060 compared to 2001–2010, SRES A1B)
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Figure SPM.9 |  (a) Projected global redistribution of maximum catch potential of ~1000 exploited marine fish and invertebrate species. Projections 
compare the 10-year averages 2001–2010 and 2051–2060 using ocean conditions based on a single climate model under a moderate to high warming 
scenario, without analysis of potential impacts of overfishing or ocean acidification. (b) Summary of projected changes in crop yields (mostly wheat, maize, 
rice and soy), due to climate change over the 21st century. Data for each timeframe sum to 100%, indicating the percentage of projections showing yield 
increases versus decreases. The figure includes projections (based on 1090 data points) for different emission scenarios, for tropical and temperate regions 
and for adaptation and no-adaptation cases combined. Changes in crop yields are relative to late 20th century levels. {Figure 2.6a, Figure 2.7}
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Rural areas are expected to experience major impacts on water availability and supply, food security, infrastructure and 
agricultural incomes, including shifts in the production areas of food and non-food crops around the world (high confidence). 
{2.3.2}

Aggregate economic losses accelerate with increasing temperature (limited evidence, high agreement), but global economic 
impacts from climate change are currently difficult to estimate. From a poverty perspective, climate change impacts are 
projected to slow down economic growth, make poverty reduction more difficult, further erode food security and prolong 
existing and create new poverty traps, the latter particularly in urban areas and emerging hotspots of hunger (medium confi-
dence). International dimensions such as trade and relations among states are also important for understanding the risks of 
climate change at regional scales. {2.3.2}

Climate change is projected to increase displacement of people (medium evidence, high agreement). Populations that lack 
the resources for planned migration experience higher exposure to extreme weather events, particularly in developing coun-
tries with low income. Climate change can indirectly increase risks of violent conflicts by amplifying well-documented drivers 
of these conflicts such as poverty and economic shocks (medium confidence). {2.3.2}

SPM 2.4  Climate change beyond 2100, irreversibility and abrupt changes

Many aspects of climate change and associated impacts will continue for centuries, even if 
anthropogenic emissions of greenhouse gases are stopped. The risks of abrupt or irreversible 
changes increase as the magnitude of the warming increases. {2.4}

Warming will continue beyond 2100 under all RCP scenarios except RCP2.6. Surface temperatures will remain approximately 
constant at elevated levels for many centuries after a complete cessation of net anthropogenic CO2 emissions. A large frac-
tion of anthropogenic climate change resulting from CO2 emissions is irreversible on a multi-century to millennial timescale, 
except in the case of a large net removal of CO2 from the atmosphere over a sustained period. {2.4, Figure 2.8}

Stabilization of global average surface temperature does not imply stabilization for all aspects of the climate system. Shifting 
biomes, soil carbon, ice sheets, ocean temperatures and associated sea level rise all have their own intrinsic long timescales 
which will result in changes lasting hundreds to thousands of years after global surface temperature is stabilized. {2.1, 2.4}

There is high confidence that ocean acidification will increase for centuries if CO2 emissions continue, and will strongly affect 
marine ecosystems. {2.4}

It is virtually certain that global mean sea level rise will continue for many centuries beyond 2100, with the amount of rise 
dependent on future emissions. The threshold for the loss of the Greenland ice sheet over a millennium or more, and an asso-
ciated sea level rise of up to 7 m, is greater than about 1°C (low confidence) but less than about 4°C (medium confidence) 
of global warming with respect to pre-industrial temperatures. Abrupt and irreversible ice loss from the Antarctic ice sheet is 
possible, but current evidence and understanding is insufficient to make a quantitative assessment. {2.4}

Magnitudes and rates of climate change associated with medium- to high-emission scenarios pose an increased risk of 
abrupt and irreversible regional-scale change in the composition, structure and function of marine, terrestrial and freshwater 
ecosystems, including wetlands (medium confidence). A reduction in permafrost extent is virtually certain with continued rise 
in global temperatures. {2.4} 
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SPM 3.  Future Pathways for Adaptation, Mitigation and Sustainable Development

Adaptation and mitigation are complementary strategies for reducing and managing the risks 
of climate change. Substantial emissions reductions over the next few decades can reduce cli-
mate risks in the 21st century and beyond, increase prospects for effective adaptation, reduce 
the costs and challenges of mitigation in the longer term and contribute to climate-resilient 
pathways for sustainable development. {3.2, 3.3, 3.4}

SPM 3.1  Foundations of decision-making about climate change

Effective decision-making to limit climate change and its effects can be informed by a wide 
range of analytical approaches for evaluating expected risks and benefits, recognizing the 
importance of governance, ethical dimensions, equity, value judgments, economic assess-
ments and diverse perceptions and responses to risk and uncertainty. {3.1}

Sustainable development and equity provide a basis for assessing climate policies. Limiting the effects of climate change is 
necessary to achieve sustainable development and equity, including poverty eradication. Countries’ past and future contri-
butions to the accumulation of GHGs in the atmosphere are different, and countries also face varying challenges and circum-
stances and have different capacities to address mitigation and adaptation. Mitigation and adaptation raise issues of equity, 
justice and fairness. Many of those most vulnerable to climate change have contributed and contribute little to GHG emis-
sions. Delaying mitigation shifts burdens from the present to the future, and insufficient adaptation responses to emerging 
impacts are already eroding the basis for sustainable development. Comprehensive strategies in response to climate change 
that are consistent with sustainable development take into account the co-benefits, adverse side effects and risks that may 
arise from both adaptation and mitigation options. {3.1, 3.5, Box 3.4}

The design of climate policy is influenced by how individuals and organizations perceive risks and uncertainties and take 
them into account. Methods of valuation from economic, social and ethical analysis are available to assist decision-making. 
These methods can take account of a wide range of possible impacts, including low-probability outcomes with large conse-
quences. But they cannot identify a single best balance between mitigation, adaptation and residual climate impacts. {3.1}

Climate change has the characteristics of a collective action problem at the global scale, because most GHGs accumulate 
over time and mix globally, and emissions by any agent (e.g., individual, community, company, country) affect other agents. 
Effective mitigation will not be achieved if individual agents advance their own interests independently. Cooperative responses, 
including international cooperation, are therefore required to effectively mitigate GHG emissions and address other climate 
change issues. The effectiveness of adaptation can be enhanced through complementary actions across levels, including 
international cooperation. The evidence suggests that outcomes seen as equitable can lead to more effective cooperation. 
{3.1}

SPM 3.2  Climate change risks reduced by mitigation and adaptation

Without additional mitigation efforts beyond those in place today, and even with adaptation, 
warming by the end of the 21st century will lead to high to very high risk of severe, wide-
spread and irreversible impacts globally (high confidence). Mitigation involves some level 
of co-benefits and of risks due to adverse side effects, but these risks do not involve the 
same possibility of severe, widespread and irreversible impacts as risks from climate change, 
increasing the benefits from near-term mitigation efforts. {3.2, 3.4}

Mitigation and adaptation are complementary approaches for reducing risks of climate change impacts over different time-
scales (high confidence). Mitigation, in the near term and through the century, can substantially reduce climate change 
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impacts in the latter decades of the 21st century and beyond. Benefits from adaptation can already be realized in addressing 
current risks, and can be realized in the future for addressing emerging risks. {3.2, 4.5}

Five Reasons For Concern (RFCs) aggregate climate change risks and illustrate the implications of warming and of adaptation 
limits for people, economies and ecosystems across sectors and regions. The five RFCs are associated with: (1) Unique and 
threatened systems, (2) Extreme weather events, (3) Distribution of impacts, (4) Global aggregate impacts, and (5) Large-
scale singular events. In this report, the RFCs provide information relevant to Article 2 of UNFCCC. {Box 2.4}

Without additional mitigation efforts beyond those in place today, and even with adaptation, warming by the end of the 
21st century will lead to high to very high risk of severe, widespread and irreversible impacts globally (high confidence) 
(Figure SPM.10). In most scenarios without additional mitigation efforts (those with 2100 atmospheric concentrations  
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Figure SPM.10 |  The relationship between risks from climate change, temperature change, cumulative carbon dioxide (CO2) emissions and changes in 
annual greenhouse gas (GHG) emissions by 2050. Limiting risks across Reasons For Concern (a) would imply a limit for cumulative emissions of CO2 (b) 
which would constrain annual GHG emissions over the next few decades (c). Panel a reproduces the five Reasons For Concern {Box 2.4}. Panel b links 
temperature changes to cumulative CO2 emissions (in GtCO2) from 1870. They are based on Coupled Model Intercomparison Project Phase 5 (CMIP5) 
simulations (pink plume) and on a simple climate model (median climate response in 2100), for the baselines and five mitigation scenario categories (six 
ellipses). Details are provided in Figure SPM.5. Panel c shows the relationship between the cumulative CO2 emissions (in GtCO2) of the scenario catego-
ries and their associated change in annual GHG emissions by 2050, expressed in percentage change (in percent GtCO2-eq per year) relative to 2010. The 
ellipses correspond to the same scenario categories as in Panel b, and are built with a similar method (see details in Figure SPM.5). {Figure 3.1}
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>1000 ppm CO2-eq), warming is more likely than not to exceed 4°C above pre-industrial levels by 2100 (Table SPM.1). The 
risks associated with temperatures at or above 4°C include substantial species extinction, global and regional food insecurity, 
consequential constraints on common human activities and limited potential for adaptation in some cases (high confidence). 
Some risks of climate change, such as risks to unique and threatened systems and risks associated with extreme weather events, 
are moderate to high at temperatures 1°C to 2°C above pre-industrial levels. {2.3, Figure 2.5, 3.2, 3.4, Box 2.4, Table SPM.1}

Substantial cuts in GHG emissions over the next few decades can substantially reduce risks of climate change by limiting 
warming in the second half of the 21st century and beyond. Cumulative emissions of CO2 largely determine global mean 
surface warming by the late 21st century and beyond. Limiting risks across RFCs would imply a limit for cumulative emissions 
of CO2. Such a limit would require that global net emissions of CO2 eventually decrease to zero and would constrain annual 
emissions over the next few decades (Figure SPM.10) (high confidence). But some risks from climate damages are unavoid-
able, even with mitigation and adaptation. {2.2.5, 3.2, 3.4}

Mitigation involves some level of co-benefits and risks, but these risks do not involve the same possibility of severe, wide-
spread and irreversible impacts as risks from climate change. Inertia in the economic and climate system and the possibility 
of irreversible impacts from climate change increase the benefits from near-term mitigation efforts (high confidence). Delays 
in additional mitigation or constraints on technological options increase the longer-term mitigation costs to hold climate 
change risks at a given level (Table SPM.2). {3.2, 3.4}

SPM 3.3  Characteristics of adaptation pathways

Adaptation can reduce the risks of climate change impacts, but there are limits to its effec-
tiveness, especially with greater magnitudes and rates of climate change. Taking a longer-
term perspective, in the context of sustainable development, increases the likelihood that 
more immediate adaptation actions will also enhance future options and preparedness. {3.3}

Adaptation can contribute to the well-being of populations, the security of assets and the maintenance of ecosystem goods, 
functions and services now and in the future. Adaptation is place- and context-specific (high confidence). A first step towards 
adaptation to future climate change is reducing vulnerability and exposure to present climate variability (high confidence). 
Integration of adaptation into planning, including policy design, and decision-making can promote synergies with develop-
ment and disaster risk reduction. Building adaptive capacity is crucial for effective selection and implementation of adapta-
tion options (robust evidence, high agreement). {3.3}

Adaptation planning and implementation can be enhanced through complementary actions across levels, from individuals to 
governments (high confidence). National governments can coordinate adaptation efforts of local and sub-national govern-
ments, for example by protecting vulnerable groups, by supporting economic diversification and by providing information, 
policy and legal frameworks and financial support (robust evidence, high agreement). Local government and the private 
sector are increasingly recognized as critical to progress in adaptation, given their roles in scaling up adaptation of commu-
nities, households and civil society and in managing risk information and financing (medium evidence, high agreement). {3.3}

Adaptation planning and implementation at all levels of governance are contingent on societal values, objectives and risk 
perceptions (high confidence). Recognition of diverse interests, circumstances, social-cultural contexts and expectations can 
benefit decision-making processes. Indigenous, local and traditional knowledge systems and practices, including indigenous 
peoples’ holistic view of community and environment, are a major resource for adapting to climate change, but these have 
not been used consistently in existing adaptation efforts. Integrating such forms of knowledge with existing practices increases 
the effectiveness of adaptation. {3.3}

Constraints can interact to impede adaptation planning and implementation (high confidence). Common constraints on 
implementation arise from the following: limited financial and human resources; limited integration or coordination of gov-
ernance; uncertainties about projected impacts; different perceptions of risks; competing values; absence of key adapta-
tion leaders and advocates; and limited tools to monitor adaptation effectiveness. Another constraint includes insufficient 
research, monitoring, and observation and the finance to maintain them. {3.3}
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Greater rates and magnitude of climate change increase the likelihood of exceeding adaptation limits (high confidence). 
Limits to adaptation emerge from the interaction among climate change and biophysical and/or socio-economic constraints. 
Further, poor planning or implementation, overemphasizing short-term outcomes or failing to sufficiently anticipate conse-
quences can result in maladaptation, increasing the vulnerability or exposure of the target group in the future or the vulner-
ability of other people, places or sectors (medium evidence, high agreement). Underestimating the complexity of adaptation 
as a social process can create unrealistic expectations about achieving intended adaptation outcomes. {3.3}

Significant co-benefits, synergies and trade-offs exist between mitigation and adaptation and among different adap- 
tation responses; interactions occur both within and across regions (very high confidence). Increasing efforts to mitigate and  
adapt to climate change imply an increasing complexity of interactions, particularly at the intersections among water,  
energy, land use and biodiversity, but tools to understand and manage these interactions remain limited. Examples of 
actions with co-benefits include (i) improved energy efficiency and cleaner energy sources, leading to reduced emissions of 
health-damaging, climate-altering air pollutants; (ii) reduced energy and water consumption in urban areas through greening 
cities and recycling water; (iii) sustainable agriculture and forestry; and (iv) protection of ecosystems for carbon storage and 
other ecosystem services. {3.3}

Transformations in economic, social, technological and political decisions and actions can enhance adaptation and promote 
sustainable development (high confidence). At the national level, transformation is considered most effective when it reflects 
a country’s own visions and approaches to achieving sustainable development in accordance with its national circumstances 
and priorities. Restricting adaptation responses to incremental changes to existing systems and structures, without consider-
ing transformational change, may increase costs and losses and miss opportunities. Planning and implementation of trans-
formational adaptation could reflect strengthened, altered or aligned paradigms and may place new and increased demands 
on governance structures to reconcile different goals and visions for the future and to address possible equity and ethical 
implications. Adaptation pathways are enhanced by iterative learning, deliberative processes and innovation. {3.3}

SPM 3.4  Characteristics of mitigation pathways

There are multiple mitigation pathways that are likely to limit warming to below 2°C relative 
to pre-industrial levels. These pathways would require substantial emissions reductions over 
the next few decades and near zero emissions of CO2 and other long-lived greenhouse gases 
by the end of the century. Implementing such reductions poses substantial technological, eco-
nomic, social and institutional challenges, which increase with delays in additional mitigation 
and if key technologies are not available. Limiting warming to lower or higher levels involves 
similar challenges but on different timescales. {3.4}

Without additional efforts to reduce GHG emissions beyond those in place today, global emissions growth is expected to 
persist, driven by growth in global population and economic activities. Global mean surface temperature increases in 2100 
in baseline scenarios—those without additional mitigation—range from 3.7°C to 4.8°C above the average for 1850–1900 
for a median climate response. They range from 2.5°C to 7.8°C when including climate uncertainty (5th to 95th percentile 
range) (high confidence). {3.4}14

Emissions scenarios leading to CO2-equivalent concentrations in 2100 of about 450 ppm or lower are likely to maintain 
warming below 2°C over the 21st century relative to pre-industrial levels15. These scenarios are characterized by 40 to 70% 
global anthropogenic GHG emissions reductions by 2050 compared to 201016, and emissions levels near zero or below in 
2100. Mitigation scenarios reaching concentration levels of about 500 ppm CO2-eq by 2100 are more likely than not to limit 
temperature change to less than 2°C, unless they temporarily overshoot concentration levels of roughly 530 ppm CO2-eq 
 

 
15 For comparison, the CO2-eq concentration in 2011 is estimated to be 430 ppm (uncertainty range 340 to 520 ppm)
16 This range differs from the range provided for a similar concentration category in the AR4 (50 to 85% lower than 2000 for CO2 only). Reasons for this 

difference include that this report has assessed a substantially larger number of scenarios than in the AR4 and looks at all GHGs. In addition, a large 
proportion of the new scenarios include Carbon Dioxide Removal (CDR) technologies (see below). Other factors include the use of 2100 concentration 
levels instead of stabilization levels and the shift in reference year from 2000 to 2010.
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before 2100, in which case they are about as likely as not to achieve that goal. In these 500 ppm CO2-eq scenarios, global 2050 
emissions levels are 25 to 55% lower than in 2010. Scenarios with higher emissions in 2050 are characterized by a greater 
reliance on Carbon Dioxide Removal (CDR) technologies beyond mid-century (and vice versa). Trajectories that are likely to 
limit warming to 3°C relative to pre-industrial levels reduce emissions less rapidly than those limiting warming to 2°C. A lim-
ited number of studies provide scenarios that are more likely than not to limit warming to 1.5°C by 2100; these scenarios are 
characterized by concentrations below 430 ppm CO2-eq by 2100 and 2050 emission reduction between 70% and 95% below 
2010. For a comprehensive overview of the characteristics of emissions scenarios, their CO2-equivalent concentrations and 
their likelihood to keep warming to below a range of temperature levels, see Figure SPM.11 and Table SPM.1. {3.4}
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to 2010 levels in mitigation scenarios (b). {Figure 3.2}
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Table SPM.1 |  Key characteristics of the scenarios collected and assessed for WGIII AR5. For all parameters the 10th to 90th percentile of the scenarios 
is shown a. {Table 3.1}

CO2-eq Con-
centrations in 

2100  
(ppm CO2-eq) f

Category label 
(conc. range)

Subcategories

Relative 
position 
of the 
RCPs d

Change in CO2-eq 
emissions compared 

to 2010 (in %) c

Likelihood of staying below a specific 
temperature level over the 21st cen-

tury (relative to 1850–1900) d, e

2050 2100 1.5ºC 2ºC 3ºC 4ºC

<430 Only a limited number of individual model studies have explored levels below 430 ppm CO2-eq j

 450 
(430 to 480)

Total range a, g RCP2.6 –72 to –41 –118 to –78
More unlikely 

than likely
Likely

Likely

Likely

500 
(480 to 530)

No overshoot of 
530 ppm CO2-eq

–57 to –42 –107 to –73

Unlikely

More likely 
than not

Overshoot of 530 
ppm CO2-eq

–55 to –25 –114 to –90
About as 

likely as not

550 
(530 to 580)

No overshoot of 
580 ppm CO2-eq

–47 to –19 –81 to –59

More unlikely 
than likely iOvershoot of 580 

ppm CO2-eq
–16 to 7 –183 to –86

(580 to 650) Total range

RCP4.5

–38 to 24 –134 to –50

(650 to 720) Total range –11 to 17 –54 to –21
Unlikely

More likely 
than not

(720 to 1000) b Total range RCP6.0 18 to 54 –7 to 72

Unlikely h

More unlikely 
than likely

>1000 b Total range RCP8.5 52 to 95 74 to 178 Unlikely h Unlikely
More unlikely 

than likely

Notes:
a The ‘total range’ for the 430 to 480 ppm CO2-eq concentrations scenarios corresponds to the range of the 10th to 90th percentile of the subcategory of 
these scenarios shown in Table 6.3 of the Working Group III Report.
b Baseline scenarios fall into the >1000 and 720 to 1000 ppm CO2-eq categories. The latter category also includes mitigation scenarios. The baseline sce-
narios in the latter category reach a temperature change of 2.5°C to 5.8°C above the average for 1850–1900 in 2100. Together with the baseline scenarios 
in the >1000 ppm CO2-eq category, this leads to an overall 2100 temperature range of 2.5°C to 7.8°C (range based on median climate response: 3.7°C 
to 4.8°C) for baseline scenarios across both concentration categories.
c The global 2010 emissions are 31% above the 1990 emissions (consistent with the historic greenhouse gas emission estimates presented in this report). 
CO2-eq emissions include the basket of Kyoto gases (carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) as well as fluorinated gases).
d The assessment here involves a large number of scenarios published in the scientific literature and is thus not limited to the Representative Concentration 
Pathways (RCPs). To evaluate the CO2-eq concentration and climate implications of these scenarios, the Model for the Assessment of Greenhouse Gas 
Induced Climate Change (MAGICC) was used in a probabilistic mode. For a comparison between MAGICC model results and the outcomes of the models 
used in WGI, see WGI 12.4.1.2, 12.4.8 and WGIII 6.3.2.6.
e The assessment in this table is based on the probabilities calculated for the full ensemble of scenarios in WGIII AR5 using MAGICC and the assessment in 
WGI of the uncertainty of the temperature projections not covered by climate models. The statements are therefore consistent with the statements in WGI, 
which are based on the Coupled Model Intercomparison Project Phase 5 (CMIP5) runs of the RCPs and the assessed uncertainties. Hence, the likelihood 
statements reflect different lines of evidence from both WGs. This WGI method was also applied for scenarios with intermediate concentration levels where 
no CMIP5 runs are available. The likelihood statements are indicative only {WGIII 6.3} and follow broadly the terms used by the WGI SPM for temperature 
projections: likely 66–100%, more likely than not >50–100%, about as likely as not 33–66%, and unlikely 0–33%. In addition the term more unlikely 
than likely 0–<50% is used. 
f The CO2-equivalent concentration (see Glossary) is calculated on the basis of the total forcing from a simple carbon cycle/climate model, MAGICC. The CO2-
equivalent concentration in 2011 is estimated to be 430 ppm (uncertainty range 340 to 520 ppm). This is based on the assessment of total anthropogenic 
radiative forcing for 2011 relative to 1750 in WGI, i.e., 2.3 W/m2, uncertainty range 1.1 to 3.3 W/m2. 
g The vast majority of scenarios in this category overshoot the category boundary of 480 ppm CO2-eq concentration.
h For scenarios in this category, no CMIP5 run or MAGICC realization stays below the respective temperature level. Still, an unlikely assignment is given to 
reflect uncertainties that may not be reflected by the current climate models.
i Scenarios in the 580 to 650 ppm CO2-eq category include both overshoot scenarios and scenarios that do not exceed the concentration level at the high 
end of the category (e.g., RCP4.5). The latter type of scenarios, in general, have an assessed probability of more unlikely than likely to stay below the 2°C 
temperature level, while the former are mostly assessed to have an unlikely probability of staying below this level.
j In these scenarios, global CO2-eq emissions in 2050 are between 70 to 95% below 2010 emissions, and they are between 110 to 120% below 2010 
emissions in 2100.
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Mitigation scenarios reaching about 450 ppm CO2-eq in 2100 (consistent with a likely chance to keep warming below 2°C 
relative to pre-industrial levels) typically involve temporary overshoot17 of atmospheric concentrations, as do many scenarios 
reaching about 500 ppm CO2-eq to about 550 ppm CO2-eq in 2100 (Table SPM.1). Depending on the level of overshoot, 
overshoot scenarios typically rely on the availability and widespread deployment of bioenergy with carbon dioxide capture 
and storage (BECCS) and afforestation in the second half of the century. The availability and scale of these and other CDR 
technologies and methods are uncertain and CDR technologies are, to varying degrees, associated with challenges and 
risks18. CDR is also prevalent in many scenarios without overshoot to compensate for residual emissions from sectors where 
mitigation is more expensive (high confidence). {3.4, Box 3.3}

Reducing emissions of non-CO2 agents can be an important element of mitigation strategies. All current GHG emissions 
and other forcing agents affect the rate and magnitude of climate change over the next few decades, although long-term 
warming is mainly driven by CO2 emissions. Emissions of non-CO2 forcers are often expressed as ‘CO2-equivalent emissions’, 
but the choice of metric to calculate these emissions, and the implications for the emphasis and timing of abatement of the 
various climate forcers, depends on application and policy context and contains value judgments. {3.4, Box 3.2}

17 In concentration ‘overshoot’ scenarios, concentrations peak during the century and then decline.
18 CDR methods have biogeochemical and technological limitations to their potential on the global scale. There is insufficient knowledge to quantify how 

much CO2 emissions could be partially offset by CDR on a century timescale. CDR methods may carry side effects and long-term consequences on a 
global scale.
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Figure SPM.12 |  The implications of different 2030 greenhouse gas (GHG) emissions levels for the rate of carbon dioxide (CO2) emissions reductions 
and low-carbon energy upscaling in mitigation scenarios that are at least about as likely as not to keep warming throughout the 21st century below 2°C 
relative to pre-industrial levels (2100 CO2-equivalent concentrations of 430 to 530 ppm). The scenarios are grouped according to different emissions levels 
by 2030 (coloured in different shades of green). The left panel shows the pathways of GHG emissions (gigatonne of CO2-equivalent per year, GtCO2-eq/
yr) leading to these 2030 levels. The black dot with whiskers gives historic GHG emission levels and associated uncertainties in 2010 as reported in Figure 
SPM.2. The black bar shows the estimated uncertainty range of GHG emissions implied by the Cancún Pledges. The middle panel denotes the average 
annual CO2 emissions reduction rates for the period 2030–2050. It compares the median and interquartile range across scenarios from recent inter-model 
comparisons with explicit 2030 interim goals to the range of scenarios in the Scenario Database for WGIII AR5. Annual rates of historical emissions change 
(sustained over a period of 20 years) and the average annual CO2 emission change between 2000 and 2010 are shown as well. The arrows in the right 
panel show the magnitude of zero and low-carbon energy supply upscaling from 2030 to 2050 subject to different 2030 GHG emissions levels. Zero- and 
low-carbon energy supply includes renewables, nuclear energy and fossil energy with carbon dioxide capture and storage (CCS) or bioenergy with CCS 
(BECCS). [Note: Only scenarios that apply the full, unconstrained mitigation technology portfolio of the underlying models (default technology assumption) 
are shown. Scenarios with large net negative global emissions (>20 GtCO2-eq/yr), scenarios with exogenous carbon price assumptions and scenarios with 
2010 emissions significantly outside the historical range are excluded.] {Figure 3.3}
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Delaying additional mitigation to 2030 will substantially increase the challenges associated with limiting warming over the 
21st century to below 2°C relative to pre-industrial levels. It will require substantially higher rates of emissions reductions 
from 2030 to 2050; a much more rapid scale-up of low-carbon energy over this period; a larger reliance on CDR in the long 
term; and higher transitional and long-term economic impacts. Estimated global emissions levels in 2020 based on the 
Cancún Pledges are not consistent with cost-effective mitigation trajectories that are at least about as likely as not to limit 
warming to below 2°C relative to pre-industrial levels, but they do not preclude the option to meet this goal (high confidence) 
(Figure SPM.12, Table SPM.2). {3.4}

Estimates of the aggregate economic costs of mitigation vary widely depending on methodologies and assumptions, but 
increase with the stringency of mitigation. Scenarios in which all countries of the world begin mitigation immediately, in 
which there is a single global carbon price, and in which all key technologies are available have been used as a cost-effective 
benchmark for estimating macro-economic mitigation costs (Figure SPM.13). Under these assumptions mitigation scenarios 
that are likely to limit warming to below 2°C through the 21st century relative to pre-industrial levels entail losses in global 
consumption—not including benefits of reduced climate change as well as co-benefits and adverse side effects of mitiga-
tion—of 1 to 4% (median: 1.7%) in 2030, 2 to 6% (median: 3.4%) in 2050 and 3 to 11% (median: 4.8%) in 2100 relative to 
consumption in baseline scenarios that grows anywhere from 300% to more than 900% over the century (Figure SPM.13). 
These numbers correspond to an annualized reduction of consumption growth by 0.04 to 0.14 (median: 0.06) percentage 
points over the century relative to annualized consumption growth in the baseline that is between 1.6 and 3% per year (high 
confidence). {3.4}

In the absence or under limited availability of mitigation technologies (such as bioenergy, CCS and their combination BECCS, 
nuclear, wind/solar), mitigation costs can increase substantially depending on the technology considered. Delaying additional 
mitigation increases mitigation costs in the medium to long term. Many models could not limit likely warming to below 2°C  
over the 21st century relative to pre-industrial levels if additional mitigation is considerably delayed. Many models could 
not limit likely warming to below 2°C if bioenergy, CCS and their combination (BECCS) are limited (high confidence)  
(Table SPM.2). {3.4}
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Figure SPM.13 |  Global mitigation costs in cost-effective scenarios at different atmospheric concentrations levels in 2100. Cost-effective scenarios 
assume immediate mitigation in all countries and a single global carbon price, and impose no additional limitations on technology relative to the models’ 
default technology assumptions. Consumption losses are shown relative to a baseline development without climate policy (left panel). The table at the top 
shows percentage points of annualized consumption growth reductions relative to consumption growth in the baseline of 1.6 to 3% per year (e.g., if the 
reduction is 0.06 percentage points per year due to mitigation, and baseline growth is 2.0% per year, then the growth rate with mitigation would be 1.94% 
per year). Cost estimates shown in this table do not consider the benefits of reduced climate change or co-benefits and adverse side effects of mitigation. 
Estimates at the high end of these cost ranges are from models that are relatively inflexible to achieve the deep emissions reductions required in the long 
run to meet these goals and/or include assumptions about market imperfections that would raise costs. {Figure 3.4}
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Mitigation scenarios reaching about 450 or 500 ppm CO2-eq by 2100 show reduced costs for achieving air quality and energy 
security objectives, with significant co-benefits for human health, ecosystem impacts and sufficiency of resources and resilience 
of the energy system. {4.4.2.2}

Mitigation policy could devalue fossil fuel assets and reduce revenues for fossil fuel exporters, but differences between regions 
and fuels exist (high confidence). Most mitigation scenarios are associated with reduced revenues from coal and oil trade for 
major exporters (high confidence). The availability of CCS would reduce the adverse effects of mitigation on the value of fossil 
fuel assets (medium confidence). {4.4.2.2}

Solar Radiation Management (SRM) involves large-scale methods that seek to reduce the amount of absorbed solar energy 
in the climate system. SRM is untested and is not included in any of the mitigation scenarios. If it were deployed, SRM would 

Table SPM.2 |  Increase in global mitigation costs due to either limited availability of specific technologies or delays in additional mitigation a relative to 
cost-effective scenarios b. The increase in costs is given for the median estimate and the 16th to 84th percentile range of the scenarios (in parentheses) c. In 
addition, the sample size of each scenario set is provided in the coloured symbols. The colours of the symbols indicate the fraction of models from systematic 
model comparison exercises that could successfully reach the targeted concentration level. {Table 3.2}

Mitigation cost increases in scenarios with  
limited availability of technologies d

[% increase in total discounted e mitigation costs  
(2015–2100) relative to default technology assumptions]

Mitigation cost increases 
due to delayed additional 

mitigation until 2030

[% increase in mitigation costs 
relative to immediate mitigation]

2100 
concentrations 
(ppm CO2-eq)

no CCS nuclear phase out limited solar/wind limited bioenergy
medium term costs 

(2030–2050)

long term 
costs 

(2050–2100)

450 
(430 to 480)

138%  
(29 to 297%)

7%  
(4 to 18%)

6% 
(2 to 29%)

64% 
(44 to 78%)

}
44%  

(2 to 78%)
37%  

(16 to 82%)
500 

(480 to 530)
not available 

(n.a.)
n.a. n.a. n.a.

550  
(530 to 580)

39%  
(18 to 78%)

13%  
(2 to 23%) 

8% 
(5 to 15%) 

18% 
(4 to 66%) 

}
15%  

(3 to 32%) 
16%  

(5 to 24%) 

580 to 650 n.a. n.a. n.a. n.a.

Symbol legend—fraction of models successful in producing scenarios (numbers indicate the number of successful models) 

: all models successful 
 

: between 80 and 100% of models successful

: between 50 and 80% of models successful 
 

: less than 50% of models successful

Notes:
a Delayed mitigation scenarios are associated with greenhouse gas emission of more than 55 GtCO2-eq in 2030, and the increase in mitigation costs is mea-
sured relative to cost-effective mitigation scenarios for the same long-term concentration level.
b Cost-effective scenarios assume immediate mitigation in all countries and a single global carbon price, and impose no additional limitations on technology 
relative to the models’ default technology assumptions.
c The range is determined by the central scenarios encompassing the 16th to 84th percentile range of the scenario set. Only scenarios with a time horizon 
until 2100 are included. Some models that are included in the cost ranges for concentration levels above 530 ppm CO2-eq in 2100 could not produce associ-
ated scenarios for concentration levels below 530 ppm CO2-eq in 2100 with assumptions about limited availability of technologies and/or delayed additional 
mitigation.
d No CCS: carbon dioxide capture and storage is not included in these scenarios. Nuclear phase out: no addition of nuclear power plants beyond those under 
construction, and operation of existing plants until the end of their lifetime. Limited Solar/Wind: a maximum of 20% global electricity generation from solar 
and wind power in any year of these scenarios. Limited Bioenergy: a maximum of 100 EJ/yr modern bioenergy supply globally (modern bioenergy used for 
heat, power, combinations and industry was around 18 EJ/yr in 2008). EJ = Exajoule =  1018 Joule.
e Percentage increase of net present value of consumption losses in percent of baseline consumption (for scenarios from general equilibrium models) and 
abatement costs in percent of baseline gross domestic product (GDP, for scenarios from partial equilibrium models) for the period 2015–2100, discounted 
at 5% per year.
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entail numerous uncertainties, side effects, risks and shortcomings and has particular governance and ethical implications. 
SRM would not reduce ocean acidification. If it were terminated, there is high confidence that surface temperatures would 
rise very rapidly impacting ecosystems susceptible to rapid rates of change. {Box 3.3}

SPM 4.  Adaptation and Mitigation

Many adaptation and mitigation options can help address climate change, but no single 
option is sufficient by itself. Effective implementation depends on policies and cooperation at 
all scales and can be enhanced through integrated responses that link adaptation and mitiga-
tion with other societal objectives. {4}

SPM 4.1  Common enabling factors and constraints for adaptation and mitigation responses

Adaptation and mitigation responses are underpinned by common enabling factors. These 
include effective institutions and governance, innovation and investments in environmentally 
sound technologies and infrastructure, sustainable livelihoods and behavioural and lifestyle 
choices. {4.1}

Inertia in many aspects of the socio-economic system constrains adaptation and mitigation options (medium evidence, high 
agreement). Innovation and investments in environmentally sound infrastructure and technologies can reduce GHG emis-
sions and enhance resilience to climate change (very high confidence). {4.1}

Vulnerability to climate change, GHG emissions and the capacity for adaptation and mitigation are strongly influenced by 
livelihoods, lifestyles, behaviour and culture (medium evidence, medium agreement). Also, the social acceptability and/or 
effectiveness of climate policies are influenced by the extent to which they incentivize or depend on regionally appropriate 
changes in lifestyles or behaviours. {4.1}

For many regions and sectors, enhanced capacities to mitigate and adapt are part of the foundation essential for managing 
climate change risks (high confidence). Improving institutions as well as coordination and cooperation in governance can help 
overcome regional constraints associated with mitigation, adaptation and disaster risk reduction (very high confidence). {4.1}

SPM 4.2  Response options for adaptation

Adaptation options exist in all sectors, but their context for implementation and potential to 
reduce climate-related risks differs across sectors and regions. Some adaptation responses  
involve significant co-benefits, synergies and trade-offs. Increasing climate change will 
increase challenges for many adaptation options. {4.2}

Adaptation experience is accumulating across regions in the public and private sectors and within communities. There is 
increasing recognition of the value of social (including local and indigenous), institutional, and ecosystem-based measures 
and of the extent of constraints to adaptation. Adaptation is becoming embedded in some planning processes, with more 
limited implementation of responses (high confidence). {1.6, 4.2, 4.4.2.1}

The need for adaptation along with associated challenges is expected to increase with climate change (very high confidence). 
Adaptation options exist in all sectors and regions, with diverse potential and approaches depending on their context in 
vulnerability reduction, disaster risk management or proactive adaptation planning (Table SPM.3). Effective strategies and 
actions consider the potential for co-benefits and opportunities within wider strategic goals and development plans. {4.2}
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Table SPM.3 |  Approaches for managing the risks of climate change through adaptation. These approaches should be considered overlapping rather than 
discrete, and they are often pursued simultaneously. Examples are presented in no specific order and can be relevant to more than one category. {Table 4.2}
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Overlapping 
Approaches Category Examples

Human 
development

Improved access to education, nutrition, health facilities, energy, safe housing & settlement structures, 
& social support structures; Reduced gender inequality & marginalization in other forms.

Poverty alleviation Improved access to & control of local resources; Land tenure; Disaster risk reduction; Social safety nets 
& social protection; Insurance schemes.

Livelihood security
Income, asset & livelihood diversification; Improved infrastructure; Access to technology & decision-
making fora; Increased decision-making power; Changed cropping, livestock & aquaculture practices; 
Reliance on social networks.

Disaster risk 
management

Early warning systems; Hazard & vulnerability mapping; Diversifying water resources; Improved 
drainage; Flood & cyclone shelters; Building codes & practices; Storm & wastewater management; 
Transport & road infrastructure improvements.

Ecosystem 
management

Maintaining wetlands & urban green spaces; Coastal afforestation; Watershed & reservoir 
management; Reduction of other stressors on ecosystems & of habitat fragmentation; Maintenance 
of genetic diversity; Manipulation of disturbance regimes; Community-based natural resource 
management.

Spatial or land-use 
planning

Provisioning of adequate housing, infrastructure & services; Managing development in flood prone & 
other high risk areas; Urban planning & upgrading programs; Land zoning laws; Easements; Protected 
areas.

Structural/physical

Engineered & built-environment options: Sea walls & coastal protection structures; Flood levees;  
Water storage; Improved drainage; Flood & cyclone shelters; Building codes & practices; Storm & 
wastewater management; Transport & road infrastructure improvements; Floating houses; Power plant 
& electricity grid adjustments.

Technological options: New crop & animal varieties; Indigenous, traditional & local knowledge, 
technologies & methods; Efficient irrigation; Water-saving technologies; Desalinisation; Conservation 
agriculture; Food storage & preservation facilities; Hazard & vulnerability mapping & monitoring; Early 
warning systems; Building insulation; Mechanical & passive cooling; Technology development, transfer 
& diffusion.

Ecosystem-based options: Ecological restoration; Soil conservation; Afforestation & reforestation; 
Mangrove conservation & replanting; Green infrastructure (e.g., shade trees, green roofs); Controlling 
overfishing; Fisheries co-management; Assisted species migration & dispersal; Ecological corridors; 
Seed banks, gene banks & other ex situ conservation; Community-based natural resource management.

Services: Social safety nets & social protection; Food banks & distribution of food surplus; Municipal 
services including water & sanitation; Vaccination programs; Essential public health services; Enhanced 
emergency medical services.

Institutional

Economic options: Financial incentives; Insurance; Catastrophe bonds; Payments for ecosystem 
services; Pricing water to encourage universal provision and careful use; Microfinance; Disaster 
contingency funds; Cash transfers; Public-private partnerships.

Laws & regulations: Land zoning laws; Building standards & practices; Easements; Water regulations 
& agreements; Laws to support disaster risk reduction; Laws to encourage insurance purchasing; 
Defined property rights & land tenure security; Protected areas; Fishing quotas; Patent pools & 
technology transfer.

National & government policies & programs: National & regional adaptation plans including 
mainstreaming; Sub-national & local adaptation plans; Economic diversification; Urban upgrading 
programs; Municipal water management programs; Disaster planning & preparedness; Integrated 
water resource management; Integrated coastal zone management; Ecosystem-based management; 
Community-based adaptation.

Social

Educational options: Awareness raising & integrating into education; Gender equity in education; 
Extension services; Sharing indigenous, traditional & local knowledge; Participatory action research & 
social learning; Knowledge-sharing & learning platforms.

Informational options: Hazard & vulnerability mapping; Early warning & response systems; 
Systematic monitoring & remote sensing; Climate services; Use of indigenous climate observations; 
Participatory scenario development; Integrated assessments.

Behavioural options: Household preparation & evacuation planning; Migration; Soil & water 
conservation; Storm drain clearance; Livelihood diversification; Changed cropping, livestock & 
aquaculture practices; Reliance on social networks.

Spheres of change

Practical: Social & technical innovations, behavioural shifts, or institutional & managerial changes that 
produce substantial shifts in outcomes.

Political: Political, social, cultural & ecological decisions & actions consistent with reducing 
vulnerability & risk & supporting adaptation, mitigation & sustainable development.

Personal: Individual & collective assumptions, beliefs, values & worldviews influencing climate-change 
responses.
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SPM 4.3  Response options for mitigation

Mitigation options are available in every major sector. Mitigation can be more cost-effective 
if using an integrated approach that combines measures to reduce energy use and the green-
house gas intensity of end-use sectors, decarbonize energy supply, reduce net emissions and 
enhance carbon sinks in land-based sectors. {4.3}

Well-designed systemic and cross-sectoral mitigation strategies are more cost-effective in cutting emissions than a focus 
on individual technologies and sectors, with efforts in one sector affecting the need for mitigation in others (medium confi-
dence). Mitigation measures intersect with other societal goals, creating the possibility of co-benefits or adverse side effects. 
These intersections, if well-managed, can strengthen the basis for undertaking climate action. {4.3}

Emissions ranges for baseline scenarios and mitigation scenarios that limit CO2-equivalent concentrations to low levels 
(about 450 ppm CO2-eq, likely to limit warming to 2°C above pre-industrial levels) are shown for different sectors and gases 
in Figure SPM.14. Key measures to achieve such mitigation goals include decarbonizing (i.e., reducing the carbon intensity of) 
electricity generation (medium evidence, high agreement) as well as efficiency enhancements and behavioural changes, in 
order to reduce energy demand compared to baseline scenarios without compromising development (robust evidence, high 
agreement). In scenarios reaching 450 ppm CO2-eq concentrations by 2100, global CO2 emissions from the energy supply 
sector are projected to decline over the next decade and are characterized by reductions of 90% or more below 2010 levels 
between 2040 and 2070. In the majority of low-concentration stabilization scenarios (about 450 to about 500 ppm CO2-eq, 
at least about as likely as not to limit warming to 2°C above pre-industrial levels), the share of low-carbon electricity supply 
(comprising renewable energy (RE), nuclear and carbon dioxide capture and storage (CCS)  including bioenergy with carbon 
dioxide capture and storage (BECCS)) increases from the current share of approximately 30% to more than 80% by 2050, 
and fossil fuel power generation without CCS is phased out almost entirely by 2100. {4.3}
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Figure SPM.14 |  Carbon dioxide (CO2) emissions by sector and total non-CO2 greenhouse gases (Kyoto gases) across sectors in baseline (faded bars) and 
mitigation scenarios (solid colour bars) that reach about 450 (430 to 480) ppm CO2-eq concentrations in 2100 (likely to limit warming to 2°C above pre-
industrial levels). Mitigation in the end-use sectors leads also to indirect emissions reductions in the upstream energy supply sector. Direct emissions of the 
end-use sectors thus do not include the emission reduction potential at the supply-side due to, for example, reduced electricity demand. The numbers at the 
bottom of the graphs refer to the number of scenarios included in the range (upper row: baseline scenarios; lower row: mitigation scenarios), which differs 
across sectors and time due to different sectoral resolution and time horizon of models. Emissions ranges for mitigation scenarios include the full portfolio 
of mitigation options; many models cannot reach 450 ppm CO2-eq concentration by 2100 in the absence of carbon dioxide capture and storage (CCS). 
Negative emissions in the electricity sector are due to the application of bioenergy with carbon dioxide capture and storage (BECCS). ‘Net’ agriculture, 
forestry and other land use (AFOLU) emissions consider afforestation, reforestation as well as deforestation activities. {4.3, Figure 4.1}



 Summary for Policymakers

29

SPM

Near-term reductions in energy demand are an important element of cost-effective mitigation strategies, provide more 
flexibility for reducing carbon intensity in the energy supply sector, hedge against related supply-side risks, avoid lock-in to 
carbon-intensive infrastructures, and are associated with important co-benefits. The most cost-effective mitigation options in 
forestry are afforestation, sustainable forest management and reducing deforestation, with large differences in their relative 
importance across regions; and in agriculture, cropland management, grazing land management and restoration of organic 
soils (medium evidence, high agreement). {4.3, Figures 4.1, 4.2, Table 4.3}

Behaviour, lifestyle and culture have a considerable influence on energy use and associated emissions, with high mitigation 
potential in some sectors, in particular when complementing technological and structural change (medium evidence, medium 
agreement). Emissions can be substantially lowered through changes in consumption patterns, adoption of energy savings 
measures, dietary change and reduction in food wastes. {4.1, 4.3}

SPM 4.4  Policy approaches for adaptation and mitigation, technology and finance

Effective adaptation and mitigation responses will depend on policies and measures across 
multiple scales: international, regional, national and sub-national. Policies across all scales 
supporting technology development, diffusion and transfer, as well as finance for responses 
to climate change, can complement and enhance the effectiveness of policies that directly 
promote adaptation and mitigation. {4.4}

International cooperation is critical for effective mitigation, even though mitigation can also have local co-benefits. Adapta-
tion focuses primarily on local to national scale outcomes, but its effectiveness can be enhanced through coordination across 
governance scales, including international cooperation: {3.1, 4.4.1}

• The United Nations Framework Convention on Climate Change (UNFCCC) is the main multilateral forum focused on 
addressing climate change, with nearly universal participation. Other institutions organized at different levels of gover-
nance have resulted in diversifying international climate change cooperation. {4.4.1}

• The Kyoto Protocol offers lessons towards achieving the ultimate objective of the UNFCCC, particularly with respect to 
participation, implementation, flexibility mechanisms and environmental effectiveness (medium evidence, low agree-
ment). {4.4.1}

• Policy linkages among regional, national and sub-national climate policies offer potential climate change mitigation ben-
efits (medium evidence, medium agreement). Potential advantages include lower mitigation costs, decreased emission 
leakage and increased market liquidity. {4.4.1}

• International cooperation for supporting adaptation planning and implementation has received less attention histori-
cally than mitigation but is increasing and has assisted in the creation of adaptation strategies, plans and actions at the 
national, sub-national and local level (high confidence). {4.4.1}

There has been a considerable increase in national and sub-national plans and strategies on both adaptation and mitigation 
since the AR4, with an increased focus on policies designed to integrate multiple objectives, increase co-benefits and reduce 
adverse side effects (high confidence): {4.4.2.1, 4.4.2.2}

• National governments play key roles in adaptation planning and implementation (robust evidence, high agreement) 
through coordinating actions and providing frameworks and support. While local government and the private sector 
have different functions, which vary regionally, they are increasingly recognized as critical to progress in adaptation, 
given their roles in scaling up adaptation of communities, households and civil society and in managing risk information 
and financing (medium evidence, high agreement). {4.4.2.1}

• Institutional dimensions of adaptation governance, including the integration of adaptation into planning and decision-
making, play a key role in promoting the transition from planning to implementation of adaptation (robust evidence, 



Summary for Policymakers

30

SPM

high agreement). Examples of institutional approaches to adaptation involving multiple actors include economic options 
(e.g., insurance, public-private partnerships), laws and regulations (e.g., land-zoning laws) and national and government 
policies and programmes (e.g., economic diversification). {4.2, 4.4.2.1, Table SPM.3}

• In principle, mechanisms that set a carbon price, including cap and trade systems and carbon taxes, can achieve mitiga-
tion in a cost-effective way but have been implemented with diverse effects due in part to national circumstances as 
well as policy design. The short-run effects of cap and trade systems have been limited as a result of loose caps or caps 
that have not proved to be constraining (limited evidence, medium agreement). In some countries, tax-based policies 
specifically aimed at reducing GHG emissions—alongside technology and other policies—have helped to weaken the 
link between GHG emissions and GDP (high confidence). In addition, in a large group of countries, fuel taxes (although 
not necessarily designed for the purpose of mitigation) have had effects that are akin to sectoral carbon taxes. {4.4.2.2}

• Regulatory approaches and information measures are widely used and are often environmentally effective (medium evi-
dence, medium agreement). Examples of regulatory approaches include energy efficiency standards; examples of infor-
mation programmes include labelling programmes that can help consumers make better-informed decisions. {4.4.2.2}

• Sector-specific mitigation policies have been more widely used than economy-wide policies (medium evidence, high 
agreement). Sector-specific policies may be better suited to address sector-specific barriers or market failures and may be 
bundled in packages of complementary policies. Although theoretically more cost-effective, administrative and political 
barriers may make economy-wide policies harder to implement. Interactions between or among mitigation policies may 
be synergistic or may have no additive effect on reducing emissions. {4.4.2.2}

• Economic instruments in the form of subsidies may be applied across sectors, and include a variety of policy designs, such 
as tax rebates or exemptions, grants, loans and credit lines. An increasing number and variety of renewable energy (RE) 
policies including subsidies—motivated by many factors—have driven escalated growth of RE technologies in recent 
years. At the same time, reducing subsidies for GHG-related activities in various sectors can achieve emission reductions, 
depending on the social and economic context (high confidence). {4.4.2.2}

Co-benefits and adverse side effects of mitigation could affect achievement of other objectives such as those related to 
human health, food security, biodiversity, local environmental quality, energy access, livelihoods and equitable sustainable 
development. The potential for co-benefits for energy end-use measures outweighs the potential for adverse side effects 
whereas the evidence suggests this may not be the case for all energy supply and agriculture, forestry and other land use 
(AFOLU) measures. Some mitigation policies raise the prices for some energy services and could hamper the ability of socie-
ties to expand access to modern energy services to underserved populations (low confidence). These potential adverse side 
effects on energy access can be avoided with the adoption of complementary policies such as income tax rebates or other 
benefit transfer mechanisms (medium confidence). Whether or not side effects materialize, and to what extent side effects 
materialize, will be case- and site-specific, and depend on local circumstances and the scale, scope and pace of implementa-
tion. Many co-benefits and adverse side effects have not been well-quantified. {4.3, 4.4.2.2, Box 3.4}

Technology policy (development, diffusion and transfer) complements other mitigation policies across all scales, from interna-
tional to sub-national; many adaptation efforts also critically rely on diffusion and transfer of technologies and management 
practices (high confidence). Policies exist to address market failures in R&D, but the effective use of technologies can also 
depend on capacities to adopt technologies appropriate to local circumstances. {4.4.3}

Substantial reductions in emissions would require large changes in investment patterns (high confidence). For mitigation 
scenarios that stabilize concentrations (without overshoot) in the range of 430 to 530 ppm CO2-eq by 210019, annual invest-
ments in low carbon electricity supply and energy efficiency in key sectors (transport, industry and buildings) are projected 
in the scenarios to rise by several hundred billion dollars per year before 2030. Within appropriate enabling environments, 
the private sector, along with the public sector, can play important roles in financing mitigation and adaptation (medium 
evidence, high agreement). {4.4.4}

19 This range comprises scenarios that reach 430 to 480 ppm CO2-eq by 2100 (likely to limit warming to 2°C above pre-industrial levels) and scenarios 
that reach 480 to 530 ppm CO2-eq by 2100 (without overshoot: more likely than not to limit warming to 2°C above pre-industrial levels).
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Financial resources for adaptation have become available more slowly than for mitigation in both developed and developing 
countries. Limited evidence indicates that there is a gap between global adaptation needs and the funds available for adapta-
tion (medium confidence). There is a need for better assessment of global adaptation costs, funding and investment. Potential 
synergies between international finance for disaster risk management and adaptation have not yet been fully realized (high 
confidence). {4.4.4}

SPM 4.5  Trade-offs, synergies and interactions with sustainable development

Climate change is a threat to sustainable development. Nonetheless, there are many opportu-
nities to link mitigation, adaptation and the pursuit of other societal objectives through inte-
grated responses (high confidence). Successful implementation relies on relevant tools, suit-
able governance structures and enhanced capacity to respond (medium confidence). {3.5, 4.5}

Climate change exacerbates other threats to social and natural systems, placing additional burdens particularly on the poor 
(high confidence). Aligning climate policy with sustainable development requires attention to both adaptation and mitigation 
(high confidence). Delaying global mitigation actions may reduce options for climate-resilient pathways and adaptation in 
the future. Opportunities to take advantage of positive synergies between adaptation and mitigation may decrease with time, 
particularly if limits to adaptation are exceeded. Increasing efforts to mitigate and adapt to climate change imply an increas-
ing complexity of interactions, encompassing connections among human health, water, energy, land use and biodiversity 
(medium evidence, high agreement). {3.1, 3.5, 4.5}

Strategies and actions can be pursued now which will move towards climate-resilient pathways for sustainable development, 
while at the same time helping to improve livelihoods, social and economic well-being and effective environmental manage-
ment. In some cases, economic diversification can be an important element of such strategies. The effectiveness of integrated 
responses can be enhanced by relevant tools, suitable governance structures and adequate institutional and human capacity 
(medium confidence). Integrated responses are especially relevant to energy planning and implementation; interactions 
among water, food, energy and biological carbon sequestration; and urban planning, which provides substantial opportu-
nities for enhanced resilience, reduced emissions and more sustainable development (medium confidence). {3.5, 4.4, 4.5}
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 Introduction

Introduction 

The Synthesis Report (SYR) of the IPCC Fifth Assessment Report (AR5) 
provides an overview of the state of knowledge concerning the science 
of climate change, emphasizing new results since the publication of 
the IPCC Fourth Assessment Report (AR4) in 2007. The SYR synthe-
sizes the main findings of the AR5 based on contributions from Work-
ing Group I (The Physical Science Basis), Working Group II (Impacts, 
Adaptation and Vulnerability) and Working Group III (Mitigation of 
Climate Change), plus two additional IPCC reports (Special Report on 
Renewable Energy Sources and Climate Change Mitigation and Spe-
cial Report on Managing the Risks of Extreme Events and Disasters to 
Advance Climate Change Adaptation).

The AR5 SYR longer report is divided into four topics. Topic 1 (Observed 
Changes and their Causes) focuses on observational evidence for a 
changing climate, the impacts caused by this change and the human 
contributions to it. Topic 2 (Future Climate Changes, Risks and Impacts) 

assesses projections of future climate change and the resultant pro-
jected impacts and risks. Topic 3 (Future Pathways for Adaptation, Miti-
gation and Sustainable Development) considers adaptation and miti-
gation as complementary strategies for reducing and managing the 
risks of climate change. Topic 4 (Adaptation and Mitigation) describes 
individual adaptation and mitigation options and policy approaches. It 
also addresses integrated responses that link mitigation and adapta-
tion with other societal objectives.

The challenges of understanding and managing risks and uncertainties 
are important themes in this report. See Box 1 (Risk and the Manage-
ment of an Uncertain Future) and Box 2 (Communicating the Degree 
of Certainty in Assessment Findings). 

This report includes information relevant to Article 2 of the United 
Nations Framework Convention on Climate Change (UNFCCC). 

Box Introduction.1 | Risk and the Management of an Uncertain Future

Climate change exposes people, societies, economic sectors and ecosystems to risk. Risk is the potential for consequences when some-
thing of value is at stake and the outcome is uncertain, recognizing the diversity of values. {WGII SPM Background Box SPM.2, WGIII 
2.1, SYR Glossary}

Risks from climate change impacts arise from the interaction between hazard (triggered by an event or trend related to climate 
change), vulnerability (susceptibility to harm) and exposure (people, assets or ecosystems at risk). Hazards include processes that range 
from brief events, such as severe storms, to slow trends, such as multi-decade droughts or multi-century sea level rise. Vulnerability 
and exposure are both sensitive to a wide range of social and economic processes, with possible increases or decreases depending 
on development pathways. Risks and co-benefits also arise from policies that aim to mitigate climate change or to adapt to it. (1.5)

Risk is often represented as the probability of occurrence of hazardous events or trends multiplied by the magnitude of the conse-
quences if these events occur. Therefore, high risk can result not only from high probability outcomes but also from low probability out-
comes with very severe consequences. This makes it important to assess the full range of possible outcomes, from low probability tail 
outcomes to very likely outcomes. For example, it is unlikely that global mean sea level will rise by more than one meter in this century, 
but the consequence of a greater rise could be so severe that this possibility becomes a significant part of risk assessment. Similarly, 
low confidence but high consequence outcomes are also policy relevant; for instance the possibility that the response of Amazon forest 
could substantially amplify climate change merits consideration despite our currently imperfect ability to project the outcome. (2.4, 
Table 2.3) {WGI Table 13.5, WGII SPM A-3, 4.4, Box 4-3, WGIII Box 3-9, SYR Glossary}

Risk can be understood either qualitatively or quantitatively. It can be reduced and managed using a wide range of formal or informal 
tools and approaches that are often iterative. Useful approaches for managing risk do not necessarily require that risk levels can be 
accurately quantified. Approaches recognizing diverse qualitative values, goals and priorities, based on ethical, psychological, cultural 
or social factors, could increase the effectiveness of risk management. {WGII 1.1.2, 2.4, 2.5, 19.3, WGIII 2.4, 2.5, 3.4}
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Box Introduction.2 | Communicating the Degree of Certainty in Assessment Findings

An integral feature of IPCC reports is the communication of the strength of and uncertainties in scientific understanding underlying 
assessment findings. Uncertainty can result from a wide range of sources. Uncertainties in the past and present are the result of limita-
tions of available measurements, especially for rare events, and the challenges of evaluating causation in complex or multi-component 
processes that can span physical, biological and human systems. For the future, climate change involves changing likelihoods of diverse 
outcomes. Many processes and mechanisms are well understood, but others are not. Complex interactions among multiple climatic and 
non-climatic influences changing over time lead to persistent uncertainties, which in turn lead to the possibility of surprises. Compared 
to past IPCC reports, the AR5 assesses a substantially larger knowledge base of scientific, technical and socio-economic literature.  
{WGI 1.4, WGII SPM A-3, 1.1.2, WGIII 2.3}

The IPCC Guidance Note on Uncertainty a defines a common approach to evaluating and communicating the degree of certainty in 
findings of the assessment process. Each finding is grounded in an evaluation of underlying evidence and agreement. In many cases, a 
synthesis of evidence and agreement supports an assignment of confidence, especially for findings with stronger agreement and mul-
tiple independent lines of evidence. The degree of certainty in each key finding of the assessment is based on the type, amount, quality 
and consistency of evidence (e.g., data, mechanistic understanding, theory, models, expert judgment) and the degree of agreement. 
The summary terms for evidence are: limited, medium or robust. For agreement, they are low, medium or high. Levels of confidence 
include five qualifiers: very low, low, medium, high and very high, and are typeset in italics, e.g., medium confidence. The likelihood, or 
probability, of some well-defined outcome having occurred or occurring in the future can be described quantitatively through the follo-
wing terms: virtually certain, 99–100% probability; extremely likely, 95–100%; very likely, 90–100%; likely, 66–100%; more likely than 
not, >50–100%; about as likely as not, 33–66%; unlikely, 0–33%; very unlikely, 0–10%; extremely unlikely, 0–5%; and exceptionally 
unlikely, 0–1%. Additional terms (extremely likely, 95–100%; more likely than not, >50–100%; more unlikely than likely, 0–<50%; 
and extremely unlikely, 0–5%) may also be used when appropriate. Assessed likelihood is typeset in italics, e.g., very likely. Unless 
otherwise indicated, findings assigned a likelihood term are associated with high or very high confidence. Where appropriate, findings 
are also formulated as statements of fact without using uncertainty qualifiers. {WGI SPM B, WGII Background Box SPM.3, WGIII 2.1} 

 a  Mastrandrea, M.D., C.B. Field, T.F. Stocker, O. Edenhofer, K.L. Ebi, D.J. Frame, H. Held, E. Kriegler, K.J. Mach, P.R. Matschoss, G.-K. Plattner, G.W. Yohe and F.W. Zwiers,  
  2010: Guidance Note for Lead Authors of the IPCC Fifth Assessment Report on Consistent Treatment of Uncertainties. Intergovernmental Panel on Climate Change  
  (IPCC), Geneva, Switzerland, 4 pp.
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Topic 1 Observed Changes and their Causes

1 Based on multiple independent analyses of measurements, it is virtu-
ally certain that globally the troposphere has warmed and the lower 
stratosphere has cooled since the mid-20th century. There is medium 
confidence in the rate of change and its vertical structure in the North-
ern Hemisphere extratropical troposphere. {WGI SPM B.1, 2.4.4}

Confidence in precipitation change averaged over global land areas 
since 1901 is low prior to 1951 and medium afterwards. Averaged over 
the mid-latitude land areas of the Northern Hemisphere, precipitation 
has likely increased since 1901 (medium confidence before and high 
confidence after 1951). For other latitudes area-averaged long-term 
positive or negative trends have low confidence (Figure 1.1). {WGI  
SPM B.1, Figure SPM.2, 2.5.1}

1.1.2 Ocean

Ocean warming dominates the increase in energy stored in the 
climate system, accounting for more than 90% of the energy 
accumulated between 1971 and 2010 (high confidence) with 
only about 1% stored in the atmosphere (Figure 1.2). On a 
global scale, the ocean warming is largest near the surface, and 
the upper 75 m warmed by 0.11 [0.09 to 0.13] °C per decade 
over the period 1971 to 2010. It is virtually certain that the 
upper ocean (0−700 m) warmed from 1971 to 2010, and it likely 
warmed between the 1870s and 1971. It is likely that the ocean 
warmed from 700 to 2000 m from 1957 to 2009 and from 3000 m  
to the bottom for the period 1992 to 2005 (Figure 1.2). {WGI 
SPM B.2, 3.2, Box 3.1}

It is very likely that regions of high surface salinity, where evaporation 
dominates, have become more saline, while regions of low salinity, where 
precipitation dominates, have become fresher since the 1950s. These 
regional trends in ocean salinity provide indirect evidence for changes 
in evaporation and precipitation over the oceans and thus for changes 
in the global water cycle (medium confidence). There is no observational 
evidence of a long-term trend in the Atlantic Meridional Overturning 
Circulation (AMOC). {WGI SPM B.2, 2.5, 3.3, 3.4.3, 3.5, 3.6.3} 

1.1 Observed changes in the climate system

Warming of the climate system is unequivocal, and 
since the 1950s, many of the observed changes are 
unprecedented over decades to millennia. The atmo-
sphere and ocean have warmed, the amounts of snow 
and ice have diminished, and sea level has risen.

1.1.1 Atmosphere

Each of the last three decades has been successively warmer at 
the Earth’s surface than any preceding decade since 1850. The 
period from 1983 to 2012 was very likely the warmest 30-year period 
of the last 800 years in the Northern Hemisphere, where such assess-
ment is possible (high confidence) and likely the warmest 30-year 
period of the last 1400 years (medium confidence). {WGI 2.4.3, 5.3.5}

The globally averaged combined land and ocean surface temperature 
data as calculated by a linear trend show a warming of 0.85 [0.65 
to 1.06] °C20 over the period 1880 to 2012, for which multiple inde-
pendently produced datasets exist. The total increase between the 
average of the 1850–1900 period and the 2003–2012 period is 0.78 
[0.72 to 0.85] °C, based on the single longest dataset available. For the 
longest period when calculation of regional trends is sufficiently com-
plete (1901 to 2012), almost the entire globe has experienced surface 
warming (Figure 1.1). {WGI SPM B.1, 2.4.3}

In addition to robust multi-decadal warming, the globally averaged 
surface temperature exhibits substantial decadal and interannual vari-
ability (Figure 1.1). Due to this natural variability, trends based on short 
records are very sensitive to the beginning and end dates and do not 
in general reflect long-term climate trends. As one example, the rate 
of warming over the past 15 years (1998–2012; 0.05 [–0.05 to 0.15] 
°C per decade), which begins with a strong El Niño, is smaller than 
the rate calculated since 1951 (1951–2012; 0.12 [0.08 to 0.14] °C per 
decade; see Box 1.1). {WGI SPM B.1, 2.4.3}

Topic 1: Observed Changes and their Causes

Human influence on the climate system is clear, and recent anthropogenic emissions of greenhouse gases are the highest 
in history. Recent climate changes have had widespread impacts on human and natural systems. 

Topic 1 focuses on observational evidence of a changing climate, the impacts caused by this change and the human contributions to it. It discusses  
observed changes in climate (1.1) and external influences on climate (forcings), differentiating those forcings that are of anthropogenic origin, 
and their contributions by economic sectors and greenhouse gases (GHGs) (1.2). Section 1.3 attributes observed climate change to its causes 
and attributes impacts on human and natural systems to climate change, determining the degree to which those impacts can be attributed to 
climate change. The changing probability of extreme events and their causes are discussed in Section 1.4, followed by an account of exposure 
and vulnerability within a risk context (1.5) and a section on adaptation and mitigation experience (1.6).

20 Ranges in square brackets indicate a 90% uncertainty interval unless otherwise stated. The 90% uncertainty interval is expected to have a 90% likelihood of covering the value 
that is being estimated. Uncertainty intervals are not necessarily symmetric about the corresponding best estimate. A best estimate of that value is also given where available.
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Observed Changes and their Causes Topic 1

Since the beginning of the industrial era, oceanic uptake of CO2 has 
resulted in acidification of the ocean; the pH of ocean surface water 
has decreased by 0.1 (high confidence), corresponding to a 26% 
increase in acidity, measured as hydrogen ion concentration. There 
is medium confidence that, in parallel to warming, oxygen concen- 
trations have decreased in coastal waters and in the open ocean  
 

thermocline in many ocean regions since the 1960s, with a likely 
expansion of tropical oxygen minimum zones in recent decades. {WGI 
SPM B.5, TS2.8.5, 3.8.1, 3.8.2, 3.8.3, 3.8.5, Figure 3.20}
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Figure 1.1 |  Multiple observed indicators of a changing global climate system. (a) Observed globally averaged combined land and ocean surface temperature anomalies (relative 
to the mean of 1986 to 2005 period, as annual and decadal averages) with an estimate of decadal mean uncertainty included for one data set (grey shading). {WGI Figure SPM.1, 
Figure 2.20; a listing of data sets and further technical details are given in the WGI Technical Summary Supplementary Material WGI TS.SM.1.1} (b) Map of the observed surface 
temperature change, from 1901 to 2012, derived from temperature trends determined by linear regression from one data set (orange line in Panel a). Trends have been calculated 
where data availability permitted a robust estimate (i.e., only for grid boxes with greater than 70% complete records and more than 20% data availability in the first and last 10% 
of the time period), other areas are white. Grid boxes where the trend is significant, at the 10% level, are indicated by a + sign. {WGI Figure SPM.1, Figure 2.21, Figure TS.2; a list-
ing of data sets and further technical details are given in the WGI Technical Summary Supplementary Material WGI TS.SM.1.2} (c) Arctic (July to September average) and Antarctic 
(February) sea ice extent. {WGI Figure SPM.3, Figure 4.3, Figure 4.SM.2; a listing of data sets and further technical details are given in the WGI Technical Summary Supplementary 
Material WGI TS.SM.3.2}. (d) Global mean sea level relative to the 1986–2005 mean of the longest running data set, and with all data sets aligned to have the same value in 1993, 
the first year of satellite altimetry data. All time series (coloured lines indicating different data sets) show annual values, and where assessed, uncertainties are indicated by coloured 
shading. {WGI Figure SPM.3, Figure 3.13; a listing of data sets and further technical details are given in the WGI Technical Summary Supplementary Material WGI TS.SM.3.4}. (e) 
Map of observed precipitation change, from 1951 to 2010; trends in annual accumulation calculated using the same criteria as in Panel b. {WGI Figure SPM.2, TS TFE.1, Figure 2, 
Figure 2.29. A listing of data sets and further technical details are given in the WGI Technical Summary Supplementary Material WGI TS.SM.2.1}
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1.1.3 Cryosphere

Over the last two decades, the Greenland and Antarctic ice 
sheets have been losing mass (high confidence). Glaciers have 
continued to shrink almost worldwide (high confidence). North-
ern Hemisphere spring snow cover has continued to decrease 
in extent (high confidence). There is high confidence that there 
are strong regional differences in the trend in Antarctic sea ice 
extent, with a very likely increase in total extent. {WGI SPM B.3, 
4.2–4.7}

Glaciers have lost mass and contributed to sea level rise throughout 
the 20th century. The rate of ice mass loss from the Greenland ice sheet 
has very likely substantially increased over the period 1992 to 2011, 
resulting in a larger mass loss over 2002 to 2011 than over 1992 to 
2011. The rate of ice mass loss from the Antarctic ice sheet, mainly 
from the northern Antarctic Peninsula and the Amundsen Sea sector of 
West Antarctica, is also likely larger over 2002 to 2011. {WGI SPM B.3, 
SPM B.4, 4.3.3, 4.4.2, 4.4.3}

The annual mean Arctic sea ice extent decreased over the period 1979 
(when satellite observations commenced) to 2012. The rate of decrease 
was very likely in the range 3.5 to 4.1% per decade. Arctic sea ice extent 
has decreased in every season and in every successive decade since 
1979, with the most rapid decrease in decadal mean extent in summer 
(high confidence). For the summer sea ice minimum, the decrease was 
very likely in the range of 9.4 to 13.6% per decade (range of 0.73 to 
1.07 million km2 per decade) (see Figure 1.1). It is very likely that the 
annual mean Antarctic sea ice extent increased in the range of 1.2 
to 1.8% per decade (range of 0.13 to 0.20 million km2 per decade) 
between 1979 and 2012. However, there is high confidence that there 
are strong regional differences in Antarctica, with extent increasing in 
some regions and decreasing in others. {WGI SPM B.5, 4.2.2, 4.2.3}

There is very high confidence that the extent of Northern Hemisphere 
snow cover has decreased since the mid-20th century by 1.6 [0.8 to 
2.4] % per decade for March and April, and 11.7% per decade for June, 
over the 1967 to 2012 period. There is high confidence that permafrost 
temperatures have increased in most regions of the Northern Hemi-
sphere since the early 1980s, with reductions in thickness and areal 
extent in some regions. The increase in permafrost temperatures has 
occurred in response to increased surface temperature and changing 
snow cover. {WGI SPM B.3, 4.5, 4.7.2}

1.1.4 Sea level

Over the period 1901–2010, global mean sea level rose by 0.19 
[0.17 to 0.21] m (Figure 1.1). The rate of sea level rise since the 
mid-19th century has been larger than the mean rate during the 
previous two millennia (high confidence). {WGI SPM B.4, 3.7.2, 
5.6.3, 13.2}

It is very likely that the mean rate of global averaged sea level rise was 
1.7 [1.5 to 1.9] mm/yr between 1901 and 2010 and 3.2 [2.8 to 3.6] 
mm/yr between 1993 and 2010. Tide gauge and satellite altimeter data 
are consistent regarding the higher rate during the latter period. It is 
likely that similarly high rates occurred between 1920 and 1950. {WGI 
SPM B.4, 3.7, 13.2}

Since the early 1970s, glacier mass loss and ocean thermal expansion 
from warming together explain about 75% of the observed global 
mean sea level rise (high confidence). Over the period 1993–2010, 
global mean sea level rise is, with high confidence, consistent with 
the sum of the observed contributions from ocean thermal expansion, 
due to warming, from changes in glaciers, the Greenland ice sheet, 
the Antarctic ice sheet and land water storage. {WGI SPM B.4, 13.3.6}

Rates of sea level rise over broad regions can be several times larger 
or smaller than the global mean sea level rise for periods of several 
decades, due to fluctuations in ocean circulation. Since 1993, the 
regional rates for the Western Pacific are up to three times larger than 
the global mean, while those for much of the Eastern Pacific are near 
zero or negative. {WGI 3.7.3, FAQ 13.1}

There is very high confidence that maximum global mean sea level 
during the last interglacial period (129,000 to 116,000 years ago) 
was, for several thousand years, at least 5 m higher than present and 
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Figure 1.2 |  Energy accumulation within the Earth’s climate system. Estimates are 
in 1021 J, and are given relative to 1971 and from 1971 to 2010, unless otherwise 
indicated. Components included are upper ocean (above 700 m), deep ocean (below  
700 m; including below 2000 m estimates starting from 1992), ice melt (for glaciers 
and ice caps, Greenland and Antarctic ice sheet estimates starting from 1992, and Arctic 
sea ice estimate from 1979 to 2008), continental (land) warming, and atmospheric 
warming (estimate starting from 1979). Uncertainty is estimated as error from all five 
components at 90% confidence intervals. {WGI Box 3.1, Figure 1}
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Box 1.1 | Recent Temperature Trends and their Implications

The observed reduction in surface warming trend over the period 1998 to 2012 as compared to the period 1951 to 2012, 
is due in roughly equal measure to a reduced trend in radiative forcing and a cooling contribution from natural internal 
variability, which includes a possible redistribution of heat within the ocean (medium confidence). The rate of warming of the 
observed global mean surface temperature over the period from 1998 to 2012 is estimated to be around one-third to one-half of the trend 
over the period from 1951 to 2012 (Box 1.1, Figures 1a and 1c). Even with this reduction in surface warming trend, the climate system has 
very likely continued to accumulate heat since 1998 (Figure 1.2) and sea level has continued to rise (Figure 1.1). {WGI SPM D.1, Box 9.2}

The radiative forcing of the climate system has continued to increase during the 2000s, as has its largest contributor, the atmospheric 
concentration of CO2. However, the radiative forcing has been increasing at a lower rate over the period from 1998 to 2011, compared to 
1984 to 1998 or 1951 to 2011, due to cooling effects from volcanic eruptions and the cooling phase of the solar cycle over the period from 
2000 to 2009. There is, however, low confidence in quantifying the role of the forcing trend in causing the reduction in the rate of surface 
warming. {WGI 8.5.2, Box 9.2}

For the period from 1998 to 2012, 111 of the 114 available climate-model simulations show a surface warming trend larger than the 
observations (Box 1.1, Figure 1a). There is medium confidence that this difference between models and observations is to a substantial 
degree caused by natural internal climate variability, which sometimes enhances and sometimes counteracts the long-term externally 
forced warming trend (compare Box 1.1, Figures 1a and 1b; during the period from 1984 to 1998, most model simulations show a smaller 
warming trend than observed). Natural internal variability thus diminishes the relevance of short trends for long-term climate change. The 
difference between models and observations may also contain contributions from inadequacies in the solar, volcanic and aerosol forcings 
used by the models and, in some models, from an overestimate of the response to increasing greenhouse gas and other anthropogenic 
forcing (the latter dominated by the effects of aerosols). {WGI 2.4.3, Box 9.2, 9.4.1, 10.3.1.1}

For the longer period from 1951 to 2012, simulated surface warming trends are consistent with the observed trend (very high confidence) 
(Box 1.1, Figure 1c). Furthermore, the independent estimates of radiative forcing, of surface warming and of observed heat storage (the 
latter available since 1970) combine to give a heat budget for the Earth that is consistent with the assessed likely range of equilibrium 
climate sensitivity20 (1.5–4.5 ºC)21. The record of observed climate change has thus allowed characterization of the basic properties of the 
climate system that have implications for future warming, including the equilibrium climate sensitivity and the transient climate response 
(see Topic 2). {WGI Box 9.2, 10.8.1, 10.8.2, Box 12.2, Box 13.1}

Box 1.1, Figure 1 |  Trends in the global mean surface temperature over the periods from 1998 to 2012 (a), 1984 to 1998 (b), and 1951 to 2012 (c), from observations 
(red) and the 114 available simulations with current-generation climate models (grey bars). The height of each grey bar indicates how often a trend of a certain magnitude 
(in °C per decade) occurs among the 114 simulations. The width of the red-hatched area indicates the statistical uncertainty that arises from constructing a global average 
from individual station data. This observational uncertainty differs from the one quoted in the text of Section 1.1.1; there, an estimate of natural internal variability is also 
included. Here, by contrast, the magnitude of natural internal variability is characterised by the spread of the model ensemble. {based on WGI Box 9.2, Figure 1}

 
21 The connection between the heat budget and equilibrium climate sensitivity, which is the long-term surface warming under an assumed doubling of the atmospheric 

CO2 concentration, arises because a warmer surface causes enhanced radiation to space which counteracts the increase in the Earth’s heat content. How much the 
radiation to space increases for a given increase in surface temperature depends on the same feedback processes (e.g., cloud feedback, water vapour feedback) that 
determine equilibrium climate sensitivity. 
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high confidence that it did not exceed 10 m above present. During the 
last interglacial period, the Greenland ice sheet very likely contributed 
between 1.4 and 4.3 m to the higher global mean sea level, implying 
with medium confidence an additional contribution from the Antarctic 
ice sheet. This change in sea level occurred in the context of different 
orbital forcing and with high-latitude surface temperature, averaged 
over several thousand years, at least 2°C warmer than present (high 
confidence). {WGI SPM B.4, 5.3.4, 5.6.2, 13.2.1}

1.2 Past and recent drivers of climate change 

Anthropogenic greenhouse gas emissions have 
increased since the pre-industrial era driven largely 
by economic and population growth. From 2000 to 
2010 emissions were the highest in history. Historical 
emissions have driven atmospheric concentrations of 
carbon dioxide, methane and nitrous oxide to levels 
that are unprecedented in at least the last 800,000 
years, leading to an uptake of energy by the climate 
system.

Natural and anthropogenic substances and processes that alter the 
Earth’s energy budget are physical drivers of climate change. Radiative 
forcing  quantifies the perturbation of energy into the Earth system 
caused by these drivers. Radiative forcings larger than zero lead to a 
near-surface warming, and radiative forcings smaller than zero lead to 
a cooling. Radiative forcing is estimated based on in-situ and remote 
observations, properties of GHGs and aerosols, and calculations using 
numerical models. The radiative forcing over the 1750–2011 period is 
shown in Figure 1.4 in major groupings. The ‘Other Anthropogenic’ 
group is principally comprised of cooling effects from aerosol changes, 
with smaller contributions from ozone changes, land use reflectance 
changes and other minor terms. {WGI SPM C, 8.1, 8.5.1}

1.2.1 Natural and anthropogenic radiative forcings

Atmospheric concentrations of GHGs are at levels that are 
unprecedented in at least 800,000 years. Concentrations of 
carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) 
have all shown large increases since 1750 (40%, 150% and 20%, 
respectively) (Figure 1.3). CO2 concentrations are increasing at the 
fastest observed decadal rate of change (2.0 ± 0.1 ppm/yr) for 2002–
2011. After almost one decade of stable CH4 concentrations since the 
late 1990s, atmospheric measurements have shown renewed increases 
since 2007. N2O concentrations have steadily increased at a rate of 
0.73 ± 0.03 ppb/yr over the last three decades. {WGI SPM B5, 2.2.1, 
6.1.2, 6.1.3, 6.3}

The total anthropogenic radiative forcing over 1750–2011 
is calculated to be a warming effect of 2.3 [1.1 to 3.3] W/m2 
(Figure 1.4), and it has increased more rapidly since 1970 than 
during prior decades. Carbon dioxide is the largest single con-
tributor to radiative forcing over 1750–2011 and its trend since 
1970. The total anthropogenic radiative forcing estimate for 2011 
is substantially higher (43%) than the estimate reported in the IPCC 

Fourth Assessment Report (AR4) for the year 2005. This is caused by 
a combination of continued growth in most GHG concentrations and 
an improved estimate of radiative forcing from aerosols. {WGI SPM C, 
8.5.1}

The radiative forcing from aerosols, which includes cloud 
adjustments, is better understood and indicates a weaker 
cooling effect than in AR4. The aerosol radiative forcing over 
1750–2011 is estimated as –0.9 [–1.9 to −0.1] W/m2 (medium 
confidence). Radiative forcing from aerosols has two competing 
components: a dominant cooling effect from most aerosols and 
their cloud adjustments and a partially offsetting warming con-
tribution from black carbon absorption of solar radiation. There 
is high confidence that the global mean total aerosol radiative forcing 
has counteracted a substantial portion of radiative forcing from well-
mixed GHGs. Aerosols continue to contribute the largest uncertainty to 
the total radiative forcing estimate. {WGI SPM C, 7.5, 8.3, 8.5.1}

Changes in solar irradiance and volcanic aerosols cause natu-
ral radiative forcing (Figure 1.4). The radiative forcing from strato-
spheric volcanic aerosols can have a large cooling effect on the climate 
system for some years after major volcanic eruptions. Changes in total 
solar irradiance are calculated to have contributed only around 2%  
of the total radiative forcing in 2011, relative to 1750. {WGI SPM C, 
Figure SPM.5, 8.4}
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Figure 1.3 | Observed changes in atmospheric greenhouse gas concentrations. 
Atmospheric concentrations of carbon dioxide (CO2, green), methane (CH4, orange), and 
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1.2.2 Human activities affecting emission drivers

About half of the cumulative anthropogenic CO2 emissions 
between 1750 and 2011 have occurred in the last 40 years 
(high confidence). Cumulative anthropogenic CO2 emissions of 

2040 ± 310 GtCO2 were added to the atmosphere between 1750 
and 2011. Since 1970, cumulative CO2 emissions from fossil fuel 
combustion, cement production and flaring have tripled, and cumula-
tive CO2 emissions from forestry and other land use21(FOLU)22 have 
increased by about 40% (Figure 1.5)23. In 2011, annual CO2 emis-
sions from fossil fuel combustion, cement production and flaring 
were 34.8 ± 2.9 GtCO2/yr. For 2002–2011, average annual emissions 
from FOLU were 3.3 ± 2.9 GtCO2/yr. {WGI 6.3.1, 6.3.2, WGIII SPM.3} 

About 40% of these anthropogenic CO2 emissions have 
remained in the atmosphere (880 ± 35 GtCO2) since 1750. The 
rest was removed from the atmosphere by sinks, and stored in 
natural carbon cycle reservoirs. Sinks from ocean uptake and vege-
tation with soils account, in roughly equal measures, for the remainder 
of the cumulative CO2 emissions. The ocean has absorbed about 30% 
of the emitted anthropogenic CO2, causing ocean acidification.  
{WGI 3.8.1, 6.3.1} 

Total annual anthropogenic GHG emissions have continued to 
increase over 1970 to 2010 with larger absolute increases between 
2000 and 2010 (high confidence). Despite a growing number of 
climate change mitigation policies, annual GHG emissions grew on 
average by 1.0 GtCO2-eq (2.2%) per year, from 2000 to 2010, com- 
pared to 0.4 GtCO2-eq (1.3%) per year, from 1970 to 2000 (Figure 1.6)24.  
Total anthropogenic GHG emissions from 2000 to 2010 were the 
highest in human history and reached 49 (±4.5) GtCO2-eq/yr in 2010.  
The global economic crisis of 2007/2008 reduced emissions only tem-
porarily. {WGIII SPM.3, 1.3, 5.2, 13.3, 15.2.2, Box TS.5, Figure 15.1}
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Figure 1.4 | Radiative forcing of climate change during the industrial era 
(1750–2011). Bars show radiative forcing from well-mixed greenhouse gases 
(WMGHG), other anthropogenic forcings, total anthropogenic forcings and natural 
forcings. The error bars indicate the 5 to 95% uncertainty. Other anthropogenic forc-
ings include aerosol, land use surface reflectance and ozone changes. Natural forcings 
include solar and volcanic effects. The total anthropogenic radiative forcing for 2011 
relative to 1750 is 2.3 W/m2 (uncertainty range 1.1 to 3.3 W/m2). This corresponds to 
a CO2-equivalent concentration (see Glossary) of 430 ppm (uncertainty range 340 to  
520 ppm). {Data from WGI 7.5 and Table 8.6}
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Figure 1.5 |  Annual global anthropogenic carbon dioxide (CO2) emissions (gigatonne of CO2-equivalent per year, GtCO2/yr) from fossil fuel combustion, cement production and 
flaring, and forestry and other land use (FOLU), 1750–2011. Cumulative emissions and their uncertainties are shown as bars and whiskers, respectively, on the right-hand side. The 
global effects of the accumulation of methane (CH4) and nitrous oxide (N2O) emissions are shown in Figure 1.3. Greenhouse gas emission data from 1970 to 2010 are shown in 
Figure 1.6. {modified from WGI Figure TS.4 and WGIII Figure TS.2}

22 Forestry and other land use (FOLU)—also referred to as LULUCF (land use, land use change and forestry)—is the subset of agriculture, forestry and other land use (AFOLU) 
emissions and removals of GHGs related to direct human-induced LULUCF activities, excluding agricultural emissions and removals (see WGIII AR5 Glossary).

23 Numbers from WGI 6.3 converted into GtCO2 units. Small differences in cumulative emissions from Working Group III {WGIII SPM.3, TS.2.1} are due to different approaches to 
rounding, different end years and the use of different data sets for emissions from FOLU. Estimates remain extremely close, given their uncertainties.

24 CO2-equivalent emission is a common scale for comparing emissions of different GHGs. Throughout the SYR, when historical emissions of GHGs are provided in GtCO2-eq, they 
are weighted by Global Warming Potentials with a 100-year time horizon (GWP100), taken from the IPCC Second Assessment Report unless otherwise stated. A unit abbreviation 
of GtCO2-eq is used. {Box 3.2, Glossary}
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CO2 emissions from fossil fuel combustion and industrial pro-
cesses contributed about 78% to the total GHG emission 
increase between 1970 and 2010, with a contribution of sim-
ilar percentage over the 2000–2010 period (high confidence).  
Fossil-fuel-related CO2 emissions reached 32 (±2.7) GtCO2/yr, in 2010, 
and grew further by about 3% between 2010 and 2011, and by about 
1 to 2% between 2011 and 2012. CO2 remains the major anthropo-
genic GHG, accounting for 76% of total anthropogenic GHG emissions 
in 2010. Of the total, 16% comes from CH4, 6.2% from N2O, and 2.0% 
from fluorinated gases (F-gases) (Figure 1.6)25. Annually, since 1970, 
about 25% of anthropogenic GHG emissions have been in the form of 
non-CO2 gases26. {WGIII SPM.3, 1.2, 5.2}

Total annual anthropogenic GHG emissions have increased by 
about 10 GtCO2-eq between 2000 and 2010. This increase directly 
came from the energy (47%), industry (30%), transport (11%) 
and building (3%) sectors (medium confidence). Accounting for 
indirect emissions raises the contributions by the building and 

industry sectors (high confidence). Since 2000, GHG emissions have 
been growing in all sectors, except in agriculture, forestry and other 
land use (AFOLU)22. In 2010, 35% of GHG emissions were released by 
the energy sector, 24% (net emissions) from AFOLU, 21% by industry, 
14% by transport and 6.4% by the building sector. When emissions 
from electricity and heat production are attributed to the sectors that 
use the final energy (i.e., indirect emissions), the shares of the industry 
and building sectors in global GHG emissions are increased to 31% 
and 19%, respectively (Figure 1.7). {WGIII SPM.3, 7.3, 8.1, 9.2, 10.3, 
11.2} See also Box 3.2 for contributions from various sectors, based on 
metrics other than 100-year Global Warming Potential (GWP100).

Globally, economic and population growth continue to be the 
most important drivers of increases in CO2 emissions from 
fossil fuel combustion. The contribution of population growth 
between 2000 and 2010 remained roughly identical to that of 
the previous three decades, while the contribution of economic 
growth has risen sharply (high confidence). Between 2000 and  
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Figure 1.6 |  Total annual anthropogenic greenhouse gas (GHG) emissions (gigatonne of CO2-equivalent per year, GtCO2-eq/yr) for the period 1970 to 2010, by gases: CO2 from 
fossil fuel combustion and industrial processes; CO2 from Forestry and Other Land Use (FOLU); methane (CH4); nitrous oxide (N2O); fluorinated gases covered under the Kyoto 
Protocol (F-gases). Right hand side shows 2010 emissions, using alternatively CO2-equivalent emission weightings based on IPCC Second Assessment Report (SAR) and AR5 values. 
Unless otherwise stated, CO2-equivalent emissions in this report include the basket of Kyoto gases (CO2, CH4, N2O as well as F-gases) calculated based on 100-year Global Warming  
Potential (GWP100) values from the SAR (see Glossary). Using the most recent GWP100 values from the AR5 (right-hand bars) would result in higher total annual GHG emissions  
(52 GtCO2-eq/yr) from an increased contribution of methane, but does not change the long-term trend significantly. Other metric choices would change the contributions of different 
gases (see Box 3.2). The 2010 values are shown again broken down into their components with the associated uncertainties (90% confidence interval) indicated by the error bars. 
Global CO2 emissions from fossil fuel combustion are known with an 8% uncertainty margin (90% confidence interval). There are very large uncertainties (of the order of ±50%) 
attached to the CO2 emissions from FOLU. Uncertainty about the global emissions of CH4, N2O and the F-gases has been estimated at 20%, 60% and 20%, respectively. 2010 
was the most recent year for which emission statistics on all gases as well as assessments of uncertainties were essentially complete at the time of data cut off for this report. The 
uncertainty estimates only account for uncertainty in emissions, not in the GWPs (as given in WGI 8.7). {WGIII Figure SPM.1}

25 Using the most recent 100-year Global Warming Potential (GWP100) values from the AR5 {WGI 8.7} instead of GWP100 values from the IPCC Second Assessment Report, 
global GHG emission totals would be slightly higher (52 GtCO2-eq/yr) and non-CO2 emission shares would be 20% for CH4, 5% for N2O and 2.2% for F-gases.

26 For this report, data on non-CO2 GHGs, including F-gases, were taken from the Electronic Data Gathering, Analysis, and Retrieval (EDGAR) database {WGIII Annex II.9}, 
which covers substances included in the Kyoto Protocol in its first commitment period.
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2010, both drivers outpaced emission reductions from improvements 
in energy intensity of gross domestic product (GDP) (Figure 1.8). 
Increased use of coal relative to other energy sources has reversed 
the long-standing trend in gradual decarbonization (i.e., reducing the 
carbon intensity of energy) of the world’s energy supply. {WGIII SPM.3, 
TS.2.2, 1.3, 5.3, 7.2, 7.3, 14.3}

1.3 Attribution of climate 
changes and impacts 

The evidence for human influence on the climate 
system has grown since AR4. Human influence has 
been detected in warming of the atmosphere and the 
ocean, in changes in the global water cycle, in reduc-
tions in snow and ice, and in global mean sea level 
rise; and it is extremely likely to have been the domi-
nant cause of the observed warming since the mid-
20th century. In recent decades, changes in climate 
have caused impacts on natural and human systems 
on all continents and across the oceans. Impacts are 
due to observed climate change, irrespective of its 
cause, indicating the sensitivity of natural and human 
systems to changing climate.

The causes of observed changes in the climate system, as well as in any 
natural or human system impacted by climate, are established follow-
ing a consistent set of methods. Detection addresses the question of 
whether climate or a natural or human system affected by climate has 
actually changed in a statistical sense, while attribution evaluates the 
relative contributions of multiple causal factors to an observed change 
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Figure 1.7 |  Total anthropogenic greenhouse gas (GHG) emissions (gigatonne of CO2-
equivalent per year, GtCO2-eq/yr) from economic sectors in 2010. The circle shows the 
shares of direct GHG emissions (in % of total anthropogenic GHG emissions) from five 
economic sectors in 2010. The pull-out shows how shares of indirect CO2 emissions 
(in % of total anthropogenic GHG emissions) from electricity and heat production are 
attributed to sectors of final energy use. ‘Other energy’ refers to all GHG emission 
sources in the energy sector as defined in WGIII Annex II, other than electricity and 
heat production {WGIII Annex II.9.1}. The emission data on agriculture, forestry and 
other land use (AFOLU) includes land-based CO2 emissions from forest fires, peat fires 
and peat decay that approximate to net CO2 flux from the sub-sectors of forestry and 
other land use (FOLU) as described in Chapter 11 of the WGIII report. Emissions are 
converted into CO2-equivalents based on 100-year Global Warming Potential (GWP100), 
taken from the IPCC Second Assessment Report (SAR). Sector definitions are provided 
in WGIII Annex II.9. {WGIII Figure SPM.2}
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or event with an assignment of statistical confidence27. Attribution of 
climate change to causes quantifies the links between observed climate 
change and human activity, as well as other, natural, climate drivers. In 
contrast, attribution of observed impacts to climate change considers 
the links between observed changes in natural or human systems and 
observed climate change, regardless of its cause. Results from studies 
attributing climate change to causes provide estimates of the magni-
tude of warming in response to changes in radiative forcing and hence 
support projections of future climate change (Topic 2). Results from 
studies attributing impacts to climate change provide strong indica-
tions for the sensitivity of natural or human systems to future climate 
change. {WGI 10.8, WGII SPM A-1, WGI/II/III/SYR Glossaries}

1.3.1 Attribution of climate changes to human and 
natural influences on the climate system

It is extremely likely that more than half of the observed 
increase in global average surface temperature from 1951 to 
2010 was caused by the anthropogenic increase in GHG concen-
trations and other anthropogenic forcings together (Figure 1.9). 
The best estimate of the human induced contribution to warming is 
similar to the observed warming over this period. GHGs contributed a 
global mean surface warming likely to be in the range of 0.5°C to 1.3°C 
over the period 1951 to 2010, with further contributions from other 
anthropogenic forcings, including the cooling effect of aerosols, from 
natural forcings, and from natural internal variability (see Figure 1.9). 

Together these assessed contributions are consistent with the observed 
warming of approximately 0.6°C to 0.7°C over this period. {WGI SPM D.3, 
10.3.1}

It is very likely that anthropogenic influence, particularly GHGs and 
stratospheric ozone depletion, has led to a detectable observed pat-
tern of tropospheric warming and a corresponding cooling in the lower 
stratosphere since 1961. {WGI SPM D.3, 2.4.4, 9.4.1, 10.3.1}

Over every continental region except Antarctica, anthropogenic 
forcings have likely made a substantial contribution to surface 
temperature increases since the mid-20th century (Figure 1.10). 
For Antarctica, large observational uncertainties result in low confi-
dence that anthropogenic forcings have contributed to the observed 
warming averaged over available stations. In contrast, it is likely that 
there has been an anthropogenic contribution to the very substantial 
Arctic warming since the mid-20th century. Human influence has likely 
contributed to temperature increases in many sub-continental regions. 
{WGI SPM D.3, TS.4.8, 10.3.1} 

Anthropogenic influences have very likely contributed to Arctic 
sea ice loss since 1979 (Figure 1.10). There is low confidence in the 
scientific understanding of the small observed increase in Antarctic sea 
ice extent due to the incomplete and competing scientific explanations 
for the causes of change and low confidence in estimates of natural 
internal variability in that region. {WGI SPM D.3, 10.5.1, Figure 10.16} 

Anthropogenic influences likely contributed to the retreat of glaciers 
since the 1960s and to the increased surface melting of the Green-
land ice sheet since 1993. Due to a low level of scientific understand-
ing, however, there is low confidence in attributing the causes of the 
observed loss of mass from the Antarctic ice sheet over the past two 
decades. It is likely that there has been an anthropogenic contribu-
tion to observed reductions in Northern Hemisphere spring snow cover 
since 1970. {WGI 4.3.3, 10.5.2, 10.5.3}

It is likely that anthropogenic influences have affected the 
global water cycle since 1960. Anthropogenic influences have 
contributed to observed increases in atmospheric moisture content 
(medium confidence), to global-scale changes in precipitation patterns 
over land (medium confidence), to intensification of heavy precipita-
tion over land regions where data are sufficient (medium confidence)
(see 1.4) and to changes in surface and subsurface ocean salinity (very 
likely). {WGI SPM D.3, 2.5.1, 2.6.2, 3.3.2, 3.3.3, 7.6.2, 10.3.2, 10.4.2, 
10.6}

It is very likely that anthropogenic forcings have made a sub-
stantial contribution to increases in global upper ocean heat 
content (0–700 m) observed since the 1970s (Figure 1.10). There 
is evidence for human influence in some individual ocean basins. It is 
very likely that there is a substantial anthropogenic contribution to the 
global mean sea level rise since the 1970s. This is based on the high  
confidence in an anthropogenic influence on the two largest contribu-
tions to sea level rise: thermal expansion and glacier mass loss. Oceanic 

Combined anthropogenic forcings

Other anthropogenic forcings

OBSERVED WARMING

Greenhouse gases

Contributions to observed surface temperature change over the period 1951–2010

Natural forcings

Natural internal variability
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Figure 1.9 |  Assessed likely ranges (whiskers) and their mid-points (bars) for warming 
trends over the 1951–2010 period from well-mixed greenhouse gases, other anthro-
pogenic forcings (including the cooling effect of aerosols and the effect of land use 
change), combined anthropogenic forcings, natural forcings, and natural internal cli-
mate variability (which is the element of climate variability that arises spontaneously 
within the climate system, even in the absence of forcings). The observed surface tem-
perature change is shown in black, with the 5 to 95% uncertainty range due to obser-
vational uncertainty. The attributed warming ranges (colours) are based on observations 
combined with climate model simulations, in order to estimate the contribution by an 
individual external forcing to the observed warming. The contribution from the com-
bined anthropogenic forcings can be estimated with less uncertainty than the separate 
contributions from greenhouse gases and other anthropogenic forcings separately. This 
is because these two contributions partially compensate, resulting in a signal that is 
better constrained by observations. {Based on Figure WGI TS.10}

27 Definitions were taken from the Good Practice Guidance Paper on Detection and Attribution, the agreed product of the IPCC Expert Meeting on Detection and Attribution 
Related to Anthropogenic Climate Change; see Glossary.
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uptake of anthropogenic CO2 has resulted in gradual acidification of 
ocean surface waters (high confidence). {WGI SPM D.3, 3.2.3, 3.8.2, 
10.4.1, 10.4.3, 10.4.4, 10.5.2, 13.3, Box 3.2, TS.4.4, WGII 6.1.1.2,  
Box CC-OA}

1.3.2 Observed impacts attributed to climate change

In recent decades, changes in climate have caused impacts on 
natural and human systems on all continents and across the 
oceans. Impacts are due to observed climate change, irrespective  

of its cause, indicating the sensitivity of natural and human 
systems to changing climate. Evidence of observed climate change 
impacts is strongest and most comprehensive for natural systems. 
Some impacts on human systems have also been attributed to climate 
change, with a major or minor contribution of climate change distin-
guishable from other influences (Figure 1.11). Impacts on human sys-
tems are often geographically heterogeneous because they depend not 
only on changes in climate variables but also on social and economic 
factors. Hence, the changes are more easily observed at local levels, 
while attribution can remain difficult. {WGII SPM A-1, SPM A-3, 18.1, 
18.3–18.6}
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Figure 1.10 |  Comparison of observed and simulated change in continental surface temperatures on land (yellow panels), Arctic and Antarctic September sea ice extent (white 
panels), and upper ocean heat content in the major ocean basins (blue panels). Global average changes are also given. Anomalies are given relative to 1880–1919 for surface 
temperatures, to 1960–1980 for ocean heat content, and to 1979–1999 for sea ice. All time series are decadal averages, plotted at the centre of the decade. For temperature panels, 
observations are dashed lines if the spatial coverage of areas being examined is below 50%. For ocean heat content and sea ice panels, the solid lines are where the coverage of 
data is good and higher in quality, and the dashed lines are where the data coverage is only adequate, and, thus, uncertainty is larger (note that different lines indicate different 
data sets; for details, see WGI Figure SPM.6). Model results shown are Coupled Model Intercomparison Project Phase 5 (CMIP5) multi-model ensemble ranges, with shaded bands 
indicating the 5 to 95% confidence intervals. {WGI Figure SPM 6; for detail, see WGI Figure TS.12}
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In many regions, changing precipitation or melting snow and 
ice are altering hydrological systems, affecting water resources 
in terms of quantity and quality (medium confidence). Glaciers 
continue to shrink almost worldwide due to climate change (high con-
fidence), affecting runoff and water resources downstream (medium 
confidence). Climate change is causing permafrost warming and thaw-
ing in high-latitude regions and in high-elevation regions (high confi-
dence). {WGII SPM A-1}

Many terrestrial, freshwater and marine species have shifted 
their geographic ranges, seasonal activities, migration patterns, 
abundances and species interactions in response to ongoing cli-
mate change (high confidence). While only a few recent species 
extinctions have been attributed as yet to climate change (high con-
fidence), natural global climate change at rates slower than current 
anthropogenic climate change caused significant ecosystem shifts and 
species extinctions during the past millions of years (high confidence). 
Increased tree mortality, observed in many places worldwide, has been 
attributed to climate change in some regions. Increases in the fre-
quency or intensity of ecosystem disturbances such as droughts, wind-
storms, fires and pest outbreaks have been detected in many parts of 
the world and in some cases are attributed to climate change (medium 
confidence). Numerous observations over the last decades in all ocean 
basins show changes in abundance, distribution shifts poleward and/
or to deeper, cooler waters for marine fishes, invertebrates and phyto-
plankton (very high confidence), and altered ecosystem composition 
(high confidence), tracking climate trends. Some warm-water corals 
and their reefs have responded to warming with species replacement, 
bleaching, and decreased coral cover causing habitat loss (high confi-
dence). Some impacts of ocean acidification on marine organisms have 
been attributed to human influence, from the thinning of pteropod and 
foraminiferan shells (medium confidence) to the declining growth rates 
of corals (low confidence). Oxygen minimum zones are progressively 
expanding in the tropical Pacific, Atlantic and Indian Oceans, due to 
reduced ventilation and O2 solubility in warmer, more stratified oceans, 
and are constraining fish habitat (medium confidence). {WGII SPM A-1, 
Table SPM.A1, TS A-1, 6.3.2.5, 6.3.3, 18.3–18.4, 30.5.1.1, Box CC-OA, 
Box CC-CR}

Assessment of many studies covering a wide range of regions 
and crops shows that negative impacts of climate change on 
crop yields have been more common than positive impacts 
(high confidence). The smaller number of studies showing positive 
impacts relate mainly to high-latitude regions, though it is not yet 
clear whether the balance of impacts has been negative or positive 
in these regions (high confidence). Climate change has negatively 
affected wheat and maize yields for many regions and in the global 
aggregate (medium confidence). Effects on rice and soybean yield 
have been smaller in major production regions and globally, with 
a median change of zero across all available data which are fewer 
for soy compared to the other crops (see Figure 1.11c). Observed 
impacts relate mainly to production aspects of food security rather 
than access or other components of food security. Since AR4, several 
periods of rapid food and cereal price increases following climate 
extremes in key producing regions indicate a sensitivity of current 
markets to climate extremes among other factors (medium con- 
fidence). {WGII SPM A-1}

At present the worldwide burden of human ill-health from cli-
mate change is relatively small compared with effects of other 
stressors and is not well quantified. However, there has been 
increased heat-related mortality and decreased cold-related mortality 
in some regions as a result of warming (medium confidence). Local 
changes in temperature and rainfall have altered the distribution of 
some water-borne illnesses and disease vectors (medium confidence). 
{WGII SPM A-1}

‘Cascading’ impacts of climate change can now be attributed 
along chains of evidence from physical climate through to inter-
mediate systems and then to people (Figure 1.12). The changes 
in climate feeding into the cascade, in some cases, are linked to human 
drivers (e.g., a decreasing amount of water in spring snowpack in west-
ern North America), while, in other cases, assessments of the causes of 
observed climate change leading into the cascade are not available. In 
all cases, confidence in detection and attribution to observed climate 
change decreases for effects further down each impact chain. {WGII 
18.6.3}

Figure 1.11 |  Widespread impacts in a changing world: (a) Based on the available scientific literature since the IPCC Fourth Assessment Report (AR4), there are substantially 
more impacts in recent decades now attributed to climate change. Attribution requires defined scientific evidence on the role of climate change. Absence from the map of additional 
impacts attributed to climate change does not imply that such impacts have not occurred. The publications supporting attributed impacts reflect a growing knowledge base, but 
publications are still limited for many regions, systems and processes, highlighting gaps in data and studies. Symbols indicate categories of attributed impacts, the relative contri-
bution of climate change (major or minor) to the observed impact and confidence in attribution. Each symbol refers to one or more entries in WGII Table SPM.A1, grouping related 
regional-scale impacts. Numbers in ovals indicate regional totals of climate change publications from 2001 to 2010, based on the Scopus bibliographic database for publications 
in English with individual countries mentioned in title, abstract or key words (as of July 2011). These numbers provide an overall measure of the available scientific literature on 
climate change across regions; they do not indicate the number of publications supporting attribution of climate change impacts in each region. Studies for polar regions and small  
islands are grouped with neighbouring continental regions. The inclusion of publications for assessment of attribution followed IPCC scientific evidence criteria defined in  
WGII Chapter 18. Publications considered in the attribution analyses come from a broader range of literature assessed in the WGII AR5. See WGII Table SPM.A1 for descriptions 
of the attributed impacts. (b) Average rates of change in distribution (km per decade) for marine taxonomic groups based on observations over 1900–2010. Positive distribution 
changes are consistent with warming (moving into previously cooler waters, generally poleward). The number of responses analysed is given for each category. (c) Summary of 
estimated impacts of observed climate changes on yields over 1960–2013 for four major crops in temperate and tropical regions, with the number of data points analysed given 
within parentheses for each category. {WGII Figure SPM.2, Box TS.1 Figure 1}



52

Topic 1 Observed Changes and their Causes

1

Land surface 
warming

Ocean surface and 
atmospheric warming

Wind and ocean 
circulation changes

Ocean and 
atmosphere 

circulation changes

Atmospheric warming

Precipitation changes

Sea ice recession, earlier 
breakup (very high/high)

Changes in river discharge 
patterns (medium/medium)

Increased runoff in 
glacial-fed rivers (high/high)

Cryosphere

Impacts on livelihoods of indigenous 
peoples (medium/medium)

Effects on non-migratory 
marine animals (high/high)

Increased coastal erosion 
(medium/medium)

Changes in locations of 
thermokarst lakes (high/high)

Decreasing spring 
snowpack (high/high)

Western North America Western Andes Asia Arctic

Increased coral mortality and 
bleaching (very high/high)

Range shifts of fish and 
macroalgae (high/high) Changes in 

fishery yields 
(low/low)Impacts on large non-fish 

species (high/high)
Regional changes in 
species abundance 

(high/medium)

Ocean Physical impacts Biological impacts Impacts on managed systems

Forests High elevation islands Western North America Western Sahel

Upward shift in treelines 
(low/low)

Increase in insect pests 
(medium/low)

Increased soil moisture drought 
(medium/medium)

Upward shift in fauna 
(low/low)

Increased tree mortality 
(medium/low)

Decreased tree density 
(medium/medium)

Description of impact
(confidence in detection/confidence in attribution)

Attribution of climate change role

Major role Minor role

Expansion of hypoxic 
zones (medium/low)

Arctic sea ice retreat 
(very high/high)

Ocean 
surface 

warming

Increased thermal 
stratification (very 

high/very high)

Increased primary production at 
high latitudes (medium/medium)

Early spring peak 
flow (high/high)

Permafrost degradation
(high/high)

Changes in species 
richness (high/medium)

Glacial shrinkage 
(very high/high)

Figure 1.12 |  Major systems where new evidence indicates interconnected, ‘cascading’ impacts from recent climate change through several natural and human subsystems. 
Bracketed text indicates confidence in the detection of a climate change effect and the attribution of observed impacts to climate change. The role of climate change can be major 
(solid arrow) or minor (dashed arrow). Initial evidence indicates that ocean acidification is following similar trends with respect to impact on human systems as ocean warming. 
{WGII Figure 18-4}
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1.4 Extreme events

Changes in many extreme weather and climate events 
have been observed since about 1950. Some of these 
changes have been linked to human influences, includ-
ing a decrease in cold temperature extremes, an 
increase in warm temperature extremes, an increase in 
extreme high sea levels and an increase in the number 
of heavy precipitation events in a number of regions. 

It is very likely that the number of cold days and nights has 
decreased and the number of warm days and nights has 
increased on the global scale. It is likely that the frequency of heat 
waves has increased in large parts of Europe, Asia and Australia. It is 
very likely that human influence has contributed to the observed global 
scale changes in the frequency and intensity of daily temperature 
extremes since the mid-20th century. It is likely that human influence 
has more than doubled the probability of occurrence of heat waves in 
some locations. {WGI SPM B.1, SPM D.3, Table SPM.1, FAQ 2.2, 2.6.1, 
10.6}

There is medium confidence that the observed warming has 
increased heat-related human mortality and decreased cold- 
related human mortality in some regions. Extreme heat events cur-
rently result in increases in mortality and morbidity in North America 
(very high confidence), and in Europe with impacts that vary according 
to people’s age, location and socio-economic factors (high confidence). 
{WGII SPM A-1, 11.4.1, Table 23-1, 26.6.1.2} 

There are likely more land regions where the number of heavy 
precipitation events has increased than where it has decreased. 
The frequency and intensity of heavy precipitation events has likely 
increased in North America and Europe. In other continents, confidence 
in trends is at most medium. It is very likely that global near-surface 
and tropospheric air specific humidity has increased since the 1970s. 
In land regions where observational coverage is sufficient for assess-
ment, there is medium confidence that anthropogenic forcing has con-
tributed to a global-scale intensification of heavy precipitation over 
the second half of the 20th century. {WGI SPM B-1, 2.5.1, 2.5.4–2.5.5, 
2.6.2, 10.6, Table SPM.1, FAQ 2.2, SREX Table 3-1, 3.2}

There is low confidence that anthropogenic climate change has 
affected the frequency and magnitude of fluvial floods on a 
global scale. The strength of the evidence is limited mainly by a lack of 
long-term records from unmanaged catchments. Moreover, floods are 
strongly influenced by many human activities impacting catchments, 
making the attribution of detected changes to climate change difficult. 
However, recent detection of increasing trends in extreme precipitation 
and discharges in some catchments implies greater risks of flooding on 
a regional scale (medium confidence). Costs related to flood damage, 
worldwide, have been increasing since the 1970s, although this is 
partly due to the increasing exposure of people and assets. {WGI 2.6.2, 
WGII 3.2.7, SREX SPM B}

There is low confidence in observed global-scale trends in 
droughts, due to lack of direct observations, dependencies of 
inferred trends on the choice of the definition for drought, and 
due to geographical inconsistencies in drought trends. There 
is also low confidence in the attribution of changes in drought over 
global land areas since the mid-20th century, due to the same observa-
tional uncertainties and difficulties in distinguishing decadal scale var-
iability in drought from long-term trends. {WGI Table SPM.1, 2.6.2.3, 
10.6, Figure 2.33, WGII 3.ES, 3.2.7}

There is low confidence that long-term changes in tropical 
cyclone activity are robust, and there is low confidence in the 
attribution of global changes to any particular cause. However, it 
is virtually certain that intense tropical cyclone activity has increased in 
the North Atlantic since 1970. {WGI Table SPM.1, 2.6.3, 10.6}

It is likely that extreme sea levels (for example, as experienced 
in storm surges) have increased since 1970, being mainly the 
result of mean sea level rise. Due to a shortage of studies and the 
difficulty of distinguishing any such impacts from other modifications 
to coastal systems, limited evidence is available on the impacts of sea 
level rise. {WGI 3.7.4–3.7.6, Figure 3.15, WGII 5.3.3.2, 18.3}

Impacts from recent climate-related extremes, such as heat 
waves, droughts, floods, cyclones and wildfires, reveal signifi-
cant vulnerability and exposure of some ecosystems and many 
human systems to current climate variability (very high confi-
dence). Impacts of such climate-related extremes include alteration of 
ecosystems, disruption of food production and water supply, damage 
to infrastructure and settlements, human morbidity and mortality and 
consequences for mental health and human well-being. For countries 
at all levels of development, these impacts are consistent with a sig-
nificant lack of preparedness for current climate variability in some 
sectors. {WGII SPM A-1, 3.2, 4.2-3, 8.1, 9.3, 10.7, 11.3, 11.7, 13.2, 14.1, 
18.6, 22.2.3, 22.3, 23.3.1.2, 24.4.1, 25.6-8, 26.6-7, 30.5,Table 18-3, 
Table 23-1, Figure 26-2, Box 4-3, Box 4-4, Box 25-5, Box 25-6,  
Box 25-8, Box CC-CR}

Direct and insured losses from weather-related disasters have 
increased substantially in recent decades, both globally and 
regionally. Increasing exposure of people and economic assets has 
been the major cause of long-term increases in economic losses from 
weather- and climate-related disasters (high confidence). {WGII 10.7.3, 
SREX SPM B, 4.5.3.3}
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1.5 Exposure and vulnerability

The character and severity of impacts from climate 
change and extreme events emerge from risk that 
depends not only on climate-related hazards but also 
on exposure (people and assets at risk) and vulner-
ability (susceptibility to harm) of human and natural 
systems.

Exposure and vulnerability are influenced by a wide range of 
social, economic and cultural factors and processes that have 
been incompletely considered to date and that make quanti-
tative assessments of their future trends difficult (high confi-
dence). These factors include wealth and its distribution across soci-
ety, demographics, migration, access to technology and information, 
employment patterns, the quality of adaptive responses, societal 
values, governance structures and institutions to resolve conflict. {WGII 
SPM A-3, SREX SPM B}

Differences in vulnerability and exposure arise from non-climatic 
factors and from multidimensional inequalities often produced 
by uneven development processes (very high confidence). These 
differences shape differential risks from climate change. People 
who are socially, economically, culturally, politically, institutionally or 
otherwise marginalized are especially vulnerable to climate change 
and also to some adaptation and mitigation responses (medium  
evidence, high agreement). This heightened vulnerability is rarely 
due to a single cause. Rather, it is the product of intersecting social 
processes that result in inequalities in socio-economic status and 
income, as well as in exposure. Such social processes include, for 
example, discrimination on the basis of gender, class, ethnicity, age 
and (dis)ability. {WGII SPM A-1, Figure SPM.1, 8.1–8.2, 9.3–9.4, 10.9, 
11.1, 11.3–11.5, 12.2–12.5, 13.1–13.3, 14.1–14.3, 18.4, 19.6, 23.5, 
25.8, 26.6, 26.8, 28.4, Box CC-GC}

Climate-related hazards exacerbate other stressors, often with 
negative outcomes for livelihoods, especially for people living 
in poverty (high confidence). Climate-related hazards affect poor 
people’s lives directly through impacts on livelihoods, reductions in 
crop yields or the destruction of homes, and indirectly through, for 
example, increased food prices and food insecurity. Observed positive 
effects for poor and marginalized people, which are limited and often 
indirect, include examples such as diversification of social networks 
and of agricultural practices. {WGII SPM A-1, 8.2–8.3, 9.3, 11.3, 13.1–
13.3, 22.3, 24.4, 26.8}

Violent conflict increases vulnerability to climate change 
(medium evidence, high agreement). Large-scale violent conflict 
harms assets that facilitate adaptation, including infrastructure, insti-
tutions, natural resources, social capital and livelihood opportunities. 
{WGII SPM A-1, 12.5, 19.2, 19.6}

1.6 Human responses to climate change: 
adaptation and mitigation

Adaptation and mitigation experience is accumulating 
across regions and scales, even while global 
anthropogenic greenhouse gas emissions have 
continued to increase.  

 

Throughout history, people and societies have adjusted to and coped 
with climate, climate variability and extremes, with varying degrees 
of success. In today’s changing climate, accumulating experience with 
adaptation and mitigation efforts can provide opportunities for learn-
ing and refinement (3, 4). {WGII SPM A-2}

Adaptation is becoming embedded in some planning pro-
cesses, with more limited implementation of responses (high 
confidence). Engineered and technological options are commonly 
implemented adaptive responses, often integrated within existing pro-
grammes, such as disaster risk management and water management. 
There is increasing recognition of the value of social, institutional and 
ecosystem-based measures and of the extent of constraints to adap-
tation. {WGII SPM A-2, 4.4, 5.5, 6.4, 8.3, 9.4, 11.7, 14.1, 14.3–14.4, 
15.2–15.5, 17.2–17.3, 21.3, 21.5, 22.4, 23.7, 25.4, 26.8–26.9, 30.6, 
Box 25-1, Box 25-2, Box 25-9, Box CC-EA}

Governments at various levels have begun to develop adapta-
tion plans and policies and integrate climate change consider-
ations into broader development plans. Examples of adaptation 
are now available from all regions of the world (see Topic 4 for details 
on adaptation options and policies to support their implementation). 
{WGII SPM A-2, 22.4, 23.7, 24.4–24.6, 24.9, 25.4, 25.10, 26.7–26.9, 
27.3, 28.2, 28.4, 29.3, 29.6, 30.6, Table 25-2, Table 29-3, Figure 29-1, 
Box 5-1, Box 23-3, Box 25-1, Box 25-2, Box 25-9, Box CC-TC}

Global increases in anthropogenic emissions and climate 
impacts have occurred, even while mitigation activities have 
taken place in many parts of the world. Though various mitiga-
tion initiatives between the sub-national and global scales have been 
developed or implemented, a full assessment of their impact may be 
premature. {WGIII SPM.3, SPM.5}
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2.1 Key drivers of future climate and the 
basis on which projections are made

Cumulative emissions of CO2 largely determine global 
mean surface warming by the late 21st century and 
beyond. Projections of greenhouse gas emissions vary 
over a wide range, depending on both socio-economic 
development and climate policy.

Climate models are mathematical representations of processes impor-
tant in the Earth’s climate system. Results from a hierarchy of climate 
models are considered in this report; ranging from simple idealized 
models, to models of intermediate complexity, to comprehensive Gen-
eral Circulation Models (GCMs), including Earth System Models (ESMs) 
that also simulate the carbon cycle. The GCMs simulate many climate  
 

aspects, including the temperature of the atmosphere and the oceans, 
precipitation, winds, clouds, ocean currents and sea-ice extent. The 
models are extensively tested against historical observations (Box 2.1). 
{WGI 1.5.2, 9.1.2, 9.2, 9.8.1}

In order to obtain climate change projections, the climate models use 
information described in scenarios of GHG and air pollutant emis-
sions and land use patterns. Scenarios are generated by a range of 
approaches, from simple idealised experiments to Integrated Assess-
ment Models (IAMs, see Glossary). Key factors driving changes in 
anthropogenic GHG emissions are economic and population growth, 
lifestyle and behavioural changes, associated changes in energy use 
and land use, technology and climate policy, which are fundamentally 
uncertain. {WGI 11.3, 12.4, WGIII 5, 6, 6.1}

The standard set of scenarios used in the AR5 is called Representative 
Concentration Pathways (RCPs, Box 2.2). {WGI Box SPM.1}

 
Box 2.1 | Advances, Confidence and Uncertainty in Modelling the Earth’s Climate System

Improvements in climate models since the IPCC Fourth Assessment Report (AR4) are evident in simulations of continental-
scale surface temperature, large-scale precipitation, the monsoon, Arctic sea ice, ocean heat content, some extreme 
events, the carbon cycle, atmospheric chemistry and aerosols, the effects of stratospheric ozone and the El Niño-Southern 
Oscillation. Climate models reproduce the observed continental-scale surface temperature patterns and multi-decadal trends, includ-
ing the more rapid warming since the mid-20th century and the cooling immediately following large volcanic eruptions (very high 
confidence). The simulation of large-scale patterns of precipitation has improved somewhat since the AR4, although models continue 
to perform less well for precipitation than for surface temperature. Confidence in the representation of processes involving clouds and 
aerosols remains low. {WGI SPM D.1, 7.2.3, 7.3.3, 7.6.2, 9.4, 9.5, 9.8, 10.3.1}

The ability to simulate ocean thermal expansion, glaciers and ice sheets, and thus sea level, has improved since the AR4, but significant 
challenges remain in representing the dynamics of the Greenland and Antarctic ice sheets. This, together with advances in scientific 
understanding and capability, has resulted in improved sea level projections in this report, compared with the AR4. {WGI SPM E.6, 
9.1.3, 9.2, 9.4.2, 9.6, 9.8, 13.1, 13.4, 13.5}

There is overall consistency between the projections from climate models in AR4 and AR5 for large-scale patterns of change and the 
magnitude of the uncertainty has not changed significantly, but new experiments and studies have led to a more complete and rigorous 
characterization of the uncertainty in long-term projections. {WGI 12.4}

Topic 2: Future Climate Changes, Risk and Impacts

Continued emission of greenhouse gases will cause further warming and long-lasting changes in all components of the 
climate system, increasing the likelihood of severe, pervasive and irreversible impacts for people and ecosystems. Limit-
ing climate change would require substantial and sustained reductions in greenhouse gas emissions which, together with 
adaptation, can limit climate change risks.

Topic 2 assesses projections of future climate change and the resulting risks and impacts. Factors that determine future climate change, including 
scenarios for future greenhouse gas (GHG) emissions, are outlined in Section 2.1. Descriptions of the methods and tools used to make projections 
of climate, impacts and risks, and their development since the IPCC Fourth Assessment Report (AR4), are provided in Boxes 2.1 to 2.3. Details of 
projected changes in the climate system, including the associated uncertainty and the degree of expert confidence in the projections are provided 
in Section 2.2. The future impacts of climate change on natural and human systems and associated risks are assessed in Section 2.3. Topic 2 
concludes with an assessment of irreversible changes, abrupt changes and changes beyond 2100 in Section 2.4.
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Box 2.2 | The Representative Concentration Pathways 

The Representative Concentration Pathways (RCPs) describe four different 21st century pathways of greenhouse gas 
(GHG) emissions and atmospheric concentrations, air pollutant emissions and land use. The RCPs have been developed using 
Integrated Assessment Models (IAMs) as input to a wide range of climate model simulations to project their consequences for the cli-
mate system. These climate projections, in turn, are used for impacts and adaptation assessment. The RCPs are consistent with the wide 
range of scenarios in the mitigation literature assessed by WGIII2820. The scenarios are used to assess the costs associated with emission 
reductions consistent with particular concentration pathways. The RCPs represent the range of GHG emissions in the wider literature 
well (Box 2.2, Figure 1); they include a stringent mitigation scenario (RCP2.6), two intermediate scenarios (RCP4.5 and RCP6.0), and 
one scenario with very high GHG emissions (RCP8.5). Scenarios without additional efforts to constrain emissions (‘baseline scenarios’) 
lead to pathways ranging between RCP6.0 and RCP8.5. RCP2.6 is representative of a scenario that aims to keep global warming likely 
below 2°C above pre-industrial temperatures. The majority of models indicate that scenarios meeting forcing levels similar to RCP2.6 
are characterized by substantial net negative emissions2921 by 2100, on average around 2 GtCO2/yr. The land use scenarios of RCPs, 
together, show a wide range of possible futures, ranging from a net reforestation to further deforestation, consistent with projections in 
the full scenario literature. For air pollutants such as sulfur dioxide (SO2), the RCP scenarios assume a consistent decrease in emissions 
as a consequence of assumed air pollution control and GHG mitigation policy (Box 2.2, Figure 1). Importantly, these future scenarios 
do not account for possible changes in natural forcings (e.g., volcanic eruptions) (see Box 1.1). {WGI Box SPM.1, 6.4, 8.5.3, 12.3,  
Annex II, WGII 19, 21, WGIII 6.3.2, 6.3.6}

The RCPs cover a wider range than the scenarios from the Special Report on Emissions Scenarios (SRES) used in previous 
assessments, as they also represent scenarios with climate policy. In terms of overall forcing, RCP8.5 is broadly comparable to 
the SRES A2/A1FI scenario, RCP6.0 to B2 and RCP4.5 to B1. For RCP2.6, there is no equivalent scenario in SRES. As a result, the differ-
ences in the magnitude of AR4 and AR5 climate projections are largely due to the inclusion of the wider range of emissions assessed. 
{WGI TS Box TS.6, 12.4.9}

Box 2.2, Figure 1 | Emission scenarios and the resulting radiative forcing levels for the Representative Concentration Pathways (RCPs, lines) and the associated 
scenarios categories used in WGIII (coloured areas, see Table 3.1). Panels a to d show the emissions of carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and 
sulfur dioxide (SO2). Panel e shows future radiative forcing levels for the RCPs calculated using the simple carbon cycle climate model, Model for the Assessment of 
Greenhouse Gas Induced Climate Change (MAGICC), for the RCPs (per forcing agent) and for the WGIII scenario categories (total) {WGI 8.2.2, 8.5.3, Figure 8.2,  
Annex II, WGIII Table SPM.1, Table 6.3}. The WGIII scenario categories summarize the wide range of emission scenarios published in the scientific literature and are 
defined based on total CO2-equivalent concentrations (in ppm) in 2100 (Table 3.1). The vertical lines to the right of the panels (panel a–d) indicate the full range of 
the WGIII AR5 scenario database.

 28 Roughly 300 baseline scenarios and 900 mitigation scenarios are categorized by CO2-equivalent concentration (CO2-eq) by 2100. The CO2-eq includes the forcing 
due to all GHGs (including halogenated gases and tropospheric ozone), aerosols and albedo change (see Glossary).

 29 Net negative emissions can be achieved when more GHGs are sequestered than are released into the atmosphere (e.g., by using bio-energy in combination with 
carbon dioxide capture and storage).
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The methods used to estimate future impacts and risks resulting from 
climate change are described in Box 2.3. Modelled future impacts 
assessed in this report are generally based on climate-model projec-
tions using the RCPs, and in some cases, the older Special Report on 
Emissions Scenarios (SRES). {WGI Box SPM.1, WGII 1.1, 1.3, 2.2–2.3, 
19.6, 20.2, 21.3, 21.5, 26.2, Box CC-RC}

Risk of climate-related impacts results from the interaction 
between climate-related hazards (including hazardous events 
and trends) and the vulnerability and exposure of human and 
natural systems. Alternative development paths influence risk by 
changing the likelihood of climatic events and trends, through their 
effects on GHGs, pollutants and land use, and by altering vulnerability 
and exposure. {WGII SPM, 19.2.4, Figure 19-1, Box 19-2} 

Experiments, observations and models used to estimate future 
impacts and risks have improved since the AR4, with increas-
ing understanding across sectors and regions. For example, an 
improved knowledge base has enabled expanded assessment of 
risks for human security and livelihoods and for the oceans. For some 
aspects of climate change and climate change impacts, uncertainty 
about future outcomes has narrowed. For others, uncertainty will per-
sist. Some of the persistent uncertainties are grounded in the mecha-
nisms that control the magnitude and pace of climate change. Others 
emerge from potentially complex interactions between the changing 
climate and the underlying vulnerability and exposure of people, soci-
eties and ecosystems. The combination of persistent uncertainty in 
key mechanisms plus the prospect of complex interactions motivates 
a focus on risk in this report. Because risk involves both probability 

and consequence, it is important to consider the full range of possible 
outcomes, including low-probability, high-consequence impacts that 
are difficult to simulate. {WGII 2.1–2.4, 3.6, 4.3, 11.3, 12.6, 19.2, 19.6, 
21.3–21.5, 22.4, 25.3–25.4, 25.11, 26.2}

2.2 Projected changes in the climate system

Surface temperature is projected to rise over the  
21st century under all assessed emission scenarios. It 
is very likely that heat waves will occur more often 
and last longer, and that extreme precipitation events 
will become more intense and frequent in many 
regions. The ocean will continue to warm and acidify, 
and global mean sea level to rise.

The projected changes in Section 2.2 are for 2081–2100 relative to 
1986–2005, unless otherwise indicated.

2.2.1 Air temperature2021

The global mean surface temperature change for the period 2016– 
2035 relative to 1986–2005 is similar for the four RCPs, and will 
likely be in the range 0.3°C to 0.7°C (medium confidence)3022. This 
range assumes no major volcanic eruptions or changes in some natural 
sources (e.g., methane (CH4) and nitrous oxide (N2O)), or unexpected 
changes in total solar irradiance. Future climate will depend on  

 
Box 2.3 | Models and Methods for Estimating Climate Change Risks, Vulnerability and Impacts

Future climate-related risks, vulnerabilities and impacts are estimated in the AR5 through experiments, analogies and 
models, as in previous assessments. ‘Experiments’ involve deliberately changing one or more climate-system factors affecting a 
subject of interest to reflect anticipated future conditions, while holding the other factors affecting the subject constant. ‘Analogies’ 
make use of existing variations and are used when controlled experiments are impractical due to ethical constraints, the large area or 
long time required or high system complexity. Two types of analogies are used in projections of climate and impacts. Spatial analo-
gies identify another part of the world currently experiencing similar conditions to those anticipated to be experienced in the future. 
Temporal analogies use changes in the past, sometimes inferred from paleo-ecological data, to make inferences about changes in the 
future. ‘Models’ are typically numerical simulations of real-world systems, calibrated and validated using observations from experi-
ments or analogies, and then run using input data representing future climate. Models can also include largely descriptive narratives 
of possible futures, such as those used in scenario construction. Quantitative and descriptive models are often used together. Impacts 
are modelled, among other things, for water resources, biodiversity and ecosystem services on land, inland waters, the oceans and ice 
bodies, as well as for urban infrastructure, agricultural productivity, health, economic growth and poverty. {WGII 2.2.1, 2.4.2, 3.4.1, 
4.2.2, 5.4.1, 6.5, 7.3.1, 11.3.6, 13.2.2}

Risks are evaluated based on the interaction of projected changes in the Earth system with the many dimensions of vul-
nerability in societies and ecosystems. The data are seldom sufficient to allow direct estimation of probabilities of a given outcome; 
therefore, expert judgment using specific criteria (large magnitude, high probability or irreversibility of impacts; timing of impacts; 
persistent vulnerability or exposure contributing to risks; or limited potential to reduce risks through adaptation or mitigation) is used 
to integrate the diverse information sources relating to the severity of consequences and the likelihood of occurrence into a risk evalu-
ation, considering exposure and vulnerability in the context of specific hazards. {WGII 11.3, 19.2, 21.1, 21.3–21.5, 25.3–25.4, 25.11, 
26.2}

30  The 1986–2005 period was approximately 0.61 [0.55 to 0.67] °C warmer than the period 1850–1900. {WGI SPM E, 2.4.3}
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committed warming caused by past anthropogenic emissions, as well 
as future anthropogenic emissions and natural climate variability. 
By the mid-21st century, the magnitude of the projected climate  
change is substantially affected by the choice of emissions scenarios. 
Climate change continues to diverge among the scenarios through  
to 2100 and beyond (Table 2.1, Figure 2.1). The ranges provided for  

particular RCPs (Table 2.1), and those given below in Section 2.2,  
primarily arise from differences in the sensitivity of climate models to 
the imposed forcing. {WGI SPM E.1, 11.3.2, 12.4.1}
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Figure 2.1 |  (a) Time series of global annual change in mean surface temperature for the 1900–2300 period (relative to 1986–2005) from Coupled Model Intercomparison Project 
Phase 5 (CMIP5) concentration-driven experiments. Projections are shown for the multi-model mean (solid lines) and the 5 to 95% range across the distribution of individual models 
(shading). Grey lines and shading represent the CMIP5 historical simulations. Discontinuities at 2100 are due to different numbers of models performing the extension runs beyond 
the 21st century and have no physical meaning. (b) Same as (a) but for the 2006–2100 period (relative to 1986–2005). (c) Change in Northern Hemisphere September sea-ice 
extent (5 year running mean). The dashed line represents nearly ice-free conditions (i.e., when September sea-ice extent is less than 106 km2 for at least five consecutive years). (d) 
Change in global mean sea level. (e) Change in ocean surface pH. For all panels, time series of projections and a measure of uncertainty (shading) are shown for scenarios RCP2.6 
(blue) and RCP8.5 (red). The number of CMIP5 models used to calculate the multi-model mean is indicated. The mean and associated uncertainties averaged over the 2081–2100 
period are given for all RCP scenarios as coloured vertical bars on the right hand side of panels (b) to (e). For sea-ice extent (c), the projected mean and uncertainty (minimum– 
maximum range) is only given for the subset of models that most closely reproduce the climatological mean state and the 1979–2012 trend in the Arctic sea ice. For sea level (d), 
based on current understanding (from observations, physical understanding and modelling), only the collapse of marine-based sectors of the Antarctic ice sheet, if initiated, could 
cause global mean sea level to rise substantially above the likely range during the 21st century. However, there is medium confidence that this additional contribution would not 
exceed several tenths of a meter of sea level rise during the 21st century. {WGI Figure SPM.7, Figure SPM.9, Figure 12.5, 6.4.4, 12.4.1, 13.4.4, 13.5.1}
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Relative to 1850–1900, global surface temperature change for 
the end of the 21st century (2081–2100) is projected to likely 
exceed 1.5°C for RCP4.5, RCP6.0 and RCP8.5 (high confidence). 
Warming is likely to exceed 2°C for RCP6.0 and RCP8.5 (high 
confidence), more likely than not to exceed 2°C for RCP4.5 
(medium confidence), but unlikely to exceed 2°C for RCP2.6 
(medium confidence). {WGI SPM E.1, 12.4.1, Table 12.3}

The Arctic region will continue to warm more rapidly than the global 
mean (Figure 2.2) (very high confidence). The mean warming over 
land will be larger than over the ocean (very high confidence) and 
larger than global average warming (Figure 2.2). {WGI SPM E.1, 11.3.2, 
12.4.3, 14.8.2}

It is virtually certain that there will be more frequent hot and 
fewer cold temperature extremes over most land areas on daily 
and seasonal timescales, as global mean surface temperature 
increases. It is very likely that heat waves will occur with a higher 
frequency and longer duration. Occasional cold winter extremes will 
continue to occur. {WGI SPM E.1, 12.4.3}

2.2.2 Water cycle

Changes in precipitation in a warming world will not be uniform. 
The high latitudes and the equatorial Pacific are likely to experience an 
increase in annual mean precipitation by the end of this century under 

the RCP8.5 scenario. In many mid-latitude and subtropical dry regions, 
mean precipitation will likely decrease, while in many mid-latitude wet 
regions, mean precipitation will likely increase under the RCP8.5 sce-
nario (Figure 2.2). {WGI SPM E.2, 7.6.2, 12.4.5, 14.3.1, 14.3.5}

Extreme precipitation events over most mid-latitude land masses and 
over wet tropical regions will very likely become more intense and 
more frequent as global mean surface temperature increases. {WGI 
SPM E.2, 7.6.2, 12.4.5}

Globally, in all RCPs, it is likely that the area encompassed by monsoon 
systems will increase and monsoon precipitation is likely to intensify 
and El Niño-Southern Oscillation (ENSO) related precipitation varia-
bility on regional scales will likely intensify. {WGI SPM E.2, 14.2, 14.4}

2.2.3 Ocean, cryosphere and sea level

The global ocean will continue to warm during the 21st century. 
The strongest ocean warming is projected for the surface in tropical 
and Northern Hemisphere subtropical regions. At greater depth the 
warming will be most pronounced in the Southern Ocean (high confi-
dence). {WGI SPM E.4, 6.4.5, 12.4.7}

It is very likely that the Atlantic Meridional Overturning Cir-
culation (AMOC) will weaken over the 21st century, with best 
estimates and model ranges for the reduction of 11% (1 to 24%) for 

Table 2.1 |  Projected change in global mean surface temperature and global mean sea level rise for the mid- and late 21st century, relative to the 1986–2005 period.  
{WGI Table SPM.2, 12.4.1, 13.5.1, Table 12.2, Table 13.5}

2046–2065 2081–2100

Scenario Mean Likely range c Mean Likely range c

Global Mean Surface  

Temperature Change (°C) a

RCP2.6 1.0 0.4 to 1.6 1.0 0.3 to 1.7

RCP4.5 1.4 0.9 to 2.0 1.8 1.1 to 2.6

RCP6.0 1.3 0.8 to 1.8 2.2 1.4 to 3.1

RCP8.5 2.0 1.4 to 2.6 3.7 2.6 to 4.8

Scenario Mean Likely range d Mean Likely range d

Global Mean Sea Level Rise (m) b

RCP2.6 0.24 0.17 to 0.32 0.40 0.26 to 0.55

RCP4.5 0.26 0.19 to 0.33 0.47 0.32 to 0.63

RCP6.0 0.25 0.18 to 0.32 0.48 0.33 to 0.63

RCP8.5 0.30 0.22 to 0.38 0.63 0.45 to 0.82

Notes:
a Based on the Coupled Model Intercomparison Project Phase 5 (CMIP5) ensemble; changes calculated with respect to the 1986–2005 period. Using Hadley Centre Climatic 
Research Unit Gridded Surface Temperature Data Set 4 (HadCRUT4) and its uncertainty estimate (5 to 95% confidence interval), the observed warming from 1850–1900 to 
the reference period 1986–2005 is 0.61 [0.55 to 0.67] °C. Likely ranges have not been assessed here with respect to earlier reference periods because methods are not gen-
erally available in the literature for combining the uncertainties in models and observations. Adding projected and observed changes does not account for potential effects 
of model biases compared to observations, and for natural internal variability during the observational reference period. {WGI 2.4.3, 11.2.2, 12.4.1, Table 12.2, Table 12.3}
b Based on 21 CMIP5 models; changes calculated with respect to the 1986–2005 period. Based on current understanding (from observations, physical understanding and 
modelling), only the collapse of marine-based sectors of the Antarctic ice sheet, if initiated, could cause global mean sea level to rise substantially above the likely range 
during the 21st century. There is medium confidence that this additional contribution would not exceed several tenths of a meter of sea level rise during the 21st century. 
c Calculated from projections as 5 to 95% model ranges. These ranges are then assessed to be likely ranges after accounting for additional uncertainties or different levels of 
confidence in models. For projections of global mean surface temperature change in 2046–2065, confidence is medium, because the relative importance of natural internal 
variability, and uncertainty in non-greenhouse gas forcing and response, are larger than for the 2081–2100 period. The likely ranges for 2046–2065 do not take into account 
the possible influence of factors that lead to the assessed range for near term (2016–2035) change in global mean surface temperature that is lower than the 5 to 95% 
model range, because the influence of these factors on longer term projections has not been quantified due to insufficient scientific understanding. {WGI 11.3.1} 
d Calculated from projections as 5 to 95% model ranges. These ranges are then assessed to be likely ranges after accounting for additional uncertainties or different levels 
of confidence in models. For projections of global mean sea level rise confidence is medium for both time horizons.
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Figure 2.2 |  Coupled Model Intercomparison Project Phase 5 (CMIP5) multi-model mean projections (i.e., the average of the model projections available) for the 2081–2100 
period under the RCP2.6 (left) and RCP8.5 (right) scenarios for (a) change in annual mean surface temperature and (b) change in annual mean precipitation, in percentages, and 
(c) change in average sea level. Changes are shown relative to the 1986–2005 period. The number of CMIP5 models used to calculate the multi-model mean is indicated in the 
upper right corner of each panel. Stippling (dots) on (a) and (b) indicates regions where the projected change is large compared to natural internal variability (i.e., greater than two 
standard deviations of internal variability in 20-year means) and where 90% of the models agree on the sign of change. Hatching (diagonal lines) on (a) and (b) shows regions 
where the projected change is less than one standard deviation of natural internal variability in 20-year means. {WGI Figure SPM.8, Figure 13.20, Box 12.1}
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the RCP2.6 scenario, 34% (12 to 54%) for the RCP8.5. Nevertheless, 
it is very unlikely that the AMOC will undergo an abrupt transition or 
collapse in the 21st century. {WGI SPM E.4, 12.4.7.2}

Year-round reductions in Arctic sea ice are projected for all RCP 
scenarios. The subset of models that most closely reproduce the obser-
vations3123 project that a nearly ice-free Arctic Ocean3224 in September is 
likely for RCP8.5 before mid-century (medium confidence) (Figure 2.1). 
In the Antarctic, a decrease in sea ice extent and volume is projected 
with low confidence. {WGI SPM E.5, 12.4.6.1}

The area of Northern Hemisphere spring snow cover is likely to 
decrease by 7% for RCP2.6 and by 25% in RCP8.5 by the end of the 
21st century for the multi-model average (medium confidence). {WGI 
SPM E.5, 12.4.6}

It is virtually certain that near-surface permafrost extent at high 
northern latitudes will be reduced as global mean surface tem-
perature increases. The area of permafrost near the surface (upper 
3.5 m) is likely to decrease by 37% (RCP2.6) to 81% (RCP8.5) for the 
multi-model average (medium confidence). {WGI SPM E.5, 12.4.6}

The global glacier volume, excluding glaciers on the periphery of Ant-
arctica (and excluding the Greenland and Antarctic ice sheets), is pro-
jected to decrease by 15 to 55% for RCP2.6 and by 35 to 85% for 
RCP8.5 (medium confidence). {WGI SPM E.5, 13.4.2, 13.5.1}

Global mean sea level will continue to rise during the 21st cen-
tury (Table 2.1, Figure 2.1). There has been significant improvement 
in understanding and projection of sea level change since the AR4. 
Under all RCP scenarios, the rate of sea level rise will very likely exceed 
the observed rate of 2.0 [1.7–2.3] mm/yr during 1971–2010, with the 
rate of rise for RCP8.5 during 2081–2100 of 8 to 16 mm/yr (medium 
confidence). {WGI SPM B4, SPM E.6, 13.5.1}

Sea level rise will not be uniform across regions. By the end of 
the 21st century, it is very likely that sea level will rise in more than 
about 95% of the ocean area. Sea level rise depends on the pathway 
of CO2 emissions, not only on the cumulative total; reducing emissions 
earlier rather than later, for the same cumulative total, leads to a larger 
mitigation of sea level rise. About 70% of the coastlines worldwide 
are projected to experience sea level change within ±20% of the 
global mean (Figure 2.2). It is very likely that there will be a significant 
increase in the occurrence of future sea level extremes in some regions 
by 2100. {WGI SPM E.6, TS 5.7.1, 12.4.1, 13.4.1, 13.5.1, 13.6.5, 13.7.2, 
Table 13.5}

2.2.4 Carbon cycle and biogeochemistry

Ocean uptake of anthropogenic CO2 will continue under all four 
RCPs through to 2100, with higher uptake for higher concen-
tration pathways (very high confidence). The future evolution of 
the land carbon uptake is less certain. A majority of models projects a  
 

continued land carbon uptake under all RCPs, but some models simulate 
a land carbon loss due to the combined effect of climate change and 
land use change. {WGI SPM E.7, 6.4.2, 6.4.3}

Based on Earth System Models, there is high confidence that 
the feedback between climate change and the carbon cycle will 
amplify global warming. Climate change will partially offset increases 
in land and ocean carbon sinks caused by rising atmospheric CO2. As a 
result more of the emitted anthropogenic CO2 will remain in the atmos-
phere, reinforcing the warming. {WGI SPM E.7, 6.4.2, 6.4.3}

Earth System Models project a global increase in ocean acidifi-
cation for all RCP scenarios by the end of the 21st century, with 
a slow recovery after mid-century under RCP2.6. The decrease in 
surface ocean pH is in the range of 0.06 to 0.07 (15 to 17% increase in 
acidity) for RCP2.6, 0.14 to 0.15 (38 to 41%) for RCP4.5, 0.20 to 0.21 
(58 to 62%) for RCP6.0, and 0.30 to 0.32 (100 to 109%) for RCP8.5 
(Figure 2.1). {WGI SPM E.7, 6.4.4}

It is very likely that the dissolved oxygen content of the ocean 
will decrease by a few percent during the 21st century in 
response to surface warming, predominantly in the subsurface 
mid-latitude oceans. There is no consensus on the future volume of 
low oxygen waters in the open ocean because of large uncertainties in 
potential biogeochemical effects and in the evolution of tropical ocean 
dynamics. {WGI TS 5.6, 6.4.5, WGII TS B-2, 6.1}

2.2.5 Climate system responses

Climate system properties that determine the response to external 
forcing have been estimated both from climate models and from anal-
ysis of past and recent climate change. The equilibrium climate sensi-
tivity (ECS)3325 is likely in the range 1.5°C to 4.5°C, extremely unlikely 
less than 1°C, and very unlikely greater than 6°C. {WGI SPM D.2, TS 
TFE.6, 10.8.1, 10.8.2, 12.5.4, Box 12.2} 

Cumulative emissions of CO2 largely determine global mean sur-
face warming by the late 21st century and beyond. Multiple lines of 
evidence indicate a strong and consistent near-linear relationship across 
all scenarios considered between net cumulative CO2 emissions (includ-
ing the impact of CO2 removal) and projected global temperature change 
to the year 2100 (Figure 2.3). Past emissions and observed warming sup-
port this relationship within uncertainties. Any given level of warming 
is associated with a range of cumulative CO2 emissions (depending on 
non-CO2 drivers), and therefore, for example, higher emissions in earlier 
decades imply lower emissions later. {WGI SPM E.8, TS TFE.8, 12.5.4} 

The global mean peak surface temperature change per trillion 
tonnes of carbon (1000 GtC) emitted as CO2

 is likely in the range 
of 0.8°C to 2.5°C. This quantity, called the transient climate response 
to cumulative carbon emissions (TCRE), is supported by both modelling 
and observational evidence and applies to cumulative emissions up to 
about 2000 GtC. {WGI SPM D.2, TS TFE.6, 12.5.4, Box 12.2}

31 Climatological mean state and the 1979–2012 trend in Arctic sea-ice extent.
32 When sea-ice extent is less than one million km2 for at least five consecutive years.
33 Defined as the equilibrium global average surface warming following a doubling of CO2 concentration (relative to pre-industrial).
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Warming caused by CO2 emissions is effectively irreversible 
over multi-century timescales unless measures are taken to 
remove CO2 from the atmosphere. Ensuring CO2-induced warming 
remains likely less than 2°C requires cumulative CO2 emissions from all 
anthropogenic sources to remain below about 3650 GtCO2 (1000 GtC), 
over half of which were already emitted by 2011. {WGI SPM E.8,  
TS TFE.8, 12.5.2, 12.5.3, 12.5.4}

Multi-model results show that limiting total human-induced warming 
(accounting for both CO2 and other human influences on climate) to less 
than 2°C relative to the period 1861–1880 with a probability of >66% 
would require total CO2 emissions from all anthropogenic sources 
since 1870 to be limited to about 2900 GtCO2 when accounting for 
non-CO2 forcing as in the RCP2.6 scenario, with a range of 2550 to 
3150 GtCO2 arising from variations in non-CO2 climate drivers across 
the scenarios considered by WGIII (Table 2.2). About 1900 [1650 to 

2150] GtCO2 were emitted by 2011, leaving about 1000 GtCO2 to be 
consistent with this temperature goal. Estimated total fossil carbon 
reserves exceed this remaining amount by a factor of 4 to 7, with 
resources much larger still. {WGI SPM E.8, TS TFE.8, Figure 1, TS.SM.10, 
12.5.4, Figure 12.45, WGIII Table SPM.1, Table 6.3, Table 7.2}
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Figure 2.3 |  Global mean surface temperature increase as a function of cumulative total global carbon dioxide (CO2) emissions from various lines of evidence. Multi-model results 
from a hierarchy of climate carbon-cycle models for each Representative Concentration Pathway (RCP) until 2100 are shown (coloured lines). Model results over the historical period 
(1860 to 2010) are indicated in black. The coloured plume illustrates the multi-model spread over the four RCP scenarios and fades with the decreasing number of available models 
in RCP8.5. Dots indicate decadal averages, with selected decades labelled. Ellipses show total anthropogenic warming in 2100 versus cumulative CO2 emissions from 1870 to 2100 
from a simple climate model (median climate response) under the scenario categories used in WGIII. Temperature values are always given relative to the 1861–1880 period, and 
emissions are cumulative since 1870. Black filled ellipse shows observed emissions to 2005 and observed temperatures in the decade 2000–2009 with associated uncertainties. 
{WGI SPM E.8, TS TFE.8, Figure 1, TS.SM.10, 12.5.4, Figure 12.45, WGIII Table SPM.1, Table 6.3}
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2.3 Future risks and impacts caused 
by a changing climate 

Climate change will amplify existing risks and create 
new risks for natural and human systems. Risks are 
unevenly distributed and are generally greater for 
disadvantaged people and communities in countries 
at all levels of development. Increasing magnitudes of 
warming increase the likelihood of severe, pervasive 
and irreversible impacts for people, species and 
ecosystems. Continued high emissions would lead to 
mostly negative impacts for biodiversity, ecosystem 
services and economic development and amplify risks 
for livelihoods and for food and human security. 

Risk of climate-related impacts results from the interaction of cli-
mate-related hazards (including hazardous events and trends) with the 
vulnerability and exposure of human and natural systems, including 

their ability to adapt. Rising rates and magnitudes of warming and 
other changes in the climate system, accompanied by ocean acidifica-
tion, increase the risk of severe, pervasive, and in some cases, irrevers-
ible detrimental impacts. Future climate change will amplify existing 
climate-related risks and create new risks. {WGII SPM B, Figure SPM.1}

Key risks are potentially severe impacts relevant to understanding dan-
gerous anthropogenic interference with the climate system. Risks are 
considered key due to high hazard or high vulnerability of societies and 
systems exposed, or both. Their identification is based on large magni-
tude or high probability of impacts; irreversibility or timing of impacts; 
persistent vulnerability or exposure; or limited potential to reduce risks. 
Some risks are particularly relevant for individual regions (Figure 2.4), 
while others are global (Table 2.3). For risk assessment it is important to 
evaluate the widest possible range of impacts, including low-probability 
outcomes with large consequences. Risk levels often increase with 
temperature (Box 2.4) and are sometimes more directly linked to other 
dimensions of climate change, such as the rate of warming, as well 
as the magnitudes and rates of ocean acidification and sea level rise 
(Figure 2.5). {WGII SPM A-3, SPM B-1}

Table 2.2 | Cumulative carbon dioxide (CO2) emission consistent with limiting warming to less than stated temperature limits at different levels of probability, based on different 
lines of evidence. {WGI 12.5.4, WGIII 6}

Cumulative CO2 emissions from 1870 in GtCO2 

Net anthropogenic warming a <1.5°C <2°C <3°C

Fraction of simulations  

meeting goal b

66% 50% 33% 66% 50% 33% 66% 50% 33%

Complex models, RCP 

scenarios only c
2250 2250 2550 2900 3000 3300 4200 4500 4850

Simple model, WGIII 

scenarios d
No data 2300 to 

2350

2400 to 

2950

2550 to 3150 2900 to 

3200

2950 to 

3800

n.a. e 4150 to 

5750

5250 to 6000

Cumulative CO2 emissions from 2011 in GtCO2 

Complex models, RCP 

scenarios only c
400 550 850 1000 1300 1500 2400 2800 3250

Simple model, WGIII 

scenarios d
No data 550 to 600 600 to 1150 750 to 1400 1150 to 

1400

1150 to 

2050

n.a. e 2350 to 

4000

3500 to 4250

Total fossil carbon available in 2011 f : 3670 to 7100 GtCO2 (reserves) and 31300 to 50050 GtCO2 (resources)

Notes:
a Warming due to CO2 and non-CO2 drivers. Temperature values are given relative to the 1861–1880 base period. 
b Note that the 66% range in this table should not be equated to the likelihood statements in Table SPM.1 and Table 3.1 and WGIII Table SPM.1. The assessment in these 
latter tables is not only based on the probabilities calculated for the full ensemble of scenarios in WGIII using a single climate model, but also the assessment in WGI of the 
uncertainty of the temperature projections not covered by climate models. 
c Cumulative CO2 emissions at the time the temperature threshold is exceeded that are required for 66%, 50% or 33% of the Coupled Model Intercomparison Project Phase 5 
(CMIP5) complex models Earth System Model (ESM) and Earth System Models of Intermediate Complexity (EMIC) simulations, assuming non-CO2 forcing follows the RCP8.5 
scenario. Similar cumulative emissions are implied by other RCP scenarios. For most scenario–threshold combinations, emissions and warming continue after the threshold 
is exceeded. Nevertheless, because of the cumulative nature of CO2 emissions, these figures provide an indication of the cumulative CO2 emissions implied by the CMIP5 
model simulations under RCP-like scenarios. Values are rounded to the nearest 50.
d Cumulative CO2 emissions at the time of peak warming from WGIII scenarios for which a fraction of greater than 66% (66 to 100%), greater than 50% (50 to 66%) or 
greater than 33% (33 to 50%) of climate simulations keep global mean temperature increase to below the stated threshold. Ranges indicate the variation in cumulative  
CO2 emissions arising from differences in non-CO2 drivers across the WGIII scenarios. The fraction of climate simulations for each scenario is derived from a 600-member 
parameter ensemble of a simple carbon-cycle climate model, Model for the Assessment of Greenhouse Gas Induced Climate Change (MAGICC), in a probabilistic mode. 
Parameter and scenario uncertainty are explored in this ensemble. Structural uncertainties cannot be explored with a single model set-up. Ranges show the impact of scenario 
uncertainty, with 80% of scenarios giving cumulative CO2 emissions within the stated range for the given fraction of simulations. Simple model estimates are constrained by 
observed changes over the past century, do not account for uncertainty in model structure and may omit some feedback processes: they are hence slightly higher than the 
CMIP5 complex models estimates. Values are rounded to the nearest 50.
e The numerical results for the cumulative CO2 emissions for staying below 3°C with greater than 66% (66 to 100%) is greatly influenced by a large number of scenarios that 
would also meet the 2°C objective and therefore not comparable with numbers provided for the other temperature threshold.
f Reserves are quantities able to be recovered under existing economic and operating conditions; resources are those where economic extraction is potentially feasible. 
{WGIII Table 7.2}
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Key risks that span sectors and regions include the following 
(high confidence) {WGII SPM B-1}:

1. Risk of severe ill-health and disrupted livelihoods resulting from 
storm surges, sea level rise and coastal flooding; inland flooding in 
some urban regions; and periods of extreme heat.

2. Systemic risks due to extreme weather events leading to break-
down of infrastructure networks and critical services.

3. Risk of food and water insecurity and loss of rural livelihoods and 
income, particularly for poorer populations.

4. Risk of loss of ecosystems, biodiversity and ecosystem goods, func-
tions and services. 

The overall risks of future climate change impacts can be 
reduced by limiting the rate and magnitude of climate change, 
including ocean acidification. Some risks are considerable even at 
1°C global mean temperature increase above pre-industrial levels. 
Many global risks are high to very high for global temperature increases 
of 4°C or more (see Box 2.4). These risks include severe and wide-
spread impacts on unique and threatened systems, the extinction of 
many species, large risks to food security and compromised normal 
human activities, including growing food or working outdoors in some 
areas for parts of the year, due to the combination of high temperature 
and humidity (high confidence). The precise levels of climate change 
sufficient to trigger abrupt and irreversible change remain uncertain, 
but the risk associated with crossing such thresholds in the earth 
system or in interlinked human and natural systems increases with 
rising temperature (medium confidence). {WGII SPM B-1}

Regional key risks and 
potential for risk reduction

Glaciers, 
snow, ice 
and/or 
permafrost 

Rivers, lakes, 
floods and/or 
drought 

Terrestrial 
ecosystems

Marine 
ecosystems

Coastal erosion 
and/or sea level 
effects
 Wildfire Livelihoods, health

and/or economics
Food 
production 

Physical systems Biological systems Human and managed systems

Australasia

Asia

Increased risks to 
coastal infrastructure 
and low-lying 
ecosystems

Increased flood damage 
to infrastructure and 
settlements

Significant change in composition 
and structure of coral reef systems

Increased mass coral 
bleaching and mortality

Increased damages 
from river and coastal 
urban floods

Heat-related 
human mortality

Increased damages 
from wildfires

Risks for low-lying 
coastal areas

Loss of livelihoods, 
settlements, infrastructure, 
ecosystem services and 
economic stability

Heat-related 
human mortality 

Increased drought-
related water and 
food shortage

Reduced food production and quality

Increased water restrictions

Increased damages from 
river and coastal floods

Vector- and water-
borne diseases 

Reduced crop productivity and 
livelihood and food security 

Compounded stress 
on water resources 

Increased flood damage to 
infrastructure, livelihoods 
and settlements 

Increased damages 
from extreme heat 
events and wildfires

Reduced water availability and 
increased flooding and landslides

North America

Central and South America

Africa

Europe

The Ocean

Small islands

Coastal inundation 
and habitat loss

Risks for ecosystems Risks for health 
and well-being 

Unprecedented challenges, 
especially from rate of change

Polar Regions (Arctic and Antarctic)

Spread of vector-borne diseases 

Distributional 
shift and reduced 
fisheries catch 
potential at low latitudes

Risk level with 
current adaptation

Risk level with 
high adaptation

Very 
low

Near term (2030–2040)

Present

Long term 
(2080–2100)

2°C
 

4°C

Very 
high

Risk level
Medium

Potential for 
additional 

adaptation to 
reduce risk

not assessed
not assessed

Representative key risks for each region for 

Figure 2.4 |  Representative key risks for each region, including the potential for risk reduction through adaptation and mitigation, as well as limits to adaptation. Identification of 
key risks was based on expert judgment using the following specific criteria: large magnitude, high probability or irreversibility of impacts; timing of impacts; persistent vulnerability 
or exposure contributing to risks; or limited potential to reduce risks through adaptation or mitigation. Risk levels are assessed as very low, low, medium, high or very high for three 
timeframes: the present, near term (here, for 2030–2040) and long term (here, for 2080–2100). In the near term, projected levels of global mean temperature increase do not 
diverge substantially across different emission scenarios. For the long term, risk levels are presented for two possible futures (2°C and 4°C global mean temperature increase above 
pre-industrial levels). For each time frame, risk levels are indicated for a continuation of current adaptation and assuming high levels of current or future adaptation. Risk levels are 
not necessarily comparable, especially across regions. {WGII SPM Assessment Box SPM.2 Table 1}
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Figure 2.5 |  The risks of: (a) disruption of the community composition of terrestrial and freshwater ecosystems due to the rate of warming; (b) marine organisms impacted by ocean acidification (OA) or warming extremes combined with 
OA; and (c) coastal human and natural systems impacted by sea level rise. The risk level criteria are consistent with those used in Box 2.4 and their calibration is illustrated by the annotations to each panel. (a) At high rates of warming, major 
groups of terrestrial and freshwater species are unable to move fast enough to stay within the spatially shifting climate envelopes to which they are adapted. The median observed or modelled speeds at which species populations move (km/
decade) are compared against the speed at which climate envelopes move across the landscape, given the projected climate change rates for each Representative Concentration Pathway (RCP) over the 2050–2090 period. The results are 
presented for the average of all landscapes, globally, as well as for flat landscapes, where the climate envelope moves especially fast. (b) Sensitivity to ocean acidification is high in marine organisms building a calcium carbonate shell. The 
risks from OA increase with warming because OA lowers the tolerated levels of heat exposure, as seen in corals and crustaceans. (c) The height of a 50-year flood event has already increased in many coastal locations. A 10- to more than 
100-fold increase in the frequency of floods in many places would result from a 0.5 m rise in sea level in the absence of adaptation. Local adaptation capacity (and, in particular, protection) reaches its limits for ecosystems and human systems 
in many places under a 1 m sea level rise. (2.2.4, Table 2.1, Figure 2.8) {WGI 3.7.5, 3.8, 6.4.4, Figure 13.25, WGII Figure SPM.5, Figure 4-5, Figure 6-10, Box CC-OA, 4.4.2.5, 5.2, 5.3–5.5, 5.4.4, 5.5.6, 6.3}
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Adaptation can substantially reduce the risks of climate change 
impacts, but greater rates and magnitude of climate change 
increase the likelihood of exceeding adaptation limits (high 
confidence). The potential for adaptation, as well as constraints and 
limits to adaptation, varies among sectors, regions, communities and 
ecosystems. The scope for adaptation changes over time and is closely 
linked to socio-economic development pathways and circumstances. 
See Figure 2.4 and Table 2.3, along with Topics 3 and 4. {WGII SPM B, 
SPM C, TS B, TS C}

2.3.1 Ecosystems and their services in the oceans, 
along coasts, on land and in freshwater 

Risks of harmful impacts on ecosystems and human systems 
increase with the rates and magnitudes of warming, ocean 
acidification, sea level rise and other dimensions of climate 
change (high confidence). Future risk is indicated to be high by the 
observation that natural global climate change at rates lower than 
current anthropogenic climate change caused significant ecosystem 
shifts and species extinctions during the past millions of years on land 
and in the oceans (high confidence). Many plant and animal species 
will be unable to adapt locally or move fast enough during the  
21st century to track suitable climates under mid- and high range rates 
of climate change (RCP4.5, RCP6.0 and RCP8.5) (medium confidence) 
(Figure 2.5a). Coral reefs and polar ecosystems are highly vulnerable. 
{WGII SPM A-1, SPM B-2, 4.3–4, 5.4, 6.1, 6.3, 6.5, 25.6, 26.4, 29.4,  
Box CC-CR, Box CC-MB, Box CC-RF}

A large fraction of terrestrial, freshwater and marine species 
faces increased extinction risk due to climate change during and 
beyond the 21st century, especially as climate change interacts 
with other stressors (high confidence). Extinction risk is increased 
relative to pre-industrial and present periods, under all RCP scenarios, 
as a result of both the magnitude and rate of climate change (high 
confidence). Extinctions will be driven by several climate-associated  
drivers (warming, sea-ice loss, variations in precipitation, reduced river 
flows, ocean acidification and lowered ocean oxygen levels) and the 
interactions among these drivers and their interaction with simul- 
taneous habitat modification, over-exploitation of stocks, pollution, 
eutrophication and invasive species (high confidence). {WGII SPM B-2, 
4.3–4.4, 6.1, 6.3, 6.5, 25.6, 26.4, Box CC-RF, Box CC-MB}

Global marine species redistribution and marine biodiversity 
reduction in sensitive regions, under climate change, will chal-
lenge the sustained provision of fisheries productivity and 
other ecosystem services, especially at low latitudes (high con-
fidence). By the mid-21st century, under 2°C global warming rela-
tive to pre-industrial temperatures, shifts in the geographical range 
of marine species will cause species richness and fisheries catch 
potential to increase, on average, at mid and high latitudes (high con- 
fidence) and to decrease at tropical latitudes and in semi-enclosed  
seas (Figure 2.6a) (medium confidence). The progressive expansion of 
Oxygen Minimum Zones and anoxic ‘dead zones’ in the oceans will  
further constrain fish habitats (medium confidence). Open-ocean net 
primary production is projected to redistribute and to decrease globally, 
by 2100, under all RCP scenarios (medium confidence). Climate change 

adds to the threats of over-fishing and other non-climatic stressors  
(high confidence). {WGII SPM B-2, 6.3–6.5, 7.4, 25.6, 28.3, 29.3,  
30.6–30.7, Box CC-MB, Box CC-PP}

Marine ecosystems, especially coral reefs and polar ecosystems, 
are at risk from ocean acidification (medium to high confidence). 
Ocean acidification has impacts on the physiology, behaviour and pop-
ulation dynamics of organisms. The impacts on individual species and 
the number of species affected in species groups increase from RCP4.5 
to RCP8.5. Highly calcified molluscs, echinoderms and reef-building 
corals are more sensitive than crustaceans (high confidence) and 
fishes (low confidence) (Figure 2.6b). Ocean acidification acts together 
with other global changes (e.g., warming, progressively lower oxygen 
levels) and with local changes (e.g., pollution, eutrophication) (high 
confidence), leading to interactive, complex and amplified impacts for 
species and ecosystems (Figure 2.5b). {WGII SPM B-2, Figure SPM.6B, 
5.4, 6.3.2, 6.3.5, 22.3, 25.6, 28.3, 30.5, Figure 6-10, Box CC-CR,  
Box CC-OA, Box TS.7}

Carbon stored in the terrestrial biosphere is susceptible to loss 
to the atmosphere as a result of climate change, deforestation 
and ecosystem degradation (high confidence). The aspects of cli-
mate change with direct effects on stored terrestrial carbon include 
high temperatures, drought and windstorms; indirect effects include 
increased risk of fires, pest and disease outbreaks. Increased tree 
mortality and associated forest dieback is projected to occur in many 
regions over the 21st century (medium confidence), posing risks for 
carbon storage, biodiversity, wood production, water quality, amen- 
ity and economic activity. There is a high risk of substantial carbon 
and methane emissions as a result of permafrost thawing. {WGII SPM, 
4.2–4.3, Figure 4-8, Box 4-2, Box 4-3, Box 4-4}

Coastal systems and low-lying areas will increasingly experience 
submergence, flooding and erosion throughout the 21st century 
and beyond, due to sea level rise (very high confidence). The 
population and assets projected to be exposed to coastal risks as well 
as human pressures on coastal ecosystems will increase significantly in 
the coming decades due to population growth, economic development 
and urbanization (high confidence). Climatic and non-climatic drivers 
affecting coral reefs will erode habitats, increase coastline exposure 
to waves and storms and degrade environmental features important 
to fisheries and tourism (high confidence). Some low-lying develop- 
ing countries and small island states are expected to face very high 
impacts that could have associated damage and adaptation costs 
of several percentage points of gross domestic product (GDP)  
(Figure 2.5c). {WGII 5.3–5.5, 22.3, 24.4, 25.6, 26.3, 26.8, 29.4,  
Table 26-1, Box 25-1, Box CC-CR}

2.3.2 Water, food and urban systems, human 
health, security and livelihoods

The fractions of the global population that will experience 
water scarcity and be affected by major river floods are pro-
jected to increase with the level of warming in the 21st century 
(robust evidence, high agreement). {WGII 3.4–3.5, 26.3, 29.4,  
Table 3-2, Box 25-8}
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Figure 2.6 |  Climate change risks for fisheries. (a) Projected global redistribution of maximum catch potential of ~1000 species of exploited fishes and invertebrates, comparing the 
10-year averages over 2001–2010 and 2051–2060, using ocean conditions based on a single climate model under a moderate to high warming scenario (2°C warming relative to 
pre-industrial temperatures), without analysis of potential impacts of overfishing or ocean acidification. (b) Marine mollusc and crustacean fisheries (present-day estimated annual 
catch rates ≥0.005 tonnes/km2) and known locations of cold- and warm-water corals, depicted on a global map showing the projected distribution of surface ocean acidification 
by 2100 under RCP8.5. The bottom panel compares the percentage of species sensitive to ocean acidification for corals, molluscs and crustaceans, vulnerable animal phyla with 
socio-economic relevance (e.g., for coastal protection and fisheries). The number of species analysed across studies is given on top of the bars for each category of elevated CO2. 
For 2100, RCP scenarios falling within each pCO2 category are as follows: RCP4.5 for 500 to 650 μatm, RCP6.0 for 651 to 850 μatm and RCP8.5 for 851 to 1370 μatm. By 2150, 
RCP8.5 falls within the 1371 to 2900 μatm category. The control category corresponds to 380 μatm (The unit μatm is approximately equivalent to ppm in the atmosphere). {WGI 
Figure SPM.8, Box SPM.1, WGII SPM B-2, Figure SPM.6, 6.1, 6.3, 30.5, Figure 6-10 , Figure 6-14}
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Climate change over the 21st century is projected to reduce 
renewable surface water and groundwater resources in most 
dry subtropical regions (robust evidence, high agreement), 
intensifying competition for water among sectors (limited evi-
dence, medium agreement). In presently dry regions, the frequency 
of droughts will likely increase by the end of the 21st century under 
RCP8.5 (medium confidence). In contrast, water resources are pro-
jected to increase at high latitudes (robust evidence, high agreement). 
The interaction of increased temperature; increased sediment, nutrient 
and pollutant loadings from heavy rainfall; increased concentrations 
of pollutants during droughts; and disruption of treatment facilities 
during floods will reduce raw water quality and pose risks to drinking 
water quality (medium evidence, high agreement). {WGI 12.4, WGII 3.2, 
3.4–3.6, 22.3, 23.9, 25.5, 26.3, Table 3-2, Table 23-3, Box 25-2, Box CC-RF, 
Box CC-WE}

All aspects of food security are potentially affected by climate 
change, including food production, access, use and price sta-
bility (high confidence). For wheat, rice and maize in tropical and 
temperate regions, climate change without adaptation is projected to 
negatively impact production at local temperature increases of 2°C or 
more above late 20th century levels, although individual locations may 
benefit (medium confidence). Projected impacts vary across crops and 
regions and adaptation scenarios, with about 10% of projections for 
the 2030–2049 period showing yield gains of more than 10%, and 
about 10% of projections showing yield losses of more than 25%, com-
pared with the late 20th century. Global temperature increases of ~4°C 
or more above late 20th century levels, combined with increasing food 
demand, would pose large risks to food security, both globally and 
regionally (high confidence) (Figure 2.4, 2.7). The relationship between 
global and regional warming is explained in 2.2.1. {WGII 6.3–6.5, 
7.4–7.5, 9.3, 22.3, 24.4, 25.7, 26.5, Table 7-2, Table 7-3, Figure 7-1, 
Figure 7-4, Figure 7-5, Figure 7-6, Figure 7-7, Figure 7-8, Box 7-1}

Until mid-century, projected climate change will impact human 
health mainly by exacerbating health problems that already 
exist (very high confidence). Throughout the 21st century,  

climate change is expected to lead to increases in ill-health in 
many regions and especially in developing countries with low 
income, as compared to a baseline without climate change 
(high confidence). Health impacts include greater likelihood of injury 
and death due to more intense heat waves and fires, increased risks 
from foodborne and waterborne diseases and loss of work capacity 
and reduced labour productivity in vulnerable populations (high confi-
dence). Risks of undernutrition in poor regions will increase (high con-
fidence). Risks from vector-borne diseases are projected to generally 
increase with warming, due to the extension of the infection area and 
season, despite reductions in some areas that become too hot for dis-
ease vectors (medium confidence). Globally, the magnitude and sever-
ity of negative impacts will increasingly outweigh positive impacts 
(high confidence). By 2100 for RCP8.5, the combination of high tem-
perature and humidity in some areas for parts of the year is expected 
to compromise common human activities, including growing food and 
working outdoors (high confidence). {WGII SPM B-2, 8.2, 11.3–11.8, 
19.3, 22.3, 25.8, 26.6, Figure 25-5, Box CC-HS}

In urban areas, climate change is projected to increase risks for 
people, assets, economies and ecosystems, including risks from 
heat stress, storms and extreme precipitation, inland and coastal 
flooding, landslides, air pollution, drought, water scarcity, sea 
level rise and storm surges (very high confidence). These risks 
will be amplified for those lacking essential infrastructure and services 
or living in exposed areas. {WGII 3.5, 8.2–8.4, 22.3, 24.4–24.5, 26.8,  
Table 8-2, Box 25-9, Box CC-HS}

Rural areas are expected to experience major impacts on 
water availability and supply, food security, infrastructure 
and agricultural incomes, including shifts in the production 
areas of food and non-food crops around the world (high 
confidence). These impacts will disproportionately affect the wel-
fare of the poor in rural areas, such as female-headed households 
and those with limited access to land, modern agricultural inputs, 
infrastructure and education. {WGII 5.4, 9.3, 25.9, 26.8, 28.2, 28.4, 
Box 25-5}

Figure 2.7 |  Summary of projected changes in crop yields (mostly wheat, maize, rice and soy) due to climate change over the 21st century. The figure combines 1090 data points 
from crop model projections, covering different emission scenarios, tropical and temperate regions and adaptation and no-adaptation cases. The projections are sorted into the 
20-year periods (horizontal axis) during which their midpoint occurs. Changes in crop yields are relative to late 20th century levels and data for each time period sum to 100%. 
Relatively few studies have considered impacts on cropping systems for scenarios where global mean temperatures increase by 4°C or more. {WGII Figure SPM.7}
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Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Global Risks

Carbon dioxide 
fertilisation

CO O

Damaging 
cyclone

Ocean 
acidification

CO O

Climate-related drivers of impacts

Warming 
trend

Extreme 
precipitation

Extreme 
temperature

Level of risk & potential for adaptation
Potential for additional adaptation 

to reduce risk

Risk level with 
current adaptation

Risk level with 
high adaptation

Drying 
trend Flooding

Storm 
surge

CO O

CO O

Reduction in terrestrial carbon sink: Carbon stored in terrestrial 
ecosystems is vulnerable to loss back into the atmosphere, resulting from 
increased fire frequency due to climate change and the sensitivity of 
ecosystem respiration to rising temperatures (medium confidence)

{WGII 4.2, 4.3}

• Adaptation options include managing land use 
(including deforestation), fire and other disturbances, 
and non-climatic stressors. 

Boreal tipping point: Arctic ecosystems are vulnerable to abrupt 
change related to the thawing of permafrost, spread of shrubs in 
tundra and increase in pests and fires in boreal forests 
(medium confidence)

{WGII 4.3, Box 4-4}

• There are few adaptation options in the Arctic.

Amazon tipping point: Moist Amazon forests could change abruptly 
to less-carbon-dense, drought- and fire-adapted ecosystems 
(low confidence)

{WGII 4.3, Box 4-3}

• Policy and market measures can reduce deforestation 
and fire.

Increased risk of species extinction: A large fraction of the species 
assessed is vulnerable to extinction due to climate change, often in 
interaction with other threats. Species with an intrinsically low 
dispersal rate, especially when occupying flat landscapes where the 
projected climate velocity is high, and species in isolated habitats such 
as mountaintops, islands or small protected areas are especially at risk. 
Cascading effects through organism interactions, especially those 
vulnerable to phenological changes, amplify risk (high confidence) 

{WGII 4.3, 4.4}

• Adaptation options include reduction of habitat 
modification and fragmentation, pollution, 
over-exploitation and invasive species; protected area 
expansion; assisted dispersal; and ex situ conservation.

Marine biodiversity loss with high rate of climate change  
(medium confidence) 

{WGII 6.3, 6.4, Table 30-4, Box CC-MB}

• Adaptation options are limited to reducing other stresses, 
mainly pollution, and limiting pressures from coastal human 
activities such as tourism and fishing.

Reduced growth and survival of commercially valuable shellfish and 
other calcifiers (e.g., reef building corals, calcareous red algae) due to 
ocean acidification (high confidence)

{WGII 5.3, 6.1, 6.3, 6.4, 30.3, Box CC-OA}

• Evidence for differential resistance and evolutionary 
adaptation of some species exists, but they are likely to be 
limited at higher CO2 concentrations and temperatures.
• Adaptation options include exploiting more resilient 
species or protecting habitats with low natural CO2 levels, 
as well as reducing other stresses, mainly pollution, and 
limiting pressures from tourism and fishing.

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium Global redistribution and decrease of low-latitude fisheries yields, 

paralleled by a global trend to catches having smaller fishes 
(medium confidence)

{WGII 6.3 to 6.5, 30.5, 30.6}

• Increasing coastal poverty at low latitudes as fisheries 
become smaller –  partially compensated by the growth 
of aquaculture and marine spatial planning, as well as 
enhanced industrialized fishing efforts

Table 2.3 | Examples of global key risks for different sectors, including the potential for risk reduction through adaptation and mitigation, as well as limits to adaptation. Each 
key risk is assessed as very low, low, medium, high or very high. Risk levels are presented for three time frames: present, near term (here, for 2030–2040) and long term (here, for 
2080–2100). In the near term, projected levels of global mean temperature increase do not diverge substantially across different emission scenarios. For the long term, risk levels 
are presented for two possible futures (2°C and 4°C global mean temperature increase above pre-industrial levels). For each time frame, risk levels are indicated for a continuation 
of current adaptation and assuming high levels of current or future adaptation. Risk levels are not necessarily comparable, especially across regions. Relevant climate variables are 
indicated by icons. {WGII Table TS.4} 
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Urban risks associated with 
housing (high confidence)

{WGII 8.3}

• Poor quality, inappropriately located housing is often most vulnerable to 
extreme events. Adaptation options include enforcement of building regulations 
and upgrading. Some city studies show the potential to adapt housing and 
promote mitigation, adaptation and development goals simultaneously. Rapidly 
growing cities, or those rebuilding after a disaster, especially have opportunities 
to increase resilience, but this is rarely realised. Without adaptation, risks of 
economic losses from extreme events are substantial in cities with high-value 
infrastructure and housing assets, with broader economic effects possible. 

Declining work productivity, increasing 
morbidity (e.g., dehydration, heat stroke and 
heat exhaustion), and mortality from 
exposure to heat waves. Particularly at risk 
are agricultural and construction workers as 
well as children, homeless people, the 
elderly, and women who have to walk long 
hours to collect water (high confidence)
{WGII 13.2, Box 13-1}

• Adaptation options are limited for people who are dependent on agriculture 
and cannot afford agricultural machinery. 
• Adaptation options are limited in the construction sector where many poor 
people work under insecure arrangements. 
• Adaptation limits may be exceeded in certain areas in a +4oC world. 

Reduced access to water for rural and urban 
poor people due to water scarcity and 
increasing competition for water  
(high confidence)

{WGII 13.2, Box 13-1}

• Adaptation through reducing water use is not an option for the many people 
already lacking adequate access to safe water. Access to water is subject to 
various forms of discrimination, for instance due to gender and location. Poor 
and marginalised water users are unable to compete with water extraction by 
industries, large-scale agriculture and other powerful users.

Adaptation options: 
• Buffering rural incomes against climate shocks, for example through 
livelihood diversification, income transfers and social safety net provision
• Early warning mechanisms to promote effective risk reduction
• Well-established strategies for managing violent conflict that are effective 
but require significant resources, investment and political will

Violent conflict arising from deterioration in 
resource-dependent livelihoods such as 
agriculture and pastoralism (high confidence)

{WGII 12.5}

• Adaptation to extreme events is well understood, but poorly implemented 
even under present climate conditions. Displacement and involuntary migration 
are often temporary. With increasing climate risks, displacement is more likely 
to involve permanent migration. 

Displacement associated with extreme events 
(high confidence)

{WGII 12.4}

• Most urban centers are energy intensive, with energy-related climate policies 
focused only on mitigation measures. A few cities have adaptation initiatives 
underway for critical energy systems. There is potential for non-adapted, 
centralised energy systems to magnify impacts, leading to national and 
transboundary consequences from localised extreme events. 

Urban risks associated with energy systems
(high confidence) 

{WGII 8.2, 8.4}

Urban risks associated with water supply 
systems (high confidence)

{WGII 8.2, 8.3}

• Adaptation options include changes to network infrastructure as well as 
demand-side management to ensure sufficient water supplies and quality, 
increased capacities to manage reduced freshwater availability, and flood risk 
reduction. 

Negative impacts on average crop yields and 
increases in yield variability due to climate 
change (high confidence)

{WGII 7.2 to 7.5, Figure 7-5, Box 7-1}

• Projected impacts vary across crops and regions and adaptation scenarios, 
with about 10% of projections for the period 2030–2049 showing yield gains 
of more than 10%, and about 10% of projections showing yield losses of more 
than 25%, compared to the late 20th century. After 2050 the risk of more 
severe yield impacts increases and depends on the level of warming.

Table 2.3 (continued)



72

Topic 2 Future Climate Changes, Risk and Impacts

2

 
Box 2.4 | Reasons For Concern Regarding Climate Change

Five Reasons For Concern (RFCs) have provided a framework for summarizing key risks since the IPCC Third Assessment Report. They 
illustrate the implications of warming and of adaptation limits for people, economies and ecosystems across sectors and regions. They 
provide one starting point for evaluating dangerous anthropogenic interference with the climate system. All warming levels in the 
text of Box 2.4 are relative to the 1986–2005 period. Adding ~0.6°C to these warming levels roughly gives warming relative to the 
1850–1900 period, used here as a proxy for pre-industrial times (right-hand scale in Box 2.4, Figure 1). {WGII Assessment Box SPM.1}

The five RFCs are associated with:

1. Unique and threatened systems: Some ecosystems and cultures are already at risk from climate change (high confidence). With 
additional warming of around 1°C, the number of unique and threatened systems at risk of severe consequences increases. Many 
systems with limited adaptive capacity, particularly those associated with Arctic sea ice and coral reefs, are subject to very high 
risks with additional warming of 2°C. In addition to risks resulting from the magnitude of warming, terrestrial species are also 
sensitive to the rate of warming, marine species to the rate and degree of ocean acidification and coastal systems to sea level 
rise (Figure 2.5).

2. Extreme weather events: Climate change related risks from extreme events, such as heat waves, heavy precipitation and 
coastal flooding, are already moderate (high confidence). With 1°C additional warming, risks are high (medium confidence). Risks 
associated with some types of extreme events (e.g., extreme heat) increase progressively with further warming (high confidence).

3. Distribution of impacts: Risks are unevenly distributed between groups of people and between regions; risks are generally 
greater for disadvantaged people and communities everywhere. Risks are already moderate because of regional differences in 
observed climate change impacts, particularly for crop production (medium to high confidence). Based on projected decreases in 
regional crop yields and water availability, risks of unevenly distributed impacts are high under additional warming of above 2°C 
(medium confidence).

4. Global aggregate impacts: Risks of global aggregate impacts are moderate under additional warming of between 1°C and 2°C, 
reflecting impacts on both the Earth’s biodiversity and the overall global economy (medium confidence). Extensive biodiversity 
loss, with associated loss of ecosystem goods and services, leads to high risks at around 3°C additional warming (high confidence). 
Aggregate economic damages accelerate with increasing temperature (limited evidence, high agreement), but few quantitative 
estimates are available for additional warming of above 3°C.  

5. Large-scale singular events: With increasing warming, some physical and ecological systems are at risk of abrupt and/or irre-
versible changes (see Section 2.4). Risks associated with such tipping points are moderate between 0 and 1°C additional warming, 
since there are signs that both warm-water coral reefs and Arctic ecosystems are already experiencing irreversible regime shifts 
(medium confidence). Risks increase at a steepening rate under an additional warming of 1 to 2°C and become high above 3°C, 
due to the potential for large and irreversible sea level rise from ice sheet loss. For sustained warming above some threshold 
greater than ~0.5°C additional warming (low confidence) but less than ~3.5°C (medium confidence), near-complete loss of the 
Greenland ice sheet would occur over a millennium or more, eventually contributing up to 7 m to global mean sea level rise.

(continued on next page)
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Aggregate economic losses accelerate with increasing tempera- 
ture (limited evidence, high agreement), but global economic 
impacts from climate change are currently difficult to estimate. 
With recognized limitations, the existing incomplete estimates of global 
annual economic losses for warming of ~2.5°C above pre-industrial 
levels are 0.2 to 2.0% of income (medium evidence, medium agree-
ment). Changes in population, age structure, income, technology, rela- 
tive prices, lifestyle, regulation and governance are projected to have 
relatively larger impacts than climate change, for most economic sec-
tors (medium evidence, high agreement). More severe and/or frequent 
weather hazards are projected to increase disaster-related losses and 
loss variability, posing challenges for affordable insurance, particularly 
in developing countries. International dimensions such as trade and 
relations among states are also important for understanding the risks 
of climate change at regional scales. (Box 3.1) {WGII 3.5, 10.2, 10.7, 
10.9–10.10, 17.4–17.5, 25.7, 26.7–26.9, Box 25-7}

From a poverty perspective, climate change impacts are pro-
jected to slow down economic growth, make poverty reduction 
more difficult, further erode food security and prolong exist-
ing poverty traps and create new ones, the latter particularly in 
urban areas and emerging hotspots of hunger (medium confi-
dence). Climate change impacts are expected to exacerbate poverty in 
most developing countries and create new poverty pockets in countries 
with increasing inequality, in both developed and developing countries 
(Figure 2.4). {WGII 8.1, 8.3–8.4, 9.3, 10.9, 13.2–13.4, 22.3, 26.8} 

Climate change is projected to increase displacement of people 
(medium evidence, high agreement). Displacement risk increases 
when populations that lack the resources for planned migration expe-
rience higher exposure to extreme weather events, such as floods and 

droughts. Expanding opportunities for mobility can reduce vulnerability 
for such populations. Changes in migration patterns can be responses  
to both extreme weather events and longer term climate variability and 
change, and migration can also be an effective adaptation strategy. 
{WGII 9.3, 12.4, 19.4, 22.3, 25.9}

Climate change can indirectly increase risks of violent conflict 
by amplifying well-documented drivers of these conflicts, such 
as poverty and economic shocks (medium confidence). Multiple 
lines of evidence relate climate variability to some forms of conflict. 
{WGII SPM, 12.5, 13.2, 19.4}

2.4 Climate change beyond 2100, 
irreversibility and abrupt changes

Many aspects of climate change and its associated 
impacts will continue for centuries, even if anthropo-
genic emissions of greenhouse gases are stopped. The 
risks of abrupt or irreversible changes increase as the 
magnitude of the warming increases.

Warming will continue beyond 2100 under all RCP scenarios 
except RCP2.6. Surface temperatures will remain approximately con-
stant at elevated levels for many centuries after a complete cessation 
of net anthropogenic CO2 emissions (see Section 2.2.5 for the relation-
ship between CO2 emissions and global temperature change.). A large 
fraction of anthropogenic climate change resulting from CO2 emissions 
is irreversible on a multi-century to millennial timescale, except in the 
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indicates severe and widespread impacts. Purple, introduced in this assessment, shows that very high risk is indicated by all key risk criteria. {WGII Assessment Box SPM.1, 
Figure 19-4}
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case of a large net removal of CO2 from the atmosphere over a sus-
tained period (Figure 2.8a, b). {WGI SPM E.1, SPM E.8, 12.5.2}

Stabilization of global average surface temperature does not 
imply stabilization for all aspects of the climate system. Shifting 
biomes, re-equilibrating soil carbon, ice sheets, ocean temperatures 
and associated sea level rise all have their own intrinsic long times-
cales that will result in ongoing changes for hundreds to thousands  
of years after global surface temperature has been stabilized. {WGI  
SPM E.8, 12.5.2–12.5.4, WGII 4.2}

Ocean acidification will continue for centuries if CO2 emissions 
continue, it will strongly affect marine ecosystems (high  
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Figure 2.8 |  (a) Atmospheric carbon dioxide (CO2) and (b) projected global mean 
surface temperature change as simulated by Earth System Models of Intermediate Com-
plexity (EMICs) for the four Representative Concentration Pathways (RCPs) up to 2300 
(relative to 1986–2005) followed by a constant (year 2300 level) radiative forcing. A 
10-year smoothing was applied. The dashed line on (a) indicates the pre-industrial CO2 
concentration. (c) Sea level change projections grouped into three categories according 
to the concentration of greenhouse gas (in CO2-eq) in 2100 (low: concentrations that 
peak and decline and remain below 500 ppm, as in scenario RCP2.6; medium: 500 to 
700 ppm, including RCP4.5; high: concentrations that are above 700 ppm but below 
1500 ppm, as in scenario RCP6.0 and RCP8.5). The bars in (c) show the maximum pos-
sible spread that can be obtained with the few available model results (and should not 
be interpreted as uncertainty ranges). These models likely underestimate the Antarctica 
ice sheet contribution, resulting in an underestimation of projected sea level rise beyond 
2100. {WGI Figure 12.43, Figure 13.13, Table 13.8, WGII SPM B-2}

confidence), and the impact will be exacerbated by rising  
temperature extremes (Figure 2.5b). {WGI 3.8.2, 6.4.4, WGII 
SPM B-2, 6.3.2, 6.3.5, 30.5, Box CC-OA}

Global mean sea level rise will continue for many centuries 
beyond 2100 (virtually certain). The few available analyses that go 
beyond 2100 indicate sea level rise to be less than 1 m above the 
pre-industrial level by 2300 for GHG concentrations that peak and 
decline and remain below 500 ppm CO2-eq, as in scenario RCP2.6. For 
a radiative forcing that corresponds to a CO2-eq concentration in 2100 
that is above 700 ppm but below 1500 ppm, as in scenario RCP8.5, the 
projected rise is 1 m to more than 3 m by 2300 (medium confidence) 
(Figure 2.8c). There is low confidence in the available models’ ability 
to project solid ice discharge from the Antarctic ice sheet. Hence, 
these models likely underestimate the Antarctica ice sheet contribu-
tion, resulting in an underestimation of projected sea level rise beyond 
2100. {WGI SPM E.8, 13.4.4, 13.5.4}

There is little evidence in global climate models of a tipping point or 
critical threshold in the transition from a perennially ice-covered to a 
seasonally ice-free Arctic Ocean, beyond which further sea-ice loss is 
unstoppable and irreversible. {WGI 12.5.5}

There is low confidence in assessing the evolution of the Atlantic 
Meridional Overturning Circulation beyond the 21st century because 
of the limited number of analyses and equivocal results. However, a 
collapse beyond the 21st century for large sustained warming cannot 
be excluded. {WGI SPM E.4, 12.4.7, 12.5.5}

Sustained mass loss by ice sheets would cause larger sea level 
rise, and part of the mass loss might be irreversible. There is 
high confidence that sustained global mean warming greater than a 
threshold would lead to the near-complete loss of the Greenland ice 
sheet over a millennium or more, causing a sea level rise of up to 7 m. 
Current estimates indicate that the threshold is greater than about 
1°C (low confidence) but less than about 4°C (medium confidence) 
of global warming with respect to pre-industrial temperatures. Abrupt 
and irreversible ice loss from a potential instability of marine-based 
sectors of the Antarctic ice sheet in response to climate forcing is pos-
sible, but current evidence and understanding is insufficient to make 
a quantitative assessment. {WGI SPM E.8, 5.6.2, 5.8.1, 13.4.3, 13.5.4}

Within the 21st century, magnitudes and rates of climate change 
associated with medium to high emission scenarios (RCP4.5, 
RCP6.0 and RCP8.5) pose a high risk of abrupt and irreversible 
regional-scale change in the composition, structure and function 
of marine, terrestrial and freshwater ecosystems, including wet-
lands (medium confidence), as well as warm water coral reefs 
(high confidence). Examples that could substantially amplify climate 
change are the boreal-tundra Arctic system (medium confidence) and 
the Amazon forest (low confidence). {WGII 4.3.3.1, Box 4.3, Box 4.4, 
5.4.2.4, 6.3.1–6.3.4, 6.4.2, 30.5.3–30.5.6, Box CC-CR, Box CC-MB}

A reduction in permafrost extent is virtually certain with contin-
ued rise in global temperatures. Current permafrost areas are pro-
jected to become a net emitter of carbon (CO2 and CH4) with a loss of 
180 to 920 GtCO2 (50 to 250 GtC) under RCP8.5 over the 21st century 
(low confidence). {WGI TFE.5, 6.4.3.4, 12.5.5, WGII 4.3.3.4}
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3.1 Foundations of decision-making 
about climate change

Effective decision-making to limit climate change and 
its effects can be informed by a wide range of ana-
lytical approaches for evaluating expected risks and 
benefits, recognizing the importance of governance, 
ethical dimensions, equity, value judgments, economic 
assessments and diverse perceptions and responses to 
risk and uncertainty. 

Sustainable development and equity provide a basis for assess-
ing climate policies. Limiting the effects of climate change is 
necessary to achieve sustainable development and equity, 
including poverty eradication. Countries’ past and future contribu-
tions to the accumulation of GHGs in the atmosphere are different, and 
countries also face varying challenges and circumstances and have dif-
ferent capacities to address mitigation and adaptation. Mitigation and 
adaptation raise issues of equity, justice and fairness and are necessary 
to achieve sustainable development and poverty eradication. Many  
of those most vulnerable to climate change have contributed and  
contribute little to GHG emissions. Delaying mitigation shifts burdens  
from the present to the future, and insufficient adaptation responses to  
emerging impacts are already eroding the basis for sustainable  
development. Both adaptation and mitigation can have distributional 

effects locally, nationally and internationally, depending on who 
pays and who benefits. The process of decision-making about climate 
change, and the degree to which it respects the rights and views of  
all those affected, is also a concern of justice. {WGII 2.2, 2.3, 13.3,  
13.4, 17.3, 20.2, 20.5, WGIII SPM.2, 3.3, 3.10, 4.1.2, 4.2, 4.3, 4.5,  
4.6, 4.8}

Effective mitigation will not be achieved if individual agents 
advance their own interests independently. Climate change has 
the characteristics of a collective action problem at the global scale, 
because most GHGs accumulate over time and mix globally, and emis-
sions by any agent (e.g., individual, community, company, country) 
affect other agents. Cooperative responses, including international 
cooperation, are therefore required to effectively mitigate GHG emis-
sions and address other climate change issues. The effectiveness of 
adaptation can be enhanced through complementary actions across 
levels, including international cooperation. The evidence suggests 
that outcomes seen as equitable can lead to more effective cooper-
ation. {WGII 20.3.1, WGIII SPM.2, TS.1, 1.2, 2.6, 3.2, 4.2, 13.2, 13.3} 

Decision-making about climate change involves valuation and 
mediation among diverse values and may be aided by the ana-
lytic methods of several normative disciplines. Ethics analyses  
the different values involved and the relations between them. Recent 
political philosophy has investigated the question of responsibility for  
the effects of emissions. Economics and decision analysis provide  

Topic 3: Future Pathways for Adaption, Mitigation and Sustainable Development

Adaptation and mitigation are complementary strategies for reducing and managing the risks of climate change. Sub-
stantial emissions reductions over the next few decades can reduce climate risks in the 21st century and beyond, increase 
prospects for effective adaptation, reduce the costs and challenges of mitigation in the longer term and contribute to 
climate-resilient pathways for sustainable development. 

Adaptation and mitigation are two complementary strategies for responding to climate change. Adaptation is the process of adjustment to actual 
or expected climate and its effects in order to either lessen or avoid harm or exploit beneficial opportunities. Mitigation is the process of reducing 
emissions or enhancing sinks of greenhouse gases (GHGs), so as to limit future climate change. Both adaptation and mitigation can reduce and 
manage the risks of climate change impacts. Yet adaptation and mitigation can also create other risks, as well as benefits. Strategic responses 
to climate change involve consideration of climate-related risks along with the risks and co-benefits of adaptation and mitigation actions. {WGII 
SPM A-3, SPM C, Glossary, WGIII SPM.2, 4.1, 5.1, Glossary} 

Mitigation, adaptation and climate impacts can all result in transformations to and changes in systems. Depending on the rate and magnitude 
of change and the vulnerability and exposure of human and natural systems, climate change will alter ecosystems, food systems, infrastructure, 
coastal, urban and rural areas, human health and livelihoods. Adaptive responses to a changing climate require actions that range from incre-
mental changes to more fundamental, transformational changes34.20Mitigation can involve fundamental changes in the way that human societies 
produce and use energy services and land. {WGII B, C, TS C, Box TS.8, Glossary, WGIII SPM.4}

Topic 3 of this report examines the factors that influence the assessment of mitigation and adaptation strategies. It considers the benefits, risks, 
incremental changes and potential transformations from different combinations of mitigation, adaptation and residual climate-related impacts. It 
considers how responses in the coming decades will influence options for limiting long-term climate change and opportunities for adapting to it. Finally, 
it considers factors—including uncertainty, ethical considerations and links to other societal goals—that may influence choices about mitigation 
and adaptation. Topic 4 then assesses the prospects for mitigation and adaptation on the basis of current knowledge of tools, options and policies.

34 Transformation is used in this report to refer to a change in the fundamental attributes of a system (see Glossary). Transformations can occur at multiple levels; at the national 
level, transformation is considered most effective when it reflects a country’s own visions and approaches to achieving sustainable development in accordance with its national 
circumstances and priorities. {WGII SPM C-2, 2–13, 20.5, WGIII SPM, 6–12}
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quantitative methods of valuation which can be used for estima- 
ting the social cost of carbon (see Box 3.1), in cost–benefit and cost- 
effectiveness analyses, for optimization in integrated models and 
elsewhere. Economic methods can reflect ethical principles, and take 
account of non-marketed goods, equity, behavioural biases, ancil-
lary benefits and costs and the differing values of money to different 
people. They are, however, subject to well-documented limitations. 
{WGII 2.2, 2.3, WGIII SPM.2, Box TS.2, 2.4, 2.5, 2.6, 3.2–3.6, 3.9.4}

Analytical methods of valuation cannot identify a single best 
balance between mitigation, adaptation and residual climate 
impacts. Important reasons for this are that climate change involves 
extremely complex natural and social processes, there is extensive dis-
agreement about the values concerned, and climate change impacts 
and mitigation approaches have important distributional effects. Nev-
ertheless, information on the consequences of emissions pathways 
to alternative climate goals and risk levels can be a useful input into 
decision-making processes. Evaluating responses to climate change 
involves assessment of the widest possible range of impacts, including 
low-probability outcomes with large consequences. {WGII 1.1.4, 2.3, 
2.4, 17.3, 19.6, 19.7, WGIII 2.5, 2.6, 3.4, 3.7, Box 3-9}

Effective decision-making and risk management in the complex 
environment of climate change may be iterative: strategies can 
often be adjusted as new information and understanding devel-
ops during implementation. However, adaptation and mitigation 
choices in the near term will affect the risks of climate change through-
out the 21st century and beyond, and prospects for climate-resilient 
pathways for sustainable development depend on what is achieved 
through mitigation. Opportunities to take advantage of positive syn-
ergies between adaptation and mitigation may decrease with time, 
particularly if mitigation is delayed too long. Decision-making about 
climate change is influenced by how individuals and organizations per-
ceive risks and uncertainties and take them into account. They some-
times use simplified decision rules, overestimate or underestimate risks 
and are biased towards the status quo. They differ in their degree of 
risk aversion and the relative importance placed on near-term versus 
long-term ramifications of specific actions. Formalized analytical meth-
ods for decision-making under uncertainty can account accurately for 
risk, and focus attention on both short- and long-term consequences. 
{WGII SPM A-3, SPM C-2, 2.1–2.4, 3.6, 14.1–14.3, 15.2–15.4, 17.1–
17.3, 17.5, 20.2, 20.3, 20.6, WGIII SPM.2, 2.4, 2.5, 5.5, 16.4}

3.2 Climate change risks reduced by 
adaptation and mitigation

Without additional mitigation efforts beyond those in 
place today, and even with adaptation, warming by the 
end of the 21st century will lead to high to very high 
risk of severe, widespread and irreversible impacts 
globally (high confidence). Mitigation involves some 
level of co-benefits and of risks due to adverse side  
effects, but these risks do not involve the same pos-
sibility of severe, widespread and irreversible impacts 
as risks from climate change, increasing the benefits 
from near-term mitigation efforts.

The risks of climate change, adaptation and mitigation differ in 
nature, timescale, magnitude and persistence (high confidence). 
Risks from adaptation include maladaptation and negative ancillary 
impacts. Risks from mitigation include possible adverse side effects 
of large-scale deployment of low-carbon technology options and eco-
nomic costs. Climate change risks may persist for millennia and can 
involve very high risk of severe impacts and the presence of significant 
irreversibilities combined with limited adaptive capacity. In contrast, 
the stringency of climate policies can be adjusted much more quickly 
in response to observed consequences and costs and create lower risks 
of irreversible consequences (3.3, 3.4, 4.3). {WGI SPM E.8, 12.4, 12.5.2, 
13.5, WGII 4.2, 17.2, 19.6, WGIII TS.3.1.4, Table TS.4, Table TS.5,  
Table TS.6, Table TS.7, Table TS.8, 2.5, 6.6}

Mitigation and adaptation are complementary approaches for 
reducing risks of climate change impacts. They interact with one 
another and reduce risks over different timescales (high confi-
dence). Benefits from adaptation can already be realized in addressing 
current risks and can be realized in the future for addressing emerging 
risks. Adaptation has the potential to reduce climate change impacts 
over the next few decades, while mitigation has relatively little influ-
ence on climate outcomes over this timescale. Near-term and longer-
term mitigation and adaptation, as well as development pathways, will 
determine the risks of climate change beyond mid-century. The poten-
tial for adaptation differs across sectors and will be limited by institu-
tional and capacity constraints, increasing the long-term benefits of 
mitigation (high confidence). The level of mitigation will influence the 
rate and magnitude of climate change, and greater rates and magni-
tude of climate change increase the likelihood of exceeding adaptation 
limits (high confidence) (3.3). {WGI 11.3, 12.4, WGII SPM A-3, SPM B-2, 
SPM C-2, 1.1.4.4, 2.5, 16.3–16.6, 17.3, 19.2, 20.2.3, 20.3, 20.6}

Without additional mitigation efforts beyond those in place 
today, and even with adaptation, warming by the end of the 
21st century will lead to high to very high risk of severe, wide-
spread and irreversible impacts globally (high confidence) 
(Topic 2 and Figure 3.1a). Estimates of warming in 2100 without 
additional climate mitigation efforts are from 3.7°C to 4.8°C compared 
with pre-industrial levels (median climate response); the range is 2.5°C 
to 7.8°C when using the 5th to 95th percentile range of the median 
climate response (Figure 3.1). The risks associated with temperatures 
at or above 4°C include severe and widespread impacts on unique and 
threatened systems, substantial species extinction, large risks to global 
and regional food security, consequential constraints on common 
human activities, increased likelihood of triggering tipping points (criti-
cal thresholds) and limited potential for adaptation in some cases (high 
confidence). Some risks of climate change, such as risks to unique and 
threatened systems and risks associated with extreme weather events, 
are moderate to high at temperatures 1°C to 2°C above pre-industrial 
levels. {WGII SPM B-1, SPM C-2, WGIII SPM.3}

Substantial cuts in GHG emissions over the next few decades 
can substantially reduce risks of climate change by limiting 
warming in the second half of the 21st century and beyond 
(high confidence). Global mean surface warming is largely deter-
mined by cumulative emissions, which are, in turn, linked to emissions 
over different timescales (Figure 3.1). Limiting risks across Reasons 
For Concern would imply a limit for cumulative emissions of CO2. 
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Such a limit would require that global net emissions of CO2 even-
tually decrease to zero (Figure 3.1a,b) (high confidence). Reducing  
risks of climate change through mitigation would involve substan-
tial cuts in GHG emissions over the next few decades (Figure 3.1c). 
But some risks from residual damages are unavoidable, even with  
mitigation and adaptation (very high confidence). A subset of relevant 
climate change risks has been estimated using aggregate economic 
indicators. Such economic estimates have important limitations and 
are therefore a useful but insufficient basis for decision-making on 
long-term mitigation targets (see Box 3.1). {WGII 19.7.1, WGIII SPM.3,  
Figure 3.1}

Mitigation involves some level of co-benefits and risks, but these 
risks do not involve the same possibility of severe, widespread 
and irreversible impacts as risks from climate change (high con-
fidence). Scenarios that are likely to limit warming to below 2°C or 
even 3°C compared with pre-industrial temperatures involve large-scale 
changes in energy systems and potentially land use over the coming 
decades (3.4). Associated risks include those linked to large-scale 
deployment of technology options for producing low-carbon energy, the 
potential for high aggregate economic costs of mitigation and impacts 
on vulnerable countries and industries. Other risks and co-benefits are 
associated with human health, food security, energy security, poverty 
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Figure 3.1 |  The relationship between risks from climate change, temperature change, cumulative carbon dioxide (CO2) emissions and changes in annual greenhouse gas (GHG) 
emissions by 2050. Limiting risks across Reasons For Concern (a) would imply a limit for cumulative emissions of CO2 (b), which would constrain annual emissions over the next few 
decades (c). Panel a reproduces the five Reasons For Concern (Box 2.4). Panel b links temperature changes to cumulative CO2 emissions (in GtCO2), from 1870. They are based 
on Coupled Model Intercomparison Project Phase 5 (CMIP5) simulations (pink plume) and on a simple climate model (median climate response in 2100) for the baselines and five 
mitigation scenario categories (six ellipses). Details are provided in Figure 2.3. Panel c shows the relationship between the cumulative CO2 emissions (in GtCO2) of the scenario 
categories and their associated change in annual GHG emissions by 2050, expressed in percentage change (in percent GtCO2-eq per year) relative to 2010. The ellipses correspond 
to the same scenario categories as in Panel b, and are built with a similar method (see details in Figure 2.3).
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reduction, biodiversity conservation, water availability, income distri-
bution, efficiency of taxation systems, labour supply and employment, 
urban sprawl, fossil fuel export revenues and the economic growth of 
developing countries (Table 4.5). {WGIII SPM.4.1, SPM.4.2, TS.3.1.4, 
Table TS.4, Table TS.5, Table TS.6, Table TS.7, Table TS.8, 6.6}

Inertia in the economic and climate systems and the possibil-
ity of irreversible impacts from climate change increase the 
benefits of near-term mitigation efforts (high confidence). The 
actions taken today affect the options available in the future to reduce 
emissions, limit temperature change and adapt to climate change. 
Near-term choices can create, amplify or limit significant elements of 
lock-in that are important for decision-making. Lock-ins and irrevers-
ibilities occur in the climate system due to large inertia in some of its 
components such as heat transfer from the ocean surface to depth 
leading to continued ocean warming for centuries regardless of emis-
sion scenario and the irreversibility of a large fraction of anthropogenic 
climate change resulting from CO2 emissions on a multi-century to mil-
lennial timescale unless CO2 were to be removed from the atmosphere 
through large-scale human interventions over a sustained period (see 
also Box 3.3). Irreversibilities in socio-economic and biological systems 
also result from infrastructure development and long-lived products 
and from climate change impacts, such as species extinction. The 
larger potential for irreversibility and pervasive impacts from climate 
change risks than from mitigation risks increases the benefit of short-
term mitigation efforts. Delays in additional mitigation or constraints 
on technological options limit the mitigation options and increase the 
long-term mitigation costs as well as other risks that would be incurred 
in the medium to long term to hold climate change impacts at a given 
level (Table WGIII SPM.2, blue segment). {WGI SPM E-8, WGII SPM B-2, 
2.1, 19.7, 20.3, Box 20-4, WGIII SPM.4.1, SPM.4.2.1, 3.6, 6.4, 6.6, 6.9}

3.3 Characteristics of adaptation pathways

Adaptation can reduce the risks of climate change 
impacts, but there are limits to its effectiveness, espe-
cially with greater magnitudes and rates of climate 
change. Taking a longer-term perspective, in the con-
text of sustainable development, increases the likeli-
hood that more immediate adaptation actions will 
also enhance future options and preparedness. 

Adaptation can contribute to the well-being of current and 
future populations, the security of assets and the maintenance 
of ecosystem goods, functions and services now and in the 
future. Adaptation is place- and context-specific, with no single 
approach for reducing risks appropriate across all settings (high 
confidence). Effective risk reduction and adaptation strategies con- 
sider vulnerability and exposure and their linkages with socio-economic 
processes, sustainable development, and climate change. Adaptation 
research since the IPCC Fourth Assessment Report (AR4) has evolved 
from a dominant consideration of engineering and technological adap-
tation pathways to include more ecosystem-based, institutional and 
social measures. A previous focus on cost–benefit analysis, optimiza-
tion and efficiency approaches has broadened with the development of 
multi-metric evaluations that include risk and uncertainty dimensions 
integrated within wider policy and ethical frameworks to assess trade-
offs and constraints. The range of specific adaptation measures has 
also expanded (4.2, 4.4.2.1), as have the links to sustainable devel-
opment (3.5). There are many studies on local and sectoral adaptation 
costs and benefits, but few global analyses and very low confidence 

 
Box 3.1 | The Limits of the Economic Assessment of Climate Change Risks

A subset of climate change risks and impacts are often measured using aggregate economic indicators, such as gross 
domestic product (GDP) or aggregate income. Estimates, however, are partial and affected by important conceptual and 
empirical limitations. These incomplete estimates of global annual economic losses for temperature increases of ~2.5°C above 
pre-industrial levels are between 0.2 and 2.0% of income (medium evidence, medium agreement). Losses are more likely than not to 
be greater, rather than smaller, than this range (limited evidence, high agreement). Estimates of the incremental aggregate economic 
impact of emitting one more tonne of carbon dioxide (the social cost of carbon) are derived from these studies and lie between a few 
dollars and several hundreds of dollars per tonne of carbon in 2000 to 2015 (robust evidence, medium agreement). These impact esti-
mates are incomplete and depend on a large number of assumptions, many of which are disputable. Many estimates do not account 
for the possibility of large-scale singular events and irreversibility, tipping points and other important factors, especially those that are 
difficult to monetize, such as loss of biodiversity. Estimates of aggregate costs mask significant differences in impacts across sectors, 
regions, countries and communities, and they therefore depend on ethical considerations, especially on the aggregation of losses across 
and within countries (high confidence). Estimates of global aggregate economic losses exist only for limited warming levels. These 
levels are exceeded in scenarios for the 21st century unless additional mitigation action is implemented, leading to additional economic 
costs. The total economic effects at different temperature levels would include mitigation costs, co-benefits of mitigation, adverse side  
effects of mitigation, adaptation costs and climate damages. As a result, mitigation cost and climate damage estimates at any given 
temperature level cannot be compared to evaluate the costs and benefits of mitigation. Very little is known about the economic cost 
of warming above 3°C relative to the current temperature level. Accurately estimating climate change risks (and thus the benefits of 
mitigation) takes into account the full range of possible impacts of climate change, including those with high consequences but a low 
probability of occurrence. The benefits of mitigation may otherwise be underestimated (high confidence). Some limitations of current 
estimates may be unavoidable, even with more knowledge, such as issues with aggregating impacts over time and across individuals 
when values are heterogeneous. In view of these limitations, it is outside the scope of science to identify a single best climate change 
target and climate policy (3.1, 3.4). {WGII SPM B-2, 10.9.2, 10.9.4, 13.2, 17.2–17.3, 18.4, 19.6, WGIII 3.6}
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in their results. {WGII SPM C-1, Table SPM.1, 14.1, 14.ES, 15.2, 15.5, 
17.2, 17.ES} 

Adaptation planning and implementation at all levels of gov-
ernance are contingent on societal values, objectives and risk 
perceptions (high confidence). Recognition of diverse interests,  
circumstances, social-cultural contexts and expectations can benefit 
decision-making processes. Indigenous, local and traditional knowl-
edge systems and practices, including indigenous peoples’ holistic  
view of community and environment, are a major resource for adapt-
ing to climate change, but these have not been used consistently  
in existing adaptation efforts. Integrating such forms of knowledge 
into practices increases the effectiveness of adaptation as do effec-
tive decision support, engagement and policy processes (4.4.2). {WGII  
SPM C-1}

Adaptation planning and implementation can be enhanced 
through complementary actions across levels, from individu-
als to governments (high confidence). National governments can 
coordinate adaptation efforts of local and sub-national governments, 
for example by protecting vulnerable groups, by supporting economic 
diversification and by providing information, policy and legal frame-
works and financial support (robust evidence, high agreement). Local 
government and the private sector are increasingly recognized as crit-
ical to progress in adaptation, given their roles in scaling up adapta-
tion of communities, households and civil society and in managing risk 
information and financing (medium evidence, high agreement). {WGII 
SPM C-1}

A first step towards adaptation to future climate change is 
reducing vulnerability and exposure to present climate variabil-
ity (high confidence), but some near-term responses to climate 
change may also limit future choices. Integration of adaptation 
into planning, including policy design, and decision-making can pro-
mote synergies with development and disaster risk reduction. How-
ever, poor planning or implementation, overemphasizing short-term 
outcomes or failing to sufficiently anticipate consequences can result 
in maladaptation, increasing the vulnerability or exposure of the target 
group in the future or the vulnerability of other people, places or sec-
tors (medium evidence, high agreement). For example, enhanced pro-
tection of exposed assets can lock in dependence on further protection 
measures. Appropriate adaptation options can be better assessed by 
including co-benefits and mitigation implications (3.5 and 4.2). {WGII 
SPM C-1}

Numerous interacting constraints can impede adaptation plan-
ning and implementation (high confidence). Common constraints 
on implementation arise from the following: limited financial and 
human resources; limited integration or coordination of governance; 
uncertainties about projected impacts; different perceptions of risks; 
competing values; absence of key adaptation leaders and advocates; 
and limited tools to monitor adaptation effectiveness. Other con-
straints include insufficient research, monitoring and observation and 
the financial and other resources to maintain them. Underestimating 
the complexity of adaptation as a social process can create unrealis-
tic expectations about achieving intended adaptation outcomes (see 
Sections 4.1 and 4.2 for details in relation to implementation). {WGII 
SPM C-1}

Greater rates and magnitude of climate change increase the 
likelihood of exceeding adaptation limits (high confidence). 
Limits to adaptation occur when adaptive actions to avoid intolera-
ble risks for an actor’s objectives or for the needs of a system are not 
possible or are not currently available. Value-based judgments of what 
constitutes an intolerable risk may differ. Limits to adaptation emerge 
from the interaction among climate change and biophysical and/or 
socio-economic constraints. Opportunities to take advantage of positive 
synergies between adaptation and mitigation may decrease with time, 
particularly if limits to adaptation are exceeded. In some parts of the 
world, insufficient responses to emerging impacts are already eroding 
the basis for sustainable development. For most regions and sectors, 
empirical evidence is not sufficient to quantify magnitudes of climate 
change that would constitute a future adaptation limit. Furthermore, 
economic development, technology and cultural norms and values can 
change over time to enhance or reduce the capacity of systems to avoid 
limits. As a consequence, some limits are ‘soft’ in that they may be alle-
viated over time. Other limits are ‘hard’ in that there are no reasonable 
prospects for avoiding intolerable risks. {WGII SPM C-2, TS}

Transformations in economic, social, technological and political 
decisions and actions can enhance adaptation and promote sus-
tainable development (high confidence). Restricting adaptation 
responses to incremental changes to existing systems and structures 
without considering transformational change may increase costs and 
losses and miss opportunities. For example, enhancing infrastructure to 
protect other built assets can be expensive and ultimately not defray 
increasing costs and risks, whereas options such as relocation or using 
ecosystem services to adapt may provide a range of benefits now and 
in the future. Transformational adaptation can include introduction of 
new technologies or practices, formation of new financial structures 
or systems of governance, adaptation at greater scales or magnitudes 
and shifts in the location of activities. Planning and implementation 
of transformational adaptation could reflect strengthened, altered or 
aligned paradigms and consequently may place new and increased 
demands on governance structures to reconcile different goals and 
visions for the future and to address possible equity and ethical impli-
cations: transformational adaptation pathways are enhanced by iter-
ative learning, deliberative processes, and innovation. At the national 
level, transformation is considered most effective when it reflects a 
country’s own visions and approaches to achieving sustainable devel-
opment in accordance with its national circumstances and priorities. 
{WGII SPM C-2, 1.1, 2.5, 5.5, 8.4, 14.1, 14.3, 16.2-7, 20.3.3, 20.5, 
25.10, Table 14-4, Table 16-3, Box 16.1, Box 16.4, Box 25.1}

Building adaptive capacity is crucial for effective selection 
and implementation of adaptation options (robust evidence, 
high agreement). Successful adaptation requires not only identi-
fying adaptation options and assessing their costs and benefits, but 
also increasing the adaptive capacity of human and natural systems 
(medium evidence, high agreement). This can involve complex govern-
ance challenges and new institutions and institutional arrangements. 
(4.2) {WGII 8.1, 12.3, 14.1-3, 16.2, 16.3, 16.5, 16.8}

Significant co-benefits, synergies and trade-offs exist between 
mitigation and adaptation and among different adaptation 
responses; interactions occur both within and across regions (very 
high confidence). Increasing efforts to mitigate and adapt to climate 
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change imply an increasing complexity of interactions, particularly at the 
intersections among water, energy, land use and biodiversity, but tools to 
understand and manage these interactions remain limited. Examples of  
actions with co-benefits include (i) improved energy efficiency and cleaner 
energy sources, leading to reduced emissions of health-damaging, 
climate-altering air pollutants; (ii) reduced energy and water consump-
tion in urban areas through greening cities and recycling water; (iii)  
sustainable agriculture and forestry; and (iv) protection of ecosystems  
for carbon storage and other ecosystem services. {WGII SPM C-1}

3.4 Characteristics of mitigation pathways

There are multiple mitigation pathways that are likely 
to limit warming to below 2°C relative to pre-industrial 
levels. These pathways would require substantial emis-
sions reductions over the next few decades and near 
zero emissions of CO2 and other long-lived greenhouse 
gases by the end of the century. Implementing such 
reductions poses substantial technological, economic, 
social and institutional challenges, which increase 
with delays in additional mitigation and if key tech-
nologies are not available. Limiting warming to lower 
or higher levels involves similar challenges but on  
different timescales.

Without additional efforts to reduce GHG emissions beyond 
those in place today, global emission growth is expected to 
persist driven by growth in global population and economic 
activities (high confidence) (Figure 3.2). Global GHG emissions 
under most scenarios without additional mitigation (baseline scenar-
ios) are between about 75 GtCO2-eq/yr and almost 140 GtCO2-eq/yr 
in 21003520which is approximately between the 2100 emission levels 
in the RCP6.0 and RCP8.5 pathways (Figure 3.2)3621. Baseline scenarios 
exceed 450 ppm CO2-eq by 2030 and reach CO2-eq concentration levels 
between about 750 ppm CO2-eq and more than 1300 ppm CO2-eq by 
2100. Global mean surface temperature increases in 2100 range from 
about 3.7°C to 4.8°C above the average for 1850–1900 for a median 
climate response. They range from 2.5°C to 7.8°C when including cli-
mate uncertainty (5th to 95th percentile range)3722.  The future scenarios  
do not account for possible changes in natural forcings in the cli-
mate system (see Box 1.1). {WGIII SPM.3, SPM.4.1, TS.2.2, TS.3.1, 6.3,  
Box TS.6}

Many different combinations of technological, behavioural and 
policy options can be used to reduce emissions and limit tem-
perature change (high confidence). To evaluate possible pathways 
to long-term climate goals, about 900 mitigation scenarios were col-
lected for this assessment, each of which describes different techno-
logical, socio-economic and institutional changes. Emission reductions 
under these scenarios lead to concentrations in 2100 from 430 ppm 
CO2-eq to above 720 ppm CO2-eq which is comparable to the 2100 
forcing levels between RCP2.6 and RCP6.0. Scenarios with concen-
tration levels of below 430 ppm CO2-eq by 2100 were also assessed. 
{WGIII SPM.4.1, TS3.1, 6.1, 6.2, 6.3, Annex II}

Scenarios leading to CO2-eq concentrations in 2100 of about  
450 ppm or lower are likely to maintain warming below 2°C over the  
21st century relative to pre-industrial levels (high confidence). Miti- 
gation scenarios reaching concentration levels of about 500 ppm CO2-eq 
by 2100 are more likely than not to limit warming to less than 2°C  
relative to pre-industrial levels, unless concentration levels temporarily 
exceed roughly 530 ppm CO2-eq before 2100. In this case, warming 
is about as likely as not to remain below 2°C relative to pre-industrial 
levels. Scenarios that exceed about 650 ppm CO2-eq by 2100 are  
unlikely to limit warming to below 2°C relative to pre-industrial levels. 
Mitigation scenarios in which warming is more likely than not to be less 
than 1.5°C relative to pre-industrial levels by 2100 are characterized  
by concentration levels by 2100 of below 430 ppm CO2-eq. In these  
scenarios, temperature peaks during the century and subsequently  
declines (Table 3.1).  {WGIII SPM.4.1, Table SPM.1, TS.3.1, Box TS.6, 6.3}

Mitigation scenarios reaching about 450 ppm CO2-eq in 2100 
(consistent with a likely chance to keep warming below 2°C rel-
ative to pre-industrial level) typically involve temporary over-
shoot3823 of atmospheric concentrations, as do many scenarios 
reaching about 500 ppm CO2-eq to about 550 ppm CO2-eq by 
2100 (Table 3.1). Depending on the level of overshoot, over-
shoot scenarios typically rely on the availability and wide-
spread deployment of bioenergy with carbon dioxide capture 
and storage (BECCS) and afforestation in the second half of the 
century (high confidence). The availability and scale of these and 
other Carbon Dioxide Removal (CDR) technologies and methods are 
uncertain, and CDR technologies and methods are, to varying degrees, 
associated with challenges and risks (see Box 3.3)3924.   CDR is also prev- 
alent in many scenarios without overshoot to compensate for residual 
emissions from sectors where mitigation is more expensive. {WGIII 
SPM.4.1, Table SPM.1, TS.3.1, 6.3, 6.9.1, Figure 6.7, 7.11, 11.13}

35 Unless otherwise noted, scenario ranges cited in Topic 3 and Topic 4 refer to the 10th to 90th percentile ranges (see Table 3.1).
36 For a discussion on CO2-equivalent (CO2-eq) emissions and concentrations, see Box 3.2 on GHG metrics and mitigation pathways and the Glossary. 
37 The range quoted here is based on the warming results of a simple climate model for the emissions of around 300 baseline scenarios, expressed compared to the 1850–1900 

period. The warming results quoted in Section 2.2 are obtained by prescribing future concentrations of GHG in CMIP5 Earth System Models. This results in a mean warming of 
1.0°C (5th to 95th percentile range: 0.3°C to 1.7°C) for RCP2.6, and a mean warming of 3.7°C (2.6°C to 4.8°C) for RCP8.5 relative to the period 1986–2005. For the same 
concentration-driven experiments, the simple climate model approach gives consistent results. The median warming is 0.9°C (0.5°C to 1.6°C) for RCP2.6 and 3.7°C (2.5°C 
to 5.9°C) for RCP8.5 relative to the period 1986–2005. However, the high-end of the CMIP5 ESMs range is more constrained. In addition, the baseline temperature increase 
quoted here is wider than that of the concentration-driven RCP8.5 experiments mentioned above as it is based on a wider set of scenarios, includes carbon cycle response 
uncertainty, and uses a different base year (2.2, 3.4).

38 In concentration ‘overshoot’ scenarios, concentrations peak during the century and then decline. 
39 CDR methods have biogeochemical and technological limitations to their potential on the global scale. There is insufficient knowledge to quantify how much CO2 emissions 

could be partially offset by CDR on a century timescale. CDR methods may carry side effects and long-term consequences on a global scale.
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Limiting warming with a likely chance to less than 2°C rela-
tive to pre-industrial levels would require substantial cuts in 
anthropogenic GHG emissions4025 by mid-century through large-
scale changes in energy systems and possibly land use. Limit-
ing warming to higher levels would require similar changes but 
less quickly. Limiting warming to lower levels would require 
these changes more quickly (high confidence). Scenarios that  
are likely to maintain warming at below 2°C are characterized by a  
40 to 70% reduction in GHG emissions by 2050, relative to 2010 levels,  

and emissions levels near zero or below in 2100 (Figure 3.2, Table 3.1).  
Scenarios with higher emissions in 2050 are characterized by a greater 
reliance on CDR technologies beyond mid-century, and vice versa.  
Scenarios that are likely to maintain warming at below 2°C include 
more rapid improvements in energy efficiency and a tripling to nearly 
a quadrupling of the share of zero- and low-carbon energy supply  
from renewable energy, nuclear energy and fossil energy with carbon 
dioxide capture and storage (CCS) or BECCS by the year 2050 (Figure 3.2b). 
The scenarios describe a wide range of changes in land use, reflecting 
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Figure 3.2 |  Global greenhouse gas (GHG) emissions (gigatonne of CO2-equivalent per year, GtCO2-eq/yr) in baseline and mitigation scenarios for different long-term concentration 
levels (a) and associated scale-up requirements of low-carbon energy (% of primary energy) for 2030, 2050 and 2100, compared to 2010 levels, in mitigation scenarios (b). {WGIII 
SPM.4, Figure 6.7, Figure 7.16} [Note: CO2-eq emissions include the basket of Kyoto gases (carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) as well as fluorinated gases) 
calculated based on 100-year Global Warming Potential (GWP100) values from the IPCC Second Assessment Report.]

40 This range differs from the range provided for a similar concentration category in AR4 (50 to 85% lower than in 2000 for CO2 only). Reasons for this difference include that this 
report has assessed a substantially larger number of scenarios than in AR4 and looks at all GHGs. In addition, a large proportion of the new scenarios include CDR technologies. 
Other factors include the use of 2100 concentration levels instead of stabilization levels and the shift in reference year from 2000 to 2010. Scenarios with higher emission levels 
by 2050 are characterized by a greater reliance on CDR technologies beyond mid-century.
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different assumptions about the scale of bioenergy production, affores- 
tation and reduced deforestation. Scenarios leading to concentra-
tions of 500 ppm CO2-eq by 2100 are characterized by a 25 to 55% 
reduction in GHG emissions by 2050, relative to 2010 levels. Scenarios 
that are likely to limit warming to 3°C relative to pre-industrial levels 
reduce emissions less rapidly than those limiting warming to 2°C. Only a  
limited number of studies provide scenarios that are more likely than not  

to limit warming to 1.5°C by 2100; these scenarios are characterized  
by concentrations below 430 ppm CO2-eq by 2100 and 2050 emis-
sion reduction between 70 and 95% below 2010. For a comprehen- 
sive overview of the characteristics of emissions scenarios, their 
CO2-equivalent concentrations and their likelihood to keep warming 
to below a range of temperature levels, see Table 3.1. {WGIII SPM.4.1, 
TS.3.1, 6.3, 7.11}

Table 3.1 |  Key characteristics of the scenarios collected and assessed for WGIII AR5. For all parameters the 10th to 90th percentile of the scenarios is shown a. 

CO2-eq Con-
centrations in 

2100  
(ppm CO2-eq) f

Category label 
(conc. range)

Subcategories
Relative 

position of 
the RCPs d

Change in CO2-eq emissions 
compared to 2010 (in %) c

Likelihood of staying below a specific temperature level 
over the 21st century (relative to 1850–1900) d, e

2050 2100 1.5ºC 2ºC 3ºC 4ºC

<430 Only a limited number of individual model studies have explored levels below 430 ppm CO2-eq j

 450 
(430 to 480)

Total range a, g RCP2.6 –72 to –41 –118 to –78
More unlikely 

than likely
Likely

Likely

Likely

500 
(480 to 530)

No overshoot of 
530 ppm CO2-eq

–57 to –42 –107 to –73

Unlikely

More likely 
than not

Overshoot of 530 
ppm CO2-eq

–55 to –25 –114 to –90
About as 

likely as not

550 
(530 to 580)

No overshoot of 
580 ppm CO2-eq

–47 to –19 –81 to –59
More unlikely 
than likely iOvershoot of 580 

ppm CO2-eq
–16 to 7 –183 to –86

(580 to 650) Total range

RCP4.5

–38 to 24 –134 to –50

(650 to 720) Total range –11 to 17 –54 to –21
Unlikely

More likely 
than not

(720 to 1000) b Total range RCP6.0 18 to 54 –7 to 72

Unlikely h

More unlikely 
than likely

>1000 b Total range RCP8.5 52 to 95 74 to 178 Unlikely h Unlikely
More unlikely 

than likely
 
Notes:
a The ‘total range’ for the 430 to 480 ppm CO2-eq concentrations scenarios corresponds to the range of the 10th to 90th percentile of the subcategory of these scenarios shown in 
Table 6.3 of the Working Group III report.
b Baseline scenarios fall into the >1000 and 720 to 1000 ppm CO2-eq categories. The latter category also includes mitigation scenarios. The baseline scenarios in the latter category 
reach a temperature change of 2.5°C to 5.8°C above the average for 1850–1900 in 2100. Together with the baseline scenarios in the >1000 ppm CO2-eq category, this leads 
to an overall 2100 temperature range of 2.5°C to 7.8°C (range based on median climate response: 3.7°C to 4.8°C) for baseline scenarios across both concentration categories.
c The global 2010 emissions are 31% above the 1990 emissions (consistent with the historic greenhouse gas emission estimates presented in this report). CO2-eq emissions include 
the basket of Kyoto gases (carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) as well as fluorinated gases).
d The assessment here involves a large number of scenarios published in the scientific literature and is thus not limited to the Representative Concentration Pathways (RCPs). To 
evaluate the CO2-eq concentration and climate implications of these scenarios, the Model for the Assessment of Greenhouse Gas Induced Climate Change (MAGICC) was used in a 
probabilistic mode. For a comparison between MAGICC model results and the outcomes of the models used in WGI, see WGI 12.4.1.2, 12.4.8 and WGIII 6.3.2.6.
e The assessment in this table is based on the probabilities calculated for the full ensemble of scenarios in WGIII using MAGICC and the assessment in WGI of the uncertainty of the 
temperature projections not covered by climate models. The statements are therefore consistent with the statements in WGI, which are based on the Coupled Model Intercomparison 
Project Phase 5 (CMIP5) runs of the RCPs and the assessed uncertainties. Hence, the likelihood statements reflect different lines of evidence from both WGs. This WGI method was 
also applied for scenarios with intermediate concentration levels where no CMIP5 runs are available. The likelihood statements are indicative only {WGIII 6.3} and follow broadly 
the terms used by the WGI SPM for temperature projections: likely 66–100%, more likely than not >50–100%, about as likely as not 33–66%, and unlikely 0–33%. In addition 
the term more unlikely than likely 0–<50% is used. 
f The CO2-equivalent concentration (see Glossary) is calculated on the basis of the total forcing from a simple carbon cycle/climate model, MAGICC. The CO2-equivalent concentra-
tion in 2011 is estimated to be 430 ppm (uncertainty range 340 to 520 ppm). This is based on the assessment of total anthropogenic radiative forcing for 2011 relative to 1750 in 
WGI, i.e., 2.3 W/m2, uncertainty range 1.1 to 3.3 W/m2. 
g The vast majority of scenarios in this category overshoot the category boundary of 480 ppm CO2-eq concentration.
h For scenarios in this category, no CMIP5 run or MAGICC realization stays below the respective temperature level. Still, an unlikely assignment is given to reflect uncertainties that 
may not be reflected by the current climate models.
i Scenarios in the 580 to 650 ppm CO2-eq category include both overshoot scenarios and scenarios that do not exceed the concentration level at the high end of the category 
(e.g., RCP4.5). The latter type of scenarios, in general, have an assessed probability of more unlikely than likely to stay below the 2°C temperature level, while the former are mostly 
assessed to have an unlikely probability of staying below this level.
j In these scenarios, global CO2-eq emissions in 2050 are between 70 to 95% below 2010 emissions, and they are between 110 to 120% below 2010 emissions in 2100.
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Reducing emissions of non-CO2 climate forcing agents can be 
an important element of mitigation strategies. Emissions of non-
CO2 gases (methane (CH4), nitrous oxide (N2O), and fluorinated gases) 
contributed about 27% to the total emissions of Kyoto gases in 2010. 
For most non-CO2 gases, near-term, low-cost options are available to 
reduce their emissions. However, some sources of these non-CO2 gases 
are difficult to mitigate, such as N2O emissions from fertilizer use and 
CH4 emissions from livestock. As a result, emissions of most non-CO2 

gases will not be reduced to zero, even under stringent mitigation 
scenarios (see Figure 4.1). The differences in radiative properties and 
lifetimes of CO2 and non-CO2 climate forcing agents have important 
implications for mitigation strategies (see also Box 3.2). {WGIII 6.3.2}

All current GHG emissions and other climate forcing agents 
affect the rate and magnitude of climate change over the next 
few decades. Reducing the emissions of certain short-lived climate 
forcing agents can reduce the rate of warming in the short term 
but will have only a limited effect on long-term warming, which is 

driven mainly by CO2 emissions. There are large uncertainties related 
to the climate impacts of some of the short-lived climate forcing 
agents. Although the effects of CH4 emissions are well understood, 
there are large uncertainties related to the effects of black carbon. 
Co-emitted components with cooling effects may further complicate 
and reduce the climate impacts of emission reductions. Reducing emis-
sions of sulfur dioxide (SO2) would cause warming. Near-term reduc-
tions in short-lived climate forcing agents can have a relatively fast 
impact on climate change and possible co-benefits for air pollution. 
{WGI 8.2.3, 8.3.2, 8.3.4, 8.5.1, 8.7.2, FAQ 8.2, 12.5, WGIII 6.6.2.1} 

Delaying additional mitigation to 2030 will substantially  
increase the challenges associated with limiting warming 
over the 21st century to below 2°C relative to pre-industrial 
levels (high confidence). GHG emissions in 2030 lie between about  
30 GtCO2-eq/yr and 50 GtCO2-eq/yr in cost-effective scenarios that are 
likely to about as likely as not to limit warming to less than 2°C this cen-
tury relative to pre-industrial levels (2100 atmospheric concentration 
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Figure 3.3 |  The implications of different 2030 greenhouse gas (GHG) emissions levels for the rate of carbon dioxide (CO2) emission reductions and low-carbon energy upscaling 
in mitigation scenarios that are at least about as likely as not to keep warming throughout the 21st century below 2°C relative to pre-industrial levels (2100 CO2-eq concentrations 
430 to 530 ppm). The scenarios are grouped according to different emissions levels by 2030 (coloured in different shades of green). The left panel shows the pathways of GHG 
emissions (GtCO2-eq/yr) leading to these 2030 levels. Black dot with whiskers gives historic GHG emission levels and associated uncertainties in 2010 as reported in Figure 1.6. 
The black bar shows the estimated uncertainty range of GHG emissions implied by the Cancún Pledges. The middle panel denotes the average annual CO2 emission reduction rates 
for the 2030–2050 period. It compares the median and interquartile range across scenarios from recent intermodel comparisons with explicit 2030 interim goals to the range of 
scenarios in the Scenario Database for WGIII AR5. Annual rates of historical emission changes (sustained over a period of 20 years) are shown as well. The arrows in the right panel 
show the magnitude of zero and low-carbon energy supply upscaling from between 2030 and 2050, subject to different 2030 GHG emission levels. Zero- and low-carbon energy  
supply includes renewable energy, nuclear energy and fossil energy with carbon dioxide capture and storage (CCS) or bioenergy with CCS (BECCS). Only scenarios that apply 
the full, unconstrained mitigation technology portfolio of the underlying models (default technology assumption) are shown. Scenarios with large net negative global emissions  
(>20 GtCO2-eq/yr), scenarios with exogenous carbon price assumptions, and scenarios with 2010 emission levels that are significantly outside the historical range are excluded. 
{WGIII Figure SPM.5, Figure 6.32, Figure 7.16, 13.13.1.3}
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3levels of about 450 ppm CO2-eq to about 500 ppm CO2-eq) (Figure 3.3, 
left panel). Scenarios with GHG emission levels of above 55 GtCO2-eq/yr 
require substantially higher rates of emissions reductions between 
2030 and 2050 (median estimate of 6%/yr as compared to 3%/yr in 
cost-effective scenarios; Figure 3.3, middle panel); much more rapid 
scale-up of zero and low-carbon energy over this period (more than a 
tripling compared to a doubling of the low-carbon energy share rela- 
tive to 2010; Figure 3.3, right panel); a larger reliance on CDR tech- 
nologies in the long term; and higher transitional and long-term  
economic impacts (Table 3.2). (3.5, 4.3) {WGIII SPM.4.1, TS.3.1, 6.4, 7.11} 
 
Estimated global emission levels by 2020 based on the Cancún 
Pledges are not consistent with cost-effective long-term mitiga-
tion trajectories that are at least about as likely as not to limit 
warming to below 2°C relative to pre-industrial levels (2100 
concentration levels of about 500 ppm CO2-eq or below), but 
they do not preclude the option to meet this goal (high confi-
dence). The Cancún Pledges are broadly consistent with cost-effective 
scenarios that are likely to limit temperature change to below 3°C rel-
ative to pre-industrial levels. {WGIII SPM.4.1, 6.4, 13.13, Figure TS.11}

Estimates of the aggregate economic costs of mitigation vary 
widely depending on methodologies and assumptions but increase 
with the stringency of mitigation (high confidence). Scenarios in 
which all countries of the world begin mitigation immediately, in 

which there is a single global carbon price, and in which all key tech-
nologies are available have been used as a cost-effective benchmark 
for estimating macroeconomic mitigation costs (Figure 3.4). Under 
these assumptions, mitigation scenarios that are likely to limit warm-
ing to below 2°C through the 21st century relative to pre-industrial 
levels entail losses in global consumption—not including benefits of 
reduced climate change (3.2) as well as co-benefits and adverse side 
effects of mitigation (3.5, 4.3)—of 1 to 4% (median: 1.7%) in 2030, 
2 to 6% (median: 3.4%) in 2050, and 3% to 11% (median: 4.8%) in 
2100, relative to consumption in baseline scenarios that grows any-
where from 300% to more than 900% over the century4126. These num-
bers correspond to an annualized reduction of consumption growth by 
0.04 to 0.14 (median: 0.06) percentage points over the century relative 
to annualized consumption growth in the baseline that is between 
1.6% and 3% per year (Figure 3.4). In the absence or under limited 
availability of mitigation technologies (such as bioenergy, CCS, and 
their combination BECCS, nuclear, wind and solar), mitigation costs 
can increase substantially depending on the technology considered 
(Table 3.2). Delaying additional mitigation reduces near-term costs 
but increases mitigation costs in the medium- to long-term (Table 3.2). 
Many models could not limit likely warming to below 2°C over the  
21st century relative to pre-industrial levels, if additional mitigation is 
considerably delayed, or if availability of key technologies, such as bio-
energy, CCS and their combination (BECCS) are limited (high confidence) 
(Table 3.2). {WGIII SPM.4.1, Table SPM.2, Table TS.2, TS.3.1, 6.3, 6.6}
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Figure 3.4 |  Global mitigation costs in cost-effective scenarios at different atmospheric concentrations levels in 2100 (right panel) and growth in economic consumption in the 
corresponding baseline scenarios (those without additional mitigation) (left panel). The table at the top shows percentage points of annualized consumption growth reductions 
relative to consumption growth in the baseline of 1.6 to 3% per year (e.g., if the reduction is 0.06 percentage points per year due to mitigation, and baseline growth is 2.0% per 
year, then the growth rate with mitigation would be 1.94% per year). Cost-effective scenarios assume immediate mitigation in all countries and a single global carbon price, and 
they impose no additional limitations on technology relative to the models’ default technology assumptions. Consumption losses are shown relative to a baseline development 
without climate policy. Cost estimates shown in this table do not consider the benefits of reduced climate change nor co-benefits and adverse side effects of mitigation. Estimates 
at the high end of these cost ranges are from models that are relatively inflexible to achieve the deep emissions reductions that would be required in the long run to meet these 
goals and/or include assumptions about market imperfections that would raise costs. {WGIII Table SPM.2, Figure TS.12, 6.3.6, Figure 6.21} 

41 Mitigation cost ranges cited here refer to the 16th to 84th percentile of the underlying sample (see Figure 3.4).
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Mitigation efforts and associated cost are expected to vary 
across countries. The distribution of costs can differ from the 
distribution of the actions themselves (high confidence). In glob-
ally cost-effective scenarios, the majority of mitigation efforts takes 
place in countries with the highest future GHG emissions in baseline 
scenarios. Some studies exploring particular effort-sharing frameworks, 
 

under the assumption of a global carbon market, have estimated sub-
stantial global financial flows associated with mitigation in scenarios 
that are likely to more unlikely than likely to limit warming during the 
21st century to less than 2°C relative to pre-industrial levels. {WGIII 
SPM.4.1, TS.3.1, Box 3.5, 4.6, 6.3.6, Table 6.4, Figure 6.9, Figure 6.27, 
Figure 6.28, Figure 6.29, 13.4.2.4}

Table 3.2 | Increase in global mitigation costs due to either limited availability of specific technologies or delays in additional mitigation a relative to cost-effective scenarios b. The 
increase in costs is given for the median estimate and the 16th to 84th percentile range of the scenarios (in parentheses). The sample size of each scenario set is provided in the 
coloured symbols c. The colours of the symbols indicate the fraction of models from systematic model comparison exercises that could successfully reach the targeted concentration 
level. {WGIII Table SPM.2,Table TS.2, Figure TS.13, Figure 6.24, Figure 6.25}

Mitigation cost increases in scenarios with  
limited availability of technologies d

[% increase in total discounted e mitigation costs  
(2015–2100) relative to default technology assumptions]

Mitigation cost increases due to delay-
ed additional mitigation until 2030

[% increase in mitigation costs 
 relative to immediate mitigation]

2100 
concentrations 
(ppm CO2-eq)

no CCS nuclear phase out limited solar/wind limited bioenergy
medium term costs 

(2030–2050)
long term costs 
(2050–2100)

450 
(430 to 480)

138%  
(29 to 297%)

7%  
(4 to 18%)

6% 
(2 to 29%)

64% 
(44 to 78%) }

44%  
(2 to 78%)

37%  
(16 to 82%)

500 
(480 to 530)

not available 
(n.a.)

n.a. n.a. n.a.

550  
(530 to 580)

39%  
(18 to 78%)

13%  
(2 to 23%) 

8% 
(5 to 15%) 

18% 
(4 to 66%) 

}
15%  

(3 to 32%) 
16%  

(5 to 24%) 

580 to 650 n.a. n.a. n.a. n.a.

Symbol legend—fraction of models successful in producing scenarios (numbers indicate the number of successful models) 

: all models successful 
 

: between 80 and 100% of models successful

: between 50 and 80% of models successful 
 

: less than 50% of models successful

Notes:
a Delayed mitigation scenarios are associated with greenhouse gas emission of more than 55 GtCO2-eq in 2030, and the increase in mitigation costs is measured relative to cost-
effective mitigation scenarios for the same long-term concentration level.
b Cost-effective scenarios assume immediate mitigation in all countries and a single global carbon price, and impose no additional limitations on technology relative to the models’ 
default technology assumptions.
c The range is determined by the central scenarios encompassing the 16th to 84th percentile range of the scenario set. Only scenarios with a time horizon until 2100 are included. 
Some models that are included in the cost ranges for concentration levels above 530 ppm CO2-eq in 2100 could not produce associated scenarios for concentration levels below 
530 ppm CO2-eq in 2100 with assumptions about limited availability of technologies and/or delayed additional mitigation.
d No CCS: carbon dioxide capture and storage is not included in these scenarios. Nuclear phase out: no addition of nuclear power plants beyond those under construction, and 
operation of existing plants until the end of their lifetime. Limited Solar/Wind: a maximum of 20% global electricity generation from solar and wind power in any year of these 
scenarios. Limited Bioenergy: a maximum of 100 EJ/yr modern bioenergy supply globally (modern bioenergy used for heat, power, combinations and industry was around 18 EJ/yr 
in 2008). EJ = Exajoule =  1018 Joule.
e Percentage increase of net present value of consumption losses in percent of baseline consumption (for scenarios from general equilibrium models) and abatement costs in percent 
of baseline gross domestic product (GDP, for scenarios from partial equilibrium models) for the period 2015–2100, discounted at 5% per year.
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Box 3.2 | Greenhouse Gas Metrics and Mitigation Pathways

This box focuses on emission-based metrics that are used for calculating CO2-equivalent emissions for the formulation and evaluation 
of mitigation strategies. These emission metrics are distinct from the concentration-based metric used in SYR (CO2-equivalent concen-
tration). For an explanation of CO2-equivalent emissions and CO2-equivalent concentrations, see Glossary. 

Emission metrics facilitate multi-component climate policies by allowing emissions of different greenhouse gases (GHGs) 
and other climate forcing agents to be expressed in a common unit (so-called ‘CO2-equivalent emissions’). The Global 
Warming Potential (GWP) was introduced in the IPCC First Assessment Report, where it was also used to illustrate the difficulties in 
comparing components with differing physical properties using a single metric. The 100-year GWP (GWP100) was adopted by the United 
Nations Framework Convention on Climate Change (UNFCCC) and its Kyoto Protocol and is now used widely as the default metric. It 
is only one of several possible emission metrics and time horizons. {WGI 8.7, WGIII 3.9}

The choice of emission metric and time horizon depends on type of application and policy context; hence, no single metric 
is optimal for all policy goals. All metrics have shortcomings, and choices contain value judgments, such as the climate effect con-
sidered and the weighting of effects over time (which explicitly or implicitly discounts impacts over time), the climate policy goal and 
the degree to which metrics incorporate economic or only physical considerations. There are significant uncertainties related to metrics, 
and the magnitudes of the uncertainties differ across metric type and time horizon. In general, the uncertainty increases for metrics 
along the cause–effect chain from emission to effects. {WGI 8.7, WGIII 3.9}

The weight assigned to non-CO2 climate forcing agents relative to CO2 depends strongly on the choice of metric and time 
horizon (robust evidence, high agreement). GWP compares components based on radiative forcing, integrated up to a chosen time 
horizon. Global Temperature change Potential (GTP; see Glossary) is based on the temperature response at a specific point in time with 
no weight on temperature response before or after the chosen point in time. Adoption of a fixed horizon of, for example, 20, 100 or  
500 years for these metrics will inevitably put no weight on climate outcomes beyond the time horizon, which is significant for CO2 
as well as other long-lived gases. The choice of time horizon markedly affects the weighting especially of short-lived climate forcing 
agents, such as methane (CH4) (see Box 3.2, Table 1; Box 3.2, Figure 1a). For some metrics (e.g., the dynamic GTP; see Glossary), the 
weighting changes over time as a chosen target year is approached. {WGI 8.7, WGIII 3.9}

Box 3.2, Table 1 | Examples of emission metric values from WGI a.

GWP GTP

Lifetime (yr) Cumulative forcing 
over 20 years

Cumulative forcing 
over 100 years

Temperature 
change after 20 

years

Temperature 
change after 100 

years

CO2
b 1 1 1 1

CH4 12.4 84 28 67 4

N2O 121.0 264 265 277 234

CF4 50,000.0 4880 6630 5270 8040

HFC-152a 1.5 506 138 174 19
 

Notes:

a Global Warming Potential (GWP) values have been updated in successive IPCC reports; the AR5 GWP100 values are different from those adopted for the Kyoto Protocol’s 
First Commitment Period which are from the IPCC Second Assessment Report (SAR). Note that for consistency, equivalent CO2 emissions given elsewhere in this Synthesis 
Report are also based on SAR, not AR5 values. For a comparison of emissions using SAR and AR5 GWP100 values for 2010 emissions, see Figure 1.6.
b No single lifetime can be given for CO2. {WGI Box 6.1, 6.1.1, 8.7}

The choice of emission metric affects the timing and emphasis placed on abating short- and long-lived climate forcing 
agents. For most metrics, global cost differences are small under scenarios of global participation and cost-minimizing 
mitigation pathways, but implications for some individual countries and sectors could be more significant (medium evi-
dence, high agreement). Different metrics and time horizons significantly affect the contributions from various sources/sectors and 
components, particularly short-lived climate forcing agents (Box 3.2, Figure 1b). A fixed time independent metric that gives less weight 
to short-lived agents such as CH4 (e.g., using GTP100 instead of GWP100) would require earlier and more stringent CO2 abatement to 
achieve the same climate outcome for 2100. Using a time-dependent metric, such as a dynamic GTP, leads to less CH4 mitigation 
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Box 3.2 (continued)

in the near term but to more in the long term as the target date is being approached. This implies that for some (short-lived) agents, 
the metric choice influences the choice of policies and the timing of mitigation (especially for sectors and countries with high non-CO2 
emission levels). {WGI 8.7, WGIII 6.3}

Contributions by sectors to total GHG emissions using different metrics
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Box 3.2, Figure 1 |  Implications of metric choices on the weighting of greenhouse gas (GHG) emissions and contributions by sectors for illustrative time horizons. 
Panel (a): integrated radiative forcing (left panel) and warming resulting at a given future point in time (right panel) from global net emissions of carbon dioxide (CO2), 
methane (CH4) and nitrous oxide (N2O) in the year 2010 (and no emissions thereafter), for time horizons of up to 200 years. Integrated radiative forcing is used in the 
calculation of Global Warming Potentials (GWP), while the warming at a future point in time is used in the calculation of Global Temperature change Potentials (GTP). 
Radiative forcing and warming were calculated based on global 2010 emission data from WGIII 5.2 and absolute GWPs and absolute GTPs from WGI 8.7, normalized 
to the integrated radiative forcing and warming, respectively, after 100 years, due to 2010 net CO2 emissions. Panel (b): Illustrative examples showing contributions 
from different sectors to total metric-weighted global GHG emissions in the year 2010, calculated using 100-year GWP (GWP100, left), 20-year GWP (GWP20, middle) 
or 100-year GTP (GTP100, right) and the WGIII 2010 emissions database. {WGIII 5.2} Note that percentages differ slightly for the GWP100 case if values from the IPCC 
Second Assessment Report are used; see Topic 1, Figure 1.7. See WGIII for details of activities resulting in emissions in each sector.
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Box 3.3 | Carbon Dioxide Removal and Solar Radiation Management Geoengineering Technologies—
Possible Roles, Options, Risks and Status

Geoengineering refers to a broad set of methods and technologies operating on a large scale that aim to deliberately alter the climate 
system in order to alleviate the impacts of climate change. Most methods seek to either reduce the amount of absorbed solar energy 
in the climate system (Solar Radiation Management, SRM) or increase the removal of carbon dioxide (CO2) from the atmosphere by 
sinks to alter climate (Carbon Dioxide Removal, CDR, see Glossary). Limited evidence precludes a comprehensive assessment of feasi-
bility, cost, side effects and environmental impacts of either CDR or SRM. {WGI SPM E.8, 6.5, 7.7, WGII 6.4, Table 6-5, Box 20-4, WGIII 
TS.3.1.3, 6.9}

CDR plays a major role in many mitigation scenarios. Bioenergy with carbon dioxide capture and storage (BECCS) and afforesta-
tion are the only CDR methods included in these scenarios. CDR technologies are particularly important in scenarios that temporarily 
overshoot atmospheric concentrations, but they are also prevalent in many scenarios without overshoot to compensate for residual 
emissions from sectors where mitigation is more expensive. Similar to mitigation, CDR would need to be deployed on a large scale 
and over a long time period to be able to significantly reduce CO2 concentrations (see Section 3.1). {WGII 6.4, WGIII SPM 4.1, TS.3.1.2,  
TS 3.1.3, 6.3, 6.9}

Several CDR techniques could potentially reduce atmospheric greenhouse gas (GHG) levels. However, there are biogeo-
chemical, technical and societal limitations that, to varying degrees, make it difficult to provide quantitative estimates 
of the potential for CDR. The emission mitigation from CDR is less than the removed CO2, as some CO2 is released from that previ-
ously stored in oceans and terrestrial carbon reservoirs. Sub-sea geologic storage has been implemented on a regional scale, with no 
evidence to date of ocean impact from leakage. The climatic and environmental side effects of CDR depend on technology and scale. 
Examples are associated with altered surface reflectance from afforestation and ocean de-oxygenation from ocean fertilization. Most 
terrestrial CDR techniques would involve competing demands for land and could involve local and regional risks, while maritime CDR 
techniques may involve significant risks for ocean ecosystems, so that their deployment could pose additional challenges for coopera-
tion between countries. {WGI 6.5, FAQ 7.3, WGII 6.4, Table 6.5, WGIII 6.9}

SRM is untested, and is not included in any of the mitigation scenarios, but, if realisable, could to some degree offset 
global temperature rise and some of its effects. It could possibly provide rapid cooling in comparison to CO2 mitigation. 
There is medium confidence that SRM through stratospheric aerosol injection is scalable to counter radiative forcing from a twofold 
increase in CO2 concentrations and some of the climate responses associated with warming. Due to insufficient understanding there is 
no consensus on whether a similarly large negative counter radiative forcing could be achieved from cloud brightening. Land albedo 
change does not appear to be able to produce a large counter radiative forcing. Even if SRM could counter the global mean warming, 
differences in spatial patterns would remain. The scarcity of literature on other SRM techniques precludes their assessment. {WGI 7.7, 
WGIII TS.3.1.3, 6.9}

If it were deployed, SRM would entail numerous uncertainties, side effects, risks and shortcomings. Several lines of evidence 
indicate that SRM would itself produce a small but significant decrease in global precipitation (with larger differences on regional 
scales). Stratospheric aerosol SRM is likely to modestly increase ozone losses in the polar stratosphere. SRM would not prevent the CO2 
effects on ecosystems and ocean acidification that are unrelated to warming. There could also be other unanticipated consequences. 
For all future scenarios considered in AR5, SRM would need to increase commensurately, to counter the global mean warming, which 
would exacerbate side effects. Additionally, if SRM were increased to substantial levels and then terminated, there is high confidence 
that surface temperatures would rise very rapidly (within a decade or two). This would stress systems that are sensitive to the rate of 
warming. {WGI 7.6–7.7, FAQ 7.3, WGII 19.5, WGIII 6.9}

SRM technologies raise questions about costs, risks, governance and ethical implications of development and deploy-
ment. There are special challenges emerging for international institutions and mechanisms that could coordinate research 
and possibly restrain testing and deployment. Even if SRM would reduce human-made global temperature increase, it would 
imply spatial and temporal redistributions of risks. SRM thus introduces important questions of intragenerational and intergenerational 
justice. Research on SRM, as well as its eventual deployment, has been subject to ethical objections. In spite of the estimated low 
potential costs of some SRM deployment technologies, they will not necessarily pass a benefit–cost test that takes account of the range 
of risks and side effects. The governance implications of SRM are particularly challenging, especially as unilateral action might lead to 
significant effects and costs for others. {WGIII TS.3.1.3, 1.4, 3.3, 6.9, 13.4}
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3.5 Interaction among mitigation, adaptation 
and sustainable development

Climate change is a threat to equitable and sustain-
able development. Adaptation, mitigation and sus-
tainable development are closely related, with poten-
tial for synergies and trade-offs.

Climate change poses an increasing threat to equitable and 
sustainable development (high confidence). Some climate-related 
impacts on development are already being observed. Climate change 
is a threat multiplier. It exacerbates other threats to social and natural 
systems, placing additional burdens particularly on the poor and con-
straining possible development paths for all. Development along cur-
rent global pathways can contribute to climate risk and vulnerability, 
further eroding the basis for sustainable development. {WGII SPM B-2, 
2.5, 10.9, 13.1–13.3, 20.1, 20.2, 20.6, WGIII SPM.2, 4.2}

Aligning climate policy with sustainable development requires 
attention to both adaptation and mitigation (high confidence). 
Interaction among adaptation, mitigation and sustainable develop-
ment occurs both within and across regions and scales, often in the 
context of multiple stressors. Some options for responding to climate 
change could impose risks of other environmental and social costs, 
have adverse distributional effects and draw resources away from 
other development priorities, including poverty eradication. {WGII 2.5, 
8.4, 9.3, 13.3–13.4, 20.2–20.4, 21.4, 25.9, 26.8, WGIII SPM.2, 4.8, 6.6}

Both adaptation and mitigation can bring substantial co-benefits 
(medium confidence). Examples of actions with co-benefits include 
(i) improved air quality (see Figure 3.5); (ii) enhanced energy security, 
(iii) reduced energy and water consumption in urban areas through 
greening cities and recycling water; (iv) sustainable agriculture and 
forestry; and (v) protection of ecosystems for carbon storage and other 
ecosystem services. {WGII SPM C-1, WGIII SPM.4.1}

Strategies and actions can be pursued now that will move 
towards climate-resilient pathways for sustainable develop-
ment, while at the same time helping to improve livelihoods, 
social and economic well-being and effective environmental 
management (high confidence). Prospects for climate-resilient 
pathways are related fundamentally to what the world accomplishes 
with climate change mitigation (high confidence). Since mitigation 
reduces the rate as well as the magnitude of warming, it also increases 
the time available for adaptation to a particular level of climate  
change, potentially by several decades. Delaying mitigation actions 
may reduce options for climate-resilient pathways in the future. {WGII 
SPM C-2, 20.2, 20.6.2}
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Figure 3.5 |  Air pollutant emission levels of black carbon (BC) and sulfur dioxide (SO2) by 2050, relative to 2005 (0 = 2005 levels). Baseline scenarios without additional efforts 
to reduce greenhouse gas (GHG) emissions beyond those in place today are compared to scenarios with stringent mitigation policies, which are consistent with reaching about 450 
to about 500 (430 to 530) ppm CO2-eq concentration levels by 2100. {WGIII SPM.6, TS.14, Figure 6.33}



91

In
tr

od
uc

ti
on

Future Pathways for Adaptation, Mitigation and Sustainable Development Topic 3

3

 
Box 3.4 | Co-benefits and Adverse Side effects

A government policy or a measure intended to achieve one objective often affects other objectives, either positively or 
negatively. For example, mitigation policies can influence local air quality (see Figure 3.5). When the effects are positive they are 
called ‘co-benefits’, also referred to as ‘ancillary benefits’. Negative effects are referred to as ‘adverse side effects’. Some measures 
are labelled ‘no or low regret’ when their co-benefits are sufficient to justify their implementation, even in the absence of immediate 
direct benefits. Co-benefits and adverse side effects can be measured in monetary or non-monetary units. The effect of co-benefits and 
adverse side effects from climate policies on overall social welfare has not yet been quantitatively examined, with the exception of a 
few recent multi-objective studies. Many of these have not been well quantified, and effects can be case and site-specific as they will 
depend on local circumstances. {WGII 11.9, 16.3.1, 17.2, 20.4.1, WGIII Box TS.11, 3.6, 5.7}

Co-benefits of mitigation could affect achievement of other objectives, such as those related to energy security, air qual-
ity, efforts to address ecosystem impacts, income distribution, labour supply and employment and urban sprawl (see 
Table 4.2 and Table 4.5). In the absence of complementary policies, however, some mitigation measures may have adverse side  
effects (at least in the short term), for example on biodiversity, food security, energy access, economic growth and income distribu-
tion. The co-benefits of adaptation policies may include improved access to infrastructure and services, extended education and health 
systems, reduced disaster losses, better governance and others. {WGII 4.4.4, 11.9, 15.2, 17.2, 20.3.3, 20.4.1, WGIII Box TS.11, 6.6}  

Comprehensive strategies in response to climate change that are consistent with sustainable development take into 
account the co-benefits, adverse side effects and risks that may arise from both adaptation and mitigation options. The 
assessment of overall social welfare impacts is complicated by this interaction between climate change response options and pre-
existing non-climate policies. For example, in terms of air quality, the value of the extra tonne of sulfur dioxide (SO2) reduction that 
occurs with climate change mitigation through reduced fossil fuel combustion depends greatly on the stringency of SO2 control policies. 
If SO2 policy is weak, the value of SO2 reductions may be large, but if SO2 policy is stringent, it may be near zero. Similarly, in terms of 
adaptation and disaster risk management, weak policies can lead to an adaptation deficit that increases human and economic losses 
from natural climate variability. ‘Adaptation deficit’ refers to the lack of capacity to manage adverse impacts of current climate vari-
ability. An existing adaptation deficit increases the benefits of adaptation policies that improve the management of climate variability 
and change. {WGII 20.4.1, WGIII Box TS.11, 6.3}
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4.1 Common enabling factors and constraints 
for adaptation and mitigation responses

Adaptation and mitigation responses are underpinned 
by common enabling factors. These include effective 
institutions and governance, innovation and invest-
ments in environmentally sound technologies and 
infrastructure, sustainable livelihoods and behavioural 
and lifestyle choices.

Innovation and investments in environmentally sound infra-
structure and technologies can reduce greenhouse gas (GHG) 
emissions and enhance resilience to climate change (very high 
confidence). Innovation and change can expand the availability and/
or effectiveness of adaptation and mitigation options. For example, 
investments in low-carbon and carbon-neutral energy technologies 
can reduce the energy intensity of economic development, the carbon 
intensity of energy, GHG emissions, and the long-term costs of mit-
igation. Similarly, new technologies and infrastructure can increase 
the resilience of human systems while reducing adverse impacts on 
natural systems. Investments in technology and infrastructure rely on 
an enabling policy environment, access to finance and technology 
and broader economic development that builds capacity (Table 4.1, 
Section 4.4). {WGII SPM C-2, Table SPM.1, Table TS.8, WGIII SPM.4.1, 
Table SPM.2, TS.3.1.1, TS 3.1.2, TS.3.2.1}

Adaptation and mitigation are constrained by the inertia of  
global and regional trends in economic development, GHG emis-
sions, resource consumption, infrastructure and settlement pat-
terns, institutional behaviour and technology (medium evidence, 
high agreement). Such inertia may limit the capacity to reduce GHG 
emissions, remain below particular climate thresholds or avoid adverse 
impacts (Table 4.1). Some constraints may be overcome through new 
technologies, financial resources, increased institutional effectiveness 
and governance or changes in social and cultural attitudes and behav-
iours. {WGII SPM C-1, WGIII SPM.3, SPM.4.2, Table SPM.2}

Vulnerability to climate change, GHG emissions, and the capac-
ity for adaptation and mitigation are strongly influenced by 
livelihoods, lifestyles, behaviour and culture (medium evidence, 
medium agreement) (Table 4.1). Shifts toward more energy-intensive 

lifestyles can contribute to higher energy and resource consumption, 
driving greater energy production and GHG emissions and increasing 
mitigation costs. In contrast, emissions can be substantially lowered 
through changes in consumption patterns (see 4.3 for details). The 
social acceptability and/or effectiveness of climate policies are influ-
enced by the extent to which they incentivize or depend on regionally 
appropriate changes in lifestyles or behaviours. Similarly, livelihoods 
that depend on climate-sensitive sectors or resources may be par-
ticularly vulnerable to climate change and climate change policies. 
Economic development and urbanization of landscapes exposed to 
climate hazards may increase the exposure of human settlements and 
reduce the resilience of natural systems. {WGII SPM A-2, SPM B-2, 
Table SPM.1, TS A-1, TS A-2, TS C-1, TS C-2, 16.3.2.7, WGIII SPM.4.2, 
TS.2.2, 4.2}

For many regions and sectors, enhanced capacities to mitigate 
and adapt are part of the foundation essential for manag- 
ing climate change risks (high confidence). Such capacities are 
place- and context-specific and therefore there is no single approach 
for reducing risk that is appropriate across all settings. For example, 
developing nations with low income levels have the lowest finan-
cial, technological and institutional capacities to pursue low-carbon,  
climate-resilient development pathways. Although developed  
nations generally have greater relative capacity to manage the 
risks of climate change, such capacity does not necessarily trans-
late into the implementation of adaptation and mitigation options.  
{WGII SPM B-1, SPM B-2, TS B-1, TS B-2, 16.3.1.1, 16.3.2, 16.5, WGIII 
SPM.5.1, TS.4.3, TS.4.5, 4.6}

Improving institutions as well as enhancing coordination  
and cooperation in governance can help overcome regional 
constraints associated with mitigation, adaptation and disas-
ter risk reduction (very high confidence). Despite the presence  
of a wide array of multilateral, national and sub-national institu-
tions focused on adaptation and mitigation, global GHG emissions 
continue to increase and identified adaptation needs have not 
been adequately addressed. The implementation of effective adap-
tation and mitigation options may necessitate new institutions  
and institutional arrangements that span multiple scales (medium 
confidence) (Table 4.1). {WGII SPM B-2, TS C-1, 16.3.2.4, 16.8,  
WGIII SPM.4.2.5, SPM.5.1, SPM.5.2, TS.1, TS.3.1.3, TS.4.1, TS.4.2, 
TS.4.4}

Topic 4: Adaptation and Mitigation

Many adaptation and mitigation options can help address climate change, but no single option is sufficient by itself. 
Effective implementation depends on policies and cooperation at all scales and can be enhanced through integrated 
responses that link mitigation and adaptation with other societal objectives.

Topic 3 demonstrates the need and strategic considerations for both adaptation and global-scale mitigation to manage risks from climate change. 
Building on these insights, Topic 4 presents near-term response options that could help achieve such strategic goals. Near-term adaptation and 
mitigation actions will differ across sectors and regions, reflecting development status, response capacities and near- and long-term aspirations 
with regard to both climate and non-climate outcomes. Because adaptation and mitigation inevitably take place in the context of multiple 
objectives, particular attention is given to the ability to develop and implement integrated approaches that can build on co-benefits and manage 
trade-offs.
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4.2 Response options for adaptation

Adaptation options exist in all sectors, but their 
context for implementation and potential to reduce  
climate-related risks differs across sectors and regions. 
Some adaptation responses involve significant  
co-benefits, synergies and trade-offs. Increasing  
climate change will increase challenges for many 
adaptation options.

 
People, governments and the private sector are starting to adapt 
to a changing climate. Since the IPCC Fourth Assessment Report 
(AR4), understanding of response options has increased, with 
improved knowledge of their benefits, costs and links to sus-
tainable development. Adaptation can take a variety of approaches 
depending on its context in vulnerability reduction, disaster risk man-
agement or proactive adaptation planning. These include (see Table 4.2 
for examples and details):

• Social, ecological asset and infrastructure development
• Technological process optimization 
• Integrated natural resources management 
• Institutional, educational and behavioural change or reinforcement 
• Financial services, including risk transfer 
• Information systems to support early warning and proactive planning

There is increasing recognition of the value of social (including local and 
indigenous), institutional, and ecosystem-based measures and of the extent 
of constraints to adaptation. Effective strategies and actions consider the 
potential for co-benefits and opportunities within wider strategic goals  
and development plans. {WGII SPM A-2, SPM C-1, TS  A-2, 6.4, 8.3, 9.4, 15.3}

Opportunities to enable adaptation planning and implementation 
exist in all sectors and regions, with diverse potential and approaches 
depending on context. The need for adaptation along with asso-
ciated challenges is expected to increase with climate change 
(very high confidence). Examples of key adaptation approaches 
for particular sectors, including constraints and limits, are summarized 
below. {WGII SPM B, SPM C, 16.4, 16.6, 17.2, 19.6, 19.7, Table 16.3}

Table 4.1 | Common factors that constrain the implementation of adaptation and mitigation options

Constraining Factor Potential Implications for Adaptation Potential Implications for Mitigation

Adverse externalities of popula-
tion growth and urbanization

Increase exposure of human populations to climate variability 
and change as well as demands for, and pressures on, natural 
resources and ecosystem services {WGII 16.3.2.3, Box 16-3}

Drive economic growth, energy demand and energy consumption, 
resulting in increases in greenhouse gas emissions {WGIII SPM.3}

Deficits of knowledge, edu-
cation and human capital

Reduce national, institutional and individual perceptions of 
the risks posed by climate change as well as the costs and 
benefits of different adaptation options {WGII 16.3.2.1}

Reduce national, institutional and individual risk perception, 
willingness to change behavioural patterns and practices and to 
adopt social and technological innovations to reduce emissions 
{WGIII SPM.3, SPM.5.1, 2.4.1, 3.10.1.5, 4.3.5, 9.8, 11.8.1}

Divergences in social and cultural 
attitudes, values and behaviours 

Reduce societal consensus regarding climate risk and therefore 
demand for specific adaptation policies and measures {WGII 
16.3.2.7}

Influence emission patterns, societal perceptions of the 
utility of mitigation policies and technologies, and willing-
ness to pursue sustainable behaviours and technologies 
{WGIII SPM.2, 2.4.5, 2.6.6.1, 3.7.2.2, 3.9.2, 4.3.4, 5.5.1}

Challenges in governance and 
institutional arrangements

Reduce the ability to coordinate adaptation policies and 
measures and to deliver capacity to actors to plan and implement 
adaptation {WGII 16.3.2.8}

Undermine policies, incentives and cooperation regarding the 
development of mitigation policies and the implementation of 
efficient, carbon-neutral and renewable energy technologies 
{WGIII SPM.3, SPM.5.2, 4.3.2, 6.4.3, 14.1.3.1, 14.3.2.2, 15.12.2, 
16.5.3}

Lack of access to national and 
international climate finance

Reduces the scale of investment in adaptation policies and 
measures and therefore their effectiveness {WGII 16.3.2.5}

Reduces the capacity of developed and, particularly, developing 
nations to pursue policies and technologies that reduce emissi-
ons. {WGIII TS.4.3, 12.6.2, 16.2.2.2}

Inadequate technology Reduces the range of available adaptation options as well as 
their effectiveness in reducing or avoiding risk from increasing 
rates or magnitudes of climate change {WGII 16.3.2.1}

Slows the rate at which society can reduce the carbon intensity of  
energy services and transition toward low-carbon and carbon-neutral  
technologies {WGIII TS.3.1.3, 4.3.6, 6.3.2.2, 11.8.4}

Insufficient quality and/or quan-
tity of natural resources

Reduce the coping range of actors, vulnerability to non-climatic 
factors and potential competition for resources that enhances 
vulnerability {WGII 16.3.2.3}

Reduce the long-term sustainability of different energy  
technologies {WGIII 4.3.7, 4.4.1, 11.8.3} 

Adaptation and development deficits Increase vulnerability to current climate variability as well as 
future climate change {WGII TS A-1, Table TS 5, 16.3.2.4}

Reduce mitigative capacity and undermine international 
cooperative efforts on climate owing to a contentious legacy 
of cooperation on development {WGIII 4.3.1, 4.6.1}

Inequality Places the impacts of climate change and the burden of adapta-
tion disproportionately on the most vulnerable and/or transfers 
them to future generations {WGII TS B-2, Box TS 4, Box 13-1, 
16.7}

Constrains the ability for developing nations with low income 
levels, or different communities or sectors within nations, to 
contribute to greenhouse gas mitigation {WGIII 4.6.2.1}
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Table 4.2 | Approaches for managing the risks of climate change through adaptation. These approaches should be considered overlapping rather than discrete, and they are often 
pursued simultaneously. Examples are presented in no specific order and can be relevant to more than one category. {WGII Table SPM.1}
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Overlapping 
Approaches Category Examples WGII References

Human 
development

Improved access to education, nutrition, health facilities, energy, safe housing & settlement structures, 
& social support structures; Reduced gender inequality & marginalization in other forms.

8.3, 9.3, 13.1-3, 14.2-3, 22.4

Poverty alleviation Improved access to & control of local resources; Land tenure; Disaster risk reduction; Social safety nets 
& social protection; Insurance schemes.

8.3-4, 9.3, 13.1-3

Livelihood security
Income, asset & livelihood diversification; Improved infrastructure; Access to technology & decision-
making fora; Increased decision-making power; Changed cropping, livestock & aquaculture practices; 
Reliance on social networks.

7.5, 9.4, 13.1-3, 22.3-4, 23.4, 26.5, 
27.3, 29.6, Table SM24-7

Disaster risk 
management

Early warning systems; Hazard & vulnerability mapping; Diversifying water resources; Improved 
drainage; Flood & cyclone shelters; Building codes & practices; Storm & wastewater management; 
Transport & road infrastructure improvements.

8.2-4, 11.7, 14.3, 15.4, 22.4, 24.4, 
26.6, 28.4, Box 25-1, Table 3-3

Ecosystem 
management

Maintaining wetlands & urban green spaces; Coastal afforestation; Watershed & reservoir 
management; Reduction of other stressors on ecosystems & of habitat fragmentation; Maintenance 
of genetic diversity; Manipulation of disturbance regimes; Community-based natural resource 
management.

4.3-4, 8.3, 22.4, Table 3-3, Boxes 4-3, 
8-2, 15-1, 25-8, 25-9 & CC-EA

Spatial or land-use 
planning

Provisioning of adequate housing, infrastructure & services; Managing development in flood prone & 
other high risk areas; Urban planning & upgrading programs; Land zoning laws; Easements; Protected 
areas.

4.4, 8.1-4, 22.4, 23.7-8, 27.3, Box 25-8

Structural/physical

Engineered & built-environment options: Sea walls & coastal protection structures; Flood levees;  
Water storage; Improved drainage; Flood & cyclone shelters; Building codes & practices; Storm & 
wastewater management; Transport & road infrastructure improvements; Floating houses; Power plant 
& electricity grid adjustments.

3.5-6, 5.5, 8.2-3, 10.2, 11.7, 23.3, 
24.4, 25.7, 26.3, 26.8, Boxes 15-1, 
25-1, 25-2 & 25-8

Technological options: New crop & animal varieties; Indigenous, traditional & local knowledge, 
technologies & methods; Efficient irrigation; Water-saving technologies; Desalinisation; Conservation 
agriculture; Food storage & preservation facilities; Hazard & vulnerability mapping & monitoring; Early 
warning systems; Building insulation; Mechanical & passive cooling; Technology development, transfer 
& diffusion.

7.5, 8.3, 9.4, 10.3, 15.4, 22.4, 24.4, 
26.3, 26.5, 27.3, 28.2, 28.4, 29.6-7, 
Boxes 20-5 & 25-2, Tables 3-3 & 15-1

Ecosystem-based options: Ecological restoration; Soil conservation; Afforestation & reforestation; 
Mangrove conservation & replanting; Green infrastructure (e.g., shade trees, green roofs); Controlling 
overfishing; Fisheries co-management; Assisted species migration & dispersal; Ecological corridors; 
Seed banks, gene banks & other ex situ conservation; Community-based natural resource management.

4.4, 5.5, 6.4, 8.3, 9.4, 11.7, 15.4, 22.4, 
23.6-7, 24.4, 25.6, 27.3, 28.2, 29.7, 
30.6, Boxes 15-1, 22-2, 25-9, 26-2 
& CC-EA

Services: Social safety nets & social protection; Food banks & distribution of food surplus; Municipal 
services including water & sanitation; Vaccination programs; Essential public health services; Enhanced 
emergency medical services.

3.5-6, 8.3, 9.3, 11.7, 11.9, 22.4, 29.6, 
Box 13-2

Institutional

Economic options: Financial incentives; Insurance; Catastrophe bonds; Payments for ecosystem 
services; Pricing water to encourage universal provision and careful use; Microfinance; Disaster 
contingency funds; Cash transfers; Public-private partnerships.

8.3-4, 9.4, 10.7, 11.7, 13.3, 15.4, 17.5, 
22.4, 26.7, 27.6, 29.6, Box 25-7

Laws & regulations: Land zoning laws; Building standards & practices; Easements; Water regulations 
& agreements; Laws to support disaster risk reduction; Laws to encourage insurance purchasing; 
Defined property rights & land tenure security; Protected areas; Fishing quotas; Patent pools & 
technology transfer.

4.4, 8.3, 9.3, 10.5, 10.7, 15.2, 15.4, 
17.5, 22.4, 23.4, 23.7, 24.4, 25.4, 26.3, 
27.3, 30.6, Table 25-2, Box CC-CR

National & government policies & programs: National & regional adaptation plans including 
mainstreaming; Sub-national & local adaptation plans; Economic diversification; Urban upgrading 
programs; Municipal water management programs; Disaster planning & preparedness; Integrated 
water resource management; Integrated coastal zone management; Ecosystem-based management; 
Community-based adaptation.

2.4, 3.6, 4.4, 5.5, 6.4, 7.5, 8.3, 11.7, 
15.2-5, 22.4, 23.7, 25.4, 25.8, 26.8-9, 
27.3-4, 29.6, Boxes 25-1, 25-2 & 25-9, 
Tables 9-2 & 17-1

Social

Educational options: Awareness raising & integrating into education; Gender equity in education; 
Extension services; Sharing indigenous, traditional & local knowledge; Participatory action research & 
social learning; Knowledge-sharing & learning platforms.

8.3-4, 9.4, 11.7, 12.3, 15.2-4, 22.4, 
25.4, 28.4, 29.6, Tables 15-1 & 25-2

Informational options: Hazard & vulnerability mapping; Early warning & response systems; 
Systematic monitoring & remote sensing; Climate services; Use of indigenous climate observations; 
Participatory scenario development; Integrated assessments.

2.4, 5.5, 8.3-4, 9.4, 11.7, 15.2-4, 22.4, 
23.5, 24.4, 25.8, 26.6, 26.8, 27.3, 28.2, 
28.5, 30.6, Table 25-2, Box 26-3

Behavioural options: Household preparation & evacuation planning; Migration; Soil & water 
conservation; Storm drain clearance; Livelihood diversification; Changed cropping, livestock & 
aquaculture practices; Reliance on social networks.

5.5, 7.5, 9.4, 12.4, 22.3-4, 23.4, 23.7, 
25.7, 26.5, 27.3, 29.6, Table SM24-7, 
Box 25-5

Spheres of change

Practical: Social & technical innovations, behavioural shifts, or institutional & managerial changes that 
produce substantial shifts in outcomes.

8.3, 17.3, 20.5, Box 25-5

Political: Political, social, cultural & ecological decisions & actions consistent with reducing 
vulnerability & risk & supporting adaptation, mitigation & sustainable development.

14.2-3, 20.5, 25.4, 30.7, Table 14-1

Personal: Individual & collective assumptions, beliefs, values & worldviews influencing climate-change 
responses.

14.2-3, 20.5, 25.4, Table 14-1
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Freshwater resources 
Adaptive water management techniques, including scenario 
planning, learning-based approaches and flexible and low-regret 
solutions, can help adjust to uncertain hydrological changes 
due to climate change and their impacts (limited evidence, 
high agreement). Strategies include adopting integrated water man- 
agement, augmenting supply, reducing the mismatch between water 
supply and demand, reducing non-climate stressors, strengthening 
institutional capacities and adopting more water-efficient technologies 
and water-saving strategies. {WGII SPM B-2, Assessment Box SPM.2 
Table 1, SPM B-3, 3.6, 22.3–22.4, 23.4, 23.7, 24.4, 27.2–27.3, Box 25-2}

Terrestrial and freshwater ecosystems
Management actions can reduce but not eliminate risks of 
impacts to terrestrial and freshwater ecosystems due to climate 
change (high confidence). Actions include maintenance of genetic 
diversity, assisted species migration and dispersal, manipulation 
of disturbance regimes (e.g., fires, floods) and reduction of other 
stressors. Management options that reduce non-climatic stressors, 
such as habitat modification, overexploitation, pollution and invasive 
species, increase the inherent capacity of ecosystems and their species 
to adapt to a changing climate. Other options include improving early 
warning systems and associated response systems. Enhanced connec-
tivity of vulnerable ecosystems may also assist autonomous adapta-
tion. Translocation of species is controversial and is expected to become 
less feasible where whole ecosystems are at risk. {WGII SPM B-2, 
SPM B-3, Figure SPM.5, Table TS.8, 4.4, 25.6, 26.4, Box CC-RF}

Coastal systems and low-lying areas
Increasingly, coastal adaptation options include those based on 
integrated coastal zone management, local community partici-
pation, ecosystems-based approaches and disaster risk reduc-
tion, mainstreamed into relevant strategies and management 
plans (high confidence). The analysis and implementation of coastal 
adaptation has progressed more significantly in developed countries 
than in developing countries (high confidence). The relative costs of 
coastal adaptation are expected to vary strongly among and within 
regions and countries. {WGII SPM B-2, SPM B-3, 5.5, 8.3, 22.3, 24.4, 
26.8, Box 25-1}

Marine systems and oceans 
Marine forecasting and early warning systems as well as reduc-
ing non-climatic stressors have the potential to reduce risks for 
some fisheries and aquaculture industries, but options for unique 
ecosystems such as coral reefs are limited (high confidence). 
Fisheries and some aquaculture industries with high-technology 
and/or large investments have high capacities for adaptation due to 
greater development of environmental monitoring, modelling and 
resource assessments. Adaptation options include large-scale translo-
cation of industrial fishing activities and flexible management that can 
react to variability and change. For smaller-scale fisheries and nations 
with limited adaptive capacities, building social resilience, alternative 
livelihoods and occupational flexibility are important strategies. Adap-
tation options for coral reef systems are generally limited to reduc-
ing other stressors, mainly by enhancing water quality and limiting 
pressures from tourism and fishing, but their efficacy will be severely  

reduced as thermal stress and ocean acidification increase. {WGII 
SPM B-2, SPM Assessment Box SPM.2 Table 1, TS B-2, 5.5, 6.4, 7.5, 
25.6.2, 29.4, 30.6-7, Box CC-MB, Box CC-CR}

Food production system/Rural areas 
Adaptation options for agriculture include technological 
responses, enhancing smallholder access to credit and other 
critical production resources, strengthening institutions at local 
to regional levels and improving market access through trade 
reform (medium confidence). Responses to decreased food pro-
duction and quality include: developing new crop varieties adapted to 
changes in CO2, temperature, and drought; enhancing the capacity for 
climate risk management; and offsetting economic impacts of land use 
change. Improving financial support and investing in the production of 
small-scale farms can also provide benefits. Expanding agricultural mar-
kets and improving the predictability and reliability of the world trad-
ing system could result in reduced market volatility and help manage 
food supply shortages caused by climate change. {WGII SPM B-2, 
SPM B-3, 7.5, 9.3, 22.4, 22.6, 25.9, 27.3}

Urban areas/Key economic sectors and services
Urban adaptation benefits from effective multi-level govern-
ance, alignment of policies and incentives, strengthened local 
government and community adaptation capacity, synergies 
with the private sector and appropriate financing and institu-
tional development (medium confidence). Enhancing the capacity 
of low-income groups and vulnerable communities and their partner-
ships with local governments can also be an effective urban climate 
adaptation strategy. Examples of adaptation mechanisms include 
large-scale public-private risk reduction initiatives and economic diver-
sification and government insurance for the non-diversifiable portion 
of risk. In some locations, especially at the upper end of projected cli-
mate changes, responses could also require transformational changes 
such as managed retreat. {WGII SPM B-2, 8.3–8.4, 24.4, 24.5, 26.8, 
Box 25-9}

Human health, security and livelihoods
Adaptation options that focus on strengthening existing deliv-
ery systems and institutions, as well as insurance and social pro-
tection strategies, can improve health, security and livelihoods 
in the near term (high confidence). The most effective vulnerability 
reduction measures for health in the near term are programmes that 
implement and improve basic public health measures such as provision 
of clean water and sanitation, secure essential health care including 
vaccination and child health services, increase capacity for disaster pre-
paredness and response and alleviate poverty (very high confidence). 
Options to address heat related mortality include health warning sys-
tems linked to response strategies, urban planning and improvements 
to the built environment to reduce heat stress. Robust institutions  
can manage many transboundary impacts of climate change to reduce 
risk of conflicts over shared natural resources. Insurance programmes, 
social protection measures and disaster risk management may enhance 
long-term livelihood resilience among the poor and marginalized 
people, if policies address multi-dimensional poverty. {WGII SPM 
B-2, SPM B-3, 8.2, 10.8, 11.7–11.8, 12.5–12.6, 22.3, 23.9, 25.8, 26.6,  
Box CC-HS}
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Significant co-benefits, synergies and trade-offs exist between 
adaptation and mitigation and among different adaptation 
responses; interactions occur both within and across regions 
and sectors (very high confidence). For example, investments in 
crop varieties adapted to climate change can increase the capacity 
to cope with drought, and public health measures to address  
vector-borne diseases can enhance the capacity of health sys-
tems to address other challenges. Similarly, locating infrastructure 
away from low-lying coastal areas helps settlements and eco-
systems adapt to sea level rise while also protecting against 
tsunamis. However, some adaptation options may have adverse 
side effects that imply real or perceived trade-offs with other 
adaptation objectives (see Table 4.3 for examples), mitigation 
objectives or broader development goals. For example, while pro-
tection of ecosystems can assist adaptation to climate change 
and enhance carbon storage, increased use of air conditioning to 
maintain thermal comfort in buildings or the use of desalination  
to enhance water resource security can increase energy demand, 
and therefore, GHG emissions. {WGII SPM B-2, SPM C-1, 5.4.2, 
16.3.2.9, 17.2.3.1, Table 16-2}

4.3 Response options for mitigation

Mitigation options are available in every major sector. 
Mitigation can be more cost-effective if using an  
integrated approach that combines measures to reduce 
energy use and the greenhouse gas intensity of end-use 
sectors, decarbonize energy supply, reduce net emis-
sions and enhance carbon sinks in land-based sectors.

A broad range of sectoral mitigation options is available that 
can reduce GHG emission intensity, improve energy intensity 
through enhancements of technology, behaviour, production and 
resource efficiency and enable structural changes or changes 
in activity. In addition, direct options in agriculture, forestry and 
other land use (AFOLU) involve reducing CO2 emissions by reducing 
deforestation, forest degradation and forest fires; storing carbon in 
terrestrial systems (for example, through afforestation); and provid-
ing bioenergy feedstocks. Options to reduce non-CO2 emissions exist 
across all sectors but most notably in agriculture, energy supply and  

Table 4.3 | Examples of potential trade-offs associated with an illustrative set of adaptation options that could be implemented by actors to achieve specific management objec-
tives. {WGII Table 16-2}

Sector Actor’s adaptation objective Adaptation option Real or perceived trade-off

Agriculture Enhance drought and pest resistance; enhance yields Biotechnology and 
genetically modified crops

Perceived risk to public health and safety; 
ecological risks associated with introduction of 
new genetic variants to natural environments

Provide financial safety net for farmers to 
ensure continuation of farming enterprises

Subsidized drought 
assistance; crop insurance

Creates moral hazard and distributional 
inequalities if not appropriately administered

Maintain or enhance crop yields; suppress 
opportunistic agricultural pests and invasive species

Increased use of chemical 
fertilizer and pesticides

Increased discharge of nutrients and chemical pollution 
to the environment; adverse impacts of pesticide use on 
non-target species; increased emissions of greenhouse 
gases; increased human exposure to pollutants

Biodiversity Enhance capacity for natural adaptation and 
migration to changing climatic conditions

Migration corridors; 
expansion of 
conservation areas

Unknown efficacy; concerns over property rights 
regarding land acquisition; governance challenges

Enhance regulatory protections for species potentially 
at risk due to climate and non-climatic changes

Protection of critical habitat 
for vulnerable species

Addresses secondary rather than primary pressures 
on species; concerns over property rights; regulatory 
barriers to regional economic development

Facilitate conservation of valued species 
by shifting populations to alternative 
areas as the climate changes

Assisted migration Difficult to predict ultimate success of assisted migration; 
possible adverse impacts on indigenous flora and fauna 
from introduction of species into new ecological regions

Coasts Provide near-term protection to financial 
assets from inundation and/or erosion

Sea walls High direct and opportunity costs; equity concerns; 
ecological impacts to coastal wetlands

Allow natural coastal and ecological processes to 
proceed; reduce long-term risk to property and assets

Managed retreat Undermines private property rights; significant governance 
challenges associated with implementation

Preserve public health and safety; minimize 
property damage and risk of stranded assets

Migration out of 
low-lying areas

Loss of sense of place and cultural identity; erosion of 
kinship and familial ties; impacts to receiving communities

Water resources 
management

Increase water resource reliability 
and drought resilience

Desalination Ecological risk of saline discharge; high energy 
demand and associated carbon emissions; 
creates disincentives for conservation

Maximize efficiency of water management 
and use; increase flexibility

Water trading Undermines public good/social aspects of water

Enhance efficiency of available water resources Water recycling/reuse Perceived risk to public health and safety
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industry. An overview of sectoral mitigation options and potentials is 
provided in Table 4.4. {WGIII TS 3.2.1}

Well-designed systemic and cross-sectoral mitigation strate-
gies are more cost-effective in cutting emissions than a focus 
on individual technologies and sectors with efforts in one 
sector affecting the need for mitigation in others (medium 
confidence). In baseline scenarios without new mitigation policies, 
GHG emissions are projected to grow in all sectors, except for net CO2 
emissions in the AFOLU sector (Figure 4.1, left panel). Mitigation sce-
narios reaching around 450 ppm CO2-eq4227 concentration by 210043

28 
(likely to limit warming to 2°C above pre-industrial levels) show large-
scale global changes in the energy supply sector (Figure 4.1, middle 
and right panel). While rapid decarbonization of energy supply gen-
erally entails more flexibility for end-use and AFOLU sectors, stronger 
demand reductions lessen the mitigation challenge for the supply side 
of the energy system (Figures 4.1 and 4.2). There are thus strong inter-
dependencies across sectors and the resulting distribution of the miti-
gation effort is strongly influenced by the availability and performance 
of future technologies, particularly BECCS and large scale afforestation 
(Figure 4.1, middle and right panel). The next two decades present a 
window of opportunity for mitigation in urban areas, as a large portion 

of the world’s urban areas will be developed during this period. {WGIII 
SPM.4.2, TS.3.2} 

Decarbonizing (i.e., reducing the carbon intensity of) electricity 
generation is a key component of cost-effective mitigation 
strategies in achieving low stabilization levels (of about 450 
to about 500 ppm CO2-eq, at least about as likely as not to 
limit warming to 2°C above pre-industrial levels) (medium evi-
dence, high agreement). In most integrated modelling scenarios, 
decarbonization happens more rapidly in electricity generation than in  
the industry, buildings and transport sectors. In scenarios reaching  
450 ppm CO2-eq concentrations by 2100, global CO2 emissions from 
the energy supply sector are projected to decline over the next decade 
and are characterized by reductions of 90% or more below 2010 levels 
between 2040 and 2070. {WGIII SPM.4.2, 6.8, 7.11}

Efficiency enhancements and behavioural changes, in order to 
reduce energy demand compared to baseline scenarios without 
compromising development, are a key mitigation strategy in 
scenarios reaching atmospheric CO2-eq concentrations of about 
450 to about 500 ppm by 2100 (robust evidence, high agree-
ment). Near-term reductions in energy demand are an important  

Sectoral CO2 and non-CO2 GHG emissions in baseline and mitigation scenarios with and without CCS
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Figure 4.1 |  Carbon dioxide (CO2) emissions by sector and total non-CO2 greenhouse gas (GHG) emissions (Kyoto gases) across sectors in baseline (left panel) and mitigation 
scenarios that reach about 450 (430 to 480) ppm CO2-eq (likely to limit warming to 2°C above pre-industrial levels) with carbon dioxide capture and storage (CCS, middle panel) 
and without CCS (right panel). Light yellow background denotes direct CO2 and non-CO2 GHG emissions for both the baseline and mitigation scenarios. In addition, for the baseline 
scenarios, the sum of direct and indirect emissions from the energy end-use sectors (transport, buildings and industry) is also shown (dark yellow background). Mitigation scenarios 
show direct emissions only. However, mitigation in the end-use sectors leads also to indirect emissions reductions in the upstream energy supply sector. Direct emissions of the end-
use sectors thus do not include the emission reduction potential at the supply-side due to, for example, reduced electricity demand. Note that for calculating the indirect emissions 
only electricity emissions are allocated from energy supply to end-use sectors. The numbers at the bottom of the graphs refer to the number of scenarios included in the range, 
which differs across sectors and time due to different sectoral resolution and time horizon of models. Note that many models cannot reach concentrations of about 450 ppm CO2-eq 
by 2100 in the absence of CCS, resulting in a low number of scenarios for the right panel. Negative emissions in the electricity sector are due to the application of bioenergy with 
carbon dioxide capture and storage (BECCS). ‘Net’ agriculture, forestry and other land use (AFOLU) emissions consider afforestation, reforestation as well as deforestation activities. 
{WGIII Figure SPM.7, Figure TS.15}

42 See Glossary for definition of CO2-eq concentrations and emissions; also Box 3.2 for metrics to calculate the CO2-equivalence of non-CO2 emissions and their influence on 
sectoral abatement strategies. 

43 For comparison, the CO2-eq concentration in 2011 is estimated to be 430 [340 to 520] ppm. 
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element of cost-effective mitigation strategies, provide more flexibility 
for reducing carbon intensity in the energy supply sector, hedge against 
related supply-side risks, avoid lock-in to carbon-intensive infra- 
structures and are associated with important co-benefits (Figure 4.2,  
Table 4.4). Emissions can be substantially lowered through changes in 
consumption patterns (e.g., mobility demand and mode, energy use in 
households, choice of longer-lasting products) and dietary change and 
reduction in food wastes. A number of options including monetary and 
non-monetary incentives as well as information measures may facili-
tate behavioural changes. {WGIII SPM.4.2}

Decarbonization of the energy supply sector (i.e., reducing the 
carbon intensity) requires upscaling of low- and zero-carbon 
electricity generation technologies (high confidence). In the 
majority of low-concentration stabilization scenarios (about 450 to 
about 500 ppm CO2-eq , at least about as likely as not to limit warming 
to 2°C above pre-industrial levels), the share of low-carbon electricity 
supply (comprising renewable energy (RE), nuclear and CCS, includ-
ing BECCS) increases from the current share of approximately 30% 
to more than 80% by 2050 and 90% by 2100, and fossil fuel power 
generation without CCS is phased out almost entirely by 2100. Among 
these low-carbon technologies, a growing number of RE technologies 

have achieved a level of maturity to enable deployment at significant 
scale since AR4 (robust evidence, high agreement) and nuclear energy 
is a mature low-GHG emission source of baseload power, but its share 
of global electricity generation has been declining (since 1993). GHG 
emissions from energy supply can be reduced significantly by replacing 
current world average coal-fired power plants with modern, highly effi-
cient natural gas combined-cycle power plants or combined heat and 
power plants, provided that natural gas is available and the fugitive 
emissions associated with extraction and supply are low or mitigated. 
{WGIII SPM.4.2}

Behaviour, lifestyle and culture have a considerable influence 
on energy use and associated emissions, with high mitigation 
potential in some sectors, in particular when complementing 
technological and structural change (medium evidence, medium 
agreement). In the transport sector, technical and behavioural mitiga-
tion measures for all modes, plus new infrastructure and urban rede-
velopment investments, could reduce final energy demand significantly 
below baseline levels (robust evidence, medium agreement) (Table 4.4). 
While opportunities for switching to low-carbon fuels exist, the rate 
of decarbonization in the transport sector might be constrained by 
challenges associated with energy storage and the relatively low 
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Figure 4.2 |  Influence of energy demand on the deployment of energy supply technologies in 2050 in mitigation scenarios reaching about 450 to about 500 ppm CO2-eq con-
centrations by 2100 (at least about as likely as not to limit warming to 2°C above pre-industrial levels). Blue bars for ‘low energy demand’ show the deployment range of scenarios 
with limited growth in final energy demand of <20% in 2050 compared to 2010. Red bars show the deployment range of technologies in a case of ‘high energy demand’ (>20% 
growth in 2050 compared to 2010). For each technology, the median, interquartile and full deployment range is displayed. Notes: Scenarios assuming technology restrictions are 
excluded. Ranges include results from many different integrated models. Multiple scenario results from the same model were averaged to avoid sampling biases. {WGIII Figure TS.16}
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Table 4.4 | Sectoral carbon dioxide (CO2) emissions, associated energy system changes and examples of mitigation measures (including for non-CO2 gases; see Box 3.2 for metrics 
regarding the weighting and abatement of non-CO2 emissions). {WGIII SPM.7, Figure SPM.8, Table TS.2, 7.11.3, 7.13, 7.14}

Sectoral CO2 emissions and related energy system changes 

Sector CO2 emission
(GtCO2, 2050)

Low-carbon fuel
share (%, 2050)

Final energy demand
(EJ, 2050)

Key low-carbon 
energy options

Key energy saving options Other options

Energy
supply a

Baselines

530–650
 ppm CO2-eq

430–530
 ppm CO2-eq

Baselines

530–650
 ppm CO2-eq

430–530
 ppm CO2-eq

Baselines

530–650
 ppm CO2-eq

430–530
 ppm CO2-eq

Baselines

530–650
 ppm CO2-eq

430–530
 ppm CO2-eq

Baselines

530–650
 ppm CO2-eq

430–530
 ppm CO2-eq

Transport

Building

Industry

AFOLU

Examples for sectoral mitigation measures

Renewables (wind, solar 
bioenergy, geothermal, hydro, 
etc.), nuclear, CCS, BECCS, 
fossil fuel switching

Energy efficiency improve-
ments of energy supply 
technologies, improved 
transmission and distribution, 
CHP and cogeneration

Fugitive CH4 emissions control 

Fuel switching to low-carbon 
fuels (e.g., hydrogen/electricity 
from low-carbon sources), 
biofuels

Efficiency improvements 
(engines, vehicle design, 
appliances, lighter materials), 
modal shift (e.g., from LDVs 
to public transport or from 
aviation to HDVs to rail), 
eco-driving, improved freight 
logistics, journey avoidance, 
higher occupancy rates

Transport (infrastructure) 
planning, urban planning 

Building integrated RES, fuel 
switching to low-carbon 
fuels (e.g., electricity from  
low-carbon sources, biofuels) 

Device efficiency 
(heating/cooling systems, 
water heating, cooking, 
lighting, appliances), systemic 
efficiency (integrated design, 
low/zero energy buildings, 
district heating/cooling, CHP, 
smart meters/grids), 
behavioural and lifestyle 
changes (e.g., appliance use, 
thermostat setting, dwelling 
size)

Urban planning, building 
lifetime, durability of building 
components and appliances, 
low energy/GHG intensive 
construction and materials

Process emissions reductions, 
use of waste and CCS in 
industry, fuel switching among 
fossil fuels and switch to 
low-carbon energy (e.g., 
electricity) or biomass

Energy efficiency and BAT 
(e.g., furnace/boilers, steam 
systems, electric motors and 
control systems, (waste) 
heat exchanges,  recycling), 
reduction of demand for 
goods, more intensive use of 
goods (e.g., improve durability 
or car sharing)

HFC replacement and leak 
repair, material efficiency (e.g., 
process innovation, re-using 
old materials, product design, 
etc.) 

Sequestration options:
Increasing existing carbon 
pools (e.g., afforestation, 
reforestation, integrated 
systems, carbon 
sequestration in soils)

Emissions reduction measures:
Methane (e.g., livestock management), 
nitrous oxide (e.g., fertilizer use), 
conservation of existing carbon pools 
(sustainable forest management, reduced 
deforestation and forest degradation, fire 
prevention, agroforestry), reduction in 
emissions intensity

Substitution options:
Use of biological products 
instead of fossil/GHG 
intensive products (e.g., 
bioenergy, insulation 
products)

Demand-side measures:
Reduction of loss and 
waste of food, changes 
in human diets, use of 
long-lived wood products
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energy density of low-carbon transport fuels (medium confidence). In 
the building sector, recent advances in technologies, know-how and 
policies provide opportunities to stabilize or reduce global energy use 
to about current levels by mid-century. In addition, recent improve-
ments in performance and costs make very low energy construction 
and retrofits of buildings economically attractive, sometimes even at 
net negative costs (robust evidence, high agreement). In the industry 
sector, improvements in GHG emission efficiency and in the efficiency 
of material use, recycling and reuse of materials and products, and 
overall reductions in product demand (e.g., through a more intensive 
use of products) and service demand could, in addition to energy effi-
ciency, help reduce GHG emissions below the baseline level. Prevalent 
approaches for promoting energy efficiency in industry include infor-
mation programmes followed by economic instruments, regulatory 
approaches and voluntary actions. Important options for mitigation 
in waste management are waste reduction, followed by re-use, recy-
cling and energy recovery (robust evidence, high agreement). {WGIII 
SPM.4.2, Box TS.12, TS.3.2}

The most cost-effective mitigation options in forestry are 
afforestation, sustainable forest management and reducing 
deforestation, with large differences in their relative impor-
tance across regions. In agriculture, the most cost-effective mit-
igation options are cropland management, grazing land man-
agement and restoration of organic soils (medium evidence, 
high agreement). About a third of mitigation potential in forestry 
can be achieved at a cost <20 USD/tCO2-eq emission. Demand-side 
measures, such as changes in diet and reductions of losses in the food 
supply chain, have a significant, but uncertain, potential to reduce 
GHG emissions from food production (medium evidence, medium 
agreement). {WGIII SPM 4.2.4}

Bioenergy can play a critical role for mitigation, but there are 
issues to consider, such as the sustainability of practices and 
the efficiency of bioenergy systems (robust evidence, medium 
agreement). Evidence suggests that bioenergy options with low life-
cycle emissions, some already available, can reduce GHG emissions; 
outcomes are site-specific and rely on efficient integrated ‘biomass-
to-bioenergy systems’, and sustainable land use management and 
governance. Barriers to large-scale deployment of bioenergy include  
concerns about GHG emissions from land, food security, water resources, 
biodiversity conservation and livelihoods. {WGIII SPM.4.2}

Mitigation measures intersect with other societal goals, cre-
ating the possibility of co-benefits or adverse side-effects. 
These intersections, if well-managed, can strengthen the basis 
for undertaking climate mitigation actions (robust evidence, 
medium agreement). Mitigation can positively or negatively influ-
ence the achievement of other societal goals, such as those related to 
human health, food security, biodiversity, local environmental quality, 
energy access, livelihoods and equitable sustainable development (see 
also Section 4.5). On the other hand, policies towards other societal 
goals can influence the achievement of mitigation and adaptation 
objectives. These influences can be substantial, although sometimes 
difficult to quantify, especially in welfare terms. This multi-objective 
perspective is important in part because it helps to identify areas 
where support for policies that advance multiple goals will be robust. 
Potential co-benefits and adverse side effects of the main sectoral  

mitigation measures are summarized in Table 4.5. Overall, the potential 
for co-benefits for energy end-use measures outweigh the potential 
for adverse side effects, whereas the evidence suggests this may not 
be the case for all energy supply and AFOLU measures. {WGIII SPM.2} 

4.4 Policy approaches for adaptation and 
mitigation, technology and finance

Effective adaptation and mitigation responses will 
depend on policies and measures across multiple scales: 
international, regional, national and sub-national.  
Policies across all scales supporting technology devel-
opment, diffusion and transfer, as well as finance for 
responses to climate change, can complement and 
enhance the effectiveness of policies that directly pro-
mote adaptation and mitigation.

4.4.1 International and regional cooperation 
on adaptation and mitigation

Because climate change has the characteristics of a collective action 
problem at the global scale (see 3.1), effective mitigation will not be 
achieved if individual agents advance their own interests independently, 
even though mitigation can also have local co-benefits. Cooperative 
responses, including international cooperation, are therefore required 
to effectively mitigate GHG emissions and address other climate 
change issues. While adaptation focuses primarily on local to national 
scale outcomes, its effectiveness can be enhanced through coordina-
tion across governance scales, including international cooperation. In 
fact, international cooperation has helped to facilitate the creation  
of adaptation strategies, plans, and actions at national, sub-national, 
and local levels. A variety of climate policy instruments have been 
employed, and even more could be employed, at international and 
regional levels to address mitigation and to support and promote 
adaptation at national and sub-national scales. Evidence suggests that 
outcomes seen as equitable can lead to more effective cooperation. 
{WGII SPM C-1, 2.2, 15.2, WGIII 13.ES, 14.3, 15.8, SREX SPM, 7.ES} 

The United Nations Framework Convention on Climate Change 
(UNFCCC) is the main multilateral forum focused on address-
ing climate change, with nearly universal participation. UNFCCC 
activities since 2007, which include the 2010 Cancún Agreements 
and the 2011 Durban Platform for Enhanced Action, have sought to 
enhance actions under the Convention, and have led to an increas-
ing number of institutions and other arrangements for international 
climate change cooperation. Other institutions organized at different 
levels of governance have resulted in diversifying international climate 
change cooperation. {WGIII SPM.5.2, 13.5}

Existing and proposed international climate change coopera-
tion arrangements vary in their focus and degree of centrali-
zation and coordination. They span: multilateral agreements, har-
monized national policies and decentralized but coordinated national 
policies, as well as regional and regionally-coordinated policies (see 
Figure 4.3). {WGIII SPM.5.2}



103

Introduction

A
daptation and M

itigation 
Topic 4

4

Table 4.5 | Potential co-benefits (blue text) and adverse side effects (red text) of the main sectoral mitigation measures. Co-benefits and adverse side effects, and their overall positive or negative effect, all depend on local circumstances as 
well as on the implementation practice, pace and scale. For an assessment of macroeconomic, cross-sectoral effects associated with mitigation policies, see Section 3.4. The uncertainty qualifiers between brackets denote the level of evidence 
and agreement on the respective effect. Abbreviations for evidence: l = limited, m = medium, r = robust; for agreement: l = low, m = medium, h = high. {WGIII Table TS.3, Table TS.4, Table TS.5, Table TS.6, Table TS.7, Table 6.7}

Sectoral mitigation measures 
Effect on additional objectives/concerns
Economic Social Environmental

Energy Supply For possible upstream effects of biomass supply for bioenergy, see AFOLU.

Nuclear replacing coal power 

Energy security (reduced exposure to fuel price volatility) 
(m/m); local employment impact (but uncertain net effect) 
(l/m); legacy/cost of waste and abandoned reactors (m/h)

Mixed health impact via reduced air pollution and coal mining 
accidents (m/h), nuclear accidents and waste treatment, uranium 
mining and milling (m/l); safety and waste concerns (r/h); prolifera-
tion risk (m/m)

Mixed ecosystem impact via reduced air pollution (m/h) and coal 
mining (l/h), nuclear accidents (m/m)

Renewable energy (wind, PV, CSP, 
hydro, geothermal, bioenergy) repla-
cing coal 

Energy security (r/m); local employment (but uncertain net 
effect) (m/m); water management (for some hydro energy) 
(m/h); extra measures to match demand (for PV, wind, some 
CSP) (r/h); higher use of critical metals for PV and direct drive 
wind turbines (r/m)

Reduced health impact via reduced air pollution (except bioenergy) 
(r/h) and coal mining accidents (m/h); contribution to (off-grid) 
energy access (m/l); threat of displacement (for large hydro 
installations) (m/h)

Mixed ecosystem impact via reduced air pollution (except bioe-
nergy) (m/h) and coal mining (l/h), habitat impact (for some hydro 
energy) (m/m), landscape and wildlife impact (m/m); lower/higher 
water use (for wind, PV (m/m); bioenergy, CSP, geothermal and 
reservoir hydro (m/h))

Fossil energy with CCS replacing coal 
Preservation vs. lock-in of human and physical capital in the 
fossil industry (m/m); long-term monitoring of CO2 storage 
(m/h)

Health impact via risk of CO2 leakage (m/m) and additional 
upstream supply-chain activities (m/h); safety concerns (CO2 

storage and transport) (m/h)

Ecosystem impact via additional upstream supply-chain activities 
(m/m) and higher water use (m/h)

CH4 leakage prevention, capture or 
treatment

Energy security (potential to use gas in some cases) (l/h) Reduced health impact via reduced air pollution (m/m); occupatio-
nal safety at coal mines (m/m)

Reduced ecosystem impact via reduced air pollution (l/m)

Transport For possible upstream effects of low-carbon electricity, see Energy Supply. For biomass supply, see AFOLU.

Reduction of carbon intensity of fuel

Energy security (diversification, reduced oil dependence 
and exposure to oil price volatility) (m/m); technological 
spillovers (l/l)

Mixed health impact via increased/reduced urban air pollution by 
electricity and hydrogen (r/h), diesel (l/m); road safety concerns 
(l/l) but reduced health impact via reduced noise (l/m) of electric 
LDVs

Mixed ecosystem impact of electricity and hydrogen via reduced 
urban air pollution (m/m) and material use (unsustainable mining) 
(l/l)

Reduction of energy intensity
Energy security (reduced oil dependence and exposure to oil 
price volatility) (m/m)

Reduced health impact via reduced urban air pollution (r/h); 
road safety (crash-worthiness depending on the design of the 
standards) (m/m)

Reduced ecosystem and biodiversity impact via reduced urban air 
pollution (m/h)

Compact urban form and improved 
transport infrastructure
Modal shift

Energy security (reduced oil dependence and exposure to oil 
price volatility) (m/m); productivity (reduced urban conge-
stion and travel times, affordable and accessible transport) 
(m/h)

Mixed health impact for non-motorized modes via increased physi-
cal activity (r/h), potentially higher exposure to air pollution (r/h), 
reduced noise (via modal shift and travel reduction) (r/h); equitable 
mobility access to employment opportunities (r/h); road safety (via 
modal shift) (r/h)

Reduced ecosystem impact via reduced urban air pollution (r/h) 
and land use competition (m/m)

Journey distance reduction and 
avoidance

Energy security (reduced oil dependence and exposure to oil 
price volatility) (r/h); productivity (reduced urban congestion/
travel times, walking) (r/h)

Reduced health impact (for non-motorized transport modes) (r/h) Mixed ecosystem impact via reduced urban air pollution (r/h), new/
shorter shipping routes (r/h); reduced land use competition from 
transport infrastructure (r/h)

Buildings For possible upstream effects of fuel switching and RES, see Energy Supply.

Reduction of GHG emissions intensity 
(e.g., fuel switching, RES incorporation, 
green roofs)

Energy security (m/h); employment impact (m/m); lower 
need for energy subsidies (l/l); asset values of buildings (l/m)

Fuel poverty alleviation via reduced energy demand (m/h); energy 
access (for higher energy cost) (l/m); productive time for women/
children (for replaced traditional cookstoves) (m/h)

Reduced health impact in residential buildings and ecosystem 
impact (via reduced fuel poverty (r/h), indoor/outdoor air pollution 
(r/h) and UHI effect) (l/m); urban biodiversity (for green roofs) 
(m/m)

Retrofits of existing buildings 
Exemplary new buildings 
Efficient equipment 

Energy security (m/h); employment impact (m/m); pro-
ductivity (for commercial buildings) (m/h); less need for 
energy subsidies (l/l); asset value of buildings (l/m); disaster 
resilience (l/m)

Fuel poverty alleviation via reduced energy demand (for retrofits 
and efficient equipment) (m/h); energy access (higher housing 
cost) (l/m); thermal comfort (m/h); productive time for women and 
children (for replaced traditional cookstoves) (m/h)

Reduced health and ecosystem impact (e.g., via reduced fuel 
poverty (r/h), indoor/outdoor air pollution (r/h), UHI effect (l/m), 
improved indoor environmental conditions (m/h)); health risk via 
insufficient ventilation (m/m); reduced water consumption and 
sewage production (l/l)

continue on next page
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Table 4.5 (continued)

Sectoral mitigation measures 
Effect on additional objectives/concerns
Economic Social Environmental

Behavioural changes reducing energy 
demand

Energy security (m/h); less need for energy subsidies (l/l) Reduced health and ecosystem impact (e.g., via improved indoor 
environmental conditions (m/h) and less outdoor air pollution (r/h))

Industry For possible upstream effects of low-carbon energy supply (incl. CCS), see Energy Supply and of biomass supply, see AFOLU.

Reduction of CO2/non-CO2 GHG 
emission intensity 

Competitiveness and productivity (m/h) Reduced health impact via reduced local air pollution and better 
working conditions (PFC from aluminium) (m/m)

Reduced ecosystem impact (via reduced local air and water polluti-
on) (m/m); water conservation (l/m)

Technical energy efficiency improve-
ments via new processes/technologies

Energy security (via lower energy intensity) (m/m); employ-
ment impact (l/l); competitiveness and productivity (m/h); 
technological spillovers in DCs (l/l)

Reduced health impact via reduced local pollution (l/m); new busi-
ness opportunities (m/m); increased water availability and quality 
(l/l); improved safety, working conditions and job satisfaction 
(m/m)

Reduced ecosystem impact via reduced fossil fuel extraction (l/l) 
and reduced local pollution and waste (m/m)

Material efficiency of goods, recycling

Decreased national sales tax revenue in the medium term 
(l/l); employment impact (waste recycling) (l/l); competitive-
ness in manufacturing (l/l); new infrastructure for industrial 
clusters (l/l)

Reduced health impacts and safety concerns (l/m); new business 
opportunities (m/m) and reduced local conflicts (reduced resource 
extraction) (l/m)

Reduced ecosystem impact via reduced local air and water pollu-
tion and waste material disposal (m/m); reduced use of raw/virgin 
materials and natural resources implying reduced unsustainable 
resource mining (l/l)

Product demand reductions
Decreased national sales tax revenue in the medium term 
(l/l)

Increased wellbeing via diverse lifestyle choices (l/l) Reduced post-consumption waste (l/l)

AFOLU Note: co-benefits and adverse side effects depend on the development context and the scale of the intervention (size).

Supply side: forestry, land-based agri-
culture, livestock, integrated systems 
and bioenergy

Demand side: reduced losses in the 
food supply chain, changes in human 
diets and in demand for wood and 
forestry products

Mixed employment impact via entrepreneurship develop-
ment (m/h), use of less labour-intensive technologies in agri-
culture (m/m); diversification of income sources and access 
to markets (r/h); additional income to sustainable landscape 
management (m/h); income concentration (m/m); energy 
security (resource sufficiency) (m/h); Innovative financing 
mechanisms for sustainable resource management (m/h); 
technology innovation and transfer (m/m)

Increased food-crops production through integrated systems 
and sustainable agriculture intensification (r/m); decreased food 
production (locally) due to large-scale monocultures of non-food 
crops (r/l); increased cultural habitats and recreational areas 
via (sustainable) forest management and conservation (m/m); 
improved human health and animal welfare (e.g., through less 
use of pesticides, reduced burning practices and agroforestry 
and silvo-pastoral systems) (m/h); human health impact related 
to burning practices (in agriculture or bioenergy) (m/m); mixed 
impacts on gender, intra- and inter-generational equity via parti-
cipation and fair benefit sharing (r/h) and higher concentration of 
benefits (m/m)

Mixed impact on ecosystem services via large-scale monocultures 
(r/h), ecosystem conservation, sustainable management as well 
as sustainable agriculture (r/h); increased land use competition 
(r/m); increased soil quality (r/h); decreased erosion (r/h); increased 
ecosystem resilience (m/h); albedo and evaporation (r/h)

Institutional aspects: mixed impact on tenure and use rights at 
the local level (for indigenous people and local communities) (r/h) 
and on access to participative mechanisms for land management 
decisions (r/h); enforcement of existing policies for sustainable 
resource management (r/h)

Human Settlements and Infra-
structure

For compact urban form and improved transport infrastructure, see also Transport.

Compact development and infra-
structure

Increased innovation and efficient resource use (r/h); higher 
rents and property values (m/m)

Improved health from increased physical activity: see Transport Preservation of open space (m/m)

Increased accessibility Commute savings (r/h) Improved health from increased physical activity: see Transport; 
increased social interaction and mental health (m/m)

Improved air quality and reduced ecosystem and health impacts 
(m/h)

Mixed land use Commute savings (r/h); higher rents and property values 
(m/m)

Improved health from increased physical activity (r/h); social 
interaction and mental health (l/m)

Improved air quality and reduced ecosystem and health impacts 
(m/h)
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While a number of new institutions are focused on adaptation 
funding and coordination, adaptation has historically received 
less attention than mitigation in international climate policy 
(robust evidence, medium agreement). Inclusion of adaptation is 
increasingly important to reduce the risk from climate change impacts 
and may engage a greater number of countries. {WGIII 13.2, 13.3.3, 
13.5.1.1, 13.14}

The Kyoto Protocol offers lessons towards achieving the ulti-
mate objective of the UNFCCC, particularly with respect to par-
ticipation, implementation, flexibility mechanisms, and environ-
mental effectiveness (medium evidence, low agreement). The 
Protocol was the first binding step toward implementing the princi-
ples and goals provided by the UNFCCC. According to national GHG 

inventories through 2012 submitted to the UNFCCC by October 2013, 
Annex B Parties with quantified emission limitations (and reduction 
obligations) in aggregate may have bettered their collective emission 
reduction target in the first commitment period,4429 but some emissions 
reductions that would have occurred even in its absence were also 
counted. The Protocol’s Clean Development Mechanism (CDM) created 
a market for emissions offsets from developing countries, the purpose 
being two-fold: to help Annex I countries fulfill their commitments and 
to assist non-Annex I countries achieve sustainable development. The 
CDM generated Certified Emission Reductions (offsets) equivalent to 
emissions of over 1.4 GtCO2-eq4242 by October 2013, led to significant 
project investments, and generated investment flows for a variety of 
functions, including the UNFCCC Adaptation Fund. However, its envi-
ronmental effectiveness has been questioned by some, particularly  

UNFCCC Objective

Other IO GHG Regulation

Linked Cap-and-Trade Systems 
and Harmonized Carbon Taxes

International Cooperation
for Supporting Adaptation Planning

Multilateral Clubs Green Climate
Fund
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Loose coordination of policies: examples include transnational city networks and Nationally Appropriate Mitigation Actions (NAMAs); R&D 
technology cooperation: examples include the Major Economies Forum on Energy and Climate (MEF), Global Methane Initiative (GMI), or 
Renewable Energy and Energy Efficiency Partnership (REEEP); Other international organization (IO) GHG regulation: examples include the 
Montreal Protocol, International Civil Aviation Organization (ICAO), International Maritime Organization (IMO); See WGIII Figure 13.1 for the 
details of these examples.   

Figure 4.3 |  Alternative forms of international cooperation. The figure represents a compilation of existing and possible forms of international cooperation, based upon a survey 
of published research, but is not intended to be exhaustive of existing or potential policy architectures, nor is it intended to be prescriptive. Examples in orange are existing agree-
ments. Examples in blue are structures for agreements proposed in the literature. The width of individual boxes indicates the range of possible degrees of centralization for a 
particular agreement. The degree of centralization indicates the authority an agreement confers on an international institution, not the process of negotiating the agreement. {WGIII  
Figure 13.2}

44 The final conclusion regarding compliance of Annex B Parties remains subject to the review process under the Kyoto Protocol as of October 2014.



106

Topic 4 Adaptation and Mitigation

4

in regard to its early years, due to concerns about the additionality 
of projects (that is, whether projects bring about emissions that are 
different from business as usual (BAU) circumstances), the validity of 
baselines, and the possibility of emissions leakage (medium evidence, 
medium agreement). Such concerns about additionality are common 
to any emission-reduction-credit (offset) program, and are not specific 
to the CDM. Due to market forces, the majority of single CDM projects 
have been concentrated in a limited number of countries, while Pro-
grammes of Activities, though less frequent, have been more evenly 
distributed. In addition, the Kyoto Protocol created two other ‘flexibility 
mechanisms’: Joint Implementation and International Emissions Trad-
ing. {WGIII SPM.5.2, Table TS.9, 13.7, 13.13.1.1, 14.3}

Several conceptual models for effort-sharing have been iden-
tified in research. However, realized distributional impacts from 
actual international cooperative agreements depend not only on the 
approach taken but also on criteria applied to operationalize equity 
and the manner in which developing countries’ emissions reduction 
plans are financed. {WGIII 4.6, 13.4}

Policy linkages among regional, national and sub-national cli-
mate policies offer potential climate change mitigation ben-
efits (medium evidence, medium agreement). Linkages have 
been established between carbon markets and in principle could also 
be established between and among a heterogeneous set of policy 
instruments including non-market-based policies, such as perfor-
mance standards. Potential advantages include lower mitigation costs, 
decreased emission leakage and increased market liquidity. {WGIII 
SPM.5.2, 13.3, 13.5, 13.6, 13.7, 14.5}

Regional initiatives between national and global scales are 
being developed and implemented, but their impact on global 
mitigation has been limited to date (medium confidence). Some 
climate policies could be more environmentally and economically 
effective if implemented across broad regions, such as by embodying  

mitigation objectives in trade agreements or jointly constructing infra- 
structures that facilitate reduction in carbon emissions. {WGIII  
Table TS.9, 13.13, 14.4, 14.5}

International cooperation for supporting adaptation planning 
and implementation has assisted in the creation of adaptation 
strategies, plans and actions at national, sub-national and local 
levels (high confidence). For example, a range of multilateral and 
regionally targeted funding mechanisms have been established for 
adaptation; UN agencies, international development organizations and 
non-governmental organisations (NGOs) have provided information, 
methodologies and guidelines; and global and regional initiatives sup-
ported and promoted the creation of national adaptation strategies in 
both developing and developed countries. Closer integration of disas-
ter risk reduction and climate change adaptation at the international 
level, and the mainstreaming of both into international development 
assistance, may foster greater efficiency in the use of resources and 
capacity. However, stronger efforts at the international level do not 
necessarily lead to substantive and rapid results at the local level. 
{WGII 15.2, 15.3, SREX SPM, 7.4, 8.2, 8.5}

4.4.2 National and sub-national policies

4.4.2.1 Adaptation

Adaptation experience is accumulating across regions in the 
public and private sector and within communities (high confi-
dence). Adaptation options adopted to date (see Table 4.6) emphasize 
incremental adjustments and co-benefits and are starting to emphasize 
flexibility and learning (medium evidence, medium agreement). Most 
assessments of adaptation have been restricted to impacts, vulnerabil-
ity and adaptation planning, with very few assessing the processes of 
implementation or the effects of adaptation actions (medium evidence, 
high agreement). {WGII SPM A-2, TS A-2}

Table 4.6 | Recent adaptation actions in the public and private sector across regions. {WGII SPM A-2}

Region Example of actions

Africa Most national governments are initiating governance systems for adaptation. Disaster risk management, adjustments in technologies and infrastructure, 
ecosystem-based approaches, basic public health measures and livelihood diversification are reducing vulnerability, although efforts to date tend to be 
isolated.

Europe Adaptation policy has been developed across all levels of government, with some adaptation planning integrated into coastal and water management, 
into environmental protection and land planning and into disaster risk management.

Asia Adaptation is being facilitated in some areas through mainstreaming climate adaptation action into sub-national development planning, early warning 
systems, integrated water resources management, agroforestry and coastal reforestation of mangroves.

Australasia Planning for sea level rise, and in southern Australia for reduced water availability, is becoming adopted widely. Planning for sea level rise has evolved 
considerably over the past two decades and shows a diversity of approaches, although its implementation remains piecemeal.

North America Governments are engaging in incremental adaptation assessment and planning, particularly at the municipal level. Some proactive adaptation is 
occurring to protect longer-term investments in energy and public infrastructure.

Central and 
South America

Ecosystem-based adaptation including protected areas, conservation agreements and community management of natural areas is occurring. Resilient 
crop varieties, climate forecasts and integrated water resources management are being adopted within the agricultural sector in some areas.

The Arctic Some communities have begun to deploy adaptive co-management strategies and communications infrastructure, combining traditional and scientific 
knowledge.

Small Islands Small islands have diverse physical and human attributes; community-based adaptation has been shown to generate larger benefits when delivered in 
conjunction with other development activities.

The Ocean International cooperation and marine spatial planning are starting to facilitate adaptation to climate change, with constraints from challenges of spatial 
scale and governance issues.
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National governments play key roles in adaptation planning 
and implementation (robust evidence, high agreement). There 
has been substantial progress since the AR4 in the development of 
national adaptation strategies and plans. This includes National Adap-
tation Programmes of Action (NAPAs) by least developed countries, the 
National Adaptation Plan (NAP) process, and strategic frameworks for 
national adaptation in Organisation for Economic Co-operation and 
Development (OECD) countries. National governments can coordinate 
adaptation efforts of local and sub-national governments, for example 
by protecting vulnerable groups, by supporting economic diversifica-
tion, and by providing information, policy and legal frameworks and 
financial support. {WGII SPM C-1, 15.2}

While local government and the private sector have different 
functions, which vary regionally, they are increasingly recog-
nized as critical to progress in adaptation, given their roles in 
scaling up adaptation of communities, households and civil soci-
ety and in managing risk information and financing (medium 
evidence, high agreement). There is a significant increase in the 
number of planned adaptation responses at the local level in rural and 
urban communities of developed and developing countries since the 
AR4. However, local councils and planners are often confronted by the 
complexity of adaptation without adequate access to guiding infor-
mation or data on local vulnerabilities and potential impacts. Steps for 
mainstreaming adaptation into local decision-making have been iden-
tified but challenges remain in their implementation. Hence, scholars  
stress the important role of linkages with national and sub-national 
levels of government as well as partnerships among public, civic and 
private sectors in implementing local adaptation responses. {WGII  
SPM A-2, SPM C-1, 14.2, 15.2}

Institutional dimensions of adaptation governance, including the 
integration of adaptation into planning and decision-making, 
play a key role in promoting the transition from planning to 
implementation of adaptation (robust evidence, high agree-
ment). The most commonly emphasized institutional barriers or ena-
blers for adaptation planning and implementation are: 1) multilevel 
institutional co-ordination between different political and administra-
tive levels in society; 2) key actors, advocates and champions initiating, 
mainstreaming and sustaining momentum for climate adaptation; 3) 
horizontal interplay between sectors, actors and policies operating at 
similar administrative levels; 4) political dimensions in planning and 
implementation; and 5) coordination between formal governmen-
tal, administrative agencies and private sectors and stakeholders to 
increase efficiency, representation and support for climate adaptation 
measures. {WGII 15.2, 15.5, 16.3, Box 15-1}

Existing and emerging economic instruments can foster adap-
tation by providing incentives for anticipating and reducing 
impacts (medium confidence). Instruments include public-private 
finance partnerships, loans, payments for environmental services, 
improved resource pricing, charges and subsidies, norms and regula-
tions and risk sharing and transfer mechanisms. Risk financing mecha-
nisms in the public and private sector, such as insurance and risk pools, 
can contribute to increasing resilience, but without attention to major 
design challenges, they can also provide disincentives, cause market 
failure and decrease equity. Governments often play key roles as regu-
lators, providers or insurers of last resort. {WGII SPM C-1}

4.4.2.2 Mitigation

There has been a considerable increase in national and sub-
national mitigation plans and strategies since AR4. In 2012, 67% 
of global GHG emissions42 were subject to national legislation or strat-
egies versus 45% in 2007. However, there has not yet been a substan-
tial deviation in global emissions from the past trend. These plans and 
strategies are in their early stages of development and implementation 
in many countries, making it difficult to assess their aggregate impact 
on future global emissions (medium evidence, high agreement). {WGIII 
SPM.5.1}

Since AR4, there has been an increased focus on policies 
designed to integrate multiple objectives, increase co-benefits 
and reduce adverse side effects (high confidence). Governments 
often explicitly reference co-benefits in climate and sectoral plans and 
strategies. {WGIII SPM.5.1} 

Sector-specific policies have been more widely used than econ-
omy-wide policies (Table 4.7) (medium evidence, high agree-
ment). Although most economic theory suggests that economy-wide 
policies for mitigation would be more cost-effective than sector-specific  
policies, administrative and political barriers may make economy-wide 
policies harder to design and implement than sector-specific policies. 
The latter may be better suited to address barriers or market failures 
specific to certain sectors and may be bundled in packages of comple-
mentary policies {WGIII SPM.5.1}

In principle, mechanisms that set a carbon price, including cap 
and trade systems and carbon taxes, can achieve mitigation in 
a cost-effective way, but have been implemented with diverse 
effects due in part to national circumstances as well as policy 
design. The short-run environmental effects of cap and trade sys-
tems have been limited as a result of loose caps or caps that have not 
proved to be constraining (limited evidence, medium agreement). In 
some countries, tax-based policies specifically aimed at reducing GHG 
emissions—alongside technology and other policies—have helped to 
weaken the link between GHG emissions and gross domestic product 
(GDP) (high confidence). In addition, in a large group of countries, fuel 
taxes (although not necessarily designed for the purpose of mitigation) 
have had effects that are akin to sectoral carbon taxes (robust evi-
dence, medium agreement). Revenues from carbon taxes or auctioned 
emission allowances are used in some countries to reduce other taxes 
and/or to provide transfers to low-income groups. This illustrates the 
general principle that mitigation policies that raise government reve-
nue generally have lower social costs than approaches which do not. 
{WGIII SPM.5.1}

Economic instruments in the form of subsidies may be applied 
across sectors, and include a variety of policy designs, such as tax 
rebates or exemptions, grants, loans and credit lines. An increas-
ing number and variety of RE policies including subsidies—motivated 
by many factors—have driven escalated growth of RE technologies in 
recent years. Government policies play a crucial role in accelerating the 
deployment of RE technologies. Energy access and social and economic 
development have been the primary drivers in most developing coun-
tries whereas secure energy supply and environmental concerns have 
been most important in developed countries. The focus of policies is 
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Table 4.7 | Sectoral Policy Instruments. {WGIII Table 15.2}
 

Policy 
Instruments Energy Transport Buildings Industry AFOLU Human Settlements 

and Infrastructure

Economic 
Instruments 
– Taxes
(carbon taxes 
may be 
economy-wide)

- Carbon tax (e.g., 
applied to electricity 
or fuels)

- Fuel taxes
- Congestion charges, 

vehicle registration 
fees, road tolls

- Vehicle taxes

- Carbon and/or 
energy taxes (either 
sectoral or 
economy-wide)

- Carbon tax or energy 
tax

- Waste disposal taxes 
or charges

- Fertilizer or nitrogen 
taxes to reduce 
nitrous oxide (N2O)

- Sprawl taxes, Impact 
fees, exactions, 
split-rate property 
taxes, tax increment 
finance, betterment 
taxes, congestion 
charges

Economic 
Instruments 
– Tradable 
Allowances
(may be 
economy-wide)

- Emission trading
- Emission credits 

under the Clean 
Development 
Mechanism (CDM)

- Tradable Green 
Certificates

- Fuel and vehicle 
standards

- Tradable certificates 
for energy efficiency 
improvements (white 
certificates) 

- Emission trading
- Emission credits 

under CDM
- Tradable Green 

Certificates 

- Emission credits 
under CDM

- Compliance schemes 
outside Kyoto 
protocol (national 
schemes)

- Voluntary carbon 
markets

- Urban-scale cap and 
trade

Economic 
Instruments 
– Subsidies

- Fossil fuel subsidy 
removal

- Feed in tariffs (FITs) 
for renewable energy

- Biofuel subsidies
- Vehicle purchase 

subsidies
- Feebates 

- Subsidies or tax 
exemptions for 
investment in 
efficient buildings, 
retrofits and 
products

- Subsidized loans

- Subsidies (e.g., for 
energy audits)

- Fiscal incentives (e.g., 
for fuel switching)

- Credit lines for 
low-carbon 
agriculture, 
sustainable forestry

- Special Improvement 
or Redevelopment 
Districts

Regulatory 
Approaches

- Efficiency or 
environmental 
performance 
standards

- Renewable Portfolio 
Standards (RPS) for 
renewable energy 
(RE)

- Equitable access to 
electricity grid

- Legal status of 
long-term CO2 
storage

- Fuel economy 
performance 
standards

- Fuel quality 
standards

- Greenhouse gas 
(GHG) emission 
performance 
standards

- Regulatory 
restrictions to 
encourage modal 
shifts (road to rail) 

- Restriction on use of 
vehicles in certain 
areas

- Environmental 
capacity constraints 
on airports

- Urban planning and 
zoning restrictions

- Building codes and 
standards

- Equipment and 
appliance standards

- Mandates for energy 
retailers to assist 
customers invest in 
energy efficiency

- Energy efficiency 
standards for 
equipment

- Energy management 
systems (also 
voluntary)

- Voluntary 
agreements (where 
bound by regulation)

- Labelling and public 
procurement 
regulations

- National policies to 
support REDD+ 
including monitoring, 
reporting and 
verification

- Forest laws to reduce 
deforestation

- Air and water 
pollution control GHG 
precursors

- Land use planning 
and governance 

- Mixed use zoning
- Development 

restrictions
- Affordable housing 

mandates
- Site access controls
- Transfer development 

rights
- Design codes
- Building codes
- Street codes
- Design standards

Information 
Programmes

- Fuel labelling
- Vehicle efficiency 

labelling

- Energy audits
- Labelling 

programmes
- Energy advice 

programmes

- Energy audits
- Benchmarking
- Brokerage for 

industrial 
cooperation

- Certification schemes  
for sustainable forest        
practices

- Information policies 
to support REDD+ 
including monitoring, 
reporting and 
verification

Government 
Provision of 
Public Goods or 
Services

- Research and 
development

- Infrastructure 
expansion (district 
heating/cooling or 
common carrier)

- Investment in transit 
and human powered 
transport

- Investment in 
alternative fuel 
infrastructure

- Low-emission vehicle 
procurement

- Public procurement 
of efficient buildings 
and appliances

- Training and 
education

- Brokerage for 
industrial 
cooperation

- Protection of 
national, state, and 
local forests.

- Investment in 
improvement and 
diffusion of 
innovative 
technologies in 
agriculture and 
forestry

- Provision of utility 
infrastructure, such 
as electricity 
distribution, district 
heating/cooling and 
wastewater 
connections, etc.

- Park improvements
- Trail improvements
- Urban rail

Voluntary 
Actions

- Labelling 
programmes for 
efficient buildings

- Product eco-labelling

- Voluntary agreements 
on energy targets, 
adoption of energy 
management systems, 
or resource efficiency

- Promotion of 
sustainability by 
developing standards 
and educational 
campaigns
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broadening from a concentration primarily on RE electricity to include 
RE heating and cooling and transportation. {SRREN SPM.7}

The reduction of subsidies for GHG-related activities in vari-
ous sectors can achieve emission reductions, depending on the 
social and economic context (high confidence). While subsidies 
can affect emissions in many sectors, most of the recent literature has 
focused on subsidies for fossil fuels. Since AR4 a small but growing 
literature based on economy-wide models has projected that com-
plete removal of subsidies to fossil fuels in all countries could result 
in reductions in global aggregate emissions by mid-century (medium 
evidence, medium agreement). Studies vary in methodology, the type 
and definition of subsidies and the time frame for phase out consid-
ered. In particular, the studies assess the impacts of complete removal 
of all fossil fuel subsides without seeking to assess which subsidies 
are wasteful and inefficient, keeping in mind national circumstances. 
{WGIII SPM.5.1}

Regulatory approaches and information measures are widely 
used and are often environmentally effective (medium evi-
dence, medium agreement). Examples of regulatory approaches 
include energy efficiency standards; examples of information pro-
grammes include labelling programmes that can help consumers make 
better-informed decisions. {WGIII SPM.5.1}

Mitigation policy could devalue fossil fuel assets and reduce rev-
enues for fossil fuel exporters, but differences between regions 
and fuels exist (high confidence). Most mitigation scenarios are 
associated with reduced revenues from coal and oil trade for major 
exporters. The effect on natural gas export revenues is more uncertain. 
The availability of CCS would reduce the adverse effect of mitigation 
on the value of fossil fuel assets (medium confidence). {WGIII SPM.5.1}

Interactions between or among mitigation policies may be syn-
ergistic or may have no additive effect on reducing emissions 
(medium evidence, high agreement). For instance, a carbon tax can 
have an additive environmental effect to policies such as subsidies for 
the supply of RE. By contrast, if a cap and trade system has a sufficiently  
stringent cap to affect emission-related decisions, then other policies 
have no further impact on reducing emissions (although they may 
affect costs and possibly the viability of more stringent future targets) 
(medium evidence, high agreement). In either case, additional policies 
may be needed to address market failures relating to innovation and 
technology diffusion. {WGIII SPM.5.1}

Sub-national climate policies are increasingly prevalent, both 
in countries with national policies and in those without. These  
policies include state and provincial climate plans combining market, 
regulatory and information instruments, and sub-national cap-and-trade 
systems. In addition, transnational cooperation has arisen among 
sub-national actors, notably among institutional investors, NGOs 
seeking to govern carbon offset markets, and networks of cities seek-
ing to collaborate in generating low-carbon urban development.  
{WGIII 13.5.2, 15.2.4, 15.8}

Co-benefits and adverse side effects of mitigation could affect 
achievement of other objectives such as those related to human 
health, food security, biodiversity, local environmental quality, 

energy access, livelihoods and equitable sustainable develop-
ment: {WGIII SPM.2}

• Mitigation scenarios reaching about 450 or 500 ppm CO2-equivalent  
by 2100 show reduced costs for achieving air quality and energy 
security objectives, with significant co-benefits for human health, 
ecosystem impacts and sufficiency of resources and resilience of 
the energy system. {WGIII SPM.4.1}

• Some mitigation policies raise the prices for some energy ser-
vices and could hamper the ability of societies to expand access 
to modern energy services to underserved populations (low con-
fidence). These potential adverse side effects can be avoided with 
the adoption of complementary policies such as income tax rebates 
or other benefit transfer mechanisms (medium confidence). The 
costs of achieving nearly universal access to electricity and clean 
fuels for cooking and heating are projected to be between USD 72  
to 95 billion per year until 2030 with minimal effects on GHG emis-
sions (limited evidence, medium agreement) and multiple benefits 
in health and air pollutant reduction (high confidence). {WGIII 
SPM.5.1}

Whether or not side effects materialize, and to what extent side effects 
materialize, will be case- and site-specific, and depend on local cir-
cumstances and the scale, scope and pace of implementation. Many 
co-benefits and adverse side effects have not been well-quantified. 
{WGIII SPM.4.1}

4.4.3 Technology development and transfer

Technology policy (development, diffusion and transfer) com-
plements other mitigation policies across all scales from inter-
national to sub-national, but worldwide investment in research 
in support of GHG mitigation is small relative to overall public 
research spending (high confidence). Technology policy includes 
technology-push (e.g., publicly-funded R&D) and demand-pull (e.g., 
governmental procurement programmes). Such policies address 
a pervasive market failure because, in the absence of government 
policy such as patent protection, the invention of new technologies 
and practices from R&D efforts has aspects of a public good and 
thus tends to be under-provided by market forces alone. Technology 
support policies have promoted substantial innovation and diffusion 
of new technologies, but the cost-effectiveness of such policies is 
often difficult to assess. Technology policy can increase incentives for 
participation and compliance with international cooperative efforts, 
particularly in the long run. {WGIII SPM.5.1, 2.6.5, 3.11, 13.9, 13.12, 
15.6.5}

Many adaptation efforts also critically rely on diffusion and 
transfer of technologies and management practices, but their 
effective use depends on a suitable institutional, regulatory, 
social and cultural context (high confidence). Adaptation tech-
nologies are often familiar and already applied elsewhere. However, 
the success of technology transfer may involve not only the provision 
of finance and information, but also strengthening of policy and reg-
ulatory environments and capacities to absorb, employ and improve 
technologies appropriate to local circumstances. {WGII 15.4}
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Substantial reductions in emissions would require large changes 
in investment patterns (high confidence). Mitigation scenarios 
in which policies stabilize atmospheric concentrations (without over-
shoot) in the range from 430 to 530 ppm CO2-eq by 210045

30 lead to sub-
stantial shifts in annual investment flows during the period 2010–2029 
compared to baseline scenarios. Over the next two decades (2010–
2029), annual investments in conventional fossil fuel technologies 
associated with the electricity supply sector are projected to decline in 
the scenarios by about USD 30 (2 to 166) billion (median: –20% com- 
pared to 2010) while annual investment in low carbon electricity supply 
(i.e., renewables, nuclear and electricity with CCS) is projected to rise 
in the scenarios by about USD 147 (31 to 360) billion (median: +100% 
compared to 2010) (limited evidence, medium agreement). In addition, 

annual incremental energy efficiency investments in transport, industry 
and buildings is projected to rise in the scenarios by about USD 336 
(1 to 641) billion. Global total annual investment in the energy system 
is presently about USD 1,200 billion. This number includes only energy 
supply of electricity and heat and respective upstream and downstream 
activities. Energy efficiency investment or underlying sector investment 
is not included (Figure 4.4). {WGIII SPM.5.1, 16.2}

There is no widely agreed definition of what constitutes climate 
finance, but estimates of the financial flows associated with  
climate change mitigation and adaptation are available. See 
Figure 4.5 for an overview of climate finance flows. Published assess-
ments of all current annual financial flows whose expected effect is 
to reduce net GHG emissions and/or to enhance resilience to climate 
change and climate variability show USD 343 to 385 billion per year 
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Figure 4.4 |  Change in annual investment flows from the average baseline level over the next two decades (2010 to 2029) for mitigation scenarios that stabilize concentrations 
(without overshoot) within the range of approximately 430 to 530 ppm CO2-eq by 2100. Total electricity generation (leftmost column) is the sum of renewable and nuclear energy, 
power plants with CCS, and fossil-fuel power plants without CCS. The vertical bars indicate the range between the minimum and maximum estimate; the horizontal bar indicates 
the median. The numbers in the bottom row show the total number of studies in the literature used in the assessment. Individual technologies shown are found to be used in dif-
ferent model scenarios in either a complementary or a synergistic way, depending largely on technology-specific assumptions and the timing and ambition level of the phase-in of 
global climate policies. {WGIII Figure SPM.9}

45 This range comprises scenarios that reach 430 to 480 ppm CO2-eq by 2100 (likely to limit warming to 2°C above pre-industrial levels) and scenarios that reach 480 to 530 ppm 
CO2-eq by 2100 (without overshoot: more likely than not to limit warming to 2°C above pre-industrial levels).
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globally (medium confidence). Out of this, total public climate finance 
that flowed to developing countries is estimated to be between USD 35 
and 49 billion per year in 2011 and 2012 (medium confidence). Esti-
mates of international private climate finance flowing to developing 
countries range from USD 10 to 72 billion per year including foreign 
direct investment as equity and loans in the range of USD 10 to 37 billion 
per year over the period of 2008–2011 (medium confidence). {WGIII 
SPM.5.1}

In many countries, the private sector plays central roles in the 
processes that lead to emissions as well as to mitigation and 
adaptation. Within appropriate enabling environments, the pri-
vate sector, along with the public sector, can play an impor-
tant role in financing mitigation and adaptation (medium evi-
dence, high agreement). The share of total mitigation finance from 
the private sector, acknowledging data limitations, is estimated to be 
on average between two-thirds and three-fourths on the global level 
(2010–2012) (limited evidence, medium agreement). In many coun-
tries, public finance interventions by governments and international 
development banks encourage climate investments by the private 
sector and provide finance where private sector investment is limited. 
The quality of a country’s enabling environment includes the effective-
ness of its institutions, regulations and guidelines regarding the pri-
vate sector, security of property rights, credibility of policies and other 
factors that have a substantial impact on whether private firms invest 
in new technologies and infrastructures. Dedicated policy instruments 
and financial arrangements, for example, credit insurance, feed-in tar-
iffs, concessional finance or rebates provide an incentive for mitigation 

investment by improving the return adjusted for the risk for private 
actors. Public-private risk reduction initiatives (such as in the context 
of insurance systems) and economic diversification are examples of 
adaptation action enabling and relying on private sector participation. 
{WGII SPM B-2, SPM C-1, WGIII SPM.5.1}

Financial resources for adaptation have become available 
more slowly than for mitigation in both developed and devel-
oping countries. Limited evidence indicates that there is a gap 
between global adaptation needs and the funds available for 
adaptation (medium confidence). Potential synergies between 
international finance for disaster risk management and adaptation 
to climate change have not yet been fully realized (high confidence). 
There is a need for better assessment of global adaptation costs, fund-
ing and investment. Studies estimating the global cost of adaptation 
are characterized by shortcomings in data, methods and coverage 
(high confidence). {WGII SPM C-1, 14.2, SREX SPM}

Source of capital

Carbon taxes 
and auction of 
allowances

General tax 
revenue

Funds from 
capital markets

Corporate 
cash flow

Household 
income

Manager of capital

Governments

National, 
bilateral and 
multilateral 
financial 
institutions

Commercial 
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institutions

Corporate 
actors and 
institutional 
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public)

Households
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Project debt 
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concessional)

Project level
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enhancement/ 
Risk 
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Governments, 
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Project
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Figure 4.5 |  Overview of climate finance flows. Note: Capital should be understood to include all relevant financial flows. The size of the boxes is not related to the magnitude of 
the financial flow. {WGIII Figure TS.40}



112

Topic 4 Adaptation and Mitigation

4

4.5 Trade-offs, synergies and 
integrated responses

There are many opportunities to link mitigation, adap-
tation and the pursuit of other societal objectives 
through integrated responses (high confidence). Suc-
cessful implementation relies on relevant tools, suit-
able governance structures and enhanced capacity to 
respond (medium confidence).

A growing evidence base indicates close links between adaptation and 
mitigation, their co-benefits and adverse side effects, and recognizes 
sustainable development as the overarching context for climate policy 
(see Sections 3.5, 4.1, 4.2 and 4.3). Developing tools to address these 
linkages is critical to the success of climate policy in the context of 
sustainable development (see also Sections 4.4 and 3.5). This section 
presents examples of integrated responses in specific policy arenas, as 
well as some of the factors that promote or impede policies aimed at 
multiple objectives.

Increasing efforts to mitigate and adapt to climate change 
imply an increasing complexity of interactions, encompassing 
connections among human health, water, energy, land use and 
biodiversity (very high confidence). Mitigation can support the 
achievement of other societal goals, such as those related to human 
health, food security, environmental quality, energy access, livelihoods 
and sustainable development, although there can also be negative 
effects. Adaptation measures also have the potential to deliver miti-
gation co-benefits, and vice versa, and support other societal goals, 
though trade-offs can also arise. {WGII SPM C-1, SPM C-2, 8.4, 9.3–9.4, 
11.9, Box CC-WE, WGIII Table TS.3, Table TS.4, Table TS.5, Table TS.6, 
Table TS.7}

Integration of adaptation and mitigation into planning and 
decision-making can create synergies with sustainable develop-
ment (high confidence). Synergies and trade-offs among mitigation 
and adaptation policies and policies advancing other societal goals 
can be substantial, although sometimes difficult to quantify especially 
in welfare terms (see also Section 3.5). A multi-objective approach to 
policy-making can help manage these synergies and trade-offs. Poli-
cies advancing multiple goals may also attract greater support. {WGII  
SPM C-1, SPM C-2, 20.3, WGIII 1.2.1, 3.6.3, 4.3, 4.6, 4.8, 6.6.1}

Effective integrated responses depend on suitable tools and gov-
ernance structures, as well as adequate capacity (medium confi-
dence). Managing trade-offs and synergies is challenging and requires 
tools to help understand interactions and support decision-making 
at local and regional scales. Integrated responses also depend on  
governance that enables coordination across scales and sectors, sup-
ported by appropriate institutions. Developing and implementing 
suitable tools and governance structures often requires upgrading 
the human and institutional capacity to design and deploy integrated  
responses. {WGII SPM C-1, SPM C-2, 2.2, 2.4, 15.4, 15.5, 16.3, Table 14-1,  
Table 16-1, WGIII TS.1, TS.3, 15.2}

An integrated approach to energy planning and implementation 
that explicitly assesses the potential for co-benefits and the 
presence of adverse side effects can capture complementarities 
across multiple climate, social and environmental objectives 
(medium confidence). There are strong interactive effects across 
various energy policy objectives, such as energy security, air quality, 
health and energy access (see Figure 3.5) and between a range of 
social and environmental objectives and climate mitigation objectives 
(see Table 4.5). An integrated approach can be assisted by tools such as 
cost-benefit analysis, cost-effectiveness analysis, multi-criteria analysis 
and expected utility theory. It also requires appropriate coordinating 
institutions. {WGIII Figure SPM.6, TS.1, TS.3}

Explicit consideration of interactions among water, food, energy 
and biological carbon sequestration plays an important role in 
supporting effective decisions for climate resilient pathways 
(medium evidence, high agreement). Both biofuel-based power 
generation and large-scale afforestation designed to mitigate climate 
change can reduce catchment run-off, which may conflict with alter-
native water uses for food production, human consumption or the 
maintenance of ecosystem function and services (see also Box 3.4). 
Conversely, irrigation can increase the climate resilience of food and 
fibre production but reduces water availability for other uses. {WGII 
Box CC-WE, Box TS.9}

An integrated response to urbanization provides substantial 
opportunities for enhanced resilience, reduced emissions and 
more sustainable development (medium confidence). Urban 
areas account for more than half of global primary energy use and 
energy-related CO2 emissions (medium evidence, high agreement) and 
contain a high proportion of the population and economic activities at 
risk from climate change. In rapidly growing and urbanizing regions, 
mitigation strategies based on spatial planning and efficient infrastruc-
ture supply can avoid the lock-in of high emission patterns. Mixed-use 
zoning, transport-oriented development, increased density and co-lo-
cated jobs and homes can reduce direct and indirect energy use across 
sectors. Compact development of urban spaces and intelligent densi-
fication can preserve land carbon stocks and land for agriculture and 
bioenergy. Reduced energy and water consumption in urban areas 
through greening cities and recycling water are examples of mitigation 
actions with adaptation benefits. Building resilient infrastructure sys-
tems can reduce vulnerability of urban settlements and cities to coastal 
flooding, sea level rise and other climate-induced stresses. {WGII  
SPM B-2, SPM C-1, TS B-2, TS C-1, TS C-2, WGIII SPM.4.2.5, TS.3}
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User Guide

As defined in the IPCC Procedures, the Synthesis Report (SYR) synthesises and integrates material contained within IPCC Assessment Reports and 
Special Reports. The scope of the SYR of the Fifth Assessment Report (AR5) includes material contained in the three Working Group contributions 
to the AR5, and it draws on information contained in other IPCC Reports as required. The SYR is based exclusively on assessments by the IPCC 
Working Groups; it does not refer to or assess the primary scientific literature itself.

The SYR is a self-contained, condensed summary of the much richer information contained in the underlying Working Group Reports. Users may 
wish to access relevant material at the required level of detail in the following manner: the report contains a Summary for Policymakers (SPM) 
that provides the most condensed summary of the current understanding of scientific, technical and socio-economic aspects of climate change. 
All references in curly brackets in this SPM refer to sections in the longer report. The longer report consists of an Introduction and four Topics. The 
numbers of the SPM sections largely correspond with the section numbers of the Topics. At the end of each paragraph, references are provided in 
italics between curly brackets. These refer to the Summaries for Policymakers (SPMs), Technical Summaries (TSs), Executive Summaries of chapters 
(ESs) and chapters (with chapter and section numbers) of the underlying Working Group contributions to the AR5 and Special Reports of the AR5. 
References to the IPCC Fourth Assessment Report (AR4) in 2007 are identified by adding “AR4” to the reference. 

Users who wish to gain a better understanding of scientific details or access the primary scientific literature on which the SYR is based should 
refer to chapter sections of the underlying Working Group reports that are cited in the longer report of the SYR. The individual chapters of the 
Working Group reports provide references to the primary scientific literature on which IPCC assessments are based, and also offer the most 
detailed region- and sector-specific information. 

A glossary, a list of acronyms, lists of authors and reviewers, a list of IPCC publications (annexes) and an index are provided to further facilitate 
the use of this report.
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Abrupt change/abrupt climate change
Abrupt change refers to a change that is substantially faster than the 
rate of change in the recent history of the affected components of a 
system. Abrupt climate change refers to a large-scale change in the 
climate system that takes place over a few decades or less, persists (or 
is anticipated to persist) for at least a few decades and causes substan-
tial disruptions in human and natural systems. {WGI, II, III} 

Adaptation
The process of adjustment to actual or expected climate and its effects. 
In human systems, adaptation seeks to moderate or avoid harm or 
exploit beneficial opportunities. In some natural systems, human inter-
vention may facilitate adjustment to expected climate and its effects1.  
{WGII, III}

Adaptation deficit
The gap between the current state of a system and a state that mini-
mizes adverse impacts from existing climate conditions and variability. 
{WGII}

Adaptation limit
The point at which an actor’s objectives (or system needs) cannot be 
secured from intolerable risks through adaptive actions. {WGII}

Hard adaptation limit 
No adaptive actions are possible to avoid intolerable risks.

Soft adaptation limit
Options are currently not available to avoid intolerable risks 
through adaptive action. 

Adaptive capacity
The ability of systems, institutions, humans and other organisms to 
adjust to potential damage, to take advantage of opportunities, or to 
respond to consequences2. {WGII, III}

Adverse side effects
The negative effects that a policy or measure aimed at one objec-
tive might have on other objectives, irrespective of the net effect 
on overall social welfare. Adverse side effects are often subject to 
uncertainty and depend on local circumstances and implementa-
tion practices, among other factors. See also Co-benefits and Risk. 
{WGIII}

Afforestation
Planting of new forests on lands that historically have not contained  
forests. For a discussion of the term forest and related terms such as 
afforestation, reforestation and deforestation, see the IPCC Special 
Report on Land Use, Land-Use Change, and Forestry (IPCC, 2000b). 
See also information provided by the United Nations Framework Con-
vention on Climate Change (UNFCCC, 2013) and the report on Defini-
tions and Methodological Options to Inventory Emissions from Direct 
Human-induced Degradation of Forests and Devegetation of Other 
Vegetation Types (IPCC, 2003). {WGI, III}

Agriculture, Forestry and Other Land Use (AFOLU and FOLU/
LULUCF)
AFOLU plays a central role for food security and sustainable devel-
opment. The main mitigation options within AFOLU involve one or 
more of three strategies: prevention of emissions to the atmosphere by 
conserving existing carbon pools in soils or vegetation or by reducing 
emissions of methane and nitrous oxide; sequestration—increasing 
the size of existing carbon pools and thereby extracting carbon dioxide 
(CO2) from the atmosphere; and substitution—substituting biological 
products for fossil fuels or energy-intensive products, thereby reduc-
ing CO2 emissions. Demand-side measures (e.g., reducing losses and 
wastes of food, changes in human diet, or changes in wood consump-
tion) may also play a role.

FOLU (Forestry and Other Land Use)—also referred to as LULUCF 
(Land Use, Land-Use Change, and Forestry)—is the subset of AFOLU 
emissions and removals of greenhouse gases (GHGs) resulting from 
direct human-induced land use, land-use change, and forestry activi-
ties excluding agricultural emissions. {WGIII}

Albedo 
The fraction of solar radiation reflected by a surface or object, often 
expressed as a percentage. Snow-covered surfaces have a high albedo, 
the albedo of soils ranges from high to low and vegetation-covered 
surfaces and oceans have a low albedo. The Earth’s planetary albedo 
varies mainly through varying cloudiness, snow, ice, leaf area and land 
cover changes. {WGI, III}

Altimetry 
A technique for measuring the height of the Earth’s surface with 
respect to the geocentre of the Earth within a defined terrestrial refer-
ence frame (geocentric sea level). {WGI}

Ancillary benefits
See Co-benefits. {WGII, III}

Attribution
See Detection and attribution. {WGI, II}.

Baseline/reference
The baseline (or reference) is the state against which change is meas-
ured. A baseline period is the period relative to which anomalies are 
computed. In the context of transformation pathways, the term baseline 

This glossary defines some specific terms as the Core Writing 
Team of the Synthesis Report intends them to be interpreted 
in the context of this report. Red, italicized words indicate 
that the term is defined in the glossary. The references to 
Working Groups (WG) I, II and III in italics at the end of each 
term in this glossary refer to the AR5 WG glossaries and 
should be read as: WGI (IPCC, 2013a), WGII (IPCC, 2014a), 
and WGIII (IPCC, 2014b).

1 Reflecting progress in science, this glossary entry differs in breadth and focus from the entry used in the Fourth Assessment Report and other IPCC reports.
2 This glossary entry builds from definitions used in previous IPCC reports and the Millennium Ecosystem Assessment (MEA, 2005).
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scenarios refers to scenarios that are based on the assumption that no 
mitigation policies or measures will be implemented beyond those that 
are already in force and/or are legislated or planned to be adopted. 
Baseline scenarios are not intended to be predictions of the future, 
but rather counterfactual constructions that can serve to highlight the 
level of emissions that would occur without further policy effort. Typ-
ically, baseline scenarios are then compared to mitigation scenarios 
that are constructed to meet different goals for greenhouse gas (GHG) 
emissions, atmospheric concentrations or temperature change. The 
term baseline scenario is used interchangeably with reference scenario  
and no policy scenario. In much of the literature the term is also synon-
ymous with the term business-as-usual (BAU) scenario, although the 
term BAU has fallen out of favour because the idea of business as 
usual in century-long socio-economic projections is hard to fathom. 
See also Emission scenario, Representative Concentration Pathways 
(RCPs) and SRES scenarios. {WGI, II, III}

Biodiversity
The variability among living organisms from terrestrial, marine and 
other ecosystems. Biodiversity includes variability at the genetic, spe-
cies and ecosystem levels3. {WGII, III}

Bioenergy and Carbon Dioxide Capture and Storage (BECCS)
The application of Carbon Dioxide Capture and Storage (CCS) technol-
ogy to bioenergy conversion processes. Depending on the total life-
cycle emissions, including total marginal consequential effects (from 
indirect land-use change (iLUC) and other processes), BECCS has the 
potential for net carbon dioxide (CO2) removal from the atmosphere. 
See also Sequestration. {WGIII}

Burden sharing/effort sharing
In the context of mitigation, burden sharing refers to sharing the effort 
of reducing the sources or enhancing the sinks of greenhouse gases 
(GHGs) from historical or projected levels, usually allocated by some 
criteria, as well as sharing the cost burden across countries. {WGIII}

Cancún Agreements
A set of decisions adopted at the 16th Session of the Conference of the 
Parties (COP) to the United Nations Framework Convention on Climate 
Change (UNFCCC), including the following, among others: the newly 
established Green Climate Fund (GCF), a newly established technol- 
ogy mechanism, a process for advancing discussions on adaptation, a 
formal process for reporting mitigation commitments, a goal of limiting 
global mean surface temperature increase to 2°C and an agreement on 
MRV—Measurement, Reporting and Verification for those countries 
that receive international support for their mitigation efforts. {WGIII}

Cancún Pledges
During 2010, many countries submitted their existing plans for con-
trolling greenhouse gas (GHG) emissions to the Climate Change Sec-
retariat and these proposals have now been formally acknowledged 
under the United Nations Framework Convention on Climate Change 
(UNFCCC). Developed countries presented their plans in the shape of 
economy-wide targets to reduce emissions, mainly up to 2020, while 

developing countries proposed ways to limit their growth of emissions 
in the shape of plans of action. {WGIII}

Carbon cycle
The term used to describe the flow of carbon (in various forms, e.g., as 
carbon dioxide (CO2)) through the atmosphere, ocean, terrestrial and 
marine biosphere and lithosphere. In this report, the reference unit for 
the global carbon cycle is GtCO2 or GtC (Gigatonne of carbon = 1 GtC 
= 1015 grams of carbon. This corresponds to 3.667 GtCO2). {WGI, II, III}

Carbon Dioxide Capture and Storage (CCS)
A process in which a relatively pure stream of carbon dioxide (CO2) 
from industrial and energy-related sources is separated (captured), con-
ditioned, compressed and transported to a storage location for long-
term isolation from the atmosphere. See also Bioenergy and Carbon 
Dioxide Capture and Storage (BECCS) and Sequestration. {WGIII}

Carbon Dioxide Removal (CDR)
Carbon Dioxide Removal methods refer to a set of techniques that aim 
to remove CO2 directly from the atmosphere by either (1) increasing 
natural sinks for carbon or (2) using chemical engineering to remove 
the CO2, with the intent of reducing the atmospheric CO2 concentration. 
CDR methods involve the ocean, land and technical systems, including 
such methods as iron fertilization, large-scale afforestation and direct 
capture of CO2 from the atmosphere using engineered chemical means. 
Some CDR methods fall under the category of geoengineering, though 
this may not be the case for others, with the distinction being based on 
the magnitude, scale and impact of the particular CDR activities. The 
boundary between CDR and mitigation is not clear and there could be 
some overlap between the two given current definitions (IPCC, 2012b, 
p. 2). See also Solar Radiation Management (SRM). {WGI, III} 

Carbon intensity
The amount of emissions of carbon dioxide (CO2) released per unit of 
another variable such as Gross Domestic Product (GDP), output energy 
use or transport. {WGIII}

Carbon price
The price for avoided or released carbon dioxide (CO2) or CO2-equivalent 
emissions. This may refer to the rate of a carbon tax, or the price of 
emission permits. In many models that are used to assess the economic 
costs of mitigation, carbon prices are used as a proxy to represent the 
level of effort in mitigation policies. {WGIII}

Carbon tax
A levy on the carbon content of fossil fuels. Because virtually all of the 
carbon in fossil fuels is ultimately emitted as carbon dioxide (CO2), a 
carbon tax is equivalent to an emission tax on CO2 emissions. {WGIII}

Climate
Climate in a narrow sense is usually defined as the average weather, or 
more rigorously, as the statistical description in terms of the mean and var-
iability of relevant quantities over a period of time ranging from months 
to thousands or millions of years. The classical period for averaging these 

3 This glossary entry builds from definitions used in the Global Biodiversity Assessment (Heywood, 1995) and the Millennium Ecosystem Assessment (MEA, 2005).
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variables is 30 years, as defined by the World Meteorological Organiza-
tion. The relevant quantities are most often surface variables such as tem-
perature, precipitation and wind. Climate in a wider sense is the state, 
including a statistical description, of the climate system. {WGI, II, III}

Climate change
Climate change refers to a change in the state of the climate that can 
be identified (e.g., by using statistical tests) by changes in the mean 
and/or the variability of its properties and that persists for an extended 
period, typically decades or longer. Climate change may be due to nat-
ural internal processes or external forcings such as modulations of the 
solar cycles, volcanic eruptions and persistent anthropogenic changes 
in the composition of the atmosphere or in land use. Note that the 
Framework Convention on Climate Change (UNFCCC), in its Article 1, 
defines climate change as: ‘a change of climate which is attributed 
directly or indirectly to human activity that alters the composition of 
the global atmosphere and which is in addition to natural climate varia-
bility observed over comparable time periods’. The UNFCCC thus makes 
a distinction between climate change attributable to human activities 
altering the atmospheric composition and climate variability attributa-
ble to natural causes. See also Detection and Attribution. {WGI, II, III}

Climate extreme (extreme weather or climate event)
See Extreme weather event. {WGI, II}

Climate feedback 
An interaction in which a perturbation in one climate quantity causes 
a change in a second and the change in the second quantity ultimately 
leads to an additional change in the first. A negative feedback is one in 
which the initial perturbation is weakened by the changes it causes; a 
positive feedback is one in which the initial perturbation is enhanced. 
In the Fifth Assessment Report, a somewhat narrower definition is 
often used in which the climate quantity that is perturbed is the global 
mean surface temperature, which in turn causes changes in the global 
radiation budget. In either case, the initial perturbation can either be 
externally forced or arise as part of internal variability. {WGI, II, III}

Climate finance
There is no agreed definition of climate finance. The term climate finance 
is applied both to the financial resources devoted to addressing climate 
change globally and to financial flows to developing countries to assist 
them in addressing climate change. The literature includes several concepts 
in these categories, among which the most commonly used include: {WGIII}

Incremental costs 
The cost of capital of the incremental investment and the change 
of operating and maintenance costs for a mitigation or adaptation 
project in comparison to a reference project. It can be calculated as 
the difference of the net present values of the two projects.

Incremental investment
The extra capital required for the initial investment for a mitigation 
or adaptation project in comparison to a reference project.

Total climate finance 
All financial flows whose expected effect is to reduce net green-
house gas (GHG) emissions and/or to enhance resilience to the 
impacts of climate variability and the projected climate change. This 

covers private and public funds, domestic and international flows 
and expenditures for mitigation and adaptation to current climate 
variability as well as future climate change.

Total climate finance flowing to developing countries
The amount of the total climate finance invested in developing 
countries that comes from developed countries. This covers private 
and public funds. 

Private climate finance flowing to developing countries
Finance and investment by private actors in/from developed coun-
tries for mitigation and adaptation activities in developing countries.

Public climate finance flowing to developing countries
Finance provided by developed countries’ governments and bilateral 
institutions as well as by multilateral institutions for mitigation and 
adaptation activities in developing countries. Most of the funds 
provided are concessional loans and grants. 

Climate model (spectrum or hierarchy) 
A numerical representation of the climate system based on the phys-
ical, chemical and biological properties of its components, their inter-
actions and feedback processes and accounting for some of its known 
properties. The climate system can be represented by models of varying 
complexity; that is, for any one component or combination of compo-
nents a spectrum or hierarchy of models can be identified, differing in 
such aspects as the number of spatial dimensions, the extent to which 
physical, chemical or biological processes are explicitly represented, or 
the level at which empirical parametrizations are involved. Coupled 
Atmosphere–Ocean General Circulation Models (AOGCMs) provide a 
representation of the climate system that is near or at the most com-
prehensive end of the spectrum currently available. There is an evo-
lution towards more complex models with interactive chemistry and 
biology. Climate models are applied as a research tool to study and 
simulate the climate and for operational purposes, including monthly, 
seasonal and interannual climate predictions. {WGI, II, III}

Climate projection
A climate projection is the simulated response of the climate system 
to a scenario of future emission or concentration of greenhouse gases 
(GHGs) and aerosols, generally derived using climate models. Climate 
projections are distinguished from climate predictions by their depend-
ence on the emission/concentration/radiative forcing scenario used, 
which is in turn based on assumptions concerning, for example, future 
socio-economic and technological developments that may or may not 
be realized. {WGI, II, III}

Climate-resilient pathways
Iterative processes for managing change within complex systems in 
order to reduce disruptions and enhance opportunities associated with 
climate change. {WGII}

Climate response
See Climate sensitivity. {WGI}

Climate sensitivity
In IPCC reports, equilibrium climate sensitivity (units: °C) refers to the 
equilibrium (steady state) change in the annual global mean surface 
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temperature following a doubling of the atmospheric equivalent carbon 
dioxide (CO2 ) concentration. Owing to computational constraints, the 
equilibrium climate sensitivity in a climate model is sometimes esti-
mated by running an atmospheric general circulation model coupled 
to a mixed-layer ocean model, because equilibrium climate sensitivity 
is largely determined by atmospheric processes. Efficient models can 
be run to equilibrium with a dynamic ocean. The climate sensitivity 
parameter (units: °C (W m–2)–1) refers to the equilibrium change in the 
annual global mean surface temperature following a unit change in 
radiative forcing. 

The effective climate sensitivity (units: °C) is an estimate of the global 
mean surface temperature response to doubled CO2 concentration 
that is evaluated from model output or observations for evolving non- 
equilibrium conditions. It is a measure of the strengths of the climate 
feedbacks at a particular time and may vary with forcing history and cli-
mate state and therefore may differ from equilibrium climate sensitivity. 

The transient climate response (units: °C) is the change in the global 
mean surface temperature, averaged over a 20-year period, centered 
at the time of atmospheric CO2 doubling, in a climate model simulation 
in which CO2 increases at 1%/yr. It is a measure of the strength and 
rapidity of the surface temperature response to greenhouse gas (GHG) 
forcing. {WGI, II, III} 

Climate system
The climate system is the highly complex system consisting of five 
major components: the atmosphere, the hydrosphere, the cryosphere, 
the lithosphere and the biosphere and the interactions between them. 
The climate system evolves in time under the influence of its own inter-
nal dynamics and because of external forcings such as volcanic erup-
tions, solar variations and anthropogenic forcings such as the changing 
composition of the atmosphere and land-use change. {WGI, II, III}

Climate variability 
Climate variability refers to variations in the mean state and other sta-
tistics (such as standard deviations, the occurrence of extremes, etc.) of 
the climate on all spatial and temporal scales beyond that of individual 
weather events. Variability may be due to natural internal processes 
within the climate system (internal variability), or to variations in nat-
ural or anthropogenic external forcing (external variability). See also 
Climate change. {WGI, II, III}

CO2-equivalent (CO2-eq) concentration 
The concentration of carbon dioxide (CO2) that would cause the same 
radiative forcing as a given mixture of CO2 and other forcing components. 
Those values may consider only greenhouse gases (GHGs), or a com-
bination of GHGs, aerosols and surface albedo change. CO2-equivalent 
concentration is a metric for comparing radiative forcing of a mix of 
different forcing components at a particular time but does not imply 
equivalence of the corresponding climate change responses nor future 
forcing. There is generally no connection between CO2-equivalent 
emissions and resulting CO2-equivalent concentrations. {WGI, III} 

CO2-equivalent (CO2-eq) emission 
The amount of carbon dioxide (CO2) emission that would cause the 
same integrated radiative forcing, over a given time horizon, as an 
emitted amount of a greenhouse gas (GHG) or a mixture of GHGs.  

The CO2-equivalent emission is obtained by multiplying the emission 
of a GHG by its Global Warming Potential (GWP) for the given time 
horizon (see WGI Chapter 8, Table 8.A.1 and WGIII Annex II.9.1 for 
GWP values of the different GHGs used here). For a mix of GHGs it 
is obtained by summing the CO2-equivalent emissions of each gas. 
CO2-equivalent emission is a common scale for comparing emissions 
of different GHGs but does not imply equivalence of the corresponding 
climate change responses. There is generally no connection between 
CO2-equivalent emissions and resulting CO2-equivalent concentrations. 
{WGI, III}

Co-benefits
The positive effects that a policy or measure aimed at one objective 
might have on other objectives, irrespective of the net effect on overall 
social welfare. Co-benefits are often subject to uncertainty and depend 
on local circumstances and implementation practices, among other 
factors. Co-benefits are also referred to as ancillary benefits. {WGII, III}

Confidence
The validity of a finding based on the type, amount, quality and con-
sistency of evidence (e.g., mechanistic understanding, theory, data, 
models, expert judgment) and on the degree of agreement. In this 
report, confidence is expressed qualitatively (Mastrandrea et al., 2010). 
See WGI AR5 Figure 1.11 for the levels of confidence; see WGI AR5 
Table 1.2 for the list of likelihood qualifiers; see WGII AR5 Box 1-1. See 
also Uncertainty. {WGI, II, III}

Cost-effectiveness
A policy is more cost-effective if it achieves a given policy goal at lower 
cost. Integrated models approximate cost-effective solutions, unless 
they are specifically constrained to behave otherwise. Cost-effective 
mitigation scenarios are those based on a stylized implementation 
approach in which a single price on carbon dioxide (CO2) and other 
greenhouse gases (GHGs) is applied across the globe in every sector 
of every country and that rises over time in a way that achieves lowest 
global discounted costs. {WGIII}

Decarbonization
The process by which countries or other entities aim to achieve a 
low-carbon economy, or by which individuals aim to reduce their con-
sumption of carbon. {WGII, III}

Deforestation
Conversion of forest to non-forest. For a discussion of the term forest 
and related terms such as afforestation, reforestation and deforesta-
tion, see the IPCC Special Report on Land Use, Land-Use Change, and 
Forestry (IPCC, 2000b). See also information provided by the United 
Nations Framework Convention on Climate Change (UNFCCC, 2013) 
and the report on Definitions and Methodological Options to Invento-
ry Emissions from Direct Human-induced Degradation of Forests and 
Devegetation of Other Vegetation Types (IPCC, 2003). {WGI, II}

Detection and attribution
Detection of change is defined as the process of demonstrating that 
climate or a system affected by climate has changed in some defined 
statistical sense, without providing a reason for that change. An iden-
tified change is detected in observations if its likelihood of occurrence 
by chance due to internal variability alone is determined to be small, 
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for example, <10%. Attribution is defined as the process of evaluat-
ing the relative contributions of multiple causal factors to a change 
or event with an assignment of statistical confidence (Hegerl et al., 
2010). {WGI, II}

Detection of impacts of climate change
For a natural, human or managed system, identification of a change 
from a specified baseline. The baseline characterizes behavior in the 
absence of climate change and may be stationary or non-stationary 
(e.g., due to land-use change). {WGII}

Disaster 
Severe alterations in the normal functioning of a community or a soci-
ety due to hazardous physical events interacting with vulnerable social 
conditions, leading to widespread adverse human, material, economic 
or environmental effects that require immediate emergency response 
to satisfy critical human needs and that may require external support 
for recovery. {WGII}

Discounting
A mathematical operation making monetary (or other) amounts received 
or expended at different times (years) comparable across time. The dis-
counter uses a fixed or possibly time-varying discount rate (>0) from 
year to year that makes future value worth less today. {WGII, III}

Drought
A period of abnormally dry weather long enough to cause a serious 
hydrological imbalance. Drought is a relative term; therefore any dis-
cussion in terms of precipitation deficit must refer to the particular 
precipitation-related activity that is under discussion. For example, 
shortage of precipitation during the growing season impinges on 
crop production or ecosystem function in general (due to soil mois-
ture drought, also termed agricultural drought) and during the runoff 
and percolation season primarily affects water supplies (hydrological 
drought). Storage changes in soil moisture and groundwater are also 
affected by increases in actual evapotranspiration in addition to reduc-
tions in precipitation. A period with an abnormal precipitation deficit is 
defined as a meteorological drought. A megadrought is a very lengthy 
and pervasive drought, lasting much longer than normal, usually a 
decade or more. For the corresponding indices, see WGI AR5 Box 2.4. 
{WGI, II}

Early warning system 
The set of capacities needed to generate and disseminate timely and 
meaningful warning information to enable individuals, communities 
and organizations threatened by a hazard to prepare to act promptly 
and appropriately to reduce the possibility of harm or loss4. {WGII}

Earth System Model (ESM)
A coupled atmosphere–ocean general circulation model in which a 
representation of the carbon cycle is included, allowing for interactive 
calculation of atmospheric CO2 or compatible emissions. Additional 
components (e.g., atmospheric chemistry, ice sheets, dynamic vegeta-
tion, nitrogen cycle, but also urban or crop models) may be included. 
See also Climate model. {WGI, II}

Ecosystem
An ecosystem is a functional unit consisting of living organisms, their 
non-living environment and the interactions within and between them. 
The components included in a given ecosystem and its spatial boun- 
daries depend on the purpose for which the ecosystem is defined: in 
some cases they are relatively sharp, while in others they are diffuse. 
Ecosystem boundaries can change over time. Ecosystems are nested 
within other ecosystems and their scale can range from very small to 
the entire biosphere. In the current era, most ecosystems either contain 
people as key organisms, or are influenced by the effects of human 
activities in their environment. {WGI, II, III}

Ecosystem services
Ecological processes or functions having monetary or non-monetary 
value to individuals or society at large. These are frequently classified 
as (1) supporting services such as productivity or biodiversity mainte-
nance, (2) provisioning services such as food, fiber or fish, (3) regulat-
ing services such as climate regulation or carbon sequestration and (4) 
cultural services such as tourism or spiritual and aesthetic apprecia-
tion. {WGII, III}

El Niño-Southern Oscillation (ENSO) 
The term El Niño was initially used to describe a warm-water current 
that periodically flows along the coast of Ecuador and Peru, disrupt-
ing the local fishery. It has since become identified with a basin-wide 
warming of the tropical Pacific Ocean east of the dateline. This oceanic 
event is associated with a fluctuation of a global-scale tropical and 
subtropical surface pressure pattern called the Southern Oscillation. 
This coupled atmosphere–ocean phenomenon, with preferred time 
scales of two to about seven years, is known as the El Niño-Southern 
Oscillation (ENSO). It is often measured by the surface pressure anom-
aly difference between Tahiti and Darwin or the sea surface temper-
atures in the central and eastern equatorial Pacific. During an ENSO 
event, the prevailing trade winds weaken, reducing upwelling and 
altering ocean currents such that the sea surface temperatures warm, 
further weakening the trade winds. This event has a great impact on 
the wind, sea surface temperature and precipitation patterns in the 
tropical Pacific. It has climatic effects throughout the Pacific region and 
in many other parts of the world, through global teleconnections. The 
cold phase of ENSO is called La Niña. For the corresponding indices, see 
WGI AR5 Box 2.5. {WGI, II}

Emission scenario
A plausible representation of the future development of emissions of 
substances that are potentially radiatively active (e.g., greenhouse 
gases (GHGs), aerosols) based on a coherent and internally consist-
ent set of assumptions about driving forces (such as demographic and 
socio-economic development, technological change, energy and land 
use) and their key relationships. Concentration scenarios, derived from 
emission scenarios, are used as input to a climate model to compute 
climate projections. In IPCC (1992) a set of emission scenarios was pre-
sented which were used as a basis for the climate projections in IPCC 
(1996). These emission scenarios are referred to as the IS92 scenarios. 
In the IPCC Special Report on Emissions Scenarios (IPCC, 2000a) emis-
sion scenarios, the so-called SRES scenarios, were published, some of 

4 This glossary entry builds from the definitions used in UNISDR (2009) and IPCC (2012a).
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which were used, among others, as a basis for the climate projections 
presented in Chapters 9 to 11 of IPCC WGI TAR (IPCC, 2001a) and 
Chapters 10 and 11 of IPCC WGI AR4 (IPCC, 2007) as well as in the 
IPCC WGI AR5 (IPCC, 2013b). New emission scenarios for climate 
change, the four Representative Concentration Pathways, were devel-
oped for, but independently of, the present IPCC assessment. See also 
Baseline/reference, Mitigation scenario and Transformation pathway. 
{WGI, II, III}

Energy access
Access to clean, reliable and affordable energy services for cooking 
and heating, lighting, communications and productive uses (AGECC, 
2010). {WGIII}

Energy intensity
The ratio of energy use to economic or physical output. {WGIII}

Energy security 
The goal of a given country, or the global community as a whole, to 
maintain an adequate, stable and predictable energy supply. Measures 
encompass safeguarding the sufficiency of energy resources to meet 
national energy demand at competitive and stable prices and the resil-
ience of the energy supply; enabling development and deployment of 
technologies; building sufficient infrastructure to generate, store and 
transmit energy supplies and ensuring enforceable contracts of deliv-
ery. {WGIII}

Ensemble
A collection of model simulations characterizing a climate prediction 
or projection. Differences in initial conditions and model formulation 
result in different evolutions of the modeled system and may give 
information on uncertainty associated with model error and error in 
initial conditions in the case of climate forecasts and on uncertainty 
associated with model error and with internally generated climate var-
iability in the case of climate projections. {WGI, II}

Equilibrium climate sensitivity
See Climate sensitivity. {WGI}

Eutrophication
Over-enrichment of water by nutrients such as nitrogen and phospho-
rus. It is one of the leading causes of water quality impairment. The 
two most acute symptoms of eutrophication are hypoxia (or oxygen 
depletion) and harmful algal blooms. {WGII}

Exposure
The presence of people, livelihoods, species or ecosystems, environ-
mental functions, services, and resources, infrastructure, or economic, 
social, or cultural assets in places and settings that could be adversely 
affected. {WGII}

External forcing
External forcing refers to a forcing agent outside the climate system 
causing a change in the climate system. Volcanic eruptions, solar var-
iations and anthropogenic changes in the composition of the atmos-
phere and land-use change are external forcings. Orbital forcing is also 
an external forcing as the insolation changes with orbital parameters 
eccentricity, tilt and precession of the equinox. {WGI, II}

Extreme weather event
An extreme weather event is an event that is rare at a particular place 
and time of year. Definitions of rare vary, but an extreme weather event 
would normally be as rare as or rarer than the 10th or 90th percentile 
of a probability density function estimated from observations. By defi-
nition, the characteristics of what is called extreme weather may vary 
from place to place in an absolute sense. When a pattern of extreme 
weather persists for some time, such as a season, it may be classed as 
an extreme climate event, especially if it yields an average or total that 
is itself extreme (e.g., drought or heavy rainfall over a season). {WGI, II}

Feedback 
See Climate feedback. {WGI, II}

Flood
The overflowing of the normal confines of a stream or other body of water, 
or the accumulation of water over areas not normally submerged. Floods 
include river (fluvial) floods, flash floods, urban floods, pluvial floods, 
sewer floods, coastal floods and glacial lake outburst floods. {WGII}

Food security
A state that prevails when people have secure access to sufficient 
amounts of safe and nutritious food for normal growth, development 
and an active and healthy life. {WGII, III}

Forest
A vegetation type dominated by trees. Many definitions of the term 
forest are in use throughout the world, reflecting wide differences in 
biogeophysical conditions, social structure and economics. For a dis-
cussion of the term forest and related terms such as afforestation, 
reforestation and deforestation, see the IPCC Special Report on Land 
Use, Land-Use Change, and Forestry (IPCC, 2000b). See also informa-
tion provided by the United Nations Framework Convention on Climate 
Change (UNFCCC, 2013) and the Report on Definitions and Method-
ological Options to Inventory Emissions from Direct Human-induced 
Degradation of Forests and Devegetation of Other Vegetation Types 
(IPCC, 2003). {WGI, III}

Fuel poverty
A condition in which a household is unable to guarantee a certain level 
of consumption of domestic energy services (especially heating) or  
suffers disproportionate expenditure burdens to meet these needs. 
{WGIII}

Geoengineering
Geoengineering refers to a broad set of methods and technologies that 
aim to deliberately alter the climate system in order to alleviate the 
impacts of climate change. Most, but not all, methods seek to either 
(1) reduce the amount of absorbed solar energy in the climate system 
(Solar Radiation Management) or (2) increase net carbon sinks from 
the atmosphere at a scale sufficiently large to alter climate (Carbon 
Dioxide Removal). Scale and intent are of central importance. Two key 
characteristics of geoengineering methods of particular concern are 
that they use or affect the climate system (e.g., atmosphere, land or 
ocean) globally or regionally and/or could have substantive unintended 
effects that cross national boundaries. Geoengineering is different 
from weather modification and ecological engineering, but the bound-
ary can be fuzzy (IPCC, 2012b, p. 2). {WGI, II, III}
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Global climate model (also referred to as general circulation 
model, both abbreviated as GCM)
See Climate model. {WGI, II}

Global Temperature change Potential (GTP) 
An index measuring the change in global mean surface temperature at 
a chosen point in time following an emission of a unit mass of a given 
substance, relative to that of the reference substance, carbon dioxide 
(CO2). The Global Temperature change Potential (GTP) thus represents 
the combined effect of the differing times these substances remain in 
the atmosphere, their effectiveness in causing radiative forcing and 
the response of the climate system. The GTP has been defined in two 
different ways: 
 • Fixed GTP: based on a fixed time horizon in the future (such 

  as GTP100 for a time horizon of 100 years) 
 • Dynamic GTP: based on a target year (such as the year when 

  global mean temperature is expected to reach a target 
  level). In the dynamic GTP, the time horizon reduces over time 
  as the target year is approached and hence the GTP value  
 changes for emissions occurring further in the future. {WGI 
  Chapter 8} 

Global warming
Global warming refers to the gradual increase, observed or projected, 
in global surface temperature, as one of the consequences of radiative 
forcing caused by anthropogenic emissions. {WGIII}

Global Warming Potential (GWP)
An index measuring the radiative forcing following an emission of a 
unit mass of a given substance, accumulated over a chosen time hori-
zon, relative to that of the reference substance, carbon dioxide (CO2). 
The GWP thus represents the combined effect of the differing times 
these substances remain in the atmosphere and their effectiveness in 
causing radiative forcing. (WGI, III}

Hazard
The potential occurrence of a natural or human-induced physical event 
or trend or physical impact that may cause loss of life, injury, or other 
health impacts, as well as damage and loss to property, infrastructure, 
livelihoods, service provision, ecosystems and environmental resources. 
In this report, the term hazard usually refers to climate-related physical 
events or trends or their physical impacts. {WGII}

Heat wave 
A period of abnormally and uncomfortably hot weather. {WGI, II}

Hydrological cycle 
The cycle in which water evaporates from the oceans and the land 
surface, is carried over the Earth in atmospheric circulation as water 
vapour, condenses to form clouds, precipitates over ocean and land as 
rain or snow, which on land can be intercepted by trees and vegeta-
tion, provides runoff on the land surface, infiltrates into soils, recharg-
es groundwater, discharges into streams and ultimately flows out into 
the oceans, from which it will eventually evaporate again. The various 
systems involved in the hydrological cycle are usually referred to as 
hydrological systems. {WGI, II}

Impacts (consequences, outcomes)
Effects on natural and human systems. In this report, the term impacts 
is used primarily to refer to the effects on natural and human systems 
of extreme weather and climate events and of climate change. Impacts 
generally refer to effects on lives, livelihoods, health, ecosystems, econo-
mies, societies, cultures, services and infrastructure due to the interaction 
of climate changes or hazardous climate events occurring within a spe-
cific time period and the vulnerability of an exposed society or system. 
Impacts are also referred to as consequences and outcomes. The impacts 
of climate change on geophysical systems, including floods, droughts 
and sea level rise, are a subset of impacts called physical impacts. {WGII}

Indirect emissions
Emissions that are a consequence of the activities within well-defined 
boundaries of, for instance, a region, an economic sector, a company 
or process, but which occur outside the specified boundaries. For 
example, emissions are described as indirect if they relate to the use of 
heat but physically arise outside the boundaries of the heat user, or to  
electricity production but physically arise outside of the boundaries of 
the power supply sector. {WGIII}

Industrial Revolution 
A period of rapid industrial growth with far-reaching social and eco-
nomic consequences, beginning in Britain during the second half of 
the 18th century and spreading to Europe and later to other countries 
including the United States. The invention of the steam engine was an 
important trigger of this development. The industrial revolution marks 
the beginning of a strong increase in the use of fossil fuels and emis-
sion of, in particular, fossil carbon dioxide (CO2). In this report the terms 
pre-industrial and industrial refer, somewhat arbitrarily, to the periods 
before and after 1750, respectively. {WGI, II, III}

Integrated assessment
A method of analysis that combines results and models from the 
physical, biological, economic and social sciences and the interactions 
among these components in a consistent framework to evaluate the 
status and the consequences of environmental change and the policy 
responses to it. See also Integrated models. {WGII, III}

Integrated Coastal Zone Management (ICZM)
An integrated approach for sustainably managing coastal areas, taking 
into account all coastal habitats and uses. {WGII}

Integrated models
Integrated models explore the interactions between multiple sectors 
of the economy or components of particular systems, such as the 
energy system. In the context of transformation pathways, they refer to 
models that, at a minimum, include full and disaggregated representa-
tions of the energy system and its linkage to the overall economy that 
will allow for consideration of interactions among different elements 
of that system. Integrated models may also include representations of 
the full economy, land use and land-use change (LUC) and the climate 
system. See also Integrated assessment. {WGIII}

Internal variability 
See Climate variability. {WGI}
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Irreversibility 
A perturbed state of a dynamical system is defined as irreversible on a 
given timescale, if the recovery timescale from this state due to natural 
processes is substantially longer than the time it takes for the system to 
reach this perturbed state. In the context of this report, the time scale 
of interest is centennial to millennial. See also Tipping point. {WGI}

Land use and land-use change
Land use refers to the total of arrangements, activities and inputs 
undertaken in a certain land cover type (a set of human actions). The 
term land use is also used in the sense of the social and economic 
purposes for which land is managed (e.g., grazing, timber extraction 
and conservation). In urban settlements it is related to land uses within 
cities and their hinterlands. Urban land use has implications on city 
management, structure and form and thus on energy demand, green-
house gas (GHG) emissions and mobility, among other aspects. {WGI, 
II, III}

Land-use change (LUC)
Land-use change refers to a change in the use or management of 
land by humans, which may lead to a change in land cover. Land 
cover and land-use change may have an impact on the surface 
albedo, evapotranspiration, sources and sinks of greenhouse gases 
(GHGs), or other properties of the climate system and may thus give 
rise to radiative forcing and/or other impacts on climate, locally or 
globally. See also the IPCC Special Report on Land Use, Land-Use 
Change, and Forestry (IPCC, 2000b). 

Indirect land-use change (iLUC)
Indirect land-use change refers to shifts in land use induced by a 
change in the production level of an agricultural product elsewhere, 
often mediated by markets or driven by policies. For example, if 
agricultural land is diverted to fuel production, forest clearance may 
occur elsewhere to replace the former agricultural production. See 
also Agriculture, Forestry and Other Land Use (AFOLU), Afforesta-
tion, Deforestation and Reforestation. 

Leakage
Phenomena whereby the reduction in emissions (relative to a baseline) 
in a jurisdiction/sector associated with the implementation of mitiga-
tion policy is offset to some degree by an increase outside the juris-
diction/sector through induced changes in consumption, production, 
prices, land use and/or trade across the jurisdictions/sectors. Leakage 
can occur at a number of levels, be it a project, state, province, nation 
or world region. 

In the context of Carbon Dioxide Capture and Storage (CCS), CO2 
leakage refers to the escape of injected carbon dioxide (CO2) from the 
storage location and eventual release to the atmosphere. In the con-
text of other substances, the term is used more generically, such as 
for methane (CH4) leakage (e.g., from fossil fuel extraction activities) 
and hydrofluorocarbon (HFC) leakage (e.g., from refrigeration and air- 
conditioning systems). {WGIII}

Likelihood
The chance of a specific outcome occurring, where this might be esti-
mated probabilistically. Likelihood is expressed in this report using a 
standard terminology (Mastrandrea et al., 2010), defined in WGI AR5 

Table 1.2 and WGII AR5 Box 1-1. See also Confidence and Uncertainty. 
{WGI, II, III}

Lock-in
Lock-in occurs when a market is stuck with a standard even though 
participants would be better off with an alternative. In this report, 
lock-in is used more broadly as path dependence, which is the generic 
situation where decisions, events or outcomes at one point in time 
constrain adaptation, mitigation or other actions or options at a later 
point in time. {WGII, III}

Low regrets policy
A policy that would generate net social and/or economic benefits under 
current climate and a range of future climate change scenarios. {WGII}

Marine-based ice sheet 
An ice sheet containing a substantial region that rests on a bed lying 
below sea level and whose perimeter is in contact with the ocean. The 
best known example is the West Antarctic ice sheet. {WGI}

Meridional Overturning Circulation (MOC)
Meridional (north–south) overturning circulation in the ocean quanti-
fied by zonal (east–west) sums of mass transports in depth or density 
layers. In the North Atlantic, away from the subpolar regions, the MOC 
(which is in principle an observable quantity) is often identified with 
the thermohaline circulation (THC), which is a conceptual and incom-
plete interpretation. It must be borne in mind that the MOC is also 
driven by wind and can also include shallower overturning cells such as 
occur in the upper ocean in the tropics and subtropics, in which warm 
(light) waters moving poleward are transformed to slightly denser 
waters and subducted equatorward at deeper levels. {WGI, II}

Mitigation (of climate change)
A human intervention to reduce the sources or enhance the sinks of 
greenhouse gases (GHGs). This report also assesses human interven-
tions to reduce the sources of other substances which may contribute 
directly or indirectly to limiting climate change, including, for example, 
the reduction of particulate matter emissions that can directly alter 
the radiation balance (e.g., black carbon) or measures that control 
emissions of carbon monoxide, nitrogen oxides, Volatile Organic Com-
pounds and other pollutants that can alter the concentration of tropo-
spheric ozone which has an indirect effect on the climate. {WGI, II, III}

Mitigation scenario
A plausible description of the future that describes how the (studied) 
system responds to the implementation of mitigation policies and 
measures. See also Baseline/reference, Emission scenario, Represent-
ative Concentration Pathways (RCPs), SRES scenarios and Transforma-
tion pathway. {WGIII}

Net negative emissions
A situation of net negative emissions is achieved when, as result of 
human activities, more greenhouse gases (GHGs) are sequestered or 
stored than are released into the atmosphere. {SYR Box 2.2, footnote 29} 

Ocean acidification
Ocean acidification refers to a reduction in the pH of the ocean over an 
extended period, typically decades or longer, which is caused primarily 
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by uptake of carbon dioxide (CO2) from the atmosphere, but can also 
be caused by other chemical additions or subtractions from the ocean. 
Anthropogenic ocean acidification refers to the component of pH 
reduction that is caused by human activity (IPCC, 2011, p. 37). {WGI, II}

Overshoot pathways
Emissions, concentration or temperature pathways in which the metric 
of interest temporarily exceeds, or overshoots the long-term goal. 
{WGIII}

Oxygen Minimum Zone (OMZ) 
The midwater layer (200–1000 m) in the open ocean in which oxygen 
saturation is the lowest in the ocean. The degree of oxygen depletion 
depends on the largely bacterial consumption of organic matter and 
the distribution of the OMZs is influenced by large-scale ocean circula-
tion. In coastal oceans, OMZs extend to the shelves and may also affect 
benthic ecosystems. {WGII}

Permafrost
Ground (soil or rock and included ice and organic material) that 
remains at or below 0°C for at least two consecutive years. {WGI, II}

pH 
pH is a dimensionless measure of the acidity of water (or any solution) 
given by its concentration of hydrogen ions (H+). pH is measured on 
a logarithmic scale where pH = –log10(H+). Thus, a pH decrease of  
1 unit corresponds to a 10-fold increase in the concentration of H+, or 
acidity. {WGI}

Poverty
Poverty is a complex concept with several definitions stemming from 
different schools of thought. It can refer to material circumstances 
(such as need, pattern of deprivation or limited resources), economic 
conditions (such as standard of living, inequality or economic position) 
and/or social relationships (such as social class, dependency, exclusion, 
lack of basic security or lack of entitlement). {WGII}

Pre-industrial
See Industrial Revolution. {WGI, II, III}

Private costs
Private costs are carried by individuals, companies or other private  
entities that undertake an action, whereas social costs include addi-
tionally the external costs on the environment and on society as a 
whole. Quantitative estimates of both private and social costs may be 
incomplete, because of difficulties in measuring all relevant effects. 
{WGIII}

Projection 
A projection is a potential future evolution of a quantity or set of 
quantities, often computed with the aid of a model. Unlike predictions, 
projections are conditional on assumptions concerning, for example, 
future socio-economic and technological developments that may or 
may not be realized. See also Climate projection. {WGI, II}

Radiative forcing
The strength of drivers is quantified as Radiative Forcing (RF) in units 
watts per square meter (W/m2) as in previous IPCC assessments. RF is 

the change in energy flux caused by a driver and is calculated at the 
tropopause or at the top of the atmosphere. {WGI}

Reasons For Concern (RFCs)
Elements of a classification framework, first developed in the IPCC 
Third Assessment Report (IPCC, 2001b), which aims to facilitate judg-
ments about what level of climate change may be dangerous (in the 
language of Article 2 of the United Nations Framework Convention on 
Climate Change (UNFCCC)) by aggregating impacts, risks and vulner-
abilities. {WGII}

Reducing Emissions from Deforestation and Forest Degradation 
(REDD)
An effort to create financial value for the carbon stored in forests, 
offering incentives for developing countries to reduce emissions from 
forested lands and invest in low-carbon paths to sustainable devel-
opment (SD). It is therefore a mechanism for mitigation that results 
from avoiding deforestation. REDD+ goes beyond reforestation and 
forest degradation and includes the role of conservation, sustainable 
management of forests and enhancement of forest carbon stocks. The 
concept was first introduced in 2005 in the 11th Session of the Con-
ference of the Parties (COP) in Montreal and later given greater recog-
nition in the 13th Session of the COP in 2007 at Bali and inclusion in 
the Bali Action Plan which called for ‘policy approaches and positive 
incentives on issues relating to reducing emissions from deforestation 
and forest degradation in developing countries (REDD) and the role of 
conservation, sustainable management of forests and enhancement of 
forest carbon stock in developing countries’. Since then, support for 
REDD has increased and has slowly become a framework for action 
supported by a number of countries. {WGIII}

Reforestation 
Planting of forests on lands that have previously contained forests 
but that have been converted to some other use. For a discussion of 
the term forest and related terms such as afforestation, reforestation 
and deforestation, see the IPCC Special Report on Land Use, Land-Use 
Change, and Forestry (IPCC, 2000b). See also information provided 
by the United Nations Framework Convention on Climate Change 
(UNFCCC, 2013). See also the Report on Definitions and Methodolog-
ical Options to Inventory Emissions from Direct Human-induced Deg-
radation of Forests and Devegetation of Other Vegetation Types (IPCC, 
2003). {WGI, II, III}

Representative Concentration Pathways (RCPs)
Scenarios that include time series of emissions and concentrations  
of the full suite of greenhouse gases (GHGs) and aerosols and  
chemically active gases, as well as land use/land cover (Moss et al., 
2008). The word representative signifies that each RCP provides 
only one of many possible scenarios that would lead to the specific  
radiative forcing characteristics. The term pathway emphasizes that 
not only the long-term concentration levels are of interest, but also 
the trajectory taken over time to reach that outcome (Moss et al., 
2010). 

RCPs usually refer to the portion of the concentration pathway extend-
ing up to 2100, for which Integrated Assessment Models produced 
corresponding emission scenarios. Extended Concentration Pathways 
(ECPs) describe extensions of the RCPs from 2100 to 2500 that were 
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calculated using simple rules generated by stakeholder consultations 
and do not represent fully consistent scenarios.

Four RCPs produced from Integrated Assessment Models were selected 
from the published literature and are used in the present IPCC Assess-
ment as a basis for the climate predictions and projections presented 
in WGI AR5 Chapters 11 to 14 (IPCC, 2013b):

RCP2.6  
One pathway where radiative forcing peaks at approximately  
3 W/m2 before 2100 and then declines (the corresponding ECP 
assuming constant emissions after 2100). 

RCP4.5 and RCP6.0 
Two intermediate stabilization pathways in which radiative forcing 
is stabilized at approximately 4.5 W/m2 and 6.0 W/m2 after 2100 (the 
 corresponding ECPs assuming constant concentrations after 2150).

RCP8.5 
One high pathway for which radiative forcing reaches >8.5 W/m2 
by 2100 and continues to rise for some amount of time (the corre-
sponding ECP assuming constant emissions after 2100 and con-
stant concentrations after 2250).

For further description of future scenarios, see WGI AR5 Box 1.1. See 
also van Vuuren et al., 2011. {WGI, II, III}

Resilience
The capacity of social, economic and environmental systems to cope 
with a hazardous event or trend or disturbance, responding or reor-
ganizing in ways that maintain their essential function, identity and 
structure, while also maintaining the capacity for adaptation, learning 
and transformation5. {WGII, III}

Risk
The potential for consequences where something of value is at stake 
and where the outcome is uncertain, recognizing the diversity of values. 
Risk is often represented as probability or likelihood of occurrence of 
hazardous events or trends multiplied by the impacts if these events 
or trends occur. In this report, the term risk is often used to refer to the 
potential, when the outcome is uncertain, for adverse consequences on 
lives, livelihoods, health, ecosystems and species, economic, social and 
cultural assets, services (including environmental services) and infra-
structure. {WGII, III}

Risk management
The plans, actions or policies to reduce the likelihood and/or conse-
quences of risks or to respond to consequences. {WGII}

Sequestration
The uptake (i.e., the addition of a substance of concern to a reservoir) 
of carbon containing substances, in particular carbon dioxide (CO2), in 
terrestrial or marine reservoirs. Biological sequestration includes direct 
removal of CO2 from the atmosphere through land-use change (LUC), 
afforestation, reforestation, revegetation, carbon storage in landfills 

and practices that enhance soil carbon in agriculture (cropland man-
agement, grazing land management). In parts of the literature, but not 
in this report, (carbon) sequestration is used to refer to Carbon Dioxide 
Capture and Storage (CCS). {WGIII}
 
Sink
Any process, activity or mechanism that removes a greenhouse gas 
(GHG), an aerosol or a precursor of a GHG or aerosol from the atmos-
phere. {WGI, II, III}

Social cost of carbon
The net present value of climate damages (with harmful damages 
expressed as a positive number) from one more tonne of carbon in 
the form of carbon dioxide (CO2), conditional on a global emissions 
trajectory over time. {WGII, III}

Social costs 
See Private costs. {WGIII}

Solar Radiation Management (SRM)
Solar Radiation Management refers to the intentional modification of 
the Earth’s shortwave radiative budget with the aim to reduce climate 
change according to a given metric (e.g., surface temperature, pre-
cipitation, regional impacts, etc.). Artificial injection of stratospheric 
aerosols and cloud brightening are two examples of SRM techniques. 
Methods to modify some fast-responding elements of the long wave 
radiative budget (such as cirrus clouds), although not strictly speaking 
SRM, can be related to SRM. SRM techniques do not fall within the 
usual definitions of mitigation and adaptation (IPCC, 2012b, p. 2). See 
also Carbon Dioxide Removal (CDR) and Geoengineering. {WGI, III}

SRES scenarios
SRES scenarios are emission scenarios developed by IPCC (2000a) and 
used, among others, as a basis for some of the climate projections 
shown in Chapters 9 to 11 of IPCC WGI TAR (IPCC, 2001a), Chapters 10 
and 11 of IPCC WGI AR4 (IPCC, 2007), as well as in the IPCC WGI AR5 
(IPCC, 2013b). {WGI, II, III}

Storm surge 
The temporary increase, at a particular locality, in the height of the sea 
due to extreme meteorological conditions (low atmospheric pressure 
and/or strong winds). The storm surge is defined as being the excess 
above the level expected from the tidal variation alone at that time 
and place. {WGI, II}

Structural change
Changes, for example, in the relative share of gross domestic product 
(GDP) produced by the industrial, agricultural, or services sectors of an 
economy, or more generally, systems transformations whereby some 
components are either replaced or potentially substituted by other 
components. {WGIII}

Sustainability
A dynamic process that guarantees the persistence of natural and 
human systems in an equitable manner. {WGII, III}

5 This definition builds from the definition used in Arctic Council (2013).
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Sustainable development
Development that meets the needs of the present without compromis-
ing the ability of future generations to meet their own needs (WCED, 
1987). {WGII, III}

Thermal expansion 
In connection with sea level, this refers to the increase in volume (and 
decrease in density) that results from warming water. A warming of 
the ocean leads to an expansion of the ocean volume and hence an 
increase in sea level. {WGI, II}

Tipping point
A level of change in system properties beyond which a system reorgan-
izes, often abruptly, and does not return to the initial state even if the 
drivers of the change are abated. For the climate system, it refers to a 
critical threshold when global or regional climate changes from one 
stable state to another stable state. The tipping point event may be 
irreversible. See also Irreversibility. {WGI, II, III}

Transformation
A change in the fundamental attributes of natural and human systems. 
{WGII}

Transformation pathway
The trajectory taken over time to meet different goals for greenhouse 
gas (GHG) emissions, atmospheric concentrations, or global mean sur-
face temperature change that implies a set of economic, technologi-
cal and behavioural changes. This can encompass changes in the way 

energy and infrastructure are used and produced, natural resources 
are managed and institutions are set up and in the pace and direction 
of technological change (TC). See also Baseline/reference, Emission 
scenario, Mitigation scenario, Representative Concentration Pathways 
(RCPs) and SRES scenarios. {WGIII}

Transient Climate Response to Cumulative CO2 Emissions (TCRE)
The transient global average surface temperature change per unit 
cumulated CO2 emissions, usually 1000 PgC. TCRE combines both 
information on the airborne fraction of cumulated CO2 emissions (the 
fraction of the total CO2 emitted that remains in the atmosphere) and 
on the transient climate response (TCR). {WGI}
 
Uncertainty
A state of incomplete knowledge that can result from a lack of infor-
mation or from disagreement about what is known or even knowable. 
It may have many types of sources, from imprecision in the data to 
ambiguously defined concepts or terminology, or uncertain projec-
tions of human behaviour. Uncertainty can therefore be represented by 
quantitative measures (e.g., a probability density function) or by qual-
itative statements (e.g., reflecting the judgment of a team of experts) 
(see Moss and Schneider, 2000; Manning et al., 2004; Mastrandrea et 
al., 2010). See also Confidence and Likelihood. {WGI, II, III}

Vulnerability
The propensity or predisposition to be adversely affected. Vulnerability 
encompasses a variety of concepts and elements including sensitivity 
or susceptibility to harm and lack of capacity to cope and adapt. {WGII}
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μatm  Microatmosphere

AFOLU  Agriculture, Forestry and Other Land Use

AMOC  Atlantic Meridional Overturning Circulation

AR4 Fourth Assessment Report

AR5  Fifth Assessment Report

BAT  Best Available Technique

BAU  Business As Usual

BECCS  Bioenergy with Carbon Dioxide  
 Capture and Storage

CCS  Carbon Capture and Storage

CDM  Clean Development Mechanism 
 
CDR  Carbon Dioxide Removal

CF4  Perfluoromethane

CH4  Methane

CHP  Combined Heat and Power

CMIP5  Coupled Model Intercomparison Project Phase 5

CO2  Carbon Dioxide

CO2-eq  Carbon Dioxide Equivalent 
 
CSP  Concentrating Solar Power 
 
DC  Developing Country

ECS  Equilibrium Climate Sensitivity

EDGAR  Emission Database for Global Atmospheric Research

EJ  Exajoule

EMIC  Earth System Model of Intermediate Complexity 
 
ENSO  El Niño-Southern Oscillation

ES Executive Summary  
 
ESM  Earth System Model

ETS  Emissions Trading System

F-gases  Fluorinated gases

FAQ  Frequently Asked Question

FAR  First Assessment Report 

FIT  Feed-in Tariff 
 
FOLU  Forestry and Other Land Use

GCM  Global Climate Model 
 
GDP  Gross Domestic Product

GHG  Greenhouse Gas

GMI  Global Methane Initiative

Gt  Gigatonnes

GTP  Global Temperature change Potential 
 
GWP  Global Warming Potential

H2  Hydrogen

HadCRUT4  Hadley Centre Climatic Research    
 Unit  Gridded Surface Temperature Data  Set 4

HDV  Heavy-Duty Vehicles

HFC  Hydrofluorocarbon  
 
HFC-152a  Hydrofluorocarbon-152a, 
 Difluoroethane

IAM  Integrated Assessment Model

ICAO  International Civil Aviation Organization

IMO  International Maritime Organization

IO  International Organization

LDV  Light-Duty Vehicles 

LULUCF  Land Use, Land-Use Change and Forestry

MAGICC  Model for the Assessment of    
 Greenhouse Gas Induced Climate Change

MEF  Major Economies Forum

MRV  Monitoring, Reporting and Verification

N2O  Nitrous Oxide

NAMA  Nationally Appropriate Mitigation  Action

NAP  National Adaptation Plan 
 
NAPA  National Adaptation Programmes of Action 
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NGO  Non-Governmental Organization 

O2  Oxygen

OA  Ocean Acidification

OECD  Organisation for Economic Co-operation  
 and Development 
 
PFC  Perfluorocarbon

ppb  parts per billion

ppm  parts per million

PV  Photovoltaic

R&D  Research and Development

RCP  Representative Concentration Pathway

RE  Renewable Energy

REDD Reducing  Emissions from Deforestation  
 and Forest Degradation

REEEP  Renewable Energy and Energy Efficiency Partnership

RES  Renewable Energy System

RFC  Reason For Concern

RPS  Renewable Portfolio Standard 

SAR  Second Assessment Report

SM  Supplementary Material

SO2  Sulfur Dioxide

SPM  Summary for Policymakers

SRES  Special Report on Emissions Scenarios

SREX  Special Report on Managing the Risks of Extreme  
 Events and Disasters to Advance  
 Climate Change Adaptation

SRM  Solar Radiation Management

SRREN  Special Report on Renewable Energy  
 Sources and Climate Change Mitigation

SYR  Synthesis Report

TCR  Transient Climate Response

TCRE  Transient Climate Response to Cumulative  
 CO2 Emissions

TFE  Thematic Focus Element

TS  Technical Summary

UHI  Urban Heat Island 
 
UNFCCC  United Nations Framework  
 Convention on Climate Change

W  Watt

WG  Working Group

WMGHG  Well-Mixed Greenhouse Gas
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Foreword

This IPCC Special Report on Global Warming of 1.5°C was formally approved by the world’s governments in 2018 
– the year of IPCC’s 30th anniversary celebrations. 

During its three decades of existence, the IPCC has shed light on climate change, contributing to the understanding 
of its causes and consequences and the options for risk management through adaptation and mitigation. In 
these three decades, global warming has continued unabated and we have witnessed an acceleration in sea-
level rise. Emissions of greenhouse gases due to human activities, the root cause of global warming, continue 
to increase, year after year. 

Five years ago, the IPCC’s Fifth Assessment Report provided the scientific input into the Paris Agreement, which 
aims to strengthen the global response to the threat of climate change by holding the increase in the global 
average temperature to well below 2ºC above pre-industrial levels and to pursue efforts to limit the temperature 
increase to 1.5ºC above pre-industrial levels. 

Many countries considered that a level of global warming close to 2°C would not be safe and, at that time, there 
was only limited knowledge about the implications of a level of 1.5°C of warming for climate-related risks and 
in terms of the scale of mitigation ambition and its feasibility. Parties to the Paris Agreement therefore invited 
the IPCC to assess the impacts of global warming of 1.5°C above pre-industrial levels and the related emissions 
pathways that would achieve this enhanced global ambition. 

At the start of the Sixth Assessment cycle, governments, in a plenary IPCC session, decided to prepare three 
special reports, including this one, and expanded the scope of this special report by framing the assessment in 
the context of sustainable development and efforts to eradicate poverty. 

Sustainable development goals provide a new framework to consider climate action within the multiple 
dimensions of sustainability. This report is innovative in multiple ways. It shows the importance of integration 
across the traditional IPCC working groups and across disciplines within each chapter. Transitions, integrating 
adaptation and mitigation for each sector, are explored within six dimensions of feasibility, showing both low 
hanging fruits and barriers to overcome. It also provides scientific guidance on strategies to embed climate action 
within development strategies, and how to optimize choices that maximize benefits for multiple sustainable 
development dimensions and implement ethical and just transitions. 

In his address to the UN General Assembly in 2018, Secretary-General António Guterres quoted World 
Meteorological Organization (WMO) data showing that the past two decades have included eighteen of the 
twenty warmest years since record-keeping began in 1850. 

“Climate change is moving faster than we are,” said Secretary-General Guterres. “We must listen to the Earth’s 
best scientists,” he added. 

One month later the IPCC presented the Special Report on Global Warming of 1.5ºC, based on the assessment 
of around 6,000 peer-review publications, most of them published in the last few years. This Special Report 
confirms that climate change is already affecting people, ecosystems and livelihoods all around the world. It 
shows that limiting warming to 1.5ºC is possible within the laws of chemistry and physics but would require 
unprecedented transitions in all aspects of society. It finds that there are clear benefits to keeping warming to 
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1.5ºC rather than 2ºC or higher. Every bit of warming matters. And it shows that limiting warming to 1.5ºC can 
go hand in hand with achieving other global goals such as the Sustainable Development Agenda. Every year 
matters and every choice matters.  

This Special Report also shows that recent trends in emissions and the level of international ambition indicated 
by nationally determined contributions, within the Paris Agreement, deviate from a track consistent with limiting 
warming to well below 2°C. Without increased and urgent mitigation ambition in the coming years, leading to a 
sharp decline in greenhouse gas emissions by 2030, global warming will surpass 1.5°C in the following decades, 
leading to irreversible loss of the most fragile ecosystems, and crisis after crisis for the most vulnerable people 
and societies. 

The Special Report on Global Warming of 1.5°C supports efforts by the WMO and United Nations Environment 
Programme for a comprehensive assessment of our understanding of climate change to help step up action to 
respond to climate change, achieve climate-resilient development and foster an integrated approach to the 
provision of climate services at all scales of governance.  

The IPCC worked in record time to deliver this report for the 24th Conference of Parties (COP24) to the United 
Nations Framework Convention on Climate Change (UNFCCC) and the Talanoa Dialogue. We would like to thank 
Hoesung Lee, Chair of the IPCC, for his leadership and guidance in the preparation of this Special Report. We 
commend the work undertaken by the authors of this Special Report and the many contributing authors and 
reviewers within a timeline of unprecedented severity; the leadership of the Co-Chairs of Working Groups I, II 
and III: Valérie Masson-Delmotte, Panmao Zhai, Hans-Otto Pörtner, Debra Roberts, Jim Skea and Priyadarshi R. 
Shukla; the oversight by the Bureau members of Working Groups I, II and III; and the implementation by the 
Technical Support Unit of Working Group I, supported by the Technical Support Units of Working Groups II and 
III. We are also grateful for the responsiveness of the international research community, who produced the 
knowledge assessed in the report, and thank the reviewers of the report for the thousands of comments that 
helped the authors strengthen the assessment.

Every bit of warming matters, every year matters, every choice matters

Petteri Taalas
Secretary-General
World Meteorological Organization

Joyce Msuya
Acting Executive Director
United Nations Environment Programme
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Preface

This Special Report on Global Warming of 1.5°C, an IPCC Special 
Report on the impacts of global warming of 1.5°C above pre-
industrial levels and related global greenhouse gas emission 
pathways, in the context of strengthening the global response 
to the threat of climate change, sustainable development, 
and efforts to eradicate poverty, is the first publication in 
the Intergovernmental Panel on Climate Change (IPCC) Sixth 
Assessment Report (AR6). The Report was jointly prepared by 
Working Groups I, II and III. It is the first IPCC Report to be 
collectively produced by all three Working Groups, symbolizing 
the new level of integration sought between Working Groups 
during AR6. The Working Group I Technical Support Unit has 
been responsible for the logistical and technical support for 
the preparation of the Special Report. The Special Report 
builds upon the IPCC’s Fifth Assessment Report (AR5) 
released in 2013–2014 and on relevant research subsequently 
published in the scientific, technical and socio-economic 
literature. It has been prepared following IPCC principles and 
procedures, following AR5 guidance on calibrated language 
for communicating the degree of certainty in key findings. 
This Special Report is the first of three cross-Working Group 
Special Reports to be published in AR6, accompanying the 
three main Working Group Reports, the Synthesis Report 
and a Refinement to the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories.

 
Scope of the Report

In its decision on the adoption of the Paris Agreement, the 
Conference of Parties (COP) to the United Nations Framework 
Convention on Climate Change (UNFCCC) at its 21st Session 
in Paris, France (30 November to 11 December 2015), invited 
the IPCC to provide a special report in 2018 on the impacts 
of global warming of 1.5°C above pre-industrial levels and 
related global greenhouse gas emission pathways. The Panel 
accepted the invitation and placed the Report in the context 
of strengthening the global response to the threat of climate 
change, sustainable development, and efforts to eradicate 
poverty. 

The broad scientific community has also responded to the 
UNFCCC invitation. New knowledge and literature relevant to 
the topics of this report have been produced and published 
worldwide. The Special Report is an assessment of the relevant 
state of knowledge, based on the scientific and technical 
literature available and accepted for publication up to 
15 May 2018. The Report draws on the findings of more than 
6,000 published articles.

Structure of the Report

This report consists of a short Summary for Policymakers, a 
Technical Summary, five Chapters, and Annexes, as well as 
online chapter Supplementary Material.

Chapter 1 frames the context, knowledge base and assessment 
approaches used to understand the impacts of 1.5°C global 
warming above pre-industrial levels and related global 
greenhouse gas emission pathways, building on AR5, in the 
context of strengthening the global response to the threat 
of climate change, sustainable development, and efforts to 
eradicate poverty. The chapter provides an update on the 
current state of the climate system including the current level 
of warming.

Chapter 2 assesses the literature on mitigation pathways 
that limit or return global mean warming to 1.5°C (relative 
to the pre-industrial base period 1850–1900). Key questions 
addressed are: What types of mitigation pathways have been 
developed that could be consistent with 1.5°C? What changes 
in emissions, energy and land use do they entail? What do 
they imply for climate policy and implementation, and what 
impacts do they have on sustainable development? This 
chapter focuses on geophysical dimensions of feasibility and 
the technological and economic enabling conditions.

Chapter 3 builds on findings of AR5 and assesses new scientific 
evidence of changes in the climate system and the associated 
impacts on natural and human systems, with a specific focus 
on the magnitude and pattern of risks for global warming 
of 1.5°C above the pre-industrial period. It explores impacts 
and risks for a range of natural and human systems, including 
adaptation options, with a focus on how risk levels change 
between today and worlds where global mean temperature 
increases by 1.5°C and 2°C above pre-industrial levels. The 
chapter also revisits major categories of risk (Reasons for 
Concern) based on the assessment of the new knowledge 
available since AR5.

Chapter 4 discusses how the global economy and socio-
technical and socio-ecological systems can transition to 
1.5°C-consistent pathways and adapt to global warming of 
1.5°C. In the context of systemic transitions across energy, 
land, urban and industrial systems, the chapter assesses 
adaptation and mitigation options, including carbon dioxide 
removal (CDR) measures, as well as the enabling conditions 
that would facilitate implementing the rapid and far-reaching 
global response. 

Finally, Chapter 5 takes sustainable development, poverty 
eradication and reducing inequalities as the starting point and 
focus for analysis. It considers the complex interplay between 
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sustainable development, including Sustainable Development 
Goals (SDGs) and climate actions related to a 1.5°C warmer 
world. The chapter also examines synergies and trade-
offs of adaptation and mitigation options with sustainable 
development and the SDGs and offers insights into possible 
pathways, especially climate-resilient development pathways 
toward a 1.5°C warmer world.

The Process

The Special Report on 1.5°C of the IPCC AR6 has been prepared 
in accordance with the principles and procedures established 
by the IPCC and represents the combined efforts of leading 
experts in the field of climate change. A scoping meeting for 
the SR1.5°C was held in Geneva, Switzerland, in August 2016, 
and the final outline was approved by the Panel at its 44th 
Session in October 2016 in Bangkok, Thailand. Governments 
and IPCC observer organizations nominated 541 experts for 
the author team. The team of 74 Coordinating Lead Authors 
and Lead Authors plus 17 Review Editors were selected 
by the Working Group I, II and III Bureaux. In addition, 133 
Contributing Authors were invited by chapter teams to provide 
technical information in the form of text, graphs or data for 
assessment. Report drafts prepared by the authors were 
subject to two rounds of formal review and revision followed 
by a final round of government comments on the Summary for 
Policymakers. The enthusiastic participation of the scientific 
community and governments to the review process resulted in 
42,001 written review comments submitted by 796 individual 
expert reviewers and 65 governments.

The 17 Review Editors monitored the review process to ensure 
that all substantive review comments received appropriate 
consideration. The Summary for Policymakers was approved 
line-by-line at the joint meeting of Working Groups I, II and 
III; it and the underlying chapters were then accepted at the 
48th Session of the IPCC from 01–06 October 2018 in Incheon, 
Republic of Korea.
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Introduction

This Report responds to the invitation for IPCC ‘... to provide a Special Report in 2018 on the impacts of global warming of 1.5°C 
above pre-industrial levels and related global greenhouse gas emission pathways’ contained in the Decision of the 21st Conference 
of Parties of the United Nations Framework Convention on Climate Change to adopt the Paris Agreement.1

The IPCC accepted the invitation in April 2016, deciding to prepare this Special Report on the impacts of global warming of 
1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global 
response to the threat of climate change, sustainable development, and efforts to eradicate poverty.

This Summary for Policymakers (SPM) presents the key findings of the Special Report, based on the assessment of the available 
scientific, technical and socio-economic literature2 relevant to global warming of 1.5°C and for the comparison between global 
warming of 1.5°C and 2°C above pre-industrial levels. The level of confidence associated with each key finding is reported using 
the IPCC calibrated language.3 The underlying scientific basis of each key finding is indicated by references provided to chapter 
elements. In the SPM, knowledge gaps are identified associated with the underlying chapters of the Report.

A. Understanding Global Warming of 1.5°C4

A.1 Human activities are estimated to have caused approximately 1.0°C of global warming5 above 
pre-industrial levels, with a likely range of 0.8°C to 1.2°C. Global warming is likely to reach 1.5°C 
between 2030 and 2052 if it continues to increase at the current rate. (high confidence) (Figure 
SPM.1) {1.2}

A.1.1 Reflecting the long-term warming trend since pre-industrial times, observed global mean surface temperature (GMST) for 
the decade 2006–2015 was 0.87°C (likely between 0.75°C and 0.99°C)6 higher than the average over the 1850–1900 
period (very high confidence). Estimated anthropogenic global warming matches the level of observed warming to within 
±20% (likely range). Estimated anthropogenic global warming is currently increasing at 0.2°C (likely between 0.1°C and 
0.3°C) per decade due to past and ongoing emissions (high confidence). {1.2.1, Table 1.1, 1.2.4}

A.1.2 Warming greater than the global annual average is being experienced in many land regions and seasons, including two to 
three times higher in the Arctic. Warming is generally higher over land than over the ocean. (high confidence) {1.2.1, 1.2.2, 
Figure 1.1, Figure 1.3, 3.3.1, 3.3.2}

A.1.3 Trends in intensity and frequency of some climate and weather extremes have been detected over time spans during which 
about 0.5°C of global warming occurred (medium confidence). This assessment is based on several lines of evidence, 
including attribution studies for changes in extremes since 1950. {3.3.1, 3.3.2, 3.3.3} 

1 Decision 1/CP.21, paragraph 21.

2 The assessment covers literature accepted for publication by 15 May 2018.

3 Each finding is grounded in an evaluation of underlying evidence and agreement. A level of confidence is expressed using five qualifiers: very low, low, medium, high and very high, and  
 typeset in italics, for example, medium confidence. The following terms have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99–100%  
 probability, very likely 90–100%, likely 66–100%, about as likely as not 33–66%, unlikely 0–33%, very unlikely 0–10%, exceptionally unlikely 0–1%. Additional terms (extremely likely  
 95–100%, more likely than not >50–100%, more unlikely than likely 0–<50%, extremely unlikely 0–5%) may also be used when appropriate. Assessed likelihood is typeset in italics,  
 for example, very likely. This is consistent with AR5. 

4 See also Box SPM.1: Core Concepts Central to this Special Report.

5 Present level of global warming is defined as the average of a 30-year period centred on 2017 assuming the recent rate of warming continues.

6 This range spans the four available peer-reviewed estimates of the observed GMST change and also accounts for additional uncertainty due to possible short-term natural variability.  
 {1.2.1, Table 1.1}
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A.2 Warming from anthropogenic emissions from the pre-industrial period to the present will persist for 
centuries to millennia and will continue to cause further long-term changes in the climate system, 
such as sea level rise, with associated impacts (high confidence), but these emissions alone are 
unlikely to cause global warming of 1.5°C (medium confidence). (Figure SPM.1) {1.2, 3.3, Figure 1.5}

A.2.1 Anthropogenic emissions (including greenhouse gases, aerosols and their precursors) up to the present are unlikely to 
cause further warming of more than 0.5°C over the next two to three decades (high confidence) or on a century time scale 
(medium confidence). {1.2.4, Figure 1.5}

A.2.2 Reaching and sustaining net zero global anthropogenic CO2 emissions and declining net non-CO2 radiative forcing would 
halt anthropogenic global warming on multi-decadal time scales (high confidence). The maximum temperature reached is 
then determined by cumulative net global anthropogenic CO2 emissions up to the time of net zero CO2 emissions (high 
confidence) and the level of non-CO2 radiative forcing in the decades prior to the time that maximum temperatures are 
reached (medium confidence). On longer time scales, sustained net negative global anthropogenic CO2 emissions and/
or further reductions in non-CO2 radiative forcing may still be required to prevent further warming due to Earth system 
feedbacks and to reverse ocean acidification (medium confidence) and will be required to minimize sea level rise (high 
confidence). {Cross-Chapter Box 2 in Chapter 1, 1.2.3, 1.2.4, Figure 1.4, 2.2.1, 2.2.2, 3.4.4.8, 3.4.5.1, 3.6.3.2}

A.3 Climate-related risks for natural and human systems are higher for global warming of 1.5°C than 
at present, but lower than at 2°C (high confidence). These risks depend on the magnitude and rate 
of warming, geographic location, levels of development and vulnerability, and on the choices and 
implementation of adaptation and mitigation options (high confidence). (Figure SPM.2) {1.3, 3.3, 
3.4, 5.6}

A.3.1 Impacts on natural and human systems from global warming have already been observed (high confidence). Many land and 
ocean ecosystems and some of the services they provide have already changed due to global warming (high confidence). 
(Figure SPM.2) {1.4, 3.4, 3.5}

A.3.2 Future climate-related risks depend on the rate, peak and duration of warming. In the aggregate, they are larger if global 
warming exceeds 1.5°C before returning to that level by 2100 than if global warming gradually stabilizes at 1.5°C, especially 
if the peak temperature is high (e.g., about 2°C) (high confidence). Some impacts may be long-lasting or irreversible, such 
as the loss of some ecosystems (high confidence). {3.2, 3.4.4, 3.6.3, Cross-Chapter Box 8 in Chapter 3}

A.3.3 Adaptation and mitigation are already occurring (high confidence). Future climate-related risks would be reduced by the 
upscaling and acceleration of far-reaching, multilevel and cross-sectoral climate mitigation and by both incremental and 
transformational adaptation (high confidence). {1.2, 1.3, Table 3.5, 4.2.2, Cross-Chapter Box 9 in Chapter 4, Box 4.2, Box 
4.3, Box 4.6, 4.3.1, 4.3.2, 4.3.3, 4.3.4, 4.3.5, 4.4.1, 4.4.4, 4.4.5, 4.5.3}  
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panel (c).

Maximum temperature rise is determined by cumulative net CO2 emissions and net non-CO2 
radiative forcing due to methane, nitrous oxide, aerosols and other anthropogenic forcing agents.
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      Faster CO2 reductions (blue in b & c) result in a higher 
probability of limiting warming to 1.5°C 
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results in a lower probability of limiting warming to 1.5°C 

      Global CO2 emissions reach net zero in 2055 while net 
non-CO2 radiative forcing is reduced a�er 2030 (grey in b, c & d)

Figure SPM.1 | Panel a: Observed monthly global mean surface temperature (GMST, grey line up to 2017, from the HadCRUT4, GISTEMP, Cowtan–Way, and 
NOAA datasets) change and estimated anthropogenic global warming (solid orange line up to 2017, with orange shading indicating assessed likely range). Orange 
dashed arrow and horizontal orange error bar show respectively the central estimate and likely range of the time at which 1.5°C is reached if the current rate 
of warming continues. The grey plume on the right of panel a shows the likely range of warming responses, computed with a simple climate model, to a stylized 
pathway (hypothetical future) in which net CO2 emissions (grey line in panels b and c) decline in a straight line from 2020 to reach net zero in 2055 and net non-
CO2 radiative forcing (grey line in panel d) increases to 2030 and then declines. The blue plume in panel a) shows the response to faster CO2 emissions reductions 
(blue line in panel b), reaching net zero in 2040, reducing cumulative CO2 emissions (panel c). The purple plume shows the response to net CO2 emissions declining 
to zero in 2055, with net non-CO2 forcing remaining constant after 2030. The vertical error bars on right of panel a) show the likely ranges (thin lines) and central 
terciles (33rd – 66th percentiles, thick lines) of the estimated distribution of warming in 2100 under these three stylized pathways. Vertical dotted error bars in 
panels b, c and d show the likely range of historical annual and cumulative global net CO2 emissions in 2017 (data from the Global Carbon Project) and of net 
non-CO2 radiative forcing in 2011 from AR5, respectively. Vertical axes in panels c and d are scaled to represent approximately equal effects on GMST. {1.2.1, 1.2.3, 
1.2.4, 2.3, Figure 1.2 and Chapter 1 Supplementary Material, Cross-Chapter Box 2 in Chapter 1}
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B. Projected Climate Change, Potential Impacts and Associated Risks

B.1 Climate models project robust7 differences in regional climate characteristics between present-day 
and global warming of 1.5°C,8 and between 1.5°C and 2°C.8 These differences include increases 
in: mean temperature in most land and ocean regions (high confidence), hot extremes in most 
inhabited regions (high confidence), heavy precipitation in several regions (medium confidence), 
and the probability of drought and precipitation deficits in some regions (medium confidence). 
{3.3}

B.1.1 Evidence from attributed changes in some climate and weather extremes for a global warming of about 0.5°C supports 
the assessment that an additional 0.5°C of warming compared to present is associated with further detectable changes in 
these extremes (medium confidence). Several regional changes in climate are assessed to occur with global warming up 
to 1.5°C compared to pre-industrial levels, including warming of extreme temperatures in many regions (high confidence), 
increases in frequency, intensity, and/or amount of heavy precipitation in several regions (high confidence), and an increase 
in intensity or frequency of droughts in some regions (medium confidence). {3.2, 3.3.1, 3.3.2, 3.3.3, 3.3.4, Table 3.2}

B.1.2 Temperature extremes on land are projected to warm more than GMST (high confidence): extreme hot days in mid-latitudes 
warm by up to about 3°C at global warming of 1.5°C and about 4°C at 2°C, and extreme cold nights in high latitudes warm 
by up to about 4.5°C at 1.5°C and about 6°C at 2°C (high confidence). The number of hot days is projected to increase in 
most land regions, with highest increases in the tropics (high confidence). {3.3.1, 3.3.2, Cross-Chapter Box 8 in Chapter 3}

B.1.3 Risks from droughts and precipitation deficits are projected to be higher at 2°C compared to 1.5°C of global warming in 
some regions (medium confidence). Risks from heavy precipitation events are projected to be higher at 2°C compared to 
1.5°C of global warming in several northern hemisphere high-latitude and/or high-elevation regions, eastern Asia and 
eastern North America (medium confidence). Heavy precipitation associated with tropical cyclones is projected to be 
higher at 2°C compared to 1.5°C global warming (medium confidence). There is generally low confidence in projected 
changes in heavy precipitation at 2°C compared to 1.5°C in other regions. Heavy precipitation when aggregated at global 
scale is projected to be higher at 2°C than at 1.5°C of global warming (medium confidence). As a consequence of heavy 
precipitation, the fraction of the global land area affected by flood hazards is projected to be larger at 2°C compared to 
1.5°C of global warming (medium confidence). {3.3.1, 3.3.3, 3.3.4, 3.3.5, 3.3.6}

B.2 By 2100, global mean sea level rise is projected to be around 0.1 metre lower with global warming 
of 1.5°C compared to 2°C (medium confidence). Sea level will continue to rise well beyond 2100 
(high confidence), and the magnitude and rate of this rise depend on future emission pathways. 
A slower rate of sea level rise enables greater opportunities for adaptation in the human and 
ecological systems of small islands, low-lying coastal areas and deltas (medium confidence). 
{3.3, 3.4, 3.6}

B.2.1 Model-based projections of global mean sea level rise (relative to 1986–2005) suggest an indicative range of 0.26 to 0.77 
m by 2100 for 1.5°C of global warming, 0.1 m (0.04–0.16 m) less than for a global warming of 2°C (medium confidence). 
A reduction of 0.1 m in global sea level rise implies that up to 10 million fewer people would be exposed to related risks, 
based on population in the year 2010 and assuming no adaptation (medium confidence). {3.4.4, 3.4.5, 4.3.2}

B.2.2 Sea level rise will continue beyond 2100 even if global warming is limited to 1.5°C in the 21st century (high confidence). 
Marine ice sheet instability in Antarctica and/or irreversible loss of the Greenland ice sheet could result in multi-metre rise 
in sea level over hundreds to thousands of years. These instabilities could be triggered at around 1.5°C to 2°C of global 
warming (medium confidence). (Figure SPM.2) {3.3.9, 3.4.5, 3.5.2, 3.6.3, Box 3.3}

7 Robust is here used to mean that at least two thirds of climate models show the same sign of changes at the grid point scale, and that differences in large regions are statistically  
 significant.

8 Projected changes in impacts between different levels of global warming are determined with respect to changes in global mean surface air temperature.
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B.2.3 Increasing warming amplifies the exposure of small islands, low-lying coastal areas and deltas to the risks associated with 
sea level rise for many human and ecological systems, including increased saltwater intrusion, flooding and damage to 
infrastructure (high confidence). Risks associated with sea level rise are higher at 2°C compared to 1.5°C. The slower rate 
of sea level rise at global warming of 1.5°C reduces these risks, enabling greater opportunities for adaptation including 
managing and restoring natural coastal ecosystems and infrastructure reinforcement (medium confidence). (Figure SPM.2) 
{3.4.5, Box 3.5}

B.3 On land, impacts on biodiversity and ecosystems, including species loss and extinction, are 
projected to be lower at 1.5°C of global warming compared to 2°C. Limiting global warming to 
1.5°C compared to 2°C is projected to lower the impacts on terrestrial, freshwater and coastal 
ecosystems and to retain more of their services to humans (high confidence). (Figure SPM.2) 
{3.4, 3.5, Box 3.4, Box 4.2, Cross-Chapter Box 8 in Chapter 3} 

B.3.1 Of 105,000 species studied,9 6% of insects, 8% of plants and 4% of vertebrates are projected to lose over half of their 
climatically determined geographic range for global warming of 1.5°C, compared with 18% of insects, 16% of plants and 
8% of vertebrates for global warming of 2°C (medium confidence). Impacts associated with other biodiversity-related 
risks such as forest fires and the spread of invasive species are lower at 1.5°C compared to 2°C of global warming (high 
confidence). {3.4.3, 3.5.2}

B.3.2 Approximately 4% (interquartile range 2–7%) of the global terrestrial land area is projected to undergo a transformation 
of ecosystems from one type to another at 1°C of global warming, compared with 13% (interquartile range 8–20%) at 2°C 
(medium confidence). This indicates that the area at risk is projected to be approximately 50% lower at 1.5°C compared to 
2°C (medium confidence). {3.4.3.1, 3.4.3.5}

B.3.3 High-latitude tundra and boreal forests are particularly at risk of climate change-induced degradation and loss, with woody 
shrubs already encroaching into the tundra (high confidence) and this will proceed with further warming. Limiting global 
warming to 1.5°C rather than 2°C is projected to prevent the thawing over centuries of a permafrost area in the range of 
1.5 to 2.5 million km2 (medium confidence). {3.3.2, 3.4.3, 3.5.5} 

B.4 Limiting global warming to 1.5°C compared to 2°C is projected to reduce increases in ocean 
temperature as well as associated increases in ocean acidity and decreases in ocean oxygen levels 
(high confidence). Consequently, limiting global warming to 1.5°C is projected to reduce risks 
to marine biodiversity, fisheries, and ecosystems, and their functions and services to humans, 
as illustrated by recent changes to Arctic sea ice and warm-water coral reef ecosystems (high 
confidence). {3.3, 3.4, 3.5, Box 3.4, Box 3.5}

B.4.1 There is high confidence that the probability of a sea ice-free Arctic Ocean during summer is substantially lower at global 
warming of 1.5°C when compared to 2°C. With 1.5°C of global warming, one sea ice-free Arctic summer is projected per 
century. This likelihood is increased to at least one per decade with 2°C global warming. Effects of a temperature overshoot 
are reversible for Arctic sea ice cover on decadal time scales (high confidence). {3.3.8, 3.4.4.7}

B.4.2 Global warming of 1.5°C is projected to shift the ranges of many marine species to higher latitudes as well as increase the 
amount of damage to many ecosystems. It is also expected to drive the loss of coastal resources and reduce the productivity of 
fisheries and aquaculture (especially at low latitudes). The risks of climate-induced impacts are projected to be higher at 2°C 
than those at global warming of 1.5°C (high confidence). Coral reefs, for example, are projected to decline by a further 70–90% 
at 1.5°C (high confidence) with larger losses (>99%) at 2°C (very high confidence). The risk of irreversible loss of many marine 
and coastal ecosystems increases with global warming, especially at 2°C or more (high confidence). {3.4.4, Box 3.4}

9 Consistent with earlier studies, illustrative numbers were adopted from one recent meta-study.
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10 Here, impacts on economic growth refer to changes in gross domestic product (GDP). Many impacts, such as loss of human lives, cultural heritage and ecosystem services, are difficult 
to value and monetize.

B.4.3 The level of ocean acidification due to increasing CO2 concentrations associated with global warming of 1.5°C is projected to 
amplify the adverse effects of warming, and even further at 2°C, impacting the growth, development, calcification, survival, 
and thus abundance of a broad range of species, for example, from algae to fish (high confidence). {3.3.10, 3.4.4}

B.4.4 Impacts of climate change in the ocean are increasing risks to fisheries and aquaculture via impacts on the physiology, 
survivorship, habitat, reproduction, disease incidence, and risk of invasive species (medium confidence) but are projected to 
be less at 1.5°C of global warming than at 2°C. One global fishery model, for example, projected a decrease in global annual 
catch for marine fisheries of about 1.5 million tonnes for 1.5°C of global warming compared to a loss of more than 3 million 
tonnes for 2°C of global warming (medium confidence). {3.4.4, Box 3.4}

B.5 Climate-related risks to health, livelihoods, food security, water supply, human security, and 
economic growth are projected to increase with global warming of 1.5°C and increase further with 
2°C. (Figure SPM.2) {3.4, 3.5, 5.2, Box 3.2, Box 3.3, Box 3.5, Box 3.6, Cross-Chapter Box 6 in Chapter 
3, Cross-Chapter Box 9 in Chapter 4, Cross-Chapter Box 12 in Chapter 5, 5.2} 

B.5.1 Populations at disproportionately higher risk of adverse consequences with global warming of 1.5°C and beyond include 
disadvantaged and vulnerable populations, some indigenous peoples, and local communities dependent on agricultural or 
coastal livelihoods (high confidence). Regions at disproportionately higher risk include Arctic ecosystems, dryland regions, 
small island developing states, and Least Developed Countries (high confidence). Poverty and disadvantage are expected 
to increase in some populations as global warming increases; limiting global warming to 1.5°C, compared with 2°C, could 
reduce the number of people both exposed to climate-related risks and susceptible to poverty by up to several hundred 
million by 2050 (medium confidence). {3.4.10, 3.4.11, Box 3.5, Cross-Chapter Box 6 in Chapter 3, Cross-Chapter Box 9 in 
Chapter 4, Cross-Chapter Box 12 in Chapter 5, 4.2.2.2, 5.2.1, 5.2.2, 5.2.3, 5.6.3}

B.5.2 Any increase in global warming is projected to affect human health, with primarily negative consequences (high confidence). 
Lower risks are projected at 1.5°C than at 2°C for heat-related morbidity and mortality (very high confidence) and for 
ozone-related mortality if emissions needed for ozone formation remain high (high confidence). Urban heat islands often 
amplify the impacts of heatwaves in cities (high confidence). Risks from some vector-borne diseases, such as malaria and 
dengue fever, are projected to increase with warming from 1.5°C to 2°C, including potential shifts in their geographic range 
(high confidence). {3.4.7, 3.4.8, 3.5.5.8}

B.5.3 Limiting warming to 1.5°C compared with 2°C is projected to result in smaller net reductions in yields of maize, rice, wheat, 
and potentially other cereal crops, particularly in sub-Saharan Africa, Southeast Asia, and Central and South America, and 
in the CO2-dependent nutritional quality of rice and wheat (high confidence). Reductions in projected food availability are 
larger at 2°C than at 1.5°C of global warming in the Sahel, southern Africa, the Mediterranean, central Europe, and the 
Amazon (medium confidence). Livestock are projected to be adversely affected with rising temperatures, depending on the 
extent of changes in feed quality, spread of diseases, and water resource availability (high confidence). {3.4.6, 3.5.4, 3.5.5, 
Box 3.1, Cross-Chapter Box 6 in Chapter 3, Cross-Chapter Box 9 in Chapter 4}

B.5.4 Depending on future socio-economic conditions, limiting global warming to 1.5°C compared to 2°C may reduce the 
proportion of the world population exposed to a climate change-induced increase in water stress by up to 50%, although 
there is considerable variability between regions (medium confidence). Many small island developing states could  
experience lower water stress as a result of projected changes in aridity when global warming is limited to 1.5°C, as 
compared to 2°C (medium confidence). {3.3.5, 3.4.2, 3.4.8, 3.5.5, Box 3.2, Box 3.5, Cross-Chapter Box 9 in Chapter 4}

B.5.5 Risks to global aggregated economic growth due to climate change impacts are projected to be lower at 1.5°C than at 
2°C by the end of this century10 (medium confidence). This excludes the costs of mitigation, adaptation investments and 
the benefits of adaptation. Countries in the tropics and Southern Hemisphere subtropics are projected to experience the 
largest impacts on economic growth due to climate change should global warming increase from 1.5°C to 2°C (medium 
confidence). {3.5.2, 3.5.3} 
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B.5.6 Exposure to multiple and compound climate-related risks increases between 1.5°C and 2°C of global warming, with greater 
proportions of people both so exposed and susceptible to poverty in Africa and Asia (high confidence). For global warming 
from 1.5°C to 2°C, risks across energy, food, and water sectors could overlap spatially and temporally, creating new and 
exacerbating current hazards, exposures, and vulnerabilities that could affect increasing numbers of people and regions 
(medium confidence). {Box 3.5, 3.3.1, 3.4.5.3, 3.4.5.6, 3.4.11, 3.5.4.9}

B.5.7 There are multiple lines of evidence that since AR5 the assessed levels of risk increased for four of the five Reasons for 
Concern (RFCs) for global warming to 2°C (high confidence). The risk transitions by degrees of global warming are now: 
from high to very high risk between 1.5°C and 2°C for RFC1 (Unique and threatened systems) (high confidence); from 
moderate to high risk between 1°C and 1.5°C for RFC2 (Extreme weather events) (medium confidence); from moderate to 
high risk between 1.5°C and 2°C for RFC3 (Distribution of impacts) (high confidence); from moderate to high risk between 
1.5°C and 2.5°C for RFC4 (Global aggregate impacts) (medium confidence); and from moderate to high risk between 1°C 
and 2.5°C for RFC5 (Large-scale singular events) (medium confidence). (Figure SPM.2) {3.4.13; 3.5, 3.5.2}

B.6  Most adaptation needs will be lower for global warming of 1.5°C compared to 2°C (high confidence). 
There are a wide range of adaptation options that can reduce the risks of climate change (high 
confidence). There are limits to adaptation and adaptive capacity for some human and natural 
systems at global warming of 1.5°C, with associated losses (medium confidence). The number and 
availability of adaptation options vary by sector (medium confidence). {Table 3.5, 4.3, 4.5, Cross-
Chapter Box 9 in Chapter 4, Cross-Chapter Box 12 in Chapter 5} 

B.6.1 A wide range of adaptation options are available to reduce the risks to natural and managed ecosystems (e.g., ecosystem-
based adaptation, ecosystem restoration and avoided degradation and deforestation, biodiversity management, 
sustainable aquaculture, and local knowledge and indigenous knowledge), the risks of sea level rise (e.g., coastal defence 
and hardening), and the risks to health, livelihoods, food, water, and economic growth, especially in rural landscapes 
(e.g., efficient irrigation, social safety nets, disaster risk management, risk spreading and sharing, and community-
based adaptation) and urban areas (e.g., green infrastructure, sustainable land use and planning, and sustainable water 
management) (medium confidence). {4.3.1, 4.3.2, 4.3.3, 4.3.5, 4.5.3, 4.5.4, 5.3.2, Box 4.2, Box 4.3, Box 4.6, Cross-Chapter 
Box 9 in Chapter 4}.

B.6.2 Adaptation is expected to be more challenging for ecosystems, food and health systems at 2°C of global warming than for 
1.5°C (medium confidence). Some vulnerable regions, including small islands and Least Developed Countries, are projected 
to experience high multiple interrelated climate risks even at global warming of 1.5°C (high confidence). {3.3.1, 3.4.5, 
Box 3.5, Table 3.5, Cross-Chapter Box 9 in Chapter 4, 5.6, Cross-Chapter Box 12 in Chapter 5, Box 5.3}

B.6.3 Limits to adaptive capacity exist at 1.5°C of global warming, become more pronounced at higher levels of warming and 
vary by sector, with site-specific implications for vulnerable regions, ecosystems and human health (medium confidence). 
{Cross-Chapter Box 12 in Chapter 5, Box 3.5, Table 3.5} 
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10 Here, impacts on economic growth refer to changes in gross domestic product (GDP). Many impacts, such as loss of human lives, cultural heritage and ecosystem services, are difficult  
 to value and monetize.
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How the level of global warming affects impacts and/or risks associated with 
the Reasons for Concern (RFCs) and selected natural, managed and human 
systems

Impacts and risks associated with the Reasons for Concern (RFCs)

Purple indicates very high 

risks of severe impacts/risks 

and the presence of 

significant irreversibility or 

the persistence of 

climate-related hazards, 

combined with limited 

ability to adapt due to the 

nature of the hazard or 

impacts/risks. 

Red indicates severe and 

widespread impacts/risks. 

Yellow indicates that 

impacts/risks are detectable 

and attributable to climate 

change with at least medium 

confidence. 

White indicates that no 

impacts are detectable and 

attributable to climate 

change.

Five Reasons For Concern (RFCs) illustrate the impacts and risks of 

different levels of global warming for people, economies and ecosystems 

across sectors and regions.
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Confidence level  for transition: L=Low, M=Medium, H=High and VH=Very high

Mangroves Small-scale
low-latitude

fisheries

Arctic
region

Coastal 
flooding

Fluvial 
flooding

Crop 
yields

Undetectable

Moderate

High

Very high

Figure SPM.2 | Five integrative reasons for concern (RFCs) provide a framework for summarizing key impacts and risks across sectors and regions, and were 
introduced in the IPCC Third Assessment Report. RFCs illustrate the implications of global warming for people, economies and ecosystems. Impacts and/or risks 
for each RFC are based on assessment of the new literature that has appeared. As in AR5, this literature was used to make expert judgments to assess the levels 
of global warming at which levels of impact and/or risk are undetectable, moderate, high or very high. The selection of impacts and risks to natural, managed and 
human systems in the lower panel is illustrative and is not intended to be fully comprehensive. {3.4, 3.5, 3.5.2.1, 3.5.2.2, 3.5.2.3, 3.5.2.4, 3.5.2.5, 5.4.1, 5.5.3, 
5.6.1, Box 3.4}
RFC1 Unique and threatened systems: ecological and human systems that have restricted geographic ranges constrained by climate-related conditions and 
have high endemism or other distinctive properties. Examples include coral reefs, the Arctic and its indigenous people, mountain glaciers and biodiversity hotspots. 
RFC2 Extreme weather events: risks/impacts to human health, livelihoods, assets and ecosystems from extreme weather events such as heat waves, heavy rain, 
drought and associated wildfires, and coastal flooding. 
RFC3 Distribution of impacts: risks/impacts that disproportionately affect particular groups due to uneven distribution of physical climate change hazards, 
exposure or vulnerability. 
RFC4 Global aggregate impacts: global monetary damage, global-scale degradation and loss of ecosystems and biodiversity. 
RFC5 Large-scale singular events: are relatively large, abrupt and sometimes irreversible changes in systems that are caused by global warming. Examples 
include disintegration of the Greenland and Antarctic ice sheets.
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11 References to pathways limiting global warming to 2°C are based on a 66% probability of staying below 2°C.

12 Non-CO2 emissions included in this Report are all anthropogenic emissions other than CO2 that result in radiative forcing. These include short-lived climate forcers, such as methane,  
 some fluorinated gases, ozone precursors, aerosols or aerosol precursors, such as black carbon and sulphur dioxide, respectively, as well as long-lived greenhouse gases, such as nitrous  
 oxide or some fluorinated gases. The radiative forcing associated with non-CO2 emissions and changes in surface albedo is referred to as non-CO2 radiative forcing. {2.2.1}

13 There is a clear scientific basis for a total carbon budget consistent with limiting global warming to 1.5°C. However, neither this total carbon budget nor the fraction of this budget  
 taken up by past emissions were assessed in this Report.

14 Irrespective of the measure of global temperature used, updated understanding and further advances in methods have led to an increase in the estimated remaining carbon budget of  
 about 300 GtCO2 compared to AR5. (medium confidence) {2.2.2}

15 These estimates use observed GMST to 2006–2015 and estimate future temperature changes using near surface air temperatures. 

C. Emission Pathways and System Transitions Consistent with 1.5°C 
Global Warming

C.1  In model pathways with no or limited overshoot of 1.5°C, global net anthropogenic CO2 emissions 
decline by about 45% from 2010 levels by 2030 (40–60% interquartile range), reaching net zero 
around 2050 (2045–2055 interquartile range). For limiting global warming to below 2°C11 CO2 

emissions are projected to decline by about 25% by 2030 in most pathways (10–30% interquartile 
range) and reach net zero around 2070 (2065–2080 interquartile range). Non-CO2 emissions in 
pathways that limit global warming to 1.5°C show deep reductions that are similar to those in 
pathways limiting warming to 2°C. (high confidence) (Figure SPM.3a) {2.1, 2.3, Table 2.4} 

C.1.1 CO2 emissions reductions that limit global warming to 1.5°C with no or limited overshoot can involve different portfolios of 
mitigation measures, striking different balances between lowering energy and resource intensity, rate of decarbonization, 
and the reliance on carbon dioxide removal. Different portfolios face different implementation challenges and potential 
synergies and trade-offs with sustainable development. (high confidence) (Figure SPM.3b) {2.3.2, 2.3.4, 2.4, 2.5.3}  

C.1.2 Modelled pathways that limit global warming to 1.5°C with no or limited overshoot involve deep reductions in emissions 
of methane and black carbon (35% or more of both by 2050 relative to 2010). These pathways also reduce most of the 
cooling aerosols, which partially offsets mitigation effects for two to three decades. Non-CO2 emissions12 can be reduced 
as a result of broad mitigation measures in the energy sector. In addition, targeted non-CO2 mitigation measures can 
reduce nitrous oxide and methane from agriculture, methane from the waste sector, some sources of black carbon, and 
hydrofluorocarbons. High bioenergy demand can increase emissions of nitrous oxide in some 1.5°C pathways, highlighting 
the importance of appropriate management approaches. Improved air quality resulting from projected reductions in many 
non-CO2 emissions provide direct and immediate population health benefits in all 1.5°C model pathways. (high confidence) 
(Figure SPM.3a) {2.2.1, 2.3.3, 2.4.4, 2.5.3, 4.3.6, 5.4.2} 

C.1.3 Limiting global warming requires limiting the total cumulative global anthropogenic emissions of CO2 since the pre-
industrial period, that is, staying within a total carbon budget (high confidence).13 By the end of 2017, anthropogenic CO2 
emissions since the pre-industrial period are estimated to have reduced the total carbon budget for 1.5°C by approximately 
2200 ± 320 GtCO2 (medium confidence). The associated remaining budget is being depleted by current emissions of 
42 ± 3 GtCO2 per year (high confidence). The choice of the measure of global temperature affects the estimated remaining 
carbon budget. Using global mean surface air temperature, as in AR5, gives an estimate of the remaining carbon budget of 
580 GtCO2 for a 50% probability of limiting warming to 1.5°C, and 420 GtCO2 for a 66% probability (medium confidence).14 

Alternatively, using GMST gives estimates of 770 and 570 GtCO2, for 50% and 66% probabilities,15 respectively (medium 
confidence). Uncertainties in the size of these estimated remaining carbon budgets are substantial and depend on several 
factors. Uncertainties in the climate response to CO2 and non-CO2 emissions contribute ±400 GtCO2 and the level of historic 
warming contributes ±250 GtCO2 (medium confidence). Potential additional carbon release from future permafrost thawing 
and methane release from wetlands would reduce budgets by up to 100 GtCO2 over the course of this century and more 
thereafter (medium confidence). In addition, the level of non-CO2 mitigation in the future could alter the remaining carbon 
budget by 250 GtCO2 in either direction (medium confidence). {1.2.4, 2.2.2, 2.6.1, Table 2.2, Chapter 2 Supplementary 
Material}

C.1.4 Solar radiation modification (SRM) measures are not included in any of the available assessed pathways. Although some 
SRM measures may be theoretically effective in reducing an overshoot, they face large uncertainties and knowledge gaps 
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as well as substantial risks and institutional and social constraints to deployment related to governance, ethics, and impacts 
on sustainable development. They also do not mitigate ocean acidification. (medium confidence) {4.3.8, Cross-Chapter 
Box 10 in Chapter 4}
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Emissions of non-CO2 forcers are also reduced 
or limited in pathways limiting global warming 
to 1.5°C with no or limited overshoot, but 
they do not reach zero globally. 
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Global emissions pathway characteristics

General characteristics of the evolution of anthropogenic net emissions of CO2, and total emissions of 

methane, black carbon, and nitrous oxide in model pathways that limit global warming to 1.5°C with no or 

limited overshoot. Net emissions are defined as anthropogenic emissions reduced by anthropogenic 

removals. Reductions in net emissions can be achieved through di�erent portfolios of mitigation measures 

illustrated in Figure SPM.3b.

Global total net CO2 emissions
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0

1

Four illustrative model pathways

no or limited overshoot,

In pathways limiting global warming to 1.5°C 
with no or limited overshoot as well as in 
pathways with a higher overshoot, CO2 emissions 
are reduced to net zero globally around 2050.

P1
P2

P3

P4

Pathways with higher overshoot

Pathways limiting global warming below 2°C
(Not shown above) 

Pathways limiting global warming to 1.5°C with no or limited overshootTiming of net zero CO2
Line widths depict the 5-95th 
percentile and the 25-75th 
percentile of scenarios

Figure SPM.3a | Global emissions pathway characteristics. The main panel shows global net anthropogenic CO2 emissions in pathways limiting global warming 
to 1.5°C with no or limited (less than 0.1°C) overshoot and pathways with higher overshoot. The shaded area shows the full range for pathways analysed in this 
Report. The panels on the right show non-CO2 emissions ranges for three compounds with large historical forcing and a substantial portion of emissions coming 
from sources distinct from those central to CO2 mitigation. Shaded areas in these panels show the 5–95% (light shading) and interquartile (dark shading) ranges 
of pathways limiting global warming to 1.5°C with no or limited overshoot. Box and whiskers at the bottom of the figure show the timing of pathways reaching 
global net zero CO2 emission levels, and a comparison with pathways limiting global warming to 2°C with at least 66% probability. Four illustrative model pathways 
are highlighted in the main panel and are labelled P1, P2, P3 and P4, corresponding to the LED, S1, S2, and S5 pathways assessed in Chapter 2. Descriptions and 
characteristics of these pathways are available in Figure SPM.3b. {2.1, 2.2, 2.3, Figure 2.5, Figure 2.10, Figure 2.11}
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Breakdown of contributions to global net CO2 emissions in four illustrative model pathways 

P1:  A scenario in which social, 

business and technological innovations 

result in lower energy demand up to 

2050 while living standards rise, 

especially in the global South. A 

downsized energy system enables 

rapid decarbonization of energy supply. 

Afforestation is the only CDR option 

considered; neither fossil fuels with CCS 

nor BECCS are used.

P2:  A scenario with a broad focus on 

sustainability including energy 

intensity, human development, 

economic convergence and 

international cooperation, as well as 

shi�s towards sustainable and healthy 

consumption patterns, low-carbon 

technology innovation, and 

well-managed land systems with 

limited societal acceptability for BECCS.

P3:  A middle-of-the-road scenario in

which societal as well as technological 

development follows historical 

patterns. Emissions reductions are 

mainly achieved by changing the way in 

which energy and products are 

produced, and to a lesser degree by 

reductions in demand.

P4:  A resource- and energy-intensive 

scenario in which economic growth and 

globalization lead to widespread 

adoption of greenhouse-gas-intensive 

lifestyles, including high demand for 

transportation fuels and livestock 

products. Emissions reductions are 

mainly achieved through technological 

means, making strong use of CDR 

through the deployment of BECCS.
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Characteristics of four illustrative model pathways

Different mitigation strategies can achieve the net emissions reductions that would be required to follow a 

pathway that limits global warming to 1.5°C with no or limited overshoot. All pathways use Carbon Dioxide 

Removal (CDR), but the amount varies across pathways, as do the relative contributions of Bioenergy with 

Carbon Capture and Storage (BECCS) and removals in the Agriculture, Forestry and Other Land Use (AFOLU) 

sector. This has implications for emissions and several other pathway characteristics.

P1 P2 P3 P4

P1 P2 P3 P4 Interquartile range

Billion tonnes CO₂ per year (GtCO2/yr)

Global indicators

Billion tonnes CO₂ per year (GtCO2/yr) Billion tonnes CO₂ per year (GtCO2/yr) Billion tonnes CO₂ per year (GtCO2/yr)

NOTE: Indicators have been selected to show global trends identified by the Chapter 2 assessment. 
National and sectoral characteristics can differ substantially from the global trends shown above.

* Kyoto-gas emissions are based on IPCC Second Assessment Report GWP-100
** Changes in energy demand are associated with improvements in energy 
efficiency and behaviour change
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Figure SPM.3b | Characteristics of four illustrative model pathways in relation to global warming of 1.5°C introduced in Figure SPM.3a. These pathways were 
selected to show a range of potential mitigation approaches and vary widely in their projected energy and land use, as well as their assumptions about future 
socio-economic developments, including economic and population growth, equity and sustainability. A breakdown of the global net anthropogenic CO2 emissions 
into the contributions in terms of CO2 emissions from fossil fuel and industry; agriculture, forestry and other land use (AFOLU); and bioenergy with carbon capture 
and storage (BECCS) is shown. AFOLU estimates reported here are not necessarily comparable with countries’ estimates. Further characteristics for each of these 
pathways are listed below each pathway. These pathways illustrate relative global differences in mitigation strategies, but do not represent central estimates, 
national strategies, and do not indicate requirements. For comparison, the right-most column shows the interquartile ranges across pathways with no or limited 
overshoot of 1.5°C. Pathways P1, P2, P3 and P4 correspond to the LED, S1, S2 and S5 pathways assessed in Chapter 2 (Figure SPM.3a). {2.2.1, 2.3.1, 2.3.2, 
2.3.3, 2.3.4, 2.4.1, 2.4.2, 2.4.4, 2.5.3, Figure 2.5, Figure 2.6, Figure 2.9, Figure 2.10, Figure 2.11, Figure 2.14, Figure 2.15, Figure 2.16, Figure 2.17, Figure 2.24, 
Figure 2.25, Table 2.4, Table 2.6, Table 2.7, Table 2.9, Table 4.1} 

C.2  Pathways limiting global warming to 1.5°C with no or limited overshoot would require rapid 
and far-reaching transitions in energy, land, urban and infrastructure (including transport and 
buildings), and industrial systems (high confidence). These systems transitions are unprecedented 
in terms of scale, but not necessarily in terms of speed, and imply deep emissions reductions in all 
sectors, a wide portfolio of mitigation options and a significant upscaling of investments in those 
options (medium confidence). {2.3, 2.4, 2.5, 4.2, 4.3, 4.4, 4.5}

C.2.1 Pathways that limit global warming to 1.5°C with no or limited overshoot show system changes that are more rapid and 
pronounced over the next two decades than in 2°C pathways (high confidence). The rates of system changes associated 
with limiting global warming to 1.5°C with no or limited overshoot have occurred in the past within specific sectors, 
technologies and spatial contexts, but there is no documented historic precedent for their scale (medium confidence). 
{2.3.3, 2.3.4, 2.4, 2.5, 4.2.1, 4.2.2, Cross-Chapter Box 11 in Chapter 4} 

C.2.2 In energy systems, modelled global pathways (considered in the literature) limiting global warming to 1.5°C with no or 
limited overshoot (for more details see Figure SPM.3b) generally meet energy service demand with lower energy use, 
including through enhanced energy efficiency, and show faster electrification of energy end use compared to 2°C (high 
confidence). In 1.5°C pathways with no or limited overshoot, low-emission energy sources are projected to have a higher 
share, compared with 2°C pathways, particularly before 2050 (high confidence). In 1.5°C pathways with no or limited 
overshoot, renewables are projected to supply 70–85% (interquartile range) of electricity in 2050 (high confidence). In 
electricity generation, shares of nuclear and fossil fuels with carbon dioxide capture and storage (CCS) are modelled to 
increase in most 1.5°C pathways with no or limited overshoot. In modelled 1.5°C pathways with limited or no overshoot, 
the use of CCS would allow the electricity generation share of gas to be approximately 8% (3–11% interquartile range) 
of global electricity in 2050, while the use of coal shows a steep reduction in all pathways and would be reduced to close 
to 0% (0–2% interquartile range) of electricity (high confidence). While acknowledging the challenges, and differences 
between the options and national circumstances, political, economic, social and technical feasibility of solar energy, wind 
energy and electricity storage technologies have substantially improved over the past few years (high confidence). These 
improvements signal a potential system transition in electricity generation. (Figure SPM.3b) {2.4.1, 2.4.2, Figure 2.1, Table 
2.6, Table 2.7, Cross-Chapter Box 6 in Chapter 3, 4.2.1, 4.3.1, 4.3.3, 4.5.2}

C.2.3 CO2 emissions from industry in pathways limiting global warming to 1.5°C with no or limited overshoot are projected to 
be about 65–90% (interquartile range) lower in 2050 relative to 2010, as compared to 50–80% for global warming of 
2°C (medium confidence). Such reductions can be achieved through combinations of new and existing technologies and 
practices, including electrification, hydrogen, sustainable bio-based feedstocks, product substitution, and carbon capture, 
utilization and storage (CCUS). These options are technically proven at various scales but their large-scale deployment 
may be limited by economic, financial, human capacity and institutional constraints in specific contexts, and specific 
characteristics of large-scale industrial installations. In industry, emissions reductions by energy and process efficiency 
by themselves are insufficient for limiting warming to 1.5°C with no or limited overshoot (high confidence). {2.4.3, 4.2.1, 
Table 4.1, Table 4.3, 4.3.3, 4.3.4, 4.5.2}

C.2.4 The urban and infrastructure system transition consistent with limiting global warming to 1.5°C with no or limited overshoot 
would imply, for example, changes in land and urban planning practices, as well as deeper emissions reductions in transport 
and buildings compared to pathways that limit global warming below 2°C (medium confidence). Technical measures 
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and practices enabling deep emissions reductions include various energy efficiency options. In pathways limiting global 
warming to 1.5°C with no or limited overshoot, the electricity share of energy demand in buildings would be about 55–75% 
in 2050 compared to 50–70% in 2050 for 2°C global warming (medium confidence). In the transport sector, the share of 
low-emission final energy would rise from less than 5% in 2020 to about 35–65% in 2050 compared to 25–45% for 2°C 
of global warming (medium confidence). Economic, institutional and socio-cultural barriers may inhibit these urban and 
infrastructure system transitions, depending on national, regional and local circumstances, capabilities and the availability 
of capital (high confidence). {2.3.4, 2.4.3, 4.2.1, Table 4.1, 4.3.3, 4.5.2}

C.2.5 Transitions in global and regional land use are found in all pathways limiting global warming to 1.5°C with no or limited 
overshoot, but their scale depends on the pursued mitigation portfolio. Model pathways that limit global warming to 1.5°C 
with no or limited overshoot project a 4 million km2 reduction to a 2.5 million km2 increase of non-pasture agricultural land 
for food and feed crops and a 0.5–11 million km2 reduction of pasture land, to be converted into a 0–6 million km2 increase 
of agricultural land for energy crops and a 2 million km2 reduction to 9.5 million km2 increase in forests by 2050 relative 
to 2010 (medium confidence).16 Land-use transitions of similar magnitude can be observed in modelled 2°C pathways 
(medium confidence). Such large transitions pose profound challenges for sustainable management of the various demands 
on land for human settlements, food, livestock feed, fibre, bioenergy, carbon storage, biodiversity and other ecosystem 
services (high confidence). Mitigation options limiting the demand for land include sustainable intensification of land-use 
practices, ecosystem restoration and changes towards less resource-intensive diets (high confidence). The implementation 
of land-based mitigation options would require overcoming socio-economic, institutional, technological, financing and 
environmental barriers that differ across regions (high confidence). {2.4.4, Figure 2.24, 4.3.2, 4.3.7, 4.5.2, Cross-Chapter 
Box 7 in Chapter 3}

C.2.6 Additional annual average energy-related investments for the period 2016 to 2050 in pathways limiting warming to 
1.5°C compared to pathways without new climate policies beyond those in place today are estimated to be around 830 
billion USD2010 (range of 150 billion to 1700 billion USD2010 across six models17). This compares to total annual average 
energy supply investments in 1.5°C pathways of 1460 to 3510 billion USD2010 and total annual average energy demand 
investments of 640 to 910 billion USD2010 for the period 2016 to 2050. Total energy-related investments increase by 
about 12% (range of 3% to 24%) in 1.5°C pathways relative to 2°C pathways. Annual investments in low-carbon energy 
technologies and energy efficiency are upscaled by roughly a factor of six (range of factor of 4 to 10) by 2050 compared to 
2015 (medium confidence). {2.5.2, Box 4.8, Figure 2.27}

C.2.7 Modelled pathways limiting global warming to 1.5°C with no or limited overshoot project a wide range of global average 
discounted marginal abatement costs over the 21st century. They are roughly 3-4 times higher than in pathways limiting 
global warming to below 2°C (high confidence). The economic literature distinguishes marginal abatement costs from total 
mitigation costs in the economy. The literature on total mitigation costs of 1.5°C mitigation pathways is limited and was 
not assessed in this Report. Knowledge gaps remain in the integrated assessment of the economy-wide costs and benefits 
of mitigation in line with pathways limiting warming to 1.5°C. {2.5.2; 2.6; Figure 2.26}

16 The projected land-use changes presented are not deployed to their upper limits simultaneously in a single pathway.

17 Including two pathways limiting warming to 1.5°C with no or limited overshoot and four pathways with higher overshoot.
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C.3  All pathways that limit global warming to 1.5°C with limited or no overshoot project the use of 
carbon dioxide removal (CDR) on the order of 100–1000 GtCO2 over the 21st century. CDR would 
be used to compensate for residual emissions and, in most cases, achieve net negative emissions 
to return global warming to 1.5°C following a peak (high confidence). CDR deployment of several 
hundreds of GtCO2 is subject to multiple feasibility and sustainability constraints (high confidence). 
Significant near-term emissions reductions and measures to lower energy and land demand can 
limit CDR deployment to a few hundred GtCO2 without reliance on bioenergy with carbon capture 
and storage (BECCS) (high confidence). {2.3, 2.4, 3.6.2, 4.3, 5.4}  

C.3.1 Existing and potential CDR measures include afforestation and reforestation, land restoration and soil carbon sequestration, 
BECCS, direct air carbon capture and storage (DACCS), enhanced weathering and ocean alkalinization. These differ widely 
in terms of maturity, potentials, costs, risks, co-benefits and trade-offs (high confidence). To date, only a few published 
pathways include CDR measures other than afforestation and BECCS. {2.3.4, 3.6.2, 4.3.2, 4.3.7}

C.3.2 In pathways limiting global warming to 1.5°C with limited or no overshoot, BECCS deployment is projected to range from 
0–1, 0–8, and 0–16 GtCO2 yr−1 in 2030, 2050, and 2100, respectively, while agriculture, forestry and land-use (AFOLU) 
related CDR measures are projected to remove 0–5, 1–11, and 1–5 GtCO2 yr−1 in these years (medium confidence). The 
upper end of these deployment ranges by mid-century exceeds the BECCS potential of up to 5 GtCO2 yr−1 and afforestation 
potential of up to 3.6 GtCO2 yr−1 assessed based on recent literature (medium confidence). Some pathways avoid BECCS 
deployment completely through demand-side measures and greater reliance on AFOLU-related CDR measures (medium 
confidence). The use of bioenergy can be as high or even higher when BECCS is excluded compared to when it is included 
due to its potential for replacing fossil fuels across sectors (high confidence). (Figure SPM.3b) {2.3.3, 2.3.4, 2.4.2, 3.6.2, 
4.3.1, 4.2.3, 4.3.2, 4.3.7, 4.4.3, Table 2.4}

C.3.3 Pathways that overshoot 1.5°C of global warming rely on CDR exceeding residual CO2 emissions later in the century to 
return to below 1.5°C by 2100, with larger overshoots requiring greater amounts of CDR (Figure SPM.3b) (high confidence). 
Limitations on the speed, scale, and societal acceptability of CDR deployment hence determine the ability to return global 
warming to below 1.5°C following an overshoot. Carbon cycle and climate system understanding is still limited about the 
effectiveness of net negative emissions to reduce temperatures after they peak (high confidence). {2.2, 2.3.4, 2.3.5, 2.6, 
4.3.7, 4.5.2, Table 4.11}

C.3.4 Most current and potential CDR measures could have significant impacts on land, energy, water or nutrients if deployed 
at large scale (high confidence). Afforestation and bioenergy may compete with other land uses and may have significant 
impacts on agricultural and food systems, biodiversity, and other ecosystem functions and services (high confidence). 
Effective governance is needed to limit such trade-offs and ensure permanence of carbon removal in terrestrial, geological 
and ocean reservoirs (high confidence). Feasibility and sustainability of CDR use could be enhanced by a portfolio of options 
deployed at substantial, but lesser scales, rather than a single option at very large scale (high confidence). (Figure SPM.3b) 
{2.3.4, 2.4.4, 2.5.3, 2.6, 3.6.2, 4.3.2, 4.3.7, 4.5.2, 5.4.1, 5.4.2; Cross-Chapter Boxes 7 and 8 in Chapter 3, Table 4.11, Table 
5.3, Figure 5.3}

C.3.5 Some AFOLU-related CDR measures such as restoration of natural ecosystems and soil carbon sequestration could provide 
co-benefits such as improved biodiversity, soil quality, and local food security. If deployed at large scale, they would 
require governance systems enabling sustainable land management to conserve and protect land carbon stocks and other 
ecosystem functions and services (medium confidence). (Figure SPM.4) {2.3.3, 2.3.4, 2.4.2, 2.4.4, 3.6.2, 5.4.1, Cross-Chapter 
Boxes 3 in Chapter 1 and 7 in Chapter 3, 4.3.2, 4.3.7, 4.4.1, 4.5.2, Table 2.4}
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D. Strengthening the Global Response in the Context of Sustainable 
Development and Efforts to Eradicate Poverty

D.1 Estimates of the global emissions outcome of current nationally stated mitigation ambitions as 
submitted under the Paris Agreement would lead to global greenhouse gas emissions18 in 2030 
of 52–58 GtCO2eq yr−1 (medium confidence). Pathways reflecting these ambitions would not limit 
global warming to 1.5°C, even if supplemented by very challenging increases in the scale and 
ambition of emissions reductions after 2030 (high confidence). Avoiding overshoot and reliance 
on future large-scale deployment of carbon dioxide removal (CDR) can only be achieved if global 
CO2 emissions start to decline well before 2030 (high confidence). {1.2, 2.3, 3.3, 3.4, 4.2, 4.4, Cross-
Chapter Box 11 in Chapter 4} 

D.1.1 Pathways that limit global warming to 1.5°C with no or limited overshoot show clear emission reductions by 2030 (high 
confidence). All but one show a decline in global greenhouse gas emissions to below 35 GtCO2eq yr−1 in 2030, and half of 
available pathways fall within the 25–30 GtCO2eq yr−1 range (interquartile range), a 40–50% reduction from 2010 levels 
(high confidence). Pathways reflecting current nationally stated mitigation ambition until 2030 are broadly consistent 
with cost-effective pathways that result in a global warming of about 3°C by 2100, with warming continuing afterwards 
(medium confidence). {2.3.3, 2.3.5, Cross-Chapter Box 11 in Chapter 4, 5.5.3.2}

D.1.2 Overshoot trajectories result in higher impacts and associated challenges compared to pathways that limit global warming 
to 1.5°C with no or limited overshoot (high confidence). Reversing warming after an overshoot of 0.2°C or larger during 
this century would require upscaling and deployment of CDR at rates and volumes that might not be achievable given 
considerable implementation challenges (medium confidence). {1.3.3, 2.3.4, 2.3.5, 2.5.1, 3.3, 4.3.7, Cross-Chapter Box 8 in 
Chapter 3, Cross-Chapter Box 11 in Chapter 4}

D.1.3 The lower the emissions in 2030, the lower the challenge in limiting global warming to 1.5°C after 2030 with no or limited 
overshoot (high confidence). The challenges from delayed actions to reduce greenhouse gas emissions include the risk of 
cost escalation, lock-in in carbon-emitting infrastructure, stranded assets, and reduced flexibility in future response options 
in the medium to long term (high confidence). These may increase uneven distributional impacts between countries at 
different stages of development (medium confidence). {2.3.5, 4.4.5, 5.4.2}

D.2 The avoided climate change impacts on sustainable development, eradication of poverty and reducing 
inequalities would be greater if global warming were limited to 1.5°C rather than 2°C, if mitigation 
and adaptation synergies are maximized while trade-offs are minimized (high confidence). {1.1, 1.4, 
2.5, 3.3, 3.4, 5.2, Table 5.1}

D.2.1 Climate change impacts and responses are closely linked to sustainable development which balances social well-being, 
economic prosperity and environmental protection. The United Nations Sustainable Development Goals (SDGs), adopted in 
2015, provide an established framework for assessing the links between global warming of 1.5°C or 2°C and development 
goals that include poverty eradication, reducing inequalities, and climate action. (high confidence) {Cross-Chapter Box 4 in 
Chapter 1, 1.4, 5.1}

D.2.2 The consideration of ethics and equity can help address the uneven distribution of adverse impacts associated with 
1.5°C and higher levels of global warming, as well as those from mitigation and adaptation, particularly for poor and 
disadvantaged populations, in all societies (high confidence). {1.1.1, 1.1.2, 1.4.3, 2.5.3, 3.4.10, 5.1, 5.2, 5.3. 5.4, Cross-
Chapter Box 4 in Chapter 1, Cross-Chapter Boxes 6 and 8 in Chapter 3, and Cross-Chapter Box 12 in Chapter 5}

D.2.3 Mitigation and adaptation consistent with limiting global warming to 1.5°C are underpinned by enabling conditions, assessed 
in this Report across the geophysical, environmental-ecological, technological, economic, socio-cultural and institutional 

18 GHG emissions have been aggregated with 100-year GWP values as introduced in the IPCC Second Assessment Report.
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dimensions of feasibility. Strengthened multilevel governance, institutional capacity, policy instruments, technological 
innovation and transfer and mobilization of finance, and changes in human behaviour and lifestyles are enabling conditions 
that enhance the feasibility of mitigation and adaptation options for 1.5°C-consistent systems transitions. (high confidence) 
{1.4, Cross-Chapter Box 3 in Chapter 1, 2.5.1, 4.4, 4.5, 5.6}

D.3 Adaptation options specific to national contexts, if carefully selected together with enabling 
conditions, will have benefits for sustainable development and poverty reduction with global 
warming of 1.5°C, although trade-offs are possible (high confidence). {1.4, 4.3, 4.5}

D.3.1 Adaptation options that reduce the vulnerability of human and natural systems have many synergies with sustainable 
development, if well managed, such as ensuring food and water security, reducing disaster risks, improving health 
conditions, maintaining ecosystem services and reducing poverty and inequality (high confidence). Increasing investment 
in physical and social infrastructure is a key enabling condition to enhance the resilience and the adaptive capacities 
of societies. These benefits can occur in most regions with adaptation to 1.5°C of global warming (high confidence). 
{1.4.3, 4.2.2, 4.3.1, 4.3.2, 4.3.3, 4.3.5, 4.4.1, 4.4.3, 4.5.3, 5.3.1, 5.3.2}

D.3.2 Adaptation to 1.5°C global warming can also result in trade-offs or maladaptations with adverse impacts for sustainable 
development. For example, if poorly designed or implemented, adaptation projects in a range of sectors can increase 
greenhouse gas emissions and water use, increase gender and social inequality, undermine health conditions, and encroach 
on natural ecosystems (high confidence). These trade-offs can be reduced by adaptations that include attention to poverty 
and sustainable development (high confidence). {4.3.2, 4.3.3, 4.5.4, 5.3.2; Cross-Chapter Boxes 6 and 7 in Chapter 3} 

D.3.3 A mix of adaptation and mitigation options to limit global warming to 1.5°C, implemented in a participatory and integrated 
manner, can enable rapid, systemic transitions in urban and rural areas (high confidence). These are most effective when 
aligned with economic and sustainable development, and when local and regional governments and decision makers are 
supported by national governments (medium confidence). {4.3.2, 4.3.3, 4.4.1, 4.4.2}

D.3.4 Adaptation options that also mitigate emissions can provide synergies and cost savings in most sectors and system 
transitions, such as when land management reduces emissions and disaster risk, or when low-carbon buildings are also 
designed for efficient cooling. Trade-offs between mitigation and adaptation, when limiting global warming to 1.5°C, 
such as when bioenergy crops, reforestation or afforestation encroach on land needed for agricultural adaptation, can 
undermine food security, livelihoods, ecosystem functions and services and other aspects of sustainable development. (high 
confidence) {3.4.3, 4.3.2, 4.3.4, 4.4.1, 4.5.2, 4.5.3, 4.5.4}

D.4 Mitigation options consistent with 1.5°C pathways are associated with multiple synergies and trade-
offs across the Sustainable Development Goals (SDGs). While the total number of possible synergies 
exceeds the number of trade-offs, their net effect will depend on the pace and magnitude of changes, 
the composition of the mitigation portfolio and the management of the transition. (high confidence) 
(Figure SPM.4) {2.5, 4.5, 5.4} 

D.4.1 1.5°C pathways have robust synergies particularly for the SDGs 3 (health), 7 (clean energy), 11 (cities and communities), 12 
(responsible consumption and production) and 14 (oceans) (very high confidence). Some 1.5°C pathways show potential 
trade-offs with mitigation for SDGs 1 (poverty), 2 (hunger), 6 (water) and 7 (energy access), if not managed carefully (high 
confidence). (Figure SPM.4) {5.4.2; Figure 5.4, Cross-Chapter Boxes 7 and 8 in Chapter 3}  

D.4.2 1.5°C pathways that include low energy demand (e.g., see P1 in Figure SPM.3a and SPM.3b), low material consumption, 
and low GHG-intensive food consumption have the most pronounced synergies and the lowest number of trade-offs with 
respect to sustainable development and the SDGs (high confidence). Such pathways would reduce dependence on CDR. In 
modelled pathways, sustainable development, eradicating poverty and reducing inequality can support limiting warming to 
1.5°C (high confidence). (Figure SPM.3b, Figure SPM.4) {2.4.3, 2.5.1, 2.5.3, Figure 2.4, Figure 2.28, 5.4.1, 5.4.2, Figure 5.4} 



SPM

Summary for Policymakers

20

Indicative linkages between mitigation options and sustainable 
development using SDGs (The linkages do not show costs and benefits)

Mitigation options deployed in each sector can be associated with potential positive effects (synergies) or 
negative effects (trade-offs) with the Sustainable Development Goals (SDGs). The degree to which this 
potential is realized will depend on the selected portfolio of mitigation options, mitigation policy design, 
and local circumstances and context. Particularly in the energy-demand sector, the potential for synergies is 
larger than for trade-offs. The bars group individually assessed options by level of confidence and take into 
account the relative strength of the assessed mitigation-SDG connections.

The overall size of the coloured bars depict the relative 

potential for synergies and trade-offs between the sectoral 

mitigation options and the SDGs.

Length shows strength of connection

Energy Supply Land
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The shades depict the level of confidence of the 
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D.4.3 1.5°C and 2°C modelled pathways often rely on the deployment of large-scale land-related measures like afforestation 
and bioenergy supply, which, if poorly managed, can compete with food production and hence raise food security concerns 
(high confidence). The impacts of carbon dioxide removal (CDR) options on SDGs depend on the type of options and the 
scale of deployment (high confidence). If poorly implemented, CDR options such as BECCS and AFOLU options would lead 
to trade-offs. Context-relevant design and implementation requires considering people’s needs, biodiversity, and other 
sustainable development dimensions (very high confidence). (Figure SPM.4) {5.4.1.3, Cross-Chapter Box 7 in Chapter 3} 

D.4.4 Mitigation consistent with 1.5°C pathways creates risks for sustainable development in regions with high dependency on 
fossil fuels for revenue and employment generation (high confidence). Policies that promote diversification of the economy 
and the energy sector can address the associated challenges (high confidence). {5.4.1.2, Box 5.2} 

D.4.5 Redistributive policies across sectors and populations that shield the poor and vulnerable can resolve trade-offs for a range 
of SDGs, particularly hunger, poverty and energy access. Investment needs for such complementary policies are only a small 
fraction of the overall mitigation investments in 1.5°C pathways. (high confidence) {2.4.3, 5.4.2, Figure 5.5} 

D.5 Limiting the risks from global warming of 1.5°C in the context of sustainable development and 
poverty eradication implies system transitions that can be enabled by an increase of adaptation 
and mitigation investments, policy instruments, the acceleration of technological innovation and 
behaviour changes (high confidence). {2.3, 2.4, 2.5, 3.2, 4.2, 4.4, 4.5, 5.2, 5.5, 5.6}

D.5.1 Directing finance towards investment in infrastructure for mitigation and adaptation could provide additional resources.  
This could involve the mobilization of private funds by institutional investors, asset managers and development or 
investment banks, as well as the provision of public funds. Government policies that lower the risk of low-emission and 
adaptation investments can facilitate the mobilization of private funds and enhance the effectiveness of other public 
policies. Studies indicate a number of challenges, including access to finance and mobilization of funds. (high confidence) 
{2.5.1, 2.5.2, 4.4.5} 

D.5.2 Adaptation finance consistent with global warming of 1.5°C is difficult to quantify and compare with 2°C. Knowledge 
gaps include insufficient data to calculate specific climate resilience-enhancing investments from the provision of currently 
underinvested basic infrastructure. Estimates of the costs of adaptation might be lower at global warming of 1.5°C than for 
2°C. Adaptation needs have typically been supported by public sector sources such as national and subnational government 
budgets, and in developing countries together with support from development assistance, multilateral development banks, 
and United Nations Framework Convention on Climate Change channels (medium confidence). More recently there is a 

Figure SPM.4 | Potential synergies and trade-offs between the sectoral portfolio of climate change mitigation options and the Sustainable Development Goals 
(SDGs). The SDGs serve as an analytical framework for the assessment of the different sustainable development dimensions, which extend beyond the time frame 
of the 2030 SDG targets. The assessment is based on literature on mitigation options that are considered relevant for 1.5°C. The assessed strength of the SDG 
interactions is based on the qualitative and quantitative assessment of individual mitigation options listed in Table 5.2. For each mitigation option, the strength of 
the SDG-connection as well as the associated confidence of the underlying literature (shades of green and red) was assessed. The strength of positive connections 
(synergies) and negative connections (trade-offs) across all individual options within a sector (see Table 5.2) are aggregated into sectoral potentials for the whole 
mitigation portfolio. The (white) areas outside the bars, which indicate no interactions, have low confidence due to the uncertainty and limited number of studies 
exploring indirect effects. The strength of the connection considers only the effect of mitigation and does not include benefits of avoided impacts. SDG 13 (climate 
action) is not listed because mitigation is being considered in terms of interactions with SDGs and not vice versa. The bars denote the strength of the connection, 
and do not consider the strength of the impact on the SDGs. The energy demand sector comprises behavioural responses, fuel switching and efficiency options in 
the transport, industry and building sector as well as carbon capture options in the industry sector. Options assessed in the energy supply sector comprise biomass 
and non-biomass renewables, nuclear, carbon capture and storage (CCS) with bioenergy, and CCS with fossil fuels. Options in the land sector comprise agricultural 
and forest options, sustainable diets and reduced food waste, soil sequestration, livestock and manure management, reduced deforestation, afforestation and 
reforestation, and responsible sourcing. In addition to this figure, options in the ocean sector are discussed in the underlying report. {5.4, Table 5.2, Figure 5.2}

Information about the net impacts of mitigation on sustainable development in 1.5°C pathways is available only for a limited number of SDGs and mitigation 
options. Only a limited number of studies have assessed the benefits of avoided climate change impacts of 1.5°C pathways for the SDGs, and the co-effects 
of adaptation for mitigation and the SDGs. The assessment of the indicative mitigation potentials in Figure SPM.4 is a step further from AR5 towards a more 
comprehensive and integrated assessment in the future.
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growing understanding of the scale and increase in non-governmental organizations and private funding in some regions 
(medium confidence). Barriers include the scale of adaptation financing, limited capacity and access to adaptation finance 
(medium confidence). {4.4.5, 4.6} 

D.5.3 Global model pathways limiting global warming to 1.5°C are projected to involve the annual average investment needs 
in the energy system of around 2.4 trillion USD2010 between 2016 and 2035, representing about 2.5% of the world GDP 
(medium confidence). {4.4.5, Box 4.8}

D.5.4 Policy tools can help mobilize incremental resources, including through shifting global investments and savings and 
through market and non-market based instruments as well as accompanying measures to secure the equity of the 
transition, acknowledging the challenges related with implementation, including those of energy costs, depreciation of 
assets and impacts on international competition, and utilizing the opportunities to maximize co-benefits (high confidence). 
{1.3.3, 2.3.4, 2.3.5, 2.5.1, 2.5.2, Cross-Chapter Box 8 in Chapter 3, Cross-Chapter Box 11 in Chapter 4, 4.4.5, 5.5.2}

D.5.5 The systems transitions consistent with adapting to and limiting global warming to 1.5°C include the widespread adoption 
of new and possibly disruptive technologies and practices and enhanced climate-driven innovation. These imply enhanced 
technological innovation capabilities, including in industry and finance. Both national innovation policies and international 
cooperation can contribute to the development, commercialization and widespread adoption of mitigation and adaptation 
technologies. Innovation policies may be more effective when they combine public support for research and development 
with policy mixes that provide incentives for technology diffusion. (high confidence) {4.4.4, 4.4.5}.  

D.5.6 Education, information, and community approaches, including those that are informed by indigenous knowledge and local 
knowledge, can accelerate the wide-scale behaviour changes consistent with adapting to and limiting global warming to 
1.5°C. These approaches are more effective when combined with other policies and tailored to the motivations, capabilities 
and resources of specific actors and contexts (high confidence). Public acceptability can enable or inhibit the implementation 
of policies and measures to limit global warming to 1.5°C and to adapt to the consequences. Public acceptability depends 
on the individual’s evaluation of expected policy consequences, the perceived fairness of the distribution of these 
consequences, and perceived fairness of decision procedures (high confidence). {1.1, 1.5, 4.3.5, 4.4.1, 4.4.3, Box 4.3, 5.5.3, 
5.6.5} 

D.6 Sustainable development supports, and often enables, the fundamental societal and systems 
transitions and transformations that help limit global warming to 1.5°C. Such changes facilitate the 
pursuit of climate-resilient development pathways that achieve ambitious mitigation and adaptation 
in conjunction with poverty eradication and efforts to reduce inequalities (high confidence). {Box 1.1, 
1.4.3, Figure 5.1, 5.5.3, Box 5.3} 

D.6.1 Social justice and equity are core aspects of climate-resilient development pathways that aim to limit global warming to 
1.5°C as they address challenges and inevitable trade-offs, widen opportunities, and ensure that options, visions, and values 
are deliberated, between and within countries and communities, without making the poor and disadvantaged worse off 
(high confidence). {5.5.2, 5.5.3, Box 5.3, Figure 5.1, Figure 5.6, Cross-Chapter Boxes 12 and 13 in Chapter 5}

D.6.2 The potential for climate-resilient development pathways differs between and within regions and nations, due to different 
development contexts and systemic vulnerabilities (very high confidence). Efforts along such pathways to date have been 
limited (medium confidence) and enhanced efforts would involve strengthened and timely action from all countries and 
non-state actors (high confidence). {5.5.1, 5.5.3, Figure 5.1}

D.6.3 Pathways that are consistent with sustainable development show fewer mitigation and adaptation challenges and are 
associated with lower mitigation costs. The large majority of modelling studies could not construct pathways characterized 
by lack of international cooperation, inequality and poverty that were able to limit global warming to 1.5°C. (high 
confidence) {2.3.1, 2.5.1, 2.5.3, 5.5.2}
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D.7 Strengthening the capacities for climate action of national and sub-national authorities, civil society, 
the private sector, indigenous peoples and local communities can support the implementation of 
ambitious actions implied by limiting global warming to 1.5°C (high confidence). International 
cooperation can provide an enabling environment for this to be achieved in all countries and for all 
people, in the context of sustainable development. International cooperation is a critical enabler for 
developing countries and vulnerable regions (high confidence). {1.4, 2.3, 2.5, 4.2, 4.4, 4.5, 5.3, 5.4, 5.5, 
5.6, 5, Box 4.1, Box 4.2, Box 4.7, Box 5.3, Cross-Chapter Box 9 in Chapter 4, Cross-Chapter Box 13 in 
Chapter 5}

D.7.1 Partnerships involving non-state public and private actors, institutional investors, the banking system, civil society and 
scientific institutions would facilitate actions and responses consistent with limiting global warming to 1.5°C (very high 
confidence). {1.4, 4.4.1, 4.2.2, 4.4.3, 4.4.5, 4.5.3, 5.4.1, 5.6.2, Box 5.3}.

D.7.2 Cooperation on strengthened accountable multilevel governance that includes non-state actors such as industry, civil 
society and scientific institutions, coordinated sectoral and cross-sectoral policies at various governance levels, gender-
sensitive policies, finance including innovative financing, and cooperation on technology development and transfer can 
ensure participation, transparency, capacity building and learning among different players (high confidence). {2.5.1, 2.5.2, 
4.2.2, 4.4.1, 4.4.2, 4.4.3, 4.4.4, 4.4.5, 4.5.3, Cross-Chapter Box 9 in Chapter 4, 5.3.1, 5.5.3, Cross-Chapter Box 13 in Chapter 
5, 5.6.1, 5.6.3}

D.7.3 International cooperation is a critical enabler for developing countries and vulnerable regions to strengthen their action for 
the implementation of 1.5°C-consistent climate responses, including through enhancing access to finance and technology 
and enhancing domestic capacities, taking into account national and local circumstances and needs (high confidence). 
{2.3.1, 2.5.1, 4.4.1, 4.4.2, 4.4.4, 4.4.5, 5.4.1 5.5.3, 5.6.1, Box 4.1, Box 4.2, Box 4.7}.

D.7.4 Collective efforts at all levels, in ways that reflect different circumstances and capabilities, in the pursuit of limiting global 
warming to 1.5°C, taking into account equity as well as effectiveness, can facilitate strengthening the global response to 
climate change, achieving sustainable development and eradicating poverty (high confidence). {1.4.2, 2.3.1, 2.5.1, 2.5.2, 
2.5.3, 4.2.2, 4.4.1, 4.4.2, 4.4.3, 4.4.4, 4.4.5, 4.5.3, 5.3.1, 5.4.1, 5.5.3, 5.6.1, 5.6.2, 5.6.3}
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Box SPM.1: Core Concepts Central to this Special Report 

Global mean surface temperature (GMST): Estimated global average of near-surface air temperatures over land and 
sea ice, and sea surface temperatures over ice-free ocean regions, with changes normally expressed as departures from a 
value over a specified reference period. When estimating changes in GMST, near-surface air temperature over both land 
and oceans are also used.19 {1.2.1.1} 

Pre-industrial: The multi-century period prior to the onset of large-scale industrial activity around 1750. The reference 
period 1850–1900 is used to approximate pre-industrial GMST. {1.2.1.2} 

Global warming: The estimated increase in GMST averaged over a 30-year period, or the 30-year period centred on a 
particular year or decade, expressed relative to pre-industrial levels unless otherwise specified. For 30-year periods that 
span past and future years, the current multi-decadal warming trend is assumed to continue. {1.2.1}

Net zero CO2 emissions: Net zero carbon dioxide (CO2) emissions are achieved when anthropogenic CO2 emissions are 
balanced globally by anthropogenic CO2 removals over a specified period. 

Carbon dioxide removal (CDR): Anthropogenic activities removing CO2 from the atmosphere and durably storing it in 
geological, terrestrial, or ocean reservoirs, or in products. It includes existing and potential anthropogenic enhancement of 
biological or geochemical sinks and direct air capture and storage, but excludes natural CO2 uptake not directly caused by 
human activities.

Total carbon budget: Estimated cumulative net global anthropogenic CO2 emissions from the pre-industrial period 
to the time that anthropogenic CO2 emissions reach net zero that would result, at some probability, in limiting global 
warming to a given level, accounting for the impact of other anthropogenic emissions. {2.2.2} 

Remaining carbon budget: Estimated cumulative net global anthropogenic CO2 emissions from a given start date to the 
time that anthropogenic CO2 emissions reach net zero that would result, at some probability, in limiting global warming 
to a given level, accounting for the impact of other anthropogenic emissions. {2.2.2}

Temperature overshoot: The temporary exceedance of a specified level of global warming. 

Emission pathways: In this Summary for Policymakers, the modelled trajectories of global anthropogenic emissions over 
the 21st century are termed emission pathways. Emission pathways are classified by their temperature trajectory over 
the 21st century: pathways giving at least 50% probability based on current knowledge of limiting global warming to 
below 1.5°C are classified as ‘no overshoot’; those limiting warming to below 1.6°C and returning to 1.5°C by 2100 are 
classified as ‘1.5°C limited-overshoot’; while those exceeding 1.6°C but still returning to 1.5°C by 2100 are classified as 
‘higher-overshoot’.

Impacts: Effects of climate change on human and natural systems. Impacts can have beneficial or adverse outcomes 
for livelihoods, health and well-being, ecosystems and species, services, infrastructure, and economic, social and cultural 
assets.

Risk: The potential for adverse consequences from a climate-related hazard for human and natural systems, resulting 
from the interactions between the hazard and the vulnerability and exposure of the affected system. Risk integrates 
the likelihood of exposure to a hazard and the magnitude of its impact. Risk also can describe the potential for adverse 
consequences of adaptation or mitigation responses to climate change. 

Climate-resilient development pathways (CRDPs): Trajectories that strengthen sustainable development at multiple 
scales and efforts to eradicate poverty through equitable societal and systems transitions and transformations while 
reducing the threat of climate change through ambitious mitigation, adaptation and climate resilience. 

19 Past IPCC reports, reflecting the literature, have used a variety of approximately equivalent metrics of GMST change.
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TS.1 Framing and Context

This chapter frames the context, knowledge-base and assessment 
approaches used to understand the impacts of 1.5°C global warming 
above pre-industrial levels and related global greenhouse gas 
emission pathways, building on the IPCC Fifth Assessment Report 
(AR5), in the context of strengthening the global response to the 
threat of climate change, sustainable development and efforts to 
eradicate poverty. 

Human-induced warming reached approximately 1°C (likely) 
between 0.8°C and 1.2°C) above pre-industrial levels in 2017, 
increasing at 0.2°C (likely between 0.1°C and 0.3°C) per 
decade (high confidence). Global warming is defined in this report 
as an increase in combined surface air and sea surface temperatures 
averaged over the globe and over a 30-year period. Unless otherwise 
specified, warming is expressed relative to the period 1850–1900, 
used as an approximation of pre-industrial temperatures in AR5. 
For periods shorter than 30 years, warming refers to the estimated 
average temperature over the 30 years centred on that shorter 
period, accounting for the impact of any temperature fluctuations 
or trend within those 30 years. Accordingly, warming from pre-
industrial levels to the decade 2006–2015 is assessed to be 0.87°C 
(likely between 0.75°C and 0.99°C). Since 2000, the estimated level 
of human-induced warming has been equal to the level of observed 
warming with a likely range of ±20% accounting for uncertainty due 
to contributions from solar and volcanic activity over the historical 
period (high confidence). {1.2.1}

Warming greater than the global average has already been 
experienced in many regions and seasons, with higher average 
warming over land than over the ocean (high confidence). Most 
land regions are experiencing greater warming than the global average, 
while most ocean regions are warming at a slower rate. Depending 
on the temperature dataset considered, 20–40% of the global human 
population live in regions that, by the decade 2006–2015, had already 
experienced warming of more than 1.5°C above pre-industrial in at 
least one season (medium confidence). {1.2.1, 1.2.2}

Past emissions alone are unlikely to raise global-mean 
temperature to 1.5°C above pre-industrial levels (medium 
confidence), but past emissions do commit to other changes, 
such as further sea level rise (high confidence). If all 
anthropogenic emissions (including aerosol-related) were reduced 
to zero immediately, any further warming beyond the 1°C already 
experienced would likely be less than 0.5°C over the next two to 
three decades (high confidence), and likely less than 0.5°C on a 
century time scale (medium confidence), due to the opposing effects 
of different climate processes and drivers. A warming greater than 
1.5°C is therefore not geophysically unavoidable: whether it will 
occur depends on future rates of emission reductions. {1.2.3, 1.2.4}

1.5°C emission pathways are defined as those that, given 
current knowledge of the climate response, provide a one-
in-two to two-in-three chance of warming either remaining 
below 1.5°C or returning to 1.5°C by around 2100 following 

an overshoot. Overshoot pathways are characterized by the peak 
magnitude of the overshoot, which may have implications for 
impacts. All 1.5°C pathways involve limiting cumulative emissions 
of long-lived greenhouse gases, including carbon dioxide and nitrous 
oxide, and substantial reductions in other climate forcers (high 
confidence). Limiting cumulative emissions requires either reducing 
net global emissions of long-lived greenhouse gases to zero before 
the cumulative limit is reached, or net negative global emissions 
(anthropogenic removals) after the limit is exceeded. {1.2.3, 1.2.4, 
Cross-Chapter Boxes 1 and 2}

This report assesses projected impacts at a global average 
warming of 1.5°C and higher levels of warming. Global warming 
of 1.5°C is associated with global average surface temperatures 
fluctuating naturally on either side of 1.5°C, together with warming 
substantially greater than 1.5°C in many regions and seasons (high 
confidence), all of which must be considered in the assessment of 
impacts. Impacts at 1.5°C of warming also depend on the emission 
pathway to 1.5°C. Very different impacts result from pathways 
that remain below 1.5°C versus pathways that return to 1.5°C 
after a substantial overshoot, and when temperatures stabilize at 
1.5°C versus a transient warming past 1.5°C (medium confidence). 
{1.2.3, 1.3} 

Ethical considerations, and the principle of equity in particular, 
are central to this report, recognizing that many of the impacts 
of warming up to and beyond 1.5°C, and some potential 
impacts of mitigation actions required to limit warming to 
1.5°C, fall disproportionately on the poor and vulnerable (high 
confidence). Equity has procedural and distributive dimensions and 
requires fairness in burden sharing both between generations and 
between and within nations. In framing the objective of holding the 
increase in the global average temperature rise to well below 2°C 
above pre-industrial levels, and to pursue efforts to limit warming to 
1.5°C, the Paris Agreement associates the principle of equity with the 
broader goals of poverty eradication and sustainable development, 
recognising that effective responses to climate change require a 
global collective effort that may be guided by the 2015 United 
Nations Sustainable Development Goals. {1.1.1}

Climate adaptation refers to the actions taken to manage 
impacts of climate change by reducing vulnerability and 
exposure to its harmful effects and exploiting any potential 
benefits. Adaptation takes place at international, national and 
local levels. Subnational jurisdictions and entities, including urban 
and rural municipalities, are key to developing and reinforcing 
measures for reducing weather- and climate-related risks. Adaptation 
implementation faces several barriers including lack of up-to-date and 
locally relevant information, lack of finance and technology, social 
values and attitudes, and institutional constraints (high confidence). 
Adaptation is more likely to contribute to sustainable development 
when policies align with mitigation and poverty eradication goals 
(medium confidence). {1.1, 1.4} 

Ambitious mitigation actions are indispensable to limit 
warming to 1.5°C while achieving sustainable development 
and poverty eradication (high confidence). Ill-designed responses, 
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however, could pose challenges especially – but not exclusively – for 
countries and regions contending with poverty and those requiring 
significant transformation of their energy systems. This report focuses 
on ‘climate-resilient development pathways’, which aim to meet the 
goals of sustainable development, including climate adaptation and 
mitigation, poverty eradication and reducing inequalities. But any 
feasible pathway that remains within 1.5°C involves synergies and 
trade-offs (high confidence). Significant uncertainty remains as to 
which pathways are more consistent with the principle of equity. 
{1.1.1, 1.4}

Multiple forms of knowledge, including scientific evidence, 
narrative scenarios and prospective pathways, inform the 
understanding of 1.5°C. This report is informed by traditional 
evidence of the physical climate system and associated impacts and 
vulnerabilities of climate change, together with knowledge drawn 
from the perceptions of risk and the experiences of climate impacts 
and governance systems. Scenarios and pathways are used to 
explore conditions enabling goal-oriented futures while recognizing 
the significance of ethical considerations, the principle of equity, and 
the societal transformation needed. {1.2.3, 1.5.2} 

There is no single answer to the question of whether it 
is feasible to limit warming to 1.5°C and adapt to the 
consequences. Feasibility is considered in this report as the 
capacity of a system as a whole to achieve a specific outcome. The 
global transformation that would be needed to limit warming to 
1.5°C requires enabling conditions that reflect the links, synergies 
and trade-offs between mitigation, adaptation and sustainable 
development. These enabling conditions are assessed across many 
dimensions of feasibility – geophysical, environmental-ecological, 
technological, economic, socio-cultural and institutional – that 
may be considered through the unifying lens of the Anthropocene, 
acknowledging profound, differential but increasingly geologically 
significant human influences on the Earth system as a whole. This 
framing also emphasises the global interconnectivity of past, present 
and future human–environment relations, highlighting the need and 
opportunities for integrated responses to achieve the goals of the 
Paris Agreement. {1.1, Cross-Chapter Box 1}

TS.2 Mitigation Pathways Compatible 
with 1.5°C in the Context of 
Sustainable Development

This chapter assesses mitigation pathways consistent with limiting 
warming to 1.5°C above pre-industrial levels. In doing so, it explores 
the following key questions: What role do CO2 and non-CO2 emissions 
play? {2.2, 2.3, 2.4, 2.6} To what extent do 1.5°C pathways involve 
overshooting and returning below 1.5°C during the 21st century? {2.2, 
2.3} What are the implications for transitions in energy, land use and 
sustainable development? {2.3, 2.4, 2.5} How do policy frameworks 
affect the ability to limit warming to 1.5°C? {2.3, 2.5} What are the 
associated knowledge gaps? {2.6}

The assessed pathways describe integrated, quantitative 
evolutions of all emissions over the 21st century associated 
with global energy and land use and the world economy. The 
assessment is contingent upon available integrated assessment 
literature and model assumptions, and is complemented by other 
studies with different scope, for example, those focusing on individual 
sectors. In recent years, integrated mitigation studies have improved 
the characterizations of mitigation pathways. However, limitations 
remain, as climate damages, avoided impacts, or societal co-benefits 
of the modelled transformations remain largely unaccounted for, while 
concurrent rapid technological changes, behavioural aspects, and 
uncertainties about input data present continuous challenges. (high 
confidence) {2.1.3, 2.3, 2.5.1, 2.6, Technical Annex 2}

The Chances of Limiting Warming to 1.5°C 
and the Requirements for Urgent Action

Pathways consistent with 1.5°C of warming above pre-industrial 
levels can be identified under a range of assumptions about 
economic growth, technology developments and lifestyles.  
However, lack of global cooperation, lack of governance of the required 
energy and land transformation, and increases in resource-intensive 
consumption are key impediments to achieving 1.5°C pathways. 
Governance challenges have been related to scenarios with high 
inequality and high population growth in the 1.5°C pathway literature. 
{2.3.1, 2.3.2, 2.5}

Under emissions in line with current pledges under the Paris 
Agreement (known as Nationally Determined Contributions, 
or NDCs), global warming is expected to surpass 1.5°C above 
pre-industrial levels, even if these pledges are supplemented 
with very challenging increases in the scale and ambition of 
mitigation after 2030 (high confidence). This increased action 
would need to achieve net zero CO2 emissions in less than 15 years. 
Even if this is achieved, temperatures would only be expected to remain 
below the 1.5°C threshold if the actual geophysical response ends up 
being towards the low end of the currently estimated uncertainty range. 
Transition challenges as well as identified trade-offs can be reduced if 
global emissions peak before 2030 and marked emissions reductions 
compared to today are already achieved by 2030. {2.2, 2.3.5, Cross-
Chapter Box 11 in Chapter 4}
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Limiting warming to 1.5°C depends on greenhouse gas (GHG) 
emissions over the next decades, where lower GHG emissions in 
2030 lead to a higher chance of keeping peak warming to 1.5°C 
(high confidence). Available pathways that aim for no or limited (less 
than 0.1°C) overshoot of 1.5°C keep GHG emissions in 2030 to 25–30 
GtCO2e yr−1 in 2030 (interquartile range). This contrasts with median 
estimates for current unconditional NDCs of 52–58 GtCO2e yr−1 in 
2030. Pathways that aim for limiting warming to 1.5°C by 2100 after 
a temporary temperature overshoot rely on large-scale deployment 
of carbon dioxide removal (CDR) measures, which are uncertain and 
entail clear risks. In model pathways with no or limited overshoot of 
1.5°C, global net anthropogenic CO2 emissions decline by about 45% 
from 2010 levels by 2030 (40–60% interquartile range), reaching net 
zero around 2050 (2045–2055 interquartile range). For limiting global 
warming to below 2°C with at least 66% probability CO2 emissions 
are projected to decline by about 25% by 2030 in most pathways (10–
30% interquartile range) and reach net zero around 2070 (2065–2080 
interquartile range).1 {2.2, 2.3.3, 2.3.5, 2.5.3, Cross-Chapter Boxes 6 in 
Chapter 3 and 9 in Chapter 4, 4.3.7}

Limiting warming to 1.5°C implies reaching net zero CO2 
emissions globally around 2050 and concurrent deep reductions 
in emissions of non-CO2 forcers, particularly methane (high 
confidence). Such mitigation pathways are characterized by energy-
demand reductions, decarbonization of electricity and other fuels, 
electrification of energy end use, deep reductions in agricultural 
emissions, and some form of CDR with carbon storage on land or 
sequestration in geological reservoirs. Low energy demand and low 
demand for land- and GHG-intensive consumption goods facilitate 
limiting warming to as close as possible to 1.5°C. {2.2.2, 2.3.1, 2.3.5, 
2.5.1, Cross-Chapter Box 9 in Chapter 4}.

In comparison to a 2°C limit, the transformations required to limit 
warming to 1.5°C are qualitatively similar but more pronounced 
and rapid over the next decades (high confidence). 1.5°C implies 
very ambitious, internationally cooperative policy environments that 
transform both supply and demand (high confidence). {2.3, 2.4, 2.5}

Policies reflecting a high price on emissions are necessary 
in models to achieve cost-effective 1.5°C pathways (high 
confidence). Other things being equal, modelling studies suggest 
the global average discounted marginal abatement costs for limiting 
warming to 1.5°C being about 3–4 times higher compared to 2°C 
over the 21st century, with large variations across models and socio-
economic and policy assumptions. Carbon pricing can be imposed 
directly or implicitly by regulatory policies. Policy instruments, like 
technology policies or performance standards, can complement explicit 
carbon pricing in specific areas. {2.5.1, 2.5.2, 4.4.5}

Limiting warming to 1.5°C requires a marked shift in investment 
patterns (medium confidence). Additional annual average energy-
related investments for the period 2016 to 2050 in pathways limiting 
warming to 1.5°C compared to pathways without new climate policies 
beyond those in place today (i.e., baseline) are estimated to be around 

830 billion USD2010 (range of 150 billion to 1700 billion USD2010 
across six models). Total energy-related investments increase by about 
12% (range of 3% to 24%) in 1.5°C pathways relative to 2°C pathways. 
Average annual investment in low-carbon energy technologies and 
energy efficiency are upscaled by roughly a factor of six (range of factor 
of 4 to 10) by 2050 compared to 2015, overtaking fossil investments 
globally by around 2025 (medium confidence). Uncertainties and 
strategic mitigation portfolio choices affect the magnitude and focus 
of required investments. {2.5.2}

Future Emissions in 1.5°C Pathways 

Mitigation requirements can be quantified using carbon budget 
approaches that relate cumulative CO2 emissions to global mean 
temperature increase. Robust physical understanding underpins 
this relationship, but uncertainties become increasingly relevant as a 
specific temperature limit is approached. These uncertainties relate to 
the transient climate response to cumulative carbon emissions (TCRE), 
non-CO2 emissions, radiative forcing and response, potential additional 
Earth system feedbacks (such as permafrost thawing), and historical 
emissions and temperature. {2.2.2, 2.6.1} 

Cumulative CO2 emissions are kept within a budget by reducing 
global annual CO2 emissions to net zero. This assessment 
suggests a remaining budget of about 420 GtCO2 for a two-
thirds chance of limiting warming to 1.5°C, and of about 580 
GtCO2 for an even chance (medium confidence). The remaining 
carbon budget is defined here as cumulative CO2 emissions from the 
start of 2018 until the time of net zero global emissions for global 
warming defined as a change in global near-surface air temperatures. 
Remaining budgets applicable to 2100 would be approximately 
100 GtCO2 lower than this to account for permafrost thawing and 
potential methane release from wetlands in the future, and more 
thereafter. These estimates come with an additional geophysical 
uncertainty of at least ±400 GtCO2, related to non-CO2 response 
and TCRE distribution. Uncertainties in the level of historic warming 
contribute ±250 GtCO2. In addition, these estimates can vary by 
±250 GtCO2 depending on non-CO2 mitigation strategies as found in 
available pathways. {2.2.2, 2.6.1}

Staying within a remaining carbon budget of 580 GtCO2 implies 
that CO2 emissions reach carbon neutrality in about 30 years, 
reduced to 20 years for a 420 GtCO2 remaining carbon budget  
(high confidence). The ±400 GtCO2 geophysical uncertainty range 
surrounding a carbon budget translates into a variation of this timing 
of carbon neutrality of roughly ±15–20 years. If emissions do not start 
declining in the next decade, the point of carbon neutrality would need 
to be reached at least two decades earlier to remain within the same 
carbon budget. {2.2.2, 2.3.5}

Non-CO2 emissions contribute to peak warming and thus 
affect the remaining carbon budget. The evolution of 
methane and sulphur dioxide emissions strongly influences 
the chances of limiting warming to 1.5°C. In the near-term, a 

1 Kyoto-GHG emissions in this statement are aggregated with GWP-100 values of the IPCC Second Assessment Report.
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weakening of aerosol cooling would add to future warming, 
but can be tempered by reductions in methane emissions (high 
confidence). Uncertainty in radiative forcing estimates (particularly 
aerosol) affects carbon budgets and the certainty of pathway 
categorizations. Some non-CO2 forcers are emitted alongside CO2, 
particularly in the energy and transport sectors, and can be largely 
addressed through CO2 mitigation. Others require specific measures, 
for example, to target agricultural nitrous oxide (N2O) and methane 
(CH4), some sources of black carbon, or hydrofluorocarbons (high 
confidence). In many cases, non-CO2 emissions reductions are similar 
in 2°C pathways, indicating reductions near their assumed maximum 
potential by integrated assessment models. Emissions of N2O and 
NH3 increase in some pathways with strongly increased bioenergy 
demand. {2.2.2, 2.3.1, 2.4.2, 2.5.3}

The Role of Carbon Dioxide Removal (CDR) 

All analysed pathways limiting warming to 1.5°C with no 
or limited overshoot use CDR to some extent to neutralize 
emissions from sources for which no mitigation measures 
have been identified and, in most cases, also to achieve 
net negative emissions to return global warming to 1.5°C 
following a peak (high confidence). The longer the delay in 
reducing CO2 emissions towards zero, the larger the likelihood 
of exceeding 1.5°C, and the heavier the implied reliance on 
net negative emissions after mid-century to return warming to 
1.5°C (high confidence). The faster reduction of net CO2 emissions 
in 1.5°C compared to 2°C pathways is predominantly achieved by 
measures that result in less CO2 being produced and emitted, and 
only to a smaller degree through additional CDR. Limitations on 
the speed, scale and societal acceptability of CDR deployment also 
limit the conceivable extent of temperature overshoot. Limits to our 
understanding of how the carbon cycle responds to net negative 
emissions increase the uncertainty about the effectiveness of CDR to 
decline temperatures after a peak. {2.2, 2.3, 2.6, 4.3.7}

CDR deployed at scale is unproven, and reliance on such 
technology is a major risk in the ability to limit warming to 
1.5°C. CDR is needed less in pathways with particularly strong 
emphasis on energy efficiency and low demand. The scale and 
type of CDR deployment varies widely across 1.5°C pathways, 
with different consequences for achieving sustainable 
development objectives (high confidence). Some pathways rely 
more on bioenergy with carbon capture and storage (BECCS), while 
others rely more on afforestation, which are the two CDR methods 
most often included in integrated pathways. Trade-offs with other 
sustainability objectives occur predominantly through increased land, 
energy, water and investment demand. Bioenergy use is substantial 
in 1.5°C pathways with or without BECCS due to its multiple roles in 
decarbonizing energy use. {2.3.1, 2.5.3, 2.6.3, 4.3.7}

Properties of Energy and Land Transitions in 1.5°C Pathways 

The share of primary energy from renewables increases while 
coal usage decreases across pathways limiting warming to 
1.5°C with no or limited overshoot (high confidence). By 2050, 
renewables (including bioenergy, hydro, wind, and solar, with direct-

equivalence method) supply a share of 52–67% (interquartile range) 
of primary energy in 1.5°C pathways with no or limited overshoot; 
while the share from coal decreases to 1–7% (interquartile range), 
with a large fraction of this coal use combined with carbon capture 
and storage (CCS). From 2020 to 2050 the primary energy supplied 
by oil declines in most pathways (−39 to −77% interquartile range). 
Natural gas changes by −13% to −62% (interquartile range), but 
some pathways show a marked increase albeit with widespread 
deployment of CCS. The overall deployment of CCS varies widely 
across 1.5°C pathways with no or limited overshoot, with cumulative 
CO2 stored through 2050 ranging from zero up to 300 GtCO2 
(minimum–maximum range), of which zero up to 140 GtCO2 is stored 
from biomass. Primary energy supplied by bioenergy ranges from 
40–310 EJ yr−1 in 2050 (minimum-maximum range), and nuclear from 
3–66 EJ yr−1 (minimum–maximum range). These ranges reflect both 
uncertainties in technological development and strategic mitigation 
portfolio choices. {2.4.2}

1.5°C pathways with no or limited overshoot include a rapid 
decline in the carbon intensity of electricity and an increase 
in electrification of energy end use (high confidence). By 2050, 
the carbon intensity of electricity decreases to −92 to +11 gCO2 MJ−1 
(minimum–maximum range) from about 140 gCO2 MJ−1 in 2020, 
and electricity covers 34–71% (minimum–maximum range) of final 
energy across 1.5°C pathways with no or limited overshoot from 
about 20% in 2020. By 2050, the share of electricity supplied by 
renewables increases to 59–97% (minimum-maximum range) across 
1.5°C pathways with no or limited overshoot. Pathways with higher 
chances of holding warming to below 1.5°C generally show a faster 
decline in the carbon intensity of electricity by 2030 than pathways 
that temporarily overshoot 1.5°C. {2.4.1, 2.4.2, 2.4.3}

Transitions in global and regional land use are found in all 
pathways limiting global warming to 1.5°C with no or limited 
overshoot, but their scale depends on the pursued mitigation 
portfolio (high confidence). Pathways that limit global warming to 
1.5°C with no or limited overshoot project a 4 million km2 reduction 
to a 2.5 million km2 increase of non-pasture agricultural land for food 
and feed crops and a 0.5–11 million km2 reduction of pasture land, 
to be converted into 0-6 million km2 of agricultural land for energy 
crops and a 2 million km2 reduction to 9.5 million km2 increase in 
forests by 2050 relative to 2010 (medium confidence). Land-use 
transitions of similar magnitude can be observed in modelled 2°C 
pathways (medium confidence). Such large transitions pose profound 
challenges for sustainable management of the various demands on 
land for human settlements, food, livestock feed, fibre, bioenergy, 
carbon storage, biodiversity and other ecosystem services (high 
confidence). {2.3.4, 2.4.4}

Demand-Side Mitigation and Behavioural Changes 

Demand-side measures are key elements of 1.5°C pathways. 
Lifestyle choices lowering energy demand and the land- and 
GHG-intensity of food consumption can further support 
achievement of 1.5°C pathways (high confidence). By 2030 and 
2050, all end-use sectors (including building, transport, and industry) 
show marked energy demand reductions in modelled 1.5°C pathways, 
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comparable and beyond those projected in 2°C pathways. Sectoral 
models support the scale of these reductions. {2.3.4, 2.4.3, 2.5.1}

Links between 1.5°C Pathways and Sustainable Development 

Choices about mitigation portfolios for limiting warming to 
1.5°C can positively or negatively impact the achievement of 
other societal objectives, such as sustainable development 
(high confidence). In particular, demand-side and efficiency 
measures, and lifestyle choices that limit energy, resource, and 
GHG-intensive food demand support sustainable development  
(medium confidence). Limiting warming to 1.5°C can be achieved 
synergistically with poverty alleviation and improved energy security 
and can provide large public health benefits through improved air 
quality, preventing millions of premature deaths. However, specific 
mitigation measures, such as bioenergy, may result in trade-offs that 
require consideration. {2.5.1, 2.5.2, 2.5.3}

TS.3 Impacts of 1.5ºC Global Warming 
on Natural and Human Systems

This chapter builds on findings of AR5 and assesses new scientific 
evidence of changes in the climate system and the associated impacts 
on natural and human systems, with a specific focus on the magnitude 
and pattern of risks linked for global warming of 1.5°C above 
temperatures in the pre-industrial period. Chapter 3 explores observed 
impacts and projected risks to a range of natural and human systems, 
with a focus on how risk levels change from 1.5°C to 2°C of global 
warming. The chapter also revisits major categories of risk (Reasons for 
Concern, RFC) based on the assessment of new knowledge that has 
become available since AR5. 

1.5°C and 2°C Warmer Worlds

The global climate has changed relative to the pre-industrial 
period, and there are multiple lines of evidence that these 
changes have had impacts on organisms and ecosystems, as 
well as on human systems and well-being (high confidence). The 
increase in global mean surface temperature (GMST), which reached 
0.87°C in 2006–2015 relative to 1850–1900, has increased the 
frequency and magnitude of impacts (high confidence), strengthening 
evidence of how an increase in GMST of 1.5°C or more could impact 
natural and human systems (1.5°C versus 2°C). {3.3, 3.4, 3.5, 3.6, 
Cross-Chapter Boxes 6, 7 and 8 in this chapter}

Human-induced global warming has already caused multiple 
observed changes in the climate system (high confidence). 
Changes include increases in both land and ocean temperatures, as well 
as more frequent heatwaves in most land regions (high confidence). 
There is also high confidence that global warming has resulted in an 
increase in the frequency and duration of marine heatwaves. Further, 
there is substantial evidence that human-induced global warming has 
led to an increase in the frequency, intensity and/or amount of heavy 
precipitation events at the global scale (medium confidence), as well 
as an increased risk of drought in the Mediterranean region (medium 
confidence). {3.3.1, 3.3.2, 3.3.3, 3.3.4, Box 3.4}

Trends in intensity and frequency of some climate and weather 
extremes have been detected over time spans during which 
about 0.5°C of global warming occurred (medium confidence). 
This assessment is based on several lines of evidence, including 
attribution studies for changes in extremes since 1950. {3.2, 3.3.1, 
3.3.2, 3.3.3, 3.3.4}

Several regional changes in climate are assessed to occur with 
global warming up to 1.5°C as compared to pre-industrial 
levels, including warming of extreme temperatures in many 
regions (high confidence), increases in frequency, intensity and/or 
amount of heavy precipitation in several regions (high confidence), 
and an increase in intensity or frequency of droughts in some regions 
(medium confidence). {3.3.1, 3.3.2, 3.3.3, 3.3.4, Table 3.2}

There is no single ‘1.5°C warmer world’ (high confidence). In 
addition to the overall increase in GMST, it is important to consider the 
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size and duration of potential overshoots in temperature. Furthermore, 
there are questions on how the stabilization of an increase in GMST of 
1.5°C can be achieved, and how policies might be able to influence the 
resilience of human and natural systems, and the nature of regional 
and subregional risks. Overshooting poses large risks for natural and 
human systems, especially if the temperature at peak warming is 
high, because some risks may be long-lasting and irreversible, such 
as the loss of some ecosystems (high confidence). The rate of change 
for several types of risks may also have relevance, with potentially 
large risks in the case of a rapid rise to overshooting temperatures, 
even if a decrease to 1.5°C can be achieved at the end of the 21st 
century or later (medium confidence). If overshoot is to be minimized, 
the remaining equivalent CO2 budget available for emissions is very 
small, which implies that large, immediate and unprecedented global 
efforts to mitigate greenhouse gases are required (high confidence). 
{3.2, 3.6.2, Cross-Chapter Box 8 in this chapter}

Robust1 global differences in temperature means and extremes 
are expected if global warming reaches 1.5°C versus 2°C above 
the pre-industrial levels (high confidence). For oceans, regional 
surface temperature means and extremes are projected to be higher 
at 2°C compared to 1.5°C of global warming (high confidence). 
Temperature means and extremes are also projected to be higher at 
2°C compared to 1.5°C in most land regions, with increases being 
2–3 times greater than the increase in GMST projected for some 
regions (high confidence). Robust increases in temperature means and 
extremes are also projected at 1.5°C compared to present-day values 
(high confidence) {3.3.1, 3.3.2}. There are decreases in the occurrence 
of cold extremes, but substantial increases in their temperature, in 
particular in regions with snow or ice cover (high confidence) {3.3.1}.

Climate models project robust2 differences in regional climate 
between present-day and global warming up to 1.5°C3, and 
between 1.5°C and 2°C3 (high confidence), depending on the 
variable and region in question (high confidence). Large, robust 
and widespread differences are expected for temperature 
extremes (high confidence). Regarding hot extremes, the strongest 
warming is expected to occur at mid-latitudes in the warm season (with 
increases of up to 3°C for 1.5°C of global warming, i.e., a factor of two) 
and at high latitudes in the cold season (with increases of up to 4.5°C 
at 1.5°C of global warming, i.e., a factor of three) (high confidence). 
The strongest warming of hot extremes is projected to occur in 
central and eastern North America, central and southern Europe, the 
Mediterranean region (including southern Europe, northern Africa and 
the Near East), western and central Asia, and southern Africa (medium 
confidence). The number of exceptionally hot days are expected to 
increase the most in the tropics, where interannual temperature 
variability is lowest; extreme heatwaves are thus projected to emerge 
earliest in these regions, and they are expected to already become 
widespread there at 1.5°C global warming (high confidence). Limiting 
global warming to 1.5°C instead of 2°C could result in around 420 
million fewer people being frequently exposed to extreme heatwaves, 

and about 65 million fewer people being exposed to exceptional 
heatwaves, assuming constant vulnerability (medium confidence). 
{3.3.1, 3.3.2, Cross-Chapter Box 8 in this chapter}

Limiting global warming to 1.5°C would limit risks of increases 
in heavy precipitation events on a global scale and in several 
regions compared to conditions at 2°C global warming  
(medium confidence). The regions with the largest increases in heavy 
precipitation events for 1.5°C to 2°C global warming include: several 
high-latitude regions (e.g. Alaska/western Canada, eastern Canada/
Greenland/Iceland, northern Europe and northern Asia); mountainous 
regions (e.g., Tibetan Plateau); eastern Asia (including China and Japan); 
and eastern North America (medium confidence). Tropical cyclones are 
projected to decrease in frequency but with an increase in the number 
of very intense cyclones (limited evidence, low confidence). Heavy 
precipitation associated with tropical cyclones is projected to be higher 
at 2°C compared to 1.5°C of global warming (medium confidence). 
Heavy precipitation, when aggregated at a global scale, is projected to 
be higher at 2°C than at 1.5°C of global warming (medium confidence) 
{3.3.3, 3.3.6}

Limiting global warming to 1.5°C is expected to substantially 
reduce the probability of extreme drought, precipitation deficits, 
and risks associated with water availability (i.e., water stress) in 
some regions (medium confidence). In particular, risks associated 
with increases in drought frequency and magnitude are projected to be 
substantially larger at 2°C than at 1.5°C in the Mediterranean region 
(including southern Europe, northern Africa and the Near East) and 
southern Africa (medium confidence). {3.3.3, 3.3.4, Box 3.1, Box 3.2} 

Risks to natural and human systems are expected to be lower 
at 1.5°C than at 2°C of global warming (high confidence). This 
difference is due to the smaller rates and magnitudes of climate 
change associated with a 1.5°C temperature increase, including lower 
frequencies and intensities of temperature-related extremes. Lower 
rates of change enhance the ability of natural and human systems 
to adapt, with substantial benefits for a wide range of terrestrial, 
freshwater, wetland, coastal and ocean ecosystems (including coral 
reefs) (high confidence), as well as food production systems, human 
health, and tourism (medium confidence), together with energy 
systems and transportation (low confidence). {3.3.1, 3.4}

Exposure to multiple and compound climate-related risks is 
projected to increase between 1.5°C and 2°C of global warming 
with greater proportions of people both exposed and susceptible to 
poverty in Africa and Asia (high confidence). For global warming from 
1.5°C to 2°C, risks across energy, food, and water sectors could overlap 
spatially and temporally, creating new – and exacerbating current – 
hazards, exposures, and vulnerabilities that could affect increasing 
numbers of people and regions (medium confidence). Small island 
states and economically disadvantaged populations are particularly at 
risk (high confidence). {3.3.1, 3.4.5.3, 3.4.5.6, 3.4.11, 3.5.4.9, Box 3.5}

2 Robust is used here to mean that at least two thirds of climate models show the same sign of changes at the grid point scale, and that differences in large regions are 
statistically significant.

3 Projected changes in impacts between different levels of global warming are determined with respect to changes in global mean near-surface air temperature.
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Global warming of 2°C would lead to an expansion of areas with 
significant increases in runoff, as well as those affected by flood 
hazard, compared to conditions at 1.5°C (medium confidence). 
Global warming of 1.5°C would also lead to an expansion of the global 
land area with significant increases in runoff (medium confidence) and 
an increase in flood hazard in some regions (medium confidence) 
compared to present-day conditions. {3.3.5}

The probability of a sea-ice-free Arctic Ocean4 during summer 
is substantially higher at 2°C compared to 1.5°C of global 
warming (medium confidence). Model simulations suggest that 
at least one sea-ice-free Arctic summer is expected every 10 years 
for global warming of 2°C, with the frequency decreasing to one 
sea-ice-free Arctic summer every 100 years under 1.5°C (medium 
confidence). An intermediate temperature overshoot will have no long-
term consequences for Arctic sea ice coverage, and hysteresis is not 
expected (high confidence). {3.3.8, 3.4.4.7}

Global mean sea level rise (GMSLR) is projected to be around 
0.1 m (0.04 – 0.16 m) less by the end of the 21st century in a 
1.5°C warmer world compared to a 2°C warmer world (medium 
confidence). Projected GMSLR for 1.5°C of global warming has an 
indicative range of 0.26 – 0.77m, relative to 1986–2005, (medium 
confidence). A smaller sea level rise could mean that up to 10.4 million 
fewer people (based on the 2010 global population and assuming no 
adaptation) would be exposed to the impacts of sea level rise globally 
in 2100 at 1.5°C compared to at 2°C. A slower rate of sea level rise 
enables greater opportunities for adaptation (medium confidence). 
There is high confidence that sea level rise will continue beyond 2100. 
Instabilities exist for both the Greenland and Antarctic ice sheets, which 
could result in multi-meter rises in sea level on time scales of century 
to millennia. There is medium confidence that these instabilities could 
be triggered at around 1.5°C to 2°C of global warming. {3.3.9, 3.4.5, 
3.6.3}

The ocean has absorbed about 30% of the anthropogenic 
carbon dioxide, resulting in ocean acidification and changes to 
carbonate chemistry that are unprecedented for at least the 
last 65 million years (high confidence). Risks have been identified 
for the survival, calcification, growth, development and abundance of 
a broad range of marine taxonomic groups, ranging from algae to fish, 
with substantial evidence of predictable trait-based sensitivities (high 
confidence). There are multiple lines of evidence that ocean warming 
and acidification corresponding to 1.5°C of global warming would 
impact a wide range of marine organisms and ecosystems, as well as 
sectors such as aquaculture and fisheries (high confidence). {3.3.10, 
3.4.4}

Larger risks are expected for many regions and systems for 
global warming at 1.5°C, as compared to today, with adaptation 
required now and up to 1.5°C. However, risks would be larger at 2°C of 
warming and an even greater effort would be needed for adaptation to 
a temperature increase of that magnitude (high confidence). {3.4, Box 
3.4, Box 3.5, Cross-Chapter Box 6 in this chapter}

Future risks at 1.5°C of global warming will depend on the 
mitigation pathway and on the possible occurrence of a 
transient overshoot (high confidence). The impacts on natural 
and human systems would be greater if mitigation pathways 
temporarily overshoot 1.5°C and return to 1.5°C later in the century, 
as compared to pathways that stabilize at 1.5°C without an overshoot 
(high confidence). The size and duration of an overshoot would also 
affect future impacts (e.g., irreversible loss of some ecosystems) (high 
confidence). Changes in land use resulting from mitigation choices 
could have impacts on food production and ecosystem diversity. {3.6.1, 
3.6.2, Cross-Chapter Boxes 7 and 8 in this chapter}

Climate Change Risks for Natural and Human systems 

Terrestrial and Wetland Ecosystems

Risks of local species losses and, consequently, risks of 
extinction are much less in a 1.5°C versus a 2°C warmer world 
(high confidence). The number of species projected to lose over 
half of their climatically determined geographic range at 2°C global 
warming (18% of insects, 16% of plants, 8% of vertebrates) is 
projected to be reduced to 6% of insects, 8% of plants and 4% of 
vertebrates at 1.5°C warming (medium confidence). Risks associated 
with other biodiversity-related factors, such as forest fires, extreme 
weather events, and the spread of invasive species, pests and 
diseases, would also be lower at 1.5°C than at 2°C of warming (high 
confidence), supporting a greater persistence of ecosystem services. 
{3.4.3, 3.5.2}

Constraining global warming to 1.5°C, rather than to 2°C 
and higher, is projected to have many benefits for terrestrial 
and wetland ecosystems and for the preservation of their 
services to humans (high confidence). Risks for natural and 
managed ecosystems are higher on drylands compared to humid 
lands. The global terrestrial land area projected to be affected by 
ecosystem transformations (13%, interquartile range 8–20%) at 2°C 
is approximately halved at 1.5°C global warming to 4% (interquartile 
range 2–7%) (medium confidence). Above 1.5°C, an expansion of 
desert terrain and vegetation would occur in the Mediterranean 
biome (medium confidence), causing changes unparalleled in the last 
10,000 years (medium confidence). {3.3.2.2, 3.4.3.2, 3.4.3.5, 3.4.6.1, 
3.5.5.10, Box 4.2}

Many impacts are projected to be larger at higher latitudes, 
owing to mean and cold-season warming rates above the 
global average (medium confidence). High-latitude tundra and 
boreal forest are particularly at risk, and woody shrubs are already 
encroaching into tundra (high confidence) and will proceed with 
further warming. Constraining warming to 1.5°C would prevent the 
thawing of an estimated permafrost area of 1.5 to 2.5 million km2 
over centuries compared to thawing under 2°C (medium confidence). 
{3.3.2, 3.4.3, 3.4.4}

4 Ice free is defined for the Special Report as when the sea ice extent is less than 106 km2. Ice coverage less than this is considered to be equivalent to an ice-free Arctic Ocean 
for practical purposes in all recent studies. 
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Ocean Ecosystems

Ocean ecosystems are already experiencing large-scale 
changes, and critical thresholds are expected to be reached at 
1.5°C and higher levels of global warming (high confidence). 
In the transition to 1.5°C of warming, changes to water temperatures 
are expected to drive some species (e.g., plankton, fish) to relocate 
to higher latitudes and cause novel ecosystems to assemble (high 
confidence). Other ecosystems (e.g., kelp forests, coral reefs) are 
relatively less able to move, however, and are projected to experience 
high rates of mortality and loss (very high confidence). For example, 
multiple lines of evidence indicate that the majority (70–90%) of 
warm water (tropical) coral reefs that exist today will disappear even 
if global warming is constrained to 1.5°C (very high confidence). 
{3.4.4, Box 3.4}

Current ecosystem services from the ocean are expected to be 
reduced at 1.5°C of global warming, with losses being even 
greater at 2°C of global warming (high confidence). The risks 
of declining ocean productivity, shifts of species to higher latitudes, 
damage to ecosystems (e.g., coral reefs, and mangroves, seagrass 
and other wetland ecosystems), loss of fisheries productivity (at 
low latitudes), and changes to ocean chemistry (e.g., acidification, 
hypoxia and dead zones) are projected to be substantially lower 
when global warming is limited to 1.5°C (high confidence). {3.4.4, 
Box 3.4}

Water Resources

The projected frequency and magnitude of floods and droughts 
in some regions are smaller under 1.5°C than under 2°C of 
warming (medium confidence). Human exposure to increased 
flooding is projected to be substantially lower at 1.5°C compared to 
2°C of global warming, although projected changes create regionally 
differentiated risks (medium confidence). The differences in the risks 
among regions are strongly influenced by local socio-economic 
conditions (medium confidence). {3.3.4, 3.3.5, 3.4.2}

Risks of water scarcity are projected to be greater at 2°C than at 
1.5°C of global warming in some regions (medium confidence). 
Depending on future socio-economic conditions, limiting global 
warming to 1.5°C, compared to 2°C, may reduce the proportion of 
the world population exposed to a climate change-induced increase 
in water stress by up to 50%, although there is considerable variability 
between regions (medium confidence). Regions with particularly 
large benefits could include the Mediterranean and the Caribbean 
(medium confidence). Socio-economic drivers, however, are expected 
to have a greater influence on these risks than the changes in climate 
(medium confidence). {3.3.5, 3.4.2, Box 3.5}

Land Use, Food Security and Food Production Systems

Limiting global warming to 1.5°C, compared with 2°C, is 
projected to result in smaller net reductions in yields of maize, 
rice, wheat, and potentially other cereal crops, particularly in 
sub-Saharan Africa, Southeast Asia, and Central and South America; 
and in the CO2-dependent nutritional quality of rice and wheat 

(high confidence). A loss of 7–10% of rangeland livestock globally 
is projected for approximately 2°C of warming, with considerable 
economic consequences for many communities and regions (medium 
confidence). {3.4.6, 3.6, Box 3.1, Cross-Chapter Box 6 in this chapter}

Reductions in projected food availability are larger at 2°C 
than at 1.5°C of global warming in the Sahel, southern Africa, 
the Mediterranean, central Europe and the Amazon (medium 
confidence). This suggests a transition from medium to high risk of 
regionally differentiated impacts on food security between 1.5°C and 
2°C (medium confidence). Future economic and trade environments 
and their response to changing food availability (medium confidence) 
are important potential adaptation options for reducing hunger risk 
in low- and middle-income countries. {Cross-Chapter Box 6 in this 
chapter}

Fisheries and aquaculture are important to global food security 
but are already facing increasing risks from ocean warming 
and acidification (medium confidence). These risks are 
projected to increase at 1.5°C of global warming and impact 
key organisms such as fin fish and bivalves (e.g., oysters), 
especially at low latitudes (medium confidence). Small-scale 
fisheries in tropical regions, which are very dependent on habitat 
provided by coastal ecosystems such as coral reefs, mangroves, 
seagrass and kelp forests, are expected to face growing risks at 1.5°C 
of warming because of loss of habitat (medium confidence). Risks 
of impacts and decreasing food security are projected to become 
greater as global warming reaches beyond 1.5°C and both ocean 
warming and acidification increase, with substantial losses likely for 
coastal livelihoods and industries (e.g., fisheries and aquaculture) 
(medium to high confidence). {3.4.4, 3.4.5, 3.4.6, Box 3.1, Box 3.4, 
Box 3.5, Cross-Chapter Box 6 in this chapter}

Land use and land-use change emerge as critical features of 
virtually all mitigation pathways that seek to limit global 
warming to 1.5°C (high confidence). Most least-cost mitigation 
pathways to limit peak or end-of-century warming to 1.5°C make 
use of carbon dioxide removal (CDR), predominantly employing 
significant levels of bioenergy with carbon capture and storage 
(BECCS) and/or afforestation and reforestation (AR) in their portfolio 
of mitigation measures (high confidence). {Cross-Chapter Box 7 in 
this chapter}

Large-scale deployment of BECCS and/or AR would have 
a far-reaching land and water footprint (high confidence). 
Whether this footprint would result in adverse impacts, for example 
on biodiversity or food production, depends on the existence and 
effectiveness of measures to conserve land carbon stocks, measures 
to limit agricultural expansion in order to protect natural ecosystems, 
and the potential to increase agricultural productivity (medium 
agreement). In addition, BECCS and/or AR would have substantial 
direct effects on regional climate through biophysical feedbacks, 
which are generally not included in Integrated Assessments Models 
(high confidence). {3.6.2, Cross-Chapter Boxes 7 and 8 in this chapter}

The impacts of large-scale CDR deployment could be greatly 
reduced if a wider portfolio of CDR options were deployed, if a 
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holistic policy for sustainable land management were adopted, 
and if increased mitigation efforts were employed to strongly 
limit the demand for land, energy and material resources, 
including through lifestyle and dietary changes (medium 
confidence). In particular, reforestation could be associated with 
significant co-benefits if implemented in a manner than helps restore 
natural ecosystems (high confidence). {Cross-Chapter Box 7 in this 
chapter}

Human Health, Well-Being, Cities and Poverty

Any increase in global temperature (e.g., +0.5°C) is projected 
to affect human health, with primarily negative consequences  
(high confidence). Lower risks are projected at 1.5°C than at 2°C 
for heat-related morbidity and mortality (very high confidence), and 
for ozone-related mortality if emissions needed for ozone formation 
remain high (high confidence). Urban heat islands often amplify the 
impacts of heatwaves in cities (high confidence). Risks for some 
vector-borne diseases, such as malaria and dengue fever are projected 
to increase with warming from 1.5°C to 2°C, including potential 
shifts in their geographic range (high confidence). Overall for vector-
borne diseases, whether projections are positive or negative depends 
on the disease, region and extent of change (high confidence). Lower 
risks of undernutrition are projected at 1.5°C than at 2°C (medium 
confidence). Incorporating estimates of adaptation into projections 
reduces the magnitude of risks (high confidence). {3.4.7, 3.4.7.1, 
3.4.8, 3.5.5.8} 

Global warming of 2°C is expected to pose greater risks to urban 
areas than global warming of 1.5°C (medium confidence). The 
extent of risk depends on human vulnerability and the effectiveness 
of adaptation for regions (coastal and non-coastal), informal 
settlements and infrastructure sectors (such as energy, water and 
transport) (high confidence). {3.4.5, 3.4.8}

Poverty and disadvantage have increased with recent warming 
(about 1°C) and are expected to increase for many populations 
as average global temperatures increase from 1°C to 1.5°C 
and higher (medium confidence). Outmigration in agricultural-
dependent communities is positively and statistically significantly 
associated with global temperature (medium confidence). Our 
understanding of the links of 1.5°C and 2°C of global warming to 
human migration are limited and represent an important knowledge 
gap. {3.4.10, 3.4.11, 5.2.2, Table 3.5}

Key Economic Sectors and Services

Risks to global aggregated economic growth due to climate 
change impacts are projected to be lower at 1.5°C than at 2°C 
by the end of this century (medium confidence). {3.5.2, 3.5.3} 

The largest reductions in economic growth at 2°C compared 
to 1.5°C of warming are projected for low- and middle-income 
countries and regions (the African continent, Southeast Asia, 
India, Brazil and Mexico) (low to medium confidence). Countries 
in the tropics and Southern Hemisphere subtropics are projected to 
experience the largest impacts on economic growth due to climate 

change should global warming increase from 1.5°C to 2°C (medium 
confidence). {3.5}

Global warming has already affected tourism, with increased 
risks projected under 1.5°C of warming in specific geographic 
regions and for seasonal tourism including sun, beach and 
snow sports destinations (very high confidence). Risks will be 
lower for tourism markets that are less climate sensitive, such as 
gaming and large hotel-based activities (high confidence). Risks for 
coastal tourism, particularly in subtropical and tropical regions, will 
increase with temperature-related degradation (e.g., heat extremes, 
storms) or loss of beach and coral reef assets (high confidence). 
{3.3.6, 3.4.4.12, 3.4.9.1, Box 3.4}

Small Islands, and Coastal and Low-lying areas

Small islands are projected to experience multiple inter-
related risks at 1.5°C of global warming that will increase with 
warming of 2°C and higher levels (high confidence). Climate 
hazards at 1.5°C are projected to be lower compared to those at 2°C 
(high confidence). Long-term risks of coastal flooding and impacts on 
populations, infrastructures and assets (high confidence), freshwater 
stress (medium confidence), and risks across marine ecosystems (high 
confidence) and critical sectors (medium confidence) are projected to 
increase at 1.5°C compared to present-day levels and increase further 
at 2°C, limiting adaptation opportunities and increasing loss and 
damage (medium confidence). Migration in small islands (internally 
and internationally) occurs for multiple reasons and purposes, mostly 
for better livelihood opportunities (high confidence) and increasingly 
owing to sea level rise (medium confidence). {3.3.2.2, 3.3.6–9, 
3.4.3.2, 3.4.4.2, 3.4.4.5, 3.4.4.12, 3.4.5.3, 3.4.7.1, 3.4.9.1, 3.5.4.9, 
Box 3.4, Box 3.5}

Impacts associated with sea level rise and changes to the 
salinity of coastal groundwater, increased flooding and damage 
to infrastructure, are projected to be critically important in 
vulnerable environments, such as small islands, low-lying 
coasts and deltas, at global warming of 1.5°C and 2°C (high 
confidence). Localized subsidence and changes to river discharge can 
potentially exacerbate these effects. Adaptation is already happening 
(high confidence) and will remain important over multi-centennial 
time scales. {3.4.5.3, 3.4.5.4, 3.4.5.7, 5.4.5.4, Box 3.5}

Existing and restored natural coastal ecosystems may be 
effective in reducing the adverse impacts of rising sea levels 
and intensifying storms by protecting coastal and deltaic 
regions (medium confidence). Natural sedimentation rates are 
expected to be able to offset the effect of rising sea levels, given 
the slower rates of sea level rise associated with 1.5°C of warming 
(medium confidence). Other feedbacks, such as landward migration 
of wetlands and the adaptation of infrastructure, remain important 
(medium confidence). {3.4.4.12, 3.4.5.4, 3.4.5.7}

Increased Reasons for Concern 

There are multiple lines of evidence that since AR5 the assessed 
levels of risk increased for four of the five Reasons for Concern 
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(RFCs) for global warming levels of up to 2°C (high confidence). 
The risk transitions by degrees of global warming are now: from high 
to very high between 1.5°C and 2°C for RFC1 (Unique and threatened 
systems) (high confidence); from moderate to high risk between 1°C and 
1.5°C for RFC2 (Extreme weather events) (medium confidence); from 
moderate to high risk between 1.5°C and 2°C for RFC3 (Distribution of 
impacts) (high confidence); from moderate to high risk between 1.5°C 
and 2.5°C for RFC4 (Global aggregate impacts) (medium confidence); 
and from moderate to high risk between 1°C and 2.5°C for RFC5 
(Large-scale singular events) (medium confidence). {3.5.2}

1. The category ‘Unique and threatened systems’ (RFC1) 
display a transition from high to very high risk which is 
now located between 1.5°C and 2°C of global warming as 
opposed to at 2.6°C of global warming in AR5, owing to new and 
multiple lines of evidence for changing risks for coral reefs, the 
Arctic and biodiversity in general (high confidence). {3.5.2.1}

2. In ‘Extreme weather events’ (RFC2), the transition from 
moderate to high risk is now located between 1.0°C and 
1.5°C of global warming, which is very similar to the AR5 
assessment but is projected with greater confidence (medium 
confidence). The impact literature contains little information 
about the potential for human society to adapt to extreme 
weather events, and hence it has not been possible to locate 
the transition from ‘high’ to ‘very high’ risk within the context of 
assessing impacts at 1.5°C versus 2°C of global warming. There 
is thus low confidence in the level at which global warming could 
lead to very high risks associated with extreme weather events in 
the context of this report. {3.5} 

3. With respect to the ‘Distribution of impacts’ (RFC3) a 
transition from moderate to high risk is now located 
between 1.5°C and 2°C of global warming, compared with 
between 1.6°C and 2.6°C global warming in AR5, owing to new 
evidence about regionally differentiated risks to food security, 
water resources, drought, heat exposure and coastal submergence 
(high confidence). {3.5}

4. In ‘global aggregate impacts’ (RFC4) a transition from 
moderate to high levels of risk is now located between 
1.5°C and 2.5°C of global warming, as opposed to at 3.6°C of 
warming in AR5, owing to new evidence about global aggregate 
economic impacts and risks to Earth’s biodiversity (medium 
confidence). {3.5}

5. Finally, ‘large-scale singular events’ (RFC5), moderate risk 
is now located at 1°C of global warming and high risk is 
located at 2.5°C of global warming, as opposed to at 1.6°C 
(moderate risk) and around 4°C (high risk) in AR5, because of new 
observations and models of the West Antarctic ice sheet (medium 
confidence). {3.3.9, 3.5.2, 3.6.3}

TS.4 Strengthening and Implementing 
the Global Response

Limiting warming to 1.5°C above pre-industrial levels would 
require transformative systemic change, integrated with 
sustainable development. Such change would require the 
upscaling and acceleration of the implementation of far-
reaching, multilevel and cross-sectoral climate mitigation 
and addressing barriers. Such systemic change would need 
to be linked to complementary adaptation actions, including 
transformational adaptation, especially for pathways that 
temporarily overshoot 1.5°C (medium evidence, high agreement) 
{Chapter 2, Chapter 3, 4.2.1, 4.4.5, 4.5}. Current national pledges 
on mitigation and adaptation are not enough to stay below the Paris 
Agreement temperature limits and achieve its adaptation goals. While 
transitions in energy efficiency, carbon intensity of fuels, electrification 
and land-use change are underway in various countries, limiting 
warming to 1.5°C will require a greater scale and pace of change to 
transform energy, land, urban and industrial systems globally. {4.3, 4.4, 
Cross-Chapter Box 9 in this Chapter} 

Although multiple communities around the world are 
demonstrating the possibility of implementation consistent with 
1.5°C pathways {Boxes 4.1-4.10}, very few countries, regions, 
cities, communities or businesses can currently make such 
a claim (high confidence). To strengthen the global response, 
almost all countries would need to significantly raise their level 
of ambition. Implementation of this raised ambition would 
require enhanced institutional capabilities in all countries, 
including building the capability to utilize indigenous and 
local knowledge (medium evidence, high agreement). In developing 
countries and for poor and vulnerable people, implementing the 
response would require financial, technological and other forms of 
support to build capacity, for which additional local, national and 
international resources would need to be mobilized (high confidence). 
However, public, financial, institutional and innovation capabilities 
currently fall short of implementing far-reaching measures at scale in 
all countries (high confidence). Transnational networks that support 
multilevel climate action are growing, but challenges in their scale-up 
remain. {4.4.1, 4.4.2, 4.4.4, 4.4.5, Box 4.1, Box 4.2, Box 4.7}

Adaptation needs will be lower in a 1.5°C world compared to 
a 2°C world (high confidence) {Chapter 3; Cross-Chapter Box 11 
in this chapter}. Learning from current adaptation practices and 
strengthening them through adaptive governance {4.4.1}, lifestyle 
and behavioural change {4.4.3} and innovative financing mechanisms 
{4.4.5} can help their mainstreaming within sustainable development 
practices. Preventing maladaptation, drawing on bottom-up approaches 
{Box 4.6} and using indigenous knowledge {Box 4.3} would effectively 
engage and protect vulnerable people and communities. While 
adaptation finance has increased quantitatively, significant further 
expansion would be needed to adapt to 1.5°C. Qualitative gaps in the 
distribution of adaptation finance, readiness to absorb resources, and 
monitoring mechanisms undermine the potential of adaptation finance 
to reduce impacts. {Chapter 3, 4.4.2, 4.4.5, 4.6}
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System Transitions

The energy system transition that would be required to limit 
global warming to 1.5°C above pre-industrial conditions is 
underway in many sectors and regions around the world  
(medium evidence, high agreement). The political, economic, social 
and technical feasibility of solar energy, wind energy and electricity 
storage technologies has improved dramatically over the past few 
years, while that of nuclear energy and carbon dioxide capture 
and storage (CCS) in the electricity sector have not shown similar 
improvements. {4.3.1}

Electrification, hydrogen, bio-based feedstocks and substitution, 
and, in several cases, carbon dioxide capture, utilization and 
storage (CCUS) would lead to the deep emissions reductions 
required in energy-intensive industries to limit warming to 
1.5°C. However, those options are limited by institutional, economic and 
technical constraints, which increase financial risks to many incumbent 
firms (medium evidence, high agreement). Energy efficiency in industry 
is more economically feasible and helps enable industrial system 
transitions but would have to be complemented with greenhouse gas 
(GHG)-neutral processes or carbon dioxide removal (CDR) to make 
energy-intensive industries consistent with 1.5°C (high confidence). 
{4.3.1, 4.3.4}

Global and regional land-use and ecosystems transitions and 
associated changes in behaviour that would be required to 
limit warming to 1.5°C can enhance future adaptation and 
land-based agricultural and forestry mitigation potential. Such 
transitions could, however, carry consequences for livelihoods 
that depend on agriculture and natural resources {4.3.2, Cross-
Chapter Box 6 in Chapter 3}. Alterations of agriculture and forest 
systems to achieve mitigation goals could affect current ecosystems 
and their services and potentially threaten food, water and livelihood 
security. While this could limit the social and environmental feasibility 
of land-based mitigation options, careful design and implementation 
could enhance their acceptability and support sustainable development 
objectives (medium evidence, medium agreement). {4.3.2, 4.5.3}

Changing agricultural practices can be an effective climate 
adaptation strategy. A diversity of adaptation options exists, 
including mixed crop-livestock production systems which can be a 
cost-effective adaptation strategy in many global agriculture systems 
(robust evidence, medium agreement). Improving irrigation efficiency 
could effectively deal with changing global water endowments, 
especially if achieved via farmers adopting new behaviours and water-
efficient practices rather than through large-scale infrastructural 
interventions (medium evidence, medium agreement). Well-designed 
adaptation processes such as community-based adaptation can be 
effective depending upon context and levels of vulnerability. {4.3.2, 
4.5.3}

Improving the efficiency of food production and closing yield 
gaps have the potential to reduce emissions from agriculture, 
reduce pressure on land, and enhance food security and future 
mitigation potential (high confidence). Improving productivity of 

existing agricultural systems generally reduces the emissions intensity 
of food production and offers strong synergies with rural development, 
poverty reduction and food security objectives, but options to reduce 
absolute emissions are limited unless paired with demand-side 
measures. Technological innovation including biotechnology, with 
adequate safeguards, could contribute to resolving current feasibility 
constraints and expand the future mitigation potential of agriculture. 
{4.3.2, 4.4.4}

Shifts in dietary choices towards foods with lower emissions 
and requirements for land, along with reduced food loss and 
waste, could reduce emissions and increase adaptation options 
(high confidence). Decreasing food loss and waste and changing 
dietary behaviour could result in mitigation and adaptation (high 
confidence) by reducing both emissions and pressure on land, with 
significant co-benefits for food security, human health and sustainable 
development {4.3.2, 4.4.5, 4.5.2, 4.5.3, 5.4.2}, but evidence of 
successful policies to modify dietary choices remains limited. 

Mitigation and Adaptation Options and Other Measures

A mix of mitigation and adaptation options implemented in a 
participatory and integrated manner can enable rapid, systemic 
transitions – in urban and rural areas – that are necessary 
elements of an accelerated transition consistent with limiting 
warming to 1.5°C. Such options and changes are most effective 
when aligned with economic and sustainable development, 
and when local and regional governments are supported by 
national governments {4.3.3, 4.4.1, 4.4.3}. Various mitigation 
options are expanding rapidly across many geographies. Although 
many have development synergies, not all income groups have so 
far benefited from them. Electrification, end-use energy efficiency 
and increased share of renewables, amongst other options, are 
lowering energy use and decarbonizing energy supply in the built 
environment, especially in buildings. Other rapid changes needed in 
urban environments include demotorization and decarbonization of 
transport, including the expansion of electric vehicles, and greater use 
of energy-efficient appliances (medium evidence, high agreement). 
Technological and social innovations can contribute to limiting 
warming to 1.5°C, for example, by enabling the use of smart grids, 
energy storage technologies and general-purpose technologies, such 
as information and communication technology (ICT) that can be 
deployed to help reduce emissions. Feasible adaptation options include 
green infrastructure, resilient water and urban ecosystem services, 
urban and peri-urban agriculture, and adapting buildings and land use 
through regulation and planning (medium evidence, medium to high 
agreement). {4.3.3, 4.4.3, 4.4.4}

Synergies can be achieved across systemic transitions through 
several overarching adaptation options in rural and urban areas. 
Investments in health, social security and risk sharing and spreading 
are cost-effective adaptation measures with high potential for scaling 
up (medium evidence, medium to high agreement). Disaster risk 
management and education-based adaptation have lower prospects of 
scalability and cost-effectiveness (medium evidence, high agreement) 
but are critical for building adaptive capacity. {4.3.5, 4.5.3}
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Converging adaptation and mitigation options can lead to 
synergies and potentially increase cost-effectiveness, but 
multiple trade-offs can limit the speed of and potential for 
scaling up. Many examples of synergies and trade-offs exist in 
all sectors and system transitions. For instance, sustainable water 
management (high evidence, medium agreement) and investment in 
green infrastructure (medium evidence, high agreement) to deliver 
sustainable water and environmental services and to support urban 
agriculture are less cost-effective than other adaptation options but 
can help build climate resilience. Achieving the governance, finance 
and social support required to enable these synergies and to avoid 
trade-offs is often challenging, especially when addressing multiple 
objectives, and attempting appropriate sequencing and timing of 
interventions. {4.3.2, 4.3.4, 4.4.1, 4.5.2, 4.5.3, 4.5.4}

Though CO2 dominates long-term warming, the reduction of 
warming short-lived climate forcers (SLCFs), such as methane 
and black carbon, can in the short term contribute significantly to 
limiting warming to 1.5°C above pre-industrial levels. Reductions 
of black carbon and methane would have substantial co-benefits 
(high confidence), including improved health due to reduced air 
pollution. This, in turn, enhances the institutional and socio-
cultural feasibility of such actions. Reductions of several warming 
SLCFs are constrained by economic and social feasibility (low evidence, 
high agreement). As they are often co-emitted with CO2, achieving the 
energy, land and urban transitions necessary to limit warming to 1.5°C 
would see emissions of warming SLCFs greatly reduced. {2.3.3.2, 4.3.6} 

Most CDR options face multiple feasibility constraints, which 
differ between options, limiting the potential for any single 
option to sustainably achieve the large-scale deployment 
required in the 1.5°C-consistent pathways described in 
Chapter 2 (high confidence). Those 1.5°C pathways typically rely 
on bioenergy with carbon capture and storage (BECCS), afforestation 
and reforestation (AR), or both, to neutralize emissions that are 
expensive to avoid, or to draw down CO2 emissions in excess of the 
carbon budget {Chapter 2}. Though BECCS and AR may be technically 
and geophysically feasible, they face partially overlapping yet different 
constraints related to land use. The land footprint per tonne of CO2 

removed is higher for AR than for BECCS, but given the low levels of 
current deployment, the speed and scales required for limiting warming 
to 1.5°C pose a considerable implementation challenge, even if the 
issues of public acceptance and absence of economic incentives were 
to be resolved (high agreement, medium evidence). The large potential 
of afforestation and the co-benefits if implemented appropriately (e.g., 
on biodiversity and soil quality) will diminish over time, as forests 
saturate (high confidence). The energy requirements and economic 
costs of direct air carbon capture and storage (DACCS) and enhanced 
weathering remain high (medium evidence, medium agreement). At the 
local scale, soil carbon sequestration has co-benefits with agriculture 
and is cost-effective even without climate policy (high confidence). Its 
potential feasibility and cost-effectiveness at the global scale appears 
to be more limited. {4.3.7}

Uncertainties surrounding solar radiation modification 
(SRM) measures constrain their potential deployment. These 
uncertainties include: technological immaturity; limited physical 

understanding about their effectiveness to limit global warming; and 
a weak capacity to govern, legitimize, and scale such measures. Some 
recent model-based analysis suggests SRM would be effective but that 
it is too early to evaluate its feasibility. Even in the uncertain case that 
the most adverse side-effects of SRM can be avoided, public resistance, 
ethical concerns and potential impacts on sustainable development 
could render SRM economically, socially and institutionally undesirable 
(low agreement, medium evidence). {4.3.8, Cross-Chapter Box 10 in 
this chapter}

Enabling Rapid and Far-Reaching Change 

The speed of transitions and of technological change required 
to limit warming to 1.5°C above pre-industrial levels has been 
observed in the past within specific sectors and technologies 
{4.2.2.1}. But the geographical and economic scales at which 
the required rates of change in the energy, land, urban, 
infrastructure and industrial systems would need to take place 
are larger and have no documented historic precedent  (limited 
evidence, medium agreement). To reduce inequality and alleviate 
poverty, such transformations would require more planning and 
stronger institutions (including inclusive markets) than observed in the 
past, as well as stronger coordination and disruptive innovation across 
actors and scales of governance. {4.3, 4.4}

Governance consistent with limiting warming to 1.5°C and the 
political economy of adaptation and mitigation can enable and 
accelerate systems transitions, behavioural change, innovation and 
technology deployment (medium evidence, medium agreement). 
For 1.5°C-consistent actions, an effective governance framework 
would include: accountable multilevel governance that includes non-
state actors, such as industry, civil society and scientific institutions; 
coordinated sectoral and cross-sectoral policies that enable collaborative 
multi-stakeholder partnerships; strengthened global-to-local financial 
architecture that enables greater access to finance and technology; 
addressing climate-related trade barriers; improved climate education 
and greater public awareness; arrangements to enable accelerated 
behaviour change; strengthened climate monitoring and evaluation 
systems; and reciprocal international agreements that are sensitive 
to equity and the Sustainable Development Goals (SDGs). System 
transitions can be enabled by enhancing the capacities of public, private 
and financial institutions to accelerate climate change policy planning 
and implementation, along with accelerated technological innovation, 
deployment and upkeep. {4.4.1, 4.4.2, 4.4.3, 4.4.4}

Behaviour change and demand-side management can 
significantly reduce emissions, substantially limiting the 
reliance on CDR to limit warming to 1.5°C {Chapter 2, 4.4.3}.
Political and financial stakeholders may find climate actions more cost-
effective and socially acceptable if multiple factors affecting behaviour 
are considered, including aligning these actions with people’s core 
values (medium evidence, high agreement). Behaviour- and lifestyle-
related measures and demand-side management have already led 
to emission reductions around the world and can enable significant 
future reductions (high confidence). Social innovation through bottom-
up initiatives can result in greater participation in the governance of 
systems transitions and increase support for technologies, practices 
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and policies that are part of the global response to limit warming to 
1.5°C . {Chapter 2, 4.4.1, 4.4.3, Figure 4.3} 

This rapid and far-reaching response required to keep warming 
below 1.5°C and enhance the capacity to adapt to climate risks 
would require large increases of investments in low-emission 
infrastructure and buildings, along with a redirection of financial 
flows towards low-emission investments (robust evidence, high 
agreement). An estimated mean annual incremental investment of 
around 1.5% of global gross fixed capital formation (GFCF) for the 
energy sector is indicated between 2016 and 2035, as well as about 
2.5% of global GFCF for other development infrastructure that could 
also address SDG implementation. Though quality policy design and 
effective implementation may enhance efficiency, they cannot fully 
substitute for these investments. {2.5.2, 4.2.1, 4.4.5}

Enabling this investment requires the mobilization and better 
integration of a range of policy instruments that include the 
reduction of socially inefficient fossil fuel subsidy regimes and innovative 
price and non-price national and international policy instruments. These 
would need to be complemented by de-risking financial instruments 
and the emergence of long-term low-emission assets. These instruments 
would aim to reduce the demand for carbon-intensive services and shift 
market preferences away from fossil fuel-based technology. Evidence 
and theory suggest that carbon pricing alone, in the absence of 
sufficient transfers to compensate their unintended distributional cross-
sector, cross-nation effects, cannot reach the incentive levels needed 
to trigger system transitions (robust evidence, medium agreement). 
But, embedded in consistent policy packages, they can help mobilize 
incremental resources and provide flexible mechanisms that help reduce 
the social and economic costs of the triggering phase of the transition 
(robust evidence, medium agreement). {4.4.3, 4.4.4, 4.4.5}

Increasing evidence suggests that a climate-sensitive 
realignment of savings and expenditure towards low-emission, 
climate-resilient infrastructure and services requires an 
evolution of global and national financial systems. Estimates 
suggest that, in addition to climate-friendly allocation of public 
investments, a potential redirection of 5% to 10% of the annual 
capital revenues5 is necessary for limiting warming to 1.5°C {4.4.5, 
Table 1 in Box 4.8}. This could be facilitated by a change of incentives 
for private day-to-day expenditure and the redirection of savings 
from speculative and precautionary investments towards long-
term productive low-emission assets and services. This implies the 
mobilization of institutional investors and mainstreaming of climate 
finance within financial and banking system regulation. Access by 
developing countries to low-risk and low-interest finance through 
multilateral and national development banks would have to be 
facilitated (medium evidence, high agreement). New forms of public–
private partnerships may be needed with multilateral, sovereign and 
sub-sovereign guarantees to de-risk climate-friendly investments, 
support new business models for small-scale enterprises and help 
households with limited access to capital. Ultimately, the aim is to 
promote a portfolio shift towards long-term low-emission assets that 

would help redirect capital away from potentially stranded assets 
(medium evidence, medium agreement). {4.4.5}

Knowledge Gaps

Knowledge gaps around implementing and strengthening the 
global response to climate change would need to be urgently 
resolved if the transition to a 1.5°C world is to become reality.   
Remaining questions include: how much can be realistically expected 
from innovation and behavioural and systemic political and economic 
changes in improving resilience, enhancing adaptation and reducing 
GHG emissions? How can rates of changes be accelerated and scaled 
up? What is the outcome of realistic assessments of mitigation and 
adaptation land transitions that are compliant with sustainable 
development, poverty eradication and addressing inequality? What are 
life-cycle emissions and prospects of early-stage CDR options? How 
can climate and sustainable development policies converge, and how 
can they be organised within a global governance framework and 
financial system, based on principles of justice and ethics (including 
‘common but differentiated responsibilities and respective capabilities’ 
(CBDR-RC)), reciprocity and partnership? To what extent would 
limiting warming to 1.5°C require a harmonization of macro-financial 
and fiscal policies, which could include financial regulators such as 
central banks? How can different actors and processes in climate 
governance reinforce each other, and hedge against the fragmentation 
of initiatives? {4.1, 4.3.7, 4.4.1, 4.4.5, 4.6}

5 Annual capital revenues are the paid interests plus the increase of the asset value.
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TS.5 Sustainable Development, Poverty 
Eradication and Reducing Inequalities

This chapter takes sustainable development as the starting point and 
focus for analysis. It considers the broad and multifaceted bi-directional 
interplay between sustainable development, including its focus on 
eradicating poverty and reducing inequality in their multidimensional 
aspects, and climate actions in a 1.5°C warmer world. These fundamental 
connections are embedded in the Sustainable Development Goals 
(SDGs). The chapter also examines synergies and trade-offs of 
adaptation and mitigation options with sustainable development and 
the SDGs and offers insights into possible pathways, especially climate-
resilient development pathways towards a 1.5°C warmer world.

Sustainable Development, Poverty and Inequality 
in a 1.5°C Warmer World

Limiting global warming to 1.5°C rather than 2°C above pre-
industrial levels would make it markedly easier to achieve many 
aspects of sustainable development, with greater potential to 
eradicate poverty and reduce inequalities (medium evidence, 
high agreement). Impacts avoided with the lower temperature 
limit could reduce the number of people exposed to climate risks and 
vulnerable to poverty by 62 to 457 million, and lessen the risks of 
poor people to experience food and water insecurity, adverse health 
impacts, and economic losses, particularly in regions that already face 
development challenges (medium evidence, medium agreement). 
{5.2.2, 5.2.3} Avoided impacts expected to occur between 1.5°C and 
2°C warming would also make it easier to achieve certain SDGs, such as 
those that relate to poverty, hunger, health, water and sanitation, cities 
and ecosystems (SDGs 1, 2, 3, 6, 11, 14 and 15) (medium evidence, 
high agreement). {5.2.3, Table 5.2 available at the end of the chapter}

Compared to current conditions, 1.5°C of global warming would 
nonetheless pose heightened risks to eradicating poverty, 
reducing inequalities and ensuring human and ecosystem well-
being (medium evidence, high agreement). Warming of 1.5°C is 
not considered ‘safe’ for most nations, communities, ecosystems and 
sectors and poses significant risks to natural and human systems as 
compared to the current warming of 1°C (high confidence). {Cross-
Chapter Box 12 in Chapter 5} The impacts of 1.5°C of warming would 
disproportionately affect disadvantaged and vulnerable populations 
through food insecurity, higher food prices, income losses, lost 
livelihood opportunities, adverse health impacts and population 
displacements (medium evidence, high agreement). {5.2.1} Some of 
the worst impacts on sustainable development are expected to be 
felt among agricultural and coastal dependent livelihoods, indigenous 
people, children and the elderly, poor labourers, poor urban dwellers in 
African cities, and people and ecosystems in the Arctic and Small Island 
Developing States (SIDS) (medium evidence, high agreement). {5.2.1, 
Box 5.3, Chapter 3, Box 3.5, Cross-Chapter Box 9 in Chapter 4}

Climate Adaptation and Sustainable Development

Prioritization of sustainable development and meeting the 
SDGs is consistent with efforts to adapt to climate change  (high 

confidence). Many strategies for sustainable development enable 
transformational adaptation for a 1.5°C warmer world, provided 
attention is paid to reducing poverty in all its forms and to promoting 
equity and participation in decision-making (medium evidence, high 
agreement). As such, sustainable development has the potential 
to significantly reduce systemic vulnerability, enhance adaptive 
capacity, and promote livelihood security for poor and disadvantaged 
populations (high confidence). {5.3.1}

Synergies between adaptation strategies and the SDGs are 
expected to hold true in a 1.5°C warmer world, across sectors 
and contexts (medium evidence, medium agreement). Synergies 
between adaptation and sustainable development are significant 
for agriculture and health, advancing SDGs 1 (extreme poverty), 
2 (hunger), 3 (healthy lives and well-being) and 6 (clean water) (robust 
evidence, medium agreement). {5.3.2} Ecosystem- and community-
based adaptation, along with the incorporation of indigenous and 
local knowledge, advances synergies with SDGs 5 (gender equality), 
10 (reducing inequalities) and 16 (inclusive societies), as exemplified 
in drylands and the Arctic (high evidence, medium agreement). {5.3.2, 
Box 5.1, Cross-Chapter Box 10 in Chapter 4}

Adaptation strategies can result in trade-offs with and among 
the SDGs (medium evidence, high agreement). Strategies that 
advance one SDG may create negative consequences for other 
SDGs, for instance SDGs 3 (health) versus 7 (energy consumption) 
and agricultural adaptation and SDG 2 (food security) versus SDGs 3 
(health), 5 (gender equality), 6 (clean water), 10 (reducing inequalities), 
14 (life below water) and 15 (life on the land) (medium evidence, 
medium agreement). {5.3.2}

Pursuing place-specific adaptation pathways towards a 1.5°C 
warmer world has the potential for significant positive outcomes 
for well-being in countries at all levels of development (medium 
evidence, high agreement). Positive outcomes emerge when 
adaptation pathways (i) ensure a diversity of adaptation options based 
on people’s values and the trade-offs they consider acceptable, (ii) 
maximize synergies with sustainable development through inclusive, 
participatory and deliberative processes, and (iii) facilitate equitable 
transformation. Yet such pathways would be difficult to achieve 
without redistributive measures to overcome path dependencies, 
uneven power structures, and entrenched social inequalities (medium 
evidence, high agreement). {5.3.3}

Mitigation and Sustainable Development

The deployment of mitigation options consistent with 1.5°C 
pathways leads to multiple synergies across a range of 
sustainable development dimensions. At the same time, the 
rapid pace and magnitude of change that would be required 
to limit warming to 1.5°C, if not carefully managed, would lead 
to trade-offs with some sustainable development dimensions 
(high confidence). The number of synergies between mitigation 
response options and sustainable development exceeds the number 
of trade-offs in energy demand and supply sectors; agriculture, forestry 
and other land use (AFOLU); and for oceans (very high confidence). 
{Figure 5.2, Table 5.2 available at the end of the chapter} The 1.5°C 
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pathways indicate robust synergies, particularly for the SDGs 3 (health), 
7 (energy), 12 (responsible consumption and production) and 14 
(oceans) (very high confidence). {5.4.2, Figure 5.3} For SDGs 1 (poverty), 
2 (hunger), 6 (water) and 7 (energy), there is a risk of trade-offs or 
negative side effects from stringent mitigation actions compatible with 
1.5°C of warming (medium evidence, high agreement). {5.4.2}

Appropriately designed mitigation actions to reduce energy 
demand can advance multiple SDGs simultaneously. Pathways 
compatible with 1.5°C that feature low energy demand show the 
most pronounced synergies and the lowest number of trade-offs 
with respect to sustainable development and the SDGs (very high 
confidence). Accelerating energy efficiency in all sectors has synergies 
with SDGs 7 (energy), 9 (industry, innovation and infrastructure), 
11 (sustainable cities and communities), 12 (responsible consumption 
and production), 16 (peace, justice and strong institutions), and 
17 (partnerships for the goals) (robust evidence, high agreement). 
{5.4.1, Figure 5.2, Table 5.2} Low-demand pathways, which would 
reduce or completely avoid the reliance on bioenergy with carbon 
capture and storage (BECCS) in 1.5°C pathways, would result in 
significantly reduced pressure on food security, lower food prices and 
fewer people at risk of hunger (medium evidence, high agreement). 
{5.4.2, Figure 5.3}

The impacts of carbon dioxide removal options on SDGs depend 
on the type of options and the scale of deployment (high 
confidence). If poorly implemented, carbon dioxide removal (CDR) 
options such as bioenergy, BECCS and AFOLU would lead to trade-
offs. Appropriate design and implementation requires considering 
local people’s needs, biodiversity and other sustainable development 
dimensions (very high confidence). {5.4.1.3, Cross-Chapter Box 7 in 
Chapter 3}

The design of the mitigation portfolios and policy instruments 
to limit warming to 1.5°C will largely determine the overall 
synergies and trade-offs between mitigation and sustainable 
development (very high confidence). Redistributive policies 
that shield the poor and vulnerable can resolve trade-offs for 
a range of SDGs (medium evidence, high agreement). Individual 
mitigation options are associated with both positive and negative 
interactions with the SDGs (very high confidence). {5.4.1} However, 
appropriate choices across the mitigation portfolio can help to 
maximize positive side effects while minimizing negative side effects 
(high confidence). {5.4.2, 5.5.2} Investment needs for complementary 
policies resolving trade-offs with a range of SDGs are only a small 
fraction of the overall mitigation investments in 1.5°C pathways 
(medium evidence, high agreement). {5.4.2, Figure 5.4} Integration of 
mitigation with adaptation and sustainable development compatible 
with 1.5°C warming requires a systems perspective (high confidence). 
{5.4.2, 5.5.2}

Mitigation consistent with 1.5°C of warming create high risks 
for sustainable development in countries with high dependency 
on fossil fuels for revenue and employment generation (high 
confidence). These risks are caused by the reduction of global demand 
affecting mining activity and export revenues and challenges to rapidly 
decrease high carbon intensity of the domestic economy (robust 

evidence, high agreement). {5.4.1.2, Box 5.2} Targeted policies that 
promote diversification of the economy and the energy sector could 
ease this transition (medium evidence, high agreement). {5.4.1.2, 
Box 5.2}

Sustainable Development Pathways to 1.5°C

Sustainable development broadly supports and often enables 
the fundamental societal and systems transformations that 
would be required for limiting warming to 1.5°C above pre-
industrial levels (high confidence). Simulated pathways that 
feature the most sustainable worlds (e.g., Shared Socio-Economic 
Pathways (SSP) 1) are associated with relatively lower mitigation and 
adaptation challenges and limit warming to 1.5°C at comparatively 
lower mitigation costs. In contrast, development pathways with high 
fragmentation, inequality and poverty (e.g., SSP3) are associated with 
comparatively higher mitigation and adaptation challenges. In such 
pathways, it is not possible to limit warming to 1.5°C for the vast 
majority of the integrated assessment models (medium evidence, 
high agreement). {5.5.2} In all SSPs, mitigation costs substantially 
increase in 1.5°C pathways compared to 2°C pathways. No pathway 
in the literature integrates or achieves all 17 SDGs (high confidence). 
{5.5.2} Real-world experiences at the project level show that the 
actual integration between adaptation, mitigation and sustainable 
development is challenging as it requires reconciling trade-offs across 
sectors and spatial scales (very high confidence). {5.5.1}

Without societal transformation and rapid implementation 
of ambitious greenhouse gas reduction measures, pathways 
to limiting warming to 1.5°C and achieving sustainable 
development will be exceedingly difficult, if not impossible, 
to achieve (high confidence). The potential for pursuing such 
pathways differs between and within nations and regions, due to 
different development trajectories, opportunities and challenges (very 
high confidence). {5.5.3.2, Figure 5.1} Limiting warming to 1.5°C 
would require all countries and non-state actors to strengthen their 
contributions without delay. This could be achieved through sharing 
efforts based on bolder and more committed cooperation, with support 
for those with the least capacity to adapt, mitigate and transform 
(medium evidence, high agreement). {5.5.3.1, 5.5.3.2} Current 
efforts towards reconciling low-carbon trajectories and reducing 
inequalities, including those that avoid difficult trade-offs associated 
with transformation, are partially successful yet demonstrate notable 
obstacles (medium evidence, medium agreement). {5.5.3.3, Box 5.3, 
Cross-Chapter Box 13 in this chapter}

Social justice and equity are core aspects of climate-resilient 
development pathways for transformational social change. 
Addressing challenges and widening opportunities between 
and within countries and communities would be necessary 
to achieve sustainable development and limit warming to 
1.5°C, without making the poor and disadvantaged worse off  
(high confidence). Identifying and navigating inclusive and socially 
acceptable pathways towards low-carbon, climate-resilient futures is a 
challenging yet important endeavour, fraught with moral, practical and 
political difficulties and inevitable trade-offs (very high confidence). 
{5.5.2, 5.5.3.3, Box 5.3} It entails deliberation and problem-solving 
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processes to negotiate societal values, well-being, risks and resilience 
and to determine what is desirable and fair, and to whom (medium 
evidence, high agreement). Pathways that encompass joint, iterative 
planning and transformative visions, for instance in Pacific SIDS 
like Vanuatu and in urban contexts, show potential for liveable and 
sustainable futures (high confidence). {5.5.3.1, 5.5.3.3, Figure 5.5, 
Box 5.3, Cross-Chapter Box 13 in this chapter}

The fundamental societal and systemic changes to achieve 
sustainable development, eradicate poverty and reduce 
inequalities while limiting warming to 1.5°C would require 
meeting a set of institutional, social, cultural, economic and 
technological conditions (high confidence). The coordination 
and monitoring of policy actions across sectors and spatial scales 
is essential to support sustainable development in 1.5°C warmer 
conditions (very high confidence). {5.6.2, Box 5.3} External funding 
and technology transfer better support these efforts when they 
consider recipients’ context-specific needs (medium evidence, high 
agreement). {5.6.1} Inclusive processes can facilitate transformations 
by ensuring participation, transparency, capacity building and iterative 
social learning (high confidence). {5.5.3.3, Cross-Chapter Box 13, 
5.6.3} Attention to power asymmetries and unequal opportunities 
for development, among and within countries, is key to adopting 
1.5°C-compatible development pathways that benefit all populations 
(high confidence). {5.5.3, 5.6.4, Box 5.3} Re-examining individual and 
collective values could help spur urgent, ambitious and cooperative 
change (medium evidence, high agreement). {5.5.3, 5.6.5}
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Framing and Context Chapter 1

Executive Summary

This chapter frames the context, knowledge-base and assessment 
approaches used to understand the impacts of 1.5°C global warming 
above pre-industrial levels and related global greenhouse gas 
emission pathways, building on the IPCC Fifth Assessment Report 
(AR5), in the context of strengthening the global response to the 
threat of climate change, sustainable development and efforts to 
eradicate poverty. 

Human-induced warming reached approximately 1°C (likely 
between 0.8°C and 1.2°C) above pre-industrial levels in 2017, 
increasing at 0.2°C (likely between 0.1°C and 0.3°C) per 
decade (high confidence). Global warming is defined in this report 
as an increase in combined surface air and sea surface temperatures 
averaged over the globe and over a 30-year period. Unless otherwise 
specified, warming is expressed relative to the period 1850–1900, 
used as an approximation of pre-industrial temperatures in AR5. 
For periods shorter than 30 years, warming refers to the estimated 
average temperature over the 30 years centred on that shorter 
period, accounting for the impact of any temperature fluctuations 
or trend within those 30 years. Accordingly, warming from pre-
industrial levels to the decade 2006–2015 is assessed to be 0.87°C 
(likely between 0.75°C and 0.99°C). Since 2000, the estimated level 
of human-induced warming has been equal to the level of observed 
warming with a likely range of ±20% accounting for uncertainty due 
to contributions from solar and volcanic activity over the historical 
period (high confidence). {1.2.1}

Warming greater than the global average has already been 
experienced in many regions and seasons, with higher average 
warming over land than over the ocean (high confidence). Most 
land regions are experiencing greater warming than the global average, 
while most ocean regions are warming at a slower rate. Depending 
on the temperature dataset considered, 20–40% of the global human 
population live in regions that, by the decade 2006–2015, had already 
experienced warming of more than 1.5°C above pre-industrial in at 
least one season (medium confidence). {1.2.1, 1.2.2}

Past emissions alone are unlikely to raise global-mean 
temperature to 1.5°C above pre-industrial levels (medium 
confidence), but past emissions do commit to other changes, 
such as further sea level rise (high confidence). If all 
anthropogenic emissions (including aerosol-related) were reduced 
to zero immediately, any further warming beyond the 1°C already 
experienced would likely be less than 0.5°C over the next two to 
three decades (high confidence), and likely less than 0.5°C on a 
century time scale (medium confidence), due to the opposing effects 
of different climate processes and drivers. A warming greater than 
1.5°C is therefore not geophysically unavoidable: whether it will 
occur depends on future rates of emission reductions. {1.2.3, 1.2.4}

1.5°C emission pathways are defined as those that, given 
current knowledge of the climate response, provide a one-
in-two to two-in-three chance of warming either remaining 
below 1.5°C or returning to 1.5°C by around 2100 following 

an overshoot. Overshoot pathways are characterized by the peak 
magnitude of the overshoot, which may have implications for 
impacts. All 1.5°C pathways involve limiting cumulative emissions 
of long-lived greenhouse gases, including carbon dioxide and nitrous 
oxide, and substantial reductions in other climate forcers (high 
confidence). Limiting cumulative emissions requires either reducing 
net global emissions of long-lived greenhouse gases to zero before 
the cumulative limit is reached, or net negative global emissions 
(anthropogenic removals) after the limit is exceeded. {1.2.3, 1.2.4, 
Cross-Chapter Boxes 1 and 2}

This report assesses projected impacts at a global average 
warming of 1.5°C and higher levels of warming. Global warming 
of 1.5°C is associated with global average surface temperatures 
fluctuating naturally on either side of 1.5°C, together with warming 
substantially greater than 1.5°C in many regions and seasons (high 
confidence), all of which must be considered in the assessment of 
impacts. Impacts at 1.5°C of warming also depend on the emission 
pathway to 1.5°C. Very different impacts result from pathways 
that remain below 1.5°C versus pathways that return to 1.5°C 
after a substantial overshoot, and when temperatures stabilize at 
1.5°C versus a transient warming past 1.5°C (medium confidence). 
{1.2.3, 1.3} 

Ethical considerations, and the principle of equity in particular, 
are central to this report, recognizing that many of the impacts 
of warming up to and beyond 1.5°C, and some potential 
impacts of mitigation actions required to limit warming to 
1.5°C, fall disproportionately on the poor and vulnerable (high 
confidence). Equity has procedural and distributive dimensions and 
requires fairness in burden sharing both between generations and 
between and within nations. In framing the objective of holding the 
increase in the global average temperature rise to well below 2°C 
above pre-industrial levels, and to pursue efforts to limit warming to 
1.5°C, the Paris Agreement associates the principle of equity with the 
broader goals of poverty eradication and sustainable development, 
recognising that effective responses to climate change require a 
global collective effort that may be guided by the 2015 United 
Nations Sustainable Development Goals. {1.1.1}

Climate adaptation refers to the actions taken to manage 
impacts of climate change by reducing vulnerability and 
exposure to its harmful effects and exploiting any potential 
benefits. Adaptation takes place at international, national and 
local levels. Subnational jurisdictions and entities, including urban 
and rural municipalities, are key to developing and reinforcing 
measures for reducing weather- and climate-related risks. Adaptation 
implementation faces several barriers including lack of up-to-date and 
locally relevant information, lack of finance and technology, social 
values and attitudes, and institutional constraints (high confidence). 
Adaptation is more likely to contribute to sustainable development 
when policies align with mitigation and poverty eradication goals 
(medium confidence). {1.1, 1.4} 

Ambitious mitigation actions are indispensable to limit 
warming to 1.5°C while achieving sustainable development 
and poverty eradication (high confidence). Ill-designed responses, 
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however, could pose challenges especially – but not exclusively – for 
countries and regions contending with poverty and those requiring 
significant transformation of their energy systems. This report focuses 
on ‘climate-resilient development pathways’, which aim to meet the 
goals of sustainable development, including climate adaptation and 
mitigation, poverty eradication and reducing inequalities. But any 
feasible pathway that remains within 1.5°C involves synergies and 
trade-offs (high confidence). Significant uncertainty remains as to 
which pathways are more consistent with the principle of equity. 
{1.1.1, 1.4}

Multiple forms of knowledge, including scientific evidence, 
narrative scenarios and prospective pathways, inform the 
understanding of 1.5°C. This report is informed by traditional 
evidence of the physical climate system and associated impacts and 
vulnerabilities of climate change, together with knowledge drawn 
from the perceptions of risk and the experiences of climate impacts 
and governance systems. Scenarios and pathways are used to 
explore conditions enabling goal-oriented futures while recognizing 
the significance of ethical considerations, the principle of equity, and 
the societal transformation needed. {1.2.3, 1.5.2} 

There is no single answer to the question of whether it 
is feasible to limit warming to 1.5°C and adapt to the 
consequences. Feasibility is considered in this report as the 
capacity of a system as a whole to achieve a specific outcome. The 
global transformation that would be needed to limit warming to 
1.5°C requires enabling conditions that reflect the links, synergies 
and trade-offs between mitigation, adaptation and sustainable 
development. These enabling conditions are assessed across many 
dimensions of feasibility – geophysical, environmental-ecological, 
technological, economic, socio-cultural and institutional – that 
may be considered through the unifying lens of the Anthropocene, 
acknowledging profound, differential but increasingly geologically 
significant human influences on the Earth system as a whole. This 
framing also emphasises the global interconnectivity of past, present 
and future human–environment relations, highlighting the need and 
opportunities for integrated responses to achieve the goals of the 
Paris Agreement. {1.1, Cross-Chapter Box 1}
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1.1 Assessing the Knowledge Base 
for a 1.5°C Warmer World 

Human influence on climate has been the dominant cause of observed 
warming since the mid-20th century, while global average surface 
temperature warmed by 0.85°C between 1880 and 2012, as reported 
in the IPCC Fifth Assessment Report, or AR5 (IPCC, 2013b). Many 
regions of the world have already greater regional-scale warming, 
with 20–40% of the global population (depending on the temperature 
dataset used) having experienced over 1.5°C of warming in at least 
one season (Figure 1.1; Chapter 3 Section 3.3.2.1). Temperature rise 
to date has already resulted in profound alterations to human and 
natural systems, including increases in droughts, floods, and some 
other types of extreme weather; sea level rise; and biodiversity loss – 
these changes are causing unprecedented risks to vulnerable persons 
and populations (IPCC, 2012a, 2014a; Mysiak et al., 2016; Chapter 
3 Sections 3.4.5–3.4.13). The most affected people live in low and 
middle income countries, some of which have experienced a decline 
in food security, which in turn is partly linked to rising migration and 
poverty (IPCC, 2012a). Small islands, megacities, coastal regions, and 
high mountain ranges are likewise among the most affected (Albert 
et al., 2017). Worldwide, numerous ecosystems are at risk of severe 
impacts, particularly warm-water tropical reefs and Arctic ecosystems 
(IPCC, 2014a).

This report assesses current knowledge of the environmental, technical, 
economic, financial, socio-cultural, and institutional dimensions of a 
1.5°C warmer world (meaning, unless otherwise specified, a world 
in which warming has been limited to 1.5°C relative to pre-industrial 
levels). Differences in vulnerability and exposure arise from numerous 

non-climatic factors (IPCC, 2014a). Global economic growth has been 
accompanied by increased life expectancy and income in much of 
the world; however, in addition to environmental degradation and 
pollution, many regions remain characterised by significant poverty 
and severe inequality in income distribution and access to resources, 
amplifying vulnerability to climate change (Dryzek, 2016; Pattberg 
and Zelli, 2016; Bäckstrand et al., 2017; Lövbrand et al., 2017). World 
population continues to rise, notably in hazard-prone small and 
medium-sized cities in low- and moderate-income countries (Birkmann 
et al., 2016). The spread of fossil-fuel-based material consumption and 
changing lifestyles is a major driver of global resource use, and the 
main contributor to rising greenhouse gas (GHG) emissions (Fleurbaey 
et al., 2014). 

The overarching context of this report is this: human influence has 
become a principal agent of change on the planet, shifting the world 
out of the relatively stable Holocene period into a new geological 
era, often termed the Anthropocene (Box 1.1). Responding to climate 
change in the Anthropocene will require approaches that integrate 
multiple levels of interconnectivity across the global community. 

This chapter is composed of seven sections linked to the remaining 
four chapters of the report. This introductory Section 1.1 situates the 
basic elements of the assessment within the context of sustainable 
development; considerations of ethics, equity and human rights; and the 
problem of poverty. Section 1.2 focuses on understanding 1.5°C, global 
versus regional warming, 1.5°C pathways, and associated emissions. 
Section 1.3 frames the impacts at 1.5°C and beyond on natural and 
human systems. The section on strengthening the global response (1.4) 
frames responses, governance and implementation, and trade-offs 
and synergies between mitigation, adaptation, and the Sustainable 

Figure 1.1 |  Human experience of present-day warming. Different shades of pink to purple indicated by the inset histogram show estimated warming for the season 
that has warmed the most at a given location between the periods 1850–1900 and 2006–2015, during which global average temperatures rose by 0.91°C in this dataset 
(Cowtan and Way, 2014) and 0.87°C in the multi-dataset average (Table 1.1 and Figure 1.3). The density of dots indicates the population (in 2010) in any 1° × 1° grid box. 
The underlay shows national Sustainable Development Goal (SDG) Global Index Scores indicating performance across the 17 SDGs. Hatching indicates missing SDG index data 
(e.g., Greenland). The histogram shows the population (in 2010) living in regions experiencing different levels of warming (at 0.25°C increments). See Supplementary Material 
1.SM for further details.
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Development Goals (SDGs) under transformation, transformation 
pathways, and transition. Section 1.5 provides assessment frameworks 
and emerging methodologies that integrate climate change mitigation 

and adaptation with sustainable development. Section 1.6 defines 
approaches used to communicate confidence, uncertainty and risk, 
while 1.7 presents the storyline of the whole report.

1.1.1 Equity and a 1.5°C Warmer World

The AR5 suggested that equity, sustainable development, and 
poverty eradication are best understood as mutually supportive 
and co-achievable within the context of climate action and are 
underpinned by various other international hard and soft law 
instruments (Denton et al., 2014; Fleurbaey et al., 2014; Klein et al., 

2014; Olsson et al., 2014; Porter et al., 2014; Stavins et al., 2014). 
The aim of the Paris Agreement under the UNFCCC to ‘pursue 
efforts to limit’ the rise in global temperatures to 1.5°C above pre-
industrial levels raises ethical concerns that have long been central 
to climate debates (Fleurbaey et al., 2014; Kolstad et al., 2014). 
The Paris Agreement makes particular reference to the principle 
of equity, within the context of broader international goals of 

Box 1.1 |  The Anthropocene: Strengthening the Global Response to 1.5°C Global Warming

Introduction  
The concept of the Anthropocene can be linked to the aspiration of the Paris Agreement. The abundant empirical evidence of the 
unprecedented rate and global scale of impact of human influence on the Earth System (Steffen et al., 2016; Waters et al., 2016) has 
led many scientists to call for an acknowledgement that the Earth has entered a new geological epoch: the Anthropocene (Crutzen 
and Stoermer, 2000; Crutzen, 2002; Gradstein et al., 2012). Although rates of change in the Anthropocene are necessarily assessed 
over much shorter periods than those used to calculate long-term baseline rates of change, and therefore present challenges for direct 
comparison, they are nevertheless striking. The rise in global CO2 concentration since 2000 is about 20 ppm per decade, which is up to 
10 times faster than any sustained rise in CO2 during the past 800,000 years (Lüthi et al., 2008; Bereiter et al., 2015). AR5 found that 
the last geological epoch with similar atmospheric CO2 concentration was the Pliocene, 3.3 to 3.0 Ma (Masson-Delmotte et al., 2013). 
Since 1970 the global average temperature has been rising at a rate of 1.7°C per century, compared to a long-term decline over the 
past 7,000 years at a baseline rate of 0.01°C per century (NOAA, 2016; Marcott et al., 2013). These global-level rates of human-driven 
change far exceed the rates of change driven by geophysical or biosphere forces that have altered the Earth System trajectory in the past 
(e.g., Summerhayes, 2015; Foster et al., 2017); even abrupt geophysical events do not approach current rates of human-driven change. 

The Geological Dimension of the Anthropocene and 1.5°C Global Warming 
The process of formalising the Anthropocene is on-going (Zalasiewicz et al., 2017), but a strong majority of the Anthropocene Working 
Group (AWG) established by the Subcommission on Quaternary Stratigraphy of the International Commission on Stratigraphy have 
agreed that: (i) the Anthropocene has a geological merit; (ii) it should follow the Holocene as a formal epoch in the Geological Time 
Scale; and, (iii) its onset should be defined as the mid-20th century. Potential markers in the stratigraphic record include an array of 
novel manufactured materials of human origin, and “these combined signals render the Anthropocene stratigraphically distinct from 
the Holocene and earlier epochs” (Waters et al., 2016). The Holocene period, which itself was formally adopted in 1885 by geological 
science community, began 11,700 years ago with a more stable warm climate providing for emergence of human civilisation and 
growing human-nature interactions that have expanded to give rise to the Anthropocene (Waters et al., 2016).

The Anthropocene and the Challenge of a 1.5° C Warmer World 
The Anthropocene can be employed as a “boundary concept” (Brondizio et al., 2016) that frames critical insights into understanding the 
drivers, dynamics and specific challenges in responding to the ambition of keeping global temperature well below 2°C while pursuing 
efforts towards and adapting to a 1.5°C warmer world. The United Nations Framework Convention on Climate Change (UNFCCC) and 
its Paris Agreement recognize the ability of humans to influence geophysical planetary processes (Chapter 2, Cross-Chapter Box 1 in this 
chapter). The Anthropocene offers a structured understanding of the culmination of past and present human–environmental relations 
and provides an opportunity to better visualize the future to minimize pitfalls (Pattberg and Zelli, 2016; Delanty and Mota, 2017),  while 
acknowledging the differentiated responsibility and opportunity to limit global warming and invest in prospects for climate-resilient 
sustainable development (Harrington, 2016) (Chapter 5). The Anthropocene also provides an opportunity to raise questions regarding 
the regional differences, social inequities, and uneven capacities and drivers of global social–environmental changes, which in turn 
inform the search for solutions as explored in Chapter 4 of this report (Biermann et al., 2016). It links uneven influences of human 
actions on planetary functions to an uneven distribution of impacts (assessed in Chapter 3) as well as the responsibility and response 
capacity to, for example, limit global warming to no more than a 1.5°C rise above pre-industrial levels. Efforts to curtail greenhouse gas 
emissions without incorporating the intrinsic interconnectivity and disparities associated with the Anthropocene world may themselves 
negatively affect the development ambitions of some regions more than others and negate sustainable development efforts (see 
Chapter 2 and Chapter 5). 
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sustainable development and poverty eradication. Equity is a long-
standing principle within international law and climate change law 
in particular (Shelton, 2008; Bodansky et al., 2017).

The AR5 describes equity as having three dimensions: intergenerational 
(fairness between generations), international (fairness between 
states), and national (fairness between individuals) (Fleurbaey et al., 
2014). The principle is generally agreed to involve both procedural 
justice (i.e., participation in decision making) and distributive justice 
(i.e., how the costs and benefits of climate actions are distributed) 
(Kolstad et al., 2014; Savaresi, 2016; Reckien et al., 2017). Concerns 
regarding equity have frequently been central to debates around 
mitigation, adaptation and climate governance (Caney, 2005; 
Schroeder et al., 2012; Ajibade, 2016; Reckien et al., 2017; Shue, 
2018). Hence, equity provides a framework for understanding the 
asymmetries between the distributions of benefits and costs relevant 
to climate action (Schleussner et al., 2016; Aaheim et al., 2017). 

Four key framing asymmetries associated with the conditions of a 
1.5°C warmer world have been noted (Okereke, 2010; Harlan et al., 
2015; Ajibade, 2016; Savaresi, 2016; Reckien et al., 2017) and are 
reflected in the report’s assessment. The first concerns differential 
contributions to the problem: the observation that the benefits from 
industrialization have been unevenly distributed and those who 
benefited most historically also have contributed most to the current 
climate problem and so bear greater responsibility (Shue, 2013; 
McKinnon, 2015; Otto et al., 2017; Skeie et al., 2017). The second 
asymmetry concerns differential impact: the worst impacts tend to 
fall on those least responsible for the problem, within states, between 
states, and between generations (Fleurbaey et al., 2014; Shue, 2014; 
Ionesco et al., 2016). The third is the asymmetry in capacity to shape 
solutions and response strategies, such that the worst-affected states, 
groups, and individuals are not always well represented (Robinson 
and Shine, 2018). Fourth, there is an asymmetry in future response 
capacity: some states, groups, and places are at risk of being left 
behind as the world progresses to a low-carbon economy (Fleurbaey 
et al., 2014; Shue, 2014; Humphreys, 2017). 

A sizeable and growing literature exists on how best to 
operationalize climate equity considerations, drawing on other 
concepts mentioned in the Paris Agreement, notably its explicit 
reference to human rights (OHCHR, 2009; Caney, 2010; Adger et 
al., 2014; Fleurbaey et al., 2014; IBA, 2014; Knox, 2015; Duyck 
et al., 2018; Robinson and Shine, 2018). Human rights comprise 
internationally agreed norms that align with the Paris ambitions of 
poverty eradication, sustainable development, and the reduction of 
vulnerability (Caney, 2010; Fleurbaey et al., 2014; OHCHR, 2015). 
In addition to defining substantive rights (such as to life, health, 
and shelter) and procedural rights (such as to information and 
participation), human rights instruments prioritise the rights of 
marginalized groups, children, vulnerable and indigenous persons, 
and those discriminated against on grounds such as gender, race, 
age or disability (OHCHR, 2017). Several international human 
rights obligations are relevant to the implementation of climate 
actions and consonant with UNFCCC undertakings in the areas 
of mitigation, adaptation, finance, and technology transfer (Knox, 
2015; OHCHR, 2015; Humphreys, 2017). 

Much of this literature is still new and evolving (Holz et al., 2017; 
Dooley et al., 2018; Klinsky and Winkler, 2018), permitting the 
present report to examine some broader equity concerns raised 
both by possible failure to limit warming to 1.5°C and by the range 
of ambitious mitigation efforts that may be undertaken to achieve 
that limit. Any comparison between 1.5°C and higher levels of 
warming implies risk assessments and value judgements and cannot 
straightforwardly be reduced to a cost-benefit analysis (Kolstad et 
al., 2014). However, different levels of warming can nevertheless be 
understood in terms of their different implications for equity – that 
is, in the comparative distribution of benefits and burdens for specific 
states, persons, or generations, and in terms of their likely impacts 
on sustainable development and poverty (see especially Sections   
2.3.4.2, 2.5, 3.4.5–3.4.13, 3.6, 5.4.1, 5.4.2, 5.6 and Cross-Chapter 
boxes 6 in Chapter 3 and 12 in Chapter 5).

1.1.2 Eradication of Poverty

This report assesses the role of poverty and its eradication in the 
context of strengthening the global response to the threat of 
climate change and sustainable development. A wide range of 
definitions for poverty exist. The AR5 discussed ‘poverty’ in terms 
of its multidimensionality, referring to ‘material circumstances’ 
(e.g., needs, patterns of deprivation, or limited resources), as well 
as to economic conditions (e.g., standard of living, inequality, or 
economic position), and/or social relationships (e.g., social class, 
dependency, lack of basic security, exclusion, or lack of entitlement; 
Olsson et al., 2014). The UNDP now uses a Multidimensional Poverty 
Index and estimates that about 1.5 billion people globally live in 
multidimensional poverty, especially in rural areas of South Asia and 
Sub-Saharan Africa, with an additional billion at risk of falling into 
poverty (UNDP, 2016). 

A large and rapidly growing body of knowledge explores the 
connections between climate change and poverty. Climatic 
variability and climate change are widely recognized as factors that 
may exacerbate poverty, particularly in countries and regions where 
poverty levels are high (Leichenko and Silva, 2014). The AR5 noted 
that climate change-driven impacts often act as a threat multiplier 
in that the impacts of climate change compound other drivers of 
poverty (Olsson et al., 2014). Many vulnerable and poor people are 
dependent on activities such as agriculture that are highly susceptible 
to temperature increases and variability in precipitation patterns 
(Shiferaw et al., 2014; Miyan, 2015). Even modest changes in rainfall 
and temperature patterns can push marginalized people into poverty 
as they lack the means to recover from associated impacts. Extreme 
events, such as floods, droughts, and heat waves, especially when 
they occur in series, can significantly erode poor people’s assets and 
further undermine their livelihoods in terms of labour productivity, 
housing, infrastructure and social networks (Olsson et al., 2014).

1.1.3 Sustainable Development and a 1.5°C 
Warmer World

AR5 (IPCC, 2014c) noted with high confidence that ‘equity is an 
integral dimension of sustainable development’ and that ‘mitigation 
and adaptation measures can strongly affect broader sustainable 
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development and equity objectives’ (Fleurbaey et al., 2014). Limiting 
global warming to 1.5°C would require substantial societal and 
technological transformations, dependent in turn on global and 
regional sustainable development pathways. A range of pathways, 
both sustainable and not, are explored in this report, including 
implementation strategies to understand the enabling conditions and 
challenges required for such a transformation. These pathways and 
connected strategies are framed within the context of sustainable 
development, and in particular the United Nations 2030 Agenda for 
Sustainable Development (UN, 2015b) and Cross-Chapter Box 4 on 
SDGs (in this chapter). The feasibility of staying within 1.5°C depends 
upon a range of enabling conditions with geophysical, environmental–
ecological, technological, economic, socio-cultural, and institutional 
dimensions. Limiting warming to 1.5°C also involves identifying 
technology and policy levers to accelerate the pace of transformation 
(see Chapter 4). Some pathways are more consistent than others with 
the requirements for sustainable development (see Chapter 5). Overall, 
the three-pronged emphasis on sustainable development, resilience, 
and transformation provides Chapter 5 an opportunity to assess 
the conditions of simultaneously reducing societal vulnerabilities, 
addressing entrenched inequalities, and breaking the circle of poverty.

The feasibility of any global commitment to a 1.5°C pathway depends, 
in part, on the cumulative influence of the nationally determined 
contributions (NDCs), committing nation states to specific GHG 
emission reductions. The current NDCs, extending only to 2030, do 
not limit warming to 1.5°C. Depending on mitigation decisions after 
2030, they cumulatively track toward a warming of 3°-4°C above 
pre-industrial temperatures by 2100, with the potential for further 
warming thereafter (Rogelj et al., 2016a; UNFCCC, 2016). The analysis 
of pathways in this report reveals opportunities for greater decoupling 
of economic growth from GHG emissions. Progress towards limiting 
warming to 1.5°C requires a significant acceleration of this trend. AR5 
concluded that climate change constrains possible development paths, 
that synergies and trade-offs exist between climate responses and 
socio-economic contexts, and that opportunities for effective climate 
responses overlap with opportunities for sustainable development, 
noting that many existing societal patterns of consumption are 
intrinsically unsustainable (Fleurbaey et al., 2014). 

1.2 Understanding 1.5°C: Reference 
Levels, Probability, Transience, 
Overshoot, and Stabilization

1.2.1 Working Definitions of 1.5°C and 2°C 
Warming Relative to Pre-Industrial Levels

What is meant by ‘the increase in global average temperature… above 
pre-industrial levels’ referred to in the Paris Agreement depends on 
the choice of pre-industrial reference period, whether 1.5°C refers to 
total warming or the human-induced component of that warming, 
and which variables and geographical coverage are used to define 
global average temperature change. The cumulative impact of these 
definitional ambiguities (e.g., Hawkins et al., 2017; Pfleiderer et al., 
2018) is comparable to natural multi-decadal temperature variability 

on continental scales (Deser et al., 2012) and primarily affects the 
historical period, particularly that prior to the early 20th century when 
data is sparse and of less certain quality. Most practical mitigation 
and adaptation decisions do not depend on quantifying historical 
warming to this level of precision, but a consistent working definition 
is necessary to ensure consistency across chapters and figures. We 
adopt definitions that are as consistent as possible with key findings 
of AR5 with respect to historical warming. 

This report defines ‘warming’, unless otherwise qualified, as an 
increase in multi-decade global mean surface temperature (GMST) 
above pre-industrial levels. Specifically, warming at a given point 
in time is defined as the global average of combined land surface 
air and sea surface temperatures for a 30-year period centred on 
that time, expressed relative to the reference period 1850–1900 
(adopted for consistency with Box SPM.1 Figure 1 of IPCC (2014a)) 
‘as an approximation of pre-industrial levels’, excluding the impact of 
natural climate fluctuations within that 30-year period and assuming 
any secular trend continues throughout that period, extrapolating 
into the future if necessary. There are multiple ways of accounting 
for natural fluctuations and trends (e.g., Foster and Rahmstorf, 2011; 
Haustein et al., 2017; Medhaug et al., 2017; Folland et al., 2018; 
Visser et al., 2018), but all give similar results. A major volcanic 
eruption might temporarily reduce observed global temperatures, 
but would not reduce warming as defined here (Bethke et al., 2017). 
Likewise, given that the level of warming is currently increasing at 
0.3°C–0.7°C per 30 years (likely range quoted in Kirtman et al., 2013 
and supported by Folland et al., 2018), the level of warming in 2017 
was 0.15°C–0.35°C higher than average warming over the 30-year 
period 1988–2017. 

In summary, this report adopts a working definition of ‘1.5°C relative 
to pre-industrial levels’ that corresponds to global average combined 
land surface air and sea surface temperatures either 1.5°C warmer 
than the average of the 51-year period 1850–1900, 0.87°C warmer 
than the 20-year period 1986–2005, or 0.63°C warmer than the 
decade 2006–2015. These offsets are based on all available published 
global datasets, combined and updated, which show that 1986–
2005 was 0.63°C warmer than 1850–1900 (with a 5–95% range 
of 0.57°C–0.69°C based on observational uncertainties alone), and 
2006–2015 was 0.87°C warmer than 1850–1900 (with a likely range 
of 0.75°C–0.99°C, also accounting for the possible impact of natural 
fluctuations). Where possible, estimates of impacts and mitigation 
pathways are evaluated relative to these more recent periods. Note 
that the 5–95% intervals often quoted in square brackets in AR5 
correspond to very likely ranges, while likely ranges correspond to 
17–83%, or the central two-thirds, of the distribution of uncertainty.  

1.2.1.1 Definition of global average temperature

The IPCC has traditionally defined changes in observed GMST as a 
weighted average of near-surface air temperature (SAT) changes 
over land and sea surface temperature (SST) changes over the oceans 
(Morice et al., 2012; Hartmann et al., 2013), while modelling studies 
have typically used a simple global average SAT. For ambitious 
mitigation goals, and under conditions of rapid warming or declining 
sea ice (Berger et al., 2017), the difference can be significant. Cowtan 
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et al. (2015) and Richardson et al. (2016) show that the use of 
blended SAT/SST data and incomplete coverage together can give 
approximately 0.2°C less warming from the 19th century to the 
present relative to the use of complete global-average SAT (Stocker 
et al., 2013, Figure TFE8.1 and Figure 1.2). However, Richardson et al. 
(2018) show that this is primarily an issue for the interpretation of 
the historical record to date, with less absolute impact on projections 
of future changes, or estimated emissions budgets, under ambitious 
mitigation scenarios. 

The three GMST reconstructions used in AR5 differ in their treatment 
of missing data. GISTEMP (Hansen et al., 2010) uses interpolation 
to infer trends in poorly observed regions like the Arctic (although 
even this product is spatially incomplete in the early record), while 
NOAAGlobalTemp (Vose et al., 2012) and HadCRUT (Morice et al., 
2012) are progressively closer to a simple average of available 
observations. Since the AR5, considerable effort has been devoted 
to more sophisticated statistical modelling to account for the impact 

of incomplete observation coverage (Rohde et al., 2013; Cowtan and 
Way, 2014; Jones, 2016). The main impact of statistical infilling is to 
increase estimated warming to date by about 0.1°C (Richardson et 
al., 2018 and Table 1.1). 

We adopt a working definition of warming over the historical period 
based on an average of the four available global datasets that are 
supported by peer-reviewed publications: the three datasets used in the 
AR5, updated (Karl et al., 2015), together with the Cowtan-Way infilled 
dataset (Cowtan and Way, 2014). A further two datasets, Berkeley 
Earth (Rohde et al., 2013) and that of the Japan Meteorological Agency 
(JMA), are provided in Table 1.1. This working definition provides an 
updated estimate of 0.86°C for the warming over the period 1880–
2012 based on a linear trend. This quantity was quoted as 0.85°C in 
the AR5. Hence the inclusion of the Cowtan-Way dataset does not 
introduce any inconsistency with the AR5, whereas redefining GMST 
to represent global SAT could increase this figure by up to 20% (Table 
1.1, blue lines in Figure 1.2 and Richardson et al., 2016). 

Figure 1.2 |  Evolution of global mean surface temperature (GMST) over the period of instrumental observations. Grey shaded line shows monthly mean GMST 
in the HadCRUT4, NOAAGlobalTemp, GISTEMP and Cowtan-Way datasets, expressed as departures from 1850–1900, with varying grey line thickness indicating inter-dataset 
range. All observational datasets shown represent GMST as a weighted average of near surface air temperature over land and sea surface temperature over oceans. Human-
induced (yellow) and total (human- and naturally-forced, orange) contributions to these GMST changes are shown calculated following Otto et al. (2015) and Haustein et al. 
(2017). Fractional uncertainty in the level of human-induced warming in 2017 is set equal to ±20% based on multiple lines of evidence. Thin blue lines show the modelled 
global mean surface air temperature (dashed) and blended surface air and sea surface temperature accounting for observational coverage (solid) from the CMIP5 historical 
ensemble average extended with RCP8.5 forcing (Cowtan et al., 2015; Richardson et al., 2018). The pink shading indicates a range for temperature fluctuations over the 
Holocene (Marcott et al., 2013). Light green plume shows the AR5 prediction for average GMST over 2016–2035 (Kirtman et al., 2013). See Supplementary Material 1.SM for 
further details. 

1.2.1.2 Choice of reference period

Any choice of reference period used to approximate ‘pre-
industrial’ conditions is a compromise between data coverage 
and representativeness of typical pre-industrial solar and volcanic 
forcing conditions. This report adopts the 51-year reference period, 
1850–1900 inclusive, assessed as an approximation of pre-industrial 
levels in AR5 (Box TS.5, Figure 1 of Field et al., 2014). The years 
1880–1900 are subject to strong but uncertain volcanic forcing, but 

in the HadCRUT4 dataset, average temperatures over 1850–1879, 
prior to the largest eruptions, are less than 0.01°C from the average 
for 1850–1900. Temperatures rose by 0.0°C–0.2°C from 1720–
1800 to 1850–1900 (Hawkins et al., 2017), but the anthropogenic 
contribution to this warming is uncertain (Abram et al., 2016; Schurer 
et al., 2017). The 18th century represents a relatively cool period in 
the context of temperatures since the mid-Holocene (Marcott et al., 
2013; Lüning and Vahrenholt, 2017; Marsicek et al., 2018), which is 
indicated by the pink shaded region in Figure 1.2.
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Projections of responses to emission scenarios, and associated 
impacts, may use a more recent reference period, offset by historical 
observations, to avoid conflating uncertainty in past and future 
changes (e.g., Hawkins et al., 2017; Millar et al., 2017b; Simmons 
et al., 2017). Two recent reference periods are used in this report: 
1986–2005 and 2006–2015. In the latter case, when using a single 
decade to represent a 30-year average centred on that decade, it 
is important to consider the potential impact of internal climate 
variability. The years 2008–2013 were characterised by persistent 
cool conditions in the Eastern Pacific (Kosaka and Xie, 2013; Medhaug 
et al., 2017), related to both the El Niño-Southern Oscillation (ENSO) 
and, potentially, multi-decadal Pacific variability (e.g., England et al., 
2014), but these were partially compensated for by El Niño conditions 
in 2006 and 2015. Likewise, volcanic activity depressed temperatures 
in 1986–2005, partly offset by the very strong El Niño event in 1998. 
Figure 1.2 indicates that natural variability (internally generated and 
externally driven) had little net impact on average temperatures 
over 2006–2015, in that the average temperature of the decade 

is similar to the estimated externally driven warming. When solar, 
volcanic and ENSO-related variability is taken into account following 
the procedure of Foster and Rahmstorf (2011), there is no indication 
of average temperatures in either 1986–2005 or 2006–2015 being 
substantially biased by short-term variability (see Supplementary 
Material 1.SM.2). The temperature difference between these two 
reference periods (0.21°C–0.27°C over 15 years across available 
datasets) is also consistent with the AR5 assessment of the current 
warming rate of 0.3°C–0.7°C over 30 years (Kirtman et al., 2013). 

On the definition of warming used here, warming to the decade 
2006–2015 comprises an estimate of the 30-year average centred 
on this decade, or 1996–2025, assuming the current trend continues 
and that any volcanic eruptions that might occur over the final seven 
years are corrected for. Given this element of extrapolation, we use 
the AR5 near-term projection to provide a conservative uncertainty 
range. Combining the uncertainty in observed warming to 1986–
2005 (±0.06°C) with the likely range in the current warming trend as 

Diagnostic 
/ dataset

1850–1900 
to (1)

2006–2015

1850–1900 
to (2)

1986–2005

1986–2005 
to (3)

2006–2015

1850–1900 
to (4)

1981–2010

1850–1900 
to (5)

1998–2017

Trend (6)
1880–2012

Trend (6)
1880–2015

HadCRUT4.6
0.84 

[0.79–0.89]
0.60 

[0.57–0.66]
0.22 

[0.21–0.23]
0.62 

[0.58–0.67]
0.83 

[0.78–0.88]
0.83 

[0.77–0.90]
0.88 

[0.83–0.95]

NOAAGlobalTemp 
(7)

0.86 0.62 0.22 0.63 0.85 0.85 0.91

GISTEMP (7) 0.89 0.65 0.23 0.66 0.88 0.89 0.94

Cowtan-Way
0.91 

[0.85–0.99]
0.65

[0.60–0.72]
0.26 

[0.25–0.27]
0.65 

[0.60–0.72]
0.88 

[0.82–0.96]
0.88 

[0.79–0.98]
0.93 

[0.85–1.03]

Average (8) 0.87 0.63 0.23 0.64 0.86 0.86 0.92

Berkeley (9) 0.98 0.73 0.25 0.73 0.97 0.97 1.02

JMA (9) 0.82 0.59 0.17 0.60 0.81 0.82 0.87

ERA-Interim N/A N/A 0.26 N/A N/A N/A N/A

JRA-55 N/A N/A 0.23 N/A N/A N/A N/A

CMIP5 global 
SAT (10)

0.99 
[0.65–1.37]

0.62 
[0.38–0.94]

0.38
[0.24–0.62]

0.62 
[0.34–0.93]

0.89 
[0.62–1.29]

0.81 
[0.58–1.31]

0.86 
[0.63–1.39]

CMIP5 SAT/SST 
blend-masked

0.86 
[0.54–1.18]

0.50 
[0.31–0.79]

0.34 
[0.19–0.54]

0.48 
[0.26–0.79]

0.75 
[0.52–1.11]

0.68 
[0.45–1.08]

0.74 
[0.51–1.14]

Notes: 
 1) Most recent reference period used in this report.

 2) Most recent reference period used in AR5.

 3) Difference between recent reference periods.

 4) Current WMO standard reference periods.

 5) Most recent 20-year period. 

 6) Linear trends estimated by a straight-line fit, expressed in degrees yr−1 multiplied by 133 or 135 years respectively, with uncertainty ranges incorporating observational uncertainty only.

 7) To estimate changes in the NOAAGlobalTemp and GISTEMP datasets relative to the 1850–1900 reference period, warming is computed relative to 1850–1900 using the HadCRUT4.6  
  dataset and scaled by the ratio of the linear trend 1880–2015 in the NOAAGlobalTemp or GISTEMP dataset with the corresponding linear trend computed from HadCRUT4. 

 8) Average of diagnostics derived – see (7) – from four peer-reviewed global datasets, HadCRUT4.6, NOAA, GISTEMP & Cowtan-Way. Note that differences between averages may not  
  coincide with average differences because of rounding.

 9) No peer-reviewed publication available for these global combined land–sea datasets.

 10) CMIP5 changes estimated relative to 1861–80 plus 0.02°C for the offset in HadCRUT4.6 from 1850–1900. CMIP5 values are the mean of the RCP8.5 ensemble, with 5–95% ensemble  
  range. They are included to illustrate the difference between a complete global surface air temperature record (SAT) and a blended surface air and sea surface temperature (SST) record  
  accounting for incomplete coverage (masked), following Richardson et al. (2016). Note that 1986–2005 temperatures in CMIP5 appear to have been depressed more than observed temperatures 
by the eruption of Mount Pinatubo. 

Table 1.1 | Observed increase in global average surface temperature in various datasets. 
 Numbers in square brackets correspond to 5–95% uncertainty ranges from individual datasets, encompassing known sources of observational uncertainty only.
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for observational and forcing uncertainty and internal variability. 
Applying their method to the average of the four datasets shown in 
Figure 1.2 gives an average level of human-induced warming in 2017 
of 1.04°C. They also estimate a human-induced warming trend over 
the past 20 years of 0.17°C (0.13°C–0.33°C) per decade, consistent 
with estimates of the total observed trend of Foster and Rahmstorf 
(2011) (0.17° ± 0.03°C per decade, uncertainty in linear trend only), 
Folland et al. (2018) and Kirtman et al. (2013) (0.3°C–0.7°C over 30 
years, or 0.1°C–0.23°C per decade, likely range), and a best-estimate 
warming rate over the past five years of 0.215°C/decade (Leach et al., 
2018). Drawing on these multiple lines of evidence, human-induced 
warming is assessed to have reached 1.0°C in 2017, having increased 
by 0.13°C from the mid-point of 2006–2015, with a likely range 
of 0.8°C to 1.2°C (reduced from 5–95% to account for additional 
forcing and model uncertainty), increasing at 0.2°C per decade (with 
a likely range of 0.1°C to 0.3°C per decade: estimates of human-
induced warming given to 0.1°C precision only). 

Since warming is here defined in terms of a 30-year average, corrected 
for short-term natural fluctuations, when warming is considered to be 
at 1.5°C, global temperatures would fluctuate equally on either side 
of 1.5°C in the absence of a large cooling volcanic eruption (Bethke et 
al., 2017). Figure 1.2 indicates there is a substantial chance of GMST in 
a single month fluctuating over 1.5°C between now and 2020 (or, by 
2030, for a longer period: Henley and King, 2017), but this would not 
constitute temperatures ‘reaching 1.5°C’ on our working definition. 
Rogelj et al. (2017) show limiting the probability of annual GMST 
exceeding 1.5°C to less than one-year-in-20 would require limiting 
warming, on the definition used here, to 1.31°C or lower. 

1.2.2 Global versus Regional and Seasonal Warming

Warming is not observed or expected to be spatially or seasonally 
uniform (Collins et al., 2013). A 1.5°C increase in GMST will be 
associated with warming substantially greater than 1.5°C in many 
land regions, and less than 1.5°C in most ocean regions. This is 
illustrated by Figure 1.3, which shows an estimate of the observed 
change in annual and seasonal average temperatures between 
the 1850–1900 pre-industrial reference period and the decade 
2006–2015 in the Cowtan-Way dataset. These regional changes are 
associated with an observed GMST increase of 0.91°C in the dataset 
shown here, or 0.87°C in the four-dataset average (Table 1.1). This 
observed pattern reflects an on-going transient warming: features 
such as enhanced warming over land may be less pronounced, but still 
present, in equilibrium (Collins et al., 2013). This figure illustrates the 
magnitude of spatial and seasonal differences, with many locations, 
particularly in Northern Hemisphere mid-latitude winter (December–
February), already experiencing regional warming more than double 
the global average. Individual seasons may be substantially warmer, 
or cooler, than these expected changes in the long-term average.

1.2.3 Definition of 1.5°C Pathways: Probability, 
Transience, Stabilization and Overshoot

Pathways considered in this report, consistent with available literature 
on 1.5°C, primarily focus on the time scale up to 2100, recognising 
that the evolution of GMST after 2100 is also important. Two broad 

assessed by AR5 (±0.2°C/30 years), assuming these are uncorrelated, 
and using observed warming relative to 1850–1900 to provide the 
central estimate (no evidence of bias from short-term variability), 
gives an assessed warming to the decade 2006–2015 of 0.87°C with 
a ±0.12°C likely range. This estimate has the advantage of traceability 
to the AR5, but more formal methods of quantifying externally driven 
warming (e.g., Bindoff et al., 2013; Jones et al., 2016; Haustein et 
al., 2017; Ribes et al., 2017), which typically give smaller ranges of 
uncertainty, may be adopted in the future.

1.2.1.3 Total versus human-induced warming and 
warming rates 

Total warming refers to the actual temperature change, irrespective 
of cause, while human-induced warming refers to the component 
of that warming that is attributable to human activities. Mitigation 
studies focus on human-induced warming (that is not subject to 
internal climate variability), while studies of climate change impacts 
typically refer to total warming (often with the impact of internal 
variability minimised through the use of multi-decade averages). 

In the absence of strong natural forcing due to changes in solar or 
volcanic activity, the difference between total and human-induced 
warming is small: assessing empirical studies quantifying solar and 
volcanic contributions to GMST from 1890 to 2010, AR5 (Figure 10.6 
of Bindoff et al., 2013) found their net impact on warming over the 
full period to be less than plus or minus 0.1°C. Figure 1.2 shows that 
the level of human-induced warming has been indistinguishable from 
total observed warming since 2000, including over the decade 2006–
2015. Bindoff et al. (2013) assessed the magnitude of human-induced 
warming over the period 1951–2010 to be 0.7°C (likely between 
0.6°C and 0.8°C), which is slightly greater than the 0.65°C observed 
warming over this period (Figures 10.4 and 10.5) with a likely range 
of ±14%. The key surface temperature attribution studies underlying 
this finding (Gillett et al., 2013; Jones et al., 2013; Ribes and Terray, 
2013) used temperatures since the 19th century to constrain human-
induced warming, and so their results are equally applicable to the 
attribution of causes of warming over longer periods. Jones et al. 
(2016) show (Figure 10) human-induced warming trends over the 
period 1905–2005 to be indistinguishable from the corresponding 
total observed warming trend accounting for natural variability using 
spatio-temporal detection patterns from 12 out of 15 CMIP5 models 
and from the multi-model average. Figures from Ribes and Terray 
(2013), show the anthropogenic contribution to the observed linear 
warming trend 1880–2012 in the HadCRUT4 dataset (0.83°C in Table 
1.1) to be 0.86°C using a multi-model average global diagnostic, with 
a 5–95% confidence interval of 0.72°C–1.00°C (see figure 1.SM.6). 
In all cases, since 2000 the estimated combined contribution of solar 
and volcanic activity to warming relative to 1850–1900 is found to be 
less than ±0.1°C (Gillett et al., 2013), while anthropogenic warming 
is indistinguishable from, and if anything slightly greater than, the 
total observed warming, with 5–95% confidence intervals typically 
around ±20%.

Haustein et al. (2017) give a 5–95% confidence interval for 
human-induced warming in 2017 of 0.87°C–1.22°C, with a best 
estimate of 1.02°C, based on the HadCRUT4 dataset accounting 
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categories of 1.5°C pathways can be used to characterise mitigation 
options and impacts: pathways in which warming (defined as 30-year 
averaged GMST relative to pre-industrial levels, see Section 1.2.1) 
remains below 1.5°C throughout the 21st century, and pathways 
in which warming temporarily exceeds (‘overshoots’) 1.5°C and 
returns to 1.5°C either before or soon after 2100. Pathways in which 
warming exceeds 1.5°C before 2100, but might return to that level in 
some future century, are not considered 1.5°C pathways.

Because of uncertainty in the climate response, a ‘prospective’ 
mitigation pathway (see Cross-Chapter Box 1 in this chapter), in which 
emissions are prescribed, can only provide a level of probability of 
warming remaining below a temperature threshold. This probability 
cannot be quantified precisely since estimates depend on the method 
used (Rogelj et al., 2016b; Millar et al., 2017b; Goodwin et al., 2018; 
Tokarska and Gillett, 2018). This report defines a ‘1.5°C pathway’ 
as a pathway of emissions and associated possible temperature 
responses in which the majority of approaches using presently 
available information assign a probability of approximately one-in-
two to two-in-three to warming remaining below 1.5°C or, in the case 
of an overshoot pathway, to warming returning to 1.5°C by around 
2100 or earlier. Recognizing the very different potential impacts and 
risks associated with high-overshoot pathways, this report singles 

Figure 1.3 |  Spatial and seasonal pattern of present-day warming: Regional warming for the 2006–2015 decade relative to 1850–1900 for the annual mean (top), 
the average of December, January, and February (bottom left) and for June, July, and August (bottom right). Warming is evaluated by regressing regional changes in the Cowtan 
and Way (2014) dataset onto the total (combined human and natural) externally forced warming (yellow line in Figure 1.2). See Supplementary Material 1.SM for further details 
and versions using alternative datasets. The definition of regions (green boxes and labels in top panel) is adopted from the AR5 (Christensen et al., 2013).

out 1.5°C pathways with no or limited (<0.1°C) overshoot in many 
instances and pursues efforts to ensure that when the term ‘1.5°C 
pathway’ is used, the associated overshoot is made explicit where 
relevant. In Chapter 2, the classification of pathways is based on one 
modelling approach to avoid ambiguity, but probabilities of exceeding 
1.5°C are checked against other approaches to verify that they lie 
within this approximate range. All these absolute probabilities are 
imprecise, depend on the information used to constrain them, and 
hence are expected to evolve in the future. Imprecise probabilities 
can nevertheless be useful for decision-making, provided the 
imprecision is acknowledged (Hall et al., 2007; Kriegler et al., 2009; 
Simpson et al., 2016). Relative and rank probabilities can be assessed 
much more consistently: approaches may differ on the absolute 
probability assigned to individual outcomes, but typically agree on 
which outcomes are more probable. 

Importantly, 1.5°C pathways allow a substantial (up to one-in-two) 
chance of warming still exceeding 1.5°C. An ‘adaptive’ mitigation 
pathway in which emissions are continuously adjusted to achieve 
a specific temperature outcome (e.g., Millar et al., 2017b) reduces 
uncertainty in the temperature outcome while increasing uncertainty 
in the emissions required to achieve it. It has been argued (Otto et 
al., 2015; Xu and Ramanathan, 2017) that achieving very ambitious 
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temperature goals will require such an adaptive approach to 
mitigation, but very few studies have been performed taking this 
approach (e.g., Jarvis et al., 2012).

Figure 1.4 illustrates categories of (a) 1.5°C pathways and associated 
(b) annual and (c) cumulative emissions of CO2. It also shows (d) 
an example of a ‘time-integrated impact’ that continues to increase 
even after GMST has stabilised, such as sea level rise. This schematic 
assumes for the purposes of illustration that the fractional contribution 
of non-CO2 climate forcers to total anthropogenic forcing (which is 
currently increasing, Myhre et al., 2017) is approximately constant 
from now on. Consequently, total human-induced warming is 
proportional to cumulative CO2 emissions (solid line in c), and GMST 
stabilises when emissions reach zero. This is only the case in the most 
ambitious scenarios for non-CO2 mitigation (Leach et al., 2018). A 
simple way of accounting for varying non-CO2 forcing in Figure 1.4 
would be to note that every 1 W m−2 increase in non-CO2 forcing 
between now and the decade or two immediately prior to the time 
of peak warming reduces cumulative CO2 emissions consistent with 
the same peak warming by approximately 1100 GtCO2, with a range 
of 900-1500 GtCO2 (using values from AR5: Myhre et al., 2013; Allen 
et al., 2018; Jenkins et al., 2018; Cross-Chapter Box 2 in this chapter).

1.2.3.1 Pathways remaining below 1.5°C

In this category of 1.5°C pathways, human-induced warming either 
rises monotonically to stabilise at 1.5°C (Figure 1.4, brown lines) 
or peaks at or below 1.5°C and then declines (yellow lines). Figure 
1.4b demonstrates that pathways remaining below 1.5°C require net 
annual CO2 emissions to peak and decline to near zero or below, 
depending on the long-term adjustment of the carbon cycle and 
non-CO2 emissions (Bowerman et al., 2013; Wigley, 2018). Reducing 
emissions to zero corresponds to stabilizing cumulative CO2 emissions 
(Figure 1.4c, solid lines) and falling concentrations of CO2 in the 
atmosphere (panel c dashed lines) (Matthews and Caldeira, 2008; 
Solomon et al., 2009), which is required to stabilize GMST if non-CO2 
climate forcings are constant and positive. Stabilizing atmospheric 
greenhouse gas concentrations would result in continued warming 
(see Section 1.2.4). 

If emission reductions do not begin until temperatures are close to 
the proposed limit, pathways remaining below 1.5°C necessarily 
involve much faster rates of net CO2 emission reductions (Figure 1.4, 
green lines), combined with rapid reductions in non-CO2 forcing and 
these pathways also reach 1.5°C earlier. Note that the emissions 
associated with these schematic temperature pathways may not 
correspond to feasible emission scenarios, but they do illustrate the 
fact that the timing of net zero emissions does not in itself determine 
peak warming: what matters is total cumulative emissions up to that 

time. Hence every year’s delay before initiating emission reductions 
decreases by approximately two years the remaining time available 
to reach zero emissions on a pathway still remaining below 1.5°C 
(Allen and Stocker, 2013; Leach et al., 2018). 

1.2.3.2 Pathways temporarily exceeding 1.5°C

With the pathways in this category, also referred to as overshoot 
pathways, GMST rises above 1.5°C relative to pre-industrial before 
peaking and returning to 1.5°C around or before 2100 (Figure 1.4, 
blue lines), subsequently either stabilising or continuing to fall. This 
allows initially slower or delayed emission reductions, but lowering 
GMST requires net negative global CO2 emissions (net anthropogenic 
removal of CO2; Figure 1.4b). Cooling, or reduced warming, through 
sustained reductions of net non-CO2 climate forcing (Cross-Chapter 
Box 2 in this chapter) is also required, but their role is limited because 
emissions of most non-CO2 forcers cannot be reduced to below zero. 
Hence the feasibility and availability of large-scale CO2 removal 
limits the possible rate and magnitude of temperature decline. In 
this report, overshoot pathways are referred to as 1.5°C pathways, 
but qualified by the amount of the temperature overshoot, which 
can have a substantial impact on irreversible climate change impacts 
(Mathesius et al., 2015; Tokarska and Zickfeld, 2015).

1.2.3.3 Impacts at 1.5°C warming associated with different 
pathways: transience versus stabilisation

Figure 1.4 also illustrates time scales associated with different 
impacts. While many impacts scale with the change in GMST itself, 
some (such as those associated with ocean acidification) scale with 
the change in atmospheric CO2 concentration, indicated by the 
fraction of cumulative CO2 emissions remaining in the atmosphere 
(dotted lines in Figure 1.4c). Others may depend on the rate of 
change of GMST, while ‘time-integrated impacts’, such as sea level 
rise, shown in Figure 1.4d continue to increase even after GMST has 
stabilised.

Hence impacts that occur when GMST reaches 1.5°C could be very 
different depending on the pathway to 1.5°C. CO2 concentrations will 
be higher as GMST rises past 1.5°C (transient warming) than when 
GMST has stabilized at 1.5°C, while sea level and, potentially, global 
mean precipitation (Pendergrass et al., 2015) would both be lower 
(see Figure 1.4). These differences could lead to very different impacts 
on agriculture, on some forms of extreme weather (e.g., Baker et al., 
2018), and on marine and terrestrial ecosystems (e.g., Mitchell et al., 
2017 and Boxes 3.1 and 3.2). Sea level would be higher still if GMST 
returns to 1.5°C after an overshoot (Figure 1.4 d), with potentially 
significantly different impacts in vulnerable regions. Temperature 
overshoot could also cause irreversible impacts (see Chapter 3). 
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Figure 1.4 |  Different 1.5°C pathways1: Schematic illustration of the relationship between (a) global mean surface temperature (GMST) change; (b) annual rates of CO2 
emissions, assuming constant fractional contribution of non-CO2 forcing to total human-induced warming; (c) total cumulative CO2 emissions (solid lines) and the fraction 
thereof remaining in the atmosphere (dashed lines; these also indicates changes in atmospheric CO2 concentrations); and (d) a time-integrated impact, such as sea level rise, 
that continues to increase even after GMST has stabilized. Colours indicate different 1.5°C pathways. Brown: GMST remaining below and stabilizing at 1.5°C in 2100; Green: a 
delayed start but faster emission reductions pathway with GMST remaining below and reaching 1.5°C earlier; Blue: a pathway temporarily exceeding 1.5°C, with temperatures 
reduced to 1.5°C by net negative CO2 emissions after temperatures peak; and Yellow: a pathway peaking at 1.5°C and subsequently declining. Temperatures are anchored 
to 1°C above pre-industrial in 2017; emissions–temperature relationships are computed using a simple climate model (Myhre et al., 2013; Millar et al., 2017a; Jenkins et al., 
2018) with a lower value of the Transient Climate Response (TCR) than used in the quantitative pathway assessments in Chapter 2 to illustrate qualitative differences between 
pathways: this figure is not intended to provide quantitative information. The time-integrated impact is illustrated by the semi-empirical sea level rise model of Kopp et al. (2016).

1 An animated version of Figure 1.4 will be embedded in the web-based version of this Special Report

Cross-Chapter Box 1 |  Scenarios and Pathways

Contributing Authors:   
Mikiko Kainuma (Japan), Kristie L. Ebi (USA), Sabine Fuss (Germany), Elmar Kriegler (Germany), Keywan Riahi (Austria), Joeri Rogelj 
(Austria/Belgium), Petra Tschakert (Australia/Austria), Rachel Warren (UK)

Climate change scenarios have been used in IPCC assessments since the First Assessment Report (Leggett et al., 1992). The SRES 
scenarios (named after the IPCC Special Report on Emissions Scenarios published in 2000; IPCC, 2000), consist of four scenarios that 
do not take into account any future measures to limit greenhouse gas (GHG) emissions. Subsequently, many policy scenarios have been 
developed based upon them (Morita et al., 2001). The SRES scenarios are superseded by a set of scenarios based on the Representative 
Concentration Pathways (RCPs) and Shared Socio-Economic Pathways (SSPs) (Riahi et al., 2017). The RCPs comprise a set of four GHG 
concentration trajectories that jointly span a large range of plausible human-caused climate forcing ranging from 2.6 W m−2 (RCP2.6) 
to 8.5 W m−2 (RCP8.5) by the end of the 21st century (van Vuuren et al., 2011). They were used to develop climate projections in the 
Coupled Model Intercomparison Project Phase 5 (CMIP5; Taylor et al., 2012) and were assessed in the IPCC Fifth Assessment Report 
(AR5). Based on the CMIP5 ensemble, RCP2.6, provides a better than two-in-three chance of staying below 2°C and a median warming 
of 1.6°C relative to 1850–1900 in 2100 (Collins et al., 2013). 

The SSPs were developed to complement the RCPs with varying socio-economic challenges to adaptation and mitigation. SSP-based 
scenarios were developed for a range of climate forcing levels, including the end-of-century forcing levels of the RCPs (Riahi et al., 2017) 
and a level below RCP2.6 to explore pathways limiting warming to 1.5°C above pre-industrial levels (Rogelj et al., 2018). The SSP-based 
1.5°C pathways are assessed in Chapter 2 of this report. These scenarios offer an integrated perspective on socio-economic, energy-
system (Bauer et al., 2017), land use (Popp et al., 2017), air pollution (Rao et al., 2017) and, GHG emissions developments (Riahi et al., 
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2017). Because of their harmonised assumptions, scenarios developed with the SSPs facilitate the integrated analysis of future climate 
impacts, vulnerabilities, adaptation and mitigation.

Scenarios and Pathways in this Report
This report focuses on pathways that could limit the increase of global mean surface temperature (GMST) to 1.5°C above pre-industrial 
levels and pathways that align with the goals of sustainable development and poverty eradication. The pace and scale of mitigation 
and adaptation are assessed in the context of historical evidence to determine where unprecedented change is required (see Chapter 
4). Other scenarios are also assessed, primarily as benchmarks for comparison of mitigation, impacts, and/or adaptation requirements. 
These include baseline scenarios that assume no climate policy; scenarios that assume some kind of continuation of current climate 
policy trends and plans, many of which are used to assess the implications of the nationally determined contributions (NDCs); and 
scenarios holding warming below 2°C above pre-industrial levels. This report assesses the spectrum from global mitigation scenarios 
to local adaptation choices – complemented by a bottom-up assessment of individual mitigation and adaptation options, and their 
implementation (policies, finance, institutions, and governance, see Chapter 4). Regional, national, and local scenarios, as well as 
decision-making processes involving values and difficult trade-offs are important for understanding the challenges of limiting GMST 
increase to 1.5°C and are thus indispensable when assessing implementation.

Different climate policies result in different temperature pathways, which result in different levels of climate risks and actual climate 
impacts with associated long-term implications. Temperature pathways are classified into continued warming pathways (in the cases of 
baseline and reference scenarios), pathways that keep the temperature increase below a specific limit (like 1.5°C or 2°C), and pathways 
that temporarily exceed and later fall to a specific limit (overshoot pathways). In the case of a temperature overshoot, net negative CO2 
emissions are required to remove excess CO2 from the atmosphere (Section 1.2.3). 

In a ‘prospective’ mitigation pathway, emissions (or sometimes concentrations) are prescribed, giving a range of GMST outcomes 
because of uncertainty in the climate response. Prospective pathways are considered ‘1.5°C pathways’ in this report if, based on current 
knowledge, the majority of available approaches assign an approximate probability of one-in-two to two-in-three to temperatures 
either remaining below 1.5°C or returning to 1.5°C either before or around 2100. Most pathways assessed in Chapter 2 are prospective 
pathways, and therefore even ‘1.5°C pathways’ are also associated with risks of warming higher than 1.5°C, noting that many risks 
increase non-linearly with increasing GMST. In contrast, the ‘risks of warming of 1.5°C’ assessed in Chapter 3 refer to risks in a 
world in which GMST is either passing through (transient) or stabilized at 1.5°C, without considering probabilities of different GMST 
levels (unless otherwise qualified). To stay below any desired temperature limit, mitigation measures and strategies would need to 
be adjusted as knowledge of the climate response is updated (Millar et al., 2017b; Emori et al., 2018). Such pathways can be called 
‘adaptive’ mitigation pathways. Given there is always a possibility of a greater-than-expected climate response (Xu and Ramanathan, 
2017), adaptive mitigation pathways are important to minimise climate risks, but need also to consider the risks and feasibility (see 
Cross-Chapter Box 3 in this chapter) of faster-than-expected emission reductions. Chapter 5 includes assessments of two related topics: 
aligning mitigation and adaptation pathways with sustainable development pathways, and transformative visions for the future that 
would support avoiding negative impacts on the poorest and most disadvantaged populations and vulnerable sectors.

Definitions of Scenarios and Pathways
Climate scenarios and pathways are terms that are sometimes used interchangeably, with a wide range of overlapping definitions 
(Rosenbloom, 2017).

A ‘scenario’ is an internally consistent, plausible, and integrated description of a possible future of the human–environment system, 
including a narrative with qualitative trends and quantitative projections (IPCC, 2000). Climate change scenarios provide a framework 
for developing and integrating projections of emissions, climate change, and climate impacts, including an assessment of their inherent 
uncertainties. The long-term and multi-faceted nature of climate change requires climate scenarios to describe how socio-economic 
trends in the 21st century could influence future energy and land use, resulting emissions and the evolution of human vulnerability and 
exposure. Such driving forces include population, GDP, technological innovation, governance and lifestyles. Climate change scenarios 
are used for analysing and contrasting climate policy choices.

The notion of a ‘pathway’ can have multiple meanings in the climate literature. It is often used to describe the temporal evolution 
of a set of scenario features, such as GHG emissions and socio-economic development. As such, it can describe individual scenario 
components or sometimes be used interchangeably with the word ‘scenario’. For example, the RCPs describe GHG concentration 
trajectories (van Vuuren et al., 2011) and the SSPs are a set of narratives of societal futures augmented by quantitative projections 
of socio-economic determinants such as population, GDP and urbanization (Kriegler et al., 2012; O’Neill et al., 2014). Socio-economic 

Cross-Chapter Box 1 (continued)
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driving forces consistent with any of the SSPs can be combined with a set of climate policy assumptions (Kriegler et al., 2014) that 
together would lead to emissions and concentration outcomes consistent with the RCPs (Riahi et al., 2017). This is at the core of the 
scenario framework for climate change research that aims to facilitate creating scenarios integrating emissions and development 
pathways dimensions (Ebi et al., 2014; van Vuuren et al., 2014).

In other parts of the literature, ‘pathway’ implies a solution-oriented trajectory describing a pathway from today’s world to achieving a 
set of future goals. Sustainable Development Pathways describe national and global pathways where climate policy becomes part of 
a larger sustainability transformation (Shukla and Chaturvedi, 2013; Fleurbaey et al., 2014; van Vuuren et al., 2015). The AR5 presented 
climate-resilient pathways as sustainable development pathways that combine the goals of adaptation and mitigation (Denton et 
al., 2014), more broadly defined as iterative processes for managing change within complex systems in order to reduce disruptions 
and enhance opportunities associated with climate change (IPCC, 2014a). The AR5 also introduced the notion of climate-resilient 
development pathways, with a more explicit focus on dynamic livelihoods, multi-dimensional poverty, structural inequalities, and 
equity among poor and non-poor people (Olsson et al., 2014). Adaptation pathways are understood as a series of adaptation choices 
involving trade-offs between short-term and long-term goals and values (Reisinger et al., 2014). They are decision-making processes 
sequenced over time with the purpose of deliberating and identifying socially salient solutions in specific places (Barnett et al., 2014; 
Wise et al., 2014; Fazey et al., 2016). There is a range of possible pathways for transformational change, often negotiated through 
iterative and inclusive processes (Harris et al., 2017; Fazey et al., 2018; Tàbara et al., 2018).

Cross-Chapter Box 1 (continued)

1.2.4 Geophysical Warming Commitment

It is frequently asked whether limiting warming to 1.5°C is ‘feasible’ 
(Cross-Chapter Box 3 in this chapter). There are many dimensions to 
this question, including the warming ‘commitment’ from past emissions 
of greenhouse gases and aerosol precursors. Quantifying commitment 
from past emissions is complicated by the very different behaviour of 
different climate forcers affected by human activity: emissions of long-
lived greenhouse gases such as CO2 and nitrous oxide (N2O) have a 
very persistent impact on radiative forcing (Myhre et al., 2013), lasting 
from over a century (in the case of N2O) to hundreds of thousands 
of years (for CO2). The radiative forcing impact of short-lived climate 
forcers (SLCFs) such as methane (CH4) and aerosols, in contrast, 
persists for at most about a decade (in the case of methane) down to 
only a few days. These different behaviours must be taken into account 
in assessing the implications of any approach to calculating aggregate 
emissions (Cross-Chapter Box 2 in this chapter).

Geophysical warming commitment is defined as the unavoidable 
future warming resulting from physical Earth system inertia. Different 
variants are discussed in the literature, including (i) the ‘constant 
composition commitment’ (CCC), defined by Meehl et al. (2007) as 
the further warming that would result if atmospheric concentrations 
of GHGs and other climate forcers were stabilised at the current level; 
and (ii) and the ‘zero emissions commitment’ (ZEC), defined as the 
further warming that would still occur if all future anthropogenic 
emissions of greenhouse gases and aerosol precursors were 
eliminated instantaneously (Meehl et al., 2007; Collins et al., 2013). 

The CCC is primarily associated with thermal inertia of the ocean 
(Hansen et al., 2005), and has led to the misconception that 
substantial future warming is inevitable (Matthews and Solomon, 
2013). The CCC takes into account the warming from past emissions, 
but also includes warming from future emissions (declining but still 
non-zero) that are required to maintain a constant atmospheric 

composition. It is therefore not relevant to the warming commitment 
from past emissions alone.

The ZEC, although based on equally idealised assumptions, allows 
for a clear separation of the response to past emissions from the 
effects of future emissions. The magnitude and sign of the ZEC 
depend on the mix of GHGs and aerosols considered. For CO2, which 
takes hundreds of thousands of years to be fully removed from the 
atmosphere by natural processes following its emission (Eby et al., 
2009; Ciais et al., 2013), the multi-century warming commitment 
from emissions to date in addition to warming already observed 
is estimated to range from slightly negative (i.e., a slight cooling 
relative to present-day) to slightly positive (Matthews and Caldeira, 
2008; Lowe et al., 2009; Gillett et al., 2011; Collins et al., 2013). 
Some studies estimate a larger ZEC from CO2, but for cumulative 
emissions much higher than those up to present day (Frölicher et al., 
2014; Ehlert and Zickfeld, 2017). The ZEC from past CO2 emissions 
is small because the continued warming effect from ocean thermal 
inertia is approximately balanced by declining radiative forcing due 
to CO2 uptake by the ocean (Solomon et al., 2009; Goodwin et al., 
2015; Williams et al., 2017). Thus, although present-day CO2-induced 
warming is irreversible on millennial time scales (without human 
intervention such as active carbon dioxide removal or solar radiation 
modification; Section 1.4.1), past CO2 emissions do not commit to 
substantial further warming (Matthews and Solomon, 2013). 

Sustained net zero anthropogenic emissions of CO2 and declining net 
anthropogenic non-CO2 radiative forcing over a multi-decade period 
would halt anthropogenic global warming over that period, although 
it would not halt sea level rise or many other aspects of climate system 
adjustment. The rate of decline of non-CO2 radiative forcing must be 
sufficient to compensate for the ongoing adjustment of the climate 
system to this forcing (assuming it remains positive) due to ocean 
thermal inertia. It therefore depends on deep ocean response time 
scales, which are uncertain but of order centuries, corresponding to 
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decline rates of non-CO2 radiative forcing of less than 1% per year. In 
the longer term, Earth system feedbacks such as the release of carbon 
from melting permafrost may require net negative CO2 emissions to 
maintain stable temperatures (Lowe and Bernie, 2018).

For warming SLCFs, meaning those associated with positive radiative 
forcing such as methane, the ZEC is negative. Eliminating emissions 
of these substances results in an immediate cooling relative to the 
present (Figure 1.5, magenta lines) (Frölicher and Joos, 2010; Matthews 
and Zickfeld, 2012; Mauritsen and Pincus, 2017). Cooling SLCFs (those 
associated with negative radiative forcing) such as sulphate aerosols 
create a positive ZEC, as elimination of these forcers results in rapid 
increase in radiative forcing and warming (Figure 1.5, green lines) 
(Matthews and Zickfeld, 2012; Mauritsen and Pincus, 2017; Samset 
et al., 2018). Estimates of the warming commitment from eliminating 
aerosol emissions are affected by large uncertainties in net aerosol 
radiative forcing (Myhre et al., 2013, 2017) and the impact of other 

measures affecting aerosol loading (e.g., Fernández et al., 2017). 
If present-day emissions of all GHGs (short- and long-lived) and 
aerosols (including sulphate, nitrate and carbonaceous aerosols) are 
eliminated (Figure 1.5, yellow lines) GMST rises over the following 
decade, driven by the removal of negative aerosol radiative forcing. 
This initial warming is followed by a gradual cooling driven by the 
decline in radiative forcing of short-lived greenhouse gases (Matthews 
and Zickfeld, 2012; Collins et al., 2013). Peak warming following 
elimination of all emissions was assessed at a few tenths of a degree in 
AR5, and century-scale warming was assessed to change only slightly 
relative to the time emissions are reduced to zero (Collins et al., 2013). 
New evidence since AR5 suggests a larger methane forcing (Etminan 
et al., 2016) but no revision in the range of aerosol forcing (although 
this remains an active field of research, e.g., Myhre et al., 2017). This 
revised methane forcing estimate results in a smaller peak warming 
and a faster temperature decline than assessed in AR5 (Figure 1.5, 
yellow line).

Figure 1.5 |  Warming commitment from past emissions of greenhouse gases and aerosols: Radiative forcing (top) and global mean surface temperature change 
(bottom) for scenarios with different combinations of greenhouse gas and aerosol precursor emissions reduced to zero in 2020. Variables were calculated using a simple 
climate–carbon cycle model (Millar et al., 2017a) with a simple representation of atmospheric chemistry (Smith et al., 2018). The bars on the right-hand side indicate the median 
warming in 2100 and 5–95% uncertainty ranges (also indicated by the plume around the yellow line) taking into account one estimate of uncertainty in climate response, 
effective radiative forcing and carbon cycle sensitivity, and constraining simple model parameters with response ranges from AR5 combined with historical climate observations 
(Smith et al., 2018). Temperatures continue to increase slightly after elimination of CO2 emissions (blue line) in response to constant non-CO2 forcing. The dashed blue line 
extrapolates one estimate of the current rate of warming, while dotted blue lines show a case where CO2 emissions are reduced linearly to zero assuming constant non-CO2 
forcing after 2020. Under these highly idealized assumptions, the time to stabilize temperatures at 1.5°C is approximately double the time remaining to reach 1.5°C at the 
current warming rate.
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Expert judgement based on the available evidence (including model 
simulations, radiative forcing and climate sensitivity) suggests that if 
all anthropogenic emissions were reduced to zero immediately, any 
further warming beyond the 1°C already experienced would likely be 
less than 0.5°C over the next two to three decades, and also likely 
less than 0.5°C on a century time scale. 

Since most sources of emissions cannot, in reality, be brought to 
zero instantaneously due to techno-economic inertia, the current 
rate of emissions also constitutes a conditional commitment to 
future emissions and consequent warming depending on achievable 
rates of emission reductions. The current level and rate of human-
induced warming determines both the time left before a temperature 
threshold is exceeded if warming continues (dashed blue line 
in Figure 1.5) and the time over which the warming rate must be 
reduced to avoid exceeding that threshold (approximately indicated 
by the dotted blue line in Figure 1.5). Leach et al. (2018) use a central 
estimate of human-induced warming of 1.02°C in 2017, increasing 
at 0.215°C per decade (Haustein et al., 2017), to argue that it will 
take 13–32 years (one-standard-error range) to reach 1.5°C if the 
current warming rate continues, allowing 25–64 years to stabilise 
temperatures at 1.5°C if the warming rate is reduced at a constant 

rate of deceleration starting immediately. Applying a similar approach 
to the multi-dataset average GMST used in this report gives an 
assessed likely range for the date at which warming reaches 1.5°C 
of 2030 to 2052. The lower bound on this range, 2030, is supported 
by multiple lines of evidence, including the AR5 assessment for the 
likely range of warming (0.3°C–0.7°C) for the period 2016–2035 
relative to 1986–2005. The upper bound, 2052, is supported by fewer 
lines of evidence, so we have used the upper bound of the 5–95% 
confidence interval given by the Leach et al. (2018) method applied to 
the multi-dataset average GMST, expressed as the upper limit of the 
likely range, to reflect the reliance on a single approach. Results are 
sensitive both to the confidence level chosen and the number of years 
used to estimate the current rate of anthropogenic warming (5 years 
used here, to capture the recent acceleration due to rising non-CO2 
forcing). Since the rate of human-induced warming is proportional 
to the rate of CO2 emissions (Matthews et al., 2009; Zickfeld et al., 
2009) plus a term approximately proportional to the rate of increase 
in non-CO2 radiative forcing (Gregory and Forster, 2008; Allen et al., 
2018; Cross-Chapter Box 2 in this chapter), these time scales also 
provide an indication of minimum emission reduction rates required 
if a warming greater than 1.5°C is to be avoided (see Figure 1.5, 
Supplementary Material 1.SM.6 and FAQ 1.2).

Cross-Chapter Box 2 | Measuring Progress to Net Zero Emissions Combining Long-Lived and Short-
Lived Climate Forcers 

Contributing Authors:   
Piers Forster (UK), Myles R. Allen (UK), Elmar Kriegler (Germany), Joeri Rogelj (Austria/Belgium), Seth Schultz (USA), Drew Shindell 
(USA), Kirsten Zickfeld (Canada/Germany)

Emissions of many different climate forcers will affect the rate and magnitude of climate change over the next few decades (Myhre et al., 
2013). Since these decades will determine when 1.5°C is reached or whether a warming greater than 1.5°C is avoided, understanding 
the aggregate impact of different forcing agents is particularly important in the context of 1.5°C pathways. Paragraph 17 of Decision 1 
of the 21st Conference of the Parties on the adoption of the Paris Agreement specifically states that this report is to identify aggregate 
greenhouse gas emission levels compatible with holding the increase in global average temperatures to 1.5°C above pre-industrial 
levels (see Chapter 2). This request highlights the need to consider the implications of different methods of aggregating emissions of 
different gases, both for future temperatures and for other aspects of the climate system (Levasseur et al., 2016; Ocko et al., 2017). 

To date, reporting of GHG emissions under the UNFCCC has used Global Warming Potentials (GWPs) evaluated over a 100-year time 
horizon (GWP100) to combine multiple climate forcers. IPCC Working Group 3 reports have also used GWP100 to represent multi-gas 
pathways (Clarke et al., 2014). For reasons of comparability and consistency with current practice, Chapter 2 in this Special Report 
continues to use this aggregation method. Numerous other methods of combining different climate forcers have been proposed, such 
as the Global Temperature-change Potential (GTP; Shine et al., 2005) and the Global Damage Potential (Tol et al., 2012; Deuber et al., 
2013).

Climate forcers fall into two broad categories in terms of their impact on global temperature (Smith et al., 2012): long-lived GHGs, such 
as CO2 and nitrous oxide (N2O), whose warming impact depends primarily on the total cumulative amount emitted over the past century 
or the entire industrial epoch; and short-lived climate forcers (SLCFs), such as methane and black carbon, whose warming impact 
depends primarily on current and recent annual emission rates (Reisinger et al., 2012; Myhre et al., 2013; Smith et al., 2013; Strefler et 
al., 2014). These different dependencies affect the emissions reductions required of individual forcers to limit warming to 1.5°C or any 
other level.

Natural processes that remove CO2 permanently from the climate system are so slow that reducing the rate of CO2-induced warming 
to zero requires net zero global anthropogenic CO2 emissions (Archer and Brovkin, 2008; Matthews and Caldeira, 2008; Solomon et al., 
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2009), meaning almost all remaining anthropogenic CO2 emissions must be compensated for by an equal rate of anthropogenic carbon 
dioxide removal (CDR). Cumulative CO2 emissions are therefore an accurate indicator of CO2-induced warming, except in periods of 
high negative CO2 emissions (Zickfeld et al., 2016), and potentially in century-long periods of near-stable temperatures (Bowerman et 
al., 2011; Wigley, 2018). In contrast, sustained constant emissions of a SLCF such as methane, would (after a few decades) be consistent 
with constant methane concentrations and hence very little additional methane-induced warming (Allen et al., 2018; Fuglestvedt et al., 
2018). Both GWP and GTP would equate sustained SLCF emissions with sustained constant CO2 emissions, which would continue to 
accumulate in the climate system, warming global temperatures indefinitely. Hence nominally ‘equivalent’ emissions of CO2 and SLCFs, 
if equated conventionally using GWP or GTP, have very different temperature impacts, and these differences are particularly evident 
under ambitious mitigation characterizing 1.5°C pathways.

Since the AR5, a revised usage of GWP has been proposed (Lauder et al., 2013; Allen et al., 2016), denoted GWP* (Allen et al., 
2018), that addresses this issue by equating a permanently sustained change in the emission rate of an SLCF or SLCF-precursor (in 
tonnes-per-year), or other non-CO2 forcing (in watts per square metre), with a one-off pulse emission (in tonnes) of a fixed amount 
of CO2. Specifically, GWP* equates a 1 tonne-per-year increase in emission rate of an SLCF with a pulse emission of GWPH x H tonnes 
of CO2, where GWPH is the conventional GWP of that SLCF evaluated over time GWPH for SLCFs decreases with increasing time H, 
GWPH x H for SLCFs is less dependent on the choice of time horizon. Similarly, a permanent 1 W m−2 increase in radiative forcing has 
a similar temperature impact as the cumulative emission of H/AGWPH tonnes of CO2, where AGWPH is the Absolute Global Warming 
Potential of CO2 (Shine et al., 2005; Myhre et al., 2013; Allen et al., 2018). This indicates approximately how future changes in non-
CO2 radiative forcing affect cumulative CO2 emissions consistent with any given level of peak warming.

When combined using GWP*, cumulative aggregate GHG emissions are closely proportional to total GHG-induced warming, while 
the annual rate of GHG-induced warming is proportional to the annual rate of aggregate GHG emissions (see Cross-Chapter Box 2, 
Figure 1). This is not the case when emissions are aggregated using GWP or GTP, with discrepancies particularly pronounced when 
SLCF emissions are falling. Persistent net zero CO2-equivalent emissions containing a residual positive forcing contribution from 
SLCFs and aggregated using GWP100 or GTP would result in a steady decline of GMST. Net zero global emissions aggregated using 
GWP* (which corresponds to zero net emissions of CO2 and other long-lived GHGs like nitrous oxide, combined with near-constant 
SLCF forcing – see Figure 1.5) results in approximately stable GMST (Allen et al., 2018; Fuglestvedt et al., 2018 and Cross-Chapter 
Box 2, Figure 1, below).

Whatever method is used to relate emissions of different greenhouse gases, scenarios achieving stable GMST well below 2°C 
require both near-zero net emissions of long-lived greenhouse gases and deep reductions in warming SLCFs (Chapter 2), in part to 
compensate for the reductions in cooling SLCFs that are expected to accompany reductions in CO2 emissions (Rogelj et al., 2016b; 
Hienola et al., 2018). Understanding the implications of different methods of combining emissions of different climate forcers is, 
however, helpful in tracking progress towards temperature stabilisation and ‘balance between anthropogenic emissions by sources 
and removals by sinks of greenhouse gases’ as stated in Article 4 of the Paris Agreement. Fuglestvedt et al. (2018) and Tanaka and 
O’Neill (2018) show that when, and even whether, aggregate GHG emissions need to reach net zero before 2100 to limit warming 
to 1.5°C depends on the scenario, aggregation method and mix of long-lived and short-lived climate forcers.

The comparison of the impacts of different climate forcers can also consider more than their effects on GMST (Johansson, 2012; Tol 
et al., 2012; Deuber et al., 2013; Myhre et al., 2013; Cherubini and Tanaka, 2016). Climate impacts arise from both magnitude and 
rate of climate change, and from other variables such as precipitation (Shine et al., 2015). Even if GMST is stabilised, sea level rise 
and associated impacts will continue to increase (Sterner et al., 2014), while impacts that depend on CO2 concentrations such as 
ocean acidification may begin to reverse. From an economic perspective, comparison of different climate forcers ideally reflects the 
ratio of marginal economic damages if used to determine the exchange ratio of different GHGs under multi-gas regulation (Tol et 
al., 2012; Deuber et al., 2013; Kolstad et al., 2014). 

Emission reductions can interact with other dimensions of sustainable development (see Chapter 5). In particular, early action on 
some SLCFs (including actions that may warm the climate, such as reducing sulphur dioxide emissions) may have considerable 
societal co-benefits, such as reduced air pollution and improved public health with associated economic benefits (OECD, 2016; 
Shindell et al., 2016). Valuation of broadly defined social costs attempts to account for many of these additional non-climate factors 
along with climate-related impacts (Shindell, 2015; Sarofim et al., 2017; Shindell et al., 2017). See Chapter 4, Section 4.3.6, for a 
discussions of mitigation options, noting that mitigation priorities for different climate forcers depend on multiple economic and 
social criteria that vary between sectors, regions and countries.

Cross-Chapter Box 2 (continued)



68

Chapter 1 Framing and Context

1

Cross-Chapter Box 2, Figure 1 |  Implications of different approaches to calculating aggregate greenhouse gas emissions on a pathway to net 
zero. (a) Aggregate emissions of well-mixed greenhouse gases (WMGHGs) under the RCP2.6 mitigation scenario expressed as CO2-equivalent using GWP100 (blue); 
GTP100 (green) and GWP* (yellow). Aggregate WMGHG emissions appear to fall more rapidly if calculated using GWP* than using either GWP or GTP, primarily 
because GWP* equates a falling methane emission rate with negative CO2 emissions, as only active CO2 removal would have the same impact on radiative forcing 
and GMST as a reduction in methane emission rate. (b) Cumulative emissions of WMGHGs combined as in panel (a) (blue, green and yellow lines & left hand axis) 
and warming response to combined emissions (black dotted line and right hand axis, Millar et al. (2017a). The temperature response under ambitious mitigation is 
closely correlated with cumulative WMGHG emissions aggregated using GWP*, but with neither emission rate nor cumulative emissions if aggregated using GWP 
or GTP.

Cross-Chapter Box 2 (continued)

1.3 Impacts at 1.5°C and Beyond

1.3.1 Definitions

Consistent with the AR5 (IPCC, 2014a), ‘impact’ in this report refers 
to the effects of climate change on human and natural systems. 
Impacts may include the effects of changing hazards, such as the 
frequency and intensity of heat waves. ‘Risk’ refers to potential 
negative impacts of climate change where something of value is at 
stake, recognizing the diversity of values. Risks depend on hazards, 
exposure, vulnerability (including sensitivity and capacity to respond) 
and likelihood. Climate change risks can be managed through efforts 
to mitigate climate change forcers, adaptation of impacted systems, 
and remedial measures (Section 1.4.1).

In the context of this report, regional impacts of global warming at 
1.5°C and 2°C are assessed in Chapter 3. The ‘warming experience at 
1.5°C’ is that of regional climate change (temperature, rainfall, and 
other changes) at the time when global average temperatures, as 
defined in Section 1.2.1, reach 1.5°C above pre-industrial (the same 
principle applies to impacts at any other global mean temperature). 
Over the decade 2006–2015, many regions have experienced higher 
than average levels of warming and some are already now 1.5°C or 
more warmer with respect to the pre-industrial period (Figure 1.3). 

At a global warming of 1.5°C, some seasons will be substantially 
warmer than 1.5°C above pre-industrial (Seneviratne et al., 2016). 
Therefore, most regional impacts of a global mean warming of 1.5°C 
will be different from those of a regional warming by 1.5°C. 

The impacts of 1.5°C global warming will vary in both space and 
time (Ebi et al., 2016). For many regions, an increase in global 
mean temperature by 1.5°C or 2°C implies substantial increases 
in the occurrence and/or intensity of some extreme events (Fischer 
and Knutti, 2015; Karmalkar and Bradley, 2017; King et al., 2017; 
Chevuturi et al., 2018), resulting in different impacts (see Chapter 
3). By comparing impacts at 1.5°C versus those at 2°C, this report 
discusses the ‘avoided impacts’ by maintaining global temperature 
increase at or below 1.5°C as compared to 2°C, noting that these 
also depend on the pathway taken to 1.5°C (see Section 1.2.3 and 
Cross-Chapter Box 8 in Chapter 3 on 1.5°C warmer worlds). Many 
impacts take time to observe, and because of the warming trend, 
impacts over the past 20 years were associated with a level of human-
induced warming that was, on average, 0.1°C–0.23°C colder than 
its present level, based on the AR5 estimate of the warming trend 
over this period (Section 1.2.1 and Kirtman et al., 2013). Attribution 
studies (e.g., van Oldenborgh et al., 2017) can address this bias, but 
informal estimates of ‘recent impact experience’ in a rapidly warming 
world necessarily understate the temperature-related impacts of the 
current level of warming.
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1.3.2 Drivers of Impacts

Impacts of climate change are due to multiple environmental drivers 
besides rising temperatures, such as rising atmospheric CO2, shifting 
rainfall patterns (Lee et al., 2018), rising sea levels, increasing ocean 
acidification, and extreme events, such as floods, droughts, and heat 
waves (IPCC, 2014a). Changes in rainfall affect the hydrological cycle 
and water availability (Schewe et al., 2014; Döll et al., 2018; Saeed 
et al., 2018). Several impacts depend on atmospheric composition,  
increasing atmospheric carbon dioxide levels leading to changes in 
plant productivity (Forkel et al., 2016), but also to ocean acidification 
(Hoegh-Guldberg et al., 2007). Other impacts are driven by changes 
in ocean heat content such as the destabilization of coastal ice sheets 
and sea level rise (Bindoff et al., 2007; Chen et al., 2017), whereas 
impacts due to heat waves depend directly on ambient air or ocean 
temperature (Matthews et al., 2017). Impacts can be direct, such as 
coral bleaching due to ocean warming, and indirect, such as reduced 
tourism due to coral bleaching. Indirect impacts can also arise from 
mitigation efforts such as changed agricultural management (Section 
3.6.2) or remedial measures such as solar radiation modification 
(Section 4.3.8, Cross-Chapter Box 10 in Chapter 4). 

Impacts may also be triggered by combinations of factors, including 
‘impact cascades’ (Cramer et al., 2014) through secondary 
consequences of changed systems. Changes in agricultural water 
availability caused by upstream changes in glacier volume are a 
typical example. Recent studies also identify compound events 
(e.g., droughts and heat waves), that is, when impacts are induced 
by the combination of several climate events (AghaKouchak et al., 
2014; Leonard et al., 2014; Martius et al., 2016; Zscheischler and 
Seneviratne, 2017).

There are now techniques to attribute impacts formally to 
anthropogenic global warming and associated rainfall changes 
(Rosenzweig et al., 2008; Cramer et al., 2014; Hansen et al., 2016), 
taking into account other drivers such as land-use change (Oliver and 
Morecroft, 2014) and pollution (e.g., tropospheric ozone; Sitch et al., 
2007). There are multiple lines of evidence that climate change has 
observable and often severely negative effects on people, especially 
where climate-sensitive biophysical conditions and socio-economic 
and political constraints on adaptive capacities combine to create 
high vulnerabilities (IPCC, 2012a, 2014a; World Bank, 2013). The 
character and severity of impacts depend not only on the hazards 
(e.g., changed climate averages and extremes) but also on the 
vulnerability (including sensitivities and adaptive capacities) of 
different communities and their exposure to climate threats. These 
impacts also affect a range of natural and human systems, such 
as terrestrial, coastal and marine ecosystems and their services; 
agricultural production; infrastructure; the built environment; human 
health; and other socio-economic systems (Rosenzweig et al., 2017).

Sensitivity to changing drivers varies markedly across systems 
and regions. Impacts of climate change on natural and managed 
ecosystems can imply loss or increase in growth, biomass or diversity 
at the level of species populations, interspecific relationships such as 
pollination, landscapes or entire biomes. Impacts occur in addition 
to the natural variation in growth, ecosystem dynamics, disturbance, 

succession and other processes, rendering attribution of impacts 
at lower levels of warming difficult in certain situations. The same 
magnitude of warming can be lethal during one phase of the life 
of an organism and irrelevant during another. Many ecosystems 
(notably forests, coral reefs and others) undergo long-term 
successional processes characterised by varying levels of resilience 
to environmental change over time. Organisms and ecosystems may 
adapt to environmental change to a certain degree, through changes 
in physiology, ecosystem structure, species composition or evolution. 
Large-scale shifts in ecosystems may cause important feedbacks, 
in terms of changing water and carbon fluxes through impacted 
ecosystems – these can amplify or dampen atmospheric change at 
regional to continental scale. Of particular concern is the response of 
most of the world’s forests and seagrass ecosystems, which play key 
roles as carbon sinks (Settele et al., 2014; Marbà et al., 2015).

Some ambitious efforts to constrain atmospheric greenhouse gas 
concentrations may themselves impact ecosystems. In particular, 
changes in land use, potentially required for massively enhanced 
production of biofuels (either as simple replacement of fossil fuels, or 
as part of bioenergy with carbon capture and storage, BECCS) impact 
all other land ecosystems through competition for land (e.g., Creutzig, 
2016) (see Cross-Chapter Box 7 in Chapter 3, Section 3.6.2.1).

Human adaptive capacity to a 1.5°C warmer world varies markedly 
for individual sectors and across sectors such as water supply, public 
health, infrastructure, ecosystems and food supply. For example, den-
sity and risk exposure, infrastructure vulnerability and resilience, gov-
ernance, and institutional capacity all drive different impacts across 
a range of human settlement types (Dasgupta et al., 2014; Revi et al., 
2014; Rosenzweig et al., 2018). Additionally, the adaptive capacity of 
communities and human settlements in both rural and urban areas, 
especially in highly populated regions, raises equity, social justice and 
sustainable development issues. Vulnerabilities due to gender, age, 
level of education and culture act as compounding factors (Arora-
Jonsson, 2011; Cardona et al., 2012; Resurrección, 2013; Olsson et 
al., 2014; Vincent et al., 2014).

1.3.3 Uncertainty and Non-Linearity of Impacts

Uncertainties in projections of future climate change and impacts 
come from a variety of different sources, including the assumptions 
made regarding future emission pathways (Moss et al., 2010), the 
inherent limitations and assumptions of the climate models used for 
the projections, including limitations in simulating regional climate 
variability (James et al., 2017), downscaling and bias-correction 
methods (Ekström et al., 2015), the assumption of a linear scaling 
of impacts with GMST used in many studies (Lewis et al., 2017; King 
et al., 2018b), and in impact models (e.g., Asseng et al., 2013). The 
evolution of climate change also affects uncertainty with respect 
to impacts. For example, the impacts of overshooting 1.5°C and 
stabilization at a later stage compared to stabilization at 1.5°C 
without overshoot may differ in magnitude (Schleussner et al., 2016). 

AR5 (IPCC, 2013b) and World Bank (2013) underscored the non-
linearity of risks and impacts as temperature rises from 2°C to 4°C of 
warming, particularly in relation to water availability, heat extremes, 
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bleaching of coral reefs, and more. Recent studies (Schleussner et al., 
2016; James et al., 2017; Barcikowska et al., 2018; King et al., 2018a) 
assess the impacts of 1.5°C versus 2°C warming, with the same 
message of non-linearity. The resilience of ecosystems, meaning 
their ability either to resist change or to recover after a disturbance, 
may change, and often decline, in a non-linear way. An example 
are reef ecosystems, with some studies suggesting that reefs will 
change, rather than disappear entirely, and with particular species 
showing greater tolerance to coral bleaching than others (Pörtner 
et al., 2014). A key issue is therefore whether ecosystems such as 
coral reefs survive an overshoot scenario, and to what extent they 
would be able to recover after stabilization at 1.5°C or higher levels 
of warming (see Box 3.4).

1.4 Strengthening the Global Response 

This section frames the implementation options, enabling conditions 
(discussed further in Cross-Chapter Box 3 on feasibility in this 
chapter), capacities and types of knowledge and their availability 
(Blicharska et al., 2017) that can allow institutions, communities 
and societies to respond to the 1.5°C challenge in the context of 
sustainable development and the Sustainable Development Goals 
(SDGs). It also addresses other relevant international agreements 
such as the Sendai Framework for Disaster Risk Reduction. Equity and 
ethics are recognised as issues of importance in reducing vulnerability 
and eradicating poverty. 

The connection between the enabling conditions for limiting global 
warming to 1.5°C and the ambitions of the SDGs are complex across 
scale and multi-faceted (Chapter 5). Climate mitigation–adaptation 
linkages, including synergies and trade-offs, are important when 
considering opportunities and threats for sustainable development. 
The IPCC AR5 acknowledged that ‘adaptation and mitigation 
have the potential to both contribute to and impede sustainable 
development, and sustainable development strategies and choices 
have the potential to both contribute to and impede climate change 
responses’ (Denton et al., 2014). Climate mitigation and adaptation 
measures and actions can reflect and enforce specific patterns 
of development and governance that differ amongst the world’s 
regions (Gouldson et al., 2015; Termeer et al., 2017). The role of 
limited adaptation and mitigation capacity, limits to adaptation and 
mitigation, and conditions of mal-adaptation and mal-mitigation are 
assessed in this report (Chapters 4 and 5).

1.4.1 Classifying Response Options

Key broad categories of responses to the climate change problem are 
framed here. Mitigation refers to efforts to reduce or prevent the 
emission of greenhouse gases, or to enhance the absorption of gases 
already emitted, thus limiting the magnitude of future warming 
(IPCC, 2014b). Mitigation requires the use of new technologies, 
clean energy sources, reduced deforestation, improved sustainable 
agricultural methods, and changes in individual and collective 
behaviour. Many of these may provide substantial co-benefits for air 
quality, biodiversity and sustainable development. Mal-mitigation 

includes changes that could reduce emissions in the short-term but 
could lock in technology choices or practices that include significant 
trade-offs for effectiveness of future adaptation and other forms of 
mitigation (Chapters 2 and 4).

Carbon dioxide removal (CDR) or ‘negative emissions’ activities 
are considered in this report as distinct from the above mitigation 
activities. While most mitigation activities focus on reducing the 
amount of carbon dioxide or other greenhouse gases emitted, 
CDR aims to reduce concentrations already in the atmosphere. 
Technologies for CDR are mostly in their infancy despite their 
importance to ambitious climate change mitigation pathways (Minx 
et al., 2017). Although some CDR activities such as reforestation 
and ecosystem restoration are well understood, the feasibility of 
massive-scale deployment of many CDR technologies remains an 
open question (IPCC, 2014b; Leung et al., 2014) (Chapters 2 and 4). 
Technologies for the active removal of other greenhouse gases, such 
as methane, are even less developed, and are briefly discussed in 
Chapter 4.

Climate change adaptation refers to the actions taken to manage 
the impacts of climate change (IPCC, 2014a). The aim is to reduce 
vulnerability and exposure to the harmful effects of climate change 
(e.g., sea level rise, more intense extreme weather events or food 
insecurity). It also includes exploring the potential beneficial 
opportunities associated with climate change (for example, longer 
growing seasons or increased yields in some regions). Different 
adaptation pathways can be undertaken. Adaptation can be 
incremental, or transformational, meaning fundamental attributes 
of the system are changed (Chapter 3 and 4). There can be limits 
to ecosystem-based adaptation or the ability of humans to adapt 
(Chapter 4). If there is no possibility for adaptive actions that can 
be applied to avoid an intolerable risk, these are referred to as 
hard adaptation limits, while soft adaptation limits are identified 
when there are currently no options to avoid intolerable risks, but 
they are theoretically possible (Chapter 3 and 4). While climate 
change is a global issue, impacts are experienced locally. Cities and 
municipalities are at the frontline of adaptation (Rosenzweig et al., 
2018), focusing on reducing and managing disaster risks due to 
extreme and slow-onset weather and climate events, installing flood 
and drought early warning systems, and improving water storage 
and use (Chapters 3 and 4 and Cross-Chapter Box 12 in Chapter 5). 
Agricultural and rural areas, including often highly vulnerable remote 
and indigenous communities, also need to address climate-related 
risks by strengthening and making more resilient agricultural and 
other natural resource extraction systems. 

Remedial measures are distinct from mitigation or adaptation, as 
the aim is to temporarily reduce or offset warming (IPCC, 2012b). 
One such measure is solar radiation modification (SRM), also referred 
to as solar radiation management in the literature, which involves 
deliberate changes to the albedo of the Earth system, with the net 
effect of increasing the amount of solar radiation reflected from the 
Earth to reduce the peak temperature from climate change (The Royal 
Society, 2009; Smith and Rasch, 2013; Schäfer et al., 2015). It should 
be noted that while some radiation modification measures, such as 
cirrus cloud thinning (Kristjánsson et al., 2016), aim at enhancing 
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outgoing long-wave radiation, SRM is used in this report to refer to 
all direct interventions on the planetary radiation budget. This report 
does not use the term ‘geo-engineering’ because of inconsistencies 
in the literature, which uses this term to cover SRM, CDR or both, 
whereas this report explicitly differentiates between CDR and SRM. 
Large-scale SRM could potentially be used to supplement mitigation 
in overshoot scenarios to keep the global mean temperature below 
1.5°C and temporarily reduce the severity of near-term impacts (e.g., 
MacMartin et al., 2018). The impacts of SRM (both biophysical and 
societal), costs, technical feasibility, governance and ethical issues 
associated need to be carefully considered (Schäfer et al., 2015; 
Section 4.3.8 and Cross-Chapter Box 10 in Chapter 4). 

1.4.2 Governance, Implementation and Policies

A challenge in creating the enabling conditions of a 1.5°C warmer 
world is the governance capacity of institutions to develop, implement 
and evaluate the changes needed within diverse and highly 
interlinked global social-ecological systems (Busby, 2016) (Chapter 
4). Policy arenas, governance structures and robust institutions are 
key enabling conditions for transformative climate action (Chapter 
4). It is through governance that justice, ethics and equity within 
the adaptation–mitigation–sustainable development nexus can be 
addressed (von Stechow et al., 2016) (Chapter 5).

Governance capacity includes a wide range of activities and efforts 
needed by different actors to develop coordinated climate mitigation 
and adaptation strategies in the context of sustainable development, 
taking into account equity, justice and poverty eradication. Significant 
governance challenges include the ability to incorporate multiple 
stakeholder perspectives in the decision-making process to reach 
meaningful and equitable decisions, interactions and coordination 

between different levels of government, and the capacity to raise 
financing and support for both technological and human resource 
development. For example, Lövbrand et al. (2017), argue that the 
voluntary pledges submitted by states and non-state actors to meet 
the conditions of the Paris Agreement will need to be more firmly 
coordinated, evaluated and upscaled.

Barriers for transitioning from climate change mitigation and 
adaptation planning to practical policy implementation include 
finance, information, technology, public attitudes, social values 
and practices (Whitmarsh et al., 2011; Corner and Clarke, 2017), 
and human resource constraints. Institutional capacity to deploy 
available knowledge and resources is also needed (Mimura et al., 
2014). Incorporating strong linkages across sectors, devolution of 
power and resources to sub-national and local governments with 
the support of national government, and facilitating partnerships 
among public, civic, private sectors and higher education institutions 
(Leal Filho et al., 2018) can help in the implementation of identified 
response options (Chapter 4). Implementation challenges of 1.5°C 
pathways are larger than for those that are consistent with limiting 
warming to well below 2°C, particularly concerning scale and speed 
of the transition and the distributional impacts on ecosystems and 
socio-economic actors. Uncertainties in climate change at different 
scales and capacities to respond combined with the complexities of 
coupled social and ecological systems point to a need for diverse and 
adaptive implementation options within and among different regions 
involving different actors. The large regional diversity between highly 
carbon-invested economies and emerging economies are important 
considerations for sustainable development and equity in pursuing 
efforts to limit warming to 1.5°C. Key sectors, including energy, food 
systems, health, and water supply, also are critical to understanding 
these connections. 

Cross-Chapter Box 3 |  Framing Feasibility: Key Concepts and Conditions for Limiting Global Temperature 
Increases to 1.5°C

Contributing Authors:   
William Solecki (USA), Anton Cartwright (South Africa), Wolfgang Cramer (France/Germany), James Ford (UK/Canada), Kejun Jiang 
(China), Joana Portugal Pereira (UK/Portugal), Joeri Rogelj (Austria/Belgium), Linda Steg (Netherlands), Henri Waisman (France)

This Cross-Chapter Box describes the concept of feasibility in relation to efforts to limit global warming to 1.5°C in the context of 
sustainable development and efforts to eradicate poverty and draws from the understanding of feasibility emerging within the IPCC 
(IPCC, 2017). Feasibility can be assessed in different ways, and no single answer exists as to the question of whether it is feasible to limit 
warming to 1.5°C. This implies that an assessment of feasibility would go beyond a ‘yes’ or a ‘no’. Rather, feasibility provides a frame 
to understand the different conditions and potential responses for implementing adaptation and mitigation pathways, and options 
compatible with a 1.5°C warmer world. This report assesses the overall feasibility of limiting warming to 1.5°C, and the feasibility of 
adaptation and mitigation options compatible with a 1.5°C warmer world, in six dimensions: 
Geophysical: What global emission pathways could be consistent with conditions of a 1.5°C warmer world? What are the physical 
potentials for adaptation?
Environmental-ecological: What are the ecosystem services and resources, including geological storage capacity and related rate 
of needed land-use change, available to promote transformations, and to what extent are they compatible with enhanced resilience?
Technological: What technologies are available to support transformation? 
Economic: What economic conditions could support transformation? 
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Socio-cultural: What conditions could support transformations in behaviour and lifestyles? To what extent are the transformations 
socially acceptable and consistent with equity?
Institutional: What institutional conditions are in place to support transformations, including multi-level governance, institutional 
capacity, and political support?

Assessment of feasibility in this report starts by evaluating the unavoidable warming from past emissions (Section 1.2.4) and identifying 
mitigation pathways that would lead to a 1.5°C world, which indicates that rapid and deep deviations from current emission pathways 
are necessary (Chapter 2). In the case of adaptation, an assessment of feasibility starts from an evaluation of the risks and impacts of 
climate change (Chapter 3). To mitigate and adapt to climate risks, system-wide technical, institutional and socio-economic transitions 
would be required, as well as the implementation of a range of specific mitigation and adaptation options. Chapter 4 applies various 
indicators categorised in these six dimensions to assess the feasibility of illustrative examples of relevant mitigation and adaptation 
options (Section 4.5.1). Such options and pathways have different effects on sustainable development, poverty eradication and 
adaptation capacity (Chapter 5). 

The six feasibility dimensions interact in complex and place-specific ways. Synergies and trade-offs may occur between the feasibility 
dimensions, and between specific mitigation and adaptation options (Section 4.5.4). The presence or absence of enabling conditions 
would affect the options that comprise feasibility pathways (Section 4.4), and can reduce trade-offs and amplify synergies between 
options. 

Sustainable development, eradicating poverty and reducing inequalities are not only preconditions for feasible transformations, but 
the interplay between climate action (both mitigation and adaptation options) and the development patterns to which they apply may 
actually enhance the feasibility of particular options (see Chapter 5).

The connections between the feasibility dimensions can be specified across three types of effects (discussed below). Each of these 
dimensions presents challenges and opportunities in realizing conditions consistent with a 1.5°C warmer world. 

Systemic effects: Conditions that have embedded within them system-level functions that could include linear and non-linear 
connections and feedbacks. For example, the deployment of technology and large installations (e.g., renewable or low carbon energy 
mega-projects) depends upon economic conditions (costs, capacity to mobilize investments for R&D), social or cultural conditions 
(acceptability), and institutional conditions (political support; e.g., Sovacool et al., 2015). Case studies can demonstrate system-level 
interactions and positive or negative feedback effects between the different conditions (Jacobson et al., 2015; Loftus et al., 2015). This 
suggests that each set of conditions and their interactions need to be considered to understand synergies, inequities and unintended 
consequences.

Dynamic effects: Conditions that are highly dynamic and vary over time, especially under potential conditions of overshoot or no 
overshoot. Some dimensions might be more time sensitive or sequential than others (i.e., if conditions are such that it is no longer 
geophysically feasible to avoid overshooting 1.5°C, the social and institutional feasibility of avoiding overshoot will be no longer 
relevant). Path dependencies, risks of legacy lock-ins related to existing infrastructures, and possibilities of acceleration permitted by 
cumulative effects (e.g., dramatic cost decreases driven by learning-by-doing) are all key features to be captured. The effects can play 
out over various time scales and thus require understanding the connections between near-term (meaning within the next several years 
to two decades) and long-term implications (meaning over the next several decades) when assessing feasibility conditions.

Spatial effects: Conditions that are spatially variable and scale dependent, according to context-specific factors such as regional-
scale environmental resource limits and endowment; economic wealth of local populations; social organisation, cultural beliefs, values 
and worldviews; spatial organisation, including conditions of urbanisation; and financial and institutional and governance capacity. 
This means that the conditions for achieving the global transformation required for a 1.5°C world will be heterogeneous and vary 
according to the specific context. On the other hand, the satisfaction of these conditions may depend upon global-scale drivers, such as 
international flows of finance, technologies or capacities. This points to the need for understanding feasibility to capture the interplay 
between the conditions at different scales.

With each effect, the interplay between different conditions influences the feasibility of both pathways (Chapter 2) and options (Chapter 
4), which in turn affect the likelihood of limiting warming to 1.5°C. The complexity of these interplays triggers unavoidable uncertainties, 
requiring transformations that remain robust under a range of possible futures that limit warming to 1.5°C. 

Cross-Chapter Box 3 (continued)
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1.4.3 Transformation, Transformation Pathways, 
and Transition: Evaluating Trade-Offs and 
Synergies Between Mitigation, Adaptation 
and Sustainable Development Goals

Embedded in the goal of limiting warming to 1.5°C is the 
opportunity for intentional societal transformation (see Box 1.1 
on the Anthropocene). The form and process of transformation are 
varied and multifaceted (Pelling, 2011; O’Brien et al., 2012; O’Brien 
and Selboe, 2015; Pelling et al., 2015). Fundamental elements of 
1.5°C-related transformation include a decoupling of economic 
growth from energy demand and CO2 emissions; leap-frogging 
development to new and emerging low-carbon, zero-carbon and 
carbon-negative technologies; and synergistically linking climate 
mitigation and adaptation to global scale trends (e.g., global trade 
and urbanization) that will enhance the prospects for effective 
climate action, as well as enhanced poverty reduction and greater 
equity (Tschakert et al., 2013; Rogelj et al., 2015; Patterson et al., 
2017) (Chapters 4 and 5). The connection between transformative 
climate action and sustainable development illustrates a complex 
coupling of systems that have important spatial and time scale lag 
effects and implications for process and procedural equity, including 
intergenerational equity and for non-human species (Cross-Chapter 
Box 4 in this chapter, Chapter 5). Adaptation and mitigation transition 
pathways highlight the importance of cultural norms and values, 
sector-specific context, and proximate (i.e., occurrence of an extreme 
event) drivers that when acting together enhance the conditions for 
societal transformation (Solecki et al., 2017; Rosenzweig et al., 2018) 
(Chapters 4 and 5). 

Diversity and flexibility in implementation choices exist for adaptation, 
mitigation (including carbon dioxide removal, CDR) and remedial 
measures (such as solar radiation modification, SRM), and a potential 
for trade-offs and synergies between these choices and sustainable 
development (IPCC, 2014d; Olsson et al., 2014). The responses 

chosen could act to synergistically enhance mitigation, adaptation 
and sustainable development, or they may result in trade-offs 
which positively impact some aspects and negatively impact others. 
Climate change is expected to decrease the likelihood of achieving 
the Sustainable Development Goals (SDGs). While some strategies 
limiting warming towards 1.5°C are expected to significantly increase 
the likelihood of meeting those goals while also providing synergies 
for climate adaptation and mitigation (Chapter 5).

Dramatic transformations required to achieve the enabling conditions 
for a 1.5°C warmer world could impose trade-offs on dimensions 
of development (IPCC, 2014d; Olsson et al., 2014). Some choices 
of adaptation methods also could adversely impact development 
(Olsson et al., 2014). This report recognizes the potential for adverse 
impacts and focuses on finding the synergies between limiting 
warming, sustainable development, and eradicating poverty, thus 
highlighting pathways that do not constrain other goals, such as 
sustainable development and eradicating poverty.

The report is framed to address these multiple goals simultaneously 
and assesses the conditions to achieve a cost-effective and socially 
acceptable solution, rather than addressing these goals piecemeal 
(von Stechow et al., 2016) (Section 4.5.4 and Chapter 5), although 
there may be different synergies and trade-offs between a 2°C (von 
Stechow et al., 2016) and 1.5°C warmer world (Kainuma et al., 
2017). Climate-resilient development pathways (see Cross-Chapter 
Box 12 in Chapter 5 and Glossary) are trajectories that strengthen 
sustainable development, including mitigating and adapting to 
climate change and efforts to eradicate poverty while promoting 
fair and cross-scalar resilience in a changing climate. They take into 
account dynamic livelihoods; the multiple dimensions of poverty, 
structural inequalities; and equity between and among poor and 
non-poor people (Olsson et al., 2014). Climate-resilient development 
pathways can be considered at different scales, including cities, rural 
areas, regions or at global level (Denton et al., 2014; Chapter 5).

Cross-Chapter Box 4 | Sustainable Development and the Sustainable Development Goals

Contributing Authors:   
Diana Liverman (USA), Mustafa Babiker (Sudan), Purnamita Dasgupta (India), Riyanti Djanlante (Japan/Indonesia), Stephen Humphreys 
(UK/Ireland), Natalie Mahowald (USA), Yacob Mulugetta (UK/Ethiopia), Virginia Villariño (Argentina), Henri Waisman (France)

Sustainable development is most often defined as ‘development that meets the needs of the present without compromising the ability 
of future generations to meet their own needs’ (WCED, 1987) and includes balancing social well-being, economic prosperity and 
environmental protection. The AR5 used this definition and linked it to climate change (Denton et al., 2014). The most significant step 
since AR5 is the adoption of the UN Sustainable Development Goals, and the emergence of literature that links them to climate (von 
Stechow et al., 2015; Wright et al., 2015; Epstein and Theuer, 2017; Hammill and Price-Kelly, 2017; Kelman, 2017; Lofts et al., 2017; 
Maupin, 2017; Gomez-Echeverri, 2018).

In September 2015, the UN endorsed a universal agenda – ‘Transforming our World: the 2030 Agenda for Sustainable Development’ 
– which aims ‘to take the bold and transformative steps which are urgently needed to shift the world onto a sustainable and resilient 
path’. Based on a participatory process, the resolution in support of the 2030 agenda adopted 17 non-legally-binding Sustainable 
Development Goals (SDGs) and 169 targets to support people, prosperity, peace, partnerships and the planet (Kanie and Biermann, 
2017). 
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The SDGs expanded efforts to reduce poverty and other deprivations under the UN Millennium Development Goals (MDGs). There were 
improvements under the MDGs between 1990 and 2015, including reducing overall poverty and hunger, reducing infant mortality, and 
improving access to drinking water (UN, 2015a). However, greenhouse gas emissions increased by more than 50% from 1990 to 2015, 
and 1.6 billion people were still living in multidimensional poverty with persistent inequalities in 2015 (Alkire et al., 2015).

The SDGs raise the ambition for eliminating poverty, hunger, inequality and other societal problems while protecting the environment. 
They have been criticised: as too many and too complex, needing more realistic targets, overly focused on 2030 at the expense of 
longer-term objectives, not embracing all aspects of sustainable development, and even contradicting each other (Horton, 2014; Death 
and Gabay, 2015; Biermann et al., 2017; Weber, 2017; Winkler and Satterthwaite, 2017). 

Climate change is an integral influence on sustainable development, closely related to the economic, social and environmental 
dimensions of the SDGs. The IPCC has woven the concept of sustainable development into recent assessments, showing how climate 
change might undermine sustainable development, and the synergies between sustainable development and responses to climate 
change (Denton et al., 2014). Climate change is also explicit in the SDGs. SDG13 specifically requires ‘urgent action to address climate 
change and its impacts’. The targets include strengthening resilience and adaptive capacity to climate-related hazards and natural 
disasters; integrating climate change measures into national policies, strategies and planning; and improving education, awareness-
raising and human and institutional capacity. 

Targets also include implementing the commitment undertaken by developed-country parties to the UNFCCC to the goal of mobilizing 
jointly 100 billion USD annually by 2020 and operationalizing the Green Climate Fund, as well as promoting mechanisms for raising 
capacity for effective climate change-related planning and management in least developed countries and Small Island Developing 
States, including focusing on women, youth and local and marginalised communities. SDG13 also acknowledges that the UNFCCC is 
the primary international, intergovernmental forum for negotiating the global response to climate change.

Climate change is also mentioned in SDGs beyond SDG13, for example in goal targets 1.5, 2.4, 11.B, 12.8.1 related to poverty, hunger, 
cities and education respectively. The UNFCCC addresses other SDGs in commitments to ‘control, reduce or prevent anthropogenic 
emissions of greenhouse gases […] in all relevant sectors, including the energy, transport, industry, agriculture, forestry and waste 
management sectors’ (Art4, 1(c)) and to work towards ‘the conservation and enhancement, as appropriate, of […] biomass, forests and 
oceans as well as other terrestrial, coastal and marine ecosystems’ (Art4, 1(d)). This corresponds to SDGs that seek clean energy for all 
(Goal 7), sustainable industry (Goal 9) and cities (Goal 11) and the protection of life on land and below water (14 and 15). 

The SDGs and UNFCCC also differ in their time horizons. The SDGs focus primarily on 2030 whereas the Paris Agreement sets out that 
‘Parties aim […] to achieve a balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the 
second half of this century’. 

The IPCC decision to prepare this report on the impacts of 1.5°C and associated emission pathways explicitly asked for the assessment 
to be in the context of sustainable development and efforts to eradicate poverty. Chapter 1 frames the interaction between sustainable 
development, poverty eradication and ethics and equity. Chapter 2 assesses how risks and synergies of individual mitigation measures 
interact with 1.5°C pathways within the context of the SDGs and how these vary according to the mix of measures in alternative 
mitigation portfolios (Section 2.5). Chapter 3 examines the impacts of 1.5°C global warming on natural and human systems with 
comparison to 2°C and provides the basis for considering the interactions of climate change with sustainable development in Chapter 5. 
Chapter 4 analyses strategies for strengthening the response to climate change, many of which interact with sustainable development. 
Chapter 5 takes sustainable development, eradicating poverty and reducing inequalities as its focal point for the analysis of pathways 
to 1.5°C and discusses explicitly the linkages between achieving SDGs while eradicating poverty and reducing inequality. 

Cross-Chapter Box 4 (continued)
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Cross-Chapter Box 4, Figure 1 |  Climate action is number 13 of the UN Sustainable Development Goals.

Cross-Chapter Box 4 (continued)

1.5 Assessment Frameworks and Emerging 
Methodologies that Integrate Climate 
Change Mitigation and Adaptation 
with Sustainable Development 

This report employs information and data that are global in scope 
and include region-scale analysis. It also includes syntheses of 
municipal, sub-national, and national case studies. Global level 
statistics including physical and social science data are used, as 
well as detailed and illustrative case study material of particular 
conditions and contexts. The assessment provides the state of 
knowledge, including an assessment of confidence and uncertainty. 
The main time scale of the assessment is the 21st century and the 
time is separated into the near-, medium-, and long-term. Near-term 
refers to the coming decade, medium-term to the period 2030–2050, 
while long-term refers to 2050–2100. Spatial and temporal contexts 
are illustrated throughout, including: assessment tools that include 
dynamic projections of emission trajectories and the underlying 
energy and land transformation (Chapter 2); methods for assessing 
observed impacts and projected risks in natural and managed 
ecosystems and at 1.5°C and higher levels of warming in natural and 
managed ecosystems and human systems (Chapter 3); assessments 
of the feasibility of mitigation and adaptation options (Chapter 4); 
and linkages of the Shared Socioeconomic Pathways (SSPs) and 
Sustainable Development Goals (SDGs) (Cross-Chapter Boxes 1 and 
4 in this chapter, Chapter 2 and Chapter 5). 

1.5.1 Knowledge Sources and Evidence 
Used in the Report

This report is based on a comprehensive assessment of documented 
evidence of the enabling conditions to pursuing efforts to limit the 
global average temperature rise to 1.5°C and adapting to this level 
of warming in the overarching context of the Anthropocene (Delanty 
and Mota, 2017). Two sources of evidence are used: peer-reviewed 
scientific literature and ‘grey’ literature in accordance with procedure 
on the use of literature in IPCC reports (IPCC, 2013a, Annex 2 to 
Appendix A), with the former being the dominant source. Grey 
literature is largely used on key issues not covered in peer-reviewed 
literature. 

The peer-reviewed literature includes the following sources: 1) 
knowledge regarding the physical climate system and human-induced 
changes, associated impacts, vulnerabilities, and adaptation options, 
established from work based on empirical evidence, simulations, 
modelling, and scenarios, with emphasis on new information since 
the publication of the IPCC AR5 to the cut-off date for this report 
(15th of May 2018); 2) humanities and social science theory and 
knowledge from actual human experiences of climate change 
risks and vulnerability in the context of social-ecological systems, 
development, equity, justice, and governance, and from indigenous 
knowledge systems; and 3) mitigation pathways based on climate 
projections into the future. 
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The grey literature category extends to empirical observations, 
interviews, and reports from government, industry, research institutes, 
conference proceedings and international or other organisations. 
Incorporating knowledge from different sources, settings and 
information channels while building awareness at various levels will 
advance decision-making and motivate implementation of context-
specific responses to 1.5°C warming (Somanathan et al., 2014). 
The assessment does not assess non-written evidence and does not 
use oral evidence, media reports or newspaper publications. With 
important exceptions, such as China, published knowledge from 
the most vulnerable parts of the world to climate change is limited 
(Czerniewicz et al., 2017).

1.5.2 Assessment Frameworks and Methodologies 

Climate models and associated simulations 

The multiple sources of climate model information used in this 
assessment are provided in Chapter 2 (Section 2.2) and Chapter 
3 (Section 3.2). Results from global simulations, which have also 
been assessed in previous IPCC reports and that are conducted as 
part of the World Climate Research Programme (WCRP) Coupled 
Models Intercomparison Project (CMIP) are used. The IPCC AR4 and 
Managing the Risks of Extreme Events and Disasters to Advance 
Climate Change Adaptation (SREX) reports were mostly based on 
simulations from the CMIP3 experiment, while the AR5 was mostly 
based on simulations from the CMIP5 experiment. The simulations 
of the CMIP3 and CMIP5 experiments were found to be very 
similar (e.g., Knutti and Sedláček, 2012; Mueller and Seneviratne, 
2014). In addition to the CMIP3 and CMIP5 experiments, results 
from coordinated regional climate model experiments (e.g., the 
Coordinated Regional Climate Downscaling Experiment, CORDEX) 
have been assessed and are available for different regions (Giorgi and 
Gutowski, 2015). For instance, assessments based on publications 
from an extension of the IMPACT2C project (Vautard et al., 2014; 
Jacob and Solman, 2017) are newly available for 1.5°C projections. 
Recently, simulations from the ‘Half a degree Additional warming, 
Prognosis and Projected Impacts’ (HAPPI) multimodel experiment 
have been performed to specifically assess climate changes at 1.5°C 
vs 2°C global warming (Mitchell et al., 2016). The HAPPI protocol 
consists of coupled land–atmosphere initial condition ensemble 
simulations with prescribed sea surface temperatures (SSTs); sea ice, 
GHG and aerosol concentrations; and solar and volcanic activity that 
coincide with three forced climate states: present-day (2006–2015) 
(see Section 1.2.1) and future (2091–2100) either with 1.5°C or 2°C 
global warming (prescribed by modified SSTs).

Detection and attribution of change in climate and impacted systems

Formalized scientific methods are available to detect and attribute 
impacts of greenhouse gas forcing on observed changes in climate 
(e.g., Hegerl et al., 2007; Seneviratne et al., 2012; Bindoff et al., 2013) 
and impacts of climate change on natural and human systems (e.g., 
Stone et al., 2013; Hansen and Cramer, 2015; Hansen et al., 2016). 
The reader is referred to these sources, as well as to the AR5 for more 
background on these methods.

Global climate warming has already reached approximately 1°C 
(see Section 1.2.1) relative to pre-industrial conditions, and thus 
‘climate at 1.5°C global warming’ corresponds to approximately 
the addition of only half a degree of warming compared to the 
present day, comparable to the warming that has occurred since 
the 1970s (Bindoff et al., 2013). Methods used in the attribution of 
observed changes associate with this recent warming are therefore 
also applicable to assessments of future changes in climate at 1.5°C 
warming, especially in cases where no climate model simulations or 
analyses are available. 

Impacts of 1.5°C global warming can be assessed in part from 
regional and global climate changes that have already been detected 
and attributed to human influence (e.g., Schleussner et al., 2017) and 
are components of the climate system that are most responsive to 
current and projected future forcing. For this reason, when specific 
projections are missing for 1.5°C global warming, some of the 
assessments of climate change provided in Chapter 3 (Section 3.3) 
build upon joint assessments of (i) changes that were observed and 
attributed to human influence up to the present, that is, for 1°C 
global warming and (ii) projections for higher levels of warming (e.g., 
2°C, 3°C or 4°C) to assess the changes at 1.5°C. Such assessments 
are for transient changes only (see Chapter 3, Section 3.3).

Besides quantitative detection and attribution methods, assessments 
can also be based on indigenous and local knowledge (see Chapter 4, 
Box 4.3). While climate observations may not be available to assess 
impacts from a scientific perspective, local community knowledge 
can also indicate actual impacts (Brinkman et al., 2016; Kabir et al., 
2016). The challenge is that a community’s perception of loss due 
to the impacts of climate change is an area that requires further 
research (Tschakert et al., 2017).

Costs and benefits analysis

Cost–benefit analyses are common tools used for decision-making, 
whereby the costs of impacts are compared to the benefits from 
different response actions (IPCC, 2014a, b). However, for the 
case of climate change, recognising the complex inter-linkages 
of the Anthropocene, cost–benefit analysis tools can be difficult 
to use because of disparate impacts versus costs and complex 
interconnectivity within the global social-ecological system (see 
Box 1.1 and Cross-Chapter Box 5 in Chapter 2). Some costs are 
relatively easily quantifiable in monetary terms but not all. Climate 
change impacts human lives and livelihoods, culture and values, and 
whole ecosystems. It has unpredictable feedback loops and impacts 
on other regions (IPCC, 2014a), giving rise to indirect, secondary, 
tertiary and opportunity costs that are typically extremely difficult to 
quantify. Monetary quantification is further complicated by the fact 
that costs and benefits can occur in different regions at very different 
times, possibly spanning centuries, while it is extremely difficult if not 
impossible to meaningfully estimate discount rates for future costs 
and benefits. Thus standard cost–benefit analyses become difficult 
to justify (IPCC, 2014a; Dietz et al., 2016) and are not used as an 
assessment tool in this report.



77

1

Framing and Context Chapter 1

1.6 Confidence, Uncertainty and Risk

This report relies on the IPCC’s uncertainty guidance provided in 
Mastrandrea et al. (2011) and sources given therein. Two metrics for 
qualifying key findings are used: 

Confidence: Five qualifiers are used to express levels of confidence 
in key findings, ranging from very low, through low, medium, 
high, to very high. The assessment of confidence involves at least 
two dimensions, one being the type, quality, amount or internal 
consistency of individual lines of evidence, and the second being 
the level of agreement between different lines of evidence. Very 
high confidence findings must either be supported by a high level 
of agreement across multiple lines of mutually independent and 
individually robust lines of evidence or, if only a single line of evidence 
is available, by a very high level of understanding underlying that 
evidence. Findings of low or very low confidence are presented only 
if they address a topic of major concern.

Likelihood: A calibrated language scale is used to communicate 
assessed probabilities of outcomes, ranging from exceptionally 
unlikely (<1%), extremely unlikely (<5%), very unlikely (<10%), 
unlikely (<33%), about as likely as not (33–66%), likely (>66%), very 
likely (>90%), extremely likely (>95%) to virtually certain (>99%). 
These terms are normally only applied to findings associated with 
high or very high confidence. Frequency of occurrence within a model 
ensemble does not correspond to actual assessed probability of 
outcome unless the ensemble is judged to capture and represent the 
full range of relevant uncertainties. 

Three specific challenges arise in the treatment of uncertainty and 
risk in this report. First, the current state of the scientific literature on 
1.5°C means that findings based on multiple lines of robust evidence 
for which quantitative probabilistic results can be expressed may be 
few in number, and those that do exist may not be the most policy-
relevant. Hence many key findings are expressed using confidence 
qualifiers alone.

Second, many of the most important findings of this report are 
conditional because they refer to ambitious mitigation scenarios, 
potentially involving large-scale technological or societal 
transformation. Conditional probabilities often depend strongly on 
how conditions are specified, such as whether temperature goals 
are met through early emission reductions, reliance on negative 
emissions, or through a low climate response. Whether a certain 
risk is considered high at 1.5°C may therefore depend strongly on 
how 1.5°C is specified, whereas a statement that a certain risk may 
be substantially higher at 2°C relative to 1.5°C may be much more 
robust. 

Third, achieving ambitious mitigation goals will require active, 
goal-directed efforts aiming explicitly for specific outcomes and 
incorporating new information as it becomes available (Otto et 
al., 2015). This shifts the focus of uncertainty from the climate 
outcome itself to the level of mitigation effort that may be required 
to achieve it. Probabilistic statements about human decisions are 

always problematic, but in the context of robust decision-making, 
many near-term policies that are needed to keep open the option of 
limiting warming to 1.5°C may be the same, regardless of the actual 
probability that the goal will be met (Knutti et al., 2015).

1.7 Storyline of the Report

The storyline of this report (Figure 1.6) includes a set of interconnected 
components. The report consists of five chapters (plus Supplementary 
Material for Chapters 1 through 4), a Technical Summary and a 
Summary for Policymakers. It also includes a set of boxes to elucidate 
specific or cross-cutting themes, as well as Frequently Asked 
Questions for each chapter, a Glossary, and several other Annexes.

At a time of unequivocal and rapid global warming, this report 
emerges from the long-term temperature goal of the Paris Agreement 
– strengthening the global response to the threat of climate change 
by pursuing efforts to limit warming to 1.5°C through reducing 
emissions to achieve a balance between anthropogenic emissions by 
sources and removals by sinks of greenhouse gases. The assessment 
focuses first, in Chapter 1, on how 1.5°C is defined and understood, 
what is the current level of warming to date, and the present 
trajectory of change. The framing presented in Chapter 1 provides the 
basis through which to understand the enabling conditions of a 1.5°C 
warmer world and connections to the SDGs, poverty eradication, and 
equity and ethics.

In Chapter 2, scenarios of a 1.5°C warmer world and the associated 
pathways are assessed. The pathways assessment builds upon 
the AR5 with a greater emphasis on sustainable development in 
mitigation pathways. All pathways begin now and involve rapid 
and unprecedented societal transformation. An important framing 
device for this report is the recognition that choices that determine 
emissions pathways, whether ambitious mitigation or ‘no policy’ 
scenarios, do not occur independently of these other changes and 
are, in fact, highly interdependent. 

Projected impacts that emerge in a 1.5°C warmer world and beyond 
are dominant narrative threads of the report and are assessed in 
Chapter 3. The chapter focuses on observed and attributable global 
and regional climate changes and impacts and vulnerabilities. The 
projected impacts have diverse and uneven spatial, temporal, human, 
economic, and ecological system-level manifestations. Central to the 
assessment is the reporting of impacts at 1.5°C and 2°C, potential 
impacts avoided through limiting warming to 1.5°C, and, where 
possible, adaptation potential and limits to adaptive capacity.

Response options and associated enabling conditions emerge next, in 
Chapter 4. Attention is directed to exploring questions of adaptation 
and mitigation implementation, integration, and transformation in 
a highly interdependent world, with consideration of synergies and 
trade-offs. Emission pathways, in particular, are broken down into 
policy options and instruments. The role of technological choices, 
institutional capacity and global-scale trends like urbanization and 
changes in ecosystems are assessed. 
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Chapter 5 covers linkages between achieving the SDGs and a 1.5°C 
warmer world and turns toward identifying opportunities and 
challenges of transformation. This is assessed within a transition to 
climate-resilient development pathways and connection between the 
evolution towards 1.5°C, associated impacts, and emission pathways. 
Positive and negative effects of adaptation and mitigation response 
measures and pathways for a 1.5°C warmer world are examined. 

Progress along these pathways involves inclusive processes, 
institutional integration, adequate finance and technology, and 
attention to issues of power, values, and inequalities to maximize 
the benefits of pursuing climate stabilisation at 1.5°C and the goals 
of sustainable development at multiple scales of human and natural 
systems from global, regional, national to local and community 
levels.

Figure 1.6 |  Schematic of report storyline.



79

1

Framing and Context Chapter 1

Frequently Asked Questions 

FAQ 1.1 | Why are we Talking about 1.5°C?

Summary: Climate change represents an urgent and potentially irreversible threat to human societies and the 
planet. In recognition of this, the overwhelming majority of countries around the world adopted the Paris Agree-
ment in December 2015, the central aim of which includes pursuing efforts to limit global temperature rise 
to 1.5°C. In doing so, these countries, through the United Nations Framework Convention on Climate Change 
(UNFCCC), also invited the IPCC to provide a Special Report on the impacts of global warming of 1.5°C above pre-
industrial levels and related global greenhouse gas emissions pathways. 

At the 21st Conference of the Parties (COP21) in December 2015, 195 nations adopted the Paris Agreement2. The 
first instrument of its kind, the landmark agreement includes the aim to strengthen the global response to the 
threat of climate change by ‘holding the increase in the global average temperature to well below 2°C above 
pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels’. 

The first UNFCCC document to mention a limit to global warming of 1.5°C was the Cancun Agreement, adopted 
at the sixteenth COP (COP16) in 2010. The Cancun Agreement established a process to periodically review the 
‘adequacy of the long-term global goal (LTGG) in the light of the ultimate objective of the Convention and the 
overall progress made towards achieving the LTGG, including a consideration of the implementation of the 
commitments under the Convention’. The definition of LTGG in the Cancun Agreement was ‘to hold the increase 
in global average temperature below 2°C above pre-industrial levels’. The agreement also recognised the need 
to consider ‘strengthening the long-term global goal on the basis of the best available scientific knowledge…to 
a global average temperature rise of 1.5°C’. 

Beginning in 2013 and ending at the COP21 in Paris in 2015, the first review period of the long-term global goal 
largely consisted of the Structured Expert Dialogue (SED). This was a fact-finding, face-to-face exchange of views 
between invited experts and UNFCCC delegates. The final report of the SED3 concluded that ‘in some regions and 
vulnerable ecosystems, high risks are projected even for warming above 1.5°C’. The SED report also suggested 
that Parties would profit from restating the temperature limit of the long-term global goal as a ‘defence line’ 
or ‘buffer zone’, instead of a ‘guardrail’ up to which all would be safe, adding that this new understanding 
would ‘probably also favour emission pathways that will limit warming to a range of temperatures below 2°C’. 
Specifically on strengthening the temperature limit of 2°C, the SED’s key message was: ‘While science on the 
1.5°C warming limit is less robust, efforts should be made to push the defence line as low as possible’. The 
findings of the SED, in turn, fed into the draft decision adopted at COP21.

With the adoption of the Paris Agreement, the UNFCCC invited the IPCC to provide a Special Report in 2018 on 
‘the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emissions 
pathways’. The request was that the report, known as SR1.5, should not only assess what a 1.5°C warmer world 
would look like but also the different pathways by which global temperature rise could be limited to 1.5°C. In 
2016, the IPCC accepted the invitation, adding that the Special Report would also look at these issues in the 
context of strengthening the global response to the threat of climate change, sustainable development and 
efforts to eradicate poverty.

The combination of rising exposure to climate change and the fact that there is a limited capacity to adapt to its 
impacts amplifies the risks posed by warming of 1.5°C and 2°C. This is particularly true for developing and island 
countries in the tropics and other vulnerable countries and areas. The risks posed by global warming of 1.5°C are 
greater than for present-day conditions but lower than at 2°C.

(continued on next page)

2 Paris Agreement FCCC/CP/2015/10/Add.1 https://unfccc.int/documents/9097
3 Structured Expert Dialogue (SED) final report FCCC/SB/2015/INF.1 https://unfccc.int/documents/8707

https://unfccc.int/documents/9097
https://unfccc.int/documents/8707
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FAQ 1.1, Figure 1 | Timeline of notable dates in preparing the IPCC Special Report on Global Warming of 1.5°C (blue) embedded within processes and milestones 
of the United Nations Framework Convention on Climate Change (UNFCCC; grey), including events that may be relevant for discussion of temperature limits.

FAQ 1.1 (continued)
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Frequently Asked Questions 

FAQ 1.2 | How Close are we to 1.5°C?

Summary: Human-induced warming has already reached about 1°C above pre-industrial levels at the time of writ-
ing of this Special Report. By the decade 2006–2015, human activity had warmed the world by 0.87°C (±0.12°C) 
compared to pre-industrial times (1850–1900). If the current warming rate continues, the world would reach 
human-induced global warming of 1.5°C around 2040.

Under the 2015 Paris Agreement, countries agreed to cut greenhouse gas emissions with a view to ‘holding the 
increase in the global average temperature to well below 2°C above pre-industrial levels and pursuing efforts to 
limit the temperature increase to 1.5°C above pre-industrial levels’. While the overall intention of strengthening 
the global response to climate change is clear, the Paris Agreement does not specify precisely what is meant by 
‘global average temperature’, or what period in history should be considered ‘pre-industrial’. To answer the 
question of how close are we to 1.5°C of warming, we need to first be clear about how both terms are defined 
in this Special Report.

The choice of pre-industrial reference period, along with the method used to calculate global average 
temperature, can alter scientists’ estimates of historical warming by a couple of tenths of a degree Celsius. Such 
differences become important in the context of a global temperature limit just half a degree above where we are 
now. But provided consistent definitions are used, they do not affect our understanding of how human activity 
is influencing the climate. 

In principle, ‘pre-industrial levels’ could refer to any period of time before the start of the industrial revolution. 
But the number of direct temperature measurements decreases as we go back in time. Defining a ‘pre-industrial’ 
reference period is, therefore, a compromise between the reliability of the temperature information and how 
representative it is of truly pre-industrial conditions. Some pre-industrial periods are cooler than others for 
purely natural reasons. This could be because of spontaneous climate variability or the response of the climate 
to natural perturbations, such as volcanic eruptions and variations in the sun’s activity. This IPCC Special Report 
on Global Warming of 1.5°C uses the reference period 1850–1900 to represent pre-industrial temperature. This 
is the earliest period with near-global observations and is the reference period used as an approximation of pre-
industrial temperatures in the IPCC Fifth Assessment Report.

Once scientists have defined ‘pre-industrial’, the next step is to calculate the amount of warming at any given 
time relative to that reference period. In this report, warming is defined as the increase in the 30-year global 
average of combined air temperature over land and water temperature at the ocean surface. The 30-year 
timespan accounts for the effect of natural variability, which can cause global temperatures to fluctuate from 
one year to the next. For example, 2015 and 2016 were both affected by a strong El Niño event, which amplified 
the underlying human-caused warming. 

In the decade 2006–2015, warming reached 0.87°C (±0.12°C) relative to 1850–1900, predominantly due to human 
activity increasing the amount of greenhouse gases in the atmosphere. Given that global temperature is currently 
rising by 0.2°C (±0.1°C) per decade, human-induced warming reached 1°C above pre-industrial levels around 
2017 and, if this pace of warming continues, would reach 1.5°C around 2040. 

While the change in global average temperature tells researchers about how the planet as a whole is changing, 
looking more closely at specific regions, countries and seasons reveals important details. Since the 1970s, most 
land regions have been warming faster than the global average, for example. This means that warming in 
many regions has already exceeded 1.5°C above pre-industrial levels. Over a fifth of the global population live 
in regions that have already experienced warming in at least one season that is greater than 1.5°C above pre-
industrial levels. 

(continued on next page)
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FAQ 1.2, Figure 1 | Human-induced warming reached approximately 1°C above pre-industrial levels in 2017. At the present rate, global temperatures would 
reach 1.5°C around 2040. Stylized 1.5°C pathway shown here involves emission reductions beginning immediately, and CO2 emissions reaching zero by 2055.
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Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable Development Chapter 2

Executive Summary

This chapter assesses mitigation pathways consistent with limiting 
warming to 1.5°C above pre-industrial levels. In doing so, it explores 
the following key questions: What role do CO2 and non-CO2 emissions 
play? {2.2, 2.3, 2.4, 2.6} To what extent do 1.5°C pathways involve 
overshooting and returning below 1.5°C during the 21st century? {2.2, 
2.3} What are the implications for transitions in energy, land use and 
sustainable development? {2.3, 2.4, 2.5} How do policy frameworks 
affect the ability to limit warming to 1.5°C? {2.3, 2.5} What are the 
associated knowledge gaps? {2.6}

The assessed pathways describe integrated, quantitative 
evolutions of all emissions over the 21st century associated 
with global energy and land use and the world economy. The 
assessment is contingent upon available integrated assessment 
literature and model assumptions, and is complemented by other 
studies with different scope, for example, those focusing on individual 
sectors. In recent years, integrated mitigation studies have improved 
the characterizations of mitigation pathways. However, limitations 
remain, as climate damages, avoided impacts, or societal co-benefits 
of the modelled transformations remain largely unaccounted for, while 
concurrent rapid technological changes, behavioural aspects, and 
uncertainties about input data present continuous challenges. (high 
confidence) {2.1.3, 2.3, 2.5.1, 2.6, Technical Annex 2}

The Chances of Limiting Warming to 1.5°C 
and the Requirements for Urgent Action

Pathways consistent with 1.5°C of warming above pre-industrial 
levels can be identified under a range of assumptions about 
economic growth, technology developments and lifestyles.  
However, lack of global cooperation, lack of governance of the required 
energy and land transformation, and increases in resource-intensive 
consumption are key impediments to achieving 1.5°C pathways. 
Governance challenges have been related to scenarios with high 
inequality and high population growth in the 1.5°C pathway literature. 
{2.3.1, 2.3.2, 2.5}

Under emissions in line with current pledges under the Paris 
Agreement (known as Nationally Determined Contributions, 
or NDCs), global warming is expected to surpass 1.5°C above 
pre-industrial levels, even if these pledges are supplemented 
with very challenging increases in the scale and ambition of 
mitigation after 2030 (high confidence). This increased action 
would need to achieve net zero CO2 emissions in less than 15 years. 
Even if this is achieved, temperatures would only be expected to remain 
below the 1.5°C threshold if the actual geophysical response ends up 
being towards the low end of the currently estimated uncertainty range. 
Transition challenges as well as identified trade-offs can be reduced if 
global emissions peak before 2030 and marked emissions reductions 
compared to today are already achieved by 2030. {2.2, 2.3.5, Cross-
Chapter Box 11 in Chapter 4}

Limiting warming to 1.5°C depends on greenhouse gas (GHG) 
emissions over the next decades, where lower GHG emissions in 
2030 lead to a higher chance of keeping peak warming to 1.5°C 
(high confidence). Available pathways that aim for no or limited (less 
than 0.1°C) overshoot of 1.5°C keep GHG emissions in 2030 to 25–30 
GtCO2e yr−1 in 2030 (interquartile range). This contrasts with median 
estimates for current unconditional NDCs of 52–58 GtCO2e yr−1 in 
2030. Pathways that aim for limiting warming to 1.5°C by 2100 after 
a temporary temperature overshoot rely on large-scale deployment 
of carbon dioxide removal (CDR) measures, which are uncertain and 
entail clear risks. In model pathways with no or limited overshoot of 
1.5°C, global net anthropogenic CO2 emissions decline by about 45% 
from 2010 levels by 2030 (40–60% interquartile range), reaching net 
zero around 2050 (2045–2055 interquartile range). For limiting global 
warming to below 2°C with at least 66% probability CO2 emissions 
are projected to decline by about 25% by 2030 in most pathways (10–
30% interquartile range) and reach net zero around 2070 (2065–2080 
interquartile range).1 {2.2, 2.3.3, 2.3.5, 2.5.3, Cross-Chapter Boxes 6 in 
Chapter 3 and 9 in Chapter 4, 4.3.7}

Limiting warming to 1.5°C implies reaching net zero CO2 
emissions globally around 2050 and concurrent deep reductions 
in emissions of non-CO2 forcers, particularly methane (high 
confidence). Such mitigation pathways are characterized by energy-
demand reductions, decarbonization of electricity and other fuels, 
electrification of energy end use, deep reductions in agricultural 
emissions, and some form of CDR with carbon storage on land or 
sequestration in geological reservoirs. Low energy demand and low 
demand for land- and GHG-intensive consumption goods facilitate 
limiting warming to as close as possible to 1.5°C. {2.2.2, 2.3.1, 2.3.5, 
2.5.1, Cross-Chapter Box 9 in Chapter 4}.

In comparison to a 2°C limit, the transformations required to limit 
warming to 1.5°C are qualitatively similar but more pronounced 
and rapid over the next decades (high confidence). 1.5°C implies 
very ambitious, internationally cooperative policy environments that 
transform both supply and demand (high confidence). {2.3, 2.4, 2.5}

Policies reflecting a high price on emissions are necessary 
in models to achieve cost-effective 1.5°C pathways (high 
confidence). Other things being equal, modelling studies suggest 
the global average discounted marginal abatement costs for limiting 
warming to 1.5°C being about 3–4 times higher compared to 2°C 
over the 21st century, with large variations across models and socio-
economic and policy assumptions. Carbon pricing can be imposed 
directly or implicitly by regulatory policies. Policy instruments, like 
technology policies or performance standards, can complement explicit 
carbon pricing in specific areas. {2.5.1, 2.5.2, 4.4.5}

Limiting warming to 1.5°C requires a marked shift in investment 
patterns (medium confidence). Additional annual average energy-
related investments for the period 2016 to 2050 in pathways limiting 
warming to 1.5°C compared to pathways without new climate policies 
beyond those in place today (i.e., baseline) are estimated to be around 

1 Kyoto-GHG emissions in this statement are aggregated with GWP-100 values of the IPCC Second Assessment Report.
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830 billion USD2010 (range of 150 billion to 1700 billion USD2010 
across six models). Total energy-related investments increase by about 
12% (range of 3% to 24%) in 1.5°C pathways relative to 2°C pathways. 
Average annual investment in low-carbon energy technologies and 
energy efficiency are upscaled by roughly a factor of six (range of factor 
of 4 to 10) by 2050 compared to 2015, overtaking fossil investments 
globally by around 2025 (medium confidence). Uncertainties and 
strategic mitigation portfolio choices affect the magnitude and focus 
of required investments. {2.5.2}

Future Emissions in 1.5°C Pathways 

Mitigation requirements can be quantified using carbon budget 
approaches that relate cumulative CO2 emissions to global mean 
temperature increase. Robust physical understanding underpins 
this relationship, but uncertainties become increasingly relevant as a 
specific temperature limit is approached. These uncertainties relate to 
the transient climate response to cumulative carbon emissions (TCRE), 
non-CO2 emissions, radiative forcing and response, potential additional 
Earth system feedbacks (such as permafrost thawing), and historical 
emissions and temperature. {2.2.2, 2.6.1} 

Cumulative CO2 emissions are kept within a budget by reducing 
global annual CO2 emissions to net zero. This assessment 
suggests a remaining budget of about 420 GtCO2 for a two-
thirds chance of limiting warming to 1.5°C, and of about 580 
GtCO2 for an even chance (medium confidence). The remaining 
carbon budget is defined here as cumulative CO2 emissions from the 
start of 2018 until the time of net zero global emissions for global 
warming defined as a change in global near-surface air temperatures. 
Remaining budgets applicable to 2100 would be approximately 
100 GtCO2 lower than this to account for permafrost thawing and 
potential methane release from wetlands in the future, and more 
thereafter. These estimates come with an additional geophysical 
uncertainty of at least ±400 GtCO2, related to non-CO2 response 
and TCRE distribution. Uncertainties in the level of historic warming 
contribute ±250 GtCO2. In addition, these estimates can vary by 
±250 GtCO2 depending on non-CO2 mitigation strategies as found in 
available pathways. {2.2.2, 2.6.1}

Staying within a remaining carbon budget of 580 GtCO2 implies 
that CO2 emissions reach carbon neutrality in about 30 years, 
reduced to 20 years for a 420 GtCO2 remaining carbon budget  
(high confidence). The ±400 GtCO2 geophysical uncertainty range 
surrounding a carbon budget translates into a variation of this timing 
of carbon neutrality of roughly ±15–20 years. If emissions do not start 
declining in the next decade, the point of carbon neutrality would need 
to be reached at least two decades earlier to remain within the same 
carbon budget. {2.2.2, 2.3.5}

Non-CO2 emissions contribute to peak warming and thus 
affect the remaining carbon budget. The evolution of 
methane and sulphur dioxide emissions strongly influences 
the chances of limiting warming to 1.5°C. In the near-term, a 
weakening of aerosol cooling would add to future warming, 
but can be tempered by reductions in methane emissions (high 
confidence). Uncertainty in radiative forcing estimates (particularly 

aerosol) affects carbon budgets and the certainty of pathway 
categorizations. Some non-CO2 forcers are emitted alongside CO2, 
particularly in the energy and transport sectors, and can be largely 
addressed through CO2 mitigation. Others require specific measures, 
for example, to target agricultural nitrous oxide (N2O) and methane 
(CH4), some sources of black carbon, or hydrofluorocarbons (high 
confidence). In many cases, non-CO2 emissions reductions are similar 
in 2°C pathways, indicating reductions near their assumed maximum 
potential by integrated assessment models. Emissions of N2O and 
NH3 increase in some pathways with strongly increased bioenergy 
demand. {2.2.2, 2.3.1, 2.4.2, 2.5.3}

The Role of Carbon Dioxide Removal (CDR) 

All analysed pathways limiting warming to 1.5°C with no 
or limited overshoot use CDR to some extent to neutralize 
emissions from sources for which no mitigation measures 
have been identified and, in most cases, also to achieve 
net negative emissions to return global warming to 1.5°C 
following a peak (high confidence). The longer the delay in 
reducing CO2 emissions towards zero, the larger the likelihood 
of exceeding 1.5°C, and the heavier the implied reliance on 
net negative emissions after mid-century to return warming to 
1.5°C (high confidence). The faster reduction of net CO2 emissions 
in 1.5°C compared to 2°C pathways is predominantly achieved by 
measures that result in less CO2 being produced and emitted, and 
only to a smaller degree through additional CDR. Limitations on 
the speed, scale and societal acceptability of CDR deployment also 
limit the conceivable extent of temperature overshoot. Limits to our 
understanding of how the carbon cycle responds to net negative 
emissions increase the uncertainty about the effectiveness of CDR to 
decline temperatures after a peak. {2.2, 2.3, 2.6, 4.3.7}

CDR deployed at scale is unproven, and reliance on such 
technology is a major risk in the ability to limit warming to 
1.5°C. CDR is needed less in pathways with particularly strong 
emphasis on energy efficiency and low demand. The scale and 
type of CDR deployment varies widely across 1.5°C pathways, 
with different consequences for achieving sustainable 
development objectives (high confidence). Some pathways rely 
more on bioenergy with carbon capture and storage (BECCS), while 
others rely more on afforestation, which are the two CDR methods 
most often included in integrated pathways. Trade-offs with other 
sustainability objectives occur predominantly through increased land, 
energy, water and investment demand. Bioenergy use is substantial 
in 1.5°C pathways with or without BECCS due to its multiple roles in 
decarbonizing energy use. {2.3.1, 2.5.3, 2.6.3, 4.3.7}

Properties of Energy and Land Transitions in 1.5°C Pathways 

The share of primary energy from renewables increases while 
coal usage decreases across pathways limiting warming to 
1.5°C with no or limited overshoot (high confidence). By 2050, 
renewables (including bioenergy, hydro, wind, and solar, with direct-
equivalence method) supply a share of 52–67% (interquartile range) 
of primary energy in 1.5°C pathways with no or limited overshoot; 
while the share from coal decreases to 1–7% (interquartile range), 
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with a large fraction of this coal use combined with carbon capture 
and storage (CCS). From 2020 to 2050 the primary energy supplied 
by oil declines in most pathways (−39 to −77% interquartile range). 
Natural gas changes by −13% to −62% (interquartile range), but 
some pathways show a marked increase albeit with widespread 
deployment of CCS. The overall deployment of CCS varies widely 
across 1.5°C pathways with no or limited overshoot, with cumulative 
CO2 stored through 2050 ranging from zero up to 300 GtCO2 
(minimum–maximum range), of which zero up to 140 GtCO2 is stored 
from biomass. Primary energy supplied by bioenergy ranges from 
40–310 EJ yr−1 in 2050 (minimum-maximum range), and nuclear from 
3–66 EJ yr−1 (minimum–maximum range). These ranges reflect both 
uncertainties in technological development and strategic mitigation 
portfolio choices. {2.4.2}

1.5°C pathways with no or limited overshoot include a rapid 
decline in the carbon intensity of electricity and an increase 
in electrification of energy end use (high confidence). By 2050, 
the carbon intensity of electricity decreases to −92 to +11 gCO2 MJ−1 
(minimum–maximum range) from about 140 gCO2 MJ−1 in 2020, 
and electricity covers 34–71% (minimum–maximum range) of final 
energy across 1.5°C pathways with no or limited overshoot from 
about 20% in 2020. By 2050, the share of electricity supplied by 
renewables increases to 59–97% (minimum-maximum range) across 
1.5°C pathways with no or limited overshoot. Pathways with higher 
chances of holding warming to below 1.5°C generally show a faster 
decline in the carbon intensity of electricity by 2030 than pathways 
that temporarily overshoot 1.5°C. {2.4.1, 2.4.2, 2.4.3}

Transitions in global and regional land use are found in all 
pathways limiting global warming to 1.5°C with no or limited 
overshoot, but their scale depends on the pursued mitigation 
portfolio (high confidence). Pathways that limit global warming to 
1.5°C with no or limited overshoot project a 4 million km2 reduction 
to a 2.5 million km2 increase of non-pasture agricultural land for food 
and feed crops and a 0.5–11 million km2 reduction of pasture land, 
to be converted into 0-6 million km2 of agricultural land for energy 
crops and a 2 million km2 reduction to 9.5 million km2 increase in 
forests by 2050 relative to 2010 (medium confidence). Land-use 
transitions of similar magnitude can be observed in modelled 2°C 
pathways (medium confidence). Such large transitions pose profound 
challenges for sustainable management of the various demands on 
land for human settlements, food, livestock feed, fibre, bioenergy, 
carbon storage, biodiversity and other ecosystem services (high 
confidence). {2.3.4, 2.4.4}

Demand-Side Mitigation and Behavioural Changes 

Demand-side measures are key elements of 1.5°C pathways. 
Lifestyle choices lowering energy demand and the land- and 
GHG-intensity of food consumption can further support 
achievement of 1.5°C pathways (high confidence). By 2030 and 
2050, all end-use sectors (including building, transport, and industry) 
show marked energy demand reductions in modelled 1.5°C pathways, 
comparable and beyond those projected in 2°C pathways. Sectoral 
models support the scale of these reductions. {2.3.4, 2.4.3, 2.5.1}

Links between 1.5°C Pathways and Sustainable Development 

Choices about mitigation portfolios for limiting warming to 
1.5°C can positively or negatively impact the achievement of 
other societal objectives, such as sustainable development 
(high confidence). In particular, demand-side and efficiency 
measures, and lifestyle choices that limit energy, resource, and 
GHG-intensive food demand support sustainable development  
(medium confidence). Limiting warming to 1.5°C can be achieved 
synergistically with poverty alleviation and improved energy security 
and can provide large public health benefits through improved air 
quality, preventing millions of premature deaths. However, specific 
mitigation measures, such as bioenergy, may result in trade-offs that 
require consideration. {2.5.1, 2.5.2, 2.5.3}
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2.1 Introduction to Mitigation Pathways and 
the Sustainable Development Context

This chapter assesses the literature on mitigation pathways to limit or 
return global mean warming to 1.5°C (relative to the pre-industrial 
base period 1850–1900). Key questions addressed are: What types of 
mitigation pathways have been developed that could be consistent 
with 1.5°C? What changes in emissions, energy and land use do they 
entail? What do they imply for climate policy and implementation, and 
what impacts do they have on sustainable development? In terms of 
feasibility (see Cross-Chapter Box 3 in Chapter 1), this chapter focuses 
on geophysical dimensions and technological and economic enabling 
factors. Social and institutional dimensions as well as additional 
aspects of technical feasibility are covered in Chapter 4.

Mitigation pathways are typically designed to reach a predefined 
climate target alone. Minimization of mitigation expenditures, but 
not climate-related damages or sustainable development impacts, 
is often the basis for these pathways to the desired climate target 
(see Cross-Chapter Box 5 in this chapter for additional discussion). 
However, there are interactions between mitigation and multiple other 
sustainable development goals (see Sections 1.1 and 5.4) that provide 
both challenges and opportunities for climate action. Hence there are 
substantial efforts to evaluate the effects of the various mitigation 
pathways on sustainable development, focusing in particular on 
aspects for which integrated assessment models (IAMs) provide 
relevant information (e.g., land-use changes and biodiversity, food 
security, and air quality). More broadly, there are efforts to incorporate 
climate change mitigation as one of multiple objectives that, in general, 
reflect societal concerns more completely and could potentially provide 
benefits at lower costs than simultaneous single-objective policies 
(e.g., Clarke et al., 2014). For example, with carefully selected policies, 
universal energy access can be achieved while simultaneously reducing 
air pollution and mitigating climate change (McCollum et al., 2011; 
Riahi et al., 2012; IEA, 2017d). This chapter thus presents both the 
pathways and an initial discussion of their context within sustainable 
development objectives (Section 2.5), with the latter, along with equity 
and ethical issues, discussed in more detail in Chapter 5.

As described in Cross-Chapter Box 1 in Chapter 1, scenarios are 
comprehensive, plausible, integrated descriptions of possible futures 
based on specified, internally consistent underlying assumptions, 
with pathways often used to describe the clear temporal evolution of 
specific scenario aspects or goal-oriented scenarios. We include both 
these usages of ‘pathways’ here.

2.1.1 Mitigation Pathways Consistent with 1.5°C

Emissions scenarios need to cover all sectors and regions over the 
21st century to be associated with a climate change projection out to 
2100. Assumptions regarding future trends in population, consumption 
of goods and services (including food), economic growth, behaviour, 
technology, policies and institutions are all required to generate 

scenarios (Section 2.3.1). These societal choices must then be linked 
to the drivers of climate change, including emissions of well-mixed 
greenhouse gases and aerosol and ozone precursors as well as land-
use and land-cover changes. Deliberate solar radiation modification is 
not included in these scenarios (see Cross-Chapter Box 10 in Chapter 4).

Plausible developments need to be anticipated in many facets of the 
key sectors of energy and land use. Within energy, these scenarios 
consider energy resources like biofuels, energy supply and conversion 
technologies, energy consumption, and supply and end-use efficiency. 
Within land use, agricultural productivity, food demand, terrestrial 
carbon management, and biofuel production are all considered. 
Climate policies are also considered, including carbon pricing and 
technology policies such as research and development funding and 
subsidies. The scenarios incorporate regional differentiation in sectoral 
and policy development. The climate changes resulting from such 
scenarios are derived using models that typically incorporate physical 
understanding of the carbon cycle and climate response derived from 
complex geophysical models evaluated against observations (Sections 
2.2 and 2.6). 

The temperature response to a given emission pathway (see glossary) is 
uncertain and therefore quantified in terms of a probabilistic outcome. 
Chapter 1 assesses the climate objectives of the Paris Agreement in 
terms of human-induced warming, thus excluding potential impacts 
of natural forcing such as volcanic eruptions or solar output changes 
or unforced internal variability. Temperature responses in this chapter 
are assessed using simple geophysically based models that evaluate 
the anthropogenic component of future temperature change and do 
not incorporate internal natural variations and are thus fit for purpose 
in the context of this assessment (Section 2.2.1). Hence a scenario 
that is consistent with 1.5°C may in fact lead to either a higher or 
lower temperature change, but within quantified and generally well-
understood bounds (see also Chapter 1, Section 1.2.3). Consistency 
with avoiding a human-induced temperature change limit must 
therefore also be defined probabilistically, with likelihood values 
selected based on risk-avoidance preferences. Responses beyond 
global mean temperature are not typically evaluated in such models 
and are assessed in Chapter 3.

2.1.2 The Use of Scenarios

Variations in scenario assumptions and design define to a large 
degree which questions can be addressed with a specific scenario 
set, for example, the exploration of implications of delayed climate 
mitigation action. In this assessment, the following classes of 1.5°C- 
and 2°C-consistent scenarios are of particular interest to the topics 
addressed in this chapter: (i) scenarios with the same climate target 
over the 21st century but varying socio-economic assumptions 
(Sections 2.3 and 2.4), (ii) pairs of scenarios with similar socio-
economic assumptions but with forcing targets aimed at 1.5°C and 2°C 
(Section 2.3), and (iii) scenarios that follow the Nationally Determined 
Contributions or NDCs2 until 2030 with much more stringent mitigation 
action thereafter (Section 2.3.5). 

2 Current pledges include those from the United States although they have stated their intention to withdraw in the future.
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Characteristics of these pathways, such as emissions reduction rates, 
time of peaking, and low-carbon energy deployment rates, can be 
assessed as being consistent with 1.5°C. However, they cannot be 
assessed as ‘requirements’ for 1.5°C, unless a targeted analysis 
is available that specifically asked whether there could be other 
1.5°C-consistent pathways without the characteristics in question. AR5 
already assessed such targeted analyses, for example, asking which 
technologies are important in order to keep open the possibility of 
limiting warming to 2°C (Clarke et al., 2014). By now, several such 
targeted analyses are also available for questions related to 1.5°C 
(Luderer et al., 2013; Rogelj et al., 2013b; Bauer et al., 2018; Strefler 
et al., 2018b; van Vuuren et al., 2018). This assessment distinguishes 
between ‘consistent’ and the much stronger concept of required 
characteristics of 1.5°C pathways wherever possible. 

Ultimately, society will adjust the choices it makes as new information 
becomes available and technical learning progresses, and these 
adjustments can be in either direction. Earlier scenario studies have 
shown, however, that deeper emissions reductions in the near term 
hedge against the uncertainty of both climate response and future 
technology availability (Luderer et al., 2013; Rogelj et al., 2013b; Clarke 
et al., 2014). Not knowing what adaptations might be put in place in 
the future, and due to limited studies, this chapter examines prospective 
rather than iteratively adaptive mitigation pathways (Cross-Chapter 
Box 1 in Chapter 1). Societal choices illustrated by scenarios may also 
influence what futures are envisioned as possible or desirable and 
hence whether those come into being (Beck and Mahony, 2017).

2.1.3 New Scenario Information since AR5

In this chapter, we extend the AR5 mitigation pathway assessment 
based on new scenario literature. Updates in understanding of 
climate sensitivity, transient climate response, radiative forcing, and 
the cumulative carbon budget consistent with 1.5°C are discussed in 
Sections 2.2.

Mitigation pathways developed with detailed process-based 
integrated assessment models (IAMs) covering all sectors and regions 
over the 21st century describe an internally consistent and calibrated 
(to historical trends) way to get from current developments to 
meeting long-term climate targets like 1.5°C (Clarke et al., 2014). The 
overwhelming majority of available 1.5°C pathways were generated 
by such IAMs, and these pathways can be directly linked to climate 
outcomes and their consistency with the 1.5°C goal evaluated. The 
AR5 similarly relied upon such studies, which were mainly discussed in 
Chapter 6 of Working Group III (WGIII) (Clarke et al., 2014). 

Since the AR5, several new, integrated multimodel studies have 
appeared in the literature that explore specific characteristics of 
scenarios more stringent than the lowest scenario category assessed 
in AR5 that was assessed to limit warming below 2°C with greater 
than 66% likelihood (Rogelj et al., 2015b, 2018; Akimoto et al., 2017; 
Marcucci et al., 2017; Su et al., 2017; Bauer et al., 2018; Bertram et 
al., 2018; Grubler et al., 2018; Holz et al., 2018b; Kriegler et al., 2018a; 
Liu et al., 2018; Luderer et al., 2018; Strefler et al., 2018a; van Vuuren 
et al., 2018; Vrontisi et al., 2018; Zhang et al., 2018). Those scenarios 
explore 1.5°C-consistent pathways from multiple perspectives 

(see Supplementary Material 2.SM.1.3), examining sensitivity to 
assumptions regarding:
• socio-economic drivers and developments including energy and  
 food demand as, for example, characterized by the Shared Socio- 
 Economic Pathways (SSPs; Cross-Chapter Box 1 in Chapter 1) 
• near-term climate policies describing different levels of strengthening  
 the NDCs
• the use of bioenergy and the availability and desirability of carbon  
 dioxide removal (CDR) technologies

A large number of these scenarios were collected in a scenario database 
established for the assessment of this Special Report (Supplementary 
Material 2.SM.1.3). Mitigation pathways were classified by four 
factors: consistency with a temperature increase limit (as defined by 
Chapter 1), whether they temporarily overshoot that limit, the extent 
of this potential overshoot, and the likelihood of falling within these 
bounds. 

Specifically, they were put into classes that either kept surface 
temperature increases below a given threshold throughout the 21st 
century or returned to a value below 1.5°C above pre-industrial levels 
at some point before 2100 after temporarily exceeding that level earlier 
– referred to as an overshoot (OS). Both groups were further separated 
based on the probability of being below the threshold and the degree 
of overshoot, respectively (Table 2.1). Pathways are uniquely classified, 
with 1.5°C-related classes given higher priority than 2°C classes in 
cases where a pathway would be applicable to either class. 

The probability assessment used in the scenario classification is based 
on simulations using two reduced-complexity carbon cycle, atmospheric 
composition, and climate models: the ‘Model for the Assessment of 
Greenhouse Gas-Induced Climate Change’ (MAGICC) (Meinshausen 
et al., 2011a), and the ‘Finite Amplitude Impulse Response’ (FAIRv1.3) 
model (Smith et al., 2018). For the purpose of this report, and to facilitate 
comparison with AR5, the range of the key carbon cycle and climate 
parameters for MAGICC and its setup are identical to those used in 
AR5 WGIII (Clarke et al., 2014). For each mitigation pathway, MAGICC 
and FAIR simulations provide probabilistic estimates of atmospheric 
concentrations, radiative forcing and global temperature outcomes until 
2100. However, the classification uses MAGICC probabilities directly for 
traceability with AR5 and because this model is more established in the 
literature. Nevertheless, the overall uncertainty assessment is based on 
results from both models, which are considered in the context of the 
latest radiative forcing estimates and observed temperatures (Etminan 
et al., 2016; Smith et al., 2018) (Section 2.2 and Supplementary Material 
2.SM.1.1). The comparison of these lines of evidence shows high 
agreement in the relative temperature response of pathways, with 
medium agreement on the precise absolute magnitude of warming, 
introducing a level of imprecision in these attributes. Consideration of 
the combined evidence here leads to medium confidence in the overall 
geophysical characteristics of the pathways reported here. 

In addition to the characteristics of the above-mentioned classes, 
four illustrative pathway archetypes have been selected and are used 
throughout this chapter to highlight specific features of and variations 
across 1.5°C pathways. These are chosen in particular to illustrate the 
spectrum of CO

2 emissions reduction patterns consistent with 1.5°C, 
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Pathway group Pathway Class Pathway Selection Criteria and Description Number of 
Scenarios

Number of 
Scenarios

1.5°C or 
1.5°C-consistent**

Below-1.5°C
Pathways limiting peak warming to below 1.5°C during the entire 21st century 
with 50–66% likelihood*

9

90
1.5°C-low-OS

Pathways limiting median warming to below 1.5°C in 2100 and with a 
50–67% probability of temporarily overshooting that level earlier, generally 
implying less than 0.1°C higher peak warming than Below-1.5°C pathways

44

1.5°C-high-OS
Pathways limiting median warming to below 1.5°C in 2100 and with a greater 
than 67% probability of temporarily overshooting that level earlier, generally 
implying 0.1–0.4°C higher peak warming than Below-1.5°C pathways 

37

2°C or 
2°C-consistent

Lower-2°C
Pathways limiting peak warming to below 2°C during the entire 21st century 
with greater than 66% likelihood

74

132

Higher-2°C
Pathways assessed to keep peak warming to below 2°C during the entire 
21st century with 50–66% likelihood 

58

Table 2.1 | Classification of pathways that this chapter draws upon, along with the number of available pathways in each class. The definition of each class  
 is based on probabilities derived from the MAGICC model in a setup identical to AR5 WGIII (Clarke et al., 2014), as detailed in Supplementary Material  2.SM.1.4. 

 * No pathways were available that achieve a greater than 66% probability of limiting warming below 1.5°C during the entire 21st century based on the MAGICC model projections.

 ** This chapter uses the term 1.5°C-consistent pathways to refer to pathways with no overshoot, with limited (low) overshoot, and with high overshoot. However, the Summary for Policymakers  
  focusses on pathways with no or limited (low) overshoot.

ranging from very rapid and deep near-term decreases, facilitated 
by efficiency and demand-side measures that lead to limited CDR 
requirements, to relatively slower but still rapid emissions reductions 
that lead to a temperature overshoot and necessitate large CDR 
deployment later in the century (Section 2.3).

2.1.4 Utility of Integrated Assessment Models 
(IAMs) in the Context of this Report

IAMs lie at the basis of the assessment of mitigation pathways in this 
chapter, as much of the quantitative global scenario literature is derived 
with such models. IAMs combine insights from various disciplines in a 
single framework, resulting in a dynamic description of the coupled 
energy–economy–land-climate system that cover the largest sources 
of anthropogenic greenhouse gas (GHG) emissions from different 
sectors. Many of the IAMs that contributed mitigation scenarios to this 
assessment include a process-based description of the land system in 
addition to the energy system (e.g., Popp et al., 2017), and several have 
been extended to cover air pollutants (Rao et al., 2017) and water use 
(Hejazi et al., 2014; Fricko et al., 2016; Mouratiadou et al., 2016). Such 
integrated pathways hence allow the exploration of the whole-system 
transformation, as well as the interactions, synergies, and trade-
offs between sectors, and, increasingly, questions beyond climate 
mitigation (von Stechow et al., 2015). The models do not, however, fully 
account for all constraints that could affect realization of pathways 
(see Chapter 4). 

Section 2.3 assesses the overall characteristics of 1.5°C pathways 
based on fully integrated pathways, while Sections 2.4 and 2.5 describe 
underlying sectoral transformations, including insights from sector-
specific assessment models and pathways that are not derived from 
IAMs. Such models provide detail in their domain of application and 
make exogenous assumptions about cross-sectoral or global factors. 
They often focus on a specific sector, such as the energy (Bruckner et 
al., 2014; IEA, 2017a; Jacobson, 2017; OECD/IEA and IRENA, 2017), 
buildings (Lucon et al., 2014) or transport (Sims et al., 2014) sector, or 

a specific country or region (Giannakidis et al., 2018). Sector-specific 
pathways are assessed in relation to integrated pathways because they 
cannot be directly linked to 1.5°C by themselves if they do not extend 
to 2100 or do not include all GHGs or aerosols from all sectors.

AR5 found sectoral 2°C decarbonization strategies from IAMs to be 
consistent with sector-specific studies (Clarke et al., 2014). A growing 
body of literature on 100%-renewable energy scenarios has emerged 
(e.g., see Creutzig et al., 2017; Jacobson et al., 2017), which goes 
beyond the wide range of IAM projections of renewable energy shares 
in 1.5°C and 2°C pathways. While the representation of renewable 
energy resource potentials, technology costs and system integration in 
IAMs has been updated since AR5, leading to higher renewable energy 
deployments in many cases (Luderer et al., 2017; Pietzcker et al., 2017), 
none of the IAM projections identify 100% renewable energy solutions 
for the global energy system as part of cost-effective mitigation 
pathways (Section 2.4.2). Bottom-up studies find higher mitigation 
potentials in the industry, buildings, and transport sectors in 2030 than 
realized in selected 2°C pathways from IAMs (UNEP 2017), indicating 
the possibility to strengthen sectoral decarbonization strategies until 
2030 beyond the integrated 1.5°C pathways assessed in this chapter 
(Luderer et al., 2018). 

Detailed, process-based IAMs are a diverse set of models ranging 
from partial equilibrium energy–land models to computable general 
equilibrium models of the global economy, from myopic to perfect 
foresight models, and from models with to models without endogenous 
technological change (Supplementary Material 2.SM.1.2). The IAMs 
used in this chapter have limited to no coverage of climate impacts. 
They typically use GHG pricing mechanisms to induce emissions 
reductions and associated changes in energy and land uses consistent 
with the imposed climate goal. The scenarios generated by these 
models are defined by the choice of climate goals and assumptions 
about near-term climate policy developments. They are also shaped 
by assumptions about mitigation potentials and technologies as well 
as baseline developments such as, for example, those represented by 
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different Shared Socio-Economic Pathways (SSPs), especially those 
pertaining to energy and food demand (Riahi et al., 2017). See Section 
2.3.1 for discussion of these assumptions. Since the AR5, the scenario 
literature has greatly expanded the exploration of these dimensions. 
This includes low-demand scenarios (Grubler et al., 2018; van Vuuren 
et al., 2018), scenarios taking into account a larger set of sustainable 
development goals (Bertram et al., 2018), scenarios with restricted 
availability of CDR technologies (Bauer et al., 2018; Grubler et al., 2018; 
Holz et al., 2018b; Kriegler et al., 2018a; Strefler et al., 2018b; van Vuuren 
et al., 2018), scenarios with near-term action dominated by regulatory 
policies (Kriegler et al., 2018a) and scenario variations across the 
SSPs (Riahi et al., 2017; Rogelj et al., 2018). IAM results depend upon 
multiple underlying assumptions, for example, the extent to which 
global markets and economies are assumed to operate frictionless 
and policies are cost-optimized, assumptions about technological 
progress and availability and costs of mitigation and CDR measures, 
assumptions about underlying socio-economic developments and 
future energy, food and materials demand, and assumptions about 
the geographic and temporal pattern of future regulatory and carbon 
pricing policies (see Supplementary Material  2.SM.1.2 for additional 
discussion on IAMs and their limitations).

2.2 Geophysical Relationships and Constraints

Emissions pathways can be characterized by various geophysical 
characteristics, such as radiative forcing (Masui et al., 2011; Riahi et 
al., 2011; Thomson et al., 2011; van Vuuren et al., 2011b), atmospheric 
concentrations (van Vuuren et al., 2007, 2011a; Clarke et al., 2014) or 
associated temperature outcomes (Meinshausen et al., 2009; Rogelj 
et al., 2011; Luderer et al., 2013). These attributes can be used to 
derive geophysical relationships for specific pathway classes, such as 
cumulative CO2 emissions compatible with a specific level of warming, 
also known as ‘carbon budgets’ (Meinshausen et al., 2009; Rogelj et al., 
2011; Stocker et al., 2013; Friedlingstein et al., 2014a), the consistent 
contributions of non-CO2 GHGs and aerosols to the remaining carbon 
budget (Bowerman et al., 2011; Rogelj et al., 2015a, 2016b), or to 
temperature outcomes (Lamarque et al., 2011; Bowerman et al., 2013; 
Rogelj et al., 2014b). This section assesses geophysical relationships for 
both CO2 and non-CO2 emissions (see glossary). 

2.2.1 Geophysical Characteristics of Mitigation Pathways

This section employs the pathway classification introduced in Section 
2.1, with geophysical characteristics derived from simulations with 
the MAGICC reduced-complexity carbon cycle and climate model and 
supported by simulations with the FAIR reduced-complexity model 
(Section 2.1). Within a specific category and between models, there 
remains a large degree of variance. Most pathways exhibit a temperature 
overshoot which has been highlighted in several studies focusing on 
stringent mitigation pathways (Huntingford and Lowe, 2007; Wigley 
et al., 2007; Nohara et al., 2015; Rogelj et al., 2015d; Zickfeld and 
Herrington, 2015; Schleussner et al., 2016; Xu and Ramanathan, 
2017). Only very few of the scenarios collected in the database for 
this report hold the average future warming projected by MAGICC 
below 1.5°C during the entire 21st century (Table 2.1, Figure 2.1). Most 

1.5°C-consistent pathways available in the database overshoot 1.5°C 
around mid-century before peaking and then reducing temperatures 
so as to return below that level in 2100. However, because of 
numerous geophysical uncertainties and model dependencies (Section 
2.2.1.1, Supplementary Material 2.SM.1.1), absolute temperature 
characteristics of the various pathway categories are more difficult to 
distinguish than relative features (Figure 2.1, Supplementary Material 
2.SM.1.1), and actual probabilities of overshoot are imprecise. However, 
all lines of evidence available for temperature projections indicate a 
probability greater than 50% of overshooting 1.5°C by mid-century in 
all but the most stringent pathways currently available (Supplementary 
Material 2.SM.1.1, 2.SM.1.4).

Most 1.5°C-consistent pathways exhibit a peak in temperature by mid-
century whereas 2°C-consistent pathways generally peak after 2050 
(Supplementary Material 2.SM.1.4). The peak in median temperature 
in the various pathway categories occurs about ten years before 
reaching net zero CO2 emissions due to strongly reduced annual 
CO2 emissions and deep reductions in CH4 emissions (Section 2.3.3). 
The two reduced-complexity climate models used in this assessment 
suggest that virtually all available 1.5°C-consistent pathways peak 
and then decline global mean temperature, but with varying rates 
of temperature decline after the peak (Figure 2.1). The estimated 
decadal rates of temperature change by the end of the century are 
smaller than the amplitude of the climate variability as assessed in AR5 
(1 standard deviation of about ±0.1°C), which hence complicates the 
detection of a global peak and decline of warming in observations on 
time scales of one to two decades (Bindoff et al., 2013). In comparison, 
many pathways limiting warming to 2°C or higher by 2100 still have 
noticeable increasing trends at the end of the century, and thus imply 
continued warming. 

By 2100, the difference between 1.5°C- and 2°C-consistent pathways 
becomes clearer compared to mid-century, not only for the temperature 
response (Figure 2.1) but also for atmospheric CO2 concentrations. In 
2100, the median CO2 concentration in 1.5°C-consistent pathways is 
below 2016 levels (Le Quéré et al., 2018), whereas it remains higher 
by about 5–10% compared to 2016 in the 2°C-consistent pathways. 

2.2.1.1 Geophysical uncertainties: non-CO2 forcing agents

Impacts of non-CO2 climate forcers on temperature outcomes are 
particularly important when evaluating stringent mitigation pathways 
(Weyant et al., 2006; Shindell et al., 2012; Rogelj et al., 2014b, 2015a; 
Samset et al., 2018). However, many uncertainties affect the role of 
non-CO2 climate forcers in stringent mitigation pathways.

A first uncertainty arises from the magnitude of the radiative forcing 
attributed to non-CO2 climate forcers. Figure 2.2 illustrates how, for 
one representative 1.5°C-consistent pathway (SSP2-1.9) (Fricko et al., 
2017; Rogelj et al., 2018), the effective radiative forcings as estimated 
by MAGICC and FAIR can differ (see Supplementary Material 2.SM1.1 
for further details). This large spread in non-CO2 effective radiative 
forcings leads to considerable uncertainty in the predicted temperature 
response. This uncertainty ultimately affects the assessed temperature 
outcomes for pathway classes used in this chapter (Section 2.1) and 
also affects the carbon budget (Section 2.2.2). Figure 2.2 highlights 
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Figure 2.1 |  Pathways classification overview. (a) Average global mean temperature increase relative to 2010 as projected by FAIR and MAGICC in 2030, 2050 and 
2100; (b) response of peak warming to cumulative CO2 emissions until net zero by MAGICC (red) and FAIR (blue); (c) decadal rate of average global mean temperature change 
from 2081 to 2100 as a function of the annual CO2 emissions averaged over the same period as given by FAIR (transparent squares) and MAGICC (filled circles). In panel (a), 
horizontal lines at 0.63°C and 1.13°C are indicative of the 1.5°C and 2°C warming thresholds with the respect to 1850–1900, taking into account the assessed historical 
warming of 0.87°C ±0.12°C between the 1850–1900 and 2006–2015 periods (Chapter 1, Section 1.2.1). In panel (a), vertical lines illustrate both the physical and the scenario 
uncertainty as captured by MAGICC and FAIR and show the minimal warming of the 5th percentile of projected warming and the maximal warming of the 95th percentile of 
projected warming per scenario class. Boxes show the interquartile range of mean warming across scenarios, and thus represent scenario uncertainty only. 

the important role of methane emissions reduction in this scenario, in 
agreement with the recent literature focussing on stringent mitigation 
pathways (Shindell et al., 2012; Rogelj et al., 2014b, 2015a; Stohl et al., 
2015; Collins et al., 2018).

For mitigation pathways that aim at halting and reversing radiative 
forcing increase during this century, the aerosol radiative forcing is a 
considerable source of uncertainty (Figure 2.2) (Samset et al., 2018; 
Smith et al., 2018). Indeed, reductions in SO2 (and NOx) emissions 
largely associated with fossil-fuel burning are expected to reduce the 
cooling effects of both aerosol radiative interactions and aerosol cloud 

interactions, leading to warming (Myhre et al., 2013; Samset et al., 
2018). A multimodel analysis (Myhre et al., 2017) and a study based 
on observational constraints (Malavelle et al., 2017) largely support 
the AR5 best estimate and uncertainty range of aerosol forcing. 
The partitioning of total aerosol radiative forcing between aerosol 
precursor emissions is important (Ghan et al., 2013; Jones et al., 
2018; Smith et al., 2018) as this affects the estimate of the mitigation 
potential from different sectors that have aerosol precursor emission 
sources. The total aerosol effective radiative forcing change in stringent 
mitigation pathways is expected to be dominated by the effects from 
the phase-out of SO2, although the magnitude of this aerosol-warming 
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Figure 2.2 |  Changes and uncertainties in effective radiative forcings (ERF) 
for one 1.5°C-consistent pathway (SSP2-19) as estimated by MAGICC 
and FAIR. The lines are indicative of the total effective radiative forcing from all 
anthropogenic sources (solid lines) and for non-CO2 agents only (dashed lines), as 
represented by MAGICC (red) and FAIR (blue) relative to 2010, respectively. Vertical 
bars show the mean radiative forcing as predicted by MAGICC and FAIR of relevant 
non-CO2 agents for year 2030, 2050 and 2100. The vertical lines give the uncertainty 
(1 standard deviation) of the ERFs for the represented species.

effect depends on how much of the present-day aerosol cooling is 
attributable to SO2, particularly the cooling associated with aerosol–
cloud interaction (Figure 2.2). Regional differences in the linearity of 
aerosol–cloud interactions (Carslaw et al., 2013; Kretzschmar et al., 
2017) make it difficult to separate the role of individual precursors. 
Precursors that are not fully mitigated will continue to affect the 
Earth system. If, for example, the role of nitrate aerosol cooling is at 
the strongest end of the assessed IPCC AR5 uncertainty range, future 
temperature increases may be more modest if ammonia emissions 
continue to rise (Hauglustaine et al., 2014). 

Figure 2.2 shows that there are substantial differences in the evolution 
of estimated effective radiative forcing of non-CO2 forcers between 
MAGICC and FAIR. These forcing differences result in MAGICC 
simulating a larger warming trend in the near term compared to both 
the FAIR model and the recent observed trends of 0.2°C per decade 
reported in Chapter 1 (Figure 2.1, Supplementary Material 2.SM.1.1, 
Chapter 1, Section 1.2.1.3). The aerosol effective forcing is stronger in 
MAGICC compared to either FAIR or the AR5 best estimate, though it 
is still well within the AR5 uncertainty range (Supplementary Material 
2.SM.1.1.1). A recent revision (Etminan et al., 2016) increases the 
methane forcing by 25%. This revision is used in the FAIR but not in the 
AR5 setup of MAGICC that is applied here. Other structural differences 
exist in how the two models relate emissions to concentrations that 
contribute to differences in forcing (see Supplementary Material 
2.SM.1.1.1).

Non-CO2 climate forcers exhibit a greater geographical variation in 
radiative forcings than CO2, which leads to important uncertainties in the 
temperature response  (Myhre et al., 2013). This uncertainty increases 
the relative uncertainty of the temperature pathways associated with 
low emission scenarios compared to high emission scenarios (Clarke 
et al., 2014). It is also important to note that geographical patterns 
of temperature change and other climate responses, especially those 
related to precipitation, depend significantly on the forcing mechanism 
(Myhre et al., 2013; Shindell et al., 2015; Marvel et al., 2016; Samset et 
al., 2016) (see also Chapter 3, Section 3.6.2.2).

2.2.1.2 Geophysical uncertainties: climate and Earth system 
feedbacks

Climate sensitivity uncertainty impacts future projections as well as 
carbon-budget estimates (Schneider et al., 2017). AR5 assessed the 
equilibrium climate sensitivity (ECS) to be likely in the 1.5°–4.5°C 
range, extremely unlikely less than 1°C and very unlikely greater 
than 6°C. The lower bound of this estimate is lower than the range 
of CMIP5 models (Collins et al., 2013). The evidence for the 1.5°C 
lower bound on ECS in AR5 was based on analysis of energy-budget 
changes over the historical period. Work since AR5 has suggested 
that the climate sensitivity inferred from such changes has been 
lower than the 2 × CO2 climate sensitivity for known reasons (Forster, 
2016; Gregory and Andrews, 2016; Rugenstein et al., 2016; Armour, 
2017; Ceppi and Gregory, 2017; Knutti et al., 2017; Proistosescu and 
Huybers, 2017). Both a revised interpretation of historical estimates 
and other lines of evidence based on analysis of climate models with 
the best representation of today’s climate (Sherwood et al., 2014; 
Zhai et al., 2015; Tan et al., 2016; Brown and Caldeira, 2017; Knutti 

et al., 2017) suggest that the lower bound of ECS could be revised 
upwards, which would decrease the chances of limiting warming 
below 1.5°C in assessed pathways. However, such a reassessment has 
been challenged (Lewis and Curry, 2018), albeit from a single line of 
evidence. Nevertheless, it is premature to make a major revision to the 
lower bound. The evidence for a possible revision of the upper bound 
on ECS is less clear, with cases argued from different lines of evidence 
for both decreasing (Lewis and Curry, 2015, 2018; Cox et al., 2018) 
and increasing (Brown and Caldeira, 2017) the bound presented in the 
literature. The tools used in this chapter employ ECS ranges consistent 
with the AR5 assessment. The MAGICC ECS distribution has not been 
selected to explicitly reflect this but is nevertheless consistent (Rogelj 
et al., 2014a). The FAIR model used here to estimate carbon budgets 
explicitly constructs log-normal distributions of ECS and transient 
climate response based on a multi-parameter fit to the AR5 assessed 
ranges of climate sensitivity and individual historic effective radiative 
forcings (Smith et al., 2018) (Supplementary Material 2.SM.1.1.1).

Several feedbacks of the Earth system, involving the carbon cycle, non-
CO2 GHGs and/or aerosols, may also impact the future dynamics of the 
coupled carbon–climate system’s response to anthropogenic emissions. 
These feedbacks are caused by the effects of nutrient limitation (Duce et 
al., 2008; Mahowald et al., 2017), ozone exposure (de Vries et al., 2017), 
fire emissions (Narayan et al., 2007) and changes associated with 
natural aerosols (Cadule et al., 2009; Scott et al., 2018). Among these 
Earth system feedbacks, the importance of the permafrost feedback’s 
influence has been highlighted in recent studies. Combined evidence 
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from both models (MacDougall et al., 2015; Burke et al., 2017; Lowe 
and Bernie, 2018) and field studies (like Schädel et al., 2014; Schuur et 
al., 2015) shows high agreement that permafrost thawing will release 
both CO2 and CH4 as the Earth warms, amplifying global warming. This 
thawing could also release N2O (Voigt et al., 2017a, b). Field, laboratory 
and modelling studies estimate that the vulnerable fraction in 
permafrost is about 5–15% of the permafrost soil carbon (~5300–5600 
GtCO2 in Schuur et al., 2015) and that carbon emissions are expected to 
occur beyond 2100 because of system inertia and the large proportion 
of slowly decomposing carbon in permafrost (Schädel et al., 2014). 
Published model studies suggest that a large part of the carbon release 
to the atmosphere is in the form of CO2 (Schädel et al., 2016), while the 
amount of CH4 released by permafrost thawing is estimated to be much 
smaller than that CO2. Cumulative CH4 release by 2100 under RCP2.6 
ranges from 0.13 to 0.45 Gt of methane (Burke et al., 2012; Schneider 
von Deimling et al., 2012, 2015), with fluxes being the highest in the 
middle of the century because of maximum thermokarst lake extent by 
mid-century (Schneider von Deimling et al., 2015). 

The reduced complexity climate models employed in this assessment 
do not take into account permafrost or non-CO2 Earth system 
feedbacks, although the MAGICC model has a permafrost module that 
can be enabled. Taking the current climate and Earth system feedbacks 
understanding together, there is a possibility that these models 
would underestimate the longer-term future temperature response to 
stringent emission pathways (Section 2.2.2).

2.2.2 The Remaining 1.5°C Carbon Budget

2.2.2.1 Carbon budget estimates

Since the AR5, several approaches have been proposed to estimate 
carbon budgets compatible with 1.5°C or 2°C. Most of these 
approaches indirectly rely on the approximate linear relationship 
between peak global mean temperature and cumulative emissions 
of carbon (the transient climate response to cumulative emissions of 
carbon, TCRE) (Collins et al., 2013; Friedlingstein et al., 2014a; Rogelj et 
al., 2016b), whereas others base their estimates on equilibrium climate 
sensitivity (Schneider et al., 2017). The AR5 employed two approaches 
to determine carbon budgets. Working Group I (WGI) computed 
carbon budgets from 2011 onwards for various levels of warming 
relative to the 1861–1880 period using RCP8.5 (Meinshausen et al., 
2011b; Stocker et al., 2013), whereas WGIII estimated their budgets 
from a set of available pathways that were assessed to have a >50% 
probability to exceed 1.5°C by mid-century, and return to 1.5°C or 
below in 2100 with greater than 66% probability (Clarke et al., 2014). 
These differences made AR5 WGI and WGIII carbon budgets difficult to 
compare as they are calculated over different time periods, are derived 
from a different sets of multi-gas and aerosol emission scenarios, 
and use different concepts of carbon budgets (exceedance for WGI, 
avoidance for WGIII) (Rogelj et al., 2016b; Matthews et al., 2017). 

Carbon budgets can be derived from CO2-only experiments as well 
as from multi-gas and aerosol scenarios. Some published estimates 
of carbon budgets compatible with 1.5°C or 2°C refer to budgets 
for CO2-induced warming only, and hence do not take into account 
the contribution of non-CO2 climate forcers (Allen et al., 2009; 

Matthews et al., 2009; Zickfeld et al., 2009; IPCC, 2013a). However, 
because the projected changes in non-CO2 climate forcers tend to 
amplify future warming, CO2-only carbon budgets overestimate the 
total net cumulative carbon emissions compatible with 1.5°C or 2°C 
(Friedlingstein et al., 2014a; Rogelj et al., 2016b; Matthews et al., 2017; 
Mengis et al., 2018; Tokarska et al., 2018). 

Since the AR5, many estimates of the remaining carbon budget for 
1.5°C have been published (Friedlingstein et al., 2014a; MacDougall 
et al., 2015; Peters, 2016; Rogelj et al., 2016b, 2018; Matthews et al., 
2017; Millar et al., 2017; Goodwin et al., 2018b; Kriegler et al., 2018b; 
Lowe and Bernie, 2018; Mengis et al., 2018; Millar and Friedlingstein, 
2018; Schurer et al., 2018; Séférian et al., 2018; Tokarska and Gillett, 
2018; Tokarska et al., 2018). These estimates cover a wide range as a 
result of differences in the models used, and of methodological choices, 
as well as physical uncertainties. Some estimates are exclusively model-
based while others are based on observations or on a combination of 
both. Remaining carbon budgets limiting warming below 1.5°C or 2°C 
that are derived from Earth system models of intermediate complexity 
(MacDougall et al., 2015; Goodwin et al., 2018a), IAMs (Luderer et al., 
2018; Rogelj et al., 2018), or are based on Earth-system model results 
(Lowe and Bernie, 2018; Séférian et al., 2018; Tokarska and Gillett, 
2018) give remaining carbon budgets of the same order of magnitude 
as the IPCC AR5 Synthesis Report (SYR) estimates (IPCC, 2014a). 
This is unsurprising as similar sets of models were used for the AR5 
(IPCC, 2013b). The range of variation across models stems mainly from 
either the inclusion or exclusion of specific Earth system feedbacks 
(MacDougall et al., 2015; Burke et al., 2017; Lowe and Bernie, 2018) or 
different budget definitions (Rogelj et al., 2018).

In contrast to the model-only estimates discussed above and employed 
in the AR5, this report additionally uses observations to inform its 
evaluation of the remaining carbon budget. Table 2.2 shows that the 
assessed range of remaining carbon budgets consistent with 1.5°C 
or 2°C is larger than the AR5 SYR estimate and is part way towards 
estimates constrained by recent observations (Millar et al., 2017; 
Goodwin et al., 2018a; Tokarska and Gillett, 2018). Figure 2.3 illustrates 
that the change since AR5 is, in very large part, due to the application 
of a more recent observed baseline to the historic temperature change 
and cumulative emissions; here adopting the baseline period of 2006–
2015 (see Chapter 1, Section 1.2.1). AR5 SYR Figures SPM.10 and 2.3 
already illustrated the discrepancy between models and observations, 
but did not apply this as a correction to the carbon budget because they 
were being used to illustrate the overall linear relationship between 
warming and cumulative carbon emissions in the CMIP5 models since 
1870, and were not specifically designed to quantify residual carbon 
budgets relative to the present for ambitious temperature goals. The 
AR5 SYR estimate was also dependent on a subset of Earth system 
models illustrated in Figure 2.3 of this report. Although, as outlined 
below and in Table 2.2, considerably uncertainties remain, there is high 
agreement across various lines of evidence assessed in this report that 
the remaining carbon budget for 1.5°C or 2°C would be larger than 
the estimates at the time of the AR5. However, the overall remaining 
budget for 2100 is assessed to be smaller than that derived from the 
recent observational-informed estimates, as Earth system feedbacks 
such as permafrost thawing reduce the budget applicable to centennial 
scales (see Section 2.2.2.2).
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2.2.2.2 CO2 and non-CO2 contributions to the remaining 
carbon budget

A remaining carbon budget can be estimated from calculating the 
amount of CO2 emissions consistent (given a certain value of TCRE) 
with an allowable additional amount of warming. Here, the allowable 
warming is the 1.5°C warming threshold minus the current warming 
taken as the 2006–2015 average, with a further amount removed to 
account for the estimated non-CO2 temperature contribution to the 
remaining warming (Peters, 2016; Rogelj et al., 2016b). This assessment 
uses the TCRE range from AR5 WGI (Collins et al., 2013) supported 
by estimates of non-CO2 contributions that are based on published 
methods and integrated pathways (Friedlingstein et al., 2014a; Allen et 
al., 2016, 2018; Peters, 2016; Smith et al., 2018). Table 2.2 and Figure 
2.3 show the assessed remaining carbon budgets and key uncertainties 
for a set of additional warming levels relative to the 2006–2015 period 
(see Supplementary Material 2.SM.1.1.2 for details). With an assessed 
historical warming of 0.87°C ± 0.12°C from 1850–1900 to 2006–2015 
(Chapter 1, Section 1.2.1), 0.63°C of additional warming would be 

Figure 2.3 |  Temperature changes from 1850–1900 versus cumulative CO2 emissions since 1st January 1876. Solid lines with dots reproduce the globally 
averaged near-surface air temperature response to cumulative CO2 emissions plus non-CO2 forcers as assessed in Figure SPM10 of WGI AR5, except that points marked with 
years relate to a particular year, unlike in WGI AR5 Figure SPM.10, where each point relates to the mean over the previous decade. The AR5 data was derived from 15 Earth 
system models and 5 Earth system models of Intermediate Complexity for the historic observations (black) and RCP8.5 scenario (red), and the red shaded plume shows the 
range across the models as presented in the AR5. The purple shaded plume and the line are indicative of the temperature response to cumulative CO2 emissions and non-CO2 
warming adopted in this report. The non-CO2 warming contribution is averaged from the MAGICC and FAIR models, and the purple shaded range assumes the AR5 WGI TCRE 
distribution (Supplementary Material 2.SM.1.1.2). The 2010 observation of surface temperature change (0.97°C based on 2006–2015 mean compared to 1850–1900, Chapter 
1, Section 1.2.1) and cumulative carbon dioxide emissions from 1876 to the end of 2010 of 1,930 GtCO2 (Le Quéré et al., 2018) is shown as a filled purple diamond. The value 
for 2017 based on the latest cumulative carbon emissions up to the end of 2017 of 2,220 GtCO2 (Version 1.3 accessed 22 May 2018) and a surface temperature anomaly of 
1.1°C based on an assumed temperature increase of 0.2°C per decade is shown as a hollow purple diamond. The thin blue line shows annual observations, with CO2 emissions 
from Le Quéré et al. (2018) and estimated globally averaged near-surface temperature from scaling the incomplete coverage and blended HadCRUT4 dataset in Chapter 1. The 
thin black line shows the CMIP5 multimodel mean estimate with CO2 emissions also from (Le Quéré et al., 2018). The thin black line shows the GMST historic temperature trends 
from Chapter 1, which give lower temperature changes up to 2006–2015 of 0.87°C and would lead to a larger remaining carbon budget. The dotted black lines illustrate the 
remaining carbon budget estimates for 1.5°C given in Table 2.2. Note these remaining budgets exclude possible Earth system feedbacks that could reduce the budget, such as 
CO2 and CH4 release from permafrost thawing and tropical wetlands (see Section 2.2.2.2).

approximately consistent with a global mean temperature increase 
of 1.5°C relative to pre-industrial levels. For this level of additional 
warming, remaining carbon budgets have been estimated (Table 2.2, 
Supplementary Material 2.SM.1.1.2). 

The remaining carbon budget calculation presented in the Table 
2.2 and illustrated in Figure 2.3 does not consider additional Earth 
system feedbacks such as permafrost thawing. These are uncertain 
but estimated to reduce the remaining carbon budget by an order of 
magnitude of about 100 GtCO2 and more thereafter. Accounting for 
such feedbacks would make the carbon budget more applicable for 
2100 temperature targets, but would also increase uncertainty (Table 
2.2 and see below). Excluding such feedbacks, the assessed range for 
the remaining carbon budget is estimated to be 840, 580, and 420 
GtCO2 for the 33rd, 50th and, 67th percentile of TCRE, respectively, 
with a median non-CO2 warming contribution and starting from 1 
January 2018 onward. Consistent with the approach used in the 
IPCC Fifth Assessment Report (IPCC, 2013b), the latter estimates 
use global near-surface air temperatures both over the ocean and 
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over land to estimate global surface temperature change since pre-
industrial. The global warming from the pre-industrial period until the 
2006–2015 reference period is estimated to amount to 0.97°C with 
an uncertainty range of about ±0.1°C (see Chapter 1, Section 1.2.1). 
Three methodological improvements lead to these estimates of the 
remaining carbon budget being about 300 GtCO2 larger than those 
reported in Table 2.2 of the IPCC AR5 SYR (IPCC, 2014a) (medium 
confidence). The AR5 used 15 Earth System Models (ESM) and 5 
Earth-system Models of Intermediate Complexity (EMIC) to derive an 
estimate of the remaining carbon budget. Their approach hence made 
implicit assumptions about the level of warming to date, the future 
contribution of non-CO2 emissions, and the temperature response 
to CO2 (TCRE). In this report, each of these aspects are considered 
explicitly. When estimating global warming until the 2006–2015 
reference period as a blend of near-surface air temperature over land 
and sea-ice regions, and sea-surface temperature over open ocean, 
by averaging the four global mean surface temperature time series 
listed in Chapter 1 Section 1.2.1, the global warming would amount 
to 0.87°C ±0.1°C. Using the latter estimate of historical warming and 
projecting global warming using global near-surface air temperatures 
from model projections leads to remaining carbon budgets for limiting 
global warming to 1.5°C of 1080, 770, and 570 GtCO2 for the 33rd, 
50th, and 67th percentile of TCRE, respectively. Note that future 
research and ongoing observations over the next years will provide a 
better indication as to how the 2006–2015 base period compares with 
the long-term trends and might affect the budget estimates. Similarly, 
improved understanding in Earth system feedbacks would result in a 
better quantification of their impacts on remaining carbon budgets for 
1.5°C and 2°C. 

After TCRE uncertainty, a major additional source of uncertainty is the 
magnitude of non-CO2 forcing and its contribution to the temperature 
change between the present day and the time of peak warming. 
Integrated emissions pathways can be used to ensure consistency 
between CO2 and non-CO2 emissions (Bowerman et al., 2013; Collins 
et al., 2013; Clarke et al., 2014; Rogelj et al., 2014b, 2015a; Tokarska et 
al., 2018). Friedlingstein et al. (2014a) used pathways with limited to 
no climate mitigation to find a variation due to non-CO2 contributions 
of about ±33% for a 2°C carbon budget. Rogelj et al. (2016b) showed 
no particular bias in non-CO2 radiative forcing or warming at the time 
of exceedance of 2°C or at peak warming between scenarios with 
increasing emissions and strongly mitigated scenarios (consistent 
with Stocker et al., 2013). However, clear differences of the non-
CO2 warming contribution at the time of deriving a 2°C-consistent 
carbon budget were reported for the four RCPs. Although the spread 
in non-CO2 forcing across scenarios can be smaller in absolute terms 
at lower levels of cumulative emissions, it can be larger in relative 
terms compared to the remaining carbon budget (Stocker et al., 2013; 
Friedlingstein et al., 2014a; Rogelj et al., 2016b). Tokarska and Gillett 
(2018) find no statistically significant differences in 1.5°C-consistent 
cumulative emissions budgets when calculated for different RCPs from 
consistent sets of CMIP5 simulations. 

The mitigation pathways assessed in this report indicate that emissions 
of non-CO2 forcers contribute an average additional warming of around 
0.15°C relative to 2006–2015 at the time of net zero CO2 emissions, 
reducing the remaining carbon budget by roughly 320 GtCO2. This 

arises from a weakening of aerosol cooling and continued emissions 
of non-CO2 GHGs (Sections 2.2.1, 2.3.3). This non-CO2 contribution 
at the time of net zero CO2 emissions varies by about ±0.1°C across 
scenarios, resulting in a carbon budget uncertainty of about ±250 
GtCO2, and takes into account marked reductions in methane emissions 
(Section 2.3.3). If these reductions are not achieved, remaining carbon 
budgets are further reduced. Uncertainties in the non-CO2 forcing and 
temperature response are asymmetric and can influence the remaining 
carbon budget by −400 to +200 GtCO2, with the uncertainty in aerosol 
radiative forcing being the largest contributing factor (Table 2.2). The 
MAGICC and FAIR models in their respective parameter setups and 
model versions used to assess the non-CO2 warming contribution give 
noticeable different non-CO2 effective radiative forcing and warming 
for the same scenarios while both being within plausible ranges of 
future response (Figure 2.2 and Supplementary Material 2.SM.1.1, 
2.SM.1.2). For this assessment, it is premature to assess the accuracy 
of their results, so it is assumed that both are equally representative 
of possible futures. Their non-CO2 warming estimates are therefore 
averaged for the carbon budget assessment and their differences used 
to guide the uncertainty assessment of the role of non-CO2 forcers. 
Nevertheless, the findings are robust enough to give high confidence 
that the changing emissions of non-CO2 forcers (particularly the 
reduction in cooling aerosol precursors) cause additional near-term 
warming and reduce the remaining carbon budget compared to the 
CO2-only budget. 

TCRE uncertainty directly impacts carbon budget estimates (Peters, 
2016; Matthews et al., 2017; Millar and Friedlingstein, 2018). Based 
on multiple lines of evidence, AR5 WGI assessed a likely range for 
TCRE of 0.2°–0.7°C per 1000 GtCO2 (Collins et al., 2013). The TCRE 
of the CMIP5 Earth system models ranges from 0.23°C to 0.66°C 
per 1000 GtCO2 (Gillett et al., 2013). At the same time, studies using 
observational constraints find best estimates of TCRE of 0.35°–0.41°C 
per 1000 GtCO2 (Matthews et al., 2009; Gillett et al., 2013; Tachiiri et 
al., 2015; Millar and Friedlingstein, 2018). This assessment continues 
to use the assessed AR5 TCRE range under the working assumption 
that TCRE is normally distributed (Stocker et al., 2013). Observation-
based estimates have reported log-normal distributions of TCRE (Millar 
and Friedlingstein, 2018). Assuming a log-normal instead of normal 
distribution of the assessed AR5 TCRE range would result in about a 
200 GtCO2 increase for the median budget estimates but only about 
half at the 67th percentile, while historical temperature uncertainty 
and uncertainty in recent emissions contribute ±150 and ±50 GtCO2 
to the uncertainty, respectively (Table 2.2).

Calculating carbon budgets from the TCRE requires the assumption 
that the instantaneous warming in response to cumulative CO2 
emissions equals the long-term warming or, equivalently, that 
the residual warming after CO2 emissions cease is negligible. The 
magnitude of this residual warming, referred to as the zero-emission 
commitment, ranges from slightly negative (i.e., a slight cooling) 
to slightly positive for CO2 emissions up to present-day (Chapter 1, 
Section 1.2.4) (Lowe et al., 2009; Frölicher and Joos, 2010; Gillett et 
al., 2011; Matthews and Zickfeld, 2012). The delayed temperature 
change from a pulse CO2 emission introduces uncertainties in emission 
budgets, which have not been quantified in the literature for budgets 
consistent with limiting warming to 1.5°C. As a consequence, this 
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uncertainty does not affect our carbon budget estimates directly but 
it is included as an additional factor in the assessed Earth system 
feedback uncertainty (as detailed below) of roughly 100 GtCO2 on 
decadal time scales presented in Table 2.2.

Remaining carbon budgets are further influenced by Earth system 
feedbacks not accounted for in CMIP5 models, such as the permafrost 
carbon feedback (Friedlingstein et al., 2014b; MacDougall et al., 2015; 
Burke et al., 2017; Lowe and Bernie, 2018), and their influence on 
the TCRE. Lowe and Bernie (2018) used a simple climate sensitivity 
scaling approach to estimate that Earth system feedbacks (such as 
CO2 released by permafrost thawing or methane released by wetlands) 
could reduce carbon budgets for 1.5°C and 2°C by roughly 100 
GtCO2 on centennial time scales. Their findings are based on an older 
understanding of Earth system feedbacks (Arneth et al., 2010). This 
estimate is broadly supported by more recent analysis of individual 
feedbacks. Schädel et al. (2014) suggest an upper bound of 24.4 PgC 
(90 GtCO2) emitted from carbon release from permafrost over the next 
forty years for a RCP4.5 scenario. Burke et al. (2017) use a single model 
to estimate permafrost emissions between 0.3 and 0.6 GtCO2 y

-1 from 
the point of 1.5°C stabilization, which would reduce the budget by 
around 20 GtCO2 by 2100. Comyn-Platt et al. (2018) include carbon 
and methane emissions from permafrost and wetlands and suggest the 
1.5°C remaining carbon budget is reduced by 116 GtCO2. Additionally, 
Mahowald et al. (2017) find there is possibility of 0.5–1.5 GtCO2 y

-1 
being released from aerosol-biogeochemistry changes if aerosol 
emissions cease. In summary, these additional Earth system feedbacks 
taken together are assessed to reduce the remaining carbon budget 
applicable to 2100 by an order of magnitude of 100 GtCO2, compared 
to the budgets based on the assumption of a constant TCRE presented 
in Table 2.2 (limited evidence, medium agreement), leading to overall 
medium confidence in their assessed impact. After 2100, the impact 
of additional Earth system feedbacks is expected to further reduce the 
remaining carbon budget (medium confidence).

The uncertainties presented in Table 2.2 cannot be formally combined, 
but current understanding of the assessed geophysical uncertainties 
suggests at least a ±50% possible variation for remaining carbon 
budgets for 1.5°C-consistent pathways. By the end of 2017, 
anthropogenic CO2 emissions since the pre-industrial period are 
estimated to have amounted to approximately 2200 ±320 GtCO2 
(medium confidence) (Le Quéré et al., 2018). When put in the context 
of year-2017 CO2 emissions (about 42 GtCO2 yr-1, ±3 GtCO2 yr-1, high 
confidence) (Le Quéré et al., 2018), a remaining carbon budget of 
580 GtCO2 (420 GtCO2) suggests meeting net zero global CO2 emissions 
in about 30 years (20 years) following a linear decline starting from 
2018 (rounded to the nearest five years), with a variation of ±15–20 
years due to the geophysical uncertainties mentioned above (high 
confidence).

The remaining carbon budgets assessed in this section are consistent 
with limiting peak warming to the indicated levels of additional 
warming. However, if these budgets are exceeded and the use of 
CDR (see Sections 2.3 and 2.4) is envisaged to return cumulative 
CO2 emissions to within the carbon budget at a later point in time, 
additional uncertainties apply because the TCRE is different under 
increasing and decreasing atmospheric CO2 concentrations due to 

ocean thermal and carbon cycle inertia (Herrington and Zickfeld, 2014; 
Krasting et al., 2014; Zickfeld et al., 2016). This asymmetrical behaviour 
makes carbon budgets path-dependent in the case of a budget and/or 
temperature overshoot (MacDougall et al., 2015). Although potentially 
large for scenarios with large overshoot (MacDougall et al., 2015), this 
path-dependence of carbon budgets has not been well quantified for 
1.5°C- and 2°C-consistent scenarios and as such remains an important 
knowledge gap. This assessment does not explicitly account for path 
dependence but takes it into consideration for its overall confidence 
assessment. 

This assessment finds a larger remaining budget from the 2006–2015 
base period than the 1.5°C and 2°C remaining budgets inferred from 
AR5 from the start of 2011, which were approximately 1000 GtCO2 
for the 2°C (66% of model simulations) and approximately 400 GtCO2 
for the 1.5°C budget (66% of model simulations). In contrast, this 
assessment finds approximately 1600 GtCO2 for the 2°C (66th TCRE 
percentile) and approximately 860 GtCO2 for the 1.5°C budget (66th 
TCRE percentile) from 2011. However, these budgets are not directly 
equivalent as AR5 reported budgets for fractions of CMIP5 simulations 
and other lines of evidence, while this report uses the assessed range 
of TCRE and an assessment of the non-CO2 contribution at net zero CO2 
emissions to provide remaining carbon budget estimates at various 
percentiles of TCRE. Furthermore, AR5 did not specify remaining 
budgets to carbon neutrality as we do here, but budgets until the time 
the temperature limit of interest was reached, assuming negligible zero 
emission commitment and taking into account the non-CO2 forcing at 
that point in time.

In summary, although robust physical understanding underpins the 
carbon budget concept, relative uncertainties become larger as a 
specific temperature limit is approached. For the budget, applicable 
to the mid-century, the main uncertainties relate to the TCRE, non-CO2 
emissions, radiative forcing and response. For 2100, uncertain Earth 
system feedbacks such as permafrost thawing would further reduce 
the available budget. The remaining budget is also conditional upon 
the choice of baseline, which is affected by uncertainties in both 
historical emissions, and in deriving the estimate of globally averaged 
human-induced warming. As a result, only medium confidence can be 
assigned to the assessed remaining budget values for 1.5°C and 2.0°C 
and their uncertainty.
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Additional 
Warming 

since  
2006–2015 

[°C]*(1)

Approximate 
Warming 

since  
1850–1900 

[°C]*(1)

Remaining Carbon Budget 
(Excluding Additional 

Earth System Feedbacks*(5))
[GtCO2 from 1.1.2018]*(2)

Key Uncertainties and Variations*(4)

Percentiles of TCRE 
*(3)

Earth System 
Feedbacks 

*(5)

Non-CO2 
scenario 
variation 

*(6)

Non-CO2 
forcing and 
response 

uncertainty

TCRE 
distribution 
uncertainty 

*(7)

Historical 
temperature 
uncertainty 

*(1)

Recent 
emissions 

uncertainty 
*(8)

33rd 50th 67th [GtCO2] [GtCO2] [GtCO2] [GtCO2] [GtCO2] [GtCO2]

0.3  290 160 80  

Budgets on 
the left are 
reduced by 
about  –100 

on centennial 
time scales

0.4  530 350 230

0.5  770 530 380

0.53 ~1.5°C 840 580 420 ±250 –400 to +200 +100 to +200 ±250 ±20

0.6  1010 710 530

0.63 1080 770 570

0.7  1240 900 680

0.78  1440 1040 800

0.8  1480 1080 830

0.9  1720 1260 980

1  1960 1450 1130

1.03 ~2°C  2030 1500 1170

1.1 2200 1630 1280

1.13 2270 1690 1320

1.2  2440 1820 1430

Notes: 
*(1) Chapter 1 has assessed historical warming between the 1850–1900 and 2006–2015 periods to be 0.87°C with a ±0.12°C likely (1-standard deviation) range, and global near-surface air  
 temperature to be 0.97°C. The temperature changes from the 2006–2015 period are expressed in changes of global near-surface air temperature. 

*(2) Historical CO2 emissions since the middle of the 1850–1900 historical base period (mid-1875) are estimated at 1940 GtCO2 (1640–2240 GtCO2, one standard deviation range) until end  
 2010. Since 1 January 2011, an additional 290 GtCO2 (270–310 GtCO2, one sigma range) has been emitted until the end of 2017 (Le Quéré et al., 2018).  

*(3) TCRE: transient climate response to cumulative emissions of carbon, assessed by AR5 to fall likely between 0.8–2.5°C/1000 PgC (Collins et al., 2013), considering a normal distribution  
 consistent with AR5 (Stocker et al., 2013). Values are rounded to the nearest 10 GtCO2.

*(4) Focussing on the impact of various key uncertainties on median budgets for 0.53°C of additional warming.

*(5) Earth system feedbacks include CO2 released by permafrost thawing or methane released by wetlands, see main text. 

*(6) Variations due to different scenario assumptions related to the future evolution of non-CO2 emissions.

*(7) The distribution of TCRE is not precisely defined. Here the influence of assuming a lognormal instead of a normal distribution shown. 

*(8) Historical emissions uncertainty reflects the uncertainty in historical emissions since 1 January 2011. 

Table 2.2 | The assessed remaining carbon budget and its uncertainties. Shaded blue horizontal bands illustrate the uncertainty in historical temperature increase  
 from the 1850–1900 base period until the 2006–2015 period as estimated from global near-surface air temperatures, which impacts the additional warming   
 until a specific temperature limit like 1.5°C or 2°C relative to the 1850–1900 period. Shaded grey cells indicate values for when historical temperature increase  
 is estimated from a blend of near-surface air temperatures over land and sea ice regions and sea-surface temperatures over oceans.

2.3 Overview of 1.5°C Mitigation Pathways 

Limiting global mean temperature increase at any level requires global 
CO2 emissions to become net zero at some point in the future (Zickfeld 
et al., 2009; Collins et al., 2013). At the same time, limiting the residual 
warming of short-lived non-CO2 emissions can be achieved by reducing 
their annual emissions as much as possible (Section 2.2, Cross-Chapter 
Box 2 in Chapter 1). This would require large-scale transformations of 
the global energy–agriculture–land-economy system, affecting the 
way in which energy is produced, agricultural systems are organized, 
and food, energy and materials are consumed (Clarke et al., 2014). This 
section assesses key properties of pathways consistent with limiting 
global mean temperature to 1.5°C relative to pre-industrial levels, 
including their underlying assumptions and variations.

Since the AR5, an extensive body of literature has appeared on integrated 
pathways consistent with 1.5°C (Section 2.1) (Rogelj et al., 2015b, 2018; 
Akimoto et al., 2017; Löffler et al., 2017; Marcucci et al., 2017; Su et al., 
2017; Bauer et al., 2018; Bertram et al., 2018; Grubler et al., 2018; Holz 
et al., 2018b; Kriegler et al., 2018a; Liu et al., 2018; Luderer et al., 2018; 
Strefler et al., 2018a; van Vuuren et al., 2018; Vrontisi et al., 2018; Zhang 
et al., 2018). These pathways have global coverage and represent all 
GHG-emitting sectors and their interactions. Such integrated pathways 
allow the exploration of the whole-system transformation, and hence 
provide the context in which the detailed sectoral transformations 
assessed in Section 2.4 of this chapter are taking place.

The overwhelming majority of published integrated pathways have 
been developed by global IAMs that represent key societal systems 
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and their interactions, like the energy system, agriculture and land use, 
and the economy (see Section 6.2 in Clarke et al., 2014). Very often 
these models also include interactions with a representation of the 
geophysical system, for example, by including spatially explicit land 
models or carbon cycle and climate models. The complex features of 
these subsystems are approximated and simplified in these models. 
IAMs are briefly introduced in Section 2.1 and important knowledge 
gaps identified in Section 2.6. An overview to the use, scope and 
limitations of IAMs is provided in Supplementary Material 2.SM.1.2.

The pathway literature is assessed in two ways in this section. First, 
various insights on specific questions reported by studies can be assessed 
to identify robust or divergent findings. Second, the combined body of 
scenarios can be assessed to identify salient features of pathways in line 
with a specific climate goal across a wide range of models. The latter 
can be achieved by assessing pathways available in the database to 
this assessment (Section 2.1, Supplementary Material 2.SM.1.2–4). The 
ensemble of scenarios available to this assessment is an ensemble of 
opportunity: it is a collection of scenarios from a diverse set of studies 
that was not developed with a common set of questions and a statistical 
analysis of outcomes in mind. This means that ranges can be useful to 
identify robust and sensitive features across available scenarios and 
contributing modelling frameworks, but do not lend themselves to a 
statistical interpretation. To understand the reasons underlying the ranges, 
an assessment of the underlying scenarios and studies is required. To this 
end, this section highlights illustrative pathway archetypes that help to 
clarify the variation in assessed ranges for 1.5°C-consistent pathways.

2.3.1 Range of Assumptions Underlying 1.5°C Pathways 

Earlier assessments have highlighted that there is no single pathway to 
achieve a specific climate objective (e.g., Clarke et al., 2014). Pathways 
depend on the underlying development processes, and societal 
choices, which affect the drivers of projected future baseline emissions. 
Furthermore, societal choices also affect climate change solutions in 
pathways, like the technologies that are deployed, the scale at which 
they are deployed, or whether solutions are globally coordinated.  
A key finding is that 1.5°C-consistent pathways could be identified 
under a considerable range of assumptions in model studies despite 
the tightness of the 1.5°C emissions budget (Figures 2.4, 2.5) (Rogelj 
et al., 2018).

The AR5 provided an overview of how differences in model structure 
and assumptions can influence the outcome of transformation 
pathways (Section 6.2 in Clarke et al., 2014, as well as Table A.II.14 
in Krey et al., 2014b) and this was further explored by the modelling 
community in recent years with regard to, e.g., socio-economic drivers 
(Kriegler et al., 2016; Marangoni et al., 2017; Riahi et al., 2017), 
technology assumptions (Bosetti et al., 2015; Creutzig et al., 2017; 
Pietzcker et al., 2017), and behavioural factors (van Sluisveld et al., 
2016; McCollum et al., 2017).  

2.3.1.1 Socio-economic drivers and the demand for 
energy and land in 1.5°C pathways

There is deep uncertainty about the ways humankind will use energy 
and land in the 21st century. These ways are intricately linked to 

future population levels, secular trends in economic growth and 
income convergence, behavioural change and technological progress. 
These dimensions have been recently explored in the context of 
the SSPs (Kriegler et al., 2012; O’Neill et al., 2014), which provide 
narratives (O’Neill et al., 2017) and quantifications (Crespo Cuaresma, 
2017; Dellink et al., 2017; KC and Lutz, 2017; Leimbach et al., 2017; 
Riahi et al., 2017) of different world futures across which scenario 
dimensions are varied to explore differential challenges to adaptation 
and mitigation (Cross-Chapter Box 1 in Chapter 1). This framework 
is increasingly adopted by IAMs to systematically explore the impact 
of socio-economic assumptions on mitigation pathways (Riahi et al., 
2017), including 1.5°C-consistent pathways (Rogelj et al., 2018). The 
narratives describe five worlds (SSP1–5) with different socio-economic 
predispositions to mitigate and adapt to climate change (Table 2.3). As 
a result, population and economic growth projections can vary strongly 
across integrated scenarios, including available 1.5°C-consistent 
pathways (Figure 2.4). For example, based on alternative future 
fertility, mortality, migration and educational assumptions, population 
projections vary between 8.5 and 10.0 billion people by 2050 and 
between 6.9 and 12.6 billion people by 2100 across the SSPs. An 
important factor for these differences is future female educational 
attainment, with higher attainment leading to lower fertility rates and 
therefore decreased population growth up to a level of 1 billion people 
by 2050 (Lutz and KC, 2011; Snopkowski et al., 2016; KC and Lutz, 
2017). Consistent with population development, GDP per capita also 
varies strongly in SSP baselines, ranging from about 20 to more than 
50 thousand USD2010 per capita in 2050 (in purchasing power parity 
values, PPP), in part driven by assumptions on human development, 
technological progress and development convergence between and 
within regions (Crespo Cuaresma, 2017; Dellink et al., 2017; Leimbach 
et al., 2017). Importantly, none of the GDP projections in the mitigation 
pathway literature assessed in this chapter included the feedback of 
climate damages on economic growth (Hsiang et al., 2017). 

Baseline projections for energy-related GHG emissions are sensitive to 
economic growth assumptions, while baseline projections for land-use 
emissions are more directly affected by population growth (assuming 
unchanged land productivity and per capita demand for agricultural 
products) (Kriegler et al., 2016). SSP-based modelling studies of 
mitigation pathways have identified high challenges to mitigation 
for worlds with a focus on domestic issues and regional security 
combined with high population growth (SSP3), and for worlds with 
rapidly growing resource and fossil-fuel intensive consumption (SSP5) 
(Riahi et al., 2017). No model could identify a 2°C-consistent pathway 
for SSP3, and high mitigation costs were found for SSP5. This picture 
translates to 1.5°C-consistent pathways that have to remain within 
even tighter emissions constraints (Rogelj et al., 2018). No model 
found a 1.5°C-consistent pathway for SSP3 and some models could not 
identify 1.5°C-consistent pathways for SSP5 (2 of 4 models, compared 
to 1 of 4 models for 2°C-consistent pathways). The modelling analysis 
also found that the effective control of land-use emissions becomes 
even more critical in 1.5°C-consistent pathways. Due to high inequality 
levels in SSP4, land use can be less well managed. This caused 2 of 
3 models to no longer find an SSP4-based 1.5°C-consistent pathway 
even though they identified SSP4-based 2°C-consistent pathways at 
relatively moderate mitigation costs (Riahi et al., 2017). Rogelj et al. 
(2018) further reported that all six participating models identified 
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1.5°C-consistent pathways in a sustainability oriented world (SSP1) and 
four of six models found 1.5°C-consistent pathways for middle-of-the-
road developments (SSP2). These results show that 1.5°C-consistent 
pathways can be identified under a broad range of assumptions, but 
that lack of global cooperation (SSP3), high inequality (SSP4) and/or 
high population growth (SSP3) that limit the ability to control land use 
emissions, and rapidly growing resource-intensive consumption (SSP5) 
are key impediments. 

Figure 2.4 compares the range of underlying socio-economic 
developments as well as energy and food demand in available 
1.5°C-consistent pathways with the full set of published scenarios 
that were submitted to this assessment. While 1.5°C-consistent 
pathways broadly cover the full range of population and economic 
growth developments (except for the high population development 
in SSP3-based scenarios), they tend to cluster on the lower end for 
energy and food demand. They still encompass, however, a wide range 
of developments from decreasing to increasing demand levels relative 
to today. For the purpose of this assessment, a set of four illustrative 
1.5°C-consistent pathway archetypes were selected to show the 
variety of underlying assumptions and characteristics (Figure 2.4). They 
comprise three 1.5°C-consistent pathways based on the SSPs (Rogelj 
et al., 2018): a sustainability oriented scenario (S1 based on SSP1) 
developed with the AIM model (Fujimori, 2017), a fossil-fuel intensive 

and high energy demand scenario (S5, based on SSP5) developed with 
the REMIND-MAgPIE model (Kriegler et al., 2017), and a middle-of-
the-road scenario (S2, based on SSP2) developed with the MESSAGE-
GLOBIOM model (Fricko et al., 2017). In addition, we include a scenario 
with low energy demand (LED) (Grubler et al., 2018), which reflects 
recent literature with a stronger focus on demand-side measures 
(Bertram et al., 2018; Grubler et al., 2018; Liu et al., 2018; van Vuuren 
et al., 2018). Pathways LED, S1, S2, and S5 are referred to as P1, P2, P3, 
and P4 in the Summary for Policymakers.

2.3.1.2 Mitigation options in 1.5°C pathways

In the context of 1.5°C pathways, the portfolio of mitigation options 
available to the model becomes an increasingly important factor. IAMs 
include a wide variety of mitigation options, as well as measures that 
achieve CDR from the atmosphere (Krey et al., 2014a, b) (see Chapter 4, 
Section 4.3 for a broad assessment of available mitigation measures). 
For the purpose of this assessment, we elicited technology availability 
in models that submitted scenarios to the database as summarized 
in Supplementary Material 2.SM.1.2, where a detailed picture of the 
technology variety underlying available 1.5°C-consistent pathways 
is provided. Modelling choices on whether a particular mitigation 
measure is included are influenced by an assessment of its global 
mitigation potential, the availability of data and literature describing 

Socio-Economic 
Challenges to 

Mitigation

Socio-Economic Challenges to Adaptation

Low Medium High

High

SSP5: Fossil-fuelled development
• low population
• very high economic growth per capita
• high human development
• high technological progress
• ample fossil fuel resources
• very resource intensive lifestyles
• high energy and food demand per capita
• economic convergence and global cooperation

SSP3: Regional rivalry
• high population
• low economic growth per capita
• low human development
• low technological progress
• resource-intensive lifestyles
• resource-constrained energy and food demand 
   per capita
• focus on regional food and energy security
• regionalization and lack of global cooperation

Medium

SSP2: Middle of the road
• medium population
• medium and uneven economic growth
• medium and uneven human development
• medium and uneven technological progress
• resource-intensive lifestyles
• medium and uneven energy and food demand 
   per capita
• limited global cooperation and economic convergence

Low

SSP1: Sustainable development
• low population
• high economic growth per capita
• high human development
• high technological progress
• environmentally oriented technological and 
   behavioural change
• resource-efficient lifestyles
• low energy and food demand per capita
• economic convergence and global cooperation

SSP4: Inequality
• Medium to high population
• Unequal low to medium economic 
   growth per capita
• Unequal low to medium human development
• unequal technological progress: high in globalized   
   high-tech sectors, slow in domestic sectors
• unequal lifestyles and energy /food consumption:  
   resource intensity depending on income
• Globally connected elite, disconnected domestic 
   work forces

Table 2.3 | Key Characteristics of the Five Shared Socio-Economic Pathways (SSPs) (O’Neill et al., 2017). 
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S1
S2
S5
LED
All scenarios
1.5C pathways

(a) (b)

(c) (d)

Figure 2.4 |  Range of assumptions about socio-economic drivers and projections for energy and food demand in the pathways available to this 
assessment. 1.5°C-consistent pathways are blue, other pathways grey. Trajectories for the illustrative 1.5°C-consistent archetypes used in this Chapter (LED, S1, S2, S5; 
referred to as P1, P2, P3, and P4 in the Summary for Policymakers.) are highlighted. S1 is a sustainability oriented scenario, S2 is a middle-of-the-road scenario, and S5 is a 
fossil-fuel intensive and high energy demand scenario. LED is a scenario with particularly low energy demand. Population assumptions in S2 and LED are identical. Panels show 
(a) world population, (b) gross world product in purchasing power parity values, (c) final energy demand, and (d) food demand. 

its techno-economic characteristics and future prospects, and the 
computational challenge of representing the measure, e.g., in terms of 
required spatio-temporal and process detail.

This elicitation (Supplementary Material 2.SM.1.2) confirms that 
IAMs cover most supply-side mitigation options on the process level, 
while many demand-side options are treated as part of underlying 
assumptions, which can be varied (Clarke et al., 2014). In recent years, 
there has been increasing attention on improving the modelling 
of integrating variable renewable energy into the power system 
(Creutzig et al., 2017; Luderer et al., 2017; Pietzcker et al., 2017) and 
of behavioural change and other factors influencing future demand 
for energy and food (van Sluisveld et al., 2016; McCollum et al., 2017; 
Weindl et al., 2017), including in the context of 1.5°C-consistent 
pathways (Grubler et al., 2018; van Vuuren et al., 2018). The literature 
on the many diverse CDR options only recently started to develop 
strongly (Minx et al., 2017) (see Chapter 4, Section 4.3.7 for a detailed 
assessment), and hence these options are only partially included in 
IAM analyses. IAMs mostly incorporate afforestation and bioenergy 
with carbon capture and storage (BECCS) and only in few cases also 
include direct air capture with CCS (DACCS) (Chen and Tavoni, 2013; 
Marcucci et al., 2017; Strefler et al., 2018b). 

Several studies have either directly or indirectly explored the 
dependence of 1.5°C-consistent pathways on specific (sets of) 
mitigation and CDR technologies (Bauer et al., 2018; Grubler et al., 

2018; Holz et al., 2018b; Kriegler et al., 2018a; Liu et al., 2018; Rogelj et 
al., 2018; Strefler et al., 2018b; van Vuuren et al., 2018). However, there 
are a few potentially disruptive technologies that are typically not yet 
well covered in IAMs and that have the potential to alter the shape of 
mitigation pathways beyond the ranges in the IAM-based literature. 
Those are also included in Supplementary Material 2.SM.1.2. The 
configuration of carbon-neutral energy systems projected in mitigation 
pathways can vary widely, but they all share a substantial reliance 
on bioenergy under the assumption of effective land-use emissions 
control. There are other configurations with less reliance on bioenergy 
that are not yet comprehensively covered by global mitigation pathway 
modelling. One approach is to dramatically reduce and electrify energy 
demand for transportation and manufacturing to levels that make 
residual non-electric fuel use negligible or replaceable by limited 
amounts of electrolytic hydrogen. Such an approach is presented in 
a first-of-its kind low-energy-demand scenario (Grubler et al., 2018) 
which is part of this assessment. Other approaches rely less on energy 
demand reductions, but employ cheap renewable electricity to push 
the boundaries of electrification in the industry and transport sectors 
(Breyer et al., 2017; Jacobson, 2017). In addition, these approaches 
deploy renewable-based Power-2-X (read: Power to “x”) technologies 
to substitute residual fossil-fuel use (Brynolf et al., 2018). An important 
element of carbon-neutral Power-2-X applications is the combination 
of hydrogen generated from renewable electricity and CO2 captured 
from the atmosphere (Zeman and Keith, 2008). Alternatively, algae 
are considered as a bioenergy source with more limited implications 
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for land use and agricultural systems than energy crops (Williams and 
Laurens, 2010; Walsh et al., 2016; Greene et al., 2017).

Furthermore, a range of measures could radically reduce agricultural 
and land-use emissions and are not yet well-covered in IAM modelling. 
This includes plant-based proteins (Joshi and Kumar, 2015) and cultured 
meat (Post, 2012) with the potential to substitute for livestock products 
at much lower GHG footprints (Tuomisto and Teixeira de Mattos, 2011). 
Large-scale use of synthetic or algae-based proteins for animal feed 
could free pasture land for other uses (Madeira et al., 2017; Pikaar et al., 
2018). Novel technologies such as methanogen inhibitors and vaccines 
(Wedlock et al., 2013; Hristov et al., 2015; Herrero et al., 2016; Subharat 
et al., 2016) as well as synthetic and biological nitrification inhibitors 
(Subbarao et al., 2013; Di and Cameron, 2016) could substantially 
reduce future non-CO2 emissions from agriculture if commercialized 
successfully. Enhancing carbon sequestration in soils (Paustian et al., 
2016; Frank et al., 2017; Zomer et al., 2017) can provide the dual benefit 
of CDR and improved soil quality. A range of conservation, restoration 
and land management options can also increase terrestrial carbon 
uptake (Griscom et al., 2017). In addition, the literature discusses 
CDR measures to permanently sequester atmospheric carbon in rocks 
(mineralization and enhanced weathering, see Chapter 4, Section 
4.3.7) as well as carbon capture and usage in long-lived products like 
plastics and carbon fibres (Mazzotti et al., 2005; Hartmann et al., 2013). 
Progress in the understanding of the technical viability, economics and 
sustainability of these ways to achieve and maintain carbon neutral 
energy and land use can affect the characteristics, costs and feasibility 
of 1.5°C-consistent pathways significantly. 

2.3.1.3 Policy assumptions in 1.5°C pathways

Besides assumptions related to socio-economic drivers and mitigation 
technology, scenarios are also subject to assumptions about the 
mitigation policies that can be put in place. Mitigation policies can 
either be applied immediately in scenarios or follow staged or delayed 
approaches. Policies can span many sectors (e.g., economy-wide carbon 
pricing), or policies can be applicable to specific sectors only (like the 
energy sector) with other sectors (e.g., the agricultural or the land-use 
sector) treated differently. These variations can have an important 
impact on the ability of models to generate scenarios compatible with 
stringent climate targets like 1.5°C (Luderer et al., 2013; Rogelj et al., 
2013b; Bertram et al., 2015b; Kriegler et al., 2018a; Michaelowa et al., 
2018). In the scenario ensemble available to this assessment, several 
variations of near-term mitigation policy implementation can be found: 
immediate and cross-sectoral global cooperation from 2020 onward 
towards a global climate objective, a phase-in of globally coordinated 
mitigation policy from 2020 to 2040, and a more short-term oriented 
and regionally diverse global mitigation policy, following NDCs until 
2030 (Kriegler et al., 2018a; Luderer et al., 2018; McCollum et al., 2018; 
Rogelj et al., 2018; Strefler et al., 2018b). For example, the above-
mentioned SSP quantifications assume regionally scattered mitigation 
policies until 2020, and vary in global convergence thereafter (Kriegler 
et al., 2014a; Riahi et al., 2017). The impact of near-term policy choices 
on 1.5°C-consistent pathways is discussed in Section 2.3.5. The 
literature has also explored 1.5°C-consistent pathways that build on 
a portfolio of policy approaches until 2030, including the combination 
of regulatory policies and carbon pricing (Kriegler et al., 2018a), 

and a variety of ancillary policies to safeguard other sustainable 
development goals (Bertram et al., 2018; van Vuuren et al., 2018). 
A further discussion of policy implications of 1.5°C-consistent pathways 
is provided in Section 2.5.1, while a general discussion of policies and 
options to strengthen action are subject of Chapter 4, Section 4.4.  

2.3.2 Key Characteristics of 1.5°C Pathways

1.5°C-consistent pathways are characterized by a rapid phase out 
of CO2 emissions and deep emissions reductions in other GHGs and 
climate forcers (Section 2.2.2 and 2.3.3). This is achieved by broad 
transformations in the energy; industry; transport; buildings; and 
agriculture, forestry and other land-use (AFOLU) sectors (Section 2.4) 
(Bauer et al., 2018; Grubler et al., 2018; Holz et al., 2018b; Kriegler 
et al., 2018b; Liu et al., 2018; Luderer et al., 2018; Rogelj et al., 
2018; van Vuuren et al., 2018; Zhang et al., 2018). Here we assess 
1.5°C-consistent pathways with and without overshoot during 
the 21st century. One study also explores pathways overshooting 
1.5°C for longer than the 21st century (Akimoto et al., 2017), but 
these are not considered 1.5°C-consistent pathways in this report 
(Chapter 1, Section 1.1.3). This subsection summarizes robust and 
varying properties of 1.5°C-consistent pathways regarding system 
transformations, emission reductions and overshoot. It aims to provide 
an introduction to the detailed assessment of the emissions evolution 
(Section 2.3.3), CDR deployment (Section 2.3.4), energy (Section 2.4.1, 
2.4.2), industry (2.4.3.1), buildings (2.4.3.2), transport (2.4.3.3) and 
land-use transformations (Section 2.4.4) in 1.5°C-consistent pathways. 
Throughout Sections 2.3 and 2.4, pathway properties are highlighted 
with four 1.5°C-consistent pathway archetypes (LED, S1, S2, S5; referred 
to as P1, P2, P3, and P4 in the Summary for Policymakers) covering a 
wide range of different socio-economic and technology assumptions 
(Figure 2.5, Section 2.3.1). 

2.3.2.1 Variation in system transformations underlying 1.5°C 
pathways

Be it for the energy, transport, buildings, industry, or AFOLU sector, 
the literature shows that multiple options and choices are available in 
each of these sectors to pursue stringent emissions reductions (Section 
2.3.1.2, Supplementary Material 2.SM.1.2, Chapter 4, Section 4.3). 
Because the overall emissions total under a pathway is limited by a 
geophysical carbon budget (Section 2.2.2), choices in one sector affect 
the efforts that are required from others (Clarke et al., 2014). A robust 
feature of 1.5°C-consistent pathways, as highlighted by the set of 
pathway archetypes in Figure 2.5, is a virtually full decarbonization of the 
power sector around mid-century, a feature shared with 2°C-consistent 
pathways. The additional emissions reductions in 1.5°C-consistent 
compared to 2°C-consistent pathways come predominantly from the 
transport and industry sectors (Luderer et al., 2018). Emissions can be 
apportioned differently across sectors, for example, by focussing on 
reducing the overall amount of CO2 produced in the energy end-use 
sectors, and using limited contributions of CDR by the AFOLU sector 
(afforestation and reforestation, S1 and LED pathways in Figure 2.5) 
(Grubler et al., 2018; Holz et al., 2018b; van Vuuren et al., 2018), or 
by being more lenient about the amount of CO2 that continues to 
be produced in the above-mentioned end-use sectors (both by 2030 
and mid-century) and strongly relying on technological CDR options 
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like BECCS (S2 and S5 pathways in Figure 2.5) (Luderer et al., 2018; 
Rogelj et al., 2018). Major drivers of these differences are assumptions 
about energy and food demand and the stringency of near-term climate 
policy (see the difference between early action in the scenarios S1, 
LED and more moderate action until 2030 in the scenarios S2, S5). 
Furthermore, the carbon budget in each of these pathways depends 
also on the non-CO2 mitigation measures implemented in each of them, 
particularly for agricultural emissions (Sections 2.2.2, 2.3.3) (Gernaat et 
al., 2015). Those pathways differ not only in terms of their deployment 
of mitigation and CDR measures (Sections 2.3.4 and 2.4), but also in 
terms of the resulting temperature overshoot (Figure 2.1). Furthermore, 
they have very different implications for the achievement of sustainable 
development objectives, as further discussed in Section 2.5.3.

2.3.2.2 Pathways keeping warming below 1.5°C or temporarily 
overshooting it

This subsection explores the conditions that would need to be fulfilled 
to stay below 1.5°C warming without overshoot. As discussed in Section 
2.2.2, to keep warming below 1.5°C with a two-in-three (one-in-two) 
chance, the cumulative amount of CO2 emissions from 2018 onwards 
need to remain below a carbon budget of 420 (580) GtCO2; accounting 
for the effects of additional Earth system feedbacks until 2100 reduces 
this estimate by 100 GtCO2. Based on the current state of knowledge, 

exceeding this remaining carbon budget at some point in time would 
give a one-in-three (one-in-two) chance that the 1.5°C limit is overshot 
(Table 2.2). For comparison, around 290 ± 20 (1 standard deviation 
range) GtCO2 have been emitted in the years 2011–2017, with annual 
CO2 emissions in 2017 around 42 ± 3 GtCO2 yr−1 (Jackson et al., 2017; 
Le Quéré et al., 2018). Committed fossil-fuel emissions from existing 
fossil-fuel infrastructure as of 2010 have been estimated at around 
500 ± 200 GtCO2 (with about 200 GtCO2 already emitted through 
2017) (Davis and Caldeira, 2010). Coal-fired power plants contribute 
the largest part. Committed emissions from existing coal-fired power 
plants built through the end of 2016 are estimated to add up to roughly 
200 GtCO2, and a further 100–150 GtCO2 from coal-fired power plants 
under construction or planned (González-Eguino et al., 2017; Edenhofer 
et al., 2018). However, there has been a marked slowdown of planned 
coal-power projects in recent years, and some estimates indicate that 
the committed emissions from coal plants that are under construction 
or planned have halved since 2015 (Shearer et al., 2018). Despite these 
uncertainties, the committed fossil-fuel emissions are assessed to 
already amount to more than two thirds (half) of the remaining carbon 
budget.

An important question is to what extent the nationally determined 
contributions (NDCs) under the Paris Agreement are aligned with the 
remaining carbon budget. It was estimated that the NDCs, if successfully 

Figure 2.5 |  Evolution and break down of global anthropogenic CO2 emissions until 2100. The top-left panel shows global net CO2 emissions in Below-1.5°C, 
1.5°C-low-overshoot (OS), and 1.5°C-high-OS pathways, with the four illustrative 1.5°C-consistent pathway archetypes of this chapter highlighted. Ranges at the bottom of the 
top-left panel show the 10th–90th percentile range (thin line) and interquartile range (thick line) of the time that global CO2 emissions reach net zero per pathway class, and for 
all pathways classes combined. The top-right panel provides a schematic legend explaining all CO2 emissions contributions to global CO2 emissions. The bottom row shows how 
various CO2 contributions are deployed and used in the four illustrative pathway archetypes (LED, S1, S2, S5, referred to as P1, P2, P3, and P4 in the Summary for Policymakers) 
used in this chapter (see Section 2.3.1.1). Note that the S5 scenario reports the building and industry sector emissions jointly. Green-blue areas hence show emissions from the 
transport sector and the joint building and industry demand sector, respectively. 
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implemented, imply a total of 400–560 GtCO2 emissions over the 
2018–2030 period (considering both conditional and unconditional 
NDCs) (Rogelj et al., 2016a). Thus, following an NDC trajectory would 
already exhaust 95–130% (70–95%) of the remaining two-in-three 
(one-in-two) 1.5°C carbon budget (unadjusted for additional Earth 
system feedbacks) by 2030. This would leave no time (0–9 years) to 
bring down global emissions from NDC levels of around 40 GtCO2 yr−1 
in 2030 (Fawcett et al., 2015; Rogelj et al., 2016a) to net zero (further 
discussion in Section 2.3.5).

Most 1.5°C-consistent pathways show more stringent emissions 
reductions by 2030 than implied by the NDCs (Section 2.3.5) The lower 
end of those pathways reach down to below 20 GtCO2 yr−1 in 2030 
(Section 2.3.3, Table 2.4), less than half of what is implied by the NDCs. 
Whether such pathways will be able to limit warming to 1.5°C without 
overshoot will depend on whether cumulative net CO2 emissions over 
the 21st century can be kept below the remaining carbon budget at 
any time. Net global CO2 emissions are derived from the gross amount 
of CO2 that humans annually emit into the atmosphere reduced by the 
amount of anthropogenic CDR in each year. New research has looked 
more closely at the amount and the drivers of gross CO2 emissions 
from fossil-fuel combustion and industrial processes (FFI) in deep 
mitigation pathways (Luderer et al., 2018), and found that the larger 
part of remaining CO2 emissions come from direct fossil-fuel use in 
the transport and industry sectors, while residual energy supply sector 
emissions (mostly from the power sector) are limited by a rapid approach 
to net zero CO2 emissions until mid-century. The 1.5°C pathways with 
no or limited (<0.1°C) overshoot that were reported in the scenario 
database project remaining FFI CO2 emissions of 610–1260 GtCO2 over 
the period 2018–2100 (5th–95th percentile range; median: 880 GtCO2). 
Kriegler et al. (2018b) conducted a sensitivity analysis that explores the 
four central options for reducing fossil-fuel emissions: lowering energy 
demand, electrifying energy services, decarbonizing the power sector 
and decarbonizing non-electric fuel use in energy end-use sectors. By 
exploring these options to their extremes, they found a lowest value 
of 500 GtCO2 (2018–2100) gross fossil-fuel CO2 emissions for the 
hypothetical case of aligning the strongest assumptions for all four 
mitigation options. The two lines of evidence and the fact that available 
1.5°C pathways cover a wide range of assumptions (Section 2.3.1) 
give a robust indication of a lower limit of about 500 GtCO2 remaining 
fossil-fuel and industry CO2 emissions in the 21st century.

To compare these numbers with the remaining carbon budget, CO2 
emissions from agriculture, forestry and other land use (AFOLU) need 
to be taken into account. In many of the 1.5°C-consistent pathways, 
AFOLU CO2 emissions reach zero at or before mid-century and then 
turn to negative values (Table 2.4). This means human changes to the 
land lead to atmospheric carbon being stored in plants and soils. This 
needs to be distinguished from the natural CO2 uptake by land, which is 
not accounted for in the anthropogenic AFOLU CO2 emissions reported 
in the pathways. Given the difference in estimating the ‘anthropogenic’ 
sink between countries and the global integrated assessment and 
carbon modelling community (Grassi et al., 2017), the AFOLU CO2 

estimates included here are not necessarily directly comparable with 
countries’ estimates at global level. The cumulated amount of AFOLU 
CO2 emissions until the time they reach zero combine with the fossil-fuel 
and industry CO2 emissions to give a total amount of gross emissions 

of 650–1270 GtCO2 for the period 2018–2100 (5th–95th percentile; 
median 950 GtCO2) in 1.5°C pathways with no or limited overshoot. 
The lower end of the range is close to what emerges from a scenario 
of transformative change that halves CO2 emissions every decade 
from 2020 to 2050 (Rockström et al., 2017). All these estimates are 
above the remaining carbon budget for a one-in-two chance of limiting 
warming below 1.5°C without overshoot, including the low end of the 
hypothetical sensitivity analysis of Kriegler et al. (2018b), who assumes 
75 Gt AFOLU CO2 emissions adding to a total of 575 GtCO2 gross CO2 

emissions. As almost no cases have been identified that keep gross CO2 

emissions within the remaining carbon budget for a one-in-two chance 
of limiting warming to 1.5°C, and based on current understanding of 
the geophysical response and its uncertainties, the available evidence 
indicates that avoiding overshoot of 1.5°C will require some type of 
CDR in a broad sense, e.g., via net negative AFOLU CO2 emissions 
(medium confidence). (Table 2.2).

Net CO2 emissions can fall below gross CO2 emissions, if CDR is 
brought into the mix. Studies have looked at mitigation and CDR 
in combination to identify strategies for limiting warming to 1.5°C 
(Sanderson et al., 2016; Ricke et al., 2017). CDR, which may include 
net negative AFOLU CO2 emissions, is deployed by all 1.5°C-consistent 
pathways available to this assessment, but the scale of deployment 
and choice of CDR measures varies widely (Section 2.3.4). Furthermore, 
no CDR technology has been deployed at scale yet, and all come with 
concerns about their potential (Fuss et al., 2018), feasibility (Nemet et 
al., 2018) and/or sustainability (Smith et al., 2015; Fuss et al., 2018) (see 
Sections 2.3.4, 4.3.2 and 4.3.7 and Cross-Chapter Box 7 in Chapter 3 
for further discussion). CDR can have two very different functions in 
1.5°C-consistent pathways. If deployed in the first half of the century, 
before net zero CO2 emissions are reached, it neutralizes some of the 
remaining CO2 emissions year by year and thus slows the accumulation 
of CO2 in the atmosphere. In this first function it can be used to remain 
within the carbon budget and avoid overshoot. If CDR is deployed in the 
second half of the century after carbon neutrality has been established, 
it can still be used to neutralize some residual emissions from other 
sectors, but also to create net negative emissions that actively draw 
down the cumulative amount of CO2 emissions to return below a 
1.5°C warming level. In the second function, CDR enables temporary 
overshoot. The literature points to strong limitations to upscaling 
CDR (limiting its first abovementioned function) and to sustainability 
constraints (limiting both abovementioned functions) (Fuss et al., 
2018; Minx et al., 2018; Nemet et al., 2018). Large uncertainty hence 
exists about what amount of CDR could actually be available before 
mid-century. Kriegler et al. (2018b) explore a case limiting CDR to 
100 GtCO2 until 2050, and the 1.5°C pathways with no or limited 
overshoot available in the report’s database project 40–260 GtCO2 
CDR until the point of carbon neutrality (5th to 95th percentile; median 
110 GtCO2). Because gross CO2 emissions in most cases exceed the 
remaining carbon budget by several hundred GtCO2 and given the limits 
to CDR deployment until 2050, most of the 1.5°C-consistent pathways 
available to this assessment are overshoot pathways. However, the 
scenario database also contains nine non-overshoot pathways that 
remain below 1.5°C throughout the 21st century (Table 2.1).
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2.3.3 Emissions Evolution in 1.5°C Pathways

This section assesses the salient temporal evolutions of climate forcers 
over the 21st century. It uses the classification of 1.5°C pathways 
presented in Section 2.1, which includes a Below-1.5°C class, as well 
as other classes with varying levels of projected overshoot (1.5°C-low-
OS and 1.5°C-high-OS). First, aggregate-GHG benchmarks for 2030 
are assessed. Subsequent sections assess long-lived climate forcers 
(LLCF) and short-lived climate forcers (SLCF) separately because they 
contribute in different ways to near-term, peak and long-term warming 
(Section 2.2, Cross-Chapter Box 2 in Chapter 1). 

Estimates of aggregated GHG emissions in line with specific policy 
choices are often compared to near-term benchmark values from 
mitigation pathways to explore their consistency with long-term 
climate goals (Clarke et al., 2014; UNEP, 2016, 2017; UNFCCC, 2016). 
Benchmark emissions or estimates of peak years derived from IAMs 
provide guidelines or milestones that are consistent with achieving a 
given temperature level. While they do not set mitigation requirements 
in a strict sense, exceeding these levels in a given year almost invariably 
increases the mitigation challenges afterwards by increasing the rates 
of change and increasing the reliance on speculative technologies, 
including the possibility that its implementation becomes unachievable 
(see Cross-Chapter Box 3 in Chapter 1 for a discussion of feasibility 
concepts) (Luderer et al., 2013; Rogelj et al., 2013b; Clarke et al., 2014; 
Fawcett et al., 2015; Riahi et al., 2015; Kriegler et al., 2018a). These 
trade-offs are particularly pronounced in 1.5°C pathways and are 
discussed in Section 2.3.5. This section assesses Kyoto-GHG emissions 
in 2030 expressed in CO2 equivalent (CO2e) emissions using 100-year 
global warming potentials.3   

Appropriate benchmark values of aggregated GHG emissions depend 
on a variety of factors. First and foremost, they are determined by the 
desired likelihood to keep warming below 1.5°C and the extent to which 
projected temporary overshoot is to be avoided (Sections 2.2, 2.3.2, 
and 2.3.5). For instance, median aggregated 2030 GHG emissions are 
about 10 GtCO2e yr−1 lower in 1.5°C-low-OS compared to 1.5°C-high-
OS pathways, with respective interquartile ranges of 26–31 and 36–49 
GtCO2e yr−1 (Table 2.4). These ranges correspond to about 25–30 and 
35–48 GtCO2e yr−1 in 2030, respectively, when aggregated with 100-
year Global Warming Potentials from the IPCC Second Assessment 
Report. The limited evidence available for pathways aiming to limit 
warming below 1.5°C without overshoot or with limited amounts of 
CDR (Grubler et al., 2018; Holz et al., 2018b; van Vuuren et al., 2018) 
indicates that under these conditions consistent emissions in 2030 
would fall at the lower end and below the above mentioned ranges. 
Due to the small number of 1.5°C pathways with no overshoot in the 
report’s database (Table 2.4) and the potential for a downward bias in 
the selection of underlying scenario assumptions, the headline range 
for 1.5°C pathways with no or limited overshoot is also assessed to 
be of the order of 25–30 GtCO2e yr−1. Ranges for the 1.5°C-low-OS 
and Lower-2°C classes only overlap outside their interquartile ranges, 

highlighting the more accelerated reductions in 1.5°C-consistent 
compared to 2°C-consistent pathways. 

Appropriate emissions benchmark values also depend on the 
acceptable or desired portfolio of mitigation measures, representing 
clearly identified trade-offs and choices (Sections 2.3.4, 2.4, and 2.5.3) 
(Luderer et al., 2013; Rogelj et al., 2013a; Clarke et al., 2014; Krey et al., 
2014a; Strefler et al., 2018b). For example, lower 2030 GHG emissions 
correlate with a lower dependence on the future availability and 
desirability of CDR (Strefler et al., 2018b). On the other hand, pathways 
that assume or anticipate only limited deployment of CDR during 
the 21st century imply lower emissions benchmarks over the coming 
decades, which are achieved in models through further reducing 
CO2 emissions in the coming decades. The pathway archetypes 
used in the chapter illustrate this further (Figure 2.6). Under middle- 
of-the-road assumptions of technological and socioeconomic 
development, pathway S2 suggests emission benchmarks of 34, 12 
and −8 GtCO2e yr−1 in the years 2030, 2050, and 2100, respectively. 
In contrast, a pathway that further limits overshoot and aims at 
eliminating the reliance on negative emissions technologies like 
BECCS as well as CCS (here labelled as the LED pathway) shows 
deeper emissions reductions in 2030 to limit the cumulative amount 
of CO2 until net zero global CO2 emissions (carbon neutrality). The LED 
pathway here suggests emission benchmarks of 25, 9 and 2 GtCO2e yr−1 
in the years 2030, 2050, and 2100, respectively. However, a pathway 
that allows and plans for the successful large-scale deployment of 
BECCS by and beyond 2050 (S5) shows a shift in the opposite direction. 
The variation within and between the abovementioned ranges of 
2030 GHG benchmarks hence depends strongly on societal choices 
and preferences related to the acceptability and availability of certain 
technologies. 

Overall these variations do not strongly affect estimates of the 
1.5°C-consistent timing of global peaking of GHG emissions. Both 
Below-1.5°C and 1.5°C-low-OS pathways show minimum–maximum 
ranges in 2030 that do not overlap with 2020 ranges, indicating the 
global GHG emissions peaked before 2030 in these pathways. Also, 
2020 and 2030 GHG emissions in 1.5°C-high-OS pathways only 
overlap outside their interquartile ranges. 

Kyoto-GHG emission reductions are achieved by reductions in CO2 
and non-CO2 GHGs. The AR5 identified two primary factors that 
influence the depth and timing of reductions in non-CO2 Kyoto-GHG 
emissions: (i) the abatement potential and costs of reducing the 
emissions of these gases and (ii) the strategies that allow making 
trade-offs between them (Clarke et al., 2014). Many studies indicate 
low-cost, near-term mitigation options in some sectors for non-CO2 
gases compared to supply-side measures for CO2 mitigation (Clarke et 
al., 2014). A large share of this potential is hence already exploited in 
mitigation pathways in line with 2°C. At the same time, by mid-century 
and beyond, estimates of further reductions of non-CO2 Kyoto-GHGs – 
in particular CH4 and N2O – are hampered by the absence of mitigation 

3 In this chapter GWP-100 values from the IPCC Fourth Assessement Report are used because emissions of fluorinated gases in the integrated pathways have been reported 
in this metric to the database. At a global scale, switching between GWP-100 values of the Second, Fourth or Fifth IPCC Assessment Reports could result in variations in 
aggregated Kyoto-GHG emissions of about ±5% in 2030 (UNFCCC, 2016).
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options in the current generation of IAMs, which are hence not able 
to reduce residual emissions of sources linked to livestock production 
and fertilizer use (Clarke et al., 2014; Gernaat et al., 2015) (Sections 
2.3.1.2, 2.4.4, Supplementary Material  2.SM.1.2). Therefore, while net 
CO2 emissions are projected to be markedly lower in 1.5°C-consistent 
compared to 2°C-consistent pathways, this is much less the case for 
methane (CH4) and nitrous-oxide (N2O) (Figures 2.6–2.7). This results 
in reductions of CO2 being projected to take up the largest share of 
emissions reductions when moving between 1.5°C-consistent and 
2°C-consistent pathways (Rogelj et al., 2015b, 2018; Luderer et al., 
2018). If additional non-CO2 mitigation measures are identified and 
adequately included in IAMs, they are expected to further contribute to 
mitigation efforts by lowering the floor of residual non-CO2 emissions. 
However, the magnitude of these potential contributions has not been 
assessed as part of this report. 

As a result of the interplay between residual CO2 and non-CO2 emissions 
and CDR, global GHG emissions reach net zero levels at different times 
in different 1.5°C-consistent pathways. Interquartile ranges of the 
years in which 1.5°C-low-OS and 1.5°C-high-OS reach net zero GHG 
emissions range from 2060 to 2080 (Table 2.4). A seesaw characteristic 
can be found between near-term emissions reductions and the timing 
of net zero GHG emissions. This is because pathways with limited 
emissions reductions in the next one to two decades require net 
negative CO2 emissions later on (see earlier). Most 1.5°C-high-OS 
pathways lead to net zero GHG emissions in approximately the third 
quarter of this century, because all of them rely on significant amounts 
of annual net negative CO2 emissions in the second half of the 
century to decline temperatures after overshoot (Table 2.4). However, 
in pathways that aim at limiting overshoot as much as possible or 
more slowly decline temperatures after their peak, emissions reach 
the point of net zero GHG emissions slightly later or at times never. 
Early emissions reductions in this case reduce the requirement for net 
negative CO2 emissions. Estimates of 2030 GHG emissions in line with 
the current NDCs overlap with the highest quartile of 1.5°C-high-OS 
pathways (Cross-Chapter Box 9 in Chapter 4).

2.3.3.1 Emissions of long-lived climate forcers

Climate effects of long-lived climate forcers (LLCFs) are dominated by 
CO2, with smaller contributions of N2O and some fluorinated gases 
(Myhre et al., 2013; Blanco et al., 2014). Overall net CO2 emissions 
in pathways are the result of a combination of various anthropogenic 
contributions (Figure 2.5) (Clarke et al., 2014): (i) CO2 produced by fossil-
fuel combustion and industrial processes, (ii) CO2 emissions or removals 
from the agriculture, forestry and other land use (AFOLU) sector, (iii) 
CO2 capture and sequestration (CCS) from fossil fuels or industrial 
activities before it is released to the atmosphere, (iv) CO2 removal by 
technological means, which in current pathways is mainly achieved 
by BECCS and AFOLU-related CDR, although other options could 
be conceivable (see Chapter 4, Section 4.3.7). Pathways apply these 
four contributions in different configurations (Figure 2.5) depending 
on societal choices and preferences related to the acceptability and 
availability of certain technologies, the timing and stringency of near-
term climate policy, and the ability to limit the demand that drives 
baseline emissions (Marangoni et al., 2017; Riahi et al., 2017; Grubler 
et al., 2018; Rogelj et al., 2018; van Vuuren et al., 2018), and come with 

very different implication for sustainable development (Section 2.5.3). 

All 1.5°C pathways see global CO2 emissions embark on a steady 
decline to reach (near) net zero levels around 2050, with 1.5°C-low-
OS pathways reaching net zero CO2 emissions around 2045–2055 
(Table 2.4; Figure 2.5). Near-term differences between the various 
pathway classes are apparent, however. For instance, Below-1.5°C and 
1.5°C-low-OS pathways show a clear shift towards lower CO2 emissions 
in 2030 relative to other 1.5°C and 2°C pathway classes, although in all 
1.5°C classes reductions are clear (Figure 2.6). These lower near-term 
emissions levels are a direct consequence of the former two pathway 
classes limiting cumulative CO2 emissions until carbon neutrality in 
order to aim for a higher probability of limiting peak warming to 1.5°C 
(Section 2.2.2 and 2.3.2.2). In some cases, 1.5°C-low-OS pathways 
achieve net zero CO2 emissions one or two decades later, contingent on 
2030 CO2 emissions in the lower quartile of the literature range, that 
is, below about 18 GtCO2 yr−1. Median year-2030 global CO2 emissions 
are of the order of 5–10 GtCO2 yr−1 lower in Below-1.5°C compared 
to 1.5°C-low-OS pathways, which are in turn lower than 1.5°C-high-
OS pathways (Table 2.4). Below-1.5°C and 1.5°C-low-OS pathways 
combined show a decline in global net anthropogenic CO2 emissions 
of about 45% from 2010 levels by 2030 (40–60% interquartile range). 
Lower-2°C pathways show CO2 emissions declining by about 25% by 
2030 in most pathways (10–30% interquartile range). The 1.5°C-high-
OS pathways show emissions levels that are broadly similar to the 
2°C-consistent pathways in 2030.

The development of CO2 emissions in the second half of the century in 
1.5°C pathways is characterized by the need to stay or return within 
a carbon budget. Figure 2.6 shows net CO2 and N2O emissions from 
various sources in 2050 and 2100 in 1.5°C pathways in the literature. 
Virtually all 1.5°C pathways obtain net negative CO2 emissions at some 
point during the 21st century, but the extent to which net negative 
emissions are relied upon varies substantially (Figure 2.6, Table 2.4). 
This net withdrawal of CO2 from the atmosphere compensates for 
residual long-lived non-CO2 GHG emissions that also accumulate in 
the atmosphere (like N2O) or cancels some of the build-up of CO2 due 
to earlier emissions to achieve increasingly higher likelihoods that 
warming stays or returns below 1.5°C (see Section 2.3.4 for a discussion 
of various uses of CDR). Even non-overshoot pathways that aim at 
achieving temperature stabilization would hence deploy a certain 
amount of net negative CO2 emissions to offset any accumulating 
long-lived non-CO2 GHGs. The 1.5°C overshoot pathways display 
significantly larger amounts of annual net negative CO2 emissions in 
the second half of the century. The larger the overshoot the more net 
negative CO2 emissions are required to return temperatures to 1.5°C 
by the end of the century (Table 2.4, Figure 2.1). 

N2O emissions decline to a much lesser extent than CO2 in currently 
available 1.5°C pathways (Figure 2.6). Current IAMs have limited 
emissions-reduction potentials (Gernaat et al., 2015) (Sections 2.3.1.2, 
2.4.4, Supplementary Material  2.SM.1.2), reflecting the difficulty of 
eliminating N2O emission from agriculture (Bodirsky et al., 2014). 
Moreover, the reliance of some pathways on significant amounts of 
bioenergy after mid-century (Section 2.4.2) coupled to a substantial 
use of nitrogen fertilizer (Popp et al., 2017) also makes reducing N2O 
emissions harder (for example, see pathway S5 in Figure 2.6). As 
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Figure 2.6 |  Annual global emissions characteristics for 2020, 2030, 2050, 2100. Data are shown for (a) Kyoto-GHG emissions, and (b) global total CO2 emissions, 
(c) CO2 emissions from the agriculture, forestry and other land use (AFOLU) sector, (d) global N2O emissions, and (e) CO2 emissions from fossil fuel use and industrial processes. 
The latter is also split into (f) emissions from the energy supply sector (electricity sector and refineries) and (g) direct emissions from fossil-fuel use in energy demand sectors 
(industry, buildings, transport) (bottom row). Horizontal black lines show the median, boxes show the interquartile range, and whiskers the minimum–maximum range. Icons 
indicate the four pathway archetypes used in this chapter. In case less than seven data points are available in a class, the minimum–maximum range and single data points 
are shown. Kyoto-GHG, emissions in the top panel are aggregated with AR4 GWP-100 and contain CO2, CH4, N2O, HFCs, PFCs, and SF6. NF3 is typically not reported by IAMs. 
Scenarios with year-2010 Kyoto-GHG emissions outside the range assessed by IPCC AR5 WGIII assessed are excluded (IPCC, 2014b).
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a result, sizeable residual N2O emissions are currently projected to 
continue throughout the century, and measures to effectively mitigate 
them will be of continued relevance for 1.5°C societies. Finally, the 
reduction of nitrogen use and N2O emissions from agriculture is already 
a present-day concern due to unsustainable levels of nitrogen pollution 
(Bodirsky et al., 2012). Section 2.4.4 provides a further assessment of 
the agricultural non-CO2 emissions reduction potential. 

2.3.3.2 Emissions of short-lived climate forcers and 
fluorinated gases

SLCFs include shorter-lived GHGs like CH4 and some fluorinated gases 
as well as particles (aerosols), their precursors and ozone precursors. 
SLCFs are strongly mitigated in 1.5°C pathways, as is the case for 
2°C pathways (Figure 2.7). SLCF emissions ranges of 1.5°C and 2°C 
pathway classes strongly overlap, indicating that the main incremental 
mitigation contribution between 1.5°C and 2°C pathways comes from 
CO2 (Luderer et al., 2018; Rogelj et al., 2018). CO2 and SLCF emissions 
reductions are connected in situations where SLCF and CO2 are 
co-emitted by the same process, for example, with coal-fired power 
plants (Shindell and Faluvegi, 2010) or within the transport sector 
(Fuglestvedt et al., 2010). Many CO2-targeted mitigation measures 
in industry, transport and agriculture (Sections 2.4.3–4) hence also 
reduce non-CO2 forcing (Rogelj et al., 2014b; Shindell et al., 2016).   

Despite the fact that methane has a strong warming effect (Myhre 
et al., 2013; Etminan et al., 2016), current 1.5°C-consistent pathways 
still project significant emissions of CH4 by 2050, indicating only a 
limited CH4 mitigation potential in IAM analyses (Gernaat et al., 2015) 
(Sections 2.3.1.2, 2.4.4, Table 2.SM.2). The AFOLU sector contributes an 
important share of the residual CH4 emissions until mid-century, with 
its relative share increasing from slightly below 50% in 2010 to around 
55–70% in 2030, and 60–80% in 2050 in 1.5°C-consistent pathways 
(interquartile range across 1.5°C-consistent pathways for projections). 
Many of the proposed measures to target CH4 (Shindell et al., 2012; 
Stohl et al., 2015) are included in 1.5°C-consistent pathways (Figure 
2.7), though not all (Sections 2.3.1.2, 2.4.4, Table 2.SM.2). A detailed 
assessment of measures to further reduce AFOLU CH4 emissions has 
not been conducted.

Overall reductions of SLCFs can have effects of either sign on 
temperature depending on the balance between cooling and warming 
agents. The reduction in SO2 emissions is the dominant single effect as 
it weakens the negative total aerosol forcing. This means that reducing 
all SLCF emissions to zero would result in a short-term warming, 
although this warming is unlikely to be more than 0.5°C (Section 2.2 
and Figure 1.5 (Samset et al., 2018)). Because of this effect, suggestions 
have been proposed that target the warming agents only (referred to 
as short-lived climate pollutants or SLCPs instead of the more general 
short-lived climate forcers; e.g., Shindell et al., 2012), though aerosols 
are often emitted in varying mixtures of warming and cooling species 
(Bond et al., 2013). Black carbon (BC) emissions reach similar levels 
across 1.5°C-consistent and 2°C-consistent pathways available in the 
literature, with interquartile ranges of emissions reductions across 
pathways of 16–34% and 48–58% in 2030 and 2050, respectively, 
relative to 2010 (Figure 2.7). Recent studies have identified further 
reduction potentials for the near term, with global reductions of about 

80% being suggested (Stohl et al., 2015; Klimont et al., 2017). Because 
the dominant sources of certain aerosol mixtures are emitted during 
the combustion of fossil fuels, the rapid phase-out of unabated fossil 
fuels to avoid CO2 emissions would also result in removal of these 
either warming or cooling SLCF air-pollutant species. Furthermore, 
SLCFs are also reduced by efforts to reduce particulate air pollution. 
For example, year-2050 SO2 emissions (precursors of sulphate aerosol) 
in 1.5°C-consistent pathways are about 75–85% lower than their 2010 
levels. Some caveats apply, for example, if residential biomass use 
would be encouraged in industrialised countries in stringent mitigation 
pathways without appropriate pollution control measures, aerosol 
concentrations could also increase (Sand et al., 2015; Stohl et al., 2015).

Emissions of fluorinated gases (IPCC/TEAP, 2005; US EPA, 2013; Velders 
et al., 2015; Purohit and Höglund-Isaksson, 2017) in 1.5°C-consistent 
pathways are reduced by roughly 75–80% relative to 2010 levels 
(interquartile range across 1.5°C-consistent pathways) in 2050, 
with no clear differences between the classes. Although unabated 
hydrofluorocarbon (HFC) emissions have been projected to increase 
(Velders et al., 2015), the Kigali Amendment recently added HFCs to 
the basket of gases controlled under the Montreal Protocol (Höglund-
Isaksson et al., 2017). As part of the larger group of fluorinated 
gases, HFCs are also assumed to decline in 1.5°C-consistent 
pathways. Projected reductions by 2050 of fluorinated gases under 
1.5°C-consistent pathways are deeper than published estimates of 
what a full implementation of the Montreal Protocol including its 
Kigali Amendment would achieve (Höglund-Isaksson et al., 2017), 
which project roughly a halving of fluorinated gas emissions in 2050 
compared to 2010. Assuming the application of technologies that 
are currently commercially available and at least to a limited extent 
already tested and implemented, potential fluorinated gas emissions 
reductions of more than 90% have been estimated (Höglund-Isaksson 
et al., 2017).

There is a general agreement across 1.5°C-consistent pathways that 
until 2030 forcing from the warming SLCFs is reduced less strongly 
than the net cooling forcing from aerosol effects, compared to 2010. 
As a result, the net forcing contributions from all SLCFs combined are 
projected to increase slightly by about 0.2–0.3 W m−2, compared to 
2010. Also, by the end of the century, about 0.1–0.3 W m−2 of SLCF 
forcing is generally currently projected to remain in 1.5°C-consistent 
scenarios (Figure 2.8). This is similar to developments in 2°C-consistent 
pathways (Rose et al., 2014b; Riahi et al., 2017), which show median 
forcing contributions from these forcing agents that are generally no 
more than 0.1 W m−2 higher. Nevertheless, there can be additional gains 
from targeted deeper reductions of CH4 emissions and tropospheric 
ozone precursors, with some scenarios projecting less than 0.1 W m−2 
forcing from SLCFs by 2100.

2.3.4 CDR in 1.5°C Pathways 

Deep mitigation pathways assessed in AR5 showed significant 
deployment of CDR, in particular through BECCS (Clarke et al., 2014). 
This has led to increased debate about the necessity, feasibility and 
desirability of large-scale CDR deployment, sometimes also called 
‘negative emissions technologies’ in the literature (Fuss et al., 2014; 
Anderson and Peters, 2016; Williamson, 2016; van Vuuren et al., 
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Annual emissions/sequestration 
(GtCO2 yr-1)

Absolute Annual Change 
(GtCO2/yr–1)

Timing of 
Global Zero

Name Category # 2030 2050 2100 2010–2030 2020–2030 2030–2050 Year

Total CO2 
(net)

Below-1.5°C 5* 13.4 (15.4, 11.4) –3.0 (1.7, –10.6) –8.0 (–2.6, –14.2) –1.2 (–1.0, –1.3) –2.5 (–1.8, –2.8) –0.8 (–0.7, –1.2) 2044 (2037, 2054)

1.5°C-low-OS 37 20.8 (22.2, 18.0) –0.4 (2.7, –2.0) –10.8 (–8.1, –14.3) –0.8 (–0.7, –1.0) –1.7 (–1.4, –2.3) –1.0 (–0.8, –1.2) 2050 (2047, 2055)

1.5°C with no 
or limited OS

42
20.3 

(22.0, 15.9)
–0.5 (2.2, –2.8)

–10.2 
(–7.6, –14.2)

–0.9 (–0.7, –1.1) –1.8 (–1.5, –2.3) –1.0 (–0.8, –1.2)
2050 

(2046, 2055)

1.5°C-high-OS 36 29.1 (36.4, 26.0) 1.0 (6.3, –1.2) –13.8 (–11.1, –16.4) –0.4 (0.0, –0.6) –1.1 (–0.5, –1.5) –1.3 (–1.1, –1.8) 2052 (2049, 2059)

Lower-2°C 54 28.9 (33.7, 24.5) 9.9 (13.1, 6.5) –5.1 (–2.6, –10.3) –0.4 (–0.2, –0.6) –1.1 (–0.8, –1.6) –0.9 (–0.8, –1.2) 2070 (2063, 2079)

Higher-2°C 54 33.5 (35.0, 31.0) 17.9 (19.1, 12.2) –3.3 (0.6, –11.5) –0.2 (–0.0, –0.4) –0.7 (–0.5, –0.9) –0.8 (–0.6, –1.0)
2085 

(2070, post–2100)

CO2 from 
fossil fuels 

and industry 
(gross)

Below-1.5°C 5* 18.0 (21.4, 13.8) 10.5 (20.9, 0.3) 8.3 (11.6, 0.1) –0.7 (–0.6, –1) –1.5 (–0.9, –2.2) –0.4 (0, –0.7) -

1.5°C-low-OS 37 22.1 (24.4, 18.7) 10.3 (14.1, 7.8) 5.6 (8.1, 2.6) –0.5 (–0.4, –0.6) –1.3 (–0.9, –1.7) –0.6 (–0.5, –0.7) -

1.5°C with no 
or limited OS

42
21.6 

(24.2, 18.0)
10.3 (13.8, 7.7) 6.1 (8.4, 2.6) –0.5 (–0.4, –0.7) –1.3 (–0.9, –1.8) –0.6 (–0.4, –0.7) -

1.5°C-high-OS 36 27.8 (37.1, 25.6) 13.1 (17.0, 11.6) 6.6 (8.8, 2.8) –0.2 (0.2, –0.3) –0.8 (–0.2, –1.1) –0.7 (–0.6, –1.0) -

Lower-2°C 54 27.7 (31.5, 23.5) 15.4 (19.0, 11.1) 7.2 (10.4, 3.7) –0.2 (–0.0, –0.4) –0.8 (–0.5, –1.2) –0.6 (–0.5, –0.8) -

Higher-2°C 54 31.3 (33.4, 28.7) 19.2 (22.6, 17.1) 8.1 (10.9, 5.0) –0.1 (0.1, –0.2) –0.5 (–0.2, –0.7) –0.6 (–0.5, –0.7) -

CO2 from 
fossil fuels 

and industry 
(net)

Below-1.5°C 5* 16.4 (18.2, 13.5) 1.0 (7.0, 0) –2.7 (0, –9.8) –0.8 (–0.7, –1) –1.8 (–1.2, –2.2) –0.6 (–0.5, –0.9) -

1.5°C-low-OS 37 20.6 (22.2, 17.5) 3.2 (5.6, –0.6) –8.5 (–4.1, –11.6) –0.6 (–0.5, –0.7) –1.4 (–1.1, –1.8) –0.8 (–0.7, –1.1) -

1.5°C with no 
or limited OS

42
20.1 

(22.1, 16.8)
3.0 (5.6, 0.0)

–8.3 
(–3.5, –10.8)

–0.6 (–0.5, –0.8) –1.4 (–1.1, –1.9) –0.8 (–0.7, –1.1) -

1.5°C-high-OS 36 26.9 (34.7, 25.3) 4.2 (10.0, 1.2) –10.7 (–6.9, –13.2) –0.3 (0.1, –0.3) –0.9 (–0.3, –1.2) –1.2 (–0.9, –1.5) -

Lower-2°C 54 28.2 (31.0, 23.1) 11.8 (14.1, 6.2) –3.1 (–0.7, –6.4) –0.2 (–0.1, –0.4) –0.8 (–0.5, –1.2) –0.8 (–0.7, –1.0) -

Higher-2°C 54 31.0 (33.0, 28.7) 17.0 (19.3, 13.1) –2.9 (3.3, –8.0) –0.1 (0.1, –0.2) –0.5 (–0.2, –0.7) –0.7 (–0.5, –1.0) -

CO2 from 
AFOLU

Below-1.5°C 5* –2.2 (–0.3, –4.8) –4.4 (–1.2, –11.1) –4.4 (–2.6, –5.3) –0.3 (–0.2, –0.4) –0.5 (–0.4, –0.8) –0.1 (0, –0.4) -

1.5°C-low-OS 37 –0.1 (0.8, –1.0) –2.3 (–0.6, –4.1) –2.4 (–1.2, –4.2) –0.2 (–0.2, –0.3) –0.4 (–0.3, –0.5) –0.1 (–0.1, –0.2) -

1.5°C with no 
or limited OS

42 –0.1 (0.7, –1.3) –2.6 (–0.6, –4.5) –2.6 (–1.3, –4.2) –0.2 (–0.2, –0.3) –0.4 (–0.3, –0.5) –0.1 (–0.1, –0.2) -

1.5°C-high-OS 36 1.2 (2.7, 0.1) –2.1 (–0.3, –5.4) –2.4 (–1.5, –5.0) –0.1 (–0.1, –0.3) –0.2 (–0.1, –0.5) –0.2 (–0.0, –0.3) -

Lower-2°C 54 1.4 (2.8, 0.3) –1.4 (–0.5, –2.7) –2.4 (–1.3, –4.2) –0.2 (–0.1, –0.2) –0.3 (–0.2, –0.4) –0.1 (–0.1, –0.2) -

Higher-2°C 54 1.5 (2.7, 0.8) –0.0 (1.9, –1.6) –1.3 (0.1, –3.9) –0.2 (–0.1, –0.2) –0.2 (–0.1, –0.4) –0.1 (–0.0, –0.1) -

Bioenergy 
combined 

with carbon 
capture 

and storage 
(BECCS)

Below-1.5°C 5* 0.4 (1.1, 0) 3.4 (8.3, 0) 5.7 (13.4, 0) 0 (0.1, 0) 0 (0.1, 0) 0.2 (0.4, 0) -

1.5°C-low-OS 36 0.3 (1.1, 0.0) 4.6 (6.4, 3.8) 12.4 (15.6, 7.6) 0.0 (0.1, 0.0) 0.0 (0.1, 0.0) 0.2 (0.3, 0.2) -

1.5°C with no 
or limited OS

41 0.4 (1.0, 0.0) 4.5 (6.3, 3.4) 12.4 (15.0, 6.4) 0.0 (0.1, 0.0) 0.0 (0.1, 0.0) 0.2 (0.3, 0.2) -

1.5°C-high-OS 36 0.1 (0.4, 0.0) 6.8 (9.5, 3.7) 14.9 (16.3, 12.1) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.3 (0.4, 0.2) -

Lower-2°C 54 0.1 (0.3, 0.0) 3.6 (4.6, 1.8) 9.5 (12.1, 6.9) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.2 (0.2, 0.1) -

Higher-2°C
47 0.1 (0.2, 0.0) 3.0 (4.9, 1.6)

10.8 
(15.3, 8.2) [46]

0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.1 (0.2, 0.1)
-

Kyoto 
GHG (AR4) 
[GtCO2e]

Below-1.5°C
5* 22.1 (22.8, 20.7) 2.7 (8.1, –3.5) –2.6 (2.7, –10.7) –1.4 (–1.3, –1.5) –2.9 (–2.1, –3.3) –0.9 (–0.7, –1.3)

2066 
(2044, post–2100)

1.5°C-low-OS 31 27.9 (31.1, 26.0) 7.0 (9.9, 4.5) –3.8 (–2.1, –7.9) –1.1 (–0.9, –1.2) –2.3 (–1.8, –2.8) –1.1 (–0.9, –1.2) 2068 (2061, 2080)

1.5°C with no 
or limited OS

36 27.4 (30.9, 24.7) 6.5 (9.6, 4.2) –3.7 (–1.8, –7.8) –1.1 (–1.0, –1.3) –2.4 (–1.9, –2.9) –1.1 (–0.9, –1.2) 2067 (2061, 2084)

1.5°C-high-OS 32 40.4 (48.9, 36.3) 8.4 (12.3, 6.2) –8.5 (–5.7, 
–11.2)

–0.5 (–0.0, –0.7)
–1.3 (–0.6, –1.8) –1.5 (–1.3, –2.1) 2063 (2058, 2067)

Lower-2°C
46 39.6 (45.1, 35.7) 18.3 (20.4, 15.2) 2.1 (4.2, –2.4) –0.5 (–0.1, –0.7) –1.5 (–0.9, –2.2) –1.1 (–0.9, –1.2)

post–2100 
(2090 post–2100)

Higher-2°C
42 45.3 (48.5, 39.3) 25.9 (27.9, 23.3) 5.2 (11.5, –4.8) –0.2 (–0.0, –0.6) –1.0 (–0.6, –1.2) –1.0 (–0.7, –1.2)

post–2100 
(2085 post–2100)

Table 2.4 | Emissions in 2030, 2050 and 2100 in 1.5°C and 2°C scenario classes and absolute annual rates of change between 2010–2030, 2020–2030 and  
 2030–2050, respectively. 
 Values show median and interquartile range across available scenarios (25th and 75th percentile given in brackets). If fewer than seven scenarios are available  
 (*), the minimum–maximum range is given instead. Kyoto-GHG emissions are aggregated with GWP-100 values from IPCC AR4. Emissions in 2010 for total  
 net CO2, CO2 from fossil-fuel use and industry, and AFOLU CO2 are estimated at 38.5, 33.4, and 5 GtCO2 yr−1, respectively (Le Quéré et al., 2018). Percentage  
 reduction numbers included in headline statement C.1 in the Summary for Policymakers are computed relative to 2010 emissions in each individual pathway, and  
 hence differ slightly from a case where reductions are computed relative to the historical 2010 emissions reported above. A difference is reported in estimating the  
 ‘anthropogenic’ sink by countries or the global carbon modelling community (Grassi et al., 2017), and AFOLU CO2 estimates reported here are thus not necessarily  
 comparable with countries’ estimates. Scenarios with year-2010 Kyoto-GHG emissions outside the range assessed by IPCC AR5 WGIII are excluded (IPCC, 2014b),  
 as are scenario duplicates that would bias ranges towards a single study. 
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Figure 2.7 |  Global characteristics of a selection of short-lived non-CO2 emissions until mid-century for five pathway classes used in this chapter. Data 
are shown for (a) methane (CH4), (b) fluorinated gases (F-gas), (c) black carbon (BC), and (d) sulphur dioxide (SO2) emissions. Boxes with different colours refer to different 
scenario classes. Icons on top the ranges show four illustrative pathway archetypes that apply different mitigation strategies for limiting warming to 1.5°C. Boxes show the 
interquartile range, horizontal black lines the median, and whiskers the minimum–maximum range. F-gases are expressed in units of CO2-equivalence computed with 100-year 
Global Warming Potentials reported in IPCC AR4. 

Figure 2.8 |  Estimated aggregated effective radiative forcing of SLCFs for 1.5°C and 2°C pathway classes in 2010, 2020, 2030, 2050, and 2100, 
as estimated by the FAIR model (Smith et al., 2018). Aggregated short-lived climate forcer (SLCF) radiative forcing is estimated as the difference between total 
anthropogenic radiative forcing and the sum of CO2 and N2O radiative forcing over time, and is expressed relative to 1750. Symbols indicate the four pathways archetypes 
used in this chapter. Horizontal black lines indicate the median, boxes the interquartile range, and whiskers the minimum–maximum range per pathway class. Because very few 
pathways fall into the Below-1.5°C class, only the minimum–maximum is provided here.  
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2017a; Obersteiner et al., 2018). Most CDR technologies remain largely 
unproven to date and raise substantial concerns about adverse side-
effects on environmental and social sustainability (Smith et al., 2015; 
Dooley and Kartha, 2018). A set of key questions emerge: how strongly 
do 1.5°C-consistent pathways rely on CDR deployment and what types 
of CDR measures are deployed at which scale? How does this vary 
across available 1.5°C-consistent pathways and on which factors does 
it depend? How does CDR deployment compare between 1.5°C- and 
2°C-consistent pathways and how does it compare with the findings 
at the time of the AR5? How does CDR deployment in 1.5°C-consistent 
pathways relate to questions about availability, policy implementation 
and sustainable development implications that have been raised 
about CDR technologies? The first three questions are assessed in this 
section with the goal to provide an overview and assessment of CDR 
deployment in the 1.5°C pathway literature. The fourth question is only 
touched upon here and is addressed in greater depth in Chapter 4, 
Section 4.3.7, which assesses the rapidly growing literature on costs, 
potentials, availability and sustainability implications of individual 
CDR measures (Minx et al., 2017, 2018; Fuss et al., 2018; Nemet 
et al., 2018). In addition, Section 2.3.5 assesses the relationship 
between delayed mitigation action and increased CDR reliance. CDR 
deployment is intricately linked to the land-use transformation in 
1.5°C-consistent pathways. This transformation is assessed in Section 
2.4.4. Bioenergy and BECCS impacts on sustainable land management 
are further assessed in Chapter 3, Section 3.6.2 and Cross-Chapter Box 
7 in Chapter 3. Ultimately, a comprehensive assessment of the land 
implication of land-based CDR measures will be provided in the IPCC 
AR6 Special Report on Climate Change and Land (SRCCL). 

2.3.4.1 CDR technologies and deployment levels in 1.5°C 
pathways

A number of approaches to actively remove carbon-dioxide from 
the atmosphere are increasingly discussed in the literature (Minx 
et al., 2018) (see also Chapter 4, Section 4.3.7). Approaches under 
consideration include the enhancement of terrestrial and coastal 
carbon storage in plants and soils such as afforestation and 
reforestation (Canadell and Raupach, 2008), soil carbon enhancement 
(Paustian et al., 2016; Frank et al., 2017; Zomer et al., 2017), and other 
conservation, restoration, and management options for natural and 
managed land (Griscom et al., 2017) and coastal ecosystems (McLeod 
et al., 2011). Biochar sequestration (Woolf et al., 2010; Smith, 2016; 
Werner et al., 2018) provides an additional route for terrestrial carbon 
storage. Other approaches are concerned with storing atmospheric 
carbon dioxide in geological formations. They include the combination 
of biomass use for energy production with carbon capture and storage 
(BECCS) (Obersteiner et al., 2001; Keith and Rhodes, 2002; Gough 
and Upham, 2011) and direct air capture with storage (DACCS) using 
chemical solvents and sorbents (Zeman and Lackner, 2004; Keith et 
al., 2006; Socolow et al., 2011). Further approaches investigate the 
mineralization of atmospheric carbon dioxide (Mazzotti et al., 2005; 
Matter et al., 2016), including enhanced weathering of rocks (Schuiling 
and Krijgsman, 2006; Hartmann et al., 2013; Strefler et al., 2018a). 
A fourth group of approaches is concerned with the sequestration 
of carbon dioxide in the oceans, for example by means of ocean 
alkalinization (Kheshgi, 1995; Rau, 2011; Ilyina et al., 2013; Lenton et 
al., 2018). The costs, CDR potential and environmental side effects of 

several of these measures are increasingly investigated and compared 
in the literature, but large uncertainties remain, in particular concerning 
the feasibility and impact of large-scale deployment of CDR measures 
(The Royal Society, 2009; Smith et al., 2015; Psarras et al., 2017; Fuss 
et al., 2018) (see Chapter 4.3.7). There are also proposals to remove 
methane, nitrous oxide and halocarbons via photocatalysis from the 
atmosphere (Boucher and Folberth, 2010; de Richter et al., 2017), but 
a broader assessment of their effectiveness, cost and sustainability 
impacts is lacking to date. 

Only some of these approaches have so far been considered in IAMs 
(see Section 2.3.1.2). The mitigation scenario literature up to AR5 
mostly included BECCS and, to a more limited extent, afforestation 
and reforestation (Clarke et al., 2014). Since then, some 2°C- and 
1.5°C-consistent pathways including additional CDR measures such 
as DACCS (Chen and Tavoni, 2013; Marcucci et al., 2017; Lehtilä and 
Koljonen, 2018; Strefler et al., 2018b) and soil carbon sequestration 
(Frank et al., 2017) have become available. Other, more speculative 
approaches, in particular ocean-based CDR and removal of non-CO2 

gases, have not yet been taken up by the literature on mitigation 
pathways. See Supplementary Material 2.SM.1.2 for an overview on 
the coverage of CDR measures in models which contributed pathways 
to this assessment. Chapter 4.3.7 assesses the potential, costs, and 
sustainability implications of the full range of CDR measures.

Integrated assessment modelling has not yet explored land conservation, 
restoration and management options to remove carbon dioxide from 
the atmosphere in sufficient depth, despite land management having a 
potentially considerable impact on the terrestrial carbon stock (Erb et 
al., 2018). Moreover, associated CDR measures have low technological 
requirements, and come with potential environmental and social 
co-benefits (Griscom et al., 2017). Despite the evolving capabilities of 
IAMs in accounting for a wider range of CDR measures, 1.5°C-consistent 
pathways assessed here continue to predominantly rely on BECCS and 
afforestation/reforestation (see Supplementary Material 2.SM.1.2). 
However, IAMs with spatially explicit land-use modelling include a full 
accounting of land-use change emissions comprising carbon stored 
in the terrestrial biosphere and soils. Net CDR in the AFOLU sector, 
including but not restricted to afforestation and reforestation, can thus 
in principle be inferred by comparing AFOLU CO2 emissions between 
a baseline scenario and a 1.5°C-consistent pathway from the same 
model and study. However, baseline AFOLU CO2 emissions can not only 
be reduced by CDR in the AFOLU sector but also by measures to reduce 
deforestation and preserve land carbon stocks. The pathway literature 
and pathway data available to this assessment do not yet allow 
separating the two contributions. As a conservative approximation, the 
additional net negative AFOLU CO2 emissions below the baseline are 
taken as a proxy for AFOLU CDR in this assessment. Because this does 
not include CDR that was deployed before reaching net zero AFOLU 
CO2 emissions, this approximation is a lower-bound for terrestrial CDR 
in the AFOLU sector (including all mitigation-policy-related factors that 
lead to net negative AFOLU CO2 emissions).

The scale and type of CDR deployment in 1.5°C-consistent pathways 
varies widely (Figure 2.9 and 2.10). Overall CDR deployment over the 
21st century is substantial in most of the pathways, and deployment 
levels cover a wide range, on the order of 100–1000 Gt CO2 in 1.5°C 
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pathways with no or limited overshoot (730 [260–1030] GtCO2, for 
median and 5th–95th percentile range). Both BECCS (480 [0–1000] 
GtCO2 in 1.5°C pathways with no or limited overshoot) and AFOLU 
CDR measures including afforestation and reforestation (210 [10-
540] GtCO2 in 1.5°C pathways with no or limited overshoot) can play 
a major role,4 but for both cases pathways exist where they play no 
role at all. This shows the flexibility in substituting between individual 
CDR measures, once a portfolio of options becomes available. The high 
end of the CDR deployment range is populated by high overshoot 
pathways, as illustrated by pathway archetype S5 based on SSP5 
(fossil-fuelled development, see Section 2.3.1.1) and characterized 
by very large BECCS deployment to return warming to 1.5°C by 2100 
(Kriegler et al., 2017). In contrast, the low end is populated by a few 
pathways with no or limited overshoot that limit CDR to on the order of 
100–200 GtCO2 over the 21st century, coming entirely from terrestrial 
CDR measures with no or small use of BECCS. These are pathways 
with very low energy demand facilitating the rapid phase-out of 
fossil fuels and process emissions that exclude BECCS and CCS use 
(Grubler et al., 2018) and/or pathways with rapid shifts to sustainable 

food consumption freeing up sufficient land areas for afforestation 
and reforestation (Haberl et al., 2011; van Vuuren et al., 2018). Some 
pathways use neither BECCS nor afforestation but still rely on CDR 
through considerable net negative CO2 emissions in the AFOLU sector 
around mid-century (Holz et al., 2018b). We conclude that the role of 
BECCS as a dominant CDR measure in deep mitigation pathways has 
been reduced since the time of the AR5. This is related to three factors: 
a larger variation of underlying assumptions about socio-economic 
drivers (Riahi et al., 2017; Rogelj et al., 2018) and associated energy 
(Grubler et al., 2018) and food demand (van Vuuren et al., 2018); 
the incorporation of a larger portfolio of mitigation and CDR options 
(Marcucci et al., 2017; Grubler et al., 2018; Lehtilä and Koljonen, 
2018; Liu et al., 2018; van Vuuren et al., 2018); and targeted analysis 
of deployment limits for (specific) CDR measures (Holz et al., 2018b; 
Kriegler et al., 2018a; Strefler et al., 2018b), including the availability 
of bioenergy (Bauer et al., 2018), CCS (Krey et al., 2014a; Grubler et 
al., 2018) and afforestation (Popp et al., 2014b, 2017). As additional 
CDR measures are being built into IAMs, the prevalence of BECCS is 
expected to be further reduced.

Figure 2.9 |  Cumulative CDR deployment in 1.5°C-consistent pathways in the literature as reported in the database collected for this assessment until 
2050 (panel a) and until 2100 (panel b). Total CDR comprises all forms of CDR, including AFOLU CDR and BECCS, and, in a few pathways, other CDR measures like DACCS. 
It does not include CCS combined with fossil fuels (which is not a CDR technology as it does not result in active removal of CO2 from the atmosphere). AFOLU CDR has not been 
reported directly and is hence represented by means of a proxy: the additional amount of net negative CO2 emissions in the AFOLU sector compared to a baseline scenario (see 
text for a discussion). ‘Compensatory CO2’ depicts the cumulative amount of CDR that is used to neutralize concurrent residual CO2 emissions. ‘Net negative CO2’ describes the 
additional amount of CDR that is used to produce net negative CO2 emissions, once residual CO2 emissions are neutralized. The two quantities add up to total CDR for individual 
pathways (not for percentiles and medians, see Footnote 4).

4 The median and percentiles of the sum of two quantities is in general not equal to the sum of the medians and percentiles, respectively, of the two quantitites.  

As discussed in Section 2.3.2, CDR can be used in two ways in 
mitigation pathways: (i) to move more rapidly towards the point of 
carbon neutrality and maintain it afterwards in order to stabilize global 
mean temperature rise, and (ii) to produce net negative CO2 emissions, 
drawing down anthropogenic CO2 in the atmosphere in order to decline 
global mean temperature after an overshoot peak (Kriegler et al., 2018b; 
Obersteiner et al., 2018). Both uses are important in 1.5°C-consistent 
pathways (Figure 2.9 and 2.10). Because of the tighter remaining 1.5°C 

carbon budget, and because many pathways in the literature do not 
restrict exceeding this budget prior to 2100, the relative weight of 
the net negative emissions component of CDR increases compared to 
2°C-consistent pathways. The amount of compensatory CDR remains 
roughly the same over the century. This is the net effect of stronger 
deployment of compensatory CDR until mid-century to accelerate 
the approach to carbon neutrality and less compensatory CDR in the 
second half of the century due to deeper mitigation of end-use sectors 
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Figure 2.10 |  Accounting of cumulative CO2 emissions for the four 1.5°C-consistent pathway archetypes. See top panel for explanation of the bar plots. Total 
CDR is the difference between gross (red horizontal bar) and net (purple horizontal bar) cumulative CO2 emissions over the period 2018–2100, and it is equal to the sum of the 
BECCS (grey) and AFOLU CDR (green) contributions. Cumulative net negative emissions are the difference between peak (orange horizontal bar) and net (purple) cumulative CO2 
emissions. The blue shaded area depicts the estimated range of the remaining carbon budget for a two-in-three to one-in-two chance of staying below1.5°C. The grey shaded 
area depicts the range when accounting for additional Earth system feedbacks.  

in 1.5°C-consistent pathways (Luderer et al., 2018). Comparing median 
levels, end-of-century net cumulative CO2 emissions are roughly 
600 GtCO2 smaller in 1.5°C compared to 2°C-consistent pathways, 
with approximately two thirds coming from further reductions of gross 
CO2 emissions and the remaining third from increased CDR deployment. 
As a result, median levels of total CDR deployment in 1.5°C-consistent 
pathways are larger than in 2°C-consistent pathways (Figure 2.9), but 
with marked variations in each pathway class.

Ramp-up rates of individual CDR measures in 1.5°C-consistent 
pathways are provided in Table 2.4. BECCS deployment is still 
limited in 2030, but ramps up to median levels of 3 (Below-1.5°C), 
5 (1.5°C-low-OS) and 7 GtCO2 yr−1 (1.5°C-high-OS) in 2050, and to 6 
(Below-1.5°C), 12 (1.5°C-low-OS) and 15 GtCO2 yr−1 (1.5°C-high-OS) 
in 2100, respectively. In 1.5°C pathways with no or limited overshoot, 
this amounts to 0–1, 0–8, and 0–16 GtCO2 yr−1 in 2030, 2050, and 
2100, respectively (ranges refer to the union of the min-max range 
of the Below-1.5°C and the interquartile range of the 1.5°C-low-OS 
class; see Table 2.4). Net CDR in the AFOLU sector reaches slightly 
lower levels in 2050, and stays more constant until 2100. In 1.5°C 
pathways with no or limited overshoot, AFOLU CDR amounts to 0–5, 

1–11, and 1–5 GtCO2 yr−1 (see above for the definition of the ranges) 
in 2030, 2050, and 2100, respectively. In contrast to BECCS, AFOLU 
CDR is more strongly deployed in non-overshoot than overshoot 
pathways. This indicates differences in the timing of the two CDR 
approaches. Afforestation is scaled up until around mid-century, when 
the time of carbon neutrality is reached in 1.5°C-consistent pathways, 
while BECCS is projected to be used predominantly in the 2nd half 
of the century (Figure 2.5). This reflects the fact that afforestation is 
a readily available CDR technology, while BECCS is more costly and 
much less mature a technology. As a result, the two options contribute 
differently to compensating concurrent CO2 emissions (until 2050) 
and to producing net negative CO2 emissions (post-2050). BECCS 
deployment is particularly strong in pathways with high overshoots 
but can also feature in pathways with low overshoot (see Figure 2.5 
and 2.10). Annual deployment levels until mid-century are not found 
to be significantly different between 2°C-consistent pathways and 
1.5°C-consistent pathways with no or low overshoot. This suggests 
similar implementation challenges for ramping up BECCS deployment 
at the rates projected in the pathways (Honegger and Reiner, 2018; 
Nemet et al., 2018). The feasibility and sustainability of upscaling CDR 
at these rates is assessed in Chapter 4.3.7.
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Concerns have been raised that building expectations about large-
scale CDR deployment in the future can lead to an actual reduction 
of near-term mitigation efforts (Geden, 2015; Anderson and Peters, 
2016; Dooley and Kartha, 2018). The pathway literature confirms that 
CDR availability influences the shape of mitigation pathways critically 
(Krey et al., 2014a; Holz et al., 2018b; Kriegler et al., 2018a; Strefler 
et al., 2018b). Deeper near-term emissions reductions are required to 
reach the 1.5°C–2°C target range if CDR availability is constrained. As 
a result, the least-cost benchmark pathways to derive GHG emissions 
gap estimates (UNEP, 2017) are dependent on assumptions about CDR 

availability. Using GHG benchmarks in climate policy makes implicit 
assumptions about CDR availability (Fuss et al., 2014; van Vuuren 
et al., 2017a). At the same time, the literature also shows that rapid 
and stringent mitigation as well as large-scale CDR deployment occur 
simultaneously in 1.5°C pathways due to the tight remaining carbon 
budget (Luderer et al., 2018). Thus, an emissions gap is identified even 
for high CDR availability (Strefler et al., 2018b), contradicting a wait-
and-see approach. There are significant trade-offs between near-term 
action, overshoot and reliance on CDR deployment in the long-term 
which are assessed in Section 2.3.5.

Box 2.1 |  Bioenergy and BECCS Deployment in Integrated Assessment Modelling

Bioenergy can be used in various parts of the energy sector of IAMs, including for electricity, liquid fuel, biogas, and hydrogen production. 
It is this flexibility that makes bioenergy and bioenergy technologies valuable for the decarbonization of energy use (Klein et al., 2014; 
Krey et al., 2014a; Rose et al., 2014a; Bauer et al., 2017, 2018). Most bioenergy technologies in IAMs are also available in combination 
with CCS (BECCS). Assumed capture rates differ between technologies, for example, about 90% for electricity and hydrogen production 
and about 40–50% for liquid fuel production. Decisions about bioenergy deployment in IAMs are based on economic considerations to 
stay within a carbon budget that is consistent with a long-term climate goal. IAMs consider both the value of bioenergy in the energy 
system and the value of BECCS in removing CO2 from the atmosphere. Typically, if bioenergy is strongly limited, BECCS technologies 
with high capture rates are favoured. If bioenergy is plentiful IAMs tend to choose biofuel technologies with lower capture rates but 
high value for replacing fossil fuels in transport (Kriegler et al., 2013a; Bauer et al., 2018). Most bioenergy use in IAMs is combined with 
CCS if available (Rose et al., 2014a). If CCS is unavailable, bioenergy use remains largely unchanged or even increases due to the high 
value of bioenergy for the energy transformation (Bauer et al., 2018). As land impacts are tied to bioenergy use, the exclusion of BECCS 
from the mitigation portfolio will not automatically remove the trade-offs with food, water and other sustainability objectives due to 
the continued and potentially increased use of bioenergy.

IAMs assume bioenergy to be supplied mostly from second generation biomass feedstocks such as dedicated cellulosic crops (for 
example Miscanthus or poplar) as well as agricultural and forest residues. Detailed process IAMs include land-use models that capture 
competition for land for different uses (food, feed, fiber, bioenergy, carbon storage, biodiversity protection) under a range of dynamic 
factors including socio-economic drivers, productivity increases in crop and livestock systems, food demand, and land, environmental, 
biodiversity, and carbon policies. Assumptions about these factors can vary widely between different scenarios (Calvin et al., 2014; 
Popp et al., 2017; van Vuuren et al., 2018). IAMs capture a number of potential environmental impacts from bioenergy production, in 
particular indirect land-use change emissions from land conversion and nitrogen and water use for bioenergy production (Kraxner et al., 
2013; Bodirsky et al., 2014; Bonsch et al., 2014; Obersteiner et al., 2016; Humpenöder et al., 2018). The impact of bioenergy production 
on soil degradation is an area of active IAM development and was not comprehensively accounted for in the mitigation pathways 
assessed in this report (but is, for example, in Frank et al., 2017). Whether bioenergy has large adverse impacts on environmental and 
societal goals depends in large parts on the governance of land use (Haberl et al., 2013; Erb et al., 2016b; Obersteiner et al., 2016; 
Humpenöder et al., 2018). Here IAMs often make idealized assumptions about effective land management, such as full protection of 
the land carbon stock by conservation measures and a global carbon price, respectively, but variations on these assumptions have also 
been explored (Calvin et al., 2014; Popp et al., 2014a).

2.3.4.2 Sustainability implications of CDR deployment in 1.5°C 
pathways

Strong concerns about the sustainability implications of large-scale 
CDR deployment in deep mitigation pathways have been raised in the 
literature (Williamson and Bodle, 2016; Boysen et al., 2017b; Dooley and 
Kartha, 2018; Heck et al., 2018), and a number of important knowledge 
gaps have been identified (Fuss et al., 2016). An assessment of the 
literature on implementation constraints and sustainable development 
implications of CDR measures is provided in Chapter 4, Section 4.3.7 and 
the Cross-chapter Box 7 in Chapter 3. An initial discussion of potential 

environmental side effects of CDR deployment in 1.5°C-consistent 
pathways is provided in this section. Chapter 4, Section 4.3.7 then 
contrasts CDR deployment in 1.5°C-consistent pathways with other 
branches of literature on limitations of CDR. Integrated modelling aims 
to explore a range of developments compatible with specific climate 
goals and often does not include the full set of broader environmental 
and societal concerns beyond climate change. This has given rise to 
the concept of sustainable development pathways (Cross-Chapter Box 
1 in Chapter 1) (van Vuuren et al., 2015), and there is an increasing 
body of work to extend integrated modelling to cover a broader range 
of sustainable development goals (Section 2.6). However, only some 
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of the available 1.5°C-consistent pathways were developed within a 
larger sustainable development context  (Bertram et al., 2018; Grubler 
et al., 2018; Rogelj et al., 2018; van Vuuren et al., 2018). As discussed 
in Section 2.3.4.1, those pathways are characterized by low energy 
and/or food demand effectively limiting fossil-fuel substitution and 
alleviating land competition, respectively. They also include regulatory 
policies for deepening early action and ensuring environmental 
protection (Bertram et al., 2018). Overall sustainability implications of 
1.5°C-consistent pathways are assessed in Section 2.5.3 and Chapter 
5, Section 5.4.

Individual CDR measures have different characteristics and therefore 
would carry different risks for their sustainable deployment at scale 
(Smith et al., 2015). Terrestrial CDR measures, BECCS and enhanced 
weathering of rock powder distributed on agricultural lands require 
land. Those land-based measures could have substantial impacts 
on environmental services and ecosystems (Cross-Chapter Box 7 in 
Chapter 3) (Smith and Torn, 2013; Boysen et al., 2016; Heck et al., 2016; 
Krause et al., 2017). Measures like afforestation and bioenergy with 
and without CCS that directly compete with other land uses could have 
significant impacts on agricultural and food systems (Creutzig et al., 
2012, 2015; Calvin et al., 2014; Popp et al., 2014b, 2017; Kreidenweis 
et al., 2016; Boysen et al., 2017a; Frank et al., 2017; Stevanović et al., 
2017; Strapasson et al., 2017; Humpenöder et al., 2018). BECCS using 
dedicated bioenergy crops could substantially increase agricultural 
water demand (Bonsch et al., 2014; Séférian et al., 2018) and nitrogen 
fertilizer use (Bodirsky et al., 2014). DACCS and BECCS rely on CCS and 
would require safe storage space in geological formations, including 
management of leakage risks (Pawar et al., 2015) and induced 
seismicity (Nicol et al., 2013). Some approaches like DACCS have high 
energy demand (Socolow et al., 2011). Most of the CDR measures 
currently discussed could have significant impacts on either land, 
energy, water, or nutrients if deployed at scale (Smith et al., 2015). 
However, actual trade-offs depend on a multitude factors (Haberl et 
al., 2011; Erb et al., 2012; Humpenöder et al., 2018), including the 
modalities of CDR deployment (e.g., on marginal vs. productive land) 
(Bauer et al., 2018), socio-economic developments (Popp et al., 2017), 
dietary choices (Stehfest et al., 2009; Popp et al., 2010; van Sluisveld et 
al., 2016; Weindl et al., 2017; van Vuuren et al., 2018), yield increases, 
livestock productivity and other advances in agricultural technology 
(Havlik et al., 2013; Valin et al., 2013; Havlík et al., 2014; Weindl et al., 
2015; Erb et al., 2016b), land policies (Schmitz et al., 2012; Calvin et al., 
2014; Popp et al., 2014a), and governance of land use (Unruh, 2011; 
Buck, 2016; Honegger and Reiner, 2018).

Figure 2.11 shows the land requirements for BECCS and afforestation 
in the selected 1.5°C-consistent pathway archetypes, including the LED 
(Grubler et al., 2018) and S1 pathways (Fujimori, 2017; Rogelj et al., 
2018) following a sustainable development paradigm. As discussed, 
these land-use patterns are heavily influenced by assumptions about, 
among other things, future population levels, crop yields, livestock 
production systems, and food and livestock demand, which all vary 
between the pathways (Popp et al., 2017) (Section 2.3.1.1). In pathways 
that allow for large-scale afforestation in addition to BECCS, land 
demand for afforestation can be larger than for BECCS (Humpenöder 
et al., 2014). This follows from the assumption in the modelled 
pathways that, unlike bioenergy crops, forests are not harvested to 

allow unabated carbon storage on the same patch of land. If wood 
harvest and subsequent processing or burial are taken into account, 
this finding can change. There are also synergies between the various 
uses of land, which are not reflected in the depicted pathways. Trees 
can grow on agricultural land (Zomer et al., 2016), and harvested 
wood can be used with BECCS and pyrolysis systems (Werner et al., 
2018). The pathways show a very substantial land demand for the two 
CDR measures combined, up to the magnitude of the current global 
cropland area. This is achieved in IAMs in particular by a conversion of 
pasture land freed by intensification of livestock production systems, 
pasture intensification and/or demand changes (Weindl et al., 2017), 
and to a more limited extent, cropland for food production, as well 
as expansion into natural land. However, pursuing such large-scale 
changes in land use would pose significant food supply, environmental 
and governance challenges, concerning both land management and 
tenure (Unruh, 2011; Erb et al., 2012, 2016b; Haberl et al., 2013; 
Haberl, 2015; Buck, 2016), particularly if synergies between land 
uses, the relevance of dietary changes for reducing land demand, and 
co-benefits with other sustainable development objectives are not 
fully recognized. A general discussion of the land-use transformation in 
1.5°C-consistent pathways is provided in Section 2.4.4. 

An important consideration for CDR which moves carbon from the 
atmosphere to the geological, oceanic or terrestrial carbon pools is the 
permanence of carbon stored in these different pools (Matthews and 
Caldeira, 2008; NRC, 2015; Fuss et al., 2016; Jones et al., 2016) (see 
also Chapter 4, Section 4.3.7 for a discussion). Terrestrial carbon can 
be returned to the atmosphere on decadal time scales by a variety of 
mechanisms, such as soil degradation, forest pest outbreaks and forest 
fires, and therefore requires careful consideration of policy frameworks 
to manage carbon storage, for example, in forests (Gren and Aklilu, 
2016). There are similar concerns about outgassing of CO

2 from ocean 
storage (Herzog et al., 2003), unless it is transformed to a substance 
that does not easily exchange with the atmosphere, for example, ocean 
alkalinity or buried marine biomass (Rau, 2011). Understanding of the 
assessment and management of the potential risk of CO2 release from 
geological storage of CO2 has improved since the IPCC Special Report 
on Carbon Dioxide Capture and Storage (IPCC, 2005) with experience 
and the development of management practices in geological storage 
projects, including risk management to prevent sustentative leakage 
(Pawar et al., 2015). Estimates of leakage risk have been updated to 
include scenarios of unregulated drilling and limited wellbore integrity 
(Choi et al., 2013) and find that about 70% of stored CO2 would still 
be retained after 10,000 years in these circumstances (Alcalde et al., 
2018). The literature on the potential environmental impacts from the 
leakage of CO2 – and approaches to minimize these impacts should 
a leak occur – has also grown and is reviewed by Jones et al. (2015). 
To the extent that non-permanence of terrestrial and geological carbon 
storage is driven by socio-economic and political factors, there are 
parallels to questions of fossil-fuel reservoirs remaining in the ground 
(Scott et al., 2015).
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2.3.5 Implications of Near-Term Action in 1.5°C Pathways 

Less CO2 emission reductions in the near term would require steeper 
and deeper reductions in the longer term in order to meet specific 
warming targets afterwards (Riahi et al., 2015; Luderer et al., 2016a). 
This is a direct consequence of the quasi-linear relationship between 
the total cumulative amount of CO2 emitted into the atmosphere and 
global mean temperature rise (Matthews et al., 2009; Zickfeld et al., 
2009; Collins et al., 2013; Knutti and Rogelj, 2015). Besides this clear 
geophysical trade-off over time, delaying GHG emissions reductions 
over the coming years also leads to economic and institutional lock-in 
into carbon-intensive infrastructure, that is, the continued investment 
in and use of carbon-intensive technologies that are difficult or costly 
to phase-out once deployed (Unruh and Carrillo-Hermosilla, 2006; 
Jakob et al., 2014; Erickson et al., 2015; Steckel et al., 2015; Seto et al., 
2016; Michaelowa et al., 2018). Studies show that to meet stringent 
climate targets despite near-term delays in emissions reductions, 
models prematurely retire carbon-intensive infrastructure, in particular 
coal without CCS (Bertram et al., 2015a; Johnson et al., 2015). The AR5 
reports that delaying mitigation action leads to substantially higher 
rates of emissions reductions afterwards, a larger reliance on CDR 
technologies in the long term, and higher transitional and long-term 
economic impacts (Clarke et al., 2014). The literature mainly focuses 
on delayed action until 2030 in the context of meeting a 2°C goal 
(den Elzen et al., 2010; van Vuuren and Riahi, 2011; Kriegler et al., 
2013b; Luderer et al., 2013, 2016a; Rogelj et al., 2013b; Riahi et al., 
2015; OECD/IEA and IRENA, 2017). However, because of the smaller 
carbon budget consistent with limiting warming to 1.5°C and the 
absence of a clearly declining long-term trend in global emissions 
to date, these general insights apply equally, or even more so, to the 
more stringent mitigation context of 1.5°C-consistent pathways. This 

is further supported by estimates of committed emissions due to fossil 
fuel-based infrastructure (Seto et al., 2016; Edenhofer et al., 2018).

All available 1.5°C pathways that explore consistent mitigation action 
from 2020 onwards peak global Kyoto-GHG emissions in the next 
decade and already decline Kyoto-GHG emissions to below 2010 levels 
by 2030. The near-term emissions development in these pathways 
can be compared with estimated emissions in 2030 implied by the 
Nationally Determined Contributions (NDCs) submitted by Parties 
to the Paris Agreement (Figure 2.12). Altogether, the unconditional 
(conditional) NDCs are assessed to result in global Kyoto-GHG 
emissions on the order of 52–58 (50–54) GtCO2e yr−1 in 2030 (e.g., 
den Elzen et al., 2016; Fujimori et al., 2016; UNFCCC, 2016; Rogelj et 
al., 2017; Rose et al., 2017b; Benveniste et al., 2018; Vrontisi et al., 
2018; see Cross-Chapter Box 11 in Chapter 4 for detailed assessment). 
In contrast, 1.5°C pathways with limited overshoot available to this 
assessment show an interquartile range of about 26–31 (median 28) 
GtCO2e yr−1 in 20305 (Table 2.4, Section 2.3.3). Based on these ranges, 
this report assesses the emissions gap for a two-in-three chance of 
limiting warming to 1.5°C to be 26 (19–29) and 28 (22–33) GtCO2e 
(median and interquartile ranges) for conditional and unconditional 
NDCs, respectively (Cross-Chapter Box 11, applying GWP-100 values 
from the IPCC Second Assessment Report).

The later emissions peak and decline, the more CO2 will have 
accumulated in the atmosphere. Peak cumulated CO2 emissions – 
and consequently peak temperatures – increase with higher 2030 
emissions levels (Figure 2.12). Current NDCs (Cross-Chapter Box 11 in 
Chapter 4) are estimated to lead to CO2 emissions of about 400–560 
GtCO2 from 2018 to 2030 (Rogelj et al., 2016a). Available 1.5°C- and 
2°C-consistent pathways with 2030 emissions in the range estimated 

Figure 2.11 |  Land-use changes in 2050 and 2100 in the illustrative 1.5°C-consistent pathway archetypes (Fricko et al., 2017; Fujimori, 2017; Kriegler et 
al., 2017; Grubler et al., 2018; Rogelj et al., 2018). Changes in land for food crops, energy crops, forest, pasture and other natural land are shown, compared to 2010.  

5 Note that aggregated Kyoto-GHG emissions implied by the NDCs from Cross-Chapter Box 11 in Chapter 4 and Kyoto-GHG ranges from the pathway classes in Chapter 2 
are only approximately comparable, because this chapter applies GWP-100 values from the IPCC Fourth Assessment Report while the NDC Cross-Chapter Box 11 applies 
GWP-100 values from the IPCC Second Assessment Report. At a global scale, switching between GWP-100 values of the Second to the Fourth IPCC Assessment Report 
would result in an increase in estimated aggregated Kyoto-GHG emissions of no more than about 3% in 2030 (UNFCCC, 2016).  
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for the NDCs rely on an assumed swift and widespread deployment of 
CDR after 2030, and show peak cumulative CO2 emissions from 2018 
of about 800–1000 GtCO2, above the remaining carbon budget for a 
one-in-two chance of remaining below 1.5°C. These emissions reflect 
that no pathway is able to project a phase-out of CO2 emissions starting 
from year-2030 NDC levels of about 40 GtCO2 yr−1 (Fawcett et al., 2015; 
Rogelj et al., 2016a) to net zero in less than about 15 years. Based on 
the implied emissions until 2030, the high challenges of the assumed 

post-2030 transition, and the assessment of carbon budgets in Section 
2.2.2, global warming is assessed to exceed 1.5°C if emissions stay at 
the levels implied by the NDCs until 2030 (Figure 2.12). The chances 
of remaining below 1.5°C in these circumstances remain conditional 
upon geophysical properties that are uncertain, but these Earth 
system response uncertainties would have to serendipitously align 
beyond current median estimates in order for current NDCs to become 
consistent with limiting warming to 1.5°C.  

Figure 2.12 |  Median global warming estimated by MAGICC (panel a) and peak cumulative CO2 emissions (panel b) in 1.5°C-consistent pathways in the 
SR1.5 scenario database, as a function of CO2-equivalent emissions (based on AR4 GWP-100) of Kyoto-GHGs in 2030. Pathways that were forced to go through 
the NDCs or a similarly high emissions point in 2030 by design are highlighted by yellow marker edges (see caption of Figure 2.13 and text for further details on the design 
of these pathways). The combined range of global Kyoto-GHG emissions in 2030 for the conditional and unconditional NDCs assessed in Cross-Chapter Box 11 is shown by 
the grey shaded area (adjusted to AR4 GWPs for comparison). As a second line of evidence, peak cumulative CO2 emissions derived from a 1.5°C pathway sensitivity analysis 
(Kriegler et al., 2018b) are shown by grey circles in the right-hand panel. Circles show gross fossil-fuel and industry emissions of the sensitivity cases, increased by assumptions 
about the contributions from AFOLU (5 GtCO2 yr−1 until 2020, followed by a linear phase out until 2040) and non-CO2 Kyoto-GHGs (median non-CO2 contribution from 
1.5°C-consistent pathways available in the database: 10 GtCO2e yr−1 in 2030), and reduced by assumptions about CDR deployment until the time of net zero CO2 emissions 
(limiting case for CDR deployment assumed in (Kriegler et al., 2018b) (logistic growth to 1, 4, 10 GtCO2 yr−1 in 2030, 2040, and 2050, respectively, leading to approximately 
100 GtCO2 of CDR by mid-century).

It is unclear whether following NDCs until 2030 would still allow 
global mean temperature to return to 1.5°C by 2100 after a temporary 
overshoot, due to the uncertainty associated with the Earth system 
response to net negative emissions after a peak (Section 2.2). Available 
IAM studies are working with reduced-form carbon cycle–climate 
models like MAGICC, which assume a largely symmetric Earth-
system response to positive and net negative CO2 emissions. The IAM 
findings on returning warming to 1.5°C from NDCs after a temporary 
temperature overshoot are hence all conditional on this assumption. 
Two types of pathways with 1.5°C-consistent action starting in 2030 
have been considered in the literature (Luderer et al., 2018) (Figure 
2.13): pathways aiming to obtain the same end-of-century carbon 
budget as 1.5°C-consistent pathways starting in 2020 despite higher 
emissions until 2030, and pathways assuming the same mitigation 
stringency after 2030 as in 1.5°C-consistent pathways starting in 
2020 (approximated by using the same global price of emissions as 

found in least-cost pathways starting from 2020). An IAM comparison 
study found increasing challenges to implementing pathways with the 
same end-of-century carbon budgets after following NDCs until 2030 
(Luderer et al., 2018). The majority of model experiments (four out of 
seven) failed to produce NDC pathways that would return cumulative 
CO2 emissions over the 2016–2100 period to 200 GtCO2, indicating 
limitations to the availability and timing of CDR. The few such 
pathways that were identified show highly disruptive features in 2030 
(including abrupt transitions from moderate to very large emissions 
reduction and low carbon energy deployment rates) indicating a high 
risk that the required post-2030 transformations are too steep and 
abrupt to be achieved by the mitigation measures in the models (high 
confidence). NDC pathways aiming for a cumulative 2016–2100 CO2 

emissions budget of 800 GtCO2 were more readily obtained (Luderer et 
al., 2018), and some were classified as 1.5°C-high-OS pathways in this 
assessment (Section 2.1).
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Figure 2.13 |  Comparison of 1.5°C-consistent pathways starting action as of 2020 (A; light-blue diamonds) with pathways following the NDCs until 2030 
and aiming to limit warming to 1.5°C thereafter. The 1.5°C pathways that follow the NDCs until 2030 either aim for the same cumulative CO2 emissions by 2100 as the 
pathways that start action as of 2020 (B; red diamonds) or assume the same mitigation stringency as reflected by the price of emissions in associated least-cost 1.5°C-consistent 
pathways starting from 2020 (P; black diamonds). Panels show (a) the underlying emissions pathways, (b) additional warming in the delay scenarios compared to 2020 action 
case, (c) cumulated CDR, (d) CDR ramp-up rates, (e) cumulated gross CO2 emissions from fossil-fuel combustion and industrial (FFI) processes over the 2018–2100 period, and (f) 
gross FFI CO2 emissions reductions rates. Scenario pairs or triplets (circles and diamonds) with 2020 and 2030 action variants were calculated by six (out of seven) models in the 
ADVANCE study symbols (Luderer et al., 2018) and five of them (passing near-term plausibility checks) are shown by symbols. Only two of five models could identify pathways 
with post-2030 action leading to a 2016–2100 carbon budget of about 200 GtCO2 (red). The range of all 1.5°C pathways with no and low overshoot is shown by the boxplots. 



129

2

Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable Development Chapter 2

NDC pathways that apply a post-2030 price of emissions as found in 
least-cost pathways starting from 2020 show infrastructural carbon 
lock-in as a result of following NDCs instead of least-cost action until 
2030. A key finding is that carbon lock-ins persist long after 2030, with 
the majority of additional CO2 emissions occurring during the 2030–
2050 period. Luderer et al. (2018) find 90 (80–120) GtCO2 additional 
emissions until 2030, growing to 240 (190–260) GtCO2 by 2050 and 
290 (200–200) GtCO2 by 2100. As a result, peak warming is about 0.2°C 
higher and not all of the modelled pathways return warming to 1.5°C 
by the end of the century. There is a four sided trade-off between (i) 
near-term ambition, (ii) degree of overshoot, (iii) transitional challenges 
during the 2030–2050 period, and (iv) the amount of CDR deployment 
required during the century (Figure 2.13) (Holz et al., 2018b; Strefler 
et al., 2018b). Transition challenges, overshoot, and CDR requirements 
can be significantly reduced if global emissions peak before 2030 

and fall below levels in line with current NDCs by 2030. For example, 
Strefler et al. (2018b) find that CDR deployment levels in the second 
half of the century can be halved in 1.5°C-consistent pathways with 
similar CO2 emissions reductions rates during the 2030–2050 period 
if CO2 emissions by 2030 are reduced by an additional 30% compared 
to NDC levels. Kriegler et al. (2018a) investigate a global rollout of 
selected regulatory policies and moderate carbon pricing policies. 
They show that additional reductions of about 10 GtCO2e yr−1 can be 
achieved in 2030 compared to the current NDCs. Such a 20% reduction 
of year-2030 emissions compared to current NDCs would effectively 
lower the disruptiveness of post-2030 action. The strengthening of 
short-term policies in deep mitigation pathways has hence been 
identified as a way of bridging options to keep the Paris climate goals 
within reach (Bertram et al., 2015b; IEA, 2015a; Spencer et al., 2015; 
Kriegler et al., 2018a).  

1.5°C Pathway 
Characteristic

Supporting Information Reference

Rapid and profound near-term 

decarbonisation of energy supply

Strong upscaling of renewables and sustainable biomass and reduction of unabated (no CCS) fossil fuels, 

along with the rapid deployment of CCS, lead to a zero-emission energy supply system by mid-century.

Section 2.4.1 

Section 2.4.2

Greater mitigation efforts 

on the demand side

All end-use sectors show marked demand reductions beyond the reductions projected for 2°C pathways. Demand 

reductions from IAMs for 2030 and 2050 lie within the potential assessed by detailed sectoral bottom-up assessments. 
Section 2.4.3

Switching from fossil fuels to 

electricity in end-use sectors
Both in the transport and the residential sector, electricity covers markedly larger shares of total demand by mid-century.

Section 2.4.3.2 

Section 2.4.3.3

Comprehensive emission 

reductions are implemented 

in the coming decade

Virtually all 1.5°C-consistent pathways decline net annual CO2 emissions between 2020 and 2030, reaching carbon 

neutrality around mid-century. In 2030, below-1.5°C and 1.5°C-low-OS pathways show maximum net CO2 emissions 

of 18 and 28 GtCO2 yr−1, respectively. GHG emissions in these scenarios are not higher than 34 GtCO2e yr−1 in 2030.

Section 2.3.4

Additional reductions, on top of 

reductions from both CO2 and 

non-CO2 required for 2°C, 

are mainly from CO2

Both CO2 and the non-CO2 GHGs and aerosols are strongly reduced by 2030 and until 2050 in 1.5°C pathways.  

The greatest difference to 2°C pathways, however, lies in additional reductions of CO2, as the non-CO2 mitigation 

potential that is currently included in integrated pathways is mostly already fully deployed for reaching a 2°C pathway.

Section 2.3.1.2

Considerable shifts in 

investment patterns

Low-carbon investments in the energy supply side (energy production and refineries) are projected to average 

1.6–3.8 trillion 2010USD yr−1 globally to 2050. Investments in fossil fuels decline, with investments in unabated coal 

halted by 2030 in most available 1.5°C-consistent projections, while the literature is less conclusive for investments 

in unabated gas and oil. Energy demand investments are a critical factor for which total estimates are uncertain.

Section 2.5.2

Options are available to 

align 1.5°C pathways with 

sustainable development

Synergies can be maximized, and risks of trade-offs limited or avoided through an informed choice of mitigation 

strategies. Particularly pathways that focus on a lowering of demand show many synergies and few trade-offs.
Section 2.5.3

CDR at scale before mid-century

By 2050, 1.5°C pathways project deployment of BECCS at a scale of 3–7 GtCO2yr−1 (range of medians across 

1.5°C pathway classes), depending on the level of energy demand reductions and mitigation in other sectors. 

Some 1.5°C pathways are available that do not use BECCS, but only focus terrestrial CDR in the AFOLU sector. 

Section 2.3.3, 2.3.4.1 

Table 2.5 | Overview of Key Characteristics of 1.5°C Pathways.

2.4 Disentangling the Whole-System 
Transformation 

Mitigation pathways map out prospective transformations of the 
energy, land and economic systems over this century (Clarke et al., 
2014). There is a diversity of potential pathways consistent with 1.5°C, 
yet they share some key characteristics summarized in Table 2.5. To 
explore characteristics of 1.5°C pathways in greater detail, this section 
focuses on changes in energy supply and demand, and changes in the 
AFOLU sector.

2.4.1 Energy System Transformation 

The energy system links energy supply (Section 2.4.2) with energy 
demand (Section 2.4.3) through final energy carriers, including 
electricity and liquid, solid or gaseous fuels, that are tailored to 
their end-uses. To chart energy-system transformations in mitigation 
pathways, four macro-level decarbonization indicators associated with 
final energy are useful: limits on the increase of final energy demand, 
reductions in the carbon intensity of electricity, increases in the share 
of final energy provided by electricity, and reductions in the carbon 
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Figure 2.14 |  Decomposition of transformation pathways into (a) energy demand, (b) carbon intensity of electricity, (c) the electricity share in final energy, 
and (d) the carbon intensity of the residual (non-electricity) fuel mix. Box plots show median, interquartile range and full range of pathways. Pathway temperature classes 
(Table 2.1) and illustrative pathway archetypes are indicated in the legend. Values following the class labels give the number of available pathways in each class. 

2.4.2 Energy Supply

Several energy supply characteristics are evident in 1.5°C pathways 
assessed in this section: (i) growth in the share of energy derived 
from low-carbon-emitting sources (including renewables, nuclear and 
fossil fuel with CCS) and a decline in the overall share of fossil fuels 
without CCS (Section 2.4.2.1), (ii) rapid decline in the carbon intensity 
of electricity generation simultaneous with further electrification of 
energy end-use (Section 2.4.2.2), and (iii) the growth in the use of CCS 
applied to fossil and biomass carbon in most 1.5°C pathways (Section 
2.4.2.3).  

2.4.2.1 Evolution of primary energy contributions over time

By mid-century, the majority of primary energy comes from non-fossil-
fuels (i.e., renewables and nuclear energy) in most 1.5°C pathways 
(Table 2.6). Figure 2.15 shows the evolution of primary energy supply 
over this century across 1.5°C pathways, and in detail for the four 
illustrative pathway archetypes highlighted in this chapter. Note that 
this section reports primary energy using the direct equivalent method 
on the basis of lower heating values (Bruckner et al., 2014).

intensity of final energy other than electricity (referred to in this section 
as the carbon intensity of the residual fuel mix). Figure 2.14 shows 
changes of these four indicators for the pathways in the scenario 
database (Section 2.1.3 and Supplementary Material 2.SM.1.3) for 
1.5°C and 2°C pathways (Table 2.1).

Pathways in both the 1.5°C and 2°C classes (Figure 2.14) generally 
show rapid transitions until mid-century, with a sustained but slower 
evolution thereafter. Both show an increasing share of electricity 
accompanied by a rapid decline in the carbon intensity of electricity. 
Both also show a generally slower decline in the carbon intensity of 
the residual fuel mix, which arises from the decarbonization of liquids, 
gases and solids provided to industry, residential and commercial 
activities, and the transport sector.

The largest differences between 1.5°C and 2°C pathways are seen in the 
first half of the century (Figure 2.14), where 1.5°C pathways generally 
show lower energy demand, a faster electrification of energy end-use, 
and a faster decarbonization of the carbon intensity of electricity and 
the residual fuel mix. There are very few pathways in the Below-1.5°C 
class (Figure 2.14). Those scenarios that are available, however, show 
a faster decline in the carbon intensity of electricity generation and 
residual fuel mix by 2030 than most pathways that are projected to 
temporarily overshoot 1.5°C and return by 2100 (or 2°C pathways). 
The Below-1.5°C pathways also appear to differentiate themselves 
from the other pathways as early as 2030 through reductions in final 
energy demand and increases in electricity share (Figure 2.14). 
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The share of energy from renewable sources (including biomass, hydro, 
solar, wind and geothermal) increases in all 1.5°C pathways with no or 
limited overshoot, with the renewable energy share of primary energy 
reaching 38–88% in 2050 (Table 2.6), with an interquartile range of 
52–67%. The magnitude and split between bioenergy, wind, solar, 
and hydro differ between pathways, as can be seen in the illustrative 
pathway archetypes in Figure 2.15. Bioenergy is a major supplier of 
primary energy, contributing to both electricity and other forms of 
final energy such as liquid fuels for transportation (Bauer et al., 2018). 
In 1.5°C pathways, there is a significant growth in bioenergy used in 
combination with CCS for pathways where it is included (Figure 2.15). 

Nuclear power increases its share in most 1.5°C pathways with no or 
limited overshoot by 2050, but in some pathways both the absolute 
capacity and share of power from nuclear generators decrease (Table 
2.15). There are large differences in nuclear power between models 
and across pathways (Kim et al., 2014; Rogelj et al., 2018). One of 
the reasons for this variation is that the future deployment of nuclear 
can be constrained by societal preferences assumed in narratives 
underlying the pathways (O’Neill et al., 2017; van Vuuren et al., 2017b). 
Some 1.5°C pathways with no or limited overshoot no longer see a role 

for nuclear fission by the end of the century, while others project about 
95 EJ yr−1 of nuclear power in 2100 (Figure 2.15). 

The share of primary energy provided by total fossil fuels decreases from 
2020 to 2050 in all 1.5°C pathways, but trends for oil, gas and coal differ 
(Table 2.6). By 2050, the share of primary energy from coal decreases 
to 0–11% across 1.5°C pathways with no or limited overshoot, with 
an interquartile range of 1–7%. From 2020 to 2050 the primary energy 
supplied by oil changes by −93 to −9% (interquartile range −77 to 
−39%); natural gas changes by −88 to +85% (interquartile range 
−62 to −13%), with varying levels of CCS. Pathways with higher use 
of coal and gas tend to deploy CCS to control their carbon emissions 
(see Section 2.4.2.3). As the energy transition is accelerated by several 
decades in 1.5°C pathways compared to 2°C pathways, residual fossil-
fuel use (i.e., fossil fuels not used for electricity generation) without 
CCS is generally lower in 2050 than in 2°C pathways, while combined 
hydro, solar, and wind power deployment is generally higher than in 
2°C pathways (Figure 2.15).

In addition to the 1.5°C pathways included in the scenario database 
(Supplementary Material 2.SM.1.3), there are other analyses in the 

Figure 2.15 |  Primary energy supply for the four illustrative pathway archetypes plus the IEA’s Faster Transition Scenario (OECD/IEA and IRENA, 2017) (panel 
a), and their relative location in the ranges for pathways limiting warming to 1.5°C with no or limited overshoot (panel b). The category ‘Other renewables’ 
includes primary energy sources not covered by the other categories, for example, hydro and geothermal energy. The number of pathways that have higher primary energy than the 
scale in the bottom panel are indicated by the numbers above the whiskers. Black horizontal dashed lines indicates the level of primary energy supply in 2015 (IEA, 2017e). Box 
plots in the lower panel show the minimum–maximum range (whiskers), interquartile range (box), and median (vertical thin black line). Symbols in the lower panel show the four 
pathway archetypes S1 (white square), S2 (yellow square), S5 (black square), LED (white disc), as well as the IEA–(red disc). Pathways with no or limited overshoot included the 
Below-1.5°C and 1.5°C-low-OS classes.  
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literature including, for example, sector-based analyses of energy 
demand and supply options. Even though they were not necessarily 
developed in the context of the 1.5°C target, they explore in greater 
detail some options for deep reductions in GHG emissions. For example, 
there are analyses of transitions to up to 100% renewable energy by 
2050 (Creutzig et al., 2017; Jacobson et al., 2017), which describe 
what is entailed for a renewable energy share largely from solar and 
wind (and electrification) that is above the range of 1.5°C pathways 
available in the database, although there have been challenges to the 
assumptions used in high-renewable analyses (e.g., Clack et al., 2017). 
There are also analyses that result in a large role for nuclear energy 
in mitigation of GHGs (Hong et al., 2015; Berger et al., 2017a, b; Xiao 
and Jiang, 2018). BECCS could also contribute a larger share, but faces 

challenges related to its land use and impact on food supply (Burns 
and Nicholson, 2017) (assessed in greater detail in Sections 2.3.4.2, 
4.3.7 and 5.4). These analyses could, provided their assumptions prove 
plausible, expand the range of 1.5°C pathways.

In summary, the share of primary energy from renewables increases 
while that from coal decreases across 1.5°C pathways (high 
confidence). This statement is true for all 1.5°C pathways in the 
scenario database and associated literature (Supplementary Material 
2.SM.1.3), and is consistent with the additional studies mentioned 
above, an increase in energy supply from lower-carbon-intensity 
energy supply, and a decrease in energy supply from higher-carbon-
intensity energy supply.

Median
(max, min) Count

Primary Energy Supply (EJ) Share in Primary Energy (%) Growth (factor) 
2020-20502020 2030 2050 2020 2030 2050

Below-
1.5°C and 

1.5°C- 
low-OS 

pathways

total primary 50
565.33 

(619.70, 483.22)
464.50 

(619.87, 237.37)
553.23 

(725.40, 289.02)
NA NA NA

–0.05 
(0.48, –0.51)

renewables 50
87.14  

(101.60, 60.16)
146.96  

(203.90, 87.75)
291.33  

(584.78, 176.77)
14.90  

(20.39, 10.60)
29.08  

(62.15, 18.24)
60.24  

(87.89, 38.03)
2.37 (6.71, 0.91)

biomass 50
60.41 

(70.03, 40.54)
77.07  

(113.02, 44.42)
152.30  

(311.72, 40.36)
10.17 

(13.66, 7.14)
17.22  

(35.61, 9.08)
27.29  

(54.10, 10.29)
1.71  

(5.56, –0.42)

non-biomass 50
26.35 

(36.57, 17.78)
62.58 

(114.41, 25.79)
146.23 

(409.94, 53.79)
4.37 

(7.19, 3.01)
13.67  

(26.54, 5.78)
27.98  

(61.61, 12.04)
4.28 (13.46, 1.45)

wind & solar 44
10.93 

(20.16, 2.61)
40.14 

(82.66, 7.05)
121.82 

(342.77, 27.95)
1.81 

(3.66, 0.45)
9.73 

(19.56, 1.54)
21.13 

(51.52, 4.48)
10.00 (53.70, 3.71)

nuclear 50
10.91 

(18.55, 8.52)
16.26 

(36.80, 6.80)
24.51 

(66.30, 3.09)
2.10 

(3.37, 1.45)
3.52 

(9.61, 1.32)
4.49 

(12.84, 0.44)
1.24 (5.01, –0.64)

fossil 50
462.95 

(520.41, 376.30)
310.36 

(479.13, 70.14)
183.79 

(394.71, 54.86)
82.53 

(86.65, 77.73)
66.58 

(77.30, 29.55)
32.79 

60.84, 8.58)
–0.59 (–0.21, –0.89)

coal 50
136.89 

(191.02, 83.23)
44.03 

(127.98, 5.97)
24.15 

(71.12, 0.92)
25.63 

(30.82, 17.19)
9.62 (20.65, 1.31) 5.08 (11.43, 0.15) –0.83 (–0.57, –0.99)

gas 50
132.95 

(152.80, 105.01)
112.51 

(173.56, 17.30)
76.03 

(199.18, 14.92)
23.10 

(28.39, 18.09)
22.52 

(35.05, 7.08)
13.23 

(34.83, 3.68)
–0.40 (0.85, –0.88)

oil 50
197.26 

(245.15, 151.02)
156.16 

(202.57, 38.94)
69.94 

(167.52, 15.07)
34.81 

(42.24, 29.00)
31.24 

(39.84, 16.41)
12.89 

(27.04, 2.89)
–0.66 (–0.09, –0.93)

1.5°C- 
high-OS

total primary 35
594.96  

(636.98, 510.55)
559.04 

(749.05, 419.28)
651.46 

(1012.50, 415.31)
NA NA NA 0.13 (0.59, –0.27)

renewables 35
89.84 

(98.60, 66.57)
135.12 

(159.84, 87.93)
323.21 

(522.82, 177.66)
15.08 

(18.58, 11.04)
23.65 

(29.32, 13.78)
62.16 

(86.26, 28.47)
2.68 (4.81, 1.17)

biomass 35
62.59 

(73.03, 48.42)
69.05 

(98.27, 56.54)
160.16 

(310.10, 71.17)
10.30 

(14.23, 8.03)
13.64 

(16.37, 9.03)
23.79 

(45.79, 10.64)
1.71 (3.71, 0.19)

non-biomass 35
28.46 

(36.58, 17.60)
59.81 

(92.12, 27.39)
164.91 

(329.69, 55.72)
4.78 

(6.64, 2.84)
10.23 

(16.59, 4.49)
31.17 

(45.86, 9.87)
6.10 (10.63, 1.38)

wind & solar 26
11.32 

(20.17, 1.91)
40.31 

(65.50, 8.14)
139.20 

(275.47, 30.92)
1.95 (3.66, 0.32) 7.31 (11.61, 1.83)

26.01 
(38.79, 6.33)

16.06 (63.34, 3.13)

nuclear 35
10.94 

(14.27, 8.52)
16.12 

(41.73, 6.80)
22.98 

(115.80, 3.09)
1.86 (2.37, 1.45) 2.99 (5.57, 1.20)

4.17 
(13.60, 0.43)

1.49 (7.22, –0.64)

fossil 35
497.30 

(543.29, 407.49)
397.76 

(568.91, 300.63)
209.80 

(608.39, 43.87)
83.17 

(86.59, 79.39)
73.87 

(82.94, 68.00)
33.58 

(60.09, 7.70)
–0.56 (0.12, –0.91)

coal 35
155.65 

(193.55, 118.40)
70.99 

(176.99, 19.15)
18.95 

(134.69, 0.36)
25.94 

(30.82, 19.10)
14.53 

(26.35, 3.64)
4.14 (13.30, 0.05) –0.87 (–0.30, –1.00)

gas 35
138.01 

(169.50, 107.07)
147.43 

(208.55, 76.45)
97.71 

(265.66, 15.96)
23.61 

(27.35, 19.26)
25.79 

(32.73, 14.69)
15.67 

(33.80, 2.80)
–0.31 (0.99, –0.88)

oil 35
195.02 

(236.40, 154.66)
198.50 

(319.80, 102.10)
126.20 

(208.04, 24.68)
32.21 

(38.87, 28.07)
33.27 

(50.12, 24.35)
18.61 

(27.30, 4.51)
–0.34 (0.06, –0.87)

Table 2.6 | Global primary energy supply of 1.5°C pathways from the scenario database (Supplementary Material 2.SM.1.3). 
 Values given for the median (maximum, minimum) across the full range of 85 available 1.5°C pathways. Growth Factor = [(primary energy supply in 2050)/(primary  
 energy supply in 2020) − 1]
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Median
(max, min) Count

Primary Energy Supply (EJ) Share in Primary Energy (%) Growth (factor) 
2020-20502020 2030 2050 2020 2030 2050

Two above 
classes 

combined

total primary 85
582.12 

(636.98, 483.22)
502.81 

(749.05, 237.37)
580.78 

(1012.50, 289.02)
- - - 0.03 (0.59, –0.51)

renewables 85
87.70 

(101.60, 60.16)
139.48 

(203.90, 87.75)
293.80 

(584.78, 176.77)
15.03 

(20.39, 10.60)
27.90 

(62.15, 13.78)
60.80 

(87.89, 28.47)
2.62 (6.71, 0.91)

biomass 85
61.35 

(73.03, 40.54)
75.28 

(113.02, 44.42)
154.13 

(311.72, 40.36)
10.27 

(14.23, 7.14)
14.38 

(35.61, 9.03)
26.38 

(54.10, 10.29)
1.71 (5.56, –0.42)

non-biomass 85
26.35 

(36.58, 17.60)
61.60 

(114.41, 25.79)
157.37 

(409.94, 53.79)
4.40 

(7.19, 2.84)
11.87 

(26.54, 4.49)
28.60 

(61.61, 9.87)
4.63 (13.46, 1.38)

wind & solar 70
10.93 

(20.17, 1.91)
40.17 

(82.66, 7.05)
125.31 

(342.77, 27.95)
1.81 (3.66, 0.32) 8.24 (19.56, 1.54)

22.10 
(51.52, 4.48)

11.64 (63.34, 3.13)

nuclear 85
10.93 

(18.55, 8.52)
16.22 

(41.73, 6.80)
24.48 

(115.80, 3.09)
1.97 (3.37, 1.45) 3.27 (9.61, 1.20)

4.22 
(13.60, 0.43)

1.34 (7.22, –0.64)

fossil 85
489.52 

(543.29, 376.30)
343.48 

(568.91, 70.14)
198.58 

(608.39, 43.87)
83.05 

(86.65, 77.73)
69.19 

(82.94, 29.55)
33.06 

(60.84, 7.70)
–0.58 (0.12, –0.91)

coal 85
147.09 

(193.55, 83.23)
49.46 

(176.99, 5.97)
23.84 

(134.69, 0.36)
25.72 

(30.82, 17.19)
10.76 

(26.35, 1.31)
4.99 (13.30, 0.05) –0.85 (–0.30, –1.00)

gas 85
135.58 

(169.50, 105.01)
127.99 

(208.55, 17.30)
88.97 

(265.66, 14.92)
23.28 

(28.39, 18.09)
24.02 

(35.05, 7.08)
13.46 

(34.83, 2.80)
–0.37 (0.99, –0.88)

oil 85
195.02 

(245.15, 151.02)
175.69 

(319.80, 38.94)
93.48 

(208.04, 15.07)
33.79 

(42.24, 28.07)
32.01 

(50.12, 16.41)
16.22 

(27.30, 2.89)
–0.54 (0.06, –0.93)

Median
(max, min) Count

Electricity Generation (EJ) Share in Electricity Generation (%) Growth (factor) 
2020–20502020 2030 2050 2020 2030 2050

TBelow 
-1.5°C and 

1.5°C- 
low-OS 

pathways

total 
generation

50
98.45 

(113.98, 83.53)
115.82 

(152.40, 81.28)
215.58 

(354.48, 126.96)
NA NA NA 1.15 (2.55, 0.28)

renewables 50
26.28 

(41.80, 18.50)
63.30 

(111.70, 32.41)
145.50 

(324.26, 90.66)
26.32 

(41.84, 18.99)
53.68 

(79.67, 37.30)
77.12 

(96.65, 58.89)
4.48 (10.88, 2.65)

biomass 50 2.02 (7.00, 0.76)
4.29 

(11.96, 0.79)
20.35 

(39.28, 0.24)
1.97 (6.87, 0.82) 3.69 (13.29, 0.73)

8.77 
(30.28, 0.10)

6.42 (38.14, –0.93)

non-biomass 50
24.21 

(35.72, 17.70)
57.12 

(101.90, 25.79)
135.04 

(323.91, 53.79)
24.38 

(40.43, 17.75)
49.88 

(78.27, 29.30)
64.68 

(96.46, 41.78)
4.64 (10.64, 1.45)

wind & solar 50 1.66 (6.60, 0.38)
8.91 

(48.04, 0.60)
39.04 

(208.97, 2.68)
1.62 (7.90, 0.38) 8.36 (41.72, 0.53)

19.10 
(60.11, 1.65)

26.31 (169.66, 5.23)

nuclear 50
10.84 

(18.55, 8.52)
15.46 

(36.80, 6.80)
21.97 

(64.72, 3.09)
12.09 

(18.34, 8.62)
14.33 

(31.63, 5.24)
8.10 

(27.53, 1.02)
0.71 (4.97, –0.64)

fossil 50
59.43 

(68.75, 39.48)
36.51 

(66.07, 2.25)
14.81 

(57.76, 0.00)
61.32 

(67.40, 47.26)
30.04 

(52.86, 1.95)
8.61 (25.18, 0.00) –0.74 (0.01, –1.00)

coal 50
31.02 

(42.00, 14.40)
8.83 

(34.11, 0.00)
1.38 

(17.39, 0.00)
32.32 

40.38, 17.23)
7.28 (27.29, 0.00) 0.82 (7.53, 0.00) –0.96 (–0.56, –1.00)

gas 50
24.70 

(32.46, 13.44)
22.59 

(42.08, 2.01)
12.79 

(53.17, 0.00)
24.39 

(35.08, 11.80)
20.18 

(37.23, 1.75)
6.93 (24.87, 0.00) –0.47 (1.27, –1.00)

oil 50
2.48 

(13.36, 1.12)
1.89 (7.56, 0.24) 0.10 (8.78, 0.00)

2.82 
(11.73, 1.01)

1.95 (5.67, 0.21) 0.05 (3.80, 0.00) –0.92 (0.36, –1.00)

1.5°C- 
high-OS

total 
generation

35
101.44 

(113.96, 88.55)
125.26 

(177.51, 89.60)
251.50 

(363.10, 140.65)
NA NA NA 1.38 (2.19, 0.39)

renewables 35
26.38 

(31.83, 18.26)
53.32 

(86.85, 30.06)
173.29 

(273.92, 84.69)
28.37 

(32.96, 17.38)
42.73 

(65.73, 25.11)
82.39 

(94.66, 35.58)
5.97 (8.68, 2.37)

biomass 35 1.23 (6.47, 0.66) 2.14 (7.23, 0.86)
10.49 

(40.32, 0.21)
1.22 (7.30, 0.63) 1.59 (6.73, 0.72)

3.75 
(28.09, 0.08)

7.93 (33.32, –0.81)

non-biomass 35
24.56 

(30.70, 17.60)
47.96 

(85.83, 27.39)
144.13 

(271.17, 55.72)
26.77 

(31.79, 16.75)
40.07 

(64.96, 23.10)
69.72 

(94.58, 27.51)
5.78 (8.70, 1.38)

Table 2.6 (continued)

Table 2.7 | Global electricity generation of 1.5°C pathways from the scenarios database.  
 (Supplementary Material 2.SM.1.3). Values given for the median (maximum, minimum) values across the full range across 89 available 1.5°C pathways. Growth  
 Factor = [(primary energy supply in 2050)/(primary energy supply in 2020) – 1].

Table 2.7 (continued next page)
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Table 2.7 (continued)

Median
(max, min) Count

Electricity Generation (EJ) Share in Electricity Generation (%) Growth (factor) 
2020-20502020 2030 2050 2020 2030 2050

1.5°C- 
high-OS

wind & solar 35 2.24 (5.07, 0.42)
8.95 

(36.52, 1.18)
65.08 

(183.38, 13.79)
2.21 (5.25, 0.41) 7.48 (27.90, 0.99)

25.88 
(61.24, 8.71)

30.70 (106.95, 4.87)

nuclear 35
10.84 

(14.08, 8.52)
16.12 

(41.73, 6.80)
22.91 

(115.80, 3.09)
10.91 

(13.67, 8.62)
14.65 

(23.51, 5.14)
11.19 

(39.61, 1.12)
1.49 (7.22, –0.64)

fossil 35
62.49 

(76.76, 49.09)
48.08 

(87.54, 30.99)
11.84 

(118.12, 0.78)
61.58 

(71.03, 54.01)
42.02 

(59.48, 24.27)
6.33 (33.19, 0.27) –0.80 (0.54, –0.99)

coal 35
32.37 

(46.20, 26.00)
16.22 

(43.12, 1.32)
1.18 

(46.72, 0.01)
32.39 

(40.88, 24.41)
14.23 

(29.93, 1.19)
0.55 (12.87, 0.00) –0.96 (0.01, –1.00)

gas 35
26.20 

(41.20, 20.11)
26.45 

(51.99, 16.45)
10.66 

(67.94, 0.76)
26.97 

(39.20, 19.58)
22.29 

(43.43, 14.03)
5.29 (32.59, 0.26) –0.57 (1.63, –0.97)

oil 35 1.51 (6.28, 1.12) 0.61 (7.54, 0.36) 0.04 (7.47, 0.00) 1.51 (6.27, 1.01) 0.55 (6.20, 0.26) 0.02 (3.31, 0.00) –0.99 (0.98, –1.00)

Two above 
classes 

combined

total 
generation

85
100.09 

(113.98, 83.53)
120.01 

(177.51, 81.28)
224.78 

(363.10, 126.96)
NA NA NA 1.31 (2.55, 0.28)

renewables 85
26.38 

(41.80, 18.26)
59.50 

(111.70, 30.06)
153.72 

(324.26, 84.69)
27.95 

(41.84, 17.38)
51.51 

(79.67, 25.11)
77.52 

(96.65, 35.58)
5.08 (10.88, 2.37)

biomass 85 1.52 (7.00, 0.66)
3.55 

(11.96, 0.79)
16.32 

(40.32, 0.21)
1.55 (7.30, 0.63) 2.77 (13.29, 0.72)

8.02 
(30.28, 0.08)

6.53 (38.14, –0.93)

non-biomass 85
24.48 

(35.72, 17.60)
55.68 

(101.90, 25.79)
136.40 

(323.91, 53.79)
25.00 

(40.43, 16.75)
47.16 

(78.27, 23.10)
66.75 

(96.46, 27.51)
4.75 (10.64, 1.38)

wind & solar 85 1.66 (6.60, 0.38)
8.95 

(48.04, 0.60)
43.20 

(208.97, 2.68)
1.67 

(7.90, 0.38)
8.15 

(41.72, 0.53)
19.70 

(61.24, 1.65)
28.02 (169.66, 4.87)

nuclear 85
10.84 

(18.55, 8.52)
15.49 

(41.73, 6.80)
22.64 

(115.80, 3.09)
10.91 

(18.34, 8.62)
14.34 

(31.63, 5.14)
8.87 

(39.61, 1.02)
1.21 (7.22, –0.64)

fossil 85
61.35 

(76.76, 39.48)
38.41 

(87.54, 2.25)
14.10 

(118.12, 0.00)
61.55 

(71.03, 47.26)
33.96 

(59.48, 1.95)
8.05 (33.19, 0.00) –0.76 (0.54, –1.00)

coal 85
32.37 

(46.20, 14.40)
10.41 

(43.12, 0.00)
1.29 

(46.72, 0.00)
32.39 

(40.88, 17.23)
8.95 (29.93, 0.00) 0.59 (12.87, 0.00) –0.96 (0.01, –1.00)

gas 85
24.70 

(41.20, 13.44)
25.00 

(51.99, 2.01)
11.92 

(67.94, 0.00)
24.71 

(39.20, 11.80)
21.03 

(43.43, 1.75)
6.78 (32.59, 0.00) –0.52 (1.63, –1.00)

oil 85
1.82 

(13.36, 1.12)
0.92 (7.56, 0.24) 0.08 (8.78, 0.00)

2.04 
(11.73, 1.01)

0.71 (6.20, 0.21) 0.04 (3.80, 0.00) –0.97 (0.98, –1.00)

2.4.2.2 Evolution of electricity supply over time

Electricity supplies an increasing share of final energy, reaching 
34–71% in 2050, across 1.5°C pathways with no or limited overshoot 
(Figure 2.14), extending the historical increases in electricity share 
seen over the past decades (Bruckner et al., 2014). From 2020 to 2050, 
the quantity of electricity supplied in most 1.5°C pathways with no or 
limited overshoot more than doubles (Table 2.7). By 2050, the carbon 
intensity of electricity has fallen rapidly to −92 to +11 gCO2 MJ−1 
electricity across 1.5°C pathways with no or limited overshoot from 
a value of around 140 gCO2 MJ−1 (range: 88–181 gCO2 MJ−1) in 2020 
(Figure 2.14). A negative contribution to carbon intensity is provided by 
BECCS in most pathways (Figure 2.16).

By 2050, the share of electricity supplied by renewables increases from 
23% in 2015 (IEA, 2017b) to 59–97% across 1.5°C pathways with no 
or limited overshoot. Wind, solar, and biomass together make a major 
contribution in 2050, although the share for each spans a wide range 
across 1.5°C pathways (Figure 2.16). Fossil fuels on the other hand 
have a decreasing role in electricity supply, with their share falling to 
0–25% by 2050 (Table 2.7).

In summary, 1.5°C pathways include a rapid decline in the carbon 
intensity of electricity and an increase in electrification of energy end-
use (high confidence). This is the case across all 1.5°C pathways and 
their associated literature (Supplementary Material 2.SM.1.3), with 
pathway trends that extend those seen in past decades, and results 
that are consistent with additional analyses (see Section 2.4.2.2).

2.4.2.3 Deployment of carbon capture and storage

Studies have shown the importance of CCS for deep mitigation pathways 
(Krey et al., 2014a; Kriegler et al., 2014b), based on its multiple roles to 
limit fossil-fuel emissions in electricity generation, liquids production, 
and industry applications along with the projected ability to remove 
CO2 from the atmosphere when combined with bioenergy. This remains 
a valid finding for those 1.5°C and 2°C pathways that do not radically 
reduce energy demand or do not offer carbon-neutral alternatives to 
liquids and gases that do not rely on bioenergy.

There is a wide range of CCS that is deployed across 1.5°C pathways 
(Figure 2.17). A few 1.5°C pathways with very low energy demand 
do not include CCS at all (Grubler et al., 2018). For example, the LED 
pathway has no CCS, whereas other pathways, such as the S5 pathway, 
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Figure 2.16 |  Electricity generation for the four illustrative pathway archetypes plus the IEA’s Faster Transition Scenario (IEA, 2017d) (panel a), and their 
relative location in the ranges for pathways limiting warming to 1.5°C with no or limited overshoot (panel b). The category ‘Other renewables’ includes electricity 
generation not covered by the other categories, for example, hydro and geothermal. The number of pathways that have higher primary energy than the scale in the bottom panel 
are indicated by the numbers above the whiskers. Black horizontal dashed lines indicate the level of primary energy supply in 2015 (IEA, 2017e). Box plots in the lower panel show 
the minimum–maximum range (whiskers), interquartile range (box), and median (vertical thin black line). Symbols in the lower panel show the four pathway archetypes – S1 (white 
square), S2 (yellow square), S5 (black square), LED (white disc) – as well as the IEA’s Faster Transition Scenario (red disc). Pathways with no or limited overshoot included the Below-
1.5°C and 1.5°C-low-OS classes.  

rely on a large amount of BECCS to get to net-zero carbon emissions. 
The cumulative fossil and biomass CO2 stored through 2050 ranges from 
zero to 300 GtCO2 across 1.5°C pathways with no or limited overshoot, 
with zero up to 140 GtCO2 from biomass captured and stored. Some 
pathways have very low fossil-fuel use overall, and consequently little 
CCS applied to fossil fuels. In 1.5°C pathways where the 2050 coal use 
remains above 20 EJ yr−1 in 2050, 33–100% is combined with CCS. 
While deployment of CCS for natural gas and coal vary widely across 
pathways, there is greater natural gas primary energy connected to 
CCS than coal primary energy connected to CCS in many pathways 
(Figure 2.17).

CCS combined with fossil-fuel use remains limited in some 1.5°C 
pathways (Rogelj et al., 2018), as the limited 1.5°C carbon budget 
penalizes CCS if it is assumed to have incomplete capture rates or if 
fossil fuels are assumed to continue to have significant lifecycle GHG 
emissions (Pehl et al., 2017). However, high capture rates are technically 
achievable now at higher cost, although efforts to date have focussed 
on reducing the costs of capture (IEAGHG, 2006; NETL, 2013).

The quantity of CO2 stored via CCS over this century in 1.5°C pathways 
with no or limited overshoot ranges from zero to more than 1,200 
GtCO2, (Figure 2.17). The IPCC Special Report on Carbon Dioxide 
Capture and Storage (IPCC, 2005) found that that, worldwide, it is 
likely that there is a technical potential of at least about 2,000 GtCO2 

of storage capacity in geological formations. Furthermore, the IPCC 
(2005) recognized that there could be a much larger potential for 
geological storage in saline formations, but the upper limit estimates 
are uncertain due to lack of information and an agreed methodology. 
Since IPCC (2005), understanding has improved and there have been 
detailed regional surveys of storage capacity (Vangkilde-Pedersen 
et al., 2009; Ogawa et al., 2011; Wei et al., 2013; Bentham et al., 
2014; Riis and Halland, 2014; Warwick et al., 2014; NETL, 2015) and 
improvement and standardization of methodologies (e.g., Bachu et al. 
2007a, b). Dooley (2013) synthesized published literature on both the 
global geological storage resource as well as the potential demand 
for geologic storage in mitigation pathways, and found that the 
cumulative demand for CO2 storage was small compared to a practical 
storage capacity estimate (as defined by Bachu et al., 2007a) of 3,900 
GtCO2 worldwide. Differences remain, however, in estimates of storage 
capacity due to, for example, the potential storage limitations of 
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subsurface pressure build-up (Szulczewski et al., 2014) and assumptions 
on practices that could manage such issues (Bachu, 2015). Kearns et 
al. (2017) constructed estimates of global storage capacity of 8,000 to 
55,000 GtCO2 (accounting for differences in detailed regional and local 
estimates), which is sufficient at a global level for this century, but 
found that at a regional level, robust demand for CO2 storage exceeds 
their lower estimate of regional storage available for some regions. 
However, storage capacity is not solely determined by the geological 
setting, and Bachu (2015) describes storage engineering practices 
that could further extend storage capacity estimates. In summary, 
the storage capacity of all of these global estimates is larger than the 
cumulative CO2 stored via CCS in 1.5°C pathways over this century.

There is uncertainty in the future deployment of CCS given the 
limited pace of current deployment, the evolution of CCS technology 
that would be associated with deployment, and the current lack of 
incentives for large-scale implementation of CCS (Bruckner et al., 2014; 
Clarke et al., 2014; Riahi et al., 2017). Given the importance of CCS in 
most mitigation pathways and its current slow pace of improvement, 
the large-scale deployment of CCS as an option depends on the further 
development of the technology in the near term. Chapter 4 discusses 
how progress on CCS might be accelerated.

2.4.3 Energy End-Use Sectors

Since the power sector is almost decarbonized by mid-century in both 
1.5°C and 2°C pathways, major differences come from CO2 emission 
reductions in end-use sectors. Energy-demand reductions are key 
and common features in 1.5˚C pathways, and they can be achieved 
by efficiency improvements and various specific demand-reduction 
measures. Another important feature is end-use decarbonization 
including by electrification, although the potential and challenges in 
each end-use sector vary significantly. 

In the following sections, the potential and challenges of CO2 emission 
reductions towards 1.5°C and 2°C- consistent pathways are discussed 
for each end-use energy sector (industry, buildings, and transport). 
For this purpose, two types of pathways are analysed and compared: 
IAM (integrated assessment modelling) studies and sectoral (detailed) 
studies. IAM data are extracted from the database that was compiled 
for this assessment (see Supplementary Material 2.SM.1.3), and the 
sectoral data are taken from a recent series of publications; ‘Energy 
Technology Perspectives’ (ETP) (IEA, 2014, 2015b, 2016a, 2017a), the 
IEA/IRENA report (OECD/IEA and IRENA, 2017), and the Shell Sky report 
(Shell International B.V., 2018). The IAM pathways are categorized 
according to their temperature rise in 2100 and the overshoot of 
temperature during the century (see Table 2.1 in Section 2.1). Since 
the number of Below-1.5°C pathways is small, the following analyses 

Figure 2.17 |  CCS deployment in 1.5°C and 2°C pathways for (a) biomass, (b) coal and (c) natural gas (EJ of primary energy) and (d) the cumulative quantity 
of fossil (including from, e.g., cement production) and biomass CO2 stored via CCS (in GtCO2 stored).  TBox plots show median, interquartile range and full range of 
pathways in each temperature class. Pathway temperature classes (Table 2.1), illustrative pathway archetypes, and the IEA’s Faster Transition Scenario (IEA WEM) (OECD/IEA and 
IRENA, 2017) are indicated in the legend.
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Figure 2.18 |  Comparison of CO2 emission trajectories of sectoral pathways 
(IEA ETP-B2DS, ETP-2DS, IEA-66%2DS, Shell-Sky) with the ranges of IAM pathway (2DS 
are 2°C-consistent pathways and 1.5DS-OS are1.5°C overshoot pathways). The CO2 
emissions shown here are the energy-related emissions, including industrial process 
emissions.

focus only on the features of the 1.5°C-low-OS and 1.5°C-high-OS 
pathways (hereafter denoted together as 1.5°C overshoot pathways 
or IAM-1.5DS-OS) and 2°C-consistent pathways (IAM-2DS). In order to 
show the diversity of IAM pathways, we again show specific data from 
the four illustrative pathways archetypes used throughout this chapter 
(see Sections 2.1 and 2.3).

IEA ETP-B2DS (‘Beyond 2 Degrees’) and ETP-2DS are pathways with 
a 50% chance of limiting temperature rise below 1.75°C and 2°C 
by 2100, respectively (IEA, 2017a). The IEA-66%2DS pathway keeps 
global mean temperature rise below 2°C, not just in 2100 but also 
over the course of the 21st century, with a 66% chance of being below 
2°C by 2100 (OECD/IEA and IRENA, 2017). The comparison of CO2 
emission trajectories between ETP-B2DS and IAM-1.5DS-OS show that 
these are consistent up to 2060 (Figure 2.18). IEA scenarios assume 
that only a very low level of BECCS is deployed to help offset emissions 
in difficult-to-decarbonize sectors, and that global energy-related CO2 
emissions do not turn net negative at any time but stay at zero from 
2060 to 2100 (IEA, 2017a). Therefore, although its temperature rise 
in 2100 is below 1.75°C rather than below 1.5°C, this scenario can 
give information related to a 1.5°C overshoot pathway up to 2050. 
The trajectory of IEA-66%2DS (also referred to in other publications as 
IEA’s ‘Faster Transition Scenario’) lies between IAM-1.5DS-OS and IAM-
2DS pathway ranges, and IEA-2DS stays in the range of 2°C-consistent 
IAM pathways. The Shell-Sky scenario aims to hold the temperature 
rise to well below 2°C, but it is a delayed action pathway relative to 
others, as can be seen in Figure 2.18.

Energy-demand reduction measures are key to reducing CO2 emissions 
from end-use sectors for low-carbon pathways. The upstream energy 
reductions can be from several times to an order of magnitude larger 
than the initial end-use demand reduction. There are interdependencies 
among the end-use sectors and between energy-supply and end-use 
sectors, which elevate the importance of a wide, systematic approach. 
As shown in Figure 2.19, global final energy consumption grows by 30% 
and 10% from 2010 to 2050 for 2°C-consistent and 1.5°C overshoot 
pathways from IAMs, respectively, while much higher growth of 75% is 
projected for reference scenarios. The ranges within a specific pathway 
class are due to a variety of factors as introduced in Section 2.3.1, as 
well as differences between modelling frameworks. The important 
energy efficiency and conservation improvements that facilitate many 
of the 1.5°C pathways raise the issue of potential rebound effects 
(Saunders, 2015), which, while promoting development, can make 
the achievement of low-energy demand futures more difficult than 
modelling studies anticipate (see Sections 2.5 and 2.6).

Final energy demand is driven by demand in energy services for 
mobility, residential and commercial activities (buildings), and 
manufacturing. Projections of final energy demand depend heavily on 
assumptions about socio-economic futures as represented by the SSPs 
(Bauer et al., 2017) (see Sections 2.1, 2.3 and 2.5). The structure of this 
demand drives the composition of final energy use in terms of energy 
carriers (electricity, liquids, gases, solids, hydrogen etc.).

Figure 2.19 shows the structure of global final energy demand in 2030 
and 2050, indicating the trend toward electrification and fossil fuel 
usage reduction. This trend is more significant in 1.5°C pathways than 
2°C pathways. Electrification continues throughout the second half of 
the century, leading to a 3.5- to 6-fold increase in electricity demand 
(interquartile range; median 4.5) by the end of the century relative to 
today (Grubler et al., 2018; Luderer et al., 2018). Since the electricity 
sector is completely decarbonized by mid-century in 1.5°C pathways 
(see Figure 2.20), electrification is the primary means to decarbonize 
energy end-use sectors. 

The CO2 emissions6  of end-use sectors and carbon intensity are shown 
in Figure 2.20. The projections of IAMs and IEA studies show rather 
different trends, especially in the carbon intensity. These differences 
come from various factors, including the deployment of CCS, the 
level of fuel switching and efficiency improvements, and the effect 
of structural and behavioural changes. IAM projections are generally 
optimistic for the industry sectors, but not for buildings and transport 
sectors. Although GDP increases by a factor of 3.4 from 2010 to 2050, 
the total energy consumption of end-use sectors grows by only about 
30% and 20% in 1.5°C overshoot and 2°C-consistent pathways, 
respectively. However, CO2 emissions would need to be reduced further 
to achieve the stringent temperature limits. Figure 2.20 shows that the 
reduction in CO2 emissions of end-use sectors is larger and more rapid 
in 1.5°C overshoot than 2°C-consistent pathways, while emissions 
from the power sector are already almost zero in 2050 in both sets 
of pathways, indicating that supply-side emissions reductions are 
almost fully exploited already in 2°C-consistent pathways (see Figure 
2.20) (Rogelj et al., 2015b, 2018; Luderer et al., 2016b). The emission 
reductions in end-use sectors are largely made possible by efficiency 
improvements, demand reduction measures and electrification, but 
the level of emissions reductions varies across end-use sectors. While 
the carbon intensity of the industry and buildings sectors decreases 

6 This section reports ‘direct’ CO2 emissions as reported for pathways in the database for the report. As shown below, the emissions from electricity are nearly zero around 
2050, so the impact of indirect emissions on the whole emission contributions of each sector is very small in 2050.
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Figure 2.19 |  (a) Global final energy, (b) direct CO2 emissions from the all energy demand sectors, (c) carbon intensity, and (d) structure of final energy 
(electricity, liquid fuel, coal, and biomass). The squares and circles indicate the IAM archetype pathways and diamonds indicate the data of sectoral scenarios. The red dotted 
line indicates the 2010 level. H2DS = Higher-2°C, L2DS = Lower-2°C, 1.5DS-H = 1.5°C-high-OS, 1.5DS-L = 1.5°C-low-OS. The label 1.5DS combines both high and low overshoot 
1.5°C-consistent pathway. See Section 2.1 for descriptions. 
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to a very low level of around 10 gCO2 MJ-1, the carbon intensity of 
transport becomes the highest of any sector by 2040 due to its higher 
reliance on oil-based fuels. In the following subsections, the potential 
and challenges of CO2 emission reduction in each end-use sector are 
discussed in detail.

2.4.3.1 Industry

The industry sector is the largest end-use sector, both in terms of 
final energy demand and GHG emissions. Its direct CO2 emissions 
currently account for about 25% of total energy-related and process 
CO2 emissions, and emissions have increased at an average annual 
rate of 3.4% between 2000 and 2014, significantly faster than total 
CO2 emissions (Hoesly et al., 2018). In addition to emissions from 
the combustion of fossil fuels, non-energy uses of fossil fuels in the 
petrochemical industry and metal smelting, as well as non-fossil fuel 
process emissions (e.g., from cement production) contribute a small 
amount (~5%) to the sector’s CO2 emissions inventory. Material 
industries are particularly energy and emissions intensive: together, 
the steel, non-ferrous metals, chemicals, non-metallic minerals, and 

pulp and paper industries accounted for close to 66% of final energy 
demand and 72% of direct industry-sector emissions in 2014 (IEA, 
2017a). In terms of end-uses, the bulk of energy in manufacturing 
industries is required for process heating and steam generation, 
while most electricity (but smaller shares of total final energy) is used 
for mechanical work (Banerjee et al., 2012; IEA, 2017a).

As shown in Figure 2.21, a major share of the additional emission 
reductions required for 1.5°C-overshoot pathways compared to 
those in 2°C-consistent pathways comes from industry. Final energy, 
CO2 emissions, and carbon intensity are consistent in IAM and 
sectoral studies, but in IAM-1.5°C-overshoot pathways the share of 
electricity is higher than IEA-B2DS (40% vs. 25%) and hydrogen is 
also considered to have a share of about 5% versus 0%. In 2050, final 
energy is increased by 30% and 5% compared with the 2010 level 
(red dotted line) for 1.5°C-overshoot and 2°C-consistent pathways, 
respectively, but CO2 emissions are decreased by 80% and 50% 
and carbon intensity by 80% and 60%, respectively. This additional 
decarbonization is brought by switching to low-carbon fuels and CCS 
deployment.
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Figure 2.21 |  Comparison of (a) final energy, (b) direct CO2 emissions, (c) carbon intensity, (d) electricity and biomass consumption in the industry sector 
between IAM and sectoral studies. The squares and circles indicate the IAM archetype pathways and diamonds the data of sectoral scenarios. The red dotted line indicates the 
2010 level. H2DS = Higher-2°C, L2DS = Lower-2°C, 1.5DS-H = 1.5°C-high-OS, 1.5DS-L = 1.5°C-low-OS. The label 1.5DS combines both high and low overshoot 1.5°C-consistent 
pathways. Section 2.1 for descriptions.
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Figure 2.20 |  Comparison of (a) direct CO2 emissions and (b) carbon intensity of the power and energy end-use sectors (industry, buildings, and transport 
sectors) between IAMs and sectoral studies (IEA-ETP and IEA/IRENA). Diamond markers in panel (b) show data for IEA-ETP scenarios (2DS and B2DS), and IEA/IRENA 
scenario (66%2DS). Note: for the data from IAM studies, there is rather large variation of projections for each indicator. Please see the details in the following figures in each end-
use sector section.
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Broadly speaking, the industry sector’s mitigation measures can 
be categorized in terms of the following five strategies: (i) reducing 
demand, (ii) energy efficiency, (iii) increasing electrification of energy 
demand, (iv) reducing the carbon content of non-electric fuels, and 
(v) deploying innovative processes and application of CCS. IEA ETP 
estimates the relative contribution of different measures for CO2 

emission reduction in their B2DS scenario compared with their reference 
scenario in 2050 as follows: energy efficiency 42%, innovative process 
and CCS 37%, switching to low-carbon fuels and feedstocks 13% and 
material efficiency (include efficient production and use to contribute 
to demand reduction) 8%. The remainder of this section delves more 
deeply into the potential mitigation contributions of these strategies as 
well as their limitations.

Reduction in the use of industrial materials, while delivering similar 
services, or improving the quality of products could help to reduce 
energy demand and overall system-level CO2 emissions. Strategies 
include using materials more intensively, extending product lifetimes, 
increasing recycling, and increasing inter-industry material synergies, 
such as clinker substitution in cement production (Allwood et al., 2013; 
IEA, 2017a). Related to material efficiency, use of fossil-fuel feedstocks 
could shift to lower-carbon feedstocks, such as from oil to natural gas 
and biomass, and end-uses could shift to more sustainable materials, 
such as biomass-based materials, reducing the demand for energy-
intensive materials (IEA, 2017a).

Reaping energy efficiency potentials hinges critically on advanced 
management practices, such as energy management systems, in 
industrial facilities as well as targeted policies to accelerate adoption of 
the best available technology (see Section 2.5). Although excess energy, 
usually as waste heat, is inevitable, recovering and reusing this waste 
heat under economically and technically viable conditions benefits 
the overall energy system. Furthermore, demand-side management 
strategies could modulate the level of industrial activity in line with 
the availability of resources in the power system. This could imply a 
shift away from peak demand and as power supply decarbonizes, this 
demand-shaping potential could shift some load to times with high 
portions of low-carbon electricity generation (IEA, 2017a).

In the industry sector, energy demand increases more than 40% 
between 2010 and 2050 in baseline scenarios. However, in the 
1.5°C-overshoot and 2°C-consistent pathways from IAMs, the increase 
is only 30% and 5%, respectively (Figure 2.21). These energy-demand 
reductions encompass both efficiency improvements in production and 
reductions in material demand, as most IAMs do not discern these two 
factors.

CO2 emissions from industry increase by 30% in 2050 compared to 
2010 in baseline scenarios. By contrast, these emissions are reduced 
by 80% and 50% relative to 2010 levels in 1.5°C-overshoot and 
2°C-consistent pathways from IAMs, respectively (Figure 2.21). By mid-

century, CO2 emissions per unit of electricity are projected to decrease 
to near zero in both sets of pathways (see Figure 2.20). An accelerated 
electrification of the industry sector thus becomes an increasingly 
powerful mitigation option. In the IAM pathways, the share of electricity 
increases up to 30% by 2050 in 1.5°C-overshoot pathways (Figure 
2.21) from 20% in 2010. Some industrial fuel uses are substantially 
more difficult to electrify than others, and electrification would have 
other effects on the process, including impacts on plant design, cost 
and available process integration options (IEA, 2017a).7  

In 1.5°C-overshoot pathways, the carbon intensity of non-electric fuels 
consumed by industry decreases to 16 gCO2 MJ−1 by 2050, compared 
to 25 gCO2 MJ−1 in 2°C-consistent pathways. Considerable carbon 
intensity reductions are already achieved by 2030, largely via a rapid 
phase-out of coal. Biomass becomes an increasingly important energy 
carrier in the industry sector in deep-decarbonization pathways, but 
primarily in the longer term (in 2050, biomass accounts for only 10% 
of final energy consumption even in 1.5°C-overshoot pathways). In 
addition, hydrogen plays a considerable role as a substitute for fossil-
based non-electric energy demands in some pathways.

Without major deployment of new sustainability-oriented low-carbon 
industrial processes, the 1.5°C-overshoot target is difficult to achieve. 
Bringing such technologies and processes to commercial deployment 
requires significant investment in research and development. Some 
examples of innovative low-carbon process routes include: new 
steelmaking processes such as upgraded smelt reduction and upgraded 
direct reduced iron, inert anodes for aluminium smelting, and full oxy-
fuelling kilns for clinker production in cement manufacturing (IEA, 
2017a). 

CCS plays a major role in decarbonizing the industry sector in the 
context of 1.5°C and 2°C pathways, especially in industries with 
higher process emissions, such as cement, iron and steel industries. 
In 1.5°C-overshoot pathways, CCS in industry reaches 3 GtCO2 yr−1 

by 2050, albeit with strong variations across pathways. Given the 
projected long-lead times and need for technological innovation, early 
scale-up of industry-sector CCS is essential to achieving the stringent 
temperature target. Development and demonstration of such projects 
has been slow, however. Currently, only two large-scale industrial CCS 
projects outside of oil and gas processing are in operation (Global 
CCS Institute, 2016). The estimated current cost8 of CO2 avoided (in 
USD2015) ranges from $20–27 tCO2

−1 for gas processing and bio-
ethanol production, and $60–138 tCO2

−1 for fossil fuel-fired power 
generation up to $104–188 tCO2

−1 for cement production (Irlam, 2017).

2.4.3.2 Buildings

In 2014, the buildings sector accounted for 31% of total global final 
energy use, 54% of final electricity demand, and 8% of energy-related 
CO2 emissions (excluding indirect emissions due to electricity). When 

7 Electrification can be linked with the heating and drying process by electric boilers and electro-thermal processes, and also with low-temperature heat demand by heat  
 pumps. In the iron and steel industry, hydrogen produced by electrolysis can be used as a reduction agent of iron instead of coke. Excess resources, such as black liquor,  
 will provide the opportunity to increase the systematic efficiency to use for electricity generation.

8 These are first-of-a-kind (FOAK) cost data.
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upstream electricity generation is taken into account, buildings were 
responsible for 23% of global energy-related CO2 emissions, with one-
third of those from direct fossil fuel consumption (IEA, 2017a).

Past growth of energy consumption has been mainly driven by 
population and economic growth, with improved access to electricity, 
and higher use of electrical appliances and space cooling resulting 
from increasing living standards, especially in developing countries 
(Lucon et al., 2014). These trends will continue in the future and in 
2050, energy consumption is projected to increase by 20% and 50% 
compared to 2010 in the IAM-1.5°C-overshoot and 2°C-consistent 
pathways, respectively (Figure 2.22). However, sectoral studies (IEA-
ETP scenarios) show different trends. Energy consumption in 2050 
decreases compared to 2010 in ETP-B2DS, and the reduction rate of 
CO2 emissions is higher than in IAM pathways (Figure 2.22). Mitigation 
options are often more widely covered in sectoral studies (Lucon et al., 
2014), leading to greater reductions in energy consumption and CO2 
emissions.

Emissions reductions are driven by a clear tempering of energy 
demand and a strong electrification of the buildings sector. The share 
of electricity in 2050 is 60% in 1.5°C-overshoot pathways, compared 

with 50% in 2°C-consistent pathways (Figure 2.22). Electrification 
contributes to the reduction of direct CO2 emissions by replacing 
carbon-intensive fuels, like oil and coal. Furthermore, when combined 
with a rapid decarbonization of the power system (see Section 2.4.1) it 
also enables further reduction of indirect CO2 emissions from electricity. 
Sectoral bottom-up models generally estimate lower electrification 
potentials for the buildings sector in comparison to global IAMs (see 
Figure 2.22). Besides CO2 emissions, increasing global demand for 
air conditioning in buildings may also lead to increased emissions of 
HFCs in this sector over the next few decades. Although these gases 
are currently a relatively small proportion of annual GHG emissions, 
their use in the air conditioning sector is expected to grow rapidly over 
the next few decades if alternatives are not adopted. However, their 
projected future impact can be significantly mitigated through better 
servicing and maintenance of equipment and switching of cooling 
gases (Shah et al., 2015; Purohit and Höglund-Isaksson, 2017).

IEA-ETP (IEA, 2017a) analysed the relative importance of various 
technology measures toward the reduction of energy and CO2 
emissions in the buildings sector. The largest energy savings potential 
is in heating and cooling demand, largely due to building envelope 
improvements and high efficiency and renewable equipment. In the 
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Figure 2.22 |  Comparison of (a) final energy, (b) direct CO2 emissions, (c) carbon intensity, (d) electricity and biomass consumption in the buildings sector 
between IAM and sectoral studies. The squares and circles indicate the IAM archetype pathways and diamonds the data of sectoral scenarios. The red dotted line indicates the 
2010 level. H2DS = Higher-2°C, L2DS = Lower-2°C, 1.5DS-H = 1.5°C-high-OS, 1.5DS-L = 1.5°C-low-OS. The label 1.5DS combines both high and low overshoot 1.5°C-consistent 
pathways. Section 2.1 for descriptions.
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ETP-B2DS, energy demand for space heating and cooling is 33% lower 
in 2050 than in the reference scenario, and these reductions account 
for 54% of total reductions from the reference scenario. Energy savings 
from shifts to high-performance lighting, appliances, and water heating 
equipment account for a further 24% of the total reduction. The long-
term, strategic shift away from fossil-fuel use in buildings, alongside 
the rapid uptake of energy efficient, integrated and renewable 
energy technologies (with clean power generation), leads to a drastic 
reduction of CO2 emissions. In ETP-B2DS, the direct CO2 emissions are 
79% lower than the reference scenario in 2050, and the remaining 
emissions come mainly from the continued use of natural gas.

The buildings sector is characterized by very long-living infrastructure, 
and immediate steps are hence important to avoid lock-in of inefficient 
carbon and energy-intensive buildings. This applies both to new buildings 
in developing countries where substantial new construction is expected 
in the near future and to retrofits of existing building stock in developed 
regions. This represents both a significant risk and opportunity for 
mitigation.9 A recent study highlights the benefits of deploying the most 
advanced renovation technologies, which would avoid lock-in into less 
efficient measures (Güneralp et al., 2017). Aside from the effect of building 
envelope measures, adoption of energy-efficient technologies such as 
heat pumps and, more recently, light-emitting diodes is also important 
for the reduction of energy and CO2 emissions (IEA, 2017a). Consumer 
choices, behaviour and building operation can also significantly affect 
energy consumption (see Chapter 4, Section 4.3).

2.4.3.3 Transport

Transport accounted for 28% of global final energy demand and 23% 
of global energy-related CO2 emissions in 2014. Emissions increased by 
2.5% annually between 2010 and 2015, and over the past half century 
the sector has witnessed faster emissions growth than any other. The 
transport sector is the least diversified energy end-use sector; the 
sector consumed 65% of global oil final energy demand, with 92% of 
transport final energy demand consisting of oil products (IEA, 2017a), 
suggesting major challenges for deep decarbonization.

Final energy, CO2 emissions, and carbon intensity for the transport 
sector are shown in Figure 2.23. The projections of IAMs are more 
pessimistic than IEA-ETP scenarios, though both clearly project deep 
cuts in energy consumption and CO2 emissions by 2050. For example, 
1.5°C-overshoot pathways from IAMs project a reduction of 15% in 
energy consumption between 2015 and 2050, while ETP-B2DS projects 
a reduction of 30% (Figure 2.23). Furthermore, IAM pathways are 
generally more pessimistic in the projections of CO2 emissions and 
carbon intensity reductions. In AR5 (Clarke et al., 2014; Sims et al., 
2014), similar comparisons between IAMs and sectoral studies were 
performed and these were in good agreement with each other. Since 
the AR5, two important changes can be identified: rapid growth of 
electric vehicle sales in passenger cars, and more attention towards 

structural changes in this sector. The former contributes to reduction 
of CO2 emissions and the latter to reduction of energy consumption. 

Deep emissions reductions in the transport sector would be achieved by 
several means. Technology-focused measures such as energy efficiency 
and fuel-switching are two of these. Structural changes that avoid or 
shift transport activity are also important. While the former solutions 
(technologies) always tend to figure into deep decarbonization 
pathways in a major way, this is not always the case with the latter, 
especially in IAM pathways. Comparing different types of global 
transport models, Yeh et al. (2016) find that sectoral (intensive) studies 
generally envision greater mitigation potential from structural changes 
in transport activity and modal choice. Though, even there, it is primarily 
the switching of passengers and freight from less- to more-efficient 
travel modes (e.g., cars, trucks and airplanes to buses and trains) that is 
the main strategy; other actions, such as increasing vehicle load factors 
(occupancy rates) and outright reductions in travel demand (e.g., as 
a result of integrated transport, land-use and urban planning), figure 
much less prominently. Whether these dynamics accurately reflect the 
actual mitigation potential of structural changes in transport activity 
and modal choice is a point of investigation. According to the recent 
IEA-ETP scenarios, the share of avoid (reduction of mobility demand) 
and shift (shifting to more efficient modes) measures in the reduction of 
CO2 emissions from the reference to B2DS scenarios in 2050 amounts 
to 20% (IEA, 2017a). 

The potential and strategies to reduce energy consumption and CO2 
emissions differ significantly among transport modes. In ETP-B2DS, 
the shares of energy consumption and CO2 emissions in 2050 for each 
mode are rather different (see Table 2.8), indicating the challenge 
of decarbonizing heavy-duty vehicles (HDV, trucks), aviation, and 
shipping. The reduction of CO2 emissions in the whole sector from 
the reference scenario to ETP-B2DS is 60% in 2050, with varying 
contributions per mode (Table 2.8). Since there is no silver bullet for 
this deep decarbonization, every possible measure would be required 
to achieve this stringent emissions outcome. The contribution of 
various measures for the CO2 emission reduction from the reference 
scenario to the IEA-B2DS in 2050 can be decomposed to efficiency 
improvement (29%), biofuels (36%), electrification (15%), and avoid/
shift (20%) (IEA, 2017a). It is noted that the share of electrification 
becomes larger compared with older studies, reflected by the recent 
growth of electric vehicle sales worldwide. Another new trend is the 
allocation of biofuels to each mode of transport. In IEA-B2DS, the total 
amount of biofuels consumed in the transport sector is 24EJ10 in 2060, 
and allocated to LDV (light-duty vehicles, 17%), HDV (35%), aviation 
(28%), and shipping (21%), that is, more biofuels is allocated to the 
difficult-to-decarbonize modes (see Table 2.8).

In road transport, incremental vehicle improvements (including 
engines) are relevant, especially in the short to medium term. Hybrid 
electric vehicles are also instrumental to enabling the transition from 

9 In this section, we only discuss the direct emissions from the sector, but the selection of building materials has a significant impact on the reduction of energy and emissions  
 during production, such as shift from the steel and concrete to wood-based materials.

10 This is estimated for the biofuels produced in a “sustainable manner” from non-food crop feedstocks, which are capable of delivering significant lifecycle GHG emissions 
savings compared with fossil fuel alternatives, and which do not directly compete with food and feed crops for agricultural land or cause adverse sustainability impacts. 
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internal combustion engine vehicles to electric vehicles, especially 
plug-in hybrid electric vehicles. Electrification is a powerful measure to 
decarbonize short-distance vehicles (passenger cars and two and three 
wheelers) and the rail sector. In road freight transport (trucks), systemic 
improvements (e.g., in supply chains, logistics, and routing) would be 
effective measures in conjunction with efficiency improvement of 
vehicles. Shipping and aviation are more challenging to decarbonize, 
while their demand growth is projected to be higher than other 

Share of Each Mode (%) Reduction from 2014 (%)

Energy Biofuel CO2 Energy CO2

LDV 36 17 30 51 81

HDV 33 35 36 8 56

Rail 6 - –1 –136 107

Aviation 12 28 14 14 56

Shipping 17 21 21 26 29

Table 2.8 |  Transport sector indicators by mode in 2050 (IEA, 2017a).  
 Share of energy consumption, biofuel consumption, CO2 emissions, and reduction of energy consumption and CO2 emissions from 2014. (CO2 emissions are well- 
 to-wheel emissions, including the emission during the fuel production.), LDV: light duty vehicle, HDV: heavy duty vehicle.

transport modes. Both modes would need to pursue highly ambitious 
efficiency improvements and use of low-carbon fuels. In the near and 
medium term, this would be advanced biofuels while in the long term 
it could be hydrogen as direct use for shipping or an intermediate 
product for synthetic fuels for both modes (IEA, 2017a).

The share of low-carbon fuels in the total transport fuel mix 
increases to 10% and 16% by 2030 and to 40% and 58% by 2050 
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Figure 2.23 |  Comparison of (a) final energy, (b) direct CO2 emissions, (c) carbon intensity, (d) electricity and biofuel consumption in the transport sector 
between IAM and sectoral studies. The squares and circles indicate the IAM archetype pathways and diamonds the data of sectoral scenarios. The red dotted line indicates the 
2010 level. H2DS = Higher-2°C, L2DS = Lower-2°C, 1.5DS-H = 1.5°C-high-OS, 1.5DS-L = 1.5°C-low-OS. The label 1.5DS combines both high and low overshoot 1.5°C-consistent 
pathways. Section 2.1 for descriptions.
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in 1.5°C-overshoot pathways from IAMs and the IEA-B2DS pathway, 
respectively. The IEA-B2DS scenario is on the more ambitious side, 
especially in the share of electricity. Hence, there is wide variation 
among scenarios, including the IAM pathways, regarding changes 
in the transport fuel mix over the first half of the century. As seen in 
Figure 2.23, the projections of energy consumption, CO2 emissions and 
carbon intensity are quite different between IAM and ETP scenarios. 
These differences can be explained by more weight on efficiency 
improvements and avoid/shift decreasing energy consumption, and 
the higher share of biofuels and electricity accelerating the speed of 
decarbonization in ETP scenarios. Although biofuel consumption and 
electric vehicle sales have increased significantly in recent years, the 
growth rates projected in these pathways would be unprecedented 
and far higher than has been experienced to date.

The 1.5°C pathways require an acceleration of the mitigation solutions 
already featured in 2°C-consistent pathways (e.g., more efficient 
vehicle technologies operating on lower-carbon fuels), as well as 
those having received lesser attention in most global transport 
decarbonization pathways up to now (e.g., mode-shifting and travel 
demand management). Current-generation, global pathways generally 
do not include these newer transport sector developments, whereby 
technological solutions are related to shifts in traveller’s behaviour.

2.4.4 Land-Use Transitions and Changes 
in the Agricultural Sector

The agricultural and land system described together under the umbrella 
of the AFOLU (agriculture, forestry, and other land use) sector plays 
an important role in 1.5°C pathways (Clarke et al., 2014; Smith and 
Bustamante, 2014; Popp et al., 2017). On the one hand, its emissions 
need to be limited over the course of this century to be in line with 
pathways limiting warming to 1.5°C (see Sections 2.2-3). On the other 
hand, the AFOLU system is responsible for food and feed production; 
for wood production for pulp and construction; for the production of 
biomass that is used for energy, CDR or other uses; and for the supply of 
non-provisioning (ecosystem) services (Smith and Bustamante, 2014). 
Meeting all demands together requires changes in land use, as well as 
in agricultural and forestry practices, for which a multitude of potential 
options have been identified (Smith and Bustamante, 2014; Popp et 
al., 2017) (see also Supplementary Material  2.SM.1.2 and Chapter 4, 
Section 4.3.1, 4.3.2 and 4.3.7). 

This section assesses the transformation of the AFOLU system, mainly 
making use of pathways from IAMs (see Section 2.1) that are based on 
quantifications of the SSPs and that report distinct land-use evolutions 
in line with limiting warming to 1.5°C (Calvin et al., 2017; Fricko et 
al., 2017; Fujimori, 2017; Kriegler et al., 2017; Popp et al., 2017; Riahi 
et al., 2017; van Vuuren et al., 2017b; Doelman et al., 2018; Rogelj 
et al., 2018). The SSPs were designed to vary mitigation challenges 
(O’Neill et al., 2014) (Cross-Chapter Box 1 in Chapter 1), including 
for the AFOLU sector (Popp et al., 2017; Riahi et al., 2017). The SSP 
pathway ensemble hence allows for a structured exploration of AFOLU 
transitions in the context of climate change mitigation in line with 
1.5°C, taking into account technological and socio-economic aspects. 
Other considerations, like food security, livelihoods and biodiversity, 
are also of importance when identifying AFOLU strategies. These are 

at present only tangentially explored by the SSPs. Further assessments 
of AFOLU mitigation options are provided in other parts of this report 
and in the IPCC Special Report on Climate Change and Land (SRCCL). 
Chapter 4 provides an assessment of bioenergy (including feedstocks, 
see Section 4.3.1), livestock management (Section 4.3.1), reducing 
rates of deforestation and other land-based mitigation options (as 
mitigation and adaptation option, see Section 4.3.2), and BECCS, 
afforestation and reforestation options (including the bottom-up 
literature of their sustainable potential, mitigation cost and side 
effects, Section 4.3.7). Chapter 3 discusses impacts land-based CDR 
(Cross-Chapter Box 7 in Chapter 3). Chapter 5 assesses the sustainable 
development implications of AFOLU mitigation, including impacts on 
biodiversity (Section 5.4). Finally, the SRCCL will undertake a more 
comprehensive assessment of land and climate change aspects. For 
the sake of complementarity, this section focusses on the magnitude 
and pace of land transitions in 1.5°C pathways, as well as on the 
implications of different AFOLU mitigation strategies for different land 
types. The interactions with other societal objectives and potential 
limitations of identified AFOLU measures link to these large-scale 
evolutions, but these are assessed elsewhere (see above).

Land-use changes until mid-century occur in the large majority of 
SSP pathways, both under stringent mitigation and in absence of 
mitigation (Figure 2.24). In the latter case, changes are mainly due 
to socio-economic drivers like growing demands for food, feed and 
wood products. General transition trends can be identified for many 
land types in 1.5°C pathways, which differ from those in baseline 
scenarios and depend on the interplay with mitigation in other 
sectors (Figure 2.24) (Popp et al., 2017; Riahi et al., 2017; Rogelj et 
al., 2018). Mitigation that demands land mainly occurs at the expense 
of agricultural land for food and feed production. Additionally, some 
biomass is projected to be grown on marginal land or supplied from 
residues and waste, but at lower shares. Land for second-generation 
energy crops (such as Miscanthus or poplar) expands by 2030 
and 2050 in all available pathways that assume a cost-effective 
achievement of a 1.5°C temperature goal in 2100 (Figure 2.24), but 
the scale depends strongly on underlying socio-economic assumptions 
(see later discussion of land pathway archetypes). Reducing rates of 
deforestation restricts agricultural expansion, and forest cover can 
expand strongly in 1.5°C and 2°C pathways alike compared to its 
extent in no-climate-policy baselines due to reduced deforestation and 
afforestation and reforestation measures. However, the extent to which 
forest cover expands varies highly across models in the literature, 
with some models projecting forest cover to stay virtually constant or 
decline slightly. This is due to whether afforestation and reforestation is 
included as a mitigation technology in these pathways and interactions 
with other sectors. 

As a consequence of other land-use changes, pasture land is generally 
projected to be reduced compared to both baselines in which no climate 
change mitigation action is undertaken and 2°C-consistent pathways. 
Furthermore, cropland for food and feed production decreases in 
most 1.5°C pathways, both compared to a no-climate baseline and 
relative to 2010. These reductions in agricultural land for food and feed 
production are facilitated by intensification on agricultural land and in 
livestock production systems (Popp et al., 2017), as well as changes 
in consumption patterns (Frank et al., 2017; Fujimori, 2017) (see 
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also Chapter 4, Section 4.3.2 for an assessment of these mitigation 
options). For example, in a scenario based on rapid technological 
progress (Kriegler et al., 2017), global average cereal crop yields in 
2100 are assumed to be above 5 tDM ha−1 yr−1 in mitigation scenarios 
aiming at limiting end-of-century radiative forcing to 4.5 or 2.6 W m−2, 
compared to 4 tDM ha−1 yr−1 in the SSP5 baseline to ensure the same 
food production. Similar improvements are present in 1.5°C variants 
of such scenarios. Historically, cereal crop yields are estimated at 
1 tDM ha−1 yr−1 and about 3 tDM ha−1 yr−1 in 1965 and 2010, 
respectively (calculations based on FAOSTAT, 2018). For aggregate 
energy crops, models assume 4.2–8.9 tDM ha−1 yr−1 in 2010, increasing 
to about 6.9–17.4 tDM ha−1 yr−1 in 2050, which fall within the range 
found in the bottom-up literature yet depend on crop, climatic zone, 
land quality and plot size (Searle and Malins, 2014).

The pace of projected land transitions over the coming decades can 
differ strongly between 1.5°C and baseline scenarios without climate 
change mitigation and from historical trends (Table 2.9). However, 
there is uncertainty in the sign and magnitude of these future land-
use changes (Prestele et al., 2016; Popp et al., 2017; Doelman et al., 
2018). The pace of projected cropland changes overlaps with historical 
trends over the past four decades, but in several cases also goes well 
beyond this range. By the 2030–2050 period, the projected reductions 

in pasture and potentially strong increases in forest cover imply a 
reversed dynamic compared to historical and baseline trends. This 
suggests that distinct policy and government measures would be 
needed to achieve forest increases, particularly in a context of projected 
increased bioenergy use.

Changes in the AFOLU sector are driven by three main factors: demand 
changes, efficiency of production, and policy assumptions (Smith et 
al., 2013; Popp et al., 2017). Demand for agricultural products and 
other land-based commodities is influenced by consumption patterns 
(including dietary preferences and food waste affecting demand for 
food and feed) (Smith et al., 2013; van Vuuren et al., 2018), demand for 
forest products for pulp and construction (including less wood waste), 
and demand for biomass for energy production (Lambin and Meyfroidt, 
2011; Smith and Bustamante, 2014). Efficiency of agricultural and 
forestry production relates to improvements in agricultural and forestry 
practices (including product cascades, by-products and more waste- and 
residue-based biomass for energy production), agricultural and forestry 
yield increases, and intensification of livestock production systems 
leading to higher feed efficiency and changes in feed composition 
(Havlík et al., 2014; Weindl et al., 2015). Policy assumptions relate to 
the level of land protection, the treatment of food waste, policy choices 
about the timing of mitigation action (early vs late), the choice and 

Figure 2.24 |  Overview of land-use change transitions in 2030 and 2050, relative to 2010 based on pathways based on the Shared Socio-Economic Pathways (SSPs) (Popp et 
al., 2017; Riahi et al., 2017; Rogelj et al., 2018). Grey: no-climate-policy baseline; green: 2.6 W m−2 pathways; blue: 1.9 W m−2 pathways. Pink: 1.9 W m−2 pathways grouped per 
underlying socio-economic assumption (from left to right: SSP1 sustainability, SSP2 middle-of-the-road, SSP5 fossil-fuelled development). Ranges show the minimum–maximum 
range across the SSPs. Single pathways are shown with plus signs. Illustrative archetype pathways are highlighted with distinct icons. Each panel shows the changes for a different 
land type. The 1.9 and 2.6 W m−2 pathways are taken as proxies for 1.5°C and 2°C pathways, respectively. The 2.6 W m−2 pathways are mostly consistent with the Lower-2°C and 
Higher-2°C pathway classes. The 1.9 W m−2 pathways are consistent with the 1.5°C-low-OS (mostly SSP1 and SSP2) and 1.5°C-high-OS (SSP5) pathway classes. In 2010, pasture 
was estimated to cover about 3–3.5 103 Mha, food and feed crops about 1.5–1.6 103 Mha, energy crops about 0–14 Mha and forest about 3.7–4.2 103 Mha, across the models 
that reported SSP pathways (Popp et al., 2017). When considering pathways limiting warming to 1.5°C with no or limited overshoot, the full set of scenarios shows a conversion 
of 50–1100 Mha of pasture into 0–600 Mha for energy crops, a 200 Mha reduction to 950 Mha increase forest, and a 400 Mha decrease to a 250 Mha increase in non-pasture 
agricultural land for food and feed crops by 2050 relative to 2010. The large range across the literature and the understanding of the variations across models and assumptions 
leads to medium confidence in the size of these ranges.
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preference of land-based mitigation options (for example, the inclusion 
of afforestation and reforestation as mitigation options), interactions 
with other sectors (Popp et al., 2017), and trade (Schmitz et al., 2012; 
Wiebe et al., 2015).

A global study (Stevanović et al., 2017) reported similar GHG reduction 
potentials for both production-side (agricultural production measures 
in combination with reduced deforestation) and consumption-side 
(diet change in combination with lower shares of food waste) measures 
on the order of 40% in 210011 (compared to a baseline scenario 
without land-based mitigation). Lower consumption of livestock 
products by 2050 could also substantially reduce deforestation and 
cumulative carbon losses (Weindl et al., 2017). On the supply side, 
minor productivity growth in extensive livestock production systems 
is projected to lead to substantial CO2 emission abatement, but the 
emission-saving potential of productivity gains in intensive systems is 
limited, mainly due to trade-offs with soil carbon stocks (Weindl et al., 
2017). In addition, even within existing livestock production systems, a 
transition from extensive to more productive systems bears substantial 
GHG abatement potential, while improving food availability (Gerber et 
al., 2013; Havlík et al., 2014). Many studies highlight the capability of 
agricultural intensification for reducing GHG emissions in the AFOLU 
sector or even enhancing terrestrial carbon stocks (Valin et al., 2013; 
Popp et al., 2014a; Wise et al., 2014). Also the importance of immediate 
and global land-use regulations for a comprehensive reduction of 

Annual Pace of Land-Use Change [Mha yr–1]

Land Type Pathway Time Window Historical

2010–2030 2030–2050 1970–1990 1990–2010

Pasture 1.9 W m–2 [–14.6/3.0] [–28.7/–5.2] 8.7 
Permanent meadows 
and pastures (FAO)

0.9 
Permanent meadows 
and pastures (FAO)

2.6 W m–2 [–9.3/4.1] [–21.6/0.4]

Baseline [–5.1/14.1] [–9.6/9.0]

Cropland for food, 
feed and material

1.9 W m–2 [–12.7/9.0] [–18.5/0.1]

2.6 W m–2 [–12.9/8.3] [–16.8/2.3]

Baseline [–5.3/9.9] [–2.7/6.7]

Cropland for energy 1.9 W m–2 [0.7/10.5] [3.9/34.8]

2.6 W m–2 [0.2/8.8] [2.0/22.9]

Baseline [0.2/4.2] [–0.2/6.1]

Total cropland (Sum 
of cropland for food 
and feed & energy)

1.9 W m–2 [–6.8/12.8] [–5.8/26.7] 4.6 
Arable land and 
Permanent crops

0.9 
Arable land and 
Permanent crops

2.6 W m–2 [–8.4/9.3] [–7.1/17.8]

Baseline [–3.0/11.3] [0.6/11.0]

Forest 1.9 W m–2 [–4.8/23.7] [0.0/34.3]
N.A. 
Forest (FAO)

–5.6 
Forest (FAO)

2.6 W m–2 [–4.7/22.2] [–2.4/31.7]

Baseline [–13.6/3.3] [–6.5/4.3]

Table 2.9 | Annual pace of land-use change in baseline, 2°C and 1.5°C pathways.  
 All values in Mha yr−1. The 2.6 W m−2 pathways are mostly consistent with the Lower-2°C and Higher-2°C pathway classes. The 1.9 W m−2 pathways are  
 broadly consistent with the 1.5°C-low-OS (mostly SSP1 and SSP2) and 1.5°C-high-OS (SSP5) pathway classes. Baseline projections reflect land-use developments  
 projected by integrated assessment models under the assumptions of the Shared Socio-Economic Pathways (SSPs) in absence of climate policies (Popp et al., 2017;  
 Riahi et al., 2017; Rogelj et al., 2018). Values give the full range across SSP scenarios. According to the Food and Agriculture Organization of the United Nations  
 (FAOSTAT, 2018), 4.9 billion hectares (approximately 40% of the land surface) was under agricultural use in 2005, either as cropland (1.5 billion hectares) or  
 pasture (3.4 billion hectares). FAO data in the table are equally from FAOSTAT (2018).

land-related GHG emissions (especially related to deforestation) 
has been shown by several studies (Calvin et al., 2017; Fricko et al., 
2017; Fujimori, 2017). Ultimately, there are also interactions between 
these three factors and the wider society and economy, for example, 
if CDR technologies that are not land-based are deployed (like direct 
air capture – DACCS, see Chapter 4, Section 4.3.7) or if other sectors 
over- or underachieve their projected mitigation contributions (Clarke 
et al., 2014). Variations in these drivers can lead to drastically different 
land-use implications (Popp et al., 2014b) (Figure 2.24).

Stringent mitigation pathways inform general GHG dynamics in 
the AFOLU sector. First, CO2 emissions from deforestation can be 
abated at relatively low carbon prices if displacement effects in 
other regions (Calvin et al., 2017) or other land-use types with high 
carbon density (Calvin et al., 2014; Popp et al., 2014a; Kriegler et 
al., 2017) can be avoided. However, efficiency and costs of reducing 
rates of deforestation strongly depend on governance performance, 
institutions and macroeconomic factors (Wang et al., 2016). Secondly, 
besides CO2 reductions, the land system can play an important role 
for overall CDR efforts (Rogelj et al., 2018) via BECCS, afforestation 
and reforestation, or a combination of options. The AFOLU sector also 
provides further potential for active terrestrial carbon sequestration, 
for example, via land restoration, improved management of forest and 
agricultural land (Griscom et al., 2017), or biochar applications (Smith, 
2016) (see also Chapter 4, Section 4.3.7). These options have so far 

11 Land-based mitigation options on the supply and the demand side are assessed in 4.3.2, and CDR options with a land component in 4.3.7. Chapter 5 (Section 5.4) assesses 
the implications of land-based mitigation for related SDGs, e.g., food security. 
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not been extensively integrated in the mitigation pathway literature 
(see Supplementary Material  2.SM.1.2), but in theory their availability 
would impact the deployment of other CDR technologies, like BECCS 
(Section 2.3.4) (Strefler et al., 2018a). These interactions will be 
discussed further in the SRCCL.

Residual agricultural non-CO2 emissions of CH4 and N2O play an 
important role for temperature stabilization pathways, and their relative 
importance increases in stringent mitigation pathways in which CO2 is 
reduced to net zero emissions globally (Gernaat et al., 2015; Popp et al., 
2017; Stevanović et al., 2017; Rogelj et al., 2018), for example, through 
their impact on the remaining carbon budget (Section 2.2). Although 
agricultural non-CO2 emissions show marked reduction potentials 
in 2°C-consistent pathways, complete elimination of these emission 
sources does not occur in IAMs based on the evolution of agricultural 
practice assumed in integrated models (Figure 2.25) (Gernaat et al., 
2015). Methane emissions in 1.5°C pathways are reduced through 
improved agricultural management (e.g., improved management of 
water in rice production, manure and herds, and better livestock quality 
through breeding and improved feeding practices) as well as dietary 
shifts away from emissions-intensive livestock products. Similarly, 
N2O emissions decrease due to improved N-efficiency and manure 
management (Frank et al., 2018). However, high levels of bioenergy 
production can also result in increased N2O emissions (Kriegler et 
al., 2017), highlighting the importance of appropriate management 
approaches (Davis et al., 2013). Residual agricultural emissions can be 
further reduced by limiting demand for GHG-intensive foods through 
shifts to healthier and more sustainable diets (Tilman and Clark, 2014; 
Erb et al., 2016b; Springmann et al., 2016) and reductions in food waste 
(Bajželj et al., 2014; Muller et al., 2017; Popp et al., 2017) (see also 
Chapter 4 and SRCCL). Finally, several mitigation measures that could 
affect these agricultural non-CO2 emissions are not, or only to a limited 
degree, considered in the current integrated pathway literature (see 
Supplementary Material 2.SM.1.2). Such measures (like plant-based 
and synthetic proteins, methane inhibitors and vaccines in livestock, 
alternate wetting and drying in paddy rice, or nitrification inhibitors) 
are very diverse and differ in their development or deployment stages. 
Their potentials have not been explicitly assessed here.

Pathways consistent with 1.5°C rely on one or more of the three 
strategies highlighted above (demand changes, efficiency gains, and 

policy assumptions), and can apply these in different configurations. 
For example, among the four illustrative archetypes used in this 
chapter (Section 2.1), the LED and S1 pathways focus on generally 
low resource and energy consumption (including healthy diets with 
low animal-calorie shares and low food waste) as well as significant 
agricultural intensification in combination with high levels of nature 
protection. Under such assumptions, comparably small amounts of 
land are needed for land-demanding mitigation activities such as 
BECCS and afforestation and reforestation, leaving the land footprint 
for energy crops in 2050 virtually the same compared to 2010 levels for 
the LED pathway. In contrast, future land-use developments can look 
very different under the resource- and energy-intensive S5 pathway 
that includes less healthy diets with high animal shares and high 
shares of food waste (Tilman and Clark, 2014; Springmann et al., 2016) 
combined with a strong orientation towards technology solutions to 
compensate for high reliance on fossil-fuel resources and associated 
high levels of GHG emissions in the baseline. In such pathways, climate 
change mitigation strategies strongly depend on the availability of 
CDR through BECCS (Humpenöder et al., 2014). As a consequence, the 
S5 pathway sources significant amounts of biomass through bioenergy 
crop expansion in combination with agricultural intensification. Also, 
further policy assumptions can strongly affect land-use developments, 
highlighting the importance for land use of making appropriate 
policy choices. For example, within the SSP set, some pathways rely 
strongly on a policy to incentivize afforestation and reforestation for 
CDR together with BECCS, which results in an expansion of forest area 
and a corresponding increase in terrestrial carbon stock. Finally, the 
variety of pathways illustrates how policy choices in the AFOLU and 
other sectors strongly affect land-use developments and associated 
sustainable development interactions (Chapter 5, Section 5.4) in 1.5°C 
pathways.

The choice of strategy or mitigation portfolio impacts the GHG 
dynamics of the land system and other sectors (see Section 2.3), as well 
as the synergies and trade-offs with other environmental and societal 
objectives (see Section 2.5.3 and Chapter 5, Section 5.4). For example, 
AFOLU developments in 1.5°C pathways range from strategies 
that differ by almost an order of magnitude in their projected land 
requirements for bioenergy (Figure 2.24), and some strategies would 
allow an increase in forest cover over the 21st century compared to 
strategies under which forest cover remains approximately constant. 

Figure 2.25 |  Agricultural emissions in transformation pathways. Global agricultural (a) CH4 and (b) N2O emissions. Box plots show median, interquartile range and full 
range. Classes are defined in Section 2.1. 
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High agricultural yields and application of intensified animal husbandry, 
implementation of best-available technologies for reducing non-CO2 
emissions, or lifestyle changes including a less-meat-intensive diet and 
less CO2-intensive transport modes, have been identified as allowing 
for such a forest expansion and reduced footprints from bioenergy 
without compromising food security (Frank et al., 2017; Doelman et al., 
2018; van Vuuren et al., 2018). 

The IAMs used in the pathways underlying this assessment (Popp 
et al., 2017; Riahi et al., 2017; Rogelj et al., 2018) do not include all 
potential land-based mitigation options and side-effects, and their 
results are hence subject to uncertainty. For example, recent research 
has highlighted the potential impact of forest management practices 
on land carbon content (Erb et al., 2016a; Naudts et al., 2016) and 
the uncertainty surrounding future crop yields (Haberl et al., 2013; 
Searle and Malins, 2014) and water availability (Liu et al., 2014). 
These aspects are included in IAMs in varying degrees but were not 
assessed in this report. Furthermore, land-use modules of some IAMs 
can depict spatially resolved climate damages to agriculture (Nelson et 
al., 2014), but this option was not used in the SSP quantifications (Riahi 
et al., 2017). Damages (e.g., due to ozone exposure or varying indirect 
fertilization due to atmospheric N and Fe deposition (e.g., Shindell et 
al., 2012; Mahowald et al., 2017) are also not included. Finally, this 
assessment did not look into the literature of agricultural sector models 
which could provide important additional detail and granularity to the 
discussion presented here.12  This limits their ability to capture the full 
mitigation potentials and benefits between scenarios. An in-depth 
assessment of these aspects lies outside the scope of this Special 
Report. However, their existence affects the confidence assessment of 
the AFOLU transition in 1.5°C pathways. 

Despite the limitations of current modelling approaches, there is high 
agreement and robust evidence across models and studies that the 
AFOLU sector plays an important role in stringent mitigation pathways. 
The findings from these multiple lines of evidence also result in high 
confidence that AFOLU mitigation strategies can vary significantly 
based on preferences and policy choices, facilitating the exploration of 
strategies that can achieve multiple societal objectives simultaneously 
(see also Section 2.5.3). At the same time, given the many uncertainties 
and limitations, only low to medium confidence can be attributed by 
this assessment to the more extreme AFOLU developments found in 
the pathway literature, and low to medium confidence to the level of 
residual non-CO2 emissions.

2.5 Challenges, Opportunities and Co-Impacts 
of Transformative Mitigation Pathways

This section examines aspects other than climate outcomes of 1.5°C 
mitigation pathways. Focus is given to challenges and opportunities 
related to policy regimes, price of carbon and co-impacts, including 
sustainable development issues, which can be derived from the existing 
integrated pathway literature. Attention is also given to uncertainties 
and critical assumptions underpinning mitigation pathways. The 

12 For example, the GLEAM (http://www.fao.org/gleam/en/) model from the UN Food and Agricultural Organisation (FAO).

challenges and opportunities identified in this section are further 
elaborated Chapter 4 (e.g., policy choice and implementation) and 
Chapter 5 (e.g., sustainable development). The assessment indicates 
unprecedented policy and geopolitical challenges.

2.5.1 Policy Frameworks and Enabling Conditions

Moving from a 2°C to a 1.5°C pathway implies bold integrated policies 
that enable higher socio-technical transition speeds, larger deployment 
scales, and the phase-out of existing systems that may lock in 
emissions for decades (high confidence) (Geels et al., 2017; Kuramochi 
et al., 2017; Rockström et al., 2017; Vogt-Schilb and Hallegatte, 2017; 
Kriegler et al., 2018a; Michaelowa et al., 2018). This requires higher 
levels of transformative policy regimes in the near term, which allow 
deep decarbonization pathways to emerge and a net zero carbon 
energy–economy system to emerge in the 2040–2060 period (Rogelj 
et al., 2015b; Bataille et al., 2016b). This enables accelerated levels 
of technological deployment and innovation (Geels et al., 2017; IEA, 
2017a; Grubler et al., 2018) and assumes more profound behavioural, 
economic and political transformation (Sections 2.3, 2.4 and 4.4). 
Despite inherent levels of uncertainty attached to modelling studies 
(e.g., related to climate and carbon cycle response), studies stress the 
urgency for transformative policy efforts to reduce emissions in the 
short term (Riahi et al., 2015; Kuramochi et al., 2017; Rogelj et al., 
2018).

The available literature indicates that mitigation pathways in line 
with 1.5°C pathways would require stringent and integrated policy 
interventions (very high confidence). Higher policy ambition often 
takes the form of stringent economy-wide emission targets (and 
resulting peak-and-decline of emissions), larger coverage of NDCs to 
more gases and sectors (e.g., land-use, international aviation), much 
lower energy and carbon intensity rates than historically seen, carbon 
prices much higher than the ones observed in real markets, increased 
climate finance, global coordinated policy action, and implementation 
of additional initiatives (e.g., by non-state actors) (Sections 2.3, 2.4 and 
2.5.2). The diversity (beyond explicit carbon pricing) and effectiveness 
of policy portfolios are of prime importance, particularly in the short-
term (Mundaca and Markandya, 2016; Kuramochi et al., 2017; OECD, 
2017; Kriegler et al., 2018a; Michaelowa et al., 2018). For instance, 
deep decarbonization pathways in line with a 2˚C target (covering 
74% of global energy-system emissions) include a mix of stringent 
regulation (e.g., building codes, minimum performance standards), 
carbon pricing mechanisms and R&D (research and development) 
innovation policies (Bataille et al., 2016a). Explicit carbon pricing, 
direct regulation and public investment to enable innovation are 
critical for deep decarbonization pathways (Grubb et al., 2014). 
Effective planning (including compact city measures) and integrated 
regulatory frameworks are also key drivers in the IEA-ETP B2DS study 
for the transport sector (IEA, 2017a). Effective urban planning can 
reduce GHG emissions from urban transport between 20% and 50% 
(Creutzig, 2016). Comprehensive policy frameworks would be needed 
if the decarbonization of the power system is pursued while increasing 
end-use electrification (including transport) (IEA, 2017a). Technology 
policies (e.g., feed-in-tariffs), financing instruments, carbon pricing 

http://www.fao.org/gleam/en/
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and system integration management driving the rapid adoption of 
renewable energy technologies are critical for the decarbonization 
of electricity generation (Bruckner et al., 2014; Luderer et al., 2014; 
Creutzig et al., 2017; Pietzcker et al., 2017). Likewise, low-carbon and 
resilient investments are facilitated by a mix of coherent policies, 
including fiscal and structural reforms (e.g., labour markets), public 
procurement, carbon pricing, stringent standards, information schemes, 
technology policies, fossil-fuel subsidy removal, climate risk disclosure, 
and land-use and transport planning (OECD, 2017). Pathways in which 
CDR options are restricted emphasize the strengthening of near-term 
policy mixes (Luderer et al., 2013; Kriegler et al., 2018a). Together with 
the decarbonization of the supply side, ambitious policies targeting 
fuel switching and energy efficiency improvements on the demand 
side play a major role across mitigation pathways (Clarke et al., 2014; 
Kriegler et al., 2014b; Riahi et al., 2015; Kuramochi et al., 2017; Brown 
and Li, 2018; Rogelj et al., 2018; Wachsmuth and Duscha, 2018). 

The combined evidence suggests that aggressive policies addressing 
energy efficiency are central in keeping 1.5°C within reach and lowering 
energy system and mitigation costs (high confidence) (Luderer et al., 
2013; Rogelj et al., 2013b, 2015b; Grubler et al., 2018). Demand-side 
policies that increase energy efficiency or limit energy demand at a 
higher rate than historically observed are critical enabling factors for 
reducing mitigation costs in stringent mitigation pathways across the 
board (Luderer et al., 2013; Rogelj et al., 2013b, 2015b; Clarke et al., 
2014; Bertram et al., 2015a; Bataille et al., 2016b). Ambitious sector-
specific mitigation policies in industry, transportation and residential 
sectors are needed in the short run for emissions to peak in 2030 
(Méjean et al., 2018). Stringent demand-side policies (e.g., tightened 
efficiency standards for buildings and appliances) driving the expansion, 
efficiency and provision of high-quality energy services are essential 
to meet a 1.5˚C mitigation target while reducing the reliance on CDR 
(Grubler et al., 2018). A 1.5˚C pathway for the transport sector is possible 
using a mix of additional and stringent policy actions preventing (or 
reducing) the need for transport, encouraging shifts towards efficient 
modes of transport, and improving vehicle-fuel efficiency (Gota et al., 
2018). Stringent demand-side policies also reduce the need for CCS 
(Wachsmuth and Duscha, 2018). Even in the presence of weak near 
term policy frameworks, increased energy efficiency lowers mitigation 
costs noticeably compared to pathways with reference energy intensity 
(Bertram et al., 2015a). Common issues in the literature relate to the 
rebound effect, the potential overestimation of the effectiveness 
of energy efficiency policy, and policies to counteract the rebound 
(Saunders, 2015; van den Bergh, 2017; Grubler et al., 2018) (Sections 
2.4 and 4.4).

SSP-based modelling studies underline that socio-economic and 
climate policy assumptions strongly influence mitigation pathway 
characteristics and the economics of achieving a specific climate 
target (very high confidence) (Bauer et al., 2017; Guivarch and Rogelj, 
2017; Riahi et al., 2017; Rogelj et al., 2018). SSP assumptions related 
to economic growth and energy intensity are critical determinants 
of projected CO2 emissions (Marangoni et al., 2017). A multimodel 
inter-comparison study found that mitigation challenges in line with 
a 1.5˚C target vary substantially across SSPs and policy assumptions 
(Rogelj et al., 2018). Under SSP1-SPA1 (sustainability) and SSP2-SPA2 
(middle-of-the-road), the majority of IAMs were capable of producing 

1.5˚C pathways. On the contrary, none of the IAMs contained in the 
SR1.5 database could produce a 1.5°C pathway under SSP3-SPA3 
assumptions. Preventing elements include, for instance, climate 
policy fragmentation, limited control of land-use emissions, heavy 
reliance on fossil fuels, unsustainable consumption and marked 
inequalities (Rogelj et al., 2018). Dietary aspects of the SSPs are also 
critical: climate-friendly diets were contained in ‘sustainability’ (SSP1) 
and meat-intensive diets in SSP3 and SSP5 (Popp et al., 2017). CDR 
requirements are reduced under ‘sustainability’ related assumptions 
(Strefler et al., 2018b). These are major policy-related reasons for why 
SSP1-SPA1 translates into relatively low mitigation challenges whereas 
SSP3-SPA3 and SSP5-SPA5 entail futures that pose the highest socio-
technical and economic challenges. SSPs/SPAs assumptions indicate 
that policy-driven pathways that encompass accelerated change away 
from fossil fuels, large-scale deployment of low-carbon energy supplies, 
improved energy efficiency and sustainable consumption lifestyles 
reduce the risks of climate targets becoming unreachable (Clarke et 
al., 2014; Riahi et al., 2015, 2017; Marangoni et al., 2017; Rogelj et al., 
2017, 2018; Strefler et al., 2018b).

Policy assumptions that lead to weak or delayed mitigation action from 
what would be possible in a fully cooperative world strongly influence 
the achievability of mitigation targets (high confidence) (Luderer et al., 
2013; Rogelj et al., 2013b; OECD, 2017; Holz et al., 2018a; Strefler et al., 
2018b). Such regimes also include current NDCs (Fawcett et al., 2015; 
Aldy et al., 2016; Rogelj et al., 2016a, 2017; Hof et al., 2017; van Soest et 
al., 2017), which have been reported to make achieving a 2°C pathway 
unattainable without CDR (Strefler et al., 2018b). Not strengthening 
NDCs would make it very challenging to keep 1.5°C within reach (see 
Section 2.3 and Cross-Chapter Box 11 in Chapter 4). One multimodel 
inter-comparison study (Luderer et al., 2016b, 2018) explored the effects 
on 1.5°C pathways assuming the implementation of current NDCs 
until 2030 and stringent reductions thereafter. It finds that delays in 
globally coordinated actions lead to various models reaching no 1.5°C 
pathways during the 21st century. Transnational emission reduction 
initiatives (TERIs) outside the UNFCCC have also been assessed and 
found to overlap (70–80%) with NDCs and be inadequate to bridge 
the gap between NDCs and a 2°C pathway (Roelfsema et al., 2018). 
Weak and fragmented short-term policy efforts use up a large share of 
the long-term carbon budget before 2030–2050 (Bertram et al., 2015a; 
van Vuuren et al., 2016) and increase the need for the full portfolio 
of mitigation measures, including CDR (Clarke et al., 2014; Riahi 
et al., 2015; Xu and Ramanathan, 2017). Furthermore, fragmented 
policy scenarios also exhibit ‘carbon leakage’ via energy and capital 
markets (Arroyo-Currás et al., 2015; Kriegler et al., 2015b). A lack of 
integrated policy portfolios can increase the risks of trade-offs between 
mitigation approaches and sustainable development objectives (see 
Sections 2.5.3 and 5.4). However, more detailed analysis is needed 
about realistic (less disruptive) policy trajectories until 2030 that can 
strengthen near-term mitigation action and meaningfully decrease 
post-2030 challenges (see Chapter 4, Section 4.4).

Whereas the policy frameworks and enabling conditions identified 
above pertain to the ‘idealized’ dimension of mitigation pathways, 
aspects related to 1.5°C mitigation pathways in practice are of prime 
importance. For example, issues related to second-best stringency 
levels, international cooperation, public acceptance, distributional 
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consequences, multilevel governance, non-state actions, compliance 
levels, capacity building, rebound effects, linkages across highly 
heterogeneous policies, sustained behavioural change, finance and 
intra- and inter-generational issues need to be considered (see Chapter 
4, Section 4.4) (Bataille et al., 2016a; Mundaca and Markandya, 2016; 
Baranzini et al., 2017; MacDougall et al., 2017; van den Bergh, 2017; 
Vogt-Schilb and Hallegatte, 2017; Chan et al., 2018; Holz et al., 2018a; 
Klinsky and Winkler, 2018; Michaelowa et al., 2018; Patterson et al., 
2018). Furthermore, policies interact with a wide portfolio of pre-
existing policy instruments that address multiple areas (e.g., technology 
markets, economic growth, poverty alleviation, climate adaptation) and 
deal with various market failures (e.g., information asymmetries) and 
behavioural aspects (e.g., heuristics) that prevent or hinder mitigation 
actions (Kolstad et al., 2014; Mehling and Tvinnereim, 2018). The socio-
technical transition literature points to multiple complexities in real-
world settings that prevent reaching ‘idealized’ policy conditions but 
at the same time can still accelerate transformative change through 
other co-evolutionary processes of technology and society (Geels et 

al., 2017; Rockström et al., 2017). Such co-processes are complex and 
go beyond the role of policy (including carbon pricing) and comprise 
the role of citizens, businesses, stakeholder groups or governments, 
as well as the interplay of institutional and socio-political dimensions 
(Michaelowa et al., 2018; Veland et al., 2018). It is argued that large 
system transformations, similar to those in 1.5°C pathways, require 
prioritizing an evolutionary and behavioural framework in economic 
theory rather than an optimization or equilibrium framework as is 
common in current IAMs (Grubb et al., 2014; Patt, 2017). Accumulated 
know-how, accelerated innovation and public investment play a key 
role in (rapid) transitions (see Sections 4.2 and 4.4) (Geels et al., 2017; 
Michaelowa et al., 2018).

In summary, the emerging literature supports the AR5 on the need for 
integrated, robust and stringent policy frameworks targeting both the 
supply and demand-side of energy-economy systems (high confidence). 
Continuous ex-ante policy assessments provide learning opportunities 
for both policy makers and stakeholders.

Cross-Chapter Box 5 |  Economics of 1.5°C Pathways and the Social Cost of Carbon 

Contributing Authors: 
Luis Mundaca (Sweden/Chile), Mustafa Babiker (Sudan), Johannes Emmerling (Italy/Germany), Sabine Fuss (Germany), Jean-Charles 
Hourcade (France), Elmar Kriegler (Germany), Anil Markandya (Spain/UK), Joyashree Roy (India), Drew Shindell (USA)

Two approaches have been commonly used to assess alternative emissions pathways: cost-effectiveness analysis (CEA) and 
cost–benefit analysis (CBA). CEA aims at identifying emissions pathways minimising the total mitigation costs of achieving 
a given warming or GHG limit (Clarke et al., 2014). CBA has the goal to identify the optimal emissions trajectory minimising the 
discounted flows of abatement expenditures and monetized climate change damages (Boardman et al., 2006; Stern, 2007). A third 
concept, the Social Cost of Carbon (SCC) measures the total net damages of an extra metric ton of CO2 emissions due to the 
associated climate change (Nordhaus, 2014; Pizer et al., 2014; Rose et al., 2017a). Negative and positive impacts are monetized, 
discounted and the net value is expressed as an equivalent loss of consumption today. The SCC can be evaluated for any emissions 
pathway under policy consideration (Rose, 2012; NASEM, 2016, 2017). 

Along the optimal trajectory determined by CBA, the SCC equals the discounted value of the marginal abatement cost of a metric ton 
of CO2 emissions. Equating the present value of future damages and marginal abatement costs includes a number of critical value 
judgements in the formulation of the social welfare function (SWF), particularly in how non-market damages and the distribution of 
damages across countries and individuals and between current and future generations are valued (Kolstad et al., 2014). For example, 
since climate damages accrue to a larger extent farther in the future and can persist for many years, assumptions and approaches 
to determine the social discount rate (normative ‘prescriptive’ vs. positive ‘descriptive’) and social welfare function (e.g., discounted 
utilitarian SWF vs. undiscounted prioritarian SWF) can heavily influence CBA outcomes and associated estimates of SCC (Kolstad et 
al., 2014; Pizer et al., 2014; Adler and Treich, 2015; Adler et al., 2017; NASEM, 2017; Nordhaus, 2017; Rose et al., 2017a).

In CEA, the marginal abatement cost of carbon is determined by the climate goal under consideration. It equals the shadow price 
of carbon associated with the goal which in turn can be interpreted as the willingness to pay for imposing the goal as a political 
constraint. Emissions prices are usually expressed in carbon (equivalent) prices using the GWP-100 metric as the exchange rate 
for pricing emissions of non-CO2 GHGs controlled under internationally climate agreements (like CH4, N2O and fluorinated gases, 
see Cross-Chapter Box 2 in Chapter 1).13  Since policy goals like the goals of limiting warming to 1.5°C or well below 2°C do not 
directly result from a money metric trade-off between mitigation and damages, associated shadow prices can differ from the SCC in 
a CBA. In CEA, value judgments are to a large extent concentrated in the choice of climate goal and related implications, while more 
explicit assumptions about social values are required to perform CBA. For example, in CEA assumptions about the social discount 
rate no longer affect the overall abatement levels now set by the climate goal, but the choice and timing of investments in individual 
measures to reach these levels.

13 Also other metrics to compare emissions have been suggested and adopted by governments nationally (Kandlikar, 1995; Marten et al., 2015; Shindell, 2015; IWG, 2016).
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Although CBA-based and CEA-based assessment are both subject to large uncertainty about socio-techno-economic trends, policy 
developments and climate response, the range of estimates for the SCC along an optimal trajectory determined by CBA is far wider 
than for estimates of the shadow price of carbon in CEA-based approaches. In CBA, the value judgments about inter- and intra-
generational equity combined with uncertainties in the climate damage functions assumed, including their empirical basis, are 
important (Pindyck, 2013; Stern, 2013; Revesz et al., 2014). In a CEA-based approach, the value judgments about the aggregate 
welfare function matter less, and uncertainty about climate response and impacts can be tied into various climate targets and 
related emissions budgets (Clarke et al., 2014).

The CEA- and CBA-based carbon cost estimates are derived with a different set of tools. They are all summarised as integrated 
assessment models (IAMs) but in fact are of very different nature (Weyant, 2017). Detailed process IAMs such as AIM (Fujimori, 
2017), GCAM (Thomson et al., 2011; Calvin et al., 2017), IMAGE (van Vuuren et al., 2011b, 2017b), MESSAGE-GLOBIOM (Riahi 
et al., 2011; Havlík et al., 2014; Fricko et al., 2017), REMIND-MAgPIE (Popp et al., 2010; Luderer et al., 2013; Kriegler et al., 2017) 
and WITCH (Bosetti et al., 2006, 2008, 2009) include a process-based representation of energy and land systems, but in most 
cases lack a comprehensive representation of climate damages, and are typically used for CEA. Diagnostic analyses across CBA-
IAMs indicate important dissimilarities in modelling assembly, implementation issues and behaviour (e.g., parametric uncertainty, 
damage responses, income sensitivity) that need to be recognized to better understand SCC estimates (Rose et al., 2017a). 

CBA-IAMs such as DICE (Nordhaus and Boyer, 2000; Nordhaus, 2013, 2017), PAGE (Hope, 2006) and FUND (Tol, 1999; Anthoff and 
Tol, 2009) attempt to capture the full feedback from climate response to socio-economic damages in an aggregated manner, but are 
usually much more stylised than detailed process IAMs. In a nutshell, the methodological framework for estimating SCC involves 
projections of population growth, economic activity and resulting emissions; computations of atmospheric composition and global 
mean temperatures as a result of emissions; estimations of physical impacts of climate changes; monetization of impacts (positive 
and negative) on human welfare; and the discounting of the future monetary value of impacts to year of emission (Kolstad et al., 
2014; Revesz et al., 2014; NASEM, 2017; Rose et al., 2017a). There has been a discussion in the literature to what extent CBA-
IAMs underestimate the SCC due to, for example, a limited treatment or difficulties in addressing damages to human well-being, 
labour productivity, value of capital stock, ecosystem services and the risks of catastrophic climate change for future generations 
(Ackerman and Stanton, 2012; Revesz et al., 2014; Moore and Diaz, 2015; Stern, 2016). However, there has been progress in ‘bottom-
up’ empirical analyses of climate damages (Hsiang et al., 2017), the insights of which could be integrated into these models (Dell et 
al., 2014). Most of the models used in Chapter 2 on 1.5°C mitigation pathways are detailed process IAMs and thus deal with CEA. 

An important question is how results from CEA- and CBA-type approaches can be compared and synthesized. Such synthesis needs 
to be done with care, since estimates of the shadow price of carbon under the climate goal and SCC estimates from CBA might not 
be directly comparable due to different tools, approaches and assumptions used to derive them. Acknowledging this caveat, the 
SCC literature has identified a range of factors, assumptions and value judgements that support SCC values above $100 tCO2

−1 that 
are also found as net present values of the shadow price of carbon in 1.5°C pathways. These factors include accounting for tipping 
points in the climate system (Lemoine and Traeger, 2014; Cai et al., 2015; Lontzek et al., 2015), a low social discount rate (Nordhaus, 
2007a; Stern, 2007) and inequality aversion (Schmidt et al., 2013; Dennig et al., 2015; Adler et al., 2017). 

The SCC and the shadow price of carbon are not merely theoretical concepts but used in regulation (Pizer et al., 2014; Revesz et al., 
2014; Stiglitz et al., 2017). As stated by the report of the High-Level Commission on Carbon Pricing (Stiglitz et al., 2017), in the real 
world there is a distinction to be made between the implementable and efficient explicit carbon prices and the implicit (notional) 
carbon prices to be retained for policy appraisal and the evaluation of public investments, as is already done in some jurisdictions 
such as the USA, UK and France. Since 2008, the U.S. government has used SCC estimates to assess the benefits and costs related 
to CO2 emissions resulting from federal policymaking (NASEM, 2017; Rose et al., 2017a).

The use of the SCC for policy appraisals is, however, not straightforward in an SDG context. There are suggestions that a broader 
range of polluting activities than only CO2 emissions, for example emissions of air pollutants, and a broader range of impacts 
than only climate change, such as impacts on air quality, health and sustainable development in general (see Chapter 5 for a 
detailed discussion), would need to be included in social costs (Sarofim et al., 2017; Shindell et al., 2017a). Most importantly, 
a consistent valuation of the SCC in a sustainable development framework would require accounting for the SDGs in the social 
welfare formulation (see Chapter 5).

Cross Chapter Box 5 (continued)
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2.5.2 Economic and Investment Implications of 1.5°C 
Pathways

2.5.2.1 Price of carbon emissions

The price of carbon assessed here is fundamentally different from the 
concepts of optimal carbon price in a cost–benefit analysis, or the social 
cost of carbon (see Cross-Chapter Box 5 in this chapter and Chapter 
3, Section 3.5.2). Under a cost-effectiveness analysis (CEA) modelling 
framework, prices for carbon (mitigation costs) reflect the stringency of 
mitigation requirements at the margin (i.e., cost of mitigating one extra 
unit of emission). Explicit carbon pricing is briefly addressed here to the 
extent it pertains to the scope of Chapter 2. For detailed policy issues 
about carbon pricing see Section 4.4.5.

Based on data available for this special report, the price of carbon 
varies substantially across models and scenarios, and their values 
increase with mitigation efforts (see Figure 2.26) (high confidence). 
For instance, undiscounted values under a Higher-2°C pathway range 
from 15–220 USD2010 tCO2-eq

−1 in 2030, 45–1050 USD2010 tCO2-eq
−1 

in 2050, 120–1100 USD2010 tCO2-eq
−1 in 2070 and 175–2340 USD2010 

tCO2-eq
−1 in 2100. On the contrary, estimates for a Below-1.5°C 

pathway range from 135–6050 USD2010 tCO2-eq
−1 in 2030, 245–14300 

USD2010 tCO2-eq
−1 in 2050, 420–19300 USD2010 tCO2-eq

−1 in 2070 
and 690–30100 USD2010 tCO2-eq

−1 in 2100. Values for 1.5°C-low-OS 
pathway are relatively higher than 1.5°C-high-OS pathway in 2030, 
but the difference decreases over time, particularly between 2050 and 
2070. This is because in 1.5°C-high-OS pathways there is relatively 
less mitigation activity in the first half of the century, but more in 
the second half. The low energy demand (LED, P1 in the Summary for 
Policymakers) scenario exhibits the lowest values across the illustrative 
pathway archetypes. As a whole, the global average discounted price 
of emissions across 1.5°C- and 2°C pathways differs by a factor of 
four across models (assuming a 5% annual discount rate, comparing to 
Below-1.5°C and 1.5°C-low-OS pathways). If 1.5°C-high-OS pathways 
(with peak warming 0.1–0.4°C higher than 1.5°C) or pathways with 
very large land-use sinks are also considered, the differential value is 
reduced to a limited degree, from a factor 4 to a factor 3. The increase 
in mitigation costs between 1.5°C and 2°C pathways is based on a 
direct comparison of pathway pairs from the same model and the 
same study in which the 1.5°C pathway assumes a significantly smaller 
carbon budget compared to the 2°C pathway (e.g., 600 GtCO2 smaller 
in the CD-LINKS and ADVANCE studies). This assumption is the main 
driver behind the increase in the price of carbon (Luderer et al., 2018; 
McCollum et al., 2018).14

The wide range of values depends on numerous aspects, including 
methodologies, projected energy service demands, mitigation targets, 
fuel prices and technology availability (high confidence) (Clarke et al., 
2014; Kriegler et al., 2015b; Rogelj et al., 2015c; Riahi et al., 2017; 
Stiglitz et al., 2017). The characteristics of the technology portfolio, 
particularly in terms of investment costs and deployment rates, play a 
key role (Luderer et al., 2013, 2016a; Clarke et al., 2014; Bertram et al., 
2015a; Riahi et al., 2015; Rogelj et al., 2015c). Models that encompass 

a higher degree of technology granularity and that entail more 
flexibility regarding mitigation response often produce relatively lower 
mitigation costs than those that show less flexibility from a technology 
perspective (Bertram et al., 2015a; Kriegler et al., 2015a). Pathways 
providing high estimates often have limited flexibility of substituting 
fossil fuels with low-carbon technologies and the associated need 
to compensate fossil-fuel emissions with CDR. The price of carbon is 
also sensitive to the non-availability of BECCS (Bauer et al., 2018). 
Furthermore, and due to the treatment of future price anticipation, 
recursive-dynamic modelling approaches (with ‘myopic anticipation’) 
exhibit higher prices in the short term but modest increases in the long 
term compared to optimization modelling frameworks with ‘perfect 
foresight’ that show exponential pricing trajectories (Guivarch and 
Rogelj, 2017). The chosen social discount rate in CEA studies (range 
of 2–8% per year in the reported data, varying over time and sectors) 
can also affect the choice and timing of investments in mitigation 
measures (Clarke et al., 2014; Kriegler et al., 2015b; Weyant, 2017). 
However, the impacts of varying discount rates on 1.5°C (and 2°C) 
mitigation strategies can only be assessed to a limited degree. The 
above highlights the importance of sampling bias in pathway analysis 
ensembles towards outcomes derived from models which are more 
flexible, have more mitigation options and cheaper cost assumptions 
and thus can provide feasible pathways in contrast to other who are 
unable to do so (Tavoni and Tol, 2010; Clarke et al., 2014; Bertram et 
al., 2015a; Kriegler et al., 2015a; Guivarch and Rogelj, 2017). All CEA-
based IAM studies reveal no unique path for the price of emissions 
(Bertram et al., 2015a; Kriegler et al., 2015b; Akimoto et al., 2017; Riahi 
et al., 2017).

Socio-economic conditions and policy assumptions also influence the 
price of carbon (very high confidence) (Bauer et al., 2017; Guivarch and 
Rogelj, 2017; Hof et al., 2017; Riahi et al., 2017; Rogelj et al., 2018). A 
multimodel study (Riahi et al., 2017) estimated the average discounted 
price of carbon (2010–2100, 5% discount rate) for a 2°C target to 
be nearly three times higher in the SSP5 marker than in the SSP1 
marker. Another multimodel study (Rogelj et al., 2018) estimated the 
average discounted price of carbon (2020–2100, 5%) to be 35–65% 
lower in SSP1 compared to SSP2 in 1.5°C pathways. Delayed near-
term mitigation policies and measures, including the limited extent of 
international global cooperation, result in increases in total economic 
mitigation costs and corresponding prices of carbon (Luderer et al., 
2013; Clarke et al., 2014). This is because stronger efforts are required 
in the period after the delay to counterbalance the higher emissions 
in the near term. Staged accession scenarios also produce higher 
mitigation costs than immediate action mitigation scenarios under the 
same stringency level of emissions (Kriegler et al., 2015b). 

It has been long argued that an explicit carbon pricing mechanism 
(whether via a tax or cap-and-trade scheme) can theoretically achieve 
cost-effective emission reductions (Nordhaus, 2007b; Stern, 2007; 
Aldy and Stavins, 2012; Goulder and Schein, 2013; Somanthan et al., 
2014; Weitzman, 2014; Tol, 2017). Whereas the integrated assessment 
literature is mostly focused on the role of carbon pricing to reduce 
emissions (Clarke et al., 2014; Riahi et al., 2017; Weyant, 2017), there 

14 Unlike AR5, which only included cost-effective scenarios for estimating discounted average carbon prices for 2015–2100 (also using a 5% discount rate) (see Clarke et al., 
2014, p.450), please note that values shown in Figure 2.26b include delays or technology constraint cases (see Sections 2.1 and 2.3).
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is an emerging body of studies (including bottom-up approaches) that 
focuses on the interaction and performance of various policy mixes (e.g., 
regulation, subsidies, standards). Assuming global implementation of 
a mix of regionally existing best-practice policies (mostly regulatory 
policies in the electricity, industry, buildings, transport and agricultural 
sectors) and moderate carbon pricing (between 5–20 USD2010 tCO2

−1 
in 2025 in most world regions and average prices around 25 USD2010 
tCO2

−1 in 2030), early action mitigation pathways are generated that 
reduce global CO2 emissions by an additional 10 GtCO2e in 2030 
compared to the NDCs (Kriegler et al., 2018a) (see Section 2.3.5). 
Furthermore, a mix of stringent energy efficiency policies (e.g., minimum 
performance standards, building codes) combined with a carbon tax 
(rising from 10 USD2010 tCO2

−1 in 2020 to 27 USD2010 tCO2
−1 in 2040) 

is more cost-effective than a carbon tax alone (from 20 to 53 USD2010 
tCO2

−1) to generate a 1.5°C pathway for the U.S. electric sector (Brown 
and Li, 2018). Likewise, a policy mix encompassing a moderate carbon 
price (7 USD2010 tCO2

−1 in 2015) combined with a ban on new coal-
based power plants and dedicated policies addressing renewable 
electricity generation capacity and electric vehicles reduces efficiency 
losses compared with an optimal carbon pricing in 2030 (Bertram et al., 
2015b). One study estimates the carbon prices in high energy-intensive 
pathways to be 25–50% higher than in low energy-intensive pathways 
that assume ambitious regulatory instruments, economic incentives 
(in addition to a carbon price) and voluntary initiatives (Méjean et 
al., 2018). A bottom-up approach shows that stringent minimum 
performance standards (MEPS) for appliances (e.g., refrigerators) can 
effectively complement explicit carbon pricing, as tightened MEPS can 
achieve ambitious efficiency improvements that cannot be assured by 
carbon prices of 100 USD2010 tCO2

−1 or higher (Sonnenschein et al., 
2018). In addition, the revenue recycling effect of carbon pricing can 
reduce mitigation costs by displacing distortionary taxes (Baranzini et 
al., 2017; OECD, 2017; McFarland et al., 2018; Sands, 2018; Siegmeier 
et al., 2018), and the reduction of capital tax (compared to a labour 
tax) can yield greater savings in welfare costs (Sands, 2018). The effect 
on public budgets is particularly important in the near term; however, 
it can decline in the long term as carbon neutrality is achieved (Sands, 
2018). The literature indicates that explicit carbon pricing is relevant 
but needs to be complemented with other policies to drive the required 
changes in line with 1.5°C cost-effective pathways (low to medium 
evidence, high agreement) (see Chapter 4, Section 4.4.5) (Stiglitz et al., 
2017; Mehling and Tvinnereim, 2018; Méjean et al., 2018; Michaelowa 
et al., 2018).

In summary, new analyses are consistent with AR5 and show 
that the price of carbon increases significantly if a higher level of 
stringency is pursued (high confidence). Values vary substantially 
across models, scenarios and socio-economic, technology and policy 
assumptions. While an explicit carbon pricing mechanism is central 
to prompt mitigation scenarios compatible with 1.5°C pathways, a 
complementary mix of stringent policies is required. 

2.5.2.2 Investments

Realizing the transformations towards a 1.5°C world would require a 
major shift in investment patterns (McCollum et al., 2018). Literature on 
global climate change mitigation investments is relatively sparse, with 
most detailed literature having focused on 2°C pathways (McCollum 

Figure 2.26 |  Global price of carbon emissions consistent with mitigation 
pathways. Panels show (a) undiscounted price of carbon (2030–2100) and (b) average 
price of carbon (2030–2100) discounted at a 5% discount rate to 2020 in USD2010. 
AC: Annually compounded. NPV: Net present value. Median values in floating black line. 
The number of pathways included in box plots is indicated in the legend. Number of 
pathways outside the figure range is noted at the top.

et al., 2013; Bowen et al., 2014; Gupta and Harnisch, 2014; Marangoni 
and Tavoni, 2014; OECD/IEA and IRENA, 2017). 

Global energy-system investments in the year 2016 are estimated at 
approximately 1.7 trillion USD2010 (approximately 2.2% of global GDP 
and 10% of gross capital formation), of which 0.23 trillion USD2010 
was for incremental end-use energy efficiency and the remainder for 
supply-side capacity installations (IEA, 2017c). There is some uncertainty 
surrounding this number because not all entities making investments 
report them publicly, and model-based estimates show an uncertainty 
range of about ±15% (McCollum et al., 2018). Notwithstanding, the 
trend for global energy investments has been generally upward over 
the last two decades: increasing about threefold between 2000 and 
2012, then levelling off for three years before declining in both 2015 
and 2016 as a result of the oil price collapse and simultaneous capital 
cost reductions for renewables (IEA, 2017c). 

Estimates of demand-side investments, either in total or for incremental 
efficiency efforts, are more uncertain, mainly due to a lack of reliable 
statistics and definitional issues about what exactly is counted towards 
a demand-side investment and what the reference should be for 
estimating incremental efficiency (McCollum et al., 2013). Grubler and 
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Wilson (2014) use two working definitions (a broader and a narrower 
one) to provide a first-order estimate of historical end-use technology 
investments in total. The broad definition defines end-use technologies 
as the technological systems purchasable by final consumers in order 
to provide a useful service, for example, heating and air conditioning 
systems, cars, freezers, or aircraft. The narrow definition sets the boundary 
at the specific energy-using components or subsystems of the larger end-
use technologies (e.g., compressor, car engine, heating element). Based 
on these two definitions, demand-side energy investments for the year 
2005 were estimated about 1–3.5 trillion USD2010 (central estimate 1.7 
trillion USD2010) using the broad definition and 0.1–0.6 trillion USD2010 
(central estimate 0.3 trillion USD2010) using the narrower definition. 
Due to these definitional issues, demand-side investment projections are 
uncertain, often underreported, and difficult to compare. Global IAMs 
often do not fully and explicitly represent all the various measures that 
could improve end-use efficiency.

Research carried out by six global IAM teams found that 1.5°C-consistent 
climate policies would require a marked upscaling of energy system 
supply-side investments (resource extraction, power generation, fuel 
conversion, pipelines/transmission, and energy storage) between 
now and mid-century, reaching levels of between 1.6–3.8 trillion 
USD2010 yr−1 globally on average over the 2016–2050 timeframe 
(McCollum et al., 2018) (Figure 2.27). How these investment needs 
compare to those in a policy baseline scenario is uncertain: they could 
be higher, much higher, or lower. Investments in the policy baselines 
from these same models are 1.6–2.7 trillion USD2010 yr−1. Much 
hinges on the reductions in energy demand growth embodied in the 
1.5°C pathways, which require investing in energy efficiency. Studies 
suggest that annual supply-side investments by mid-century could be 
lowered by around 10% (McCollum et al., 2018) and in some cases up 
to 50% (Grubler et al., 2018) if strong policies to limit energy demand 
growth are successfully implemented. However, the degree to which 
these supply-side reductions would be partially offset by an increase in 
demand-side investments is unclear. 

Some trends are robust across scenarios (Figure 2.27). First, pursuing 
1.5°C mitigation efforts requires a major reallocation of the investment 
portfolio, implying a financial system aligned to mitigation challenges. 
The path laid out by countries’ current NDCs until 2030 will not 
drive these structural changes; and despite increasing low-carbon 
investments in recent years (IEA, 2016b; Frankfurt School-UNEP Centre/
BNEF, 2017), these are not yet aligned with 1.5°C. Second, additional 
annual average energy-related investments for the period 2016 to 2050 
in pathways limiting warming to 1.5°C compared to the baseline (i.e., 
pathways without new climate policies beyond those in place today) 
are estimated by the models employed in McCollum et al. (2018) to 
be around 830 billion USD2010 (range of 150 billion to 1700 billion 
USD2010 across six models). This compares to total annual average 
energy supply investments in 1.5°C pathways of 1460 to 3510 billion 
USD2010 and total annual average energy demand investments of 
640 to 910 billion USD2010 for the period 2016 to 2050. Total energy-
related investments increase by about 12% (range of 3% to 24%) in 
1.5°C pathways relative to 2°C pathways. Average annual investment 
in low-carbon energy technologies and energy efficiency are upscaled 
by roughly a factor of six (range of factor of 4 to 10) by 2050 compared 
to 2015. Specifically, annual investments in low-carbon energy are 

projected to average 0.8–2.9 trillion USD2010 yr−1 globally to 2050 
in 1.5°C pathways, overtaking fossil investments globally already by 
around 2025 (McCollum et al., 2018). The bulk of these investments 
are projected to be for clean electricity generation, particularly solar 
and wind power (0.09–1.0 trillion USD2010 yr−1 and 0.1–0.35 trillion 
USD2010 yr−1, respectively) as well as nuclear power (0.1–0.25 trillion 
USD2010 yr−1). Third, the precise apportioning of these investments 
depends on model assumptions and societal preferences related to 
mitigation strategies and policy choices (see Sections 2.1 and 2.3). 
Investments for electricity transmission and distribution and storage 
are also scaled up in 1.5°C pathways (0.3–1.3 trillion USD2010 yr−1), 
given their widespread electrification of the end-use sectors (see 
Section 2.4). Meanwhile, 1.5°C pathways see a reduction in annual 
investments for fossil-fuel extraction and unabated fossil electricity 
generation (to 0.3–0.85 trillion USD2010 yr−1 on average over the 
2016–2050 period). Investments in unabated coal are halted by 2030 
in most 1.5°C projections, while the literature is less conclusive for 
investments in unabated gas (McCollum et al., 2018). This illustrates 
how mitigation strategies vary between models, but in the real world 
should be considered in terms of their societal desirability (see Section 
2.5.3). Furthermore, some fossil investments made over the next few 
years – or those made in the last few – will likely need to be retired prior 
to fully recovering their capital investment or before the end of their 
operational lifetime (Bertram et al., 2015a; Johnson et al., 2015; OECD/
IEA and IRENA, 2017). How the pace of the energy transition will be 
affected by such dynamics, namely with respect to politics and society, 
is not well captured by global IAMs at present. Modelling studies 
have, however, shown how the reliability of institutions influences 
investment risks and hence climate mitigation investment decisions 
(Iyer et al., 2015), finding that a lack of regulatory credibility or policy 
commitment fails to stimulate low-carbon investments (Bosetti and 
Victor, 2011; Faehn and Isaksen, 2016).

Low-carbon supply-side investment needs are projected to be largest in 
OECD countries and those of developing Asia. The regional distribution 
of investments in 1.5°C pathways estimated by the multiple models 
in (McCollum et al., 2018) are the following (average over 2016–2050 
timeframe): 0.30–1.3 trillion USD2010 yr−1(ASIA), 0.35–0.85 trillion 
USD2010 yr−1 (OECD), 0.08–0.55 trillion USD2010 yr−1 (MAF), 0.07–0.25 
trillion USD2010 yr−1 (LAM), and 0.05–0.15 trillion USD2010 yr−1 (REF) 
(regions are defined consistent with their use in AR5 WGIII, see Table 
A.II.8 in Krey et al., 2014b).

Until now, IAM investment analyses of 1.5°C pathways have focused 
on middle-of-the-road socio-economic and technological development 
futures (SSP2) (Fricko et al., 2017). Consideration of a broader range 
of development futures would yield different outcomes in terms of 
the magnitudes of the projected investment levels. Sensitivity analyses 
indicate that the magnitude of supply-side investments as well as the 
investment portfolio do not change strongly across the SSPs for a given 
level of climate policy stringency (McCollum et al., 2018). With only one 
dedicated multimodel comparison study published, there is limited to 
medium evidence available. For some features, there is high agreement 
across modelling frameworks leading, for example, to medium to high 
confidence that limiting global temperature increase to 1.5°C would 
require a major reallocation of the investment portfolio. Given the limited 
amount of sensitivity cases available compared to the default SSP2 
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assumptions, medium confidence can be assigned to the specific energy 
and climate mitigation investment estimates reported here.

Assumptions in modelling studies indicate a number of challenges. 
For instance, access to finance and mobilization of funds are critical 
(Fankhauser et al., 2016; OECD, 2017). In turn, policy efforts need to be 
effective in redirecting financial resources (UNEP, 2015; OECD, 2017) and 
reducing transaction costs for bankable mitigation projects (i.e. projects 
that have adequate future cash flow, collateral, etc. so lenders are willing 
to finance it), particularly on the demand side (Mundaca et al., 2013; 
Brunner and Enting, 2014; Grubler et al., 2018). Assumptions also imply 
that policy certainty, regulatory oversight mechanisms and fiduciary duty 
need to be robust and effective to safeguard credible and stable financial 

markets and de-risk mitigation investments in the long term (Clarke et 
al., 2014; Mundaca et al., 2016; EC, 2017; OECD, 2017). Importantly, 
the different time horizons that actors have in the competitive finance 
industry are typically not explicitly captured by modelling assumptions 
(Harmes, 2011). See Chapter 4, Section 4.4.5 for details of climate 
finance in practice.

In summary and despite inherent uncertainties, the emerging literature 
indicates a gap between current investment patterns and those 
compatible with 1.5°C (or 2°C) pathways (limited to medium evidence, 
high agreement). Estimates and assumptions from modelling frameworks 
suggest a major shift in investment patterns and entail a financial system 
effectively aligned with mitigation challenges (high confidence). 

Figure 2.27 |  Historical and projected global energy investments. (a) Historical investment estimates across six global models from (McCollum et al., 2018) (bars = 
model means, whiskers full model range) compared to historical estimates from IEA (International Energy Agency (IEA) 2016) (triangles). (b) Average annual investments over the 
2016–2050 period in the “baselines” (i.e., pathways without new climate policies beyond those in place today), scenarios which implement the NDCs (‘NDC’, including conditional 
NDCs), scenarios consistent with the Lower-2°C pathway class (‘2°C’), and scenarios in line with the 1.5°C-low-OS pathway class (‘1.5°C’). Whiskers show the range of models; wide 
bars show the multimodel means; narrow bars represent analogous values from individual IEA scenarios (OECD/IEA and IRENA, 2017). (c) Average annual mitigation investments 
and disinvestments for the 2016–2030 periods relative to the baseline. The solid bars show the values for ‘2°C’ pathways, while the hatched areas show the additional investments 
for the pathways labelled with ‘1.5°C’. Whiskers show the full range around the multimodel means. T&D stands for transmission and distribution, and CCS stands for carbon capture 
and storage. Global cumulative carbon dioxide emissions, from fossil fuels and industrial processes (FF&I) but excluding land use, over the 2016-2100 timeframe range from 880 to 
1074 GtCO2 (multimodel mean: 952 GtCO2) in the ‘2°C’ pathway and from 206 to 525 GtCO2 (mean: 390 GtCO2) in the ‘1.5°C’ pathway.
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2.5.3 Sustainable Development Features 
of 1.5°C Pathways

Potential synergies and trade-offs between 1.5°C mitigation pathways 
and different sustainable development (SD) dimensions (see Cross-
Chapter Box 4 in Chapter 1) are an emerging field of research. Chapter 
5, Section 5.4 assesses interactions between individual mitigation 
measures with other societal objectives, as well as the Sustainable 

Development Goals (SDGs) (Table 5.1). This section synthesized 
the Chapter 5 insights to assess how these interactions play out 
in integrated 1.5°C pathways, and the four illustrative pathway 
archetypes of this chapter in particular (see Section 2.1). Information 
from integrated pathways is combined with the interactions assessed 
in Chapter 5 and aggregated for each SDG, with a level of confidence 
attributed to each interaction based on the amount and agreement of 
the scientific evidence (see Chapter 5). 

Figure 2.28 |  Interactions of individual mitigation measures and alternative mitigations portfolios for 1.5°C with Sustainable Development Goals (SDGs). 
The assessment of interactions between mitigation measures and individual SDGs is based on the assessment of Chapter 5, Section 5.4. Proxy indicators and synthesis method are 
described in Supplementary Material  2.SM.1.5.
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Figure 2.28 shows how the scale and combination of individual 
mitigation measures (i.e., their mitigation portfolios) influence the 
extent of synergies and trade-offs with other societal objectives. All 
pathways generate multiple synergies with sustainable development 
dimensions and can advance several other SDGs simultaneously. Some, 
however, show higher risks for trade-offs. An example is increased 
biomass production and its potential to increase pressure on land and 
water resources, food production, and biodiversity and to reduce air 
quality when combusted inefficiently. At the same time, mitigation 
actions in energy-demand sectors and behavioural response options 
with appropriate management of rebound effects can advance multiple 
SDGs simultaneously, more so than energy supply-side mitigation 
actions (see Chapter 5, Section 5.4, Table 5.1 and Figure 5.3 for more 
examples). Of the four pathway archetypes used in this chapter (LED, 
S1, S2, and S5, referred to as P1, P2, P3, and P4 in the Summary for 
Policymakers), the S1 and LED pathways show the largest number of 
synergies and least number of potential trade-offs, while for the S5 
pathway more potential trade-offs are identified. In general, pathways 
with emphasis on demand reductions and policies that incentivize 
behavioural change, sustainable consumption patterns, healthy diets 
and relatively low use of CDR (or only afforestation) show relatively 
more synergies with individual SDGs than other pathways.

There is robust evidence and high agreement in the pathway literature 
that multiple strategies can be considered to limit warming to 1.5°C (see 
Sections 2.1.3, 2.3 and 2.4). Together with the extensive evidence on 
the existence of interactions of mitigation measures with other societal 
objectives (Chapter 5, Section 5.4), this results in high confidence that 
the choice of mitigation portfolio or strategy can markedly affect the 
achievement of other societal objectives. For instance, action on SLCFs 
has been suggested to facilitate the achievement of SDGs (Shindell et 
al., 2017b) and to reduce regional impacts, for example, from black 
carbon sources on snow and ice loss in the Arctic and alpine regions 
(Painter et al., 2013), with particular focus on the warming sub-set of 
SLCFs. Reductions in both surface aerosols and ozone through methane 
reductions provide health and ecosystem co-benefits (Jacobson, 2002, 
2010; Anenberg et al., 2012; Shindell et al., 2012; Stohl et al., 2015; 
Collins et al., 2018). Public health benefits of stringent mitigation 
pathways in line with 1.5°C pathways can be sizeable. For instance, 
a study examining a more rapid reduction of fossil-fuel usage to 
achieve 1.5°C relative to 2°C, similar to that of other recent studies 
(Grubler et al., 2018; van Vuuren et al., 2018), found that improved 
air quality would lead to more than 100 million avoided premature 
deaths over the 21st century (Shindell et al., 2018). These benefits are 
assumed to be in addition to those occurring under 2°C pathways 
(e.g., Silva et al., 2016), and could in monetary terms offset either a 
large portion or all of the initial mitigation costs (West et al., 2013; 
Shindell et al., 2018). However, some sources of SLCFs with important 
impacts for public health (e.g., traditional biomass burning) are only 
mildly affected by climate policy in the available integrated pathways 
and are more strongly impacted by baseline assumptions about future 
societal development and preferences, and technologies instead (Rao 
et al., 2016, 2017).

At the same time, the literature on climate–SDG interactions is still 
an emergent field of research and hence there is low to medium 
confidence in the precise magnitude of the majority of these 

interactions. Very limited literature suggests that achieving co-benefits 
is not automatically assured but results from conscious and carefully 
coordinated policies and implementation strategies (Shukla and 
Chaturvedi, 2012; Clarke et al., 2014; McCollum et al., 2018). 
Understanding these mitigation–SDG interactions is key for selecting 
mitigation options that maximize synergies and minimize trade-offs 
towards the 1.5°C and sustainable development objectives (van Vuuren 
et al., 2015; Hildingsson and Johansson, 2016; Jakob and Steckel, 2016; 
von Stechow et al., 2016; Delponte et al., 2017).

In summary, the combined evidence indicates that the chosen 
mitigation portfolio can have a distinct impact on the achievement 
of other societal policy objectives (high confidence); however, there is 
uncertainty regarding the specific extent of climate–SDG interactions.

2.6 Knowledge Gaps

This section summarizes the knowledge gaps articulated in earlier 
sections of the chapter.

2.6.1 Geophysical Understanding 

Knowledge gaps are associated with the carbon cycle response, the 
role of non-CO2 emissions and the evaluation of an appropriate historic 
baseline. 

Quantifying how the carbon cycle responds to negative emissions is 
an important knowledge gap for strong mitigation pathways (Section 
2.2). Earth system feedback uncertainties are important to consider for 
the longer-term response, particularly in how permafrost melting might 
affect the carbon budget (Section 2.2). Future research and ongoing 
observations over the next years will provide a better indication as to 
how the 2006-2015 base period compares with the long-term trends 
and might at present bias the carbon budget estimates.

The future emissions of short-lived climate forcers and their 
temperature response are a large source of uncertainty in 1.5°C 
pathways, having a greater relative uncertainty than in higher CO2 
emission pathways. Their global emissions, their sectoral and regional 
disaggregation, and their climate response are generally less well 
quantified than for CO2 (Sections 2.2 and 2.3). Emissions from the 
agricultural sector, including land-use based mitigation options, in 
1.5°C pathways constitute the main source of uncertainty here and 
are an important gap in understanding the potential achievement of 
stringent mitigation scenarios (Sections 2.3 and 2.4). This also includes 
uncertainties surrounding the mitigation potential of the long-lived 
GHG nitrous oxide (Sections 2.3 and 2.4).

There is considerable uncertainty in how future emissions of aerosol 
precursors will affect the effective radiative forcing from aerosol–cloud 
interaction. The potential future warming from mitigation of these 
emissions reduces remaining carbon budgets and increases peak 
temperatures (Section 2.2). The potential co-benefits of mitigating air 
pollutants and how the reduction in air pollution may affect the carbon 
sink are also important sources of uncertainty (Sections 2.2 and 2.5).
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The pathway classification employed in this chapter employs results 
from the MAGICC model with its AR5 parameter sets. The alternative 
representation of the relationship between emissions and effective 
radiative forcing and response in the FAIR model would lead to a different 
classification that would make 1.5°C targets more achievable (Section 
2.2 and Supplementary Material 2.SM.1.1). Such a revision would 
significantly alter the temperature outcomes for the pathways and, if 
the result is found to be robust, future research and assessments would 
need to adjust their classifications accordingly. Any possible high bias in 
the MAGICC response may be partly or entirely offset by missing Earth 
system feedbacks that are not represented in either climate emulator and 
that would act to increase the temperature response (Section 2.2). For 
this assessment report, any possible bias in the MAGICC setup applied 
in this and earlier reports is not established enough in the literature to 
change the classification approach. However, we only place medium 
confidence in the classification adopted by the chapter. 

2.6.2 Integrated Assessment Approaches

IAMs attempt to be as broad as possible in order to explore 
interactions between various societal subsystems, like the economy, 
land, and energy system. They hence include stylized and simplified 
representations of these subsystems. Climate damages, avoided 
impacts and societal co-benefits of the modelled transformations 
remain largely unaccounted for and are important knowledge gaps. 
Furthermore, rapid technological changes and uncertainties about 
input data present continuous challenges.

The IAMs used in this report do not account for climate impacts 
(Section 2.1), and similarly, none of the Gross Domestic Product (GDP) 
projections in the mitigation pathway literature assessed in this chapter 
included the feedback of climate damages on economic growth (Section 
2.3). Although some IAMs do allow for climate impact feedbacks in 
their modelling frameworks, particularly in their land components, 
such feedbacks were by design excluded in pathways developed in the 
context of the SSP framework. The SSP framework aims at providing 
an integrative framework for the assessment of climate change 
adaptation and mitigation. IAMs are typically developed to inform 
the mitigation component of this question, while the assessment of 
impacts is carried out by specialized impact models. However, the use 
of a consistent set of socio-economic drivers embodied by the SSPs 
allows for an integrated assessment of climate change impacts and 
mitigation challenges at a later stage. Further integration of these 
two strands of research will allow a better understanding of climate 
impacts on mitigation studies.

Many of the IAMs that contributed mitigation pathways to this 
assessment include a process-based description of the land system in 
addition to the energy system, and several have been extended to cover 
air pollutants and water use. These features make them increasingly fit 
to explore questions beyond those that touch upon climate mitigation 
only. The models do not, however, fully account for all constraints that 
could affect realization of pathways (Section 2.1).

While the representation of renewable energy resource potentials, 
technology costs and system integration in IAMs has been updated 
since AR5, bottom-up studies find higher mitigation potentials in the 

industry, buildings, and transport sector in that realized by selected 
pathways from IAMs, indicating the possibility to strengthen sectoral 
decarbonization strategies compared to the IAM 1.5°C pathways 
assessed in this chapter (Section 2.1).

Studies indicate that a major shift in investment patterns is required 
to limit global warming to 1.5°C. This assessment would benefit from 
a more explicit representation and understanding of the financial 
sector within the modelling approaches. Assumptions in modelling 
studies imply low-to-zero transaction costs for market agents and 
that regulatory oversight mechanisms and fiduciary duty need to be 
highly robust to guarantee stable and credible financial markets in 
the long term. This area can be subject to high uncertainty, however. 
The heterogeneity of actors (e.g., banks, insurance companies, asset 
managers, or credit rating agencies) and financial products also needs 
to be taken into account, as does the mobilization of capital and 
financial flows between countries and regions (Section 2.5). 

The literature on interactions between 1.5˚C mitigation pathways 
and SDGs is an emergent field of research (Section 2.3.5, 2.5 and Chapter 
5). Whereas the choice of mitigation strategies can noticeably affect the 
attainment of various societal objectives, there is uncertainty regarding 
the extent of the majority of identified interactions. Understanding 
climate–SDG interactions helps inform the choice of mitigation options 
that minimize trade-offs and risks and maximize synergies towards 
sustainable development objectives and the 1.5°C goal (Section 2.5).

2.6.3 Carbon Dioxide Removal (CDR) 

Most 1.5°C and 2°C pathways are heavily reliant on CDR at a 
speculatively large scale before mid-century. There are a number 
of knowledge gaps associated which such technologies. Chapter 4 
performs a detailed assessment of CDR technologies.

There is uncertainty in the future deployment of CCS given the 
limited pace of current deployment, the evolution of CCS technology 
that would be associated with deployment, and the current lack of 
incentives for large-scale implementation of CCS (Chapter 4, Section 
4.2.7). Technologies other than BECCS and afforestation have yet to 
be comprehensively assessed in integrated assessment approaches. No 
proposed technology is close to deployment at scale, and regulatory 
frameworks are not established. This limits how they can be realistically 
implemented within IAMs. (Section 2.3)

Evaluating the potential from BECCS is problematic due to large 
uncertainties in future land projections due to differences in modelling 
approaches in current land-use models, and these differences are 
at least as great as the differences attributed to climate scenario 
variations. (Section 2.3)

There is substantial uncertainty about the adverse effects of large-
scale CDR deployment on the environment and societal sustainable 
development goals. It is not fully understood how land-use and 
land-management choices for large-scale BECCS will affect various 
ecosystem services and sustainable development, and how they further 
translate into indirect impacts on climate, including GHG emissions 
other than CO2. (Section 2.3, Section 2.5.3)
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Frequently Asked Questions 

FAQ 2.1 | What Kind of Pathways Limit Warming to 1.5°C and are we on Track?

Summary: There is no definitive way to limit global temperature rise to 1.5°C above pre-industrial levels. This 
Special Report identifies two main conceptual pathways to illustrate different interpretations. One stabilizes 
global temperature at, or just below, 1.5°C. Another sees global temperature temporarily exceed 1.5°C before 
coming back down. Countries’ pledges to reduce their emissions are currently not in line with limiting global 
warming to 1.5°C.

Scientists use computer models to simulate the emissions of greenhouse gases that would be consistent with 
different levels of warming. The different possibilities are often referred to as ‘greenhouse gas emission 
pathways’. There is no single, definitive pathway to limiting warming to 1.5°C.

This IPCC special report identifies two main pathways that explore global warming of 1.5°C. The first involves 
global temperature stabilizing at or below before 1.5°C above pre-industrial levels. The second pathway sees 
warming exceed 1.5°C around mid-century, remain above 1.5°C for a maximum duration of a few decades, and 
return to below 1.5°C before 2100. The latter is often referred to as an ‘overshoot’ pathway. Any alternative 
situation in which global temperature continues to rise, exceeding 1.5°C permanently until the end of the 21st 
century, is not considered to be a 1.5°C pathway.

The two types of pathway have different implications for greenhouse gas emissions, as well as for climate change 
impacts and for achieving sustainable development. For example, the larger and longer an ‘overshoot’, the 
greater the reliance on practices or technologies that remove CO2 from the atmosphere, on top of reducing 
the sources of emissions (mitigation). Such ideas for CO2 removal have not been proven to work at scale and, 
therefore, run the risk of being less practical, effective or economical than assumed. There is also the risk that 
the use of CO2 removal techniques ends up competing for land and water, and if these trade-offs are not 
appropriately managed, they can adversely affect sustainable development. Additionally, a larger and longer 
overshoot increases the risk for irreversible climate impacts, such as the onset of the collapse of polar ice shelves 
and accelerated sea level rise.

Countries that formally accept or ‘ratify’ the Paris Agreement submit pledges for how they intend to address 
climate change. Unique to each country, these pledges are known as Nationally Determined Contributions 
(NDCs). Different groups of researchers around the world have analysed the combined effect of adding up all 
the NDCs. Such analyses show that current pledges are not on track to limit global warming to 1.5°C above pre-
industrial levels. If current pledges for 2030 are achieved but no more, researchers find very few (if any) ways to 
reduce emissions after 2030 sufficiently quickly to limit warming to 1.5°C. This, in turn, suggests that with the 
national pledges as they stand, warming would exceed 1.5°C, at least for a period of time, and practices and 
technologies that remove CO2 from the atmosphere at a global scale would be required to return warming to 
1.5°C at a later date.

A world that is consistent with holding warming to 1.5°C would see greenhouse gas emissions rapidly decline 
in the coming decade, with strong international cooperation and a scaling up of countries’ combined ambition 
beyond current NDCs. In contrast, delayed action, limited international cooperation, and weak or fragmented 
policies that lead to stagnating or increasing greenhouse gas emissions would put the possibility of limiting 
global temperature rise to 1.5°C above pre-industrial levels out of reach.

(continued on next page)
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FAQ 2.1, Figure 1 |  Two main pathways for limiting global temperature rise to 1.5°C above pre-industrial levels are discussed in this Special Report. These are: 
stabilizing global temperature at, or just below, 1.5°C (left) and global temperature temporarily exceeding 1.5°C before coming back down later in the century 
(right). Temperatures shown are relative to pre-industrial but pathways are illustrative only, demonstrating conceptual not quantitative characteristics.

FAQ 2.1 (continued)
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Frequently Asked Questions 

FAQ 2.2 | What do Energy Supply and Demand have to do with Limiting Warming  
 to 1.5°C?

Summary: Limiting global warming to 1.5°C above pre-industrial levels would require major reductions in green-
house gas emissions in all sectors. But different sectors are not independent of each other, and making changes 
in one can have implications for another. For example, if we as a society use a lot of energy, then this could 
mean we have less flexibility in the choice of mitigation options available to limit warming to 1.5°C. If we use 
less energy, the choice of possible actions is greater – for example, we could be less reliant on technologies that 
remove carbon dioxide (CO2) from the atmosphere.

To stabilize global temperature at any level, ‘net’ CO2 emissions would need to be reduced to zero. This means the 
amount of CO2 entering the atmosphere must equal the amount that is removed. Achieving a balance between 
CO2 ‘sources’ and ‘sinks’ is often referred to as ‘net zero’ emissions or ‘carbon neutrality’. The implication of net 
zero emissions is that the concentration of CO2 in the atmosphere would slowly decline over time until a new 
equilibrium is reached, as CO2 emissions from human activity are redistributed and taken up by the oceans and 
the land biosphere. This would lead to a near-constant global temperature over many centuries. 

Warming will not be limited to 1.5°C or 2°C unless transformations in a number of areas achieve the required 
greenhouse gas emissions reductions. Emissions would need to decline rapidly across all of society’s main sectors, 
including buildings, industry, transport, energy, and agriculture, forestry and other land use (AFOLU). Actions 
that can reduce emissions include, for example, phasing out coal in the energy sector, increasing the amount of 
energy produced from renewable sources, electrifying transport, and reducing the ‘carbon footprint’ of the food 
we consume.

The above are examples of ‘supply-side’ actions. Broadly speaking, these are actions that can reduce greenhouse 
gas emissions through the use of low-carbon solutions. A different type of action can reduce how much energy 
human society uses, while still ensuring increasing levels of development and well-being. Known as ‘demand-side’ 
actions, this category includes improving energy efficiency in buildings and reducing consumption of energy- 
and greenhouse-gas intensive products through behavioural and lifestyle changes, for example. Demand- and 
supply-side measures are not an either-or question, they work in parallel with each other. But emphasis can be 
given to one or the other. 

Making changes in one sector can have consequences for another, as they are not independent of each other. 
In other words, the choices that we make now as a society in one sector can either restrict or expand our 
options later on. For example, a high demand for energy could mean we would need to deploy almost all known 
options to reduce emissions in order to limit global temperature rise to 1.5°C above pre-industrial levels, with 
the potential for adverse side-effects. In particular, a pathway with high energy demand would increase our 
reliance on practices and technologies that remove CO2 from the atmosphere. As of yet, such techniques have 
not been proven to work on a large scale and, depending on how they are implemented, could compete for land 
and water. By leading to lower overall energy demand, effective demand-side measures could allow for greater 
flexibility in how we structure our energy system. However, demand-side measures are not easy to implement 
and barriers have prevented the most efficient practices being used in the past.

(continued on next page)
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FAQ 2.2, Figure 1 |  Having a lower energy demand increases the flexibility in choosing options for supplying energy. A larger energy demand means many more 
low carbon energy supply options would need to be used.
 

FAQ 2.2 (continued)
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Executive Summary

This chapter builds on findings of AR5 and assesses new scientific 
evidence of changes in the climate system and the associated impacts 
on natural and human systems, with a specific focus on the magnitude 
and pattern of risks linked for global warming of 1.5°C above 
temperatures in the pre-industrial period. Chapter 3 explores observed 
impacts and projected risks to a range of natural and human systems, 
with a focus on how risk levels change from 1.5°C to 2°C of global 
warming. The chapter also revisits major categories of risk (Reasons for 
Concern, RFC) based on the assessment of new knowledge that has 
become available since AR5. 

1.5°C and 2°C Warmer Worlds

The global climate has changed relative to the pre-industrial 
period, and there are multiple lines of evidence that these 
changes have had impacts on organisms and ecosystems, as 
well as on human systems and well-being (high confidence). The 
increase in global mean surface temperature (GMST), which reached 
0.87°C in 2006–2015 relative to 1850–1900, has increased the 
frequency and magnitude of impacts (high confidence), strengthening 
evidence of how an increase in GMST of 1.5°C or more could impact 
natural and human systems (1.5°C versus 2°C). {3.3, 3.4, 3.5, 3.6, 
Cross-Chapter Boxes 6, 7 and 8 in this chapter}

Human-induced global warming has already caused multiple 
observed changes in the climate system (high confidence). 
Changes include increases in both land and ocean temperatures, as well 
as more frequent heatwaves in most land regions (high confidence). 
There is also high confidence that global warming has resulted in an 
increase in the frequency and duration of marine heatwaves. Further, 
there is substantial evidence that human-induced global warming has 
led to an increase in the frequency, intensity and/or amount of heavy 
precipitation events at the global scale (medium confidence), as well 
as an increased risk of drought in the Mediterranean region (medium 
confidence). {3.3.1, 3.3.2, 3.3.3, 3.3.4, Box 3.4}

Trends in intensity and frequency of some climate and weather 
extremes have been detected over time spans during which 
about 0.5°C of global warming occurred (medium confidence). 
This assessment is based on several lines of evidence, including 
attribution studies for changes in extremes since 1950. {3.2, 3.3.1, 
3.3.2, 3.3.3, 3.3.4}

Several regional changes in climate are assessed to occur with 
global warming up to 1.5°C as compared to pre-industrial 
levels, including warming of extreme temperatures in many 
regions (high confidence), increases in frequency, intensity and/or 
amount of heavy precipitation in several regions (high confidence), 
and an increase in intensity or frequency of droughts in some regions 
(medium confidence). {3.3.1, 3.3.2, 3.3.3, 3.3.4, Table 3.2}

There is no single ‘1.5°C warmer world’ (high confidence). In 
addition to the overall increase in GMST, it is important to consider the 
size and duration of potential overshoots in temperature. Furthermore, 
there are questions on how the stabilization of an increase in GMST of 
1.5°C can be achieved, and how policies might be able to influence the 
resilience of human and natural systems, and the nature of regional 
and subregional risks. Overshooting poses large risks for natural and 
human systems, especially if the temperature at peak warming is 
high, because some risks may be long-lasting and irreversible, such 
as the loss of some ecosystems (high confidence). The rate of change 
for several types of risks may also have relevance, with potentially 
large risks in the case of a rapid rise to overshooting temperatures, 
even if a decrease to 1.5°C can be achieved at the end of the 21st 
century or later (medium confidence). If overshoot is to be minimized, 
the remaining equivalent CO2 budget available for emissions is very 
small, which implies that large, immediate and unprecedented global 
efforts to mitigate greenhouse gases are required (high confidence). 
{3.2, 3.6.2, Cross-Chapter Box 8 in this chapter}

Robust1 global differences in temperature means and extremes 
are expected if global warming reaches 1.5°C versus 2°C above 
the pre-industrial levels (high confidence). For oceans, regional 
surface temperature means and extremes are projected to be higher 
at 2°C compared to 1.5°C of global warming (high confidence). 
Temperature means and extremes are also projected to be higher at 
2°C compared to 1.5°C in most land regions, with increases being 
2–3 times greater than the increase in GMST projected for some 
regions (high confidence). Robust increases in temperature means and 
extremes are also projected at 1.5°C compared to present-day values 
(high confidence) {3.3.1, 3.3.2}. There are decreases in the occurrence 
of cold extremes, but substantial increases in their temperature, in 
particular in regions with snow or ice cover (high confidence) {3.3.1}.

Climate models project robust1 differences in regional climate 
between present-day and global warming up to 1.5°C2, and 
between 1.5°C and 2°C2 (high confidence), depending on the 
variable and region in question (high confidence). Large, robust 
and widespread differences are expected for temperature 
extremes (high confidence). Regarding hot extremes, the strongest 
warming is expected to occur at mid-latitudes in the warm season (with 
increases of up to 3°C for 1.5°C of global warming, i.e., a factor of two) 
and at high latitudes in the cold season (with increases of up to 4.5°C 
at 1.5°C of global warming, i.e., a factor of three) (high confidence). 
The strongest warming of hot extremes is projected to occur in 
central and eastern North America, central and southern Europe, the 
Mediterranean region (including southern Europe, northern Africa and 
the Near East), western and central Asia, and southern Africa (medium 
confidence). The number of exceptionally hot days are expected to 
increase the most in the tropics, where interannual temperature 
variability is lowest; extreme heatwaves are thus projected to emerge 
earliest in these regions, and they are expected to already become 
widespread there at 1.5°C global warming (high confidence). Limiting 
global warming to 1.5°C instead of 2°C could result in around 420 

1 Robust is used here to mean that at least two thirds of climate models show the same sign of changes at the grid point scale, and that differences in large regions are 
statistically significant.

2 Projected changes in impacts between different levels of global warming are determined with respect to changes in global mean near-surface air temperature.
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million fewer people being frequently exposed to extreme heatwaves, 
and about 65 million fewer people being exposed to exceptional 
heatwaves, assuming constant vulnerability (medium confidence). 
{3.3.1, 3.3.2, Cross-Chapter Box 8 in this chapter}

Limiting global warming to 1.5°C would limit risks of increases 
in heavy precipitation events on a global scale and in several 
regions compared to conditions at 2°C global warming  
(medium confidence). The regions with the largest increases in heavy 
precipitation events for 1.5°C to 2°C global warming include: several 
high-latitude regions (e.g. Alaska/western Canada, eastern Canada/
Greenland/Iceland, northern Europe and northern Asia); mountainous 
regions (e.g., Tibetan Plateau); eastern Asia (including China and Japan); 
and eastern North America (medium confidence). Tropical cyclones are 
projected to decrease in frequency but with an increase in the number 
of very intense cyclones (limited evidence, low confidence). Heavy 
precipitation associated with tropical cyclones is projected to be higher 
at 2°C compared to 1.5°C of global warming (medium confidence). 
Heavy precipitation, when aggregated at a global scale, is projected to 
be higher at 2°C than at 1.5°C of global warming (medium confidence) 
{3.3.3, 3.3.6}

Limiting global warming to 1.5°C is expected to substantially 
reduce the probability of extreme drought, precipitation deficits, 
and risks associated with water availability (i.e., water stress) in 
some regions (medium confidence). In particular, risks associated 
with increases in drought frequency and magnitude are projected to be 
substantially larger at 2°C than at 1.5°C in the Mediterranean region 
(including southern Europe, northern Africa and the Near East) and 
southern Africa (medium confidence). {3.3.3, 3.3.4, Box 3.1, Box 3.2} 

Risks to natural and human systems are expected to be lower 
at 1.5°C than at 2°C of global warming (high confidence). This 
difference is due to the smaller rates and magnitudes of climate 
change associated with a 1.5°C temperature increase, including lower 
frequencies and intensities of temperature-related extremes. Lower 
rates of change enhance the ability of natural and human systems 
to adapt, with substantial benefits for a wide range of terrestrial, 
freshwater, wetland, coastal and ocean ecosystems (including coral 
reefs) (high confidence), as well as food production systems, human 
health, and tourism (medium confidence), together with energy 
systems and transportation (low confidence). {3.3.1, 3.4}

Exposure to multiple and compound climate-related risks is 
projected to increase between 1.5°C and 2°C of global warming 
with greater proportions of people both exposed and susceptible to 
poverty in Africa and Asia (high confidence). For global warming from 
1.5°C to 2°C, risks across energy, food, and water sectors could overlap 
spatially and temporally, creating new – and exacerbating current – 
hazards, exposures, and vulnerabilities that could affect increasing 
numbers of people and regions (medium confidence). Small island 
states and economically disadvantaged populations are particularly at 
risk (high confidence). {3.3.1, 3.4.5.3, 3.4.5.6, 3.4.11, 3.5.4.9, Box 3.5}

Global warming of 2°C would lead to an expansion of areas with 
significant increases in runoff, as well as those affected by flood 
hazard, compared to conditions at 1.5°C (medium confidence). 
Global warming of 1.5°C would also lead to an expansion of the global 
land area with significant increases in runoff (medium confidence) and 
an increase in flood hazard in some regions (medium confidence) 
compared to present-day conditions. {3.3.5}

The probability of a sea-ice-free Arctic Ocean3 during summer 
is substantially higher at 2°C compared to 1.5°C of global 
warming (medium confidence). Model simulations suggest that 
at least one sea-ice-free Arctic summer is expected every 10 years 
for global warming of 2°C, with the frequency decreasing to one 
sea-ice-free Arctic summer every 100 years under 1.5°C (medium 
confidence). An intermediate temperature overshoot will have no long-
term consequences for Arctic sea ice coverage, and hysteresis is not 
expected (high confidence). {3.3.8, 3.4.4.7}

Global mean sea level rise (GMSLR) is projected to be around 
0.1 m (0.04 – 0.16 m) less by the end of the 21st century in a 
1.5°C warmer world compared to a 2°C warmer world (medium 
confidence). Projected GMSLR for 1.5°C of global warming has an 
indicative range of 0.26 – 0.77m, relative to 1986–2005, (medium 
confidence). A smaller sea level rise could mean that up to 10.4 million 
fewer people (based on the 2010 global population and assuming no 
adaptation) would be exposed to the impacts of sea level rise globally 
in 2100 at 1.5°C compared to at 2°C. A slower rate of sea level rise 
enables greater opportunities for adaptation (medium confidence). 
There is high confidence that sea level rise will continue beyond 2100. 
Instabilities exist for both the Greenland and Antarctic ice sheets, which 
could result in multi-meter rises in sea level on time scales of century 
to millennia. There is medium confidence that these instabilities could 
be triggered at around 1.5°C to 2°C of global warming. {3.3.9, 3.4.5, 
3.6.3}

The ocean has absorbed about 30% of the anthropogenic 
carbon dioxide, resulting in ocean acidification and changes to 
carbonate chemistry that are unprecedented for at least the 
last 65 million years (high confidence). Risks have been identified 
for the survival, calcification, growth, development and abundance of 
a broad range of marine taxonomic groups, ranging from algae to fish, 
with substantial evidence of predictable trait-based sensitivities (high 
confidence). There are multiple lines of evidence that ocean warming 
and acidification corresponding to 1.5°C of global warming would 
impact a wide range of marine organisms and ecosystems, as well as 
sectors such as aquaculture and fisheries (high confidence). {3.3.10, 
3.4.4}

Larger risks are expected for many regions and systems for 
global warming at 1.5°C, as compared to today, with adaptation 
required now and up to 1.5°C. However, risks would be larger at 2°C of 
warming and an even greater effort would be needed for adaptation to 
a temperature increase of that magnitude (high confidence). {3.4, Box 
3.4, Box 3.5, Cross-Chapter Box 6 in this chapter}

3 Ice free is defined for the Special Report as when the sea ice extent is less than 106 km2. Ice coverage less than this is considered to be equivalent to an ice-free Arctic Ocean 
for practical purposes in all recent studies. 



179

3

Impacts of 1.5°C of Global Warming on Natural and Human Systems Chapter 3

Future risks at 1.5°C of global warming will depend on the 
mitigation pathway and on the possible occurrence of a 
transient overshoot (high confidence). The impacts on natural 
and human systems would be greater if mitigation pathways 
temporarily overshoot 1.5°C and return to 1.5°C later in the century, 
as compared to pathways that stabilize at 1.5°C without an overshoot 
(high confidence). The size and duration of an overshoot would also 
affect future impacts (e.g., irreversible loss of some ecosystems) (high 
confidence). Changes in land use resulting from mitigation choices 
could have impacts on food production and ecosystem diversity. {3.6.1, 
3.6.2, Cross-Chapter Boxes 7 and 8 in this chapter}

Climate Change Risks for Natural and Human systems 

Terrestrial and Wetland Ecosystems

Risks of local species losses and, consequently, risks of 
extinction are much less in a 1.5°C versus a 2°C warmer world 
(high confidence). The number of species projected to lose over 
half of their climatically determined geographic range at 2°C global 
warming (18% of insects, 16% of plants, 8% of vertebrates) is 
projected to be reduced to 6% of insects, 8% of plants and 4% of 
vertebrates at 1.5°C warming (medium confidence). Risks associated 
with other biodiversity-related factors, such as forest fires, extreme 
weather events, and the spread of invasive species, pests and 
diseases, would also be lower at 1.5°C than at 2°C of warming (high 
confidence), supporting a greater persistence of ecosystem services. 
{3.4.3, 3.5.2}

Constraining global warming to 1.5°C, rather than to 2°C 
and higher, is projected to have many benefits for terrestrial 
and wetland ecosystems and for the preservation of their 
services to humans (high confidence). Risks for natural and 
managed ecosystems are higher on drylands compared to humid 
lands. The global terrestrial land area projected to be affected by 
ecosystem transformations (13%, interquartile range 8–20%) at 2°C 
is approximately halved at 1.5°C global warming to 4% (interquartile 
range 2–7%) (medium confidence). Above 1.5°C, an expansion of 
desert terrain and vegetation would occur in the Mediterranean 
biome (medium confidence), causing changes unparalleled in the last 
10,000 years (medium confidence). {3.3.2.2, 3.4.3.2, 3.4.3.5, 3.4.6.1, 
3.5.5.10, Box 4.2}

Many impacts are projected to be larger at higher latitudes, 
owing to mean and cold-season warming rates above the 
global average (medium confidence). High-latitude tundra and 
boreal forest are particularly at risk, and woody shrubs are already 
encroaching into tundra (high confidence) and will proceed with 
further warming. Constraining warming to 1.5°C would prevent the 
thawing of an estimated permafrost area of 1.5 to 2.5 million km2 
over centuries compared to thawing under 2°C (medium confidence). 
{3.3.2, 3.4.3, 3.4.4}

Ocean Ecosystems

Ocean ecosystems are already experiencing large-scale 
changes, and critical thresholds are expected to be reached at 
1.5°C and higher levels of global warming (high confidence). 
In the transition to 1.5°C of warming, changes to water temperatures 
are expected to drive some species (e.g., plankton, fish) to relocate 
to higher latitudes and cause novel ecosystems to assemble (high 
confidence). Other ecosystems (e.g., kelp forests, coral reefs) are 
relatively less able to move, however, and are projected to experience 
high rates of mortality and loss (very high confidence). For example, 
multiple lines of evidence indicate that the majority (70–90%) of 
warm water (tropical) coral reefs that exist today will disappear even 
if global warming is constrained to 1.5°C (very high confidence). 
{3.4.4, Box 3.4}

Current ecosystem services from the ocean are expected to be 
reduced at 1.5°C of global warming, with losses being even 
greater at 2°C of global warming (high confidence). The risks 
of declining ocean productivity, shifts of species to higher latitudes, 
damage to ecosystems (e.g., coral reefs, and mangroves, seagrass 
and other wetland ecosystems), loss of fisheries productivity (at 
low latitudes), and changes to ocean chemistry (e.g., acidification, 
hypoxia and dead zones) are projected to be substantially lower 
when global warming is limited to 1.5°C (high confidence). {3.4.4, 
Box 3.4}

Water Resources

The projected frequency and magnitude of floods and droughts 
in some regions are smaller under 1.5°C than under 2°C of 
warming (medium confidence). Human exposure to increased 
flooding is projected to be substantially lower at 1.5°C compared to 
2°C of global warming, although projected changes create regionally 
differentiated risks (medium confidence). The differences in the risks 
among regions are strongly influenced by local socio-economic 
conditions (medium confidence). {3.3.4, 3.3.5, 3.4.2}

Risks of water scarcity are projected to be greater at 2°C than at 
1.5°C of global warming in some regions (medium confidence). 
Depending on future socio-economic conditions, limiting global 
warming to 1.5°C, compared to 2°C, may reduce the proportion of 
the world population exposed to a climate change-induced increase 
in water stress by up to 50%, although there is considerable variability 
between regions (medium confidence). Regions with particularly 
large benefits could include the Mediterranean and the Caribbean 
(medium confidence). Socio-economic drivers, however, are expected 
to have a greater influence on these risks than the changes in climate 
(medium confidence). {3.3.5, 3.4.2, Box 3.5}

Land Use, Food Security and Food Production Systems

Limiting global warming to 1.5°C, compared with 2°C, is 
projected to result in smaller net reductions in yields of maize, 
rice, wheat, and potentially other cereal crops, particularly in 
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sub-Saharan Africa, Southeast Asia, and Central and South America; 
and in the CO2-dependent nutritional quality of rice and wheat 
(high confidence). A loss of 7–10% of rangeland livestock globally 
is projected for approximately 2°C of warming, with considerable 
economic consequences for many communities and regions (medium 
confidence). {3.4.6, 3.6, Box 3.1, Cross-Chapter Box 6 in this chapter}

Reductions in projected food availability are larger at 2°C 
than at 1.5°C of global warming in the Sahel, southern Africa, 
the Mediterranean, central Europe and the Amazon (medium 
confidence). This suggests a transition from medium to high risk of 
regionally differentiated impacts on food security between 1.5°C and 
2°C (medium confidence). Future economic and trade environments 
and their response to changing food availability (medium confidence) 
are important potential adaptation options for reducing hunger risk 
in low- and middle-income countries. {Cross-Chapter Box 6 in this 
chapter}

Fisheries and aquaculture are important to global food security 
but are already facing increasing risks from ocean warming 
and acidification (medium confidence). These risks are 
projected to increase at 1.5°C of global warming and impact 
key organisms such as fin fish and bivalves (e.g., oysters), 
especially at low latitudes (medium confidence). Small-scale 
fisheries in tropical regions, which are very dependent on habitat 
provided by coastal ecosystems such as coral reefs, mangroves, 
seagrass and kelp forests, are expected to face growing risks at 1.5°C 
of warming because of loss of habitat (medium confidence). Risks 
of impacts and decreasing food security are projected to become 
greater as global warming reaches beyond 1.5°C and both ocean 
warming and acidification increase, with substantial losses likely for 
coastal livelihoods and industries (e.g., fisheries and aquaculture) 
(medium to high confidence). {3.4.4, 3.4.5, 3.4.6, Box 3.1, Box 3.4, 
Box 3.5, Cross-Chapter Box 6 in this chapter}

Land use and land-use change emerge as critical features of 
virtually all mitigation pathways that seek to limit global 
warming to 1.5°C (high confidence). Most least-cost mitigation 
pathways to limit peak or end-of-century warming to 1.5°C make 
use of carbon dioxide removal (CDR), predominantly employing 
significant levels of bioenergy with carbon capture and storage 
(BECCS) and/or afforestation and reforestation (AR) in their portfolio 
of mitigation measures (high confidence). {Cross-Chapter Box 7 in 
this chapter}

Large-scale deployment of BECCS and/or AR would have 
a far-reaching land and water footprint (high confidence). 
Whether this footprint would result in adverse impacts, for example 
on biodiversity or food production, depends on the existence and 
effectiveness of measures to conserve land carbon stocks, measures 
to limit agricultural expansion in order to protect natural ecosystems, 
and the potential to increase agricultural productivity (medium 
agreement). In addition, BECCS and/or AR would have substantial 
direct effects on regional climate through biophysical feedbacks, 
which are generally not included in Integrated Assessments Models 
(high confidence). {3.6.2, Cross-Chapter Boxes 7 and 8 in this chapter}

The impacts of large-scale CDR deployment could be greatly 
reduced if a wider portfolio of CDR options were deployed, if a 
holistic policy for sustainable land management were adopted, 
and if increased mitigation efforts were employed to strongly 
limit the demand for land, energy and material resources, 
including through lifestyle and dietary changes (medium 
confidence). In particular, reforestation could be associated with 
significant co-benefits if implemented in a manner than helps restore 
natural ecosystems (high confidence). {Cross-Chapter Box 7 in this 
chapter}

Human Health, Well-Being, Cities and Poverty

Any increase in global temperature (e.g., +0.5°C) is projected 
to affect human health, with primarily negative consequences  
(high confidence). Lower risks are projected at 1.5°C than at 2°C 
for heat-related morbidity and mortality (very high confidence), and 
for ozone-related mortality if emissions needed for ozone formation 
remain high (high confidence). Urban heat islands often amplify the 
impacts of heatwaves in cities (high confidence). Risks for some 
vector-borne diseases, such as malaria and dengue fever are projected 
to increase with warming from 1.5°C to 2°C, including potential 
shifts in their geographic range (high confidence). Overall for vector-
borne diseases, whether projections are positive or negative depends 
on the disease, region and extent of change (high confidence). Lower 
risks of undernutrition are projected at 1.5°C than at 2°C (medium 
confidence). Incorporating estimates of adaptation into projections 
reduces the magnitude of risks (high confidence). {3.4.7, 3.4.7.1, 
3.4.8, 3.5.5.8} 

Global warming of 2°C is expected to pose greater risks to urban 
areas than global warming of 1.5°C (medium confidence). The 
extent of risk depends on human vulnerability and the effectiveness 
of adaptation for regions (coastal and non-coastal), informal 
settlements and infrastructure sectors (such as energy, water and 
transport) (high confidence). {3.4.5, 3.4.8}

Poverty and disadvantage have increased with recent warming 
(about 1°C) and are expected to increase for many populations 
as average global temperatures increase from 1°C to 1.5°C 
and higher (medium confidence). Outmigration in agricultural-
dependent communities is positively and statistically significantly 
associated with global temperature (medium confidence). Our 
understanding of the links of 1.5°C and 2°C of global warming to 
human migration are limited and represent an important knowledge 
gap. {3.4.10, 3.4.11, 5.2.2, Table 3.5}

Key Economic Sectors and Services

Risks to global aggregated economic growth due to climate 
change impacts are projected to be lower at 1.5°C than at 2°C 
by the end of this century (medium confidence). {3.5.2, 3.5.3} 

The largest reductions in economic growth at 2°C compared 
to 1.5°C of warming are projected for low- and middle-income 
countries and regions (the African continent, Southeast Asia, 
India, Brazil and Mexico) (low to medium confidence). Countries 
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in the tropics and Southern Hemisphere subtropics are projected to 
experience the largest impacts on economic growth due to climate 
change should global warming increase from 1.5°C to 2°C (medium 
confidence). {3.5}

Global warming has already affected tourism, with increased 
risks projected under 1.5°C of warming in specific geographic 
regions and for seasonal tourism including sun, beach and 
snow sports destinations (very high confidence). Risks will be 
lower for tourism markets that are less climate sensitive, such as 
gaming and large hotel-based activities (high confidence). Risks for 
coastal tourism, particularly in subtropical and tropical regions, will 
increase with temperature-related degradation (e.g., heat extremes, 
storms) or loss of beach and coral reef assets (high confidence). 
{3.3.6, 3.4.4.12, 3.4.9.1, Box 3.4}

Small Islands, and Coastal and Low-lying areas

Small islands are projected to experience multiple inter-
related risks at 1.5°C of global warming that will increase with 
warming of 2°C and higher levels (high confidence). Climate 
hazards at 1.5°C are projected to be lower compared to those at 2°C 
(high confidence). Long-term risks of coastal flooding and impacts on 
populations, infrastructures and assets (high confidence), freshwater 
stress (medium confidence), and risks across marine ecosystems (high 
confidence) and critical sectors (medium confidence) are projected to 
increase at 1.5°C compared to present-day levels and increase further 
at 2°C, limiting adaptation opportunities and increasing loss and 
damage (medium confidence). Migration in small islands (internally 
and internationally) occurs for multiple reasons and purposes, mostly 
for better livelihood opportunities (high confidence) and increasingly 
owing to sea level rise (medium confidence). {3.3.2.2, 3.3.6–9, 
3.4.3.2, 3.4.4.2, 3.4.4.5, 3.4.4.12, 3.4.5.3, 3.4.7.1, 3.4.9.1, 3.5.4.9, 
Box 3.4, Box 3.5}

Impacts associated with sea level rise and changes to the 
salinity of coastal groundwater, increased flooding and 
damage to infrastructure, are projected to be critically 
important in vulnerable environments, such as small islands, 
low-lying coasts and deltas, at global warming of 1.5°C and 
2°C (high confidence). Localized subsidence and changes to river 
discharge can potentially exacerbate these effects. Adaptation is 
already happening (high confidence) and will remain important over 
multi-centennial time scales. {3.4.5.3, 3.4.5.4, 3.4.5.7, 5.4.5.4, Box 
3.5}

Existing and restored natural coastal ecosystems may be 
effective in reducing the adverse impacts of rising sea levels 
and intensifying storms by protecting coastal and deltaic 
regions (medium confidence). Natural sedimentation rates are 
expected to be able to offset the effect of rising sea levels, given 
the slower rates of sea level rise associated with 1.5°C of warming 
(medium confidence). Other feedbacks, such as landward migration 
of wetlands and the adaptation of infrastructure, remain important 
(medium confidence). {3.4.4.12, 3.4.5.4, 3.4.5.7}

Increased Reasons for Concern 

There are multiple lines of evidence that since AR5 the assessed 
levels of risk increased for four of the five Reasons for Concern 
(RFCs) for global warming levels of up to 2°C (high confidence). 
The risk transitions by degrees of global warming are now: from high 
to very high between 1.5°C and 2°C for RFC1 (Unique and threatened 
systems) (high confidence); from moderate to high risk between 1°C and 
1.5°C for RFC2 (Extreme weather events) (medium confidence); from 
moderate to high risk between 1.5°C and 2°C for RFC3 (Distribution of 
impacts) (high confidence); from moderate to high risk between 1.5°C 
and 2.5°C for RFC4 (Global aggregate impacts) (medium confidence); 
and from moderate to high risk between 1°C and 2.5°C for RFC5 
(Large-scale singular events) (medium confidence). {3.5.2}

1. The category ‘Unique and threatened systems’ (RFC1) 
display a transition from high to very high risk which is 
now located between 1.5°C and 2°C of global warming as 
opposed to at 2.6°C of global warming in AR5, owing to new and 
multiple lines of evidence for changing risks for coral reefs, the 
Arctic and biodiversity in general (high confidence). {3.5.2.1}

2. In ‘Extreme weather events’ (RFC2), the transition from 
moderate to high risk is now located between 1.0°C and 
1.5°C of global warming, which is very similar to the AR5 
assessment but is projected with greater confidence (medium 
confidence). The impact literature contains little information 
about the potential for human society to adapt to extreme 
weather events, and hence it has not been possible to locate 
the transition from ‘high’ to ‘very high’ risk within the context of 
assessing impacts at 1.5°C versus 2°C of global warming. There 
is thus low confidence in the level at which global warming could 
lead to very high risks associated with extreme weather events in 
the context of this report. {3.5} 

3. With respect to the ‘Distribution of impacts’ (RFC3) a 
transition from moderate to high risk is now located 
between 1.5°C and 2°C of global warming, compared with 
between 1.6°C and 2.6°C global warming in AR5, owing to new 
evidence about regionally differentiated risks to food security, 
water resources, drought, heat exposure and coastal submergence 
(high confidence). {3.5}

4. In ‘global aggregate impacts’ (RFC4) a transition from 
moderate to high levels of risk is now located between 
1.5°C and 2.5°C of global warming, as opposed to at 3.6°C of 
warming in AR5, owing to new evidence about global aggregate 
economic impacts and risks to Earth’s biodiversity (medium 
confidence). {3.5}

5. Finally, ‘large-scale singular events’ (RFC5), moderate risk 
is now located at 1°C of global warming and high risk is 
located at 2.5°C of global warming, as opposed to at 1.6°C 
(moderate risk) and around 4°C (high risk) in AR5, because of new 
observations and models of the West Antarctic ice sheet (medium 
confidence). {3.3.9, 3.5.2, 3.6.3}
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3.1 About the Chapter 

Chapter 3 uses relevant definitions of a potential 1.5°C warmer world 
from Chapters 1 and 2 and builds directly on their assessment of gradual 
versus overshoot scenarios. It interacts with information presented in 
Chapter 2 via the provision of specific details relating to the mitigation 
pathways (e.g., land-use changes) and their implications for impacts. 
Chapter 3 also includes information needed for the assessment and 
implementation of adaptation options (presented in Chapter 4), as 
well as the context for considering the interactions of climate change 
with sustainable development and for the assessment of impacts on 
sustainability, poverty and inequalities at the household to subregional 
level (presented in Chapter 5).

This chapter is necessarily transdisciplinary in its coverage of the 
climate system, natural and managed ecosystems, and human 
systems and responses, owing to the integrated nature of the natural 
and human experience. While climate change is acknowledged as a 
centrally important driver, it is not the only driver of risks to human and 
natural systems, and in many cases, it is the interaction between these 
two broad categories of risk that is important (Chapter 1).

The flow of the chapter, linkages between sections, a list of chapter- 
and cross-chapter boxes, and a content guide for reading according 
to focus or interest are given in Figure 3.1. Key definitions used in the 
chapter are collected in the Glossary. Confidence language is used 
throughout this chapter and likelihood statements (e.g., likely, very 
likely) are provided when there is high confidence in the assessment.

Section 3.1
Introduction

Section 3.2
Assessing 1.5°C

Section 3.4
Observed Impacts and 

Projected Risks in Natural 
and Human Systems

Section 3.3
Global and Regional 
Climate Changes and 
Associated Hazards

Section 3.6
Implications of Different  
1.5°C and 2°C Pathways

Section 3.5
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Figure 3.1 |  Chapter 3 structure and quick guide.

The underlying literature assessed in Chapter 3 is broad and includes a 
large number of recent publications specific to assessments for 1.5°C 
of warming. The chapter also utilizes information covered in prior 
IPCC special reports, for example the Special Report on Managing the 
Risks of Extreme Events and Disasters to Advance Climate Change 
Adaptation (SREX; IPCC, 2012), and many chapters from the IPCC 
WGII Fifth Assessment Report (AR5) that assess impacts on natural 
and managed ecosystems and humans, as well as adaptation options 
(IPCC, 2014b). For this reason, the chapter provides information based 

on a broad range of assessment methods. Details about the approaches 
used are presented in Section 3.2. 

Section 3.3 gives a general overview of recent literature on observed 
climate change impacts as the context for projected future risks. With 
a few exceptions, the focus here is the analysis of transient responses 
at 1.5°C and 2°C of global warming, with simulations of short-term 
stabilization scenarios (Section 3.2) also assessed in some cases. In 
general, long-term equilibrium stabilization responses could not be 
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assessed owing to a lack of data and analysis. A detailed analysis of 
detection and attribution is not provided but will be the focus of the next 
IPCC assessment report (AR6). Furthermore, possible interventions in 
the climate system through radiation modification measures, which are 
not tied to reductions of greenhouse gas emissions or concentrations, 
are not assessed in this chapter.

Understanding the observed impacts and projected risks of climate 
change is crucial to comprehending how the world is likely to change 
under global warming of 1.5°C above temperatures in the pre-industrial 
period (with reference to 2°C). Section 3.4 explores the new literature 
and updates the assessment of impacts and projected risks for a large 
number of natural and human systems. By also exploring adaptation 
opportunities, where the literature allows, the section prepares the 
reader for discussions in subsequent chapters about opportunities to 
tackle both mitigation and adaptation. The section is mostly globally 
focused because of limited research on regional risks and adaptation 
options at 1.5°C and 2°C. For example, the risks of 1.5°C and 2°C of 
warming in urban areas, as well as the risks of health outcomes under 
these two warming scenarios (e.g. climate-related diseases, air quality 
impacts and mental health problems), were not considered because 
of a lack of projections of how these risks might change in a 1.5°C or 
2°C warmer world. In addition, the complexity of many interactions 
of climate change with drivers of poverty, along with a paucity of 
relevant studies, meant it was not possible to detect and attribute 
many dimensions of poverty and disadvantage to climate change. Even 
though there is increasing documentation of climate-related impacts on 
places where indigenous people live and where subsistence-oriented 
communities are found, relevant projections of the risks associated 
with warming of 1.5°C and 2°C are necessarily limited. 

To explore avoided impacts and reduced risks at 1.5°C compared with 
at 2°C of global warming, the chapter adopts the AR5 ‘Reasons for 
Concern’ aggregated projected risk framework (Section 3.5). Updates 
in terms of the aggregation of risks are informed by the most recent 
literature and the assessments offered in Sections 3.3 and 3.4, with 
a focus on the impacts at 2°C of warming that could potentially be 
avoided if warming were constrained to 1.5°C. Economic benefits that 
would be obtained (Section 3.5.3), climate change ‘hotspots’ that could 
be avoided or reduced (Section 3.5.4 as guided by the assessments of 
Sections 3.3, 3.4 and 3.5), and tipping points that could be circumvented 
(Section 3.5.5) at 1.5°C compared to higher degrees of global warming 
are all examined. The latter assessments are, however, constrained to 
regional analyses, and hence this particular section does not include an 
assessment of specific losses and damages. 

Section 3.6 provides an overview on specific aspects of the mitigation 
pathways considered compatible with 1.5°C of global warming, 
including some scenarios involving temperature overshoot above 
1.5°C global warming during the 21st century. Non-CO2 implications 
and projected risks of mitigation pathways, such as changes to land 
use and atmospheric compounds, are presented and explored. Finally, 
implications for sea ice, sea level and permafrost beyond the end of the 
century are assessed.

The exhaustive assessment of literature specific to global warming 
of 1.5°C above the pre-industrial period, presented across all the 

sections in Chapter 3, highlights knowledge gaps resulting from the 
heterogeneous information available across systems, regions and 
sectors. Some of these gaps are described in Section 3.7.

3.2 How are Risks at 1.5°C and 
Higher Levels of Global Warming 
Assessed in this Chapter?

The methods that are applied for assessing observed and projected 
changes in climate and weather are presented in Section 3.2.1, while 
those used for assessing the observed impacts on and projected risks to 
natural and managed systems, and to human settlements, are described 
in Section 3.2.2. Given that changes in climate associated with 1.5°C 
of global warming were not the focus of past IPCC reports, dedicated 
approaches based on recent literature that are specific to the present 
report are also described. Background on specific methodological 
aspects (climate model simulations available for assessments at 1.5°C 
global warming, attribution of observed changes in climate and their 
relevance for assessing projected changes at 1.5°C and 2°C global 
warming, and the propagation of uncertainties from climate forcing 
to impacts on ecosystems) are provided in the Supplementary Material 
3.SM.

3.2.1 How are Changes in Climate and Weather at 1.5°C 
versus Higher Levels of Warming Assessed?

Evidence for the assessment of changes to climate at 1.5°C versus 
2°C can be drawn both from observations and model projections. 
Global mean surface temperature (GMST) anomalies were about 
+0.87°C (±0.10°C likely range) above pre-industrial industrial (1850–
1900) values in the 2006-–2015 decade, with a recent warming 
of about 0.2°C (±0.10°C) per decade (Chapter 1). Human-induced 
global warming reached approximately 1°C (±0.2°C likely range) in 
2017 (Chapter 1). While some of the observed trends may be due 
to internal climate variability, methods of detection and attribution 
can be applied to assess which part of the observed changes may be 
attributed to anthropogenic forcing (Bindoff et al., 2013b). Hence, 
evidence from attribution studies can be used to assess changes 
in the climate system that are already detectable at lower levels of 
global warming and would thus continue to change with a further 
0.5°C or 1°C of global warming (see Supplementary Material 3.SM.1 
and Sections 3.3.1, 3.3.2, 3.3.3, 3.3.4 and 3.3.11). A recent study 
identified significant changes in extremes for a 0.5°C difference in 
global warming based on the historical record (Schleussner et al., 
2017). It should also be noted that attributed changes in extremes 
since 1950 that were reported in the IPCC AR5 report (IPCC, 2013) 
generally correspond to changes in global warming of about 0.5°C 
(see 3.SM.1)

Climate model simulations are necessary for the investigation of 
the response of the climate system to various forcings, in particular 
to forcings associated with higher levels of greenhouse gas 
concentrations. Model simulations include experiments with global 
and regional climate models, as well as impact models – driven with 
output from climate models – to evaluate the risk related to climate 
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change for natural and human systems (Supplementary Material 
3.SM.1). Climate model simulations were generally used in the context 
of particular ‘climate scenarios’ from previous IPCC reports (e.g., 
IPCC, 2007, 2013). This means that emissions scenarios (IPCC, 2000) 
were used to drive climate models, providing different projections 
for given emissions pathways. The results were consequently used in 
a ‘storyline’ framework, which presents the development of climate 
in the course of the 21st century and beyond for a given emissions 
pathway. Results were assessed for different time slices within the 
model projections such as 2016–2035 (‘near term’, which is slightly 
below a global warming of 1.5°C according to most scenarios, Kirtman 
et al., 2013), 2046–2065 (mid-21st century, Collins et al., 2013), and 
2081–2100 (end of 21st century, Collins et al., 2013). Given that this 
report focuses on climate change for a given mean global temperature 
response (1.5°C or 2°C), methods of analysis had to be developed and/
or adapted from previous studies in order to provide assessments for 
the specific purposes here. 

A major challenge in assessing climate change under 1.5°C, or 2°C 
(and higher levels), of global warming pertains to the definition of 
a ‘1.5°C or 2°C climate projection’ (see also Cross-Chapter Box 
8 in this chapter). Resolving this challenge includes the following 
considerations:

A. The need to distinguish between (i) transient climate responses  
 (i.e., those that ‘pass through’ 1.5°C or 2°C of global warming),  
 (ii) short-term stabilization responses (i.e., scenarios for the late  
 21st century that result in stabilization at a mean global warming  
 of 1.5°C or 2°C by 2100), and (iii) long-term equilibrium  
 stabilization responses (i.e., those occurring after several  
 millennia once climate (temperature) equilibrium at 1.5°C or 2°C  
 is reached). These responses can be very different in terms of  
 climate variables and the inertia associated with a given climate  
 forcing. A striking example is sea level rise (SLR). In this case,  
 projected increases within the 21st century are minimally  
 dependent on the scenario considered, yet they stabilize at very  
 different levels for a long-term warming of 1.5°C versus 2°C  
 (Section 3.3.9). 

B. The ‘1.5°C or 2°C emissions scenarios’ presented in Chapter  
 2 are targeted to hold warming below 1.5°C or 2°C with a certain  
 probability (generally two-thirds) over the course, or at the  
 end, of the 21st century. These scenarios should be seen as the  
 operationalization of 1.5°C or 2°C warmer worlds. However,  
 when these emission scenarios are used to drive climate models,  
 some of the resulting simulations lead to warming above these  
 respective thresholds (typically with a probability of one-third, see  
 Chapter 2 and Cross-Chapter Box 8 in this chapter). This is due 
 both to discrepancies between models and to internal climate  
 variability. For this reason, the climate outcome for any of these  
 scenarios, even those excluding an overshoot (see next point, C.),  
 include some probability of reaching a global climate warming  
 of more than 1.5°C or 2°C. Hence, a comprehensive assessment  
 of climate risks associated with ‘1.5°C or 2°C climate scenarios’  
 needs to include consideration of higher levels of warming (e.g.,  
 up to 2.5°C to 3°C, see Chapter 2 and Cross-Chapter Box 8 in this  
 chapter).

C. Most of the ‘1.5°C scenarios’, and some of the ‘2°C emissions  
 scenarios’ presented in Chapter 2 include a temperature  
 overshoot during the course of the 21st century. This means that  
 median temperature projections under these scenarios exceed 
 the target warming levels over the course of the century (typically  
 0.5°C–1°C higher than the respective target levels at most),  
 before warming returns to below 1.5°C or 2°C by 2100. During  
 the overshoot phase, impacts would therefore correspond to  
 higher transient temperature increases than 1.5°C or 2°C. For this  
 reason, impacts of transient responses at these higher warming  
 levels are also partly addressed in Cross-Chapter Box 8 in this  
 chapter (on a 1.5°C warmer world), and some analyses for  
 changes in extremes are also presented for higher levels of  
 warming in Section 3.3 (Figures 3.5, 3.6, 3.9, 3.10, 3.12 and 3.13).  
 Most importantly, different overshoot scenarios may have very  
 distinct impacts depending on (i) the peak temperature of  
 the overshoot, (ii) the length of the overshoot period, and (iii) the  
 associated rate of change in global temperature over the  
 time period of the overshoot. While some of these issues are  
 briefly addressed in Sections 3.3 and 3.6, and in the Cross-Chapter  
 Box 8, the definition of overshoot and related questions will need  
 to be more comprehensively addressed in the IPCC AR6 report.

D. The levels of global warming that are the focus of this report  
 (1.5°C and 2°C) are measured relative to the pre-industrial period.  
 This definition requires an agreement on the exact reference time  
 period (for 0°C of warming) and the time frame over which the  
 global warming is assessed, typically 20 to 30 years in length. As  
 discussed in Chapter 1, a climate with 1.5°C global warming is  
 one in which temperatures averaged over a multi-decade time  
 scale are 1.5°C above those in the pre-industrial reference period.  
 Greater detail is provided in Cross-Chapter Box 8 in this chapter.  
 Inherent to this is the observation that the mean temperature of  
 a ‘1.5°C warmer world’ can be regionally and temporally much  
 higher (e.g., with regional annual temperature extremes involving  
 warming of more than 6°C; see Section 3.3 and Cross-Chapter  
 Box 8 in this chapter).

E. The interference of factors unrelated to greenhouse gases with  
 mitigation pathways can strongly affect regional climate. For  
 example, biophysical feedbacks from changes in land use and  
 irrigation (e.g., Hirsch et al., 2017; Thiery et al., 2017), or projected  
 changes in short-lived pollutants (e.g., Z. Wang et al., 2017), can  
 have large influences on local temperatures and climate  
 conditions. While these effects are not explicitly integrated into the  
 scenarios developed in Chapter 2, they may affect projected  
 changes in climate under 1.5°C of global warming. These issues  
 are addressed in more detail in Section 3.6.2.2.

The assessment presented in the current chapter largely focuses on 
the analysis of transient responses in climate at 1.5°C versus 2°C 
and higher levels of global warming (see point A. above and Section 
3.3). It generally uses the empirical scaling relationship (ESR) approach 
(Seneviratne et al., 2018c), also termed the ‘time sampling’ approach 
(James et al., 2017), which consists of sampling the response at 1.5°C 
and other levels of global warming from all available global climate 
model scenarios for the 21st century (e.g., Schleussner et al., 2016b; 
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Seneviratne et al., 2016; Wartenburger et al., 2017). The ESR approach 
focuses more on the derivation of a continuous relationship, while 
the term ‘time sampling’ is more commonly used when comparing a 
limited number of warming levels (e.g., 1.5°C versus 2°C). A similar 
approach in the case of regional climate model (RCM) simulations 
consists of sampling the RCM model output corresponding to the 
time frame at which the driving general circulation model (GCM) 
reaches the considered temperature level, for example, as done within  
IMPACT2C (Jacob and Solman, 2017), see description in Vautard et 
al. (2014). As an alternative to the ESR or time sampling approach, 
pattern scaling may be used. Pattern scaling is a statistical approach 
that describes relationships of specific climate responses as a function 
of global temperature change. Some assessments presented in this 
chapter are based on this method. The disadvantage of pattern scaling, 
however, is that the relationship may not perfectly emulate the models’ 
responses at each location and for each global temperature level 
(James et al., 2017). Expert judgement is a third methodology that can 
be used to assess probable changes at 1.5°C or 2°C of global warming 
by combining changes that have been attributed to the observed time 
period (corresponding to warming of 1°C or less if assessed over a 
shorter period) with known projected changes at 3°C or 4°C above 
pre-industrial temperatures (Supplementary Material 3.SM.1). In order 
to assess effects induced by a 0.5°C difference in global warming, 
the historical record can be used at first approximation as a proxy, 
meaning that conditions are compared for two periods that have a 
0.5°C difference in GMST warming (such as 1991–2010 and 1960–
1979, e.g., Schleussner et al., 2017). This in particular also applies to 
attributed changes in extremes since 1950 that were reported in the 
IPCC AR5 report (IPCC, 2013; see also 3.SM.1). Using observations, 
however, it is not possible to account for potential non-linear changes 
that could occur above 1°C of global warming or as 1.5°C of warming 
is reached.

In some cases, assessments of short-term stabilization responses 
are also presented, derived using a subset of model simulations that 
reach a given temperature limit by 2100, or driven by sea surface 
temperature (SST) values consistent with such scenarios. This includes 
new results from the ‘Half a degree additional warming, prognosis and 
projected impacts’ (HAPPI) project (Section 1.5.2; Mitchell et al., 2017). 
Notably, there is evidence that for some variables (e.g., temperature 
and precipitation extremes), responses after short-term stabilization 
(i.e., approximately equivalent to the RCP2.6 scenario) are very similar 
to the transient response of higher-emissions scenarios (Seneviratne et 
al., 2016, 2018c; Wartenburger et al., 2017; Tebaldi and Knutti, 2018). 
This is, however, less the case for mean precipitation (e.g., Pendergrass 
et al., 2015), for which other aspects of the emissions scenarios appear 
relevant.

For the assessment of long-term equilibrium stabilization responses, 
this chapter uses results from existing simulations where available 
(e.g., for sea level rise), although the available data for this type of 
projection is limited for many variables and scenarios and will need to 
be addressed in more depth in the IPCC AR6 report.

Supplementary Material 3.SM.1 of this chapter includes further details 
of the climate models and associated simulations that were used to 
support the present assessment, as well as a background on detection 

and attribution approaches of relevance to assessing changes in 
climate at 1.5°C of global warming.

3.2.2 How are Potential Impacts on Ecosystems Assessed 
at 1.5°C versus Higher Levels of Warming?

Considering that the impacts observed so far are for a global warming 
lower than 1.5°C (generally up to the 2006–2015 decade, i.e., for a 
global warming of 0.87°C or less; see above), direct information on 
the impacts of a global warming of 1.5°C is not yet available. The 
global distribution of observed impacts shown in AR5 (Cramer et al., 
2014), however, demonstrates that methodologies now exist which 
are capable of detecting impacts on systems strongly influenced by 
factors (e.g., urbanization and human pressure in general) or where 
climate may play only a secondary role in driving impacts. Attribution 
of observed impacts to greenhouse gas forcing is more rarely 
performed, but a recent study (Hansen and Stone, 2016) shows that 
most of the detected temperature-related impacts that were reported 
in AR5 (Cramer et al., 2014) can be attributed to anthropogenic climate 
change, while the signals for precipitation-induced responses are more 
ambiguous.

One simple approach for assessing possible impacts on natural and 
managed systems at 1.5°C versus 2°C consists of identifying impacts of 
a global 0.5°C of warming in the observational record (e.g., Schleussner 
et al., 2017) assuming that the impacts would scale linearly for higher 
levels of warming (although this may not be appropriate). Another 
approach is to use conclusions from analyses of past climates combined 
with modelling of the relationships between climate drivers and natural 
systems (Box 3.3). A more complex approach relies on laboratory or 
field experiments (Dove et al., 2013; Bonal et al., 2016), which provide 
useful information on the causal effect of a few factors, which can be 
as diverse as climate, greenhouse gases (GHG), management practices, 
and biological and ecological variables, on specific natural systems that 
may have unusual physical and chemical characteristics (e.g., Fabricius 
et al., 2011; Allen et al., 2017). This last approach can be important 
in helping to develop and calibrate impact mechanisms and models 
through empirical experimentation and observation. 

Risks for natural and human systems are often assessed with 
impact models where climate inputs are provided by representative 
concentration pathway (RCP)-based climate projections. The number 
of studies projecting impacts at 1.5°C or 2°C of global warming 
has increased in recent times (see Section 3.4), even if the four RCP 
scenarios used in AR5 are not strictly associated with these levels 
of global warming. Several approaches have been used to extract 
the required climate scenarios, as described in Section 3.2.1. As an 
example, Schleussner et al. (2016b) applied a time sampling (or ESR) 
approach, described in Section 3.2.1, to estimate the differential effect 
of 1.5°C and 2°C of global warming on water availability and impacts 
on agriculture using an ensemble of simulations under the RCP8.5 
scenario. As a further example using a different approach, Iizumi et al. 
(2017) derived a 1.5°C scenario from simulations with a crop model 
using an interpolation between the no-change (approximately 2010) 
conditions and the RCP2.6 scenario (with a global warming of 1.8°C in 
2100), and they derived the corresponding 2°C scenario from RCP2.6 
and RCP4.5 simulations in 2100. The Inter-Sectoral Impact Model 
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Integration and Intercomparison Project Phase 2 (ISIMIP2; Frieler et 
al., 2017) extended this approach to investigate a number of sectoral 
impacts on terrestrial and marine ecosystems. In most cases, risks are 
assessed by impact models coupled offline to climate models after bias 
correction, which may modify long-term trends (Grillakis et al., 2017). 

Assessment of local impacts of climate change necessarily involves 
a change in scale, such as from the global scale to that of natural 
or human systems (Frieler et al., 2017; Reyer et al., 2017d; Jacob et 
al., 2018). An appropriate method of downscaling (Supplementary 
Material 3.SM.1) is crucial for translating perspectives on 1.5°C and 
2°C of global warming to scales and impacts relevant to humans and 
ecosystems. A major challenge associated with this requirement is 
the correct reproduction of the variance of local to regional changes, 
as well as the frequency and amplitude of extreme events (Vautard 
et al., 2014). In addition, maintaining physical consistency between 
downscaled variables is important but challenging (Frost et al., 2011).

Another major challenge relates to the propagation of the uncertainties 
at each step of the methodology, from the global forcings to the global 
climate and from regional climate to impacts at the ecosystem level, 
considering local disturbances and local policy effects. The risks for 
natural and human systems are the result of complex combinations of 
global and local drivers, which makes quantitative uncertainty analysis 
difficult. Such analyses are partly done using multimodel approaches, 
such as multi-climate and multi-impact models (Warszawski et al., 
2013, 2014; Frieler et al., 2017). In the case of crop projections, for 
example, the majority of the uncertainty is caused by variation among 
crop models rather than by downscaling outputs of the climate models 
used (Asseng et al., 2013). Error propagation is an important issue 
for coupled models. Dealing correctly with uncertainties in a robust 
probabilistic model is particularly important when considering the 
potential for relatively small changes to affect the already small signal 
associated with 0.5°C of global warming (Supplementary Material 
3.SM.1). The computation of an impact per unit of climatic change, 
based either on models or on data, is a simple way to present the 
probabilistic ecosystem response while taking into account the various 
sources of uncertainties (Fronzek et al., 2011). 

In summary, in order to assess risks at 1.5°C and higher levels of 
global warming, several things need to be considered. Projected 
climates under 1.5°C of global warming differ depending on temporal 
aspects and emission pathways. Considerations include whether global 
temperature is (i) temporarily at this level (i.e., is a transient phase on its 
way to higher levels of warming), (ii) arrives at 1.5°C, with or without 
overshoot, after stabilization of greenhouse gas concentrations, or (iii) 
is at this level as part of long-term climate equilibrium (complete only 
after several millennia). Assessments of impacts of 1.5°C of warming 
are generally based on climate simulations for these different possible 
pathways. Most existing data and analyses focus on transient impacts 
(i). Fewer data are available for dedicated climate model simulations 
that are able to assess pathways consistent with (ii), and very few data 
are available for the assessment of changes at climate equilibrium (iii). 
In some cases, inferences regarding the impacts of further warming of 
0.5°C above present-day temperatures (i.e., 1.5°C of global warming) 
can also be drawn from observations of similar sized changes (0.5°C) 
that have occurred in the past, such as during the last 50 years. 

However, impacts can only be partly inferred from these types of 
observations, given the strong possibility of non-linear changes, as well 
as lag effects for some climate variables (e.g., sea level rise, snow and 
ice melt). For the impact models, three challenges are noted about the 
coupling procedure: (i) the bias correction of the climate model, which 
may modify the simulated response of the ecosystem, (ii) the necessity 
to downscale the climate model outputs to reach a pertinent scale for 
the ecosystem without losing physical consistency of the downscaled 
climate fields, and (iii) the necessity to develop an integrated study of 
the uncertainties. 

3.3 Global and Regional Climate 
Changes and Associated Hazards

This section provides the assessment of changes in climate at 
1.5°C of global warming relative to changes at higher global mean 
temperatures. Section 3.3.1 provides a brief overview of changes to 
global climate. Sections 3.3.2–3.3.11 provide assessments for specific 
aspects of the climate system, including regional assessments for 
temperature (Section 3.3.2) and precipitation (Section 3.3.3) means 
and extremes. Analyses of regional changes are based on the set of 
regions displayed in Figure 3.2. A synthesis of the main conclusions 
of this section is provided in Section 3.3.11. The section builds upon 
assessments from the IPCC AR5 WGI report (Bindoff et al., 2013a; 
Christensen et al., 2013; Collins et al., 2013; Hartmann et al., 2013; 
IPCC, 2013) and Chapter 3 of the IPCC Special Report on Managing 
the Risks of Extreme Events and Disasters to Advance Climate Change 
Adaptation (SREX; Seneviratne et al., 2012), as well as a substantial 
body of new literature related to projections of climate at 1.5°C and 2°C 
of warming above the pre-industrial period (e.g., Vautard et al., 2014; 
Fischer and Knutti, 2015; Schleussner et al., 2016b, 2017; Seneviratne 
et al., 2016, 2018c; Déqué et al., 2017; Maule et al., 2017; Mitchell et 
al., 2017, 2018a; Wartenburger et al., 2017; Zaman et al., 2017; Betts et 
al., 2018; Jacob et al., 2018; Kharin et al., 2018; Wehner et al., 2018b). 
The main assessment methods are as already detailed in Section 3.2. 

3.3.1 Global Changes in Climate

There is high confidence that the increase in global mean surface 
temperature (GMST) has reached 0.87°C (±0.10°C likely range) 
above pre-industrial values in the 2006–2015 decade (Chapter 1). 
AR5 assessed that the globally averaged temperature (combined 
over land and ocean) displayed a warming of about 0.85°C [0.65°C 
to 1.06°C] during the period 1880–2012, with a large fraction of the 
detected global warming being attributed to anthropogenic forcing 
(Bindoff et al., 2013a; Hartmann et al., 2013; Stocker et al., 2013). 
While new evidence has highlighted that sampling biases and the 
choice of approaches used to estimate GMST (e.g., using water 
versus air temperature over oceans and using model simulations 
versus observations-based estimates) can affect estimates of GMST 
increase (Richardson et al., 2016; see also Supplementary Material 
3.SM.2), the present assessment is consistent with that of AR5 
regarding a detectable and dominant effect of anthropogenic forcing 
on observed trends in global temperature (also confirmed in Ribes 
et al., 2017). As highlighted in Chapter 1, human-induced warming 
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reached approximately 1°C (±0.2°C likely range) in 2017. More 
background on recent observed trends in global climate is provided 
in the Supplementary Material 3.SM.2.

A global warming of 1.5°C implies higher mean temperatures 
compared to during pre-industrial times in almost all locations, both 
on land and in oceans (high confidence) (Figure 3.3). In addition, 
a global warming of 2°C versus 1.5°C results in robust differences 
in the mean temperatures in almost all locations, both on land and 
in the ocean (high confidence). The land–sea contrast in warming 
is important and implies particularly large changes in temperature 
over land, with mean warming of more than 1.5°C in most land 
regions (high confidence; see Section 3.3.2 for more details). The 
largest increase in mean temperature is found in the high latitudes 
of the Northern Hemisphere (high confidence; Figure 3.3, see Section 
3.3.2 for more details). Projections for precipitation are more 
uncertain, but they highlight robust increases in mean precipitation 
in the Northern Hemisphere high latitudes at 1.5°C global warming 

versus pre-industrial conditions, as well as at 2°C global warming 
versus pre-industrial conditions (high confidence) (Figure 3.3). There 
are consistent but less robust signals when comparing changes in 
mean precipitation at 2°C versus 1.5°C of global warming. Hence, 
it is assessed that there is medium confidence in an increase of 
mean precipitation in high-latitudes at 2°C versus 1.5°C of global 
warming (Figure 3.3). For droughts, changes in evapotranspiration 
and precipitation timing are also relevant (see Section 3.3.4). Figure 
3.4 displays changes in temperature extremes (the hottest daytime 
temperature of the year, TXx, and the coldest night-time temperature 
of the year, TNn) and heavy precipitation (the annual maximum 
5-day precipitation, Rx5day). These analyses reveal distinct patterns 
of changes, with the largest changes in TXx occurring on mid-latitude 
land and the largest changes in TNn occurring at high latitudes 
(both on land and in oceans). Differences in TXx and TNn compared 
to pre-industrial climate are robust at both global warming levels. 
Differences in TXx and TNn at 2°C versus 1.5°C of global warming 
are robust across most of the globe. Changes in heavy precipitation 

ALA ALA ALA ALA ALA

ZMA ZMA ZMA ZMA ZMAAMZ

MAC MAC MAC MAC MAC *RAC *RAC *RAC *RAC *RAC

SAC SAC SAC SAC SAC

UEC UEC UEC UEC UEC

IGC IGC IGC IGC IGC

ANC ANC ANC ANC ANC

FAE FAE FAE FAE FAE

SAE SAE SAE SAE SAEDEM DEM DEM DEM DEMANE ANE ANE ANE ANE

SAN SAN SAN SAN SAN

UAN UAN UAN UAN UAN

BEN BEN BEN BEN BEN

UEN UEN UEN UEN UEN

FAS FAS FAS FAS FAS

HAS HAS HAS HAS HAS
SAS SAS SAS SAS SAS SAS SAS

UAS UAS UAS UAS UAS

AES AES AES AES AES

ASS ASS ASS ASS ASSSSA

BIT BIT BIT BIT BIT

FAW FAW FAW FAW FAW

SAW SAW SAW SAW SAW

ANW ANW ANW ANW ANW

ASW ASW ASW ASW ASW ASW ASW

*TNA *TNA *TNA *TNA *TNA

*CRA *CRA *CRA *CRA *CRA

*PTN *PTN *PTN *PTN *PTN

*PTS *PTS *PTS *PTS *PTS

*PTE *PTE *PTE *PTE *PTE

*OIW *OIW *OIW *OIW *OIW

Abbreviation

ALA

Name

AMZ

ANT*

ARC*

CAM

CAR*

CAS

CEU

CGI

Alaska/N.W. Canada

Amazon

Antarctica

Arctic

Central America/Mexico

small islands regions Caribbean

Central Asia

Central Europe

Canada/Greenland/Iceland

Abbreviation Name

CNA

EAF

EAS

ENA

ETP*

MED

NAS

NAU

NEB

Central North America

East Africa

East Asia

East North America

Pacific Islands region[3]

South Europe/Mediterranean

North Asia

North Australia

North−East Brazil

Abbreviation Name

NEU

NTP*

SAF

SAH

SAS

SAU

SEA

SSA

STP*

North Europe

Pacific Islands region[2]

Southern Africa

Sahara

South Asia

South Australia/New Zealand

Southeast Asia

Southeastern South America

Southern Topical Pacific

Abbreviation Name

TIB

WAF

WAS

WIO*

WNA

WSA

Tibetan Plateau

West Africa

West Asia

West Indian Ocean

West North America

West Coast South America

Figure 3.2 |  Regions used for regional analyses provided in Section 3.3. The choice of regions is based on the IPCC Fifth Assessment Report (AR5, Chapter 14, Christensen 
et al., 2013 and Annex 1: Atlas) and the Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX, Chapter 3, 
Seneviratne et al., 2012), with seven additional regions in the Arctic, Antarctic and islands not included in the IPCC SREX report (indicated with asterisks). Analyses for regions 
with asterisks are provided in the Supplementary Material 3.SM.2
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are less robust, but particularly strong increases are apparent at high 
latitudes as well as in the tropics at both 1.5°C and 2°C of global 
warming compared to pre-industrial conditions. The differences in 
heavy precipitation at 2°C versus 1.5°C global warming are generally 
not robust at grid-cell scale, but they display consistent increases in 
most locations (Figure 3.4). However, as addressed in Section 3.3.3, 
statistically significant differences are found in several large regions and 
when aggregated over the global land area. We thus assess that there 
is high confidence regarding global-scale differences in temperature 
means and extremes at 2°C versus 1.5°C global warming, and medium 
confidence regarding global-scale differences in precipitation means 
and extremes. Further analyses, including differences at 1.5°C and 2°C 
global warming versus 1°C (i.e., present-day) conditions are provided 
in the Supplementary Material 3.SM.2.

These projected changes at 1.5°C and 2°C of global warming are 
consistent with the attribution of observed historical global trends 
in temperature and precipitation means and extremes (Bindoff et al., 
2013a), as well as with some observed changes under the recent 
global warming of 0.5°C (Schleussner et al., 2017). These comparisons 
are addressed in more detail in Sections 3.3.2 and 3.3.3. Attribution 
studies have shown that there is high confidence that anthropogenic 
forcing has had a detectable influence on trends in global warming 
(virtually certain since the mid-20th century), in land warming on 
all continents except Antarctica (likely since the mid-20th century), 
in ocean warming since 1970 (very likely), and in increases in hot 
extremes and decreases in cold extremes since the mid-20th century 

(very likely) (Bindoff et al., 2013a). In addition, there is medium 
confidence that anthropogenic forcing has contributed to increases 
in mean precipitation at high latitudes in the Northern Hemisphere 
since the mid-20th century and to global-scale increases in heavy 
precipitation in land regions with sufficient observations over the 
same period (Bindoff et al., 2013a). Schleussner et al. (2017) showed, 
through analyses of recent observed tendencies, that changes in 
temperature extremes and heavy precipitation indices are detectable 
in observations for the 1991–2010 period compared with those 
for 1960–1979, with a global warming of approximately 0.5°C 
occurring between these two periods (high confidence). The observed 
tendencies over that time frame are thus consistent with attributed 
changes since the mid-20th century (high confidence).

The next sections assess changes in several different types of climate-
related hazards. It should be noted that the different types of hazards 
are considered in isolation but some regions are projected to be 
affected by collocated and/or concomitant changes in several types 
of hazards (high confidence). Two examples are sea level rise and 
heavy precipitation in some regions, possibly leading together to more 
flooding, and droughts and heatwaves, which can together increase 
the risk of fire occurrence. Such events, also called compound events, 
may substantially increase risks in some regions (e.g., AghaKouchak et 
al., 2014; Van Den Hurk et al., 2015; Martius et al., 2016; Zscheischler 
et al., 2018). A detailed assessment of physically-defined compound 
events was not possible as part of this report, but aspects related to 
overlapping multi-sector risks are highlighted in Sections 3.4 and 3.5.

Precipitation (%) Precipitation (%)

Temperature (°C) Temperature (°C)

Mean temperature change
at 1.5°C GMST warming

Mean temperature change
at 2.0°C GMST warming

Difference in mean temperature
change (2.0°C - 1.5°C)

Mean precipitation change
at 1.5°C GMST warming

Mean precipitation change
at 2.0°C GMST warming

Difference in mean precipitation
change (2.0°C - 1.5°C)

Figure 3.3 |  Projected changes in mean temperature (top) and mean precipitation (bottom) at 1.5°C (left) and 2°C (middle) of global warming compared to the pre-industrial 
period (1861–1880), and the difference between 1.5°C and 2°C of global warming (right). Cross-hatching highlights areas where at least two-thirds of the models agree on 
the sign of change as a measure of robustness (18 or more out of 26). Values were assessed from the transient response over a 10-year period at a given warming level, based 
on Representative Concentration Pathway (RCP)8.5 Coupled Model Intercomparison Project Phase 5 (CMIP5) model simulations (adapted from Seneviratne et al., 2016 and 
Wartenburger et al., 2017, see Supplementary Material 3.SM.2 for more details). Note that the responses at 1.5°C of global warming are similar for RCP2.6 simulations (see 
Supplementary Material 3.SM.2). Differences compared to 1°C of global warming are provided in the Supplementary Material 3.SM.2. 



189

3

Impacts of 1.5°C of Global Warming on Natural and Human Systems Chapter 3

Precipitation (%) Precipitation (%)

Temperature (°C) Temperature (°C)

Change in temperature of hottest
days (TXx) at 1.5°C GMST warming

Change in temperature of hottest
days (TXx) at 2.0°C GMST warming

Difference in temperature of hottest
days (TXx) (2.0°C – 1.5°C)

Change in temperature of coldest
nights (TNn) at 1.5°C GMST warming

Change in temperature of coldest
nights (TNn) at 2.0°C GMST warming

Difference in temperature of coldest
nights (TNn) (2.0°C – 1.5°C)

Change in extreme precipitation
(Rx5day) at 1.5°C GMST warming

Change in extreme precipitation
(Rx5day) at 2.0°C GMST warming
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Figure 3.4 |  Projected changes in extremes at 1.5°C (left) and 2°C (middle) of global warming compared to the pre-industrial period (1861–1880), and the difference between 
1.5°C and 2°C of global warming (right). Cross-hatching highlights areas where at least two-thirds of the models agree on the sign of change as a measure of robustness 
(18 or more out of 26): temperature of annual hottest day (maximum temperature), TXx (top), and temperature of annual coldest night (minimum temperature), TNn (middle), 
and annual maximum 5-day precipitation, Rx5day (bottom). The underlying methodology and data basis are the same as for Figure 3.3 (see Supplementary Material 3.SM.2 
for more details). Note that the responses at 1.5°C of global warming are similar for Representative Concentration Pathway (RCP)2.6 simulations (see Supplementary Material 
3.SM.2). Differences compared to 1°C of global warming are provided in the Supplementary Material 3.SM.2.

3.3.2 Regional Temperatures on Land, Including Extremes

3.3.2.1 Observed and attributed changes in regional 
temperature means and extremes

While the quality of temperature measurements obtained through 
ground observational networks tends to be high compared to that of 
measurements for other climate variables (Seneviratne et al., 2012), 
it should be noted that some regions are undersampled. Cowtan and 
Way (2014) highlighted issues regarding undersampling, which is 
most problematic at the poles and over Africa, and which may lead 
to biases in estimated changes in GMST (see also Supplementary 
Material 3.SM.2 and Chapter 1). This undersampling also affects the 
confidence of assessments regarding regional observed and projected 
changes in both mean and extreme temperature. Despite this partly 
limited coverage, the attribution chapter of AR5 (Bindoff et al., 2013a) 
and recent papers (e.g., Sun et al., 2016; Wan et al., 2018) assessed 
that, over every continental region and in many sub-continental 

regions, anthropogenic influence has made a substantial contribution 
to surface temperature increases since the mid-20th century.

Based on the AR5 and SREX, as well as recent literature (see 
Supplementary Material 3.SM), there is high confidence (very likely) 
that there has been an overall decrease in the number of cold days 
and nights and an overall increase in the number of warm days and 
nights at the global scale on land. There is also high confidence (likely) 
that consistent changes are detectable on the continental scale in 
North America, Europe and Australia. There is high confidence that 
these observed changes in temperature extremes can be attributed to 
anthropogenic forcing (Bindoff et al., 2013a). As highlighted in Section 
3.2, the observational record can be used to assess past changes 
associated with a global warming of 0.5°C. Schleussner et al. (2017) 
used this approach to assess observed changes in extreme indices for 
the 1991–2010 versus the 1960–1979 period, which corresponds to 
just about a 0.5°C GMST difference in the observed record (based on 
the Goddard Institute for Space Studies Surface Temperature Analysis 
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(GISTEMP) dataset, Hansen et al., 2010). They found that substantial 
changes due to 0.5°C of warming are apparent for indices related to 
hot and cold extremes, as well as for the Warm Spell Duration Indicator 
(WSDI). In particular, they identified that one-quarter of the land has 
experienced an intensification of hot extremes (maximum temperature 
on the hottest day of the year, TXx) by more than 1°C and a reduction in 
the intensity of cold extremes by at least 2.5°C (minimum temperature 
on the coldest night of the year, TNn). In addition, the same study 
showed that half of the global land mass has experienced changes 
in WSDI of more than six days, as well as an emergence of extremes 
outside the range of natural variability (Schleussner et al., 2017). 
Analyses from Schleussner et al. (2017) for temperature extremes are 
provided in the Supplementary Material 3.SM, Figure 3.SM.6. It should 
be noted that assessments of attributed changes in the IPCC SREX and 
AR5 reports were generally provided since 1950, for time frames also 
approximately corresponding to a 0.5°C global warming (3.SM).

3.3.2.2 Projected changes in regional temperature means and 
extremes at 1.5°C versus 2°C of global warming

There are several lines of evidence available for providing a regional 
assessment of projected changes in temperature means and extremes 
at 1.5°C versus 2°C of global warming (see Section 3.2). These include: 
analyses of changes in extremes as a function of global warming based 
on existing climate simulations using the empirical scaling relationship 
(ESR) and variations thereof (e.g., Schleussner et al., 2017; Dosio and 
Fischer, 2018; Seneviratne et al., 2018c; see Section 3.2 for details about 
the methodology); dedicated simulations of 1.5°C versus 2°C of global 
warming, for instance based on the Half a degree additional warming, 
prognosis and projected impacts (HAPPI) experiment (Mitchell et al., 
2017) or other model simulations (e.g., Dosio et al., 2018; Kjellström et 
al., 2018); and analyses based on statistical pattern scaling approaches 
(e.g., Kharin et al., 2018). These different lines of evidence lead to 
qualitatively consistent results regarding changes in temperature 
means and extremes at 1.5°C of global warming compared to the pre-
industrial climate and 2°C of global warming. 

There are statistically significant differences in temperature means and 
extremes at 1.5°C versus 2°C of global warming, both in the global 
average (Schleussner et al., 2016b; Dosio et al., 2018; Kharin et al., 
2018), as well as in most land regions (high confidence) (Wartenburger 
et al., 2017; Seneviratne et al., 2018c; Wehner et al., 2018b). Projected 
temperatures over oceans display significant increases in means and 
extremes between 1.5°C and 2°C of global warming (Figures 3.3 and 
3.4). A general background on the available evidence on regional 
changes in temperature means and extremes at 1.5°C versus 2°C of 
global warming is provided in the Supplementary Material 3.SM.2. As 
an example, Figure 3.5 shows regionally-based analyses for the IPCC 
SREX regions (see Figure 3.2) of changes in the temperature of hot 
extremes as a function of global warming (corresponding analyses 
for changes in the temperature of cold extremes are provided in the 
Supplementary Material 3.SM.2). As demonstrated in these analyses, 
the mean response of the intensity of temperature extremes in climate 
models to changes in the global mean temperature is approximately 
linear and independent of the considered emissions scenario 
(Seneviratne et al., 2016; Wartenburger et al., 2017). Nonetheless, in 
the case of changes in the number of days exceeding a given threshold, 

changes are approximately exponential, with higher increases for rare 
events (Fischer and Knutti, 2015; Kharin et al., 2018); see also Figure 
3.6. This behaviour is consistent with a linear increase in absolute 
temperature for extreme threshold exceedances (Whan et al., 2015). 

As mentioned in Section 3.3.1, there is an important land–sea warming 
contrast, with stronger warming on land (see also Christensen et al., 
2013; Collins et al., 2013; Seneviratne et al., 2016), which implies that 
regional warming on land is generally more than 1.5°C even when 
mean global warming is at 1.5°C. As highlighted in Seneviratne et al. 
(2016), this feature is generally stronger for temperature extremes 
(Figures 3.4 and 3.5; Supplementary Material 3.SM.2 ). For differences 
in regional temperature extremes at a mean global warming of 1.5°C 
versus 2°C, that is, a difference of 0.5°C in global warming, this implies 
differences of as much as 1°C–1.5°C in some locations, which are two 
to three times larger than the differences in global mean temperature. 
For hot extremes, the strongest warming is found in central and eastern 
North America, central and southern Europe, the Mediterranean, 
western and central Asia, and southern Africa (Figures 3.4 and 3.5) 
(medium confidence). These regions are all characterized by a strong 
soil-moisture–temperature coupling and projected increased dryness 
(Vogel et al., 2017), which leads to a reduction in evaporative cooling 
in the projections. Some of these regions also show a wide range of 
responses to temperature extremes, in particular central Europe and 
central North America, owing to discrepancies in the representation of 
the underlying processes in current climate models (Vogel et al., 2017). 
For mean temperature and cold extremes, the strongest warming is 
found in the northern high-latitude regions (high confidence). This is 
due to substantial ice-snow-albedo-temperature feedbacks (Figure 
3.3 and Figure 3.4, middle) related to the known ‘polar amplification’ 
mechanism (e.g., IPCC, 2013; Masson-Delmotte et al., 2013).

Figure 3.7 displays maps of changes in the number of hot days 
(NHD) at 1.5°C and 2°C of GMST increase. Maps of changes in the 
number of frost days (FD) can be found in Supplementary Material 
3.SM.2. These analyses reveal clear patterns of changes between the 
two warming levels, which are consistent with analysed changes in 
heatwave occurrence (e.g., Dosio et al., 2018). For the NHD, the largest 
differences are found in the tropics (high confidence), owing to the 
low interannual temperature variability there (Mahlstein et al., 2011), 
although absolute changes in hot temperature extremes tended to 
be largest at mid-latitudes (high confidence) (Figures 3.4 and 3.5). 
Extreme heatwaves are thus projected to emerge earliest in the tropics 
and to become widespread in these regions already at 1.5°C of global 
warming (high confidence). These results are consistent with other 
recent assessments. Coumou and Robinson (2013) found that 20% 
of the global land area, centred in low-latitude regions, is projected 
to experience highly unusual monthly temperatures during Northern 
Hemisphere summers at 1.5°C of global warming, with this number 
nearly doubling at 2°C of global warming. 

Figure 3.8 features an objective identification of ‘hotspots’ / key 
risks in temperature indices subdivided by region, based on the ESR 
approach applied to Coupled Model Intercomparison Project Phase 
5 (CMIP5) simulations (Wartenburger et al., 2017). Note that results 
based on the HAPPI multimodel experiment (Mitchell et al., 2017) 
are similar (Seneviratne et al., 2018c). The considered regions follow 
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the classification used in Figure 3.2 and also include the global land 
areas. Based on these analyses, the following can be stated: significant 
changes in responses are found in all regions for most temperature 
indices, with the exception of i) the diurnal temperature range (DTR) in 
most regions, ii) ice days (ID), frost days (FD) and growing season length 
(GSL) (mostly in regions where differences are zero, because, e.g., there 
are no ice or frost days), iii) the minimum yearly value of the maximum 
daily temperature (TXn) in very few regions. In terms of the sign of 
the changes, warm extremes display an increase in intensity, frequency 
and duration (e.g., an increase in the temperature of the hottest day of 
the year (TXx) in all regions, an increase in the proportion of days with 
a maximum temperature above the 90th percentile of Tmax (TX90p) 
in all regions, and an increase in the length of the WSDI in all regions), 
while cold extremes display a decrease in intensity, frequency and 
duration (e.g., an increase in the temperature of the coldest night of 
the year (TNn) in all regions, a decrease in the proportion of days with 
a minimum temperature below the 10th percentile of Tmin (TN10p), 
and a decrease in the cold spell duration index (CSDI) in all regions). 
Hence, while warm extremes are intensified, cold extremes become 
less intense in affected regions.

Overall, large increases in hot extremes occur in many densely 
inhabited regions (Figure 3.5), for both warming scenarios compared 
to pre-industrial and present-day climate, as well as for 2°C versus 
1.5°C GMST warming. For instance, Dosio et al. (2018) concluded, 
based on a modelling study, that 13.8% of the world population would 
be exposed to ‘severe heatwaves’ at least once every 5 years under 
1.5°C of global warming, with a threefold increase (36.9%) under 2°C 
of GMST warming, corresponding to a difference of about 1.7 billion 
people between the two global warming levels. They also concluded 
that limiting global warming to 1.5°C would result in about 420 
million fewer people being frequently exposed to extreme heatwaves, 
and about 65 million fewer people being exposed to ‘exceptional 
heatwaves’ compared to conditions at 2°C GMST warming. However, 
changes in vulnerability were not considered in their study. For this 
reason, we assess that there is medium confidence in their conclusions.

In summary, there is high confidence that there are robust and 
statistically significant differences in the projected temperature means 
and extremes at 1.5°C versus 2°C of global warming, both in the global 
average and in nearly all land regions4 (likely). Further, the observational 
record reveals that substantial changes due to a 0.5°C GMST warming 
are apparent for indices related to hot and cold extremes, as well as for 
the WSDI (likely). A global warming of 2°C versus 1.5°C would lead to 
more frequent and more intense hot extremes in all land regions4, as 
well as longer warm spells, affecting many densely inhabited regions 
(very likely). The strongest increases in the frequency of hot extremes 
are projected for the rarest events (very likely). On the other hand, cold 
extremes would become less intense and less frequent, and cold spells 
would be shorter (very likely). Temperature extremes on land would 
generally increase more than the global average temperature (very 
likely). Temperature increases of extreme hot days in mid-latitudes are 
projected to be up to two times the increase in GMST, that is, 3°C at 
1.5°C GMST warming (high confidence). The highest levels of warming 
for extreme hot days are expected to occur in central and eastern North 

America, central and southern Europe, the Mediterranean, western and 
central Asia, and southern Africa (medium confidence). These regions 
have a strong soil-moisture-temperature coupling in common as well 
as increased dryness and, consequently, a reduction in evaporative 
cooling. However, there is a substantial range in the representation 
of these processes in models, in particular in central Europe and 
central North America (medium confidence). The coldest nights in high 
latitudes warm by as much as 1.5°C for a 0.5°C increase in GMST, 
corresponding to a threefold stronger warming (high confidence). NHD 
shows the largest differences between 1.5°C and 2°C in the tropics, 
because of the low interannual temperature variability there (high 
confidence); extreme heatwaves are thus projected to emerge earliest 
in these regions, and they are expected to become widespread already 
at 1.5°C of global warming (high confidence). Limiting global warming 
to 1.5°C instead of 2°C could result in around 420 million fewer people 
being frequently exposed to extreme heatwaves, and about 65 million 
fewer people being exposed to exceptional heatwaves, assuming 
constant vulnerability (medium confidence).

3.3.3 Regional Precipitation, Including Heavy 
Precipitation and Monsoons

This section addresses regional changes in precipitation on land, with 
a focus on heavy precipitation and consideration of changes to the key 
features of monsoons.

3.3.3.1 Observed and attributed changes in regional 
precipitation

Observed global changes in the water cycle, including precipitation, 
are more uncertain than observed changes in temperature (Hartmann 
et al., 2013; Stocker et al., 2013). There is high confidence that 
mean precipitation over the mid-latitude land areas of the Northern 
Hemisphere has increased since 1951 (Hartmann et al., 2013). For 
other latitudinal zones, area-averaged long-term positive or negative 
trends have low confidence because of poor data quality, incomplete 
data or disagreement amongst available estimates (Hartmann et al., 
2013). There is, in particular, low confidence regarding observed trends 
in precipitation in monsoon regions, according to the SREX report 
(Seneviratne et al., 2012) and AR5 (Hartmann et al., 2013), as well as 
more recent publications (Singh et al., 2014; Taylor et al., 2017; Bichet 
and Diedhiou, 2018; see Supplementary Material 3.SM.2). 

For heavy precipitation, AR5 (Hartmann et al., 2013) assessed that 
observed trends displayed more areas with increases than decreases in 
the frequency, intensity and/or amount of heavy precipitation (likely). 
In addition, for land regions where observational coverage is sufficient 
for evaluation, it was assessed that there is medium confidence that 
anthropogenic forcing has contributed to a global-scale intensification 
of heavy precipitation over the second half of the 20th century (Bindoff 
et al., 2013a).

Regarding changes in precipitation associated with global warming 
of 0.5°C, the observed record suggests that increases in precipitation 
extremes can be identified for annual maximum 1-day precipitation 

4 Using the SREX definition of regions (Figure 3.2) Continued page 194 >
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Figure 3.5 |  Projected changes in annual maximum daytime temperature (TXx) as a function of global warming for IPCC Special Report on Managing the Risk of Extreme Events 
and Disasters to Advance Climate Change Adaptation (SREX) regions (see Figure 3.2), based on an empirical scaling relationship applied to Coupled Model Intercomparison 
Project Phase 5 (CMIP5) data (adapted from Seneviratne et al., 2016 and Wartenburger et al., 2017) together with projected changes from the Half a degree additional warming, 
prognosis and projected impacts (HAPPI) multimodel experiment (Mitchell et al., 2017; based on analyses in Seneviratne et al., 2018c) (bar plots on regional analyses and central 
plot, respectively). For analyses for other regions from Figure 3.2 (with asterisks), see Supplementary Material 3.SM.2. (The stippling indicates significance of the differences in 
changes between 1.5°C and 2°C of global warming based on all model simulations, using a two-sided paired Wilcoxon test (P = 0.01, after controlling the false discovery rate 
according to Benjamini and Hochberg, 1995). See Supplementary Material 3.SM.2 for details.

Figure 3.6 |  Probability ratio (PR) of exceeding extreme temperature thresholds. (a) PR of exceeding the 99th (blue) and 99.9th (red) percentile of pre-industrial daily 
temperatures at a given warming level, averaged across land (from Fischer and Knutti, 2015). (b) PR for the hottest daytime temperature of the year (TXx). (c) PR for the coldest 
night of the year (TNn) for different event probabilities (with RV indicating return values) in the current climate (1°C of global warming). Shading shows the interquartile 
(25–75%) range (from Kharin et al., 2018). 
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Figure 3.7 |  Projected changes in the number of hot days (NHD; 10% warmest days) at 1.5°C (left) and at 2°C (middle) of global warming compared to the pre-industrial 
period (1861–1880), and the difference between 1.5°C and 2°C of warming (right). Cross-hatching highlights areas where at least two-thirds of the models agree on the sign of 
change as a measure of robustness (18 or more out of 26). The underlying methodology and the data basis are the same as for Figure 3.2 (see Supplementary Material 3.SM.2 
for more details). Differences compared to 1°C global warming are provided in the Supplementary Material 3.SM.2.

Figure 3.8 |  Significance of differences in regional mean temperature and range of temperature indices between the 1.5°C and 2°C global mean temperature targets (rows). 
Definitions of indices: T: mean temperature; CSDI: cold spell duration index; DTR: diurnal temperature range; FD: frost days; GSL: growing season length; ID: ice days; SU: summer 
days; TN10p: proportion of days with a minimum temperature (TN) lower than the 10th percentile of TN; TN90p: proportion of days with TN higher than the 90th percentile of 
TN; TNn: minimum yearly value of TN; TNx: maximum yearly value of TN; TR: tropical nights; TX10p: proportion of days with a maximum temperature (TX) lower than the 10th 
percentile of TX; TX90p: proportion of days with TX higher than the 90th percentile of TX; TXn: minimum yearly value of TX; TXx: maximum yearly value of TX; WSDI: warm spell 
duration index. Columns indicate analysed regions and global land (see Figure 3.2 for definitions). Significant differences are shown in red shading, with increases indicated 
with + and decreases indicated with –, while non-significant differences are shown in grey shading. White shading indicates when an index is the same at the two global 
warming levels (i.e., zero changes). Note that decreases in CSDI, FD, ID, TN10p and TX10p are linked to increased temperatures on cold days or nights. Significance was tested 
using a two-sided paired Wilcoxon test (P=0.01, after controlling the false discovery rate according to Benjamini and Hochberg, 1995) (adapted from Wartenburger et al., 2017). 
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(RX1day) and consecutive 5-day precipitation (RX5day) for GMST 
changes of this magnitude (Supplementary Material 3.SM.2, Figure 
3.SM.7; Schleussner et al., 2017). It should be noted that assessments 
of attributed changes in the IPCC SREX and AR5 reports were generally 
provided since 1950, for time frames also approximately corresponding 
to a 0.5°C global warming (3.SM).

3.3.3.2 Projected changes in regional precipitation at 1.5°C 
versus 2°C of global warming

Figure 3.3 in Section 3.3.1 summarizes the projected changes in mean 
precipitation at 1.5°C and 2°C of global warming. Both warming 
levels display robust differences in mean precipitation compared to 
the pre-industrial period. Regarding differences at 2°C vs 1.5°C global 
warming, some regions are projected to display changes in mean 
precipitation at 2°C compared with that at 1.5°C of global warming in 
the CMIP5 multimodel average, such as decreases in the Mediterranean 
area, including southern Europe, the Arabian Peninsula and Egypt, or 
increases in high latitudes. The results, however, are less robust across 
models than for mean temperature. For instance, Déqué et al. (2017) 
investigated the impact of 2°C of global warming on precipitation over 
tropical Africa and found that average precipitation does not show a 
significant response, owing to two phenomena: (i) the number of days 
with rain decreases whereas the precipitation intensity increases, and 
(ii) the rainy season occurs later during the year, with less precipitation 
in early summer and more precipitation in late summer. The results 
from Déqué et al. (2017) regarding insignificant differences between 
1.5°C and 2°C scenarios for tropical Africa are consistent with the 
results presented in Figure 3.3. For Europe, recent studies (Vautard et 
al., 2014; Jacob et al., 2018; Kjellström et al., 2018) have shown that 
2°C of global warming was associated with a robust increase in mean 
precipitation over central and northern Europe in winter but only over 
northern Europe in summer, and with decreases in mean precipitation 
in central/southern Europe in summer. Precipitation changes reaching 
20% have been projected for the 2°C scenario (Vautard et al., 2014) 
and are overall more pronounced than with 1.5°C of global warming 
(Jacob et al., 2018; Kjellström et al., 2018).

Regarding changes in heavy precipitation, Figure 3.9 displays projected 
changes in the 5-day maximum precipitation (Rx5day) as a function 
of global temperature increase, using a similar approach as in Figure 
3.5. Further analyses are available in Supplementary Material 3.SM.2. 
These analyses show that projected changes in heavy precipitation are 
more uncertain than those for temperature extremes. However, the 
mean response of model simulations is generally robust and linear 
(see also Fischer et al., 2014; Seneviratne et al., 2016). As observed for 
temperature extremes, this response is also mostly independent of the 
considered emissions scenario (e.g., RCP2.6 versus RCP8.5; see also 
Section 3.2). This feature appears to be specific to heavy precipitation, 
possibly due to a stronger coupling with temperature, as the scaling of 
projections of mean precipitation changes with global warming shows 
some scenario dependency (Pendergrass et al., 2015).

Robust changes in heavy precipitation compared to pre-industrial 
conditions are found at both 1.5°C and 2°C global warming (Figure 
3.4). This is also consistent with results for, for example, the European 

continent, although different indices for heavy precipitation changes 
have been analysed. Based on regional climate simulations, Vautard 
et al. (2014) found a robust increase in heavy precipitation everywhere 
in Europe and in all seasons, except southern Europe in summer at 2°C 
versus 1971–2000. Their findings are consistent with those of Jacob 
et al. (2014), who used more recent downscaled climate scenarios 
(EURO-CORDEX) and a higher resolution (12 km), but the change 
is not so pronounced in Teichmann et al. (2018). There is consistent 
agreement in the direction of change in heavy precipitation at 1.5°C 
of global warming over much of Europe, compared to 1971–2000 
(Jacob et al., 2018).

Differences in heavy precipitation are generally projected to be 
small between 1.5°C and 2°C GMST warming (Figure 3.4 and 3.9 
and Supplementary Material 3.SM.2, Figure 3.SM.10). Some regions 
display substantial increases, for instance southern Asia, but generally 
in less than two-thirds of the CMIP5 models (Figure 3.4, Supplementary 
Material 3.SM.2, Figure 3.SM.10). Wartenburger et al. (2017) suggested 
that there are substantial differences in heavy precipitation in eastern 
Asia at 1.5°C versus 2°C. Overall, while there is variation among 
regions, the global tendency is for heavy precipitation to increase at 
2°C compared with at 1.5°C (see e.g., Fischer and Knutti, 2015 and 
Kharin et al., 2018, as illustrated in Figure 3.10 from this chapter; see 
also Betts et al., 2018). 

AR5 assessed that the global monsoon, aggregated over all monsoon 
systems, is likely to strengthen, with increases in its area and intensity, 
while the monsoon circulation weakens (Christensen et al., 2013). A 
few publications provide more recent evaluations of projections of 
changes in monsoons for high-emission scenarios (e.g., Jiang and Tian, 
2013; Jones and Carvalho, 2013; Sylla et al., 2015, 2016; Supplementary 
Material 3.SM.2 ). However, scenarios at 1.5°C or 2°C global warming 
would involve a substantially smaller radiative forcing than those 
assessed in AR5 and these more recent studies, and there appears 
to be no specific assessment of changes in monsoon precipitation at 
1.5°C versus 2°C of global warming in the literature. Consequently, the 
current assessment is that there is low confidence regarding changes 
in monsoons at these lower global warming levels, as well as regarding 
differences in monsoon responses at 1.5°C versus 2°C.

Similar to Figure 3.8, Figure 3.11 features an objective identification of 
‘hotspots’ / key risks outlined in heavy precipitation indices subdivided 
by region, based on the approach by Wartenburger et al. (2017). The 
considered regions follow the classification used in Figure 3.2 and also 
include global land areas. Hotspots displaying statistically significant 
changes in heavy precipitation at 1.5°C versus 2°C global warming 
are located in high-latitude (Alaska/western Canada, eastern Canada/
Greenland/Iceland, northern Europe, northern Asia) and high-elevation 
(e.g., Tibetan Plateau) regions, as well as in eastern Asia (including 
China and Japan) and in eastern North America. Results are less 
consistent for other regions. Note that analyses for meteorological 
drought (lack of precipitation) are provided in Section 3.3.4.

In summary, observations and projections for mean and heavy 
precipitation are less robust than for temperature means and extremes 
(high confidence). Observations show that there are more areas with 
increases than decreases in the frequency, intensity and/or amount of 

3.3.3.1 (continued)
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Figure 3.9 |  Projected changes in annual 5-day maximum precipitation (Rx5day) as a function of global warming for IPCC Special Report on the Risk of Extreme Events and 
Disasters to Advance Climate Change Adaptation (SREX) regions (see Figure 3.2), based on an empirical scaling relationship applied to Coupled Model Intercomparison Project 
Phase 5 (CMIP5) data together with projected changes from the HAPPI multimodel experiment (bar plots on regional analyses and central plot). The underlying methodology 
and data basis are the same as for Figure 3.5 (see Supplementary Material 3.SM.2 for more details).

Figure 3.10 |  Probability ratio (PR) of exceeding (heavy precipitation) thresholds. (a) PR of exceeding the 99th (blue) and 99.9th (red) percentile of pre-industrial daily 
precipitation at a given warming level, averaged across land (from Fischer and Knutti, 2015). (b) PR for precipitation extremes (RX1day) for different event probabilities (with RV 
indicating return values) in the current climate (1°C of global warming). Shading shows the interquartile (25–75%) range (from Kharin et al., 2018).
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3.3.3.2 (continued) 

heavy precipitation (high confidence). Several large regions display 
statistically significant differences in heavy precipitation at 1.5°C 
versus 2°C GMST warming, with stronger increases at 2°C global 
warming, and there is a global tendency towards increases in heavy 
precipitation on land at 2°C compared with 1.5°C warming (high 
confidence). Overall, regions that display statistically significant 

changes in heavy precipitation between 1.5°C and 2°C of global 
warming are located in high latitudes (Alaska/western Canada, eastern 
Canada/Greenland/Iceland, northern Europe, northern Asia) and high 
elevation (e.g., Tibetan Plateau), as well as in eastern Asia (including 
China and Japan) and in eastern North America (medium confidence). 
There is low confidence in projected changes in heavy precipitation in 
other regions.

Figure 3.11 |  Significance of differences in regional mean precipitation and range of precipitation indices between the 1.5°C and 2°C global mean temperature targets 
(rows). Definition of indices: PRCPTOT: mean precipitation; CWD: consecutive wet days; R10mm: number of days with precipitation >10 mm; R1mm: number of days with 
precipitation >1 mm; R20mm: number of days with precipitation >20 mm; R95ptot: proportion of rain falling as 95th percentile or higher; R99ptot: proportion of rain falling as 
99th percentile or higher; RX1day: intensity of maximum yearly 1-day precipitation; RX5day: intensity of maximum yearly 5-day precipitation; SDII: Simple Daily Intensity Index. 
Columns indicate analysed regions and global land (see Figure 3.2 for definitions). Significant differences are shown in light blue (wetting tendency) or brown (drying tendency) 
shading, with increases indicated with ‘+’ and decreases indicated with ‘–’, while non-significant differences are shown in grey shading. The underlying methodology and the 
data basis are the same as in Figure 3.8 (see Supplementary Material 3.SM.2 for more details).

3.3.4 Drought and Dryness

3.3.4.1 Observed and attributed changes

The IPCC AR5 assessed that there was low confidence in the sign of 
drought trends since 1950 at the global scale, but that there was high 
confidence in observed trends in some regions of the world, including 
drought increases in the Mediterranean and West Africa and drought 
decreases in central North America and northwest Australia (Hartmann 
et al., 2013; Stocker et al., 2013). AR5 assessed that there was low 
confidence in the attribution of global changes in droughts and did 
not provide assessments for the attribution of regional changes in 
droughts (Bindoff et al., 2013a). 

The recent literature does not suggest that the SREX and AR5 
assessment of drought trends should be revised, except in the 
Mediterranean region. Recent publications based on observational and 
modelling evidence suggest that human emissions have substantially 
increased the probability of drought years in the Mediterranean region 
(Gudmundsson and Seneviratne, 2016; Gudmundsson et al., 2017). 
Based on this evidence, there is medium confidence that enhanced 

greenhouse forcing has contributed to increased drying in the 
Mediterranean region (including southern Europe, northern Africa and 
the Near East) and that this tendency will continue to increase under 
higher levels of global warming.

3.3.4.2 Projected changes in drought and dryness at 1.5°C 
versus 2°C

There is medium confidence in projections of changes in drought 
and dryness. This is partly consistent with AR5, which assessed these 
projections as being ‘likely (medium confidence)’ (Collins et al., 2013; 
Stocker et al., 2013). However, given this medium confidence, the 
current assessment does not include a likelihood statement, thereby 
maintaining consistency with the IPCC uncertainty guidance document 
(Mastrandrea et al., 2010) and the assessment of the IPCC SREX report 
(Seneviratne et al., 2012). The technical summary of AR5 (Stocker et 
al., 2013) assessed that soil moisture drying in the Mediterranean, 
southwestern USA and southern African regions was consistent with 
projected changes in the Hadley circulation and increased surface 
temperatures, and it concluded that there was high confidence 
in likely surface drying in these regions by the end of this century 
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Box 3.1 |  Sub-Saharan Africa: Changes in Temperature and Precipitation Extremes

Sub-Saharan Africa has experienced the dramatic consequences of climate extremes becoming more frequent and more intense over the 
past decades (Paeth et al., 2010; Taylor et al., 2017). In order to join international efforts to reduce climate change, all African countries 
signed the Paris Agreement. In particular, through their nationally determined contributions (NDCs), they committed to contribute to the 
global effort to mitigate greenhouse gas (GHG) emissions with the aim to constrain global temperature increases to ‘well below 2°C’ 
and to pursue efforts to limit warming to ‘1.5°C above pre-industrial levels’. The target of limiting global warming to 1.5°C above pre-
industrial levels is useful for conveying the urgency of the situation. However, it focuses the climate change debate on a temperature 
threshold (Section 3.3.2), while the potential impacts of these global warming levels on key sectors at local to regional scales, such as 
agriculture, energy and health, remain uncertain in most regions and countries of Africa (Sections 3.3.3, 3.3.4, 3.3.5 and 3.3.6).

Weber et al. (2018) found that at regional scales, temperature increases in sub-Saharan Africa are projected to be higher than the global 
mean temperature increase (at global warming of 1.5°C and at 2°C; see Section 3.3.2 for further background and analyses of climate 
model projections). Even if the mean global temperature anomaly is kept below 1.5°C, regions between 15°S and 15°N are projected to 
experience an increase in hot nights, as well as longer and more frequent heatwaves (e.g., Kharin et al., 2018). Increases would be even 
larger if the global mean temperature were to reach 2°C of global warming, with significant changes in the occurrence and intensity of 
temperature extremes in all sub-Saharan regions (Sections 3.3.1 and 3.3.2; Figures 3.4, 3.5 and 3.8).

West and Central Africa are projected to display particularly large increases in the number of hot days, both at 1.5°C and 2°C of global 
warming (Section 3.3.2). This is due to the relatively small interannual present-day variability in this region, which implies that climate-
change signals can be detected earlier there (Section 3.3.2; Mahlstein et al., 2011). Projected changes in total precipitation exhibit 
uncertainties, mainly in the Sahel (Section 3.3.3 and Figure 3.8; Diedhiou et al., 2018). In the Guinea Coast and Central Africa, only a 
small change in total precipitation is projected, although most models (70%) indicate a decrease in the length of wet periods and a 
slight increase in heavy rainfall. Western Sahel is projected by most models (80%) to experience the strongest drying, with a significant 
increase in the maximum length of dry spells (Diedhiou et al., 2018). Above 2°C, this region could become more vulnerable to drought 
and could face serious food security issues (Cross-Chapter Box 6 and Section 3.4.6 in this chapter; Salem et al., 2017; Parkes et al., 
2018). West Africa has thus been identified as a climate-change hotspot with negative impacts from climate change on crop yields and 
production (Cross-Chapter Box 6 and Section 3.4.6; Sultan and Gaetani, 2016; Palazzo et al., 2017). Despite uncertainty in projections 
for precipitation in West Africa, which is essential for rain-fed agriculture, robust evidence of yield loss might emerge. This yield loss 
is expected to be mainly driven by increased mean temperature, while potential wetter or drier conditions – as well as elevated CO2 
concentrations – could modulate this effect (Roudier et al., 2011; see also Cross-Chapter Box 6 and Section 3.4.6). Using Representative 
Concentration Pathway (RCP)8.5 Coordinated Regional Climate Downscaling Experiment (CORDEX) scenarios from 25 regional climate 
models (RCMs) forced with different general circulation models (GCMs), Klutse et al. (2018) noted a decrease in mean rainfall over 
West Africa in models with stronger warming for this region at 1.5°C of global warming (Section 3.3.4). Mba et al. (2018) used a similar 
approach and found a lack of consensus in the changes in precipitation over Central Africa (Figure 3.8 and Section 3.3.4), although there 
was a tendency towards a decrease in the maximum number of consecutive wet days (CWD) and a significant increase in the maximum 
number of consecutive dry days (CDD).

Over southern Africa, models agree on a positive sign of change for temperature, with temperature rising faster at 2°C (1.5°C–2.5°C) as 
compared to 1.5°C (0.5°C–1.5°C) of global warming. Areas in the south-western region, especially in South Africa and parts of Namibia 
and Botswana, are expected to experience the largest increases in temperature (Section 3.3.2; Engelbrecht et al., 2015; Maúre et al., 
2018). The western part of southern Africa is projected to become drier with increasing drought frequency and number of heatwaves 
towards the end of the 21st century (Section 3.3.4; Engelbrecht et al., 2015; Dosio, 2017; Maúre et al., 2018). At 1.5°C, a robust signal 
of precipitation reduction is found over the Limpopo basin and smaller areas of the Zambezi basin in Zambia, as well as over parts of 
Western Cape in South Africa, while an increase is projected over central and western South Africa, as well as in southern Namibia 
(Section 3.3.4). At 2°C, the region is projected to face robust precipitation decreases of about 10–20% and increases in the number of 
CDD, with longer dry spells projected over Namibia, Botswana, northern Zimbabwe and southern Zambia. Conversely, the number of 
CWD is projected to decrease, with robust signals over Western Cape (Maúre et al., 2018). Projected reductions in stream flow of 5–10% 
in the Zambezi River basin have been associated with increased evaporation and transpiration rates resulting from a rise in temperature 
( Section 3.3.5; Kling et al., 2014), with issues for hydroelectric power across the region of southern Africa.

For Eastern Africa, Osima et al. (2018) found that annual rainfall projections show a robust increase in precipitation over Somalia and 
a less robust decrease over central and northern Ethiopia (Section 3.3.3). The number of CDD and CWD are projected to increase and 
decrease, respectively (Section 3.3.4). These projected changes could impact the agricultural and water sectors in the region (Cross-
Chapter Box 6 in this chapter and Section 3.4.6).
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under the RCP8.5 scenario. However, more recent assessments have 
highlighted uncertainties in dryness projections due to a range of 
factors, including variations between the drought and dryness indices 
considered, and the effects of enhanced CO2 concentrations on plant 
water-use efficiency (Orlowsky and Seneviratne, 2013; Roderick et 
al., 2015). Overall, projections of changes in drought and dryness for 
high-emissions scenarios (e.g., RCP8.5, corresponding to about 4°C of 
global warming) are uncertain in many regions, although a few regions 
display consistent drying in most assessments (e.g., Seneviratne et al., 
2012; Orlowsky and Seneviratne, 2013). Uncertainty is expected to be 
even larger for conditions with a smaller signal-to-noise ratio, such as 
for global warming levels of 1.5°C and 2°C.

Some published literature is now available on the evaluation of 
differences in drought and dryness occurrence at 1.5°C and 2°C of global 
warming for (i) precipitation minus evapotranspiration (P–E, a general 
measure of water availability; Wartenburger et al., 2017; Greve et al., 
2018), (ii) soil moisture anomalies (Lehner et al., 2017; Wartenburger 
et al., 2017), (iii) consecutive dry days (CDD) (Schleussner et al., 2016b; 
Wartenburger et al., 2017), (iv) the 12-month standardized precipitation 
index (Wartenburger et al., 2017), (v) the Palmer drought severity index 
(Lehner et al., 2017), and (vi) annual mean runoff (Schleussner et al., 
2016b, see also next section). These analyses have produced consistent 
findings overall, despite the known sensitivity of drought assessments to 
chosen drought indices (see above paragraph). These analyses suggest 
that increases in drought, dryness or precipitation deficits are projected 
at 1.5°C or 2°C global warming in some regions compared to the pre-

industrial or present-day conditions, as well as between these two 
global warming levels, although there is substantial variability in signals 
depending on the considered indices or climate models (Lehner et al., 
2017; Schleussner et al., 2017; Greve et al., 2018) (medium confidence). 
Generally, the clearest signals are found for the Mediterranean region 
(medium confidence). 

Greve et al. (2018, Figure 3.12) derives the sensitivity of regional 
changes in precipitation minus evapotranspiration to global 
temperature changes. The simulations analysed span the full range of 
available emission scenarios, and the sensitivities are derived using 
a modified pattern scaling approach. The applied approach assumes 
linear dependencies on global temperature changes while thoroughly 
addressing associated uncertainties via resampling methods. Northern 
high-latitude regions display robust responses tending towards 
increased wetness, while subtropical regions display a tendency 
towards drying but with a large range of responses. While the internal 
variability and the scenario choice play an important role in the overall 
spread of the simulations, the uncertainty stemming from the climate 
model choice usually dominates, accounting for about half of the total 
uncertainty in most regions (Wartenburger et al., 2017; Greve et al., 
2018). The sign of projections, that is, whether there might be increases 
or decreases in water availability under higher global warming levels, 
is particularly uncertain in tropical and mid-latitude regions. An 
assessment of the implications of limiting the global mean temperature 
increase to values below (i) 1.5°C or (ii) 2°C shows that constraining 
global warming to the 1.5°C target might slightly influence the mean 

Figure 3.12 |  Summary of the likelihood of increases/decreases in precipitation minus evapotranspiration (P–E) in Coupled Model Intercomparison Project Phase 5 (CMIP5) 
simulations considering all scenarios and a representative subset of 14 climate models (one from each modelling centre). Panel plots show the uncertainty distribution of the 
sensitivity of P–E to global temperature change, averaged for most IPCC Special Report on Managing the Risk of Extreme Events and Disasters to Advance Climate Change 
Adaptation (SREX) regions (see Figure 3.2) outlined in the map (from Greve et al., 2018). 
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Figure 3.13 |  Projected changes in consecutive dry days (CDD) as a function of global warming for IPCC Special Report on Managing the Risk of Extreme Events and Disasters 
to Advance Climate Change Adaptation (SREX) regions, based on an empirical scaling relationship applied to Coupled Model Intercomparison Project Phase 5 (CMIP5) data 
together with projected changes from the HAPPI multimodel experiment (bar plots on regional analyses and central plot, respectively). The underlying methodology and the 
data basis are the same as for Figure 3.5 (see Supplementary Material 3.SM.2 for more details). 

response but could substantially reduce the risk of experiencing 
extreme changes in regional water availability (Greve et al., 2018).

The findings from the analysis for the mean response by Greve et al. 
(2018) are qualitatively consistent with results from Wartenburger et 
al. (2017), who used an ESR (Section 3.2) rather than a pattern scaling 
approach for a range of drought and dryness indices. They are also 
consistent with a study by Lehner et al. (2017), who assessed changes 
in droughts based on soil moisture changes and the Palmer-Drought 
Severity Index. Notably, these two publications do not provide a 

specific assessment of changes in the tails of the drought and dryness 
distribution. The conclusions of Lehner et al. (2017) are that (i) ‘risks of 
consecutive drought years show little change in the US Southwest and 
Central Plains, but robust increases in Europe and the Mediterranean’, 
and that (ii) ‘limiting warming to 1.5°C may have benefits for future 
drought risk, but such benefits are regional, and in some cases highly 
uncertain’.

Figure 3.13 features projected changes in CDD as a function of global 
temperature increase, using a similar approach as for Figures 3.5 (based 

Figure 3.14 |  Significance of differences in regional drought and dryness indices between the 1.5°C and 2°C global mean temperature targets (rows). Definition of indices: 
CDD: consecutive dry days; P–E: precipitation minus evapotranspiration; SMA: soil moisture anomalies; SPI12: 12-month Standarized Precipitation Index. Columns indicate 
analysed regions and global land (see Figure 3.2 for definitions). Significant differences are shown in light blue/brown shading (increases indicated with +, decreases indicated 
with –; light blue shading indicates decreases in dryness (decreases in CDD, or increases in P–E, SMA or SPI12) and light brown shading indicates increases in dryness (increases 
in CDD, or decreases in P–E, SMA or SPI12). Non-significant differences are shown in grey shading. The underlying methodology and the data basis are the same as for Figure 
3.7 (see Supplementary Material 3.SM.2 for more details).
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on Wartenburger et al., 2017). The figure also include results from the 
HAPPI experiment (Mitchell et al., 2017). Again, the CMIP5-based ESR 
estimates and the results of the HAPPI experiment agree well. Note 
that the responses vary widely among the considered regions. 

Similar to Figures 3.8 and 3.11, Figure 3.14 features an objective 
identification of ‘hotspots’ / key risks in dryness indices subdivided 
by region, based on the approach by Wartenburger et al. (2017). This 
analysis reveals the following hotspots of drying (i.e. increases in CDD 
and/or decreases in P–E, soil moisture anomalies (SMA) and 12-month 
Standardized Precipitation Index (SPI12), with at least one of the 
indices displaying statistically significant drying): the Mediterranean 
region (MED; including southern Europe, northern Africa, and the Near 
East), northeastern Brazil (NEB) and southern Africa. 

Consistent with this analysis, the available literature particularly 
supports robust increases in dryness and decreases in water availability 
in southern Europe and the Mediterranean with a shift from 1.5°C to 
2°C of global warming (medium confidence) (Figure 3.13; Schleussner 
et al., 2016b; Lehner et al., 2017; Wartenburger et al., 2017; Greve et 
al., 2018; Samaniego et al., 2018). This region is already displaying 
substantial drying in the observational record (Seneviratne et al., 2012; 
Sheffield et al., 2012; Greve et al., 2014; Gudmundsson and Seneviratne, 
2016; Gudmundsson et al., 2017), which provides additional evidence 
supporting this tendency and suggests that it will be a hotspot of 
dryness change at global warming levels beyond 1.5°C (see also Box 
3.2). The other identified hotspots, southern Africa and northeastern 

Brazil, also consistently display drying trends under higher levels of 
forcing in other publications (e.g., Orlowsky and Seneviratne, 2013), 
although no published studies could be found reporting observed 
drying trends in these regions. There are substantial increases in 
the risk of increased dryness (medium confidence) in both the 
Mediterranean region and Southern Africa at 2°C versus 1.5°C of 
global warming because these regions display significant changes 
in two dryness indicators (CDD and SMA) between these two global 
warming levels (Figure 3.14); the strongest effects are expected for 
extreme droughts (medium confidence) (Figure 3.12). There is low 
confidence elsewhere, owing to a lack of consistency in analyses 
with different models or different dryness indicators. However, in 
many regions there is medium confidence that most extreme risks of 
changes in dryness are avoided if global warming is constrained at 
1.5°C instead of 2°C (Figure 3.12).

In summary, in terms of drought and dryness, limiting global warming 
to 1.5°C is expected to substantially reduce the probability of extreme 
changes in water availability in some regions compared to changes 
under 2°C of global warming (medium confidence). For shift from 1.5°C 
to 2°C of GMST warming, the available studies and analyses suggest 
strong increases in the probability of dryness and reduced water 
availability in the Mediterranean region (including southern Europe, 
northern Africa and the Near East) and in southern Africa (medium 
confidence). Based on observations and modelling experiments, a 
drying trend is already detectable in the Mediterranean region, that is, 
at global warming of less than 1°C (medium confidence). 

Box 3.2 |  Droughts in the Mediterranean Basin and the Middle East 

Human society has developed in tandem with the natural environment of the Mediterranean basin over several millennia, laying 
the groundwork for diverse and culturally rich communities. Even if advances in technology may offer some protection from climatic 
hazards, the consequences of climatic change for inhabitants of this region continue to depend on the long-term interplay between an 
array of societal and environmental factors (Holmgren et al., 2016). As a result, the Mediterranean is an example of a region with high 
vulnerability where various adaptation responses have emerged. Previous IPCC assessments and recent publications project regional 
changes in climate under increased temperatures, including consistent climate model projections of increased precipitation deficit 
amplified by strong regional warming (Section 3.3.3; Seneviratne et al., 2012; Christensen et al., 2013; Collins et al., 2013; Greve and 
Seneviratne, 2015). 

The long history of resilience to climatic change is especially apparent in the eastern Mediterranean region, which has experienced a 
strong negative trend in precipitation since 1960 (Mathbout et al., 2017) and an intense and prolonged drought episode between 2007 
and 2010 (Kelley et al., 2015). This drought was the longest and most intense in the last 900 years (Cook et al., 2016). Some authors 
(e.g., Trigo et al., 2010; Kelley et al., 2015) assert that very low precipitation levels have driven a steep decline in agricultural productivity 
in the Euphrates and Tigris catchment basins, and displaced hundreds of thousands of people, mainly in Syria. Impacts on the water 
resources (Yazdanpanah et al., 2016) and crop performance in Iran have also been reported (Saeidi et al., 2017). Many historical periods 
of turmoil have coincided with severe droughts, for example the drought which occurred at the end of the Bronze Age approximately 
3200 years ago (Kaniewski et al., 2015). In this instance, a number of flourishing eastern Mediterranean civilizations collapsed, and rural 
settlements re-emerged with agro-pastoral activities and limited long-distance trade. This illustrates how some vulnerable regions are 
forced to pursue drastic adaptive responses, including migration and societal structure changes.

The potential evolution of drought conditions under 1.5°C or 2°C of global warming (Section 3.3.4) can be analysed by comparing the 
2008 drought (high temperature, low precipitation) with the 1960 drought (low temperature, low precipitation) (Kelley et al., 2015). 
Though the precipitation deficits were comparable, the 2008 drought was amplified by increased evapotranspiration induced by much 
higher temperatures (a mean increase of 1°C compared with the 1931–2008 period in Syria) and a large population increase (from 
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5 million in 1960 to 22 million in 2008). Koutroulis et al. (2016) reported that only 6% out of the total 18% decrease in water availability 
projected for Crete under 2°C of global warming at the end of the 21st century would be due to decreased precipitation, with the 
remaining 12% due to an increase in evapotranspiration. This study and others like it confirm an important risk of extreme drought 
conditions for the Middle East under 1.5°C of global warming (Jacob et al., 2018), with risks being even higher in continental locations 
than on islands; these projections are consistent with current observed changes (Section 3.3.4; Greve et al., 2014). Risks of drying in the 
Mediterranean region could be substantially reduced if global warming is limited to 1.5°C compared to 2°C or higher levels of warming 
(Section 3.4.3; Guiot and Cramer, 2016). Higher warming levels may induce high levels of vulnerability exacerbated by large changes 
in demography.

3.3.5 Runoff and Fluvial Flooding 

3.3.5.1 Observed and attributed changes in runoff and river 
flooding

There has been progress since AR5 in identifying historical changes 
in streamflow and continental runoff. Using the available streamflow 
data, Dai (2016) showed that long-term (1948–2012) flow trends 
are statistically significant only for 27.5% of the world’s 200 major 
rivers, with negative trends outnumbering the positive ones. Although 
streamflow trends are mostly not statistically significant, they are 
consistent with observed regional precipitation changes. From 1950 to 
2012, precipitation and runoff have increased over southeastern South 
America, central and northern Australia, the central and northeastern 
United States, central and northern Europe, and most of Russia, and 
they have decreased over most of Africa, East and South Asia, eastern 
coastal Australia, the southeastern and northwestern United States, 
western and eastern Canada, the Mediterranean region and some 
regions of Brazil (Dai, 2016). 

A large part of the observed regional trends in streamflow and runoff 
might have resulted from internal multi-decadal and multi-year climate 
variations, especially the Pacific decadal variability (PDV), the Atlantic 
Multi-Decadal Oscillation (AMO) and the El Niño–Southern Oscillation 
(ENSO), although the effect of anthropogenic greenhouse gases 
and aerosols could also be important (Hidalgo et al., 2009; Gu and 
Adler, 2013, 2015; Chiew et al., 2014; Luo et al., 2016; Gudmundsson 
et al., 2017). Additionally, other human activities can influence the 
hydrological cycle, such as land-use/land-cover change, modifications 
in river morphology and water table depth, construction and 
operation of hydropower plants, dikes and weirs, wetland drainage, 
and agricultural practices such as water withdrawal for irrigation. All 
of these activities can also have a large impact on runoff at the river 
basin scale, although there is less agreement over their influence on 
global mean runoff (Gerten et al., 2008; Sterling et al., 2012; Hall et al., 
2014; Betts et al., 2015; Arheimer et al., 2017). Some studies suggest 
that increases in global runoff resulting from changes in land cover 
or land use (predominantly deforestation) are counterbalanced by 
decreases resulting from irrigation (Gerten et al., 2008; Sterling et al., 
2012). Likewise, forest and grassland fires can modify the hydrological 
response at the watershed scale when the burned area is significant 
(Versini et al., 2013; Springer et al., 2015; Wine and Cadol, 2016).

Few studies have explored observed changes in extreme streamflow 
and river flooding since the IPCC AR5. Mallakpour and Villarini (2015) 

analysed changes of flood magnitude and frequency in the central 
United States by considering stream gauge daily records with at least 
50 years of data ending no earlier than 2011. They showed that flood 
frequency has increased, whereas there was limited evidence of a 
decrease in flood magnitude in this region. Stevens et al. (2016) found 
a rise in the number of reported floods in the United Kingdom during 
the period 1884–2013, with flood events appearing more frequently 
towards the end of the 20th century. A peak was identified in 2012, 
when annual rainfall was the second highest in over 100 years. Do et al. 
(2017) computed the trends in annual maximum daily streamflow data 
across the globe over the 1966–2005 period. They found decreasing 
trends for a large number of stations in western North America and 
Australia, and increasing trends in parts of Europe, eastern North 
America, parts of South America, and southern Africa. 

In summary, streamflow trends since 1950 are not statistically 
significant in most of the world’s largest rivers (high confidence), 
while flood frequency and extreme streamflow have increased in some 
regions (high confidence).

3.3.5.2 Projected changes in runoff and river flooding at 1.5°C 
versus 2°C of global warming

Global-scale assessments of projected changes in freshwater systems 
generally suggest that areas with either positive or negative changes 
in mean annual streamflow are smaller for 1.5°C than for 2°C of 
global warming (Betts et al., 2018; Döll et al., 2018). Döll et al. (2018) 
found that only 11% of the global land area (excluding Greenland and 
Antarctica) shows a statistically significantly larger hazard at 2°C than 
at 1.5°C. Significant decreases are found for 13% of the global land 
area for both global warming levels, while significant increases are 
projected to occur for 21% of the global land area at 1.5°C, and rise 
to between 26% (Döll et al., 2018) and approximately 50% (Betts et 
al., 2018) at 2°C.

At the regional scale, projected runoff changes generally follow the 
spatial extent of projected changes in precipitation (see Section 3.3.3). 
Emerging literature includes runoff projections for different warming 
levels. For 2°C of global warming, an increase in runoff is projected 
for much of the high northern latitudes, Southeast Asia, East Africa, 
northeastern Europe, India, and parts of, Austria, China, Hungary, 
Norway, Sweden, the northwest Balkans and Sahel (Schleussner et 
al., 2016b; Donnelly et al., 2017; Döll et al., 2018; Zhai et al., 2018). 
Additionally, decreases are projected in the Mediterranean region, 
southern Australia, Central America, and central and southern South 

Box 3.2 (continued)
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America (Schleussner et al., 2016b; Donnelly et al., 2017; Döll et al., 
2018). Differences between 1.5°C and 2°C would be most prominent 
in the Mediterranean, where the median reduction in annual runoff 
is expected to be about 9% (likely range 4.5–15.5%) at 1.5°C, 
while at 2°C of warming runoff could decrease by 17% (likely range 
8–25%) (Schleussner et al., 2016b). Consistent with these projections, 
Döll et al. (2018) found that statistically insignificant changes in the 
mean annual streamflow around the Mediterranean region became 
significant when the global warming scenario was changed from 1.5°C 
to 2°C, with decreases of 10–30% between these two warming levels. 
Donnelly et al. (2017) found an intense decrease in runoff along both 
the Iberian and Balkan coasts with an increase in warming level.

Basin-scale projections of river runoff at different warming levels 
are available for many regions. Betts et al. (2018) assessed runoff 
changes in 21 of the world’s major river basins at 1.5°C and 2°C of 
global warming (Figure 3.15). They found a general tendency towards 
increased runoff, except in the Amazon, Orange, Danube and Guadiana 
basins where the range of projections indicate decreased mean flows 
(Figure 3.13). In the case of the Amazon, mean flows are projected 
to decline by up to 25% at 2°C global warming (Betts et al., 2018). 

Gosling et al. (2017) analysed the impact of global warming of 1°C, 2°C 
and 3°C above pre-industrial levels on river runoff at the catchment 
scale, focusing on eight major rivers in different continents: Upper 
Amazon, Darling, Ganges, Lena, Upper Mississippi, Upper Niger, Rhine 
and Tagus. Their results show that the sign and magnitude of change 
with global warming for the Upper Amazon, Darling, Ganges, Upper 
Niger and Upper Mississippi is unclear, while the Rhine and Tagus may 
experience decreases in projected runoff and the Lena may experience 
increases. Donnelly et al. (2017) analysed the mean flow response to 
different warming levels for six major European rivers: Glomma, Wisla, 
Lule, Ebro, Rhine and Danube. Consistent with the increases in mean 
runoff projected for large parts of northern Europe, the Glomma, Wisla 
and Lule rivers could experience increased discharges with global 
warming while discharges from the Ebro could decrease, in part due 
to a decrease in runoff in southern Europe. In the case of the Rhine 
and Danube rivers, Donnelly et al. (2017) did not find clear results. 
Mean annual runoff of the Yiluo River catchment in northern China 
is projected to decrease by 22% at 1.5°C and by 21% at 2°C, while 
the mean annual runoff for the Beijiang River catchment in southern 
China is projected to increase by less than 1% at 1.5°C and 3% at 
2°C in comparison to the studied baseline period (L. Liu et al., 2017). 

Figure 3.15 |  Runoff changes in twenty-one of the world’s major river basins at 1.5°C (blue) and 2°C (orange) of global warming, simulated by the Joint UK Land Environment 
Simulator (JULES) ecosystem–hydrology model under the ensemble of six climate projections. Boxes show the 25th and 75th percentile changes, whiskers show the range, circles 
show the four projections that do not define the ends of the range, and crosses show the ensemble means. Numbers in square brackets show the ensemble-mean flow in the 
baseline (millimetres of rain equivalent) (Source: Betts et al., 2018). 
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Chen et al. (2017) assessed the future changes in water resources in 
the Upper Yangtze River basin for the same warming levels and found 
a slight decrease in the annual discharge at 1.5°C but a slight increase 
at 2°C. Montroull et al. (2018) studied the hydrological impacts of the 
main rivers (Paraguay, Paraná, Iguazú and Uruguay) in La Plata basin 
in South America under 1.5°C and 2°C of global warming and for two 
emissions scenarios. The Uruguay basin shows increases in streamflow 
for all scenarios/warming targets except for the combination of 
RCP8.5/1.5°C of warming. The increase is approximately 15% above 
the 1981–2000 reference period for 2°C of global warming and the 
RCP4.5 scenario. For the other three rivers the sign of the change in 
mean streamflow depends strongly on the RCP and GCM used.

Marx et al. (2018) analysed how hydrological low flows in Europe are 
affected under different global warming levels (1.5°C, 2°C and 3°C). 
The Alpine region showed the strongest low flow increase, from 22% 
at 1.5°C to 30% at 2°C, because of the relatively large snow melt 
contribution, while in the Mediterranean low flows are expected to 
decrease because of the decreases in annual precipitation projected 
for that region. Döll et al. (2018) found that extreme low flows in the 
tropical Amazon, Congo and Indonesian basins could decrease by 10% 
at 1.5°C, whereas they could increase by 30% in the southwestern part 
of Russia under the same warming level. At 2°C, projected increases in 
extreme low flows are exacerbated in the higher northern latitudes and 
in eastern Africa, India and Southeast Asia, while projected decreases 
intensify in the Amazon basin, western United States, central Canada, 
and southern and western Europe, although not in the Congo basin or 
Indonesia, where models show less agreement. 

Recent analyses of projections in river flooding and extreme runoff and 
flows are available for different global warming levels. At the global 
scale, Alfieri et al. (2017) assessed the frequency and magnitude of river 
floods and their impacts under 1.5°C, 2°C and 4°C global warming 
scenarios. They found that flood events with an occurrence interval 
longer than the return period of present-day flood protections are 
projected to increase in all continents under all considered warming 
levels, leading to a widespread increment in the flood hazard. Döll et al. 
(2018) found that high flows are projected to increase significantly on 
11% and 21% of the global land area at 1.5°C and 2°C, respectively. 
Significantly increased high flows are expected to occur in South and 
Southeast Asia and Central Africa at 1.5°C, with this effect intensifying 
and including parts of South America at 2°C.

Regarding the continental scale, Donnelly et al. (2017) and Thober et 
al. (2018) explored climate change impacts on European high flows 
and/or floods under 1.5°C, 2°C and 3°C of global warming. Thober et 
al. (2018) identified the Mediterranean region as a hotspot of change, 
with significant decreases in high flows of −11% and –13% at 1.5°C 
and 2°C, respectively, mainly resulting from reduced precipitation (Box 
3.2). In northern regions, high flows are projected to rise by 1% and 
5% at 1.5°C and 2°C, respectively, owing to increasing precipitation, 
although floods could decrease by 6% in both scenarios because of 
less snowmelt. Donnelly et al. (2017) found that high runoff levels 
could rise in intensity, robustness and spatial extent over large parts 
of continental Europe with an increasing warming level. At 2°C, flood 
magnitudes are expected to increase significantly in Europe south of 
60°N, except for some regions (Bulgaria, Poland and southern Spain); 

in contrast, they are projected to decrease at higher latitudes (e.g., 
in most of Finland, northwestern Russia and northern Sweden), with 
the exception of southern Sweden and some coastal areas in Norway 
where flood magnitudes may increase (Roudier et al., 2016). At the 
basin scale, Mohammed et al. (2017) found that floods are projected to 
be more frequent and flood magnitudes greater at 2°C than at 1.5°C 
in the Brahmaputra River in Bangladesh. In coastal regions, increases 
in heavy precipitation associated with tropical cyclones (Section 
3.3.6) combined with increased sea levels (Section 3.3.9) may lead to 
increased flooding (Section 3.4.5).

In summary, there is medium confidence that global warming of 2°C 
above the pre-industrial period would lead to an expansion of the 
area with significant increases in runoff, as well as the area affected 
by flood hazard, compared to conditions at 1.5°C of global warming.  
A global warming of 1.5°C would also lead to an expansion of the global 
land area with significant increases in runoff (medium confidence) and 
to an increase in flood hazard in some regions (medium confidence) 
compared to present-day conditions.

3.3.6 Tropical Cyclones and Extratropical Storms 

Most recent studies on observed trends in the attributes of tropical 
cyclones have focused on the satellite era starting in 1979 (Rienecker 
et al., 2011), but the study of observed trends is complicated by the 
heterogeneity of constantly advancing remote sensing techniques and 
instrumentation during this period (e.g., Landsea, 2006; Walsh et al., 
2016). Numerous studies leading up to and after AR5 have reported 
a decreasing trend in the global number of tropical cyclones and/or 
the globally accumulated cyclonic energy (Emanuel, 2005; Elsner et al., 
2008; Knutson et al., 2010; Holland and Bruyère, 2014; Klotzbach and 
Landsea, 2015; Walsh et al., 2016). A theoretical physical basis for such 
a decrease to occur under global warming was recently provided by 
Kang and Elsner (2015). However, using a relatively short (20 year) 
and relatively homogeneous remotely sensed record, Klotzbach (2006) 
reported no significant trends in global cyclonic activity, consistent 
with more recent findings of Holland and Bruyère (2014). Such 
contradictions, in combination with the fact that the almost four-
decade-long period of remotely sensed observations remains relatively 
short to distinguish anthropogenically induced trends from decadal 
and multi-decadal variability, implies that there is only low confidence 
regarding changes in global tropical cyclone numbers under global 
warming over the last four decades.

Studies in the detection of trends in the occurrence of very intense 
tropical cyclones (category 4 and 5 hurricanes on the Saffir-Simpson 
scale) over recent decades have yielded contradicting results. Most 
studies have reported increases in these systems (Emanuel, 2005; 
Webster et al., 2005; Klotzbach, 2006; Elsner et al., 2008; Knutson et al., 
2010; Holland and Bruyère, 2014; Walsh et al., 2016), in particular for the 
North Atlantic, North Indian and South Indian Ocean basins (e.g., Singh 
et al., 2000; Singh, 2010; Kossin et al., 2013; Holland and Bruyère, 2014; 
Walsh et al., 2016). In the North Indian Ocean over the Arabian Sea, an 
increase in the frequency of extremely severe cyclonic storms has been 
reported and attributed to anthropogenic warming (Murakami et al., 
2017). However, to the east over the Bay of Bengal, tropical cyclones 
and severe tropical cyclones have exhibited decreasing trends over 
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the period 1961–2010, although the ratio between severe tropical 
cyclones and all tropical cyclones is increasing (Mohapatra et al., 
2017). Moreover, studies that have used more homogeneous records, 
but were consequently limited to rather short periods of 20 to 25 years, 
have reported no statistically significant trends or decreases in the 
global number of these systems (Kamahori et al., 2006; Klotzbach and 
Landsea, 2015). Likewise, CMIP5 model simulations of the historical 
period have not produced anthropogenically induced trends in very 
intense tropical cyclones (Bender et al., 2010; Knutson et al., 2010, 
2013; Camargo, 2013; Christensen et al., 2013), consistent with the 
findings of Klotzbach and Landsea (2015). There is consequently low 
confidence in the conclusion that the number of very intense cyclones 
is increasing globally. 

General circulation model (GCM) projections of the changing 
attributes of tropical cyclones under high levels of greenhouse gas 
forcing (3°C to 4°C of global warming) consistently indicate decreases 
in the global number of tropical cyclones (Knutson et al., 2010, 2015; 
Sugi and Yoshimura, 2012; Christensen et al., 2013; Yoshida et al., 
2017). A smaller number of studies based on statistical downscaling 
methodologies contradict these findings, however, and indicate 
increases in the global number of tropical cyclones under climate 
change (Emanuel, 2017). Most studies also indicate increases in the 
global number of very intense tropical cyclones under high levels of 
global warming (Knutson et al., 2015; Sugi et al., 2017), consistent 
with dynamic theory (Kang and Elsner, 2015), although a few studies 
contradict this finding (e.g., Yoshida et al., 2017). Hence, it is assessed 
that under 3°C to 4°C of warming that the global number of tropical 
cyclones would decrease whilst the number of very intense cyclones 
would increase (medium confidence).

To date, only two studies have directly explored the changing tropical 
cyclone attributes under 1.5°C versus 2°C of global warming. Using 
a high resolution global atmospheric model, Wehner et al. (2018a) 
concluded that the differences in tropical cyclone statistics under 1.5°C 
versus 2°C stabilization scenarios, as defined by the HAPPI protocols 
(Mitchell et al., 2017) are small. Consistent with the majority of studies 
performed for higher degrees of global warming, the total number 
of tropical cyclones is projected to decrease under global warming, 
whilst the most intense (categories 4 and 5) cyclones are projected 
to occur more frequently. These very intense storms are projected 
to be associated with higher peak wind speeds and lower central 
pressures under 2°C versus 1.5°C of global warming. The accumulated 
cyclonic energy is projected to decrease globally from 1.5°C to 2°C, in 
association with a decrease in the global number of tropical cyclones 
under progressively higher levels of global warming. It is also noted 
that heavy rainfall associated with tropical cyclones was assessed in 
the IPCC SREX as likely to increase under increasing global warming 
(Seneviratne et al., 2012). Two recent articles suggest that there is 
high confidence that the current level of global warming (i.e., about 
1°C, see Section 3.3.1) increased the heavy precipitation associated 
with the 2017 Hurricane Harvey by about 15% or more (Risser and 
Wehner, 2017; van Oldenborgh et al., 2017). Hence, it can be inferred, 
under the assumption of linear dynamics, that further increases in 
heavy precipitation would occur under 1.5°C, 2°C and higher levels of 
global warming (medium confidence). Using a high resolution regional 
climate model, Muthige et al. (2018) explored the effects of different 

degrees of global warming on tropical cyclones over the southwest 
Indian Ocean, using transient simulations that downscaled a number of 
RCP8.5 GCM projections. Decreases in tropical cyclone frequencies are 
projected under both 1.5°C and 2°C of global warming. The decreases 
in cyclone frequencies under 2°C of global warming are somewhat 
larger than under 1.5°C, but no further decreases are projected under 
3°C. This suggests that 2°C of warming, at least in these downscaling 
simulations, represents a type of stabilization level in terms of tropical 
cyclone formation over the southwest Indian Ocean and landfall over 
southern Africa (Muthige et al., 2018). There is thus limited evidence 
that the global number of tropical cyclones will be lower under 2°C 
compared to 1.5°C of global warming, but with an increase in the 
number of very intense cyclones (low confidence).

The global response of the mid-latitude atmospheric circulation to 
1.5°C and 2°C of warming was investigated using the HAPPI ensemble 
with a focus on the winter season (Li et al., 2018). Under 1.5°C of 
global warming a weakening of storm activity over North America, 
an equatorward shift of the North Pacific jet exit and an equatorward 
intensification of the South Pacific jet are projected. Under an additional 
0.5°C of warming a poleward shift of the North Atlantic jet exit and 
an intensification on the flanks of the Southern Hemisphere storm 
track are projected to become more pronounced. The weakening of 
the Mediterranean storm track that is projected under low mitigation 
emerges in the 2°C warmer world (Li et al., 2018). AR5 assessed that 
under high greenhouse gas forcing (3°C or 4°C of global warming) 
there is low confidence in projections of poleward shifts of the 
Northern Hemisphere storm tracks, while there is high confidence that 
there would be a small poleward shift of the Southern Hemisphere 
storm tracks (Stocker et al., 2013). In the context of this report, the 
assessment is that there is limited evidence and low confidence in 
whether any projected signal for higher levels of warming would be 
clearly manifested under 2°C of global warming.

3.3.7 Ocean Circulation and Temperature

It is virtually certain that the temperature of the upper layers of the 
ocean (0–700 m in depth) has been increasing, and that the global 
mean for sea surface temperature (SST) has been changing at a rate 
just behind that of GMST. The surfaces of three ocean basins has 
warmed over the period 1950–2016 (by 0.11°C, 0.07°C and 0.05°C 
per decade for the Indian, Atlantic and Pacific Oceans, respectively; 
Hoegh-Guldberg et al., 2014), with the greatest changes occurring 
at the highest latitudes. Isotherms (i.e., lines of equal temperature) of 
sea surface temperature (SST) are shifting to higher latitudes at rates 
of up to 40 km per year (Burrows et al., 2014; García Molinos et al., 
2015). Long-term patterns of variability make detecting signals due to 
climate change complex, although the recent acceleration of changes 
to the temperature of the surface layers of the ocean has made the 
climate signal more distinct (Hoegh-Guldberg et al., 2014). There is also 
evidence of significant increases in the frequency of marine heatwaves 
in the observational record (Oliver et al., 2018), consistent with 
changes in mean ocean temperatures (high confidence). Increasing 
climate extremes in the ocean are associated with the general rise in 
global average surface temperature, as well as more intense patterns 
of climate variability (e.g., climate change intensification of ENSO) 
(Section 3.5.2.5). Increased heat in the upper layers of the ocean is 
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also driving more intense storms and greater rates of inundation in 
some regions, which, together with sea level rise, are already driving 
significant impacts to sensitive coastal and low-lying areas (Section 
3.3.6). 

Increasing land–sea temperature gradients have the potential to 
strengthen upwelling systems associated with the eastern boundary 
currents (Benguela, Canary, Humboldt and Californian Currents; 
Bakun, 1990). Observed trends support the conclusion that a general 
strengthening of longshore winds has occurred (Sydeman et al., 2014), 
but the implications of trends detected in upwelling currents themselves 
are unclear (Lluch-Cota et al., 2014). Projections of the scale of changes 
between 1°C and 1.5°C of global warming and between 1.5°C and 
2°C are only informed by the changes during the past increase in GMST 
of 0.5°C (low confidence). However, evidence from GCM projections 
of future climate change indicates that a general strengthening of the 
Benguela, Canary and Humboldt upwelling systems under enhanced 
anthropogenic forcing (D. Wang et al., 2015) is projected to occur 
(medium confidence). This strengthening is projected to be stronger 
at higher latitudes. In fact, evidence from regional climate modelling 
is supportive of an increase in long-shore winds at higher latitudes, 
whereas long-shore winds may decrease at lower latitudes as a 
consequence of the poleward displacement of the subtropical highs 
under climate change (Christensen et al., 2007; Engelbrecht et al., 
2009). 

It is more likely than not that the Atlantic Meridional Overturning 
Circulation (AMOC) has been weakening in recent decades, given 
the detection of the cooling of surface waters in the North Atlantic 
and evidence that the Gulf Stream has slowed since the late 1950s 
(Rahmstorf et al., 2015b; Srokosz and Bryden, 2015; Caesar et al., 
2018). There is only limited evidence linking the current anomalously 
weak state of AMOC to anthropogenic warming (Caesar et al., 2018). It 
is very likely that the AMOC will weaken over the 21st century. The best 
estimates and ranges for the reduction based on CMIP5 simulations 
are 11% (1– 24%) in RCP2.6 and 34% (12– 54%) in RCP8.5 (AR5). 
There is no evidence indicating significantly different amplitudes of 
AMOC weakening for 1.5°C versus 2°C of global warming.

3.3.8 Sea Ice

Summer sea ice in the Arctic has been retreating rapidly in recent 
decades. During the period 1997 to 2014, for example, the monthly 
mean sea ice extent during September (summer) decreased on average 
by 130,000 km² per year (Serreze and Stroeve, 2015). This is about four 
times as fast as the September sea ice loss during the period 1979 
to 1996. Sea ice thickness has also decreased substantially, with an 
estimated decrease in ice thickness of more than 50% in the central 
Arctic (Lindsay and Schweiger, 2015). Sea ice coverage and thickness 
also decrease in CMIP5 simulations of the recent past, and are 
projected to decrease in the future (Collins et al., 2013). However, 
the modelled sea ice loss in most CMIP5 models is much smaller 
than observed losses. Compared to observations, the simulations are 
less sensitive to both global mean temperature rise (Rosenblum and 

Eisenman, 2017) and anthropogenic CO2 emissions (Notz and Stroeve, 
2016). This mismatch between the observed and modelled sensitivity 
of Arctic sea ice implies that the multi-model-mean responses of future 
sea ice evolution probably underestimates the sea ice loss for a given 
amount of global warming. To address this issue, studies estimating 
the future evolution of Arctic sea ice tend to bias correct the model 
simulations based on the observed evolution of Arctic sea ice in 
response to global warming. Based on such bias correction, pre-AR5 
and post-AR5 studies generally agree that for 1.5°C of global warming 
relative to pre-industrial levels, the Arctic Ocean will maintain a sea ice 
cover throughout summer in most years (Collins et al., 2013; Notz and 
Stroeve, 2016; Screen and Williamson, 2017; Jahn, 2018; Niederdrenk 
and Notz, 2018; Sigmond et al., 2018). For 2°C of global warming, 
chances of a sea ice-free Arctic during summer are substantially higher 
(Screen and Williamson, 2017; Jahn, 2018; Niederdrenk and Notz, 
2018; Screen et al., 2018; Sigmond et al., 2018). Model simulations 
suggest that there will be at least one sea ice-free Arctic5 summer after 
approximately 10 years of stabilized warming at 2°C, as compared 
to one sea ice-free summer after 100 years of stabilized warming at 
1.5°C above pre-industrial temperatures (Jahn, 2018; Screen et al., 
2018; Sigmond et al., 2018). For a specific given year under stabilized 
warming of 2°C, studies based on large ensembles of simulations with 
a single model estimate the likelihood of ice-free conditions as 35% 
without a bias correction of the underlying model (Sanderson et al., 
2017; Jahn, 2018); as between 10% and >99% depending on the 
observational record used to correct the sensitivity of sea ice decline 
to global warming in the underlying model (Niederdrenk and Notz, 
2018); and as 19% based on a procedure to correct for biases in the 
climatological sea ice coverage in the underlying model (Sigmond et 
al., 2018). The uncertainty of the first year of the occurrence of an ice-
free Arctic Ocean arising from internal variability is estimated to be 
about 20 years (Notz, 2015; Jahn et al., 2016).

The more recent estimates of the warming necessary to produce an ice-
free Arctic Ocean during summer are lower than the ones given in AR5 
(about 2.6°C–3.1°C of global warming relative to pre-industrial levels 
or 1.6°C–2.1°C relative to present-day conditions), which were similar 
to the estimate of 3°C of global warming relative to pre-industrial 
levels (or 2°C relative to present-day conditions) by Mahlstein and 
Knutti (2012) based on bias-corrected CMIP3 models. Rosenblum and 
Eisenman (2016) explained why the sensitivity estimated by Mahlstein 
and Knutti (2012) might be too low, estimating instead that September 
sea ice in the Arctic would disappear at 2°C of global warming 
relative to pre-industrial levels (or about 1°C relative to present-day 
conditions), in line with the other recent estimates. Notz and Stroeve 
(2016) used the observed correlation between September sea ice 
extent and cumulative CO2 emissions to estimate that the Arctic Ocean 
would become nearly free of sea ice during September with a further 
1000 Gt of emissions, which also implies a sea ice loss at about 2°C of 
global warming. Some of the uncertainty in these numbers stems from 
the possible impact of aerosols (Gagne et al., 2017) and of volcanic 
forcing (Rosenblum and Eisenman, 2016). During winter, little Arctic 
sea ice is projected to be lost for either 1.5°C or 2°C of global warming 
(Niederdrenk and Notz, 2018). 

5 Ice free is defined for the Special Report as when the sea ice extent is less than 106 km2. Ice coverage less than this is considered to be equivalent to an ice-free Arctic Ocean 
for practical purposes in all recent studies.
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A substantial number of pre-AR5 studies found that there is no 
indication of hysteresis behaviour of Arctic sea ice under decreasing 
temperatures following a possible overshoot of a long-term 
temperature target (Holland et al., 2006; Schröder and Connolley, 2007; 
Armour et al., 2011; Sedláček et al., 2011; Tietsche et al., 2011; Boucher 
et al., 2012; Ridley et al., 2012). In particular, the relationship between 
Arctic sea ice coverage and GMST was found to be indistinguishable 
between a warming scenario and a cooling scenario. These results have 
been confirmed by post-AR5 studies (Li et al., 2013; Jahn, 2018), which 
implies high confidence that an intermediate temperature overshoot 
has no long-term consequences for Arctic sea ice coverage.

In the Antarctic, sea ice shows regionally contrasting trends, such as a 
strong decrease in sea ice coverage near the Antarctic peninsula but 
increased sea ice coverage in the Amundsen Sea (Hobbs et al., 2016). 
Averaged over these contrasting regional trends, there has been a slow 
long-term increase in overall sea ice coverage in the Southern Ocean, 
although with comparably low ice coverage from September 2016 
onwards. Collins et al. (2013) assessed low confidence in Antarctic 
sea ice projections because of the wide range of model projections 
and an inability of almost all models to reproduce observations such 
as the seasonal cycle, interannual variability and the long-term slow 
increase. No existing studies have robustly assessed the possible future 
evolution of Antarctic sea ice under low-warming scenarios.

In summary, the probability of a sea-ice-free Arctic Ocean during 
summer is substantially higher at 2°C compared to 1.5°C of global 
warming relative to pre-industrial levels, and there is medium 
confidence that there will be at least one sea ice-free Arctic summer 
after about 10 years of stabilized warming at 2°C, while about 
100 years are required at 1.5°C. There is high confidence that an 
intermediate temperature overshoot has no long-term consequences 
for Arctic sea ice coverage with regrowth on decadal time scales.

3.3.9 Sea Level

Sea level varies over a wide range of temporal and spatial scales, which 
can be divided into three broad categories. These are global mean sea 
level (GMSL), regional variation about this mean, and the occurrence of 
sea-level extremes associated with storm surges and tides. GMSL has 
been rising since the late 19th century from the low rates of change that 
characterized the previous two millennia (Church et al., 2013). Slowing 
in the reported rate over the last two decades (Cazenave et al., 2014) 
may be attributable to instrumental drift in the observing satellite 
system (Watson et al., 2015) and increased volcanic activity (Fasullo 
et al., 2016). Accounting for the former results in rates (1993 to mid-
2014) between 2.6 and 2.9 mm yr–1 (Watson et al., 2015). The relative 
contributions from thermal expansion, glacier and ice-sheet mass loss, 
and freshwater storage on land are relatively well understood (Church 
et al., 2013; Watson et al., 2015) and their attribution is dominated by 
anthropogenic forcing since 1970 (15 ± 55% before 1950, 69 ± 31% 
after 1970) (Slangen et al., 2016).

There has been a significant advance in the literature since AR5, which 
has included the development of semi-empirical models (SEMs) into a 
broader emulation-based approach (Kopp et al., 2014; Mengel et al., 
2016; Nauels et al., 2017) that is partially based on the results from 

more detailed, process-based modelling Church et al. (2013) assigned 
low confidence to SEMs because these models assume that the 
relation between climate forcing and GMSL is the same in the past 
(calibration) and future (projection). Probable future changes in the 
relative contributions of thermal expansion, glaciers and (in particular) 
ice sheets invalidate this assumption. However, recent emulation-
based studies overcame this shortcoming by considering individual 
GMSL contributors separately, and they are therefore employed in 
this assessment. In this subsection, the process-based literature of 
individual contributors to GMSL is considered for scenarios close to 
1.5°C and 2°C of global warming before emulation-based approaches 
are assessed.

A limited number of processes-based studies are relevant to GMSL in 
1.5°C and 2°C worlds. Marzeion et al. (2018) used a global glacier model 
with temperature-scaled scenarios based on RCP2.6 to investigate 
the difference between 1.5°C and 2°C of global warming and found 
little difference between scenarios in the glacier contribution to GMSL 
for the year 2100 (54–97 mm relative to present-day levels for 1.5°C 
and 63–112 mm for 2°C, using a 90% confidence interval). This arises 
because glacier melt during the remainder of the century is dominated 
by the response to warming from pre-industrial to present-day levels, 
which is in turn a reflection of the slow response times of glaciers. Fürst 
et al. (2015) made projections of the Greenland ice sheet’s contribution 
to GMSL using an ice-flow model forced by the regional climate 
model Modèle Atmosphérique Régional (MAR; considered by Church 
et al. (2013) to be the ‘most realistic’ such model). They projected an 
RCP2.6 range of 24–60 mm (1 standard deviation) by the end of the 
century (relative to the year 2000 and consistent with the assessment 
of Church et al. (2013); however, their projections do not allow the 
difference between 1.5°C and 2°C worlds to be evaluated.

The Antarctic ice sheet can contribute both positively, through increases 
in outflow (solid ice lost directly to the ocean), and negatively, through 
increases in snowfall (owing to the increased moisture-bearing capacity 
of a warmer atmosphere), to future GMSL rise. Frieler et al. (2015) 
suggested a range of 3.5–8.7% °C–1 for this effect, which is consistent 
with AR5. Observations from the Amundsen Sea sector of Antarctica 
suggest an increase in outflow (Mouginot et al., 2014) over recent 
decades associated with grounding line retreat (Rignot et al., 2014) 
and the influx of relatively warm Circumpolar Deepwater (Jacobs et al., 
2011). Literature on the attribution of these changes to anthropogenic 
forcing is still in its infancy (Goddard et al., 2017; Turner et al., 2017a). 
RCP2.6-based projections of Antarctic outflow (Levermann et al., 
2014; Golledge et al., 2015; DeConto and Pollard, 2016, who include 
snowfall changes) are consistent with the AR5 assessment of Church 
et al. (2013) for end-of-century GMSL for RCP2.6, and do not support 
substantial additional GMSL rise by Marine Ice Sheet Instability or 
associated instabilities (see Section 3.6). While agreement is relatively 
good, concerns about the numerical fidelity of these models still exist, 
and this may affect the quality of their projections (Drouet et al., 2013; 
Durand and Pattyn, 2015). An assessment of Antarctic contributions 
beyond the end of the century, in particular related to the Marine Ice 
Sheet Instability, can be found in Section 3.6.

While some literature on process-based projections of GMSL for the 
period up to 2100 is available, it is insufficient for distinguishing 
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between emissions scenarios associated with 1.5°C and 2°C warmer 
worlds. This literature is, however, consistent with the assessment by 
Church et al. (2013) of a likely range of 0.28–0.61 m in 2100 (relative 
to 1986–2005), suggesting that the AR5 assessment is still appropriate. 

Recent emulation-based studies show convergence towards this 
AR5 assessment (Table 3.1) and offer the advantage of allowing a 
comparison between 1.5°C and 2°C warmer worlds. Table 3.1 features 
a compilation of recent emulation-based and SEM studies.

Study Baseline
RCP2.6 1.5°C 2°C

67% 90% 67% 90% 67% 90%

AR5 1986–2005 28–61

Kopp et al. (2014) 2000 37–65 29–82

Jevrejeva et al. (2016) 1986–2005 29–58

Kopp et al. (2016) 2000 28–51 24–61

Mengel et al. (2016) 1986–2005 28–56

Nauels et al. (2017) 1986–2005 35–56

Goodwin et al. (2017) 1986–2005 31–59 
45–70 
45–72

Schaeffer et al. (2012) 2000 52–96 54–99 56–105

Schleussner et al. (2016b) 2000 26–53 36–65

Bittermann et al. (2017) 2000 29–46 39–61

Jackson et al. (2018) 1986–2005 30–58 
40–77

20–67 
28–93

35–64 
47–93

24–74 
32–117

Sanderson et al. (2017) 50–80 60–90

Nicholls et al. (2018) 1986–2005 24–54 31–65

Rasmussen et al. (2018) 2000 35–64 28–82 39–76 28–96

Goodwin et al. (2018) 1986–2005 26–62 30–69

Table 3.1 | Compilation of recent projections for sea level at 2100 (in cm) for Representative Concentration Pathway (RCP)2.6, and 1.5°C and 2°C scenarios. Upper and lower  
 limits are shown for the 17-84% and 5-95% confidence intervals quoted in the original papers. 

There is little consensus between the reported ranges of GMSL rise 
(Table 3.1). Projections vary in the range 0.26–0.77 m and 0.35–0.93 
m for 1.5°C and 2°C respectively for the 17–84% confidence interval 
(0.20–0.99 m and 0.24–1.17 m for the 5–95% confidence interval). 
There is, however, medium agreement that GMSL in 2100 would be 
0.04–0.16 m higher in a 2°C warmer world compared to a 1.5°C 
warmer world based on the 17–84% confidence interval (0.00–0.24 
m based on 5–95% confidence interval) with a value of around 0.1 
m. There is medium confidence in this assessment because of issues 
associated with projections of the Antarctic contribution to GMSL 
that are employed in emulation-based studies (see above) and the 
issues previously identified with SEMs (Church et al., 2013).

Translating projections of GMSL to the scale of coastlines and 
islands requires two further steps. The first step accounts for regional 
changes associated with changing water and ice loads (such as 
Earth’s gravitational field and rotation, and vertical land movement), 
as well as spatial differences in ocean heat uptake and circulation. 
The second step maps regional sea level to changes in the return 
periods of particular flood events to account for effects not included 
in global climate models, such as tides, storm surges, and wave setup 
and runup. Kopp et al. (2014) presented a framework to do this and 
gave an example application for nine sites located in the US, Japan, 
northern Europe and Chile. Of these sites, seven (all except those in 
northern Europe) were found to experience at least a quadrupling 
in the number of years in the 21st century with 1-in-100-year floods 
under RCP2.6 compared to under no future sea level rise. Rasmussen 

et al. (2018) used this approach to investigate the difference 
between 1.5°C and 2°C warmer worlds up to 2200. They found that 
the reduction in the frequency of 1-in-100-year floods in a 1.5°C 
compared to a 2°C warmer world would be greatest in the eastern 
USA and Europe, with ESL event frequency amplification being 
reduced by about a half and with smaller reductions for small island 
developing states (SIDS). This last result contrasts with the finding 
of Vitousek et al. (2017) that regions with low variability in extreme 
water levels (such as SIDS in the tropics) are particularly sensitive to 
GMSL rise, such that a doubling of frequency may be expected for 
even small (0.1–0.2 m) rises. Schleussner et al. (2011) emulated the 
AMOC based on a subset of CMIP-class climate models. When forced 
using global temperatures appropriate for the CP3-PD scenario (1°C 
of warming in 2100 relative to 2000 or about 2°C of warming relative 
to pre-industrial) the emulation suggests an 11% median reduction 
in AMOC strength at 2100 (relative to 2000) with an associated 
0.04 m dynamic sea level rise along the New York City coastline. 

In summary, there is medium confidence that GMSL rise will be about 
0.1 m (within a 0.00–0.20 m range based on 17–84% confidence-
interval projections) less by the end of the 21st century in a 1.5°C 
compared to a 2°C warmer world. Projections for 1.5°C and 2°C 
global warming cover the ranges 0.2–0.8 m and 0.3–1.00 m relative 
to 1986–2005, respectively (medium confidence). Sea level rise 
beyond 2100 is discussed in Section 3.6; however, recent literature 
strongly supports the assessment by Church et al. (2013) that sea 
level rise will continue well beyond 2100 (high confidence).



208

Chapter 3 Impacts of 1.5°C of Global Warming on Natural and Human Systems

3

Box 3.3 |  Lessons from Past Warm Climate Episodes 

Climate projections and associated risk assessments for a future warmer world are based on climate model simulations. However, 
Coupled Model Intercomparison Project Phase 5 (CMIP5) climate models do not include all existing Earth system feedbacks and 
may therefore underestimate both rates and extents of changes (Knutti and Sedláček, 2012). Evidence from natural archives of three 
moderately warmer (1.5°C–2°C) climate episodes in Earth’s past help to assess such long-term feedbacks (Fischer et al., 2018).

While evidence over the last 2000 years and during the Last Glacial Maximum (LGM) was discussed in detail in the IPCC Fifth 
Assessment Report (Masson-Delmotte et al., 2013), the climate system response during past warm intervals was the focus of a recent 
review paper (Fischer et al., 2018) summarized in this Box. Examples of past warmer conditions with essentially modern physical 
geography include the Holocene Thermal Maximum (HTM; broadly defined as about 10–5 kyr before present (BP), where present 
is defined as 1950), the Last Interglacial (LIG; about 129–116 kyr BP) and the Mid Pliocene Warm Period (MPWP; 3.3–3.0 Myr BP). 

Changes in insolation forcing during the HTM (Marcott et al., 2013) and the LIG (Hoffman et al., 2017) led to a global temperature 
up to 1°C higher than that in the pre-industrial period (1850–1900); high-latitude warming was 2°C–4°C (Capron et al., 2017), while 
temperature in the tropics changed little (Marcott et al., 2013). Both HTM and LIG experienced atmospheric CO2 levels similar to 
pre-industrial conditions (Masson-Delmotte et al. 2013). During the MPWP, the most recent time period when CO2 concentrations 
were similar to present-day levels, the global temperature was >1°C and Arctic temperatures about 8°C warmer than pre-industrial 
(Brigham-Grette et al., 2013). 

Although imperfect as analogues for the future, these regional changes can inform risk assessments such as the potential for 
crossing irreversible thresholds or amplifying anthropogenic changes (Box 3.3, Figure 1). For example, HTM and LIG greenhouse gas 
(GHG) concentrations show no evidence of runaway greenhouse gas releases under limited global warming. Transient releases of 
CO2 and CH4 may follow permafrost melting, but these occurrences may be compensated by peat growth over longer time scales (Yu 
et al., 2010). Warming may release CO2 by enhancing soil respiration, counteracting CO2 fertilization of plant growth (Frank et al., 
2010). Evidence of a collapse of the Atlantic Meridional Overturning Circulation (AMOC) during these past events of limited global 
warming could not be found (Galaasen et al., 2014). 

The distribution of ecosystems and biomes (major ecosystem types) changed significantly during past warming events, both in 
the ocean and on land. For example, some tropical and temperate forests retreated because of increased aridity, while savannas 
expanded (Dowsett et al., 2016). Further, poleward shifts of marine and terrestrial ecosystems, upward shifts in alpine regions, and 
reorganizations of marine productivity during past warming events are recorded in natural archives (Williams et al., 2009; Haywood 
et al., 2016). Finally, past warming events are associated with partial sea ice loss in the Arctic. The limited amount of data collected 
so far on Antarctic sea ice precludes firm conclusions about Southern Hemisphere sea ice losses (de Vernal et al., 2013). 

Reconstructed global sea level rise of 6–9 m during the LIG and possibly >6 m during the MPWP requires a retreat of either the 
Greenland or Antarctic ice sheets or both (Dutton et al., 2015). While ice sheet and climate models suggest a substantial retreat 
of the West Antarctic ice sheet (WAIS) and parts of the East Antarctic ice sheet (DeConto and Pollard, 2016) during these periods, 
direct observational evidence is still lacking. Evidence for ice retreat in Greenland is stronger, although a complete collapse of the 
Greenland ice sheet during the LIG can be excluded (Dutton et al., 2015). Rates of past sea level rises under modest warming were 
similar to or up to two times larger than rises observed over the past two decades (Kopp et al., 2013). Given the long time scales 
required to reach equilibrium in a warmer world, sea level rise will likely continue for millennia even if warming is limited to 2°C.

Finally, temperature reconstructions from these past warm intervals suggest that current climate models underestimate regional 
warming at high latitudes (polar amplification) and long-term (multi-millennial) global warming. None of these past warm climate 
episodes involved the high rate of change in atmospheric CO2 and temperatures that we are experiencing today (Fischer et al., 2018). 
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GIS:
HTM: deglacial reequilibration
LIG: partial retreat
MPWP: smaller

WAIS
HTM: deglacial reequilibration
LIG: partial retreat likely
MPWP: retreat likely

Arctic sea ice:
HTM: reduced
LIG: reduced
MPWP: reduced

Antarctic sea ice:
HTM: limited evidence
LIG: reduced
MPWP: reduced

marine ecosystems:
HTM: rather unchanged
LIG: poleward shift
MPWP: poleward shift

marine ecosystems:
HTM: rather unchanged
LIG: poleward shift
MPWP: poleward shift

boreal forests:
HTM: northward expansion
LIG: expansion
MPWP: northward expansion

Savanna:
HTM: expansion
LIG: expansion likely
MPWP: expansion

EAIS:
HTM: deglacial reequilibration
LIG: partial retreat possible
MPWP: partial retreat possible

Box 3.3, Figure 1 |  Impacts and responses of components of the Earth System. Summary of typical changes found for warmer periods in the paleorecord, as discussed 
by Fischer et al. (2018). All statements are relative to pre-industrial conditions. Statements in italics indicate that no conclusions can be drawn for the future. Note that 
significant spatial variability and uncertainty exists in the assessment of each component, and this figure therefore should not be referred to without reading the 
publication in detail. HTM: Holocene Thermal Maximum, LIG: Last Interglacial, MPWP: Mid Pliocene Warm Period. (Adapted from Fischer et al., 2018).

Box 3.3 (continued)

3.3.10 Ocean Chemistry 

Ocean chemistry includes pH, salinity, oxygen, CO2, and a range of other 
ions and gases, which are in turn affected by precipitation, evaporation, 
storms, river runoff, coastal erosion, up-welling, ice formation, and the 
activities of organisms and ecosystems (Stocker et al., 2013). Ocean 
chemistry is changing alongside increasing global temperature, with 
impacts projected at 1.5°C and, more so, at 2°C of global warming 
(Doney et al., 2014) (medium to high confidence). Projected changes in 
the upper layers of the ocean include altered pH, oxygen content and 
sea level. Despite its many component processes, ocean chemistry has 
been relatively stable for long periods of time prior to the industrial 
period (Hönisch et al., 2012). Ocean chemistry is changing under the 
influence of human activities and rising greenhouse gases (virtually 
certain; Rhein et al., 2013; Stocker et al., 2013). About 30% of CO2 
emitted by human activities, for example, has been absorbed by 
the upper layers of the ocean, where it has combined with water to 
produce a dilute acid that dissociates and drives ocean acidification 

(high confidence) (Cao et al., 2007; Stocker et al., 2013). Ocean pH has 
decreased by 0.1 pH units since the pre-industrial period, a shift that 
is unprecedented in the last 65 Ma (high confidence) (Ridgwell and 
Schmidt, 2010) or even 300 Ma of Earth’s history (medium confidence) 
(Hönisch et al., 2012).

Ocean acidification is a result of increasing CO2 in the atmosphere 
(very high confidence) and is most pronounced where temperatures 
are lowest (e.g., polar regions) or where CO2-rich water is brought to 
the ocean surface by upwelling (Feely et al., 2008). Acidification can 
also be influenced by effluents from natural or disturbed coastal land 
use (Salisbury et al., 2008), plankton blooms (Cai et al., 2011), and 
the atmospheric deposition of acidic materials (Omstedt et al., 2015). 
These sources may not be directly attributable to climate change, 
but they may amplify the impacts of ocean acidification (Bates and 
Peters, 2007; Duarte et al., 2013). Ocean acidification also influences 
the ionic composition of seawater by changing the organic and 
inorganic speciation of trace metals (e.g., 20-fold increases in free ion 
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concentrations of metals such as aluminium) – with changes expected 
to have impacts although they are currently poorly documented and 
understood (low confidence) (Stockdale et al., 2016).

Oxygen varies regionally and with depth; it is highest in polar regions 
and lowest in the eastern basins of the Atlantic and Pacific Oceans and 
in the northern Indian Ocean (Doney et al., 2014; Karstensen et al., 
2015; Schmidtko et al., 2017). Increasing surface water temperatures 
have reduced oxygen in the ocean by 2% since 1960, with other 
variables such as ocean acidification, sea level rise, precipitation, wind 
and storm patterns playing roles (Schmidtko et al., 2017). Changes 
to ocean mixing and metabolic rates, due to increased temperature 
and greater supply of organic carbon to deep areas, has increased the 
frequency of ‘dead zones’, areas where oxygen levels are so low that 
they no longer support oxygen dependent life (Diaz and Rosenberg, 
2008). The changes are complex and include both climate change and 
other variables (Altieri and Gedan, 2015), and are increasing in tropical 
as well as temperate regions (Altieri et al., 2017). 

Ocean salinity is changing in directions that are consistent with 
surface temperatures and the global water cycle (i.e., precipitation 
versus evaporation). Some regions, such as northern oceans and the 
Arctic, have decreased in salinity, owing to melting glaciers and ice 
sheets, while others have increased in salinity, owing to higher sea 
surface temperatures and evaporation (Durack et al., 2012). These 
changes in salinity (i.e., density) are also potentially contributing to 
large-scale changes in water movement (Section 3.3.8). 

3.3.11 Global Synthesis 

Table 3.2 features a summary of the assessments of global and 
regional climate changes and associated hazards described in this 
chapter, based on the existing literature. For more details about 
observation and attribution in ocean and cryosphere systems, 
please refer to the upcoming IPCC Special Report on the Ocean and 
Cryosphere in a Changing Climate (SROCC) due to be released in 
2019.

Observed change 
(recent past versus 

pre-industrial)

Attribution of observed 
change to human-

induced forcing 
(present-day versus 

pre-industrial)

Projected change 
at 1.5°C of global 

warming compared 
to pre-industrial 

(1.5°C versus 0°C)

Projected change 
at 2°C of global 

warming compared 
to pre-industrial 
(2°C versus 0°C)

Differences between 
2°C and 1.5°C of 
global warming

GMST 
anomaly

GMST anomalies were 0.87°C 
(±0.10°C likely range) above 
pre-industrial (1850–1900) 
values in the 2006–2015 
decade, with a recent warming 
of about 0.2°C (±0.10°C) per 
decade (high confidence)

[Chapter 1]

The observed 0.87°C GMST 
increase in the 2006–2015 
decade compared to 
pre-industrial (1850–1900) 
conditions was mostly human-
induced (high confidence)

Human-induced warming 
reached about 1°C (±0.2°C 
likely range) above pre-
industrial levels in 2017

[Chapter 1]

1.5°C 2°C 0.5°C

Temperature 
extremes

Overall decrease in the 
number of cold days and 
nights and overall increase 
in the number of warm days 
and nights at the global 
scale on land (very likely)

Continental-scale increase in 
intensity and frequency of hot 
days and nights, and decrease 
in intensity and frequency 
of cold days and nights, in 
North America, Europe and 
Australia (very likely)

Increases in frequency or 
duration of warm spell lengths 
in large parts of Europe, Asia 
and Australia (high confidence 
(likely)), as well as at the global 
scale (medium confidence)

[Section 3.3.2]

Anthropogenic forcing has 
contributed to the observed 
changes in  frequency and 
intensity of daily temperature 
extremes on the global 
scale since the mid-20th 
century (very likely)

[Section 3.3.2]

Global-scale increased intensity 
and frequency of hot days 
and nights, and decreased 
intensity and frequency of cold 
days and nights (very likely)

Warming of temperature 
extremes highest over land, 
including many inhabited 
regions (high confidence), with 
increases of up to 3°C in the 
mid-latitude warm season and 
up to 4.5°C in the high-latitude 
cold season (high confidence)

Largest increase in 
frequency of unusually 
hot extremes in tropical 
regions (high confidence)

[Section 3.3.2]

Global-scale increased intensity 
and frequency of hot days 
and nights, and decreased 
intensity and frequency of cold 
days and nights (very likely) 

Warming of temperature 
extremes highest over land, 
including many inhabited 
regions (high confidence), with 
increases of up to 4°C in the 
mid-latitude warm season and 
up to 6°C in the high-latitude 
cold season (high confidence)

Largest increase in 
frequency of unusually 
hot extremes in tropical 
regions (high  confidence)

[Section 3.3.2]

Global-scale increased intensity 
and frequency of hot days and 
nights, and decreased intensity 
and frequency of cold days 
and nights (high confidence) 

Global-scale increase in 
length of warm spells and 
decrease in length of cold 
spells (high confidence) 

Strongest increase in 
frequency for the rarest 
and most extreme events 
(high confidence)

Particularly large increases 
in hot extremes in inhabited 
regions (high confidence)

[Section 3.3.2]

Table 3.2  | Summary of assessments of global and regional climate changes and associated hazards. Confidence and likelihood statements are quoted from the relevant  
 chapter text and are omitted where no assessment was made, in which case the IPCC Fifth Assessment Report (AR5) assessment is given where available.  
 GMST: global mean surface temperature, AMOC: Atlantic Meridional Overturning Circulation, GMSL: global mean sea level.
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Observed change 
(recent past versus 

pre-industrial)

Attribution of observed 
change to human-

induced forcing 
(present-day versus 

pre-industrial)

Projected change 
at 1.5°C of global 

warming compared 
to pre-industrial 

(1.5°C versus 0°C)

Projected change 
at 2°C of global 

warming compared 
to pre-industrial 
(2°C versus 0°C)

Differences between 
2°C and 1.5°C of 
global warming

Heavy 
precipitation

More areas with increases than 
decreases in the frequency, 
intensity and/or amount of 
heavy precipitation (likely)

[Section 3.3.3]

Human influence contrib-
uted to the global-scale 
tendency towards increases in 
the frequency, intensity and/or 
amount of heavy precipitation 
events (medium confidence) 

[Section 3.3.3; AR5 Chapter 
10 (Bindoff et al., 2013a)] 

Increases in frequency, 
intensity and/or amount 
heavy precipitation when 
averaged over global land, 
with positive trends in several 
regions (high confidence)

[Section 3.3.3]

Increases in frequency, 
intensity and/or amount 
heavy precipitation when 
averaged over global land, 
with positive trends in several 
regions (high confidence)

[Section 3.3.3]

Higher frequency, intensity 
and/or amount of heavy 
precipitation when averaged 
over global land, with positive 
trends in several regions 
(medium confidence)

Several regions are projected 
to experience increases 
in heavy precipitation at 
2°C versus 1.5°C (medium 
confidence), in particular in 
high-latitude and mountainous 
regions, as well as in eastern 
Asia and eastern North 
America (medium confidence) 

[Section 3.3.3]

Drought and 
dryness

High confidence in dryness 
trends in some regions, 
especially drying in the Medi-
terranean region (including 
southern Europe, northern 
Africa and the Near East)

Low confidence in drought 
and dryness trends at 
the global scale

[Section 3.3.4]

Medium confidence in 
attribution of drying 
trends in southern Europe 
(Mediterranean region) 

Low confidence elsewhere, in 
part due to large interannual 
variability and longer duration 
(and thus lower frequency) of 
drought events, as well as to 
dependency on the dryness 
index definition applied

[Section 3.3.4]

Medium confidence 
in drying trends in the 
Mediterranean region

Low confidence elsewhere, in 
part due to large interannual 
variability and longer duration 
(and thus lower frequency) of 
drought events, as well as to 
dependency on the dryness 
index definition applied

Increases in drought, dryness 
or precipitation deficits 
projected in some regions 
compared to the pre-industrial 
or present-day conditions, 
but substantial variability 
in signals depending on 
considered indices or climate 
model (medium confidence)

[Section 3.3.4]

Medium confidence in drying 
trends in the Mediterranean 
region and Southern Africa

Low confidence elsewhere, in 
part due to large interannual 
variability and longer duration 
(and thus lower frequency) of 
drought events, as well as to 
dependency on the dryness 
index definition applied

Increases in drought, dryness 
or precipitation deficits 
projected in some regions 
compared to the pre-industrial 
or present-day conditions, 
but substantial variability 
in signals depending on 
considered indices or climate 
model (medium confidence).

[Section 3.3.4]

Medium confidence in 
stronger drying trends in 
the Mediterranean region 
and Southern Africa 

Low confidence elsewhere, in 
part due to large interannual 
variability and longer duration 
(and thus lower frequency) of 
drought events, as well as to 
dependency on the dryness 
index definition applied

[Section 3.3.4]

Runoff and 
river flooding

Streamflow trends mostly 
not statistically significant 
(high confidence)

Increase in flood frequency and 
extreme streamflow in some 
regions (high confidence)

[Section 3.3.5]

Not assessed in this report Expansion of the global land 
area with a significant increase 
in runoff (medium confidence)

Increase in flood 
hazard in some regions 
(medium confidence) 

[Section 3.3.5]

Expansion of the global land 
area with a significant increase 
in runoff (medium confidence)

Increase in flood 
hazard in some regions 
(medium confidence)

[Section 3.3.5]

Expansion of the global land 
area with significant increase 
in runoff (medium confidence)

Expansion in the area 
affected by flood hazard 
(medium confidence)

[Section 3.3.5]

Tropical and 
extra-tropical 

cyclones

Low confidence in 
the robustness of 
observed changes 

[Section 3.3.6]

Not meaningful to assess given 
low confidence in changes, 
due to large interannual 
variability, heterogeneity 
of the observational record 
and contradictory findings 
regarding trends in the 
observational record

Increases in heavy precipitation 
associated with tropical 
cyclones (medium confidence)

Further increases in heavy 
precipitation associated 
with tropical cyclones 
(medium confidence)

Heavy precipitation associated 
with tropical cyclones is 
projected to be higher at 
2°C compared to 1.5°C 
global warming (medium 
confidence). Limited evidence 
that the global number of 
tropical cyclones will be lower 
under 2°C of global warming 
compared to under 1.5°C of 
warming, but an increase in 
the number of very intense 
cyclones (low confidence) 

Table 3.2 (continued)
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Observed change 
(recent past versus 

pre-industrial)

Attribution of observed 
change to human-

induced forcing 
(present-day versus 

pre-industrial)

Projected change 
at 1.5°C of global 

warming compared 
to pre-industrial 

(1.5°C versus 0°C)

Projected change 
at 2°C of global 

warming compared 
to pre-industrial 
(2°C versus 0°C)

Differences between 
2°C and 1.5°C of 
global warming

Ocean 
circulation and 
temperature

Observed warming of the 
upper ocean, with slightly 
lower rates than global 
warming (virtually certain) 

Increased occurrence of marine 
heatwaves (high confidence)

AMOC has been weakening 
over recent decades 
(more likely than not)

[Section 3.3.7]

Limited evidence attributing 
the weakening of AMOC 
in recent decades to 
anthropogenic forcing

[Section 3.3.7]

Further increases in ocean temperatures, including more frequent marine heatwaves (high confidence)

AMOC will weaken over the 21st century and substantially so under high levels (more than 2°C) of 
global warming (very likely)

[Section 3.3.7]

Sea ice

Continuing the trends reported 
in AR5, the annual Arctic sea 
ice extent decreased over 
the period 1979–2012. The 
rate of this decrease was 
very likely between 3.5 and 
4.1% per decade (0.45 to 
0.51 million km2 per decade)

[AR5 Chapter 4 (Vaughan 
et al., 2013)]

Anthropogenic forcings are 
very likely to have contributed 
to Arctic sea ice loss since 1979

[AR5 Chapter 10  
(Bindoff et al., 2013a)]

At least one sea-ice-free Arctic 
summer after about 100 years 
of stabilized warming 
(medium confidence)

[Section 3.3.8]

At least one sea-ice-free  
Arctic summer after about 
10 years of stabilized warming 
(medium confidence)

[Section 3.3.8]

Probability of sea-ice-free 
Arctic summer greatly reduced 
at 1.5°C versus 2°C of global 
warming (medium confidence)

[Section 3.3.8]

Intermediate temperature overshoot has no long-term consequences for Arctic sea ice cover  
(high confidence) 

[3.3.8]

Sea level

It is likely that the rate of 
GMSL rise has continued to 
increase since the early 20th 
century, with estimates that 
range from 0.000 [–0.002 
to 0.002] mm yr–2 to 0.013 
[0.007 to 0.019] mm yr–2

[AR5 Chapter 13 
(Church et al., 2013)]

It is very likely that there is 
a substantial contribution 
from anthropogenic forcings 
to the global mean sea 
level rise since the 1970s

[AR5 Chapter 10 (Bindoff 
et al., 2013a)]

Not assessed in this report Not assessed in this report GMSL rise will be about  
0.1 m (0.00–0.20 m) less 
at 1.5°C versus 2°C global 
warming (medium confidence)

[Section 3.3.9]

Ocean  
chemistry

Ocean acidification due to 
increased CO2 has resulted in 
a 0.1 pH unit decrease since 
the pre-industrial period, which 
is unprecedented in the last 
65 Ma (high confidence)

[Section 3.3.10]

The oceanic uptake of 
anthropogenic CO2 has resulted 
in acidification of surface 
waters (very high confidence).

[Section 3.3.10]

Ocean chemistry is changing with global temperature increases, with impacts 
projected at 1.5°C and, more so, at 2°C of warming (high confidence)

[Section 3.3.10]

Table 3.2 (continued)

3.4 Observed Impacts and Projected Risks 
in Natural and Human Systems

3.4.1 Introduction

In Section 3.4, new literature is explored and the assessment of impacts 
and projected risks is updated for a large number of natural and 
human systems. This section also includes an exploration of adaptation 
opportunities that could be important steps towards reducing climate 
change, thereby laying the ground for later discussions on opportunities 
to tackle both mitigation and adaptation while at the same time 
recognising the importance of sustainable development and reducing 
the inequities among people and societies facing climate change.

Working Group II (WGII) of the IPCC Fifth Assessment Report (AR5) 
provided an assessment of the literature on the climate risk for natural 
and human systems across a wide range of environments, sectors 
and greenhouse gas scenarios, as well as for particular geographic 

regions (IPCC, 2014a, b). The comprehensive assessment undertaken 
by AR5 evaluated the evidence of changes to natural systems, and 
the impact on human communities and industry. While impacts varied 
substantially among systems, sectors and regions, many changes 
over the past 50 years could be attributed to human driven climate 
change and its impacts. In particular, AR5 attributed observed impacts 
in natural ecosystems to anthropogenic climate change, including 
changes in phenology, geographic and altitudinal range shifts in flora 
and fauna, regime shifts and increased tree mortality, all of which can 
reduce ecosystem functioning and services thereby impacting people. 
AR5 also reported increasing evidence of changing patterns of disease 
and invasive species, as well as growing risks for communities and 
industry, which are especially important with respect to sea level rise 
and human vulnerability.

One of the important themes that emerged from AR5 is that previous 
assessments may have under-estimated the sensitivity of natural and 
human systems to climate change. A more recent analysis of attribution 
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to greenhouse gas forcing at the global scale (Hansen and Stone, 
2016) confirmed that many impacts related to changes in regional 
atmospheric and ocean temperature can be confidently attributed to 
anthropogenic forcing, while attribution to anthropogenic forcing of 
changes related to precipitation are by comparison less clear. Moreover, 
there is no strong direct relationship between the robustness of climate 
attribution and that of impact attribution (Hansen and Stone, 2016). 
The observed changes in human systems are amplified by the loss 
of ecosystem services (e.g., reduced access to safe water) that are 
supported by biodiversity (Oppenheimer et al., 2014). Limited research 
on the risks of warming of 1.5°C and 2°C was conducted following 
AR5 for most key economic sectors and services, for livelihoods and 
poverty, and for rural areas. For these systems, climate is one of many 
drivers that result in adverse outcomes. Other factors include patterns 
of demographic change, socio-economic development, trade and 
tourism. Further, consequences of climate change for infrastructure, 
tourism, migration, crop yields and other impacts interact with 
underlying vulnerabilities, such as for individuals and communities 
engaged in pastoralism, mountain farming and artisanal fisheries, to 
affect livelihoods and poverty (Dasgupta et al., 2014). 

Incomplete data and understanding of these lower-end climate 
scenarios have increased the need for more data and an improved 
understanding of the projected risks of warming of 1.5°C and 2°C for 
reference. In this section, the available literature on the projected risks, 
impacts and adaptation options is explored, supported by additional 
information and background provided in Supplementary Material 
3.SM.3.1, 3.SM.3.2, 3.SM.3.4, and 3.SM.3.5. A description of the main 
assessment methods of this chapter is given in Section 3.2.2.

3.4.2 Freshwater Resources (Quantity and Quality)

3.4.2.1 Water availability

Working Group II of AR5 concluded that about 80% of the world’s 
population already suffers from serious threats to its water security, as 
measured by indicators including water availability, water demand and 
pollution (Jiménez Cisneros et al., 2014). UNESCO (2011) concluded 
that climate change can alter the availability of water and threaten 
water security. 

Although physical changes in streamflow and continental runoff that 
are consistent with climate change have been identified (Section 
3.3.5), water scarcity in the past is still less well understood because 
the scarcity assessment needs to take into account various factors, such 
as the operations of water supply infrastructure and human water use 
behaviour (Mehran et al., 2017), as well as green water, water quality 
and environmental flow requirements (J. Liu et al., 2017). Over the past 
century, substantial growth in populations, industrial and agricultural 
activities, and living standards have exacerbated water stress in many 
parts of the world, especially in semi-arid and arid regions such as 
California in the USA (AghaKouchak et al., 2015; Mehran et al., 2015). 
Owing to changes in climate and water consumption behaviour, and 
particularly effects of the spatial distribution of population growth 
relative to water resources, the population under water scarcity 
increased from 0.24 billion (14% of the global population) in the 
1900s to 3.8 billion (58%) in the 2000s. In that last period (2000s), 1.1 

billion people (17% of the global population) who mostly live in South 
and East Asia, North Africa and the Middle East faced serious water 
shortage and high water stress (Kummu et al., 2016).

Over the next few decades, and for increases in global mean 
temperature less than about 2°C, AR5 concluded that changes in 
population will generally have a greater effect on water resource 
availability than changes in climate. Climate change, however, will 
regionally exacerbate or offset the effects of population pressure 
(Jiménez Cisneros et al., 2014). 

The differences in projected changes to levels of runoff under 1.5°C 
and 2°C of global warming, particularly those that are regional, are 
described in Section 3.3.5. Constraining warming to 1.5°C instead 
of 2°C might mitigate the risks for water availability, although 
socio-economic drivers could affect water availability more than the 
risks posed by variation in warming levels, while the risks are not 
homogeneous among regions (medium confidence) (Gerten et al., 
2013; Hanasaki et al., 2013; Arnell and Lloyd-Hughes, 2014; Schewe et 
al., 2014; Karnauskas et al., 2018). Assuming a constant population in 
the models used in his study, Gerten et al. (2013) determined that an 
additional 8% of the world population in 2000 would be exposed to 
new or aggravated water scarcity at 2°C of global warming. This value 
was almost halved – with 50% greater reliability – when warming was 
constrained to 1.5°C. People inhabiting river basins, particularly in the 
Middle East and Near East, are projected to become newly exposed 
to chronic water scarcity even if global warming is constrained to 
less than 2°C. Many regions, especially those in Europe, Australia 
and southern Africa, appear to be affected at 1.5°C if the reduction 
in water availability is computed for non-water-scarce basins as well 
as for water-scarce regions. Out of a contemporary population of 
approximately 1.3 billion exposed to water scarcity, about 3% (North 
America) to 9% (Europe) are expected to be prone to aggravated 
scarcity at 2°C of global warming (Gerten et al., 2013). Under the 
Shared Socio-Economic Pathway (SSP)2 population scenario, about 8% 
of the global population is projected to experience a severe reduction 
in water resources under warming of 1.7°C in 2021–2040, increasing 
to 14% of the population under 2.7°C in 2043–2071, based on the 
criteria of discharge reduction of either >20% or >1 standard deviation 
(Schewe et al., 2014). Depending on the scenarios of SSP1–5, exposure 
to the increase in water scarcity in 2050 will be globally reduced by 
184–270 million people at about 1.5°C of warming compared to the 
impacts at about 2°C. However, the variation between socio-economic 
levels is larger than the variation between warming levels (Arnell and 
Lloyd-Hughes, 2014). 

On many small islands (e.g., those constituting SIDS), freshwater stress 
is expected to occur as a result of projected aridity change. Constraining 
warming to 1.5°C, however, could avoid a substantial fraction of 
water stress compared to 2°C, especially across the Caribbean region, 
particularly on the island of Hispaniola (Dominican Republic and Haiti) 
(Karnauskas et al., 2018). Hanasaki et al. (2013) concluded that the 
projected range of changes in global irrigation water withdrawal 
(relative to the baseline of 1971–2000), using human configuration 
fixing non-meteorological variables for the period around 2000, are 
1.1–2.3% and 0.6–2.0% lower at 1.5°C and 2°C, respectively. In the 
same study, Hanasaki et al. (2013) highlighted the importance of water 
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use scenarios in water scarcity assessments, but neither quantitative 
nor qualitative information regarding water use is available. 

When the impacts on hydropower production at 1.5°C and 2°C are 
compared, it is found that mean gross potential increases in northern, 
eastern and western Europe, and decreases in southern Europe (Jacob 
et al., 2018; Tobin et al., 2018). The Baltic and Scandinavian countries 
are projected to experience the most positive impacts on hydropower 
production. Greece, Spain and Portugal are expected to be the most 
negatively impacted countries, although the impacts could be reduced 
by limiting warming to 1.5°C (Tobin et al., 2018). In Greece, Spain and 
Portugal, warming of 2°C is projected to decrease hydropower potential 
below 10%, while limiting global warming to 1.5°C would keep the 
reduction to 5% or less. There is, however, substantial uncertainty 
associated with these results due to a large spread between the 
climate models (Tobin et al., 2018).

Due to a combination of higher water temperatures and reduced 
summer river flows, the usable capacity of thermoelectric power plants 
using river water for cooling is expected to reduce in all European 
countries (Jacob et al., 2018; Tobin et al., 2018), with the magnitude 
of decreases being about 5% for 1.5°C and 10% for 2°C of global 
warming for most European countries (Tobin et al., 2018). Greece, 
Spain and Bulgaria are projected to have the largest reduction at 2°C 
of warming (Tobin et al., 2018).

Fricko et al. (2016) assessed the direct water use of the global energy 
sector across a broad range of energy system transformation pathways 
in order to identify the water impacts of a 2°C climate policy. This 
study revealed that there would be substantial divergence in water 
withdrawal for thermal power plant cooling under conditions in which 
the distribution of future cooling technology for energy generation is 
fixed, whereas adopting alternative cooling technologies and water 
resources would make the divergence considerably smaller.

3.4.2.2 Extreme hydrological events (floods and droughts)

Working Group II of AR5 concluded that socio-economic losses from 
flooding since the mid-20th century have increased mainly because 
of greater exposure and vulnerability (high confidence) (Jiménez 
Cisneros et al., 2014). There was low confidence due to limited 
evidence, however, that anthropogenic climate change has affected 
the frequency and magnitude of floods. WGII AR5 also concluded that 
there is no evidence that surface water and groundwater drought 
frequency has changed over the last few decades, although impacts 
of drought have increased mostly owing to increased water demand 
(Jiménez Cisneros et al., 2014).

Since AR5, the number of studies related to fluvial flooding and 
meteorological drought based on long-term observed data has been 
gradually increasing. There has also been progress since AR5 in 
identifying historical changes in streamflow and continental runoff 
(Section 3.3.5). As a result of population and economic growth, 
increased exposure of people and assets has caused more damage 
due to flooding. However, differences in flood risks among regions 
reflect the balance among the magnitude of the flood, the populations, 
their vulnerabilities, the value of assets affected by flooding, and the 

capacity to cope with flood risks, all of which depend on socio-economic 
development conditions, as well as topography and hydro-climatic 
conditions (Tanoue et al., 2016). AR5 concluded that there was low 
confidence in the attribution of global changes in droughts (Bindoff et 
al., 2013b). However, recent publications based on observational and 
modelling evidence assessed that human emissions have substantially 
increased the probability of drought years in the Mediterranean region 
(Section 3.3.4).

WGII AR5 assessed that global flood risk will increase in the future, 
partly owing to climate change (low to medium confidence), with 
projected changes in the frequency of droughts longer than 12 months 
being more uncertain because of their dependence on accumulated 
precipitation over long periods (Jiménez Cisneros et al., 2014).

Increases in the risks associated with runoff at the global scale 
(medium confidence), and in flood hazard in some regions (medium 
confidence), can be expected at global warming of 1.5°C, with an 
overall increase in the area affected by flood hazard at 2°C (medium 
confidence) (Section 3.3.5). There are studies, however, that indicate 
that socio-economic conditions will exacerbate flood impacts 
more than global climate change, and that the magnitude of these 
impacts could be larger in some regions (Arnell and Lloyd-Hughes, 
2014; Winsemius et al., 2016; Alfieri et al., 2017; Arnell et al., 2018; 
Kinoshita et al., 2018). Assuming constant population sizes, countries 
representing 73% of the world population will experience increasing 
flood risk, with an average increase of 580% at 4°C compared to the 
impact simulated over the baseline period 1976–2005. This impact 
is projected to be reduced to a 100% increase at 1.5°C and a 170% 
increase at 2°C (Alfieri et al., 2017). Alfieri et al. (2017) additionally 
concluded that the largest increases in flood risks would be found in 
the US, Asia, and Europe in general, while decreases would be found in 
only a few countries in eastern Europe and Africa. Overall, Alfieri et al. 
(2017) reported that the projected changes are not homogeneously 
distributed across the world land surface. Alfieri et al. (2018) studied 
the population affected by flood events using three case studies in 
European states, specifically central and western Europe, and found 
that the population affected could be limited to 86% at 1.5°C of 
warming compared to 93% at 2°C. Under the SSP2 population 
scenario, Arnell et al. (2018) found that 39% (range 36–46%) of 
impacts on populations exposed to river flooding globally could be 
avoided at 1.5°C compared to 2°C of warming. 

Under scenarios SSP1–5, Arnell and Lloyd-Hughes (2014) found 
that the number of people exposed to increased flooding in 2050 
under warming of about 1.5°C could be reduced by 26–34 million 
compared to the number exposed to increased flooding associated 
with 2°C of warming. Variation between socio-economic levels, 
however, is projected to be larger than variation between the two 
levels of global warming. Kinoshita et al. (2018) found that a serious 
increase in potential flood fatality (5.7%) is projected without any 
adaptation if global warming increases from 1.5°C to 2°C, whereas 
the projected increase in potential economic loss (0.9%) is relatively 
small. Nevertheless, their study indicates that socio-economic changes 
make a larger contribution to the potentially increased consequences 
of future floods, and about half of the increase in potential economic 
losses could be mitigated by autonomous adaptation.
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There is limited information about the global and regional 
projected risks posed by droughts at 1.5°C and 2°C of global 
warming. However, hazards by droughts at 1.5°C could be reduced 
compared to the hazards at 2°C in some regions, in particular in the 
Mediterranean region and southern Africa (Section 3.3.4). Under 
constant socio-economic conditions, the population exposed to 
drought at 2°C of warming is projected to be larger than at 1.5°C 
(low to medium confidence) (Smirnov et al., 2016; Sun et al., 2017; 
Arnell et al., 2018; Liu et al., 2018). Under the same scenario, the 
global mean monthly number of people expected to be exposed to 
extreme drought at 1.5°C in 2021–2040 is projected to be 114.3 
million, compared to 190.4 million at 2°C in 2041–2060 (Smirnov et 
al., 2016). Under the SSP2 population scenario, Arnell et al. (2018) 
projected that 39% (range 36–51%) of impacts on populations 
exposed to drought could be globally avoided at 1.5°C compared 
to 2°C warming.

Liu et al. (2018) studied the changes in population exposure to severe 
droughts in 27 regions around the globe for 1.5°C and 2°C of warming 
using the SSP1 population scenario compared to the baseline period 
of 1986–2005 based on the Palmer Drought Severity Index (PDSI). 
They concluded that the drought exposure of urban populations in 
most regions would be decreased at 1.5°C (350.2 ± 158.8 million 
people) compared to 2°C (410.7 ± 213.5 million people). Liu et al. 
(2018) also suggested that more urban populations would be exposed 
to severe droughts at 1.5°C in central Europe, southern Europe, the 
Mediterranean, West Africa, East and West Asia, and Southeast Asia, 
and that number of affected people would increase further in these 
regions at 2°C. However, it should be noted that the PDSI is known 
to have limitations (IPCC SREX, Seneviratne et al., 2012), and drought 
projections strongly depend on considered indices (Section 3.3.4); thus 
only medium confidence is assigned to these projections. In the Haihe 
River basin in China, a study has suggested that the proportion of the 
population exposed to droughts is projected to be reduced by 30.4% 
at 1.5°C but increased by 74.8% at 2°C relative to the baseline value 
of 339.65 million people in the 1986–2005 period, when assessing 
changes in droughts using the Standardized Precipitation-Evaporation 
Index, using a Penman–Monteith estimate of potential evaporation 
(Sun et al., 2017) .

Alfieri et al. (2018) estimated damage from flooding in Europe for 
the baseline period (1976–2005) at 5 billion euro of losses annually, 
with projections of relative changes in flood impacts that will rise with 
warming levels, from 116% at 1.5°C to 137% at 2°C.

Kinoshita et al. (2018) studied the increase of potential economic loss 
under SSP3 and projected that the smaller loss at 1.5°C compared 
to 2°C (0.9%) is marginal, regardless of whether the vulnerability is 
fixed at the current level or not. By analysing the differences in results 
with and without flood protection standards, Winsemius et al. (2016) 
showed that adaptation measures have the potential to greatly reduce 
present-day and future flood damage. They concluded that increases in 
flood-induced economic impacts (% gross domestic product, GDP) in 
African countries are mainly driven by climate change and that Africa’s 
growing assets would become increasingly exposed to floods. Hence, 
there is an increasing need for long-term and sustainable investments 
in adaptation in Africa. 

3.4.2.3 Groundwater

Working Group II of AR5 concluded that the detection of changes in 
groundwater systems, and attribution of those changes to climatic 
changes, are rare, owing to a lack of appropriate observation wells 
and an overall small number of studies (Jiménez Cisneros et al., 2014).

Since AR5, the number of studies based on long-term observed data 
continues to be limited. The groundwater-fed lakes in northeastern 
central Europe have been affected by climate and land-use changes, 
and they showed a predominantly negative lake-level trend in 1999–
2008 (Kaiser et al., 2014).

WGII AR5 concluded that climate change is projected to reduce 
groundwater resources significantly in most dry subtropical regions 
(high confidence) (Jiménez Cisneros et al., 2014).

In some regions, groundwater is often intensively used to supplement 
the excess demand, often leading to groundwater depletion. Climate 
change adds further pressure on water resources and exaggerates 
human water demands by increasing temperatures over agricultural 
lands (Wada et al., 2017). Very few studies have projected the risks of 
groundwater depletion under 1.5°C and 2°C of global warming. Under 
2°C of warming, impacts posed on groundwater are projected to be 
greater than at 1.5°C (low confidence) (Portmann et al., 2013; Salem 
et al., 2017). 

Portmann et al. (2013) indicated that 2% (range 1.1–2.6%) of the 
global land area is projected to suffer from an extreme decrease in 
renewable groundwater resources of more than 70% at 2°C, with a 
clear mitigation at 1.5°C. These authors also projected that 20% of 
the global land surface would be affected by a groundwater reduction 
of more than 10% at 1.5°C of warming, with the percentage of land 
impacted increasing at 2°C. In a groundwater-dependent irrigated 
region in northwest Bangladesh, the average groundwater level during 
the major irrigation period (January–April) is projected to decrease in 
accordance with temperature rise (Salem et al., 2017).

3.4.2.4 Water quality

Working Group II of AR5 concluded that most observed changes to 
water quality from climate change are from isolated studies, mostly 
of rivers or lakes in high-income countries, using a small number of 
variables (Jiménez Cisneros et al., 2014). AR5 assessed that climate 
change is projected to reduce raw water quality, posing risks to 
drinking water quality with conventional treatment (medium to high 
confidence) (Jiménez Cisneros et al., 2014).

Since AR5, studies have detected climate change impacts on several 
indices of water quality in lakes, watersheds and regions (e.g., Patiño 
et al., 2014; Aguilera et al., 2015; Watts et al., 2015; Marszelewski 
and Pius, 2016; Capo et al., 2017). The number of studies utilising 
RCP scenarios at the regional or watershed scale have gradually 
increased since AR5 (e.g., Boehlert et al., 2015; Teshager et al., 2016; 
Marcinkowski et al., 2017). Few studies, have explored projected 
impacts on water quality under 1.5°C versus 2°C of warming, 
however, the differences are unclear (low confidence) (Bonte and 
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Zwolsman, 2010; Hosseini et al., 2017). The daily probability of 
exceeding the chloride standard for drinking water taken from Lake 
IJsselmeer (Andijk, the Netherlands) is projected to increase by 
a factor of about five at 2°C relative to the present-day warming 
level of 1°C since 1990 (Bonte and Zwolsman, 2010). Mean monthly 
dissolved oxygen concentrations and nutrient concentrations in 
the upper Qu’Appelle River (Canada) in 2050–2055 are projected 
to decrease less at about 1.5°C of warming (RCP2.6) compared to 
concentrations at about 2°C (RCP4.5) (Hosseini et al., 2017). In three 
river basins in Southeast Asia (Sekong, Sesan and Srepok), about 2°C 
of warming (corresponding to a 1.05°C increase in the 2030s relative 
to the baseline period 1981–2008, RCP8.5), impacts posed by land-
use change on water quality are projected to be greater than at 1.5°C 
(corresponding to a 0.89°C increase in the 2030s relative to the 
baseline period 1981–2008, RCP4.5) (Trang et al., 2017). Under the 
same warming scenarios, Trang et al. (2017) projected changes in the 
annual nitrogen (N) and phosphorus (P) yields in the 2030s, as well as 
with combinations of two land-use change scenarios: (i) conversion 
of forest to grassland, and (ii) conversion of forest to agricultural 
land. The projected changes in N (P) yield are +7.3% (+5.1%) under 
a 1.5°C scenario and –6.6% (–3.6%) under 2°C, whereas changes 
under the combination of land-use scenarios are (i) +5.2% (+12.6%) 
at 1.5°C and +8.8% (+11.7%) at 2°C, and (ii) +7.5% (+14.9%) at 
1.5°C and +3.7% (+8.8%) at 2°C (Trang et al., 2017). 

3.4.2.5 Soil erosion and sediment load

Working Group II of AR5 concluded that there is little or no 
observational evidence that soil erosion and sediment load have been 
altered significantly by climate change (low to medium confidence) 
(Jiménez Cisneros et al., 2014). As the number of studies on climate 
change impacts on soil erosion has increased where rainfall is an 
important driver (Lu et al., 2013), studies have increasingly considered 
other factors, such as rainfall intensity (e.g., Shi and Wang, 2015; 
Li and Fang, 2016), snow melt, and change in vegetation cover 
resulting from temperature rise (Potemkina and Potemkin, 2015), 
as well as crop management practices (Mullan et al., 2012). WGII 
AR5 concluded that increases in heavy rainfall and temperature are 
projected to change soil erosion and sediment yield, although the 
extent of these changes is highly uncertain and depends on rainfall 
seasonality, land cover, and soil management practices (Jiménez 
Cisneros et al., 2014).

While the number of published studies of climate change impacts on 
soil erosion have increased globally since 2000 (Li and Fang, 2016), 
few articles have addressed impacts at 1.5°C and 2°C of global 
warming. The existing studies have found few differences in projected 
risks posed on sediment load under 1.5°C and 2°C (low confidence) 
(Cousino et al., 2015; Shrestha et al., 2016). The differences between 
average annual sediment load under 1.5°C and 2°C of warming are 
not clear, owing to complex interactions among climate change, land 
cover/surface and soil management (Cousino et al., 2015; Shrestha 
et al., 2016). Averages of annual sediment loads are projected to 
be similar under 1.5°C and 2°C of warming, in particular in the 
Great Lakes region in the USA and in the Lower Mekong region in 
Southeast Asia (Cross-Chapter Box 6 in this chapter, Cousino et al., 
2015; Shrestha et al., 2016). 

3.4.3 Terrestrial and Wetland Ecosystems 

3.4.3.1 Biome shifts 

Latitudinal and elevational shifts of biomes (major ecosystem 
types) in boreal, temperate and tropical regions have been detected 
(Settele et al., 2014) and new studies confirm these changes (e.g., 
shrub encroachment on tundra; Larsen et al., 2014). Attribution 
studies indicate that anthropogenic climate change has made a 
greater contribution to these changes than any other factor (medium 
confidence) (Settele et al., 2014). 

An ensemble of seven Dynamic Vegetation Models driven by projected 
climates from 19 alternative general circulation models (GCMs) 
(Warszawski et al., 2013) shows 13% (range 8–20%) of biomes 
transforming at 2°C of global warming, but only 4% (range 2–7%) 
doing so at 1°C, suggesting that about 6.5% may be transformed at 
1.5°C; these estimates indicate a doubling of the areal extent of biome 
shifts between 1.5°C and 2°C of warming (medium confidence) (Figure 
3.16a). A study using the single ecosystem model LPJmL (Gerten et 
al., 2013) illustrated that biome shifts in the Arctic, Tibet, Himalayas, 
southern Africa and Australia would be avoided by constraining 
warming to 1.5°C compared with 2°C (Figure 3.16b). Seddon et al. 
(2016) quantitatively identified ecologically sensitive regions to climate 
change in most of the continents from tundra to tropical rainforest. 
Biome transformation may in some cases be associated with novel 
climates and ecological communities (Prober et al., 2012). 

3.4.3.2 Changes in phenology

Advancement in spring phenology of 2.8 ± 0.35 days per decade has 
been observed in plants and animals in recent decades in most Northern 
Hemisphere ecosystems (between 30°N and 72°N), and these shifts 
have been attributed to changes in climate (high confidence) (Settele 
et al., 2014). The rates of change are particularly high in the Arctic 
zone owing to the stronger local warming (Oberbauer et al., 2013), 
whereas phenology in tropical forests appears to be more responsive 
to moisture stress (Zhou et al., 2014). While a full review cannot be 
included here, trends consistent with this earlier finding continue to 
be detected, including in the flowering times of plants (Parmesan 
and Hanley, 2015), in the dates of egg laying and migration in birds 
(newly reported in China; Wu and Shi, 2016), in the emergence dates 
of butterflies (Roy et al., 2015), and in the seasonal greening-up of 
vegetation as detected by satellites (i.e., in the normalized difference 
vegetation index, NDVI; Piao et al., 2015).

The potential for decoupling species–species interactions owing to 
differing phenological responses to climate change is well established 
(Settele et al., 2014), for example for plants and their insect pollinators 
(Willmer, 2012; Scaven and Rafferty, 2013). Mid-century projections 
of plant and animal phenophases in the UK clearly indicate that 
the timing of phenological events could change more for primary 
consumers (6.2 days earlier on average) than for higher trophic 
levels (2.5–2.9 days earlier on average) (Thackeray et al., 2016). This 
indicates the potential for phenological mismatch and associated 
risks for ecosystem functionality in the future under global warming 
of 2.1°C–2.7°C above pre-industrial levels. Further, differing responses 
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Figure 3.16 |  (a) Fraction of global natural vegetation (including managed forests) at risk of severe ecosystem change as a function of global mean temperature change for 
all ecosystems, models, global climate change models and Representative Concentration Pathways (RCPs). The colours represent the different ecosystem models, which are also 
horizontally separated for clarity. Results are collated in unit-degree bins, where the temperature for a given year is the average over a 30-year window centred on that year. 
The boxes span the 25th and 75th percentiles across the entire ensemble. The short, horizontal stripes represent individual (annual) data points, the curves connect the mean 
value per ecosystem model in each bin. The solid (dashed) curves are for models with (without) dynamic vegetation composition changes. Source: (Warszawski et al., 2013) 
(b) Threshold level of global temperature anomaly above pre-industrial levels that leads to significant local changes in terrestrial ecosystems. Regions with severe (coloured) or 
moderate (greyish) ecosystem transformation; delineation refers to the 90 biogeographic regions. All values denote changes found in >50% of the simulations. Source: (Gerten 
et al., 2013). Regions coloured in dark red are projected to undergo severe transformation under a global warming of 1.5°C while those coloured in light red do so at 2°C; other 
colours are used when there is no severe transformation unless global warming exceeds 2°C.

(a)

(b)
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could alter community structure in temperate forests (Roberts et al., 
2015). Specifically, temperate forest phenology is projected to advance 
by 14.3 days in the near term (2010–2039) and 24.6 days in the 
medium term (2040–2069), so as a first approximation the difference 
between 2°C and 1.5°C of global warming is about 10 days (Roberts et 
al., 2015). This phenological plasticity is not always adaptive and must 
be interpreted cautiously (Duputié et al., 2015), and considered in the 
context of accompanying changes in climate variability (e.g., increased 
risk of frost damage for plants or earlier emergence of insects resulting in 
mortality during cold spells). Another adaptive response of some plants is 
range expansion with increased vigour and altered herbivore resistance 
in their new range, analogous to invasive plants (Macel et al., 2017).

In summary, limiting warming to 1.5°C compared with 2°C may avoid 
advance in spring phenology (high confidence) by perhaps a few days 
(medium confidence) and hence decrease the risks of loss of ecosystem 
functionality due to phenological mismatch between trophic levels, 
and also of maladaptation coming from the sensitivity of many species 
to increased climate variability. Nevertheless, this difference between 
1.5°C and 2°C of warming might be limited for plants that are able to 
expand their range. 

3.4.3.3 Changes in species range, abundance and extinction 

AR5 (Settele et al., 2014) concluded that the geographical ranges of 
many terrestrial and freshwater plant and animal species have moved 
over the last several decades in response to warming: approximately 17 
km poleward and 11 m up in altitude per decade. Recent trends confirm 
this finding; for example, the spatial and interspecific variance in bird 
populations in Europe and North America since 1980 were found to be 
well predicted by trends in climate suitability (Stephens et al., 2016). 
Further, a recent meta-analysis of 27 studies concerning a total of 976 
species (Wiens, 2016) found that 47% of local extinctions (extirpations) 
reported across the globe during the 20th century could be attributed to 
climate change, with significantly more extinctions occurring in tropical 
regions, in freshwater habitats and for animals. IUCN (2018) lists 305 
terrestrial animal and plant species from Pacific Island developing nations 
as being threatened by climate change and severe weather. Owing 
to lags in the responses of some species to climate change, shifts in 
insect pollinator ranges may result in novel assemblages with unknown 
implications for biodiversity and ecosystem function (Rafferty, 2017).

Warren et al. (2013) simulated climatically determined geographic range 
loss under 2°C and 4°C of global warming for 50,000 plant and animal 
species, accounting for uncertainty in climate projections and for the 
potential ability of species to disperse naturally in an attempt to track their 
geographically shifting climate envelope. This earlier study has now been 
updated and expanded to incorporate 105,501 species, including 19,848 
insects, and new findings indicate that warming of 2°C by 2100 would 
lead to projected bioclimatic range losses of >50% in 18% (6–35%) of 
the 19,848 insects species, 8% (4–16%) of the 12,429 vertebrate species, 
and 16% (9–28%) of the 73,224 plant species studied (Warren et al., 
2018a). At 1.5°C of warming, these values fall to 6% (1–18%) of the 
insects, 4% (2–9%) of the vertebrates and 8% (4–15%) of the plants 
studied. Hence, the number of insect species projected to lose over half 
of their geographic range is reduced by two-thirds when warming is 
limited to 1.5°C compared with 2°C, while the number of vertebrate 

and plant species projected to lose over half of their geographic range 
is halved (Warren et al., 2018a) (medium confidence). These findings are 
consistent with estimates made from an earlier study suggesting that 
range losses at 1.5°C were significantly lower for plants than those at 
2°C of warming (Smith et al., 2018). It should be noted that at 1.5°C 
of warming, and if species’ ability to disperse naturally to track their 
preferred climate geographically is inhibited by natural or anthropogenic 
obstacles, there would still remain 10% of the amphibians, 8% of the 
reptiles, 6% of the mammals, 5% of the birds, 10% of the insects and 
8% of the plants which are projected to lose over half their range, while 
species on average lose 20–27% of their range (Warren et al., 2018a). 
Given that bird and mammal species can disperse more easily than 
amphibians and reptiles, a small proportion can expand their range 
as climate changes, but even at 1.5°C of warming the total range loss 
integrated over all birds and mammals greatly exceeds the integrated 
range gain (Warren et al., 2018a).

A number of caveats are noted for studies projecting changes to climatic 
range. This approach, for example, does not incorporate the effects of 
extreme weather events and the role of interactions between species. 
As well, trophic interactions may locally counteract the range expansion 
of species towards higher altitudes (Bråthen et al., 2018). There is also 
the potential for highly invasive species to become established in new 
areas as the climate changes (Murphy and Romanuk, 2014), but there is 
no literature that quantifies this possibility for 1.5°C of global warming.

Pecl et al. (2017) summarized at the global level the consequences 
of climate-change-induced species redistribution for economic 
development, livelihoods, food security, human health and culture. 
These authors concluded that even if anthropogenic greenhouse gas 
emissions stopped today, the effort for human systems to adapt to 
the most crucial effects of climate-driven species redistribution will 
be far-reaching and extensive. For example, key insect crop pollinator 
families (Apidae, Syrphidae and Calliphoridae; i.e., bees, hoverflies 
and blowflies) are projected to retain significantly greater geographic 
ranges under 1.5°C of global warming compared with 2°C (Warren 
et al., 2018a). In some cases, when species (such as pest and disease 
species) move into areas which have become climatically suitable 
they may become invasive or harmful to human or natural systems 
(Settele et al., 2014). Some studies are beginning to locate ‘refugial’ 
areas where the climate remains suitable in the future for most of the 
species currently present. For example, Smith et al. (2018) estimated 
that 5.5–14% more of the globe’s terrestrial land area could act as 
climatic refugia for plants under 1.5°C of warming compared to 2°C. 

There is no literature that directly estimates the proportion of species at 
increased risk of global (as opposed to local) commitment to extinction 
as a result of climate change, as this is inherently difficult to quantify. 
However, it is possible to compare the proportions of species at risk 
of very high range loss; for example, a discernibly smaller number of 
terrestrial species are projected to lose over 90% of their range at 
1.5°C of global warming compared with 2°C (Figure 2 in Warren et 
al., 2018a). A link between very high levels of range loss and greatly 
increased extinction risk may be inferred (Urban, 2015). Hence, limiting 
global warming to 1.5°C compared with 2°C would be expected to 
reduce both range losses and associated extinction risks in terrestrial 
species (high confidence).
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3.4.3.4 Changes in ecosystem function, biomass  
and carbon stocks

Working Group II of AR5 (Settele et al., 2014) concluded that there is 
high confidence that net terrestrial ecosystem productivity at the global 
scale has increased relative to the pre-industrial era and that rising 
CO2 concentrations are contributing to this trend through stimulation 
of photosynthesis. There is, however, no clear and consistent signal 
of a climate change contribution. In northern latitudes, the change in 
productivity has a lower velocity than the warming, possibly because of 
a lack of resource and vegetation acclimation mechanisms (M. Huang 
et al., 2017). Biomass and soil carbon stocks in terrestrial ecosystems 
are currently increasing (high confidence), but they are vulnerable to 
loss of carbon to the atmosphere as a result of projected increases in 
the intensity of storms, wildfires, land degradation and pest outbreaks 
(Settele et al., 2014; Seidl et al., 2017). These losses are expected to 
contribute to a decrease in the terrestrial carbon sink. Anderegg et al. 
(2015) demonstrated that total ecosystem respiration at the global 
scale has increased in response to increases in night-time temperature 
(1 PgC yr–1 °C–1, P=0.02). 

The increase in total ecosystem respiration in spring and autumn, 
associated with higher temperatures, may convert boreal forests 
from carbon sinks to carbon sources (Hadden and Grelle, 2016). In 
boreal peatlands, for example, increased temperature may diminish 
carbon storage and compromise the stability of the peat (Dieleman 
et al., 2016). In addition, J. Yang et al. (2015) showed that fires reduce 
the carbon sink of global terrestrial ecosystems by 0.57 PgC yr–1 in 
ecosystems with large carbon stores, such as peatlands and tropical 
forests. Consequently, for adaptation purposes, it is necessary to 
enhance carbon sinks, especially in forests which are prime regulators 
within the water, energy and carbon cycles (Ellison et al., 2017). Soil can 
also be a key compartment for substantial carbon sequestration (Lal, 
2014; Minasny et al., 2017), depending on the net biome productivity 
and the soil quality (Bispo et al., 2017). 

AR5 assessed that large uncertainty remains regarding the land carbon 
cycle behaviour of the future (Ciais et al., 2013), with most, but not all, 
CMIP5 models simulating continued terrestrial carbon uptake under 
all four RCP scenarios (Jones et al., 2013). Disagreement between 
models outweighs differences between scenarios even up to the year 
2100 (Hewitt et al., 2016; Lovenduski and Bonan, 2017). Increased 
atmospheric CO2 concentrations are expected to drive further increases 
in the land carbon sink (Ciais et al., 2013; Schimel et al., 2015), which 
could persist for centuries (Pugh et al., 2016). Nitrogen, phosphorus and 
other nutrients will limit the terrestrial carbon cycle response to both 
elevated CO2 and altered climate (Goll et al., 2012; Yang et al., 2014; 
Wieder et al., 2015; Zaehle et al., 2015; Ellsworth et al., 2017). Climate 
change may accelerate plant uptake of carbon (Gang et al., 2015) 
but also increase the rate of decomposition (Todd-Brown et al., 2014; 
Koven et al., 2015; Crowther et al., 2016). Ahlström et al. (2012) found 
a net loss of carbon in extra-tropical regions and the largest spread 
across model results in the tropics. The projected net effect of climate 
change is to reduce the carbon sink expected under CO2 increase alone 
(Settele et al., 2014). Friend et al. (2014) found substantial uptake of 
carbon by vegetation under future scenarios when considering the 
effects of both climate change and elevated CO2.

There is limited published literature examining modelled land carbon 
changes specifically under 1.5°C of warming, but existing CMIP5 
models and published data are used in this report to draw some 
conclusions. For systems with significant inertia, such as vegetation or 
soil carbon stores, changes in carbon storage will depend on the rate 
of change of forcing and thus depend on the choice of scenario (Jones 
et al., 2009; Ciais et al., 2013; Sihi et al., 2017). To avoid legacy effects 
of the choice of scenario, this report focuses on the response of gross 
primary productivity (GPP) – the rate of photosynthetic carbon uptake 
– by the models, rather than by changes in their carbon store. 

Figure 3.17 shows different responses of the terrestrial carbon cycle 
to climate change in different regions. The models show a consistent 
response of increased GPP in temperate latitudes of approximately 2 
GtC yr–1 °C–1. Similarly, Gang et al. (2015) projected a robust increase 
in the net primary productivity (NPP) of temperate forests. However, 
Ahlström et al. (2012) showed that this effect could be offset or reversed 
by increases in decomposition. Globally, most models project that GPP 
will increase or remain approximately unchanged (Hashimoto et al., 
2013). This projection is supported by findings by Sakalli et al. (2017) 
for Europe using Euro-CORDEX regional models under a 2°C global 
warming for the period 2034–2063, which indicated that storage 
will increase by 5% in soil and by 20% in vegetation. However, using 
the same models Jacob et al. (2018) showed that limiting warming 
to 1.5°C instead of 2°C avoids an increase in ecosystem vulnerability 
(compared to a no-climate change scenario) of 40–50%. 

At the global level, linear scaling is acceptable for net primary production, 
biomass burning and surface runoff, and impacts on terrestrial carbon 
storage are projected to be greater at 2°C than at 1.5°C (Tanaka et 
al., 2017). If global CO2 concentrations and temperatures stabilize, or 
peak and decline, then both land and ocean carbon sinks – which are 
primarily driven by the continued increase in atmospheric CO2 – will 
also decline and may even become carbon sources (Jones et al., 2016). 
Consequently, if a given amount of anthropogenic CO2 is removed from 
the atmosphere, an equivalent amount of land and ocean anthropogenic 
CO2 will be released to the atmosphere (Cao and Caldeira, 2010). 

In conclusion, ecosystem respiration is expected to increase with 
increasing temperature, thus reducing soil carbon storage. Soil carbon 
storage is expected to be larger if global warming is restricted to 
1.5°C, although some of the associated changes will be countered by 
enhanced gross primary production due to elevated CO2 concentrations 
(i.e., the ‘fertilization effect’) and higher temperatures, especially at 
mid- and high latitudes (medium confidence). 

3.4.3.5 Regional and ecosystem-specific risks 

A large number of threatened systems, including mountain 
ecosystems, highly biodiverse tropical wet and dry forests, deserts, 
freshwater systems and dune systems, were assessed in AR5. These 
include Mediterranean areas in Europe, Siberian, tropical and desert 
ecosystems in Asia, Australian rainforests, the Fynbos and succulent 
Karoo areas of South Africa, and wetlands in Ethiopia, Malawi, Zambia 
and Zimbabwe. In all these systems, it has been shown that impacts 
accrue with greater warming, and thus impacts at 2°C are expected to 
be greater than those at 1.5°C (medium confidence). 
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Figure 3.17 |  The response of terrestrial productivity (gross primary productivity, GPP) to climate change, globally (top left) and for three latitudinal regions: 30°S–30°N; 
30–60°N and 60–90°N. Data come from the Coupled Model Intercomparison Project Phase 5 (CMIP5) archive (http://cmip-pcmdi.llnl.gov/cmip5/). Seven Earth System 
Models were used: Norwegian Earth System Model (NorESM-ME, yellow); Community Earth System Model (CESM, red); Institute Pierre Simon Laplace (IPLS)-CM5-LR (dark 
blue); Geophysical Fluid Dynamics Laboratory (GFDL, pale blue); Max Plank Institute-Earth System Model (MPI-ESM, pink); Hadley Centre New Global Environmental Model 
2-Earth System (HadGEM2-ES, orange); and Canadian Earth System Model 2 (CanESM2, green). Differences in GPP between model simulations with (‘1pctCO2’) and without 
(‘esmfixclim1’) the effects of climate change are shown. Data are plotted against the global mean temperature increase above pre-industrial levels from simulations with a 1% 
per year increase in CO2 (‘1pctCO2’). 

The High Arctic region, with tundra-dominated landscapes, has warmed 
more than the global average over the last century (Section 3.3; Settele 
et al., 2014). The Arctic tundra biome is experiencing increasing fire 
disturbance and permafrost degradation (Bring et al., 2016; DeBeer et 
al., 2016; Jiang et al., 2016; Yang et al., 2016). Both of these processes 
facilitate the establishment of woody species in tundra areas. Arctic 
terrestrial ecosystems are being disrupted by delays in winter onset 
and mild winters associated with global warming (high confidence) 
(Cooper, 2014). Observational constraints suggest that stabilization 
at 1.5°C of warming would avoid the thawing of approximately 1.5 
to 2.5 million km2 of permafrost (medium confidence) compared 
with stabilization at 2°C (Chadburn et al., 2017), but the time scale 
for release of thawed carbon as CO2 or CH4 should be many centuries 
(Burke et al., 2017). In northern Eurasia, the growing season length is 
projected to increase by about 3–12 days at 1.5°C and 6–16 days at 
2°C of warming (medium confidence) (Zhou et al., 2018). Aalto et al. 
(2017) predicted a 72% reduction in cryogenic land surface processes 
in northern Europe for RCP2.6 in 2040–2069 (corresponding to a global 
warming of approximately 1.6°C), with only slightly larger losses for 
RCP4.5 (2°C of global warming). 

Projected impacts on forests as climate change occurs include increases 
in the intensity of storms, wildfires and pest outbreaks (Settele et al., 
2014), potentially leading to forest dieback (medium confidence). 
Warmer and drier conditions in particular facilitate fire, drought and insect 
disturbances, while warmer and wetter conditions increase disturbances 
from wind and pathogens (Seidl et al., 2017). Particularly vulnerable 
regions are Central and South America, Mediterranean Basin, South 
Africa, South Australia where the drought risk will increase (see Figure 
3.12). Including disturbances in simulations may influence productivity 
changes in European forests in response to climate change (Reyer et 
al., 2017b). There is additional evidence for the attribution of increased 
forest fire frequency in North America to anthropogenic climate change 
during 1984–2015, via the mechanism of increasing fuel aridity almost 
doubling the western USA forest fire area compared to what would 
have been expected in the absence of climate change (Abatzoglou and 
Williams, 2016). This projection is in line with expected fire risks, which 
indicate that fire frequency could increase over 37.8% of the global land 
area during 2010–2039 (Moritz et al., 2012), corresponding to a global 
warming level of approximately 1.2°C, compared with over 61.9% of 
the global land area in 2070–2099, corresponding to a warming of 
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approximately 3.5°C.6 The values in Table 26-1 in a recent paper by 
Romero-Lankao et al. (2014) also indicate significantly lower wildfire 
risks in North America for near-term warming (2030–2040, considered a 
proxy for 1.5°C of warming) than at 2°C (high confidence).

The Amazon tropical forest has been shown to be close to its climatic 
limits (Hutyra et al., 2005), but this threshold may move under elevated 
CO2 (Good et al., 2011). Future changes in rainfall, especially dry season 
length, will determine responses of the Amazon forest (Good et al., 
2013). The forest may be especially vulnerable to combined pressure 
from multiple stressors, namely changes in climate and continued 
anthropogenic disturbance (Borma et al., 2013; Nobre et al., 2016). 
Modelling (Huntingford et al., 2013) and observational constraints 
(Cox et al., 2013) suggest that large-scale forest dieback is less likely 
than suggested under early coupled modelling studies (Cox et al., 2000; 
Jones et al., 2009). Nobre et al. (2016) estimated a climatic threshold of 
4°C of warming and a deforestation threshold of 40%. 

In many places around the world, the savanna boundary is moving 
into former grasslands. Woody encroachment, including increased 
tree cover and biomass, has increased over the past century, owing 
to changes in land management, rising CO2 levels, and climate 
variability and change (often in combination) (Settele et al., 2014). For 
plant species in the Mediterranean region, shifts in phenology, range 
contraction and health decline have been observed with precipitation 
decreases and temperature increases (medium confidence) (Settele 
et al., 2014). Recent studies using independent complementary 
approaches have shown that there is a regional-scale threshold in the 
Mediterranean region between 1.5°C and 2°C of warming (Guiot and 
Cramer, 2016; Schleussner et al., 2016b). Further, Guiot and Cramer 
(2016) concluded that biome shifts unprecedented in the last 10,000 
years can only be avoided if global warming is constrained to 1.5°C 
(medium confidence) – whilst 2°C of warming will result in a decrease 
of 12–15% of the Mediterranean biome area. The Fynbos biome in 
southwestern South Africa is vulnerable to the increasing impact of 
fires under increasing temperatures and drier winters. It is projected 
to lose about 20%, 45% and 80% of its current suitable climate area 
under 1°C, 2°C and 3°C of global warming, respectively, compared to 
1961–1990 (high confidence) (Engelbrecht and Engelbrecht, 2016). In 
Australia, an increase in the density of trees and shrubs at the expense 
of grassland species is occurring across all major ecosystems and is 
projected to be amplified (NCCARF, 2013). Regarding Central America, 
Lyra et al. (2017) showed that the tropical rainforest biomass would be 
reduced by about 40% under global warming of 3°C, with considerable 
replacement by savanna and grassland. With a global warming of close 
to 1.5°C in 2050, a biomass decrease of 20% is projected for tropical 
rainforests of Central America (Lyra et al., 2017). If a linear response is 
assumed, this decrease may reach 30% (medium confidence). 

Freshwater ecosystems are considered to be among the most threatened 
on the planet (Settele et al., 2014). Although peatlands cover only about 
3% of the land surface, they hold one-third of the world’s soil carbon 
stock (400 to 600 Pg) (Settele et al., 2014). When drained, this carbon 
is released to the atmosphere. At least 15% of peatlands have drained, 

mostly in Europe and Southeast Asia, and are responsible for 5% of 
human derived CO2 emissions (Green and Page, 2017). Moreover, in the 
Congo basin (Dargie et al., 2017) and in the Amazonian basin (Draper et 
al., 2014), the peatlands store the equivalent carbon as that of a tropical 
forest. However, stored carbon is vulnerable to land-use change and 
future risk of drought, for example in northeast Brazil (high confidence) 
(Figure 3.12, Section 3.3.4.2). At the global scale, these peatlands are 
undergoing rapid major transformations through drainage and burning 
in preparation for oil palm and other crops or through unintentional 
burning (Magrin et al., 2014). Wetland salinization, a widespread 
threat to the structure and ecological functioning of inland and coastal 
wetlands, is occurring at a high rate and large geographic scale (Section 
3.3.6; Herbert et al., 2015). Settele et al. (2014) found that rising water 
temperatures are projected to lead to shifts in freshwater species 
distributions and worsen water quality. Some of these ecosystems 
respond non-linearly to changes in temperature. For example, Johnson 
and Poiani (2016) found that the wetland function of the Prairie Pothole 
region in North America is projected to decline at temperatures beyond 
a local warming of 2°C–3°C above present-day values (1°C local 
warming, corresponding to 0.6°C of global warming). If the ratio of local 
to global warming remains similar for these small levels of warming, 
this would indicate a global temperature threshold of 1.2°C–1.8°C 
of warming. Hence, constraining global warming to approximately 
1.5°C would maintain the functioning of prairie pothole ecosystems in 
terms of their productivity and biodiversity, although a 20% increase 
of precipitation could offset 2°C of global warming (high confidence) 
(Johnson and Poiani, 2016).

3.4.3.6 Summary of implications for ecosystem services 

In summary, constraining global warming to 1.5°C rather than 2°C 
has strong benefits for terrestrial and wetland ecosystems and their 
services (high confidence). These benefits include avoidance or 
reduction of changes such as biome transformations, species range 
losses, increased extinction risks (all high confidence) and changes 
in phenology (high confidence), together with projected increases 
in extreme weather events which are not yet factored into these 
analyses (Section 3.3). All of these changes contribute to disruption of 
ecosystem functioning and loss of cultural, provisioning and regulating 
services provided by these ecosystems to humans. Examples of such 
services include soil conservation (avoidance of desertification), flood 
control, water and air purification, pollination, nutrient cycling, sources 
of food, and recreation. 

3.4.4 Ocean Ecosystems

The ocean plays a central role in regulating atmospheric gas 
concentrations, global temperature and climate. It also provides 
habitat to a large number of organisms and ecosystems that provide 
goods and services worth trillions of USD per year (e.g., Costanza et 
al., 2014; Hoegh-Guldberg et al., 2015). Together with local stresses 
(Halpern et al., 2015), climate change poses a major threat to an 
increasing number of ocean ecosystems (e.g., warm water or tropical 
coral reefs: virtually certain, WGII AR5) and consequently to many 

6 The approximate temperatures are derived from Figure 10.5a in Meehl et al. (2007), which indicates an ensemble average projection of 0.7°C or 3°C above 1980–1999 
temperatures, which were already 0.5°C above pre-industrial values.
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coastal communities that depend on marine resources for food, 
livelihoods and a safe place to live. Previous sections of this report 
have described changes in the ocean, including rapid increases 
in ocean temperature down to a depth of at least 700 m (Section 
3.3.7). In addition, anthropogenic carbon dioxide has decreased 
ocean pH and affected the concentration of ions in seawater such 
as carbonate (Sections 3.3.10 and 3.4.4.5), both over a similar depth 
range. Increased ocean temperatures have intensified storms in some 
regions (Section 3.3.6), expanded the ocean volume and increased 
sea levels globally (Section 3.3.9), reduced the extent of polar 
summer sea ice (Section 3.3.8), and decreased the overall solubility 
of the ocean for oxygen (Section 3.3.10). Importantly, changes in the 
response to climate change rarely operate in isolation. Consequently, 
the effect of global warming of 1.5°C versus 2°C must be considered 
in the light of multiple factors that may accumulate and interact over 
time to produce complex risks, hazards and impacts on human and 
natural systems.

3.4.4.1 Observed impacts 

Physical and chemical changes to the ocean resulting from increasing 
atmospheric CO2 and other GHGs are already driving significant changes 
to ocean systems (very high confidence) and will continue to do so at 
1.5°C, and more so at 2°C, of global warming above pre-industrial 
temperatures (Section 3.3.11). These changes have been accompanied 
by other changes such as ocean acidification, intensifying storms and 
deoxygenation (Levin and Le Bris, 2015). Risks are already significant 
at current greenhouse gas concentrations and temperatures, and they 
vary significantly among depths, locations and ecosystems, with impacts 
being singular, interactive and/or cumulative (Boyd et al., 2015).

3.4.4.2 Warming and stratification of the surface ocean 

As atmospheric greenhouse gases have increased, the global mean 
surface temperature (GMST) has reached about 1°C above the pre-
industrial period, and oceans have rapidly warmed from the ocean 
surface to the deep sea (high confidence) (Sections 3.3.7; Hughes 
and Narayanaswamy, 2013; Levin and Le Bris, 2015; Yasuhara and 
Danovaro, 2016; Sweetman et al., 2017). Marine organisms are 
already responding to these changes by shifting their biogeographical 
ranges to higher latitudes at rates that range from approximately 0 
to 40 km yr–1 (Burrows et al., 2014; Chust, 2014; Bruge et al., 
2016; Poloczanska et al., 2016), which has consequently affected 
the structure and function of the ocean, along with its biodiversity 
and foodwebs (high confidence). Movements of organisms does 
not necessarily equate to the movement of entire ecosystems. For 
example, species of reef-building corals have been observed to shift 
their geographic ranges, yet this has not resulted in the shift of entire 
coral ecosystems (high confidence) (Woodroffe et al., 2010; Yamano 
et al., 2011). In the case of ‘less mobile’ ecosystems (e.g., coral reefs, 
kelp forests and intertidal communities), shifts in biogeographical 
ranges may be limited, with mass mortalities and disease outbreaks 
increasing in frequency as the exposure to extreme temperatures 
increases (very high confidence) (Hoegh-Guldberg, 1999; Garrabou 
et al., 2009; Rivetti et al., 2014; Maynard et al., 2015; Krumhansl et 
al., 2016; Hughes et al., 2017b; see also Box 3.4). These trends are 
projected to become more pronounced at warming of 1.5°C, and 

more so at 2°C, above the pre-industrial period (Hoegh-Guldberg et 
al., 2007; Donner, 2009; Frieler et al., 2013; Horta E Costa et al., 2014; 
Vergés et al., 2014, 2016; Zarco-Perello et al., 2017) and are likely to 
result in decreases in marine biodiversity at the equator but increases 
in biodiversity at higher latitudes (Cheung et al., 2009; Burrows et 
al., 2014).

While the impacts of species shifting their ranges are mostly negative 
for human communities and industry, there are instances of short-
term gains. Fisheries, for example, may expand temporarily at high 
latitudes in the Northern Hemisphere as the extent of summer sea ice 
recedes and NPP increases (medium confidence) (Cheung et al., 2010; 
Lam et al., 2016; Weatherdon et al., 2016). High-latitude fisheries are 
not only influenced by the effect of temperature on NPP but are also 
strongly influenced by the direct effects of changing temperatures on 
fish and fisheries (Section 3.4.4.9; Barange et al., 2014; Pörtner et al., 
2014; Cheung et al., 2016b; Weatherdon et al., 2016). Temporary gains 
in the productivity of high-latitude fisheries are offset by a growing 
number of examples from low and mid-latitudes where increases in 
sea temperature are driving decreases in NPP, owing to the direct 
effects of elevated temperatures and/or reduced ocean mixing from 
reduced ocean upwelling, that is, increased stratification (low-medium 
confidence) (Cheung et al., 2010; Ainsworth et al., 2011; Lam et al., 
2012, 2014, 2016; Bopp et al., 2013; Boyd et al., 2014; Chust et al., 2014; 
Hoegh-Guldberg et al., 2014; Poloczanska et al., 2014; Pörtner et al., 
2014; Signorini et al., 2015). Reduced ocean upwelling has implications 
for millions of people and industries that depend on fisheries for food 
and livelihoods (Bakun et al., 2015; FAO, 2016; Kämpf and Chapman, 
2016), although there is low confidence in the projection of the size 
of the consequences at 1.5°C. It is also important to appreciate these 
changes in the context of large-scale ocean processes such as the 
ocean carbon pump. The export of organic carbon to deeper layers of 
the ocean increases as NPP changes in the surface ocean, for example, 
with implications for foodwebs and oxygen levels (Boyd et al., 2014; 
Sydeman et al., 2014; Altieri and Gedan, 2015; Bakun et al., 2015; 
Boyd, 2015).

3.4.4.3 Storms and coastal runoff 

Storms, wind, waves and inundation can have highly destructive impacts 
on ocean and coastal ecosystems, as well as the human communities 
that depend on them (IPCC, 2012; Seneviratne et al., 2012). The intensity 
of tropical cyclones across the world’s oceans has increased, although the 
overall number of tropical cyclones has remained the same or decreased 
(medium confidence) (Section 3.3.6; Elsner et al., 2008; Holland and 
Bruyère, 2014). The direct force of wind and waves associated with 
larger storms, along with changes in storm direction, increases the risks 
of physical damage to coastal communities and to ecosystems such as 
mangroves (low to medium confidence) (Long et al., 2016; Primavera et 
al., 2016; Villamayor et al., 2016; Cheal et al., 2017) and tropical coral 
reefs (De’ath et al., 2012; Bozec et al., 2015; Cheal et al., 2017). These 
changes are associated with increases in maximum wind speed, wave 
height and the inundation, although trends in these variables vary from 
region to region (Section 3.3.5). In some cases, this can lead to increased 
exposure to related impacts, such as flooding, reduced water quality and 
increased sediment runoff (medium-high confidence) (Brodie et al., 2012; 
Wong et al., 2014; Anthony, 2016; AR5, Table 5.1). 
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Sea level rise also amplifies the impacts of storms and wave action 
(Section 3.3.9), with robust evidence that storm surges and damage 
are already penetrating farther inland than a few decades ago, 
changing conditions for coastal ecosystems and human communities. 
This is especially true for small islands (Box 3.5) and low-lying coastal 
communities, where issues such as storm surges can transform coastal 
areas (Section 3.4.5; Brown et al., 2018a). Changes in the frequency of 
extreme events, such as an increase in the frequency of intense storms, 
have the potential (along with other factors, such as disease, food web 
changes, invasive organisms and heat stress-related mortality; Burge 
et al., 2014; Maynard et al., 2015; Weatherdon et al., 2016; Clements 
et al., 2017) to overwhelm the capacity for natural and human systems 
to recover following disturbances. This has recently been seen for key 
ecosystems such as tropical coral reefs (Box 3.4), which have changed 
from coral-dominated ecosystems to assemblages dominated by other 
organisms such as seaweeds, with changes in associated organisms 
and ecosystem services (high confidence) (De’ath et al., 2012; Bozec et 
al., 2015; Cheal et al., 2017; Hoegh-Guldberg et al., 2017; Hughes et al., 
2017a, b). The impacts of storms are amplified by sea level rise (Section 
3.4.5), leading to substantial challenges today and in the future for 
cities, deltas and small island states in particular (Sections 3.4.5.2 to 
3.4.5.4), as well as for coastlines and their associated ecosystems 
(Sections 3.4.5.5 to 3.4.5.7).

3.4.4.4 Ocean circulation 

The movement of water within the ocean is essential to its biology 
and ecology, as well to the circulation of heat, water and nutrients 
around the planet (Section 3.3.7). The movement of these factors 
drives local and regional climates, as well as primary productivity and 
food production. Firmly attributing recent changes in the strength and 
direction of ocean currents to climate change, however, is complicated 
by long-term patterns and variability (e.g., Pacific decadal oscillation, 
PDO; Signorini et al., 2015) and a lack of records that match the long-
term nature of these changes in many cases (Lluch-Cota et al., 2014). An 
assessment of the literature since AR5 (Sydeman et al., 2014), however, 
concluded that (overall) upwelling-favourable winds have intensified 
in the California, Benguela and Humboldt upwelling systems, but 
have weakened in the Iberian system and have remained neutral in 
the Canary upwelling system in over 60 years of records (1946–2012) 
(medium confidence). These conclusions are consistent with a growing 
consensus that wind-driven upwelling systems are likely to intensify 
under climate change in many upwelling systems (Sydeman et al., 
2014; Bakun et al., 2015; Di Lorenzo, 2015), with potentially positive 
and negative consequences (Bakun et al., 2015). 

Changes in ocean circulation can have profound impacts on marine 
ecosystems by connecting regions and facilitating the entry and 
establishment of species in areas where they were unknown before (e.g., 
‘tropicalization’ of temperate ecosystems; Wernberg et al., 2012; Vergés 
et al., 2014, 2016; Zarco-Perello et al., 2017), as well as the arrival of novel 
disease agents (low-medium confidence) (Burge et al., 2014; Maynard 
et al., 2015; Weatherdon et al., 2016). For example, the herbivorous sea 
urchin Centrostephanus rodgersii has been reached Tasmania from the 
Australian mainland, where it was previously unknown, owing to a 
strengthening of the East Australian Current (EAC) that connects the 
two regions (high confidence) (Ling et al., 2009). As a consequence, the 

distribution and abundance of kelp forests has rapidly decreased, with 
implications for fisheries and other ecosystem services (Ling et al., 2009). 
These risks to marine ecosystems are projected to become greater at 
1.5°C, and more so at 2°C (medium confidence) (Cheung et al., 2009; 
Pereira et al., 2010; Pinsky et al., 2013; Burrows et al., 2014). 

Changes to ocean circulation can have even larger influence in terms of 
scale and impacts. Weakening of the Atlantic Meridional Overturning 
Circulation (AMOC), for example, is projected to be highly disruptive to 
natural and human systems as the delivery of heat to higher latitudes 
via this current system is reduced (Collins et al., 2013). Evidence of 
a slowdown of AMOC has increased since AR5 (Smeed et al., 2014; 
Rahmstorf et al., 2015a, b; Kelly et al., 2016), yet a strong causal 
connection to climate change is missing (low confidence) (Section 
3.3.7).

3.4.4.5 Ocean acidification 

Ocean chemistry encompasses a wide range of phenomena and chemical 
species, many of which are integral to the biology and ecology of the 
ocean (Section 3.3.10; Gattuso et al., 2014, 2015; Hoegh-Guldberg et 
al., 2014; Pörtner et al., 2014). While changes to ocean chemistry are 
likely to be of central importance, the literature on how climate change 
might influence ocean chemistry over the short and long term is limited 
(medium confidence). By contrast, numerous risks from the specific 
changes associated with ocean acidification have been identified (Dove 
et al., 2013; Kroeker et al., 2013; Pörtner et al., 2014; Gattuso et al., 
2015; Albright et al., 2016), with the consensus that resulting changes 
to the carbonate chemistry of seawater are having, and are likely to 
continue to have, fundamental and substantial impacts on a wide variety 
of organisms (high confidence). Organisms with shells and skeletons 
made out of calcium carbonate are particularly at risk, as are the early 
life history stages of a large number of organisms and processes such 
as de-calcification, although there are some taxa that have not shown 
high-sensitivity to changes in CO2, pH and carbonate concentrations 
(Dove et al., 2013; Fang et al., 2013; Kroeker et al., 2013; Pörtner et 
al., 2014; Gattuso et al., 2015). Risks of these impacts also vary with 
latitude and depth, with the greatest changes occurring at high latitudes 
as well as deeper regions. The aragonite saturation horizon (i.e., where 
concentrations of calcium and carbonate fall below the saturation point 
for aragonite, a key crystalline form of calcium carbonate) is decreasing 
with depth as anthropogenic CO2 penetrates deeper into the ocean over 
time. Under many models and scenarios, the aragonite saturation is 
projected to reach the surface by 2030 onwards, with a growing list of 
impacts and consequences for ocean organisms, ecosystems and people 
(Orr et al., 2005; Hauri et al., 2016).

Further, it is difficult to reliably separate the impacts of ocean warming 
and acidification. As ocean waters have increased in sea surface 
temperature (SST) by approximately 0.9°C they have also decreased 
by 0.2 pH units since 1870–1899 (‘pre-industrial’; Table 1 in Gattuso et 
al., 2015; Bopp et al., 2013). As CO2 concentrations continue to increase 
along with other GHGs, pH will decrease while sea temperature will 
increase, reaching 1.7°C and a decrease of 0.2 pH units (by 2100 
under RCP4.5) relative to the pre-industrial period. These changes are 
likely to continue given the negative correlation of temperature and 
pH. Experimental manipulation of CO2, temperature and consequently 
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acidification indicate that these impacts will continue to increase in 
size and scale as CO2 and SST continue to increase in tandem (Dove et 
al., 2013; Fang et al., 2013; Kroeker et al., 2013).

While many risks have been defined through laboratory and mesocosm 
experiments, there is a growing list of impacts from the field (medium 
confidence) that include community-scale impacts on bacterial 
assemblages and processes (Endres et al., 2014), coccolithophores 
(K.J.S. Meier et al., 2014), pteropods and polar foodwebs (Bednaršek et 
al., 2012, 2014), phytoplankton (Moy et al., 2009; Riebesell et al., 2013; 
Richier et al., 2014), benthic ecosystems (Hall-Spencer et al., 2008; 
Linares et al., 2015), seagrass (Garrard et al., 2014), and macroalgae 
(Webster et al., 2013; Ordonez et al., 2014), as well as excavating 
sponges, endolithic microalgae and reef-building corals (Dove et al., 
2013; Reyes-Nivia et al., 2013; Fang et al., 2014), and coral reefs (Box 
3.4; Fabricius et al., 2011; Allen et al., 2017). Some ecosystems, such as 
those from bathyal areas (i.e., 200–3000 m below the surface), are likely 
to undergo very large reductions in pH by the year 2100 (0.29 to 0.37 
pH units), yet evidence of how deep-water ecosystems will respond is 
currently limited despite the potential planetary importance of these 
areas (low to medium confidence) (Hughes and Narayanaswamy, 
2013; Sweetman et al., 2017).

3.4.4.6 Deoxygenation 

Oxygen levels in the ocean are maintained by a series of processes 
including ocean mixing, photosynthesis, respiration and solubility 
(Boyd et al., 2014, 2015; Pörtner et al., 2014; Breitburg et al., 2018). 
Concentrations of oxygen in the ocean are declining (high confidence) 
owing to three main factors related to climate change: (i) heat-related 
stratification of the water column (less ventilation and mixing), (ii) 
reduced oxygen solubility as ocean temperature increases, and (iii) 
impacts of warming on biological processes that produce or consume 
oxygen such as photosynthesis and respiration (high confidence) (Bopp 
et al., 2013; Pörtner et al., 2014; Altieri and Gedan, 2015; Deutsch et 
al., 2015; Schmidtko et al., 2017; Shepherd et al., 2017; Breitburg et 
al., 2018). Further, a range of processes (Section 3.4.11) are acting 
synergistically, including factors not related to climate change, such 
as runoff and coastal eutrophication (e.g., from coastal farming 
and intensive aquaculture). These changes can lead to increased 
phytoplankton productivity as a result of the increased concentration 
of dissolved nutrients. Increased supply of organic carbon molecules 
from coastal run-off can also increase the metabolic activity of coastal 
microbial communities (Altieri and Gedan, 2015; Bakun et al., 2015; 
Boyd, 2015). Deep sea areas are likely to experience some of the 
greatest challenges, as abyssal seafloor habitats in areas of deep-water 
formation are projected to experience decreased water column oxygen 
concentrations by as much as 0.03 mL L–1 by 2100 (Levin and Le Bris, 
2015; Sweetman et al., 2017). 

The number of ‘dead zones’ (areas where oxygenated waters have 
been replaced by hypoxic conditions) has been growing strongly 
since the 1990s (Diaz and Rosenberg, 2008; Altieri and Gedan, 2015; 
Schmidtko et al., 2017). While attribution can be difficult because of 
the complexity of the processes involved, both related and unrelated 
to climate change, some impacts associated to deoxygenation (low-
medium confidence) include the expansion of oxygen minimum 

zones (OMZ) (Turner et al., 2008; Carstensen et al., 2014; Acharya and 
Panigrahi, 2016; Lachkar et al., 2018), physiological impacts (Pörtner 
et al., 2014), and mortality and/or displacement of oxygen dependent 
organisms such as fish (Hamukuaya et al., 1998; Thronson and Quigg, 
2008; Jacinto, 2011) and invertebrates (Hobbs and Mcdonald, 2010; 
Bednaršek et al., 2016; Seibel, 2016; Altieri et al., 2017). In addition, 
deoxygenation interacts with ocean acidification to present substantial 
separate and combined challenges for fisheries and aquaculture 
(medium confidence) (Hamukuaya et al., 1998; Bakun et al., 2015; 
Rodrigues et al., 2015; Feely et al., 2016; S. Li et al., 2016; Asiedu et al., 
2017a; Clements and Chopin, 2017; Clements et al., 2017; Breitburg et 
al., 2018). Deoxygenation is expected to have greater impacts as ocean 
warming and acidification increase (high confidence), with impacts 
being larger and more numerous than today (e.g., greater challenges 
for aquaculture and fisheries from hypoxia), and as the number of 
hypoxic areas continues to increase. Risks from deoxygenation are 
virtually certain to increase as warming continues, although our 
understanding of risks at 1.5°C versus 2°C is incomplete (medium 
confidence). Reducing coastal pollution, and consequently the 
penetration of organic carbon into deep benthic habitats, is expected 
to reduce the loss of oxygen in coastal waters and hypoxic areas in 
general (high confidence) (Breitburg et al., 2018). 

3.4.4.7 Loss of sea ice 

Sea ice is a persistent feature of the planet’s polar regions (Polyak et al., 
2010) and is central to marine ecosystems, people (e.g., food, culture 
and livelihoods) and industries (e.g., fishing, tourism, oil and gas, and 
shipping). Summer sea ice in the Arctic, however, has been retreating 
rapidly in recent decades (Section 3.3.8), with an assessment of the 
literature revealing that a fundamental transformation is occurring 
in polar organisms and ecosystems, driven by climate change (high 
confidence) (Larsen et al., 2014). These changes are strongly affecting 
people in the Arctic who have close relationships with sea ice and 
associated ecosystems, and these people are facing major adaptation 
challenges as a result of sea level rise, coastal erosion, the accelerated 
thawing of permafrost, changing ecosystems and resources, and many 
other issues (Ford, 2012; Ford et al., 2015). 

There is considerable and compelling evidence that a further increase 
of 0.5°C beyond the present-day average global surface temperature 
will lead to multiple levels of impact on a variety of organisms, from 
phytoplankton to marine mammals, with some of the most dramatic 
changes occurring in the Arctic Ocean and western Antarctic Peninsula 
(Turner et al., 2014, 2017b; Steinberg et al., 2015; Piñones and Fedorov, 
2016). 

The impacts of climate change on sea ice are part of the focus 
of the IPCC Special Report on the Ocean and Cryosphere in a 
Changing Climate (SROCC), due to be released in 2019, and hence 
are not covered comprehensively here. However, there is a range of 
responses to the loss of sea ice that are occurring and which increase 
at 1.5°C and further so with 2°C of global warming. Some of these 
changes are described briefly here. Photosynthetic communities, 
such macroalgae, phytoplankton and microalgae dwelling on the 
underside of floating sea ice are changing, owing to increased 
temperatures, light and nutrient levels. As sea ice retreats, mixing of 
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the water column increases, and phototrophs have increased access 
to seasonally high levels of solar radiation (medium confidence) 
(Dalpadado et al., 2014; W.N. Meier et al., 2014). These changes are 
expected to stimulate fisheries productivity in high-latitude regions 
by mid-century (high confidence) (Cheung et al., 2009, 2010, 2016b; 
Lam et al., 2014), with evidence that this is already happening for 
several high-latitude fisheries in the Northern Hemisphere, such as the 
Bering Sea, although these ‘positive’ impacts may be relatively short-
lived (Hollowed and Sundby, 2014; Sundby et al., 2016). In addition to 
the impact of climate change on fisheries via impacts on net primary 
productivity (NPP), there are also direct effects of temperature on 
fish, which may in turn have a range of impacts (Pörtner et al., 2014). 
Sea ice in Antarctica is undergoing changes that exceed those seen 
in the Arctic (Maksym et al., 2011; Reid et al., 2015), with increases 
in sea ice coverage in the western Ross Sea being accompanied by 
strong decreases in the Bellingshausen and Amundsen Seas (Hobbs 
et al., 2016). While Antarctica is not permanently populated, the 
ramifications of changes to the productivity of vast regions, such 
as the Southern Ocean, have substantial implications for ocean 
foodwebs and fisheries globally.

3.4.4.8 Sea level rise 

Mean sea level is increasing (Section 3.3.9), with substantial impacts 
already being felt by coastal ecosystems and communities (Wong et 
al., 2014) (high confidence). These changes are interacting with other 
factors, such as strengthening storms, which together are driving larger 
storm surges, infrastructure damage, erosion and habitat loss (Church et 
al., 2013; Stocker et al., 2013; Blankespoor et al., 2014). Coastal wetland 
ecosystems such as mangroves, sea grasses and salt marshes are under 
pressure from rising sea level (medium confidence) (Section 3.4.5; Di 
Nitto et al., 2014; Ellison, 2014; Lovelock et al., 2015; Mills et al., 2016; 
Nicholls et al., 2018), as well as from a wide range of other risks and 
impacts unrelated to climate change, with the ongoing loss of wetlands 
recently estimated at approximately 1% per annum across a large 
number of countries (Blankespoor et al., 2014; Alongi, 2015). While some 
ecosystems (e.g., mangroves) may be able to shift shoreward as sea levels 
increase, coastal development (e.g., buildings, seawalls and agriculture) 
often interrupts shoreward shifts, as well as reducing sediment supplies 
down some rivers (e.g., dams) due to coastal development (Di Nitto et al., 
2014; Lovelock et al., 2015; Mills et al., 2016). 

Responses to sea level rise challenges for ocean and coastal systems 
include reducing the impact of other stresses, such as those arising 
from tourism, fishing, coastal development, reduced sediment 
supply and unsustainable aquaculture/agriculture, in order to build 
ecological resilience (Hossain et al., 2015; Sutton-Grier and Moore, 
2016; Asiedu et al., 2017a). The available literature largely concludes 
that these impacts will intensify under a 1.5°C warmer world but will 
be even higher at 2°C, especially when considered in the context of 
changes occurring beyond the end of the current century. In some 
cases, restoration of coastal habitats and ecosystems may be a cost-
effective way of responding to changes arising from increasing levels 
of exposure to rising sea levels, intensifying storms, coastal inundation 
and salinization (Section 3.4.5 and Box 3.5; Arkema et al., 2013), 
although limitations of these strategies have been identified (e.g., 
Lovelock et al., 2015; Weatherdon et al., 2016). 

3.4.4.9 Projected risks and adaptation options for oceans under 
global warming of 1.5°C or 2°C above pre-industrial levels

A comprehensive discussion of risk and adaptation options for all 
natural and human systems is not possible in the context and length 
of this report, and hence the intention here is to illustrate key risks 
and adaptation options for ocean ecosystems and sectors. This 
assessment builds on the recent expert consensus of Gattuso et al. 
(2015) by assessing new literature from 2015–2017 and adjusting 
the levels of risk from climate change in the light of literature since 
2014. The original expert group’s assessment (Supplementary Material 
3.SM.3.2) was used as input for this new assessment, which focuses 
on the implications of global warming of 1.5°C as compared to 2°C. A 
discussion of potential adaptation options is also provided, the details 
of which will be further explored in later chapters of this special report. 
The section draws on the extensive analysis and literature presented in 
the Supplementary Material of this report (3.SM.3.2, 3.SM.3.3) and has 
a summary in Figures 3.18 and 3.20 which outline the added relative 
risks of climate change. 

3.4.4.10  Framework organisms (tropical corals, mangroves 
and seagrass)

Marine organisms (‘ecosystem engineers’), such as seagrass, kelp, 
oysters, salt marsh species, mangroves and corals, build physical 
structures or frameworks (i.e., sea grass meadows, kelp forests, oyster 
reefs, salt marshes, mangrove forests and coral reefs) which form the 
habitat for a large number of species (Gutiérrez et al., 2012). These 
organisms in turn provide food, livelihoods, cultural significance, and 
services such as coastal protection to human communities (Bell et al., 
2011, 2018; Cinner et al., 2012; Arkema et al., 2013; Nurse et al., 2014; 
Wong et al., 2014; Barbier, 2015; Bell and Taylor, 2015; Hoegh-Guldberg 
et al., 2015; Mycoo, 2017; Pecl et al., 2017).

Risks of climate change impacts for seagrass and mangrove ecosystems 
were recently assessed by an expert group led by Short et al. (2016). 
Impacts of climate change were assessed to be similar across a range 
of submerged and emerged plants. Submerged plants such as sea-
grass were affected mostly by temperature extremes (Arias-Ortiz et al., 
2018), and indirectly by turbidity, while emergent communities such 
as mangroves and salt marshes were most susceptible to sea level 
variability and temperature extremes, which is consistent with other 
evidence (Di Nitto et al., 2014; Sierra-Correa and Cantera Kintz, 2015; 
Osorio et al., 2016; Sasmito et al., 2016), especially in the context of 
human activities that reduce sediment supply (Lovelock et al., 2015) 
or interrupt the shoreward movement of mangroves though the 
construction of coastal infrastructure. This in turn leads to ‘coastal 
squeeze’ where coastal ecosystems are trapped between changing 
ocean conditions and coastal infrastructure (Mills et al., 2016). 
Projections of the future distribution of seagrasses suggest a poleward 
shift, which raises concerns that low-latitude seagrass communities 
may contract as a result of increasing stress levels (Valle et al., 2014).

Climate change (e.g., sea level rise, heat stress, storms) presents risk 
for coastal ecosystems such as seagrass (high confidence) and reef-
building corals (very high confidence) (Figure 3.18, Supplementary 
Material 3.SM.3.2), with evidence of increasing concern since AR5 and 
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the conclusion that tropical corals may be even more vulnerable to 
climate change than indicated in assessments made in 2014 (Hoegh-
Guldberg et al., 2014; Gattuso et al., 2015). The current assessment 
also considered the heatwave-related loss of 50% of shallow-water 
corals across hundreds of kilometres of the world’s largest continuous 
coral reef system, the Great Barrier Reef. These large-scale impacts, 
plus the observation of back-to-back bleaching events on the Great 
Barrier Reef (predicted two decades ago, Hoegh-Guldberg, 1999) and 
arriving sooner than predicted (Hughes et al., 2017b, 2018), suggest 
that the research community may have underestimated climate risks 
for coral reefs (Figure 3.18). The general assessment of climate risks for 
mangroves prior to this special report was that they face greater risks 
from deforestation and unsustainable coastal development than from 
climate change (Alongi, 2008; Hoegh-Guldberg et al., 2014; Gattuso et 
al., 2015). Recent large-scale die-offs (Duke et al., 2017; Lovelock et al., 
2017), however, suggest that risks from climate change may have been 
underestimated for mangroves as well. With the events of the last past 
three years in mind, risks are now considered to be undetectable to 
moderate (i.e., moderate risks now start at 1.3°C as opposed to 1.8°C; 
medium confidence). Consequently, when average global warming 
reaches 1.3°C above pre-industrial levels, the risk of climate change to 
mangroves are projected to be moderate (Figure 3.18) while tropical 
coral reefs will have reached a high level of risk as examplified by 
increasing damage from heat stress since the early 1980s. At global 
warming of 1.8°C above pre-industrial levels, seagrasses are projected 
to reach moderate to high levels of risk (e.g., damage resulting from 
sea level rise, erosion, extreme temperatures, and storms), while risks 
to mangroves from climate change are projected to remain moderate 
(e.g., not keeping up with sea level rise, and more frequent heat stress 
mortality) although there is low certainty as to when or if this important 
ecosystem is likely to transition to higher levels of additional risk from 
climate change (Figure 3.18).

Warm water (tropical) coral reefs are projected to reach a very high 
risk of impact at 1.2°C (Figure 3.18), with most available evidence 
suggesting that coral-dominated ecosystems will be non-existent at this 
temperature or higher (high confidence). At this point, coral abundance 
will be near zero at many locations and storms will contribute to 
‘flattening’ the three-dimensional structure of reefs without recovery, 
as already observed for some coral reefs (Alvarez-Filip et al., 2009). The 
impacts of warming, coupled with ocean acidification, are expected 
to undermine the ability of tropical coral reefs to provide habitat for 
thousand of species, which together provide a range of ecosystem 
services (e.g., food, livelihoods, coastal protection, cultural services) 
that are important for millions of people (high confidence) (Burke et 
al., 2011).

Strategies for reducing the impact of climate change on framework 
organisms include reducing stresses not directly related to climate 
change (e.g., coastal pollution, overfishing and destructive coastal 
development) in order to increase their ecological resilience in the face 
of accelerating climate change impacts (World Bank, 2013; Ellison, 
2014; Anthony et al., 2015; Sierra-Correa and Cantera Kintz, 2015; 
Kroon et al., 2016; O’Leary et al., 2017), as well as protecting locations 
where organisms may be more robust (Palumbi et al., 2014) or less 
exposed to climate change (Bongaerts et al., 2010; van Hooidonk et 
al., 2013; Beyer et al., 2018). This might involve cooler areas due to 

upwelling, or involve deep-water locations that experience less extreme 
conditions and impacts. Given the potential value of such locations for 
promoting the survival of coral communities under climate change, 
efforts to prevent their loss resulting from other stresses are important 
(Bongaerts et al., 2010, 2017; Chollett et al., 2010, 2014; Chollett and 
Mumby, 2013; Fine et al., 2013; van Hooidonk et al., 2013; Cacciapaglia 
and van Woesik, 2015; Beyer et al., 2018). A full understanding of 
the role of refugia in reducing the loss of ecosystems has yet to be 
developed (low to medium confidence). There is also interest in ex 
situ conservation approaches involving the restoration of corals via 
aquaculture (Shafir et al., 2006; Rinkevich, 2014) or the use of ‘assisted 
evolution’ to help corals adapt to changing sea temperatures (van 
Oppen et al., 2015, 2017), although there are numerous challenges 
that must be surpassed if these approaches are to be cost-effective 
responses to preserving coral reefs under rapid climate change (low 
confidence) (Hoegh-Guldberg, 2012, 2014a; Bayraktarov et al., 2016).

High levels of adaptation are expected to be required to prevent 
impacts on food security and livelihoods in coastal populations 
(medium confidence). Integrating coastal infrastructure with changing 
ecosystems such as mangroves, seagrasses and salt marsh, may offer 
adaptation strategies as they shift shoreward as sea levels rise (high 
confidence). Maintaining the sediment supply to coastal areas would 
also assist mangroves in keeping pace with sea level rise (Shearman et 
al., 2013; Lovelock et al., 2015; Sasmito et al., 2016). For this reason, 
habitat for mangroves can be strongly affected by human actions such 
as building dams which reduce the sediment supply and hence the 
ability of mangroves to escape ‘drowning’ as sea level rises (Lovelock 
et al., 2015). In addition, integrated coastal zone management should 
recognize the importance and economic expediency of using natural 
ecosystems such as mangroves and tropical coral reefs to protect 
coastal human communities (Arkema et al., 2013; Temmerman et al., 
2013; Ferrario et al., 2014; Hinkel et al., 2014; Elliff and Silva, 2017). 
Adaptation options include developing alternative livelihoods and 
food sources, ecosystem-based management/adaptation such as 
ecosystem restoration, and constructing coastal infrastructure that 
reduces the impacts of rising seas and intensifying storms (Rinkevich, 
2015; Weatherdon et al., 2016; Asiedu et al., 2017a; Feller et al., 
2017). Clearly, these options need to be carefully assessed in terms 
of feasibility, cost and scalability, as well as in the light of the coastal 
ecosystems involved (Bayraktarov et al., 2016).

3.4.4.11  Ocean foodwebs (pteropods, bivalves, krill and fin fish)

Ocean foodwebs are vast interconnected systems that transfer solar 
energy and nutrients from phytoplankton to higher trophic levels, 
including apex predators and commercially important species such 
as tuna. Here, we consider four representative groups of marine 
organisms which are important within foodwebs across the ocean, and 
which illustrate the impacts and ramifications of 1.5°C or higher levels 
of warming. 

The first group of organisms, pteropods, are small pelagic molluscs 
that suspension feed and produce a calcium carbonate shell. They are 
highly abundant in temperate and polar waters where they are an 
important link in the foodweb between phytoplankton and a range 
of other organisms including fish, whales and birds. The second group, 
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bivalve molluscs (e.g., clams, oysters and mussels), are filter-feeding 
invertebrates. These invertebrate organisms underpin important 
fisheries and aquaculture industries, from polar to tropical regions, and 
are important food sources for a range of organisms including humans. 
The third group of organisms considered here is a globally significant 
group of invertebrates known as euphausiid crustaceans (krill), which 
are a key food source for many marine organisms and hence a major 
link between primary producers and higher trophic levels (e.g., fish, 
mammals and sea birds). Antarctic krill, Euphausia superba, are among 
the most abundant species in terms of mass and are consequently an 
essential component of polar foodwebs (Atkinson et al., 2009). The last 
group, fin fishes, is vitally important components of ocean foodwebs, 
contribute to the income of coastal communities, industries and nations, 
and are important to the foodsecurity and livelihood of hundreds of 
millions of people globally (FAO, 2016). Further background for this 
section is provided in Supplementary Material 3.SM.3.2.

There is a moderate risk to ocean foodwebs under present-day 
conditions (medium to high confidence) (Figure 3.18). Changing 
water chemistry and temperature are already affecting the ability of 
pteropods to produce their shells, swim and survive (Bednaršek et 
al., 2016). Shell dissolution, for example, has increased by 19–26% 
in both nearshore and offshore populations since the pre-industrial 
period (Feely et al., 2016). There is considerable concern as to 
whether these organisms are declining further, especially given 
the central importance in ocean foodwebs (David et al., 2017). 
Reviewing the literature reveals that pteropods are projected to 
face high risks of impact at average global temperatures 1.5°C 
above pre-industrial levels and increasing risks of impacts at 2°C 
(medium confidence).

As GMST increases by 1.5°C and more, the risk of impacts from ocean 
warming and acidification are expected to be moderate to high, except 
in the case of bivalves (mid-latitudes) where the risks of impacts are 
projected to be high to very high (Figure 3.18). Ocean warming and 
acidification are already affecting the life history stages of bivalve 
molluscs (e.g., Asplund et al., 2014; Mackenzie et al., 2014; Waldbusser 
et al., 2014; Zittier et al., 2015; Shi et al., 2016; Velez et al., 2016; Q. 
Wang et al., 2016; Castillo et al., 2017; Lemasson et al., 2017; Ong et al., 
2017; X. Zhao et al., 2017). Impacts on adult bivalves include decreased 
growth, increased respiration and reduced calcification, whereas 
larval stages tend to show greater developmental abnormalities and 
increased mortality after exposure to these conditions (medium to high 
confidence) (Q. Wang et al., 2016; Lemasson et al., 2017; Ong et al., 
2017; X. Zhao et al., 2017). Risks are expected to accumulate at higher 
temperatures for bivalve molluscs, with very high risks expected at 
1.8°C of warming or more. This general pattern applies to low-latitude 
fin fish, which are expected to experience moderate to high risks of 
impact at 1.3°C of global warming (medium confidence), and very high 
risks at 1.8°C at low latitudes (medium confidence) (Figure 3.18).

Large-scale changes to foodweb structure are occurring in all oceans. For 
example, record levels of sea ice loss in the Antarctic (Notz and Stroeve, 
2016; Turner et al., 2017b) translate into a loss of habitat and hence 
reduced abundance of krill (Piñones and Fedorov, 2016), with negative 
ramifications for the seabirds and whales which feed on krill (Croxall, 
1992; Trathan and Hill, 2016) (low-medium confidence). Other influences, 

such as high rates of ocean acidification coupled with shoaling of the 
aragonite saturation horizon, are likely to also play key roles (Kawaguchi 
et al., 2013; Piñones and Fedorov, 2016). As with many risks associated 
with impacts at the ecosystem scale, most adaptation options focus on 
the management of stresses unrelated to climate change but resulting 
from human activities, such as pollution and habitat destruction. 
Reducing these stresses will be important in efforts to maintain important 
foodweb components. Fisheries management at local to regional scales 
will be important in reducing stress on foodweb organisms, such as 
those discussed here, and in helping communities and industries adapt 
to changing foodweb structures and resources (see further discussion of 
fisheries per se below; Section 3.4.6.3). One strategy is to maintain larger 
population levels of fished species in order to provide more resilient 
stocks in the face of challenges that are increasingly driven by climate 
change (Green et al., 2014; Bell and Taylor, 2015).

3.4.4.12  Key ecosystem services (e.g., carbon uptake, coastal 
protection, and tropical coral reef recreation) 

The ocean provides important services, including the regulation of 
atmospheric composition via gas exchange across the boundary 
between ocean and atmosphere, and the storage of carbon in vegetation 
and soils associated with ecosystems such as mangroves, salt marshes 
and coastal peatlands. These services involve a series of physicochemical 
processes which are influenced by ocean chemistry, circulation, biology, 
temperature and biogeochemical components, as well as by factors other 
than climate (Boyd, 2015). The ocean is also a net sink for CO2 (another 
important service), absorbing approximately 30% of human emissions 
from the burning of fossil fuels and modification of land use (IPCC, 2013). 
Carbon uptake by the ocean is decreasing (Iida et al., 2015), and there is 
increasing concern from observations and models regarding associated 
changes to ocean circulation (Sections 3.3.7 and 3.4.4., Rahmstorf et 
al., 2015b);. Biological components of carbon uptake by the ocean are 
also changing, with observations of changing net primary productivity 
(NPP) in equatorial and coastal upwelling systems (medium confidence) 
(Lluch-Cota et al., 2014; Sydeman et al., 2014; Bakun et al., 2015), as 
well as subtropical gyre systems (low confidence) (Signorini et al., 2015). 
There is general agreement that NPP will decline as ocean warming and 
acidification increase (medium confidence) (Bopp et al., 2013; Boyd et al., 
2014; Pörtner et al., 2014; Boyd, 2015).

Projected risks of impacts from reductions in carbon uptake, coastal 
protection and services contributing to coral reef recreation suggest 
a transition from moderate to high risks at 1.5°C and higher (low 
confidence). At 2°C, risks of impacts associated with changes to 
carbon uptake are high (high confidence), while the risks associated 
with reduced coastal protection and recreation on tropical coral 
reefs are high, especially given the vulnerability of this ecosystem 
type, and others (e.g., seagrass and mangroves), to climate change 
(medium confidence) (Figure 3.18). Coastal protection is a service 
provided by natural barriers such as mangroves, seagrass meadows, 
coral reefs, and other coastal ecosystems, and it is important for 
protecting human communities and infrastructure against the impacts 
associated with rising sea levels, larger waves and intensifying 
storms (high confidence) (Gutiérrez et al., 2012; Kennedy et al., 
2013; Ferrario et al., 2014; Barbier, 2015; Cooper et al., 2016; Hauer 
et al., 2016; Narayan et al., 2016). Both natural and human coastal 
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protection have the potential to reduce these impacts (Fu and Song, 
2017). Tropical coral reefs, for example, provide effective protection 
by dissipating about 97% of wave energy, with 86% of the energy 
being dissipated by reef crests alone (Ferrario et al., 2014; Narayan 
et al., 2016). Mangroves similarly play an important role in coastal 
protection, as well as providing resources for coastal communities, 

but they are already under moderate risk of not keeping up with sea 
level rise due to climate change and to contributing factors, such as 
reduced sediment supply or obstacles to shoreward shifts (Saunders 
et al., 2014; Lovelock et al., 2015). This implies that coastal areas 
currently protected by mangroves may experience growing risks over 
time.

Figure 3.18 |  Summary of additional risks of impacts from ocean warming (and associated climate change factors such ocean acidification) for a range of ocean organisms, 
ecosystems and sectors at 1.0°C, 1.5°C and 2.0°C of warming of the average sea surface temperature (SST) relative to the pre-industrial period. The grey bar represents the 
range of GMST for the most recent decade: 2006–2015. The assessment of changing risk levels and associated confidence were primarily derived from the expert judgement 
of Gattuso et al. (2015) and the lead authors and relevant contributing authors of Chapter 3 (SR1.5), while additional input was received from the many reviewers of the 
ocean systems section of SR1.5. Notes: (i) The analysis shown here is not intended to be comprehensive. The examples of organisms, ecosystems and sectors included here are 
intended to illustrate the scale, types and projection of risks for representative natural and human ocean systems. (ii) The evaluation of risks by experts did not consider genetic 
adaptation, acclimatization or human risk reduction strategies (mitigation and societal adaptation). (iii) As discussed elsewhere (Sections 3.3.10 and 3.4.4.5, Box 3.4; Gattuso 
et al., 2015), ocean acidification is also having impacts on organisms and ecosystems as carbon dioxide increases in the atmosphere. These changes are part of the responses 
reported here, although partitioning the effects of the two drivers is difficult at this point in time and hence was not attempted. (iv) Confidence levels for location of transition 
points between levels of risk (L = low, M = moderate, H = high and VH = very high) are assessed and presented here as in the accompanying study by Gattuso et al. (2015). 
Three transitions in risk were possible: W–Y (white to yellow), Y–R (yellow to red), and R–P (red to purple), with the colours corresponding to the level of additional risk posed 
by climate change. The confidence levels for these transitions were assessed, based on level of agreement and extent of evidence, and appear as letters associated with each 
transition (see key in diagram).
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Tourism is one of the largest industries globally (Rosselló-Nadal, 2014; 
Markham et al., 2016; Spalding et al., 2017). A substantial part of the 
global tourist industry is associated with tropical coastal regions and 
islands, where tropical coral reefs and related ecosystems play important 
roles (Section 3.4.9.1) (medium confidence). Coastal tourism can be a 
dominant money earner in terms of foreign exchange for many countries, 
particularly small island developing states (SIDS) (Section 3.4.9.1, Box 
3.5; Weatherdon et al., 2016; Spalding et al., 2017). The direct relationship 
between increasing global temperatures, intensifying storms, elevated 
thermal stress, and the loss of tropical coral reefs has raised concern 
about the risks of climate change for local economies and industries 
based on tropical coral reefs. Risks to coral reef recreational services from 
climate change are considered here, as well as in Box 3.5, Section 3.4.9 
and Supplementary Material 3.SM.3.2.

Adaptations to the broad global changes in carbon uptake by the ocean 
are limited and are discussed later in this report with respect to changes 
in NPP and implications for fishing industries. These adaptation options 
are broad and indirect, and the only other solution at large scale is 
to reduce the entry of CO2 into the ocean. Strategies for adapting to 
reduced coastal protection involve (a) avoidance of vulnerable areas 
and hazards, (b) managed retreat from threatened locations, and/or (c) 
accommodation of impacts and loss of services (Bell, 2012; André et al., 
2016; Cooper et al., 2016; Mills et al., 2016; Raabe and Stumpf, 2016; Fu 
and Song, 2017). Within these broad options, there are some strategies 
that involve direct human intervention, such as coastal hardening and 
the construction of seawalls and artificial reefs (Rinkevich, 2014, 2015; 
André et al., 2016; Cooper et al., 2016; Narayan et al., 2016), while 
others exploit opportunities for increasing coastal protection by involving 
naturally occurring oyster banks, coral reefs, mangroves, seagrass and 
other ecosystems (UNEP-WCMC, 2006; Scyphers et al., 2011; Zhang et 

al., 2012; Ferrario et al., 2014; Cooper et al., 2016). Natural ecosystems, 
when healthy, also have the ability to repair themselves after being 
damaged, which sets them apart from coastal hardening and other 
human structures that require constant maintenance (Barbier, 2015; Elliff 
and Silva, 2017). In general, recognizing and restoring coastal ecosystems 
may be more cost-effective than installing human structures, in that 
creating and maintaining structures is typically expensive (Temmerman 
et al., 2013; Mycoo, 2017).

Recent studies have increasingly stressed the need for coastal protection 
to be considered within the context of coastal land management, 
including protecting and ensuring that coastal ecosystems are able to 
undergo shifts in their distribution and abundance as climate change 
occurs (Clausen and Clausen, 2014; Martínez et al., 2014; Cui et al., 
2015; André et al., 2016; Mills et al., 2016). Facilitating these changes 
will require new tools in terms of legal and financial instruments, as 
well as integrated planning that involves not only human communities 
and infrastructure, but also associated ecosystem responses and values 
(Bell, 2012; Mills et al., 2016). In this regard, the interactions between 
climate change, sea level rise and coastal disasters are increasingly 
being informed by models (Bosello and De Cian, 2014) with a widening 
appreciation of the role of natural ecosystems as an alternative to 
hardened coastal structures (Cooper et al., 2016). Adaptation options 
for tropical coral reef recreation include: (i) protecting and improving 
biodiversity and ecological function by minimizing the impact of 
stresses unrelated to climate change (e.g., pollution and overfishing), 
(ii) ensuring adequate levels of coastal protection by supporting and 
repairing ecosystems that protect coastal regions, (iii) ensuring fair 
and equitable access to the economic opportunities associated with 
recreational activities, and (iv) seeking and protecting supplies of water 
for tourism, industry and agriculture alongside community needs.

Box 3.4 |  Warm-Water (Tropical) Coral Reefs in a 1.5°C Warmer World 

Warm-water coral reefs face very high risks (Figure 3.18) from climate change. A world in which global warming is restricted to 1.5°C 
above pre-industrial levels would be a better place for coral reefs than that of a 2°C warmer world, in which coral reefs would mostly 
disappear (Donner et al., 2005; Hoegh-Guldberg et al., 2014; Schleussner et al., 2016b; van Hooidonk et al., 2016; Frieler et al., 2017; 
Hughes et al., 2017a). Even with warming up until today (GMST for decade 2006–2015: 0.87°C; Chapter 1), a substantial proportion 
of coral reefs have experienced large-scale mortalities that have lead to much reduced coral populations (Hoegh-Guldberg et al., 
2014). In the last three years alone (2016–2018), large coral reef systems such as the Great Barrier Reef (Australia) have lost as 
much as 50% of their shallow water corals (Hughes et al., 2017b). 

Coral-dominated reefs are found along coastlines between latitudes 30°S and 30°N, where they provide habitat for over a million 
species (Reaka-Kudla, 1997) and food, income, coastal protection, cultural context and many other services for millions of people 
in tropical coastal areas (Burke et al., 2011; Cinner et al., 2012; Kennedy et al., 2013; Pendleton et al., 2016). Ultimately, coral reefs 
are underpinned by a mutualistic symbiosis between reef-building corals and dinoflagellates from the genus Symbiodinium (Hoegh-
Guldberg et al., 2017). Warm-water coral reefs are found down to depths of 150 m and are dependent on light, making them distinct 
from the cold deep-water reef systems that extend down to depths of 2000 m or more. The difficulty in accessing deep-water reefs 
also means that the literature on the impacts of climate change on these systems is very limited by comparison to those on warm-
water coral reefs (Hoegh-Guldberg et al., 2017). Consequently, this Box focuses on the impacts of climate change on warm-water 
(tropical) coral reefs, particularly with respect to their prospects under average global surface temperatures of 1.5°C and 2°C above 
the pre-industrial period. 
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The distribution and abundance of coral reefs has decreased by approximately 50% over the past 30 years (Gardner et al., 2005; 
Bruno and Selig, 2007; De’ath et al., 2012) as a result of pollution, storms, overfishing and unsustainable coastal development (Burke 
et al., 2011; Halpern et al., 2015; Cheal et al., 2017). More recently, climate change (i.e., heat stress; Hoegh-Guldberg, 1999; Baker 
et al., 2008; Spalding and Brown, 2015; Hughes et al., 2017b) has emerged as the greatest threat to coral reefs, with temperatures 
of just 1°C above the long-term summer maximum for an area (reference period 1985–1993) over 4–6 weeks being enough to 
cause mass coral bleaching (loss of the symbionts) and mortality (very high confidence) (WGII AR5, Box 18-2; Cramer et al., 2014). 
Ocean warming and acidification can also slow growth and calcification, making corals less competitive compared to other benthic 
organisms such as macroalgae or seaweeds (Dove et al., 2013; Reyes-Nivia et al., 2013, 2014). As corals disappear, so do fish and 
many other reef-dependent species, which directly impacts industries such as tourism and fisheries, as well as the livelihoods for 
many, often disadvantaged, coastal people (Wilson et al., 2006; Graham, 2014; Graham et al., 2015; Cinner et al., 2016; Pendleton et 
al., 2016). These impacts are exacerbated by increasingly intense storms (Section 3.3.6), which physically destroy coral communities 
and hence reefs (Cheal et al., 2017), and by ocean acidification (Sections 3.3.10 and 3.4.4.5), which can weaken coral skeletons, 
contribute to disease, and slow the recovery of coral communities after mortality events (low to medium confidence) (Gardner et 
al., 2005; Dove et al., 2013; Kennedy et al., 2013; Webster et al., 2013; Hoegh-Guldberg, 2014b; Anthony, 2016). Ocean acidification 
also leads to enhanced activity by decalcifying organisms such as excavating sponges (Kline et al., 2012; Dove et al., 2013; Fang et 
al., 2013, 2014; Reyes-Nivia et al., 2013, 2014). 

The predictions of back-to-back bleaching events (Hoegh-Guldberg, 1999) have become the reality in the summers of 2016–2017 
(e.g., Hughes et al., 2017b), as have projections of declining coral abundance (high confidence). Models have also become increasingly 
capable and are currently predicting the large-scale loss of coral reefs by mid-century under even low-emissions scenarios (Hoegh-
Guldberg, 1999; Donner et al., 2005; Donner, 2009; van Hooidonk and Huber, 2012; Frieler et al., 2013; Hoegh-Guldberg et al., 
2014; van Hooidonk et al., 2016). Even achieving emissions reduction targets consistent with the ambitious goal of 1.5°C of global 
warming under the Paris Agreement will result in the further loss of 70–90% of reef-building corals compared to today, with 99% 
of corals being lost under warming of 2°C or more above the pre-industrial period (Frieler et al., 2013; Hoegh-Guldberg, 2014b; 
Hoegh-Guldberg et al., 2014; Schleussner et al., 2016b; Hughes et al., 2017a). 

The assumptions underpinning these assessments are considered to be highly conservative. In some cases, ‘optimistic’ assumptions 
in models include rapid thermal adaptation by corals of 0.2°C–1°C per decade (Donner et al., 2005) or 0.4°C per decade (Schleussner 
et al., 2016b), as well as very rapid recovery rates from impacts (e.g., five years in the case of Schleussner et al., 2016b). Adaptation 
to climate change at these high rates, has not been documented, and recovery from mass mortality tends to take much longer 
(>15 years; Baker et al., 2008). Probability analysis also indicates that the underlying increases in sea temperatures that drive coral 
bleaching and mortality are 25% less likely under 1.5°C when compared to 2°C (King et al., 2017). Spatial differences between 
the rates of heating suggest the possibility of temporary climate refugia (Caldeira, 2013; van Hooidonk et al., 2013; Cacciapaglia 
and van Woesik, 2015; Keppel and Kavousi, 2015), which may play an important role in terms of the regeneration of coral reefs, 
especially if these refuges are protected from risks unrelated to climate change. Locations at higher latitudes are reporting the arrival 
of reef-building corals, which may be valuable in terms of the role of limited refugia and coral reef structures but will have low 
biodiversity (high confidence) when compared to present-day tropical reefs (Kersting et al., 2017). Similarly, deep-water (30–150 
m) or mesophotic coral reefs (Bongaerts et al., 2010; Holstein et al., 2016) may play an important role because they avoid shallow 
water extremes (i.e., heat and storms) to some extent, although the ability of these ecosystems to assist in repopulating damaged 
shallow water areas may be limited (Bongaerts et al., 2017).

Given the sensitivity of corals to heat stress, even short periods of overshoot (i.e., decades) are expected to be extremely damaging 
to coral reefs. Losing 70–90% of today’s coral reefs, however, will remove resources and increase poverty levels across the world’s 
tropical coastlines, highlighting the key issue of equity for the millions of people that depend on these valuable ecosystems 
(Cross-Chapter Box 6; Spalding et al., 2014; Halpern et al., 2015). Anticipating these challenges to food and livelihoods for coastal 
communities will become increasingly important, as will adaptation options, such as the diversification of livelihoods and the 
development of new sustainable industries, to reduce the dependency of coastal communities on threatened ecosystems such as 
coral reefs (Cinner et al., 2012, 2016; Pendleton et al., 2016). At the same time, coastal communities will need to pre-empt changes 
to other services provided by coral reefs such as coastal protection (Kennedy et al., 2013; Hoegh-Guldberg et al., 2014; Pörtner et 
al., 2014; Gattuso et al., 2015). Other threats and challenges to coastal living, such as sea level rise, will amplify challenges from 
declining coral reefs, specially for SIDS and low-lying tropical nations. Given the scale and cost of these interventions, implementing 
them earlier rather than later would be expedient.

Box 3.4 (continued)
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3.4.5 Coastal and Low-Lying Areas, and Sea Level Rise

Sea level rise (SLR) is accelerating in response to climate change 
(Section 3.3.9; Church et al., 2013) and will produce significant impacts 
(high confidence). In this section, impacts and projections of SLR are 
reported at global and city scales (Sections 3.4.5.1 and 3.4.5.2) and for 
coastal systems (Sections 3.4.5.3 to 3.4.5.6). For some sectors, there 
is a lack of precise evidence of change at 1.5°C and 2°C of global 
warming. Adaptation to SLR is discussed in Section 3.4.5.7. 

3.4.5.1 Global / sub-global scale

Sea level rise (SLR) and other oceanic climate changes are already 
resulting in salinization, flooding, and erosion and in the future are 
projected to affect human and ecological systems, including health, 
heritage, freshwater availability, biodiversity, agriculture, fisheries and 
other services, with different impacts seen worldwide (high confidence). 
Owing to the commitment to SLR, there is an overlapping uncertainty 
in projections at 1.5°C and 2°C (Schleussner et al., 2016b; Sanderson 
et al., 2017; Goodwin et al., 2018; Mengel et al., 2018; Nicholls et al., 
2018; Rasmussen et al., 2018) and about 0.1 m difference in global 
mean sea level (GMSL) rise between 1.5°C and 2°C worlds in the year 
2100 (Section 3.3.9, Table 3.3). Exposure and impacts at 1.5°C and 2°C 
differ at different time horizons (Schleussner et al., 2016b; Brown et 
al., 2018a, b; Nicholls et al., 2018; Rasmussen et al., 2018). However, 
these are distinct from impacts associated with higher increases in 
temperature (e.g., 4°C or more, as discussed in Brown et al., 2018a) 
over centennial scales. The benefits of climate change mitigation 
reinforce findings of earlier IPCC reports (e.g., Wong et al., 2014). 

Table 3.3 shows the land and people exposed to SLR (assuming there 
is no adaptation or protection at all) using the Dynamic Interactive 
Vulnerability Assessment (DIVA) model (extracted from Brown et al., 
2018a and Goodwin et al., 2018; see also Supplementary Material 
3.SM, Table 3.SM.4). Thus, exposure increases even with temperature 
stabilization. The exposed land area is projected to at least double by 
2300 using a RCP8.5 scenario compared with a mitigation scenario  
(Brown et al., 2018a). In the 21st century, land area exposed to 
sea level rise (assuming there is no adaptation or protection at all) 
is projected to be at least an order of magnitude larger than the 
cumulative land loss due to submergence (which takes into account 
defences) (Brown et al., 2016, 2018a) regardless of the SLR scenario 
applied. Slower rates of rise due to climate change mitigation may 
provide a greater opportunity for adaptation (medium confidence), 
which could substantially reduce impacts. 

In agreement with the assessment in WGII AR5 Section 5.4.3.1 (Wong 
et al., 2014), climate change mitigation may reduce or delay coastal 
exposure and impacts (very high confidence). Adaptation has the 
potential to substantially reduce risk through a portfolio of available 
options (Sections 5.4.3.1 and 5.5 of Wong et al., 2014; Sections 6.4.2.3 
and 6.6 of Nicholls et al., 2007). At 1.5°C in 2100, 31–69 million people 
(2010 population values) worldwide are projected to be exposed to 
flooding, assuming no adaptation or protection at all, compared 
with 32–79 million people (2010 population values) at 2°C in 2100 
(Supplementary Material 3.SM, Table 3.SM.4; Rasmussen et al., 2018). 
As a result, up to 10.4 million more people would be exposed to sea 

level rise at 2°C compared with 1.5°C in 2100 (medium confidence). 
With a 1.5°C stabilization scenario in 2100, 62.7 million people per year 
are at risk from flooding, with this value increasing to 137.6 million 
people per year in 2300 (50th percentile, average across SSP1  – 5, no 
socio-economic change after 2100). These projections assume that no 
upgrade to current protection levels occurs (Nicholls et al., 2018). The 
number of people at risk increases by approximately 18% in 2030 if 
a 2°C scenario is used and by 266% in 2300 if an RCP8.5 scenario 
is considered (Nicholls et al., 2018). Through prescribed IPCC Special 
Report on Emissions Scenarios (SRES) SLR scenarios, Arnell et al. 
(2016) also found that the number of people exposed to flooding 
increased substantially at warming levels higher than 2°C, assuming 
no adaptation beyond current protection levels. Additionally, impacts 
increased in the second half of the 21st century. 

Coastal flooding is projected to cost thousands of billions of USD 
annually, with damage costs under constant protection estimated 
at 0.3–5.0% of global gross domestic product (GDP) in 2100 under 
an RCP2.6 scenario (Hinkel et al., 2014). Risks are projected to be 
highest in South and Southeast Asia, assuming there is no upgrade 
to current protection levels, for all levels of climate warming (Arnell et 
al., 2016; Brown et al., 2016). Countries with at least 50 million people 
exposed to SLR (assuming no adaptation or protection at all) based on 
a 1,280 Pg C emissions scenario (approximately a 1.5°C temperature 
rise above today’s level) include China, Bangladesh, Egypt, India, 
Indonesia, Japan, Philippines, United States and Vietnam (Clark et al., 
2016). Rasmussen et al. (2018) and Brown et al. (2018a) project that 
similar countries would have high exposure to SLR in the 21st century 
using 1.5°C and 2°C scenarios. Thus, there is high confidence that SLR 
will have significant impacts worldwide in this century and beyond.

3.4.5.2 Cities

Observations of the impacts of SLR in cities are difficult to record 
because multiple drivers of change are involved. There are observations 
of ongoing and planned adaptation to SLR and extreme water levels 
in some cities (Araos et al., 2016; Nicholls et al., 2018), whilst other 
cities have yet to prepare for these impacts (high confidence) (see 
Section 3.4.8 and Cross-Chapter Box 9 in Chapter 4). There are limited 
observations and analyses of how cities will cope with higher and/or 
multi-centennial SLR, with the exception of Amsterdam, New York and 
London (Nicholls et al., 2018).

Coastal urban areas are projected to see more extreme water levels 
due to rising sea levels, which may lead to increased flooding and 
damage of infrastructure from extreme events (unless adaptation is 
undertaken), plus salinization of groundwater. These impacts may be 
enhanced through localized subsidence (Wong et al., 2014), which 
causes greater relative SLR. At least 136 megacities (port cities with 
a population greater than 1 million in 2005) are at risk from flooding 
due to SLR (with magnitudes of rise possible under 1.5°C or 2°C in the 
21st century, as indicated in Section 3.3.9) unless further adaptation 
is undertaken (Hanson et al., 2011; Hallegatte et al., 2013). Many of 
these cities are located in South and Southeast Asia (Hallegatte et 
al., 2013; Cazenave and Cozannet, 2014; Clark et al., 2016; Jevrejeva 
et al., 2016). Jevrejeva et al. (2016) projected that more than 90% of 
global coastlines could experience SLR greater than 0.2 m with 2°C 
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of warming by 2040 (RCP8.5). However, for scenarios where 2°C is 
stabilized or occurs later in time, this figure is likely to differ because 
of the commitment to SLR. Raising existing dikes helps protect against 
SLR, substantially reducing risks, although other forms of adaptation 
exist. By 2300, dike heights under a non-mitigation scenario (RCP8.5) 
could be more than 2 m higher (on average for 136 megacities) than 
under climate change mitigation scenarios at 1.5°C or 2°C (Nicholls 
et al., 2018). Thus, rising sea levels commit coastal cities to long-term 
adaptation (high confidence).

3.4.5.3 Small islands

Qualitative physical observations of SLR (and other stresses) include 
inundation of parts of low-lying islands, land degradation due to 
saltwater intrusion in Kiribati and Tuvalu (Wairiu, 2017), and shoreline 
change in French Polynesia (Yates et al., 2013), Tuvalu (Kench et al., 
2015, 2018) and Hawaii (Romine et al., 2013). Observations, models 
and other evidence indicate that unconstrained Pacific atolls have kept 
pace with SLR, with little reduction in size or net gain in land (Kench 
et al., 2015, 2018; McLean and Kench, 2015; Beetham et al., 2017). 
Whilst islands are highly vulnerable to SLR (high confidence), they are 
also reactive to change. Small islands are impacted by multiple climatic 
stressors, with SLR being a more important stressor to some islands 
than others (Sections 3.4.10, 4.3.5.6, 5.2.1, 5.5.3.3, Boxes 3.5, 4.3 and 
5.3).

Observed adaptation to multiple drivers of coastal change, including 
SLR, includes retreat (migration), accommodation and defence. 
Migration (internal and international) has always been important 
on small islands (Farbotko and Lazrus, 2012; Weir et al., 2017), with 
changing environmental and weather conditions being just one factor in 
the choice to migrate (Sections 3.4.10, 4.3.5.6 and 5.3.2; Campbell and 
Warrick, 2014). Whilst flooding may result in migration or relocation, 
for example in Vunidogoloa, Fiji (McNamara and Des Combes, 2015; 
Gharbaoui and Blocher, 2016) and the Solomon Islands (Albert et al., 
2017), in situ adaptation may be tried or preferred, for example stilted 
housing or raised floors in Tubigon, Bohol, Philippines (Jamero et al., 
2017), raised roads and floors in Batasan and Ubay, Philippines (Jamero 
et al., 2018), and raised platforms for faluw in Leang, Federated States 
of Micronesia (Nunn et al., 2017). Protective features, such as seawalls 
or beach nourishment, are observed to locally reduce erosion and flood 
risk but can have other adverse implications (Sovacool, 2012; Mycoo, 
2014, 2017; Nurse et al., 2014; AR5 Section 29.6.22).

There is a lack of precise, quantitative studies of projected impacts 
of SLR at 1.5°C and 2°C. Small islands are projected to be at risk 
and very sensitive to coastal climate change and other stressors 
(high confidence) (Nurse et al., 2014; Benjamin and Thomas, 2016; 
Ourbak and Magnan, 2017; Brown et al., 2018a; Nicholls et al., 2018; 
Rasmussen et al., 2018; AR5 Sections 29.3 and 29.4), such as oceanic 
warming, SLR (resulting in salinization, flooding and erosion), cyclones 
and mass coral bleaching and mortality (Section 3.4.4, Boxes 3.4 and 
3.5). These impacts can have significant socio-economic and ecological 
implications, such as on health, agriculture and water resources, which 
in turn have impacts on livelihoods (Sovacool, 2012; Mycoo, 2014, 
2017; Nurse et al., 2014). Combinations of drivers causing adverse 
impacts are important. For example, Storlazzi et al. (2018) found that 

the impacts of SLR and wave-induced flooding (within a temperature 
horizon equivalent of 1.5°C), could affect freshwater availability on 
Roi-Namur, Marshall Islands, but is also dependent on other extreme 
weather events. Freshwater resources may also be affected by 
a 0.40 m rise in sea level (which may be experienced with a 1.5°C 
warming) in other Pacific atolls (Terry and Chui, 2012). Whilst SLR is 
a major hazard for atolls, islands reaching higher elevations are also 
threatened given that there is often a lot of infrastructure located near 
the coast (high confidence) (Kumar and Taylor, 2015; Nicholls et al., 
2018). Tens of thousands of people on small islands are exposed to 
SLR (Rasmussen et al., 2018). Giardino et al. (2018) found that hard 
defence structures on the island of Ebeye in the Marshall Islands were 
effective in reducing damage due to SLR at 1.5°C and 2°C. Additionally, 
damage was also reduced under mitigation scenarios compared with 
non-mitigation scenarios. In Jamaica and St Lucia, SLR and extreme 
sea levels are projected to threaten transport system infrastructure at 
1.5°C unless further adaptation is undertaken (Monioudi et al., 2018). 
Slower rates of SLR will provide a greater opportunity for adaptation 
to be successful (medium confidence), but this may not be substantial 
enough on islands with a very low mean elevation. Migration and/or 
relocation may be an adaptation option (Section 3.4.10). Thomas and 
Benjamin (2017) highlight three areas of concern in the context of loss 
and damage at 1.5°C: a lack of data, gaps in financial assessments, 
and a lack of targeted policies or mechanisms to address these issues 
(Cross-Chapter Box 12 in Chapter 5). Small islands are projected to 
remain vulnerable to SLR (high confidence).

3.4.5.4 Deltas and estuaries 

Observations of SLR and human influence are felt through salinization, 
which leads to mixing in deltas and estuaries, aquifers, leading to 
flooding (also enhanced by precipitation and river discharge), land 
degradation and erosion. Salinization is projected to impact freshwater 
sources and pose risks to ecosystems and human systems (Section 
5.4; Wong et al., 2014). For instance, in the Delaware River estuary on 
the east coast of the USA, upward trends of salinity (measured since 
the 1900s), accounting for the effects of streamflow and seasonal 
variations, have been detected and SLR is a potential cause (Ross et 
al., 2015).

Z. Yang et al. (2015) found that future climate scenarios for the USA 
(A1B 1.6°C and B1 2°C in the 2040s) had a greater effect on salinity 
intrusion than future land-use/land-cover change in the Snohomish 
River estuary in Washington state (USA). This resulted in a shift in 
the salinity both upstream and downstream in low flow conditions. 
Projecting impacts in deltas needs an understanding of both fluvial 
discharge and SLR, making projections complex because the drivers 
operate on different temporal and spatial scales (Zaman et al., 2017; 
Brown et al., 2018b). The mean annual flood depth when 1.5°C is first 
projected to be reached in the Ganges-Brahmaputra delta may be less 
than the most extreme annual flood depth seen today, taking into 
account SLR, surges, tides, bathymetry and local river flows (Brown et 
al., 2018b). Further, increased river salinity and saline intrusion in the 
Ganges-Brahmaputra-Meghna is likely with 2°C of warming (Zaman 
et al., 2017). Salinization could impact agriculture and food security 
(Cross-Chapter Box 6 in this chapter). For 1.5°C or 2°C stabilization 
conditions in 2200 or 2300 plus surges, a minimum of 44% of the 
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Bangladeshi Ganges-Brahmaputra, Indian Bengal, Indian Mahanadi 
and Ghanese Volta delta land area (without defences) would be 
exposed unless sedimentation occurs (Brown et al., 2018b). Other 
deltas are similarly vulnerable. SLR is only one factor affecting deltas, 
and assessment of numerous geophysical and anthropogenic drivers 
of geomorphic change is important (Tessler et al., 2018). For example, 
dike building to reduce flooding and dam building (Gupta et al., 2012) 
restricts sediment movement and deposition, leading to enhanced 
subsidence, which can occur at a greater rate than SLR (Auerbach 
et al., 2015; Takagi et al., 2016). Although dikes remain essential for 
reducing flood risk today, promoting sedimentation is an advisable 
strategy (Brown et al., 2018b) which may involve nature-based 
solutions. Transformative decisions regarding the extent of sediment 
restrictive infrastructure may need to be considered over centennial 
scales (Brown et al., 2018b). Thus, in a 1.5°C or 2°C warmer world, 
deltas, which are home to millions of people, are expected to be highly 
threatened from SLR and localized subsidence (high confidence).

3.4.5.5 Wetlands

Observations indicate that wetlands, such as saltmarshes and mangrove 
forests, are disrupted by changing conditions (Sections 3.4.4.8; Wong et 
al., 2014; Lovelock et al., 2015), such as total water levels and sediment 
availability. For example, saltmarshes in Connecticut and New York, 
USA, measured from 1900 to 2012, have accreted with SLR but have 
lost marsh surface relative to tidal datums, leading to increased marsh 
flooding and further accretion (Hill and Anisfeld, 2015). This change 
stimulated marsh carbon storage and aided climate change mitigation. 

Salinization may lead to shifts in wetland communities and their 
ecosystem functions (Herbert et al., 2015). Some projections of wetland 
change, with magnitudes (but not necessarily rates or timing) of SLR 
analogous to 1.5°C and 2°C of global warming, indicate a net loss of 
wetlands in the 21st century (e.g., Blankespoor et al., 2014; Cui et al., 
2015; Arnell et al., 2016; Crosby et al., 2016), whilst others report a net 
gain with wetland transgression (e.g., Raabe and Stumpf, 2016 in the 
Gulf of Mexico). However, the feedback between wetlands and sea 
level is complex, with parameters such as a lack of accommodation 
space restricting inland migration, or sediment supply and feedbacks 
between plant growth and geomorphology (Kirwan and Megonigal, 
2013; Ellison, 2014; Martínez et al., 2014; Spencer et al., 2016) still 
being explored. Reducing global warming from 2°C to 1.5°C will 
deliver long-term benefits, with natural sedimentation rates more likely 
keep up with SLR. It remains unclear how wetlands will respond and 
under what conditions (including other climate parameters) to a global 
temperature rise of 1.5°C and 2°C. However, they have great potential 
to aid and benefit climate change mitigation and adaptation (medium 
confidence) (Sections 4.3.2.2 and 4.3.2.3).

3.4.5.6 Other coastal settings

Numerous impacts have not been quantified at 1.5°C or 2°C but remain 
important. This includes systems identified in WGII AR5 (AR5 – Section 
5.4 of Wong et al., 2014), such as beaches, barriers, sand dunes, rocky 
coasts, aquifers, lagoons and coastal ecosystems (for the last system, 
see Section 3.4.4.12). For example, SLR potentially affects erosion and 
accretion, and therefore sediment movement, instigating shoreline 

change (Section 5.4.2.1 of Wong et al., 2014), which could affect land-
based ecosystems. Global observations indicate no overall clear effect 
of SLR on shoreline change (Le Cozannet et al., 2014), as it is highly 
site specific (e.g., Romine et al., 2013). Infrastructure and geological 
constraints reduce shoreline movement, causing coastal squeeze. In 
Japan, for example, SLR is projected to cause beach losses under an 
RCP2.6 scenario, which will worsen under RCP8.5 (Udo and Takeda, 
2017). Further, compound flooding (the combined risk of flooding from 
multiple sources) has increased significantly over the past century in 
major coastal cities (Wahl et al., 2015) and is likely to increase with 
further development and SLR at 1.5°C and 2°C unless adaptation is 
undertaken. Thus, overall SLR will have a wide range of adverse effects 
on coastal zones (medium confidence).

3.4.5.7 Adapting to coastal change

Adaptation to coastal change from SLR and other drivers is occurring 
today (high confidence) (see Cross-Chapter Box 9 in Chapter 
4), including migration, ecosystem-based adaptation, raising 
infrastructure and defences, salt-tolerant food production, early 
warning systems, insurance and education (Section 5.4.2.1 of Wong et 
al., 2014). Climate change mitigation will reduce the rate of SLR this 
century, decreasing the need for extensive and, in places, immediate 
adaptation. Adaptation will reduce impacts in human settings (high 
confidence) (Hinkel et al., 2014; Wong et al., 2014), although there is 
less certainty for natural ecosystems (Sections 4.3.2 and 4.3.3.3). While 
some ecosystems (e.g., mangroves) may be able to move shoreward 
as sea levels increase, coastal development (e.g., coastal building, 
seawalls and agriculture) often interrupt these transitions (Saunders et 
al., 2014). Options for responding to these challenges include reducing 
the impact of other stresses such as those arising from tourism, fishing, 
coastal development and unsustainable aquaculture/agriculture. In 
some cases, restoration of coastal habitats and ecosystems can be a 
cost-effective way of responding to changes arising from increasing 
levels of exposure from rising sea levels, changes in storm conditions, 
coastal inundation and salinization (Arkema et al., 2013; Temmerman 
et al., 2013; Ferrario et al., 2014; Hinkel et al., 2014; Spalding et al., 
2014; Elliff and Silva, 2017).

Since AR5, planned and autonomous adaptation and forward planning 
have become more widespread (Araos et al., 2016; Nicholls et al., 
2018), but continued efforts are required as many localities are in the 
early stages of adapting or are not adapting at all (Cross-Chapter Box 
9 in Chapter 4; Araos et al., 2016). This is region and sub-sector specific, 
and also linked to non-climatic factors (Ford et al., 2015; Araos et al., 
2016; Lesnikowski et al., 2016). Adaptation pathways (e.g., Ranger et 
al., 2013; Barnett et al., 2014; Rosenzweig and Solecki, 2014; Buurman 
and Babovic, 2016) assist long-term planning but are not widespread 
practices despite knowledge of long-term risks (Section 4.2.2). 
Furthermore, human retreat and migration are increasingly being 
considered as an adaptation response (Hauer et al., 2016; Geisler and 
Currens, 2017), with a growing emphasis on green adaptation. There 
are few studies on the adaptation limits to SLR where transformation 
change may be required (AR5-Section 5.5 of Wong et al., 2014; Nicholls 
et al., 2015). Sea level rise poses a long-term threat (Section 3.3.9), and 
adaptation will remain essential at the centennial scale under 1.5°C 
and 2°C of warming (high confidence).



234

Chapter 3 Impacts of 1.5°C of Global Warming on Natural and Human Systems

3

Table 3.3  | Land and people exposed to sea level rise (SLR), assuming no protection at all. Extracted from Brown et al. (2018a) and Goodwin et al. (2018). SSP: Shared Socio- 
 Economic Pathway; wrt: with respect to; *:Population held constant at 2100 level.

Climate scenario
Impact factor, assuming there is 

no adaptation or protection at all 
(50th, [5th-95th percentiles])

Year

2050 2100 2200 2300

1.5°C Temperature rise wrt 1850–1900 (°C) 1.71 (1.44–2.16) 1.60 (1.26–2.33) 1.41 (1.15–2.10) 1.32 (1.12–1.81)

SLR (m) wrt 1986–2005 0.20 (0.14–0.29) 0.40 (0.26–0.62) 0.73 (0.47–1.25) 1.00 (0.59–1.55)

Land exposed (x103 km2) 574 [558–597] 620 [575–669] 666 [595–772] 702 [666–853]

People exposed, SSP1–5 (millions) 127.9–139.0 
[123.4–134.0, 
134.5–146.4]

102.7–153.5 
[94.8–140.7, 
102.7–153.5]

--
133.8–207.1 

[112.3–169.6, 
165.2–263.4]*

2°C Temperature rise wrt 1850–1900 (° C) 1.76 (1.51–2.16) 2.03 (1.72–2.64) 1.90 (1.66–2.57) 1.80 (1.60–2.20)

SLR (m) wrt 1986-2005 0.20 (0.14–0.29) 0.46 (0.30–0.69) 0.90 (0.58–1.50) 1.26 (0.74–1.90)

Land exposed (x103 km2) 575 [558–598] 637 [585–686] 705 [618–827] 767 [642–937]

People exposed, SSP1–5 (millions) 128.1–139.2 
[123.6–134.2, 
134.7–146.6]

105.5–158.1 
[97.0–144.1, 
118.1–179.0]

--
148.3–233.0 

[120.3–183.4, 
186.4–301.8]*

Box 3.5 |  Small Island Developing States (SIDS)  

Global warming of 1.5°C is expected to prove challenging for small island developing states (SIDS) that are already experiencing 
impacts associated with climate change (high confidence). At 1.5°C, compounding impacts from interactions between climate drivers 
may contribute to the loss of, or change in, critical natural and human systems (medium to high confidence). There are a number of 
reduced risks at 1.5°C versus 2°C, particularly when coupled with adaptation efforts (medium to high confidence). 

Changing climate hazards for SIDS at 1.5°C

Mean surface temperature is projected to increase in SIDS at 1.5°C of global warming (high confidence). The Caribbean region 
will experience 0.5°C–1.5°C of warming compared to a 1971–2000 baseline, with the strongest warming occurring over larger 
land masses (Taylor et al., 2018). Under the Representative Concentration Pathway (RCP)2.6 scenario, the western tropical Pacific 
is projected to experience warming of 0.5°C–1.7°C relative to 1961–1990. Extreme temperatures will also increase, with potential 
for elevated impacts as a result of comparably small natural variability (Reyer et al., 2017a). Compared to the 1971–2000 baseline, 
up to 50% of the year is projected to be under warm spell conditions in the Caribbean at 1.5°C, with a further increase of up to 
70 days at 2°C (Taylor et al., 2018).

Changes in precipitation patterns, freshwater availability and drought sensitivity differ among small island regions (medium to high 
confidence). Some western Pacific islands and those in the northern Indian Ocean may see increased freshwater availability, while 
islands in most other regions are projected to see a substantial decline (Holding et al., 2016; Karnauskas et al., 2016). For several 
SIDS, approximately 25% of the overall freshwater stress projected under 2°C at 2030 could be avoided by limiting global warming 
to 1.5°C (Karnauskas et al., 2018). In accordance with an overall drying trend, an increasing drought risk is projected for Caribbean 
SIDS (Lehner et al., 2017), and moderate to extreme drought conditions are projected to be about 9% longer on average at 2°C 
versus 1.5°C for islands in this region (Taylor et al., 2018). 

Projected changes in the ocean system at higher warming targets (Section 3.4.4), including potential changes in circulation (Section 
3.3.7) and increases in both surface temperatures (Section 3.3.7) and ocean acidification (Section 3.3.10), suggest increasing risks 
for SIDS associated with warming levels close to and exceeding 1.5°C.

Differences in global sea level between 1.5°C and 2°C depend on the time scale considered and are projected to fully materialize 
only after 2100 (Section 3.3.9). Projected changes in regional sea level are similarly time dependent, but generally found to be 
above the global average for tropical regions including small islands (Kopp et al., 2014; Jevrejeva et al., 2016). Threats related to 
sea level rise (SLR) for SIDS, for example from salinization, flooding, permanent inundation, erosion and pressure on ecosystems, 
will therefore persist well beyond the 21st century even under 1.5°C of warming (Section 3.4.5.3; Nicholls et al., 2018). Prolonged 
interannual sea level inundations may increase throughout the tropical Pacific with ongoing warming and in the advent of an 
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increased frequency of extreme La Niña events, exacerbating coastal impacts of projected global mean SLR (Widlansky et al., 2015). 
Changes to the frequency of extreme El Niño and La Niña events may also increase the frequency of droughts and floods in South 
Pacific islands (Box 4.2, Section 3.5.2; Cai et al., 2012).

Extreme precipitation in small island regions is often linked to tropical storms and contributes to the climate hazard (Khouakhi et 
al., 2017). Similarly, extreme sea levels for small islands, particularly in the Caribbean, are linked to tropical cyclone occurrence 
(Khouakhi and Villarini, 2017). Under a 1.5°C stabilization scenario, there is a projected decrease in the frequency of weaker tropical 
storms and an increase in the number of intense cyclones (Section 3.3.6; Wehner et al., 2018a). There are not enough studies 
to assess differences in tropical cyclone statistics for 1.5°C versus 2°C (Section 3.3.6). There are considerable differences in the 
adaptation responses to tropical cyclones across SIDS (Cross-Chapter Box 11 in Chapter 4).

Impacts on key natural and human systems

Projected increases in aridity and decreases in freshwater availability at 1.5°C of warming, along with additional risks from SLR 
and increased wave-induced run-up, might leave several atoll islands uninhabitable (Storlazzi et al., 2015; Gosling and Arnell, 
2016). Changes in the availability and quality of freshwater, linked to a combination of changes to climate drivers, may adversely 
impact SIDS’ economies (White and Falkland, 2010; Terry and Chui, 2012; Holding and Allen, 2015; Donk et al., 2018). Growth-rate 
projections based on temperature impacts alone indicate robust negative impacts on gross domestic product (GDP) per capita 
growth for SIDS (Sections 3.4.7.1, 3.4.9.1 and 3.5.4.9; Pretis et al., 2018). These impacts would be reduced considerably under 1.5°C 
but may be increased by escalating risks from climate-related extreme weather events and SLR (Sections 3.4.5.3, 3.4.9.4 and 3.5.3)

Marine systems and associated livelihoods in SIDS face higher risks at 2°C compared to 1.5°C (medium to high confidence). 
Mass coral bleaching and mortality are projected to increase because of interactions between rising ocean temperatures, ocean 
acidification, and destructive waves from intensifying storms (Section 3.4.4 and 5.2.3, Box 3.4). At 1.5°C, approximately 70–90% of 
global coral reefs are projected to be at risk of long-term degradation due to coral bleaching, with these values increasing to 99% at 
2°C (Frieler et al., 2013; Schleussner et al., 2016b). Higher temperatures are also related to an increase in coral disease development, 
leading to coral degradation (Maynard et al., 2015). For marine fisheries, limiting warming to 1.5°C decreases the risk of species 
extinction and declines in maximum catch potential, particularly for small islands in tropical oceans (Cheung et al., 2016a).

Long-term risks of coastal flooding and impacts on populations, infrastructure and assets are projected to increase with higher levels 
of warming (high confidence). Tropical regions including small islands are expected to experience the largest increases in coastal 
flooding frequency, with the frequency of extreme water-level events in small islands projected to double by 2050 (Vitousek et al., 
2017). Wave-driven coastal flooding risks for reef-lined islands may increase as a result of coral reef degradation and SLR (Quataert 
et al., 2015). Exposure to coastal hazards is particularly high for SIDS, with a significant share of population, infrastructure and assets 
at risk (Sections 3.4.5.3 and 3.4.9; Scott et al., 2012; Kumar and Taylor, 2015; Rhiney, 2015; Byers et al., 2018). Limiting warming to 
1.5°C instead of 2°C would spare the inundation of lands currently home to 60,000 individuals in SIDS by 2150 (Rasmussen et al., 
2018). However, such estimates do not consider shoreline response (Section 3.4.5) or adaptation.

Risks of impacts across sectors are projected to be higher at 1.5°C compared to the present, and will further increase at 2°C (medium 
to high confidence). Projections indicate that at 1.5°C there will be increased incidents of internal migration and displacement 
(Sections 3.5.5, 4.3.6 and 5.2.2; Albert et al., 2017), limited capacity to assess loss and damage (Thomas and Benjamin, 2017) 
and substantial increases in the risk to critical transportation infrastructure from marine inundation (Monioudi et al., 2018). The 
difference between 1.5°C and 2°C might exceed limits for normal thermoregulation of livestock animals and result in persistent heat 
stress for livestock animals in SIDS (Lallo et al., 2018). 

At 1.5°C, limits to adaptation will be reached for several key impacts in SIDS, resulting in residual impacts, as well as loss and 
damage (Section 1.1.1, Cross-Chapter Box 12 in Chapter 5). Limiting temperature increase to 1.5°C versus 2°C is expected to reduce 
a number of risks, particularly when coupled with adaptation efforts that take into account sustainable development (Section 3.4.2 
and 5.6.3.1, Box 4.3 and 5.3, Mycoo, 2017; Thomas and Benjamin, 2017). Region-specific pathways for SIDS exist to address climate 
change (Section 5.6.3.1, Boxes 4.6 and 5.3, Cross-Chapter Box 11 in Chapter 4).

Box 3.5 (continued)
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3.4.6 Food, Nutrition Security and Food Production 
Systems (Including Fisheries and Aquaculture)

3.4.6.1 Crop production 

Quantifying the observed impacts of climate change on food security 
and food production systems requires assumptions about the many 
non-climate variables that interact with climate change variables. 
Implementing specific strategies can partly or greatly alleviate the 
climate change impacts on these systems (Wei et al., 2017), whilst the 
degree of compensation is mainly dependent on the geographical area 
and crop type (Rose et al., 2016). Despite these uncertainties, recent 
studies confirm that observed climate change has already affected crop 
suitability in many areas, resulting in changes in the production levels 
of the main agricultural crops. These impacts are evident in many areas 
of the world, ranging from Asia (C. Chen et al., 2014; Sun et al., 2015; 
He and Zhou, 2016) to America (Cho and McCarl, 2017) and Europe 
(Ramirez-Cabral et al., 2016), and they particularly affect the typical 
local crops cultivated in specific climate conditions (e.g., Mediterranean 
crops like olive and grapevine, Moriondo et al., 2013a, b). 

Temperature and precipitation trends have reduced crop production 
and yields, with the most negative impacts being on wheat and maize 
(Lobell et al., 2011), whilst the effects on rice and soybean yields are 
less clear and may be positive or negative (Kim et al., 2013; van Oort 
and Zwart, 2018). Warming has resulted in positive effects on crop yield 
in some high-latitude areas (Jaggard et al., 2007; Supit et al., 2010; 
Gregory and Marshall, 2012; C. Chen et al., 2014; Sun et al., 2015; He 
and Zhou, 2016; Daliakopoulos et al., 2017), and may make it possible 
to have more than one harvest per year (B. Chen et al., 2014; Sun et 
al., 2015). Climate variability has been found to explain more than 
60% of the of maize, rice, wheat and soybean yield variations in the 
main global breadbaskets areas (Ray et al., 2015), with the percentage 
varying according to crop type and scale (Moore and Lobell, 2015; Kent 
et al., 2017). Climate trends also explain changes in the length of the 
growing season, with greater modifications found in the northern high-
latitude areas (Qian et al., 2010; Mueller et al., 2015).

The rise in tropospheric ozone has already reduced yields of wheat, 
rice, maize and soybean by 3–16% globally (Van Dingenen et al., 
2009). In some studies, increases in atmospheric CO2 concentrations 
were found to increase yields by enhancing radiation and water use 
efficiencies (Elliott et al., 2014; Durand et al., 2018). In open-top 
chamber experiments with a combination of elevated CO2 and 1.5°C of 
warming, maize and potato yields were observed to increase by 45.7% 
and 11%, respectively (Singh et al., 2013; Abebe et al., 2016). However, 
observations of trends in actual crop yields indicate that reductions 
as a result of climate change remain more common than crop yield 
increases, despite increased atmospheric CO2 concentrations (Porter 
et al., 2014). For instance, McGrath and Lobell (2013) indicated that 
production stimulation at increased atmospheric CO2 concentrations 
was mostly driven by differences in climate and crop species, whilst 
yield variability due to elevated CO2 was only about 50–70% of the 
variability due to climate. Importantly, the faster growth rates induced 
by elevated CO2 have been found to coincide with lower protein content 
in several important C3 cereal grains (Myers et al., 2014), although this 
may not always be the case for C4 grains, such as sorghum, under 

drought conditions (De Souza et al., 2015). Elevated CO2 concentrations 
of 568–590 ppm (a range that corresponds approximately to RCP6 in 
the 2080s and hence a warming of 2.3°C–3.3°C (van Vuuren et al., 
2011a, AR5 WGI Table 12.2 ) alone reduced the protein, micronutrient 
and B vitamin content of the 18 rice cultivars grown most widely in 
Southeast Asia, where it is a staple food source, by an amount sufficient 
to create nutrition-related health risks for 600 million people (Zhu et 
al., 2018). Overall, the effects of increased CO2 concentrations alone 
during the 21st century are therefore expected to have a negative 
impact on global food security (medium confidence).

Crop yields in the future will also be affected by projected changes in 
temperature and precipitation. Studies of major cereals showed that 
maize and wheat yields begin to decline with 1°C–2°C of local warming 
and under nitrogen stress conditions at low latitudes (high confidence) 
(Porter et al., 2014; Rosenzweig et al., 2014). A few studies since AR5 
have focused on the impacts on cropping systems for scenarios where 
the global mean temperature increase is within 1.5°C. Schleussner et 
al. (2016b) projected that constraining warming to 1.5°C rather than 
2°C would avoid significant risks of declining tropical crop yield in 
West Africa, Southeast Asia, and Central and South America. Ricke et al. 
(2016) highlighted that cropland stability declines rapidly between 1°C 
and 3°C of warming, whilst Bassu et al. (2014) found that an increase 
in air temperature negatively influences the modelled maize yield 
response by –0.5 t ha−1 °C–1 and Challinor et al. (2014) reported similar 
effect for tropical regions. Niang et al. (2014) projected significantly 
lower risks to crop productivity in Africa at 1.5°C compared to 2°C of 
warming. Lana et al. (2017) indicated that the impact of temperature 
increases on crop failure of maize hybrids would be much greater as 
temperatures increase by 2°C compared to 1.5°C (high confidence). J. 
Huang et al. (2017) found that limiting warming to 1.5°C compared 
to 2°C would reduce maize yield losses over drylands. Although 
Rosenzweig et al. (2017, 2018) did not find a clear distinction between 
yield declines or increases in some breadbasket regions between the 
two temperature levels, they generally did find projections of decreasing 
yields in breadbasket regions when the effects of CO2 fertilization were 
excluded. Iizumi et al. (2017) found smaller reductions in maize and 
soybean yields at 1.5°C than at 2°C of projected warming, higher rice 
production at 2°C than at 1.5°C, and no clear differences for wheat 
on a global mean basis. These results are largely consistent with those 
of other studies (Faye et al., 2018; Ruane et al., 2018). In the western 
Sahel and southern Africa, moving from 1.5°C to 2°C of warming has 
been projected to result in a further reduction of the suitability of maize, 
sorghum and cocoa cropping areas and yield losses, especially for C3 
crops, with rainfall change only partially compensating these impacts 
(Läderach et al., 2013; World Bank, 2013; Sultan and Gaetani, 2016).

A significant reduction has been projected for the global production of 
wheat (by 6.0 ± 2.9%), rice (by 3.2 ± 3.7%), maize (by 7.4 ± 4.5%), 
and soybean, (by 3.1%) for each degree Celsius increase in global 
mean temperature (Asseng et al., 2015; C. Zhao et al., 2017). Similarly, 
Li et al. (2017) indicated a significant reduction in rice yields for each 
degree Celsius increase, by about 10.3%, in the greater Mekong 
subregion (medium confidence; Cross-Chapter Box 6: Food Security 
in this chapter). Large rice and maize yield losses are to be expected 
in China, owing to climate extremes (medium confidence) (Wei et al., 
2017; Zhang et al., 2017).
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While not often considered, crop production is also negatively affected 
by the increase in both direct and indirect climate extremes. Direct 
extremes include changes in rainfall extremes (Rosenzweig et al., 
2014), increases in hot nights (Welch et al., 2010; Okada et al., 2011), 
extremely high daytime temperatures (Schlenker and Roberts, 2009; 
Jiao et al., 2016; Lesk et al., 2016), drought (Jiao et al., 2016; Lesk et 
al., 2016), heat stress (Deryng et al., 2014, Betts et al., 2018), flooding 
(Betts et al., 2018; Byers et al., 2018), and chilling damage (Jiao et al., 
2016), while indirect effects include the spread of pests and diseases 
(Jiao et al., 2014; van Bruggen et al., 2015), which can also have 
detrimental effects on cropping systems. 

Taken together, the findings of studies on the effects of changes in 
temperature, precipitation, CO2 concentration and extreme weather 
events indicate that a global warming of 2°C is projected to result in a 
greater reduction in global crop yields and global nutrition than global 
warming of 1.5°C (high confidence; Section 3.6). 

3.4.6.2 Livestock production  

Studies of climate change impacts on livestock production are few in 
number. Climate change is expected to directly affect yield quantity and 
quality (Notenbaert et al., 2017), as well as indirectly impacting the 
livestock sector through feed quality changes and spread of pests and 
diseases (Kipling et al., 2016) (high confidence). Increased warming and 
its extremes are expected to cause changes in physiological processes 
in livestock (i.e., thermal distress, sweating and high respiratory rates) 
(Mortola and Frappell, 2000) and to have detrimental effects on animal 
feeding, growth rates (André et al., 2011; Renaudeau et al., 2011; Collier 
and Gebremedhin, 2015) and reproduction (De Rensis et al., 2015). Wall 
et al. (2010) observed reduced milk yields and increased cow mortality 
as the result of heat stress on dairy cow production over some UK 
regions. 

Further, a reduction in water supply might increase cattle water demand 
(Masike and Urich, 2008). Generally, heat stress can be responsible 
for domestic animal mortality increase and economic losses (Vitali et 
al., 2009), affecting a wide range of reproductive parameters (e.g., 
embryonic development and reproductive efficiency in pigs, Barati et al., 
2008; ovarian follicle development and ovulation in horses, Mortensen 
et al., 2009). Much attention has also been dedicated to ruminant 
diseases (e.g., liver fluke, Fox et al., 2011; blue-tongue virus, Guis et al., 
2012; foot-and-mouth disease (FMD), Brito et al. (2017); and zoonotic 
diseases, Njeru et al., 2016; Simulundu et al., 2017). 

Climate change impacts on livestock are expected to increase. In 
temperate climates, warming is expected to lengthen the forage 
growing season but decrease forage quality, with important variations 
due to rainfall changes (Craine et al., 2010; Hatfield et al., 2011; 
Izaurralde et al., 2011). Similarly, a decrease in forage quality is expected 
for both natural grassland in France (Graux et al., 2013) and sown 
pastures in Australia (Perring et al., 2010). Water resource availability 
for livestock is expected to decrease owing to increased runoff and 
reduced groundwater resources. Increased temperature will likely 
induce changes in river discharge and the amount of water in basins, 
leading human and livestock populations to experience water stress, 
especially in the driest areas (i.e., sub-Saharan Africa and South Asia) 

(medium confidence) (Palmer et al., 2008). Elevated temperatures are 
also expected to increase methane production (Knapp et al., 2014; M.A. 
Lee et al., 2017). Globally, a decline in livestock of 7–10% is expected at 
about 2°C of warming, with associated economic losses between $9.7 
and $12.6 billion (Boone et al., 2018).

3.4.6.3 Fisheries and aquaculture production  

Global fisheries and aquaculture contribute a total of 88.6 and 59.8 
million tonnes of fish and other products annually (FAO, 2016), 
and play important roles in the food security of a large number of 
countries (McClanahan et al., 2015; Pauly and Charles, 2015) as well 
as being essential for meeting the protein demand of a growing 
global population (Cinner et al., 2012, 2016; FAO, 2016; Pendleton 
et al., 2016). A steady increase in the risks associated with bivalve 
fisheries and aquaculture at mid-latitudes is coincident with increases 
in temperature, ocean acidification, introduced species, disease and 
other drivers ( Lacoue-Labarthe et al., 2016; Clements and Chopin, 
2017; Clements et al., 2017; Parker et al., 2017). Sea level rise and 
storm intensification pose a risk to hatcheries and other infrastructure 
(Callaway et al., 2012; Weatherdon et al., 2016), whilst others risks 
are associated with the invasion of parasites and pathogens (Asplund 
et al., 2014; Castillo et al., 2017). Specific human strategies have 
reduced these risks, which are expected to be moderate under RCP2.6 
and very high under RCP8.5 (Gattuso et al., 2015). The risks related 
to climate change for fin fish (Section 3.4.4) are producing a number 
of challenges for small-scale fisheries (e.g., Kittinger, 2013; Pauly and 
Charles, 2015; Bell et al., 2018). Recent literature from 2015 to 2017 
has described growing threats from rapid shifts in the biogeography 
of key species (Poloczanska et al., 2013, 2016; Burrows et al., 2014; 
García Molinos et al., 2015) and the ongoing rapid degradation of 
key ecosystems such as coral reefs, seagrass and mangroves (Section 
3.4.4, Box 3.4). The acceleration of these changes, coupled with non-
climate stresses (e.g., pollution, overfishing and unsustainable coastal 
development), are driving many small-scale fisheries well below the 
sustainable harvesting levels required to maintain these resources 
as a source of food (McClanahan et al., 2009, 2015; Cheung et al., 
2010; Pendleton et al., 2016). As a result, future scenarios surrounding 
climate change and global population growth increasingly project 
shortages of fish protein for many regions, such as the Pacific Ocean 
(Bell et al., 2013, 2018) and Indian Ocean (McClanahan et al., 2015). 
Mitigation of these risks involves marine spatial planning, fisheries 
repair, sustainable aquaculture, and the development of alternative 
livelihoods (Kittinger, 2013; McClanahan et al., 2015; Song and 
Chuenpagdee, 2015; Weatherdon et al., 2016). Other threats concern 
the increasing incidence of alien species and diseases (Kittinger et al., 
2013; Weatherdon et al., 2016).

Risks of impacts related to climate change on low-latitude small-scale 
fin fisheries are moderate today but are expected to reach very high 
levels by 1.1°C of global warming. Projections for mid- to high-latitude 
fisheries include increases in fishery productivity in some cases (Cheung 
et al., 2013; Hollowed et al., 2013; Lam et al., 2014; FAO, 2016). These 
projections are associated with the biogeographical shift of species 
towards higher latitudes (Fossheim et al., 2015), which brings benefits 
as well as challenges (e.g., increased production yet a greater risk of 
disease and invasive species; low confidence). Factors underpinning 
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the expansion of fisheries production to high-latitude locations include 
warming, increased light levels and mixing due to retreating sea ice 
(Cheung et al., 2009), which result in substantial increases in primary 
productivity and fish harvesting in the North Pacific and North Atlantic 
(Hollowed and Sundby, 2014).

Present-day risks for mid-latitude bivalve fisheries and aquaculture 
become undetectible up to 1.1°C of global warming, moderate at 
1.3°C, and moderate to high up to 1.9°C (Figure 3.18). For instance, 
Cheung et al. (2016a), simulating the loss in fishery productivity 
at 1.5°C, 2°C and 3.5°C above the pre-industrial period, found that 
the potential global catch for marine fisheries will likely decrease by 
more than three million metric tonnes for each degree of warming. 
Low-latitude fin-fish fisheries have higher risks of impacts, with risks 
being moderate under present-day conditions and becoming high 
above 0.9°C and very high at 2°C of global warming. High-latitude 

fisheries are undergoing major transformations, and while production 
is increasing, present-day risk is moderate and is projected to remain 
moderate at 1.5°C and 2°C (Figure 3.18). 

Adaptation measures can be applied to shellfish, large pelagic fish 
resources and biodiversity, and they include options such as protecting 
reproductive stages and brood stocks from periods of high ocean 
acidification (OA), stock selection for high tolerance to OA (high 
confidence) (Ekstrom et al., 2015; Rodrigues et al., 2015; Handisyde 
et al., 2016; Lee, 2016; Weatherdon et al., 2016; Clements and Chopin, 
2017), redistribution of highly migratory resources (e.g., Pacific tuna) 
(high confidence), governance instruments such as international 
fisheries agreements (Lehodey et al., 2015; Matear et al., 2015), 
protection and regeneration of reef habitats, reduction of coral reef 
stresses, and development of alternative livelihoods (e.g., aquaculture; 
Bell et al., 2013, 2018).

Cross-Chapter Box 6 | Food Security 

Lead Authors: 
Ove Hoegh-Guldberg (Australia), Sharina Abdul Halim (Malaysia), Marco Bindi (Italy), Marcos Buckeridge (Brazil), Arona Diedhiou (Ivory 
Coast/Senegal), Kristie L. Ebi (USA), Deborah Ley (Guatemala/Mexico), Diana Liverman (USA), Chandni Singh (India), Rachel Warren 
(UK), Guangsheng Zhou (China). 

Contributing Author: 
Lorenzo Brilli (Italy)

Climate change influences food and nutritional security through its effects on food availability, quality, access and distribution (Paterson 
and Lima, 2010; Thornton et al., 2014; FAO, 2016). More than 815 million people were undernourished in 2016, and 11% of the world’s 
population has experienced recent decreases in food security, with higher percentages in Africa (20%), southern Asia (14.4%) and the 
Caribbean (17.7%) (FAO et al., 2017). Overall, food security is expected to be reduced at 2°C of global warming compared to 1.5°C, 
owing to projected impacts of climate change and extreme weather on yields, crop nutrient content, livestock, fisheries and aquaculture 
and land use (cover type and management) (Sections 3.4.3.6, 3.4.4.12 and 3.4.6), (high confidence). The effects of climate change 
on crop yield, cultivation area, presence of pests, food price and supplies are projected to have major implications for sustainable 
development, poverty eradication, inequality and the ability of the international community to meet the United Nations sustainable 
development goals (SDGs; Cross-Chapter Box 4 in Chapter 1). 

Goal 2 of the SDGs is to end hunger, achieve food security, improve nutrition and promote sustainable agriculture by 2030. This goal 
builds on the first millennium development goal (MDG-1) which focused on eradicating extreme poverty and hunger, through efforts 
that reduced the proportion of undernourished people in low- and middle-income countries from 23.3% in 1990 to 12.9% in 2015. 
Climate change threatens the capacity to achieve SDG 2 and could reverse the progress made already. Food security and agriculture 
are also critical to other aspects of sustainable development, including poverty eradication (SDG 1), health and well-being (SDG 3), 
clean water (SDG 6), decent work (SDG 8), and the protection of ecosystems on land (SDG 14) and in water (SDG 15) (UN, 2015, 2017; 
Pérez-Escamilla, 2017). 

Increasing global temperature poses large risks to food security globally and regionally, especially in low-latitude areas (medium 
confidence) (Cheung et al., 2010; Rosenzweig et al., 2013; Porter et al., 2014; Rosenzweig and Hillel, 2015; Lam et al., 2016), with warming 
of 2°C projected to result in a greater reduction in global crop yields and global nutrition than warming of 1.5°C (high confidence) (Section 
3.4.6), owing to the combined effects of changes in temperature, precipitation and extreme weather events, as well as increasing CO2 
concentrations. Climate change can exacerbate malnutrition by reducing nutrient availability and the quality of food products (medium 
confidence) (Cramer et al., 2014; Zhu et al., 2018). Generally, vulnerability to decreases in water and food availability is projected to be 
reduced at 1.5°C versus 2°C (Cheung et al., 2016a; Betts et al., 2018), especially in regions such as the African Sahel, the Mediterranean, 
central Europe, the Amazon, and western and southern Africa (medium confidence) (Sultan and Gaetani, 2016; Lehner et al., 2017; Betts 
et al., 2018; Byers et al., 2018; Rosenzweig et al., 2018). 
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Rosenzweig et al. (2018) and Ruane et al. (2018) reported that the higher CO2 concentrations associated with 2°C as compared to 
those at 1.5°C of global warming are projected to drive positive effects in some regions. Production can also benefit from warming in 
higher latitudes, with more fertile soils, favouring crops, and grassland production, in contrast to the situation at low latitudes (Section 
3.4.6), and similar benefits could arise for high-latitude fisheries production (high confidence) (Section 3.4.6.3). Studies exploring 
regional climate change risks on crop production are strongly influenced by the use of different regional climate change projections 
and by the assumed strength of CO2 fertilization effects (Section 3.6), which are uncertain. For C3 crops, theoretically advantageous 
CO2 fertilization effects may not be realized in the field; further, they are often accompanied by losses in protein and nutrient content of 
crops (Section 3.6), and hence these projected benefits may not be realized. In addition, some micronutrients such as iron and zinc will 
accumulate less and be less available in food (Myers et al., 2014). Together, the impacts on protein availability may bring as many as 
150 million people into protein deficiency by 2050 (Medek et al., 2017). However, short-term benefits could arise for high-latitude 
fisheries production as waters warm, sea ice contracts and primary productivity increases under climate change (high confidence) 
(Section 3.4.6.3; Cheung et al., 2010; Hollowed and Sundby, 2014; Lam et al., 2016; Sundby et al., 2016; Weatherdon et al., 2016).

Factors affecting the projections of food security include variability in regional climate projections, climate change mitigation (where 
land use is involved; see Section 3.6 and Cross-Chapter Box 7 in this chapter) and biological responses (medium confidence) (Section 
3.4.6.1; McGrath and Lobell, 2013; Elliott et al., 2014; Pörtner et al., 2014; Durand et al., 2018), extreme events such as droughts 
and floods (high confidence) (Sections 3.4.6.1, 3.4.6.2; Rosenzweig et al., 2014; Wei et al., 2017), financial volatility (Kannan et al., 
2000; Ghosh, 2010; Naylor and Falcon, 2010; HLPE, 2011), and the distributions of pests and disease (Jiao et al., 2014; van Bruggen 
et al., 2015). Changes in temperature and precipitation are projected to increase global food prices by 3–84% by 2050 (IPCC, 2013). 
Differences in price impacts of climate change are accompanied by differences in land-use change (Nelson et al., 2014b), energy policies 
and food trade (Mueller et al., 2011; Wright, 2011; Roberts and Schlenker, 2013). Fisheries and aquatic production systems (aquaculture) 
face similar challenges to those of crop and livestock sectors (Section 3.4.6.3; Asiedu et al., 2017a, b; Utete et al., 2018). Human 
influences on food security include demography, patterns of food waste, diet shifts, incomes and prices, storage, health status, trade 
patterns, conflict, and access to land and governmental or other assistance (Chapters 4 and 5). Across all these systems, the efficiency 
of adaptation strategies is uncertain because it is strongly linked with future economic and trade environments and their response to 
changing food availability (medium confidence) (Lobell et al., 2011; von Lampe et al., 2014; d’Amour et al., 2016; Wei et al., 2017). 

Climate change impacts on food security can be reduced through adaptation (Hasegawa et al., 2014). While climate change is projected 
to decrease agricultural yield, the consequences could be reduced substantially at 1.5°C versus 2°C with appropriate investment (high 
confidence) (Neumann et al., 2010; Muller, 2011; Roudier et al., 2011), awareness-raising to help inform farmers of new technologies for 
maintaining yield, and strong adaptation strategies and policies that develop sustainable agricultural choices (Sections 4.3.2 and 4.5.3). 
In this regard, initiatives such as ‘climate-smart’ food production and distribution systems may assist via technologies and adaptation 
strategies for food systems (Lipper et al., 2014; Martinez-Baron et al., 2018; Whitfield et al., 2018), as well as helping meet mitigation 
goals (Harvey et al., 2014). 

K.R. Smith et al. (2014) concluded that climate change will exacerbate current levels of childhood undernutrition and stunting through 
reduced food availability. As well, climate change can drive undernutrition-related childhood mortality, and increase disability-adjusted 
life years lost, with the largest risks in Asia and Africa (Supplementary Material 3.SM, Table 3.SM.12; Ishida et al., 2014; Hasegawa et al., 
2016; Springmann et al., 2016). Studies comparing the health risks associated with reduced food security at 1.5°C and 2°C concluded 
that risks would be higher and the globally undernourished population larger at 2°C (Hales et al., 2014; Ishida et al., 2014; Hasegawa 
et al., 2016). Climate change impacts on dietary and weight-related risk factors are projected to increase mortality, owing to global 
reductions in food availability and consumption of fruit, vegetables and red meat (Springmann et al., 2016). Further, temperature 
increases are projected to reduce the protein and micronutrient content of major cereal crops, which is expected to further affect food 
and nutritional security (Myers et al., 2017; Zhu et al., 2018). 

Strategies for improving food security often do so in complex settings such as the Mekong River basin in Southeast Asia. The Mekong is 
a major food bowl (Smajgl et al., 2015) but is also a climate change hotspot (de Sherbinin, 2014; Lebel et al., 2014). This area is also a 
useful illustration of the complexity of adaptation choices and actions in a 1.5°C warmer world. Climate projections include increased 
annual average temperatures and precipitation in the Mekong (Zhang et al., 2017), as well as increased flooding and related disaster risks 
(T.F. Smith et al., 2013; Ling et al., 2015; Zhang et al., 2016). Sea level rise and saline intrusion are ongoing risks to agricultural systems 
in this area by reducing soil fertility and limiting the crop productivity (Renaud et al., 2015). The main climate impacts in the Mekong are 
expected to be on ecosystem health, through salinity intrusion, biomass reduction and biodiversity losses (Le Dang et al., 2013; Smajgl 
et al., 2015); agricultural productivity and food security (Smajgl et al., 2015); livelihoods such as fishing and farming (D. Wu et al., 2013); 
and disaster risk (D. Wu et al., 2013; Hoang et al., 2016), with implications for human mortality and economic and infrastructure losses. 

Cross-Chapter Box 6 (continued)
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Adaptation imperatives and costs in the Mekong will be higher under higher temperatures and associated impacts on agriculture 
and aquaculture, hazard exposure, and infrastructure. Adaptation measures to meet food security include greater investment in crop 
diversification and integrated agriculture–aquaculture practices (Renaud et al., 2015), improvement of water-use technologies (e.g., 
irrigation, pond capacity improvement and rainwater harvesting), soil management, crop diversification, and strengthening allied 
sectors such as livestock rearing and aquaculture (ICEM, 2013). Ecosystem-based approaches, such as integrated water resources 
management, demonstrate successes in mainstreaming adaptation into existing strategies (Sebesvari et al., 2017). However, some of 
these adaptive strategies can have negative impacts that deepen the divide between land-wealthy and land-poor farmers (Chapman 
et al., 2016). Construction of high dikes, for example, has enabled triple-cropping, which benefits land-wealthy farmers but leads to 
increasing debt for land-poor farmers (Chapman and Darby, 2016). 

Institutional innovation has happened through the Mekong River Commission (MRC), which is an intergovernmental body between 
Cambodia, Lao PDR, Thailand and Viet Nam that was established in 1995. The MRC has facilitated impact assessment studies, regional 
capacity building and local project implementation (Schipper et al., 2010), although the mainstreaming of adaptation into development 
policies has lagged behind needs (Gass et al., 2011). Existing adaptation interventions can be strengthened through greater flexibility 
of institutions dealing with land-use planning and agricultural production, improved monitoring of saline intrusion, and the installation 
of early warning systems that can be accessed by the local authorities or farmers (Renaud et al., 2015; Hoang et al., 2016; Tran et al., 
2018). It is critical to identify and invest in synergistic strategies from an ensemble of infrastructural options (e.g., building dikes); soft 
adaptation measures (e.g., land-use change) (Smajgl et al., 2015; Hoang et al., 2018); combinations of top-down government-led (e.g., 
relocation) and bottom-up household strategies (e.g., increasing house height) (Ling et al., 2015); and community-based adaptation 
initiatives that merge scientific knowledge with local solutions (Gustafson et al., 2016, 2018; Tran et al., 2018). Special attention needs 
to be given to strengthening social safety nets and livelihood assets whilst ensuring that adaptation plans are mainstreamed into 
broader development goals (Sok and Yu, 2015; Kim et al., 2017). The combination of environmental, social and economic pressures on 
people in the Mekong River basin highlights the complexity of climate change impacts and adaptation in this region, as well as the fact 
that costs are projected to be much lower at 1.5°C than 2°C of global warming.

Cross-Chapter Box 6 (continued)

3.4.7 Human Health

Climate change adversely affects human health by increasing exposure 
and vulnerability to climate-related stresses, and decreasing the 
capacity of health systems to manage changes in the magnitude and 
pattern of climate-sensitive health outcomes (Cramer et al., 2014; Hales 
et al., 2014). Changing weather patterns are associated with shifts in 
the geographic range, seasonality and transmission intensity of selected 
climate-sensitive infectious diseases (e.g., Semenza and Menne, 2009), 
and increasing morbidity and mortality are associated with extreme 
weather and climate events (e.g., K.R. Smith et al., 2014). Health 
detection and attribution studies conducted since AR5 have provided 
evidence, using multistep attribution, that climate change is negatively 
affecting adverse health outcomes associated with heatwaves, 
Lyme disease in Canada, and Vibrio emergence in northern Europe 
(Mitchell, 2016; Mitchell et al., 2016; Ebi et al., 2017). The IPCC AR5 
concluded there is high to very high confidence that climate change 
will lead to greater risks of injuries, disease and death, owing to more 
intense heatwaves and fires, increased risks of undernutrition, and 
consequences of reduced labour productivity in vulnerable populations 
(K.R. Smith et al., 2014). 

3.4.7.1 Projected risk at 1.5°C and 2°C of global warming 

The projected risks to human health of warming of 1.5°C and 2°C, 
based on studies of temperature-related morbidity and mortality, 
air quality and vector borne diseases assessed in and since AR5, are 
summarized in Supplementary Material 3.SM, Tables 3.SM.8, 3.SM.9 

and 3.SM.10 (based on Ebi et al., 2018). Other climate-sensitive 
health outcomes, such as diarrheal diseases, mental health issues 
and the full range of sources of poor air quality, were not considered 
because of the lack of projections of how risks could change at 1.5°C 
and 2°C. Few projections were available for specific temperatures 
above pre-industrial levels; Supplementary Material 3.SM, Table 
3.SM.7 provides the conversions used to translate risks projected for 
particular time slices to those for specific temperature changes (Ebi 
et al., 2018).

Temperature-related morbidity and mortality: The magnitude of 
projected heat-related morbidity and mortality is greater at 2°C than 
at 1.5°C of global warming (very high confidence)(Doyon et al., 2008; 
Jackson et al., 2010; Hanna et al., 2011; Huang et al., 2012; Petkova 
et al., 2013; Hajat et al., 2014; Hales et al., 2014; Honda et al., 2014; 
Vardoulakis et al., 2014; Garland et al., 2015; Huynen and Martens, 
2015; Li et al., 2015; Schwartz et al., 2015; L. Wang et al., 2015; 
Guo et al., 2016; T. Li et al., 2016; Chung et al., 2017; Kendrovski 
et al., 2017; Mishra et al., 2017; Arnell et al., 2018; Mitchell et al., 
2018b). The number of people exposed to heat events is projected 
to be greater at 2°C than at 1.5°C (Russo et al., 2016; Mora et al., 
2017; Byers et al., 2018; Harrington and Otto, 2018; King et al., 
2018). The extent to which morbidity and mortality are projected 
to increase varies by region, presumably because of differences in 
acclimatization, population vulnerability, the built environment, 
access to air conditioning and other factors (Russo et al., 2016; Mora 
et al., 2017; Byers et al., 2018; Harrington and Otto, 2018; King et 
al., 2018). Populations at highest risk include older adults, children, 
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women, those with chronic diseases, and people taking certain 
medications (very high confidence). Assuming adaptation takes place 
reduces the projected magnitude of risks (Hales et al., 2014; Huynen 
and Martens, 2015; T. Li et al., 2016). 

In some regions, cold-related mortality is projected to decrease with 
increasing temperatures, although increases in heat-related mortality 
generally are projected to outweigh any reductions in cold-related 
mortality with warmer winters, with the heat-related risks increasing 
with greater degrees of warming (Huang et al., 2012; Hajat et al., 2014; 
Vardoulakis et al., 2014; Gasparrini et al., 2015; Huynen and Martens, 
2015; Schwartz et al., 2015).

Occupational health: Higher ambient temperatures and humidity levels 
place additional stress on individuals engaging in physical activity. Safe 
work activity and worker productivity during the hottest months of the 
year would be increasingly compromised with additional climate change 
(medium confidence) (Dunne et al., 2013; Kjellstrom et al., 2013, 2018; 
Sheffield et al., 2013; Habibi Mohraz et al., 2016). Patterns of change may 
be complex; for example, at 1.5°C, there could be about a 20% reduction 
in areas experiencing severe heat stress in East Asia, compared to 
significant increases in low latitudes at 2°C (Lee and Min, 2018). The costs 
of preventing workplace heat-related illnesses through worker breaks 
suggest that the difference in economic loss between 1.5°C and 2°C could 
be approximately 0.3% of global gross domestic product (GDP) in 2100 
(Takakura et al., 2017). In China, taking into account population growth 
and employment structure, high temperature subsidies for employees 
working on extremely hot days are projected to increase from 38.6 billion 
yuan yr–1 in 1979–2005 to 250 billion yuan yr–1 in the 2030s (about 1.5°C) 
(Zhao et al., 2016).

Air quality: Because ozone formation is temperature dependent, 
projections focusing only on temperature increase generally conclude 
that ozone-related mortality will increase with additional warming, with 
the risks higher at 2°C than at 1.5°C (high confidence) (Supplementary 
Material 3.SM, Table 3.SM.9; Heal et al., 2013; Tainio et al., 2013; 
Likhvar et al., 2015; Silva et al., 2016; Dionisio et al., 2017; J.Y. Lee 
et al., 2017). Reductions in precursor emissions would reduce future 
ozone concentrations and associated mortality. Mortality associated 
with exposure to particulate matter could increase or decrease in the 
future, depending on climate projections and emissions assumptions 
(Supplementary Material 3.SM, Table 3.SM.8; Tainio et al., 2013; 
Likhvar et al., 2015; Silva et al., 2016).

Malaria: Recent projections of the potential impacts of climate 
change on malaria globally and for Asia, Africa, and South America 
(Supplementary Material 3.SM, Table 3.SM.10) confirm that weather 
and climate are among the drivers of the geographic range, intensity of 
transmission, and seasonality of malaria, and that the relationships are 
not necessarily linear, resulting in complex patterns of changes in risk 
with additional warming (very high confidence) (Ren et al., 2016; Song 
et al., 2016; Semakula et al., 2017). Projections suggest that the burden 
of malaria could increase with climate change because of a greater 
geographic range of the Anopheles vector, longer season, and/or 
increase in the number of people at risk, with larger burdens at higher 
levels of warming, but with regionally variable patterns (medium to 
high confidence). Vector populations are projected to shift with climate 

change, with expansions and reductions depending on the degree of 
local warming, the ecology of the mosquito vector, and other factors 
(Ren et al., 2016).

Aedes (mosquito vector for dengue fever, chikungunya, yellow 
fever and Zika virus): Projections of the geographic distribution of 
Aedes aegypti and Ae. albopictus (principal vectors) or of the prevalence 
of dengue fever generally conclude that there will be an increase in the 
number of mosquitos and a larger geographic range at 2°C than at 
1.5°C, and they suggest that more individuals will be at risk of dengue 
fever, with regional differences (high confidence) (Fischer et al., 2011, 
2013; Colón-González et al., 2013, 2018; Bouzid et al., 2014; Ogden 
et al., 2014a; Mweya et al., 2016). The risks increase with greater 
warming. Projections suggest that climate change is projected to 
expand the geographic range of chikungunya, with greater expansions 
occurring at higher degrees of warming (Tjaden et al., 2017).

Other vector-borne diseases: Increased warming in North 
America and Europe could result in geographic expansions of 
regions (latitudinally and altitudinally) climatically suitable for West 
Nile virus transmission, particularly along the current edges of its 
transmission areas, and extension of the transmission season, with 
the magnitude and pattern of changes varying by location and level 
of warming (Semenza et al., 2016). Most projections conclude that 
climate change could expand the geographic range and seasonality 
of Lyme and other tick-borne diseases in parts of North America and 
Europe (Ogden et al., 2014b; Levi et al., 2015). The projected changes 
are larger with greater warming and under higher greenhouse gas 
emissions pathways. Projections of the impacts of climate change on 
leishmaniosis and Chagas disease indicate that climate change could 
increase or decrease future health burdens, with greater impacts 
occurring at higher degrees of warming (González et al., 2014; 
Ceccarelli and Rabinovich, 2015).

In summary, warming of 2°C poses greater risks to human health than 
warming of 1.5°C, often with the risks varying regionally, with a few 
exceptions (high confidence). There is very high confidence that each 
additional unit of warming could increase heat-related morbidity and 
mortality, and that adaptation would reduce the magnitude of impacts. 
There is high confidence that ozone-related mortality could increase if 
precursor emissions remain the same, and that higher temperatures 
could affect the transmission of some infectious diseases, with 
increases and decreases projected depending on the disease (e.g., 
malaria, dengue fever, West Nile virus and Lyme disease), region and 
degree of temperature change. 

3.4.8 Urban Areas

There is new literature on urban climate change and its differential 
impacts on and risks for infrastructure sectors – energy, water, transport 
and buildings – and vulnerable populations, including those living in 
informal settlements (UCCRN, 2018). However, there is limited literature 
on the risks of warming of 1.5°C and 2°C in urban areas. Heat-related 
extreme events (Matthews et al., 2017), variability in precipitation (Yu 
et al., 2018) and sea level rise can directly affect urban areas (Section 
3.4.5, Bader et al., 2018; Dawson et al., 2018). Indirect risks may arise 
from interactions between urban and natural systems.
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Future warming and urban expansion could lead to more extreme 
heat stress (Argüeso et al., 2015; Suzuki-Parker et al., 2015). At 1.5°C 
of warming, twice as many megacities (such as Lagos, Nigeria and 
Shanghai, China) could become heat stressed, exposing more than 
350 million more people to deadly heat by 2050 under midrange 
population growth. Without considering adaptation options, such 
as cooling from more reflective roofs, and overall characteristics of 
urban agglomerations in terms of land use, zoning and building codes 
(UCCRN, 2018), Karachi (Pakistan) and Kolkata (India) could experience 
conditions equivalent to the deadly 2015 heatwaves on an annual 
basis under 2°C of warming (Akbari et al., 2009; Oleson et al., 2010; 
Matthews et al., 2017). Warming of 2°C is expected to increase the 
risks of heatwaves in China’s urban agglomerations (Yu et al., 2018). 
Stabilizing at 1.5°C of warming instead of 2°C could decrease mortality 
related to extreme temperatures in key European cities, assuming no 
adaptation and constant vulnerability (Jacob et al., 2018; Mitchell et 
al., 2018a). Holding temperature change to below 2°C but taking urban 
heat islands (UHI) into consideration, projections indicate that there 
could be a substantial increase in the occurrence of deadly heatwaves in 
cities. The urban impacts of these heatwaves are expected to be similar 
at 1.5°C and 2°C and substantially larger than under the present climate 
(Matthews et al., 2017; Yu et al., 2018). Increases in the intensity of 
UHI could exacerbate warming of urban areas, with projections ranging 
from a 6% decrease to a 30% increase for a doubling of CO2 (McCarthy 
et al., 2010). Increases in population and city size, in the context of a 
warmer climate, are projected to increase UHI (Georgescu et al., 2012; 
Argüeso et al., 2014; Conlon et al., 2016; Kusaka et al., 2016; Grossman-
Clarke et al., 2017).

For extreme heat events, an additional 0.5°C of warming implies 
a shift from the upper bounds of observed natural variability to a 
new global climate regime (Schleussner et al., 2016b), with distinct 
implications for the urban poor (Revi et al., 2014; Jean-Baptiste et al., 
2018; UCCRN, 2018). Adverse impacts of extreme events could arise 
in tropical coastal areas of Africa, South America and Southeast Asia 
(Schleussner et al., 2016b). These urban coastal areas in the tropics 
are particularly at risk given their large informal settlements and other 
vulnerable urban populations, as well as vulnerable assets, including 
businesses and critical urban infrastructure (energy, water, transport 
and buildings) (McGranahan et al., 2007; Hallegatte et al., 2013; Revi 
et al., 2014; UCCRN, 2018). Mediterranean water stress is projected 
to increase from 9% at 1.5°C to 17% at 2°C compared to values in 
1986–2005 period. Regional dry spells are projected to expand from 
7% at 1.5°C to 11% at 2°C for the same reference period. Sea level rise 
is expected to be lower at 1.5°C than 2°C, lowering risks for coastal 
metropolitan agglomerations (Schleussner et al., 2016b). 

Climate models are better at projecting implications of greenhouse 
gas forcing on physical systems than at assessing differential risks 
associated with achieving a specific temperature target (James et 
al., 2017). These challenges in managing risks are amplified when 
combined with the scale of urban areas and assumptions about socio-
economic pathways (Krey et al., 2012; Kamei et al., 2016; Yu et al., 
2016; Jiang and Neill, 2017). 

In summary, in the absence of adaptation, in most cases, warming 
of 2°C poses greater risks to urban areas than warming of 1.5°C, 

depending on the vulnerability of the location (coastal or non-coastal) 
(high confidence), businesses, infrastructure sectors (energy, water 
and transport), levels of poverty, and the mix of formal and informal 
settlements.

3.4.9 Key Economic Sectors and Services

Climate change could affect tourism, energy systems and transportation 
through direct impacts on operations (e.g., sea level rise) and through 
impacts on supply and demand, with the risks varying significantly with 
geographic region, season and time. Projected risks also depend on 
assumptions with respect to population growth, the rate and pattern 
of urbanization, and investments in infrastructure. Table 3.SM.11 in 
Supplementary Material 3.SM summarizes the cited publications. 

3.4.9.1 Tourism

The implications of climate change for the global tourism sector are 
far-reaching and are impacting sector investments, destination assets 
(environment and cultural), operational and transportation costs, and 
tourist demand patterns (Scott et al., 2016a; Scott and Gössling, 2018). 
Since AR5, observed impacts on tourism markets and destination 
communities continue to be not well analysed, despite the many 
analogue conditions (e.g., heatwaves, major hurricanes, wild fires, 
reduced snow pack, coastal erosion and coral reef bleaching) that 
are anticipated to occur more frequently with climate change. There 
is some evidence that observed impacts on tourism assets, such as 
environmental and cultural heritage, are leading to the development of 
‘last chance to see’ tourism markets, where travellers visit destinations 
before they are substantially degraded by climate change impacts or 
to view the impacts of climate change on landscapes (Lemelin et al., 
2012; Stewart et al., 2016; Piggott-McKellar and McNamara, 2017). 

There is limited research on the differential risks of a 1.5° versus 
2°C temperature increase and resultant environmental and socio-
economic impacts in the tourism sector. The translation of these 
changes in climate resources for tourism into projections of tourism 
demand remains geographically limited to Europe. Based on analyses 
of tourist comfort, summer and spring/autumn tourism in much 
of western Europe may be favoured by 1.5°C of warming, but with 
negative effects projected for Spain and Cyprus (decreases of 8% and 
2%, respectively, in overnight stays) and most coastal regions of the 
Mediterranean (Jacob et al., 2018). Similar geographic patterns of 
potential tourism gains (central and northern Europe) and reduced 
summer favourability (Mediterranean countries) are projected under 
2°C (Grillakis et al., 2016). Considering potential changes in natural 
snow only, winter overnight stays at 1.5°C are projected to decline 
by 1–2% in Austria, Italy and Slovakia, with an additional 1.9 million 
overnight stays lost under 2°C of warming (Jacob et al., 2018). Using 
an econometric analysis of the relationship between regional tourism 
demand and climate conditions, Ciscar et al. (2014) projected that a 
2°C warmer world would reduce European tourism by 5% (€15 billion 
yr–1), with losses of up to 11% (€6 billion yr–1) for southern Europe and 
a potential gain of €0.5 billion yr–1 in the UK.

There is growing evidence that the magnitude of projected impacts is 
temperature dependent and that sector risks could be much greater 
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with higher temperature increases and resultant environmental 
and socio-economic impacts (Markham et al., 2016; Scott et al., 
2016a; Jones, 2017; Steiger et al., 2017). Studies from 27 countries 
consistently project substantially decreased reliability of ski areas that 
are dependent on natural snow, increased snowmaking requirements 
and investment in snowmaking systems, shortened and more variable 
ski seasons, a contraction in the number of operating ski areas, 
altered competitiveness among and within regional ski markets, 
and subsequent impacts on employment and the value of vacation 
properties (Steiger et al., 2017). Studies that omit snowmaking do 
not reflect the operating realities of most ski areas and overestimate 
impacts at 1.5°C–2°C. In all regional markets, the extent and timing 
of these impacts depend on the magnitude of climate change and the 
types of adaptive responses by the ski industry, skiers and destination 
communities. The decline in the number of former Olympic Winter 
Games host locations that could remain climatically reliable for future 
Olympic and Paralympic Winter Games has been projected to be much 
greater under scenarios warmer than 2°C (Scott et al., 2015; Jacob et 
al., 2018).

The tourism sector is also affected by climate-induced changes in 
environmental assets critical for tourism, including biodiversity, 
beaches, glaciers and other features important for environmental and 
cultural heritage. Limited analyses of projected risks associated with 
1.5°C versus 2°C are available (Section 3.4.4.12). A global analysis of 
sea level rise (SLR) risk to 720 UNESCO Cultural World Heritage sites 
projected that about 47 sites might be affected under 1°C of warming, 
with this number increasing to 110 and 136 sites under 2°C and 3°C, 
respectively (Marzeion and Levermann, 2014). Similar risks to vast 
worldwide coastal tourism infrastructure and beach assets remain 
unquantified for most major tourism destinations and small island 
developing states (SIDS) that economically depend on coastal tourism. 
One exception is the projection that an eventual 1 m SLR could 
partially or fully inundate 29% of 900 coastal resorts in 19 Caribbean 
countries, with a substantially higher proportion (49–60%) vulnerable 
to associated coastal erosion (Scott and Verkoeyen, 2017).

A major barrier to understanding the risks of climate change for tourism, 
from the destination community scale to the global scale, has been 
the lack of integrated sectoral assessments that analyse the full range 
of potential compounding impacts and their interactions with other 
major drivers of tourism (Rosselló-Nadal, 2014; Scott et al., 2016b). 
When applied to 181 countries, a global vulnerability index including 
27 indicators found that countries with the lowest risk are located in 
western and northern Europe, central Asia, Canada and New Zealand, 
while the highest sector risks are projected for Africa, the Middle 
East, South Asia and SIDS in the Caribbean, Indian and Pacific Oceans 
(Scott and Gössling, 2018). Countries with the highest risks and where 
tourism represents a significant proportion of the national economy 
(i.e., more than 15% of GDP) include many SIDS and least developed 
countries. Sectoral climate change risk also aligns strongly with regions 
where tourism growth is projected to be the strongest over the coming 
decades, including sub-Saharan Africa and South Asia, pointing to an 
important potential barrier to tourism development. The transnational 
implications of these impacts on the highly interconnected global 
tourism sector and the contribution of tourism to achieving the 2030 
sustainable development goals (SDGs) remain important uncertainties.

In summary, climate is an important factor influencing the geography 
and seasonality of tourism demand and spending globally (very high 
confidence). Increasing temperatures are projected to directly impact 
climate-dependent tourism markets, including sun, beach and snow 
sports tourism, with lesser risks for other tourism markets that are less 
climate sensitive (high confidence). The degradation or loss of beach 
and coral reef assets is expected to increase risks for coastal tourism, 
particularly in subtropical and tropical regions (high confidence).

3.4.9.2 Energy systems

Climate change is projected to lead to an increased demand for air 
conditioning in most tropical and subtropical regions (Arent et al., 
2014; Hong and Kim, 2015) (high confidence). Increasing temperatures 
will decrease the thermal efficiency of fossil, nuclear, biomass and 
solar power generation technologies, as well as buildings and other 
infrastructure (Arent et al., 2014). For example, in Ethiopia, capital 
expenditures through 2050 might either decrease by approximately 
3% under extreme wet scenarios or increase by up to 4% under a 
severe dry scenario (Block and Strzepek, 2012). 

Impacts on energy systems can affect gross domestic product (GDP). 
The economic damage in the United States from climate change is 
estimated to be, on average, roughly 1.2% cost of GDP per year per 
1°C increase under RCP8.5 (Hsiang et al., 2017). Projections of GDP 
indicate that negative impacts of energy demand associated with 
space heating and cooling in 2100 will be greatest (median: –0.94% 
change in GDP) under 4°C (RCP8.5) compared with under 1.5°C 
(median: –0.05%), depending on the socio-economic conditions (Park 
et al., 2018). Additionally, projected total energy demands for heating 
and cooling at the global scale do not change much with increases in 
global mean surface temperature (GMST) of up to 2°C. A high degree 
of variability is projected between regions (Arnell et al., 2018).

Evidence for the impact of climate change on energy systems since AR5 
is limited. Globally, gross hydropower potential is projected to increase 
(by 2.4% under RCP2.6 and by 6.3% under RCP8.5 for the 2080s), with 
the most growth expected in Central Africa, Asia, India and northern 
high latitudes (van Vliet et al., 2016). Byers et al. (2018) found that 
energy impacts at 2°C increase, including more cooling degree days, 
especially in tropical regions, as well as increased hydro-climatic risk 
to thermal and hydropower plants predominantly in Europe, North 
America, South and Southeast Asia and southeast Brazil. Donk et al. 
(2018) assessed future climate impacts on hydropower in Suriname 
and projected a decrease of approximately 40% in power capacity 
for a global temperature increase in the range of 1.5°C. At minimum 
and maximum increases in global mean temperature of 1.35°C and 
2°C, the overall stream flow in Florida, USA is projected to increase 
by an average of 21%, with pronounced seasonal variations, resulting 
in increases in power generation in winter (+72%) and autumn 
(+15%) and decreases in summer (–14%; Chilkoti et al., 2017). Greater 
changes are projected at higher temperature increases. In a reference 
scenario with global mean temperatures rising by 1.7°C from 2005 
to 2050, U.S. electricity demand in 2050 was 1.6–6.5% higher than 
in a control scenario with constant temperatures (McFarland et al., 
2015). Decreased electricity generation of –15% is projected for Brazil 
starting in 2040, with values expected to decline to –28% later in the 
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century (de Queiroz et al., 2016). In large parts of Europe, electricity 
demand is projected to decrease, mainly owing to reduced heating 
demand (Jacob et al., 2018).

In Europe, no major differences in large-scale wind energy resources 
or in inter- or intra-annual variability are projected for 2016–2035 
under RCP8.5 and RCP4.5 (Carvalho et al., 2017). However, in 2046–
2100, wind energy density is projected to decrease in eastern Europe 
(–30%) and increase in Baltic regions (+30%). Intra-annual variability 
is expected to increase in northern Europe and decrease in southern 
Europe. Under RCP4.5 and RCP8.5, the annual energy yield of European 
wind farms as a whole, as projected to be installed by 2050, will remain 
stable (±5 yield for all climate models). However, wind farm yields are 
projected to undergo changes of up to 15% in magnitude at country 
and local scales and of 5% at the regional scale (Tobin et al., 2015, 
2016). Hosking et al. (2018) assessed wind power generation over 
Europe for 1.5°C of warming and found the potential for wind energy 
to be greater than previously assumed in northern Europe. Additionally, 
Tobin et al. (2018) assessed impacts under 1.5°C and 2°C of warming 
on wind, solar photovoltaic and thermoelectric power generation 
across Europe. These authors found that photovoltaic and wind power 
might be reduced by up to 10%, and hydropower and thermoelectric 
generation might decrease by up to 20%, with impacts being limited 
at 1.5°C of warming but increasing as temperature increases (Tobin et 
al., 2018).

3.4.9.3 Transportation

Road, air, rail, shipping and pipeline transportation can be impacted 
directly or indirectly by weather and climate, including increases in 
precipitation and temperature; extreme weather events (flooding and 
storms); SLR; and incidence of freeze–thaw cycles (Arent et al., 2014). 
Much of the published research on the risks of climate change for the 
transportation sector has been qualitative. 

The limited new research since AR5 supports the notion that increases 
in global temperatures will impact the transportation sector. Warming 
is projected to result in increased numbers of days of ice-free navigation 
and a longer shipping season in cold regions, thus affecting shipping 
and reducing transportation costs (Arent et al., 2014). In the North Sea 
Route, large-scale commercial shipping might not be possible until 
2030 for bulk shipping and until 2050 for container shipping under 
RCP8.5. A 0.05% increase in mean temperature is projected from an 
increase in short-lived pollutants, as well as elevated CO2 and non-CO2 
emissions, associated with additional economic growth enabled by the 
North Sea Route. (Yumashev et al., 2017). Open water vessel transit 
has the potential to double by mid-century, with a two to four month 
longer season (Melia et al., 2016).

3.4.10 Livelihoods and Poverty, and the Changing 
Structure of Communities 

Multiple drivers and embedded social processes influence the 
magnitude and pattern of livelihoods and poverty, as well as the 
changing structure of communities related to migration, displacement 
and conflict (Adger et al., 2014). In AR5, evidence of a climate change 

signal was limited, with more evidence of impacts of climate change on 
the places where indigenous people live and use traditional ecological 
knowledge (Olsson et al., 2014).

3.4.10.1  Livelihoods and poverty

At approximately 1.5°C of global warming (2030), climate change is 
expected to be a poverty multiplier that makes poor people poorer and 
increases the poverty head count (Hallegatte et al., 2016; Hallegatte 
and Rozenberg, 2017). Poor people might be heavily affected by climate 
change even when impacts on the rest of population are limited. 
Climate change alone could force more than 3 million to 16 million 
people into extreme poverty, mostly through impacts on agriculture 
and food prices (Hallegatte et al., 2016; Hallegatte and Rozenberg, 
2017). Unmitigated warming could reshape the global economy later 
in the century by reducing average global incomes and widening 
global income inequality (Burke et al., 2015b). The most severe impacts 
are projected for urban areas and some rural regions in sub-Saharan 
Africa and Southeast Asia.

3.4.10.2 The changing structure of communities: 
migration, displacement and conflict

Migration: In AR5, the potential impacts of climate change on migration 
and displacement were identified as an emerging risk (Oppenheimer et 
al., 2014). The social, economic and environmental factors underlying 
migration are complex and varied; therefore, detecting the effect of 
observed climate change or assessing its possible magnitude with any 
degree of confidence is challenging (Cramer et al., 2014). 

No studies have specifically explored the difference in risks between 
1.5°C and 2°C of warming on human migration. The literature 
consistently highlights the complexity of migration decisions and the 
difficulties in attributing causation (e.g., Nicholson, 2014; Baldwin and 
Fornalé, 2017; Bettini, 2017; Constable, 2017; Islam and Shamsuddoha, 
2017; Suckall et al., 2017). The studies on migration that have 
most closely explored the probable impacts of 1.5°C and 2°C have 
mainly focused on the direct effects of temperature and precipitation 
anomalies on migration or the indirect effects of these climatic changes 
through changing agriculture yield and livelihood sources (Mueller et 
al., 2014; Piguet and Laczko, 2014; Mastrorillo et al., 2016; Sudmeier-
Rieux et al., 2017).

Temperature has had a positive and statistically significant effect 
on outmigration over recent decades in 163 countries, but only for 
agriculture-dependent countries (R. Cai et al., 2016). A 1°C increase 
in average temperature in the International Migration Database of the 
Organisation for Economic Co-operation and Development (OECD) 
was associated with a 1.9% increase in bilateral migration flows from 
142 sending countries and 19 receiving countries, and an additional 
millimetre of average annual precipitation was associated with an 
increase in migration by 0.5% (Backhaus et al., 2015). In another 
study, an increase in precipitation anomalies from the long-term mean, 
was strongly associated with an increase in outmigration, whereas no 
significant effects of temperature anomalies were reported (Coniglio 
and Pesce, 2015).
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Internal and international migration have always been important for 
small islands (Farbotko and Lazrus, 2012; Weir et al., 2017). There is 
rarely a single cause for migration (Constable, 2017). Numerous factors 
are important, including work, education, quality of life, family ties, 
access to resources, and development (Bedarff and Jakobeit, 2017; 
Speelman et al., 2017; Nicholls et al., 2018). Depending on the situation, 
changing weather, climate or environmental conditions might each be 
a factor in the choice to migrate (Campbell and Warrick, 2014).

Displacement: At 2°C of warming, there is a potential for significant 
population displacement concentrated in the tropics (Hsiang and Sobel, 
2016). Tropical populations may have to move distances greater than 
1000 km if global mean temperature rises by 2°C from 2011–2030 to 
the end of the century. A disproportionately rapid evacuation from the 
tropics could lead to a concentration of population in tropical margins 
and the subtropics, where population densities could increase by 300% 
or more (Hsiang and Sobel, 2016).

Conflict: A recent study has called for caution in relating conflict 
to climate change, owing to sampling bias (Adams et al., 2018). 
Insufficient consideration of the multiple drivers of conflict often leads 
to inconsistent associations being reported between climate change 
and conflict (e.g., Hsiang et al., 2013; Hsiang and Burke, 2014; Buhaug, 
2015, 2016; Carleton and Hsiang, 2016; Carleton et al., 2016). There 
also are inconsistent relationships between climate change, migration 
and conflict (e.g., Theisen et al., 2013; Buhaug et al., 2014; Selby, 2014; 
Christiansen, 2016; Brzoska and Fröhlich, 2016; Burrows and Kinney, 
2016; Reyer et al., 2017c; Waha et al., 2017). Across world regions and 
from the international to micro level, the relationship between drought 
and conflict is weak under most circumstances (Buhaug, 2016; von 
Uexkull et al., 2016). However, drought significantly increases the 
likelihood of sustained conflict for particularly vulnerable nations or 
groups, owing to the dependence of their livelihood on agriculture. 
This is particularly relevant for groups in the least developed countries 
(von Uexkull et al., 2016), in sub-Saharan Africa (Serdeczny et al., 2016; 
Almer et al., 2017) and in the Middle East (Waha et al., 2017). Hsiang 
et al. (2013) reported causal evidence and convergence across studies 
that climate change is linked to human conflicts across all major 
regions of the world, and across a range of spatial and temporal scales. 
A 1°C increase in temperature or more extreme rainfall increases 
the frequency of intergroup conflicts by 14% (Hsiang et al., 2013). If 
the world warms by 2°C–4°C by 2050, rates of human conflict could 
increase. Some causal associations between violent conflict and 
socio-political instability were reported from local to global scales 
and from hour to millennium time frames (Hsiang and Burke, 2014). 
A temperature increase of one standard deviation increased the risk 
of interpersonal conflict by 2.4% and intergroup conflict by 11.3% 
(Burke et al., 2015a). Armed-conflict risks and climate-related disasters 
are both relatively common in ethnically fractionalized countries, 
indicating that there is no clear signal that environmental disasters 
directly trigger armed conflicts (Schleussner et al., 2016a).

In summary, average global temperatures that extend beyond 1.5°C are 
projected to increase poverty and disadvantage in many populations 
globally (medium confidence). By the mid- to late 21st century, climate 
change is projected to be a poverty multiplier that makes poor people 

poorer and increases poverty head count, and the association between 
temperature and economic productivity is not linear (high confidence). 
Temperature has a positive and statistically significant effect on 
outmigration for agriculture-dependent communities (medium 
confidence). 

3.4.11 Interacting and Cascading Risks

The literature on compound as well as interacting and cascading risks 
at warming of 1.5°C and 2°C is limited. Spatially compound risks, 
often referred to as hotspots, involve multiple hazards from different 
sectors overlapping in location (Piontek et al., 2014). Global exposures 
were assessed for 14 impact indicators, covering water, energy and 
land sectors, from changes including drought intensity and water 
stress index, cooling demand change and heatwave exposure, habitat 
degradation, and crop yields using an ensemble of climate and impact 
models (Byers et al., 2018). Exposures are projected to approximately 
double between 1.5°C and 2°C, and the land area affected by climate 
risks is expected to increase as warming progresses. For populations 
vulnerable to poverty, the exposure to climate risks in multiple sectors 
could be an order of magnitude greater (8–32 fold) in the high poverty 
and inequality scenarios (SSP3; 765–1,220 million) compared to under 
sustainable socio-economic development (SSP1; 23–85 million). Asian 
and African regions are projected to experience 85–95% of global 
exposure, with 91–98% of the exposed and vulnerable population 
(depending on SSP/GMT combination), approximately half of which 
are in South Asia. Figure 3.19 shows that moderate and large multi-
sector impacts are prevalent at 1.5°C where vulnerable people live, 
predominantly in South Asia (mostly Pakistan, India and China), but that 
impacts spread to sub-Saharan Africa, the Middle East and East Asia at 
higher levels of warming. Beyond 2°C and at higher risk thresholds, 
the world’s poorest populations are expected to be disproportionately 
impacted, particularly in cases (SSP3) of great inequality in Africa and 
southern Asia. Table 3.4 shows the number of exposed and vulnerable 
people at 1.5°C and 2°C of warming, with 3°C shown for context, for 
selected multi-sector risks.

3.4.12 Summary of Projected Risks at 1.5°C and 2°C 
of Global Warming 

The information presented in Section 3.4 is summarized below in Table 
3.5, which illustrates the growing evidence of increasing risks across a 
broad range of natural and human systems at 1.5°C and 2°C of global 
warming. 
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Figure 3.19 |  Multi-sector risk maps for 1.5°C (top), 2°C (middle), and locations where 2°C brings impacts not experienced at 1.5°C (2°C–1.5°C; bottom). The maps in the 
left column show the full range of the multi-sector risk (MSR) score (0–9), with scores ≤5.0 shown with a transparency gradient and scores >5.0 shown with a colour gradient. 
Score must be >4.0 to be considered ‘multi-sector’. The maps in the right column overlay the 2050 vulnerable populations (low income) under Shared Socio-Economic Pathway 
(SSP)2 (greyscale) with the multi-sector risk score >5.0 (colour gradient), thus indicating the concentrations of exposed and vulnerable populations to risks in multiple sectors. 
Source: Byers et al. (2018).

SSP2 
(SSP1 to SSP3 range), millions

1.5°C 2°C 3°C

Indicator Exposed
Exposed 

and vulnerable
Exposed

Exposed 
and vulnerable

Exposed
Exposed 

and vulnerable

Water stress index 3340 (3032–3584) 496 (103–1159) 3658 (3080–3969) 586 (115–1347) 3920 (3202–4271) 662 (146–1480)

Heatwave event exposure 3960 (3546–4508) 1187 (410–2372) 5986 (5417–6710) 1581 (506–3218) 7909 (7286–8640) 1707 (537–3575)

Hydroclimate risk to power production 334 (326–337) 30 (6–76) 385 (374–389) 38 (9–94) 742 (725–739) 72 (16–177)

Crop yield change 35 (32–36) 8 (2–20) 362 (330–396) 81 (24–178) 1817 (1666–1992) 406 (118–854)

Habitat degradation 91 (92–112) 10 (4–31) 680 (314–706) 102 (23–234) 1357 (809–1501) 248 (75–572)

Multi-sector exposure  

Two indicators   1129 (1019–1250) 203 (42–487) 2726 (2132–2945) 562 (117–1220) 3500 (3212–3864) 707 (212–1545)

Three indicators   66 (66–68) 7 (0.9–19) 422 (297–447) 54 (8–138) 1472 (1177–1574) 237 (48–538)

Four indicators  5 (0.3–5.7) 0.3 (0–1.2) 11 (5–14) 0.5 (0–2) 258 (104–280) 33 (4–86)

Table 3.4 | Number of exposed and vulnerable people at 1.5°C, 2°C, and 3°C for selected multi-sector risks under shared socioeconomic pathways (SSPs). 
 Source: Byers et al., 2018
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3.4.13 Synthesis of Key Elements of Risk

Some elements of the assessment in Section 3.4 were synthesized into 
Figure 3.18 and 3.20, indicating the overall risk for a representative set 
of natural and human systems from increases in global mean surface 
temperature (GMST) and anthropogenic climate change. The elements 
included are supported by a substantive enough body of literature 
providing at least medium confidence in the assessment. The format for 
Figures 3.18 and 3.20 match that of Figure 19.4 of WGII AR5 Chapter 
19 (Oppenheimer et al., 2014) indicating the levels of additional risk 
as colours: undetectable (white) to moderate (detected and attributed; 
yellow), from moderate to high (severe and widespread; red), and 
from high to very high (purple), the last of which indicates significant 
irreversibility or persistence of climate-related hazards combined 
with a much reduced capacity to adapt. Regarding the transition 
from undetectable to moderate, the impact literature assessed in AR5 
focused on describing and quantifying linkages between weather and 
climate patterns and impact outcomes, with limited detection and 
attribution to anthropogenic climate change (Cramer et al., 2014). A 
more recent analysis of attribution to greenhouse gas forcing at the 
global scale (Hansen and Stone, 2016) confirmed that the impacts 
related to changes in regional atmospheric and ocean temperature can 
be confidently attributed to anthropogenic forcing, while attribution 
to anthropogenic forcing of those impacts related to precipitation is 
only weakly evident or absent. Moreover, there is no strong direct 
relationship between the robustness of climate attribution and that of 
impact attribution (Hansen and Stone, 2016).

The current synthesis is complementary to the synthesis in Section 3.5.2 
that categorizes risks into ‘Reasons for Concern’ (RFCs), as described in 
Oppenheimer et al. (2014). Each element, or burning ember, presented 
here (Figures 3.18, 3.20) maps to one or more RFCs (Figure 3.21). It 
should be emphasized that risks to the elements assessed here are 
only a subset of the full range of risks that contribute to the RFCs. 
Figures 3.18 and 3.20 are not intended to replace the RFCs but rather 
to indicate how risks to particular elements of the Earth system accrue 
with global warming, through the visual burning embers format, 
with a focus on levels of warming of 1.5°C and 2°C. Key evidence 
assessed in earlier parts of this chapter is summarized to indicate the 
transition points between the levels of risk. In this regard, the assessed 
confidence in assigning the transitions between risk levels are as 
follows: L=Low, M=Medium, H=High, and VH=Very high levels of 
confidence. A detailed account of the procedures involved is provided 
in the Supplementary Material (3.SM.3.2 and 3.SM.3.3).

In terrestrial ecosystems (feeding into RFC1 and RFC4), detection and 
attribution studies show that impacts of climate change on terrestrial 
ecosystems began to take place over the past few decades, indicating 
a transition from no risk (white areas in Figure 3.20) to moderate risk 
below recent temperatures (high confidence) (Section 3.4.3). Risks to 
unique and threatened terrestrial ecosystems are generally projected to 
be higher under warming of 2°C compared to 1.5°C (Section 3.5.2.1), 
while at the global scale severe and widespread risks are projected 
to occur by 2°C of warming. These risks are associated with biome 
shifts and species range losses (Sections 3.4.3 and 3.5.2.4); however, 
because many systems and species are projected to be unable to adapt 
to levels of warming below 2°C, the transition to high risk (red areas 

in Figure 3.20) is located below 2°C (high confidence). With 3°C of 
warming, however, biome shifts and species range losses are expected 
to escalate to very high levels, and the systems are projected to have 
very little capacity to adapt (Figure 3.20) (high confidence) (Section 
3.4.3). 

In the Arctic (related to RFC1), the increased rate of summer sea ice 
melt was detected and attributed to climate change by the year 2000 
(corresponding to warming of 0.7°C), indicating moderate risk. At 
1.5°C of warming an ice-free Arctic Ocean is considered unlikely, whilst 
by 2°C of warming it is considered likely and this unique ecosystem is 
projected to be unable to adapt. Hence, a transition from high to very 
high risk is expected between 1.5°C and 2°C of warming. 

For warm-water coral reefs, there is high confidence in the transitions 
between risk levels, especially in the growing impacts in the 
transition of warming from non-detectable (0.2°C to 0.4°C), and then 
successively higher levels risk until high and very high levels of risks 
by 1.2°C (Section 3.4.4 and Box 3.4). This assessment considered the 
heatwave-related loss of 50% of shallow water corals across hundreds 
of kilometres of the world’s largest continuous coral reef system, 
the Great Barrier Reef, as well as losses at other sites globally. The 
major increase in the size and loss of coral reefs over the past three 
years, plus sequential mass coral bleaching and mortality events on 
the Great Barrier Reef, (Hoegh-Guldberg, 1999; Hughes et al., 2017b, 
2018), have reinforced the scale of climate-change related risks to 
coral reefs. General assessments of climate-related risks for mangroves 
prior to this special report concluded that they face greater risks from 
deforestation and unsustainable coastal development than from 
climate change (Alongi, 2008; Hoegh-Guldberg et al., 2014; Gattuso et 
al., 2015). Recent climate-related die-offs (Duke et al., 2017; Lovelock 
et al., 2017), however, suggest that climate change risks may have 
been underestimated for mangroves as well, and risks have thus been 
assessed as undetectable to moderate, with the transition now starting 
at 1.3°C as opposed to 1.8°C as assessed in 2015 (Gattuso et al., 2015). 
Risks of impacts related to climate change on small-scale fisheries at 
low latitudes, many of which are dependent on ecosystems such as 
coral reefs and mangroves, are moderate today but are expected to 
reach high levels of risk around 0.9°C–1.1°C (high confidence) (Section 
3.4.4.10).

The transition from undetectable to moderate risk (related to RFCs 3 
and 4), shown as white to yellow in Figure 3.20, is based on AR5 WGII 
Chapter 7, which indicated with high confidence that climate change 
impacts on crop yields have been detected and attributed to climate 
change, and the current assessment has provided further evidence 
to confirm this (Section 3.4.6). Impacts have been detected in the 
tropics (AR5 WGII Chapters 7 and 18), and regional risks are projected 
to become high in some regions by 1.5°C of warming, and in many 
regions by 2.5°C, indicating a transition from moderate to high risk 
between 1.5°C and 2.5°C of warming (medium confidence).

Impacts from fluvial flooding (related to RFCs 2, 3 and 4) depend on 
the frequency and intensity of the events, as well as the extent of 
exposure and vulnerability of society (i.e., socio-economic conditions 
and the effect of non-climate stressors). Moderate risks posed by 
1.5°C of warming are expected to continue to increase with higher 
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levels of warming (Sections 3.3.5 and 3.4.2), with projected risks being 
threefold the current risk in economic damages due to flooding in 19 
countries for warming of 2°C, indicating a transition to high risk at 
this level (medium confidence). Because few studies have assessed the 
potential to adapt to these risks, there was insufficient evidence to 
locate a transition to very high risk (purple).

Climate-change induced sea level rise (SLR) and associated coastal 
flooding (related to RFCs 2, 3 and 4) have been detectable and 
attributable since approximately 1970 (Slangen et al., 2016), during 
which time temperatures have risen by 0.3°C (medium confidence) 
(Section 3.3.9). Analysis suggests that impacts could be more 
widespread in sensitive systems such as small islands (high confidence) 
(Section 3.4.5.3) and increasingly widespread by the 2070s (Brown 
et al., 2018a) as temperatures rise from 1.5°C to 2°C, even when 
adaptation measures are considered, suggesting a transition to high 

risk (Section 3.4.5). With 2.5°C of warming, adaptation limits are 
expected to be exceeded in sensitive areas, and hence a transition to 
very high risk is projected. Additionally, at this temperature, sea level 
rise could have adverse effects for centuries, posing significant risk to 
low-lying areas (high confidence) (Sections 3.4.5.7 and 3.5.2.5).

For heat-related morbidity and mortality (related to RFCs 2, 3 and 4), 
detection and attribution studies show heat-related mortality in some 
locations increasing with climate change (high confidence) (Section 
3.4.7; Ebi et al., 2017). The projected risks of heat-related morbidity and 
mortality are generally higher under warming of 2°C than 1.5°C (high 
confidence), with projections of greater exposure to high ambient 
temperatures and increased morbidity and mortality (Section 3.4.7). 
Risk levels will depend on the rate of warming and the (related) level of 
adaptation, so a transition in risk from moderate (yellow) to high (red) 
is located between 1°C and 3°C (medium confidence). 
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risks of severe impacts and 
the presence of significant 
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Figure 3.20 |  The dependence of risks and/or impacts associated with selected elements of human and natural systems on the level of climate change, adapted from Figure 
3.21 and from AR5 WGII Chapter 19, Figure 19.4, and highlighting the nature of this dependence between 0°C and 2°C warming above pre-industrial levels. The selection of 
impacts and risks to natural, managed and human systems is illustrative and is not intended to be fully comprehensive. Following the approach used in AR5, literature was used 
to make expert judgements to assess the levels of global warming at which levels of impact and/or risk are undetectable (white), moderate (yellow), high (red) or very high 
(purple). The colour scheme thus indicates the additional risks due to climate change. The transition from red to purple, introduced for the first time in AR4, is defined by a very 
high risk of severe impacts and the presence of significant irreversibility or persistence of climate-related hazards combined with limited ability to adapt due to the nature of the 
hazard or impact. Comparison of the increase of risk across RFCs indicates the relative sensitivity of RFCs to increases in GMST. As was done previously, this assessment takes 
autonomous adaptation into account, as well as limits to adaptation independently of development pathway. The levels of risk illustrated reflect the judgements of the authors 
of Chapter 3 and Gattuso et al. (2015; for three marine elements). The grey bar represents the range of GMST for the most recent decade: 2006–2015.
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For tourism (related to RFCs 3 and 4), changing weather patterns, 
extreme weather and climate events, and sea level rise are affecting 
many – but not all – global tourism investments, as well as 
environmental and cultural destination assets (Section 3.4.4.12), with 
‘last chance to see’ tourism markets developing based on observed 
impacts on environmental and cultural heritage (Section 3.4.9.1), 
indicating a transition from undetectable to moderate risk between 
0°C and 1.5°C of warming (high confidence). Based on limited 
analyses, risks to the tourism sector are projected to be larger at 2°C 
than at 1.5°C, with impacts on climate-sensitive sun, beach and snow 
sports tourism markets being greatest. The degradation or loss of 
coral reef systems is expected to increase the risks to coastal tourism 
in subtropical and tropical regions. A transition in risk from moderate 
to high levels of added risk from climate change is projcted to occur 
between 1.5°C and 3°C (medium confidence). 

Climate change is already having large scale impacts on ecosystems, 
human health and agriculture, which is making it much more difficult 
to reach goals to eradicate poverty and hunger, and to protect health 
and life on land (Sections 5.1 and 5.2.1 in Chapter 5), suggesting a 
transition from undetectable to moderate risk for recent temperatures 
at 0.5°C of warming (medium confidence). Based on the limited 
analyses available, there is evidence and agreement that the risks 
to sustainable development are considerably less at 1.5°C than 2°C 
(Section 5.2.2), including impacts on poverty and food security. It is 
easier to achieve many of the sustainable development goals (SDGs) at 
1.5°C, suggesting that a transition to higher risk will not begin yet at 
this level. At 2°C and higher levels of warming (e.g., RCP8.5), however, 
there are high risks of failure to meet SDGs such as eradicating 
poverty and hunger, providing safe water, reducing inequality and 
protecting ecosystems, and these risks are projected to become severe 
and widespread if warming increases further to about 3°C (medium 
confidence) (Section 5.2.3). 

Disclosure statement: The selection of elements depicted in Figures 
3.18 and 3.20 is not intended to be fully comprehensive and does not 
necessarily include all elements for which there is a substantive body 
of literature, nor does it necessarily include all elements which are of 
particular interest to decision-makers. 

3.5 Avoided Impacts and Reduced Risks 
at 1.5°C Compared with 2°C 
of Global Warming 

3.5.1 Introduction 

Oppenheimer et al. (2014, AR5 WGII Chapter 19) provided a framework 
that aggregates projected risks from global mean temperature 
change into five categories identified as ‘Reasons for Concern’. Risks 
are classified as moderate, high or very high and coloured yellow, 
red or purple, respectively, in Figure 19.4 of that chapter (AR5 WGII 
Chapter 19 for details and findings). The framework’s conceptual 
basis and the risk judgements made by Oppenheimer et al. (2014) 
were recently reviewed, and most judgements were confirmed in the 
light of more recent literature (O’Neill et al., 2017). The approach 

of Oppenheimer et al. (2014) was adopted, with updates to the 
aggregation of risk informed by the most recent literature, for the 
analysis of avoided impacts at 1.5°C compared to 2°C of global 
warming presented in this section. 

The regional economic benefits that could be obtained by limiting the 
global temperature increase to 1.5°C of warming, rather than 2°C 
or higher levels, are discussed in Section 3.5.3 in the light of the five 
RFCs explored in Section 3.5.2. Climate change hotspots that could 
be avoided or reduced by achieving the 1.5°C target are summarized 
in Section 3.5.4. The section concludes with a discussion of regional 
tipping points that could be avoided at 1.5°C compared to higher 
degrees of global warming (Section 3.5.5). 

3.5.2 Aggregated Avoided Impacts and Reduced 
Risks at 1.5°C versus 2°C of Global Warming

A brief summary of the accrual of RFCs with global warming, as 
assessed in WGII AR5, is provided in the following sections, which 
leads into an update of relevant literature published since AR5. The 
new literature is used to confirm the levels of global warming at which 
risks are considered to increase from undetectable to moderate, from 
moderate to high, and from high to very high. Figure 3.21 modifies 
Figure 19.4 from AR5 WGII, and the following text in this subsection 
provides justification for the modifications. O’Neill et al. (2017) 
presented a very similar assessment to that of WGII AR5, but with 
further discussion of the potential to create ‘embers’ specific to socio-
economic scenarios in the future. There is insufficient literature to 
do this at present, so the original, simple approach has been used 
here. As the focus of the present assessment is on the consequences 
of global warming of 1.5°C–2°C above the pre-industrial period, no 
assessment for global warming of 3°C or more is included in the 
figure (i.e., analysis is discontinued at 2.5°C).

3.5.2.1 RFC 1 – Unique and threatened systems

WGII AR5 Chapter 19 found that some unique and threatened 
systems are at risk from climate change at current temperatures, 
with increasing numbers of systems at potential risk of severe 
consequences at global warming of 1.6°C above pre-industrial levels. 
It was also observed that many species and ecosystems have a limited 
ability to adapt to the very large risks associated with warming of 
2.6°C or more, particularly Arctic sea ice and coral reef systems (high 
confidence). In the AR5 analysis, a transition from white to yellow 
indicated that the onset of moderate risk was located below present-
day global temperatures (medium confidence); a transition from 
yellow to red indicated that the onset of high risk was located at 
1.6°C, and a transition from red to purple indicated that the onset 
of very high risk was located at about 2.6°C. This WGII AR5 analysis 
already implied that there would be a significant reduction in risks 
to unique and threatened systems if warming were limited to 1.5°C 
compared with 2°C. Since AR5, evidence of present-day impacts in 
these systems has continued to grow (Sections 3.4.2, 3.4.4 and 3.4. 
5), whilst new evidence has also accumulated for reduced risks at 
1.5°C compared to 2°C of warming in Arctic ecosystems (Section 
3.3.9), coral reefs (Section 3.4.4) and some other unique ecosystems 
(Section 3.4.3), as well as for biodiversity.
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New literature since AR5 has provided a closer focus on the comparative 
levels of risk to coral reefs at 1.5°C versus 2°C of global warming. As 
assessed in Section 3.4.4 and Box 3.4, reaching 2°C will increase the 
frequency of mass coral bleaching and mortality to a point at which it 
will result in the total loss of coral reefs from the world’s tropical and 
subtropical regions. Restricting overall warming to 1.5°C will still see 
a downward trend in average coral cover (70–90% decline by mid-
century) but will prevent the total loss of coral reefs projected with 
warming of 2°C (Frieler et al., 2013). The remaining reefs at 1.5°C will 
also benefit from increasingly stable ocean conditions by the mid-to-
late 21st century. Limiting global warming to 1.5°C during the course 
of the century may, therefore, open the window for many ecosystems 
to adapt or reassort geographically. This indicates a transition in risk 
in this system from high to very high (high confidence) at 1.5°C of 
warming and contributes to a lowering of the transition from high to 
very high (Figure 3.21) in this RFC1 compared to in AR5. Further details 
of risk transitions for ocean systems are described in Figure 3.18.

Substantial losses of Arctic Ocean summer ice were projected in 
WGI AR5 for global warming of 1.6°C, with a nearly ice-free Arctic 
Ocean being projected for global warming of more than 2.6°C. 
Since AR5, the importance of a threshold between 1°C and 2°C has 
been further emphasized in the literature, with sea ice projected to 
persist throughout the year for a global warming of less than 1.5°C, 

yet chances of an ice-free Arctic during summer being high at 2°C of 
warming (Section 3.3.8). Less of the permafrost in the Arctic is projected 
to thaw under 1.5°C of warming (17–44%) compared with under 2°C 
(28–53%) (Section 3.3.5.2; Chadburn et al., 2017), which is expected 
to reduce risks to both social and ecological systems in the Arctic. This 
indicates a transition in the risk in this system from high to very high 
between 1.5°C and 2°C of warming and contributes to a lowering of 
the transition from high to very high in this RFC1 compared to in AR5.

AR5 identified a large number of threatened systems, including mountain 
ecosystems, highly biodiverse tropical wet and dry forests, deserts, 
freshwater systems and dune systems. These include Mediterranean 
areas in Europe, Siberian, tropical and desert ecosystems in Asia, 
Australian rainforests, the Fynbos and succulent Karoo areas of South 
Africa, and wetlands in Ethiopia, Malawi, Zambia and Zimbabwe. In all 
these systems, impacts accrue with greater warming and impacts at 2°C 
are expected to be greater than those at 1.5°C (medium confidence). 
One study since AR5 has shown that constraining global warming to 
1.5°C would maintain the functioning of prairie pothole ecosystems 
in North America in terms of their productivity and biodiversity, whilst 
warming of 2°C would not do so (Johnson et al., 2016). The large 
proportion of insects projected to lose over half their range at 2°C of 
warming (25%) compared to at 1.5°C (9%) also suggests a significant 
loss of functionality in these threatened systems at 2°C of warming, 

Figure 3.21 | The dependence of risks and/or impacts associated with the Reasons for Concern (RFCs) on the level of climate change, updated and adapted from WGII AR5 
Ch 19, Figure 19.4 and highlighting the nature of this dependence between 0°C and 2°C warming above pre-industrial levels. As in the AR5, literature was used to make 
expert judgements to assess the levels of global warming at which levels of impact and/or risk are undetectable (white), moderate (yellow), high (red) or very high (purple). 
The colour scheme thus indicates the additional risks due to climate change. The transition from red to purple, introduced for the first time in AR4, is defined by very high risk 
of severe impacts and the presence of significant irreversibility, or persistence of climate-related hazards combined with a limited ability to adapt due to the nature of the 
hazard or impact. Comparison of the increase of risk across RFCs indicates the relative sensitivity of RFCs to increases in GMST. As was done previously, this assessment takes 
autonomous adaptation into account, as well as limits to adaptation (RFC 1, 3, 5) independently of development pathway. The rate and timing of impacts were taken into 
account in assessing RFC 1 and 5. The levels of risk illustrated reflect the judgements of the Ch 3 authors. RFC1 Unique and threatened systems: ecological and human 
systems that have restricted geographic ranges constrained by climate related conditions and have high endemism or other distinctive properties. Examples include coral reefs, 
the Arctic and its indigenous people, mountain glaciers and biodiversity hotspots. RFC2 Extreme weather events: risks/impacts to human health, livelihoods, assets and 
ecosystems from extreme weather events such as heatwaves, heavy rain, drought and associated wildfires, and coastal flooding. RFC3 Distribution of impacts: risks/impacts 
that disproportionately affect particular groups due to uneven distribution of physical climate change hazards, exposure or vulnerability. RFC4 Global aggregate impacts: 
global monetary damage, global scale degradation and loss of ecosystems and biodiversity. RFC5 Large-scale singular events: are relatively large, abrupt and sometimes 
irreversible changes in systems that are caused by global warming. Examples include disintegration of the Greenland and Antarctic ice sheets. The grey bar represents the range 
of GMST for the most recent decade: 2006–2015.
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owing to the critical role of insects in nutrient cycling, pollination, 
detritivory and other important ecosystem processes (Section 3.4.3).

Unique and threatened systems in small island states and in systems 
fed by glacier meltwater were also considered to contribute to this 
RFC in AR5, but there is little new information about these systems 
that pertains to 1.5°C or 2°C of global warming. Taken together, the 
evidence suggests that the transition from high to very high risk in 
unique and threatened systems occurs at a lower level of warming, 
between 1.5°C and 2°C (high confidence), than in AR5, where this 
transition was located at 2.6°C. The transition from moderate to high 
risk relocates very slightly from 1.6°C to 1.5°C (high confidence). There 
is also high confidence in the location of the transition from low to 
moderate risk below present-day global temperatures. 

3.5.2.2 RFC 2 – Extreme weather events

Reduced risks in terms of the likelihood of occurrence of extreme 
weather events are discussed in this sub-subsection for 1.5°C as 
compared to 2°C of global warming, for those extreme events where 
evidence is currently available based on the assessments of Section 3.3. 
AR5 assigned a moderate level of risk from extreme weather events at 
recent temperatures (1986–2005) owing to the attribution of heat and 
precipitation extremes to climate change, and a transition to high risk 
beginning below 1.6°C of global warming based on the magnitude, 
likelihood and timing of projected changes in risk associated with 
extreme events, indicating more severe and widespread impacts. 
The AR5 analysis already suggested a significant benefit of limiting 
warming to 1.5°C, as doing so might keep risks closer to the moderate 
level. New literature since AR5 has provided greater confidence in a 
reduced level of risks due to extreme weather events at 1.5°C versus 
2°C of warming for some types of extremes (Section 3.3 and below; 
Figure 3.21). 

Temperature: It is expected that further increases in the number of 
warm days/nights and decreases in the number of cold days/nights, 
and an increase in the overall temperature of hot and cold extremes 
would occur under 1.5°C of global warming relative to pre-industrial 
levels (high confidence) compared to under the present-day climate 
(1°C of warming), with further changes occurring towards 2°C of 
global warming (Section 3.3). As assessed in Sections 3.3.1 and 3.3.2, 
impacts of 0.5°C of global warming can be identified for temperature 
extremes at global scales, based on observations and the analysis of 
climate models. At 2°C of global warming, it is likely that temperature 
increases of more than 2°C would occur over most land regions in 
terms of extreme temperatures (up to 4°C–6°C depending on region 
and considered extreme index) (Section 3.3.2, Table 3.2). Regional 
increases in temperature extremes can be robustly limited if global 
warming is constrained to 1.5°C, with regional warmings of up to 
3°C–4.5°C (Section 3.3.2, Table 3.2). Benefits obtained from this 
general reduction in extremes depend to a large extent on whether the 
lower range of increases in extremes at 1.5°C is sufficient for critical 
thresholds to be exceeded, within the context of wide-ranging aspects 
such as crop yields, human health and the sustainability of ecosystems.

Heavy precipitation: AR5 assessed trends in heavy precipitation 
for land regions where observational coverage was sufficient for 

assessment. It concluded with medium confidence that anthropogenic 
forcing has contributed to a global-scale intensification of heavy 
precipitation over the second half of the 20th century, for a global 
warming of approximately 0.5°C (Section 3.3.3). A recent observation-
based study likewise showed that a 0.5°C increase in global mean 
temperature has had a detectable effect on changes in precipitation 
extremes at the global scale (Schleussner et al., 2017), thus suggesting 
that there would be detectable differences in heavy precipitation at 
1.5°C and 2°C of global warming. These results are consistent with 
analyses of climate projections, although they also highlight a large 
amount of regional variation in the sensitivity of changes in heavy 
precipitation (Section 3.3.3). 

Droughts: When considering the difference between precipitation and 
evaporation (P–E) as a function of global temperature changes, the 
subtropics generally display an overall trend towards drying, whilst the 
northern high latitudes display a robust response towards increased 
wetting (Section 3.3.4, Figure 3.12). Limiting global mean temperature 
increase to 1.5°C as opposed to 2°C could substantially reduce the risk 
of reduced regional water availability in some regions (Section 3.3.4). 
Regions that are projected to benefit most robustly from restricted 
warming include the Mediterranean and southern Africa (Section 
3.3.4).

Fire: Increasing evidence that anthropogenic climate change has 
already caused significant increases in fire area globally (Section 
3.4.3) is in line with projected fire risks. These risks are projected to 
increase further under 1.5°C of global warming relative to the present 
day (Section 3.4.3). Under 1.2°C of global warming, fire frequency 
has been estimated to increase by over 37.8% of global land areas, 
compared to 61.9% of global land areas under 3.5°C of warming. For 
in-depth discussion and uncertainty estimates, see Meehl et al. (2007), 
Moritz et al. (2012) and Romero-Lankao et al. (2014). 

Regarding extreme weather events (RFC2), the transition from 
moderate to high risk is located between 1°C and 1.5°C of global 
warming (Figure 3.21), which is very similar to the AR5 assessment but 
is assessed with greater confidence (medium confidence). The impact 
literature contains little information about the potential for human 
society to adapt to extreme weather events, and hence it has not been 
possible to locate the transition from high to very high risk within the 
context of assessing impacts at 1.5°C and 2°C of global warming. 
There is thus low confidence in the level at which global warming could 
lead to very high risks associated with extreme weather events in the 
context of this report. 

3.5.2.3 RFC 3 – Distribution of impacts

Risks due to climatic change are unevenly distributed and are 
generally greater at lower latitudes and for disadvantaged people and 
communities in countries at all levels of development. AR5 located 
the transition from undetectable to moderate risk below recent 
temperatures, owing to the detection and attribution of regionally 
differentiated changes in crop yields (medium to high confidence; 
Figure 3.20), and new literature has continued to confirm this finding. 
Based on the assessment of risks to regional crop production and 
water resources, AR5 located the transition from moderate to high risk 
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between 1.6°C and 2.6°C above pre-industrial levels. Cross-Chapter 
Box 6 in this chapter highlights that at 2°C of warming, new literature 
shows that risks of food shortage are projected to emerge in the African 
Sahel, the Mediterranean, central Europe, the Amazon, and western and 
southern Africa, and that these are much larger than the corresponding 
risks at 1.5°C. This suggests a transition from moderate to high risk of 
regionally differentiated impacts between 1.5°C and 2°C above pre-
industrial levels for food security (medium confidence) (Figure 3.20). 
Reduction in the availability of water resources at 2°C is projected to 
be greater than 1.5°C of global warming, although changes in socio-
economics could have a greater influence (Section 3.4.2), with larger 
risks in the Mediterranean (Box 3.2); estimates of the magnitude of the 
risks remain similar to those cited in AR5. Globally, millions of people 
may be at risk from sea level rise (SLR) during the 21st century (Hinkel 
et al., 2014; Hauer et al., 2016), particularly if adaptation is limited. At 
2°C of warming, more than 90% of global coastlines are projected to 
experience SLR greater than 0.2 m, suggesting regional differences in 
the risks of coastal flooding. Regionally differentiated multi-sector risks 
are already apparent at 1.5°C of warming, being more prevalent where 
vulnerable people live, predominantly in South Asia (mostly Pakistan, 
India and China), but these risks are projected to spread to sub-Saharan 
Africa, the Middle East and East Asia as temperature rises, with the 
world’s poorest people disproportionately impacted at 2°C of warming 
(Byers et al., 2018). The hydrological impacts of climate change in 
Europe are projected to increase in spatial extent and intensity across 
increasing global warming levels of 1.5°C, 2°C and 3°C (Donnelly et 
al., 2017). Taken together, a transition from moderate to high risk is 
now located between 1.5°C and 2°C above pre-industrial levels, based 
on the assessment of risks to food security, water resources, drought, 
heat exposure and coastal submergence (high confidence; Figure 3.21).

3.5.2.4 RFC 4 – Global aggregate impacts

Oppenheimer et al. (2014) explained the inclusion of non-economic 
metrics related to impacts on ecosystems and species at the global 
level, in addition to economic metrics in global aggregate impacts. 
The degradation of ecosystem services by climate change and ocean 
acidification have generally been excluded from previous global 
aggregate economic analyses. 

Global economic impacts: WGII AR5 found that overall global 
aggregate impacts become moderate at 1°C–2°C of warming, and the 
transition to moderate risk levels was therefore located at 1.6°C above 
pre-industrial levels. This was based on the assessment of literature 
using model simulations which indicated that the global aggregate 
economic impact will become significantly negative between 1°C and 
2°C of warming (medium confidence), whilst there will be a further 
increase in the magnitude and likelihood of aggregate economic risks 
at 3°C of warming (low confidence).

Since AR5, three studies have emerged using two entirely different 
approaches which indicate that economic damages are projected to 
be higher by 2100 if warming reaches 2°C than if it is constrained 
to 1.5°C. The study by Warren et al. (2018c) used the integrated 
assessment model PAGE09 to estimate that avoided global economic 
damages of 22% (10–26%) accrue from constraining warming to 
1.5°C rather than 2°C, 90% (77–93%) from 1.5°C rather than 3.66°C, 

and 87% (74–91%) from 2°C rather than 3.66°C. In the second 
study, Pretis et al. (2018) identified several regions where economic 
damages are projected to be greater at 2°C compared to 1.5°C of 
warming, further estimating that projected damages at 1.5°C remain 
similar to today’s levels of economic damage. The third study, by M. 
Burke et al. (2018) used an empirical, statistical approach and found 
that limiting warming to 1.5°C instead of 2°C would save 1.5–2.0% 
of the gross world product (GWP) by mid-century and 3.5% of the 
GWP by end-of-century (see Figure 2A in M. Burke et al., 2018). 
Based on a 3% discount rate, this corresponds to 8.1–11.6 trillion 
USD and 38.5 trillion USD in avoided damages by mid- and end-of-
century, respectively, agreeing closely with the estimate by Warren et 
al. (2018c) of 15 trillion USD. Under the no-policy baseline scenario, 
temperature rises by 3.66°C by 2100, resulting in a global gross 
domestic product (GDP) loss of 2.6% (5–95% percentile range 0.5–
8.2%), compared with 0.3% (0.1–0.5%) by 2100 under the 1.5°C 
scenario and 0.5% (0.1–1.0%) in the 2°C scenario. Limiting warming 
to 1.5°C rather than 2°C by 2060 has also been estimated to result 
in co-benefits of 0.5–0.6% of the world GDP, owing to reductions in 
air pollution (Shindell et al., 2018), which is similar to the avoided 
damages identified for the USA (Box 3.6). 

Two studies focusing only on the USA found that economic damages 
are projected to be higher by 2100 if warming reaches 2°C than if it 
is constrained to 1.5°C. Hsiang et al. (2017) found a mean difference 
of 0.35% GDP (range 0.2–0.65%), while Yohe (2017) identified a GDP 
loss of 1.2% per degree of warming, hence approximately 0.6% for half 
a degree. Further, the avoided risks compared to a no-policy baseline 
are greater in the 1.5°C case (4%, range 2–7%) compared to the 2°C 
case (3.5%, range 1.8–6.5%). These analyses suggest that the point 
at which global aggregates of economic impacts become negative is 
below 2°C (medium confidence), and that there is a possibility that it 
is below 1.5°C of warming.

Oppenheimer et al. (2014) noted that the global aggregated damages 
associated with large-scale singular events has not been explored, and 
reviews of integrated modelling exercises have indicated a potential 
underestimation of global aggregate damages due to the lack of 
consideration of the potential for these events in many studies. Since 
AR5, further analyses of the potential economic consequences of 
triggering these large-scale singular events have indicated a two to 
eight fold larger economic impact associated with warming of 3°C 
than estimated in most previous analyses, with the extent of increase 
depending on the number of events incorporated. Lemoine and Traeger 
(2016) included only three known singular events whereas Y. Cai et al. 
(2016) included five.

Biome shifts, species range loss, increased risks of species 
extinction and risks of loss of ecosystem functioning and 
services: 13% (range 8–20%) of Earth’s land area is projected to 
undergo biome shifts at 2°C of warming compared to approximately 
7% at 1.5°C (medium confidence) (Section 3.4.3; Warszawski et al., 
2013), implying a halving of biome transformations. Overall levels of 
species loss at 2°C of warming are similar to values found in previous 
studies for plants and vertebrates (Warren et al., 2013, 2018a), but 
insects have been found to be more sensitive to climate change, with 
18% (6–35%) projected to lose over half their range at 2°C of warming 
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compared to 6% (1–18%) under 1.5°C of warming, corresponding 
to a difference of 66% (Section 3.4.3). The critical role of insects in 
ecosystem functioning therefore suggests that there will be impacts 
on global ecosystem functioning already at 2°C of warming, whilst 
species that lose large proportions of their range are considered to 
be at increased risk of extinction (Section 3.4.3.3). Since AR5, new 
literature has indicated that impacts on marine fish stocks and fisheries 
are lower under 1.5°C–2°C of global warming relative to pre-industrial 
levels compared to under higher warming scenarios (Section 3.4.6), 
especially in tropical and polar systems.

In AR5, the transition from undetectable to moderate impacts was 
considered to occur between 1.6°C and 2.6°C of global warming 
reflecting impacts on the economy and on biodiversity globally, whereas 
high risks were associated with 3.6°C of warming to reflect the high 
risks to biodiversity and accelerated effects on the global economy. 
New evidence suggests moderate impacts on the global aggregate 
economy and global biodiversity by 1.5°C of warming, suggesting a 
lowering of the temperature level for the transition to moderate risk 
to 1.5°C (Figure 3.21). Further, recent literature points to higher risks 
than previously assessed for the global aggregate economy and global 
biodiversity by 2°C of global warming, suggesting that the transition 
to a high risk level is located between 1.5°C and 2.5°C of warming 
(Figure 3.21), as opposed to at 3.6°C as previously assessed (medium 
confidence). 

3.5.2.5 RFC 5 – Large-scale singular events

Large-scale singular events are components of the global Earth system 
that are thought to hold the risk of reaching critical tipping points 
under climate change, and that can result in or be associated with 
major shifts in the climate system. These components include:

• the cryosphere: West Antarctic ice sheet, Greenland ice sheet
• the thermohaline circulation: slowdown of the Atlantic Meridional  
 Overturning Circulation (AMOC)
• the El Niño–Southern Oscillation (ENSO) as a global mode of  
 climate variability
• role of the Southern Ocean in the global carbon cycle

AR5 assessed that the risks associated with these events become 
moderate between 0.6°C and 1.6°C above pre-industrial levels, based 
on early warning signs, and that risk was expected to become high 
between 1.6°C and 4.6°C based on the potential for commitment to 
large irreversible sea level rise from the melting of land-based ice sheets 
(low to medium confidence). The increase in risk between 1.6°C and 
2.6°C above pre-industrial levels was assessed to be disproportionately 
large. New findings since AR5 are described in detail below.

Greenland and West Antarctic ice sheets and marine ice sheet 
instability (MISI): Various feedbacks between the Greenland ice 
sheet and the wider climate system, most notably those related to 
the dependence of ice melt on albedo and surface elevation, make 
irreversible loss of the ice sheet a possibility. Church et al. (2013) 
assessed this threshold to be at 2°C of warming or higher levels relative 
to pre-industrial temperature. Robinson et al. (2012) found a range for 
this threshold of 0.8°C–3.2°C (95% confidence). The threshold of global 

temperature increase that may initiate irreversible loss of the West 
Antarctic ice sheet and marine ice sheet instability (MISI) is estimated 
to lie be between 1.5°C and 2°C. The time scale for eventual loss of the 
ice sheets varies between millennia and tens of millennia and assumes 
constant surface temperature forcing during this period. If temperature 
were to decline subsequently the ice sheets might regrow, although 
the amount of cooling required is likely to be highly dependent on the 
duration and rate of the previous retreat. The magnitude of global sea 
level rise that could occur over the next two centuries under 1.5°C–2°C 
of global warming is estimated to be in the order of several tenths of a 
metre according to most studies (low confidence) (Schewe et al., 2011; 
Church et al., 2013; Levermann et al., 2014; Marzeion and Levermann, 
2014; Fürst et al., 2015; Golledge et al., 2015), although a smaller 
number of investigations (Joughin et al., 2014; Golledge et al., 2015; 
DeConto and Pollard, 2016) project increases of 1–2 m. This body of 
evidence suggests that the temperature range of 1.5°C–2°C may be 
regarded as representing moderate risk, in that it may trigger MISI in 
Antarctica or irreversible loss of the Greenland ice sheet and it may be 
associated with sea level rise by as much as 1–2 m over a period of 
two centuries. 

Thermohaline circulation (slowdown of AMOC): It is more likely 
than not that the AMOC has been weakening in recent decades, 
given the detection of cooling of surface waters in the North Atlantic 
and evidence that the Gulf Stream has slowed since the late 1950s 
(Rahmstorf et al., 2015b; Srokosz and Bryden, 2015; Caesar et al., 
2018). There is limited evidence linking the recent weakening of the 
AMOC to anthropogenic warming (Caesar et al., 2018). It is very likely 
that the AMOC will weaken over the 21st century. Best estimates and 
ranges for the reduction based on CMIP5 simulations are 11% (1–24%) 
in RCP2.6 and 34% (12–54%) in RCP8.5 (AR5). There is no evidence 
indicating significantly different amplitudes of AMOC weakening for 
1.5°C versus 2°C of global warming, or of a shutdown of the AMOC at 
these global temperature thresholds. Associated risks are classified as 
low to moderate. 

El Niño–Southern Oscillation (ENSO): Extreme El Niño events are 
associated with significant warming of the usually cold eastern Pacific 
Ocean, and they occur about once every 20 years (Cai et al., 2015). Such 
events reorganize the distribution of regions of organized convection 
and affect weather patterns across the globe. Recent research indicates 
that the frequency of extreme El Niño events increases linearly with the 
global mean temperature, and that the number of such events might 
double (one event every ten years) under 1.5°C of global warming (G. 
Wang et al., 2017). This pattern is projected to persist for a century after 
stabilization at 1.5°C, thereby challenging the limits to adaptation, and 
thus indicates high risk even at the 1.5°C threshold. La Niña event 
(the opposite or balancing event to El Niño) frequency is projected to 
remain similar to that of the present day under 1.5°C–2°C of global 
warming.

Role of the Southern Ocean in the global carbon cycle: The critical 
role of the Southern Ocean as a net sink of carbon might decline under 
global warming, and assessing this effect under 1.5°C compared to 
2°C of global warming is a priority. Changes in ocean chemistry (e.g., 
oxygen content and ocean acidification), especially those associated 
with the deep sea, are associated concerns (Section 3.3.10). 
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For large-scale singular events (RFC5), moderate risk is now located 
at 1°C of warming and high risk is located at 2.5°C (Figure 3.21), as 
opposed to at 1.6°C (moderate risk) and around 4°C (high risk) in 
AR5, because of new observations and models of the West Antarctic 
ice sheet (medium confidence), which suggests that the ice sheet 
may be in the early stages of marine ice sheet instability (MISI). 
Very high risk is assessed as lying above 5°C because the growing 
literature on process-based projections of the West Antarctic ice sheet 
predominantly supports the AR5 assessment of an MISI contribution of 
several additional tenths of a metre by 2100.

3.5.3 Regional Economic Benefit Analysis for the 1.5°C 
versus 2°C Global Goals

This section reviews recent literature that has estimated the economic 
benefits of constraining global warming to 1.5°C compared to 2°C. 
The focus here is on evidence pertaining to specific regions, rather 
than on global aggregated benefits (Section 3.5.2.4). At 2°C of global 
warming, lower economic growth is projected for many countries than 
at 1.5°C of global warming, with low-income countries projected to 
experience the greatest losses (low to medium confidence) (M. Burke 
et al., 2018; Pretis et al., 2018). A critical issue for developing countries 
in particular is that advantages in some sectors are projected to be 
offset by increasing mitigation costs (Rogelj et al., 2013; M. Burke et 
al., 2018), with food production being a key factor. That is, although 
restraining the global temperature increase to 2°C is projected to 
reduce crop losses under climate change relative to higher levels of 
warming, the associated mitigation costs may increase the risk of 
hunger in low-income countries (low confidence) (Hasegawa et al., 
2016). It is likely that the even more stringent mitigation measures 
required to restrict global warming to 1.5°C (Rogelj et al., 2013) will 
further increase these mitigation costs and impacts. International 
trade in food might be a key response measure for alleviating hunger 
in developing countries under 1.5°C and 2°C stabilization scenarios 
(IFPRI, 2018).

Although warming is projected to be the highest in the Northern 
Hemisphere under 1.5°C or 2°C of global warming, regions in 
the tropics and Southern Hemisphere subtropics are projected to 
experience the largest impacts on economic growth (low to medium 
confidence) (Gallup et al., 1999; M. Burke et al., 2018; Pretis et al., 
2018). Despite the uncertainties associated with climate change 
projections and econometrics (e.g., M. Burke et al., 2018), it is more 
likely than not that there will be large differences in economic 
growth under 1.5°C and 2°C of global warming for developing 
versus developed countries (M. Burke et al., 2018; Pretis et al., 
2018). Statistically significant reductions in gross domestic product 
(GDP) per capita growth are projected across much of the African 
continent, Southeast Asia, India, Brazil and Mexico (low to medium 
confidence). Countries in the western parts of tropical Africa are 
projected to benefit most from restricting global warming to 1.5°C, 
as opposed to 2°C, in terms of future economic growth (Pretis et al., 
2018). An important reason why developed countries in the tropics 
and subtropics are projected to benefit substantially from restricting 
global warming to 1.5°C is that present-day temperatures in these 
regions are above the threshold thought to be optimal for economic 
production (M. Burke et al., 2015b, 2018). 

The world’s largest economies are also projected to benefit from 
restricting warming to 1.5°C as opposed to 2°C (medium confidence), 
with the likelihood of such benefits being realized estimated at 
76%, 85% and 81% for the USA, China and Japan, respectively (M. 
Burke et al., 2018). Two studies focusing only on the USA found that 
economic damages are projected to be higher by 2100 if warming 
reaches 2°C than if it is constrained to 1.5°C. Yohe (2017) found a 
mean difference of 0.35% GDP (range 0.2–0.65%), while Hsiang 
et al. (2017) identified a GDP loss of 1.2% per degree of warming, 
hence approximately 0.6% for half a degree. Overall, no statistically 
significant changes in GDP are projected to occur over most of the 
developed world under 1.5°C of global warming in comparison to 
present-day conditions, but under 2°C of global warming impacts on 
GDP are projected to be generally negative (low confidence) (Pretis 
et al., 2018).

A caveat to the analyses of Pretis et al. (2018) and M. Burke et al. 
(2018) is that the effects of sea level rise were not included in the 
estimations of damages or future economic growth, implying a potential 
underestimation of the benefits of limiting warming to 1.5°C for the 
case where significant sea level rise is avoided at 1.5°C but not at 2°C.

3.5.4 Reducing Hotspots of Change for 1.5°C and 2°C 
of Global Warming

This subsection integrates Sections 3.3 and 3.4 in terms of climate-
change-induced hotspots that occur through interactions across the 
physical climate system, ecosystems and socio-economic human 
systems, with a focus on the extent to which risks can be avoided or 
reduced by achieving the 1.5°C global warming goal (as opposed to 
the 2°C goal). Findings are summarized in Table 3.6.

3.5.4.1 Arctic sea ice

Ice-free Arctic Ocean summers are very likely at levels of global 
warming higher than 2°C (Notz and Stroeve, 2016; Rosenblum and 
Eisenman, 2016; Screen and Williamson, 2017; Niederdrenk and 
Notz, 2018). Some studies even indicate that the entire Arctic Ocean 
summer period will become ice free under 2°C of global warming, 
whilst others more conservatively estimate this probability to be in the 
order of 50% (Section 3.3.8; Sanderson et al., 2017). The probability 
of an ice-free Arctic in September at 1.5°C of global warming is low 
and substantially lower than for the case of 2°C of global warming 
(high confidence) (Section 3.3.8; Screen and Williamson, 2017; Jahn, 
2018; Niederdrenk and Notz, 2018). There is, however, a single 
study that questions the validity of the 1.5°C threshold in terms of 
maintaining summer Arctic Ocean sea ice (Niederdrenk and Notz, 
2018). In contrast to summer, little ice is projected to be lost during 
winter for either 1.5°C or 2°C of global warming (medium confidence) 
(Niederdrenk and Notz, 2018). The losses in sea ice at 1.5°C and 
2°C of warming will result in habitat losses for organisms such as 
seals, polar bears, whales and sea birds (e.g., Larsen et al., 2014). 
There is high agreement and robust evidence that photosynthetic 
species will change because of sea ice retreat and related changes 
in temperature and radiation (Section 3.4.4.7), and this is very likely 
to benefit fisheries productivity in the Northern Hemisphere spring 
bloom system (Section 3.4.4.7).
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3.5.4.2 Arctic land regions

In some Arctic land regions, the warming of cold extremes and the 
increase in annual minimum temperature at 1.5°C are stronger than 
the global mean temperature increase by a factor of two to three, 
meaning 3°C–4.5°C of regional warming at 1.5°C of global warming 
(e.g., northern Europe in Supplementary Material 3.SM, Figure 3.SM.5 
see also Section 3.3.2.2 and Seneviratne et al., 2016). Moreover, over 
much of the Arctic, a further increase of 0.5°C in the global surface 
temperature, from 1.5°C to 2°C, may lead to further temperature 
increases of 2°C–2.5°C (Figure 3.3). As a consequence, biome (major 
ecosystem type) shifts are likely in the Arctic, with increases in fire 
frequency, degradation of permafrost, and tree cover likely to occur at 
1.5°C of warming and further amplification of these changes expected 
under 2°C of global warming (e.g., Gerten et al., 2013; Bring et al., 
2016). Rising temperatures, thawing permafrost and changing weather 
patterns are projected to increasingly impact people, infrastructure and 
industries in the Arctic (W.N. Meier et al., 2014) with these impacts 
larger at 2°C than at 1.5°C of warming (medium confidence). 

3.5.4.3 Alpine regions

Alpine regions are generally regarded as climate change hotspots 
given that rich biodiversity has evolved in their cold and harsh climate, 
but with many species consequently being vulnerable to increases in 
temperature. Under regional warming, alpine species have been found 
to migrate upwards on mountain slopes (Reasoner and Tinner, 2009), 
an adaptation response that is obviously limited by mountain height 
and habitability. Moreover, many of the world’s alpine regions are 
important from a water security perspective through associated glacier 
melt, snow melt and river flow (see Section 3.3.5.2 for a discussion of 
these aspects). Projected biome shifts are likely to be severe in alpine 
regions already at 1.5°C of warming and to increase further at 2°C 
(Gerten et al., 2013, Figure 1b; B. Chen et al., 2014).

3.5.4.4 Southeast Asia

Southeast Asia is a region highly vulnerable to increased flooding in 
the context of sea level rise (Arnell et al., 2016; Brown et al., 2016, 
2018a). Risks from increased flooding are projected to rise from 1.5°C 
to 2°C of warming (medium confidence), with substantial increases 
projected beyond 2°C (Arnell et al., 2016). Southeast Asia displays 
statistically significant differences in projected changes in heavy 
precipitation, runoff and high flows at 1.5°C versus 2°C of warming, 
with stronger increases occurring at 2°C (Section 3.3.3; Wartenburger 
et al., 2017; Döll et al., 2018; Seneviratne et al., 2018c); thus, this region 
is considered a hotspot in terms of increases in heavy precipitation 
between these two global temperature levels (medium confidence) 
(Schleussner et al., 2016b; Seneviratne et al., 2016). For Southeast Asia, 
2°C of warming by 2040 could lead to a decline by one-third in per 
capita crop production associated with general decreases in crop yields 
(Nelson et al., 2010). However, under 1.5°C of warming, significant 
risks for crop yield reduction in the region are avoided (Schleussner et 
al., 2016b). These changes pose significant risks for poor people in both 
rural regions and urban areas of Southeast Asia (Section 3.4.10.1), with 
these risks being larger at 2°C of global warming compared to 1.5°C 
(medium confidence).

3.5.4.5 Southern Europe and the Mediterranean

The Mediterranean is regarded as a climate change hotspot, both in 
terms of projected stronger warming of the regional land-based hot 
extremes compared to the mean global temperature increase (e.g., 
Seneviratne et al., 2016) and in terms of of robust increases in the 
probability of occurrence of extreme droughts at 2°C vs 1.5°C global 
warming (Section 3.3.4). Low river flows are projected to decrease in 
the Mediterranean under 1.5°C of global warming (Marx et al., 2018), 
with associated significant decreases in high flows and floods (Thober 
et al., 2018), largely in response to reduced precipitation. The median 
reduction in annual runoff is projected to almost double from about 
9% (likely range 4.5–15.5%) at 1.5°C to 17% (likely range 8–25%) 
at 2°C (Schleussner et al., 2016b). Similar results were found by Döll 
et al. (2018). Overall, there is high confidence that strong increases in 
dryness and decreases in water availability in the Mediterranean and 
southern Europe would occur from 1.5°C to 2°C of global warming. Sea 
level rise is expected to be lower for 1.5°C versus 2°C, lowering risks 
for coastal metropolitan agglomerations. The risks (assuming current 
adaptation) related to water deficit in the Mediterranean are high for 
global warming of 2°C but could be substantially reduced if global 
warming were limited to 1.5°C (Section 3.3.4; Guiot and Cramer, 2016; 
Schleussner et al., 2016b; Donnelly et al., 2017).

3.5.4.6 West Africa and the Sahel

West Africa and the Sahel are likely to experience increases in the 
number of hot nights and longer and more frequent heatwaves 
even if the global temperature increase is constrained to 1.5°C, with 
further increases expected at 2°C of global warming and beyond 
(e.g., Weber et al., 2018). Moreover, daily rainfall intensity and runoff 
is expected to increase (low confidence) towards 2°C and higher 
levels of global warming (Schleussner et al., 2016b; Weber et al., 
2018), with these changes also being relatively large compared to 
the projected changes at 1.5°C of warming. Moreover, increased risks 
are projected in terms of drought, particularly for the pre-monsoon 
season (Sylla et al., 2015), with both rural and urban populations 
affected, and more so at 2°C of global warming as opposed to 1.5°C 
(Liu et al., 2018). Based on a World Bank (2013) study for sub-Saharan 
Africa, a 1.5°C warming by 2030 might reduce the present maize 
cropping areas by 40%, rendering these areas no longer suitable 
for current cultivars. Substantial negative impacts are also projected 
for sorghum suitability in the western Sahel (Läderach et al., 2013; 
Sultan and Gaetani, 2016). An increase in warming to 2°C by 2040 
would result in further yield losses and damages to crops (i.e., maize, 
sorghum, wheat, millet, groundnut and cassava). Schleussner et al. 
(2016b) found consistently reduced impacts on crop yield for West 
Africa under 2°C compared to 1.5°C of global warming. There is 
medium confidence that vulnerabilities to water and food security in 
the African Sahel will be higher at 2°C compared to 1.5°C of global 
warming (Cheung et al., 2016a; Betts et al., 2018), and at 2°C these 
vulnerabilities are expected to be worse (high evidence) (Sultan and 
Gaetani, 2016; Lehner et al., 2017; Betts et al., 2018; Byers et al., 
2018; Rosenzweig et al., 2018). Under global warming of more than 
2°C, the western Sahel might experience the strongest drying and 
experience serious food security issues (Ahmed et al., 2015; Parkes 
et al., 2018). 
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3.5.4.7 Southern Africa

The southern African region is projected to be a climate change hotspot 
in terms of both hot extremes (Figures 3.5 and 3.6) and drying (Figure 
3.12). Indeed, temperatures have been rising in the subtropical regions 
of southern Africa at approximately twice the global rate over the last 
five decades (Engelbrecht et al., 2015). Associated elevated warming 
of the regional land-based hot extremes has occurred (Section 3.3; 
Seneviratne et al., 2016). Increases in the number of hot nights, as 
well as longer and more frequent heatwaves, are projected even if the 
global temperature increase is constrained to 1.5°C (high confidence), 
with further increases expected at 2°C of global warming and beyond 
(high confidence) (Weber et al., 2018).

Moreover, southern Africa is likely to generally become drier with 
reduced water availability under low mitigation (Niang et al., 2014; 
Engelbrecht et al., 2015; Karl et al., 2015; James et al., 2017), with 
this particular risk being prominent under 2°C of global warming and 
even under 1.5°C (Gerten et al., 2013). Risks are significantly reduced, 
however, under 1.5°C of global warming compared to under higher 
levels (Schleussner et al., 2016b). There are consistent and statistically 
significant increases in projected risks of increased meteorological 
drought in southern Africa at 2°C versus 1.5°C of warming (medium 
confidence). Despite the general rainfall reductions projected for 
southern Africa, daily rainfall intensities are expected to increase over 
much of the region (medium confidence), and increasingly so with 
higher levels of global warming. There is medium confidence that 
livestock in southern Africa will experience increased water stress 
under both 1.5°C and 2°C of global warming, with negative economic 
consequences (e.g., Boone et al., 2018). The region is also projected 
to experience reduced maize, sorghum and cocoa cropping area 
suitability, as well as yield losses under 1.5°C of warming, with further 
decreases occurring towards 2°C of warming (World Bank, 2013). 
Generally, there is high confidence that vulnerability to decreases in 
water and food availability is reduced at 1.5°C versus 2°C for southern 
Africa (Betts et al., 2018), whilst at 2°C these are expected to be higher 
(high confidence) (Lehner et al., 2017; Betts et al., 2018; Byers et al., 
2018; Rosenzweig et al., 2018).

3.5.4.8 Tropics

Worldwide, the largest increases in the number of hot days are 
projected to occur in the tropics (Figure 3.7). Moreover, the largest 
differences in the number of hot days for 1.5°C versus 2°C of global 
warming are projected to occur in the tropics (Mahlstein et al., 2011). 
In tropical Africa, increases in the number of hot nights, as well as 
longer and more frequent heatwaves, are projected under 1.5°C of 
global warming, with further increases expected under 2°C of global 
warming (Weber et al., 2018). Impact studies for major tropical cereals 
reveal that yields of maize and wheat begin to decline with 1°C to 2°C 
of local warming in the tropics. Schleussner et al. (2016b) project that 
constraining warming to 1.5°C rather than 2°C would avoid significant 
risks of tropical crop yield declines in West Africa, Southeast Asia, and 
Central and South America. There is limited evidence and thus low 
confidence that these changes may result in significant population 
displacement from the tropics to the subtropics (e.g., Hsiang and Sobel, 
2016). 

3.5.4.9 Small islands

It is widely recognized that small islands are very sensitive to climate 
change impacts such as sea level rise, oceanic warming, heavy 
precipitation, cyclones and coral bleaching (high confidence) (Nurse et 
al., 2014; Ourbak and Magnan, 2017). Even at 1.5°C of global warming, 
the compounding impacts of changes in rainfall, temperature, tropical 
cyclones and sea level are likely to be significant across multiple 
natural and human systems. There are potential benefits to small 
island developing states (SIDS) from avoided risks at 1.5°C versus 
2°C, especially when coupled with adaptation efforts. In terms of sea 
level rise, by 2150, roughly 60,000 fewer people living in SIDS will be 
exposed in a 1.5°C world than in a 2°C world (Rasmussen et al., 2018). 
Constraining global warming to 1.5°C may significantly reduce water 
stress (by about 25%) compared to the projected water stress at 2°C, 
for example in the Caribbean region (Karnauskas et al., 2018), and may 
enhance the ability of SIDS to adapt (Benjamin and Thomas, 2016). Up 
to 50% of the year is projected to be very warm in the Caribbean at 
1.5°C, with a further increase by up to 70 days at 2°C versus 1.5°C 
(Taylor et al., 2018). By limiting warming to 1.5°C instead of 2°C in 
2050, risks of coastal flooding (measured as the flood amplification 
factors for 100-year flood events) are reduced by 20–80% for SIDS 
(Rasmussen et al., 2018). A case study of Jamaica with lessons for 
other Caribbean SIDS demonstrated that the difference between 1.5°C 
and 2°C is likely to challenge livestock thermoregulation, resulting in 
persistent heat stress for livestock (Lallo et al., 2018).

3.5.4.10  Fynbos and shrub biomes

The Fynbos and succulent Karoo biomes of South Africa are 
threatened systems that were assessed in AR5. Similar shrublands 
exist in the semi-arid regions of other continents, with the Sonora-
Mojave creosotebush-white bursage desert scrub ecosystem in the 
USA being a prime example. Impacts accrue across these systems 
with greater warming, with impacts at 2°C likely to be greater than 
those at 1.5°C (medium confidence). Under 2°C of global warming, 
regional warming in drylands is projected to be 3.2°C–4°C, and under 
1.5°C of global warming, mean warming in drylands is projected to  
still be about 3°C. The Fynbos biome in southwestern South Africa 
is vulnerable to the increasing impact of fires under increasing 
temperatures and drier winters (high confidence). The Fynbos biome 
is projected to lose about 20%, 45% and 80% of its current suitable 
climate area relative to its present-day area under 1°C, 2°C and 
3°C of warming, respectively (Engelbrecht and Engelbrecht, 2016), 
demonstrating the value of climate change mitigation in protecting 
this rich centre of biodiversity. 
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Region and/or 
Phenomenon

Warming of 1.5°C or less Warming of 1.5°C–2°C Warming of 2°C–3°C 

Arctic sea ice

Arctic summer sea ice is likely to be maintained

 
Habitat losses for organisms such as polar bears, 
whales, seals and sea birds

 
Benefits for Arctic fisheries 

The risk of an ice-free Arctic in summer is about 50% 
or higher

Habitat losses for organisms such as polar bears, 
whales,seals and sea birds may be critical if 
summers are ice free

Benefits for Arctic fisheries

The Arctic is very likely to be ice free in summer

 
Critical habitat losses for organisms such as 
polar bears, whales, seals and sea birds 

 
Benefits for Arctic fisheries

Arctic land regions

Cold extremes warm by a factor of 2–3, reaching 
up to 4.5°C (high confidence)

Biome shifts in the tundra and permafrost 
deterioration are likely

Cold extremes warm by as much as 8°C 
(high confidence)

Larger intrusions of trees and shrubs in the tundra 
than under 1.5°C of warming are likely; larger 
but constrained losses in permafrost are likely 

Drastic regional warming is very likely

 
A collapse in permafrost may occur (low 
confidence); a drastic biome shift from tundra 
to boreal forest is possible (low confidence)

Alpine regions Severe shifts in biomes are likely Even more severe shifts are likely Critical losses in alpine habitats are likely

Southeast Asia

Risks for increased flooding related to sea level rise

 
Increases in heavy precipitation events

 
Significant risks of crop yield reductions are avoided

Higher risks of increased flooding related 
to sea level rise (medium confidence)

Stronger increases in heavy precipitation events 
(medium confidence)

One-third decline in per capita crop production 
(medium confidence)

Substantial increases in risks related to flooding 
from sea level rise

Substantial increase in heavy precipitation 
and high-flow events

Substantial reductions in crop yield

Mediterranean

Increase in probability of extreme 
drought (medium confidence) 

Medium confidence in reduction in runoff 
of about 9% (likely range 4.5–15.5%) 

Risk of water deficit (medium confidence) 

Robust increase in probability of extreme 
drought (medium confidence)

Medium confidence in further reductions 
(about 17%) in runoff (likely range 8–28%)

Higher risks of water deficit (medium confidence)

Robust and large increases in extreme 
drought. Substantial reductions in precipitation 
and  in runoff (medium confidence)

Very high risks of water deficit (medium confidence)

West Africa and 
the Sahel

Increases in the number of hot nights and longer 
and more frequent heatwaves are likely

Reduced maize and sorghum production is likely, 
with area suitable for maize production reduced 
by as much as 40% 

Increased risks of undernutrition

Further increases in number of hot nights and 
longer and more frequent heatwaves are likely

Negative impacts on maize and sorghum production 
likely larger than at 1.5°C; medium confidence 
that vulnerabilities to food security in the African 
Sahel will be higher at 2°C compared to 1.5°C

Higher risks of undernutrition 

Substantial increases in the number of hot nights 
and heatwave duration and frequency (very likely)

Negative impacts on crop yield may result in major 
regional food insecurities (medium confidence) 
 

High risks of undernutrition

Southern Africa

Reductions in water availability (medium confidence)

Increases in number of hot nights and longer and 
more frequent heatwaves (high confidence)  

High risks of increased mortality from heatwaves 

High risk of undernutrition in communities 
dependent on dryland agriculture and livestock 

Larger reductions in rainfall and water 
availability (medium confidence)

Further increases in number of hot nights and 
longer and more frequent heatwaves (high 
confidence), associated increases in risks of 
increased mortality from heatwaves compared 
to 1.5°C warming (high confidence) 

Higher risks of undernutrition in communities 
dependent on dryland agriculture and livestock 

Large reductions in rainfall and water 
availability (medium confidence)

Drastic increases in the number of hot nights, hot 
days and heatwave duration and frequency to 
impact substantially on agriculture, livestock and 
human health and mortality (high confidence) 

Very high risks of undernutrition in communities 
dependent on dryland agriculture and livestock

Tropics 

Increases in the number of hot days and hot nights 
as well as longer and more frequent heatwaves 
(high confidence)

Risks to tropical crop yields in West Africa, 
Southeast Asia and Central and South America 
are significantly less than under 2°C of warming

The largest increase in hot days under 2°C compared 
to 1.5°C is projected for the tropics. 

Risks to tropical crop yields in West Africa,  
Southeast Asia and Central and South America  
could be extensive

Oppressive temperatures and accumulated 
heatwave duration very likely to directly impact 
human health, mortality and productivity

Substantial reductions in crop yield very likely

Small islands

Land of 60,000 less people exposed by 2150 on SIDS 
compared to impacts under 2°C of global warming 

Risks for coastal flooding reduced by 20–80% 
for SIDS  compared to 2°C of global warming

Freshwater stress reduced by 25%

Increase in the number of warm days for SIDS 
in the tropics

Persistent heat stress in cattle avoided

Loss of 70–90% of coral reefs

Tens of thousands of people displaced owing to 
inundation of SIDS

High risks for coastal flooding

Freshwater stress reduced by 25% compared to  
2°C of global warming

Freshwater stress from projected aridity

Further increase of about 70 warm days per year

Persistent heat stress in cattle in SIDS

Loss of most coral reefs and weaker remaining 
structures owing to ocean acidification

Substantial and widespread impacts 
through inundation of SIDS, coastal flooding, 
freshwater stress, persistent heat stress and 
loss of most coral reefs (very likely)

Fynbos biome
About 30% of suitable climate area lost 
(medium confidence)

Increased losses (about 45%) of suitable climate 
area (medium confidence)

Up to 80% of suitable climate area lost 
(medium confidence)

Table 3.6  | Emergence and intensity of climate change hotspots under different degrees of global warming.
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3.5.5 Avoiding Regional Tipping Points by Achieving 
More Ambitious Global Temperature Goals

Tipping points refer to critical thresholds in a system that, when exceeded, 
can lead to a significant change in the state of the system, often with an 
understanding that the change is irreversible. An understanding of the 
sensitivities of tipping points in the physical climate system, as well as in 
ecosystems and human systems, is essential for understanding the risks 
associated with different degrees of global warming. This subsection 
reviews tipping points across these three areas within the context 
of the different sensitivities to 1.5°C versus 2°C of global warming. 
Sensitivities to less ambitious global temperature goals are also briefly 
reviewed. Moreover, an analysis is provided of how integrated risks 
across physical, natural and human systems may accumulate to lead 
to the exceedance of thresholds for particular systems. The emphasis in 
this section is on the identification of regional tipping points and their 
sensitivity to 1.5°C and 2°C of global warming, whereas tipping points 
in the global climate system, referred to as large-scale singular events, 
were already discussed in Section 3.5.2. A summary of regional tipping 
points is provided in Table 3.7.

3.5.5.1 Arctic sea ice

Collins et al. (2013) discussed the loss of Artic sea ice in the context 
of potential tipping points. Climate models have been used to assess 
whether a bifurcation exists that would lead to the irreversible loss 
of Arctic sea ice (Armour et al., 2011; Boucher et al., 2012; Ridley et 
al., 2012) and to test whether the summer sea ice extent can recover 
after it has been lost (Schröder and Connolley, 2007; Sedláček et al., 
2011; Tietsche et al., 2011). These studies did not find evidence of 
bifurcation or indicate that sea ice returns within a few years of its loss, 
leading Collins et al. (2013) to conclude that there is little evidence 
for a tipping point in the transition from perennial to seasonal ice 
cover. No evidence has been found for irreversibility or tipping points, 
suggesting that year-round sea ice will return given a suitable climate 
(medium confidence) (Schröder and Connolley, 2007; Sedláček et al., 
2011; Tietsche et al., 2011).

3.5.5.2 Tundra

Tree growth in tundra-dominated landscapes is strongly constrained by 
the number of days with mean air temperature above 0°C. A potential 
tipping point exists where the number of days below 0°C decreases 
to the extent that the tree fraction increases significantly. Tundra-
dominated landscapes have warmed more than the global average 
over the last century (Settele et al., 2014), with associated increases 
in fires and permafrost degradation (Bring et al., 2016; DeBeer et al., 
2016; Jiang et al., 2016; Yang et al., 2016). These processes facilitate 
conditions for woody species establishment in tundra areas, and for 
the eventual transition of the tundra to boreal forest. The number of 
investigations into how the tree fraction may respond in the Arctic to 
different degrees of global warming is limited, and studies generally 
indicate that substantial increases will likely occur gradually (e.g., 
Lenton et al., 2008). Abrupt changes are only plausible at levels of 
warming significantly higher than 2°C (low confidence) and would 
occur in conjunction with a collapse in permafrost (Drijfhout et al., 
2015).

3.5.5.3 Permafrost

Widespread thawing of permafrost potentially makes a large carbon 
store (estimated to be twice the size of the atmospheric store; Dolman 
et al., 2010) vulnerable to decomposition, which could lead to further 
increases in atmospheric carbon dioxide and methane and hence to 
further global warming. This feedback loop between warming and the 
release of greenhouse gas from thawing tundra represents a potential 
tipping point. However, the carbon released to the atmosphere from 
thawing permafrost is projected to be restricted to 0.09–0.19 Gt C yr–1 

at 2°C of global warming and to 0.08–0.16 Gt C yr–1 at 1.5°C (E.J. 
Burke et al., 2018), which does not indicate a tipping point (medium 
confidence). At higher degrees of global warming, in the order of 
3°C, a different type of tipping point in permafrost may be reached. 
A single model projection (Drijfhout et al., 2015) suggested that 
higher temperatures may induce a smaller ice fraction in soils in the 
tundra, leading to more rapidly warming soils and a positive feedback 
mechanism that results in permafrost collapse (low confidence). The 
disparity between the multi-millennial time scales of soil carbon 
accumulation and potentially rapid decomposition in a warming 
climate implies that the loss of this carbon to the atmosphere would 
be essentially irreversible (Collins et al., 2013). 

3.5.5.4 Asian monsoon

At a fundamental level, the pressure gradient between the Indian Ocean 
and Asian continent determines the strength of the Asian monsoon. As 
land masses warm faster than the oceans, a general strengthening of 
this gradient, and hence of monsoons, may be expected under global 
warming (e.g., Lenton et al., 2008). Additional factors such as changes 
in albedo induced by aerosols and snow-cover change may also affect 
temperature gradients and consequently pressure gradients and the 
strength of the monsoon. In fact, it has been estimated that an increase 
of the regional land mass albedo to 0.5 over India would represent a 
tipping point resulting in the collapse of the monsoon system (Lenton 
et al., 2008). The overall impacts of the various types of radiative 
forcing under different emissions scenarios are more subtle, with a 
weakening of the monsoon north of about 25°N in East Asia but a 
strengthening south of this latitude projected by Jiang and Tian (2013) 
under high and modest emissions scenarios. Increases in the intensity 
of monsoon precipitation are likely under low mitigation (AR5). Given 
that scenarios of 1.5°C or 2°C of global warming would include a 
substantially smaller radiative forcing than those assessed in the study 
by Jiang and Tian (2013), there is low confidence regarding changes in 
monsoons at these low global warming levels, as well as regarding the 
differences between responses at 1.5°C versus 2°C of warming.

3.5.5.5 West African monsoon and the Sahel

Earlier work has identified 3°C of global warming as the tipping point 
leading to a significant strengthening of the West African monsoon and 
subsequent wettening (and greening) of the Sahel and Sahara (Lenton 
et al., 2008). AR5 (Niang et al., 2014), as well as more recent research 
through the Coordinated Regional Downscaling Experiment for Africa 
(CORDEX–AFRICA), provides a more uncertain view, however, in terms 
of the rainfall futures of the Sahel under low mitigation futures. Even 
if a wetter Sahel should materialize under 3°C of global warming (low 
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confidence), it should be noted that there would be significant offsets 
in the form of strong regional warming and related adverse impacts 
on crop yield, livestock mortality and human health under such low 
mitigation futures (Engelbrecht et al., 2015; Sylla et al., 2016; Weber 
et al., 2018).

3.5.5.6 Rainforests

A large portion of rainfall over the world’s largest rainforests is 
recirculated (e.g., Lenton et al., 2008), which raises the concern that 
deforestation may trigger a threshold in reduced forest cover, leading 
to pronounced forest dieback. For the Amazon, this deforestation 
threshold has been estimated to be 40% (Nobre et al., 2016). Global 
warming of 3°C–4°C may also, independent of deforestation, represent 
a tipping point that results in a significant dieback of the Amazon 
forest, with a key forcing mechanism being stronger El Niño events 
bringing more frequent droughts to the region (Nobre et al., 2016). 
Increased fire frequencies under global warming may interact with and 
accelerate deforestation, particularly during periods of El Niño-induced 
droughts (Lenton et al., 2008; Nobre et al., 2016). Global warming of 
3°C is projected to reduce the extent of tropical rainforest in Central 
America, with biomass being reduced by about 40%, which can lead 
to a large replacement of rainforest by savanna and grassland (Lyra et 
al., 2017). Overall, modelling studies (Huntingford et al., 2013; Nobre 
et al., 2016) and observational constraints (Cox et al., 2013) suggest 
that pronounced rainforest dieback may only be triggered at 3°C–4°C 
(medium confidence), although pronounced biomass losses may occur 
at 1.5°C– 2°C of global warming.

3.5.5.7 Boreal forests

Boreal forests are likely to experience stronger local warming than the 
global average (WGII AR5; Collins et al., 2013). Increased disturbance 
from fire, pests and heat-related mortality may affect, in particular, the 
southern boundary of boreal forests (medium confidence) (Gauthier 
et al., 2015), with these impacts accruing with greater warming and 
thus impacts at 2°C would be expected to be greater than those at 
1.5°C (medium confidence). A tipping point for significant dieback of 
the boreal forests is thought to exist, where increased tree mortality 
would result in the creation of large regions of open woodlands 
and grasslands, which would favour further regional warming and 
increased fire frequencies, thus inducing a powerful positive feedback 
mechanism (Lenton et al., 2008; Lenton, 2012). This tipping point has 
been estimated to exist between 3°C and 4°C of global warming 
(low confidence) (Lucht et al., 2006; Kriegler et al., 2009), but given 
the complexities of the various forcing mechanisms and feedback 
processes involved, this is thought to be an uncertain estimate.

3.5.5.8 Heatwaves, unprecedented heat and human health

Increases in ambient temperature are linearly related to hospitalizations 
and deaths once specific thresholds are exceeded (so there is not a 
tipping point per se). It is plausible that coping strategies will not 
be in place for many regions, with potentially significant impacts on 
communities with low adaptive capacity, effectively representing the 
occurrence of a local/regional tipping point. In fact, even if global 
warming is restricted to below 2°C, there could be a substantial increase 

in the occurrence of deadly heatwaves in cities if urban heat island 
effects are considered, with impacts being similar at 1.5°C and 2°C but 
substantially larger than under the present climate (Matthews et al., 
2017). At 1.5°C of warming, twice as many megacities (such as Lagos, 
Nigeria, and Shanghai, China) than at present are likely to become heat 
stressed, potentially exposing more than 350 million more people to 
deadly heat stress by 2050. At 2°C of warming, Karachi (Pakistan) and 
Kolkata (India) could experience conditions equivalent to their deadly 
2015 heatwaves on an annual basis (medium confidence). These 
statistics imply a tipping point in the extent and scale of heatwave 
impacts. However, these projections do not integrate adaptation to 
projected warming, for instance cooling that could be achieved with 
more reflective roofs and urban surfaces in general (Akbari et al., 2009; 
Oleson et al., 2010).

3.5.5.9 Agricultural systems: key staple crops

A large number of studies have consistently indicated that maize crop 
yield will be negatively affected under increased global warming, with 
negative impacts being higher at 2°C of warming than at 1.5°C (e.g., 
Niang et al., 2014; Schleussner et al., 2016b; J. Huang et al., 2017; 
Iizumi et al., 2017). Under 2°C of global warming, losses of 8–14% 
are projected in global maize production (Bassu et al., 2014). Under 
global warming of more than 2°C, regional losses are projected to 
be about 20% if they co-occur with reductions in rainfall (Lana et al., 
2017). These changes may be classified as incremental rather than 
representing a tipping point. Large-scale reductions in maize crop yield, 
including the potential collapse of this crop in some regions, may exist 
under 3°C or more of global warming (low confidence) (e.g., Thornton 
et al., 2011). 

3.5.5.10 Agricultural systems: livestock in the tropics and 
subtropics

The potential impacts of climate change on livestock (Section 3.4.6), 
in particular the direct impacts through increased heat stress, have 
been less well studied than impacts on crop yield, especially from 
the perspective of critical thresholds being exceeded. A case study 
from Jamaica revealed that the difference in heat stress for livestock 
between 1.5°C and 2°C of warming is likely to exceed the limits for 
normal thermoregulation and result in persistent heat stress for these 
animals (Lallo et al., 2018). It is plausible that this finding holds for 
livestock production in both tropical and subtropical regions more 
generally (medium confidence) (Section 3.4.6). Under 3°C of global 
warming, significant reductions in the areas suitable for livestock 
production could occur (low confidence), owing to strong increases in 
regional temperatures in the tropics and subtropics (high confidence). 
Thus, regional tipping points in the viability of livestock production may 
well exist, but little evidence quantifying such changes exists.
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Tipping point Warming of 1.5°C or less Warming of 1.5°C–2°C Warming of up to 3°C 

Arctic sea ice

Arctic summer sea ice is likely to be maintained 

Sea ice changes reversible under suitable climate 
restoration

The risk of an ice-free Arctic in summer is about  
50% or higher

Sea ice changes reversible under suitable climate 
restoration

Arctic is very likely to be ice free in summer 

Sea ice changes reversible under suitable climate  
restoration

Tundra

Decrease in number of growing degree days 
below 0°C 

Abrupt increases in tree cover are unlikely 

Further decreases in number of growing degree 
days below 0°C 

Abrupt increased in tree cover are unlikely Potential for an abrupt increase in tree fraction 
(low confidence)

Permafrost

17–44% reduction in permafrost 

Approximately 2 million km2 more 
permafrost maintained than under 2°C of 
global warming (medium confidence)
Irreversible loss of stored carbon

28–53% reduction in permafrost

Irreversible loss of stored carbon

Potential for permafrost collapse (low confidence)

Asian monsoon
Low confidence in projected changes Low confidence in projected changes Increases in the intensity of 

monsoon precipitation likely

West African monsoon 
and the Sahel

Uncertain changes; unlikely that a tipping point is 
reached

Uncertain changes; unlikely that tipping point is 
reached

Strengthening of monsoon with 
wettening and greening of the Sahel 
and Sahara (low confidence)

Negative associated impacts through increases 
in extreme temperature events

Rainforests

Reduced biomass, deforestation and fire 
increases pose uncertain risks to forest dieback

Larger biomass reductions than under 1.5°C of 
warming; deforestation and fire increases pose 
uncertain risk to forest dieback

Reduced extent of tropical rainforest in Central 
America and large replacement of rainforest  
by savanna and grassland

Potential tipping point leading to pronounced 
forest dieback (medium confidence)

Boreal forests
Increased tree mortality at southern boundary of 
boreal forest (medium confidence)

Further increases in tree mortality at southern 
boundary of boreal forest (medium confidence)

Potential tipping point at 3°C–4°C for significant 
dieback of boreal forest (low confidence)

Heatwaves, unprecedented 
heat and human health

Substantial increase in occurrence of potentially  
deadly heatwaves (likely)

More than 350 million more people exposed to 
deadly heat by 2050 under a midrange 
population growth scenario (likely)

Substantial increase in potentially deadly 
heatwaves (likely)

Annual occurrence of heatwaves similar to the 
deadly 2015 heatwaves in India and Pakistan 
(medium confidence)

Substantial increase in potentially deadly 
heatwaves very likely

Agricultural systems: 
key staple crops 

Global maize crop reductions of about 10% Larger reductions in maize crop production than 
under 1.5°C of about 15%

Drastic reductions in maize crop globally 
and in Africa (high confidence) 

Potential tipping point for collapse of maize 
crop in some regions (low confidence)

Livestock in the tropics 
and subtropics 

Increased heat stress Onset of persistent heat stress 
(medium confidence)

Persistent heat stress likely

Table 3.7  | Summary of enhanced risks in the exceedance of regional tipping points under different global temperature goals.

Box 3.6 | Economic Damages from Climate Change 

Balancing the costs and benefits of mitigation is challenging because estimating the value of climate change damages depends on 
multiple parameters whose appropriate values have been debated for decades (for example, the appropriate value of the discount rate) 
or that are very difficult to quantify (for example, the value of non-market impacts; the economic effects of losses in ecosystem services; 
and the potential for adaptation, which is dependent on the rate and timing of climate change and on the socio-economic content). See 
Cross-Chapter Box 5 in Chapter 2 for the definition of the social cost of carbon and for a discussion of the economics of 1.5°C-consistent 
pathways and the social cost of carbon, including the impacts of inequality on the social cost of carbon.

Global economic damages of climate change are projected to be smaller under warming of 1.5°C than 2°C in 2100 (Warren et al., 
2018c). The mean net present value of the costs of damages from warming in 2100 for 1.5°C and. 2°C (including costs associated 
with climate change-induced market and non-market impacts, impacts due to sea level rise, and impacts associated with large-scale 
discontinuities) are $54 and $69 trillion, respectively, relative to 1961–1990. 
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Values of the social cost of carbon vary when tipping points are included. The social cost of carbon in the default setting of the Dynamic 
Integrated Climate-Economy (DICE) model increases from $15 tCO2

–1 to $116 (range 50–166) tCO2
–1 when large-scale singularities or 

‘tipping elements’ are incorporated (Y. Cai et al., 2016; Lemoine and Traeger, 2016). Lemoine and Traeger (2016) included optimization 
calculations that minimize welfare impacts resulting from the combination of climate change risks and climate change mitigation costs, 
showing that welfare is minimized if warming is limited to 1.5°C. These calculations excluded the large health co-benefits that accrue 
when greenhouse gas emissions are reduced (Section 3.4.7.1; Shindell et al., 2018).

The economic damages of climate change in the USA are projected to be large (Hsiang et al., 2017; Yohe, 2017). Hsiang et al. (2017) 
shows that the USA stand to lose -0.1 to 1.7% of the Gross Domestic Product (GDP) at 1.5°C warming. Yohe (2017) calculated transient 
temperature trajectories from a linear relationship with contemporaneous cumulative emissions under a median no-policy baseline 
trajectory that brings global emissions to roughly 93 GtCO2 yr–1 by the end of the century (Fawcett et al., 2015), with 1.75°C per 1000 
GtCO2 as the median estimate. Associated aggregate economic damages in decadal increments through the year 2100 are estimated 
in terms of the percentage loss of GDP at the median, 5th percentile and 95th percentile transient temperature (Hsiang et al., 2017). 
The results for the baseline no-policy case indicate that economic damages along median temperature change and median damages 
(median-median) reach 4.5% of GDP by 2100, with an uncertainty range of 2.5% and 8.5% resulting from different combinations of 
temperature change and damages. Avoided damages from achieving a 1.5°C temperature limit along the median-median case are 
nearly 4% (range 2–7%) by 2100. Avoided damages from achieving a 2°C temperature limit are only 3.5% (range 1.8–6.5%). Avoided 
damages from achieving 1.5°C versus 2°C are modest at about 0.35% (range 0.20–0.65%) by 2100. The values of achieving the two 
temperature limits do not diverge significantly until 2040, when their difference tracks between 0.05 and 0.13%; the differences 
between the two temperature targets begin to diverge substantially in the second half of the century. 

3.6 Implications of Different 1.5°C and 2°C 
Pathways 

This section provides an overview on specific aspects of the mitigation 
pathways considered compatible with 1.5°C of global warming. Some 
of these aspects are also addressed in more detail in Cross-Chapter 
Boxes 7 and 8 in this chapter.

3.6.1 Gradual versus Overshoot in 1.5°C Scenarios  

All 1.5°C scenarios from Chapter 2 include some overshoot above 
1.5°C of global warming during the 21st century (Chapter 2 and Cross-
Chapter Box 8 in this chapter). The level of overshoot may also depend 
on natural climate variability. An overview of possible outcomes of 
1.5°C-consistent mitigation scenarios for changes in the physical 
climate at the time of overshoot and by 2100 is provided in Cross-
Chapter Box 8 on ‘1.5°C warmer worlds’. Cross-Chapter Box 8 also 
highlights the implications of overshoots.

3.6.2 Non-CO2 Implications and Projected Risks of 
Mitigation Pathways 

3.6.2.1 Risks arising from land-use changes 
in mitigation pathways

In mitigation pathways, land-use change is affected by many different 
mitigation options. First, mitigation of non-CO2 emissions from 
agricultural production can shift agricultural production between 
regions via trade of agricultural commodities. Second, protection of 
carbon-rich ecosystems such as tropical forests constrains the area 
for agricultural expansion. Third, demand-side mitigation measures, 

such as less consumption of resource-intensive commodities (animal 
products) or reductions in food waste, reduce pressure on land (Popp 
et al., 2017; Rogelj et al., 2018). Finally, carbon dioxide removal 
(CDR) is a key component of most, but not all, mitigation pathways 
presented in the literature to date which constrain warming to 1.5°C 
or 2°C. Carbon dioxide removal measures that require land include 
bioenergy with carbon capture and storage (BECCS), afforestation and 
reforestation (AR), soil carbon sequestration, direct air capture, biochar 
and enhanced weathering (see Cross-Chapter Box 7 in this chapter). 
These potential methods are assessed in Section 4.3.7. 

In cost-effective integrated assessment modelling (IAM) pathways 
recently developed to be consistent with limiting warming to 1.5°C, 
use of CDR in the form of BECCS and AR are fundamental elements 
(Chapter 2; Popp et al., 2017; Hirsch et al., 2018; Rogelj et al., 2018; 
Seneviratne et al., 2018c). The land-use footprint of CDR deployment 
in 1.5°C-consistent pathways can be substantial (Section 2.3.4, Figure 
2.11), even though IAMs predominantly rely on second-generation 
biomass and assume future productivity increases in agriculture.

A body of literature has explored potential consequences of large-scale 
use of CDR. In this case, the corresponding land footprint by the end 
of the century could be extremely large, with estimates including: up 
to 18% of the land surface being used (Wiltshire and Davies-Barnard, 
2015); vast acceleration of the loss of primary forest and natural 
grassland (Williamson, 2016) leading to increased greenhouse gas 
emissions (P. Smith et al., 2013, 2015); and potential loss of up to 10% 
of the current forested lands to biofuels (Yamagata et al., 2018). Other 
estimates reach 380–700 Mha or 21–64% of current arable cropland 
(Section 4.3.7). Boysen et al. (2017) found that in a scenario in which 
emissions reductions were sufficient only to limit warming to 2.5°C, 

Box 3.6 (continued)
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use of CDR to further limit warming to 1.7°C would result in the 
conversion of 1.1–1.5 Gha of land – implying enormous losses of both 
cropland and natural ecosystems. Newbold et al. (2015) found that 
biodiversity loss in the Representative Concentration Pathway (RCP)2.6 
scenario could be greater than that in RCP4.5 and RCP6, in which there 
is more climate change but less land-use change. Risks to biodiversity 
conservation and agricultural production are therefore projected to 
result from large-scale bioenergy deployment pathways (P. Smith et 
al., 2013; Tavoni and Socolow, 2013). One study explored an extreme 
mitigation strategy encouraging biofuel expansion sufficient to limit 
warming to 1.5°C and found that this would be more disruptive to land 
use and crop prices than the impacts of a 2°C warmer world which 
has a larger climate signal and lower mitigation requirement (Ruane 
et al., 2018). However, it should again be emphasized that many of the 
pathways explored in Chapter 2 of this report follow strategies that 
explore how to reduce these issues. Chapter 4 provides an assessment 
of the land footprint of various CDR technologies (Section 4.3.7).

The degree to which BECCS has these large land-use footprints 
depends on the source of the bioenergy used and the scale at which 
BECCS is deployed. Whether there is competition with food production 
and biodiversity depends on the governance of land use, agricultural 
intensification, trade, demand for food (in particular meat), feed and 
timber, and the context of the whole supply chain (Section 4.3.7, 
Fajardy and Mac Dowell, 2017; Booth, 2018; Sterman et al., 2018).

The more recent literature reviewed in Chapter 2 explores pathways 
which limit warming to 2°C or below and achieve a balance between 
sources and sinks of CO2 by using BECCS that relies on second-
generation (or even third-generation) biofuels, changes in diet or more 
generally, management of food demand, or CDR options such as forest 
restoration (Chapter 2; Bajželj et al., 2014). Overall, this literature 
explores how to reduce the issues of competition for land with food 
production and with natural ecosystems (in particular forests) (Cross-
Chapter Box 1 in Chapter 1; van Vuuren et al., 2009; Haberl et al., 
2010, 2013; Bajželj et al., 2014; Daioglou et al., 2016; Fajardy and Mac 
Dowell, 2017). 

Some IAMs manage this transition by effectively protecting carbon 
stored on land and focusing on the conversion of pasture area 
into both forest area and bioenergy cropland. Some IAMs explore 
1.5°C-consistent pathways with demand-side measures such as dietary 
changes and efficiency gains such as agricultural changes (Sections 
2.3.4 and 2.4.4), which lead to a greatly reduced CDR deployment and 
consequently land-use impacts (van Vuuren et al., 2018). In reality, 
however, whether this CDR (and bioenergy in general) has large 
adverse impacts on environmental and societal goals depends in large 
part on the governance of land use (Section 2.3.4; Obersteiner et al., 
2016; Bertram et al., 2018; Humpenöder et al., 2018).

Rates of sequestration of 3.3 GtC ha–1 require 970 Mha of afforestation 
and reforestation (Smith et al., 2015). Humpenöder et al. (2014) 
estimated that in least-cost pathways afforestation would cover 2800 
Mha by the end of the century to constrain warming to 2°C. Hence, 
the amount of land considered if least-cost mitigation is implemented 
by afforestation and reforestation could be up to three to five 
times greater than that required by BECCS, depending on the forest 

management used. However, not all of the land footprint of CDR is 
necessarily to be in competition with biodiversity protection. Where 
reforestation is the restoration of natural ecosystems, it benefits both 
carbon sequestration and conservation of biodiversity and ecosystem 
services (Section 4.3.7) and can contribute to the achievement of 
the Aichi targets under the Convention on Biological Diversity (CBD) 
(Leadley et al., 2016). However, reforestation is often not defined in 
this way (Section 4.3.8; Stanturf et al., 2014) and the ability to deliver 
biodiversity benefits is strongly dependent on the precise nature 
of the reforestation, which has different interpretations in different 
contexts and can often include agroforestry rather than restoration 
of pristine ecosystems (Pistorious and Kiff, 2017). However, ‘natural 
climate solutions’, defined as conservation, restoration, and improved 
land management actions that increase carbon storage and/or avoid 
greenhouse gas emissions across global forests, wetlands, grasslands 
and agricultural lands, are estimated to have the potential to provide 
37% of the cost-effective CO2 mitigation needed by southern Europe 
and the Mediterranean by 2030 – in order to have a >66% chance of 
holding warming to below 2°C (Griscom et al., 2017). 

Any reductions in agricultural production driven by climate change 
and/or land management decisions related to CDR may (e.g., Nelson 
et al., 2014a; Dalin and Rodríguez-Iturbe, 2016) or may not (Muratori 
et al., 2016) affect food prices. However, these studies did not consider 
the deployment of second-generation (instead of first-generation) 
bioenergy crops, for which the land footprint can be much smaller. 

Irrespective of any mitigation-related issues, in order for ecosystems 
to adapt to climate change, land use would also need to be carefully 
managed to allow biodiversity to disperse to areas that become 
newly climatically suitable for it (Section 3.4.1) and to protect the 
areas where the future climate will still remain suitable. This implies 
a need for considerable expansion of the protected area network 
(Warren et al., 2018b), either to protect existing natural habitat or 
to restore it (perhaps through reforestation, see above). At the same 
time, adaptation to climate change in the agricultural sector (Rippke 
et al., 2016) can require transformational as well as new approaches 
to land-use management; in order to meet the rising food demand 
of a growing human population, it is projected that additional 
land will need to be brought into production unless there are large 
increases in agricultural productivity (Tilman et al., 2011). However, 
future rates of deforestation may be underestimated in the existing 
literature (Mahowald et al., 2017a), and reforestation may therefore 
be associated with significant co-benefits if implemented to restore 
natural ecosystems (high confidence). 

3.6.2.2 Biophysical feedbacks on regional climate 
associated with land-use changes 

Changes in the biophysical characteristics of the land surface are known 
to have an impact on local and regional climates through changes in 
albedo, roughness, evapotranspiration and phenology, which can lead 
to a change in temperature and precipitation. This includes changes in 
land use through agricultural expansion/intensification (e.g., Mueller 
et al., 2016), reforestation/revegetation endeavours (e.g., Feng et al., 
2016; Sonntag et al., 2016; Bright et al., 2017) and changes in land 
management (e.g., Luyssaert et al., 2014; Hirsch et al., 2017) that can 
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involve double cropping (e.g., Jeong et al., 2014; Mueller et al., 2015; 
Seifert and Lobell, 2015), irrigation (e.g., Lobell et al., 2009; Sacks et 
al., 2009; Cook et al., 2011; Qian et al., 2013; de Vrese et al., 2016; 
Pryor et al., 2016; Thiery et al., 2017), no-till farming and conservation 
agriculture (e.g., Lobell et al., 2006; Davin et al., 2014), and wood 
harvesting (e.g., Lawrence et al., 2012). Hence, the biophysical impacts 
of land-use changes are an important topic to assess in the context of 
low-emissions scenarios (e.g., van Vuuren et al., 2011b), in particular 
for 1.5°C warming levels (see also Cross-Chapter Box 7 in this chapter).

The magnitude of the biophysical impacts is potentially large for 
temperature extremes. Indeed, changes induced both by modifications 
in moisture availability and irrigation and by changes in surface albedo 
tend to be larger (i.e., stronger cooling) for hot extremes than for mean 
temperatures (e.g., Seneviratne et al., 2013; Davin et al., 2014; Wilhelm 
et al., 2015; Hirsch et al., 2017; Thiery et al., 2017). The reasons for 
reduced moisture availability are related to a strong contribution of 
moisture deficits to the occurrence of hot extremes in mid-latitude 
regions (Mueller and Seneviratne, 2012; Seneviratne et al., 2013). In 
the case of surface albedo, cooling associated with higher albedo (e.g., 
in the case of no-till farming) is more effective at cooling hot days 
because of the higher incoming solar radiation for these days (Davin 
et al., 2014). The overall effect of either irrigation or albedo has been 
found to be at the most in the order of about 1°C–2°C regionally for 
temperature extremes. This can be particularly important in the context 
of low-emissions scenarios because the overall effect is in this case 
of similar magnitude to the response to the greenhouse gas forcing 
(Figure 3.22; Hirsch et al., 2017; Seneviratne et al., 2018a,c). 

In addition to the biophysical feedbacks from land-use change and land 
management on climate, there are potential consequences for particular 

ecosystem services. This includes climate change-induced changes in 
crop yield (e.g., Schlenker and Roberts, 2009; van der Velde et al., 2012; 
Asseng et al., 2013, 2015; Butler and Huybers, 2013; Lobell et al., 2014) 
which may be further exacerbated by competing demands for arable 
land between reforestation mitigation activities, crop growth for BECCS 
(Chapter 2), increasing food production to support larger populations, 
and urban expansion (see review by Smith et al., 2010). In particular, 
some land management practices may have further implications for 
food security, for instance throughincreases or decreases in yield when 
tillage is ceased in some regions (Pittelkow et al., 2014). 

We note that the biophysical impacts of land use in the context of 
mitigation pathways constitute an emerging research topic. This 
topic, as well as the overall role of land-use change in climate change 
projections and socio-economic pathways, will be addressed in depth 
in the upcoming IPCC Special Report on Climate Change and Land Use 
due in 2019. 

3.6.2.3 Atmospheric compounds (aerosols and methane)

There are multiple pathways that could be used to limit anthropogenic 
climate change, and the details of the pathways will influence the 
impacts of climate change on humans and ecosystems. Anthropogenic-
driven changes in aerosols cause important modifications to the 
global climate (Bindoff et al., 2013a; Boucher et al., 2013b; P. Wu et 
al., 2013; Sarojini et al., 2016; H. Wang et al., 2016). Enforcement of 
strict air quality policies may lead to a large decrease in cooling aerosol 
emissions in the next few decades. These aerosol emission reductions 
may cause a warming comparable to that resulting from the increase 
in greenhouse gases by mid-21st century under low CO2 pathways 
(Kloster et al., 2009; Acosta Navarro et al., 2017). Further background 

Figure 3.22 | Regional temperature scaling with carbon dioxide (CO2) concentration (ppm) from 1850 to 2099 for two different regions defined in the Special Report on 
Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX) for central Europe (CEU) (a) and central North America (CNA) (b). Solid 
lines correspond to the regional average annual maximum daytime temperature (TXx) anomaly, and dashed lines correspond to the global mean temperature anomaly, where 
all temperature anomalies are relative to 1850–1870 and units are degrees Celsius. The black line in all panels denotes the three-member control ensemble mean, with the grey 
shaded regions corresponding to the ensemble range. The coloured lines represent the three-member ensemble means of the experiments corresponding to albedo +0.02 (cyan), 
albedo +0.04 (purple), albedo + 0.08 (orange), albedo +0.10 (red), irrigation (blue), and irrigation with albedo +0.10 (green). Adapted from Hirsch et al. (2017). 
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is provided in Sections 2.2.2 and 2.3.1; Cross Chapter Box 1 in Chapter 
1). Because aerosol effects on the energy budget are regional, strong 
regional changes in precipitation from aerosols may occur if aerosol 
emissions are reduced for air quality reasons or as a co-benefit from 
switches to sustainable energy sources (H. Wang et al., 2016). Thus, 
regional impacts, especially on precipitation, are very sensitive to 
1.5°C-consistent pathways (Z. Wang et al., 2017). 

Pathways which rely heavily on reductions in methane (CH4) instead 
of CO2 will reduce warming in the short term because CH4 is such a 
stronger and shorter-lived greenhouse gas than CO2, but will lead 
to stronger warming in the long term because of the much longer 
residence time of CO2 (Myhre et al., 2013; Pierrehumbert, 2014). In 
addition, the dominant loss mechanism for CH4 is atmospheric photo-
oxidation. This conversion modifies ozone formation and destruction in 
the troposphere and stratosphere, therefore modifying the contribution 
of ozone to radiative forcing, as well as feedbacks on the oxidation 
rate of methane itself (Myhre et al., 2013). Focusing on pathways and 
policies which both improve air quality and reduce impacts of climate 

change can provide multiple co-benefits (Shindell et al., 2017). These 
pathways are discussed in detail in Sections 4.3.7 and 5.4.1 and in 
Cross-Chapter Box 12 in Chapter 5.

Atmospheric aerosols and gases can also modify the land and ocean 
uptake of anthropogenic CO2; some compounds enhance uptake while 
others reduce it (Section 2.6.2; Ciais et al., 2013). While CO2 emissions 
tend to encourage greater uptake of carbon by the land and the 
ocean (Ciais et al., 2013), CH4 emissions can enhance ozone pollution, 
depending on nitrogen oxides, volatile organic compounds and other 
organic species concentrations, and ozone pollution tends to reduce 
land productivity (Myhre et al., 2013; B. Wang et al., 2017). Aside from 
inhibiting land vegetation productivity, ozone may also alter the CO2, 
CH4 and nitrogen (N2O) exchange at the land–atmosphere interface 
and transform the global soil system from a sink to a source of 
carbon (B. Wang et al., 2017). Aerosols and associated nitrogen-based 
compounds tend to enhance the uptake of CO2 in land and ocean 
systems through deposition of nutrients and modification of climate 
(Ciais et al., 2013; Mahowald et al., 2017b).

Cross-Chapter Box 7 |  Land-Based Carbon Dioxide Removal in Relation to 1.5°C of Global Warming 

Lead Authors: 
Rachel Warren (United Kingdom), Marcos Buckeridge (Brazil), Sabine Fuss (Germany), Markku Kanninen (Finland), Joeri Rogelj 
(Austria/Belgium), Sonia I. Seneviratne (Switzerland), Raphael Slade (United Kingdom) 

Climate and land form a complex system characterized by multiple feedback processes and the potential for non-linear responses to 
perturbation. Climate determines land cover and the distribution of vegetation, affecting above- and below-ground carbon stocks. 
At the same time, land cover influences global climate through altered biogeochemical processes (e.g., atmospheric composition 
and nutrient flow into oceans), and regional climate through changing biogeophysical processes including albedo, hydrology, 
transpiration and vegetation structure (Forseth, 2010).

Greenhouse gas (GHG) fluxes related to land use are reported in the ‘agriculture, forestry and other land use’ sector (AFOLU) and 
comprise about 25% (about 10–12 GtCO2eq yr–1) of anthropogenic GHG emissions (P. Smith et al., 2014). Reducing emissions from 
land use, as well as land-use change, are thus an important component of low-emissions mitigation pathways (Clarke et al., 2014), 
particularly as land-use emissions can be influenced by human actions such as deforestation, afforestation, fertilization, irrigation, 
harvesting, and other aspects of cropland, grazing land and livestock management (Paustian et al., 2006; Griscom et al., 2017; 
Houghton and Nassikas, 2018).

In the IPCC Fifth Assessment Report, the vast majority of scenarios assessed with a 66% or better chance of limiting global warming 
to 2°C by 2100 included carbon dioxide removal (CDR) – typically about 10 GtCO2 yr–1 in 2100 or about 200–400 GtCO2 over 
the course of the century (Smith et al., 2015; van Vuuren et al., 2016). These integrated assessment model (IAM) results were 
predominately achieved by using bioenergy with carbon capture and storage (BECCS) and/or afforestation and reforestation (AR). 
Virtually all scenarios that limit either peak or end-of-century warming to 1.5°C also use land-intensive CDR technologies (Rogelj 
et al., 2015; Holz et al., 2017; Kriegler et al., 2017; Fuss et al., 2018; van Vuuren et al., 2018). Again, AR (Sections 2.3 and 4.3.7) 
and BECCS (Sections 4.3.2. and 4.3.7) predominate. Other CDR options, such as the application of biochar to soil, soil carbon 
sequestration, and enhanced weathering (Section 4.3.7) are not yet widely incorporated into IAMs, but their deployment would also 
necessitate the use of land and/or changes in land management.

Integrated assessment models provide a simplified representation of land use and, with only a few exceptions, do not include 
biophysical feedback processes (e.g., albedo and evapotranspiration effects) (Kreidenweis et al., 2016) despite the importance of 
these processes for regional climate, in particular hot extremes (Section 3.6.2.2; Seneviratne et al., 2018c). The extent, location and 
impacts of large-scale land-use change described by existing IAMs can also be widely divergent, depending on model structure, 
scenario parameters, modelling objectives and assumptions (including regarding land availability and productivity) (Prestele et 
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al., 2016; Alexander et al., 2017; Popp et al., 2017; Seneviratne et al., 2018c). Despite these limitations, IAM scenarios effectively  
highlight the extent and nature of potential land-use transitions implicit in limiting warming to 1.5°C.

Cross-Chapter Box 7 Table 1 presents a comparison of the five CDR options assessed in this report. This illustrates that if BECCS 
and AR were to be deployed at a scale of 12 GtCO2 yr–1 in 2100, for example, they would have a substantial land and water 
footprint. Whether this footprint would result in adverse impacts, for example on biodiversity or food production, depends on the 
existence and effectiveness of measures to conserve land carbon stocks, limit the expansion of agriculture at the expense of natural 
ecosystems, and increase agriculture productivity (Bonsch et al., 2016; Obersteiner et al., 2016; Bertram et al., 2018; Humpenöder et 
al., 2018). In comparison, the land and water footprints of enhanced weathering, soil carbon sequestration and biochar application 
are expected to be far less per GtCO2 sequestered. These options may offer potential co-benefits by providing an additional source of 
nutrients or by reducing N2O emissions, but they are also associated with potential side effects. Enhanced weathering would require 
massive mining activity, and providing feedstock for biochar would require additional land, even though a proportion of the required 
biomass is expected to come from residues (Woolf et al., 2010; Smith, 2016). For the terrestrial CDR options, permanence and 
saturation are important considerations, making their viability and long-term contributions to carbon reduction targets uncertain.

The technical, political and social feasibility of scaling up and implementing land-intensive CDR technologies (Cross-Chapter Box 3 
in Chapter 1) is recognized to present considerable potential barriers to future deployment (Boucher et al., 2013a; Fuss et al., 2014, 
2018; Anderson and Peters, 2016; Vaughan and Gough, 2016; Williamson, 2016; Minx et al., 2017, 2018; Nemet et al., 2018; Strefler 
et al., 2018; Vaughan et al., 2018). To investigate the implications of restricting CDR options should these barriers prove difficult to 
overcome, IAM studies (Section 2.3.4) have developed scenarios that limit – either implicitly or explicitly – the use of BECCS and 
bioenergy (Krey et al., 2014; Bauer et al., 2018; Rogelj et al., 2018) or the use of BECCS and afforestation (Strefler et al., 2018). 
Alternative strategies to limit future reliance on CDR have also been examined, including increased electrification, agricultural 
intensification, behavioural change, and dramatic improvements in energy and material efficiency (Bauer et al., 2018; Grubler et 
al., 2018; van Vuuren et al., 2018). Somewhat counterintuitively, scenarios that seek to limit the deployment of BECCs may result in 
increased land use, through greater deployment of bioenergy, and afforestation (Chapter 2, Box 2.1; Krey et al., 2014; Krause et al., 
2017; Bauer et al., 2018; Rogelj et al., 2018). Scenarios aiming to minimize the total human land footprint (including land for food, 
energy and climate mitigation) also result in land-use change, for example by increasing agricultural efficiency and dietary change 
(Grubler et al., 2018).

The impacts of changing land use are highly context, location and scale dependent (Robledo-Abad et al., 2017). The supply of 
biomass for CDR (e.g., energy crops) has received particular attention. The literature identifies regional examples of where the use 
of land to produce biofuels might be sustainably increased (Jaiswal et al., 2017), where biomass markets could contribute to the 
provision of ecosystem services (Dale et al., 2017), and where bioenergy could increase the resilience of production systems and 
contribute to rural development (Kline et al., 2017). However, studies of global biomass potential provide only limited insight into 
the local feasibility of supplying large quantities of biomass on a global scale (Slade et al., 2014). Concerns about large-scale use 
of biomass for CDR include a range of potential consequences including greatly increased demand for freshwater use, increased 
competition for land, loss of biodiversity and/or impacts on food security (Section 3.6.2.1; Heck et al., 2018). The short- versus long-
term carbon impacts of substituting biomass for fossil fuels, which are largely determined by feedstock choice, also remain a source 
of contention (Schulze et al., 2012; Jonker et al., 2014; Booth, 2018; Sterman et al., 2018).

Afforestation and reforestation can also present trade-offs between biodiversity, carbon sequestration and water use, and these 
strategies have a higher land footprint per tonne of CO2 removed (Cunningham, 2015; Naudts et al., 2016; Smith et al., 2018). 
For example, changing forest management to strategies favouring faster growing species, greater residue extraction and shorter 
rotations may have a negative impact on biodiversity (de Jong et al., 2014). In contrast, reforestation of degraded land with native 
trees can have substantial benefits for biodiversity (Section 3.6). Despite these constraints, the potential for increased carbon 
sequestration through improved land stewardship measures is considered to be substantial (Griscom et al., 2017).

Evaluating the synergies and trade-offs between mitigation and adaptation actions, resulting land and climate impacts, and the 
myriad issues related to land-use governance will be essential to better understand the future role of CDR technologies. This topic 
will be addressed further in the IPCC Special Report on Climate Change and Land (SRCCL) due to be published in 2019.

Cross-Chapter Box 7 (continued next page)

Cross-Chapter Box 7 (continued)
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Key messages:

Cost-effective strategies to limit peak or end-of-century warming to 1.5°C all include enhanced GHG removals in the AFOLU sector 
as part of their portfolio of measures (high confidence). 

Large-scale deployment of land-based CDR would have far-reaching implications for land and water availability (high confidence). 
This may impact food production, biodiversity and the provision of other ecosystem services (high confidence). 

The impacts of deploying land-based CDR at large scales can be reduced if a wider portfolio of CDR options is deployed, and if 
increased mitigation effort focuses on strongly limiting demand for land, energy and material resources, including through lifestyle 
and dietary changes (medium confidence).

Afforestation and reforestation may be associated with significant co-benefits if implemented appropriately, but they feature large 
land and water footprints if deployed at large scales (medium confidence). 

Cross-Chapter Box 7 (continued)

Cross-Chapter Box 7, Table 1 | Comparison of land-based carbon removal options.
Sources: a assessed ranges by Fuss et al. (2018), see Figures in Section 4.3.7 for full literature range; b based on the 2100 estimate for mean potentials by Smith et 
al. (2015). Note that biophysical impacts of land-based CDR options besides albedo changes (e.g., through changes in evapotranspiration related to irrigation or 
land cover/use type) are not displayed.

Option Potentials a Cost a Required 
land b

Required 
water b

Impact on 
nutrients b

Impact on 
albedo b

Saturation  
and permanence a

GtCO2 y
−1 $ tCO2

−1 Mha GtCO2
−1 km3 GtCO2

−1 Mt N, P, K y−1 No units No units

BECCS  0.5–5  100–200 31–58 60 Variable

Variable; depends on source 
of biofuel (higher albedo for 
crops than for forests) and 
on land management (e.g., 
no-till farming for crops)

Long-term governance of 
storage; limits on rates of 
bioenergy production and 
carbon sequestration

Afforestation 
& reforestation

0.5–3.6 5–50 80 92 0.5
Negative, or reduced GHG 
benefit where not negative

Saturation of forests; 
vulnerable to disturbance; 
post-AR forest 
management essential

Enhanced 
weathering

2–4 50–200 3 0.4 0 0
Saturation of soil; residence 
time from months to 
geological timescale

Biochar 0.3–2 30–120 16–100 0

N: 8.2,
P: 2.7,
K: 19.1 0.08–0.12

Mean residence times 
between decades to 
centuries, depending on 
soil type, management and 
environmental conditions 

Soil carbon 
sequestration

2.3–5 0–100 0 0
N: 21.8,
P: 5.5,
K: 4.1 

0
Soil sinks saturate and can 
reverse if poor management 
practices resume

3.6.3 Implications Beyond the End of the Century 

3.6.3.1 Sea ice

Sea ice is often cited as a tipping point in the climate system (Lenton, 
2012). Detailed modelling of sea ice (Schröder and Connolley, 2007; 
Sedláček et al., 2011; Tietsche et al., 2011), however, suggests that 
summer sea ice can return within a few years after its artificial removal 

for climates in the late 20th and early 21st centuries. Further studies 
(Armour et al., 2011; Boucher et al., 2012; Ridley et al., 2012) modelled 
the removal of sea ice by raising CO2 concentrations and studied 
subsequent regrowth by lowering CO2. These studies suggest that 
changes in Arctic sea ice are neither irreversible nor exhibit bifurcation 
behaviour. It is therefore plausible that the extent of Arctic sea ice may 
quickly re-equilibrate to the end-of-century climate under an overshoot 
scenario. 
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3.6.3.2 Sea level

Policy decisions related to anthropogenic climate change will have a 
profound impact on sea level, not only for the remainder of this century 
but for many millennia to come (Clark et al., 2016). On these long time 
scales, 50 m of sea level rise (SLR) is possible (Clark et al., 2016). While it 
is virtually certain that sea level will continue to rise well beyond 2100, 
the amount of rise depends on future cumulative emissions (Church et 
al., 2013) as well as their profile over time (Bouttes et al., 2013; Mengel 
et al., 2018). Marzeion et al. (2018) found that 28–44% of present-day 
glacier volume is unsustainable in the present-day climate and that it 
would eventually melt over the course of a few centuries, even if there 
were no further climate change. Some components of SLR, such as 
thermal expansion, are only considered reversible on centennial time 
scales (Bouttes et al., 2013; Zickfeld et al., 2013), while the contribution 
from ice sheets may not be reversible under any plausible future 
scenario (see below).

Based on the sensitivities summarized by Levermann et al. (2013), the 
contributions of thermal expansion (0.20–0.63 m °C–1) and glaciers 
(0.21 m °C–1 but falling at higher degrees of warming mostly because 
of the depletion of glacier mass, with a possible total loss of about 
0.6 m) amount to 0.5–1.2 m and 0.6–1.7 m in 1.5°C and 2°C warmer 
worlds, respectively. The bulk of SLR on greater than centennial time 
scales will therefore be caused by contributions from the continental 
ice sheets of Greenland and Antarctica, whose existence is threatened 
on multi-millennial time scales. 

For Greenland, where melting from the ice sheet’s surface is important, 
a well-documented instability exists where the surface of a thinning 
ice sheet encounters progressively warmer air temperatures that 
further promote melting and thinning. A useful indicator associated 
with this instability is the threshold at which annual mass loss from 
the ice sheet by surface melt exceeds mass gain by snowfall. Previous 
estimates put this threshold at about 1.9°C to 5.1°C above pre-
industrial temperatures (Gregory and Huybrechts, 2006). More recent 
analyses, however, suggest that this threshold sits between 0.8°C 
and 3.2°C, with a best estimate at 1.6°C (Robinson et al., 2012). The 
continued decline of the ice sheet after this threshold has been passed 
is highly dependent on the future climate and varies between about 
80% loss after 10,000 years to complete loss after as little as 2000 
years (contributing about 6 m to SLR). Church et al. (2013) were unable 
to quantify a likely range for this threshold. They assigned medium 
confidence to a range greater than 2°C but less than 4°C, and had 
low confidence in a threshold of about 1°C. There is insufficient new 
literature to change this assessment.

The Antarctic ice sheet, in contrast, loses the mass gained by snowfall 
as outflow and subsequent melt to the ocean, either directly from the 
underside of floating ice shelves or indirectly by the melting of calved 
icebergs. The long-term existence of this ice sheet will also be affected 
by a potential instability (the marine ice sheet instability, MISI), which 
links outflow (or mass loss) from the ice sheet to water depth at the 
grounding line (i.e., the point at which grounded ice starts to float and 
becomes an ice shelf) so that retreat into deeper water (the bedrock 
underlying much of Antarctica slopes downwards towards the centre 
of the ice sheet) leads to further increases in outflow and promotes 

yet further retreat (Schoof, 2007). More recently, a variant on this 
mechanism was postulated in which an ice cliff forms at the grounding 
line and retreats rapidly though fracture and iceberg calving (DeConto 
and Pollard, 2016). There is a growing body of evidence (Golledge et 
al., 2015; DeConto and Pollard, 2016) that large-scale retreat may be 
avoided in emissions scenarios such as Representative Concentration 
Pathway (RCP)2.6 but that higher-emissions RCP scenarios could lead 
to the loss of the West Antarctic ice sheet and sectors in East Antarctica, 
although the duration (centuries or millennia) and amount of mass loss 
during such a collapse is highly dependent on model details and no 
consensus exists yet. Schoof (2007) suggested that retreat may be 
irreversible, although a rigorous test has yet to be made. In this context, 
overshoot scenarios, especially of higher magnitude or longer duration, 
could increase the risk of such irreversible retreat.

Church et al. (2013) noted that the collapse of marine sectors of the 
Antarctic ice sheet could lead to a global mean sea level (GMSL) rise 
above the likely range, and that there was medium confidence that this 
additional contribution ‘would not exceed several tenths of a metre 
during the 21st century’. 

The multi-centennial evolution of the Antarctic ice sheet has been 
considered in papers by DeConto and Pollard (2016) and Golledge et 
al. (2015). Both suggest that RCP2.6 is the only RCP scenario leading 
to long-term contributions to GMSL of less than 1.0 m. The long-term 
committed future of Antarctica and the GMSL contribution at 2100 
are complex and require further detailed process-based modelling; 
however, a threshold in this contribution may be located close to 1.5°C 
to 2°C of global warming.

In summary, there is medium confidence that a threshold in the long-
term GMSL contribution of both the Greenland and Antarctic ice sheets 
lies around 1.5°C to 2°C of global warming relative to pre-industrial; 
however, the GMSL associated with these two levels of global warming 
cannot be differentiated on the basis of the existing literature. 

3.6.3.3 Permafrost

The slow rate of permafrost thaw introduces a lag between the 
transient degradation of near-surface permafrost and contemporary 
climate, so that the equilibrium response is expected to be 25–38% 
greater than the transient response simulated in climate models (Slater 
and Lawrence, 2013). The long-term, equilibrium Arctic permafrost loss 
to global warming was analysed by Chadburn et al. (2017). They used 
an empirical relation between recent mean annual air temperatures 
and the area underlain by permafrost coupled to Coupled Model 
Intercomparison Project Phase 5 (CMIP5) stabilization projections 
to 2300 for RCP2.6 and RCP4.5. Their estimate of the sensitivity of 
permafrost to warming is 2.9–5.0 million km2 °C–1 (1 standard deviation 
confidence interval), which suggests that stabilizing climate at 1.5°C as 
opposed to 2°C would reduce the area of eventual permafrost loss by 
1.5 to 2.5 million km2 (stabilizing at 56–83% as opposed to 43–72% of 
1960–1990 levels). This work, combined with the assessment of Collins 
et al. (2013) on the link between global warming and permafrost loss, 
leads to the assessment that permafrost extent would be appreciably 
greater in a 1.5°C warmer world compared to in a 2°C warmer world 
(low to medium confidence).
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3.7 Knowledge Gaps 

Most scientific literature specific to global warming of 1.5°C is only 
just emerging. This has led to differences in the amount of information 
available and gaps across the various sections of this chapter. In 
general, the number of impact studies that specifically focused on 
1.5°C lags behind climate-change projections in general, due in part to 
the dependence of the former on the latter. There are also insufficient 
studies focusing on regional changes, impacts and consequences at 
1.5°C and 2°C of global warming. 

The following gaps have been identified with respect to tools, 
methodologies and understanding in the current scientific literature 
specific to Chapter 3. The gaps identified here are not comprehensive 
but highlight general areas for improved understanding, especially 
regarding global warming at 1.5°C compared to 2°C and higher levels.

3.7.1 Gaps in Methods and Tools 

• Regional and global climate model simulations for low-emissions 
scenarios such as a 1.5°C warmer world. 

• Robust probabilistic models which separate the relatively small 
signal between 1.5°C versus 2°C from background noise, and 
which handle the many uncertainties associated with non-
linearities, innovations, overshoot, local scales, and latent or 
lagging responses in climate. 

• Projections of risks under a range of climate and development 
pathways required to understand how development choices 
affect the magnitude and pattern of risks, and to provide better 
estimates of the range of uncertainties. 

• More complex and integrated socio-ecological models for predicting 
the response of terrestrial as well as coastal and oceanic ecosystems 
to climate and models which are more capable of separating climate 
effects from those associated with human activities.

• Tools for informing local and regional decision-making, especially 
when the signal is ambiguous at 1.5°C and/or reverses sign at 
higher levels of global warming.

3.7.2 Gaps in Understanding 

3.7.2.1 Earth systems and 1.5°C of global warming

• The cumulative effects of multiple stresses and risks (e.g., 
increased storm intensity interacting with sea level rise and the 
effect on coastal people; feedbacks on wetlands due to climate 
change and human activities). 

• Feedbacks associated with changes in land use/cover for low-
emissions scenarios, for example feedback from changes in 
forest cover, food production, biofuel production, bio-energy with 
carbon capture and storage (BECCS), and associated unquantified 
biophysical impacts. 

• The distinct impacts of different overshoot scenarios, depending 
on (i) the peak temperature of the overshoot, (ii) the length of the 
overshoot period, and (iii) the associated rate of change in global 
temperature over the time period of the overshoot. 

3.7.2.2 Physical and chemical characteristics of a 1.5°C 
warmer world

• Critical thresholds for extreme events (e.g., drought and inundation) 
between 1.5°C and 2°C of warming for different climate models 
and projections. All aspects of storm intensity and frequency as a 
function of climate change, especially for 1.5°C and 2°C warmer 
worlds, and the impact of changing storminess on storm surges, 
damage, and coastal flooding at regional and local scales.

• The timing and implications of the release of stored carbon in 
Arctic permafrost in a 1.5°C warmer world and for climate 
stabilization by the end of the century.

• Antarctic ice sheet dynamics, global sea level, and links between 
seasonal and year-long sea ice in both polar regions.

3.7.2.3 Terrestrial and freshwater systems

• The dynamics between climate change, freshwater resources and 
socio-economic impacts for lower levels of warming. 

• How the health of vegetation is likely to change, carbon storage in 
plant communities and landscapes, and phenomena such as the 
fertilization effect. 

• The risks associated with species’ maladaptation in response to 
climatic changes (e.g., effects of late frosts). Questions associated 
with issues such as the consequences of species advancing their 
spring phenology in response to warming, as well as the interaction 
between climate change, range shifts and local adaptation in a 
1.5°C warmer world.

• The biophysical impacts of land use in the context of mitigation 
pathways.

3.7.2.4 Ocean Systems

• Deep sea processes and risks to deep sea habitats and ecosystems.

• How changes in ocean chemistry in a 1.5°C warmer world, 
including decreasing ocean oxygen content, ocean acidification 
and changes in the activity of multiple ion species, will affect 
natural and human systems. 

• How ocean circulation is changing towards 1.5°C and 2°C warmer 
worlds, including vertical mixing, deep ocean processes, currents, 
and their impacts on weather patterns at regional to local scales.

• The impacts of changing ocean conditions at 1.5°C and 2°C of 
warming on foodwebs, disease, invading species, coastal protection, 
fisheries and human well-being, especially as organisms modify 
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their biogeographical ranges within a changing ocean.

• Specific linkages between food security and changing coastal and 
ocean resources. 

3.7.2.5 Human systems

• The impacts of global and regional climate change at 1.5°C on 
food distribution, nutrition, poverty, tourism, coastal infrastructure 
and public health, particularly for developing nations. 

• Health and well-being risks in the context of socio-economic 
and climate change at 1.5°C, especially in key areas such as 
occupational health, air quality and infectious disease.

• Micro-climates at urban/city scales and their associated risks 

for natural and human systems, within cities and in interaction 
with surrounding areas. For example, current projections do not 
integrate adaptation to projected warming by considering cooling 
that could be achieved through a combination of revised building 
codes, zoning and land use to build more reflective roofs and 
urban surfaces that reduce urban heat island effects.

• Implications of climate change at 1.5°C on livelihoods and 
poverty, as well as on rural communities, indigenous groups and 
marginalized people.

• The changing levels of risk in terms of extreme events, including 
storms and heatwaves, especially with respect to people being 
displaced or having to migrate away from sensitive and exposed 
systems such as small islands, low-lying coasts and deltas.



274

Chapter 3 Impacts of 1.5°C of Global Warming on Natural and Human Systems

3

Cross-Chapter Box 8 |  1.5°C Warmer Worlds  

Lead Authors: 
Sonia I. Seneviratne (Switzerland), Joeri Rogelj (Austria/Belgium), Roland Séférian (France), Myles R. Allen (United Kingdom), Marcos 
Buckeridge (Brazil), Kristie L. Ebi (United States of America), Ove Hoegh-Guldberg (Australia), Richard J. Millar (United Kingdom), 
Antony J. Payne (United Kingdom), Petra Tschakert (Australia), Rachel Warren (United Kingdom)

Contributing Authors: 
Neville Ellis (Australia), Richard Wartenburger (Germany/Switzerland)

Introduction 
 
The Paris Agreement includes goals of stabilizing global mean surface temperature (GMST) well below 2°C and 1.5°C above pre-
industrial levels in the longer term. There are several aspects, however, that remain open regarding what a ‘1.5°C warmer world’ 
could be like, in terms of mitigation (Chapter 2) and adaptation (Chapter 4), as well as in terms of projected warming and associated 
regional climate change (Chapter 3), which are overlaid on anticipated and differential vulnerabilities (Chapter 5). Alternative 
‘1.5°C warmer worlds’ resulting from mitigation and adaptation choices, as well as from climate variability (climate 
‘noise’), can be vastly different, as highlighted in this Cross-Chapter Box. In addition, the range of models underlying 1.5°C 
projections can be substantial and needs to be considered. 

Key questions7:

• What is a 1.5°C global mean warming, how is it measured, and what temperature increase does it imply for 
single locations and at specific times? Global mean surface temperature (GMST) corresponds to the globally averaged 
temperature of Earth derived from point-scale ground observations or computed in climate models (Chapters 1 and 3). Global 
mean surface temperature is additionally defined over a given time frame, for example averaged over a month, a year, or 
multiple decades. Because of climate variability, a climate-based GMST typically needs to be defined over several decades 
(typically 20 or 30 years; Chapter 3, Section 3.2). Hence, whether or when global warming reaches 1.5°C depends to some 
extent on the choice of pre-industrial reference period, whether 1.5°C refers to total or human-induced warming, and which 
variables and coverage are used to define GMST change (Chapter 1). By definition, because GMST is an average in time and 
space, there will be locations and time periods in which 1.5°C of warming is exceeded, even if the global mean warming is at 
1.5°C. In some locations, these differences can be particularly large (Cross-Chapter Box 8, Figure 1).

• What is the impact of different climate models for projected changes in climate at 1.5°C of global warming? 
The range between single model simulations of projected regional changes at 1.5°C GMST increase can be substantial for 
regional responses (Chapter 3, Section 3.3). For instance, for the warming of cold extremes in a 1.5°C warmer world, some 
model simulations project a 3°C warming while others project more than 6°C of warming in the Arctic land areas (Cross-
Chapter Box 8, Figure 2). For hot temperature extremes in the contiguous United States, the range of model simulations 
includes temperatures lower than pre-industrial values (–0.3°C) and a warming of 3.5°C (Cross-Chapter Box 8, Figure 2). Some 
regions display an even larger range (e.g., 1°C–6°C regional warming in hot extremes in central Europe at 1.5°C of warming; 
Chapter 3, Sections 3.3.1 and 3.3.2). This large spread is due to both modelling uncertainty and internal climate variability. 
While the range is large, it also highlights risks that can be avoided with near certainty in a 1.5°C warmer world compared 
to worlds at higher levels of warming (e.g., an 8°C warming of cold extremes in the Arctic is not reached at 1.5°C of global 
warming in the multimodel ensemble but could happen at 2°C of global warming; Cross-Chapter Box 8, Figure 2). Inferred 
projected ranges of regional responses (mean value, minimum and maximum) for different mitigation scenarios from Chapter 
2 are displayed in Cross-Chapter Box 8, Table 1. 

• What is the impact of emissions pathways with, versus without, an overshoot? All mitigation pathways projecting less 
than 1.5°C of global warming over or at the end of the 21st century include some probability of overshooting 1.5°C. These 
pathways include some periods with warming stronger than 1.5°C in the course of the coming decades and/or some probability 
of not reaching 1.5°C (Chapter 2, Section 2.2). This is inherent to the difficulty of limiting global warming to 1.5°C, given that 
we are already very close to this warming level. The implications of overshooting are large for risks to natural and human 
 
 
 
 

7 Part of this discussion is based on Seneviratne et al. (2018b).
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Cross-Chapter Box 8 (continued)

Cross-Chapter Box 8, Figure 1 |  Range of projected realized temperatures at 1.5°C of global warming (due to stochastic noise and model-based spread). 
Temperatures with a 25% chance of occurrence at any location within a 10-year time frame are shown, corresponding to GMST anomalies of 1.5°C (Coupled Model 
Intercomparison Project Phase 5 (CMIP5) multimodel ensemble). The plots display the 25th percentile (Q25, left) and 75th percentile (Q75, right) values of mean 
temperature (Tmean), yearly maximum daytime temperature (TXx) and yearly minimum night-time temperature (TNn), sampled from all time frames with GMST 
anomalies of 1.5°C in Representative Concentration Pathway (RCP)8.5 model simulations of the CMIP5 ensemble. From Seneviratne et al. (2018b).

Cross-Chapter Box 8 (continued next page)
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systems, especially if the temperature at peak warming is high, because some risks may be long lasting and irreversible, such 
as the loss of some ecosystems (Chapter 3, Box 3.4). The chronology of emissions pathways and their implied warming is also 
important for the more slowly evolving parts of the Earth system, such as those associated with sea level rise. In addition, for 
several types of risks the rate of change may be most relevant (Loarie et al., 2009; LoPresti et al., 2015), with potentially large 
risks occurring in the case of a rapid rise to overshooting temperatures, even if a decrease to 1.5°C may be achieved at the end 
of the 21st century or later. On the other hand, if overshoot is to be minimized, the remaining equivalent CO2 budget available 
for emissions has to be very small, which implies that large, immediate and unprecedented global efforts to mitigate GHGs are 
required (Cross-Chapter Box 8, Table 1; Chapter 4).

• What is the probability of reaching 1.5°C of global warming if emissions compatible with 1.5°C pathways are 
followed? Emissions pathways in a ‘prospective scenario’ (see Chapter 1, Section 1.2.3, and Cross-Chapter Box 1 in Chapter 1 
on ‘Scenarios and pathways’) compatible with 1.5°C of global warming are determined based on their probability of reaching 
1.5°C by 2100 (Chapter 2, Section 2.1), given current knowledge of the climate system response. These probabilities cannot 
be quantified precisely but are typically 50–66% in 1.5°C-consistent pathways (Section 1.2.3). This implies a one-in-two to 
one-in-three probability that global warming would exceed 1.5°C even under a 1.5°C-consistent pathway, including some 
possibility that global warming would be substantially over this value (generally about 5–10% probability; see Cross-Chapter 
Box 8, Table 1 and Seneviratne et al., 2018b). These alternative outcomes need to be factored into the decision-making process. 
To address this issue, ‘adaptive’ mitigation scenarios have been proposed in which emissions are continually adjusted to 
achieve a temperature goal (Millar et al., 2017). The set of dimensions involved in mitigation options (Chapter 4) is complex 
and need system-wide approaches to be successful. Adaptive scenarios could be facilitated by the global stocktake mechanism 
established in the Paris Agreement, and thereby transfer the risk of higher-than-expected warming to a risk of faster-than- 
expected mitigation efforts. However, there are some limits to the feasibility of such approaches because some investments, for 
example in infrastructure, are long term and also because the actual departure from an aimed pathway will need to be detected 
against the backdrop of internal climate variability, typically over several decades (Haustein et al., 2017; Seneviratne et al., 
2018b). Avoiding impacts that depend on atmospheric composition as well as GMST (Baker et al., 2018) would also require 
limits on atmospheric CO2 concentrations in the event of a lower-than-expected GMST response.

• How can the transformation towards a 1.5°C warmer world be implemented? This can be achieved in a variety of 
ways, such as decarbonizing the economy with an emphasis on demand reductions and sustainable lifestyles, or, alternatively, 
with an emphasis on large-scale technological solutions, amongst many other options (Chapter 2, Sections 2.3 and 2.4; 
Chapter 4, Sections 4.1 and 4.4.4). Different portfolios of mitigation measures come with distinct synergies and trade-offs with 
respect to other societal objectives. Integrated solutions and approaches are required to achieve multiple societal objectives 
simultaneously (see Chapter 4, Section 4.5.4 for a set of synergies and trade-offs).

Cross-Chapter Box 8 (continued)

Cross-Chapter Box 8, Figure 2 |  Spread of projected multimodel changes in minimum annual night-time temperature (TNn) in Arctic land (left) and in maximum 
annual daytime temperature (TXx) in the contiguous United States as a function of mean global warming in climate simulations. The multimodel range (due to 
model spread and internal climate variability) is indicated in red shading (minimum and maximum value based on climate model simulations). The multimodel 
mean value is displayed with solid red and blue lines for two emissions pathways (blue: Representative Concentration Pathway (RCP)4.5; red: RCP8.5). The dashed 
red line indicates projections for a 1.5°C warmer world. The dashed black line displays the 1:1 line. The figure is based on Figure 3 of Seneviratne et al. (2016). 

Global mean temperature anomaly relative to pre-industrial conditions (°C)
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• What determines risks and opportunities in a 1.5°C warmer world? The risks to natural, managed and human systems in 
a 1.5°C warmer world will depend not only on uncertainties in the regional climate that results from this level of warming, but 
also very strongly on the methods that humanity uses to limit global warming to 1.5°C. This is particularly the case for natural 
ecosystems and agriculture (see Cross-Chapter Box 7 in this chapter and Chapter 4, Section 4.3.2). The risks to human systems 
will also depend on the magnitude and effectiveness of policies and measures implemented to increase resilience to the risks 
of climate change and on development choices over coming decades, which will influence the underlying vulnerabilities and 
capacities of communities and institutions for responding and adapting.

• Which aspects are not considered, or only partly considered, in the mitigation scenarios from Chapter 2? These 
include biophysical impacts of land use, water constraints on energy infrastructure, and regional implications of choices of 
specific scenarios for tropospheric aerosol concentrations or the modulation of concentrations of short-lived climate forcers, 
that is, greenhouse gases (Chapter 3, Section 3.6.3). Such aspects of development pathways need to be factored into 
comprehensive assessments of the regional implications of mitigation and adaptation measures. On the other hand, some of 
these aspects are assessed in Chapter 4 as possible options for mitigation and adaptation to a 1.5°C warmer world.

• Are there commonalities to all alternative 1.5°C warmer worlds? Human-driven warming linked to CO2 emissions is nearly 
irreversible over time frames of 1000 years or more (Matthews and Caldeira, 2008; Solomon et al., 2009). The GSMT of the Earth 
responds to the cumulative amount of CO2 emissions. Hence, all 1.5°C stabilization scenarios require both net CO2 emissions and 
multi-gas CO2-forcing-equivalent emissions to be zero at some point (Chapter 2, Section 2.2). This is also the case for stabilization 
scenarios at higher levels of warming (e.g., at 2°C); the only difference is the projected time at which the net CO2 budget is zero. 

Hence, a transition to decarbonization of energy use is necessary in all scenarios. It should be noted that all scenarios 
of Chapter 2 include approaches for carbon dioxide removal (CDR) in order to achieve the net zero CO2 emissions budget. 
Most of these use carbon capture and storage (CCS) in addition to reforestation, although to varying degrees (Chapter 
4, Section 4.3.7). Some potential pathways to 1.5°C of warming in 2100 would minimize the need for CDR (Obersteiner et 
al., 2018; van Vuuren et al., 2018). Taking into account the implementation of CDR, the CO2-induced warming by 2100 is 
determined by the difference between the total amount of CO2 generated (that can be reduced by early decarbonization) and 
the total amount permanently stored out of the atmosphere, for example by geological sequestration (Chapter 4, Section 4.3.7).

• What are possible storylines of ‘warmer worlds’ at 1.5°C versus higher levels of global warming? Cross-Chapter Box 
8, Table 2 features possible storylines based on the scenarios of Chapter 2, the impacts of Chapters 3 and 5, and the options of 
Chapter 4. These storylines are not intended to be comprehensive of all possible future outcomes. Rather, they are intended as 
plausible scenarios of alternative warmer worlds, with two storylines that include stabilization at 1.5°C (Scenario 1) or close to 
1.5°C (Scenario 2), and one storyline missing this goal and consequently only including reductions of CO2 emissions and efforts 
towards stabilization at higher temperatures (Scenario 3).

Summary:

There is no single ‘1.5°C warmer world’. Impacts can vary strongly for different worlds characterized by a 1.5°C global 
warming. Important aspects to consider (besides the changes in global temperature) are the possible occurrence 
of an overshoot and its associated peak warming and duration, how stabilization of the increase in global surface 
temperature at 1.5°C could be achieved, how policies might be able to influence the resilience of human and natural 
systems, and the nature of regional and subregional risks. 

The implications of overshooting are large for risks to natural and human systems, especially if the temperature at peak warming 
is high, because some risks may be long lasting and irreversible, such as the loss of some ecosystems. In addition, for several types 
of risks, the rate of change may be most relevant, with potentially large risks occurring in the case of a rapid rise to overshooting 
temperatures, even if a decrease to 1.5°C may be achieved at the end of the 21st century or later. If overshoot is to be minimized, the 
remaining equivalent CO2 budget available for emissions has to be very small, which implies that large, immediate and unprecedented 
global efforts to mitigate GHGs are required. 

The time frame for initiating major mitigation measures is essential in order to reach a 1.5°C (or even a 2°C) global stabilization 
of climate warming (see consistent cumulative CO2 emissions up to peak warming in Cross-Chapter Box 8, Table 1). If mitigation 
pathways are not rapidly activated, much more expensive and complex adaptation measures will have to be taken to avoid the 
impacts of higher levels of global warming on the Earth system. Cross-Chapter Box 8 (continued next page)

Cross-Chapter Box 8 (continued)
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Cross-Chapter Box 8, Table 1 |  Different worlds resulting from 1.5°C and 2°C mitigation (prospective) pathways, including 66% (probable) best-case outcome, 
and 5% worst-case outcome, based on Chapter 2 scenarios and Chapter 3 assessments of changes in regional climate. Note that the pathway characteristics 
estimates are based on computations with the MAGICC model (Meinshausen et al., 2011) consistent with the set-up used in AR5 WGIII (Clarke et al., 2014),  
but are uncertain and will be subject to updates and adjust-ments (see Chapter 2 for details). Updated from Seneviratne et al. (2018b).

Notes: 
a)  66th percentile for global temperature (that is, 66% likelihood of being at or below values)

b) 95th percentile for global temperature (that is, 5% likelihood of being at or above values)

c) All 1.5°C scenarios include a substantial probability of overshooting above 1.5°C global warming before returning to 1.5°C.

d) Interquartile range (25th percentile, q25, and 75th percentile, q75)

e)  The regional projections in these rows provide the median and the range [q25, q75] associated with the median global temperature outcomes of the considered mitigation  
 scenarios at peak warming.

f) TNn: Annual minimum night-time temperature

g) TXx: Annual maximum day-time temperature

h) Indicates drying of soil moisture expressed in units of standard deviations of pre-industrial climate (1861–1880) variability (where −1 is dry; −2 is severely dry; and −3 is very  
 severely dry);

i) Rx5day: the annual maximum consecutive 5-day precipitation.

j) As for footnote e, but for the regional responses associated with the median global temperature outcomes of the considered mitigation scenarios in 2100

B1.5_LOS (below 1.5°C 
with low overshoot)
with 2/3 ´probable 

best-case outcome´a

B1.5_LOS (below 1.5°C 
with low overshoot) 

with 1/20 ´worst-case 
outcome´b

L20 (lower than 2°C) 
with 2/3 ´probable 

best-case outcome´a

L20 (lower than 2°C) 
with 1/20 ´worst-case 

outcome´b

Overshoot > 1.5°C in 21st centuryc Yes (51/51) Yes (51/51) Yes (72/72) Yes (72/72)

Overshoot > 2°C in 21st century No (0/51) Yes (37/51) No (72/72) Yes (72/72)

Cumulative CO2 emissions up to peak 
warming (relative to 2016)d [GtCO2]

610–760 590–750 1150–1460 1130–1470

Cumulative CO2 emissions up to 
2100 (relative to 2016)d [GtCO2]

170–560 1030–1440

Global GHG emissions in 2030d [GtCO2 y-1] 19–23 31–38

Years of global net zero CO2 emissionsd 2055–2066 2082–2090

Global mean temperature 
anomaly at peak warming 

1.7°C (1.66°C–1.72°C) 2.05°C (2.00°C–2.09°C) 2.11°C (2.05°C–2.17°C) 2.67°C (2.59°C–2.76°C)

Warming in the Arctice (TNnf) 4.93°C (4.36, 5.52) 6.02°C (5.12, 6.89) 6.24°C (5.39, 7.21) 7.69°C (6.69, 8.93)

Warming in Central North Americae (TXxg) 2.65°C (1.92, 3.15) 3.11°C (2.37, 3.63) 3.18°C (2.50, 3.71) 4.06°C (3.35, 4.63)

Warming in Amazon regione (TXx) 2.55°C (2.23, 2.83) 3.07°C (2.74, 3.46) 3.16°C (2.84, 3.57) 4.05°C (3.62, 4.46)

Drying in the Mediterranean regione,h –1.11 (–2.24, –0.41) –1.28 (–2.44, –0.51) –1.38 (–2.58, –0.53) –1.56 (–3.19, –0.67)

Increase in heavy precipita-
tion eventse in Southern Asiai 

9.94% (6.76, 14.00) 11.94% (7.52, 18.86) 12.68% (7.71, 22.39) 19.67% (11.56, 27.24)

Global mean temperature 
warming in 2100 

1.46°C (1.41°C–1.51°C) 1.87°C (1.81°C–1.94°C) 2.06°C (1.99°C–2.15°C) 2.66°C (2.56°C–2.76°C)

Warming in the Arcticj (TNn) 4.28°C (3.71, 4.77) 5.50°C (4.74, 6.21) 6.08°C (5.20, 6.94) 7.63°C (6.66, 8.90)

Warming in Central North Americaj (TXx) 2.31°C (1.56, 2.66) 2.83°C (2.03, 3.49) 3.12°C (2.38, 3.67) 4.06°C (3.33, 4.59)

Warming in Amazon regionj (TXx) 2.22°C (2.00, 2.45) 2.76°C (2.50, 3.07) 3.10°C (2.75, 3.49) 4.03°C (3.62, 4.45)

Drying in the Mediterranean regionj –0.95 (–1.98, –0.30) –1.10 (–2.17, –0.51) –1.26 (–2.43, –0.52) –1.55 (–3.17, –0.67)

Increase in heavy precipitation events  
in Southern Asiaj 

8.38% (4.63, 12.68) 10.34% (6.64, 16.07) 12.02% (7.41, 19.62) 19.72% (11.34, 26.95)
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Scenario 1 [one possible storyline 
among best-case scenarios]: 

Mitigation:  
early move to decarbonization, 
decarbonization designed to minimize 
land footprint, coordination and 
rapid action of the world’s nations 
towards 1.5°C goal by 2100

Internal climate variability:  
probable (66%) best-case outcome for 
global and regional climate responses

In 2020, strong participation and support for the Paris Agreement and its ambitious goals for reducing CO2 emissions 
by an almost unanimous international community led to a time frame for net zero emissions that is compatible with 
halting global warming at 1.5°C by 2100. 

There is strong participation in all major world regions at the national, state and/or city levels. Transport is strongly decarbonized 
through a shift to electric vehicles, with more cars with electric than combustion engines being sold by 2025 (Chapter 2, Section 
2.4.3; Chapter 4, Section 4.3.3). Several industry-sized plants for carbon capture and storage are installed and tested in the 2020s 
(Chapter 2, Section 2.4.2; Chapter 4, Sections 4.3.4 and 4.3.7). Competition for land between bioenergy cropping, food production, 
and biodiversity conservation is minimized by sourcing bioenergy for carbon capture and storage from agricultural wastes, algae 
and kelp farms (Cross-Chapter Box 7 in Chapter 3; Chapter 4, Section 4.3.2). Agriculture is intensified in countries with coordinated 
planning associated with a drastic decrease in food waste (Chapter 2, Section 2.4.4; Chapter 4, Section 4.3.2). This leaves many 
natural ecosystems relatively intact, supporting continued provision of most ecosystem services, although relocation of species 
towards higher latitudes and elevations still results in changes in local biodiversity in many regions, particularly in mountain, 
tropical, coastal and Arctic ecosystems (Chapter 3, Section 3.4.3). Adaptive measures such as the establishment of corridors for 
the movement of species and parts of ecosystems become a central practice within conservation management (Chapter 3, Section 
3.4.3; Chapter 4, Section 4.3.2). The movement of species presents new challenges for resource management as novel ecosystems, 
as well as pests and disease, increase (Cross-Chapter Box 6 in Chapter 3). Crops are grown on marginal land, no-till agriculture is 
deployed, and large areas are reforested with native trees (Chapter 2, Section 2.4.4; Chapter 3, Section 3.6.2; Cross-Chapter Box 
7 in Chapter 3; Chapter 4, Section 4.3.2). Societal preference for healthy diets reduces meat consumption and associated GHG 
emissions (Chapter 2, Section 2.4.4; Chapter 4, Section 4.3.2; Cross-Chapter Box 6 in Chapter 3). 

By 2100, global mean temperature is on average 0.5°C warmer than it was in 2018 (Chapter 1, Section 1.2.1). Only a minor 
temperature overshoot occurs during the century (Chapter 2, Section 2.2). In mid-latitudes, frequent hot summers and precipitation 
events tend to be more intense (Chapter 3, Section 3.3). Coastal communities struggle with increased inundation associated 
with rising sea levels and more frequent and intense heavy rainfall (Chapter 3, Sections 3.3.2 and 3.3.9; Chapter 4, Section 
4.3.2; Chapter 5, Box 5.3 and Section 5.3.2; Cross-Chapter Box 12 in Chapter 5), and some respond by moving, in many cases 
with consequences for urban areas. In the tropics, in particular in megacities, there are frequent deadly heatwaves whose risks 
are reduced by proactive adaptation (Chapter 3, Sections 3.3.1 and 3.4.8; Chapter 4, Section 4.3.8), overlaid on a suite of 
development challenges and limits in disaster risk management (Chapter 4, Section 4.3.3; Chapter 5, Sections 5.2.1 and 5.2.2; 
Cross-Chapter Box 12 in Chapter 5). Glaciers extent decreases in most mountainous areas (Chapter 3, Sections 3.3.5 and 3.5.4). 
Reduced Arctic sea ice opens up new shipping lanes and commercial corridors (Chapter 3, Section 3.3.8; Chapter 4, Box 4.3). 
Small island developing states (SIDS), as well as coastal and low-lying areas, have faced significant changes but have largely 
persisted in most regions (Chapter 3, Sections 3.3.9 and 3.5.4, Box 3.5). The Mediterranean area becomes drier (Chapter 3, 
Section 3.3.4 and Box 3.2) and irrigation of crops expands, drawing the water table down in many areas (Chapter 3, Section 
3.4.6). The Amazon is reasonably well preserved, through avoided risk of droughts (Chapter 3, Sections 3.3.4 and 3.4.3; Chapter 
4, Box 4.3) and reduced deforestation (Chapter 2, Section 2.4.4; Cross-Chapter Box 7 in Chapter 3; Chapter 4, Section 4.3.2), and 
the forest services are working with the pattern observed at the beginning of the 21st century (Chapter 4, Box 4.3). While some 
climate hazards become more frequent (Chapter 3, Section 3.3), timely adaptation measures help reduce the associated risks 
for most, although poor and disadvantaged groups continue to experience high climate risks to their livelihoods and well-being  
(Chapter 5, Section 5.3.1; Cross-Chapter Box 12 in Chapter 5; Chapter 3, Boxes 3.4 and 3.5; Cross-Chapter Box 6 in Chapter 3). 
Summer sea ice has not completely disappeared from the Arctic (Chapter 3, Section 3.4.4.7) and coral reefs, having been driven to 
a low level (10–30% of levels in 2018), have partially recovered by 2100 after extensive dieback (Chapter 3, Section 3.4.4.10 and 
Box 3.4). The Earth system, while warmer, is still recognizable compared to the 2000s, and no major tipping points are reached 
(Chapter 3, Section 3.5.2.5). Crop yields remain relatively stable (Chapter 3, Section 3.4). Aggregate economic damage of climate 
change impacts is relatively small, although there are some local losses associated with extreme weather events (Chapter 3, 
Section 3.5; Chapter 4). Human well-being remains overall similar to that in 2020 (Chapter 5, Section 5.2.2).

Scenario 2 [one possible storyline 
among mid-case scenarios]:

Mitigation:  
delayed action (ambitious targets 
reached only after warmer decade 
in the 2020s due to internal climate 
variability), overshoot at 2°C, decrease  
towards 1.5°C afterward, no efforts to  
minimize the land and water footprints  
of bioenergy 

Internal climate variability:  
10% worst-case outcome (2020s)  
followed by normal internal climate 
variability 

The international community continues to largely support the Paris Agreement and agrees in 2020 on reduction 
targets for CO2 emissions and time frames for net zero emissions. However, these targets are not ambitious enough 
to reach stabilization at 2°C of warming, let alone 1.5°C. 

In the 2020s, internal climate variability leads to higher warming than projected, in a reverse development to what 
happened in the so-called ‘hiatus’ period of the 2000s. Temperatures are regularly above 1.5°C of warming, although 
radiative forcing is consistent with a warming of 1.2°C or 1.3°C. Deadly heatwaves in major cities (Chicago, Kolkata, Beijing, 
Karachi, São Paulo), droughts in southern Europe, southern Africa and the Amazon region, and major flooding in Asia, all 
intensified by the global and regional warming (Chapter 3, Sections 3.3.1, 3.3.2, 3.3.3, 3.3.4 and 3.4.8; Cross-Chapter 
Box 11 in Chapter 4), lead to increasing levels of public unrest and political destabilization (Chapter 5, Section 5.2.1). An 
emergency global summit in 2025 moves to much more ambitious climate targets. Costs for rapidly phasing out fossil fuel use and 
infrastructure, while rapidly expanding renewables to reduce emissions, are much higher than in Scenario 1, owing to a failure to 
support economic measures to drive the transition (Chapter 4). Disruptive technologies become crucial to face up to the adaptation 
measures needed (Chapter 4, Section 4.4.4).

Cross-Chapter Box 8, Table 2 | Storylines of possible worlds resulting from different mitigation options. The storylines build upon Cross-Chapter Box 8, Table 
1 and the assessments of Chapters 1–5. Only a few of the many possible storylines were chosen and they are presented for illustrative purposes. 

Cross-Chapter Box 8 (continued)
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Cross-Chapter Box 8, Table 2 (continued)

Cross-Chapter Box 8 (continued)

Scenario 2 [one possible storyline 
among mid-case scenarios]:

Mitigation:  
delayed action (ambitious targets 
reached only after warmer decade 
in the 2020s due to internal climate 
variability), overshoot at 2°C, decrease  
towards 1.5°C afterward, no efforts to  
minimize the land and water footprints  
of bioenergy 

Internal climate variability:  
10% worst-case outcome (2020s)  
followed by normal internal 
climate variability

Temperature peaks at 2°C of warming by the middle of the century before decreasing again owing to intensive implementation 
of bioenergy plants with carbon capture and storage (Chapter 2), without efforts to minimize the land and water footprint of 
bioenergy production (Cross-Chapter Box 7 in Chapter 3). Reaching 2°C of warming for several decades eliminates or severely 
damages key ecosystems such as coral reefs and tropical forests (Chapter 3, Section 3.4). The elimination of coral reef ecosystems 
and the deterioration of their calcified frameworks, as well as serious losses of coastal ecosystems such as mangrove forests and 
seagrass beds (Chapter 3, Boxes 3.4 and 3.5, Sections 3.4.4.10 and 3.4.5), leads to much reduced levels of coastal defence from 
storms, winds and waves. These changes increase the vulnerability and risks facing communities in tropical and subtropical regions, 
with consequences for many coastal communities (Cross-Chapter Box 12 in Chapter 5). These impacts are being amplified by 
steadily rising sea levels (Chapter 3, Section 3.3.9) and intensifying storms (Chapter 3, Section 3.4.4.3). The intensive area required 
for the production of bioenergy, combined with increasing water stress, puts pressure on food prices (Cross-Chapter Box 6 in 
Chapter 3), driving elevated rates of food insecurity, hunger and poverty (Chapter 4, Section 4.3.2; Cross-Chapter Box 6 in Chapter 
3; Cross-Chapter Box 11 in Chapter 4). Crop yields decline significantly in the tropics, leading to prolonged famines in some African 
countries (Chapter 3, Section 3.4; Chapter 4, Section 4.3.2). Food trumps environment in terms of importance in most countries, with 
the result that natural ecosystems decrease in abundance, owing to climate change and land-use change (Cross-Chapter Box 7 in 
Chapter 3). The ability to implement adaptive action to prevent the loss of ecosystems is hindered under the circumstances and 
is consequently minimal (Chapter 3, Sections 3.3.6 and 3.4.4.10). Many natural ecosystems, in particular in the Mediterranean, 
are lost because of the combined effects of climate change and land-use change, and extinction rates increase greatly (Chapter 
3, Section 3.4 and Box 3.2). 

By 2100, warming has decreased but is still stronger than 1.5°C, and the yields of some tropical crops are recovering (Chapter 
3, Section 3.4.3). Several of the remaining natural ecosystems experience irreversible climate change-related damages whilst 
others have been lost to land-use change, with very rapid increases in the rate of species extinctions (Chapter 3, Section 3.4; 
Cross-Chapter Box 7 in Chapter 3; Cross-Chapter Box 11 in Chapter 4). Migration, forced displacement, and loss of identity are 
extensive in some countries, reversing some achievements in sustainable development and human security (Chapter 5, Section 
5.3.2). Aggregate economic impacts of climate change damage are small, but the loss in ecosystem services creates large economic 
losses (Chapter 4, Sections 4.3.2 and 4.3.3). The health and well-being of people generally decrease from 2020, while the levels of 
poverty and disadvantage increase considerably (Chapter 5, Section 5.2.1).

Scenario 3 [one possible storyline 
among worst-case scenarios]:

Mitigation:  
uncoordinated action, major 
actions late in the 21st century, 
3°C of warming in 2100

Internal climate variability:  
unusual (ca. 10%) best-case scenario 
for one decade, followed by normal 
internal climate variability

In 2020, despite past pledges, the international support for the Paris Agreement starts to wane. In the years that 
follow, CO2 emissions are reduced at the local and national level but efforts are limited and not always successful. 

Radiative forcing increases and, due to chance, the most extreme events tend to happen in less populated regions and thus do not 
increase global concerns. Nonetheless, there are more frequent heatwaves in several cities and less snow in mountain resorts in 
the Alps, Rockies and Andes (Chapter 3, Section 3.3). Global warming of 1.5°C is reached by 2030 but no major changes in policies 
occur. Starting with an intense El Niño–La Niña phase in the 2030s, several catastrophic years occur while global warming starts 
to approach 2°C. There are major heatwaves on all continents, with deadly consequences in tropical regions and Asian megacities, 
especially for those ill-equipped for protecting themselves and their communities from the effects of extreme temperatures 
(Chapter 3, Sections 3.3.1, 3.3.2 and 3.4.8). Droughts occur in regions bordering the Mediterranean Sea, central North America, 
the Amazon region and southern Australia, some of which are due to natural variability and others to enhanced greenhouse gas 
forcing (Chapter 3, Section 3.3.4; Chapter 4, Section 4.3.2; Cross-Chapter Box 11 in Chapter 4). Intense flooding occurs in high-
latitude and tropical regions, in particular in Asia, following increases in heavy precipitation events (Chapter 3, Section 3.3.3). 
Major ecosystems (coral reefs, wetlands, forests) are destroyed over that period (Chapter 3, Section 3.4), with massive disruption 
to local livelihoods (Chapter 5, Section 5.2.2 and Box 5.3; Cross-Chapter Box 12 in Chapter 5). An unprecedented drought leads 
to large impacts on the Amazon rainforest (Chapter 3, Sections 3.3.4 and 3.4), which is also affected by deforestation (Chapter 2). 
A hurricane with intense rainfall and associated with high storm surges (Chapter 3, Section 3.3.6) destroys a large part of Miami. 
A two-year drought in the Great Plains in the USA and a concomitant drought in eastern Europe and Russia decrease global crop 
production (Chapter 3, Section 3.3.4), resulting in major increases in food prices and eroding food security. Poverty levels increase 
to a very large scale, and the risk and incidence of starvation increase considerably as food stores dwindle in most countries; human 
health suffers (Chapter 3, Section 3.4.6.1; Chapter 4, Sections 4.3.2 and 4.4.3; Chapter 5, Section 5.2.1).

There are high levels of public unrest and political destabilization due to the increasing climatic pressures, resulting in some 
countries becoming dysfunctional (Chapter 4, Sections 4.4.1 and 4.4.2). The main countries responsible for the CO2 emissions 
design rapidly conceived mitigation plans and try to install plants for carbon capture and storage, in some cases without sufficient 
prior testing (Chapter 4, Section 4.3.6). Massive investments in renewable energy often happen too late and are uncoordinated; 
energy prices soar as a result of the high demand and lack of infrastructure. In some cases, demand cannot be met, leading 
to further delays. Some countries propose to consider sulphate-aerosol based Solar Radiation Modification (SRM) (Chapter 4, 
Section 4.3.8); however, intensive international negotiations on the topic take substantial time and are inconclusive because of 
overwhelming concerns about potential impacts on monsoon rainfall and risks in case of termination (Cross-Chapter Box 10 in 
Chapter 5). Global and regional temperatures continue to increase strongly while mitigation solutions are being developed and 
implemented.
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Cross-Chapter Box 8, Table 2 (continued)

Cross-Chapter Box 8 (continued)

Scenario 3 [one possible storyline 
among worst-case scenarios]:

Mitigation:  
uncoordinated action, major 
actions late in the 21st century, 
3°C of warming in 2100

Internal climate variability:  
unusual (ca. 10%) best-case scenario 
for one decade, followed by normal 
internal climate variability

Global mean warming reaches 3°C by 2100 but is not yet stabilized despite major decreases in yearly CO2 emissions, as a net zero 
CO2 emissions budget could not yet be achieved and because of the long lifetime of CO2 concentrations (Chapters 1, 2 and 3). 
The world as it was in 2020 is no longer recognizable, with decreasing life expectancy, reduced outdoor labour productivity, and 
lower quality of life in many regions because of too frequent heatwaves and other climate extremes (Chapter 4, Section 4.3.3). 
Droughts and stress on water resources renders agriculture economically unviable in some regions (Chapter 3, Section 3.4; Chapter 
4, Section 4.3.2) and contributes to increases in poverty (Chapter 5, Section 5.2.1; Cross-Chapter Box 12 in Chapter 5). Progress on 
the sustainable development goals is largely undone and poverty rates reach new highs (Chapter 5, Section 5.2.3). Major conflicts 
take place (Chapter 3, Section 3.4.9.6; Chapter 5, Section 5.2.1). Almost all ecosystems experience irreversible impacts, species 
extinction rates are high in all regions, forest fires escalate, and biodiversity strongly decreases, resulting in extensive losses to 
ecosystem services. These losses exacerbate poverty and reduce quality of life (Chapter 3, Section 3.4; Chapter 4, Section 4.3.2). 
Life for many indigenous and rural groups becomes untenable in their ancestral lands (Chapter 4, Box 4.3; Cross-Chapter Box 12 
in Chapter 5). The retreat of the West Antarctic ice sheet accelerates (Chapter 3, Sections 3.3 and 3.6), leading to more rapid sea 
level rise (Chapter 3, Section 3.3.9; Chapter 4, Section 4.3.2). Several small island states give up hope of survival in their locations 
and look to an increasingly fragmented global community for refuge (Chapter 3, Box 3.5; Cross-Chapter Box 12 in Chapter 5). 
Aggregate economic damages are substantial, owing to the combined effects of climate changes, political instability, and losses 
of ecosystem services (Chapter 4, Sections 4.4.1 and 4.4.2; Chapter 3, Box 3.6 and Section 3.5.2.4). The general health and well-
being of people is substantially reduced compared to the conditions in 2020 and continues to worsen over the following decades 
(Chapter 5, Section 5.2.3). 
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Frequently Asked Questions 

FAQ 3.1 | What are the Impacts of 1.5°C and 2°C of Warming?

Summary: The impacts of climate change are being felt in every inhabited continent and in the oceans. However, 
they are not spread uniformly across the globe, and different parts of the world experience impacts differently. 
An average warming of 1.5°C across the whole globe raises the risk of heatwaves and heavy rainfall events, 
amongst many other potential impacts. Limiting warming to 1.5°C rather than 2°C can help reduce these risks, 
but the impacts the world experiences will depend on the specific greenhouse gas emissions ‘pathway’ taken. 
The consequences of temporarily overshooting 1.5°C of warming and returning to this level later in the century, 
for example, could be larger than if temperature stabilizes below 1.5°C. The size and duration of an overshoot 
will also affect future impacts.

Human activity has warmed the world by about 1°C since pre-industrial times, and the impacts of this warming 
have already been felt in many parts of the world. This estimate of the increase in global temperature is the 
average of many thousands of temperature measurements taken over the world’s land and oceans. Temperatures 
are not changing at the same speed everywhere, however: warming is strongest on continents and is particularly 
strong in the Arctic in the cold season and in mid-latitude regions in the warm season. This is due to self-
amplifying mechanisms, for instance due to snow and ice melt reducing the reflectivity of solar radiation at the 
surface, or soil drying leading to less evaporative cooling in the interior of continents. This means that some parts 
of the world have already experienced temperatures greater than 1.5°C above pre-industrial levels. 

Extra warming on top of the approximately 1°C we have seen so far would amplify the risks and associated 
impacts, with implications for the world and its inhabitants. This would be the case even if the global warming 
is held at 1.5°C, just half a degree above where we are now, and would be further amplified at 2°C of global 
warming. Reaching 2°C instead of 1.5°C of global warming would lead to substantial warming of extreme hot 
days in all land regions. It would also lead to an increase in heavy rainfall events in some regions, particularly in 
the high latitudes of the Northern Hemisphere, potentially raising the risk of flooding. In addition, some regions, 
such as the Mediterranean, are projected to become drier at 2°C versus 1.5°C of global warming. The impacts of 
any additional warming would also include stronger melting of ice sheets and glaciers, as well as increased sea 
level rise, which would continue long after the stabilization of atmospheric CO2 concentrations. 

Change in climate means and extremes have knock-on effects for the societies and ecosystems living on the 
planet. Climate change is projected to be a poverty multiplier, which means that its impacts are expected to make 
the poor poorer and the total number of people living in poverty greater. The 0.5°C rise in global temperatures 
that we have experienced in the past 50 years has contributed to shifts in the distribution of plant and animal 
species, decreases in crop yields and more frequent wildfires. Similar changes can be expected with further rises 
in global temperature.

Essentially, the lower the rise in global temperature above pre-industrial levels, the lower the risks to human 
societies and natural ecosystems. Put another way, limiting warming to 1.5°C can be understood in terms of 
‘avoided impacts’ compared to higher levels of warming. Many of the impacts of climate change assessed in this 
report have lower associated risks at 1.5°C compared to 2°C.

Thermal expansion of the ocean means sea level will continue to rise even if the increase in global temperature 
is limited to 1.5°C, but this rise would be lower than in a 2°C warmer world. Ocean acidification, the process by 
which excess CO2 is dissolving into the ocean and increasing its acidity, is expected to be less damaging in a world 
where CO2 emissions are reduced and warming is stabilized at 1.5°C compared to 2°C. The persistence of coral 
reefs is greater in a 1.5°C world than that of a 2°C world, too. 

The impacts of climate change that we experience in future will be affected by factors other than the change 
in temperature. The consequences of 1.5°C of warming will additionally depend on the specific greenhouse gas 
emissions ‘pathway’ that is followed and the extent to which adaptation can reduce vulnerability. This IPCC 
Special Report uses a number of ‘pathways’ to explore different possibilities for limiting global warming to 
1.5°C above pre-industrial levels. One type of pathway sees global temperature stabilize at, or just below, 1.5°C. 
Another sees global temperature temporarily exceed 1.5°C before declining later in the century (known as an 
‘overshoot’ pathway). 

(continued on next page)



283

3

Impacts of 1.5°C of Global Warming on Natural and Human Systems Chapter 3

Such pathways would have different associated impacts, so it is important to distinguish between them for 
planning adaptation and mitigation strategies. For example, impacts from an overshoot pathway could be larger 
than impacts from a stabilization pathway. The size and duration of an overshoot would also have consequences 
for the impacts the world experiences. For instance, pathways that overshoot 1.5°C run a greater risk of passing 
through ‘tipping points’, thresholds beyond which certain impacts can no longer be avoided even if temperatures 
are brought back down later on. The collapse of the Greenland and Antarctic ice sheets on the time scale of 
centuries and millennia is one example of a tipping point.

FAQ 3.1, Figure 1 |  Temperature change is not uniform across the globe. Projected changes are shown for the average temperature of the annual hottest day (top) 
and the annual coldest night (bottom) with 1.5°C of global warming (left) and 2°C of global warming (right) compared to pre-industrial levels. 

FAQ3.1:Impact of 1.5°C and 2.0°C global warming 
Temperature rise is not uniform across the world. Some regions will experience greater increases in the temperature of 
hot days and cold nights than others.

+ 1.5°C: Change in average temperature of hottest days + 2.0°C: Change in average temperature of hottest days

+ 1.5°C: Change in average temperature of coldest nights + 2.0°C: Change in average temperature of coldest nights

°C
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Executive Summary

Limiting warming to 1.5°C above pre-industrial levels would 
require transformative systemic change, integrated with 
sustainable development. Such change would require the 
upscaling and acceleration of the implementation of far-
reaching, multilevel and cross-sectoral climate mitigation 
and addressing barriers. Such systemic change would need 
to be linked to complementary adaptation actions, including 
transformational adaptation, especially for pathways that 
temporarily overshoot 1.5°C (medium evidence, high agreement) 
{Chapter 2, Chapter 3, 4.2.1, 4.4.5, 4.5}. Current national pledges 
on mitigation and adaptation are not enough to stay below the Paris 
Agreement temperature limits and achieve its adaptation goals. While 
transitions in energy efficiency, carbon intensity of fuels, electrification 
and land-use change are underway in various countries, limiting 
warming to 1.5°C will require a greater scale and pace of change to 
transform energy, land, urban and industrial systems globally. {4.3, 4.4, 
Cross-Chapter Box 9 in this Chapter} 

Although multiple communities around the world are 
demonstrating the possibility of implementation consistent with 
1.5°C pathways {Boxes 4.1-4.10}, very few countries, regions, 
cities, communities or businesses can currently make such 
a claim (high confidence). To strengthen the global response, 
almost all countries would need to significantly raise their level 
of ambition. Implementation of this raised ambition would 
require enhanced institutional capabilities in all countries, 
including building the capability to utilize indigenous and local 
knowledge (medium evidence, high agreement). In developing 
countries and for poor and vulnerable people, implementing the 
response would require financial, technological and other forms of 
support to build capacity, for which additional local, national and 
international resources would need to be mobilized (high confidence). 
However, public, financial, institutional and innovation capabilities 
currently fall short of implementing far-reaching measures at scale in 
all countries (high confidence). Transnational networks that support 
multilevel climate action are growing, but challenges in their scale-up 
remain. {4.4.1, 4.4.2, 4.4.4, 4.4.5, Box 4.1, Box 4.2, Box 4.7}

Adaptation needs will be lower in a 1.5°C world compared to 
a 2°C world (high confidence) {Chapter 3; Cross-Chapter Box 11 
in this chapter}. Learning from current adaptation practices and 
strengthening them through adaptive governance {4.4.1}, lifestyle 
and behavioural change {4.4.3} and innovative financing mechanisms 
{4.4.5} can help their mainstreaming within sustainable development 
practices. Preventing maladaptation, drawing on bottom-up approaches 
{Box 4.6} and using indigenous knowledge {Box 4.3} would effectively 
engage and protect vulnerable people and communities. While 
adaptation finance has increased quantitatively, significant further 
expansion would be needed to adapt to 1.5°C. Qualitative gaps in the 
distribution of adaptation finance, readiness to absorb resources, and 
monitoring mechanisms undermine the potential of adaptation finance 
to reduce impacts. {Chapter 3, 4.4.2, 4.4.5, 4.6}

System Transitions

The energy system transition that would be required to limit 
global warming to 1.5°C above pre-industrial conditions is 
underway in many sectors and regions around the world  
(medium evidence, high agreement). The political, economic, social 
and technical feasibility of solar energy, wind energy and electricity 
storage technologies has improved dramatically over the past few 
years, while that of nuclear energy and carbon dioxide capture 
and storage (CCS) in the electricity sector have not shown similar 
improvements. {4.3.1}

Electrification, hydrogen, bio-based feedstocks and substitution, 
and, in several cases, carbon dioxide capture, utilization and 
storage (CCUS) would lead to the deep emissions reductions 
required in energy-intensive industries to limit warming to 
1.5°C. However, those options are limited by institutional, economic and 
technical constraints, which increase financial risks to many incumbent 
firms (medium evidence, high agreement). Energy efficiency in industry 
is more economically feasible and helps enable industrial system 
transitions but would have to be complemented with greenhouse gas 
(GHG)-neutral processes or carbon dioxide removal (CDR) to make 
energy-intensive industries consistent with 1.5°C (high confidence). 
{4.3.1, 4.3.4}

Global and regional land-use and ecosystems transitions and 
associated changes in behaviour that would be required to 
limit warming to 1.5°C can enhance future adaptation and 
land-based agricultural and forestry mitigation potential. Such 
transitions could, however, carry consequences for livelihoods 
that depend on agriculture and natural resources {4.3.2, Cross-
Chapter Box 6 in Chapter 3}. Alterations of agriculture and forest 
systems to achieve mitigation goals could affect current ecosystems 
and their services and potentially threaten food, water and livelihood 
security. While this could limit the social and environmental feasibility 
of land-based mitigation options, careful design and implementation 
could enhance their acceptability and support sustainable development 
objectives (medium evidence, medium agreement). {4.3.2, 4.5.3}

Changing agricultural practices can be an effective climate 
adaptation strategy. A diversity of adaptation options exists, 
including mixed crop-livestock production systems which can be a 
cost-effective adaptation strategy in many global agriculture systems 
(robust evidence, medium agreement). Improving irrigation efficiency 
could effectively deal with changing global water endowments, 
especially if achieved via farmers adopting new behaviours and water-
efficient practices rather than through large-scale infrastructural 
interventions (medium evidence, medium agreement). Well-designed 
adaptation processes such as community-based adaptation can be 
effective depending upon context and levels of vulnerability. {4.3.2, 
4.5.3}

Improving the efficiency of food production and closing yield 
gaps have the potential to reduce emissions from agriculture, 
reduce pressure on land, and enhance food security and future 
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mitigation potential (high confidence). Improving productivity of 
existing agricultural systems generally reduces the emissions intensity 
of food production and offers strong synergies with rural development, 
poverty reduction and food security objectives, but options to reduce 
absolute emissions are limited unless paired with demand-side 
measures. Technological innovation including biotechnology, with 
adequate safeguards, could contribute to resolving current feasibility 
constraints and expand the future mitigation potential of agriculture. 
{4.3.2, 4.4.4}

Shifts in dietary choices towards foods with lower emissions 
and requirements for land, along with reduced food loss and 
waste, could reduce emissions and increase adaptation options 
(high confidence). Decreasing food loss and waste and changing 
dietary behaviour could result in mitigation and adaptation (high 
confidence) by reducing both emissions and pressure on land, with 
significant co-benefits for food security, human health and sustainable 
development {4.3.2, 4.4.5, 4.5.2, 4.5.3, 5.4.2}, but evidence of 
successful policies to modify dietary choices remains limited. 

Mitigation and Adaptation Options and Other Measures

A mix of mitigation and adaptation options implemented in a 
participatory and integrated manner can enable rapid, systemic 
transitions – in urban and rural areas – that are necessary 
elements of an accelerated transition consistent with limiting 
warming to 1.5°C. Such options and changes are most effective 
when aligned with economic and sustainable development, 
and when local and regional governments are supported by 
national governments {4.3.3, 4.4.1, 4.4.3}. Various mitigation 
options are expanding rapidly across many geographies. Although 
many have development synergies, not all income groups have so 
far benefited from them. Electrification, end-use energy efficiency 
and increased share of renewables, amongst other options, are 
lowering energy use and decarbonizing energy supply in the built 
environment, especially in buildings. Other rapid changes needed in 
urban environments include demotorization and decarbonization of 
transport, including the expansion of electric vehicles, and greater use 
of energy-efficient appliances (medium evidence, high agreement). 
Technological and social innovations can contribute to limiting 
warming to 1.5°C, for example, by enabling the use of smart grids, 
energy storage technologies and general-purpose technologies, such 
as information and communication technology (ICT) that can be 
deployed to help reduce emissions. Feasible adaptation options include 
green infrastructure, resilient water and urban ecosystem services, 
urban and peri-urban agriculture, and adapting buildings and land use 
through regulation and planning (medium evidence, medium to high 
agreement). {4.3.3, 4.4.3, 4.4.4}

Synergies can be achieved across systemic transitions through 
several overarching adaptation options in rural and urban areas. 
Investments in health, social security and risk sharing and spreading 
are cost-effective adaptation measures with high potential for scaling 
up (medium evidence, medium to high agreement). Disaster risk 
management and education-based adaptation have lower prospects of 
scalability and cost-effectiveness (medium evidence, high agreement) 
but are critical for building adaptive capacity. {4.3.5, 4.5.3}

Converging adaptation and mitigation options can lead to 
synergies and potentially increase cost-effectiveness, but 
multiple trade-offs can limit the speed of and potential for 
scaling up. Many examples of synergies and trade-offs exist in 
all sectors and system transitions. For instance, sustainable water 
management (high evidence, medium agreement) and investment in 
green infrastructure (medium evidence, high agreement) to deliver 
sustainable water and environmental services and to support urban 
agriculture are less cost-effective than other adaptation options but 
can help build climate resilience. Achieving the governance, finance 
and social support required to enable these synergies and to avoid 
trade-offs is often challenging, especially when addressing multiple 
objectives, and attempting appropriate sequencing and timing of 
interventions. {4.3.2, 4.3.4, 4.4.1, 4.5.2, 4.5.3, 4.5.4}

Though CO2 dominates long-term warming, the reduction of 
warming short-lived climate forcers (SLCFs), such as methane 
and black carbon, can in the short term contribute significantly to 
limiting warming to 1.5°C above pre-industrial levels. Reductions 
of black carbon and methane would have substantial co-benefits 
(high confidence), including improved health due to reduced air 
pollution. This, in turn, enhances the institutional and socio-
cultural feasibility of such actions. Reductions of several warming 
SLCFs are constrained by economic and social feasibility (low evidence, 
high agreement). As they are often co-emitted with CO2, achieving the 
energy, land and urban transitions necessary to limit warming to 1.5°C 
would see emissions of warming SLCFs greatly reduced. {2.3.3.2, 4.3.6} 

Most CDR options face multiple feasibility constraints, which 
differ between options, limiting the potential for any single 
option to sustainably achieve the large-scale deployment 
required in the 1.5°C-consistent pathways described in 
Chapter 2 (high confidence). Those 1.5°C pathways typically rely 
on bioenergy with carbon capture and storage (BECCS), afforestation 
and reforestation (AR), or both, to neutralize emissions that are 
expensive to avoid, or to draw down CO2 emissions in excess of the 
carbon budget {Chapter 2}. Though BECCS and AR may be technically 
and geophysically feasible, they face partially overlapping yet different 
constraints related to land use. The land footprint per tonne of CO2 

removed is higher for AR than for BECCS, but given the low levels of 
current deployment, the speed and scales required for limiting warming 
to 1.5°C pose a considerable implementation challenge, even if the 
issues of public acceptance and absence of economic incentives were 
to be resolved (high agreement, medium evidence). The large potential 
of afforestation and the co-benefits if implemented appropriately (e.g., 
on biodiversity and soil quality) will diminish over time, as forests 
saturate (high confidence). The energy requirements and economic 
costs of direct air carbon capture and storage (DACCS) and enhanced 
weathering remain high (medium evidence, medium agreement). At the 
local scale, soil carbon sequestration has co-benefits with agriculture 
and is cost-effective even without climate policy (high confidence). Its 
potential feasibility and cost-effectiveness at the global scale appears 
to be more limited. {4.3.7}

Uncertainties surrounding solar radiation modification 
(SRM) measures constrain their potential deployment. These 
uncertainties include: technological immaturity; limited physical 
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understanding about their effectiveness to limit global warming; and 
a weak capacity to govern, legitimize, and scale such measures. Some 
recent model-based analysis suggests SRM would be effective but that 
it is too early to evaluate its feasibility. Even in the uncertain case that 
the most adverse side-effects of SRM can be avoided, public resistance, 
ethical concerns and potential impacts on sustainable development 
could render SRM economically, socially and institutionally undesirable 
(low agreement, medium evidence). {4.3.8, Cross-Chapter Box 10 in 
this chapter}

Enabling Rapid and Far-Reaching Change 

The speed of transitions and of technological change required 
to limit warming to 1.5°C above pre-industrial levels has been 
observed in the past within specific sectors and technologies 
{4.2.2.1}. But the geographical and economic scales at which 
the required rates of change in the energy, land, urban, 
infrastructure and industrial systems would need to take place 
are larger and have no documented historic precedent (limited 
evidence, medium agreement). To reduce inequality and alleviate 
poverty, such transformations would require more planning and 
stronger institutions (including inclusive markets) than observed in the 
past, as well as stronger coordination and disruptive innovation across 
actors and scales of governance. {4.3, 4.4}

Governance consistent with limiting warming to 1.5°C and the 
political economy of adaptation and mitigation can enable and 
accelerate systems transitions, behavioural change, innovation and 
technology deployment (medium evidence, medium agreement). 
For 1.5°C-consistent actions, an effective governance framework 
would include: accountable multilevel governance that includes non-
state actors, such as industry, civil society and scientific institutions; 
coordinated sectoral and cross-sectoral policies that enable collaborative 
multi-stakeholder partnerships; strengthened global-to-local financial 
architecture that enables greater access to finance and technology; 
addressing climate-related trade barriers; improved climate education 
and greater public awareness; arrangements to enable accelerated 
behaviour change; strengthened climate monitoring and evaluation 
systems; and reciprocal international agreements that are sensitive 
to equity and the Sustainable Development Goals (SDGs). System 
transitions can be enabled by enhancing the capacities of public, private 
and financial institutions to accelerate climate change policy planning 
and implementation, along with accelerated technological innovation, 
deployment and upkeep. {4.4.1, 4.4.2, 4.4.3, 4.4.4}

Behaviour change and demand-side management can 
significantly reduce emissions, substantially limiting the 
reliance on CDR to limit warming to 1.5°C {Chapter 2, 4.4.3}.
Political and financial stakeholders may find climate actions more cost-
effective and socially acceptable if multiple factors affecting behaviour 
are considered, including aligning these actions with people’s core 
values (medium evidence, high agreement). Behaviour- and lifestyle-
related measures and demand-side management have already led 
to emission reductions around the world and can enable significant 
future reductions (high confidence). Social innovation through bottom-

up initiatives can result in greater participation in the governance of 
systems transitions and increase support for technologies, practices 
and policies that are part of the global response to limit warming to 
1.5°C . {Chapter 2, 4.4.1, 4.4.3, Figure 4.3} 

This rapid and far-reaching response required to keep warming 
below 1.5°C and enhance the capacity to adapt to climate risks 
would require large increases of investments in low-emission 
infrastructure and buildings, along with a redirection of financial 
flows towards low-emission investments (robust evidence, high 
agreement). An estimated mean annual incremental investment of 
around 1.5% of global gross fixed capital formation (GFCF) for the 
energy sector is indicated between 2016 and 2035, as well as about 
2.5% of global GFCF for other development infrastructure that could 
also address SDG implementation. Though quality policy design and 
effective implementation may enhance efficiency, they cannot fully 
substitute for these investments. {2.5.2, 4.2.1, 4.4.5}

Enabling this investment requires the mobilization and better 
integration of a range of policy instruments that include the 
reduction of socially inefficient fossil fuel subsidy regimes and innovative 
price and non-price national and international policy instruments. These 
would need to be complemented by de-risking financial instruments 
and the emergence of long-term low-emission assets. These instruments 
would aim to reduce the demand for carbon-intensive services and shift 
market preferences away from fossil fuel-based technology. Evidence 
and theory suggest that carbon pricing alone, in the absence of 
sufficient transfers to compensate their unintended distributional cross-
sector, cross-nation effects, cannot reach the incentive levels needed 
to trigger system transitions (robust evidence, medium agreement). 
But, embedded in consistent policy packages, they can help mobilize 
incremental resources and provide flexible mechanisms that help reduce 
the social and economic costs of the triggering phase of the transition 
(robust evidence, medium agreement). {4.4.3, 4.4.4, 4.4.5}

Increasing evidence suggests that a climate-sensitive 
realignment of savings and expenditure towards low-emission, 
climate-resilient infrastructure and services requires an 
evolution of global and national financial systems. Estimates 
suggest that, in addition to climate-friendly allocation of public 
investments, a potential redirection of 5% to 10% of the annual 
capital revenues1 is necessary for limiting warming to 1.5°C {4.4.5, 
Table 1 in Box 4.8}. This could be facilitated by a change of incentives 
for private day-to-day expenditure and the redirection of savings 
from speculative and precautionary investments towards long-
term productive low-emission assets and services. This implies the 
mobilization of institutional investors and mainstreaming of climate 
finance within financial and banking system regulation. Access by 
developing countries to low-risk and low-interest finance through 
multilateral and national development banks would have to be 
facilitated (medium evidence, high agreement). New forms of public–
private partnerships may be needed with multilateral, sovereign and 
sub-sovereign guarantees to de-risk climate-friendly investments, 
support new business models for small-scale enterprises and help 
households with limited access to capital. Ultimately, the aim is to 

1 Annual capital revenues are paid interests plus an increase of asset value.
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promote a portfolio shift towards long-term low-emission assets that 
would help redirect capital away from potentially stranded assets 
(medium evidence, medium agreement). {4.4.5}

Knowledge Gaps

Knowledge gaps around implementing and strengthening the 
global response to climate change would need to be urgently 
resolved if the transition to a 1.5°C world is to become reality.   
Remaining questions include: how much can be realistically expected 
from innovation and behavioural and systemic political and economic 
changes in improving resilience, enhancing adaptation and reducing 
GHG emissions? How can rates of changes be accelerated and scaled 
up? What is the outcome of realistic assessments of mitigation and 
adaptation land transitions that are compliant with sustainable 
development, poverty eradication and addressing inequality? What are 
life-cycle emissions and prospects of early-stage CDR options? How 
can climate and sustainable development policies converge, and how 
can they be organised within a global governance framework and 
financial system, based on principles of justice and ethics (including 
‘common but differentiated responsibilities and respective capabilities’ 
(CBDR-RC)), reciprocity and partnership? To what extent would 
limiting warming to 1.5°C require a harmonization of macro-financial 
and fiscal policies, which could include financial regulators such as 
central banks? How can different actors and processes in climate 
governance reinforce each other, and hedge against the fragmentation 
of initiatives? {4.1, 4.3.7, 4.4.1, 4.4.5, 4.6}
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4.1 Accelerating the Global Response 
to Climate Change

This chapter discusses how the global economy and socio-technical 
and socio-ecological systems can transition to 1.5°C-consistent 
pathways and adapt to warming of 1.5°C above pre-industrial levels. 
In the context of systemic transitions, the chapter assesses adaptation 
and mitigation options, including carbon dioxide removal (CDR), and 
potential solar radiation modification (SRM) remediative measures 
(Section 4.3), as well as the enabling conditions that would be required 
for implementing the rapid and far-reaching global response of limiting 
warming to 1.5°C (Section 4.4), and render the options more or less 
feasible (Section 4.5). 

The impacts of a 1.5°C-warmer world, while less than in a 2°C-warmer 
world, would require complementary adaptation and development 
action, typically at local and national scale. From a mitigation 
perspective, 1.5°C-consistent pathways require immediate action on 
a greater and global scale so as to achieve net zero emissions by mid-
century, or earlier (Chapter 2). This chapter and Chapter 5 highlight 
the potential that combined mitigation, development and poverty 
reduction offer for accelerated decarbonization. 

The global context is an increasingly interconnected world, with the 
human population growing from the current 7.6 billion to over 9 billion 
by mid-century (UN DESA, 2017). There has been a consistent growth of 
global economic output, wealth and trade with a significant reduction 
in extreme poverty. These trends could continue for the next few 
decades (Burt et al., 2014), potentially supported by new and disruptive 
information and communication, and nano- and bio-technologies. 
However, these trends co-exist with rising inequality (Piketty, 2014), 
exclusion and social stratification, and regions locked in poverty traps 
(Deaton, 2013) that could fuel social and political tensions. 

The aftermath of the 2008 financial crisis generated a challenging 
environment in which leading economists have issued repeated alerts 
about the ‘discontents of globalisation’ (Stiglitz, 2002), ‘depression 
economics’ (Krugman, 2009), an excessive reliance of export-led 
development strategies (Rajan, 2011), and risks of ‘secular stagnation’ 
due to the ‘saving glut’ that slows down the flow of global savings 
towards productive 1.5°C-consistent investments (Summers, 2016). 
Each of these affects the implementation of both 1.5°C-consistent 
pathways and sustainable development (Chapter 5). 

The range of mitigation and adaptation actions that can be deployed in 
the short run are well-known: for example, low-emission technologies, 
new infrastructure, and energy efficiency measures in buildings, 
industry and transport; transformation of fiscal structures; reallocation 
of investments and human resources towards low-emission assets; 
sustainable land and water management; ecosystem restoration; 
enhancement of adaptive capacities to climate risks and impacts; 
disaster risk management; research and development; and mobilization 
of new, traditional and indigenous knowledge. 

The convergence of short-term development co-benefits from 
mitigation and adaptation to address ‘everyday development failures’ 

(e.g., institutions, market structures and political processes) (Hallegatte 
et al., 2016; Pelling et al., 2018) could enhance the adaptive capacity 
of key systems at risk (e.g., water, energy, food, biodiversity, urban, 
regional and coastal systems) to 1.5°C climate impacts (Chapter 
3). The issue is whether aligning 1.5°C-consistent pathways with 
the Sustainable Development Goals (SDGs) will secure support for 
accelerated change and a new growth cycle (Stern, 2013, 2015). It is 
difficult to imagine how a 1.5°C world would be attained unless the 
SDG on cities and sustainable urbanization is achieved in developing 
countries (Revi, 2016), or without reforms in the global financial 
intermediation system. 

Unless affordable and environmentally and socially acceptable 
CDR becomes feasible and available at scale well before 2050, 
1.5°C-consistent pathways will be difficult to realize, especially in 
overshoot scenarios. The social costs and benefits of 1.5°C-consistent 
pathways depend on the depth and timing of policy responses and 
their alignment with short term and long-term development objectives, 
through policy packages that bring together a diversity of  policy 
instruments, including public investment (Grubb et al., 2014; Winkler 
and Dubash, 2015; Campiglio, 2016). 

Whatever its potential long-term benefits, a transition to a 1.5°C 
world may suffer from a lack of broad political and public support, 
if it exacerbates existing short-term economic and social tensions, 
including unemployment, poverty, inequality, financial tensions, 
competitiveness issues and the loss of economic value of carbon-
intensive assets (Mercure et al., 2018). The challenge is therefore how 
to strengthen climate policies without inducing economic collapse or 
hardship, and to make them contribute to reducing some of the ‘fault 
lines’ of the world economy (Rajan, 2011).

This chapter reviews literature addressing the alignment of climate 
with other public policies (e.g., fiscal, trade, industrial, monetary, urban 
planning, infrastructure, and innovation) and with a greater access to 
basic needs and services, defined by the SDGs. It also reviews how 
de-risking low-emission investments and the evolution of the financial 
intermediation system can help reduce the ‘savings glut’ (Arezki et 
al., 2016) and the gap between cash balances and long-term assets 
(Aglietta et al., 2015b) to support more sustainable and inclusive 
growth. 

As the transitions associated with 1.5°C-consistent pathways require 
accelerated and coordinated action, in multiple systems across all 
world regions, they are inherently exposed to risks of freeriding and 
moral hazards. A key governance challenge is how the convergence 
of voluntary domestic policies can be organized via aligned global, 
national and sub-national governance, based on reciprocity (Ostrom 
and Walker, 2005) and partnership (UN, 2016), and how different 
actors and processes in climate governance can reinforce each other 
to enable this (Gupta, 2014; Andonova et al., 2017). The emergence of 
polycentric sources of climate action and transnational and subnational 
networks that link these efforts (Abbott, 2012) offer the opportunity to 
experiment and learn from different approaches, thereby accelerating 
approaches led by national governments (Cole, 2015; Jordan et al., 
2015). 
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Section 4.2 of this chapter outlines existing rates of change and 
attributes of accelerated change. Section 4.3 identifies global systems, 
and their components, that offer options for this change. Section 4.4 
documents the enabling conditions that influence the feasibility of 
those options, including economic, financial and policy instruments that 

could trigger the transition to 1.5°C-consistent pathways. Section 4.5 
assesses mitigation and adaptation options for feasibility, strategies for 
implementation and synergies and trade-offs between mitigation and 
adaptation. 

4.2 Pathways Compatible with 1.5°C: Starting 
Points for Strengthening Implementation

4.2.1 Implications for Implementation of 
1.5°C-Consistent Pathways 

The 1.5°C-consistent pathways assessed in Chapter 2 form the 
basis for the feasibility assessment in section 4.5. A wide range of 
1.5°C-consistent pathways from integrated assessment modelling 
(IAM), supplemented by other literature, are assessed in Chapter 2 
(Sections 2.1, 2.3, 2.4, and 2.5). The most common feature shared 
by these pathways is their requirement for faster and more radical 
changes compared to 2°C and higher warming pathways.

A variety of 1.5°C-consistent technological options and policy targets 
is identified in the assessed modelling literature (Sections 2.3, 2.4, 2.5). 
These technology and policy options include energy demand reduction, 
greater penetration of low-emission and carbon-free technologies 
as well as electrification of transport and industry, and reduction of 

land-use change. Both the detailed integrated modelling pathway 
literature and a number of broader sectoral and bottom-up studies 
provide examples of how these sectoral technological and policy 
characteristics can be broken down sectorally for 1.5°C-consistent 
pathways (see Table 4.1).

Both the integrated pathway literature and the sectoral studies agree 
on the need for rapid transitions in the production and use of energy 
across various sectors, to be consistent with limiting global warming 
to 1.5°C. The pace of these transitions is particularly significant for 
the supply mix and electrification (Table 4.1). Individual, sectoral 
studies may show higher rates of change compared to IAMs (Figueres 
et al., 2017; Rockström et al., 2017; WBCSD, 2017; Kuramochi et al., 
2018). These trends and transformation patterns create opportunities 
and challenges for both mitigation and adaptation (Sections 4.2.1.1 
and 4.2.1.2) and have significant implications for the assessment of 
feasibility and enablers, including governance, institutions, and policy 
instruments addressed in Sections 4.3 and 4.4.

Pathways
Number 

of 
scenarios

Energy Buildings Transport Industry

Share of 
renewables 
in primary 
energy [%] 

Share of 
renewables in 
electricity [%] 

Change 
in energy 

demand for 
buildings (2010 
baseline) [%]

Share of low-
carbon fuels 
(electricity, 

hydrogen and 
biofuel) in 

transport [%]

Share of 
electricity in 

transport [%]

Industrial 
emissions 
reductions  

(2010 baseline) 
[%]

IAM 
Pathways 

2030

1.5°C-no or low-OS 50 29 (37; 26) 54 (65; 47) 0 (7; −7) [42] 12 (18; 9) [29] 5 (7; 3) [49] 42 (55; 34) [42]

1.5°C-high-OS 35 24 (27; 20) 43 (54; 37) −17 (−12; −20) [29] 7 (8; 6) [23] 3 (5; 3) 18 (28; −13) [29] 

S1 29 58 −8 4 49

S2 29 48 −14 5 4 19

S5 14 25 3 1

LED 37 60 30 21 42

Other 
Studies 
2030

Löffler et al. (2017) 46 79

IEA (2017c) (ETP) 31 47 2 14 5 22

IEA (2017g) (WEM) 27 50 –6 17 6 15

IAM 
Pathways 

2050

1.5°C-no or low-OS 50 60 (67; 52) 77 (86; 69) −17 (3; −36) [42] 55 (66; 35) [29] 23 (29; 17) [49] 79 (91; 67) [42]

1.5°C-high-OS 35 62 (68; 47) 82 (88; 64) −37 (−13; −51) [29] 38 (44; 27) [23] 18 (23; 14) 68 (81; 54) [29] 

S1 58 81 −21 34 74

S2 53 63 −25 26 23 73

S5 67 70 53 10

LED 73 77 45 59 91

Other 
Studies 
2050

Löffler et al. (2017) 100 100    

IEA (2017c) (ETP) 58 74 5 55 30 57

IEA (2017g) (WEM) 47 69 −5 58 32 55

Table 4.1 | Sectoral indicators of the pace of transformation in 1.5°C-consistent pathways, based on selected integrated pathways assessed in Chapter 2 (from the scenario database) 
  and several other studies reviewed in Chapter 2 that assess mitigation transitions consistent with limiting warming to 1.5°C. Values for ‘1.5°C-no or -low-OS’ and ‘1.5C-high- 
 OS’ indicate the median and the interquartile ranges for 1.5°C scenarios. If a number in square brackets is indicated, this is the number of scenarios for this indicator. S1, S2, S5  
 and LED represent the four illustrative pathway archetypes selected for this assessment (see Chapter 2, Section 2.1 and Supplementary Material 4.SM.1 for detailed description).
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4.2.1.1 Challenges and Opportunities for Mitigation Along 
the Reviewed Pathways

Greater scale, speed and change in investment patterns. There 
is agreement in the literature reviewed by Chapter 2 that staying 
below 1.5°C would entail significantly greater transformation in terms 
of energy systems, lifestyles and investments patterns compared 
to 2°C-consistent pathways. Yet there is limited evidence and low 
agreement regarding the magnitudes and costs of the investments 
(Sections 2.5.1, 2.5.2 and 4.4.5). Based on the IAM literature reviewed 
in Chapter 2, climate policies in line with limiting warming to 1.5°C 
would require a marked upscaling of supply-side energy system 
investments between now and mid-century, reaching levels of between 
1.6–3.8 trillion USD yr−1 globally with an average of about 3.5 trillion 
USD yr−1 over 2016–2050 (see Figure 2.27). This can be compared to 
an average of about 3.0 trillion USD yr−1 over the same period for 
2°C-consistent pathways (also in Figure 2.27). 

Not only the level of investment but also the type and speed of 
sectoral transformation would be impacted by the transitions 
associated with 1.5°C-consistent pathways. IAM literature projects 
that investments in low-emission energy would overtake fossil 
fuel investments globally by 2025 in 1.5°C-consistent pathways 
(Chapter 2, Section 2.5.2). The projected low-emission investments 
in electricity generation allocations over the period 2016–2050 are: 
solar (0.09–1.0 trillion USD yr−1), wind (0.1–0.35 trillion USD yr−1), 
nuclear (0.1–0.25 trillion USD yr−1), and transmission, distribution, 
and storage (0.3–1.3 trillion USD yr−1). In contrast, investments in 
fossil fuel extraction and unabated fossil electricity generation along 
a 1.5°C-consistent pathway are projected to drop by 0.3–0.85 trillion 
USD yr−1 over the period 2016–2050, with investments in unabated 
coal generation projected to halt by 2030 in most 1.5°C-consistent 
pathways (Chapter 2, Section 2.5.2). Estimates of investments in 
other infrastructure are currently unavailable, but they could be 
considerably larger in volume than solely those in the energy sector 
(Section 4.4.5). 

Greater policy design and decision-making implications. The 
1.5°C-consistent pathways raise multiple challenges for effective 
policy design and responses to address the scale, speed, and pace 
of mitigation technology, finance and capacity building needs. These 
policies and responses would also need to deal with their distributional 
implications while addressing adaptation to residual climate impacts 
(see Chapter 5). The available literature indicates that 1.5°C-consistent 
pathways would require robust, stringent and urgent transformative 
policy interventions targeting the decarbonization of energy supply, 
electrification, fuel switching, energy efficiency, land-use change, and 
lifestyles (Chapter 2, Section 2.5, 4.4.2, 4.4.3). Examples of effective 
approaches to integrate mitigation with adaptation in the context of 
sustainable development and to deal with distributional implications 
proposed in the literature include the utilization of dynamic adaptive 
policy pathways (Haasnoot et al., 2013; Mathy et al., 2016) and 
transdisciplinary knowledge systems (Bendito and Barrios, 2016). 
Yet, even with good policy design and effective implementation, 
1.5°C-consistent pathways would incur higher costs. Projections of the 
magnitudes of global economic costs associated with 1.5°C-consistent 
pathways and their sectoral and regional distributions from the 

currently assessed literature are scant, yet suggestive. For example, IAM 
simulations assessed in Chapter 2 project (with a probability greater 
than 50%) that marginal abatement costs, typically represented in 
IAMs through a carbon price, would increase by about 3–4 times by 
2050 under a 1.5°C-consistent pathway compared to a 2°C-consistent 
pathway (Chapter 2, Section 2.5.2, Figure 2.26). Managing these 
costs and distributional effects would require an approach that takes 
account of unintended cross-sector, cross-nation, and cross-policy 
trade-offs during the transition (Droste et al., 2016; Stiglitz et al., 2017;  
Pollitt, 2018; Sands, 2018; Siegmeier et al., 2018). 

Greater sustainable development implications. Few studies 
address the relations between the Shared Socio-Economic Pathways 
(SSPs) and the Sustainable Developments Goals (SDGs) (O’Neill et al., 
2015; Riahi et al., 2017). Nonetheless, literature on potential synergies 
and trade-offs between 1.5°C-consistent mitigation pathways and 
sustainable development dimensions is emerging (Chapter 2, Section 
2.5.3, Chapter 5, Section 5.4). Areas of potential trade-offs include 
reduction in final energy demand in relation to SDG 7 (the universal 
clean energy access goal) and increase of biomass production in 
relation to land use, water resources, food production, biodiversity 
and air quality (Chapter 2, Sections 2.4.3, 2.5.3). Strengthening the 
institutional and policy responses to deal with these challenges is 
discussed in Section 4.4 together with the linkage between disruptive 
changes in the energy sector and structural changes in other 
infrastructure (transport, building, water and telecommunication) 
sectors. A more in-depth assessment of the complexity and interfaces 
between 1.5°C-consistent pathways and sustainable development is 
presented in Chapter 5.

4.2.1.2 Implications for Adaptation Along the Reviewed 
Pathways

Climate variability and uncertainties in the underlying assumptions 
in Chapter 2’s IAMs as well as in model comparisons complicate 
discerning the implications for climate impacts, adaptation options and 
avoided adaptation investments at the global level of 2°C compared to 
1.5°C warming (James et al., 2017; Mitchell et al., 2017). 

Incremental warming from 1.5°C to 2°C would lead to significant 
increases in temperature and precipitation extremes in many regions 
(Chapter 3, Section 3.3.2, 3.3.3). Those projected changes in climate 
extremes under both warming levels, however, depend on the 
emissions pathways, as they have different greenhouse gas (GHG)/
aerosol forcing ratios. Impacts are sector-, system- and region-specific, 
as described in Chapter 3. For example, precipitation-related impacts 
reveal distinct regional differences (Chapter 3, Sections 3.3.3, 3.3.4, 
3.3.5, 3.4.2). Similarly, regional reduction in water availability and 
the lengthening of regional dry spells have negative implications for 
agricultural yields depending on crop types and world regions (see for 
example Chapter 3, Sections 3.3.4, 3.4.2, 3.4.6). 

Adaptation helps reduce impacts and risks. However, adaptation has 
limits. Not all systems can adapt, and not all impacts can be reversed 
(Cross-Chapter Box 12 in Chapter 5). For example, tropical coral reefs 
are projected to be at risk of severe degradation due to temperature-
induced bleaching (Chapter 3, Box 3.4).
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4.2.2 System Transitions and Rates of Change

Society-wide transformation involves socio-technical transitions 
and social-ecological resilience (Gillard et al., 2016). Transitional 
adaptation pathways would need to respond to low-emission 
energy and economic systems, and the socio-technical transitions 
for mitigation involve removing barriers in social and institutional 
processes that could also benefit adaptation (Pant et al., 2015; Geels 
et al., 2017; Ickowitz et al., 2017). In this chapter, transformative 
change is framed in mitigation around socio-technical transitions, and 
in adaptation around socio-ecological transitions. In both instances, 
emphasis is placed on the enabling role of institutions (including 
markets, and formal and informal regulation). 1.5°C-consistent 
pathways and adaptation needs associated with warming of 1.5°C 
imply both incremental and rapid, disruptive and transformative 
changes. 

4.2.2.1 Mitigation: historical rates of change and state 
of decoupling

Realizing 1.5°C-consistent pathways would require rapid and 
systemic changes on unprecedented scales (see Chapter 2 and 
Section 4.2.1). This section examines whether the needed rates of 
change have historical precedents and are underway.

Some studies conduct a de-facto validation of IAM projections. For CO2 
emission intensity over 1990–2010, this resulted in the IAMs projecting 
declining emission intensities while actual observations showed an 
increase. For individual technologies (in particular solar energy), IAM 
projections have been conservative regarding deployment rates and 
cost reductions (Creutzig et al., 2017), suggesting that IAMs do not 
always impute actual rates of technological change resulting from 
influence of shocks, broader changes and mutually reinforcing factors 
in society and politics (Geels and Schot, 2007; Daron et al., 2015; 
Sovacool, 2016; Battiston et al., 2017).

Other studies extrapolate historical trends into the future (Höök et al., 
2011; Fouquet, 2016), or contrast the rates of change associated with 
specific temperature limits in IAMs (such as those in Chapter 2) with 
historical trends to investigate plausibility of emission pathways and 
associated temperature limits (Wilson et al., 2013; Gambhir et al., 2017; 
Napp et al., 2017). When metrics are normalized to gross domestic 
product (GDP; as opposed to other normalization metrics such as 
primary energy), low-emission technology deployment rates used by 
IAMs over the course of the coming century are shown to be broadly 
consistent with past trends, but rates of change in emission intensity 
are typically overestimated (Wilson et al., 2013; Loftus et al., 2014; van 
Sluisveld et al., 2015). This bias is consistent with the findings from 
the ‘validation’ studies cited above, suggesting that IAMs may under-
report the potential for supply-side technological change assumed 
in 1.5°-consistent pathways, but may be more optimistic about the 
systemic ability to realize incremental changes in reduction of emission 
intensity as a consequence of favourable energy efficiency payback 
times (Wilson et al., 2013). This finding suggests that barriers and 
enablers other than costs and climate limits play a role in technological 
change, as also found in the innovation literature (Hekkert et al., 2007; 
Bergek et al., 2008; Geels et al., 2016b). 

One barrier to a greater rate of change in energy systems is that 
economic growth in the past has been coupled to the use of fossil 
fuels. Disruptive innovation and socio-technical changes could enable 
the decoupling of economic growth from a range of environmental 
drivers, including the consumption of fossil fuels, as represented by 
1.5°C-consistent pathways (UNEP, 2014; Newman, 2017). This may 
be relative decoupling due to rebound effects that see financial 
savings generated by renewable energy used in the consumption of 
new products and services (Jackson and Senker, 2011; Gillingham et 
al., 2013), but in 2015 and 2016 total global GHG emissions have 
decoupled absolutely from economic growth (IEA, 2017g; Peters 
et al., 2017). A longer data trend would be needed before stable 
decoupling can be established. The observed decoupling in 2015 
and 2016 was driven by absolute declines in both coal and oil use 
since the early 2000s in Europe, in the past seven years in the United 
States and Australia, and more recently in China (Newman, 2017). 
In 2017, decoupling in China reversed by 2% due to a drought 
and subsequent replacement of hydropower with coal-fired power 
(Tollefson, 2017), but this reversal is expected to be temporary (IEA, 
2017c). Oil consumption in China is still rising slowly, but absolute 
decoupling is ongoing in megacities like Beijing (Gao and Newman, 
2018) (see Box 4.9). 

4.2.2.2 Transformational adaptation

In some regions and places, incremental adaptation would not 
be sufficient to mitigate the impacts of climate change on social-
ecological systems (see Chapter 3). Transformational adaptation 
would then be required (Bahadur and Tanner, 2014; Pant et al., 
2015; Gillard, 2016; Gillard et al., 2016; Colloff et al., 2017; Termeer 
et al., 2017). Transformational adaptation refers to actions aiming 
at adapting to climate change resulting in significant changes in 
structure or function that go beyond adjusting existing practices 
(Dowd et al., 2014; IPCC, 2014a; Few et al., 2017), including 
approaches that enable new ways of decision-making on adaptation 
(Colloff et al., 2017). Few studies have assessed the potentially 
transformative character of adaptation options (Pelling et al., 2015; 
Rippke et al., 2016; Solecki et al., 2017), especially in the context of 
warming of 1.5°C. 

Transformational adaptation can be adopted at a large scale, can lead 
to new strategies in a region or resource system, transform places 
and potentially shift locations (Kates et al., 2012). Some systems 
might require transformational adaptation at 1.5°C. Implementing 
adaptation policies in anticipation of 1.5°C would require 
transformation and flexible planning of adaptation (sometimes 
called adaptation pathways) (Rothman et al., 2014; Smucker et 
al., 2015; Holland, 2017; Gajjar et al., 2018), an understanding of 
the varied stakeholders involved and their motives, and knowledge 
of less visible aspects of vulnerability based on social, cultural, 
political, and economic factors (Holland, 2017). Transformational 
adaptation would seek deep and long-term societal changes that 
influence sustainable development (Chung Tiam Fook, 2017; Few 
et al., 2017). 

Adaptation requires multidisciplinary approaches integrating 
scientific, technological and social dimensions. For example, a 
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framework for transformational adaptation and the integration 
of mitigation and adaptation pathways can transform rural 
indigenous communities to address risks of climate change and 
other stressors (Thornton and Comberti, 2017). In villages in rural 
Nepal, transformational adaptation has taken place, with villagers 
changing their agricultural and pastoralist livelihood strategies after 
years of lost crops due to changing rain patterns and degradation 
of natural resources (Thornton and Comberti, 2017). Instead, they 
are now opening stores, hotels, and tea shops. In another case, the 
arrival of an oil pipeline altered traditional Alaskan communities’ 
livelihoods. With growth of oil production, investments were made 
for rural development. A later drop in oil production decreased these 
investments. Alaskan indigenous populations are also dealing with 
impacts of climate change, such as sea level rise, which is altering 
their livelihood sources. Transformational adaptation is taking 
place by changing the energy matrix to renewable energy, in which 
indigenous people apply their knowledge to achieve environmental, 
economic, and social benefits (Thornton and Comberti, 2017).

4.2.2.3 Disruptive innovation

Demand-driven disruptive innovations that emerge as the product 
of political and social changes across multiple scales can be 
transformative (Seba, 2014; Christensen et al., 2015; Green and 
Newman, 2017a). Such innovations would lead to simultaneous, 
profound changes in behaviour, economies and societies (Seba, 2014; 
Christensen et al. 2015), but are difficult to predict in supply-focused 
economic models (Geels et al., 2016a; Pindyck, 2017). Rapid socio-
technical change has been observed in the solar industry (Creutzig et 
al. (2017). Similar changes to socio-ecological systems can stimulate 
adaptation and mitigation options that lead to more climate-resilient 
systems (Adger et al., 2005; Ostrom, 2009; Gillard et al., 2016) (see 
the Alaska and Nepal examples in Section 4.2.2.2). The increase in 
roof-top solar and energy storage technology as well as the increase in 
passive housing and net zero-emissions buildings are further examples 
of such disruptions (Green and Newman, 2017b). Both roof-top solar 
and energy storage have benefitted from countries’ economic growth 
strategies and associated price declines in photovoltaic technologies, 
particularly in China (Shrivastava and Persson, 2018), as well as from 
new information and communication technologies (Koomey et al., 
2013), rising demand for electricity in urban areas, and global concern 
regarding greenhouse gas emissions (Azeiteiro and Leal Filho, 2017; 
Lutz and Muttarak, 2017; Wamsler, 2017).

System co-benefits can create the potential for mutually enforcing 
and demand-driven climate responses (Jordan et al., 2015; 
Hallegatte and Mach, 2016; Pelling et al., 2018), and for rapid and 
transformational change (Cole, 2015; Geels et al., 2016b; Hallegatte 
and Mach, 2016). Examples of co-benefits include gender equality, 
agricultural productivity (Nyantakyi-Frimpong and Bezner-Kerr, 2015), 
reduced indoor air pollution (Satterthwaite and Bartlett, 2017), flood 
buffering (Colenbrander et al., 2017), livelihood support (Shaw et 
al., 2014; Ürge-Vorsatz et al., 2014), economic growth (GCEC, 2014; 
Stiglitz et al., 2017), social progress (Steg et al., 2015; Hallegatte and 
Mach, 2016) and social justice (Ziervogel et al., 2017; Patterson et 
al., 2018). 

Innovations that disrupt entire systems may leave firms and utilities 
with stranded assets, as the transition can happen very quickly (IPCC, 
2014b; Kossoy et al., 2015). This may have consequences for fossil 
fuels that are rendered ‘unburnable’ (McGlade and Ekins, 2015) and 
fossil fuel-fired power and industry assets that would become obsolete 
(Caldecott, 2017; Farfan and Breyer, 2017). The presence of multiple 
barriers and enablers operating in a system implies that rapid change, 
whether the product of many small changes (Termeer et al., 2017) 
or large-scale disruptions, is seldom an insular or discrete process 
(Sterling et al., 2017). This finding informs the multidimensional nature 
of feasibility in Cross-Chapter Box 3 in Chapter 1 which is applied in 
Section 4.5. Climate responses that are aligned with multiple feasibility 
dimensions and combine adaptation and mitigation interventions with 
non-climate benefits can accelerate change and reduce risks and costs 
(Fazey et al., 2018). Also political, social and technological influences on 
energy transitions, for example, can accelerate them faster than narrow 
techno-economic analysis suggests is possible (Kern and Rogge, 2016), 
but could also introduce new constraints and risks (Geels et al., 2016b; 
Sovacool, 2016; Eyre et al., 2018). 

Disruptive innovation and technological change may play a role in 
mitigation and in adaptation. The next section assesses mitigation 
and adaptation options in energy, land and ecosystem, urban and 
infrastructure and industrial systems.

4.3 Systemic Changes for 1.5°C-Consistent 
Pathways

Section 4.2 emphasizes the importance of systemic change for 
1.5°C-consistent pathways. This section translates this into four 
main system transitions: energy, land and ecosystem, urban and 
infrastructure, and industrial system transitions. This section assesses 
the mitigation, adaptation and carbon dioxide removal options that 
offer the potential for such change within those systems, based on 
options identified by Chapter 2 and risks and impacts in Chapter 3. 

The section puts more emphasis on those adaptation options (Sections 
4.3.1–4.3.5) and mitigation options (Sections 4.3.1–4.3.4, 4.3.6 
and 4.3.7) that are 1.5°C-relevant and have developed considerably 
since AR5. They also form the basis for the mitigation and adaptation 
feasibility assessments in Section 4.5. Section 4.3.8 discusses solar 
radiation modification methods. 

This section emphasizes that no single solution or option can enable a 
global transition to 1.5°C-consistent pathways or adapting to projected 
impacts. Rather, accelerating change, much of which is already starting 
or underway, in multiple global systems, simultaneously and at different 
scales, could provide the impetus for these system transitions. The 
feasibility of individual options as well as the potential for synergies 
and reducing trade-offs will vary according to context and the local 
enabling conditions. These are explored at a high level in Section 4.5. 
Policy packages that bring together multiple enabling conditions can 
provide building blocks for a strategy to scale up implementation and 
intervention impacts.
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4.3.1 Energy System Transitions

This section discusses the feasibility of mitigation and adaptation 
options related to the energy system transition. Only options relevant 
to 1.5°C and with significant changes since AR5 are discussed, which 
means that for options like hydropower and geothermal energy, 
the chapter refers to AR5 and does not provide a discussion. Socio-
technical inertia of energy options for 1.5°C-consistent pathways are 
increasingly being surmounted as fossil fuels start to be phased out. 
Supply-side mitigation and adaptation options and energy demand-
side options, including energy efficiency in buildings and transportation, 
are discussed in Section 4.3.3; options around energy use in industry 
are discussed in Section 4.3.4. 

Section 4.5 assesses the feasibility in a systematic manner based on 
the approach outlined in Cross-Chapter Box 3 in Chapter 1.

4.3.1.1 Renewable electricity: solar and wind

All renewable energy options have seen considerable advances over 
the years since AR5, but solar energy and both onshore and offshore 
wind energy have had dramatic growth trajectories. They appear well 
underway to contribute to 1.5°C-consistent pathways (IEA, 2017c; 
IRENA, 2017b; REN21, 2017). 

The largest growth driver for renewable energy since AR5 has been 
the dramatic reduction in the cost of solar photovoltaics (PV) (REN21, 
2017). This has made rooftop solar competitive in sunny areas between 
45° north and south latitude (Green and Newman, 2017b), though 
IRENA (2018) suggests it is cost effective in many other places too. Solar 
PV with batteries has been cost effective in many rural and developing 
areas (Pueyo and Hanna, 2015; Szabó et al., 2016; Jimenez, 2017), 
for example 19 million people in Bangladesh now have solar-battery 
electricity in remote villages and are reporting positive experiences on 
safety and ease of use (Kabir et al., 2017). Small-scale distributed energy 
projects are being implemented in developed and developing cities 
where residential and commercial rooftops offer potential for consumers 
becoming producers (called prosumers) (ACOLA, 2017; Kotilainen and 
Saari, 2018). Such prosumers could contribute significantly to electricity 
generation in sun-rich areas like California (Kurdgelashvili et al., 2016) 
or sub-Saharan Africa in combination with micro-grids and mini-grids 
(Bertheau et al., 2017). It could also contribute to universal energy 
access (SDG 7) as shown by (IEA, 2017c).

The feasibility of renewable energy options depends to a large 
extent on geophysical characteristics of the area where the option is 
implemented. However, technological advances and policy instruments 
make renewable energy options increasingly attractive in other areas. 
For example, solar PV is deployed commercially in areas with low solar 
insolation, like northwest Europe (Nyholm et al., 2017). Feasibility also 
depends on grid adaptations (e.g., storage, see below) as renewables 
grow (IEA, 2017c). For regions with high energy needs, such as 
industrial areas (see Section 4.3.4), high-voltage DC transmission 
across long distances would be needed (MacDonald et al., 2016). 

Another important factor affecting feasibility is public acceptance, in 
particular for wind energy and other large-scale renewable facilities 

(Yenneti and Day, 2016; Rand and Hoen, 2017; Gorayeb et al., 2018) 
that raise landscape management (Nadaï and Labussière, 2017) and 
distributional justice (Yenneti and Day, 2016) challenges. Research 
indicates that financial participation and community engagement can 
be effective in mitigating resistance (Brunes and Ohlhorst, 2011; Rand 
and Hoen, 2017) (see Section 4.4.3). 

Bottom-up studies estimating the use of renewable energy in the future, 
either at the global or at the national level, are plentiful, especially in 
the grey literature. It is hotly debated whether a fully renewable energy 
or electricity system, with or without biomass, is possible (Jacobson et 
al., 2015, 2017) or not (Clack et al., 2017; Heard et al., 2017), and by 
what year. Scale-up estimates vary with assumptions about costs and 
technological maturity, as well as local geographical circumstances 
and the extent of storage used (Ghorbani et al., 2017; REN21, 2017). 
Several countries have adopted targets of 100% renewable electricity 
(IEA, 2017c) as this meets multiple social, economic and environmental 
goals and contributes to mitigation of climate change (REN21, 2017).

4.3.1.2 Bioenergy and biofuels

Bioenergy is renewable energy from biomass. Biofuel is biomass-based 
energy used in transport. Chapter 2 suggests that pathways limiting 
warming to 1.5°C would enable supply of 67–310 (median 150) 
EJ yr−1 (see Table 2.8) from biomass. Most scenarios find that bioenergy 
is combined with carbon dioxide capture and storage (CCS, BECCS) if it 
is available but also find robust deployment of bioenergy independent 
of the availability of CCS (see Chapter 2, Section 2.3.4.2 and Section 
4.3.7 for a discussion of BECCS). Detailed assessments indicate that 
deployment is similar for pathways limiting global warming to below 
2°C (Chum et al., 2011; P. Smith et al., 2014; Creutzig et al., 2015b). 
There is however high agreement that the sustainable bioenergy 
potential in 2050 would be restricted to around 100 EJ yr−1 (Slade 
et al., 2014; Creutzig et al., 2015b). Sustainable deployment at such 
or higher levels envisioned by 1.5°C-consistent pathways may put 
significant pressure on available land, food production and prices 
(Popp et al., 2014b; Persson, 2015; Kline et al., 2017; Searchinger et 
al., 2017), preservation of ecosystems and biodiversity (Creutzig et 
al., 2015b; Holland et al., 2015; Santangeli et al., 2016), and potential 
water and nutrient constraints (Gerbens-Leenes et al., 2009; Gheewala 
et al., 2011; Bows and Smith, 2012; Smith and Torn, 2013; Bonsch et 
al., 2016; Lampert et al., 2016; Mouratiadou et al., 2016; Smith et al., 
2016b; Wei et al., 2016; Mathioudakis et al., 2017); but there is still low 
agreement on these interactions (Robledo-Abad et al., 2017). Some 
of the disagreement on the sustainable capacity for bioenergy stems 
from global versus local assessments. Global assessments may mask 
local dynamics that exacerbate negative impacts and shortages while 
at the same time niche contexts for deployment may avoid trade-offs 
and exploit co-benefits more effectively. In some regions of the world 
(e.g., the case of Brazilian ethanol, see Box 4.7, where land may be less 
of a constraint, the use of bioenergy is mature and the industry is well 
developed), land transitions could be balanced with food production 
and biodiversity to enable a global impact on CO2 emissions (Jaiswal 
et al., 2017).

The carbon intensity of bioenergy, key for both bioenergy as an 
emission-neutral energy option and BECCS as a CDR measure, is 
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still a matter of debate (Buchholz et al., 2016; Liu et al., 2018) and 
depends on management (Pyörälä et al., 2014; Torssonen et al., 2016; 
Baul et al., 2017; Kilpeläinen et al., 2017); direct and indirect land-use 
change emissions (Plevin et al., 2010; Schulze et al., 2012; Harris et 
al., 2015; Repo et al., 2015; DeCicco et al., 2016; Qin et al., 2016)2; the 
feedstock considered; and time frame (Zanchi et al., 2012; Daioglou et 
al., 2017; Booth, 2018; Sterman et al., 2018), as well as the availability 
of coordinated policies and management to minimize negative 
side effects and trade-offs, particularly those around food security 
(Stevanović et al., 2017) and livelihood and equity considerations 
(Creutzig et al., 2013; Calvin et al., 2014) .

Biofuels are a part of the transport sector in some cities and countries, 
and may be deployed as a mitigation option for aviation, shipping 
and freight transport (see Section 4.3.3.5) as well as industrial 
decarbonization (IEA, 2017g) (Section 4.3.4), though only Brazil has 
mainstreamed ethanol as a substantial, commercial option. Lower 
emissions and reduced urban air pollution have been achieved there 
by use of ethanol and biodiesel as fuels (Hill et al., 2006; Salvo et al., 
2017) (see Box 4.7).

4.3.1.3 Nuclear energy

Many scenarios in Chapter 2 and in AR5 (Bruckner et al., 2014) 
project an increase in the use of nuclear power, while others project 
a decrease. The increase can be realized through existing mature 
nuclear technologies or new options (generation III/IV reactors, 
breeder reactors, new uranium and thorium fuel cycles, small reactors 
or nuclear cogeneration).  

Even though scalability and speed of scaling of nuclear plants have 
historically been high in many nations, such rates are currently not 
achieved anymore. In the 1960s and 1970s, France implemented a 
programme to rapidly get 80% of its power from nuclear in about 
25 years (IAEA, 2018), but the current time lag between the decision 
date and the commissioning of plants is observed to be 10-19 years 
(Lovins et al., 2018). The current deployment pace of nuclear energy is 
constrained by social acceptability in many countries due to concerns 
over risks of accidents and radioactive waste management (Bruckner 
et al., 2014). Though comparative risk assessment shows health risks 
are low per unit of electricity production (Hirschberg et al., 2016), and 
land requirement is lower than that of other power sources (Cheng and 
Hammond, 2017), the political processes triggered by societal concerns 
depend on the country-specific means of managing the political 
debates around technological choices and their environmental impacts 
(Gregory et al., 1993). Such differences in perception explain why the 
2011 Fukushima incident resulted in a confirmation or acceleration of 
phasing out nuclear energy in five countries (Roh, 2017) while 30 other 
countries have continued using nuclear energy, amongst which 13 are 
building new nuclear capacity, including China, India and the United 
Kingdom (IAEA, 2017; Yuan et al., 2017). 

Costs of nuclear power have increased over time in some developed 
nations, principally due to market conditions where increased 

investment risks of high-capital expenditure technologies have 
become significant. ‘Learning by doing’ processes often failed to 
compensate for this trend because they were slowed down by the 
absence of standardization and series effects (Grubler, 2010). What 
the costs of nuclear power are and have been is debated in the 
literature (Lovering et al., 2016; Koomey et al., 2017). Countries with 
liberalized markets that continue to develop nuclear employ de-risking 
instruments through long-term contracts with guaranteed sale prices 
(Finon and Roques, 2013). For instance, the United Kingdom works 
with public guarantees covering part of the upfront investment costs 
of newly planned nuclear capacity. This dynamic differs in countries 
such as China and South Korea, where monopolistic conditions in 
the electric system allow for reducing investment risks, deploying 
series effects and enhancing the engineering capacities of users 
due to stable relations between the security authorities and builders 
(Schneider et al., 2017).

The safety of nuclear plants depends upon the public authorities of 
each country. However, because accidents affect worldwide public 
acceptance of this industry, questions have been raised about the risk 
of economic and political pressures weakening the safety of the plants 
(Finon, 2013; Budnitz, 2016). This raises the issue of international 
governance of civil nuclear risks and reinforced international 
cooperation involving governments, companies and engineering 
(Walker and Lönnroth, 1983; Thomas, 1988; Finon, 2013), based on the 
experience of the International Atomic Energy Agency.

4.3.1.4 Energy storage 

The growth in electricity storage for renewables has been around grid 
flexibility resources (GFR) that would enable several places to source 
more than half their power from non-hydro renewables (Komarnicki, 
2016). Ten types of GFRs within smart grids have been developed 
(largely since AR5)(Blaabjerg et al., 2004; IRENA, 2013; IEA, 2017d; 
Majzoobi and Khodaei, 2017), though how variable renewables 
can be balanced  without hydro or natural gas-based power back-
up at a larger scale would still need demonstration. Pumped hydro 
comprised 150 GW of storage capacity in 2016, and grid-connected 
battery storage just 1.7 GW, but the latter grew between 2015 to 
2016 by 50% (REN21, 2017). Battery storage has been the main 
growth feature in energy storage since AR5 (Breyer et al., 2017). 
This appears to the result of significant cost reductions due to mass 
production for electric vehicles (EVs) (Nykvist and Nilsson, 2015; Dhar 
et al., 2017). Although costs and technical maturity look increasingly 
positive, the feasibility of battery storage is challenged by concerns 
over the availability of resources and the environmental impacts of 
its production (Peters et al., 2017). Lithium, a common element in 
the earth’s crust, does not appear to be restricted and large increases 
in production have happened in recent years with eight new mines 
in Western Australia where most lithium is produced (GWA, 2016). 
Emerging battery technologies may provide greater efficiency and 
recharge rates (Belmonte et al., 2016) but remain significantly more 
expensive due to speed and scale issues compared to lithium ion 
batteries (Dhar et al., 2017; IRENA, 2017a).

2 While there is high agreement that indirect land use change (iLUC) could occur, there is low agreement about the actual extent of iLUC (P. Smith et al., 2014; Verstegen et 
al., 2015; Zilberman, 2017)
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Research and demonstration of energy storage in the form of thermal 
and chemical systems continues, but large-scale commercial systems 
are rare (Pardo et al., 2014). Renewably derived synthetic liquid (like 
methanol and ammonia) and gas (like methane and hydrogen) are 
increasingly being seen as a feasible storage options for renewable 
energy (producing fuel for use in industry during times when solar 
and wind are abundant) (Bruce et al., 2010; Jiang et al., 2010; Ezeji, 
2017) but, in the case of carbonaceous storage media, would need a 
renewable source of carbon to make a positive contribution to GHG 
reduction (von der Assen et al., 2013; Abanades et al., 2017) (see also 
Section 4.3.4.5). The use of electric vehicles as a form of storage has 
been modelled and evaluated as an opportunity, and demonstrations 
are emerging (Dhar et al., 2017; Green and Newman, 2017a), but 
challenges to upscaling remain.

4.3.1.5 Options for adapting electricity systems to 1.5°C  

Climate change has started to disrupt electricity generation and, if 
climate change adaptation options are not considered, it is predicted 
that these disruptions will be lengthier and more frequent (Jahandideh-
Tehrani et al., 2014; Bartos and Chester, 2015; Kraucunas et al., 2015; 
van Vliet et al., 2016). Adaptation would both secure vulnerable 
infrastructure and ensure the necessary generation capacity (Minville 
et al., 2009; Eisenack and Stecker, 2012; Schaeffer et al., 2012; Cortekar 
and Groth, 2015; Murrant et al., 2015; Panteli and Mancarella, 2015; 
Goytia et al., 2016). The literature shows high agreement that climate 
change impacts need to be planned for in the design of any kind of 
infrastructure, especially in the energy sector (Nierop, 2014), including 
interdependencies with other sectors that require electricity to function, 
including water, data, telecommunications and transport (Fryer, 2017). 

Recent research has developed new frameworks and models that 
aim to assess and identify vulnerabilities in energy infrastructure 
and create more proactive responses (Francis and Bekera, 2014; 
Ouyang and Dueñas-Osorio, 2014; Arab et al., 2015; Bekera and 
Francis, 2015; Knight et al., 2015; Jeong and An, 2016; Panteli et al., 
2016; Perrier, 2016; Erker et al., 2017; Fu et al., 2017). Assessments of 
energy infrastructure adaptation, while limited, emphasize the need 
for redundancy (Liu et al., 2017). The implementation of  controllable 
and islandable microgrids, including the use of residential batteries, 
can increase resiliency, especially after extreme weather events (Qazi 
and Young Jr., 2014; Liu et al., 2017). Hybrid renewables-based power 
systems with non-hydro capacity, such as with high-penetration wind 
generation, could provide the required system flexibility (Canales et 
al., 2015). Overall, there is high agreement that hybrid systems, taking 
advantage of an array of sources and time of use strategies, can help 
make electricity generation more resilient (Parkinson and Djilali, 2015), 
given that energy security standards are in place (Almeida Prado et 
al., 2016).

Interactions between water and energy are complex (IEA, 2017g). 
Water scarcity patterns and electricity disruptions will differ across 
regions. There is high agreement that mitigation and adaptation 
options for thermal electricity generation (if that remains fitted with 
CCS) need to consider increasing water shortages, taking into account 
other factors such as ambient water resources and demand changes in 
irrigation water (Hayashi et al., 2018). Increasing the efficiency of power 

plants can reduce emissions and water needs (Eisenack and Stecker, 
2012; van Vliet et al., 2016), but applying CCS would increase water 
consumption (Koornneef et al., 2012). The technological, economic, 
social and institutional feasibility of efficiency improvements is high, 
but insufficient to limit temperature rise to 1.5°C (van Vliet et al., 2016).

In addition, a number of options for water cooling management 
systems have been proposed, such as hydraulic measures (Eisenack 
and Stecker, 2012) and alternative cooling technologies (Chandel et al., 
2011; Eisenack and Stecker, 2012; Bartos and Chester, 2015; Murrant 
et al., 2015; Bustamante et al., 2016; van Vliet et al., 2016; Huang et al., 
2017b). There is high agreement on the technological and economic 
feasibility of these technologies, as their absence can severely impact 
the functioning of the power plant as well as safety and security 
standards.

4.3.1.6 Carbon dioxide capture and storage in the power sector  

The AR5 (IPCC, 2014b) as well as Chapter 2, Section 2.4.2, assign 
significant emission reductions over the course of this century to CO2 
capture and storage (CCS) in the power sector. This section focuses 
on CCS in the fossil-fuelled power sector; Section 4.3.4 discusses 
CCS in non-power industry, and Section 4.3.7 discusses bioenergy 
with CCS (BECCS). Section 2.4.2 puts the cumulative CO2 stored 
from fossil-fuelled power at 410 (199–470 interquartile range) GtCO2 

over this century. Such modelling suggests that CCS in the power 
sector can contribute to cost-effective achievement of emission 
reduction requirements for limiting warming to 1.5°C. CCS may also 
offer employment and political advantages for fossil fuel-dependent 
economies (Kern et al., 2016), but may entail more limited co-benefits 
than other mitigation options (that, e.g., generate power) and therefore 
relies on climate policy incentives for its business case and economic 
feasibility. Since 2017, two CCS projects in the power sector capture 
2.4 MtCO2 annually, while 30 MtCO2 is captured annually in all CCS 
projects (Global CCS Institute, 2017). 

The technological maturity of CO2 capture options in the power sectors 
has improved considerably (Abanades et al., 2015; Bui et al., 2018), 
but costs have not come down between 2005 and 2015 due to limited 
learning in commercial settings and increased energy and resources 
costs (Rubin et al., 2015). Storage capacity estimates vary greatly, but 
Section 2.4.2 as well as literature (V. Scott et al., 2015) indicate that 
perhaps 10,000 GtCO2 could be stored in underground reservoirs. 
Regional availability of this may not be sufficient, and it requires 
efforts to have this storage and the corresponding infrastructure 
available at the necessary rates and times (de Coninck and Benson, 
2014). CO2 retention in the storage reservoir was recently assessed 
as 98% over 10,000 years for well-managed reservoirs, and 78% 
for poorly regulated ones (Alcalde et al., 2018).  A paper reviewing 
42 studies on public perception of CCS (Seigo et al., 2014) found that 
social acceptance of CCS is predicted by trust, perceived risks and 
benefits. The technology itself mattered less than the social context of 
the project. Though insights on communication of CCS projects to the 
general public and inhabitants of the area around the CO2 storage sites 
have been documented over the years, project stakeholders are not 
consistently implementing these lessons, although some projects have 
observed good practices (Ashworth et al., 2015).
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CCS in the power sector is hardly being realized at scale, mainly 
because the incremental costs of capture, and the development of 
transport and storage infrastructures are not sufficiently compensated 
by market or government incentives (IEA, 2017c). In the two full-scale 
projects in the power sector mentioned above, part of the capture costs 
are compensated for by revenues from enhanced oil recovery (EOR) 
(Global CCS Institute, 2017), demonstrating that EOR helps developing 
CCS further. EOR is a technique that uses CO2 to mobilize more oil 
out of depleting oil fields, leading to additional CO2 emissions by 
combusting the additionally recovered oil (Cooney et al., 2015). 

4.3.2 Land and Ecosystem Transitions

This section assesses the feasibility of mitigation and adaptation options 
related to land use and ecosystems. Land transitions are grouped around 
agriculture and food, ecosystems and forests, and coastal systems. 

4.3.2.1 Agriculture and food

In a 1.5°C world, local yields are projected to decrease in tropical 
regions that are major food producing areas of the world (West Africa, 
Southeast Asia, South Asia, and Central and northern South America) 
(Schleussner et al., 2016). Some high-latitude regions may benefit from 
the combined effects of elevated CO2 and temperature because their 
average temperatures are below optimal temperature for crops. In both 
cases there are consequences for food production and quality (Cross-
Chapter Box 6 in Chapter 3 on Food Security), conservation agriculture, 
irrigation, food wastage, bioenergy and the use of novel technologies.

Food production and quality. Increased temperatures, including 
1.5°C warming, would affect the production of cereals such as wheat 
and rice, impacting food security (Schleussner et al., 2016). There is 
medium agreement that elevated CO2 concentrations can change food 
composition, with implications for nutritional security (Taub et al., 
2008; Högy et al., 2009; DaMatta et al., 2010; Loladze, 2014; De Souza 
et al., 2015), with the effects being different depending on the region 
(Medek et al., 2017).

Meta-analyses of the effects of drought, elevated CO2, and temperature 
conclude that at 2°C local warming and above, aggregate production of 
wheat, maize, and rice are expected to decrease in both temperate and 
tropical areas (Challinor et al., 2014). These production losses could be 
lowered if adaptation measures are taken (Challinor et al., 2014), such 
as developing varieties better adapted to changing climate conditions. 

Adaptation options can help ensure access to sufficient, quality food. 
Such options include conservation agriculture, improved livestock 
management, increasing irrigation efficiency, agroforestry and 
management of food loss and waste. Complementary adaptation and 
mitigation options, for example, the use of climate services (Section 
4.3.5), bioenergy (Section 4.3.1) and biotechnology (Section 4.4.4) can 
also serve to reduce emissions intensity and the carbon footprint of food 
production.

Conservation agriculture (CA) is a soil management approach 
that reduces the disruption of soil structure and biotic processes by 
minimising tillage. A recent meta-analysis showed that no-till practices 

work well in water-limited agroecosystems when implemented jointly 
with residue retention and crop rotation, but when used independently, 
may decrease yields in other situations (Pittelkow et al., 2014). 
Additional climate adaptations include adjusting planting times and 
crop varietal selection and improving irrigation efficiency. Adaptations 
such as these may increase wheat and maize yields by 7–12% under 
climate change (Challinor et al., 2014). CA can also help build adaptive 
capacity (medium evidence, medium agreement) (H. Smith et al., 2017; 
Pradhan et al., 2018) and have mitigation co-benefits through improved 
fertiliser use or efficient use of machinery and fossil fuels (Harvey et al., 
2014; Cui et al., 2018; Pradhan et al., 2018). CA practices can also raise 
soil carbon and therefore remove CO2 from the atmosphere (Aguilera 
et al., 2013; Poeplau and Don, 2015; Vicente-Vicente et al., 2016). 
However, CA adoption can be constrained by inadequate institutional 
arrangements and funding mechanisms (Harvey et al., 2014; Baudron 
et al., 2015; Li et al., 2016; Dougill et al., 2017; H. Smith et al., 2017).

Sustainable intensification of agriculture consists of agricultural 
systems with increased production per unit area but with management 
of the range of potentially adverse impacts on the environment (Pretty 
and Bharucha, 2014). Sustainable intensification can increase the 
efficiency of inputs and enhance health and food security (Ramankutty 
et al., 2018).

Livestock management. Livestock are responsible for more GHG 
emissions than all other food sources. Emissions are caused by feed 
production, enteric fermentation, animal waste, land-use change 
and livestock transport and processing. Some estimates indicate that 
livestock supply chains could account for 7.1 GtCO2 per year, equivalent 
to 14.5% of global anthropogenic greenhouse gas emissions (Gerber 
et al., 2013). Cattle (beef, milk) are responsible for about two-thirds 
of that total, largely due to methane emissions resulting from rumen 
fermentation (Gerber et al., 2013; Opio et al., 2013). 

Despite ongoing gains in livestock productivity and volumes, the 
increase of animal products in global diets is restricting overall 
agricultural efficiency gains because of inefficiencies in the conversion 
of agricultural primary production (e.g., crops) in the feed-animal 
products pathway (Alexander et al., 2017), offsetting the benefits of 
improvements in livestock production systems (Clark and Tilman, 2017). 

There is increasing agreement that overall emissions from food systems 
could be reduced by targeting the demand for meat and other livestock 
products, particularly where consumption is higher than suggested 
by human health guidelines. Adjusting diets to meet nutritional 
targets could bring large co-benefits, through GHG mitigation and 
improvements in the overall efficiency of food systems (Erb et al., 2009; 
Tukker et al., 2011; Tilman and Clark, 2014; van Dooren et al., 2014; 
Ranganathan et al., 2016). Dietary shifts could contribute one-fifth of 
the mitigation needed to hold warming below 2°C, with one-quarter of 
low-cost options (Griscom et al., 2017). There, however, remains limited 
evidence of effective policy interventions to achieve such large-scale 
shifts in dietary choices, and prevailing trends are for increasing rather 
than decreasing demand for livestock products at the global scale 
(Alexandratos and Bruinsma, 2012; OECD/FAO, 2017). How the role 
of dietary shift could change in 1.5°C-consistent pathways is also not 
clear (see Chapter 2). 
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Adaptation of livestock systems can include a suite of strategies such 
as using different breeds and their wild relatives to develop a genetic 
pool resilient to climatic shocks and longer-term temperature shifts 
(Thornton and Herrero, 2014), improving fodder and feed management 
(Bell et al., 2014; Havet et al., 2014) and disease prevention and control 
(Skuce et al., 2013; Nguyen et al., 2016). Most interventions that 
improve the productivity of livestock systems and enhance adaptation 
to climate changes would also reduce the emissions intensity of food 
production, with significant co-benefits for rural livelihoods and the 
security of food supplies (Gerber et al., 2013; FAO and NZAGRC, 2017a, 
b, c). Whether such reductions in emission intensity result in lower 
or higher absolute GHG emissions depends on overall demand for 
livestock products, indicating the relevance of integrating supply-side 
with demand-side measures within food security objectives (Gerber 
et al., 2013; Bajželj et al., 2014). Transitions in livestock production 
systems (e.g., from extensive to intensive) can also result in significant 
emission reductions as part of broader land-based mitigation strategies 
(Havlik et al., 2014).

Overall, there is high agreement that farm strategies that integrate 
mixed crop–livestock systems can improve farm productivity and 
have positive sustainability outcomes (Havet et al., 2014; Thornton 
and Herrero, 2014; Herrero et al., 2015; Weindl et al., 2015). Shifting 
towards mixed crop–livestock systems is estimated to reduce 
agricultural adaptation costs to 0.3% of total production costs while 
abating deforestation by 76 Mha globally, making it a highly cost-
effective adaptation option with mitigation co-benefits (Weindl et 
al., 2015). Evidence from various regions supports this (Thornton and 
Herrero, 2015), although the feasible scale varies between regions and 
systems, as well as being moderated by overall demand in specific 
food products. In Australia, some farmers have successfully shifted 
to crop–livestock systems where, each year, they allocate land and 
forage resources in response to climate and price trends (Bell et al., 
2014) . However, there can be some unintended negative impacts 
of such integration, including increased burdens on women, higher 
requirements of capital, competing uses of crop residues (e.g., feed 
vs. mulching vs. carbon sequestration) and higher requirements 
of management skills, which can be a challenge across several low 
income countries (Thornton and Herrero, 2015; Thornton et al., 2018). 
Finally, the feasibility of improving livestock efficiency is dependent 
on socio-cultural context and acceptability: there remain significant 
issues around widespread adoption of crossbred animals, especially by 
smallholders (Thornton et al., 2018).  

Irrigation efficiency. Irrigation efficiency is especially critical since 
water endowments are expected to change, with  20–60 Mha of 
global cropland being projected to revert from irrigated to rain-fed 
land, while other areas will receive higher precipitation in shorter time 
spans, thus affecting irrigation demand (Elliott et al., 2014). While 
increasing irrigation system efficiency is necessary, there is mixed 
evidence on how to enact efficiency improvements (Fader et al., 2016; 
Herwehe and Scott, 2018). Physical and technical strategies include 
building large-scale reservoirs or dams, renovating or deepening 
irrigation channels, building on-farm rainwater harvesting structures, 
lining ponds, channels and tanks to reduce losses through percolation 
and evaporation, and investing in small infrastructure such as sprinkler 
or drip irrigation sets (Varela-Ortega et al., 2016; Sikka et al., 2018). 

Each strategy has differing costs and benefits relating to unique 
biophysical, social, and economic contexts. Also, increasing irrigation 
efficiency may foster higher dependency on irrigation, resulting in a 
heightened sensitivity to climate that may be maladaptive in the long 
term (Lindoso et al., 2014).

Improvements in irrigation efficiency would need to be supplemented 
with ancillary activities, such as shifting to crops that require less water 
and improving soil and moisture conservation (Fader et al., 2016; 
Hong and Yabe, 2017; Sikka et al., 2018). Currently, the feasibility of 
improving irrigation efficiency is constrained by issues of replicability 
across scale and sustainability over time (Burney and Naylor, 2012), 
institutional barriers and inadequate market linkages (Pittock et al., 
2017). 

Growing evidence suggests that investing in behavioural shifts 
towards using irrigation technology such as micro-sprinklers or drip 
irrigation, is an effective and quick adaptation strategy (Varela-Ortega 
et al., 2016; Herwehe and Scott, 2018; Sikka et al., 2018) as opposed 
to large dams which have high financial, ecological and social costs 
(Varela-Ortega et al., 2016). While improving irrigation efficiency is 
technically feasible (R. Fishman et al., 2015) and has clear benefits for 
environmental values (Pfeiffer and Lin, 2014; R. Fishman et al., 2015), 
feasibility is regionally differentiated as shown by examples as diverse 
as Kansas (Jägermeyr et al., 2015), India (R. Fishman et al., 2015) and 
Africa (Pittock et al., 2017).  

Agroforestry. The integration of trees and shrubs into crop and 
livestock systems, when properly managed, can potentially restrict soil 
erosion, facilitate water infiltration, improve soil physical properties 
and buffer against extreme events (Lasco et al., 2014; Mbow et al., 
2014; Quandt et al., 2017; Sida et al., 2018). There is medium evidence 
and high agreement on the feasibility of agroforestry practices that 
enhance productivity, livelihoods and carbon storage (Lusiana et al., 
2012; Murthy, 2013; Coulibaly et al., 2017; Sida et al., 2018), including 
from indigenous production systems (Coq-Huelva et al., 2017), with 
variation by region, agroforestry type, and climatic conditions (Place 
et al., 2012; Coe et al., 2014; Mbow et al., 2014; Iiyama et al., 2017; 
Abdulai et al., 2018). Long-term studies examining the success of 
agroforestry, however, are rare (Coe et al., 2014; Meijer et al., 2015; 
Brockington et al., 2016; Zomer et al., 2016). 

The extent to which agroforestry practices employed at the farm level 
could be scaled up globally while satisfying growing food demand 
is relatively unknown. Agroforestry adoption has been relatively low 
and uneven (Jacobi et al., 2017; Hernández-Morcillo et al., 2018), with 
constraints including the expense of establishment and lack of reliable 
financial support, insecure land tenure, landowner’s lack of experience 
with trees, complexity of management practices, fluctuating market 
demand and prices for different food and fibre products, the time and 
knowledge required for management, low intermediate benefits to 
offset revenue lags, and inadequate market access (Pattanayak et al., 
2003; Mercer, 2004; Sendzimir et al., 2011; Valdivia et al., 2012; Coe et 
al., 2014; Meijer et al., 2015; Coulibaly et al., 2017; Jacobi et al., 2017).

Managing food loss and waste. The way food is produced, 
processed and transported strongly influences GHG emissions. Around 
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one-third of the food produced on the planet is not consumed (FAO, 
2013), affecting food security and livelihoods (See Cross-Chapter Box 
6 on Food Security in Chapter 3). Food wastage is a combination 
of food loss – the decrease in mass and nutritional value of food 
due to poor infrastructure, logistics, and lack of storage technologies 
and management – and food waste that derives from inappropriate 
human consumption that leads to food spoilage associated with 
inferior quality or overproduction. Food wastage could lead to an 
increase in emissions estimated to 1.9–2.5 GtCO2-eq yr−1 (Hiç et al., 
2016). 

Decreasing food wastage has high mitigation and adaptation potential 
and could play an important role in land transitions towards 1.5°C, 
provided that reduced food waste results in lower production-side 
emissions rather than increased consumption (Foley et al., 2011). There 
is medium agreement that a combination of individual–institutional 
behaviour (Refsgaard and Magnussen, 2009; Thornton and Herrero, 
2014), and improved technologies and management (Lin et al., 2013; 
Papargyropoulou et al., 2014) can transform food waste into products 
with marketable value. Institutional behaviour depends on investment 
and policies, which if adequately addressed could enable mitigation 
and adaptation co-benefits in a relatively short time.

Novel technologies. New molecular biology tools have been 
developed that can lead to fast and precise genome modification (De 
Souza et al., 2016; Scheben et al., 2016) (e.g., CRISPR Cas9; Ran et 
al., 2013; Schaeffer and Nakata, 2015). Such genome editing tools 
may moderately assist in mitigation and adaptation of agriculture 
in relation to climate changes, elevated CO2, drought and flooding 
(DaMatta et al., 2010; De Souza et al., 2015, 2016). These tools could 
contribute to developing new plant varieties that can adapt to warming 
of 1.5°C and overshoot, potentially avoiding some of the costs of crop 
shifting (Schlenker and Roberts, 2009; De Souza et al., 2016). However, 
biosafety concerns and government regulatory systems can be a major 
barrier to the use of these tools as this increases the time and cost 
of turning scientific discoveries into ready applicable technologies 
(Andow and Zwahlen, 2006; Maghari and Ardekani, 2011).

The strategy of reducing enteric methane emissions by ruminants 
through the development of inhibitors or vaccines has already been 
attempted with some successes, although the potential for application 
at scale and in different situations remains uncertain. A methane 
inhibitor has been demonstrated to reduce methane from feedlot 
systems by 30% over a 12-week period (Hristov et al., 2015) with 
some productivity benefits, but the ability to apply it in grazing systems 
will depend on further technological developments as well as costs 
and incentives. A vaccine could potentially modify the microbiota of 
the rumen and be applicable even in extensive grazing systems by 
reducing the presence of methanogenic micro-organisms (Wedlock et 
al., 2013) but has not yet been successfully demonstrated to reduce 
emissions in live animals. Selective breeding for lower-emitting 
ruminants is becoming rapidly feasible, offering small but cumulative 
emissions reductions without requiring substantial changes in farm 
systems (Pickering et al., 2015).

Technological innovation in culturing marine and freshwater micro 
and macro flora has significant potential to expand food, fuel and 

fibre resources, and could reduce impacts on land and conventional 
agriculture (Greene et al., 2017).

Technological innovation could assist in increased agricultural efficiency 
(e.g., via precision agriculture), decrease food wastage and genetics 
that enhance plant adaptation traits (Section 4.4.4). Technological and 
associated management improvements may be ways to increase the 
efficiency of contemporary agriculture to help produce enough food 
to cope with population increases in a 1.5°C warmer world, and help 
reduce the pressure on natural ecosystems and biodiversity.

4.3.2.2 Forests and other ecosystems

Ecosystem restoration. Biomass stocks in tropical, subtropical, 
temperate and boreal biomes currently hold 1085, 194, 176, 190 Gt CO2, 
respectively. Conservation and restoration can enhance these natural 
carbon sinks (Erb et al., 2017). 

Recent studies explore options for conservation, restoration and 
improved land management estimating up to 23 GtCO2 (Griscom et 
al., 2017). Mitigation potentials are dominated by reduced rates of 
deforestation, reforestation and forest management, and concentrated 
in tropical regions (Houghton, 2013; Canadell and Schulze, 2014; Grace 
et al., 2014; Houghton et al., 2015; Griscom et al., 2017). Much of the 
literature focuses on REDD+ (reducing emissions from deforestation and 
forest degradation) as an institutional mechanism. However, restoration 
and management activities need not be limited to REDD+, and locally 
adapted implementation may keep costs low, capitalize on co-benefits 
and ensure consideration of competing for socio-economic goals (Jantke 
et al., 2016; Ellison et al., 2017; Perugini et al., 2017; Spencer et al., 2017).

Half of the estimated potential can be achieved at <100 USD/tCO2; and 
a third of the cost-effective potential at <10 USD/tCO2 (Griscom et al., 
2017). Variation of costs in projects aiming to reduce emissions from 
deforestation is high when considering opportunity and transaction 
costs (Dang Phan et al., 2014; Overmars et al., 2014; Ickowitz et al., 
2017; Rakatama et al., 2017).

However, the focus on forests raises concerns of cross-biome leakage 
(medium evidence, low agreement) (Popp et al., 2014a; Strassburg 
et al., 2014; Jayachandran et al., 2017) and encroachment on other 
ecosystems (Veldman et al., 2015). Reducing rates of deforestation 
constrains the land available for agriculture and grazing, with trade-
offs between diets, higher yields and food prices (Erb et al., 2016a; 
Kreidenweis et al., 2016). Forest restoration and conservation are 
compatible with biodiversity (Rey Benayas et al., 2009; Jantke et al., 
2016) and available water resources; in the tropics, reducing rates of 
deforestation maintains cooler surface temperatures (Perugini et al., 
2017) and rainfall (Ellison et al., 2017). 

Its multiple potential co-benefits have made REDD+ important for local 
communities, biodiversity and sustainable landscapes (Ngendakumana 
et al., 2017; Turnhout et al., 2017). There is low agreement on whether 
climate impacts will reverse mitigation benefits of restoration (Le Page 
et al., 2013) by increasing the likelihood of disturbance (Anderegg et 
al., 2015), or reinforce them through carbon fertilization (P. Smith et 
al., 2014).
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Emerging regional assessments offer new perspectives for upscaling. 
Strengthening coordination, additional funding sources, and access 
and disbursement points increase the potential of REDD+ in working 
towards 2°C and 1.5°C limits (Well and Carrapatoso, 2017). While 
there are indications that land tenure has a positive impact (Sunderlin 
et al., 2014), a meta-analysis by Wehkamp et al. (2018a) shows that 
there is medium evidence and low agreement on which aspects of 
governance improvements are supportive of conservation. Local 
benefits, especially for indigenous communities, will only be accrued if 
land tenure is respected and legally protected, which is not often the 
case (Sunderlin et al., 2014; Brugnach et al., 2017). Although payments 
for reduced rates of deforestation may benefit the poor, the most 
vulnerable populations could have limited, uneven access (Atela et al., 
2014) and face lower opportunity costs from deforestation (Ickowitz 
et al., 2017).

Community-based adaptation (CbA). There is medium evidence 
and high agreement for the use of CbA. The specific actions to take 
will depend upon the location, context, and vulnerability of the specific 
community. CbA is defined as ‘a community-led process, based on 
communities’ priorities, needs, knowledge, and capacities, which aim 
to empower people to plan for and cope with the impacts of climate 
change’ (Reid et al., 2009). The integration of CbA with ecosystems-
based adaptation (EbA) has been increasingly promoted, especially in 
efforts to alleviate poverty (Mannke, 2011; Reid, 2016).

Despite the potential and advantages of both CbA and EbA, including 
knowledge exchange, information access and increased social capital 
and equity; institutional and governance barriers still constitute a 
challenge for local adaptation efforts (Wright et al., 2014; Fernández-
Giménez et al., 2015).

Wetland management. In wetland ecosystems, temperature rise has 
direct and irreversible impacts on species functioning and distribution, 
ecosystem equilibrium and services, and second-order impacts on local 
livelihoods (see Chapter 3, Section 3.4.3). The structure and function 
of wetland systems are changing due to climate change. Wetland 
management strategies, including adjustments in infrastructural, 
behavioural, and institutional practices have clear implications for 
adaptation (Colloff et al., 2016b; Finlayson et al., 2017; Wigand et al., 
2017) 

Despite international initiatives on wetland restoration and 
management through the Ramsar Convention on Wetlands, policies 
have not been effective (Finlayson, 2012; Finlayson et al., 2017). 
Institutional reform, such as flexible, locally relevant governance, 
drawing on principles of adaptive co-management, and multi-
stakeholder participation becomes increasingly necessary for effective 
wetland management (Capon et al., 2013; Finlayson et al., 2017).

4.3.2.3 Coastal systems

Managing coastal stress. Particularly to allow for the landward 
relocation of coastal ecosystems under a transition to a 1.5°C warmer 
world, planning for climate change would need to be integrated with 
the use of coastlines by humans (Saunders et al., 2014; Kelleway et al., 
2017). Adaptation options for managing coastal stress include coastal 

hardening through the building of seawalls and the re-establishment 
of coastal ecosystems such as mangroves (André et al., 2016; Cooper 
et al., 2016). While the feasibility of the solutions is high, they are 
expensive to scale (robust evidence, medium agreement).  

There is low evidence and high agreement that reducing the impact 
of local stresses (Halpern et al., 2015) will improve the resilience of 
marine ecosystems as they transition to a 1.5°C world (O’Leary et 
al., 2017).  Approaches to reducing local stresses are considered 
feasible, cost-effective and highly scalable. Ecosystem resilience 
may be increased through alternative livelihoods (e.g., sustainable 
aquaculture), which are among a suite of options for building resilience 
in coastal ecosystems. These options enjoy high levels of feasibility yet 
are expensive, which stands in the way of scalability (robust evidence, 
medium agreement) (Hiwasaki et al., 2015; Brugnach et al., 2017).  

Working with coastal communities has the potential for improving 
the resilience of coastal ecosystems. Combined with the advantages 
of using indigenous knowledge to guide transitions, solutions can be 
more effective when undertaken in partnership with local communities, 
cultures, and knowledge (See Box 4.3).

Restoration of coastal ecosystems and fisheries. Marine 
restoration is expensive compared to terrestrial restoration, and the 
survival of projects is currently low, with success depending on the 
ecosystem and site, rather than the size of the financial investment 
(Bayraktarov et al., 2016). Mangrove replanting shows evidence 
of success globally, with numerous examples of projects that have 
established forests (Kimball et al., 2015; Bayraktarov et al., 2016).

Efforts with reef-building corals have been attempted with a low level 
of success (Bayraktarov et al., 2016). Technologies to help re-establish 
coral communities are limited (Rinkevich, 2014), as are largely 
untested disruptive technologies (e.g., genetic manipulation, assisted 
evolution) (van Oppen et al., 2015). Current technologies also have 
trouble scaling given the substantial costs and investment required 
(Bayraktarov et al., 2016).

Johannessen and Macdonald (2016) report the ‘blue carbon’ sink to 
be 0.4–0.8% of global anthropogenic emissions. However, this does 
not adequately account for post-depositional processes and could 
overestimate removal potentials, subject to a risk of reversal. Seagrass 
beds will thus not contribute significantly to enabling 1.5°C-consistent 
pathways.

4.3.3 Urban and Infrastructure System Transitions

There will be approximately 70 million additional urban residents every 
year through to the middle part of this century (UN DESA, 2014). The 
majority of these new urban citizens will reside in small and medium-
sized cities in low- and middle-income countries (Cross-Chapter Box 
13 in Chapter 5). The combination of urbanization and economic 
and infrastructure development could account for an additional 
226 GtCO2 by 2050 (Bai et al. 2018). However, urban systems can 
harness the mega-trends of urbanization, digitalization, financialization 
and growing sub-national commitment to smart cities, green cities, 
resilient cities, sustainable cities and adaptive cities, for the type of 
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transformative change required by 1.5°C-consistent pathways (SDSN, 
2013; Parag and Sovacool, 2016; Roberts, 2016; Wachsmuth et al., 2016; 
Revi, 2017; Solecki et al., 2018). There is a growing number of urban 
climate responses driven by cost-effectiveness, development, work 
creation and inclusivity considerations (Solecki et al., 2013; Ahern et 
al., 2014; Floater et al., 2014; Revi et al., 2014a; Villarroel Walker et 
al., 2014; Kennedy et al., 2015; Rodríguez, 2015; McGranahan et al., 
2016; Dodman et al., 2017a; Newman et al., 2017; UN-Habitat, 2017; 
Westphal et al., 2017). 

In addition, low-carbon cities could reduce the need to deploy carbon 
dioxide removal (CDR) and solar radiation modification (SRM) (Fink, 
2013; Thomson and Newman, 2016).  

Cities are also places in which the risks associated with warming of 
1.5°C, such as heat stress, terrestrial and coastal flooding, new disease 
vectors, air pollution and water scarcity, will coalesce (see Chapter 3, 
Section 3.3) (Dodman et al., 2017a; Satterthwaite and Bartlett, 2017). 
Unless adaptation and mitigation efforts are designed around the need 
to decarbonize urban societies in the developed world and provide 
low-carbon solutions to the needs of growing urban populations in 
developing countries, they will struggle to deliver the pace or scale 
of change required by 1.5°C-consistent pathways (Hallegatte et al., 
2013; Villarroel Walker et al., 2014; Roberts, 2016; Solecki et al., 2018). 
The pace and scale of urban climate responses can be enhanced by 
attention to social equity (including gender equity), urban ecology 
(Brown and McGranahan, 2016; Wachsmuth et al., 2016; Ziervogel 
et al., 2016a) and participation in sub-national networks for climate 
action (Cole, 2015; Jordan et al., 2015). 

The long-lived urban transport, water and energy systems that will be 
constructed in the next three decades to support urban populations in 
developing countries and to retrofit cities in developed countries will 
have to be different to those built in Europe and North America in the 
20th century, if they are to support the required transitions (Freire et al., 
2014; Cartwright, 2015; McPhearson et al., 2016; Roberts, 2016; Lwasa, 
2017). Recent literature identifies energy, infrastructure, appliances, 
urban planning, transport and adaptation options as capable of 
facilitating systemic change. It is these aspects of the urban system that 
are discussed below and from which options in Section 4.5 are selected.

4.3.3.1 Urban energy systems

Urban economies tend to be more energy intensive than national 
economies due to higher levels of per capita income, mobility and 
consumption (Kennedy et al., 2015; Broto, 2017; Gota et al., 2018). 
However, some urban systems have begun decoupling development 
from the consumption of fossil fuel-powered energy through energy 
efficiency, renewable energy and locally managed smart grids 
(Dodman, 2009; Freire et al., 2014; Eyre et al., 2018; Glazebrook and 
Newman, 2018).

The rapidly expanding cities of Africa and Asia, where energy poverty 
currently undermines adaptive capacity (Westphal et al., 2017; 
Satterthwaite et al., 2018), have the opportunity to benefit from recent 

price changes in renewable energy technologies to enable clean 
energy access to citizens (SDG 7) (Cartwright, 2015; Watkins, 2015; 
Lwasa, 2017; Kennedy et al., 2018; Teferi and Newman, 2018). This will 
require strengthened energy governance in these countries (Eberhard 
et al., 2017). Where renewable energy displaces paraffin, wood fuel 
or charcoal feedstocks in informal urban settlements, it provides 
the co-benefits of improved indoor air quality, reduced fire risk and 
reduced deforestation, all of which can enhance adaptive capacity 
and strengthen demand for this energy (Newham and Conradie, 2013; 
Winkler, 2017; Kennedy et al., 2018; Teferi and Newman, 2018). 

4.3.3.2 Urban infrastructure, buildings and appliances

Buildings are responsible for 32% of global energy consumption (IEA, 
2016c) and have a large energy saving potential with available and 
demonstrated technologies such as energy efficiency improvements 
in technical installations and in thermal insulation (Toleikyte et al., 
2018) and energy sufficiency (Thomas et al., 2017). Kuramochi et 
al. (2018) show that 1.5°C-consistent pathways require building 
emissions to be reduced by 80–90% by 2050, new construction to 
be fossil-free and near-zero energy by 2020, and an increased rate of 
energy refurbishment of existing buildings to 5% per annum in OECD 
(Organisation for Economic Co-operation and Development) countries 
(see also Section 4.2.1).

Based on the IEA-ETP (IEA, 2017g), Chapter 2 identifies large saving 
potential in heating and cooling through improved building design, 
efficient equipment, lighting and appliances. Several examples of 
net zero energy in buildings are now available (Wells et al., 2018). 
In existing buildings, refurbishment enables energy saving (Semprini 
et al., 2017; Brambilla et al., 2018; D’Agostino and Parker, 2018; Sun 
et al., 2018) and cost savings (Toleikyte et al., 2018; Zangheri et al., 
2018).

Reducing the energy embodied in building materials provides further 
energy and GHG savings (Cabeza et al., 2013; Oliver and Morecroft, 
2014; Koezjakov et al., 2018), in particular through increased use of bio-
based materials (Lupíšek et al., 2015) and wood construction (Ramage 
et al., 2017). The United Nations Environment Programme (UNEP3) 
estimates that improving embodied energy, thermal performance, and 
direct energy use of buildings can reduce emissions by 1.9 GtCO2e yr −1 
(UNEP, 2017b), with an additional reduction of 3 GtCO2e yr−1 through 
energy efficient appliances and lighting (UNEP, 2017b). Further 
increasing the energy efficiency of appliances and lighting, heating 
and cooling offers the potential for further savings (Parikh and Parikh, 
2016; Garg et al., 2017). 

Smart technology, drawing on the internet of things (IoT) and building 
information modelling, offers opportunities to accelerate energy 
efficiency in buildings and cities (Moreno-Cruz and Keith, 2013; Hoy, 
2016) (see also Section 4.4.4). Some cities in developing countries 
are drawing on these technologies to adopt ‘leapfrog’ infrastructure, 
buildings and appliances to pursue low-carbon development (Newman 
et al., 2017; Teferi and Newman, 2017) (Cross-Chapter Box 13 in 
Chapter 5).

3 Currently called UN Environment. 
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4.3.3.3 Urban transport and urban planning

Urban form impacts demand for energy (Sims et al., 2014) and other 
welfare related factors: a meta-analysis of 300 papers reported 
energy savings of 26 USD per person per year attributable to a 10% 
increase in urban population density (Ahlfeldt and Pietrostefani, 
2017). Significant reductions in car use are associated with dense, 
pedestrianized cities and towns and medium-density transit corridors 
(Newman and Kenworthy, 2015; Newman et al., 2017) relative to low-
density cities in which car dependency is high (Schiller and Kenworthy, 
2018). Combined dense urban forms and new mass transit systems 
in Shanghai and Beijing have yielded less car use (Gao and Newman, 
2018) (see Box 4.9). Compact cities also create the passenger density 
required to make public transport more financially viable (Rode et al., 
2017; Ahlfeldt and Pietrostefani, 2017) and enable combinations of 
cleaner fuel feedstocks and urban smart grids, in which vehicles form 
part of the storage capacity (Oldenbroek et al., 2017). Similarly, the 
spatial organization of urban energy influenced the trajectories of 
urban development in cities as diverse as Hong Kong, Bengaluru and 
Maputo (Broto, 2017). 

The informal settlements of middle- and low-income cities, where urban 
density is more typically associated with a range of water- and vector-
borne health risks, may provide a notable exception to the adaptive 
advantages of urban density (Mitlin and Satterthwaite, 2013; Lilford et 
al., 2017) unless new approaches and technologies are harnessed to 
accelerate slum upgrading (Teferi and Newman, 2017).

Scenarios consistent with 1.5°C depend on a roughly 15% reduction 
in final energy use by the transport sector by 2050 relative to 2015 
(Chapter 2, Figure 2.12). In one analysis the phasing out of fossil fuel 
passenger vehicle sales by 2035–2050 was identified as a benchmark 
for aligning with 1.5°C-consistent pathways (Kuramochi et al., 2018). 
Reducing emissions from transport has lagged the power sector (Sims 
et al., 2014; Creutzig et al., 2015a), but evidence since AR5 suggests 
that cities are urbanizing and re-urbanizing in ways that coordinate 
transport sector adaptation and mitigation (Colenbrander et al., 2017; 
Newman et al., 2017; Salvo et al., 2017; Gota et al., 2018). The global 
transport sector could reduce 4.7 GtCO2e yr−1 (4.1–5.3) by 2030. 
This is significantly more than is predicted by integrated assessment 
models (UNEP, 2017b). Such a transition depends on cities that 
enable modal shifts and avoided journeys and that provide incentives 
for uptake of improved fuel efficiency and changes in urban design 
that encourage walkable cities, non-motorized transport and shorter 
commuter distances (IEA, 2016a; Mittal et al., 2016; Zhang et al., 
2016; Li and Loo, 2017). In at least 4 African cities, 43 Asian cities 
and 54 Latin American cities, transit-oriented development (TOD), 
has emerged as an organizing principle for urban growth and spatial 
planning (Colenbrander et al., 2017; Lwasa, 2017; BRTData, 2018). 
This trend is important to counter the rising demand for private cars in 
developing-country cities (AfDB/OECD/UNDP, 2016). In India, TOD has 
been combined with localized solar PV installations and new ways of 
financing rail expansion (Sharma, 2018). 

Cities pursuing sustainable transport benefit from reduced air pollution, 
congestion and road fatalities and are able to harness the relationship 
between transport systems, urban form, urban energy intensity 

and social cohesion (Goodwin and Van Dender, 2013; Newman and 
Kenworthy, 2015; Wee, 2015). 

Technology and electrification trends since AR5 make carbon-efficient 
urban transport easier (Newman et al., 2016), but realizing urban 
transport’s contribution to a 1.5°C-consistent pathways will require 
the type of governance that can overcome the financial, institutional, 
behavioural and legal barriers to change (Geels, 2014; Bakker et al., 
2017). 

Adaptation to a 1.5°C world is enabled by urban design and spatial 
planning policies that consider extreme weather conditions and reduce 
displacement by climate related disasters (UNISDR, 2009; UN-Habitat, 
2011; Mitlin and Satterthwaite, 2013).

Building codes and technology standards for public lighting, 
including traffic lights (Beccali et al., 2015), play a critical role in 
reducing carbon emissions, enhancing urban climate resilience and 
managing climate risk (Steenhof and Sparling, 2011; Parnell, 2015; 
Shapiro, 2016; Evans et al., 2017). Building codes can support the 
convergence to zero emissions from buildings (Wells et al., 2018) and 
can be used retrofit the existing building stock for energy efficiency 
(Ruparathna et al., 2016). 

The application of building codes and standards for 1.5°C-consistent 
pathways will require improved enforcement, which can be a challenge 
in developing countries where inspection resources are often limited 
and codes are poorly tailored to local conditions (Ford et al., 2015c; 
Chandel et al., 2016; Eisenberg, 2016; Shapiro, 2016; Hess and Kelman, 
2017; Mavhura et al., 2017). In all countries, building codes can be 
undermined by industry interests and can be maladaptive if they 
prevent buildings or land use from evolving to reduce climate impacts 
(Eisenberg, 2016; Shapiro, 2016). 

The deficit in building codes and standards in middle-income 
and developing-country cities need not be a constraint to more 
energy-efficient and resilient buildings (Tait and Euston-Brown, 
2017). For example, the relatively high price that poor households 
pay for unreliable and at times dangerous household energy 
in African cities has driven the uptake of renewable energy and 
energy efficiency technologies in the absence of regulations or 
fiscal incentives (Eberhard et al., 2011, 2016; Cartwright, 2015; 
Watkins, 2015). The Kuyasa Housing Project in Khayelitsha, one of 
Cape Town’s poorest suburbs, created significant mitigation and 
adaptation benefits by installing ceilings, solar water heaters and 
energy-efficient lightbulbs in houses independent of the formal 
housing or electrification programme (Winkler, 2017).

4.3.3.4  Electrification of cities and transport

The electrification of urban systems, including transport, has shown 
global progress since AR5 (IEA, 2016a; Kennedy et al., 2018; Schiller 
and Kenworthy, 2018). High growth rates are now appearing in 
electric vehicles (Figure 4.1), electric bikes and electric transit (IEA, 
2018), which would need to displace fossil fuel-powered passenger 
vehicles by 2035–2050 to remain in line with 1.5°C-consistent 
pathways. China’s 2017 Road Map calls for 20% of new vehicle 
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Figure 4.1 |  Increase of the global electric car stock by country (2013–
2017). The grey line is battery electric vehicles (BEV) only while the black line includes 
both BEV and plug-in hybrid vehicles (PHEV). Source: (IEA, 2018). Based on IEA data 
from Global EV Outlook 2018 © OECD/IEA 2018, IEA Publishing.

sales to be electric. India is aiming for exclusively electric vehicles 
(EVs) by 2032 (NITI Aayog and RMI, 2017). Globally, EV sales were 
up 42% in 2016 relative to 2015, and in the United States EV sales 
were up 36% over the same period (Johnson and Walker, 2016). 

The extent of electric railways in and between cities has expanded 
since AR5 (IEA, 2016a; Mittal et al., 2016; Zhang et al., 2016; Li and 
Loo, 2017). In high-income cities there is medium evidence for the 
decoupling of car use and wealth since AR5 (Newman, 2017). In cities 
where private vehicle ownership is expected to increase, less carbon-
intensive fuel sources and reduced car journeys will be necessary as 
well as electrification of all modes of transport (Mittal et al., 2016; 
van Vuuren et al., 2017). Some recent urban data show a decoupling 
of urban growth and GHG emissions (Newman and Kenworthy, 2015) 
and that ‘peak car’ has been reached in Shanghai and Beijing (Gao and 
Kenworthy, 2017) and beyond (Manville et al., 2017) (also see Box 4.9).

An estimated 800 cities globally have operational bike-share schemes (E. 
Fishman et al., 2015), and China had 250 million electric bicycles in 2017 
(Newman et al., 2017). Advances in information and communication 
technologies (ICT) offer cities the chance to reduce urban transport 
congestion and fuel consumption by making better use of the urban 
vehicle fleet through car sharing, driverless cars and coordinated public 
transport, especially when electrified (Wee, 2015; Glazebrook and 
Newman, 2018). Advances in ‘big-data’ can assist in creating a better 
understanding of the connections between cities, green infrastructure, 
environmental services and health (Jennings et al., 2016) and improve 
decision-making in urban development (Lin et al., 2017).

4.3.3.5 Shipping, freight and aviation

International transport hubs, including airports and ports, and the 
associated mobility of people are major economic contributors to most 
large cities even while under the governance of national authorities 
and international legislation. Shipping, freight and aviation systems 
have grown rapidly, and little progress has been made since AR5 on 
replacing fossil fuels, though some trials are continuing (Zhang, 2016; 
Bouman et al., 2017; EEA, 2017). Aviation emissions do not yet feature 

in IAMs (Bows-Larkin, 2015), but could be reduced by between a third 
and two-thirds through energy efficiency measures and operational 
changes (Dahlmann et al., 2016). On shorter intercity trips, aviation 
could be replaced by high-speed electric trains drawing on renewable 
energy (Åkerman, 2011). Some progress has been made on the use 
of electricity in planes and shipping (Grewe et al., 2017) though no 
commercial applications have arisen. Studies indicate that biofuels are 
the most viable means of decarbonizing intercontinental travel, given 
their technical characteristics, energy content and affordability (Wise 
et al., 2017). The lifecycle emissions of bio-based jet fuels and marine 
fuels can be considerable (Cox et al., 2014; IEA, 2017g) depending on 
their location (Elshout et al., 2014), but can be reduced by feedstock 
and conversion technology choices (de Jong et al., 2017). 

In recent years the potential for transport to use synfuels, such as 
ethanol, methanol, methane, ammonia and hydrogen, created from 
renewable electricity and CO2, has gained momentum but has not yet 
demonstrated benefits on a scale consistent with 1.5°C pathways (Ezeji, 
2017; Fasihi et al., 2017). Decarbonizing the fuel used by the world’s 
60,000 large ocean vessels faces governance barriers and the need for 
a global policy (Bows and Smith, 2012; IRENA, 2015; Rehmatulla and 
Smith, 2015). Low-emission marine fuels could simultaneously address 
sulphur and black carbon issues in ports and around waterways and 
accelerate the electrification of all large ports (Bouman et al., 2017; 
IEA, 2017g). 

4.3.3.6 Climate-resilient land use 

Urban land use influences energy intensity, risk exposure and adaptive 
capacity (Carter et al., 2015; Araos et al., 2016a; Ewing et al., 2016; 
Newman et al., 2016; Broto, 2017). Accordingly, urban land-use 
planning can contribute to climate mitigation and adaptation (Parnell, 
2015; Francesch-Huidobro et al., 2017) and the growing number of 
urban climate adaptation plans provide instruments to do this (Carter 
et al., 2015; Dhar and Khirfan, 2017; Siders, 2017; Stults and Woodruff, 
2017). Adaptation plans can reduce exposure to urban flood risk 
(which, in a 1.5°C world, could double relative to 1976–2005; Alfieri 
et al., 2017), heat stress (Chapter 3, Section 3.5.5.8), fire risk (Chapter 
3, Section 3.4.3.4) and sea level rise (Chapter 3, Section 3.4.5.1) 
(Schleussner et al., 2016).   

Cities can reduce their risk exposure by considering investment in 
infrastructure and buildings that are more resilient to warming of 
1.5°C or beyond. Where adaptation planning and urban planning 
generate the type of local participation that enhances capacity to cope 
with risks, they can be mutually supportive processes  (Archer et al., 
2014; Kettle et al., 2014; Campos et al., 2016; Chu et al., 2017; Siders, 
2017; Underwood et al., 2017). Not all adaptation plans are reported 
as effective (Measham et al., 2011; Hetz, 2016; Woodruff and Stults, 
2016; Mahlkow and Donner, 2017), especially in developing-country 
cities (Kiunsi, 2013). In cases where adaptation planning may further 
marginalize poor citizens, either through limited local control over 
adaptation priorities or by displacing impacts onto poorer communities, 
successful urban risk management would need to consider factors 
such as justice, equity, and inclusive participation, as well as recognize 
the political economy of adaptation (Archer, 2016; Shi et al., 2016; 
Ziervogel et al., 2016a, 2017; Chu et al., 2017).
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4.3.3.7 Green urban infrastructure and ecosystem services

Integrating and promoting green urban infrastructure (including 
street trees, parks, green roofs and facades, and water features) into 
city planning can be difficult (Leck et al., 2015) but increases urban 
resilience to impacts of 1.5°C warming (Table 4.2) in ways that can be 
more cost-effective than conventional infrastructure (Cartwright et al., 
2013; Culwick and Bobbins, 2016).

Realizing climate benefits from urban green infrastructure sometimes 
requires a city-region perspective (Wachsmuth et al., 2016). Where 
the urban impact on ecological systems in and beyond the city is 
appreciated, the potential for transformative change exists (Soderlund 
and Newman, 2015; Ziervogel et al., 2016a), and a locally appropriate 
combination of green space, ecosystem goods and services and the 
built environment can increase the set of urban adaptation options 
(Puppim de Oliveira et al., 2013). 

Milan, Italy, a city with deliberate urban greening policies, planted 
10,000 hectares of new forest and green areas over the last two 
decades (Sanesi et al., 2017). The accelerated growth of urban trees, 
relative to rural trees, in several regions of the world is expected to 
decrease tree longevity (Pretzsch et al., 2017), requiring monitoring 
and additional management of urban trees if their contribution to 
urban ecosystem-based adaptation and mitigation is to be maintained 
in a 1.5°C world (Buckeridge, 2015; Pretzsch et al., 2017). 

4.3.3.8 Sustainable urban water and environmental services

Urban water supply and wastewater treatment is energy intensive and 
currently accounts for significant GHG emissions (Nair et al., 2014). 
Cities can integrate sustainable water resource management and the 
supply of water services in ways that support mitigation, adaptation 
and development through waste water recycling and storm water 
diversion (Xue et al., 2015; Poff et al., 2016). Governance and finance 
challenges complicate balancing sustainable water supply and rising 
urban demand, particularly in low-income cities (Bettini et al., 2015; 
Deng and Zhao, 2015; Hill Clarvis and Engle, 2015; Lemos, 2015; 
Margerum and Robinson, 2015). 

Urban surface-sealing with impervious materials affects the volume 
and velocity of runoff and flooding during intense rainfall (Skougaard 
Kaspersen et al., 2015), but urban design in many cities now seeks 
to mediate runoff, encourage groundwater recharge and enhance 
water quality (Liu et al., 2014; Lamond et al., 2015; Voskamp and 
Van de Ven, 2015; Costa et al., 2016; Mguni et al., 2016; Xie et al., 
2017). Challenges remain for managing intense rainfall events that are 
reported to be increasing in frequency and intensity in some locations 
(Ziervogel et al., 2016b), and urban flooding is expected to increase at 
1.5°C of warming (Alfieri et al., 2017). This risk falls disproportionately 
on women and poor people in cities (Mitlin, 2005; Chu et al., 2016; 
Ziervogel et al., 2016b; Chant et al., 2017; Dodman et al., 2017a, b).

Nexus approaches that highlight urban areas as socio-ecological 
systems can support policy coherence (Rasul and Sharma, 2016) and 
sustainable urban livelihoods (Biggs et al., 2015). The water–energy–
food (WEF) nexus is especially important to growing urban populations 
(Tacoli et al., 2013; Lwasa et al., 2014; Villarroel Walker et al., 2014). 

Green 
Infrastructure

Adaptation 
Benefits

Mitigation 
Benefits

References

Urban tree planting, 
urban parks

Reduced heat island 
effect, psychological 
benefits

Less cement, reduced 
air-conditioning use

Demuzere et al., 2014; Mullaney et al., 2015; Soderlund and Newman, 2015; 
Beaudoin and Gosselin, 2016; Green et al., 2016; Lin et al., 2017

Permeable surfaces Water recharge
Less cement in city, 
some bio-sequestration, 
less water pumping

Liu et al., 2014; Lamond et al., 2015; Skougaard Kaspersen et al., 2015; Voskamp 
and Van de Ven, 2015; Costa et al., 2016; Mguni et al., 2016; Xie et al., 2017

Forest retention, urban 
agricultural land

Flood mediation, 
healthy lifestyles

Reduced air pollution 
Nowak et al., 2006; Tallis et al., 2011; Elmqvist et al., 2013; Buckeridge, 2015; Culwick and 
Bobbins, 2016; Panagopoulos et al., 2016; Stevenson et al., 2016; R. White et al., 2017

Wetland restoration, 
riparian buffer zones

Reduced urban flood-
ing, low-skilled local 
work, sense of place

Some bio-sequestration, 
less energy spent on 
water treatment

Cartwright et al., 2013; Elmqvist et al., 2015; Brown and McGranahan, 2016; 
Camps-Calvet et al., 2016; Culwick and Bobbins, 2016; McPhearson et al., 
2016; Ziervogel et al., 2016b; Collas et al., 2017; F. Li et al., 2017

Biodiverse urban habitat
Psychological benefits, 
inner-city recreation 

Carbon sequestration
Beatley, 2011; Elmqvist et al., 2015; Brown and McGranahan, 2016; Camps-Calvet et al., 2016; 
McPhearson et al., 2016; Collas et al., 2017; F. Li et al., 2017 

Table 4.2  |  Green urban infrastructure and benefits

4.3.4 Industrial Systems Transitions

Industry consumes about one-third of global final energy and contributes, 
directly and indirectly, about one-third of global GHG emissions (IPCC, 
2014b). If the increase in global mean temperature is to remain under 
1.5°C, modelling indicates that industry cannot emit more than 2 
GtCO2 in 2050, corresponding to a reduction of between 67 and 91% 
(interquartile range) in GHG emissions compared to 2010 (see Chapter 
2, Figures 2.20 and 2.21, and Table 4.1). Moreover, the consequences 
of warming of 1.5°C or more pose substantial challenges for industrial 
diversity. This section will first briefly discuss the limited literature on 
adaptation options for industry. Subsequently, new literature since AR5 
on the feasibility of industrial mitigation options will be discussed. 

Research assessing adaptation actions by industry indicates that only 
a small fraction of corporations has developed adaptation measures. 
Studies of adaptation in the private sector remain limited (Agrawala et 
al., 2011; Linnenluecke et al., 2015; Averchenkova et al., 2016; Bremer 
and Linnenluecke, 2016; Pauw et al., 2016a) and for 1.5°C are largely 
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absent. This knowledge gap is particularly evident for medium-sized 
enterprises and in low- and middle-income nations (Surminski, 2013). 

Depending on the industrial sector, mitigation consistent with 1.5°C 
would mean, across industries, a reduction of final energy demand 
by one-third, an increase of the rate of recycling of materials and the 
development of a circular economy in industry (Lewandowski, 2016; 
Linder and Williander, 2017), the substitution of materials in high-
carbon products with those made up of renewable materials (e.g., wood 
instead of steel or cement in the construction sector, natural textile 
fibres instead of plastics), and a range of deep emission reduction 
options, including use of bio-based feedstocks, low-emission heat 
sources, electrification of production processes, and/or capture and 
storage of all CO2 emissions by 2050 (Åhman et al., 2016). Some of the 
choices for mitigation options and routes for GHG-intensive industry 
are discrete and potentially subject to path dependency: if an industry 
goes one way (e.g., in keeping existing processes), it will be harder to 
transition to process change (e.g., electrification) (Bataille et al., 2018). 
In the context of rising demand for construction, an increasing share 
of industrial production may be based in developing countries (N. Li et 
al., 2017), where current efficiencies may be lower than in developed 
countries, and technical and institutional feasibility may differ (Ma et 
al., 2015). 

Except for energy efficiency, costs of disruptive change associated 
with hydrogen- or electricity-based production, bio-based feedstocks 
and carbon dioxide capture, (utilization) and storage (CC(U)S) for 
trade-sensitive industrial sectors (in particular the iron and steel, 
petrochemical and refining industries) make policy action by individual 
countries challenging because of competitiveness concerns (Åhman et 
al., 2016; Nabernegg et al., 2017).

Table 4.3 provides an overview of applicable mitigation options for key 
industrial sectors. 

Industrial mitigation option Iron/Steel Cement
Refineries and 
Petrochemicals

Chemicals

Process and Energy 
Efficiency

Can make a difference of between 10% and 50%, depending on the plant. Relevant but not enough for 1.5°C

Bio-based 
Coke can be made from biomass 
instead of coal

Partial (only energy-related 
emissions)

Biomass can replace fossil feedstocks

Circularity & Substitution 
More recycling and replacement by low-emission materials,

including alternative chemistries for cement
Limited potential

Electrification & Hydrogen
Direct reduction with hydrogen 
Heat generation through electricity

Partial (only electrified heat 
generation)

Electrified heat and hydrogen generation

Carbon dioxide capture, 
utilization and storage

Possible for process emissions and energy. Reduces 
emissions by 80–95%, and net emissions can become 

negative when combined with biofuel

Can be applied to energy emissions and different stacks but not on 
emissions of products in the use phase (e.g., gasoline)

Table 4.3  | Overview of different mitigation options potentially consistent with limiting warming to 1.5°C and applicable to main industrial sectors, including examples of  
 application (Napp et al., 2014; Boulamanti and Moya, 2017; Wesseling et al., 2017).

4.3.4.1 Energy efficiency

Isolated efficiency implementation in energy-intensive industries is a 
necessary but insufficient condition for deep emission reductions (Napp 
et al., 2014; Aden, 2018). Various options specific to different industries 

are available. In general, their feasibility depends on lowering capital 
costs and raising awareness and expertise (Wesseling et al., 2017). 
General-purpose technologies, such as ICT, and energy management 
tools can improve the prospects of energy efficiency in industry (see 
Section 4.4.4).

Cross-sector technologies and practices, which play a role in all 
industrial sectors including small- and medium-sized enterprises (SMEs) 
and non-energy intensive industry, also offer potential for considerable 
energy efficiency improvements. They include: (i) motor systems (for 
example electric motors, variable speed drives, pumps, compressors 
and fans), responsible for about 10% of worldwide industrial energy 
consumption, with a global energy efficiency improvement potential of 
around 20–25% (Napp et al., 2014); and (ii) steam systems, responsible 
for about 30% of industrial energy consumption and energy saving 
potentials of about 10% (Hasanbeigi et al., 2014; Napp et al., 2014). 
Waste heat recovery from industry has substantial potential for energy 
efficiency and emission reduction (Forman et al., 2016). Low awareness 
and competition from other investments limit the feasibility of such 
options (Napp et al., 2014). 

4.3.4.2 Substitution and circularity

Recycling materials and developing a circular economy can be 
institutionally challenging, as it requires advanced capabilities (Henry et 
al., 2006) and organizational changes (Cooper-Searle et al., 2018), but 
has advantages in terms of cost, health, governance and environment 
(Ali et al., 2017). An assessment of the impacts on energy use and 
environmental issues is not available, but substitution could play a large 
role in reducing emissions (Åhman et al., 2016) although its potential 
depends on the demand for material and the turnover rate of, for 
example, buildings (Haas et al., 2015). Material substitution and CO2 
storage options are under development, for example, the use of algae 
and renewable energy for carbon fibre production, which could become 
a net sink of CO2 (Arnold et al., 2018).

4.3.4.3 Bio-based feedstocks

Bio-based feedstock processes could be seen as part of the circular 
materials economy (see section above). In several sectors, bio-based 
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feedstocks would leave the production process of materials relatively 
untouched, and a switch would not affect the product quality, 
making the option more attractive. However, energy requirements 
for processing bio-based feedstocks are often high, costs are also 
still higher, and the emissions over the full life cycle, both upstream 
and downstream, could be significant (Wesseling et al., 2017). Bio-
based feedstocks may put pressure on natural resources by increasing 
land demand by biodiversity impacts beyond bioenergy demand for 
electricity, transport and buildings (Slade et al., 2014), and, partly as a 
result, face barriers in public acceptance (Sleenhoff et al., 2015). 

4.3.4.4 Electrification and hydrogen

Electrification of manufacturing processes would constitute a 
significant technological challenge and would entail a more disruptive 
innovation in industry than bio-based or CCS options to get to very low 
or zero emissions, except potentially in steel-making (Philibert, 2017). 
The disruptive characteristics could potentially lead to stranded assets, 
and could reduce political feasibility and industry support (Åhman 
et al., 2016). Electrification of manufacturing would require further 
technological development in industry, as well as an ample supply of 
cost-effective low-emission electricity (Philibert, 2017). 

Low-emission hydrogen can be produced by natural gas with CCS, 
by electrolysis of water powered by zero-emission electricity, or 
potentially in the future by generation IV nuclear reactors. Feasibility of 
electrification and use of hydrogen in production processes or fuel cells 
is affected by technical development (in terms of efficient hydrogen 
production and electrification of processes), by geophysical factors 
related to the availability of low-emission electricity (MacKay, 2013), 
by associated public perception and by economic feasibility, except 
in areas with ample solar and/or wind resources (Philibert, 2017; 
Wesseling et al., 2017). 

4.3.4.5 CO2 capture, utilization and storage in industry

CO2 capture in industry is generally considered more feasible than CCS 
in the power sector (Section 4.3.1) or from bioenergy sources (Section 
4.3.7), although CCS in industry faces similar barriers. Almost all of 
the current full-scale (>1MtCO2 yr−1) CCS projects capture CO2 from 
industrial sources, including the Sleipner project in Norway, which has 
been injecting CO2 from a gas facility in an offshore saline formation 
since 1996 (Global CCS Institute, 2017). Compared to the power 
sector, retrofitting CCS on existing industrial plants would leave the 
production process of materials relatively untouched (Åhman et al., 
2016), though significant investments and modifications still have to 
be made. Some industries, in particular cement, emit CO2 as inherent 
process emissions and can therefore not reduce emissions to zero 
without CC(U)S. CO2 stacks in some industries have a high economic 
and technical feasibility for CO2 capture as the CO2 concentration in 
the exhaust gases is relatively high (IPCC, 2005b; Leeson et al., 2017), 
but others require strong modifications in the production process, 
limiting technical and economic feasibility, though costs remain 
lower than other deep GHG reduction options (Rubin et al., 2015). 
There are indications that the energy use in CO2 capture through 
amine solvents (for solvent regeneration) can decrease by around 
60%, from 5 GJ tCO2

−1 in 2005 to 2 GJ tCO2
−1 in the best-performing 

current pilot plants (Idem et al., 2015), increasing both technical and 
economic potential for this option. The heterogeneity of industrial 
production processes might point to the need for specific institutional 
arrangements to incentivize industrial CCS (Mikunda et al., 2014), and 
may decrease institutional feasibility.

Whether carbon dioxide utilization (CCU) can contribute to limiting 
warming to 1.5°C depends on the origin of the CO2 (fossil, biogenic 
or atmospheric), the source of electricity for converting the CO2 
or regenerating catalysts, and the lifetime of the product. Review 
studies indicate that CO2 utilization in industry has a small role to 
play in limiting warming to 1.5°C because of the limited potential of 
reusing CO2 with currently available technologies and the re-emission 
of CO2 when used as a fuel (IPCC, 2005b; Mac Dowell et al., 2017). 
However, new developments could make CCU more feasible, in 
particular in CO2 use as a feedstock for carbon-based materials that 
would isolate CO2 from the atmosphere for a long time, and in low-
cost, low-emission electricity that would make the energy use of CO2 
capture more sustainable. The conversion of CO2 to fuels using zero-
emission electricity has a lower technical, economic and environmental 
feasibility than direct CO2 capture and storage from industry (Abanades 
et al., 2017), although the economic prospects have improved recently 
(Philibert, 2017).  

4.3.5 Overarching Adaptation Options Supporting 
Adaptation Transitions 

This section assesses overarching adaptation options –specific solutions 
from which actors can choose and make decisions to reduce climate 
vulnerability and build resilience. We examine their feasibility in 
the context of transitions of energy, land and ecosystem, urban and 
infrastructure, and industrial systems here, and further in Section 4.5. 
These options can contribute to creating an enabling environment for 
adaptation (see Table 4.4 and Section 4.4). 

4.3.5.1 Disaster risk management (DRM)

DRM is a process for designing, implementing and evaluating strategies, 
policies and measures to improve the understanding of disaster risk, 
and promoting improvement in disaster preparedness, response and 
recovery (IPCC, 2012). There is increased demand to integrate DRM and 
adaptation (Howes et al., 2015; Kelman et al., 2015; Serrao-Neumann 
et al., 2015; Archer, 2016; Rose, 2016; van der Keur et al., 2016; Kelman, 
2017; Wallace, 2017) to reduce vulnerability, but institutional, technical 
and financial capacity challenges in frontline agencies constitute 
constraints (medium evidence, high agreement) (Eakin et al., 2015; Kita, 
2017; Wallace, 2017).

4.3.5.2 Risk sharing and spreading

Risks associated with 1.5°C warming (Chapter 3, Section 3.4) may 
increase the demand for options that share and spread financial 
burdens. Formal, market-based (re)insurance spreads risk and 
provides a financial buffer against the impacts of climate hazards 
(Linnerooth-Bayer and Hochrainer-Stigler, 2015; Wolfrom and Yokoi-
Arai, 2015; O’Hare et al., 2016; Glaas et al., 2017; Patel et al., 2017). 
As an alternative to traditional indemnity-based insurance, index-
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based micro-crop and livestock insurance programmes have been 
rolled out in regions with less developed insurance markets (Akter et 
al., 2016, 2017; Jensen and Barrett, 2017). There is medium evidence 
and medium agreement on the feasibility of insurance for adaptation, 
with financial, social, and institutional barriers to implementation and 
uptake, especially in low-income nations (García Romero and Molina, 
2015; Joyette et al., 2015; Lashley and Warner, 2015; Jin et al., 2016). 
Social protection programmes include cash and in-kind transfers to 
protect poor and vulnerable households from the impact of economic 
shocks, natural disasters and other crises (World Bank, 2017b), and 
can build generic adaptive capacity and reduce vulnerability when 
combined with a comprehensive climate risk management approach 
(medium evidence, medium agreement) (Devereux, 2016; Lemos et al., 
2016).

4.3.5.3 Education and learning

Educational adaptation options motivate adaptation through building 
awareness (Butler et al., 2016; Myers et al., 2017), leveraging multiple 
knowledge systems (Pearce et al., 2015; Janif et al., 2016), developing 
participatory action research and social learning processes (Butler and 
Adamowski, 2015; Ensor and Harvey, 2015; Butler et al., 2016; Thi 
Hong Phuong et al., 2017; Ford et al., 2018), strengthening extension 
services, and building mechanisms for learning and knowledge sharing 
through community-based platforms, international conferences and 
knowledge networks (Vinke-de Kruijf and Pahl-Wostl, 2016) (medium 
evidence, high agreement).

4.3.5.4 Population health and health system adaptation options

Climate change will exacerbate existing health challenges (Chapter 3, 
Section 3.4.7). Options for enhancing current health services include 
providing access to safe water and improved sanitation, enhancing 
access to essential services such as vaccination, and developing or 
strengthening integrated surveillance systems (WHO, 2015). Combining 
these with iterative management can facilitate effective adaptation 
(medium evidence, high agreement).

4.3.5.5 Indigenous knowledge 

There is medium evidence and high agreement that indigenous 
knowledge is critical for adaptation, underpinning adaptive capacity 
through the diversity of indigenous agro-ecological and forest 
management systems, collective social memory, repository of 
accumulated experience and social networks (Hiwasaki et al., 2015; 
Pearce et al., 2015; Mapfumo et al., 2016; Sherman et al., 2016; Ingty, 
2017) (Box 4.3). Indigenous knowledge is threatened by acculturation, 
dispossession of land rights and land grabbing, rapid environmental 
changes, colonization and social change, resulting in increasing 
vulnerability to climate change – which climate policy can exacerbate 
if based on limited understanding of indigenous worldviews (Thornton 
and Manasfi, 2010; Ford, 2012; Nakashima et al., 2012; McNamara 
and Prasad, 2014). Many scholars argue that recognition of indigenous 
rights, governance systems and laws is central to adaptation, mitigation 
and sustainable development (Magni, 2017; Thornton and Comberti, 
2017; Pearce, 2018).

4.3.5.6 Human migration

Human migration, whether planned, forced or voluntary, is increasingly 
gaining attention as a response, particularly where climatic risks are 
becoming severe (Chapter 3, Section 3.4.10.2). There is medium 
evidence and low agreement as to whether migration is adaptive, 
in relation to cost effectiveness concerns (Grecequet et al., 2017) 
and scalability (Brzoska and Fröhlich, 2016; Gemenne and Blocher, 
2017; Grecequet et al., 2017). Migrating can have mixed outcomes 
on reducing socio-economic vulnerability (Birk and Rasmussen, 
2014; Kothari, 2014; Adger et al., 2015; Betzold, 2015; Kelman, 2015; 
Grecequet et al., 2017; Melde et al., 2017; World Bank, 2017a; Kumari 
Rigaud et al., 2018) and its feasibility is constrained by low political 
and legal acceptability and inadequate institutional capacity (Betzold, 
2015; Methmann and Oels, 2015; Brzoska and Fröhlich, 2016; Gemenne 
and Blocher, 2017; Grecequet et al., 2017; Yamamoto et al., 2017).  

4.3.5.7 Climate services 

There is medium evidence and high agreement that climate services 
can play a critical role in aiding adaptation decision-making (Vaughan 
and Dessai, 2014; Wood et al., 2014; Lourenço et al., 2016; Trenberth et 
al., 2016; Singh et al., 2017; Vaughan et al., 2018). The higher uptake 
of short-term climate information such as weather advisories and 
daily forecasts contrast with lesser use of longer-term information 
such as seasonal forecasts and multi-decadal projections (Singh et al., 
2017; Vaughan et al., 2018). Climate service interventions have met 
challenges with scaling up due to low capacity, inadequate institutions, 
and difficulties in maintaining systems beyond pilot project stage 
(Sivakumar et al., 2014; Tall et al., 2014; Gebru et al., 2015; Singh et 
al., 2016b), and technical, institutional, design, financial and capacity 
barriers to the application of climate information for better decision-
making remain (Briley et al., 2015; WMO, 2015; L. Jones et al., 2016; 
Lourenço et al., 2016; Snow et al., 2016; Harjanne, 2017; Singh et al., 
2017; C.J. White et al., 2017). 
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Option Enabling Conditions Examples

Disaster risk 
management 

(DRM)

Governance and institutional capacity:  supports post-disaster 
recovery and reconstruction (Kelman et al., 2015; Kull et al., 2016).

Early warning systems (Anacona et al., 2015), and monitoring of dangerous lakes and  
surrounding slopes (including using remote sensing) offer DRM opportunities  
(Emmer et al., 2016; Milner et al., 2017).

Risk sharing 
and spreading: 

insurance 

Institutional capacity and finance:  buffers climate risk 
(Wolfrom and Yokoi-Arai, 2015; O’Hare et al., 2016; Glaas 
et al., 2017; Jenkins et al., 2017; Patel et al., 2017).

In 2007, the Caribbean Catastrophe Risk Insurance Facility was formed to pool risk from 
tropical cyclones, earthquakes, and excess rainfalls (Murphy et al., 2012; CCRIF, 2017).

Social safety nets
Institutional capacity and finance: builds generic adaptive capacity 
and reduces social vulnerability (Weldegebriel and Prowse, 2013; 
Eakin et al., 2014; Lemos et al., 2016; Schwan and Yu, 2017).

In sub-Saharan Africa, cash transfer programmes targeting poor communities have proven  
successful in smoothing household welfare and food security during droughts, strengthening  
community ties, and reducing debt levels (del Ninno et al., 2016; Asfaw et al., 2017;  
Asfaw and Davis, 2018).

Education and 
learning

Behavioural change and institutional capacity: social learning 
strengthens adaptation and affects longer-term change (Clemens 
et al., 2015; Ensor and Harvey, 2015; Henly-Shepard et al., 2015).

Participatory scenario planning is a process by which multiple stakeholders work together 
to envision future scenarios under a range of climatic conditions (Oteros-Rozas et al.,  
2015; Butler et al., 2016; Flynn et al., 2018).

Population health 
and health system

Institutional capacity: 1.5°C warming will primarily exacerbate  
existing health challenges (K.R. Smith et al., 2014), which can  
be targeted by enhancing health services. 

Heatwave early warning and response systems coordinate the implementation of multiple 
measures in response to predicted extreme temperatures (e.g., public announcements, 
opening public cooling shelters, distributing information on heat stress symptoms) 
(Knowlton et al., 2014; Takahashi et al., 2015; Nitschke et al., 2016, 2017).

Indigenous 
knowledge 

Institutional capacity and behavioural change: knowledge of 
environmental conditions helps communities detect and monitor  
change (Johnson et al., 2015; Mistry and Berardi, 2016;  
Williams et al., 2017).

Options such as integration of indigenous knowledge into resource management systems  
and school curricula, are identified as potential adaptations (Cunsolo Willox et al., 2013;  
McNamara and Prasad, 2014; MacDonald et al., 2015; Pearce et al., 2015; Chambers  
et al., 2017; Inamara and Thomas, 2017). 

Human migration
Governance: revising and adopting migration issues in national 
disaster risk management policies, National Adaptation Plans 
and NDCs (Kuruppu and Willie, 2015; Yamamoto et al., 2017).

In dryland India, populations in rural regions already experiencing 1.5°C warming are  
migrating to cities (Gajjar et al., 2018) but are inadequately covered by existing  
policies (Bhagat, 2017).

Climate services

Technological innovation: rapid technical development (due to 
increased financial inputs and growing demand) is improving  
quality of climate information provided (Rogers and Tsirkunov,  
2010; Clements et al., 2013; Perrels et al., 2013; Gasc et al., 2014;  
WMO, 2015; Roudier et al., 2016).

Climate services are seeing wide application in sectors such as agriculture, health, 
disaster management and insurance (Lourenço et al., 2016; Vaughan et al., 2018), 
with implications for adaptation decision-making (Singh et al., 2017).

Table 4.4 | Assessment of overarching adaptation options in relation to enabling conditions. For more details, see Supplementary Material 4.SM.2. 

Cross-Chapter Box 9 |  Risks, Adaptation Interventions, and Implications for Sustainable Development 
and Equity Across Four Social-Ecological Systems: Arctic, Caribbean, Amazon, and Urban 

Authors: 
Debora Ley (Guatemala/Mexico), Malcolm E. Araos (Canada), Amir Bazaz (India), Marcos Buckeridge (Brazil), Ines Camilloni 
(Argentina), James Ford (UK/Canada), Bronwyn Hayward (New Zealand), Shagun Mehrotra (USA/India), Antony Payne (UK), Patricia 
Pinho (Brazil), Aromar Revi (India), Kevon Rhiney (Jamaica), Chandni Singh (India), William Solecki (USA), Avelino Suarez (Cuba), 
Michael Taylor (Jamaica), Adelle Thomas (Bahamas).

This box presents four case studies from different social-ecological systems as examples of risks of 1.5°C warming and higher 
(Chapter 3); adaptation options that respond to these risks (Chapter 4); and their implications for poverty, livelihoods and 
sustainability (Chapter 5). It is not yet possible to generalize adaptation effectiveness across regions due to a lack of empirical 
studies and monitoring and evaluation of current efforts. 

Arctic 
The Arctic is undergoing the most rapid climate change globally (Larsen et al., 2014), warming by 1.9°C  over the last 30 years 
(Walsh, 2014; Grosse et al., 2016). For 2°C of global warming relative to pre-industrial levels, chances of an ice-free Arctic during 
summer are substantially higher than at 1.5°C (see Chapter 3, Sections 3.3.5 and 3.3.8), with permafrost melt, increased instances 
of storm surge, and extreme weather events anticipated along with later ice freeze up, earlier break up, and a longer ice-free open 
water season (Bring et al., 2016; DeBeer et al., 2016; Jiang et al., 2016; Chadburn et al., 2017; Melvin et al., 2017). Negative impacts 
on health, infrastructure, and economic sectors (AMAP, 2017a, b, 2018) are projected, although the extension of the summer ocean-
shipping season has potential economic opportunities (Ford et al., 2015b; Dawson et al., 2016; Ng et al., 2018). 
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Communities, many with indigenous roots, have adapted to environmental change, developing or shifting harvesting activities and 
patterns of travel and transitioning economic systems (Forbes et al., 2009; Wenzel, 2009; Ford et al., 2015b; Pearce et al., 2015), 
although emotional and psychological effects have been documented (Cunsolo Willox et al., 2012; Cunsolo and Ellis, 2018). Besides 
climate change (Keskitalo et al., 2011; Loring et al., 2016), economic and social conditions can constrain the capacity to adapt unless 
resources and cooperation are available from public and private sector actors (AMAP, 2017a, 2018) (see Chapter 5, Box 5.3). In 
Alaska, the cumulative economic impacts of climate change on public infrastructure are projected at 4.2 billion USD to 5.5 billion 
USD from 2015 to 2099, with adaptation efforts halving these estimates (Melvin et al., 2017). Marginalization, colonization, and 
land dispossession provide broader underlying challenges facing many communities across the circumpolar north in adapting to 
change (Ford et al., 2015a; Sejersen, 2015) (see Section 4.3.5). 

Adaptation opportunities include alterations to building codes and infrastructure design, disaster risk management, and surveillance 
(Ford et al., 2014a; AMAP, 2017a, b; Labbé et al., 2017). Most adaptation initiatives are currently occurring at local levels in response 
to both observed and projected environmental changes as well as social and economic stresses (Ford et al., 2015a). In a recent study 
of Canada, most adaptations were found to be in the planning stages (Labbé et al., 2017). Studies have suggested that a number of 
the adaptation actions are not sustainable, lack evaluation frameworks, and hold potential for maladaptation (Loboda, 2014; Ford et 
al., 2015a; Larsson et al., 2016). Utilizing indigenous and local knowledge and stakeholder engagement can aid the development of 
adaptation policies and broader sustainable development, along with more proactive and regionally coherent adaptation plans and 
actions, and regional cooperation (e.g., through the Arctic Council) (Larsson et al., 2016; AMAP, 2017a; Melvin et al., 2017; Forbis Jr 
and Hayhoe, 2018) (see Section 4.3.5). 

Caribbean Small Island Developing States (SIDS) and Territories
Extreme weather, linked to tropical storms and hurricanes, represent one of the largest risks facing Caribbean island nations 
(Chapter 3, Section 3.4.5.3). Non-economic damages include detrimental health impacts, forced displacement and destruction of 
cultural heritages. Projections of increased frequency of the most intense storms at 1.5°C and higher warming levels (Wehner et 
al., 2018; Chapter 3, Section 3.3.6; Box 3.5) are a significant cause for concern, making adaptation a matter of survival (Mycoo and 
Donovan, 2017).  

Despite a shared vulnerability arising from commonalities in location, circumstance and size (Bishop and Payne, 2012; Nurse et al., 
2014), adaptation approaches are nuanced by differences in climate governance, affecting vulnerability and adaptive capacity (see 
Section 4.4.1). Three cases exemplify differences in disaster risk management.

Cuba: Together with a robust physical infrastructure and human-resource base (Kirk, 2017), Cuba has implemented an effective 
civil defence system for emergency preparedness and disaster response, centred around community mobilization and preparedness 
(Kirk, 2017). Legislation to manage disasters, an efficient and robust early warning system, emergency stockpiles, adequate shelter 
system and continuous training and education of the population help create a ‘culture of risk’ (Isayama and Ono, 2015; Lizarralde 
et al., 2015) which reduces vulnerability to extreme events (Pichler and Striessnig, 2013). Cuba’s infrastructure is still susceptible to 
devastation, as seen in the aftermath of the 2017 hurricane season.

United Kingdom Overseas Territories (UKOT): All UKOT have developed National Disaster Preparedness Plans (PAHO/WHO, 
2016) and are part of the Caribbean Disaster Risk Management Program which aims to improve disaster risk management 
within the health sector. Different vulnerability levels across the UKOT (Lam et al., 2015) indicate the benefits of greater regional 
cooperation and capacity-building, not only within UKOT, but throughout the Caribbean (Forster et al., 2011). While sovereign states 
in the region can directly access climate funds and international support, Dependent Territories are reliant on their controlling 
states (Bishop and Payne, 2012). There tends to be low-scale management for environmental issues in UKOT, which increases 
UKOT’s vulnerability. Institutional limitations, lack of human and financial resources, and limited long-term planning are identified 
as barriers to adaptation (Forster et al., 2011).

Jamaica: Disaster management is coordinated through a hierarchy of national, parish and community disaster committees under the 
leadership of the Office of Disaster Preparedness and Emergency Management (ODPEM). ODPEM coordinates disaster preparedness 
and risk-reduction efforts among key state and non-state agencies (Grove, 2013). A National Disaster Committee provides technical 
and policy oversight to the ODPEM and is composed of representatives from multiple stakeholders (Osei, 2007). Most initiatives 
are primarily funded through a mix of multilateral and bilateral loan and grant funding focusing on strengthening technical and 
institutional capacities of state- and research-based institutions and supporting integration of climate change considerations into 
national and sectoral development plans (Robinson, 2017).

Cross Chapter Box 9 (continued)
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To improve climate change governance in the region, Pittman et al. (2015) suggest incorporating holistic and integrated management 
systems, improving flexibility in collaborative processes, implementing monitoring programs, and increasing the capacity of local 
authorities. Implementation of the 2030 Sustainable Development Agenda and the Sustainable Development Goals (SDGs) can 
contribute to addressing the risks related with extreme events (Chapter 5, Box 5.3).   

The Amazon
Terrestrial forests, such as the Amazon, are sensitive to changes in the climate, particularly drought (Laurance and Williamson, 2001) 
which might intensify through the 21st century (Marengo and Espinoza, 2016) (Chapter 3, Section 3.5.5.6). 

The poorest communities in the region face substantial risks with climate change, and barriers and limits to adaptive capacity (Maru 
et al., 2014; Pinho et al., 2014, 2015; Brondízio et al., 2016). The Amazon is considered a hotspot, with interconnections between 
increasing temperature, decreased precipitation and hydrological flow (Betts et al., 2018) (Sections 3.3.2.2, 3.3.3.2 and 3.3.5); low 
levels of socio-economic development (Pinho et al., 2014); and high levels of climate vulnerability (Darela et al., 2016). Limiting 
global warming to 1.5°C could increase food and water security in the region compared to 2°C (Betts et al., 2018), reduce the impact 
on poor people and sustainable development, and make adaptation easier (O’Neill et al., 2017), particularly in the Amazon (Bathiany 
et al., 2018) (Chapter 5, Section 5.2.2).

Climate policy in many Amazonian nations has focused on forests as carbon sinks (Soares-Filho et al., 2010). In 2009, the Brazilian 
National Policy on Climate Change acknowledged adaptation as a concern, and the government sought to mainstream adaptation 
into public administration. Brazil’s National Adaptation Plan sets guidelines for sectoral adaptation measures, primarily by developing 
capacity building, plans, assessments and tools to support adaptive decision-making. Adaptation is increasingly being presented 
as having mitigation co-benefits in the Brazilian Amazon (Gregorio et al., 2016), especially within ecosystem-based adaptation 
(Locatelli et al., 2011). In Peru’s Framework Law for Climate Change, every governmental sector will consider climatic conditions as 
potential risks and/or opportunities to promote economic development and to plan adaptation.

Drought and flood policies have had limited effectiveness in reducing vulnerability (Marengo et al., 2013). In the absence of effective 
adaptation, achieving the SDGs will be challenging, mainly in poverty, health, water and sanitation, inequality and gender equality 
(Chapter 5, Section 5.2.3). 

Urban systems
Around 360 million people reside in urban coastal areas where precipitation variability is exposing inadequacies of urban infrastructure 
and governance, with the poor being especially vulnerable (Reckien et al., 2017) (Cross-Chapter Box 13 in Chapter 5). Urban systems 
have seen growing adaptation action (Revi et al., 2014b; Araos et al., 2016b; Amundsen et al., 2018). Developing cities spend more 
on health and agriculture-related adaptation options while developed cities spend more on energy and water (Georgeson et al., 
2016). Current adaptation activities are lagging in emerging economies, which are major centres of population growth facing complex 
interrelated pressures on investment in health, housing and education (Georgeson et al., 2016; Reckien et al., 2017). 

New York, United States: Adaptation plans are undertaken across government levels, sectors and departments (NYC Parks, 2010; 
Vision 2020 Project Team, 2011; PlaNYC, 2013), and have been advanced by an expert science panel that is obligated by local city 
law to provide regular updates on policy-relevant climate science (NPCC, 2015). Federal initiatives include 2013’s Rebuild By Design 
competition to promote resilience through infrastructural projects (HSRTF, 2013). In 2013 the Mayor’s office, in response to Hurricane 
Sandy, published the city’s adaptation strategy (PlaNYC, 2013). In 2015, the OneNYC Plan for a Strong and Just City (OneNYC Team, 
2015) laid out a strategy for urban planning through a justice and equity lens. In 2017, new climate resiliency guidelines proposed 
that new construction must include sea level rise projections into planning and development (ORR, 2018). Although this attention 
to climate-resilient development may help reduce income inequality, its full effect could be constrained if a policy focus on resilience 
obscures analysis of income redistribution for the poor (Fainstein, 2018).

Kampala, Uganda: Kampala Capital City Authority (KCCA) has the statutory responsibility for managing the city.  The Kampala 
Climate Change Action Strategy (KCCAS) is responding to climatic impacts of elevated temperature and more intense, erratic rain. 
KCCAS has considered multi-scale and temporal aspects of response (Chelleri et al., 2015; Douglas, 2017; Fraser et al., 2017), 
strengthened community adaptation  (Lwasa, 2010; Dobson, 2017), responded to differential adaptive capacities (Waters and 
Adger, 2017) and believes in participatory processes and bridging of citywide linkages (KCCA, 2016). Analysis of the implications 
of uniquely adapted local solutions (e.g., motorcycle taxis) suggests sustainability can be enhanced when planning recognizes the 
need to adapt to uniquely local solutions (Evans et al., 2018).

Cross Chapter Box 9 (continued)
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Rotterdam, The Netherlands: The Rotterdam Climate Initiative (RCI) was launched to reduce greenhouse gas emissions and 
climate-proof Rotterdam (RCI, 2017). Rotterdam has an integrated adaptation strategy, built on flood management, accessibility, 
adaptive building, urban water systems and urban climate, defined through the Rotterdam Climate Proof programme and the 
Rotterdam Climate Change Adaptation Strategy (RCI, 2008, 2013). Governance mechanisms that enabled integration of flood 
risk management plans with other policies, citizen participation, institutional eco-innovation, and focusing on green infrastructure 
(Albers et al., 2015; Dircke and Molenaar, 2015; de Boer et al., 2016a; Huang-Lachmann and Lovett, 2016) have contributed to 
effective adaptation (Ward et al., 2013). Entrenched institutional characteristics constrain the response framework (Francesch-
Huidobro et al., 2017), but emerging evidence suggests that new governance arrangements and structures can potentially overcome 
these barriers in Rotterdam (Hölscher et al., 2018).

Cross Chapter Box 9 (continued)

4.3.6 Short-Lived Climate Forcers

The main short-lived climate forcer (SLCF) emissions that cause 
warming are methane (CH4), other precursors of tropospheric ozone 
(i.e., carbon monoxide (CO), non-methane volatile organic compounds 
(NMVOC), black carbon (BC) and hydrofluorocarbons (HFCs); Myhre et 
al., 2013). SLCFs also include emissions that lead to cooling, such as 
sulphur dioxide (SO2) and organic carbon (OC). Nitrogen oxides (NOx) 
can have both warming and cooling effects, by affecting ozone (O3) 
and CH4, depending on time scale and location (Myhre et al., 2013).

Cross-Chapter Box 2 in Chapter 1 provides a discussion of role of 
SLCFs in comparison to long-lived GHGs. Chapter 2 shows that 
1.5°C-consistent pathways require stringent reductions in CO2 and 
CH4, and that non-CO2 climate forcers reduce carbon budgets by 
about 2200 GtCO2 per degree of warming attributed to them (see the 
Supplementary Material to Chapter 2).

Reducing non-CO2 emissions is part of most mitigation pathways 
(IPCC, 2014c). All current GHG emissions and other forcing agents 
affect the rate and magnitude of climate change over the next few 
decades, while long-term warming is mainly driven by CO2 emissions. 
CO2 emissions result in a virtually permanent warming, while 
temperature change from SLCFs disappears within decades after 
emissions of SLCFs are ceased. Any scenario that fails to reduce CO2 

emissions to net zero would not limit global warming, even if SLCFs are 
reduced, due to accumulating CO2-induced warming that overwhelms 
SLCFs’ mitigation benefits in a couple of decades (Shindell et al., 2012; 
Schmale et al., 2014) (and see Chapter 2, Section 2.3.3.2).

Mitigation options for warming SLCFs often overlap with other 
mitigation options, especially since many warming SLCFs are 
co-emitted with CO2. SLCFs are generally mitigated in 1.5°C- or 
2°C-consistent pathways as an integral part of an overall mitigation 
strategy (Chapter 2). For example, Section 2.3 indicates that most very-
low-emissions pathways include a transition away from the use of coal 
and natural gas in the energy sector and oil in transportation, which 
coincides with emission-reduction strategies related to methane from 
the fossil fuel sector and BC from the transportation sector. Much SLCF 
emission reduction aims at BC-rich sectors and considers the impacts 
of several co-emitted SLCFs (Bond et al., 2013; Sand et al., 2015; Stohl 
et al., 2015). The benefits of such strategies depend greatly upon the 
assumed level of progression of access to modern energy for the 

poorest populations who still rely on biomass fuels, as this affects the 
reference level of BC emissions (Rogelj et al., 2014).

Some studies have evaluated the focus on SLCFs in mitigation strategies 
and point towards trade-offs between short-term SLCF benefits 
and lock-in of long-term CO2 warming (Smith and Mizrahi, 2013; 
Pierrehumbert, 2014). Reducing fossil fuel combustion will reduce 
aerosols levels, and thereby cause warming from removal of aerosol 
cooling effects (Myhre et al., 2013; Xu and Ramanathan, 2017; Samset 
et al., 2018). While some studies have found a lower temperature effect 
from BC mitigation, thus questioning the effectiveness of targeted BC 
mitigation for climate change mitigation (Myhre et al., 2013; Baker et 
al., 2015; Stjern et al., 2017; Samset et al., 2018), other models and 
observationally constrained estimates suggest that these widely-used 
models do not fully capture observed effects of BC and co-emissions 
on climate (e.g., Bond et al., 2013; Cui et al., 2016; Peng et al., 2016). 

Table 4.5 provides an overview of three warming SLCFs and their 
emission sources, with examples of options for emission reductions 
and associated co-benefits.

A wide range of options to reduce SLCF emissions was extensively 
discussed in AR5 (IPCC, 2014b). Fossil fuel and waste sector methane 
mitigation options have high cost-effectiveness, producing a net profit 
over a few years, considering market costs only. Moreover, reducing 
roughly one-third to one-half of all human-caused emissions has 
societal benefits greater than mitigation costs when considering 
environmental impacts only (UNEP, 2011; Höglund-Isaksson, 2012; IEA, 
2017b; Shindell et al., 2017a). Since AR5, new options for methane, 
such as those related to shale gas, have been included in mitigation 
portfolios (e.g., Shindell et al., 2017a). 

Reducing BC emissions and co-emissions has sustainable development 
co-benefits, especially around human health (Stohl et al., 2015; 
Haines et al., 2017; Aakre et al., 2018), avoiding premature deaths 
and increasing crop yields (Scovronick et al., 2015; Peng et al., 2016). 
Additional benefits include lower likelihood of non-linear climate 
changes and feedbacks (Shindell et al., 2017b) and temporarily slowing 
down the rate of sea level rise (Hu et al., 2013). Interventions to reduce 
BC offer tangible local air quality benefits, increasing the likelihood of 
local public support (Eliasson, 2014; Venkataraman et al., 2016) (see 
Chapter 5, Section 5.4.2.1). Limited interagency co-ordination, poor 
science-policy interactions (Zusman et al., 2015), and weak policy and 
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SLCF 
Compound

Atmospheric 
Lifetime

Annual Global 
Emission

Main Anthropogenic 
Emission Sources

Examples of Options 
to Reduce Emissions 

Consistent with 1.5°C

Examples of Co-Benefits 
Based on Haines et al. (2017) 
Unless Specified Otherwise

Methane
On the order 
of 10 years

0.3 GtCH4 (2010) 
(Pierrehumbert, 2014)

Fossil fuel extraction and 
transportation; 
Land-use change;  
Livestock and rice cultivation; 
Waste and wastewater

Managing manure from livestock; 
Intermittent irrigation of rice; 
Capture and usage of fugitive 
methane; 
Dietary change;  
For more: see Section 4.3.2 

Reduction of tropospheric ozone 
(Shindell et al., 2017a); 
Health benefits of dietary changes; 
Increased crop yields; 
Improved access to drinking water

HFCs  
Months to decades, 
depending on the gas

0.35 GtCO2-eq (2010)
(Velders et al., 2015)

Air conditioning; Refrigeration; 
Construction material

Alternatives to HFCs in 
air-conditioning and refrigeration 
applications

Greater energy efficiency 
(Mota-Babiloni et al., 2017)

Black Carbon Days
~7 Mt (2010) 
(Klimont et al., 2017)

Incomplete combustion of fossil 
fuels or biomass in vehicles (esp. 
diesel), cook stoves or kerosene 
lamps;  
Field and biomass burning

Fewer and cleaner vehicles; Reducing 
agricultural biomass burning;  
Cleaner cook stoves, gas-based 
or electric cooking; 
Replacing brick and coke ovens; 
Solar lamps; 
For more see Section 4.3.3

Health benefits of better air quality;  
Increased education opportunities; 
Reduced coal consumption for modern 
brick kilns;  
Reduced deforestation

Table 4.5  | Overview of main characteristics of three warming short-lived climate forcers (SLCFs) (core information based on Pierrehumbert, 2014 and Schmale et al., 2014;  
 rest of the details as referenced). 

absence of inspections and enforcement (Kholod and Evans, 2016) are 
among barriers that reduce the institutional feasibility of options to 
reduce vehicle-induced BC emissions. A case study for India shows that 
switching from biomass cook stoves to cleaner gas stoves (based on 
liquefied petroleum gas or natural gas) or to electric cooking stoves is 
technically and economically feasible in most areas, but faces barriers 
in user preferences, costs and the organization of supply chains 
(Jeuland et al., 2015). Similar feasibility considerations emerge in 
switching from kerosene wick lamps for lighting to solar lanterns, from 
current low-efficiency brick kilns and coke ovens to cleaner production 
technologies; and from field burning of crop residues to agricultural 
practices using deep-sowing and mulching technologies (Williams et 
al., 2011; Wong, 2012). 

The radiative forcing from HFCs are currently small but have been 
growing rapidly (Myhre et al., 2013). The Kigali Amendment (from 
2016) to the Montreal Protocol set out a global accord for phasing 
out these compounds (Höglund-Isaksson et al., 2017). HFC mitigation 
options include alternatives with reduced warming effects, ideally 
combined with improved energy efficiency so as to simultaneously 
reduce CO2 and co-emissions (Shah et al., 2015). Costs for most 
of HFC’s mitigation potential are estimated to be below USD2010 
60 tCO2-eq−1, and the remainder below roughly double that number 
(Höglund-Isaksson et al., 2017). 

Reductions in SLCFs can provide large benefits towards sustainable 
development, beneficial for social, institutional and economic 
feasibility. Strategies that reduce SLCFs can provide benefits that 
include improved air quality (e.g., Anenberg et al., 2012) and crop yields 
(e.g., Shindell et al., 2012), energy access, gender equality and poverty 
eradication (e.g.,Shindell et al., 2012; Haines et al., 2017). Institutional 
feasibility can be negatively affected by an information deficit, with 

the absence of international frameworks for integrating SLCFs into 
emissions accounting and reporting mechanisms being a barrier to 
developing policies for addressing SLCF emissions (Venkataraman et 
al., 2016). The incentives for reducing SLCFs are particularly strong for 
small groups of countries, and such collaborations could increase the 
feasibility and effectiveness of SLCF mitigation options (Aakre et al., 
2018).

4.3.7 Carbon Dioxide Removal (CDR)

CDR methods refer to a set of techniques for removing CO2 from the 
atmosphere. In the context of 1.5°C-consistent pathways (Chapter 2), 
they serve to offset residual emissions and, in most cases, achieve net 
negative emissions to return to 1.5°C from an overshoot. See Cross-
Chapter Box 7 in Chapter 3 for a synthesis of land-based CDR options. 
Cross-cutting issues and uncertainties are summarized in Table 4.6.

4.3.7.1 Bioenergy with carbon capture and storage (BECCS) 

BECCS has been assessed in previous IPCC reports (IPCC, 2005b, 
2014b; P. Smith et al., 2014; Minx et al., 2017) and has been 
incorporated into integrated assessment models (Clarke et al., 2014), 
but also 1.5°C-consistent pathways without BECCS have emerged 
(Bauer et al., 2018; Grubler et al., 2018; Mousavi and Blesl, 2018; van 
Vuuren et al., 2018). Still, the overall set of  pathways limiting global 
warming to 1.5°C with limited or no overshoot indicates that 0–1, 0–8, 
and 0–16 GtCO2 yr−1 would be removed by BECCS by 2030, 2050 and 
2100, respectively (Chapter 2, Section 2.3.4). BECCS is constrained by 
sustainable bioenergy potentials (Section 4.3.1.2, Chapter 5, Section 
5.4.1.3 and Cross-Chapter Box 6 in Chapter 3), and availability of 
safe storage for CO2 (Section 4.3.1.6). Literature estimates for BECCS 
mitigation potentials in 2050 range from 1–85 GtCO2

4. Fuss et al. 

4 As more bottom-up literature exists on bioenergy potentials, this exercise explored the bioenergy literature and converted those estimates to BECCS potential with 1EJ of 
bioenergy yielding 0.02–0.05 GtCO2 emission reduction. For the bottom-up literature references for the potentials range, please refer to Supplementary Material 4.SM.3 
Table 1.
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(2018) narrow this range to 0.5–5 GtCO2 yr−1 (medium agreement, 
high evidence) (Figure 4.3), meaning that BECCS mitigation potentials 
are not necessarily sufficient for 1.5°C-consistent pathways. This is, 
among other things, related to sustainability concerns (Boysen et al., 
2017; Heck et al., 2018; Henry et al., 2018).

Assessing BECCS deployment in 2°C pathways (of about 12 
GtCO2-eq yr−1 by 2100, considered as a conservative deployment 
estimate for BECCS-accepting pathways consistent with 1.5°C), Smith 
et al. (2016b) estimate a land-use intensity of 0.3–0.5 ha tCO2-eq−1 yr−1 
using forest residues, 0.16 ha CO2-eq−1 yr−1 for agricultural residues, 
and 0.03–0.1 ha tCO2-eq−1 yr−1 for purpose-grown energy crops. The 
average amount of BECCS in these pathways requires 25–46% of 
arable and permanent crop area in 2100. Land area estimates differ 
in scale and are not necessarily a good indicator of competition with, 
for example, food production, because requiring a smaller land area for 
the same potential could indicate that high-productivity agricultural 
land is used. In general, the literature shows low agreement on the 
availability of land (Fritz et al., 2011; see Erb et al., 2016b for recent 
advances). Productivity, food production and competition with other 
ecosystem services and land use by local communities are important 
factors for designing regulation. These potentials and trade-offs are not 
homogenously distributed across regions. However, Robledo-Abad et 
al. (2017) find that regions with higher potentials are understudied, 
given their potential contribution. Researchers have expressed the 
need to complement global assessments with regional, geographically 
explicit bottom-up studies of biomass potentials and socio-economic 
impacts (e.g., de Wit and Faaij, 2010; Kraxner et al., 2014; Baik et al., 
2018).

Energy production and land and water footprints show wide ranges 
in bottom-up assessments due to differences in technology, feedstock 
and other parameters (−1–150 EJ yr−1 of energy, 109–990 Mha, 6–79 
MtN, 218–4758 km3 yr−1 of water per GtCO2 yr−1; Smith and Torn, 
2013; Smith et al., 2016b; Fajardy and Mac Dowell, 2017) and are not 
comparable to IAM pathways which consider system effects (Bauer 
et al., 2018). Global impacts on nutrients and albedo are difficult to 
quantify (Smith et al., 2016b). BECCS competes with other land-based 
CDR and mitigation measures for resources (Chapter 2).  

There is uncertainty about the feasibility of timely upscaling (Nemet et 
al., 2018). CCS (see Section 4.3.1) is largely absent from the Nationally 
Determined Contributions (Spencer et al., 2015) and lowly ranked in 
investment priorities (Fridahl, 2017). Although there are dozens of small-
scale BECCS demonstrations (Kemper, 2015) and a full-scale project 
capturing 1 MtCO2 exists (Finley, 2014), this is well below the numbers 
associated with 1.5°C or 2°C-compatible pathways (IEA, 2016a; 
Peters et al., 2017). Although the majority of BECCS cost estimates are 
below 200 USD tCO2

−1 (Figure 4.2), estimates vary widely. Economic 
incentives for ramping up large CCS or BECCS infrastructure are weak 
(Bhave et al., 2017). The 2050 average investment costs for such a 
BECCS infrastructure for bio-electricity and biofuels are estimated at 
138 and 123 billion USD yr−1, respectively (Smith et al., 2016b). 

BECCS deployment is further constrained by bioenergy’s carbon 
accounting, land, water and nutrient requirements (Section 4.3.1), its 
compatibility with other policy goals and limited public acceptance of 

both bioenergy and CCS (Section 4.3.1). Current pathways are believed 
to have inadequate assumptions on the development of societal 
support and governance structures (Vaughan and Gough, 2016). 
However, removing BECCS and CCS from the portfolio of available 
options significantly raises modelled mitigation costs (Kriegler et al., 
2013; Bauer et al., 2018).

4.3.7.2 Afforestation and reforestation (AR) 

Afforestation implies planting trees on land not forested for a long 
time (e.g., over the last 50 years in the context of the Kyoto Protocol), 
while reforestation implies re-establishment of forest formations after 
a temporary condition with less than 10% canopy cover due to human-
induced or natural perturbations. Houghton et al. (2015) estimate 
about 500 Mha could be available for the re-establishment of forests 
on lands previously forested, but not currently used productively. This 
could sequester at least 3.7 GtCO2 yr−1 for decades. The full literature 
range gives 2050 potentials of 1–7 GtCO2 yr−1 (low evidence, medium 
agreement), narrowed down to 0.5–3.6 GtCO2 yr−1 based on a number 
of constraints (Fuss et al., 2018). Abatement costs are estimated to 
be low compared to other CDR options, 5–50 USD tCO2-eq−1 (robust 
evidence, high agreement). Yet, realizing such large potentials comes 
at higher land and water footprints than BECCS, although there would 
be a positive impact on nutrients and the energy requirement would 
be negligible (Smith et al., 2016b; Cross-Chapter Box 7 in Chapter 3). 
The 2030 estimate by Griscom et al. (2017) is up to 17.9 GtCO2 yr−1 
for reforestation with significant co-benefits (Cross-Chapter Box 7 in 
Chapter 3).

Biogenic storage is not as permanent as emission reductions by 
geological storage. In addition, forest sinks saturate, a process which 
typically occurs in decades to centuries compared to the thousands 
of years of residence time of CO2 stored geologically (Smith et al., 
2016a) and is subject to disturbances that can be exacerbated by 
climate change (e.g., drought, forest fires and pests) (Seidl et al., 2017). 
Handling these challenges requires careful forest management. There 
is much practical experience with AR, facilitating upscaling but with 
two caveats: AR potentials are heterogeneously distributed (Bala et al., 
2007), partly because the planting of less reflective forests results in 
higher net absorbed radiation and localised surface warming in higher 
latitudes (Bright et al., 2015; Jones et al., 2015), and forest governance 
structures and monitoring capacities can be bottlenecks and are 
usually not considered in models (Wang et al., 2016; Wehkamp et al., 
2018b). There is medium agreement on the positive impacts of AR on 
ecosystems and biodiversity due to different forms of afforestation 
discussed in the literature: afforestation of grassland ecosystems or 
diversified agricultural landscapes with monocultures or invasive alien 
species can have significant negative impacts on biodiversity, water 
resources, etc. (P. Smith et al., 2014), while forest ecosystem restoration 
(forestry and agroforestry) with native species can have positive social 
and environmental impacts (Cunningham et al., 2015; Locatelli et al., 
2015; Paul et al., 2016; See Section 4.3.2). 

Synergies with other policy goals are possible (see also Section 4.5.4); 
for example, land spared by diet shifts could be afforested (Röös et al., 
2017) or used for energy crops (Grubler et al., 2018). Such land-sparing 
strategies could also benefit other land-based CDR options.
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Figure 4.2 |  Evidence on carbon dioxide removal (CDR) abatement costs, 2050 deployment potentials, and key side effects. Panel A presents estimates 
based on a systematic review of the bottom up literature (Fuss et al., 2018), corresponding to dashed blue boxes in Panel B. Dashed lines represent saturation limits for the 
corresponding technology. Panel B shows the percentage of papers at a given cost or potential estimate. Reference year for all potential estimates is 2050, while all cost 
estimates preceding 2050 have been included (as early as 2030, older estimates are excluded if they lack a base year and thus cannot be made comparable). Ranges have 
been trimmed to show detail (see Fuss et al., 2018 for the full range). Costs refer only to abatement costs. Icons for side-effects are allocated only if a critical mass of papers 
corroborates their occurrence 
Notes: For references please see Supplementary Material Table 4.SM.3. Direct air carbon dioxide capture and storage (DACCS) is theoretically only constrained by geological storage 
capacity, estimates presented are considering upscaling and cost challenges (Nemet et al., 2018). BECCS potential estimates are based on bioenergy estimates in the literature 
(EJ yr−1), converted to GtCO2 following footnote 4. Potentials cannot be added up, as CDR options would compete for resources (e.g., land). SCS - soil carbon sequestration; OA - 
ocean alkalinization; EW- enhanced weathering; DACCS - direct air carbon dioxide capture and storage; BECCS - bioenergy with carbon capture and storage; AR - afforestation.
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4.3.7.3 Soil carbon sequestration and biochar

At local scales there is robust evidence that soil carbon sequestration 
(SCS, e.g., agroforestry, De Stefano and Jacobson, 2018), restoration 
of degraded land (Griscom et al., 2017), or conservation agriculture 
management practices (Aguilera et al., 2013; Poeplau and Don, 2015; 
Vicente-Vicente et al., 2016) have co-benefits in agriculture and that 
many measures are cost-effective even without supportive climate 
policy. Evidence at global scale for potentials and especially costs is 
much lower. The literature spans cost ranges of −45–100 USD tCO2

−1 
(negative costs relating to the multiple co-benefits of SCS, such as 
increased productivity and resilience of soils; P. Smith et al., 2014), 
and 2050 potentials are estimated at between 0.5 and 11 GtCO2 yr−1, 
narrowed down to 2.3–5.3 GtCO2 yr−1 considering that studies above 
5 GtCO2 yr−1 often do not apply constraints, while estimates lower than 
2 GtCO2 yr−1 mostly focus on single practices (Fuss et al., 2018). 

SCS has negligible water and energy requirements (Smith, 2016), 
affects nutrients and food security favourably (high agreement, robust 
evidence) and can be applied without changing current land use, thus 
making it socially more acceptable than CDR options with a high land 
footprint. However, soil sinks saturate after 10–100 years, depending 
on the SCS option, soil type and climate zone (Smith, 2016).

Biochar is formed by recalcitrant (i.e., very stable) organic carbon 
obtained from pyrolysis, which, applied to soil, can increase soil carbon 
sequestration leading to improved soil fertility properties.5 Looking at 
the full literature range, the global potential in 2050 lies between 1 
and 35 Gt CO2 yr−1 (low agreement, low evidence), but considering 
limitations in biomass availability and uncertainties due to a lack of 
large-scale trials of biochar application to agricultural soils under field 
conditions, Fuss et al. (2018) lower the 2050 range to 0.3–2 GtCO2 yr−1. 
This potential is below previous estimates (e.g., Woolf et al., 2010), 
which additionally consider the displacement of fossil fuels through 
biochar. Permanence depends on soil type and biochar production 
temperatures, varying between a few decades and several centuries 
(Fang et al., 2014). Costs are 30– 120 USD tCO2

−1 (medium agreement, 
medium evidence) (McCarl et al., 2009; McGlashan et al., 2012; 
McLaren, 2012; Smith, 2016).

Water requirements are low and at full theoretical deployment, up 
to 65 EJ yr−1 of energy could be generated as a side product (Smith, 
2016). Positive side effects include a favourable effect on nutrients and 
reduced N2O emissions (Cayuela et al., 2014; Kammann et al., 2017). 
However, 40–260 Mha are needed to grow the biomass for biochar 
for implementation at 0.3 GtCO2-eq yr−1 (Smith, 2016), even though 
it is also possible to use residues (e.g., Windeatt et al., 2014). Biochar 
is further constrained by the maximum safe holding capacity of soils 
(Lenton, 2010) and the labile nature of carbon sequestrated in plants 
and soil at higher temperatures (Wang et al., 2013).

4.3.7.4 Enhanced weathering (EW) and ocean alkalinization

Weathering is the natural process of rock decomposition via chemical 
and physical processes in which CO2 is spontaneously consumed and 
converted to solid or dissolved alkaline bicarbonates and/or carbonates 
(IPCC, 2005a). The process is controlled by temperature, reactive 
surface area, interactions with biota and, in particular, water solution 
composition. CDR can be achieved by accelerating mineral weathering 
through the distribution of ground-up rock material over land 
(Hartmann and Kempe, 2008; Wilson et al., 2009; Köhler et al., 2010; 
Renforth, 2012; ten Berge et al., 2012; Manning and Renforth, 2013; 
Taylor et al., 2016), shorelines (Hangx and Spiers, 2009; Montserrat et 
al., 2017) or the open ocean (House et al., 2007; Harvey, 2008; Köhler 
et al., 2013; Hauck et al., 2016). Ocean alkalinization adds alkalinity to 
marine areas to locally increase the CO2 buffering capacity of the ocean 
(González and Ilyina, 2016; Renforth and Henderson, 2017).  

In the case of land application of ground minerals, the estimated CDR 
potential range is 0.72–95 GtCO2 yr−1 (low evidence, low agreement) 
(Hartmann and Kempe, 2008; Köhler et al., 2010; Hartmann et al., 
2013; Taylor et al., 2016; Strefler et al., 2018a). Marine application 
of ground minerals is limited by feasible rates of mineral extraction, 
grinding and delivery, with estimates of 1–6 GtCO2 yr−1 (low evidence, 
low agreement) (Köhler et al., 2013; Hauck et al., 2016; Renforth and 
Henderson, 2017). Agreement is low due to a variety of assumptions 
and unknown parameter ranges in the applied modelling procedures 
that would need to be verified by field experiments (Fuss et al., 2018). 
As with other CDR options, scaling and maturity are challenges, with 
deployment at scale potentially requiring decades (NRC, 2015a), 
considerable costs in transport and disposal (Hangx and Spiers, 2009; 
Strefler et al., 2018a) and mining (NRC, 2015a; Strefler et al., 2018a)6.

Site-specific cost estimates vary depending on the chosen technology 
for rock grinding (an energy-intensive process; Köhler et al., 2013; 
Hauck et al., 2016), material transport, and rock source (Renforth, 
2012; Hartmann et al., 2013), and range from 15–40 USD tCO2

−1 to 
3,460 USD tCO2

−1 (limited evidence, low agreement; Figure 4.2) 
(Schuiling and Krijgsman, 2006; Köhler et al., 2010; Taylor et al., 
2016). The evidence base for costs of ocean alkalinization and marine 
enhanced weathering is sparser than the land applications. The ocean 
alkalinization potential is assessed to be 0.1–10 GtCO2 yr−1 with costs 
of 14– >500 USD tCO2

−1 (Renforth and Henderson, 2017).

The main side effects of terrestrial EW are an increase in water pH 
(Taylor et al., 2016), the release of heavy metals like Ni and Cr and plant 
nutrients like K, Ca, Mg, P and Si (Hartmann et al., 2013), and changes in 
hydrological soil properties. Respirable particle sizes, though resulting in 
higher potentials, can have impacts on health (Schuiling and Krijgsman, 
2006; Taylor et al., 2016); utilization of wave-assisted decomposition 
through deployment on coasts could avert the need for fine grinding 
(Hangx and Spiers, 2009; Schuiling and de Boer, 2010). Side effects 

5 Other pyrolysis products that can achieve net CO2 removals are bio-oil (pumped into geological storages) and permanent-pyrogas (capture and storage of CO2 from gas 
combustion) (Werner et al., 2018)

6 It has also been suggested that ocean alkalinity can be increased through accelerated weathering of limestone (Rau and Caldeira, 1999; Rau, 2011; Chou et al., 2015) or  
 electrochemical processes (House et al., 2007; Rau, 2008; Rau et al., 2013; Lu et al., 2015). However, these techniques have not been proven at large scale either  
 (Renforth and Henderson, 2017). 
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of marine EW and ocean alkalinization are the potential release of 
heavy metals like Ni and Cr (Montserrat et al., 2017). Increasing ocean 
alkalinity helps counter ocean acidification (Albright et al., 2016; Feng 
et al., 2016). Ocean alkalinization could affect ocean biogeochemical 
functioning (González and Ilyina, 2016). A further caveat of relates to 
saturation state and the potential to trigger spontaneous carbonate 
precipitation.7 While the geochemical potential to remove and store 
CO2 is quite large, limited evidence on the preceding topics makes it 
difficult to assess the true capacity, net benefits and desirability of EW 
and ocean alkalinity addition in the context of CDR.

4.3.7.5 Direct air carbon dioxide capture and storage (DACCS)

Capturing CO2 from ambient air through chemical processes with 
subsequent storage of the CO2 in geological formations is independent 
of source and timing of emissions and can avoid competition for land. 
Yet, this is also the main challenge: while the theoretical potential 
for DACCS is mainly limited by the availability of safe and accessible 
geological storage, the CO2 concentration in ambient air is 100–300 
times lower than at gas- or coal-fired power plants (Sanz-Pérez et al., 
2016) thus requiring more energy than flue gas CO2 capture (Pritchard 
et al., 2015). This appears to be the main challenge to DACCS (Sanz-
Pérez et al., 2016; Barkakaty et al., 2017). 

Studies explore alternative techniques to reduce the energy penalty 
of DACCS (van der Giesen et al., 2017). Energy consumption could be 
up to 12.9 GJ tCO2-eq−1; translating into an average of 156 EJ yr−1 by 
2100 (current annual global primary energy supply is 600 EJ); water 
requirements are estimated to average 0.8–24.8 km3 GtCO2-eq−1 yr−1  
(Smith et al., 2016b, based on Socolow et al., 2011).

However, the literature shows low agreement and is fragmented 
(Broehm et al., 2015). This fragmentation is reflected in a large range 
of cost estimates: from 20–1,000 USD tCO2

−1 (Keith et al., 2006; Pielke, 
2009; House et al., 2011; Ranjan and Herzog, 2011; Simon et al., 2011; 
Goeppert et al., 2012; Holmes and Keith, 2012; Zeman, 2014; Sanz-
Pérez et al., 2016; Sinha et al., 2017). There is lower agreement and a 
smaller evidence base at the lower end of the cost range. Fuss et al. 
(2018) narrow this range to 100–300 USD tCO2

-1.

Research and efforts by small-scale commercialization projects focus 
on utilization of captured CO2 (Wilcox et al., 2017). Given that only 
a few IAM scenarios incorporate DACCS (e.g., Chen and Tavoni, 
2013; Strefler et al., 2018b) its possible role in cost-optimized 1.5°C 
scenarios is not yet fully explored. Given the technology’s early stage 
of development (McLaren, 2012; NRC, 2015a; Nemet et al., 2018) 
and few demonstrations (Holmes et al., 2013; Rau et al., 2013; Agee 

et al., 2016), deploying the technology at scale is still a considerable 
challenge, though both optimistic (Lackner et al., 2012) and pessimistic 
outlooks exist (Pritchard et al., 2015).

4.3.7.6 Ocean fertilization

Nutrients can be added to the ocean resulting in increased biologic 
production, leading to carbon fixation in the sunlit ocean and 
subsequent sequestration in the deep ocean or sea floor sediments. 
The added nutrients can be either micronutrients (such as iron) or 
macronutrients (such as nitrogen and/or phosphorous) (Harrison, 
2017). There is limited evidence and low agreement on the readiness of 
this technology to contribute to rapid decarbonization (Williamson et 
al., 2012). Only small-scale field experiments and theoretical modelling 
have been conducted (e.g., McLaren, 2012). The full range of CDR 
potential estimates is from 15.2 ktCO2 yr−1 (Bakker et al., 2001) for a 
spatially constrained field experiment up to 44 GtCO2 yr−1 (Sarmiento 
and Orr, 1991) following a modelling approach, but Fuss et al. (2018) 
consider the potential to be extremely limited given the evidence and 
existing barriers. Due to scavenging of iron, the iron addition only leads 
to inefficient use of the nitrogen in exporting carbon (Zeebe, 2005; 
Aumont and Bopp, 2006; Zahariev et al., 2008). 

Cost estimates range from 2 USD tCO2
−1 (for iron fertilization) (Boyd 

and Denman, 2008) to 457 USD tCO2
−1 (Harrison, 2013). Jones (2014) 

proposed values greater than 20 USD tCO2
−1 for nitrogen fertilization. 

Fertilization is expected to impact food webs by stimulating its base 
organisms (Matear, 2004), and extensive algal blooms may cause 
anoxia (Sarmiento and Orr, 1991; Matear, 2004; Russell et al., 2012) 
and deep water oxygen decline (Matear, 2004), with negative impacts 
on biodiversity. Nutrient inputs can shift ecosystem production from 
an iron-limited system to a P, N-, or Si-limited system depending on 
the location (Matear, 2004; Bertram, 2010) and non-CO2 GHGs may 
increase (Sarmiento and Orr, 1991; Matear, 2004; Bertram, 2010). The 
greatest theoretical potential for this practice is the Southern Ocean, 
posing challenges for monitoring and governance (Robinson et al., 
2014). The London Protocol of the International Maritime Organization 
has asserted authority for regulation of ocean fertilization (Strong et al., 
2009), which is widely viewed as a de facto moratorium on commercial 
ocean fertilization activities.

There is low agreement in the technical literature on the permanence 
of CO2 in the ocean, with estimated residence times of 1,600 years 
to millennia, especially if injected or buried in or below the sea floor 
(Williams and Druffel, 1987; Jones, 2014). Storage at the surface would 
mean that the carbon would be rapidly released after cessation (Zeebe, 
2005; Aumont and Bopp, 2006).

7 This analysis relies on the assessment in Fuss et al. (2018), which provides more detail on saturation and permanence.
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8 Current work (e.g., de Richter et al., 2017) examines other technologies considering non-CO2 GHGs like N2O.

Area of Uncertainty Cross-Cutting Issues and Uncertainties

Technology upscaling

•  CDR options are at different stages of technological readiness (McLaren, 2012) and differ with respect to scalability.   
• Nemet et al. (2018) find >50% of the CDR innovation literature concerned with the earliest stages of the innovation process (R&D), identifying a  
    dissonance between the large CO2 removals needed in 1.5°C pathways and the long -time periods involved in scaling up novel technologies.  
• Lack of post-R&D literature, including incentives for early deployment, niche markets, scale up, demand, and public acceptance.

Emerging and niche 
technologies

• For BECCS, there are niche opportunities with high efficiencies and fewer trade-offs, for example, sugar and paper processing facilities (Möllersten et al., 2003), 
    district heating (Kärki et al., 2013; Ericsson and Werner, 2016), and industrial and municipal waste (Sanna et al., 2012). Turner et al. (2018) constrain potential using 
    sustainability considerations and overlap with storage basins to avoid the CO2 transportation challenge, providing a possible, though limited entry point for BECCS. 
• The impacts on land use, water, nutrients and albedo of BECCS could be alleviated using marine sources of biomass that could include aquacultured micro  
    and macro flora (Hughes et al., 2012; Lenton, 2014). 
• Regarding captured CO2 as a resource is discussed as an entry point for CDR. However, this does not necessarily lead to carbon removals, particularly if  
    the CO2 is sourced from fossil fuels and/or if the products do not store the CO2 for climate-relevant horizons (von der Assen et al., 2013) (see also Section 4.3.4.5).  
• Methane8 is a much more potent GHG than CO2 (Montzka et al., 2011), associated with difficult-to-abate emissions in industry and agriculture and with 
    outgassing from lakes, wetlands, and oceans (Lockley, 2012; Stolaroff et al., 2012). Enhancing processes that naturally remove methane, either by chemical 
    or biological decomposition (Sundqvist et al., 2012), has been proposed to remove CH4. There is low confidence that existing technologies for CH4 
    removal are economically or energetically suitable for large-scale air capture (Boucher and Folberth, 2010). Methane removal potentials are limited due to 
    its low atmospheric concentration and its low chemical reactivity at ambient conditions.

Ethical aspects
•  Preston (2013) identifies distributive and procedural justice, permissibility, moral hazard (Shue, 2018), and hubris as ethical aspects that could apply to  
    large-scale CDR deployment.  
•  There is a lack of reflection on the climate futures produced by recent modelling and implying very different ethical costs/risks and benefits (Minx et al., 2018).

Governance

• Existing governance mechanisms are scarce and either targeted at particular CDR options (e.g., ocean-based) or aspects (e.g., concerning indirect land-use  
    change (iLUC)) associated with bioenergy upscaling, and often the mechanisms are at national or regional scale (e.g., EU). Regulation accounting for iLUC  
    by formulating sustainability criteria (e.g., the EU Renewable Energy Directive) has been assessed as insufficient in avoiding leakage (e.g., Frank et al., 2013). 
• An international governance mechanism is only in place for R&D of ocean fertilization within the Convention on Biological Diversity (IMO, 1972, 1996; CBD, 2008, 2010). 
• Burns and Nicholson (2017) propose a human rights-based approach to protect those potentially adversely impacted by CDR options. 

Policy

• The CDR potentials that can be realized are constrained by the lack of policy portfolios incentivising large-scale CDR (Peters and Geden, 2017).   
• Near-term opportunities could be supported through modifying existing policy mechanisms (Lomax et al., 2015). 
• Scott and Geden (2018) sketch three possible routes for limited progress, (i) at EU-level, (ii) at EU Member State level, and (iii) at private sector level, noting  
    the implied paradigm shift this would entail.  
• EU may struggle to adopt policies for CDR deployment on the scale or time-frame envisioned by IAMs (Geden et al., 2018). 
• Social impacts of large-scale CDR deployment (Buck, 2016) require policies taking these into account.  

Carbon cycle
• On long time scales, natural sinks could reverse (C.D. Jones et al., 2016) 
• No robust assessments yet of the effectiveness of CDR in reverting climate change (Tokarska and Zickfeld, 2015; Wu et al., 2015; Keller et al., 2018), 
    see also Chapter 2, Section 2.2.2.2.

Table 4.6  |   Cross-cutting issues and uncertainties across carbon dioxide removal (CDR) options, aspects and uncertainties

4.3.8 Solar Radiation Modification (SRM)

This report refrains from using the term ‘geoengineering’ and separates 
SRM from CDR and other mitigation options (see Chapter 1, Section 
1.4.1 and Glossary).

Table 4.7 gives an overview of SRM methods and characteristics. For a 
more comprehensive discussion of currently proposed SRM methods, 
and their implications for geophysical quantities and sustainable 
development, see also Cross-Chapter Box 10 in this Chapter. This 
section assesses the feasibility, from an institutional, technological, 
economic and social-cultural viewpoint, focusing on stratospheric 
aerosol injection (SAI) unless otherwise indicated, as most available 
literature is about SAI.

Some of the literature on SRM appears in the forms of commentaries, 
policy briefs, viewpoints and opinions (e.g., (Horton et al., 2016; Keith et 
al., 2017; Parson, 2017). This assessment covers original research rather 
than viewpoints, even if the latter appear in peer-reviewed journals. 

SRM could reduce some of the global risks of climate change related 
to temperature rise (Izrael et al., 2014; MacMartin et al., 2014), rate of 
sea level rise (Moore et al., 2010), sea-ice loss (Berdahl et al., 2014) and 
frequency of extreme storms in the North Atlantic and heatwaves in 
Europe (Jones et al., 2018). SRM also holds risks of changing precipitation 
and ozone concentrations and potentially reductions in biodiversity 
(Pitari et al., 2014; Visioni et al., 2017a; Trisos et al., 2018). Literature 
only supports SRM as a supplement to deep mitigation, for example in 
overshoot scenarios (Smith and Rasch, 2013; MacMartin et al., 2018).

4.3.8.1 Governance and institutional feasibility

There is robust evidence but medium agreement for unilateral action 
potentially becoming a serious SRM governance issue (Weitzman, 
2015; Rabitz, 2016), as some argue that enhanced collaboration 
might emerge around SRM (Horton, 2011). An equitable institutional 
or governance arrangement around SRM would have to reflect 
views of different countries (Heyen et al., 2015) and be multilateral 
because of the risk of termination, and risks that implementation or 
unilateral action by one country or organization will produce negative 
precipitation or extreme weather effects across borders (Lempert and 
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SRM indicator
Stratospheric Aerosol 

injection (SAI)
Marine Cloud 

Brightening (MCB)
Cirrus Cloud 

Thinning (CCT)
Ground-Based Albedo 
Modification (GBAM)

Description of 
SRM method

Injection of a gas in the 
stratosphere, which then converts 
to aerosols. Injection of other 
particles also considered.

Spraying sea salt or other 
particles into marine clouds, 
making them more reflective.

Seeding to promote nucleation, reducing 
optical thickness and cloud lifetime, 
to allow more outgoing longwave 
radiation to escape into space.

Whitening roofs, changes in land use 
management (e.g., no-till farming), 
change of albedo at a larger scale 
(covering glaciers or deserts with reflective 
sheeting and changes in ocean albedo).

Radiative forcing 
efficiencies 

1–4 TgS W−1 m2 yr−1
100–295 Tg dry sea 
salt W−1 m2 yr−1

Not known
Small on global scale, up to 1°C–3°C 
on regional scale

Amount needed 
for 1°C overshoot

2–8 TgS yr−1 70 Tg dry sea salt yr−1 Not known
0.04–0.1 albedo change in agricultural 
and urban areas 

SRM specific 
impacts on climate 
variables

Changes in precipitation patterns 
and circulation regimes; in case 
of SO2 injection, disruption to 
stratospheric chemistry (for 
instance NOx depletion and 
changes in methane lifetime); 
increase in stratospheric water 
vapour and tropospheric-
stratospheric ice formation 
affecting cloud microphysics

Regional rainfall responses; 
reduction in hurricane intensity 

Low-level cloud changes; 
tropospheric drying; intensification 
of the hydrological cycle

Impacts on precipitation in monsoon areas; 
could target hot extremes

SRM specific 
impacts on human/
natural systems

In case of SO2  injection, 
stratospheric ozone loss (which 
could also have a positive 
effect – a net reduction in global 
mortality due to competing 
health impact pathways) and 
significant increase of surface UV

Reduction in the number 
of mild crop failures

Not known Not known

Maturity of science

Volcanic analogues; high 
agreement amongst simulations; 
robust evidence on ethical, 
governance and sustainable 
development limitations

Observed in ships tracks; 
several simulations confirm 
mechanism;  
regionally limited

No clear physical mechanism; 
limited evidence and low agreement; 
several simulations 

Natural and land-use analogues; 
several simulations confirm mechanism; 
high agreement to influence on regional 
temperature; land use costly

Key references

Robock et al., 2008;  
Heckendorn et al., 2009;  
Tilmes et al., 2012, 2016;  
Pitari et al., 2014;  
Crook et al., 2015;  
C.J. Smith et al., 2017;  
Visioni et al., 2017a, b;  
Eastham et al., 2018; 
Plazzotta et al., 2018

Salter et al., 2008; 
Alterskjær et al., 2012; 
Jones and Haywood, 2012; 
Latham et al., 2012, 2013; 
Kravitz et al., 2013;  
Crook et al., 2015; 
Parkes et al., 2015; 
Ahlm et al., 2017

Storelvmo et al., 2014; 
Kristjánsson et al., 2015;  
Jackson et al., 2016;  
Kärcher, 2017;  
Lohmann and Gasparini, 2017

Irvine et al., 2011; 
Akbari et al., 2012;  
Jacobson and Ten Hoeve, 2012;  
Davin et al., 2014;  
Crook et al., 2015, 2016;  
Seneviratne et al., 2018

Table 4.7  | Overview of the main characteristics of the most-studied SRM methods.

Prosnitz, 2011; Dilling and Hauser, 2013; NRC, 2015b). Some have 
suggested that the governance of research and field experimentation 
can help clarify uncertainties surrounding deployment of SRM (Long 
and Shepherd, 2014; Parker, 2014; NRC, 2015c; Caldeira and Bala, 
2017; Lawrence and Crutzen, 2017), and that SRM is compatible with 
democratic processes (Horton et al., 2018) or not (Szerszynski et al., 
2013; Owen, 2014). 

Several possible institutional arrangements have been considered 
for SRM governance: under the UNFCCC (in particular under the 
Subsidiary Body on Scientific and Technological Advice (SBSTA)) or the 
United Nations Convention on Biological Diversity (UNCBD) (Honegger 
et al., 2013; Nicholson et al., 2018), or through a consortium of 
states (Bodansky, 2013; Sandler, 2017). Reasons for states to join an 
international governance framework for SRM include having a voice in 
SRM diplomacy, prevention of unilateral action by others and benefits 
from research collaboration (Lloyd and Oppenheimer, 2014).

Alongside SBSTA, the WMO, UNESCO and UN Environment could play 
a role in governance of SRM (Nicholson et al., 2018). Each of these 
organizations has relevance with respect to the regulatory framework 
(Bodle et al., 2012; Williamson and Bodle, 2016). The UNCBD gives 
guidance that ‘that no climate-related geo-engineering activities that 
may affect biodiversity take place’ (CBD, 2010).  

4.3.8.2 Economic and technological feasibility

The literature on the engineering costs of SRM is limited and may 
be unreliable in the absence of testing or deployment. There is high 
agreement that costs of SAI (not taking into account indirect and social 
costs, research and development costs and monitoring expenses) may 
be in the range of 1–10 billion USD yr−1 for injection of 1–5 MtS to 
achieve cooling of 1–2 W m−2 (Robock et al., 2009; McClellan et al., 
2012; Ryaboshapko and Revokatova, 2015; Moriyama et al., 2016), 
suggesting that cost-effectiveness may be high if side-effects are low 
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or neglected (McClellan et al., 2012). The overall economic feasibility 
of SRM also depends on externalities and social costs (Moreno-Cruz 
and Keith, 2013; Mackerron, 2014), climate sensitivity (Kosugi, 2013), 
option value (Arino et al., 2016), presence of climate tipping points 
(Eric Bickel, 2013)  and damage costs as a function of the level of SRM 
(Bahn et al., 2015; Heutel et al., 2018). Modelling of game-theoretic, 
strategic interactions of states under heterogeneous climatic impacts 
shows low agreement on the outcome and viability of a cost-benefit 
analysis for SRM (Ricke et al., 2015; Weitzman, 2015). 

For SAI, there is high agreement that aircrafts could, after some 
modifications, inject millions of tons of SO2 in the lower stratosphere 
(at approximately 20 km; (Davidson et al., 2012; McClellan et al., 2012; 
Irvine et al., 2016).

4.3.8.3 Social acceptability and ethics

Ethical questions around SRM include those of international 
responsibilities for implementation, financing, compensation for 
negative effects, the procedural justice questions of who is involved 
in decisions, privatization and patenting, welfare, informed consent 
by affected publics, intergenerational ethics (because SRM requires 
sustained action in order to avoid termination hazards), and the 
so-called ‘moral hazard’ (Burns, 2011; Whyte, 2012; Gardiner, 2013; 
Lin, 2013; Buck et al., 2014; Klepper and Rickels, 2014; Morrow, 2014; 
Wong, 2014; Reynolds, 2015; Lockley and Coffman, 2016; McLaren, 
2016; Suarez and van Aalst, 2017; Reynolds et al., 2018). The literature 

shows low agreement on whether SRM research and deployment may 
lead policy-makers to reduce mitigation efforts and thus imply a moral 
hazard (Linnér and Wibeck, 2015). SRM might motivate individuals 
(as opposed to policymakers) to reduce their GHG emissions, but even 
a subtle difference in the articulation of information about SRM can 
influence subsequent judgements of favourability (Merk et al., 2016). 
The argument that SRM research increases the likelihood of deployment 
(the ‘slippery slope’ argument), is also made (Quaas et al., 2017), but 
some also found an opposite effect (Bellamy and Healey, 2018). 

Unequal representation and deliberate exclusion are plausible in 
decision-making on SRM, given diverging regional interests and the 
anticipated low resource requirements to deploy SRM (Ricke et al., 
2013). Whyte (2012) argues that the concerns, sovereignties, and 
experiences of indigenous peoples may particularly be at risk. 

The general public can be characterized as oblivious to and worried 
about SRM (Carr et al., 2013; Parkhill et al., 2013; Wibeck et al., 2017). 
An emerging literature discusses public perception of SRM, showing a 
lack of knowledge and unstable  opinions (Scheer and Renn, 2014). The 
perception of controllability affects legitimacy and public acceptability 
of SRM experiments (Bellamy et al., 2017). In Germany, laboratory 
work on SRM is generally approved of, field research much less so, 
and immediate deployment is largely rejected (Merk et al., 2015; Braun 
et al., 2017). Various factors could explain variations in the degree of 
rejection of SRM between Canada, China, Germany, Switzerland, the 
United Kingdom, and the United States (Visschers et al., 2017). 

Cross-Chapter Box 10 |  Solar Radiation Modification in the Context of 1.5°C Mitigation Pathways 

Contributing Authors: 
Anastasia Revokatova (Russian Federation), Heleen de Coninck (Netherlands/EU), Piers Forster (UK), Veronika Ginzburg (Russian 
Federation), Jatin Kala (Australia), Diana Liverman (USA), Maxime Plazzotta (France), Roland Séférian (France), Sonia I. Seneviratne 
(Switzerland), Jana Sillmann (Norway).

Solar radiation modification (SRM) refers to a range of radiation modification measures not related to greenhouse gas (GHG) 
mitigation that seek to limit global warming (see Chapter 1, Section 1.4.1). Most methods involve reducing the amount of incoming 
solar radiation reaching the surface, but others also act on the longwave radiation budget by reducing optical thickness and cloud 
lifetime (see Table 4.7). In the context of this report, SRM is assessed in terms of its potential to limit warming below 1.5°C in 
temporary overshoot scenarios as a way to reduce elevated temperatures and associated impacts (Irvine et al., 2016; Keith and 
Irvine, 2016; Chen and Xin, 2017; Sugiyama et al., 2017a; Visioni et al., 2017a; MacMartin et al., 2018). The inherent variability of the 
climate system would make it difficult to detect the efficacy or side-effects of SRM intervention when deployed in such a temporary 
scenario (Jackson et al., 2015). 

A. Potential SRM timing and magnitude
Published SRM approaches are summarized in Table 4.7. The timing and magnitude of potential SRM deployment depends on 
the temperature overshoot associated with mitigation pathways. All overshooting pathways make use of carbon dioxide removal. 
Therefore, if considered, SRM would only be deployed as a supplemental measure to large-scale carbon dioxide removal (Chapter 
2, Section 2.3). 

Cross-Chapter Box 10, Figure 1 below illustrates an example of how a hypothetical SRM deployment based on stratospheric aerosols 
injection (SAI) could be used to limit warming below 1.5°C using an ‘adaptive SRM’ approach (e.g., Kravitz et al., 2011; Tilmes et al., 
2016), where global mean temperature rise  exceeds 1.5°C compared to pre-industrial level by mid-century and returns below 1.5°C 
before 2100 with a 66% likelihood (see Chapter 2). In all such limited adaptive deployment scenarios, deployment of SRM only 
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commences under conditions in which CO2 emissions have already fallen substantially below their peak level and are continuing to 
fall. In order to hold warming to 1.5°C, a hypothetical SRM deployment could span from one to several decades, with the earliest 
possible threshold exceedance occurring before mid-century. Over this duration, SRM has to compensate for warming that exceeds 
1.5°C (displayed with hatching on panel a) with a decrease in radiative forcing (panel b) which could be achieved with a rate of SAI 
varying between 0–5.9 MtSO2 yr−1 (panel c) (Robock et al., 2008; Heckendorn et al., 2009).

SAI is the most-researched SRM method, with high agreement that it could limit warming to below 1.5°C (Tilmes et al., 2016; 
Jones et al., 2018). The response of global temperature to SO2 injection, however, is uncertain and varies depending on the model 
parametrization and emission scenarios (Jones et al., 2011; Kravitz et al., 2011; Izrael et al., 2014; Crook et al., 2015; Niemeier and 
Timmreck, 2015; Tilmes et al., 2016; Kashimura et al., 2017). Uncertainty also arises due to the nature and the optical properties of 
injected aerosols.

Cross-Chapter Box 10, Figure 1 |  Evolution of hypothetical SRM deployment (based on stratospheric aerosols injection, or SAI) in the context of 
1.5°C-consistent pathways. (a) Range of median temperature outcomes as simulated by MAGICC (see in Chapter 2, Section 2.2) given the range of CO2 emissions 
and (b) other climate forcers for mitigation pathways exceeding 1.5°C at mid-century and returning below by 2100 with a 66% likelihood. Geophysical characteristics are 
represented by (c) the magnitude of radiative forcing and (d) the amount of stratospheric SO2 injection that are required to keep the global median temperature below 
1.5°C during the temperature overshoot (given by the blue hatching on panel a). SRM surface radiative forcing has been diagnosed using a mean cooling efficiency of 
0.3°C (W− m2) of Plazzotta et al. (2018). Magnitude and timing of SO2 injection have been derived from published estimates of Heckendorn et al. (2009) and Robock 
et al. (2008).

Cross Chapter Box 10 (continued)
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Other approaches are less well researched, but the literature suggests that ground-based albedo modification (GBAM), marine cloud 
brightening (MCB) or cirrus cloud thinning (CCT) are not assessed to be able to substantially reduce overall global temperature 
(Irvine et al., 2011; Seneviratne et al., 2018). However, these SRM approaches are known to create spatially heterogeneous forcing 
and potentially more spatially heterogeneous climate effects, which may be used to mitigate regional climate impacts. This may 
be of most relevance in the case of GBAM when applied to crop and urban areas (Seneviratne et al., 2018). Most of the literature 
on regional mitigation has focused on GBAM in relationship with land-use and land-cover change scenarios. Both models and 
observations suggest that there is a high agreement that GBAM would result in cooling over the region of changed albedo, and in 
particular would reduce hot extremes (Irvine et al., 2011; Akbari et al., 2012; Jacobson and Ten Hoeve, 2012; Davin et al., 2014; Crook 
et al., 2015, 2016; Alkama and Cescatti, 2016; Seneviratne et al., 2018). In comparison, there is a limited evidence on the ability of 
MCB or CCT to mitigate regional climate impacts of 1.5°C warming because the magnitude of the climate response to MCB or CCT 
remains uncertain and the processes are not fully understood (Lohmann and Gasparini, 2017).

B. General consequences and impacts of solar radiation modification 
It has been proposed that deploying SRM as a supplement to mitigation may reduce increases in global temperature-related 
extremes and rainfall intensity, and lessen the loss of coral reefs from increasing sea-surface temperatures (Keith and Irvine, 2016), 
but it would not address, or could even worsen (Tjiputra et al., 2016), negative effects from continued ocean acidification.  

Another concern with SRM is the risk of  a ‘termination shock’ or ‘termination effect’ when suddenly stopping SRM, which might 
cause rapid temperature rise and associated impacts (Jones et al., 2013; Izrael et al., 2014; McCusker et al., 2014), most noticeably 
biodiversity loss (Trisos et al., 2018). The severity of the termination effect has recently been debated (Parker and Irvine, 2018) and 
depends on the degree of SRM cooling. This report only considers limited SRM in the context of mitigation pathways to 1.5°C. Other 
risks of SRM deployment could be associated with the lack of testing of the proposed deployment schemes (e.g., Schäfer et al., 
2013). Ethical aspects and issues related to the governance and economics are discussed in Section 4.3.8.

C. Consequences and impacts of SRM on the carbon budget
Because of its effects on surface temperature, precipitation and surface shortwave radiation, SRM would also alter the carbon 
budget pathways to 1.5°C or 2°C (Eliseev, 2012; Keller et al., 2014; Keith et al., 2017; Lauvset et al., 2017). 

Despite the large uncertainties in the simulated climate response to SRM, current model simulations suggest that SRM would 
lead to altered carbon budgets compatible with 1.5°C or 2°C. The 6 CMIP5 models investigated simulated an increase of natural 
carbon uptake by land biosphere and, to a smaller extent, by the oceans (high agreement). The multimodel mean of this response 
suggests an increase of the RCP4.5 carbon budget of about 150 GtCO2 after 50 years of SO2 injection with a rate of 4 TgS yr−1, which 
represents about 4 years of CO2 emissions at the current rate (36 GtCO2 yr−1). However, there is uncertainty around quantitative 
determination of the effects that SRM or its cessation has on the carbon budget due to a lack of understanding of the radiative 
processes driving the global carbon cycle response to SRM (Ramachandran et al., 2000; Mercado et al., 2009; Eliseev, 2012; Xia et 
al., 2016), uncertainties about how the carbon cycle will respond to termination effects of SRM, and uncertainties in climate–carbon 
cycle feedbacks (Friedlingstein et al., 2014).

D. Sustainable development and SRM
There are few studies investigating potential implications of SRM for sustainable development. These are based on a limited 
number of scenarios and hypothetical considerations, mainly referring to benefits from lower temperatures (Irvine et al., 2011; 
Nicholson, 2013; Anshelm and Hansson, 2014; Harding and Moreno-Cruz, 2016). Other studies suggest negative impacts from SRM 
implementation concerning issues related to regional disparities (Heyen et al., 2015), equity (Buck, 2012), fisheries, ecosystems, 
agriculture, and termination effects (Robock, 2012; Morrow, 2014; Wong, 2014). If SRM is initiated by the richer nations, there might 
be issues with local agency, and possibly worsening conditions for those suffering most under climate change (Buck et al., 2014). 
In addition, ethical issues related to testing SRM have been raised (e.g., Lenferna et al., 2017). Overall, there is high agreement that 
SRM would affect many development issues but limited evidence on the degree of influence, and how it manifests itself across 
regions and different levels of society.

E. Overall feasibility of SRM
If mitigation efforts do not keep global mean temperature below 1.5°C, SRM can potentially reduce the climate impacts of a 
temporary temperature overshoot, in particular extreme temperatures, rate of sea level rise and intensity of tropical cyclones, 
alongside intense mitigation and adaptation efforts. While theoretical developments show that SRM is technically feasible (see 
Section 4.3.8.2), global field experiments have not been conducted and most of the knowledge about SRM is based on imperfect 

Cross Chapter Box 10 (continued)
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4.4 Implementing Far-Reaching 
and Rapid Change

The feasibility of 1.5°C-compatible pathways is contingent upon 
enabling conditions for systemic change (see Cross Chapter Box 3 in 
Chapter 1). Section 4.3 identifies the major systems, and options within 
those systems, that offer the potential for change to align with 1.5°C 
pathways. 

AR5 identifies enabling conditions as influencing the feasibility 
of climate responses (Kolstad et al., 2014). This section draws on 
1.5°C-specific and related literature on rapid and scaled up change 
to identify the enabling conditions that influence the feasibility of 
adaptation and mitigation options assessed in Section 4.5. Examples 
from diverse regions and sectors are provided in Boxes 4.1 to 4.10 
to illustrate how these conditions could enable or constrain the 
implementation of incremental, rapid, disruptive and transformative 
mitigation and adaptation consistent with 1.5°C pathways. 

Coherence between the enabling conditions holds potential to enhance 
the feasibility of 1.5°C-consistent pathways and adapting to the 
consequences. This includes better alignment across governance scales 
(OECD, 2015a; Geels et al., 2017), enabling multilevel governance 
(Cheshmehzangi, 2016; Revi, 2017; Tait and Euston-Brown, 2017) and 
nested institutions (Abbott, 2012). It also includes interdisciplinary 
actions, combined adaptation and mitigation action (Göpfert et al., 
2018), and science–policy partnerships (Vogel et al., 2007; Hering et al., 
2014; Roberts, 2016; Figueres et al., 2017; Leal Filho et al., 2018). These 
partnerships are difficult to establish and sustain, but can generate 
trust (Cole, 2015; Jordan et al., 2015) and inclusivity that ultimately can 
provide durability and the realization of co-benefits for sustained rapid 
change (Blanchet, 2015; Ziervogel et al., 2016a). 

4.4.1 Enhancing Multilevel Governance

Addressing climate change and implementing responses to 
1.5°C-consistent pathways would require engagement between 
various levels and types of governance (Betsill and Bulkeley, 2006; 
Kern and Alber, 2009; Christoforidis et al., 2013; Romero-Lankao et al., 
2018). AR5 highlighted the significance of governance as a means of 
strengthening adaptation and mitigation and advancing sustainable 
development (Fleurbaey et al., 2014). Governance is defined in the 
broadest sense as the ‘processes of interaction and decision-making 
among actors involved in a common problem’ (Kooiman, 2003; Hufty, 
2011; Fleurbaey et al., 2014). This definition goes beyond notions of 
formal government or political authority and integrates other actors, 
networks, informal institutions and communities. 

4.4.1.1 Institutions and their capacity to invoke far-reaching 
and rapid change

Institutions – the rules and norms that guide human interactions 
(Section 4.4.2) – enable or impede the structures, mechanisms 
and measures that guide mitigation and adaptation. Institutions, 
understood as the ‘rules of the game’ (North, 1990), exert direct and 
indirect influence over the viability of 1.5°C-consistent pathways 
(Munck et al., 2014; Willis, 2017). Governance would be needed to 
support wide-scale and effective adoption of mitigation and adaptation 
options. Institutions and governance structures are strengthened 
when the principle of the ‘commons’ is explored as a way of sharing 
management and responsibilities (Ostrom et al., 1999; Chaffin et 
al., 2014; Young, 2016). Institutions would need to be strengthened 
to interact amongst themselves, and to share responsibilities for the 
development and implementation of rules, regulations and policies 
(Ostrom et al., 1999; Wejs et al., 2014; Craig et al., 2017), with the goal 
of ensuring that these embrace equity, justice, poverty alleviation and 
sustainable development, enabling a 1.5°C world (Reckien et al., 2017; 
Wood et al., 2017). 

Several authors have identified different modes of cross-stakeholder 
interaction in climate policy, including the role played by large 
multinational corporations, small enterprises, civil society and non-
state actors. Ciplet et al. (2015) argue that civil society is to a great 
extent the only reliable motor for driving institutions to change at 
the pace required. Kern and Alber (2009) recognize different forms of 
collaboration relevant to successful climate policies beyond the local 
level. Horizontal collaboration (e.g., transnational city networks) and 
vertical collaboration within nation-states can play an enabling role 
(Ringel, 2017). Vertical and horizontal collaboration requires synergistic 
relationships between stakeholders (Ingold and Fischer, 2014; Hsu et 
al., 2017). The importance of community participation is emphasized 
in literature, and in particular the need to take into account equity 
and gender considerations (Chapter 5) (Graham et al., 2015; Bryan 
et al., 2017; Wangui and Smucker, 2017). Participation often faces 
implementation challenges and may not always result in better policy 
outcomes. Stakeholders, for example, may not view climate change as 
a priority and may not share the same preferences, potentially creating 
a policy deadlock (Preston et al., 2013, 2015; Ford et al., 2016).

4.4.1.2 International governance

International treaties help strengthen policy implementation, providing 
a medium- and long-term vision (Obergassel et al., 2016). International 
climate governance is organized via many mechanisms, including 
international organizations, treaties and conventions, for example, 

model simulations and some natural analogues. There are also considerable challenges to the implementation of SRM associated 
with disagreements over the governance, ethics, public perception, and distributional development impacts (see Section 4.3.8) (Boyd, 
2016; Preston, 2016; Asayama et al., 2017; Sugiyama et al., 2017b; Svoboda, 2017; McKinnon, 2018; Talberg et al., 2018). Overall, 
the combined uncertainties surrounding the various SRM approaches, including technological maturity, physical understanding, 
potential impacts, and challenges of governance, constrain the ability to implement SRM in the near future.  

Cross Chapter Box 10 (continued)
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UNFCCC, the Paris Agreement and the Montreal Protocol. Other 
multilateral and bilateral agreements, such as trade agreements, also 
have a bearing on climate change.

There are significant differences between global mitigation and 
adaptation governance frames. Mitigation tends to be global by its 
nature and based on the principle of the climate system as a global 
commons (Ostrom et al., 1999). Adaptation has traditionally been 
viewed as a local process, involving local authorities, communities, 
and stakeholders (Khan, 2013; Preston et al., 2015), although it is now 
recognized to be a multi-scaled, multi-actor process that transcends 
scales from local and sub-national to national and international 
(Mimura et al., 2014; UNEP, 2017a). National governments provide a 
central pivot for coordination, planning, determining policy priorities 
and distributing resources. National governments are accountable 
to the international community through international agreements. 
Yet, many of the impacts of climate change are transboundary, so 
that bilateral and multilateral cooperation are needed (Nalau et al., 
2015; Donner et al., 2016; Magnan and Ribera, 2016; Tilleard and Ford, 
2016; Lesnikowski et al., 2017). The Kigali Amendment to the Montreal 
Protocol demonstrates that a global environmental agreement 
facilitating common but differentiated responsibilities is possible 
(Sharadin, 2018). This was operationalized by developed countries 
acting first, with developing countries following and benefiting from 
leap-frogging the trial-and-error stages of innovative technology 
development.

Work on international climate governance has focused on the nature 
of ‘climate regimes’ and coordinating the action of nation-states 
(Aykut, 2016) organized around a diverse set of instruments: (i) binding 
limits allocated by principles of historical responsibility and equity, (ii) 
carbon prices, emissions quotas, (iii) pledges and review of policies and 
measures or (iv) a combination of these options (Stavins, 1988; Grubb, 
1990; Pizer, 2002; Newell and Pizer, 2003). 

Literature on the Kyoto Protocol provides two important insights for 
the 1.5°C transition: the challenge of agreeing on rules to allocate 
emissions quotas (Shukla, 2005; Caney, 2012; Winkler et al., 2013; 
Gupta, 2014; Méjean et al., 2015) and a climate-centric vision (Shukla, 
2005; BASIC experts, 2011), separated from development issues which 
drove resistance from many developing nations (Roberts and Parks, 
2006). For the former, a burden-sharing approach led to an adversarial 
process among nations to decide who should be allocated ‘how much’ 
of the remainder of the emissions budget (Caney, 2014; Ohndorf et al., 
2015; Roser et al., 2015; Giménez-Gómez et al., 2016). Industry group 
lobbying further contributed to reducing space for manoeuvre of some 
major emitting nations (Newell and Paterson, 1998; Levy and Egan, 
2003; Dunlap and McCright, 2011; Michaelowa, 2013; Geels, 2014).

Given the political unwillingness to continue with the Kyoto Protocol 
approach a new approach was introduced in the Copenhagen Accord, 
the Cancun Agreements, and finally in the Paris Agreement. The 
transition to 1.5°C requires carbon neutrality and thus going beyond 
the traditional framing of climate as a ‘tragedy of the commons’ to be 
addressed via cost-optimal allocation rules, which demonstrated a low 
probability of enabling a transition to 1.5°C-consistent pathways (Patt, 
2017). The Paris Agreement, built on a ‘pledge and review’ system, 

is thought be more effective in securing trust (Dagnet et al., 2016) 
and enables effective monitoring and timely reporting on national 
actions (including adaptation), allowing for international scrutiny and 
persistent efforts of civil society and non-state actors to encourage 
action in both national and international contexts (Allan and Hadden, 
2017; Bäckstrand and Kuyper, 2017; Höhne et al., 2017; Lesnikowski et 
al., 2017; Maor et al., 2017; UNEP, 2017a), with some limitations (Nieto 
et al., 2018). 

The paradigm shift enabled at Cancun succeeded by focusing on the 
objective of ‘equitable access to sustainable development’ (Hourcade 
et al., 2015). The use of ‘pledge and review’ now underpins the Paris 
Agreement. This consolidates multiple attempts to define a governance 
approach that relies on Nationally Determined Contributions (NDCs) 
and on means for a ‘facilitative model’ (Bodansky and Diringer, 2014) 
to reinforce them. This enables a regular, iterative, review of NDCs 
allowing countries to set their own ambitions  after a global stocktake 
and more flexible, experimental forms of climate governance, which may 
provide room for higher ambition and be consistent with the needs of 
governing for a rapid transition to close the emission gap (Clémençon, 
2016; Falkner, 2016) (Cross-Chapter Box 11 in this chapter). Beyond 
a general consensus on the necessity of measurement, reporting and 
verification (MRV) mechanisms as a key element of a climate regime 
(Ford et al., 2015b; van Asselt et al., 2015), some authors emphasize 
different governance approaches to implement the Paris Agreement. 
Through the new proposed sustainable development mechanism in 
Article 6, the Paris Agreement allows the space to harness the lowest 
cost mitigation options worldwide. This may incentivize policymakers 
to enhance mitigation ambition by speeding up climate action as part 
of a ‘climate regime complex’ (Keohane and Victor, 2011) of loosely 
interrelated global governance institutions. In the Paris Agreement, the 
‘common but differentiated responsibilities and respective capabilities’ 
(CBDR-RC) principle could be expanded and revisited under a ‘sharing 
the pie’ paradigm (Ji and Sha, 2015) as a tool to open innovation 
processes towards alternative development pathways (Chapter 5).

COP 16 in Cancun was also the first time in the UNFCCC that 
adaptation was recognized to have similar priority as mitigation. The 
Paris Agreement recognizes the importance of adaptation action and 
cooperation to enhance such action. Chung Tiam Fook (2017) and 
Lesnikowski et al. (2017) suggest that the Paris Agreement is explicit 
about multilevel adaptation governance, outlines stronger transparency 
mechanisms, links adaptation to development and climate justice, and 
is therefore suggestive of greater inclusiveness of non-state voices and 
the broader contexts of social change.

1.5°C-consistent pathways require further exploration of conditions of 
trust and reciprocity amongst nation states (Schelling, 1991; Ostrom 
and Walker, 2005). Some authors (Colman et al., 2011; Courtois et al., 
2015) suggest a departure from the vision of actors acting individually 
in the pursuit of self-interest to that of iterated games with actors 
interacting over time showing that reciprocity, with occasional 
forgiveness and initial good faith, can lead to win-win outcomes and 
to cooperation as a stable strategy (Axelrod and Hamilton, 1981).

Regional cooperation plays an important role in the context of 
global governance. Literature on climate regimes has only started 
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exploring innovative governance arrangements, including coalitions 
of transnational actors including state, market and non-state actors 
(Bulkeley et al., 2012; Hovi et al., 2016; Hagen et al., 2017; Hermwille 
et al., 2017; Roelfsema et al., 2018) and groupings of countries, as 
a complement to the UNFCCC (Abbott and Snidal, 2009; Biermann, 
2010; Zelli, 2011; Nordhaus, 2015). Climate action requires multilevel 
governance from the local and community level to national, regional 
and international levels. Box 4.1 shows the role of sub-national 
authorities (e.g., regions and provinces) in facilitating urban climate 
action, while Box 4.2 shows that climate governance can be organized 
across hydrological as well as political units. 

4.4.1.3 Sub-national governance

Local governments can play a key role (Melica et al., 2018; Romero-
Lankao et al., 2018) in influencing mitigation and adaptation 
strategies. It is important to understand how rural and urban 
areas, small islands, informal settlements and communities might 
intervene to reduce climate impacts (Bulkeley et al., 2011), either by 
implementing climate objectives defined at higher government levels 
or by taking initiative autonomously or collectively (Aall et al., 2007; 
Reckien et al., 2014; Araos et al., 2016a; Heidrich et al., 2016). Local 
governance faces the challenge of reconciling local concerns with 
global objectives. Local governments could coordinate and develop 
effective local responses, and could pursue procedural justice in 
ensuring community engagement and more effective policies around 
energy and vulnerability reduction (Moss et al., 2013; Fudge et al., 
2016). They can enable more participative decision-making (Barrett, 
2015; Hesse, 2016). Fudge et al. (2016) argue that local authorities 
are well-positioned to involve the wider community in: designing 
and implementing climate policies, engaging with sustainable energy 
generation (e.g., by supporting energy communities) (Slee, 2015), and 
the delivery of demand-side measures and adaptation implementation. 

By 2050, it is estimated three billion people will be living in slums and 
informal settlements: neighbourhoods without formal governance, on 
un-zoned land developments and in places that are exposed to climate-
related hazards (Bai et al., 2018). Emerging research is examining how 
citizens can contribute informally to governance with rapid urbanization 
and weaker government regulation (Sarmiento and Tilly, 2018). It 
remains to be seen how the possibilities and consequences of alternative 
urban governance models will be managed for large, complex problems 
and for addressing inequality and urban adaptation (Amin and Cirolia, 
2018; Bai et al., 2018; Sarmiento and Tilly, 2018).

Expanding networks of cities are sharing experiences on coping with 
climate change and drawing economic and development benefits from 
climate change responses – a recent institutional innovation. This could 
be complemented by efforts of national governments to enhance local 
climate action through national urban policies (Broekhoff et al., 2018). 
Over the years, non-state actors have set up several transnational 
climate governance initiatives to accelerate the climate response, for 
example, ICLEI (1990), C–40 (2005), the Global Island Partnership 
(2006) and the Covenant of Mayors (2008) (Gordon and Johnson, 
2017; Hsu et al., 2017; Ringel, 2017; Kona et al., 2018; Melica et al., 
2018) and to exert influence on national governments and the UNFCCC 

(Bulkeley, 2005). However, Michaelowa and Michaelowa (2017) find 
low effectiveness for over 100 of such mitigation initiatives. 

4.4.1.4 Interactions and processes for multilevel governance

Literature has proposed multilevel governance in climate change as 
an enabler for systemic transformation and effective governance, 
as the concept is thought to allow for combining decisions across 
levels and sectors and across institutional types at the same level 
(Romero-Lankao et al., 2018), with multilevel reinforcement and the 
mobilization of economic interests at different levels of governance 
(Jänicke and Quitzow, 2017). These governance mechanisms are 
based on accountability and transparency rules and participation and 
coordination across and within these levels.

A study of 29 European countries showed that the rapid adoption 
and diffusion of adaptation policymaking is largely driven by internal 
factors, at the national and sub-national levels (Massey et al., 2014). 
An assessment of national-level adaptation in 117 countries (Berrang-
Ford et al., 2014) found good governance to be the one of the strongest 
predictors of national adaptation policy. An analysis of the climate 
responses of 200 large and medium-sized cities across eleven European 
countries found that factors such as membership of climate networks, 
population size, gross domestic product (GDP) per capita and adaptive 
capacity act as drivers of mitigation and adaptation plans (Reckien et 
al., 2015). 

Adaptation policy has seen growth in some areas (Massey et al., 
2014; Lesnikowski et al., 2016), although efforts to track adaptation 
progress are constrained by an absence of data sources on adaptation 
(Berrang-Ford et al., 2011; Ford and Berrang-Ford, 2016; Magnan, 
2016; Magnan and Ribera, 2016). Many developing countries have 
made progress in formulating national policies, plans and strategies on 
responding to climate change. The NDCs have been identified as one 
such institutional mechanism (Cross-Chapter Box 11 in this Chapter) 
(Magnan et al., 2015; Kato and Ellis, 2016; Peters et al., 2017). 

To overcome barriers to policy implementation, local conflicts of 
interest or vested interests, strong leadership and agency is needed by 
political leaders. As shown by the Covenant of Mayors initiative (Box 
4.1), political leaders with a vision for the future of the local community 
can succeed in reducing GHG emissions, when they are supported by 
civil society (Rivas et al., 2015; Croci et al., 2017; Kona et al., 2018). 
Any political vision would need to be translated into an action plan, 
which could include elements describing policies and measures needed 
to achieve transition, the human and financial resources needed, 
milestones, and appropriate measurement and verification processes 
(Azevedo and Leal, 2017). Discussing the plan with stakeholders 
and civil society, including citizens and allowing for participation for 
minorities, and having them provide input and endorse it, has been 
found to increase the likelihood of success (Rivas et al., 2015; Wamsler, 
2017). However, as described by Nightingale (2017) and Green (2016), 
struggles over natural resources and adaptation governance both at 
the national and community levels would also need to be addressed 
‘in politically unstable contexts, where power and politics shape 
adaptation outcomes’.
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Box 4.1 |  Multilevel Governance in the EU Covenant of Mayors: Example of the Provincia di Foggia

Since 2005, cities have emerged as a locus of institutional and governance climate innovation (Melica et al., 2018) and are driving 
responses to climate change (Roberts, 2016). Many cities have adopted more ambitious greenhouse gas (GHG) emission reduction 
targets than countries (Kona et al., 2018), with an overall commitment of GHG emission reduction targets by 2020 of 27%, almost 
7 percentage points higher than the minimum target for 2020 (Kona et al., 2018). The Covenant of Mayors (CoM) is an initiative 
in which municipalities voluntarily commit to CO2 emission reduction. The participation of small municipalities has been facilitated 
by the development and testing of a new multilevel governance model involving Covenant Territorial Coordinators (CTCs), i.e., 
provinces and regions, which commit to providing strategic guidance and financial and technical support to municipalities in their 
territories. Results from the 315 monitoring inventories submitted show an achievement of 23% reduction in emissions (compared 
to an average year 2005) for more than half of the cities under a CTC schema (Kona et al., 2018).

The Province of Foggia, acting as a CTC, gave support to 36 municipalities to participate in the CoM and to prepare Sustainable 
Energy Action Plans (SEAPs). The Province developed a common approach to prepare SEAPs, provided data to compile municipal 
emission inventories (Bertoldi et al., 2018) and guided the signatory to identify an appropriate combination of measures to curb 
GHG emissions. The local Chamber of Commerce also had a key role in the implementation of these projects by the municipalities 
(Lombardi et al., 2016). The joint action by the province and the municipalities in collaboration with the local business community 
could be seen as an example of multilevel governance (Lombardi et al., 2016).  

Researchers have investigated local forms of collaboration within local government, with the active involvement of citizens and 
stakeholders, and acknowledge that public acceptance is key to the successful implementation of policies (Larsen and Gunnarsson-
Östling, 2009; Musall and Kuik, 2011; Pollak et al., 2011; Christoforidis et al., 2013; Pasimeni et al., 2014; Lee and Painter, 2015). 
Achieving ambitious targets would need leadership, enhanced multilevel governance, vision and widespread participation in 
transformative change (Castán Broto and Bulkeley, 2013; Rosenzweig et al., 2015; Castán Broto, 2017; Fazey et al., 2017; Wamsler, 
2017; Romero-Lankao et al., 2018). The Chapter 5, Section 5.6.4 case studies of climate-resilient development pathways, at state 
and community scales, show that participation, social learning and iterative decision-making are governance features of strategies 
that deliver mitigation, adaptation, and sustainable development in a fair and equitable manner. Another insight is the finding 
that incremental voluntary changes are amplified through community networking, polycentric governance (Dorsch and Flachsland, 
2017), partnerships, and long-term change to governance systems at multiple levels (Stevenson and Dryzek, 2014; Lövbrand et al., 
2017; Pichler et al., 2017; Termeer et al., 2017).

Multilevel governance includes adaptation across local, regional, and 
national scales (Adger et al., 2005). The whole-of-government approach 
to understanding and influencing climate change policy design and 
implementation puts analytical emphasis on how different levels of 
government and different types of actors (e.g., public and private) 
can constrain or support local adaptive capacity (Corfee-Morlot et al., 
2011), including the role of the civil society. National governments, 
for example, have been associated with enhancing adaptive capacity 
through building awareness of climate impacts, encouraging economic 
growth, providing incentives, establishing legislative frameworks 
conducive to adaptation, and communicating climate change 
information (Berrang-Ford et al., 2014; Massey et al., 2014; Austin et al., 
2015; Henstra, 2016; Massey and Huitema, 2016). Local governments, 
on the other hand, are responsible for delivering basic services and 
utilities to the urban population, and protecting their integrity from 
the impacts of extreme weather (Austin et al., 2015; Cloutier et al., 
2015; Nalau et al., 2015; Araos et al., 2016b). National policies and 
transnational governance could be seen as complementary, rather 
than competitors, and strong national policies favour transnational 
engagement of sub- and non-state actors (Andonova et al., 2017). 
Local initiatives are complementary with higher level policies and can 
be integrated in the multilevel governance system (Fuhr et al., 2018). 

A multilevel approach considers that adaptation planning is affected 
by scale mismatches between the local manifestation of climate 
impacts and the diverse scales at which the problem is driven (Shi 
et al., 2016). Multilevel approaches may be relevant in low-income 
countries where limited financial resources and human capabilities 
within local governments often lead to greater dependency on 
national governments and other (donor) organizations, to strengthen 
adaptation responses (Donner et al., 2016; Adenle et al., 2017). 
National governments or international organizations may motivate 
urban adaptation externally through broad policy directives or projects 
by international donors. Municipal governments on the other hand 
work within the city to spur progress on adaptation. Individual political 
leadership in municipal government, for example, has been cited as 
a factor driving the adaptation policies of early adapters in Quito, 
Ecuador, and Durban, and South Africa (Anguelovski et al., 2014), 
and for adaptation more generally (Smith et al., 2009). Adaptation 
pathways can help identify maladaptive actions (Juhola et al., 2016; 
Magnan et al., 2016; Gajjar et al., 2018) and encourage social learning 
approaches across multiple levels of stakeholders in sectors such as 
marine biodiversity and water supply (Bosomworth et al., 2015; Butler 
et al., 2015; van der Brugge and Roosjen, 2015).
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Box 4.2 exemplifies how multilevel governance has been used for 
watershed management in different basins, given the impacts on water 
sources (Chapter 3, Section 3.4.2).

Box 4.2 |  Watershed Management in a 1.5˚C World

Water management is necessary in order for the global community to adapt to 1.5°C-consistent pathways. Cohesive planning 
that includes numerous stakeholders would be required to improve access, utilization and efficiency of water use and to ensure 
hydrologic viability.  

Response to drought and El Niño–Southern Oscillation (ENSO) in southern Guatemala
Hydro-meteorological events, including ENSO, have impacted Central America (Steinhoff et al., 2014; Chang et al., 2015; Maggioni et 
al., 2016) and are projected to increase in frequency during a 1.5°C transition (Wang et al., 2017). The 2014–2016 ENSO damaged 
agriculture, seriously impacting rural communities. 

In 2016, the Climate Change Institute, in conjunction with local governments, the private sector, communities and human rights 
organizations, established dialogue tables for different watersheds to discuss water usage amongst stakeholders and plans to 
mitigate the effects of drought, alleviate social tension, and map water use of watersheds at risk. The goal was to encourage better 
water resource management and to enhance ecological flow through improved communication, transparency, and coordination 
amongst users. These goals were achieved in 2017 when each previously affected river reached the Pacific Ocean with at least its 
minimum ecological flow (Guerra, 2017). 

Drought management through the Limpopo Watercourse Commission
The governments sharing the Limpopo river basin (Botswana, Mozambique, South Africa and Zimbabwe) formed the Limpopo 
Watercourse Commission in 2003 (Nyagwambo et al., 2008; Mitchell, 2013). It has an advisory body composed of working groups 
that assess water use and sustainability, decide national level distribution of water access, and support disaster and emergency 
planning. The Limpopo basin delta is highly vulnerable (Tessler et al., 2015), and is associated with a lack of infrastructure and 
investment capacity, requiring increased economic development together with plans for vulnerability reduction (Tessler et al., 
2015) and water rights (Swatuk, 2015). The high vulnerability is influenced by gender inequality, limited stakeholder participation 
and limited institutional capacity to address unequal water access (Mehta et al., 2014). The implementation of integrated water 
resources management (IWRM) would need to consider pre-existing social, economic, historical and cultural contexts (Merrey, 
2009; Mehta et al., 2014). The Commission therefore could play a role in improving participation and in providing an adaptable and 
equitable strategy for cross-border water sharing (Ekblom et al., 2017).

Flood management in the Danube
The Danube River Protection Convention is the official instrument for cooperation on transboundary water governance between 
the countries that share the Danube Basin. The International Commission for the Protection of the Danube River (ICPDR) provides 
a strong science–policy link through expert working groups dealing with issues including governance, monitoring and assessment, 
and flood protection (Schmeier, 2014). The Trans-National Monitoring Network (TNMN) was developed to undertake comprehensive 
monitoring of water quality (Schmeier, 2014). Monitoring of water quality constitutes almost 50% of ICPDR’s scientific publications, 
although ICPDR also works on governance, basin planning, monitoring, and IWRM, indicating its importance. The ICPDR is an 
example of IWRM ‘coordinating groundwater, surface water abstractions, flood management, energy production, navigation, and 
water quality’ (Hering et al., 2014).    
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Cross-Chapter Box 11 |  Consistency Between Nationally Determined Contributions and 1.5°C Scenarios

Contributing Authors: 
Paolo Bertoldi (Italy), Michel den Elzen (Netherlands), James Ford (Canada/UK), Richard Klein (Netherlands/Germany), Debora Ley 
(Guatemala/Mexico), Timmons Roberts (USA), Joeri Rogelj (Austria/Belgium).

Mitigation

1. Introduction
There is high agreement that Nationally Determined Contributions (NDCs) are important for the global response to climate change 
and represent an innovative bottom-up instrument in climate change governance (Section 4.4.1), with contributions from all 
signatory countries (den Elzen et al., 2016; Rogelj et al., 2016; Vandyck et al., 2016; Luderer et al., 2018; Vrontisi et al., 2018). The 
global emission projections resulting from full implementation of the NDCs represent an improvement compared to business as 
usual (Rogelj et al., 2016) and current policies scenarios to 2030 (den Elzen et al., 2016; Vrontisi et al., 2018). Most G20 economies 
would require new policies and actions to achieve their NDC targets (den Elzen et al., 2016; Vandyck et al., 2016; UNEP, 2017b; 
Kuramochi et al., 2018).

2. The effect of NDCs on global greenhouse gas (GHG) emissions
Several studies estimate global emission levels that would be achieved under the NDCs (e.g., den Elzen et al., 2016; Luderer et al., 
2016; Rogelj et al., 2016, 2017; Vandyck et al., 2016; Rose et al., 2017; Vrontisi et al., 2018). Rogelj et al. (2016) and UNEP (2017b) 
concluded that the full implementation of the unconditional and conditional NDCs are expected to result in global GHG emissions 
of about 55 (52–58) and 53 (50–54) GtCO2-eq yr−1, respectively (Cross-Chapter Box 11, Figure 1 below).

3. The effect of NDCs on temperature increase and carbon budget
Estimates of global average temperature increase are 2.9°C–3.4°C above preindustrial levels with a greater than 66% probability 
by 2100 (Rogelj et al., 2016; UNEP, 2017b), under a full implementation of unconditional NDCs and a continuation of climate action 
similar to that of the NDCs. Full implementation of the conditional NDCs would lower the estimates by about 0.2°C by 2100. As 
an indication of the carbon budget implications of NDC scenarios, Rogelj et al. (2016) estimated cumulative emissions in the range 
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Cross-Chapter Box 11, Figure 1 |  GHG emissions are all expressed in units of CO2-equivalence computed with 100-year global warming potentials (GWPs) reported 
in IPCC SAR, while the emissions for the 1.5°C and 2°C scenarios in Table 2.4 are reported using the 100-year GWPs reported in IPCC AR4, and are hence about 3% 
higher. Using IPCC AR4 instead of SAR GWP values is estimated to result in a 2–3% increase in estimated 1.5°C and 2°C emissions levels in 2030. Source: based on 
Rogelj et al. (2016) and UNEP (2017b).
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of 690 to 850 GtCO2 for the period 2011–2030 if the NDCs are successfully implemented. The carbon budget for post-2010 till 2100 
compatible with staying below 1.5°C with a 50–66% probability was estimated at  550–600 GtCO2 (Clarke et al., 2014; Rogelj et al., 
2016), which will be well exceeded by 2030 at full implementation of the NDCs (Chapter 2, Section 2.2 and Section 2.3.1). 

4. The 2030 emissions gap with 1.5°C and urgency of action
As the 1.5°C pathways require reaching carbon neutrality by mid-century, the NDCs alone are not sufficient, as they have a time 
horizon until 2030. Rogelj et al. (2016) and Hof et al. (2017) have used results or compared NDC pathways with emissions pathways 
produced by integrated assessment models (IAMs) assessing the contribution of NDCs to achieve the 1.5°C targets. There is high 
agreement that current NDC emissions levels are not in line with pathways that limit warming to 1.5°C by the end of the century 
(Rogelj et al., 2016, 2017; Hof et al., 2017; UNEP, 2017b; Vrontisi et al., 2018). The median 1.5°C emissions gap (>66% chance) for 
the full implementation of both the conditional and unconditional NDCs for 2030 is 26 (19–29) to 28 (22–33) GtCO2-eq (Cross-
Chapter Box 11, Figure 1 above). 

Studies indicate important trade-offs of delaying global emissions reductions (Chapter 2, Sections 2.3.5 and 2.5.1). AR5 identified 
flexibility in 2030 emission levels when pursuing a 2°C objective (Clarke et al., 2014) indicating that strongest trade-offs for 2°C 
pathways could be avoided if emissions are limited to below 50 GtCO2-eq yr−1 in 2030 (here computed with the GWP–100 metric 
of the IPCC SAR). New scenario studies show that full implementation of the NDCs by 2030 would imply the need for deeper and 
faster emission reductions beyond 2030 in order to meet 2°C, and also higher costs and efforts of negative emissions (Fujimori et 
al., 2016; Sanderson et al., 2016; Rose et al., 2017; van Soest et al., 2017; Luderer et al., 2018). However, no flexibility has been found 
for 1.5°C-consistent pathways (Luderer et al., 2016; Rogelj et al., 2017), indicating that if emissions through 2030 are at NDC levels, 
the resulting post-2030 reductions required to remain within a 1.5°C-consistent carbon budget during the 21st century (Chapter 2, 
Section 2.2) are not within the feasible operating space of IAMs. This indicates that the chances of failing to reach a 1.5°C pathway 
are significantly increased (Riahi et al., 2015), if near-term ambition is not strengthened beyond the level implied by current NDCs.

Accelerated and stronger short-term action and enhanced longer-term national ambition going beyond the NDCs would be needed 
for 1.5°C-consistent pathways. Implementing deeper emissions reductions than current NDCs would imply action towards levels 
identified in Chapter 2, Section 2.3.3, either as part of or over-delivering on NDCs. 

5. The impact of uncertainties on NDC emission levels
The measures proposed in NDCs are not legally binding (Nemet et al., 2017), further impacting estimates of anticipated 2030 
emission levels. The aggregation of targets results in high uncertainty (Rogelj et al., 2017), which could be reduced with clearer 
guidelines for compiling future NDCs focused more on energy accounting (Rogelj et al., 2017) and increased transparency and 
comparability (Pauw et al., 2018). 

Many factors would influence NDCs global aggregated effects, including: (1) variations in socio-economic conditions (GDP and 
population growth), (2) uncertainties in historical emission inventories, (3) conditionality of certain NDCs, (4) definition of NDC 
targets as ranges instead of single values, (5) the way in which renewable energy targets are expressed, and (6) the way in which 
traditional biomass use is accounted for. Additionally, there are land-use mitigation uncertainties (Forsell et al., 2016; Grassi et al., 
2017). Land-use options play a key role in many country NDCs; however, many analyses on NDCs do not use country estimates on 
land-use emissions, but use model estimates, mainly because of the large difference in estimating the ‘anthropogenic’ forest sink 
between countries and models (Grassi et al., 2017). 

6. Comparing countries’ NDC ambition (equity, cost optimal allocation and other indicators)
Various assessment frameworks have been proposed to analyse, benchmark and compare NDCs, and indicate possible strengthening, 
based on equity and other indicators (Aldy et al., 2016; den Elzen et al., 2016; Höhne et al., 2017; Jiang et al., 2017; Holz et al., 
2018).There is large variation in conformity/fulfilment with equity principles across NDCs and countries. Studies use assessment 
frameworks based on six effort sharing categories in the AR5 (Clarke et al., 2014) with the principles of ‘responsibility’, ‘capability’ 
and ‘equity’ (Höhne et al., 2017; Pan et al., 2017; Robiou du Pont et al., 2017). There is an important methodological gap in 
the assessment of the NDCs’ fairness and equity implications, partly due to lack of information on countries’ own assessments 
(Winkler et al., 2017). Implementation of Article 2.2 of the Paris Agreement could reflect equity and the principle of ‘common but 
differentiated responsibilities and respective capabilities’, due to different national circumstances and different interpretations of 
equity principles (Lahn and Sundqvist, 2017; Lahn, 2018).

Cross Chapter Box 11 (continued)
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Adaptation

The Paris Agreement recognizes adaptation by establishing a global goal for adaptation (Kato and Ellis, 2016; Rajamani, 2016; 
Kinley, 2017; Lesnikowski et al., 2017; UNEP, 2017a). This is assessed qualitatively, as achieving a temperature goal would determine 
the level of adaptation ambition required to deal with the consequent risks and impacts (Rajamani, 2016). Countries can include 
domestic adaptation goals in their NDCs, which together with national adaptation plans (NAPs) give countries flexibility to design 
and adjust their adaptation trajectories as their needs evolve and as progress is evaluated over time. A challenge for assessing 
progress on adaptation globally is the aggregation of many national adaptation actions and approaches. Knowledge gaps still 
remain about how to design measurement frameworks that generate and integrate national adaptation data without placing undue 
burdens on countries (UNEP, 2017a).

The Paris Agreement stipulates that adaptation communications shall be submitted as a component of or in conjunction with 
other communications, such as an NDC, a NAP, or a national communication. Of the 197 Parties to the UNFCCC, 140 NDCs have 
an adaptation component, almost exclusively from developing countries. NDC adaptation components could be an opportunity 
for enhancing adaptation planning and implementation by highlighting priorities and goals (Kato and Ellis, 2016). At the national 
level they provide momentum for the development of NAPs and raise the profile of adaptation (Pauw et al., 2016b, 2018). The Paris 
Agreement’s transparency framework includes adaptation, through which ‘adaptation communication’ and accelerated adaptation 
actions are submitted and reviewed every five years (Hermwille, 2016; Kato and Ellis, 2016). This framework, unlike others used in 
the past, is applicable to all countries taking into account differing capacities amongst Parties (Rajamani, 2016). 

Adaptation measures presented in qualitative terms include sectors, risks and vulnerabilities that are seen as priorities by the Parties. 
Sectoral coverage of adaptation actions identified in NDCs is uneven, with adaptation primarily reported to focus on the water 
sector (71% of NDCs with adaptation component), agriculture (63%), health (54%), and biodiversity/ecosystems (50%) (Pauw et 
al., 2016b, 2018). 

Cross Chapter Box 11 (continued)

4.4.2 Enhancing Institutional Capacities

The implementation of sound responses and strategies to enable a 
transition to 1.5°C world would require strengthening governance 
and scaling up institutional capacities, particularly in developing 
countries (Adenle et al., 2017; Rosenbloom, 2017). Building on the 
characterization of governance in Section 4.4.1, this section examines 
the necessary institutional capacity to implement actions to limit 
warming to 1.5°C and adapt to the consequences. This takes into 
account a plurality of regional and local responses, as institutional 
capacity is highly context-dependent (North, 1990; Lustick et al., 
2011).  

Institutions would need to interact with one another and align across 
scales to ensure that rules and regulations are followed (Chaffin 
and Gunderson, 2016; Young, 2016). The institutional architecture 
required for a 1.5°C world would include the growing proportion of 
the world’s population that live in peri-urban and informal settlements 
and engage in informal economic activity (Simone and Pieterse, 2017). 
This population, amongst the most exposed to perturbed climates in 
the world (Hallegatte et al., 2017), is also beyond the direct reach 
of some policy instruments (Jaglin, 2014; Thieme, 2018). Strategies 
that accommodate the informal rules of the game adopted by these 
populations have large chances of success (McGranahan et al., 2016; 
Kaika, 2017).

The goal for strengthening implementation is to ensure that these rules 
and regulations embrace equity, equality and poverty alleviation along 

1.5°C-consistent pathways (mitigation) and enables the building of 
adaptive capacity that together, will enable sustainable development 
and poverty reduction.

Rising to the challenge of a transition to a 1.5°C world would require 
enhancing institutional climate change capacities along multiple 
dimensions presented below.

4.4.2.1 Capacity for policy design and implementation

The enhancement of institutional capacity for integrated policy design 
and implementation has long been among the top items on the UN 
agenda of addressing global environmental problems and sustainable 
development (see Chapter 5, Section 5.5) (UNEP, 2005). 

Political stability, an effective regulatory and enforcement framework 
(e.g., institutions to impose sanctions, collect taxes and to verify 
building codes), access to a knowledge base and the availability of 
resources, would be needed at various governance levels to address 
a wide range of stakeholders and their concerns. The strengthening 
of the global response would need to support these with different 
interventions, in the context of sustainable development (Chapter 5, 
Section 5.5.1) (Pasquini et al., 2015).

Given the scale of change needed to limit warming to 1.5°C, 
strengthening the response capacity of relevant institutions is best 
addressed in ways that take advantage of existing decision-making 
processes in local and regional governments and within cities and 
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communities (Romero-Lankao et al., 2013), and draws upon diverse 
knowledge sources including indigenous and local knowledge 
(Nakashima et al., 2012; Smith and Sharp, 2012; Mistry and Berardi, 
2016; Tschakert et al., 2017). Examples of successful local institutional 
processes and the integration of local knowledge in climate-related 
decision-making are provided in Box 4.3 and Box 4.4.

Implementing 1.5°C-consistent strategies would require well-
functioning legal frameworks to be in place, in conjunction with 
clearly defined mandates, rights and responsibilities to enable the 
institutional capacity to deliver (Romero-Lankao et al., 2013). As 
an example, current rates of urbanization occurring in cities with a 
lack of institutional capacity for effective land-use planning, zoning 
and infrastructure development result in unplanned, informal urban 

settlements which are vulnerable to climate impacts. It is common 
for 30–50% of urban populations in low-income nations to live in 
informal settlements with no regulatory infrastructure (Revi et al., 
2014b). For example, in Huambo (Angola), a classified ‘urban’ area 
extends 20 km west of the city and is predominantly made up of 
‘unplanned’ urban settlements (Smith and Jenkins, 2015). 

Internationally, the Paris Agreement process has aimed at enhancing 
the capacity of decision-making institutions in developing countries 
to support effective implementation. These efforts are particularly 
reflected in Article 11 of the Paris Agreement on capacity building 
(the creation of the Paris Committee on Capacity Building), Article 13 
(the creation of the Capacity Building Initiative on Transparency), and 
Article 15 on compliance (UNFCCC, 2016).

Box 4.3 |  Indigenous Knowledge and Community Adaptation

Indigenous knowledge refers to the understandings, skills and philosophies developed by societies with long histories of interaction 
with their natural surroundings (UNESCO, 2017). This knowledge can underpin the development of adaptation and mitigation 
strategies (Ford et al., 2014b; Green and Minchin, 2014; Pearce et al., 2015; Savo et al., 2016). 

Climate change is an important concern for the Maya, who depend on climate knowledge for their livelihood. In Guatemala, the 
collaboration between the Mayan K’iché population of the Nahualate river basin and the Climate Change Institute has resulted in 
a catalogue of indigenous knowledge, used to identify indicators for watershed meteorological forecasts (López and Álvarez, 2016). 
These indicators are relevant but would need continuous assessment if their continued reliability is to be confirmed (Nyong et al., 
2007; Alexander et al., 2011; Mistry and Berardi, 2016). For more than ten years, Guatemala has maintained an ‘Indigenous Table 
for Climate Change’, to enable the consideration of indigenous knowledge in disaster management and adaptation development. 

In Tanzania, increased variability of rainfall is challenging indigenous and local communities (Mahoo et al., 2015; Sewando et 
al., 2016). The majority of agro-pastoralists use indigenous knowledge to forecast seasonal rainfall, relying on observations of 
plant phenology, bird, animal, and insect behaviour, the sun and moon, and wind (Chang’a et al., 2010; Elia et al., 2014; Shaffer, 
2014). Increased climate variability has raised concerns about the reliability of these indicators (Shaffer, 2014); therefore, initiatives 
have focused on the co-production of knowledge by involving local communities in monitoring and discussing the implications of 
indigenous knowledge and meteorological forecasts (Shaffer, 2014), and creating local forecasts by utilizing the two sources of 
knowledge (Mahoo et al., 2013). This has resulted in increased documentation of indigenous knowledge, understanding of relevant 
climate information amongst stakeholders, and adaptive capacity at the community level (Mahoo et al., 2013, 2015; Shaffer, 2014). 

The Pacific Islands and small island developing states (SIDS) are vulnerable to the effects of climate change, but the cultural resilience 
of Pacific Island inhabitants is also recognized (Nunn et al., 2017). In Fiji and Vanuatu, strategies used to prepare for cyclones include 
building reserve emergency supplies and utilizing farming techniques to ensure adequate crop yield to combat potential losses 
from a cyclone or drought (McNamara and Prasad, 2014; Granderson, 2017; Pearce et al., 2017). Social cohesion and kinship are 
important in responding and preparing for climate-related hazards, including the role of resource sharing, communal labour, and 
remittances (McMillen et al., 2014; Gawith et al., 2016; Granderson, 2017). There is a concern that indigenous knowledge will 
weaken, a process driven by westernization and disruptions in established bioclimatic indicators and traditional planning calendars 
(Granderson, 2017). In some urban settlements, it has been noted that cultural practices (e.g., prioritizing the quantity of food over 
the quality of food) can lower food security through dispersing limited resources and by encouraging the consumption of cheap 
but nutrient-poor foods (Mccubbin et al., 2017) (See Cross-Chapter Box 6 on Food Security in Chapter 3). Indigenous practices also 
encounter limitations, particularly in relation to sea level rise (Nunn et al., 2017). 
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Box 4.4 |  Manizales, Colombia: Supportive National Government and Localized Planning and Integration 
    as an Enabling Condition for Managing Climate and Development Risks

Institutional reform in the city of Manizales, Colombia, helps identify three important features of an enabling environment: 
integrating climate change adaptation, mitigation and disaster risk management at the city-scale; the importance of decentralized 
planning and policy formulation within a supportive national policy environment; and the role of a multi-sectoral framework in 
mainstreaming climate action in development activities. 

Manizales is exposed to risks caused by rapid development and expansion in a mountainous terrain exposed to seismic activity and 
periodic wet and dry spells. Local assessments expect climate change to amplify the risk of disasters (Carreño et al., 2017). The city 
is widely recognized for its longstanding urban environmental policy (Biomanizales) and local environmental action plan (Bioplan), 
and has been integrating environmental planning in its development agenda for nearly two decades (Velásquez Barrero, 1998; 
Hardoy and Velásquez Barrero, 2014). When the city’s environmental agenda was updated in 2014 to reflect climate change risks, 
assessments were conducted in a participatory manner at the street and neighbourhood level (Hardoy and Velásquez Barrero, 2016). 

The creation of a new Environmental Secretariat assisted in coordination and integration of environmental policies, disaster risk 
management, development and climate change (Leck and Roberts, 2015). Planning in Manizales remains mindful of steep gradients 
through its longstanding Slope Guardian programme that trains women and keeps records of vulnerable households. Planning also 
looks to include mitigation opportunities and enhance local capacity through participatory engagement (Hardoy and Velásquez 
Barrero, 2016). 

Manizales’ mayors were identified as important champions for much of these early integration and innovation efforts. Their 
role may have been enabled by Colombia’s history of decentralized approaches to planning and policy formulation, including 
establishing environmental observatories (for continuous environmental assessment) and participatory tracking of environmental 
indicators. Multi-stakeholder involvement has both enabled and driven progress, and has enabled the integration of climate risks in 
development planning (Hardoy and Velásquez Barrero, 2016). 

4.4.2.2 Monitoring, reporting, and review institutions

One of the novel features of the new climate governance architecture 
emerging from the 2015 Paris Agreement is the transparency 
framework in Article 13 committing countries, based on capacity, 
to provide regular progress reports on national pledges to address 
climate change (UNFCCC, 2016). Many countries will rely on public 
policies and existing national reporting channels to deliver on their 
NDCs under the Paris Agreement. Scaling up the mitigation and 
adaptation efforts in these countries to be consistent with 1.5°C 
would put significant pressure on the need to develop, enhance and 
streamline local, national and international climate change reporting 
and monitoring methodologies and institutional capacity in relation 
to mitigation, adaptation, finance, and GHG inventories (Ford et al., 
2015b; Lesnikowski et al., 2015; Schoenefeld et al., 2016). Consistent 
with this direction, the provision of the information to the stocktake 
under Article 14 of the Paris Agreement would contribute to enhancing 
reporting and transparency (UNFCCC, 2016). Nonetheless, approaches, 
reporting procedures, reference points, and data sources to assess 
progress on implementation across and within nations are still largely 
underdeveloped (Ford et al., 2015b; Araos et al., 2016b; Magnan and 
Ribera, 2016; Lesnikowski et al., 2017). The availability of independent 
private and public reporting and statistical institutions are integral to 
oversight, effective monitoring, reporting and review. The creation and 
enhancement of these institutions would be an important contribution 
to an effective transition to a low-emission world.

4.4.2.3 Financial institutions

IPCC AR5 assessed that in order to enable a transition to a 2°C pathway, 
the volume of climate investments would need to be transformed along 
with changes in the pattern of general investment behaviour towards 
low emissions. The report argued that, compared to 2012, annually up 
to a trillion dollars in additional investment in low-emission energy and 
energy efficiency measures may be required until 2050 (Blanco et al., 
2014; IEA, 2014a). Financing of 1.5°C would present an even greater 
challenge, addressing financing of both existing and new assets, which 
would require significant transitions to the type and structure of financial 
institutions as well as to the method of financing (Cochrani et al., 2014; 
Ma, 2014). Both public and private financial institutions would be needed 
to contribute to the large resource mobilization needed for 1.5°C, yet, in 
the ordinary course of business, these transitions may not be expected. 
On the one hand, private financial institutions could face scale-up risk, 
for example, the risks associated with commercialization and scaling 
up of renewable technologies to accelerate mitigation (Wilson, 2012; 
Hartley and Medlock, 2013) and/or price risk, such as carbon price 
volatility that carbon markets could face. In contrast, traditional public 
financial institutions are limited by both structure and instruments, while 
concessional financing would require taxpayer support for subsidization. 
Special efforts and innovative approaches would be needed to address 
these challenges, for example the creation of special institutions that 
underwrite the value of emission reductions using auctioned price floors 
(Bodnar et al., 2018) to deal with price volatility.
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Financial institutions are equally important for adaptation. 
Linnerooth-Bayer and Hochrainer-Stigler (2015) discussed the 
benefits of financial instruments in adaptation, including the 
provision of post-disaster finances for recovery and pre-disaster 
security necessary for climate adaptation and poverty reduction. 
Pre-disaster financial instruments and options include insurance, 
such as index-based weather insurance schemes, catastrophe bonds, 
and laws to encourage insurance purchasing. The development and 
enhancement of microfinance institutions to ensure social resilience 
and smooth transitions in the adaptation to climate change impacts 
could be an important local institutional innovation (Hammill et al., 
2008). 

4.4.2.4 Co-operative institutions and social safety nets

Effective cooperative institutions and social safety nets may help 
address energy access and adaptation, as well as distributional impacts 
during the transition to 1.5°C-consistent pathways and enabling 
sustainable development. Not all countries have the institutional 
capabilities to design and manage these. Social capital for adaptation 
in the form of bonding, bridging, and linking social institutions has 
proved to be effective in dealing with climate crises at the local, 
regional and national levels (Aldrich et al., 2016).

The shift towards sustainable energy systems in transitioning 
economies could impact the livelihoods of large populations in 
traditional and legacy employment sectors. The transition of selected 
EU Member States to biofuels, for example, caused anxiety among 
farmers, who lacked confidence in the biofuel crop market. Enabling 
contracts between farmers and energy companies, involving local 
governments, helped create an atmosphere of confidence during the 
transition (McCormick and Kåberger, 2007).

How do broader socio-economic processes influence urban 
vulnerabilities and thereby underpin climate change adaptation? 
This is a systemic challenge originating from a lack of collective 
societal ownership of the responsibility for climate risk management. 
Explanations for this situation include competing time-horizons due 

to self-interest of stakeholders to a more ‘rational’ conception of risk 
assessment, measured across a risk-tolerance spectrum (Moffatt, 2014).

Self-governing and self-organ¬ised institutional settings, where 
equipment and resource systems are commonly owned and managed, 
can poten¬tially generate a much higher diversity of administration 
solutions, than other institutional arrangements, where energy 
technology and resource systems are either owned and administered 
individually in market settings or via a central authority (e.g., the 
state). They can also increase the adaptability of technological systems 
while reducing their burden on the environment (Labanca, 2017). 
Educational, learning and awareness-building institutions can help 
strengthen the societal response to climate change (Butler et al., 2016; 
Thi Hong Phuong et al., 2017).

4.4.3 Enabling Lifestyle and Behavioural Change

Humans are at the centre of global climate change: their actions cause 
anthropogenic climate change, and social change is key to effectively 
responding to climate change (Vlek and Steg, 2007; Dietz et al., 2013; 
ISSC and UNESCO, 2013; Hackmann et al., 2014). Chapter 2 shows 
that 1.5°C-consistent pathways assume substantial changes in 
behaviour. This section assesses the potential of behaviour change, as 
the integrated assessment models (IAMs) applied in Chapter 2 do not 
comprehensively asses this potential. 

Table 4.8 shows examples of mitigation and adaption actions relevant 
for 1.5°C-consistent pathways. Reductions in population growth can 
reduce overall carbon demand and mitigate climate change (Bridgeman, 
2017), particularly when population growth is accompanied by increases 
in affluence and carbon-intensive consumption (Rosa and Dietz, 2012; 
Clayton et al., 2017). Mitigation actions with a substantial carbon 
emission reduction potential (see Figure 4.3) that individuals may 
readily adopt would have the most climate impact (Dietz et al., 2009).

Various policy approaches and strategies can encourage and enable 
climate actions by individuals and organizations. Policy approaches 
would be more effective when they address key contextual and psycho-

Climate action Type of action Examples

Mitigation

Implementing resource efficiency in buildings
Insulation 
Low-carbon building materials

Adopting low-emission innovations
Electric vehicles 
Heat pumps, district heating and cooling

Adopting energy efficient appliances
Energy-efficient heating or cooling 
Energy-efficient appliances

Energy-saving behaviour

Walking or cycling rather than drive short distances 
Using mass transit rather than flying 
Lower temperature for space heating
Line drying of laundry
Reducing food waste

Buying products and materials with low GHG 
emissions during production and transport

Reducing meat and dairy consumption 
Buying local, seasonal food
Replacing aluminium products by low-GHG alternatives 

Organisational behaviour
Designing low-emission products and procedures
Replacing business travel by videoconferencing 

Table 4.8  | Examples of mitigation and adaptation behaviours relevant for 1.5°C (Dietz et al., 2009; Jabeen, 2014; Taylor et al., 2014; Araos et al., 2016b; Steg, 2016; Stern et  
 al., 2016b; Creutzig et al., 2018)
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Figure 4.3 |  Examples of mitigation behaviour and their GHG emission reduction potential. Mitigation potential assessments are printed in different 
units. Based on [1] Carlsson-Kanyama and González (2009); [2] Tuomisto and Teixeira de Mattos (2011); [3] Springmann et al. (2016); [4] Nijland and Meerkerk (2017); [5] 
Woodcock et al. (2009); [6] Salon et al. (2012); [7] Dietz et al. (2009); [8] Mulville et al. (2017); [9] Huebner and Shipworth (2017); [10] Jaboyedoff et al. (2004); [11] Pellegrino 
et al. (2016); [12] Nägele et al. (2017). 

Climate action Type of action Examples

Adaptation

Growing different crops and raising different animal varieties Using crops with higher tolerance for higher temperatures or CO2 elevation

Flood protective behaviour
Elevating barriers between rooms
Building elevated storage spaces
Building drainage channels outside the home

Heat protective behaviour
Staying hydrated
Moving to cooler places
Installing green roofs

Efficient water use during water shortage crisis
Rationing water
Constructing wells or rainwater tanks

Mitigation & 
adaptation

Adoption of renewable energy sources 
Solar PV
Solar water heaters

Citizenship behaviour
Engage through civic channels to encourage or support planning for low-carbon  
climate-resilient development

Table 4.8 (continued)

social factors influencing climate actions, which differ across contexts 
and individuals (Steg and Vlek, 2009; Stern, 2011). This suggests 
that diverse policy approaches would be needed in 1.5°C-consistent 
pathways in different contexts and regions. Combinations of policies 
that target multiple barriers and enabling factors simultaneously can 
be more effective (Nissinen et al., 2015).

In the United States and Europe, GHG emissions are lower when 
legislators have strong environmental records (Jensen and Spoon, 2011; 
Dietz et al., 2015). Political elites affect public concern about climate 
change: pro-climate action statements increased concern, while anti-
climate action statements and anti-environment voting reduced public 
concern about climate change (Brulle et al., 2012). In the European 
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Union (EU), individuals worry more about climate change and engage 
more in climate actions in countries where political party elites are 
united rather than divided in their support for environmental issues 
(Sohlberg, 2017).

This section discusses how to enable and encourage behaviour and 
lifestyle changes that strengthen implementation of 1.5°C-consistent 
pathways by assessing psycho-social factors related to climate action, 
as well as the effects and acceptability of policy approaches targeting 
climate actions that are consistent with 1.5°C. Box 4.5 and Box 4.6 
illustrate how these have worked in practice. 

4.4.3.1 Factors related to climate actions

Mitigation and adaptation behaviour is affected by many factors that 
shape which options are feasible and considered by individuals. Besides 
contextual factors (see other sub-sections in Section 4.4), these include 
abilities and different types of motivation to engage in behaviour. 

Ability to engage in climate action. Individuals more often engage 
in adaptation (Gebrehiwot and van der Veen, 2015; Koerth et al., 
2017) and mitigation behaviour (Pisano and Lubell, 2017) when they 
are or feel more capable to do so. Hence, it is important to enhance 
ability to act on climate change, which depends on income and 
knowledge, among other things. A higher income is related to higher 
CO2 emissions; higher income groups can afford more carbon-intensive 
lifestyles (Lamb et al., 2014; Dietz et al., 2015; Wang et al., 2015). Yet 
low-income groups may lack resources to invest in energy-efficient 
technology and refurbishments (Andrews-Speed and Ma, 2016) and 
adaptation options (Wamsler, 2007; Fleming et al., 2015b; Takahashi et 
al., 2016). Adaptive capacity further depends on gender roles (Jabeen, 
2014; Bunce and Ford, 2015), technical capacities and knowledge 
(Feola et al., 2015; Eakin et al., 2016; Singh et al., 2016b).

Knowledge of the causes and consequences of climate change and 
of ways to reduce GHG emissions is not always accurate (Bord et al., 
2000; Whitmarsh et al., 2011; Tobler et al., 2012), which can inhibit 
climate actions, even when people would be motivated to act. For 
example, people overestimate savings from low-energy activities, 
and underestimate savings from high-energy activities (Attari et al., 
2010). They know little about ‘embodied’ energy (i.e., energy needed 
to produce products; Tobler et al., 2011), including meat (de Boer et 
al., 2016b). Some people mistake weather for climate (Reynolds et al., 
2010), or conflate climate risks with other hazards, which can inhibit 
adequate adaptation (Taylor et al., 2014). 

More knowledge on adaptation is related to higher engagement in 
adaptation actions in some circumstances (Bates et al., 2009; van 
Kasteren, 2014; Hagen et al., 2016). How adaptation is framed in 
the media can influence the types of options viewed as important in 
different contexts (Boykoff et al., 2013; Moser, 2014; Ford and King, 
2015). 

Knowledge is important, but is often not sufficient to motivate action 
(Trenberth et al., 2016). Climate change knowledge and perceptions 
are not strongly related to mitigation actions (Hornsey et al., 2016). 
Direct experience of events related to climate change influences 

climate concerns and actions (Blennow et al., 2012; Taylor et al., 2014), 
more so than second-hand information (Spence et al., 2011; Myers et 
al., 2012; Demski et al., 2017); high impact events with low frequency 
are remembered more than low impact regular events (Meze-Hausken, 
2004; Singh et al., 2016b; Sullivan-Wiley and Short Gianotti, 2017). 
Personal experience with climate hazards strengthens motivation to 
protect oneself (Jabeen, 2014) and enhances adaptation actions (Bryan 
et al., 2009; Berrang-Ford et al., 2011; Demski et al., 2017), although 
this does not always translate into proactive adaptation (Taylor et 
al., 2014). Collectively constructed notions of risk and expectations 
of future climate variability shape risk perception and adaptation 
behaviour (Singh et al., 2016b). People with particular political views 
and those who emphasize individual autonomy may reject climate 
science knowledge and believe that there is widespread scientific 
disagreement about climate change (Kahan, 2010; O’Neill et al., 2013), 
inhibiting support for climate policy (Ding et al., 2011; McCright et al., 
2013). This may explain why extreme weather experiences enhances 
preparedness to reduce energy use among left- but not right-leaning 
voters (Ogunbode et al., 2017). 

Motivation to engage in climate action. Climate actions are 
more strongly related to motivational factors than to knowledge, 
reflecting individuals’ reasons for actions, such as values, ideology 
and worldviews (Hornsey et al., 2016). People consider various types 
of costs and benefits of actions (Gölz and Hahnel, 2016) and focus 
on consequences that have implications for the values they find most 
important (Dietz et al., 2013; Hahnel et al., 2015; Steg, 2016). This 
implies that different individuals consider different consequences when 
making choices. People who strongly value protecting the environment 
and other people generally more strongly consider climate impacts and 
act more on climate change than those who strongly endorse hedonic 
and egoistic values (Taylor et al., 2014; Steg, 2016). People are more 
prone to adopt sustainable innovations when they are more open to 
new ideas (Jansson, 2011; Wolske et al., 2017). Further, a free-market 
ideology is associated with weaker climate change beliefs (McCright 
and Dunlap, 2011; Hornsey et al., 2016), and a capital-oriented culture 
tends to promote activity associated with GHG emissions (Kasser et 
al., 2007). 

Some indigenous populations believe it is arrogant to predict the 
future, and some cultures have belief systems that interpret natural 
phenomena as sentient, where thoughts and words are believed to 
influence the future, with people reluctant to talk about negative future 
possibilities (Natcher et al., 2007; Flynn et al., 2018). Integrating these 
considerations into the design of adaptation and mitigation policy is 
important (Cochran et al., 2013; Chapin et al., 2016; Brugnach et al., 
2017; Flynn et al., 2018).

People are more prone to act on climate change when individual benefits 
of actions exceed costs (Steg and Vlek, 2009; Kardooni et al., 2016; 
Wolske et al., 2017). For this reason, people generally prefer adoption of 
energy-efficient appliances above energy-consumption reductions; the 
latter is perceived as more costly (Poortinga et al., 2003; Steg et al., 
2006), although transaction costs can inhibit the uptake of mitigation 
technology (Mundaca, 2007). Decentralized renewable energy systems 
are evaluated most favourably when they guarantee independence, 
autonomy, control and supply security (Ecker et al., 2017). 
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Besides, social costs and benefits affect climate action (Farrow et al., 
2017). People engage more in climate actions when they think others 
expect them to do so and when others act as well (Nolan et al., 2008; 
Le Dang et al., 2014; Truelove et al., 2015; Rai et al., 2016), and when 
they experience social support (Singh et al., 2016a; Burnham and Ma, 
2017; Wolske et al., 2017). Discussing effective actions with peers also 
encourages climate action (Esham and Garforth, 2013), particularly 
when individuals strongly identify with their peers (Biddau et al., 
2012; Fielding and Hornsey, 2016). Further, individuals may engage 
in mitigation actions when they think doing so would enhance their 
reputation (Milinski et al., 2006; Noppers et al., 2014; Kastner and 
Stern, 2015). Such social costs and benefits can be addressed in climate 
policy (see Section 4.4.3.2).

Feelings affect climate action (Brosch et al., 2014). Negative feelings 
related to climate change can encourage adaptation action (Kerstholt 
et al., 2017; Zhang et al., 2017), while positive feelings associated with 
climate risks may inhibit protective behaviour (Lefevre et al., 2015). 
Individuals are more prone to engage in mitigation actions when they 
worry about climate change (Verplanken and Roy, 2013) and when 
they expect to derive positive feelings from such actions (Pelletier et 
al., 1998; Taufik et al., 2016).

Furthermore, collective consequences affect climate actions 
(Balcombe et al., 2013; Dóci and Vasileiadou, 2015; Kastner and 
Stern, 2015). People are motivated to see themselves as morally 
right, which encourages mitigation actions (Steg et al., 2015), 
particularly when long-term goals are salient (Zaval et al., 2015) and 
behavioural costs are not too high (Diekmann and Preisendörfer, 
2003). Individuals are more prone to engage in climate actions when 
they believe climate change is occurring, when they are aware of 
threats caused by climate change and by their inaction, and when 
they think they can engage in actions that will reduce these threats 
(Esham and Garforth, 2013; Arunrat et al., 2017; Chatrchyan et al., 
2017). The more individuals are concerned about climate change and 
aware of the negative climate impact of their behaviour, the more 
they feel responsible for their actions and think that their actions can 
help reduce such negative impacts, which can strengthen their moral 
norms to act accordingly (Steg and de Groot, 2010; Jakovcevic and 
Steg, 2013; Chen, 2015; Ray et al., 2017; Wolske et al., 2017; Woods 
et al., 2017). Individuals may engage in mitigation actions when 
they see themselves as supportive of the environment (i.e., strong 
environmental self-identity) (Fielding et al., 2008; van der Werff et 
al., 2013b; Kashima et al., 2014; Barbarossa et al., 2017); a strong 
environmental identity strengthens intrinsic motivation to engage 
in mitigation actions both at home (van der Werff et al., 2013a) 
and at work (Ruepert et al., 2016). Environmental self-identity is 
strengthened when people realize they have engaged in mitigation 
actions, which can in turn promote further mitigation actions (van der 
Werff et al., 2014b).

Individuals are less prone to engage in adaptation behaviour 
themselves when they rely on external measures such as government 
interventions (Grothmann and Reusswig, 2006; Wamsler and Brink, 
2014a; Armah et al., 2015; Burnham and Ma, 2017) or perceive 
themselves as protected by god (Gandure et al., 2013; Dang et al., 
2014; Cannon, 2015). 

Habits, heuristics and biases. Decisions are often not based on 
weighing costs and benefits, but on habit or automaticity, both of 
individuals (Aarts and Dijksterhuis, 2000; Kloeckner et al., 2003) 
and within organizations (Dooley, 2017) and institutions (Munck 
et al., 2014). When habits are strong, individuals are less perceptive 
of information (Verplanken et al., 1997; Aarts et al., 1998) and may 
not consider alternatives as long as outcomes are good enough 
(Maréchal, 2010). Habits are mostly only reconsidered when the 
situation changed significantly (Fujii and Kitamura, 2003; Maréchal, 
2010; Verplanken and Roy, 2016). Hence, strategies that create the 
opportunity for reflection and encourage active decisions can break 
habits (Steg et al., 2018).

Individuals can follow heuristics, or ‘rules of thumb’, in making 
inferences, which demand less cognitive resources, knowledge 
and time than thinking through all implications of actions (Preston 
et al., 2013; Frederiks et al., 2015; Gillingham and Palmer, 2017). 
For example, people tend to think that larger and more visible 
appliances use more energy, which is not always accurate (Cowen 
and Gatersleben, 2017). They underestimate energy used for water 
heating and overestimate energy used for lighting (Stern, 2014). 
When facing choice overload, people may choose the easiest or first 
available option, which can inhibit energy-saving behaviour (Stern 
and Gardner, 1981; Frederiks et al., 2015). As a result, individuals 
and firms often strive for satisficing (‘good enough’) outcomes with 
regard to energy decisions (Wilson and Dowlatabadi, 2007; Klotz, 
2011), which can inhibit investments in energy efficiency (Decanio, 
1993; Frederiks et al., 2015).

Biases also play a role. In Mozambique, farmers displayed omission 
biases (unwillingness to take adaptation actions with potentially 
negative consequences to avoid personal responsibility for losses), 
while policymakers displayed action biases (wanting to demonstrate 
positive action despite potential negative consequences; Patt and 
Schröter, 2008). People tend to place greater value on relative losses 
than gains (Kahneman, 2003). Perceived gains and losses depend on 
the reference point or status-quo (Kahneman, 2003). Loss aversion 
and the status-quo bias prevent consumers from switching electricity 
suppliers (Ek and Söderholm, 2008), to time-of-use electricity tariffs 
(Nicolson et al., 2017), and to accept new energy systems (Leijten et 
al., 2014).

Owned inefficient appliances and fossil fuel-based electricity can act as 
endowments, increasing their value compared to alternatives (Pichert 
and Katsikopoulos, 2008; Dinner et al., 2011). Uncertainty and loss 
aversion lead consumers to undervalue future energy savings (Greene, 
2011) and savings from energy efficient technologies (Kolstad et al., 
2014). Uncertainties about the performance of products and illiquidity 
of investments can drive consumers to postpone (profitable) energy-
efficient investments (Sutherland, 1991; van Soest and Bulte, 2001). 
People with a higher tendency to delay decisions may engage less 
in energy saving actions (Lillemo, 2014). Training energy auditors in 
loss-aversion increased their clients’ investments in energy efficiency 
improvements (Gonzales et al., 1988). Engagement in energy saving 
and renewable energy programmes can be enhanced if participation is 
set as a default option (Pichert and Katsikopoulos, 2008; Ölander and 
Thøgersen, 2014; Ebeling and Lotz, 2015).  
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4.4.3.2 Strategies and policies to promote actions 
on climate change

Policy can enable and strengthen motivation to act on climate change 
via top-down or bottom-up approaches, through informational 
campaigns, regulatory measures, financial (dis)incentives, and 
infrastructural and technological changes (Adger et al., 2003; Steg and 
Vlek, 2009; Henstra, 2016). 

Adaptation efforts tend to focus on infrastructural and technological 
solutions (Ford and King, 2015) with lower emphasis on socio-cognitive 
and finance aspects of adaptation. For example, flooding policies in 
cities focus on infrastructure projects and regulation such as building 
codes, and hardly target individual or household behaviour (Araos et 
al., 2016b; Georgeson et al., 2016). 

Current mitigation policies emphasize infrastructural and technology 
development, regulation, financial incentives and information 
provision (Mundaca and Markandya, 2016) that can create conditions 
enabling climate action, but target only some of the many factors 
influencing climate actions (see Section 4.4.5.1). They fall short of 
their true potential if their social and psychological implications are 

overlooked (Stern et al., 2016a). For example, promising energy-
saving or low-carbon technology may not be adopted or not be used 
as intended (Pritoni et al., 2015) when people lack resources and 
trustworthy information (Stern, 2011; Balcombe et al., 2013). 

Financial incentives or feedback on financial savings can encourage 
climate action (Santos, 2008; Bolderdijk et al., 2011; Maki et al., 
2016) (see Box 4.5), but are not always effective (Delmas et al., 
2013) and can be less effective than social rewards (Handgraaf et 
al., 2013) or emphasising benefits for people and the environment 
(Bolderdijk et al., 2013b; Asensio and Delmas, 2015; Schwartz et 
al., 2015). The latter can happen when financial incentives reduce 
a focus on environmental considerations and weaken intrinsic 
motivation to engage in climate action (Evans et al., 2012; Agrawal 
et al., 2015; Schwartz et al., 2015). In addition, pursuing small 
financial gains is perceived to be less worth the effort than pursuing 
equivalent CO2 emission reductions (Bolderdijk et al., 2013b; Dogan 
et al., 2014). Also, people may not respond to financial incentives 
(e.g., to improve energy efficiency) because they do not trust the 
organization sponsoring incentive programmes (Mundaca, 2007) or 
when it takes too much effort to receive the incentive (Stern et al., 
2016a). 

Box 4.5 |  How Pricing Policy has Reduced Car Use in Singapore, Stockholm and London

In Singapore, Stockholm and London, car ownership, car use, and GHG emissions have reduced because of pricing and regulatory 
policies and policies facilitating behaviour change. Notably, acceptability of these policies has increased as people experienced their 
positive effects.

Singapore implemented electronic road pricing in the central business district and at major expressways, a vehicle quota and 
registration fee system, and investments in mass transit. In the vehicle quota system introduced in 1990, registration of new vehicles 
is conditional upon a successful bid (via auctioning) (Chu, 2015), costing about 50,000 USD in 2014 (LTA, 2015). The registration 
tax incentivizes purchases of low-emission vehicles via a feebate system. As a result, per capita transport emissions (approximately 
1.25 tCO2yr−1) and car ownership (107 vehicles per 1000 capita) (LTA, 2017) are substantially lower than in cities with comparable 
income levels. Modal share of public transport was 63% during peak hours in 2013 (LTA, 2013).

The Stockholm congestion charge implemented in 2007 (after a trial in 2006) reduced kilometres driven in the inner city by 16%, and 
outside the city by 5%; traffic volumes reduced by 20% and remained constant over time despite economic and population growth 
(Eliasson, 2014). CO2 emissions from traffic reduced by 2–3% in Stockholm county. Vehicles entering or leaving the city centre 
were charged during weekdays (except for holidays). Charges were 1–2€ (maximum 6€ per day), being higher during peak hours; 
taxis, emergency vehicles and buses were exempted. Before introducing the charge, public transport and parking places near mass 
transit stations were extended. The aim and effects of the charge were extensively communicated to the public. Acceptability of the 
congestion charge was initially low, but the scheme gained support of about two-thirds of the population and all political parties 
after it was implemented (Eliasson, 2014), which may be related to the fact that the revenues were earmarked for constructing 
a motorway tunnel. After the trial, people believed that the charge had more positive effects on environmental, congestion and 
parking problems while costs increased less than they anticipated beforehand (Schuitema et al., 2010a). The initially hostile media 
eventually declared the scheme to be a success. 

In 2003, a congestion charge was implemented in the Greater London area, with an enforcement and compliance scheme and an 
information campaign on the functioning of the scheme. Vehicles entering, leaving, driving or parking on a public road in the zone 
at weekdays at daytime pay a congestion charge of 8£ (until 2005, 5£), with some exemptions. Revenues were invested in London’s 
bus network (80%), cycling facilities, and road safety measures (Leape, 2006). The number of cars entering the zone decreased by 
18% in 2003 and 2004. In the charging zone, vehicle kilometres driven decreased by 15% in the first year and a further 6% a year 
later, while CO2 emissions from road traffic reduced by 20% (Santos, 2008).
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While providing information on the causes and consequences of climate 
change or on effective climate actions generally increases knowledge, 
it often does not encourage engagement in climate actions by 
individuals (Abrahamse et al., 2005; Ünal et al., 2017) or organizations 
(Anderson and Newell, 2004). Similarly, media coverage on the UN 
Climate Summit slightly increased knowledge about the conference 
but did not enhance motivation to engage personally in climate 
protection (Brüggemann et al., 2017). Fear-inducing representations of 
climate change may inhibit action when they make people feel helpless 
and overwhelmed (O’Neill and Nicholson-Cole, 2009). Energy-related 
recommendations and feedback (e.g., via performance contracts, 
energy audits, smart metering) are more effective for promoting energy 
conservation, load shifting in electricity use and sustainable travel 
choices when framed in terms of losses rather than gains (Gonzales et 
al., 1988; Wolak, 2011; Bradley et al., 2016; Bager and Mundaca, 2017). 

Credible and targeted information at the point of decision can promote 
climate action (Stern et al., 2016a). For example, communicating the 
impacts of climate change is more effective when provided right 
before adaptation decisions are taken (e.g., before the agricultural 
season) and when bundled with information on potential actions to 
ameliorate impacts, rather than just providing information on climate 
projections with little meaning to end users (e.g., weather forecasts, 
seasonal forecasts, decadal climate trends) (Dorward et al., 2015; 
Singh et al., 2017). Similarly, heat action plans that provide early alerts 
and advisories combined with emergency public health measures can 
reduce heat-related morbidity and mortality (Benmarhnia et al., 2016). 

Information provision is more effective when tailored to the personal 
situation of individuals, demonstrating clear impacts, and resonating 
with individuals’ core values (Daamen et al., 2001; Abrahamse et al., 
2007; Bolderdijk et al., 2013a; Dorward et al., 2015; Singh et al., 2017). 
Tailored information prevents information overload, and people are 
more motivated to consider and act upon information that aligns with 
their core values and beliefs (Campbell and Kay, 2014; Hornsey et al., 
2016). Also, tailored information can remove barriers to receive and 
interpret information faced by vulnerable groups, such as the elderly 
during heatwaves (Vandentorren et al., 2006; Keim, 2008). Further, 
prompts can be effective when they serve as reminders to perform a 
planned action (Osbaldiston and Schott, 2012).

Feedback provision is generally effective in promoting mitigation 
behaviour within households (Abrahamse et al., 2005; Delmas et al., 
2013; Karlin et al., 2015) and at work (Young et al., 2015), particularly 
when provided in real-time or immediately after the action (Abrahamse 
et al., 2005), which makes the implications of one’s behaviour more 
salient (Tiefenbeck et al., 2016). Simple information is more effective 
than detailed and technical data (Wilson and Dowlatabadi, 2007; Ek 
and Söderholm, 2010; Frederiks et al., 2015). Energy labels (Banerjee 
and Solomon, 2003; Stadelmann, 2017), visualization techniques (Pahl 
et al., 2016), and ambient persuasive technology (Midden and Ham, 
2012) can encourage mitigation actions by providing information 
and feedback in a format that immediately makes sense and hardly 
requires users’ conscious attention. 

Social influence approaches that emphasize what other people do or 
think can encourage climate action (Clayton et al., 2015), particularly 

when they involve face-to-face interaction (Abrahamse and Steg, 2013). 
For example, community approaches, where change is initiated from 
the bottom-up, can promote adaptation (see Box 4.6) and mitigation 
actions (Middlemiss, 2011; Seyfang and Haxeltine, 2012; Abrahamse 
and Steg, 2013), especially when community ties are strong (Weenig 
and Midden, 1991). Furthermore, providing social models of desired 
actions can encourage mitigation action (Osbaldiston and Schott, 
2012; Abrahamse and Steg, 2013). Social influence approaches that do 
not involve social interaction, such as social norm, social comparison 
and group feedback, are less effective, but can be easily administered 
on a large scale at low costs (Allcott, 2011; Abrahamse and Steg, 2013). 

Goal setting can promote mitigation action when goals are not set 
too low or too high (Loock et al., 2013). Commitment strategies where 
people make a pledge to engage in climate actions can encourage 
mitigation behaviour (Abrahamse and Steg, 2013; Lokhorst et al., 2013), 
particularly when individuals also indicate how and when they will 
perform the relevant action and anticipate how to cope with possible 
barriers (i.e., implementation intentions) (Bamberg, 2000, 2002). Such 
strategies take advantage of individuals’ desire to be consistent (Steg, 
2016). Similarly, hypocrisy-related strategies that make people aware of 
inconsistencies between their attitudes and behaviour can encourage 
mitigation actions (Osbaldiston and Schott, 2012). 

Actions that reduce climate risks can be rewarded and facilitated, while 
actions that increase climate risks can be punished and inhibited, and 
behaviour change can be voluntary (e.g., information provision) or 
imposed (e.g., by law); voluntary changes that involve rewards are 
more acceptable than imposed changes that restrict choices (Eriksson 
et al., 2006, 2008; Steg et al., 2006; Dietz et al., 2007). Policies punishing 
maladaptive behaviour can increase vulnerability when they reinforce 
socio-economic inequalities that typically produce the maladaptive 
behaviour in the first place (Adger et al., 2003). Change can be initiated 
by governments at various levels, but also by individuals, communities, 
profit-making organizations, trade organizations, and other non-
governmental actors (Lindenberg and Steg, 2013; Robertson and 
Barling, 2015; Stern et al., 2016b). 

Strategies can target intrinsic versus extrinsic motivation. It may be 
particularly important to enhance intrinsic motivation so that people 
voluntarily engage in climate action over and again (Steg, 2016). 
Endorsement of mitigation and adaptation actions are positively 
related (Brügger et al., 2015; Carrico et al., 2015); both are positively 
related to concern about climate change (Brügger et al., 2015). 
Strategies that target general antecedents that affect a wide range 
of actions, such as values, identities, worldviews, climate change 
beliefs, awareness of the climate impacts of one’s actions, and feelings 
of responsibility to act on climate change, can encourage consistent 
actions on climate change (van Der Werff and Steg, 2015; Hornsey 
et al., 2016; Steg, 2016). Initial climate actions can lead to further 
commitment to climate action (Juhl et al., 2017), when people learn 
that such actions are easy and effective (Lauren et al., 2016), when they 
engaged in the initial behaviour for environmental reasons (Peters et 
al., 2018), hold strong pro-environmental values and norms (Thøgersen 
and Ölander, 2003), and when initial actions make them realise they 
are an environmentally sensitive person, motivating them to act on 
climate change in subsequent situations so as to be consistent (van der 
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Werff et al., 2014a; Lacasse, 2015, 2016). Yet some studies suggest that 
people may feel licensed not to engage in further mitigation actions 
when they believe they have already done their part (Truelove et al., 
2014).

4.4.3.3 Acceptability of policy and system changes

Public acceptability can shape, enable or prevent policy and system 
changes. Acceptability reflects the extent to which policy or system 
changes are evaluated (un)favourably. Acceptability is higher when 
people expect more positive and less negative effects of policy 
and system changes (Perlaviciute and Steg, 2014; Demski et al., 
2015; Drews and Van den Bergh, 2016), including climate impacts 
(Schuitema et al., 2010b). Because of this, policy ‘rewarding’ 
climate actions is more acceptable than policy ‘punishing’ actions 
that increase climate risks (Steg et al., 2006; Eriksson et al., 2008). 
Pricing policy is more acceptable when revenues are earmarked for 
environmental purposes (Steg et al., 2006; Sælen and Kallbekken, 

2011) or redistributed towards those affected (Schuitema and Steg, 
2008). Acceptability can increase when people experience positive 
effects after a policy has been implemented (Schuitema et al., 2010a; 
Eliasson, 2014; Weber, 2015); effective policy trials can thus build 
public support for climate policy (see Box 4.8). 

Climate policy and renewable energy systems are more acceptable 
when people strongly value other people and the environment, or 
support egalitarian worldviews, left-wing or green political ideologies 
(Drews and Van den Bergh, 2016), and less acceptable when people 
strongly endorse self-enhancement values, or support individualistic 
and hierarchical worldviews (Dietz et al., 2007; Perlaviciute and Steg, 
2014; Drews and Van den Bergh, 2016). Solar radiation modification 
is more acceptable when people strongly endorse self-enhancement 
values, and less acceptable when they strongly value other people 
and the environment (Visschers et al., 2017). Climate policy is more 
acceptable when people believe climate change is real, when they 
are concerned about climate change (Hornsey et al., 2016), when 

Box 4.6 |  Bottom-up Initiatives: Adaptation Responses Initiated by Individuals and Communities

To effectively adapt to climate change, bottom-up initiatives by individuals and communities are essential, in addition to efforts 
of governments, organizations, and institutions (Wamsler and Brink, 2014a). This box presents examples of bottom-up adaptation 
responses and behavioural change. 

Fiji increasingly faces a lack of freshwater due to decreasing rainfall and rising temperatures (Deo, 2011; IPCC, 2014a). While 
some villages have access to boreholes, these are not sufficient to supply the population with freshwater. Villagers are adapting 
by rationing water, changing diets, and setting up inter-village sharing networks (Pearce et al., 2017). Some villagers take up wage 
employment to buy food instead of growing it themselves (Pearce et al., 2017). In Kiribati, residents adapt to drought by purchasing 
rainwater tanks and constructing additional wells (Kuruppu and Liverman, 2011). An important factor that motivated residents of 
Kiribati to adapt to drought was the perception that they could effectively adapt to the negative consequences of climate change 
(Kuruppu and Liverman, 2011). 

In the Philippines, seismic activity has caused some islands to flood during high tide. While the municipal government offered affected 
island communities the possibility to relocate to the mainland, residents preferred to stay and implement measures themselves in 
their local community to reduce flood damage (Laurice Jamero et al., 2017). Migration is perceived as undesirable because island 
communities have strong place-based identities (Mortreux and Barnett, 2009). Instead, these island communities have adapted to 
flooding by constructing stilted houses and raising floors, furniture, and roads to prevent water damage (Laurice Jamero et al., 2017). 
While inundation was in this case caused by seismic activity, this example indicates how island-based communities may respond to 
rising sea levels caused by climate change. 

Adaptation initiatives by individuals may temporarily reduce the impacts of climate change and enable residents to cope with 
changing environmental circumstances. However, they may not be sufficient to sustain communities’ way of life in the long term. For 
instance, in Fiji and Kiribati, freshwater and food are projected to become even scarcer in the future, rendering individual adaptations 
ineffective. Moreover, individuals can sometimes engage in behaviour that may be maladaptive over larger spatio-temporal scales. 
For example, in the Philippines, many islanders adapt to flooding by elevating their floors using coral stone (Laurice Jamero et 
al., 2017). Over time, this can harm the survivability of their community, as coral reefs are critical for reducing flood vulnerability 
(Ferrario et al., 2014). In Maharashtra, India, on-farm ponds are promoted as rainwater harvesting structures to adapt to dry spells 
during the monsoon season. However, some individuals fill these ponds with groundwater, leading to depletion of water tables and 
potentially maladaptive outcomes in the long run (Kale, 2015).  

Integration of individuals’ adaptation initiatives with top-down adaptation policy is critical (Butler et al., 2015), as failing to do so 
may lead individual actors to mistrust authority and can discourage them from undertaking adequate adaptive actions (Wamsler 
and Brink, 2014a). 
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they think their actions may reduce climate risks, and when they feel 
responsible to act on climate change (Steg et al., 2005; Eriksson et 
al., 2006; Jakovcevic and Steg, 2013; Drews and Van den Bergh, 2016; 
Kim and Shin, 2017). Stronger environmental awareness is associated 
with a preference for governmental regulation and behaviour change 
rather than free-market and technological solutions (Poortinga et al., 
2002). 

Climate policy is more acceptable when costs and benefits are 
distributed equally, when nature and future generations are 
protected (Sjöberg and Drottz-Sjöberg, 2001; Schuitema et al., 2011; 
Drews and Van den Bergh, 2016), and when fair procedures have 
been followed, including participation by the public (Dietz, 2013; 
Bernauer et al., 2016a; Bidwell, 2016) or public society organizations 
(Bernauer and Gampfer, 2013). Providing benefits to compensate 
affected communities for losses due to policy or systems changes 
enhanced public acceptability in some cases (Perlaviciute and Steg, 
2014), although people may disagree on what would be a worthwhile 
compensation (Aitken, 2010; Cass et al., 2010), or feel they are being 
bribed (Cass et al., 2010; Perlaviciute and Steg, 2014). 

Public support is higher when individuals trust responsible parties 
(Perlaviciute and Steg, 2014; Drews and Van den Bergh, 2016). Yet, 
public support for multilateral climate policy is not higher than for 
unilateral policy (Bernauer and Gampfer, 2015); public support for 
unilateral, non-reciprocal climate policy is rather strong and robust 
(Bernauer et al., 2016b). Public opposition may result from a culturally 
valued landscape being affected by adaptation or mitigation options, 
such as renewable energy development (Warren et al., 2005; Devine-
wright and Howes, 2010) or coastal protection measures (Kimura, 
2016), particularly when people have formed strong emotional bonds 
with the place (Devine-Wright, 2009, 2013). 

Climate actions may reduce human well-being when such actions 
involve more costs, effort or discomfort. Yet some climate actions 
enhance well-being, such as technology that improves daily comfort 
and nature-based solutions for climate adaptation (Wamsler and Brink, 
2014b). Further, climate action may enhance well-being (Kasser and 
Sheldon, 2002; Xiao et al., 2011; Schmitt et al., 2018) because pursuing 
meaning by acting on climate change can make people feel good 
(Venhoeven et al., 2013, 2016; Taufik et al., 2015), more so than merely 
pursuing pleasure.

4.4.4 Enabling Technological Innovation

This section focuses on the role of technological innovation in limiting 
warming to 1.5°C, and how innovation can contribute to strengthening 
implementation to move towards or to adapt to 1.5°C worlds. This 
assessment builds on information of technological innovation and 
related policy debates in and after AR5 (Somanathan et al., 2014). 

4.4.4.1 The nature of technological innovations

Technological systems have their own dynamics. New technologies 
have been described as emerging as part of a ‘socio-technical system’ 
that is integrated with social structures and that itself evolves over time 
(Geels and Schot, 2007). This progress is cumulative and accelerating 

(Kauffman, 2002; Arthur, 2009). To illustrate such a process of 
co-evolution: the progress of computer simulation enables us to better 
understand climate, agriculture, and material sciences, contributing 
to upgrading food production and quality, microscale manufacturing 
techniques, and leading to much faster computing technologies, 
resulting, for instance, in better performing photovoltaic (PV) cells. 

A variety of technological developments have and will contribute to 
1.5°C-consistent climate action or the lack of it. They can do this, for 
example, in the form of applications such as smart lighting systems, 
more efficient drilling techniques that make fossil fuels cheaper, or 
precision agriculture. As discussed in Section 4.3.1, costs of PV (IEA, 
2017f) and batteries (Nykvist and Nilsson, 2015) have sharply dropped. 
In addition, costs of fuel cells (Iguma and Kidoshi, 2015; Wei et al., 2017) 
and shale gas and oil (Wang et al., 2014; Mills, 2015) have come down 
as a consequence of innovation. 

4.4.4.2 Technologies as enablers of climate action

Since AR5, literature has emerged as to how much future GHG emission 
reductions can be enabled by the rapid progress of general purpose 
technologies (GPTs), consisting of information and communication 
technologies (ICT), including artificial intelligence (AI) and the internet 
of things (IoT), nanotechnologies, biotechnologies, robotics, and so forth 
(WEF, 2015; OECD, 2017c). Although these may contribute to limiting 
warming to 1.5°C, the potential environmental, social and economic 
impacts of new technologies are uncertain. 

Rapid improvement of performance and cost reduction is observed 
for many GPTs. They include AI, sensors, internet, memory storage 
and microelectromechanical systems. The latter GPTs are not usually 
categorized as climate technologies, but they can impact GHG emissions. 

Progress of GPT could help reduce GHG emissions more cost-
effectively. Examples are shown in Table 4.9. It may however, result in 
more emissions by increasing the volume of economic activities, with 
unintended negative consequence on sustainable development. While 
ICT increases electricity consumption (Aebischer and Hilty, 2015), the 
energy consumption of ICT is usually dwarfed by the energy saving by 
ICT (Koomey et al., 2013; Malmodin et al., 2014), but rebound effects 
and other sustainable development impacts may be significant. An 
appropriate policy framework that accommodates such impacts and 
their uncertainties could address the potential negative impacts by GPT 
(Jasanoff, 2007).

GHG emission reduction potentials in relation to GPTs were estimated 
for passenger cars using a combination of three emerging technologies: 
electric vehicles, car sharing, and self-driving. GHG emission reduction 
potential is reported, assuming generation of electricity with low GHG 
emissions (Greenblatt and Saxena, 2015; ITF, 2015; Viegas et al., 2016; 
Fulton et al., 2017). It is also possible that GHG emissions increase due 
to an incentive to car use. Appropriate policies such as urban planning 
and efficiency regulations could contain such rebound effects (Wadud 
et al., 2016). 

Estimating emission reductions by GPT is difficult due to substantial 
uncertainties, including projections of future technological performance, 
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4 costs, penetration rates, and induced human activity. Even if a 
technology is available, the establishment of business models might 
not be feasible (Linder and Williander, 2017). Indeed, studies show a 
wide range of estimates, ranging from deep emission reductions to 
possible increases in emissions due to the rebound effect (Larson and 
Zhao, 2017). 

GPT could also enable climate adaptation, in particular through more 
effective climate disaster risk management and improved weather 
forecasting.

Sector Examples of Mitigation/Adaptation Technological Innovation Enabling GPT

Buildings
Energy and CO2 efficiency of logistics, warehouse and shops (GeSI, 2015; IEA, 2017a) IoT, AI

Smart lighting and air conditioning (IEA, 2016b, 2017a) IoT, AI

Industry

Energy efficiency improvement by industrial process optimization (IEA, 2017a) Robots, IoT

Bio-based plastic production by biorefinery (OECD, 2017c) Biotechnology

New materials from biorefineries (Fornell et al., 2013; McKay et al., 2016) ICT, biotechnology

Transport

Electric vehicles, car sharing, automation (Greenblatt and Saxena, 2015; Fulton et al., 2017) Biotechnology

Bio-based diesel fuel by biorefinery (OECD, 2017c) ICT, biotechnology

Second generation bioethanol potentially coupled to carbon capture systems (De Souza et al., 2014; Rochedo et al., 2016) Biotechnology

Logistical optimization, and electrification of trucks by overhead line (IEA, 2017e) ICT, biotechnology

Reduction of transport needs by remote education, health and other services (GeSI, 2015; IEA, 2017a) Biotechnology

Energy saving by lightweight aircraft components (Beyer, 2014; Faludi et al., 2015; Verhoef et al., 2018)
Additive manufacturing 

(3D printing)

Electricity

Solar PV manufacturing (Nemet, 2014) Nanotechnology

Smart grids and grid flexibility to accommodate intermittent renewables (Heard et al., 2017) IoT, AI

Plasma confinement for nuclear fusion (Baltz et al., 2017) AI

Agriculture

Precision agriculture (improvement of energy and resource efficiency including reduction of fertilizer use and N2O emissions) 
(Pierpaoli et al., 2013; Brown et al., 2016; Schimmelpfennig and Ebel, 2016)

Biotechnology ICT, AI

Methane inhibitors (and methane-suppressing vaccines) that reduce livestock emissions from enteric fermentation (Wedlock et al. 
2013; Hristov et al. 2015; Wollenberg et al. 2016)

Biotechnology

Engineering C3 into C4 photosynthesis to improve agricultural production and productivity (Schuler et al., 2016) Biotechnology

Genome editing using CRISPR to improve/adapt crops to a changing climate (Gao, 2018) Biotechnology

Disaster Reduction 
and Adaptation

Weather forecasting and early warning systems, in combination with user knowledge (Hewitt et al., 2012; Lourenço et al., 2016) ICT

Climate risk reduction (Upadhyay and Bijalwan, 2015) ICT

Rapid assessment of disaster damage (Kryvasheyeu et al., 2016) ICT

Table 4.9  | Examples of technological innovations relevant to 1.5°C enabled by general purpose technologies (GPT). Note: lists of enabling GPT or adaptation/mitigation  
 options are not exhaustive, and the GPTs by themselves do not reduce emissions or increase climate change resilience.

Government policy usually plays a role in promoting or limiting 
GPTs, or science and technology in general. It has impacts on climate 
action, because the performance of further climate technologies 
will partly depend on the progress of GPTs. Governments have 
established institutions for achieving many social, and sometimes 
conflicting goals, including economic growth and addressing climate 
change (OECD, 2017c), which include investment in basic research 
and development (R&D) that can help develop game-changing 
technologies (Shayegh et al., 2017). Governments are also needed 
to create an enabling environment for the growth of scientific and 
technological ecosystems necessary for GPT development (Tassey, 
2014).

4.4.4.3 The role of government in 1.5°C-consistent 
climate technology policy

While literature on 1.5°C-specific innovation policy is absent, a growing 
body of literature indicates that governments aim to achieve social, 
economic and environmental goals by promoting science and a broad 
range of technologies through ‘mission-driven’ innovation policies, 
based on differentiated national priorities (Edler and Fagerberg, 
2017). Governments can play a role in advancing climate technology 
via a ‘technology push’ policy on the technology supply side (e.g., 
R&D subsidies), and by ‘demand pull’ policy on the demand side (e.g., 
energy-efficiency regulation), and these policies can be complemented 
by enabling environments (Somanathan et al., 2014). Governments may 
also play a role in removing existent support for incumbents (Kivimaa 
and Kern, 2016). A growing literature indicates that policy mixes, rather 
than single policy instruments, are more effective in addressing climate 
innovation challenges ranging from technologies in the R&D phase to 
those ready for diffusion (Veugelers, 2012; Quitzow, 2015; Rogge et al., 
2017; Rosenow et al., 2017). Such innovation policies can help address 
two kinds of externalities: environmental externalities and proprietary 
problems (GEA, 2012; IPCC, 2014b; Mazzucato and Semieniuk, 2017). To 
avoid ‘picking winners’, governments often maintain a broad portfolio 
of technological options (Kverndokk and Rosendahl, 2007) and work in 
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close collaboration with the industrial sector and society in general. Some 
governments have achieved relative success in supporting innovation 
policies (Grubler et al., 2012; Mazzucato, 2013) that addressed climate-
related R&D (see Box 4.7 on bioethanol in Brazil). 

Box 4.7 |  Bioethanol in Brazil: Innovation and Lessons for Technology Transfer

The use of sugarcane as a bioenergy source started in Brazil in the 1970s. Government and multinational car factories modified 
car engines nationwide so that vehicles running only on ethanol could be produced. As demand grew, production and distribution 
systems matured and costs came down (Soccol et al., 2010). After a transition period in which both ethanol-only and gasoline-only 
cars were used, the flex-fuel era started in 2003, when all gasoline was blended with 25% ethanol (de Freitas and Kaneko, 2011). By 
2010, around 80% of the car fleet in Brazil had been converted to use flex-fuel (Goldemberg, 2011; Su et al., 2015). 

More than forty years of combining technology push and market pull measures led to the deployment of ethanol production, 
transportation and distribution systems across Brazil, leading to a significant decrease in CO2 emissions (Macedo et al., 2008). 
Examples of innovations include: (i) the development of environmentally well-adapted varieties of sugarcane; (ii) the development 
and scaling up of sugar fermentation in a non-sterile environment, and (iii) the development of adaptations of car engines to use 
ethanol as a fuel in isolation or in combination with gasoline (Amorim et al., 2011; de Freitas and Kaneko, 2011; De Souza et al., 
2014). Public procurement, public investment in R&D and mandated fuel blends accompanying these innovations were also crucial 
(Hogarth, 2017). In the future, innovation could lead to viable partial CO2 removal through deployment of BECCS associated with 
the bioethanol refineries (Fuss et al., 2014; Rochedo et al., 2016) (see Section 4.3.7).

Ethanol appears to reduce urban car emission of health-affecting ultrafine particles by 30% compared to gasoline-based cars, 
but increases ozone (Salvo et al., 2017). During the 1990s, when sugarcane burning was still prevalent, particulate pollution had 
negative consequences for human health and the environment (Ribeiro, 2008; Paraiso and Gouveia, 2015). While Jaiswal et al. 
(2017) report bioethanol’s limited impact on food production and forests in Brazil, despite the large scale, and attribute this to 
specific agro-ecological zoning legislation, various studies report adverse effects of bioenergy production through forest substitution 
by croplands (Searchinger et al., 2008), as well as impacts on biodiversity, water resources and food security (Rathore et al., 2016). 
For new generation biofuels, feasibility and life cycle assessment studies can provide information on their impacts on environmental, 
economic and social factors (Rathore et al., 2016).

Brazil and the European Union have tried to replicate Brazil’s bioethanol experience in climatically suitable African countries. 
Although such technology transfer achieved relative success in Angola and Sudan, the attempts to set up bioethanol value chains 
did not pass the phase of political deliberations and feasibility studies elsewhere in Africa. Lessons learned include the need for 
political and economic stability of the donor country (Brazil) and the necessity for market creation to attract investments in first-
generation biofuels alongside a safe legal and policy environment for improved technologies (Afionis et al., 2014; Favretto et al., 
2017). 

Funding for R&D could come from various sources, including the general 
budget, energy or resource taxation, or emission trading schemes (see 
Section 4.4.5). Investing in climate-related R&D has as an additional 
benefit of building capabilities to implement climate mitigation and 
adaptation technologies (Ockwell et al., 2015). Countries regard 
innovation in general and climate technology specifically as a national 
interests issue and addressing climate change primarily as being in 
the global interest. Reframing part of climate policy as technology or 
industrial policy might therefore contribute to resolving the difficulties 
that continue to plague emission target negotiations  (Faehn and 
Isaksen, 2016; Fischer et al., 2017; Lachapelle et al., 2017). 

Climate technology transfer to emerging economies has happened 
regardless of international treaties, as these countries have been keen 
to acquire them, and companies have an incentive to access emerging 
markets to remain competitive (Glachant and Dechezleprêtre, 2016). 

However, the complexity of these transfer processes is high, and 
they have to be conducted carefully by governments and institutions 
(Favretto et al., 2017). It is noticeable that the impact of the EU emission 
trading scheme (EU ETS) on innovation is contested; recent work 
(based on lower carbon prices than anticipated for 1.5°C-consistent 
pathways) indicates that it is limited (Calel and Dechezleprêtre, 2016), 
but earlier assessments (Blanco et al., 2014) indicate otherwise. 

4.4.4.4 Technology transfer in the Paris Agreement

Technology development and transfer is recognized as an enabler of both 
mitigation and adaptation in Article 10 in the Paris Agreement (UNFCCC, 
2016) as well as in Article 4.5 of the original text of the UNFCCC (UNFCCC, 
1992). As previous sections have focused on technology development 
and diffusion, this section focuses on technology transfer. Technology 
transfer can adapt technologies to local circumstances, reduce financing 
costs, develop indigenous technology, and build capabilities to operate, 
maintain, adapt and innovate on technology globally (Ockwell et al., 
2015; de Coninck and Sagar, 2017). Technology cooperation could 
decrease global mitigation cost, and enhance developing countries’ 
mitigation contributions (Huang et al., 2017a). 
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The international institutional landscape around technology 
development and transfer includes the UNFCCC (via its technology 
framework and Technology Mechanism including the Climate 
Technology Centre and Network (CTCN)), the United Nations (a 
technology facilitation mechanism for the SDGs) and a variety of 
non-UN multilateral and bilateral cooperation initiatives such as the 
Consultative Group on International Agricultural Research (CGIAR, 
founded in the 1970s), and numerous initiatives of companies, 
foundations, governments and non-governmental and academic 
organizations. Moreover, in 2015, twenty countries launched an 
initiative called ‘Mission Innovation’, seeking to double their energy 
R&D funding. At this point it is difficult to evaluate whether Mission 
Innovation achieved its objective (Sanchez and Sivaram, 2017). At 
the same time, the private sector started an innovation initiative 
called the ‘Breakthrough Energy Coalition’. 

Most technology transfer is driven by through markets by the 
interests of technology seekers and technology holders, particularly 
in regions with well-developed institutional and technological 
capabilities such as developed and emerging nations (Glachant and 
Dechezleprêtre, 2016). However, the current international technology 
transfer landscape has gaps, in particular in reaching out to least-
developed countries, where institutional and technology capabilities 
are limited (de Coninck and Puig, 2015; Ockwell and Byrne, 2016). 
On the one hand, literature suggests that the management or even 
monitoring of all these UN, bilateral, private and public initiatives 
may fail to lead to better results. On the other hand, it is probably 
more cost-effective to adopt a strategy of ‘letting a thousand flowers 
bloom’, by challenging and enticing researchers in the public and 
the private sector to direct innovation towards low-emission and 
adaptation options (Haselip et al., 2015). This can be done at the 
same time as mission-oriented research is adopted in parallel by the 
scientific community (Mazzucato, 2018).

At COP 21, the UNFCCC requested the Subsidiary Body for Scientific 
and Technological Advice (SBSTA) to initiate the elaboration of 
the technology framework established under the Paris Agreement 
(UNFCCC, 2016). Among other things, the technology framework 
would ‘provide overarching guidance for the work of the Technology 
Mechanism in promoting and facilitating enhanced action on 
technology development and transfer in order to support the 
implementation of this Agreement’ (this Agreement being the 
Paris Agreement). An enhanced guidance issued by the Technology 
Executive Committee (TEC) for preparing a technology action plan 
(TAP) supports the new technology framework as well as the Parties’ 
long-term vision on technology development and transfer, reflected 
in the Paris Agreement (TEC, 2016). 

4.4.5 Strengthening Policy Instruments and Enabling 
Climate Finance

Triggering rapid and far-reaching change in technical choices and 
institutional arrangements, consumption and lifestyles, infrastructure, 
land use, and spatial patterns implies the ability to scale up policy signals 
to enable the decoupling of GHGs emission, and economic growth and 
development (Section 4.2.2.3). Such a scale-up would also imply that 
potential short-term negative responses by populations and interest 
groups, which could block these changes from the outset, would need 
to be prevented or overcome. This section describes the size and nature 
of investment needs and the financial challenge over the coming two 
decades in the context of 1.5°C warmer worlds, assesses the potential 
and constraints of three categories of policy instruments that respond to 
the challenge, and explains the conditions for using them synergistically. 
The policy and finance instruments discussed in this section relate to 
Section 4.4.1 (on governance) and other Sections in 4.4.

4.4.5.1 The core challenge: cost-efficiency, coordination 
of expectations and distributive effects

Box 4.8 shows that the average estimate by seven models of annual 
investment needs in the energy system is around 2.38 trillion USD2010 
(1.38 to 3.25) between 2016 and 2035. This represents between 2.53% 
(1.6–4%) of the world GDP in market exchange rates (MER) and 1.7% 
of the world GDP in purchasing power parity (PPP). OECD investment 
assessments for a 2°C-consistent transition suggest that including 
investments in transportation and in other infrastructure would increase 
the investment needs by a factor of three. Other studies not included in 
Box 4.8, in particular by the World Economic Forum (WEF, 2013) and the 
Global Commission on the Economy and Climate (GCEC, 2014) confirm 
these orders of magnitude of investment.

The average increase of investment in the energy sector resulting from 
Box 4.8 represents a mean value of 1.5% of the total world investment 
compared with the baselines scenario in MER and a little over 1% in 
PPP. Including infrastructure investments would raise this to 2.5% and 
1.7% respectively.9 

These incremental investments could be funded through a drain on 
consumption (Bowen et al., 2017), which would necessitate between 
0.68% and 0.45% lower global consumption than in the baseline. But, 
consumption at a constant savings/consumption ratio can alternatively 
be funded by shifting savings towards productive adaptation and 
mitigation investments, instead of real-estate sector and liquid financial 
products. This response depends upon whether it is possible to close the 
global investment funding gap for infrastructure that potentially inhibits 
growth, through structural changes in the global economy. In this case, 
investing more in infrastructure would not be an incremental cost in 
terms of development and welfare (IMF, 2014; Gurara et al., 2017)

9 A calculation in MER tends indeed to underestimate the world GDP and its growth by giving a lower weight to fast-growing developing countries, whereas a calculation 
in PPP tends to overestimate it. The difference between the value of two currencies in PPP and MER should vanish as the gap of the income levels of the two concerned 
countries decreases. Accounting for this trend in modelling is challenging.
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Box 4.8 |  Investment Needs and the Financial Challenge of Limiting Warming to 1.5°C 

Peer-reviewed literature that estimates the investment needs over the next two decades to scale up the response to limit warming 
to 1.5°C is very limited (see Section 4.6). This box attempts to bring together available estimates of the order of magnitude of 
these investments, after consultation with the makers of those estimates, to provide the context for global and national financial 
mobilization policy and related institutional arrangements.

Table 1 in this box presents mean annual investments up to 2035, based on three studies (after clarifying their scope and harmonizing 
their metrics): an ensemble of four integrated assessment models (here denoted IAM, see Chapter 2), an Organization for Economic 
Co-operation and Development (OECD) scenario for a 2°C limit (OECD, 2017a) and scenarios from the International Energy Agency 
(IEA, 2016c). All three sources provide estimates for the energy sector for various mitigation scenarios. They give a mean value 
of 2.38 trillion USD of yearly investments in the energy sector over the period, with minimum and maximum values of 1.38 and 
3.25 respectively. We also report the OECD estimate for 2°C because it also covers transportation and other infrastructure (water, 
sanitation, and telecommunication), which are essential to deliver the Sustainable Development Goals (SDGs), including SDG 7 on 
clean energy access, and enhance the adaptive capacity to climate change.

The mean incremental share of annual energy investments to stay well below 2°C is 0.36% (between 0.2–1%) of global GDP 
between 2016 and 2035. Since total world investment (also called gross fixed capital formation (GFCF)) is about 24% of global 
GDP, the estimated incremental energy investments between a baseline and a 1.5°C transition would be approximately 1.5% 
(between 0.8–4.2%) of projected total world investments. As the higher ends of these ranges reflect pessimistic assumptions 
in 1.5°C-consistent pathways  on technological change, the implementation of policies to accelerate technical change (see the 
remainder of Section 4.4.5) could lower the probability of higher incremental investment. 

If we assume the amounts of investments given by the OECD for transportation and other infrastructure for warming of 2°C to be 
a lower limit for an 1.5°C pathway, then total incremental investments for all sectors for a 1.5°C-consistent pathway would be 
estimated at 2.4% of total world investments. This total incremental investment reaches 2.53% if the investments in transportation 
are scaled up proportionally with the investments in the energy sector and if all other investments are kept constant. Comparing this 
2.4% or 2.53% number for all sectors to the 1.5% number for energy only (see previous paragraph) suggests that the investments in 
sectors other than energy contribute significantly to incremental world investments, even though a comprehensive study or estimate 
of these investments for a 1.5°C limit is not available.

The issue, from a macroeconomic perspective, is whether these investments would be funded by higher savings at the costs of lower 
consumption. This would mean a 0.5% reduction in consumption for the energy sector for 1.5°C. Note that for a 2°C scenario, this 

Energy 
Investments

Of which 
Demand Side

Transport Other Infra-
structures

Total Ratio to 
MER GDP

IAM Baseline (mean) 1.96 0.24 1.96 1.8%

IAM NDC (mean) 2.04 0.28 2.04 1.9%

IAM 2°C (mean) 2.19 0.38 2.19 2.1%

IAM 1.5°C (mean) 2.32 0.45 2.32 2.2%

IEA NDC 2.40 0.72 2.40 2.3%

IEA 1.5°C 2.76 1.13 2.76 2.7%

Mean IAM-IEA, 1.5°C 2.38 0.54 2.38 2.53%

Min IAM-IEA, 1.5°C 1.38 0.38 1.38 1.6%

Max IAM-IEA, 1.5°C 3.25 1.13 3.25 4.0%

OECD Baseline 5.74 5.4%

OECD 2°C 2.13 0.40 2.73 1.52 6.38 6.0%

Box 4.8, Table 1 | Estimated annualized world mitigation investment needed to limit global warming to 2°C or 1.5°C (2015–2035 in trillions of USD at market  
 exchange rates) from different sources. The top four lines indicate the results of Integrated Assessment Models (IAMs) as reported in Chapter 2 
 for their Baseline, Nationally Determined Contributions (NDC), 2°C- and 1.5°C-consistent pathways. These numbers only cover the energy  
 sector and the second row includes energy efficiency in all sectors. The final two rows indicate the mitigation investment needs for the energy,  
 transport and other infrastructure according to the Organization for Economic Co-operation and Development (OECD) for a Baseline pathway  
 and a 2°C-consistent pathway. Sources: IEA, 2016c; OECD, 2017a.
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reduction would be 0.8% if we account for the investment needs of all infrastructure sectors. Assuming conversely a constant 
savings ratio, this would necessitate reallocating existing capital flows towards infrastructure. In addition to these incremental 
investments, the amount of redirected investments is relevant from a financial perspective. In the reported IAM energy sector 
scenarios, about three times the incremental investments is redirected. There is no such assessment for the other sectors. The OECD 
report suggests that these ratios might be higher.

These orders of magnitude of investment can be compared to the available statistics of the global stock of 386 trillion USD of 
financial capital, which consists of 100 trillion USD in bonds (SIFMA, 2017), around 60 trillion USD in equity (World Bank, 2018b), 
and 226 trillion USD of loans managed by the banking system (IIF, 2017; World Bank, 2018a). The long-term rate of return (interest 
plus increase of shareholder value) is about 3% on bonds, 5% on bank lending and 7% on equity, leading to a weighted mean return 
on capital of 3.4% in real terms (5.4% in nominal terms). Using 3.4% as a lower bound and 5% as a higher bound (following Piketty, 
2014) and taking a conservative assumption that global financial capital grows at the same rate as global GDP, the estimated yearly 
financial capital revenues would be between 16.8 and 25.4 trillion USD.

Assuming that a quarter of these investments comes from public funds (as estimated by the World Bank; World Bank, 2018a), the 
amount of private resources needed to enable an energy sector transition is between 3.3% and 5.3% of annual capital income and 
between 5.6% and 8.3% of these revenues for all infrastructure to meet the 2°C limit and the SDGs.

Since the financial system has limited fungibility across budget lines, changing the partitioning of investments is not a zero-sum 
game. An effective policy regime could encourage investment managers to change their asset allocation. Part of the challenge may 
lie in increasing the pace of financing of low-emission assets to compensate for a possible 38% decrease, by 2035, in the value of 
fossil fuel assets (energy sector and indirect holdings in downstream uses like automobiles) (Mercure et al., 2018).

Box 4.8 (continued)

Investments in other (non-energy system) infrastructure to meet 
development and poverty-reduction goals can strengthen the adaptive 
capacity to address climate change, and are difficult to separate from 
overall sustainable development and poverty-alleviation investments 
(Hallegatte and Rozenberg, 2017). The magnitude of potential climate 
change damages is related to pre-existing fragility of impacted 
societies (Hallegatte et al., 2007). Enhancing infrastructure and service 
provision would lower this fragility, for example, through the provision 
of universal (water, sanitation, telecommunication) service access 
(Arezki et al., 2016). 

The main challenge is thus not just a lack of mobilization of aggregate 
resources but of redirection of savings towards infrastructure, and 
the further redirection of these infrastructure investments towards 
low-emission options. If emission-free assets emerge fast enough to 
compensate for the devaluation of high-emission assets, the sum of 
the required incremental and redirected investments in the energy 
sector would (up to 2035) be equivalent to between 3.3% and 5.3% 
of the average annual revenues of the private capital stock (see Box 
4.8) and to between 5.6% and 8.3%, including all infrastructure 
investments.

The interplay between mechanisms of financial intermediation 
and the private risk-return calculus is a major barrier to realizing 
these investments (Sirkis et al., 2015). This obstacle is not specific to 
climate mitigation investments but also affects infrastructure and 
has been characterised as the gap between the ‘propensity to save’ 
and the ‘propensity to invest’ (Summers, 2016). The issue is whether 
new financial instruments could close this gap and inject liquidity 
into the low-emission transition, thereby unlocking new economic 

opportunities (GCEC, 2014; NCE, 2016). By offsetting the crowding-out 
of other private and public investments (Pollitt and Mercure, 2017), the 
ensuing  ripple effect could reinforce growth and the sustainability of 
development (King, 2011; Teulings and Baldwin, 2014) and potentially 
trigger a new growth cycle (Stern, 2013, 2015). In this case, a massive 
mobilization of low-emission investments would require a significant 
effort but may be complementary to sustainable development 
investments.  

This uncertain but potentially positive outcome might be constrained 
by the higher energy costs of low-emission options in the energy and 
transportation sectors. The envelope of worldwide marginal abatement 
costs for 1.5°C-consistent pathways reported in Chapter 2 is 135–5500 
USD2010 tCO2

−1 in 2030 and 245–13000 USD2010 tCO2
−1 in 2050, 

which is between three to four times higher than for a 2°C limit.

These figures are consistent with the dramatic reduction in the unit 
costs of some low-emission technical options (for example solar 
PV, LED lighting) over the past decade (see Section 4.3.1) (OECD, 
2017c). Yet there are multiple constraints to a system-wide energy 
transition. Lower costs of some supply- and demand-side options do 
not always result in a proportional decrease in energy system costs. 
The adoption of alternative options can be slowed down by increasing 
costs of decommissioning existing infrastructure, the inertia of market 
structures, cultural habits and risk-adverse user behaviour (see Sections 
4.4.1 to 4.4.3). Learning-by-doing processes and R&D can accelerate 
the cost-efficiency of low-emission technology but often imply higher 
early-phase costs. The German energy transition resulted in high 
consumer prices for electricity in Germany (Kreuz and Müsgens, 2017) 
and needed strong accompanying measures to succeed. 
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One key issue is that energy costs can propagate across sectors and 
amplify overall production costs. During the early stage of a low-
emission transition, an increase in the prices of non-energy goods could 
reduce consumer purchasing power and final demand. A rise in energy 
prices has a proportionally greater impact in developing countries 
that are in a catch-up phase, as they have a stronger dependence on 
energy-intensive sectors (Crassous et al., 2006; Luderer et al., 2012) 
and a higher ratio of energy to labour cost (Waisman et al., 2012). This 
explains why with lower carbon prices, similar emission reductions are 
reached in South Africa (Altieri et al., 2016) and Brazil (La Rovere et al., 
2017a) compared to developed countries. However, three distributional 
issues emerge. 

First, in the absence of countervailing policies, higher energy costs 
have an adverse effect on the distribution of welfare (see also 
Chapter 5). The negative impact is inversely correlated with the 
level of income (Harberger, 1984; Fleurbaey and Hammond, 2004) 
and positively correlated with the share of energy in the households 
budget, which is high for low- and middle-income households 
(Proost and Van Regemorter, 1995; Barker and Kohler, 1998; West 
and Williams, 2004; Chiroleu-Assouline and Fodha, 2011). Moreover, 
climatic conditions and the geographical conditions of human 
settlements matter for heating and mobility needs (see Chapter 5). 
Medium-income populations in the suburbs, in remote areas, and in 
low-density regions can be as vulnerable as residents of low-income 
urban areas. Poor households with low levels of energy consumption 
are also impacted by price increases of non-energy goods caused by 
the propagation of energy costs (Combet et al., 2010; Dubois, 2012). 
These impacts are generally not offset by non-market co-benefits of 
climate policies for the poor (Baumgärtner et al., 2017).

A second matter of concern is the distortion of international competition 
and employment implications in the case of uneven carbon constraints, 
especially for energy-intensive industries (Demailly and Quirion, 2008). 
Some of these industries are not highly exposed to international 
competition because of their very high transportation costs per unit 
value added (Sartor, 2013; Branger et al., 2016), but other industries 
could suffer severe shocks, generate ‘carbon leakage’ through cheaper 
imports from countries with lower carbon constraints (Branger and 
Quirion, 2014), and weaken the surrounding regional industrial fabric 
with economy-wide and employment implications.

A third challenge is the depreciation of assets whose value is based on 
the valuation of fossil energy resources, of which future revenues may 
decline precipitously with higher carbon prices (Waisman et al., 2013; 
Jakob and Hilaire, 2015; McGlade and Ekins, 2015), and on emission-
intensive capital stocks (Guivarch and Hallegatte, 2011; OECD, 2015a; 
Pfeiffer et al., 2016). This raises issues of changes in industrial structure, 
adaptation of worker skills, and of stability of financial, insurance and 
social security systems. These systems are in part based on current 
holdings of carbon-based assets whose value might decrease by about 
38% by the mid-2030s (Mercure et al., 2018). This stranded asset 
challenge may be exacerbated by a decline of export revenues of fossil 
fuel producing countries and regions (Waisman et al., 2013; Jakob and 
Hilaire, 2015; McGlade and Ekins, 2015).

These distributional issues, if addressed carefully and expeditiously, could 
affect popular sensitivity towards climate policies. Addressing them 
could mitigate adverse macroeconomic effects on economic growth and 
employment that could undermine the potential benefits of a redirection 
of savings and investments towards 1.5°C-consistent pathways.

Strengthening policy instruments for a low-emission transition would 
thus need to reconcile three objectives: (i) handling the short-term 
frictions inherent to this transition in an equitable way, (ii) minimizing 
these frictions by lowering the cost of avoided GHGs emissions, and (iii) 
coordinating expectations of multiple stakeholders at various decision-
making levels to accelerate the decline in costs of emission reduction, 
efficiency and decoupling options and maximizing their co-benefits 
(see the practical example of lowering car use in cities in Box 4.9).

Three categories of policy tools would be available to meet the 
distributional challenges: carbon pricing, regulatory instruments and 
information and financial tools. Each of them has its own strengths 
and weaknesses, from a 1.5°C perspective, policy tools would have to 
be both scaled up and better coordinated in packages in a synergistic 
manner.

4.4.5.2 Carbon pricing: necessity and constraints

Economic literature has long argued that climate and energy policy 
grounded only in regulation, standards and public funding of R&D is 
at risk of being influenced by political and administrative arbitrariness, 
which could raise the costs of implementation. This literature has argued 
that it may be more efficient to make these costs explicit through carbon 
taxes and carbon trading, securing the abatement of emissions in places 
and sectors where it is cheapest (IPCC, 1995, 2001; Gupta et al., 2007; 
Somanathan et al., 2014).

In a frictionless world, a uniform world carbon price could minimize the 
social costs of the low-carbon transition by equating the marginal costs 
of abatement across all sources of emissions. This implies that investors 
will be able to make the right choices under perfect foresight and that 
domestic and international compensatory transfers offset the adverse 
distributional impacts of higher energy prices and their consequences on 
economic activity. In the absence of such transfers, carbon prices would 
have to be differentiated by jurisdiction (Chichilnisky and Heal, 2000; 
Sheeran, 2006; Böhringer et al., 2009; Böhringer and Alexeeva-Talebi, 
2013). This differentiation could in turn raise concerns of distortions in 
international competition (Hourcade et al., 2001; Stavins et al., 2014).

Obstacles to enforcing a uniform world carbon price in the short run 
would not necessarily crowd out explicit national carbon pricing, for 
three reasons. First, a uniform carbon price would limit an emissions 
rebound resulting from a higher consumption of energy services 
enabled by efficiency gains, if energy prices do not change (Greening et 
al., 2000; Fleurbaey and Hammond, 2004; Sorrell et al., 2009; Guivarch 
and Hallegatte, 2011; Chitnis and Sorrell, 2015; Freire-González, 2017). 
Second, it could hedge against the arbitrariness of regulatory policies. 
Third, ‘revenue neutral’ recycling, at a constant share of taxes on GDP, 
into lowering some existing taxes would compensate for at least part 
of the propagation effect of higher energy costs (Stiglitz et al., 2017). 
The substitution by carbon taxes of taxes that cause distortions on the 
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Box 4.9 |  Emerging Cities and ‘Peak Car Use’: Evidence of Decoupling in Beijing 

The phenomenon of ‘peak car use’, or reductions in per capita car use, provides hope for continuing reductions in greenhouse 
gases from oil consumption (Millard-Ball and Schipper, 2011; Newman and Kenworthy, 2011; Goodwin and Van Dender, 2013). The 
phenomenon has been mostly associated with developed cities apart from some early signs in Eastern Europe, Latin America and 
China (Newman and Kenworthy, 2015). New research indicates that peak car is now also underway in China (Gao and Newman, 
2018). 

China’s rapid urban motorization was a result of strong economic growth, fast urban development and the prosperity of the Chinese 
automobile industry (Gao et al., 2015). However, recent data (Gao and Newman, 2018) (expressed as a percentage of daily trips) 
suggest the first signs of a break in the growth of car use along with the growth in mass transit, primarily the expansion of Metro 
systems (see Box 4.9, Figure 1). 

Chinese urban fabrics, featuring traditional dense linear forms and mixed land use, favour mass transit systems over automobiles 
(Gao and Newman, 2018). The data show that the decline in car use did not impede economic development, but the growth in 
vehicle kilometres of travel (VKT) has decoupled absolutely from GDP as shown in Box 4.9, Figure 2 below.

economy can counteract the regressive effect of higher energy prices. For 
example, offsetting increased carbon prices with lower labour taxes can 
potentially decrease labour costs (without affecting salaries), enhance 
employment and reduce the attractiveness of informal economic activity 
(Goulder, 2013).

The conditions under which an economic gain along with climate 
benefit (a ‘double dividend’) can be expected are well documented 
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Box 4.9, Figure 1 |  The modal split data in Beijing between 1986 and 2014. Source: (Gao and Newman, 2018).

Box 4.9, Figure 2 |  Peak car in Beijing: relationships between economic performance and private automobile use in Beijing from 1986 to 2014.
VKT is vehicle kilometres of travel. Source: (Gao and Newman, 2018).  

(Goulder, 1995; Bovenberg, 1999; Mooij, 2000). In the context of OECD 
countries, the literature examines how carbon taxation could substitute 
for other taxes to fund the social security system (Combet, 2013). The 
same general principles apply for countries that are building their social 
welfare system, such as China (Li and Wang, 2012) or Brazil (La Rovere 
et al., 2017a), but an optimal recycling scheme could differ based on the 
structure of the economy (Lefèvre et al., 2018).
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4.4.5.3 Regulatory measures and information flows 

Regulatory instruments are a common tool for improving energy 
efficiency and enhancing renewable energy in OECD countries (e.g., the 
USA, Japan, Korea, Australia, the EU) and, more recently, in developing 
countries (M.J. Scott et al., 2015; Brown et al., 2017). Such instruments 
include constraints on the import of products banned in other countries 
(Knoop and Lechtenböhmer, 2017).

For energy efficiency, these instruments include end-use standards and 
labelling for domestic appliances, lighting, electric motors, water heaters 
and air-conditioners. They are often complemented by mandatory 
efficiency labels to attract consumers’ attention and stimulate the 
manufacture of more efficient products (Girod et al., 2017). Experience 
shows that these policy instruments are effective only if they are 
regularly reviewed to follow technological developments, as in the ‘Top 
Runner’ programme for domestic appliances in Japan (Sunikka-Blank 
and Iwafune, 2011).

In four countries, efficiency standards (e.g. miles per gallon or level of 
CO2 emission per kilometre) have been used in the transport sector, 
for light- and heavy-duty vehicles, which have spillovers for the global 
car industry. In the EU (Ajanovic and Haas, 2017) and the USA (Sen 
et al., 2017), vehicle manufacturers need to meet an annual CO2 
emission target for their entire new vehicle fleet. This allows them to 
compensate through the introduction of low-emission vehicles for the 
high-emission ones in the fleet. This leads to increasingly efficient fleets 
of vehicles over time but does not necessarily limit the driven distance.

Building codes that prescribe efficiency requirements for new and 
existing buildings have been adopted in many OECD countries (Evans 
et al., 2017) and are regularly revised to increase their efficiency per 
unit of floor space. Building codes can avoid locking rapidly urbanizing 
countries into poorly performing buildings that remain in use for the 
next 50–100 years (Ürge-Vorsatz et al., 2014). In OECD countries, 
however, their main role is to incentivize the retrofit of existing 
buildings. In addition of the convergence of these codes to net zero 
energy buildings (D’Agostino, 2015), a new focus should be placed, 
in the context of 1.5°C-consistent pathways, on public and private 
coordination to achieve better integration of building policies with the 
promotion of low-emission transportation modes (Bertoldi, 2017).

The efficacy of regulatory instruments can be reinforced by economic 
incentives, such as feed-in tariffs based on the quantity of renewable 
energy produced, subsidies or tax exemptions for energy savings 
(Bertoldi et al., 2013; Ritzenhofen and Spinler, 2016; García-Álvarez et 
al., 2017; Pablo-Romero et al., 2017), fee-bates, and ‘bonus-malus’ that 
foster the penetration of low-emission options (Butler and Neuhoff, 
2008). Economic incentives can also be combined with direct-use 
market-based instruments, for example combining, in the United 
States and, in some EU countries, carbon trading schemes with energy 
savings obligations for energy retailers (Haoqi et al., 2017), or with 
green certificates for renewable energy portfolio standards (Upton and 
Snyder, 2017). Scholars have investigated caps on utilities’ energy sales 
(Thomas et al., 2017) and emission caps implemented at a personal 
level (Fawcett et al., 2010).

In every country the design of carbon pricing policy implies a balance 
between incentivizing low-carbon behaviour and mitigating the 
adverse distributional consequences of higher energy prices (Combet 
et al., 2010). Carbon taxes can offset these effects if their revenues 
are redistributed through rebates to poor households. Other options 
include the reduction of value-added taxes for basic products or direct 
benefit transfers to enable poverty reduction (see Winkler et al. (2017) 
for South Africa and Grottera et al. (2016) for Brazil). This is possible 
because higher-income households pay more in absolute terms, even 
though their carbon tax burden is a relatively smaller share of their 
income (Arze del Granado et al., 2012).

Ultimately, the pace of increase of carbon prices would depend on the 
pace at which they can be embedded in a consistent set of fiscal and 
social policies. This is specifically critical in the context of the 1.5°C 
limit (Michaelowa et al., 2018). This is why, after a quarter century of 
academic debate and experimentation (see IPCC WGIII reports since 
the SAR), a gap persists with respect to ‘switching carbon prices’ 
needed to trigger rapid changes. In 2016, only 15% of global emissions 
are covered by carbon pricing, three-quarters of which with prices 
below 10 USD tCO2

−1 (World Bank, 2016). This is too low to outweigh 
the ‘noise’ from the volatility of oil markets (in the range of 100 USD 
tCO2

−1 over the past decade), of other price dynamics (interest rates, 
currency exchange rates and real estate prices) and of regulatory 
policies in energy, transportation and industry. For example, the 
dynamics of mobility depend upon a trade-off between housing prices 
and transportation costs in which the price of real estate and the inert 
endowments in public transport play as important a role as liquid fuel 
prices (Lampin et al., 2013). 

These considerations apply to attempts to secure a minimum price in 
carbon trading systems (Wood and Jotzo, 2011; Fell et al., 2012; Fuss 
et al., 2018) and to the reduction of fossil fuel subsidies. Estimated at 
650 billion USD in 2015 (Coady et al., 2017), these subsidies represent 
25–30% of government expenditures in forty (mostly developing) 
countries (IEA, 2014b). Reducing these subsidies would contribute to 
reaching 1.5°C-consistent pathways, but raises similar issues as carbon 
pricing around long-term benefits and short-term costs (Jakob et al., 
2015; Zeng and Chen, 2016), as well as social impacts. 

Explicit carbon prices remain a necessary condition of ambitious 
climate policies, and some authors highlight the potential benefit 
brought by coordination among groups of countries (Weischer et al., 
2012; Hermwille et al., 2017; Keohane et al., 2017). They could take the 
form of carbon pricing corridors (Bhattacharya et al., 2015). They are 
a necessary ‘lubricant’ through fiscal reforms or direct compensating 
transfers to accommodate the general equilibrium effects of higher 
energy prices but may not suffice to trigger the low-carbon transition 
because of a persistent ‘implementation gap’ between the aspirational 
carbon prices and those that can practically be enforced. When systemic 
changes, such as those needed for 1.5°C-consistent pathways, are at 
play on many dimensions of development, price levels ‘depend on the 
path and the path depends on political decisions’ (Drèze and Stern, 
1990). 
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In combination with the funding of public research institutes, grants 
or subsidies also support R&D, where risk and the uncertainty about 
long-term perspectives can reduce the private sector’s willingness to 
invest in low-emission innovation (see also Section 4.4.4). Subsidies can 
take the form of rebates on value-added tax (VAT), of direct support to 
investments (e.g., renewable energy or refurbishment of buildings) or 
feed-in tariffs (Mir-Artigues and del Río, 2014). They can be provided 
by the public budget, via consumption levies, or via the revenues of 
carbon taxes or pricing. Fee-bates, introduced in some countries (e.g., 
for cars), have had a neutral impact on public budgets by incentivizing 
low-emission products and penalizing high-emission ones (de Haan et 
al., 2009).

All policy instruments can benefit from information campaigns (e.g., TV 
ads) tailored to specific end-users. A vast majority of public campaigns on 
energy and climate have been delivered through mass-media channels 
and advertising-based approaches (Corner and Randall, 2011; Doyle, 
2011). Although some authors report large savings obtained by such 
campaigns, most agree that the effects are short-lived and decrease 
over time (Bertoldi et al., 2016). Recently, focus has been placed on the 
use of social norms to motivate behavioural changes (Allcott, 2011; Alló 
and Loureiro, 2014). More on strategies to change behaviour can be 
found in Section 4.4.3.

4.4.5.4 Scaling up climate finance and de-risking 
low-emission investments

The redirection of savings towards low-emission investments may be 
constrained by enforceable carbon prices, implementation of technical 
standards and the short-term bias of financial systems (Miles, 1993; 
Bushee, 2001; Black and Fraser, 2002). The many causes of this bias are 
extensively analysed in economic literature (Tehranian and Waegelein, 
1985; Shleifer and Vishny, 1990; Bikhchandani and Sharma, 2000), 
including their link with prevailing patterns of economic globalization 
(Krugman, 2009; Rajan, 2011) and the chronic underinvestment in 
long-term infrastructure (IMF, 2014). Emerging literature explores how 
to overcome this through reforms targeted to bridge the gap between 
short-term cash balances and long-term low-emission assets and to 
reduce the risk-weighted capital costs of climate-resilient investments. 
This gap, which was qualified by the Governor of the Bank of England as 
a ‘tragedy of the horizon’ (Carney, 2016) that constitutes a threat to the 
stability of the financial system, is confirmed by the literature (Arezki et 
al., 2016; Christophers, 2017). This potential threat would encompass the 
impact of climate events on the value of assets (Battiston et al., 2017), 
liability risks (Heede, 2014) and the transition risk due to devaluation of 
certain classes of assets (Platinga and Scholtens, 2016).

The financial community’s attention to climate change grew after COP 
15 (ESRB ASC, 2016). This led to the introduction of climate-related risk 
disclosure in financial portfolios (UNEP, 2015), placing it on the agenda 
of G20 Green Finance Study Group and of the Financial Stability Board. 
This led to the creation of low-carbon financial indices that investors 
could consider as a ‘free option on carbon’ to hedge against risks of 
stranded carbon-intensive assets (Andersson et al., 2016). This could also 
accelerate the emergence of climate-friendly financial products such as 

green or climate bonds. The estimated value of the green bonds market 
in 2017 is 155 billion USD (BNEF, 2018). The bulk of these investments 
are in renewable energy, energy efficiency and low-emission transport 
(Lazurko and Venema, 2017), with only 4% for adaptation (OECD, 
2017b). One major question is whether individual strategies based on 
improved climate-related information alone will enable the financial 
system to allocate capital in an optimal way (Christophers, 2017) since 
climate change is a systemic risk (CISL, 2015; Schoenmaker and van 
Tilburg, 2016).

The readiness of financial actors to reduce investments in fossil fuels 
is a real trend (Platinga and Scholtens, 2016; Ayling and Gunningham, 
2017), but they may not resist the attractiveness of carbon-intensive 
investments in many regions. Hence, decarbonizing an investment 
portfolio is not synonymous with investing massively in low-emission 
infrastructure. Scaling up climate-friendly financial products may 
depend upon a business context conducive to the reduction of the risk-
weighted capital costs of low-emission projects. The typical leverage of 
public funding mechanisms for low-emission investment is low (2 to 4) 
compared with other sectors (10 to 15) (Maclean et al., 2008; Ward et 
al., 2009; MDB, 2016). This is due to the interplay of the uncertainty of 
emerging low-emission technologies in the midst of their learning-by-
doing cycle with uncertain future revenues due to volatility of fossil fuel 
prices (Roques et al., 2008; Gross et al., 2010) as well as uncertainty 
around regulatory policies. This inhibits low-emission investments by 
corporations functioning under a ‘shareholder value business regime’ 
(Berle and Means, 1932; Roe, 1996; Froud et al., 2000) and actors 
with restricted access to capital (e.g. cities, local authorities, SMEs and 
households).

De-risking policy instruments to enable low-emission investment 
encompasses interest rate subsidies, fee-bates, tax breaks, concessional 
loans from development banks, and public investment funds, including 
revolving funds. Given the constraints on public budgets, public 
guarantees can be used to increase the leverage effect of public 
financing on private financing. Such de-risking instruments imply 
indeed a full direct burden on public budgets only in case of default 
of the project. They could back for example various forms of green 
infrastructure funds (de Gouvello and Zelenko, 2010; Emin et al., 2014; 
Studart and Gallagher, 2015).10

The risk of defaulting can be mitigated by strong measurement, reporting 
and verifying (MRV) systems (Bellassen et al., 2015) and by the use of 
notional prices recommended in public economics (and currently in use 
in France and the UK) to calibrate public support to the provision of 
public goods in case of persisting distortions in pricing (Stiglitz et al., 
2017). Some suggest linking these notional prices to ‘social, economic 
and environmental value of voluntary mitigation actions’ recognized by 
the COP 21 Decision accompanying the Paris Agreement (paragraph 
108) (Hourcade et al., 2015; La Rovere et al., 2017b; Shukla et al., 2017), 
in order to incorporate the co-benefits of mitigation.

Such public guarantees ultimately amount to money issuance backed by 
low-emission projects as collateral. This explains the potentially strong 
link between global climate finance and the evolution of the financial 

10 One prototype is the World Bank’s Pilot Auction Facility on Methane and Climate Change
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and monetary system. Amongst suggested mechanisms for this 
evolution are the use of International Monetary Fund’s (IMF’s) Special 
Drawing Rights to fund the paid-in capital of the Green Climate Fund 
(Bredenkamp and Pattillo, 2010) and the creation of carbon remediation 
assets at a predetermined face value per avoided tonne of emissions 
(Aglietta et al., 2015a, b). Such a predetermined value could hedge 
against the fragmentation of climate finance initiatives and support the 
emergence of financial products backed by a new class of long-term 
assets.

Combining public guarantees at a predetermined value of avoided 
emissions, in addition to improving the consistency of non-price 
measures, could support the emergence of financial products backed 
by a new class of certified assets to attract savers in search of safe and 
ethical investments (Aglietta et al., 2015b). It could hedge against the 
fragmentation of climate finance initiatives and provide a mechanism to 
compensate for the ‘stranded’ assets caused by divestment in carbon-
based activities and in lowering the systemic risk of stranded assets 
(Safarzyńska and van den Bergh, 2017). These new assets could also 
facilitate a low-carbon transition for fossil fuel producers and help them 
to overcome the ‘resource curse’ (Ross, 2015; Venables, 2016).

Blended injection of liquidity has monetary implications. Some argue 
that this questions the premise that money should remain neutral 
(Annicchiarico and Di Dio, 2015, 2016; Nikiforos and Zezza, 2017). 
Central banks or financial regulators could act as a facilitator of last 
resort for low-emission financing instruments, which could in turn lower 
the systemic risk of stranded assets (Safarzyńska and van den Bergh, 
2017). This may, in time, lead to the use of carbon-based monetary 
instruments to diversify reserve currencies (Jaeger et al., 2013) and 
differentiate reserve requirements (Rozenberg et al., 2013) in the 
context of a climate-friendly Bretton Woods (Sirkis et al., 2015; Stua, 
2017).

4.4.5.5 Financial challenge for basic needs and adaptation 
finance

Adaptation finance is difficult to quantify for two reasons. The first is 
that it is very difficult to isolate specific investment needs to enhance 
climate resilience from the provision of basic infrastructure that are 
currently underinvested (IMF, 2014; Gurara et al., 2017). The UNEP 
(2016) estimate of investment needs on adaptation in developing 
countries between 140–300 billion USD yr−1 in 2030, a major part 
being investment expenditures that are complementary with SDG-
related investments focused on universal access to infrastructure and 
services and meeting basic needs. Many climate-adaptation-centric 
financial incentives are relevant to non-market services, offering fewer 
opportunities for market revenues while they contribute to creating 
resilience to climate impacts.    

Hence, adaptation investments and the provision of basic needs would 
typically have to be supported by national and sub-national government 
budgets together with support from overseas development assistance 
and multilateral development banks (Fankhauser and Schmidt-Traub, 
2011; Adenle et al., 2017; Robinson and Dornan, 2017), and a slow 
increase of dedicated NGO and private climate funds (Nakhooda 
and Watson, 2016). Even though the UNEP estimates of the costs of 

adaptation might be lower in a 1.5°C world (UNEP/Climate Analytics, 
2015) they would be higher than the UNEP estimate of 22.5 billion 
USD of bilateral and multilateral funding for climate change adaptation 
in 2014. Currently, 18–25% of climate finance flows to adaptation in 
developing countries (OECD, 2015b, 2016; Shine and Campillo, 2016). It 
remains fragmented, with small proportions flowing through UNFCCC 
channels (AdaptationWatch, 2015; Roberts and Weikmans, 2017).

Means of raising resources for adaptation, achieving the SDGs and 
meeting basic needs (Durand et al., 2016; Roberts et al., 2017) include 
the reduction of fossil fuel subsidies (Jakob et al., 2016), increasing 
revenues from carbon taxes (Jakob et al., 2016), levies on international 
aviation and maritime transport, and sharing of the proceeds of financial 
arrangements supporting mitigation activities (Keen et al., 2013). Each 
have different redistribution implications. Challenges, however, include 
the efficient use of resources, the emergence of long-term assets using 
infrastructure as collateral and the capacity to implement small-scale 
adaptation and the mainstreaming of adaptation in overall development 
policies. There is thus a need for greater policy coordination (Fankhauser 
and McDermott, 2014; Morita and Matsumoto, 2015; Sovacool et al., 
2015, 2017; Lemos et al., 2016; Adenle et al., 2017; Peake and Ekins, 
2017) that includes robust mechanisms for tracking, reporting and 
ensuring transparency of adaptation finance (Donner et al., 2016; Pauw 
et al., 2016a; Roberts and Weikmans, 2017; Trabacchi and Buchner, 
2017) and its consistency with the provision of basic needs (Hallegatte 
et al., 2016).

4.4.5.6 Towards integrated policy packages and innovative 
forms of financial cooperation 

Carbon prices, regulation and standards, improved information and 
appropriate financial instruments can work synergistically to meet the 
challenge of ‘making finance flows consistent with a pathway towards 
low greenhouse gas emissions and climate-resilient development’, as in 
Article 2 in the Paris Agreement.

There is growing attention to the combination of policy instruments 
that address three domains of action: behavioural changes, economic 
optimization and long-term strategies (Grubb et al., 2014). For example, 
de-risking low-emission investments would result in higher volumes of 
low-emission investments, and would in turn lead to a lower switching 
price for the same climate ambition (Hirth and Steckel, 2016). In the 
reverse direction, higher explicit carbon prices may generate more 
low-emission projects for a given quantum of de-risking. For example, 
efficiency standards for housing can increase the efficacy of carbon prices 
and overcome the barriers coming from the high discount rates used by 
households (Parry et al., 2014), while explicit and notional carbon prices 
can lower the risk of arbitrary standards. The calibration of innovative 
financial instruments to notional carbon prices could encourage large 
multinational companies to increase their level of internal carbon prices 
(UNEP, 2016). These notional prices could be higher than explicit carbon 
prices because they redirect new hardware investments without an 
immediate impact on existing capital stocks and associated interests.

Literature, however, shows that conflicts between poorly articulated 
policy instruments can undermine their efficiency (Lecuyer and 
Quirion, 2013; Bhattacharya et al., 2017; García-Álvarez et al., 2017). 
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As has been illustrated in Europe, commitment uncertainty and lack of 
credibility of regulation have consistently led to low carbon prices in 
the case of the EU Emission Trading System (Koch et al., 2014, 2016). A 
comparative study shows how these conflicts can be avoided by policy 
packages that integrate many dimensions of public policies and are 
designed to match institutional and social context of each country and 
region (Bataille et al., 2015).

Even though policy packages depend upon domestic political 
processes, they might not reinforce the NDCs at a level consistent with 
the 1.5°C transition without a conducive international setting where 
international development finance plays a critical role. Section 4.4.1 
explores the means of mainstreaming climate finance in the current 
evolution of the lending practices of national and multilateral banks 
(Badré, 2018). This could facilitate the access of developing countries 
to loans via bond markets at low interest rates, encouragement 
of the emergence of new business models for infrastructure, 
and encouragement of  financial markets to support small-scale 
investments (Déau and Touati, 2017).

These financial innovations may involve non-state public actors 
like cities and regional public authorities that govern infrastructure 
investment, enable energy and food systems transitions and manage 
urban dynamics (Cartwright, 2015). They would help, for example, in 
raising the 4.5–5.4 trillion USD yr−1 from 2015 to 2030 announced 
by the Cities Climate Finance Leadership Alliance (CCFLA, 2016) to 
achieve the commitments by the Covenant of Mayors of many cities to 
long-term climate targets (Kona et al., 2018).

The evolution of global climate financial cooperation may involve 
central banks, financial regulatory authorities, and multilateral and 
commercial banks. There are still knowledge gaps about the form, 
structure and potential of these arrangements. They could be viewed 
as a form of a burden-sharing between high-, medium- and low-
income countries to enhance the deployment of ambitious Nationally 
Determined Contributions (NDCs) and new forms of ‘common but 
differentiated responsibility and respective capabilities’ (Edenhofer et 
al., 2015; Hourcade et al., 2015; Ji and Sha, 2015).  

4.5 Integration and Enabling Transformation

4.5.1 Assessing Feasibility of Options for Accelerated 
Transitions

Chapter 2 shows that 1.5°C-consistent pathways involve rapid, global 
climate responses to reach net zero emissions by mid-century or earlier. 
Chapter 3 identifies climate change risks and impacts to which the 
world would need to adapt during these transitions and additional risks 
and impacts during potential 1.5°C overshoot pathways. The feasibility 
of these pathways is contingent upon systemic change (Section 4.3) 
and enabling conditions (Section 4.4), including policy packages. This 
section assesses the feasibility of options (technologies, actions and 
measures) that form part of global systems under transition that make 
up 1.5°C-consistent pathways.

Following the assessment framework developed in Chapter 1, economic 
and technological, institutional and socio-cultural, and environmental and 
geophysical feasibility are considered and applied to system transitions 
(Sections 4.3.1–4.3.4), overarching adaptation options (Section 4.3.5) 
and carbon dioxide removal (CDR) options (Section 4.3.7). This is done 
to assess the multidimensional feasibility of mitigation and adaptation 
options that have seen considerable development and change since 
AR5. In the case of adaptation, the assessed AR5 options are typically 
clustered. For example, all options related to energy infrastructure 
resilience, independently of the generation source, are categorized as 
‘resilience of power infrastructure’. 

Table 4.10 presents sets of indicators against which the multidimensional 
feasibility of individual adaptation options relevant to warming of 1.5°C, 
and mitigation options along 1.5°C-consistent pathways, is assessed. 

The feasibility assessment takes the following steps. First, each of 
the mitigation and adaptation options is assessed along the relevant 
indicators grouped around six feasibility dimensions: economic, 
technological, institutional, socio-cultural, environmental/ecological 
and geophysical. Three types of feasibility groupings were assessed 
from the underlying literature: first, if the indicator could block the 
feasibility of this option; second, if the indicator has neither a positive 
nor a negative effect on the feasibility of the option or the evidence 
is mixed; and third, if the indicator does not pose any barrier to the 
feasibility of this option. The full assessment of each option under each 
indicator, including the literature references on which the assessment 
is based, can be found in supplementary materials 4.SM.4.2 and 
4.SM.4.3. When appropriate, it is indicated that there is no evidence 
(NE), limited evidence (LE) or that the indicator is not applicable to the 
option (NA).  

Next, for each feasibility dimension and option, the overall feasibility 
for a given dimension is assessed as the mean of combined scores 
of the relevant underlying indicators and classified into ‘insignificant 
barriers’ (2.5 to 3), ‘mixed or moderate but still existent barriers’ (1.5 
to 2.5) or ‘significant barriers’ (below 1.5) to feasibility. Indicators 
assessed as NA, LE or NE are not included in this overall assessment 
(see supplementary material 4.SM.4.1 for the averaging and weighing 
guidance). 

The results are summarized in Table 4.11 (for mitigation options) 
and Table 4.12 (for adaptation options) for each of the six feasibility 
dimensions: where dark shading indicates few feasibility barriers; 
moderate shading indicates that there are mixed or moderate but still 
existent barriers, and light shading indicates that multiple barriers, in 
this dimension, may block implementation. 

A three-step process of independent validation and discussion by 
authors was undertaken to make this assessment as robust as possible 
within the scope of this Special Report. It must, however, be recognized 
that this is an indicative assessment at global scale, and both policy 
and implementation at regional, national and local level would need to 
adapt and build on this knowledge, within the particular local context 
and constraints. Some contextual factors are indicated in the rightmost 
column in Tables 4.11 and 4.12. 
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4.5.2 Implementing Mitigation

This section builds on the insights on mitigation options in Section 4.3, 
applies the assessment methodology along feasibility dimensions and 
indicators explained in Section 4.5.1, and synthesizes the assessment 
of the enabling conditions in Section 4.4. 

4.5.2.1 Assessing mitigation options for limiting warming 
to 1.5˚C against feasibility dimensions

An assessment of the degree to which examples of 1.5°C-relevant 
mitigation options face barriers to implementation, and on which 
contexts this depends, is summarized in Table 4.11. An explanation of 
the approach is given in Section 4.5.1 and in supplementary material 
4.SM.4.1. Selected options were mapped onto system transitions 
and clustered through an iterative process of literature review, 
expert feedback, and responses to reviewer comments. The detailed 
assessment and the literature underpinning the assessment can be 
found in supplementary material 4.SM.4.2.

The feasibility framework in Cross-Chapter Box 3 in Chapter 1 highlights 
that the feasibility of mitigation and adaptation options depends on 
many factors. Many of those are captured in the indicators in Table 4.10, 
but many depend on the specific context in which an option features. This 
Special Report did not have the mandate, space or the literature base 
to undertake a regionally specific assessment. Hence the assessment is 
caveated as providing a broad indication of the likely global barriers, 
ignoring significant regional diversity. Regional and context-specific 
literature is also just emerging as is noted in the knowledge gaps 

Feasibility Dimensions Adaptation Indicators Mitigation Indicators

Economic

Microeconomic viability
Macroeconomic viability
Socio-economic vulnerability reduction potential
Employment & productivity enhancement potential

Cost-effectiveness
Absence of distributional effects
Employment & productivity enhancement potential

Technological
Technical resource availability
Risks mitigation potential

Technical scalability
Maturity
Simplicity
Absence of risk

Institutional

Political acceptability
Legal & regulatory feasibility
Institutional capacity & administrative feasibility
Transparency & accountability potential

Political acceptability
Legal & administrative feasibility
Institutional capacity
Transparency & accountability potential

Socio-cultural

Social co-benefits (health, education)
Socio-cultural acceptability
Social & regional inclusiveness
Intergenerational equity

Social co-benefits (health, education)
Public acceptance
Social & regional inclusiveness
Intergenerational equity
Human capabilities

Environmental/Ecological
Ecological capacity
Adaptive capacity/ resilience building potential

Reduction of air pollution
Reduction of toxic waste
Reduction of water use
Improved biodiversity

Geophysical
Physical feasibility
Land use change enhancement potential
Hazard risk reduction potential

Physical feasibility (physical potentials)
Limited use of land
Limited use of scarce (geo)physical resources
Global spread

Table 4.10  |  Sets of indicators against which the feasibility of adaptation and mitigation options are assessed for each feasibility dimension. The options are discussed in 
  Sections 4.3.1-4.3.5 and 4.3.7.

section (Section 4.6). Nevertheless, in Table 4.11, an indicative attempt 
has been made to capture relevant contextual information. The ‘context’ 
column indicates which contextual factors may affect the feasibility of 
an option, including regional differences. For instance, solar irradiation 
in an area impacts the cost-effectiveness of solar photovoltaic energy, 
so solar irradiation is mentioned in this column.  

4.5.2.2 Enabling conditions for implementation 
of mitigation options towards 1.5˚C

The feasibility assessment highlights six dimensions that could help 
inform an agenda that could be addressed by the areas discussed in 
Section 4.4: governance, behaviour and lifestyles, innovation, enhancing 
institutional capacities, policy and finance. For instance, Section 4.4.3 on 
behaviour offers strategies for addressing public acceptance problems, 
and how changes can be more effective when communication and 
actions relate to people’s values. This section synthesizes the findings in 
Section 4.4 in an attempt to link them to the assessment in Table 4.11. 
The literature on which the discussion is based is found in Section 4.4.

From Section 4.4, including the case studies presented in the Boxes 
4.1 to 4.10, several main messages can be constructed. For instance, 
governance would have to be multilevel and engaging different actors, 
while being efficient, and choosing the form of cooperation based on 
the specific systemic challenge or option at hand. If institutional capacity 
for financing and governing the various transitions is not urgently built, 
many countries would lack the ability to change pathways from a 
high-emission scenario to a low- or zero-emission scenario. In terms of 
innovation, governments, both national and multilateral, can contribute 
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System Mitigation Option Evidence Agreement Ec Tec Inst Soc Env Geo Context

Energy 
System 
Transitions

Wind energy (on-shore 
& off-shore)

Robust Medium

Wind regime, economic status, space for wind 
farms, and the existence of a legal framework 
for independent power producers affect uptake; 
cost-effectiveness affected by incentive regime 

Solar PV Robust High

Cost-effectiveness affected by solar irradiation 
and incentive regime. Also enhanced by legal 
framework for independent power producers, 
which affects uptake 

Bioenergy Robust Medium

Depends on availability of biomass and land and the 
capability to manage sustainable land use.
Distributional effects depend on the agrarian 
(or other) system used to produce feedstock

Electricity storage Robust High
Batteries universal, but grid-flexible resources 
vary with area’s level of development

Power sector carbon 
dioxide capture 
and storage

Robust High
Varies with local CO2 storage capacity, presence of 
legal framework, level of development and  
quality of public engagement

Nuclear energy Robust High

Electricity market organization, legal framework, 
standardization & know-how, country’s ‘democratic 
fabric’, institutional and technical capacity, and 
safety culture of public and private institutions

Land & 
Ecosystem 
Transitions

Reduced food 
wastage & efficient 
food production  

Robust High
Will depend on the combination of 
individual and institutional behaviour

Dietary shifts Medium High
Depends on individual behaviour, education, 
cultural factors and institutional support

Sustainable 
intensification 
of agriculture

Medium High
Depends on development and deployment 
of new technologies 

Ecosystems restoration Medium High Depends on location and institutional factors 

Land-use & urban 
planning

Robust Medium
Varies with urban fabric, not geography or economy; 
requires capacitated local government and legitimate 
tenure system

Electric cars and buses Medium High
Varies with degree of government intervention; 
requires capacity to retrofit “fuelling” stations

Sharing schemes Limited Medium
Historic schemes universal, but new ones depend 
on ICT status; undermined by high crime and low 
levels of law enforcement

Public transport Robust Medium

Depends on presence of existing ‘informal’ taxi 
systems, which may be more cost-effective and 
affordable than capital-intensive new build schemes, 
as well as (local) government capabilities

Non-motorized 
transport 

Robust High
Viability rests on linkages with public transport, 
cultural factors, climate and geography

Aviation & shipping Medium Medium
Varies with technology, governance 
and accountability 

Smart grids Medium Medium
Varies with economic status and presence or quality 
of existing grid

Efficient appliances Medium High
Adoption varies with economic status and policy 
framework

Low/zero-energy 
buildings 

Medium High
Depends on size of existing building stock and growth 
of building stock

Table 4.11  | Feasibility assessment of examples of 1.5°C-relevant mitigation options, with dark shading signifying the absence of barriers in the feasibility dimension, moderate 
 shading indicating that, on average, the dimension does not have a positive or negative effect on the feasibility of the option, or the evidence is mixed, and faint  
 shading the presence of potentially blocking barriers. No shading means that the literature found was not sufficient to make an assessment. Evidence and agreement  
 assessment is undertaken at the option level. The context column on the far right indicates how the assessment might change if contextual factors were different. For  
 the methodology and literature basis, see supplementary material 4.SM.4.1 and 4.SM.4.2. 
 Abbreviations used: Ec: Economic - Tec: Technological - Inst: Institutional - Soc: Socio-cultural -  Env: Environmental/Ecological - Geo: Geophysical

Urban &  
Infra 
structure 
System  
Transitions
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System Mitigation Option Evidence Agreement Ec Tec Inst Soc Env Geo Context

Industrial 
System 
Transitions

Energy efficiency Robust High
Potential and adoption depend on existing efficiency, 
energy prices and interest rates, as well as 
government incentives 

Bio-based & circularity Medium Medium

Faces barriers in terms of pressure on natural 
resources and biodiversity. Product substitution 
depends on market organization and government 
incentivization 

Electrification 
& hydrogen

Medium High

Depends on availability of large-scale, cheap, 
emission-free electricity (electrification, hydrogen) 
or CO2 storage nearby (hydrogen). Manufacturers’ 
appetite to embrace disruptive innovations

Industrial carbon 
dioxide capture, 
utilization and storage

Robust High
High concentration of CO2 in exhaust gas improve 
economic and technical feasibility of CCUS in 
industry. CO2 storage or reuse possibilities 

Carbon 
Dioxide 
Removal

Bioenergy and carbon 
dioxide capture 
and storage

Robust Medium
Depends on biomass availability, CO2 storage 
capacity, legal framework, economic status and 
social acceptance 

Direct air carbon 
dioxide capture 
and storage

Medium Medium
Depends on CO2-free energy, CO2 storage capacity, 
legal framework, economic status and social 
acceptance

Afforestation & 
reforestation

Robust High
Depends on location, mode of implementation, 
and economic and institutional factors

Soil carbon 
sequestration & biochar

Robust High Depends on location, soil properties, time span

Enhanced weathering Medium Low
Depends on CO2-free energy, economic 
status and social acceptance

Table 4.11 (continued)

to applying general-purpose technologies to mitigation purposes. 
If this is not managed, some reduction in emissions could happen 
autonomously, but it may not lead to a 1.5°C-consistent pathway. 
International cooperation on technology, including technology transfer 
where this does not happen autonomously, is needed and can help 
create innovation capabilities in all countries that allow them to operate, 
maintain, adapt and regulate a portfolio of mitigation technologies. 
Case studies in the various subsections highlight the opportunities and 
challenges of doing this in practice. They indicate that it can be done in 
specific circumstances, which can be created. 

A combination of behaviour-oriented pricing policies and financing 
options can help change technologies and social behaviour as it would 
challenge the existing, high-emission socio-technical regime on multiple 
levels across feasibility characteristics. For instance, for dietary change, 
combining supply-side measures with value-driven communication and 
economic instruments may help make a lasting transition, while an 
economic instrument, such as enhanced prices or taxation, on its own 
may not be as robust. 

Governments could benefit from enhanced carbon prices, as a price and 
innovation incentive and also a source of additional revenue to correct 
distributional effects and subsidize the development of new, cost-
effective negative-emission technology and infrastructure. However, 
there is high evidence and medium agreement that pricing alone is 
insufficient. Even if prices rise significantly, they typically incentivize 
incremental change, but typically fail to provide the impetus for private 
actors to take the risk of engaging in the transformational changes 
that would be needed to limit warming to 1.5°C. Apart from the 

incentives to change behaviour and technology, financial systems are 
an indispensable element of a systemic transition. If financial markets 
do not acknowledge climate risk and the risk of transitions, regulatory 
financial institutions, such as central banks, could intervene. 

Strengthening implementation revolves around more than addressing 
barriers to feasibility. A system transition, be it in energy, industry, land 
or a city, requires changing the core parameters of a system. These relate, 
as introduced in Section 4.2 and further elaborated in Section 4.4, to 
how actors cooperate, how technologies are embedded, how resources 
are linked, how cultures relate and what values people associate with 
the transition and the current regime. 

4.5.3 Implementing Adaptation

Article 7 of the Paris Agreement provides an aspirational global goal for 
adaptation, of ‘enhancing adaptive capacity, strengthening resilience, 
and reducing vulnerability’ (UNFCCC, 2016). Adaptation implementation 
is gathering momentum in many regions, guided by national NDC’s and 
national adaptation plans (see Cross-Chapter Box 11 in this Chapter).

Operationalizing adaptation in a set of regional environments on 
pathways to a 1.5°C world requires strengthened global and differentiated 
regional and local capacities. It also needs rapid and decisive adaptation 
actions to reduce the costs and magnitude of potential climate impacts 
(Vergara et al., 2015). 

This could be facilitated by: (i) enabling conditions, especially improved 
governance, economic measures and financing (Section 4.4); (ii) 
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enhanced clarity on adaptation options to help identify strategic 
priorities, sequencing and timing of implementation (Section 4.3); 
(iii) robust monitoring and evaluation frameworks; and (iv) political 
leadership (Magnan et al., 2015; Magnan and Ribera, 2016; Lesnikowski 
et al., 2017; UNEP, 2017a). 

4.5.3.1 Feasible adaptation options

This section summarizes the feasibility (defined in Cross-Chapter Box 3, 
Table 1 in Chapter 1 and Table 4.4) of select adaptation options using 
evidence presented across this chapter and in supplementary material 
4.SM.4.3 and the expert-judgement of its authors (Table 4.12). The 
options assessed respond to risks and impacts identified in Chapter 3. 
They were selected based on options identified in AR5 (Noble et al., 
2014), focusing on those relevant to 1.5°C-compatible pathways, where 
sufficient literature exists. Selected options were mapped onto system 
transitions and clustered through an iterative process of literature 
review, expert feedback, and responses to reviewer comments.

Besides gaps in the literature around crucial adaptation questions 
on the transition to a 1.5°C world (Section 4.6), there is inadequate 
current literature to undertake a spatially differentiated assessment 
(Cross-Chapter Box 3 in Chapter 1). There are also limited baselines 
for exposure, vulnerability and risk to help policy and implementation 
prioritization. Hence, the compiled results can at best provide a broad 
framework to inform policymaking. Given the bottom-up nature of 
most adaptation implementation evidence, care needs to be taken in 
generalizing these findings. 

Options are considered as part of a systemic approach, recognizing that 
no single solution exists to limit warming to 1.5°C and adapting to its 
impacts. To respond to the local and regional context – and to synergies 
and trade-offs between adaptation, mitigation and sustainable 
development – packages of options suited to local enabling conditions 
can be implemented.

Table 4.12 summarizes the feasibility assessment through its six 
dimensions with levels of evidence and agreement and indicates how 
the feasibility of an adaptation option may be differentiated by certain 
contextual factors (last column). 

When considered jointly, the description of adaptation options (Section 
4.3), the feasibility assessment (summarized in Table 4.12), and 
discussion of enabling conditions (Section 4.4) show us how options 
can be implemented and lead towards transformational adaptation if 
and when needed.  

The adaptation options for energy system transitions focus on existing 
power infrastructure resilience and water management, when required, 
for any type of generation source. These options are not sufficient for 
the far-reaching transformations required in the energy sector, which 
have tended to focus on technologies to shift from a fossil-based to a 
renewable energy system (Erlinghagen and Markard, 2012; Muench 
et al., 2014; Brand and von Gleich, 2015; Monstadt and Wolff, 2015; 
Child and Breyer, 2017; Hermwille et al., 2017). There is also need for 
integration of such energy system transitions with social-ecological 
systems transformations to increase the resilience of the energy sector, 

for which appropriate enabling conditions, such as for technological 
innovations, are fundamentally important. Institutional capacities 
can be enhanced by expanding the role of actors as transformation 
catalysts (Erlinghagen and Markard, 2012). The integration of ethics 
and justice within these transformations can help attain SDG7 on clean 
energy access (Jenkins et al., 2018), while inclusion of the cultural 
dimension and cultural legitimacy (Amars et al., 2017) can provide a 
more substantial base for societal transformation. Strengthening policy 
instruments and regulatory frameworks and enhancing multilevel 
governance that focuses on resilience components can help secure 
these transitions (Exner et al., 2016).

For land and ecosystem transitions, the options of conservation 
agriculture, efficient irrigation, agroforestry, ecosystem restoration 
and avoided deforestation, and coastal defence and hardening have 
between medium and robust evidence with medium to high agreement. 
The other options assessed have limited or no evidence across one 
or more of the feasibility dimensions. Community-based adaptation 
is assessed as having medium evidence and high agreement to face 
scaling barriers. Scaling community-based adaptation may require  
structural changes, implying the need for transformational adaptation in 
some regions. This would involve enhanced multilevel governance and 
institutional capacities by enabling anticipatory and flexible decision-
making systems that access and develop collaborative networks 
(Dowd et al., 2014), tackling root causes of vulnerability (Chung Tiam 
Fook, 2017), and developing synergies between development and 
climate change (Burch et al., 2017). Case studies show the use of 
transformational adaptation approaches for fire management (Colloff 
et al., 2016a), floodplain and wetland management (Colloff et al., 
2016b), and forest management (Chung Tiam Fook, 2017), in which 
the strengthening of policy instruments and climate finance are also 
required.

There is growing recognition of the need for transformational 
adaptation within the agricultural sector but limited evidence on 
how to facilitate processes of deep, systemic change (Dowd et al., 
2014). Case studies demonstrate that transformational adaptation in 
agriculture requires a sequencing and overlap between incremental and 
transformational adaptation actions (Hadarits et al., 2017; Termeer et 
al., 2017), e.g., incremental improvements to crop management while 
new crop varieties are being researched and field-tested (Rippke et al., 
2016). Broader considerations include addressing stakeholder values 
and attitudes (Fleming et al., 2015a), understanding and leveraging the 
role of social capital, collaborative networks, and information (Dowd et 
al., 2014), and being inclusive with rural and urban communities, and 
the social, political, and cultural environment (Rickards and Howden, 
2012). Transformational adaptation in agriculture systems could have 
significant economic and institutional costs (Mushtaq, 2016), along with 
potential unintended negative consequences (Davidson, 2016; Rippke 
et al., 2016; Gajjar et al., 2018; Mushtaq, 2018),  and a need to focus 
on the transitional space between incremental and transformational 
adaptation (Hadarits et al., 2017), as well as the timing of the shift from 
one to the other (Läderach et al., 2017). 

Within urban and infrastructure transitions, green infrastructure and 
sustainable water management are assessed as the most feasible 
options, followed by sustainable land-use and urban planning. The 
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System Adaptation Option Evidence Agreement Ec Tec Inst Soc Env Geo Context

Energy System 
Transitions

Power infrastructure, 
including water

Medium High
Depends on existing power infrastructure, 
all generation sources and those with 
intensive water requirements

Land & 
Ecosystem 
Transitions

Conservation 
agriculture

Medium Medium
Depends on irrigated/rainfed system, ecosystem 
characteristics, crop type, other farming practices

Efficient irrigation Medium Medium
Depends on agricultural system, technology used, 
regional institutional and biophysical context

Efficient livestock 
systems

Limited High
Dependent on livestock breeds, feed practices, 
and biophysical context (e.g., carrying capacity)

Agroforestry Medium High
Depends on knowledge, financial support, and market 
conditions

Community-based 
adaptation

Medium High
Focus on rural areas and combined with ecosystems-
based adaptation, does not include urban settings

Ecosystem restoration 
& avoided deforestation

Robust Medium
Mostly focused on existing and evaluated REDD+ 
projects 

Biodiversity 
management

Medium Medium
Focus on hotspots of biodiversity vulnerability and 
high connectivity 

Coastal defence 
& hardening

Robust Medium
Depends on locations that require it as a first 
adaptation option

Sustainable aquaculture Limited Medium Depends on locations at risk and socio-cultural context

Urban & 
Infrastructure 
System 
Transitions 

Sustainable land-use 
& urban planning

Medium Medium
Depends on nature of planning systems 
and enforcement mechanisms 

Sustainable water 
management

Robust Medium
Balancing sustainable water supply and rising 
demand, especially in low-income countries

Green infrastructure 
& ecosystem services

Medium High
Depends on reconciliation of urban development 
with green infrastructure

Building codes 
& standards

Limited Medium
Adoption requires legal, educational, and 
enforcement mechanisms to regulate buildings

Industrial 
System 
Transitions

Intensive industry 
infrastructure resilience 
and water management

Limited High
Depends on intensive industry, existing infrastructure 
and using or requiring high demand of water 

Overarching 
Adaptation 
Options

Disaster risk 
management

Medium High
Requires institutional, technical, and financial 
capacity in frontline agencies and government 

Risk spreading and 
sharing: insurance

Medium Medium
Requires well-developed financial structures and public 
understanding 

Social safety nets Medium Medium
Type and mechanism of safety net, political priorities, 
institutional transparency

Climate services Medium High
Depends on climate information avail-
ability and usability, local infrastructure 
and institutions, national priorities 

Indigenous knowledge Medium High
Dependent on recognition of indigenous 
rights, laws, and governance systems 

Education and learning Medium High Existing education system, funding 

Population health 
and health system

Medium High NA Requires basic health services and infrastructure  

Human migration Medium Low
Hazard exposure, political and socio-cultural 
acceptability (in destination), migrant skills and 
social networks 

Table 4.12  | Feasibility assessment of examples of 1.5°C-relevant adaptation options, with dark shading signifying the absence of barriers in the feasibility dimension,  
 moderate shading indicating that, on average, the dimension does not have a positive or negative effect on the feasibility of the option, or the evidence is mixed,  
 and  light shading indicating the presence of potentially blocking barriers. No shading means that sufficient literature could not be found to make the  
 assessment. NA signifies that the dimension is not applicable to that adaptation option. For methodology and literature basis, see supplementary material  
 4.SM.4. 
 Abbreviations used: Ec: Economic - Tec: Technological - Inst: Institutional - Soc: Socio-cultural -  Env: Environmental/Ecological - Geo: Geophysical
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need for transformational adaptation in urban settings arises from the 
root causes of poverty, failures in sustainable development, and a lack 
of focus on social justice (Revi et al., 2014a; Parnell, 2015; Simon and 
Leck, 2015; Shi et al., 2016; Ziervogel et al., 2016a; Burch et al., 2017), 
and necessitates a focus on governance structures and the inclusion of 
equity and justice concerns (Bos et al., 2015; Shi et al., 2016; Hölscher 
et al., 2018). 

Current implementation of urban ecosystems-based adaptation (EbA) 
lacks a systems perspective of transformations and consideration of 
the normative and ethical aspects of EbA (Brink et al., 2016). Flexibility 
within urban planning could help deal with the multiple uncertainties 
of implementing adaptation (Rosenzweig and Solecki, 2014; 
Radhakrishnan et al., 2018), for example, urban adaptation pathways 
were implemented in the aftermath of Superstorm Sandy in New York, 
which is considered as tipping point that led to the implementation of 
transformational adaptation practices.

Adaptation options for industry focus on infrastructure resilience 
and water management. Like with energy system transitions, 
technological innovation would be required, but also the enhancement 
of institutional capacities. Recent research illustrates transformational 
adaptation within industrial transitions focusing on the role of 
different actors and tools driving innovation, and points to the role 
of nationally appropriate mitigation actions in avoiding lock-ins and 
promoting system innovation (Boodoo and Olsen, 2017), the role of 
private sector in sustainability governance in the socio-political context 
(Burch et al., 2016), and of green entrepreneurs driving transformative 
change in the green economy (Gibbs and O’Neill, 2014). Lim-Camacho 
et al. (2015) suggest an analysis of the complete lifecycle of supply 
chains as a means of identifying additional adaptation strategies, as 
opposed to the current focus on a part of the supply chain. Chain-wide 
strategies can modify the rest of the chain and present a win-win with 
commercial objectives.

The assessed adaptation options also have mitigation synergies 
and trade-offs (assessed in Section 4.5.4) that need to be carefully 
considered, while planning climate action. 

4.5.3.2 Monitoring and evaluation 

Monitoring and evaluation (M&E) in adaptation implementation can 
promote accountability and transparency of adaptation financing, 
facilitate policy learning and sharing good practices, pressure laggards, 
and guide adaptation planning. The majority of research on M&E focuses 
on specific policies or programmes, and has typically been driven by 
the needs of development organizations, donors, and governments to 
measure the impact and attribution of adaptation initiatives (Ford and 
Berrang-Ford, 2016). There is growing research examining adaptation 
progress across nations, sectors, and scales (Reckien et al., 2014; Araos 
et al., 2016a, b; Austin et al., 2016; Heidrich et al., 2016; Lesnikowski et 
al., 2016; Robinson, 2017). In response to a need for global, regional 
and local adaptation, the development of indicators and standardized 
approaches to evaluate and compare adaptation over time and 
across regions, countries, and sectors would enhance comparability 
and learning. A number of constraints continue to hamper progress 
on adaptation M&E, including a debate on what actually constitutes 

adaptation for the purposes of assessing progress (Dupuis and 
Biesbroek, 2013; Biesbroek et al., 2015), an absence of comprehensive 
and systematically collected data on adaptation to support longitudinal 
assessment and comparison (Ford et al., 2015b; Lesnikowski et al., 
2016), a lack of agreement on indicators to measure (Brooks et al., 
2013; Bours et al., 2015; Lesnikowski et al., 2015), and challenges of 
attributing altered vulnerability to adaptation actions (Ford et al., 2013; 
Bours et al., 2015; UNEP, 2017a).

4.5.4 Synergies and Trade-Offs between 
Adaptation and Mitigation

Implementing a particular mitigation or adaptation option may affect the 
feasibility and effectiveness of other mitigation and adaptation options. 
Supplementary Material 4.SM.5.1 provides examples of possible positive 
impacts (synergies) and negative impacts (trade-offs) of mitigation 
options for adaptation. For example, renewable energy sources such as 
wind energy and solar PV combined with electricity storage can increase 
resilience due to distributed grids, thereby enhancing both mitigation 
and adaptation. Yet, as another example, urban densification may reduce 
GHG emissions, enhancing mitigation, but can also intensify heat island 
effects and inhibit restoration of local ecosystems if not accounted for, 
thereby increasing adaptation challenges.

The table in Supplementary Material 4.SM.5.2 provides examples 
of synergies and trade-offs of adaptation options for mitigation. It 
shows, for example, that conservation agriculture can reduce some 
GHG emissions and thus enhance mitigation, but at the same time can 
increase other GHG emissions, thereby reducing mitigation potential. 
As another example, agroforestry can reduce GHG emissions through 
reduced deforestation and fossil fuel consumption but has a lower 
carbon sequestration potential compared with natural and secondary 
forest.

Maladaptive actions could increase the risk of adverse climate-related 
outcomes. For example, biofuel targets could lead to indirect land use 
change and influence local food security, through a shift in land use 
abroad in response to increased domestic biofuel demand, increasing 
global GHG emissions rather than decreasing them.

Various options enhance both climate change mitigation and 
adaptation, and would hence serve two 1.5°C-related goals: reducing 
emissions while adapting to the associated climate change. Examples 
of such options are reforestation, urban and spatial planning, and land 
and water management. 

Synergies between mitigation and adaptation may be enhanced, and 
trade-offs reduced, by considering enabling conditions (Section 4.4), 
while trade-offs can be amplified when enabling conditions are not 
considered (C.A. Scott et al., 2015). For example, information that 
is tailored to the personal situation of individuals and communities, 
including climate services that are credible and targeted at the point 
of decision-making, can enable and promote both mitigation and 
adaptation actions (Section 4.4.3). Similarly, multilevel governance 
and community participation, respectively, can enable and promote 
both adaptation and mitigation actions (Section 4.4.1). Governance, 
policies and institutions can facilitate the implementation of the water–
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energy–food (WEF) nexus (Rasul and Sharma, 2016). The WEF nexus 
can enhance food, water and energy security, particularly in cities with 
agricultural production areas (Biggs et al., 2015), electricity generation 
with intensive water requirements (Conway et al 2015), and in 
agriculture (El Gafy et al., 2017) and livelihoods (Biggs et al., 2015). Such 
a nexus approach can reduce the transport energy that is embedded 
in food value chains (Villarroel Walker et al., 2014), providing diverse 
sources of food in the face of changing climates (Tacoli et al., 2013). 
Urban agriculture, where integrated, can mitigate climate change and 
support urban flood management (Angotti, 2015; Bell et al., 2015; Biggs 

et al., 2015; Gwedla and Shackleton, 2015; Lwasa et al., 2015; Yang 
et al., 2016; Sanesi et al., 2017). In the case of electricity generation, 
enabling conditions through a combination of carefully selected policy 
instruments can maximize the synergic benefits between low GHG 
energy production and water for energy (Shang et al., 2018). Despite 
the multiple benefits of maximizing synergies between mitigation 
and adaptations options through the WEF nexus approach (Chen and 
Chen, 2016), there are implementation challenges given institutional 
complexity, political economy, and interdependencies between actors 
(Leck et al., 2015).

Box 4.10 |  Bhutan: Synergies and Trade-Offs in Economic Growth, Carbon Neutrality and Happiness

Bhutan has three national goals: improving its gross national happiness index (GNHI), improving its economic growth (gross 
domestic product, GDP) and maintaining its carbon neutrality. These goals increasingly interact and raise questions about whether 
they can be sustainably maintained into the future. Interventions in this enabling environment are required to comply with all three 
goals. 

Bhutan is well known for its GNHI, which is based on a variety of indicators covering psychological well-being, health, education, 
cultural and community vitality, living standards, ecological issues and good governance (RGoB, 2012; Schroeder and Schroeder, 
2014; Ura, 2015). The GNHI is a precursor to the Sustainable Development Goals (SDGs) (Allison, 2012; Brooks, 2013) and reflects 
local enabling environments. The GNHI has been measured twice, in 2010 and 2015, and this showed an increase of 1.8% (CBS & 
GNH, 2016). Like most emerging countries, Bhutan wants to increase its wealth and become a middle-income country (RGoB, 2013, 
2016), while remaining carbon-neutral – a goal which has been in place since 2009 at COP15 and was reiterated in its Intended 
Nationally Determined Contribution (NEC, 2015). Bhutan achieves its current carbon-neutral status through hydropower and forest 
cover (Yangka and Diesendorf, 2016), which are part of its resilience and adaptation strategy.

Nevertheless, Bhutan faces rising GHG emissions. Transport and industry are the largest growth areas (NEC, 2011). Bhutan’s carbon-
neutral status would be threatened by 2044 with business-as-usual approaches to economic growth (Yangka and Newman, 2018). 
Increases in hydropower are being planned based on climate change scenarios that suggest sufficient water supply will be available 
(NEC, 2011). Forest cover is expected to remain sufficient to maintain co-benefits. The biggest challenge is to electrify both freight 
and passenger transport (ADB, 2013). Bhutan wants to be a model for achieving economic growth consistent with limiting climate 
change to 1.5°C and improving its GNHI (Michaelowa et al., 2018) through synthesizing all three goals and improving its adaptive 
capacity.

4.6 Knowledge Gaps and Key Uncertainties

The global response to limiting warming to 1.5°C is a new knowledge 
area, which has emerged after the Paris Agreement. This section 
presents a number of knowledge gaps that have emerged from the 
assessment of mitigation, adaptation and carbon dioxide removal 
(CDR) options and solar radiation modification (SRM) measures; 
enabling conditions; and synergies and trade-offs. Illustrative questions 
that emerge synthesizing the more comprehensive Table 4.13 below 
include: how much can be realistically expected from innovation, 
behaviour and systemic political and economic change in improving 
resilience, enhancing adaptation and reducing GHG emissions? 
How can rates of changes be accelerated and scaled up? What is 
the outcome of realistic assessments of mitigation and adaptation 

land transitions that are compliant with sustainable development, 
poverty eradication and addressing inequality? What are life-cycle 
emissions and prospects of early-stage CDR options? How can climate 
and sustainable development policies converge, and how can they 
be organized within a global governance framework and financial 
system, based on principles of justice and ethics (CBDR-RC), reciprocity 
and partnership? To what extent would limiting warming to 1.5°C 
require a harmonization of macro-financial and fiscal policies, which 
could include central banks? How can different actors and processes 
in climate governance reinforce each other, and hedge against the 
fragmentation of initiatives?

These knowledge gaps are highlighted in Table 4.13 along with a cross-
reference to the respective sections in the last column.
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Knowledge Area Mitigation Adaptation Reference

1.5°C Pathways and 
Ensuing Change

• Lack of literature specific to 1.5°C on investment costs with 
   detailed breakdown by technology
• Lack of literature specific to 1.5°C on mitigation costs in 
   terms of GDP and welfare
• Lack of literature on distributional implications of 1.5°C 
   compared to 2°C or business-as-usual at sectoral 
   and regional levels
• Limited 1.5°C-specific case studies for mitigation
• Limited knowledge on the systemic and dynamic aspects of 
   transitions to 1.5°C, including how vicious or virtuous circles 
   might work, how self-reinforcing aspects can be actively 
   introduced and managed

• Lack of literature specific to 1.5°C on adaptation costs 
   and need 
• Lack of literature on what overshoot means for adaptation
• Lack of knowledge on avoided adaptation investments 
   associated with limiting warming to 1.5°C, 2°C or 
   business-as-usual 
• Limited 1.5°C-specific case studies for adaptation
• Scant literature examining current or future adaptation options, 
   or examining what different climate pathways mean for 
   adaptation success 
• Need for transformational adaptation at 1.5°C and beyond 
   remains largely unexplored 

 4.2

Options to 
Achieve 
and Adapt 
to 1.5°C

Energy 
Systems

• The shift to variable renewables that many countries are  
   implementing is just reaching a level where large-scale  
   storage systems or other grid flexibility options, e.g., demand  
   response, are required to enable resilient grid systems. Thus,  
   new knowledge on the opportunities and issues associated  
   with scaling up zero-carbon grids would be needed, including  
   knowledge about how zero-carbon electric grids can integrate  
   with the full-scale electrification of transport systems
• CCS suffers mostly from uncertainty about the feasibility  
   of timely upscaling, both due to lack of regulatory capacity 
   and concerns about storage safety and cost
• There is not much literature on the distributional implications 
   of large-scale bioenergy deployment, the assessment of 
   environmental feasibility is hampered by a diversity of contexts 
   of individual studies (type of feedstock, technology, land 
   availability), which could be improved through emerging  
   meta-studies

• Relatively little literature on individual adaptation options 
   since AR5
• No evidence on socio-cultural acceptability of adaptation 
   options
• Lack of regional research on the implementation of adaptation 
   options

4.3.1

Land & 
ecosystems

• More knowledge would be needed on how land-based 
   mitigation can be reconciled with land demands for 
   adaptation and development 
• While there is now more literature on the underlying 
   mechanisms of land transitions, data is often insufficient 
   to draw robust conclusions, and there is uncertainty about 
   land availability
• The lack of data on social and institutional information  
   (largest knowledge gap indicated for ecosystems restoration 
   in Table 4.11), which are therefore not widely integrated in 
   land use modelling 
• Examples of successful policy implementation and institutions  
   related to land-based mitigation leading to co-benefits for  
   adaptation and development are missing from the literature
• There is relatively little scientific literature on the effects 
   of dietary shifts and reduction of food wastage on mitigation, 
   especially regarding the institutional, technical and 
   environmental concerns

• Regional information on some options does not exist, 
   especially in the case of land-use transitions
• Limited research examining socio-cultural perspectives and 
   impacts of adaptation options, especially for efficient irrigation, 
   coastal defence and hardening, agroforestry and biodiversity 
   management
• Lack of longitudinal, regional studies assessing the impacts of 
   certain adaptation options, such as conservation agriculture 
   and shifting to efficient livestock systems 
• More knowledge is needed on the cost-effectiveness and  
   scalability of various adaptation options. For example, there  
   is no evidence for the macro-economic viability of community- 
   based adaptation (CbA) and biodiversity management, or on 
   employment and productivity enhancement potential for  
   biodiversity management and coastal defence and hardening.
• More knowledge is needed on risk mitigation and the potential 
   of biodiversity management
• Lack of evidence of the political acceptability of efficient 
   livestock systems
• Limited evidence on legal and regulatory feasibility of 
   conservation agriculture and no evidence on coastal 
   defence and hardening
• For transparency and accountability potential, there is limited 
   evidence for conservation agriculture and no evidence for 
   biodiversity management, coastal defence and hardening and 
   sustainable aquaculture
• No evidence on hazard risk reduction potential of conservation 
   agriculture and biodiversity management

4.3.2

Urban & 
infrastructure 
systems

• Limited evidence of effective land-use planning in low-income 
   cities where tenure and land zoning are contested, and the 
   risks of trying to implement land-use planning under 
   communal tenure 
• Limited evidence on the governance of public transport from 
   an accountability and transparency perspective 

• Regional and sectoral adaptation cost assessments are missing, 
   particularly in the context of welfare losses of households, 
   across time and space 
• More knowledge is needed on the political economy of 
   adaptation, particularly on how to impute different types of 
   cost and benefit in a consistent manner, on adaptation  
    performance indicators that could stimulate investment, 
    and the impact of adaptation interventions on socio-economic 
   and other types of inequality 

4.3.3

Table 4.13  |  Knowledge gaps and uncertainties 
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Knowledge Area Mitigation Adaptation Reference

Options to 
Achieve 
and Adapt 
to 1.5°C

Urban & 
infrastructure 
systems

• Limited evidence on relationship between toxic waste 
   and public transport
• Limited evidence on the impacts of electric vehicles and  
   non-motorized urban transport, as most schemes are too new
• As changes in shipping and aviation have been limited to 
   date, limited evidence of social impacts
• Knowledge about how to facilitate disruptive, demand-based 
   innovations that may be transformative in urban systems, 
   is needed
• Understanding of the urban form implications of combined 
   changes from electric, autonomous and shared/public mobility 
   systems, is needed
• Considering distributional consequences of climate responses 
   is an on-going need
• Knowledge gaps in the application and scale up of  
   combinations of new smart technologies, sustainable design,  
   advanced construction techniques and new insulation 
   materials, renewable energy and behaviour change in urban 
   settlements
• The potential for leapfrog technologies to be applied to slums  
   and new urban developments in developing countries is weak.

• More evidence would be needed on hot-spots, for example 
   the growth of peri-urban areas populated by large informal 
   settlements 
• Major uncertainties emanate from the lack of knowledge on 
   the integration of climate adaptation and mitigation, disaster 
   risk management, and urban poverty alleviation
• There is limited evidence on the institutional, technological  
   and economic feasibility of green infrastructure and  
   environmental services and for socio-cultural and  
   environmental feasibility of codes and standards
• In general, there is no evidence for the employment and  
   productivity enhancement potential of most adaptation options.
• There is limited evidence on the economic feasibility of 
   sustainable water management

4.3.3

Industrial 
systems

• Lack of knowledge on potential for scaling up and global  
   diffusion of zero- and low-emission technologies in industry
• Questions remain on the socio-cultural feasibility of industry 
   options, including human capacity and private sector  
   acceptance of new, radically different technologies from 
   current well-developed practices, as well as distributional  
   effects of potential new business models
• As the industrial transition unfolds, lack of knowledge on 
   its dynamic interactions with other sectors, in particular with 
   the power sector (and infrastructure) for electrification of 
   industry, with food production and other users of biomass 
   in case of bio-based industry developments, and with 
   CDR technologies in the case of CC(U)S 
• Life-cycle assessment-based comparative analyses of CCUS 
   options are missing, as well as life-cycle information on 
   electrification and hydrogen 
• Impacts of industrial system transitions are not well  
   understood, especially on employment, identity and well-being, 
   in particular in the case of substitution of conventional,  
   high-carbon industrial products with lower-carbon alternatives, 
   as well as electrification and use of hydrogen

• Very limited evidence on how industry would adapt to the 
   consequences of 1.5°C or 2°C temperature increases, in 
   particular large and immobile industrial clusters in low-lying 
   areas as well as availability of transportation and (cooling) 
   water resources and infrastructure 
• There is limited evidence on the economic, institutional and 
   socio-cultural feasibility of adaptation options available 
   to industry

4.3.4

Overarching 
adaptation 
options

• There is no evidence on technical and institutional feasibility of educational options
• There is limited evidence on employment and productivity enforcement potential of climate services
• There is limited evidence on socio-cultural acceptability of social safety nets
• There is a small but growing literature on human migration as an adaptation strategy. Scant literature on the cost-effectiveness 
   of migration

4.3.5

Short-lived 
climate 
forcers

• Limited evidence of co-benefits and trade-offs of SLCF 
   reduction (e.g., better health outcomes, agricultural 
   productivity improvements)
• Integration of  SLCFs into emissions accounting and  
   international reporting mechanisms enabling a better  
   understanding of the links between black carbon, air  
   pollution, climate change and agricultural productivity

4.3.6

Table 4.13 (continued)
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Knowledge Area Mitigation Adaptation Reference

Options 
to Achieve 
and Adapt 
to 1.5°C

Carbon 
dioxide 
removal

• A bottom-up analysis of CDR options indicates that there 
   are still key uncertainties around the individual technologies. 
   Ocean-based options will be assessed in depth in the IPCC 
   Special Report on the Ocean and Cryosphere in a Changing 
   Climate (SROCC)
• Assessments of environmental aspects are missing, 
   especially for ‘newer’ options like enhanced weathering 
   or direct air carbon capture
• In order to obtain more information on realistically available 
   and sustainable removal potentials, more bottom-up, regional 
   studies, also taking into account also social issues, would 
   be needed. These can better inform the modelling of 1.5°C 
   pathways
• Knowledge gaps on issues of governance and public  
   acceptance, the impacts of large-scale removals on the 
   carbon cycle, the potential to accelerate deployment and 
   upscaling, and means of incentivization
• Knowledge gaps on integrated systems of renewable energy  
   and CDR technologies such as enhanced weathering and 
   DACCS
• Knowledge gaps on under which conditions the use of 
   captured CO2 is generating negative emissions and would 
   qualify as a mitigation option

4.3.7

Solar radiation 
modification (SRM)

• In spite of increasing attention to the different SRM measures and their potential to keep global temperature below 1.5°C,  
   knowledge gaps remain, not only with respect to the physical understanding of SRM measures but also concerning ethical issues 
• We do not know how to govern SRM in order to avoid unilateral action and how to prevent possible reductions 
   in mitigation (‘moral hazard’)

4.3.8

Enabling 
Conditions

Governance

• As technological changes have begun to accelerate, there is 
   a lack of knowledge on new mechanisms that can enable 
   private enterprise to mainstream this activity, and reasons 
   for success and failure need to be researched
• Research is thin on effective multilevel governance, in 
   particular in developing countries, including participation 
   by civil society, women and minorities
• Gaps in knowledge remain pertaining to partnerships within  
   local governance arrangements that may act as mediators  
   and drivers for achieving global ambition and local action
• Methods for assessing contribution and aggregation of 
   non-state actors in limiting warming to 1.5°C
• Knowledge gap on an enhanced framework for assessment 
   of the ambition of NDCs 

• The ability to identify explanatory factors affecting the progress  
   of climate policy is constrained by a lack of data on adaptation  
   actions across nations, regions, and sectors, compounded by an 
   absence of frameworks for assessing progress. Most  
   hypotheses on what drives adaptation remain untested 
• Limited empirical assessment of how governance affects 
   adaptation across cases 
• Focus on ‘success’ stories and leading adaptors overlooks 
   lessons from situations where no or unsuccessful 
   adaptation is taking place 

4.4.1

Institutions

• Lack of 1.5°C-specific literature
• Role of regulatory financial institutions and their capacity to guarantee financial stability of economies when investments potentially 
   face risks, both because of climate impacts and because of the systems transitions if lower temperature scenarios are pursued
• Knowledge gaps on how to build capabilities across all countries and regions globally to implement, maintain, manage, govern and 
   further develop mitigation options for 1.5°C.
• While importance of indigenous and local knowledge is recognized, the ability to scale up beyond the local remains challenging 
   and little examined
• There is a lack of monitoring and evaluation (M&E) of adaptation measures, with most studies enumerating M&E challenges and 
   emphasising the importance of context and social learning. Very few studies evaluate whether and why an adaptation initiative 
   has been effective. One of the challenges of M&E for both mitigation and adaptation is a lack of high quality information for 
   modelling. Adaptation M&E is additionally challenged by limited understanding on what indicators to measure and how to attribute 
   altered vulnerability to adaptation actions

4.4.2

Lifestyle and 
behavioural 
change

• Whereas mitigation pathways studies address (implicitly or 
   explicitly) the reduction or elimination of market failures 
   (e.g., external costs, information asymmetries) via climate or 
   energy policies, no study addresses behavioural change 
   strategies in the relationship with mitigation and adaptation 
   actions in the 1.5°C context
• Limited knowledge on GHG emissions reduction potential of 
   diverse mitigation behaviour across the world
• Most studies on factors enabling lifestyle changes have been 
   conducted in high-income countries, more knowledge needed 
   from low- and middle-income countries, and the focus is  
   typically on enabling individual behaviour change, far less on 
   enabling change in organizations and political systems

• Knowledge gaps on factors enabling adaptation behaviour, 
   except for behaviour in agriculture.
• Little is known about cognitive and motivational factors 
   promoting adaptive behaviour.
• Little is known about how potential adaptation actions might 
   affect behaviour to influence vulnerability outcomes 

4.4.3

Table 4.13 (continued)



391

4

Strengthening and Implementing the Global Response Chapter 4

Knowledge Area Mitigation Adaptation Reference

Enabling 
Conditions

Lifestyle and 
behavioural 
change

• Limited understanding and treatment of behavioural change  
   and the potential effects of related policies in ambitious  
   mitigation pathways, e.g., in Integrated Assessment Models 4.4.3

Lack of insight on what can enable changes in adaptation and mitigation behaviour in organizations and political systems

Technological 
innovation

• Quantitative estimates for mitigation and adaptation potentials at economy or sector scale as a result of the combination of  
   general purpose technologies and mitigation technologies have been scarce, except for some evidence in the transport sector
• Evidence on the role of international organizations, including the UNFCCC, in building capabilities and enhancing technological 
   innovation for 1.5°C, except for some parts of the transport sector
• Technology transfer trials to enable leapfrog applications in developing countries have limited evidence

4.4.4

Policy

• More empirical research would be needed to derive  
   robust conclusions on effectiveness of policies for  
   enabling transitions to 1.5°C and on which factors aid  
   decision-makers seeking to ratchet up their NDCs

• Understanding of what policies work (and do not work) is 
   limited for adaptation in general and for 1.5°C in 
   particular, beyond specific case studies

4.4.5

Finance Knowledge gaps persist with respect to the instruments to match finance to its most effective use in mitigation and adaptation 4.4.5

Synergies and Trade-Offs 
Between Adaptation 
and Mitigation

• Strong claims are made with respect to synergies and trade-offs, but there is little knowledge to underpin these, especially of 
   co-benefits by region
• Water–energy conservation relationships of individual conservation measures in industries other than the water and energy sectors 
    have not been investigated in detail
• There is no evidence on synergies with adaptation of CCS in the power sector and of enhanced weathering under carbon 
    dioxide removal
• There is no evidence on trade-offs with adaptation of low- and zero-energy buildings, and circularity and substitution and 
    bio-based industrial system transitions
• There is no evidence of synergies or trade-offs with mitigation of CbA
• There is no evidence of trade-offs with mitigation of the built environment, on adaptation options for industrial energy,  
    and climate services

4.5.4

Table 4.13 (continued)
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Frequently Asked Questions 

FAQ 4.1 | What Transitions could Enable Limiting Global Warming to 1.5°C?

Summary: In order to limit warming to 1.5°C above pre-industrial levels, the world would need to transform 
in a number of complex and connected ways. While transitions towards lower greenhouse gas emissions are 
underway in some cities, regions, countries, businesses and communities, there are few that are currently 
consistent with limiting warming to 1.5°C. Meeting this challenge would require a rapid escalation in the current 
scale and pace of change, particularly in the coming decades. There are many factors that affect the feasibility 
of different adaptation and mitigation options that could help limit warming to 1.5°C and with adapting to the 
consequences. 

There are actions across all sectors that can substantially reduce greenhouse gas emissions. This Special Report 
assesses energy, land and ecosystems, urban and infrastructure, and industry in developed and developing 
nations to see how they would need to be transformed to limit warming to 1.5°C. Examples of actions include 
shifting to low- or zero-emission power generation, such as renewables; changing food systems, such as diet 
changes away from land-intensive animal products; electrifying transport and developing ‘green infrastructure’, 
such as building green roofs, or improving energy efficiency by smart urban planning, which will change the 
layout of many cities.

Because these different actions are connected, a ‘whole systems’ approach would be needed for the type of 
transformations that could limit warming to 1.5°C. This means that all relevant companies, industries and 
stakeholders would need to be involved to increase the support and chance of successful implementation. As 
an illustration, the deployment of low-emission technology (e.g., renewable energy projects or a bio-based 
chemical plants) would depend upon economic conditions (e.g., employment generation or capacity to mobilize 
investment), but also on social/cultural conditions (e.g., awareness and acceptability) and institutional conditions 
(e.g., political support and understanding).

To limit warming to1.5°C, mitigation would have to be large-scale and rapid. Transitions can be transformative or 
incremental, and they often, but not always, go hand in hand. Transformative change can arise from growth in 
demand for a new product or market, such that it displaces an existing one. This is sometimes called ‘disruptive 
innovation’. For example, high demand for LED lighting is now making more energy-intensive, incandescent 
lighting near-obsolete, with the support of policy action that spurred rapid industry innovation. Similarly, smart 
phones have become global in use within ten years. But electric cars, which were released around the same 
time, have not been adopted so quickly because the bigger, more connected transport and energy systems are 
harder to change. Renewable energy, especially solar and wind, is considered to be disruptive by some as it 
is rapidly being adopted and is transitioning faster than predicted. But its demand is not yet uniform. Urban 
systems that are moving towards transformation are coupling solar and wind with battery storage and electric 
vehicles in a more incremental transition, though this would still require changes in regulations, tax incentives, 
new standards, demonstration projects and education programmes to enable markets for this system to work. 

Transitional changes are already underway in many systems, but limiting warming to 1.5°C would require a 
rapid escalation in the scale and pace of transition, particularly in the next 10–20 years. While limiting warming 
to 1.5°C would involve many of the same types of transitions as limiting warming to 2°C, the pace of change 
would need to be much faster. While the pace of change that would be required to limit warming to 1.5°C can 
be found in the past, there is no historical precedent for the scale of the necessary transitions, in particular in a 
socially and economically sustainable way. Resolving such speed and scale issues would require people’s support, 
public-sector interventions and private-sector cooperation.

Different types of transitions carry with them different associated costs and requirements for institutional or 
governmental support. Some are also easier to scale up than others, and some need more government support 
than others. Transitions between, and within, these systems are connected and none would be sufficient on its 
own to limit warming to 1.5°C. 

The ‘feasibility’ of adaptation and mitigation options or actions within each system that together can limit 
warming to 1.5°C within the context of sustainable development and efforts to eradicate poverty requires careful 
consideration of multiple different factors. These factors include: (i) whether sufficient natural systems and 
resources are available to support the various options for transitioning (known as environmental feasibility); (ii) 
the degree to which the required technologies are developed and available (known as technological feasibility); 
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(iii) the economic conditions and implications (known as economic feasibility); (iv) what are the implications for 
human behaviour and health (known as social/cultural feasibility); and (v) what type of institutional support would 
be needed, such as governance, institutional capacity and political support (known as institutional feasibility). 
An additional factor (vi – known as the geophysical feasibility) addresses the capacity of physical systems to carry 
the option, for example, whether it is geophysically possible to implement large-scale afforestation consistent 
with 1.5°C. 

Promoting enabling conditions, such as finance, innovation and behaviour change, would reduce barriers to the 
options, make the required speed and scale of the system transitions more likely, and therefore would increase 
the overall feasibility limiting warming to 1.5°C.

FAQ 4.1, Figure 1 |  The different dimensions to consider when assessing the ‘feasibility’ of adaptation and mitigation options or actions within 
each system that can help to limit warming to 1.5°C. These are: (i) the environmental feasibility; (ii) the technological feasibility; (iii) the economic feasibility; (iv) 
the social/cultural feasibility; (v) the institutional feasibility; and (vi) the geophysical feasibility.

FAQ 4.1 (continued)
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4

Frequently Asked Questions 

FAQ 4.2 | What are Carbon Dioxide Removal and Negative Emissions?

Summary: Carbon dioxide removal (CDR) refers to the process of removing CO2 from the atmosphere. Since this is 
the opposite of emissions, practices or technologies that remove CO2 are often described as achieving ‘negative 
emissions’. The process is sometimes referred to more broadly as greenhouse gas removal if it involves removing 
gases other than CO2. There are two main types of CDR: either enhancing existing natural processes that remove 
carbon from the atmosphere (e.g., by increasing its uptake by trees, soil, or other ‘carbon sinks’) or using chemical 
processes to, for example, capture CO2 directly from the ambient air and store it elsewhere (e.g., underground). 
All CDR methods are at different stages of development and some are more conceptual than others, as they have 
not been tested at scale.

Limiting warming to 1.5°C above pre-industrial levels would require unprecedented rates of transformation 
in many areas, including in the energy and industrial sectors, for example. Conceptually, it is possible that 
techniques to draw CO2 out of the atmosphere (known as carbon dioxide removal, or CDR) could contribute to 
limiting warming to 1.5°C. One use of CDR could be to compensate for greenhouse gas emissions from sectors 
that cannot completely decarbonize, or which may take a long time to do so. 

If global temperature temporarily overshoots 1.5°C, CDR would be required to reduce the atmospheric 
concentration of CO2 to bring global temperature back down. To achieve this temperature reduction, the amount 
of CO2 drawn out of the atmosphere would need to be greater than the amount entering the atmosphere, 
resulting in ‘net negative emissions’. This would involve a greater amount of CDR than stabilizing atmospheric 
CO2 concentration – and, therefore, global temperature – at a certain level. The larger and longer an overshoot, 
the greater the reliance on practices that remove CO2 from the atmosphere. 

There are a number of CDR methods, each with different potentials for achieving negative emissions, as well 
as different associated costs and side effects. They are also at differing levels of development, with some more 
conceptual than others. One example of a CDR method in the demonstration phase is a process known as 
bioenergy with carbon capture and storage (BECCS), in which atmospheric CO2 is absorbed by plants and trees 
as they grow, and then the plant material (biomass) is burned to produce bioenergy. The CO2 released in the 
production of bioenergy is captured before it reaches the atmosphere and stored in geological formations deep 
underground on very long time scales. Since the plants absorb CO2 as they grow and the process does not emit 
CO2, the overall effect can be to reduce atmospheric CO2.

Afforestation (planting new trees) and reforestation (replanting trees where they previously existed) are also 
considered forms of CDR because they enhance natural CO2 ‘sinks’. Another category of CDR techniques uses 
chemical processes to capture CO2 from the air and store it away on very long time scales. In a process known 
as direct air carbon capture and storage (DACCS), CO2 is extracted directly from the air and stored in geological 
formations deep underground. Converting waste plant material into a charcoal-like substance called biochar and 
burying it in soil can also be used to store carbon away from the atmosphere for decades to centuries. 

There can be beneficial side effects of some types of CDR, other than removing CO2 from the atmosphere. For 
example, restoring forests or mangroves can enhance biodiversity and protect against flooding and storms. But 
there could also be risks involved with some CDR methods. For example, deploying BECCS at large scale would 
require a large amount of land to cultivate the biomass required for bioenergy. This could have consequences 
for sustainable development if the use of land competes with producing food to support a growing population, 
biodiversity conservation or land rights. There are also other considerations. For example, there are uncertainties 
about how much it would cost to deploy DACCS as a CDR technique, given that removing CO2 from the air 
requires considerable energy.
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FAQ 4.2, Figure 1 |  Carbon dioxide removal (CDR) refers to the process of removing CO2 from the atmosphere. There are a number of CDR techniques, 
each with different potential for achieving ‘negative emissions’, as well as different associated costs and side effects.

FAQ 4.2 (continued)
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Frequently Asked Questions 

FAQ 4.3 | Why is Adaptation Important in a 1.5°C-Warmer World? 

Summary: Adaptation is the process of adjusting to current or expected changes in climate and its effects. Even 
though climate change is a global problem, its impacts are experienced differently across the world. This means 
that responses are often specific to the local context, and so people in different regions are adapting in different 
ways. A rise in global temperature from the current 1°C above pre-industrial levels to 1.5°C, and beyond, increases 
the need for adaptation. Therefore, stabilizing global temperatures at 1.5°C above pre-industrial levels would 
require a smaller adaptation effort than at 2°C. Despite many successful examples around the world, progress in 
adaptation is, in many regions, in its infancy and unevenly distributed globally. 

Adaptation refers to the process of adjustment to actual or expected changes in climate and its effects. Since 
different parts of the world are experiencing the impacts of climate change differently, there is similar diversity 
in how people in a given region are adapting to those impacts. 

The world is already experiencing the impacts from 1°C of global warming above pre-industrial levels, and there 
are many examples of adaptation to impacts associated with this warming. Examples of adaptation efforts taking 
place around the world include investing in flood defences such as building sea walls or restoring mangroves, 
efforts to guide development away from high risk areas, modifying crops to avoid yield reductions, and using 
social learning (social interactions that change understanding on the community level) to modify agricultural 
practices, amongst many others. Adaptation also involves building capacity to respond better to climate change 
impacts, including making governance more flexible and strengthening financing mechanisms, such as by 
providing different types of insurance. 

In general, an increase in global temperature from present day to 1.5°C or 2°C (or higher) above pre-industrial 
temperatures would increase the need for adaptation. Stabilizing global temperature increase at 1.5°C would 
require a smaller adaptation effort than for 2°C. 

Since adaptation is still in early stages in many regions, there are questions about the capacity of vulnerable 
communities to cope with any amount of further warming. Successful adaptation can be supported at 
the national and sub-national levels, with national governments playing an important role in coordination, 
planning, determining policy priorities, and distributing resources and support. However, given that the need 
for adaptation can be very different from one community to the next, the kinds of measures that can successfully 
reduce climate risks will also depend heavily on the local context. 

When done successfully, adaptation can allow individuals to adjust to the impacts of climate change in ways that 
minimize negative consequences and to maintain their livelihoods. This could involve, for example, a farmer 
switching to drought-tolerant crops to deal with increasing occurrences of heatwaves. In some cases, however, 
the impacts of climate change could result in entire systems changing significantly, such as moving to an entirely 
new agricultural system in areas where the climate is no longer suitable for current practices. Constructing 
sea walls to stop flooding due to sea level rise from climate change is another example of adaptation, but 
developing city planning to change how flood water is managed throughout the city would be an example 
of transformational adaptation. These actions require significantly more institutional, structural, and financial 
support. While this kind of transformational adaptation would not be needed everywhere in a 1.5°C world, the 
scale of change needed would be challenging to implement, as it requires additional support, such as through 
financial assistance and behavioural change. Few empirical examples exist to date.

Examples from around the world show that adaptation is an iterative process. Adaptation pathways describe 
how communities can make decisions about adaptation in an ongoing and flexible way. Such pathways allow 
for pausing, evaluating the outcomes of specific adaptation actions, and modifying the strategy as appropriate. 
Due to their flexible nature, adaptation pathways can help to identify the most effective ways to minimise the 
impacts of present and future climate change for a given local context. This is important since adaptation can 
sometimes exacerbate vulnerabilities and existing inequalities if poorly designed. The unintended negative 
consequences of adaptation that can sometimes occur are known as ‘maladaptation’. Maladaptation can be seen 
if a particular adaptation option has negative consequences for some (e.g., rainwater harvesting upstream might 
reduce water availability downstream) or if an adaptation intervention in the present has trade-offs in the future 
(e.g., desalination plants may improve water availability in the present but have large energy demands over time).
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While adaptation is important to reduce the negative impacts from climate change, adaptation measures on 
their own are not enough to prevent climate change impacts entirely. The more global temperature rises, the 
more frequent, severe, and erratic the impacts will be, and adaptation may not protect against all risks. Examples 
of where limits may be reached include substantial loss of coral reefs, massive range losses for terrestrial species, 
more human deaths from extreme heat, and losses of coastal-dependent livelihoods in low lying islands and 
coasts. 

FAQ 4.3, Figure 1 |  Why is adaptation important in a world with global warming of 1.5°C? Examples of adaptation and transformational adaptation. 
Adapting to further warming requires action at national and sub-national levels and can mean different things to different people in different contexts. While 
transformational adaptation would not be needed everywhere in a world limited to 1.5°C warming, the scale of change needed would be challenging to implement.

FAQ 4.3 (continued)
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Executive Summary

This chapter takes sustainable development as the starting point 
and focus for analysis. It considers the broad and multifaceted 
bi-directional interplay between sustainable development, including 
its focus on eradicating poverty and reducing inequality in their 
multidimensional aspects, and climate actions in a 1.5°C warmer world. 
These fundamental connections are embedded in the Sustainable 
Development Goals (SDGs). The chapter also examines synergies 
and trade-offs of adaptation and mitigation options with sustainable 
development and the SDGs and offers insights into possible pathways, 
especially climate-resilient development pathways towards a 1.5°C 
warmer world.

Sustainable Development, Poverty and Inequality 
in a 1.5°C Warmer World

Limiting global warming to 1.5°C rather than 2°C above pre-
industrial levels would make it markedly easier to achieve many 
aspects of sustainable development, with greater potential to 
eradicate poverty and reduce inequalities (medium evidence, 
high agreement). Impacts avoided with the lower temperature 
limit could reduce the number of people exposed to climate risks and 
vulnerable to poverty by 62 to 457 million, and lessen the risks of 
poor people to experience food and water insecurity, adverse health 
impacts, and economic losses, particularly in regions that already face 
development challenges (medium evidence, medium agreement). 
{5.2.2, 5.2.3} Avoided impacts expected to occur between 1.5°C and 
2°C warming would also make it easier to achieve certain SDGs, such as 
those that relate to poverty, hunger, health, water and sanitation, cities 
and ecosystems (SDGs 1, 2, 3, 6, 11, 14 and 15) (medium evidence, 
high agreement). {5.2.3, Table 5.2 available at the end of the chapter}

Compared to current conditions, 1.5°C of global warming would 
nonetheless pose heightened risks to eradicating poverty, 
reducing inequalities and ensuring human and ecosystem well-
being (medium evidence, high agreement). Warming of 1.5°C is 
not considered ‘safe’ for most nations, communities, ecosystems and 
sectors and poses significant risks to natural and human systems as 
compared to the current warming of 1°C (high confidence). {Cross-
Chapter Box 12 in Chapter 5} The impacts of 1.5°C of warming would 
disproportionately affect disadvantaged and vulnerable populations 
through food insecurity, higher food prices, income losses, lost 
livelihood opportunities, adverse health impacts and population 
displacements (medium evidence, high agreement). {5.2.1} Some of 
the worst impacts on sustainable development are expected to be 
felt among agricultural and coastal dependent livelihoods, indigenous 
people, children and the elderly, poor labourers, poor urban dwellers in 
African cities, and people and ecosystems in the Arctic and Small Island 
Developing States (SIDS) (medium evidence, high agreement). {5.2.1, 
Box 5.3, Chapter 3, Box 3.5, Cross-Chapter Box 9 in Chapter 4}

Climate Adaptation and Sustainable Development

Prioritization of sustainable development and meeting the 
SDGs is consistent with efforts to adapt to climate change (high 

confidence). Many strategies for sustainable development enable 
transformational adaptation for a 1.5°C warmer world, provided 
attention is paid to reducing poverty in all its forms and to promoting 
equity and participation in decision-making (medium evidence, high 
agreement). As such, sustainable development has the potential 
to significantly reduce systemic vulnerability, enhance adaptive 
capacity, and promote livelihood security for poor and disadvantaged 
populations (high confidence). {5.3.1}

Synergies between adaptation strategies and the SDGs are 
expected to hold true in a 1.5°C warmer world, across sectors 
and contexts (medium evidence, medium agreement). Synergies 
between adaptation and sustainable development are significant 
for agriculture and health, advancing SDGs 1 (extreme poverty), 
2 (hunger), 3 (healthy lives and well-being) and 6 (clean water) (robust 
evidence, medium agreement). {5.3.2} Ecosystem- and community-
based adaptation, along with the incorporation of indigenous and 
local knowledge, advances synergies with SDGs 5 (gender equality), 
10 (reducing inequalities) and 16 (inclusive societies), as exemplified 
in drylands and the Arctic (high evidence, medium agreement). {5.3.2, 
Box 5.1, Cross-Chapter Box 10 in Chapter 4}

Adaptation strategies can result in trade-offs with and among 
the SDGs (medium evidence, high agreement). Strategies that 
advance one SDG may create negative consequences for other 
SDGs, for instance SDGs 3 (health) versus 7 (energy consumption) 
and agricultural adaptation and SDG 2 (food security) versus SDGs 3 
(health), 5 (gender equality), 6 (clean water), 10 (reducing inequalities), 
14 (life below water) and 15 (life on the land) (medium evidence, 
medium agreement). {5.3.2}

Pursuing place-specific adaptation pathways towards a 1.5°C 
warmer world has the potential for significant positive outcomes 
for well-being in countries at all levels of development (medium 
evidence, high agreement). Positive outcomes emerge when 
adaptation pathways (i) ensure a diversity of adaptation options based 
on people’s values and the trade-offs they consider acceptable, (ii) 
maximize synergies with sustainable development through inclusive, 
participatory and deliberative processes, and (iii) facilitate equitable 
transformation. Yet such pathways would be difficult to achieve 
without redistributive measures to overcome path dependencies, 
uneven power structures, and entrenched social inequalities (medium 
evidence, high agreement). {5.3.3}

Mitigation and Sustainable Development

The deployment of mitigation options consistent with 1.5°C 
pathways leads to multiple synergies across a range of 
sustainable development dimensions. At the same time, the 
rapid pace and magnitude of change that would be required 
to limit warming to 1.5°C, if not carefully managed, would lead 
to trade-offs with some sustainable development dimensions 
(high confidence). The number of synergies between mitigation 
response options and sustainable development exceeds the number 
of trade-offs in energy demand and supply sectors; agriculture, forestry 
and other land use (AFOLU); and for oceans (very high confidence). 
{Figure 5.2, Table 5.2 available at the end of the chapter} The 1.5°C 
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pathways indicate robust synergies, particularly for the SDGs 3 (health), 
7 (energy), 12 (responsible consumption and production) and 14 
(oceans) (very high confidence). {5.4.2, Figure 5.3} For SDGs 1 (poverty), 
2 (hunger), 6 (water) and 7 (energy), there is a risk of trade-offs or 
negative side effects from stringent mitigation actions compatible with 
1.5°C of warming (medium evidence, high agreement). {5.4.2}

Appropriately designed mitigation actions to reduce energy 
demand can advance multiple SDGs simultaneously. Pathways 
compatible with 1.5°C that feature low energy demand show the 
most pronounced synergies and the lowest number of trade-offs 
with respect to sustainable development and the SDGs (very high 
confidence). Accelerating energy efficiency in all sectors has synergies 
with SDGs 7 (energy), 9 (industry, innovation and infrastructure), 
11 (sustainable cities and communities), 12 (responsible consumption 
and production), 16 (peace, justice and strong institutions), and 
17 (partnerships for the goals) (robust evidence, high agreement). 
{5.4.1, Figure 5.2, Table 5.2} Low-demand pathways, which would 
reduce or completely avoid the reliance on bioenergy with carbon 
capture and storage (BECCS) in 1.5°C pathways, would result in 
significantly reduced pressure on food security, lower food prices and 
fewer people at risk of hunger (medium evidence, high agreement). 
{5.4.2, Figure 5.3}

The impacts of carbon dioxide removal options on SDGs depend 
on the type of options and the scale of deployment (high 
confidence). If poorly implemented, carbon dioxide removal (CDR) 
options such as bioenergy, BECCS and AFOLU would lead to trade-
offs. Appropriate design and implementation requires considering 
local people’s needs, biodiversity and other sustainable development 
dimensions (very high confidence). {5.4.1.3, Cross-Chapter Box 7 in 
Chapter 3}

The design of the mitigation portfolios and policy instruments 
to limit warming to 1.5°C will largely determine the overall 
synergies and trade-offs between mitigation and sustainable 
development (very high confidence). Redistributive policies 
that shield the poor and vulnerable can resolve trade-offs for 
a range of SDGs (medium evidence, high agreement). Individual 
mitigation options are associated with both positive and negative 
interactions with the SDGs (very high confidence). {5.4.1} However, 
appropriate choices across the mitigation portfolio can help to 
maximize positive side effects while minimizing negative side effects 
(high confidence). {5.4.2, 5.5.2} Investment needs for complementary 
policies resolving trade-offs with a range of SDGs are only a small 
fraction of the overall mitigation investments in 1.5°C pathways 
(medium evidence, high agreement). {5.4.2, Figure 5.4} Integration of 
mitigation with adaptation and sustainable development compatible 
with 1.5°C warming requires a systems perspective (high confidence). 
{5.4.2, 5.5.2}

Mitigation consistent with 1.5°C of warming create high risks 
for sustainable development in countries with high dependency 
on fossil fuels for revenue and employment generation (high 
confidence). These risks are caused by the reduction of global demand 
affecting mining activity and export revenues and challenges to rapidly 
decrease high carbon intensity of the domestic economy (robust 

evidence, high agreement). {5.4.1.2, Box 5.2} Targeted policies that 
promote diversification of the economy and the energy sector could 
ease this transition (medium evidence, high agreement). {5.4.1.2, 
Box 5.2}

Sustainable Development Pathways to 1.5°C

Sustainable development broadly supports and often enables 
the fundamental societal and systems transformations that 
would be required for limiting warming to 1.5°C above pre-
industrial levels (high confidence). Simulated pathways that 
feature the most sustainable worlds (e.g., Shared Socio-Economic 
Pathways (SSP) 1) are associated with relatively lower mitigation and 
adaptation challenges and limit warming to 1.5°C at comparatively 
lower mitigation costs. In contrast, development pathways with high 
fragmentation, inequality and poverty (e.g., SSP3) are associated with 
comparatively higher mitigation and adaptation challenges. In such 
pathways, it is not possible to limit warming to 1.5°C for the vast 
majority of the integrated assessment models (medium evidence, 
high agreement). {5.5.2} In all SSPs, mitigation costs substantially 
increase in 1.5°C pathways compared to 2°C pathways. No pathway 
in the literature integrates or achieves all 17 SDGs (high confidence). 
{5.5.2} Real-world experiences at the project level show that the 
actual integration between adaptation, mitigation and sustainable 
development is challenging as it requires reconciling trade-offs across 
sectors and spatial scales (very high confidence). {5.5.1}

Without societal transformation and rapid implementation 
of ambitious greenhouse gas reduction measures, pathways 
to limiting warming to 1.5°C and achieving sustainable 
development will be exceedingly difficult, if not impossible, 
to achieve (high confidence). The potential for pursuing such 
pathways differs between and within nations and regions, due to 
different development trajectories, opportunities and challenges (very 
high confidence). {5.5.3.2, Figure 5.1} Limiting warming to 1.5°C 
would require all countries and non-state actors to strengthen their 
contributions without delay. This could be achieved through sharing 
efforts based on bolder and more committed cooperation, with support 
for those with the least capacity to adapt, mitigate and transform 
(medium evidence, high agreement). {5.5.3.1, 5.5.3.2} Current 
efforts towards reconciling low-carbon trajectories and reducing 
inequalities, including those that avoid difficult trade-offs associated 
with transformation, are partially successful yet demonstrate notable 
obstacles (medium evidence, medium agreement). {5.5.3.3, Box 5.3, 
Cross-Chapter Box 13 in this chapter}

Social justice and equity are core aspects of climate-resilient 
development pathways for transformational social change. 
Addressing challenges and widening opportunities between 
and within countries and communities would be necessary 
to achieve sustainable development and limit warming to 
1.5°C, without making the poor and disadvantaged worse off  
(high confidence). Identifying and navigating inclusive and socially 
acceptable pathways towards low-carbon, climate-resilient futures is a 
challenging yet important endeavour, fraught with moral, practical and 
political difficulties and inevitable trade-offs (very high confidence). 
{5.5.2, 5.5.3.3, Box 5.3} It entails deliberation and problem-solving 
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processes to negotiate societal values, well-being, risks and resilience 
and to determine what is desirable and fair, and to whom (medium 
evidence, high agreement). Pathways that encompass joint, iterative 
planning and transformative visions, for instance in Pacific SIDS 
like Vanuatu and in urban contexts, show potential for liveable and 
sustainable futures (high confidence). {5.5.3.1, 5.5.3.3, Figure 5.5, 
Box 5.3, Cross-Chapter Box 13 in this chapter}

The fundamental societal and systemic changes to achieve 
sustainable development, eradicate poverty and reduce 
inequalities while limiting warming to 1.5°C would require 
meeting a set of institutional, social, cultural, economic and 
technological conditions (high confidence). The coordination 
and monitoring of policy actions across sectors and spatial scales 
is essential to support sustainable development in 1.5°C warmer 
conditions (very high confidence). {5.6.2, Box 5.3} External funding 
and technology transfer better support these efforts when they 
consider recipients’ context-specific needs (medium evidence, high 
agreement). {5.6.1} Inclusive processes can facilitate transformations 
by ensuring participation, transparency, capacity building and iterative 
social learning (high confidence). {5.5.3.3, Cross-Chapter Box 13, 
5.6.3} Attention to power asymmetries and unequal opportunities 
for development, among and within countries, is key to adopting 
1.5°C-compatible development pathways that benefit all populations 
(high confidence). {5.5.3, 5.6.4, Box 5.3} Re-examining individual and 
collective values could help spur urgent, ambitious and cooperative 
change (medium evidence, high agreement). {5.5.3, 5.6.5}
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5.1 Scope and Delineations

This chapter takes sustainable development as the starting point and 
focus for analysis, considering the broader bi-directional interplay 
and multifaceted interactions between development patterns and 
climate actions in a 1.5°C warmer world and in the context of 
eradicating poverty and reducing inequality. It assesses the impacts 
of keeping temperatures at or below 1.5°C of global warming above 
pre-industrial levels on sustainable development and compares the 
impacts avoided at 1.5°C compared to 2°C (Section 5.2). It then 
examines the interactions, synergies and trade-offs of adaptation 
(Section 5.3) and mitigation (Section 5.4) measures with sustainable 
development and the Sustainable Development Goals (SDGs). The 
chapter offers insights into possible pathways towards a 1.5°C 
warmer world, especially through climate-resilient development 
pathways providing a comprehensive vision across different contexts 
(Section 5.5). The chapter also identifies the conditions that would be 
needed to simultaneously achieve sustainable development, poverty 
eradication, the reduction of inequalities, and the 1.5°C climate 
objective (Section 5.6).

5.1.1 Sustainable Development, SDGs, Poverty 
Eradication and Reducing Inequalities

Chapter 1 (see Cross-Chapter Box 4 in Chapter 1) defines sustainable 
development as ‘development that meets the needs of the present 
and future generations’ through balancing economic, social and 
environmental considerations, and then introduces the United Nations 
(UN) 2030 Agenda for Sustainable Development, which sets out 
17 ambitious goals for sustainable development for all countries by 
2030. These SDGs are: no poverty (SDG 1), zero hunger (SDG 2), good 
health and well-being (SDG 3), quality education (SDG 4), gender 
equality (SDG 5), clean water and sanitation (SDG 6), affordable and 
clean energy (SDG 7), decent work and economic growth (SDG 8), 
industry, innovation and infrastructure (SDG 9), reduced inequalities 
(SDG 10), sustainable cities and communities (SDG 11), responsible 
consumption and production (SDG 12), climate action (SDG 13), life 
below water (SDG 14), life on land (SDG 15), peace, justice and strong 
institutions (SDG 16) and partnerships for the goals (SDG 17).

The IPCC Fifth Assessment Report (AR5) included extensive discussion 
of links between climate and sustainable development, especially in 
Chapter 13 (Olsson et al., 2014) and Chapter 20 (Denton et al., 2014) 
in Working Group II and Chapter 4 (Fleurbaey et al., 2014) in Working 
Group III. However, the AR5 preceded the 2015 adoption of the SDGs 
and the literature that argues for their fundamental links to climate 
(Wright et al., 2015; Salleh, 2016; von Stechow et al., 2016; Hammill 
and Price-Kelly, 2017; ICSU, 2017; Maupin, 2017; Gomez-Echeverri, 
2018).

The SDGs build on efforts under the UN Millennium Development Goals 
to reduce poverty, hunger, and other deprivations. According to the UN, 
the Millennium Development Goals were successful in reducing poverty 
and hunger and improving water security (UN, 2015a). However, critics 
argued that they failed to address within-country disparities, human 
rights and key environmental concerns, focused only on developing 
countries, and had numerous measurement and attribution problems 

(Langford et al., 2013; Fukuda-Parr et al., 2014). While improvements 
in water security, slums and health may have reduced some aspects 
of climate vulnerability, increases in incomes were linked to rising 
greenhouse gas (GHG) emissions and thus to a trade-off between 
development and climate change (Janetos et al., 2012; UN, 2015a; 
Hubacek et al., 2017).

While the SDGs capture many important aspects of sustainable 
development, including the explicit goals of poverty eradication 
and reducing inequality, there are direct connections from 
climate to other measures of sustainable development including 
multidimensional poverty, equity, ethics, human security, well-
being and climate-resilient development (Bebbington and 
Larrinaga, 2014; Robertson, 2014; Redclift and Springett, 2015; 
Barrington-Leigh, 2016; Helliwell et al., 2018; Kirby and O’Mahony, 
2018) (see Glossary). The UN proposes sustainable development 
as ‘eradicating poverty in all its forms and dimensions, combating 
inequality within and among countries, preserving the planet, 
creating sustained, inclusive and sustainable economic growth and 
fostering social inclusion’ (UN, 2015b). There is robust evidence 
of the links between climate change and poverty (see Chapter 1, 
Cross-Chapter Box 4). The AR5 concluded with high confidence 
that disruptive levels of climate change would preclude reducing 
poverty (Denton et al., 2014; Fleurbaey et al., 2014). International 
organizations have since stated that climate changes ‘undermine 
the ability of all countries to achieve sustainable development’ (UN, 
2015b) and can reverse or erase improvements in living conditions 
and decades of development (Hallegatte et al., 2016).

Climate warming has unequal impacts on different people and places 
as a result of differences in regional climate changes, vulnerabilities 
and impacts, and these differences then result in unequal impacts 
on sustainable development and poverty (Section 5.2). Responses to 
climate change also interact in complex ways with goals of poverty 
reduction. The benefits of adaptation and mitigation projects and 
funding may accrue to some and not others, responses may be costly 
and unaffordable to some people and countries, and projects may 
disadvantage some individuals, groups and development initiatives 
(Sections 5.3 and 5.4, Cross-Chapter Box 11 in Chapter 4).

5.1.2 Pathways to 1.5°C

Pathways to 1.5°C (see Chapter 1, Cross-Chapter Box 1 in Chapter 1, 
Glossary) include ambitious reductions in emissions and strategies for 
adaptation that are transformational, as well as complex interactions 
with sustainable development, poverty eradication and reducing 
inequalities. The AR5 WGII introduced the concept of climate-
resilient development pathways (CRDPs) (see Glossary) which 
combine adaptation and mitigation to reduce climate change and 
its impacts, and emphasize the importance of addressing structural 
and intersecting inequalities, marginalization and multidimensional 
poverty to ‘transform […] the development pathways themselves 
towards greater social and environmental sustainability, equity, 
resilience, and justice’ (Olsson et al., 2014). This chapter assesses 
literature on CRDPs relevant to 1.5°C global warming (Section 5.5.3), 
to understand better the possible societal and systems transformations 
(see Glossary) that reduce inequality and increase well-being 
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(Figure 5.1). It also summarizes the knowledge on conditions to 
achieve such transformations, including changes in technologies, 

culture, values, financing and institutions that support low-carbon 
and resilient pathways and sustainable development (Section 5.6).

Figure 5.1 |  Climate-resilient development pathways (CRDPs) (green arrows) between a current world in which countries and communities exist at different levels of 
development (A) and future worlds that range from climate-resilient (bottom) to unsustainable (top) (D). CRDPs involve societal transformation rather than business-as-usual 
approaches, and all pathways involve adaptation and mitigation choices and trade-offs (B). Pathways that achieve the Sustainable Development Goals by 2030 and beyond, 
strive for net zero emissions around mid-21st century, and stay within the global 1.5°C warming target by the end of the 21st century, while ensuring equity and well-being for 
all, are best positioned to achieve climate-resilient futures (C). Overshooting on the path to 1.5°C will make achieving CRDPs and other sustainable trajectories more difficult; 
yet, the limited literature does not allow meaningful estimates.

5.1.3 Types of Evidence 

A variety of sources of evidence are used to assess the interactions 
of sustainable development and the SDGs with the causes, impacts 
and responses to climate change of 1.5°C warming. This chapter builds 
on Chapter 3 to assess the sustainable development implications of 
impacts at 1.5°C and 2°C, and on Chapter 4 to examine the implications 
of response measures. Scientific and grey literature, with a post-
AR5 focus, and data that evaluate, measure and model sustainable 
development–climate links from various perspectives, quantitatively 
and qualitatively, across scales, and through well-documented case 
studies are assessed.

Literature that explicitly links 1.5°C global warming to sustainable 
development across scales remains scarce; yet we find relevant insights 
in many recent publications on climate and development that assess 
impacts across warming levels, the effects of adaptation and mitigation 
response measures, and interactions with the SDGs. Relevant evidence 
also stems from emerging literature on possible pathways, overshoot 

and enabling conditions (see Glossary) for integrating sustainable 
development, poverty eradication and reducing inequalities in the 
context of 1.5°C.

5.2 Poverty, Equality and Equity Implications 
of a 1.5°C Warmer World

Climate change could lead to significant impacts on extreme poverty 
by 2030 (Hallegatte et al., 2016; Hallegatte and Rozenberg, 2017). 
The AR5 concluded, with very high confidence, that climate change 
and climate variability worsen existing poverty and exacerbate 
inequalities, especially for those disadvantaged by gender, age, race, 
class, caste, indigeneity and (dis)ability (Olsson et al., 2014). New 
literature on these links is substantial, showing that the poor will 
continue to experience climate change severely, and climate change 
will exacerbate poverty (very high confidence) (Fankhauser and 
Stern, 2016; Hallegatte et al., 2016; O’Neill et al., 2017a; Winsemius 
et al., 2018). The understanding of regional impacts and risks of 
1.5°C global warming and interactions with patterns of societal 
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vulnerability and poverty remains limited. Yet identifying and 
addressing poverty and inequality is at the core of staying within 
a safe and just space for humanity (Raworth, 2017; Bathiany et al., 
2018). Building on relevant findings from Chapter 3 (see Section 3.4), 
this section examines anticipated impacts and risks of 1.5°C and 
higher warming on sustainable development, poverty, inequality and 
equity (see Glossary).

5.2.1 Impacts and Risks of a 1.5°C Warmer World: 
Implications for Poverty and Livelihoods

Global warming of 1.5°C will have consequences for sustainable 
development, poverty and inequalities. This includes residual risks, 
limits to adaptation, and losses and damages (Cross-Chapter Box 12 
in this chapter; see Glossary). Some regions have already experienced 
a 1.5°C warming, with impacts on food and water security, health and 
other components of sustainable development (medium evidence, 
medium agreement) (see Chapter 3, Section 3.4). Climate change is also 
already affecting poorer subsistence communities through decreases 
in crop production and quality, increases in crop pests and diseases, 
and disruption to culture (Savo et al., 2016). It disproportionally affects 
children and the elderly and can increase gender inequality (Kaijser 
and Kronsell, 2014; Vinyeta et al., 2015; Carter et al., 2016; Hanna and 
Oliva, 2016; Li et al., 2016).

At 1.5°C warming, compared to current conditions, further negative 
consequences are expected for poor people, and inequality and 
vulnerability (medium evidence, high agreement). Hallegatte and 
Rozenberg (2017) report that by 2030 (roughly approximating a 1.5°C 
warming), 122 million additional people could experience extreme 
poverty, based on a ‘poverty scenario’ of limited socio-economic 
progress, comparable to the Shared Socio-Economic Pathway (SSP) 
4 (inequality), mainly due to higher food prices and declining health, 
with substantial income losses for the poorest 20% across 92 countries. 
Pretis et al. (2018) estimate negative impacts on economic growth 
in lower-income countries at 1.5°C warming, despite uncertainties. 
Impacts are likely to occur simultaneously across livelihood, food, 
human, water and ecosystem security (limited evidence, high 
agreement) (Byers et al., 2018), but the literature on interacting and 
cascading effects remains scarce (Hallegatte et al., 2014; O’Neill et 
al., 2017b; Reyer et al., 2017a, b).

Chapter 3 outlines future impacts and risks for ecosystems and 
human systems, many of which could also undermine sustainable 
development and efforts to eradicate poverty and hunger, and 
to protect health and ecosystems. Chapter 3 findings (see Section 
3.5.2.1) suggest increasing Reasons for Concern from moderate to 
high at a warming of 1.1° to 1.6°C, including for indigenous people 
and their livelihoods, and ecosystems in the Arctic (O’Neill et al., 
2017b). In 2050, based on the Hadley Centre Climate Prediction 
Model 3 (HadCM3) and the Special Report on Emission Scenarios A1b 
scenario (roughly comparable to 1.5°C warming), 450 million more 
flood-prone people would be exposed to doubling in flood frequency, 
and global flood risk would increase substantially (Arnell and 
Gosling, 2016). For droughts, poor people are expected to be more 
exposed (85% in population terms) in a warming scenario greater 
than 1.5°C for several countries in Asia and southern and western 

Africa (Winsemius et al., 2018). In urban Africa, a 1.5°C warming 
could expose many households to water poverty and increased 
flooding (Pelling et al., 2018). At 1.5ºC warming, fisheries-dependent 
and coastal livelihoods, of often disadvantaged populations, would 
suffer from the loss of coral reefs (see Chapter 3, Box 3.4).

Global heat stress is projected to increase in a 1.5°C warmer world, 
and by 2030, compared to 1961–1990, climate change could be 
responsible for additional annual deaths of 38,000 people from heat 
stress, particularly among the elderly, and 48,000 from diarrhoea, 
60,000 from malaria, and 95,000 from childhood undernutrition (WHO, 
2014). Each 1°C increase could reduce work productivity by 1 to 3% 
for people working outdoors or without air conditioning, typically the 
poorer segments of the workforce (Park et al., 2015).

The regional variation in the ‘warming experience at 1.5°C’ (see Chapter 
1, Section 1.3.1) is large (see Chapter 3, Section 3.3.2). Declines in crop 
yields are widely reported for Africa (60% of observations), with serious 
consequences for subsistence and rain-fed agriculture and food security 
(Savo et al., 2016). In Bangladesh, by 2050, damages and losses are 
expected for poor households dependent on freshwater fish stocks due 
to lack of mobility, limited access to land and strong reliance on local 
ecosystems (Dasgupta et al., 2017). Small Island Developing States 
(SIDS) are expected to experience challenging conditions at 1.5°C 
warming due to increased risk of internal migration and displacement 
and limits to adaptation (see Chapter 3, Box 3.5, Cross-Chapter Box 
12 in this chapter). An anticipated decline of marine fisheries of 
3 million metric tonnes per degree warming would have serious 
regional impacts for the Indo-Pacific region and the Arctic (Cheung et 
al., 2016).

5.2.2 Avoided Impacts of 1.5°C versus 2°C 
Warming for Poverty and Inequality

Avoided impacts between 1.5°C and 2°C warming are expected to 
have significant positive implications for sustainable development, 
and reducing poverty and inequality. Using the SSPs (see Chapter 1, 
Cross-Chapter Box 1 in Chapter 1, Section 5.5.2), Byers et al. (2018) 
model the number of people exposed to multi-sector climate risks 
and vulnerable to poverty (income < $10/day), comparing 2°C and 
1.5°C; the respective declines are from 86 million to 24 million for 
SSP1 (sustainability), from 498 million to 286 million for SSP2 (middle 
of the road), and from 1220 million to 763 million for SSP3 (regional 
rivalry), which suggests overall 62–457 million fewer people exposed 
and vulnerable at 1.5°C warming. Across the SSPs, the largest 
populations exposed and vulnerable are in South Asia (Byers et 
al., 2018). The avoided impacts on poverty at 1.5°C relative to 2°C 
are projected to depend at least as much or more on development 
scenarios than on warming (Wiebe et al., 2015; Hallegatte and 
Rozenberg, 2017).

Limiting warming to 1.5°C is expected to reduce the number of people 
exposed to hunger, water stress and disease in Africa (Clements, 
2009). It is also expected to limit the number of poor people exposed 
to floods and droughts at higher degrees of warming, especially in 
African and Asian countries (Winsemius et al., 2018). Challenges for 
poor populations – relating to food and water security, clean energy 
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access and environmental well-being – are projected to be less at 
1.5°C, particularly for vulnerable people in Africa and Asia (Byers et 
al., 2018). The overall projected socio-economic losses compared to the 
present day are less at 1.5°C (8% loss of gross domestic product per 
capita) compared to 2°C (13%), with lower-income countries projected 
to experience greater losses, which may increase economic inequality 
between countries (Pretis et al., 2018).

5.2.3 Risks from 1.5°C versus 2°C Global Warming 
and the Sustainable Development Goals

The risks that can be avoided by limiting global warming to 1.5ºC rather 
than 2°C have many complex implications for sustainable development 
(ICSU, 2017; Gomez-Echeverri, 2018). There is high confidence that 
constraining warming to 1.5°C rather than 2°C would reduce risks 
for unique and threatened ecosystems, safeguarding the services they 
provide for livelihoods and sustainable development and making 
adaptation much easier (O’Neill et al., 2017b), particularly in Central 
America, the Amazon, South Africa and Australia (Schleussner et al., 
2016; O’Neill et al., 2017b; Reyer et al., 2017b; Bathiany et al., 2018).

In places that already bear disproportionate economic and social 
challenges to their sustainable development, people will face lower 
risks at 1.5°C compared to 2°C. These include North Africa and 
the Levant (less water scarcity), West Africa (less crop loss), South 
America and Southeast Asia (less intense heat), and many other 
coastal nations and island states (lower sea level rise, less coral reef 
loss) (Schleussner et al., 2016; Betts et al., 2018). The risks for food, 
water and ecosystems, particularly in subtropical regions such as 
Central America and countries such as South Africa and Australia, 
are expected to be lower at 1.5°C than at 2°C warming (Schleussner 
et al., 2016). Fewer people would be exposed to droughts and 

heat waves and the associated health impacts in countries such as 
Australia and India (King et al., 2017; Mishra et al., 2017). 

Limiting warming to 1.5°C would make it markedly easier to achieve 
the SDGs for poverty eradication, water access, safe cities, food 
security, healthy lives and inclusive economic growth, and would help 
to protect terrestrial ecosystems and biodiversity (medium evidence, 
high agreement) (Table 5.2 available at the end of the chapter). For 
example, limiting species loss and expanding climate refugia will 
make it easier to achieve SDG 15 (see Chapter 3, Section 3.4.3). One 
indication of how lower temperatures benefit the SDGs is to compare 
the impacts of Representative Concentration Pathway (RCP) 4.5 (lower 
emissions) and RCP8.5 (higher emissions) on the SDGs (Ansuategi 
et al., 2015). A low emissions pathway allows for greater success in 
achieving SDGs for reducing poverty and hunger, providing access 
to clean energy, reducing inequality, ensuring education for all and 
making cities more sustainable. Even at lower emissions, a medium 
risk of failure exists to meet goals for water and sanitation, and marine 
and terrestrial ecosystems.

Action on climate change (SDG 13), including slowing the rate of 
warming, would help reach the goals for water, energy, food and 
land (SDGs 6, 7, 2 and 15) (Obersteiner et al., 2016; ICSU, 2017) 
and contribute to poverty eradication (SDG 1) (Byers et al., 2018). 
Although the literature that connects 1.5°C to the SDGs is limited, a 
pathway that stabilizes warming at 1.5°C by the end of the century is 
expected to increase the chances of achieving the SDGs by 2030, with 
greater potential to eradicate poverty, reduce inequality and foster 
equity (limited evidence, medium agreement). There are no studies 
on overshoot and dimensions of sustainable development, although 
literature on 4°C of warming suggests the impacts would be severe 
(Reyer et al., 2017b).

Impacts
Chapter 3 
Section

1.5°C 2°C
Sustainable Development Goals 

(SDGs) More Easily Achieved 
when Limiting Warming to 1.5°C

Water scarcity

3.4.2.1 4% more people exposed to water stress 
8% more people exposed to water stress, 
with 184–270 million people more exposed

SDG 6 water availability for all

Table 3.4
496 (range 103–1159) million people exposed 
and vulnerable to water stress

586 (range 115–1347) million people exposed 
and vulnerable to water stress

Ecosystems

3.4.3,  
Table 3.4

Around 7% of land area experiences biome  
shifts

Around 13% (range 8–20%) of land area 
experiences biome shifts SDG 15 to protect terrestrial ecosystems  

and halt biodiversity loss
Box 3.5 70–90% of coral reefs at risk from bleaching 99% of coral reefs at risk from bleaching

Coastal cities

3.4.5.1
31–69 million people exposed to coastal 
flooding

32–79 million exposed to coastal flooding
SDG 11 to make cities and human 
settlements safe and resilient

3.4.5.2
Fewer cities and coasts exposed to sea level rise 
and extreme events

More people and cities exposed to flooding 

Food systems

3.4.6,  
Box 3.1

Significant declines in crop yields avoided, 
some yields may increase

Average crop yields decline SDG 2 to end hunger and 
achieve food security

Table 3.4 32–36 million people exposed to lower yields 330–396 million people exposed to lower yields

Health
3.4.5.1

Lower risk of temperature-related morbidity 
and smaller mosquito range

Higher risks of temperature-related morbidity 
and mortality and larger geographic range 
of mosquitoes SDG 3 to ensure healthy lives for all

3.4.5.2 3546–4508 million people exposed to heat waves 5417–6710 million people exposed to heat waves

Table 5.1  | Sustainable development implications of avoided impacts between 1.5°C and 2°C global warming.
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Cross-Chapter Box 12 |  Residual Risks, Limits to Adaptation and Loss and Damage

Lead Authors: 
Riyanti Djalante (Japan/Indonesia), Kristie L. Ebi (USA), Debora Ley (Guatemala/Mexico), Reinhard Mechler (Germany), Patricia 
Fernanda Pinho (Brazil), Aromar Revi (India), Petra Tschakert (Australia/Austria)

Contributing Authors: 
Karen Paiva Henrique (Brazil), Saleemul Huq (Bangladesh/UK), Rachel James (UK), Adelle Thomas (Bahamas), Margaretha 
Wewerinke-Singh (Netherlands)

Introduction
Residual climate-related risks, limits to adaptation, and loss and damage (see Glossary) are increasingly assessed in the scientific 
literature (van der Geest and Warner, 2015; Boyd et al., 2017; Mechler et al., 2019). The AR5 (IPCC, 2013; Oppenheimer et al., 2014) 
documented impacts that have been detected and attributed to climate change, projected increasing climate-related risks with con-
tinued global warming, and recognized barriers and limits to adaptation. It recognized that adaptation is constrained by biophysi-
cal, institutional, financial, social and cultural factors, and that the interaction of these factors with climate change can lead to soft 
adaptation limits (adaptive actions currently not available) and hard adaptation limits (adaptive actions appear infeasible leading 
to unavoidable impacts) (Klein et al., 2014).

Loss and damage: concepts and perspectives
‘Loss and Damage’ (L&D) has been discussed in international climate negotiations for three decades (INC, 1991; Calliari, 2016; 
Vanhala and Hestbaek, 2016). A work programme on L&D was established as part of the Cancun Adaptation Framework in 2010 
supporting developing countries particularly vulnerable to climate change impacts (UNFCCC, 2011a). In 2013, the Conference of 
the Parties (COP) 19 established the Warsaw International Mechanism for Loss and Damage (WIM) as a formal part of the United 
Nations Framework Convention on Climate Change (UNFCCC) architecture (UNFCCC, 2014). It acknowledges that L&D ‘includes, 
and in some cases involves more than, that which can be reduced by adaptation’ (UNFCCC, 2014). The Paris Agreement recognized 
‘the importance of averting, minimizing and addressing loss and damage associated with the adverse effects of climate change’ 
through Article 8 (UNFCCC, 2015).

There is no one definition of L&D in climate policy, and analysis of policy documents and stakeholder views has demonstrated ambi-
guity (Vanhala and Hestbaek, 2016; Boyd et al., 2017). UNFCCC documents suggest that L&D is associated with adverse impacts 
of climate change on human and natural systems, including impacts from extreme events and slow-onset processes (UNFCCC, 
2011b, 2014, 2015). Some documents focus on impacts in developing or particularly vulnerable countries (UNFCCC, 2011b, 2014). 
They refer to economic (loss of assets and crops) and non-economic (biodiversity, culture, health) impacts, the latter also being an 
action area under the WIM workplan, and irreversible and permanent loss and damage. Lack of clarity of what the term addresses 
(avoidance through adaptation and mitigation, unavoidable losses, climate risk management, existential risk) was expressed among 
stakeholders, with further disagreement ensuing about what constitutes anthropogenic climate change versus natural climate vari-
ability (Boyd et al., 2017).

Limits to adaptation and residual risks
The AR5 described adaptation limits as points beyond which actors’ objectives are compromised by intolerable risks threatening key 
objectives such as good health or broad levels of well-being, thus requiring transformative adaptation for overcoming soft limits 
(see Chapter 4, Sections 4.2.2.3, 4.5.3 and Cross-Chapter Box 9, Section 5.3.1) (Dow et al., 2013; Klein et al., 2014). The AR5 WGII 
risk tables, based on expert judgment, depicted the potential for, and the limits of, additional adaptation to reduce risk. Near-term 
(2030–2040) risks can be used as a proxy for 1.5°C warming by the end of the century and compared to longer-term (2080–2100) 
risks associated with an approximate 2°C warming. Building on the AR5 risk approach, Cross-Chapter Box 12, Figure 1 provides a 
stylised application example to poverty and inequality. 
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Limits to adaptation, residual risks, and losses in a 1.5°C warmer world
The literature on risks at 1.5°C (versus 2°C and more) and potentials for adaptation remains limited, particularly for specific regions, 
sectors, and vulnerable and disadvantaged populations. Adaptation potential at 1.5°C and 2°C is rarely assessed explicitly, making 
an assessment of residual risk challenging. Substantial progress has been made since the AR5 to assess which climate change 
impacts on natural and human systems can be attributed to anthropogenic emissions (Hansen and Stone, 2016) and to examine 
the influence of anthropogenic emissions on extreme weather events (NASEM, 2016), and on consequent impacts on human life 
(Mitchell et al., 2016), but less so on monetary losses and risks (Schaller et al., 2016). There has also been some limited research to 
examine local-level limits to adaptation (Warner and Geest, 2013; Filho and Nalau, 2018). What constitutes losses and damages 
is context-dependent and often requires place-based research into what people value and consider worth protecting (Barnett et 
al., 2016; Tschakert et al., 2017). Yet assessments of non-material and intangible losses are particularly challenging, such as loss 
of sense of place, belonging, identity, and damage to emotional and mental well-being (Serdeczny et al., 2017; Wewerinke-Singh, 
2018a). Warming of 1.5°C is not considered ‘safe’ for most nations, communities, ecosystems and sectors, and poses significant risks 
to natural and human systems as compared to the current warming of 1°C (high confidence) (see Chapter 3, Section 3.4, Box 3.4, 
Box 3.5, Table 3.5, Cross-Chapter Box 6 in Chapter 3). Table 5.2, drawing on findings from Chapters 3, 4 and 5, presents examples 
of soft and hard limits in natural and human systems in the context of 1.5°C and 2°C of warming.

Cross-Chapter Box 12, Figure 1 |  Stylized reduced risk levels due to avoided impacts between 2°C and 1.5°C warming (in solid red-orange), additional 
avoided impacts with adaptation under 2°C (striped orange) and under 1.5°C (striped yellow), and unavoidable impacts (losses) with no or very limited 
potential for adaptation (grey), extracted from the AR5 WGII risk tables (Field et al., 2014), and underlying chapters by Adger et al. (2014) and Olsson et al. 
(2014). For some systems and sectors (A), achieving 1.5°C could reduce risks to low (with adaptation) from very high (without adaptation) and high (with 
adaptation) under 2°C. For other areas (C), no or very limited adaptation potential is anticipated, suggesting limits, with the same risks for 1.5°C and 2°C. 
Other risks are projected to be medium under 2°C with further potential for reduction, especially with adaptation, to very low levels (B).

Cross-Chapter Box 12 (continued)

System/Region Example Soft Limit Hard Limit

Coral reefs
Loss of 70–90% of tropical coral reefs by mid-century under 1.5°C scenario (total loss under 2°C 
scenario) (see Chapter 3, Sections 3.4.4 and 3.5.2.1, Box 3.4)

✓

Biodiversity
6% of insects, 8% of plants and 4% of vertebrates lose over 50% of the climatically determined 
geographic range at 1.5°C (18% of insects, 16% of plants and 8% of vertebrates at 2°C) 
(see Chapter 3, Section 3.4.3.3)

✓

Poverty
24–357 million people exposed to multi-sector climate risks and vulnerable to poverty at 1.5°C 
(86–1220 million at 2°C) (see Section 5.2.2) ✓

Human health
Twice as many megacities exposed to heat stress at 1.5°C compared to present, potentially exposing 
350 million additional people to deadly heat wave conditions by 2050 (see Chapter 3, Section 3.4.8) ✓ ✓

Coastal livelihoods

Large-scale changes in oceanic systems (temperature and acidification) inflict damage and losses to 
livelihoods, income, cultural identity and health for coastal-dependent communities at 1.5°C (potential 
higher losses at 2°C) (see Chapter 3, Sections 3.4.4, 3.4.5, 3.4.6.3, Box 3.4, Box 3.5, Cross-Chapter 
Box 6, Chapter 4, Section 4.3.5; Section 5.2.3)

✓ ✓

Small Island Developing States
Sea level rise and increased wave run up combined with increased aridity and decreased 
freshwater availability at 1.5°C warming potentially leaving several atoll islands uninhabitable 
(see Chapter 3, Sections 3.4.3, 3.4.5, Box 3.5, Chapter 4, Cross-Chapter Box 9)

✓

Cross-Chapter Box 12, Table 1 | Soft and hard adaptation limits in the context of 1.5°C and 2°C of global warming.
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Approaches and policy options to address residual risk and loss and damage 
Conceptual and applied work since the AR5 has highlighted the synergies and differences with adaptation and disaster risk reduction 
policies (van der Geest and Warner, 2015; Thomas and Benjamin, 2017), suggesting more integration of existing mechanisms, yet 
careful consideration is advised for slow-onset and potentially irreversible impacts and risk (Mechler and Schinko, 2016). Scholarship 
on justice and equity has provided insight on compensatory, distributive and procedural equity considerations for policy and practice 
to address loss and damage (Roser et al., 2015; Wallimann-Helmer, 2015; Huggel et al., 2016). A growing body of legal literature 
considers the role of litigation in preventing and addressing loss and damage and finds that litigation risks for governments and 
business are bound to increase with improved understanding of impacts and risks as climate science evolves (high confidence) 
(Mayer, 2016; Banda and Fulton, 2017; Marjanac and Patton, 2018; Wewerinke-Singh, 2018b). Policy proposals include international 
support for experienced losses and damages (Crosland et al., 2016; Page and Heyward, 2017), addressing climate displacement, 
donor-supported implementation of regional public insurance systems (Surminski et al., 2016) and new global governance systems 
under the UNFCCC (Biermann and Boas, 2017).

Cross-Chapter Box 12 (continued)

5.3 Climate Adaptation and 
Sustainable Development

Adaptation will be extremely important in a 1.5°C warmer world 
since substantial impacts will be felt in every region (high confidence) 
(Chapter 3, Section 3.3), even if adaptation needs will be lower than 
in a 2°C warmer world (see Chapter 4, Sections 4.3.1 to 4.3.5, 4.5.3, 
Cross-Chapter Box 10 in Chapter 4). Climate adaptation options 
comprise structural, physical, institutional and social responses, with 
their effectiveness depending largely on governance (see Glossary), 
political will, adaptive capacities and availability of finance (see 
Chapter 4, Sections 4.4.1 to 4.4.5) (Betzold and Weiler, 2017; Sonwa 
et al., 2017; Sovacool et al., 2017). Even though the literature is scarce 
on the expected impacts of future adaptation measures on sustainable 
development specific to warming experiences of 1.5°C, this section 
assesses available literature on how (i) prioritising sustainable 
development enhances or impedes climate adaptation efforts 
(Section 5.3.1); (ii) climate adaptation measures impact sustainable 
development and the SDGs in positive (synergies) or negative (trade-
offs) ways (Section 5.3.2); and (iii) adaptation pathways towards a 1.5°C 
warmer world affect sustainable development, poverty and inequalities 
(Section 5.3.3). The section builds on Chapter 4 (see Section 4.3.5) 
regarding available adaptation options to reduce climate vulnerability 
and build resilience (see Glossary) in the context of 1.5°C-compatible 
trajectories, with emphasis on sustainable development implications.

5.3.1 Sustainable Development in Support 
of Climate Adaptation

Making sustainable development a priority, and meeting the SDGs, 
is consistent with efforts to adapt to climate change (very high 
confidence). Sustainable development is effective in building adaptive 
capacity if it addresses poverty and inequalities, social and economic 
exclusion, and inadequate institutional capacities (Noble et al., 2014; 
Abel et al., 2016; Colloff et al., 2017). Four ways in which sustainable 
development leads to effective adaptation are described below. 

First, sustainable development enables transformational adaptation 
(see Chapter 4, Section 4.2.2.2) when an integrated approach is 

adopted, with inclusive, transparent decision-making, rather than 
addressing current vulnerabilities as stand-alone climate problems 
(Mathur et al., 2014; Arthurson and Baum, 2015; Shackleton et al., 
2015; Lemos et al., 2016; Antwi-Agyei et al., 2017b). Ending poverty 
in its multiple dimensions (SDG 1) is often a highly effective form of 
climate adaptation (Fankhauser and McDermott, 2014; Leichenko 
and Silva, 2014; Hallegatte and Rozenberg, 2017). However, ending 
poverty is not sufficient, and the positive outcome as an adaptation 
strategy depends on whether increased household wealth is actually 
directed towards risk reduction and management strategies (Nelson 
et al., 2016), as shown in urban municipalities (Colenbrander et al., 
2017; Rasch, 2017) and agrarian communities (Hashemi et al., 2017), 
and whether finance for adaptation is made available (Section 5.6.1).

Second, local participation is effective when wider socio-economic 
barriers are addressed via multiscale planning (McCubbin et al., 
2015; Nyantakyi-Frimpong and Bezner-Kerr, 2015; Toole et al., 2016). 
This is the case, for instance, when national education efforts (SDG 4) 
(Muttarak and Lutz, 2014; Striessnig and Loichinger, 2015) and 
indigenous knowledge (Nkomwa et al., 2014; Pandey and Kumar, 2018) 
enhance information sharing, which also builds resilience (Santos et al., 
2016; Martinez-Baron et al., 2018) and reduces risks for maladaptation 
(Antwi-Agyei et al., 2018; Gajjar et al., 2018).

Third, development promotes transformational adaptation when 
addressing social inequalities (Section 5.5.3, 5.6.4), as in SDGs 
4, 5, 16 and 17 (O’Brien, 2016; O’Brien, 2017). For example, SDG 5 
supports measures that reduce women’s vulnerabilities and allow 
women to benefit from adaptation (Antwi-Agyei et al., 2015; Van Aelst 
and Holvoet, 2016; Cohen, 2017). Mobilization of climate finance, 
carbon taxation and environmentally motivated subsidies can reduce 
inequalities (SDG 10), advance climate mitigation and adaptation 
(Chancel and Picketty, 2015), and be conducive to strengthening and 
enabling environments for resilience building (Nhamo, 2016; Halonen 
et al., 2017).

Fourth, when sustainable development promotes livelihood security, 
it enhances the adaptive capacities of vulnerable communities and 
households. Examples include SDG 11 supporting adaptation in cities 
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to reduce harm from disasters (Kelman, 2017; Parnell, 2017); access to 
water and sanitation (SDG 6) with strong institutions (SDG 16) (Rasul 
and Sharma, 2016); SDG 2 and its targets that promote adaptation 
in agricultural and food systems (Lipper et al., 2014); and targets for 
SDG 3 such as reducing infectious diseases and providing health cover 
are consistent with health-related adaptation (ICSU, 2017; Gomez-
Echeverri, 2018).

Sustainable development has the potential to significantly reduce 
systemic vulnerability, enhance adaptive capacity and promote 
livelihood security for poor and disadvantaged populations (high 
confidence). Transformational adaptation (see Chapter 4, Sections 
4.2.2.2 and 4.5.3) would require development that takes into 
consideration multidimensional poverty and entrenched inequalities, 
local cultural specificities and local knowledge in decision-making, 
thereby making it easier to achieve the SDGs in a 1.5°C warmer world 
(medium evidence, high agreement).

5.3.2 Synergies and Trade-Offs between Adaptation 
Options and Sustainable Development

There are short-, medium-, and long-term positive impacts (synergies) 
and negative impacts (trade-offs) between the dual goals of keeping 
temperatures below 1.5°C global warming and achieving sustainable 
development. The extent of synergies between development and 
adaptation goals will vary by the development process adopted for a 
particular SDG and underlying vulnerability contexts (medium evidence, 
high agreement). Overall, the impacts of adaptation on sustainable 
development, poverty eradication and reducing inequalities in general, 
and the SDGs specifically, are expected to be largely positive, given 
that the inherent purpose of adaptation is to lower risks. Building on 
Chapter 4 (see Section 4.3.5), this section examines synergies and 
trade-offs between adaptation and sustainable development for some 
key sectors and approaches.

Agricultural adaptation: The most direct synergy is between SDG 2 
(zero hunger) and adaptation in cropping, livestock and food systems, 
designed to maintain or increase production (Lipper et al., 2014; 
Rockström et al., 2017). Farmers with effective adaptation strategies 
tend to enjoy higher food security and experience lower levels of 
poverty (FAO, 2015; Douxchamps et al., 2016; Ali and Erenstein, 2017). 
Vermeulen et al. (2016) report strong positive returns on investment 
across the world from agricultural adaptation with side benefits for 
environment and economic well-being. Well-adapted agricultural 
systems contribute to safe drinking water, health, biodiversity and 
equity goals (DeClerck et al., 2016; Myers et al., 2017). Climate-smart 
agriculture has synergies with food security, though it can be biased 
towards technological solutions, may not be gender sensitive, and can 
create specific challenges for institutional and distributional aspects 
(Lipper et al., 2014; Arakelyan et al., 2017; Taylor, 2017).

At the same time, adaptation options increase risks for human 
health, oceans and access to water if fertiliser and pesticides are used 
without regulation or when irrigation reduces water availability for 
other purposes (Shackleton et al., 2015; Campbell et al., 2016). When 
agricultural insurance and climate services overlook the poor, inequality 
may rise (Dinku et al., 2014; Carr and Owusu-Daaku, 2015; Georgeson 

et al., 2017a; Carr and Onzere, 2018). Agricultural adaptation measures 
may increase workloads, especially for women, while changes in crop 
mix can result in loss of income or culturally inappropriate food (Carr 
and Thompson, 2014; Thompson-Hall et al., 2016; Bryan et al., 2017), 
and they may benefit farmers with more land to the detriment of land-
poor farmers, as seen in the Mekong River Basin (see Chapter 3, Cross-
Chapter Box 6 in Chapter 3).

Adaptation to protect human health: Adaptation options in the health 
sector are expected to reduce morbidity and mortality (Arbuthnott 
et al., 2016; Ebi and Otmani del Barrio, 2017). Heat-early-warning 
systems help lower injuries, illnesses and deaths (Hess and Ebi, 2016), 
with positive impacts for SDG 3. Institutions better equipped to 
share information, indicators for detecting climate-sensitive diseases, 
improved provision of basic health care services and coordination 
with other sectors also improve risk management, thus reducing 
adverse health outcomes (Dasgupta et al., 2016; Dovie et al., 2017). 
Effective adaptation creates synergies via basic public health measures 
(K.R. Smith et al., 2014; Dasgupta, 2016) and health infrastructure 
protected from extreme weather events (Watts et al., 2015). Yet trade-
offs can occur when adaptation in one sector leads to negative impacts 
in another sector. Examples include the creation of urban wetlands 
through flood control measures which can breed mosquitoes, and 
migration eroding physical and mental well-being, hence adversely 
affecting SDG 3 (K.R. Smith et al., 2014; Watts et al., 2015). Similarly, 
increased use of air conditioning enhances resilience to heat stress 
(Petkova et al., 2017), yet it can result in higher energy consumption, 
undermining SDG 13.

Coastal adaptation: Adaptation to sea level rise remains essential 
in coastal areas even under a climate stabilization scenario of 1.5°C 
(Nicholls et al., 2018). Coastal adaptation to restore ecosystems (for 
instance by planting mangrove forests) supports SDGs for enhancing 
life and livelihoods on land and oceans (see Chapter 4, Sections 
4.3.2.3). Synergistic outcomes between development and relocation 
of coastal communities are enhanced by participatory decision-making 
and settlement designs that promote equity and sustainability (van der 
Voorn et al., 2017). Limits to coastal adaptation may rise, for instance 
in low-lying islands in the Pacific, Caribbean and Indian Ocean, with 
attendant implications for loss and damage (see Chapter 3 Box 3.5, 
Chapter 4, Cross-Chapter Box 9 in Chapter 4, Cross-Chapter Box 12 in 
Chapter 5, Box 5.3).

Migration as adaptation: Migration has been used in various contexts 
to protect livelihoods from challenges related to climate change 
(Marsh, 2015; Jha et al., 2017), including through remittances (Betzold 
and Weiler, 2017). Synergies between migration and the achievement 
of sustainable development depend on adaptive measures and 
conditions in both sending and receiving regions (Fatima et al., 2014; 
McNamara, 2015; Entzinger and Scholten, 2016; Ober and Sakdapolrak, 
2017; Schwan and Yu, 2017). Adverse developmental impacts arise 
when vulnerable women or the elderly are left behind or if migration 
is culturally disruptive (Wilkinson et al., 2016; Albert et al., 2017; Islam 
and Shamsuddoha, 2017).

Ecosystem-based adaptation: Ecosystem-based adaptation (EBA) can 
offer synergies with sustainable development (Morita and Matsumoto, 
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2015; Ojea, 2015; Szabo et al., 2015; Brink et al., 2016; Butt et al., 
2016; Conservation International, 2016; Huq et al., 2017), although 
assessments remain difficult (see Chapter 4, Section 4.3.2.2) (Doswald 
et al., 2014). Examples include mangrove restoration reducing 
coastal vulnerability, protecting marine and terrestrial ecosystems, 
and increasing local food security, as well as watershed management 
reducing flood risks and improving water quality (Chong, 2014). 
In drylands, EBA practices, combined with community-based 
adaptation, have shown how to link adaptation with mitigation to 
improve livelihood conditions of poor farmers (Box 5.1). Synergistic 
developmental outcomes arise where EBA is cost effective, inclusive 
of indigenous and local knowledge and easily accessible by the poor 
(Ojea, 2015; Daigneault et al., 2016; Estrella et al., 2016). Payment for 
ecosystem services can provide incentives to land owners and natural 
resource managers to preserve environmental services with synergies 
with SDGs 1 and 13 (Arriagada et al., 2015), when implementation 
challenges are overcome (Calvet-Mir et al., 2015; Wegner, 2016; Chan 
et al., 2017). Trade-offs include loss of other economic land use types, 
tension between biodiversity and adaptation priorities, and conflicts 
over governance (Wamsler et al., 2014; Ojea, 2015).

Community-based adaptation: Community-based adaptation (CBA) 
(see Chapter 4, Sections 4.3.3.2) enhances resilience and sustainability 
of adaptation plans (Ford et al., 2016; Fernandes-Jesus et al., 2017; 
Grantham and Rudd, 2017; Gustafson et al., 2017). Yet negative 
impacts occur if it fails to fairly represent vulnerable populations 
and to foster long-term social resilience (Ensor, 2016; Taylor Aiken 
et al., 2017). Mainstreaming CBA into planning and decision-making 
enables the attainment of SDGs 5, 10 and 16 (Archer et al., 2014; 
Reid and Huq, 2014; Vardakoulias and Nicholles, 2014; Cutter, 2016; 
Kim et al., 2017). Incorporating multiple forms of indigenous and 
local knowledge is an important element of CBA, as shown for 
instance in the Arctic region (see Chapter 4, Section 4.3.5.5, Box 4.3, 
Cross-Chapter Box 9) (Apgar et al., 2015; Armitage, 2015; Pearce 
et al., 2015; Chief et al., 2016; Cobbinah and Anane, 2016; Ford et 
al., 2016). Indigenous and local knowledge can be synergistic with 
achieving SDGs 2, 6 and 10 (Ayers et al., 2014; Lasage et al., 2015; 
Regmi and Star, 2015; Berner et al., 2016; Chief et al., 2016; Murtinho, 
2016; Reid, 2016).

There are clear synergies between adaptation options and several 
SDGs, such as poverty eradication, elimination of hunger, clean water 
and health (robust evidence, high agreement), as well-integrated 
adaptation supports sustainable development (Eakin et al., 2014; 
Weisser et al., 2014; Adam, 2015; Smucker et al., 2015). Substantial 
synergies are observed in the agricultural and health sectors, and 
in ecosystem-based adaptations. However, particular adaptation 
strategies can lead to adverse consequences for developmental 
outcomes (medium evidence, high agreement). Adaptation strategies 
that advance one SDG can result in trade-offs with other SDGs; for 
instance, agricultural adaptation to enhance food security (SDG 2) 
causing negative impacts for health, equality and healthy ecosystems 
(SDGs 3, 5, 6, 10, 14 and 15), and resilience to heat stress increasing 
energy consumption (SDGs 3 and 7) and high-cost adaptation 
in resource-constrained contexts (medium evidence, medium 
agreement).

5.3.3 Adaptation Pathways towards a 1.5°C Warmer 
World and Implications for Inequalities

In a 1.5°C warmer world, adaptation measures and options would 
need to be intensified, accelerated and scaled up. This entails not only 
the right ‘mix’ of options (asking ‘right for whom and for what?’) but 
also a forward-looking understanding of dynamic trajectories, that is 
adaptation pathways (see Chapter 1, Cross-Chapter Box 1 in Chapter 
1), best understood as decision-making processes over sets of potential 
action sequenced over time (Câmpeanu and Fazey, 2014; Wise et al., 
2014). Given the scarcity of literature on adaptation pathways that 
navigate place-specific warming experiences at 1.5°C, this section 
presents insights into current local decision-making for adaptation 
futures. This grounded evidence shows that choices between possible 
pathways, at different scales and for different groups of people, are 
shaped by uneven power structures and historical legacies that create 
their own, often unforeseen change (Fazey et al., 2016; Bosomworth 
et al., 2017; Lin et al., 2017; Murphy et al., 2017; Pelling et al., 2018). 

Pursuing a place-specific adaptation pathway approach towards a 
1.5°C warmer world harbours the potential for significant positive 
outcomes, with synergies for well-being possibilities to ‘leap-frog the 
SDGs’ (J.R.A. Butler et al., 2016), in countries at all levels of development 
(medium evidence, high agreement). It allows for identifying local, 
socially salient tipping points before they are crossed, based on what 
people value and trade-offs that are acceptable to them (Barnett et al., 
2014, 2016; Gorddard et al., 2016; Tschakert et al., 2017). Yet evidence 
also reveals adverse impacts that reinforce rather than reduce existing 
social inequalities and hence may lead to poverty traps (medium 
evidence, high agreement) (Nagoda, 2015; Warner et al., 2015; Barnett 
et al., 2016; J.R.A. Butler et al., 2016; Godfrey-Wood and Naess, 2016; 
Pelling et al., 2016; Albert et al., 2017; Murphy et al., 2017).

Past development trajectories as well as transformational adaptation 
plans can constrain adaptation futures by reinforcing dominant 
political-economic structures and processes, and narrowing option 
spaces; this leads to maladaptive pathways that preclude alternative, 
locally relevant and sustainable development initiatives and increase 
vulnerabilities (Warner and Kuzdas, 2017; Gajjar et al., 2018). Such 
dominant pathways tend to validate the practices, visions and 
values of existing governance regimes and powerful members of a 
community while devaluing those of less privileged stakeholders. 
Examples from Romania, the Solomon Islands and Australia illustrate 
such pathway dynamics in which individual economic gains and 
prosperity matter more than community cohesion and solidarity; this 
discourages innovation, exacerbates inequalities and further erodes 
adaptive capacities of the most vulnerable (Davies et al., 2014; Fazey 
et al., 2016; Bosomworth et al., 2017). In the city of London, United 
Kingdom, the dominant adaptation and disaster risk management 
pathway promotes resilience that emphasizes self-reliance; yet it 
intensifies the burden on low-income citizens, the elderly, migrants 
and others unable to afford flood insurance or protect themselves 
against heat waves (Pelling et al., 2016). Adaptation pathways in the 
Bolivian Altiplano have transformed subsistence farmers into world-
leading quinoa producers, but loss of social cohesion and traditional 
values, dispossession and loss of ecosystem services now constitute 
undesirable trade-offs (Chelleri et al., 2016).
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A narrow view of adaptation decision-making, for example focused on 
technical solutions, tends to crowd out more participatory processes 
(Lawrence and Haasnoot, 2017; Lin et al., 2017), obscures contested 
values and reinforces power asymmetries (Bosomworth et al., 2017; 
Singh, 2018). A situated and context-specific understanding of 
adaptation pathways that galvanizes diverse knowledge, values and 
joint initiatives helps to overcome dominant path dependencies, avoid 
trade-offs that intensify inequities and challenge policies detached 

from place (Fincher et al., 2014; Wyborn et al., 2015; Murphy et al., 
2017; Gajjar et al., 2018). These insights suggest that adaptation 
pathway approaches to prepare for 1.5°C warmer futures would be 
difficult to achieve without considerations for inclusiveness, place-
specific trade-off deliberations, redistributive measures and procedural 
justice mechanisms to facilitate equitable transformation (medium 
evidence, high agreement).

Box 5.1 |  Ecosystem- and Community-Based Practices in Drylands

Drylands face severe challenges in building climate resilience (Fuller and Lain, 2017), yet small-scale farmers can play a crucial 
role as agents of change through ecosystem- and community-based practices that combine adaptation, mitigation and sustainable 
development.

Farmer managed natural regeneration (FMNR) of trees in cropland is practised in 18 countries across sub-Saharan Africa, Southeast 
Asia, Timor-Leste, India and Haiti and has, for example, permitted the restoration of over five million hectares of land in the Sahel 
(Niang et al., 2014; Bado et al., 2016). In Ethiopia, the Managing Environmental Resources to Enable Transitions programme, 
which entails community-based watershed rehabilitation in rural landscapes, supported around 648,000 people, resulting in 
the rehabilitation of 25,400,000 hectares of land in 72 severely food-insecure districts across Ethiopia between 2012 and 2015 
(Gebrehaweria et al., 2016). In India, local farmers have benefitted from watershed programmes across different agro-ecological 
regions (Singh et al., 2014; Datta, 2015).

These low-cost, flexible community-based practices represent low-regrets adaptation and mitigation strategies. These strategies 
often contribute to strengthened ecosystem resilience and biodiversity, increased agricultural productivity and food security, 
reduced household poverty and drudgery for women, and enhanced agency and social capital (Niang et al., 2014; Francis et al., 
2015; Kassie et al., 2015; Mbow et al., 2015; Reij and Winterbottom, 2015; Weston et al., 2015; Bado et al., 2016; Dumont et al., 
2017). Small check dams in dryland areas and conservation agriculture can significantly increase agricultural output (Kumar et al., 
2014; Agoramoorthy and Hsu, 2016; Pradhan et al., 2018). Mitigation benefits have also been quantified (Weston et al., 2015); for 
example, FMNR of more than five million hectares in Niger has sequestered 25–30 Mtonnes of carbon over 30 years (Stevens et 
al., 2014).

However, several constraints hinder scaling-up efforts: inadequate attention to the socio-technical processes of innovation (Grist 
et al., 2017; Scoones et al., 2017), difficulties in measuring the benefits of an innovation (Coe et al., 2017), farmers’ inability to 
deal with long-term climate risk (Singh et al., 2017), and difficulties for matching practices with agro-ecological conditions and 
complementary modern inputs (Kassie et al., 2015). Key conditions to overcome these challenges include: developing agroforestry 
value chains and markets (Reij and Winterbottom, 2015) and adaptive planning and management (Gray et al., 2016). Others include 
inclusive processes giving greater voice to women and marginalized groups (MRFCJ, 2015a; UN Women and MRFCJ, 2016; Dumont 
et al., 2017), strengthening community land and forest rights (Stevens et al., 2014; Vermeulen et al., 2016), and co-learning among 
communities of practice at different scales (Coe et al., 2014; Reij and Winterbottom, 2015; Sinclair, 2016; Binam et al., 2017; Dumont 
et al., 2017; Epule et al., 2017). 

5.4 Mitigation and Sustainable Development

The AR5 WGIII examined the potential of various mitigation options 
for specific sectors (energy supply, industry, buildings, transport, and 
agriculture, forestry, and other land use; AFOLU); it provided a narrative 
of dimensions of sustainable development and equity as a framing for 
evaluating climate responses and policies, respectively, in Chapters 4, 
7, 8, 9, 10 and 11 (IPCC, 2014a). This section builds on the analyses of 
Chapters 2 and 4 of this report to re-assess mitigation and sustainable 
development in the context of 1.5°C global warming as well as the 
SDGs.

5.4.1 Synergies and Trade-Offs between Mitigation 
Options and Sustainable Development

Adopting stringent climate mitigation options can generate multiple 
positive non-climate benefits that have the potential to reduce the 
costs of achieving sustainable development (IPCC, 2014b; Ürge-
Vorsatz et al., 2014, 2016; Schaeffer et al., 2015; von Stechow et al., 
2015). Understanding the positive impacts (synergies) but also the 
negative impacts (trade-offs) is key for selecting mitigation options 
and policy choices that maximize the synergies between mitigation 
and developmental actions (Hildingsson and Johansson, 2015; Nilsson 
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et al., 2016; Delponte et al., 2017; van Vuuren et al., 2017b; McCollum 
et al., 2018b). Aligning mitigation response options to sustainable 
development objectives can ensure public acceptance (IPCC, 2014a), 
encourage faster action (Lechtenboehmer and Knoop, 2017) and 
support the design of equitable mitigation (Holz et al., 2018; Winkler 
et al., 2018) that protect human rights (MRFCJ, 2015b) (Section 5.5.3).

This sub-section assesses available literature on the interactions of 
individual mitigation options (see Chapter 2, Section 2.3.1.2, Chapter 
4, Sections 4.2 and 4.3) with sustainable development and the SDGs 
and underlying targets. Table 5.2 presents an assessment of these 
synergies and trade-offs and the strength of the interaction using an 
SDG-interaction score (see Glossary) (McCollum et al., 2018b), with 
evidence and agreements levels. Figure 5.2 presents the information 
of Table 5.2, showing gross (not net) interactions with the SDGs. This 
detailed assessment of synergies and trade-offs of individual mitigation 
options with the SDGs (Table 5.2 a–d and Figure 5.2) reveals that the 
number of synergies exceeds that of trade-offs. Mitigation response 
options in the energy demand sector, AFOLU and oceans have more 
positive interactions with a larger number of SDGs compared to those 
on the energy supply side (robust evidence, high agreement).

5.4.1.1 Energy Demand: Mitigation Options to Accelerate 
Reduction in Energy Use and Fuel Switch

For mitigation options in the energy demand sectors, the number 
of synergies with all sixteen SDGs exceeds the number of trade-offs 
(Figure 5.2 and Table 5.2) (robust evidence, high agreement). Most 
of the interactions are of a reinforcing nature, hence facilitating the 
achievement of the goals.

Accelerating energy efficiency in all sectors, which is a necessary 
condition for a 1.5°C warmer world (see Chapters 2 and 4), has 
synergies with a large number of SDGs (robust evidence, high 
agreement) (Figure 5.2 and Table 5.2). The diffusion of efficient 
equipment and appliances across end use sectors has synergies with 
international partnership (SDG 17) and participatory and transparent 
institutions (SDG 16) because innovations and deployment of new 
technologies require transnational capacity building and knowledge 
sharing. Resource and energy savings support sustainable production 
and consumption (SDG 12), energy access (SDG 7), innovation and 
infrastructure development (SDG 9) and sustainable city development 
(SDG 11). Energy efficiency supports the creation of decent jobs by new 
service companies providing services for energy efficiency, but the net 
employment effect of efficiency improvement remains uncertain due to 
macro-economic feedback (SDG 8) (McCollum et al., 2018b).

In the buildings sector, accelerating energy efficiency by way of, 
for example, enhancing the use of efficient appliances, refrigerant 
transition, insulation, retrofitting and low- or zero-energy buildings 
generates benefits across multiple SDG targets. For example, 
improved cook stoves make fuel endowments last longer and 
hence reduce deforestation (SDG 15), support equal opportunity by 
reducing school absences due to asthma among children (SDGs 3 
and 4) and empower rural and indigenous women by reducing drudgery 
(SDG 5) (robust evidence, high agreement) (Derbez et al., 2014; Lucon 
et al., 2014; Maidment et al., 2014; Scott et al., 2014; Cameron et al., 

2015; Fay et al., 2015; Liddell and Guiney, 2015; Shah et al., 2015; 
Sharpe et al., 2015; Wells et al., 2015; Willand et al., 2015; Hallegatte 
et al., 2016; Kusumaningtyas and Aldrian, 2016; Berrueta et al., 2017; 
McCollum et al., 2018a).

In energy-intensive processing industries, 1.5ºC-compatible trajectories 
require radical technology innovation through maximum electrification, 
shift to other low emissions energy carriers such as hydrogen or 
biomass, integration of carbon capture and storage (CCS) and 
innovations for carbon capture and utilization (CCU) (see Chapter 4, 
Section 4.3.4.5). These transformations have strong synergies with 
innovation and sustainable industrialization (SDG 9), supranational 
partnerships (SDGs 16 and 17) and sustainable production (SDG 12). 
However, possible trade-offs due to risks of CCS-based carbon 
leakage, increased electricity demands, and associated price impacts 
affecting energy access and poverty (SDGs 7 and 1) would need careful 
regulatory attention (Wesseling et al., 2017). In the mining industry, 
energy efficiency can be synergetic or face trade-offs with sustainable 
management (SDG 6), depending on the option retained for water 
management (Nguyen et al., 2014). Substitution and recycling are 
also an important driver of 1.5ºC-compatible trajectories in industrial 
systems (see Chapter 4, Section 4.3.4.2). Structural changes and 
reorganization of economic activities in industrial park/clusters 
following the principles of industrial symbiosis (circular economy) 
improves the overall sustainability by reducing energy and waste 
(Fan et al., 2017; Preston and Lehne, 2017) and reinforces responsible 
production and consumption (SDG 12) through recycling, water use 
efficiency (SDG 6), energy access (SDG 7) and ecosystem protection 
and restoration (SDG 15) (Karner et al., 2015; Zeng et al., 2017).

In the transport sector, deep electrification may trigger increases of 
electricity prices and adversely affect poor populations (SDG 1), unless 
pro-poor redistributive policies are in place (Klausbruckner et al., 2016). In 
cities, governments can lay the foundations for compact, connected low-
carbon cities, which are an important component of 1.5ºC-compatible 
transformations (see Chapter 4, Section 4.3.3) and show synergies with 
sustainable cities (SDG 11) (Colenbrander et al., 2016).

Behavioural responses are important determinants of the ultimate 
outcome of energy efficiency on emission reductions and energy access 
(SDG 7) and their management requires a detailed understanding 
of the drivers of consumption and the potential for and barriers to 
absolute reductions (Fuchs et al., 2016). Notably, the rebound effect 
tends to offset the benefits of efficiency for emissions reductions 
through growing demand for energy services (Sorrell, 2015; Suffolk and 
Poortinga, 2016). However, high rebound can help in providing faster 
access to affordable energy (SDG 7.1) where the goal is to reduce energy 
poverty and unmet energy demand (see Chapter 2, Section 2.4.3) 
(Chakravarty et al., 2013). Comprehensive policy design – including 
rebound supressing policies, such as carbon pricing and policies that 
encourage awareness building and promotional material design – is 
needed to tap the full potential of energy savings, as applicable to a 
1.5°C warming context (Chakravarty and Tavoni, 2013; IPCC, 2014b; 
Karner et al., 2015; Zhang et al., 2015; Altieri et al., 2016; Santarius 
et al., 2016) and to address policy-related trade-offs and welfare-
enhancing benefits (robust evidence, high agreement) (Chakravarty et 
al., 2013; Chakravarty and Roy, 2016; Gillingham et al., 2016).
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Other behavioural responses will affect the interplay between energy 
efficiency and sustainable development. Building occupants reluctant 
to change their habits may miss out on welfare-enhancing energy 
efficiency opportunities (Zhao et al., 2017). Preferences for new 
products and premature obsolescence for appliances is expected to 
adversely affect sustainable consumption and production (SDG 12) with 
ramifications for resource use efficiency (Echegaray, 2016). Changes 
in user behaviour towards increased physical activity, less reliance on 
motorized travel over short distances and the use of public transport 
would help to decarbonize the transport sector in a synergetic manner 
with SDGs 3, 11 and 12 (Shaw et al., 2014; Ajanovic, 2015; Chakrabarti 
and Shin, 2017), while reducing inequality in access to basic facilities 
(SDG 10) (Lucas and Pangbourne, 2014; Kagawa et al., 2015). However, 
infrastructure design and regulations would need to ensure road safety 
and address risks of road accidents for pedestrians (Hwang et al., 
2017; Khreis et al., 2017) to ensure sustainable infrastructure growth 
in human settlements (SDGs 9 and 11) (Lin et al., 2015; SLoCaT, 2017).

5.4.1.2 Energy Supply: Accelerated Decarbonization 

Decreasing the share of coal in energy supply in line with 1.5ºC-compatible 
scenarios (see Chapter 2, Section 2.4.2) reduces adverse impacts of 
upstream supply-chain activities, in particular air and water pollution and 
coal mining accidents, and enhances health by reducing air pollution, 
notably in cities, showing synergies with SDGs 3, 11 and 12 (Yang et al., 
2016; UNEP, 2017).

Fast deployment of renewables such as solar, wind, hydro and modern 
biomass, together with the decrease of fossil fuels in energy supply (see 
Chapter 2, Section 2.4.2.1), is aligned with the doubling of renewables 
in the global energy mix (SDG 7.2). Renewables could also support 
progress on SDGs 1, 10, 11 and 12 and supplement new technology 
(robust evidence, high agreement) (Chaturvedi and Shukla, 2014; Rose 
et al., 2014; Smith and Sagar, 2014; Riahi et al., 2015; IEA, 2016; van 
Vuuren et al., 2017a; McCollum et al., 2018a). However, some trade-
offs with the SDGs can emerge from offshore installations, particularly 
SDG 14 in local contexts (McCollum et al., 2018a). Moreover, trade-
offs between renewable energy production and affordability (SDG 7) 
(Labordena et al., 2017) and other environmental objectives would 
need to be scrutinised for potential negative social outcomes. Policy 
interventions through regional cooperation-building (SDG 17) and 
institutional capacity (SDG 16) can enhance affordability (SDG 7) 
(Labordena et al., 2017). The deployment of small-scale renewables, or 
off-grid solutions for people in remote areas (Sánchez and Izzo, 2017), 
has strong potential for synergies with access to energy (SDG 7), but 
the actualization of these potentials requires measures to overcome 
technology and reliability risks associated with large-scale deployment 
of renewables (Giwa et al., 2017; Heard et al., 2017). Bundling energy-
efficient appliances and lighting with off-grid renewables can lead 
to substantial cost reduction while increasing reliability (IEA, 2017). 
Low-income populations in industrialized countries are often left out of 
renewable energy generation schemes, either because of high start-up 
costs or lack of home ownership (UNRISD, 2016).

Nuclear energy, the share of which increases in most of the 
1.5ºC-compatible pathways (see Chapter 2, Section 2.4.2.1), can increase 
the risks of proliferation (SDG 16), have negative environmental effects 

(e.g., for water use; SDG 6) and have mixed effects for human health 
when replacing fossil fuels (SDGs 7 and 3) (see Table 5.2). The use of 
fossil CCS, which plays an important role in deep mitigation pathways 
(see Chapter 2, Section 2.4.2.3), implies continued adverse impacts 
of upstream supply-chain activities in the coal sector, and because of 
lower efficiency of CCS coal power plants (SDG 12), upstream impacts 
and local air pollution are likely to be exacerbated (SDG 3). Furthermore, 
there is a non-negligible risk of carbon dioxide leakage from geological 
storage and the carbon dioxide transport infrastructure (SDG 3) 
(Table 5.2).

Economies dependent upon fossil fuel-based energy generation and/or 
export revenue are expected to be disproportionally affected by future 
restrictions on the use of fossil fuels under stringent climate goals and 
higher carbon prices; this includes impacts on employment, stranded 
assets, resources left underground, lower capacity use and early phasing 
out of large infrastructure already under construction (robust evidence, 
high agreement) (Box 5.2) (Johnson et al., 2015; McGlade and Ekins, 
2015; UNEP, 2017; Spencer et al., 2018). Investment in coal continues 
to be attractive in many countries as it is a mature technology and 
provides cheap energy supplies, large-scale employment and energy 
security (Jakob and Steckel, 2016; Vogt-Schilb and Hallegatte, 2017; 
Spencer et al., 2018). Hence, accompanying policies and measures 
would be required to ease job losses and correct for relatively higher 
prices of alternative energy (Oosterhuis and Ten Brink, 2014; Oei and 
Mendelevitch, 2016; Garg et al., 2017; HLCCP, 2017; Jordaan et al., 
2017; OECD, 2017; UNEP, 2017; Blondeel and van de Graaf, 2018; 
Green, 2018). Research on historical transitions shows that managing 
the impacts on workers through retraining programmes is essential 
in order to align the phase-down of mining industries with meeting 
ambitious climate targets, and the objectives of a ‘just transition’ 
(Galgóczi, 2014; Caldecott et al., 2017; Healy and Barry, 2017). This 
aspect is even more important in developing countries where the 
mining workforce is largely semi- or unskilled (Altieri et al., 2016; Tung, 
2016). Ambitious emissions reduction targets can unlock very strong 
decoupling potentials in industrialized fossil exporting economies 
(Hatfield-Dodds et al., 2015).
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Box 5.2 |  Challenges and Opportunities of Low-Carbon Pathways in Gulf Cooperative Council Countries

The Gulf Cooperative Council (GCC) region (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and United Arab Emirates) is characterized 
by high dependency on hydrocarbon resources (natural oil and gas), with high risks of socio-economic impacts of policies and 
response measures to address climate change. The region is also vulnerable to the decrease of the global demand and price of 
hydrocarbons as a result of climate change response measures. The projected declining use of oil and gas under low emissions 
pathways creates risks of significant economic losses for the GCC region (e.g., Waisman et al., 2013; Van de Graaf and Verbruggen, 
2015; Al-Maamary et al., 2016; Bauer et al., 2016), given that natural gas and oil revenues contributed to about 70% of government 
budgets and > 35% of the gross domestic product in 2010 (Callen et al., 2014).

The current high energy intensity of the domestic economies (Al-Maamary et al., 2017), triggered mainly by low domestic energy 
prices (Alshehry and Belloumi, 2015), suggests specific challenges for aligning mitigation towards 1.5°C-consistent trajectories, 
which would require strong energy efficiency and economic development for the region.

The region’s economies are highly reliant on fossil fuel for their domestic activities. Yet the renewables deployment potentials are 
large, deployment is already happening (Cugurullo, 2013; IRENA, 2016) and positive economic benefits can be envisaged (Sgouridis 
et al., 2016). Nonetheless, the use of renewables is currently limited by economics and structural challenges (Lilliestam and Patt, 
2015; Griffiths, 2017a). Carbon capture and storage (CCS) is also envisaged with concrete steps towards implementation (Alsheyab, 
2017; Ustadi et al., 2017); yet the real potential of this technology in terms of scale and economic dimensions is still uncertain.

Beyond the above mitigation-related challenges, the region’s human societies and fragile ecosystems are highly vulnerable to the 
impacts of climate change, such as water stress (Evans et al., 2004; Shaffrey et al., 2009), desertification (Bayram and Öztürk, 2014), 
sea level rise affecting vast low coastal lands, and high temperature and humidity with future levels potentially beyond adaptive 
capacities (Pal and Eltahir, 2016). A low-carbon pathway that manages climate-related risks within the context of sustainable 
development requires an approach that jointly addresses both types of vulnerabilities (Al Ansari, 2013; Lilliestam and Patt, 2015; 
Babiker, 2016; Griffiths, 2017b).

The Nationally Determined Contributions (NDCs) for GCC countries identified energy efficiency, deployment of renewables and 
technology transfer to enhance agriculture, food security, protection of marine resources, and management of water and costal zones 
(Babiker, 2016). Strategic vision documents, such as Saudi Arabia’s ‘Vision 2030’, identify emergent opportunities for energy price 
reforms, energy efficiency, turning emissions into valuable products, and deployment of renewables and other clean technologies, if 
accompanied with appropriate policies to manage the transition and in the context of economic diversification (Luomi, 2014; Atalay 
et al., 2016; Griffiths, 2017b; Howarth et al., 2017).

5.4.1.3 Land-based agriculture, forestry and ocean: mitigation 
response options and carbon dioxide removal

In the AFOLU sector, dietary change towards global healthy diets, that 
is, a shift from over-consumption of animal-related to plant-related 
diets, and food waste reduction (see Chapter 4, Section 4.3.2.1) are 
in synergy with SDGs 2 and 6, and SDG 3 through lower consumption 
of animal products and reduced losses and waste throughout the food 
system, contributing to achieving SDGs 12 and 15 (Bajželj et al., 2014; 
Bustamante et al., 2014; Tilman and Clark, 2014; Hiç et al., 2016).

Power dynamics play an important role in achieving behavioural change 
and sustainable consumption (Fuchs et al., 2016). In forest management 
(see Chapter 4, Section 4.3.2.2), encouraging responsible sourcing of 
forest products and securing indigenous land tenure has the potential to 
increase economic benefits by creating decent jobs (SDG 8), maintaining 
biodiversity (SDG 15), facilitating innovation and upgrading technology 
(SDG 9), and encouraging responsible and just decision-making 
(SDG 16) (medium evidence, high agreement) (Ding et al., 2016; WWF, 
2017).

Emerging evidence indicates that future mitigation efforts that would 
be required to reach stringent climate targets, particularly those 
associated with carbon dioxide removal (CDR) (e.g., afforestation and 
reforestation and bioenergy with carbon capture and storage; BECCS), 
may also impose significant constraints upon poor and vulnerable 
communities (SDG 1) via increased food prices and competition for 
arable land, land appropriation and dispossession (Cavanagh and 
Benjaminsen, 2014; Hunsberger et al., 2014; Work, 2015; Muratori et 
al., 2016; Smith et al., 2016; Burns and Nicholson, 2017; Corbera et 
al., 2017) with disproportionate negative impacts upon rural poor and 
indigenous populations (SDG 1) (robust evidence, high agreement) 
(Section 5.4.2.2, Table 5.2, Figure 5.2) (Grubert et al., 2014; Grill et al., 
2015; Zhang and Chen, 2015; Fricko et al., 2016; Johansson et al., 2016; 
Aha and Ayitey, 2017; De Stefano et al., 2017; Shi et al., 2017). Crops 
for bioenergy may increase irrigation needs and exacerbate water 
stress with negative associated impacts on SDGs 6 and 10 (Boysen et 
al., 2017).

Ocean iron fertilization and enhanced weathering have two-way 
interactions with life under water and on land and food security (SDGs 
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2, 14 and 15) (Table 5.2). Development of blue carbon resources through 
coastal (mangrove) and marine (seaweed) vegetative ecosystems 
encourages: integrated water resource management (SDG 6) (Vierros, 
2017); promotes life on land (SDG 15) (Potouroglou et al., 2017); poverty 

reduction (SDG 1) (Schirmer and Bull, 2014; Lamb et al., 2016); and food 
security (SDG 2) (Ahmed et al., 2017a, b; Duarte et al., 2017; Sondak et 
al., 2017; Vierros, 2017; Zhang et al., 2017).

Figure 5.2 |  Synergies and trade-offs and gross Sustainable Development Goal (SDG)-interaction with individual mitigation options. The top three wheels represent synergies 
and the bottom three wheels show trade-offs. The colours on the border of the wheels correspond to the SDGs listed above, starting at the 9 o’clock position, with reading 
guidance in the top-left corner with the quarter circle (Note 1). Mitigation (climate action, SDG 13) is at the centre of the circle. The coloured segments inside the circles can be 
counted to arrive at the number of synergies (green) and trade-offs (red). The length of the coloured segments shows the strength of the synergies or trade-offs (Note 3) and 
the shading indicates confidence (Note 2). Various mitigation options within the energy demand sector, energy supply sector, and land and ocean sector, and how to read them 
within a segment are shown in grey (Note 4). See also Table 5.2.

5.4.2 Sustainable Development Implications of 
1.5°C and 2°C Mitigation Pathways

While previous sections have focused on individual mitigation options 
and their interaction with sustainable development and the SDGs, 
this section takes a systems perspective. Emphasis is on quantitative 
pathways depicting path-dependent evolutions of human and 
natural systems over time. Specifically, the focus is on fundamental 
transformations and thus stringent mitigation policies consistent with 
1.5°C or 2°C, and the differential synergies and trade-offs with respect 
to the various sustainable development dimensions.

Both 1.5°C and 2°C pathways would require deep cuts in greenhouse 
gas (GHG) emissions and large-scale changes of energy supply and 
demand, as well as in agriculture and forestry systems (see Chapter 
2, Section 2.4). For the assessment of the sustainable development 
implications of these pathways, this chapter draws upon studies that 
show the aggregated impact of mitigation for multiple sustainable 
development dimensions (Grubler et al., 2018; McCollum et al., 
2018b; Rogelj et al., 2018) and across multiple integrated assessment 
modelling (IAM) frameworks. Often these tools are linked to 
disciplinary models covering specific SDGs in more detail (Cameron 
et al., 2016; Rao et al., 2017; Grubler et al., 2018; McCollum et al., 
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2018b). Using multiple IAMs and disciplinary models is important 
for a robust assessment of the sustainable development implications 
of different pathways. Emphasis is on multi-regional studies, which 
can be aggregated to the global scale. The recent literature on 1.5°C 
mitigation pathways has begun to provide quantifications for a range 
of sustainable development dimensions, including air pollution and 
health, food security and hunger, energy access, water security, and 
multidimensional poverty and equity.

5.4.2.1 Air pollution and health

GHGs and air pollutants are typically emitted by the same sources. 
Hence, mitigation strategies that reduce GHGs or the use of fossil fuels 
typically also reduce emissions of pollutants, such as particulate matter 
(e.g., PM2.5 and PM10), black carbon (BC), sulphur dioxide (SO2), 
nitrogen oxides (NOx) and other harmful species (Clarke et al., 2014) 
(Figure 5.3), causing adverse health and ecosystem effects at various 
scales (Kusumaningtyas and Aldrian, 2016).

Mitigation pathways typically show that there are significant synergies 
for air pollution, and that the synergies increase with the stringency of 
the mitigation policies (Amann et al., 2011; Rao et al., 2016; Klimont 
et al., 2017; Shindell et al., 2017; Markandya et al., 2018). Recent 
multimodel comparisons indicate that mitigation pathways consistent 
with 1.5°C would result in higher synergies with air pollution compared 
to pathways that are consistent with 2°C (Figures 5.4 and 5.5). Shindell 
et al. (2018) indicate that health benefits worldwide over the century 
of 1.5°C pathways could be in the range of 110 to 190 million fewer 
premature deaths compared to 2°C pathways. The synergies for air 
pollution are highest in the developing world, particularly in Asia. In 
addition to significant health benefits, there are also economic benefits 
from mitigation, reducing the investment needs in air pollution control 
technologies by about 35% globally (or about 100 billion USD2010 per 
year to 2030 in 1.5°C pathways; McCollum et al., 2018b) (Figure 5.4).

5.4.2.2 Food security and hunger

Stringent climate mitigation pathways in line with ‘well below 2°C’ or 
‘1.5°C’ goals often rely on the deployment of large-scale land-related 
measures, like afforestation and/or bioenergy supply (Popp et al., 2014; 
Rose et al., 2014; Creutzig et al., 2015). These land-related measures 
can compete with food production and hence raise food security 
concerns (Section 5.4.1.3) (P. Smith et al., 2014). Mitigation studies 
indicate that so-called ‘single-minded’ climate policy, aiming solely 
at limiting warming to 1.5°C or 2°C without concurrent measures in 
the food sector, can have negative impacts for global food security 
(Hasegawa et al., 2015; McCollum et al., 2018b). Impacts of 1.5°C 
mitigation pathways can be significantly higher than those of 2°C 
pathways (Figures 5.4 and 5.5). An important driver of the food security 
impacts in these scenarios is the increase of food prices and the effect 
of mitigation on disposable income and wealth due to GHG pricing. A 
recent study indicates that, on aggregate, the price and income effects 
on food may be bigger than the effect due to competition over land 
between food and bioenergy (Hasegawa et al., 2015). 

In order to address the issue of trade-offs with food security, mitigation 
policies would need to be designed in a way that shields the population 

at risk of hunger, including through the adoption of different 
complementary measures, such as food price support. The investment 
needs of complementary food price policies are found to be globally 
relatively much smaller than the associated mitigation investments 
of 1.5°C pathways (Figure 5.3) (McCollum et al., 2018b). Besides 
food support price, other measures include improving productivity 
and efficiency of agricultural production systems (FAO and NZAGRC, 
2017a, b; Frank et al., 2017) and programmes focusing on forest land-
use change (Havlík et al., 2014). All these lead to additional benefits of 
mitigation, improving resilience and livelihoods.

Van Vuuren et al. (2018) and Grubler et al. (2018) show that 1.5°C 
pathways without reliance on BECCS can be achieved through a 
fundamental transformation of the service sectors which would 
significantly reduce energy and food demand (see Chapter 2, Sections 
2.1.1, 2.3.1 and 2.4.3). Such low energy demand (LED) pathways 
would result in significantly reduced pressure on food security, lower 
food prices and fewer people at risk of hunger. Importantly, the trade-
offs with food security would be reduced by the avoided impacts in the 
agricultural sector due to the reduced warming associated with the 
1.5°C pathways (see Chapter 3, Section 3.5). However, such feedbacks 
are not comprehensively captured in the studies on mitigation.

5.4.2.3 Lack of energy access/energy poverty

A lack of access to clean and affordable energy (especially for cooking) 
is a major policy concern in many countries, especially in those in South 
Asia and Africa where major parts of the population still rely primarily 
on solid fuels for cooking (IEA and World Bank, 2017). Scenario studies 
which quantify the interactions between climate mitigation and energy 
access indicate that stringent climate policy which would affect energy 
prices could significantly slow down the transition to clean cooking 
fuels, such as liquefied petroleum gas or electricity (Cameron et al., 
2016).

Estimates across six different IAMs (McCollum et al., 2018b) indicate 
that, in the absence of compensatory measures, the number of people 
without access to clean cooking fuels may increase. Redistributional 
measures, such as subsidies on cleaner fuels and stoves, could 
compensate for the negative effects of mitigation on energy access. 
Investment costs of the redistributional measures in 1.5°C pathways 
(on average around 120 billion USD2010 per year to 2030; Figure 5.4) 
are much smaller than the mitigation investments of 1.5°C pathways 
(McCollum et al., 2018b). The recycling of revenues from climate policy 
might act as a means to help finance the costs of providing energy 
access to the poor (Cameron et al., 2016).

5.4.2.4 Water security

Transformations towards low emissions energy and agricultural 
systems can have major implications for freshwater demand as well as 
water pollution. The scaling up of renewables and energy efficiency as 
depicted by low emissions pathways would, in most instances, lower 
water demands for thermal energy supply facilities (‘water-for-energy’) 
compared to fossil energy technologies, and thus reinforce targets 
related to water access and scarcity (see Chapter 4, Section 4.2.1). 
However, some low-carbon options such as bioenergy, centralized solar 
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Figure 5.3 |  Sustainable development implications of mitigation actions in 1.5°C pathways. Panel (a) shows ranges for 1.5°C pathways for selected sustainable development 
dimensions compared to the ranges of 2°C pathways and baseline pathways. The panel (a) depicts interquartile and the full range across the scenarios for Sustainable 
Development Goal (SDG) 2 (hunger), SDG 3 (health), SDG 6 (water), SDG 7 (energy), SDG 12 (resources), SDG 13/14 (climate/ocean) and SDG 15 (land). Progress towards 
achieving the SDGs is denoted by arrow symbols (increase or decrease of indicator). Black horizontal lines show 2015 values for comparison. Note that sustainable development 
effects are estimated for the effect of mitigation and do not include benefits from avoided impacts (see Chapter 3, Section 3.5). Low energy demand (LED) denotes estimates 
from a pathway with extremely low energy demand reaching 1.5°C without bioenergy with carbon capture and storage (BECCS). Panel (b) presents the resulting full range 
for synergies and trade-offs of 1.5°C pathways compared to the corresponding baseline scenarios. The y-axis in panel (b) indicates the factor change in the 1.5°C pathway 
compared to the baseline. Note that the figure shows gross impacts of mitigation and does not include feedbacks due to avoided impacts. The realization of the side effects 
will critically depend on local circumstances and implementation practice. Trade-offs across many sustainable development dimensions can be reduced through complementary/
re-distributional measures. The figure is not comprehensive and focuses on those sustainable development dimensions for which quantifications across models are available. 
Sources: 1.5°C pathways database from Chapter 2 (Grubler et al., 2018; McCollum et al., 2018b).
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power, nuclear and hydropower technologies could, if not managed 
properly, have counteracting effects that compound existing water-
related problems in a given locale (Byers et al., 2014; Fricko et al., 2016; 
IEA, 2016; Fujimori et al., 2017a; Wang, 2017; McCollum et al., 2018a).

Under stringent mitigation efforts, the demand for bioenergy can 
result in a substantial increase of water demand for irrigation, thereby 
potentially contributing to water scarcity in water-stressed regions 
(Berger et al., 2015; Bonsch et al., 2016; Jägermeyr et al., 2017). 
However, this risk can be reduced by prioritizing rain-fed production of 
bioenergy (Hayashi et al., 2015, 2018; Bonsch et al., 2016), but might 
have adverse effects for food security (Boysen et al., 2017).

Reducing food and energy demand without compromising the needs 
of the poor emerges as a robust strategy for both water conservation 
and GHG emissions reductions (von Stechow et al., 2015; IEA, 2016; 
Parkinson et al., 2016; Grubler et al., 2018). The results underscore the 
importance of an integrated approach when developing water, energy 
and climate policy (IEA, 2016).

Estimates across different models for the impacts of stringent 
mitigation pathways on energy-related water uses seem ambiguous. 
Some pathways show synergies (Mouratiadou et al., 2018) while 
others indicate trade-offs and thus increases of water use due to 
mitigation (Fricko et al., 2016). The synergies depend on the adopted 
policy implementation or mitigation strategies and technology 
portfolio. A number of adaptation options exist (e.g., dry cooling), 
which can effectively reduce electricity-related water trade-offs (Fricko 
et al., 2016; IEA, 2016). Similarly, irrigation water use will depend on 
the regions where crops are produced, the sources of bioenergy (e.g., 
agriculture vs. forestry) and dietary change induced by climate policy. 
Overall, and also considering other water-related SDGs, including 
access to safe drinking water and sanitation as well as waste-water 
treatment, investments into the water sector seem to be only modestly 
affected by stringent climate policy compatible with 1.5°C (Figure 5.4) 
(McCollum et al., 2018b).

In summary, the assessment of mitigation pathways shows that to 
meet the 1.5°C target, a wide range of mitigation options would need 
to be deployed (see Chapter 2, Sections 2.3 and 2.4). While pathways 
aiming at 1.5°C are associated with high synergies for some sustainable 
development dimensions (such as human health and air pollution, forest 
preservation), the rapid pace and magnitude of the required changes 
would also lead to increased risks for trade-offs for other sustainable 
development dimensions (particularly food security) (Figures 5.4 and 
5.5). Synergies and trade-offs are expected to be unevenly distributed 
between regions and nations (Box 5.2), though little literature has 
formally examined such distributions under 1.5°C-consistent mitigation 
scenarios. Reducing these risks requires smart policy designs and 
mechanisms that shield the poor and redistribute the burden so that the 
most vulnerable are not disproportionately affected. Recent scenario 
analyses show that associated investments for reducing the trade-offs 
for, for example, food, water and energy access to be significantly lower 
than the required mitigation investments (McCollum et al., 2018b). 
Fundamental transformation of demand, including efficiency and 
behavioural changes, can help to significantly reduce the reliance on 
risky technologies, such as BECCS, and thus reduce the risk of potential 

Figure 5.4 |  Investment into mitigation up until 2030 and implications for 
investments for four sustainable development dimensions. Cross-hatched bars show 
the median investment in 1.5°C pathways across results from different models, and 
solid bars for 2°C pathways, respectively. Whiskers on bars represent minima and 
maxima across estimates from six models. Clean water and air pollution investments 
are available only from one model. Mitigation investments show the change in 
investments across mitigation options compared to the baseline. Negative mitigation 
investments (grey bars) denote disinvestment (reduced investment needs) into 
fossil fuel sectors compared to the baseline. Investments for different sustainable 
development dimensions denote the investment needs for complementary measures 
in order to avoid trade-offs (negative impacts) of mitigation. Negative sustainable 
development investments for air pollution indicate cost savings, and thus synergies 
of mitigation for air pollution control costs. The values compare to about 2 trillion 
USD2010 (range of 1.4 to 3 trillion) of total energy-related investments in the 1.5°C 
pathways. Source: Estimates from CD-LINKS scenarios summarised by McCollum et 
al., 2018b.

trade-offs between mitigation and other sustainable development 
dimensions (von Stechow et al., 2015; Grubler et al., 2018; van Vuuren 
et al., 2018). Reliance on demand-side measures only, however, would 
not be sufficient for meeting stringent targets, such as 1.5°C and 2°C 
(Clarke et al., 2014).

5.5 Sustainable Development 
Pathways to 1.5°C 

This section assesses what is known in the literature on development 
pathways that are sustainable and climate-resilient and relevant to 
a 1.5°C warmer world. Pathways, transitions from today’s world to 
achieving a set of future goals (see Chapter 1, Section 1.2.3, Cross-
Chapter Box 1), follow broadly two main traditions: first, as integrated 
pathways describing the required societal and systems transformations, 
combining quantitative modelling and qualitative narratives at multiple 
spatial scales (global to sub-national); and second, as country- and 
community-level, solution-oriented trajectories and decision-making 
processes about context- and place-specific opportunities, challenges 
and trade-offs. These two notions of pathways offer different, though 
complementary, insights into the nature of 1.5°C-relevant trajectories 
and the short-term actions that enable long-term goals. Both highlight 
to varying degrees the urgency, ethics and equity dimensions of 
possible trajectories and society- and system-wide transformations, yet 
at different scales, building on Chapter 2 (see Section 2.4) and Chapter 
4 (see Section 4.5).
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5.5.1 Integration of Adaptation, Mitigation 
and Sustainable Development

Insights into climate-compatible development (see Glossary) 
illustrate how integration between adaptation, mitigation and 
sustainable development works in context-specific projects, how 
synergies are achieved and what challenges are encountered during 
implementation (Stringer et al., 2014; Suckall et al., 2014; Antwi-Agyei 
et al., 2017a; Bickersteth et al., 2017; Kalafatis, 2017; Nunan, 2017). 
The operationalization of climate-compatible development, including 
climate-smart agriculture and carbon-forestry projects (Lipper et al., 
2014; Campbell et al., 2016; Quan et al., 2017), shows multilevel 
and multisector trade-offs involving ‘winners’ and ‘losers’ across 
governance levels (high confidence) (Kongsager and Corbera, 2015; 
Naess et al., 2015; Karlsson et al., 2017; Tanner et al., 2017; Taylor, 
2017; Wood, 2017; Ficklin et al., 2018). Issues of power, participation, 
values, equity, inequality and justice transcend case study examples of 
attempted integrated approaches (Nunan, 2017; Phillips et al., 2017; 
Stringer et al., 2017; Wood, 2017), also reflected in policy frameworks 
for integrated outcomes (Stringer et al., 2014; Di Gregorio et al., 2017; 
Few et al., 2017; Tanner et al., 2017).

Ultimately, reconciling trade-offs between development needs and 
emissions reductions towards a 1.5°C warmer world requires a 
dynamic view of the interlinkages between adaptation, mitigation 
and sustainable development (Nunan, 2017). This entails recognition 
of the ways in which development contexts shape the choice and 
effectiveness of interventions, limit the range of responses afforded 
to communities and governments, and potentially impose injustices 
upon vulnerable groups (UNRISD, 2016; Thornton and Comberti, 2017). 
A variety of approaches, both quantitative and qualitative, exist to 
examine possible sustainable development pathways under which 
climate and sustainable development goals can be achieved, and 
synergies and trade-offs for transformation identified (Sections 5.3 
and 5.4).

5.5.2 Pathways for Adaptation, Mitigation 
and Sustainable Development 

This section focuses on the growing body of pathways literature 
describing the dynamic and systemic integration of mitigation 
and adaptation with sustainable development in the context of a 
1.5°C warmer world. These studies are critically important for the 
identification of ‘enabling’ conditions under which climate and the 
SDGs can be achieved, and thus help the design of transformation 
strategies that maximize synergies and avoid potential trade-offs 
(Sections 5.3 and 5.4). Full integration of sustainable development 
dimensions is, however, challenging, given their diversity and the need 
for high temporal, spatial and social resolution to address local effects, 
including heterogeneity related to poverty and equity (von Stechow 
et al., 2015). Research on long-term climate change mitigation and 
adaptation pathways has covered individual SDGs to different degrees. 
Interactions between climate and other SDGs have been explored for 
SDGs 2, 3, 4, 6, 7, 8, 12, 14 and 15 (Clarke et al., 2014; Abel et al., 2016; 
von Stechow et al., 2016; Rao et al., 2017), while interactions with 
SDGs 1, 5, 11 and 16 remain largely underexplored in integrated long-
term scenarios (Zimm et al., 2018).

Quantitative pathways studies now better represent ‘nexus’ 
approaches to assess sustainable development dimensions. In such 
approaches (see Chapter 4, Section 4.3.3.8), a subset of sustainable 
development dimensions are investigated together because of their 
close relationships (Welsch et al., 2014; Conway et al., 2015; Keairns 
et al., 2016; Parkinson et al., 2016; Rasul and Sharma, 2016; Howarth 
and Monasterolo, 2017). Compared to single-objective climate–SDG 
assessments (Section 5.4.2), nexus solutions attempt to integrate 
complex interdependencies across diverse sectors in a systems 
approach for consistent analysis. Recent pathways studies show how 
water, energy and climate (SDGs 6, 7 and 13) interact (Parkinson et al., 
2016; McCollum et al., 2018b) and call for integrated water–energy 
investment decisions to manage systemic risks. For instance, the 
provision of bioenergy, important in many 1.5°C-consistent pathways, 
can help resolve ‘nexus challenges’ by alleviating energy security 
concerns, but can also have adverse ‘nexus impacts’ on food security, 
water use and biodiversity (Lotze-Campen et al., 2014; Bonsch et al., 
2016). Policies that improve resource use efficiency across sectors can 
maximize synergies for sustainable development (Bartos and Chester, 
2014; McCollum et al., 2018b; van Vuuren et al., 2018). Mitigation 
compatible with 1.5°C can significantly reduce impacts and adaptation 
needs in the nexus sectors compared to 2°C (Byers et al., 2018). In 
order to avoid trade-offs due to high carbon pricing of 1.5°C pathways, 
regulation in specific areas may complement price-based instruments. 
Such combined policies generally lead also to more early action 
maximizing synergies and avoiding some of the adverse climate effects 
for sustainable development (Bertram et al., 2018).

The comprehensive analysis of climate change in the context of 
sustainable development requires suitable reference scenarios that 
lend themselves to broader sustainable development analyses. 
The Shared Socio-Economic Pathways (SSPs) (Chapter 1, Cross-
Chapter Box 1 in Chapter 1) (O’Neill et al., 2017a; Riahi et al., 2017) 
constitute an important first step in providing a framework for 
the integrated assessment of adaptation and mitigation and their 
climate–development linkages (Ebi et al., 2014). The five underlying 
SSP narratives (O’Neill et al., 2017a) map well into some of the key 
SDG dimensions, with one of the pathways (SSP1) explicitly depicting 
sustainability as the main theme (van Vuuren et al., 2017b).

To date, no pathway in the literature proves to achieve all 17 SDGs 
because several targets are not met or not sufficiently covered in the 
analysis, hence resulting in a sustainability gap (Zimm et al., 2018). 
The SSPs facilitate the systematic exploration of different sustainable 
dimensions under ambitious climate objectives. SSP1 proves to be in 
line with eight SDGs (3, 7, 8, 9, 10, 11, 13 and 15) and several of their 
targets in a 2°C warmer world (van Vuuren et al., 2017b; Zimm et al., 
2018). However, important targets for SDGs 1, 2 and 4 (i.e., people 
living in extreme poverty, people living at the risk of hunger and gender 
gap in years of schooling) are not met in this scenario.

The SSPs show that sustainable socio-economic conditions will play a 
key role in reaching stringent climate targets (Riahi et al., 2017; Rogelj 
et al., 2018). Recent modelling work has examined 1.5°C-consistent, 
stringent mitigation scenarios for 2100 applied to the SSPs, using 
six different IAMs. Despite the limitations of these models, which 
are coarse approximations of reality, robust trends can be identified 
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(Rogelj et al., 2018). SSP1 – which depicts broader ‘sustainability’ as 
well as enhancing equity and poverty reductions – is the only pathway 
where all models could reach 1.5°C and is associated with the lowest 
mitigation costs across all SSPs. A decreasing number of models was 
successful for SSP2, SSP4 and SSP5, respectively, indicating distinctly 
higher risks of failure due to high growth and energy intensity as 
well as geographical and social inequalities and uneven regional 
development. And reaching 1.5°C has even been found infeasible in 
the less sustainable SSP3 – ‘regional rivalry’ (Fujimori et al., 2017b; 
Riahi et al., 2017). All these conclusions hold true if a 2°C objective is 
considered (Calvin et al., 2017; Fujimori et al., 2017b; Popp et al., 2017; 
Riahi et al., 2017). Rogelj et al. (2018) also show that fewer scenarios 
are, however, feasible across different SSPs in case of 1.5°C, and 
mitigation costs substantially increase in 1.5°C pathways compared 
to 2°C pathways.

There is a wide range of SSP-based studies focusing on the connections 
between adaptation/impacts and different sustainable development 
dimensions (Hasegawa et al., 2014; Ishida et al., 2014; Arnell et al., 
2015; Bowyer et al., 2015; Burke et al., 2015; Lemoine and Kapnick, 
2016; Rozenberg and Hallegatte, 2016; Blanco et al., 2017; Hallegatte 
and Rozenberg, 2017; O’Neill et al., 2017a; Rutledge et al., 2017; 
Byers et al., 2018). New methods for projecting inequality and poverty 
(downscaled to sub-national rural and urban levels as well as spatially 
explicit levels) have enabled advanced SSP-based assessments of 
locally sustainable development implications of avoided impacts 
and related adaptation needs. For instance, Byers et al. (2018) find 
that, in a 1.5°C warmer world, a focus on sustainable development 
can reduce the climate risk exposure of populations vulnerable to 
poverty by more than an order of magnitude (Section 5.2.2). Moreover, 
aggressive reductions in between-country inequality may decrease 
the emissions intensity of global economic growth (Rao and Min, 
2018). This is due to the higher potential for decoupling of energy 
from income growth in lower-income countries, due to high potential 
for technological advancements that reduce the energy intensity of 
growth of poor countries – critical also for reaching 1.5°C in a socially 
and economically equitable way. Participatory downscaling of SSPs in 
several European Union countries and in Central Asia shows numerous 
possible pathways of solutions to the 2°C–1.5°C goal, depending on 
differential visions (Tàbara et al., 2018). Other participatory applications 
of the SSPs, for example in West Africa (Palazzo et al., 2017) and the 
southeastern United States (Absar and Preston, 2015), illustrate the 
potentially large differences in adaptive capacity within regions and 
between sectors.

Harnessing the full potential of the SSP framework to inform sustainable 
development requires: (i) further elaboration and extension of the 
current SSPs to cover sustainable development objectives explicitly; (ii) 
the development of new or variants of current narratives that would 
facilitate more SDG-focused analyses with climate as one objective 
(among other SDGs) (Riahi et al., 2017); (iii) scenarios with high regional 
resolution (Fujimori et al., 2017b); (iv) a more explicit representation 
of institutional and governance change associated with the SSPs 
(Zimm et al., 2018); and (v) a scale-up of localized and spatially explicit 
vulnerability, poverty and inequality estimates, which have emerged 
in recent publications based on the SSPs (Byers et al., 2018) and are 
essential to investigate equity dimensions (Klinsky and Winkler, 2018).

5.5.3 Climate-Resilient Development Pathways

This section assesses the literature on pathways as solution-
oriented trajectories and decision-making processes for attaining 
transformative visions for a 1.5°C warmer world. It builds on climate-
resilient development pathways (CRDPs) introduced in the AR5 
(Section 5.1.2) (Olsson et al., 2014) as well as growing literature 
(e.g., Eriksen et al., 2017; Johnson, 2017; Orindi et al., 2017; Kirby and 
O’Mahony, 2018; Solecki et al., 2018) that uses CRDPs as a conceptual 
and aspirational idea for steering societies towards low-carbon, 
prosperous and ecologically safe futures. Such a notion of pathways 
foregrounds decision-making processes at local to national levels to 
situate transformation, resilience, equity and well-being in the complex 
reality of specific places, nations and communities (Harris et al., 2017; 
Ziervogel et al., 2017; Fazey et al., 2018; Gajjar et al., 2018; Klinsky and 
Winkler, 2018; Patterson et al., 2018; Tàbara et al., 2018).

Pathways compatible with 1.5°C warming are not merely scenarios 
to envision possible futures but processes of deliberation and 
implementation that address societal values, local priorities and 
inevitable trade-offs. This includes attention to politics and power that 
perpetuate business-as-usual trajectories (O’Brien, 2016; Harris et al., 
2017), the politics that shape sustainability and capabilities of everyday 
life (Agyeman et al., 2016; Schlosberg et al., 2017), and ingredients 
for community resilience and transformative change (Fazey et al., 
2018). Chartering CRDPs encourages locally situated and problem-
solving processes to negotiate and operationalize resilience ‘on the 
ground’ (Beilin and Wilkinson, 2015; Harris et al., 2017; Ziervogel et 
al., 2017). This entails contestation, inclusive governance and iterative 
engagement of diverse populations with varied needs, aspirations, 
agency and rights claims, including those most affected, to deliberate 
trade-offs in a multiplicity of possible pathways (high confidence) (see 
Figure 5.5) (Stirling, 2014; Vale, 2014; Walsh-Dilley and Wolford, 2015; 
Biermann et al., 2016; J.R.A. Butler et al., 2016; O’Brien, 2016, 2018; 
Harris et al., 2017; Jones and Tanner, 2017; Mapfumo et al., 2017; 
Rosenbloom, 2017; Gajjar et al., 2018; Klinsky and Winkler, 2018; Lyon, 
2018; Tàbara et al., 2018).

5.5.3.1 Transformations, equity and well-being

Most literature related to CRDPs invokes the concept of transformation, 
underscoring the need for urgent and far-reaching changes in practices, 
institutions and social relations in society. Transformations towards a 
1.5°C warmer world would need to address considerations for equity 
and well-being, including in trade-off decisions (see Figure 5.1).

To attain the anticipated transformations, all countries as well as non-
state actors would need to strengthen their contributions, through 
bolder and more committed cooperation and equitable effort-sharing 
(medium evidence, high agreement) (Rao, 2014; Frumhoff et al., 2015; 
Ekwurzel et al., 2017; Millar et al., 2017; Shue, 2017; Holz et al., 2018; 
Robinson and Shine, 2018). Sustaining decarbonization rates at a 
1.5°C-compatible level would be unprecedented and not possible 
without rapid transformations to a net-zero-emissions global economy 
by mid-century or the later half of the century (see Chapters 2 and 
4). Such efforts would entail overcoming technical, infrastructural, 
institutional and behavioural barriers across all sectors and levels 
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Figure 5.5 |  Pathways into the future, with path dependencies and iterative problem-solving and decision-making (after Fazey et al., 2016).

of society (Pfeiffer et al., 2016; Seto et al., 2016) and defeating path 
dependencies, including poverty traps (Boonstra et al., 2016; Enqvist 
et al., 2016; Lade et al., 2017; Haider et al., 2018). Transformation also 
entails ensuring that 1.5°C-compatible pathways are inclusive and 
desirable, build solidarity and alliances, and protect vulnerable groups, 
including against disruptions of transformation (Patterson et al., 2018).

There is growing emphasis on the role of equity, fairness and justice (see 
Glossary) regarding context-specific transformations and pathways 
to a 1.5°C warmer world (medium evidence, high agreement) (Shue, 
2014; Thorp, 2014; Dennig et al., 2015; Moellendorf, 2015; Klinsky et 
al., 2017b; Roser and Seidel, 2017; Sealey-Huggins, 2017; Klinsky and 
Winkler, 2018; Robinson and Shine, 2018). Consideration for what is 
equitable and fair suggests the need for stringent decarbonization 
and up-scaled adaptation that do not exacerbate social injustices, 
locally and at national levels (Okereke and Coventry, 2016), uphold 
human rights (Robinson and Shine, 2018), are socially desirable and 
acceptable (von Stechow et al., 2016; Rosenbloom, 2017), address 
values and beliefs (O’Brien, 2018), and overcome vested interests 
(Normann, 2015; Patterson et al., 2016). Attention is often drawn to 
huge disparities in the cost, benefits, opportunities and challenges 
involved in transformation within and between countries, and the 
fact that the suffering of already poor, vulnerable and disadvantaged 
populations may be worsened, if care to protect them is not taken 
(Holden et al., 2017; Klinsky and Winkler, 2018; Patterson et al., 2018).

Well-being for all (Dearing et al., 2014; Raworth, 2017) is at the 
core of an ecologically safe and socially just space for humanity, 
including health and housing, peace and justice, social equity, gender 

equality and political voices (Raworth, 2017). It is in alignment with 
transformative social development (UNRISD, 2016) and the 2030 
Agenda of ‘leaving no one behind’. The social conditions to enable well-
being for all are to reduce entrenched inequalities within and between 
countries (Klinsky and Winkler, 2018); rethink prevailing values, ethics 
and behaviours (Holden et al., 2017); allow people to live a life in 
dignity while avoiding actions that undermine capabilities (Klinsky 
and Golub, 2016); transform economies (Popescu and Ciurlau, 2016; 
Tàbara et al., 2018); overcome uneven consumption and production 
patterns (Dearing et al., 2014; Häyhä et al., 2016; Raworth, 2017) and 
conceptualize development as well-being rather than mere economic 
growth (medium evidence, high agreement) (Gupta and Pouw, 2017).

5.5.3.2 Development trajectories, sharing 
of efforts and cooperation

The potential for pursuing sustainable and climate-resilient development 
pathways towards a 1.5°C warmer world differs between and within 
nations, due to differential development achievements and trajectories, 
and opportunities and challenges (very high confidence) (Figure 5.1). 
There are clear differences between high-income countries where 
social achievements are high, albeit often with negative effects on 
the environment, and most developing nations where vulnerabilities 
to climate change are high and social support and life satisfaction 
are low, especially in the Least Developed Countries (LDCs) (Sachs et 
al., 2017; O’Neill et al., 2018). Differential starting points for CRDPs 
between and within countries, including path dependencies (Figure 
5.5), call for sensitivity to context (Klinsky and Winkler, 2018). For the 
developing world, limiting warming to 1.5°C also means potentially 
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severely curtailed development prospects (Okereke and Coventry, 
2016) and risks to human rights from both climate action and inaction 
to achieve this goal (Robinson and Shine, 2018) (Section 5.2). Within-
country development differences remain, despite efforts to ensure 
inclusive societies (Gupta and Arts, 2017; Gupta and Pouw, 2017). Cole 
et al. (2017), for instance, show how differences between provinces in 
South Africa constitute barriers to sustainable development trajectories 
and for operationalising nation-level SDGs, across various dimensions 
of social deprivation and environmental stress, reflecting historic 
disadvantages.

Moreover, various equity and effort- or burden-sharing approaches to 
climate stabilization in the literature describe how to sketch national 
potentials for a 1.5°C warmer world (e.g., Anand, 2004; CSO Equity 
Review, 2015; Meinshausen et al., 2015; Okereke and Coventry, 2016; 
Bexell and Jönsson, 2017; Otto et al., 2017; Pan et al., 2017; Robiou du 
Pont et al., 2017; Holz et al., 2018; Kartha et al., 2018; Winkler et al., 
2018;). Many approaches build on the AR5 ‘responsibility – capacity –
need’ assessment (Clarke et al., 2014), complement other proposed 
national-level metrics for capabilities, equity and fairness (Heyward 
and Roser, 2016; Klinsky et al., 2017a), or fall under the wider umbrella 
of fair share debates on responsibility, capability and the right to 
development in climate policy (Fuglestvedt and Kallbekken, 2016). 
Importantly, different principles and methodologies generate different 
calculated contributions, responsibilities and capacities (Skeie et al., 
2017).

The notion of nation-level fair shares is now also discussed in the 
context of limiting global warming to 1.5°C and the Nationally 
Determined Contributions (NDCs) (see Chapter 4, Cross-Chapter Box 
11 in Chapter 4) (CSO Equity Review, 2015; Mace, 2016; Pan et al., 
2017; Robiou du Pont et al., 2017; Holz et al., 2018; Kartha et al., 2018; 
Winkler et al., 2018). A study by Pan et al. (2017) concluded that all 
countries would need to contribute to ambitious emissions reductions 
and that current pledges for 2030 by seven out of eight high-emitting 
countries would be insufficient to meet 1.5°C. Emerging literature on 
justice-centred pathways to 1.5°C points towards ambitious emissions 
reductions domestically and committed cooperation internationally 
whereby wealthier countries support poorer ones, technologically, 
financially and otherwise to enhance capacities (Okereke and Coventry, 
2016; Holz et al., 2018; Robinson and Shine, 2018; Shue, 2018). These 
findings suggest that equitable and 1.5°C-compatible pathways would 
require fast action across all countries at all levels of development 
rather than late accession of developing countries (as assumed under 
SSP3, see Chapter 2), with external support for prompt mitigation and 
resilience-building efforts in the latter (medium evidence, medium 
agreement).

Scientific advances since the AR5 now also make it possible to determine 
contributions to climate change for non-state actors (see Chapter 4, 
Section 4.4.1) and their potential to contribute to CRDPs (medium 
evidence, medium agreement). These non-state actors includes cities 
(Bulkeley et al., 2013, 2014; Byrne et al., 2016), businesses (Heede, 
2014; Frumhoff et al., 2015; Shue, 2017), transnational initiatives 
(Castro, 2016; Andonova et al., 2017) and industries. Recent work 
demonstrates the contributions of 90 industrial carbon producers to 
global temperature and sea level rise, and their responsibilities to 

contribute to investments in and support for mitigation and adaptation 
(Heede, 2014; Ekwurzel et al., 2017; Shue, 2017) (Sections 5.6.1 and 
5.6.2).

At the level of groups and individuals, equity in pursuing climate 
resilience for a 1.5°C warmer world means addressing disadvantage, 
inequities and empowerment that shape transformative processes 
and pathways (Fazey et al., 2018), and deliberate efforts to strengthen 
the capabilities, capacities and well-being of poor, marginalized and 
vulnerable people (Byrnes, 2014; Tokar, 2014; Harris et al., 2017; 
Klinsky et al., 2017a; Klinsky and Winkler, 2018). Community-driven 
CRDPs can flag potential negative impacts of national trajectories on 
disadvantaged groups, such as low-income families and communities 
of colour (Rao, 2014). They emphasize social equity, participatory 
governance, social inclusion and human rights, as well as innovation, 
experimentation and social learning (see Glossary) (medium evidence, 
high agreement) (Sections 5.5.3.3 and 5.6).

5.5.3.3 Country and community strategies and experiences 

There are many possible pathways towards climate-resilient futures 
(O’Brien, 2018; Tàbara et al., 2018). Literature depicting different 
sustainable development trajectories in line with CRDPs is growing, with 
some of it being specific to 1.5°C global warming. Most experiences 
to date are at local and sub-national levels (Cross-Chapter Box 13 in 
this chapter), while state-level efforts align largely with green economy 
trajectories or planning for climate resilience (Box 5.3). Due to the fact 
that these strategies are context-specific, the literature is scarce on 
comparisons, efforts to scale up and systematic monitoring.

States can play an enabling or hindering role in a transition to a 1.5°C 
warmer world (Patterson et al., 2018). The literature on strategies to 
reconcile low-carbon trajectories with sustainable development and 
ecological sustainability through green growth, inclusive growth, 
de-growth, post-growth and development as well-being shows low 
agreement (see Chapter 4, Section 4.5). Efforts that align best with 
CRDPs are described as ‘transformational’ and ‘strong’ (Ferguson, 
2015). Some view ‘thick green’ perspectives as enabling equity, 
democracy and agency building (Lorek and Spangenberg, 2014; Stirling, 
2014; Ehresman and Okereke, 2015; Buch-Hansen, 2018), others show 
how green economy and sustainable development pathways can align 
(Brown et al., 2014; Georgeson et al., 2017b), and how a green economy 
can help link the SDGs with NDCs, for instance in Mongolia, Kenya and 
Sweden (Shine, 2017). Others still critique the continuous reliance on 
market mechanisms (Wanner, 2014; Brockington and Ponte, 2015) and 
disregard for equity and distributional and procedural justice (Stirling, 
2014; Bell, 2015).

Country-level pathways and achievements vary significantly (robust 
evidence, medium agreement). For instance, the Scandinavian countries 
rank at the top of the Global Green Economy Index (Dual Citizen LLC, 
2016), although they also tend to show high spill-over effects (Holz et al., 
2018) and transgress their biophysical boundaries (O’Neill et al., 2018). 
State-driven efforts in non-member countries of the Organisation for 
Economic Co-operation and Development include Ethiopia’s ‘Climate-
resilient Green Economy Strategy’, Mozambique’s ‘Green Economy 
Action Plan’ and Costa Rica’s ecosystem- and conservation-driven 
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green transition paths. China and India have adopted technology and 
renewables pathways (Brown et al., 2014; Death, 2014, 2015, 2016; 
Khanna et al., 2014; Chen et al., 2015; Kim and Thurbon, 2015; Wang 
et al., 2015; Weng et al., 2015). Brazil promotes low per capita GHG 
emissions, clean energy sources, green jobs, renewables and sustainable 
transportation, while slowing rates of deforestation (see Chapter 4, Box 
4.7) (Brown et al., 2014; La Rovere, 2017). Yet concerns remain regarding 
persistent inequalities, ecosystem monetization, lack of participation 
in green-style projects (Brown et al., 2014) and labour conditions and 
risk of displacement in the sugarcane ethanol sector (McKay et al., 
2016). Experiences with low-carbon development pathways in LDCs 
highlight the crucial role of identifying synergies across scale, removing 
institutional barriers and ensuring equity and fairness in distributing 
benefits as part of the right to development (Rai and Fisher, 2017).

In small islands states, for many of which climate change hazards and 
impacts at 1.5°C pose significant risks to sustainable development (see 

Chapter 3 Box 3.5, Chapter 4 Box 4.3, Box 5.3), examples of CRDPs 
have emerged since the AR5. This includes the SAMOA Pathway: SIDS 
Accelerated Modalities of Action (see Chapter 4, Box 4.3) (UNGA, 2014; 
Government of Kiribati, 2016; Steering Committee on Partnerships for 
SIDS and UN DESA, 2016; Lefale et al., 2017) and the Framework for 
Resilient Development in the Pacific, a leading example of integrated 
regional climate change adaptation planning for mitigation and 
sustainable development, disaster risk management and low-carbon 
economies (SPC, 2016). Small islands of the Pacific vary significantly 
in their capacity and resources to support effective integrated planning 
(McCubbin et al., 2015; Barnett and Walters, 2016; Cvitanovic et al., 
2016; Hemstock et al., 2017; Robinson and Dornan, 2017). Vanuatu (Box 
5.3) has developed a significant coordinated national adaptation plan 
to advance the 2030 Agenda for Sustainable Development, respond to 
the Paris Agreement and reduce the risk of disasters in line with the 
Sendai targets (UNDP, 2016; Republic of Vanuatu, 2017).

Box 5.3 |  Republic of Vanuatu – National Planning for Development and Climate Resilience

The Republic of Vanuatu is leading Pacific Small Island Developing States (SIDS) to develop a nationally coordinated plan for climate-
resilient development in the context of high exposure to hazard risk (MoCC, 2016; UNU-EHS, 2016). The majority of the population 
depends on subsistence, rain-fed agriculture and coastal fisheries for food security (Sovacool et al., 2017). Sea level rise, increased 
prolonged drought, water shortages, intense storms, cyclone events and degraded coral reef environments threaten human security 
in a 1.5°C warmer world (see Chapter 3, Box 3.5) (SPC, 2015; Aipira et al., 2017). Given Vanuatu’s long history of climate hazards 
and disasters, local adaptive capacity is relatively high, despite barriers to the use of local knowledge and technology, and low rates 
of literacy and women’s participation (McNamara and Prasad, 2014; Aipira et al., 2017; Granderson, 2017). However, the adaptive 
capacity of Vanuatu and other SIDS is increasingly constrained due to more frequent severe weather events (see Chapter 3, Box 
3.5, Chapter 4, Cross-Chapter Box 9 in Chapter 4) (Gero et al., 2013; Kuruppu and Willie, 2015; SPC, 2015; Sovacool et al., 2017).

Vanuatu has developed a national sustainable development plan for 2016–2030: the People’s Plan (Republic of Vanuatu, 2016). 
This coordinated, inclusive plan of action on economy, environment and society aims to strengthen adaptive capacity and resilience 
to climate change and disasters. It emphasizes rights of all Ni-Vanuatu, including women, youth, the elderly and vulnerable groups 
(Nalau et al., 2016). Vanuatu has also developed a Coastal Adaptation Plan (Republic of Vanuatu, 2016), an integrated Climate 
Change and Disaster Risk Reduction Policy (2016–2030) (SPC, 2015) and the first South Pacific National Advisory Board on Climate 
Change & Disaster Risk Reduction (SPC, 2015; UNDP, 2016).

Vanuatu aims to integrate planning at multiple scales, and increase climate resilience by supporting local coping capacities and 
iterative processes of planning for sustainable development and integrated risk assessment (Aipira et al., 2017; Eriksson et al., 
2017; Granderson, 2017). Climate-resilient development is also supported by non-state partnerships, for example, the ‘Yumi stap 
redi long climate change’–the Vanuatu non-governmental organization Climate Change Adaptation Program (Maclellan, 2015). 
This programme focuses on equitable governance, with particular attention to supporting women’s voices in decision-making 
through allied programmes addressing domestic violence, and rights-based education to reduce social marginalization; alongside 
institutional reforms for greater transparency, accountability and community participation in decision-making (Davies, 2015; 
Maclellan, 2015; Sterrett, 2015; Ensor, 2016; UN Women, 2016).

Power imbalances embedded in the political economy of development (Nunn et al., 2014), gender discrimination (Aipira et al., 2017) 
and the priorities of climate finance (Cabezon et al., 2016) may marginalize the priorities of local communities and influence how 
local risks are understood, prioritised and managed (Kuruppu and Willie, 2015; Baldacchino, 2017; Sovacool et al., 2017). However, 
the experience of the low death toll after Cyclone Pam suggests effective use of local knowledge in planning and early warning may 
support resilience at least in the absence of storm surge flooding (Handmer and Iveson, 2017; Nalau et al., 2017). Nevertheless, the 
very severe infrastructure damage of Cyclone Pam 2015 highlights the limits of individual Pacific SIDS efforts and the need for global 
and regional responses to a 1.5°C warmer world (see Chapter 3, Box 3.5, Chapter 4, Box 4.3) (Dilling et al., 2015; Ensor, 2016; Shultz 
et al., 2016; Rey et al., 2017).



Chapter 5 Sustainable Development, Poverty Eradication and Reducing Inequalities

55

472

Communities, towns and cities also contribute to low-carbon pathways, 
sustainable development and fair and equitable climate resilience, 
often focused on processes of power, learning and contestation as entry 
points to more localised CRDPs (medium evidence, high agreement) 
(Cross-Chapter Box 13 in this chapter, Box 5.2). In the Scottish Borders 
Climate Resilient Communities Project (United Kingdom), local flood 
management is linked with national policies to foster cross-scalar 
and inclusive governance, with attention to systemic disadvantages, 
shocks and stressors, capacity building, learning for change and climate 
narratives to inspire hope and action, all of which are essential for 
community resilience in a 1.5°C warmer world (Fazey et al., 2018). 
Narratives and storytelling are vital for realizing place-based 1.5°C 
futures as they create space for agency, deliberation, co-constructing 
meaning, imagination and desirable and dignified pathways (Veland 
et al., 2018). Engagement with possible futures, identity and self-
reliance is also documented for Alaska, where warming has already 
exceeded 1.5°C and indigenous communities invest in renewable 
energy, greenhouses for food security and new fishing practices to 
overcome loss of sea ice, flooding and erosion (Chapin et al., 2016; 
Fazey et al., 2018). The Asian Cities Climate Change Resilience Network 
facilitates shared learning dialogues, risk-to-resilience workshops, and 

iterative, consultative planning in flood-prone cities in India; vulnerable 
communities, municipal governmental agents, entrepreneurs and 
technical experts negotiate different visions, trade-offs and local politics 
to identify desirable pathways (Harris et al., 2017).

Transforming our societies and systems to limit global warming to 
1.5°C and ensuring equity and well-being for human populations 
and ecosystems in a 1.5°C warmer world would require ambitious 
and well-integrated adaptation–mitigation–development pathways 
that deviate fundamentally from high-carbon, business-as-usual 
futures (Okereke and Coventry, 2016; Arts, 2017; Gupta and Arts, 
2017; Sealey-Huggins, 2017). Identifying and negotiating socially 
acceptable, inclusive and equitable pathways towards climate-
resilient futures is a challenging, yet important, endeavour, fraught 
with complex moral, practical and political difficulties and inevitable 
trade-offs (very high confidence). The ultimate questions are: what 
futures do we want (Bai et al., 2016; Tàbara et al., 2017; Klinsky and 
Winkler, 2018; O’Brien, 2018; Veland et al., 2018), whose resilience 
matters, for what, where, when and why (Meerow and Newell, 2016), 
and ‘whose vision … is being pursued and along which pathways’ 
(Gillard et al., 2016).

Cross-Chapter Box 13 |  Cities and Urban Transformation

Lead Authors:
Fernando Aragon-Durand (Mexico), Paolo Bertoldi (Italy), Anton Cartwright (South Africa), François Engelbrecht (South Africa), 
Bronwyn Hayward (New Zealand), Daniela Jacob (Germany), Debora Ley (Guatemala/Mexico), Shagun Mehrotra (USA/India), Peter 
Newman (Australia), Aromar Revi (India), Seth Schultz (USA), William Solecki (USA), Petra Tschakert (Australia/Austria)

Contributor: 
Peter Marcotullio (USA)

Global Urbanization in a 1.5°C Warmer World
The concentration of economic activity, dense social networks, human resource capacity, investment in infrastructure and buildings, 
relatively nimble local governments, close connection to surrounding rural and natural environments, and a tradition of innovation 
provide urban areas with transformational potential (see Chapter 4, Section 4.3.3) (Castán Broto, 2017). In this sense, the urbanization 
megatrend that will take place over the next three decades, and add approximately 2 billion people to the global urban population 
(UN, 2014), offers opportunities for efforts to limit warming to 1.5°C.

Cities can also, however, concentrate the risks of flooding, landslides, fire and infectious and parasitic disease that are expected to 
heighten in a 1.5°C warmer world (Chapter 3). In African and Asian countries where urbanization rates are highest, these risks could 
expose and amplify pre-existing stresses related to poverty, exclusion, and governance (Gore, 2015; Dodman et al., 2017; Jiang and 
O’Neill, 2017; Pelling et al., 2018; Solecki et al., 2018). Through its impact on economic development and investment, urbanization 
often leads to increased consumption and environmental degradation and enhanced vulnerability and risk (Rosenzweig et al., 2018). 
In the absence of innovation, the combination of urbanization and urban economic development could contribute 226 GtCO2 in 
emissions by 2050 (Bai et al., 2018). At the same time, some new urban developments are demonstrating combined carbon and 
Sustainable Development Goals (SDG) benefits (Wiktorowicz et al., 2018), and it is in towns and cities that building renovation rates 
can be most easily accelerated to support the transition to 1.5°C pathways (Kuramochi et al., 2018), including through voluntary 
programmes (Van der Heijden, 2018).

Urban transformations and emerging climate-resilient development pathways
The 1.5°C pathways require action in all cities and urban contexts. Recent literature emphasizes the need to deliberate and negotiate 
how resilience and climate-resilient pathways can be fostered in the context of people’s daily lives, including the failings of everyday 
development such as unemployment, inadequate housing and a growing informal sector and settlements (informality), in order 
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to acknowledge local priorities and foster transformative learning (Vale, 2014; Shi et al., 2016; Harris et al., 2017; Ziervogel et al., 
2017; Fazey et al., 2018; Macintyre et al., 2018). Enhancing deliberate transformative capacities in urban contexts also entails new 
and relational forms of envisioning agency, equity, resilience, social cohesion and well-being (Section 5.5.3) (Gillard et al., 2016; 
Ziervogel et al., 2016). Two examples of urban transformation are explored here.

The built environment, spatial planning, infrastructure, energy services, mobility and urban–rural linkages necessary in rapidly 
growing cities in South Asia and Africa in the next three decades present mitigation, adaptation and development opportunities 
that are crucial for a 1.5°C world (Newman et al., 2017; Lwasa et al., 2018; Teferi and Newman, 2018). Realizing these opportunities 
would require the structural challenges of poverty, weak and contested local governance, and low levels of local government 
investment to be addressed on an unprecedented scale (Wachsmuth et al., 2016; Chu et al., 2017; van Noorloos and Kloosterboer, 
2017; Pelling et al., 2018).

Urban governance is critical to ensuring that the necessary urban transitions deliver economic growth and equity (Hughes et al., 
2018). The proximity of local governments to citizens and their needs can make them powerful agents of climate action (Melica et 
al., 2018), but urban governance is enhanced when it involves multiple actors (Ziervogel et al., 2016; Pelling et al., 2018), supportive 
national governments (Tait and Euston-Brown, 2017), and sub-national climate networks (see Chapter 4, Section 4.4.1). Governance 
is complicated for the urban population currently living in informality. This population is expected to triple, to three billion, by 
2050 (Satterthwaite et al., 2018), placing a significant portion of the world’s population beyond the direct reach of formal climate 
mitigation and adaptation policies (Revi et al., 2014). How to address the co-evolved and structural conditions that lead to urban 
informality and associated vulnerability to 1.5°C of warming is a central question for this report. Brown and McGranahan (2016) 
cite evidence that the informal urban ‘green economy’ that has emerged out of necessity in the absence of formal service provisions 
is frequently low-carbon and resource-efficient.

Realising the potential for low carbon transitions in informal urban settlements would require an express recognition of the unpaid-
for contributions of women in the informal economy, and new partnerships between the state and communities (Ziervogel et al., 
2017; Pelling et al., 2018; Satterthwaite et al., 2018). There is no guarantee that these partnerships will evolve or cohere into the 
type of service delivery and climate governance system that could steer the change on a scale required to limit to warming to 1.5°C 
(Jaglin, 2014). However, work by transnational networks, such as Shack/Slum Dwellers International, C40, the Global Covenant 
of Mayors, and the International Council for Local Environmental Initiatives, as well as efforts to combine in-country planning for 
Nationally Determined Contributions (NDCs) (Andonova et al., 2017; Fuhr et al., 2018) with those taking place to support the New 
Urban Agenda and National Urban Policies, represent one step towards realizing the potential (Tait and Euston-Brown, 2017). 
So too do ‘old urban agendas’, such as slum upgrading and universal water and sanitation provision (McGranahan et al., 2016; 
Satterthwaite, 2016; Satterthwaite et al., 2018).

Transition Towns (TTs) are a type of urban transformation that have emerged mainly in high-income countries. The grassroots TT 
movement (origin in the United Kingdom) combines adaptation, mitigation and just transitions, mainly at the level of communities 
and small towns. It now has more than 1,300 registered local initiatives in more than 40 countries (Grossmann and Creamer, 
2017), many of them in the United Kingdom, the United States, and other high-income countries. TTs are described as ‘progressive 
localism’ (Cretney et al., 2016), aiming to foster a ‘communitarian ecological citizenship’ that goes beyond changes in consumption 
and lifestyle (Kenis, 2016). They aspire to promote equitable communities resilient to the impacts of climate change, peak oil and 
unstable global markets; re-localization of production and consumption; and transition pathways to a post-carbon future (Feola and 
Nunes, 2014; Evans and Phelan, 2016; Grossmann and Creamer, 2017).

TT initiatives typically pursue lifestyle-related low-carbon living and economies, food self-sufficiency, energy efficiency through 
renewables, construction with locally sourced material and cottage industries (Barnes, 2015; Staggenborg and Ogrodnik, 2015; 
Taylor Aiken, 2016). Social and iterative learning through the collective involves dialogue, deliberation, capacity building, citizen 
science engagements, technical re-skilling to increase self-reliance, for example canning and preserving food and permaculture, 
future visioning and emotional training to share difficulties and loss (Feola and Nunes, 2014; Barnes, 2015; Boke, 2015; Taylor Aiken, 
2015; Kenis, 2016; Mehmood, 2016; Grossmann and Creamer, 2017).

Important conditions for successful transition groups include flexibility, participatory democracy, care ethics, inclusiveness and 
consensus-building, assuming bridging or brokering roles, and community alliances and partnerships (Feola and Nunes, 2014; 
Mehmood, 2016; Taylor Aiken, 2016; Grossmann and Creamer, 2017). Smaller scale rural initiatives allow for more experimentation 

Cross-Chapter Box 13 (continued)
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(Cretney et al., 2016), while those in urban centres benefit from stronger networks and proximity to power structures (North and 
Longhurst, 2013; Nicolosi and Feola, 2016). Increasingly, TTs recognize the need to participate in policymaking (Kenis and Mathijs, 
2014; Barnes, 2015).

Despite high self-ratings of success, some TT initiatives are too inwardly focused and geographically isolated (Feola and Nunes, 
2014), while others have difficulties in engaging marginalized, non-white, non-middle-class community members (Evans and 
Phelan, 2016; Nicolosi and Feola, 2016; Grossmann and Creamer, 2017). In the United Kingdom, expectations of innovations 
growing in scale (Taylor Aiken, 2015) and carbon accounting methods required by funding bodies (Taylor Aiken, 2016) 
undermine local resilience building. Tension between explicit engagements with climate change action and efforts to appeal 
to more people have resulted in difficult trade-offs and strained member relations (Grossmann and Creamer, 2017) though the 
contribution to changing an urban culture that prioritizes climate change is sometimes underestimated (Wiktorowicz et al., 2018). 
 
Urban actions that can highlight the 1.5°C agenda include individual actions within homes (Werfel, 2017; Buntaine and Prather, 
2018); demonstration zero carbon developments (Wiktorowicz et al., 2018); new partnerships between communities, government 
and business to build mass transit and electrify transport (Glazebrook and Newman, 2018); city plans to include climate outcomes 
(Millard-Ball, 2013); and support for transformative change across political, professional and sectoral divides (Bai et al., 2018).

Cross-Chapter Box 13 (continued)

5.6 Conditions for Achieving Sustainable 
Development, Eradicating Poverty 
and Reducing Inequalities in 
1.5°C Warmer Worlds

This chapter has described the fundamental, urgent and systemic 
transformations that would be needed to achieve sustainable 
development, eradicate poverty and reduce inequalities in a 1.5°C 
warmer world, in various contexts and across scales. In particular, it 
has highlighted the societal dimensions, putting at the centre people’s 
needs and aspirations in their specific contexts. Here we synthesize 
some of the most pertinent enabling conditions (see Glossary) to 
support these profound transformations. These conditions are closely 
interlinked and connected by the overarching concept of governance, 
which broadly includes institutional, socio-economic, cultural and 
technological elements (see Chapter 1, Cross-Chapter Box 4 in 
Chapter 1).

5.6.1 Finance and Technology Aligned with Local Needs

Significant gaps in green investment constrain transitions to a low-
carbon economy aligned with development objectives (Volz et al., 
2015; Campiglio, 2016). Hence, unlocking new forms of public, private 
and public–private financing is essential to support environmental 
sustainability of the economic system (Croce et al., 2011; Blyth et al., 
2015; Falcone et al., 2018) (see Chapter 4, Section 4.4.5). To avoid risks 
of undesirable trade-offs with the SDGs caused by national budget 
constraints, improved access to international climate finance is essential 
for supporting adaptation, mitigation and sustainable development, 
especially for LDCs and SIDS (medium evidence, high agreement) 
(Shine and Campillo, 2016; Wood, 2017). Care needs to be taken when 
international donors or partnership arrangements influence project 
financing structures (Kongsager and Corbera, 2015; Purdon, 2015; 
Phillips et al., 2017; Ficklin et al., 2018). Conventional climate funding 
schemes, especially the Clean Development Mechanism (CDM), have 

shown positive effects on sustainable development but also adverse 
consequences, for example, on adaptive capacities of rural households 
and uneven distribution of costs and benefits, often exacerbating 
inequalities (robust evidence, high agreement) (Aggarwal, 2014; 
Brohé, 2014; He et al., 2014; Schade and Obergassel, 2014; Smits and 
Middleton, 2014; Wood et al., 2016a; Horstmann and Hein, 2017; 
Kreibich et al., 2017). Close consideration of recipients’ context-
specific needs when designing financial support helps to overcome 
these limitations as it better aligns community needs, national policy 
objectives and donors’ priorities; puts the emphasis on the increase of 
transparency and predictability of support; and fosters local capacity 
building (medium evidence, high agreement) (Barrett, 2013; Boyle et 
al., 2013; Shine and Campillo, 2016; Ley, 2017; Sánchez and Izzo, 2017).

The development and transfer of technologies is another enabler for 
developing countries to contribute to the requirements of the 1.5°C 
objective while achieving climate resilience and their socio-economic 
development goals (see Chapter 4, Section 4.4.4). International-
level governance would be needed to boost domestic innovation 
and the deployment of new technologies, such as negative emission 
technologies, towards the 1.5°C objective (see Chapter 4, Section 4.3.7), 
but the alignment with local needs depends on close consideration 
of the specificities of the domestic context in countries at all levels 
of development (de Coninck and Sagar, 2015; IEA, 2015; Parikh et al., 
2018). Technology transfer supporting development in developing 
countries would require an understanding of local and national actors 
and institutions (de Coninck and Puig, 2015; de Coninck and Sagar, 
2017; Michaelowa et al., 2018), careful attention to the capacities in 
the entire innovation chain (Khosla et al., 2017; Olawuyi, 2017) and 
transfer of not only equipment but also knowledge (medium evidence, 
high agreement) (Murphy et al., 2015).

5.6.2 Integration of Institutions 

Multilevel governance in climate change has emerged as a key enabler 
for systemic transformation and effective governance (see Chapter 4, 
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Section 4.4.1). On the one hand, low-carbon and climate-resilient 
development actions are often well aligned at the lowest scale 
possible (Suckall et al., 2015; Sánchez and Izzo, 2017), and informal, 
local institutions are critical in enhancing the adaptive capacity 
of countries and marginalized communities (Yaro et al., 2015). On 
the other hand, international and national institutions can provide 
incentives for projects to harness synergies and avoid trade-offs 
(Kongsager et al., 2016).

Governance approaches that coordinate and monitor multiscale 
policy actions and trade-offs across sectoral, local, national, regional 
and international levels are therefore best suited to implement goals 
towards 1.5°C warmer conditions and sustainable development (Ayers 
et al., 2014; Stringer et al., 2014; von Stechow et al., 2016; Gwimbi, 
2017; Hayward, 2017; Maor et al., 2017; Roger et al., 2017; Michaelowa 
et al., 2018). Vertical and horizontal policy integration and coordination 
is essential to take into account the interplay and trade-offs between 
sectors and spatial scales (Duguma et al., 2014; Naess et al., 2015; von 
Stechow et al., 2015; Antwi-Agyei et al., 2017a; Di Gregorio et al., 2017; 
Runhaar et al., 2018), enable the dialogue between local communities 
and institutional bodies (Colenbrander et al., 2016), and involve non-
state actors such as business, local governments and civil society 
operating across different scales (robust evidence, high agreement) 
(Hajer et al., 2015; Labriet et al., 2015; Hale, 2016; Pelling et al., 2016; 
Kalafatis, 2017; Lyon, 2018).

5.6.3 Inclusive Processes

Inclusive governance processes are critical for preparing for a 1.5°C 
warmer world (Fazey et al., 2018; O’Brien, 2018; Patterson et al., 2018). 
These processes have been shown to serve the interests of diverse 
groups of people and enhance empowerment of often excluded 
stakeholders, notably women and youth (MRFCJ, 2015a; Dumont et 
al., 2017). They also enhance social- and co-learning which, in turn, 
facilitates accelerated and adaptive management and the scaling up 
of capacities for resilience building (Ensor and Harvey, 2015; Reij and 
Winterbottom, 2015; Tschakert et al., 2016; Binam et al., 2017; Dumont 
et al., 2017; Fazey et al., 2018; Lyon, 2018; O’Brien, 2018), and provides 
opportunities to blend indigenous, local and scientific knowledge 
(robust evidence, high agreement) (see Chapter 4, Section 4.3.5.5, 
Box 4.3, Section 5.3) (Antwi-Agyei et al., 2017a; Coe et al., 2017; 
Thornton and Comberti, 2017) . Such co-learning has been effective 
in improving deliberative decision-making processes that incorporate 
different values and world views (Cundill et al., 2014; C. Butler et al., 
2016; Ensor, 2016; Fazey et al., 2016; Gorddard et al., 2016; Aipira et 
al., 2017; Chung Tiam Fook, 2017; Maor et al., 2017), and create space 
for negotiating diverse interests and preferences (robust evidence, high 
agreement) (O’Brien et al., 2015; Gillard et al., 2016; DeCaro et al., 
2017; Harris et al., 2017; Lahn, 2018).

5.6.4 Attention to Issues of Power and Inequality 

Societal transformations to limit global warming to 1.5°C and strive 
for equity and well-being for all are not power neutral (Section 5.5.3). 
Development preferences are often shaped by powerful interests that 
determine the direction and pace of change, anticipated benefits and 
beneficiaries, and acceptable and unacceptable trade-offs (Newell et 

al., 2014; Fazey et al., 2016; Tschakert et al., 2016; Winkler and Dubash, 
2016; Wood et al., 2016b; Karlsson et al., 2017; Quan et al., 2017; 
Tanner et al., 2017). Each development pathway, including legacies and 
path dependencies, creates its own set of opportunities and challenges 
and winners and losers, both within and across countries (Figure 5.5) 
(robust evidence, high agreement) (Mathur et al., 2014; Phillips et al., 
2017; Stringer et al., 2017; Wood, 2017; Ficklin et al., 2018; Gajjar et 
al., 2018).

Addressing the uneven distribution of power is critical to ensure 
that societal transformation towards a 1.5°C warmer world does 
not exacerbate poverty and vulnerability or create new injustices but 
rather encourages equitable transformational change (Patterson et 
al., 2018). Equitable outcomes are enhanced when they pay attention 
to just outcomes for those negatively affected by change (Newell et 
al., 2014; Dilling et al., 2015; Naess et al., 2015; Sovacool et al., 2015; 
Cervigni and Morris, 2016; Keohane and Victor, 2016) and promote 
human rights, increase equality and reduce power asymmetries within 
societies (robust evidence, high agreement) (UNRISD, 2016; Robinson 
and Shine, 2018).

5.6.5 Reconsidering Values 

The profound transformations that would be needed to integrate 
sustainable development and 1.5°C-compatible pathways call for 
examining the values, ethics, attitudes and behaviours that underpin 
societies (Hartzell-Nichols, 2017; O’Brien, 2018; Patterson et al., 2018). 
Infusing values that promote sustainable development (Holden et al., 
2017), overcome individual economic interests and go beyond economic 
growth (Hackmann, 2016), encourage desirable and transformative 
visions (Tàbara et al., 2018), and care for the less fortunate (Howell 
and Allen, 2017) is part and parcel of climate-resilient and sustainable 
development pathways. This entails helping societies and individuals 
to strive for sufficiency in resource consumption within planetary 
boundaries alongside sustainable and equitable well-being (O’Neill 
et al., 2018). Navigating 1.5°C societal transformations, characterized 
by action from local to global, stresses the core commitment to 
social justice, solidarity and cooperation, particularly regarding the 
distribution of responsibilities, rights and mutual obligations between 
nations (medium evidence, high agreement) (Patterson et al., 2018; 
Robinson and Shine, 2018).

5.7 Synthesis and Research Gaps

The assessment in Chapter 5 illustrates that limiting global warming 
to 1.5°C above pre-industrial levels is fundamentally connected with 
achieving sustainable development, poverty eradication and reducing 
inequalities. It shows that avoided impacts between 1.5°C and 2°C 
temperature stabilization would make it easier to achieve many aspects 
of sustainable development, although important risks would remain 
at 1.5°C (Section 5.2). Synergies between adaptation and mitigation 
response measures with sustainable development and the SDGs can 
often be enhanced when attention is paid to well-being and equity 
while, when unaddressed, poverty and inequalities may be exacerbated 
(Section 5.3 and 5.4). Climate-resilient development pathways (CRDPs) 
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open up routes towards socially desirable futures that are sustainable 
and liveable, but concrete evidence reveals complex trade-offs along 
a continuum of different pathways, highlighting the role of societal 
values, internal contestations and political dynamics (Section 5.5). The 
transformations towards sustainable development in a 1.5°C warmer 
world, in all contexts, involve fundamental societal and systemic 
changes over time and across scale, and a set of enabling conditions 
without which the dual goal is difficult if not impossible to achieve 
(Sections 5.5 and 5.6).

This assessment is supported by growing knowledge on the linkages 
between a 1.5°C warmer world and different dimensions of sustainable 
development. However, several gaps in the literature remain:

Limited evidence exists that explicitly examines the real-world 
implications of a 1.5°C warmer world (and overshoots) as well as 
avoided impacts between 1.5°C versus 2°C for the SDGs and sustainable 
development more broadly. Few projections are available for 
households, livelihoods and communities. And literature on differential 
localized impacts and their cross-sector interacting and cascading 
effects with multidimensional patterns of societal vulnerability, poverty 
and inequalities remains scarce. Hence, caution is needed when global-
level conclusions about adaptation and mitigation measures in a 1.5°C 
warmer world are applied to sustainable development in local, national 
and regional settings.

Limited literature has systematically evaluated context-specific 
synergies and trade-offs between and across adaptation and mitigation 
response measures in 1.5°C-compatible pathways and the SDGs. This 

hampers the ability to inform decision-making and fair and robust policy 
packages adapted to different local, regional or national circumstances. 
More research is required to understand how trade-offs and synergies 
will intensify or decrease, differentially across geographic regions and 
time, in a 1.5°C warmer world and as compared to higher temperatures.

Limited availability of interdisciplinary studies also poses a challenge 
for connecting the socio-economic transformations and the governance 
aspects of low emissions, climate-resilient transformations. For 
example, it remains unclear how governance structures enable or 
hinder different groups of people and countries to negotiate pathway 
options, values and priorities.

The literature does not demonstrate the existence of 1.5°C-compatible 
pathways achieving the ‘universal and indivisible’ agenda of the 
17 SDGs, and hence does not show whether and how the nature 
and pace of changes that would be required to meet 1.5°C climate 
stabilization could be fully synergetic with all the SDGs.

The literature on low emissions and CRDPs in local, regional and national 
contexts is growing. Yet the lack of standard indicators to monitor such 
pathways makes it difficult to compare evidence grounded in specific 
contexts with differential circumstances, and therefore to derive 
generic lessons on the outcome of decisions on specific indicators. This 
knowledge gap poses a challenge for connecting local-level visions 
with global-level trajectories to better understand key conditions for 
societal and systems transformations that reconcile urgent climate 
action with well-being for all.
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Frequently Asked Questions 

FAQ 5.1 | What are the Connections between Sustainable Development and Limiting Global  
 Warming to 1.5°C above Pre-Industrial Levels?

Summary: Sustainable development seeks to meet the needs of people living today without compromising the 
needs of future generations, while balancing social, economic and environmental considerations. The 17 UN 
Sustainable Development Goals (SDGs) include targets for eradicating poverty; ensuring health, energy and food 
security; reducing inequality; protecting ecosystems; pursuing sustainable cities and economies; and a goal for 
climate action (SDG 13). Climate change affects the ability to achieve sustainable development goals, and limiting 
warming to 1.5°C will help meet some sustainable development targets. Pursuing sustainable development will 
influence emissions, impacts and vulnerabilities. Responses to climate change in the form of adaptation and 
mitigation will also interact with sustainable development with positive effects, known as synergies, or negative 
effects, known as trade-offs. Responses to climate change can be planned to maximize synergies and limit trade-
offs with sustainable development.

For more than 25 years, the United Nations (UN) and other international organizations have embraced the 
concept of sustainable development to promote well-being and meet the needs of today’s population without 
compromising the needs of future generations. This concept spans economic, social and environmental objectives 
including poverty and hunger alleviation, equitable economic growth, access to resources, and the protection of 
water, air and ecosystems. Between 1990 and 2015, the UN monitored a set of eight Millennium Development 
Goals (MDGs). They reported progress in reducing poverty, easing hunger and child mortality, and improving 
access to clean water and sanitation. But with millions remaining in poor health, living in poverty and facing 
serious problems associated with climate change, pollution and land-use change, the UN decided that more 
needed to be done. In 2015, the UN Sustainable Development Goals (SDGs) were endorsed as part of the 2030 
Agenda for Sustainable Development. The 17 SDGs (Figure FAQ 5.1) apply to all countries and have a timeline 
for success by 2030. The SDGs seek to eliminate extreme poverty and hunger; ensure health, education, peace, 
safe water and clean energy for all; promote inclusive and sustainable consumption, cities, infrastructure and 
economic growth; reduce inequality including gender inequality; combat climate change and protect oceans and 
terrestrial ecosystems.

Climate change and sustainable development are fundamentally connected. Previous IPCC reports found that 
climate change can undermine sustainable development, and that well-designed mitigation and adaptation 
responses can support poverty alleviation, food security, healthy ecosystems, equality and other dimensions of 
sustainable development. Limiting global warming to 1.5°C would require mitigation actions and adaptation 
measures to be taken at all levels. These adaptation and mitigation actions would include reducing emissions and 
increasing resilience through technology and infrastructure choices, as well as changing behaviour and policy. 
  
These actions can interact with sustainable development objectives in positive ways that strengthen sustainable 
development, known as synergies. Or they can interact in negative ways, where sustainable development is 
hindered or reversed, known as trade-offs.

An example of a synergy is sustainable forest management, which can prevent emissions from deforestation 
and take up carbon to reduce warming at reasonable cost. It can work synergistically with other dimensions of 
sustainable development by providing food (SDG 2) and clean water (SDG 6) and protecting ecosystems (SDG 15). 
Other examples of synergies are when climate adaptation measures, such as coastal or agricultural projects, 
empower women and benefit local incomes, health and ecosystems.

An example of a trade-off can occur if ambitious climate change mitigation compatible with 1.5°C changes 
land use in ways that have negative impacts on sustainable development. An example could be turning natural 
forests, agricultural areas, or land under indigenous or local ownership to plantations for bioenergy production. 
If not managed carefully, such changes could undermine dimensions of sustainable development by threatening 
food and water security, creating conflict over land rights and causing biodiversity loss. Another trade-off could 
occur for some countries, assets, workers and infrastructure already in place if a switch is made from fossil fuels to 
other energy sources without adequate planning for such a transition. Trade-offs can be minimized if effectively 
managed, as when care is taken to improve bioenergy crop yields to reduce harmful land-use change or where 
workers are retrained for employment in lower carbon sectors.

(continued on next page)
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FAQ 5.1 (continued) 

Limiting temperature increase to 1.5°C can make it much easier to achieve the SDGs, but it is also possible that 
pursuing the SDGs could result in trade-offs with efforts to limit climate change. There are trade-offs when 
people escaping from poverty and hunger consume more energy or land and thus increase emissions, or if 
goals for economic growth and industrialization increase fossil fuel consumption and greenhouse gas emissions. 
Conversely, efforts to reduce poverty and gender inequalities and to enhance food, health and water security can 
reduce vulnerability to climate change. Other synergies can occur when coastal and ocean ecosystem protection 
reduces the impacts of climate change on these systems. The sustainable development goal of affordable and 
clean energy (SDG 7) specifically targets access to renewable energy and energy efficiency, which are important 
to ambitious mitigation and limiting warming to 1.5°C.

The link between sustainable development and limiting global warming to 1.5°C is recognized by the SDG for 
climate action (SDG 13), which seeks to combat climate change and its impacts while acknowledging that the United 
Nations Framework Convention on Climate Change (UNFCCC) is the primary international, intergovernmental 
forum for negotiating the global response to climate change.

The challenge is to put in place sustainable development policies and actions that reduce deprivation, alleviate 
poverty and ease ecosystem degradation while also lowering emissions, reducing climate change impacts and 
facilitating adaptation. It is important to strengthen synergies and minimize trade-offs when planning climate 
change adaptation and mitigation actions. Unfortunately, not all trade-offs can be avoided or minimized, but 
careful planning and implementation can build the enabling conditions for long-term sustainable development.

FAQ 5.1, Figure 1 |  Climate change action is one of the United Nations Sustainable Development Goals (SDGs) and is connected to sustainable development 
more broadly. Actions to reduce climate risk can interact with other sustainable development objectives in positive ways (synergies) and negative ways (trade-offs).
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Frequently Asked Questions 

FAQ 5.2 | What are the Pathways to Achieving Poverty Reduction and Reducing Inequalities  
 while Reaching a 1.5°C World?

Summary: There are ways to limit global warming to 1.5°C above pre-industrial levels. Of the pathways that 
exist, some simultaneously achieve sustainable development. They entail a mix of measures that lower emissions 
and reduce the impacts of climate change, while contributing to poverty eradication and reducing inequalities. 
Which pathways are possible and desirable will differ between and within regions and nations. This is due to 
the fact that development progress to date has been uneven and climate-related risks are unevenly distributed. 
Flexible governance would be needed to ensure that such pathways are inclusive, fair and equitable to avoid 
poor and disadvantaged populations becoming worse off. Climate-resilient development pathways (CRDPs) offer 
possibilities to achieve both equitable and low-carbon futures.

Issues of equity and fairness have long been central to climate change and sustainable development. Equity, 
like equality, aims to promote justness and fairness for all. This is not necessarily the same as treating everyone 
equally, since not everyone comes from the same starting point. Often used interchangeably with fairness and 
justice, equity implies implementing different actions in different places, all with a view to creating an equal 
world that is fair for all and where no one is left behind.

The Paris Agreement states that it ‘will be implemented to reflect equity… in the light of different national 
circumstances’ and calls for ‘rapid reductions’ of greenhouse gases to be achieved ‘on the basis of equity, and in 
the context of sustainable development and efforts to eradicate poverty’. Similarly, the UN SDGs include targets 
to reduce poverty and inequalities, and to ensure equitable and affordable access to health, water and energy 
for all.

Equity and fairness are important for considering pathways that limit warming to 1.5°C in a way that is liveable 
for every person and species. They recognize the uneven development status between richer and poorer nations, 
the uneven distribution of climate impacts (including on future generations) and the uneven capacity of different 
nations and people to respond to climate risks. This is particularly true for those who are highly vulnerable to 
climate change, such as indigenous communities in the Arctic, people whose livelihoods depend on agriculture 
or coastal and marine ecosystems, and inhabitants of small island developing states. The poorest people will 
continue to experience climate change through the loss of income and livelihood opportunities, hunger, adverse 
health effects and displacement.

Well-planned adaptation and mitigation measures are essential to avoid exacerbating inequalities or creating 
new injustices. Pathways that are compatible with limiting warming to 1.5°C and aligned with the SDGs consider 
mitigation and adaptation options that reduce inequalities in terms of who benefits, who pays the costs and who 
is affected by possible negative consequences. Attention to equity ensures that disadvantaged people can secure 
their livelihoods and live in dignity, and that those who experience mitigation or adaptation costs have financial 
and technical support to enable fair transitions.

CRDPs describe trajectories that pursue the dual goal of limiting warming to 1.5°C while strengthening sustainable 
development. This includes eradicating poverty as well as reducing vulnerabilities and inequalities for regions, 
countries, communities, businesses and cities. These trajectories entail a mix of adaptation and mitigation 
measures consistent with profound societal and systems transformations. The goals are to meet the short-term 
SDGs, achieve longer-term sustainable development, reduce emissions towards net zero around the middle of 
the century, build resilience and enhance human capacities to adapt, all while paying close attention to equity 
and well-being for all.

The characteristics of CRDPs will differ across communities and nations, and will be based on deliberations with 
a diverse range of people, including those most affected by climate change and by possible routes towards 
transformation. For this reason, there are no standard methods for designing CRDPs or for monitoring their 
progress towards climate-resilient futures. However, examples from around the world demonstrate that flexible 
and inclusive governance structures and broad participation often help support iterative decision-making, 
continuous learning and experimentation. Such inclusive processes can also help to overcome weak institutional 
arrangements and power structures that may further exacerbate inequalities.

(continued on next page)
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FAQ 5.2 (continued)

Ambitious actions already underway around the world can offer insight into CRDPs for limiting warming to 1.5°C. 
For example, some countries have adopted clean energy and sustainable transport while creating environmentally 
friendly jobs and supporting social welfare programmes to reduce domestic poverty. Other examples teach us 
about different ways to promote development through practices inspired by community values. For instance, 
Buen Vivir, a Latin American concept based on indigenous ideas of communities living in harmony with nature, 
is aligned with peace; diversity; solidarity; rights to education, health, and safe food, water, and energy; and 
well-being and justice for all. The Transition Movement, with origins in Europe, promotes equitable and resilient 
communities through low-carbon living, food self-sufficiency and citizen science. Such examples indicate that 
pathways that reduce poverty and inequalities while limiting warming to 1.5°C are possible and that they can 
provide guidance on pathways towards socially desirable, equitable and low-carbon futures.

FAQ 5.2, Figure 1 |  Climate-resilient development pathways (CRDPs) describe trajectories that pursue the dual goals of limiting warming to 1.5°C while 
strengthening sustainable development. Decision-making that achieves the SDGs, lowers greenhouse gas emissions and limits global warming could help lead to 
a climate-resilient world, within the context of enhancing adaptation.
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Agriculture and Livestock

Behavioural Response: Sustainable Healthy 
Diets and Reduced Food Waste
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Greenhouse Gas Reduction from Improved 
Livestock Production and Manure 

Management Systems
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Behavioural Response: Sustainable Healthy Diets and Reduced Food Waste
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Behavioural Response Accelerating Energy Efficiency Improvement
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1.5°C pathway See Pathways.

1.5°C warmer worlds Projected worlds in which global warming 
has reached and, unless otherwise indicated, been limited to 1.5°C 
above pre-industrial levels. There is no single 1.5°C warmer world, 
and projections of 1.5°C warmer worlds look different depending on 
whether it is considered on a near-term transient trajectory or at climate 
equilibrium after several millennia, and, in both cases, if it occurs with or 
without overshoot. Within the 21st century, several aspects play a role 
for the assessment of risk and potential impacts in 1.5°C warmer worlds: 
the possible occurrence, magnitude and duration of an overshoot; the 
way in which emissions reductions are achieved; the ways in which 
policies might be able to influence the resilience of human and natural 
systems; and the nature of the regional and sub-regional risks. Beyond 
the 21st century, several elements of the climate system would continue 
to change even if the global mean temperatures remain stable, including 
further increases of sea level. 

2030 Agenda for Sustainable Development A UN resolution 
in September 2015 adopting a plan of action for people, planet and 
prosperity in a new global development framework anchored in 17 
Sustainable Development Goals (UN, 2015). See also Sustainable 
Development Goals (SDGs).

Acceptability of policy or system change The extent to which 
a policy or system change is evaluated unfavourably or favourably, 
or rejected or supported, by members of the general public (public 
acceptability) or politicians or governments (political acceptability). 
Acceptability may vary from totally unacceptable/fully rejected to totally 
acceptable/fully supported; individuals may differ in how acceptable 
policies or system changes are believed to be.

Adaptability See Adaptive capacity.

Adaptation In human systems, the process of adjustment to actual 
or expected climate and its effects, in order to moderate harm or exploit 
beneficial opportunities. In natural systems, the process of adjustment 
to actual climate and its effects; human intervention may facilitate 
adjustment to expected climate and its effects. 

Incremental adaptation
Adaptation that maintains the essence and integrity of a system or 
process at a given scale. In some cases, incremental adaptation can 
accrue to result in transformational adaptation (Termeer et al., 2017; 
Tàbara et al., 2018). 

Transformational adaptation
Adaptation that changes the fundamental attributes of a socio-
ecological system in anticipation of climate change and its impacts.

Adaptation limits 
The point at which an actor’s objectives (or system needs) cannot be 
secured from intolerable risks through adaptive actions. 
• Hard adaptation limit: No adaptive actions are possible to avoid  
 intolerable risks. 
• Soft adaptation limit: Options are currently not available to avoid  
 intolerable risks through adaptive action.

See also Adaptation options, Adaptive capacity and Maladaptive 
actions (Maladaptation).

Adaptation behaviour See Human behaviour.

Adaptation limits  See Adaptation.

Adaptation options The array of strategies and measures that are 
available and appropriate for addressing adaptation. They include a 
wide range of actions that can be categorized as structural, institutional, 

ecological or behavioural. See also Adaptation, Adaptive capacity and 
Maladaptive actions (Maladaptation).

Adaptation pathways See Pathways.

Adaptive capacity The ability of systems, institutions, humans and 
other organisms to adjust to potential damage, to take advantage of 
opportunities, or to respond to consequences. This glossary entry builds 
from definitions used in previous IPCC reports and the Millennium 
Ecosystem Assessment (MEA, 2005). See also Adaptation, Adaptation 
options and Maladaptive actions (Maladaptation).

Adaptive governance See Governance.

Aerosol A suspension of airborne solid or liquid particles, with a 
typical size between a few nanometres and 10 μm that reside in the 
atmosphere for at least several hours. The term aerosol, which includes 
both the particles and the suspending gas, is often used in this report 
in its plural form to mean aerosol particles. Aerosols may be of either 
natural or anthropogenic origin. Aerosols may influence climate in 
several ways: through both interactions that scatter and/or absorb 
radiation and through interactions with cloud microphysics and other 
cloud properties, or upon deposition on snow- or ice-covered surfaces 
thereby altering their albedo and contributing to climate feedback. 
Atmospheric aerosols, whether natural or anthropogenic, originate from 
two different pathways: emissions of primary particulate matter (PM), 
and formation of secondary PM from gaseous precursors. The bulk of 
aerosols are of natural origin. Some scientists use group labels that refer 
to the chemical composition, namely: sea salt, organic carbon, black 
carbon (BC), mineral species (mainly desert dust), sulphate, nitrate, and 
ammonium. These labels are, however, imperfect as aerosols combine 
particles to create complex mixtures. See also Short-lived climate forcers 
(SLCF) and Black carbon (BC).

Afforestation Planting of new forests on lands that historically have 
not contained forests. For a discussion of the term forest and related 
terms such as afforestation, reforestation and deforestation, see the IPCC 
Special Report on Land Use, Land-Use Change, and Forestry (IPCC, 2000), 
information provided by the United Nations Framework Convention 
on Climate Change (UNFCCC, 2013) and the report on Definitions and 
Methodological Options to Inventory Emissions from Direct Human-
induced Degradation of Forests and Devegetation of Other Vegetation 
Types (IPCC, 2003). See also Reforestation, Deforestation, and Reducing 
Emissions from Deforestation and Forest Degradation (REDD+).

Agreement In this report, the degree of agreement within the 
scientific body of knowledge on a particular finding is assessed based on 
multiple lines of evidence (e.g., mechanistic understanding, theory, data, 
models, expert judgement) and expressed qualitatively (Mastrandrea et 
al., 2010). See also Evidence, Confidence, Likelihood and Uncertainty.

Air pollution Degradation of air quality with negative effects 
on human health or the natural or built environment due to the 
introduction, by natural processes or human activity, into the atmosphere 
of substances (gases, aerosols) which have a direct (primary pollutants) 
or indirect (secondary pollutants) harmful effect. See also Aerosol and 
Short-lived climate forcers (SLCF).

Albedo The fraction of solar radiation reflected by a surface or 
object, often expressed as a percentage. Snow-covered surfaces have a 
high albedo, the surface albedo of soils ranges from high to low, and 
vegetation-covered surfaces and the oceans have a low albedo. The 
Earth’s planetary albedo changes mainly through varying cloudiness and 
changes in snow, ice, leaf area and land cover.

Ambient persuasive technology Technological systems and 
environments that are designed to change human cognitive processing, 



Glossary Annex I

AI

543

attitudes and behaviours without the need for the user’s conscious 
attention.

Anomaly The deviation of a variable from its value averaged over a 
reference period.

Anthropocene The ‘Anthropocene’ is a proposed new geological 
epoch resulting from significant human-driven changes to the structure 
and functioning of the Earth System, including the climate system. 
Originally proposed in the Earth System science community in 2000, the 
proposed new epoch is undergoing a formalization process within the 
geological community based on the stratigraphic evidence that human 
activities have changed the Earth System to the extent of forming 
geological deposits with a signature that is distinct from those of the 
Holocene, and which will remain in the geological record. Both the 
stratigraphic and Earth System approaches to defining the Anthropocene 
consider the mid-20th Century to be the most appropriate starting date, 
although others have been proposed and continue to be discussed. The 
Anthropocene concept has been taken up by a diversity of disciplines 
and the public to denote the substantive influence humans have had on 
the state, dynamics and future of the Earth System. See also Holocene.

Anthropogenic Resulting from or produced by human activities. See 
also Anthropogenic emissions and Anthropogenic removals.

Anthropogenic emissions Emissions of greenhouse gases (GHGs), 
precursors of GHGs and aerosols caused by human activities. These 
activities include the burning of fossil fuels, deforestation, land use 
and land-use changes (LULUC), livestock production, fertilisation, waste 
management and industrial processes. See also Anthropogenic and 
Anthropogenic removals.

Anthropogenic removals Anthropogenic removals refer to the 
withdrawal of GHGs from the atmosphere as a result of deliberate 
human activities. These include enhancing biological sinks of CO2 and 
using chemical engineering to achieve long-term removal and storage. 
Carbon capture and storage (CCS) from industrial and energy-related 
sources, which alone does not remove CO2 in the atmosphere, can reduce 
atmospheric CO2 if it is combined with bioenergy production (BECCS). See 
also Anthropogenic emissions, Bioenergy with carbon dioxide capture 
and storage (BECCS) and Carbon dioxide capture and storage (CCS).

Artificial intelligence (AI) Computer systems able to perform tasks 
normally requiring human intelligence, such as visual perception and 
speech recognition.

Atmosphere The gaseous envelope surrounding the earth, divided 
into five layers – the troposphere which contains half of the Earth’s 
atmosphere, the stratosphere, the mesosphere, the thermosphere, 
and the exosphere, which is the outer limit of the atmosphere. The dry 
atmosphere consists almost entirely of nitrogen (78.1% volume mixing 
ratio) and oxygen (20.9% volume mixing ratio), together with a number 
of trace gases, such as argon (0.93 % volume mixing ratio), helium and 
radiatively active greenhouse gases (GHGs) such as carbon dioxide (CO2) 
(0.04% volume mixing ratio) and ozone (O3). In addition, the atmosphere 
contains the GHG water vapour (H2O), whose amounts are highly 
variable but typically around 1% volume mixing ratio. The atmosphere 
also contains clouds and aerosols. See also Troposphere, Stratosphere, 
Greenhouse gas (GHG) and Hydrological cycle.

Atmosphere–ocean general circulation model (AOGCM) See 
Climate model.

Attribution See Detection and attribution.

Baseline scenario In much of the literature the term is also 
synonymous with the term business-as-usual (BAU) scenario, although 

the term BAU has fallen out of favour because the idea of business as 
usual in century-long socio-economic projections is hard to fathom. In 
the context of transformation pathways, the term baseline scenarios 
refers to scenarios that are based on the assumption that no mitigation 
policies or measures will be implemented beyond those that are already 
in force and/or are legislated or planned to be adopted. Baseline 
scenarios are not intended to be predictions of the future, but rather 
counterfactual constructions that can serve to highlight the level of 
emissions that would occur without further policy effort. Typically, 
baseline scenarios are then compared to mitigation scenarios that are 
constructed to meet different goals for greenhouse gas (GHG) emissions, 
atmospheric concentrations or temperature change. The term baseline 
scenario is often used interchangeably with reference scenario and no 
policy scenario. See also Emission scenario and Mitigation scenario.

Battery electric vehicle (BEV) See Electric vehicle (EV).

Biochar Stable, carbon-rich material produced by heating biomass 
in an oxygen-limited environment. Biochar may be added to soils to 
improve soil functions and to reduce greenhouse gas emissions from 
biomass and soils, and for carbon sequestration. This definition builds 
from IBI (2018).

Biodiversity Biological diversity means the variability among living 
organisms from all sources, including, inter alia, terrestrial, marine and 
other aquatic ecosystems and the ecological complexes of which they 
are part; this includes diversity within species, between species and of 
ecosystems (UN, 1992).

Bioenergy Energy derived from any form of biomass or its metabolic 
by-products. See also Biomass and Biofuel.

Bioenergy with carbon dioxide capture and storage 
(BECCS) Carbon dioxide capture and storage (CCS) technology applied 
to a bioenergy facility. Note that depending on the total emissions of 
the BECCS supply chain, carbon dioxide (CO2) can be removed from the 
atmosphere. See also Bioenergy and Carbon dioxide capture and storage 
(CCS).

Biofuel A fuel, generally in liquid form, produced from biomass. 
Biofuels currently include bioethanol from sugarcane or maize, biodiesel 
from canola or soybeans, and black liquor from the paper-manufacturing 
process. See also Biomass and Bioenergy.

Biomass  Living or recently dead organic material. See also Bioenergy 
and Biofuel.

Biophilic urbanism Designing cities with green roofs, green walls 
and green balconies to bring nature into the densest parts of cities in 
order to provide green infrastructure and human health benefits. See also 
Green infrastructure.

Black carbon (BC) Operationally defined aerosol species based on 
measurement of light absorption and chemical reactivity and/or thermal 
stability. It is sometimes referred to as soot. BC is mostly formed by the 
incomplete combustion of fossil fuels, biofuels and biomass but it also 
occurs naturally. It stays in the atmosphere only for days or weeks. It is 
the most strongly light-absorbing component of particulate matter (PM) 
and has a warming effect by absorbing heat into the atmosphere and 
reducing the albedo when deposited on snow or ice. See also Aerosol.

Blue carbon Blue carbon is the carbon captured by living organisms 
in coastal (e.g., mangroves, salt marshes, seagrasses) and marine 
ecosystems, and stored in biomass and sediments.

Burden sharing (also referred to as Effort sharing)  In the 
context of mitigation, burden sharing refers to sharing the effort of 
reducing the sources or enhancing the sinks of greenhouse gases (GHGs) 
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from historical or projected levels, usually allocated by some criteria, as 
well as sharing the cost burden across countries.

Business as usual (BAU) See Baseline scenario.

Carbon budget This term refers to three concepts in the literature: 
(1) an assessment of carbon cycle sources and sinks on a global level, 
through the synthesis of evidence for fossil fuel and cement emissions, 
land-use change emissions, ocean and land CO2 sinks, and the resulting 
atmospheric CO2 growth rate. This is referred to as the global carbon 
budget; (2) the estimated cumulative amount of global carbon dioxide 
emissions that that is estimated to limit global surface temperature 
to a given level above a reference period, taking into account global 
surface temperature contributions of other GHGs and climate forcers; (3) 
the distribution of the carbon budget defined under (2) to the regional, 
national, or sub-national level based on considerations of equity, costs or 
efficiency. See also Remaining carbon budget.

Carbon cycle The term used to describe the flow of carbon (in 
various forms, e.g., as carbon dioxide (CO2), carbon in biomass, and 
carbon dissolved in the ocean as carbonate and bicarbonate) through 
the atmosphere, hydrosphere, terrestrial and marine biosphere and 
lithosphere. In this report, the reference unit for the global carbon cycle 
is GtCO2 or GtC (Gigatonne of carbon = 1 GtC = 1015 grams of carbon. 
This corresponds to 3.667 GtCO2).

Carbon dioxide (CO2) A naturally occurring gas, CO2 is also a 
by-product of burning fossil fuels (such as oil, gas and coal), of burning 
biomass, of land-use changes (LUC) and of industrial processes (e.g., 
cement production). It is the principal anthropogenic greenhouse gas 
(GHG) that affects the Earth’s radiative balance. It is the reference gas 
against which other GHGs are measured and therefore has a global 
warming potential (GWP) of 1. See also Greenhouse gas (GHG).

Carbon dioxide capture and storage (CCS) A process in which 
a relatively pure stream of carbon dioxide (CO2) from industrial and 
energy-related sources is separated (captured), conditioned, compressed 
and transported to a storage location for long-term isolation from the 
atmosphere. Sometimes referred to as Carbon capture and storage. See 
also Carbon dioxide capture and utilisation (CCU), Bioenergy with carbon 
dioxide capture and storage (BECCS) and Uptake.

Carbon dioxide capture and utilisation (CCU) A process in which 
CO2 is captured and then used to produce a new product. If the CO2 is 
stored in a product for a climate-relevant time horizon, this is referred 
to as carbon dioxide capture, utilisation and storage (CCUS). Only then, 
and only combined with CO2 recently removed from the atmosphere, can 
CCUS lead to carbon dioxide removal. CCU is sometimes referred to as 
carbon dioxide capture and use. See also Carbon dioxide capture and 
storage (CCS).

Carbon dioxide capture, utilisation and storage (CCUS) See 
Carbon dioxide capture and utilisation (CCU).

Carbon dioxide removal (CDR) Anthropogenic activities removing 
CO2 from the atmosphere and durably storing it in geological, terrestrial, 
or ocean reservoirs, or in products. It includes existing and potential 
anthropogenic enhancement of biological or geochemical sinks and 
direct air capture and storage, but excludes natural CO2 uptake not 
directly caused by human activities. See also Mitigation (of climate 
change), Greenhouse gas removal (GGR), Negative emissions, Direct air 
carbon dioxide capture and storage (DACCS) and Sink.

Carbon intensity The amount of emissions of carbon dioxide (CO2) 
released per unit of another variable such as gross domestic product 
(GDP), output energy use or transport.

Carbon neutrality See Net zero CO2 emissions.

Carbon price The price for avoided or released carbon dioxide (CO2) 
or CO2-equivalent emissions. This may refer to the rate of a carbon tax, 
or the price of emission permits. In many models that are used to assess 
the economic costs of mitigation, carbon prices are used as a proxy to 
represent the level of effort in mitigation policies.

Carbon sequestration The process of storing carbon in a carbon 
pool. See also Blue carbon, Carbon dioxide capture and storage (CCS), 
Uptake and Sink.

Carbon sink See Sink.

Clean Development Mechanism (CDM) A mechanism defined 
under Article 12 of the Kyoto Protocol through which investors 
(governments or companies) from developed (Annex B) countries may 
finance greenhouse gas (GHG) emission reduction or removal projects 
in developing countries (Non-Annex B), and receive Certified Emission 
Reduction Units (CERs) for doing so. The CERs can be credited towards the 
commitments of the respective developed countries. The CDM is intended 
to facilitate the two objectives of promoting sustainable development 
(SD) in developing countries and of helping industrialised countries to 
reach their emissions commitments in a cost-effective way. 

Climate Climate in a narrow sense is usually defined as the average 
weather, or more rigorously, as the statistical description in terms of 
the mean and variability of relevant quantities over a period of time 
ranging from months to thousands or millions of years. The classical 
period for averaging these variables is 30 years, as defined by the World 
Meteorological Organization. The relevant quantities are most often 
surface variables such as temperature, precipitation and wind. Climate 
in a wider sense is the state, including a statistical description, of the 
climate system.

Climate change Climate change refers to a change in the state of the 
climate that can be identified (e.g., by using statistical tests) by changes 
in the mean and/or the variability of its properties and that persists for an 
extended period, typically decades or longer. Climate change may be due 
to natural internal processes or external forcings such as modulations 
of the solar cycles, volcanic eruptions and persistent anthropogenic 
changes in the composition of the atmosphere or in land use. Note that 
the Framework Convention on Climate Change (UNFCCC), in its Article 
1, defines climate change as: ‘a change of climate which is attributed 
directly or indirectly to human activity that alters the composition of the 
global atmosphere and which is in addition to natural climate variability 
observed over comparable time periods.’ The UNFCCC thus makes a 
distinction between climate change attributable to human activities 
altering the atmospheric composition and climate variability attributable 
to natural causes. See also Climate variability, Global warming, Ocean 
acidification (OA) and Detection and attribution.

Climate change commitment Climate change commitment is 
defined as the unavoidable future climate change resulting from inertia 
in the geophysical and socio-economic systems. Different types of climate 
change commitment are discussed in the literature (see subterms). 
Climate change commitment is usually quantified in terms of the further 
change in temperature, but it includes other future changes, for example 
in the hydrological cycle, in extreme weather events, in extreme climate 
events, and in sea level.

Constant composition commitment 
The constant composition commitment is the remaining climate change 
that would result if atmospheric composition, and hence radiative forcing, 
were held fixed at a given value. It results from the thermal inertia of the 
ocean and slow processes in the cryosphere and land surface.
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Constant emissions commitment 
The constant emissions commitment is the committed climate change 
that would result from keeping anthropogenic emissions constant.

Zero emissions commitment 
The zero emissions commitment is the climate change commitment 
that would result from setting anthropogenic emissions to zero. It is 
determined by both inertia in physical climate system components 
(ocean, cryosphere, land surface) and carbon cycle inertia. 

Feasible scenario commitment 
The feasible scenario commitment is the climate change that corresponds 
to the lowest emission scenario judged feasible.

Infrastructure commitment
The infrastructure commitment is the climate change that would result 
if existing greenhouse gas and aerosol emitting infrastructure were used 
until the end of its expected lifetime. 

Climate-compatible development (CCD) A form of development 
building on climate strategies that embrace development goals and 
development strategies that integrate climate risk management, 
adaptation and mitigation. This definition builds from Mitchell and 
Maxwell (2010).

Climate extreme (extreme weather or climate event) The 
occurrence of a value of a weather or climate variable above (or below) a 
threshold value near the upper (or lower) ends of the range of observed 
values of the variable. For simplicity, both extreme weather events and 
extreme climate events are referred to collectively as ‘climate extremes’. 
See also Extreme weather event.

Climate feedback An interaction in which a perturbation in one 
climate quantity causes a change in a second and the change in the 
second quantity ultimately leads to an additional change in the first. A 
negative feedback is one in which the initial perturbation is weakened 
by the changes it causes; a positive feedback is one in which the initial 
perturbation is enhanced. The initial perturbation can either be externally 
forced or arise as part of internal variability.

Climate governance See Governance.

Climate justice See Justice.

Climate model A numerical representation of the climate system 
based on the physical, chemical and biological properties of its 
components, their interactions and feedback processes, and accounting 
for some of its known properties. The climate system can be represented 
by models of varying complexity; that is, for any one component or 
combination of components a spectrum or hierarchy of models can be 
identified, differing in such aspects as the number of spatial dimensions, 
the extent to which physical, chemical or biological processes are 
explicitly represented, or the level at which empirical parametrizations 
are involved. There is an evolution towards more complex models 
with interactive chemistry and biology. Climate models are applied as 
a research tool to study and simulate the climate and for operational 
purposes, including monthly, seasonal and interannual climate 
predictions. See also Earth system model (ESM).

Climate neutrality Concept of a state in which human activities 
result in no net effect on the climate system. Achieving such a state would 
require balancing of residual emissions with emission (carbon dioxide) 
removal as well as accounting for regional or local biogeophysical effects 
of human activities that, for example, affect surface albedo or local 
climate. See also Net zero CO2 emissions.

Climate projection A climate projection is the simulated response 
of the climate system to a scenario of future emission or concentration of 

greenhouse gases (GHGs) and aerosols, generally derived using climate 
models. Climate projections are distinguished from climate predictions 
by their dependence on the emission/concentration/radiative forcing 
scenario used, which is in turn based on assumptions concerning, for 
example, future socioeconomic and technological developments that 
may or may not be realized.

Climate-resilient development pathways (CRDPs) Trajectories 
that strengthen sustainable development and efforts to eradicate 
poverty and reduce inequalities while promoting fair and cross-scalar 
adaptation to and resilience in a changing climate. They raise the ethics, 
equity and feasibility aspects of the deep societal transformation needed 
to drastically reduce emissions to limit global warming (e.g., to 1.5°C) 
and achieve desirable and liveable futures and well-being for all.

Climate-resilient pathways Iterative processes for managing 
change within complex systems in order to reduce disruptions and 
enhance opportunities associated with climate change. See also 
Development pathways (under Pathways), Transformation pathways 
(under Pathways), and Climate-resilient development pathways (CRDPs).

Climate sensitivity Climate sensitivity refers to the change in the 
annual global mean surface temperature in response to a change in the 
atmospheric CO2 concentration or other radiative forcing.

Equilibrium climate sensitivity
Refers to the equilibrium (steady state) change in the annual global 
mean surface temperature following a doubling of the atmospheric 
carbon dioxide (CO2) concentration. As a true equilibrium is challenging 
to define in climate models with dynamic oceans, the equilibrium climate 
sensitivity is often estimated through experiments in AOGCMs where CO2 
levels are either quadrupled or doubled from pre-industrial levels and 
which are integrated for 100-200 years. The climate sensitivity parameter 
(units: °C (W m–2)–1) refers to the equilibrium change in the annual global 
mean surface temperature following a unit change in radiative forcing.

Effective climate sensitivity
An estimate of the global mean surface temperature response to a 
doubling of the atmospheric carbon dioxide (CO2) concentration that is 
evaluated from model output or observations for evolving non-equilibrium 
conditions. It is a measure of the strengths of the climate feedbacks at a 
particular time and may vary with forcing history and climate state, and 
therefore may differ from equilibrium climate sensitivity.

Transient climate response
The change in the global mean surface temperature, averaged over a 
20-year period, centered at the time of atmospheric CO2 doubling, in a 
climate model simulation in which CO2 increases at 1% yr-1 from pre-
industrial. It is a measure of the strength of climate feedbacks and the 
timescale of ocean heat uptake.

Climate services Climate services refers to information and products 
that enhance users’ knowledge and understanding about the impacts of 
climate change and/or climate variability so as to aid decision-making of 
individuals and organizations and enable preparedness and early climate 
change action. Products can include climate data products.

Climate-smart agriculture (CSA) Climate-smart agriculture (CSA) 
is an approach that helps to guide actions needed to transform and 
reorient agricultural systems to effectively support development and 
ensure food security in a changing climate. CSA aims to tackle three main 
objectives: sustainably increasing agricultural productivity and incomes, 
adapting and building resilience to climate change, and reducing and/or 
removing greenhouse gas emissions, where possible (FAO, 2018).

Climate system The climate system is the highly complex system 
consisting of five major components: the atmosphere, the hydrosphere, 
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the cryosphere, the lithosphere and the biosphere and the interactions 
between them. The climate system evolves in time under the influence 
of its own internal dynamics and because of external forcings such as 
volcanic eruptions, solar variations and anthropogenic forcings such as 
the changing composition of the atmosphere and land-use change.

Climate target Climate target refers to a temperature limit, 
concentration level, or emissions reduction goal used towards the aim of 
avoiding dangerous anthropogenic interference with the climate system. 
For example, national climate targets may aim to reduce greenhouse gas 
emissions by a certain amount over a given time horizon, for example 
those under the Kyoto Protocol.

Climate variability Climate variability refers to variations in 
the mean state and other statistics (such as standard deviations, the 
occurrence of extremes, etc.) of the climate on all spatial and temporal 
scales beyond that of individual weather events. Variability may be due to 
natural internal processes within the climate system (internal variability), 
or to variations in natural or anthropogenic external forcing (external 
variability). See also Climate change.

CO2 equivalent (CO2-eq) emission The amount of carbon dioxide 
(CO2) emission that would cause the same integrated radiative forcing 
or temperature change, over a given time horizon, as an emitted amount 
of a greenhouse gas (GHG) or a mixture of GHGs. There are a number 
of ways to compute such equivalent emissions and choose appropriate 
time horizons. Most typically, the CO2-equivalent emission is obtained by 
multiplying the emission of a GHG by its global warming potential (GWP) 
for a 100-year time horizon. For a mix of GHGs it is obtained by summing 
the CO2-equivalent emissions of each gas. CO2-equivalent emission is 
a common scale for comparing emissions of different GHGs but does 
not imply equivalence of the corresponding climate change responses. 
There is generally no connection between CO2-equivalent emissions and 
resulting CO2-equivalent concentrations.

Co-benefits The positive effects that a policy or measure aimed at 
one objective might have on other objectives, thereby increasing the total 
benefits for society or the environment. Co-benefits are often subject 
to uncertainty and depend on local circumstances and implementation 
practices, among other factors. Co-benefits are also referred to as 
ancillary benefits.

Common but Differentiated Responsibilities and Respective 
Capabilities (CBDR-RC) Common but Differentiated Responsibilities 
and Respective Capabilities (CBDR–RC) is a key principle in the United 
Nations Framework Convention on Climate Change (UNFCCC) that 
recognises the different capabilities and differing responsibilities of 
individual countries in tacking climate change. The principle of CBDR–
RC is embedded in the 1992 UNFCCC treaty. The convention states: 
“… the global nature of climate change calls for the widest possible 
cooperation by all countries and their participation in an effective and 
appropriate international response, in accordance with their common but 
differentiated responsibilities and respective capabilities and their social 
and economic conditions.” Since then the CBDR-RC principle has guided 
the UN climate negotiations. 

Conference of the Parties (COP) The supreme body of UN 
conventions, such as the United Nations Framework Convention on 
Climate Change (UNFCCC), comprising parties with a right to vote that 
have ratified or acceded to the convention. See also United Nations 
Framework Convention on Climate Change (UNFCCC).

Confidence The robustness of a finding based on the type, amount, 
quality and consistency of evidence (e.g., mechanistic understanding, 
theory, data, models, expert judgment) and on the degree of agreement 
across multiple lines of evidence. In this report, confidence is expressed 

qualitatively (Mastrandrea et al., 2010). See Section 1.6 for the list of 
confidence levels used. See also Agreement, Evidence, Likelihood and 
Uncertainty.

Conservation agriculture A coherent group of agronomic and soil 
management practices that reduce the disruption of soil structure and 
biota. 

Constant composition commitment See Climate change 
commitment.

Constant emissions commitment See Climate change commitment.

Coping capacity The ability of people, institutions, organizations, 
and systems, using available skills, values, beliefs, resources, and 
opportunities, to address, manage, and overcome adverse conditions in 
the short to medium term. This glossary entry builds from the definition 
used in UNISDR (2009) and IPCC (2012a). See also Resilience.

Cost–benefit analysis Monetary assessment of all negative and 
positive impacts associated with a given action. Cost–benefit analysis 
enables comparison of different interventions, investments or strategies 
and reveals how a given investment or policy effort pays off for a particular 
person, company or country. Cost–benefit analyses representing society’s 
point of view are important for climate change decision-making, but 
there are difficulties in aggregating costs and benefits across different 
actors and across timescales. See also Discounting.

Cost-effectiveness A measure of the cost at which policy goal or 
outcome is achieved. The lower the cost the greater the cost-effectiveness. 

Coupled Model Intercomparison Project (CMIP) The Coupled 
Model Intercomparison Project (CMIP) is a climate modelling activity 
from the World Climate Research Programme (WCRP) which coordinates 
and archives climate model simulations based on shared model inputs by 
modelling groups from around the world. The CMIP3 multimodel data set 
includes projections using SRES scenarios. The CMIP5 data set includes 
projections using the Representative Concentration Pathways (RCPs). The 
CMIP6 phase involves a suite of common model experiments as well as 
an ensemble of CMIP-endorsed model intercomparison projects (MIPs).

Cumulative emissions The total amount of emissions released over 
a specified period of time. See also Carbon budget, and Transient climate 
response to cumulative CO2 emissions (TCRE).

Decarbonization The process by which countries, individuals or 
other entities aim to achieve zero fossil carbon existence. Typically 
refers to a reduction of the carbon emissions associated with electricity, 
industry and transport.

Decoupling Decoupling (in relation to climate change) is where 
economic growth is no longer strongly associated with consumption of 
fossil fuels. Relative decoupling is where both grow but at different rates. 
Absolute decoupling is where economic growth happens but fossil fuels 
decline.

Deforestation Conversion of forest to non-forest. For a discussion 
of the term forest and related terms such as afforestation, reforestation 
and deforestation, see the IPCC Special Report on Land Use, Land-Use 
Change, and Forestry (IPCC, 2000). See also information provided by the 
United Nations Framework Convention on Climate Change (UNFCCC, 
2013) and the report on Definitions and Methodological Options to 
Inventory Emissions from Direct Human-induced Degradation of Forests 
and Devegetation of Other Vegetation Types (IPCC, 2003). See also 
Afforestation, Reforestation and Reducing Emissions from Deforestation 
and Forest Degradation (REDD+).

Deliberative governance See Governance.
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Demand- and supply-side measures 

Demand-side measures
Policies and programmes for influencing the demand for goods and/
or services. In the energy sector, demand-side management aims at 
reducing the demand for electricity and other forms of energy required 
to deliver energy services.

Supply-side measures
Policies and programmes for influencing how a certain demand for 
goods and/or services is met. In the energy sector, for example, supply-
side mitigation measures aim at reducing the amount of greenhouse gas 
emissions emitted per unit of energy produced.

See also Mitigation measures. 

Demand-side measures See Demand- and supply-side measures.

Detection See Detection and attribution.

Detection and attribution Detection of change is defined as the 
process of demonstrating that climate or a system affected by climate 
has changed in some defined statistical sense, without providing a 
reason for that change. An identified change is detected in observations 
if its likelihood of occurrence by chance due to internal variability alone is 
determined to be small, for example, <10%. Attribution is defined as the 
process of evaluating the relative contributions of multiple causal factors 
to a change or event with a formal assessment of confidence.

Development pathways See Pathways.

Direct air carbon dioxide capture and storage (DACCS) Chemical 
process by which CO2 is captured directly from the ambient air, with 
subsequent storage. Also known as direct air capture and storage (DACS).

Disaster Severe alterations in the normal functioning of a community 
or a society due to hazardous physical events interacting with vulnerable 
social conditions, leading to widespread adverse human, material, 
economic or environmental effects that require immediate emergency 
response to satisfy critical human needs and that may require external 
support for recovery. See also Hazard and Vulnerability.

Disaster risk management (DRM) Processes for designing, 
implementing, and evaluating strategies, policies, and measures to 
improve the understanding of disaster risk, foster disaster risk reduction 
and transfer, and promote continuous improvement in disaster 
preparedness, response, and recovery practices, with the explicit purpose 
of increasing human security, well-being, quality of life, and sustainable 
development.

Discount rate See Discounting.

Discounting A mathematical operation that aims to make monetary 
(or other) amounts received or expended at different times (years) 
comparable across time. The discounter uses a fixed or possibly time-
varying discount rate from year to year that makes future value worth 
less today (if the discount rate is positive). The choice of discount rate(s) 
is debated as it is a judgement based on hidden and/or explicit values.

(Internal) Displacement Internal displacement refers to the forced 
movement of people within the country they live in. Internally displaced 
persons (IDPs) are ‘Persons or groups of persons who have been forced or 
obliged to flee or to leave their homes or places of habitual residence, in 
particular as a result of or in order to avoid the effects of armed conflict, 
situations of generalized violence, violations of human rights or natural 
or human-made disasters, and who have not crossed an internationally 
recognized State border.’ (UN, 1998). See also Migration.

Disruptive innovation Disruptive innovation is demand-led 
technological change that leads to significant system change and is 
characterized by strong exponential growth.

Distributive equity See Equity.

Distributive justice See Justice.

Double dividend The extent to which revenues generated by policy 
instruments, such as carbon taxes or auctioned (tradeable) emission 
permits can (1) contribute to mitigation and (2) offset part of the 
potential welfare losses of climate policies through recycling the revenue 
in the economy by reducing other distortionary taxes.

Downscaling  Downscaling is a method that derives local- to 
regional-scale (up to 100 km) information from larger-scale models or 
data analyses. Two main methods exist: dynamical downscaling and 
empirical/statistical downscaling. The dynamical method uses the output 
of regional climate models, global models with variable spatial resolution, 
or high-resolution global models. The empirical/statistical methods are 
based on observations and develop statistical relationships that link the 
large-scale atmospheric variables with local/regional climate variables. In 
all cases, the quality of the driving model remains an important limitation 
on quality of the downscaled information. The two methods can be 
combined, e.g., applying empirical/statistical downscaling to the output 
of a regional climate model, consisting of a dynamical downscaling of a 
global climate model.

Drought A period of abnormally dry weather long enough to cause a 
serious hydrological imbalance. Drought is a relative term, therefore any 
discussion in terms of precipitation deficit must refer to the particular 
precipitation-related activity that is under discussion. For example, 
shortage of precipitation during the growing season impinges on crop 
production or ecosystem function in general (due to soil moisture drought, 
also termed agricultural drought), and during the runoff and percolation 
season primarily affects water supplies (hydrological drought). Storage 
changes in soil moisture and groundwater are also affected by increases 
in actual evapotranspiration in addition to reductions in precipitation. 
A period with an abnormal precipitation deficit is defined as a 
meteorological drought. See also Soil moisture.

Megadrought 
A megadrought is a very lengthy and pervasive drought, lasting much 
longer than normal, usually a decade or more.

Early warning systems (EWS) The set of technical, financial and 
institutional capacities needed to generate and disseminate timely and 
meaningful warning information to enable individuals, communities and 
organizations threatened by a hazard to prepare to act promptly and 
appropriately to reduce the possibility of harm or loss. Dependent upon 
context, EWS may draw upon scientific and/or Indigenous knowledge. 
EWS are also considered for ecological applications e.g., conservation, 
where the organization itself is not threatened by hazard but the 
ecosystem under conservation is (an example is coral bleaching alerts), 
in agriculture (for example, warnings of ground frost, hailstorms) and in 
fisheries (storm and tsunami warnings). This glossary entry builds from 
the definitions used in UNISDR (2009) and IPCC (2012a).

Earth system feedbacks See Climate feedback.

Earth system model (ESM) A coupled atmosphere–ocean general 
circulation model in which a representation of the carbon cycle is 
included, allowing for interactive calculation of atmospheric CO2 
or compatible emissions. Additional components (e.g., atmospheric 
chemistry, ice sheets, dynamic vegetation, nitrogen cycle, but also urban 
or crop models) may be included. See also Climate model.
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Ecosystem An ecosystem is a functional unit consisting of living 
organisms, their non-living environment and the interactions within and 
between them. The components included in a given ecosystem and its 
spatial boundaries depend on the purpose for which the ecosystem is 
defined: in some cases they are relatively sharp, while in others they 
are diffuse. Ecosystem boundaries can change over time. Ecosystems 
are nested within other ecosystems and their scale can range from very 
small to the entire biosphere. In the current era, most ecosystems either 
contain people as key organisms, or are influenced by the effects of 
human activities in their environment. See also Ecosystem services.

Ecosystem services Ecological processes or functions having 
monetary or non-monetary value to individuals or society at large. These 
are frequently classified as (1) supporting services such as productivity 
or biodiversity maintenance, (2) provisioning services such as food 
or fibre, (3) regulating services such as climate regulation or carbon 
sequestration, and (4) cultural services such as tourism or spiritual and 
aesthetic appreciation.

Effective climate sensitivity See Climate sensitivity.

Effective radiative forcing See Radiative forcing.

El Niño-Southern Oscillation (ENSO) The term El Niño was 
initially used to describe a warm-water current that periodically flows 
along the coast of Ecuador and Peru, disrupting the local fishery. It has 
since become identified with warming of the tropical Pacific Ocean east 
of the dateline. This oceanic event is associated with a fluctuation of 
a global-scale tropical and subtropical surface pressure pattern called 
the Southern Oscillation. This coupled atmosphere–ocean phenomenon, 
with preferred time scales of two to about seven years, is known as the 
El Niño-Southern Oscillation (ENSO). It is often measured by the surface 
pressure anomaly difference between Tahiti and Darwin and/or the sea 
surface temperatures in the central and eastern equatorial Pacific. During 
an ENSO event, the prevailing trade winds weaken, reducing upwelling 
and altering ocean currents such that the sea surface temperatures 
warm, further weakening the trade winds. This phenomenon has a great 
impact on the wind, sea surface temperature and precipitation patterns 
in the tropical Pacific. It has climatic effects throughout the Pacific region 
and in many other parts of the world, through global teleconnections. The 
cold phase of ENSO is called La Niña.

Electric vehicle (EV) A vehicle whose propulsion is powered fully or 
mostly by electricity. 

Battery electric vehicle (BEV)
A vehicle whose propulsion is entirely electric without any internal 
combustion engine.

Plug-in hybrid electric vehicle (PHEV)
A vehicle whose propulsion is mostly electric with batteries re-charged 
from an electric source but extra power and distance are provided by a 
hybrid internal combustion engine.

Emission pathways See Pathways.

Emission scenario A plausible representation of the future 
development of emissions of substances that are radiatively active (e.g., 
greenhouse gases (GHGs), aerosols) based on a coherent and internally 
consistent set of assumptions about driving forces (such as demographic 
and socio-economic development, technological change, energy and land 
use) and their key relationships. Concentration scenarios, derived from 
emission scenarios, are often used as input to a climate model to compute 
climate projections. See also Baseline scenario, Mitigation scenario, 
Socio-economic scenario, Scenario, Representative Concentration 
Pathways (RCPs) (under Pathways), Shared Socio-economic Pathways 
(SSPs) (under Pathways) and Transformation pathways (under Pathways).

Emission trajectories A projected development in time of the 
emission of a greenhouse gas (GHG) or group of GHGs, aerosols, and 
GHG precursors. See also Emission pathways (under Pathways).

Emissions trading A market-based instrument aiming at meeting 
a mitigation objective in an efficient way. A cap on GHG emissions is 
divided in tradeable emission permits that are allocated by a combination 
of auctioning and handing out free allowances to entities within the 
jurisdiction of the trading scheme. Entities need to surrender emission 
permits equal to the amount of their emissions (e.g., tonnes of CO2). 
An entity may sell excess permits to entities that can avoid the same 
amount of emissions in a cheaper way. Trading schemes may occur at 
the intra-company, domestic, or international level (e.g., the flexibility 
mechanisms under the Kyoto Protocol and the EU-ETS) and may apply 
to carbon dioxide (CO2), other greenhouse gases (GHGs), or other 
substances. 

Enabling conditions Conditions that affect the feasibility of 
adaptation and mitigation options, and can accelerate and scale-up 
systemic transitions that would limit temperature increase to 1.5°C and 
enhance capacities of systems and societies to adapt to the associated 
climate change, while achieving sustainable development, eradicating 
poverty and reducing inequalities. Enabling conditions include finance, 
technological innovation, strengthening policy instruments, institutional 
capacity, multilevel governance, and changes in human behaviour 
and lifestyles. They also include inclusive processes, attention to 
power asymmetries and unequal opportunities for development and 
reconsideration of values. See also Feasibility.

Energy efficiency The ratio of output or useful energy or energy 
services or other useful physical outputs obtained from a system, 
conversion process, transmission or storage activity to the input of energy 
(measured as kWh kWh-1, tonnes kWh-1 or any other physical measure 
of useful output like tonne-km transported). Energy efficiency is often 
described by energy intensity. In economics, energy intensity describes 
the ratio of economic output to energy input. Most commonly energy 
efficiency is measured as input energy over a physical or economic unit, 
i.e., kWh USD-1 (energy intensity), kWh tonne-1. For buildings, it is often 
measured as kWh m-2, and for vehicles as km liter-1 or liter km-1. Very often 
in policy ‘energy efficiency’ is intended as the measures to reduce energy 
demand through technological options such as insulating buildings, more 
efficient appliances, efficient lighting, efficient vehicles, etc.

Energy security The goal of a given country, or the global community 
as a whole, to maintain an adequate, stable and predictable energy supply. 
Measures encompass safeguarding the sufficiency of energy resources to 
meet national energy demand at competitive and stable prices and the 
resilience of the energy supply; enabling development and deployment 
of technologies; building sufficient infrastructure to generate, store and 
transmit energy supplies; and ensuring enforceable contracts of delivery.

Enhanced weathering Enhancing the removal of carbon dioxide 
(CO2) from the atmosphere through dissolution of silicate and carbonate 
rocks by grinding these minerals to small particles and actively applying 
them to soils, coasts or oceans.

(Model) Ensemble A group of parallel model simulations 
characterising historical climate conditions, climate predictions, or 
climate projections. Variation of the results across the ensemble members 
may give an estimate of modelling-based uncertainty. Ensembles made 
with the same model but different initial conditions only characterize 
the uncertainty associated with internal climate variability, whereas 
multimodel ensembles including simulations by several models 
also include the impact of model differences. Perturbed parameter 
ensembles, in which model parameters are varied in a systematic 



Glossary Annex I

AI

549

manner, aim to assess the uncertainty resulting from internal model 
specifications within a single model. Remaining sources of uncertainty 
unaddressed with model ensembles are related to systematic model 
errors or biases, which may be assessed from systematic comparisons 
of model simulations with observations wherever available. See also 
Climate projection.

Equality A principle that ascribes equal worth to all human beings, 
including equal opportunities, rights, and obligations, irrespective of origins.

Inequality 
Uneven opportunities and social positions, and processes of discrimination 
within a group or society, based on gender, class, ethnicity, age, and (dis)
ability, often produced by uneven development. Income inequality refers 
to gaps between highest and lowest income earners within a country 
and between countries. See also Equity, Ethics and Fairness.

Equilibrium climate sensitivity See Climate sensitivity.

Equity Equity is the principle of fairness in burden sharing and is a 
basis for understanding how the impacts and responses to climate 
change, including costs and benefits, are distributed in and by society in 
more or less equal ways. It is often aligned with ideas of equality, fairness 
and justice and applied with respect to equity in the responsibility for, and 
distribution of, climate impacts and policies across society, generations, 
and gender, and in the sense of who participates and controls the 
processes of decision-making.

Distributive equity 
Equity in the consequences, outcomes, costs and benefits of actions or 
policies. In the case of climate change or climate policies for different 
people, places and countries, including equity aspects of sharing burdens 
and benefits for mitigation and adaptation.

Gender equity 
Ensuring equity in that women and men have the same rights, resources 
and opportunities. In the case of climate change gender equity recognizes 
that women are often more vulnerable to the impacts of climate change 
and may be disadvantaged in the process and outcomes of climate 
policy. 

Inter-generational equity 
Equity between generations that acknowledges that the effects of past 
and present emissions, vulnerabilities and policies impose costs and 
benefits for people in the future and of different age groups.

Procedural equity 
Equity in the process of decision-making, including recognition and 
inclusiveness in participation, equal representation, bargaining power, 
voice and equitable access to knowledge and resources to participate.

See also Equality, Ethics and Fairness.

Ethics Ethics involves questions of justice and value. Justice is 
concerned with right and wrong, equity and fairness, and, in general, 
with the rights to which people and living beings are entitled. Value is a 
matter of worth, benefit, or good. See also Equality, Equity and Fairness.

Evidence Data and information used in the scientific process to 
establish findings. In this report, the degree of evidence reflects the 
amount, quality and consistency of scientific/technical information on 
which the Lead Authors are basing their findings. See also Agreement, 
Confidence, Likelihood and Uncertainty.

Exposure The presence of people; livelihoods; species or ecosystems; 
environmental functions, services, and resources; infrastructure; or 
economic, social, or cultural assets in places and settings that could be 
adversely affected. See also Hazard, Risk and Vulnerability.

Extratropical cyclone Any cyclonic-scale storm that is not a tropical 
cyclone. Usually refers to a middle- or high-latitude migratory storm system 
formed in regions of large horizontal temperature variations. Sometimes 
called extratropical storm or extratropical low. See also Tropical cyclone.

Extreme weather event An extreme weather event is an event that 
is rare at a particular place and time of year. Definitions of rare vary, but 
an extreme weather event would normally be as rare as or rarer than the 
10th or 90th percentile of a probability density function estimated from 
observations. By definition, the characteristics of what is called extreme 
weather may vary from place to place in an absolute sense. When a 
pattern of extreme weather persists for some time, such as a season, 
it may be classed as an extreme climate event, especially if it yields an 
average or total that is itself extreme (e.g., drought or heavy rainfall over 
a season). See also Heatwave and Climate extreme (extreme weather or 
climate event).

Extreme weather or climate event See Climate extreme (extreme 
weather or climate event).

Fairness Impartial and just treatment without favouritism or 
discrimination in which each person is considered of equal worth with 
equal opportunity. See also Equity, Equality and Ethics.

Feasibility The degree to which climate goals and response options 
are considered possible and/or desirable. Feasibility depends on 
geophysical, ecological, technological, economic, social and institutional 
conditions for change. Conditions underpinning feasibility are dynamic, 
spatially variable, and may vary between different groups. See also 
Enabling conditions.

Feasible scenario commitment See Climate change commitment.

Feedback See Climate feedback.

Flexible governance See Governance.

Flood The overflowing of the normal confines of a stream or other 
body of water, or the accumulation of water over areas that are not 
normally submerged. Floods include river (fluvial) floods, flash floods, 
urban floods, pluvial floods, sewer floods, coastal floods, and glacial lake 
outburst floods.

Food security A situation that exists when all people, at all times, 
have physical, social and economic access to sufficient, safe and 
nutritious food that meets their dietary needs and food preferences for 
an active and healthy life (FAO, 2001). 

Food wastage Food wastage encompasses food loss (the loss of 
food during production and transportation) and food waste (the waste of 
food by the consumer) (FAO, 2013). 

Forcing See Radiative forcing.

Forest A vegetation type dominated by trees. Many definitions of the 
term forest are in use throughout the world, reflecting wide differences in 
biogeophysical conditions, social structure and economics. For a discussion 
of the term forest and related terms such as afforestation, reforestation 
and deforestation, see the IPCC Special Report on Land Use, Land-Use 
Change, and Forestry (IPCC, 2000). See also information provided by the 
United Nations Framework Convention on Climate Change (UNFCCC, 
2013) and the Report on Definitions and Methodological Options to 
Inventory Emissions from Direct Human-induced Degradation of Forests 
and Devegetation of Other Vegetation Types (IPCC, 2003). See also 
Afforestation, Deforestation and Reforestation.

Fossil fuels Carbon-based fuels from fossil hydrocarbon deposits, 
including coal, oil, and natural gas.
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Framework Convention on Climate Change See United Nations 
Framework Convention on Climate Change (UNFCCC).

Gender equity See Equity.

General purpose technologies (GPT) General purpose technologies 
can be or are used pervasively in a wide range of sectors in ways that 
fundamentally change the modes of operation of those sectors (Helpman, 
1998). Examples include the steam engine, power generator and motor, 
ICT, and biotechnology.

Geoengineering In this report, separate consideration is given to 
the two main approaches considered as ‘geoengineering’ in some of the 
literature: solar radiation modification (SRM) and carbon dioxide removal 
(CDR). Because of this separation, the term ‘geoengineering’ is not used 
in this report. See also Carbon dioxide removal (CDR) and Solar radiation 
modification (SRM).

Glacier A perennial mass of ice, and possibly firn and snow, 
originating on the land surface by the recrystallisation of snow and 
showing evidence of past or present flow. A glacier typically gains mass 
by accumulation of snow, and loses mass by melting and ice discharge 
into the sea or a lake if the glacier terminates in a body of water. Land ice 
masses of continental size (>50,000 km2) are referred to as ice sheets. 
See also Ice sheet.

Global climate model (also referred to as general circulation 
model, both abbreviated as GCM) See Climate model.

Global mean surface temperature (GMST) Estimated global 
average of near-surface air temperatures over land and sea-ice, and 
sea surface temperatures over ice-free ocean regions, with changes 
normally expressed as departures from a value over a specified reference 
period. When estimating changes in GMST, near-surface air temperature 
over both land and oceans are also used.1 See also Land surface air 
temperature, Sea surface temperature (SST) and Global mean surface air 
temperature (GSAT).

Global mean surface air temperature (GSAT) Global average of 
near-surface air temperatures over land and oceans. Changes in GSAT are 
often used as a measure of global temperature change in climate models 
but are not observed directly. See also Global mean surface temperature 
(GMST) and Land surface air temperature.

Global warming The estimated increase in global mean surface 
temperature (GMST) averaged over a 30-year period, or the 30-year 
period centered on a particular year or decade, expressed relative to 
pre-industrial levels unless otherwise specified. For 30-year periods that 
span past and future years, the current multi-decadal warming trend is 
assumed to continue. See also Climate change and Climate variability.

Governance A comprehensive and inclusive concept of the full range 
of means for deciding, managing, implementing and monitoring policies 
and measures. Whereas government is defined strictly in terms of the 
nation-state, the more inclusive concept of governance recognizes the 
contributions of various levels of government (global, international, 
regional, sub-national and local) and the contributing roles of the private 
sector, of nongovernmental actors, and of civil society to addressing the 
many types of issues facing the global community.

Adaptive governance
An emerging term in the literature for the evolution of formal and 
informal institutions of governance that prioritize social learning in 
planning, implementation and evaluation of policy through iterative 
social learning to steer the use and protection of natural resources, 

ecosystem services and common pool natural resources, particularly in 
situations of complexity and uncertainty.

Climate governance
Purposeful mechanisms and measures aimed at steering social systems 
towards preventing, mitigating, or adapting to the risks posed by climate 
change (Jagers and Stripple, 2003).

Deliberative governance
Deliberative governance involves decision-making through inclusive 
public conversation, which allows opportunity for developing policy 
options through public discussion rather than collating individual 
preferences through voting or referenda (although the latter governance 
mechanisms can also be proceeded and legitimated by public deliberation 
processes).

Flexible governance
Strategies of governance at various levels, which prioritize the use 
of social learning and rapid feedback mechanisms in planning and 
policy making, often through incremental, experimental and iterative 
management processes.

Governance capacity
The ability of governance institutions, leaders, and non-state and civil 
society to plan, co-ordinate, fund, implement, evaluate and adjust 
policies and measures over the short, medium and long term, adjusting 
for uncertainty, rapid change and wide-ranging impacts and multiple 
actors and demands.

Multilevel governance
Multilevel governance refers to negotiated, non-hierarchical exchanges 
between institutions at the transnational, national, regional and local 
levels. Multilevel governance identifies relationships among governance 
processes at these different levels. Multilevel governance does include 
negotiated relationships among institutions at different institutional 
levels and also a vertical ‘layering’ of governance processes at 
different levels. Institutional relationships take place directly between 
transnational, regional and local levels, thus bypassing the state level 
(Peters and Pierre, 2001)

Participatory governance
A governance system that enables direct public engagement in decision-
making using a variety of techniques for example, referenda, community 
deliberation, citizen juries or participatory budgeting. The approach can be 
applied in formal and informal institutional contexts from national to local, 
but is usually associated with devolved decision-making. This definition 
builds from Fung and Wright (2003) and Sarmiento and Tilly (2018).

Governance capacity See Governance.

Green infrastructure The interconnected set of natural and 
constructed ecological systems, green spaces and other landscape 
features. It includes planted and indigenous trees, wetlands, parks, 
green open spaces and original grassland and woodlands, as well as 
possible building and street-level design interventions that incorporate 
vegetation. Green infrastructure provides services and functions in the 
same way as conventional infrastructure. This definition builds from 
Culwick and Bobbins (2016).

Greenhouse gas (GHG) Greenhouse gases are those gaseous 
constituents of the atmosphere, both natural and anthropogenic, that 
absorb and emit radiation at specific wavelengths within the spectrum of 
terrestrial radiation emitted by the Earth’s surface, the atmosphere itself 
and by clouds. This property causes the greenhouse effect. Water vapour 
(H2O), carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4) and 

1 Past IPCC reports, reflecting the literature, have used a variety of approximately equivalent metrics of GMST change.
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ozone (O3) are the primary GHGs in the Earth’s atmosphere. Moreover, 
there are a number of entirely human-made GHGs in the atmosphere, 
such as the halocarbons and other chlorine- and bromine-containing 
substances, dealt with under the Montreal Protocol. Beside CO2, N2O and 
CH4, the Kyoto Protocol deals with the GHGs sulphur hexafluoride (SF6), 
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs). See also Carbon 
dioxide (CO2), Methane (CH4), Nitrous oxide (N2O) and Ozone (O3).

Greenhouse gas removal (GGR) Withdrawal of a GHG and/or 
a precursor from the atmosphere by a sink. See also Carbon dioxide 
removal (CDR) and Negative emissions. 

Gross domestic product (GDP) The sum of gross value added, 
at purchasers’ prices, by all resident and non-resident producers in the 
economy, plus any taxes and minus any subsidies not included in the 
value of the products in a country or a geographic region for a given 
period, normally one year. GDP is calculated without deducting for 
depreciation of fabricated assets or depletion and degradation of natural 
resources.

Gross fixed capital formation (GFCF) One component of the GDP 
that corresponds to the total value of acquisitions, minus disposals of 
fixed assets during one year by the business sector, governments and 
households, plus certain additions to the value of non-produced assets 
(such as subsoil assets or major improvements in the quantity, quality or 
productivity of land).

Halocarbons A collective term for the group of partially halogenated 
organic species, which includes the chlorofluorocarbons (CFCs), 
hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs), halons, 
methyl chloride and methyl bromide. Many of the halocarbons have 
large global warming potentials. The chlorine and bromine-containing 
halocarbons are also involved in the depletion of the ozone layer.

Hazard The potential occurrence of a natural or human-induced 
physical event or trend that may cause loss of life, injury, or other 
health impacts, as well as damage and loss to property, infrastructure, 
livelihoods, service provision, ecosystems and environmental resources. 
See also Disaster, Exposure, Risk, and Vulnerability.

Heatwave A period of abnormally hot weather. Heatwaves and warm 
spells have various and in some cases overlapping definitions. See also 
Extreme weather event.

Heating, ventilation, and air conditioning (HVAC) Heating, 
ventilation and air conditioning technology is used to control temperature 
and humidity in an indoor environment, be it in buildings or in vehicles, 
providing thermal comfort and healthy air quality to the occupants. HVAC 
systems can be designed for an isolated space, an individual building or 
a distributed heating and cooling network within a building structure or 
a district heating system. The latter provides economies of scale and also 
scope for integration with solar heat, natural seasonal cooling/heating etc.

Holocene The Holocene is the current interglacial geological epoch, 
the second of two epochs within the Quaternary period, the preceding 
being the Pleistocene. The International Commission on Stratigraphy 
defines the start of the Holocene at 11,650 years before 1950. See also 
Anthropocene.

Human behaviour The way in which a person acts in response to a 
particular situation or stimulus. Human actions are relevant at different 
levels, from international, national, and sub-national actors, to NGO, firm-
level actors, and communities, households, and individual actions.

Adaptation behaviour 
Human actions that directly or indirectly affect the risks of climate 
change impacts.

Mitigation behaviour 
Human actions that directly or indirectly influence mitigation. 

Human behavioural change A transformation or modification of 
human actions. Behaviour change efforts can be planned in ways that 
mitigate climate change and/or reduce negative consequences of climate 
change impacts.

Human rights Rights that are inherent to all human beings, universal, 
inalienable, and indivisible, typically expressed and guaranteed by law. 
They include the right to life; economic, social, and cultural rights; 
and the right to development and self-determination. Based upon the 
definition by the UN Office of the High Commissioner for Human Rights 
(UNOHCHR, 2018).

Procedural rights 
Rights to a legal procedure to enforce substantive rights.

Substantive rights 
Basic human rights, including the right to the substance of being human 
such as life itself, liberty and happiness.

Human security A condition that is met when the vital core of human 
lives is protected, and when people have the freedom and capacity to live 
with dignity. In the context of climate change, the vital core of human 
lives includes the universal and culturally specific, material and non-
material elements necessary for people to act on behalf of their interests 
and to live with dignity.

Human system Any system in which human organizations and 
institutions play a major role. Often, but not always, the term is 
synonymous with society or social system. Systems such as agricultural 
systems, urban systems, political systems, technological systems and 
economic systems are all human systems in the sense applied in this 
report.

Hydrological cycle The cycle in which water evaporates from the 
oceans and the land surface, is carried over the earth in atmospheric 
circulation as water vapour, condenses to form clouds, precipitates as 
rain or snow, which on land can be intercepted by trees and vegetation, 
potentially accumulates as snow or ice, provides runoff on the land 
surface, infiltrates into soils, recharges groundwater, discharges into 
streams, flows out into the oceans, and ultimately evaporates again 
from the ocean or land surface. The various systems involved in the 
hydrological cycle are usually referred to as hydrological systems.

Ice sheet A mass of land ice of continental size that is sufficiently 
thick to cover most of the underlying bed, so that its shape is mainly 
determined by its dynamics (the flow of the ice as it deforms internally 
and/or slides at its base). An ice sheet flows outward from a high central 
ice plateau with a small average surface slope. The margins usually slope 
more steeply, and most ice is discharged through fast flowing ice streams 
or outlet glaciers, in some cases into the sea or into ice shelves floating 
on the sea. There are only two ice sheets in the modern world, one on 
Greenland and one on Antarctica. During glacial periods there were 
others. See also Glacier.

(climate change) Impact assessment The practice of identifying 
and evaluating, in monetary and/or non-monetary terms, the effects of 
climate change on natural and human systems.

Impacts (consequences, outcomes) The consequences of 
realized risks on natural and human systems, where risks result from 
the interactions of climate-related hazards (including extreme weather 
and climate events), exposure, and vulnerability. Impacts generally 
refer to effects on lives; livelihoods; health and well-being; ecosystems 
and species; economic, social and cultural assets; services (including 
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ecosystem services); and infrastructure. Impacts may be referred to 
as consequences or outcomes, and can be adverse or beneficial. See 
also Adaptation, Exposure, Hazard, Loss and Damage, and losses and 
damages, and Vulnerability.

Incremental adaptation See Adaptation.

Indigenous knowledge Indigenous knowledge refers to the 
understandings, skills and philosophies developed by societies with 
long histories of interaction with their natural surroundings. For many 
Indigenous peoples, Indigenous knowledge informs decision-making 
about fundamental aspects of life, from day-to-day activities to longer 
term actions. This knowledge is integral to cultural complexes, which also 
encompass language, systems of classification, resource use practices, 
social interactions, values, ritual and spirituality. These distinctive ways 
of knowing are important facets of the world’s cultural diversity. This 
definition builds on UNESCO (2018).

Indirect land-use change (iLUC) See Land-use change (LUC).

Industrial revolution A period of rapid industrial growth with far-
reaching social and economic consequences, beginning in Britain during 
the second half of the 18th century and spreading to Europe and later to 
other countries, including the United States. The invention of the steam 
engine was an important trigger of this development. The industrial 
revolution marks the beginning of a strong increase in the use of fossil 
fuels, initially coal, and hence emission of carbon dioxide (CO2). See also 
Pre-industrial.

Industrialized/developed/developing countries There are a 
diversity of approaches for categorizing countries on the basis of their 
level of development, and for defining terms such as industrialized, 
developed, or developing. Several categorizations are used in this report. 
(1) In the United Nations system, there is no established convention for 
designation of developed and developing countries or areas. (2) The 
United Nations Statistics Division specifies developed and developing 
regions based on common practice. In addition, specific countries are 
designated as Least Developed Countries (LDC), landlocked developing 
countries, small island developing states, and transition economies. Many 
countries appear in more than one of these categories. (3) The World 
Bank uses income as the main criterion for classifying countries as low, 
lower middle, upper middle and high income. (4) The UNDP aggregates 
indicators for life expectancy, educational attainment, and income into a 
single composite Human Development Index (HDI) to classify countries 
as low, medium, high or very high human development.

Inequality See Equality.

Information and communication technology (ICT) An umbrella 
term that includes any information and communication device or 
application, encompassing: computer systems, network hardware and 
software, cell phones, etc.

Infrastructure commitment See Climate change commitment.

Institution Institutions are rules and norms held in common by social 
actors that guide, constrain and shape human interaction. Institutions 
can be formal, such as laws and policies, or informal, such as norms and 
conventions. Organizations – such as parliaments, regulatory agencies, 
private firms and community bodies – develop and act in response to 
institutional frameworks and the incentives they frame. Institutions can 
guide, constrain and shape human interaction through direct control, 
through incentives, and through processes of socialization. See also 
Institutional capacity.

Institutional capacity Institutional capacity comprises building 
and strengthening individual organizations and providing technical 

and management training to support integrated planning and decision-
making processes between organizations and people, as well as 
empowerment, social capital, and an enabling environment, including 
the culture, values and power relations (Willems and Baumert, 2003). 

Integrated assessment A method of analysis that combines results 
and models from the physical, biological, economic and social sciences 
and the interactions among these components in a consistent framework 
to evaluate the status and the consequences of environmental change 
and the policy responses to it. See also Integrated assessment model 
(IAM).

Integrated assessment model (IAM) Integrated assessment 
models (IAMs) integrate knowledge from two or more domains into 
a single framework. They are one of the main tools for undertaking 
integrated assessments.

One class of IAM used in respect of climate change mitigation may 
include representations of: multiple sectors of the economy, such as 
energy, land use and land-use change; interactions between sectors; the 
economy as a whole; associated GHG emissions and sinks; and reduced 
representations of the climate system. This class of model is used to assess 
linkages between economic, social and technological development and 
the evolution of the climate system. 

Another class of IAM additionally includes representations of the costs 
associated with climate change impacts, but includes less detailed 
representations of economic systems. These can be used to assess 
impacts and mitigation in a cost–benefit framework and have been used 
to estimate the social cost of carbon.

Integrated water resources management (IWRM) A process 
which promotes the coordinated development and management of 
water, land and related resources in order to maximize economic and 
social welfare in an equitable manner without compromising the 
sustainability of vital ecosystems.

Inter-generational equity See Equity.

Inter-generational justice See Justice.

Internal variability See Climate variability.

Internet of Things (IoT) The network of computing devices 
embedded in everyday objects such as cars, phones and computers, 
connected via the internet, enabling them to send and receive data.

Iron fertilization See Ocean fertilization.

Irreversibility A perturbed state of a dynamical system is defined as 
irreversible on a given timescale, if the recovery time scale from this state 
due to natural processes is substantially longer than the time it takes for 
the system to reach this perturbed state. See also Tipping point.

Justice Justice is concerned with ensuring that people get what is due 
to them, setting out the moral or legal principles of fairness and equity in 
the way people are treated, often based on the ethics and values of society.

Climate justice 
Justice that links development and human rights to achieve a human-
centred approach to addressing climate change, safeguarding the rights 
of the most vulnerable people and sharing the burdens and benefits of 
climate change and its impacts equitably and fairly. This definition builds 
upon the one used by the Mary Robinson Foundation – Climate Justice 
(MRFCJ, 2018).

Distributive justice 
Justice in the allocation of economic and non-economic costs and 
benefits across society.
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Inter-generational justice 
Justice in the distribution of economic and non-economic costs and 
benefits across generations.

Procedural justice 
Justice in the way outcomes are brought about including who participates 
and is heard in the processes of decision-making.

Social justice 
Just or fair relations within society that seek to address the distribution 
of wealth, access to resources, opportunity, and support according to 
principles of justice and fairness.

See also Equity, Ethics, Fairness, and Human rights.

Kyoto Protocol The Kyoto Protocol to the United Nations Framework 
Convention on Climate Change (UNFCCC) is an international treaty 
adopted in December 1997 in Kyoto, Japan, at the Third Session of the 
Conference of the Parties (COP3) to the UNFCCC. It contains legally 
binding commitments, in addition to those included in the UNFCCC. 
Countries included in Annex B of the Protocol (mostly OECD countries 
and countries with economies in transition) agreed to reduce their 
anthropogenic greenhouse gas (GHG) emissions (carbon dioxide 
(CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), 
perfluorocarbons (PFCs), and sulphur hexafluoride (SF6)) by at least 5% 
below 1990 levels in the first commitment period (2008–2012). The 
Kyoto Protocol entered into force on 16 February 2005 and as of May 
2018 had 192 Parties (191 States and the European Union). A second 
commitment period was agreed in December 2012 at COP18, known as 
the Doha Amendment to the Kyoto Protocol, in which a new set of Parties 
committed to reduce GHG emissions by at least 18% below 1990 levels 
in the period from 2013 to 2020. However, as of May 2018, the Doha 
Amendment had not received sufficient ratifications to enter into force. 
See also United Nations Framework Convention on Climate Change 
(UNFCCC) and Paris Agreement.

Land surface air temperature The near-surface air temperature 
over land, typically measured at 1.25–2 m above the ground using 
standard meteorological equipment.

Land use Land use refers to the total of arrangements, activities and 
inputs undertaken in a certain land cover type (a set of human actions). 
The term land use is also used in the sense of the social and economic 
purposes for which land is managed (e.g., grazing, timber extraction, 
conservation and city dwelling). In national greenhouse gas inventories, 
land use is classified according to the IPCC land use categories of forest 
land, cropland, grassland, wetland, settlements, other. See also Land-use 
change (LUC).

Land-use change (LUC) Land-use change involves a change from 
one land use category to another. 

Indirect land-use change (iLUC)
Refers to market-mediated or policy-driven shifts in land use that cannot 
be directly attributed to land-use management decisions of individuals 
or groups. For example, if agricultural land is diverted to fuel production, 
forest clearance may occur elsewhere to replace the former agricultural 
production.

Land use, land-use change and forestry (LULUCF)
In the context of national greenhouse gas (GHG) inventories under the 
UNFCCC, LULUCF is a GHG inventory sector that covers anthropogenic 
emissions and removals of GHG from carbon pools in managed lands, 
excluding non-CO2 agricultural emissions. Following the 2006 IPCC 
Guidelines for National GHG Inventories, ‘anthropogenic’ land-related 
GHG fluxes are defined as all those occurring on ‘managed land’, i.e., 
‘where human interventions and practices have been applied to perform 

production, ecological or social functions’. Since managed land may 
include CO2 removals not considered as ‘anthropogenic’ in some of the 
scientific literature assessed in this report (e.g., removals associated with 
CO2 fertilization and N deposition), the land-related net GHG emission 
estimates included in this report are not necessarily directly comparable 
with LULUCF estimates in National GHG Inventories. 

See also Afforestation, Deforestation, Reforestation, and the IPCC Special 
Report on Land Use, Land-Use Change, and Forestry (IPCC, 2000).

Land use, land-use change and forestry (LULUCF) See Land-use 
change (LUC).

Life cycle assessment (LCA) Compilation and evaluation of the 
inputs, outputs and the potential environmental impacts of a product or 
service throughout its life cycle. This definition builds from ISO (2018). 

Likelihood The chance of a specific outcome occurring, where this 
might be estimated probabilistically. Likelihood is expressed in this report 
using a standard terminology (Mastrandrea et al., 2010). See Section 1.6 
for the list of likelihood qualifiers used. See also Agreement, Evidence, 
Confidence and Uncertainty.

Livelihood The resources used and the activities undertaken in order 
to live. Livelihoods are usually determined by the entitlements and assets 
to which people have access. Such assets can be categorised as human, 
social, natural, physical or financial.

Local knowledge Local knowledge refers to the understandings 
and skills developed by individuals and populations, specific to the 
places where they live. Local knowledge informs decision-making about 
fundamental aspects of life, from day-to-day activities to longer-term 
actions. This knowledge is a key element of the social and cultural systems 
which influence observations of, and responses to climate change; it also 
informs governance decisions. This definition builds on UNESCO (2018).

Lock-in A situation in which the future development of a system, 
including infrastructure, technologies, investments, institutions, and 
behavioural norms, is determined or constrained (‘locked in’) by historic 
developments.

Long-lived climate forcers (LLCF) Long-lived climate forcers refer 
to a set of well-mixed greenhouse gases with long atmospheric lifetimes. 
This set of compounds includes carbon dioxide (CO2) and nitrous oxide 
(N2O), together with some fluorinated gases. They have a warming effect 
on climate. These compounds accumulate in the atmosphere at decadal 
to centennial time scales, and their effect on climate hence persists for 
decades to centuries after their emission. On time scales of decades to 
a century, already emitted emissions of long-lived climate forcers can 
only be abated by greenhouse gas removal (GGR). See also Short-lived 
climate forcers (SLCF).

Loss and Damage, and losses and damages Research has taken 
Loss and Damage (capitalized letters) to refer to political debate under 
the UNFCCC following the establishment of the Warsaw Mechanism 
on Loss and Damage in 2013, which is to ‘address loss and damage 
associated with impacts of climate change, including extreme events 
and slow onset events, in developing countries that are particularly 
vulnerable to the adverse effects of climate change.’ Lowercase letters 
(losses and damages) have been taken to refer broadly to harm from 
(observed) impacts and (projected) risks (see Mechler et al., in press). 

Maladaptive actions (Maladaptation) Actions that may lead 
to increased risk of adverse climate-related outcomes, including via 
increased GHG emissions, increased vulnerability to climate change, or 
diminished welfare, now or in the future. Maladaptation is usually an 
unintended consequence.
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Market exchange rate (MER) The rate at which a currency of 
one country can be exchanged with the currency of another country. In 
most economies such rates evolve daily while in others there are official 
conversion rates that are adjusted periodically. See also Purchasing 
power parity (PPP).

Market failure When private decisions are based on market prices 
that do not reflect the real scarcity of goods and services but rather 
reflect market distortions, they do not generate an efficient allocation 
of resources but cause welfare losses. A market distortion is any event 
in which a market reaches a market clearing price that is substantially 
different from the price that a market would achieve while operating 
under conditions of perfect competition and state enforcement of legal 
contracts and the ownership of private property. Examples of factors 
causing market prices to deviate from real economic scarcity are 
environmental externalities, public goods, monopoly power, information 
asymmetry, transaction costs and non-rational behaviour.

Measurement, Reporting and Verification (MRV) 

Measurement
‘Processes of data collection over time, providing basic datasets, including 
associated accuracy and precision, for the range of relevant variables. 
Possible data sources are field measurements, field observations, 
detection through remote sensing and interviews.’ (UN-REDD, 2009).

Reporting
‘The process of formal reporting of assessment results to the UNFCCC, 
according to predetermined formats and according to established 
standards, especially the IPCC [Intergovernmental Panel on Climate 
Change] Guidelines and GPG [Good Practice Guidance].’ (UN-REDD, 
2009) 

Verification
‘The process of formal verification of reports, for example the established 
approach to verify national communications and national inventory 
reports to the UNFCCC.’ (UN-REDD, 2009)

Megadrought See Drought.

Methane (CH4) One of the six greenhouse gases (GHGs) to be 
mitigated under the Kyoto Protocol and is the major component of 
natural gas and associated with all hydrocarbon fuels. Significant 
emissions occur as a result of animal husbandry and agriculture, and 
their management represents a major mitigation option.

Migrant See Migration.

Migration The International Organization for Migration (IOM) 
defines migration as ‘The movement of a person or a group of persons, 
either across an international border, or within a State. It is a population 
movement, encompassing any kind of movement of people, whatever 
its length, composition and causes; it includes migration of refugees, 
displaced persons, economic migrants, and persons moving for other 
purposes, including family reunification.’ (IOM, 2018).

Migrant 
The International Organization for Migration (IOM) defines a migrant 
as ‘any person who is moving or has moved across an international 
border or within a State away from his/her habitual place of residence, 
regardless of (1) the person’s legal status; (2) whether the movement is 
voluntary or involuntary; (3) what the causes for the movement are; or 
(4) what the length of the stay is.’ (IOM, 2018).

See also (Internal) Displacement.

Millennium Development Goals (MDGs) A set of eight time-
bound and measurable goals for combating poverty, hunger, disease, 

illiteracy, discrimination against women and environmental degradation. 
These goals were agreed at the UN Millennium Summit in 2000 together 
with an action plan to reach the goals by 2015.

Mitigation (of climate change) A human intervention to reduce 
emissions or enhance the sinks of greenhouse gases.

Mitigation behaviour See Human behaviour.

Mitigation measures In climate policy, mitigation measures are 
technologies, processes or practices that contribute to mitigation, for 
example, renewable energy (RE) technologies, waste minimization 
processes and public transport commuting practices. See also Mitigation 
option, and Policies (for climate change mitigation and adaptation).

Mitigation option A technology or practice that reduces GHG 
emissions or enhances sinks. 

Mitigation pathways See Pathways.

Mitigation scenario A plausible description of the future that 
describes how the (studied) system responds to the implementation of 
mitigation policies and measures. See also Emission scenario, Pathways, 
Socio-economic scenario and Stabilization (of GHG or CO2-equivalent 
concentration).

Monitoring and evaluation (M&E) Monitoring and evaluation 
refers to mechanisms put in place at national to local scales to respectively 
monitor and evaluate efforts to reduce greenhouse gas emissions and/
or adapt to the impacts of climate change with the aim of systematically 
identifying, characterizing and assessing progress over time. 

Motivation (of an individual) An individual’s reason or reasons for 
acting in a particular way; individuals may consider various consequences 
of actions, including financial, social, affective and environmental 
consequences. Motivation can come from outside (extrinsic) or from 
inside (intrinsic) the individual.

Multilevel governance See Governance.

Narratives Qualitative descriptions of plausible future world 
evolutions, describing the characteristics, general logic and developments 
underlying a particular quantitative set of scenarios. Narratives are also 
referred to in the literature as ‘storylines’. See also Scenario, Scenario 
storyline and Pathways.

Nationally Determined Contributions (NDCs) A term used under 
the United Nations Framework Convention on Climate Change (UNFCCC) 
whereby a country that has joined the Paris Agreement outlines its plans 
for reducing its emissions. Some countries’ NDCs also address how 
they will adapt to climate change impacts, and what support they need 
from, or will provide to, other countries to adopt low-carbon pathways 
and to build climate resilience. According to Article 4 paragraph 2 
of the Paris Agreement, each Party shall prepare, communicate and 
maintain successive NDCs that it intends to achieve. In the lead up to 
21st Conference of the Parties in Paris in 2015, countries submitted 
Intended Nationally Determined Contributions (INDCs). As countries join 
the Paris Agreement, unless they decide otherwise, this INDC becomes 
their first Nationally Determined Contribution (NDC). See also United 
Nations Framework Convention on Climate Change (UNFCCC) and Paris 
Agreement.

Negative emissions Removal of greenhouse gases (GHGs) from 
the atmosphere by deliberate human activities, i.e., in addition to the 
removal that would occur via natural carbon cycle processes. See also 
Net negative emissions, Net zero emissions, Carbon dioxide removal 
(CDR) and Greenhouse gas removal (GGR). 
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Net negative emissions A situation of net negative emissions is 
achieved when, as result of human activities, more greenhouse gases 
are removed from the atmosphere than are emitted into it. Where 
multiple greenhouse gases are involved, the quantification of negative 
emissions depends on the climate metric chosen to compare emissions 
of different gases (such as global warming potential, global temperature 
change potential, and others, as well as the chosen time horizon). See 
also Negative emissions, Net zero emissions and Net zero CO2 emissions.

Net zero CO2 emissions Net zero carbon dioxide (CO2) emissions 
are achieved when anthropogenic CO2 emissions are balanced globally 
by anthropogenic CO2 removals over a specified period. Net zero CO2 
emissions are also referred to as carbon neutrality. See also Net zero 
emissions and Net negative emissions.

Net zero emissions Net zero emissions are achieved when 
anthropogenic emissions of greenhouse gases to the atmosphere are 
balanced by anthropogenic removals over a specified period. Where 
multiple greenhouse gases are involved, the quantification of net zero 
emissions depends on the climate metric chosen to compare emissions 
of different gases (such as global warming potential, global temperature 
change potential, and others, as well as the chosen time horizon). See 
also Net zero CO2 emissions, Negative emissions and Net negative 
emissions.

Nitrous oxide (N2O) One of the six greenhouse gases (GHGs) to be 
mitigated under the Kyoto Protocol. The main anthropogenic source of 
N2O is agriculture (soil and animal manure management), but important 
contributions also come from sewage treatment, fossil fuel combustion, 
and chemical industrial processes. N2O is also produced naturally from a 
wide variety of biological sources in soil and water, particularly microbial 
action in wet tropical forests.

Non-CO2 emissions and radiative forcing Non-CO2 emissions 
included in this report are all anthropogenic emissions other than CO2 
that result in radiative forcing. These include short-lived climate forcers, 
such as methane (CH4), some fluorinated gases, ozone (O3) precursors, 
aerosols or aerosol precursors, such as black carbon and sulphur dioxide, 
respectively, as well as long-lived greenhouse gases, such as nitrous 
oxide (N2O) or other fluorinated gases. The radiative forcing associated 
with non-CO2 emissions and changes in surface albedo is referred to as 
non-CO2 radiative forcing.

Non-overshoot pathways See Pathways.

Ocean acidification (OA) Ocean acidification refers to a reduction 
in the pH of the ocean over an extended period, typically decades or 
longer, which is caused primarily by uptake of carbon dioxide (CO2) from 
the atmosphere, but can also be caused by other chemical additions or 
subtractions from the ocean. Anthropogenic ocean acidification refers to 
the component of pH reduction that is caused by human activity (IPCC, 
2011, p. 37). 

Ocean fertilization Deliberate increase of nutrient supply to 
the near-surface ocean in order to enhance biological production 
through which additional carbon dioxide (CO2) from the atmosphere is 
sequestered. This can be achieved by the addition of micro-nutrients or 
macro-nutrients. Ocean fertilization is regulated by the London Protocol.

Overshoot See Temperature overshoot.

Overshoot pathways See Pathways.

Ozone (O3) Ozone, the triatomic form of oxygen (O3), is a gaseous 
atmospheric constituent. In the troposphere, it is created both naturally 
and by photochemical reactions involving gases resulting from human 
activities (smog). Tropospheric ozone acts as a greenhouse gas. In the 

stratosphere, it is created by the interaction between solar ultraviolet 
radiation and molecular oxygen (O2). Stratospheric ozone plays a 
dominant role in the stratospheric radiative balance. Its concentration is 
highest in the ozone layer.

Paris Agreement The Paris Agreement under the United Nations 
Framework Convention on Climate Change (UNFCCC) was adopted on 
December 2015 in Paris, France, at the 21st session of the Conference 
of the Parties (COP) to the UNFCCC. The agreement, adopted by 196 
Parties to the UNFCCC, entered into force on 4 November 2016 and as 
of May 2018 had 195 Signatories and was ratified by 177 Parties. One 
of the goals of the Paris Agreement is ‘Holding the increase in the global 
average temperature to well below 2°C above pre-industrial levels 
and pursuing efforts to limit the temperature increase to 1.5°C above 
pre-industrial levels’, recognising that this would significantly reduce 
the risks and impacts of climate change. Additionally, the Agreement 
aims to strengthen the ability of countries to deal with the impacts 
of climate change. The Paris Agreement is intended to become fully 
effective in 2020. See also United Nations Framework Convention on 
Climate Change (UNFCCC), Kyoto Protocol and Nationally Determined 
Contributions (NDCs).

Participatory governance See Governance.

Pathways The temporal evolution of natural and/or human systems 
towards a future state. Pathway concepts range from sets of quantitative 
and qualitative scenarios or narratives of potential futures to solution-
oriented decision-making processes to achieve desirable societal goals. 
Pathway approaches typically focus on biophysical, techno-economic, 
and/or socio-behavioural trajectories and involve various dynamics, goals 
and actors across different scales.

1.5°C pathway
A pathway of emissions of greenhouse gases and other climate forcers 
that provides an approximately one-in-two to two-in-three chance, given 
current knowledge of the climate response, of global warming either 
remaining below 1.5°C or returning to 1.5°C by around 2100 following 
an overshoot. See also Temperature overshoot.

Adaptation pathways
A series of adaptation choices involving trade-offs between short-term 
and long-term goals and values. These are processes of deliberation to 
identify solutions that are meaningful to people in the context of their 
daily lives and to avoid potential maladaptation. 

Development pathways
Development pathways are trajectories based on an array of social, 
economic, cultural, technological, institutional and biophysical features 
that characterise the interactions between human and natural systems 
and outline visions for the future, at a particular scale. 

Emission pathways
Modelled trajectories of global anthropogenic emissions over the 21st 
century are termed emission pathways. 

Mitigation pathways 
A mitigation pathway is a temporal evolution of a set of mitigation 
scenario features, such as greenhouse gas emissions and socio-economic 
development.

Overshoot pathways
Pathways that exceed the stabilization level (concentration, forcing, or 
temperature) before the end of a time horizon of interest (e.g., before 
2100) and then decline towards that level by that time. Once the target 
level is exceeded, removal by sinks of greenhouse gases is required. See 
also Temperature overshoot.
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Non-overshoot pathways
Pathways that stay below the stabilization level (concentration, forcing, 
or temperature) during the time horizon of interest (e.g., until 2100).

Representative Concentration Pathways (RCPs)
Scenarios that include time series of emissions and concentrations of 
the full suite of greenhouse gases (GHGs) and aerosols and chemically 
active gases, as well as land use/land cover (Moss et al., 2008). The 
word representative signifies that each RCP provides only one of many 
possible scenarios that would lead to the specific radiative forcing 
characteristics. The term pathway emphasizes the fact that not only the 
long-term concentration levels but also the trajectory taken over time to 
reach that outcome are of interest (Moss et al., 2010). RCPs were used to 
develop climate projections in CMIP5.

• RCP2.6: One pathway where radiative forcing peaks at  
 approximately 3 W m-2 and then declines to be limited at 2.6 W m-2  
 in 2100 (the corresponding Extended Concentration Pathway, or  
 ECP, has constant emissions after 2100).
• RCP4.5 and RCP6.0: Two intermediate stabilization pathways  
 in which radiative forcing is limited at approximately 4.5 W m-2  
 and 6.0 W m-2 in 2100 (the corresponding ECPs have constant  
 concentrations after 2150).
• RCP8.5: One high pathway which leads to >8.5 W m-2 in 2100  
 (the corresponding ECP has constant emissions after 2100 until  
 2150 and constant concentrations after 2250).

See also Coupled Model Intercomparison Project (CMIP) and Shared 
Socio-economic Pathways (SSPs).

Shared Socio-economic Pathways (SSPs) 
Shared Socio-economic Pathways (SSPs) were developed to complement 
the RCPs with varying socio-economic challenges to adaptation and 
mitigation (O’Neill et al., 2014). Based on five narratives, the SSPs 
describe alternative socio-economic futures in the absence of climate 
policy intervention, comprising sustainable development (SSP1), regional 
rivalry (SSP3), inequality (SSP4), fossil–fuelled development (SSP5) and 
middle-of-the-road development (SSP2) (O’Neill, 2000; O’Neill et al., 
2017; Riahi et al., 2017). The combination of SSP-based socio-economic 
scenarios and Representative Concentration Pathway (RCP)-based 
climate projections provides an integrative frame for climate impact and 
policy analysis.

Transformation pathways
Trajectories describing consistent sets of possible futures of greenhouse 
gas (GHG) emissions, atmospheric concentrations, or global mean 
surface temperatures implied from mitigation and adaptation actions 
associated with a set of broad and irreversible economic, technological, 
societal and behavioural changes. This can encompass changes in the 
way energy and infrastructure are used and produced, natural resources 
are managed and institutions are set up and in the pace and direction of 
technological change.

See also Scenario, Scenario storyline, Emission scenario, Mitigation 
scenario, Baseline scenario, Stabilization (of GHG or CO2-equivalent 
concentration) and Narratives.

Peri-urban areas Peri-urban areas are those parts of a city that 
appear to be quite rural but are in reality strongly linked functionally to 
the city in its daily activities.

Permafrost Ground (soil or rock and included ice and organic 
material) that remains at or below 0°C for at least two consecutive years.

pH pH is a dimensionless measure of the acidity of a solution given by 
its concentration of hydrogen ions ([H+]). pH is measured on a logarithmic 
scale where pH = -log10[H+]. Thus, a pH decrease of 1 unit corresponds to 
a 10-fold increase in the concentration of H+, or acidity.

Plug-in hybrid electric vehicle (PHEV) See Electric vehicle (EV).

Policies (for climate change mitigation and adaptation)  
Policies are taken and/or mandated by a government – often in conjunction 
with business and industry within a single country, or collectively with other 
countries – to accelerate mitigation and adaptation measures. Examples of 
policies are support mechanisms for renewable energy supplies, carbon or 
energy taxes, fuel efficiency standards for automobiles, etc.

Political economy The set of interlinked relationships between 
people, the state, society and markets as defined by law, politics, 
economics, customs and power that determine the outcome of trade and 
transactions and the distribution of wealth in a country or economy. 

Poverty Poverty is a complex concept with several definitions 
stemming from different schools of thought. It can refer to material 
circumstances (such as need, pattern of deprivation or limited resources), 
economic conditions (such as standard of living, inequality or economic 
position) and/or social relationships (such as social class, dependency, 
exclusion, lack of basic security or lack of entitlement). See also Poverty 
eradication.

Poverty eradication A set of measures to end poverty in all its 
forms everywhere. See also Sustainable Development Goals (SDGs).

Precursors Atmospheric compounds that are not greenhouse 
gases (GHGs) or aerosols, but that have an effect on GHG or aerosol 
concentrations by taking part in physical or chemical processes regulating 
their production or destruction rates. See also Aerosol and Greenhouse 
gas (GHG).

Pre-industrial The multi-century period prior to the onset of large-
scale industrial activity around 1750. The reference period 1850–1900 
is used to approximate pre-industrial global mean surface temperature 
(GMST). See also Industrial revolution.

Procedural equity See Equity.

Procedural justice See Justice.

Procedural rights See Human rights.

Projection A projection is a potential future evolution of a quantity 
or set of quantities, often computed with the aid of a model. Unlike 
predictions, projections are conditional on assumptions concerning, for 
example, future socio-economic and technological developments that 
may or may not be realized. See also Climate projection, Scenario and 
Pathways.

Purchasing power parity (PPP) The purchasing power of a currency 
is expressed using a basket of goods and services that can be bought 
with a given amount in the home country. International comparison of, 
for example, gross domestic products (GDPs) of countries can be based 
on the purchasing power of currencies rather than on current exchange 
rates. PPP estimates tend to lower the gap between the per capita GDP in 
industrialized and developing countries. See also Market exchange rate 
(MER).

Radiative forcing Radiative forcing is the change in the net, 
downward minus upward, radiative flux (expressed in W m-2) at the 
tropopause or top of atmosphere due to a change in a driver of climate 
change, such as a change in the concentration of carbon dioxide (CO2) 
or the output of the Sun. The traditional radiative forcing is computed 
with all tropospheric properties held fixed at their unperturbed values, 
and after allowing for stratospheric temperatures, if perturbed, to 
readjust to radiative-dynamical equilibrium. Radiative forcing is called 
instantaneous if no change in stratospheric temperature is accounted for. 
The radiative forcing once rapid adjustments are accounted for is termed 
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the effective radiative forcing. Radiative forcing is not to be confused 
with cloud radiative forcing, which describes an unrelated measure of 
the impact of clouds on the radiative flux at the top of the atmosphere.

Reasons for Concern (RFCs) Elements of a classification 
framework, first developed in the IPCC Third Assessment Report, which 
aims to facilitate judgments about what level of climate change may be 
dangerous (in the language of Article 2 of the UNFCCC) by aggregating 
risks from various sectors, considering hazards, exposures, vulnerabilities, 
capacities to adapt, and the resulting impacts.

Reducing Emissions from Deforestation and Forest Degradation 
(REDD+) An effort to create financial value for the carbon stored in 
forests, offering incentives for developing countries to reduce emissions 
from forested lands and invest in low-carbon paths to sustainable 
development (SD). It is therefore a mechanism for mitigation that results 
from avoiding deforestation. REDD+ goes beyond deforestation and 
forest degradation, and includes the role of conservation, sustainable 
management of forests and enhancement of forest carbon stocks. 
The concept was first introduced in 2005 in the 11th Session of the 
Conference of the Parties (COP) in Montreal and later given greater 
recognition in the 13th Session of the COP in 2007 at Bali and inclusion 
in the Bali Action Plan, which called for ‘policy approaches and positive 
incentives on issues relating to reducing emissions from deforestation 
and forest degradation in developing countries (REDD) and the role of 
conservation, sustainable management of forests and enhancement 
of forest carbon stock in developing countries.’ Since then, support for 
REDD has increased and has slowly become a framework for action 
supported by a number of countries.

Reference period The period relative to which anomalies are 
computed. See also Anomaly.

Reference scenario See Baseline scenario.

Reforestation Planting of forests on lands that have previously 
contained forests but that have been converted to some other use. For 
a discussion of the term forest and related terms such as afforestation, 
reforestation and deforestation, see the IPCC Special Report on Land Use, 
Land-Use Change, and Forestry (IPCC, 2000), information provided by 
the United Nations Framework Convention on Climate Change (UNFCCC, 
2013), the report on Definitions and Methodological Options to 
Inventory Emissions from Direct Human-induced Degradation of Forests 
and Devegetation of Other Vegetation Types (IPCC, 2003). See also 
Deforestation, Afforestation and Reducing Emissions from Deforestation 
and Forest Degradation (REDD+).

Region A region is a relatively large-scale land or ocean area 
characterized by specific geographical and climatological features. The 
climate of a land-based region is affected by regional and local scale 
features like topography, land use characteristics and large water 
bodies, as well as remote influences from other regions, in addition to 
global climate conditions. The IPCC defines a set of standard regions for 
analyses of observed climate trends and climate model projections (see 
Figure 3.2; AR5, SREX).

Remaining carbon budget Estimated cumulative net global 
anthropogenic CO2 emissions from the start of 2018 to the time that 
anthropogenic CO2 emissions reach net zero that would result, at some 
probability, in limiting global warming to a given level, accounting for the 
impact of other anthropogenic emissions.

Representative Concentration Pathways (RCPs) See Pathways.

Resilience The capacity of social, economic and environmental 
systems to cope with a hazardous event or trend or disturbance, 
responding or reorganizing in ways that maintain their essential function, 

identity and structure while also maintaining the capacity for adaptation, 
learning and transformation. This definition builds from the definition 
used by Arctic Council (2013). See also Hazard, Risk and Vulnerability.

Risk The potential for adverse consequences where something of 
value is at stake and where the occurrence and degree of an outcome 
is uncertain. In the context of the assessment of climate impacts, the 
term risk is often used to refer to the potential for adverse consequences 
of a climate-related hazard, or of adaptation or mitigation responses to 
such a hazard, on lives, livelihoods, health and well-being, ecosystems 
and species, economic, social and cultural assets, services (including 
ecosystem services), and infrastructure. Risk results from the interaction 
of vulnerability (of the affected system), its exposure over time (to the 
hazard), as well as the (climate-related) hazard and the likelihood of its 
occurrence. 

Risk assessment The qualitative and/or quantitative scientific 
estimation of risks. See also Risk, Risk management and Risk perception.

Risk management Plans, actions, strategies or policies to reduce the 
likelihood and/or consequences of risks or to respond to consequences. 
See also Risk, Risk assessment and Risk perception.

Risk perception The subjective judgment that people make about 
the characteristics and severity of a risk. See also Risk, Risk assessment 
and Risk management.

Runoff The flow of water over the surface or through the subsurface, 
which typically originates from the part of liquid precipitation and/or 
snow/ice melt that does not evaporate or refreeze, and is not transpired. 
See also Hydrological cycle.

Scenario A plausible description of how the future may develop 
based on a coherent and internally consistent set of assumptions 
about key driving forces (e.g., rate of technological change, prices) and 
relationships. Note that scenarios are neither predictions nor forecasts, 
but are used to provide a view of the implications of developments 
and actions. See also Baseline scenario, Emission scenario, Mitigation 
scenario and Pathways.

Scenario storyline A narrative description of a scenario (or family of 
scenarios), highlighting the main scenario characteristics, relationships 
between key driving forces and the dynamics of their evolution. Also 
referred to as ‘narratives’ in the scenario literature. See also Narratives.

SDG-interaction score A seven-point scale (Nilsson et al., 2016) 
used to rate interactions between mitigation options and the SDGs. 
Scores range from +3 (indivisible) to −3 (cancelling), with a zero score 
indicating ‘consistent’ but with neither a positive or negative interaction. 
The scale, as applied in this report, also includes direction (whether the 
interaction is uni- or bi-directional) and confidence as assessed per IPCC 
guidelines. 

Sea ice Ice found at the sea surface that has originated from the freezing 
of seawater. Sea ice may be discontinuous pieces (ice floes) moved on the 
ocean surface by wind and currents (pack ice), or a motionless sheet 
attached to the coast (land-fast ice). Sea ice concentration is the fraction 
of the ocean covered by ice. Sea ice less than one year old is called first-
year ice. Perennial ice is sea ice that survives at least one summer. It may 
be subdivided into second-year ice and multi-year ice, where multi-year 
ice has survived at least two summers.

Sea level change (sea level rise/sea level fall) Sea level can 
change, both globally and locally (relative sea level change) due to (1) a 
change in ocean volume as a result of a change in the mass of water in 
the ocean, (2) changes in ocean volume as a result of changes in ocean 
water density, (3) changes in the shape of the ocean basins and changes 
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in the Earth’s gravitational and rotational fields, and (4) local subsidence 
or uplift of the land. Global mean sea level change resulting from change 
in the mass of the ocean is called barystatic. The amount of barystatic 
sea level change due to the addition or removal of a mass of water is 
called its sea level equivalent (SLE). Sea level changes, both globally and 
locally, resulting from changes in water density are called steric. Density 
changes induced by temperature changes only are called thermosteric, 
while density changes induced by salinity changes are called halosteric. 
Barystatic and steric sea level changes do not include the effect of 
changes in the shape of ocean basins induced by the change in the ocean 
mass and its distribution.

Sea surface temperature (SST) The sea surface temperature is 
the subsurface bulk temperature in the top few meters of the ocean, 
measured by ships, buoys, and drifters. From ships, measurements of 
water samples in buckets were mostly switched in the 1940s to samples 
from engine intake water. Satellite measurements of skin temperature 
(uppermost layer; a fraction of a millimeter thick) in the infrared or 
the top centimeter or so in the microwave are also used, but must be 
adjusted to be compatible with the bulk temperature.

Sendai Framework for Disaster Risk Reduction The Sendai 
Framework for Disaster Risk Reduction 2015–2030 outlines seven clear 
targets and four priorities for action to prevent new, and to reduce 
existing, disaster risks. The voluntary, non-binding agreement recognizes 
that the State has the primary role to reduce disaster risk but that 
responsibility should be shared with other stakeholders, including local 
government and the private sector. Its aim is to achieve ‘substantial 
reduction of disaster risk and losses in lives, livelihoods and health and 
in the economic, physical, social, cultural and environmental assets of 
persons, businesses, communities and countries.’

Sequestration See Uptake.

Shared Socio-economic Pathways (SSPs) See Pathways.

Short-lived climate forcers (SLCF) Short-lived climate forcers 
refers to a set of compounds that are primarily composed of those with 
short lifetimes in the atmosphere compared to well-mixed greenhouse 
gases, and are also referred to as near-term climate forcers. This set 
of compounds includes methane (CH4), which is also a well-mixed 
greenhouse gas, as well as ozone (O3) and aerosols, or their precursors, 
and some halogenated species that are not well-mixed greenhouse gases. 
These compounds do not accumulate in the atmosphere at decadal to 
centennial time scales, and so their effect on climate is predominantly 
in the first decade after their emission, although their changes can still 
induce long-term climate effects such as sea level change. Their effect 
can be cooling or warming. A subset of exclusively warming short-lived 
climate forcers is referred to as short-lived climate pollutants. See also 
Long-lived climate forcers (LLCF).

Short-lived climate pollutants (SLCP) See Short-lived climate 
forcers (SLCF).

Sink A reservoir (natural or human, in soil, ocean, and plants) where a 
greenhouse gas, an aerosol or a precursor of a greenhouse gas is stored. 
Note that UNFCCC Article 1.8 refers to a sink as any process, activity or 
mechanism which removes a greenhouse gas, an aerosol or a precursor 
of a greenhouse gas from the atmosphere. See also Uptake.

Small island developing states (SIDS) Small island developing 
states (SIDS), as recognised by the United Nations OHRLLS (Office of 
the High Representative for the Least Developed Countries, Landlocked 
Developing Countries and Small Island Developing States), are a distinct 
group of developing countries facing specific social, economic and 
environmental vulnerabilities (UN-OHRLLS, 2011). They were recognized 

as a special case both for their environment and development at the 
Rio Earth Summit in Brazil in 1992. Fifty-eight countries and territories 
are presently classified as SIDS by the UN OHRLLS, with 38 being UN 
member states and 20 being Non-UN Members or Associate Members of 
the Regional Commissions (UN-OHRLLS, 2018). 

Social cost of carbon (SCC) The net present value of aggregate 
climate damages (with overall harmful damages expressed as a number 
with positive sign) from one more tonne of carbon in the form of carbon 
dioxide (CO2), conditional on a global emissions trajectory over time.

Social costs The full costs of an action in terms of social welfare 
losses, including external costs associated with the impacts of this action 
on the environment, the economy (GDP, employment) and on the society 
as a whole.

Social-ecological systems An integrated system that includes 
human societies and ecosystems, in which humans are part of nature. 
The functions of such a system arise from the interactions and 
interdependence of the social and ecological subsystems. The system’s 
structure is characterized by reciprocal feedbacks, emphasising that 
humans must be seen as a part of, not apart from, nature. This definition 
builds from Arctic Council (2016) and Berkes and Folke (1998).

Social inclusion A process of improving the terms of participation 
in society, particularly for people who are disadvantaged, through 
enhancing opportunities, access to resources, and respect for rights (UN 
DESA, 2016). 

Social justice See Justice.

Social learning A process of social interaction through which people 
learn new behaviours, capacities, values and attitudes.

Social value of mitigation activities (SVMA) Social, economic 
and environmental value of mitigation activities that include, in addition 
to their climate benefits, their co-benefits to adaptation and sustainable 
development objectives.

Societal (social) transformation See Transformation.

Socio-economic scenario A scenario that describes a possible 
future in terms of population, gross domestic product (GDP), and other 
socio-economic factors relevant to understanding the implications of 
climate change. See also Baseline scenario, Emission scenario, Mitigation 
scenario and Pathways.

Socio-technical transitions Socio-technical transitions are where 
technological change is associated with social systems and the two are 
inextricably linked.

Soil carbon sequestration (SCS) Land management changes 
which increase the soil organic carbon content, resulting in a net removal 
of CO2 from the atmosphere.

Soil moisture Water stored in the soil in liquid or frozen form. Root-
zone soil moisture is of most relevance for plant activity.

Solar radiation management See Solar radiation modification (SRM).

Solar radiation modification (SRM) Solar radiation modification 
refers to the intentional modification of the Earth’s shortwave radiative 
budget with the aim of reducing warming. Artificial injection of 
stratospheric aerosols, marine cloud brightening and land surface albedo 
modification are examples of proposed SRM methods. SRM does not 
fall within the definitions of mitigation and adaptation (IPCC, 2012b, p. 
2). Note that in the literature SRM is also referred to as solar radiation 
management or albedo enhancement.
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Stabilization (of GHG or CO2-equivalent concentration) A 
state in which the atmospheric concentrations of one greenhouse gas 
(GHG) (e.g., carbon dioxide) or of a CO2-equivalent basket of GHGs (or a 
combination of GHGs and aerosols) remains constant over time.

Stranded assets Assets exposed to devaluations or conversion to 
‘liabilities’ because of unanticipated changes in their initially expected 
revenues due to innovations and/or evolutions of the business context, 
including changes in public regulations at the domestic and international 
levels.

Stratosphere The highly stratified region of the atmosphere above 
the troposphere extending from about 10 km (ranging from 9 km at high 
latitudes to 16 km in the tropics on average) to about 50 km altitude. See 
also Atmosphere, and Troposphere.

Sub-national actor Sub-national actors include state/provincial, 
regional, metropolitan and local/municipal governments as well as non-
party stakeholders, such as civil society, the private sector, cities and other 
sub-national authorities, local communities and indigenous peoples. 

Substantive rights See Human rights.

Supply-side measures See Demand- and supply-side measures.

Surface temperature See Global mean surface temperature (GMST), 
Land surface air temperature, Global mean surface air temperature 
(GSAT) and Sea surface temperature (SST).

Sustainability A dynamic process that guarantees the persistence of 
natural and human systems in an equitable manner.

Sustainable development (SD) Development that meets the needs 
of the present without compromising the ability of future generations to 
meet their own needs (WCED, 1987) and balances social, economic and 
environmental concerns. See also Sustainable Development Goals (SDGs) 
and Development pathways (under Pathways).

Sustainable Development Goals (SDGs) The 17 global goals 
for development for all countries established by the United Nations 
through a participatory process and elaborated in the 2030 Agenda for 
Sustainable Development, including ending poverty and hunger; ensuring 
health and well-being, education, gender equality, clean water and 
energy, and decent work; building and ensuring resilient and sustainable 
infrastructure, cities and consumption; reducing inequalities; protecting 
land and water ecosystems; promoting peace, justice and partnerships; 
and taking urgent action on climate change. See also Sustainable 
development (SD).

Technology transfer The exchange of knowledge, hardware and 
associated software, money and goods among stakeholders, which 
leads to the spread of technology for adaptation or mitigation. The 
term encompasses both diffusion of technologies and technological 
cooperation across and within countries.

Temperature overshoot The temporary exceedance of a specified 
level of global warming, such as 1.5°C. Overshoot implies a peak followed 
by a decline in global warming, achieved through anthropogenic removal 
of CO2 exceeding remaining CO2 emissions globally. See also Overshoot 
pathways and Non-overshoot pathways (both under Pathways).

Tipping point A level of change in system properties beyond which 
a system reorganizes, often abruptly, and does not return to the initial 
state even if the drivers of the change are abated. For the climate system, 
it refers to a critical threshold when global or regional climate changes 
from one stable state to another stable state. See also Irreversibility.

Transformation A change in the fundamental attributes of natural 
and human systems.

Societal (social) transformation 
A profound and often deliberate shift initiated by communities toward 
sustainability, facilitated by changes in individual and collective values 
and behaviours, and a fairer balance of political, cultural, and institutional 
power in society.

Transformation pathways See Pathways.

Transformational adaptation See Adaptation.

Transformative change A system-wide change that requires more 
than technological change through consideration of social and economic 
factors that, with technology, can bring about rapid change at scale.

Transient climate response See Climate sensitivity.

Transient climate response to cumulative CO2 emissions 
(TCRE) The transient global average surface temperature change per 
unit cumulative CO2 emissions, usually 1000 GtC. TCRE combines both 
information on the airborne fraction of cumulative CO2 emissions (the 
fraction of the total CO2 emitted that remains in the atmosphere, which 
is determined by carbon cycle processes) and on the transient climate 
response (TCR). See also Transient climate response (under Climate 
sensitivity).

Transit-oriented development (TOD) An approach to urban 
development that maximizes the amount of residential, business and 
leisure space within walking distance of efficient public transport, so as 
to enhance mobility of citizens, the viability of public transport and the 
value of urban land in mutually supporting ways.

Transition The process of changing from one state or condition 
to another in a given period of time. Transition can be in individuals, 
firms, cities, regions and nations, and can be based on incremental or 
transformative change.

Tropical cyclone The general term for a strong, cyclonic-scale 
disturbance that originates over tropical oceans. Distinguished from 
weaker systems (often named tropical disturbances or depressions) by 
exceeding a threshold wind speed. A tropical storm is a tropical cyclone 
with one-minute average surface winds between 18 and 32 m s-1. Beyond 
32 m s-1, a tropical cyclone is called a hurricane, typhoon, or cyclone, 
depending on geographic location. See also Extratropical cyclone.

Troposphere The lowest part of the atmosphere, from the surface 
to about 10 km in altitude at mid-latitudes (ranging from 9 km at high 
latitudes to 16 km in the tropics on average), where clouds and weather 
phenomena occur. In the troposphere, temperatures generally decrease 
with height. See also Atmosphere and Stratosphere.

Uncertainty A state of incomplete knowledge that can result from 
a lack of information or from disagreement about what is known or 
even knowable. It may have many types of sources, from imprecision in 
the data to ambiguously defined concepts or terminology, incomplete 
understanding of critical processes, or uncertain projections of human 
behaviour. Uncertainty can therefore be represented by quantitative 
measures (e.g., a probability density function) or by qualitative 
statements (e.g., reflecting the judgment of a team of experts) (see Moss 
and Schneider, 2000; IPCC, 2004; Mastrandrea et al., 2010). See also 
Confidence and Likelihood.

United Nations Framework Convention on Climate Change 
(UNFCCC) The UNFCCC was adopted in May 1992 and opened for 
signature at the 1992 Earth Summit in Rio de Janeiro. It entered into force 
in March 1994 and as of May 2018 had 197 Parties (196 States and the 
European Union). The Convention’s ultimate objective is the ‘stabilisation 
of greenhouse gas concentrations in the atmosphere at a level that 
would prevent dangerous anthropogenic interference with the climate 
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system.’ The provisions of the Convention are pursued and implemented 
by two treaties: the Kyoto Protocol and the Paris Agreement. See also 
Kyoto Protocol and Paris Agreement.

Uptake The addition of a substance of concern to a reservoir. See also 
Carbon sequestration and Sink.

Vulnerability The propensity or predisposition to be adversely 
affected. Vulnerability encompasses a variety of concepts and elements 
including sensitivity or susceptibility to harm and lack of capacity to cope 
and adapt. See also Exposure, Hazard and Risk.

Water cycle See Hydrological cycle.

Well-being A state of existence that fulfils various human needs, 
including material living conditions and quality of life, as well as the 
ability to pursue one’s goals, to thrive, and feel satisfied with one’s life. 
Ecosystem well-being refers to the ability of ecosystems to maintain their 
diversity and quality.

Zero emissions commitment See Climate change commitment.
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μatm Microatmospheres

1.5DS 1.5 Degree Scenario

2DS 2 Degree Scenario

ACCESS Australian Community  
 Climate and Earth-System Simulator

ACCMIP Atmospheric Chemistry and  
 Climate Model Intercomparison Project

ACCRN The Asian Cities Climate  
 Change Resilience Network

ACOLA Australian Council of Learned Academies

ACs Air Conditioners

ADB Asian Development Bank

ADVANCE Advanced Model Development and Validation 
 for the Improved Analysis of Costs and Impacts 
 of Mitigation Policies

AEZ Agro-Ecological Zone

AfDB African Development Bank

AFOLU Agriculture, Forestry and Other Land-Use

AGCM Atmospheric General Circulation Model

AI Artificial Intelligence

AIM Asia-Pacific Integrated Model

ALA Alaska/Northwest Canada

AMAP Arctic Monitoring and Assessment Programme

AMOC Atlantic Meridional Overturning Circulation

AMP Adjusting Mitigation Pathway

AMZ Amazon

ANT Antarctica

APEX Air Pollutants Exposure Model

AR Afforestation and Reforestation

AR4 IPCC Fourth Assessment Report

AR5 IPCC Fifth Assessment Report

AR6 IPCC Sixth Assessment Report

ARC Arctic

ASEAN Association of Southeast Asian Nations

ASIA Non-OECD Asia

AUD Australian Dollar

B2DS Beyond 2 Degrees Scenario

BASIC Brazil, South Africa, India, China

BC Black Carbon

BCC-CSM Beijing Climate Center Climate System Model

BCM Bergen Climate Model

BECCS Bioenergy with Carbon  
 dioxide Capture and Storage

BET Basic Energy systems, Economy, Environment, 
 and End-use Technology Model

BEV Battery Electric Vehicle

BNEF Bloomberg New Energy Finance 

BNU Beijing Normal University

BRT Bus Rapid Transit

cm Centimetres

C Carbon

CA Conservation Agriculture

CAF Corporacion Andina de Fomento  
 (Development Bank of Latin America)

CAM Central America/Mexico  
 or Community Atmosphere Model

CAMx Comprehensive Air Quality Model with Extensions

CanESM Canadian Earth System Model

CanRCM Canadian Regional Climate Model

CAR Small Islands Regions Caribbean

CAS Central Asia

Cat-HM Catchment-scale Hydrological Models

CbA Community-based Adaptation

CBA Cost-Benefit Analysis

CBD Convention on Biological Diversity

CBDR-RC Common But Differentiated Responsibilities 
 and Respective Capabilities

CBS & GNH Centre for Bhutan Studies  
 and Gross National Happiness Research

CC Carbon Capture

CCAM Conformal Cubic Atmospheric Model 

CCC Constant Composition Commitment

CCCma Canadian Centre for Climate 
 Modelling and Analysis

CCRIF Caribbean Catastrophe Risk Insurance Facility

CCS Carbon dioxide Capture and Storage

CCSM Community Climate System Model

CCT Cirrus Cloud Thinning

CCU Carbon dioxide Capture and Utilisation

CCUS Carbon dioxide Capture, Utilisation and Storage

CDD Consecutive Dry Days

CD-LINKS Linking Climate and Development Policies  
 – Leveraging International  
 Networks and Knowledge Sharing 

CDM Clean Development Mechanism

CDP Carbon Disclosure Project

CDR Carbon Dioxide Removal
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CEA Cost-Effectiveness Analysis

CEC Clean Energy Council

CEDS Community Emissions Data System

CEMICS Contextualizing Climate Engineering and Mitigation: 
 Illusion, Complement or Substitute?

CES Constant Elasticity of Substitution

CESM Community Earth System Model

CEU Central Europe

CFCs Chlorofluorocarbons

CGCM Coupled Global Climate Model

CGE Computable General Equilibrium

CGI Canada/Greenland/Iceland

CGIAR Consultative Group on International Agricultural 
 Research

CH4 Methane

CHP Combined Heat and Power

CI Confidence Interval

CIRED Centre International de Recherche sur 
 l’Environnement et le Développement

CISL Cambridge Institute for Sustainability Leadership

CLM Climate Limited-area Modelling

CMAQ Community Multiscale Air Quality Modeling System

CMIP3 Coupled Model Intercomparison Project Phase 3

CMIP5 Coupled Model Intercomparison Project Phase 5

CMIP6 Coupled Model Intercomparison Project Phase 6

CNA Central North America

CNRM Centre National de Recherches Météorologiques

CO Carbon monoxide

CO2 Carbon dioxide

CO2e Carbon dioxide equivalent

CO2eq Carbon dioxide equivalent

CoM Covenant of Mayors

COP Conference of the Parties

COPPE-COFFEE Programa de Planejamento Energético –  
 COmputable Framework For Energy and 
 the Environment

CORDEX Coordinated Regional  
 Climate Downscaling Experiment

COSMO Consortium for Small-scale Modeling

CRCM Canadian Regional Climate Model 

CRDPs Climate-Resilient Development Pathways

CRIEPI Institut Central de Recherche des Industries 
 Électriques

CRISPR Clustered Regularly Interspaced Short 
 Palindromic Repeats

C-ROADS Climate Rapid Overview And Decision-support 
 Simulator

CRU Climatic Research Unit

CSA Climate-Smart Agriculture

CSC Climate Service Center Germany

CSDI Cold Spell Duration Index

CSIRO Commonwealth Scientific and Industrial 
 Research Organisation

CSP Concentrated Solar Power

CSR Corporate Social Responsibility

CTC Covenant Territorial Coordinator

CWD Consecutive Wet Days

DACCS Direct Air Carbon dioxide Capture and Storage

DACS Direct Air Capture and Storage

DALY Disability Adjusted Life Year

DICE Dynamic Integrated Climate-Economy model

DJF December, January, February

DM8H Daily Maximum 8-Hour exposure

DNE21+ Dynamic New Earth 21 model

DOE Department of Energy (USA)

DRI Direct Reduced Iron

DRM Disaster Risk Management

DTU Technical University of Denmark

E Equilibrium, Evaporation or Evapotranspiration

EAF East Africa

EAIS East Antarctic Ice Sheet

EAS East Asia

EbA Ecosystems-based Adaptation

EC European Commission

ECF European Climate Foundation

ECMWF European Centre for Medium-Range 
 Weather Forecasts

ECS Equilibrium Climate Sensitivity

EDGAR Emission Database for Global Atmospheric 
 Research

EEA European Environment Agency

EGMAM ECHO-G Middle Atmosphere Model

E-HYPE European Hydrological Predictions 
 for the Environment

EJ Exajoules

EMEP European Monitoring and Evaluation Programme
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EMF Energy Modeling Forum

EMIC Earth-system Model of Intermediate Complexity

ENA East North America

ENSO El Niño-Southern Oscillation

EOR Enhanced Oil Recovery

EPA Environmental Protection Agency (USA)

EPIs Energy-Intensive Processing Industries

ERA ECMWF ReAnalysis

ERF Effective Radiative Forcing

ERFaci Effective Radiative Forcing from aerosol-cloud 
 interactions

ERFari Effective Radiative Forcing from aerosol-radiation 
 interactions

ESCOs Energy Service Companies

ESL Extreme Sea Level

ESM Earth System Model

ESR Empirical Scaling Relationship

ESRB ASC European Systemic Risk Board Advisory 
 Scientific Committee

ESRL NOAA Earth System Research Laboratory

Eta-CPTEC Eta Centro de Previsão do Tempo e 
 Estudos Climáticos

ETP Pacific Islands region [3] or Energy Technology 
 Perspectives model

ETS Emission Trading Scheme

EU European Union

EU-FP6 European Union Sixth Framework Programme

EUG4 France, Germany, Italy, United Kingdom

EURO-CORDEX European branch of the Coordinated Regional 
 Climate Downscaling Experiment

EV Electric Vehicle

EW Enhanced Weathering

FAIR Finite Amplitude Impulse Response model

FAO Food and Agriculture Organization 
 of the United Nations

FAOSTAT Database Collection of the Food and Agriculture 
 Organization of the United Nations

FAQ Frequently Asked Questions

FARM Future Agricultural Resources Model

Fe Iron

FE Final Energy

FEMA Federal Emergency Management Agency (USA)

FF Fossil Fuel

FF&I Fossil-Fuel combustion and Industrial processes

F-gas Fluorinated gases

FGOALS Flexible Global Ocean-Atmosphere-Land 
 System model

FIO First Institute of Oceanography

FMNR Farmer Managed Natural Regeneration

FUND Climate Framework for Uncertainty,  
 Negotiation, and Distribution model

FUSSR Former Union of Soviet Socialist Republics

g Grams

GAMS General Algebraic Modeling System

GBAM Ground-Based Albedo Modification

GCAM Global Change Assessment Model 

GCC Gulf Cooperative Council

GCEC Global Commission on the Economy and Climate

GCM General Circulation Model or Global Climate Model

GCP Global Carbon Project 

GDP Gross Domestic Product

GE General Equilibrium

GEA Global Energy Assessment

GEM-E3 General Equilibrium Model for Economy - 
 Energy - Environment

GENeSYS-MOD Global Energy System Model

GeSI Global e-Sustainability Initiative

GFCF Gross Fixed Capital Formation

GFDL Geophysical Fluid Dynamic Laboratory

GFR Grid Flexibility Resources

Gha Gigahectares

GHCNDEX Global Historical Climatology Network – 
 Daily climate Extremes

GHGs Greenhouse Gases

GHM Global Hydrological Models

GIS Greenland Ice Sheet

GISS Goddard Institute for Space Studies

GISTEMP Goddard Institute for Space Studies Surface 
 Temperature Analysis

GJ Gigajoules

GLEAM Global Livestock Environmental Assessment Model

Glob-HM Global Hydrological Model

GLOBIOM GLObal BIOsphere Management model

GLOFs Glacial Lake Outburst Floods

GM Genetically Modified

GMO Genetically Modified Organism

GMSL Global Mean Sea Level
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GMST Global Mean Surface Temperature

GMT Global Mean Temperature

GNHI Gross National Happiness Index

GPP Gross Primary Productivity

GPT General Purpose Technologies

GRAPE Global Relationship Assessment to Protect 
 the Environment model

GSAT Global mean Surface Air Temperature

Gt Gigatonne

GTP Global Temperature-change Potential

GWA Government of Western Australia

GWP Global Warming Potential or Gross World Product

ha Hectares

H2 Hydrogen

HadCM Hadley Centre Coupled Model

HadCRUT Hadley Centre Climatic Research Unit Gridded 
 Surface Temperature Data Set

HadEX Hadley Centre Global Climate Extremes index 

HadGEM Hadley Centre Global Environmental Model

HadRM Hadley Centre Regional Model

HAPPI Half a degree Additional warming, 
 Prognosis and Projected Impacts

HDV Heavy-Duty Vehicle

HEV Hybrid Electric Vehicle

HFCs Hydrofluorocarbons

HLCCP High-Level Commission on Carbon Prices

HLPE High Level Panel of Experts on Food Security 
 and Nutrition

HSRTF Hurricane Sandy Rebuilding Task Force 

HTM Holocene Thermal Maximum

HYMOD HYdrological MODel

IAEA International Atomic Energy Agency

IAMC Integrated Assessment Modelling Consortium

IAMs Integrated Assessment Models

IBA International Bar Association

IBI International Biochar Initiative

ICAMS Integrated Climate and Air Quality 
 Modeling System

ICEM International Centre for Environmental 
 Management

ICLEI International Council for Local Environmental 
 Initiatives

ICPDR International Commission for the Protection 
 of the Danube River

ICSU International Council for Science

ICT Information and Communication Technology

IEA International Energy Agency

IEAGHG IEA Greenhouse Gas R&D Programme

IFAD International Fund for Agricultural Development

IFPRI International Food Policy Research Institute

IGCC Integrated Gasification Combined Cycle

IIASA International Institute for Applied Systems Analysis

IIF Institute of International Finance

iLUC Indirect Land-Use Change 

IMACLIM-NLU IMpact Assessment of CLIMate policies model – 
 Nexus Land-Use model

IMAGE Integrated Model to Assess the Global Environment

IMF International Monetary Fund

IMO International Maritime Organization

IMPACT2C Quantifying Projected Impacts under 2°C Warming

INDCs Intended Nationally Determined Contributions

INM Russian Institute for Numerical Mathematics

IOM International Organization for Migration

IoT Internet of Things

IPCC Intergovernmental Panel on Climate Change

IPSL Institute Pierre Simon Laplace

IRENA International Renewable Energy Agency

ISIMIP Inter-Sectoral Impact Model Intercomparison 
 Project

ISO International Standards Organisation

ISSC International Social Science Council

ITF International Transport Forum

IUCN International Union for Conservation of Nature

IWG Interagency Working Group on Social Cost 
 of Greenhouse Gases

IWRM Integrated Water Resources Management

JeDi Jena Diversity-Dynamic Global Vegetation Model

JJA June, July, August

JMA Japan Meteorological Agency

JRA-55 Japanese 55-year Reanalysis

JRC European Commission – Joint Research Centre

JULES Joint United Kingdom Land Environment Simulator

kcal cap-1 day-1 Kilocalories per capita per day

km Kilometres

kt Kilotonnes

kWh Kilowatt hours
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KNMI Koninklijk Nederlands Meteorologisch Instituut 
 (Royal Netherlands Meteorological Institute)

L Litres

L&D Loss and Damage

LAM Latin America and Caribbean

LDCs Least Developed Countries

LDMz-INCA Laboratoire de Météorologie Dynamique  
 – INteractions between Chemistry and Aerosols

LDV Light-Duty Vehicle

LE Limited Evidence

LED Low Energy Demand or Light Emitting Diode

LGM Last Glacial Maximum

LIG Last Interglacial

LLCFs Long-Lived Climate Forcers

LNG Liquefied Natural Gas

LPG Liquefied Petroleum Gas

LPJmL Lund-Potsdam-Jena managed Land model

LTA Land Transport Authority of Singapore 

LTGG Long-Term Global Goal

LUC Land-Use Change

LULUCF Land Use, Land-Use Change, and Forestry 

m Metres

m3 cap-1 yr-1 Cubic metres per capita per year

mg Milligrams

mL Millilitres

mm Millimetres

M&E Monitoring and Evaluation

Ma Million years ago

MAC Marginal Abatement Cost

MacPDM Macro-scale – Probability-Distributed Moisture 
 Model

MAGICC Model for the Assessment of Greenhouse Gas 
 Induced Climate Change

MAgPIE Model of Agricultural Production and its Impact 
 on the Environment

MAM March, April, May

MCB Marine Cloud Brightening

MCCA Mercado Común Centroamericano

MDB Group of Multilateral Development Banks

MDGs Millennium Development Goals

MEA Millennium Ecosystem Assessment

MED South Europe/Mediterranean

MEPS Minimum Energy Performance Standards

MER Market Exchange Rates

MERET Managing Environmental Resources to 
 Enable Transitions

MERGE-ETL Model for Evaluating Regional and Global Effects  
 of greenhouse gas reduction policies – 
 Endogenous Technology Learning

MESSAGE Model for Energy Supply Systems And their 
 General Environmental impact

Mha Megahectare

MIROC Model for Interdisciplinary Research on Climate

MISI Marine Ice Sheet Instability 

MIT IGSM Massachusetts Institute of Technology Integrated 
 Global System Model

MJ Megajoules

MoCC Ministry of Climate Change and Adaptation 
 (Government of Vanuatu)

MOHC Met Office Hadley Centre

MOPEX Model Parameter Estimation Experiment

MPAs Marine Protected Areas

MPI Max-Planck-Institut für Meteorologie  
 (Max Planck Institute for Meteorology)

MPWP Mid Pliocene Warm Period

MRFCJ Mary Robinson Foundation – Climate Justice

MRI Meteorological Research Institute of 
 Japan Meteorological Agency

MRV Measurement, Reporting and Verification

MSR Multi-Sector Risk score

Mt Megatonnes

N Nitrogen

N2O Nitrous oxide

NAP National Adaptation Plan

NAS North Asia

NASA National Aeronautics and Space Administration

NASEM National Academies of Sciences, Engineering, 
 and Medicine

NAU North Australia

NCAR National Center for Atmospheric Research

NCCARF National Climate Change Adaptation Research 
 Facility

NCE New Climate Economy

NDCs Nationally Determined Contributions

NEA Nuclear Energy Agency

NEB North-East Brazil

NEC National Environment Commission 
 (Royal Government of Bhutan)
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NETL National Energy Technology Laboratory 
 (US Department of Energy)

NEU North Europe

NF3 Nitrogen trifluoride

NGO Non-Governmental Organization

NH3 Ammonia

NHD Number of Hot Days

NITI Aayog National Institution for Transforming India

NMVOC Non-Methane Volatile Organic Compounds

NOAA National Oceanic and Atmospheric Administration

NorESM Norwegian Earth System Model

NOx Nitrogen oxides

NPCC New York City Panel on Climate Change

NPP Net Primary Productivity

NPV Net Present Value

NRC National Research Council

NSR Northern Sea Route

NTP Pacific Islands region [2]

NYC New York City

NZAGRC New Zealand Agricultural Greenhouse Gas 
 Research Center

O2 Oxygen

O3 Ozone

OA Ocean Acidification or Ocean Alkalinization

OC Organic Carbon

OECD Organisation for Economic Co-operation 
 and Development

OGCC Optimal Gasification Combined Cycle

OHCHR Office of the United Nations High Commissioner 
 for Human Rights

OIF Ocean Iron Fertilisation

ORCHIDEE ORganising Carbon and Hydrology In Dynamic 
 EcosystEms model

ORR NYC Mayor’s Office of Recovery & Resiliency

OS Overshoot

pp People

ppb Parts per billion

ppm Parts per million

ppt Parts per thousand

P Precipitation or Phosphorous

PAGE Policy Analysis of the Greenhouse Effect model

PAHO Pan American Health Organization

PCM Parallel Climate Model

PDSI Palmer Drought Severity Index

PE Primary Energy or Partial Equilibrium

PET Physiologically Equivalent Temperature or 
 Potential Evapo-Transpiration

PFCs Perfluorocarbons

Pg Petagrams

PHEV Plug-in Hybrid Electric Vehicle

PIK Potsdam-Institut für Klimafolgenforschung  
 (Potsdam Institute for Climate Impact Research)

PM10 Particulate Matter with Aerodynamic 
 Diameter <10 μm

PM2.5 Particulate Matter with Aerodynamic 
 Diameter <2.5 μm

POLES Prospective Outlook on Long-term 
 Energy Systems model

PPP Purchasing Power Parity

PR Probability Ratio

PV Photovoltaics

R&D Research and Development

RCA Rossby Centre Regional Atmospheric Model

RCI Rotterdam Climate Initiative

RCM Regional Climate Model

RCPs Representative Concentration Pathways

REDD+ Reducing Emissions from Deforestation and 
 forest Degradation; and the role of conservation, 
 sustainable management of forests and  
 enhancement of forest carbon stocks in 
 developing countries

ReEDS-IPM Regional Electricity Deployment System model – 
 Integrated Planning Model

RegCM Regional Climate Model system

REMIND REgional Model of INvestments and Development

REN21 Renewable Energy Policy Network for 
 the 21st Century

RF Radiative Forcing

RFC Reason for Concern

RGoB Royal Government of Bhutan

RMI Rocky Mountain Institute

RNCFC Reference Non-CO2 Forcing Contribution

RNCTC  Reference Non-CO2 Temperature Contribution

Rx1day Annual maximum 1-day precipitation

Rx5day Annual maximum 5-day precipitation

SAF Southern Africa

SAH Sahara

SAI Stratospheric Aerosol Injection
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SAMS South American Monsoon System

SAR IPCC Second Assessment Report

SAS South Asia

SAT Surface Air Temperature

SAU South Australia/New Zealand

SBSTA Subsidiary Body for Scientific and Technological 
 Advice (UNFCCC)

SCC Social Cost of Carbon

SCS Soil Carbon Sequestration

SD Sustainable Development

SDGs Sustainable Development Goals

SDGVM Sheffield Dynamic Global Vegetation Model

SDII Simple Daily Intensity Index

SDSN Sustainable Development Solutions Network

SEA Southeast Asia

SEAPs Sustainable Energy Action Plans

SED Structured Expert Dialogue

SEM Semi-Empirical Model

SF6 Sulphur hexafluoride

SFM Sustainable Forest Management

SIDS Small Island Developing States 

SIFMA Securities Industry and Financial Markets 
 Association

SLCFs Short-Lived Climate Forcers

SLCPs Short-Lived Climate Pollutants

SLR Sea Level Rise

SM Supplementary Material

SMA Soil Moisture Anomalies

SMHI Swedish Meteorological and Hydrological Institute

SO2 Sulphur dioxide

SOLARIS HEPPA SOLARIS High Energy Particle Precipitation 
 in the Atmosphere

SON September, October, November

SOx Sulphur oxides

SPAs Shared climate Policy Assumptions

SPC Secretariat of the Pacific Community

SPEI Standardized Precipitation Evapotranspiration 
 Index

SPI Standardised Precipitation Index

SPM Summary for Policymakers

SR1.5 IPCC Special Report on Global Warming of 1.5°C

SRCCL IPCC Special Report on Climate Change and Land

SRES IPCC Special Report on Emissions Scenarios

SREX IPCC Special Report on Managing the Risks of  
 Extreme Events and Disasters to Advance Climate 
 Change Adaptation

SRM Solar Radiation Modification

SROCC IPCC Special Report on the Ocean and Cryosphere 
 in a Changing Climate

SSA Southeastern South America

SSPs Shared Socioeconomic Pathways

SST Sea Surface Temperature

STP Southern Tropical Pacific

SWAT Soil & Water Assessment Tool

SWF Social Welfare Function

SYR IPCC Synthesis Report

t Tonnes

tDM Tonnes Dry Matter

tril$ Trillion dollars

T Temperature or Transient

T&D Transmission and Distribution

TCR Transient Climate Response

TCRE Transient Climate Response to cumulative 
 CO2 Emissions

TEAP Technology and Economic Assessment Panel

TFE Thematic Focus Element

TFP Total Factor Productivity

Tg Teragrams

TIB Tibetan Plateau

TNn Coldest night-time temperature of the year

TOD Transit Oriented Development

TS Technical Summary

Tt Teratonnes

TTs Transition Towns

TXx Hottest daytime temperature of the year

UCCRN Urban Climate Change Research Network

UHI Urban Heat Islands

UITP Union Internationale des Transports Publics 
 (International Association of Public Transport)

UKCP United Kingdom Climate Projections

UN United Nations

UN DESA United Nations Department of Economic 
 and Social Affairs

UNCBD United Nations Convention on Biological Diversity

UNDP United Nations Development Programme

UNEP UN Environment
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UNEP-WCMC UNEP World Conservation Monitoring Centre

UNESCO United Nations Educational, Scientific and Cultura 
 Organization

UNFCCC United Nations Framework Convention on Climate 
 Change

UNGA United Nations General Assembly

UNICEF United Nations International Children’s 
 Emergency Fund

UNISDR United Nations Office for Disaster Risk Reduction

UN-OHRLLS Office of the High Representative for the Least 
 Developed Countries, Landlocked Developing 
 Countries and Small Island Developing States

UNRISD United Nations Research Institute for 
 Social Development

UNSCEAR United Nations Scientific Committee on the 
 Effects of Atomic Radiation
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Executive Summary

Since AR5, climate-change impacts have become more frequent, 
intense and have affected many millions of people from every 
region and sector across North America (Canada, USA and 
Mexico). Accelerating climate-change hazards pose significant 
risks to the well-being of North American populations and the 
natural, managed and human systems on which they depend 
(high confidence1). Addressing these risks has been made more 
urgent by delays due to misinformation about climate science 
that has sowed uncertainty and impeded recognition of risk 
(high confidence). {14.2, 14.3}

Without limiting warming to 1.5°C, key risks to North America 
are expected to intensify rapidly by mid-century (high 
confidence). These risks will result in irreversible changes to 
ecosystems, mounting damages to infrastructure and housing, 
stress on economic sectors, disruption of livelihoods, and issues 
with mental and physical health, leisure and safety. Immediate, 
widespread and coordinated implementation of adaptation 
measures aimed at reducing risks and focused on equity have 
the greatest potential to maintain and improve the quality of 
life for North Americans, ensure sustainable livelihoods and 
protect the long-term biodiversity, and ecological and economic 
productivity, in North America (high confidence). Enhanced 
sharing of resources and tools for adaptation across economic, 
social, cultural and national entities enables more effective 
short- and long-term responses to climate change. {14.2, 14.4, 
14.5, 14.6, 14.7}

Past and Current Impacts and Adaptation

Over the past 20  years, climate-change impacts across North 
America have become more frequent, intense and affect more 
of the population (high confidence). Despite scientific certainty 
of the anthropogenic influence on climate change, misinformation 
and politicisation of climate-change science has created polarisation 
in public and policy domains in North America, particularly in the 
USA, limiting climate action (high confidence). Vested interests have 
generated rhetoric and misinformation that undermines climate science 
and disregards risk and urgency (medium confidence). Resultant public 
misperception of climate risks and polarised public support for climate 
actions is delaying urgent adaptation planning and implementation 
(high confidence). Drawing upon Indigenous knowledge, enhancing 
communication and outreach and undertaking collaborations to co-
create equitable solutions are critical for successful climate action. 
{Box 14.1, 14.3, 14.7}

Climate change has negatively impacted human health and well-
being in North America (very high confidence). High temperatures 
have increased mortality and morbidity (very high confidence), with 
impacts that vary by age, gender, location and socioeconomic conditions 
(very high confidence). Changes in temperature and precipitation have 

1 In this Report, the following summary terms are used to describe the available evidence: limited, medium, or robust; and for the degree of agreement: low, medium, or high. A level of confidence is 
expressed using five qualifiers: very low, low, medium, high and very high, and is typeset in italics (e.g., medium confidence). For a given evidence and agreement statement, different confidence levels 
can be assigned, but increasing levels of evidence and degrees of agreement are correlated with increasing confidence.

increased risk of vector-borne (very high confidence), water-borne 
(high confidence) and food-borne diseases (very high confidence). 
Changes in climate and extreme events have been linked to wide-
ranging negative mental health outcomes (high confidence). The loss 
of access to marine and terrestrial sources of protein has impacted the 
nutrition of subsistence-dependent communities across North America 
(high confidence). Climate change has increased the extent of warmer 
and drier conditions favourable for wildfires (medium confidence) 
that increase respiratory distress from smoke (very high confidence). 
{14.5.2, 14.5.6, Box 14.2}

North American food production is increasingly affected by 
climate change (high confidence), with immediate impacts 
on the food and nutritional security of Indigenous Peoples. 
Climate change and extreme weather events have impacted North 
American agroecosystems (high confidence), with crop-specific effects 
that vary in direction and magnitude by event and location. Climate 
change has generally reduced agricultural productivity by 12.5% since 
1961, with progressively greater losses moving south from Canada to 
Mexico and in drought-prone rain-fed systems (high confidence) while 
favourable conditions increased yields of maize, soybeans in regions 
like the USA Great Plains. Loss of availability and access to marine and 
terrestrial sources of protein has impaired food security and nutrition 
of subsistence-dependent Indigenous Peoples across North America 
(high confidence). Climate change has impacted aquaculture (high 
confidence) and induced rapid redistribution of species (very high 
confidence), and population declines of multiple key fisheries (high 
confidence). {14.5.4, 14.5.6, 14.7}

Climate change has impaired North American freshwater re-
sources and reduced supply security (high confidence). Reduced 
snowpack and earlier runoff (high confidence) have adversely affected 
aquatic ecosystems and freshwater availability for human uses (medi-
um confidence). Recent severe droughts, floods and harmful algal and 
pathogen events have caused harm to large populations and key eco-
nomic sectors (high confidence). Heavy exploitation of limited water 
supplies, especially in the western USA and northern Mexico, and 
deteriorating freshwater management infrastructure, have heightened 
the risks (high confidence). Effective examples of freshwater resource 
adaptation planning are already underway, but coordinated adapta-
tion implementation across multiple conflicting interests and users is 
complicated and time-consuming (high confidence). {14.5.1, 14.5.2, 
14.5.3}

Extreme events and climate hazards are adversely affecting 
economic activities across North America and have disrupted 
supply chain infrastructure and trade (high confidence). Larger losses 
and adaptation costs are observed for sectors with high climate exposures, 
including tourism, fisheries, and agriculture (high confidence) and outdoor 
labour (medium confidence). Disaster planning and spending, insurance, 
markets, and individual and household-level adaptation have acted to 
moderate effects to date (medium confidence). Entrenched socioeconomic 
vulnerabilities have amplified climate impacts for marginalised groups, 
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including Indigenous Peoples, due to the impact of colonialism and 
discrimination (medium confidence). {14.5.4, 14.5.5, 14.5.6, 14.5.7, 14.5.9, 
Box 14.1, Box 14.5, Box 14.6}

North American cities and settlements have been affected 
by increasing severity and frequency of climate hazards and 
extreme events (high confidence), which has contributed to 
infrastructure damage, livelihood losses, damage to heritage 
resources and safety concerns. Impacts are particularly apparent for 
Indigenous Peoples for whom culture, identity, commerce, health and 
well-being are closely connected to a resilient environment (very high 
confidence). Higher temperatures have been associated with violent 
and property crime in the USA (medium confidence), yet the overall 
effects of climate change on crime and violence in North America are 
not well understood. {14.4, 14.5.5, 14.5.6, 14.5.8, 14.5.9, Box 14.1}

Terrestrial, marine and freshwater ecosystems are being 
profoundly altered by climate change across North America (very 
high confidence). Rising air, water, ocean and ground temperatures 
have restructured ecosystems and contributed to the redistribution 
(very high confidence) and mortality (high confidence) of fish, bird 
and mammal species. Extreme heat and precipitation trends on land 
have increased vegetation stress and mortality, reduced soil quality 
and altered ecosystem processes including carbon and freshwater 
cycling (very high confidence). Warm and dry conditions associated 
with climate change have led to tree die-offs (high confidence) and 
increased prevalence of catastrophic wildfire (medium confidence) 
with an increase in the size of severely burned areas in western 
North America (medium confidence). Nature-based Solutions (NbS) 
and ecosystem-based management have been effective adaptation 
approaches in the past but are increasingly exceeded by climate 
extremes (medium confidence). {14.5.1–3, Box 14.7}

Climate-driven changes are particularly pronounced within 
Arctic ecosystems and are unprecedented based on observations 
from multiple knowledge systems (very high confidence). 
Climate change has contributed to cascading environmental and 
sociocultural impacts in the Arctic (high to very high confidence) that 
have adversely, and often irreversibly, altered Northern livelihoods, 
cultural activities, essential services, health, food and nutritional 
security, community connectivity and well-being (high confidence). 
{14.5.2, 14.5.4, 14.5.6, 14.5.7, 14.5.8, Box 14.6}

Future Risks and Adaptation

Climate hazards are projected to intensify further across North America 
(very high confidence). Heatwaves over land and in the ocean, as well as 
wildfire activity, will intensify; subarctic snowpack, glacial mass and sea ice 
will decline (virtually certain); and sea level rise will increase at geographically 
differential rates (virtually certain). Humidity-enhanced heat stress, aridification 
and extreme precipitation events that lead to severe flooding, erosion, debris 
flows and ultimately loss of ecosystem function, life and property are projected 
to intensify (high confidence). {14.2}

Health risks are projected to increase this century under all future 
emissions scenarios (very high confidence), but the magnitude 
and severity of impacts depends on the implementation and 

effectiveness of adaptation strategies (very high confidence). 
Warming is projected to increase heat-related mortality (very high 
confidence) and morbidity (medium confidence). Vector-borne disease 
transmission, water-borne disease risks, food safety risks and mental 
health outcomes are projected to increase this century (high confidence). 
Available adaptation options will be less effective or unable to protect 
human health under high-emission scenarios (high confidence). {14.5.6, 
Box 14.2}

Climate-induced redistribution and declines in North American 
food production are a risk to future food and nutritional 
security (very high confidence). Climate change will continue 
to shift North American agricultural and fishery suitability ranges 
(high confidence) and intensify production losses of key crops (high 
confidence), livestock (medium confidence), fisheries (high confidence) 
and aquaculture products (medium confidence). In the absence of 
mitigation, incremental adaptation measures may not be sufficient to 
address rapidly changing conditions and extreme events, increasing the 
need for cross-sectoral coordination in implementation of mitigation 
and adaptation measures (high confidence). Combining sustainable 
intensification, approaches based on Indigenous knowledge and local 
knowledge, and ecosystem-based methods with inclusive and self-
determined decision making, will result in more equitable food and 
nutritional security (high confidence). {14.5.1–4, 14.5.6, 14.7, Cross-
Chapter Box INDIG in Chapter 18, Cross-Chapter Box MOVING PLATE 
in Chapter 5}

Escalating climate-change impacts on marine, freshwater and 
terrestrial ecosystems (high confidence) will alter ecological 
processes (high confidence) and amplify other anthropogenic 
threats to protected and iconic species and habitats (high 
confidence). Hotter droughts and progressive loss of seasonal water 
storage in snow and ice will tend to reduce summer season stream 
flows in much of western North America, while population growth, 
extensive irrigated agriculture and the needs of threatened and 
endangered aquatic species will continue to place high demands on 
those flows (high confidence). {14.2.2, 14.5.1, 14.5.2, 14.5.3, 14.5.4, 
14.5.6, Box 14.7.1}

Market and non-market economic damages are projected 
to increase to the end of the century from climate impacts 
(high confidence). Estimates for the costs of climate inaction are 
substantial across economic sectors, infrastructure, human health and 
disaster management. Hard limits to adaptation may be reached for 
outdoor labour (medium confidence) and nature-based winter tourism 
activities (very high confidence). At higher levels of warming, climate 
impacts may pose systemic risks to financial markets through impacts 
on transportation systems, supply chains and major infrastructure, as 
well as global-scale challenges to trade (medium confidence). {14.2.2, 
14.5.4, 14.5.8, 14.5.7, 14.5.9, 14.5.5, Box 14.5, Box 14.6}

Solution Space and Governance

Self-determination for Indigenous Peoples is critical for effective 
adaptation in Indigenous communities (very high confidence). 
Throughout North America, Indigenous Peoples are actively addressing 
the compound impacts of climate change, and historical and ongoing 
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forms of colonialism (very high confidence). Indigenous knowledge 
underpins successful understanding of, responses to, and governance of 
climate-change risks. Western scientific practices and technology may 
not be sufficient in addressing future natural resource management 
challenges. Supporting Indigenous self-determination, recognising 
Indigenous Peoples’ Rights, and supporting adaptation underpinned by 
Indigenous knowledge are critical to reducing climate-change risks to 
achieve adaptation success (very high confidence). {14.7.3, Box 14.1}

Equitable, inclusive and participatory approaches that integrate 
climate-impact projections into near- and long-term decision 
making reduce future risks (high confidence). Government and 
private investment are increasingly focusing on early warning and 
rapid response systems, climate and ecological forecasting tools, and 
integrated climate scenario planning methods. Widespread adoption 
of these practices and tools for infrastructure planning, disaster risk 
reduction, ecosystem management, budgeting practices, insurance, 
and climate risk reporting supports planning for a future with more 
climate risks (high confidence). Increased capacity to support the 
equitable resolution of existing and emerging resource disputes 
(local to international) will reduce climate impacts on livelihoods and 
improve the effectiveness of resource management (high confidence). 
{14.5.5, 14.5.10, 14.7}

Near- and long-term adaptation planning, implementation and 
coordination across sectors and jurisdictions supports equitable 
and effective climate solutions (high confidence). Recognition of 
the need for adaptation across North America is increasing, but action 
has been mostly gradual, incremental and reactive (high confidence). 
Current practices will be increasingly insufficient without coordination 
and integration of efforts through equitable policy focused on 
modifying land-use impacts, consumption patterns, economic activities 
and emphasising NbS (high confidence). Transformational, long-term 
adaptation action that reduces risk and increases resilience can address 
rapidly escalating impacts in the long-term, especially if coupled with 
moderate to high mitigation measures (high confidence). {14.7}
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14.1 Introduction and Point of Departure

Earth’s climate is currently changing in significant ways as a result 
of human activities, and future projections indicate continued and 
possibly accelerating change without reductions in greenhouse 
gas (GHG) emissions (Gutiérrez et  al., 2021; IPCC, 2021). Climate 
change affects human and natural systems; this chapter provides an 
assessment of present and future climate-change impacts, risks and 
adaptation for North America, including Mexico, Canada, the USA and 
coastal waters within the 370-km exclusive economic zone. We do not 
consider Hawaii and other island territories of the USA in depth as 
they are assessed in Chapter 15. Chapter 14 assesses evidence from 
Arctic Canada and Alaska, which is synthesised in Cross-Chapter Paper 
6 Polar Regions (CCP6).

Evidence from Indigenous knowledge (IK) systems is included in this 
chapter to assess climate-change risks and solutions in North America 
following the framing provided in Chapter 1 Special Report on the Ocean 
and Cryosphere in a Changing Climate (SROCC) (Abram et  al., 2019) 
and Special Report on Climate Change and Land (SRCCL) (IPCC, 2019a). 
Indigenous contributing authors provided this assessment, reflecting the 
importance of meaningfully including IK in assessment processes (Ford, 
2012; Ford et  al., 2016; Hill et  al., 2020). This addition represents an 
important advancement since AR5 (IPCC, 2013; IPCC, 2014).

Our main point of departure was the Fifth Assessment Report (AR5) for 
WGII (IPCC, 2014). Key findings drawn from the Executive Summary for 
the North America chapter are summarised in Table 14.1. Subsequent 
IPCC reports, such as Special Report on Global Warming of 1.5°C 
(SR1.5) (Hoegh-Guldberg et  al., 2018; IPCC, 2018), SROCC (IPCC, 
2019b) and SRCCL (IPCC, 2019a), also informed the assessment. We 
additionally incorporated recent national climate assessments of the 
USA (USGCRP, 2018) and Canada (Bush and Lemmen, 2019; Warren 
and Lulham, 2021) as well as the Sixth National Communication of 
Mexico to the United Nations Framework Convention on Climate 
Change (SEMARNAT and INECC, 2018).

Chapter 14 sections are organised to address themes and content as 
contained in the IPCC-approved outline for regions. Regional climate 
changes assessed within North America are keyed to Figure 14.1 using 
four-letter abbreviations (e.g., CA-ON, US-SE, MX-NW). The assessment 
addresses recent and future climate for North America, the impacts, risks 
and adaptations within sectors, key risksacross sectors (KR), the nature 
of adaptation and sustainable development pathways as well as two 
additional sections on Indigenous Peoples and perceptions of climate 
change. Seven boxes are used to highlight topics of interdisciplinary 
nature while four frequently asked questions (FAQ) were produced in 
plain language for communication to the public. The chapter utilises 
the framework as well as designated terms in the standardised 
process for evaluating and characterising the degree of certainty in 
assessment findings developed through the expert judgement process 
(Section  1.3.4; Mach et  al., 2017). The Glossary [Annex II] provides 
definitions for terms and concepts used across the report.

14.1.1 Context

With a 2019 total population of over 494 million people (USA 329 million, 
Mexico 128 million and Canada 37 million), North America comprises 
6.4% of the global population. Relative to other countries, North 
American countries have low population densities per square kilometre 
(Mexico 64 people, USA 35 people and Canada 4 people) (United 
Nations, 2019). Population projections indicate a steady growth in the 
three countries, which will exert pressure on consumption and increase 
risks under climate change (United Nations, 2019). North America is 
also responsible for about a quarter of global greenhouse gas (GHG) 
emissions. Since 1990, North American GHG emissions have increased 
by almost 18% (Ritchie and Roser, 2020), and in 2019 the region was 
responsible for 5.9 MtCO2 emissions worldwide (Friedlingstein et  al., 
2020). In terms of annual CO2 emissions per capita, in 2019 Canada 
had 15 metric tons of CO2 per person (tCO2 per person), the USA had 
16 tCO2 per person and Mexico had 3.4 tCO2 per person (Friedlingstein 
et al., 2020).

Table 14.1 |  Key findings from AR5 North America chapter (Romero-Lankao et al., 2014b)

General topic AR5 finding

Climate hazards

Climate has changed in North America, with some changes attributed to human activities.

Climate hazards, especially related to heatwaves, heavy precipitation and snowpack, are expected to change in ways that are adverse to natural and human 
systems.

Natural ecosystems Warming, increasing carbon dioxide (CO2) concentrations, sea level rise (SLR) and climate extremes are stressing ecosystems.

Human systems

Water resources that are already stressed in many parts of North America are expected to become further stressed by climate change. Current adaptation options 
can address water supply deficits, but responses to flooding and water quality concerns are more limited.

Climate change has affected yields of major crops, and projections indicate continued declines, although with variability.

Extreme climate events have affected human health, although climate-change-related trends and attribution to climate change have not been confirmed.

Multiple aspects of climate change have affected livelihoods, economic activities, infrastructure and access to services.

Much infrastructure is vulnerable to extreme weather events, and unless adaptation investments are made, vulnerability to future climate change will persist and 
increase.

Most sectors of the North American economy have been affected by and have responded to extreme weather, including hurricanes, flooding and intense rainfall.

Adaptation

Technological innovation, institutional capacity-building, economic diversification and infrastructure design are adaptations for reducing current climate impacts as 
well as future risks due to a changing climate.

North American governments predominantly have undertaken incremental adaptation assessment and planning at the municipal level. Limited proactive, 
anticipatory adaptation is directed at long-term investment for energy and public infrastructure.
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North American regions and subregions

US Midwest
US Northwest
US Northern Great Plains
US Northeast
US Southwest
US Southern Great Plains
US Arctic
US Southeast
US Hawaii

US-MW
US-NW
US-NP
US-NE
US-SW
US-SP
US-AK
US-SE
US-HI

CA-ON
CA-BC
CA-PR
CA-QC
CA-NW
CA-NE
CA-AT

Canada Ontario 
Canada British Columbia
Canada Prairies
Canada Québec
Canada Western Arctic
Canada Eastern Arctic
Canada Atlantic

North America Sub-Regions

Beaufort Sea
Canadian Arctic Archipelago
Caribbean Sea
Chukchi Sea
Eastern Bering Sea
Gulf of Alaska
Gulf of California
Gulf of Maine
Gulf of Mexico
Hudson Bay
Northern California Current
British Columbia coast
Southern California Current

BS
CAA
CAS
CS
EBS
GOA
GOC
GOM
GOMX
HB
N-CC
P-BC
S-CC

North America Marine Basins

Mexico Northwest
Mexico North
Mexico Northeast
Mexico Southeast
Mexico Southwest
Mexico Veracruz
Mexico Centre

MX-NW
MX-N
MX-NE
MX-SE
MX-SW
MX-VC
MX-CE

300km

Canada
USA

EEZ
Sub-regions

Mexico

Figure 14.1 |  North American regions and sub-regions, adapted from national climate assessments, and city names, referred to in discussion of local and 
regional climate-change impacts and adaptation. White dashed line denotes the southern boundary across North America of the Arctic region defined in Cross-Chapter 
Paper 6.
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14.2 Current and Future Climate in North 
America

Trends in observed and projected physical climate variables, and 
changes in extreme weather and climate events, are summarised in 
this section. Many of the assessments here are adapted from AR6 WGI 
(IPCC, 2021), especially Chapters 11 (Seneviratne et al., 2021) and 12 
(Ranasinghe et  al., 2021), and the Atlas (Gutiérrez et  al., 2021a, b). 
Ranasinghe et  al., 2021, Section  12.4.6, assesses North American 
climatic impact drivers without assessing their impacts or associated 
risks. The WGI assessments are augmented in this section with 
regionally specific support from recent national climate assessments 
or original literature.

14.2.1 Observed Changes in North American Climate

Climate changes directly related to increasing mean and extreme 
temperature, including reduced snowpack, sea and lake ice and glacier 
extent, and marine heatwaves (MHWs), can be attributed to human 
activity and are affecting most of North America (high confidence). 
Upward trends in annual mean temperature across North America 
since 1960 are widespread (Gutiérrez et al., 2021a) but non-uniform 
(Figure 14.2A). Pronounced polar amplification of warming is observed 
in high latitudes (Figure 14.2A), particularly in winter (Gutiérrez et al., 
2021a; Vose et al., 2017; Zhang et al., 2019a). As average temperature 
rises, extreme high temperature records across North America are being 
set more frequently than extreme cold records (Meehl et  al., 2016) 
and the probability of cold extreme events is reduced (WGI Chapter 
11 [Seneviratne et al., 2021]). Trends in daily maximum and minimum 
temperature are significant in high latitudes (US-AK, CA-NW, CA-NE). 
Summer daily maximum temperature is increasing in southwest desert 
regions (US-SW, MX-NW) (Martinez-Austria et  al., 2016; Martinez-
Austria and Bandala, 2017; Navarro-Estupinan et al., 2018).

Annual precipitation has increased in recent decades in northern and 
eastern areas (CA-PR, CA-QU, US-NP, US-SP, US-MW, US-NE, US-AK) 
(high confidence), and has decreased across the western part of the 
continent (CA-BC, US-SW, US-NW, MX-NW) (medium confidence), 
with considerable spatial variability within these regions (Zhang 
et  al., 2019a; Gutiérrez et  al., 2021a). Elsewhere across North 
America there is limited evidence and low agreement on detection 
of observed trends in total precipitation and river flood hazards. The 
intensity and frequency of 1-day heavy precipitation events have 
very likely2 increased since the mid-20th Century across most of 
the USA (US-NP, US-MW, US-NE, but not in US-SE) and in Mexico, 
but no detectable trend is reported in Canada (Seneviratne et  al., 
2021; Zhang et al., 2019a). Recent flooding events along the mid-
latitude Pacific Coast have been attributed to increasingly intense 
atmospheric river events ( Douville et  al., 2021; Gershunov et  al., 
2019; Vano et  al., 2019), but there is low confidence in detecting 
trends in atmospheric river activity.

2 In this Report, the following terms have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99–100% probability, very likely 90–100%, likely 66–100%, about 
as likely as not 33–66%, unlikely 0–33%, very unlikely 0–10% and exceptionally unlikely 0–1%. Additional terms (extremely likely: 95–100%, more likely than not >50–100% and extremely unlikely 
0–5%) may also be used when appropriate. Assessed likelihood is typeset in italics (e.g., very likely). This Report also uses the term ‘likely range’ to indicate that the assessed likelihood of an outcome 
lies within the 17–83% probability range.

Snowpack and snow extent across much of Canada and the western 
USA have declined as temperatures have increased (very high 
confidence) (Ranasinghe et al., 2021; Gutierrez et al., 2021a; Kunkel 
et al., 2016; Mote et al., 2018; Mudryk et al., 2018; Derksen et al., 2019). 
Warm ‘snow droughts’ describing a deficit of snowpack available for 
runoff, even in the absence of a winter precipitation deficit (Cooper 
et al., 2016; Harpold et al., 2017), have become more common in North 
American mountains (Sproles et al., 2016; Nicholls et al., 2018; Pershing 
et al., 2018). Glaciers have retreated over the past half-century at high 
elevation across North America (Frans et al., 2018; Zemp et al., 2019) 
and in the Arctic (Burgess, 2017; Box et al., 2019; Derksen et al., 2019). 
Lake ice in Canada, south of the Arctic region delineated in Figure 14.1, 
has declined (Alexeev et al., 2016; Derksen et al., 2019).

There is limited evidence of trends in meteorological or hydrological 
droughts over the historical record (see Douville et  al. (2021) and 
Seneviratne et al. (2021) for multiple perspectives on drought; Wehner 
et al., 2017), but there is medium confidence in increasing atmospheric 
evaporative demand acting to intensify surface aridity during recent 
droughts (e.g., US-SW) (Seneviratne et al., 2021; Williams et al., 2020). 
The ongoing multi-decadal dry period in the Colorado River basin is as 
extreme as any drought in the past 1000 years (Murphy and Ellis, 2019; 
Williams et al., 2020).

The proportion of hurricanes in stronger categories has likely increased 
globally over the past 40  years, with medium confidence that the 
onshore propagation speed of hurricanes making landfall in the USA 
has slowed detectably since 1900 (Seneviratne et  al., 2021; Kossin, 
2018), contributing to detectable increases in local rainfall and coastal 
flooding associated with these storms. There is high confidence 
(Seneviratne et  al., 2021) that anthropogenic climate change has 
contributed to extreme precipitation associated with recent intense 
hurricanes, such as Harvey in 2017.

North American sea ice extent and volume (thickness) have declined 
up to 10% per decade since 1981 (Fox-Kemper et  al., 2021; Ding 
et al., 2017; Mudryk et al., 2018; Derksen et al., 2019; IPCC, 2019b), 
with changes accelerating during this time (robust evidence, high 
agreement) (Schweiger et  al., 2019), resulting in longer and larger 
periods of open water (Wang et  al., 2018a). Recent (2018) sea ice 
extent in the Bering Sea was the lowest in a 5500-year record and 
appears to lag atmospheric CO2 by about two decades (Jones et al. 
2021). High Arctic sea ice retreat since 1971 and increases in open-
water duration in the most recent decade are unprecedented (Box 
et al., 2019) and most pronounced in the Chukchi, Bering and Beaufort 
seas (US-AK, CA-NW) (high confidence) (Wang and Overland, 2015; 
Jones et al., 2020).

Warming of North American offshore waters is significant and 
attributable to human activities, particularly along the Atlantic coast, 
contributing to sea level rise (SLR) through thermal expansion (very 
high confidence) (Fox-Kemper et al., 2021; IPCC, 2019b). Rates of SLR 
have accelerated along most North American coasts during the past 
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Observed and projected climate changes across North America
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Figure 14.2 |  Observed and projected climate changes across North America. Black boundary lines delineate North American sub-regions (Figure 14.1). Data were 
extracted from Gutiérrezet al. 2021a via http://interactive-atlas.ipcc.ch/ (WGI Interactive Atlas) (Gutiérrez et al., 2021b), where dataset details can be found. (A) Recent observations; 
(B) to (G) are from an ensemble of CMIP6 projections. 

(A) Observed annual mean temperature trend over land for 1980–2015.

(B,C) Projected change in annual mean temperature over land relative to the 1986–2005 average, associated with 2°C or 4°C global warming. 

(D,E) Like (B,C) but for projected percentage change in annual precipitation.

(F,G) Like (B,C) but for projected change in number of days per year with maximum temperature >40°C (‘TX40’).

three decades, excepting coastlines in southern Alaska (US-AK) and 
northeastern Canada (CA-QC, CA-NE) where land is rising (Ranasinghe 
et  al., 2021; Greenan et  al., 2018). Tidal flooding frequency has 
increased in the North Pacific from once every 1–3  years to every 
6–12 months (Sweet et al., 2014).

Acidification of North American coastal waters has occurred in 
conjunction with increased atmospheric CO2 concentration (Mathis 
et al., 2015; Jewett and Romanou, 2017; Claret et al., 2018) combined 
with other local acidifying inputs such as nitrogen and sulphur 
deposition (Doney et  al., 2007) and freshwater nutrient input (very 
high confidence) (Strong et al., 2014; IPCC, 2019b). Oxygen minimum 
zones, particularly in the North Pacific south of US-AK, have expanded 
in volume and O2 has declined since 1970 (IPCC, 2019b).

14.2.2 Projected Changes in North American Climate

Climate changes related to warming temperature, including more 
intense heatwaves over land and in the ocean, diminished snowpack, 
sea ice reduction and SLR, are projected with high confidence and 

are strongly sensitive to future GHG concentrations (Figure  14.2). 
Climatic hazards affected by hydrological change, including humidity-
inclusive heat stress, extreme precipitation and more intense storms, 
are projected to intensify.

Pronounced amplification of warming across the Arctic and continental 
intensification of warming (Figure  14.2B,C) is projected with high 
confidence (Doney et al., 2007; Vose et al., 2017). Extreme heatwaves 
are projected to intensify, particularly in MX-NW, MX-N, MX-NE, US-
SW, US-NP and US-SP (Figure  14.2F,G) and become more frequent 
and longer in duration as average temperature rises across North 
America (Seneviratne et al., 2021). Extreme cold events are projected 
to decrease in severity (Ranasinghe et al., 2021; Wuebbles et al., 2014).

Total precipitation is projected to increase across the northern half 
of North America (very high confidence) and decrease in southwest 
North America (MX-SW, MX-NW, US-SW) (medium confidence) 
(Figure  14.2D,E; Gutiérrez et  al., 2021b). Further increases in the 
intensity of locally heavy precipitation are very likely across the 
continent, as a greater fraction of precipitation falls in intense events 
(Easterling et al., 2017; Prein et al., 2017a; Zhang et al., 2019a).

http://interactive-atlas.ipcc.ch/
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High-humidity hazards are projected to increase (medium confidence) 
in regions around the Gulf of Mexico and southeast North America 
(US-SE, US-SP, MX-NE, MX-SE) (Zhao et  al., 2015). In subtropical 
regions that are less influenced by moisture from the Gulf of Mexico 
(including US-SW, US-SP, MX-NW and MX-N), the combination of 
higher temperature and less total precipitation leads to projections of 
increased aridity: drier surface conditions, higher evaporative demand 
by plants and more intense droughts (Ranasinghe et al., 2021; Jones 
and Gutzler, 2016; Easterling et  al., 2017; Escalante-Sandoval and 
Nuñez-Garcia, 2017).

As temperatures rise, snow extent, duration of snow cover and 
accumulated snowpack are virtually certain to decline in subarctic 
regions of North America (Gutierrez et al., 2021a; McCrary and Mearns, 
2019; Mudryk et  al., 2021), with corresponding effects on snow-
related hydrological changes (high confidence). These changes include 
declines in snowmelt runoff (Li et  al., 2017), increased evaporative 
losses during snow ablation (Foster et  al., 2016; Milly and Dunne, 
2020), as well as increases in the frequency of rain-on-snow events 
(Jeong and Sushama, 2018a) and consecutive snow drought years in 
western North America (Marshall et al., 2019a).

Climate change is projected to magnify the impact of tropical cyclones 
in US-NE, MX-NE, US-SP, and US-SE by increasing rainfall (Patricola and 
Wehner, 2018) and extreme wind speed (high confidence) and slowing 
the speed of land-falling storms (limited evidence, low confidence) 
(Seneviratne et al., 2021; Kossin, 2018). The coastal region at severe 
risk from tropical storms is projected to expand northward within US-
NE (medium confidence) (Kossin et al., 2017).

Additional reduction in polar sea ice is virtually certain (Ranasinghe et al., 
2021; Mudryk et  al., 2021), with the North American Arctic projected 
to be seasonally ice free at least once per decade under 2°C of global 
warming (high confidence) (IPCC, 2019b; Mioduszewski et  al., 2019; 
Mudryk et al., 2018). Duration of freshwater lake ice across the northern 
USA and southern Canada is projected to diminish (high confidence) 
(Ranasinghe et al., 2021; Dibike et al., 2012; Mudryk et al., 2018; Sharma 
et al., 2019).

Ocean surface temperature is very likely to increase in future decades 
in waters around North America (Jewett and Romanou, 2017; Greenan 
et  al., 2018), but at a slower rate than air temperature over the 
continent. Rates of change are projected to be relatively higher in 
northern latitudes, with most rapid warming in summer in the Arctic 
and Bering Sea (US-AK, CA-NW) (Wang and Overland, 2015; Wang 
et al., 2018a; Hermann et al., 2019).

Sea level rise is virtually certain to continue along North American 
coastlines except for parts of US-AK and around Hudson Bay (HB) 
with geographically variable rates of rise (Fox-Kemper et  al., 2021; 
Ranasinghe et  al., 2021; see Box  14.4). Relatively greater SLR is 
projected along the US-SE and MX-SW coastlines and relatively less 
along CA-BC and US-NW (Fox-Kemper et al., 2021; Ranasinghe et al., 
2021; see Box 14.4) (Fasullo and Nerem, 2018; Greenan et al., 2018 
IPCC, 2019b).

Ocean acidification (OA) along North American coastlines is projected 
to increase (very high confidence) (Jewett and Romanou, 2017). The 
frequency and extent of oxygen minimum and hypoxic zones are 

Frequently Asked Questions

FAQ 14.1 | How has climate change contributed to recent extreme events in North America and their impacts?

Multiple lines of evidence indicate that climate change is already contributing to more intense and more frequent extreme events across North 
America. The impacts resulting from extreme events represent a huge challenge for adapting to future climate change.

Extreme events are a fundamental part of how we experience weather and climate. Exceptionally hot days, torrential 
rainfall and other extreme weather events have a direct impact on people, communities and ecosystems. Extreme 
weather can lead to other impactful events such as droughts, floods or wildfires. In a changing climate, people 
frequently ask whether extreme events are generally becoming more severe or more frequent, and whether an 
actual extreme event was caused by climate change.

Because really extreme events occur rarely (by definition), it can be very difficult to assess whether the overall severity 
or frequency of such events has been affected by changing climate. Nevertheless, careful statistical analysis shows that 
record-setting hot temperatures in North America are occurring more often than record-setting cold temperatures 
as the overall climate has gotten warmer in recent decades. The area burned by large wildfires in the western USA 
has increased in recent decades. Observed trends in extreme precipitation events are more difficult to detect with 
confidence, because the natural variability of precipitation is so large and the observational database is limited.

Our understanding of how individual extreme weather events have been influenced by climate change has improved 
greatly in recent years. Climate scientists have developed a formal technique (‘event attribution’, described in WGI 
FAQ 11.3) for assessing how climate change affects the severity or frequency of a particular extreme event, such 
as a record-breaking rainfall event or a marine heatwave. This is a challenging task, because any particular event 
can be caused by a combination of natural variability and climate change. Event attribution is typically carried out 
using models to compare the probability of a specific event occurring in today’s climatic environment relative to 



14

1939

North America  Chapter 14

the probability that the same event might have occurred in a modelled climate in which atmospheric GHGs have 
not risen due to human activities. Using this strategy, multiple studies have estimated that the historically extreme 
rainfall amount that fell across the Houston area from Hurricane Harvey (2017) was three to ten times more likely as 
the result of climate change.

The impacts from extreme events depend not just on physical climate system hazards (temperature, precipitation, 
wind, etc.), but also on the exposure and vulnerability of humans or ecosystems to these events. For example, 
damage from land-falling hurricanes along the coast of the Gulf of Mexico is expected to increase as very strong 
hurricanes become more frequent and intense due to climate change. But damage would also increase with 
additional construction along the shoreline, because coastal development increases exposure to hurricanes. And if 
some structures are constructed to poor building standards, as was the case when hurricane Andrew made landfall 
in Florida in 1992, then vulnerability to hurricane-caused impacts is increased.

Climate change also contributes to impacts from extreme events by making some building codes and zoning restrictions 
inadequate or obsolete. Many North American communities limit development in areas known to be flood-prone, 
to minimise exposure to flooding. But as climate change expands the areas at risk of exposure to flooding beyond 
historical floodplains, the impacts of potential flooding are increased, as Hurricane Harvey demonstrated. Adapting to 
climate change may require retrofits for existing structures and revised zoning for new construction. Some structures 
and neighbourhoods may need to be abandoned altogether to accommodate expanded flooding risk.

Climate change can be an added stress that increases impacts from extreme events, combined with other non-climatic 
stressors. For example, climate change in western North America has contributed to more extreme fire weather. 
The devastating impacts of recent wildfire outbreaks, such as occurred across western Canada in 2016 and 2017, the 
western United States in 2018 and 2020, and both countries in 2021, are to some extent associated with expanded 
development and forest management practices (such as policies to suppress low-intensity fires, allowing fuel to 
accumulate). The effects of development and forest management have dramatically increased the exposure and 
vulnerability of communities to intense wildfires. Climate change has added to these stressors: warming temperature 
leads to more extreme weather conditions that are conducive to increasingly severe wildfires.

Biodiversity is affected by climate change in this way too. For example, numerous bird populations across North 
America are estimated to have declined by up to 30% over the past half-century. Multiple human-related factors, 
including habitat loss and agricultural intensification, contribute to these declines, with climate change as an added 
stressor. Increasingly extreme events, such as severe storms and wildfires, can decimate local populations of birds, 
adding to existing ecological threats.

Box FAQ 14.1 (continued)

projected to increase, with less confidence, exacerbated by climate-
driven eutrophication and increasing stratification (Altieri and Gedan, 
2015; IPCC, 2019b).

14.3 Perception of Climate-Change Hazards, 
Risks and Adaptation in North America

14.3.1 Climate Change as a Salient Issue

The majority of the climate science community has reached consensus 
that mean global temperature has increased and human activity is a 
major cause (Oreskes, 2004; Anderegg et al., 2010; Cook et al., 2013; 
Cook et al., 2016; IPCC, 2021), setting the context for public policy 
action. Despite expert scientific consensus on anthropogenic climate 
change, there is polarisation and an ongoing debate over the reality of 
anthropogenic climate change in the public and policy domains, with 
attendant risks to society (high confidence) (Doran and Zimmerman, 
2009; Ballew et al., 2019; Druckman and McGrath, 2019; Hornsey and 

Fielding, 2020; Wong-Parodi and Feygina, 2020). Public perception 
of consensus regarding anthropogenic climate change can be an 
important gateway belief, which establishes a crucial precondition 
for public policy action (van der Linden et al., 2015; van der Linden 
et  al., 2019) by influencing the assessment of climate-change risks 
and opportunities, and formulation of appropriate mitigation and 
adaptation responses (Ding et  al., 2011; Bolsen et  al., 2015; Drews 
and Van den Bergh, 2016; Doll et al., 2017; Mase et al., 2017; Morton 
et al., 2017). Trust in experts, institutions and environmental groups 
is also important (Cologna and Siegrist, 2020; Termini and Kalafatis, 
2021).

Rhetoric and misinformation on climate change and the deliberate 
undermining of science have contributed to misperceptions of the 
scientific consensus, uncertainty, disregarded risk and urgency, and 
dissent (high confidence) (Ding et  al., 2011; Oreskes and Conway, 
2011; Aklin and Urpelainen, 2014; Cook et al., 2017; van der Linden 
et al., 2017). Additionally, strong party affiliation and partisan opinion 
polarisation contribute to delayed mitigation and adaptation action, 
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most notably in the USA (high confidence) (van der Linden et  al., 
2015; Cook and Lewandowsky, 2016; Bolsen and Druckman, 2018; 
Chinn et  al., 2020) but with similar patterns in Canada (medium 
confidence) (Lachapelle et al., 2012; Kevins and Soroka, 2018). Vocal 
groups can affect public discourse and weaken public support for 
climate mitigation and adaptation policies (medium confidence) 
(Aklin and Urpelainen, 2014; Lewandowsky et  al., 2019). Vested 
economic and political interests have organised and financed 
misinformation and ‘contrarian’ climate-change communication 
(Brulle, 2014; Farrell, 2016a; Farrell, 2016b; Supran and Oreskes, 2017; 
Bolsen and Druckman, 2018; Brulle, 2018). Traditional media–print 
and broadcast–frame and transmit climate-change information and 
play a crucial role in shaping public perceptions, understanding and 
willingness to act (Happer and Philo, 2013; Schmidt et  al., 2013; 
Hmielowski et al., 2014; Bolsen and Shapiro, 2018; King et al., 2019; 
Chinn et al., 2020). The journalistic norm of ‘balance’ (giving equal 
weight to climate scientists and contrarians in climate-change 
reporting) biases coverage by unevenly amplifying certain messages 
that are not supported by science, contributing to politicisation of 
science, spreading of misinformation and reducing public consensus 
on action (Boykoff and Boykoff, 2004; Boykoff and Boykoff, 2007; Cook 
et al., 2017). Much online social media discussion of climate change 
takes place in ‘echo chambers’–a social network among like-minded 
people in communities dominated by a single view that contributes to 
polarisation (Williams et al., 2015; Pearce et al., 2019) and the spread 
of misinformation (Treen et al., 2020).

14.3.2 Public Perceptions, Opinions and Understanding of 
Climate Change

In a 2018 survey across 26 nations, people in Canada and Mexico 
ranked climate change as the top global threat, whereas in the USA 
climate change ranked third (Poushter and Huang, 2019). The public’s 
responses to the causes of climate change and risk perceptions in 
Canada (Mildenberger et al., 2016) and the USA (Howe et al., 2015) 
have revealed variations among regions (Figure  14.3) and less 
acceptance of climate change in rural regions than in urban areas. 
Canadian regions have higher acceptance of climate change (e.g., 
recognise it is happening and attributable to human activity) than the 
most liberal areas in the USA (Lachapelle et al., 2012; Mildenberger 
et  al., 2016). Western Canadian regions with high carbon intensity 
economies had lower acceptance of climate change than the rest of 
Canada, whereas in the USA perceptions were more stable across 
regions (Lachapelle et al., 2012). A recent survey in Mexico found that 
for 73% of respondents climate change represents a major economic, 
environmental and social threat, and in the most vulnerable states 
(MX-SE), the perception is that climate-change impacts and 
extreme events have considerable implications for the way of life in 
communities (Zamora Saenz, 2018). In a 2017 survey, Azócar et al. 
(2021) found that 85% of respondents from Mexico acknowledged 
anthropogenic climate change. Peoples’ experience with extreme 
events (e.g., hurricanes, high temperatures), socio-demographic 
characteristics, level of marginalisation and economic and social 
exclusion, as well as education levels, were important factors 
influencing perception of climate change in Mexico (Corona-Jimenez, 
2018; Alfie and Cruz-Bello, 2021; Azócar et al., 2021). Drawing upon 

Indigenous knowledge (see Box 14.1) as well as lived experience of 
recent changes in ice, weather patterns, and species’ phenology and 
distribution, Indigenous Peoples recognise that change is occurring in 
their communities and have effective solutions that are grounded in 
Indigenous world views (Harrington, 2006; Turner and Clifton, 2009; 
Norton-Smith et al., 2016a; Savo et al., 2016; Maldonado et al., 2017; 
Chisholm Hatfield et al., 2018).

14.3.3 Building Consensus on Climate Change

Building consensus for action on climate change is influenced by 
individual factors (e.g., ideology, world view, trust, partisan identity, 
religion, education, age) and the broader societal context (e.g., 
culture, media coverage and content, political climate, economic 
conditions) (high confidence) (McCright and Dunlap, 2011; Brulle 
et  al., 2012; Hornsey et  al., 2016; Arbuckle, 2017; Pearson et  al., 
2017; Bolsen and Shapiro, 2018; Ballew et  al., 2020; Cologna and 
Siegrist, 2020; Goldberg et al., 2020). In a multi-country assessment 
of acceptance of global warming influenced by ideology (e.g., 
conspiratorial ideation, individualism, hierarchy, and left–right and 
liberal–conservative political orientation), the USA uniquely had 
the strongest link to doubt out of 25 countries for all factors, while 
Canada’s dominant influence on non-acceptance was conservative 
political ideology, and for Mexico, there were no ideological effects 
(Hornsey et al., 2018).

Political affiliation and partisan group identity contribute to polarisation 
on the causes and state of climate change, most notably in the USA 
(medium confidence). Fewer US republicans hold the belief that human 
activity causes climate change than democrats (Bolsen and Druckman, 
2018; Druckman and McGrath, 2019). Partisanship in the USA with 
respect to climate change has evolved over the period 1997–2016; 
initially, it was limited, but since 2008, there has been a widening, 
more entrenched partisan ‘divide’ (Dunlap et al., 2016). The millennial 
generation (born in the 1980s and 1990s), emerging as the largest 
US population cohort, has a potentially important political influence–
reduction in polarisation–as they show relatively higher levels of concern 
and acceptance of climate-change science than older age groups. 
Political affiliation does not have as strong an effect on their climate 
change beliefs (Corner et al., 2015; Ross et al., 2019).

Communicating to educate or enhance knowledge on climate-change 
science or consensus can, but does not necessarily lead individuals 
to revise their beliefs (medium confidence) (Bolsen et  al., 2015; 
Druckman and McGrath, 2019). People may reject new information 
that conflicts with their beliefs or not consider it credible, as political 
ideology and partisan affiliation are strong influences (Arbuckle, 
2017). The climate-change issue may create resistance from 
individuals with conservative political ideologies and hierarchical, 
individualistic world views because it ascribes responsibility to 
developed, industrialised countries for emissions and brings about 
more environmental regulation (Stevenson et al., 2015). Lack of trust 
in scientific consensus on climate change may actually originate 
from opposition by US conservatives to the perceived advocacy for 
different climate-change policy approaches that challenge their world 
views (Bolsen and Druckman, 2018).
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Estimated percent (%) of adults who think earth is getting warmer
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Figure 14.3 |  Regional distribution of public perception that ‘the Earth is getting warmer’ as a surrogate for public acceptance that climate change is 
happening (percent of population). Scale is the Canadian federal electoral district or riding level and US congressional district. The three northern territories and Labrador, in 
Canada, did not meet population thresholds for modelling. The figure updates Mildenberger et al. (2016) and is based on equivalent public surveys in both countries: Canadian 
‘Earth is getting warmer’ and US ‘global warming is happening’ undertaken in 2019. Equivalent surveys and modelling for Mexico are not available at the time of writing.

14.3.4 Factors Influencing Perceptions of Climate-Change 
Risks and Adaptation Action

Projected climate-change risk, urgency and necessary adaptations 
are perceived and understood differently by the public, communities, 
professional groups, climate scientists and public policy makers (high 
confidence) (Bolsen et  al., 2015; Drews and Van den Bergh, 2016; 
Morton et  al., 2017; Treuer et  al., 2018). People can engage with 
climate change across three dimensions: cognitive (knowledge), 
affective (feelings) and behavioural (responses and actions) (Galway, 
2019; Brosch, 2021). Risk assessment can be influenced by values 
regarding the subject under evaluation (Allison and Bassett, 2015; 
Stevenson et al., 2015) and can interact with other risks and change 
over time (Mach et  al., 2016). Communities and practitioners (e.g., 
farmers, foresters, water managers) are influenced in their willingness 
to modify current practices and adopt new measures based on how 
they perceive, understand and experience climate-change uncertainty, 
risk and urgency as well as political and social norms (van Putten 

et al., 2015; Doll et al., 2017; Mase et al., 2017; Morton et al., 2017; 
Zanocco et  al., 2018). Place-based and local-focused assessments 
allow individuals to more readily assess and adapt to risks as well as 
identify roles and responsibilities in the face of multiple, interacting 
and often unequally distributed climate-change impacts (Khan et al., 
2018; Galway, 2019). Interest in preserving local archaeological 
sites threatened by SLR initiated collaboration and co-production of 
knowledge among disparate US communities: citizens, archaeologists, 
preservationists, planners, land managers and Indigenous Peoples 
(Fatorić and Seekamp, 2019; Dawson et al., 2020).

Psychological distancing–the perception that the greatest impacts 
occur sometime in the distant future and to people and places far 
away–can lead to discounting of risk and the need for adaptation 
(medium confidence) (Leviston et al., 2014; Mildenberger et al., 2019). 
Communication directed at local and personal framing of climate-
change impact and risk information is one option for addressing low 
salience (Bolsen et al., 2019) particularly related to established risks 
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such as SLR, flooding and wildfires in North America (Mildenberger 
et  al., 2019). ‘Personalised’ risk communications have had mixed 
results creating behavioural change and policy support, and even 
caused resistance (Schoenefeld and McCauley, 2016). Communication 
focused extensively on risks and dangers of climate change can 
produce fear or dread, lessen agency and create fatalism that hinders 
action (Giddens, 2015; Mayer and Smith, 2019); it also can be labelled 
alarmist (Leiserowitz, 2005). Detailed SLR flooding maps for the 
San Francisco Bay area did not increase climate risk assessment but 
lessened personal risk perception of those with a strong belief in 
climate change, although policy preferences and support for adaptation 
did not change (Mildenberger et al., 2019). Defining coherent groups 
based on variations in beliefs, risk perceptions and policy preferences 
offers opportunities for effectively engaging with segments of the 
population instead of using the same approach for everyone (low 
confidence) (Maibach et al., 2011; Chryst et al., 2018). As an example, 
the US population was segmented into a continuum ranging from 
the ‘Alarmed’, the dominant group who were ‘Concerned’, then the 
Cautious, Disengaged, Doubtful, and least prevalent, the Dismissive 
(Chryst et al., 2018).

14.4 Indigenous Peoples and Climate Change

Indigenous knowledge and science are resources for understanding 
climate-change impacts and adaptive strategies (very high confidence) 
(SM14.1; Table SM14.1). The Indigenous Peoples of North America have 
contributed substantially to, and continue to contribute to, the growing 
literature, scholarship and research on climate change (Barreiro, 1999; 
Houser et al., 2001; Mustonen, 2005; Bennett et al., 2014; Maynard, 
2014; Merculieff et al., 2017; FAQI, 2019; Ijaz, 2019; BIA, 2021). For 
thousands of years, Indigenous Peoples have developed and relied 
on their own knowledge systems for sustaining their health, cultures 
and arts, livelihoods and political security (Battiste and Henderson, 
2000; Colombi, 2012; Nelson and Shilling, 2018). Diverse IK systems in 
North America consider weather and climate as major dimensions of 
understanding the relationship between society and the environment. 
Indigenous Peoples have distinct knowledge of climate change, over 
extensive temporal measures (Trosper, 2002; Barrera-Bassols and 
Toledo, 2005; Gearheard et  al., 2013). The basis of this knowledge 
is often Indigenous Peoples’ long and profound relationships with 
the environment, that is, to the ecosystems, waters, ice, lands, 
territories and resources in their homelands. The relationships have 
been forged by adaptation to a particular environment and involve 
systematic activities. Indigenous harvesters, including hunters, 
fishers, agriculturalists and plant gatherers, observe and monitor 
environmental change, and engage in systematic reflection with one 
another about trends over short- and long-term periods (Sakakibara, 
2010; Sánchez-Cortés and Chavero, 2011; Kermoal and Altamirano-
Jiménez, 2016; Metcalfe et al., 2020b). The holistic perspective of the 
interrelated and interdependent nature of ecosystems is a distinct 
characteristic of IK and often contrasts with findings and results of 
science alone. Indigenous harvesters, agriculturalists, leaders, culture 
bearers, educators and government employees develop theoretical 
and practical knowledge of seasonal and climate change that seeks 
to furnish the best available knowledge and information to inform 
climate-change policy and decisions (Barrera-Bassols and Toledo, 2005; 

McNeeley and Shulski, 2011). Examples of theoretical knowledge 
systems include Indigenous calendars of seasonal change and systems 
of laws and protocols for environmental stewardship (see Box 14.1) 
(Kootenai Culture Committee, 2015; Donatuto et al., 2020).

The practice and use of IK systems is recognised and affirmed by 
the United Nations Declaration on the Rights of Indigenous Peoples 
(UNDRIP) (UNGA, 2007), and consistent with reports and guidance 
from UN bodies including the High Commissioner for Human Rights 
(Bachelet, 2019), Expert Mechanism on the Rights of Indigenous Peoples 
(UNGA, 2015; UNGA, 2018), the Permanent Forum of Indigenous Issues 
(Dodson, 2007; Cunningham Kain et al., 2013; Sena and UNPFII, 2013; 
Sena, 2014; Quispe and UNPFII, 2015) and the Special Rapporteur on 
the Rights of Indigenous Peoples (Cross-Chapter Box INDIG in Chapter 
18; Toledo, 2013; UNGA, 2017). The right to self-determination, control 
over territorial development and cultural integrity make it important 
that climate scientists practise equitable engagement of IK and IK 
holders. There is a growing literature of success and lessons learned 
from co-production of knowledge between IK systems and diverse 
scientific traditions relating to climate change (Behe et  al., 2018; 
Latulippe and Klenk, 2020; Camacho-Villa et al., 2021).

Current and projected climate-change impacts disproportionately harm 
Indigenous Peoples’ livelihoods and economies (very high confidence). 
Indigenous Peoples’ livelihoods in North America include a range of 
activities closely tied to traditional lands, waters and territories. These 
activities support a core economic base and an array of sustenance, 
including financial stability, food security, health and nutrition, safety, 
and adequate provisions and reserves of important supplies and 
resources, as well as the passing down of traditional knowledge. 
Indigenous lives and livelihoods are at risk in the following ways: 
Indigenous persons are more at risk of losing their lives due to factors 
that are exacerbated by climate-change impacts (Ford et  al., 2006; 
Barbaras, 2014; Khalafzai et al., 2019). Indigenous Peoples’ livelihood 
practices are being distressed, interrupted and, in some cases, made 
entirely inaccessible. Livelihood activities known and anticipated to be 
impacted by climate change are food security (Meakin and Kurtvits, 
2009; Wesche and Chan, 2010; Nyland et al., 2017), harvesting of fish, 
plants and wildlife (Dittmer, 2013; Parlee et  al., 2014; Jantarasami 
et al., 2018b; ICC Alaska, 2020), agriculture (St Regis Mohawk Tribe, 
2013; Shinbrot et al., 2019; Settee, 2020), transportation (Swinomish 
Indian Tribe Community, 2010; Hori et al., 2018a; Hori et al., 2018b), 
and tourism and recreation (ICC Canada, 2008). Indigenous Peoples 
have been active in gathering to assess the impacts of climate 
change on their livelihoods, one example being the Bering Sea Elders 
Advisory Group (Bering Sea Elders Advisory Group and Alaska Marine 
Conservation Council, 2011; Bering Sea Elders Group, 2016).

Climate-change impacts have harmful effects on Indigenous Peoples’ 
public health, physical health and mental health, including harmful 
effects connected to the cultural and community foundations of 
health (very high confidence). Health and climate change is a major 
issue for Indigenous Peoples (Section 14.5.6; Ford, 2012; Ford et al., 
2014; Gamble et al., 2016; Jantarasami et al., 2018b; Middleton et al., 
2020a; Donatuto et al., 2021). Climate-change impacts and risks affect 
Indigenous Peoples’ health negatively in different ways. Indigenous 
health, as tied to nutrition and exercise, is threatened when local foods 
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Box 14.1 | Integrating Indigenous ‘Responsibility-Based Thinking’ into Climate-Change 
Adaptation and Mitigation Strategies

Indigenous Peoples throughout North America have experienced five centuries of territorial expropriation, loss of access to natural 
resources and, in many cases, barriers to the use of their sacred sites (Gabbert, 2004; Louis, 2007). The history of Indigenous struggles to 
preserve distinct cultural knowledge and assert autonomy in the face of colonialism has shaped land-use patterns and relationships with 
traditional territories (Cross-Chapter Box INDIG in Chapter 18; Alfred and Corntassel, 2005; Tuhiwai Smith, 2021). Climate change is now 
creating additional challenges for Indigenous Peoples. For example, increased water scarcity due to higher temperatures and diminished 
precipitation have led to reduced crop yields for Maya farmers in Yucatan (Sioui, 2019). Thawing permafrost in subarctic Canada (Quinton 
et al., 2019) has interfered with the land-based livelihoods of the Indigenous Dene Peoples (CCP6).

Recent climate-related changes represent cultural threats similar to the ones that occurred when European settlement began in the 
Americas over 500 years ago (Whyte, 2016; Whyte, 2017). Thus, for Indigenous Peoples, who often disproportionately bear the impacts 
of climate change, such changes are not novel, but seen as déjà vu (Whyte, 2016). Since livelihoods and subsistence are often directly 
dependent on the land and water, Indigenous Peoples have direct insights into the localised impacts of global environmental change. 
Indeed, Indigenous Peoples consider themselves stewards of the land (and water), and have a spiritual duty to care for the land and its 
flora, fauna and aquatic community, or ‘Circle’ of beings. Indigenous knowledge (IK) has gained recognition for its potential to bolster 
Western scientific research about climate change. Many recent examples demonstrate the scientific value of IK for resource management 
in climate-change adaptation and mitigation (e.g., Kronik and Verner, 2010; Maldonado et al., 2013; Wildcat, 2013; Etchart, 2017; Nursey-
Bray et al., 2019). For example, Indigenous practices have not only contributed to the present understanding of North American forest 
fires, but also that the practice of frequent small-scale anthropogenic fires, also called cultural burns, is a key method to prevent large-
scale destructive fires (Section 14.7.1). The growing interest and recognised value in these practices, particularly in California, has led to 
formal agreements with state and federal agencies (Long et al., 2020a; Lake, 2021).

Indigenous relationships with the land are commonly informed and guided by a cultural ethic of ‘responsibility-based thinking’ (Sioui 
and McLeman, 2014). The Indigenous cultural ethic informs and mediates personal and collective conduct with a sense of duty or 
responsibility towards human and other-than-human relations (see Sioui, 2020). The Indigenous responsibility-based outlook stems from 
a cultural paradigm that understands that it is human beings who must learn to live with the land (Cajete, 1999; Pierotti and Wildcat, 
2000; McGregor et al., 2010a; McGregor, 2014). This way of thinking instils in its adherents an inherent awareness that the other-than-
human realm is capable of existing and thriving without humans. Thus, it is for our own sake (as humans) that we learn to live according 
to certain ever-shifting parameters, requiring us to remain acutely attuned to our physical surroundings. This Indigenous cultural precept 
is perhaps among the most significant contributions of Indigenous Peoples to the rest of humanity in the face of climate change.

Indigenous relationships with natural systems continue to be mediated by cultural orders of governance and legal systems that pre-
date, by several millennia, European traditions in North America. Napolean (2012) describes Indigenous legal orders as dynamic and 
encompassing knowledge that is simultaneously legal, religious, philosophical, social and scientific. Customary Indigenous legal orders 
(e.g., Borrows, 2002; Napolean, 2012) stand in contrast to Eurocentric understandings of law, which are closely related to, and founded 
on, the Western principles of rights. Indigenous legal orders are based on duties, obligations and responsibilities to the land and all beings, 
including humans, animals, plants, future generations and the departed/ancestors (Borrows, 2002; Borrows, 2010a; Borrows, 2010b; 
Borrows, 2016). Indigenous spiritual laws are centred on the values of responsibility and accountability to the land, and how these differ, 
in theory and in practice, from Western law, which is based on ‘universal’ principles, with little consideration for the local environmental 
context (Craft, 2014). Research has elucidated these Indigenous understandings about how their land-based responsibilities act as the 
foundation of how humans must operate according to the land on which they live and depend.

With increasing climate-change threats to land-based subsistence and cultural practices, Indigenous Peoples are increasingly taking their 
rightful leadership roles in resource co-management arrangements and other stewardship activities (Section 14.5.2.2). Indeed, Indigenous 
Peoples are increasingly assuming leadership positions with regard to land governance and climate-change action, as the stewards of 
their traditional territories since time immemorial. Therefore, it is imperative for Indigenous scholars, Elders and knowledge holders to 
occupy leadership roles in climate-change adaptation and mitigation, especially when their territories are concerned (Section 14.7; CCP6). 
For instance, Indigenous ‘resurgence’ paradigms draw on the strengths of traditional land-based culture and knowledge with regard to 
Indigenous leadership in land governance and stewardship (Alfred and Corntassel, 2005; Alfred, 2009; Simpson, 2011; Corntassel and 
Bryce, 2012; Coulthard, 2014; Alfred, 2015). Indigenous leadership in climate-change policy, therefore, can ensure that Indigenous right 
to self-determination is respected and upheld to allow Indigenous Peoples to continue to carry out their cultural responsibilities to the 
land, for the benefit of all North Americans (Powless, 2012; Etchart, 2017).
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In northern Canada, a fusion of leading-edge Western science and IK on permafrost informed the co-development of predictive decision-
support tools and risk management strategies to inventory and manage permafrost and adapt to permafrost thaw (CCP6). Permafrost 
thaw in the Dehcho region of Canada is widespread and occurring at unprecedented rates (WGI). The Dehcho Collaborative on Permafrost 
(DCoP) aims to improve the understanding of and ability to predict and adapt to permafrost thaw3. DCoP’s collaborative approach, 
which places Indigenous Peoples in leadership positions, generates the new knowledge, predictive capacity and decision-support tools to 
manage natural resources that support Indigenous Dene Peoples’ ways of life. Indigenous–academic partnerships can enhance climate-
change adaptation and mitigation capacity, and provide openings for more holistic co-management approaches that recognise and 
affirm the central role of Indigenous Peoples as stewards of their ancestral territories, especially as they face accelerating climate-change 
impacts. Academic researchers and their Indigenous partners can support climate-change resilience via mobilising IK in stewardship 
and adaptation; researching governance arrangements, economic relationships and other factors that hinder Indigenous efforts in these 
areas; proposing evidence-based policy solutions at international and national scales; and outlining culturally relevant tools for assessing 
vulnerability and building capacity will also support climate-change resilience. Such IK underpins successful climate-change adaptation 
and mitigation (very high confidence) (see Green and Raygorodetsky, 2010; Kronik and Verner, 2010; Alexander et al., 2011; Powless, 
2012; Ford et al., 2016; Nakashima et al., 2018). The inclusion of IK in adaptation and mitigation not only supports Indigenous cultural 
survival but also enables governments to recognise the territorial sovereignty of Indigenous Peoples.

Responsibility-based philosophies of Indigenous Peoples from across the continent support the development of climate-change adaptation 
and mitigation strategies that promote responsible and respectful relationships with the environment over the long term. Adapting to 
change, in all its forms, has since time immemorial been one of the defining characteristics of Indigenous cultures on Turtle Island (the 
American continent). In Yucatan, one Elder explained that with regards to climate-change impacts in the region, the Maya have always 
dealt with k’ech, or change, and that accepting and responding to change is part of the Maya identity and responsibility (Sioui, 2020). 
Given successive failures in adequately and effectively responding to climate change, it has become urgent for the rest of the human 
collective to (re)learn from Indigenous cultures to (re)consider our responsibility/ies to the land—the world over—and to reorient our 
societal imperatives to better respond and react to change. Such a process of learning from IK could foster the development of climate-
change policies that promote responsible and respectful relationships with the environment over the long term, and prove to be more 
effective and holistic. Although most inhabitants of North America are non-Indigenous, it is possible and beneficial for our societies to 
learn to think and act in a more responsibility-based way about our relations to the land, and, by extension, about climate-change policy. 
A collective commitment to protecting and advancing Indigenous territorial rights, so Indigenous Peoples can continue to reassert their 
spiritual duty and role as stewards of their traditional territories, benefits all human and other-than-human ‘Peoples’.

3 See http://scottycreek.com/DCoP

Box 14.1 (continued)

are less available and harvesting activities are less possible to practise 
(Norton-Smith et al., 2016b; Rosol et al., 2016; Gonzalez et al., 2018). 
Indigenous Peoples experience widespread public health concerns from 
severe droughts (Stewart et  al., 2020; Schlinger et  al., 2021; Wiecks 
et  al., 2021), extreme heat (Doyle et  al., 2013; Campo Caap, 2018; 
Kloesel et al., 2018a; Meadow et al., 2018; ITK, 2019; Ute Mountain 
Ute Tribe and Wood Environment Infrastructure Solutions Inc, 2019; 
Whyte et  al., 2021), unpredictable precipitation patterns (Chavarria 
and Gutzler, 2018; Tom et al., 2018; Tlingit and Haida, 2019; Schlinger 
et al., 2021), flooding and coastal erosion (Jamestown S’klallam Tribe, 
2016; Norton-Smith et  al., 2016b; Puyallup Tribe of Indians, 2016; 
Marks-Marino, 2019; Ristroph, 2019; Marks-Marino, 2020b; Schlinger 
et al., 2021), wildfires and wildfire smoke (Edwin and Mölders, 2018; 
USEPA, 2018; Christianson et  al., 2019a; ITK, 2019; Marks-Marino, 
2020a; Mottershead et al., 2020; Woo et al., 2020; Wiecks et al., 2021), 
algal blooms (Peacock et al., 2018; Gobler, 2020; Donatuto et al., 2021; 
Preece et al., 2021; Schlinger et al., 2021), storms and hurricanes (Rioja-
Rodríguez et al., 2018), influxes of invasive species (Pfeiffer and Huerta 
Ortiz, 2007; Pfeiffer and Voeks, 2008; Voggesser et al., 2013; Bad River 
Band of Lake Superior Tribe of Chippewa Indians and Abt Associates 

Inc., 2016; Scott et al., 2017; Reo and Ogden, 2018; Middleton et al., 
2020a) and changing production systems (Rioja-Rodríguez et  al., 
2018). Indigenous Peoples’ mental health is at risk and has already 
been affected negatively by climate change (Donatuto et  al., 2021). 
Water security is one of the most serious concerns to Indigenous 
Peoples’ health and well-being (Vanderslice, 2011; Cozzetto et  al., 
2013a; Redsteer et al., 2013; Hanrahan et al., 2014; Chief et al., 2016; 
Gamble et al., 2016; Jantarasami et al., 2018b; Kloesel et al., 2018a; 
Tom et al., 2018; Martin et al., 2020a; Arsenault, 2021). When some 
people are less able to practise traditional, cultural, social and family 
activities, they can become alienated, compounding the negative 
effects of traumas Indigenous persons already experience. Traumas 
include historic and continuing land dispossession, assimilation, social 
marginalisation and discrimination, and food and financial insecurities. 
The practise of cultural traditions are associated with education, 
harvesting and agriculture, exercise, positive social relationships 
and family life, which play foundational roles in the achievement of 
physical, public and mental health (Bell et  al., 2010; Cunsolo Willox 
et al., 2015; Jantarasami et al., 2018b; Norgaard and Tripp, 2019; Billiot 
et al., 2020b; Adams et al., 2021; Donatuto et al., 2021).

http://scottycreek.com/DCoP
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Indigenous Peoples are affected dramatically by climate-related 
disasters and other climate-related extreme environmental events (very 
high confidence). Indigenous Peoples face numerous threats and have 
already been harmed by, and are planning for, extreme weather events 
with associations to climate change, including hurricanes and tornadoes 
(Oneida Nation Pre-Disaster Mitigation Plan Steering Committee 
and Bay-Lake Regional Planning Commission, 2016; Emanuel, 2019; 
Cooley, 2021; Marks-Marino, 2021; Zambrano et al., 2021), heatwaves 
(Confederated Tribes of the Umatilla Indian Reservation, 2016; Wall, 
2017; La Jolla Band of Luiseno Indians, 2019; Mashpee Wampanoag, 
2019; Wiecks et  al., 2021), ocean warming and MHWs (Hoh Indian 
Tribe, 2016; Port Gamble S’klallam Tribe, 2016; Port Gamble S’klallam 
Tribe, 2020; State of Alaska, 2020; Muckleshoot Tribal Council, 2021; 
Port Gamble S’klallam Tribe, 2021), wildfires (Voggesser et  al., 2013; 
Billiot et  al., 2020a; Cozzetto et  al., 2021b; Gaughen et  al., 2021; 
Morales et  al., 2021; National Tribal Air Association, 2021; Zambrano 
et al., 2021), permafrost thaw (Haynes et al., 2018; Low, 2020), flooding 
(Riley et al., 2011; Ballard and Thompson, 2013; Brubaker et al., 2014; 
Thompson et  al., 2014; Burkett et  al., 2017; Quinault Indian Nation, 
2017; Ristroph, 2019; Sharp, 2019; Thistlethwaite et  al., 2020) and 
drought (Knutson et al., 2007; Chief et al., 2016; Redsteer et al., 2018; 
Sioui, 2019; Bamford et al., 2020; Sauchyn et al., 2020). Some Indigenous 
Peoples are facing climate-change impacts that generate community-
led permanent relocation and resettlement as an adaptation option 
(Maldonado et al., 2021). Coastal erosion is one climate-change issue 
that is often connected to Indigenous Peoples planning to resettle, 
including vulnerability connected to higher sea levels and storm surges 
(Quinault Indian Nation, 2017; Bronen et al., 2018; Affiliated Tribes of 
Northwest Indians, 2020). Adapting to new settlement areas threatens 
the continuity of communities. In a number of cases, Indigenous Peoples’ 
having less access to adequate infrastructure is a driver of vulnerability 
to climate-related disasters and extreme weather events (Doyle et al., 
2018; Patrick, 2018; Cozzetto et al., 2021a; Indigenous Climate Action 
et al., 2021). Disasters and extreme events are particularly severe when 
their impacts are compounded by inadequate infrastructure. Lack of 
flood protection infrastructure on Indigenous reserve communities leads 
to displacement, loss of homes and perpetuates disproportionate levels 
of risk to extreme weather events (Cunsolo et al., 2020; Fayazi et al., 
2020; Yellow Old Woman-Munro et al., 2021).

Indigenous self-determination and self-governance are the foundations 
of adaptive strategies that improve understanding and research on 
climate change, develop actionable community plans and policies 
on climate change, and have demonstrable influence in improving 
the design and allocation of national, regional and international 
programmes relating to climate change (very high confidence). Historical 
and contemporary developments have crystallised international norms 
recognising the distinct status, role and rights of Indigenous Peoples in 
the form of significant international human rights instruments. Premier 
among them is the UNDRIP (UNGA A/RES/61/295), which has received 
universal consensus since its adoption by the UN General Assembly. 
The UN member States have affirmed the right of self-determination 
(Article 3, UNDRIP) regarded as the prerequisite to the exercise and 
enjoyment of all other human rights.

The integrity of the environment is impacting all of humanity, including 
Indigenous Peoples, their lands, territories, resources and their 

communities. Through self-determination, durable, sustainable and 
robust contributions from those with close, symbiotic relationships with 
the environment can be revealed in favour of all humanity. Indigenous 
Peoples of North America have been engaged in wide-ranging activities 
to address climate change (Doolittle, 2010; Parker and Grossman, 
2012; Abate and Kronk, 2013; STACCWG, 2021). They include actions 
in the spheres of education (Donatuto et  al., 2020; McClain, 2021; 
Morales et al., 2021), development of IK and science (Maldonado et al., 
2016; AFN, 2020; Ferguson and Weaselboy, 2020; Huntington et  al., 
2021a; Jones et al., 2021; Sawatzky et al., 2021), adaptation planning 
and implementation (Angel et  al., 2018a; Tribal Climate Adaptation 
Guidebook Writing Team et al., 2018; Hepler and Kronk Warner, 2019; 
Tribal Adaptation Menu Team, 2019; Metcalfe et al., 2020b), and political 
action and diplomacy (including treaty-based diplomacy) (Grossman, 
2008; Kronk Warner and Abate, 2013; Callison, 2015).

14.5 Observed Impacts, Projected Risks and 
Adaptation by Sector

14.5.1 Terrestrial and Freshwater Ecosystems and  
Communities

14.5.1.1 Terrestrial Ecosystems: Observed Impacts 
 and Projected Risks

Evidence continues to mount about the impacts of recent climate change 
on species and ecosystems (very high confidence) (Table 14.2; Weiskopf 
et  al., 2020). Ranges and abundances of species continue to shift in 
response to warming throughout North America (very high confidence) 
(Cross-Chapter Box MOVING PLATE in Chapter 5; Cavanaugh et al., 2014; 
Molina-Martínez et al., 2016; Tape et al., 2016; Miller et al., 2017; Pecl 
et al., 2017; Zhang et al., 2018a). Future climate change will continue 
to affect species and ecosystems (high confidence) (IPBES, 2018), with 
differential responses related to species characteristics and ecology 
(D’Orangeville et  al., 2016; Weiskopf et  al., 2019). Climate change is 
projected to adversely affect the range, migration and habitat of caribou, 
an important food and cultural resource in the Arctic (CCP6; Leblond 
et al., 2016; Masood et al., 2017; Barber et al., 2018b; Borish, 2022).

Climate-induced shifts in the timing of biological events (phenology) 
continue to be a well-documented ecological response (very high 
confidence) (Table 14.2; Vose et al., 2017; Lipton et al., 2018; Vose et al., 
2018; Molnar et al., 2021). Reduced snow season length may potentially 
lead to adverse camouflage effects on animals that change coat colour 
(Mills et al., 2013; Mills et al., 2018). Human conflicts with bears are 
expected to increase in response to shifts in hibernation patterns 
(Johnson et al., 2018) and food resources (Wilder et al., 2017; Wilson 
et al., 2017).

Severe ecosystem consequences of warming and drying are well 
documented (very high confidence) (Table 14.2). Significant ecosystem 
changes are expected from projected climate change (high confidence), 
such as in Mexican cloud forests (Helmer et al., 2019), North American 
rangelands (Polley et al., 2013; Reeves et al., 2014) and montane forests 
(Stewart et al., 2021; Wright et al., 2021). Permafrost thaw is projected to 
increase in Alaska and Canada (DeBeer et al., 2016; see also Ranasinghe 
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et al., 2021), accelerating carbon release (CCP6, see also Canadell et al., 
2021) and affecting hydrology. Predicting which species or ecosystems 
are vulnerable is challenging (Stephenson et al., 2019), although palaeo-
ecological data (e.g., pollen, tree rings) provide context from past events 
to better understand current and future transformations (Nolan et al., 
2018).

Climate-change impacts on natural disturbances have affected 
ecosystems (very high confidence) (Table  14.2; see Box  14.2), and 
these impacts will increase with future climate change (medium 
confidence). Facilitated by warm, dry conditions, ‘mega-disturbances’ 
and synergies between disturbances that include wildfires, insect 
and disease outbreaks, and drought-induced tree mortality continue 
to affect large areas of North America (Cohen et  al., 2016; Young 
et al., 2017a; Hicke et al., 2020), overwhelming adaptive capacities 
of species and degrading ecosystem services (Millar and Stephenson, 
2015; Stewart et al., 2021). This era of mega-disturbances is expected 
to become more widespread and severe in coming decades (Cook 
et al., 2015; Seidl et al., 2017; Buotte et al., 2019), with potentially 
significant impacts on ecosystems (Allen et al., 2015; Crausbay et al., 
2017; Schwalm et  al., 2017; Coop et  al., 2020; Dove et  al., 2020 
Thompson et al. 2020, Stewart et al. 2021). Effects include widespread 
tree mortality (Allen et  al., 2015; Kane et  al., 2017; van Mantgem 
et  al., 2018) and accelerated ecosystem transformation (medium 
confidence) (Guiterman et al., 2018; Crausbay et al., 2020; Munson 
et al., 2020).

14.5.1.2 Freshwater Ecosystems: Observed Impacts and  
Projected Risks

Climate change, either directly (warming water) or indirectly (glacier 
and snow inputs), has affected biogeochemical cycling and species 
composition in North American aquatic ecosystems (very high 
confidence) (Table 14.2; Moser et al., 2005; Saros et al., 2010; Preston 
et al., 2016), possibly amplifying other human-caused stresses on these 
systems (Richter et  al., 2016). Excess nutrients associated with high 
farm animal density can be transported during intense rainfall events 
(expected to increase with climate change) causing algal blooms, fish 
kills and other detrimental ecological effects (Huisman et  al., 2017; 
Coffey et al., 2019).

Projected climate change will cause habitat loss, alter physical and bio-
logical processes, and decrease water quality in freshwater ecosystems 
(high confidence) (Poesch et al., 2016; Crozier et al., 2019). Projected 
river warming of 1°C–3°C is expected to reduce thermal habitat for 
important salmon and trout species in the northwest USA by 5–31% 
(Isaak et  al., 2018) and in Mexico (Meza-Matty et  al., 2021), and for 
multiple fish species in Canada (Poesch et al., 2016). Cold-water streams 
at higher elevations will warm less and therefore may become climate 
refugia (Isaak et al., 2016). Projected warming of mountain lake eco-
systems (Roberts et al., 2017b; Redmond, 2018) will affect ecosystem 
processes (Preston et al., 2016; Redmond, 2018; Moser et al., 2019). Loss 
of cold-water inputs from retreating glaciers are expected to adversely 
affect alpine stream ecosystems (Fell et al., 2017; Giersch et al., 2017). 
For anadromous fish species (e.g., Chinook salmon), future warming 
will reduce habitat suitability from river headwaters to oceans (Crozier 
et al., 2021).

Freshwater ecosystems across North America are increasingly at risk 
from extreme drought, compounded by human demands for water 
(Section  14.5.3; Kovach et  al., 2019). Implications for aquatic and 
riparian species can vary, but it is widely agreed that these systems 
are highly sensitive to fluctuations in the hydrological cycle, which can 
increase competition by invasive species and compromise connectivity 
between potential cold-water refugia (Melis et al., 2016; Poff, 2019).

14.5.1.3 Adaptation in Terrestrial and Freshwater Ecosystems

Adaptation efforts to assess vulnerability of species and ecosystems, 
predict adaptive capacity and identify conservation-oriented options 
have increased markedly across North America (e.g., Hagerman and 
Pelai, 2018; Keeley et  al., 2018; Thurman et  al., 2020; Peterson St-
Laurent et al., 2021; Thompson et al., 2021). Scenario-based planning, 
an approach for addressing uncertainty, continues to gain traction and 
is regularly applied by the US National Park Service (Star et al., 2016). 
Nonetheless, barriers to implementation of specific actions often exist 
(e.g., inflexible policies, lack of resources and stakeholder buy-in, 
political will), hampering progress (Stein et al., 2013; Shi and Moser, 
2021). Efforts to evaluate the efficacy of implemented adaptation 
actions are also lacking (Prober et  al., 2019), but some cases show 
progress. For example, ongoing efforts are quantifying how variable 
water releases from the Colorado River’s Glen Canyon Dam affect 
endangered fish species (Melis et al., 2016). Nature-based Solutions 
(NbS) for adaptation (see Box 14.7) are increasingly being evaluated, 
especially at larger scales.

Effective climate-informed ecosystem management requires a well-
coordinated suite of adaptation efforts (e.g., assessment, planning, 
funding, implementation and evaluation) that is co-produced among 
stakeholders, Indigenous Peoples and across sectors (high confidence) 
(Millar and Stephenson, 2015; Dilling et al., 2019). New applications 
of conventional strategies can be modified to achieve conservation 
goals under climate change (USGCRP, 2019). For example, mechanical 
thinning and prescribed burning (to reduce fuel loads and benefit 
ecosystems) could be used in combination with planting species better 
suited to new conditions to build resilience in western US forests to 
longer and hotter drought conditions (Bradford and Bell, 2017; Vernon 
et al., 2018). Protection of buffer areas, such as riparian strips in arid 
regions and boreal ecosystems, reduces water temperature, builds 
resistance to invasive species, increases suitable habitat (Johnson and 
Almlof, 2016) and facilitates protection of freshwater systems from 
runoff during and after intense rain events (National Research Council, 
2002).

Innovative approaches may facilitate species’ responses to climate 
change, particularly when vulnerability is exacerbated by habitat loss 
and fragmentation. Strategies include improved landscape connectivity 
for species dispersal (Carroll et al., 2018; Littlefield et al., 2019; Lawler 
et al., 2020; Thomas, 2020) or assisted migration (also called managed 
relocation) to climatically suitable locations (Schwartz et  al., 2012; 
Dobrowski et al., 2015). Examples include translocation of salmon in 
the Columbia River (Holsman et al., 2012), genetic rescue (i.e., assisted 
gene flow increases genetic diversity to address local maladaptation) 
(Aitken and Whitlock, 2013) and locating and conserving climate 
refugia, such as in alpine meadows of the Sierra Nevada (Javeline et al., 
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Table 14.2 |  Examples of observed climate-change impacts on terrestrial and freshwater ecosystems

Impact References

Local extinctions Pomara et al. (2014); Wiens (2016)

Greening and increased productivity of North American vegetation from CO2 fertilisation Smith et al. (2016b); Zhu et al. (2016); Huang et al. (2018)

Changes in phenology, including migration as well as mismatches between species and with 
human visitation

Mayor et al. (2017); Zaifman et al. (2017); Breckheimer et al. (2020)

Vegetation conversions, including

 – shifts to denser forests with smaller trees
 – trees to savannas and grasslands
 – woody plant encroachment into grasslands
 – changes in tundra plant phenology and abundance
 – expansion of boreal and subalpine forests into tundra, meadows
 – reduced or lack of recovery following severe fire

McIntyre et al. (2015)
Bendixsen et al. (2015)
Archer et al. (2017)
Myers-Smith et al. (2019)
Juday et al. (2015); Lubetkin et al. (2017)
Coop et al. (2020); O’Connor et al. (2020); see Box 14.2

Warmer droughts reducing plant productivity and carbon sequestration Mekonnen et al. (2017); Gampe et al. (2021)

Slowing ecosystem function recovery of vegetation to pre-disturbance conditions following 
droughts

Schwalm et al. (2017); Crausbay et al. (2020)

Warming streams and lakes, and changes in seasonal flows that have affected freshwater 
fish distributions and populations

O’Reilly et al. (2015); Lynch et al. (2016); Poesch et al. (2016); Roberts et al. (2017b); Isaak 
et al. (2018); Christianson et al. (2019b); Zhong et al. (2019)

Upstream expansion of human-mediated invasive hybridisation and enhanced risk of 
extinction of native salmonid species

Muhlfeld et al. (2014)

Declining wetlands in western North America important for bird migrations Donnelly et al. (2020)

Increases in harmful freshwater algal blooms See Section 14.5.3

2015; Morelli et al., 2016). Maintaining diverse spawning habitats and 
salmon runs can increase resilience of salmonid populations to climate 
change (Schoen et  al., 2017; Crozier et  al., 2021). Newer modelling 
approaches can facilitate the visualisation of future management 
scenarios, per a recent study of fires in the southwest USA (Loehman 
et al., 2018), in addition to technologies in genomics for monitoring 
species and modifying adaptive traits (Phelps, 2019).

Adaptation actions have important limitations (Dow et  al., 2013), 
particularly in the context of biodiversity conservation goals. ‘Hard’ limits 
include species extinctions and vegetation mortality events, despite 
conservation action (i.e., besides significant emissions reductions to 
mitigate warming, few if any interventions could have prevented these 
losses). In contrast, ‘soft’ adaptation limits exist primarily as a function 
of the social–ecological value systems of local communities and 
government entities that are reflected as goals and objectives in their 
management plans for ecosystems and species across North America. 
Soft limits are often mutable or can be removed altogether (Dow et al., 
2013). In contrast, human modifications of landscapes that change or 
irreparably damage can limit adaptation by reducing connectivity and 
therefore range shifts (Parks and Abatzoglou, 2020).

14.5.2 Ocean and Coastal Social–Ecological Systems

14.5.2.1 Observed Impacts and Projected Risks of Climate 
Change

Warming of surface and subsurface ocean waters has been broadly 
observed across all North American marine ecosystems from the polar 
Arctic to the subtropics of Mexico (virtually certain) (Hobday et  al., 
2016; Jewett and Romanou, 2017; Pershing et al., 2018; Smale et al., 

2019). Higher ocean temperatures have directly affected food-web 
structure (Gibert, 2019) and altered physiological rates, distribution, 
phenology and behaviour of marine species with cascading effects 
on food-web dynamics (very high confidence) (Gattuso et  al., 2015; 
Pinsky and Byler, 2015; Sydeman et al., 2015; Poloczanska et al., 2016; 
Frölicher et al., 2018; Le Bris et al., 2018; Free et al., 2019; Stevenson 
and Lauth, 2019; Barbeaux et  al., 2020; Dahlke et  al., 2020). Pacific 
coastal waters from Mexico to Canada and US mid-Atlantic coastal 
waters have a high proportion of species (>5% of all marine species) 
near their upper thermal limit, representing hotspots of risk from MHWs 
(medium confidence) (Smale et  al., 2019; Dahlke et  al., 2020). Kelp, 
a macroalgae, forms important habitat for other marine species, and 
its biomass has decreased 85–99% in the past 40–60 years off Nova 
Scotia, Canada, replaced by invasive and turf algae; this is associated 
directly with warming waters (Filbee-Dexter et al., 2016).

Climate change has induced phenological and spatial shifts in primary 
productivity with cascading impacts on food webs (high confidence) 
(Siddon et al., 2013; Stortini et al., 2015; Sydeman et al., 2015; Stanley 
et al., 2018). This includes widespread starvation events of fish, birds 
(e.g., tufted puffins in Bering Sea in 2016–2017 and Cassin’s Auklets 
in British Columbia in 2014–2015) and marine mammals (grey whales 
along both coasts of North America) (Sydeman et  al., 2015; Duffy-
Anderson et al., 2019; Jones et al., 2019b; Cheung and Frölicher, 2020; 
Piatt et  al., 2020), which challenge protected species and fisheries 
management (Section 14.5.4; Chasco et al., 2017; Wilson et al., 2018; 
Barbeaux et al., 2020; Free et al., 2020; Fisher et al., 2021; Cheung and 
Frölicher, 2020). Climate change has altered foraging behaviour and 
distribution of North Atlantic right whales and their target copepod 
prey (Record et  al., 2019) increasing entanglement rates in lobster 
and snow crab fishing gear on the east coast of the USA and Canada 
as lobster and crab distributions also shift due to changing water 
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Box 14.2 | Wildfire in North America

Recent Observations, Attribution to Climate Change and Projections
Anthropogenic climate change has led to warmer and drier conditions (i.e., fire weather) that favour wildland fires in North America 
(high confidence) (see AR6, WGI, Chapter 12, Ranasinghe et al., 2021). In response, increased burned area in recent decades in western 
North America has been facilitated by anthropogenic climate change (medium confidence). Annual numbers of large wildland fires and 
area burned have risen in the past several decades in the western USA (USGCRP, 2017; USGCRP, 2018), and area burned has increased 
in Canada (although the number of large fires has declined slightly recently) (Gauthier et al., 2014; Natural Resources Canada, 2018; 
Hanes et al., 2019). Attribution studies have reported that climate change increased burned area in Canada (1959–1999) (Gillett et al., 
2004) as well as the western USA (1984–2015) (Abatzoglou and Williams, 2016) and California (1972–2018) (Williams et al., 2019a). 
Decreased precipitation was the primary climate-change cause of increased burned area in the western USA, with warming a secondary 
influence (Holden et al. 2018), whereas warming (through aridity) was most important in a California study (Williams et al., 2019a). A 
drier atmosphere (including reduced precipitation) has been linked to climate change through altered large-scale atmospheric circulation, 
which then facilitated greater burned area in the western USA (Zhang et al., 2019c). Through anomalous warm and dry conditions, 
anthropogenic climate change contributed to the extreme fires of 2016 (Kirchmeier-Young et  al., 2019; Tan et  al., 2019) in western 
Canada and the extreme fire season in 2015 in Alaska (Partain et al., 2017). These studies did not include human activities that influence 
fire–climate relationships (Syphard et al., 2017).

Warming has led to longer fire seasons (Westerling, 2016) and drier fuels (Williams et al., 2019a). Warmer and drier fire seasons in the 
western USA during 1985–2017 have contributed to greater burned area of severe fires (Parks and Abatzoglou, 2020). Simultaneity in 
fires increased during 1984–2015 (Podschwit and Cullen, 2020), challenging firefighting effectiveness and resource sharing. In Mexico, 
fires have been correlated with dry conditions (Kent et al., 2017; Marin et al., 2018; Zuniga-Vasquez et al., 2019). Wildland fire activity 
in the grasslands of the US Great Plains has increased during the past several decades (Donovan et al., 2017) related to antecedent 
precipitation or aridity that affected fuel quantity (Littell et al., 2009).

Climate change is projected to increase fire activity in many places in North America during the coming decades (see also AR6, WGI, 
Chapter 12, Ranasinghe et al., 2021) (Boulanger et al., 2014; Williams et al., 2016; Halofsky et al., 2020), via longer fire seasons (Wotton 
and Flannigan, 1993; USGCRP, 2017), long-term warming (Villarreal et al., 2019; Wahl et al., 2019) and increased lightning frequency in 
some areas of the USA and Canada (medium confidence) (Romps et al., 2014; Finney et al., 2018; Chen et al., 2021). Unusually extensive 
and severe fires have occurred in the Arctic tundra during recent extremely warm and dry years, suggesting that continued warming may 
increase the probability of such fires in the future (Hu et al., 2015). In drier non-forest ecosystems in the western USA, fires are limited 
by fuel availability and vegetation productivity; warming will decrease productivity, leading to lower burned area (Littell et al., 2018).

Impacts on Natural Systems
Although fire is a natural process in many North American ecosystems, increases in burned area and severity of wildland fires have had 
significant impacts on natural ecosystems (medium confidence). The length of streams and rivers impacted by fire has increased in the 
USA along with burned area (Ball et al. 2021). Mega-fires can cause major changes in the structure and composition of ecosystems, 
particularly where human alterations are significant (Stephens et al., 2014; Loehman et al., 2020). Unusually severe fires may have led to 
the conversion of forest to grassland in the southwest USA (Haffey et al., 2018). Recent warming and drying have limited post-fire tree 
seedling and shrub establishment, limiting ecosystem recovery (Davis et al., 2019; O’Connor et al., 2020; Rodman et al., 2020). In boreal 
forests, soil carbon is being lost through increasingly severe or frequent fires (Walker et al., 2019).

Projected future fire activity will continue to affect ecosystems and alter their structure and function (medium confidence) (Coop et al., 
2020; Loehman et al., 2020). Increased fire activity (Stevens-Rumann et al., 2018; Stevens-Rumann and Morgan, 2019; Turner et al., 
2019a; Cadieux et al., 2020), further warming and drying that stresses tree seedlings, and model projections of stand-replacing fires 
at the forest–non-forest boundary in the western USA (Parks et al., 2019) have raised the possibility of shifts in species composition 
or vegetation type (Halofsky et al., 2020). These projections suggest high variability in ecosystem responses depending on interactions 
between vegetation type, moisture stress, disturbances regimes and human alterations (Hurteau et al., 2008; Kitzberger et al., 2017; Littell 
et al., 2018; Hurteau et al., 2019; Loehman et al., 2020; O’Connor et al., 2020).

Impacts on Human Systems
Increased fire activity, partly attributable to anthropogenic climate change, has had direct and indirect effects on mortality and morbidity, 
economic losses and costs, key infrastructure, cultural resources and water resources (medium confidence), although other factors, such 
as increasing populations in the wildland–urban interface, have also contributed. During 2000–2018, significant fire events claimed 
315 lives in the USA (NOAA, 2019); the economic impacts (e.g., capital, health, indirect losses from economic disruption) from the 2018 
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California fires were 149 billion USD (Wang et al., 2021). Poor air quality from fires caused increased respiratory distress (very high 
confidence); exposure extends long distances from the fire source (Section 14.5.6.3). In addition to public and private property damage 
and loss, fires have caused irretrievable losses from archaeological and historical sites (Ryan et al., 2012). Post-fire conditions have 
created unanticipated challenges for communities’ water supply operations (Bladon et al., 2014; Návar, 2015; Martin, 2016) by altering 
water quality and availability (Smith et al., 2011; Bladon et al., 2014; Robinne et al., 2020) or public safety by increasing exposure to mass 
wasting events after extreme rainfall events (Cui et al., 2019; Kean et al., 2019). California utilities have proactively shut down parts of 
their electricity grid to reduce risk of fire during extreme weather, and substantial numbers of people will be increasingly vulnerable to 
this action in the coming decades (Abatzoglou et al., 2020).

In the USA, annual costs of federal wildland fire suppression have increased by a factor of 4 since 1985 (USGCRP, 2018) and were 
1.5–3 billion USD during 2016–2020 (NIFC, 2021). Annual costs of fire protection in Canada have risen two- to threefold from 1970 
to 2017, to $1.0–1.4 billion CAD during 2015–2017 (considering the 2017 CAD value) (Natural Resources Canada, 2021). In one of its 
worst fire seasons, British Columbia expended over 500 million CAD in 2017 for fire suppression (Natural Resources Canada, 2018). The 
number of days of synchronous fire danger is expected to double in the western USA by 2051–2080, thereby increasing demands on fire 
suppression resources (Abatzoglou et al., 2021).

The 2016 Fort McMurray fire ranks as the costliest natural disaster in Canada to date (3 billion CAD in insured damages) (Mamuji and 
Rozdilsky, 2018; IBC, 2020). More than 88,000 people were evacuated; many were not aware of the high pre-existing fire risk and had 
limited warning to prepare and leave (McGee, 2019). The community subsequently required extensive social support and experienced 
mental health challenges (Government of Alberta, 2016; Cherry and Haynes, 2017; Mamuji and Rozdilsky, 2018; Brown et al., 2019a; 
McGee, 2019). Although a broad recovery plan was developed (Regional Municipality of Wood Buffalo, 2016), reconstruction and 
economic recovery has been slow (Mamuji and Rozdilsky, 2018).

Wildland fire was identified as a top climate-change risk facing Canada (Council of Canadian Academies, 2019) and poses a challenge to 
communities and fire management (Coogan et al., 2019). Projected area burned in Canada using RCP2.6 will increase annual fire suppression 
costs to 1 billion CAD the by end of century (60% increase relative to 1980–2009) and to 1.4 billion CAD using RCP8.5 (119% increase) (Hope 
et al., 2016). In the USA, cumulative costs of fire response through 2100 are projected to be 23 billion USD (considering the 2015 USD value) 
yr−1 under RCP8.5 (EPA, 2017). Lower-emissions scenarios reduce these future cumulative costs by 55 million USD (EPA, 2017) to 7–9 billion 
USD (considering the 2005 USD value) (Mills et al., 2015a). Fire increases from future warming will reduce timber supply in eastern Canada 
(Gauthier et al., 2015; Chaste et al., 2019) and increase post-fire sedimentation in watersheds of the western USA (Sankey et al., 2017).

Adaptation
Wildland fire risks are not equitably distributed as they intersect with exposure and socioeconomic attributes (e.g., age, income, ethnicity) 
to influence vulnerability and adaptive capacity (medium confidence) (Wigtil et al., 2016; Davies et al., 2018; Palaiologou et al., 2019). 
Individuals in rural areas, low-income neighbourhoods and immigrant communities, as well as renters in California, had less capacity to 
prepare for and recover from fire (Davies et al., 2018). In the USA, 29 million people live in areas with significant potential for wildfires 
and 12 million are socially vulnerable (Davies et al., 2018). In Canada, there are 117 million ha (14% of total land area) of wildland–
human interface, and 96% of populated places have some wildland–urban interface within 5 km (Johnston and Flannigan, 2018).

There is growing recognition of the need to shift fire management and suppression activities to co-exist with more fire on the landscape. 
This includes widespread use of prescribed fire across landscapes to increase ecological and community-based resilience (high agreement, 
medium evidence) (Schoennagel et al., 2017; McWethy et al., 2019; Tymstra et al., 2020). Otherwise, the unprecedented combination of 
increased human exposure and size of recent mega-fires creates community risks that may exceed conventional operational and forest 
management response capacity and budgets (Podur and Wotton, 2010; Wotton et al., 2017; Loehman et al., 2020; Moreira et al., 2020; 
Parisien et al., 2020) particularly with ongoing population and infrastructure expansion into the wildland–urban interface (Canadian 
Council of Forest Ministers, 2016; Coogan et al., 2019).

Climate-informed post-fire ecosystem recovery measures (e.g., strategic seeding, planting, natural regeneration), restoration of habitat 
connectivity and managing for carbon sequestration (e.g., soil conservation through erosion control, preservation of old growth forests, 
sustainable agroforestry) are critical to maximise long-term adaptation potential and reduces future risk through co-benefits with carbon 
mitigation (Davis et al., 2019; Hurteau et al., 2019; Coop et al., 2020; Stewart et al., 2021). Innovation in and scaling up the use of 
prescribed fire and thinning approaches are contributing to pre- and post-fire resilience goals, including use of Indigenous Peoples 
burning practices that are receiving a new level of awareness (see Box 14.1; Kolden, 2019; Marks-Block et al., 2019; Long et al., 2020b).

Box 14.2 (continued)
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The tools FireSmart Canada1, Firewise USA2 and Think-Hazard Mexico3 were devised to reduce fire risks and create fire-resilient communities. 
They provide design guidance at building, lot, subdivision and community scales, and instruct citizens on creating defensible space 
(National Fire Protection Association, 2013; Firesmart Canada, 2018). Implementation has been fragmented and variable as it depends 
on voluntary uptake by individuals, businesses and communities across a range of adaptive capacities and fire-exposed landscapes (Smith 
et al., 2016a). Many vulnerable groups do not have access to financial or physical resources to reduce fire risk (Collins and Bolin, 2009; 
Palaiologou et al., 2019).

Although innovative, holistic approaches to wildland fire management are becoming more common across North America, broader 
application is necessary to address the growing risks (medium confidence). A social–ecological perspective blends ecosystem complexity, 
scale and processes into land-use planning along with community values, perception and capacities as well as institutional arrangements 
(Smith et al., 2016a; Spies et al., 2018). A risk assessment perspective expands from short-term, reactive fire response to landscape-scale, 
long-term prevention, mitigation, and preparedness with community and practitioner engagement (Coogan et al., 2019; Sherry et al., 
2019; Johnston et al., 2020; Tymstra et al., 2020).

4 See www.firesmartcanada.ca

5 See www.nfpa.org

6 See https://thinkhazard.org

Box 14.2 (continued)

temperatures (Meyer-Gutbrod et al., 2018; Davies and Brillant, 2019). 
Similarly, whale entanglements in fishing gear along the Pacific coast 
has increased twentyfold (Hazen et al., 2018). Projected shifts in the 
North Pacific Transition Zone by up to 1000 km northward (by the 
end of the century under RCP8.5) combined with changes in coastal 
upwelling (Polovina et al., 2011; Hazen et al., 2013; Rykaczewski et al., 
2015) could alter up to 35% of elephant seal and bluefin tuna foraging 
habitat (Robinson et al., 2009; Kappes et al., 2010).

In North American Arctic marine systems, rapid warming is significant, 
with cascading impacts beyond polar regions (CCP6), and presents 
limited opportunities (tourism, shipping, extractive) but high risks 
(shipping, fishing industries, Indigenous subsistence and cultural 
activities) (high confidence) (Sections  14.5.4, 14.5.9, 14.5.11; CCP6 
Gaines et  al., 2018; IPCC, 2019b; Samhouri et  al., 2019; Free et  al., 
2020; Holsman et al., 2020). Both direct hazards and indirect food-web 
alterations from sea ice loss have imperilled seabirds, marine mammals, 
small-boat operators, subsistence hunters and coastal communities 
(CCP6; Sigler et al., 2014; Allison and Bassett, 2015; Huntington et al., 
2015; Hauser et  al., 2018; Raymond-Yakoubian and Daniel, 2018; 
Dezutter et al., 2019). Increasingly favourable environmental conditions 
due to warming combined with shipping and other activities has raised 
the rate of invasive species movement into the Arctic (Mueter et al., 
2011). Sea ice loss due to climate change is expected to accelerate over 
the next century (Section 14.2, Fox-Kemper et al., 2021).

Coral reefs in the Gulf of Mexico and along the coasts of Florida and the 
Yucatan Peninsula are facing increasing risk of bleaching and mortality 
from warming ocean waters interacting with non-climate stressors 
(very high confidence) (Cinner et al., 2016; Hughes et al., 2018; Sully 
et  al., 2019; Williams et  al., 2019b). Coral reefs are contracting in 
equatorial regions and expanding poleward (Lluch-Cota et  al., 2010; 
Jones et al., 2019a). Loss of coral habitat leads to loss of ecosystem 
structure, fish habitat, food for coastal communities and impacts tourism 

opportunities (Section 14.5.7; Weijerman et al., 2015a; Weijerman et al., 
2015b). Without mitigation to keep surface temperatures below a 2°C 
increase by the end of the century, up to 99% of coral reefs will be lost; 
however, 95% of reefs will still be lost even if warming is kept below 
1.5°C (high confidence) (Hoegh-Guldberg et al., 2018; Hoegh-Guldberg 
et al., 2018). In Florida, by 2100, an estimated 24–55 billion USD may 
be lost in recreational use and value derived by people knowing the reef 
exists and is healthy (Lane et al., 2013; Hoegh-Guldberg et al., 2019b) as 
coral reefs decline (Section 14.5.9).

Sea level rise has led to flooding, erosion and damage to infrastructure 
along the western Gulf of Mexico, the southeast US coasts and the 
southern coast of the Gulf of St Lawrence (very high confidence) 
(Section  14.2; Daigle, 2006; Lemmen et  al., 2016; Frederikse et  al., 
2020). Mangroves, important nurseries for fish and climate refugia for 
corals (Yates et al., 2014), are under threat from climate change along 
the east coast of Mexico (Pedrozo Acuña, 2012). This SLR, storm surge 
and attendant erosion of coastlines and barrier habitats are projected 
to have large impacts on coastal ecosystems, maritime industries 
(Section 14.5.9), urban centres and cities (Section 14.5.5) along the 
Gulf of Mexico, Caribbean Sea, southeast USA, southern Gulf of St 
Lawrence and Pacific Coast of Mexico (see Box 14.4; Semarnat, 2014; 
Sweet et  al., 2017; Vousdoukas et  al., 2020). Coastal archaeological 
and historical sites are especially vulnerable to SLR (Anderson et al., 
2017; Hestetune et al., 2018; Hollesen et al., 2018).

Future seawater CO2 levels have been shown in laboratory studies 
to negatively impact Pacific and Atlantic squid, bivalve, crab and fish 
species (Pacific cod), and indirectly alter food-web dynamics (high 
confidence) (Kaplan et al., 2013; Long et al., 2013b; Gledhill et al., 2015; 
Seung et al., 2015; Punt et al., 2016; Swiney et al., 2017; Hurst et al., 
2019; Wilson et  al., 2020). Long-term exposure to CO2 has reduced 
growth of Atlantic halibut (Gräns et al., 2014), whereas some cultured 
oysters (Fitzer et al., 2019) and key Alaskan commercial fish species 

http://www.firesmartcanada.ca
http://www.nfpa.org
https://thinkhazard.org
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show tolerance for high CO2 waters (i.e., juvenile walleye pollock) 
(Hurst et al., 2012). Ocean acidification has already caused shellfish 
growers in the USA and Canada to modify hatchery procedures and 
farming locations to protect the most vulnerable life stages (Cross 
et al., 2016) and is projected to increasingly impact shellfish resources 
in the central and northeast Pacific and Atlantic coasts (Section 14.5.4; 
Seung et al., 2015; Punt et al., 2016).

Open ocean oxygen minimum zones (OMZ) are expanding in the North 
Atlantic, the North Pacific California Current and tropical oceans due to 
warming waters, stratification and changes in precipitation (medium 
confidence) (WGI Section  3.6.2; Deutsch et  al., 2015b; Breitburg 
et al., 2018; Claret et al., 2018; Ito et al., 2019). Hypoxic events along 
coasts, which are partially influenced by climate change, have been 
documented for all three countries, with events more prevalent 
on the east coast and around the Gulf of Mexico due to a regional 
oceanography dominated by rivers and estuaries carrying land-based 
nutrients (Breitburg et  al., 2018). Hypoxia has directly caused large 
mortality events for fish and crabs in US estuaries in the Northwest 
Atlantic (Chesapeake Bay), Northeast Pacific (Puget Sound) and the 
Gulf of Mexico (Froehlich et al., 2015; Rakocinski and Menke, 2016; 
Sato et al., 2016; Kolesar et al., 2017). The OMZs and hypoxic events 
are projected to increase over the next century and may limit where 
fish can move (medium confidence) (Deutsch et  al., 2015b; Stortini 
et al., 2015; Bianucci et al., 2016; Li et al., 2016).

Favourable conditions for harmful algal blooms (HABs) have expanded 
due to warming, more frequent extreme weather events (Gobler 
et al., 2017; Pershing et al., 2018; Trainer et al., 2019) and increased 

stratification, CO2 concentration and nutrient inputs (high confidence) 
(Wells et  al., 2015; Gobler et  al., 2017; Griffith and Gobler, 2019). 
Increased occurrence of HABs (McCabe et al., 2016; Yang et al., 2016; 
Gobler et  al., 2017; USGCRP, 2018) has induced ecological impacts 
and societal costs (see Section 14.5.4 for fishery closures). During the 
2013–2016 Pacific MHW (see Box  14.3), a Pseudo-nitzschia diatom 
bloom off the west coast of the USA caused extensive closures of 
crab and razor clam fisheries (Fisher et al. 2021), with economic and 
sociocultural impacts beyond those in the fisheries sector (Ritzman 
et al., 2018).

Beaching of massive Sargassum seaweed mats (Sargassum natans 
and S. fluitans) have been reported across the Caribbean and Gulf of 
Mexico from 2011 to the present, affecting US and Mexico nearshore 
ecosystems, human health and the tourism industry (Franks et  al., 
2016; Resiere et al., 2018; Wang et al., 2019). Costs of beach clean-up 
is high, with Texas spending over 2.9 million USD annually (Webster 
and Linton, 2013). Attribution of Sargassum blooms to climate 
change is still tenuous and complicated by multiple drivers and few 
observational data sources (low confidence) (Wang et al., 2019).

14.5.2.2 Adaptation: Current State, Barriers and Opportunities

Emerging technologies and cooperative marine management are 
approaches to facilitate adaptation but require coordination and 
investment for implementation (high confidence) (Gattuso et  al., 
2018; Miller et  al., 2018; Holsman et  al., 2019; Karp et  al., 2019). 
Advancements in oceanographic and ecological nowcasting and 
forecasting tools (i.e., O2, pH, temperature, aragonite saturation state, 

Box 14.3 | Marine Heatwaves

Marine heatwaves are periods of discrete anomalously high (compared with a 30-year history) sea surface temperatures that persist for 
a minimum 5 d but up to several months (Hobday et al., 2016; Frölicher et al., 2018; Holbrook et al., 2019; Laufkötter et al., 2020). There 
have been MHWs attributed to climate change in every marine system of North America including large areas of the Northwest Atlantic 
(2012), Caribbean Sea (2015), Bering Sea (2016–2018) and central through Northeast Pacific (2013–2016) (NOAA, 2018; Holbrook et al., 
2019; Smale et al., 2019). Such MHW events have affected kelp forests (Arafeh-Dalmau et al., 2019), corals (Eakin et al., 2018), seagrasses, 
bottom-dwelling organisms, marine birds (Loredo et al., 2019; Smale et al., 2019), mammals (Suryan et al., 2021), fish and shellfish, and 
marine-dependent human communities (Huntington et  al., 2020; Fisher et  al., 2021; Suryan et  al., 2021). Increased sea temperatures 
directly increase metabolic demand and change productivity and behaviour of fish species (Stock et al., 2017; Free et al., 2019) as well as 
induce rapid redistribution of species poleward and to deeper, colder waters (Pecl et al., 2017; Rheuban et al., 2017; Crozier et al., 2019; 
Stevenson and Lauth, 2019; Yang et al., 2019; Barbeaux et al., 2020; Cheung and Frölicher, 2020). In the Pacific, from the Baja Peninsula 
to the Bering Sea, there is evidence of widespread shifts in coastal biota and multi-trophic-level starvation of seabirds and whales from 
combined metabolic demand and reduced prey quality associated with protracted MHWs across multiple regions ((CCP6); Sydeman et al., 
2015; Duffy-Anderson et  al., 2019; Sanford et  al., 2019; Smale et  al., 2019; Suryan et  al. 2021). The distribution of two economically 
important North American species, Bering Sea Pacific cod (Pinsky et al., 2013b; Stevenson and Lauth, 2019; Barbeaux et al., 2020; Spies 
et al., 2020) and American lobster (Rheuban et al., 2017), have shifted north. The MHW-induced loss of coral reefs across tropical North 
American waters has varied in severity regionally. For instance, in 2015 and 2016, extensive, severe bleaching affected more than 30% 
of corals off the southeast USA and a large proportion of US Hawaiian Islands, but had moderate to no impact off the Mexican Yucatan 
Peninsula (Frieler et al., 2013; Weijerman et al., 2015a; Weijerman et al., 2015b; Cinner et al., 2016; van Hooidonk et al., 2016; Hughes 
et al., 2018; Sully et al., 2019; Williams et al., 2019b). Some reefs are exhibiting recovery following efforts focused at reducing non-climate 
stressors (e.g., overfishing, nutrient pollution and tourism use). Such MHWs are increasing in intensity and frequency (Hobday et al., 2016; 
Smale et al., 2019) with the largest increases in frequency and spatial coverage projected for the Gulf of Mexico, US southern east coast 
and US Pacific Northwest (Ranasinghe et al., 2021) and pose a key risk to marine systems in North America (Section 14.5.2; Chapters 3, 16).
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sea ice conditions) can reduce climate impacts by supporting fisheries 
and aquaculture adaptation along US coasts (Section 14.5.4; Cooley 
et  al., 2015; Irby et  al., 2015; Siedlecki et  al., 2015; Siedlecki et  al., 
2016; Siddon and Zador, 2017). Forecasts and warnings reduce human 
exposure to HAB toxins in the Great Lakes, the west coast of Florida, 
east coast of Texas and the Gulf of Maine (Anderson et al., 2019).

Ocean management that utilises a portfolio of nested, multi-scale, 
climate-informed and ecosystem-based management approaches 
in North American waters can increase the resilience of marine 
ecosystems by addressing multiple stressors simultaneously (high 
confidence) (Marshall et al., 2018; Holsman et al., 2019; Smale et al., 
2019; Holsman et al., 2020). Integrated ecosystem assessments (Foley 
et al., 2013; Levin et al., 2014) are increasingly used to provide strategic 
advice and context for harvest allocations and bycatch avoidance 
(Zador et al., 2017) as well as early warnings of ecosystem-wide change 
(e.g., sentinel species, ecological indicators) (Cavole et al., 2016; Hazen 
et  al., 2019; Moore and Kuletz, 2019). Dynamic ocean management 
policies may improve resilience of marine species and ecosystems 
to climate (medium confidence) (Hyrenbach et  al., 2000; Maxwell 
et al., 2015; Dunn et al., 2016; Tommasi et al., 2017a; Tommasi et al., 
2017b; Hazen et al., 2018; Wilson et al., 2018; Holsman et al., 2019; 
Karp et al., 2019). New proactive and rapid management approaches 
have been developed to minimise impacts of increasingly frequent 
entanglements of protected species, caused by climate-driven changes 
in prey and fishery activities (Corkeron et  al., 2018; Meyer-Gutbrod 
et al., 2018). Dynamic closure areas are being used to address these 
issues and reduce loggerhead turtle bycatch in Hawaiian shallow-set 
longline fisheries (Howell et al., 2015; Lewison et al., 2015), blue whale 
ship-strike risk in near-real time (Hazen et al., 2017; Abrahms et al., 
2019b) and bycatch of multiple top predator species in a west coast 
drift gillnet fishery (Hazen et al., 2018).

Improved coordination and planning at multiple scales will be important 
for marine species conservation and recovery as species redistribute 
across fishery areas, marine protected zones, and international and 
jurisdictional boundaries (Section 14.5.4; Cross-Chapter Box MOVING 
PLATE in Chapter 5; Pinsky et al., 2018; Karp et al., 2019). Indigenous 
Peoples’ co-management with federal and state partners of 
marine resources and protected species is an important approach 
(Section 14.5.4; Chapters 5 and 6; CCP6; Galappaththi et al., 2019).

Securing broodstocks for rebuilding and supplementation can 
be challenging for marine populations already in decline (e.g., 
blue king crab in Alaska, steelhead salmon in Puget Sound, white 
abalone in California, groundfish in the northeast USA and Canada) 
(Section 14.5.4; Table SM14.8). Marine protected areas can attenuate 
climate impacts through trophic redundancy, preserving ecological 
processes, biodiversity and climate refugia (Roberts et  al., 2017a; 
Schoen et  al., 2017), although benefits decrease after mid-century 
(or sooner for high-latitude marine protected areas) as species reach 
their thermal limit, unless coupled with GHG mitigation (Bruno et al., 
2018). Transport, relocation and cultivation of resistant breeds of 
salmon, oysters, corals, marine mammals and other keystone species, 
as well as hatchery supplementation of impaired populations of fish 
and shellfish, are species conservation and recovery methods that will 
be in greater demand under climate change, although unintended 

environmental impacts must be considered. Options for protecting 
and restoring coral reefs to prevent loss of ecosystem function are 
under development with Florida reef species (Gattuso et al., 2018; 
National Academies of Sciences, 2019). An emerging approach for 
financing the protection of reefs involves re-categorising reefs as 
‘natural infrastructure’ which has allowed for use of insurance to 
rebuild lost reefs (Storlazzi et al., 2019).

14.5.3 Water Resources

Climate change poses increasing threats to North American aquatic 
ecology, water quality, water availability for human uses, and flood 
exposure, through reductions in snow and ice, increases in extreme 
precipitation and hotter droughts. Adaptation will be impeded in cases 
where there are conflicts over competing interests or unintended 
consequences of uncoordinated efforts, heightening the importance of 
cooperative, scenario-based water resource planning and governance 
(high confidence).

14.5.3.1 Observed Impacts

North American water resources continue to be affected by ongoing 
warming, with impacts driven by reductions in snow and ice, increases 
in extreme precipitation and hotter droughts (high confidence) 
(Section 14.2; Fleming and Dahlke, 2014; Mortsch et al., 2015; Dudley 
et  al., 2017; Fyfe et  al., 2017; McCabe et  al., 2017; Chavarria and 
Gutzler, 2018; Lall et al., 2018; Bonsal et al., 2019; USGCRP, 2019). The 
cascading effects of severe droughts, floods, sediment mobilisation, 
HABs and pathogen contamination episodes have revealed the 
vulnerability and exposure of large numbers of people and economic 
activities to those hazards.

North America’s dams, levees, wastewater-management and water 
conveyance facilities have improved water supply safety and have 
reduced flood and drought risks, but a substantial portion of that 
infrastructure is ageing and inadequate for modern conditions (Ho 
et  al., 2017; Tellman et  al., 2018; Carlisle et  al., 2019; FEMA, 2019; 
ASCE, 2021). Increasingly heavy precipitation from a variety of 
storm types has affected parts of North America (Feng et  al., 2016; 
Prein et al., 2017a; Kunkel and Champion, 2019; Kunkel et al., 2020), 
contributing to contamination from combined sewer overflows (Olds 
et al., 2018) and increased flood damages that are partially attributed 
to anthropogenic climate change (van der Wiel et al., 2017; Davenport, 
2021). Extreme precipitation events have overwhelmed water control 
infrastructure, imperilling public safety and contributing to extensive 
damages in parts of North America (Kytomaa et al., 2019; Vano et al., 
2019; White et al., 2019). Damages stem from extremity of the event 
and prior land-use and infrastructure decisions (high confidence).

In South Carolina, 5 days of heavy rainfall in October 2015 caused the 
failure of more than 50 dams and some levees, significantly magnifying 
destruction from the floodwaters (FEMA, 2016). Slow-moving, 
destructive storms like hurricanes Harvey (2017) and Florence (2018) 
have caused significant flooding (van Oldenborgh et al., 2017; Paul et al., 
2019b). In those cases, urban sprawl may have altered storm dynamics 
(Zhang et al., 2018b), while increased asset exposure to the flood hazard 
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amplified the multi-billion-dollar losses (Klotzbach et al., 2018; Trenberth 
et  al., 2018). A substantial fraction of the damage from hurricane 
Harvey’s extreme rainfall has been attributed to anthropogenic climate 
change (see Box 14.5; Emanuel, 2017; Risser and Wehner, 2017). A near 
disaster at California’s Oroville dam in 2017 was caused by inadequate 
infrastructure design and maintenance together with an unusually large 
number of atmospheric river (AR) storms. The event required emergency 
reservoir spills while the state was beginning recovery from the extreme 
2012–2016 drought (Vano et al., 2019; White et al., 2019).

In Mexico, some poor neighbourhoods and informal settlements are 
located in areas exposed to recurrent flooding. Residents often lack 
access to public services and technical resources for risk reduction, 
which heightens their vulnerability (Castro and De Robles, 2019).

Population growth and urban development have increased the 
exposure and vulnerability of Canadian communities to flood damages, 
with cumulative damages (including uninsured losses) exceeding 
10  billion USD in the past decade (The Geneva Association et  al., 
2020). Recurring floods are particularly costly (e.g., New Brunswick) 
(Beltaos and Burrell, 2015; Kovachis et al., 2017). Floods in High River, 
AB (2013) and Gatineau, QC (2017, 2019) initiated considerations of 
building flood resilience including planned retreat (Saunders-Hastings 
et al., 2020).

Extended and severe droughts in the western USA, northern Mexico 
and Canadian Prairies, exacerbated by higher temperatures, have 
caused economic and environmental damage (Williams et  al., 2013; 
Agha Kouchak et  al., 2015; Diaz et  al., 2016; Bain and Acker, 2018; 
Lopez-Perez et  al., 2018; Ortega-Gaucin et  al., 2018; Xiao et  al., 
2018; Martinez-Austria et al., 2019; Bonsal et al., 2020; Martin et al., 
2020b; Milly and Dunne, 2020; Overpeck and Udall, 2020). Droughts 
have intensified tensions among competing water-use interests and 
accelerated depletion of groundwater resources (high confidence) 
(Section 14.5.4; Pauloo et al., 2020).

Climate trends are affecting riverine, lake and reservoir water quality 
(medium confidence). Droughts and increased evapotranspiration have 
impaired water quality by concentrating pollutants in diminished water 
volumes (Paul et  al., 2019a). Cyanobacterial blooms and pathogen 
exposure events are increasing in frequency, intensity and duration in 
North America (Taranu et al., 2015). They are closely associated with 
observed changes in precipitation intensity and associated nutrient 
loading (e.g., agricultural runoff, sanitary sewer overflows), elevated 
water temperatures and eutrophication (Michalak et  al., 2013; 
Michalak, 2016; Trtanj et al., 2016; Chapra et al., 2017; IBWC, 2017; 
Williamson et al., 2017; Olds et al., 2018; Coffey et al., 2019). These 
events endanger human and animal health, recreational and drinking 
water uses and aquatic ecosystem functioning, and cause economic 
losses (Michalak et  al., 2013; Bullerjahn et  al., 2016; Chapra et  al., 
2017; Huisman et al., 2018). Households and communities dependent 
on substandard wells, unimproved water sources or deficient water 
provision systems are more exposed than others to experience climate-
related impairment of drinking water quality (Section 14.5.6.5; Allaire 
et  al., 2018; Baeza et  al., 2018; California State Water Resources 
Control Board, 2021; Navarro-Espinoza et al., 2021; Water and Tribes 
Initiative, 2021).

14.5.3.2 Projected Impacts and Risks

Climate change is projected to amplify current trends in water resource 
impacts, potentially reducing water supply security, impairing water 
quality and increasing flood hazards to varying degrees across North 
America (high confidence). Examples are presented in Table 14.3.

Projected long-term reduction in water availability in the southwest 
US and northern Mexico (e.g., from the Colorado and Rio Grande 
rivers) will have substantial ecological and economic impacts given 
the region’s heavy water demands (high confidence) (Lall et al., 2018; 
Paredes-Tavares et al., 2018; Martinez-Austria et al., 2019; Milly and 
Dunne, 2020; Williams et  al., 2020). Increased water scarcity will 
intensify the need to address competing interests across state and 
national boundaries, including honouring commitments to Indigenous 
Peoples who have long struggled with inadequate access to their water 
entitlements and marginalisation in water resource planning (Mumme, 
1999; Cozzetto et al., 2013b; Mumme, 2016; McNeeley, 2017; Radonic, 
2017; Robison et al., 2018; Curley, 2019; Water and Tribes Initiative, 
2020; Wilder et al., 2020).

Increased scarcity of renewable water relative to legally allocated 
or desired uses may develop in many parts of North America. A 
detailed analysis of projected water demands (consumptive uses) and 
availability found increasingly frequent shortages in several watersheds 
across the USA (Brown et al., 2019b). This might lead to maladaptive 
increased groundwater mining, or alternatively to policies promoting 
sustainable balancing of water consumption with renewable supplies, 
for example, by facilitating voluntary water transfers or improving 
enforcement of groundwater rights (Colorado River Basin Stakeholders, 
2015; California Natural Resources Agency et al., 2020; Colorado Water 
Conservation Board, 2020; Pauloo et al., 2020).

Climate change is projected to reduce groundwater recharge in 
major southwest US aquifers (e.g., Southern High Plains, San Pedro 
and Wasatch Front), exacerbating their ongoing depletion due to 
unsustainable pumping. Other aquifers, especially those farther north, 
face uncertain or possibly increasing recharge (medium confidence) 
(Meixner et al., 2016).

Projected changes in temperature and precipitation present direct risks 
to North American water quality, varying with regional and watershed 
contexts (Chapra et al., 2017; Coffey et al., 2019; Paul et al., 2019a), 
and related to streamflow, population growth (Duran-Encalada et al., 
2017) and land-use practices (medium confidence) (Mehdi et al., 2015). 
Harmful algal blooms increase in frequency across the USA (Wells 
et al., 2015) with the highest risk projected for the Great Plains and 
Northeast USA, and greatest economic impacts from lost recreation 
value in the southeast USA (Chapra et al., 2017).

The diversity of climate regimes across North America results in regional 
differences in water-related climate-change risks (Figure 14.4).

14.5.3.3 Adaptation

North American water planners and policy makers have abandoned 
stationarity assumptions (Milly et al., 2015) to address climate change. 
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Table 14.3 |  Selected projected water resource impacts in North America

Climate drivers and 
processes

Examples of future risks and impacts
Location  

(see Figure 14.1)
References

Warming-induced reductions 
in mountain snow and 
glacial mass

Projected decreases in annual and late-summer streamflow 
from high-elevation reaches of snow-fed rivers, affecting 
stream ecology and water supplies (high confidence)

US-NW, US-SW, CA-BC, 
CA-PR

Jost et al. (2012); Solander et al. (2018); Bonsal et al. (2019); 
Milly and Dunne (2020)

Earlier seasonal snowmelt 
runoff

Greater winter/early spring flooding risks and reduced 
summer surface water availability, intensifying seasonal 
mismatch with water demands (high confidence);
increased challenges for balancing multi-purpose reservoir 
objectives (e.g., flood management, water supply, ecological 
protection and hydropower) (high confidence)

US-NW, US-SW, CA-BC, 
CA-PR

Cohen et al. (2015); Dettinger et al. (2015); Bonsal et al. 
(2019); Bonsal et al. (2020); RMJOC (2020); Bureau of 
Reclamation (2021d)

Earlier seasonal snowmelt 
runoff

Possible reductions in water supply security (medium 
confidence); reduced viability of some small-scale irrigation 
systems (medium confidence)

US-SW

Medellin-Azuara et al. (2015); Ullrich et al. (2018); Bai et al. 
(2019); Milly and Dunne (2020); Ray et al. (2020); Bureau 
of Reclamation (2021b); Bureau of Reclamation (2021a); 
Bureau of Reclamation (2021c)

Changes in seasonal timing 
and/or total annual runoff

Impacts on electric power generation (medium confidence) 
varying by location and type of generation

US-SW, US-NW, CA-QC
Haguma et al. (2014); Bartos and Chester (2015); Guay 
et al. (2015); Turner et al. (2019b); RMJOC (2020); Bureau of 
Reclamation (2021d)

Changes in seasonal timing 
and/or total annual runoff

Impacts on urban water supplies CA-QC Foulon and Rousseau (2019)

Warming-related increased 
imbalance between 
renewable surface water 
supplies and consumptive 
water demands

Greater pressures on groundwater resources, possible 
increased aquifer depletion, reduced baseflow into surface 
streams and reduced long-term water supply sustainability 
(medium confidence)

US-SW, US-SP, US-SE, 
MX-N, MX-NW

Bauer et al. (2015); Molina-Navarro et al. (2016); Russo and 
Lall (2017); Brown et al. (2019b); Nielsen-Gammon et al. 
(2020); Bureau of Reclamation (2021b)

Warming-related drought 
amplification

Reduced water availability for human uses and ecological 
functioning (medium to high confidence) varying by location; 
increased evaporative losses from reservoirs

Widespread especially:
US-SW, US-NP, US-SP, 
CA-PR, MX-NW, MX-N

Prein et al. (2016); Dibike et al. (2017); Lall et al. (2018); 
Paredes-Tavares et al. (2018); Martinez-Austria et al. (2019); 
Tam et al. (2019); Martin et al. (2020b); Milly and Dunne 
(2020); Overpeck and Udall (2020); Williams et al. (2020); 
Bureau of Reclamation (2021b)

Heavier and/or prolonged 
rainfall events

Flooding, infrastructure and property damage (medium 
to high confidence) varying by location; increased erosion 
and debris flows with impacts on public safety, reservoir 
sedimentation and stream ecology (hazards amplified in 
watersheds affected by wildfires)

Widespread especially:
US-SE, US-NE, US-NP, 
US-SP, US-SW, CA-BC, 
MX-CE, MX-NE, MX-SE

Feng et al. (2016); Emanuel (2017); Prein et al. (2017a); Prein 
et al. (2017b); Haer et al. (2018); Kossin (2018); Mahoney 
et al. (2018); Thistlethwaite et al. (2018); Curry et al. (2019); 
Larrauri and Lall (2019); Wobus et al. (2019); Ball et al. (2021)

Heavier and/or prolonged 
rainfall events

Water quality impairment, increasing HAB events due to 
increased sediment and nutrient loading together with 
warming; greatest impacts in humid areas with extensive 
agriculture (medium to high confidence) varying by location

US-MW, US-NE, US-SE, 
US-NP, US-SP, CA-ON, 
CA-AT, MX-NE, MX-NW

Alam et al. (2017); Chapra et al. (2017); Sinha et al. (2017); 
Ballard et al. (2019)

Increasingly variable 
precipitation

Highly variable precipitation poses challenges for water 
management, worsening water supply and flooding 
risks; atmospheric river events are projected to increase 
variability by dominating future North American west coast 
precipitation (medium confidence)

US-SW, US-NW, CA-BC Gershunov et al. (2019); Huang et al. (2020)

Hotter summer season
Evaporative losses from reservoirs are projected to increase 
significantly (very high confidence)

US-SW, US-NW, US-NP Bureau of Reclamation (2021b)

Transboundary institutions, government agencies and professional or-
ganisations are taking the lead on adaptation planning and implemen-
tation (ASCE, 2018b; Clamen and Macfarlane, 2018; International Joint 
Commission, 2018). Major water agencies are using climate scenarios 
to identify vulnerabilities and evaluate adaptation options (Yates et al., 
2015; Vogel et  al., 2016; California Department of Water Resources, 
2019; Ray et al., 2020; Bureau of Reclamation, 2021d).

The Water Utility Climate Alliance advises municipal water providers 
to address uncertainty by considering a wide range of plausible 
future climate conditions (WUCA, 2010). In some areas, the impacts 

of wildfires on water supply resiliency are being considered (Martin, 
2016). Many North American Indigenous Peoples are engaged in 
climate-change adaptation planning, although these efforts may be 
hampered by the complicated legal and administrative setting in which 
they must operate (Norton-Smith et al., 2016a; McNeeley, 2017).

Recent climate extremes have heightened governmental attention 
to climate-change impacts (e.g., California Natural Resources 
Agency et al., 2020). Droughts have exposed shortcomings in water 
management and governance (Gray et  al., 2015; Xiao et  al., 2017b; 
Lopez-Perez et  al., 2018) spurring legislation and administrative 
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changes to improve groundwater regulation and documentation of 
water rights (California Department of Food and Agriculture, 2017; 
Miller, 2017; Lund et al., 2018; Hanak et al., 2019). Water allocation 
policies are being reassessed to enhance equity, sustainability and 
flexibility through shortage sharing agreements, improved groundwater 
regulation and voluntary water transfers. Developments include an 
interstate drought management agreement for the Colorado River (US 
Law, 2019), and agreements between the USA and Mexico to provide 
pulse flows to benefit the ecology of the Colorado River Delta (Pitt and 
Kendy, 2017). Statewide water planning in Colorado has emphasised 
building drought resilience (e.g., by facilitating temporary water 
transfers) (Colorado State Government, 2015; Yates et  al., 2015). At 
local scales, there have been innovations in cooperative watershed 
protection and water resource planning (Cantú, 2016). Indigenous 
Peoples are playing an increasing role in identifying equitable and 
resilient options for adaptation by contributing their knowledge and 
voicing their perspectives on the importance of healthy water bodies 
for human and environmental well-being (Norton-Smith et al., 2016a; 
Water and Tribes Initiative, 2020). Collaboration between stakeholders, 
policymakers and scientists is increasingly common in water resources 
adaptation planning and assessment.

Examples of adaptation include increasing adoption of water-saving 
irrigation methods in California (Cooley, 2016), experimentation with 
using flood waters to enhance groundwater recharge (Kocis and Dahlke, 
2017; California Department of Water Resources, 2018) and agricultural 
land management programmes, including developing riparian buffers to 
protect water quality (Section 14.5.4; Mehdi et al., 2015; Schoeneberger 
et al., 2017). Indigenous Peoples are building upon traditional practices 
to adapt to the effects of climate change, for example, by working 
jointly to recharge local aquifers (Basel et al., 2020).

Water-right laws, interstate compacts and international treaties 
regarding transboundary water shape the context for climate-change 
adaptation, but the possibility of long-term climate change typically 
was not contemplated at their inception. Gaps in coverage and vaguely 

defined terms can lead to tensions and disputes, especially in areas 
facing increased aridity, creating difficulties for adaptation. For example, 
unregulated pumping of groundwater for irrigation during short-term 
droughts can serve as an adaptation to acute conditions (Section 14.5.4), 
but if persisting in the long term, it can deplete finite groundwater 
resources and de-water hydrologically connected rivers. Such outcomes 
have engendered bitter and costly interstate conflicts in the USA, some 
even reaching the US Supreme Court including Texas v. New Mexico (Rio 
Grande) and Florida v. Georgia (Apalachicola-Chattahoochee-Flint).

Transboundary rivers that exemplify the need to address climate impacts 
include the Colorado (Gerlak et al., 2013), Columbia (Cosens et al., 2016) 
and Rio Grande/Rio Bravo (Mumme, 1999; Mumme, 2016; Garrick et al., 
2018; Payne, 2020). Drought emergencies can open opportunities for 
progress on collaborative adaptive governance, but such windows may 
quickly close when wetter conditions return (Sullivan, (2019).

Water serves a wide variety of environmental functions and human 
uses as it moves through North America’s river basins, so the impacts 
of climate change are expected to be widespread and multifaceted. 
This increases the importance of collaborative adaptation efforts 
that are equitable, transparent and give voice to differing values, 
perspectives and entitlements across a broad socioeconomic spectrum 
of urban and rural, Indigenous and non-Indigenous participants 
(Miller et  al., 2016; Cosens et  al., 2018). Adaptation planning may 
be hampered by conflicting interests, jurisdictional boundaries and 
inherent interconnections between actions and impacts at different 
points throughout a watershed or river basin. Differential power 
relationships, decision-making authority and access to information 
also can interfere with effective adaptive governance, while equitable 
processes for decision making bolstered by reliable shared information 
can help to overcome those impediments (Cosens et al., 2016; Arnold 
et al., 2017; Cosens et al., 2018; Porter and Birdi, 2018).

Across North America, there are growing signs of progress towards 
adaptive water governance and implementation of climate-resilient, 
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and ecosystem-based, water management solutions (Colorado River 
Basin Stakeholders, 2015). California’s approach to groundwater 
sustainability regulation intends to foster such collaborative problem-
solving by giving local Groundwater Sustainability Agencies the 
authority to design locally appropriate plans to meet state-defined 
sustainability goals (State of California, 2014; Miller, 2017). As 
evidenced by the US interstate disputes, the greatest difficulties arise 
in cases where stark upstream–downstream differences in interests 
leave little room for mutual benefit. Severe aridification may test the 
limits of adaptive capacity.

Research on water diplomacy recommends broadening negotiations 
beyond a narrow focus on zero-sum issues, like rigid water allocations, 
to embrace a more diverse set of shared interests including the need 
for flexibility to respond to changing conditions. A process for ongoing 
inclusive engagement of a watershed’s stakeholders in mutual social, 
policy and science learning is important. Such mutual learning can build 
trust and establish a common platform of credible information for co-
creation of adaptation solutions. In addition, better understanding of 
the policy positions and constraints of others can help stakeholders to 
identify workable solutions to contentious water management issues 
(Payne, 2020; Wilder et al., 2020). Cooperation between Mexico and 
the USA on mapping and assessment of transboundary aquifers is a 
product of such ongoing engagement (Callegary et al., 2018; Sanchez 
et al., 2018). Other examples of the benefits of sustained engagement 
are provided by a set of co-management arrangements between 
state, federal and Indigenous authorities on water management for 
fishery restoration in the US Pacific Northwest (Tsatsaros et al., 2018) 
and Indigenous involvement in multi-level co-management of water 
resources in Canada’s Northwest Territories (Latta, 2018).

14.5.4 Food, Fibre and Other Ecosystem Products

14.5.4.1 Observed Impacts and Projected Risks: Agriculture, 
livestock and forestry

Climate change has affected crops across North America through 
changes in growing seasons and regions, extreme heat, precipitation, 
water stress and soil quality (Table 14.1; Figure 14.5; Section 5.4.1; 
Figure 5.3) (Mann and Gleick, 2015; Galloza et al., 2017; Otkin et al., 
2018). These changes directly influence crop productivity, quality 
and market price (high confidence) (Kistner et  al., 2018; Reyes and 
Elias, 2019). Effects of historical climate change on maize, soybean, 
barley and wheat crop yields vary from strong increases to strong 
decreases (e.g., > −0.5 to > +0.5 t ha−1 yr−1 for maize) within North 
America’s agroecological regions, even for the same crop (Ray et al., 
2019). Across North America, climate change has generally reduced 
agricultural productivity by 12.5% since 1961, with progressively 
greater losses moving south from Canada to Mexico (Ortiz-Bobea 
et  al., 2021), yet responses are highly differential across regions 
and crops. Some crop loss events are partially attributed to climate 
change (high confidence) such as the 2012 Midwest and Great Plains 
drought, which cost agriculture 30 billion USD (Smith and Matthews, 
2015; Rupp et al., 2017). Aridity is extending northward, altering crop 
suitability ranges (Figure 14.4); up to 50% of distributional shifts in 
growing regions for US crops between 1970 and 2010 may be related 

to climate change (Lant et al., 2016; Cho and McCarl, 2017). Irrigation 
is expanding to areas formerly largely dependent on rainfall (Wang 
et al., 2018b).

Without adaptation, climate change is projected to reduce overall 
yields of important North American crops (e.g., wheat, maize, 
soybeans) (high confidence) (Tables SM14.3, SM14.4; Chen et  al., 
2017; Levis et al., 2018). For example, projected heat stress (RCP8.5) 
reduced mid-century (2040–2069) maize and cotton yields by 12–
15% of historical yields (1950–2005), with the US-SW suffering the 
largest impacts (Table SM14.5; Elias et al., 2018). Warming and heat 
extremes will delay or prevent chill accumulation, affecting perennial 
crop development (e.g., fruit set failure), yield (e.g., walnuts, pistachios, 
stone fruit) and quality (e.g., grapes) (medium confidence) (Parker 
et al., 2020). Warming will alter the length of growing seasons of cold-
season crops (e.g., broccoli, lettuce) and will shift suitability ranges 
of warm-season California crops (e.g., tomatoes) (medium confidence) 
(Marklein et al., 2020). Increasing atmospheric CO2 will enhance yields 
yet reduce nutrient content of many crops (high confidence); a CO2 
concentration of 541 ppm (seen by 2050 in RCP8.5) would reduce 
per-capita nutrient availability in North American diets by 2.5–4.0% 
(Beach et al., 2019). Crop pest and pathogen outbreaks are expected to 
worsen under climate change (high confidence) (Deutsch et al., 2018; 
Wolfe et al., 2018; Zhang et al., 2019a).

Climate change is anticipated to cause declines in livestock production 
across North America (high confidence) (Table 14.4; SM14.6; Havstad 
et  al., 2018; Murray-Tortarolo et  al., 2018). Increases in extreme 
temperature raise the risk of livestock heat stress, disease and pest 
impacts (Rojas-Downing et al., 2017). Projected aridification reduces 
forage production in the southwest USA and northern Mexico (high 
confidence) (Polley et  al., 2013; Reeves et  al., 2014; Cooley, 2016; 
Bradford et al., 2020) and transforms grasslands into woody shrublands 
(Briske et al., 2015; Murray-Tortarolo et al., 2018), while warmer and 
wetter conditions in the northern regions (CA-PR, US-NW, US-NP) may 
enhance rangeland production by extending growing seasons (high 
confidence) (Hufkens et  al., 2016; Derner et  al., 2018; Zhang et  al., 
2019a). Increased CO2 will enhance production (medium confidence) 
but reduce forage quality (high confidence) in US-NP and US-NW 
(Table SM14.6; Derner et al., 2018).

Climate-change impacts on forests (Section  14.5.1; see Box  14.2) 
may affect timber production by altering tree species distributions, 
productivity, and wildfire and insect disturbances (medium confidence). 
Southern or drier locations may shift from forests to other vegetation 
types, whereas higher-latitude areas may experience forest expansion 
(Brecka et al., 2018). Tree species composition is projected to change 
with climate change (Wang et al., 2015; Bose et al., 2017). Tree growth 
may increase or decrease from changes in temperature or moisture 
depending on location, with lower growth expected from warming 
in water-limited areas (Littell et  al., 2010). Increased productivity 
associated with more favourable climate conditions is projected for 
boreal forests (Brecka et al., 2018), although in some regions, growth 
will reverse and decline with additional warming (D’Orangeville et al., 
2018; Chaste et al., 2019). As a result of these changes, timber yields 
in North America either may increase in the future (Beach et al., 2015; 
EPA, 2015a) or decrease (Boulanger et al., 2014; McKenney et al., 2016; 
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Figure 14.5 |  Crop responses to climate change will depend on existing mean climate, type of climate change and characteristics of crop types. Hypothesised 
responses for Crop Types A, B, C and D include changing crop yields or changing crop area. Adaptation actions may alter hypothesised responses. (Maps from Matthews et al., 2019.)

D’Orangeville et  al., 2018; Thorne et  al., 2018; Chaste et  al., 2019) 
depending on location and the mechanisms included. Wildfires and 
insect outbreaks are projected to increase with future climate change, 
thereby limiting biomass (Gauthier et  al., 2015; Bentz et  al., 2019; 
Chaste et al., 2019).

14.5.4.2 Observed Impacts and Projected Risks: Fisheries and 
Aquaculture

Climate impacts outlined in Section 14.5.2 have induced yield losses 
for multiple subsistence, recreational and commercial fisheries 
(very high confidence), and contributed to commercial fishery 
closures across North America (Sections 14.5.1, 14.5.3; Figure 14.6; 
Table SM14.7; Lynn et al., 2014; Barbeaux et al., 2020; Fisher et al., 
2021). Climate-driven declines in productivity are widespread (high 
confidence) (Figure 14.6), although a few increases are observed in 
northern regions (medium confidence) (Cunningham et  al., 2018; 
Crozier et al., 2019; Zhang et al., 2019b). Redistribution of species 
has increased travel distance to fishing grounds, shifted stocks across 
regulatory and international boundaries, and increased interactions 
with protected species (very high confidence) (Figure  14.6; 
Table  SM14.7; Cross-Chapter Box  MOVING PLATE in Chapter 5; 
Morley et  al., 2018; Free et  al., 2019; IPCC, 2019b; Rogers et  al., 
2019; Stevenson and Lauth, 2019; Young et al., 2019). Climate shocks 

have reduced yield and increased instability in fishery revenue (high 
confidence) (Fisher et al., 2021).

Declines in yield and poleward stock redistributions (an average 
of ~20.6 km per decade) are expected to continue under climate 
change and increase in magnitude with atmospheric carbon (high 
confidence) (Table 14.4; Hare et al., 2016; Pecl et al., 2017; Rheuban 
et al., 2017; Morley et al., 2018; Smale et al., 2019; Szuwalski et al., 
2021). For example, without adaptation, end-of-century losses of 
Bering Sea pollock yield (relative to persistence scenarios) is likely to 
reach 50% under moderate (RCP4.5) and 80% under low (RCP8.5) 
mitigation scenarios, respectively (Holsman et  al., 2020). Expanding 
HABs, pathogens and altered ocean chemistry (OA and dissolved 
oxygen) will reduce yields and increase closures of fisheries along all 
North American coasts (medium confidence) (Section 14.5.2; Deutsch 
et al., 2015a; Ekstrom et al., 2015; Seung et al., 2015; Punt et al., 2016; 
Howard et al., 2020). For fisheries that represent 56% of current US 
fishing revenue, projected annual net losses under high-emission 
scenarios (RCP8.5, 2021–2100) may reach double that of low-emission 
scenarios (RCP2.6) (Moore et al., 2021).

Warming waters and OA have impacted aquaculture production in North 
America (high confidence) (Figure  14.6; Clements and Chopin, 2017; 
Reid et  al., 2019; Stewart-Sinclair et  al., 2020). Under climate change 
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(RCP8.5), declines in marine finfish and bivalve aquaculture become 
likely by mid-century (Froehlich et al., 2018; Stewart-Sinclair et al., 2020). 
Adaptation is possible but uncertain (Bitter et al., 2019; Fitzer et al., 2019; 
Reid et  al., 2019), especially with increasing extreme events. Nature-
based aquaculture solutions (e.g., conservation aquaculture, restorative 
aquaculture) could aid carbon mitigation and local-level adaptation, 
especially for seaweed and bivalve culture (see Box 14.7; Froehlich et al., 
2017; Froehlich et al., 2019; Reid et al., 2019; Theuerkauf et al., 2019).

14.5.4.3  Food and Fibre Adaptation: Cross-Cutting Themes

Across food and fibre systems, climate resilience is enhanced through 
diversifying income and harvest portfolios as well as increasing local 
biodiversity and functional redundancy (high confidence) (Messier 
et  al., 2019; Rogers et  al., 2019; Young et  al., 2019; Aquilué et  al., 
2020; Fisher et al., 2021). Ecosystem-based practices and sustainable 
intensification (increasing yields while minimising resource demand 
and ecosystem impacts) (Cassman and Grassini, 2020; Rockström 
et al., 2021) will help the sector meet food production demands under 
climate change (medium confidence), but effectiveness generally 
declines and is less certain after 2050 in scenarios without carbon 
mitigation (high confidence) (Bermeo et al., 2014; Gaines et al., 2018; 
Costello et al., 2020; Free et al., 2020; Holsman et al., 2020). Across 

the sector, successful adaptation is underpinned by approaches that 
meaningfully consider the coupled social–ecological networks around 
food and fibre production and value IK (very high confidence) (see 
Box 14.1; FAO, 2018; Steele et al., 2018; Calliari et al., 2019). Integrated 
modelling, participatory planning and inclusive decision making 
promote effective and equitable adaptation responses (very high 
confidence) (Figure 14.7, Section 14.7) Toledo-Hernández et al., 2017; 
Eakin et al., 2018; Monterroso and Conde, 2018; Alexander et al., 2019; 
Hodgson and Halpern, 2019; Holsman et  al., 2019; Samhouri et  al., 
2019; Barbeaux et al., 2020; Hollowed et al., 2020), while a paucity 
of high-resolution and locally tailored climate change information 
remains a barrier to adaptation (Ekstrom et al., 2015; Donatti et al., 
2017; Young et al., 2019).

14.5.4.4  Food and Fibre Adaptation: Agriculture, Livestock and 
Forestry

Land management and horticulture approaches that preserve and 
improve soil structure and organic matter can reduce erosion (high 
confidence) (Sections  14.5.1, 14.5.3; Lal et  al., 2011; Bisbis et  al., 
2018). Preserving biodiversity and water, changing planting dates and 
double cropping are also effective climate adaptation strategies (Bisbis 
et  al., 2018; Hernandez-Ochoa et  al., 2018; Monterroso-Rivas et  al., 

Froehlich et al 2018 (RCP 8.5 2100 
ensemble model) negative
Bivalves high probability of declines 
due to changes in temp. CHLa, & OA.

Clements & Chopin et al 2018, Reid 2019, 
Stewart‐Sinclair et al (2020) negative Bivalves 
impacted  by OA & temp. across Pacific coast.

Filgueira 2013 (field/BACI) positive 
Storm increased turnover (thus food) for 
mussels in an inlet. “Dramatic increases 
in mussel production occurred in the year 
following the opening of the new inlet.”

Arnold et al 2012 (experiments) negative Region shown 
where most catfish farming is located. Found “high 
temperatures decrease growth in Channel Catfish, 
largely due to reduced food consumption & feed 
conversion & increased levels of activity.”

Gibble et al 2016 
(field/experiment) negative 
Drought then rain events 
following periods of higher HAB 
activity may increase dispersal of 
toxins to oysters/mussels.

Linan-Cabello et al 2012 (social 
case-study) likely negative
Tilapia production likely vulnerable, 
but more research is needed. 

Barbeaux et al 2020, Cheung & 
Frölicher 2020 negative Climate 
change attributed marine heatwave driven 
declines in Pacific cod fishery. Declines in 
AK fish biomass & shifts in distribution were 
4 times higher during MHWs.

Jardine et al 2020; Fisher et al 
2021;Cheung & Frölicher 
2020 negative Fishery 
closures during the 2013-2016 
MHW & HAB event, closed 
multiple crab fisheries along 
the west coast (US-NW, 
US-SW), differentially 
impacted small & large 
vessels; pelagic fish had large 
declines in biomass, as did 
sockeye salmon & California 
anchovy.

Poloczanska et al 2016; Miller et al 2018, Morley et al 2018 
positive/negative Species distributions have shifted poleward & 
phenology has shifted earlier with strongest effects on bony fish.

Spies et al 2020; Stevenson et al 2019  negative 
Northward shifts > 1000 km observed for groundfish 
(e.g.,Pacific cod) associated with record high bottom 
temperatures & record low sea ice in the EBS. (N

 A
m

. w
ide

)

(N
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m
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Weatherdon et al. 2016 negative (projected) CA-BC, 
projected declines in abundance of key Indigenous 
subsistence resources (e.g., salmon, halibut, herring, 
rockfish & shellfish) are greater for RCP8.5 than RCP 2.6.

Le Bris et al 2018 (modeling/observations) 
positive/negative  American Lobster abundances declined 
(78%) in South New England and have increased (515%) in 
the Gulf of Maine due to water temperature changes and 
differing conservation measures (1985-2014 for GOM and 
1997-2014 for Southern New England). 

Climate change impacts on North American fisheries and aquaculture

Free et al 2019 (positive/negative) Changes in mean MSY of fisheries in multiple regions are 
associated with warming temperatures over the last century (2001-2010) -(1930-1939) including 
declines along the entire west coast of North America that range from -14% in the EBS to -29% in 
the S-CC. Along the east coast, declines of -3% to -9% were observed in the GOMX & US-SE, 
while increases of 8-15% were observed in the US-NE & CA-QC.

Guyondet et al 2015 (model 2050) positive/negative 
Possible 30% increase in blue mussel production 
largely due to greater spring bloom (CHLa), but 
temperature could negatively impact growth.

Figure 14.6 |  Case studies of climate-change impacts on North American fisheries (blue text) and aquaculture (gray text).
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Adaptation in North American food sectors

Figure 14.7 |  Adaptation in North American food sectors is shown, modified from Cottrell et al. (2019).

2018; Wolfe et  al., 2018). Traditional agriculture inherently includes 
climate adaptive practices that enhance biodiversity, soil quality and 
agricultural production (e.g., multiple cultivars, heat-tolerant heritage 
cattle breeds) (Bermeo et  al., 2014; Gomez-Aiza et  al., 2017; Ortiz-
Colón et  al., 2018). Agroecology and agroforestry (see Box  14.7) in 
North America has expanded from (but not replaced) traditional and 
rural practices in Mexico (Metcalfe et al., 2020a) as a sustainable and 
climate-resilient alternative to industrial agriculture (Schoeneberger 
et  al., 2017) that increases productivity (by 6–65% depending on 
the crop), enhances microclimates and provides co-benefits for GHG 
mitigation (Abbas et al., 2017; Cardinael et al., 2017; Schoeneberger 
et al., 2017; Snapp et al., 2021). Irrigation is an effective adaptation 
strategy in key agricultural areas (Miller, 2017; Lund et al., 2018) and 
could stabilise food security in rain-fed regions (e.g., southeast Mexico) 
(Spring, 2014); water allocation must balance multiple needs and rights 
(medium confidence) (Section 14.5.3; Brown et al., 2015b; Levis et al., 
2018; Gomez Diaz et  al., 2019). Heritage livestock breeds, changing 
species and precision-ranching technology may promote ranch and 

rangeland resilience (Zhao et al., 2013). In loblolly pine plantations in 
the southern USA, effective adaptation includes reducing tree density 
and, less effectively, shifting to slash pine (Susaeta et  al., 2014). 
Salvage logging following forest disturbances (e.g., insect outbreaks) 
can increase timber harvest (Bogdanski et al., 2011; USDA Forst Service, 
2011; Han et al., 2018; Morris et al., 2018a).

14.5.4.5  Food and Fibre Adaptation: Fisheries and Aquaculture

Proactive and ecosystem-based management increases climate 
resilience in fisheries (high confidence), but effectiveness after 2050 
may be limited without global carbon mitigation (medium confidence) 
(Gaichas et al., 2017; Gaines et al., 2018; Kritzer et al., 2019; Barbeaux 
et al., 2020; Free et al., 2020; Holsman et al., 2020). Flexibility (e.g., 
mobility, diverse incomes or harvest portfolios) underpins climate 
resilience across regions, management policies and fisheries, although 
small-scale fisheries have less scope for adaptation (Aguilera et  al., 
2015; Young et al., 2019). Climate-informed and dynamic management 
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Table 14.4 |  Observed and projected impacts to food and fibre resources

Climate driver Observed changea References Projected change References

Agriculture and livestock (Tables SM14.2–SM14.5)

Extreme events

Estimates of yield reduction from heat 
stress for both maize and cotton indicate 
that historically, US-SW heat stress reduced 
cotton yield by 26% and maize yield by 18% 
compared with potential yield. Extreme heat 
was associated with increased crop failure in 
MX-CE, US-SW. Hailstorm increased frequency 
observed in MX coinciding with the most 
vulnerable stage or flowering period of 
maize. Extreme precipitation damages to soil, 
increased erosion, and reduced crop yields 
observed in Mexico and US-MW.

Altieri and 
Nicholls (2009); 
Mastachi-Loza et al. 
(2016); Elias et al. 
(2018); Kistner et al. 
(2018); Reyes and 
Elias (2019)

Heat stress (RCP8.5) reduces mid-century (2040–2069) 
maize and cotton yields by 12–15% of historical yields 
(1950–2005) with largest impacts in US-SW, and additional 
drought-related stress in US-MW could reduce maize and 
soybean yields by ~5 and ~10%, respectively, by late 
century under RCP4.5. Warming and extreme heat (>35%) 
will delay (or prevent) chill accumulation, impacting 
perennial crop development, yields and quality (US-SW). 
Increases in extreme temperature raise the risk of livestock 
heat stress, disease and pest impacts.

Jin et al. (2017); 
Rojas-Downing et al. (2017); 
Elias et al. (2018); Parker 
et al. (2020)

Mean growing 
season 
precipitation 
decline, mean 
temperature 
increase, drought

Across the US Great Plains (US-SP, US-NP) 
between 1968 and 2013 climate change 
induced 3.55, −0.55 and 0.94% change 
in yield for (irrigated and non-irrigated) 
maize, sorghum and soybeans, respectively. 
Droughts and increasing temperatures 
reduced soil fertility in Mexico and 
contributed to soil erosion and degradation, 
and suitability loss of 18–22%. Experimental 
and simulated reductions in water supply of 
25–50% result in similar-magnitude declines 
in yield for multiple food and forage crops 
(e.g., wheat, maize).

Frisvold and Konyar 
(2012); Leskovar 
et al. (2012); 
Aladenola and 
Madramootoo 
(2014); Galloza et al. 
(2017); Havstad et al. 
(2018); Kukal and 
Irmak (2018)

Warming alters the length of growing seasons of 
cold-season crops and shifts suitability ranges of 
warm-season California crops. Aridification reduces forage 
production in US-SW and MX-N. Warming is associated 
with reduced livestock growth and fertility, increased 
pathogens in US-SE, US-SP, US-MW and US-NE, and 
reduced milk production in US-MW.

St-Pierre et al. (2003); 
Polley et al. (2013); Key and 
Sneeringer (2014); Reeves 
et al. (2014); Cooley (2016); 
Hufkens et al. (2016); Derner 
et al. (2018); Hristov et al. 
(2018); Ortiz-Colón et al. 
(2018); Zhang et al. (2019b); 
Bowling et al. (2020); 
Bradford et al. (2020); 
Marklein et al. (2020)

Multiple drivers

Climate change reduced total factor 
productivity of agriculture and livestock 
in North America by 12.5% (ranging from 
approximately −35 to 8%) between 2016 
and 2015. Losses have been greatest in 
Mexico (−30 to −25%) (Figure 14.5), and 
lowest in Canada (>0%). Reduced yield in 
Mexico and the USA; increased weed and 
pest pressure in US-NE, US-MW, US-NP and 
US-NW.

Garruña-Hernández 
et al. (2012); Loreto 
et al. (2017); Wolfe 
et al. (2018); Torres 
Castillo et al. (2020; 
Ortiz-Bobea et al. 
(2021)

Declines in yield and changes in suitability ranges for maize 
(−18 to 5%), sorghum (−16 to 12%) and wheat (−38 to 
−15%) in Mexico (RCP4.5, 8.5; 2040–2099); northward 
shifts in the suitable area for six crops from the central 
USA (2100). Warming accompanied by increased CO2 
may benefit crop production of small grains in southern 
Canada up to 3°C global warming level (GWL), although 
benefits decline after 2.5°C GWL. Increased CO2 enhances 
production but reduces forage quality in US-NP and US-NW. 
Without adaptation, 2°C GWL increases insect-caused 
production losses ~36 and ~44% for maize and wheat, 
respectively.

Calderón-García et al. 
(2015); Herrera-Pantoja 
and Hiscock (2015); Lant 
et al. (2016); Chen et al. 
(2017); Montiel-González 
et al. (2017); Reyer et al. 
(2017); Derner et al. 
(2018); Deutsch et al. 
(2018); Levis et al. (2018); 
López-Blanco et al. (2018); 
Murray-Tortarolo et al. 
(2018); Wolfe et al. (2018); 
Gomez Diaz et al. (2019); 
Qian et al. (2019); Zhang 
et al. (2019b); Arce Romero 
et al. (2020)

Aquaculture and fisheries (Tables SM14.6, SM14.8)

Extreme events

MHW and HAB events of 2014–2016 
resulted in multiple fishery closures along 
the west coast (US-NW, US-SW); disparate 
impacts observed between small and large 
vessels with greatest impacts on small vessel 
revenue and fishery participation; impacts 
highest for ports in the N-CC and least for 
fishing communities with diverse livelihoods 
and harvest portfolios. In the EBS, GOA and 
N-CC, declines in fish biomass and shifts 
in distribution were four times higher and 
greater during MHWs than that of general 
warming over the same period. Pelagic fish 
showed largest decrease in biomass (7%), as 
did Sockeye salmon and California anchovy; 
increased risk to hatcheries and low-lying 
pond systems from severe storms. Extreme 
heat is associated with reduced productivity 
of aquaculture species.

Handisyde et al. 
(2017); Food 
Agriculture 
Organization of 
the United Nations 
(2019); Froehlich 
et al. (2019); Reid 
et al. (2019); 
Bertrand et al. 
(2020); Cheung and 
Frölicher (2020); 
Jardine et al. (2020); 
Sippel et al. (2020); 
Fisher et al. (2021)

Doubling of MHW impact levels by 2050 among the most 
important fisheries species (over previous assessments that 
focus only on long-term climate change).

Cheung and Frölicher (2020)
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Climate driver Observed changea References Projected change References

Multiple drivers

Climate shocks reduce catch, revenue 
and county-level wages and employment 
among commercial harvesters in US-NE. 
Climate variability during 1996–2017 is 
responsible for a 16% (95% CI: 10–22%) 
decline in county-level fishing employment 
in New England; impacts mediated by local 
biology and institutions. Seafood is an 
important source of nutrients and protein 
for Indigenous Peoples in CA-BC. Polices 
that incorporate nutrition in fisheries 
management are limited in North America.

Marushka et al. 
(2019); Oremus 
(2019); also see 
Section 14.5.6

Declines in North American catch potential of flatfish 
under RCP8.5 for the EBS, GOA, GOMX, US-SE and US-NE; 
declines in productivity for multiple species in Mexico, with 
the largest declines in productivity (>35%) for abalone and 
Pacific sardine. Impacts are greatest for artisanal species; 
declines in fish community biomass for all North American 
coasts except US-SW and the Canadian Arctic; declines are 
greater under RCP8.5 than RCP2.6. Modest increases (up 
to 10%) in landings of CA-QC and CA-AT surf clams and 
shrimp are projected under RCP2.6 by 2100 and declines in 
snow crab up to 16% are expected (RCP2.6, 8.5). Mussel 
landings increase 21%, while declines in shellfish and lobster 
landings (2090) are twice as high under RCP8.5 (42–54%) as 
RCP2.6. Shellfish and snow crab landings decline in CA-QC 
and CA-QT; declines under RCP8.5 are double those of 
RCP2.6. Climate change reduces EBS blue king crab recovery 
in simulations. Relative to the USA and Canada, Mexico has 
the strongest benefits in net catch under RCP2.6 relative 
to RCP8.5 ( >30% increase in catch); increases of 70% in 
catch potential projected for the Canadian Arctic (CA-NE, 
CA-NW) under RCP8.5 (versus minimal changes under 
RCP2.6). High-resolution and size-spectrum models project 
declines in groundfish catch and biomass in S-EBS. Shifting 
transboundary stocks may increase challenges.

Weatherdon et al. (2016); 
Cheung (2018); Carozza 
et al. (2019); Cisneros-Mata 
et al. (2019); Reum et al. 
(2019); Tai et al. (2019); 
Mendenhall et al. (2020); 
Wilson et al. (2020)

Ocean and lake 
acidification

Ocean acidification (OA) reduced maximum 
sustainable yield, catch and profits of EBS 
Tanner crab in simulations. Survival of 
larval and juvenile red king crab in the 
lab decreased 97–100% with decreasing 
pH; no appreciable effects of pH on larval 
growth of walleye pollock in the lab (Hurst, 
2013); mixed evidence of impacts of 
changes in pH on freshwater or saltwater 
finfish aquaculture; OA reduced growth, 
calcification, attachment and increased 
mortality in calcifying molluscs and 
seaweeds in the USA and Canada; OA may 
benefit non-calcifying seaweeds.

Long et al. (2013a); 
Seung et al. (2015); 
Punt et al. (2016); 
Clements and Chopin 
(2017); Handisyde 
et al. (2017); Swiney 
et al. (2017); 
Food Agriculture 
Organization of 
the United Nations 
(2019); Froehlich 
et al. (2019); Reid 
et al. (2019); 
Stewart-Sinclair et al. 
(2020)

Declines for some shellfisheries and flatfish due to OA and 
temperature. OA conditions under RCP8.5 reach critical 
risk thresholds for mollusc harvests earlier in northern 
regions than southern areas. OA risk to shellfisheries is 
highest in N-CC. OA causes 1% additional decline in Arctic 
cod populations by 2100 under RCP8.5. OA influences 
management reference points of Northern Rock sole. 
OA and temperature reduce probability of recovery in 
simulations of EBS blue king crab.

Ekstrom et al. (2015); Reum 
et al. (2019); Steiner et al. 
(2019); Wilson et al. (2020); 
Punt et al. (2021)

Mean 
temperature 
increase

Species distributions have shifted poleward 
and phenology has shifted earlier with the 
strongest effects on bony fish. Warming over 
the past century (2001–2010 to 1930–1939) 
is associated with declines in maximum 
sustainable yield along the entire west coast 
of North America that range from −14% in 
the EBS to −29% in the CC-S. Along the east 
coast, declines of −3 to −9% were observed 
in the GOMX and US-SE, while increases 
of 8–15% were observed in the US-NE and 
CA-CQ; mixed positive and negative growth 
and mortality responses for aquaculture 
species in North America. Juvenile red king 
crab survival decreases as temperatures 
increase in lab experiments. American 
Lobster abundances declined (78%) in South 
New England and have increased (515%) in 
the Gulf of Maine due to water temperature 
changes and differing conservation measures 
(between 1985 and 2014 for the GOM, 
and 1997 and 2014 for southern New 
England).

Poloczanska et al. 
(2016); McCoy et al. 
(2017); Swiney 
et al. (2017); Le 
Bris et al. (2018); 
Miller et al. (2018); 
Food Agriculture 
Organization of 
the United Nations 
(2019); Free et al. 
(2019); Reid et al. 
(2019); Weiskerger 
et al. (2019); 
Bertrand et al. 
(2020); Le et al. 
(2020)

By end of century, North American fish biomass, catch 
potential and revenue are ~9% higher under RCP2.6 than 
RCP8.5 and differences are greatest for US fisheries (relative 
to Canada and Mexico; poleward redistributions (reported 
ranges of 10.3–39.1 km per decade) and to depth decrease 
access to shellfisheries in CA-QC and subsistence species in 
CA-BC (−28% by 2100), with impacts increasing north to 
south and under RCP8.5 as compared with RCP2.6. Climate 
change (RCP8.5) shifts the relative percentage of catch and 
profits for the USA–Canada transboundary stocks under 
RCP8.5 (but not RCP2.6); decreases in biomass of historically 
large fisheries in US-NA and CA-QC, and US-AK and 
important subsistence species in CA-WA and CA-BC, while 
some increases in the North Atlantic. Declines are greater 
under RCP8.5 relative to RCP2.6. In EBS (US-AK), community 
biomass, catches and mean body size decreases by 36, 61 
and 38%, respectively, under RCP8.5 (2100). Climate change 
causes declines in global marine aquaculture production 
under RCP8.5 with impacts greater for bivalve than finfish 
and with significant disparities among regions in direction 
and magnitude of changes; greatest declines for finfish 
aquaculture expected in northern regions (GOA, CA-BC, 
CA-CQ), and large declines for bivalve production (declines 
of 20–100%) for Canada. Declines become more probable 
by 2050–2070.

Weatherdon et al. (2016); 
Cheung (2018); Froehlich 
et al. (2018); Morley et al. 
(2018); Greenan et al. 
(2018); Steiner et al. (2019); 
Sumaila et al. (2019); 
Bryndum-Buchholz et al. 
(2020); Holsman et al. 
(2020); Palacios-Abrantes 
et al. (2020); Reum et al. 
(2020); Sumaila and Zwaag 
(2020); Whitehouse and 
Aydin (2020); Wilson et al. 
(2020)

Notes: See Figure 14.1 for region acronym definitions. (a)
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(Hazen et al., 2018) improves modelled fishery performance (medium 
confidence) (Section  14.5.2; Froehlich et  al., 2017; Tommasi et  al., 
2017a; Tommasi et al., 2017b; Karp et al., 2019; Barbeaux et al., 2020), 
yet planning and policies that directly incorporate climate-change 
information remain limited (Skern-Mauritzen et  al., 2015; Marshall 
et al., 2019b). Expanding aquaculture across North America will likely 
address deficits in nutritional and protein yields (Gentry et al., 2019; 
Costello et al., 2020), yet aquaculture initiatives have largely progressed 
without explicitly considering climate impacts (FAO, 2018; Froehlich 
et al., 2019), and critical elements for climate adaptation (e.g., climate-
informed zoning, monitoring, insurance) are not widely implemented 
(Liñan-Cabello et al., 2016; FAO, 2018; Stewart-Sinclair et al., 2020). 
Climate-informed and standardised aquaculture governance, and 
increased coordination with fishery and coastal management, is 
needed for climate resilience (high confidence) (Brugère et al., 2019; 
Froehlich et al., 2019; Free et al., 2020; Galparsoro et al., 2020).

14.5.5 Cities, Settlements and Infrastructure

Cities are complex social–ecological systems with large populations, 
concentrated wealth, ageing infrastructure, reliance on extrinsic and 
increasingly stressed natural systems, social inequality, differential 
institutional capacities and impervious, heat-retaining surfaces 
(Maxwell et  al., 2018a; Schell et  al., 2020). These factors interact 
with location (e.g., proximity to coast, in a floodplain) to create 
city-specific vulnerabilities to climate change and requirements for 
resilience initiatives (Mercer Clarke et al., 2016). Cities are home to 
diverse cultural and social communities, including large Indigenous 
populations who can be uniquely affected by climate change yet who 
bring valuable IK and leadership to urban adaptation efforts (Statistics 
Canada, 2020; Brown et al., 2021). The rural and remote settlements of 
North America also experience similar hazards and risks; however, such 
challenges are due to different factors such as geographic isolation, 
dependence on local food resources and socioeconomic conditions 
(Kearney and Bell, 2019; Vodden and Cunsolo, 2021).

14.5.5.1 Observed Impacts

14.5.5.1.1 Rising temperatures and extreme heat

Extreme heat events are affecting natural assets and built infrastructure 
as well as individuals in cities and rural settlements across North 
America (high confidence) (Maria Raquel et  al., 2016; Amec Foster 
Wheeler and Credit Valley Conservation, 2017; Howell and Brady, 
2019; Martinich and Crimmins, 2019). Key urban infrastructure systems 
(e.g., services in buildings, energy distribution) are interdependent and 
susceptible to cascading impacts (e.g., electricity supply disruption 
during a heatwave compromising another system like water delivery, 
high-rise cooling) (Brown et  al., 2021). Urban social inequality and 
systemic racism has led to disproportionately higher exposure to urban 
heat island effects in low-income and minority neighbourhoods in US 
cities, due in part, to less green space and tree cover to offset heat 
retained in the built environment (Hoffman et al., 2020; Schell et al., 
2020; Hsu et al., 2021). In the rural context, extreme heat contributes 
to migration out of small communities; for example, see cases reported 
in Mexico (Nawrotzki et  al., 2015a). Extreme heat events pose a 

significant risk to residents of small towns across North America due 
to limited resources to address heat impacts and attendant increased 
morbidity and mortality (Section 14.5.6.1; McDonald et al., 2016; Guo 
et al., 2018; D’ulisse, 2019).

Hot and dry conditions increase risk of wildfires close to human 
settlements through collateral impacts on properties, economic 
activity and human health (see Box  14.2; Section  14.5.6.3). These 
environmental conditions also stress natural assets (e.g., urban forests, 
wetlands, household gardens, green walls) and performance of green 
infrastructure leading to higher operation and maintenance costs (high 
confidence) (Kabisch et al., 2017; Terton, 2017).

14.5.5.1.2 Storms and flooding

Short-duration, high-intensity rainfall and other extreme events (e.g., 
hurricanes, atmospheric river events) create significant flooding risks 
and impacts for cities in North America and negatively affect the 
lives, livelihoods, economic activities, infrastructure and access to 
services (high confidence) (Amec Foster Wheeler and Credit Valley 
Conservation, 2017; Curry et al., 2019). In 2016, US flooding events 
caused 126 fatalities and 11 billion USD (considering the 2016 USD 
value) in damages (NOAA, 2019). In Canada, flooding accounts for 
40% of the costs associated with weather-related disasters recorded 
since 1970 (Canadian Institute for Climate Choices, 2020); the most 
costly event was the 2013 Calgary flood (CA-PR) (1.8 billion CAD in 
catastrophic insurance losses and 6 billion CAD in direct costs such 
as uninsured losses) (Office of the Auditor General of Canada, 2016). 
Mexico City is seasonally impacted by high-intensity rainfall events 
that generate local flooding (de Alba and Castillo, 2014). Rural and 
remote settlements are also threatened by floods; Indigenous lands in 
Canada are disproportionately exposed to flooding, with almost 22% 
of residential properties at risk of a 1-in-100-year flood (Thistlethwaite 
et al., 2020; Yumagulova, 2020).

Wind storms and hurricanes are significant climate hazards for North 
American cities and settlements, affecting urban forests, electricity 
distribution and service delivery, and damaging buildings and trans-
portation infrastructure (Amec Foster Wheeler Environment and Infra-
structure, 2017; British Columbia Hydro, 2019; Smith, 2020), with 
enduring impacts on small villages due to lost livelihoods and limited 
recovery capacity (e.g., Rio Lagartos and Las Coloradas in MX-SE after 
Hurricane Isidore) (Audefroy and Cabrera Sánchez, 2017). The Pacific 
coast of Mexico is also experiencing hurricanes such as Patricia (cate-
gory IV) in 2015 and Newton (category I) in 2016 (CONAGUA, 2015; 
CONAGUA, 2016); hurricane Patricia affected 56 municipalities in the 
states of Colima, Nayarit and Jalisco (MX-CE, MX-NW) (Calleja-Reina, 
2016).

14.5.5.1.3 Sea level rise

Sea level rise interacts with shoreline erosion, storm surge and 
wave action, saline intrusion and coastal flooding to directly 
threaten coastal cities and small communities in North America with 
impacts to public and private buildings and infrastructure, port and 
transportation facilities, water resources (high confidence) (NOAA 
National Weather Service, 2017; Boretti, 2019) and cultural heritage 
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sites (see Box 14.4; Dawson et al., 2020). Sea level rise is creating 
conditions where considerable financial investments are needed 
and, in many cases, are being raised to address adaptation needs 
(see Box 14.4; CCP6, Fatorić and Seekamp, 2017; Hinkel et al., 2018; 
Greenan et al., 2018). Across North America, high population density 
and concentrated development along the coast generates exposure 
to SLR impacts.

14.5.5.2 Projected Impacts and Risks

Evidence since the AR5 highlights increased risk to quality of life in 
cities and rural communities as a result of exposure to intensifying 
climate-change hazards, and the compounding and interacting effects 
of climate and non-climate factors (medium confidence).

14.5.5.2.1 Rising temperatures and extreme heat

Extreme heat events are projected to increase in frequency and 
intensity across North America in the coming decades (Section 14.2.2; 
Figure 14.2F,G). Inland urban areas in the southern and eastern USA 
are susceptible to urban heat island effects, particularly the Midwest/
Great Lakes regions (Krayenhoff et  al., 2018) and also Mexico City 
and many other cities in Mexico (Vargas and Magaña, 2020). Climate 
change (RCP8.5) interacting with urban form, development and 
systemic racism (Schell et  al., 2020; Hsu et  al., 2021) could worsen 
risks from extreme heat in North American cities, especially where 
there is limited adaptation (high confidence) (Krayenhoff et al., 2018). 
Impacts from extreme heat will be exacerbated when multiple hazards 
occur simultaneously (e.g., heatwaves concurrent with droughts) 
(Mora et  al., 2018; Zscheischler et  al., 2018). Extreme heat events 
increase energy demand for space cooling in buildings, especially 
during peak demand periods and heatwaves (IEA, 2018a). This can 
decrease cooling efficiency, increase emissions of GHG from electricity 
generation, increase refrigerant loads and associated emissions, and 
negatively affect air quality (IEA, 2018a). Major electrical grid failure 
(i.e., blackouts) have increased across the USA and will continue to 
be particularly dangerous for human health when they coincide with 
extreme heat events (Stone et al., 2021). Efforts to increase resilience 
of the infrastructure that cities rely on are increasing (Climate-Safe 
Infrastructure Working Group, 2018).

Warmer and/or drier conditions may reduce water supply reliability 
for cities and small communities that rely on surface water sources 
fed by rain or snowmelt runoff, for example, Victoria and Vancouver, 
Canada (CA-BC) (Metro Vancouver, 2016; Vadeboncoeur, 2016; Islam 
et  al., 2017); San Pedro, Hermosillo and Los Pargas, Aguascalientes, 
México (MX-NW, MX-CE) (Vadeboncoeur, 2016; Soto-Montes-de-Oca 
and Alfie-Cohen, 2019); New York City (US-NE) (NYC Department of 
Environmental Protection, 2014); and Washington State (US-NW) 
(Section 14.5.3.2; Fosu et al., 2017).

14.5.5.2.2 Storms and flooding

Annual and winter precipitation is expected to increase for most of 
Canada (Section  14.2; Figure  14.2D,E) and will increase flooding in 
cities and settlements (high confidence) (Bonsal et al., 2019). Although 
there is more geographic variation across the continental USA (e.g., 

between high-latitude and subtropical zones), extreme precipitation 
events are projected to increase in frequency and intensity with 
impacts on flood hazards (Section  14.5.3.2; Easterling et  al., 2017). 
Winter (snow and ice) storms are expected to increase in northern 
North America and decrease in southern North America under RCP8.5 
(Jeong and Sushama, 2018b). Projected increases in wind-driven rain 
exposure is an emerging consideration for moisture-resilient design 
and management of buildings, especially in western and northern 
Canada (Jeong and Cannon, 2020).

14.5.5.2.3 Sea level rise

In the USA, many people are projected to be at risk of flooding 
from SLR (high confidence) (see Box 14.4). A projected SLR of 0.9 m 
by 2100 could place 4.2  million people at risk of inundation in US 
coastal counties, whereas a 1.8-m SLR exposes 13.1  million people 
(Hauer et al., 2016). In California, under an extreme 2-m SLR by 2100, 
150  billion USD (2010) of property or more than 6% of the state’s 
GDP and 600,000 people could be affected by flooding (Barnard 
et  al., 2019). A 1-m SLR would inundate 42% of the Albemarle-
Pamlico Peninsula in North Carolina and incur property losses of up 
to 14 billion USD (considering the 2016 USD value) (Bhattachan et al., 
2018). In nine southeast US states, a 1-m SLR would result in the loss 
of more than13,000 recorded historical and archaeological sites with 
over 1000 eligible for inclusion in the National Register for Historic 
Places (Anderson et al., 2017). This SLR raises groundwater levels by 
impeding drainage and enhancing runoff during rain events (Hoover 
et al., 2017); coastal flooding enhances saltwater intrusion affecting 
drinking water supply in settlements (e.g., coast of Texas) (Anderson 
and Al-Thani, 2016).

In Canada, SLR is expected to increase the frequency and magnitude 
of extreme high-water-level events (Greenan et al., 2018) and to create 
widespread impacts on natural and human systems (high confidence) 
(see Box  14.4; Lemmen et  al., 2016). Although coastal sensitivity is 
high in the Arctic, Canada’s more populated regions are also sensitive 
to the impacts of SLR (Manson et al., 2019). The Mi’kmaq community 
of Lennox Island First Nation is exploring relocation options because of 
erosion from SLR (Savard et al., 2016).

In Mexico, crucial coastal tourism cities, such as Cancun, Isla Mujeres, 
Playa del Carmen, Puerto Morelos and Cozumel (MX-SE), are at risk 
of SLR with an estimated economic impact of 1.4–2.3  billion USD 
(Section  14.5.7; Ruiz-Ramírez et  al., 2019). Negative effects of the 
‘coastal squeeze’ phenomena (generated by SLR, land subsidence, 
sediment deficit and current urbanisation processes) have been 
documented on tourist destinations along the coasts of the Mexican 
Gulf of Mexico and Mexican Caribbean. Zoning, limiting urbanisation 
along the coastline and using NbS (see Box  14.7) are alternatives 
that could be applied to improve the adaptation of these destinations 
(Martínez et  al., 2014; Salgado and Luisa Martinez, 2017; Lithgow 
et al., 2019).

Rural low-lying coastal areas are at risk from SLR where natural 
barriers or shoreline infrastructure are deteriorating and this interacts 
with remoteness, resource-dependent economies and socioeconomic 
challenges to adaptive capacity (Bhattachan et  al., 2018; Manson 
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et al., 2019). The Northeast Atlantic region of North America (CA-AT, 
US-NE) is exposed to high risk by combined effects of land subsidence 
and climate-driven SLR (see Box  14.4; Lemmen et  al., 2016; Sweet 
et al., 2017; Fleming et al., 2018; Greenan et al., 2018).

14.5.5.3 Adaptation

In North American cities, present-day adaptation responses extend 
beyond the traditional focus on infrastructure to include measures 
aimed to protect people, property and ecosystems (medium confidence). 
Barriers to adaptation include challenges related to the local physical 
and environmental setting, effects of colonialism and racism, 
socioeconomic attributes of the population, institutional frameworks 
and competing interests of city stakeholders (medium confidence). 
The current scale of adaptation is generally not commensurate with 
reducing risks from projected climatic hazards, although resources exist 
that provide guidance and examples of effective adaptation (medium 
confidence). Some remote Canadian communities have demonstrated 
strengths (e.g., strong social networks) that support resilience to 
climate change (Kipp et  al., 2020; Vodden and Cunsolo, 2021). In 
some US cities with political resistance to action on climate change, 
adaptation measures focused on addressing extreme events (rather 
than climate-change impacts) have been able to make progress (Hamin 
et  al., 2014). Enhanced public awareness of the risks from extreme 
events associated with climate change is important for motivating 
adaptation (Section 14.3; Howe et al., 2019) and developing a climate-
change agenda (Aragón-Durand, 2020).

Community-level planning tailors adaptation responses and disaster 
preparedness to the local context but misalignment of policies within 
and between levels of government can prevent implementation 
(Oulahen et al., 2018). Coordination, planning and national support 
are needed to provide sufficient financial resources to implement 
climate-resilient policies and infrastructure (Section 14.7.3; USGCRP, 
2018).

Public health measures to address extreme heat events are more 
common across North America, with a focus on vulnerable populations 
(e.g., City of Toronto, 2019) and innovative approaches for reaching 
at-risk populations with an overarching intent of prevention (medium 
confidence) (Section  14.4.6.1; Guilbault et  al., 2016). The heatwave 

plan for Montreal includes visits to vulnerable populations, cooling 
shelters, monitoring of heat-related illness and extended hours for 
public pools (Lesnikowski et al., 2017); efforts have reduced heatwave-
related mortalities (Benmarhnia et al., 2016).

Other adaptation responses to reduce temperature effects include 
modifying structures (roofs, engineered materials) and the urban 
landscape through green infrastructure (e.g., urban trees, wetlands, 
green roofs), which increases climate resilience and quality of life 
by reducing urban heat island effects, while additionally improving 
air quality, capturing stormwater and delivering other co-benefits 
to the community (e.g., access to food, connection to nature, social 
connectivity) (high confidence) (see Box 14.7; Ballinas and Barradas, 
2016; Emilsson and Sang, 2017; Kabisch et al., 2017; Krayenhoff et al., 
2018; Petrovic et al., 2019; Schell et al., 2020). Green infrastructure can 
be flexible and cost-effective (Ballinas and Barradas, 2016; Emilsson 
and Sang, 2017; Kabisch et al., 2017). Initiatives can be ‘bottom-up’ 
community-led adaptation with support from municipal governments 
(e.g., East Harlem in New York City) (Petrovic et  al., 2019). Valuing 
municipal natural assets (e.g., assigning economic value to cooling 
from urban forests or stormwater retention by urban wetlands) is 
becoming increasingly common in Canada and the USA (Wamsler, 
2015; Roberts et  al., 2017a; Municipal Natural Assets Initiative, 
2018). Guidance assists municipalities to identify, value and account 
for natural assets in their financial planning and asset management 
programmes (O’Neil and Cairns, 2017) and consider future climate 
(Municipal Natural Assets Initiative, 2018).

Meeting increasing demand for indoor space cooling with equitable 
access requires new approaches to providing cooling (e.g., equipment 
efficiencies, refrigerants with lower global warming potential) and 
electricity production and transmission innovation (Shah et al., 2015; 
IEA, 2018a). While energy efficiency and building code standards are 
not directly established by local governments, they can encourage 
behaviour change via incentives (e.g., rebates on efficient equipment) 
or disincentives (e.g., more onerous permit approvals).

Experience with droughts, heatwaves and other weather extremes 
has led many municipal water managers to accept the importance 
of building resilience to the risks of future water shortages and costs 
posed by climate change (Metro Vancouver, 2016; Misra et al., 2021; 

Box 14.4 | Sea Level Rise Risks and Adaptation Responses for Selected North American Cities 
and Settlements

Approximately 95 million Americans lived in coastal communities in 2017 (US Census Bureau, 2019) and in 2013, Canada had roughly 
6.5 million coastal residents (Lemmen et al., 2016), while Mexico had 19 million people living in coastal municipalities in 2015 (Azuz-
Adeath et al., 2018). Sea level rise around North American coastlines (Figure Box 14.4.1) is projected to be greatest along the coasts of 
Atlantic Canada, northern Gulf of Mexico for the USA and the Pacific coast of Mexico (IPCC, 2021). Sections 14.5.2.1, 14.5.5.1.3 and 
14.5.5.2.3 describe SLR impacts. The status of adaptation to SLR by local governments is variable (see Table Box 14.4.1, where progress 
is indicated by colour coding) and ranges from financed implementation to preliminary, preparatory or scoping studies and workshops. 
Adaptation planning and implementation to address SLR and coastal flooding have been initiated across many cities and settlements in 
North America, but preparedness varies (high confidence).



14

1965

North America  Chapter 14

Sea Level Rise projections for selected North American cities
Projection changes relative to 2005

0

1m

2m

3m

0

1m

2m

3m

0

1m

2m

3m

Tu
kto

yu
ktu

k

Pr
inc

e E
dw

ar
d

Isl
an

d

Tr
ur

o

Ha
lifa

x

Ne
w 

Yo
rk

No
rfo

lk

Mi
am

i

Ca
nc

un

Ne
w 

Or
lea

ns

Ci
ud

ad
de

l C
ar

me
n

Ve
ra

cru
z

Un
ala

sk
a

Su
rre

y

Se
att

le

Qu
ina

ult
 I. 

R.

Sa
n F

ra
nc

isc
o

Lo
s A

ng
ele

s

Ac
ap

ulc
o

Sea Level Rise
in 2050

Sea Level Rise
in 2100

Sea Level Rise
in 2150

SSP5-8.5SSP1-2.6

1 Tuktoyuktuk
2 Prince Edward Island
3 Truro

4 Halifax
5 New York
6 Norfolk

7 Miami
8 Cancun
9 New Orleans

10 Ciudad del Carmen
11 Veracruz
12 Unalaska

13 Surrey
14 Seattle
15 Quinault I. R.

16 San Francisco
17 Los Angeles
18 Acapulco

Pacific Atlantic Gulf of MexicoArctic

Sea Level Rise
Adaptation
Readiness

Levels

Specific plan, progress on actions
Specific plan, no evidence of actions taken

Specific plan, no actions specified
General Climate Change plan, mentions sea level rise

No Climate Change plan, but processes underway

1

2
3

4
5

8
9

10

11

13
14
15

16

17

18

6

7

12

Figure Box 14.4.1 |  Sea level rise projections for 2050, 2100 and 2150 for selected North American cities. Projections changes are relative to 2005, which 
is the central year for the 1994–2014 reference period. Horizontal lines in the boxes represent the median projection, boxes represent 25th to 75th percentile and whiskers 
the 10th to 90th percentile of SLR projections from all CMIP6 models as well as other lines of evidence (see Fox-Kemper et al., 2021 Table 9.7 for more details). Two SLR 
scenarios are provided for lower (SSP126) and higher emissions (SSP585), and are consistent with the WGI AR6 Interactive Atlas (Gutiérrez et al., 2021b. Numbers and 
colours (see Table Box 14.4.1 for detailed readiness definitions) on the map and in the projections represent the sites and status of SLR adaptation progress. Information 
supporting SLR adaptation status is summarised in Table Box 14.4.1.

Box 14.4 (continued)
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Table Box 14.4.1 |  Status of adaptation actions for locations on the SLR map above according to level of SLR preparedness through adaptation (as discoverable on 
government websites)

Ocean 
basin

Site 
no.

Area/city Exposure (not exhaustive)
Adaptation 
readiness 1

Does the area/city have an adaptation plan for SLR? If so, are 
they taking actions to implement it? (Status)

Arctic 1
Tuktoyuktuk, 
CA

Infrastructure, municipal services, 
transportation, homes, 900 people

Tuktoyaktuk Coastal Erosion Study completed March 2019. Additional 
investments in both planning and actual adaptation measures have occurred. 
Limited financial resources remain a barrier (Government of Canada, 2020).

Atlantic 2

Prince 
Edward 
Island
with Lennox 
Island, CA

PEI: residential, industrial and 
commercial infrastructure;
Lennox Island: 10 of 79 homes, 
causeway to the island, sacred 
grounds, sewage treatment systems

Prince Edward Island government released a 5-year climate change action plan 
in 2018 which includes both adaptation and mitigation (Prince Edward Island 
Government, 2018). Biennial progress reports were issued (Prince Edward Island 
Government, 2019). The Mi’kmaq community of Lennox Island First Nation has 
explored relocation options (Daigle et al., 2015).

3 Truro, CA
A regional centre of 12,000 residents, 
which has been vulnerable to 
repeated floods for decades

Town of Truro, County of Colchester and Millbrook First Nations, commissioned 
a flood risk study 2014–2017 (CBCL, 2017; Sherren et al., 2019) triggered by the 
2012 flooding. The outcome was Truro-Onslow dyke project–a voluntary retreat 
with realignment of dyke infrastructure and habitat restoration by conversion of 
agricultural land into salt marsh habitat (Saunders-Hastings et al., 2020).

4 Halifax, CA
Transportation causeways and 
bridges, marine facilities, municipal 
infrastructure

HalifACT 2050 is a comprehensive plan adopted as of 2020 by the Halifax 
regional council which includes reducing GHGs and adapting to climate change 
including a section on coastal preparedness (Halifax Regional Council, 2020).

5
New York, 
USA

20 million people at risk by 2050; 
40% of water treatment plans will 
be compromised by flooding, 60% 
of power plants will need to be 
relocated, transportation systems will 
need to be upgraded to avoid flooding

New York City has developed many adaptation plans for sustaining NYC in light 
of SLR and other climate hazards and impacts, especially since Hurricane Sandy 
affected the city in 2012. It is unclear how much of the planning has moved 
forward into implementation (NYC, 2013; New York City, 2015; NYC Mayor’s 
Office of Resiliency, 2020).

6 Norfolk, USA
Homes, massive US naval base, 
shipyards, active waterfront and 
deep-water ports

City of Norfolk published a very specific Coastal Resilience Strategy in 2014. 
Capital improvement projects highlighted in this strategy have been funded 
(City of Norfolk Virginia, 2014). A plan for protecting Naval base and shipyard 
is not evident.

7 Miami, USA
Homes, port, transportation 
infrastructure, tourism (hotels, 
restaurants, beaches)

Miami Dade County released a specific SLR Strategy in 2021. Actions in the 
plan include elevating roads and other infrastructure, designing ways to 
accommodate more water in and around buildings, building on higher ground 
and expanding waterfront parks and canals. The plan includes a map with 
current and planned adaptation projects in the county (Miami-Dade County, 
2021).

8 Cancun, MX
Tourism infrastructure (hotels, 
restaurants, beaches), homes, markets, 
service industry, transportation

The 2013 Climate Change Plan assigns adaptation in general to different 
government levels. There is no evidence of specific adaptation plan for SLR 
(Government of Quintana Roo, 2013).

Gulf of 
Mexico

9
New 
Orleans, 
USA

Entire city, especially low-lying, 
low-income areas, vulnerable as 
evidenced by Hurricane Katrina in 
2005

City of New Orleans adaptation is incorporated in the broader Louisiana coastal 
climate-change adaptation plan (CPRA, 2023). The process includes very specific 
projects with updates on risk-based implementation.

10
Ciudad del 
Carmen, MX

Freshwater access, 11,000 homes, 
aquaculture

The Campeche State Climate Change Plan was released in 2013 (Government of 
Campeche, 2013). The plan does not include any specific recommended actions 
to adapt to SLR in Cuidad del Carmen. Flood-risk maps for Ciudad del Carmen 
were created in 2011 (Audefroy, 2019).

11
Veracruz, 
MX

Freshwater access, sewage treatment 
systems, electrical and petrochemical 
industries

State of Veracruz published a climate-change plan in 2008 (Government 
of Veracruz, 2008). The plan includes specific tables of actions needed to 
monitor and adapt to SLR. The World Bank funded coastal adaptation in 
Veracruz focused on mangroves to dissipate storm surge but no investments in 
infrastructure to mitigate SLR.

Pacific 12
Unalaska, 
USA

Loss of cultural resources, salinisation 
of rivers and lakes

Climate Change Adaptation and Vulnerability Assessment workshops have been 
held with discussion of coastal erosion. SLR is not viewed to be as important as 
impacts from sea ice and permafrost loss (Poe et al., 2016).

13

Surrey 
(Greater 
Vancouver 
Area), CA

Disruption in flow of goods in 
and out of Port of Vancouver, 
communication facilities, road, rail 
and air transportation infrastructure, 
businesses and agriculture

Surrey has a Coastal Flood Adaptation Strategy (CFAS) approved by the council 
(City of Surrey, 2019) with 46 actions (policy and programme, local area 
infrastructure). Some local area infrastructure improvements have received 
capital funding.

Box 14.4 (continued)
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Ocean 
basin

Site 
no.

Area/city Exposure (not exhaustive)
Adaptation 
readiness 1

Does the area/city have an adaptation plan for SLR? If so, are 
they taking actions to implement it? (Status)

14 Seattle, USA

Low-lying areas, near-shore habitats, 
stormwater drains, roads, homes, 
businesses, socially vulnerable 
communities

Seattle released a Climate Change Response Plan in 2017 which includes 
general approaches including development of risk maps for SLR which are also 
available online (City of Seattle, 2017).

15

Quinault 
Indian 
Reservation 
(Tahola), 
USA

650 residents and buildings
Quinault Indian Reservation has a plan to move Tahola to higher ground, 0.5 
miles from the existing village (EPA, 2021).

16
San 
Francisco, 
USA

37,200 residents, 17,200 businesses 
and 167,300 jobs vulnerable to 
inundation by 2100 at upper bounds 
of SLR, mostly along the bay side of 
the city

SF has an active, SLR planning process as well as an iterative Sea Level 
Rise Action Plan (City of San Francisco, 2016), planning tools and iterative 
assessment (City and County of San Francisco, 2020).The process specifically 
addresses wastewater, water, transportation, power, public safety, open space, 
port, neighbourhoods and changing shoreline.

17
Los Angeles, 
USA

Power plants, wastewater treatment 
plants, Port of Los Angeles, beaches, 
tourism

Los Angeles has commissioned a projected SLR impact report but not an action 
plan. The Port of Los Angeles is particularly vulnerable and, as of 2019, has an 
SLR Adaptation Plan (Newbold et al., 2019).

18
Acapulco, 
MX

Tourism infrastructure (hotels, 
restaurants beaches), homes, markets, 
service industry, transportation

No climate-change plan exists, although the Mexican Tourism Sector conducted 
a climate-change vulnerability assessment covering Acapulco (Guerrero, 2017).

Sea Level Rise Adaptation Readiness Levels 
 Specific plan, progress on actions - specific plan for SLR with evidence of progress on taking actions including allocating funding for projects
 Specific plan, no evidence of actions taken - specific plan for SLR with concrete actions identified but no evidence of actions taken to date
 Specific plan, no actions specified - specific plan for SLR but does not include specific actions
 General Climate Change plan, mentions sea level rise - general climate-change adaptation action plan, which mentions SLR as a risk, issue or impact but no concrete actions, developed
 No Climate Change plan, but processes underway - No climate-change adaptation action plan but processes underway such as workshops, studies and vulnerability assessments

Box 14.2 (continued)

WUCA, 2021). In the southwest USA, water utilities have introduced 
demand-management programmes to encourage water conservation 
(e.g., tiered pricing, incentives for water-efficient appliances and 
fixtures, and rewards for replacing water-guzzling lawns with water-
thrifty native vegetation) (Section 14.5.3.3; Luthy et al., 2020; Baker, 
2021). Water providers also have increased their adaptive capacity by 
diversifying water sources (Hanak et al., 2015).

Adaptation to the risks of wildland–urban interface fire is underway 
(see Box 14.2; Kovacs et al., 2020), but the scope of adaptation required 
to sufficiently minimise wildfire risks for cities and settlements across 
North America has not been assessed (medium confidence). Leadership 
at the local level is increasingly supported by federal resources that 
provide guidance on hazard and exposure assessment, property 
protection, community resilience and emergency planning (National 
Research Council of Canada, 2021).

Cities and settlements in North America can be susceptible to multiple 
flooding hazards (i.e., coastal SLR, pluvial or fluvial flooding); each 
presents unique adaptation challenges that can be addressed through 
structural (e.g., armouring coastlines, reservoirs, levees, floodgates; New 
York City commuter tunnels) and non-structural approaches (e.g., land-
use planning and zoning, expanding green infrastructure; Chetumal, 
Mexico) (high confidence) (Hardoy et al., 2014). Green infrastructure 
practices (e.g., open-space preservation, floodplain restoration, urban 
forestry, de-channelisation of streams) (see Box  14.7) can reduce 

urban flooding, erosion and harmful runoff (Kovacs et al., 2014; Angel 
et al., 2018b; Government of Canada, 2021c). Structural approaches 
have limitations and require trade-offs that could be addressed with 
a focus on social–ecological solutions and stronger institutional 
coordination (e.g., flood risk management in Mexico City) (Aragón-
Durand, 2020). In response to high-intensity rainfall events, Mexico 
City invested in stormwater infrastructure, although additional benefits 
could have been realised if water supply needs had been incorporated 
(de Alba and Castillo, 2014). Some programmes exist to facilitate 
stormwater and wastewater infrastructure updating to accommodate 
increased precipitation across North America. The US federal Clean 
Water State Revolving Fund provides low-interest loans for states 
to upgrade infrastructure for climate change, with 42  billion USD 
provided since 1987 (ASCE, 2019). In Canada, local governments are 
important leaders in managing engineered and green infrastructure 
decisions, incentivising property-level flood protection and ensuring 
service delivery (Government of Canada, 2021c). The civil engineering 
profession is playing an active role in facilitating an understanding 
of risks and prioritisation of adaptation investments in communities 
(Tye and Giovannettone, 2021).The high concentration of valuable 
assets in cities requires mechanisms to facilitate replacement of 
assets including use of existing and proposed insurance mechanisms 
(medium confidence) (Section 14.7).

Adaptation planning and implementation to address SLR and coastal 
flooding has been initiated across cities and settlements in North America 
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but varies in preparedness (high confidence) (see Box 14.4). Efforts are 
supported by SLR design guidelines. In Canada, the Government of 
British Columbia provided SLR projections for 2050 (i.e., +0.5 m) and 
2100 (i.e., +1 m) in order to initiate community vulnerability and risk 
assessment, and adaptation planning (The Arlington Group Planning 
+ Architecture Inc et al., 2013). Based on recent hurricane impacts in 
Yucatan, Mexico, recommendations to enhance the rules governing the 
Mexican Recovery Program included incorporating local knowledge and 
IK when rebuilding houses and other structures on coasts (Audefroy 
and Cabrera Sánchez, 2017). Where in-place adaptation is insufficient, 
planned retreat is being considered as a sustainable option for reducing 
future risks (Saunders-Hastings et al., 2020).

14.5.6 Health and Well-being

Research examining climate-change impacts on human health in North 
America has increased substantially since AR5 (Harper et al., 2021a). 
Using a systematic approach (Harper et  al., 2021b), the assessment 
focused on advancements since AR5.

14.5.6.1 Heat-Related Mortality and Morbidity

High temperatures currently increase mortality and morbidity in North 
America (very high confidence), with impacts that vary by age, gender, 
location and socioeconomic factors (very high confidence). Observed 
increases in heat-related mortality have been attributed to climate 
change in North America (Vicedo-Cabrera et  al., 2021). Temperature 
effects on health vary based on how unusual the temperature is for that 
time and location (medium evidence, high agreement), highlighting 
the important role that temperature extremes and variability play in 

mortality and morbidity (Li et al., 2013; Lee et al., 2014; Barreca et al., 
2016; Allen and Sheridan, 2018). Adaptation has played an important 
role in reducing observed heat-related deaths (Vicedo-Cabrera et al., 
2018b).

Rising temperatures are projected to increase heat-related mortality 
across emission scenarios this century in North America (very high 
confidence), although the magnitude of increase varies geographically 
(Isaksen et al., 2014; Petkova et al., 2014; Wu et al., 2014; Weinberger 
et al., 2017; Anderson et al., 2018a; Limaye et al., 2018; Marsha et al., 2018; 
Morefield et al., 2018). Elderly people (Isaksen et al., 2014; Limaye et al., 
2018) and urban areas (Limaye et al., 2018) are projected to experience 
the greatest increase in heat-related mortality this century. Warming 
temperatures are also projected to increase heat-related morbidity 
(medium confidence). For instance, the incidence and treatment costs of 
asthma attributed to warmer temperatures are projected to increase in 
Texas by 2040–2050 (A1B) (McDonald et al., 2015).

While heat-related mortality is projected to increase across emissions 
scenarios and shared socioeconomic pathways, fewer deaths are 
projected under both lower-emissions scenarios and higher-adaptation 
scenarios in North America (very high confidence). Heat-related 
mortality was projected to be 50% less under RCP4.5 compared with 
RCP8.5 in the USA for SSP3 and SSP5 (Table  14.5; Wu et  al., 2014; 
Marsha et al., 2018).

14.5.6.2 Cold-Related Mortality

Winter season mortality rates are generally high in high-income regions 
such as North America, with most of that mortality due to cardiovascular 
diseases (Ebi and Mills, 2013). It is important to differentiate between 

Table 14.5 |  A summary of adaptation options for different health outcomes in North America

Health outcome Adaptation options

Heat-related mortality and 
morbidity

Future temperature-related health impacts can be reduced by adaptation measures (Petkova et al., 2014; Wu et al., 2014; Mills et al., 2015b; Kingsley et al., 
2016; Anderson et al., 2018b; Marsha et al., 2018; Morefield et al., 2018), including more effective warning and response systems and building designs, 
enhanced pollution controls, urban planning strategies and resilient health infrastructure (very high confidence) (Figure Box 14.7.1).

Wildfire-related mortality

Air quality indices are correlated with many respiratory conditions (Yao et al., 2013; Hutchinson et al., 2018), suggesting that providing air quality information 
to the public could reduce smoke-related health impacts (Yao et al., 2013; Rappold et al., 2017). Enhanced coordination between the health sector and fire 
suppression agencies can also reduce the health impacts of wildfire smoke via improving communication, weather forecasting, mapping, fire shelters and 
coordinated decision making (Withen, 2015), including transnational and cross-jurisdictional actions.

Vector-borne disease

Prevention of vector-borne disease currently involves surveillance, reducing environmental risks and promoting individual behaviours to reduce human–vector 
contact. Top-ranked Canadian West Nile interventions include individual protection (i.e., window screens, wearing lightly coloured clothing), and regional 
management and mosquito-targeting interventions (i.e., larvicides, vaccination of animal reservoirs, modification of human-made larval sites) (Hongoh et al., 
2016).

Water-borne disease

Climate change is projected to increase water-borne disease risks (medium confidence), particularly in areas with ageing water and wastewater infrastructure 
in North America (high confidence). In Wisconsin, USA, precipitation changes are projected to increase gastrointestinal illness in children this century (A1B, A2, 
B1) (Uejio et al., 2017). Slight reductions in precipitation-associated gastrointestinal illness is projected if water treatment infrastructure is upgraded slowly 
over time; however, if water treatment infrastructure is installed more rapidly, large decreases in precipitation-associated gastrointestinal illness incidence are 
projected (Uejio et al., 2017), highlighting the benefits of rapidly implementing adaptation actions.

Food-borne disease

Food safety programmes play important roles in reducing the risk of climate-related food-borne disease (high confidence). Integrated health surveillance, more 
stringent refrigeration temperature controls to limit pathogen growth, targeted communication to the public and food sector, and enhanced coordination 
between the health and food sectors can reduce risk (Hueffer et al., 2013; Jones et al., 2013; Fillion et al., 2014; Doyle et al., 2015). In Mexico, the projected 
risk of Vibrio parahaemolyticus in oysters was 11 times higher in a high-emissions scenario compared with a low-emissions scenario by the end of the century; 
however, this risk could be substantially lowered with adaptation measures, including improving temperature control (Ortiz-Jiménez, 2018).

Mental health
Effectiveness of individual and/or group therapy, and place-specific mental health infrastructure, to treat mental health challenges is well proven; yet, there is 
limited evidence evaluating these interventions within the context of climate change (e.g., Tschakert et al., 2017; Young et al., 2017b; Cunsolo and Ellis, 2018).
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mortality related to cold temperatures and mortality due to other 
factors that vary with season (Ebi and Mills, 2013; Ebi, 2015). Warmer 
temperatures do not always equate to lower winter mortality: many 
cold-related deaths do not occur during the coldest times of year or in 
the coldest places (high confidence) but occur during the beginning or 
end of the winter season (Barnett et al., 2012; Lee et al., 2014; Schwartz 
et al., 2015; Sarofim et al., 2016b; Smith and Sheridan, 2019). Warmer 
US cities generally experience more mortality from extreme cold events 
and cold temperatures than colder cities in the USA and Canada (Lee 
et al., 2014; Gasparrini et al., 2015; Schwartz et al., 2015; Wang et al., 
2016; Smith and Sheridan, 2019). While mortality rates linked to direct 
cold exposure (e.g., hypothermia, falls and fractures) is generally low, 
the relatively higher mortality during milder temperatures is thought to 
be largely due to respiratory infections and cardiovascular impacts (Lee 
et al., 2014; Gasparrini et al., 2015), which, although correlated with 
temperature, may not be caused by cold temperatures (Ebi and Mills, 
2013; Ebi, 2015; Sarofim et al., 2016a). When separating the effects 
of cold temperatures from the effects of the winter season, one study 
found that cold temperature did not drive mortality and suggested that 
winter season excess mortality was due to seasonal factors other than 
temperature (e.g., influenza, seasonal gatherings) (Kinney et al., 2015).

Mortality attributed to cold temperatures has increased in the USA 
and remained stable in Canada from 1985 to 2012 despite increasing 
winter temperatures (Vicedo-Cabrera et al., 2018b). Some attenuation 
in cold-related mortality in Mexico and warmer US states is projected 
under climate change, but less so in colder climates in northeast USA 
and Canada, with statistically insignificant trends in some regions 
and increasing cold-related mortality in other regions (Li et al., 2013; 
Mills et al., 2015b; Schwartz et al., 2015; Sarofim et al., 2016a; Wang 
et al., 2016; Gasparrini et al., 2017; Vicedo-Cabrera et al., 2018a; Lee 
et al., 2019). These reductions in cold-related mortality are generally 
considered relatively small.

Observed and projected trends in winter mortality highlight that non-
climate factors may have a greater role in driving winter mortality than 
cold temperature, and that these deaths are expected to occur with or 
without climate change (Ebi and Mills, 2013; Ebi, 2015; Sarofim et al., 
2016a). This challenges the assumption that warmer winters due to 
climate change would dramatically lower winter season mortality 
(medium evidence, medium agreement).

14.5.6.3 Wildfire-Related Morbidity

Smoke from intensified wildfire activity in North America is associated 
with respiratory distress (very high confidence), and persists long 
distances from the wildfire and beyond the initial high-exposure time 
(see Box  14.2; Hutchinson et  al., 2018). Exposure to wildfire smoke 
increases hospital admissions (McLean et  al., 2015; Alman et  al., 
2016; Reid et al., 2016; Yao et al., 2016; Rojas-Downing et al., 2017). 
Increased wildfire smoke from climate change is projected to result 
in more respiratory hospital admissions in the western USA by 2046–
2051 (A1B) (Liu et al., 2016; Rojas-Downing et al., 2017).

The magnitude of health risks varies by age (Le et al., 2014; Reid et al., 
2016; Liu et al., 2017a; Liu et al., 2017b), gender (Delfino et al., 2009; 
Rojas-Downing et  al., 2017), socioeconomic conditions (Henderson 

et  al., 2011; Rappold et  al., 2012; Reid et  al., 2016) and underlying 
medical conditions (Liu et  al., 2015). The intersectionality of these 
subgroups plays an important role in health-related vulnerability 
to wildfire smoke. Among the elderly in the western USA, risks of 
respiratory admissions from wildfire smoke was significantly higher for 
African American women in lower-education counties (Liu et al., 2017b). 
For Indigenous Peoples, medical visits for respiratory distress, heart 
disease and headaches increased during a wildfire in California (Lee 
et al., 2009). In northern Canada, Indigenous livelihoods were disrupted 
during a wildfire, which negatively impacted mental, emotional and 
physical health (Dodd et al., 2018a; Howard et al., 2021).

14.5.6.4  Vector-Borne Disease

Climate change creates conditions that enable earlier seasonal 
activity and general northern expansion of ticks (Ogden et al., 2014), 
increasing human exposure to tick-borne diseases in North America 
(very high confidence). Lyme disease incidence and geographic extent 
has already increased in Canada and the USA (Eisen et  al., 2016), 
which has been associated with climate change (Ogden et al., 2014), 
including warmer temperatures (Cheng et al., 2017; Lin et al., 2019). 
Climate change is projected to increase disease spread into new 
geographic regions, lengthen the season of disease transmission and 
increase tick-borne disease risk in North America across emissions 
scenarios throughout this century (very high confidence), with regional 
variability (Roy-Dufresne et  al., 2013; Feria-Arroyo et  al., 2014; 
Monaghan et al., 2015; Robinson et al., 2015; McPherson et al., 2017). 
Chagas disease is transmitted by triatomines, and most of the Mexican 
population (88.9%) already reside in areas with at least one infected 
vector species in both rural and urban populations (Carmona-Castro 
et al., 2018). Chagas has already extended its range into the southern 
USA, and the triatomines’ niche is projected to expand northward this 
century (Garza et al., 2014; Carmona-Castro et al., 2018) in both rural 
and urban areas (Carmona-Castro et al., 2018).

Climate change is projected to impact the distribution, abundance 
and infection rates of mosquitoes in North America (high confidence), 
which will increase risk of mosquito-borne diseases including West Nile 
virus, chikungunya and dengue (medium confidence). The geographic 
distribution of West Nile virus is projected to expand in North America 
this century (A1B) (Harrigan et  al., 2014). In the USA and Canada, 
mosquitoes are projected to emerge earlier in the year and remain 
active longer into the fall; however, mosquito population dynamics 
vary by location with northern locations projected to have an increased 
vector abundance, and currently hot areas may become too hot, thus 
negatively affecting mosquito survival (A2, A1B, B1) (Chen et al., 2013; 
Morin and Comrie, 2013; Brown et al., 2015a).

Local transmission of chikungunya virus has emerged in Mexico and 
the USA since AR5, and areas suitable for transmission are projected 
to expand (RCP4.5 and RCP8.5) (Tjaden et  al., 2017). Although 
chikungunya virus is not currently in Canada, climate change is 
projected to make southern British Columbia suitable for virus 
transmission this century, particularly under RCP8.5 (Ng et al., 2017).

The dengue mosquito vector is well established in Mexico and the 
southeast USA. In northwest Mexico, incidence of dengue cases is 
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associated with minimum monthly temperature (Diaz-Castro et al., 2017), 
and the geographic range of the vector in the USA is restricted, in part, 
by low temperatures. Thus, a northward range expansion is projected; 
however, future dengue risk also depends on built environments and 
competition with other mosquito species (Colón-González et al., 2013a; 
Eisen and Moore, 2013). Climate change is projected to increase the 
geographic range and extend the seasonal activity of the dengue vector 
in the southern USA by 2045–2065 (A1B); however, transmission is 
projected to be limited by low winter temperatures in the mainland 
USA, potentially preventing its permanent establishment (Butterworth 
et  al., 2017). In Mexico, increased dengue cases are projected this 
century (A1B, A2, B1) (Colón-González et al., 2013b).

14.5.6.5 Water-Borne Disease

Heavy precipitation events are associated with contaminated 
drinking water and water-borne disease in North America (high 
confidence). Acute gastrointestinal illnesses increase with many 
hydro-climatological variables, including precipitation, streamflow 
and snowmelt (Harper et al., 2011; Wade et al., 2014; Galway et al., 
2015). Extreme precipitation is associated with Campylobacter and 
Salmonella infections in the USA, particularly in counties characterised 
by farms and private well water (Soneja et  al., 2016). In Canada, 
human Giardia infections are associated with increased temperature, 
precipitation, pathogen presence in livestock manure, and river water 
level and flow (Brunn et al., 2019). Land-use patterns and aquifer-types 
are associated with water-borne disease, and ecological zones with 
higher water-borne rates are projected to expand in range in Canada 
by 2080 (Brubacher et al., 2020).

In North America, stormwater and water treatment infrastructure 
play important roles in reducing water-borne disease risk during 
precipitation events (high confidence). In the USA, heavy precipitation 
events are associated with higher rates of childhood gastrointestinal 
illness in municipalities with untreated drinking water, but not in 
municipalities with treated drinking water (Uejio et  al., 2014). In 
Mexico, disparities in access to treated water are a key determinant of 
morbidity in children under age 5 years (Jiménez-Moleón and Gómez-
Albores, 2011; Romero-Lankao et al., 2014a). In remote communities 
in Alaska and Northern Canada, challenges in water service provision 
and maintenance can increase risk of water-borne disease during high-
impact weather events (Harper et al., 2011; Bressler and Hennessy, 2018; 
Harper et al., 2020). In older sections of many North American cities, 
sewage treatment plant capacity is exceeded by overflow of combined 
sanitary and storm sewer systems during heavy precipitation events, 
resulting in bypass of untreated and microbiologically contaminated 
wastewater discharge into drinking water sources (Jagai et al., 2017; 
Olds et al., 2018; Staley et al., 2018). These sewer overflow events are 
associated with increased gastrointestinal illness across age groups 
(Jagai et al., 2017).

14.5.6.6  Food-Borne Disease

Warmer air temperature, changes in precipitation, extreme weather 
events and ocean warming can increase microbial pathogen loads 
in food (very high confidence). Indeed, temperature and extreme 
weather are top factors influencing food safety in Canada (Charlebois 

and Summan, 2015). Outbreaks of Vibrio parahaemolyticus have been 
associated with the consumption of raw oysters harvested from higher-
than-usual ocean temperatures in Canada and Alaska (McLaughlin 
et  al., 2005; Taylor et  al., 2018). Warmer air temperature increases 
Campylobacter, Salmonella and E. coli prevalence in Canadian meat 
products (Smith et al., 2019), higher microbial load in American produce 
(Ward et al., 2015) and increased Campylobacter spp., pathogenic E. 
coli and Salmonella spp. infections in humans (Akil et al., 2014; Valcour 
et al., 2016; Uejio, 2017).

Climate change is projected to increase food safety risks (medium 
confidence); however, the actual burden of food-borne disease will 
depend on the efficacy of public health interventions (high confidence). 
Increased ciguatera fish poisoning is associated with increased 
sea surface temperatures (SSTs) and tropical storm frequency, and 
this risk is projected to increase this century (Gingold et  al., 2014). 
Campylobacter infection in humans due to food contamination from 
flies is projected to increase this century in Canada (Cousins et  al., 
2019), and increased housefly populations are projected this century 
in Mexico (Meraz Jimenez et al., 2019). Climate change may also lead 
to new emerging food-borne disease risks. For instance, V. cholerae is 
a pathogen previously restricted to tropical regions; however, due to 
warming ocean temperatures, its detection has significantly increased 
along Canadian coasts (Banerjee et al., 2018).

Climate change is projected to increase human food-borne exposure 
to chemical contaminants (medium confidence). Increases in SST have 
been associated with greater accumulation of mercury in seafood, 
marine mammals and fish (Ziska et al., 2016). This particularly increases 
food safety risks in the Arctic, with methylmercury and polychlorinated 
biphenyl concentrations in high trophic animals projected to increase 
under high-emission scenarios by 2100 (Alava et al., 2017; Alava et al., 
2018).

Climate-related food-borne disease risks vary temporally, and are 
influenced, in part, by food availability, accessibility, preparation and 
preferences (medium confidence). For example, seafood risks are 
more pronounced in coastal regions due to high seafood consumption 
(Radke et  al., 2015). In Alaska and northern Canada, where locally 
harvested foods are critical to diet, climate change may introduce 
new pathogens to local food sources through wildlife range changes, 
warming temperatures affecting safe fermentation and drying 
preparation methods, and food temperature control in below-ground 
cold storage in or near permafrost (King and Furgal, 2014; Harper 
et al., 2015; Rapinski et al., 2018).

14.5.6.7 Nutrition

Agricultural productivity declines due to climate change (Section 14.5.4) 
are projected to lower caloric availability and increase the prevalence 
of underweight people and climate-related deaths in North America by 
2050 (IMPAACT) (Springmann et al., 2016a; Springmann et al., 2016b; 
Springmann et al., 2018); however, this lower caloric availability could 
also reduce obesity, which could result in deaths avoided (Springmann 
et al., 2016a; Springmann et al., 2016b). The climate-related deaths per 
capita due to reduced fruit and vegetable consumption is projected to 
exceed the mortality due to reduced caloric intake in North America 
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by 2050, particularly in Canada and the USA (Springmann et  al., 
2016a; Springmann et  al., 2016b). These climate-change projections 
underscore the importance of focusing on nutritional security in North 
America, instead of only considering caloric intake.

Shifting to a more sustainable diet can have adaptation and mitigation 
co-benefits while simultaneously improving health outcomes for 
North Americans. Transitioning to more plant-based diets is projected 
to reduce climate-related deaths in Canada, the USA and Mexico by 
2050 (Springmann et  al., 2016a; Springmann et  al., 2016b), while 
simultaneously reducing food-related GHG emissions per capita in 
North America by 2050 (Springmann et al., 2018).

Nutrition impacts will not be experienced uniformly within countries 
(Shannon et  al., 2015; Zeuli et  al., 2018). In Alaska and Canada, IK 
has documented how climate change has already impacted locally 
harvested foods and challenged nutrition security (CCP6; Lynn et  al., 
2013; Petrasek MacDonald et al., 2013; Harper et al., 2015; Hupp et al., 
2015; Bunce et  al., 2016). For First Nations coastal communities in 
western Canada, decreased access to traditionally harvested seafood 
is projected to reduce nutritional status by 2050 (RCP2.5, RCP8.5), with 
higher nutritional impacts for men and older adults (Marushka et al., 
2019). Substitution of seafood with non-traditional foods (e.g., chicken, 
canned tuna) would not replace the projected nutrients lost (Marushka 
et al., 2019), challenging assumptions that market food substitutions 
could be effective adaptation strategies for Indigenous Peoples

14.5.6.8 Mental Health and Wellness

Climate change has had, and will continue to have, negative impacts 
on mental health in North America (high confidence) (Figure  14.8). 
Climate change impacts mental health through multiple direct and 
indirect pathways stemming from extreme weather events, slower, 
cumulative events, and vicarious or anticipatory events (Cunsolo Willox 
et  al., 2013; Cunsolo Willox et  al., 2014; Durkalec et  al., 2015; Yusa 
et al., 2015; Schwartz et al., 2017; Trombley et al., 2017; Burke et al., 
2018b; Cunsolo and Ellis, 2018; Dodd et al., 2018b; Hayes et al., 2018; 
Middleton et al., 2020b). Climate-change disruptions to infrastructure, 
underlying determinants of health and changing-place attachment are 
also stressors on mental health (Vida et al., 2012; Cunsolo Willox et al., 
2013; Burke et al., 2018b; Obradovich et al., 2018).

In North America, climate change has been linked to strong emotional 
reactions; depression and generalised anxiety; ecological grief and loss; 
increased drug and alcohol usage, family stress and domestic violence; 
increased suicide and suicide ideation; and loss of cultural knowledge 
and place-based identities and connections (Cunsolo Willox et  al., 
2013; Durkalec et  al., 2015; Harper et  al., 2015; Fernández-Arteaga 
et al., 2016; Schwartz et al., 2017; Trombley et al., 2017; Burke et al., 
2018b; Cunsolo and Ellis, 2018; Clayton, 2020; Dumont et al., 2020).

Suicide is projected to increase in Mexico and the USA by 2050 due to 
rising temperatures (RCP8.5) (limited evidence) (Burke et al., 2018b). 
Literature on climate change and mental health in North America is 
increasing; however, few population-level quantitative studies exist, 
although they are increasing (e.g., Burke et al., 2018b; Kim et al., 2019; 
Dumont et al., 2020; Middleton et al., 2021).

14.5.7 Tourism and Recreation

Tourism is one of the largest and fastest-growing industries in North 
America, contributing 2.5 trillion USD to North America’s GDP in 2019 
(WTTC, 2018; Duro and Turrión-Prats, 2019). The USA is the world’s 
largest tourism economy (with a 1.839 trillion USD contribution to the 
global GDP in 2019), Mexico is ranked ninth (196  billion USD) and 
Canada thirteenth (108 billion USD) (WTTC, 2018). The tourism industry 
is both impacted by climate change and significantly contributes to it 
through the emission of GHGs from travel and activities (Becken and 
Hay, 2007). By 2060, under RCP8.5, Canada and the USA are projected 
to benefit from climate-induced changes in tourism expenditures of up 
to 92 and 21%, respectively, whereas Mexico could experience a 25% 
decrease (OECD, 2015; Scott et al., 2019a).

14.5.7.1 Observed Impacts and Projected Risks of Climate 
Change

14.5.7.1.1 Alpine and Nordic skiing, snowmobiling and other winter 
sports

Winter tourism activities with hard limits to adaptation, particularly 
those that occur at sea level where less precipitation is expected to 
fall as snow (i.e., Nordic skiing, snowmobiling, snowshoeing), are at 
the highest risk from climate change and may experience irreversible 
impacts well before 2°C of warming above pre-industrial levels (high 
confidence) (Figure  14.9). During record warm winters, alpine ski 
resorts in eastern Canada experienced reductions in ski season lengths 
of between 11 and 17 d (Rutty et al., 2017) and resorts in the northeast 
USA (US-NE) experienced decreased skier visits by 11.6% and 
reductions in operational profits of 33% amounting to 40–52 million 
USD (Dawson et  al., 2009). Even with advanced snowmaking as an 
adaptation to warmer temperatures, average ski season lengths are 
projected to decrease 8% (RCP2.6, 2050s) to 73% (RCP8.5, 2080s) in 
Ontario, Canada (CA-ON) (Scott et al., 2019b), 12% (RCP4.5, 2050s) to 
22% (RCP8.5, 2080s) in Quebec, Canada (CA-QC), and 13% (RCP4.5, 
2050s) to 45% (RCP8.5, 2080s) in the northeast USA (US-NE) (Wobus 
et al., 2017; Scott et al., 2020). Season length for snowmobiling and 
cross-country skiing is projected to decrease more dramatically (high 
confidence), that is, by 80% (RCP4.5) to 100% (RCP8.5) by mid-century 
(CCP5; Wobus et al., 2017). The number of outdoor skating days may 
decrease by 34% in Toronto and Montreal, and 19% in Calgary, by 
2090 under RCP8.5 (Robertson et al., 2015). The skating season length 
for the Rideau Canal in Ottawa, Canada, a UNESCO World Heritage Site 
attracting 1.3 million visitors annually, may decrease by 3.8±2.0 d per 
decade with later opening dates of 2.6±1.5 d per decade (Jahanandish 
and Alireza, 2019).

14.5.7.1.2 Beach, coral reef and protected areas tourism

Sea level rise, increased storm surge, wave action, algae blooms, 
extreme air temperatures, and changes in wind and precipitation 
patterns threaten coastal tourism infrastructure, submerge beaches, 
erode walking paths on coasts, and impact destination attractiveness, 
tourism demand and recreation economies (very high confidence). Warm 
weather tourism activities, including beach tourism, snorkelling and 
national park visitation, will have more time to implement adaptation 
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Climate change impacts on mental health
and adaptation responses in North America
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Figure 14.8 |  Pathways through which climate change impacts mental health risk in North America
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strategies to reduce climate risks as significant and widespread 
impacts are not expected until 3°C–4°C of warming (Figure  14.9; 
Rutty and Scott, 2015; Atzori et al., 2018; Santos-Lacueva et al., 2018; 
Duro and Turrión-Prats, 2019). Thirty percent of hotels along the Gulf 
of Mexico and Caribbean Sea are exposed to flooding and 66% are 
located on eroding beaches (Lithgow et al., 2019). Coral reef cover in 
Akumal Bay, Mexico, decreased by 79% between 2011 and 2014 (Gil 
et al., 2015; Manuel-Navarrete and Pelling, 2015). The recreation value 
of coral reef tourism in Florida, Puerto Rico, and Hawaii is expected to 
decrease by 90% by mid-century under RCP8.5 (Section 14.4.2; EPA, 
2017). Wildfires and insect outbreaks have contributed to reduced 
desirability for tourism across forest and mountain regions (Bawa, 
2017; Hestetune et  al., 2018; White et  al., 2020). Visitors to Utah’s 
National Parks declined 0.5–1.5% during wildfire years between 
1993 and 2015, resulting in 2.7–4.5 million USD in lost revenue (see 
Box 14.2; Kim and Jakus, 2019). Trees damaged by insects have caused 
campground and hiking trail closures in the western USA and Alaska 
(Arnberger et  al., 2018). Seal level rise, flooding, coastal erosion, 
changing air and sea temperatures, changing humidity and extreme 
weather events are putting cultural heritage sites at risk (Fatorić and 
Seekamp, 2017; Hollesen et al., 2018; Tetu et al., 2019).

14.5.7.1.3 Arctic tourism

Cruise and yacht tourism in the North American Arctic have increased 
rapidly over the past decade as changes in sea ice has expanded open-
water areas and season length (Johnston et al., 2016; Pizzolato et al., 
2016; Dawson et al., 2018). The risk of a major accident or incident 
among Arctic-going yachts and some expedition passenger vessels is 
very high relative to other ships (high confidence) due to the combined 
increases in mobile ice, especially along the Northwest Passage (Barber 
et al., 2018a; Howell and Brady, 2019; Copland et al., 2021; Lemmen 
et al., 2021), limited regulation for private yachts (Dawson et al., 2014; 
Dawson et al., 2017), the propensity for cruise ships to travel into newly 
ice-free and poorly charted areas, and the increasing number of non-
ice-strengthened vessels operating in the region (Dawson et al., 2018; 
Copland et al., 2019; Copland et al., 2021). Compounding risks include 
a lack of hydrographic charting and the lack of emergency response 
infrastructure (e.g., spill response, search and rescue, salvage) (Amap, 
2017). Tourism demand for polar bear viewing in Churchill, Manitoba, 
Canada, may change due to climate-related declines in polar bear 
health (Gil et  al., 2015; Manuel-Navarrete and Pelling, 2015), but 
may be offset by ‘Last Chance Tourism’ (LCT), a niche tourism market 
of individuals who explicitly seek to visit vanishing landscapes and/
or disappearing flora and fauna (Lemelin et al., 2010). The ethics of 
promoting LCT has been questioned considering that more visitation 
to sensitive sites increases local impacts as well as travel-related 
emissions (Groulx et al., 2016; Groulx et al., 2019).

14.5.7.2 Emerging Responses and Adaptation

Compared with other economic sectors (Section 14.5.8), the tourism 
industry has high adaptive capacity (high confidence) (Figure  14.9). 
Investments in climate-resilient infrastructure within Canadian 
National Parks have increased visitation rates during the shoulder 
seasons (Fisichelli et  al., 2015; Lemieux et  al., 2017; Wilkins et  al., 
2018), regional collaboration among US and Canadian park agencies 

has enhanced adaptive capacity through integrated planning and 
management (Lemieux et al., 2015), and technological advancements 
have reduced the vulnerability of alpine winter sports from warming 
temperatures (e.g., snowmaking, refrigerated surfaces, chemical 
additives) (Rutty and Scott, 2015; Scott et al., 2019b; Scott et al., 2020). 
Snowmaking as an adaptation strategy affects mitigation efforts by 
increasing the need for energy and fuel (Scott et al., 2019b).

Tourists are also highly adaptable and, depending on their levels of 
place attachment, location loyalty and socio-demographics, are very 
likely to substitute the timing or location of their travel activity based 
on climate and climatic-driven environmental changes (Rutty and Scott, 
2015; Atzori et al., 2018). Lemieux (2017) found that if the state of the 
Athabasca Glacier (CA-PR) (Figure 14.1) were to change negatively as 
a result of climate change, 83% would travel elsewhere, and if large 
infrastructure were built as an adaptive measure for viewing receding 
glaciers at Jasper National Park, 40% of tourists would no longer visit.

Hard and soft limits to adaptation exist in the tourism sector (Manuel-
Navarrete and Pelling, 2015). For example, machine-made snow, without 
the use of environmentally harmful chemical additives that are banned 
in most jurisdictions, can only be made efficiently in temperatures 
below −2°C, but projections indicate warming temperatures above this 
threshold (Wobus et al., 2017; Scott et al., 2019a). Multi-jurisdictional 
adaptation planning for parks and protected areas in the USA has 
been hindered by a lack of funding and communication, and funding 
trade-offs that could be remedied through coordination (Lemieux 
et al., 2015). Social inequalities generated by the tourism development 
process must also be considered by climate-related interventions to 
prevent the perpetuation of inequalities that may exist, particularly in 
less developed regions and rapidly developing regions. For example, 
new developments in Hawaii, Florida, Quebec and popular resort areas 
in Mexico have led to social inequalities through increased property 
taxes leading to the marginalisation of local residents away from these 
areas in favour of wealthy tourists (Section 14.5.9; Manuel-Navarrete 
and Pelling, 2015).

14.5.8 Economic Activities and Sectors in North America

Economic sectors highly reliant on climate, such as agriculture, tourism, 
fisheries and forestry, have higher levels of exposure and sensitivity 
(high confidence) and greater overall risk to climate change compared 
with other economic sectors such as mining, construction and 
manufacturing (medium confidence). However, the cascading nature 
of climate impacts related to trade (see Box 14.5), labour productivity 
(Section 14.5.8.1.5) and infrastructure (Section 14.5.8.1.2) means that 
there is no economic sector in North America that will be unaffected by 
climate change (very high confidence) (Figure 14.10). For Canada, this 
assessment is further supported by the Canadian Climate Assessment 
(Lemmen et al., 2021). The combined economies of Canada, Mexico 
and the USA represented ~28% of the global GDP in 2019, with the 
USA accounting for almost 90% of the total activity for North America 
(World Bank, 2020a). The risks posed at different global warming 
levels (GWLs) for any given economic activity or sector are presented 
in Figure  14.10. By combining expert judgement with a systematic 
review of the literature for each sector, the information in Figure 14.10 



14

1974

Chapter 14 North America

represents a broader synthesis, especially for sectors with a smaller 
literature base and at higher GWLs. The assessment of the risks of 
climate change on tourism (Section  14.5.7) and the interactions 
between sectors through trade (see Box 14.5) are discussed separately.

14.5.8.1 Observed Impacts and Projected Risks of Climate 
Change

14.5.8.1.1 Agriculture, fisheries and forestry

The wide range of observed and projected impacts of climate hazards 
on food and fibre in North America are documented in Section 14.5.4 
(also see Chapter 5). Agriculture (US-NW: corn and soybeans), fisheries 
(cod and pollock) and forestry (Boreal Forest timber yield) are expected 
to experience substantial and widespread risks by 2°C of global 
warming above pre-industrial levels (medium to high confidence) 
(Figure 14.10). Economic models generally show economic losses in 
the agricultural sector across North America, especially at higher GWL 
(Section  14.5.4; EPA, 2017; Boyd and Markandya, 2021), although 
the effects in local economies, especially rural areas of the USA that 
are highly dependent on agriculture, will be substantial even at lower 
GWLs (Gowda et al., 2018). Full evaluations of climate risks for forestry 
and fisheries are presented in Sections  14.5.1 and 14.5.4 (also see 
Section 14.6), respectively.

14.5.8.1.2 Transportation

Transportation infrastructure, including roads, bridges, rail, air, sea and 
pipelines, are highly vulnerable to rising temperatures, SLR, weather 
extremes, changing ice conditions, permafrost degradation and flooding 
(high confidence), resulting in damage, disruption to operations, unsafe 
conditions and supply chain impacts (see Box 14.5; Board and Council, 
2008; Natural Resources Conservation Service; Andrey and Palko, 
2017; Jacobs et al., 2018; Lemmen et al., 2021). In the Mexican states 
of Veracruz, Tabasco, San Luis Potosí, Chiapas and Oaxaca, 105,000 
infrastructure sites, mostly major connecting roads, were found to be 

at risk of flooding from tropical storms (De la Peña et al. 2018). Low 
water levels in the Great Lakes has severely impacted US grain transport 
(Attavanich et al., 2013). High-intensity rain events destroyed 1000 km 
of roads and washed out hundreds of bridges and culverts in 2013 
resulting in an estimated 6 billion CAD (considering the 2013 CAD value) 
in damages and recovery costs in Alberta, Canada (Palko and Lemmen, 
2017). In 2019, the rail line from Winnipeg to Churchill Manitoba, which 
is the only ground transportation to the community and to Canada’s only 
deep-water Arctic port, was reopened after being closed for over 2 years 
due to the cumulative effects of flooding, permafrost degradation and 
political challenges (Lin et al., 2020). In the USA, the number of heat-
related train delays has increased (Bruzek et al., 2013; Chinowsky et al., 
2019) and, by the end of the century, may cause economic losses of 25–
45 billion USD (RCP4.5) or 35–60 billion USD (RCP8.5) (Chinowsky et al., 
2019). Sea ice reduction in the North American Arctic has led to a rapid 
increase in ship traffic (Huntington et al., 2015; Phillips, 2016; Pizzolato 
et  al., 2016; Huntington et  al., 2021b; Li et  al., 2021) with cascading 
risks related to invasive species introduction, accident rates, black carbon 
emissions, underwater noise pollution for marine mammals and risks to 
subsistence harvesting activities in Indigenous communities (Ware et al., 
2014; Council of Canadian Academies, 2016; Huntington, 2021; Verna 
et al., 2016; Chan et al., 2019).

14.5.8.1.3 Energy, oil and gas, and mining

Climate change is increasing the demand for electric power for cooling 
and threatens existing power supply (high confidence) (Section 14.5.5). 
Increased energy demand often occurs during peak energy usage and 
especially during heatwaves (Cruz and Krausmann, 2013; Leong and 
Donner, 2015). Cooling represented 74% of peak electricity demand in 
Philadelphia on a particularly hot day in July 2011 (Waite et al., 2017; IEA, 
2018b). In Canada, warming temperatures are expected to reduce demand 
for heating by 18–33% and increase demand for cooling by 14–126% 
by 2070 compared with 1959–1989 and 1998–2014 baseline periods, 
respectively (Berardi and Jafarpur, 2020). The effects on hydropower are 
uneven across the region with the potential for increases in capacity in 
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surface temperature increase since pre-industrial times. Risks to tourism activities include: (a) season length reductions from warming temperatures for Nordic skiing and 
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Canada but declines of over 20% in Mexico (RCP4.5 and RCP8.5) (Turner 
et  al., 2017). Electricity demand in the USA is projected to increase by 
5.3% per degree Celsius rise in temperature (Hsiang et al., 2017). Energy 
infrastructure, such as drilling platforms, refineries and pipelines, and 
evacuation routes, are also increasingly vulnerable to higher sea levels, 
hurricanes, storm surges, mobile multi-year sea ice, erosion, inland flooding, 
wildfires and other climate-related changes (Zamuda et al., 2018).

Operational efficiency and human safety at mining and energy production 
sites is expected to be adversely affected by increases in extreme 
events (Section  14.2), including storms, heavy rains, riverine flooding 
and wildfires (high confidence). General remoteness of many mining 
sites (especially in the North American Arctic) exacerbates risks related 
to emergency responses to extreme events such as wildfire (medium 
confidence). The 2016 Fort McMurray wildfire in Alberta, Canada, forced 
the evacuation of 88,000 people and the shutdown of mine operations. 
Damages were minimal because companies had undertaken proactive 
FireSmart interventions specifically developed for the industry (see 
Box  14.1; Council of Canadian Academies, 2019). Onshore oil field 
production in Tabasco, Mexico, which accounts for 16% of the country’s 
daily output, was interrupted by extensive flooding (Cruz and Krausmann, 
2013). Two-thirds of mine operators globally, including major operators 
in North America, have experienced production challenges related to 
water shortages and flooding (Carbon Disclosure Project, 2013). Water 
availability stress due to climate change is lower in Canada than in the 
USA and Mexico, and mines in Canada may be less exposed to this risk 
(World Resourcs Institute, 2012) with some exceptions, that is, water-
intensive oil sands mining in the Athabasca River basin in Canada 
(Section 14.5.3; Leong and Donner, 2016).Warming temperatures also 
have the potential to alter the nature, characteristics and quality of 
mineral resources such as kaolin or limestone (Phillips, 2016).

14.5.8.1.4 Construction

In the USA, construction workers comprise 6% of the total workforce but 
accounted for 36% of all occupational heat-related deaths from 1992 to 
2016 (Dong et al., 2019). It is expected that total labour hours among 
outdoor construction workers will decrease by 0.53% (±0.01%) per 
degree Celsius based on existing warming trends (Hsiang et al., 2017; also 
see EPA, 2017). Risks are expected to be exacerbated as SLR and storm 
surge expands the risk zone for coastal flooding exposing more property 
to inundation and enhancing construction demand (see Box  14.4; 
Section 14.5.5.1.3; EPA, 2017). Meeting existing and projected demand 
for water in affected regions could also require building new desalination 
plants. For example, Texas has constructed over 44 desalination plants 
across the state because of a lack of freshwater to meet potable water 
demand and due to climate-driven droughts (Kloesel et al., 2018b). Other 
infrastructure damaged by floods and SLR will need to be reassessed and 
perhaps relocated away from the coast. Relocation requires availability of 
land that frequently does not exist within urban areas (Lithogow, 2019). 
Some US tribes and Indigenous groups in Canada lack the financial 
resources to build climate-resilient infrastructure, such as housing and 
sewage treatment facilities, to assure clean drinking water (Martínez 
et al., 2014; Salgado and Luisa Martinez, 2017; Lithgow et al., 2019).

Permafrost thaw in northern North America will result in increased 
construction and reconstruction needs (medium confidence) related to 

direct damage to buildings, roads, airport runways and other critical 
infrastructure including decreased bearing capacities of building and 
pipeline foundations, damage to road surfaces, and deterioration 
of reservoirs and impoundments used for wastewater and mine 
tailings containment (Pendakur, 2017; Meredith et  al., 2019). Ice 
roads have become less safe due to warming, pavement damage has 
increased related to seasonal thaw–freeze cycles and there have been 
interruptions in airport operations, water and sewage service, and 
school operations in the Canadian territories of Yukon and Nunavut 
(Canadian Western and Eastern Arctic, i.e., CA-WA and CA-EA in 
Figure 14.1) (Council of Canadian Academies, 2019). By the end of the 
century, the economic impact of projected reconstruction of Alaska’s 
public infrastructure due to climate change (mainly from permafrost 
thaw) is estimated to range from 4.2 billion USD (RCP4.5) to 5.5 billion 
USD (RCP8.5) (Melvin et al., 2017; Markon et al., 2018).

14.5.8.1.5 Manufacturing

Twelve million Americans (Bureau of Labor Statistics, 2015), 1.5 million 
Canadians (Statistics Canada, 2020) and 9 million Mexicans (Statistics 
Mexico, 2021) are employed in manufacturing. The southeast USA and 
Texas have the highest manufacturing output, with 34% of total US output 
(700 billion USD yr–1). The impact of climate change on manufacturing 
varies greatly by region. Vulnerability of the sector to climate change 
stems from exposure of workers to increasing temperatures and humidity, 
exposure of facilities to SLR and flooding, and changes in water supply 
and quality required in many manufacturing processes (Lall et al., 2018).

14.5.8.1.6 Labour Productivity

Climate change is negatively affecting working conditions and labour 
productivity in North America (medium confidence) (Section 14.5.6.1; 
see Box  14.5). Working conditions in temperatures above a heat 
index of 85°F (29.4°C) are correlated with potentially hazardous 
health conditions (Tustin et  al., 2018), and for every degree Celsius 
increase in temperature, labour productivity is estimated to be reduced 
by 0.11% for low-risk workers and 0.53% for high-risk workers (i.e., 
construction, mining, agriculture and manufacturing) (Hsiang et  al., 
2017). By mid-century (RCP8.5), temperature increase, changing water 
availability and SLR are projected to result in a 0.6% drop in labour 
productivity in auto, timber, textile and chemical manufacturing in the 
southeast and Texas regions (Kinniburgh et  al., 2015; Hsiang et  al., 
2017). Labour productivity in the US automobile industry decreases by 
8% for every six or more days of consecutive unusually hot weather 
(above 90°F/32.2°C) (Cachon et al., 2012). Thirty percent of California 
workers are employed in high-risk industries, such as agriculture, with 
exposure to high temperature leading to loss in productivity (Rogers 
et al., 2015). Under RCP8.5 increases in extreme temperatures, labour 
productivity in the USA is projected to decrease, costing 190 billion 
USD in lost wages by 2090 (EPA, 2017; Kjellstrom et al., 2019; also see 
Gubernot et al., 2014; Kiefer et al., 2016; Carter et al., 2018).

14.5.8.2 Current and Potential Adaptation

Adaptation options are highly diverse and sector specific (EPA, 2017). 
Regardless of economic sector, companies that implement effective 
and rapid response options that address climate change stressors 
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will have a competitive advantage (Gasbarro et  al., 2016, Lemmen, 
2021). Most companies focus on short-term risk management and, 
consequently, short-term adaptation is often favoured over long-term 
approaches particularly in the private sector, which will be ineffective 
for climate-change risk reduction over the long term (Gasbarro et al., 
2016).

Investment and coordination of climate services (forecasting) can 
support many economic sectors across North America. In 2017, 15% 
of Standard and Poor’s (S&P, US industry credit rating agency) 500 
companies publicly disclosed an effect on earnings from weather 
events, reflecting a growing trend (Williams et  al., 2018). Existing US 
federal-sponsored planning tools provide guidance to states and to 
plan for SLR and flooding with large threats to commercial sectors (US 
Department of Transportation, 2015). The NOAA Coastal Services Center 
SLR and coastal inundation viewer7, the Army Corps of Engineers Sea 
Level Change Curve simulator, and Climate Central’s interactive portal 
(Ocean at the Door) all provide access to visualisations of future SLR 
that are available to US coastal cities and towns for commercial planning 
purposes. Similar resources are being developed and are available for 
Canada including Canada’s Climate Atlas8.

Adaptation options for transportation and related infrastructure in-
clude engineering and technological solutions, as well as innovative 
policy, planning, management and maintenance approaches (Natural 
Resources Conservation Service, 2008; Jacobs et al., 2018). For north-
ern transportation, new technologies and infrastructure adaptations 
can be employed to facilitate heat extraction (e.g., air convection em-
bankments, heat drains, thermosyphons, high albedo surfacing, gentle 
embankment slopes) (McGregor et al., 2010b; United Nations, 2020) 
Adaptation options for roads include changing pavement mixes to be 
more tolerant to heat or frost heaving, expanding drainage capacity, 

7 See https://coast.noaa.gov/digitalcoast/tools/slr.html

8 See https://climateatlas.ca

9 See https://living-future.org/basics

reducing flood risks, enhancing travel advisories and alerts, elevating 
or relocating new infrastructure where feasible and changing infra-
structure design requirements to include climate-change considera-
tions or to introduce new flood event thresholds (Natural Resources 
Conservation Service, 2008; EPA, 2017; Pendakur, 2017). Railroads are 
testing temperature sensors on rail tracks to provide early warning of 
buckling. Sensors that signal when tracks are approaching dangerous 
temperatures may help to avoid accidents (Hodge et  al., 2014; Chi-
nowsky et al., 2019).

Adapting building codes more uniformly to changing climate conditions, 
such as SLR, storms, winds and wildfires, reduces risk (Olsen, 2015; 
Maxwell et al., 2018b). North America has not, on the whole, adapted 
its building code regulations to consider the dynamic challenges 
of climate change, although some specific efforts have been made, 
including the addition of requirements for wildfire within California’s 
building codes and Canada’s climate-resilient building and core public 
infrastructure initiative, which involves updating building codes and 
standards to improve climate resiliency (see Box 14.4; Lacasse et al., 
2020). To enhance safety, some outdoor workers have been fitted with 
heat sensors to analyse or assess how warming may affect productivity 
and well-being (Runkle et al., 2019). Other options include raising public 
roads and seawalls, initiating buy-outs of property owners in flood risk 
areas and improving storm water drainage. Adopting approaches like 
the International Future Living Institute’s Living Building Challenge 
(LBC) may inform future regulatory processes (Eisenberg, 2016). The 
LBC9 has seven thematic areas that inform building design, although 
only a subset of those are relevant for climate change including water, 
energy and materials considerations.
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Figure 14.10 |  Burning ember of the relative risks to economic sectors in North America as a function of projected global mean surface temperature increase 
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or species (a: corn and soybean, e: cod and pollock). The supporting literature and methods are provided in Supplementary Material (SM14.4).
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Box 14.5 | Climate-Change Impacts on Trade Affecting North America

Trade, defined as the sum of exports and imports, accounts for 30% of North American GDP. Trade flows within North America are valued 
at $1.3 trillion USD annually (2019 dollars). Variations within the region are notable: Mexico relies on trade for 80% of its GDP and 
Canada for 66% (World Bank, 2020a). Canada and the USA traded over 55.2 billion USD worth of products related to the agriculture 
industry between 2015 and 2018 (Government of Canada, 2019). Canada, the USA and Mexico have the longest-running trade pacts 
globally and these agreements have played a major role in supporting economic and social development in the region (see (Frankel and 
Rose, 2005; Eaton et al., 2016; World Bank, 2020b); however, recent changes to the North American Free Trade agreement do not clearly 
address climate change (Lucatello, 2019).

Climate risks may create shocks to the trade system by damaging infrastructure and disrupting supply chains in North 
America (medium confidence). Sea level rise, flooding, permafrost thaw, landslides and increased frequency and magnitude of extreme 
weather events are projected to impact transportation infrastructure which will pose challenges to the movement of goods, especially in 
coastal areas (Lantuit et al., 2012; Doré et al., 2016; Hjort et al., 2018; Koks et al., 2019; Lemmen et al., 2021). Maritime ports are at the 
greatest risk from climate hazards (Messner et al., 2013; Slack and Comtois, 2016), followed by roads, rail and airports (Anarde et al., 
2017). Due to the transnational nature of trade, extreme weather disruptions in one region are likely to lead to cascading effects in other 
regions (high confidence) (Lemmen et al., 2021). For example, climate change will have negative impacts for global food and energy 
trade where reductions in crop production and fish stocks in some regions could cause food and fish price spikes elsewhere (Figure 14.10; 
Sections 14.5.4 and 5.11.8; Beaugrand et al., 2015; Lam et al., 2016; IPCC, 2019a).

Climate-change impacts may alter current trade practices and patterns with implications for regional economic development 
in North America, especially in the Arctic (medium confidence). Climate change is causing modal shifts in cargo shipping. For 
example, lower water levels in lakes and rivers (e.g., Mackenzie River, Mississippi River) impact freight transport and may cause a shift 
from marine transport to more GHG-intensive rail, road or air transport (Koetse and Rietveld, 2009; Du et al., 2017; Pendakur, 2017). 
Sea ice change is creating new Arctic marine trade corridors (Melia et al., 2016; Pizzolato et al., 2016; Ng et al., 2018; Bennett et al., 
2020; Mudryk et al., 2021), including shorter and potentially more economical routes such as the Northwest Passages (see Box CCP6.1). 
Warming temperatures have also reduced the season length for ice roads, which are heavily relied upon to service remote communities 
and remote industries including forestry and mining (Section 14.5.8.1.2; Pendakur, 2017).

Effective and equitable trade policies can act as important adaptation strategies (medium confidence). Higher temperatures 
have had no direct effect on developed countries’ exports, but have significantly reduced growth in exports among developing countries, 
which in turn can increase the price of goods that developed countries then import (Costinot et al., 2016; Constant and Davin, 2019). 
Schenker (2013) estimated that the climate impacts on trade from developing to developed countries could be responsible for 16.4% 
of the total expected cost of climate change in the USA in 2100 and, thus, North America would benefit from increased investment in 
effective and equitable trade policies and adaptation in developing regions. Under an RCP8.5 scenario (~2.6–4.8°C warming) and within 
current trade integration, climate change could lead to up to 55 million undernourished people by 2050. These projections decrease 
by 64% (20 million people) with the introduction of reduced trade tariffs and the lessening of institutional and infrastructure barriers 
(Janssens et al., 2020). Although most studies focus on global food security (i.e., agriculture), it is likely that the same challenges exist for 
other commodities and manufactured goods.

14.5.9 Livelihoods

Exposure and vulnerability to climate hazards have varied across North 
America by region and population (high confidence). These differences 
have been often underpinned by social and economic inequalities and 
have been observed between households, social groups, rural and 
urban communities, and Indigenous Peoples (high confidence). These 
vulnerabilities have also been observed to contribute to maladaptation 
(medium confidence) (Section 14.5.9.1). Social and economic trends 
and development will determine near-term impacts on livelihoods from 
projected climate hazards; livelihoods will also adapt to the risks and 
opportunities (high confidence) (Section 14.5.9.2). Actions to enhance 
the livelihoods of the most vulnerable social groups in North America 
will lessen the impacts of climate hazards on them (high confidence) 
(Section 14.5.9.3).

14.5.9.1 Observed Impacts

Livelihoods are ‘the resources used and the activities undertaken in 
order to live. Livelihoods are usually determined by the entitlements and 
assets to which people have access’ (Section 8.1.1; IPCC, 2018). While 
often understood as subsistence or traditional ways of life (Oswal, 1991), 
livelihoods are often conceptualised more broadly as encompassing 
the economic, cultural, and social capitals or assets, capabilities, and 
activities that individuals, households and social groups use as the 
means to make a living (DFID, 1999; Obrist et al., 2010).

Past and current patterns of development in North America have 
propagated and perpetuated vulnerabilities that have created 
differential impacts on livelihoods from climate hazards (high 
confidence). Predatory and extractive economies have underpinned 
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Box 14.6 | The Costs and Economic Consequences of Climate Change in North America

Observed Impacts
Extreme weather events, including hurricanes, droughts and flooding, and wildfires, have been partly attributed to anthropogenic climate 
change (high confidence) (Table SM 16.21; e.g., Rupp et al., 2015; Emanuel, 2017). Direct, indirect and non-market economic damages 
from extreme events have increased in some parts of North America (high confidence). The number of extreme events with inflation-
adjusted damages totalling more than 1 billion USD has risen in the USA over the past decades (NOAA, 2020; Smith, 2020), and similar 
increases have been observed in Canada (Boyd and Markandya, 2021). Factors other than climate change, including increases in exposure 
and the value of the assets at risk, also explain increasing damage amounts (Freeman and Ashley, 2017; Vano et al., 2018). Climate 
change explains a portion of long-term increases in economic damages of hurricanes (limited evidence, low agreement). Studies of US 
hurricanes since 1900 have found increasing economic losses that are consistent with an influence from climate change (Estrada et al., 
2015; Grinsted et al., 2019), although another study found no increase (Weinkle et al., 2018).

Formal attribution of economic damages from individual extreme events to anthropogenic climate change has been limited, but climate 
change could account for a substantial fraction of the damages (limited evidence, medium agreement). Two recent studies have shown 
approaches for how damages may be attributed for individual events in the USA. Assuming a direct proportionality between attributable 
risk of the event to the attributable economic damages, one study suggested that 30–75% of the direct damages from Hurricane Harvey 
was caused by climate change, with a best estimate of 67 billion USD out of an estimated 90 billion USD total of attributable damages 
(Frame et al., 2020). Another study modelled the component of the flooding from Hurricane Sandy due to rising SLR and mapped that to 
coastal damages. That study estimated that 8.1 billion USD (13% of the total) was attributable to the climate influence on SLR (Strauss 
et al., 2021).

The effect of climate change has been identified in aggregate measures of economic performance, such as GDP, in North America and 
globally (medium confidence), although the magnitude of these changes is difficult to constrain (medium confidence). Climate change 
has been observed to affect national GDP level and economic growth (low confidence). The extent to which climate has affected GDP 
may be challenging to identify statistically (Cross-Working Group Box ECONOMIC in Chapter 16). Observed GDP effects are generally 
slightly negative in the USA, higher and negative for Mexico, and the directionality of the effects in Canada varies by study and modelling 
approach (Burke et al., 2015; Colacito et al., 2018; Kahn et al., 2019).

Projected Risks
Projections of market and non-market economic damages demonstrate the substantial economic risks of climate impacts associated 
with high-temperature pathways (RCP8.5) (high confidence). Since AR5, a wide range of estimates of the costs of climate change have 
been developed for the USA (EPA, 2015a; Houser et  al., 2015; EPA, 2017; Hsiang et  al., 2017; Martinich and Crimmins, 2019), with 
ongoing processes to update national estimates for Canada and Mexico (Semarnat, 2009; NRTEE, 2011; Estrada et al., 2013; Sawyer 
et al., 2020). While the magnitudes of the estimates depend on approach and assumptions in the methods and expectations of future 
socioeconomic conditions, these studies show substantial projected economic damages across North America by the end of the century, 
especially for warming greater than 4°C (high evidence, high agreement). Whether these damages translate into GDP effects is not clear for 
Canada. Some modelling approaches show modest GDP increases in 2050 and 2100, while others suggest modest decreases although it 
is anticipated that the economic effects for Canada will be large and negative (Boyd and Markandya, 2021). Large costs and risks, such as 
those associated with extreme events such as wildfires (Hope et al., 2016) and the increased need for infrastructure replacement (Neumann 
et al., 2015; Maxwell et al., 2018a), will have compounding effects in the markets by disrupting economic activities (see Box 14.5).

Market and non-market risks and costs will not be experienced equally across countries, sectors and regions in North America (high 
confidence). For the USA, energy expenditures and improvements in agricultural yields are projected to result in net gains in the north 
and Pacific Northwest whereas in the south, higher heat-related mortality, increases in energy expenditures, SLR and storm surge are 
projected to result in economic losses by the end of century (Hsiang et al., 2017). No region in the USA is expected to avoid some level of 
adverse effects (medium evidence, high agreement) (EPA, 2017; Martinich and Crimmins, 2019). Economic models generally show losses 
in the agricultural sector across North America, especially at higher GWL (Boyd and Markandya, 2021; EPA 2017). Some models show 
large gains in parts of Canada, although these models do not capture the full range of climate hazards including change in precipitation 
or extreme events (Boyd and Markandya, 2021).

Economics of Adaptation Opportunities
Economic analysis can help reveal where the avoided economic damages are greater than the costs of adaptation, improving decision 
making for adaptation planning and efforts in North America (high confidence). Detailed assessment of total needs and costs of climate 
adaptation are limited (Sussman et al., 2014), but estimates suggest that the costs are large (low evidence, high agreement). Cost–benefit 
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economic activity in North America historically and currently. While 
generating substantial wealth, these patterns have also driven social 
and economic inequality (medium evidence, high agreement) (Jasanof, 
2010; Shove, 2010; Klinsky et  al., 2016; Robinson and Shine, 2018). 
Patterns of development that reinforce these structures remain a large 
contributor to current social–environmental risks and have affected all 
kinds of contemporary livelihoods (Chapter 18; Cannon and Müller-
Mahn, 2010; Koch et al., 2019).

Climate impacts have damaged livelihoods across North America, 
especially those of marginalised people (high confidence) and 
deepened inequalities for these groups (medium confidence). Across 
North America, climate change has affected livelihoods with larger 
effects on individuals, households and communities that are already 
more vulnerable due to a range of pre-existing social and environmental 
stressors (Olsson et al., 2014; Hickel, 2017; Koch et al., 2019) such as 
Indigenous Peoples, urban ethnic minorities and immigrants (Guyot 
et al., 2006; Gronlund, 2014; Klinenberg, 2015). These impacts have 
also contributed to a deepening of inequalities for marginalised groups 
(medium evidence, high agreement) (Audefroy and Cabrera Sánchez, 
2017; García et  al., 2018). As climate hazards further degrade their 
livelihoods, these groups have faced additional challenges to avoiding 
or escaping poverty (Ruiz Meza, 2014). Furthermore, these groups 
have needed to use their more limited resources to manage present 
challenges, restricting their future capacities to adapt (Tolentino-
Arévalo et al., 2019). Climate impacts have also affected the livelihoods 
of the middle classes (Domínguez et al., 2020) who have become more 
vulnerable due to changes in their social and economic security (Garza-
Lopez et al., 2018). Gender has also been recognised as a determinant 
of differential vulnerability with implications for women’s livelihoods 
(Cross-Chapter Box GENDER in Chapter 18).

Migration and mobility have been an important part of livelihoods in 
North America (high confidence). Movement across North America has 
been reinforced by social, cultural and economic ties (see Box 14.5). 
For example, middle class retirees from Canada and the USA engage 

from temporary, seasonal to permanent migration to the warmer 
climates of the southern USA and Mexico, often benefiting from the 
lower cost of living (Domínguez et  al., 2018). Temporary or semi-
permanent labour migration, generally followed by remittances, has 
been an important part of livelihoods for rural areas in Mexico (high 
confidence) and has been employed as a response to climate hazards 
(low evidence). Drought in rural areas which are highly dependent on 
subsistence agriculture have observed migration to urban areas in 
Mexico (Nawrotzki et al., 2017). Evidence of international migration 
in response to climate hazards is sparse with difficulties in identifying 
a climate signal due to the multi-causal nature of migration decision 
making (Cross-Chapter Box MIGRATE in Chapter 7). There is limited 
evidence of extreme weather events or climate hazards on migration 
from Mexico to the USA (Nawrotzki et  al., 2015b; Nawrotzki et  al., 
2015c; Nawrotzki et al., 2016; Murray-Tortarolo and Salgado, 2021).

Pre-existing social vulnerabilities have also led to forced displacement 
from extreme weather events (low confidence). In the USA, 
compounding effects of SLR and storm surge interacted with pre-
existing social vulnerabilities of local communities to generate large-
scale displacement after the effects of Hurricane Katrina on New Orleans 
in 2005 (Jessoe et al., 2018). The processes of relocation and recovery in 
New Orleans was further shaped by vulnerability where out-migration 
was more likely to be minorities and economically disadvantaged, 
while the recovery was predominantly in neighbourhoods that were 
wealthier prior to the disaster (Fussell et al., 2014; Fussell, 2015). Newer 
evidence from Hurricane Maria in Puerto Rico in 2017 has shown an 
initial spike in displacement with slower recovery with more vulnerable 
communities returning at higher rates (DeWaard et al., 2020); however, 
overall out-migration trends have been consistent with long-term 
economic migration (Santos-Lozada et  al., 2020). Interactions of 
slower onset climate hazards with displacement, such as observed 
in Shishmaref, Alaska, have revealed the challenges in attribution of 
migration to climate as it intersects with socioeconomic conditions and 
lived experiences (Marino and Lazrus, 2015).

and other economic analyses that incorporate damage estimates are expanding for adaptation decision making (Li et al., 2014), especially 
for technical options in areas with high exposure such as coastal areas in Mexico (Haer et al., 2018) and Alaskan infrastructure (Melvin 
et al., 2017). Cost–benefit analysis has also been applied to coordinating planning across jurisdictions in North America for SLR and flood 
control (Adeel et al., 2020). Adaptation costs in the USA are lower on RCP4.5 compared with RCP8.5 emission pathways (Martinich and 
Crimmins, 2019). Adaptation, however, cannot be based solely on the cost–benefit analysis due to the high level of uncertainty related to 
climate risks (Cross-Chapter Box DEEP in Chapter 17).

Improving projections of future economic risk and damages facilitates the development of tools that can be used for economic analysis of 
climate policies (high confidence). Monetised estimates of the damages from climate change have been developed and refined since AR5, 
motivated in part by efforts to estimate the Social Cost of Carbon (SCC) (National Academies of Sciences, 2017). Support for these efforts 
and the use of SCC in regulatory analysis of mitigation and adaptation efforts have been pledged across the national and subnational 
governments of Canada, the USA and Mexico. Harmonising SCC and consistent use can further enhance coordination of mitigation and 
adaptation decision making (Auffhammer, 2018; Aldy et al., 2021). Using these damages estimates can also inform other policy and 
tools that improve the consideration of climate impacts in markets and decision making (Report of the Climate-Related Market Risk 
Subcommittee, 2020).

Box 14.6 (continued)
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Maladaptation has also been occurring in livelihoods, especially as it 
relates to agricultural practices that are less resilient to climate hazards and 
competition for land use (limited evidence, high agreement). Focusing on 
examples in Mexico (see Section 14.5.4.3 for US and Canada examples), 
for some Mexican Indigenous Peoples, the replacement of ancestral 
farming practices with technological adaptations like transgenic crops 
has reduced their resilience by making them more dependent on external 
inputs and more expensive supplies while increasing putting their health 
at risk with herbicide and insecticide use (Mercer et al., 2012). Existing 
power structures have also interacted with climate hazards to generate 
maladaptive outcomes (Quintana, 2013). Mennonite communities in 
the northern state of Chihuahua, Mexico, have pursued commercial 
agricultural markets that lead them to shift to transgenic crops and to 
overexploit local groundwater resources in a region experiencing multi-
year droughts. These actions have led to conflict with other local farming 
groups with less economic capital to access groundwater (Quintana, 
2013). Climate mitigation measures may also have adverse effects on 
local livelihoods with implications for adaptive capacity. The Reducing 
Emissions from Deforestation and Forest Degradation in Developing 
Countries (REDD+) mitigation programme has been highlighted as a 
trade-off between an international/national carbon mitigation strategy 
and the ability of some Mexican rural communities to improve their food 
security (Section 5.6.3.3; Barbier, 2014).

14.5.9.2 Projected Risks

Livelihoods will evolve as a result of both challenges presented directly 
or indirectly from climate impacts as well as socioeconomic changes 
and technological developments (high confidence). Livelihoods, 
however, can be undermined by many of the projected climate risks 
with the impacts depending on adaptive capacity and adaptation 
limits (high confidence) (Section  8.4.5.1). Real areas in Mexico and 
the southern USA with agriculture-based livelihoods and projected 
reduction in precipitation will be adversely affected (Section 14.5.4; 
Esperon-Rodriguez et al., 2016). Outdoor workers in rural and urban 
areas will be exposed to higher health risks from higher temperatures 
and heatwaves (Section  14.5.8). Reduced livelihoods will also be 
associated with adverse mental health effects (Section 14.5.6.8).

Future climate hazards will deepen patterns of social inequality as 
vulnerable groups may also experience intersecting impacts that 
adversely affect their livelihoods (medium confidence). Health, in 
particular, will be a key intersection as marginalised and disadvantaged 
groups often have poorer health status and hold occupations that 
may involve higher exposure to climate hazards. African Americans 
are expected to experience the largest impacts on their health status 
due to differential exposure and vulnerability to climate hazards 
(Section 14.5.6; Marsha et al., 2016).

Displacement, migration and resettlement will increase along higher-
emission pathways (medium confidence). Combining projections of 
SLR and population scenarios for the USA, Haer et al. (2013) and Hauer 
et al. (2016) have estimated the magnitude of the population at risk 
in coastal communities, numbering in the millions. In the near term, 
where climate hazards influence out-migration, it will mostly augment 
existing patterns as migration is strongly influenced by existing social 
networks (Section  7.3.2). Planned relocation and resettlements will 

reduce the exposure to climate hazards for the involved populations 
but could adversely affect their livelihoods in the absence of supportive 
programmes (Section 7.3.2; Jantarasami et al., 2018a), since livelihood 
outcomes strongly depend on socioeconomic conditions.

14.5.9.3 Adaptation

Climate hazards undermine adaptation by damaging livelihoods 
(high confidence). Many actions that enhance and promote resilient 
livelihoods can have substantial benefit for adaptation to climate 
hazards (medium confidence). Livelihoods in the context of climate 
change are characterised by adjustments that then feed back into 
the assets that comprise a livelihood. Social capital–in the form of 
household and community cohesion–facilitates the development of 
adaptation strategies to the impacts of climate change in rural and 
urban communities at the household level and for small groups (Barbier, 
2014; Nawrotzki et al., 2015b; Nawrotzki et al., 2015c). Cultural capital, 
especially in the form of Indigenous knowledge and local knowledge, 
can guide adaptation practices in North America (Akpinar Ferrand and 
Cecunjanin, 2014), preserving Indigenous cultures and enhancing future 
adaptation and resilience (see Box 14.1; Pearce et al., 2012; Audefroy 
and Cabrera Sánchez, 2017). In Mexico, rainwater harvesting (practised 
by some Mayan communities) and the use of local–traditional varieties 
of maize have assisted in the adaptation to climate impacts and 
promoted food security (Akpinar Ferrand and Cecunjanin, 2014; Hellin 
et al., 2014). Funding and support for these social adaptation strategies 
have been uneven (Barbier, 2014; Romeo-Lankao et al., 2014). The legacy 
of colonialism and historical patterns of development will continue to 
shape the adaptation responses and resiliency of Indigenous Peoples 
(Todd, 2015; Davis and Todd, 2017; Whyte, 2017; Cameron et al., 2019).

Migration is a common adaptation strategy to maintain and diversify 
people’s livelihoods and will continue to play an important role 
when households manage climate and social risks (high confidence) 
(Section 7.4.3). In the near term, actions that enhance in situ adaptive 
capacities as well as foster safe and orderly migration can result in 
synergies for both adaptation and development (Cross-Chapter 
Box MIGRATE in Chapter 7). Populations that experience less mobility 
or cannot engage in voluntary migration as an adaptation may need 
additional support to adapt to climate hazards, for example, northern 
communities that are at risk of climatic events (Hamilton et al., 2016). 
Policies associated with the transition from high-GHG intensive 
extractive industries, sometimes referred to as ‘just transitions’, may 
also support in situ livelihoods if they also aim to address and redress 
existing inequalities to reduce vulnerabilities (McCauley, 2018); 
however, these policies could result in maladaptation if they create 
new inequalities or generate other environmental damages.

14.5.10 Violence, Crime and Security

Elevated rates of various types of crime have been associated with 
higher temperatures in the USA and Mexico (medium confidence 
based on limited evidence and high agreement) (Section 14.5.10.1). 
If social relationships prevailing now and in the recent past continue, 
projections show future crime rates in the USA and Mexico increasing 
with increasing temperatures (low confidence) (Section  14.5.10.2). 
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Degradation of human security and conflicts exacerbated by climate 
change–even outside of North America–will increase the demand 
for humanitarian assistance, foreign aid and resettlement (medium 
confidence) (Section 14.5.10.2).

14.5.10.1 Observed Impacts

14.5.10.1.1 Violence and crime in the past and present

Crime, including violent crime, has been associated with higher 
temperatures in the USA (medium confidence). Studies of crime 
statistics in the USA have revealed a relationship between temperature 
and a range of violent crimes including aggravated assaults, rapes and 
homicides; effects for property crimes are weaker (limited evidence, 
medium agreement) (Ranson, 2014; Houser et  al., 2015; Heilmann 
and Kahn, 2019; Mares and Moffett, 2019). These effects have been 
observed in US urban centres (Hsiang et al., 2013; Mares, 2013; Ranson, 
2014; Schinasi and Hamra, 2017; Heilmann and Kahn, 2019) and more 
generally across the USA (Mares and Moffett, 2019). Differential effects 
have also been observed within urban areas. Observed higher rates 
of domestic and intimate partner violence during periods of high heat 
in less affluent neighbours in Los Angeles have been associated with 
disparities in access to air conditioning and greenery (Heilmann et al., 
2021). By contrast, Lynch et al. (2020a) found no significant correlation 
between annual homicide rate and annual temperature for New York City 
(Lynch et al., 2020b). For Mexico, Burke et al. (2018a) found temperature 
linkages with intergroup killings by drug-trafficking organisations, 
homicides and suicides. No linkages between temperature and crime 
have been reported for Canada. Differences in spatial and temporal 
aggregation of the crime statistics as well as in the measure of climate 
change or variability explain some of the differences between studies. 
Several causal pathways can explain these relationships (Miles-Novelo 
and Anderson, 2019; Lynch et al., 2020b). The dominant theory is that 
weather changes result in changes in behavioural patterns that lead to 
more opportunities for crimes. For example, studies that disaggregate 
by month often report significant positive associations between 
temperature anomalies and violent crime (especially aggravated 
assaults, rapes and homicides), particularly in the cold season (Harp 
and Karnauskas, 2018; Mares and Moffett, 2019). Smaller increases in 
crime during positive warm-season temperature anomalies may be due 
to people seeking shelter in cooler indoor spaces, decreasing crimes of 
opportunity (Section 7.2.7; Gamble and Hess, 2012).

The archaeological record has been used to infer linkages be-
tween climatic variability and social process, including violence 
(inferred with medium confidence). Past North American societies 
have been exposed to greater climatic variability than is documented 
in the instrumental record. Because future climatic conditions are likely 
to exceed those known for the recent past (Cross-Chapter Box PALEO 
in Chapter 1), the North American archaeological record can illuminate 
possible relationships between climate variability and violence that 
cannot be observed in the present record. In the upland southwest 
US between 600 and 1280 CE, one study found that violence signifi-
cantly increased as climatically controlled maize production decreased 
and interannual variability increased (low evidence, high agreement) 
(Kohler et al., 2014); massive emigration from the northern Southwest 
in the last half of the 1200s CE is connected with, though not com-

pletely explained by, climatic variability (Scheffer et al., 2021). In the 
central and southern Maya lowlands, following centuries of increasing 
populations and attempts to produce more maize (Roman et al., 2018), 
episodes of drought and/or increased summer temperatures in the 9th 
and 10th centuries (Dunning et al., 2012; Kennett et al., 2012) accom-
panied increased conflicts and social disintegration including collapse 
of long-lived dynasties, cessation of monumental inscriptions (Carleton 
et al., 2017) and emigration (medium evidence, medium agreement). 
Such findings reinforce research on contemporary societies that cli-
mate-induced farming shortfalls in regions dependent on agriculture 
may induce or exacerbate conflict, especially in interaction with un-
favourable demographic, political and socioeconomic factors (medium 
evidence, medium agreement) (Section 7.2.7; e.g., Koubi, 2019).

14.5.10.1.2 Security

Climate change poses risks to peace (Section 16.5.2.3.8) that 
could affect North America (medium confidence). Military and 
security communities are adapting their planning, operations and 
infrastructure to current impacts of climate change in North America 
and globally (medium agreement, medium evidence). Arctic nations 
are renewing their military capacity and expanding their constabulary 
presence around their existing boundaries (Choi, 2020). There is 
increasing awareness that climate change causes weather patterns 
and extreme events that directly harm military installations and 
readiness through infrastructure damage, loss of utilities, and loss of 
operational capability (Duffy-Anderson et  al., 2019). Transboundary 
disputes and competition over resources, such as fish (Østhagen, 
2020), are a concern in the changing Arctic and increases in military 
and constabulary operations are being observed (Jönsson et al., 2012; 
Smith et al., 2018; Eyzaguirre et al., 2021).

14.5.10.2 Projected Risks

14.5.10.2.1 Violence and crime

Projections of future crime derived from the empirical relation-
ships between temperature and crime in the USA show the 
potential for increased criminality under RCP8.5 compared with 
RCP4.5 (low confidence). For RCP8.5, holding all socioeconomic 
conditions at 2015 levels, violent crime could increase 0.6–2.1% by 
mid-century and 1.9–4.5% by late century (Houser et al., 2015). The 
rise in property crime is projected to be smaller as property crime 
flattens at higher temperatures (Hsiang et al., 2013). Using relation-
ships between crime and monthly temperatures established for five 
US regions by Harp and Karnauskas (2018), Harp and Karnauskas 
(2020) project 18,800 additional violent crimes annually beyond 2014 
levels by the end of the 21st century under 1.5°C warming, rising to 
48,200 under 4°C warming. Aggregating data by states weighted by 
population density, Mares and Moffett (2019) project an average an-
nual increase of 0.94% across seven categories of violent and prop-
erty crime for each anomalous degree Celsius of warming (an average 
annual increase of about 100,000 crimes). Changing socioeconomic 
conditions in the future may either reduce or exacerbate the projected 
contemporaneous relationship between temperature anomalies and 
crime (Agnew, 2011; Lynch et al., 2020b), whereas adaptation could 
weaken these relationships.



14

1982

Chapter 14 North America

14.5.10.2.2 Defence and security

Climate change will affect ecosystems (Section 16.5.2.3), living 
standards (Section  16.5.2.3.4), health (Section  16.5.2.3.5) and 
food security (Section  16.5.2.3.6) globally, and these changes 
may exacerbate violence and political instability (medium 
confidence) with implications for national security in North 
America (medium confidence). Climate variability, hazards and trends, 
to date, have played a role in exacerbating conflict, but the influence of 
climate appears to be minor and more uncertain than the roles of low 
socioeconomic development, low state capability and high intergroup 
inequality (Mach et  al., 2019). More profound impacts from climate 
change on weather and seasons, as well as changing socioeconomic 
conditions, could lead to patterns of violence that cannot be predicted 
by projecting relationships between current climate and violence into 
the future (Section 14.6.3; Mach et al., 2019). If global levels of violence 
increase, there will be increased demand for international efforts, 
including disaster aid and humanitarian efforts (Eyzaguirre et al., 2021). 
Climate change and geopolitical goals interact in the Arctic (Smith et al., 
2018). New transportation corridors and the potential access to natural 
resources could lead to competition for access to and control over the 
region (Section CCP6.2.6; see Box CCP6.1; FAQ CCP6.2; Estrada, 2021). 
Governance structures exist to manage geopolitical manoeuvring and 
to protect the human security of Arctic populations (Sections 14.5.10.3, 
7.2.7.1).

14.5.10.3 Adaptation Options

14.5.10.3.1 Violence and crime

Co-benefits from adaptation options include improving the live-
ability of, and quality of life in, cities, reducing socioeconomic 
vulnerability and exposure to locally higher temperatures (me-
dium confidence). Urban settings in the USA have disproportionately 
higher exposure to urban heat island effects in low-income and mi-
nority neighbourhoods in US cities (Section 14.5.5.1). Co-benefits from 
adaptation responses in the urban landscape can reduce socioeconomic 
vulnerabilities and exposure to higher temperatures (Section 14.5.5.3). 
Evaluation of adaptation efforts to reduce crime rates that have been 
associated with temperature are limited. In Los Angeles, a link has been 
inferred between violence and older buildings that may lack air con-
ditioning (Heilmann et al., 2021). By contrast, access to air conditioning 
did not appear to lessen crime rates in Mexico (Baysan et al., 2019).

14.5.10.3.2 Defence and security

Existing environmental and international agreements that 
consider climate risks can contribute to cooperation (medium 
confidence). Strengthening and empowering existing environmental 
and diplomatic avenues (e.g., the Arctic Council and international 
agreements such as the United Nations Convention on the Law of the 
Sea, and various subnational actors and agreements) (Section CCP6.3.2) 
to incorporate risks from climate impacts could enhance cooperative 
avenues for defusing conflict (Huebert et  al., 2012). Improving the 
consideration of climate risks in efforts to expand economies and trade 
(see Box  14.5), and improvements in peacekeeping (Section  7.4.4; 
Barnett, 2018) could also reduce future conflict risks.

14.6 Key Risks

Ten key risks from climate change were identified for North American 
based on definitions and assessment approaches outlined in Chapter 
16, which were extended to include the development of a risk database 
and analysis that included expert evaluation of interactions between 
climate hazards and sectors (Figure 14.11; SM14.3).

14.6.1 Key Risks of Climate Change for North America

In North America, divergent perceptions regarding the attribution 
and implications of climate change pose a key risk to adaptation 
mainstreaming (KR1). This lack of adequate adaptation in turn amplifies 
threats to human life and safety from intensifying extreme events, fires 
and storms (KR2). Climate change hazards pose risks to economic and 
social well-being (KR3), marine social–ecological systems (KR4), unique 
terrestrial ecosystems and their services (KR5), freshwater services 
(KR6), physical and mental health (KR7), food and nutritional security 
(KR8), and commerce and trade (KR9). Cumulatively, these risks interact 
to imperil the quality of life for North American communities, cities and 
towns (KR10).

14.6.2 Key Risks Across Sectors in North America

KR1: In the public and policy domains, divergent perceptions of 
anthropogenic climate change which pose a risk of inaction on 
adaptation efforts to reduce exposure and socioeconomic vulnerability

Complex factors, including individual beliefs, ideology, world view, par-
tisan identity as well as societal context, influence how the public, as 
well as professional groups, communities and policymakers, perceive 
and understand climate change (high confidence) (Sections  14.3.3, 
14.3.4). While there is expert scientific consensus on anthropogenic 
climate change, rhetoric, misinformation and politicisation of science 
have contributed to misperceptions (high confidence), polarisation on 
the severity of impacts and risks to society, indecision and delayed ac-
tion (high confidence) (Section 14.3.1). In North America, this impedes 
adaptation efforts (Section 14.3.4) and inflates climate risks (high con-
fidence).

KR2: Risk to life, safety and property from intensifying extreme events

Human life and safety across North America, and especially along the 
coasts of Mexico, the Hawaiian Islands, Gulf of Mexico, Atlantic Canada 
and southeast USA, will be placed at risk from SLR and severe storms and 
hurricanes, even at 1.5°C GWL (very high confidence) (Sections 14.5.2, 
14.5.5; see Box  14.4). Warming, heatwaves and increases in wildfire 
activity in many regions of North America pose risks to air quality, 
health, lives and property (see Box 14.2). More extreme precipitation and 
flooding pose a risk to human morbidity, mortality and safety in fluvial 
flood zones and areas downstream of levees, dams and flood culverts. 
The increasing intensity of storm events poses a risk of landslides, erosion 
and flooding in shoreline and urban communities, especially high-bank 
areas along exposed coasts, in Arctic and temperate areas where winter 
sea ice has diminished and in low-lying coastal areas where SLR and 
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Rapid assessment of relative risk by sector and climate hazard for North America
based on an assessment of asset-specific vulnerability and exposure across climate hazards 
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Figure 14.11 |  Rapid assessment of relative risk by sector (y-axis) and climate hazard (x-axis) for North America based on an assessment of asset-specific 
vulnerability and exposure across climate hazards (see SM14.3 for methodological details). For each unique combination, the hazard-by-sector risk was ranked as 
very high (very high risk and high confidence), high (significant impacts and risk, high to medium confidence), medium (impacts are detectable and attributable to climate change, 
medium confidence), low or not detected (risk is low or not detectable). Blank cells are those where the assessment was not applicable or not conducted. Risks identified through 
the rapid assessment were further evaluated in the chapter assessments (see corresponding sector text for full assessment of risk and impacts).
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storm surge often overwhelm existing natural coastal features and 
engineered structures (Section 14.5.5; see Box 14.4).

KR3: Cumulative damages from climate hazards which pose a 
substantial risk to economic well-being and shared prosperity

Climate-change impacts are projected to cause large market and non-
market damages (high confidence). By end of century under higher GWL 
scenarios (>4°C), these damages are expected to reach several tens of 
billions of USD annually in Canada and hundreds of billions annually 
in the USA. Losses in labour productivity and wages, and damages 
to coastal properties, will be especially large; however, all sectors in 
the USA and most sectors in Canada are projected to see substantial 
relative damages on high-emission pathways by mid- to end of century 
compared with lower-emission pathways. Economic sectors with hard 
limits to adaptation (i.e., winter tourism) or that are highly affected by 
climate variability (i.e., agriculture and fisheries) will be at more risk 
at lower temperatures than other economic sectors (Sections 14.5.7, 
14.5.8). Strategic implementation of adaptation strategies coupled 
with lower-emissions scenarios result in multi-billion-dollar reductions 
in economic damages (Section 14.5.8; see Box 14.6).

KR4: Risk of degradation of marine and coastal ecosystems, including 
loss of biodiversity, function and related services with cascading 
effects for communities and livelihoods

Ocean warming will increase the frequency and intensity of MHWs 
(see Box  14.3), accelerate unprecedented rates of sea ice loss, and 
alter ocean circulation, chemistry and nutrient cycling in ways that 
profoundly impact marine productivity, biodiversity and food webs 
(very high confidence) (Section  14.5.2). Collectively these impacts 
pose a risk to nearshore ecological and human systems (high 
confidence), increasing the probability of phenological mismatches, 
large-scale redistribution of species, and species population declines 
(Section  14.5.4) with cascading impacts that strain cultural and 
economic systems reliant on marine productivity across North America 
(high confidence). Nearshore areas of Chesapeake Bay (USA) and 
Akimiski Island, mid-western James Bay and the coasts in the Pacific 
ranging from the Gulf of Alaska through Baja Peninsula, have a high 
proportion of species near their upper thermal limit, and are areas that 
are particularly susceptible to climate-change risk.

KR5: Risk to major terrestrial ecosystems leading to disruptions of 
species, ecosystems and their services

Major risks to terrestrial ecosystems across North America, such as 
semiarid landscapes, rangelands, boreal and temperate forests, and 
Arctic tundra, include significant ecosystem transformations and shifts 
in species abundances and ranges, and major vegetation types (e.g., 
transitions from forests to grasslands), with cascading implications 
for regional biodiversity (very high confidence). Warming increases 
the risk of permafrost thaw with propagating impacts on species 
and communities in the Canadian and US Arctic (high confidence) 
(CCP6). 6Forest disturbances, including wildfire, drought, insects 
and pathogens, are expected to increase with warming, acting 
synergistically to raise the prevalence of tree mortality and ecosystem 
transformation (medium confidence) (Section 14.5.1). These changes 

will reduce services provided by terrestrial ecosystems, including 
timber yields and carbon sequestration (medium confidence).

KR6: Risk to freshwater resources with consequences for ecosystems, 
reduced surface water availability for irrigated agriculture and other 
human uses

Droughts and earlier snowmelt runoff will increase water scarcity 
during the summer peak water demand period especially in regions 
with extensive irrigated agriculture, leading to economic losses and 
increased pressures on groundwater as a substitute for diminished 
surface water supplies (medium to high confidence) (Section 14.5.3). 
Streams in North America are expected to continue to warm, with 
important ramifications for aquatic ecosystems (high confidence), 
reducing habitat for salmon and trout species that are economically 
and culturally important (Section 14.5.1). Warming and drying coupled 
with other stressors (e.g., pollutants, nutrients and invasive species) 
pose a risk to ecosystem structure and function in lakes, streams 
and reservoirs across many parts of North America (high confidence) 
(Sections  14.5.1, 14.5.3). Warming increases in heavy rainfall and 
nutrient loading pose risks for water quality and HABs (medium to 
high confidence) (Section 14.5.3).

KR7: Risk to human health and well-being, including mental health

Heat-related human mortality is projected to increase in North America 
as a result of climate change and ageing populations, poverty, chronic 
diseases and inadequate public health systems (very high confidence) 
(Section 14.5.6.1). Gradual changes to temperature and precipitation 
are impacting urban ecosystems and creating ecosystem regime 
changes resulting in the poleward expansion among insects that 
bring risks related to vector-borne diseases such as West Nile virus 
and Lyme disease (high confidence) (Section 14.5.6). Climate change 
is expected to lead to wide-ranging mental health challenges related 
to an increase in the psychological burdens of climate change (high 
confidence), particularly for individuals with existing mental health 
conditions, who live in severely impacted areas or who are reliant 
on climate for livelihoods and cultural well-being (e.g., Indigenous 
Peoples and farmers) (Section 14.5.6.8).

KR8: Risk to food and nutritional security through changes in 
agriculture, livestock, hunting, fisheries and aquaculture productivity 
and access

Cascading and interacting impacts of climate change threatens food 
systems as well as food and nutritional security for many North 
Americans, especially those already experiencing food and nutritional 
scarcity, women and children with high nutritional needs and 
Indigenous Peoples reliant on subsistence resources (high confidence) 
(Section 14.5.6). In agricultural regions experiencing aridification and 
where water scarcity precludes substantial expansion of irrigation, 
warming and extreme heat pose a risk to food and forage crop 
and livestock production (high confidence) (Section  14.5.4). Ocean 
warming and MHWs will continue to disrupt commercial capture 
fisheries through species redistribution and changes to yield (high 
confidence), and warming waters and OA will increasingly impact 
aquaculture production (high confidence) (Section 14.5.4). Interactions 
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between competing aspects of human security (e.g., food, energy 
and water) will be exacerbated by climate change (high confidence) 
(Sections 14.5.3, 14.5.4, 14.5.8).

KR9: Risks to major infrastructure supporting commerce and trade 
with implications for sustainable economic development, regional 
connections and livelihoods

Climate change and extreme events are expected to increase risks 
to the North American economy via infrastructure damage and 
deterioration (high confidence), disruption to operations, unsafe 
conditions for workers (medium confidence) and interruptions to 
international and inter-regional supply chains (medium confidence) 
(Section  14.5.8; see Box  14.5). These climatic impacts will have 
cascading implications for local livelihoods, sustainable economic 
development pathways and regional connectivity, and will reinforce 
pre-existing social inequities (medium confidence). Infrastructure 
damage will also disrupt economic activities, including manufacturing, 
tourism, fisheries, natural resource extraction and energy production 
(high confidence) (Section 14.5.8).

KR10: Risk to the quality of life in North American communities, cities 
and towns

In major North American cities and settlements, vulnerability to climate 
change has increased and is projected to continue to rise (medium 
confidence) (Section 14.5.5). Concentrated populations with unequal 
adaptive capacities, exposure of valuable assets, ageing infrastructure, 
and differing degrees of institutional capacity and effectiveness 
will underpin climate hazards (Section  14.5.5). Coastal, riverine and 
urban flooding displacing communities and coastal ecosystems 
(Section 14.5.5.2) will become a dominant risk to urban centres (high 
confidence) and will cause disruptions to transportation and trade 
infrastructure (Section  14.5.8). Large wildfires endangering lives, 
livelihoods, property and key infrastructure, and economic activities 
will contribute to compromised air quality and municipal water 
contamination (Section 14.5.6; see Box 14.2).

14.6.3 Cumulative Risk, Tipping Points, Thresholds and 
Limits

Across North America, climate change poses a risk to social–ecological 
systems increasingly destabilised by compounding climate impacts and 
non-climate pressures (high confidence) (Sections 14.5.1–14.5.3) that 
erode the connectivity and redundancy underpinning system resilience 
(Sections 14.5.1–14.5.5; Xiao et al., 2017a; Koven et al., 2020; Malhi 
et  al., 2020; Turner et  al., 2020). Accelerating climate change and 
increasingly severe hazards and shocks may induce abrupt changes 
or push systems, people and species to critical points–tipping points–
where a small additional change causes a disproportionately large 
response, triggering feedbacks that lock systems into novel regimes 
(Scheffer et al., 2001; Scheffer, 2010; Anderies et al., 2013; Lenton, 2013; 
Iglesias and Whitlock, 2020; Lenton, 2020a). Climate-change tipping 
points can compound and amplify climate impacts and risk, induce 
disparate climate burdens and benefits across human and ecological 
systems, and irreversibly restructure ecosystems and livelihoods (e.g., 

species extinctions, fisheries collapse, community-managed relocation) 
(Lynham et al., 2017). Examples of systems with potential tipping points 
in North America include (a) permafrost and sea ice loss triggering 
transformation of ecological and human systems (including substantial 
shipping opportunities) in the Arctic that are permanent and irreversible 
except on geological timescales, and which are potentially underway 
(high agreement, low evidence) (Section 14.6.2; see Box 14.3, CCP6), 
(b) mid-latitude forest ecosystems at low to middle elevations in 
western North America where wildfire and cumulative climate and 
non-climate pressures may restructure forests and succession in ways 
that promote transition to new vegetation types (Section 14.5.1) and 
(c) agricultural communities in northern Mexico and the southwest 
USA where aridification and drought may interact with water resource 
policies, economic opportunities and pressures, and farm practices 
to induce either adaptation (via changes in irrigation practices) or 
farm abandonment, land-use transformation and livelihood changes 
(due to heat stress, soil deterioration or reduced economic viability) 
(Sections 14.5.3, 14.5.4, CCP6, Yumashev et al., 2019; Turner et al., 
2020; Heinze et al., 2021).

Identification of critical thresholds, elements and connections within 
a system may also help identify potential positive tipping points, that 
is, focal components or processes in a system where a relatively small 
investment or intervention can induce a large benefit and enable 
self-reinforcing transformative adaptation (Section 14.7; Chapter 17; 
Tàbara et  al., 2018; Lenton, 2020b; Otto et  al., 2020). Under low-
mitigation scenarios, compounding risks and higher-carbon-emission 
scenarios increase the potential that amplifying feedback loops and 
fatal synergies across sectors could lead to existential threats to the 
social–ecological systems of North America (medium confidence). 
Societal collapse has been linked to shifts in climate regimes, especially 
when societies have lost resilience due to slowly mounting social–
ecological challenges, while other studies reveal that social continuity 
and flexibility enable historical climate resilience and prosperity under 
changing environments (FAQ 14.2; Lenton et  al., 2019; Otto et  al., 
2020; Degroot et al., 2021; Richards et al., 2021).

Accounting for tipping points, interactions and reinforcing dynamics 
among ecological, social and climate processes is necessary for 
comprehensive analyses of climate-change risk, cost and urgency, 
as well as effective adaptation design and implementation 
(Section  14.7; Cai et  al., 2015; Steffen and et  al., 2018; Lenton 
et al., 2019; Narita et al., 2020; Dietz et al., 2021). Multiple lines of 
evidence across sectors assessed in this chapter suggest that after 
mid-century and without carbon mitigation, climate-driven changes 
to ecological and social boundary conditions may rapidly push many 
systems into disequilibrium (medium confidence), emphasising the 
importance of prioritising adaptation actions with co-benefits for 
mitigation (Section 14.5.4; see Box 14.3). Reducing climate hazards 
through mitigation and removing catalysts of system instability 
through adaptation measures that increase system resilience (e.g., 
ecosystem restoration) will help reduce the risk that systems move 
across a tipping point from a desirable to an alternate or undesirable 
state (Sections 14.5.4, 14.7; see Box 14.3; Narita et al., 2020; Turner 
et al., 2020; Heinze et al., 2021).
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Frequently Asked Questions

FAQ 14.2 | What can we learn from the North American past about adapting to climate change?

The archaeology and history of Indigenous Peoples and Euroamerican farmers show that climate variability can have severe impacts on 
livelihoods, food security and personal safety. Traditional societies developed numerous methods to cope with variability but have always 
expanded to the limits of what those adaptations permit. Current knowledge and technology can buffer societies from many negative effects 
of climate change already experienced but will be severely challenged by the novel conditions we are now creating.

People came into North America more than 15,000  years ago and have experienced both massive and minor 
shifts in climate ever since. At the end of the last very cold phase of the most recent Ice Age, about 11,500 years 
ago, temperatures rose extremely rapidly—as much as 10°C (18°F) in a decade in some regions. This undoubtedly 
contributed to the extinction of large mammals like mammoths and mastodons that people hunted alongside 
many other resources (see Cross-Chapter Box PALEO in Chapter 1). There were so few people on the land, though, 
and other resources were so abundant, that the long-standing human means of coping with climate variability—
switching foods and moving on—were sufficient.

Following the end of the Ice Age, populations across North America grew for the next few thousand years, at a 
rate that increased once people began to domesticate corn (maize), beans and squash (the ‘three sisters’) as well 
as other crops. However, more people meant less mobility, and farmers traditionally are also more invested in their 
fields and remaining in place than foragers are to hunting grounds. Other means of coping with vulnerability to 
food shortage caused by climate variability included some continued hunting and gathering of wild resources, 
planting fields in multiple locations and with different crops, storage in good years, and exchange with neighbours 
and neighbouring groups.

According to archaeological evidence, however, these adaptation strategies were not always sufficient during times 
of climate-induced stress. Human remains showing the effects of malnutrition are fairly common, and conflict caused 
in part by climate-induced shortfalls in farming has left traces that include fortified sites, sites placed in defensible 
locations and trauma to human bone. Larger and more hierarchical groups emerged, first in Mesoamerica and then 
in the southwest and southeast USA as well as the Midwest USA. These groups offered the possibility of buffering 
poor production in one area with surplus from another, but they also tended to increase inequality within their 
borders and often attempted to expand at the expense of their neighbours, introducing new sources of potential 
conflict. Dense hierarchical societies also arose in other areas such as the northwest coast where agriculture was not 
practised but resources, such as salmon and roots, were abundant and either relatively constant or storable.

These societies were not immune to climate hazards despite their greater population and more formal organisation. 
Archaeological evidence strongly suggests that drought, or growing conditions that were too hot or cold, 
contributed to the decline of groups ranging from Classic-period Maya states in Mesoamerica, to the somewhat less 
hierarchical societies of Chaco in the southwest USA and Cahokia in the Midwest USA (Figure FAQ14.2.1). The usual 
pattern seems to be that climatic variability compounded social and environmental problems that were already 
challenging these societies.

If societies in North America prior to the Euroamerican colonisation were vulnerable to climate variability, surely 
were not the more recent and technologically advanced societies of North America at lower risk? The 20th century 
Dust Bowl created in the US and Canadian prairies suggests otherwise. Severe drought conditions throughout 
the 1930s—which, to make matters worse, peaked during the Great Depression—did not cause either the USA 
or Canada to collapse. But both countries suffered massive economic losses, regional loss of topsoil and regional 
human strife (including loss of crops, income and farms) leading to migration. Yet anthropogenic global climate 
change was of little or no consequence in the 1930s. While farming practices made climate stress worse, the climate 
variability itself was either completely, or mostly, within the envelope of historical climate variability that earlier 
human societies had experienced.

Indigenous Peoples and Euroamerican farmers and ranchers have a long history of mostly successful adaptation 
to changing weather patterns. The wisdom held by Indigenous Peoples deep knowledge of how plants, animals 
and atmospheric conditions provide early warning signals of approaching weather shifts, and stories about how 
past communities have tried to cope with climate-related resource shortfalls. Long-standing community-level 
management of resources also helps prevent shortfalls, and institutions such as kin groups, church groups, clubs and 
local governments (which exist in communities of both Euroamericans and Indigenous Peoples, in different forms) 
can be powerful aids in ameliorating shortfalls and resolving conflict.
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Examples of areas where past climate variability has contributed to crises

Like the N. Pueblo area, the mound complex of 
Cahokia at the center of this zone was affected 
by droughts in the 12th and 13th centuries CE, 
and possibly by flooding.
 

Image credit: Ira Block/National Geographic Creative

Dust-bowl conditions caused by drought and land 
management were especially severe in this area. 

 

Photo credit Arthur Rothstein.

Many cities in the Central Maya Lowlands declined 
or disappeared in the 9th and 10th centuries CE 
under pressure from drought, increased summer 
heat, deforestation, and warfare. 

Image credit: Image credit: iStock/id 543832440 

Large scale droughts in the 12th and 13th 
centuries CE, and cooling temperatures in the 
13th century, contributed to farmers leaving the  
northern Pueblo area in the 13th century. 

Image credit Nate Crabtree

Figure FAQ14.2.1 |  Examples of areas where past climate variability has contributed to crises. Climatic variability is most likely to lead to crisis when 
it is accompanied by social, demographic and political conditions or environmental mismanagement that compound climatic impacts on societies.

Box FAQ 14.2 (continued)
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Frequently Asked Questions

FAQ 14.3 | What impacts do changes in the North American Arctic have within and outside the region?

The North American Arctic is warming at nearly three times the global average, creating a cascading web of local, regional and global impacts 
within and beyond polar regions. Changes in the Arctic not only effect global ocean circulation and climate regulation, but also facilitate new 
Arctic transportation routes and support transboundary resources with geopolitical, environmental and cultural implications as conditions 
change.

Rapid warming and extreme temperatures in the Arctic is leading to unprecedented seasonal sea ice loss, permafrost 
thaw and increasing ocean temperatures. Cascading from these biophysical changes are cultural, socioeconomic 
and political consequences that are widespread and largely unprecedented in human history. Changes in sea ice 
create safety hazards for Indigenous Peoples and northerners who rely on frozen seas and rivers for transportation 
between remote communities and to subsistence hunting areas. Thawing permafrost, especially that of ice-rich 
permafrost, creates challenges and costs for a region with low population density and a small tax base to support 
major infrastructure investments. Warmer ocean temperatures induce large-scale distributional shifts and reduced 
productivity and access to the largest North American fisheries. Ice-associated marine mammals, such as polar bears, 
seals and walruses, have declined precipitously with decreasing sea ice in the Bering Sea, and widespread ecosystem 
changes from fish through birds and marine mammal species have altered the system with uncertain outcomes for 
these productive ice-driven ecosystems. Newly ice-free shipping routes are increasing regional and geopolitical 
tensions and may facilitate novel threats like the spread of invasive species and safety hazards to local hunters and 
fishers. The local and regional impacts of climate change in the North American Arctic are profound and span social, 
cultural, health, economic and political imperatives.

Although the region is remote, changes in the Arctic impact the rest of the world. The Arctic serves as a regulator 
of global climate and other ecological processes through large-scale patterns related to air and ocean circulation. 
These vitally important processes are nearing points beyond which rapid and irreversible (on the scale of multiple 
human generations) changes are possible. The magnitude of cascading changes over the next two centuries includes 
regional warming and temperature extremes, permafrost declines and sea ice loss beyond that experienced in 
human existence. This includes macro-scale risks related to SLR from the melting of glaciers and thermal expansion 
of oceans. Changes in the Arctic are more pronounced than elsewhere and portend climate-change impacts in other 
areas of the globe.

Adaptation in the Arctic is underway and lessons learned on what works and what is effective and feasible to 
implement can provide global insights. Successful adaptation in the North American Arctic region has been 
attributed, in part, to the explicit and meaningful inclusion of IK and Indigenous self-determination, and diverse 
perspectives in decision-making processes, strong local leadership, co-management approaches, technological 
investment in integrated climate modelling and projections, and multilateral cooperation.

Still, Indigenous knowledge and traditional knowledge among Euroamerican farming communities provide 
guidelines for how to cope with traditional problems. Contemporary governmental restrictions (such as legal 
water-rights allocations, international borders and tribal-lands boundaries) have limited the adaptive capacity that 
Indigenous societies have developed over the centuries. Now human-caused climate forcing, if not mitigated by 
reducing heat-trapping GHGs, is expected to produce climates in North America that have no local analogues in 
human history even as it destroys heritage sites that are sources of knowledge about palaeoclimates and the diverse 
ways of coping with them that past peoples have discovered. Just as past peoples often avoided local climate change 
by moving on, in a world where mobility options are severely limited, a lesson from archaeology and history is that 
we should use our hard-won knowledge of the causes of climate change to avoid creating futures with no past 
analogues to provide useful guidance.

Box FAQ 14.2 (continued)
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14.7 Adaptation in North America

14.7.1 Overview of Observed Adaptation  
in North America

Climate adaptation efforts have increased across all North American 
regions and sectors (high confidence). Support for, and implementation 
of, adaptation policies, plans and measures have not been equal across 
the public and private sectors, regions or varying levels of governance 
(high confidence) (Table  14.7). To date, reactive (coping-based) and 
incremental adaptations have helped North Americans avoid greater 
damages from observed climate impacts (medium confidence). There 
is increasing agreement that worsening impacts and expanding risk 
conditions may exceed current adaptation capacities by mid-century 
under high-emissions scenarios (RCP8.5) (medium confidence).

14.7.1.1 Individuals and Households

Across North America, individuals and households have taken action to 
reduce climate-influenced risks (high confidence). These autonomous 
adaptations comprise the majority of the observed responses in the 
peer-reviewed literature (Berrang-Ford and et al., 2021). The increased 
use of cooling systems (which could be maladaptive unless there 
are innovations) (Section  14.5.5.3; Barreca et  al., 2016), creating 
defensible space around homes in wildfire-prone areas (see Box 14.2), 
and the modification or redesign of housing structures along coasts 
(Koerth et al., 2017), are important household responses to existing 
risks. Although these actions have played a role in reducing risks, the 
capacity to undertake such actions is not uniform across individuals 
in North America and has exacerbated existing social inequities, 
especially in coastal areas (Keenan et al., 2018; de Koning and Filatova, 
2020). Additionally, these adaptation activities often are taken without 
consideration of the impact on mitigation efforts (Kates et al., 2012; 
Fedele et al., 2019; Shi and Moser, 2021).

14.7.1.2 Local and Subnational Governments

The majority of local jurisdictions in North America have undertaken 
some level of adaptation. These efforts largely have focused on planning 
and less on implementation (high confidence). Some subnational 
governments, namely states and provinces, have engaged in advanced 
adaptation planning efforts (high confidence). Indigenous Peoples in 
North America have undertaken substantial activities (Section  14.4; 
see Box 14.1).

Many cities across North America have undertaken adaptation 
planning (Section  14.5; Hughes, 2015; Reich et  al., 2016; Moser 
et  al., 2017; Auditors General, 2018; McMillan et  al., 2019) with 
some financing adaptation implementation, for example, in the case 
of SLR (see Box  14.4). Adaptation actions commonly implemented 
in cities include climate-informed building codes, enacting energy 
conservation measures, modifying zoning and increasing green 
infrastructure (Section  14.5.5.3; see Box  14.7; Binder et  al., 2015; 
Maxwell et  al., 2018a; Moss et  al., 2019; Brown et  al., 2021). The 
majority of cities have formed practitioner networks to share 
information (ICLEI Canada, 2016; Vogel et  al., 2016; C40 Cities, 
2018) and supporting learning and collaboration through regional 

collaborations that include utility managers and the private sector 
(Fünfgeld, 2015; Moser et al., 2017).

In Canada, the Map of Adaptation Actions10 presents over 200 
adaptation case studies addressing a variety of climate-related impacts 
(Warren and Lulham, 2021). The City of Saskatoon, in developing its 
Climate Action Plan (which includes a Corporate Climate Adaptation 
Strategy), engaged with local businesses, non-governmental 
organisations (NGOs), residents and experts to identify potential risks 
(and benefits) requiring action (City of Saskatoon, 2019). Similarly, 
the City of Surrey specifically used community outreach programmes 
to develop its Coastal Flood Adaptation Strategy (CFAS) through a 
value-based planning approach (City of Surrey, 2019). Municipal 
asset management, local services and community well-being were 
key considerations for the City of Selkirk, Manitoba, when developing 
an adaptation strategy as well as ensuring a budgeting process that 
supports implementation (City of Selkirk, 2019). As of 2019, 8 of 13 
Canadian provinces and territories have high-level climate adaptation 
strategies. The scope of these efforts vary by jurisdiction as a review 
conducted by federal and provincial auditors in Canada identified 
several deficiencies related to a lack of detailed implementation plans, 
obligated funding and specific timelines (Auditors General, 2018).

Progress in Mexico on adaptation implementation at the local level 
has been extensive (INECC and Semarnat, 2018). Activities include 
executing programmes for relocating infrastructure in high-risk zones 
in priority tourist sites, incorporating adaptation criteria in public 
investment projects that involve construction and infrastructure 
management, water management, application of climate adaptation 
norms for the construction of tourist buildings in coastal zones, 
and improving the security of key water, communication and 
transportation infrastructure (Sections  14.5.5, 14.5.7, 14.5.8). 
Additionally, local capacity and protocol to respond to extreme 
weather events as a function of climate change have been integrated 
more regularly into community-based hazard mitigation plans. States 
and municipalities in Mexico must have climate policies that are 
consistent with the guidelines of national strategies (Section 14.7.1.5) 
and state-level programmes on climate change, in addition to other 
state and municipal laws. As a result, these entities have developed 
and implemented early warning systems designed to protect the 
population from climate-related risks, such as strong storms and 
hurricanes (INECC and Semarnat, 2018).

Implementation of adaptation initiatives and specific actions in US 
cities has increased in the approximately 5 years between the 3rd US 
National Climate Assessment (NCA3) (Melillo et al., 2014) and the 4th 
Assessment (NCA4), and adaptation responses have been observed 
widely (Lempert et al., 2018). ICLEI-USA provides numerous resources 
for adaptation planning and implementation for cities, Indigenous 
Peoples and Regional Governments11. The Georgetown Center for 
Climate maintains a comprehensive resource for tracking adaptation 
progress for States12. As of 2021, 18 US states have completed 
climate adaptation plans, and six states have plans underway as of 

10 See https://changingclimate.ca/case-studies

11 See https://icleiusa.org

12 See www.georgetownclimate.org/adaptation/plans.html

https://changingclimate.ca/case-studies
https://icleiusa.org
http://www.georgetownclimate.org/adaptation/plans.html


14

1990

Chapter 14 North America

the time of this report (Georgetown Climate Center, 2021). California, 
in particular, has adopted sustained climate assessment to allow for 
more rapid iterations on adaptation planning (Bedsworth et al., 2018; 
Miao, 2019). Across all US states, however, adaptation activities do not 
have readily accessible budgets, such that levels of funding cannot be 
assessed directly (Gilmore and St. Clair, 2018).

14.7.1.3  National and Multi-National Governance

The federal government of each North American country has developed 
policies and actions that promote climate adaptation (Figure 14.12). 
Recognising the cultural, economic and social networks that span 
North America, the federal governments have also committed to 
engagement on adaptation and resilience across borders and through 
cooperation on domestic adaptation efforts (The White House, 2016). 
Each country also outlines their respective adaptation efforts through 
submissions under the UN Framework Convention on Climate Change, 
including their nationally determined contributions (NDCs) under the 
Paris Agreement. The federal governments also support adaptation 
efforts in other countries through international climate negotiations 
as well as related agreements, such as the Sendai Framework for 
Disaster Risk Reduction and efforts to support the achievement of the 
Sustainable Development Goals (SDGs).

Mexico’s 2020 update to its first NDC communicated extensive 
adaptation efforts (Government of Mexico, 2020). The measures 
outlined in this document highlight the importance of co-benefits for 
adaptation efforts as they relate to the SDGs and to support mitigation 
commitments. Ecosystem-based solutions and NbS (see Box 14.7) are 
the basis for much of the synergies between adaptation and mitigation 
efforts. These plans are supported by domestic legislation through the 
General Law on Climate Change, which includes the Climate Change 
Adaptation Process (CCAP). The CCAP provides a holistic systems 
approach for identifying instruments and institutional arrangements 
for adaptation implementation (Semarnat and INECC, 2015; INECC and 
Semarnat, 2018). This approach includes guidance for planning (e.g., 
the Climate Change Mid-Century Strategy, the Special Climate Change 
Program 2014–2018) and formalises its adaptation commitments to 
the Paris Agreement.

In Canada, the Federal Adaptation Policy Framework (Government 
of Canada, 2011) guides domestic action to develop adaptation 
knowledge, build adaptive capacity, and mainstream adaptation 
into federal policy, in support of the Pan-Canadian Framework on 
Clean Growth and Climate Change (Government of Canada, 2016), 
which included specific adaptation measures and investments to 
build resilience. In August 2021, the government initiated a National 
Adaptation Strategy with development anticipated through 2022. 
Additionally, the government facilitates efforts and funds research, 
capacity building and information sharing across sectors and among 
government departments (Government of Canada, 2021a). The 
Canadian Centre for Climate Services provides access to climate 
data, tools and information13. In Canada’s revised NDC, near-term 
commitments to protecting land and oceans, and efforts related to 
sustainable and resilient energy systems, are highlighted as examples 

13 See www.canada.ca/en/environment-climate-change/services/climate-change/canadian-centre-climate-services.html

of co-benefits between climate-change adaptation and mitigation 
(Government of Canada, 2021b).

The USA has experienced substantial revisions to its climate policy and 
its international engagement since AR5 with implications still unclear 
(Bomberg, 2021). Since AR5 and until early 2020, many congressionally 
mandated federal efforts (Beavers et  al., 2016; Parris et  al., 2016; 
Rockman et al., 2016; Caffrey and Hoffman, 2018) faced programmatic 
challenges, but most continued to provide research and capacity 
development to support adaptation implementation across the USA. 
Importantly, the US government sustained the national climate 
assessments (Lempert et al., 2018). Recently, the administration has 
re-engaged with the Paris Agreement and the USA has submitted an 
NDC (Government of the United States of America, 2021); however, 
adaptation was not directly addressed. Subsequent Executive orders 
mandate adaptation planning at the federal level (e.g., USEO 13754; 
USEO 14008). As of the time of this report, the US climate policy 
landscape is rapidly evolving, including major legislative initiatives 
(e.g., Green New Deal) (Boyle et al., 2021).

14.7.1.4  Private Sector, Including Companies, NGOs, 
Professional Organisations, Academic Institutions and 
Communities of Practice

The private sector comprises a diverse set of actors who influence, 
interact with and support adaptation efforts, generally through shared 
governance with the public sector. The weight of evidence points to the 
benefits of these collaborations and the importance of voluntary code-
making and self-regulation (Section  17.4.2.1.6). In North America, 
NGOs and professional organisations have been important agents of 
change in the adaptation field (Bennett and Grannis, 2017; Stults and 
Meerow, 2017). Efforts have included supporting community-based 
resilience, network building, Internet-based guidance and resources, 
case studies, workshops and other services to support adaptation 
action (e.g., vulnerability assessments, scenario-based planning).

Market and financial mechanisms have provided important buffering 
capacity against climate shocks in North America. Insurance products 
are being developed to meet emerging climate risks, especially related 
to availability and pricing of flood insurance in Canada (Thistlethwaite, 
2017; Davies, 2020) and the USA (Kousky et al., 2021). Some existing 
US flood insurance products provided through joint public and private 
arrangements has led to rebuilding in flood-prone locations (Zellmer 
and Klein, 2016). The price of these products may limit their uptake in 
low-income neighbourhoods (Cannon et al., 2020).

Professional organisations have participated in the development and 
adoption of measures to integrate climate resilience into the built 
environment. This includes new designs, guidelines, codes, standards 
and specifications, in addition to infrastructure inventories that 
incorporate evaluation of vulnerabilities and identification of priority 
at-risk areas (Amec Foster Wheeler and Credit Valley Conservation, 
2017; ASCE, 2018a). These efforts are supported by provincial/state and 
federal initiatives (e.g., Canada’s Climate Lens (Infrastructure Canada, 
2018), and California’s Climate-Safe Infrastructure Working Group 

http://www.canada.ca/en/environment-climate-change/services/climate-change/canadian-centre-climate-services.html
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(Climate-Safe Infrastructure Working Group, 2018)). Infrastructure 
Canada has undertaken Canada-wide initiatives to improve 
infrastructure resilience to climate change14. The Standards Council of 
Canada (SCC) established the Northern Infrastructure Standardization 
Initiative15 engaging stakeholders, including Indigenous Peoples, to 
develop standards specific for addressing climate-change impacts 
on northern infrastructure design, planning and management, and 
community development (Standards Council of Canada, 2020).

Professional organisations in the USA (e.g., National Medical Association, 
American Institute of Architects, Association of Metropolitan Water 
Agencies, Water Utility Climate Alliance, American Society of Adaptation 
Professionals) have engaged with their members particularly through 
training about urban adaptation (Stults and Meerow, 2017). The 
private sector and citizens (Klein et al., 2018) have been involved in the 
management of increasing flood risk, such as the adoption of property-
level flood protection (Thistlethwaite and Henstra, 2018; Valois et al., 
2019), implementing FireSmart Canada and Firewise USA guidance (see 
Box 14.2). In Canada, Engineers Canada developed the PIEVC Protocol 
to provide guidance for professionals in engineering and geoscience16.

Research-based institutions have accelerated the development of 
Internet-based tools for visualising and exploring climate information, 
in addition to furthering the scholarship on adaptation. In the USA, joint 
university, foundation and government programmes have contributed 
to advancing the field with products such as oceanographic and fishery 
climate forecasting tools (Section 14.5.2), in addition to methods for 
evaluating water resource plans under uncertainty about future mean 
and extreme conditions (ASCE, 2018a; Ray et al., 2020). Some regional 
research centres focus on stakeholder engagement in addition to 
research; these include the National and Regional Climate Adaptation 
Science Center Network of the US Geological Survey17, the US 
Department of Agriculture’s Climate Hub Network18 and the Climate 
Program Office of NOAA19 which includes the Regional Integrated 
Science Assessment Network20 to support delivery of climate services. 
So-called networks of networks, consisting of NGOs as well as state 
and city government programmes, have provided an alternative to 
federal support. For example, the Science for Adaptation Network was 
formed subsequent to dismantling the federal advisory group to the US 
National Climate Assessment (Moss et al., 2019).

14.7.2 The Solution Space

14.7.2.1 Incremental Adaptation, Barriers and Limits

Adaptation actions to moderate the effects of climate impacts are well 
documented in North America and have buffered much of the past and 
currently observed climate impacts (e.g., Lempert et al., 2018; Lemmen 

14 See www.infrastructure.gc.ca/plan/crbcpi-irccipb-eng.html

15 See www.scc.ca/en/nisi

16 See www.pievc.ca

17 See www.usgs.gov/ecosystems/climate-adaptation-science-centers

18 See www.climatehubs.usda.gov

19 See https://cpo.noaa.gov

20 See https://cpo.noaa.gov/Meet-the-Divisions/Climate-and-Societal-Interactions/RISA/About-RISA

et al., 2021). While it is challenging to catalogue adaptation activities, 
as many are not published or are not necessarily undertaken with 
climate adaptation as the primary rationale (Section 1.3.2.2), most of 
the activities identified by sector in this chapter have been primarily 
incremental adaptation measures (medium evidence, high agreement). 
Many actions are extensions of existing practices for managing 
climate variability and there is broad agreement that worsening future 
conditions will exceed the capacity of many of these efforts (Kates 
et al., 2012; Termeer et al., 2017; Fazey et al., 2018; Fedele et al., 2019; 
Shi and Moser, 2021).

Progress in adaptation planning and implementation between regions 
in North America is uneven (Table 14.6; see Box 14.7; Bierbaum et al., 
2013; Moser et al., 2017; Auditors General, 2018; INECC and Semarnat, 
2018; Shi and Moser, 2021). At the local level (cities) in the USA, 
commitment of elected officials, financial resources and awareness 
of climate-change hazards and risks have been identified as driving 
the variation in climate adaptation (Shi et  al., 2015). Adaptation 
programmes have come under budgetary and political pressures 
that limit continuity of efforts (Moss et al., 2019). Implementation of 
adaptation has also faced challenges due to institutional arrangements, 
constraints and gaps that prevent different levels of government, 
social organisations and academia to act in an integrated and timely 
way to consider biodiversity, agriculture and water systems (e.g., see 
Box 14.7; Bourne et al., 2016; Nalau et al., 2018)

Adaptive capacity in the face of climate risks and impacts has not 
been equal across North American communities (Sarkodie and 
Strezov, 2019). Lack of representation, health inequities and economic 
constraints adversely affect the capacity to respond to change and 
further exacerbate marginalisation. For example, within many water 
basins in Canada and the USA, planning processes are often hampered 
by conflicting interests, asymmetrical information and differential 
power (ICLEI Canada, 2016; Nordgren et al., 2016; Woodruff and Stults, 
2016).

The absence of evidence about the current effectiveness of proposed 
adaptation actions to guide future actions and investments presents 
a serious risk to North America, especially at higher GWLs (medium 
confidence). Evaluating the limits to adaptation and the effectiveness 
of adaptation actions is hindered by a lack of monitoring and evaluation 
(Auditors General, 2018; Dilling et al., 2019; Berrang-Ford et al., 2021). 
Incremental, passive adaptations are often characterised by soft limits 
due to differing access to resources and by perceptions and tolerance 
of risk (Moser, 2010; Dow et  al., 2013). At current warming levels, 
social–ecological systems have been reaching limits to adaptation in 
regions with high exposure and high sensitivity (medium confidence). 
However, the implications for adaptation are unclear as soft 
adaptation limits are mutable and change with evolving knowledge, 

http://www.infrastructure.gc.ca/plan/crbcpi-irccipb-eng.html
http://www.scc.ca/en/nisi
http://www.pievc.ca
http://www.usgs.gov/ecosystems/climate-adaptation-science-centers
http://www.climatehubs.usda.gov
https://cpo.noaa.gov
https://cpo.noaa.gov/Meet-the-Divisions/Climate-and-Societal-Interactions/RISA/About-RISA
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Table 14.6 |  Adaptation trends and progress across sectors. Adaptation progress consists of assessment (A), planning (P), implementation of strategies (I) and evaluation of 
efficacy (E).

Adaptation progress Limits

Sector Strategies Cases A P I E Soft Hard

Terrestrial 
ecosystems 
(Section 14.5.1.1)

Broad use of tools such 
as scenario planning, 
structured decision making 
and adaptation planning 
frameworks

Planning for climate refugia in the Sierra 
Nevada of California, USA (Morelli et al., 
2016)

H H
L 
to 
M

L

Management agency internal 
policies which may prevent 
the flexibility required for 
implementation of adaptation 
strategies

Some species may 
face local extirpation 
or even extinction if 
adaptive capacity is 
overwhelmed

Oceans 
(Section 14.5.2)

Proactive and rapid 
management approaches 
to minimise impacts of 
increasingly frequent 
entanglements of protected 
species, caused by 
climate-driven changes in 
prey and fishery activities

Dynamic closure areas to reduce 
loggerhead turtle bycatch in Hawaiian 
shallow-set longline fisheries (Howell 
et al., 2015; Lewison et al., 2015), blue 
whale ship-strike risk in near-real time 
(Hazen et al., 2017; Abrahms et al., 2019a) 
and bycatch of multiple top predator 
species in a West Coast drift gillnet fishery 
(Hazen et al., 2018)

H H M M

Lack of coordination and 
planning at multiple scales 
as species redistribute across 
fishery areas, marine protected 
zones and international and 
jurisdictional boundaries

Marine species 
mortality events

Freshwater 
resources 
(Section 14.5.3)

Forecasting and warning of 
harmful algal blooms (HABs) 
that affect water quality

Reduced human exposure to the increased 
risk of toxins from HABs in the Great 
Lakes

M
L 
to 
M

L 
to 
M

L 
to 
M

Financial resources required 
to enhance water treatment 
facilities to deal with HABs, 
technological innovation to 
improve treatment and removal 
of HABs, closure of recreational 
water use

Severe human health 
effects, mortality of 
aquatic species

Water availability 
(Section 14.5.3)

Water allocation policies 
reassessed to enhance 
equity, sustainability 
and flexibility in times of 
shortage through sharing 
agreements, improved 
groundwater regulation and 
voluntary water transfers

US Colorado River interstate shortage 
sharing agreement

H H M
L 
to 
M

Complex legal and 
administrative challenges, 
heightening lengthy disputes 
and costly interstate legal 
battles

Depletion of finite 
groundwater 
resources and 
reduced flow in 
hydrologically 
connected rivers

Food and fibre 
(Section 14.5.4)

Improved climate resilience 
through increasing income 
and harvest/crop portfolio 
diversification

Fishing communities in the US-SW and 
US-NE through nature-based aquaculture 
solutions (Messier et al., 2019; Rogers 
et al., 2019; Young et al., 2019; Fisher 
et al., 2021)

H H
M 
to 
H

M
Lack of high-resolution and 
locally tailored climate-change 
information

Collapse of fisheries 
and loss of crops 
due to excessive 
warming and 
extreme events

Cities and 
infrastructure 
(Section 14.5.5)

Consideration of the value 
of green infrastructure and 
natural assets to meet a 
range of adaptation needs 
related to flooding, extreme 
urban heat, SLR and drought

Municipal Natural Assets Initiative to 
assist Canadian municipalities to integrate 
natural assets in financial planning and 
asset management programmes and 
consider projected climate changes 
(Municipal Natural Assets Initiative, 2018)

H H M
L 
to 
M

Organisations’ willingness 
to take on solutions that are 
emergent and less tested;
capacity for municipalities to 
undertake the development 
and assessment of this new 
infrastructure

Rate and magnitude 
of climate changes 
exceeding capacity 
of natural/green 
infrastructure to 
cope

Health and 
communities 
(Sections 14.5.5, 
14.5.6)

Access to green spaces, 
cooler infrastructure and 
cooling stations

The heatwave plan for Montreal which 
includes visits to vulnerable populations, 
cooling shelters, monitoring of 
heat-related illness and extended hours 
for public pools (Lesnikowski et al., 2017)

H H
L 
to 
M

L 
to 
M

Lack of effective warning 
and response systems, ability 
to reach at-risk populations, 
building designs, enhanced 
pollution controls, urban 
planning strategies, and 
affordable, resilient health 
infrastructure

Extreme increase 
in heat-related 
mortality and 
morbidity

Tourism and 
recreation 
(Section 14.5.7)

Diversification of 
winter-focused recreation 
and tourism opportunities

Investments in climate-resilient 
infrastructure within Canadian National 
Parks which have increased visitation 
rates during the shoulder seasons 
(Fisichelli et al., 2015; Lemieux et al., 2017; 
Wilkins et al., 2018)

H H M L

Social inequalities generated 
by the tourism development 
process not considered, such 
as increased property taxes 
leading to the marginalisation 
of local residents in favour of 
wealthy tourists

Lack of precipitation 
that falls as snow 
particularly in 
lower-elevation 
areas
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values, interests and perspectives involved in decision making (Adger 
et al., 2009; Moser et al., 2017). Hard limits have been identified for 
some natural systems, such as species extinctions (Sections 14.5.2.1, 
14.5.1.3; Table 14.2).

Adaptation actions in one place or sector can have adverse side 
effects elsewhere (medium confidence). For example, increased use 
of groundwater for irrigation in response to aridification can reduce 
baseflows into rivers with adverse impacts on stream ecology and 
water availability for communities far downstream (Section  14.5.3). 
Additionally, across multiple sectors in North America, adaptation 
actions have tended to be sector specific rather than integrating 
across systems (Gao and Bryan, 2017; Fulton et al., 2019), despite the 
increasing awareness of cascading impacts and interdependencies 
(Zimmerman and Faris, 2010; C40 Cities and AECOM, 2017) and 
risks from possible ecological and social thresholds that have been 
identified under higher GWL (Section 14.6.3). For example, the water, 
energy and food nexus in North America has highlighted that food, 
water and energy security depend on transportation infrastructure 
(Section 14.5.8.1.2; Romero-Lankao et al., 2018).

14.7.2.2  Adaptation Through Participatory and Robust Decision 
Making, Indicators and Sustained Assessments

In response to some of the challenges presented in Section 14.7.2.1, 
substantial progress has been made in the North American context on 
the development of climate services, indicators, sustained assessments, 
and participatory and stakeholder-driven robust decision making 
(medium confidence) (Fazey et  al., 2018; Fedele et  al., 2019; Moss 
et al., 2019; Boon et al., 2021; Werners et al., 2021).

Decision making related to adaptation policies, plans and projects has 
become more formalised, emphasising participatory governance and 
co-production of knowledge. Canada has improved capacity with its 
Canadian Expert Panel on Climate Change Adaptation and Resilience 
Results and the recent National Adaptation Plan (Section  14.7.1.5), 
with the development of a series of indicators to measure progress 
on adaptation (EPCCAR, 2018; Government of Canada, 2021a). In the 
USA, indicators have been developed to communicate climate risks 
and guide adaptation efforts from federal (Kenney et al., 2020) to more 
regional initiatives (Kenney and Gerst, 2021). These climate indicators 
have been used to support user-driven assessments and to articulate 

adaptation goals (Moss et  al., 2019; Kenney et  al., 2020); however, 
these frameworks have not sufficiently incorporated monitoring and 
evaluation into adaptation plans (Lempert et al., 2018; Kenney et al., 
2020). Tools and services to facilitate risk assessment and action 
planning have been made available through federal government 
climate service efforts, and guidance for their use has been developed 
(Vano et al., 2018); however, these products have been characterised 
as insufficiently developed to allow all adaptation practitioners to use 
these services (Meerow and Mitchell, 2017).

Throughout North America, co-development (or co-production) of adap-
tation efforts among stakeholders who share common climate vulner-
abilities or risk levels (e.g., individuals, groups, communities, businesses 
or institutions) has been a core attribute of adaptation planning (Mees 
et al., 2016) and ranges across many sectors (e.g., Sections 14.5.2.2, 
14.5.3.3, 14.5.4.3). Participatory efforts and robust decision making 
have also been observed; some integrated watershed planning proc-
esses have high degrees of sustained stakeholder involvement (Sec-
tion 14.5.3.3; FAQ 14.4; Harris-Lovett et al., 2015; Cantú, 2016).

14.7.2.3 Transformational Adaptation and Climate Resilience

Climate change and its projected impacts pose a substantial risk to North 
America as a region as well as to sectors, communities and individuals 
(Section 14.6.2). Incorporating different values and knowledge systems, 
consideration of equity and justice as core objectives and addressing 
underlying vulnerabilities are principles that can guide transformational 
adaptation and resilience (medium confidence).

Approaches that advance adaptation within the existing contexts 
(finances, institutions and processes) have been increasingly promoted 
by governments to mainstream climate risk into all considerations 
(Rosenzweig and Solecki, 2014; Van der Brugge and Roosjen, 2015; 
Boon et  al., 2021; Shi and Moser, 2021). Policies and programmes 
that build upon existing approaches that have inherent climate 
resilience including Indigenous knowledge-based land and resource 
management (Section  14.5.4), co-management of agriculture and 
freshwater resources (Section  14.5.3), NbS (see Box  14.7), links 
between health and equity, and ecosystem-based management 
(Sections  14.5.2–14.5.4) have advanced sustainable and equitable 
climate resilience. Implementing the recommendations in the ASCE 
committee’s report on adaptation to a changing climate (2018a) 

Adaptation progress Limits

Sector Strategies Cases A P I E Soft Hard

Commerce and 
transportation 
(Section 14.5.8)

Improved engineering 
and technological 
solutions, in addition 
to innovative policy, 
planning, management and 
maintenance approaches, to 
enhance climate resilience 
for transportation and 
related commerce

For roads, changing pavement mixes 
to be more tolerant to heat or frost 
heaving, expanding drainage capacity, 
reducing flood risks, enhancing travel 
advisories and alerts, elevating or 
relocating new infrastructure where 
feasible and changing infrastructure 
design requirements (Natural Resources 
Conservation Service, 2008; EPA, 2017; 
Pendakur, 2017)

H H M L

Lack of financial resources 
to build climate-resilient 
infrastructure, particularly in 
marginalised communities

Extreme events 
which may cause 
significant and 
irreversible impacts 
on the transportation 
sector with major 
implications for 
supply chains and 
global trade

Note:

L: low, M: moderate, H: high
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and Canada’s Infrastructure and Buildings Working Group report has 
been identified as an opportunity to improve social equity by ensuring 
the resilience of infrastructure and the services it provides, through 
adoption of standards and good asset management practices (Amec 
Foster Wheeler Environment and Infrastructure, 2017; ASCE, 2018a).

Long-term policy signals to incentivise ongoing, scalable adaptation 
action that is coordinated with mitigation efforts will increase actions 
and prevent potential maladaptive investment (Moser, 2018; Shi 
and Moser 2021). Using SDG goals and the NDCs as a framework 
for inclusive and coordinated partnership and vertical integration 
across subnational, national and regional planning can promote 
climate resilient development (CRD) (Section 18.1.3). Coordination of 
policies and responses have been identified as supporting longer-term, 
transformational adaptation and minimising risk (Termeer et al., 2017; 
Fazey et  al., 2018). New approaches for enabling and incentivising 
transformative adaptation in North America are rapidly emerging 
(Colloff et al. 2017; Fedel et al. 2019; Werners et al. 2021). Evaluation 
of the feasibility of evolving adaptation strategies is only in the early 
stages, but recent work has provided the foundation for assessing 
these considerations (Table 14.7; Chapter 16).

Differing values, perspectives, interests and needs of relevant actors 
(Dittrich et  al., 2016) through participatory processes, such as co-
production of knowledge (Meadow et  al., 2015; Wall et  al., 2017), 
have been incorporated through the Resilience Dialogues21 and the 
development of guidance on climate scenarios (Chaumont, 2014). 
Framing of adaptation goals strongly determines beneficiaries of 
resultant policies and underscores the importance of a plurality of 

21 See www.resiliencedialogues.org

perspectives in adaptation governance (Cochran et al., 2013; Plummer, 
2013; Allison and Bassett, 2015; Raymond-Yakoubian and Daniel, 2018). 
Sustained engagement through iterative knowledge development, 
learning and negotiation has been identified as core for addressing 
climate risks (Kates et al., 2012; Seijger et al., 2014). Interdisciplinary 
and inclusive adaptation programmes that embrace and plan for conflict 
and resolution, and address inequalities, have been part of broadening 
the opportunities for engagement (Cantú, 2016; Termeer et al., 2017; 
Parlee and Wiber, 2018; Sterner et al., 2019; Haasnoot et al., 2020).

Equity and justice in climate adaptation have been identified as providing 
a foundation for resilience in natural, social and built systems (Cochran 
et  al., 2013; Reckien et  al., 2017; Schell et  al., 2020). This approach 
recognises that social vulnerability undermines efforts to increase adaptive 
capacity and that adaptation may also entrench existing social inequities, 
such as marginalisation of communities of colour, gender discrimination, 
legacy effects of colonisation and gentrification of coastal communities 
(Schell et al., 2020; Thomas, 2020). Thus, identifying systemic racism and 
the effects of colonialism within and across institutions has also been 
identified as part of achieving more just and equitable adaptation (Shi and 
Moser 2021). Acknowledgement and incorporation of IK in adaptation 
planning and implementation also recognises Indigenous sovereignty 
issues and the importance of the equitable role of Indigenous self-
determination in governance and planning (see Box 14.1; Section 14.4; 
Raymond-Yakoubian and Daniel, 2018).

Strategies have been emerging to facilitate progress by including specific 
guidance on tools for financing and funding climate-change adaptation 
infrastructure (Berry and Danielson, 2015; Chen et  al., 2016; Zerbe, 

Table 14.7 |  Simplified example for transitioning from incremental to transformative adaptation approaches to support future climate-resilient sustainable development

Adaptation approaches Mitigation Feasibility dimensions

Hazard Response Incremental Transformational
Evidence/

agreement
Co-benefits Barriers Enablers

Extreme 
storms causing 
severe flooding 
and erosion

Integrated 
ecosystem and 
watershed 
management

Restoration of stream 
corridors to incorporate 
environmental flows; 
continuing to build 
hardened surfaces and 
stream diversions in urban 
areas to accommodate 
infrequent, yet extreme, 
storm events

Restoration of streambanks 
and beds to stabilise 
and slow flows; use of 
drought-tolerant plantings 
and shade trees to 
reduce evaporation rates; 
incorporation of pervious 
surfaces in urban settings 
in combination with 
designating wide buffer 
area within floodplains to 
accommodate increased 
frequency of extreme 
events; integration of equity 
and justice considerations

Medium

Conservation 
of soil and 
increased 
opportunity 
for carbon 
sequestration

Sectors working in 
silos, inadequate 
financing, inability to 
identify shared goals 
(EC, INST, SOC, GEO)

Development of a 
coordinated suite of 
adaptation efforts, 
co-produced among 
stakeholders and 
across sectors (INST, 
SOC, ENV, TEC)

Notes:

This table is modified from the IPCC SR1.5 adaptation feasibility assessment for Land and Ecosystem Transitions (IPCC, 2018). Feasibility dimensions (can be barriers and/or 
enablers) are as follows: Economic (EC), Technological (TEC), Institutional (INST), Sociocultural (SOC), Environmental/Ecological (ENV) or Geophysical (GEO) (Chapter 16).

http://www.resiliencedialogues.org
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2019). This includes facilitating transitions between incremental and 
transformational efforts to facilitate CRD (Figure 14.12; Chapter 18).

The extent to which resilient infrastructure contributes to social 
justice and equity has also been taken into consideration (Climate-
Safe Infrastructure Working Group, 2018; Doorn, 2019). Proactive 
actions focused on small towns and rural areas—including the 

interdependencies between cities and surrounding areas—increases 
the potential that small and medium cities can build adaptive capacity 
at a pace that is commensurate with present and future risks (Moss 
et al., 2019; Vodden and Cunsolo, 2021). This coordination also creates 
greater opportunity for translation of knowledge into practice and 
assessing knowledge in the context that it is to be applied to improve 
decision making across scales (Enquist et al., 2017; Moss et al., 2019).

Conceptual diagram of the key elements for expanding the adaptation solution space
and implementing climate-resilient development

Figure 14.12 |  Conceptual diagram of the key elements for expanding the adaptation solution space and implementing climate resilient development 

(Chapter 18). Adapted from Shi and Moser (2021).
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Box 14.7 | Nature-based Solutions to Support Adaptation to Climate Change

Nature-based Solutions (NbS) are ‘actions to protect, sustainably manage, and restore natural or modified ecosystems, that address 
societal challenges effectively and adaptively, simultaneously providing human well-being and biodiversity benefits’ (IUCN, 2016). Such 
NbS in the context of climate change, or nature-based adaptation see (Box 1.3), can jointly address multiple social–ecological issues 
related to climate-change hazards, impacts, adaptation and mitigation (Figure Box 14.7.1; Cross-Chapter Box NATURAL in Chapter 2). 
Successful nature-based adaptation draws from existing adaptation approaches (Borsje et al., 2011; Temmerman et al., 2013; Law et al., 
2018; Reguero et al., 2018; Buotte et al., 2019) and is applied across ecological and human systems (high confidence) (Table Box 14.7.1; 
Figure Box 14.7.1).

Adaptations: Forest thinning; prescribed 
burning; cultural burning
Benefits: Increase carbon storage; protect 
biodiversity; increase resilience to fire and 
drought
Caution: potential for failed regeneration

Adaptation: Green cities and urban 
spaces; green infrastructure; habitat 
restoration
Benefits: Protection from flooding; 
reduce heat-island effects and 
related human health 
risks; maintain and 
enhance carbon 
storage and 
biodiversity

Adaptation: Protect and restore barrier habitats; combined 
natural and built infrastructure
Benefits: Wave attenuation, erosion and flood reduction 
from storm events exacerbated by SLR

Adaptation: Forest preservation and 
restoration
Benefits: Enhance carbon storage; 
protect biodiversity; reduce soil erosion

Adaptation: Integrated watershed 
management
Benefits: Increase carbon storage; protect 
biodiversity; regulate seasonal 
streamflows; reduce water treatment costs; 
improve water quality and quantity; reduce 
soil erosion

Adaptation: Agroforestry; winter cover crops; 
revegetate stream buffers; wetland protection
Benefits: Maintain crop yields; reduce soil erosion; 

reduce crop heat stress; enhance carbon 
storage; enhance biodiversity

Adaptation: Protect critical habitats, kelp forests and coral reefs; 
ecosystem-based management
Benefits: Support fish and shellfish resources; promote ecosystem 
resilience; maintain and enhance carbon storage and biodiversity

Climate hazards protection services provided by nature-based solutions

Figure Box 14.7.1 |  Climate hazard protection services provided by Nature-based Solutions

Through a capacity to evolve to keep pace with climate change, these approaches can impart self-sustaining and cost-efficient long-term 
protection in addition to serving as biodiverse, carbon sinks (Scyphers et al., 2011; Cheong et al., 2013; Temmerman et al., 2013; Rodriguez 
et al., 2014; Herr and Landis, 2016; Sasmito et al., 2016; Reguero et al., 2018). Nature-based adaptation is generally less expensive and 
strengthens over time, as compared with built infrastructure which erodes with time (medium confidence) (Narayan et al., 2016; Smith 
et al., 2017; Sutton-Grier et al., 2018). Analysis of the impacts of Hurricane Sandy determined that communities located behind wetlands 
experienced 20% less damage (Narayan et al., 2016). Coral reefs are providing 544 million USD yr−1 (Beck et al., 2018a) and mangroves 
22 billion USD yr−1 in property protection for coastal communities in the USA and Mexico (Beck et al., 2018b). By 2030, flooding from 
changes in storms, SLR (based on RCP8.5) and increases in built infrastructure in the US Gulf Coast may result in net economic losses of 



14

1997

North America  Chapter 14

up to 176 billion USD, of which 50 billion USD could be avoided through implementation of nature-based measures including wetland 
and oyster reef restoration and other green infrastructure (see Box 14.4; Section 14.5.2; EPA, 2015b; Reguero et al., 2018).

Innovative approaches in Canada (Borsje et al., 2011; Spalding et al., 2014; Soto-Navarro et al., 2020) and the USA (Law et al., 2018; 
Buotte et al., 2019; Soto-Navarro et al., 2020) have led to social and environmental co-benefits and could address both future climate 
risk and long-standing social injustices (Hobbie and Grimm, 2020; Schell et al., 2020; Cousins, 2021). Effective nature-based adaptation 
requires a well-coordinated suite of adaptation efforts (e.g., assessment, planning, funding, implementation and evaluation) that is co-
produced among stakeholders and across sectors (high confidence) (Millar and Stephenson, 2015; Kabisch et al., 2016; Dilling et al., 2019; 
Morecroft et al., 2019; Lavorel et al., 2020). Evaluating the efficacy of nature-based adaptation may become more tractable with more 
uniform guidelines for implementation (Scarano, 2017; Malhi et al., 2020; Seddon et al., 2020), and coordination in scaling-up local-level 
nature-based adaptation measures is likely to facilitate long-term success (Gao and Bryan, 2017).

Table Box 14.7.1 |  Nature-based adaptation in North America

Sector NbS actions Benefits References

Coasts

Conservation and restoration of barrier 
habitats, salt marshes, mangroves, 
coral and oyster reefs, sand dunes and 
river deltas; combined natural and built 
infrastructure (e.g., oyster reef in front of 
breakwall)

Wave attenuation; erosion and flood 
reduction from storm events exacerbated 
by SLR; novel, created habitats, 
connectivity; recreation, quality of life

Borsje et al. (2011); Scyphers et al. (2011); Cheong et al. (2013); 
Pinsky et al. (2013a); Temmerman et al. (2013); Ferrario et al. (2014); 
Möller et al. (2014); Rodriguez et al. (2014); Spalding et al. (2014); 
Yates et al. (2014); EPA (2015b); Grenier et al. (2015); Brandon et al. 
(2016); Herr and Landis (2016); Narayan et al. (2016); Sasmito et al. 
(2016); Ward et al. (2016); Aerts et al. (2018); Beck et al. (2018a); 
Morris et al. (2018b); Moudrak et al. (2018); Reguero et al. (2018); 
Sutton-Grier et al. (2018)

Watershed approaches such as protecting 
and restoring forests and wetlands in 
coastal watersheds, adopting stream 
buffers in agricultural areas (see 
agriculture below)

Creation of a less flashy/variable hydrology; 
reduction in sediment, nutrient, hazardous 
chemical input to coastal waters and 
reduction in eutrophication and other 
water quality impairments, notably in deep 
waters where fish seek refuge from rising 
sea surface temperatures

Deutsch et al. (2015b); Boesch (2019); CENR (2010)

Aquaculture
Controlled culture of fish, bivalves, corals 
and other marine species

Enhancement and restoration of, and 
reduction in pressure on, wild species and 
ecosystems; restoration of threatened 
species such as coral reef species; storage 
of carbon

Froehlich et al. (2017); Reid et al. (2019); Theuerkauf et al. (2019)

Agriculture
Re-vegetation of stream buffer zones; 
planting of winter cover crops; wetland 
protection and restoration; agroforestry

Self-sustaining and cost-efficient 
long-term protection from soil erosion; 
maintenance and enhancement of crop 
yields; enhancement of carbon sinks; 
enhancement of biodiversity; reduction in 
nutrient input to coasts

CENR (2010); Boesch (2019); Seddon et al. (2020)

Urban areas

Replacement of impervious surfaces 
with permeable pavement, green space, 
parks, wetlands and green infrastructure 
(e.g., stormwater ponds, bioswales, rain 
gardens, green roofs); community gardens 
and urban forests; restoration of natural 
habitats

Reduction in urban heat island effects 
and air pollution; self-sustaining and 
cost-efficient long-term protection from 
flooding, erosion and SLR; enhancement of 
carbon sequestration biodiversity, habitat 
and connectivity; improvement in quality of 
life and human health benefits

Hobbie and Grimm (2020); Brown et al. (2021)

Box 14.7 (continued)
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Sector NbS actions Benefits References

Terrestrial

Forest conservation based on productivity 
and vulnerability to drought and fire; 
longer harvest rotations

Increase in carbon storage and biodiversity
Law et al. (2018); Buotte et al. (2020); Soto-Navarro et al. (2020); 
Mori et al. (2021)

Forest thinning; prescribed burning; 
cultural burning

Reduction in wildfire risk and severity; 
increase in forest resilience to fire; 
reduction in forest drought stress; increase 
in carbon storage

See Box 14.2 and citations therein.

Protection and restoration of natural 
forests

Regulation of stream flow; reduction in soil 
erosion; protection and enhancement of 
biodiversity

Lawler et al. (2020); Seddon et al. (2020)

Beaver (Castor canadensis) reintroduction Regulation of seasonal stream flow McKelvey and Buotte (2018); Vose et al. (2018)

Freshwater
Forests to Faucets and other watershed 
restoration projects for stream and 
drinking water protection

Improvement in water quality; reduction in 
drinking water treatment costs; increase in, 
and regulation of, streamflow

Gartner et al. (2017); Claggett and Morgan (2018); Price and 
Heberling (2018)

Box 14.7 (continued)

Frequently Asked Questions

FAQ 14.4 | What are some effective strategies for adapting to climate change that have been implemented across 

North America, and are there limits to our ability to adapt successfully to future change?

Climate adaptation is happening across North America. These efforts are differential across sectors, scale and scope. Without more integrative 
and equitable approaches across broad scales, known as transformational adaptation, the continent may face limits to the future effectiveness 
of adaptation actions.

Across North America, progress in introducing climate adaptation is steady, but incremental. Adaptation is typically 
limited to planning, while implementation is often hindered by ‘soft’ limits, such as access to financial resources, 
disparate access to information and decision-making tools, the existence of antiquated policies and management 
frameworks, lack of incentives and highly variable political perceptions of the urgency of climate change.

Cities and other state and local entities are taking the lead in adaptation efforts, particularly in terms of mainstreaming 
the use of many approaches to adaptation. These approaches include a suite of efforts ranging from assessment of 
impacts and vulnerability (relative to individuals, communities, jurisdictions, economic sectors, natural resources, 
etc.), planning processes, implementation of identified strategies and evaluation of the effectiveness of these 
strategies. Other institutions (e.g., NGOs, professional societies, private engineering and architecture businesses) 
also are making significant progress in the adaptation arena, particularly at local to regional levels.

The water management and utilities sectors have made significant progress towards implementation of adaptation 
strategies using broad-based participatory planning approaches. Consideration of climate change is now folded 
into some ongoing watershed-wide planning efforts. An example is provided by the One-Water-One-Watershed 
(OWOW) approach followed by the Santa Ana Watershed Project Authority (SAWPA) in southern California. SAWPA 
is a joint powers authority comprising five regional water districts that provide drinking water to more than 6 million 
people as well as industrial and irrigation water across the 2400-square-mile watershed. The OWOW perspective 
focuses on integrated planning for multi-benefit projects and explicit consideration of the impacts of any planning 
option across the entire watershed. Planning is supported by stakeholder-driven advisory bodies organised along 
themes that consider a full suite of technical, political, environmental and social considerations. SAWPA provides 
member agencies with decision-support tools and assistance to implement water conservation policies and pricing 
regimes, and one member agency is an industry leader on potable water recycling.

The marine and coastal fisheries sector also has shown considerable progress in climate adaptation planning, 
particularly in terms of assessing impacts and vulnerability of fisheries. Along the Pacific Northwest coast of the 
USA and Alaska, seasonal and sub-seasonal forecasts of ocean conditions exacerbated by warming (e.g., O2, pH, 
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temperature, sea ice extent) already have informed fisheries and aquaculture management. Similarly, forecasts and 
warnings have reduced human exposure to the increased risk of toxins from HABs in the Gulf of Mexico, the Great 
Lakes, California, Florida, Texas and the Gulf of Maine.

Professional organisations and insurance play an important part in mainstreaming climate adaptation. Government 
and private-sector initiatives can help address adaptation efforts through building-design guidelines and engineering 
standards, as well as insurance tools that reflect the damages from climate impacts. Through the identification of 
climate risks and proactive adaptation planning, the private sector can contribute to reducing risks throughout 
North America by securing operations, supply chains and markets.

Indigenous Peoples and rural community efforts across the continent show great potential for enhancing and 
accelerating adaptation efforts particularly when integrated with Western-based natural resource management 
approaches, such as cultural burning and other traditional practices that reduce the buildup of fuels, in addition 
to prescribed fire and mechanical thinning. In the agricultural sector, examples include planting and cultivation 
of culturally significant plants, as a traditional practice of soil conservation, in addition to food crops or in lieu of 
synthetic or mechanical soil treatments.

Future changes in climate (e.g., more intense heatwaves, catastrophic wildfire and post-fire erosion, SLR and forced 
relocations) could exceed the current capacity of human and natural systems to successfully adapt (or ‘hard limits’). 
The inclusion and equitable contribution of Indigenous Peoples and rural communities in decision-making and 
governance processes—including recognition of the interdependencies between cities and surrounding areas—
increases the likelihood of building adaptive capacity at a pace that is commensurate with present and future 
climate-change risks.

Large-scale, equitable transformational adaptation likely will be required to respond to the growing rate and 
magnitude of changes before crossing tipping points where hard limits exist, beyond which adaptation may no 
longer be possible. Increasingly, there are calls for accelerating and scaling up adaptation efforts, in addition to 
aligning policies and regulatory legislation at multiple levels of government. Improved processes for adaptation 
decision making, governance and coordination, across sectors and jurisdictions, could enhance North America’s 
capacity to adapt to rapid climatic change. These actions include a focused societal shift, across governments, 
institutions and transnational boundaries, from primarily technological approaches to NbS that help foster changes 
in perception of risk and, ultimately, human behaviour.

Box FAQ 14.4 (continued)
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helicopter and two fixed-wing flights 
supplemented the ground survey and provided 
additional data for mapping the extent of potential 
tortoise habitat. 

Since the fieldwork was conducted during the 
late summer and early fall of 1973 and in the winter 
of 1974-75. peak above-ground activity was not 
encountered. Therefore. signs of tortoise rather 
than absolute tortoise numbers became important 
measures of tortoise abundance. Signs used were: 
(I) tortoise burrows. (2) scats. (3) shells. and (4) 
tracks. These measures of relativo! density were 
standardized by comparing the frequencies of 
these indicators from areas of known density with 
those from areas of unknown density. 

The criteria used to determine the presence of 
desert tortoises were: 

Burrow count.l".-The relations between burrow 
numbers and tortoise numbers may vary greatly 
with geographic location (Auffenberg 1969) but is 
relatively consistent for some areas (see 
Auffenberg and Franz. this volume). Woodbury 
and Hardy (1948) report a ratio of 4: I for summer 
burrows and winter dens. I n California. a 
distinction between burrows and dens as defined 
by Woodbury and Hardy (1948) is difficult to 
make. A tortoise may use one burrow continuously 
for several weeks. then move and begin to use 
another (Marlow 1974). Alternatively. a tortoise 
may use several burrows within its home range. 
Further. some desert tortoises in California may 
spend the winter dormancy period in only a 
shallow burrow. I did not differentiate between 
summer burrows and winter dens-all wc:;re scored 
as burrows 

In making burrow counts. I noted the size and 
shape of the burrow as well as activity indicators 
such as plastron-slide marks. the amount of debris 
at the mouth of the burrow. lack of spider webs or 
the crescent shape of existent webbing. and tracks. 
I used these criteria to determine whether a burrow 
was occupied and to estimate the approximate size 
of the animal using it. A flashlight or reflective 
mirror was often used to light the interior of 
burrows. Probing with a meter stick sometimes 
caused tortoises to stir and. occasionally. 
pounding on the ground at the entrance caused a 
tortoise to emerge. Because signs of burrow use are 
often lacking during the fall and winter. it is almost 
impossible to determine whether a burrow is 
occupied unless the animal is in sight. Locating 
burrows is crucial in the censusing process and 
careful. concentrated search not only of open 
ground but also around bushes is necessary to find 
all the burrows along a transect. 

Tortoise hurrows are distinctly crescent-shaped 
and slant downward at a slight angle. If the burrow 
entrance was small and crescent-shaped. but 
suddenly tapered to a rounded hole. it was 
assumed to be the burrow of a kangaroo rat 
(Dipodom .... \· sp.). Ground squirrels (Spermophi/u.I' 
and Ammo.l"perll1opi1i1us) also construct round 
holes. Burrows constructed by juvenile tortoises 
are small and may resemble rodent or lizard 
burrows. Illumination of the burrow interior 
usually is needed for accurate identification of the 
animal that built it. The size of a tortoise burrow is 
related to the size of the animal using it. For 
example. an adult male with a carapace length of 
25.1 cm (examined near Daggett. San Bernardino 
County. on 23 August 1973) occupied a hurrow 
38.5 cm wide and 17.5 cm high. 

Sca/s-The presence of scats confirms that a 
tortoise once used an area. and the size oft he scat is 
an indicator of the size of the tortoise. A medium
sized female (129 mm carapace length) deposited 
scats that averaged 16.3 mm long (N= 13). Tortoise 
scats are distinctive (Fig. I). and with practice can 
be distinguished from the fecal material of any 
other desert vertebrate. They are cylindrical. often 
tapered to a point at one end. and composed 
largely of vegetahle matter: some contain large 
amounts of sand and grit or consist entirely of 
sand. Recently deposited scats have a shiny. 
blackish coating; with exposure. this coating wears 
off and the scat disintegrates rapidly. Scats 
deposited in early spring disintegrate readily 
because they are composed of flowering stalks and 
other succulent portions of annuals. Summer food 
consists largely of the dry portions of annuals. 
especially grasses. and scats containing these 
persist for longer intervals. Prcdator scats wcre 
also examined to determine presence of tortoise 
remams. 

Tortoise si1ells--- The presence of tortoise shells 
also indicates that tortoises live (or formerly lived) 
in an area. However. since shells may be 
transported by carnivores and humans. their 
presence in a particular locality does not 
necessarily mean that the tortoise succumbed at 
that site. 

The deterioration of the shell gives some 
indication of time since the animal's death (Berry 
1974a. 1975). The horny scutes may adhere tightly 
to the bony skeleton from 6 months to I year; over 
a period of 1-2 years. they gradually dry. lighten in 
color. and peel. The underlying bony structure of 
the shell then begins to disintegrate a process that 
may take from 2 to 5 years. 
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Fig. I. Examples of desert tortoise scats from a series 
collected near Hinkley, San Bernardino County, 
Cali fo rnia. In the right column, the top three consist of 
large amounts of sand and gravel, and the bottom two 
are relatively old scats that show weathering (from 
Luckenbach 1976). 

To rtoise rracks- T he use of to rt o ise tracks in 
est imating po pula ti on si7.e is of limited va lue. 
Trac ks may be visible o nly in a reas of sa nd or soft 
so il a nd may refl ect o nly periods of a bove-gro und 
activ ity . Ca reful trac king of individ ua l to rt oises 
may yie ld da ta o n ho me ra nge si7.e, burrow usage, 
feed ing ha bits, a nd reproductive state. Co pula tin g 
a nima ls may ofte n leave a sma ll , ro und depress io n 
as we ll as signs of rece nt ur ina t io n. If t racks lead to 
a ce rta in pla nt, dose exam ina tio n may revea l 
whether the pla nt has been eaten. 

F ig ure 2 s hows t racks made in aeo lia n sand nea r 
Hi nkley. Sa n Berna rdino Co unty. Note tha t the 
ma in trac k is left by the hind foot pad while the 
fo relimbs left o nly a sma ll depress io n; note a lso the 
ta il drag, indica tive o f ma les. 

E\'Iimation of Population Density 

Po pula t ion dens ity (individua ls per unit a rea ) is 
meas ur ed in m a ny ways (fo r rev iews see 
So uthwood 1966; La motte a nd Bo urliere 1969; 

. .... : . . ,.;. 

Fig.2. Desert tortoise tracks made in aeolian sand . Tail 
drag between tracks probably indicates a ma le (from 
Luckenbach 1976). 

a nd Seber 1973). T he id ea l is to meas ure a bso lute 
de nsity (the tota l number o f indi vidua ls within a 
defined a rea o r co mmunity) by: (a) counting tota l 
po pUlati o n. (b) ha rvesting, a nd (c) es tima ting fro m 
su rvey techniq ues s uc h as ma rk- reca pture indi ces 
or intensive quad rat sa mpling. T he method 
selec ted de pend s o n the nature o f the a nima l 
species a nd the length o f tim e tha t ca n be devoted 
to the stud y. 

Beca use o f tim e co nstra int s a nd the la rge si7.e of 
the ce nsus area, I meas ured the rela tive densi ty of 
torto ise po pula ti o ns. Determining rela ti ve de nsity 
depe nd s o n co llectin g o r meas u r ing sa mples tha t 
represent a re la t ively consta nt but unknow n 
rela ti o n to the popUla ti o n si7.e. A ltho ug h suc h a n 
est imate is not a re lia ble meas ure of a bso lut e 
density, it is a useful ind ex fo r compa ring 
po pulati o ns. 

Po pula tio n estima tes fo r the Desert Tortoise 
Reserve. Kern County. Ca lifo rnia , a re give n by 
Ma rlow ( 1974 a nd perso na l com mun ica tio n). a nd 
I determined the density of to rt o ises for a n a rea 
n o rth of Hinkley. San Be rn a rd ino Co unty. 
Tra nsect sa mples fro m these two a reas y ielded a 
base line of know n a bso lute density with which to 
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Table 1. Comparison of survey dalafrom the Desert Tortoise Reserve and Hinkley Site and from 137 
transect surveys. N = number of transects assigned 10 a density category. Transects are listed in the 
Appendix. Values are x ±S.D. (Range). 

Relative 
No. of tortoises No. of burrows Scats density a 

N Adult Juv. Active Inactive (km2) 

Desert Tortoise S 22.S±13.0 1.4 ± 1.9 44.S±9.2 41.2±4.S 19.6±3.0 35S 
Reserve (S-43) (0-4) (36-60) (36-48) ( 16-24) 

Hinkley S 14.4± 3.4 O.S±O.S 26.0±7.6 IS.S±4.4 22.S±9.6 217 
(9-IS) (0-2) (16-36) (12-24) (12-36) 

High density 33 4.4± 3.0 0.S±1.0 30.7±7.S 2S.3±6.0 11.9±7.7 157 
(0-10) (0-3) (IS-47) (17-37) (0-32) 

Medium density 69 3.0 ± 2.S 0.7±1.0 13.2±5.6 S.S±5.2 6.0±S.1 79 
(0-11) (0-4) (3-29) (0-21) (0-20) 

Low density 35 1.0 ± 1.2 0.2±0.4 4.6±4.9 2.S±3.4 1.I±2.2 27 
(0-4) (0-1) (0-19) (0-11) (0-7) 

a Relative density is determined by the formula: 
No. Ad. + No. Juv. + Active Burrows .;- 2 = X (No. per 13 hal; X -;- 0.13 = No. per km2. 

compare transect surveys (Table I). The number of 
tortoises encountered during each transect was 
extrapolated to density estimates per square 
kilometer. The ratio of active burrows to tortoises 
on the Desert Tortoise Reserve is about 2: I (R. W. 
Marlow, personal communication). Assuming a 
ratio of2 burrows per tortoise, I estimated tortoise 
numbers by burrow counts and used this ratio 
throughout my census. 

The survey areas were transects 6.4 km long and 
covered a width of 20 m (10 m on each side of the 
path). Burrows were often difficult to detect 
beyond this limit since they were easily obscured by 
bushes. The total area covered on each line transect 
(20 m x 6.4 km) was 13 ha. I extrapolated the 
counts from each survey to densities per square 
kilometer. These estimates should be recognized as 
only approximations of population size. 

Data from ground and air surveys (1973 and 
1974-75) were combined to develop density 
patterns over the California desert. Distinctions 
are made for high, medium, and low population 
levels. High population densities are considered to 
be more than 155 tortoises/ km2, medium to be 40-
155/ km2, and low to be less than 401 km2. Density 
patterns are based on a combination of factors: 
evidence of tortoise presence from surveys, habitat 
condition, and degree of habitat disturbance. 

Extent of Sun·e.l' 

The survey encompassed the Mojave Desert and 
Colorado Desert of California. The principal 
geographic and land features of this region are 
provided in Fig. 3; my field survey sites are shown 
in Fig. 4. 

Coverage of the California deserts varied. In the 
northwest Mojave Desert, extensive surveys were 
made of areas along State Highways 58, 14, and 
395 and along dirt roads in the EI Paso and 
Rainbow Basin Mountains and in the Harper and 
Water Valleys. Limited reconnaissance was made 
along the eastern flanks of the Sierra Nevada to 
determine elevational limits of tortoises in the 
foothills. Searles Valley was poorly surveyed, and 
Panamint Valley was not surveyed at all. Because 
of the large number of privately owned land 
parcels and housing developments, the area of 
Antelope Valley and Victorville was surveyed only 
briefly. In the central Mojave Desert, a careful 
survey was made in the area north of Hinkley and 
in the area southeast of Barstow--the Stoddard 
Valley; the Ord, Rodman, and Newberry Moun
tains; and the eastern end of Lucerne Valley. The 
alluvial flanks of both the Cady and Bristol 
Mountains were also thoroughly checked. A 
reconnaissance was done in the Yucca-Twentynine 

Digitized by Google 



ECOLOGY AND MANAGEMENT OF THE DESERT TORTOISE 5 

Fig.3. Major geographic features of the California Desert that are mentioned in the text. 

Abbreviations of military and park lands are: Death Valley National Monument; Joshua Tree National Monument; 
Anza Borrego State Park; China Lake Naval Weapons Base; Randsburg Test Range; Fort Irwin; Edwards Air 
Force Base; Twentynine Palms Marine Corps Base; Chocolate Mountains Gunnery Range. 

Major mountain ranges are indicated by triangles: B-Bristol; Ca-Cady; Ch-Chuckwalla; CI-Clark; Co
Cottonwood; CM-Cargo Muchacho; EP-EI Paso; G-Granite; K-Kingston; O-Orocopia; Pi-Picacho; Pr
Providence; R-Rand; S-Sacramento; T -Turtle; W-Whipple. 

Major valleys are enclosed in ellipses: A-Antelope; Ca-Cadiz; Ch-Chemehuevi; Fe-Fenner; Fr-Fremont; 
1m-Imperial; Iv-Ivanpah; La-Lanfair; Lu-Lucerne; P-Panamint; R-Rice; Se-Searles; Sh-Shadow; St
Stoddard; W-Ward; Y-Yucca. 
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Fig.4. Field survey sites in California. Numbers refer to transects listed in the Appendix. 
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Vegetation 

Discussion of the distribution of tortoises in 
California in relation to vegetation necessitates 
assessment of the vegetational communities of the 
California desert. Recent reviews of the desert 
vegetation of California can be found in Johnson 
(1976) and Barbour and Major (1977). Following 
the community structure of Munz. and Keck 
(1959). four scrub communities (alkali. creosote. 
shad scale. and sagebrush) and two woodland 
communities (Joshua tree and pinon-juniper) are 
recognized in the Californill deserts. 

Creosote bush (Larrea tric/enfata) is the domi
nant plant and forms the major community on 
well-drained sandy flats. bajadas. and upland 
alluvial slopes throughout both the Mojave and 
Colorado-Sonoran Deserts. Commonly. Larrea 
forms associations with other perennials. Beatley 
(1969) recognized six Larrea-dominated associa
tions in southern Nevada. I have discerned seven 
such associations in the Providence Mountains 
region in the eastern Mojave Desert of California. 
The creosote-burro weed association (Larrea tri
c/elllata-Amhrosia dumo.va) is the most character
istic and constitutes as much as 7Wii of the Mojave 
Desert (Shreve 1942). 

Low-lying areas of bolsons and valleys charac
terized by saline soils display alkali scrub com
munities. The important components consist of 
halophytic species such as saltbush (Atrip/ex sp.) 
and succulent chenopods of the genera A I/('///"O((ea. 
Sa/komia. Suaedo. and Sarcohatus. 

At slightly higher (1.200-1.800 m) and some
times at drier sites than those where creosote scrub 
predominate. vegetation usually consists of low 
shrubs broadly classified as shadscale scrub. In t he 
northern Mojave. where contact with the Great 
Basin Desert occurs. shadscale scrub composed 
chiefly of shadscale (Atriplex cOl!/i!l"l(/c)/ia) and 
sagebrush (Artemisia spinescem) is distinct from 
creosote scrub and sagebrush scrub. Over most of 
the Mojave Desert. shadscale scrub is dominated 
by blackbrush (ColeogYlle ramosissima) in con
junction with various species of yucca (Yucca 
spp.). Mormon tea (Ephedra spp.). and cholla 
(Opuntia spp.). 

Sagebrush scrub is the typical Great Basin 
association and is dominated by the Great Basin 
sage (A rtemi.~ia triclelllata) and bitterbrush (Pur
shia tric/enla/a). It is common at higher and colder 
sites than are typical of the Mojave Desert. 
Sagebrush scrub is largely restricted to the eastern 
highland areas in the California Desert. 

The most conspicuous plant of the Mojave 
Desert is the endemic Joshua tree ( Yucca hre\'i
./i)/ia). which forms a characteristic woodland on 
well-drained soils in areas of moderate rainfall 
(more than 24 cm per year). Joshua trees form 
overstories with many scrub associations; at higher 
elevations. they grade into juniper (Jllniperus 
calf(ornica or J. osteosperma) or pinon woodland 
(Pinus monophyl/a). 

Vegetational patterns are more diverse than can 
be described in a single community framework. 
Ecotones. gradations. and combinations of com
munities are common. Creosote can form associa
tions with anyone of the other scrub or woodland 
communities. Other communities may be limited 
in area but locally important. Although not 
recognized as a separate community. cactus scrub 
is important in both the Mojave and Colorado
Sonoran Deserts. In the Mojave. it most common
ly consists of a jumping cholla (Opuntia hig£'/cH'ii) 
and burroweed (Amhrosia dumosa) association. It 
is present in the Sacramento and Woods Moun
tains. and in Ward Valley. San Bernardino 
County. In the Colorado -Sonoran Desert. cholla 
(Opuntia). cacti (/:.(."hinocaclUs. Echinocereu.~). 

and other stem succulents comprise the cactus 
scrub. 

Margins of arroyos often support distinctive 
plant associations. I discerned at least six wash 
associations in the region of the Providence 
Mountains. In the Colorado Sonoran Desert. 
wash vegetation often forms dense thickets that 
can be considered a wash woodland community. 

Thorne (1976) lists four other groups as separate 
recognizable vegetative communities: desert rock 
plants. desert dune sand. semisucculent scrub. and 
desert microphyll woodland. 

In the California deserts. G. aga.ubi mostly 
freljuents four communities: creosote scrub. cactus 
scrub. shadscale scrub. and Joshua tree woodland 
(Fig. 5). Sometimes tortoises occur in alkali scrub. 

Soils, Topography, and Flora 

Soil type is an important limiting factor for 
tortoises. Probably no type is preferred. but the 
soil must be friable enough for the digging of 
burrows and firm enough so that burrows will not 
collapse. In the areas of high tortoise popUlation 
density. soil type varies from gravelly nats in 
Stoddard Valley to sandy soil with some clay 
content in the Fremont Valley. and to fine. wind
blown sand and stabilized dunes near Hinkley and 
in the Pinto Basin of Joshua Tree ~ational 
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Monument. Tortoises. however. are absent or 
scarce in most other sandy areas such as the 
Algodones and Kelso Dunes . 

Creosote scrub occurs on a range of soils from 
cobble or desert pavement to sand. However. it .is 
often excluded from fine-text ured basin soils of 
high salinity and low oxygen content (Lunt et al. 
1973). These soil characteristics negatively affect 
the growth of annual vegetation and thus ultimate
ly lower the carrying capacity of alkali scrub for 
tortoise populations. 

Desert tortoises may be found in rocky areas. In 
the Mojave Desert. cactus scrub is orten best 
developed on rocky substrate such as dissected 
rocky benches; tortoises fre4uent such areas. I n the 
Cclorado Sonoran Desert. cactus scrub secms to 
occur on south-facing slopes or fine-grained soils: 
Tortoises are less common here than in adjacent 
creosote scrub or wash woodland areas. The upper 
parts of bajadas and alluvial fans are generally too 
rocky for burrow construction. 

Pinyon-juniper woodland is found in the western 
Mojave Desert ab()ve 1.200 m on the flanks of the 
Sierra Nevada and San Ikrnardino Mountains or 

on isolated ranges . Below this rim . .Joshua tree 
woodland occurs in areas of moderate rainfall or 
intermediate elevation (760-1 .200 m). Soils of this 
Joshua tree woodland vary from granitic gravels 
along the Sierra Nevada piedmont to sandy soils in 
the Antelope. Yucca. Fremont. and Harper Val
leys. Below 1.000 m on well-drained alluvial soils. 
the vegetation is dominated by creosote scrub. The 
spring aspect is one of green shrubs and showy 
spring flowers; the late summer aspect is of dull
colored shrubs a nd scattered dry bunchgrass 
(Orr::opsis hrlllf!llui£if!s. Hilaria rigi£ia. Schi.\"IIIIIS 
harhallls. Slipa spf!ciosa). Poorly drained soils 
often have caliche layers and are characterized by 
the presence of shadscale scrub. Playa and a lkali 
flats display elements of alkali scrub or are devoid 
of vegetation , 

In the western Mojave Desert. the greatest 
density of free-living desert tortoises found thus far 
occurs in creosote scrub in the Fremont Valley 
(Fig. 6). an area of relatively uniform creosote 
habitat with light gravel to sandy soil. Tortoises a re 
found also in Joshua tree woodland. but the shrub 
story in most of the western Mojave is a dense 

Fig. 6. Area of high tortoise popUlation density in western Mojave Desert. Creosote-burroweed association in the 
Desert Tortoise Reserve, Kern County. California. 
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Fig. 7. High tortoise density area north of Hinkley. San Bernardino County. California . Joshua tree and creosote
burroweed associations . Soils here are sandy. 

creosote association . Tortoises are also found in 
moderate numbers in areas of alkali scrub habitat. 
Around Koehn Dry Lake. tortoises were found in 
an area of stabili7.ed sand hummocks with mes
quite (Prosupis jU/iflura) and saltbush (A trip/ex 
spp.). In the area south and west of Fremont Peak 
and towards Kramer Junction and near Hinkley 
(Fig. 7) . an area with extensive stands of saltbush 
(A trip/ex cul1(erti/iJlia and A. po/rcarpa) in mostly 
sandy soils. tortoises are common but less so than 
on adjacent creosote shrub habitats. 

Topography of the eastern Mojave Desert is 
varied. with elevations above 2.100 m in the 
Providence Mountains and Kingston Range. and 
more than 2.400 m in the Clark Mountains. 
Physiographitally. this area is an extension of the 
Basin and Range Province; the basins are seldom 
lower than 760 m. and the area is typified by great 
relief. Several vegetational communitIes may be 
encountered within short distances. Like the 
western Mojave. most of the eastern Mojave 
Desert is considerably higher than the Colorado 
Desert. 

Climatic diversity is high in the eastern Mojave 
Desert. and much of the area adjacent to the 
Colorado River often experiences late summer 
thunderstorm activity. These storms are generated 
by easterly airflow from the south Atlantic Ocean. 
which crosses the Gulf of Mexico and continues 
across Texas. New Mexico. and Arizona . Partly 
dissipated cells of low air pressure linger over the 
Colorado River and are "revitalized" by moisture
laden convective air. Periodic strengthening of 
easterly airflow patterns causes these cells to move 
westward. and convectively- and orographically
induced precipitation results. Such thunderstorms 
may be intense. though brief and highly localized; 
flash flooding frequently accompanies them. Some 
eastern Mojave areas receive two peaks of annual 
precipitation- the normal winter peak and vari
able summer rains. This bimodality of rainfall 
resembles that of the Arizona- Sonoran Desert. 
Low-lying areas immediately west of the Colorado 
River from about Needles south to the vicinity of 
Blythe can be considered as a portion of the 
Arizona- Sonoran Desert. This bimodal rainfall 
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A reas of wind- blown sand a re fo und east of the 
town of Moj ave, to the nort heas t of Ha rper La ke, 
and a t the east end of Koehn La ke. A lth ough 
subject to de fl a tion, these sa nd a reas support 
re la tively high to rt oise popUlations. Some to rtois
es occur in the Pinto Basin (J os hua Tree Nati ona l 
Monum ent) and Da le D ry La ke in the ce ntra l 
Mojave Desert. Elsewhere in the Mojave and 
Co lo rado Deserts, sandy a reas seem to lack v ia ble 
to rto ise po pulations. 

T he second highest known density of tort oise 
po pUlations is in a n a rea north of Hinkley. T his 
a rea is largely wind-blown and sta bilized sa nd o n 
top of tertia ry lava flows, with scattered J oshua 

' trees and numero us was hes. Estimates made fro m 
mark-reca pture data compiled by D. and N. S hade 
(of T wentynine Pa lms) a nd fro m my surveys 

ind icate a po pulation of 11 6- 193/ km2. T he Barstow 
Unified School District 's Desert Research Station 
(5 km north of Hinkley) has a known po pula ti on of 
about 77 / km2 on a more rocky substrate (L. 
H unter, persona l communicatio n). 

Fig.9. Relati ve densi ties of Gupherus 0Kossi=ii in Cali 
fornia. Da rk areas indicate high densities; cross
hatching. med ium densit ies; horizo ntal lines. low 
densit ies: and questi on ma rks. unknow n areas (mostly 
on mi litary bases). See text fo r ex plana tion. 

In the past, high densities of G. agasslZll 
undoubtedly extended from the Fremont Valley 
into the Antelope Va lley. These valleys a re simila r 
in t ha t they receive la rge a mounts of winter 
rainfa ll , have diverse perennial vegetatio n (Ante
lo pe Va lley is mostly J os hua tree woodla nd ), a nd 
a re noted fo r excepti ona l spring ephemera l blooms. 
Homesteading, subdivisions, and othe r human 
pressures have greatly red uced the to rto ise po pula
ti on in the Antelope Va lley. A lthough po pUla t ions 
survive in sma ll pa rcels of ha bita t. they a re 
a pparently declining. If pro posa ls for a giant jet 
a irpo rt in the Ante lo pe Va lley ma teria lize, the 
impact o n the rema ining dese rt environm ent in this 
area could be catastro phic . East o f the town of 
Mojave, improvement of Highway 58 into a n 
intersta te highway necessi ta ted a re location of 

so me to rto ises, but the project had only limited 
success . T he relocatio n effort demonstrated so me 
hom ing a bilities in desert to rt o ises ( Berry 1974a.b). 

O ther known high-density po pula t io ns occur 
wes t of H inkley Valley, in the Stodda rd a nd Upper 
Lucerne va lleys, a nd in the vicinity of F ry 
Mo unta in . Isola ted po pulat ions occur near Helen
da le, Victo rville, and M ojave Va lley; a ll a re a reas 
ra pid ly being develo ped for housing t racts. Natu ra l 
ha bita t is poor in the Cady a nd Bris to l M ounta ins. 
Resident po pUla tio ns have bee n a ll but elimina ted 
fro m Luce rne Valley a nd the a rea of Yucca Va lley 
a nd Twentynine Pa lms, Victo rville, a nd po rti ons 
of the A ntelo pe Va lley. 

Eastern Mojave Desert 

Torto ise ha bita t in the easte rn Mojave Dese rt 
o ften was fo und in areas of extensive dese rt 
pave ment with was hes a nd a vegetatio na l aspect o f 
wide ly scatte red cacti a nd c reosote shrubs o n the 
fla ts with smo ke trees a nd mesquites in the washes. 

To rt oise po pUla t ion densiti es we re high in the 
Iva npa h Va lley, on the periphery of C ima Dome 
a nd in to Shadow Va lley, a lo ng the tributary 
washes of Kelso Was h, a nd a long a lluvia l s lo pes 
so utheast of Ba ker. Ba nks a nd berms of was hes a re 
pre ferred places for burrows; such denn ing a lo ng 
was hes, howeve r, frequently result s in sign ifica nt 
mo rta lity during fl as h fl oods. In Jul y 197 1, I 
fo llowed t he ac t ivity of to rt oises in a wash no rth of 
Essex . F ifteen ad ult torto ises a long 0.2 km of was h 
were drowned by flash fl ooding result ing fro m a 
dow npour over upla nds severa l kil ometers dista nt. 
Subsequent reco nna issa nce of the a rea revealed 
tha t a ll burrows had been destroyed except one, 
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Fig. 10. Ecological transect of the Providence Mountains. San Bernardino County. Thickness of bars indicates relative 
tortoise densities encountered. 

which contained three adult females. All the 
tortoises had been using shallow burrows in the 
banks of the wash. 

A generalized transect across the Providence 
Mountains (Fig. 10) depicts the occurrence of 
tortoises in relation to elevation and vegetation in 
this region. The northern flank of the Providence 
Mountains supports higher tortoise population 
densities than do the southern flanks. The alluvium 
of the northern flank is sandy. whereas the 
southern flanks are covered by rocky aprons. The 
sandy areas around the nearby Kelso Dunes are 
surprisingly depauperate of tortoises. Considering 
the high-density areas near Hinkley (in the western 
Mojave) in similar habitat. this is an anomalous 
situation. A partial explanation may be the 
removal of tortoises by humans. because the area 
has long been a popular recreational site with easy 
access. Some mining activity in the area now 
threatens to expand to other portions of the dunes. 
However. even in areas of the dunes that have 
received little abuse. popUlation densities of 
tortoises are low. 

A similarly anomalous situation occurs in the 
Joshua tree woodlands in Lanfair Valley and on 
Cima Dome. Here the soils are composed of grus 
(derived from weathered granites) and can be 
excavated easily. Vegetation is diverse. and preci
pitation amounts to about 25 cm a year. Yet 
tortoise popUlation densities appear to be lower 
than those at lower elevations in creosote scrub. 
Summer temperatures in Joshua tree woodland 
range from 2° to 3°C cooler than lower scrub 
areas. but whether this temperature difference is a 

limiting factor for tortoises is not known. Cattle 
grazing. which 'is concentrated in the higher 
regions (Joshua tree woodland). may affect tor
toises. A comparative study of plots in low 
creosote scrub and in high desert should clarify 
these questions. 

The highest tortoise densities I found in the 
eastern Mojave Desert were in the Fenner Valley. 
upper Ward Valley (Camino Valley). and portions 
of the Chemehuevi Valley (Figs. 3 & 9). All have 
friable substrates and are at relatively low eleva
tions. Fenner Valley has sandy soils but displays 
little diversity of perennial scrub. Tortoises in this 
valley mostly frequent washes. In the other valleys 
substrates are either sandy or grus-like, and the 
diversity of the perennial scrub is great. The west 
side of the upper Ward Valley has a good 
admixture of perennial shrubs and is an area of 
extensive spring annual and fall grass develop
ment. Th~ east side. along the alluvial apron of the 
Sacramento Mountains. is rocky and exhibits little 
scrub diversity. I nterfluves are well-varnished 
pavements. Similar areas are found throughout the 
Chemehuevi Valley. Scattered in the Chemehuevi 
Valley. however. are pockets of friable sandy 
loams with good scrub growth that support high 
tortoise population densities. 

Communications with local residents and the 
presence of abandoned burrows and shells indicate 
that some areas formerly supported large tortoise 
populations: the sandy area northeast of Twenty
nine Palms. the lower Ward Valley. and Rice 
Valley. Twentynine Palms has grown rapidly since 
the homesteading activities of the 1950·s. Numer-
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tures force winter dormancy. and hibernacula 
consist of burrows in the sides of arroyos that are 
deep enough to allow the posterior portion of the 
tortoise shell to be flush with the arroyo wall 
(Auffenberg 1969). 

In southern Nevada, Burge (1978) defined four 
types of cover sites: den, burrow, pallet; and 
non burrow. The average density of repeatedly
used cover sites (pallets and burrows) was 3.5 / ha. 
Of 783 burrows and pallets, most (85%) were in soil 
with varying amounts of gravel; 72% were located 
under shrubs, and 26% were dug into banks or beds 
of washes. Individual tortoises (fitted with radio 
transmitters) used 12-25 cover sites each year, and 
most were used repeatedly. Other aspects of 
burrow design and use are presented in her paper. 

At the extreme northern limit of the tortoise 
range in Utah. two distinct denning behaviors are 
evident- summer burrows and winter dens. Winter 
dens are the hibernacula and are usually horizontal 
tun nels 2-5 m long. but may be as long as 10 m 
(Woodbury and Hardy 1940. 1948). Winter den
ning sites are mostly in banks of washes, but they 
may also be located on flats or hill slopes. 
Auffenberg (1969) notes that these hibernacula are 
usually situated on south-facing slopes and are 
used communally. Emergence from the hibernacula 
is usually followed by migration to spring and 
summer foraging areas (Woodbury and Hardy 
1948). Summer burrows are dug or old ones are 
clea ned out and used for nocturnal and diurnal 
shelter; they are shallow hollows. dome-shaped. up 
to I m long. and usually sunk at a downward angle. 
Most summer burrows are situated on flats and 
interwash areas. often under bushes. but they may 
also be found in the sides of washes. Animals 
return from foraging areas to dens in the fall. The 
ratio of summer burrows to winter dens in Utah 
averaged about 4: I (Woodbury and Hardy 1948) . 

In most of California, there appear to be 
permanent deep burrows as well as ' shallow 
temporary burrows or pallets. The permanent 
burrow form that is found in most of southern 
California is about I m deep and sunk downward 
at an angle between 10 and 30° (Fig. II). Marlow 
(1974) found that burrow depth near the Desert 
Tortoise Reserve seldom was greater than 3 m; the 
average was about I m. Deep labyrinth burrows 
similar to those found in Utah (Woodbury and 
Hardy 1948) are uncommon in California. but I 
found some near Hinkley in the western Mojave 
Desert (Fig. 12). A shallow burrow is usually 
constructed to be just deep enough to cover the 
tortoise (Fig. II) and may occasionally be em
ployed for periods of dormancy. 

Fig. II. Typical tortoise burrow under a creosote bush. 
Desert Tortoise Reserve. Kern County. California. 

Adult tortoises in the Desert Tortoise Reserve 
usually have one to three permanent burrows and 
two to three shallow shelters or pallets (R . W. 
Marlow. personal communication). Burrow size is 
directly related to size of the individual tortoise. 
The location of each burrow and distance to the 
burrow apparently is known by each animal, since 
some tortoises on long forays return to the same 
burrow at the termination of activity. 

Often during the summer. California desert 
tortoises may simply seek shelter of a bush and 
scrape a small depression (pallet) beneath it for 
shelter; this behavior resembles that of Gop/7erus 
berlandieri in Texas (Auffenberg and Weaver 
1969) and of Mexican populations of G. agassizii 
(Auffenberg 1969). Berry (1972) has suggested that 
an adult tortoise may accrue a thermal advantage 
by spending the summer or spring night above 
ground in the open. At night. surface soil and air 
temperatures drop to 20-24° C. The body tempera
ture of a tortoise in the open would be similar. Air 
temperatures in a burrow 1-1 .2 m deep may remain 
between 30 and 34°C. Thus a tortoise that spent 
the night in the open under a bush or in some other 
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Fig. 12. Large deep burrows in side of wash. Near 
Hinkley. San Bernardino County. California. 

type of pallet could start the morning with a body 
temperature I-6° C cooler than one that spent the 
night in a burrow. Since a longer time is required to 
reach the critical maximum temperature (Brattstrom 
1965; McGinnis and Voight 1971), a longer period 
of activity may be possible in the morning. 
However, Cowles and Bogert (1944) showed that 
when desert reptiles become active in the morning, 
they can quickly increase their body temperatures 
to the preferred level. Further, Bury (1972) has 
shown that in the emydid turtle (Clemmy.l· mar
murata) the increase in body temperature from the 
time of emergence (about 18° C) to a preferred level 
(30-32° C) takes only about 30 min . Thus, a tortoise 
emerging from a burrow and one that spent the 
night above ground would probably reach the 
preferred body temperature at about the same time 
and would behaviorally maintain that level through
out the day. Tortoises may remain on the surface at 
night because of cooler ambient temperatures, 
which would maintain body temperatures at lower 
levels for the night. Such a preference for low 
temperatures may be important to reduce the rate 
of metabolism. 

Commensals 

A number of animal species have been noted in a 
commensal relation with tortoise burrows, espe
cially those of Gopherus polyphemus (Carr 1952; 
Brode 1959; Blair and Kilby 1936; Young and Goff 
1939). Existence of commensals within G. agassiz ii 
qurrows has generally not been acknowledged or 

- has been deemed unimportant (Grant 1936). Since 
underground shelter in the desert is limited, 
tortoise burrows represent places for many animals 
to escape predation and extremes of heat, cold, and 
dryness. Some species are found repeatedly in 
association with tortoises . Woodbury and Hardy 
(1948) commented that a large number of animals 
used G. agassizii burrows in Utah , and Burge 
(1978) noted use of burrows by other species in 
Nevada. 

In the Stoddard Valley of western San Bernar
dino County, I found three burrow complexes 
occupied by tortoises and Burrowing owls (A thene 
cunicularia). Each complex consisted of 6 to II 
burrow openings, of which 3 or 4 were used by 
tortoises and the remainder by the owls (Fig. 13). 

Fig. 13. Complex burrow system south of Barstow. San 
Bernardino County. California. Burrows are occupied 
by tortoises . burrowing owls. and antelope ground 
S4 uirrcls. 
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Diet Ground squirrels used some of the burrow com
plexes. I have flushed Poorwills (Phalaenoptilus 
nUllal/i,) from other tortoise burrows during the 
summer; the burrows may serve as hibernacula for 
Poorwills during the winter months. I observed 
Black-tailed jackrabbits (Lepus cali/ornicus) using 
tortoise burrows or pallets for resting and for 
escaping from summer heat. Rattlesnakes fre
quently occur in tortoise burrows in the Fremont 
Valley. notably the Mojave rattlesnakes (Crotalus 
scutulatus). Sidewinders (C cerastes) also frequent 
tortoise burrows. but they usually use shallow 
pallets. Black widow spiders (Lalrodel"lus maC/ans) 
build orbs inside larger tortoise burrows. Animals 
known to be commensals of the desert tortoise are 
listed in Table 2; no obligates. however. have yet 
been noted. 

The desert tortoise is herbivorous. The most 
important foods of California tortoises apparently 
are desert annuals. plants that often have a life 
span of less than 30 days. Both flowers and 
vegetative portions are eaten. although during the 
peak of flowering I have observed that flowers are 
preferred. On 7 July 1973. I watched an adult 
tortoise at Hinkley forage exclusively on annuals 
for 3 h. I have observed tortoises eating the plants 
that are listed in Table 3. 

Peak tortoise activity usually coincides with the 
abbreviated period of annual bloom. During the 
spring bloom. tortoises apparently consume enough 
annual forage to sustain them through the sum-
fer aestivation and winter dormancy periods. 

Table 2. Commensals of the desert tortoise and its burrows. Sources: 1. Utah (Woodbury and Hardy 1948); 
2. Nevada (Burge 1978); and 3. Cali/ornia (this study). 

Common name 

Ticks 
Black-widow spider 
Tarantula 
Silverfish 
Roaches 
Ant lions 
Ground beetles 
Tarantula hawk 
Desert spiny lizard 
Zebra-tailed lizard 
Desert iguana 
Side-blotched lizard 
Whiptail lizard 
Banded gecko 
Coachwhip 
Gopher snake 
Spotted night snake 
Western rattlesnake 
Mojave green rattlesnake 
Sidewinder 
Poorwill 
Burrowing owl 
Pocket mouse 
Canyon mouse 
White-footed mouse 
Kangaroo rat 
Desert woodrat 
Antelope ground squirrel 
Desert cottontail 
Black-tailed jackrabbit 
Kit fox 

Scientific name 

Acarina 
Lactrodectus mactans 
4/Jhonopelma sp. 
Thysanura 
Orthoptera 
Neuroptera: Myrmeleontidae 
Coleoptera: Tenebrionidae 
Pepsis sp. 
Sceloporus magister 
Callisaurus draconoides 
Dipsosaurus dorsalis 
Uta stansburiana 
Cnemidophorus tigris 
Coleonyx variegatus 
Masticophis flagellum 
Pituophis melanoleucus 
Hypsiglena torquata 
Crotalus viridis 
Crotalus scutulatus 
Crotalus cerastes 
Phalaenopti/Us nullallii 
Athene cunicularia 
Perognathus sp. 
Peromyscus crinitus 
Peromyscus sp. 
Dipodomys merriami 
Neotoma lepida 
Ammospermophi/us leucurus 
Sylvi/agus auduboni 
Lepus cali/omicus 
Vu/pes macrotis 

Source 

1,2 
2,3 
2 
1.2 
1.2 
I 
1-3 
2 
I 
3 
3 
3 
3 
I 
1.2 
I 
I 
I 
3 
1-3 
3 
2,3 
2,3 
I 
2 
2,3 
1-3 
2.3 
1.3 
1-3 
2,3 
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Table 3. Some plant foods of the desert tortoise in California. 

Common name 

Broadflowered giJia 
Gilia 
Brown-eyed primrose 
Primrose 
Dapple-pod locoweed 
White mallow 
Yellow peppergrass 
Lacy phacelia 
Phacelia 
Tansy mustard 
Checker fiddleneck 
Ghost flower 
Verbena 
Plicate coldenia 
Yellow comet 
Blazing star 
Desert star 
Pincushion flower 
Wild daisy 
Coreopsis 
Eriophyllum 
Paperflower 
Desert dandelion 
Yellow saucers 
Desert marigold 
Desert chicory 
Glyptopleura 
Creosote 
Ricegrass 
Schismus grass 
Galleta grass 
Brame grass 
Storksbill 

Forage must also be sufficient to allow the female 
to accumulate energy reserves for egg production. 
In dry springs, tortoises may rely on fat reserves 
accumulated during the previous spring. This 
phenomenon has been observed in other reptiles 
(Hahn and Tinkle 1965). Berry (I974h) reported 
that egg laying by the large herbivorous lizard 
Sauro/1lalus ohesus ceased in drought years. 
Because tortoises are large herbivorous reptiles, 
they might be expected to respond to reduced 
forage during drought conditions similarly by 
foregoing egg laying. Such a response would be 
typical of animals characteristically large-bodied, 
long-lived, and slow to mature, and that have low 
recruitment rates. 

Scientific name 

Gilia latiflora 
Gilia sp. 
Oenothera clavae/ormis 
Oenothera sp. 
Astragalus lentiginosus 
MalvQStrum exile 
Lepidium j7avum 
Phacelia tanacetifolia 
Phacelia sp. 
Descurainia pinnata 
Amsinckia tessel/ata 
Mohavea con/ertiflora 
Abronia sp. 
Coldenia plicata 
Mentzelia affinis 
Mentzelia albicaulis 
Monoptilon bel/ioides 
Chaenactis Fremontii 
Erigeron sp. 
Coreopsis Bigelovii 
Eriophyllum Wal/acei 
Psilostrophe Cooperi 
Malacothrix glabrata 
Malacothrix sonchoides 
Baileya sp. 
Rajinesquia sp. 
G~I'Ptopleura setulosa 
Larrea tridentata (seeds) 
Oryzopsis h,l'menoides 
Schismus sp. 
Hilaria rigida 
Bromus rubens 
Erodium cicutarium 

Grasses are mostly secondary food items and are 
probably used only to maintain summer activity. 
Dried grasses and dried annuals are normally the 
only food available during the late summer (July
September). In some areas, late summer thunder
storms can initiate a secondary germination of 
desert plants and thus induce localized secondary 
peaks of tortoise activity. Such late summer rains 
cause the appearance of "6-week grasses" such as 
foxtail chess (Bro/1lus ruhens) and chinch weed 
(Pee/is papposa). Although Woodbury and Hardy 
(1948) seem to have overemphasized the role of 
grasses as a food source, all their observations on 
feeding behavior were made from September to 
November and in January, when the only plant 
material available was grasses. 
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depressions. Specific boulders with depressions 
where water persists after rains are well known and 
widely used. On three occasions. I observed 
individuals licking moisture from rocks. Wild 
individuals may come to puddles left on asphalt 
roadways following rains. Where groundwater is 
close to the surface. the density of tortoises 
increases. For example. tortoises were abundant 
along the Mojave River before agricultural pursuits 
changed the habitat (Stebbins 1954). 

Tortoises may subsist on water derived from 
food and metabolic pathways (Stebbins 1954; 
Auffenberg 1969). leopold (1961) reported that 
water is stored in two "sacs" under the carapace. 
These sacs constitute a bilobed urinary bladder. 
and may contain large amounts of urine. 

Dantzler and Schmidt-Nielsen (1966) demon
strated that the desert tortoise is capable of 
withstanding considerable dehydration and can 
tolerate large increases of ion concentrations in its 
blood plasma. They al.so found that the kidney 
remains functional even during mild dehydration 
and that nitrogenous wastes are stored in the 
bladder; these walls are more permeable to water in 
the desert tortoise than are those of freshwater 
turtles. Wastes are precipitated in the bladder as 
semisolid urates. When water is available. urine is 
not reabsorbed by the bladder but is excreted as 
dilute urine. But tortoises apparently are also able 
to go for months without discharging urine from 
the bladder. Approximately equal amounts of urea 
and uric acid were excreted by the G. agassiz;; 
examined by Dantzler and Schmidt-Nielsen (1966). 

Evaporation from the integument constitutes a 
major source of water loss from desert tortoises. 
with respiratory loss secondary in importance. 
However. both types of water loss are much less 
than that of turtles found in damper climates. 
Thus. cutaneous water loss in G. agassiz;; at 23°C 
is 1.5 mgt cm2 per day. compared with 5.3 mg in the 
box turtle. Terrapene carolina (Schmidt-Nielsen 
and Bentley 1966). Water conservation also occurs 
in the egg shell. which is resistant to water loss 
(Stebbins 1954). 

Minnich (1976. 1977) measured water turnover 
rates in a desert tortoise popUlation in the Mojave 
Desert. He found that the rates during most of the 
summer of 1970 were exceedingly low (0.36 
ml/ 100 g per day) and only slightly greater than 
rates of water metabolic production (0.31 ml/per 
day). During the summer period. osmotic pressure 
of the bladder urine increased steadily until it 
equalled that of the plasma. suggesting that as the 
tortoise dehydrates it reabsorbs water from the 
bladder. After one rainfall of 1.2 cm. tortoises 

drank rainwater (an average of 14.4 r:nl/ 100 g of 
body weight). gained weight. and produced a dilute 
urine that was stored in the bladder. 

Urine and large amounts of semisolid urates are 
frequently voided during handling. Patterson 
(1971) reported that tortoise urine could pucker 
the mouth of a kit fox. Thus. urination may serve 
as a predator defense. Handling often causes 
urination and may represent a severe water loss to 
the tortoise. particularly to juveniles. Proper 
handling techniques can eliminate this danger. 
Folding the tail over the cloaca by placing a finger 
between the carapace and plastron often prevents a 
tortoise from urinating. 

Reproduction 

Mating starts with spring emergence of the 
tortoises and may continue until the fall dormancy 
period. I observed mating in August near Hinkley 
in the western Mojave Desert. and Berry (1975) 
noted mating as late as October at China lake. 
Peak breeding activity. however. is in spring 
(M arch-J une). M ales often approach one another 
and fights ensue. When courting. a male approaches 
a female with head and neck extended and head 
bobbing. The male then proceeds to bite and nip 
the female's head and forelimbs or the edge of the 
carapace. Ramming and circling by the male often 
occurs. The male mounts from the rear and. by 
standing on the tips of his front claws. is able to 
bring his shell into a nearly vertical position. 
Urination may occur at this time. but its signifi
cance. if any. is not known. Much grunting. 
stretching of limbs. and rhythmic humping is 
typical of male activity (Weaver 1970). Tortoises 
may be surprisingly vocal during mating. Campbell 
and Evans (1967) reported two types of sounds-a 
grunt and a drawn-out moan. Patterson (1973) 
recorded numerous vocalizations. some of which 
sound like baying hounds. 

Nesting occurs mainly from May through JUly. 
Captive individuals have nested as late as October 
and often have two or three clutches per year 
(Stewart 1954; Miller 1955). Some wild individuals 
may also have mUltiple clutches. and late nesting 
may explain the overwintering of eggs reported by 
GrJlnt (1936). 
'!'Tortoises dig nests in sandy or friable soil by 

using the hind feet or by first using front legs. then 
hind legs. When both are used. the female first digs 
a broad. shallow hole with the front legs and then 
backs into this hole and digs with her rear feet 
(Booth 1958; Edell 1970). Measurements of a nest 
given by Nichols (1953) were about 23 cm (9 in.) in 
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diameter at the top. 18 cm (7 in.) in diameter at the 
bottom. and 15 cm (6 in.) deep. Occasionally. eggs 
are deposited singly and at random sites (Miller 
1932). The nesting cavity may be dug in the mouth 
of a permanent burrow. 

Observations of nest construction by captive 
tortoises suggests that the depth of nests varies 
with the length of the female ~as-we1i as with the 
hardness of the soil: -Femiliis -apparently construct 
nestSiieSih8.i -resemble undisturbed ground and 
usually urinate in the nest before or after filling it. 

After nesting. females appear to be less active 
above ground than males. Males remain above 
ground longer than females and apparently remain 
sexually active throughout the summer. Of 124 
individuals I examined in the field during August 
1973. 80% were adult males. 

Eggs vary from elliptical to nearly spherical. 
with a dull. chalky color and rough texture. Of 19 
eggs that I measured. the average dimensions were 
47.9 mm long and 39.0 mm in maximum width 
(37.6 mm in minimum width). Average egg weight 
was 33.6 g; similar weights were reported by Grant 
(1936) and Miller (1932). 

Clutch size varies from 2 to 14 eggs; 5 or 6 is the 
typical number (Grant 1936; Ernst and Barbour 
1972). Clutch size is related to the size of the 
female. with larger females generally having larger 
clutches-a phenomenon also found in other 
species of reptiles (Fitch 1970). 

In the wild. incubation apparently varies from 
90 to 120 days. An incubation period of 118 days 
was noted by Grant (1936) for eggs of animals in 
captivity. Artificially incubated eggs usually hatch 
in 80-90 days (Lampkin 1966; Shade 1972). For 
tortoises in captivity. an 80% hatching rate is 
considered high; hatching success of 60% or less is 
more common. Failure of some artificially incu
bated clutches may be due to high constant 
temperatures maintained in incubators. At hatch
ing. the yolk sac remains attached in the center of 
the plastron. but it is rapidly absorbed. The yolk 
sac is about one-third the size of the hatchling 
tortoise and greatly impedes locomotion for the 
first few hours of life. 

Hatching generally occurs from August to 
October; some eggs apparently overwinter. and 
hatchlings appear in the following spring. Little 
food is available at the time of most hatching in late 
summer. and hatchlings spend little time on the 
surface. Hatchlings dig their own small burrows. 
or use an existing larger burrow. Dormancy 
shortly follows, probably before the hatchling has 
eaten or taken a drink. My observations of 
hatching in captivity suggest that food is ignored 

between the time of emergence and the beginning 
of dormancy. 

Growth and Maturation 

Hatchlings are nearly as wide as they are long. 
The shell is soft and remains soft for 5 to 10 years; 
during this time. the hatchlings are very susceptible 
to predation. The shell of the young is generally 
dull yellow and the edges of the scutes are brown. a 
cryptic color pattern that merges well with the late 
summer aspect of the desert. Hatchlings are 
pugnacious and will butt at anything that moves. 

Sexual maturity of the desert tortoise in the wild 
apparently is reached at a carapace length of 230-
265 mm. between 15 and 20 years of age 
(Woodbury and Hardy 1948). Berry (1975) report
ed that females may mature at a carapace length of 
215-220 mm. With regular feeding for two-thirds 
of the year. tortoises in captivity may reach 
maturity at 1'2 to 13 years of age (G. R. Stewart, 
quoted in Berry 1975). Growth rates of captive 
tortoises are given by Patterson and Brattstrom 
(1972). Accelerated growth rates and early maturity 
ascribed to year-round activity and continuous 
high-quality nutrition have been reported for 
captive animals (Jackson et al. 1976). Medica et at. 
(1975) reported that the growth rate in tortoises in 
Nevada was related to environmental conditions; 
growth was greatest following winters of high 
precipitation. I mmature animals (less than 200 mm 
in plastron length) increased from 1.8 to 12.3 mm 
per year (x = 9 mm) over a 5-year period. Under 
natural conditions. the feeding' period lasts only 
from 6 weeks to 3 months in good forage years, 
which occur on an average of once in 5 years. Thus. 
growth and maturity are often delayed in the wild. 

Population Structure 

At China Lake, California. a tortoise population 
was composed of 2% hatchlings. 8%juvenileS (1-10 
years old), 31 % subadults. and 59% adults, when a 
carapace length of 215-220 mm was used as the 
criterion for the adult age class (Berry 1975. 1976). 
The sex ratio was 1.78: I in favor of females. 
Similarly in the Fremont Valley, 2% of a marked 
population were hatchlings. 56% were juveniles 
and subadults, and 42% were adult (M arlow 1974). 
Burge and Bradley (1976) found similar percentages 
(55% adults. 44% juveniles and subadults. 1% 
hatchlings) in a tortoise population in Nye County, 
Nevada. 
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scutes (Miller 1932; Frye 1973); the disease is 
generally fatal. 

Woodbury and Hardy (1948) reported that 
occasional grass fires kill tortoises in Utah. ';uch 
fires. however. are rare in the California desert. 

It is my conclusion that the most significant 
cause of mortality today is human activity. The 
same conclusion was reached by Auffenberg and 
Weaver (1969) in their studies of G. ber/andieri in 
southeast Texas. This cause of mortality is 
discussed below. 

Conservation 
Human Impact 

Historical Depredation 

Human pressures have been a factor affecting 
desert tortoise popUlations for thousands of years. 
Although the Mohave Indians specifically avoided 
the use of turtles as food. neighboring Chemehuevi 
and other Piutes ate them (Kroeber 1925). Tortoises 
were used for food. bowls. scrapers. rattles. 
decorations. trade and barter items. and as pets. 
However. such pressure on tortoise popUlations 
was probably minimal because native Indian 
populations were small and semi nomadic. Many 
more tourists may be in the desert on one winter 
weekend now than there were resident Indians 
historically. 

Collection and Removal 

Until recently. the most important human 
activity affecting the distribution and abundance 
of desert tortoises has been direct removal. despite 
the longstanding law that prohibits harming. 
collecting. or removing tortoises from areas in 
California. In the spring. when most people visit 
the desert. tortoises are above ground in large 
numbers and are easily captured because they are 
slow-moving and diurnal. 

In the spring of 1973. temperatures in the 
Mojave Desert were mild. and publicity about the 
flower displays attracted large numbers oftourists 
to the desert. The following autumn. many G. 
agassizii were brought to the Alexander Lindsey 
Junior Museum of Walnut Creek near San 
Francisco. During October. 45 tortoises were 
presented to the museum. Evidently. many local 
residents had visited the desert during the spring of 
1973. and many had brought tortoises back with 
them. Acquistion of captive tortoises by this means 
is a seasonal event at most of the Bay Area nature 
centers and museums. but the numbers ofindivid
uals involved during 1973 were unusually high. 

A survey by the International Turtle and 
Tortoise Society reported a minimum number of 
23.000 turtles and 6.500 tortoises kept by its 
members (Anon. 1971); no geographical break
down is given. but the Society's California chapter 
is the largest. Further. 75%ofthe above totals were 
species native to the members' area. Because there 
are only two native chelonians in California (the 
other is the Western pond turtle). the desert 
tortoise comprised a significant percentage of all 
such pets. Gopherus agassizii is a common pet 
throughout the United States and, formerly, could 
be bought in department and pet stores. If one of 
every 100 families in Los Angeles County had a pet 
tortoise. there would be 20.000 tortoises in Los 
Angeles. The densities of tortoises in some metro- . 
politan counties (Los Angeles, Orange. Riverside, 
Contra Costa) probably are comparable to densi
ties found throughout most of the California 
desert. There is also a sizeable backyard accumula
tion of tortoises in Bakersfit;ld, California (R. 
Marlow, personal communication). Similarly. 
Keasey (1971). writing of Tucson. Arizona. said. 
"Because oftheir hardiness and reproductivity [sic] 
in captivity. the population of backyard tortoises 
in this desert city is only a little short of 
phenomenal." 

Since the study by Woodbury and Hardy (1948). 
the Utah population has declined from a known 
population of about 300 to only 40 individuals. 
The location of the site is well known and is visited 
several times each year by field trip groups from 
numerous colleges and universities. Furthermore. 
these animals are occasionally collected. although 
the desert tortoise is now protected in Utah. 
Representatives from schools as far away as the 
Atlantic seaboard stop by annually on collection 
trips (Coombs 1974). Coombs (1974. 1977. and 
personal communication) stated that this type of 
collecting pressure has been one factor in reducing 
tortoise numbers on the Beaver Dam slope in 
Utah. 

Illegal trafficking for commercial purposes is 
also a major cause of depletion. Although few 
people are involved in commercial traffic. the total 
number of tortoises is probably similar for 
commercial and private removal. Captured speci
mens of desert tortoises were once distributed 
worldwide. Improved enforcem.ent apparently is 
curtailing such removal to some extent. One arrest 
was made of a California dealer in 1970. a case 
involving the illegal collection of 290 animals 
(Bury and Marlow 1973). Chambers of Commerce 
of desert communities have repeatedly used tor
toises for promotional purposes in the past. 
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Railroad section workers once sold many tortoises 
to train passengers. Railroads also collected them 
for promotion and display at their stations, such as 
in Needles and Kelso. These activities have ceased. 

In California, pets are frequently liberated, 
occasionally on a large scale. Before 1969, the 
California Department of Fish and Game (DFG) 
was releasing about 50 tortoises per year (Stewart 
1973), some of which were C. berlandieri. In 1973, 
the DFG released 259, for which they kept records 
(J. St. Amant, memorandum, 16 April 1973). 
Between 1969 and 1972, G. R. Stewart and his 
students released 248 tortoises (personal commu
nication). Mortality of these released animals is 
presumed to have been high. Kristin Berry (person
al communication) suggests that mortality is 
related, in pa~t, to the length of time tortoises 
are retained in captivity. Further, Stewart (1973) 
notes that though many tortoises consume native 
foods while in captivity, they fail to develop 
and use natural defense reactions. At first , released 
tortoises are not mobile ~nd appear to wait, 
expecting to be fed . Potential dangers ofliberating 
pets include the introduction of diseases (such as 
influenza, bone disease, or other epizootics), gene 
pool mixing, disruption of social structures, and 
introduction of exotic species. Most release pro
grams have been stopped. 

I strongly advise against the release of captive 
tortoises to the wild, except for special instances 
when the animal is unaccustomed to captivity 
(recently caught) and can be returned to the exact 
site of capture within a few months. The California 
DFG has a program to rehabilitate tortoises for 
possible reintroduction to depleted areas (St. 
Amant 1977); it can also authorize a permit for 
keeping tortoises that have been in captivity for 
long periods. If an animal is no longer desired as a 
pet, the assistance of the California DFG (or a 
comparable agency in other states) should be 
requested. The California Turtle and Tortoise 
Club also accepts tortoises for their adoption 
program (Lewis 1977). 

Berlandier's tortoise occurs in Texas and north
ern Mexico, where it is protected. However, many 
C. berlandieri have been imported into California 
for the pet trade, mostly from northeast Mexico 
through New Mexico to avoid Texas laws (Brame 
and Peerson 1969). Auffenberg and Weaver(1969) 
reported that 4,000 C. berlandieri were collected 
for one shipment. Glenn R. Stewart (personal 
communication, 1974) mentioned one shipment of 
8,000 animals transported in two vans and esti
mated that some 40,000 C. berlandieri were being 
imported to California each year. The California 

DFG attempts to regulate trafficking in C. 
berlandieri and C. agassizii; the sale of both species 
is now illegal in California. Many shipments have 
been €onfiscated, but most animals have been 
released later. Differences between C. berlandieri 
and C. agassizii present a problem of recognition 
for nonspecialists; frequently C. berlandieri is sold 
as "Gopherus" or "desert tortoise." In 1970, G. R. 
Stewart (personal communication) found the 
remains of a C. berlandieri near Palm Desert, 
Riverside County; other specimens have also been 
observed in the desert by his students. About 20% 
of the tortoises turned into the Alexander Lindsey 
Junior Museum in Walnut Creek, California, are 
Berlandier's tortoise, which indicates how com
mon they were on the commercial market. 

Impact of Traffic and Off-road Vehicles 

Decreases in tortoise populations due to direct 
contact with humans will increase as the desert 
becomes more popular and accessible for recrea
tion. During movements and foraging, tortoises 
cross roads where they may be collected by people 
seeking a pet or killed by passing vehicles (Fig. 14). 

Fig. 14. Two adult tortoises killed by vehicles on a road 
near California City. California (Photo by R. W. 
Marlow). 
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August 1972 to include prohibition of transporta
tion and possession of all species of Gopherus in 
California (Bury and Stewart 1973). This amend
ment provides for a permit system whereby owners 
who can demonstrate legal acquisition may possess 
tortoises. Permits can also be issued for possession 
for educational, scientific, and zoological purposes. 
In 1972, the desert tortoise was declared the state 
reptile. On I March 1972, the California DFG 
amended its wildlife regulations to include a "zero 
bag limit" for all species of the genus Gopherus. 
These recent laws prohibit the importation of all 
North American tortoises (Gopherus) into Cali
fornia. The laws are enforced, but manpower is 
inadequate for proper enforcement. Furthermore, 
these laws are not widely known. Not only are few 
tortoise owners aware of their legal obligation to 
register their pets, some confusion exists as to just 
how registration should be done and what consti
tutes a "legal" animal. A solution to these problems 
is being sought (St. Amant 1977). 

Land Ownership 

Ownership of lands in the ·California desert is 
divided among many agencies and organizations, 
but Federal ownership predominates. Six military 
reservations (Edwards Air Force Base, Fort Irwin, 
U.S. Naval Ordnance Test Station at China Lake, 
Randsburg Wash Test Range, Twentynine Palms 
Marine Corps Training Center, Chocolate Moun
tains Gunnery Range) under the Department of 
Defense comprise about 1.2 million ha; other 
agencies in the Department of Interior (National 
Park Service, Bureau of Reclamation, and the 
Bureau of Indian Affairs) administer about 0.81 
million ha. Private and state ownership account 
for about 0.45 million ha. The Southern Pacific 
Land Company is the largest single private owner; 
its ownership stems from the Public Railway Act 
of 1862 which granted to the company odd
numbered sections, 32 km on each side of the 
planned railroad route. Once surveyed, nearly half 
of the granted lands were sold in the first 20 years 
to help finance construction, but most of the desert 
holdings were deemed worthless and remained 
unsold; Southern Pacific retains ownership and 
apparently has no immediate plans for develop
ment. The State of California is involved with the 
desert in a variety of capacities. including highway 
rights-of-way. irrigation districts. school districts. 
state parks. and fish and game regulation. Private 
business interests include mines. real estate. agri
culture, grazing lands. ranches. and tourist facilities. 

Cabins and rural retreats in the form of small 
tracts (mostly smaller than 2 ha) are the basis for 

some private ownership patterns in the desert. 
Between 1959 and 1969. about 20.000 ha were sold 
under the Federal Small Tract Act for small
acreage recreational homesites; the largest concen
tration of these lies in the western Mojave Desert 
from just east of Twentynine Palms to Victorville. 
with smaller concentrations in the Antelope Valley 
and in the Barstow and Ridgecrest regions. As a 
result ofthese and other land sales ofthe 1950's and 
early 1960's. an estimated 120.000 unimproved 
small parcels are now privately owned in the 
California Desert. Tortoises are found throughout 
the low-lying areas in these regions of "jackrabbit 
homesteads ... 

Also. mining claims number more than 250,000 
(BLM 1969). Mining activities. however. occupy 
only a small percentage of the land area and most 
are concentrated in upland areas that are less 
frequented by tortoises. 

The largest portion of the California desert is 
administered by the BLM, which manages about 
4.45 million ha. These lands were primarily 
designated as grazing and mining leases or held 
without designated uses. Such lands are now being 
classified under broader multiple-use designations 
(BLM 1980). but recreational use and energy 
development are foremost. Such planning places 
the future of many tortoise populations in jeopardy 
because nearly all major concentrations and prime 
habitat of desert tortoises in California are located 
on BLM Natural Resource lands. 

A major conservation effort is under way to 
establish a Desert Tortoise Reserve near California 
City in the western Mojave Desert. This proposed 
reserve contains the highest known densities of the 
tortoise. The BLM is attempting to set aside 98 km2 

of land for its natural values. principally for 
protection of the desert tortoise. A Desert Tortoise 
Preserve Committee has been instrumental in 
promoting the reserve (Forgey 1977) and works 
with its own funds. The Nature Conservancy has 
also assisted by purchasing a few critical parcels of 
private land. The proposed reserve has been fenced 
to deter unauthorized grazing and impact by 
OR Vs. and a nature center and trail system for the 
reserve are now being considered. 

Energy leases and transmission corridor ease
ments on natural resource lands have been granted 
to various power and utility companies. Some of 
these projects consider the best possible planning 
alternatives with respect to tortoise popUlations 
(e.g .• Stevens 1976). Other projects have opened 
access to desert lands through road construction 
along corridor routes for transmission lines or 
underground pipelines. 

Digitized by Google 



ECOLOGY AND MANAGEMENT OF THE DESERT TORTOISE 29 

The Department of Defense lands in the 
California desert probably support sizeable tor
toise populations (Berry 1976). These facilities 
have served as reserves because of their restricted 
use patterns and controlled access. Conversely. 
some attrition has probably occurred during the 
various training exercises. 

Desert Tortoise Council 

In 1975. a Desert Tortoise Council was estab
lished through the volunteer efforts of representa
tives from local. State. and Federal agencies. and 
from utility companies. colleges. and universities. 
as well as private citizens and civic groups. Its 
major aims are to provide a forum for discussion of 
the problems of tortoise management and to 
coordinate efforts relating to the survival of the 
tortoise throughout its range. Among the activities 
of the Council are efforts to define tortoise 
respiratory diseases. the release of rehabilitated 
captive animals into the wild. and several educa
tion projects to focus attention on the plight of the 
tortoise. The Executive Committee of the Council 
now meets several times each year and annual 
symposiums are held. Work on the management 
and biology of the tortoise is published in the 
Proceedings of the Desert Tortoise Council. 

Recommendations 

My field studies have identified several prime 
tortoise areas (Table 4); existing reserves for the 
desert tortoise in California are given in Table 5. 
Only in the Desert Tortoise Reserve has a 
substantial tortoise population been identified for 
protection. 

The ancestors of the desert witnessed the large
scale Pleistocene extinctions of manv animal 
species. but they adapted to the increasi~g aridity 
of the Southwest. The tortoise survived this period 
to become the largest native herbivore on most of 
the Southwestern flatland desert. The desert 
tortoise is well adapted and resistant to the climatic 
and biological demands of an arid region. but its 
future survival is in jeopardy because of human 
activities. Tortoise popUlations have already suf
fered significant losses from collection and remov
al. grazing. roadkill. military activity. and vandal
ism. and more recently by rapidly increasing OR V 
use. Its habitat is extremely vulnerable to disrup
tion by ORVs. 

Although the desert tortoise has adequate legal 
protection in California. its habitat does not. The 
major high-density areas are largely on BLM
administered public lands. The future of the desert 
tortoise can best be assured by proper management 
of these lands for their wildlife values. 

Specific management needs of the desert tortoise 
identified by the present study include the following: 

• Prohibit or restrict use of ORV activities in 
areas of high tortoise abundance; 

• Investigate the impacts of grazing. especially 
the short-term. concentrated trailing of sheep; 

• Coordinate efforts of the Department of 
Defense in California to identify areas critical 
to unique wildlife and plant species on their 
lands. and to adopt suitable management 
programs within the framework of their 
research and training priorities; and 

• Coordinate similar efforts concerning tortoise 
populations in other states and in northwest
ern Mexico. 
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Human d i:::t:::':::,:::nce Ownership 

Area of "Desert Strike" maneuvers; Most bajadas of Ward Valley 
unexploded ordnance. some are consolidated BLM Natural 
trash. tn::::I,:::, :,h:::avy in NE:" Resource 

Gas and I:::ye::::: ::::: hemehu,:: v', 

roads. lands. bur: fur: ::' h,:: 'n part is 

Area of "Desert Strike" maneu
fox holes. 

:::::::racks; ranl:I:::: 
:::c,wer and 

mixed ownership. 

Mining claims. Railroad 
,::heckerbon::'di:q::, private la:'::.::I:,:, 
mining c1::: i::n':, ::::,d grazing 
leases. 

3. Water Valley Creosote scrub. Power and gaslines; roads; sheep Railroad checkerboarding on 
western end. Some consolidated 
BLM land on east end. Private 
lands. 

4. Fremo:::: 

5. Stoddard Valley 

Joshua Tree woodland. use seasonally; old mines. 

C':,:: :sote scrub, 
woodland 

Creosote scrub. 
ll/ojave yucca, 

succulen'::: 
elevatio::':':, 

Subdiv,:::io::':, powerlines; Almost w:':olly private serf::::::>:' 
encroach! :q:: i:dgated agri:::e I, with excep::ion (:f tortoise 
ture; numerous roads; sheep preserve. 
grazing seasonally; OR V activity. 

Power and gas line roads; Mostly consolidated BLM lands; 
mining n,::::,vi::y in past. Ra:':;::::' grazing I:::,::,::::::, ;",:::r:':e patent::'d 
cattle. g:;"zing seaso::;,,:,1::: mining c1r:.i::r::: 

{)RVactivi:::: 

() 1:11, V Classif:::':::Je:: :::::: 

Valleys: existing roads and 
trails. Old Womans area and 
perimeter of 'I dr::I::: Mtn.: 
d:::signated 
S,:e:all c1osu:::: 
40: designated road and trails. 

Western end of Fenner Valley: 
,::::dsting roa:!:: :::'::1 ::rails. The 
remainder: ::I>::::',,::;nn::ed roads 
:':::,d trails. 

Eastern end: designated roads 
and trails. Western section: 
some OR V event design sites. 

, nclassified 
(:','mership. 
closed. 

of privau:' 
Reserve 

Special design and existing 
roads and H:::,i ;", C:::mpetitive 
T::,ents Are::,:", 

6. Ivanpah Valley Creosote. shadscale 
and alkali. sink 
scrub. 

Power and gasline roads; Union Largely BLM lands with some Designated roads and trails. 

7. E. Kran::::: II ,lIs 
W. Hinkley Valley 

"'Refers to :::I:',:::",E:::ations in 

C':::'::sote scrUff', 
scattered Joshua 
Trees. 

Uornia De"e:,:: 

Pacific railroad; range cattle. school district sections. Some 

Power line roads 
divisions. and small private 
tract plots; sheep gral.ing 
seasonally; OR V activity. 

Recreat!::::', Ivlanngement 

private lands near Cima. 
Grazing 

East of H','::::, well-
consolidated BLM lands. 
Mostly private holdings along 
Mojave flood plain and in 
Hinkley Valley 

l",lovember 

I(ramer Hil!>: ':pecial desigr, 
area. An OR\: Competitive 
Events Area is planned. 
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Table 5. Areas serving as reserves for the desert tortoise in California. 

Name Facility 

Joshua Tree National Monument 

Death Valley National Monument 
Picacho State Park 

Providence M tns. State Recreation Area 
Saddlebag Butte State Park 
Redrock Canyon State Park 

Wildflower and Wildlife Los Angeles County Park 
Sanctuaries 

Desert Tortoise Reserve BLM and private land 
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Appendix 

Pooled data from S surveys conducted on the 
Desert Tortoise Reserve, S on the Hinkley Study 
Site, 33 from high-density areas, 69 from medium
density regions, and 3S from low-density areas. 
Total values are averages plus or minus one 
standard deviation; ranges are given in parentheses
i.e .• x ± SD (range). 
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High Density (N=33) continued 

Transect Tortoises Burrows Scats 

Adult Juvenile Active Inactive 

82 4 0 27 36 9 
91 3 I 39 37 22 
94 2 0 29 19 14 
96 6 0 37 28 6 
97 10 0 47 36 II 
98 7 2 39 29 14 

101 2 0 40 32 21 

4.4±3.0 0.8±1.0 30.7±7.8 28.3±6.0 11.9±7.7 
(0-10) (0-3) (18-47) (17-37) (0-32) 

Medium Density (N=69) 

Transect Tortoises Burrows Scats 

Adult Juvenile Active Inactive 

4 2 0 14 7 3 
6 7 0 17 10 0 

10 0 0 12 14 5 
II 5 I 9 7 I 
12 6 I 13 13 4 
13 I 0 8 21 9 
14 3 0 14 6 14 
15 6 2 10 3 2 
16 2 0 16 II 2 
19 I I 9 6 9 
20 9 3 27 13 II 
22 0 0 9 3 II 
23 8 0 II 7 0 
24 0 0 14 5 I 
25 5 2 16 0 0 
28 2 0 6 3 6 
35 II 2 29 14 17 
36 4 0 27 19 0 
38 6 2 IS 7 13 
40 7 I 18 9 7 
42 4 0 20 II I 
44 0 0 8 3 10 
48 2 I 10 7 9 
52 I 0 9 4 2 
53 2 0 14 9 0 
55 0 0 4 I 7 
56 9 3 18 17 3 
57 3 I 16 2 20 
59 2 0 15 7 17 
60 4 0 10 8 7 
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Members of the National Guard 
lay sandbags to protect against 
Missouri River flooding.

Energy choices will affect the 
amount of future climate change.

Climate change is contributing 
to an increase in wildfires across 
the U.S. West.

Solar power use is increasing 
and is part of the solution to cli-
mate change.

Observed U.S. Temperature Change

The colors on the map show temperature changes over the past 22 years (1991-2012) compared to the 1901-1960 average for the contiguous 
U.S., and to the 1951-1980 average for Alaska and Hawaii. The bars on the graph show the average temperature changes for the U.S. by 
decade for 1901-2012 (relative to the 1901-1960 average). The far right bar (2000s decade) includes 2011 and 2012. The period from 2001 to 
2012 was warmer than any previous decade in every region. (Figure source: NOAA NCDC / CICS-NC).
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May 2014

Members of  Congress:
On behalf  of  the National Science and Technology Council and the U.S. Global Change Research Program, we are pleased 
to transmit the report of  the Third National Climate Assessment: Climate Change Impacts in the United States.  As required by 
the Global Change Research Act of  1990, this report has collected, evaluated, and integrated observations and research on 
climate change in the United States. It focuses both on changes that are happening now and further changes that we can 
expect to see throughout this century.

This report is the result of  a three-year analytical effort by a team of  over 300 experts, overseen by a broadly constituted Federal 
Advisory Committee of  60 members. It was developed from information and analyses gathered in over 70 workshops and 
listening sessions held across the country. It was subjected to extensive review by the public and by scientific experts in and 
out of  government, including a special panel of  the National Research Council of  the National Academy of  Sciences. This 
process of  unprecedented rigor and transparency was undertaken so that the findings of  the National Climate Assessment 
would rest on the firmest possible base of  expert judgment.

We gratefully acknowledge the authors, reviewers, and staff  who have helped prepare this Third National Climate 
Assessment. Their work in assessing the rapid advances in our knowledge of  climate science over the past several years has 
been outstanding. Their findings and key messages not only describe the current state of  that science but also the current and 
future impacts of  climate change on major U.S. regions and key sectors of  the U.S. economy. This information establishes 
a strong base that government at all levels of  U.S. society can use in responding to the twin challenges of  changing our 
policies to mitigate further climate change and preparing for the consequences of  the climate changes that can no longer be 
avoided. It is also an important scientific resource to empower communities, businesses, citizens, and decision makers with 
information they need to prepare for and build resilience to the impacts of  climate change.

When President Obama launched his Climate Action Plan last year, he made clear that the essential information contained 
in this report would be used by the Executive Branch to underpin future policies and decisions to better understand and 
manage the risks of  climate change. We strongly and respectfully urge others to do the same.
   
   
         Sincerely,

Dr. John P. Holdren     
Assistant to the President for Science and Technology  
Director, Office of  Science and Technology Policy 
Executive Office of  the President    

Dr. Kathryn D. Sullivan
Under Secretary for Oceans and Atmosphere 
NOAA Administrator
U.S. Department of  Commerce
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The National Climate Assessment assesses the science of climate change 
and its impacts across the United States, now and throughout this century. 
It documents climate change related impacts and responses for various 
sectors and regions, with the goal of better informing public and private 
decision-making at all levels. 

A team of more than 300 experts (see page 98), guided by a 60-member 
National Climate Assessment and Development Advisory Committee 
(listed on page vi) produced the full report – the largest and most diverse 
team to produce a U.S. climate assessment. Stakeholders involved in the 
development of the assessment included decision-makers from the public 
and private sectors, resource and environmental managers, researchers, 
representatives from businesses and non-governmental organizations, and 
the general public. More than 70 workshops and listening sessions were 
held, and thousands of public and expert comments on the draft report 
provided additional input to the process. 

The assessment draws from a large body of scientific peer-reviewed 
research, technical input reports, and other publicly available sources; all 
sources meet the standards of the Information Quality Act. The report was 
extensively reviewed by the public and experts, including a panel of the 
National Academy of Sciences, the 13 Federal agencies of the U.S. Global 
Change Research Program, and the Federal Committee on Environment, 
Natural Resources, and Sustainability.

NATIONAL CLIMATE ASSESSMENT
About the

HIGHLIGHTS
About the

The Highlights presents the major findings and selected highlights 
from Climate Change Impacts in the United States, the third National 
Climate Assessment.

The Highlights report is organized around the National Climate 
Assessment’s 12 Report Findings, which take an overarching view of 
the entire report and its 30 chapters. All material in the Highlights 
report is drawn from the full report. The Key Messages from each of 
the 30 report chapters appear in boxes throughout this document. 

A 20-page Overview booklet is available online.

Online at:
nca2014.globalchange.gov

Climate Change Impacts  
in the United States

U.S. National Climate Assessment
U.S. Global Change Research Program

Online at:
nca2014.globalchange.gov/highlights
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CLIMATE CHANGE  
AND THE AMERICAN PEOPLE

Climate change, once considered an issue for a distant future, has moved firmly into the present. Corn 
producers in Iowa, oyster growers in Washington State, and maple syrup producers in Vermont are 

all observing climate-related changes that are outside of recent experience. So, too, are coastal planners 
in Florida, water managers in the arid Southwest, city dwellers from Phoenix to New York, and Native 
Peoples on tribal lands from Louisiana to Alaska. This National Climate Assessment concludes that the 
evidence of human-induced climate change continues to strengthen and that impacts are increasing 
across the country.

Americans are noticing changes all around them. Summers are longer and hotter, and extended periods 
of unusual heat last longer than any living American has ever experienced. Winters are generally shorter 
and warmer. Rain comes in heavier downpours. People are seeing changes in the length and severity of 
seasonal allergies, the plant varieties that thrive in their gardens, and the kinds of birds they see in any 
particular month in their neighborhoods. 

Other changes are even more dramatic. Residents of some coastal cities see their streets flood more 
regularly during storms and high tides. Inland cities near large rivers also experience more flooding, 
especially in the Midwest and Northeast. Insurance rates are rising in some vulnerable locations, and 
insurance is no longer available in others. Hotter and drier weather and earlier snowmelt mean that 
wildfires in the West start earlier in the spring, last later into the fall, and burn more acreage. In Arctic 
Alaska, the summer sea ice that once protected the coasts has receded, and autumn storms now cause 
more erosion, threatening many communities with relocation. 

Scientists who study climate change confirm that these observations are consistent with significant 
changes in Earth’s climatic trends. Long-term, independent records from weather stations, satellites, 
ocean buoys, tide gauges, and many other data sources all confirm that our nation, like the rest of the 
world, is warming. Precipitation patterns are changing, sea level is rising, the oceans are becoming more 
acidic, and the frequency and intensity of some extreme weather events are increasing. Many lines of 
independent evidence demonstrate that the rapid warming of the past half-century is due primarily to 
human activities. 

The observed warming and other climatic changes are triggering wide-ranging 
impacts in every region of our country and throughout our economy. Some of 
these changes can be beneficial over the short run, such as a longer growing 
season in some regions and a longer shipping season on the Great Lakes. But 
many more are detrimental, largely because our society and its infrastructure 
were designed for the climate that we have had, not the rapidly changing 
climate we now have and can expect in the future. In addition, climate change 
does not occur in isolation. Rather, it is superimposed on other stresses, 
which combine to create new challenges. 
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2 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

This National Climate Assessment collects, integrates, and assesses 
observations and research from around the country, helping us to see 
what is actually happening and understand what it means for our lives, 
our livelihoods, and our future. This report includes analyses of impacts on 
seven sectors – human health, water, energy, transportation, agriculture, 
forests, and ecosystems – and the interactions among sectors at the 
national level. This report also assesses key impacts on all U.S. regions: 
Northeast, Southeast and Caribbean, Midwest, Great Plains, Southwest, 
Northwest, Alaska, Hawai‘i and the Pacific Islands, as well as the country’s 
coastal areas, oceans, and marine resources. 

Over recent decades, climate science has advanced significantly. Increased scrutiny has led to increased 
certainty that we are now seeing impacts associated with human-induced climate change. With each 
passing year, the accumulating evidence further expands our understanding and extends the record of 
observed trends in temperature, precipitation, sea level, ice mass, and many other variables recorded 
by a variety of measuring systems and analyzed by independent research groups from around the 
world. It is notable that as these data records have grown longer and climate models have become 
more comprehensive, earlier predictions have largely been confirmed. The only real surprises have been 
that some changes, such as sea level rise and Arctic sea ice decline, have outpaced earlier projections. 

What is new over the last decade is that we know with increasing certainty that climate change is 
happening now. While scientists continue to refine projections of the future, observations unequivocally 
show that climate is changing and that the warming of the past 50 years is primarily due to human-
induced emissions of heat-trapping gases. These emissions come mainly from burning coal, oil, and gas, 
with additional contributions from forest clearing and some agricultural practices. 

Global climate is projected to continue to change over this century and beyond, but there is still time to 
act to limit the amount of change and the extent of damaging impacts. 

This report documents the changes already 
observed and those projected for the 
future. It is important that these findings 
and response options be shared broadly to 
inform citizens and communities across our 
nation. Climate change presents a major 
challenge for society. This report advances 
our understanding of that challenge and 
the need for the American people to 
prepare for and respond to its far-reaching 
implications. 
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ABOUT THIS REPORT
This report assesses the science of climate change and its im-
pacts across the United States, now and throughout this century. 
It integrates findings of the U.S. Global Change Research Program 
(USGCRP)a with the results of research and observations from 
across the U.S. and around the world, including reports from the 

U.S. National Research Council. This report documents climate 
change related impacts and responses for various sectors and 
regions, with the goal of better informing public and private de-
cision-making at all levels. 

REPORT REQUIREMENTS, PRODUCTION, AND APPROVAL
The Global Change Research Act1 requires that, every four years, 
the USGCRP prepare and submit to the President and Congress 
an assessment of the effects of global change in the United 
States. As part of this assessment, more than 70 workshops were 
held involving a wide range of stakeholders who identified issues 
and information for inclusion (see Appendix 1: Process). A team 
of more than 300 experts was involved in writing this report. Au-
thors were appointed by the National Climate Assessment and 
Development Advisory Committee (NCADAC),b the federal ad-

visory committee assembled for the purpose of conducting this 
assessment. The report was extensively reviewed and revised 
based on comments from the public and experts, including a 
panel of the National Academy of Sciences. The report was re-
viewed and approved by the USGCRP agencies and the federal 
Committee on Environment, Natural Resources, and Sustainabili-
ty (CENRS). This report meets all federal requirements associated 
with the Information Quality Act (see Appendix 2: IQA), including 
those pertaining to public comment and transparency.

REPORT SOURCES
The report draws from a large body of scientific, peer-reviewed 
research, as well as a number of other publicly available sources. 
Author teams carefully reviewed these sources to ensure a re-
liable assessment of the state of scientific understanding. Each 
source of information was determined to meet the four parts of 
the IQA Guidance provided to authors: 1) utility, 2) transparency 
and traceability, 3) objectivity, and 4) integrity and security (see 
Appendix 2: IQA). Report authors made use of technical input re-
ports produced by federal agencies and other interested parties 
in response to a request for information by the NCADAC;2 oth-

er peer-reviewed scientific assessments (including those of the 
Intergovernmental Panel on Climate Change); the U.S. National 
Climate Assessment’s 2009 report titled Global Climate Change 
Impacts in the United States;3 the National Academy of Science’s 
America’s Climate Choices reports;4 a variety of regional climate 
impact assessments, conference proceedings, and government 
statistics (such as population census and energy usage); and ob-
servational data. Case studies were also provided as illustrations 
of climate impacts and adaptation programs. 

  a The USGCRP is made up of  13 Federal departments and agencies that carry out research and support the nation’s response to global change The 
USGCRP is overseen by the Subcommittee on Global Change Research (SGCR) of  the National Science and Technology Council’s Committee on 
Environment, Natural Resources and Sustainability (CENRS), which in turn is overseen by the White House Office of  Science and Technology Policy 
(OSTP). The agencies within USGCRP are: the Department of  Agriculture, the Department of  Commerce (NOAA), the Department of  Defense, the 
Department of  Energy, the Department of  Health and Human Services, the Department of  the Interior, the Department of  State, the Department 
of  Transportation, the Environmental Protection Agency, the National Aeronautics and Space Administration, the National Science Foundation, the 
Smithsonian Institution, and the U.S. Agency for International Development.
  b The NCADAC is a federal advisory committee sponsored by the National Oceanic and Atmospheric Administration under the requirements of  the 
Federal Advisory Committee Act.
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ABOUT THIS REPORT

OVERARCHING PERSPECTIVES
Four overarching perspectives, derived from decades of ob-
servations, analysis, and experience, have helped to shape 
this report: 1) climate change is happening in the context of 
other ongoing changes across the U.S. and the globe; 2) cli-
mate change impacts can either be amplified or reduced by 
societal decisions; 3) climate change related impacts, vulner-

abilities, and opportunities in the U.S. are linked to impacts 
and changes outside the United States, and vice versa; and 4) 
climate change can lead to dramatic tipping points in natural 
and social systems. These overarching perspectives are briefly 
discussed below.

Global Change Context 

Climate change is one of a number of global changes affecting 
society, the environment, and the economy; others include 
population growth, land-use change, air and water pollution, 
and rising consumption of resources by a growing and wealthier 
global population. This perspective has implications for assess-
ments of climate change impacts and the design of research 
questions at the national, regional, and local scales. This assess-
ment explores some of the consequences of interacting factors 
by focusing on sets of crosscutting issues in a series of six chap-

ters: Energy, Water, and Land Use; Biogeochemical Cycles; In-
digenous Peoples, Lands, and Resources; Urban Systems, Infra-
structure, and Vulnerability; Land Use and Land Cover Change; 
and Rural Communities. The assessment also includes discus-
sions of how climate change impacts cascade through different 
sectors such as water and energy, and affect and are affected 
by land-use decisions. These and other interconnections great-
ly stress society’s capacity to respond to climate-related crises 
that occur simultaneously or in rapid sequence.

A guide to the report 

The report has eight major sections, outlined below:

•	Overview and Report Findings: gives a high-level perspective on the full National Climate Assessment and sets out 
the report’s 12 key findings. The Overview synthesizes and summarizes the ideas that the authors consider to be 
of greatest importance to the American people.

•	Our Changing Climate: presents recent advances in climate change science, which includes discussions of 
extreme weather events, observed and projected changes in temperature and precipitation, and the uncertainties 
associated with these projections.  Substantial additional material related to this chapter can be found in the 
Appendices.

•	Sectors: focuses on climate change impacts for seven societal and environmental sectors: human health, water, 
energy, transportation, agriculture, forests, and ecosystems and biodiversity; six additional chapters consider the 
interactions among sectors (such as energy, water, and land use) in the context of a changing climate.

•	Regions: assesses key impacts on U.S. regions – Northeast, Southeast and Caribbean, Midwest, Great Plains, 
Southwest, Northwest, Alaska, and Hawai‘i and the U.S. affiliated Pacific Islands – as well as coastal areas, 
oceans, and marine resources. 

•	Responses: assesses the current state of responses to climate change, including adaptation, mitigation, and 
decision support activities. 

•	Research Needs: highlights major gaps in science and research to improve future assessments. New research is 
called for in climate science in support of assessments, climate impacts in regions and sectors, and adaptation, 
mitigation, and decision support. 

•	Sustained Assessment Process: describes an initial vision for and components of an ongoing, long-term 
assessment process.  

•	Appendices: Appendix 1 describes key aspects of the report process, with a focus on engagement; Appendix 
2 describes the guidelines used in meeting the terms of the Federal Information Quality Act; Appendix 3 
supplements the chapter on Our Changing Climate with an extended treatment of selected science issues; 
Appendix 4 provides answers to Frequently Asked Questions about climate change; Appendix 5 describes 
scenarios and models used in this assessment; and Appendix 6 describes possible topics for consideration in 
future assessments.
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ABOUT THIS REPORT

Societal Choices

Because environmental, cultural, and socioeconomic systems 
are tightly coupled, climate change impacts can either be am-
plified or reduced by cultural and socioeconomic decisions. In 
many arenas, it is clear that societal decisions have substantial 
influence on the vulnerability of valued resources to climate 

change. For example, rapid population growth and develop-
ment in coastal areas tends to amplify climate change related 
impacts. Recognition of these couplings, together with recog-
nition of multiple sources of vulnerability, helps identify what 
information decision-makers need as they manage risks. 

International Context 

Climate change is a global phenomenon; the causes and the 
impacts involve energy-use, economic, and risk-management 
decisions across the globe. Impacts, vulnerabilities, and op-
portunities in the U.S. are related in complex and interactive 
ways with changes outside the United States, and vice versa. 
In order for U.S. concerns related to climate change to be ad-
dressed comprehensively, the international context must be 

considered. Foreign assistance, health, environmental quality 
objectives, and economic interests are all affected by climate 
changes experienced in other parts of the world. Although 
there is significantly more work to be done in this area, this 
report identifies some initial implications of global and inter-
national trends that can be more fully investigated in future 
assessments. 

 Thresholds, Tipping Points, and Surprises
While some climate changes will occur slowly and relatively 
gradually, others could be rapid and dramatic, leading to unex-
pected breaking points in natural and social systems. Although 
they have potentially large impacts, these breaking points or 
tipping points are difficult to predict, as there are many un-
certainties about future conditions. These uncertainties and 
potential surprises come from a number of sources, including 
insufficient data associated with low probability/high conse-
quence events, models that are not yet able to represent all 

the interactions of multiple stresses, incomplete understand-
ing of physical climate mechanisms related to tipping points, 
and a multitude of issues associated with human behavior, 
risk management, and decision-making. Improving our ability 
to anticipate thresholds and tipping points can be helpful in 
developing effective climate change mitigation and adapta-
tion strategies (Ch. 2: Our Changing Climate; Ch. 29: Research 
Needs; and Appendices 3 and 4).

RISK MANAGEMENT FRAMEWORK
Authors were asked to consider the science and information 
needs of decision-makers facing climate change risks to infra-
structure, natural ecosystems, resources, communities, and 
other things of societal value. They were also asked to consid-
er opportunities that climate change might present. For each 
region and sector, they were asked to assess a small number 
of key climate-related vulnerabilities of concern based on 
the risk (considering likelihood and consequence) of impacts. 
They were also asked to address the most important infor-
mation needs of stakeholders, and to consider the decisions 

stakeholders are facing. The criteria provided for identifying 
key vulnerabilities in each sector or region included magni-
tude, timing, persistence/reversibility, scale, and distribution 
of impacts, likelihood whenever possible, importance of im-
pacts (based on the perceptions of relevant parties), and the 
potential for adaptation. Authors were encouraged to think 
about these topics from both a quantitative and qualitative 
perspective and to consider the influence of multiple stresses 
whenever possible. 

RESPONDING TO CLIMATE CHANGE
While the primary focus of this report is on the impacts of cli-
mate change in the United States, it also documents some of 
the actions society is taking or can take to respond. Responses 
to climate change fall into two broad categories. The first in-
volves “mitigation” measures to reduce future climate change 
by reducing emissions of heat-trapping gases and particles, or 
increasing removal of carbon dioxide from the atmosphere. 

The second involves “adaptation” measures to improve soci-
ety’s ability to cope with or avoid harmful impacts and take 
advantage of beneficial ones, now and in the future. At this 
point, both of these response activities are necessary to limit 
the magnitude and impacts of global climate change on the 
United States. 
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ABOUT THIS REPORT

More effective mitigation measures can reduce the amount 
of climate change, and therefore reduce the need for future 
adaptation. This report underscores the effects of mitigation 
measures by comparing impacts resulting from higher ver-
sus lower emissions scenarios. This shows that choices made 
about emissions in the next few decades will have far-reach-
ing consequences for climate change impacts throughout this 
century. Lower emissions will reduce the rate and lessen the 
magnitude of climate change and its impacts. Higher emissions 
will do the opposite.

While the report demonstrates the importance of mitigation 
as an essential part of the nation’s climate change strategy, it 
does not evaluate mitigation technologies or policies or under-
take an analysis of the effectiveness of various approaches. 
The range of mitigation responses being studied includes, but 
is not limited to, policies and technologies that lead to more ef-

ficient production and use of energy, increased use of non-car-
bon-emitting energy sources such as wind and solar power, 
and carbon capture and storage.

Adaptation actions are complementary to mitigation actions. 
They are focused on moderating harmful impacts of current 
and future climate variability and change and taking advantage 
of possible opportunities. While this report assesses the cur-
rent state of adaptation actions and planning across the coun-
try in a general way, the implementation of adaptive actions 
is still nascent. A comprehensive assessment of actions taken, 
and of their effectiveness, is not yet possible. This report docu-
ments some of the actions currently being pursued to address 
impacts such as increased urban heat extremes and air pol-
lution, and describes the challenges decision-makers face in 
planning for and implementing adaptation responses. 

TRACEABLE ACCOUNTS: PROCESS AND CONFIDENCE
The “traceable accounts” that accompany each chapter: 1) 
document the process the authors used to reach the conclu-
sions in their key messages; 2) provide additional information 
to reviewers and other readers about the quality of the infor-
mation used; 3) allow traceability to resources; and 4) provide 
the level of confidence the authors have in the main findings 
of the chapters. The authors have assessed a wide range of 
information in the scientific literature and various technical 
reports. In assessing confidence, they have considered the 
strength and consistency of the observed evidence, the skill, 
range, and consistency of model projections, and insights from 
peer-reviewed sources.

When it is considered scientifically justified to report the 
likelihood of particular impacts within the range of possible 
outcomes, this report takes a plain-language approach to ex-
pressing the expert judgment of the author team based on 
the best available evidence. For example, an outcome termed 
“likely” has at least a two-thirds chance of occurring; an out-
come termed “very likely” has more than a 90% chance. Key 
sources of information used to develop these characterizations 
are referenced. 
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OVERVIEW AND
REPORT FINDINGS1

Climate change is already affecting the American people in far-
reaching ways. Certain types of extreme weather events with 
links to climate change have become more frequent and/or in-
tense, including prolonged periods of heat, heavy downpours, 
and, in some regions, floods and droughts. In addition, warm-
ing is causing sea level to rise and glaciers and Arctic sea ice 
to melt, and oceans are becoming more acidic as they absorb 
carbon dioxide. These and other aspects of climate change are 
disrupting people’s lives and damaging some sectors of our 
economy. 

Climate Change:  
Present and Future

Evidence for climate change abounds, from the top of the 
atmosphere to the depths of the oceans. Scientists and engi-
neers from around the world have meticulously collected this 
evidence, using satellites and networks of weather balloons, 
thermometers, buoys, and other observing systems. Evidence 
of climate change is also visible in the observed and measured 
changes in location and behavior of species and functioning of 
ecosystems. Taken together, this evidence tells an unambigu-
ous story: the planet is warming, and over the last half century, 
this warming has been driven primarily by human activity.

Multiple lines of independent evidence confirm that human 
activities are the primary cause of the global warming of the 
past 50 years. The burning of coal, oil, and gas, and clearing of 
forests have increased the concentration of carbon dioxide in 
the atmosphere by more than 40% since the Industrial Revolu-
tion, and it has been known for almost two centuries that this 
carbon dioxide traps heat. Methane and nitrous oxide emis-
sions from agriculture and other human activities add to the 
atmospheric burden of heat-trapping gases. Data show that 
natural factors like the sun and volcanoes cannot have caused 
the warming observed over the past 50 years. Sensors on sat-

ellites have measured the sun’s 
output with great accuracy and 
found no overall increase dur-
ing the past half century. Large 
volcanic eruptions during this 
period, such as Mount Pinatubo 
in 1991, have exerted a short-
term cooling influence. In fact, 
if not for human activities, glob-
al climate would actually have 
cooled slightly over the past 50 
years. The pattern of tempera-
ture change through the layers 
of the atmosphere, with warm-
ing near the surface and cooling 
higher up in the stratosphere, 
further confirms that it is the 
buildup of heat-trapping gases 
(also known as “greenhouse 
gases”) that has caused most 
of the Earth’s warming over the 
past half century. 

Coal-fired power plants emit heat-trapping carbon dioxide to the 
atmosphere.
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These are just some of the indicators measured globally over many decades that show that the 
Earth’s climate is warming. White arrows indicate increasing trends; black arrows indicate decreasing 
trends. All the indicators expected to increase in a warming world are increasing, and all those 
expected to decrease in a warming world are decreasing. (Figure source: NOAA NCDC, based on 
data updated from Kennedy et al. 2010a).

Ten Indicators of a Warming World
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Because human-induced warming is superimposed on 
a background of natural variations in climate, warm-
ing is not uniform over time. Short-term fluctuations 
in the long-term upward trend are thus natural and 
expected. For example, a recent slowing in the rate of 
surface air temperature rise appears to be related to 
cyclic changes in the oceans and in the sun’s energy 
output, as well as a series of small volcanic eruptions 
and other factors. Nonetheless, global temperatures 
are still on the rise and are expected to rise further.

U.S. average temperature has increased by 1.3°F to 
1.9°F since 1895, and most of this increase has oc-
curred since 1970. The most recent decade was the 
nation’s and the world’s hottest on record, and 2012 
was the hottest year on record in the continental 
United States. All U.S. regions have experienced warm-
ing in recent decades, but the extent of warming has 
not been uniform. In general, temperatures are rising 
more quickly in the north. Alaskans have experienced 
some of the largest increases in temperature between 
1970 and the present. People living in the Southeast 
have experienced some of the smallest temperature 
increases over this period.

Temperatures are projected to rise another 2°F to 4°F 
in most areas of the United States over the next few decades. 
Reductions in some short-lived human-induced emissions that 
contribute to warming, such as black carbon (soot) and meth-
ane, could reduce some of the projected warming over the 
next couple of decades, because, unlike carbon dioxide, these 
gases and particles have relatively short atmospheric lifetimes.

The amount of warming projected beyond the next few de-
cades is directly linked to the cumulative global emissions of 
heat-trapping gases and particles. By the end of this century, 
a roughly 3°F to 5°F rise is projected under a lower emissions 
scenario, which would require substantial reductions in emis-
sions (referred to as the “B1 scenario”), and a 5°F to 10°F rise 
for a higher emissions scenario assuming continued increases 
in emissions, predominantly from fossil fuel combustion (re-

ferred to as the “A2 scenario”). These 
projections are based on results from 
16 climate models that used the two 
emissions scenarios in a formal inter-
model comparison study. The range of 
model projections for each emissions 
scenario is the result of the differences 
in the ways the models represent key 
factors such as water vapor, ice and 
snow reflectivity, and clouds, which can 
either dampen or amplify the initial ef-
fect of human influences on tempera-
ture. The net effect of these feedbacks 
is expected to amplify warming. More 
information about the models and sce-
narios used in this report can be found 
in Appendix 5 of the full report.1

The green band shows how global average temperature would have changed 
over the last century due to natural forces alone, as simulated by climate 
models. The blue band shows model simulations of the effects of human and 
natural forces (including solar and volcanic activity) combined. The black line 
shows the actual observed global average temperatures. Only with the inclu-
sion of human influences can models reproduce the observed temperature 
changes. (Figure source: adapted from Huber and Knutti 2012b). 

Separating Human and Natural  
Influences on Climate

Different amounts of heat-trapping gases re-
leased into the atmosphere by human activi-
ties produce different projected increases in 
Earth’s temperature. The lines on the graph 
represent a central estimate of global aver-
age temperature rise (relative to the 1901-
1960 average) for the two main scenarios 
used in this report. A2 assumes continued 
increases in emissions throughout this cen-
tury, and B1 assumes significant emissions 
reductions, though not due explicitly to cli-
mate change policies. Shading indicates the 
range (5th to 95th percentile) of results from 
a suite of climate models. In both cases, 
temperatures are expected to rise, although 
the difference between lower and higher 
emissions pathways is substantial. (Figure 
source: NOAA NCDC / CICS-NC).

Projected Global Temperature Change



9 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

1: OVERVIEW AND REPORT FINDINGS

Prolonged periods of high temperatures and the persistence 
of high nighttime temperatures have increased in many loca-
tions (especially in urban areas) over the past half century. High 
nighttime temperatures have widespread impacts because 
people, livestock, and wildlife get no respite from the heat. In 
some regions, prolonged periods of high temperatures associ-
ated with droughts contribute to conditions that lead to larger 
wildfires and longer fire seasons. As expected in a warming 
climate, recent trends show that extreme heat is becoming 
more common, while extreme cold is becoming less common. 
Evidence indicates that the human influence on climate has al-
ready roughly doubled the probability of extreme heat events 
such as the record-breaking summer heat experienced in 2011 
in Texas and Oklahoma. The incidence of record-breaking high 
temperatures is projected to rise.2

Human-induced climate change means much more than just 
hotter weather. Increases in ocean and freshwater tempera-
tures, frost-free days, and heavy downpours have all been 
documented. Global sea level has risen, and there have been 
large reductions in snow-cover extent, glaciers, and sea ice. 
These changes and other climatic changes have affected and 
will continue to affect human health, water supply, agriculture, 
transportation, energy, coastal areas, and many other sectors 
of society, with increasingly adverse 
impacts on the American economy 
and quality of life.3

Some of the changes discussed in 
this report are common to many re-
gions. For example, large increases in 
heavy precipitation have occurred in 
the Northeast, Midwest, and Great 
Plains, where heavy downpours have 
frequently led to runoff that exceeded 
the capacity of storm drains and le-
vees, and caused flooding events and 
accelerated erosion. Other impacts, 
such as those associated with the 
rapid thawing of permafrost in Alaska, 
are unique to a particular U.S. region. 
Permafrost thawing is causing exten-
sive damage to infrastructure in our 
nation’s largest state.4

Some impacts that occur in one region 
ripple beyond that region. For exam-
ple, the dramatic decline of summer 
sea ice in the Arctic – a loss of ice cover 
roughly equal to half the area of the 
continental United States – exacer-
bates global warming by reducing the 
reflectivity of Earth’s surface and in-
creasing the amount of heat absorbed. 
Similarly, smoke from wildfires in one 

location can contribute to poor air quality in faraway regions, 
and evidence suggests that particulate matter can affect at-
mospheric properties and therefore weather patterns. Major 
storms and the higher storm surges exacerbated by sea level 
rise that hit the Gulf Coast affect the entire country through 
their cascading effects on oil and gas production and distribu-
tion.5

Water expands as it warms, causing global sea levels to rise; 
melting of land-based ice also raises sea level by adding water 
to the oceans. Over the past century, global average sea level 
has risen by about 8 inches. Since 1992, the rate of global sea 
level rise measured by satellites has been roughly twice the 
rate observed over the last century, providing evidence of ac-
celeration. Sea level rise, combined with coastal storms, has 
increased the risk of erosion, storm surge damage, and flood-
ing for coastal communities, especially along the Gulf Coast, 
the Atlantic seaboard, and in Alaska. Coastal infrastructure, 
including roads, rail lines, energy infrastructure, airports, port 
facilities, and military bases, are increasingly at risk from sea 
level rise and damaging storm surges. Sea level is projected to 
rise by another 1 to 4 feet in this century, although the rise in 
sea level in specific regions is expected to vary from this global 
average for a number of reasons. A wider range of scenarios, 

Percent changes in the amount of precipitation falling in very heavy events (the heaviest 1%) 
from 1958 to 2012 for each region. There is a clear national trend toward a greater amount 
of precipitation being concentrated in very heavy events, particularly in the Northeast and 
Midwest. (Figure source: updated from Karl et al. 2009c ).

Observed Change in Very Heavy Precipitation
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from 8 inches to more than 6 feet by 2100, has 
been used in risk-based analyses in this report. 
In general, higher emissions scenarios that lead 
to more warming would be expected to lead 
to higher amounts of sea level rise. The stakes 
are high, as nearly five million Americans and 
hundreds of billions of dollars of property are 
located in areas that are less than four feet 
above the local high-tide level.6

In addition to causing changes in climate, in-
creasing levels of carbon dioxide from the 
burning of fossil fuels and other human activi-
ties have a direct effect on the world’s oceans. 
Carbon dioxide interacts with ocean water to 
form carbonic acid, increasing the ocean’s acid-
ity. Ocean surface waters have become 30% 
more acidic over the last 250 years as they have 
absorbed large amounts of carbon dioxide 
from the atmosphere. This ocean acidification 
makes water more corrosive, reducing the capacity of marine 
organisms with shells or skeletons made of calcium carbonate 

(such as corals, krill, oysters, clams, and crabs) to survive, grow, 
and reproduce, which in turn will affect the marine food chain.7

Widespread Impacts
Impacts related to climate change are already evident in many 
regions and sectors and are expected to become increasingly 
disruptive across the nation throughout this century and be-

yond. Climate changes interact with other environmental and 
societal factors in ways that can either moderate or intensify 
these impacts.

Pteropods, or “sea butterflies,” are eaten by a variety of marine species ranging from 
tiny krill to salmon to whales. The photos show what happens to a pteropod’s shell 
in seawater that is too acidic. On the left is a shell from a live pteropod from a region 
in the Southern Ocean where acidity is not too high. The shell on the right is from a 
pteropod in a region where the water is more acidic. (Figure source:  (left) Bednaršek 
et al. 2012e (right) Nina Bednaršek).

Shells Dissolve in Acidified Ocean Water

The correlation between rising levels of carbon dioxide in the atmosphere (red) with 
rising carbon dioxide levels (blue) and falling pH in the ocean (green). As carbon 
dioxide accumulates in the ocean, the water becomes more acidic (the pH declines). 
(Figure source: modified from Feely et al. 2009d).

As Oceans Absorb CO2  
They Become More Acidic
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Northeast
Communities are affected by heat waves, more extreme precipitation events, and 
coastal flooding due to sea level rise and storm surge.

Southeast  
and 

Caribbean

Decreased water availability, exacerbated by population growth and land-use change, 
causes increased competition for water. There are increased risks associated with 
extreme events such as hurricanes.

Midwest
Longer growing seasons and rising carbon dioxide levels increase yields of some crops, 
although these benefits have already been offset in some instances by occurrence of 
extreme events such as heat waves, droughts, and floods.

Great Plains
Rising temperatures lead to increased demand for water and energy and impacts on 
agricultural practices.

Southwest
Drought and increased warming foster wildfires and increased competition for scarce 
water resources for people and ecosystems.

Northwest
Changes in the timing of streamflow related to earlier snowmelt reduce the supply of 
water in summer, causing far-reaching ecological and socioeconomic consequences.

Alaska
Rapidly receding summer sea ice, shrinking glaciers, and thawing permafrost cause 
damage to infrastructure and major changes to ecosystems. Impacts to Alaska Native 
communities increase.

Hawai‘i 
and Pacific 

Islands

Increasingly constrained freshwater supplies, coupled with increased temperatures, 
stress both people and ecosystems and decrease food and water security.

Coasts
Coastal lifelines, such as water supply infrastructure and evacuation routes, are 
increasingly vulnerable to higher sea levels and storm surges, inland flooding, and 
other climate-related changes.

Oceans
The oceans are currently absorbing about a quarter of human-caused carbon dioxide 
emissions to the atmosphere and over 90% of the heat associated with global 
warming, leading to ocean acidification and the alteration of marine ecosystems.

Observed and projected climate change impacts vary across the regions of the United States. Selected impacts emphasized in the 
regional chapters are shown below, and many more are explored in detail in this report. 
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Some climate changes currently have beneficial effects for 
specific sectors or regions. For example, current benefits of 
warming include longer growing seasons for agriculture and 
longer ice-free periods for shipping on the Great Lakes. At the 
same time, however, longer growing seasons, along with high-
er temperatures and carbon dioxide levels, can increase pollen 
production, intensifying and lengthening the allergy season. 
Longer ice-free periods on the Great Lakes can result in more 
lake-effect snowfalls.

Sectors affected by climate changes include agriculture, water, 
human health, energy, transportation, forests, and ecosystems. 
Climate change poses a major challenge to U.S. agriculture 
because of the critical dependence of agricultural systems on 
climate. Climate change has the potential to both positively 
and negatively affect the location, timing, and productivity of 
crop, livestock, and fishery systems at local, national, and global 
scales. The United States produces nearly $330 billion per year 
in agricultural commodities. This productivity is vulnerable to 
direct impacts on crops and livestock from changing climate 
conditions and extreme weather events 
and indirect impacts through increasing 
pressures from pests and pathogens. 
Climate change will also alter the stabil-
ity of food supplies and create new food 
security challenges for the United States 
as the world seeks to feed nine billion 
people by 2050. While the agriculture 
sector has proven to be adaptable to a 
range of stresses, as evidenced by con-
tinued growth in production and effi-
ciency across the United States, climate 
change poses a new set of challenges.8

Water quality and quantity are being affected by climate 
change. Changes in precipitation and runoff, combined with 
changes in consumption and withdrawal, have reduced sur-

face and groundwater supplies in many 
areas. These trends are expected to 
continue, increasing the likelihood of 
water shortages for many uses. Wa-
ter quality is also diminishing in many 
areas, particularly due to sediment 
and contaminant concentrations af-
ter heavy downpours. Sea level rise, 
storms and storm surges, and changes 
in surface and groundwater use pat-
terns are expected to compromise the 
sustainability of coastal freshwater 
aquifers and wetlands. In most U.S. re-

gions, water resources managers and planners will encounter 
new risks, vulnerabilities, and opportunities that may not be 
properly managed with existing practices.9

Climate change affects human health in many ways. For ex-
ample, increasingly frequent and intense heat events lead to 
more heat-related illnesses and deaths and, over time, worsen 
drought and wildfire risks, and intensify air pollution. Increas-
ingly frequent extreme precipitation and associated flooding 
can lead to injuries and increases in waterborne disease. Ris-
ing sea surface temperatures have been linked with increasing 
levels and ranges of diseases. Rising sea levels intensify coastal 
flooding and storm surge, and thus exacerbate threats to pub-
lic safety during storms. Certain groups of people are more vul-
nerable to the range of climate change related health impacts, 
including the elderly, children, the poor, and the sick. Others 
are vulnerable because of where they live, including those in 
floodplains, coastal zones, and some urban areas. Improving 
and properly supporting the public health infrastructure will 
be critical to managing the potential health impacts of climate 
change.10
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Increasing air and water temperatures, more intense precipitation 
and runoff, and intensifying droughts can decrease water quality 
in many ways. Here, middle school students in Colorado test 
water quality.

Climate change can exacerbate respiratory and asthma-related 
conditions through increases in pollen, ground-level ozone, and 
wildfire smoke.
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Certain groups of people are 
more vulnerable to the range of 
climate change related health 
impacts, including the elderly, 

children, the poor, and the sick.
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Climate change also affects the living world, including people, 
through changes in ecosystems and biodiversity. Ecosystems 
provide a rich array of benefits and services to humanity, in-
cluding habitat for fish and wildlife, drinking water storage 
and filtration, fertile soils for growing crops, buffering against 
a range of stressors including climate change impacts, and 
aesthetic and cultural values. These 
benefits are not always easy to quan-
tify, but they support jobs, economic 
growth, health, and human well-being. 
Climate change driven disruptions to 
ecosystems have direct and indirect 
human impacts, including reduced wa-
ter supply and quality, the loss of iconic 
species and landscapes, effects on food 
chains and the timing and success of 
species migrations, and the potential for extreme weather and 
climate events to destroy or degrade the ability of ecosystems 
to provide societal benefits.11

Human modifications of ecosystems and landscapes often 
increase their vulnerability to damage from extreme weather 
events, while simultaneously reducing their natural capacity to 
moderate the impacts of such events. For example, salt marsh-

es, reefs, mangrove forests, and barrier islands defend coastal 
ecosystems and infrastructure, such as roads and buildings, 
against storm surges. The loss of these natural buffers due to 
coastal development, erosion, and sea level rise increases the 
risk of catastrophic damage during or after extreme weather 
events. Although floodplain wetlands are greatly reduced 

from their historical extent, those that 
remain still absorb floodwaters and 
reduce the effects of high flows on 
river-margin lands. Extreme weather 
events that produce sudden increases 
in water flow, often carrying debris 
and pollutants, can decrease the natu-
ral capacity of ecosystems to cleanse 
contaminants.12

The climate change impacts being felt in the regions and sec-
tors of the United States are affected by global trends and 
economic decisions. In an increasingly interconnected world, 
U.S. vulnerability is linked to impacts in other nations. It is thus 
difficult to fully evaluate the impacts of climate change on the 
United States without considering consequences of climate 
change elsewhere.

Response Options
As the impacts of climate change are becoming more preva-
lent, Americans face choices. Especially because of past emis-
sions of long-lived heat-trapping gases, some additional cli-
mate change and related impacts are now unavoidable. This 
is due to the long-lived nature of many of these gases, as well 
as the amount of heat absorbed and retained by the oceans 
and other responses within the climate system. The amount of 
future climate change, however, will still largely be determined 
by choices society makes about emissions. Lower emissions of 
heat-trapping gases and particles mean less future warming 
and less-severe impacts; higher emissions mean more warming 
and more severe impacts. Efforts to limit emissions or increase 
carbon uptake fall into a category of response options known 
as “mitigation,” which refers to reducing the amount and speed 
of future climate change by reducing emissions of heat-trap-
ping gases or removing carbon dioxide from the atmosphere.13 
 
The other major category of response options is known as “ad-
aptation,” and refers to actions to prepare for and adjust to 
new conditions, thereby reducing harm or taking advantage 
of new opportunities. Mitigation and adaptation actions are 
linked in multiple ways, including that effective mitigation re-
duces the need for adaptation in the future. Both are essential 
parts of a comprehensive climate change response strategy. 
The threat of irreversible impacts makes the timing of mitiga-
tion efforts particularly critical. This report includes chapters 
on Mitigation, Adaptation, and Decision Support that offer 
an overview of the options and activities being planned or 
implemented around the country as local, state, federal, and 

tribal governments, as well as businesses, organizations, and 
individuals begin to respond to climate change. These chap-
ters conclude that while response actions are under develop-
ment, current implementation efforts are insufficient to avoid 
increasingly negative social, environmental, and economic 
consequences.14

Large reductions in global emissions of heat-trapping gases, 
similar to the lower emissions scenario (B1) analyzed in this 
assessment, would reduce the risks of some of the worst im-
pacts of climate change. Some targets called for in interna-
tional climate negotiations to date would require even larger 
reductions than those outlined in the B1 scenario. Meanwhile, 
global emissions are still rising and are on a path to be even 
higher than the high emissions scenario (A2) analyzed in this 
report. The recent U.S. contribution to annual global emissions 
is about 18%, but the U.S. contribution to cumulative global 
emissions over the last century is much higher. Carbon dioxide 
lasts for a long time in the atmosphere, and it is the cumu-
lative carbon emissions that determine the amount of global 
climate change. After decades of increases, U.S. CO2 emissions 
from energy use (which account for 97% of total U.S. emissions) 
declined by around 9% between 2008 and 2012, largely due to 
a shift from coal to less CO2-intensive natural gas for electricity 
production. Governmental actions in city, state, regional, and 
federal programs to promote energy efficiency have also con-
tributed to reducing U.S. carbon emissions. Many, if not most 
of these programs are motivated by other policy objectives, 
but some are directed specifically at greenhouse gas emissions. 

The amount of future climate 
change will still largely be deter-
mined by choices society makes 

about emissions. 
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These U.S. actions and others that might be undertaken in the 
future are described in the Mitigation chapter of this report. 
Over the remainder of this century, aggressive and sustained 
greenhouse gas emission reductions by the United States and 
by other nations would be needed to reduce global emissions 
to a level consistent with the lower scenario (B1) analyzed in 
this assessment.15

With regard to adaptation, the pace and magnitude of ob-
served and projected changes emphasize the need to be pre-
pared for a wide variety and intensity of impacts. Because of 
the growing influence of human activities, the climate of the 
past is not a good basis for future planning. For example, build-
ing codes and landscaping ordinances could be updated to 
improve energy efficiency, conserve water supplies, protect 
against insects that spread disease (such as dengue fever), 
reduce susceptibility to heat stress, and improve protection 
against extreme events. The fact that climate change impacts 
are increasing points to the urgent need to develop and refine 
approaches that enable decision-making and increase flexibil-
ity and resilience in the face of ongoing and future impacts. 
Reducing non-climate-related stresses that contribute to exist-
ing vulnerabilities can also be an effective approach to climate 
change adaptation.16

Adaptation can involve considering local, state, regional, na-
tional, and international jurisdictional objectives. For example, 
in managing water supplies to adapt to a changing climate, the 
implications of international treaties should be considered in 
the context of managing the Great Lakes, the Columbia River, 
and the Colorado River to deal with increased drought risk. Both 
“bottom up” community planning and “top down” national 
strategies may help regions deal with impacts such as increases 
in electrical brownouts, heat stress, floods, and wildfires.17

Proactively preparing for climate change can reduce impacts 
while also facilitating a more rapid and efficient response to 
changes as they happen. Such efforts are beginning at the fed-
eral, regional, state, tribal, and local levels, and in the corpo-
rate and non-governmental sectors, to build adaptive capacity 
and resilience to climate change impacts. Using scientific infor-
mation to prepare for climate changes in advance can provide 
economic opportunities, and proactively managing the risks 
can reduce impacts and costs over time.18

There are a number of areas where improved scientific infor-
mation or understanding would enhance the capacity to esti-
mate future climate change impacts. For example, knowledge 
of the mechanisms controlling the rate of ice loss in Greenland 
and Antarctica is limited, making it difficult for scientists to 
narrow the range of expected future sea level rise. Improved 
understanding of ecological and social responses to climate 
change is needed, as is understanding of how ecological and 
social responses will interact.19

A sustained climate assessment process could more efficiently 
collect and synthesize the rapidly evolving science and help 
supply timely and relevant information to decision-makers. 
Results from all of these efforts could continue to deepen our 
understanding of the interactions of human and natural sys-
tems in the context of a changing climate, enabling society to 
effectively respond and prepare for our future.20

The cumulative weight of the scientific evidence contained in 
this report confirms that climate change is affecting the Ameri-
can people now, and that choices we make will affect our fu-
ture and that of future generations.

Cities providing transportation options including bike lanes, buildings designed with energy saving features such as green roofs, and 
houses elevated to allow storm surges to pass underneath are among the many response options being pursued around the country.
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These findings distill important results that arise from this National Climate Assessment. They do not represent a 
full summary of all of the chapters’ findings, but rather a synthesis of particularly noteworthy conclusions.

1.  Global climate is changing and this is apparent across the United States in a 
wide range of observations. The global warming of the past 50 years is primarily 
due to human activities, predominantly the burning of fossil fuels.

Many independent lines of evidence confirm that human activities are affecting climate in 
unprecedented ways. U.S. average temperature has increased by 1.3°F to 1.9°F since record 
keeping began in 1895; most of this increase has occurred since about 1970. The most recent 
decade was the warmest on record. Because human-induced warming is superimposed on a 
naturally varying climate, rising temperatures are not evenly distributed across the country or 
over time.21

4.  Impacts related to climate change are already evident in many sectors and 
are expected to become increasingly disruptive across the nation throughout this 
century and beyond.

Climate change is already affecting societies and the natural world. Climate change interacts 
with other environmental and societal factors in ways that can either moderate or intensify 
these impacts. The types and magnitudes of impacts vary across the nation and through 
time. Children, the elderly, the sick, and the poor are especially vulnerable. There is 
mounting evidence that harm to the nation will increase substantially in the future unless 
global emissions of heat-trapping gases are greatly reduced.24

3.  Human-induced climate change is projected to continue, and it will accelerate 
significantly if global emissions of heat-trapping gases continue to increase.

Heat-trapping gases already in the atmosphere have committed us to a hotter future with 
more climate-related impacts over the next few decades. The magnitude of climate change 
beyond the next few decades depends primarily on the amount of heat-trapping gases that 
human activities emit globally, now and in the future.23

2.  Some extreme weather and climate events have increased in recent decades, 
and new and stronger evidence confirms that some of these increases are related 
to human activities.

Changes in extreme weather events are the primary way that most people experience climate 
change. Human-induced climate change has already increased the number and strength of 
some of these extreme events. Over the last 50 years, much of the United States has seen an 
increase in prolonged periods of excessively high temperatures, more heavy downpours, and 
in some regions, more severe droughts.22

Report Findings
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5.  Climate change threatens human health and well-being in many ways, including 
through more extreme weather events and wildfire, decreased air quality, and 
diseases transmitted by insects, food, and water.

Climate change is increasing the risks of heat stress, respiratory stress from poor air quality, 
and the spread of waterborne diseases. Extreme weather events often lead to fatalities and 
a variety of health impacts on vulnerable populations, including impacts on mental health, 
such as anxiety and post-traumatic stress disorder. Large-scale changes in the environment 
due to climate change and extreme weather events are increasing the risk of the emergence 
or reemergence of health threats that are currently uncommon in the United States, such as 
dengue fever.25

8.  Climate disruptions to agriculture have been increasing and are projected to 
become more severe over this century. 

Some areas are already experiencing climate-related disruptions, particularly due to extreme 
weather events. While some U.S. regions and some types of agricultural production will be 
relatively resilient to climate change over the next 25 years or so, others will increasingly suffer 
from stresses due to extreme heat, drought, disease, and heavy downpours. From mid-century 
on, climate change is projected to have more negative impacts on crops and livestock across 
the country – a trend that could diminish the security of our food supply.28 

7.  Water quality and water supply reliability are jeopardized by climate change in 
a variety of ways that affect ecosystems and livelihoods.

Surface and groundwater supplies in some regions are already stressed by increasing demand 
for water as well as declining runoff and groundwater recharge. In some regions, particularly 
the southern part of the country and the Caribbean and Pacific Islands, climate change is 
increasing the likelihood of water shortages and competition for water among its many 
uses. Water quality is diminishing in many areas, particularly due to increasing sediment and 
contaminant concentrations after heavy downpours.27

6.  Infrastructure is being damaged by sea level rise, heavy downpours, and 
extreme heat; damages are projected to increase with continued climate change. 

Sea level rise, storm surge, and heavy downpours, in combination with the pattern of continued 
development in coastal areas, are increasing damage to U.S. infrastructure including roads, 
buildings, and industrial facilities, and are also increasing risks to ports and coastal military 
installations. Flooding along rivers, lakes, and in cities following heavy downpours, prolonged 
rains, and rapid melting of snowpack is exceeding the limits of flood protection infrastructure 
designed for historical conditions. Extreme heat is damaging transportation infrastructure such 
as roads, rail lines, and airport runways.26
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9.  Climate change poses particular threats to Indigenous Peoples’ health, well-
being, and ways of life. 

Chronic stresses such as extreme poverty are being exacerbated by climate change impacts 
such as reduced access to traditional foods, decreased water quality, and increasing exposure 
to health and safety hazards. In parts of Alaska, Louisiana, the Pacific Islands, and other 
coastal locations, climate change impacts (through erosion and inundation) are so severe that 
some communities are already relocating from historical homelands to which their traditions 
and cultural identities are tied. Particularly in Alaska, the rapid pace of temperature rise, ice 
and snow melt, and permafrost thaw are significantly affecting critical infrastructure and 
traditional livelihoods.29 

12.  Planning for adaptation (to address and prepare for impacts) and mitigation 
(to reduce future climate change, for example by cutting emissions) is becoming 
more widespread, but current implementation efforts are insufficient to avoid 
increasingly negative social, environmental, and economic consequences.

Actions to reduce emissions, increase carbon uptake, adapt to a changing climate, and 
increase resilience to impacts that are unavoidable can improve public health, economic 
development, ecosystem protection, and quality of life.32

11.  Ocean waters are becoming warmer and more acidic, broadly affecting ocean 
circulation, chemistry, ecosystems, and marine life. 

More acidic waters inhibit the formation of shells, skeletons, and coral reefs. Warmer waters 
harm coral reefs and alter the distribution, abundance, and productivity of many marine 
species. The rising temperature and changing chemistry of ocean water combine with other 
stresses, such as overfishing and coastal and marine pollution, to alter marine-based food 
production and harm fishing communities.31

10.  Ecosystems and the benefits they provide to society are being affected by 
climate change. The capacity of ecosystems to buffer the impacts of extreme 
events like fires, floods, and severe storms is being overwhelmed.

Climate change impacts on biodiversity are already being observed in alteration of the timing 
of critical biological events such as spring bud burst and substantial range shifts of many 
species. In the longer term, there is an increased risk of species extinction. These changes 
have social, cultural, and economic effects. Events such as droughts, floods, wildfires, and 
pest outbreaks associated with climate change (for example, bark beetles in the West) are 
already disrupting ecosystems. These changes limit the capacity of ecosystems, such as 
forests, barrier beaches, and wetlands, to continue to play important roles in reducing the 
impacts of these extreme events on infrastructure, human communities, and other valued 
resources.30
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Key Messages
1.   Global climate is changing and this change is apparent across a wide range of observations. The    

  global warming of the past 50 years is primarily due to human activities.

2.   Global climate is projected to continue to change over this century and beyond. The magnitude  
  of climate change beyond the next few decades depends primarily on the amount of heat-    
  trapping gases emitted globally, and how sensitive the Earth’s climate is to those emissions. 

3.   U.S. average temperature has increased by 1.3°F to 1.9°F since record keeping began in 1895;  
  most of this increase has occurred since about 1970. The most recent decade was the nation’s  
  warmest on record. Temperatures in the United States are expected to continue to rise. Because  
  human-induced warming is superimposed on a naturally varying climate, the temperature rise  
  has not been, and will not be, uniform or smooth across the country or over time.

4.   The length of the frost-free season (and the corresponding growing season) has been increasing  
  nationally since the 1980s, with the largest increases occurring in the western United States,  
  affecting ecosystems and agriculture. Across the United States, the growing season is projected  
  to continue to lengthen.

5.   Average U.S. precipitation has increased since 1900, but some areas have had increases      
  greater than the national average, and some areas have had decreases. More winter and spring  
  precipitation is projected for the northern United States, and less for the Southwest, over this  
  century. 

6.   Heavy downpours are increasing nationally, especially over the last three to five decades.  
  Largest increases are in the Midwest and Northeast. Increases in the frequency and intensity of  
  extreme precipitation events are projected for all U.S. regions. 

7.   There have been changes in some types of extreme weather events over the last several       
  decades. Heat waves have become more frequent and intense, especially in the West. Cold    
  waves have become less frequent and intense across the nation. There have been regional  
  trends in floods and droughts. Droughts in the Southwest and heat waves everywhere are     
  projected to become more intense, and cold waves less intense everywhere. 

8.   The intensity, frequency, and duration of North Atlantic hurricanes, as well as the frequency    
  of the strongest (Category 4 and 5) hurricanes, have all increased since the early 1980s.      
  The relative contributions of human and natural causes to these increases are still uncertain.  
  Hurricane-associated storm intensity and rainfall rates are projected to increase as the climate  
  continues to warm. 

9.   Winter storms have increased in frequency and intensity since the 1950s, and their tracks have  
  shifted northward over the United States. Other trends in severe storms, including the intensity  
  and frequency of tornadoes, hail, and damaging thunderstorm winds, are uncertain and are being  
  studied intensively.

Continued
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This chapter summarizes how climate is changing, why it is 
changing, and what is projected for the future. While the focus 
is on changes in the United States, the need to provide context 
sometimes requires a broader geographical perspective. Ad-
ditional geographic detail is presented in the regional chapters 
of this report. Further details on the topics covered by this 
chapter are provided in the Climate Science Supplement and 
Frequently Asked Questions Appendices.

Since the second National Climate Assessment was published 
in 2009,1 the climate has continued to change, with resulting 

effects on the United States. The trends described in the 2009 
report have continued, and our understanding of the data and 
ability to model the many facets of the climate system have in-
creased substantially. Several noteworthy advances are men-
tioned in the box below.

The 12 key messages presented above are repeated below, 
together with supporting evidence for those messages. The 
discussion of each key message begins with a summary of re-
cent variations or trends, followed by projections of the cor-
responding changes for the future.

Key Messages (continued)
10. Global sea level has risen by about 8 inches since reliable record keeping began in 1880. It is  

  projected to rise another 1 to 4 feet by 2100. 

11.  Rising temperatures are reducing ice volume and surface extent on land, lakes, and sea. This  
  loss of ice is expected to continue. The Arctic Ocean is expected to become essentially ice free  
  in summer before mid-century.

12.  The oceans are currently absorbing about a quarter of the carbon dioxide emitted to the  
  atmosphere annually and are becoming more acidic as a result, leading to concerns about  
  intensifying impacts on marine ecosystems.

WhAt’s neW?

•	 Continued warming and an increased understanding of the U.S. temperature record, as well as multiple other 
sources of evidence, have strengthened our confidence in the conclusions that the warming trend is clear and 
primarily the result of human activities. For the contiguous United States, the last decade was the warmest on 
record, and 2012 was the warmest year on record.

•	 Heavy precipitation and extreme heat events are increasing in a manner consistent with model projections; the 
risks of such extreme events will rise in the future.

•	 The sharp decline in summer Arctic sea ice has continued, is unprecedented, and is consistent with human-
induced climate change. A new record for minimum area of Arctic sea ice was set in 2012.

•	 A longer and better-quality history of sea level rise has increased confidence that recent trends are unusual and 
human-induced. Limited knowledge of ice sheet dynamics leads to a broad range for projected sea level rise over 
this century.

•	 New approaches to building scenarios of the future have allowed for investigations of the implications of larger 
reductions in heat trapping gas emissions than examined previously. 
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Key Message 1: Observed Climate Change 

Global climate is changing and this change is apparent across a wide range of 
observations. The global warming of the past 50 years is primarily due to human activities. 

Climate is defined as long-term 
averages and variations in weath-
er measured over a period of sev-
eral decades. The Earth’s climate 
system includes the land sur-
face, atmosphere, oceans, and 
ice. Many aspects of the global 
climate are changing rapidly, 
and the primary drivers of that 
change are human in origin. Evi-
dence for changes in the climate 
system abounds, from the top of 
the atmosphere to the depths of 
the oceans (Figure 2.1).3 Scien-
tists and engineers from around 
the world have compiled this evi-
dence using satellites, weather 
balloons, thermometers at sur-
face stations, and many other 
types of observing systems that 
monitor the Earth’s weather and 
climate. The sum total of this 
evidence tells an unambiguous 
story: the planet is warming. 

Temperatures at the surface, in the troposphere (the active 
weather layer extending up to about 5 to 10 miles above the 
ground), and in the oceans have all increased over recent 
decades (Figure 2.2). Consistent with our scientific under-
standing, the largest increases in temperature are occur-

ring closer to the poles, especially in the Arctic. Snow and 
ice cover have decreased in most areas. Atmospheric wa-
ter vapor is increasing in the lower atmosphere, because a 
warmer atmosphere can hold more water. Sea levels are also 
increasing (see Key Message 10). Changes in other climate-

reference periods for grAphs

Many of the graphs in this report illustrate historical changes and future trends in climate compared to some refer-
ence period, with the choice of this period determined by the purpose of the graph and the availability of data. The 
great majority of graphs are based on one of two reference periods. The period 1901-1960 is used for graphs that 
illustrate past changes in climate conditions, whether in observations or in model simulations. The choice of 1960 as 
the ending date of this period was based on past changes in human influences on the climate system. Human-induced 
forcing exhibited a slow rise during the early part of the last century but then accelerated after 1960.2 Thus, these 
graphs highlight observed changes in climate during the period of rapid increase in human-caused forcing and also 
reveal how well climate models simulate these observed changes. The beginning date of 1901 was chosen because 
earlier historical observations are less reliable and because many climate model simulations begin in 1900 or 1901. 
The other commonly used reference period is 1971-2000, which is consistent with the World Meteorological Organi-
zation’s recommended use of 30-year periods for climate statistics. This is used for graphs that illustrate projected 
future changes simulated by climate models. The purpose of these graphs is to show projected changes compared to 
a period that people have recently experienced and can remember; thus, the most recent available 30-year period was 
chosen (the historical period simulated by the CMIP3 models ends in 1999 or 2000).

Figure 2.1. These are just some of the indicators measured globally over many decades 
that show that the Earth’s climate is warming. White arrows indicate increasing trends, 
and black arrows indicate decreasing trends. All the indicators expected to increase in a 
warming world are, in fact, increasing, and all those expected to decrease in a warming 
world are decreasing. (Figure source: NOAA NCDC based on data updated from Kennedy 
et al. 20103).

Ten Indicators of a Warming World
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relevant indicators such as growing season 
length have been observed in many areas. 
Worldwide, the observed changes in aver-
age conditions have been accompanied by 
increasing trends in extremes of heat and 
heavy precipitation events, and decreases 
in extreme cold.4

Natural drivers of climate cannot explain 
the recent observed warming. Over the 
last five decades, natural factors (solar 
forcing and volcanoes) alone would actu-
ally have led to a slight cooling (see Figure 
2.3).5 

The majority of the warming at the global 
scale over the past 50 years can only be 
explained by the effects of human influ-
ences,5,6,7 especially the emissions from 
burning fossil fuels (coal, oil, and natural 
gas) and from deforestation. The emis-
sions from human influences that are 
affecting climate include heat-trapping 
gases such as carbon dioxide (CO2), meth-
ane, and nitrous oxide, and particles such 
as black carbon (soot), which has a warm-
ing influence, and sulfates, which have an 
overall cooling influence (see Appendix 3: 
Climate Science Supplement for further 
discussion).8,9 In addition to human-in-
duced global climate change, local climate 
can also be affected by other human fac-
tors (such as crop irrigation) and natural 
variability (for example, Ashley et al. 2012; 
DeAngelis et al. 2010; Degu et al. 2011; Lo 
and Famiglietti 201310).

The conclusion that human influences are 
the primary driver of recent climate change 
is based on multiple lines of independent 
evidence. The first line of evidence is 
our fundamental understanding of how 
certain gases trap heat, how the climate 
system responds to increases in these 
gases, and how other human and natural 
factors influence climate. The second line 
of evidence is from reconstructions of past 
climates using evidence such as tree rings, 
ice cores, and corals. These show that 
global surface temperatures over the last 
several decades are clearly unusual, with 
the last decade (2000-2009) warmer than 
any time in at least the last 1300 years and 
perhaps much longer.11 

Figure 2.2. Global annual average temperature (as measured over both land and 
oceans) has increased by more than 1.5°F (0.8°C) since 1880 (through 2012). Red bars 
show temperatures above the long-term average, and blue bars indicate temperatures 
below the long-term average. The black line shows atmospheric carbon dioxide (CO

2
) 

concentration in parts per million (ppm). While there is a clear long-term global warming 
trend, some years do not show a temperature increase relative to the previous year, 
and some years show greater changes than others. These year-to-year fluctuations in 
temperature are due to natural processes, such as the effects of El Niños, La Niñas, 
and volcanic eruptions. (Figure source: updated from Karl et al. 20091).

Global Temperature and Carbon Dioxide

Figure 2.3. Observed global average changes (black line), model simulations using 
only changes in natural factors (solar and volcanic) in green, and model simulations 
with the addition of human-induced emissions (blue). Climate changes since 1950 
cannot be explained by natural factors or variability, and can only be explained by 
human factors. (Figure source: adapted from Huber and Knutti29).

Separating Human and Natural Influences on Climate



24 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

2: OUR CHANGING CLIMATE

The third line of evidence comes from using climate models to 
simulate the climate of the past century, separating the human 
and natural factors that influence climate. When the human 
factors are removed, these models show that solar and volca-
nic activity would have tended to slightly cool the earth, and 
other natural variations are too small to explain the amount 
of warming. Only when the human influences are included do 
the models reproduce the warming observed over the past 50 
years (see Figure 2.3).

Another line of evidence involves so-called “fingerprint” stud-
ies that are able to attribute observed climate changes to par-
ticular causes. For example, the fact that the stratosphere (the 
layer above the troposphere) is cooling while the Earth’s sur-
face and lower atmosphere is warming is a fingerprint that the 
warming is due to increases in heat-trapping gases. In contrast, 
if the observed warming had been due to increases in solar 
output, Earth’s atmosphere would have warmed throughout 
its entire extent, including the stratosphere.6

In addition to such temperature analyses, scientific attribu-
tion of observed changes to human influence extends to many 
other aspects of climate, such as changing patterns in precipi-
tation,12,13 increasing humidity,14,15 changes in pressure,16 and 
increasing ocean heat content.17 Further discussion of how we 
know the recent changes in climate are caused by human activ-
ity is provided in Appendix 3: Climate Science Supplement.

Natural variations in climate include the effects of cycles such 
as El Niño, La Niña and other ocean cycles; the 11-year sunspot 
cycle and other changes in energy from the sun; and the ef-
fects of volcanic eruptions. Globally, natural variations can be 

as large as human-induced climate change over timescales of 
up to a few decades. However, changes in climate at the global 
scale observed over the past 50 years are far larger than can be 
accounted for by natural variability. Changes in climate at the 
local to regional scale can be influenced by natural variability 
for multiple decades.18 This can affect the interpretation of cli-
mate trends observed regionally across the U.S. (see Appendix 
3: Climate Science Supplement).

Globally averaged surface air temperature has slowed its rate 
of increase since the late 1990s. This is not in conflict with our 
basic understanding of global warming and its primary cause. 
The decade of 2000 to 2009 was still the warmest decade on 
record. In addition, global surface air temperature does not al-
ways increase steadily. This time period is too short to signify a 
change in the warming trend, as climate trends are measured 
over periods of decades, not years.19,20,21,22 Such decade-long 
slowdowns or even reversals in trend have occurred before in 
the global instrumental record (for example, 1900-1910 and 
1940-1950; see Figure 2.2), including three decade-long peri-
ods since 1970, each followed by a sharp temperature rise.23 
Nonetheless, satellite and ocean observations indicate that the 
Earth-atmosphere climate system has continued to gain heat 
energy.24

There are a number of possible contributions to the lower rate 
of increase over the last 15 years. First, the solar output during 
the latest 11-year solar cycle has been lower over the past 15 
years than the past 60 years. Second, a series of mildly explo-
sive volcanoes, which increased stratospheric particles, likely 
had more of a cooling effect than previously recognized.25 
Third, the high incidence of La Niña events in the last 15 years 

has played a role in the observed trends.20,26 Re-
cent analyses27 suggest that more of the increase 
in heat energy during this period has been trans-
ferred to the deep ocean than previously. While 
this might temporarily slow the rate of increase in 
surface air temperature, ultimately it will prolong 
the effects of global warming because the oceans 
hold heat for longer than the atmosphere does. 

Climate models are not intended to match the 
real-world timing of natural climate variations – 
instead, models have their own internal timing 
for such variations. Most modeling studies do 
not yet account for the observed changes in solar 
and volcanic forcing mentioned in the previous 
paragraph. Therefore, it is not surprising that the 
timing of such a slowdown in the rate of increase 
in the models would be different than that ob-
served, although it is important to note that such 
periods have been simulated by climate models, 
with the deep oceans absorbing the extra heat 
during those decades.28

Oil used for transportation and coal used for electricity genera tion are the  
largest contributors to the rise in carbon dioxide that is the primary driver of  
observed changes in climate over recent decades.
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Key Message 2: Future Climate Change

Global climate is projected to continue to change over this century and 
beyond. The magnitude of climate change beyond the next few decades 
depends primarily on the amount of heat-trapping gases emitted globally, 

and how sensitive the Earth’s climate is to those emissions. 

A certain amount of continued warming of the planet is pro-
jected to occur as a result of human-induced emissions to date; 
another 0.5°F increase would be expected over the next few 
decades even if all emissions from human activities suddenly 
stopped,30 although natural variability could still play an im-
portant role over this time period.31 However, choices made 
now and in the next few decades will determine the amount of 
additional future warming. Beyond mid-century, lower levels 
of heat-trapping gases in scenarios with reduced emissions will 
lead to noticeably less future warming. Higher emissions levels 
will result in more warming, and thus more severe impacts on 
human society and the natural world. 

Confidence in projections of future climate change has in-
creased. The wider range of potential changes in global av-
erage temperature in the latest generation of climate model 
simulations32 used in the Intergovernmental Panel on Climate 

Change’s (IPCC) current assessment – versus those in the previ-
ous assessment8 – is simply a result of considering more options 
for future human behavior. For example, one of the scenarios 
included in the IPCC’s latest assessment assumes aggressive 
emissions reductions designed to limit the global temperature 
increase to 3.6°F (2°C) above pre-industrial levels.33 This path 
would require rapid emissions reductions (more than 70% 
reduction in human-related emissions by 2050, and net nega-
tive emissions by 2100 – see the Appendix 3: Climate Science, 
Supplemental Message 5) sufficient to achieve heat-trapping 
gas concentrations well below those of any of the scenarios 
considered by the IPCC in its 2007 assessment. Such scenarios 
enable the investigation of climate impacts that would be 
avoided by deliberate, substantial reductions in heat-trapping 
gas emissions. 

Models used in the AssessMent

This report uses various projections from models of the physical processes affecting the Earth’s climate system, which 
are discussed further in Appendix 3: Climate Science Supplement. Three distinct sets of model simulations for past 
and projected changes in climate are used:

•	 Coupled Model Intercomparison Project, 3rd phase (CMIP3): global model analyses done for the Fourth 
Intergovernmental Panel on Climate Change (IPCC) assessment. Spatial resolutions typically vary from 125 
to 187 miles (at mid-latitudes); approximately 25 representations of different models (not all are used in all 
studies). CMIP3 findings are the foundation for most of the impact analyses included in this assessment.

•	 Coupled Model Intercomparison Project, 5th phase (CMIP5): newer global model analyses done for the 
Fifth IPCC assessment generally based on improved formulations of the CMIP3 models. Spatial resolutions 
typically vary from 62 to 125 miles; about 30 representations of different models (not all are used in all 
studies); this new information was not available in time to serve as the foundation for the impacts analyses 
in this assessment, and information from CMIP5 is primarily provided for comparison purposes.

•	 North American Regional Climate Change Assessment Program (NARCCAP): six regional climate model 
analyses (and limited time-slice analyses from two global models) for the continental U.S. run at about 30-
mile horizontal resolution. The analyses were done for past (1971-2000) and projected (2041-2070) time 
periods. Coarser resolution results from four of the CMIP3 models were used as the boundary conditions 
for the NARCCAP regional climate model studies, with each of the regional models doing analyses with 
boundary conditions from two of the CMIP3 models. 

The scenarios for future human-related emissions of the relevant gases and particles used in these models are further 
discussed in Appendix 3: Climate Science Supplement. The emissions in these scenarios depend on various assump-
tions about changes in global population, economic and technological development, and choices in transportation 
and energy use.
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Figure 2.4. Different amounts of heat-trapping gases released into the atmosphere by human activities produce different 
projected increases in Earth’s temperature. In the figure, each line represents a central estimate of global average 
temperature rise (relative to the 1901-1960 average) for a specific emissions pathway. Shading indicates the range (5th 
to 95th percentile) of results from a suite of climate models. Projections in 2099 for additional emissions pathways are 
indicated by the bars to the right of each panel. In all cases, temperatures are expected to rise, although the difference 
between lower and higher emissions pathways is substantial. (Left) The panel shows the two main scenarios (SRES – 
Special Report on Emissions Scenarios) used in this report: A2 assumes continued increases in emissions throughout 
this century, and B1 assumes much slower increases in emissions beginning now and significant emissions reductions 
beginning around 2050, though not due explicitly to climate change policies. (Right) The panel shows newer analyses, 
which are results from the most recent generation of climate models (CMIP5) using the most recent emissions pathways 
(RCPs – Representative Concentration Pathways). Some of these new projections explicitly consider climate policies 
that would result in emissions reductions, which the SRES set did not.35 The newest set includes both lower and higher 
pathways than did the previous set. The lowest emissions pathway shown here, RCP 2.6, assumes immediate and rapid 
reductions in emissions and would result in about 2.5°F of warming in this century. The highest pathway, RCP 8.5, roughly 
similar to a continuation of the current path of global emissions increases, is projected to lead to more than 8°F warming 
by 2100, with a high-end possibility of more than 11°F. (Data from CMIP3, CMIP5, and NOAA NCDC).

Emissions Levels Determine Temperature Rises

Projections of future changes in precipitation show small in-
creases in the global average but substantial shifts in where 
and how precipitation falls. Generally, areas closest to the 
poles are projected to receive more precipitation, while the 
dry subtropics (the region just outside the tropics, between 
23° and 35° on either side of the equator) expand toward the 
poles and receive less rain. Increases in tropical precipita-
tion are projected during rainy seasons (such as monsoons), 
especially over the tropical Pacific. Certain regions, including 
the western U.S. (especially the Southwest1) and the Mediter-

ranean, are presently dry and are expected to become drier. 
The widespread trend of increasing heavy downpours is ex-
pected to continue, with precipitation becoming less frequent 
but more intense.34 The patterns of the projected changes of 
precipitation do not contain the spatial details that character-
ize observed precipitation, especially in mountainous terrain, 
because the projections are averages from multiple models 
and because the effective resolution of global climate models 
is roughly 100-200 miles. 
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Figure 2.5. Projected change in average annual temperature over the period 2071-2099 (compared to the period 1970-1999) under a 
low scenario that assumes rapid reductions in emissions and concentrations of heat-trapping gases (RCP 2.6), and a higher scenario 
that assumes continued increases in emissions (RCP 8.5). (Figure source: NOAA NCDC / CICS-NC).

Projected Change in Average Annual Temperature

Figure 2.6. Projected change in average annual precipitation over the period 2071-2099 (compared to the period 1970-1999) under 
a low scenario that assumes rapid reductions in emissions and concentrations of heat-trapping gasses (RCP 2.6), and a higher 
scenario that assumes continued increases in emissions (RCP 8.5). Hatched areas indicate confidence that the projected changes 
are significant and consistent among models. White areas indicate that the changes are not projected to be larger than could be 
expected from natural variability. In general, northern parts of the U.S. (especially the Northeast and Alaska) are projected to receive 
more precipitation, while southern parts (especially the Southwest) are projected to receive less. (Figure source: NOAA NCDC / 
CICS-NC).

Projected Change in Average Annual Precipitation
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One important determinant of how much climate will 
change is the effect of so-called “feedbacks” in the climate 
system, which can either dampen or amplify the initial ef-
fect of human influences on temperature.  One important 
climate feedback is the loss of summer Arctic sea ice, al-
lowing absorption of substantially more of the sun’s heat 
in the Arctic, increasing warming, and possibly causing 
changes in weather patterns over the United States. 

The observed drastic reduction in sea ice can also lead to 
a “tipping point” – a point beyond which an abrupt or ir-
reversible transition to a different climatic state occurs. In 
this case, the dramatic loss of sea ice could tip the Arctic 
Ocean into a permanent, nearly ice-free state in summer, 
with repercussions that may extend far beyond the Arctic. 
Such potential “tipping points” have been identified in var-
ious components of the Earth’s climate system and could 
have important effects on future climate. The extent and 
magnitude of these potential effects are still unknown. 
These are discussed further in the Appendix 4: Frequently 
Asked Questions, under Question T.

Key Message 3: Recent U.S. Temperature Trends

U.S. average temperature has increased by 1.3°F to 1.9°F since record keeping 
began in 1895; most of this increase has occurred since about 1970. The most 
recent decade was the nation’s warmest on record. Temperatures in the United 

States are expected to continue to rise. Because human-induced warming 
is superimposed on a naturally varying climate, the temperature rise has not 

been, and will not be, uniform or smooth across the country or over time.

There have been substantial advances in our under-
standing of the U.S. temperature record since the 2009 
assessment (see Appendix 3: Climate Science, Supple-
mental Message 7 for more information). These advanc-
es confirm that the U.S. annually averaged temperature 
has increased by 1.3°F to 1.9°F since 1895.1,36,37,38 How-
ever, this increase was not constant over time. In par-
ticular, temperatures generally rose until about 1940, 
declined slightly until about 1970, then increased rapidly 
thereafter. The year 2012 was the warmest on record for 
the contiguous United States. Over shorter time scales 
(one to two decades), natural variability can reduce the 
rate of warming or even create a temporary cooling (see 
Appendix 3: Climate Science, Supplemental Message 3). 
The cooling in mid-century that was especially prevalent 
over the eastern half of the U.S. may have stemmed 
partly from such natural variations and partly from hu-
man influences, in particular the cooling effects of sul-
fate particles from coal-burning power plants,39 before 
these sulfur emissions were regulated to address health 
and acid rain concerns.

cliMAte sensitivity

“Climate sensitivity” is an important concept because it 
helps us estimate how much warming might be expected 
for a given increase in the amount of heat-trapping gases. 
It is defined as the amount of warming expected if carbon 
dioxide (CO2) concentrations doubled from pre-industrial 
levels and then remained constant until Earth’s tempera-
ture reached a new equilibrium over timescales of cen-
turies to millennia. Climate sensitivity accounts for feed-
backs in the climate system that can either dampen or 
amplify warming. The feedbacks primarily determining 
that response are related to water vapor, ice and snow re-
flectivity, and clouds.8 Cloud feedbacks have the largest 
uncertainty. The net effect of these feedbacks is expected 
to amplify warming.8

Climate sensitivity has long been estimated to be in the 
range of 2.7°F to 8.1°F. As discussed in Appendix 3: Cli-
mate Science Supplement, recent evidence lends further 
confidence in this range.

QuAntifying u.s. teMperAture rise

Quantifying long-term increases of temperature in the U.S. in 
a single number is challenging because the increase has not 
been constant over time. The increase can be quantified in 
a number of ways, but all of them show significant warming 
over the U.S. since the instrumental record began in 1895. 
For example, fitting a linear trend over the period 1895 to 
2012 yields an increase in the range of 1.3 to 1.9°F. Another 
approach, comparing the average temperature during the 
first decade of record with the average during the last decade 
of record, yields a 1.9°F increase. A third approach, calcu-
lating the difference between the 1901-1960 average and 
the past decade average yields a change of 1.5°F. Thus, the 
temperature increase cited in this assessment is described 
as 1.3°F to 1.9°F since 1895. Notably, however, the rate of 
rise in temperature over the past 4 to 5 decades has been 
greater than the rate over earlier decades.
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Figure 2.7. The colors on the map show temperature changes over the past 22 years (1991-2012) compared to the 1901-1960 
average, and compared to the 1951-1980 average for Alaska and Hawai‘i. The bars on the graphs show the average temperature 
changes by decade for 1901-2012 (relative to the 1901-1960 average) for each region. The far right bar in each graph (2000s 
decade) includes 2011 and 2012. The period from 2001 to 2012 was warmer than any previous decade in every region. (Figure 
source: NOAA NCDC / CICS-NC).

Observed U.S. Temperature Change

Since 1991, temperatures have averaged 1°F to 1.5°F higher 
than 1901-1960 over most of the United States, except for the 
Southeast, where the warming has been less than 1°F. On a 
seasonal basis, long-term warming has been greatest in winter 
and spring.

Warming is ultimately projected for all parts of the nation dur-
ing this century. In the next few decades, this warming will be 
roughly 2°F to 4°F in most areas. By the end of the century, 
U.S. warming is projected to correspond closely to the level 
of global emissions: roughly 3°F to 5°F under lower emissions 
scenarios (B1 or RCP 4.5) involving substantial reductions in 
emissions, and 5°F to 10°F for higher emissions scenarios (A2 
or RCP 8.5) that assume continued increases in emissions; the 
largest temperature increases are projected for the upper Mid-
west and Alaska.

Future human-induced warming depends on both past and fu-
ture emissions of heat-trapping gases and changes in the amount 
of particle pollution. The amount of climate change (aside from 
natural variability) expected for the next two to three decades 
is a combination of the warming already built into the climate 
system by the past history of human emissions of heat-trapping 
gases, and the expected ongoing increases in emissions of those 
gases. However, the magnitude of temperature increases over 
the second half of this century, both in the U.S. and globally, will 
be primarily determined by the emissions produced now and 
over the next few decades, and there are substantial differences 
between higher, fossil-fuel intensive scenarios compared to sce-
narios in which emissions are reduced. The most recent model 
projections of climate change due to human activities expand 
the range of future scenarios considered (particularly at the low-
er end), but are entirely consistent with the older model results. 
This consistency increases our confidence in the projections. 
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Figure 2.8. Maps show projected change in average surface air temperature in the later part of this century (2071-2099) relative 
to the later part of the last century (1970-1999) under a scenario that assumes substantial reductions in heat trapping gases (B1, 
left) and a higher emissions scenario that assumes continued increases in global emissions (A2, right). (See Appendix 3: Climate 
Science, Supplemental Message 5 for a discussion of temperature changes under a wider range of future scenarios for various 
periods of this century). (Figure source: NOAA NCDC / CICS-NC).

Projected Temperature Change

Figure 2.9. The largest uncertainty in 
projecting climate change beyond the 
next few decades is the level of heat-
trapping gas emissions. The most recent 
model projections (CMIP5) take into 
account a wider range of options with 
regard to human behavior, including a 
lower scenario than has been considered 
before (RCP 2.6). This scenario assumes 
rapid reductions in emissions – more than 
70% cuts from current levels by 2050 and 
further large decreases by 2100 – and 
the corresponding smaller amount of 
warming. On the higher end, the scenarios 
include one that assumes continued 
increases in emissions (RCP 8.5) and the 
corresponding greater amount of warming. 
Also shown are temperature changes for 
the intermediate scenarios RCP 4.5 (which 
is most similar to B1) and RCP 6.0 (which 
is most similar to A1B; see Appendix 3: 
Climate Science Supplement). Projections 
show change in average temperature in 
the later part of this century (2071-2099) 
relative to the late part of last century 
(1970-1999). (Figure source: NOAA NCDC 
/ CICS-NC). 

neWer siMulAtions for projected teMperAture (cMip5 Models)
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Figure 2.10. The frost-free season length, defined as the 
period between the last occurrence of 32°F in the spring 
and the first occurrence of 32°F in the fall, has increased in 
each U.S. region during 1991-2012 relative to 1901-1960. 
Increases in frost-free season length correspond to similar 
increases in growing season length. (Figure source: NOAA 
NCDC / CICS-NC).

Observed Increase in Frost-Free Season Length

Figure 2.11.  The maps show projected increases in frost-free season length for the last three 
decades of this century (2070-2099 as compared to 1971-2000) under two emissions scenarios, 
one in which heat-trapping gas emissions continue to grow (A2) and one in which emissions 
peak in 2050 (B1). Increases in the frost-free season correspond to similar increases in the 
growing season. White areas are projected to experience no freezes for 2070-2099, and gray 
areas are projected to experience more than 10 frost-free years during the same period. (Figure 
source: NOAA NCDC / CICS-NC). 

Projected Changes in Frost-Free Season Length

Key Message 4: Lengthening Frost-free Season 

The length of the frost-free season (and the corresponding growing season) has 
been increasing nationally since the 1980s, with the largest increases occurring 
in the western United States, affecting ecosystems and agriculture. Across the 

United States, the growing season is projected to continue to lengthen.

The length of the frost-free season (and the corresponding 
growing season) is a major determinant of the types of plants 
and crops that do well in a particular region. The frost-free sea-
son length has been gradually increasing since the 1980s.40 The 
last occurrence of 32°F in the spring has been occurring earlier 
in the year, and the first occurrence of 32°F in the fall has been 
happening later. During 1991-2011, the average frost-free sea-
son was about 10 days longer than during 1901-1960. These 
observed climate changes have been mirrored by changes in 
the biosphere, including increases in forest productivity41,42 
and satellite-derived estimates of the length of the growing 
season.43 A longer growing season provides a longer period 
for plant growth and productivity and can slow the increase 
in atmospheric CO2 concentrations through increased CO2 
uptake by living things and their environment.44 The longer 
growing season can increase the growth of beneficial plants 
(such as crops and forests) as well as undesirable ones (such 
as ragweed).45 In some cases where moisture is limited, the 
greater evaporation and loss of moisture through plant tran-
spiration (release of water from plant leaves) associated with a 
longer growing season can mean less productivity because of 
increased drying46 and earlier and longer fire seasons.

The lengthening of the frost-free season has been somewhat 
greater in the western U.S. than the eastern United States,1 
increasing by 2 to 3 weeks in the Northwest and Southwest, 

1 to 2 weeks in the Midwest, Great Plains, and Northeast, and 
slightly less than 1 week in the Southeast. These differences 

mirror the overall trend of 
more warming in the north 
and west and less warming 
in the Southeast.

In a future in which heat-
trapping gas emissions 
continue to grow, increases 
of a month or more in the 
lengths of the frost-free and 
growing seasons are pro-
jected across most of the 
U.S. by the end of the cen-
tury, with slightly smaller 
increases in the northern 
Great Plains. The largest 
increases in the frost-free 
season (more than 8 weeks) 
are projected for the west-
ern U.S., particularly in high 
elevation and coastal areas. 
The increases will be con-
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Figure 2.12. The colors on the map show annual total precipitation changes for 1991-2012 compared to the 1901-1960 average, 
and show wetter conditions in most areas. The bars on the graphs show average precipitation differences by decade for 1901-2012 
(relative to the 1901-1960 average) for each region. The far right bar in each graph is for 2001-2012. (Figure source: adapted from 
Peterson et al. 201348).

Observed U.S. Precipitation Change

siderably smaller if heat-trapping gas emissions are reduced, 
although still substantial. These increases are projected to be 
much greater than the normal year-to-year variability experi-
enced today. The projected changes also imply that the south-

ern boundary of the seasonal freeze zone will move north-
ward, with increasing frequencies of years without subfreezing 
temperatures in the most southern parts of the United States.

Key Message 5: U.S. Precipitation Change

Average U.S. precipitation has increased since 1900, but some areas have 
had increases greater than the national average, and some areas have 

had decreases. More winter and spring precipitation is projected for the 
northern United States, and less for the Southwest, over this century. 

Since 1900, average annual precipitation over the U.S. has in-
creased by roughly 5%. This increase reflects, in part, the major 
droughts of the 1930s and 1950s, which made the early half 
of the record drier. There are important regional differences. 
For instance, precipitation since 1991 (relative to 1901-1960) 
increased the most in the Northeast (8%), Midwest (9%), and 
southern Great Plains (8%), while much of the Southeast and 
Southwest had a mix of areas of increases and decreases.47,48

While significant trends in average precipitation have been 
detected, the fraction of these trends attributable to human 
activity is difficult to quantify at regional scales because the 
range of natural variability in precipitation is large. Projected 
changes are generally small for central portions of the United 
States. However, if emissions of heat-trapping gases continue 
their upward trend, certain global patterns of precipitation 
change are projected to emerge that will affect northern and 
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southwestern areas of the United States. The northern U.S. 
is projected to experience more precipitation in the winter 
and spring (except for the Northwest in the spring), while the 
Southwest is projected to experience less, particularly in the 
spring. The contrast between wet and dry areas will increase 
both in the U.S. and globally – in other words, the wet areas 
will get wetter and the dry areas will get drier. As discussed in 

the next section, there has been an increase in the amount of 
precipitation falling in heavy events49 and this is projected to 
continue. 

The projected changes in the northern U.S. are a consequence 
of both a warmer atmosphere (which can hold more mois-
ture than a colder one) and associated changes in large-scale 

Uncertainties in regional projections

On the global scale, climate model simulations show consistent projections of future conditions under a range of emissions 
scenarios. For temperature, all models show warming by late this century that is much larger than historical variations 
nearly everywhere. For precipitation, models are in com-
plete agreement in showing decreases in precipitation in 
the subtropics and increases in precipitation at higher 
latitudes. 

Models unequivocally project large and historically un-
precedented future warming in every region of the U.S. 
under all of the scenarios used in this assessment. The 
amount of warming varies substantially between higher 
versus lower scenarios, and moderately from model to 
model, but the amount of projected warming is larger 
than the model-to-model range.

The contiguous U.S. straddles the transition zone between 
drier conditions in the sub-tropics (south) and wetter con-
ditions at higher latitudes (north). Because the precise 
location of this zone varies somewhat among models, pro-
jected changes in precipitation in central areas of the U.S. 
range from small increases to small decreases. A clear di-
rection of change only occurs in Alaska and the far north 
of the contiguous U.S. where increases are projected and 
in the far Southwest where decreases are projected. 

Although this means that changes in overall precipitation 
are uncertain in many U.S. areas, there is a high degree 
of certainty that the heaviest precipitation events will in-
crease everywhere, and by large amounts (Figure 2.13). 
This consistent model projection is well understood and is 
a direct outcome of the increase in atmospheric moisture 
caused by warming. There is also more certainty regarding 
dry spells. The annual maximum number of consecutive 
dry days is projected to increase in most areas, especially 
the southern and northwestern portions of the contiguous 
United States. Thus, both extreme wetness and extreme 
dryness are projected to increase in many areas.

Modeling methods that downscale (generate higher spa-
tial resolution) climate projections from coarser global 
model output can reduce the range of projections to the 
extent that they incorporate better representation of certain physical processes (such as the influence of topography and 
convection). However, a sizeable portion of the range is a result of the variations in large-scale patterns produced by the 
global models and so downscaling methods do not change this.

Figure 2.13. Top panels show simulated changes in the average 
amount of precipitation falling on the wettest day of the year for 
the period 2070-2099 as compared to 1971-2000 under a scenario 
that assumes rapid reductions in emissions (RCP 2.6) and one 
that assumes continued emissions increases (RCP 8.5). Bottom 
panels show simulated changes in the annual maximum number of 
consecutive dry days (days receiving less than 0.04 inches (1 mm) 
of precipitation) under the same two scenarios. Simulations are 
from CMIP5 models. Stippling indicates areas where changes are 
consistent among at least 80% of the models used in this analysis. 
(Figure source: NOAA NCDC / CICS-NC).
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weather patterns (which affect where precipitation occurs). 
The projected reduction in Southwest precipitation is a re-
sult of changes in large-scale weather patterns, including the 
northward expansion of the belt of high pressure in the sub-
tropics, which suppresses rainfall. Recent improvements in un-
derstanding these mechanisms of change increase confidence 
in these projections.50 The patterns of the projected changes 
of precipitation resulting from human alterations of the cli-
mate are geographically smoother in these maps than what 
will actually be observed because: 1) the precise locations of 

natural increases and decreases differ from model to model, 
and averaging across models smooths these differences; and 
2) the resolution of current climate models is too coarse to 
capture fine topographic details, especially in mountainous 
terrain. Hence, there is considerably more confidence in the 
large-scale patterns of change than in local details.

In general, a comparison of the various sources of climate 
model data used in this assessment provides a consistent 
picture of the large-scale projected precipitation changes 

Figure 2.14. Projected change in seasonal precipitation for 2071-2099 (compared to 1970-1999) under an emissions scenario that 
assumes continued increases in emissions (A2). Hatched areas indicate that the projected changes are significant and consistent 
among models. White areas indicate that the changes are not projected to be larger than could be expected from natural variability. 
In general, the northern part of the U.S. is projected to see more winter and spring precipitation, while the southwestern U.S. is 
projected to experience less precipitation in the spring. (Figure source: NOAA NCDC / CICS-NC). 

Projected Precipitation Change by Season
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neWer siMulAtions for projected precipitAtion chAnge (cMip5 Models)

Figure 2.15.  Seasonal precipitation change for 2071-2099 (compared to 1970-1999) as projected by recent simulations that include 
a wider range of scenarios. The maps on the left (RCP 2.6) assume rapid reductions in emissions – more than 70% cuts from current 
levels by 2050 – and a corresponding much smaller amount of warming and far less precipitation change. On the right, RCP 8.5 
assumes continued increases in emissions, with associated large increases in warming and major precipitation changes. These would 
include, for example, large reductions in spring precipitation in the Southwest and large increases in the Northeast and Midwest. 
Rapid emissions reductions would be required for the more modest changes in the maps on the left. Hatched areas indicate that the 
projected changes are significant and consistent among models. White areas indicate that the changes are not projected to be larger 
than could be expected from natural variability. (Figure source: NOAA NCDC / CICS-NC). 

across the United States (see “Models Used in the Assess-
ment”). Multi-model average changes in all three of these 
sources show a general pattern of wetter future conditions in 
the north and drier conditions in the south. The regional suite 
generally shows conditions that are somewhat wetter overall 
in the wet areas and not as dry in the dry areas. The general 
pattern agreement among these three sources, with the wide 
variations in their spatial resolution, provides confidence that 
this pattern is robust and not sensitive to the limited spatial 
resolution of the models. The slightly different conditions in 
the North American NARCCAP regional analyses for the U.S. 
appear to arise partially or wholly from the choice of the four 
CMIP3 global climate models used to drive the regional simu-
lations. These four global models, averaged together, project 
average changes that are 2% wetter than the average of the 
suite of global models used in CMIP3. 

The patterns of precipitation change in the newer CMIP5 simu-
lations are essentially the same as in the earlier CMIP3 and 
NARCCAP simulations used in impact analyses throughout this 
report, increasing confidence in our scientific understanding. 
The subtle differences between these two sets of projections 
are mostly due to the wider range of future scenarios consid-
ered in the more recent simulations. Thus, the overall picture 
remains the same: wetter conditions in the north and drier con-
ditions in the Southwest in winter and spring. Drier conditions 
are projected for summer in most areas of the contiguous U.S. 
but, outside of the Northwest and south-central region, there 
is generally not high confidence that the changes will be large 
compared to natural variability. In all models and scenarios, 
a transition zone between drier (to the south) and wetter (to 
the north) shifts northward from the southern U.S. in winter to 
southern Canada in summer. Wetter conditions are projected 
for Alaska and northern Canada in all seasons. 
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Key Message 6: Heavy Downpours Increasing 

Heavy downpours are increasing nationally, especially over the last three to five decades. 
Largest increases are in the Midwest and Northeast. Increases in the frequency 
and intensity of extreme precipitation events are projected for all U.S. regions. 

Across most of the United States, the heaviest 
rainfall events have become heavier and more fre-
quent. The amount of rain falling on the heaviest 
rain days has also increased over the past few de-
cades. Since 1991, the amount of rain falling in very 
heavy precipitation events has been significantly 
above average. This increase has been greatest in 
the Northeast, Midwest, and upper Great Plains 
– more than 30% above the 1901-1960 average 
(see Figure 2.18). There has also been an increase 
in flooding events in the Midwest and Northeast 
where the largest increases in heavy rain amounts 
have occurred. 

Figure 2.16: One measure of 
a heavy precipitation event is 
a 2-day precipitation total that 
is exceeded on average only 
once in a five-year period, 
also known as a once-in-five-
year event. As this extreme 
precipitation index for 1901-
2012 shows, the occurrence 
of such events has become 
m u c h  m o r e  c o m m o n  i n 
recent decades. Changes are 
compared to the period 1901-

1960, and do not include Alaska or Hawai‘i. The 2000s decade (far right bar) 
includes 2001-2012. (Figure source: adapted from Kunkel et al. 201352). 

Observed U.S. Trend in Heavy Precipitation

Figure 2.17. Percent changes in the annual amount of precipitation falling in very heavy events, defined as the heaviest 1% of all daily 
events from 1901 to 2012 for each region. The far right bar is for 2001-2012. In recent decades there have been increases nationally, 
with the largest increases in the Northeast, Great Plains, Midwest, and Southeast. Changes are compared to the 1901-1960 average 
for all regions except Alaska and Hawai‘i, which are relative to the 1951-1980 average. (Figure source: NOAA NCDC / CICS-NC).

Observed Change in Very Heavy Precipitation
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Figure 2.18. The map shows percent increases in the amount 
of precipitation falling in very heavy events (defined as the 
heaviest 1% of all daily events) from 1958 to 2012 for each 
region of the continental United States. These trends are larger 
than natural variations for the Northeast, Midwest, Puerto Rico, 
Southeast, Great Plains, and Alaska. The trends are not larger 
than natural variations for the Southwest, Hawai‘i, and the 
Northwest. The changes shown in this figure are calculated 
from the beginning and end points of the trends for 1958 to 
2012. (Figure source: updated from Karl et al. 20091).

 Observed Change in Very Heavy Precipitation

Figure 2.19. Maps show the increase in frequency of extreme daily precipitation events (a daily amount that now occurs once in 20 
years) by the later part of this century (2081-2100) compared to the later part of last century (1981-2000). Such extreme events are 
projected to occur more frequently everywhere in the United States. Under the rapid emissions reduction scenario (RCP 2.6), these 
events would occur nearly twice as often. For the scenario assuming continued increases in emissions (RCP 8.5), these events would 
occur up to five times as often. (Figure source: NOAA NCDC / CICS-NC). 

Projected Change in Heavy Precipitation Events

Warmer air can contain more water vapor than cooler air. 
Global analyses show that the amount of water vapor in the at-
mosphere has in fact increased over both land and oceans.14,51 
Climate change also alters dynamical characteristics of the 
atmosphere that in turn affect weather patterns and storms. 
In the mid-latitudes, where most of the continental U.S. is lo-
cated, there is an upward trend in extreme precipitation in the 
vicinity of fronts associated with mid-latitude storms.52 Locally, 
natural variations can also be important.53  

Projections of future climate over the U.S. suggest that the 
recent trend towards increased heavy precipitation events 
will continue. This is projected to occur even in regions where 
total precipitation is projected to decrease, such as the South-
west.52,54,55
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Key Message 7: Extreme Weather 

There have been changes in some types of extreme weather events over the last several 
decades. Heat waves have become more frequent and intense, especially in the West. Cold 
waves have become less frequent and intense across the nation. There have been regional 

trends in floods and droughts. Droughts in the Southwest and heat waves everywhere 
are projected to become more intense, and cold waves less intense everywhere.

Heat waves are periods of abnormally hot weather lasting days 
to weeks.48 Heat waves have generally become more frequent 
across the U.S. in recent decades, with western regions (includ-
ing Alaska) setting records for numbers of these events in the 
2000s. Tree ring data suggests that the drought over the last 
decade in the western U.S. represents the driest conditions in 
800 years.1,56 Most other regions in the country had their high-
est number of short-duration heat waves in the 1930s, when 
the multi-year severe drought of the Dust Bowl period, com-
bined with deleterious land-use practices,57 contributed to the 
intense summer heat through depletion of soil moisture and 
reduction of the moderating effects of evaporation.58 Howev-
er, the recent prolonged (multi-month) extreme heat has been 
unprecedented since the start of reliable instrumental records 
in 1895. The recent heat waves and droughts in Texas (2011) 
and the Midwest (2012) set records for highest monthly aver-
age temperatures, exceeding in some cases records set in the 
1930s, including the highest monthly contiguous U.S. tempera-
ture on record (July 2012, breaking the July 1936 record) and 
the hottest summers on record in several states (New Mexico, 
Texas, Oklahoma, and Louisiana in 2011 and Colorado and 
Wyoming in 2012). For the spring and summer months, 2012 
had the second largest area of record-setting monthly average 
temperatures, including a 26-state area from Wyoming to the 
East Coast. The summer (June-August) temperatures of 2012 
ranked in the hottest 10% of the 118-year period of record in 
28 states covering the Rocky Mountain states, the Great Plains, 
the Upper Midwest, and the Northeast. The new records in-
cluded both hot daytime maximum temperatures and warm 
nighttime minimum temperatures.59 Corresponding with this 
increase in extreme heat, the number of extreme cold waves 
has reached the lowest levels on record (since 1895). 

Many more high temperature records are being broken as 
compared to low temperature records over the past three to 
four decades – another indicator of a warming climate.60 The 
number of record low monthly temperatures has declined to 
the lowest levels since 1911, while the number of record high 
monthly temperatures has increased to the highest level since 
the 1930s. During this same period, there has been an increas-
ing trend in persistently high nighttime temperature.1 There 
are various reasons why low temperatures have increased 
more than high temperatures.61 

In some areas, prolonged periods of record high temperatures 
associated with droughts contribute to dry conditions that are 
driving wildfires.62 The meteorological situations that cause 

heat waves are a natural part of the climate system.  Thus 
the timing and location of individual events may be largely a 
natural phenomenon, although even these may be affected by 
human-induced climate change.63 However, there is emerging 
evidence that most of the increases of heat wave severity over 
the U.S. are likely due to human activity,64 with a detectable 
human influence in recent heat waves in the southern Great 
Plains1,65 as well as in Europe7,62 and Russia.60,66,67 The summer 
2011 heat wave and drought in Texas was primarily driven by 
precipitation deficits, but the human contribution to climate 
change approximately doubled the probability that the heat 
was record-breaking.68 So while an event such as this Texas 
heat wave and drought could be triggered by a naturally oc-
curring event such as a deficit in precipitation, the chances for 
record-breaking temperature extremes has increased and will 
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Figure 2.20. Change in surface air temperature at the end of this century (2081-2100) relative to the turn of the last century (1986-2005) 
on the coldest and hottest days under a scenario that assumes a rapid reduction in heat trapping gases (RCP 2.6) and a scenario 
that assumes continued increases in these gases (RCP 8.5). This figure shows estimated changes in the average temperature of 
the hottest and coldest days in each 20-year period. In other words, the hottest days will get even hotter, and the coldest days will 
be less cold. (Figure source: NOAA NCDC / CICS-NC).

Projected Temperature Change of Hottest and Coldest Days

continue to increase as the global climate warms. Generally, 
the changes in climate are increasing the likelihood for these 
types of severe events.

The number of extremely hot days is projected to continue 
to increase over much of the United States, especially by late 
century. Summer temperatures are projected to continue ris-
ing, and a reduction of soil moisture, which exacerbates heat 
waves, is projected for much of the western and central U.S. in 
summer. Climate models project that the same summertime 

temperatures that ranked among the hottest 5% in 1950-1979 
will occur at least 70% of the time by 2035-2064 in the U.S. if 
global emissions of heat-trapping gases continue to grow (as in 
the A2 scenario).67 By the end of this century, what have previ-
ously been once-in-20-year extreme heat days (1-day events) 
are projected to occur every two or three years over most of 
the nation.69,70 In other words, what now seems like an ex-
tremely hot day will become commonplace. 
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Figure 2.21. Trend magnitude (triangle size) and direction (green = increasing trend, brown = 
decreasing trend) of annual flood magnitude from the 1920s through 2008. Local areas can be 
affected by land-use change (such as dams). Most significant are the increasing trend for floods in 
the Midwest and Northeast and the decreasing trend in the Southwest. (Figure source: Peterson 
et al. 201348).

Trends in Flood MagnitudeThere are significant trends 
in the magnitude of river 
flooding in many parts of the 
United States.  When aver-
aged over the entire nation, 
however, the increases and 
decreases cancel each other 
out and show no national 
level trend.71 River flood 
magnitudes have decreased 
in the Southwest and in-
creased in the eastern Great 
Plains, parts of the Midwest, 
and from the northern Appa-
lachians into New England.48 
Figure 2.21 shows increasing 
trends in floods in green and 
decreasing trends in brown. 
The magnitude of these 
trends is illustrated by the 
size of the triangles. 

These regional river flood 
trends are qualitatively con-
sistent with trends in climate 
conditions associated with 
flooding. For example, aver-
age annual precipitation has increased in the Midwest and 
Northeast and decreased in the Southwest (Figure 2.12).48 Re-
cent soil moisture trends show general drying in the Southwest 
and moistening in the Northeast and northern Great Plains and 
Midwest (Ch 3: Water, Figure 3.2). These trends are in general 
agreement with the flood trends. Although there is a strong 
national upward trend in extreme precipitation and not in river 
flooding, the regional variations are similar. Extreme precipita-
tion has been increasing strongly in the Great Plains, Midwest, 
and Northeast, where river flooding increases have been ob-
served, and there is little trend in the Southwest, where river 
flooding has decreased. An exact correspondence is not nec-
essarily expected since the seasonal timing of precipitation 
events makes a difference in whether river flooding occurs. 
The increase in extreme precipitation events has been concen-
trated in the summer and fall52 when soil moisture is season-
ally low and soils can absorb a greater fraction of rainfall. By 
contrast, many of the annual flood events occur in the spring 
when soil moisture is high. Thus, additional extreme rainfall 
events in summer and fall may not create sufficient runoff for 
the resulting streamflow to exceed spring flood magnitudes. 
However, these extreme precipitation events are often associ-
ated with local flash floods, a leading cause of death due to 
weather events (see “Flood Factors and Flood Types” in Ch. 3: 
Water).

Research into the effects of human-induced climate change on 
flood events is relatively new. There is evidence of a detect-
able human influence in recent flooding events in England and 
Wales13 and in other specific events around the globe during 
2011.48 In general, heavier rains lead to a larger fraction of 
rainfall running off and, depending on the surface conditions, 
more potential for flooding.

Higher temperatures lead to increased rates of evaporation, 
including more loss of moisture through plant leaves. Even in 
areas where precipitation does not decrease, these increases 
in surface evaporation and loss of water from plants lead to 
more rapid drying of soils if the effects of higher temperatures 
are not offset by other changes (such as in wind speed or hu-
midity).72 As soil dries out, a larger proportion of the incom-
ing heat from the sun goes into heating the soil and adjacent 
air rather than evaporating its moisture, resulting in hotter 
summers under drier climatic conditions.73 Under higher emis-
sions scenarios, widespread drought is projected to become 
more common over most of the central and southern United 
States.56,74,75,76,77
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Figure 2.22. Average change in 
soil moisture compared to 1971-
2000, as projected for the middle 
of this century (2041-2070) and 
late this century (2071-2100) under 
two emissions scenarios, a lower 
scenario (B1) and a higher scenario 
(A2).75,77 The future drying of soils 
in most areas simulated by this 
sophisticated hydrologic model 
(Variable Infiltration Capacity or VIC 
model) is consistent with the future 
drought increases using the simpler 
Palmer Drought Severity Index 
(PDSI) metric. Only the western 
U.S. is displayed because model 
simulations were only run for this 
area. (Figure source: NOAA NCDC 
/ CICS-NC).

Projected Changes in Soil Moisture for the Western U.S.

Key Message 8: Changes in Hurricanes 

The intensity, frequency, and duration of North Atlantic hurricanes, as well as 
the frequency of the strongest (Category 4 and 5) hurricanes, have all increased 
since the early 1980s. The relative contributions of human and natural causes 
to these increases are still uncertain. Hurricane-associated storm intensity and 

rainfall rates are projected to increase as the climate continues to warm.  

There has been a substantial increase in most measures of 
Atlantic hurricane activity since the early 1980s, the period 
during which high-quality satellite data are available.78,79 These 
include measures of intensity, frequency, and duration as well 
as the number of strongest (Category 4 and 5) storms. The abil-
ity to assess longer-term trends in hurricane activity is limited 
by the quality of available data. The historic record of Atlantic 
hurricanes dates back to the mid-1800s, and indicates other 
decades of high activity. However, there is considerable un-
certainty in the record prior to the satellite era (early 1970s), 
and the further back in time one goes, the more uncertain the 
record becomes.79 

The recent increases in activity are linked, in part, to higher 
sea surface temperatures in the region that Atlantic hurricanes 
form in and move through. Numerous factors have been shown 
to influence these local sea surface temperatures, including 
natural variability, human-induced emissions of heat-trapping 
gases, and particulate pollution. Quantifying the relative con-

tributions of natural and human-caused factors is an active 
focus of research. Some studies suggest that natural variabil-
ity, which includes the Atlantic Multidecadal Oscillation, is the 
dominant cause of the warming trend in the Atlantic since the 
1970s,80,81 while others argue that human-caused heat-trap-
ping gases and particulate pollution are more important.82

Hurricane development, however, is influenced by more than 
just sea surface temperature. How hurricanes develop also 
depends on how the local atmosphere responds to changes 
in local sea surface temperatures, and this atmospheric re-
sponse depends critically on the cause of the change.83 For 
example, the atmosphere responds differently when local sea 
surface temperatures increase due to a local decrease of par-
ticulate pollution that allows more sunlight through to warm 
the ocean, versus when sea surface temperatures increase 
more uniformly around the world due to increased amounts 
of human-caused heat-trapping gases.80,84 So the link between 
hurricanes and ocean temperatures is complex. Improving our 
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Figure 2.23. Recent variations of the Power Dissipation Index (PDI) in the North Atlantic and eastern North Pacific Oceans. 
PDI is an aggregate of storm intensity, frequency, and duration and provides a measure of total hurricane power over 
a hurricane season. There is a strong upward trend in Atlantic PDI, and a downward trend in the eastern North Pacific, 
both of which are well-supported by the reanalysis. Separate analyses (not shown) indicate a significant increase in 
the strength and in the number of the strongest hurricanes (Category 4 and 5) in the North Atlantic over this same time 
period. The PDI is calculated from historical data (IBTrACS92) and from reanalyses using satellite data (UW/NCDC & 
ADT-HURSAT93,94). IBTrACS is the International Best Track Archive for Climate Stewardship, UW/NCDC is the University 
of Wisconsin/NOAA National Climatic Data Center satellite-derived hurricane intensity dataset, and ADT-HURSAT is the 
Advanced Dvorak Technique–Hurricane Satellite dataset (Figure source: adapted from Kossin et al. 200793).

Observed Trends in Hurricane Power Dissipation

North Atlantic hurricanes have increased in intensity, frequency, and duration since 
the early 1980s.

understanding of the relationships between warming tropical 
oceans and tropical cyclones is another active area of research.

Changes in the average length and positions of Atlantic storm 
tracks are also associated with regional climate variability.85 
The locations and frequency of storms striking land have been 
argued to vary in opposing ways than basin-wide frequency. 
For example, fewer storms have been observed to strike land 
during warmer years even though overall activity is higher than 

average,86 which may help to explain the lack of any clear trend 
in landfall frequency along the U.S. eastern and Gulf coasts.87,88 
Climate models also project changes in hurricane tracks and 
where they strike land.89 The specific characteristics of the 
changes are being actively studied.

Other measures of Atlantic storm activity are projected to 
change as well.87,90,91 By late this century, models, on aver-
age, project a slight decrease in the annual number of tropi-

cal cyclones, but an increase in the number of 
the strongest (Category 4 and 5) hurricanes. 
These projected changes are based on an av-
erage of projections from a number of individ-
ual models, and they represent the most likely 
outcome. There is some uncertainty in this as 
the individual models do not always agree on 
the amount of projected change, and some 
models may project an increase where others 
project a decrease. The models are in better 
agreement when projecting changes in hurri-
cane precipitation – almost all existing studies 
project greater rainfall rates in hurricanes in 
a warmer climate, with projected increases of 
about 20% averaged near the center of hur-
ricanes.  
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Key Message 9: Changes in Storms

Winter storms have increased in frequency and intensity since the 1950s, and 
their tracks have shifted northward over the United States. Other trends in severe 

storms, including the intensity and frequency of tornadoes, hail, and damaging 
thunderstorm winds, are uncertain and are being studied intensively.

Trends in the occurrences of storms, ranging from severe thun-
derstorms to winter storms to hurricanes, are subject to much 
greater uncertainties than trends in temperature and variables 
that are directly related to temperature (such as snow and ice 
cover, ocean heat content, and sea level). Recognizing that the 
impacts of changes in the frequency and intensity of these 
storms can easily exceed the impacts of changes in average 

temperature or precipitation, climate scientists are actively re-
searching the connections between climate change and severe 
storms. There has been a sizeable upward trend in the number 
of storms causing large financial and other losses.95 However, 
there are societal contributions to this trend, such as increases 
in population and wealth.52

Severe Convective Storms
Tornadoes and other severe thunderstorm phenomena fre-
quently cause as much annual property damage in the U.S. as 
do hurricanes, and often cause more deaths. Recent research 
has yielded insights into the connections between global 
warming and the factors that cause tornadoes and severe 

thunderstorms (such as atmospheric instability and increases 
in wind speed with altitude96). Although these relationships 
are still being explored, a recent study suggests a projected 
increase in the frequency of conditions favorable for severe 
thunderstorms.97 

Winter Storms 
For the entire Northern Hemisphere, there is evidence of an 
increase in both storm frequency and intensity during the cold 
season since 1950,98 with storm tracks having shifted slightly 
towards the poles.99,100 Extremely heavy snowstorms increased 
in number during the last century in northern and eastern 
parts of the United States, but have been less frequent since 
2000.52,101 Total seasonal snowfall has generally decreased in 
southern and some western areas,102 increased in the northern 
Great Plains and Great Lakes region,102,103 and not changed in 
other areas, such as the Sierra Nevada, although snow is melt-
ing earlier in the year and more precipitation is falling as rain 
versus snow.104 Very snowy winters have generally been de-
creasing in frequency in most regions over the last 10 to 20 

years, although the Northeast has been seeing a normal num-
ber of such winters.105 Heavier-than-normal snowfalls recently 
observed in the Midwest and Northeast U.S. in some years, 
with little snow in other years, are consistent with indications 
of increased blocking (a large scale pressure pattern with little 
or no movement) of the wintertime circulation of the Northern 
Hemisphere.106 However, conclusions about trends in blocking 
have been found to depend on the method of analysis,107 so 
the assessment and attribution of trends in blocking remains 
an active research area. Overall snow cover has decreased in 
the Northern Hemisphere, due in part to higher temperatures 
that shorten the time snow spends on the ground.108
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Figure 2.24. Variation of winter storm frequency and intensity during the cold season (November-
March) for high latitudes (60-90°N) and mid-latitudes (30-60°N) of the Northern Hemisphere over 
the period 1949-2010. The bar for each decade represents the difference from the long-term 
average. Storm frequencies have increased in middle and high latitudes, and storm intensities 
have increased in middle latitudes. (Figure source: updated from CCSP 2008109).

Variation of Storm Frequency and Intensity
during the Cold Season (November – March)

Key Message 10: Sea Level Rise

Global sea level has risen by about 8 inches since reliable record keeping 
began in 1880. It is projected to rise another 1 to 4 feet by 2100.

The oceans are absorbing over 90% of the increased atmo-
spheric heat associated with emissions from human activity.110 
Like mercury in a thermometer, water expands as it warms up 
(this is referred to as “thermal expansion”) causing sea levels 
to rise. Melting of glaciers and ice sheets is also contributing to 
sea level rise at increasing rates.111 

Since the late 1800s, tide gauges throughout the world have 
shown that global sea level has risen by about 8 inches. A 
new data set (Figure 2.25) shows that this recent rise is much 
greater than at any time in at least the past 2000 years.112 Since 
1992, the rate of global sea level rise measured by satellites has 
been roughly twice the rate observed over the last century, 
providing evidence of additional acceleration.113
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Figure 2.25. Sea level change in the North Atlantic Ocean relative to the 
year 2000 based on data collected from North Carolina112 (red line, pink 
band shows the uncertainty range) compared with a reconstruction of global 
sea level rise based on tide gauge data from 1750 to present127 (blue line). 
(Figure source: Adapted from Kemp et al. 2011112).

North Atlantic Sea Level Change

Figure 2.26. Estimated, observed, and possible future 
amounts of global sea level rise from 1800 to 2100, 
relative to the year 2000. Estimates from proxy data112 
(for example, based on sediment records) are shown 
in red (1800-1890, pink band shows uncertainty), tide 
gauge data are shown in blue for 1880-2009,113 and 
satellite observations are shown in green from 1993 to 
2012. 128 The future scenarios range from 0.66 feet to 
6.6 feet in 2100.123 These scenarios are not based on 
climate model simulations, but rather reflect the range of 
possible scenarios based on other scientific studies. The 
orange line at right shows the currently projected range 
of sea level rise of 1 to 4 feet by 2100, which falls within 
the larger risk-based scenario range. The large projected 
range reflects uncertainty about how glaciers and ice 
sheets will react to the warming ocean, the warming 
atmosphere, and changing winds and currents. As seen 
in the observations, there are year-to-year variations in the 
trend. (Figure source: Adapted from Parris et al. 2012,123 
with contributions from NASA Jet Propulsion Laboratory).

Past and Projected Changes in Global Sea Level Rise

Projecting future rates of sea level rise is challeng-
ing. Even the most sophisticated climate models, 
which explicitly represent Earth’s physical pro-
cesses, cannot simulate rapid changes in ice sheet 
dynamics, and thus are likely to underestimate 
future sea level rise. In recent years, “semi-em-
pirical” methods have been developed to project 
future rates of sea level rise based on a simple sta-
tistical relationship between past rates of globally 
averaged temperature change and sea level rise. 
These models suggest a range of additional sea 
level rise from about 2 feet to as much as 6 feet by 
2100, depending on emissions scenario.114,115,116,117 
It is not clear, however, whether these statistical 
relationships will hold in the future, or that they 
fully explain historical behavior.118 Regardless of 
the amount of change by 2100, however, sea level 
rise is expected to continue well beyond this cen-
tury as a result of both past and future emissions 
from human activities.

Scientists are working to narrow the range of sea level rise 
projections for this century. Recent projections show that for 
even the lowest emissions scenarios, thermal expansion of 
ocean waters119 and the melting of small mountain glaciers120 
will result in 11 inches of sea level rise by 2100, even without 
any contribution from the ice sheets in Greenland and Ant-
arctica. This suggests that about 1 foot of global sea level rise 
by 2100 is probably a realistic low end. On the high end, re-
cent work suggests that 4 feet is plausible.22,115,121 In the con-
text of risk-based analysis, some decision makers may wish to 
use a wider range of scenarios, from 8 inches to 6.6 feet by 
2100.122,123 In particular, the high end of these scenarios may 
be useful for decision makers with a low tolerance for risk (see 
Figure 2.26 on global sea level rise).122,123 Although scientists 
cannot yet assign likelihood to any particular scenario, in gen-

eral, higher emissions scenarios that lead to more warming 
would be expected to lead to higher amounts of sea level rise.

Nearly 5 million people in the U.S. live within 4 feet of the lo-
cal high-tide level (also known as mean higher high water). In 
the next several decades, storm surges and high tides could 
combine with sea level rise and land subsidence to further in-
crease flooding in many of these regions.124 Sea level rise will 
not stop in 2100 because the oceans take a very long time to 
respond to warmer conditions at the Earth’s surface. Ocean 
waters will therefore continue to warm and sea level will con-
tinue to rise for many centuries at rates equal to or higher 
than that of the current century.125 In fact, recent research 
has suggested that even present day carbon dioxide levels 
are sufficient to cause Greenland to melt completely over the 
next several thousand years.126
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Figure 2.27. Bars show decade averages of annual maximum Great Lakes ice 
coverage from the winter of 1962-1963, when reliable coverage of the entire 
Great Lakes began, to the winter of 2012-2013. Bar labels indicate the end 
year of the winter; for example, 1963-1972 indicates the winter of 1962-1963 
through the winter of 1971-1972. Only the most recent period includes the 
eleven years from 2003 to 2013. (Data updated from Bai and Wang, 2012130).

Ice Cover in the Great Lakes

Key Message 11: Melting Ice 

Rising temperatures are reducing ice volume and surface extent on land, 
lakes, and sea. This loss of ice is expected to continue. The Arctic Ocean is 

expected to become essentially ice free in summer before mid-century.

Rising temperatures across the U.S. have reduced lake ice, 
sea ice, glaciers, and seasonal snow cover over the last few 
decades.111 In the Great Lakes, for example, total winter ice 
coverage has decreased by 63% since the early 1970s.172 This 
includes the entire period since satellite data became avail-
able. When the record is extended back to 1963 using pre-
satellite data,129 the overall trend is less negative because the 
Great Lakes region experienced several extremely cold winters 
in the 1970s. 

Sea ice in the Arctic has also decreased dramatically since the 
late 1970s, particularly in summer and autumn. Since the satel-
lite record began in 1978, minimum Arctic sea ice extent (which 
occurs in early to mid-September) has decreased by more than 
40%.131 This decline is unprecedented in the historical record, 
and the reduction of ice volume and thickness is even greater. 
Ice thickness decreased by more than 50% from 1958-1976 to 
2003-2008,132 and the percentage of the March ice cover made 
up of thicker ice (ice that has survived a summer melt season) 
decreased from 75% in the mid-1980s to 45% in 2011.133 Recent 
analyses  indicate a decrease of 36% in autumn sea ice volume 
over the past decade.134 The 2012 sea ice mini-
mum broke the preceding record (set in 2007) 
by more than 200,000 square miles. Ice loss 
increases Arctic warming by replacing white, 
reflective ice with dark water that absorbs 
more energy from the sun. More open water 
can also increase snowfall over northern land 
areas135 and increase the north-south mean-
ders of the jet stream, consistent with the oc-
currence of unusually cold and snowy winters 
at mid-latitudes in several recent years.106,135 
Significant uncertainties remain at this time in 
interpreting the effect of Arctic ice changes on 
mid-latitudes.107

The loss of sea ice has been greater in summer 
than in winter. The Bering Sea, for example, has 
sea ice only in the winter-spring portion of the 
year, and shows no trend in surface area cov-
ered by ice over the past 30 years. However, 
seasonal ice in the Bering Sea and elsewhere in 
the Arctic is thin and susceptible to rapid melt 
during the following summer. 

The seasonal pattern of observed loss of Arctic 
sea ice is generally consistent with simulations 
by global climate models, in which the extent 
of sea ice decreases more rapidly in summer 

than in winter. However, the models tend to underestimate the 
amount of decrease since 2007. Projections by these models 
indicate that the Arctic Ocean is expected to become essen-
tially ice-free in summer before mid-century under scenarios 
that assume continued growth in global emissions, although 
sea ice would still form in winter.136,137 Models that best match 
historical trends project a nearly sea ice-free Arctic in summer 
by the 2030s,138 and extrapolation of the present observed 
trend suggests an even earlier ice-free Arctic in summer.139 
However, even during a long-term decrease, occasional tem-
porary increases in Arctic summer sea ice can be expected 
over timescales of a decade or so because of natural variabil-
ity.140 The projected reduction of winter sea ice is only about 
10% by 2030,141 indicating that the Arctic will shift to a more 
seasonal sea ice pattern. While this ice will be thinner, it will 
cover much of the same area now covered by sea ice in winter.

While the Arctic is an ocean surrounded by continents, Antarc-
tica is a continent surrounded by ocean. Nearly all of the sea 
ice in the Antarctic melts each summer, and changes there are 
more complicated than in the Arctic. While Arctic sea ice has 
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Figure 2.28. Summer Arctic sea ice has declined dramatically since satellites began measuring it in 1979. The extent of sea ice in 
September 2012, shown in white in the top figure, was more than 40% below the median for 1979-2000. The graph on the bottom 
left shows annual variations in September Arctic sea ice extent for 1979-2013. It is also notable that the ice has become much 
thinner in recent years, so its total volume (bottom right) has declined even more rapidly than the extent.111 (Figure and data from 
National Snow and Ice Data Center).

Decline in Arctic Sea Ice Extent

been strongly decreasing, there has been a slight increase in 
sea ice in Antarctica.142 Explanations for this include changes 
in winds that directly affect ice drift as well as the properties 
of the surrounding ocean,143 and that winds around Antarctica 
may have been affected by stratospheric ozone depletion.144

Snow cover on land has decreased over the past several de-
cades,145 especially in late spring.146 Each of five recent years 
(2008-2012) has set a new record for minimum snow extent 
in June in Eurasia, as did three of those five years in North 
America. 

The surface of the Greenland Ice Sheet has been experiencing 
summer melting over increasingly large areas during the past 
several decades. In the decade of the 2000s, the daily melt area 
summed over the warm season was double the corresponding 
amounts of the 1970s,147 culminating in summer surface melt 
that was far greater (97% of the Greenland Ice Sheet area) in 
2012 than in any year since the satellite record began in 1979. 
More importantly, the rate of mass loss from the Greenland 
Ice Sheet’s marine-terminating outlet glaciers has accelerated 
in recent decades, leading to predictions that the proportion 
of global sea level rise coming from Greenland will continue 
to increase.148 Glaciers terminating on ice shelves and on land 
are also losing mass, but the rate of loss has not accelerated 
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Figure 2.29. Model simulations of Arctic sea ice extent for September (1900-2100) 
based on observed concentrations of heat-trapping gases and particles (through 
2005) and four scenarios. Colored lines for RCP scenarios are model averages 
(CMIP5) and lighter shades of the line colors denote ranges among models for 
each scenario. Dotted gray line and gray shading denotes average and range of 
the historical simulations through 2005. The thick black line shows observed data 
for 1953-2012. These newer model (CMIP5) simulations project more rapid sea ice 
loss compared to the previous generation of models (CMIP3) under similar forcing 
scenarios, although the simulated September ice losses under all scenarios still 
lag the observed loss of the past decade. Extrapolation of the present observed 
trend suggests an essentially ice-free Arctic in summer before mid-century.139 The 
Arctic is considered essentially ice-free when the areal extent of ice is less than 
one million square kilometers. (Figure source: adapted from Stroeve et al. 2012136).

Projected Arctic Sea Ice Declineover the past decade.149 As discussed in Key 
Message 10, the dynamics of the Greenland 
Ice Sheet are generally not included in pres-
ent global climate models and sea level rise 
projections.

Glaciers are retreating and/or thinning in 
Alaska and in the lower 48 states. In addi-
tion, permafrost temperatures are increas-
ing over Alaska and much of the Arctic. 
Regions of discontinuous permafrost in 
interior Alaska (where annual average soil 
temperatures are already close to 32°F) are 
highly vulnerable to thaw. Thawing perma-
frost releases carbon dioxide and methane 
– heat-trapping gases that contribute to 
even more warming. Recent estimates sug-
gest that the potential release of carbon 
from permafrost soils could add as much 
as 0.4ºF to 0.6ºF of warming by 2100.150 
Methane emissions have been detected 
from Alaskan lakes underlain by perma-
frost,151 and measurements suggest poten-
tially even greater releases from thawing 
methane hydrates in the Arctic continental 
shelf of the East Siberian Sea.152 However, 
the response times of Arctic methane hy-
drates to climate change are quite long 
relative to methane’s lifetime in the atmo-
sphere (about a decade).153 More generally, 
the importance of Arctic methane sources 
relative to other methane sources, such as 
wetlands in warmer climates, is largely un-
known. The potential for a self-reinforcing feedback between 
permafrost thawing and additional warming contributes addi-
tional uncertainty to the high end of the range of future warm-

ing. The projections of future climate shown throughout this 
report do not include the additional increase in temperature 
associated with this thawing. 

Key Message 12: Ocean Acidification 

The oceans are currently absorbing about a quarter of the carbon dioxide 
emitted to the atmosphere annually and are becoming more acidic as a result, 

leading to concerns about intensifying impacts on marine ecosystems.

As human-induced emissions of carbon dioxide (CO2) build up 
in the atmosphere, excess CO2 is dissolving into the oceans 
where it reacts with seawater to form carbonic acid, lowering 
ocean pH levels (“acidification”) and threatening a number of 
marine ecosystems.154 Currently, the oceans absorbs about a 
quarter of the CO2 humans produce every year.155 Over the 
last 250 years, the oceans have absorbed 560 billion tons of 
CO2, increasing the acidity of surface waters by 30%.156,157,158 
Although the average oceanic pH can vary on interglacial tim-
escales,156 the current observed rate of change is roughly 50 

times faster than known historical change.159,160 Regional fac-
tors such as coastal upwelling,161 changes in discharge rates 
from rivers and glaciers,162 sea ice loss,163 and urbanization164 
have created “ocean acidification hotspots” where changes 
are occurring at even faster rates.

The acidification of the oceans has already caused a suppres-
sion of carbonate ion concentrations that are critical for marine 
calcifying animals such as corals, zooplankton, and shellfish. 
Many of these animals form the foundation of the marine food 
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Figure 2.30. The correlation between rising levels of CO2 in the atmosphere (red) at 
Mauna Loa and rising CO2 levels (blue) and falling pH (green) in the nearby ocean 
at Station Aloha. As CO2 accumulates in the ocean, the water becomes more acidic 
(the pH declines). (Figure source: modified from Feely et al. 2009157).

As Oceans Absorb CO2, They Become More Acidic 

Figure 2.31. Pteropods, or “sea butterflies,” are free-swimming sea snails about the size of a small pea. Pteropods 
are eaten by marine species ranging in size from tiny krill to whales and are an important source of food for North 
Pacific juvenile salmon. The photos above show what happens to a pteropod’s shell in seawater that is too acidic. 
The left panel shows a shell collected from a live pteropod from a region in the Southern Ocean where acidity is 
not too high. The shell on the right is from a pteropod collected in a region where the water is more acidic (Photo 
credits: (left) Bednaršek et al. 2012;168 (right) Nina Bednaršek).

Shells Dissolve in Acidified Ocean Water

web. Today, more than a billion people 
worldwide rely on food from the ocean 
as their primary source of protein. Ocean 
acidification puts this important resource 
at risk. 

Observations have shown that the north-
eastern Pacific Ocean, including the Arctic 
and sub-Arctic seas, is particularly suscep-
tible to significant shifts in pH and calcium 
carbonate saturation levels. Recent analy-
ses show that large areas of the oceans 
along the U.S. west coast,157,165 the Bering 
Sea, and the western Arctic Ocean158,166 
will become difficult for calcifying animals 
within the next 50 years. In particular, ani-
mals that form calcium carbonate shells, 
including corals, crabs, clams, oysters, and 
tiny free-swimming snails called ptero-
pods, could be particularly vulnerable, 
especially during the larval stage.167,168,169

Projections indicate that in higher emis-
sions pathways, such as SRES A2 or RCP 
8.5, current pH could be reduced from the 
current level of 8.1 to as low as 7.8 by the 
end of the century.158 Such large changes 
in ocean pH have probably not been ex-
perienced on the planet for the past 100 million years, and it 
is unclear whether and how quickly ocean life could adapt to 
such rapid acidification.159
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Process for Developing Key Messages
Development of the key messages involved discussions of the lead 
authors and accompanying analyses conducted via one in-person 
meeting plus multiple teleconferences and email exchanges from 
February thru September 2012. The authors reviewed 80 tech-
nical inputs provided by the public, as well as other published 
literature, and applied their professional judgment. 

Key message development also involved the findings from four spe-
cial workshops that related to the latest scientific understanding 
of climate extremes. Each workshop had a different theme related 
to climate extremes, had approximately 30 attendees (the CMIP5 
meeting had more than 100), and the workshops resulted in a pa-
per.

55
 The first workshop was held in July 2011, titled Monitoring 

Changes in Extreme Storm Statistics: State of Knowledge.
52

 The 
second was held in November 2011, titled Forum on Trends and 
Causes of Observed Changes in Heatwaves, Coldwaves, Floods, 
and Drought.

48
 The third was held in January 2012, titled Forum 

on Trends in Extreme Winds, Waves, and Extratropical Storms 
along the Coasts.

98
 The fourth, the CMIP5 results workshop, was 

held in March 2012 in Hawai‘i, and resulted in an analysis of 
CMIP5 results relative to climate extremes in the United States.

55

The Chapter Author Team’s discussions were supported by target-
ed consultation with additional experts. Professional expertise and 
judgment led to determining “key vulnerabilities.” A consensus-
based approach was used for final key message selection.

Key message #1 Traceable accounT

Global climate is changing and this change is ap-
parent across a wide range of observations. The 
global warming of the past 50 years is primarily due 
to human activities. 

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the climate science literature. Technical 
Input reports (82) on a wide range of topics were also reviewed; 
they were received as part of the Federal Register Notice 
solicitation for public input. 

2: OUR CHANGING CLIMATE

Evidence for changes in global climate arises from multiple 
analyses of data from in-situ, satellite, and other records 
undertaken by many groups over several decades.

3
 Changes 

in the mean state have been accompanied by changes in the 
frequency and nature of extreme events.

4
 A substantial body of 

analysis comparing the observed changes to a broad range of 
climate simulations consistently points to the necessity of invoking 
human-caused changes to adequately explain the observed 
climate system behavior.

5,7
 The influence of human impacts on the 

climate system has also been observed in a number of individual 
climate variables.

6,12,13,14,15,16,17
 A discussion of the slowdown in 

temperature increase with associated references (for example, 
Balmaseda et al. 2013; Easterling and Wehner 2009

19,27
) is 

included in the chapter.

The Climate Science Supplement Appendix provides further 
discussion of types of emissions or heat-trapping gases and 
particles, and future projections of human-related emissions. 
Supplemental Message 4 of the Appendix provides further details 
on attribution of observed climate changes to human influence. 

New information and remaining uncertainties
Key remaining uncertainties relate to the precise magnitude and 
nature of changes at global, and particularly regional, scales, 
and especially for extreme events and our ability to simulate and 
attribute such changes using climate models. Innovative new 
approaches to climate data analysis, continued improvements in 
climate modeling, and instigation and maintenance of reference 
quality observation networks such as the U.S. Climate Reference 
Network (http://www.ncdc.noaa.gov/crn/) all have the potential to 
reduce uncertainties.

Assessment of confidence based on evidence 
There is very high confidence that global climate is changing and 
this change is apparent across a wide range of observations, given 
the evidence base and remaining uncertainties. All observational 
evidence is consistent with a warming climate since the late 
1800s.

There is very high confidence that the global climate change of 
the past 50 years is primarily due to human activities, given the 
evidence base and remaining uncertainties. Recent changes have 

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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been consistently attributed in large part to human factors across 
a very broad range of climate system characteristics. 

Key message #2 Traceable accounT

Global climate is projected to continue to change 
over this century and beyond. The magnitude of 
climate change beyond the next few decades de-
pends primarily on the amount of heat-trapping gas-
es emitted globally, and how sensitive the Earth’s 
climate is to those emissions.

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input. 

Evidence of continued global warming is based on past observations 
of climate change and our knowledge of the climate system’s 
response to heat-trapping gases. Models have projected increased 
temperature under a number of different scenarios.

8,32,33

That the planet has warmed is “unequivocal,”
8
 and is corroborated 

though multiple lines of evidence, as is the conclusion that the 
causes are very likely human in origin (see also Appendices 3 
and 4). The evidence for future warming is based on fundamental 
understanding of the behavior of heat-trapping gases in the 
atmosphere. Model simulations provide bounds on the estimates 
of this warming. 

New information and remaining uncertainties
The trends described in the 2009 report

1
 have continued, and our 

understanding of the data and ability to model the many facets of 
the climate system have increased substantially.

There are several major sources of uncertainty in making 
projections of climate change. The relative importance of these 
changes over time.

In the next few decades, the effects of natural variability will be 
an important source of uncertainty for climate change projections.

Uncertainty in future human emissions becomes the largest 
source of uncertainty by the end of this century.

Uncertainty in how sensitive the climate is to increased 
concentrations of heat-trapping gases is especially important 
beyond the next few decades. Recent evidence lends further 
confidence about climate sensitivity (see Appendix 3: Climate 
Science Supplement).

Uncertainty in natural climate drivers, for example how much solar 
output will change over this century, also affects the accuracy of 
projections.

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
is very high that the global climate is projected to continue to 
change over this century and beyond. 

The statement on the magnitude of the effect also has very high 
confidence. 

Key message #3 Traceable accounT

U.S. average temperature has increased by 1.3°F 
to 1.9°F since record keeping began in 1895; most 
of this increase has occurred since about 1970. 
The most recent decade was the nation’s warm-
est on record. Temperatures in the United States 
are expected to continue to rise. Because human-
induced warming is superimposed on a naturally 
varying climate, the temperature rise has not been, 
and will not be, uniform or smooth across the coun-
try or over time.

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

Evidence for the long-term increase in temperature is based on 
analysis of daily maximum and minimum temperature observations 
from the U.S. Cooperative Observer Network (http://www.nws.
noaa.gov/om/coop/). With the increasing understanding of U.S. 
temperature measurements, a temperature increase has been 
observed, and temperature is projected to continue rising.

36,37,38
 

Observations show that the last decade was the warmest in over a 
century. A number of climate model simulations were performed 
to assess past, and to forecast future, changes in climate; 
temperatures are generally projected to increase across the United 
States.

The section entitled  “Quantifying U.S. Temperature Rise” explains 
the rational for using the range 1.3°F to 1.9°F in the key message. 

All peer-reviewed studies to date satisfying the assessment 
process agree that the U.S. has warmed over the past century 
and in the past several decades. Climate model simulations 
consistently project future warming and bracket the range of 
plausible increases.

New information and remaining uncertainties
Since the 2009 National Climate Assessment,

1
 there have been 

substantial advances in our understanding of the U.S. temperature 
record (Appendix 3: Climate Science, Supplemental Message 
7).

36,37,38

A potential uncertainty is the sensitivity of temperature trends to 
adjustments that account for historical changes in station location, 
temperature instrumentation, observing practice, and siting 
conditions. However, quality analyses of these uncertainties have 
not found any major issues of concern affecting the conclusions 
made in the key message (Appendix 3: Climate Science, 
Supplemental Message 7). (for example, Williams et al. 2012

38
).

While numerous studies (for example, Fall et al. 2011; Vose 
et al. 2012; Williams et al. 2012

37,38
) verify the efficacy of the 

adjustments, the information base can be improved in the future 
through continued refinements to the adjustment approach. Model 
biases are subject to changes in physical effects on climate; for 
example, model biases can be affected by snow cover and hence 
are subject to change as a warming climate changes snow cover. 

Assessment of confidence based on evidence
Given the evidence base and remaining uncertainties, confidence 
is very high in the key message. Because human-induced warming 
is superimposed on a naturally varying climate, the temperature 
rise has not been, and will not be, uniform or smooth across the 
country or over time. 

Key message #4 Traceable accounT

The length of the frost-free season (and the cor-
responding growing season) has been increasing 
nationally since the 1980s, with the largest increas-
es occurring in the western United States, affect-
ing ecosystems and agriculture. Across the United 
States, the growing season is projected to continue 
to lengthen.

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

Nearly all studies to date published in the peer-reviewed literature 
(for example, Dragoni et al. 2011; EPA 2012; Jeong et al. 
2011

40,41,43
) agree that the frost-free and growing seasons have 

lengthened. This is most apparent in the western United States. 
Peer-reviewed studies also indicate that continued lengthening 
will occur if concentrations of heat-trapping gases continue to rise. 
The magnitude of future changes based on model simulations is 
large in the context of historical variations. 

Evidence that the length of the frost-free season is lengthening 
is based on extensive analysis of daily minimum temperature 
observations from the U.S. Cooperative Observer Network. The 
geographic variations in increasing number of frost-free days are 
similar to the regional variations in mean temperature. Separate 
analysis of surface data also indicates a trend towards an earlier 
onset of spring.

40,41,43,45

New information and remaining uncertainties
A key issue (uncertainty) is the potential effect on observed trends 
of climate monitoring station inhomogeneities (differences), 
particularly those arising from instrumentation changes. A second 
key issue is the extent to which observed regional variations (more 
lengthening in the west/less in the east) will persist into the future.

Local temperature biases in climate models contribute to the 
uncertainty in projections.

Viable avenues to improving the information base are to investigate 
the sensitivity of observed trends to potential biases introduced by 
station inhomogeneities and to investigate the causes of observed 
regional variations.

Assessment of confidence based on evidence
Given the evidence base and remaining uncertainties, confidence 
is very high that the length of the frost-free season (also referred 
to as the growing season) has been increasing nationally since 
the 1980s, with the largest increases occurring in the western 
U.S, affecting ecosystems, gardening, and agriculture. Given the 
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evidence base, confidence is very high that across the U.S., the 
growing season is projected to continue to lengthen.

Key message #5 Traceable accounT

Average U.S. precipitation has increased since 
1900, but some areas have had increases greater 
than the national average, and some areas have had 
decreases. More winter and spring precipitation is 
projected for the northern United States, and less 
for the Southwest, over this century.

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

Evidence of long-term change in precipitation is based on analysis 
(for example, Kunkel et al. 2013

170
) of daily observations from 

the U.S. Cooperative Observer Network. Published work shows the 
regional differences in precipitation.

47,48
 Evidence of future change 

is based on our knowledge of the climate system’s response to heat-
trapping gases and an understanding of the regional mechanisms 
behind the projected changes (for example, IPCC 2007

8
). 

New information and remaining uncertainties
A key issue (uncertainty) is the sensitivity of observed precipitation 
trends to historical changes in station location, rain gauges, 
and observing practice. A second key issue is the ability of 
climate models to simulate precipitation. This is one of the 
more challenging aspects of modeling of the climate system, 
because precipitation involves not only large-scale processes 
that are well-resolved by models but small-scale process, 
such as convection, that must be parameterized in the current 
generation of global and regional climate models. However, our 
understanding of the physical basis for these changes has solidified 
and the newest set of climate model simulations (CMIP5) continues 
to show high-latitude increases and subtropical decreases in 
precipitation. For most of the contiguous U.S., studies

171
 indicate 

that the models currently do not detect a robust anthropogenic 
influence to observed changes, suggesting that observed changes 
are principally of natural origins. Thus, confident projections of 
precipitation changes are limited to the northern and southern 
areas of  the contiguous U.S. that are part of the global pattern 
of observed and robust projected changes that can be related to 
anthropogenic forcing. Furthermore, for the first time in the U.S. 
National Climate Assessment, a confidence statement is made 
that some projected precipitation changes are deemed small. 
It is incorrect to attempt to validate or invalidate climate model 
simulations of observed trends in these regions and/or seasons, as 
such simulations are not designed to forecast the precise timing 
of natural variations.

Shifts in precipitation patterns due to changes in other sources 
of air pollution, such as sulfate aerosols, are uncertain and are an 
active research topic.

Viable avenues to improving the information base are to investigate 
the sensitivity of observed trends to potential biases introduced 
by station changes, and to investigate the causes of observed 
regional variations.

A number of peer-reviewed studies (for example, McRoberts and 
Nielsen-Gammon 2011; Peterson et al. 2013

47,48
) document 

precipitation increases at the national scale as well as regional-
scale increases and decreases. The variation in magnitude and 
pattern of future changes from climate model simulations is large 
relative to observed (and modeled) historical variations.

Assessment of confidence based on evidence
Given the evidence base and remaining uncertainties, confidence 
is high that average U.S. precipitation has increased since 1900, 
with some areas having had increases greater than the national 
average, and some areas having had decreases. 

Confidence is high, given the evidence base and uncertainties, 
that more winter and spring precipitation is projected for the 
northern U.S., and less for the Southwest, over this century in the 
higher emissions scenarios. Confidence is medium that human-
induced precipitation changes will be small compared to natural 
variations in all seasons over large portions of the U.S. in the lower 
emissions scenarios. Confidence is medium that human-induced 
precipitation changes will be small compared to natural variations 
in the summer and fall over large portions of the U.S. in the higher 
emissions scenarios. 

Key message #6 Traceable accounT

Heavy downpours are increasing nationally, es-
pecially over the last three to five decades. Larg-
est increases are in the Midwest and Northeast. 
Increases in the frequency and intensity of extreme 
precipitation events are projected for all U.S. re-
gions.

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

Evidence that extreme precipitation is increasing is based primarily 
on analysis

52,55,170
 of hourly and daily precipitation observations 

from the U.S. Cooperative Observer Network, and is supported 
by observed increases in atmospheric water vapor.

75
 Recent 

publications have projected an increase in extreme precipitation 
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events,
52,137

 with some areas getting larger increases
1
 and some 

getting decreases.
54,55

Nearly all studies to date published in the peer-reviewed literature 
agree that extreme precipitation event number and intensity 
have risen, when averaged over the United States. The pattern 
of change for the wettest day of the year is projected to roughly 
follow that of the average precipitation, with both increases and 
decreases across the U.S. Extreme hydrologic events are projected 
to increase over most of the U.S.

New information and remaining uncertainties
A key issue (uncertainty) is the ability of climate models to 
simulate precipitation. This is one of the more challenging aspects 
of modeling of the climate system because precipitation involves 
not only large-scale processes that are well-resolved by models 
but also small-scale process, such as convection, that must be 
parameterized in the current generation of global and regional 
climate models.

Viable avenues to improving the information base are to perform 
some long, very high-resolution simulations of this century’s 
climate under different emissions scenarios.

Assessment of confidence based on evidence
Given the evidence base and uncertainties, confidence is high that 
heavy downpours are increasing in most regions of the U.S., with 
especially large increases in the Midwest and Northeast. 

Confidence is high that further increases in the frequency and 
intensity of extreme precipitation events are projected for most 
U.S. areas, given the evidence base and uncertainties. 

Key message #7 Traceable accounT

There have been changes in some types of ex-
treme weather events over the last several de-
cades. Heat waves have become more frequent 
and intense, especially in the West. Cold waves 
have become less frequent and intense across the 
nation. There have been regional trends in floods 
and droughts. Droughts in the Southwest and heat 
waves everywhere are projected to become more 
intense, and cold waves less intense everywhere.

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

Analysis of U.S. temperature records indicates that record cold 
events are becoming progressively less frequent relative to 

record high events.
60,170

 There is evidence for the corresponding 
trends in a global framework.

7,66
 A number of publications have 

explored the increasing trend of heat waves.
7,62,69

 Additionally, 
heat waves observed in the southern Great Plains,

1
 Europe,

7,62
 and 

Russia
60,66,67

 have now been shown to have a higher probability of 
having occurred because of human-induced climate change. 

Some parts of the U.S. have been seeing changing trends for 
floods and droughts over the last 50 years, with some evidence for 
human influence.

13,48,62
 In the areas of increased flooding in parts 

of the Great Plains, Midwest, and Northeast, increases in both 
total precipitation and extreme precipitation have been observed 
and may be contributing to the flooding increases. However, when 
averaging over the entire contiguous U.S., there is no overall trend 
in flood magnitudes.

71
 A number of publications project drought 

as becoming a more normal condition over much of the southern 
and central U.S. (most recent references: Dai 2012;  Hoerling et 
al. 2012; Wehner et al. 2011

75,76
).

Analyses of U.S. daily temperature records indicate that low 
records are being broken at a much smaller rate than high records, 
and at the smallest rate in the historical record.

60,170
 However, 

in certain localized regions, natural variations can be as large or 
larger than the human induced change.

New information and remaining uncertainties
The key uncertainty regarding projections of future drought is 
how soil moisture responds to precipitation changes and potential 
evaporation increases. Most studies indicate that many parts of 
the U.S. will experience drier soil conditions but the amount of 
that drying is uncertain.

Natural variability is also an uncertainty affecting projections of 
extreme event occurrences in shorter timescales (several years 
to decades), but the changes due to human influence become 
larger relative to natural variability as the timescale lengthens. 
Stakeholders should view the occurrence of extreme events in the 
context of increasing probabilities due to climate change.

Continuation of long term temperature and precipitation 
observations is critical to monitoring trends in extreme weather 
events.

Assessment of confidence based on evidence
Given the evidence base and uncertainties, confidence is high for 
the entire key message.

Heat waves have become more frequent and intense, and confi-
dence is high that heat waves everywhere are projected to become 
more intense in the future.

Confidence is high that cold waves have become less frequent and 
intense across the nation. 
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Confidence is high that there have been regional trends in floods 
and droughts.

Confidence is high that droughts in the Southwest are projected 
to become more intense.

Key message #8 Traceable accounT

The intensity, frequency, and duration of North 
Atlantic hurricanes, as well as the frequency of the 
strongest (Category 4 and 5) hurricanes, have all 
increased since the early 1980s. The relative con-
tributions of human and natural causes to these 
increases are still uncertain. Hurricane-associated 
storm intensity and rainfall rates are projected to 
increase as the climate continues to warm.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

Recent studies suggest that the most intense Atlantic hurricanes 
have become stronger since the early 1980s.

93
 While this is still the 

subject of active research, this trend is projected to continue.
90,91

New information and remaining uncertainties
Detecting trends in Atlantic and eastern North Pacific hurricane 
activity is challenged by a lack of consistent historical data and 
limited understanding of all of the complex interactions between 
the atmosphere and ocean that influence hurricanes.

87,88
  

While the best analyses to date
87,91

 suggest an increase in 
intensity and in the number of the most intense hurricanes over 
this century, there remain significant uncertainties. 

Assessment of confidence based on evidence
Given the evidence base and remaining uncertainties:

High confidence that the intensity, frequency, and duration of 
North Atlantic hurricanes, as well as the frequency of the strongest 
(Category 4 and 5) hurricanes, have increased substantially since 
the early 1980s.

Low confidence in relative contributions of human and natural 
causes in the increases.

Medium confidence that hurricane intensity and rainfall rates are 
projected to increase as the climate continues to warm. 

Key message #9 Traceable accounT

Winter storms have increased in frequency and 
intensity since the 1950s, and their tracks have 
shifted northward over the United States. Other 
trends in severe storms, including the intensity and 
frequency of tornadoes, hail, and damaging thun-
derstorm winds, are uncertain and are being stud-
ied intensively. 

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

Current work
98

 has provided evidence of the increase in frequency 
and intensity of winter storms, with the storm tracks shifting 
poleward,

99,100
 but some areas have experienced a decrease in 

winter storm frequency.
1
 Although there are some indications 

of increased blocking (a large-scale pressure pattern with little 
or no movement) of the wintertime circulation of the Northern 
Hemisphere,

106
 the assessment and attribution of trends in 

blocking remain an active research area.
107

 Some recent research 
has provided insight into the connection of global warming to 
tornadoes and severe thunderstorms.

96

New information and remaining uncertainties
Winter storms and other types of severe storms have greater 
uncertainties in their recent trends and projections, compared 
to hurricanes (Key Message 8). The text for this key message 
explicitly acknowledges the state of knowledge, pointing out “what 
we don’t know.” There has been a sizeable upward trend in the 
number of storm events causing large financial and other losses.

95
 

Assessment of confidence based on evidence
Given the evidence base and remaining uncertainties:

Confidence is medium that winter storms have increased slightly 
in frequency and intensity, and that their tracks have shifted 
northward over the U.S.

Confidence is low on other trends in severe storms, including the 
intensity and frequency of tornadoes, hail, and damaging thunder-
storm winds. 
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Key message #10 Traceable accounT

Global sea level has risen by about 8 inches since 
reliable record keeping began in 1880. It is project-
ed to rise another 1 to 4 feet by 2100. 

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

Nearly all studies to date published in the peer-reviewed literature 
agree that global sea level has risen during the past century, and 
that it will continue to rise over the next century. 

Tide gauges throughout the world have documented rising sea 
levels during the last 130 years. This rise has been further 
confirmed over the past 20 years by satellite observations, which 
are highly accurate and have nearly global coverage. Recent 
studies have shown current sea level rise rates are increasing

112,123
 

and project that future sea level rise over the rest of this century 
will be faster than that of the last 100 years (Appendix 3: Climate 
Science, Supplemental Message 12).

123

New information and remaining uncertainties
The key issue in predicting future rates of global sea level rise 
is to understand and predict how ice sheets in Greenland and 
Antarctica will react to a warming climate. Current projections of 
global sea level rise do not account for the complicated behavior 
of these giant ice slabs as they interact with the atmosphere, the 
ocean and the land. Lack of knowledge about the ice sheets and 
their behavior is the primary reason that projections of global sea 
level rise includes such a wide range of plausible future conditions. 

Early efforts at semi-empirical models suggested much higher 
rates of sea level rise (as much as 6 feet by 2100).

115,117
 More 

recent work suggests that a high end of 3 to 4 feet is more 
plausible.

115,116,121
 It is not clear, however, whether these statistical 

relationships will hold in the future or that they are appropriate in 
modeling past behavior, thus calling their reliability into question.

118
 

Some decision-makers may wish to consider a broader range of 
scenarios such as 8 inches or 6.6 feet by 2100 in the context of 
risk-based analysis.

122,123

Assessment of confidence based on evidence
Given the evidence and uncertainties, confidence is very high that 
global sea level has risen during the past century, and that it will 
continue to rise over this century, with medium confidence that 
global sea level rise will be in the range of 1 to 4 feet by 2100. 

Key message #11 Traceable accounT

Rising temperatures are reducing ice volume and 
surface extent on land, lakes, and sea. This loss of 
ice is expected to continue. The Arctic Ocean is 
expected to become essentially ice free in summer 
before mid-century.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

There have been a number of publications reporting decreases in 
ice on land

147
 and glacier recession. Evidence that winter lake ice 

and summer sea ice are rapidly declining is based on satellite data 
and is incontrovertible.

111,172

Nearly all studies to date published in the peer-reviewed literature 
agree that summer Arctic sea ice extent is rapidly declining,

131
 

with even greater reductions in ice thickness
132,133

 and volume,
134

 
and that if heat-trapping gas concentrations continue to rise, an 
essentially ice-free Arctic ocean will be realized sometime during 
this century (for example, Stroeve et al. 2012

136
). September 

2012 had the lowest levels of Arctic ice in recorded history. Great 
Lakes ice should follow a similar trajectory. Glaciers will generally 
retreat, except for a small percentage of glaciers that experience 
dynamical surging.

111
 Snow cover on land has decreased over the 

past several decades.
145

 The rate of permafrost degradation is 
complicated by changes in snow cover and vegetation.

New information and remaining uncertainties
The rate of sea ice loss through this century is a key issue 
(uncertainty), which stems from a combination of large differences 
in projections between different climate models, natural climate 
variability and uncertainty about future rates of fossil fuel 
emissions. This uncertainty is illustrated in Figure 2.29, showing 
the CMIP5-based projections (adapted from Stroeve et al. 
2012

136
).

Viable avenues to improving the information base are determining 
the primary causes of the range of different climate model 
projections and determining which climate models exhibit the best 
ability to reproduce the observed rate of sea-ice loss.

Assessment of confidence based on evidence
Given the evidence base and uncertainties, confidence is very 
high that rising temperatures are reducing ice volume and extent 
on land, lakes, and sea, and that this loss of ice is expected to 
continue. 
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Confidence is very high that the Arctic Ocean is projected to 
become virtually ice-free in summer by mid-century. 

Key message #12 Traceable accounT

The oceans are currently absorbing about a quar-
ter of the carbon dioxide emitted to the atmosphere 
annually and are becoming more acidic as a result, 
leading to concerns about intensifying impacts on 
marine ecosystems. 

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the climate science peer-reviewed 
literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input.

The oceans currently absorb a quarter of the CO2 the caused by 
human activities.

155
 Publications have shown that this absorption 

causes the ocean to become more acidic (for example, Doney et 
al. 2009

154
). Recent publications demonstrate the adverse effects 

further acidification will have on marine life.
158,165,169

New information and remaining uncertainties
Absorption of CO2 of human origin, reduced pH, and lower 
calcium carbonate (CaCO3) saturation in surface waters, where 
the bulk of oceanic production occurs, are well verified from 
models, hydrographic surveys, and time series data.

158
 The key 

issue (uncertainty) is how future levels of ocean acidity will affect 
marine ecosystems.

Assessment of confidence based on evidence
Given the evidence base and uncertainties, confidence is very 
high that oceans are absorbing about a quarter of emitted CO2.

Very high for trend of ocean acidification; low-to-medium 
for intensifying impacts on marine ecosystems. Our present 
understanding of projected ocean acidification impacts on marine 
organisms stems largely from short-term laboratory and mesocosm 
experiments, although there are also examples based on actual 
ocean observations; consequently, the response of individual 
organisms, populations, and communities of species to more 
realistic, gradual changes still has large uncertainties.



SECTORS
Cherry farmers in Michigan, insurance agents in Florida, and water managers in 
Arizona are among the millions of Americans already living with – and adapting to – a 
range of climate change impacts. Higher temperatures, rising sea levels, and more 
extreme precipitation events are altering the work of first responders, city planners, 
engineers, and others, influencing economic sectors from coast to coast. Agriculture, 
energy, transportation, and more, are all affected by climate change in concrete ways. 
American communities are contending with these changes now, and will be doing so 
increasingly in the future. 

Sectors of our economy do not exist in isolation. Forest management activities, for 
example, affect and are affected by water supply, changing ecosystems, impacts 
to biological diversity, and energy availability. Water supply and energy use are 
completely intertwined, since water is used to generate energy, and energy is required 
to pump, treat, and deliver water – which means that irrigation-dependent farmers 
and urban dwellers are linked as well. Human health is affected by water supply, 
agricultural practices, transportation systems, energy availability, and land use, among 
other factors – touching the lives of patients, nurses, county health administrators, 
and many others. Human social systems and communities are directly affected by 
extreme weather events and changes in natural resources such as water availability 
and quality; they are also affected both directly and indirectly by ecosystem health.

This report addresses some of these topics individually, focusing on the climate-
related risks and opportunities that occur within individual sectors, while others take a 
cross-sector approach. Single-sector chapters focus on:

Six crosscutting chapters address how climate change interacts with multiple sectors. 
These cover the following topics:

A common theme is that these sectors are interconnected in many ways. These 
intricate connections mean that changes in one sector are often amplified or reduced 
through links to other sectors. Another theme is how decisions can influence a 
cascade of events that affect individual and national vulnerability and/or resiliency 
to climate change across multiple sectors. This “systems approach” helps to reveal, 
for example, how adaptation and mitigation strategies are part of dynamic and 
interrelated systems. In this way, for example, adaptation plans for future coastal 
infrastructure are connected with the kinds of mitigation strategies that are – or 
are not – put into place today, since the amount of future sea level rise will differ 
according to various societal decisions about current and future emissions. These 
chapters also address the importance of underlying vulnerabilities and the ways they 
may influence risks associated with climate change. 

The chapters in the following section assess risks in the selected sectors, and include 
both observations of existing impacts associated with climate change, as well as 
projected impacts over the next several decades and beyond.

•	 Water resources
•	 Energy production and use
•	 Transportation
•	 Agriculture

•	 Forests
•	 Human health
•	 Ecosystems and biodiversity

•	 Energy, water, and land use
•	 Urban infrastructure and vulnerability
•	 Indigenous peoples, lands, and resources

•	 Land use and land cover
•	 Rural communities
•	 Biogeochemical cycles 
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Key Messages

1. Annual precipitation and river-flow increases are observed now in 
the Midwest and the Northeast regions. Very heavy precipitation 
events have increased nationally and are projected to increase in 
all regions. The length of dry spells is projected to increase in most 
areas, especially the southern and northwestern portions of the 
contiguous United States.

2. Short-term (seasonal or shorter) droughts are expected to intensify in 
most U.S. regions. Longer-term droughts are expected to intensify in 
large areas of the Southwest, southern Great Plains, and Southeast.

3. Flooding may intensify in many U.S. regions, even in areas where 
total precipitation is projected to decline. 

4. Climate change is expected to affect water demand, groundwater withdrawals, and aquifer 
recharge, reducing groundwater availability in some areas.

5. Sea level rise, storms and storm surges, and changes in surface and groundwater use patterns 
are expected to compromise the sustainability of coastal freshwater aquifers and wetlands.

6. Increasing air and water temperatures, more intense precipitation and runoff, and intensifying 
droughts can decrease river and lake water quality in many ways, including increases in 
sediment, nitrogen, and other pollutant loads.

7. Climate change affects water demand and the ways water is used within and across regions and 
economic sectors. The Southwest, Great Plains, and Southeast are particularly vulnerable to 
changes in water supply and demand.

8. Changes in precipitation and runoff, combined with changes in consumption and withdrawal, 
have reduced surface and groundwater supplies in many areas. These trends are expected to 
continue, increasing the likelihood of water shortages for many uses. 

9. Increasing flooding risk affects human safety and health, property, infrastructure, economies, 
and ecology in many basins across the United States.

10. In most U.S. regions, water resources managers and planners will encounter new risks, 
vulnerabilities, and opportunities that may not be properly managed within existing practices. 

11. Increasing resilience and enhancing adaptive capacity provide opportunities to strengthen water 
resources management and plan for climate change impacts. Many institutional, scientific, 
economic, and political barriers present challenges to implementing adaptive strategies.

WATER RESOURCES3

This chapter contains three main sections: climate change impacts on the water cycle, climate change impacts on water resources 
use and management, and adaptation and institutional responses. Key messages for each section are summarized above.

Climate Change Impacts on Water Resources Use and Managment

Climate Change Impacts on the Water Cycle

Adaptation and Institutional Responses
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3: WATER RESOURCES

Climate Change Impacts on the Water Cycle
Water cycles constantly from the atmosphere to the land and 
the oceans (through precipitation and runoff) and back to the 
atmosphere (through evaporation and the release of water 
from plant leaves), setting the stage for all life to exist. The 
water cycle is dynamic and naturally variable, and societies 

and ecosystems are accustomed to functioning within this vari-
ability. However, climate change is altering the water cycle in 
multiple ways over different time scales and geographic areas, 
presenting unfamiliar risks and opportunities. 

Key Message 1: Changing Rain, Snow, and Runoff

Annual precipitation and river-flow increases are observed now in the Midwest and the 
Northeast regions. Very heavy precipitation events have increased nationally and are 

projected to increase in all regions. The length of dry spells is projected to increase in most 
areas, especially the southern and northwestern portions of the contiguous United States.

Annual average precipitation over the continental U.S. as 
a whole increased by close to two inches (0.16 inches per 
decade) between 1895 and 2011.1,2 In recent decades, an-
nual average precipitation increases have been observed 
across the Midwest, Great Plains, the Northeast, and 
Alaska, while decreases have been observed in Hawai‘i 
and parts of the Southeast and Southwest (Ch. 2: Our 
Changing Climate, Figure 2.12). Average annual precipita-
tion is projected to increase across the northern U.S., and 
decrease in the southern U.S., especially the Southwest. 
(Ch. 2: Our Changing Climate, Figures 2.14 and 2.15).3

The number and intensity of very heavy precipitation 
events (defined as the heaviest 1% of all daily events from 
1901 to 2012) have been increasing significantly across 
most of the United States. The amount of precipitation 
falling in the heaviest daily events has also increased 
in most areas of the United States (Ch. 2: Our Changing 
Climate, Figure 2.17). For example, from 1950 to 2007, 
daily precipitation totals with 2-, 5-, and 10-year aver-
age recurrence periods increased in the Northeast and 
western Great Lakes.4 Very heavy precipitation events are 
projected to increase everywhere (Ch. 2: Our Changing 
Climate, Figure 2.19).5 Heavy precipitation events that his-
torically occurred once in 20 years are projected to occur 
as frequently as every 5 to 15 years by late this century.6 
The number and magnitude of the heaviest precipitation 
events is projected to increase everywhere in the United 
States (Ch. 2: Our Changing Climate, Figure 2.13).

Dry spells are also projected to increase in length in most 
regions, especially in the southern and northwestern por-
tions of the contiguous United States (Ch. 2: Our Changing 
Climate, Figure 2.13). Projected changes in total average 
annual precipitation are generally small in many areas, but 
both wet and dry extremes (heavy precipitation events 

The cycle of life is intricately joined with the cycle of water. 

— Jacques-Yves Cousteau

Figure 3.1. These projections, assuming continued increases in 
heat-trapping gas emissions (A2 scenario; Ch. 2: Our Changing 
Climate), illustrate: a) major losses in the water content of the 
snowpack that fills western rivers (snow water equivalent, or 
SWE); b) significant reductions in runoff in California, Arizona, 
and the central Rocky Mountains; and c) reductions in soil 
moisture across the Southwest. The changes shown are for 
mid-century (2041-2070) as percentage changes from 1971-
2000 conditions (Figure source: Cayan et al. 201318). 

Projected Changes in Snow, Runoff, and Soil Moisture
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and length of dry spells) are projected to increase substantially 
almost everywhere.

The timing of peak river levels has changed in response to 
warming trends. Snowpack and snowmelt-fed rivers in much 
of the western U.S. have earlier peak flow trends since the mid-
dle of the last century, including the past decade (Ch. 2: Our 
Changing Climate).7,8 This is related to declines in spring snow-
pack, earlier snowmelt-fed streamflow, and larger percentages 
of precipitation falling as rain instead of snow. These changes 
have taken place in the midst of considerable year-to-year 
variability and long-term natural fluctuations of the western 
U.S. climate, as well as other influences, such as the effects of 
dust and soot on snowpacks.7,9 There are both natural and hu-
man influences on the observed trends.10,11 However, in stud-
ies specifically designed to differentiate between natural and 
human-induced causes, up to 60% of these changes have been 
attributed to human-induced climate warming,10 but only 
among variables that are more responsive to warming than to 
precipitation variability, such as the effect of air temperature 
on snowpack.12

Other historical changes related to peak river-flow have been 
observed in the northern Great Plains, Midwest, and North-
east,13,14 along with striking reductions in lake ice cover (Ch. 2: 
Our Changing Climate).15,16

Permafrost is thawing in many parts of Alaska, a trend that not 
only affects habitats and infrastructure but also mobilizes sub-
surface water and reroutes surface water in ways not previ-
ously witnessed.17 Nationally, all of these trends are projected 
to become even more pronounced as the climate continues to 
warm (Figure 3.1).

Evapotranspiration (ET – the evaporation of moisture from soil, 
on plants and trees, and from water bodies; and transpiration, 
the use and release of water from plants), is the second largest 
component of the water cycle after precipitation. ET responds 
to temperature, solar energy, winds, atmospheric humidity, 
and moisture availability at the land surface and regulates 
amounts of soil moisture, groundwater recharge, and runoff.19 
Transpiration comprises between 80% and 90% of total ET 
on land (Ch. 6: Agriculture).20 In snowy settings, sublimation 
of snow and ice (loss of snow and ice directly into water va-
por without passing through a liquid stage) can increase these 
returns of water to the atmosphere, sometimes in significant 
amounts.21 These interactions complicate estimation and pro-
jection of regional losses of water from the land surface to the 
atmosphere.

Globally-averaged ET increased between 1982 and 1997 but 
stopped increasing, or has decreased, since about 1998.22 In 
North America, the observed ET decreases occurred in water-
rich rather than water-limited areas. Factors contributing to 
these ET decreases are thought to include decreasing wind 

Figure 3.2. Changes in annual surface soil moisture per year over the period 1988 to 2010 based on multi-
satellite datasets. Surface soil moisture exhibits wetting trends in the Northeast, Florida, upper Midwest, and 
Northwest, and drying trends almost everywhere else. (Images provided by W. Dorigo35). 

Annual Surface Soil Moisture Trends
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speed,23,24 decreasing solar energy at the land surface due to 
increasing cloud cover and concentration of small particles 
(aerosols),25 increasing humidity,23 and declining soil moisture 
(Figure 3.2).26 

Evapotranspiration projections vary by region,27,28,29,30 but the 
atmospheric potential for ET is expected to increase; actual ET 
will be affected by regional soil moisture changes. Much more 
research is needed to confidently identify historical trends, 
causes, and implications for future ET trends.31 This repre-
sents a critical uncertainty in projecting the impacts of climate 
change on regional water cycles. 

Soil moisture plays a major role in the water cycle, regulat-
ing the exchange of water, energy, and carbon between the 
land surface and the atmosphere,22 the production of runoff, 
and the recharge of groundwater aquifers. Soil moisture is 
projected to decline with higher temperatures and attendant 
increases in the potential for ET in much of the country, espe-
cially in the Great Plains,29 Southwest,18,32,33 and Southeast.28,34 

Runoff and streamflow at regional scales declined during the 
last half-century in the Northwest.36 Runoff and streamflow 
increased in the Mississippi Basin and Northeast, with no clear 
trends in much of the rest of the continental U.S.,37 although 
a declining trend is emerging in annual runoff in the Colorado 
River Basin.38 These changes need to be considered in the con-
text of tree-ring studies in California’s Central Valley, the Colo-
rado River and Wind River basins, and the southeastern U.S. 
that indicate that these regions have experienced prolonged, 
even drier and wetter conditions at various times in the past 
two thousand years.8,39,40 Human-caused climate change, when 
superimposed on past natural variability, may amplify these 
past extreme conditions. Projected changes in runoff for eight 
basins in the Northwest, northern Great Plains, and Southwest 
are illustrated in Figure 3.4.

Basins in the southwestern U.S. and southern Rockies (for ex-
ample, the Rio Grande and Colorado River basins) are project-
ed to experience gradual runoff declines during this century. 
Basins in the Northwest to north-central U.S. (for example, the 

Figure 3.3. Changes in seasonal surface soil moisture per year over the period 1988 to 2010 based on multi-satellite 
datasets.35 Seasonal drying is observed in central and lower Midwest and Southeast for most seasons (with the exception 
of the Southeast summer), and in most of the Southwest and West (with the exception of the Northwest) for spring 
and summer. Soil moisture in the upper Midwest, Northwest, and most of the Northeast is increasing in most seasons. 
(Images provided by W. Dorigo). 

Seasonal Surface Soil Moisture Trends
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Columbia and the Missouri River basins) are projected to ex-
perience little change through the middle of this century, and 
increases by late this century. 

Projected changes in runoff differ by season, with cool season 
runoff increasing over the west coast basins from California to 
Washington and over the north-central U.S. (for example, the 
San Joaquin, Sacramento, Klamath, Missouri, and Columbia 
River basins). Basins in the southwestern U.S. and southern 
Rockies are projected to see little change to slight decreases in 
the winter months. 

Warm season runoff is projected to decrease substantially over 
a region spanning southern Oregon, the southwestern U.S., 
and southern Rockies (for example, the Klamath, Sacramento, 
San Joaquin, Rio Grande, and the Colorado River basins), and 
change little or increase slightly north of this region (for ex-
ample, the Columbia and Missouri River basins).

In most of these western basins, these projected streamflow 
changes are outside the range of historical variability, especial-
ly by the 2050s and 2070s. The projected streamflow changes 
and associated uncertainties have water management implica-
tions (discussed below). 

Figure 3.4. Annual and seasonal streamflow projections based on the B1 (with substantial emissions reductions), A1B (with gradual 
reductions from current emission trends beginning around mid-century), and A2 (with continuation of current rising emissions trends) 
CMIP3 scenarios for eight river basins in the western United States. The panels show percentage changes in average runoff, with 
projected increases above the zero line and decreases below. Projections are for annual, cool, and warm seasons, for three future 
decades (2020s, 2050s, and 2070s) relative to the 1990s. (Source: U.S. Department of the Interior – Bureau of Reclamation 2011;41 
Data provided by L. Brekke, S. Gangopadhyay, and T. Pruitt)

Streamflow Projections for River Basins in the Western U.S.
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Key Message 2: Droughts Intensify 

Short-term (seasonal or shorter) droughts are expected to intensify in most  
U.S. regions. Longer-term droughts are expected to intensify in large areas of  

the Southwest, southern Great Plains, and Southeast. 

Annual runoff and related river-flow are projected to de-
cline in the Southwest42,43 and Southeast,34 and to increase 
in the Northeast, Alaska, Northwest, and upper Midwest re-
gions,42,43,44,45 broadly mirroring projected precipitation pat-
terns.46 Observational studies47 have shown that decadal fluc-
tuations in average temperature (up to 1.5°F) and precipitation 
changes of 10% have occurred in most areas of the U.S. during 
the last century. Fluctuations in river-flow indicate that effects 
of temperature are dominated by fluctuations in precipitation. 
Nevertheless, as warming affects water cycle processes, the 
amount of runoff generated by a given amount of precipitation 
is generally expected to decline.37 

Droughts occur on time scales ranging from season-to-season 
to multiple years and even multiple decades. There has been 
no universal trend in the overall extent of drought across the 
continental U.S. since 1900. However, in the Southwest, wide-

spread drought in the past decade has reflected both precipi-
tation deficits and higher temperatures8 in ways that resemble 
projected changes.48 Long-term (multi-seasonal) drought con-
ditions are also projected to increase in parts of the Southeast 
and possibly in Hawai‘i and the Pacific Islands (Ch. 23: Hawai‘i 
and Pacific Islands). Except in the few areas where increases 
in summer precipitation compensate, summer droughts (Ch. 
2: Our Changing Climate) are expected to intensify almost ev-
erywhere in the continental U.S.49 due to longer periods of dry 
weather and more extreme heat,33 leading to more moisture 
loss from plants and earlier soil moisture depletion in basins 
where snowmelt shifts to earlier in the year.50,51 Basins watered 
by glacial melt in the Sierra Nevada, Glacier National Park, and 
Alaska may experience increased summer river-flow in the 
next few decades, until the amounts of glacial ice become too 
small to contribute to river-flow.52,53

Key Message 3: Increased Risk of Flooding in Many Parts of the U.S.

Flooding may intensify in many U.S. regions, even in areas  
where total precipitation is projected to decline.  

There are various types of floods (see “Flood Factors and Flood 
Types”), some of which are projected to increase with contin-
ued climate change. Floods that are closely tied to heavy pre-
cipitation events, such as flash floods and urban floods, as well 
as coastal floods related to sea level rise and the resulting in-
crease in storm surge height and inland impacts, are expected 
to increase. Other types of floods result from a more complex 
set of causes. For example, river floods are basin specific and 
dependent not only on precipitation but also on pre-existing 
soil moisture conditions, topography, and other factors, in-
cluding important human-caused changes to watersheds and 
river courses across the United States.54,55,56,57  

Significant changes in annual precipitation (Ch. 2: Our Changing 
Climate) and soil moisture (Figures 3.2 and 3.3), among other 
factors, are expected to affect annual flood magnitudes (Fig-
ure 3.5) in many regions.58 River floods have been increasing in 
the Northeast and Midwest, and decreasing in the Southwest 
and Southeast.56,57,58,59 These decreases are not surprising, as 
short duration very heavy precipitation events often occur 
during the summer and autumn when rivers are generally low. 

However, these very heavy precipitation events can and do 
lead to flash floods, often exacerbated in urban areas by the 
effect of impervious surfaces on runoff. 

Heavy rainfall events are projected to increase, which is ex-
pected to increase the potential for flash flooding. Land cover, 
flow and water-supply management, soil moisture, and chan-
nel conditions are also important influences on flood genera-
tion55 and must be considered in projections of future flood 
risks. Region-specific storm mechanisms and seasonality also 
affect flood peaks.57 Because of this, and limited capacity to 
project future very heavy events with confidence, evaluations 
of the relative changes in various storm mechanisms may be 
useful.57,60,61 Warming is likely to directly affect flooding in 
many mountain settings, as catchment areas receive increas-
ingly more precipitation as rain rather than snow, or more 
rain falling on existing snowpack.62 In some such settings, river 
flooding may increase as a result – even where precipitation 
and overall river flows decline (Ch. 2: Our Changing Climate). 
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Key Message 4: Groundwater Availability

Climate change is expected to affect water demand, groundwater withdrawals,  
and aquifer recharge, reducing groundwater availability in some areas.

Groundwater is the only perennial source of fresh water in 
many regions and provides a buffer against climate extremes. 
As such, it is essential to water supplies, food security, and eco-
systems. Though groundwater occurs in most areas of the U.S., 
the capacity of aquifers to store water varies depending on the 
geology of the region. (Figure 3.6b illustrates the importance 
of groundwater aquifers.) In large regions of the Southwest, 
Great Plains, Midwest, Florida, and some other coastal areas, 
groundwater is the primary water supply. Groundwater aqui-
fers in these areas are susceptible to the combined stresses 
of climate and water-use changes. For example, during the 
2006–2009 California drought, when the source of irrigation 
shifted from surface water to predominantly groundwater, 
groundwater storage in California’s Central Valley declined by 
an amount roughly equivalent to the storage capacity of Lake 
Mead, the largest reservoir in the United States.64

Climate change impacts on groundwater storage are expected 
to vary from place to place and aquifer to aquifer. Although 
precise responses of groundwater storage and flow to climate 
change are not well understood nor readily generalizable, re-
cent and ongoing studies65,66,67,68 provide insights on various 
underlying mechanisms: 

1)  Precipitation is the key driver of aquifer recharge in water-
limited environments (like arid regions), while evapotrans-

piration (ET) is the key driver in energy-limited environ-
ments (like swamps or marshlands). 

2)  Climate change impacts on aquifer recharge depend on 
several factors, including basin geology, frequency and 
intensity of high-rainfall periods that drive recharge, sea-
sonal timing of recharge events, and strength of ground-
water-surface water interaction. 

3)  Changes in recharge rates are amplified relative to chang-
es in total precipitation, with greater amplification for 
drier areas. 

With these insights in mind, it is clear that certain groundwa-
ter-dependent regions are projected to incur significant cli-
mate change related challenges. In some portions of the coun-
try, groundwater provides nearly 100% of the water supply 
(Figure 3.6b). Seasonal soil moisture changes are a key aquifer 
recharge driver and may provide an early indication of general 
aquifer recharge trends. Thus, the observed regional reduc-
tions in seasonal soil moisture for winter and spring (Figure 
3.3) portend adverse recharge impacts for several U.S. regions, 
especially the Great Plains, Southwest, and Southeast. 

Despite their critical national importance as water supply 
sources (see Figure 3.6), aquifers are not generally monitored 

Figure 3.5. Trend magnitude (triangle size) and direction (green = increasing trend, brown = 
decreasing trend) of annual flood magnitude from the 1920s through 2008. Flooding in local 
areas can be affected by multiple factors, including land-use change, dams, and diversions of 
water for use. Most significant are increasing trends for floods in Midwest and Northeast, and 
a decreasing trend in the Southwest. (Figure source: Peterson et al. 201363).

Trends in Flood Magnitude
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in ways that allow for clear identification of climatic influences 
on groundwater recharge, storage, flows, and discharge. Near-
ly all monitoring is focused in areas and aquifers where varia-
tions are dominated by groundwater pumping, which largely 
masks climatic influences,69 highlighting the need for a national 
framework for groundwater monitoring.70

Generally, impacts of changing demands on groundwater sys-
tems, whether due directly to climate changes or indirectly 
through changes in land use or surface-water availability and 
management, are likely to have the most immediate effects on 
groundwater availability;67,71 changes in recharge and storage 
may be more subtle and take longer to emerge. Groundwater 
models have only recently begun to include detailed represen-

Figure 3.6. (a) Groundwater aquifers are found throughout the U.S., but they vary widely in terms of ability to store and recharge 
water. The colors on this map illustrate aquifer location and geology: blue colors indicate unconsolidated sand and gravel; yellow 
is semi-consolidated sand; green is sandstone; blue or purple is sandstone and carbonate‐rock; browns are carbonate-rock; red 
is igneous and metamorphic rock; and white is other aquifer types. (Figure source: USGS). (b) Ratio of groundwater withdrawals 
to total water withdrawals from all surface and groundwater sources by county. The map illustrates that aquifers are the main 
(and often exclusive) water supply source for many U.S. regions, especially in the Great Plains, Misssissippi Valley, east central 
U.S., Great Lakes region, Florida, and other coastal areas. Groundwater aquifers in these regions are prone to impacts due to 
combined climate and water-use change. (Data from USGS 2005).

Principal U.S. Groundwater Aquifers and Use
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tations of groundwater recharge and interactions with sur-
face-water and land-surface processes,50 with few projections 
of groundwater responses to climate change.68,72 However, sur-
face water declines have already resulted in larger groundwater 
withdrawals in some areas (for example, in the Central Valley 
of California and in the Southeast) and may be aggravated by 
climate change challenges.73 In many mountainous areas of the 
U.S., groundwater recharge is disproportionately generated 
from snowmelt infiltration, suggesting that the loss of snow-
pack will affect recharge rates and patterns.50,51,66,74 Models do 
not yet include dynamic representations of the groundwater 
reservoir and its connections to streams, the soil-vegetation 
system, and the atmosphere, limiting the understanding of the 

potential climate change impacts on groundwater and ground-
water-reliant systems.75 

As the risk of drought increases, groundwater can play a key 
role in enabling adaptation to climate variability and change. 
For example, groundwater can be augmented by surface wa-
ter during times of high flow through aquifer recharge strate-
gies, such as infiltration basins and injection wells. In addition, 
management strategies can be implemented that use surface 
water for irrigation and water supply during wet periods, and 
groundwater during drought, although these approaches face 
practical limitations within current management and institu-
tional frameworks.71,76  

Key Message 5: Risks to Coastal Aquifers and Wetlands

Sea level rise, storms and storm surges, and changes in surface and groundwater  
use patterns are expected to compromise the sustainability  

of coastal freshwater aquifers and wetlands.

With more than 50% of the nation’s population concentrated 
near coasts (Chapter 25: Coasts),77 coastal aquifers and wet-
lands are precious resources. These aquifers and wetlands, 
which are extremely important from a biological/biodiver-
sity perspective (see Ch. 8: Ecosystems; Ch. 25: Coasts), may 
be particularly at risk due to the combined effects of inland 
droughts and floods, increased surface water impoundments 
and diversions, increased groundwater withdrawals, and ac-
celerating sea level rise and greater storm surges.78,79 Estuaries 
are particularly vulnerable to changes in freshwater inflow and 
sea level rise by changing salinity and habitat of these areas.

Several coastal areas, including the Delaware, Susquehanna, 
and Potomac River deltas on the Northeast seaboard, most 
of Florida, the Apalachicola and Mobile River deltas and bays, 
the Mississippi River delta in Louisiana, and the delta of the 
Sacramento-San Joaquin rivers in northern California, are par-
ticularly vulnerable due to the combined effects of climate 
change and other human-caused stresses. In response, some 
coastal communities are among the nation’s most proactive in 
adaptation planning (Chapter 25: Coasts). 

Key Message 6: Water Quality Risks to Lakes and Rivers 

Increasing air and water temperatures, more intense precipitation and runoff, and intensifying 
droughts can decrease river and lake water quality in many ways, including increases in 

sediment, nitrogen, and other pollutant loads. 

Water temperature has been increasing in some rivers.80 The 
length of the season that lakes and reservoirs are thermally 
stratified (with separate density layers) is increasing with in-
creased air and water temperatures.81,82 In some cases, sea-
sonal mixing may be eliminated in shallow lakes, decreasing 
dissolved oxygen and leading to excess concentrations of 
nutrients (nitrogen and phosphorous), heavy metals (such as 
mercury), and other toxins in lake waters.81,82 

Lower and more persistent low flows under drought conditions 
as well as higher flows during floods can worsen water quality. 
Increasing precipitation intensity, along with the effects of wild-
fires and fertilizer use, are increasing sediment, nutrient, and 
contaminant loads in surface waters used by downstream wa-
ter users84 and ecosystems. Mineral weathering products, like 
calcium, magnesium, sodium, and silicon and nitrogen loads85 
have been increasing with higher streamflows.86 Changing land 

cover, flood frequencies, and flood magnitudes are expected 
to increase mobilization of sediments in large river basins.87 

Increasing air and water temperatures, more intense precipita tion and 
runoff, and intensifying droughts can decrease water quality in many 
ways. Here, middle school students in Colorado learn about water quality.
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Changes in sediment transport are expected to vary regionally 
and by land-use type, with potentially large increases in some 
areas,88 resulting in alterations to reservoir storage and river 
channels, affecting flooding, navigation, water supply, and 
dredging. Increased frequency and duration of droughts, and 
associated low water levels, increase nutrient concentrations 
and residence times in streams, potentially increasing the like-

lihood of harmful algal blooms and low oxygen conditions.89 
Concerns over such impacts and their potential link to climate 
change are rising for many U.S. regions including the Great 
Lakes,90 Chesapeake Bay,91 and the Gulf of Mexico.85,86 Strat-
egies aiming to reduce sediment, nutrient, and contaminant 
loads at the source remain the most effective management 
responses.92

Relationship between Historical and Projected Water Cycle Changes
Natural climate variations occur on essentially all time scales 
from days to millennia, and the water cycle varies in much the 
same way. Observations of changes in the water cycle over 
time include responses to natural hydroclimatic variability as 
well as other, more local, human influences (like dam build-
ing or land-use changes), or combinations of these influences 
with human-caused climate change. Some recent studies 

have attributed specific observed changes in the water cycle 
to human-induced climate change (for example, Barnett et al. 
200810). For many other water cycle variables and impacts, the 
observed and projected responses are consistent with those 
expected by human-induced climate change and other hu-
man influences. Research aiming to formally attribute these 
responses to their underlying causes is ongoing. 

Figure 3.7. The length of the season in which differences in lake temperatures with depth cause stratification (separate density 
layers) is increasing in many lakes. In this case, measurements show stratification has been increasing in Lake Tahoe (top left) since 
the 1960s and in Lake Superior (top right) since the early 1900s in response to increasing air and surface water temperatures (see 
also Ch. 18: Midwest). In Lake Tahoe, because of its large size (relative to inflow) and resulting long water-residence times, other 
influences on stratification have been largely overwhelmed, and warming air and water temperatures have caused progressive 
declines in near-surface density, leading to longer stratification seasons (by an average of 20 days), decreasing the opportunities 
for deep lake mixing, reducing oxygen levels, and causing impacts to many species and numerous aspects of aquatic ecosytems.83 
Similar effects are observed in Lake Superior,16 where the stratification season is lengthening (top right) and annual ice-covered 
area is declining (bottom); both observed changes are consistent with increasing air and water temperatures.

Observed Changes in Lake Stratification and Ice Covered Area
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flood fActors And flood types

A flood is defined as any high flow, overflow, or inundation by water that causes or threatens damage.93 Floods are 
caused or amplified by both weather- and human-related factors. Major weather factors include heavy or prolonged 
precipitation, snowmelt, thunderstorms, storm surges from hurricanes, and ice or debris jams. Human factors in-
clude structural failures of dams and levees, inadequate drainage, and land cover alterations (such as pavement or 
deforestation) that reduce the capacity of the land surface to absorb water. Increasingly, humanity is also adding to 
weather-related factors, as human-induced warming increases heavy downpours, causes more extensive storm surges 
due to sea level rise, and leads to more rapid spring snowmelt.

Worldwide, from 1980 to 2009, floods caused more than 500,000 deaths and affected more than 2.8 billion 
people.94 In the U.S., floods caused 4,586 deaths from 1959 to 200595 while property and crop damage averaged 
nearly $8 billion per year (in 2011 dollars) over 1981 through 2011.93 The risks from future floods are significant, 
given expanded development in coastal areas and floodplains, unabated urbanization, land-use changes, and human-
induced climate change.94  

Major flood types include flash, urban, riverine, and coastal flooding: 

Flash floods occur in small and steep watersheds and waterways 
and can be caused by short-duration intense precipitation, dam 
or levee failure, or collapse of debris and ice jams. Snow cover 
and frozen ground conditions can exacerbate flash flooding dur-
ing winter and early spring by increasing the fraction of precipita-
tion that runs off. Flash floods develop within minutes or hours 
of the causative event, and can result in severe damage and loss 
of life due to high water velocity, heavy debris load, and limited 
warning. Most flood-related deaths in the U.S. are associated 
with flash floods.

Urban flooding can be caused by short-duration very heavy precip-
itation. Urbanization creates large areas of impervious surfaces 
(such as roads, pavement, parking lots, and buildings) and in-
creases immediate runoff. Stormwater drainage removes excess 
surface water as quickly as possible, but heavy downpours can 
exceed the capacity of drains and cause urban flooding. 

Flash floods and urban 
flooding are directly 
linked to heavy precipi-
tation and are expected 
to increase as a result 
of projected increases 
in heavy precipitation 
events. In mountainous 
watersheds, such in-
creases may be partial-
ly offset in winter and 
spring due to projected 
snowpack reduction.

Riverine flooding occurs 
when surface water 
drains from a water-
shed into a stream or 
a river exceeds channel 
capacity, overflows the 

Riverine Flooding: In many regions, infrastructure is currently vulnerable to flooding, as demonstrated 
in these photos. Left: The Fort Calhoun Nuclear Power Plant in eastern Nebraska was surrounded 
by a Missouri River flood on June 8, 2011, that also affected Louisiana, Mississippi, Missouri, Illinois, 
Kentucky, Tennessee, and Arkansas (photo credit: Larry Geiger). Right: The R.M. Clayton sewage 
treatment plant in Atlanta, Georgia, September 23, 2009, was engulfed by floodwaters forcing it to 
shut down and resulting in the discharge of raw sewage into the Chattahoochee River (photo credit: 
Reuters/David Tulis). Flooding also disrupts road and rail transportation, and inland navigation.

Flash Flooding: Cave Creek, Arizona
(Photo credit: Tom McGuire).

Continued



81 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

3: WATER RESOURCES

Climate Change Impacts on Water Resource Uses and Management
People use water for many different purposes and benefits. 
Our water use falls into five main categories: 1) municipal use, 
which includes domestic water for drinking and bathing; 2) ag-
ricultural use, which includes irrigation and cattle operations; 
3) industrial use, which includes electricity production from 
coal- or gas-fired power plants that require water to keep the 
machinery cool; 4) providing ecosystem benefits, such as sup-
porting the water needs of plants and animals we depend on; 
and 5) recreational uses, such as boating and fishing. 

Water is supplied for these many uses from two main sources: 

•	 freshwater withdrawals (from streams, rivers, lakes, 
and aquifers), which supply water for municipal, in-
dustrial, agricultural, and recirculating thermoelectric 
plant cooling water supply;

•	 instream surface water flows, which support hydro-
power production, once-through thermoelectric plant 
cooling, navigation, recreation, and healthy ecosys-
tems. 

flood fActors And flood types (continued)
banks, and inundates adjacent low lying areas. Riverine flooding is commonly associated with large watersheds and riv-
ers, while flash and urban flooding occurs in smaller natural or urban watersheds. Because heavy precipitation is often 
localized, riverine flooding typically results from multiple heavy precipitation events over periods of several days, weeks, 
or even months. In large basins, existing soil moisture conditions and evapotranspiration rates also influence the onset 
and severity of flooding, as runoff increases with wetter soil and/or lower evapotranspiration conditions. Snow cover and 
frozen ground conditions can also exacerbate riverine flooding during winter and spring by increasing runoff associated 
with rain-on-snow events and by snowmelt, although these effects may diminish in the long term as snow accumulation 
decreases due to warming. Since riverine flooding depends on precipitation as well as many other factors, projections 
about changes in frequency or intensity are more uncertain than with flash and urban flooding.   

Coastal flooding is predominantly caused by storm surges that accompany hurricanes and other storms. Low storm 
pressure creates strong winds that create and push large sea water domes, often many miles across, toward the shore. 
The approaching domes can raise the water surface above normal tide levels (storm surge) by more than 25 feet, de-
pending on various storm and shoreline factors. 
Inundation, battering waves, and floating debris 
associated with storm surge can cause deaths, 
widespread infrastructure damage (to buildings, 
roads, bridges, marinas, piers, boardwalks, and 
sea walls), and severe beach erosion. Storm-
related rainfall can also cause inland flooding 
(flash, urban, or riverine) if, after landfall, the 
storm moves slowly or stalls over an area. Inland 
flooding can occur close to the shore or hun-
dreds of miles away and is responsible for more 
than half of the deaths associated with tropical 
storms.93 Climate change affects coastal flood-
ing through sea level rise and storm surge, in-
creases in heavy rainfall during hurricanes and 
other storms, and related increases in flooding in 
coastal rivers.

In some locations, early warning systems have helped reduce deaths, although property damage remains considerable 
(Ch. 28: Adaptation).  Further improvements can be made by more effective communication strategies and better land-
use planning.94    

Hurricane Sandy coastal flooding in Mantoloking, N.J.
(Photo credit: New Jersey National Guard/Scott Anema).
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Key Message 7: Changes to Water Demand and Use

Climate change affects water demand and the ways water is used within and across regions 
and economic sectors. The Southwest, Great Plains, and Southeast are  

particularly vulnerable to changes in water supply and demand.

Climate change, acting concurrently with demographic, land-
use, energy generation and use, and socioeconomic changes, is 
challenging existing water management practices by affecting 
water availability and demand and by exacerbating competi-
tion among uses and users (see Ch. 4: Energy; Ch. 6: Agriculture; 
Ch. 10: Energy, Water, and Land; Ch. 12: Indigenous Peoples; 

and Ch. 13: Land Use & Land Cover Change). In some regions, 
these current and expected impacts are hastening efficiency 
improvements in water withdrawal and use, the deployment 
of more proactive water management and adaptation ap-
proaches, and the reassessment of the water infrastructure 
and institutional responses.1

Water Withdrawals
Total freshwater withdrawals (including water that is with-
drawn and consumed as well as water that returns to the origi-
nal source) and consumptive uses have leveled off nationally  

since 1980 at 350 billion gallons of withdrawn water and 100 
billion gallons of consumptive water per day, despite the ad-
dition of 68 million people from 1980 to 2005 (Figure 3.8).96 
Irrigation and all electric power plant cooling withdrawals ac-
count for approximately 77% of total withdrawals, municipal 
and industrial for 20%, and livestock and aquaculture for 3%. 
Most thermoelectric withdrawals are returned back to rivers 
after cooling, while most irrigation withdrawals are consumed 
by the processes of evapotranspiration and plant growth. 
Thus, consumptive water use is dominated by irrigation (81%) 
followed distantly by municipal and industrial (8%) and the re-
maining water uses (5%). See Figure 3.9. 

Water sector withdrawals and uses vary significantly by region. 
There is a notable east-west water use pattern, with the larg-
est regional withdrawals occurring in western states (where 
the climate is drier) for agricultural irrigation (Figure 3.10a,d). 
In the east, water withdrawals mainly serve municipal, indus-
trial, and thermoelectric uses (Figure 3.10a,b,c). Irrigation is 
also dominant along the Mississippi Valley, in Florida, and in 
southeastern Texas. Groundwater withdrawals are especially 
intense in parts of the Southwest, Southeast, Northwest, and Figure 3.8. Trends in total freshwater withdrawal (equal 

to the sum of consumptive use and return flows to rivers) 
and population in the contiguous United States. This 
graph illustrates the remarkable change in the relationship 
between water use and population growth since about 
1980. Reductions in per capita water withdrawals are 
directly related to increases in irrigation efficiency for 
agriculture, more efficient cooling processes in electrical 
generation, and, in many areas, price signals, more 
efficient indoor plumbing fixtures and appliances, and 
reductions in exterior landscape watering, in addition to 
shifts in land-use patterns in some areas.97 Efficiency 
improvements have offset the demands of a growing 
population and have resulted in more flexibility in meeting 
water demand. In some cases these improvements 
have also reduced the flexibility to scale back water use 
in times of drought because some inefficiencies have 
already been removed from the system. With drought 
stress projected to increase in many U.S. regions, drought 
vulnerability is also expected to rise.1

U.S. Freshwater Withdrawal, Consumptive Use,  
and Population Trends

Figure 3.9. Total water withdrawals (groundwater and surface 
water) in the U.S. are dominated by agriculture and energy 
production, though the primary use of water for thermoelectric 
production is for cooling, where water is often returned to lakes 
and rivers after use (return flows). (Data from Kenny et al. 200996)

Freshwater Withdrawals by Sector
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Figure 3.10. Based on the most recent USGS water withdrawal data (2005). This figure illustrates water withdrawals at the U.S. 
county level: (a) total withdrawals (surface and groundwater) in thousands of gallons per day per square mile; (b) municipal and 
industrial (including golf course irrigation) withdrawals as percent of total; (c) irrigation, livestock, and aquaculture withdrawals as 
percent of total; (d) thermoelectric plant cooling withdrawals as percent of total; (e) counties with large surface water withdrawals; 
and (f) counties with large groundwater withdrawals. The largest withdrawals occur in the drier western states for crop irrigation. 
In the east, water withdrawals mainly serve municipal, industrial, and thermoelectric uses. Groundwater withdrawals are intense in 
parts of the Southwest and Northwest, the Great Plains, Mississippi Valley, Florida and South Georgia, and near the Great Lakes 
(Figure source: Georgia Water Resources Institute, Georgia Institute of Technology; Data from Kenny et al. 2009;96 USGS 201398). 

U.S. Water Withdrawal Distribution
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Great Plains, the Mississippi Valley, Florida and South Georgia, 
and near the Great Lakes (Figure 3.10f). Surface waters are 
most intensely used in all other U.S. regions. 

Per capita water withdrawal and use are decreasing due to 
many factors.99 These include demand management, new 
plumbing codes, water-efficient appliances, efficiency im-
provement programs, and pricing strategies, especially in the 
municipal sector.100 Other factors contributing to decreasing 
per capita water use include changes from water-intensive 
manufacturing and other heavy industrial activities to service-
oriented businesses,101 and enhanced water-use efficiencies in 
response to environmental pollution legislation (in the indus-
trial and commercial sector). In addition, replacement of older 
once-through-cooling electric power plants by plants that re-
cycle their cooling water, and switching from flood irrigation to 
more efficient methods in the western United States102 have 
also contributed to these trends. 

Notwithstanding the overall national trends, regional water 
withdrawal and use are strongly correlated with climate;103 
hotter and drier regions tend to have higher per capita usage, 
and water demand is affected by both temperature and pre-
cipitation on a seasonal basis (see also Ch. 28: Adaptation). 

Water demand is projected to increase as population grows, 
and will increase substantially more in some regions as a result 
of climate change. In the absence of climate change but in re-
sponse to a projected population increase of 80% and a 245% 
increase in total personal income from 2005 to 2060, simula-
tions under the A1B scenario indicate that total water demand 
in the U.S. would increase by 3%.99 Under these conditions, 
approximately half of the U.S. regions would experience an 
overall decrease in water demand, while the other half would 
experience an increase (Figure 3.11a). If, however, climate 
change projections based on the A1B emissions scenario (with 
gradual reductions from current emission trends beginning 
around mid-century) and three climate models are also fac-
tored in, the total water demand is projected to rise by an av-
erage of 26% over the same period (Figure 3.11b).99 Under the 
population increase scenario that also includes climate change, 
90% of the country is projected to experience a total demand 
increase, with decreases projected only in parts of the Mid-
west, Northeast and Southeast. Compared to an 8% increase in 
demand under a scenario without climate change, projections 
under the A2 emissions scenario (which assumes continued 
increases in global emissions) and three climate models over 
the 2005 to 2060 period result in a 34% increase in total water 
demand. By 2090, total water demand is projected to increase 
by 42% over 2005 levels under the A1B scenario and 82% under 
the higher A2 emissions scenario. 

Crop irrigation and landscape watering needs are directly af-
fected by climate change, especially by projected changes in 
temperature, potential evapotranspiration, and soil moisture. 
Consequently, the projected climate change impacts on water 
demand are larger in the western states, where irrigation dom-
inates total water withdrawals (see Figure 3.10). Uncertainties 
in the projections of these climate variables also affect water 
demand projections.99 However, it is clear that the impacts of 
projected population, socioeconomic, and climate changes 
amplify the effects on water demand in the Southwest and 
Southeast, where the observed and projected drying water cy-
cle trends already make these regions particularly vulnerable. 

This vulnerability will be exacerbated by physical and opera-
tional limitations of water storage and distribution systems. 
River reservoirs and associated dams are usually designed to 
handle larger-than-historical streamflow variability ranges. 
Some operating rules and procedures reflect historical sea-
sonal and interannual streamflow and water release patterns, 
while others include information about current and near-term 
conditions, such as snowpack depth and expected snowmelt 
volume. Climate change threatens to alter both the streamflow 
variability that these structures must accommodate and their 
opportunities to recover after doing so (due to permanent 
changes in average streamflow). Thus, as streamflow and de-
mand patterns change, historically based operating rules and 
procedures could become less effective in balancing water 
supply with other uses.104

Some of the highest water demand increases under climate 
change are projected in U.S. regions where groundwater aqui-
fers are the main water supply source (Figure 3.11b), including 
the Great Plains and parts of the Southwest and Southeast. 
The projected water demand increases combined with poten-
tially declining recharge rates (see water cycle section) further 
challenge the sustainability of the aquifers in these regions.       

Power plant cooling is a critical national water use, because 
nearly 90% of the U.S. electrical energy is produced by thermo-
electric power plants.105 Freshwater withdrawals per kilowatt 
hour have been falling in recent years due to the gradual re-
placement of once-through cooling of power plant towers with 
plants that recycle cooling water. Thermal plant cooling is prin-
cipally supported by surface water withdrawals (Figure 3.10e,f) 
and has already been affected by climate change in areas 
where temperatures are increasing and surface water supplies 
are diminishing, such as the southern United States. Higher 
water temperatures affect the efficiency of electric generation 
and cooling processes. It also limits the ability of utilities to 
discharge heated water to streams from once-through cooled 
power systems due to regulatory requirements and concerns 
about how the release of warmer water into rivers and streams 
affects ecosystems and biodiversity (see Ch. 4: Energy).106
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Instream Water Uses
Hydropower contributes 7% of electricity generation nation-
wide, but provides up to 70% in the Northwest and 20% in Cali-
fornia, Alaska, and the Northeast.107 Climate change is expect-
ed to affect hydropower directly through changes in runoff 
(average, extremes, and seasonality), and indirectly through 
increased competition with other water uses. Based on runoff 
projections, hydropower is expected to decline in the southern 
U.S. (especially the Southwest) and increase in the Northeast 
and Midwest (though actual gains or losses will depend on 
facility size and changes in runoff volume and timing). Where 
non-power water demands are expected to increase (as in the 
southern U.S.), hydropower generation, dependable capacity, 
and ancillary services are likely to decrease. Many hydropower 
facilities nationwide, especially in the Southeast, Southwest, 
and the Great Plains, are expected to face water availability 
constraints.108 While some hydropower facilities may face wa-
ter-related limitations, these could be offset to some degree 
by the use of more efficient turbines as well as innovative new 
hydropower technologies. 

Inland navigation, most notably in the Great Lakes and the 
Missouri, Mississippi, and Ohio River systems, is particularly 
important for agricultural commodities (transported from the 
Midwest to the Gulf Coast and on to global food markets), coal, 
and iron ore.1,109 Navigation is affected by ice cover and by 
floods and droughts. Seasonal ice cover on the Great Lakes has 
been decreasing16 which may allow increased shipping.110 How-
ever, lake level declines are also possible in the long term, de-
creasing vessel draft and cargo capacity. Future lake levels may 
also depend on non-climate factors and are uncertain both in 
direction and magnitude (see Ch. 2: Our Changing Climate; Ch. 
5: Transportation; and Ch. 18: Midwest). Similarly, although 

the river ice cover period has been decreasing53 (extending 
the inland navigation season), seasonal ice cover changes111,112 
could impede lock operations.112 Intensified floods are likely to 
hinder shipping by causing waterway closures and damaging or 
destroying ports and locks. Droughts have already been shown 
to decrease reliability of flows or channel depth, adversely 
impacting navigation (Ch. 5: Transportation). Both floods and 
droughts can disrupt rail and road traffic and increase shipping 
costs113 and result in commodity price volatility (Ch. 19: Great 
Plains). 

Recreational activities associated with water resources, includ-
ing boating, fishing, swimming, skiing, camping, and wildlife 
watching, are strong regional and national economic drivers.114 
Recreation is sensitive to weather and climate,115 and climate 
change impacts to recreation can be difficult to project.116 Ris-
ing temperatures affect extent of snowcover and mountain 
snowpack, with impacts on skiing117 and snowmobiling.118 As 
the climate warms, changes in precipitation and runoff are 
expected to result in both beneficial (in some regions) and ad-
verse impacts115 to water sports, with potential for consider-
able economic dislocation and job losses.118

Changing climate conditions are projected to affect water and 
wastewater treatment and disposal in ways that depend on 
system-specific and interacting attributes. For example, el-
evated stream temperatures, combined with lower flows, may 
require wastewater facilities to increase treatment to meet 
stream water quality standards.119 More intense precipitation 
and floods, combined with escalating urbanization and associ-
ated increasing impermeable surfaces, may amplify the likeli-
hood of contaminated overland flow or combined sewer over-

Figure 3.11. The effects of climate change, primarily associated with increasing temperatures and potential 
evapotranspiration, are projected to significantly increase water demand across most of the United States. Maps show 
percent change from 2005 to 2060 in projected demand for water assuming (a) change in population and socioeconomic 
conditions based on the underlying A1B emissions scenario, but with no change in climate, and (b) combined changes 
in population, socioeconomic conditions, and climate according to the A1B emissions scenario (gradual reductions from 
current emission trends beginning around mid-century). (Figure source: Brown et al. 201399). 

Projected Changes in Water Withdrawals
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flows.120 Moderate precipitation increases, however, could 
result in increased stream flows, improving capacity to dilute 
contaminants in some regions. Sea level rise and more fre-
quent coastal flooding could damage wastewater utility infra-
structure and reduce treatment efficiency (Ch. 25: Coasts).121

Changes in streamflow temperature and flow regimes can 
affect aquatic ecosystem structure and function (see Ch. 8: 
Ecosystems). Water temperature directly regulates the physi-
ology, metabolism, and energy of individual aquatic organisms, 
as well as entire ecosystems. Streamflow quantity influences 
the extent of available aquatic habitats, and streamflow vari-
ability regulates species abundance and persistence. Flow also 
influences water temperature, sediment, and nutrient con-
centrations.122 If the rate of climate change123 outpaces plant 
and animal species’ ability to adjust to temperature change, 

additional biodiversity loss may occur. Furthermore, climate 
change induced water cycle alterations may exacerbate exist-
ing ecosystem vulnerability, especially in the western United 
States124 where droughts and water shortages are likely to 
increase. But areas projected to receive additional precipita-
tion, such as the northern Great Plains, may benefit. Lastly, hy-
drologic alterations due to human interventions have without 
doubt impaired riverine ecosystems in most U.S. regions and 
globally.125 The projected escalation of water withdrawals and 
uses (see Figure 3.11) threatens to deepen and widen ecosys-
tem impairment, especially in southern states where climate 
change induced water cycle alterations are pointing toward 
drier conditions (see Ch. 8: Ecosystems). In these regions, bal-
ancing socioeconomic and environmental objectives will most 
likely require more deliberate management and institutional 
responses.  

Major Water Resource Vulnerabilities and Challenges 
Many U.S. regions are expected to face increased drought and flood vulnerabilities and exacerbated water management chal-
lenges. This section highlights regions where such issues are expected to be particularly intense. 

Key Message 8: Drought is Affecting Water Supplies  

Changes in precipitation and runoff, combined with changes in consumption and withdrawal, 
have reduced surface and groundwater supplies in many areas. These trends are expected  

to continue, increasing the likelihood of water shortages for many uses. 

Many southwestern and western watersheds, including 
the Colorado, Rio Grande,38,43,126 and Sacramento-San Joa-
quin,127,128 have recently experienced drier conditions. Even 
larger runoff reductions (about 10% to 20%) are projected 
over some of these watersheds in the next 50 years.48,129 In-
creasing evaporative losses, declining runoff and groundwater 
recharge, and changing groundwater pumpage are expected to 
affect surface and groundwater supplies65,66,67,71 and increase 
the risk of water shortages for many water uses. Changes in 

streamflow timing will exacerbate a growing mismatch be-
tween supply and demand (because peak flows are occurring 
earlier in the spring, while demand is highest in mid-summer) 
and will present challenges for the management of reservoirs, 
aquifers, and other water infrastructure.130 Rising stream 
temperatures and longer low flow periods may make electric 
power plant cooling water withdrawals unreliable, and may 
affect aquatic and riparian ecosystems by degrading habitats 
and favoring invasive, non-native species.131 

Key Message 9: Flood Effects on People and Communities

Increasing flooding risk affects human safety and health, property, infrastructure,  
economies, and ecology in many basins across the U.S.

Flooding affects critical water, wastewater, power, transporta-
tion, and communications infrastructure in ways that are dif-
ficult to foresee and can result in interconnected and cascad-
ing failures (see “Flood Factors and Flood Types”). Very heavy 
precipitation events have intensified in recent decades in most 
U.S. regions, and this trend is projected to continue (Ch. 2: Our 
Changing Climate). Increasing heavy precipitation is an impor-
tant contributing factor, but flood magnitude changes also de-
pend on specific watershed conditions (including soil moisture, 
impervious area, and other human-caused alterations). 

Projected changes in flood frequency based on climate projec-
tions and hydrologic models have recently begun to emerge 

(for example, Das et al. 2012;60 Brekke et al. 2009;132 Raff et 
al. 2009;133 Shaw and Riha 2011;134 Walker et al. 2011135), and 
suggest that flood frequency and severity increases may occur 
in the Northeast and Midwest (Ch. 16: Northeast; Ch. 18: Mid-
west). Flooding and sea water intrusion from sea level rise and 
increasing storm surge threaten New York, Boston, Philadel-
phia, Virginia Beach, Wilmington, Charleston, Miami, Tampa, 
Naples, Mobile, Houston, New Orleans, and many other cities 
on U.S. coasts (Chapter 25: Coasts). 

The devastating toll of large floods (human life, property, envi-
ronment, and infrastructure) suggests that proactive manage-
ment measures could minimize changing future flood risks and 
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consequences (Ch. 28: Adaptation). In coastal areas, sea level 
rise may act in parallel with inland climate changes to intensify 
water-use impacts and challenges (Ch. 12: Indigenous Peoples; 
Ch. 17: Southeast).136 Increasing flooding risk, both coastal and 
inland, could also exacerbate human health risks associated 
with failure of critical infrastructure,137,138 and an increase in 
both waterborne diseases (Ch. 9: Human Health)139 and air-
borne diseases.140 

Changes in land use, land cover, development, and population 
distribution can all affect flood frequency and intensity. The na-
ture and extent of these projected changes results in increased 
uncertainty and decreased accuracy of flood forecasting in 
both the short term133 and long term.141 This lack of certainty 
could hinder effective preparedness (such as evacuation plan-
ning) and the effectiveness of structural and non-structural 
flood risk reduction measures. However, many climate change 

projections are robust (Ch. 2: Our Changing Climate), and the 
long lead time needed for the planning, design, and construc-
tion of critical infrastructure that provides resilience to floods 
means that consideration of long-term changes is needed.

Effective climate change adaptation planning requires an in-
tegrated approach45,118,142 that addresses public health and 
safety issues (Ch. 28: Adaptation).143 Though numerous flood 
risk reduction measures are possible, including levees, land-
use zoning, flood insurance, and restoration of natural flood-
plain retention capacity,144 economic and institutional condi-
tions may constrain implementation. The effective use of 
these measures would require significant investment in many 
cases,145 as well as updating policies and methods to account 
for climate change42,146 in the planning, design, operation, and 
maintenance of flood risk reduction infrastructure.132,147  

Adaptation and Institutional Responses 

Key Message 10: Water Resources Management

In most U.S. regions, water resources managers and planners will encounter new risks, 
vulnerabilities, and opportunities that may not be properly managed within existing practices. 

Water managers and planners strive to balance water supply 
and demand across all water uses and users. The management 
process involves complex tradeoffs among water-use benefits, 
consequences, and risks. By altering water availability and 
demand, climate change is likely to present additional man-
agement challenges. One example is in the Sacramento-San 
Joaquin River Delta, where flooding, sea water intrusion, and 
changing needs for environmental, municipal, and agricultural 
water uses have created significant management challenges. 
This California Bay-Delta experience suggests that manag-
ing risks and sharing benefits requires re-assessment of very 
complex ecosystems, infrastructure systems, water rights, 
stakeholder preferences, and reservoir operation strategies – 
as well as significant investments. All of these considerations 
are subject to large uncertainties.54,148 To some extent, all U.S. 
regions are susceptible, but the Southeast and Southwest 
are highly vulnerable because climate change is projected to 
reduce water availability, increase demand, and exacerbate 
shortages (see “Water Management”). 

Recent assessments illustrate water management challenges 
facing California,127,129,149,150 the Southwest,130,151 Southeast (Ch. 

17: Southeast),136,152 Northwest,153 Great Plains,154 and Great 
Lakes.155 A number of these assessments demonstrate that 
while expanding supplies and storage may still be possible 
in some regions, effective climate adaptation strategies can 
benefit from innovative management strategies. These strate-
gies can include domestic water conservation programs that 
use pricing incentives to curb use; more flexible, risk-based, 
better-informed, and adaptive operating rules for reservoirs; 
the integrated use of combined surface and groundwater re-
sources; and better monitoring and assessment of statewide 
water use.129,149,156,157 Water management and planning would 
benefit from better coordination among public sectors at the 
national, state, and local levels (including regional partnerships 
and agreements), and the private sector, with participation of 
all relevant stakeholders in well-informed, fair, and equitable 
decision-making processes. Better coordination among hy-
drologists and atmospheric scientists, and among these scien-
tists and the professional water management community, is 
also needed to facilitate more effective translation of knowl-
edge from science to practice (Ch. 26: Decision Support; Ch. 
28: Adaptation).158
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WAter chAllenges in A southeAst river bAsin

Figure 3.12. The Apalachicola-Chattahoochee-Flint (ACF) River Basin supports many water uses and users, including municipal, 
industrial, and agricultural water supply; flood management; hydroelectric and thermoelectric energy generation; recreation; 
navigation; fisheries; and a rich diversity of environmental and ecological resources. In recent decades, water demands have risen 
rapidly in the Upper Chattahoochee River (due to urban growth) and Lower Chattahoochee and Flint Rivers (due to expansion 
of irrigated agriculture). At the same time, basin precipitation, soil moisture, and runoff are declining, creating challenging water 
sharing tradeoffs for the basin stakeholders.159 The historical water demand and supply trends are expected to continue in the 
coming decades. Climate assessments for 50 historical (1960-2009) and future years (2050-2099) based on a scenario of 
continued increases in emissions (A2) for the Seminole and all other ACF sub-basins152 show that soil moisture is projected to 
continue to decline in all months, especially during the crop growing season from April to October (bottom right). Mean monthly 
runoff decreases (up to 20%, not shown) are also projected throughout the year and especially during the wet season from 
November to May. The projected soil moisture and runoff shifts are even more significant in the extreme values of the respective 
distributions. In addition to reduced supplies, these projections imply higher water demands in the agricultural and other sectors, 
exacerbating management challenges. These challenges are reflected in the projected response of Lake Lanier, the main ACF 
regulation project, the levels of which are projected (for 2050-2099) to be lower, by as much as 15 feet, than its historical (1960-
2009) levels, particularly during droughts (top right). Recognizing these critical management challenges, the ACF stakeholders 
are earnestly working to develop a sustainable and equitable management plan that balances economic, ecological, and social 
values.160 (Figure source: Georgia Water Resources Institute, Georgia Institute of Technology.152).
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Key Message 11: Adaptation Opportunities and Challenges

Increasing resilience and enhancing adaptive capacity provide opportunities to  
strengthen water resources management and plan for climate change impacts.  

Many institutional, scientific, economic, and political barriers present  
challenges to implementing adaptive strategies. 

Climate adaptation involves both addressing the risks and le-
veraging the opportunities that may arise as a result of the cli-
mate impacts on the water cycle and water resources. Efforts 
to increase resiliency and enhance adaptive capacity may cre-
ate opportunities for a wide-ranging public discussion of water 
demands, improved collaboration around water use, increased 
public support for scientific and economic information, and 
the deployment of new technologies supporting adaptation. In 
addition, adaptation can promote the achievement of multiple 
water resource objectives through improved infrastructure 
planning, integrated regulation, and planning and manage-
ment approaches at regional, watershed, or ecosystem scales. 
Pursuing these opportunities may require assessing how cur-
rent institutional approaches support adaptation in light of the 
anticipated impacts of climate change.161

Climate change will stress the nation’s aging water infrastruc-
ture to varying degrees by location and over time. Much of 
the country’s current drainage infrastructure is already over-
whelmed during heavy precipitation and high runoff events, 
an impact that is projected to be exacerbated as a result of 
climate change, land-use change, and other factors. Large per-
centage increases in combined sewage overflow volumes, as-
sociated with increased intensity of precipitation events, have 
been projected for selected watersheds by the end of this 
century in the absence of adaptive measures.106,162 Infrastruc-
ture planning, especially for the long planning and operation 
horizons often associated with water resources infrastructure, 
can be improved by incorporating climate change as a factor 
in new design standards and in asset management and reha-
bilitation of critical and aging facilities, emphasizing flexibility, 
redundancy, and resiliency.106,132,163 

Adaptation strategies for water infrastructure include structur-
al and non-structural approaches. These may include changes 
in system operations and/or demand management changes, 
adopting water conserving plumbing codes, and improving 
flood forecasts, telecommunications, and early warning sys-
tems164 that focus on both adapting physical structures and 
innovative management.106,132,165 Such strategies could take 
advantage of conventional (“gray”) infrastructure upgrades 
(like raising flood control levees); adjustments to reservoir op-
erating rules; new demand management and incentive strate-
gies; land-use management that enhances adaptive capacity; 
protection and restoration at the scale of river basins, water-
sheds, and ecosystems; hybrid strategies that blend “green” 
infrastructure with gray infrastructure; and pricing strate-
gies.1,106,132,166,167 Green infrastructure approaches that are 

increasingly being implemented by municipalities across the 
country include green roofs, rain gardens, roadside plantings, 
porous pavement, and rainwater harvesting (Ch. 28: Adapta-
tion). These techniques typically utilize soils and vegetation 
in the built environment to absorb runoff close to where it 
falls, limiting flooding and sewer backups.168 There are numer-
ous non-infrastructure related adaptation strategies, some of 
which could include promoting drought-resistant crops, flood 
insurance reform, and building densely developed areas away 
from highly vulnerable areas.

In addition to physical adaptation, capacity-building activities 
can build knowledge and enhance communication and collabo-
ration within and across sectors.1,167,169  In particular, building 
networks, partnerships, and support systems has been iden-
tified as a major asset in building adaptive capacity (Ch. 26: 
Decision Support; Ch. 28: Adaptation).170

In addition to stressing the physical infrastructure of water 
systems, future impacts of climate change may reveal the 
weaknesses in existing water law regimes to accommodate 
novel and dynamic water management conditions. The basic 
paradigms of environmental and natural resources law are 
preservation and restoration, both of which are based on the 
assumption that natural systems fluctuate within an unchang-
ing envelope of variability (“stationarity”).171 However, climate 
change is now projected to affect water supplies during the 
multi-decade lifetime of major water infrastructure projects in 
wide-ranging and pervasive ways.132 Under these circumstanc-
es, stationarity will no longer be reliable as the central assump-
tion in water-resource risk assessment and planning.42,171 For 
example, in the future, water rights administrators may find it 
necessary to develop more flexible water rights systems con-
ditioned to address the uncertain impacts of climate change.172 
Agencies and courts may seek added flexibility in regulations 
and laws to achieve the highest and best uses of limited water 
resources and to enhance water management capacity in the 
context of new and dynamic conditions.132,173 

In the past few years, many federal, state, and local agen-
cies and tribal governments have begun to address climate 
change adaptation, integrating it into existing decision-mak-
ing, planning, or infrastructure-improvement processes (Ch. 
28: Adaptation).43,174 Drinking water utilities are increasingly 
utilizing climate information to prepare assessments of their 
supplies,175 and utility associations and alliances, such as the 
Water Research Foundation and Water Utility Climate Alliance, 
have undertaken original research to better understand the 
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implications of climate change on behalf of some of the largest 
municipal water utilities in the United States.119,156,176

The economic, social, and environmental implications of cli-
mate change induced water cycle changes are very significant, 
as is the cost of inaction. Adaptation responses need to address 
considerable uncertainties in the short-, medium-, and long-
term; be proactive, integrated, and iterative; and be developed 
through well-informed stakeholder decision processes func-
tioning within a flexible institutional and legal environment. 
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3: WATER RESOURCES

Process for Developing Key Messages: 
The chapter author team engaged in multiple technical discussions 
via teleconferences from March – June 2012. These discussions fol-
lowed a thorough review of the literature, which included an inter-
agency prepared foundational document,1 over 500 technical inputs 
provided by the public, as well as other published literature. The au-
thor team met in Seattle, Washington, in May 2012 for expert delib-
eration of draft key messages by the authors wherein each message 
was defended before the entire author team before this key message 
was selected for inclusion in the Chapter. These discussions were sup-
ported by targeted consultation with additional experts by the lead 
author of each message, and they were based on criteria that help 
define “key vulnerabilities.” Key messages were further refined fol-
lowing input from the NCADAC report integration team and authors 
of Ch. 2: Our Changing Climate.

Key message #1 Traceable accounT

Annual precipitation and river-flow increases are 
observed now in the Midwest and the Northeast 
regions. Very heavy precipitation events have in-
creased nationally and are projected to increase in 
all regions. The length of dry spells is projected to 
increase in most areas, especially the southern and 
northwestern portions of the contiguous United 
States.  

Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational 
document,1 Ch. 2: Our Changing Climate, Ch. 20: Southwest, other 
technical input reports,2 and over 500 technical inputs on a wide 
range of topics that were received as part of the Federal Register No-
tice solicitation for public input.

Numerous peer-reviewed publications describe precipitation trends 
(Ch. 2: Our Changing Climate)4,7,8,34 and river-flow trends.13,41 As dis-
cussed in Chapter 2, the majority of projections available from cli-
mate models (for example, Orlowsky and Seneviratne 2012;3 Kharin 
et al. 20135) indicate small projected changes in total average annual 
precipitation in many areas, while heavy precipitation6 and the length 
of dry spells are projected to increase across the entire country. Pro-
jected precipitation responses (such as changing extremes) to in-
creasing greenhouse gases are robust in a wide variety of models and 
depictions of climate.

The broad observed trends of precipitation and river-flow increases 
have been identified by many long-term National Weather Service 
(NWS)/National Climatic Data Center (NCDC) weather monitoring 
networks, USGS streamflow monitoring networks, and analyses of 
records therefrom (Ch. 2: Our Changing Climate;34,36,37). Ensembles 
of climate models3,42(see also Ch. 2: Our Changing Climate, Ch. 20: 
Southwest) are the basis for the reported projections. 

New information and remaining uncertainties
Important new evidence (cited above) confirmed many of the find-
ings from the 2009 National Climate Assessment.177

 

Observed trends: Precipitation trends are generally embedded 
amidst large year-to-year natural variations and thus trends may be 
difficult to detect, may differ from site to site, and may be reflections 
of multi-decadal variations rather than external (human) forcings. 
Consequently, careful analyses of longest-term records from many 
stations across the country and addressing multiple potential expla-
nations are required and are cornerstones of the evidentiary studies 
described above. 

Efforts are underway to continually improve the stability, placement, 
and numbers of weather observations needed to document trends; 
scientists also regularly search for other previously unanalyzed data 
sources for use in testing these findings. 

Projected trends: The complexity of physical processes that result 
in precipitation and runoff reduces abilities to represent or predict 
them as accurately as would be desired and with the spatial and tem-
poral resolution required for many applications; however, as noted, 
the trends at the scale depicted in this message are very robust 
among a wide variety of climate models and projections, which lends 
confidence that the projections are appropriate lessons from current 
climate (and streamflow) models. Nonetheless, other influences not 
included in the climate change projections might influence future 
patterns of precipitation and runoff, including changes in land cover, 
water use (by humans and vegetation), and streamflow management.

Climate models used to make projections of future trends are con-
tinually increasing in number, resolution, and in the number of ad-
ditional external and internal influences that might be confounding 
current projections. For example, much more of all three of these 

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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directions for improvement are already evident in projection archives 
for the next IPCC assessment. 

Assessment of confidence based on evidence 
Observed trends have been demonstrated by a broad range of meth-
ods over the past 20+ years based on best available data; projected 
precipitation and river-flow responses to greenhouse gas increases 
are robust across large majorities of available climate (and hydro-
logic) models from scientific teams around the world.

Confidence is therefore judged to be high that annual precipitation 
and river-flow increases are observed now in the Midwest and the 
Northeast regions. 

Confidence is high that very heavy precipitation events have in-
creased nationally and are projected to increase in all regions. 

Confidence is high that the length of dry spells is projected to increase 
in most areas, especially the southern and northwestern portions of 
the contiguous United States.

Key message #2 Traceable accounT

Short-term (seasonal or shorter) droughts are ex-
pected to intensify in most U.S. regions. Longer-
term droughts are expected to intensify in  large 
areas of the Southwest, southern Great Plains, and 
Southeast.

Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational 
document,1 Ch. 16: Northeast, Ch 17: Southeast, Ch. 2: Our Chang-
ing Climate, Ch. 18: Midwest, Ch. 19: Great Plains, Ch. 20: Southwest, 
Ch. 21: Northwest, Ch. 23: Hawai‘i and Pacific Islands, and over 500 
technical inputs on a wide range of topics that were received as part 
of the Federal Register Notice solicitation for public input.

Projected drought trends derive directly from climate models in some 
studies (for example, Hoerling et al. 2012;8 Wehner et al. 2011;30 Gao 
et al. 2012;32 Gao et al. 2011;33), from hydrologic models responding 
to projected climate trends in others (for example, Georgakakos and 
Zhang 2011;38 Cayan et al. 2010;48), from considerations of the inter-
actions between precipitation deficits and either warmer or cooler 
temperatures in historical (observed) droughts,48 and from combina-
tions of these approaches (for example, Trenberth et al. 200449) in 
still other studies. 

New information and remaining uncertainties
Important new evidence (cited above) confirmed many of the find-
ings from the 2009 National Climate Assessment.177

Warmer temperatures are robustly projected by essentially all cli-
mate models, with what are generally expected to be directly atten-
dant increases in the potentials for greater evapotranspiration, or ET 
(although it is possible that current estimates of future ET are overly 
influenced by temperatures at the expense of other climate variables, 
like wind speed, humidity, net surface radiation, and soil moisture 
that might change in ways that could partly ameliorate rising ET de-
mands). As a consequence, there is a widespread expectation that 
more water from precipitation will be evaporated or transpired in 
the warmer future, so that except in regions where precipitation in-
creases more than ET increases, less overall water will remain on the 
landscape and droughts will intensify and become more common. 
Another widespread expectation is that precipitation variability will 
increase, which may result in larger swings in moisture availability, 
with swings towards the deficit side resulting in increased frequen-
cies and intensities of drought conditions on seasonal time scales 
to times scales of multiple decades. An important remaining uncer-
tainty, discussed in the supporting text for Key Message #1, is the 
extent to which the types of models used to project future droughts 
may be influencing results with a notable recent tendency for studies 
with more complete, more resolved land-surface models, as well as 
climate models, to yield more moderate projected changes.

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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Other uncertainties derive from the possibility that changes in other 
variables or influences of CO2-fertilization and/or land cover change 
may also partly ameliorate drought intensification. Furthermore in 
many parts of the country, El Niño-Southern Oscillation (and other 
oceanic) influences on droughts and floods are large, and can over-
whelm climate change effects during the next few decades. At pres-
ent, however, the future of these oceanic climate influences remains 
uncertain. 

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties: 

Confidence is judged to be medium-high that short-term (seasonal or 
shorter) droughts are expected to intensify in most U.S. regions. Con-
fidence is high that longer-term droughts are expected to intensify in 
large areas of the Southwest, southern Great Plains, and Southeast. 

Key message #3 Traceable accounT

Flooding may intensify in many U.S. regions, even 
in areas where total precipitation is projected to de-
cline. 

Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational 
document,1 Ch. 16: Northeast, Ch 17: Southeast, Ch. 2: Our Chang-
ing Climate, Ch. 18: Midwest, Ch. 19: Great Plains, Ch. 20: Southwest, 
Ch. 21: Northwest, Ch. 23: Hawai‘i and Pacific Islands, and over 500 
technical inputs on a wide range of topics that were received as part 
of the Federal Register Notice solicitation for public input.

The principal observational bases for the key message are careful 
national-scale flood-trend analyses58 based on annual peak-flow re-
cords from a selection of 200 USGS streamflow gaging stations mea-
suring flows from catchments that are minimally influenced by up-
stream water uses, diversions, impoundments, or land-use changes 
with more than 85 years of records, and analyses of two other subsets 
of USGS gages with long records (including gages both impacted by 
human activities and less so), including one analysis of 50 gages na-
tionwide56 and a second analysis of 572 gages in the eastern United 
States.57 There is some correspondence among regions with signifi-
cant changes in annual precipitation (Ch. 2: Our Changing Climate) 
and soil moisture (Figures 3.2 and 3.3), and annual flood magnitudes 
(Figure 3.5).58

Projections of future flood-frequency changes result from de-
tailed hydrologic models (for example, Das et al. 2012;60 Raff et al. 
2009;133Walker et al. 2011135) of rivers that simulate responses to 
projected precipitation and temperature changes from climate mod-
els; such simulations have only recently begun to emerge in the peer-
reviewed literature.

New information and remaining uncertainties
Important new evidence (cited above) confirmed many of the find-
ings from the 2009 National Climate Assessment.177 

Large uncertainties remain in efforts to detect flood-statistic changes 
attributable to climate change, because a wide range of local factors 
(such as dams, land-use changes, river channelization) also affect 
flood regimes and can mask, or proxy for, climate change induced 
alterations. Furthermore, it is especially difficult to detect any kinds 
of trends in what are, by definition, rare and extreme events. Finally, 
the response of floods to climate changes are expected to be fairly 
idiosyncratic from basin to basin, because of the strong influences 
of within-storm variations and local, basin-scale topographic, soil 
and vegetation, and river network characteristics that influence the 
size and extent of flooding associated with any given storm or sea-
son.54,55,56,57 

Large uncertainties still exist as to how well climate models can rep-
resent and project future extremes of precipitation. This has – until 
recently – limited attempts to make specific projections of future 
flood frequencies by using climate model outputs directly or as direct 
inputs to hydrologic models. However, precipitation extremes are ex-
pected to intensify as the atmosphere warms, and many floods result 
from larger portions of catchment areas receiving rain as snowlines 
recede upward. As rain runs off more quickly than snowfall this re-
sults in increased flood potential; furthermore, occasional rain-on-
snow events exacerbates this effect. This trend is broadly expected to 
increase in frequency under general warming trends, particularly in 
mountainous catchments.62 Rising sea levels and projected increase 
in hurricane-associated storm intensity and rainfall rates provide 
first-principles bases for expecting intensified flood regimes in coast-
al settings (see Ch. 2: Our Changing Climate).

Assessment of confidence based on evidence 
Future changes in flood frequencies and intensities will depend on a 
complex combination of local to regional climatic influences, and the 
details of complex surface-hydrologic conditions in each catchment 
(for example, topography, land cover, and upstream management). 
Consequently, flood frequency changes may be neither simple nor 
regionally homogeneous, and basin by basin projections may need to 
be developed. Early results now appearing in the literature have most 
often projected intensifications of flood regimes, in large part as re-
sponses to projections of more intense storms and increasingly rainy 
(rather than snowy) storms in previously snow-dominated settings. 
Confidence in current estimates of future changes in flood frequen-
cies and intensities is overall judged to be low.

Key message #4 Traceable accounT

Climate change is expected to affect water de-
mand, groundwater withdrawals, and aquifer re-
charge, reducing groundwater availability in some 
areas. 
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Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational 
document,1 regional chapters of the NCA, and over 500 technical 
inputs on a wide range of topics that were received as part of the 
Federal Register Notice solicitation for public input.

Several recent studies65,66,67,68,71,72 have evaluated the potential im-
pacts of changes in groundwater use and recharge under scenarios 
including climate change, and generally they have illustrated the com-
mon-sense conclusion that changes in pumpage can have immediate 
and significant effects in the nation’s aquifers. This has certainly been 
the historical experience in most aquifers that have seen significant 
development; pumpage variations usually tend to yield more imme-
diate and often larger changes on many aquifers than do historical 
climate variations on time scales from years to decades. Meanwhile, 
for aquifers in the Southwest, there is a growing literature of geo-
chemical studies that fingerprint various properties of groundwater 
and that are demonstrating that most western groundwater derives 
preferentially from snowmelt, rather than rainfall or other sourc-
es.50,51,66,74 This finding suggests that much western recharge may be 
at risk of changes and disruptions from projected losses of snowpack, 
but as yet provides relatively little indication whether the net effects 
will be recharge declines, increases, or simply spatial redistribution.

New information and remaining uncertainties
The precise responses of groundwater storage and flow to climate 
change are not well understood, but recent and ongoing studies 
provide insights on underlying mechanisms.65,66,67 The observations 
and modeling evidence to make projections of future responses of 
groundwater recharge and discharge to climate change are thus far 
very limited, primarily because of limitations in data availability and 
in the models themselves. New forms and networks of observations 
and new modeling approaches and tools are needed to provide pro-
jections of the likely influences of climate changes on groundwater 
recharge and discharge. Despite the uncertainties about the specif-
ics of climate change impacts on groundwater, impacts of reduced 
groundwater supply and quality would likely be detrimental to the 
nation.

Assessment of confidence based on evidence
Given the evidence base and remaining uncertainties, confidence 
is judged to be high that climate change is expected to affect water 
demand, groundwater withdrawals, and aquifer recharge, reducing 
groundwater availability in some areas. 

Key message #5 Traceable accounT

Sea level rise, storms and storm surges, and 
changes in surface and groundwater use patterns 
are expected to compromise the sustainability of 
coastal freshwater aquifers and wetlands.

Description of evidence base
This message has a strong theoretical and observational basis, in-

cluding considerable historical experience with seawater intrusion 
into many of the nation’s coastal aquifers and wetlands under the 
influence of heavy pumpage, some experience with the influences 
of droughts and storms on seawater intrusion, and experience with 
seepage of seawater into shallow coastal aquifers under storm and 
storm surge conditions that lead to coastal inundations with seawa-
ter. The likely influences of sea level rise on seawater intrusion into 
coastal (and island) aquifers and wetlands are somewhat less certain, 
as discussed below, although it is projected that sea level rise may 
increase opportunities for saltwater intrusion (see Ch. 25: Coasts).

New information and remaining uncertainties
There are few published studies describing the kinds of groundwater 
quality and flow modeling that are necessary to assess the real-world 
potentials for sea level rise to affect seawater intrusion.78 Studies in 
the literature and historical experience demonstrate the detrimental 
impacts of alterations to the water budgets of the freshwater lenses 
in coastal aquifers and wetlands around the world (most often by 
groundwater development), but few evaluate the impacts of sea level 
rise alone. More studies with real-world aquifer geometries and de-
velopment regimes are needed to reduce the current uncertainty of 
the potential interactions of sea level rise and seawater intrusion. 

Assessment of confidence based on evidence 
Confidence is high that sea level rise, storms and storm surges, and 
changes in surface and groundwater use patterns are expected to 
compromise the sustainability of coastal freshwater aquifers and 
wetlands. 

Key message #6 Traceable accounT

Increasing air and water temperatures, more in-
tense precipitation and runoff, and intensifying 
droughts can decrease river and lake water qual-
ity in many ways, including increases in sediment, 
nitrogen, and other pollutant loads.

Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational doc-
ument,1 Ch. 8: Ecosystems, Ch. 15: Biogeochemical Cycles, and over 
500 technical inputs on a wide range of topics that were reviewed as 
part of the Federal Register Notice solicitation for public input.

Thermal stratification of deep lakes and reservoirs has been observed 
to increase with increased air and water temperatures,1,81,82 and may 
be eliminated in shallow lakes. Increased stratification reduces mix-
ing, resulting in reduced oxygen in bottom waters. Deeper set-up of 
vertical thermal stratification in lakes and reservoirs may reduce or 
eliminate a bottom cold water zone; this, coupled with lower oxygen 
concentration, results in a degraded aquatic ecosystem. 

Major precipitation events and resultant water flows increase wa-
tershed pollutant scour and thus increase pollutant loads.84 Fluxes 
of mineral weathering products (for example, calcium, magnesium, 
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sodium, and silicon) have also been shown to increase in response 
to higher discharge.86 In the Mississippi drainage basin, increased 
precipitation has resulted in increased nitrogen loads contributing 
to hypoxia in the Gulf of Mexico.85 Models predict and observations 
confirm that continued warming will have increasingly negative ef-
fects on lake water quality and ecosystem health.81 

Future re-mobilization of sediment stored in large river basins will be 
influenced by changes in flood frequencies and magnitudes, as well as 
on vegetation changes in the context of climate and other anthropo-
genic factors.87 Model projections suggest that changes in sediment 
delivery will vary regionally and by land-use type, but on average 
could increase by 25% to 55%.88

New information and remaining uncertainties
It is unclear whether increasing floods and droughts cancel each 
other out with respect to long-term pollutant loads. 

It is also uncertain whether the absolute temperature differential 
with depth will remain constant, even with overall lake and reservoir 
water temperature increases. Further, it is uncertain if greater mixing 
with depth will eliminate thermal stratification in shallow, previously 
stratified lakes. Although recent studies of Lake Tahoe provide an ex-
ample of longer stratification seasons,83 lakes in other settings and 
with other geometries may not exhibit the same response. 

Many factors influence stream water temperature, including air tem-
perature, forest canopy cover, and ratio of baseflow to streamflow. 

Assessment of confidence based on evidence 
Given the evidence base, confidence is medium that increasing air 
and water temperatures, more intense precipitation and runoff, and 
intensifying droughts can decrease river and lake water quality in 
many ways, including increases in sediment, nitrogen, and pollutant 
loads.

Key message #7 Traceable accounT

Climate change affects water demand and the 
ways water is used within and across regions and 
economic sectors. The Southwest, Great Plains, 
and Southeast are particularly vulnerable to chang-
es in water supply and demand.

Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational 
document,1 Ch. 2: Our Changing Climate, Ch. 17: Southeast, Ch. 19: 
Great Plains, Ch. 20: Southwest, Ch. 23: Hawai‘i and Pacific Islands, 
and many technical inputs on a wide range of topics that were re-
ceived and reviewed as part of the Federal Register Notice solicitation 
for public input.

Observed Trends: Historical water withdrawals by sector (for ex-
ample, municipal, industrial, agricultural, and thermoelectric) have 

been monitored and documented by USGS for over 40 years and 
represent a credible database to assess water-use trends, efficien-
cies, and underlying drivers. Water-use drivers principally include 
population, personal income, electricity consumption, irrigated area, 
mean annual temperature, growing season precipitation, and grow-
ing season potential evapotranspiration.99 Water-use efficiencies 
are also affected by many non-climate factors, including demand 
management, plumbing codes, water efficient appliances, efficiency 
improvement programs, and pricing strategies;100 changes from wa-
ter intensive manufacturing and other heavy industrial activities to 
service-oriented businesses,101 and enhanced water-use efficiencies 
in response to environmental pollution legislation; replacement of 
older once-through-cooling electric power plants by plants that re-
cycle their cooling water; and switching from flood irrigation to more 
efficient methods in the western United States.102  

Projected Trends and Consequences: Future projections have been 
carried out with and without climate change to first assess the wa-
ter demand impacts of projected population and socioeconomic 
increases, and subsequently combine them with climate change in-
duced impacts. The main findings are that in the absence of climate 
change total water withdrawals in the U.S. will increase by 3% in the 
coming 50 years,99 with approximately half of the U.S. experiencing 
a total water demand decrease and half an increase. If, however, cli-
mate change projections are also factored in, the demand for total 
water withdrawals is projected to rise by an average of 26%,99 with 
more than 90% of the U.S. projected to experience a total demand in-
crease, and decreases projected only in parts of the Midwest, North-
east, and Southeast. When coupled with the observed and projected 
drying water cycle trends (see key messages in “Climate Change Im-
pacts on the Water Cycle” section), the water demand impacts of pro-
jected population, socioeconomic, and climate changes intensify and 
compound in the Southwest and Southeast, rendering these regions 
particularly vulnerable in the coming decades. 

New information and remaining uncertainties
The studies of water demand in response to climate change and other 
stressors are very recent and constitute new information on their 
own merit.99 In addition, for the first time, these studies make it pos-
sible to piece together the regional implications of climate change in-
duced water cycle alterations in combination with projected changes 
in water demand. Such integrated assessments also constitute new 
information and knowledge building. 

Demand projections include various uncertain assumptions which 
become increasingly important in longer term (multi-decadal) pro-
jections. Because irrigation demand is the largest water demand 
component most sensitive to climate change, the most important 
climate-related uncertainties are precipitation and potential evapo-
transpiration over the growing season. Non-climatic uncertainties 
relate to future population distribution, socioeconomic changes, and 
water-use efficiency improvements.     
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Assessment of confidence based on evidence 
Considering that (a) droughts are projected to intensify in large ar-
eas of the Southwest, Great Plains, and the Southeast, and (b) that 
these same regions have experienced and are projected to experi-
ence continuing population and demand increases, confidence that 
these regions will become increasingly vulnerable to climate change 
is judged to be high.

Key message #8 Traceable accounT

Changes in precipitation and runoff, combined 
with changes in consumption and withdrawal, have 
reduced surface and groundwater supplies in many 
areas. These trends are expected to continue, in-
creasing the likelihood of water shortages for many 
uses. 

Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational 
document,1 Ch. 2: Our Changing Climate, Ch. 17: Southeast, Ch. 19: 
Great Plains, Ch. 20: Southwest, Ch. 23: Hawai‘i and Pacific Islands, 
and over 500 technical inputs on a wide range of topics that were 
received and reviewed as part of the Federal Register Notice solicita-
tion for public input.

Observed Trends: Observations suggest that the water cycle in the 
Southwest, Great Plains, and Southeast has been changing toward 
drier conditions (Ch. 17: Southeast).130,151,152 Furthermore, paleocli-
mate tree-ring reconstructions indicate that drought in previous cen-
turies has been more intense and of longer duration than the most 
extreme drought of the 20th and 21st centuries.40

Projected Trends and Consequences: Global Climate Model (GCM) 
projections indicate that this trend is likely to persist, with runoff 
reductions (in the range of 10% to 20% over the next 50 years) and 
intensifying droughts.48

The drying water cycle is expected to affect all human and ecologi-
cal water uses, especially in the Southwest. Decreasing precipitation, 
rising temperatures, and drying soils are projected to increase irriga-
tion and outdoor watering demand (which account for nearly 90% 
of consumptive water use) by as much as 34% by 2060 under the A2 
emissions scenario.99 Decreasing runoff and groundwater recharge 
are expected to reduce surface and groundwater supplies,66 increas-
ing the annual risk of water shortages from 25% to 50% by 2060.130 
Changes in streamflow timing will increase the mismatch of supply 
and demand. Earlier and declining streamflow and rising demands 
will make it more difficult to manage reservoirs, aquifers, and other 
water infrastructure.130 

Such impacts and consequences have been identified for several 
southwestern and western river basins including the Colorado,38 Rio 
Grande,126 and Sacramento-San Joaquin.127,128,129

New information and remaining uncertainties
The drying climate trend observed in the Southwest and Southeast in 
the last decades is consistent across all water cycle variables (precipi-
tation, temperature, snow cover, runoff, streamflow, reservoir levels, 
and soil moisture) and is not debatable. The debate is over whether 
this trend is part of a multi-decadal climate cycle and whether it will 
reverse direction at some future time. However, the rate of change 
and the comparative GCM assessment results with and without his-
torical CO2 forcing (Ch. 2: Our Changing Climate) support the view 
that the observed trends are due to both factors acting concurrently.

GCMs continue to be uncertain with respect to precipitation, but they 
are very consistent with respect to temperature. Runoff, streamflow, 
and soil moisture depend on both variables and are thus less sus-
ceptible to GCM precipitation uncertainty. The observed trends and 
the general GCM agreement that the southern states will continue 
to experience streamflow and soil moisture reductions34,41 provides 
confidence that these projections are robust.

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence is 
high that changes in precipitation and runoff, combined with changes 
in consumption and withdrawal, have reduced surface and ground-
water supplies in many areas. Confidence is high that these trends are 
expected to continue, increasing the likelihood of water shortages for 
many uses. 

Key message #9 Traceable accounT

Increasing flooding risk affects human safety and 
health, property, infrastructure, economies, and 
ecology in many basins across the U.S. 

Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational 
document,1 Ch. 2: Our Changing Climate, Ch. 21: Northwest, Ch. 19: 
Great Plains, Ch. 18: Midwest, Ch. 16: Northeast, and over 500 techni-
cal inputs on a wide range of topics that were received as part of the 
Federal Register Notice solicitation for public input.

Observed Trends: Very heavy precipitation events have intensified 
in recent decades in most U.S. regions, and this trend is projected to 
continue (Ch. 2: Our Changing Climate). Increasing heavy precipita-
tion is an important contributing factor for floods, but flood magni-
tude changes also depend on specific watershed conditions (including 
soil moisture, impervious area, and other human-caused alterations).  
There is, however, some correspondence among regions with signifi-
cant changes in annual precipitation (Ch. 2: Our Changing Climate), 
soil moisture (Figures 3.2 and 3.3), and annual flood magnitudes (Fig-
ure 3.5).58 

Flooding and seawater intrusion from sea level rise and increas-
ing storm surge threaten New York, Boston, Philadelphia, Virginia 
Beach, Wilmington, Charleston, Miami, Tampa, Naples, Mobile, 
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Houston, New Orleans, and many other coastal cities (Chapter 25: 
Coasts). 

Projected Trends: Projections of future flood-frequency changes re-
sult from detailed hydrologic60,133,135 and hydraulic models of rivers 
that simulate responses to projected precipitation and temperature 
changes from climate models. 

Consequences: Floods already affect human health and safety and 
result in substantial economic, ecological, and infrastructure dam-
ages. Many cities are located along coasts and, in some of these cities 
(including New York, Boston, Miami, Savannah, and New Orleans), sea 
level rise is expected to exacerbate coastal flooding issues by backing 
up flood flows and impeding flood-management responses (see Ch. 
16: Northeast and Ch. 25: Coasts).136

Projected changes in flood frequency and severity can bring new 
challenges in flood risk management. For urban areas in particular, 
flooding impacts critical infrastructure in ways that are difficult to 
foresee and can result in interconnected and cascading failures (for 
example, failure of electrical generating lines can cause pump failure, 
additional flooding, and failure of evacuation services). Increasing 
likelihood of flooding also brings with it human health risks associ-
ated with failure of critical infrastructure (Ch. 11: Urban),137 from wa-
terborne disease that can persist well beyond the occurrence of very 
heavy precipitation (Ch. 9: Human Health),139 from water outages 
associated with infrastructure failures that cause decreased sanitary 
conditions,138 and from ecosystem changes that can affect airborne 
diseases (Ch. 8: Ecosystems).140

New information and remaining uncertainties
Large uncertainties still exist as to how well climate models can rep-
resent and project future precipitation extremes. However, precipita-
tion extremes are expected to intensify as the atmosphere warms, 
and many floods result from larger portions of catchment areas re-
ceiving rain as snowlines recede upward. As rain runs off more quickly 
than snowfall, this results in increased flood potential; furthermore 
occasional rain-on-snow events exacerbate this effect. This trend is 
broadly expected to increase in frequency under general warming 
trends, particularly in mountainous catchments.62

Assessment of confidence based on evidence 
Future changes in flood frequencies and intensities will depend on a 
complex combination of local to regional climatic influences and on 
the details of complex surface-hydrologic conditions in each catch-
ment (for example, topography, land cover, and upstream manage-
ments). Consequently, flood frequency changes may be neither 
simple nor regionally homogeneous, and basin by basin projections 
may need to be developed. Nonetheless, early results now appearing 
in the literature have most often projected intensifications of flood 

regimes, in large part as responses to projections of more intense 
storms and more rainfall runoff from previously snowbound catch-
ments and settings.

Therefore, confidence is judged to be medium that increasing flood-
ing risk affects human safety and health, property, infrastructure, 
economies, and ecology in many basins across the U.S. 

Key message #10 Traceable accounT

In most U.S. regions, water resources managers 
and planners will encounter new risks, vulnerabili-
ties, and opportunities that may not be properly 
managed within existing practices.

Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational 
document,1 other chapters of the NCA, and over 500 technical inputs 
on a wide range of topics that were received as part of the Federal 
Register Notice solicitation for public input.

Observed and Projected Trends: Many U.S. regions are facing critical 
water management and planning challenges. Recent assessments il-
lustrate water management challenges facing California,127,128,129,149 
the Southwest,130,151 Southeast (Ch. 17: Southeast),136,152 North-
west,153 Great Plains,154 and Great Lakes.155

The Sacramento-San Joaquin Bay Delta is already threatened by 
flooding, seawater intrusion, and changing needs for environmental, 
municipal, and agricultural water uses. Managing these risks and uses 
requires reassessment of a very complex system of water rights, le-
vees, stakeholder consensus processes, reservoir system operations, 
and significant investments, all of which are subject to large uncer-
tainties.54,148 Given the projected climate changes in the Sacramen-
to-San Joaquin Bay Delta, adherence to historical management and 
planning practices may not be a long-term viable option,128,129 but the 
supporting science is not yet fully actionable,42 and a flexible legal 
and policy framework embracing change and uncertainty is lacking. 

The Apalachicola-Chattahoochee-Flint (ACF) River basin in Georgia, 
Alabama, and Florida supports a wide range of water uses and the 
regional economy, creating challenging water-sharing tradeoffs for 
the basin stakeholders. Climate change presents new stresses and 
uncertainties.152 ACF stakeholders are working to develop a manage-
ment plan that balances economic, ecological, and social values.160

New information and remaining uncertainties
Changes in climate, water demand, land use, and demography com-
bine to challenge water management in unprecedented ways. This is 
happening with a very high degree of certainty in most U.S. regions. 
Regardless of its underlying causes, climate change poses difficult 
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challenges for water management because it invalidates stationarity 
– the perception that climate varies around a predictable mean based 
on the experience of the last century – and increases hydrologic vari-
ability and uncertainty. These conditions suggest that past manage-
ment practices will become increasingly ineffective and that water 
management can benefit by the adoption of iterative, risk-based, and 
adaptive approaches. 

Assessment of confidence based on evidence 
The water resources literature is unanimous that water management 
should rely less on historical practices and responses and more on 
robust, risk-based, and adaptive decision approaches. 

Therefore confidence is very high that in most U.S. regions, water 
resources managers and planners will face new risks, vulnerabilities, 
and opportunities that may not be properly managed with existing 
practices. 

Key message #11 Traceable accounT

Increasing resilience and enhancing adaptive ca-
pacity provide opportunities to strengthen water 
resources management and plan for climate change 
impacts. Many institutional, scientific, economic, 
and political barriers present challenges to imple-
menting adaptive strategies. 

Description of evidence base
The key message and supporting chapter text summarizes extensive 
evidence documented in the inter-agency prepared foundational 
document1 and over 500 technical inputs on a wide range of topics 
that were received as part of the Federal Register Notice solicitation 
for public input.

There are many examples of adaptive strategies for water infra-
structure106,132,164,165 as well as strategies for demand management, 

land-use and watershed management, and use of “green” infrastruc-
ture.1,106,132,166,167

Building adaptive capacity ultimately increases the ability to develop 
and implement adaptation strategies and is considered a no-regrets 
strategy.1,169 Building networks, partnerships, and support systems 
has been identified as a major asset in building adaptive capacity (Ch. 
26: Decision Support; Ch. 28: Adaptation).170

Water utility associations have undertaken original research to better 
understand the implications of climate change on behalf of some of 
the largest municipal water utilities in the United States.119,156,176

Challenges include “stationarity” no longer being reliable as the cen-
tral assumption in water-resource planning,171 considerable uncer-
tainties, insufficient actionable science ready for practical application, 
the challenges of stakeholder engagement, and a lack of agreement 
on “post-stationarity” paradigms on which to base water laws, regu-
lations, and policies.42 Water administrators may find it necessary to 
develop more flexible water rights and regulations.132,172,173

New information and remaining uncertainties
Jurisdictions at the state and local levels are addressing climate 
change related legal and institutional issues on an individual basis. 
An ongoing assessment of these efforts may show more practical ap-
plications. 

Assessment of confidence based on evidence 
Confidence is very high that increasing resilience and enhancing 
adaptive capacity provide opportunities to strengthen water resourc-
es management and plan for climate change impacts. 

Confidence is very high that many institutional, scientific, economic, 
and political barriers present challenges to implementing adaptive 
strategies.
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Key Messages
1. Extreme weather events are affecting energy production and delivery facilities, causing supply  
 disruptions of varying lengths and magnitudes and affecting other infrastructure that depends  
 on energy supply. The frequency and intensity of certain types of extreme weather events are  
 expected to change.

2. Higher summer temperatures will increase electricity use, causing higher summer peak loads,  
 while warmer winters will decrease energy demands for heating. Net electricity use is projected  
 to increase.

3. Changes in water availability, both episodic and long-lasting, will constrain different forms of  
 energy production.

4. In the longer term, sea level rise, extreme storm surge events, and high tides will affect coastal  
 facilities and infrastructure on which many energy systems, markets, and consumers depend.

5. As new investments in energy technologies occur, future energy systems will differ from today’s  
 in uncertain ways. Depending on the character of changes in the energy mix, climate change will  
 introduce new risks as well as opportunities. 

ENERGY 
SUPPLY AND USE4

The U.S. energy supply system is diverse and robust in its abil-
ity to provide a secure supply of energy with only occasional in-
terruptions. However, projected impacts of climate change will 
increase energy use in the summer and pose additional risks 
to reliable energy supply. Extreme weather events and water 
shortages are already interrupting energy supply, and impacts 
are expected to increase in the future. Most vulnerabilities and 
risks to energy supply and use are unique to local situations; 
others are national in scope.

In addition to being vulnerable to the effects of climate change, 
electricity generation is a major source of the heat-trapping 

gases that contribute to climate change. Therefore, regulatory 
or policy efforts aimed at reducing emissions would also af-
fect the energy supply system. See Ch. 10: Energy, Water, and 
Land, Key Message 2; and Ch. 27: Mitigation for more on this 
topic. This chapter focuses on impacts of climate change to the 
energy sector.  

The impacts of climate change in other countries will also af-
fect U.S. energy systems through global and regional cross-
border markets and policies. Increased energy demand within 
global markets due to industrialization, population growth, 
and other factors will influence U.S. energy costs through 
competition for imported and exported energy products. The 
physical impacts of climate change on future energy systems 
in the 25- to 100-year timeframe will depend on how those en-
ergy systems evolve. That evolution will be driven by multiple 
factors, including technology innovations and carbon emission 
constraints.

Adaptation actions can allow energy infrastructure to adjust 
more readily to climate change. Many investments toward 
adaptation provide short-term benefits because they address 
current vulnerabilities as well as future risks, and thus entail 
“no regrets.” Such actions can include a focus on increased ef-
ficiency of energy use as well as improvements in the reliability 
of production and transmission of energy. The general concept 
of adaptation is presented in Chapter 28: Adaptation. 

Energy infrastructure around the country has been 
compromised by extreme weather events.
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Key Message 1: Disruptions from Extreme Weather

Extreme weather events are affecting energy production and delivery facilities, causing 
supply disruptions of varying lengths and magnitudes and affecting other infrastructure  

that depends on energy supply. The frequency and intensity of certain types  
of extreme weather events are expected to change.

Much of America’s energy infrastructure is vulnerable to ex-
treme weather events. Because so many components of U.S. 
energy supplies – like coal, oil, and electricity – move from 
one area to another, extreme weather events affecting energy 
infrastructure in one place can lead to supply consequences 
elsewhere.

Climate change has begun to affect the frequency, intensity, 
and length of certain types of extreme weather events.1,2,3 
What is considered an extreme weather or climate event var-
ies from place to place. Observed changes across most of the 
U.S. include increased frequency and intensity of extreme pre-
cipitation events, sustained summer heat, and in some regions, 
droughts and winter storms. The frequency of cold waves has 
decreased (Ch. 2: Our Changing Climate).

Projected climate changes include increases in various types 
of extreme weather events, particularly heat waves, wildfire, 
longer and more intense drought, more frequent and intense 
very heavy precipitation events, and extreme coastal high wa-
ter due to heavy-precipitation storm events coupled with sea 
level rise. Extreme coastal high water will increasingly disrupt 

infrastructure services in some locations.4 The frequency of 
cold waves is expected to continue decreasing. Disruptions 
in services in one infrastructure system (such as energy) will 
lead to disruptions in one or more other infrastructures (such 
as communications and transportation) that depend on other 
affected systems. Infrastructure exposed to extreme weather 
and also stressed by age or by demand that exceeds designed 
levels is particularly vulnerable (see Ch. 11: Urban).

Like much of the nation’s infrastructure affected by major 
weather events with estimated economic damages greater 
than $1 billion,5,6 U.S. energy facilities and systems, especially 
those located in coastal areas, are vulnerable to extreme 
weather events. Wind and storm surge damage by hurricanes 
already causes significant infrastructure losses on the Gulf 
Coast.

In 2005, damage to oil and gas production and delivery infra-
structure by Hurricanes Katrina and Rita affected natural gas, 
oil, and electricity markets in most parts of the United States. 4,7 
Market impacts were felt as far away as New York and New 
England,8,9 highlighting the significant indirect economic im-

pacts of climate-related events that 
go well beyond the direct damages 
to energy infrastructure.

Various aspects of climate change 
will affect and disrupt energy distri-
bution and energy production sys-
tems. It is projected that wildfires 
will affect extensive portions of 
California’s electricity transmission 
grid.10 Extreme storm surge events 
at high tides are expected to in-
crease,11 raising the risk of inundat-
ing energy facilities such as power 
plants, refineries, pipelines, and 
transmission and distribution net-
works. Rail transportation lines that 
carry coal to power plants, which 
produced 42% of U.S. electricity in 
2011, often follow riverbeds. More 
intense rainstorms can lead to river 
flooding that degrades or washes 
out nearby railroads and roadbeds, 
and increases in rainstorm intensity 
have been observed and are pro-
jected to continue.

Figure 4.1. A substantial portion of U.S. energy facilities is located on the Gulf Coast as 
well as offshore in the Gulf of Mexico, where they are particularly vulnerable to hurricanes 
and other storms and sea level rise. (Figure source: U.S. Government Accountability 
Office 2006).

Paths of Hurricanes Katrina and Rita Relative to  
Oil and Gas Production Facilities
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By learning from previous events, offshore operations can be 
made more resilient to the impacts of hurricanes. During Hur-
ricane Isaac in August 2012, the U.S. Bureau of Safety and En-
vironmental Enforcement reported that oil and gas production 
was safely shut down and restarted within days of the event.12

The geographical diversification of energy sources away from 
hurricane-prone areas such as the Gulf of Mexico has reduced 
vulnerability to hurricanes. The U.S. Energy Information Ad-
ministration (EIA) reports that the percentage of natural gas 
production from the Gulf of Mexico shifted from 20% in 2005 
to 7% in 2012.13 This is due to the development of shale gas 
production in other parts of the United States.

Key Message 2: Climate Change and Seasonal Energy Demands

Higher summer temperatures will increase electricity use, causing higher summer peak 
 loads, while warmer winters will decrease energy demands for heating. Net  

electricity use is projected to increase.

Over the last 20 years, annual average temperatures typically 
have been higher than the long-term average; nationally, tem-
peratures were above average during 12 of the last 14 sum-
mers (Ch. 2: Our Changing Climate).2 These increased tempera-
tures are already affecting the demand for energy needed to 
cool buildings in the United States.

Average temperatures have increased in recent decades. In 
response, the Energy Information Administration began us-
ing 10-year average weather data instead of 30-year average 
weather data in order to estimate energy demands for heating 
and cooling purposes. The shorter period is more consistent 
with the observed trend of warmer winters and summers,14 
but is still not necessarily optimal for anticipating near-term 
temperatures.17

While recognizing that many factors besides climate change af-
fect energy demand (including population changes, economic 

conditions, energy prices, consumer behavior, conservation 
programs, and changes in energy-using equipment), increases 
in temperature will result in increased energy use for cooling 
and decreased energy use for heating. These impacts differ 
among regions of the country and indicate a shift from pre-
dominantly heating to predominantly cooling in some regions 
with moderate climates. For example, in the Northwest, en-
ergy demand for cooling is projected to increase over the next 
century due to population growth, increased cooling degree 
days, and increased use of air conditioners as people adapt to 
higher temperatures.19 Population growth is also expected to 
increase energy demand for heating. However, the projected 
increase in energy demand for heating is about half as much 
when the effects of a warming climate are considered along 
with population growth.19 

Demands for electricity for cooling are expected to increase 
in every U.S. region as a result of increases in average tem-

peratures and high temperature extremes. 
The electrical grid handles virtually the en-
tire cooling load, while the heating load is 
distributed among electricity, natural gas, 
heating oil, passive solar, and biofuel. In 
order to meet increased demands for peak 
electricity, additional generation and distri-
bution facilities will be needed, or demand 
will have to be managed through a variety 
of mechanisms. Electricity at peak demand 
typically is more expensive to supply than 
at average demand.21 Because the balance 
between heating and cooling differs by lo-
cation, the balance of energy use among 
delivery forms and fuel types will likely 
shift from natural gas and fuel oil used for 
heating to electricity used for air condition-
ing. In hotter conditions, more fuel and en-
ergy are required to generate and deliver 
electricity, so increases in air conditioning 
use and shifts from heating to cooling in re-
gions with moderate climates will increase 
primary energy demands.4

Figure  4.2. The amount of energy needed to cool (or warm) buildings is proportional 
to cooling (or heating) degree days. The figure shows increases in population-weighted 
cooling degree days, which result in increased air conditioning use, and decreases 
in population-weighted heating degree days, meaning less energy required to heat 
buildings in winter, compared to the average for 1970-2000. Cooling degree days are 
defined as the number of degrees that a day’s average temperature is above 65ºF, 
while heating degree days are the number of degrees a day’s average temperature 
is below 65ºF. As shown, the increase in cooling needs is greater than the decrease 
in heating needs (Data from NOAA NCDC 201216). 

Increase in Cooling Demand and Decrease in Heating Demand
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Climate-related temperature shifts 
are expected to cause a net increase 
in residential electricity use.21,22 In-
creased electricity demands for cool-
ing will exceed electricity savings re-
sulting from lower energy demands 
for heating. One study examining 
state-level energy consumption, 
weather data, and high emission 
scenarios (A2 and A1FI; Appendix 3: 
Climate Science Supplement) found 
a net increase of 11% in residential 
energy demand.23 Another study 
reported annual increases in net 
energy expenditures for cooling and 
heating of about 10% ($26 billion in 
1990 U.S. dollars) by the end of this 
century for 4.5°F of warming, and 
22% ($57 billion in 1990 dollars) for 
overall warming of about 9°F.24 New 
energy-efficient technology could 
help to offset growth in demand.

Several studies suggest that if sub-
stantial reductions in emissions of 
heat-trapping gases were required, 
the electricity generating sector 
would switch to using alternative 
(non-fossil) fuel sources first, given 
the multiple options available to gen-
erate electricity from sources that do 
not emit heat-trapping gases, such as 
wind and solar power. Under these 
circumstances, electricity would 
displace direct use of fossil fuels for 
some applications, such as heating, 
to reduce overall emissions of heat-
trapping gases.25,26 The implications 
for peak electricity demand could be 
significant. In California, for example, 
the estimated increase in use of elec-
tricity for space heating would shift 
the peak in electricity demand from 
summer to winter.27 In addition, the 
fact that electricity from wind and 
solar is highly variable and may not 
be available when needed has the 
potential to decrease the reliability 
of the electricity system. However, 
some initial studies suggest that a 
well-designed electricity system 
with high penetration of renewable 
sources of energy should not de-
crease reliability (for example, Hand 
et al. 201228).

Figure 4.3. These maps show projected average changes in cooling degree days for two 
future time periods: 2021-2050 and 2070-2099 (as compared to the period 1971-2000). The 
top panel assumes climate change associated with continued increases in emissions of 
heat-trapping gases (A2), while the bottom panel assumes significant reductions (B1). The 
projections show significant regional variations, with the greatest increases in the southern 
United States by the end of this century under the higher emissions scenario. Furthermore, 
population projections suggest continued shifts toward areas that require air conditioning 
in the summer, thereby increasing the impact of temperature changes on increased energy 
demand.18 (Figure source: NOAA NCDC / CICS-NC).

Increase in Numbers of Cooling Degree Days

Table 4.1. Hotter and longer summers will increase the amount of electricity necessary to run air conditioning, 
especially in the Southeast and Southwest. Warmer winters will decrease the amount of natural gas required to 
heat buildings, especially in the Northeast, Midwest, and Northwest. Table information is adapted from multi-model 
means from 8 NARCCAP regional climate simulations for the higher emissions scenario (A2) considered in this 
report and is weighted by population. (Source: adapted from Regional Climate Trends and Scenarios reports20)

Changing Energy Use for Heating and Cooling Will Vary by Region

Consequences: Challenges and Opportunities
Region Cooling Heating

Physical Impacts - 
High Likelihood

Hotter and Longer Summers 
Number of additional extreme hot days 
(> 95°F) and % increase in cooling de-
gree days per year in 2041-2070 above 

1971-2000 level

Warmer Winters 
Number of fewer extreme cold 

days (< 10°F) and % decrease in 
heating degree days per year in 

2041-2070 below 1971-2000 level

Northeast +10 days, +77% -12 days, -17%

Southeast +23 days, +43% -2 days, -19%

Midwest +14 days, +64% -14 days, -15%

Great Plains +22 days, +37% -4 days, -18%

Southwest +20 days, +44% -3 days, -20%

Northwest +5 days, +89% -7 days, -15%

Alaska Not studied Not studied

Pacific Islands Not studied Not studied
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Key Message 3: Implications of Less Water for Energy Production

Changes in water availability, both episodic and long-lasting,  
will constrain different forms of energy production.

Producing energy from fossil fuels (coal, oil, and natural gas), 
nuclear power, biofuels, hydropower, and some solar power 
systems often requires adequate and sustainable supplies of 
water. Issues relatableted to water, including availability and 
restrictions on the temperature of cooling water returned to 
streams, already pose challenges to production from exist-
ing power plants and the ability to obtain permits to build 
new facilities (Ch. 10: Energy, Water, and Land).21,29,30

In the future, long-term precipitation changes, drought, and 
reduced snowpack are projected to alter water availability 
(Ch. 3: Water). Recent climate data indicate a national average 
increase in annual precipitation, owing to significant increases 
across the central and northeastern portions of the nation and 
a mix of increases and decreases elsewhere (Ch. 2: Our Chang-
ing Climate, Figure 2.12). Projected changes in precipitation are 
small in most areas of the United States, but vary both season-
ally and regionally (Figure 4.4). The number of heavy down-
pours has generally increased and 
is projected to increase for all re-
gions (Ch 2: Our Changing Climate, 
Figures 2.16, 2.17, 2.18, and 2.19). 

Different analyses of observed 
changes in dry spell length do not 
show clear trends,31 but longer dry 
spells are projected in southern 
regions and the Northwest (Ch. 2: 
Our Changing Climate, Figure 2.13) 
as a result of projected large-scale 
changes in circulation patterns.

Regional or seasonal water con-
straints, particularly in the South-
west and Southeast, will result 
from chronic or seasonal drought, 
growing populations, and increas-
ing demand for water for various 
uses (Ch. 2: Our Changing Cli-
mate; Ch. 10: Energy, Water, and 
Land).29,32 Reduced availability of 
water for cooling, for hydropower, 
or for absorbing warm water dis-
charges into water bodies without 
exceeding temperature limits, 
will continue to constrain power 

production at existing facilities and permitting of new power 
plants. Increases in water temperatures may reduce the effi-
ciency of thermal power plant cooling technologies, potentially 
leading to warmer water discharge from some power plants, 
which in turn can affect aquatic life. Studies conducted during 
2012 indicate that there is an increasing likelihood of water 
shortages limiting power plant electricity production in many 
regions.21,33 

Hydropower plants in the western United States depend 
on the seasonal cycle of snowmelt to provide steady output 
throughout the year. Expected reductions in snowpack in parts 
of the western U.S. will reduce hydropower production. There 
will also be increases in energy (primarily electricity) demand 
in order to pump water for irrigated agriculture and to pump 
and treat water for municipal uses.21

Figure 4.4. Climate change affects precipitation patterns as well as temperature patterns. The 
maps show projected changes in average precipitation by season for 2041–2070 compared to 
1971–1999, assuming emissions of heat-trapping gases continue to rise (A2 scenario). Note 
significantly drier conditions in the Southwest in spring and Northwest in summer, as well as 
significantly more precipitation (some of which could fall as snow) projected for northern areas 
in winter and spring. Hatched areas indicate that the projected changes are significant and 
consistent among models. White areas indicate that the changes are not projected to be larger 
than could be expected from natural variability. (Figure source: NOAA NCDC / CICS-NC).

Projected Changes in Seasonal Precipitation
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The Electric Power Research Institute’s (EPRI) scenario-based 
technical projections of water demand in 2030 find that one-
quarter of existing power generation facilities (about 240,000 
megawatts) nationwide are in counties that face some type 

of water sustainability issue.34 Many regions face water sus-
tainability concerns, with the most significant water-related 
stresses in the Southeast, Southwest, and Great Plains regions 
(Ch. 3: Water).34 

Key Message 4: Sea Level Rise and Infrastructure Damage

In the longer term, sea level rise, extreme storm surge events, and high tides will  
affect coastal facilities and infrastructure on which many energy systems,  

markets, and consumers depend.

Significant portions of the nation’s energy pro-
duction and delivery infrastructure are in low-
lying coastal areas; these facilities include oil and 
natural gas production and delivery facilities, 
refineries, power plants, and transmission lines.

Global sea level has risen by about 8 inches since 
reliable record keeping began in 1880, affecting 
countries throughout the world, including the 
United States. The rate of rise increased in recent 
decades and is not expected to slow. Global aver-
age sea level is projected to rise 1 to 4 feet by 
2100 and is expected to continue to rise well be-
yond this century (Ch. 2: Our Changing Climate). 
Sea level change at any particular location can 
deviate substantially from this global average 
(Ch. 2: Our Changing Climate).35

Rising sea levels, combined with normal and 
potentially more intense coastal storms, an in-
crease in very heavy precipitation events, and 
local land subsidence, threaten coastal energy 
equipment as a result of inundation, flooding, 
and erosion. This can be compounded in areas 
that are projected to receive more precipitation. 
In particular, sea level rise and coastal storms 
pose a danger to the dense network of Outer 
Continental Shelf marine and coastal facilities in 
the central Gulf Coast region.36 Many of Califor-
nia’s power plants are at risk from rising sea lev-
els, which result in more extensive coastal storm 
flooding, especially in the low-lying San Francisco 
Bay area (Figure 4.5). Power plants and energy 
infrastructure in coastal areas throughout the 
United States face similar risks.

Figure 4.5. Rising sea levels will combine with storm surges and high tides to 
threaten power-generating facilities located in California coastal communities 
and around the San Francisco Bay. Sea level rise and more intense heavy 
precipitation events increase the risk of coastal flooding and damages to 
infrastructure (Ch. 3: Water). (Figure source: Sathaye et al. 201137).

California Power Plants Potentially at 
Risk from Sea Level Rise
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Key Message 5: Future Energy Systems

As new investments in energy technologies occur, future energy systems will differ from 
today’s in uncertain ways. Depending on the character of changes in the energy mix,  

climate change will introduce new risks as well as opportunities. 

Countless aspects of the U.S. economy today are supported 
by reliable, affordable, and accessible energy supplies. Elec-
tricity and other forms of energy are necessary for telecom-
munications, water and sewer systems, banking, public safety, 
and more. Today’s energy systems vary significantly by region, 
however, with differences in climate-related impacts also in-
troducing considerable variation by locale. Table 4.3 shows 
projected impacts of climate change on, and potential risks 
to, energy systems as they currently exist in different regions. 
Most vulnerabilities and risks for energy supply and use are 
unique to local situations, but others are national in scope. For 
example, biofuels production in three regions (Midwest, Great 
Plains, and Southwest) could be affected by the projected de-
crease in precipitation during the critical growing season in 
the summer months (Ch. 10: Energy, Water, and Land; Ch. 7: 
Forests).

One certainty about future energy systems is that they will be 
different than today’s, but in ways not yet known. Many uncer-
tainties – financial, economic, regulatory, technological, and so 
on – will affect private and public consumption and investment 
decisions on energy fuels, infrastructure, and systems. Energy 
systems will evolve over time, depending upon myriad choices 
made by countless decision-makers responding to changing 
conditions in markets, technologies, policies, consumer pref-
erences, and climate. A key challenge to understanding the na-
ture and intensity of climate change impacts on future energy 
systems is the amount of uncertainty regarding future choices 
about energy technologies and their deployment. An evolving 
energy system is also an opportunity to develop an energy 
system that is more resilient and less vulnerable to climate 
change.

Very different future energy supply portfolios are possible 
depending upon key economic assumptions, including what 
climate legislation may look like,14,25,34 and whether significant 
changes in consumption patterns occur for a variety of other 
reasons. Renewable energy sources, including solar, wind, 
hydropower, biofuels, and geothermal are meeting a growing 
portion of U.S. demand, and there is the opportunity for this 
contribution to increase in the future (Ch. 6: Agriculture; Ch. 
7: Forests). This fundamental uncertainty about the evolving 

character of energy systems contributes another layer of com-
plexity to understanding how climate change will affect energy 
systems. 

As they consider actions to enhance the resiliency of energy 
systems, decision-makers confront issues with current energy 
systems as well as possible future configurations. The systems 
will evolve and will be more resilient over time if actions tied 
to features of today’s systems do not make future systems less 
resilient as a result. For example, if moving toward biomass as 
an energy source involves more water-consumptive energy 
supplies that could be constrained by drier future climate con-
ditions, then decisions about energy choices should be made 
with consideration of potential changes in climate conditions 
and the risks these changes present (See Ch. 26: Decision Sup-
port).

Because energy systems in the United States are not centrally 
planned, they tend to reflect energy decisions shaped by law, 
regulation, other policies, and economic, technological, and 
other factors in markets. Trends in use patterns may continue 
into the future; this is an opportunity to increase resilience but 
also a major uncertainty for energy utilities and policy makers. 
Energy infrastructure tends to be long-lived, so resiliency can 
be enhanced by more deliberate applications of risk-manage-
ment techniques and information about anticipated climate 
impacts and trends.38

For example, risk-management approaches informed by evolv-
ing climate conditions could be used to project the value of 
research and development on, or investments in, construction 
of dikes and barriers for coastal facilities or for dry-cooling 
technologies for power plants in regions where water is al-
ready in short supply. Solar and wind electricity generation fa-
cilities could be sited in areas that are initially more expensive 
(such as offshore areas) but less subject to large reductions in 
power plant output resulting from climatic changes. Targets 
for installed reserve margins for electric generating capacity 
and capacity of power lines can be established using certain 
temperature expectations, but adjusted as conditions unfold 
over time.
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Possible Climate Resilience and Adaptation Actions in Energy Sector

Possible Actions
Extreme 
Weather 
Events

Increase 
in Peak 
Energy 
Loads

Water 
Constraints 
on Energy 
Production

Sea 
Level 
Rise

Supply: System and Operational Planning
Diversifying supply chains X X X X

Strengthening and coordinating emergency response plans X X X

Providing remote/protected emergency-response coordination centers X

Developing flood-management plans or improving stormwater management X X

Developing drought-management plans for reduced cooling flows X

Developing hydropower management plans/policies addressing extremes X

Supply: Existing Equipment Modifications
Hardening/building redundancy into facilities X X

Elevating water-sensitive equipment or redesigning elevation of intake struc-
tures X X

Building coastal barriers, dikes, or levees X X

Improving reliability of grid systems through back-up power supply, intelligent 
controls, and distributed generation X X X

Insulating equipment for temperature extremes X
References to technical studies with case studies on many of these topics may be found in Wilbanks et al. 2012.4

Implementing dry (air-cooled) or low-water hybrid (or recirculating) cooling 
systems for power plants X

Adding technologies/systems to pre-cool water discharges X

Using non-fresh water supplies: municipal effluent, brackish or seawater X

Relocating vulnerable facilities X X X

Supply: New Equipment
Adding peak generation, power storage capacity, and distributed generation X X X X

Adding back-up power supply for grid interruptions X X X

Increasing transmission capacity within and between regions X X X X

Use: Reduce Energy Demand
Improving building energy, cooling-system and manufacturing efficiencies, 
and demand-response capabilities (for example, smart grid) X X

Setting higher ambient temperatures in buildings X X

Improving irrigation and water distribution/reuse efficiency X X

Allowing flexible work schedules to transfer energy use to off-peak hours X

A range of climate change impacts will affect future energy production. This table shows possible ways to anticipate and respond to 
these changes. Innovations in technologies may provide additional opportunities and benefits to these and other adaptation actions. 
Behavioral change by consumers can also promote resiliency.

Table 4.2 summarizes actions that can be taken to increase the ease with which energy systems can adjust to climate change. Many 
of these adaptation investments entail “no regrets” actions, providing short-term benefits because they address current vulnerabilities 
as well as future risks.

Key Challenges Addressed
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Energy Supply: Summary of National and Regional Impacts, Challenges, and Opportunities
Consequencesa: Challenges and Opportunities

Fuel Extraction, Production 
and Refining Fuel 

Distribution
Transport/
Pipelines

Electricity Generation
Electricity 

Distribution
Hydrocarbonsb Biofuels Thermal Power Generationc

Physical 
Impacts – 

High  
Likelihood

Increased Ambient 
Temperature of Air 

and Water

Increased 
Extremes in 

Water  
Availability

Coastal Erosion 
and Sea Level 

Rise

Increased 
Ambient Tem-
perature of Air 

and Water

Increased 
Extremes in 

Water  
Availability

Coastal 
Erosion 
and Sea 

Level Rise

Hot Summer 
Periods

National 
Trend  

Summaryf  

Consequence

Decreased  
Production and 

Refining Capacity

Decreased 
Agricultural 

Yields

Damage to 
Facilities

Reduced 
Plant 

Efficiency 
and Cooling 

Capacity

Interruptions 
to Cooling 
Systems

Damage to 
Facilities

Reduced Ca-
pacity/Damage 

to Lines

Key Indicator
(2071-2099 vs. 

1971-2000)

Mean Annual 
Temperatured

Summer 
Precipitationd

Sea level Risee 
(2100)

Mean  
Annual  

Temperatured

Summer 
Precipitationd

Sea Level 
Risee 
(2100)

# Days>90°Ff,g 
(2055)

Northeast +4°F to 9°F -5% to +6%

1.6–3.9 ft
(0.5–1.2m)

+4°F to 9°F -5% to +6%

1.6–3.9 ft.
(0.5–1.2m)

+13 days

Southeast +3°F to  8°F -22% to  +10% +3°F to  8°F -22% to  +10% +31 days

Midwest +4°F to  10°F -22% to +7% +4°F to  10°F -22% to  +7% +19 days

Great Plains +3°F to  9°F -27% to  +5% +3°F to  9°F -27% to  +5% +20 days

Southwest +4°F to  9°F -13% to  +3% +4°F to 9°F -13% to  +3% +24 days

Northwest +3°F to  8°F -34% to  -4% +3°F to  8°F -34% to  -4% +4 days

Alaska +4°F to 9°F +10% to  +25% +4°F to 9°F +10% to  
+25% No Projection

Pacific  
Islands +2°F to 5°F

Range from 
little change to 

increases
+2°F to 5°F

Range from 
little change to 

increases
No Projection

Notes
a) Excludes extreme weather events.
b) Hydrocarbons include coal, oil, and gas including shales.
c) Thermal power generation includes power plants fired from nuclear, coal, gas, oil, biomass fuels, solar thermal, and geothermal energy.
d) CMIP3 15 GCM Models: 2070–2099 Combined Interquartile Ranges of SRES B1 and A2 (versus 1971–2000), incorporating uncertainties from both 

differences in model climate sensitivity and differences between B1 and A2 in emissions trajectories
e) Range of sea level rise for 2100 is the Low Intermediate to High Intermediate Scenario from “Sea Level Change Scenarios for the U.S. National 

Climate Assessment.”
35

 Range is similar to the 1 to 4 feet of sea level rise projected in Ch. 2: Our Changing Climate, Key Message 10. There will 
be regional variations in sea level rise, and this category of impacts does not apply for the Midwest region.

f) 2055 NARCCAP
g) References:

 4,25
 

Table 4.3. Increased temperatures, changing precipitation patterns, and sea level rise will affect many sectors and regions, including 
energy production, agriculture yields, and infrastructure damage. Changes are also projected to affect hydropower, solar photovoltaic, 
and wind power, but the projected impacts are not well defined at this time.
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SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS

4: ENERGY SUPPLY AND USE

Process for Developing Key Messages: 
The author team met bi-weekly by teleconference during the 
months of March through July 2012. Early in the development 
of key messages and a chapter outline, the authors reviewed all 
of the four dozen relevant technical input reports that were re-
ceived in response to the Federal Register solicitation for pub-
lic input. Selected authors participated in a U.S. Department of 
Energy (DOE) sponsored workshop on Energy Supply and Use, 
December 29-30, 2011, in Washington, D.C. The workshop was 
organized specifically to inform a DOE technical input report and 
this National Climate Assessment and to engage stakeholders in 
this process. The authors selected key messages based on the risk 
and likelihood of impacts, associated consequences, and available 
evidence. Relevance to decision support within the energy sector 
was also an important criterion.

The U.S. maintains extensive data on energy supply and use. The 
Energy Information Administration (EIA) of the U.S. Department 
of Energy is a primary organization in this activity, and data with 
quality control, quality assurance, and expert review are available 
through EIA Web pages (for example, EIA 2012, EIA 2013

39
).

Key message #1 Traceable accounT

Extreme weather events are affecting energy 
production and delivery facilities, causing supply 
disruptions of varying lengths and magnitudes and 
affecting other infrastructure that depends on en-
ergy supply. The frequency and intensity of certain 
types of extreme weather events are expected to 
change.

Description of evidence base
A series of NCA workshops reviewed potential influences of climate 
change thus far on the frequency and intensity of certain types 
of extreme events.

3
 Numerous past extreme events demonstrate 

damage to energy facilities and infrastructure. Data assembled 
and reviewed by the Federal Government summarize typical costs 
associated with damage to energy facilities by extreme events.

5
 

State and regional reports as well as data provided by public utili-
ties document specific examples.

4,9,10,26

Damage to Gulf Coast energy facilities and infrastructure by Hur-
ricanes Katrina and Rita in 2005 provides excellent examples to 
support this key message.

8,9
 Wildfire also damages transmission 

grids.
10

The authors benefited from Agency-sponsored technical input re-
ports summarizing relevant data and information on energy supply 
and use as well as urban systems and infrastructure.

4,21,25
 A num-

ber of other technical input reports were relevant as well. These 
were reviewed carefully, particularly with regard to the identifica-
tion of key messages.

New information and remaining uncertainties
The information provided through a series of NCA workshops pro-
vided new (and current) evidence for influences of climate change 
on the frequency and intensity of extreme events. The summa-
ries from those workshops provide succinct evidence that certain 
extreme events that damage energy facilities and infrastructure 
can be expected to increase in number and intensity with climate 
change (for example, Peterson et al. 2012

3
). Documentation of 

damage to energy facilities and infrastructure continues to accu-
mulate, increasing confidence in this key message.

5,14

The regional and local character of extreme events varies substan-
tially, and this variability is a source of significant uncertainty re-
garding the impacts of climate change and consequences in terms 
of damage to energy facilities by extreme events. Additionally, 
damage to energy infrastructure in a specific location can have 
far-reaching consequences for energy production and distribution, 
and synthesis of such indirect consequences for production and 
distribution does not yet support detailed projections.

Assessment of confidence based on evidence 
High. There is high consensus with moderate evidence that ex-
treme weather events associated with climate change will increase 
disruptions of energy infrastructure and services in some loca-
tions.
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Key message #2 Traceable accounT

Higher summer temperatures will increase elec-
tricity use, causing higher summer peak loads, while 
warmer winters will decrease energy demands for 
heating. Net electricity use is projected to increase.

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the energy supply and use technical input.

4
 

Global climate models simulate increases in summer tempera-
tures, and the NCA climate scenarios

2,20
 describe this aspect of 

climate change projections for use in preparing this report (Ch. 2: 
Our Changing Climate). Data used by Kunkel et al.

2
 and Census 

Bureau population data, synthesized by the EIA,
15

 were the basis 
for calculating population-weighted heating and cooling degree-
days over the historic period as well as projections assuming SRES 
B1 and A2 scenarios. 

The NCA climate scenarios
2
 project an increase in the number of 

cooling days and decrease in heating days, with peak electricity 
demand in some regions shifting from winter to summer

27
 and 

shifting to electricity needs for cooling instead of fossil fuels for 
heating.

25,26,27

New information and remaining uncertainties
While there is little uncertainty that peak electricity demands will 
increase with warming by climate change, substantial regional 
variability is expected. Climate change projections do not provide 
sufficient spatial and temporal detail to fully analyze these con-
sequences. Socioeconomic factors including population changes, 
economic conditions, and energy prices, as well as technological 
developments in electricity generation and industrial equipment, 
will have a strong bearing on electricity demands, specific to each 
region of the country. 

Assessment of confidence based on evidence 
High.Assuming specific climate change scenarios, the conse-
quences for heating and cooling buildings are reasonably predict-
able, especially for the residential sector. With a shift to higher 
summer demands for electricity, peak demands for electricity 
can be confidently expected to increase.

Key message #3 Traceable accounT

Changes in water availability, both episodic and 
long-lasting, will constrain different forms of en-
ergy production.

Description of evidence base
Climate scenarios prepared for the NCA

2
 describe decreases in 

precipitation under the SRES A2 scenario, with the largest de-
creases across the Northwest and Southwest in the spring and 
summer.

Technical input reports (for example, Wilbanks et al.
4,21

)
 
summa-

rize data and studies show that changes in water availability will 
affect energy production,

33
 and more specifically, that water short-

ages will constrain electricity production (Ch. 2: Our Changing Cli-
mate).

29,32
 The impacts of drought in Texas during 2011 are an 

example of the consequences of water shortages for energy pro-
duction as well as other uses (Ch. 10: Energy, Water, and Land). 
Electric utility industry reports document potential consequences 
for operation of generating facilities.

34
 A number of power plants 

across the country have experienced interruptions due to water 
shortages.

New information and remaining uncertainties
An increasing number of documented incidents of interruptions in 
energy production due to water shortages provide strong evidence 
that decreased precipitation or drought will have consequences for 
energy production.

21

There is little uncertainty that water shortages due to climate 
change will affect energy production. But uncertainty about 
changes in precipitation and moisture regimes simulated by global 
climate models is significantly higher than for simulated warm-
ing. Additionally, climate change simulations lack the spatial and 
temporal detail required to analyze the consequences for water 
availability at finer scales (for example, local and regional). Finer-

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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scale projections would be relevant to decisions about changes in 
energy facilities to reduce risk or adapt to water shortages associ-
ated with climate change.

Assessment of confidence based on evidence 
High. The evidence is compelling that insufficient water availabil-
ity with climate change will affect energy production; however, 
simulations of climate change lack the detail needed to provide 
more specific information for decision support.

Key message #4 Traceable accounT

In the longer term, sea level rise, extreme storm 
surge events, and high tides will affect coastal fa-
cilities and infrastructure on which many energy 
systems, markets, and consumers depend.

Description of evidence base
The sea level change scenario report prepared for the NCA (see 
also Ch. 2: Our Changing Climate)

35
 provides further information 

about sea level change. Extreme surge events at high tides are ex-
pected to increase,

11
 raising the risk of inundating energy facilities 

such as power plants, refineries, pipelines, and transmission and 
distribution networks (for example, Sathaye et al. 2013

10
) Data 

available through the EIA (for example, EIA 2010
15

 provide high-
quality information about the locations and distribution of energy 
facilities.

A substantial portion of the nation’s energy facilities and infra-
structure are located along coasts or offshore, and sea level rise 
will affect these facilities (Ch. 25: Coasts; Ch. 17: Southeast; Ch. 
5: Transportation).

4,10,21,36
 

New information and remaining uncertainties
Projections of sea level change are relatively uncertain compared 
to other aspects of climate change. More importantly, there will 
be substantial regional and local variability in sea level change, 
and facilities in locations exposed to more frequent and intense 
extreme wind and precipitation events will be at higher risk. Data 
and analyses to understand regional and local sea level change 
are improving, but substantial uncertainty remains and decision 
support for adaptation is challenged by these limitations.

Assessment of confidence based on evidence 
High. There is high confidence that increases in global mean sea 
level, extreme surge events, and high tides will affect coastal en-
ergy facilities; however, regional and local details are less certain. 

Key message #5 Traceable accounT

As new investments in energy technologies oc-
cur, future energy systems will differ from today’s 
in uncertain ways. Depending on the character of 
changes in the energy mix, climate change will in-
troduce new risks as well as opportunities. 

Description of evidence base
A number of studies describe U.S. energy system configurations 
in terms of supply and use assuming different scenarios of climate 
change, including SRES B1 and A2.

14,25,34
 A technical input report 

to the NCA by DOE
4,21

 provides details and updates earlier studies. 
The potential role of biofuels is described within chapters 6 and 7 
of this report (Ch. 6: Agriculture; Ch. 7: Forests).

New information and remaining uncertainties
Understanding of options for future energy supply and use within 
the U.S. improves, as the EIA and other organizations update data 
and information about U.S. energy systems as well as projections 
of the mix of primary energy under various assumptions about 
demographic, economic, and other factors. With additional data 
and better models, alternative energy mixes can be explored with 
respect to climate change adaptation and mitigation. But numer-
ous factors that are very difficult to predict – financial, economic, 
regulatory, technological – affect the deployment of actual facili-
ties and infrastructure. 

Assessment of confidence based on evidence 
High. Given the evidence about climate change impacts and re-
maining uncertainties associated with the future configuration of 
energy systems and infrastructure, there is high confidence that 
U.S. energy systems will evolve in ways that affect risk with re-
spect to climate change and options for adaptation or mitigation.
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Key Messages
1. The impacts from sea level rise and storm surge, extreme weather events, higher temperatures  
 and heat waves, precipitation changes, Arctic warming, and other climatic conditions are   
 affecting the reliability and capacity of the U.S. transportation system in many ways. 

2. Sea level rise, coupled with storm surge, will continue to increase the risk of major coastal  
 impacts on transportation infrastructure, including both temporary and permanent flooding of  
 airports, ports and harbors, roads, rail lines, tunnels, and bridges.

3. Extreme weather events currently disrupt transportation networks in all areas of the country;  
 projections indicate that such disruptions will increase.

4. Climate change impacts will increase the total costs to the nation’s transportation systems and  
 their users, but these impacts can be reduced through rerouting, mode change, and a wide range  
 of adaptive actions.

TRANSPORTATION5

The U.S. economy depends on the personal and freight mobil-
ity provided by the country’s transportation system. Essential 
products and services like energy, food, manufacturing, and 
trade all depend in interrelated ways on the reliable function-
ing of these transportation components. Disruptions to trans-
portation systems, therefore, can cause large economic and 
personal losses.1 The national transportation system is com-
posed of four main components that are increasingly vulner-
able to climate change impacts:

•	 fixed node infrastructure, such as ports, airports, and 
rail terminals;

•	 fixed route infrastructure, such as roads, bridges, pe-
destrian/bicycle trails and lanes, locks, canals/channels, 
light rail, subways, freight and commuter railways, and 
pipelines, with mixed public and private ownership and 
management;

•	 vehicles, such as cars, transit buses, and trucks; transit 
and railcars and locomotives; ships and barges; and air-
craft – many privately owned; and

•	 the people, institutions, laws, policies, and information 
systems that convert infrastructure and vehicles into 
working transportation networks. 

Besides being affected by climate changes, transportation 
systems also contribute to changes in the climate through 
emissions. In 2010, the U.S. transportation sector accounted 
for 27% of total U.S. greenhouse gas emissions, with cars and 
trucks accounting for 65% of that total.2 Petroleum accounts 
for 93% of the nation’s transportation energy use.2 This means 
that policies and behavioral changes aimed at reducing green-

house gas emissions will have significant implications for the 
various components of the transportation sector.   

Weather events influence the daily and seasonal operation 
of transport systems.3,4,5 Transportation systems are already 
experiencing costly climate change related impacts. Many in-
land states – for example, Vermont, Tennessee, Iowa, and Mis-
souri – have experienced severe precipitation events, hail, and 
flooding during the past three years, damaging roads, bridges, 
and rail systems and the vehicles that use them. Over the com-
ing decades, all regions and modes of transportation will be 
affected by increasing temperatures, more extreme weather 
events, and changes in precipitation. Concentrated transpor-
tation impacts are likely in 
Alaska and along seacoasts. 

Climate trends affect the de-
sign of transport infrastruc-
ture, which is expensive and 
designed for long life (typically 
50 to 100 years). The estimat-
ed value of U.S. transportation 
facilities in 2010 was $4.1 tril-
lion.6 As climatic conditions 
shift, portions of this infra-
structure will increasingly be 
subject to climatic stresses 
that will reduce the reliability 
and capacity of transportation 
systems.7 Transportation sys-
tems are also vulnerable to 
interruptions in fuel and elec-
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5: TRANSPORTATION

tricity supply, as well as communications disruptions – which 
are also subject to climatic stresses.7,8 For example, power out-
ages resulting from Hurricane Katrina shut down three major 
petroleum pipelines for two days, and the systems operated at 
reduced capacities for two weeks.9 

Climate change will affect transportation systems directly, 
through infrastructure damage, and indirectly, through chang-
es in trade flows, agriculture, energy use, and settlement pat-
terns. If, for instance, corn cultivation shifts northward in re-
sponse to rising temperatures, U.S. agricultural products may 
flow to markets from different origins by different routes.10 If 
policy measures and technological changes reduce greenhouse 
gas emissions by affecting fuel types, there will likely be signifi-
cant impacts on the transportation of energy supplies (such as 
pipelines and coal trains) and on the cost of transportation to 
freight and passenger users.11 

Shifts in demographic trends, land-use patterns, and advances 
in transportation technology over the next few decades will 
have profound impacts on how the nation’s transportation sys-
tem functions, its design, and its spatial extent. As transporta-
tion officials shape the future transportation system to address 

new demands, future climate conditions should be considered 
as part of the planning and decision-making process.

Disruptions to transportation system capacity and reliability 
can be partially offset by adaptations. Transportation systems 
as networks may use alternative routes around damaged ele-
ments or shift traffic to undamaged modes. Other adaptation 
actions include new infrastructure designs for future climate 
conditions, asset management programs, at-risk asset protec-
tion, operational changes, and abandoning/relocating infra-
structure assets that would be too expensive to protect.12 As 
new and rehabilitated transportation systems are developed, 
climate change impacts should be routinely incorporated into 
the planning for these systems. 

There will be challenges in adapting transportation systems 
to climate related changes, particularly when factoring in pro-
jected growth in the transportation sector. A National Surface 
Transportation Policy and Revenue Commission in 2007 fore-
cast the following annual average growth rates: average an-
nual tonnage growth rates of 2.1% for trucks, 1.9% for rail, and 
1.2% for waterborne transportation, and an average annual 
passenger vehicle miles traveled growth rate of 1.82% through 
2035 and 1.72% through 2055.13

Key Message 1: Reliability and Capacity at Risk

The impacts from sea level rise and storm surge, extreme weather events,  
higher temperatures and heat waves, precipitation changes, Arctic warming, 

 and other climatic conditions are affecting the reliability and capacity  
of the U.S. transportation system in many ways.

Global climate change has both gradual and extreme event im-
plications. A gradually warming climate will accelerate asphalt 
deterioration and cause buckling of pavements and rail lines.14 
Streamflows based on increasingly more frequent and intense 
rainfall instead of slower snowmelt could increase the likeli-
hood of bridge damage from faster-flowing streams.15 How-
ever, less snow in some areas will reduce snow removal costs 
and extend construction seasons. 
Shifts in agricultural production 
patterns will necessitate changes in 
transportation routes and modes.16

Climate models project that ex-
treme heat and heat waves will 
become more intense, longer last-
ing, and more frequent (Ch. 2: Our 
Changing Climate). By 2080-2100, 
average temperatures are ex-
pected to increase by 3°F to 6°F for 
the continental United States, as-
suming emissions reductions from 
current trends (B1 scenario), while 
continued increases in emissions 

(A2 scenario) would lead to an increase in average tempera-
tures ranging from 5°F in Florida to 9°F in the upper Midwest.17 

The impact on transportation systems not designed for such 
extreme temperatures would be severe. At higher tempera-
tures, expansion joints on bridges and highways are stressed 
and some asphalt pavements deteriorate more rapidly.18 Rail 

thAWing AlAskA

Permafrost – soil saturated with frozen water – is a key feature of the Alaskan land-
scape. Frozen permafrost is a suitable base for transportation infrastructure such 
as roads and airfields. In rapidly warming Alaska, however, as permafrost thaws into 
mud, road shoulders slump, highway cuts slide, and runways sink. Alaska currently 
spends an extra $10 million per year repairing permafrost damage.25

A recent study, which examined potential climate damage to Alaskan public in-
frastructure using results from three different climate models,26 considered 253 
airports, 853 bridges, 131 harbors, 819 miles of railroad, 4,576 miles of paved 
road, and 5,000 miles of unpaved road that could be affected by climate change. 
The present value of additional public infrastructure costs due to climate change 
impacts was estimated at $5.6 to $7.6 billion through 2080, or 10% to 12% of 
total public infrastructure costs in Alaska. These costs might be reduced by 40% 
with strong adaptation actions.26
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track stresses and track buckling will increase.14,19 High air 
temperatures can affect aircraft performance; lift-off limits 
at hot-weather and high-altitude airports will reduce aircraft 
operations.20

Construction crews may have to operate on altered time 
schedules to avoid the heat of the day, with greater safety 
risks for workers.21 The construction season may lengthen in 
many localities. Similarly, higher temperatures (and precipita-
tion changes) are likely to affect transit ridership, bicycling, and 
walking.14,22

Climate change is most pronounced at high northern latitudes. 
Alaska has experienced a 3°F rise in average temperatures 
since 1949,23 double the rest of the country. Winter tempera-
tures have risen by 6°F.23 On the North Slope, sea ice formerly 

provided protection to the shoreline against strong fall/winter 
winds and storms (see Ch. 12: Indigenous Peoples). Retreat-
ing ice reduces this protection, eroding the shoreline and 
endangering coastal villages. Thawing permafrost is causing 
pavement, runway, rail, and pipeline displacements, creating 
problems for operation and maintenance, and requiring recon-
struction of key facilities. 

Arctic warming is also projected to allow the seasonal opening 
of the Northwest Passage to freight shipment.24 Global climate 
projections to 2100 show extensive open water areas during 
the summer around the Arctic basin. Retreat of Arctic sea ice 
has been observed in all seasons over the past five decades, 
with the most prominent retreat in summer.24 This has allowed 
a limited number of freighters, cruise ships, and smaller vessels 
to traverse the Northwest Passage for several years. 

Possible Future Flood Depths in Mobile, AL with Rising Sea Level
Figure 5.1. Many coastal areas in 
the United States, including the Gulf 
Coast, are especially vulnerable 
to  sea leve l  r i se  impac ts  on 
transportation systems.11,27,28 This is 
particularly true when one considers 
the interaction among sea level rise, 
wave action, and local geology.29 
This map shows that many parts of 
Mobile, Alabama, including critical 
roads, rail lines, and pipelines, would 
be exposed to storm surge under a 
scenario of a 30-inch sea level rise 
combined with a storm similar to 
Hurricane Katrina. Not all roads would 
be flooded if they merely run through 
low areas since some are built above 
flood levels. A 30-inch sea level rise 
scenario is within the range projected 
for global sea level rise (Ch. 2: Our 
Changing Climate, Key Message 10). 
(Figure source: U.S. Department of 
Transportation 201230).
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Key Message 2: Coastal Impacts

Sea level rise, coupled with storm surge, will continue to increase the risk of major coastal 
impacts on transportation infrastructure, including both temporary and permanent flooding of 

airports, ports and harbors, roads, rail lines, tunnels, and bridges.

The transportation impacts of rising global sea level, which is 
expected to continue to rise by an additional 1 to 4 feet by 
2100 (see also Ch. 2: Our Changing Climate, Key Message 10),31 
will vary widely by location and geography. When sea level 
rise is coupled with intense storms, the resulting storm surges 
will be greater, extend farther inland, and cause more exten-
sive damage. Relative sea level rise will be greater along some 
coasts (such as Louisiana, Texas, and parts of the Chesapeake 
Bay), and this will have significant effects on transportation 
infrastructure, even without the coupling with storms, due 
to regional land subsidence (land sinking or settling) (Ch. 25: 
Coasts). Ports and harbors will need to be reconfigured to ac-
commodate higher seas. Many of the nation’s largest ports are 
along the Gulf Coast, which is especially vulnerable due to a 
combination of sea level rise, storm surges, erosion, and land 
subsidence.11 Two additional impacts for ports include 1) as 
sea level rises, bridge clearance may not be adequate to al-
low safe passage of large vessels; 2)  even if the elevation of 
port facilities is adequate, any main access road that is not el-
evated will become more frequently inundated, thus affecting 
port operations. In 2011, the United States imported 45% of all 

oil consumed, and 56% of those imports passed through Gulf 
Coast ports.32

More frequent disruptions and damage to roads, tracks, run-
ways, and navigation channels are projected in coastal areas 
beyond the Gulf Coast. Thirteen of the nation’s 47 largest air-
ports have at least one runway with an elevation within 12 feet 
of current sea levels.33 Most ocean-going ports are in low-lying 
coastal areas, including three of the most important for im-
ports and exports: Los Angeles/Long Beach (which handles 31% 
of the U.S. port container movements) and the Port of South 
Louisiana and the Port of Galveston/Houston (which combined 
handle 25% of the tonnage handled by U.S. ports).34 Extreme 
floods and storms associated with climate change will lead to 
increased movement of sediment and buildup of sandy for-
mations in channels. For example, many federally maintained 
navigation channels have deteriorated in recent years to di-
mensions less than those authorized, in part due to floods and 
storms, which resulted in reduced levels of service that affect 
navigation safety and reliability.35 Channels that are not well 
maintained and have less sedimentation storage volume will 

thus be more vulnerable to 
significant, abrupt losses in 
navigation service levels. 
Additional channel storage 
capacity that may be cre-
ated by sea level rise will 
also increase water depths 
and increase sedimentation 
in some channels. (See Ch. 
25: Coasts for additional 
discussion of coastal trans-
portation impacts.)

Airports Vulnerable to Storm Surge

Figure 5.2. Thirteen of the nation’s 47 largest airports  have at least one runway with an elevation 
within the reach of moderate to high storm surge. Sea level rise will pose a threat to low-lying 
infrastructure, such as the airports shown here. (Data from Federal Aviation Administration 201233).
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Key Message 3: Weather Disruptions

Extreme weather events currently disrupt transportation networks in all areas of the country; 
projections indicate that such disruptions will increase.

Changes in precipitation patterns, particularly 
more extreme precipitation events and drought, 
will affect transportation systems across the 
country. Delays caused by severe storms disrupt 
almost all types of transportation. Storm drain-
age systems for highways, tunnels, airports, and 
city streets could prove inadequate, resulting 
in localized flooding. Bridge piers are subject to 
scour as runoff increases stream and river flows, 
potentially weakening bridge foundations. Se-
vere storms will disrupt highway traffic, leading 
to more accidents and delays. More airline traf-
fic will be delayed or canceled. 

Inland waterways may well experience greater 
floods, with high flow velocities that are unsafe 
for navigation and that cause channels to shut 
down intermittently. Numerous studies indicate 
increasing severity and frequency of flooding 
throughout much of the Mississippi and Missouri 
River Basins.36 Increases in flood risk reflect both 
changing precipitation and changing land-use patterns.37 In the 
Upper Mississippi/Missouri Rivers, there have been two 300- 
to 500-year floods over the past 20 years.38 Drought increases 
the probability of wildfires, which affect visibility severely 
enough to close roads and airports. Drought can lower vessel 

drafts on navigable rivers and associated lock and dam pools. 
On the other hand, less ice formation on navigable waterways 
has the potential to increase seasonal windows for passage of 
navigation. 

The frequency of the strongest 
hurricanes (Category 4 and 5) 
in the Atlantic is expected to 
increase (see Ch. 2: Our Chang-
ing Climate, Key Message 8). 
As hurricanes approach land-
fall, they create storm surge, 
which carries water farther 
inland. The resulting flooding, 
wind damage, and bridge de-
struction disrupts virtually all 
transportation systems in the 
affected area. Many of the na-
tion’s military installations are 
in areas that are vulnerable to 
extreme weather events, such 
as naval bases located in hurri-
cane-prone zones.

Infrastructure around the country has been compromised by extreme weather 
events such as heavy downpours. Road and bridge damage are among the 
infrastructure failures that have occurred during these extreme events. 
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Gulf Coast Transportation Hubs at Risk

Figure 5.3. Within this century, 2,400 miles of major roadway are projected to be inundated by 
sea level rise in the Gulf Coast region. The map shows roadways at risk in the event of a sea 
level rise of about 4 feet, which is within the range of projections for this region in this century 
(see also Ch. 2: Our Changing Climate, Key Message 10). In total, 24% of interstate highway 
miles and 28% of secondary road miles in the Gulf Coast region are at elevations below 4 feet. 
(Figure source: Kafalenos et al. 200839).
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hurricAne sAndy

On October 29, 2012, Hurricane Sandy 
dealt the transportation systems of New Jer-
sey and New York and environs a massive 
blow (See also Ch.16: Northeast, “Hurri-
cane Vulnerability”; Ch. 11: Urban “Hurri-
cane Sandy”). The damages from Sandy are 
indicative of what powerful tropical storms 
and higher sea levels could bring on a more 
frequent basis in the future and were very 
much in line with vulnerability assessments 
conducted over the past four years.40,41,42 All 
tunnels and most bridges leading into New 
York City were closed during the storm. Storm 
tides of up to 14 feet43 flooded the Queens 
Midtown, Holland, and Carey (Brooklyn Bat-
tery) tunnels, which remained closed for at 
least one week (two weeks for the Carey Tun-
nel) while floodwaters were being pumped 
out and power restored. The three major 
airports (Kennedy, Newark, and LaGuardia) 
flooded, with LaGuardia absorbing the worst 
impact and closing for three days.44 

Almost 7.5 million passengers per day ride 
the New York City subways and buses.45 
Much of the New York City subway system 
below 34th Street was flooded, including 
all seven tunnels under the East River to 
Brooklyn and Queens. In addition to remov-
ing the floodwaters, all electrical signaling and power sys-
tems (the third rails) had to be cleaned, inspected, and 
repaired. Service on most Lower Manhattan subways was 
suspended for at least one week,46 as was the PATH system 
to New Jersey.47 Commuter rail service to New Jersey, Long 
Island, and northern suburbs, with more than 500,000 
passengers per day,45 was similarly affected for days or 
weeks with flooded tunnels, downed trees and large debris 
on tracks, and loss of electrical power.48 In addition, miles 
of local roads, streets, underpasses, parking garages, and 
bridges flooded and/or were badly damaged in the region, 
and an estimated 230,000 parked vehicles49 sustained 
water damage. Flooded roadways prevented the New York 
Fire Department from responding to a fire that destroyed 
more than 100 homes in Brooklyn’s Breezy Point neigh-
borhood.50

Hurricane Sandy’s storm surge produced nearly four feet 
of floodwaters throughout the Port of New York and New 
Jersey, damaging electrical systems, highways, rail track, 
and port cargo; displacing hundreds of shipping contain-
ers; and causing ships to run aground.51 Floating debris, 

wrecks, and obstructions in the channel had to be cleared 
before the Port was able to reopen to incoming vessels 
within a week.52 Pleasure boats were damaged at marinas 
throughout the region. On a positive note, the vulnerability 
analyses prepared by the metropolitan New York authori-
ties and referenced above provided a framework for efforts 
to control the damage and restore service more rapidly. 
Noteworthy are the efforts of the Metropolitan Transporta-
tion Authority to protect vital electrical systems and restore 
subway service to much of New York within four days.

The impacts of this extraordinary storm on one of the na-
tion’s most important transportation nodes were felt across 
the country. Airline schedules throughout the United States 
and internationally were snarled; Amtrak rail service along 
the East Coast and as far away as Buffalo and Montreal was 
curtailed; and freight shipments in and out of the hurricane 
impact zone were delayed. The resultant direct costs to the 
community and indirect costs to the economy will undoubt-
edly rise into the tens of billions of dollars (See also Ch. 
11: Urban, “Hurricane Sandy”).

Figure 5.4. The nation’s busiest subway system sustained the worst 
damage in its 108 years of operation on October 29, 2012, as a result of 
Hurricane Sandy. Millions of people were left without service for at least one 
week after the storm, as the Metropolitan Transportation Authority rapidly 
worked to repair extensive flood damage (Photo credit: William Vantuono, 
Railway Age Magazine, 201246).

Hurricane Sandy Causes Flooding in  
New York City Subway Stations
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Risks and Consequences

Risk is a function of both likelihood of impact and 
the consequences of that impact. Table 5.1 is an 
illustrative application of a risk matrix adapted 
from the Port Authority of New York and New Jer-
sey. As shown, different types of climate-related 
incidents/events can have associated with them a 
likelihood of occurrence and a magnitude of the 
consequences if the incident does occur. 

In assessing consequences, the intensity of system 
use, as well as the existence or lack of alternative 
routes, must be taken into account. Disabling 
a transportation facility can have ripple effects 
across a network, with trunk (main) lines and hubs 
having the most widespread impacts.53 Any com-
prehensive assessment of the consequences of cli-
mate change would need to encompass the broad 
array of factors that influence the nation’s trans-
portation system, and consider changes in popu-
lation, society, technology, prices, regulation, and 
the economy that eventually affect transportation 
system performance.55 For example, the trend 
in recent years in the U.S. economy of adopting 
just-in-time logistics increases the vulnerability of 
businesses to day-to-day disruptions caused by 
weather and flooding. 

Key Message 4: Costs and Adaptation Options
Climate change impacts will increase the total costs to the nation’s transportation systems 

and their users, but these impacts can be reduced through rerouting, mode change,  
and a wide range of adaptive actions.

Adaptation strategies can be employed to reduce the impact of 
climate change related events and the resulting consequences 
(see Ch. 28: Adaptation). Consideration of adaptation strate-
gies in the transportation sector is especially important in the 
following five areas:

•	 Transportation and land-use planning: deciding what 
infrastructure to build and where to build it, as well as 
planning for vulnerable areas of the community and im-
pacts on specific population groups.

•	 Vulnerability and risk assessment: identifying existing 
vulnerable facilities and systems, together with the ex-
pected consequences.

•	 New infrastructure design: adapting new infrastructure 
designs that anticipate changing environmental and op-
erational conditions.

•	 Asset management: adapting existing infrastructure 
and operations that respond to current and anticipated 
conditions, including changed maintenance practices 
and retrofits.

•	 Emergency response: anticipating expected disruptions 
from extreme weather events, and developing emer-
gency response capability.

Adaptation takes place at multiple levels, from individual 
households and private businesses to federal, state, and local 
governments. The impacts associated with climate change are 
not new, since flooding, storm surge, and extreme heat have 
long been challenges. What is new is the changing frequency, 
intensity, and location/geography of impacts and hazards. 

Responding effectively to present and future environmental 
challenges enhances the resilience of communities. Examples 

Table 5.1 relates to overall national expectations based on Angel and Kunkel 
201054 and as postulated by chapter authors. This kind of matrix is likely to be 
most valuable and accurate if used at the state/regional/local levels. (Source: 
Matrix format adapted from McLaughlin et al. 201153).

Illustrative Risks of Climate-related Impacts
Likelihood of Occurrence

Low Medium High Virtually  
Certain

Subway and  
tunnel flooding

Increased 
widespread 
flooding of 

transportation 
facilities

Major local-
ized flooding 

disrupts 
transportation 

systems

Inundation of
coastal assets 
due to storm 

surge

Increased rock/
mud slides 

blocking road 
and rail facili-

ties

Train  
derailment due 
to rail buckling
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disruption of 
barge traffic 
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culverts due to 
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Lower visibility 
from wildfires 
due to drought 

conditions
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places more 
demand and 

stress on roads 
and systems 
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heaving and 

reduced pave-
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Inundation of  
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due to fewer 

blizzards
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winters
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Figure 5.5. Many projected climate change impacts and resulting consequences on transportation systems can be reduced through 
a combination of infrastructure modifications, improved information systems, and policy changes.

include improvements in storm water management, coastal 
zone management, and coastal evacuation plans. 

At the national level, the transportation network has some 
capability to adjust to climate-related disruptions due to the 
presence of network redundancy – multiple routes are often 
possible for long-distance travel, and more than one mode 
of transportation may be used for travel. However, in some 
cases, only one major route connects major destinations, such 
as Interstate 5 between Seattle and San Francisco; movements 
along such links are particularly vulnerable to disruption.

Disruptions to the nation’s inland water system from floods or 
droughts can, and has, totally disrupted barge traf-
fic. Severe droughts throughout the upper Midwest 
in 2012 reduced flows in the Missouri and Missis-
sippi Rivers to near record low levels, disrupting 
barge traffic. While alternative modes, such as rail 
and truck, may alleviate some of these disruptions, 
it is impractical to shift major product shipments 
such as Midwest grain to other modes of transpor-
tation – at least in the near term.57 

While extreme weather events will continue to 
cause flight cancellations and delays, many weather 
delays from non-extreme events are compounded 
by existing inadequacies in the current national air 
traffic management system.58 Improvements in the 
air traffic system, such as those anticipated in the 
FAA’s NextGEN (www.faa.gov/nextgen/), should 
reduce weather-related delays.

At the state and local level, there is less resilience to be gained 
by alternative routing, and impacts may be more intense. For 
example, significant local and regional disruption and eco-
nomic costs could result from the flooding of assets as diverse 
as New York’s subways, Iowa’s roads, San Francisco’s airports, 
and Vermont’s bridges. 

Climate change is one of many factors, and an increasingly im-
portant one, that many state, regional, and local agencies are 
considering as they plan for new and rehabilitated facilities. 
By incorporating climate change routinely into the planning 
process, governments can reduce the vulnerability to climate 
change impacts and take actions that enhance the resilience 

Role of Adaptive Strategies and Tactics in Reducing Impacts and Consequences

Winter storM-relAted closures of i-5 And 
i-90 in WAshington stAte, 2007-2008

In December 2007, heavy rainfall west of I-5, combined with melt-
ing snow from the mountains, created extremely high floodwaters 
in western Washington State. Six-hour rainfall amounts were near 
a 100-year event for areas in Southwest Washington. High winds, 
heavy rains, mudslides, and falling trees made travel unsafe on high-
ways. Downed power lines blocked roads, and, in many urban areas, 
rainwater overwhelmed drainage systems and flooded roadways.

The combined economic impact in the I-5 and I-90 corridors was 
estimated at almost $75 million, of which some $47 million was 
associated with the I-5 disruption and $28 million with the I-90 
corridor. Estimated highway damage from the winter storm was $18 
million for state routes and another $39 million for city and county 
roads.56 
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of the transportation system to adverse weather conditions. 
Governments at various levels are already taking action, as de-
scribed below. 

Land-use planning can reduce risk by avoiding new develop-
ment in flood-prone areas, conserving open space to enhance 
drainage, and relocating or abandoning structures or roads 
that have experienced repeated flooding. The National Flood 
Insurance Program encourages buyouts of repetitive loss 
structures and preservation of open space by reducing flood 
insurance rates for communities that adopt these practices.

An important step in devising an adaptation plan is 
to assess vulnerabilities (Ch. 26: Decision Support; 
Ch. 28: Adaptation). The Federal Highway Adminis-
tration funded pilot projects in five coastal states to 
test a conceptual framework for evaluating risk.59 
The framework identifies transportation assets, 
evaluates the likelihood of impact on specific as-
sets, and assesses the seriousness of such impacts. 

Several state and local governments have conduct-
ed additional vulnerability assessments that iden-
tify potential impacts to transportation systems, 
especially in coastal areas. Detailed assessment 
work has been undertaken by New York City,40,42,60 

California,61 Massachusetts,62 Washington,63 Florida, and Bos-
ton.64

Non-coastal states and regions have also begun to produce 
vulnerability assessments. Midwestern states, including Wis-
consin66 Iowa,67 and Michigan,68 have addressed increasing risk 
of flooded roadways and other impacts. 

Transit systems are already implementing measures that re-
duce vulnerability to climate impacts, including rail buckling. 
Portland, Oregon’s  transit agency has been installing expan-
sion joints at vulnerable locations, improving reliability of rail 

plAnning for cliMAte chAnge

Charlotte County exemplifies how local governments can incorpo-
rate aspects of climate change into transportation planning. The 
Metropolitan Planning Organization in Charlotte County-Punta 
Gorda, Florida conducted long-range scenario planning that in-
tegrated climate change projections.65 A “smart growth” scenario 
that concentrated growth in urban centers was compared with a 
“resilient growth” scenario that steered development away from 
areas vulnerable to sea level rise. Planners evaluated the scenarios 
based on projected transportation performance outcomes and se-
lected a preferred scenario reflecting aspects of each alternative. 

tropicAl storM irene devAstAtes verMont trAnsportAtion in August 2011

In August of 2011, Vermont was inundated with rain 
and massive flooding from Tropical Storm Irene (see 
also Ch.16: Northeast, “Hurricane Vulnerability”), 
closing down 146 segments of the state road sys-
tem along with more than 200 bridges, and costing 
an estimated $175 to $200 million to rebuild state 
highways and bridges. An additional 2,000 or more 
municipal roads and nearly 1,000 culverts were dam-
aged, and more than 200 miles of state-owned rail 
required repair.75

The volume of water was unprecedented, as was the 
power of the water in the rivers running through the 
state. Culverts and bridges were affected and slope 
stability was threatened as a result of the immense 
amount and power of water and subsequent flooding. 

When asked about the lessons learned, the Vermont Agen-
cy of Transportation (VTrans) indicated the importance of 
good maintenance of riverbeds as well as roads. VTrans is 
working with the Vermont Agency of Natural Resources, 
looking upstream and downstream at the structure of the 
rivers, recognizing that risk reduction may involve manag-
ing rivers as much as changing bridges or roadways. 

Rich Tetreault of VTrans emphasized that “Certainly we will 
be looking to right-size the bridges and culverts that need 
to be replaced … Knowing that we do not have the funds to 
begin wholesale rebuilding of the entire highway network to 
withstand future flooding, we will also enhance our ability 
to respond” when future flooding occurs.74

 Tropical Storm Impact on Vermont Road

Figure 5.6. Vermont Route 131, outside Cavendish, a week after Tropical 
Storm Irene unleashed severe precipitation and flooding that damaged 
many Vermont roads, bridges, and rail lines. (Photo credit: Vermont 
Agency of Transportation).
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service.14 In New York, ventilation grates are being elevated to 
reduce the risk of flooding.40 

Transportation agencies are incorporating climate change into 
ongoing design activities. For example, the Alaska Department 
of Transportation (DOT) spends more than $10 million annu-
ally on shoreline protection, relocations, and permafrost pro-
tection for roadways (see “Thawing Alaska”).25 In May 2011, 
the California Department of Transportation (Caltrans) issued 
guidance to their staff on whether and how to incorporate sea 
level rise into new project designs.69

States have begun to integrate climate impacts into Transpor-
tation Asset Management, a systematic process for monitoring 
the conditions of roads and transit facilities.18,70 Maryland is 
working to prioritize assets taking sea level rise and increased 
storm intensity into account and is developing a tool to track 
assets and assess vulnerability.71 Florida DOT continually moni-
tors conditions on roads and bridges and is developing a state-
wide inventory and action plan for high-risk bridges.72 Among 
inland states, Michigan DOT has identified a wide range of op-
erational and asset management changes to adjust to climate 

change.68 Planting street trees  has been 
shown to reduce the urban heat island effect 
and reduce heat stress on pavement.73

Effective stormwater and stream/river man-
agement can reduce the risk of flooding for 
transportation infrastructure. Following 
Tropical Storm Irene, Vermont state agencies 
are working on stream and river manage-
ment to reduce conditions that exacerbate 
flooding impacts on transportation.74

Effective asset management requires signifi-
cant data and monitoring of transportation 
assets. Improved weather and road-condi-
tion information systems enable transpor-
tation system managers to anticipate and 
detect problems better and faster – enabling 
them to close systems if needed, alert mo-

torists, and dispatch maintenance and snow-removal crews. 
As Michigan DOT has noted, an increase in lake-effect snows 
means that existing models used for snow and ice removal 
procedures are no longer reliable, requiring better monitoring 
and new models, as well as better roadway condition detec-
tion systems.68

Similarly, regular maintenance and cleaning of urban levee and 
culvert systems reduces the risk of roads and rails being inun-
dated by flooding.

Extreme weather, such as hurricanes or intense storms, stress-
es transportation at precisely the time when smooth opera-
tion is critical. Effective evacuation planning, including early 
warning systems, coordination across jurisdictional boundar-
ies, and creating multiple evacuation routes builds prepared-
ness. Identifying areas with high concentrations of vulnerable 
and special-needs populations (including elderly, disabled, and 
transit-dependent groups) enhances readiness, as does identi-
fying assets such as school buses or other transit vehicles that 
can be deployed for households that do not own vehicles. 

Storm surge on top of rising sea levels have damaged roads and other  
coastal infrastructure. 
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Process for Developing Key Messages 
In developing key messages, the chapter author team engaged, 
via teleconference, in multiple technical discussions from January 
through May 2012 as they reviewed numerous peer reviewed pub-
lications. Technical input reports (21) on a wide range of topics 
were also received and reviewed as part of the Federal Register 
Notice solicitation for public input. The author team’s review in-
cluded a foundational Technical Input Report for the National Cli-
mate Assessment, “Climate Impacts and U.S. Transportation.”

57
 

Other published literature and professional judgment were also 
considered as the chapter key messages were developed. The 
chapter author team met in St. Louis, MO, in April 2012 for expert 
deliberation and finalization of key messages.

Key message #1 Traceable accounT

The impacts from sea level rise and storm surge, 
extreme weather events, higher temperatures and 
heat waves, precipitation changes, Arctic warming, 
and other climatic conditions are affecting the reli-
ability and capacity of the U.S. transportation sys-
tem in many ways.

Description of evidence base
Climate impacts in the form of sea level rise, changing frequency 
of extreme weather events, heat waves, precipitation changes, 
Arctic warming, and other climatic conditions are documented in 
Ch. 2: Our Changing Climate of this report.

Climate can be described as the frequency distribution of weather 
over time. Existing weather conditions, flooding, and storm surge 
demonstrably affect U.S. transportation systems. By changing the 
frequency of these weather conditions, climate change will inevi-
tably affect the reliability and capacity of U.S. transportations sys-
tems. This view is supported by multiple studies of the impacts of 
weather and climate change on particular transportation systems 
or particular regions.

An aggregate summary of impacts of climate change on U.S. 
transportation can be found in NRC 2008.

7
 A paper commis-

sioned for NRC 2008 considers specific impacts of various forms 
of climate change on infrastructure, for example, possible future 

constraints on infrastructure.
12

 The effects of climate on transit 
systems are summarized in Hodges 2011.

14
 The impact of heat 

and other climate effects on rail systems are described by Hodges 
2011 and Rossetti 2002.

14,19

Future impacts of sea level rise and other climatic effects on 
transportation systems in the Gulf Coast were examined by CCSP 
2008.

11
 The impacts of climate change on New York State, includ-

ing its transportation system, were undertaken by Rosenzweig et 
al. 2011.

60
 Impacts of sea level rise on transportation infrastruc-

ture for the mid-Atlantic were also discussed in CCSP 2009 SAP 
4.1, Ch. 7.

27

Weather impacts on road systems are discussed in “Climate Im-
pacts and U.S. Transportation”

57
 and numerous other sources. 

Weather impacts on aviation operations are discussed in Kulesa 
200320 and numerous other sources.

In addition, the key message and supporting text summarize ex-
tensive evidence documented in “Climate Impacts and U.S. Trans-
portation.”

57
 

Additional peer-reviewed publications discuss the fact that Arctic 
warming is affecting existing Alaskan transportation infrastructure 
today, and is projected to allow the seasonal opening of the North-
west Passage to freight shipment.

24

New information and remaining uncertainties
Recent changes in global sea level rise estimates documented in 
this report (Ch.2: Our Changing Climate, Key Message 10) have 
not been incorporated into existing regional studies of coastal 
areas. In addition, recent research by USGS on the interaction 
between sea level rise, wave action, and local geology have been 
incorporated in only a few studies.

29

Specific estimates of climate change impacts on transportation 
are acutely sensitive to regional projections of climate change and, 
in particular, to the scale, timing, and type of predicted precipita-
tion. New (CMIP5-based) regional climate projections will there-
fore affect most existing specific estimates of climate change 
impacts on transportation. Transportation planning in the face of 
uncertainties about regional-scale climate impacts presents par-
ticular challenges.

5: TRANSPORTATION
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Impacts of climate on transportation system operations, including 
safety and congestion, both on road systems and in aviation, have 
been little studied to date. 

Future characteristics of society, such as land-use patterns, de-
mographics, and the use of information technology to alter trans-
portation patterns, and possible changes to the very nature of 
future transportation systems themselves all create uncertainty 
in evaluating climate impacts on the nation’s transportation net-
works. These societal changes will probably occur gradually, how-
ever, allowing the transportation systems to adapt. Adaptation can 
significantly ameliorate impacts on the transportation sector; how-
ever, evaluation of adaptation costs and strategies for the trans-
portation sector is at a relatively early stage.

Assessment of confidence based on evidence 
Confidence is high that transportation systems will be affected 
by climate change, given current climate projections, particularly 
regarding sea level rise and extreme weather events.

Key Message #2 Traceable accounT

Sea level rise, coupled with storm surge, will con-
tinue to increase the risk of major coastal impacts 
on transportation infrastructure, including both tem-
porary and permanent flooding of airports, ports 
and harbors, roads, rail lines, tunnels, and bridges.

Description of evidence base
Estimates of global sea level rise are documented in Ch. 2: Our 
Changing Climate, Key Message 10 of this report. 

The prospective impact of sea level rise and storm surge on trans-
portation systems is illustrated by the impact of recent hurricanes 
on U.S. coastlines. In addition, research on impacts of sea level 
rise and storm surge on transportation assets in particular regions 
of the United States demonstrate the potential for major coastal 
impacts (for example, CCSP 2008, Rosenzweig et al. 2011, and 
Suarez et al. 2005

11,28,60
). Note that most existing literature on 

storm surge and sea level rise impacts on transportation systems 
is based on a global sea level rise of less than one meter (about 
3 feet). The most recent projections include a potentially greater 
rise in global sea level (Ch. 2: Our Changing Climate, Key Message 
10). 

In addition, the key message and supporting text summarize ex-
tensive evidence documented in “Climate Impacts and U.S. Trans-
portation.”

57
 

New information and remaining uncertainties
As noted above, new estimates of global sea level rise have over-
taken most of the existing literature on transportation and sea 
level rise in the United States. In addition, it is not clear that the 
existing transportation literature reflects recent USGS work on in-
teractions between sea level rise, wave action, and local geology.

29

New global sea level rise estimates will enable the development 
of new regional estimates, as well as revision of regional coastal 
erosion and flood modeling. Such smaller scale estimates are im-
portant because transportation and other infrastructure impacts 
must necessarily be studied in a local context. 

Generally speaking, modeling of sea level rise impacts using exist-
ing USGS National Elevation Dataset (NED) data has well-under-
stood limitations. Since NED data is freely and easily available, it 
is often used for preliminary modeling. More accurate and more 
recent elevation data may be captured via LIDAR campaigns, and 
this data collection effort will be necessary for accurate under-
standing of regional and local sea level rise and storm surge im-
pacts.

27

Accurate understanding of transportation impacts is specific to 
particular infrastructure elements, so detailed inventories of local 
and regional infrastructure must be combined with detailed and 
accurate elevation data and the best available predictions of local 
sea level rise and storm surge. Therefore, national assessments 
of sea level rise must be built on detailed local and regional as-
sessments. 

Improved modeling is needed on the interactions among sea level 
rise, storm surge, tidal movement, and wave action to get a better 
understanding of the dynamics of the phenomena.

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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Assessment of confidence based on evidence 
The authors have high confidence sea levels are rising and storm 
surge on top of these higher sea levels pose risks to coastal trans-
portation infrastructure.

Key message #3 Traceable accounT

Extreme weather events currently disrupt trans-
portation networks in all areas of the country; pro-
jections indicate that such disruptions will increase.

Description of evidence base
The key message and supporting text summarize extensive evi-
dence documented in “Climate Impacts and U.S. Transporta-
tion.”

57
 

Specific regional climate impacts can be identified in each NCA 
region of the country. Specific climate impacts on transportation 
by region include:

In Alaska, rising temperatures cause permafrost to melt, causing 
damage to roadbeds, airfields, pipelines, and other transportation 
infrastructure.

25
 

In the Northeast, the Chesapeake region is likely to experience 
particularly severe local sea level rise due to geologic subsid-
ence,

27
 and increased precipitation generally (see Ch. 2: Our 

Changing Climate, Key Message 5, and Ch.16: Northeast), along 
with an increased incidence of extreme weather events. The pres-
ence of large populations with associated transportation systems 
in coastal areas increases the potential impacts of sea level rise, 
storm surge, and precipitation-induced flooding.

The Southeast is subject to the interacting effects of sea level rise, 
increased precipitation, and other extreme events. The Southeast 
includes Virginia, so it shares the threat of regional sea level rise in 
the Chesapeake. In Louisiana, climate change poses a significant 
threat to transportation infrastructure of national significance.

11
 

Midwest transportation infrastructure is subject to changing wa-
ter levels on the Great Lakes.

54
 Barge traffic disruptions, due to 

flooding or drought on the Mississippi/Missouri/Ohio river system, 
might be induced by changes in precipitation patterns.

A major concern in the Southwest is that declining precipitation 
(see Ch. 2: Our Changing Climate, Key Message 5) may induce 
changes in the economy and society that will affect the transpor-
tation systems that serve this region. In the Southwest, rail and 
highway systems may be exposed to increased heat damage from 
the higher temperatures. San Francisco Bay, which encompasses 
two major airports and numerous key transportation links, is at 
risk for sea level rise and storm surge.

61

Much of the economy of the Northwest is built around electricity 
and irrigation from a network of dams. The performance of this 

system may be affected by changing precipitation patterns, with 
potential consequences for agriculture and industry, and, conse-
quently for transportation systems. In addition, the Seattle area 
may be affected by sea level rise.

63
 

Many relevant and recent climate data and models predict more 
intense precipitation events in much of the U.S., especially the 
Great Plains, Midwest, Northeast, and Southeast, with decreased 
precipitation in parts of the Southwest and Southeast (see Ch. 2: 
Our Changing Climate, Key Message 5).

New information and remaining uncertainties
Recent data clearly show – and climate models further substanti-
ate –  an increase in the intensity of precipitation events through-
out much of the U.S.

There is a need for a better definition of the magnitude of in-
creased storm intensity so that accurate return frequency curves 
can be established. 

New regional climate model data from CMIP5 will have a signifi-
cant impact on regional impact assessments.

Climate and impact data desired by transportation planners may 
be different from the projections generated by regional climate 
models. This presents a number of challenges:

Regional scale transportation impacts are often determined by 
flood risk and by water flows in rivers and streams. Flooding is, of 
course, linked to precipitation, but the linkage between precipita-
tion and hydrology is very complex. Precipitation, as projected by 
climate models, is often difficult to convert into predictions of 
future flooding, which is what infrastructure designers need. 

Similarly, an ice storm would be an extreme event for a transporta-
tion planner, but the frequency of ice storms has not yet been de-
rived from climate models. More generally, improved methods of 
deriving the frequency of infrastructure-affecting weather events 
from regional climate models may be helpful in assessing climate 
impacts on transportation systems.

There are uncertainties associated with the correlation between a 
warming climate and increased hurricane intensity.

In regions likely to see decreased precipitation, especially those 
areas subject to drought, stronger correlations to fire threat and 
lowered water levels in major waterways are needed as projections 
of climate models.

Planning tools and models can present a step-by-step process 
for connecting the risk of impact with specific planning strategies 
such as assessing the vulnerability of existing and proposed infra-
structure and then identifying key adaptation practices to address 
the risk.
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Assessment of confidence based on evidence
Given the evidence base and remaining uncertainties, confidence 
is high that extreme weather events will affect transportation in all 
areas of the country.

Key message #4 Traceable accounT

Climate change impacts will increase the total 
costs to the nation’s transportation systems and 
their users, but these impacts can be reduced 
through rerouting, mode change, and a wide range 
of adaptive actions.

Description of evidence base
The economic cost of climate change to the transportation sec-
tor has been little studied. However, there is substantial evidence 
that costs will be significant. A recent study of climate change 
in New York indicated that a storm surge severe enough to flood 
Manhattan tunnels might cost as much as $100 billion.

60
  The 

actual experience of Hurricane Sandy, where multiple tunnels 
were flooded, attests to the scale of the costs and disruption that 
attend an event of this magnitude (See also Ch. 11: Urban; Box 
on Hurricane Sandy). A study of the risk to specific infrastructure 
elements in Alaska

26
 estimated the net present value of the extra 

cost from climate change at $2 to $4 billion through 2030, and 
$4 to $8 billion through 2080. 

The indirect evidence for significant costs from climate change 
impacts begin with the consequences of recent hurricanes, par-
ticularly on the Eastern seaboard, where Hurricane Irene, a rather 
minor storm, produced unexpectedly heavy infrastructure damage 
from heavy rains.

75
 The economic cost of infrastructure damage is 

often greater than the cost of repairing or replacing infrastructure.

In addition, a recent study of on-road congestion estimates the 
annual cost of highway congestion at about $100 billion,

5
 and 

the Federal Highway Administration estimates that weather ac-
counts for about 15% of total delay.

4
 Similarly, a recent study of 

aviation congestion indicates that the annual cost of airline delay 
is about $33 billion

3
 and that weather accounts for more than a 

third of airline delays. There is a strong circumstantial case to be 
made that increased frequency of extreme events (as defined by 
climate scientists) will produce increased traffic and aviation de-
lays. Given the scale of current costs, even small changes in delay 
can have substantial economic costs. 

There is little published material on transportation adaptation 
costs and benefits in the literature, in part because “adaptation” 
is an abstraction (see Ch. 28: Adaptation). Climate change is sta-
tistical weather, and manifests itself as a change in the frequency 
of events that would still occur (but with lower frequency) in the 
absence of climate change. Transportation agencies decide to pro-
tect (or not) specific pieces of infrastructure based on a range of 
considerations, including age and condition, extent of current and 
future usage, and cost of protection, as well as changing weather 

patterns. The authors, however, are aware, that transportation 
systems have always been required to adapt to changing condi-
tions, and that, in general, it is almost always far less expensive 
to protect useful infrastructure than to wait for it to collapse. This 
professional experience, based on examination of multitudes of 
individual engineering studies, is the basis for the conclusion in 
this report (for example, Caltrans Climate Change Workshop 2011, 
CCSP 2008, and Meyer 2008

11,12,69
). 

There are numerous examples of actions taken by state and 
local governments to enhance resilience and reduce climate 
impact costs on transportation, including land-use planning to 
discourage development in vulnerable areas, establishment of 
design guidelines to reduce vulnerability to sea level rise, use of 
effective stormwater management techniques, and coordinated 
emergency response systems.

7,69

New information and remaining uncertainties
There is relatively little information on the costs of climate change 
in the transportation sector, and less on the benefits of adap-
tation. Much of the available research is focused on the costs 
of replacing assets that are affected by extreme weather events, 
with far less effort devoted to both longer-term impacts of climate 
change on transportation systems (such as inundation of coastal 
roads due to sea level rise) and to the broader effects of disrupted 
facilities on network operations or on the community, for example, 
rerouting of traffic around bottlenecks or evacuation of sensitive 
populations from vulnerable areas.

Calculating climate impact and adaptation costs and benefits is an 
exceptionally complex problem, particularly at high levels of aggre-
gation, since both costs and benefits accrue based on a multitude 
of location-specific events. In addition, all of the methodological 
issues that are confronted by any long-term forecasting exercise 
are present. The forecasting problem may be more manageable at 
the local and regional scales at which most transportation deci-
sions are usually made.

Assessment of confidence based on evidence 
The authors have high confidence that climate impacts will be 
costly to the transportation sector, but are far less confident in 
assessing the exact magnitude of costs, based on the available 
evidence and their experience. The authors also have high confi-
dence, based upon their experience, that costs may be significant-
ly reduced by adaptation action, though, as noted, the magnitude 
of such potential reductions on a national scale would be difficult 
to determine. 
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Key Messages
1. Climate disruptions to agricultural production have increased in the past 40 years and are 

projected to increase over the next 25 years. By mid-century and beyond, these impacts will be 
increasingly negative on most crops and livestock.

2. Many agricultural regions will experience declines in crop and livestock production from 
increased stress due to weeds, diseases, insect pests, and other climate change induced 
stresses.

3. Current loss and degradation of critical agricultural soil and water assets due to increasing 
extremes in precipitation will continue to challenge both rainfed and irrigated agriculture unless 
innovative conservation methods are implemented. 

4. The rising incidence of weather extremes will have increasingly negative impacts on crop and 
livestock productivity because critical thresholds are already being exceeded.   

5. Agriculture has been able to adapt to recent changes in climate; however, increased innovation 
will be needed to ensure the rate of adaptation of agriculture and the associated socioeconomic 
system can keep pace with climate change over the next 25 years.

6. Climate change effects on agriculture will have consequences for food security, both in the U.S. 
and globally, through changes in crop yields and food prices and effects on food processing, 
storage, transportation, and retailing. Adaptation measures can help delay and reduce some of 
these impacts.

6 AGRICULTURE

The United States produces nearly $330 billion per year in ag-
ricultural commodities, with contributions from livestock ac-
counting for roughly half of that value (Figure 6.1).1 Production 
of all commodities will be vulnerable to direct impacts (from 
changes in crop and livestock development and yield due to 
changing climate conditions and extreme weather events) and 
indirect impacts (through increasing pressures from pests and 
pathogens that will benefit from a changing climate). The ag-
ricultural sector continually adapts to climate change through 
changes in crop rotations, planting times, genetic selection, 
fertilizer management, pest management, water management, 
and shifts in areas of crop production. These have proven to be 
effective strategies to allow previous agricultural production 
to increase, as evidenced by the continued growth in produc-
tion and efficiency across the United States. 

Climate change poses a major challenge to U.S. agriculture 
because of the critical dependence of the agricultural system 
on climate and because of the complex role agriculture plays 
in rural and national social and economic systems (Figure 6.2). 
Climate change has the potential to both positively and nega-

tively affect the location, timing, and productivity of crop, live-
stock, and fishery systems at local, national, and global scales. 
It will also alter the stability of food supplies and create new 
food security challenges for the United States as the world 
seeks to feed nine billion people by 2050. U.S. agriculture ex-
ists as part of the global economy and agricultural exports 
have outpaced imports as part of the overall balance of trade. 
However, climate change will affect the quantity of produce 
available for export and import as well as prices (Figure 6.3).

The cumulative impacts of climate change will ultimately 
depend on changing global market conditions as well as re-
sponses to local climate stressors, including farmers adjusting 
planting patterns in response to altered crop yields and crop 
species, seed producers investing in drought-tolerant varieties, 
and nations restricting trade to protect food security. Adaptive 
actions in the areas of consumption, production, education, 
and research involve seizing opportunities to avoid economic 
damages and decline in food quality, minimize threats posed 
by climate stress, and in some cases increase profitability.
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Key Message 1: Increasing Impacts on Agriculture

Climate disruptions to agricultural production have increased in the past 40 years 
and are projected to increase over the next 25 years. By mid-century and beyond, 

these impacts will be increasingly negative on most crops and livestock.

Impacts on Crop Production
Producers have many available strategies for adapting to the 
average temperature and precipitation changes projected (Ch. 
2: Our Changing Climate)2 for the next 25 years. These strate-
gies include continued technological advancements, expansion 
of irrigated acreage, regional shifts in crop acreage and crop 
species, other adjustments in inputs and outputs, and changes 
in livestock management practices in response to changing cli-
mate patterns.3,4 However, crop production projections often 
fail to consider the indirect impacts from weeds, insects, and 
diseases that accompany changes in both average trends and 
extreme events, which can increase losses significantly.2,5 By 
mid-century, when temperature increases are projected to 
be between 1.8°F and 5.4°F and precipitation extremes are 

further intensified, yields of major U.S. crops and farm profits 
are expected to decline.6,7 There have already been detect-
able impacts on production due to increasing temperatures.8 
Over time, climate change is expected to increase the annual 
variation in crop and livestock production because of its ef-
fects on weather patterns and because of increases in some 
types of extreme weather events.9,10 Overall implications for 
production are for increased uncertainty in production totals, 
which affects both domestic and international markets and 
food prices. Recent analysis suggests that climate change has 
an outsized influence on year-to-year swings in corn prices in 
the United States.11 

Figure 6.1. U.S. agriculture includes 
300 dif ferent commodities with 
a nearly equal division between 
crop and livestock products. This 
chart shows a breakdown of the 
monetary value of U.S. agriculture 
products by category. (Data from 
2007 Census of Agriculture, USDA 
National Agricultural Statistics 
Service 200812).

U.S. Agriculture
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Figure 6.2. Agricultural activity is distributed across the U.S. with market value and crop types varying by region. In 2010, the total 
market value was nearly $330 billion. Wide variability in climate, commodities, and practices across the U.S. will likely result in 
differing responses, both in terms of yield and management. (Figure source: USDA National Agricultural Statistics Service 200813).

Agricultural Distribution
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Plant response to climate change is dictated by complex 
interactions among carbon dioxide (CO2), temperature, 
solar radiation, and precipitation. Each crop species has 
a temperature range for growth, along with an optimum 
temperature.9 Plants have specific temperature toler-
ances, and can only be grown in areas where their tem-
perature thresholds are not exceeded. As temperatures 
increase over this century, crop production areas may 
shift to follow the temperature range for optimal growth 
and yield of grain or fruit. Temperature effects on crop 
production are only one component; production over 
years in a given location is more affected by available soil 
water during the growing season than by temperature, 
and increased variation in seasonal precipitation, coupled 
with shifting patterns of precipitation within the season, 
will create more variation in soil water availability.9,15 
The use of a model to evaluate the effect of changing 
temperatures in the absence of changes in water avail-
ability reveals that crops in California’s Central Valley will 
respond differently to projected temperature increases, 
as illustrated in Figure 6.4. This example demonstrates 
one of the methods available for studying the potential 
effects of climate change on agriculture. 

Figure 6.3. U.S. agriculture exists in the context of global markets. 
Climate is among the important factors that affect these markets. 
For example, the increase in U.S. food exports in the 1970s is 
attributed to a combination of rising incomes in other nations, 
changes in national currency values and farm policies, and poor 
harvests in many nations in which climate was a factor. Through 
seasonal weather impacts on harvests and other impacts, climate 
change will continue to be a factor in global markets. The graph 
shows U.S. imports and exports for 1935-2011 in adjusted dollar 
values. (Data from USDA Economic Research Service 201214).

U.S. Agricultural Trade

Figure 6.4. Changes in climate through this 
century will affect crops differently because 
individual species respond differently to 
warming. This figure is an example of the 
potential impacts on different crops within 
the same geographic region. Crop yield 
responses for eight crops in the Central Valley 
of California are projected under two emissions 
scenarios, one in which heat-trapping gas 
emissions are substantially reduced (B1) and 
another in which these emissions continue to 
grow (A2). This analysis assumes adequate 
water supplies (soil moisture) and nutrients 
are maintained while temperatures increase. 
The lines show five-year moving averages for 
the period from 2010 to 2094, with the yield 
changes shown as differences from the year 
2009. Yield response varies among crops, 
with cotton, maize, wheat, and sunflower 
showing yield declines early in the period. 
Alfalfa and safflower showed no yield declines 
during the period. Rice and tomato do not 
show a yield response until the latter half of 
the period, with the higher emissions scenario 
resulting in a larger yield response. (Figure 
source: adapted from Lee et al. 201116). 

Crop Yield Response to Warming in California’s Central Valley
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One critical period in which temperatures are a major factor is 
the pollination stage; pollen release is related to development 
of fruit, grain, or fiber. Exposure to high temperatures during 
this period can greatly reduce crop yields and increase the risk 
of total crop failure. Plants exposed to high nighttime tempera-
tures during the grain, fiber, or fruit production period experi-
ence lower productivity and reduced quality.15 These effects 
have already begun to occur; high nighttime temperatures 
affected corn yields in 2010 and 2012 across the Corn Belt. 
With the number of nights with hot temperatures projected to 
increase as much as 30%, yield reductions will become more 
prevalent.9

Temperature and precipitation 
changes will include an increase in 
both the number of consecutive dry 
days (days with less than 0.01 inches 
of precipitation) and the number of 
hot nights (Figure 6.5). The western 
and southern parts of the nation 
show the greatest projected increas-
es in consecutive dry days, while the 
number of hot nights is projected to 
increase throughout the U.S. These 
increases in consecutive dry days 
and hot nights will have negative 
impacts on crop and animal produc-
tion. High nighttime temperatures 
during the grain-filling period (the 
period between the fertilization of 
the ovule and the production of a 
mature seed in a plant) increase the 
rate of grain-filling and decrease the 
length of the grain-filling period, re-
sulting in reduced grain yields. Expo-
sure to multiple hot nights increases 
the degree of stress imposed on 
animals resulting in reduced rates of 
meat, milk, and egg production.17 

Though changes in temperature, CO2 
concentrations, and solar radiation 
may benefit plant growth rates, this 
does not equate to increased produc-
tion. Increasing temperatures cause 
cultivated plants to grow and mature 
more quickly. But because the soil 
may not be able to supply nutrients 
at required rates for faster growing 
plants, plants may be smaller, reduc-
ing grain, forage, fruit, or fiber pro-
duction. Reduction in solar radiation 
in agricultural areas due to increased 
clouds and humidity in the last 60 
years18 is projected to continue19 and 
may partially offset the acceleration 

Figure 6.5. Many climate variables affect agriculture. The maps above show projected 
changes in key climate variables affecting agricultural productivity for the end of the century 
(2070-2099) compared to 1971-2000. Changes in climate parameters critical to agriculture 
show lengthening of the frost-free or growing season and reductions in the number of frost 
days (days with minimum temperatures below freezing), under an emissions scenario that 
assumes continued increases in heat-trapping gases (A2). Changes in these two variables are 
not identical, with the length of the growing season increasing across most of the United States 
and more variation in the change in the number of frost days. Warmer-season crops, such as 
melons, would grow better in warmer areas, while other crops, such as cereals, would grow 
more quickly, meaning less time for the grain itself to mature, reducing productivity.9 Taking 
advantage of the increasing length of the growing season and changing planting dates could 
allow planting of more diverse crop rotations, which can be an effective adaptation strategy. 
On the frost-free map, white areas are projected to experience no freezes for 2070-2099, 
and gray areas are projected to experience more than 10 frost-free years during the same 
period. In the lower left graph, consecutive dry days are defined as the annual maximum 
number of consecutive days with less than 0.01 inches of precipitation. In the lower right 
graph, hot nights are defined as nights with a minimum temperature higher than 98% of the 
minimum temperatures between 1971 and 2000. (Figure source: NOAA NCDC / CICS-NC).

Projected Changes in Key Climate Variables
Affecting Agricultural Productivity
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of plant growth due to higher temperatures and CO2 levels, 
depending on the crop. In vegetables, exposure to tempera-
tures in the range of 1.8°F to 7.2°F above optimal moderately 
reduces yield, and exposure to temperatures more than 9°F 
to 12.6°F above optimal often leads to severe if not total pro-
duction losses. Selective breeding and genetic engineering for 
both plants and animals provides some opportunity for adapt-
ing to climate change; however, development of new varieties 
in perennial specialty crops commonly requires 15 to 30 years 
or more, greatly limiting adaptive opportunity, unless varieties 
could be introduced from other areas. Additionally, perennial 
crops require time to reach their production potential. 

A warmer climate will affect growing conditions, and the lack 
of cold temperatures may threaten perennial crop production 
(Figure 6.6). Perennial specialty crops have a winter chilling 
requirement (typically expressed as hours when temperatures 
are between 32°F and 50°F) ranging from 200 to 2,000 cumu-
lative hours. Yields decline if the chilling requirement is not 
completely satisfied, because flower emergence and viability 
is low.20 Projections show that chilling requirements for fruit 
and nut trees in California will not be met by the middle to the 
end of this century.21 For most of the Northeast, a 400-hour 
chilling requirement for apples is projected to continue to be 
met during this century, but crops with prolonged chilling re-

Figure 6.6. Many perennial plants (such as fruit trees and grape vines) require exposure to particular numbers of 
chilling hours (hours in which the temperatures are between 32°F and 50°F over the winter). This number varies 
among species, and many trees require chilling hours before flowering and fruit production can occur. With rising 
temperatures, chilling hours will be reduced. One example of this change is shown here for California’s Central Valley, 
assuming that observed climate trends in that area continue through 2050 and 2090. Under such a scenario, a rapid 
decrease in the number of chilling hours is projected to occur.

By 2000, the number of chilling hours in some regions was 30% lower than in 1950. Based on the A2 emissions 
scenario that assumes continued increases in heat-trapping gases relative to 1950, the number of chilling hours is 
projected to decline by 30% to 60% by 2050 and by up to 80% by 2100. These are very conservative estimates of 
the reductions in chilling hours because climate models project not just simple continuations of observed trends (as 
assumed here), but temperature trends rising at an increasing rate.21 To adapt to these kinds of changes, trees with 
a lower chilling requirement would have to be planted and reach productive age. 

Various trees and grape vines differ in their chilling requirements, with grapes requiring 90 hours, peaches 225, 
apples 400, and cherries more than 1,000.21 Increasing temperatures are likely to shift grape production for premium 
wines to different regions, but with a higher risk of extremely hot conditions that are detrimental to such varieties.24 
The area capable of consistently producing grapes required for the highest-quality wines is projected to decline by 
more than 50% by late this century.24 (Figure source: adapted from Luedeling et al. 200921).

Reduced Winter Chilling Projected for California 
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quirements, such as plums and cherries (with chilling require-
ments of more than 700 hours), could be negatively affected, 
particularly in southern parts of the Northeast.21,22 Warmer 
winters can lead to early bud burst or bloom of some perennial 
plants, resulting in frost damage when cold conditions occur in 
late spring15, as was the case with cherries in Michigan in 2012, 
leading to an economic impact of $220 million (Andresen 2012, 
personal communication).23  

The effects of elevated CO2 on grain and fruit yield and quality 
are mixed. Some experiments have documented that elevated 
CO2 concentrations can increase plant growth while increasing 
water use efficiency.25,26 The magnitude of CO2 growth stimu-
lation in the absence of other stressors has been extensively 
analyzed for crop and tree species27,28 and is relatively well 
understood; however, the interaction with changing tempera-
ture, ozone, and water and nutrient constraints creates uncer-
tainty in the magnitude of these responses.29 In plants such as 

soybean and alfalfa, elevated CO2 has been associated with 
reduced nitrogen and protein content, causing a reduction in 
grain and forage quality and reducing the ability of pasture and 
rangeland to support grazing livestock.30 The growth stimula-
tion effect of increased atmospheric CO2 concentrations has 
a disproportionately positive impact on several weed species. 
This effect will contribute to increased risk of crop loss due to 
weed pressure.28,31 

The advantage of increased water-use efficiency due to elevat-
ed CO2 in areas with limited soil water supply may be offset by 
other impacts from climate change. Rising average tempera-
tures, for instance, will increase crop water demand, increasing 
the rate of water use by the crop. Rising temperatures coupled 
with more extreme wet and dry events, or seasonal shifts in 
precipitation, will affect both crop water demand and plant 
production. 

Impacts on Animal Production from Temperature Extremes
Animal agriculture is a major component of the U.S. agriculture 
system (Figure 6.1). Changing climatic conditions affect animal 
agriculture in four primary ways: 1) feed-grain production, 
availability, and price; 2) pastures and forage crop production 
and quality; 3) animal health, growth, and reproduction; and 
4) disease and pest distributions.32 The optimal environmental 
conditions for livestock production include temperatures and 
other conditions for which animals do not need to significantly 
alter behavior or physiological functions to maintain relatively 
constant core body temperature. 

Optimum animal core body temperature is often maintained 
within a 4°F to 5°F range, while deviations from this range can 
cause animals to become stressed. This can disrupt perfor-
mance, production, and fertility, limiting the animals’ ability 
to produce meat, milk, or eggs. In many species, deviations in 
core body temperature in excess of 4°F to 5°F cause signifi-
cant reductions in productive performance, while deviations 
of 9°F to 12.6°F often result in death.33 For cattle that breed 
during spring and summer, exposure to high temperatures 
reduces conception rates. Livestock and dairy production are 
more affected by the number of days of extreme heat than by 
increases in average temperature.34 Elevated humidity exacer-
bates the impact of high temperatures on animal health and 
performance. 

Animals respond to extreme temperature events (hot or cold) 
by altering their metabolic rates and behavior. Increases in 
extreme temperature events may become more likely for ani-
mals, placing them under conditions where their efficiency in 
meat, milk, or egg production is affected. Projected increases 
in extreme heat events (Ch. 2: Our Changing Climate, Key Mes-
sage 7) will further increase the stress on animals, leading to 
the potential for greater impacts on production.34 Meat ani-
mals are managed for a high rate of weight gain (high metabol-
ic rate), which increases their potential risk when exposed to 
high temperature conditions. Exposure to heat stress disrupts 
metabolic functions in animals and alters their internal tem-
perature when exposure occurs. Exposure to high temperature 
events can be costly to producers, as was the case in 2011, 
when heat-related production losses exceeded $1 billion.35 

Livestock production systems that provide partial or total shel-
ter to reduce thermal environmental challenges can reduce 
the risk and vulnerability associated with extreme heat. In 
general, livestock such as poultry and swine are managed in 
housed systems where airflow can be controlled and housing 
temperature modified to minimize or buffer against adverse 
environmental conditions. However, management and energy 
costs associated with increased temperature regulation will 
increase for confined production enterprises and may require 
modification of shelter and increased water use for cooling. 



158 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

6: AGRICULTURE

Key Message 2: Weeds, Diseases, and Pests

Many agricultural regions will experience declines in crop and 
livestock production from increased stress due to weeds, diseases, 

insect pests, and other climate change induced stresses.

Weeds, insects, and diseases already have large negative im-
pacts on agricultural production, and climate change has the 
potential to increase these impacts. Current estimates of loss-
es in global crop production show that weeds cause the largest 
losses (34%), followed by insects (18%), and diseases (16%).36 
Further increases in temperature and changes in precipitation 
patterns will induce new conditions that will affect insect pop-
ulations, incidence of pathogens, and the geographic distribu-
tion of insects and diseases.15,37 Increasing CO2 boosts weed 
growth, adding to the potential for increased competition be-
tween crops and weeds.38 Several weed species benefit more 
than crops from higher temperatures and CO2 levels.28,31 

One concern involves the northward spread of invasive weeds 
like privet and kudzu, which are already present in the south-
ern states.39 Changing climate and changing trade patterns are 
likely to increase both the risks posed by, and the sources of, 
invasive species.40 Controlling weeds costs the U.S. more than 
$11 billion a year, with most of that spent on herbicides. Both 
herbicide use and costs are expected to increase as tempera-
tures and CO2 levels rise.41 Also, the most widely used herbicide 
in the United States, glyphosate (also known as RoundUp™ and 
other brand names), loses its efficacy on weeds grown at CO2 
levels projected to occur in the coming decades.42 Higher con-
centrations of the chemical and more frequent sprayings thus 
will be needed, increasing economic and environmental costs 
associated with chemical use.

Climate change effects on land-use patterns have the potential 
to create interactions among climate, diseases, and crops.37,43 
How climate change affects crop diseases depends upon the 
effect that a combination of climate changes has on both the 
host and the pathogen. One example of the complexity of the 
interactions among climate, host, and pathogen is aflatoxin 
(Aspergillus flavus). Temperature and moisture availability are 
crucial for the production of this toxin, and both pre-harvest 
and post-harvest conditions are critical in understanding the 
impacts of climate change. High temperatures and drought 
stress increase aflatoxin production and at the same time 
reduce the growth of host plants. The toxin’s impacts are 
augmented by the presence of insects, creating a potential 
for climate-toxin-insect-plant interactions that further affect 

crop production.44 Earlier spring and warmer winter conditions 
are also expected to increase the survival and proliferation of 
disease-causing agents and parasites. 

Insects are directly affected by temperature and synchronize 
their development and reproduction with warm periods and 
are dormant during cold periods.45 Higher winter tempera-
tures increase insect populations due to overwinter survival 
and, coupled with higher summer temperatures, increase 
reproductive rates and allow for multiple generations each 
year.46 An example of this has been observed in the European 
corn borer (Ostrinia nubialis) which produces one generation 
in the northern Corn Belt and two or more generations in the 
southern Corn Belt.47 Changes in the number of reproductive 
generations coupled with the shift in ranges of insects will alter 
insect pressure in a given region. 

Superimposed on these climate change related impacts on 
weed and insect proliferation will be ongoing land-use and 
land-cover changes (Ch. 13: Land Use & Land Cover Change). 
For example, northward movement of non-migratory butter-
flies in Europe and changes in the range of insects were associ-
ated with land-use patterns and climate change.48 

Livestock production faces additional climate change related 
impacts that can affect disease prevalence and range. Regional 
warming and changes in rainfall distribution have the poten-
tial to change the distributions of diseases that are sensitive 
to temperature and moisture, such as anthrax, blackleg, and 
hemorrhagic septicemia, and lead to increased incidence of 
ketosis, mastitis, and lameness in dairy cows.33,49

These observations illustrate some of the interactions among 
climate change, land-use patterns, and insect populations. 
Weeds, insects, and diseases thus cause a range of direct and 
indirect effects on plants and animals from climate change, 
although there are no simple models to predict the potential 
interactions. Given the economic impact of these pests and 
the potential implications for food security, research is critical 
to further understand these dynamics. 
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Key Message 3: Extreme Precipitation and Soil Erosion

Current loss and degradation of critical agricultural soil and water assets due to 
increasing extremes in precipitation will continue to challenge both rainfed and 
irrigated agriculture unless innovative conservation methods are implemented.

Several processes act to degrade soils, including erosion, com-
paction, acidification, salinization, toxification, and net loss 
of organic matter (Ch. 15: Biogeochemical Cycles). Several of 
these processes, particularly erosion, will be directly affected 
by climate change. Rainfall’s erosive power is expected to in-
crease as a result of increases in rainfall amount in northern 
portions of the United States (see Ch. 2: Our Changing Cli-
mate), accompanied by further increases in precipitation in-
tensity.50 Projected increases in rainfall intensity that include 
more extreme events will increase soil erosion in the absence 
of conservation practices.51,52 

Soil and water are essential resources for agricultural produc-
tion, and both are subject to new conditions as climate chang-
es. Precipitation and temperature affect the potential amount 
of water available, but the actual amount of available water 
also depends on soil type, soil water holding capacity, and the 
rate at which water filters through the soil (Figure 6.7 and 6.8). 
Such soil characteristics, however, are sensitive to changing 
climate conditions; changes in soil carbon content and soil loss 
will be affected by direct climate effects through changes in 
soil temperature, soil water availability, and the amount of 
organic matter input from plants.53 

it is All About the WAter! 

Soil is a critical component of agricultural systems, and the changing climate affects the amount, distribution, 
and intensity of precipitation. Soil erosion occurs when the rate of precipitation exceeds the ability of the soil to 
maintain an adequate infiltration rate. When this occurs, runoff from fields moves water and soil from the field 
into nearby water bodies. 

Water and soil that are lost from the field are no longer available to support crop growth. The increasing intensity 
of storms and the shifting of rainfall patterns toward more spring precipitation in the Midwest may lead to more 
scenes similar to this one (Figure 6.7). An analysis of the rainfall patterns across Iowa has shown there has not 
been an increase in total annual precipitation; however, there has been a large increase in the number of days 
with heavy rainfall (Figure 6.9). The increase in spring precipitation is evidenced by a decrease of three days 
in the number of workable days in the April to May period during 2001 through 2011 in Iowa compared to the 
period 1980-2000.15 To offset this increased precipitation, producers have been installing subsurface drainage to 
remove more water from the fields at a cost of $500 per acre (Figure 6.8). These are elaborate systems designed 
to move water from the landscape to allow agricultural operations to occur in the spring. Water erosion and runoff 
is only one portion of the spectrum of extreme precipitation. Wind erosion could increase in areas with persistent 
drought because of the reduction in vegetative cover. (Photo credit (left): USDA Natural Resources Conservation 
Service; Figure source (right): NOAA NCDC / CICS-NC).

Figure 6.7 Figure 6.8
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A few of the many important ecosystem services provided by 
soils include the provision of food, wood, fiber such as cot-
ton, and raw materials; flood mitigation; recycling of wastes; 
biological control of pests; regulation of carbon and other 
heat-trapping gases; physical support for roads and buildings; 
and cultural and aesthetic values.54 Productive soils are char-
acterized by levels of nutrients necessary for the production 
of healthy plants, moderately high levels of organic matter, a 
soil structure with good binding of the primary soil particles, 
moderate pH levels, thickness sufficient to store adequate wa-
ter for plants, a healthy microbial community, and the absence 
of elements or compounds in concentrations that are toxic for 
plant, animal, and microbial life.

Changes in production practices can have more effect than 
climate change on soil erosion; however, changes in climate 
will exacerbate the effects of management practices that do 
not protect the soil surface from the forces of rainfall. Erosion 
is managed through maintenance of cover on the soil surface 
to reduce the effect of rainfall intensity. Studies have shown 
that a reduction in projected crop biomass (and hence the 
amount of crop residue that remains on the surface over the 
winter) will increase soil loss.57,58 Expected increases in soil ero-
sion under climate change also will lead to increased off-site, 

non-point-source pollution. Soil conservation practices will 
therefore be an important element of agricultural adaptation 
to climate change.59

Rising temperatures and CO2 and shifting precipitation pat-
terns will alter crop-water requirements, crop-water avail-
ability, crop productivity, and costs of water access across the 
agricultural landscape. Higher temperatures are projected to 
increase both evaporative losses from land and water surfaces 
and transpiration losses (through plant leaves) from non-crop 
land cover, potentially reducing annual runoff and streamflow 
for a given amount of precipitation. The resulting shift in crop 
health will, in turn, drive changes in cropland allocations and 
production systems.

Figure 6.9. Iowa is the nation’s top corn and soybean producing state. These crops are planted in the 
spring. Heavy rain can delay planting and create problems in obtaining a good stand of plants, both 
of which can reduce crop productivity. In Iowa soils with even modest slopes, rainfall of more than 
1.25 inches in a single day leads to runoff that causes soil erosion and loss of nutrients and, under 
some circumstances, can lead to flooding. The figure shows the number of days per year during 
which more than 1.25 inches of rain fell in Des Moines, Iowa. Recent frequent occurrences of such 
events are consistent with the significant upward trend of heavy precipitation events documented 
in the Midwest.51,55 (Figure source: adapted from Takle 201156).

 Increasing Heavy Downpours in Iowa
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Key Message 4: Heat and Drought Damage

The rising incidence of weather extremes will have increasingly negative impacts on crop 
and livestock productivity because critical thresholds are already being exceeded. 

Climate change projections suggest an increase in extreme 
heat, severe drought, and heavy precipitation.60 Extreme cli-
mate conditions, such as dry spells, sustained droughts, and 
heat waves all have large effects on crops and livestock. The 
timing of extreme events will be critical because they may oc-
cur at sensitive stages in the life cycles of agricultural crops 
or reproductive stages for animals, diseases, and insects. Ex-
treme events at vulnerable times could result in major impacts 
on growth or productivity, such as hot-temperature extreme 
weather events on corn during pollination. By the end of this 
century, the occurrence of very hot nights and the duration of 
periods lacking agriculturally significant rainfall are projected 
to increase. Recent studies suggest that increased average 
temperatures and drier conditions will amplify future drought 
severity and temperature extremes.6,61,62 Crops and livestock 
will be at increased risk of exposure to extreme heat events. 
Projected increases in the occurrence of extreme heat events 
will expose production systems to conditions exceeding maxi-
mum thresholds for given species more frequently. Goats, 
sheep, beef cattle, and dairy cattle are the livestock species 
most widely managed in extensive outdoor facilities. Within 
physiological limits, animals can adapt to and cope with grad-
ual thermal changes, though shifts in thermoregulation may 
result in a loss of productivity.63 Lack of prior conditioning to 

rapidly changing or adverse weather events, however, often 
results in catastrophic deaths in domestic livestock and losses 
of productivity in surviving animals.34 

Key Message 5: Rate of Adaptation

Agriculture has been able to adapt to recent changes in climate; however, increased 
innovation will be needed to ensure the rate of adaptation of agriculture and the associated 

socioeconomic system can keep pace with climate change over the next 25 years.

There is emerging evidence about the economic impacts of 
climate change on agriculture and the potential for adaptive 
strategies.64 Much of the economic literature suggests that in 
the short term, producers will continue to adapt to weather 
changes and shocks as they always have, with changes in the 
timing of field operations, shifts in crops grown, and changing 
tillage or irrigation practices.64 In the longer term, however, ex-
isting adaptive technologies will likely not be sufficient to buf-
fer the impacts of climate change without significant impacts 
to domestic producers, consumers, or both. New strategies 
for building long-term resilience include both new technolo-
gies and new institutions to facilitate appropriate, informed 
producer response to a changing climate. Furthermore, there 
are both public and private costs to adjusting agricultural pro-
duction and infrastructure in a manner that enables adapta-
tion.2 Limits to public investment and constraints on private 
investment could slow the speed of adaptation, yet potential 
constraints and limits are not well understood or integrated 
into economic impact assessments. The economic implications 

of changing biotic pressures on crops and livestock, and on the 
agricultural system as a whole, are not well understood, either 
in the short or long term.15 Adaptation may also be limited 
by the availability of inputs (such as land or water), changing 
prices of other inputs with climate change (such as energy and 
fertilizer), and by the environmental implications of intensify-
ing or expanding agricultural production. 

Adaptation strategies currently used by U.S. farmers to cope 
with weather and climate changes include changing selection 
of crops, the timing of field operations, and the increasing use 
of pesticides to control increased pressure from pests. Tech-
nological innovation increases the tools available to farmers 
in some agricultural sectors. Diversifying crop rotations, inte-
grating livestock with crop production systems, improving soil 
quality, minimizing off-farm flows of nutrients and pesticides, 
and other practices typically associated with sustainable agri-
culture also increase the resiliency of the agricultural system 
to productivity impacts of climate change.65,66 In the Midwest, 
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there have been shifts in the distribution of crops and land-use 
change partially related to the increased demand for biofuels67 
(see also Ch. 10: Energy, Water, and Land for more discussion 
on biofuels). In California’s Central Valley, an adaptation plan 
consisting of integrated changes in crop mix, irrigation meth-
ods, fertilization practices, tillage practices, and land manage-
ment may be an effective approach to managing climate risk.68 
These practices are available to all agricultural regions of the 
United States as potential adaptation strategies. 

Based on projected climate change impacts in some areas of 
the United States, agricultural systems may have to undergo 
more transformative changes to remain productive and profit-
able in the long term.65 Research and development of sustain-
able natural resource management strategies inform adapta-
tion options for U.S. agriculture. More transformative adaptive 
strategies, such as conversion to integrated crop-livestock 
farming, may reduce environmental impacts, improve profit-
ability and sustainability, and enhance ecological resilience to 
climate change in U.S. livestock production systems.69 

There are many possible responses to climate change that will 
allow agriculture to adapt over the next 25 years; however, 
potential constraints to adaptation must be recognized and 
addressed. In addition to regional constraints on the availabil-
ity of critical basic resources such as land and water, there are 
potential constraints related to farm financing and credit avail-
ability in the U.S. and elsewhere. Research suggests that such 
constraints may be significant, especially for small family farms 
with little available capital.22,64,70 In addition to the technical 

and financial ability to adapt to changing average conditions, 
farm resilience to climate change is also a function of financial 
capacity to withstand increasing variability in production and 
returns, including catastrophic loss.71 As climate change inten-
sifies, “climate risk” from more frequent and intense weather 
events will add to the existing risks commonly managed by 
producers, such as those related to production, marketing, 
finances, regulation, and personal health and safety factors.72 
The role of innovative management techniques and govern-
ment policies as well as research and insurance programs will 
have a substantial impact on the degree to which the agricul-
tural sector increases climate resilience in the longer term.

Modern agriculture has continually adapted to many changing 
factors, both within and outside of agricultural systems. As a 
result, agriculture in the U.S. over the past century has steadily 
increased productivity and integration into world markets. Al-
though agriculture has a long history of successful adaptation 
to climate variability, the accelerating pace of climate change 
and the intensity of projected climate change represent new 
and unprecedented challenges to the sustainability of U.S. ag-
riculture. In the short term, existing and evolving adaptation 
strategies will provide substantial adaptive capacity, protect-
ing domestic producers and consumers from many of the 
impacts of climate change, except possibly the occurrence of 
protracted extreme events. In the longer term, adaptation will 
be more difficult and costly because the physiological limits 
of plant and animal species will be exceeded more frequently, 
and the productivity of crop and livestock systems will become 
more variable. 

Key Message 6: Food Security

Climate change effects on agriculture will have consequences for food 
security, both in the U.S. and globally, through changes in crop yields and food 
prices and effects on food processing, storage, transportation, and retailing. 

Adaptation measures can help delay and reduce some of these impacts.

Climate change impacts on agriculture will have consequences 
for food security both in the U.S. and globally. Food security 
includes four components: availability, stability, access, and 
utilization of food.73 Following this definition, in 2011, 14.9% 
of U.S. households did not have secure food supplies at some 
point during the year, with 5.7% of U.S. households experienc-
ing very low food security.74 Food security is affected by a vari-
ety of supply and demand-side pressures, including economic 
conditions, globalization of markets, safety and quality of food, 
land-use change, demographic change, and disease and pov-
erty.75,76 

Within the complex global food system, climate change is ex-
pected to affect food security in multiple ways.77 In addition 
to altering agricultural yields, projected rising temperatures, 
changing weather patterns, and increases in frequency of 
extreme weather events will affect distribution of food- and ©
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water-borne diseases as well as food trade and distribution.78 
This means that U.S. food security depends not only on how 
climate change affects crop yields at the local and national 
level, but also on how climate change and changes in extreme 
events affect food processing, storage, transportation, and 
retailing, through the disruption of transportation as well as 
the ability of consumers to purchase food. And because about 
one-fifth of all food consumed in the U.S. is imported, our food 
supply and security can be significantly affected by climate 
variations and changes in other parts of the world. The import 
share has increased over the last two decades, and the U.S. 
now imports 13% of grains, 20% of vegetables (much higher in 
winter months), almost 40% of fruit, 85% of fish and shellfish, 
and almost all tropical products such as coffee, tea, and banan-
as (Figure 6.3).79 Climate extremes in regions that supply these 
products to the U.S. can cause sharp reductions in production 
and increases in prices.

In an increasingly globalized food system with volatile food 
prices, climate events abroad may affect food security in the 
U.S. while climate events in the U.S. may affect food security 
globally. The globalized food system can buffer the local im-
pacts of weather events on food security, but can also increase 
the global vulnerability of food security by transmitting price 
shocks globally.80 

The connections of U.S. agriculture and food security to global 
conditions are clearly illustrated by the recent food price spikes 
in 2008 and 2011 that highlighted the complex connections of 
climate, land use, demand, and markets. The doubling of the 
United Nations Food and Agriculture Organization (FAO) food 
price index over just a few months in 2010 was caused partly 
by weather conditions in food-exporting countries such as 
Australia, Russia, and the United States, but was also driven by 
increased demand for meat and dairy in Asia, increased energy 
costs and demand for biofuels, and commodity speculation in 
financial markets.81  

Adapting food systems to limit the impacts of climate extremes 
and changes involves strategies to maintain supply and man-
age demand as well as an understanding of how other regions 
of the world adapt their food systems in ways that might affect 
U.S. agricultural competitiveness, imports, and prices. Supplies 
can be maintained through adaptations such as reducing waste 
in the food system, making food distribution systems more 
resilient to climate risks, protecting food quality and safety in 
higher temperatures, and policies to ensure food access for 
disadvantaged populations and during extreme events (Ch. 28 
Adaptation).15,75,76,80,81
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Process for Developing Key Messages
A central component of the process was the development of a 
foundational technical input report (TIR), “Climate Change and 
Agriculture in the United States: An Assessment of Effects and 
Potential for Adaptation”.15 A public session conducted as part 
of the Tri-Societies (https://www.acsmeetings.org/home) meeting 
held in San Antonio, Texas, on Oct. 16-19, 2011, provided input 
to this report. 

The report team engaged in multiple technical discussions via 
teleconference, which included careful review of the foundational 
TIR15 and of approximately 56 additional technical inputs provided 
by the public, as well as other published literature and profes-
sional judgment. Discussions were followed by expert deliberation 
of draft key messages by the authors and targeted consultation 
with additional experts by the lead author of each message.

Key message #1 Traceable accounT

Climate disruptions to agricultural production 
have increased in the past 40 years and are pro-
jected to increase over the next 25 years. By mid-
century and beyond, these impacts will be increas-
ingly negative on most crops and livestock.

Description of evidence base
The key message and supporting text summarize extensive evi-
dence documented in the Agriculture TIR, “Climate Change and 
Agriculture in the United States: An Assessment of Effects and 
Potential for Adaptation.15 Additional Technical Input Reports (56) 
on a wide range of topics were also received and reviewed as part 
of the Federal Register Notice solicitation for public input.

Evidence that climate change has had and will have impacts on 
crops and livestock is based on numerous studies and is incon-
trovertible.6,7,8 

The literature strongly suggests that carbon dioxide, temperature, 
and precipitation affect livestock and crop production. Plants 
have an optimal temperature range to which they are adapted, 
and regional crop growth will be affected by shifts in that region’s 
temperatures relative to each crop’s optimal range. Large shifts 
in temperature can significantly affect seasonal biomass growth, 

while changes in the timing and intensity of extreme temperature 
effects are expected to negatively affect crop development during 
critical windows such as pollination. Crop production will also be 
affected by changing patterns of seasonal precipitation; extreme 
precipitation events are expected to occur more frequently and 
negatively affect production levels. Livestock production is directly 
affected by extreme temperature as the animal makes metabolic 
adjustments to cope with heat stress.15 Further, production costs 
in confined systems markedly increase when climate regulation is 
necessary.

New information and remaining uncertainties
Important new evidence (cited above) confirmed many of the find-
ings in the past Synthesis and Assessment Product on agricul-
ture,

82
 which informed the 2009 National Climate Assessment.

83
 

There is insufficient understanding of the effects on crop produc-
tion of rising carbon dioxide, changing temperatures and more 
variable precipitation patterns.9 The combined effects on plant 
water demand and soil water availability will be critical to under-
standing regional crop response. The role of increasing minimum 
temperatures on water demand and growth and senescence rates 
of plants is an important factor. There is insufficient understand-
ing of how prolonged exposure of livestock to high or cold tem-
peratures affects metabolism and reproductive variables.26 For 
grazing animals, climate conditions during the growing season are 
critical in determining feed availability and quality on rangeland 
and pastureland.69

The information base can be enhanced by evaluating crop growth 
and livestock production models. This evaluation would further 
the understanding of the interactions of climate variables and 
the biological system. Better understanding of projected changes 
in precipitation will narrow uncertainty about future yield reduc-
tions.9,69

Assessment of confidence based on evidence 
There are a range of controlled environment and field studies that 
provide the evidence for these findings. Confidence in this key 
message is therefore judged to be high.
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Key message #2 Traceable accounT

Many agricultural regions will experience declines 
in crop and livestock production from increased 
stress due to weeds, diseases, insect pests, and 
other climate change induced stresses.

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the Agriculture TIR, “Climate Change and 
Agriculture in the United States: An Assessment of Effects and 
Potential for Adaptation”.

15
 Additional Technical Input Reports 

(56) on a wide range of topics were also received and reviewed 
as part of the Federal Register Notice solicitation for public input. 

Numerous peer-reviewed publications describe the direct effects 
of climate on the ecological systems within which crop and live-
stock operations occur. Many weeds respond more strongly to CO2 
than do crops, and it is believed that the range of many diseases 
and pests (for both crop and livestock) will expand under warm-
ing conditions.

28,31,40
 Pests may have increased overwinter survival 

and fit more generations into a single year, which may also facili-
tate faster evolution of pesticide resistance. Changing patterns of 
pressure from weeds, other pests, and disease can affect crop and 
livestock production in ways that may be costly or challenging to 
address.

9,15

New information and remaining uncertainties
Important new evidence (cited above) confirmed many of the find-
ings in the past Synthesis and Assessment Product on agricul-
ture,

82
 which informed the 2009 National Climate Assessment.

83

In addition to extant species already in the U.S., exotic weeds, 
diseases, and pests have particular significance in that: 1) they 
can often be invasive (that is, arrive without normal biological/
ecological controls) and highly damaging; 2) with increasing in-
ternational trade, there are numerous high-threat, high-impact 
species that will arrive on commodities from areas where some 
species even now are barely known to modern science, but which 
have the potential to emerge under a changed climate regime to 
pose significant risk of establishment in the U.S. and economic 
loss; and 3) can take advantage of “disturbances,” where climate 
variability acts as an additional ecological disturbance. Improved 
models and observational data related to how many agricultural 
regions will experience declines in animal and plant production 
from increased stress due to weeds, diseases, insect pests, and 
other climate change induced stresses will need to be developed. 

A key issue is the extent of the interaction between components 
of the natural biological system (for example, pests) and the eco-
nomic biological system (for example, crop or animal). For insects, 
increased populations are a factor; however, their effect on the 
plant may be dependent upon the phenological stage of the plant 
when the insect is at specific phenological stages.

15

To enhance our understanding of these issues will require a con-
certed effort to begin to quantify the interactions of pests and the 
economic crop or livestock system and how each system and their 
interactions are affected by climate.

15

Assessment of confidence based on evidence 
The scientific literature is beginning to emerge; however, there are 
still some unknowns about the effects of biotic stresses, and there 
may well be emergent “surprises” resulting from departures from 
past ecological equilibria. Confidence is therefore judged to be 
medium that many agricultural regions will experience declines in 
animal and plant production from increased stress due to weeds, 
diseases, insect pests, and other climate change induced stresses. 

Key message #3 Traceable accounT

Current loss and degradation of critical agricul-
tural soil and water assets due to increasing ex-
tremes in precipitation will continue to challenge 
both rainfed and irrigated agriculture unless innova-
tive conservation methods are implemented.

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the Agriculture TIR, “Climate Change and 
Agriculture in the United States: An Assessment of Effects and 
Potential for Adaptation.”15 Additional Technical Input Reports 
(56) on a wide range of topics were also received and reviewed 
as part of the Federal Register Notice solicitation for public input. 

Soil erosion is affected by rainfall intensity and there is evidence 
of increasing intensity in rainfall events even where the annual 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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mean is reduced.53 Unprotected soil surfaces will have increased 
erosion and require more intense conservation practices.58,59 
Shifts in seasonality and type of precipitation will affect both tim-
ing and impact of water availability for both rainfed and irrigated 
agriculture. Evidence is strong that in the future there will be more 
precipitation globally, and that rain events will be more intense, 
even if separated by longer periods without rain.6

New information and remaining uncertainties
Important new evidence (cited above) confirmed many of the find-
ings in the past Synthesis and Assessment Product on agricul-
ture,82 which informed the 2009 National Climate Assessment.83 
Both rainfed and irrigated agriculture will increasingly be chal-
lenged, based on improved models and observational data related 
to the effects of increasing precipitation extremes on loss and 
degradation of critical agricultural soil and water assets.51,52

Precipitation shifts are the most difficult to project, and uncer-
tainty in regional projections increases with time into the future.61 
To improve these projections will require enhanced understand-
ing of shifts in timing, intensity, and magnitude of precipitation 
events. In the northern U.S., more frequent and severe winter and 
spring storms are projected, while there is a projected reduction in 
precipitation in the Southwest (see Ch. 2: Our Changing Climate).

Assessment of confidence based on evidence 
The precipitation forecasts are the limiting factor in these assess-
ments; the evidence of the impact of precipitation extremes on 
soil water availability and soil erosion is well established. Confi-
dence in this key message is therefore judged to be high.

Key message #4 Traceable accounT

The rising incidence of weather extremes will 
have increasingly negative impacts on crop and 
livestock productivity because critical thresholds 
are already being exceeded. 

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the Agriculture TIR, “Climate Change and 
Agriculture in the United States: An Assessment of Effects and 
Potential for Adaptation”.15 Additional Technical Input Reports 
(56) on a wide range of topics were also received and reviewed 
as part of the Federal Register Notice solicitation for public input. 

Numerous peer-reviewed publications6,61,62 provide evidence that 
the occurrence of extreme events is increasing, and exposure 
of plants or animals to temperatures and soil water conditions 
(drought, water-logging, flood) outside of the biological range for 
the given species will cause stress and reduce production.6,61,62 
The direct effects of an extreme event will depend upon the timing 
of the event relative to the growth stage of the biological system.

New information and remaining uncertainties
Important new evidence (cited above) confirmed many of the  
findings in the past Synthesis and Assessment Product on agricul-
ture, 82 which informed the 2009 National Climate Assessment.83

One key area of uncertainty is the timing of extreme events dur-
ing the phenological stage of the plant or the growth stage of the 
animal. For example, plants are more sensitive to extreme high 
temperatures during the pollination stage compared to vegetative 
growth stages.9 A parallel example for animals is relatively strong 
sensitivity to high temperatures during the conception phase.34 
Milk and egg production are also vulnerable to temperature ex-
tremes. The effects of extreme combinations of weather variables 
must be considered, such as elevated humidity in concert with 
high temperatures.34 

Other key uncertainties include inadequate precision in simula-
tions of the timing of extreme events relative to short time periods 
of crop vulnerability, and temperatures close to key thresholds 
such as freezing.22 The uncertainty is amplified by the rarity of 
extreme events; this rarity means there are infrequent opportuni-
ties to study the impact of extreme events. In general, a shift 
of the distribution of temperatures can increase the frequency of 
threshold exceedance.15

The information base can be enhanced by improving the forecast 
of extreme events, given that the effect of extreme events on 
plants or animals is known.3,61

Assessment of confidence based on evidence 
There is high confidence in the effects of extreme temperature 
events on crops and livestock, and the agreement in the literature 
is good. 

Key message #5 Traceable accounT

Agriculture has been able to adapt to recent 
changes in climate; however, increased innovation 
will be needed to ensure the rate of adaptation of 
agriculture and the associated socioeconomic sys-
tem can keep pace with climate change over the 
next 25 years.

Description of evidence base
There is emerging evidence about the economic impacts of climate 
change on agriculture and the potential for adaptive strategies.64 
In the case of crop production, much of the economic literature 
suggests that in the short term, producers will continue to adapt to 
weather changes and shocks as they always have, with changes in 
the timing of field operations, shifts in crops grown, and changing 
tillage or irrigation practices.64 In the longer term, however, exist-
ing adaptive technologies will likely not be sufficient to buffer the 
impacts of climate change without significant impacts to domestic 
producers, consumers, or both.
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New strategies for building long-term resilience include both 
new technologies and new institutions to facilitate appropriate, 
informed producer response to a changing climate. Furthermore, 
there are both public and private costs to adjusting agricultural 
production and infrastructure in a manner that enables adapta-
tion.2 

New information and remaining uncertainties
Limits to public investment and constraints on private investment 
could slow the speed of adaptation, yet potential constraints and 
limits are not well-understood or integrated into economic impact 
assessments. The economic implications of changing biotic pres-
sures on crops and livestock, and on the agricultural system as a 
whole, are not well-understood, either in the short or long term.

15
 

Adaptation may also be limited by availability of inputs (such as 
land or water), changing prices of other inputs with climate change 
(such as energy and fertilizer), and by the environmental implica-
tions of intensifying or expanding agricultural production.  

It is difficult to fully represent the complex interactions of the 
entire socio-ecological system within which agriculture operates, 
to assess the relative effectiveness and feasibility of adaptation 
strategies at various levels. Economic impact assessments require 
improved understanding of adaptation capacity and agricultural 
resilience at the system level, including the agri-ecosystem im-
pacts related to diseases and pests. Economic impact assess-
ments also require improved understanding of adaptation oppor-
tunities, economic resilience, and constraints to adaptation at the 
producer level.

2,64
 The economic value of ecological services, such 

as pollination services, is particularly difficult to quantify and in-
corporate into economic impact efforts.

15

Assessment of confidence based on evidence 
Emerging evidence about adaptation of agricultural systems to 
changing climate is beginning to be developed. The complex in-
teractions among all of the system components present a limita-
tion to a complete understanding, but do provide a comprehensive 
framework for the assessment of agricultural responses to climate 
change. Given the overall and remaining uncertainty, there is me-
dium confidence in this message.

Key message #6 Traceable accounT

Climate change effects on agriculture will have 
consequences for food security, both in the U.S. 
and globally, through changes in crop yields and 
food prices and effects on food processing, stor-
age, transportation, and retailing. Adaptation mea-
sures can help delay and reduce some of these 
impacts.

Description of evidence base
The relationships among agricultural productivity, climate change, 
and food security have been documented through ongoing inves-
tigations by the Food and Agriculture Organization,

81,84
 as well as 

the U.S. Department of Agriculture,
85

 and the National Research 
Council.

77
 There are many factors that affect food security, and 

agricultural yields are only one of them. Climate change is also 
expected to affect distribution of food- and waterborne diseases, 
and food trade and distribution.

78

New information and remaining uncertainties
The components of food security derive from the intersection of 
political, physical, economic, and social factors. In many ways the 
impact of climate change on crop yields is the least complex of the 
factors that affect the four components of food security (availabili-
ty, stability, access, and utilization). As the globalized food system 
is subject to conflicting pressures across scales, one approach 
to reducing risk is a “cross-scale problem-driven” approach to 
food security.

76
 This and other approaches to understanding and 

responding to the complexities of the global food system need ad-
ditional research. Climate change will have a direct impact on crop 
and livestock production by increasing the variability in production 
levels from year to year, with varying effects across different re-
gions. Climate change will also affect the distribution of food sup-
plies as a result of disruptions in transportation routes. Addressing 
food security will require integration of multiple factors, including 
the direct and indirect impacts of climate change. 

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainty, there is high 
confidence that climate change impacts will have consequences 
for food security both in the U.S. and globally through changes in 
crop yields and food prices, and very high confidence that other 
related factors, including food processing, storage, transportation, 
and retailing will also be affected by climate change. There is high 
confidence that adaptation measures will help delay and reduce 
some of these impacts. 
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Key Messages
1. Climate change is increasing the vulnerability of many forests to ecosystem changes and tree  
     mortality through fire, insect infestations, drought, and disease outbreaks. 

2. U.S. forests and associated wood products currently absorb and store the equivalent of about  
     16% of all carbon dioxide (CO2) emitted by fossil fuel burning in the U.S. each year. Climate  
     change, combined with current societal trends in land use and forest management, is projected  
     to reduce this rate of forest CO2 uptake. 

3. Bioenergy could emerge as a new market for wood and could aid in the restoration of forests  
     killed by drought, insects, and fire. 

4. Forest management responses to climate change will be influenced by the changing nature of  
     private forestland ownership, globalization of forestry markets, emerging markets for bioenergy,  
     and U.S. climate change policy.  

FORESTS7

Forests occur within urban areas, at the interface between 
urban and rural areas (wildland-urban interface), and in rural 
areas. Urban forests contribute to clean air, cooling buildings, 
aesthetics, and recreation in parks. Development in the 
wildland-urban interface is increasing because of the appeal 
of owning homes near or in the woods. In rural areas, market 
factors drive land uses among commercial forestry and land 
uses such as agriculture. Across this spectrum, forests provide 
recreational opportunities, cultural resources, and social 
values such as aesthetics.1  

Economic factors have historically influenced both the overall 
area and use of private forestland. Private entities (such as 
corporations, family forest owners, and tribes) own 56% 
of the forestlands in the United States. The remaining 44% 
of forests are on public lands: federal (33%), state (9%), and 
county and municipal government (2%).2 Market factors can 
influence management objectives for public lands, but societal 
values also influence objectives by identifying benefits such 
as environmental services not ordinarily provided through 
markets, like watershed protection and wildlife habitat. 
Different challenges and opportunities exist for public and for 
private forest management decisions, especially when climate-
related issues are considered on a national scale. For example, 
public forests typically carry higher levels of forest biomass, 
are more remote, and tend not to be as intensively managed as 
private forestlands.1 

Forests provide opportunities to reduce future climate change 
by capturing and storing carbon, as well as by providing 
resources for bioenergy production (the use of forest-derived 
plant-based materials for energy production). The total 
amount of carbon stored in U.S. forest ecosystems and wood 
products (such as lumber and pulpwood) equals roughly 25 
years of U.S. heat-trapping gas emissions at current rates of 
emission, providing an important national “sink” that could 
grow or shrink depending on the extent of climate change, 
forest management practices, policy decisions, and other 
factors.3,4 For example, in 2011, U.S. forest ecosystems and 
the associated wood products industry captured and stored 
roughly 16% of all carbon dioxide emitted by fossil fuel burning 
in the United States.3  

Management choices for public, private, and tribal forests 
all involve similar issues. For example, increases in wildfire, 
disease, drought, and extreme events are projected for some 
regions (see also Ch. 16: Northeast; Ch. 20: Southwest; Ch. 
21: Northwest, Key Message 3; and Ch. 22: Alaska). At the 
same time, there is growing awareness that forests may play 
an expanded role in carbon management. Urban expansion 
fragments forests and may limit forest management options. 
Addressing climate change effects on forestlands requires 
considering the interactions among land-use practices, energy 
options, and climate change.5
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Key Message 1: Increasing Forest Disturbances

Climate change is increasing the vulnerability of many forests to ecosystem changes  
and tree mortality through fire, insect infestations, drought, and disease outbreaks. 

Insect and pathogen outbreaks, invasive species, wildfires, 
and extreme events such as droughts, high winds, ice 
storms, hurricanes, and landslides induced by storms8 are all 
disturbances that affect U.S. forests and their management 
(Figure 7.1). These disturbances are part of forest dynamics, 
are often interrelated, and can be amplified by underlying 
trends – for example, decades of rising average temperatures 
can increase damage to forests when a drought occurs.9 
Disturbances that affect large portions of forest ecosystems 
occur relatively infrequently and in response to climate 
extremes. Changes in climate in the absence of extreme climate 
events (and the forest disturbances they trigger) may result in 

increased forest productivity, but extreme climate events can 
potentially overturn such patterns.10

Factors affecting tree death – such as drought, physiological 
water stress, higher temperatures, and/or pests and pathogens 
– are often interrelated, which means that isolating a single 
cause of mortality is rare.11,12,13 However, in western forests 
there have been recent large-scale die-off events due to one 
or more of these factors,14,15,16 and rates of tree mortality are 
well correlated with both rising temperatures and associated 
increases in evaporative water demand.17 In eastern forests, 
tree mortality at large spatial scales was more sensitive 

Figure 7.1. An example of the variability and distribution of major ecosystem 
disturbance types in North America, compiled from 2005 to 2009. Forest disturbance 
varies by topography, vegetation, weather patterns, climate gradients, and proximity 
to human settlement. Severity is mapped as a percent change in a satellite-derived 
Disturbance Index. White areas represent natural annual variability, orange 
represents moderate severity, and red represents high severity.6 Fire dominates 
much of the western forest ecosystems, and storms affect the Gulf Coast. Insect 
damage is widespread but currently concentrated in western regions, and timber 
harvest is predominant in the Southeast. (Figure source: modified from Goetz et 
al. 2012;7 Copyright 2012 American Geophysical Union).

Forest Ecosystem Disturbances

A Montana saw mill owner inspects a lodgepole 
pine covered in pitch tubes that show the tree 
trying, unsuccessfully, to defend itself against 
the bark beetle. The bark beetle is killing 
lodgepole pines throughout the western U.S.

Warmer winters allow more insects to survive 
the cold season, and a longer summer allows 
some insects to complete two life cycles in a 
year instead of one. Drought stress reduces 
trees’ ability to defend against boring insects. 
Above, beetle-killed trees in Rocky Mountain 
National Park in Colorado.
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to forest structure (age, tree size, and species composition) and 
air pollutants than climate over recent decades. Nonetheless, 
mortality of some eastern tree groups is related to rising 
temperature18 and is expected to increase as climate warms.19  

Future disturbance rates in forests will depend on changes 
in the frequency of extreme events as well as the underlying 
changes in average climate conditions.9,20 Of particular concern 
is the potential for increased forest disturbance as the result 
of drought accompanied with warmer temperatures, which 
can cause both wildfire and tree death. Temperatures have 
generally been increasing and are projected to increase in the 
future (see Ch. 2: Our Changing Climate). Therefore, although 
it is difficult to predict trends in future extreme events,21 
there is a high degree of confidence that future droughts will 
be accompanied by generally warmer conditions. Trees die 
faster when drought is accompanied by higher temperatures, 
so short droughts can trigger mortality if temperatures are 
higher.22 Short droughts occur more frequently than long 
droughts. Consequently, a direct effect of rising temperatures 
may be substantially greater tree mortality even with no 
change in drought frequency.22  

Given strong relationships between climate and fire, even 
when modified by land use and management, such as fuel 
treatments (Figure 7.2), projected climate changes suggest 
that western forests in the United States will be increasingly 
affected by large and intense fires that occur more 
frequently.16,23,24,25 These impacts are compounded by a legacy 
of fire suppression that has resulted in many U.S. forests 
becoming increasingly dense.26 Eastern forests are less likely 
to experience immediate increases in wildfire, unless a point is 
reached at which rising temperatures combine with seasonal 
dry periods, more protracted drought, and/or insect outbreaks 
to trigger wildfires – conditions that have been seen in Florida 
(see Ch. 17: Southeast).

Rising temperatures and CO2 levels can increase growth or 
alter migration of some tree species;1,27 however, the relation-
ship between rising temperature and mortality is complex. For 
example, most functional groups show a decrease in mortal-
ity with higher summer temperatures (with the exception of 
northern groups), whereas warmer winters are correlated with 
higher mortality for some functional groups.18 Tree mortality 
is often the result of a combination of many factors; thus in-
creases in pollutants, droughts, and wildfires will increase the 
probability of a tree dying (Figure 7.3). Under projected climate 
conditions, rising temperatures could work together with for-
est stand characteristics and these other stressors to increase 
mortality. Recent die-offs have been more severe than pro-
jected.11,14 As temperatures increase to levels projected for 
mid-century and beyond, eastern forests may be at risk of die-
off.19 New evidence indicates that most tree species can en-

dure only limited abnormal water stress, reinforcing the idea 
that trees in wetter as well as semiarid forests are vulnerable 
to drought-induced mortality under warming climates.28

Figure 7.2. Forest management that selectively removes trees 
to reduce fire risk, among other objectives (a practice referred 
to as “fuel treatments”), can maintain uneven-aged forest 
structure and create small openings in the forest. Under some 
conditions, this practice can help prevent large wildfires from 
spreading. Photo shows the effectiveness of fuel treatments in 
Arizona’s 2002 Rodeo-Chediski fire, which burned more than 
400 square miles – at the time the worst fire in state history. 
Unburned area (left) had been managed with a treatment that 
removed commercial timber, thinned non-commercial-sized 
trees, and followed with prescribed fire in 1999. The right side 
of the photo shows burned area on the untreated slope below 
Limestone Ridge. (Photo credit: Jim Youtz, U.S. Forest Service).

Effectiveness of Forest Management
in Reducing Wildfire Risk

Climate change is contributing to increases in wildfires across 
the western U.S. and Alaska.
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Large-scale die-off and wildfire disturbance events could have 
potential impacts occurring at local and regional scales for 
timber production, flooding and erosion risks, other changes 
in water budgets, biogeochemical changes including carbon 
storage, and aesthetics.29,30,31 Rising disturbance rates can 
increase harvested wood output and potentially lower prices; 
however, higher disturbance rates could make future forest 

investments more risky (Figure 7.4). Western forests could 
also lose substantial amounts of carbon storage capacity. 
For example, an increase in wildfires, insect outbreaks, and 
droughts that are severe enough to alter soil moisture and 
nutrient contents can result in changes in tree density or 
species composition.10 

Key Message 2: Changing Carbon Uptake

U.S. forests and associated wood products currently absorb and store the equivalent of 
about 16% of all carbon dioxide (CO2) emitted by fossil fuel burning in the U.S. each year. 

Climate change, combined with current societal trends in land use and forest  
management, is projected to reduce this rate of forest CO2 uptake. 

Climate-related Effects on Trees and Forest Productivity 
Forests within the United States grow across a wide range of 
latitudes and altitudes and occupy all but the driest regions. 
Current forest cover has been shaped by climate, soils, 
topography, disturbance frequency, and human activity. 
Forest growth appears to be slowly accelerating (less than 1% 
per decade) in regions where tree growth is limited by low 
temperatures and short growing seasons that are gradually 
being altered by climate change (for species shifts, see Ch. 8: 
Ecosystems).32 Forest carbon storage appears to be increasing 
both globally and within the United States.33 Continental-scale 
satellite measurements document a lengthening growing 

season in the last thirty years, yet earlier spring growth may be 
negated by mid-summer drought.34 

By the end of the century, snowmelt may occur a month 
earlier, but forest drought stress could increase by two 
months in the Rocky Mountain forests.35 In the eastern United 
States, elevated CO2 and temperature may increase forest 
growth and potentially carbon storage if sufficient water 
is available.1,31,36 Despite recent increases in forest growth, 
future net forest carbon storage is expected to decline due to 
accelerating mortality and disturbance. 

Figure 7.3. The figure shows a conceptual 
climate envelope analysis of forest vulner-
ability under current and projected future 
ranges of variability in climate parameters 
(temperature and precipitation, or alter-
natively drought duration and intensity). 
Climate models project increasing temper-
atures across the U.S. in coming decades, 
but a range of increasing or decreasing 
precipitation depending on region. Episodic 
droughts (where evaporation far exceeds 
precipitation) are also expected to increase 
in duration and/or intensity (see Ch. 2: 
Our Changing Climate). The overall result 
will be increased vulnerability of forests 
to periodic widespread regional mortality 
events resulting from trees exceeding their 
physiological stress thresholds.11 (Figure 
source: Allen et al. 201011). 

Forest Vulnerability to Changing Climate
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Forest Carbon Sequestration and Carbon Management
From the onset of European settlement to the start of the 
last century, changes in U.S. forest cover due to expansion 
of agriculture, tree harvests, and settlements resulted in 
net emissions of carbon.37,38 More recently, with forests 
reoccupying land previously used for agriculture, technological 
advances in harvesting, and changes in forest management, 
U.S. forests and associated wood products now serve as a 
substantial carbon sink, capturing and storing more than 227.6 

million tons of carbon per year.3 The amount of carbon taken 
up by U.S. land is dominated by forests (Figure 7.5), which have 
annually absorbed 7% to 24% of fossil fuel carbon dioxide (CO2) 
emissions in the U.S. over the past two decades. The best 
estimate is that forests and wood products stored about 16% 
(833 teragrams, or 918.2 million short tons, of CO2 equivalent 
in 2011) of all the CO2 emitted annually by fossil fuel burning in 
the United States (see also “Estimating the U.S. Carbon Sink” in 

Ch. 15: Biogeochemical Cycles).3

The future role of U.S. forests in the carbon cycle 
will be affected by climate change through changes 
in disturbances (see Figures 7.3 and 7.4), as well 
as shifts in tree species, ranges, and productivity 
(Figure 7.6).19,38 Economic factors will affect any 
future carbon cycle of forests, as the age class 
and condition of forests are affected by the 
acceleration of harvesting,39,40 land-use changes 
such as urbanization,41 changes in forest types,42 and 
bioenergy development.41,43,44,45 

Efforts in forestry to reduce atmospheric CO2 
levels have focused on forest management and 
forest product use. Forest management strategies 
include land-use change to increase forest area 
(afforestation) and/or to avoid deforestation and 
optimizing carbon management in existing forests. 
Forest product-use strategies include the use of 
wood wherever possible as a structural substitute 
for steel and concrete, which require more carbon 
emissions to produce.38 The carbon emissions offset 
from using wood rather than alternate materials for 
a range of applications can be two or more times the 
carbon content of the product.47

Figure 7.4. Relative vulnerability of different forest regions to 
climate change is illustrated in this conceptual risk analysis 
diagram. Forest carbon exchange is the difference between 
carbon captured in photosynthesis and carbon released by 
respiration of vegetation and soils. Both photosynthesis and 
respiration are generally accelerated by higher temperatures, 
and slowed by water deficits, but the relative strengths 
of these controls are highly variable. Western forests are 
inherently limited by evaporation that exceeds precipitation 
during much of the growing season. Xeric (drier) eastern 
forests grow on shallow, coarse textured soils and experience 
water deficits during long periods without rain. Mesic (wetter) 
eastern forests experience severe water deficits only for 
relatively brief periods in abnormally dry years so the carbon 
exchanges are more controlled by temperature fluctuations. 
(Figure source: adapted from Vose et al. 20121). 

Forests can be a Source – or a Sink – for Carbon

Figure 7.5. Forests are the largest component of the U.S. carbon sink, but 
growth rates of forests vary widely across the country. Well-watered forests 
of the Pacific Coast and Southeast absorb considerably more than the arid 
southwestern forests or the colder northeastern forests. Climate change 
and disturbance rates, combined with current societal trends regarding 
land use and forest management, are projected to reduce forest CO2 
uptake in the coming decades.1 Figure shows average forest growth as 
measured by net primary production from 2000 to 2006. (Figure source: 
adapted from Running et al. 200446). 

Forest Growth Provides an Important Carbon Sink
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In the U.S., afforestation (active establishment or planting of 
forests) has the potential to capture and store a maximum of 
225 million tons of additional carbon per year from 2010 to 
211039,48 (an amount almost equivalent to the current annual 
carbon storage in forests). Tree and shrub encroachment into 
grasslands, rangelands, and savannas provides a large potential 
carbon sink that could exceed half of what existing U.S. forests 
capture and store annually.48 

Expansion of urban and suburban areas is responsible for much 
of the current and expected loss of U.S. forestland, although 
these human-dominated areas often have extensive tree cover 
and potential carbon storage (see also Ch. 13: Land Use & Land 
Cover Change).41 In addition, the increasing prevalence of 
extreme conditions that encourage wildfires can convert some 
forests to shrublands and meadows25 or permanently reduce 

the amount of carbon stored in existing forests if fires occur 
more frequently.49 

Carbon management on existing forests can include practices 
that increase forest growth, such as fertilization, irrigation, 
switching to fast-growing planting stock, shorter rotations, 
and weed, disease, and insect control.50 In addition, forest 
management can increase average forest carbon stocks by 
increasing the interval between harvests, by decreasing harvest 
intensity, or by focused density/species management.4,51 Since 
1990, CO2 emissions from wildland forest fires in the lower 48 
United States have averaged about 67 million tons of carbon 
per year.52,53 While forest management practices can reduce 
on-site carbon stocks, they may also help reduce future 
climate change by providing feedstock material for bioenergy 
production and by possibly avoiding future, potentially larger, 
wildfire emissions through fuel treatments (Figure 7.2).1

Figure 7.6. Historical, current, 
and projected annual rates of 
forest ecosystem and harvested 
wood product CO2 net emissions/
sequestration in the U.S. from 
1635 to 2055. In the top panel, 
the change in the historical annual 
carbon emissions (black line) in 
the early 1900s corresponds to the 
peak in the transformation of large 
parts of the U.S. from forested land 
to agricultural land uses. Green 
shading shows this decline in forest 
land area. In the bottom panel, 
future projections shown under 
higher (A2) and lower (B2 and 
A1B) emissions scenarios show 
forests as carbon sources (due to 
loss of forest area and accelerating 
disturbance rates) rather than sinks 
in the latter half of this century. 
The A1B scenario assumes similar 
emissions to the A2 scenario used 
in this report through 2050, and a 
slow decline thereafter. (Data from 
Birdsey 2006;37 USFS 2012;41 EPA 
2013.53)

Forests and Carbon
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Key Message 3: Bioenergy Potential

Bioenergy could emerge as a new market for wood and could aid in the  
restoration of forests killed by drought, insects, and fire.

Bioenergy refers to the use of plant-based material to produce 
energy, and comprises about 28% of the U.S. renewable energy 
supply (Ch. 10: Energy, Water, and Land). Forest resources 
potentially could produce bioenergy from 504 million acres of 
timberland and 91 million acres of other forested land (Figure 
7.7). Bioenergy from all sources, including agricultural and 
forests, could theoretically supply the equivalent of up to 30% 
of current U.S. petroleum consumption, but only if all relevant 
policies were optimized.45 The maximum projected potential 
for forest bioenergy ranges from 3% to 5% of total current U.S. 
energy consumption.54 

Forest biomass energy could be one component of an overall 
bioenergy strategy to reduce emissions of carbon from fossil 
fuels,55 while also improving water quality56,57 and maintaining 
lands for timber production as an alternative to other 
socioeconomic options. Active biomass energy markets using 

wood and forest residues have emerged in the southern and 
northeastern United States, particularly in states that have 
adopted renewable fuel standards. The economic viability of 
using forests for bioenergy depends on regional context and 
circumstances, such as species type and prior management, 
land conditions, transport and storage logistics, conversion 
processes used to produce energy, distribution, and use.58 The 
environmental and socioeconomic consequences of bioenergy 
production vary greatly with region and intensity of human 
management. 

The potential for biomass energy to increase timber harvests 
has led to debates about whether forest biomass energy 
leads to higher carbon emissions.44,59 The debate on biogenic 
emissions regulations revolves around how to account for 
emissions related to biomass production and use.60 The forest 
carbon balance naturally changes over time and also depends 

on forest management scenarios. For 
example, utilizing natural beetle-killed 
forests will yield a different carbon 
balance than growing and harvesting a 
live, fast-growing plantation.

Markets for energy from biomass 
appear to be ready to grow in 
response to energy pricing, policy, 
and demand,44 although recent 
increases in the supply of natural gas 
have reduced the perceived urgency 
for new biomass projects. Further, 
because energy facilities typically buy 
the lowest quality wood at prices that 
rarely pay much more than cutting 
and hauling costs, they often require 
a viable saw timber market nearby to 
ensure an adequate, low-cost supply 
of material.61 Where it is desirable to 
remove dead wood after disturbances 
to thin forests or to dispose of 
residues, a viable bioenergy industry 
could finance such activities. However, 
the bioenergy market has yet to be 
made a profitable enterprise in most 
U.S. regions. 

Figure 7.7. Potential forestry bioenergy resources by 2030 at $80 per dry ton 
of biomass based on current forest area, production rates based on aggressive 
management for fast-growth, and short rotation bioenergy plantations. Units are 
oven dry tons (ODT) per square mile at the county level, where an ODT is 2,000 
pounds of biomass from which the moisture has been removed. Includes extensive 
material from existing forestland, such as residues, simulated thinnings, and some 
pulpwood for bioenergy, among other sources. (Figure source: adapted from U.S. 
Department of Energy 201145). 

Location of Potential Forestry Biomass Resources
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Key Message 4: Influences on Management Choices 

Forest management responses to climate change will be influenced by the changing  
nature of private forestland ownership, globalization of forestry markets, emerging  

markets for bioenergy, and U.S. climate change policy. 

Climate change will affect trees and forests in urban areas, 
the wildland-urban interface, and in rural areas. It will also 
challenge forest landowners managing forests for commercial 
products, energy development, environmental services such 
as watershed protection, or the conversion of forestland to 
developed and urban uses or agriculture. With increases in 
urbanization, the value of forests in and around urban areas in 
providing environmental services required by urban residents 
will increase.41 Potentially the greatest shifts in goods and 
environmental services produced from forests could occur 
in rural areas where social and economic factors will interact 
with the effects of climate change at landscape scales. 

Owner objectives, markets for forest products, crops and 
energy, the monetary value of private land, and policies 
governing private and public forestland all influence the 
actions taken to manage U.S. forestlands (56% privately 
owned, 44% public) (Figure 7.8). Ownership changes can bring 
changes in forest objectives. Among corporate owners (18% 
of all forestland), ownership has shifted from forest industry 
to investment management organizations that may or may not 
have active forest management as a primary objective. Non-
corporate private owners, an aging demographic, manage 
38% of forestland. Their primary objectives are maintaining 
aesthetics and the privacy that the land provides as well as 
preserving the land as part of their family legacy.62 

A significant economic factor facing private forest owners is the 
value of their forestlands for conversion to urban or developed 
uses. Economic opportunities from forests include wood 
products, non-timber forest products, recreation activities, 
and in some cases, environmental services.1,41 Less than 
1% of the volume of commercial trees from U.S. forestlands 
is harvested annually, and 92% of this harvest comes from 
private forestlands.2 Markets for wood products in the United 
States have been affected by increasingly competitive global 
markets,63 and timber prices are not projected to increase 
without substantial increases in wood energy consumption or 
other new timber demands.41 Urban conversions of forestland 
over the next 50 years could result in the loss of 16 to 31 million 
acres.41 The willingness of private forest owners to actively 

manage forests in the face of climate change will be affected 
primarily by market and policy incentives, not climate change 
itself.

The ability of public, private, and tribal forest managers to adapt 
to future climate change will be enhanced by their capacity 
to alter management regimes relatively rapidly in the face 
of changing conditions. The response to climate change may 
be greater on private forestlands where, in the past, owners 
have been highly responsive to market and policy signals.64 
These landowners may be able to use existing or current 
forest management practices to reduce disturbance effects, 
increase the capture and storage of carbon, and modify plant 
species distributions under climate change. In addition, policy 
incentives, such as carbon pricing or cap and trade markets, 
could influence landowner choices. For human communities 
dependent upon forest resources, maintaining or enhancing 
their current resilience to change will influence their ability to 
respond to future stresses from climate change.65

On public, private, and tribal lands, management practices 
that can be used to reduce disturbance effects include 
altering tree planting and harvest strategies through species 
selection and timing; factoring in genetic variation; managing 
for reduced stand densities, which could reduce wildfire 
risk; reducing other stressors such as poor air quality; using 
forest management practices to minimize drought stress; 
and developing regional networks to mitigate impacts on 
ecosystem goods and services.1,30,66 Legally binding regulatory 
requirements may constrain adaptive management where 
plants, animals, ecosystems, and people are responding to 
climate change.67 

Lack of fine-scale information about the possible effects of 
climate changes on locally managed forests limits the ability 
of managers to weigh these risks to their forests against the 
economic risks of implementing forest management practices 
such as adaptation and/or mitigation treatments. This 
knowledge gap will impede the implementation of effective 
management on public or private forestland in the face of 
climate change.
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Figure 7.8. The figure shows forestland by ownership category in the contiguous U.S. in 2007.41 Western forests 
are most often located on public lands, while eastern forests, especially in Maine and in the Southeast, are more 
often privately held. (Figure source: U.S. Forest Service 201241).
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SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS

Process for Developing Key Messages:
A central component of the process was a workshop held in July 
2011 by the U.S. Department of Agriculture Forest Service to 
guide the development of the technical input report (TIR). This 
session, along with numerous teleconferences, led to the founda-
tional TIR, “Effects of Climatic Variability and Change on Forest 
Ecosystems: A Comprehensive Science Synthesis for the U.S. For-
est Sector.”

1
 

The chapter authors engaged in multiple technical discussions via 
teleconference between January and June 2012, which included 
careful review of the foundational TIR and of 58 additional tech-
nical inputs provided by the public, as well as other published 
literature and professional judgment. Discussions were followed 
by expert deliberation of draft key messages by the authors and 
targeted consultation with additional experts by the lead author of 
each message.

Key message #1 Traceable accounT

Climate change is increasing the vulnerabil-
ity of many forests to ecosystem changes and 
tree mortality through fire, insect infestations, 
drought, and disease outbreaks. 

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the TIR, “Effects of Climatic Variability and 
Change on Forest Ecosystems: A Comprehensive Science Synthe-
sis for the U.S. Forest Sector.”

1
 Technical input reports (58) on a 

wide range of topics were also received and reviewed as part of the 
Federal Register Notice solicitation for public input. 

Dale et al.
8
 addressed a number of climate change factors that will 

affect U.S. forests and how they are managed. This is supported 
by additional publications focused on effects of drought and by 
more large-scale tree die-off events,

11,22
 wildfire,

16,23,25
 insects 

and pathogens. 
11,22

 Other studies support the negative impact 
of climate change by examining the tree mortality rate due to ris-
ing temperatures,

9,11,14,15,16,17,19,22
 which is projected to increase in 

some regions.
22

 

Although it is difficult to detect a trend in disturbances because 
they are inherently infrequent and it is impossible to attribute an 
individual disturbance event to changing climate, there is nonethe-
less much that past events, including recent ones, reveal about 
expected forest changes due to future climate. Observational

17
 

and experimental
22

 studies show strong associations between for-
est disturbance and extreme climatic events and/or modifications 
in atmospheric evaporative demand related to warmer tempera-
ture. Regarding eastern forests, there are fewer observational or 
experimental studies, with Dietz and Moorcroft

18
 being the most 

comprehensive. 

Pollution and stand age are the most important factors in mortal-
ity. Tree survival increases with increased temperature in some 
groups. However, for other tree groups survival decreases with 
increased temperature.

18
 In addition, this study

18
 needs to be con-

sidered in the context that there have been fewer severe droughts 
in this region. However, physiological relationships suggest that 
trees will generally be more susceptible to mortality under an ex-
treme drought, especially if it is accompanied by warmer tempera-
tures.

13,68
 Consequently, it is misleading to assume that, because 

eastern forests have not yet experienced the types of large-scale 
die-off seen in the western forests, they are not vulnerable to such 
events if an extreme enough drought occurs. Although the effect 
of temperature on the rate of mortality during drought has only 
been shown for one species,

22
 the basic physiological relation-

ships for trees suggest that warmer temperatures will exacerbate 
mortality for other species as well.

13,68

Figure 7.1: This figure uses a figure from Goetz et al. 2012
7
 which 

uses the MODIS Global Disturbance Index (MGDI) results from 
2005 to 2009 to illustrate the geographic distribution of major 
ecosystem disturbance types across North America (based on Mil-
drexler et al. 2007, 2009

6,69
). The MGDI uses remotely sensed in-

formation to assess the intensity of the disturbance. Following the 
occurrence of a major disturbance, there will be a reduction in En-
hanced Vegetation Index (EVI) because of vegetation damage; in 
contrast, Land Surface Temperature (LST) will increase because 
more absorbed solar radiation will be converted into sensible heat 
as a result of the reduction in evapotranspiration from less vegeta-
tion density. MGDI takes advantage of the contrast changes in 
EVI and LST following a disturbance to enhance the signal to ef-
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fectively detect the location and intensity of disturbances (http://
www.ntsg.umt.edu/project/mgdi). Moderate severity disturbance 
is mapped in orange and represents a 65%-100% divergence of 
the current-year MODIS Global Disturbance Index value from the 
range of natural variability, High severity disturbance (in red) sig-
nals a divergence of over 100%.

7

New information and remaining uncertainties
Forest disturbances have large ecosystem effects, but high interan-
nual variability in regional fire and insect activity makes detection 
of trends more difficult than for changes in mean conditions.

20,21,70
 

Therefore, there is generally less confidence in assessment of fu-
ture projections of disturbance events than for mean conditions 
(for example, growth under slightly warmer conditions).

21
 

There are insufficient data on trends in windthrow, ice storms, 
hurricanes, and landslide-inducing storms to infer that these types 
of disturbance events are changing. 

Factors affecting tree death, such as drought, warmer tempera-
tures, and/or pests and pathogens are often interrelated, which 
means that isolating a single cause of mortality is rare.

11,12,13,17,22,68

Assessment of confidence based on evidence 
Very High. There is very high confidence that under projected 
climate changes there is high risk (high risk = high probability 
and high consequence) that western forests in the United States 
will be affected increasingly by large and intense fires that occur 

more frequently.
16,23,25

 This is based on the strong relationships 
between climate and forest response, shown observationally

17
 and 

experimentally.
22

 Expected responses will increase substantially 
to warming and also in conjunction with other changes such as 
an increase in the frequency and/or severity of drought and am-
plification of pest and pathogen impacts. Eastern forests are less 
likely to experience immediate increases in wildfire unless/until a 
point is reached at which warmer temperatures, concurrent with 
seasonal dry periods or more protracted drought, trigger wildfires.

Key message #2 Traceable accounT

U.S. forests and associated wood products cur-
rently absorb and store the equivalent of about 
16% of all carbon dioxide (CO2) emitted by fossil 
fuel burning in the U.S. each year. Climate change, 
combined with current societal trends in land use 
and forest management, is projected to reduce this 
rate of forest CO2 uptake. 

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the TIR, “Effects of Climatic Variability and 
Change on Forest Ecosystems: A Comprehensive Science Synthe-
sis for the U.S. Forest Sector.”

1
 Technical input reports (58) on a 

wide range of topics were also received and reviewed as part of the 
Federal Register Notice solicitation for public input. 

A recent study
3
 has shown that forests are a big sink of CO2 na-

tionally. However, the permanence of this carbon sink is contin-
gent on forest disturbance rates, which are changing, and on eco-
nomic conditions that may accelerate harvest of forest biomass.

56
 

Market response can cause changes in the carbon source/sink 
dynamics through shifts in forest age,

39,40
 land-use changes and 

urbanization that reduce forested areas,
41

 forest type changes,
42

 
and bioenergy development changing forest management.

41,43,44,45
 

Additionally, publications have reported that fires can convert a 
forest into a shrubland or meadow,

25
 with frequent fires perma-

nently reducing the carbon stock.
49

New information and remaining uncertainties
That economic factors and societal choices will affect future carbon 
cycle of forests is known with certainty; the major uncertainties 
come from the future economic picture, accelerating disturbance 
rates, and societal responses to those dynamics.

Assessment of confidence based on evidence 
Based on the evidence and uncertainties, confidence is high that 
climate change, combined with current societal trends regarding 
land use and forest management, is projected to reduce forest 
CO2 uptake in the U.S. The U.S. has already seen large-scale 
shifts in forest cover due to interactions between forestland use 
and agriculture (for example, between the onset of European 
settlement to the present). There are competing demands for how 
forestland is used today. The future role of U.S. forests in the 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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carbon cycle will be affected by climate change through changes 
in disturbances (Key Message 1), growth rates, and harvest 
demands.

Key message #3 Traceable accounT

Bioenergy could emerge as a new market for 
wood and could aid in the restoration of forests 
killed by drought, insects, and fire. 

Description of evidence base
The key message and supporting text summarize extensive evi-
dence documented in the TIR, “Effects of Climatic Variability and 
Change on Forest Ecosystems: A Comprehensive Science Synthe-
sis for the U.S. Forest Sector.”

1
 Technical input reports (58) on a 

wide range of topics were also received and reviewed as part of the 
Federal Register Notice solicitation for public input. 

Studies have shown that harvesting forest bioenergy can prevent 
carbon emissions

55
 and replace a portion of U.S. energy consump-

tion to help reduce future climate change. Some newer literature 
has explored how use of forest bioenergy can replace a portion of 
current U.S. energy production from oil.

20,45
 Some more recent 

publications have reported some environmental benefits, such 
as improved water quality

56,57
 and better management of timber 

lands,
45

 that can result from forest bioenergy implementation.

New information and remaining uncertainties
The implications of forest product use for bioenergy depends on 
regional context and circumstances, such as feedstock type and 
prior management, land conditions, transport and storage logis-
tics, conversion processes used to produce energy, distribution 
and use.

58

The potential for biomass energy to increase forest harvests 
has led to debates about whether biomass energy is net carbon 
neutral.

59
 The debate on biogenic emissions regulations revolves 

around how to account for emissions related to biomass produc-
tion and use.

60
 Deforestation contributes to atmospheric CO2 con-

centration, and that contribution has been declining over time. 
The bioenergy contribution question is largely one of incentives 
for appropriate management. When forests have no value, they 
are burned or used inappropriately. Bioenergy can be produced 
in a way that provides more benefits than costs or vice versa. 
The market for energy from biomass appears to be ready to grow 
in response to energy pricing, policy, and demand; however, this 
industry is yet to be made a large-scale profitable enterprise in 
most regions of the United States.

Assessment of confidence based on evidence 
High. Forest growth substantially exceeds annual harvest for 
normal wood and paper products, and much forest harvest residue 
is now unutilized. Forest bioenergy will become viable if policy and 
economic energy valuations make it competitive with fossil fuels.

Key message #4 Traceable accounT

Forest management responses to climate change 
will be influenced by the changing nature of private 
forestland ownership, globalization of forestry mar-
kets, emerging markets for bioenergy, and U.S. cli-
mate change policy. 

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the TIR, “Effects of Climatic Variability and 
Change on Forest Ecosystems: A Comprehensive Science Synthe-
sis for the U.S. Forest Sector.”

1
 Technical input reports (58) on a 

wide range of topics were also received and reviewed as part of the 
Federal Register Notice solicitation for public input. 

The forest management response to climate change in urban ar-
eas, the wildland-urban interface, and in rural areas has been 
studied from varying angles. The literature on urban forests iden-
tifies the value of those forests to clean air, aesthetics, and rec-
reation and suggests that under a changing climate, urban com-
munities will continue to enhance their environment with trees and 
urban forests.

1,41
 In the wildland-urban area and the rural areas, 

the changing composition of private forest landowners will affect 
the forest management response to climate change. Shifts in 
corporate owners to include investment organizations that may or 
may not have forest management as a primary objective has been 
described nationally.

1,2
 Family forest owners are an aging demo-

graphic; one in five acres of forestland is owned by someone who 
is at least 75 years of age.

62
 Multiple reasons for ownership are 

given by family forest owners, including the most commonly cited 
reasons of beauty/scenery, to pass land on to heirs, privacy, nature 
protection, and part of home/cabin. Many family forest owners feel 
it is necessary to keep the woods healthy but many are not familiar 
with forest management practices.

62
 Long-term studies of the for-

est sector in the southern United States document the adaptive 
response of forest landowners to market prices as they manage to 
supply wood and associated products from their forests;

64
 how-

ever prices are less of an incentive in other parts of the United 
States.

1,41
 Econometric approaches have been used to explore the 

economic activities in the forest sector, including interactions with 
other sectors such as agriculture, impact of climate change, and 
the potential for new markets with bioenergy.

43,44
 An earlier study 

explored the effects of globalization on forest management
63

 and 
a newer study looked at the effect of U.S. climate change policy.

67
 

One of the biggest challenges is the lack of climate change infor-
mation that results in inaction from many forest owners.

62

New information and remaining uncertainties
Human concerns regarding the effects of climate change on 
forests and the role of adaptation and mitigation will be viewed 
from the perspective of the values that forests provide to human 
populations, including timber products, water, recreation, and 
aesthetic and spiritual benefits.

1
 Many people, organizations, in-
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stitutions, and governments influence the management of U.S. 
forests. Economic opportunities influence the amount and nature 
of private forestland (and much is known quantitatively about this 
dynamic) and societal values have a strong influence on how pub-
lic forestland is managed. However, it remains challenging to proj-
ect exactly how humans will respond to climate change in terms 
of forest management. 

Climate change will alter known environmental and economic risks 
and add new risks to be addressed in the management of forests 
in urban areas, the wildland-urban interface, and rural areas. The 
capacity to manage risk varies greatly across landowners. While 
adaptation strategies provide a means to manage risks associated 
with climate change, a better understanding of risk perception 
by forest landowners would enhance the development and imple-
mentation of these management strategies. Identification of ap-
propriate monitoring information and associated tools to evaluate 
monitoring data could facilitate risk assessment. Information and 
tools to assess environmental and economic risks associated with 
the impacts of climate change in light of specific management de-
cisions would be informative to forestland managers and owners. 

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainty, there is 
medium confidence in this key message. Climate change and 
global and national economic events will have an integral impact 
on forest management, but it is uncertain to what magnitude. 
While forest landowners have shown the capacity to adapt to 
new economic conditions, potential changes in the international 
markets coincident with large-scale natural disturbances enhanced 
by climate change (fire, insects) could challenge this adaptive 
capacity. An important uncertainty is how people will respond to 
climate change in terms of forest management.

7: FORESTS
tRaceable accounts
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Key Messages
1. Climate change impacts on ecosystems reduce their ability to improve water quality and regulate  
 water flows.

2. Climate change, combined with other stressors, is overwhelming the capacity of ecosystems to  
 buffer the impacts from extreme events like fires, floods, and storms.

3. Landscapes and seascapes are changing rapidly, and species, including many iconic species,  
 may disappear from regions where they have been prevalent or become extinct, altering some  
 regions so much that their mix of plant and animal life will become almost unrecognizable. 

4. Timing of critical biological events, such as spring bud burst, emergence from overwintering, and  
 the start of migrations, has shifted, leading to important impacts on species and habitats.

5. Whole system management is often more effective than focusing on one species at a time,  
 and can help reduce the harm to wildlife, natural assets, and human well-being that climate  
 disruption might cause. 

ECOSYSTEMS, 
BIODIVERSITY, AND ECOSYSTEM SERVICES8

Climate change affects the living world, including people, 
through changes in ecosystems, biodiversity, and ecosystem 
services. Ecosystems entail all the living things in a particular 
area as well as the non-living things with which they interact, 
such as air, soil, water, and sunlight.1 Biodiversity refers to 
the variety of life, including the number of species, life forms, 
genetic types, and habitats and biomes (which are characteristic 
groupings of plant and animal species found in a particular 
climate). Biodiversity and ecosystems produce a rich array of 
benefits that people depend on, including fisheries, drinking 
water, fertile soils for growing crops, climate regulation, 
inspiration, and aesthetic and cultural values.2 These benefits 
are called “ecosystem services” – some of which, like 
food, are more easily quantified than others, such as 
climate regulation or cultural values. Changes in many 
such services are often not obvious to those who 
depend on them.

Ecosystem services contribute to jobs, economic 
growth, health, and human well-being. Although 
we interact with ecosystems and ecosystem 
services every day, their linkage to climate change 
can be elusive because they are influenced by so 
many additional entangled factors.3 Ecosystem 
perturbations driven by climate change have direct 
human impacts, including reduced water supply and 
quality, the loss of iconic species and landscapes, 
distorted rhythms of nature, and the potential for 
extreme events to overwhelm the regulating services 
of ecosystems. Even with these well-documented 

ecosystem impacts, it is often difficult to quantify human 
vulnerability that results from shifts in ecosystem processes 
and services. For example, although it is more straightforward 
to predict how precipitation will change water flow, it is much 
harder to pinpoint which farms, cities, and habitats will be at 
risk of running out of water, and even more difficult to say how 
people will be affected by the loss of a favorite fishing spot 
or a wildflower that no longer blooms in the region. A better 
understanding of how a range of ecosystem responses affects 
people – from altered water flows to the loss of wildflowers 
– will help to inform the management of ecosystems in a way 
that promotes resilience to climate change.

Forests absorb carbon dioxide and provide many other ecosystem services, 
such as purifying water and providing recreational opportunities.
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Key Message 1: Water

Climate change impacts on ecosystems reduce their ability to  
improve water quality and regulate water flows.

Climate-driven factors that control water availability and 
quality are moderated by ecosystems. Land-based ecosystems 
regulate the water cycle and are the source of sediment and 
other materials that make their way to aquatic ecosystems 
(streams, rivers, lakes, estuaries, oceans, groundwater). Aquatic 
ecosystems provide the critically important services of storing 
water, regulating water quality, supporting fisheries, providing 
recreation, and carrying water and materials downstream 
(Ch. 25: Coasts). Humans utilize, on average, the equivalent of 
more than 40% of renewable supplies of freshwater in more 
than 25% of all U.S. watersheds.4 Freshwater withdrawals are 
even higher in the arid Southwest, where the equivalent of 
76% of all renewable freshwater is appropriated by people.5 
In that region, climate change has likely decreased and altered 
the timing of streamflow due to reduced snowpack and lower 
precipitation in spring, although the precipitation trends are 
weak due to large year-to-year variability, as well as geographic 
variation in the patterns (Ch. 3: Water; Ch. 20: Southwest).6 
Depriving ecosystems of water reduces their ability to provide 
water to people as well as for aquatic plant and animal habitat 
(see Figure 8.1).

Habitat loss and local extinctions of fish and other aquatic 
species are projected from the combined effects of increased 
water withdrawal and climate change.7 In the U.S., 47% of 
trout habitat in the interior West would be lost by 2080 
under a scenario (A1B) that assumes similar emissions to the 
A2 scenario used in this report (Ch. 1: Overview, Ch. 2: Our 
Changing Climate) through 2050, and a slow decline thereafter.8

Across the entire U.S., precipitation amounts and intensity and 
associated river discharge are major drivers of water pollution 
in the form of excess nutrients, sediment, and dissolved organic 

carbon (DOC) (Ch. 3: Water).9 At high concentrations, nutrients 
that are required for life (such as nitrogen and phosphorus) can 
become pollutants and can promote excessive phytoplankton 
growth – a process known as eutrophication. Currently, many 
U.S. lakes and rivers are polluted (have concentrations above 
government standards) by excessive nitrogen, phosphorus, or 
sediment. There are well-established links among fertilizer use, 
nutrient pollution, and river discharge, and many studies show 
that recent increases in rainfall in several regions of the United 
States have led to higher nitrogen amounts carried by rivers 
(Northeast,10,11 California,12 and Mississippi Basin13,14). Over the 
past 50 years, due to both climate and land-use change, the 
Mississippi Basin is yielding an additional 32 million acre-feet 
of water each year – equivalent to four Hudson Rivers – laden 
with materials washed from its farmlands.15 This flows into the 
Gulf of Mexico, which is the site of the nation’s largest hypoxic 
(low oxygen) “dead” zone.4 The majority of U.S. estuaries are 
moderately to highly eutrophic.16

Links between discharge and sediment transport are well 
established,17 and cost estimates for in-stream and off-stream 
damages from soil erosion range from $2.1 to $10 billion 
per year.18,19 These estimates include costs associated with 
damages to, or losses of, recreation, water storage, navigation, 
commercial fishing, and property, but do not include costs of 
biological impacts.18 Sediment transport, with accompanying 
nutrients, can play a positive role in the shoreline dynamics 
of coastlines and the life cycles of coastal and marine plants 
and animals. However, many commercially and recreationally 
important fish species such as salmon and trout that lay their 
eggs in the gravel at the edges of streams are especially sensitive 
to elevated sediment fluxes in rivers.20 Sediment loading in 
lakes has been shown to have substantial detrimental effects 

on fish population sizes, community composition, 
and biodiversity.21

Dissolved organic carbon (DOC) fluxes to rivers and 
lakes are strongly driven by precipitation;22 thus 
in many regions where precipitation is expected 
to increase, DOC loading will also increase. 
Dissolved organic carbon is the substance that 
gives many rivers and lakes a brown, tea-colored 
look. Precipitation-driven increases in DOC 
concentration not only increase the cost of water 
treatment for municipal use,23 but also alter 
the ability of sunlight to act as nature’s water 
treatment plant. For example, Cryptosporidium, a 
pathogen potentially lethal to the elderly, babies, 
and people with compromised immune systems, is 
present in 17% of drinking water supplies sampled ©
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in the United States.24 This pathogen is inactivated by doses 
of ultraviolet (UV) light equivalent to less than a day of sun 
exposure.25 Similarly, UV exposures reduce fungal parasites 
that infect Daphnia, a keystone aquatic grazer and food source 
for fish.26 Increasing DOC concentrations may thus reduce the 
ability of sunlight to regulate these UV-sensitive parasites. 

Few studies have projected the impacts of climate change 
on nitrogen, phosphorus, sediment, or DOC transport from 
the land to rivers. However, given the tight link between 
river discharge and all of these potential pollutants, areas 
of the United States that are projected to see increases 
in precipitation, and increases in intense rainfalls, like the 
Northeast, Midwest, and mountainous West,27 will also see 
increases in excess nutrients, DOC, and sediments transported 
to rivers. One of the few future projections available suggests 
that downstream and coastal impacts of increased nitrogen 
inputs could be profound for the Mississippi Basin. Under 
a scenario in which atmospheric CO2 reaches double pre-
industrial levels, a 20% increase in river discharge is expected 

to lead to higher nitrogen loads and a 50% increase in algae 
growth in the Gulf of Mexico, a 30% to 60% decrease in deep-
water dissolved oxygen concentration, and an expansion of 
the dead zone.28 A recent comprehensive assessment10 shows 
that, while climate is an important driver, nitrogen carried by 
rivers to the oceans is most strongly driven by fertilizer inputs 
to the land. Therefore, in the highly productive agricultural 
systems of the Mississippi Basin, the ultimate impact of more 
precipitation on the expansion of the dead zone will depend on 
agricultural management practices in the Basin.14,29

Rising air temperatures can also lead to declines in water quality 
through a different set of processes. Some large lakes, including 
the Great Lakes, are warming rapidly.30 Warmer surface waters 
can stimulate blooms of harmful algae in both lakes and 
coastal oceans,9 which may include toxic cyanobacteria that 
are favored at higher temperatures.31 Harmful algal blooms, 
which are caused by many factors, including climate change, 
exact a cost in freshwater degradation of approximately $2.2 
billion annually in the United States alone.32 

Figure 8.1. Climate change is projected to reduce the ability of ecosystems to supply water in some parts of the country. This is true 
in areas where precipitation is projected to decline, and even in some areas where precipitation is expected to increase. Compared 
to 10% of counties today, by 2050, 32% of counties will be at high or extreme risk of water shortages. Projections assume continued 
increases in greenhouse gas emissions through 2050 and a slow decline thereafter (A1B scenario). Numbers in parentheses indicate 
number of counties in each category. (Reprinted with permission from Roy et al., 2012.27 Copyright 2012 American Chemical Society).

Water Supplies Projected to Decline
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Key Message 2: Extreme Events

Climate change, combined with other stressors, is overwhelming the capacity of  
ecosystems to buffer the impacts from extreme events like fires, floods, and storms.

Ecosystems play an important role in “buffering” the effects 
of extreme climate conditions (floods, wildfires, tornadoes, 
hurricanes) on the movement of materials and the flow of en-
ergy through the environment.34 Climate change and human 
modifications often increase the vulnerability of ecosystems 
and landscapes to damage from extreme events while at the 
same time reducing their natural capacity to modulate the im-
pacts of such events. Salt marshes, reefs, mangrove forests, 
and barrier islands provide an ecosystem service of defending 
coastal ecosystems and infrastructure against storm surges.35 
Losses of these natural features – from coastal development, 
erosion, and sea level rise – render coastal ecosystems and in-
frastructure more vulnerable to catastrophic damage during or 
after extreme events (Ch. 25: Coasts).36 Floodplain wetlands, 
although greatly reduced from their historical extent, provide 
an ecosystem service of absorbing floodwaters and reducing 
the impact of high flows on river-margin lands. In the North-
east, even a small sea level rise (1.6 feet) would dramatically 

increase the numbers of people (47% increase) and property 
loss (73% increase) affected by storm surge in Long Island com-
pared to present day storm surge impacts.37 Extreme weather 
events that produce sudden increases in water flow and the 
materials it carries can decrease the natural capacity of eco-
systems to process pollutants, both by reducing the amount of 
time water is in contact with reactive sites and by removing or 
harming the plants and microbes that remove the pollutants.36

Warming and, in some areas, decreased precipitation (along 
with past forest fire suppression practices) have increased the 
risk of fires exceeding historical size, resulting in unprecedent-
ed social and economic challenges. Large fires put people liv-
ing in the wildland-urban interface at risk for health problems 
and property loss. In 2011 alone, more than 8 million acres 
burned in wildfires, causing 15 deaths and property losses 
greater than $1.9 billion.38 

Figure 8.2. Hurricanes illustrate the links among precipitation, discharge and nutrient loading to coastal 
waters. Hurricanes bring intense rainfall to coastal regions, and ensuing runoff leads to blooms of algae. 
These blooms contribute to dead zone formation after they die and decompose. Photo above shows 
Pamlico Sound, North Carolina, after Hurricane Floyd. Note light green area off the coast, which is new 
algae growth. The graph on the left shows a steep drop in salinity of ocean water due to the large influx 
of freshwater from rain after a series of hurricanes. Red arrows indicate Hurricanes Dennis, Floyd, and 
Irene, which hit sequentially during the 1999 hurricane season. The graph on the right shows a steep 
rise in the amount of surface chlorophyll after these hurricanes, largely due to increased algae growth. 
(Figure source: (top) NASA SeaWiFS; (bottom) Paerl et al. 200333).

The Aftermath of Hurricanes
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Key Message 3: Plants and Animals

Landscapes and seascapes are changing rapidly, and species, including many iconic species, 
may disappear from regions where they have been prevalent or become extinct, altering some 

regions so much that their mix of plant and animal life will become almost unrecognizable. 

Vegetation model projections suggest that much of the United 
States will experience changes in the composition of species 
characteristic of specific areas. Studies applying different 
models for a range of future climates project biome changes 
for about 5% to 20% of the land area of the U.S. by 2100.4,39 
Many major changes, particularly in the western states and 
Alaska, will in part be driven by increases in fire frequency and 
severity. For example, the average time between fires in the 
Yellowstone National Park ecosystem is projected to decrease 
from 100 to 300 years to less than 30 years, potentially 
causing coniferous (pine, spruce, etc.) forests to be replaced 
by woodlands and grasslands.40 Warming has also led to novel 
wildfire occurrence in ecosystems where it has been absent 
in recent history, such as arctic Alaska and the southwestern 
deserts where new fires are fueled by non-native annual 
grasses (Ch. 20: Southwest; Ch. 22: Alaska). Extreme weather 
conditions linked to sea ice decline in 2007 led to the ignition 
of the Anaktuvuk River Fire, which burned more than 380 
square miles of arctic tundra that had not been disturbed by 
fire for more than 3,000 years.41 This one fire (which burned 
deeply into organic peat soils) released enough carbon to the 
atmosphere to offset all of the carbon taken up by the entire 
arctic tundra biome over the past quarter-century.42

In addition to shifts in species assemblages, there will also be 
changes in species distributions. In recent decades, in both land 
and aquatic environments, plants and animals have moved to 
higher elevations at a median rate of 36 feet (0.011 kilometers) 
per decade, and to higher latitudes at a median rate of 10.5 
miles (16.9 kilometers) per decade.43 As the climate continues 
to change, models and long-term studies project even greater 
shifts in species ranges.44 However, many species may not be 
able to keep pace with climate change for several reasons, for 
example because their seeds do not disperse widely or because 
they have limited mobility, thus leading, in some places, to 
local extinctions of both plants and animals. Both range shifts 
and local extinctions will, in many places, lead to large changes 
in the mix of plants and animals present in the local ecosystem, 
resulting in new communities that bear little resemblance to 
those of today.4,8,45,46 

Some of the most obvious changes in the landscape are 
occurring at the boundaries between biomes. These include 
shifts in the latitude and elevation of the boreal (northern) 
forest/tundra boundary in Alaska;47 elevation shifts of the 
boreal and subalpine forest/tundra boundary in the Sierra 
Nevada, California;48 an elevation shift of the temperate 
broadleaf/conifer boundary in the Green Mountains, 
Vermont,49 the shift of temperate the shrubland/conifer forest 

boundary in Bandelier National Monument, New Mexico,50 and 
upslope shifts of the temperate mixed forest/conifer boundary 
in Southern California.51 All of these are consistent with recent 
climatic trends and represent visible changes, like tundra 
switching to forest, or conifer forest switching to broadleaf 
forest or even to shrubland.

As temperatures rise and precipitation patterns change, many 
fish species (such as salmon, trout, whitefish, and char) will be 
lost from lower-elevation streams, including a projected loss 
of 47% of habitat for all trout species in the western U.S. by 
2080.8 Similarly, in the oceans, transitions from cold-water fish 
communities to warm-water communities have occurred in 
commercially important harvest areas,52 with new industries 
developing in response to the arrival of new species.53 Also, 
warm surface waters are driving some fish species to deeper 
waters.54,55 

Warming is likely to increase the ranges of several invasive 
plant species in the United States,56 increase the probability 
of establishment of invasive plant species in boreal forests 
in south-central Alaska, including the Kenai Peninsula,57 and 
expand the range of the hemlock wooly adelgid, an insect that 
has killed many eastern hemlocks in recent years.58 Invasive 
species costs to the U.S. economy are estimated at $120 
billion per year,59 including substantial impacts on ecosystem 
services. For instance, the yellow star-thistle, a wildland pest 
which is predicted to thrive with increased atmospheric CO2,60 
currently costs California ranchers and farmers $17 million in 
forage and control efforts61 and $75 million in water losses.62 
Iconic desert species such as saguaro cactus are damaged or 
killed by fires fueled by non-native grasses, leading to a large-
scale transformation of desert shrubland into grassland in 
many of the familiar landscapes of the American West.63 Bark 
beetles have infested extensive areas of the western United 
States and Canada, killing stands of temperate and boreal 
conifer forest across areas greater than any other outbreak in 
the last 125 years.64 Climate change has been a major causal 
factor, with higher temperatures allowing more beetles to 
survive winter, complete two life cycles in a season rather than 
one, and to move to higher elevations and latitudes.64,65 Bark 
beetle outbreaks in the Greater Yellowstone Ecosystem are 
occurring in habitats where outbreaks either did not previously 
occur or were limited in scale.66 

It is important to realize that climate change is linked to far more 
dramatic changes than simply altering species’ life cycles or 
shifting their ranges. Several species have exhibited population 
declines linked to climate change, with some declines so 
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severe that species are threatened with extinction.67 Perhaps 
the most striking impact of climate change is its effect on 
iconic species such as the polar bear, the ringed seal, and coral 
species (Ch. 22: Alaska; Ch. 24: Oceans). In 2008, the polar bear 
(Ursus maritimus) was listed as a threatened species, with the 

primary cause of its decline attributed to climate change.68 In 
2012, NOAA determined that four subspecies of the ringed 
seal (Phoca hispida) were threatened or endangered, with the 
primary threat being climate change.69   

Key Message 4: Seasonal Patterns

Timing of critical biological events, such as spring bud burst, emergence from overwintering, 
and the start of migrations, has shifted, leading to important impacts on species and habitats.

The effect of climate change on phenology – the pattern of 
seasonal life cycle events in plants and animals, such as timing 
of leaf-out, blooming, hibernation, and migration – has been 
called a “globally coherent fingerprint of climate change 
impacts” on plants and animals.70 Observed long-term trends 
towards shorter, milder winters and earlier spring thaws are 
altering the timing of critical spring events such as bud burst 
and emergence from overwintering. This can cause plants and 
animals to be so out of phase with their natural phenology that 
outbreaks of pests occur, or species cannot find food at the 
time they emerge.

Recent studies have documented an advance in the timing 
of springtime phenological events across species in response 
to increased temperatures.71 Long-term observations of lilac 
flowering indicate that the onset of spring has advanced 
one day earlier per decade across the northern hemisphere 
in response to increased winter and spring temperatures72 
and by 1.5 days per decade earlier in the western United 
States.73 Other multi-decadal studies for plant species have 
documented similar trends for early flowering.74,75 In addition, 
plant-pollinator relationships may be disrupted by changes in 
nectar and pollen availability, as the timing of bloom shifts in 
response to temperature and precipitation.76,77 

As spring is advancing and fall is being delayed in response 
to regional changes in climate,78 the growing season is 

lengthening. A longer growing season will benefit some crops 
and natural species, but there may be a timing mismatch 
between the microbial activity that makes nutrients available 
in the soil and the readiness of plants to take up those nutrients 
for growth.78,79 Where plant phenology is driven by day length, 
an advance in spring may exacerbate this mismatch, causing 
available nutrients to be leached out of the soil rather than 
absorbed and recycled by plants.80 Longer growing seasons 
also exacerbate human allergies. For example, a longer fall 
allows for bigger ragweed plants that produce more pollen 
later into the fall (see also Ch. 9: Health).81

Changes in the timing of springtime bird migrations are well-
recognized biological responses to warming, and have been 
documented in the western,82 midwestern,83 and eastern 
United States.84,85 Some migratory birds now arrive too late 
for the peak of food resources at breeding grounds because 
temperatures at wintering grounds are changing more slowly 
than at spring breeding grounds.86 

In a 34-year study of an Alaskan creek, young pink salmon 
(Oncorhynchus gorbuscha) migrated to the sea increasingly 
earlier over time.87 In Alaska, warmer springs have caused 
earlier onset of plant emergence, and decreased spatial 
variation in growth and availability of forage to breeding 
caribou (Rangifer tarandus).

Key Message 5: Adaptation

Whole system management is often more effective than focusing on one species  
at a time, and can help reduce the harm to wildlife, natural assets, and  

human well-being that climate disruption might cause.  

Adaptation in the context of biodiversity and natural resource 
management is fundamentally about managing change, 
which is an inherent property of natural ecosystems.4,88,89 
One strategy – adaptive management, which is a structured 
process of flexible decision-making under uncertainty that 
incorporates learning from management outcomes – has 
received renewed attention as a tool for helping resource 
managers make decisions relevant to whole systems in response 
to climate change.89,90 Other strategies tinclude assessments of 
vulnerability and impacts,91 and scenario planning,92 that can 

be assembled into a general planning process that is flexible 
and iterative. 

Guidance on adaptation planning for conservation has 
proliferated at the federal92,93,94 and state levels,95 and 
often emphasizes cooperation between scientists and 
managers.94,96,97 Ecosystem-based adaptation98,99 uses 
“biodiversity and ecosystem services as part of an overall 
adaptation strategy to help people adapt to the adverse 
effects of climate change.”99 An example is the explicit use of 
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storm-buffering coastal wetlands or mangroves rather than 
built infrastructure like seawalls or levies to protect coastal 
regions (Ch. 25: Coasts).100 An additional example is the use of 
wildlife corridors to connect fragmented wildlife habitat.101

Adaptation strategies to protect biodiversity include: 1) habitat 
manipulation, 2) conserving populations with higher genetic 
diversity or more flexible behaviors or morphologies, 3) re-
planting with species or ecotypes that are better suited for 
future climates, 4) managed relocation (sometimes referred to 
as assisted migration) to help move species and populations 
from current locations to those areas expected to become 
more suitable in the future, and 5) offsite conservation such as 
seed banking, biobanking, and captive breeding.92,94,96,97,102,103 
Additional approaches focus on identifying and protecting 
features that are important for biodiversity and are less 
likely to be altered by climate 
change. The idea is to conserve 
the “stage” (the biophysical 
conditions that contribute to 
high levels of biodiversity) for 
whatever “actors” (species and 
populations) find those areas 
suitable in the future.104 

One of the greatest challenges 
for adaptation in the face of 
climate change is the revision 
of management goals in 
fundamental ways. In particular, 
not only will climate change 
make it difficult to achieve 
existing conservation goals, it will 
demand that goals be critically 
examined and potentially altered 
in dramatic ways.102,105 Climate 
changes can also severely 
diminish the effectiveness of 
current strategies and require 
fresh approaches. For example, 
whereas establishing networks 
of nature reserves has been a 
standard approach to protecting 
species, fixed networks of 
reserve do not lend themselves 
to adjustments for climate 
change.105 Finally, migratory 
species and species with 
complex life histories cannot be 
simply addressed by defining 

preferred habitat and making vulnerability assessments. Often 
it could be specific life history stages that are the weak point in 
the species, and it is key to identify those weak links.106

While there is considerable uncertainty about how climate 
change will play out in particular locations, proactive measures 
can be taken to both plan for connectivity96,107 and to identify 
places or habitats that may in the future become valuable 
habitat as a result of climate change and vegetation shifts.108 
It is important to note that when the Endangered Species Act 
(ESA) was passed in 1973, climate change was not a known 
threat or factor and was not considered in setting recovery 
goals or critical habitat designations.109 However, agencies are 
actively working to include climate change considerations in 
their ESA implementation activities. 

Figure 8.3. Iterative approaches to conservation planning require input and 
communication among many players to ensure flexibility in response to climate 
change. (Figure source: adapted from the National Wildlife Federation, 2013142).

Adaptation Planning and Implementation Framework
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cAse study of the 2011 lAs conchAs, neW Mexico fire

In the midst of severe drought in the summer of 2011, Arizona and New Mexico suffered the largest wildfires in their 
recorded history, affecting more than 694,000 acres. Some rare threatened and endangered species, like the Jemez 
salamander, were damaged by this unusually severe fire.110 Fires are often part of the natural disturbance regime, but 
if drought, poor management, and high temperatures combine, a fire can be so severe and widespread that species 
are damaged that otherwise might even be considered to be fire tolerant (such as spotted owls). Following the fires, 
heavy rainstorms led to major flooding and erosion, including at least ten debris flows. Popular recreation areas were 
evacuated and floods damaged the newly renovated, multi-million dollar U.S. Park Service Visitor Center at Bandelier 
National Monument. Sediment and ash eroded by the floods were washed downstream into the Rio Grande, which sup-
plies 50% of the drinking water for Albuquerque, the largest city in New Mexico. Water withdrawals by the city from 
the Rio Grande were stopped entirely for a week and reduced for several months due to the increased cost of treatment. 

These fires provide an example of how forest ecosystems, biodiversity, and ecosystem services are affected by the im-
pacts of climate change, other environmental stresses, and past management practices. Higher temperatures, reduced 
snowpack, and earlier onset of springtime are leading to increases in wildfire in the western United States,111 while 
extreme droughts are becoming more frequent.112 In addition, climate change is affecting naturally occurring bark 
beetles: warmer winter conditions allow these pests to breed more frequently and successfully.113,114 The dead trees 
left behind by bark beetles may make crown fires more likely, at least until needles fall from killed trees.114,115 Forest 
management practices also have made the forests more vulnerable to catastrophic fires. In New Mexico, even-aged, 
second-growth forests were hit hardest because they are much denser than naturally occurring forest and consequently 
consume more water from the soil and increase the availability of dry above-ground fuel.

Figure 8.4. Map of selected 
obser ved and pro jec ted 
biological responses to climate 
change across the United 
States. Case studies listed 
below correspond to observed 
responses (black icons on 
map) and projected responses 
(white icons on map, bold 
i tal ic ized statements). In 
genera l ,  because future 
climatic changes are projected 
to exceed those experienced 
in the recent past, projected 
biological impacts tend to be 
of greater magnitude than 
recent observed changes. 
Because the observations and 
projections presented here 
are not paired (that is, they 
are not for the same species 
or systems), that general 
difference is not illustrated.  
(Figure source: Staudinger et 
al., 20124).
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Continued

1. Mussel and barnacle beds have declined or disappeared along parts of the Northwest coast due to higher tempera-
tures and drier conditions that have compressed habitable intertidal space.116 

2. Northern flickers arrived at breeding sites earlier in the Northwest in response to temperature changes along migra-
tion routes, and egg laying advanced by 1.15 days for every degree increase in temperature, demonstrating that 
this species has the capacity to adjust their phenology in response to climate change.117 

3. Conifers in many western forests have experienced mortality rates of up to 87% from warming-induced changes in 
the prevalence of pests and pathogens and stress from drought.118

4. Butterflies that have adapted to specific oak species have not been able to colonize new tree species when climate 
change-induced tree migration changes local forest types, potentially hindering adaptation.119

5. In response to climate-related habitat change, many small mammal species have altered their elevation ranges, 
with lower-elevation species expanding their ranges and higher-elevation species contracting their ranges.120

6. Northern spotted owl populations in Arizona and New Mexico are projected to decline during the next century and 
are at high risk for extinction due to hotter, drier conditions, while the southern California population is not pro-
jected to be sensitive to future climatic changes.121

7. Quaking aspen-dominated systems are experiencing declines in the western U.S. after stress due to climate-
induced drought conditions during the last decade.122

8. Warmer and drier conditions during the early growing season in high-elevation habitats in Colorado are disrupting 
the timing of various flowering patterns, with potential impacts on many important plant-pollinator relationships.77

9. Population fragmentation of wolverines in the northern Cascades and Rocky Mountains is expected to increase as 
spring snow cover retreats over the coming century.123

10. Cutthroat trout populations in the western U.S. are projected to decline by up to 58%, and total trout habitat in the 
same region is projected to decline by 47%, due to increasing temperatures, seasonal shifts in precipitation, and 
negative interactions with non-native species.8 

11. Comparisons of historical and recent first flowering dates for 178 plant species from North Dakota showed signifi-
cant shifts occurred in over 40% of species examined, with the greatest changes observed during the two warmest 
years of the study.75 

12. Variation in the timing and magnitude of precipitation due to climate change was found to decrease the nutritional 
quality of grasses, and consequently reduce weight gain of bison in the Konza Prairie in Kansas and the Tallgrass 
Prairie Preserve in Oklahoma.124 Results provide insight into how climate change will affect grazer population dy-
namics in the future. 

13. (a and b) Climatic fluctuations were found to influence mate selection and increase the probability of infidelity in 
birds that are normally socially monogamous, increasing the gene exchange and the likelihood of offspring sur-
vival.125 

14. Migratory birds monitored in Minnesota over a 40-year period showed significantly earlier arrival dates, particularly 
in short-distance migrants, indicating that some species are capable of responding to increasing winter tempera-
tures better than others.126 

15. Up to 50% turnover in amphibian species is projected in the eastern U.S. by 2100, including the northern leopard 
frog, which is projected to experience poleward and elevational range shifts in response to climatic changes in the 
latter quarter of the century.127

16. Studies of black ratsnake (Elaphe obsoleta) populations at different latitudes in Canada, Illinois, and Texas suggest 
that snake populations, particularly in the northern part of their range, could benefit from rising temperatures if 
there are no negative impacts on their habitat and prey.128

17. Warming-induced hybridization was detected between southern and northern flying squirrels in the Great Lakes 
region of Ontario, Canada, and in Pennsylvania after a series of warm winters created more overlap in their habitat 
range, potentially acting to increase population persistence under climate change.129 
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18. Some warm-water fishes have moved northwards, and some tropical and subtropical fishes in the northern Gulf of 
Mexico have increased in temperate ocean habitat.130 Similar shifts and invasions have been documented in Long 
Island Sound and Narragansett Bay in the Atlantic.131 

19. Global marine mammal diversity is projected to decline at lower latitudes and increase at higher latitudes due to 
changes in temperatures and sea ice, with complete loss of optimal habitat for as many as 11 species by mid-
century; seal populations living in tropical and temperate waters are particularly at risk to future declines.132

20. Higher nighttime temperatures and cumulative seasonal rainfalls were correlated with changes in the arrival times 
of amphibians to wetland breeding sites in South Carolina over a 30-year time period (1978-2008).133 

21. Seedling survival of nearly 20 resident and migrant tree species decreased during years of lower rainfall in the 
Southern Appalachians and the Piedmont areas, indicating that reductions in native species and limited replace-
ment by invading species were likely under climate change.134 

22. Widespread declines in body size of resident and migrant birds at a bird-banding station in western Pennsylvania 
were documented over a 40-year period; body sizes of breeding adults were negatively correlated with mean re-
gional temperatures from the preceding year.85 

23. Over the last 130 years (1880-2010), native bees have advanced their spring arrival in the northeastern U.S. by an 
average of 10 days, primarily due to increased warming. Plants have also showed a trend of earlier blooming, thus 
helping preserve the synchrony in timing between plants and pollinators.135 

24. In the Northwest Atlantic, 24 out of 36 commercially exploited fish stocks showed significant range (latitudinal and 
depth) shifts between 1968 and 2007 in response to increased sea surface and bottom temperatures.55 

25. Increases in maximum, and decreases in the annual variability of, sea surface temperatures in the North Atlantic 
Ocean have promoted growth of small phytoplankton and led to a reorganization in the species composition of 
primary (phytoplankton) and secondary (zooplankton) producers.136 

26. Changes in female polar bear reproductive success (decreased litter mass and numbers of yearlings) along the 
north Alaska coast have been linked to changes in body size and/or body condition following years with lower avail-
ability of optimal sea ice habitat.137 

27. Water temperature data and observations of migration behaviors over a 34-year time period showed that adult pink 
salmon migrated earlier into Alaskan creeks, and fry advanced the timing of migration out to sea. Shifts in migra-
tion timing may increase the potential for a mismatch in optimal environmental conditions for early life stages, and 
continued warming trends will likely increase pre-spawning mortality and egg mortality rates.87 

28. Warmer springs in Alaska have caused earlier onset of plant emergence, and decreased spatial variation in growth 
and availability of forage to breeding caribou. This ultimately reduced calving success in caribou populations.138 

29. Many Hawaiian mountain vegetation types were found to vary in their sensitivity to changes in moisture availability; 
consequently, climate change will likely influence elevation-related vegetation patterns in this region.139

30. Sea level is predicted to rise by 1.6 to 3.3 feet in Hawaiian waters by 2100, consistent with global projections of 
1 to 4 feet of sea level rise (see Ch. 2: Our Changing Climate, Key Message 10). This is projected to increase wave 
heights, the duration of turbidity, and the amount of re-suspended sediment in the water; consequently, this will 
create potentially stressful conditions for coral reef communities.140
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Process for Developing Key Messages
The key messages and supporting chapter text summarize exten-
sive evidence documented in the Ecosystems Technical Input Re-
port, Impacts of Climate Change on Biodiversity, Ecosystems, and 
Ecosystem Services: Technical Input to the 2013 National Climate 
Assessment.4

 This foundational report evolved from a technical 
workshop held at the Gordon and Betty Moore Foundation in Palo 
Alto, CA, in January 2012 and attended by approximately 65 sci-
entists. Technical inputs (127) on a wide range of topics related to 
ecosystems were also received and reviewed as part of the Federal 
Register Notice solicitation for public input. 

Key message #1 Traceable accounT

Climate change impacts on ecosystems reduce 
their ability to improve water quality and regulate 
water flows.

Description of evidence base
The author team digested the contents of more than 125 technical 
input reports on a wide array of topics to arrive at this key mes-
sage. The foundational Technical Input Report

4
 was the primary 

source used. 

Studies have shown that increasing precipitation is already result-
ing in declining water quality in many regions of the country, par-
ticularly by increasing nitrogen loading.

10,11,12,13,14
 This is because 

the increases in flow can pick up and carry greater loads of nutri-
ents like nitrogen to rivers.

11,12,13,14
 

One model for the Mississippi River Basin, based on a doubling of 
CO2, projects that increasing discharge and nitrogen loading will 
lead to larger algal blooms in the Gulf of Mexico and a larger dead 
zone.

28
 The Gulf of Mexico is the recipient system for the Missis-

sippi Basin, receiving all of the nitrogen that is carried downriver 
but not removed by river processes, wetlands, or other ecosys-
tems.

Several models project that declining streamflow, due to the com-
bined effects of climate change and water withdrawals, will cause 
local extinctions of fish and other aquatic organisms,

7
 particularly 

trout in the interior western U.S. (composite of 10 models, A1B 

8: ECOSYSTEMS, BIODIVERSITY, AND ECOSYSTEM SERVICES

scenario).
8
 The trout study

8
 is one of the few studies of impacts on 

fish that uses an emissions scenario and a combination of climate 
models. The researchers studied four different trout species. Al-
though there were variations among species, their overall conclu-
sion was robust across species for the composite model.

Water quality can also be negatively affected by increasing tem-
peratures. There is widespread evidence that warmer lakes can 
promote the growth of harmful algal blooms, which produce tox-
ins.

31
 

New information and remaining uncertainties
Recent research has improved understanding of the relative im-
portance of the effects of climate and human actions (for example, 
fertilization) on nitrogen losses from watersheds,

10,12
 and how the 

interactions between climate and human actions (for example, wa-
ter withdrawals) will affect fish populations in the west.

7,8
 However, 

few studies have projected the impacts of future climate change 
on water quality. Given the tight link between river discharge and 
pollutants, only areas of the U.S. that are projected to see in-
creases in precipitation will see increases in pollutant transport 
to rivers. It is also important to note that pollutant loading – for 
example, nitrogen fertilizer use – is often more important as a 
driver of water pollution than climate.

10,12

Assessment of confidence based on evidence 
Given the evidence base and uncertainties, there is high confi-
dence that climate change impacts on ecosystems reduce their 
ability to improve water quality and regulate water flows.

It is well established that precipitation and associated river dis-
charge are major drivers of water pollution in the form of excess 
nutrients, sediment, and dissolved organic carbon (DOC) transport 
into rivers. Increases in precipitation in many regions of the coun-
try are therefore contributing to declines in water quality in those 
areas. However, those areas of the country that will see reduced 
precipitation may experience water-quality improvement; thus, 
any lack of agreement on future water-quality impacts of climate 
change may be due to locational differences.

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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Key message #2 Traceable accounT

Climate change, combined with other stressors, 
is overwhelming the capacity of ecosystems to 
buffer the impacts from extreme events like fires, 
floods, and storms.

Description of evidence base
The author team digested the contents of more than 125 technical 
input reports on a wide array of topics to arrive at this key mes-
sage. The foundational Technical Input Report

4
 was the primary 

source used. 

Fires: Climate change has increased the potential for extremely 
large fires with novel social, economic, and environmental impacts. 
In 2011, more than 8 million acres burned, with significant hu-
man mortality and property damage ($1.9 billion).

38
 Warming and 

decreased precipitation have made fire-prone ecosystems more 
vulnerable to “mega-fires” – large fires that are unprecedented 
in their social, economic, and environmental impacts. Large fires 
put people living in the urban-wildland interface at risk for health 
problems and property loss.

Floods: Natural ecosystems such as salt marshes, reefs, man-
grove forests, and barrier islands defend coastal ecosystems and 
infrastructure against flooding due to storm surges. The loss of 
these natural features due to coastal development, erosion, and 
sea level rise render coastal ecosystems and infrastructure more 
vulnerable to catastrophic damage during or after extreme events 
(see Ch. 25: Coasts).

36
 Floodplain wetlands, which are also vul-

nerable to loss by inundation, absorb floodwaters and reduce the 
impact of high flows on river-margin lands. In the Northeast, a sea 
level rise of 1.6 feet (within the range of 1 to 4 feet projected for 
2100; Ch. 2: Our Changing Climate, Key Message 9) will dramati-
cally increase impacts of storm surge on people (47% increase) 
and property loss (73% increase) in Long Island.

37
 

Storms: Natural ecosystems have a capacity to buffer extreme 
weather events that produce sudden increases in water flow and 
materials. These events reduce the amount of time water is in con-
tact with sites that support the plants and microbes that remove 
pollutants (Chapter 25: Coasts).

36

New information and remaining uncertainties
A new analytical framework was recently developed to generate in-
sights into the interactions among the initial state of ecosystems, 
the type and magnitude of disturbance, and effects of distur-
bance.

34
 Progress in understanding these relationships is critical 

for predicting how human activities and climate change, including 
extreme events like droughts, floods, and storms, will interact to 
affect ecosystems.

Uncertainties: The ability of ecosystems to buffer extreme events 
is extremely difficult to assess and quantify, as it requires un-
derstanding of complex ecosystem responses to very rare events. 
However, it is clear that the loss of this buffering ecosystem ser-
vice is having important effects on coastal and fire-prone ecosys-
tems across the United States. 

Assessment of confidence based on evidence 
Given the evidence base and uncertainties, there is high confi-
dence that climate change, combined with other stressors, is over-
whelming the capacity of ecosystems to buffer the impacts from 
extreme events like droughts, floods, and storms.

Ecosystem responses to climate change will vary regionally. For 
example, whether salt marshes and mangroves will be able to ac-
crue sediment at rates sufficient to keep ahead of sea level rise 
and maintain their protective function will vary by region.

Climate has been the dominant factor controlling burned area 
during the 20

th
 century, even during periods of fire suppression 

by forest management,
40,111

 and the area burned annually has in-
creased steadily over the last 20 years concurrent with warming 
and/or drying climate. Warming and decreased precipitation have 
also made fire-prone ecosystems more vulnerable to “mega-fires” 
– large fires that are unprecedented in their social, economic, and 
environmental impacts. Large fires put people living in the urban-
wildland interface at risk for health problems and property loss. 
In 2011 alone, 8.3 million acres burned in wildfires, causing 15 
deaths and property losses greater than $1.9 billion.

38

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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Key message #3 Traceable accounT

Landscapes and seascapes are changing rap-
idly, and species, including many iconic species, 
may disappear from regions where they have been 
prevalent or become extinct, altering some regions 
so much that their mix of plant and animal life will 
become almost unrecognizable. 

Description of evidence base
The analysis for the Technical Input Report applied a range of 
future climate scenarios and projected biome changes across 5% 
to about 20% of the land area in the U.S. by 2100.

4
 Other analy-

ses support these projections.
39

 Studies predict that wildfire will 
be a major driver of change in some areas, including Yellowstone 
National Park

40
 and the Arctic.

41
 These biome shifts will be associ-

ated with changes in species distributions.
43

Evidence indicates that the most obvious changes will occur at 
the boundaries between ecosystems.

47,48,49,51
 Plants and animals 

are already moving to higher elevations and latitudes in response 
to climate change,

43
 with models projecting greater range shifts

8,46
 

and local extinctions in the future, leading to new plant and animal 
communities that may be unrecognizable in some regions.

4,45,46
 

One study on fish
8
 used global climate models (GCMs) simulating 

conditions in the 2040s and 2080s under the A1B emissions 
scenario, with the choice of models reflecting predictions of high 
and low climate warming as well as an ensemble of ten models. 
Their models additionally accounted for biotic interactions. In a 
second study, a 30-year baseline (1971-2000) and output from 
two GCMs under the A2 scenario (continued increases in global 
emissions) were used to develop climate variables that effectively 
predict present and future species ranges.

46
 Empirical data from 

the Sonoran Desert (n=39 plots) were used to evaluate species 
responses to past climate variability.

Iconic species: Wildfire is expected to damage and kill iconic des-
ert species, including saguaro cactus.

63
 Bark beetle outbreaks, 

which have been exacerbated by climate change, are damaging 
extensive areas of temperate and boreal conifer forests that are 
characteristic of the western United States.

64 

New information and remaining uncertainties
In addition to the Technical Input Report, more than 20 new stud-
ies of observed and predicted effects of climate change on biomes 
and species distribution were incorporated in the assessment.

While changes in ecosystem structure and biodiversity, including 
the distribution of iconic species, are occurring and are highly 
likely to continue, the impact of these changes on ecosystem ser-
vices is unclear, that is, there is uncertainty about the impact that 
loss of familiar landscapes will have on people.

Assessment of confidence based on evidence 
Based on the evidence base and uncertainties, confidence is high 
that familiar landscapes are changing so rapidly that iconic spe-
cies may disappear from regions where they have been prevalent, 
altering some regions so much that their mix of plant and animal 
life will become almost unrecognizable. Many changes in species 
distribution have already occurred and will inevitably continue, 
resulting in the loss of familiar landscapes and the production of 
novel species assemblages. 

Key message #4 Traceable accounT

Timing of critical biological events, such as spring 
bud burst, emergence from overwintering, and the 
start of migrations, has shifted, leading to impor-
tant impacts on species and habitats.

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the Ecosystems Technical Input, Phenology 
as a bio-indicator of climate change impacts on people and eco-
systems: Towards an integrated national assessment approach.

71
 

An additional 127 input reports, on a wide range of topics related 
to ecosystems, were also received and reviewed as part of the 
Federal Register Notice solicitation for public input. 

Many studies have documented an advance in springtime phe-
nological events of species in response to climate warming. For 
example, long-term observations of lilac flowering indicate that the 
onset of spring has advanced one day earlier per decade across 
the northern hemisphere in response to increased winter and 
spring temperatures, and by 1.5 days per decade earlier in the 
western United States.

72,73
 Other multi-decadal studies for plant 

species have documented similar trends for early flowering.
74,75

 
Evidence suggests that insect emergence from overwintering may 
become out of sync with pollen sources,

77
 and that the beginning 

of bird and fish migrations are shifting.
82,83,84,85,86,87

New information and remaining uncertainties
In addition to the Ecosystems Technical Input

71
 many new stud-

ies have been conducted since the previous National Climate As-
sessment,

141
 contributing to our understanding of the impacts of 

climate change on phenological events. Many studies, in many 
areas, have shown significant changes in phenology, including 
spring bud burst, emergence from overwintering, and migration 
shifts.

A key uncertainty is “phase effects” where organisms are so out of 
phase with their natural phenology that outbreaks of pests occur, 
species emerge and cannot find food, or pollination is disrupted. 
This will vary with specific species and is therefore very difficult 
to predict.

70
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Assessment of confidence based on evidence 
Given the evidence base and uncertainties, there is very high con-
fidence that the timing of critical events, such as spring bud burst, 
emergence from overwintering, and the start of migrations, has 
shifted, leading to important impacts on species and habitats.  

Key message #5 Traceable accounT

Whole system management is often more effec-
tive than focusing on one species at a time, and 
can help reduce the harm to wildlife, natural assets, 
and human well-being that climate disruption might 
cause. 

Description of evidence base
Adaptation planning for conservation at federal

92,93,94
 and state 

levels,
95

 is focused on cooperation between scientists and manag-
ers.

34,94,96,97
 Development of ecosystem-based whole system man-

agement
98

 utilizes concepts about “biodiversity and ecosystem 
services to help people adapt to climate change.”

99
 An example 

is the use of coastal wetlands or mangroves rather than built in-
frastructure like seawalls or levees to protect coastal regions from 
storms (Chapter 25: Coasts).

100

New information and remaining uncertainties
Adaptation strategies to protect biodiversity include: 1) habitat 
manipulations, 2) conserving populations with higher genetic di-
versity or more plastic behaviors or morphologies, 3) changing 
seed sources for re-planting to introduce species or ecotypes 
that are better suited for future climates, 4) managed relocation 
(sometimes referred to as assisted migration) to help move species 
and populations from current locations to those areas expected to 
become more suitable in the future, and 5) ex-situ conservation 
such as seed banking and captive breeding.

92,94,96,97,102
 Alternative 

approaches focus on identifying and protecting features that are 
important for biodiversity and are projected to be less altered by 
climate change. The idea is to conserve the physical conditions 
that contribute to high levels of biodiversity so that species and 
populations can find suitable areas in the future.

104

Assessment of confidence based on evidence 
Given the evidence and remaining uncertainties, there is very high 
confidence that ecosystem-based management approaches are in-
creasingly prevalent, and provide options for reducing the harm to 
biodiversity, ecosystems, and the services they provide to society. 
The effectiveness of these actions is much less certain, however.
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Key Messages
1. Climate change threatens human health and well-being in many ways, including impacts from  
 increased extreme weather events, wildfire, decreased air quality, threats to mental health, and  
 illnesses transmitted by food, water, and disease-carriers such as mosquitoes and ticks. Some of  
 these health impacts are already underway in the United States.

2. Climate change will, absent other changes, amplify some of the existing health threats the nation  
 now faces. Certain people and communities are especially vulnerable, including children, the  
 elderly, the sick, the poor, and some communities of color.

3. Public health actions, especially preparedness and prevention, can do much to protect people  
 from some of the impacts of climate change. Early action provides the largest health benefits. As  
 threats increase, our ability to adapt to future changes may be limited.

4. Responding to climate change provides opportunities to improve human health and well-being  
 across many sectors, including energy, agriculture, and transportation. Many of these strategies  
 offer a variety of benefits, protecting people while combating climate change and providing other  
 societal benefits. 

9 HUMAN HEALTH

Climate change, together with other natural and human-made 
health stressors, influences human health and disease in nu-
merous ways. Some existing health threats will intensify and 
new health threats will emerge. Not everyone is equally at risk. 
Important considerations include age, economic resources, 
and location. Preventive and adaptive actions, such as setting 
up extreme weather early warning systems and improving wa-
ter infrastructure, can reduce the severity of these impacts, 
but there are limits to the effectiveness of such actions in the 
face of some projected climate change threats.

Climate change presents a global public health problem, with 
serious health impacts predicted to manifest in varying ways 
in different parts of the world. Public health in the U.S. can 
be affected by disruptions of physical, biological, and eco-
logical systems, including disturbances originating in the U.S. 
and elsewhere. Health effects of these disruptions include 
increased respiratory and cardiovascular disease, injuries and 
premature deaths related to extreme weather events, changes 
in the prevalence and geographical distribution of food- and 
waterborne illnesses and other infectious diseases, and threats 
to mental health. 

Key weather and climate drivers of health impacts include 
increasingly frequent, intense, and longer-lasting extreme 
heat, which worsens drought, wildfire, and air pollution risks; 
increasingly frequent extreme precipitation, intense storms, 
and changes in precipitation patterns that lead to drought and 

ecosystem changes (Ch. 2: Our Changing Climate); and rising 
sea levels that intensify coastal flooding and storm surge (Ch. 
25: Coasts). Key drivers of vulnerability include the attributes 
of certain groups (age, socioeconomic status, race, current 
level of health – see Ch. 12: Indigenous Peoples for examples 
of health impacts on vulnerable populations) and of place 
(floodplains, coastal zones, and urban areas), as well as the re-
silience of critical public health infrastructure. Multi-stressor 
situations, such as impacts on vulnerable populations following 
natural disasters that also damage the social and physical in-
frastructure necessary for resilience and emergency response, 
are particularly important to consider when preparing for the 
impacts of climate change on human health.
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Key Message 1: Wide-ranging Health Impacts

Climate change threatens human health and well-being in many ways, including impacts from 
increased extreme weather events, wildfire, decreased air quality, threats to mental health, 

and illnesses transmitted by food, water, and disease-carriers such as mosquitoes and ticks. 
Some of these health impacts are already underway in the United States. 

Air Pollution
Climate change is projected to harm human health by increas-
ing ground-level ozone and/or particulate matter air pollution 
in some locations. Ground-level ozone (a key component of 
smog) is associated with many health problems, such as di-
minished lung function, increased hospital admissions and 
emergency room visits for asthma, and increases in premature 
deaths.1,2,3 Factors that affect ozone formation include heat, 
concentrations of precursor chemicals, and methane emis-
sions, while particulate matter concentrations are affected by 
wildfire emissions and air stagnation episodes, among other 
factors.4,5 By increasing these different factors, climate change 
is projected to lead to increased concentration of ozone and 
particulate matter in some regions.6,7,8,9 Increases in global 
temperatures could cause associated increases in premature 
deaths related to worsened ozone and particle pollution. Es-
timates made assuming no change in regulatory controls or 
population characteristics have ranged from 1,000 to 4,300 
additional premature deaths nationally per year by 2050 from 
combined ozone and particle health effects.10,11 There is less 

certainty in the responses of airborne particles to climate 
change than there is about the response of ozone. Health-re-
lated costs of the current effects of ozone air pollution exceed-
ing national standards have been estimated at $6.5 billion (in 
2008 U.S. dollars) nationwide, based on a U.S. assessment of 
health impacts from ozone levels during 2000 to 2002.12,13

Allergens 
Climate change, resulting in more frost-free days 
and warmer seasonal air temperatures, can con-
tribute to shifts in flowering time and pollen initia-
tion from allergenic plant species, and increased 
CO2 by itself can elevate production of plant-based 
allergens.14,15,16,17,18,19 Higher pollen concentrations 
and longer pollen seasons can increase allergic 
sensitizations and asthma episodes,20,21,22 and 
diminish productive work and school days.19,22,23 
Simultaneous exposure to toxic air pollutants can 
worsen allergic responses.24,25,26 Extreme rainfall 
and rising temperatures can also foster indoor air 
quality problems, including the growth of indoor 
fungi and molds, with increases in respiratory and 
asthma-related conditions.27 Asthma prevalence 
(the percentage of people who have ever been 
diagnosed with asthma and still have asthma) 
increased nationwide from 7.3% in 2001 to 8.4% 
in 2010. Asthma visits in primary care settings, 
emergency room visits, and hospitalizations were 
all stable from 2001 to 2009, and asthma death 
rates per 1,000 persons with asthma declined from 
2001 to 2009.28 To the extent that increased pollen 
exposures occur, patients and their physicians will 
face increased challenges in maintaining adequate 
asthma control.  

Figure 9.1. Projected increases in temperature, changes in wind patterns, and 
ecosystem changes will all affect future ground-level ozone concentrations. 
Climate projections using an increasing emissions scenario (A2) suggest 
that ozone concentrations in the New York metropolitan region will increase 
because of future climate change. This figure shows the estimated increase 
in ozone-related emergency room visits for children in New York in the 2020s 
(compared to the mid-1990s) resulting from climate change related increases 
in ozone concentrations. The results from this modeling exercise are shown 
as a percent change in visits specifically attributed to ozone exposure. For 
example, the 10.2% increase in Suffolk County represents five additional 
emergency room visits that could be attributed to increased ozone exposure 
over the baseline of 46 ozone-related visits from the mid-1990s. In 2010, an 
estimated 25.7 million Americans had asthma, which has become a problem 
in every state. (Figure source: Sheffield et al. 201114). 

Climate Change Projected to Worsen Asthma
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Wildfires
Climate change is currently increasing the vulnerability of many forests 
to wildfire. Climate change is projected to increase the frequency of 
wildfire in certain regions of the United States (Ch. 7: Forests).17,29 Long 
periods of record high temperatures are associated with droughts 
that contribute to dry conditions and drive wildfires in some areas.30 
Wildfire smoke contains particulate matter, carbon monoxide, nitro-
gen oxides, and various volatile organic compounds (which are ozone 
precursors)31 and can significantly reduce air quality, both locally and 
in areas downwind of fires.32,33 Smoke exposure increases respiratory 
and cardiovascular hospitalizations, emergency department visits, and 
medication dispensations for asthma, bronchitis, chest pain, chronic 
obstructive pulmonary disease (commonly known by its acronym, 
COPD), respiratory infections, and medical visits for lung illnesses.32,34,35 
It has been associated with hundreds of thousands of deaths annu-
ally, in an assessment of the global health risks from landscape fire 
smoke.32,34,36,37 Future climate change is projected to increase wildfire 
risks and associated emissions, with harmful impacts on health.17,38,39,40

Figure 9.2. Ragweed pollen season length has increased in central North 
America between 1995 and 2011 by as much as 11 to 27 days in parts 
of the U.S. and Canada in response to rising temperatures. Increases in 
the length of this allergenic pollen season are correlated with increases 
in the number of days before the first frost. As shown in the figure, the 
largest increases have been observed in northern cities. (Data updated 
from Ziska et al. 201119; Photo credit: Lewis Ziska, USDA).

Ragweed Pollen Season Lengthens

Figure 9.3. Wildfires, which are projected to increase in 
some regions due to climate change, have health impacts 
that can extend hundreds of miles. Shown here, forest 
fires in Quebec, Canada, during July 2002 (red circles) 
resulted in up to a 30-fold increase in airborne fine particle 
concentrations in Baltimore, Maryland, a city nearly a 
thousand miles downwind. These fine particles, which are 
extremely harmful to human health, not only affect outdoor 
air quality, but also penetrate indoors, increasing the long-
distance effects of fires on health.41 An average of 6.4 
million acres burned in U.S. wildfires each year between 
2000 and 2010, with 9.5 and 9.1 million acres burned in 
2006 and 2012, respectively.42 Total global deaths from 
the effects of landscape fire smoke have been estimated 
at 260,000 to 600,000 annually between the years 1997 
and 2006.37 (Figure source: Moderate Resolution Imaging 
Spectroradiometer (MODIS) instrument on the Terra 
satellite, Land Rapid Response Team, NASA/GSFC).

Wildfire Smoke has 
Widespread Health Effects
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Temperature Extremes
Extreme heat events have long threatened public health in 
the United States.43,44,45 Many cities, including St. Louis, Phila-
delphia, Chicago, and Cincinnati, have suffered dramatic in-
creases in death rates during heat waves. Deaths result from 
heat stroke and related conditions,44,45,46 but also from car-
diovascular disease, respiratory disease, and cerebrovascular 
disease.47,48 Heat waves are also associated with increased 
hospital admissions for cardiovascular, kidney, and respira-
tory disorders.48,49,50 Extreme summer heat is increasing in the 
United States (Ch. 2: Our Changing Climate, Key Message 7),51 
and climate projections indicate that extreme heat events will 
be more frequent and intense in coming decades (Ch. 2: Our 
Changing Climate, Key Message 7).2,52,53,54  

Some of the risks of heat-related sickness and death have di-
minished in recent decades, possibly due to better forecasting, 
heat-health early warning systems, and/or increased access to 

air conditioning for the U.S. population.55 However, extreme 
heat events remain a cause of preventable death nationwide. 
Urban heat islands, combined with an aging population and 
increased urbanization, are projected to increase the vulner-
ability of urban populations to heat-related health impacts in 
the future (Ch. 11: Urban).56,57,58

Milder winters resulting from a warming climate can reduce 
illness, injuries, and deaths associated with cold and snow. 
Vulnerability to winter weather depends on many non-climate 
factors, including housing, age, and baseline health.59 While 
deaths and injuries related to extreme cold events are pro-
jected to decline due to climate change, these reductions are 
not expected to compensate for the increase in heat-related 
deaths.60,61

Precipitation Extremes: Heavy Rainfall, Flooding, and Droughts
The frequency of heavy precipitation events has already in-
creased for the nation as a whole, and is projected to increase 
in all U.S. regions (Ch. 2: Our Changing Climate).54,62 Increases 
in both extreme precipitation and total precipitation have 
contributed to increases in severe flooding events in certain 
regions (see Ch. 2: Our Changing Climate, Figure 2.21). Floods 
are the second deadliest of all weather-related hazards in the 
United States, accounting for approximately 98 deaths per 

year,63 most due to drowning.64 Flash floods (see Ch. 3: Water, 
“Flood Factors and Flood Types”) and flooding associated with 
tropical storms result in the highest number of deaths.63 

In addition to the immediate health hazards associated with 
extreme precipitation events when flooding occurs, other haz-
ards can often appear once a storm event has passed. Elevated 
waterborne disease outbreaks have been reported in the weeks 

Figure 9.4. The maps show projected increases in the average temperature on the hottest days by late this century (2081-2100) 
relative to 1986-2005 under a scenario that assumes a rapid reduction in heat-trapping gases (RCP 2.6) and a scenario that assumes 
continued increases in these gases (RCP 8.5). The hottest days are those so hot they occur only once in 20 years. Across most of 
the continental United States, those days will be about 10ºF to 15ºF hotter in the future under the higher emissions scenario. (Figure 
source: NOAA NCDC / CICS-NC). 

Projected Temperature Change of Hottest Days
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following heavy rainfall,65 although other variables may affect 
these associations.66 Water intrusion into buildings can result 
in mold contamination that manifests later, leading to indoor 
air quality problems. Buildings damaged during hurricanes are 
especially susceptible to water intrusion. Populations living in 
damp indoor environments experience increased prevalence 
of asthma and other upper respiratory tract symptoms, such as 
coughing and wheezing67 as well as lower respiratory tract in-
fections such as pneumonia, Respiratory Syncytial Virus (RSV), 
and RSV pneumonia (see Figure 9.7).68  

At the opposite end of precipitation extremes, drought also 
poses risks to public health and safety.69 Drought conditions 
may increase the environmental exposure to a broad set of 
health hazards including wildfires, dust storms, extreme heat 
events, flash flooding, degraded water quality, and reduced 
water quantity. Dust storms associated with drought condi-
tions contribute to degraded air quality due to particulates 
and have been associated with increased incidence of Coccidi-
oidomycosis (Valley fever), a fungal pathogen, in Arizona and 
California.70 

Disease Carried by Vectors
Climate is one of the factors that influence the distribution of 
diseases borne by vectors (such as fleas, ticks, and mosquitoes, 
which spread pathogens that cause illness).71,72,73,74,75,76,77,78 The 
geographic and seasonal distribution of vector populations, 
and the diseases they can carry, depend not only on climate 
but also on land use, socioeconomic and cultural factors, pest 
control, access to health care, and human responses to disease 
risk, among other factors.72,73,79,80,81 Daily, seasonal, or year-to-
year climate variability can sometimes result in vector/patho-
gen adaptation and shifts or expansions in their geographic 
ranges.73,74,81 Such shifts can alter disease incidence depending 
on vector-host interaction, host immunity, and pathogen evo-
lution.71 North Americans are currently at risk from numerous 
vector-borne diseases, including Lyme,75,82,83,84 dengue fever,85 
West Nile virus,86 Rocky Mountain spotted fever,87 plague, and 
tularemia.88 Vector-borne pathogens not currently found in the 
United States, such as chikungunya, Chagas disease, and Rift 
Valley fever viruses, are also threats. Climate change effects 
on the geographical distribution and incidence of vector-borne 
diseases in other countries where these diseases are already 
found can also affect North Americans, especially as a result 
of increasing trade with, and travel to, tropical and subtropi-
cal areas.74,81 Whether climate change in the U.S. will increase 
the chances of domestically acquiring diseases such as dengue 
fever is uncertain, due to vector-control efforts and lifestyle 
factors, such as time spent indoors, that reduce human-insect 
contact. 

Infectious disease transmission is sensitive to local, small-scale 
differences in weather, human modification of the landscape, 
the diversity of animal hosts,83 and human behavior that af-
fects vector-human contact, among other factors. There is a 
need for finer-scale, long-term studies to help quantify the 
relationships among weather variables, vector range, and 
vector-borne pathogen occurrence, the consequences of shift-
ing distributions of vectors and pathogens, and the impacts on 
human behavior. Enhanced vector surveillance and human dis-
ease tracking are needed to address these concerns. 

trAnsMission cycle of lyMe diseAse

The development and survival of blacklegged ticks, their animal hosts, and the Lyme disease bacterium, Borrelia 
burgdorferi, are strongly influenced by climatic factors, especially temperature, precipitation, and humidity. Potential 
impacts of climate change on the transmission of Lyme disease include: 1) changes in the geographic distribution of 
the disease due to the increase in favorable habitat for ticks to survive off their hosts;89 2) a lengthened transmission 
season due to earlier onset of higher temperatures in the spring and later onset of cold and frost; 3) higher tick densi-
ties leading to greater risk in areas where the disease is currently observed, due to milder winters and potentially larger 
rodent host populations; and 4) changes in human behaviors, including increased time outdoors, which may increase 
the risk of exposure to infected ticks.

The Culex tarsalis mosquito is a vector that transmits West Nile 
Virus.
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Food- and Waterborne Diarrheal Disease
Diarrheal disease is a major public health issue in developing 
countries and, while not generally increasing in the United 
States, remains a persistent concern nonetheless. Exposure 
to a variety of pathogens in water and food causes diarrheal 
disease. Air and water temperatures, precipitation patterns, 
extreme rainfall events, and seasonal variations are all known 
to affect disease transmis-
sion.65,91,92 In the United 
States, children and the el-
derly are most vulnerable to 
serious outcomes, and those 
exposed to inadequately or 
untreated groundwater will 
be among those most af-
fected.

In general, diarrheal dis-
eases including Salmonello-
sis and Campylobacteriosis 
are more common when 
temperatures are higher,93,94 
though patterns differ by 
place and pathogen. Diar-
rheal diseases have also 
been found to occur more 
frequently in conjunction 
with both unusually high 
and low precipitation.95 Spo-
radic increases in stream-
flow rates, often preceded 

by rapid snowmelt96 and changes in water treatment,97 have 
also been shown to precede outbreaks. Risks of waterborne 
illness and beach closures resulting from changes in the mag-
nitude of recent precipitation (within the past 24 hours) and in 
lake temperature are expected to increase in the Great Lakes 
region due to projected climate change.98,99 

Projected Change in Heavy Precipitation Events

Figure 9.6. Maps show the increase in frequency of extreme daily precipitation events (a daily amount 
that now occurs just once in 20 years) by the later part of this century (2081-2100) compared to the 
latter part of the last century (1981-2000). Such extreme events are projected to occur more frequently 
everywhere in the United States. Under a rapid emissions reduction scenario (RCP 2.6), these events 
would occur nearly twice as often. For a scenario assuming continued increases in emissions (RCP 
8.5), these events would occur up to five times as often. (Figure source: NOAA NCDC / CICS-NC). 

Figure 9.5. The maps show the current and projected probability of establishment of tick populations (Ixodes scapularis) that transmit 
Lyme disease. Projections are shown for 2020, 2050, and 2080. The projected expansion of tick habitat includes much of the eastern 
half of the country by 2080. For some areas around the Gulf Coast, the probability of tick population establishment is projected to 
decrease by 2080. (Figure source: adapted from Brownstein et al. 200590). 

Projected Changes in Tick Habitat
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Harmful Bloom of Algae

Figure 9.8. Remote sensing color image of harmful algal bloom in Lake Erie on 
October 9, 2011. The bright green areas have high concentrations of algae, which 
can be harmful to human health. The frequency and range of harmful blooms of algae 
are increasing.102,103 Because algal blooms are closely related to climate factors, 
projected changes in climate could affect algal blooms and lead to increases in 
water- and food-borne exposures and subsequent cases of illness.103 Other factors 
related to increases in harmful algal blooms include shifts in ocean conditions such 
as excess nutrient inputs.101,102,103 (Figure source: NASA Earth Observatory104).

Heavy Downpours are Increasing Exposure to Disease

Figure 9.7. Heavy downpours, which are increasing in the United States, have contributed to increases in heavy flood events 
(Ch. 2: Our Changing Climate, Key Message 6). The figure above illustrates how people can become exposed to waterborne 
diseases. Human exposures to waterborne diseases can occur via drinking water, as well as recreational waters.100,101,102,103 

(Figure source: NOAA NCDC / CICS-NC).
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Food Security
Globally, climate change is expected to threaten food produc-
tion and certain aspects of food quality, as well as food prices 
and distribution systems. Many crop yields are predicted to de-
cline due to the combined effects of changes in rainfall, severe 
weather events, and increasing competition from weeds and 
pests on crop plants (Ch. 6: Agriculture, Key Message 6).105,106 
Livestock and fish production is also projected to decline.107 
Prices are expected to rise in response to declining food pro-
duction and associated trends such as increasingly expensive 
petroleum (used for agricultural inputs such as pesticides and 
fertilizers).108 

While the U.S. will be less affected than some other coun-
tries,109,110 the nation will not be immune. Health can be af-
fected in several ways. First, Americans with particular dietary 
patterns, such as Alaska Natives, will confront shortages of key 
foods (Ch. 12: Indigenous Peoples, Key Message 1).111 Second, 
food insecurity increases with rising food prices.112 In such 
situations, people cope by turning to nutrient-poor but calo-
rie-rich foods, and/or they endure hunger, with consequences 
ranging from micronutrient malnutrition to obesity.113 Third, 

the nutritional value of some foods is projected to decline. 
Elevated atmospheric CO2 is associated with decreased plant 
nitrogen concentration, and therefore decreased protein, in 
many crops, such as barley, sorghum, and soy.114 The nutrient 
content of crops is also projected to decline if soil nitrogen 
levels are suboptimal, with reduced levels of nutrients such as 
calcium, iron, zinc, vitamins, and sugars, although this effect is 
alleviated if sufficient nitrogen is supplied.115 Fourth, farmers 
are expected to need to use more herbicides and pesticides 
because of increased growth of pests116 and weeds117 as well 
as decreased effectiveness118 and duration119 of some of these 
chemicals (Ch. 6: Agriculture). Farmers, farmworkers, and 
consumers will thus sustain increased exposure to these sub-
stances and their residues, which can be toxic. These climate 
change impacts on the nutritional value of food exist within a 
larger context in which other factors, such as agricultural prac-
tices, food distribution systems, and consumer food choices, 
also play key roles. Adaptation activities can reduce the health-
related impacts of some of the anticipated food security chal-
lenges (Ch. 6: Agriculture).

Mental Health and Stress-related Disorders
Mental illness is one of the major causes of suffering in the 
United States, and extreme weather events can affect men-
tal health in several ways.120,121,122,123 First, following disasters, 
mental health problems increase, both among people with no 
history of mental illness, and those at risk – a phenomenon 
known as “common reactions to abnormal events.” These re-
actions may be short-lived or, in some cases, long-lasting.124 
For example, research demonstrated high levels of anxiety 
and post-traumatic stress disorder among people affected by 
Hurricane Katrina,125 and similar observations have followed 
floods126 and heat waves.127 Some evidence suggests wildfires 
have similar effects.128 All of these events are increasingly fu-
eled by climate change (see Ch. 2: Our Changing Climate). Other 
health consequences of intensely stressful exposures are also 
a concern, such as adverse birth outcomes including pre-term 
birth, low birth weight, and maternal complications.129  

Second, some patients with mental illness are especially 
susceptible to heat.130 Suicide rates vary with weather,131 ris-
ing with high temperatures,132 suggesting potential climate 
change impacts on depression and other mental illnesses. 
Dementia is a risk factor for hospitalization and death dur-
ing heat waves.127,133 Patients with severe mental illness such 
as schizophrenia are at risk during hot weather because their 
medications may interfere with temperature regulation or 
even directly cause hyperthermia.134 Additional potential men-
tal health impacts, less well understood, include the possible 
distress associated with environmental degradation135 and dis-
placement,136 and the anxiety and despair that knowledge of 
climate change might elicit in some people (Ch. 12:  Indigenous 
Peoples, Key Message 5).122

Key Message 2: Most Vulnerable at Most Risk

Climate change will, absent other changes, amplify some of the existing health threats 
the nation now faces. Certain people and communities are especially vulnerable, including 

children, the elderly, the sick, the poor, and some communities of color.

Climate change will increase the risk of climate-related illness 
and death for a number of vulnerable groups in the United 
States, as when Hurricane Katrina devastated New Orleans in 
2005. Children, primarily because of physiological and devel-
opmental factors, will disproportionately suffer from the ef-
fects of heat waves,47 air pollution, infectious illness, and trau-
ma resulting from extreme weather events.14,16,18,22,138,139,140,141 

The country’s older population also could be harmed more as 
the climate changes. Older people are at much higher risk of 
dying during extreme heat events.45,47,139,142 Pre-existing health 
conditions also make older adults susceptible to cardiac and 
respiratory impacts of air pollution26 and to more severe con-
sequences from infectious diseases;143 limited mobility among 
older adults can also increase flood-related health risks.144 Lim-
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ited resources and an already high burden of chronic health 
conditions, including heart disease, obesity, and diabetes, will 
place the poor at higher risk of health impacts from climate 
change than higher income groups.26,47 Potential increases in 
food cost and limited availability of some foods will exacerbate 
current dietary inequalities and have significant health rami-
fications for the poorer segments of our population (Ch. 12: 
Indigenous Peoples, Key Message 1).110,145

Climate change will disproportionately affect low-income com-
munities and some communities of color (Ch. 12: Indigenous 

Peoples, Key Message 2),139,149,151,152,153,154,155,156,157 raising envi-
ronmental justice concerns. Existing health disparities153,158,159 

and other inequities160,161 increase vulnerability. Climate 
change related issues that have an equity component include 
heat waves, air quality, and extreme weather and climate 
events. For example, Hurricane Katrina demonstrated how 
vulnerable certain groups of people were to extreme weather 
events, because many low-income and of-color New Orleans 
residents were killed, injured, or had difficulty evacuating and 
recovering from the storm.154,155,156,161,162,163,164 

Figure 9.9. A variety of factors can increase the vulnerability of a specific demographic group to health effects due to climate change. 
For example, older adults are more vulnerable to heat stress because their bodies are less able to regulate their temperature. Overall 
population growth is projected to continue to at least 2050, with older adults comprising an increasing proportion of the population. 
Similarly, there are an increasing number of people who are obese and have diabetes, heart disease, or asthma, which makes 
them more vulnerable to a range of climate-related health impacts. Their numbers are also rising. The poor are less able to afford 
the kinds of measures that can protect them from and treat them for various health impacts. (Data from CDC; Health E-Stat; U.S. 
Census Bureau 2010, 2012; and Akinbami et al. 2011137). 

Elements of Vulnerability to Climate Change
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Figure 9.10. This map illustrates the national scope of the dispersion of displaced people from Hurricane Katrina. 
It shows the location by zip code of the 800,000 displaced Louisiana residents who requested federal emergency 
assistance. The evacuees ended up dispersed across the entire nation, illustrating the wide-ranging impacts that 
can flow from extreme weather events, such as those that are projected to increase in frequency and/or intensity 
as climate continues to change (Ch. 2: Our Changing Climate, Key Message 8). (Figure source: Kent  2006150).

Katrina Diaspora

societAl systeM fAilures during extreMe events

We have already seen multiple system failures during an extreme weather event in the United States, as when Hurricane 
Katrina struck New Orleans.146 Infrastructure and evacuation failures and collapse of critical response services during 
a storm is one example of multiple system failures. Another example is a loss of electrical power during a heat wave or 
wildfires, which can reduce food and water safety.147 Air conditioning has helped reduce illness and death due to extreme 
heat,148 but if power is lost, everyone is vulnerable. By their nature, such events can exceed our capacity to respond.79 
In succession, these events severely deplete our resources needed to respond, from the individual to the national scale, 
but disproportionately affect the most vulnerable populations.149 

Multiple cliMAte stressors And heAlth

Climate change impacts add to the cumulative stresses currently faced by vulnerable populations including children, 
the elderly, the poor, some communities of color, and people with chronic illnesses. These populations, and others living 
in certain places such as cities, floodplains, and coastlines, are more vulnerable not only to extreme events but also to 
ongoing, persistent climate-related threats. These threats include poor air quality, heat, drought, flooding, and mental 
health stress. Over time, the accumulation of these stresses will be increasingly harmful to these populations.
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Key Message 3: Prevention Provides Protection

Public health actions, especially preparedness and prevention, can do much to protect people 
from some of the impacts of climate change. Early action provides the largest health benefits. 

As threats increase, our ability to adapt to future changes may be limited.

Prevention is a central tenet of public health. Many conditions 
that are difficult and costly to treat when a patient gets to the 
doctor could be prevented before they occur at a fraction of 
the cost. Similarly, many of the larger health impacts associat-
ed with climate change can be prevented through early action 
at significantly lower cost than dealing with them after they oc-
cur.153,165 Early preventive interventions, such as early warnings 
for extreme weather, can be particularly cost-effective.166,167,168 
As with many illnesses,169 once impacts are apparent, even the 
best adaptive efforts can be overwhelmed, and damage con-
trol becomes the priority.62

Activities that reduce carbon pollution often also provide co-
benefits in the form of preventive health measures. For exam-
ple, reliance on cleaner energy sources for electricity produc-
tion174 and more efficient and active transport, like biking or 
walking,175 can have immediate public health benefits, through 
improved air quality and lowered rates of obesity, diabetes, 
and heart disease.176 Reducing carbon pollution also reduces 
long-term adverse climate-health impacts, thus producing cost 
savings in the near and longer term.176 Preventing exposures to 
other climate-sensitive impacts already apparent can similarly 

result in cost savings. For instance, heat wave early warning 
systems protect vulnerable groups very effectively and are 
much less expensive than treating and coping with heat illness-
es. Systems that monitor for early outbreaks of disease are also 
typically much less expensive than treating communities once 
outbreaks take hold.12,49,177

Effective communication is a fundamental part of prevention. 
The public must understand risk in order to endorse proactive 
risk management. The public is familiar with the health risks 
of smoking, but not so for climate change. When asked about 
climate change impacts, Americans do not mention health 
impacts,178 and when asked about health impacts specifically, 
most believe it will affect people in a different time or place.179 
But diverse groups of Americans find information on health 
impacts to be helpful once received, particularly information 
about the health benefits of mitigation (reducing carbon emis-
sions) and adaptation.180

Determining which types of prevention to invest in (such as 
monitoring, early warning systems, and land-use changes that 
reduce the impact of heat and floods) depends on several 

factors, including health problems common to that 
particular area, vulnerable populations, the preven-
tive health systems already in place, and the expected 
impacts of climate change.181 Local capacity to adapt 
is very important; unfortunately the most vulnerable 
populations also frequently have limited resources for 
managing climate-health risks. 

Overall, the capacity of the American public health and 
health care delivery systems faces many challenges.182 
The cost of dealing with current health problems is 
diverting resources from preventing them in the first 
place. This makes the U.S. population more vulner-
able.183,184 Without careful consideration of how to 
prevent future impacts, similar patterns could emerge 
regarding the health impacts from climate change. 
However, efforts to quantify and map vulnerability 
factors at the community level are underway.151,164,185

There are public health programs in some locations 
that address climate-sensitive health issues, and in-
tegrating such programs into the mainstream public 
health toolkit as adaptation needs increase would im-
prove public health resilience to climate change.79,186,187 
Given that these programs have demonstrated effica-
cy against current threats that are expected to worsen 
with climate change, it is prudent to invest in creating 

lArge-scAle environMentAl 
chAnge fAvors diseAse eMergence

Climate change is causing large-scale changes in the environ-
ment, increasing the likelihood of the emergence or reemer-
gence of unfamiliar disease threats.170 Factors include shift-
ing ranges of disease-carrying pests, lack of immunity and 
preparedness, inadequate disease monitoring, and increasing 
global travel. Diseases including Lyme disease and dengue 
fever pose increasing health threats to the U.S. population; 
the number of U.S. patients hospitalized with dengue fever 
more than tripled from 2000 to 2007.171 Although most cases 
of dengue fever during that time period were acquired outside 
the contiguous United States, the introduction of infected 
people into areas where the dengue virus vector is established 
increases the risk of locally acquired cases. The public health 
system is not fully prepared to monitor or respond to these 
growing disease risks. The introduction of new diseases into 
non-immune populations has been and continues to be a ma-
jor challenge in public health. There are concerns that climate 
change may provide opportunities for pathogens to expand or 
shift their geographic ranges.172,173
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the strongest climate-health preparedness programs possi-
ble.153 One survey highlighted opportunities to address climate 
change preparedness activities and climate-health research181 

before needs become more widespread. America’s Climate 
Choices: Adapting to the Impacts of Climate Choices (Table 3.5) 
provides examples of health adaptation options.187  

Key Message 4: Responses Have Multiple Benefits

Responding to climate change provides opportunities to improve human health and  
well-being across many sectors, including energy, agriculture, and transportation. Many  

of these strategies offer a variety of benefits, protecting people while combating  
climate change and providing other societal benefits. 

Policies and other strategies intended to reduce carbon pol-
lution and mitigate climate change can often have indepen-
dent influences on human health. For example, reducing CO2 
emissions through renewable electrical power generation can 
reduce air pollutants like particles and sulfur dioxide. Efforts 
to improve the resiliency of communities and human infra-
structure to climate change impacts can also improve human 
health. There is a growing recognition that the magnitude of 
health “co-benefits,” like reducing both pollution and cardio-
vascular disease, could be significant, both from a public health 
and an economic standpoint.176,188,189 Some climate change 
resilience efforts will benefit health, but potential co-harms 
should be considered when implementing these strategies. 
For example, although there are numerous benefits to urban 
greening, such as reducing the urban heat island effect while 
simultaneously promoting an active healthy lifestyle,159,190,191 
the urban planting of certain allergenic pollen producing spe-
cies22 could increase human pollen exposure and allergic ill-
ness. Increased pollen exposure has been linked to increased 
emergency department visits related to asthma and wheez-
ing192 in addition to respiratory allergic illnesses such as allergic 
rhinitis or hay fever.193 The selective use of low to moderate 
pollen-producing species can decrease pollen exposure.194 

Much of the focus of health co-benefits has been on reducing 
health-harming air pollution.6,174,175,195,196 One study projects 
that replacing 50% of short motor vehicle trips with bicycle 
use and the other 50% with other forms of transportation like 
walking or public transit would avoid nearly 1,300 deaths in 11 
midwestern metropolitan areas and create up to $8 billion in 
health benefits annually for the upper Midwest region.188 Such 
multiple-benefit actions can reduce heat-trapping gas emis-
sions that lead to climate change, improve air quality by reduc-
ing vehicle pollutant emissions, and improve fitness and health 
through increased physical activity.99,197,198,199,200 

Innovative urban design could create increased access to ac-
tive transport.99 The compact geographical area found in cities 
presents opportunities to reduce energy use and emissions 
of heat-trapping gases and other air pollutants through ac-
tive transit, improved building construction, provision of ser-
vices, and infrastructure creation, such as bike paths and side-
walks.197,201 Urban planning strategies designed to reduce the 

urban heat island effect, such as green/cool roofs, increased 
green space, parkland and urban canopy, could reduce indoor 
temperatures, improve indoor air quality, and could produce 
additional societal co-benefits by promoting social interaction 
and prioritizing vulnerable urban populations.191,197 

Patterns of change related to improving health can also have 
co-benefits in terms of reducing carbon pollution and mitigat-
ing climate change. Current U.S. dietary guidelines and many 
health professionals have recommended diets higher in fruits 
and vegetables and lower in red meat as a means of helping 
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to reduce the risk of cardiovascular disease and some can-
cers.199,202,203 These changes in food consumption, and related 
changes to food production, could have co-benefits in terms of 
reducing greenhouse gas emissions. While the greenhouse gas 
footprint of the production of other foods, compared to sourc-
es such as livestock, is highly dependent on a number of fac-
tors, production of livestock currently accounts for about 30% 
of the U.S. total emissions of methane.199,203,204 This amount of 
methane can be reduced somewhat by recovery methods such 
as the use of biogas digesters, but future changes in dietary 
practices, including those motivated by considerations other 
than climate change mitigation, could also have an effect on 
the amount of methane emitted to the atmosphere.205

In addition to producing health co-benefits,206 climate change 
prevention and preparedness measures could also yield posi-
tive equity impacts. For example, several studies have found 

that communities of color and poor communities experience 
disproportionately high exposures to air pollution.207,208 Cli-
mate change mitigation policies that improve local air quality 
thus have the potential to strongly benefit health in these com-
munities. 

An area where adaptation policy could produce more equi-
table health outcomes is with respect to extreme weather 
events. As discussed earlier, Hurricane Katrina demonstrated 
that communities of color, poor communities, and certain oth-
er vulnerable populations (like new immigrant communities) 
are at a higher risk to the adverse effects of extreme weath-
er events.152,155 These vulnerable populations could benefit 
from urban planning policies that ensure that new buildings, 
including homes, are constructed to resist extreme weather 
events.197
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Process for Developing Key Messages
The key messages were developed during technical discussions 
and expert deliberation at a two-day meeting of the eight chapter 
Lead Authors, plus Susan Hassol and Daniel Glick, held in Boulder, 
Colorado May 8-9, 2012; through multiple technical discussions 
via six teleconferences from January through June 2012, and an 
author team call to finalize the Traceable Account draft language 
on Oct 12, 2012; and through other various communications on 
points of detail and issues of expert judgment in the interim. The 
author team also engaged in targeted consultations during multi-
ple exchanges with Contributing Authors, who provided additional 
expertise on subsets of the key message. These discussions were 
held after a review of the technical inputs and associated litera-
ture pertaining to human health, including a literature review,

209
 

workshop reports for the Northwest and Southeast United States, 
and additional technical inputs on a variety of topics. 

Key message #1 Traceable accounT

Climate change threatens human health and 
well-being in many ways, including impacts from 
increased extreme weather events, wildfire, de-
creased air quality, threats to mental health, and 
illnesses transmitted by food, water, and diseases-
carriers such as mosquitoes and ticks. Some of 
these health impacts are already underway in the 
United States.

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in several foundational technical inputs pre-
pared for this chapter, including a literature review

209
 and workshop 

reports for the Northwest and Southeast United States. Nearly 60 
additional technical inputs related to human health were received 
and reviewed as part of the Federal Register Notice solicitation for 
public input. 

Air Pollution:
The effects of decreased ozone air quality on human health 
have been well documented concerning projected increases in 
ozone,

6,7,9,11,39
 even with uncertainties in projections owing to the 

complex formation chemistry of ozone and climate change, precur-
sor chemical inventories, wildfire emission, stagnation episodes, 

methane emissions, regulatory controls, and population charac-
teristics.

4
 Ozone exposure leads to a number of health impacts.

1,2

Allergens:
The effects of increased temperatures and atmospheric CO2 con-
centration have been documented concerning shifts in flowering 
time and pollen initiation from allergenic plants, elevated produc-
tion of plant-based allergens, and health effects of increased pol-
len concentrations and longer pollen seasons.

15,16,17,18,20,22,23,24,26,106
 

Additional studies have shown extreme rainfall and higher tem-
peratures can lead to increased indoor air quality issues such as 
fungi and mold health concerns.

27
 

Wildfire:
The effects of wildfire on human health have been well document-
ed with increase in wildfire frequency

17,29,39,40
 leading to decreased 

air quality
31,32,33

 and negative health impacts.
32,34,36

Temperature Extremes:
The effects of temperature extremes on human health have been 
well documented for increased heat waves,

51,53,54
 which cause 

more deaths,
47,48

 hospital admissions
50

 and population vulnerabil-
ity.

56,57
 

Precipitation Extremes - Heavy Rainfall, Flooding, and Droughts:
The effects of weather extremes on human health have been well 
documented, particularly for increased heavy precipitation, which 
has contributed to increases in severe flooding events in certain 
regions. Floods are the second deadliest of all weather-related 
hazards in the United States.

63,64
 Elevated waterborne disease 

outbreaks have been reported in the weeks following heavy rain-
fall,

65
 although other variables may affect these associations.

66
 

Populations living in damp indoor environments experience in-
creased prevalence of asthma and other upper respiratory tract 
symptoms.

67
 

Disease Carried by Vectors:
Climate is one of the factors that influence the range of disease 
vectors; 

73,74,76
 a shift in the current range may increase 

interactions with people and affect human health.
71

 North 
Americans are currently at risk from a number of vector-borne 
diseases.

75,82,83,85,86,87
 There are some ambiguities on the relative 

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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role and contribution of climate change among the range of factors 
that affect disease transmission dynamics.

71,72,73,74,75,76
 However, 

observational studies are already underway and confidence is high 
based on scientific literature that climate change has contributed 
to the expanded range of certain disease vectors, including Ixodes 
ticks which are vectors for Lyme disease in the United States.

78,84,89

Food- and Waterborne Diarrheal Disease: 
There has been extensive research concerning the effects of climate 
change on water- and food-borne disease transmission.

92,93,95,96,97
 

The current evidence base strongly supports waterborne diarrheal 
disease being both seasonal and sensitive to climate variability. 
There are also multiple studies associating extreme precipitation 
events with waterborne disease outbreaks.

65
 This evidence of 

responsiveness of waterborne disease to weather and climate, 
combined with evidence strongly suggesting that temperatures 
will increase and extreme precipitation events will increase in 
frequency and severity (Ch. 2: Our Changing Climate), provides 
a strong argument for climate change impacts on waterborne 
disease by analogy. There are multiple studies associating extreme 
precipitation events with waterborne disease outbreaks and strong 
climatological evidence for increasing frequency and intensity of 
extreme precipitation events in the future. The scientific literature 
modeling the projected impacts of climate change on waterborne 
disease is somewhat limited, however. Combined, we therefore 
have overall medium confidence in the impact of climate change 
on waterborne and food-borne disease.

Harmful Algal Blooms:
Because algal blooms are closely related to climate factors, 
projected changes in climate could affect algal blooms and lead 
to increases in food- and waterborne exposures and subsequent 
cases of illness.

96,97,98,99,103
 Harmful algal blooms have multiple 

exposure routes.
100

 

Food Security:
Climate change is expected to have global impacts on both food 
production and certain aspects of food quality. The impact of 
temperature extremes, changes in precipitation and elevated 
atmospheric CO2, and increasing competition from weeds and pests 
on crop plants are areas of active research (Ch. 6: Agriculture, Key 
Message 6).

105,106
 The U.S. as a whole will be less affected than 

some other countries.  However, the most vulnerable, including 
those dependent on subsistence lifestyles, especially Alaska 
Natives and low-income populations, will confront shortages of 
key foods. 

Mental Health and Stress-Related Disorders:
The effects of extreme weather on mental health have been 
extensively studied.

120,122,123
 Studies have shown the impacts of 

mental health problems after disasters,
124

 with extreme events 
like Hurricane Katrina,

125
 floods,

126
 heat waves,

127
 and wildfires

128
 

having led to mental health problems. Further work has shown 
that some people with mental illnesses are especially vulnerable 

to heat. Suicide rates vary with weather,
131,132

 dementia is a risk 
factor for hospitalization and death during heat waves,

127,133
 and 

medications for schizophrenia may interfere with temperature 
regulation or even directly cause hyperthermia.

134
 Additional 

potential mental health impacts include distress associated with 
environmental degradation, displacement, and the knowledge of 
climate change.

122,123,136

New information and remaining uncertainties
Important new evidence on heat-health effects

44,45
 confirmed 

many of the findings from a prior literature review. Uncertainties 
in the magnitude of projections of future climate-related morbid-
ity and mortality can result from differences in climate model 
projections of the frequency and intensity of extreme weather 
events such as heat waves and other climate parameters such as 
precipitation. 

Efforts to improve the information base should address the coor-
dinated monitoring of climate and improved surveillance of health 
effects.

Assessment of confidence based on evidence
Overall: Very High confidence. There is considerable consensus 
and a high quality of evidence in the published peer-reviewed lit-
erature that a wide range of health effects will be exacerbated by 
climate change in the United States. There is less agreement on 
the magnitude of these effects because of the exposures in ques-
tion and the multi-factorial nature of climate-health vulnerability, 
with regional and local differences in underlying health suscep-
tibilities and adaptive capacity. Other uncertainties include how 
much effort and resources will be put into improving the adap-

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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tive capacity of public health systems to prepare in advance for 
the health effects of climate change, prevent harm to individual 
and community health, and limit associated health burdens and 
societal costs. 

Increased Ozone Exposure: Very High confidence. 
Allergens: High confidence.
Wildfires: Very High confidence. 
Thermal Extremes: Very High confidence. 
Extreme Weather Events: Very High confidence. 
Vector-borne Infectious Diseases: High or Very High confidence for 
shift in range of disease-carrying vectors. Medium confidence for 
whether human disease transmission will follow. 
Food- and Waterborne disease: Medium confidence. 
Harmful Algal Blooms: Medium confidence. 
Food Security: Medium confidence for food quality; High confidence 
for food security.

Threats to Mental Health: Very High confidence for post-disaster 
impacts; Medium confidence for climate-induced stress.

Key message #2 Traceable accounT

Climate change will, absent other changes, am-
plify some of the existing health threats the nation 
now faces. Certain people and communities are es-
pecially vulnerable, including children, the elderly, 
the sick, the poor, and some communities of color.

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in several foundational technical inputs pre-
pared for this chapter, including a literature review

209
 and work-

shop reports for the Northwest and Southeast regions.
210

 Nearly 
60 additional technical inputs related to human health were re-
ceived and reviewed as part of the Federal Register Notice solici-
tation for public input. 

Current epidemiological evidence on climate-sensitive health 
outcomes in the U.S. indicates that health impacts will differ 
substantially by location, pathway of exposure, underlying sus-
ceptibility, and adaptive capacity. These disparities in health 
impacts will largely result from differences in the distribution of 
individual attributes in a population that confers vulnerability (age, 
socioeconomic status, and race), attributes of place that reduce 
or amplify exposure (floodplain, coastal zone, and urban heat is-
land), and the resilience of critical public health infrastructure.   

Amplification of existing health threats: The effects of extreme heat 
and heat waves, projected worsening air pollution and asthma, 
extreme rainfall and flooding, and displacement and injuries asso-
ciated with extreme weather events, fueled by climate change, are 
already substantial public health issues. Trends projected under a 
changing climate are projected to exacerbate these health effects 
in the future.

62
 

Children: The effects of climate change increase vulnerability of 
children to extreme heat, and increased health damage (mor-
bidity, mortality) resulting from heat waves has been well docu-
mented.

16,22,51,53,140
 Extreme heat also causes more pediatric 

deaths,
47,48

 and more emergency room visits and hospital admis-
sions.

49,50
 Adverse effects from increased heavy precipitation 

can lead to more pediatric deaths, waterborne diseases,
66

 and 
illness.

141
 

The elderly: Heat stress is especially damaging to the health of 
older people,

45,49,60,133,142,209
 as are climate-sensitive increases in 

air pollution.

The sick: People and communities lacking the resources to adapt 
or to enhance mobility and escape health-sensitive situations are 
at relatively high risk.

164

The poor: People and communities lacking the resources to adapt 
or to move and escape health-sensitive situations are at relatively 
high risk.

164

Some communities of color: There are racial disparities in cli-
mate-sensitive exposures to extreme heat in urban areas, and 
in access to means of adaptation – for example air conditioning 
use.

149,151,157,211
 There are also racial disparities in withstanding, 

and recovering from, extreme weather events.
155,162

 

Climate change will disproportionately impact low-income com-
munities and some communities of color, raising environmental 
justice concerns.

139,149,151,154,155,157,161,164
 Existing health dispari-

ties
153,158,159

 and other inequities
161

 increase vulnerability. For 
example, Hurricane Katrina demonstrated how vulnerable these 
populations were to extreme weather events because many low-
income and of-color New Orleans residents were killed, injured, 
or had difficulty evacuating and recovering from the storm.

155,162
 

Other climate change related issues that have an equity compo-
nent include heat waves and air quality.

139,149,154,164

New information and remaining uncertainties
Important new evidence

45
 confirmed findings from a prior literature 

review.
139

The potential for specific climate-vulnerable communities to expe-
rience highly harmful health effects is not entirely clear in specific 
regions and on specific time frames due to uncertainties in rates of 
adaptation and uncertainties about the outcome of public health 
interventions currently being implemented that aim to address 
underlying health disparities and determinants of health.

206
 The 

public health community has not routinely conducted evaluations 
of the overall success of adaptation interventions or of particular 
elements of those interventions.
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Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
that climate change will amplify existing health threats: Very High.
Among those especially vulnerable are:
Children: Very High. 
The elderly: Very High.
The sick: Very High.
The poor: Very High.
Some communities of color: High.

Key message #3 Traceable accounT

Public health actions, especially preparedness 
and prevention, can do much to protect people from 
some of the impacts of climate change. Early ac-
tion provides the largest health benefits. As threats 
increase, our ability to adapt to future changes may 
be limited.

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in several foundational technical inputs 
prepared for this chapter, including a literature review

209
 and 

workshop reports for the Northwest and Southeast United States. 
Nearly 60 additional technical inputs related to human health 
were received and reviewed as part of the Federal Register Notice 
solicitation for public input.

A number of studies have demonstrated that prevention activities 
that reduce carbon pollution, like using alternative energy sources

174
 

and using active transportation like biking or walking,
188

 can lead to 
significant public health benefits, which can save costs in the near 
and long term.

176
 Health impacts associated with climate change 

can be prevented through early action at significantly lower cost 
than dealing with them after they occur. For example, heat wave 
early warning systems are much less expensive than treating heat-
related illnesses.

165
 Existing adaptation programs have improved 

public health resilience.
9,153

 One survey highlighted opportunities 
to address climate change preparedness activities and climate-
health research

181
 before needs become more widespread.

Considering U.S. public health in general, the cost-effectiveness 
of many prevention activities is well established.

183
 Some pre-

ventive actions are cost-saving, while others are deemed cost-
effective based on a pre-determined threshold.  Early preventive 
interventions, such as early warnings for extreme weather, can be 
particularly cost-effective.

166
 However, there is less information on 

the cost-effectiveness of specific prevention interventions relevant 
to climate sensitive health threats (for example, heat early warning 
systems). Overall, we have high confidence that public health ac-
tions can do much to protect people from some of the impacts of 
climate change, and that early action provides the largest health 
benefits.

The inverse relationship between the magnitude of an impact and 
a community’s ability to adapt is well established and understood. 
Two extreme events, Hurricane Katrina and the European heat 
wave of 2003, illustrate this relationship well.

167
 Extreme events 

interact with social vulnerability to produce extreme impacts, 
and the increasing frequency of extreme events associated with 
climate change is prompting concern for impacts that may over-
whelm adaptive capacity.

62,173
 This is equally true of the public 

health sector, specifically, leading to very high confidence that 
as threats increase, our ability to adapt to future changes may be 
limited. 

New information and remaining uncertainties
A key issue (uncertainty) is the extent to which the nation, states, 
communities and individuals will be able to adapt to climate 
change because this depends on the levels of local exposure 
to climate-health threats, underlying susceptibilities, and the 
capacities to adapt that are available at each scale. Overall, the 
capacity of the American public health and health care delivery 
systems faces many challenges.

182
 The cost of dealing with current 

health problems is diverting resources from preventing them in the 
first place. This makes the U.S. population more vulnerable.

56,183
  

Steps for improving the information base on adaptation include 
undertaking a more comprehensive evaluation of existing climate-
health preparedness programs and their effectiveness in various 
jurisdictions (cities, counties, states, nationally).

Assessment of confidence based on evidence 
Overall, given the evidence base and remaining uncertainties: 
High.  
High: Public health actions, especially preparedness and 
prevention, can do much to protect people from some of the 
impacts of climate change. Prevention provides the most 
protection; but we do not as yet have a lot of post-implementation 
information with which to evaluate preparedness plans.
High: Early action provides the largest health benefits. There is 
evidence that heat-health early warning systems have saved lives 
and money in U.S. cities like Philadelphia, PA.

165

Very High: Our ability to adapt to future changes may be limited.
 
Key message #4 Traceable accounT

Responding to climate change provides oppor-
tunities to improve human health and well-being 
across many sectors, including energy, agriculture, 
and transportation. Many of these strategies offer 
a variety of benefits, protecting people while com-
bating climate change and providing other societal 
benefits. 

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in several foundational technical inputs pre-
pared for this chapter, including a literature review

209
 and work-
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shop reports for the Northwest and Southeast U.S. regions.
210

 
Nearly 60 additional technical inputs related to human health 
were received and reviewed as part of the Federal Register Notice 
solicitation for public input. 

A number of studies have explored the opportunities available to 
improve health and well-being as a result of adapting to climate 
change,

176
 with many recent publications illustrating the benefit 

of reduced air pollution.
6,174,175,195

 Additionally, some studies have 
looked at the co-benefits to climate change and health of apply-
ing innovative urban design practices which reduce energy con-
sumption and pollution while increasing public health,

99,188,197,198
 

decrease vulnerability of communities to extreme events
152,197

 and 
reduce the disparity between different societal groups.

206,207,212
 

New information and remaining uncertainties
More studies are needed to fully evaluate both the intended 
and unintended health consequences of efforts to improve the 
resiliency of communities and human infrastructure to climate 
change impacts. There is a growing recognition that the magnitude 
of these health co-benefits or co-harms could be significant, both 
from a public health and an economic standpoint. 

176,188,189

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
is Very High.



257

Climate Change Impacts in the United States

CHAPTER 10
ENERGY, WATER, AND LAND USE

INFORMATION DRAWN FROM THIS CHAPTER IS INCLUDED IN THE HIGHLIGHTS REPORT AND IS IDENTIFIED BY THIS ICON

Recommended Citation for Chapter 

Hibbard, K., T. Wilson, K. Averyt, R. Harriss, R. Newmark, S. Rose, E. Shevliakova, and V. Tidwell, 2014: Ch. 10: Energy, 

Water, and Land Use. Climate Change Impacts in the United States: The Third National Climate Assessment, J. M. Melillo, 

Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global Change Research Program, 257-281. doi:10.7930/J0JW8BSF. 

On the Web: http://nca2014.globalchange.gov/report/sectors/energy-water-and-land

First published May 2014. PDF revised October 2014. See errata (available at http://nca2014.globalchange.gov/downloads) for details.

Convening Lead Authors 

Kathy Hibbard, Pacific Northwest National Laboratory

Tom Wilson, Electric Power Research Institute

Lead Authors
Kristen Averyt, University of Colorado Boulder

Robert Harriss, Environmental Defense Fund

Robin Newmark, National Renewable Energy Laboratory

Steven Rose, Electric Power Research Institute 

Elena Shevliakova, Princeton University

Vincent Tidwell, Sandia National Laboratories 

©
 J

am
es

 C
hr

is
te

ns
en

/ F
ot

o 
N

at
ur

a/
C

or
bi

s



258 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

Energy, water, and land systems interact in many ways. En-
ergy projects (energy production and delivery) require varying 
amounts of water and land; water projects (water supply and 
irrigation) require energy and land; and land-based activities 
(agriculture and forestry) depend upon energy and water. In-
creasing population and a growing economy intensify these 
interactions.1 Each sector is directly impacted by the others 
and by climate change, and each sector is a target for adapta-
tion and mitigation efforts. Better understanding of the con-
nections between and among energy, water, and land systems 
can improve our capacity to predict, prepare for, and mitigate 
climate change.

Challenges from climate change will arise from long-term, 
gradual changes, such as sea level rise, as well as from projected 
changes in weather extremes that have more sudden impacts. 
The independent implications of climate change for the 
energy, water, and land sectors have been studied extensively 
(see Ch. 4: Energy, Ch. 3: Water, and Ch. 13: Land Use & Land 
Cover Change). However, there are few analyses that capture 
the interactions among and competition for resources within 
these three sectors.1 Very little information is available to 
evaluate the implications for decision-making and planning, 
including legal, social, political, and other decisions.

Climate change is not the only factor driving changes. 
Other environmental and socioeconomic stressors interact 
with climate change and affect vulnerability and response 
strategies with respect to energy, water, and land systems. 
The availability and use of energy, water, and land resources 
and the ways in which they interact vary across the nation. 
Regions in the United States differ in their 1) energy mix (solar, 
wind, coal, geothermal, hydropower, nuclear, natural gas, 
petroleum, ethanol); 2) observed and projected precipitation 

and temperature patterns; 3) sources and quality of available 
water resources (for example, ground, surface, recycled); 4) 
technologies for storing, transporting, treating and using water; 
and 5) land use and land cover (see Ch. 13: Land Use & Land 
Cover Change). Decision-making processes for each sector also 
differ, and decisions often transcend scales, from local to state 
to federal, meaning that mitigation and adaptation options 
differ widely.

Given the many mitigation and adaptation opportunities avail-
able through the energy sector, a focus on energy is a useful 

Key Messages
1. Energy, water, and land systems interact in many ways. Climate change affects the individual  
 sectors and their interactions; the combination of these factors affects climate change   
 vulnerability as well as adaptation and mitigation options for different regions of the country.

2. The dependence of energy systems on land and water supplies will influence the development  
 of these systems and options for reducing greenhouse gas emissions, as well as their climate  
 change vulnerability.

3. Jointly considering risks, vulnerabilities, and opportunities associated with energy, water, and  
 land use is challenging, but can improve the identification and evaluation of options for reducing  
 climate change impacts.

ENERGY, 
WATER, AND LAND USE10

Figure 10.1. The interactions between and among the energy, 
water, land, and climate systems take place within a social and 
economic context. (Figure source: Skaggs et al. 20121).

Energy, Water, Land, and Climate Interactions
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way to highlight the interactions among energy, water, and 
land as well as intersections with climate and other stressors. 
For example, energy production already competes for water 
resources with agriculture, direct human uses, and natural sys-
tems. Climate-driven changes in land cover and land use are 
projected to further affect water quality and availability, in-
creasing the competition for water needed for energy produc-

tion. In turn, diminishing water quality and availability means 
that there will be a need for more energy to purify water and 
more infrastructure on land to store and distribute water. 
Stakeholders need to understand the interconnected nature of 
climate change impacts, and the value of assessments would 
be improved if risks and vulnerabilities were evaluated from a 
cross-sector standpoint.2

Key Message 1: Cascading Events

Energy, water, and land systems interact in many ways. Climate change affects the individual 
sectors and their interactions; the combination of these factors affects climate change 

vulnerability as well as adaptation and mitigation options for different regions of the country.

Energy production, land use, and water resources are linked 
in increasingly complex ways. In some parts of the country, 
electric utilities and energy companies compete with farmers 
and ranchers, other industries, and municipalities for water 
rights and availability, which are also constrained by interstate 
and international commitments. Private and public sector 
decision-makers must consider the impacts of strained water 
supplies on agricultural, ecological, industrial, urban, and public 
health needs. Across the country, these intertwined sectors 

will witness increased stresses due to climate changes that 
are projected to lower water quality and/or quantity in many 
regions and change heating and cooling electricity demands.

The links between and among energy, water, and land sectors 
mean that they are susceptible to cascading effects from one 
sector to the next. An example is found in the drought and 
heat waves experienced across much of the U.S. during the 
summers of 2011 and 2012. In 2011, drought spread across 
the south-central U.S., causing a series of energy, water, and 
land impacts that demonstrate the connections among these 
sectors. Texans, for example, experienced the hottest and 
driest summer on record. Summer average temperatures 
were 5.2°F higher than normal, and precipitation was lower 
than previous records set in 1956. The associated heat wave, 
with temperatures above 100°F for 40 consecutive days, 
together with drought, strained the region’s energy and water 
resources.3,4,5

These extreme climate events resulted in cascading effects 
across energy, water, and land systems. High temperatures 
caused increased demand for electricity for air conditioning, 
which corresponded to increased water withdrawal and 
consumption for electricity generation. Heat, increased 
evaporation, drier soils, and lack of rain led to higher irrigation 
demands, which added stress on water resources required for 
energy production. At the same time, low-flowing and warmer 
rivers threatened to suspend power plant production in several 
locations, reducing the options for dealing with the concurrent 
increase in electricity demand. 

The impacts on land resources and land use were dramatic. 
Drought reduced crop yields and affected livestock, costing 
Texas farmers and ranchers more than $5 billion, a 28% loss 
compared to average revenues of the previous four years.6 
With increased feed costs, ranchers were forced to sell 
livestock at lower profit. Drought increased tree mortality,7 
providing more fuel for record wildfires that burned 3.8 million 
acres (an area about the size of Connecticut) and destroyed 
2,763 homes.8

Figure 10.2. Map shows numbers of days with temperatures 
above 100°F during 2011. The black circles denote the 
location of observing stations recording 100°F days. The 
number of days with temperatures exceeding 100°F is 
expected to increase. The record temperatures and drought 
during the summer of 2011 represent conditions that will be 
more likely in the U.S. as climate change continues. When 
outdoor temperatures increase, electricity demands for 
cooling increase, water availability decreases, and water 
temperatures increase. Alternative energy technologies 
may require little water (for example, solar and wind) and 
can enhance resilience of the electricity sector, but still face 
land-use and habitat considerations. The projected increases 
in drought and heat waves provide an example of the ways 
climate changes will challenge energy, water, and land 
systems. (Figure source: NOAA NCDC, 2012).

 Coast-to-Coast 100-degree Days in 2011 
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Energy, water, and land interactions complicated and amplified 
the direct impacts on the electric sector. With electricity 
demands at all-time highs, water shortages threatened more 
than 3,000 megawatts of generating capacity – enough 
power to supply more than one million homes.9 As a result of 
the record demand and reduced supply, marginal electricity 
prices repeatedly hit $3,000 a megawatt hour, which is three 
times the maximum amount that generators can charge in 
deregulated electricity markets in the eastern United States.10 

Competition for water also intensified. More than 16% of 
electricity production relied on cooling water from sources 
that shrank to historically low levels,9 and demands for water 
used to generate electricity competed with simultaneous 
demands for agriculture and other human activities. City and 

regional managers rationed water to farms and urban 
areas, and in some instances, water was trucked 
to communities that lacked sufficient supplies.11 
As late as January 2012, customers of 1,010 Texas 
water systems were being asked to restrict water 
use; mandatory water restrictions were in place in 
647 water systems.12 At the same time, changing 
vegetation attributes, grazing, cropping, and 
wildfire compromised water quality and availability, 
increasing the amount of power required for water 
pumping and purification.

The Texas example shows how energy, land, water, 
and weather interacted in one region. Extreme 
weather events may affect other regions differently, 
because of the relative vulnerability of energy, water, 
and land resources, linkages, and infrastructure. 
For example, sustained droughts in the Northwest 
will affect how water managers release water from 
reservoirs, which in turn will affect water deliveries 
for ecosystem services, irrigation, recreation, 
and hydropower. Further complicating matters, 
hydropower is increasingly being used to balance 
variable wind generation in the Northwest, and 
seasonal hydroelectric restrictions have already 
created challenges to fulfilling this role. In the 
Midwest, drought poses challenges to meeting 

electricity demands because diminished water availability 
and elevated water temperatures reduce the efficiency of 
electricity generation by thermoelectric power plants. To 
protect water quality, federal and state regulations can require 
suspension of operations of thermoelectric power plants 
if water used to cool the power plants exceeds established 
temperature thresholds as it is returned to streams.  

Energy, land, water, and weather interactions are not limited 
to drought. For instance, 2011 also saw record flooding in the 
Mississippi basin. Floodwaters surrounded the Fort Calhoun 
nuclear power plant in Nebraska, shut down substations, and 
caused a wide range of energy, land, and water impacts (Ch. 
3: Water).

Interactions of Energy, Water, and Land Uses
Figure 10.4 depicts the current mix of energy, water, and land 
use within each U.S. region. The mixes reflect competition 
for water and land resources, but more importantly for the 
purposes here, the mixes reflect linkages across the energy, 
water, and land sectors as well as linkages to climate. For 
example, higher water withdrawal for thermoelectric power 
(power plants that use a steam cycle to generate electricity) 
generally reflects electric generation technology choices 
(often coal-, gas-, or nuclear-fired generation with open loop 
cooling) that assume the availability of large quantities of 

water. Therefore, the choice of energy technology varies based 
on the available resources in a region. Similarly, land-water 
linkages are evident in cropland and agricultural water use. 
The potential growth in renewable energy may strengthen the 
linkage between energy and land (see “Examples of Energy, 
Water, and Land Linkages”). Climate change affects each sector 
directly and indirectly. For instance, climate change affects 
water supplies, energy demand, and land productivity, all of 
which can affect sector-wide decisions. 

Figure 10.3. Graph shows average summer temperature and total rainfall 
in Texas from 1895 through 2012. The red dots illustrate the range of 
temperatures and rainfall observed over time. The record temperatures 
and drought during the summer of 2011 (large red dot) represent 
conditions far outside those that have occurred since the instrumental 
record began.4 An analysis has shown that the probability of such an event 
has more than doubled as a result of human-induced climate change3.
(Figure source: NOAA NCDC / CICS-NC).

 Texas Summer 2011: 
Record Heat and Drought 



261 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

10: ENERGY, WATER, AND LAND USE

Figure 10.4. U.S. regions differ in the manner and intensity with which they use, or have available, energy, water, and 
land. Water bars represent total water withdrawals in billions of gallons per day (except Alaska and Hawai‘i, which are 
in millions of gallons per day); energy bars represent energy production for the region in 2012; and land represents land 
cover by type (green bars) or number of people (black and green bars). Only water withdrawals, not consumption, are 
shown (see Ch. 3: Water). Agricultural water withdrawals include irrigation, livestock, and aquaculture uses. (Data from 
EIA 201213 [energy], Kenny et al. 200914 [water], and USDA ERS 200715 [land]). 

Regional Water, Energy, and Land Use, with Projected Climate Change Impacts
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Key Message 2: Options for Reducing Emissions and Climate Vulnerability 

The dependence of energy systems on land and water supplies will influence the  
development of these systems and options for reducing greenhouse gas emissions,  

as well as their climate change vulnerability.

Interactions among energy, water, and land resources have in-
fluenced and will continue to influence selection and operation 

of energy technologies. In some situations, land and water con-
straints also pose challenges to technology options for reducing 

Figure 10.5. Technology choices can significantly affect water and land use. These two panels show a selection of technologies. 
Ranges in water withdrawal/consumption reflect minimum and maximum amounts of water used for selected technologies. Carbon 
dioxide capture and storage (CCS) is not included in the figures, but is discussed in the text. The top panel shows water withdrawals 
for various electricity production methods. Some methods, like most conventional nuclear power plants that use “once-through” 
cooling systems, require large water withdrawals but return most of that water to the source (usually rivers and streams). For nuclear 
plants, utilizing cooling ponds can dramatically reduce water withdrawal from streams and rivers, but increases the total amount of 
water consumed. Beyond large withdrawals, once-through cooling systems also affect the environment by trapping aquatic life in 
intake structures and by increasing the temperature of streams.18 Alternatively, once-through systems tend to operate at slightly better 
efficiencies than plants using other cooling systems. The bottom panel shows water consumption for various electricity production 
methods. Coal-powered plants using recirculating water systems have relatively low requirements for water withdrawals, but consume 
much more of that water, as it is turned into steam. Water consumption is much smaller for various dry-cooled electricity generation 
technologies, including for coal, which is not shown. Although small in relation to cooling water needs, water consumption also 
occurs throughout the fuel and power cycle.19 (Figure source: Averyt et al. 201120).

Water Use for Electricity Generation by Fuel and Cooling Technology 



266 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

10: ENERGY, WATER, AND LAND USE

greenhouse gas emissions. For example, 
with the Southwest having most of the 
potential for deployment of concen-
trating solar technologies, facilities will 
need to be extremely water-efficient 
in order to compete for limited water 
resources. While wind farms avoid im-
pacts on water resources, issues con-
cerning land use, wildlife impacts, the 
environment, and aesthetics are often 
encountered. Raising crops to produce 
biofuels uses arable land and water that 
might otherwise be available for food 
production. This fact came into stark 
focus during the summer of 2012, when 
drought caused poor corn harvests, in-
tensifying concerns about allocation of 
the harvest for food versus ethanol.16 

Competition for water supplies is en-
couraging deployment of technologies 
that are less water-intensive than coal 
or nuclear power with once-through 
cooling. For example, wind, natural gas, 
photovoltaic (solar electric),  and even 
thermoelectric generation with dry 
cooling use less water. Challenges in sit-
ing land- and water-intensive energy fa-
cilities are likely to intensify over time as 
competition for these resources grows. 
Considering the interactions among en-
ergy, water, and land systems presents 
opportunities for further identification 
and implementation of energy options 
that can reduce emissions, promote 
resilience, and improve sustainability. 

Every option for reducing greenhouse gas emissions involves 
tradeoffs that affect natural resources, socioeconomic systems, 

and the built environment. Energy system 
technologies vary widely in their carbon 
emissions and their use of water and land. 
As such, there are energy-water-land trad-
eoffs and synergies with respect to adap-
tation and mitigation. Each choice involves 
assessing the relative importance of the 
tradeoffs related to these resources in 
the context of both short- and long-term 
risks (see “Examples of Energy, Water, and 
Land Linkages” that describes four tech-
nologies that could play key roles). Figure 
10.5 provides a systematic comparison of 
water withdrawals and consumptive use, 
illustrating the wide variation across both 
electric generation technologies and the 
accompanying cooling technologies. Car-
bon dioxide capture and storage (CCS) is 
not included in the chart, but coal-fired 

Figure 10.6. The figure shows illustrative projections for 2030 of the total land-use 
intensity associated with various electricity production methods. Estimates consider 
both the footprint of the power plant as well as land affected by energy extraction. There 
is a relatively large range in impacts across technologies. For example, a change from 
nuclear to wind power could mean a significant change in associated land use. For 
each electricity production method, the figure shows the average of a most-compact 
and least-compact estimate for how much land will be needed per unit of energy. The 
figure uses projections from the Energy Information Administration Reference scenario 
for the year 2030, based on energy consumption by fuel type and power plant “capacity 
factors” (the ratio of total power generation to maximum possible power generation). 
The most-compact and least-compact estimates of biofuel land-use intensities reflect 
differences between current yield and production efficiency levels and those that are 
projected for 2030 assuming technology improvements.21 (Figure source: adapted from 
McDonald et al. 200921).

Projected Land-use Intensity in 2030
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power plants (both evaporative cooling and dry cooling) fitted 
with CCS would consume twice as much water per unit of elec-
tricity generated as similar coal-fired facilities without CCS.17 
Figure 10.6 shows projected land-use intensity in 2030 for vari-
ous electricity production methods. Describing land use with a 
single number is valuable, but must be considered with care. For 
example, while wind generation can require significant amounts 
of land, it can co-exist with other activities such as farming and 
grazing, while other technologies may not be compatible with 
other land uses. Land and water influences on energy produc-
tion capacity are expected to get stronger in the future, and 
greater resource scarcity will shape investment decisions.

Every adaptation and mitigation option involves tradeoffs in 
how it increases or decreases stress on energy systems and 
water and land resources. For a selected set of mitigation and 
adaptation measures, Table 10.1 provides a summary illustrating 
qualitatively how different technologies relate to energy, water, 
and land.1

Particularly relevant to climate change mitigation are the ener-
gy, water, and land risks associated with low-carbon electricity 
generation. For example, expansion of nuclear power and coal 
power with CCS are two measures that have been discussed as a 

potential part of a future decarbonized energy system.22,23 Both 
are also potentially water intensive and therefore have vulner-
abilities related to climate impacts and competing water uses. 
Alternatively, renewable generation and combined cycle gas and 
coal have relatively modest water withdrawals (see also EPRI 
201124). Overall, energy, water, and land sector vulnerabilities 
are important factors to weigh in considering alternative elec-
tricity generation options and cooling systems. 

Bioenergy also presents opportunities for mitigation, but some 
potential bioenergy feedstocks are land and water intensive. 
Where land and water resources are limited, bioenergy may 
therefore be at risk of competing with other uses of land and 
water, and climate changes present additional challenges. Other 
mitigation options, such as afforestation (re-establishment of 
forests), forest management, agricultural soil management, 
and fertilizer management are also tied intimately into the in-
terfaces among land availability, land management, and water 
resource quantity and quality.25 

Some sector-specific mitigation and adaptation measures can 
provide opportunities to enhance climate mitigation or adap-
tation objectives in the other sectors. However, other mea-
sures may have negative impacts on mitigation or adaptation 

Table 10.1. Energy, water, and land sectoral impacts associated with a sample of climate mitigation and adaptation measures. Plus 
sign means a positive effect (reduced stress) on sector, minus sign means a negative effect (increased stress) on sector. Blank means 
effect not noted. Blue means consideration of energy extraction and power plant processes. It is important to keep in mind that this 
table only reflects physical synergies and tradeoffs. There are, of course, economic tradeoffs as well in the form of technology costs 
and societal concerns, such as energy security, food security, and water quality. Expansion of hybrid or dry-cooled solar technologies, 
versus wet, could help reduce water risks. For a more detailed description of the entries in the table, see Skaggs et al. 2012.1 Additional 
considerations regarding energy extraction, power plant processes, and energy use associated with irrigation were added to those 
reflected in Skaggs et al. 20121 (Adapted from Skaggs et al. 20121). 

Mitigation measures Water Land Energy

Switch from coal to natural gas fueled power plants + and – + and –

Expand CCS to fossil-fueled power plant – –

Expansion of nuclear power –

Expansion of wind + –

Expansion of solar thermal technologies (wet cooled) – –

Expansion of commercial scale photovoltaic + –

Expansion of hydropower + and – – +

Expansion of biomass production for energy + and – + and –

Adaptation measures Water Land Energy

Switch from once-through to recirculating cooling in thermoelectric power plants + and – -

Switch from wet to dry cooling at thermoelectric power plants + -

Desalinization + and – + + and –

New storage and conveyance of water + and – – –

Switch to drought-tolerant crops in drought vulnerable regions + – +
Increase transmission capacity to urban areas to reduce power outages 
during high demand periods – +
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potential in other sectors. If such cross-
sector impacts are not considered, they 
can diminish the effectiveness of climate 
mitigation and adaptation actions.

For example, switching from coal- to natu-
ral-gas-fired electricity generation reduc-
es the emissions associated with power 
generation. Depending on the situation, 
the switch to natural gas in the energy 
sector can either improve or reduce adap-
tive capacity in the water sector. Natural 
gas can reduce water use for thermoelec-
tric cooling (gas-fired plants require less 
cooling water), but natural gas extraction 
techniques consume water, so water avail-
ability must be considered. In addition, 
gas production has the potential to affect 
land-based ecosystems by, for example, 
fragmenting habitat and inhibiting wildlife 
migration. Future improvements in natural 
gas technologies and water reuse may re-
duce the possibility of negative impacts on water supplies and 
enhance the synergies across the energy, water, and land inter-
face. Incorporating consideration of such cross-sector interac-
tions in planning and policy could affect sectoral decisions and 
decisions related to climate mitigation and adaptation. 

Changes in the availability of water and land due to climate 
change and other effects of human activities will affect loca-
tion, design, choice, and operations of energy technologies 
in the future and, in some cases, constrain their deployment. 

Energy, water, and land linkages represent constraints, risks, 
and opportunities for private/public planning and investment 
decisions. “Examples of Energy, Water, and Land Linkages” be-
low discusses four energy sector technologies that could con-
tribute to reducing U.S. emissions of greenhouse gases and in-
creasing energy security – natural gas from shale, solar power, 
biofuels, and CCS. These technologies were chosen to illustrate 
energy, water, and land linkages and other complexities for the 
design, planning, and deployment of our energy future.
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exAMples of energy, WAter, And lAnd linkAges

Continued

Shale Natural Gas and Hydraulic Fracturing

The U.S. Energy Information Admin-
istration projects a 29% increase 
in U.S. natural gas production by 
2035, driven primarily by the eco-
nomics of shale gas.13 As an energy 
source, natural gas (methane) can 
have a major advantage over coal 
and oil: when combusted, it emits 
less carbon dioxide per unit energy 
than other fossil fuels, and fewer pol-
lutants like black carbon (soot) and 
mercury (see Ch. 27: Mitigation). An 
increase in natural gas consumption 
could lead to a reduction in U.S. 
greenhouse gas emissions compared 
to continued use of other fossil fuels. 
Disadvantages include the possibil-
ity that low-cost gas could supplant 
deployment of low-carbon generation 
technologies, such as nuclear power 
and renewable energy. In addition, 
the U.S. Environmental Protec-
tion Agency estimates that 6.9 mil-
lion megatons of methane – with a 
global warming potential equivalent 
to 144.7 million megatons of CO2 – 
is emitted from the U.S. natural gas 
system through uncontrolled venting 
and leaks from drilling operations, 
pipelines, and storage tanks (see Ch. 
15: Biogeochemical Cycles; Ch. 27: 
Mitigation).26 There is considerable 
uncertainty about these estimates, 
and it is an active area of research. 
While technological improvements 
may reduce this leakage rate,26 leak-
age makes the comparison between 
natural gas and coal more complex 
from a climate perspective.27 For ex-
ample, methane is a stronger green-
house gas than carbon dioxide but has a much shorter atmospheric lifetime (see Ch. 15: Biogeochemical Cycles; Ch. 27: 
Mitigation; Appendix 3: Climate Science; Appendix 4: FAQs).

Recent reductions in natural gas prices are largely due to advances in hydraulic fracturing, which is a drilling method used 
to retrieve deep reservoirs of natural gas. Hydraulic fracturing injects large quantities of water, sand, and chemicals at high 
pressure into horizontally-drilled wells as deep as 10,000 feet below the surface in order to break the shale and extract 
natural gas.28 Questions about the water quantity necessary and the potential to affect water quality have produced national 

Figure 10.7. Hydraulic fracturing, a drilling method used to retrieve deep reservoirs 
of natural gas, uses large quantities of water, sand, and chemicals that are injected 
at high pressure into horizontally-drilled wells as deep as 10,000 feet below Earth’s 
surface. The pressurized mixture causes the rock layer to crack. Sand particles hold 
the fissures open so that natural gas from the shale can flow into the well. Questions 
about the water quantity necessary for this extraction method as well as the potential 
to affect water quality have produced national debate. (Figure source: NOAA NCDC).

Hydraulic Fracturing and Water Use



270 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

10: ENERGY, WATER, AND LAND USE

exAMples of energy, WAter, And lAnd linkAges (continued)

Continued

debate about this method. Federal government and state-led efforts are underway to identify, characterize, and if necessary, 
find approaches to address these issues (for example, EPA 2011; FracFocus 201229).

A typical shale gas well requires from two to four million gallons of water to drill and fracture (equivalent to the annual water 
use of 20 to 40 people in the U.S, or three to six Olympic-size swimming pools).28 The gas extraction industry has begun 
reusing water in order to lower this demand. However, with current technology, recycling water can require energy-intensive 
treatment, and becomes more difficult as salts and other contaminants build up in the water with each reuse.30 In regions 
where climate change leads to drier conditions, hydraulic fracturing could be vulnerable to climate change related reductions 
in water supply.

Shale gas development also requires land. To support the drilling and hydraulic fracturing process, a pad, which may be 
greater than five acres in size, is constructed.31 Land for new roads, compressor stations, pipelines, and water storage ponds 
are also required. 

The competition for water is expected to increase in the future. State and local water managers will need to assess how gas 
extraction competes with other priorities for water use, including electricity generation, irrigation, municipal supply, industry 
use, and livestock production. Collectively, such interactions between the energy and water resource sectors increase vulner-
ability to climate change, particularly in water-limited regions 
that are projected to, or become, significantly drier. 

Solar Power Generation

Solar energy technologies have the potential to satisfy a sig-
nificant portion of U.S. electricity demand and reduce green-
house gas emissions. The land and water requirements for 
solar power generation depend on the mix of solar technolo-
gies deployed. Small-scale (such as rooftop) installations are 
integrated into current land use and have minimal water re-
quirements. In contrast, utility-scale solar technologies have 
significant land requirements and can – depending upon the 
specific generation and cooling technologies – also require 
significant water resources. For instance, utility-scale photo-
voltaic systems can require three to ten acres per megawatt 
(MW) of generating capacity32 and consume as much as five 
gallons of water per megawatt hour (MWh) of electricity pro-
duction. Utility-scale concentrating solar systems can require 
up to 15 acres per MW33 and consume 1,040 gallons of water 
per MWh34 using wet cooling (and 97% less water with dry cooling). A recent U.S. Department of Energy study concluded 
that 14% of the U.S. demand for electricity could be met with solar power by 2030.34 To generate that amount of solar power 
would require rooftop installations plus about 0.9 million to 2.7 million acres, equivalent to about 1% to 4% of the land area 
of Arizona, for utility-scale solar power systems and concentrating solar power (CSP).34

Recognizing water limitations, most large-scale solar power systems now in planning or development are designed with dry 
cooling that relies on molten salt or other materials for heat transfer. However, while dry cooling systems reduce the need 
for water, they have lower plant thermal efficiencies, and therefore reduced production on hot days.35 Overall, as with other 
generation technologies, plant designs will have to carefully balance cost, operating issues, and water availability.

Biofuels

Biomass-based energy is currently the largest renewable energy source in the U.S., and biofuels from crops, grass, and 
trees are the fastest growing renewable domestic bioenergy sector.13 In 2011, approximately 40 million acres of cropland in 
the U.S. were used for ethanol production, roughly 16% of the land planted for the eight major field crops.37 The long-term 
environmental and social effects of biofuel production and use depend on many factors: the type of feedstock, manage-

Figure 10.8. Photovoltaic panels convert sunlight directly 
into electricity. Utility-sized solar power plants require 
large tracts of land. Photo shows Duke Energy’s 113-acre 
Blue Wing Solar Project in San Antonio, Texas, one of 
the largest photovoltaic solar farms in the country. (Photo 
credit: Duke Energy 201036).

Renewable Energy and Land Use
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ment practices used to produce them, fuel production and conversion technologies, prior land use, and land- and water-use 
changes caused by their production and use.38,39 Biofuels potentially can reduce greenhouse gas emissions by displacing 
fossil fuel consumption. Biofuels that comply with the Energy Independence and Security Act of 2007 are required to reduce 
greenhouse gas emissions relative to fossil fuels. In addition, biofuels also have the potential to provide net environmental 
benefits compared to fossil fuels. For example, ethanol is used as a gasoline additive to meet air quality standards, replacing 
a previous additive that leaked from storage tanks and contaminated groundwater.40 However, increases in corn production 
for biofuel has been cited as contributing to harmful algal blooms.38 

Currently, most U.S. biofuels, primarily ethanol (from corn) and biodiesel (mainly from soy), are produced from edible parts 
of crops grown on rain-fed land. Consumptive water use over the life cycle of corn-grain ethanol varies widely, from 15 gal-
lons of water per gallon of gasoline equivalent for rain-fed corn-based ethanol in Ohio, to 1,500 gallons of water per gallon of 
gasoline equivalent for irrigated corn-based ethanol in New Mexico. In comparison, producing and refining petroleum-based 
fuels uses 1.9 to 6.6 gallons of water per gallon of gasoline.38,41

The U.S. Renewable Fuels Standard (RFS) aims to expand production of cellulosic ethanol to at least 16 billion gallons per 
year by 2022. Cellulosic biofuels, derived from the entire plant rather than just the food portions, potentially have several 
advantages, such as fewer water quality impacts,42 less water consumption, and the use of forest-derived feedstocks.38 Cel-
lulosic biofuels have not yet been produced in large volumes in the United States. The RFS target could require up to an 
additional 30 to 60 million acres of land, or alternatively be sourced from other feedstocks, such as forest and agricultural 
residues and municipal solid waste, but such supplies are projected to be inadequate for meeting the full cellulosic biofuel 
standard.38 

Conversion of land not in cropland to crops for biofuel production may increase water consumption and runoff of fertilizers, 
herbicides, and sediment.43 The impacts of climate change, particularly in areas where water availability may decrease (see 
Ch. 2: Our Changing Climate, Ch. 3: Water, and Ch. 6: Agriculture), however, may make it increasingly difficult to raise crops 
in arid regions of the country. The use of crops that are better suited to arid conditions and are efficient in recycling nutrients, 
such as switchgrass for cellulosic ethanol, could lower the vulnerability of biofuel production to climate change.44 Another 
potential source of biomass for biofuel production is microalgae, but the existing technologies are still not carbon neutral, 
nor commercially viable.45

Carbon Capture and Storage

Carbon capture and storage (CCS) technologies have the potential to capture 90% of CO2 emissions from coal and natural 
gas combustion by industrial and electric sector facilities and thus allow continued use of low-cost fossil fuels in a carbon-
constrained future.46 CCS captures CO2 post- or pre-fuel combustion and injects the CO2 into geologic formations for long-
term storage. In addition, combining CCS with bioenergy applications represents one of a few potential options for actually 
removing CO2 from the atmosphere47 because carbon that was recently in the atmosphere and accumulated by growing 
plants can be captured and stored. 

CCS substantially increases the cost of building and operating a power plant, both through up-front costs and additional 
energy use during operation (referred to as “parasitic loads” or an energy penalty).46 Substantial amounts of water are also 
used to separate CO2 from emissions and to generate the required parasitic energy. With current technologies, CCS can in-
crease water consumption 30% to 100%.48 Gasification technologies, where coal or biomass are converted to gases and CO2 
is separated before combustion, reduce the energy penalty and water requirements, but currently at higher capital costs.49 
As with other technologies, technology and design choices for CCS need to be balanced with water requirements and water 
availability. Climate change will influence the former via effects on energy demand and the latter via precipitation changes. 
CCS facilities themselves have relatively modest land demands compared to some other generation options. However, bio-
energy use with CCS would imply a much stronger land linkage.

CCS facilities for electric power plants are currently operating at pilot scale, and a commercial scale demonstration project 
is under construction.50 Although the potential opportunities are large, many uncertainties remain, including cost, demon-
stration at scale, environmental impacts, and what constitutes a safe, long-term geologic repository for sequestering carbon 
dioxide.51
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Key Message 3: Challenges to Reducing Vulnerabilities 

Jointly considering risks, vulnerabilities, and opportunities associated with energy, water,  
and land use is challenging, but can improve the identification and evaluation of options  

for reducing climate change impacts.

The complex nature of interactions among energy, water, and 
land systems, particularly in the context of climate change, 
does not lend itself to simple solutions. The energy, water, 
and land interactions themselves create vulnerabilities to 
competing resource demands. Climate change is an additional 
stressor. However, resource management decisions are often 
focused on just one of these sectors. Where the three sectors 
are tightly coupled, options for mitigating or adapting to 
climate change and consideration of the tradeoffs associated 
with technological or resource availability may be limited. 
The complex nature of water and energy systems are also 
highlighted in Chapter 3 (Water), which discusses water 
constraints in many areas of the U.S., and in Chapter 4 (Energy), 
where it is noted that there will be challenges across the nation 

for water quality to comply with thermal regulatory needs for 
energy production. 

A changing climate, particularly in areas projected to be warmer 
and drier, is expected to lead to drought and stresses on water 
supply, affecting energy, water, and land sectors in the United 
States. As the Texas drought of 2011 and 2012 illustrates, 
impacts to a particular sector, such as energy production, 
generate consequences for the others, such as water resource 
availability. Similarly, new energy development and production 
will require careful consideration of land and water sector 
resources. As a result, vulnerability to climate change depends 
on energy, water, and land linkages and on climate risks across 
all sectors, and decision-making is complex.

Figure 10.9. In many parts of the country, competing demands for water create stress in local and regional 
watersheds. Map shows a “water supply stress index” for the U.S. based on observations, with widespread 
stress in much of the Southwest, western Great Plains, and parts of the Northwest. Watersheds are 
considered stressed when water demand (from power plants, agriculture, and municipalities) exceeds 40% 
(water supply stress index of 0.4) of available supply. (Figure source: Averyt et al. 201120).

Water Stress in the U.S. 
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The Columbia River Basin is one example of an area where risks, 
vulnerabilities, and opportunities are being jointly considered 
by a wide range of stakeholders and decision-makers (see Ch. 
28: Adaptation). The Columbia River, which crosses the U.S.-
Canada border, is the fourth largest river on the continent by 
volume, and it drives the production of more electricity than 
any other river in North America. Approximately 15% of the 
Columbia River Basin lies within British Columbia (Figure 10.10), 
but an average of 30% of the total average discharge originates 
from the Canadian portion of the watershed.52 To provide flood 
control for the U.S. and predicted releases for hydropower 
generation, the Columbia River system is managed through 
a treaty that established a cooperative agreement between 
the United States and Canada to regulate the river for these 
two uses.53 The basin also supports a range of other uses, such 
as navigation, tribal uses, irrigation, fish and wildlife habitat, 
recreation, and water resources for agricultural, industrial, and 
individual use. For all multi-use river basins, understanding 

the combined vulnerability of energy, water, and land use to 
climate change is essential to planning for water management 
and climate change adaptation.

A recent report projects a warmer annual, and drier summer, 
climate for the Northwest (Ch. 21: Northwest; Ch. 2: Our 
Changing Climate, Figures 2.14 and 2.15; Appendix 3: Climate 
Science Supplement, Figures 21 and 22),54 potentially affecting 
both the timing and amounts of water availability. For example, 
if climate change reduces streamflow at certain times, fish and 
wildlife, as well as recreation, may be vulnerable.55 Climate 
change stressors will also increase the vulnerability of the 
region’s vast natural ecosystems and forests in multiple ways 
(see Ch. 7: Forests and Ch. 8: Ecosystems). Currently, only 30% of 
annual Columbia River Basin runoff can be stored in reservoirs.56 
Longer growing seasons might provide opportunities for 
greater agricultural production, but the projected warmer and 
drier summers could increase demand for water for irrigation, 

Figure 10.10. Agriculture is in yellow, forests are shades of green, shrublands are gray, and urban areas are in red. The river is 
used for hydropower generation, flood control, agriculture irrigation, recreation, support of forest and shrubland ecosystems, and 
fish and wildlife habitat. Climate change may impact the timing and supply of the water resources, affecting the multiple uses of 
this river system. (Figure source: Northwest Habitat Institute 1999).

The Columbia River Basin Land Use and Land Cover
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perhaps at the expense of other water uses 
due to storage limitations. Wetter winters 
might offset increased summer demands. 
However, the storage capacities of many 
water reservoirs with multiple purposes, 
including hydropower, were not designed 
to accommodate significant increases 
in winter precipitation. Regulations and 
operational requirements also constrain 
the ability to accommodate changing 
precipitation patterns (see Ch. 3: Water). 

Because of the complexity of interactions 
among energy, water, and land systems, 
considering the complete picture of climate 
impacts and potential adaptations can help 
provide better solutions. Adaptation to 
climate change occurs in large part locally 
or regionally, and conflicting stakeholder 
priorities, institutional commitments, 
and international agreements have the 
potential to complicate or even compromise 
adaption strategies with regard to energy, water, and land 
resources (see also Ch. 28: Adaptation). Effective adaptation to 
the impacts of climate change requires a better understanding 
of the interactions among the energy, water, and land resource 
sectors. Whether managing for water availability and quality in 
the context of energy systems, or land restrictions, or both, an 
improved dialog between the scientific and decision-making 

communities will be necessary to evaluate tradeoffs and 
compromises needed to manage and understand this complex 
system. This will require not only integrated and quantitative 
analyses of the processes that underlie the climate and natural 
systems, but also an understanding of decision criteria and risk 
analyses to communicate effectively with stakeholders and 
decision-makers.



275 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

10: ENERGY, WATER, AND LAND USE

RefeRences

1. Skaggs, R., K. Hibbard, P. Frumhoff, T. Lowry, R. Middleton, R. 
Pate, V. Tidwell, J. Arnold, K. Avert, A. Janetos, C. Izaurralde, J. 
Rice, and S. Rose, 2012: Climate and Energy-Water-Land System 
Interactions. Technical Report to the U.S. Department of Energy 
in Support of the National Climate Assessment. PNNL-21185, 152 
pp., Pacific Northwest National Laboratory, Richland, Washington. 
[Available online at http://www.pnnl.gov/main/publications/
external/technical_reports/PNNL-21185.pdf] 

2. NRC, 2013: Sustainability for the Nation: Resource Connection and 
Governance Linkages. National Research Council. The National 
Academies Press, 124 pp. [Available online at http://www.nap.edu/
catalog.php?record_id=13471]

3. Hoerling, M., M. Chen, R. Dole, J. Eischeid, A. Kumar, J. W. 
Nielsen-Gammon, P. Pegion, J. Perlwitz, X.-W. Quan, and T. 
Zhang, 2013: Anatomy of an extreme event. Journal of Climate, 26, 
2811–2832, doi:10.1175/JCLI-D-12-00270.1. [Available online at 
http://journals.ametsoc.org/doi/pdf/10.1175/JCLI-D-12-00270.1]

4. NCDC, cited 2012: Climate Data Online. National Climatic Data 
Center. [Available online at http://www.ncdc.noaa.gov/cdo-web/]

5. Peterson, T. C., P. A. Stott, and S. Herring, 2012: Explaining 
extreme events of 2011 from a climate perspective. Bulletin of 
the American Meteorological Society, 93, 1041-1067, doi:10.1175/
BAMS-D-12-00021.1. [Available online at http://journals.ametsoc.
org/doi/pdf/10.1175/BAMS-D-12-00021.1]

6. Fannin, B., 2011: Texas agricultural drought losses reach record 
$5.2 billion. AgriLife TODAY, August 17, 2011. [Available online at 
http://agrilife.org/today/2011/08/17/texas-agricultural-drought-
losses-reach-record-5-2-billion/]

7. TFS, 2011: Preliminary estimates show hundreds of millions of 
trees killed by 2011 drought. Texas A&M Forest Service. 

8. ——, 2011: Dangerous wildfire conditions predicted for Friday. 
Texas A&M Forest Service. [Available online at http://txforestservice.
tamu.edu/main/popup.aspx?id=14644]

9. ERCOT, 2011: Grid Operations and Planning Report (Austin, 
Texas, December 12-13, 2011), 25 pp., Electric Reliability Council 
of Texas. [Available online at http://www.ercot.com/content/
meet ings/board/keydocs/2011/1212/Item_06e_-_Gr id_
Operations_and_Planning_Report.pdf]

10. Giberson, M., cited 2012: Power Consumption Reaches New Peaks 
in Texas, ERCOT Narrowly Avoids Rolling Blackouts. The Energy 
Collective. [Available online at http://theenergycollective.com/
michaelgiberson/63173/power-consumption-reaches-new-peaks-
texas-ercot-narrowly-avoids-rolling-blacko]

11. Fernandez, M., 2012: Texas drought forces a town to sip from a 
truck. The New York Times, February 3, 2012. [Available online at 
http://www.nytimes.com/2012/02/04/us/texas-drought-forces-
town-to-haul-in-water-by-truck.html?_r=0]

12. Wythe, K., 2013: Community Water Systems Recovering From the 
Drought: Lessons Learned; Plans Made. Texas Water Resources 
Institute. [Available online at http://twri.tamu.edu/publications/
txh2o/summer-2012/community-water-systems/]

13. EIA, 2012: Annual Energy Outlook 2012 with Projections to 
2035. DOE/EIA-0383(2012), 239 pp., U.S. Energy Information 
Administration, Washington, D.C. [Available online at http://
www.eia.gov/forecasts/aeo/pdf/0383(2012).pdf]

14. Kenny, J. F., N. L. Barber, S. S. Hutson, K. S. Linsey, J. K. Lovelace, 
and M. A. Maupin, 2009: Estimated Use of Water in the United 
States in 2005. U.S. Geological Survey Circular 1344, 52 pp., U.S. 
Geological Survey Reston, VA. [Available online at http://pubs.
usgs.gov/circ/1344/]

15. USDA, cited 2012: Major Land Uses. U.S. Department of 
Agriculture, Economic Research Service. [Available online at 
http://www.ers.usda.gov/data-products/major-land-uses.aspx]

16. Gelsi, S., 2012: Drought revives fuel-versus-food fight. MarketWatch.
com, Aug. 22, 2012. [Available online at http://www.marketwatch.
com/story/drought-revives-fuel-versus-food-fight-2012-08-22]

17. Zhai, H., E. S. Rubin, and P. L. Versteeg, 2011: Water use at 
pulverized coal power plants with postcombustion carbon capture 
and storage. Environmental Science & Technolog y, 45, 2479-2485, 
doi:10.1021/es1034443. 

18. EPA, 2013: Cooling Water Intake Structures—CWA 316(b). U.S. 
Environmental Protection Agency. [Available online at http://
water.epa.gov/lawsregs/lawsguidance/cwa/316b/index.cfm]

19. Meldrum, J., S. Nettles-Anderson, G. Heath, and J. Macknick, 
2013: Life cycle water use for electricity generation: A review and 
harmonization of literature estimates. Environmental Research Letters, 
8, 015031, doi:10.1088/1748-9326/8/1/015031. [Available online 
at http://iopscience.iop.org/1748-9326/8/1/015031/pdf/1748-
9326_8_1_015031.pdf]



10: ENERGY, WATER, AND LAND USE
RefeRences

276 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

20. Averyt, K., J. Fisher, A. Huber-Lee, A. Lewis, J. Macknick, N. 
Madden, J. Rogers, and S. Tellinghuisen, 2011: Freshwater Use by 
US Power Plants: Electricity’s Thirst for a Precious Resource. A 
Report of the Energy and Water in a Warming World initiative, 
62 pp., Union of Concerned Scientists. [Available online at http://
www.ucsusa.org/assets/documents/clean_energy/ew3/ew3-
freshwater-use-by-us-power-plants.pdf]

21. McDonald, R. I., J. Fargione, J. Kiesecker, W. M. Miller, and J. 
Powell, 2009: Energy sprawl or energy efficiency: Climate policy 
impacts on natural habitat for the United States of America. 
PLoS ONE, 4, e6802, doi:10.1371/journal.pone.0006802. 
[Available online at http://www.plosone.org/article/
info%3Adoi%2F10.1371%2Fjournal.pone.0006802]

22. Clarke, L., J. Edmonds, H. Jacoby, H. Pitcher, J. Reilly, and R. 
Richels, 2007: Scenarios of Greenhouse Gas Emissions and 
Atmospheric Concentrations–US Climate Change Science 
Program Synthesis and Assessment Product 2.1a. Sub-report 
2.1A of Synthesis and Assessment Product 2.1, 154 pp., U.S. 
Department of Energy, Office of Biological & Environmental 
Research, Washington, D.C. [Available online at http://
downloads.globalchange.gov/sap/sap2-1a/sap2-1a-final-all.pdf ]

23. Fisher, B. S., N. Nakicenovic, K. Alfsen, J. Corfee Morlot, F. 
de la Chesnaye, J.-C. Hourcade, K. Jiang, M. Kainuma, E. La 
Rovere, A. Matysek, A. Rana, K. Riahi, R. Richels, S. Rose, D. 
van Vuuren, and R. Warren, 2007: Chapter 3: Issues related to 
mitigation in the long term context. Climate Change 2007: 
Mitigation. Contribution of Working Group III to the Fourth 
Assessment Report of the Inter-governmental Panel on Climate 
Change, B. Metz, O. R. Davidson, P. R. Bosch, R. Dave, and L. 
A. Meyer, Eds., Cambridge University Press, 169-250. [Available 
online at http://www.ipcc.ch/pdf/assessment-report/ar4/wg3/
ar4-wg3-chapter3.pdf]

 EPA, 2010: Supplemental EPA Analysis of the American Clean 
Energy and Security Act of 2009 H.R. 2454 in the 111th Congress. 
U.S. Environmental Protection Agency. [Available online at 
http://www.epa.gov/climatechange/Downloads/EPAactivities/
HR2454_Analysis.pdf]

24. EPRI, 2011: Water Use for Electricity Generation and Other 
Sectors: Recent Changes (1985-2005) and Future Projections (2005-
2030). 2011 Technical Report, 94 pp., Electric Power Research 
Institute, Palo Alto, CA. [Available online at http://my.epri.com/
portal/server.pt?Abstract_id=000000000001023676]

25. Calvin, K., J. Edmonds, B. Bond-Lamberty, L. Clarke, S. H. Kim, 
P. Kyle, S. J. Smith, A. Thomson, and M. Wise, 2009: 2.6: Limiting 
climate change to 450 ppm CO2 equivalent in the 21st century. 
Energ y Economics, 31, S107-S120, doi:10.1016/j.eneco.2009.06.006.  

 Golub, A., T. Hertel, H.-L. Lee, S. Rose, and B. Sohngen, 2009: 
The opportunity cost of land use and the global potential for 
greenhouse gas mitigation in agriculture and forestry. Resource and 
Energ y Economics, 31, 299-319, doi:10.1016/j.reseneeco.2009.04.007.  

 Rose, S. K., and B. Sohngen, 2011: Global forest carbon 
sequestration and climate policy design. Environment and Development 
Economics, 16, 429-454, doi:10.1017/S1355770X11000027. 

26. EPA, 2013: Inventory of US Greenhouse Gas Emissions and 
Sinks: 1990-2011. U.S. Environmental Protection Agency, 
Washington, D.C. [Available online at http://www.epa.gov/
climatechange/Downloads/ghgemissions/US-GHG-Inventory-
2013-Main-Text.pdf]

27. Alvarez, R. A., S. W. Pacala, J. J. Winebrake, W. L. Chameides, 
and S. P. Hamburg, 2012: Greater focus needed on methane 
leakage from natural gas infrastructure. Proceedings of the National 
Academy of Sciences, 109, 6435-6440, doi:10.1073/pnas.1202407109. 
[Available online at http://www.pnas.org/content/109/17/6435.
full.pdf+html?with-ds=yes]

28. DOE, 2009: Modern Shale Gas Development in the United States: 
A Primer, 116 pp., U.S. Department of Energy, Washington, D.C. 
[Available online at http://energy.gov/sites/prod/files/2013/03/
f0/ShaleGasPrimer_Online_4-2009.pdf]

29. EPA, 2011: Plan to Study the Potential Impacts of Hydraulic 
Fracturing on Drinking Water Resources. EPA/600/R-11/122, 
190 pp., U.S. Environmental Protection Agency, Washington, 
D.C.  [Available online at http://water.epa.gov/type/groundwater/
uic/class2/hydraulicfracturing/upload/FINAL-STUDY-PLAN-
HF_Web_2.pdf]

 FracFocus, cited 2012: FracFocus Chemical Disclosure Registry. 
Ground Water Protection Council and Interstate Oil and Gas 
Compact Commission. [Available online at http://fracfocus.org/]

30. Stark, M., R. Allingham, J. Calder, T. Lennartz-Walker, K. Wai, P. 
Thompson, and S. Zhao, 2012: Water and Shale Gas Development: 
Leveraging the US Experience in New Shale Developments, 72 
pp., Accenture. [Available online at http://www.accenture.com/
SiteCollectionDocuments/PDF/Accenture-Water-And-Shale-
Gas-Development.pdf]

31. PADEP, 2011: Marcellus shale fact sheet, 4 pp., Pennsylvania 
Department of Environmental Protection. [Available online at 
http://www.elibrary.dep.state.pa.us/dsweb/Get/Document-
85899/0100-FS-DEP4217.pdf]

32. Tsoutsos, T., N. Frantzeskaki, and V. Gekas, 2005: Environmental 
impacts from the solar energy technologies. Energ y Policy, 33, 289-
296, doi:10.1016/S0301-4215(03)00241-6. 



10: ENERGY, WATER, AND LAND USE
RefeRences

277 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

33. Denholm, P., and R. M. Margolis, 2008: Impacts of Array 
Configuration on Land-Use Requirements for Large-Scale 
Photovoltaic Deployment in the United States. Conference 
Paper NREL/CP-670-42971, 7 pp., National Renewable Energy 
Laboratory, U.S. Department of Energy, Office of Scientific and 
Technical Information. [Available online at http://www.nrel.gov/
docs/fy08osti/42971.pdf]

34. DOE, 2012: SunShot Vision Study. DOE/GO-102012-3037, 
320 pp., U.S Department of Energy. [Available online at http://
www1.eere.energy.gov/solar/pdfs/47927.pdf]

35. Turchi, C., M. Mehos, C. K. Ho, and G. J. Kolb, 2010: Current 
and Future Costs for Parabolic Trough and Power Tower Systems 
in the US Market. NREL/CP-5500-49303, 11 pp., National 
Renewable Energy Laboratory, U.S. Department of Energy, 
Office of Scientific and Technical Information. [Available online 
at http://www.nrel.gov/docs/fy11osti/49303.pdf]

36. Duke Energy, cited 2013: Blue Wing Solar. [Available online at 
http://ewiqa.duke-energy.com/commercial-renewables/blue-
wing-solar.asp]

37. USDA, 2012: Agricultural Projections to 2021, 96 pp., U.S 
Department of Agriculture, Washington, D.C. [Available online 
at http://usda01.library.cornell.edu/usda/ers/94005/2012/
OCE121.pdf]

38. NRC, 2011: Renewable Fuel Standard: Potential Economic and 
Environmental Effects of U.S. Biofuel Policy, 250 pp., National 
Research Council, The National Academies Press, Washington, 
D.C. [Available online at http://www.nap.edu/catalog.
php?record_id=13105]

39. Webb, A., and D. Coates, 2012: Biofuels and Biodiversity. CBD 
Technical Series No. 65, 69 pp., Secretariat of the Convention on 
Biological Diversity. , Montreal. [Available online at http://www.
cbd.int/doc/publications/cbd-ts-65-en.pdf]

40. EPA, cited 2013: Methyl Tertiary Butyl Ether: Overview. U.S. 
Environmental Protection Agency. [Available online at http://
www.epa.gov/mtbe/faq.htm]

41. Wu, M., and Y. Chiu, 2011: Consumptive Water Use in the 
Production of Ethanol and Petroleum Gasoline – 2011 Update. 
ANL/ESD/09-1 – Update, 100 pp., Argonne National Laboratory, 
Energy Systems Division. [Available online at http://greet.es.anl.
gov/files/consumptive-water]

42. Costello, C., W. M. Griffin, A. E. Landis, and H. S. Matthews, 
2009: Impact of biofuel crop production on the formation of 
hypoxia in the Gulf of Mexico. Environmental Science & Technolog y, 
43, 7985-7991, doi:10.1021/es9011433. 

43. Dominguez-Faus, R., S. E. Powers, J. G. Burken, and P. J. 
Alvarez, 2009: The water footprint of biofuels: A drink or 
drive Issue? Environmental Science & Technolog y, 43, 3005-3010, 
doi:10.1021/es802162x. [Available online at http://pubs.acs.org/
doi/pdf/10.1021/es802162x]

44. Graham-Rowe, D., 2011: Agriculture: Beyond food versus fuel. 
Nature, 474, S6-S8, doi:10.1038/474S06a. [Available online at 
http://www.nature.com/nature/journal/v474/n7352_supp/
full/474S06a.html]

45. Scott, S. A., M. P. Davey, J. S. Dennis, I. Horst, C. J. Howe, 
D. J. Lea-Smith, and A. G. Smith, 2010: Biodiesel from algae: 
Challenges and prospects. Current Opinion in Biotechnolog y, 21, 277-
286, doi:10.1016/j.copbio.2010.03.005. [Available online at http://
www.sciencedirect.com/science/article/pii/S0958166910000443]

46. DOE, 2008: Estimating Freshwater Needs to Meet Future 
Thermoelectric Generation Requirements. 2008 Update. DOE/
NETL-400/2008/1339, 108 pp., U.S. Department of Energy, 
National Energy Technology Laboratory. [Available online at 
http://www.netl.doe.gov/research/energy-analysis/publications/
details?pub=5b4bcd05-45fc-4f53-ac7a-eb2d6eaedce7]

47. IPCC, 2005: IPCC Special Report on Carbon Dioxide Capture and 
Storage. Prepared by Working Group III of the Intergovernmental Panel 
on Climate Change. B. Metz, O. Davidson, H. C. De Coninck, 
M. Loos, and L. A. Meyer, Eds. Intergovernmental Panel on 
Climate Change, Cambridge University Press, 442 pp. [Available 
online at http://www.ipcc.ch/pdf/special-reports/srccs/srccs_
wholereport.pdf ]

48. Newmark, R. L., S. J. Friedmann, and S. A. Carroll, 2010: 
Water challenges for geologic carbon capture and sequestration. 
Environmental Management, 45, 651-661, doi:10.1007/s00267-010-
9434-1. [Available online at http://link.springer.com/content/pdf
/10.1007%2Fs00267-010-9434-1]

49. NETL, 2010: Cost and Performance Baseline for Fossil Energy 
Plants Volume 1: Bituminous Coal and Natural Gas to Electricity 
Revision 2, November 2010. DOE/NETL-2010/1397, 626 pp., 
National Energy Technology Laboratory, U.S. Department of 
Energy. [Available online at http://www.netl.doe.gov/File%20
Library/Research/Coal/ewr/water/BitBase_FinRep_Rev2.pdf] 

 ——, cited 2013: Gasifipedia: Advantages of Gasification – 
High Efficiency. National Energy Technology Laboratory, U.S. 
Department of Energy. [Available online at http://www.netl.doe.
gov/technologies/coalpower/gasification/gasifipedia/]

50. Mississippi Power, cited 2013: Mississippi Power revises dates, 
cost of Kemper plant project. [Available online at http://www.
mississippipower.com/kemper/news_oct29-2013.asp] 



10: ENERGY, WATER, AND LAND USE
RefeRences

278 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

 NETL, 2013: Demonstration of a Coal-Based Transport Gasifier, 
2 pp., National Energy Technology Laboratory, U.S. Department 
of Energy. [Available online at http://www.netl.doe.gov/
File%20Library/Research/Coal/major%20demonstrations/ccpi/
NT42391.pdf] 

51. USGS, 2013: National Assessment of Geologic Carbon Dioxide 
Storage Resources—Summary: U.S. Geological Survey Fact 
Sheet 2013–3020, 6 pp., U.S. Geological Survey Geologic Carbon 
Dioxide Storage Resources Assessment Team, Reston, VA. 
[Available online at http://pubs.usgs.gov/fs/2013/3020/pdf/
FS2013-3020.pdf]

52. Davidson, H. C., and R. K. Paisley, 2009: The Columbia River 
Basin: Issues & Driving forces within the Columbia River 
Basin with the potential to affect future transboundary water 
management. Final report for the Canadian Columbia River 
Forum., 50 pp., Canadian Columbia River Forum. [Available 
online at http://www.ccrf.ca/assets/docs/pdf/issues-driving-
forces-ccrf-final-march-2009.pdf ]

53. Center for Columbia River History, cited 2012: Treaty relating to 
cooperative development of the water resources of the Columbia 
River Basin (with Annexes). [Available online at http://www.ccrh.
org/comm/river/docs/cotreaty.htm]

54. Kunkel, K. E., L. E. Stevens, S. E. Stevens, L. Sun, E. Janssen, 
D. Wuebbles, K. T. Redmond, and J. G. Dobson, 2013: Regional 
Climate Trends and Scenarios for the U.S. National Climate 
Assessment: Part 6. Climate of the Northwest U.S. NOAA 
Technical Report NESDIS 142-6. 83 pp., National Oceanic and 
Atmospheric Administration, National Environmental Satellite, 
Data, and Information Service, Washington, D.C. [Available 
online at http://www.nesdis.noaa.gov/technical_reports/
NOAA_NESDIS_Tech_Report_142-6-Cl imate_of_the_
Northwest_U.S.pdf]

55. Dalton, M., P. Mote, J. A. Hicke, D. Lettenmaier, J. Littell, 
J. Newton, P. Ruggiero, and S. Shafer, 2012: A Workshop in 
Risk-Based Framing of Climate Impacts in the Northwest: 
Implementing the National Climate Assessment Risk-Based 
Approach 77 pp. [Available online at http://downloads.usgcrp.
gov/NCA/Activities/northwestncariskframingworkshop.pdf]

56. Bruce, J. P., H. Martin, P. Colucci, G. McBean, J. McDougall, 
D. Shrubsole, J. Whalley, R. Halliday, M. Alden, L. Mortsch, 
and B. Mills, 2003: Climate Change Impacts on Boundary and 
Transboundary Water Management; Report to the Climate 
Change Impacts Adaptation Program, 161 pp., Natural Resources 
Canada. [Available online at http://www.env.uwaterloo.ca/
research/aird/aird_pub/Climate%20Change%20Impacts%20
on%20Boundary%20and%20Transboundary%20Water%20
Management.pdf]

57. Karl, T. R., J. T. Melillo, and T. C. Peterson, Eds., 2009: Global 
Climate Change Impacts in the United States. Cambridge University 
Press, 189 pp. [Available online at http://downloads.globalchange.
gov/usimpacts/pdfs/climate-impacts-report.pdf ]

58. DOE, 2009: Concentrating Solar Power Commercial Application 
Study: Reducing Water Consumption of Concentrating Solar 
Power Electricity Generation. Report to Congress., 24 pp., U.S. 
Department of Energy, Washington, D.C. [Available online at 
http://www1.eere.energy.gov/solar/pdfs/csp_water_study.pdf] 

 EIA, 2011: Natural Gas Annual 2010. DOE/EIA-0131(10). U.S. 
Department of Energy, U.S. Energy Information Administration. 
[Available online at http://www.eia.gov/naturalgas/annual/pdf/
front_matter.pdf ]

59. Mai, T., R. Wiser, D. Sandor, G. Brinkman, G. Heath, P. Denholm, 
D. J. Hostick, N. Darghouth, A. Schlosser, and K. Strzepek, 2012: 
Renewable Electricity Futures Study. Volume 1: Exploration 
of High-Penetration Renewable Electricity Futures. NREL/
TP-6A20-52409-1. M. M. Hand, S. Baldwin, E. DeMeo, J. M. 
Reilly, T. Mai, D. Arent, G. Porro, M. Meshek, and D. Sandor, 
Eds., 280 pp., National Renewable Energy Laboratory (NREL), 
Golden, CO. [Available online at http://www.nrel.gov/docs/
fy12osti/52409-1.pdf]



279 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

10: ENERGY, WATER, AND LAND USE

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS

Process for Developing Key Messages 
The authors met for a one-day face-to-face meeting, and held 
teleconferences approximately weekly from March through Au-
gust 2012. They considered a variety of technical input docu-
ments, including a Technical Input Report prepared through an 
interagency process,

1
 and 59 other reports submitted through the 

Federal Register Notice request for public input. The key mes-
sages were selected based on expert judgment, derived from the 
set of examples assembled to demonstrate the character and 
consequences of interactions among the energy, water, and land 
resource sectors.

Key message #1 Traceable accounT

Energy, water, and land systems interact in many 
ways. Climate change affects the individual sec-
tors and their interactions; the combination of these 
factors affects climate change vulnerability as well 
as adaptation and mitigation options for different 
regions of the country.

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the Technical Input Report (TIR): Climate 
and Energy-Water-Land System Interactions: Technical Report to 
the U.S. Department of Energy in Support of the National Climate 
Assessment.

1
 Technical input reports (59) on a wide range of top-

ics were also received and reviewed as part of the Federal Register 
Notice solicitation for public input. 

The TIR
1
 incorporates the findings of a workshop, convened by the 

author team, of experts and stakeholders. The TIR summarizes 
numerous examples of interactions between specific sectors, such 
as energy and water or water and land use. A synthesis of these 
examples provides insight into how climate change impacts the 
interactions between these sectors.

The TIR
1
 shows that the character and significance of interac-

tions among the energy, water, and land resource sectors vary 
regionally. Additionally, the influence of impacts on one sector for 
the other sectors will depend on the specific impacts involved. 
Climate change impacts will affect the interactions among sectors, 
but this may not occur in all circumstances.

The key message is supported by the National Climate Assess-
ment Climate Scenarios (for example, Kunkel et al. 2013

54
). Many 

of the historic trends included in the Climate Scenarios are based 
on data assembled by the Cooperative Observer Network of the 
National Weather Service (http://www.nws.noaa.gov/om/coop/). 
Regional climate outlooks are based on the appropriate regional 
chapter.

The Texas drought of 2011 and 2012 provides a clear example 
of cascading impacts through interactions among the energy, wa-
ter, and land resource sectors.

3,4,5,7,8,9
 The U.S. Drought Monitor 

(http://droughtmonitor.unl.edu/) provides relevant historical data. 
Evidence also includes articles appearing in the public press

11
 and 

Internet media.
6

New information and remaining uncertainties
The Texas drought of 2011 and 2012 demonstrates the occur-
rence of cascading impacts involving the energy, land, and water 
sectors; however, the Texas example cannot be generalized to all 
parts of the country or to all impacts of climate change (for exam-
ple, see Chapter 3 for flooding and energy system impacts). The 
Technical Input Report

1
 provides numerous additional examples 

and a general description of interactions that underlie cascading 
impacts between these resource sectors.

There are no major uncertainties regarding this key message. 
There are major uncertainties, however, in the magnitude of im-
pacts in how decisions in one sector might affect another. The 
intensity of interactions will be difficult to assess under climate 
change.

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
is high. The primary limitation on the confidence assigned to this 
key message is with respect to its generality. The degree of inter-
actions among the energy, water, and land sectors varies region-
ally as does the character and intensity of climate change.
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Key message #2 Traceable accounT

The dependence of energy systems on land and 
water supplies will influence the development of 
these systems and options for reducing greenhouse 
gas emissions, as well as their climate change vul-
nerability.

Description of  evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the Technical Input Report (TIR): Climate 
and Energy-Water-Land System Interactions: Technical Report to 
the U.S. Department of Energy in Support of the National Climate 
Assessment.

1
 Technical input reports (59) on a wide range of top-

ics were also received and reviewed as part of the Federal Register 
Notice solicitation for public input. 

Synthesis and Assessment Product 2.1 of the Climate Change 
Science Program,

22
 which informed the prior National Climate 

Assessment,
57

 describes relationships among different future 
mixtures of energy sources, and associated radiative forcing of 
climate change, as a context for evaluating emissions mitigation 
options.

Energy, water, and land linkages represent constraints, risks, and 
opportunities for private/public planning and investment deci-
sions. There are evolving water and land requirements for four 
energy technologies: natural gas from shale,

13
 solar power,

34
 bio-

fuels,
38,39

 and carbon dioxide capture and storage (CCS).
47

 Each 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts

of these four technologies could contribute to reducing U.S. emis-
sions of greenhouse gases. These technologies illustrate energy, 
water, and land linkages and other complexities for the design, 
planning, and deployment of our energy future.

Evidence for energy production and use are derived from U.S. 
government reports.

58
 The contributions of hydraulic fracturing to 

natural gas production are based on a brief article by the Energy 
Information Administration

13
 and a primer by the U.S. Department 

of Energy.
28

 Information about water and energy demands for 
utility-scale solar power facilities is derived from two major DOE 
reports.

34,59
 Distribution of U.S. solar energy resources is from 

Web-based products of the National Renewable Energy Labora-
tory (http://www.nrel.gov/gis/). On biofuels, there are government 
data on the scale of biomass-based energy,

13
 and studies on water 

and land requirements  and other social and environmental as-
pects.

38,39
 

New information and remaining uncertainties
There are no major uncertainties regarding this key message. 
Progress in development and deployment of the energy technolo-
gies described has tended to follow a pattern: potential constraints 
arise because of dependence on water and land resources, but 
then these constraints motivate advances in technology to reduced 
dependence or result in adjustments of societal priorities. There 
are uncertainties in how energy systems’ dependence on water will 
be limited by other resources, such as land; uncertainties about 
the effects on emissions and the development and deployment of 
future energy technologies; and uncertainties about the impacts 
of climate change on energy systems.

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
is high. The primary limitation on confidence assigned to this 
key message is with respect to its generality and dependence on 
technological advances. Energy technology development has the 
potential to reduce water and land requirements, and to reduce 
vulnerability to climate change impacts. It is difficult to forecast 
success in this regard for technologies such as CCS that are still 
in early phases of development.

Key message #3 Traceable accounT

Jointly considering risks, vulnerabilities, and op-
portunities associated with energy, water, and land 
use is challenging, but can improve the identifica-
tion and evaluation of options for reducing climate 
change impacts.

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the Technical Input Report (TIR): Climate 
and Energy-Water-Land System Interactions: Technical Report to 
the U.S. Department of Energy in Support of the National Climate 
Assessment.

1
 Technical input reports (59) on a wide range of top-
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ics were also received and reviewed as part of the Federal Register 
Notice solicitation for public input. 

Interactions among energy, water, and land resource sectors can 
lead to stakeholder concerns that shape options for reducing vul-
nerability and thus for adapting to climate change. The Columbia 
River System provides a good example of an area where risks, 
vulnerabilities, and opportunities are being jointly considered.

55,56
 

The 2011 Mississippi basin flooding, which shut down substa-
tions, provides another example of the interactions of energy, 
water, and land systems (Ch. 3: Water). For all multi-use river 
basins, understanding the combined vulnerability of energy, water, 
and land use to climate change is essential to planning for water 
management and climate change adaptation. 

New information and remaining uncertainties
There are no major uncertainties regarding this key message; 
however, it is highly uncertain the extent to which local, state 
and national policies will impact options to reduce vulnerability to 
climate change. 

Assessment of confidence based on evidence
Given the evidence base and remaining uncertainties, confidence 
is high. The primary limitation on confidence assigned to this key 
message is with respect to the explicit knowledge of the unique 
characteristics of each region with regards to impacts of climate 
change on energy, water, land, and the interactions among these 
sectors.
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Key Messages
1. Climate change and its impacts threaten the well-being of urban residents in all U.S. regions.  
 Essential infrastructure systems such as water, energy supply, and transportation will   
 increasingly be compromised by interrelated climate change impacts. The nation’s economy,  
 security, and culture all depend on the resilience of urban infrastructure systems.

2. In urban settings, climate-related disruptions of services in one infrastructure system will almost  
 always result in disruptions in one or more other infrastructure systems.

3. Climate vulnerability and adaptive capacity of urban residents and communities are influenced  
 by pronounced social inequalities that reflect age, ethnicity, gender, income, health, and  
 (dis)ability differences. 

4. City government agencies and organizations have started adaptation plans that focus on   
 infrastructure systems and public health. To be successful, these adaptation efforts require  
 cooperative private sector and governmental activities, but institutions face many barriers to  
 implementing coordinated efforts.

11

Climate change poses a series of interrelated challenges to the 
country’s most densely populated places: its cities. The United 
States is highly urbanized, with about 80% of its population 
living in cities and metropolitan areas. Many cities depend on 
infrastructure, like water and sewage systems, roads, bridges, 
and power plants, that is aging and in need of repair or replace-
ment. Rising sea levels, storm surges, heat waves, and extreme 
weather events will compound these issues, stressing or even 
overwhelming these essential services.

Cities have become early responders to climate change chal-
lenges and opportunities due to two simple facts: first, urban 
areas have large and growing populations that are vulnerable 
for many reasons to climate variability and change; and sec-
ond, cities depend on extensive infrastructure systems and the 
resources that support them. These systems are often con-
nected to rural locations at great distances from urban centers.

The term infrastructure is used broadly and includes systems 
and assets that are essential for national and economic se-

curity, national public health or safety, or to the overall 
well-being of residents. These include energy, water and 
wastewater, transportation, public health, banking and 
finance, telecommunications, food and agriculture, and 
information technology, among others.

Urban dwellers are particularly vulnerable to disruptions 
in essential infrastructure services, in part because many 
of these infrastructure systems are reliant on each other. 
For example, electricity is essential to multiple systems, 
and a failure in the electrical grid can affect water treat-
ment, transportation services, and public health. These 
infrastructure systems – lifelines to millions – will con-
tinue to be affected by various climate-related events 
and processes.

As climate change impacts increase, climate-related 
events will have large consequences for significant num-
bers of people living in cities or suburbs. Also at risk 

Heavy snowfalls during winter storms affect transportation systems and 
other urban infrastructure.
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from climate change are historic properties and sites as well 
as cultural resources and archeological sites. Vulnerability as-
sessments and adaptation planning efforts could also include 
these irreplaceable resources. Changing conditions also create 

opportunities and challenges for urban climate adaptation (Ch. 
28: Adaptation), and many cities have begun planning to ad-
dress these changes.

Key Message 1: Urbanization and Infrastructure Systems 

Climate change and its impacts threaten the well-being of urban residents in all U.S. regions. 
Essential infrastructure systems such as water, energy supply, and transportation will 

increasingly be compromised by interrelated climate change impacts. The nation’s economy, 
security, and culture all depend on the resilience of urban infrastructure systems.

Direct and interacting effects of climate change will expose 
people who live in cities across the United States to multiple 
threats. Climate changes affect the built, natural, and social 
infrastructure of cities, from storm drains to urban waterways 
to the capacity of emergency responders. Climate change in-
creases the risk, frequency, and intensity of certain extreme 
events like intense heat waves, heavy downpours, flood-
ing from intense precipitation and coastal storm surges, and 
disease incidence related to temperature and precipitation 
changes. The vulnerability of urban dwellers multiplies when 
the effects of climate change interact with pre-existing urban 
stressors, such as deteriorating infrastructure, areas of intense 
poverty, and high population density. 

Three fundamental conditions define the key connections 
among urban systems, residents, and infrastructure.1,2 First, 
cities are dynamic, and are constantly being built and rebuilt 
through cycles of investment and innovation. Second, infra-
structure in many cities has exceeded its design life and con-
tinues to age, resulting in an increasingly fragile system. At 
both local and national levels, infrastructure requires ongo-
ing maintenance and investment to avoid a decline in service. 
Third, urban areas present tremendous 
social challenges, given widely diver-
gent socioeconomic conditions and 
dynamic residence patterns that vary 
in different parts of each city. Height-
ened vulnerability of coastal cities and 
other metropolitan areas that are sub-
ject to storm surge, flooding, and other 
extreme weather or climate events will 
exacerbate impacts on populations and 
infrastructure systems.

Approximately 245 million people live in 
U.S. urban areas, a number expected to 
grow to 364 million by 2050.3 Paradoxi-
cally, as the economy and population 
of urban areas grew in past decades, 
the built infrastructure within cities 
and connected to cities deteriorated, 
becoming increasingly fragile and de-
ficient.1,2 Existing built infrastructure 

(such as buildings, energy, transportation, water, and sanita-
tion systems) is expected to become more stressed in the next 
decades – especially when the impacts of climate change are 
added to the equation.4 As infrastructure is highly interde-
pendent, failure in particular sectors is expected to have cas-
cading effects on most aspects of affected urban economies. 
Further expansion of the U.S. urban landscape into suburban 
and exurban spaces is expected, and new climate adaptation 
and resiliency plans will need to account for this (Ch. 28: Ad-
aptation).5 Significant increases in the costs of infrastructure 
investments also are expected as population density becomes 
more diffuse.6

The vulnerability of different urban populations to hazards and 
risks associated with climate change depends on three charac-
teristics: their exposure to particular stressors, their sensitivity 
to impacts, and their ability to adapt to changing conditions.8,9 
Many major U.S. metropolitan areas, for example, are located 
on or near the coast and face higher exposure to particular cli-
mate impacts like sea level rise and storm surge, and thus may 
face complex and costly adaptation demands (Ch. 25: Coasts; 
Ch. 28: Adaptation). But as people begin to respond to new 

Coastal cities are vulnerable to sea level rise, storm surge, and related impacts. 
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information about climate change through the urban develop-
ment process, social and infrastructure vulnerabilities can be 
altered.10 For example, the City of New York conducted a com-
prehensive review of select building and construction codes 
and standards in response to increased climate change risk in 

order to identify adjustments that could be made to increase 
climate resilience. Climate change stressors will bundle with 
other socioeconomic and engineering stressors already con-
nected to urban and infrastructure systems.1 

Key Message 2: Essential Services are Interdependent

In urban settings, climate-related disruptions of services in one infrastructure system will 
almost always result in disruptions in one or more other infrastructure systems.

Urban areas rely on links to multiple jurisdictions through a 
complex set of infrastructure systems.11 For example, cities 
depend on other areas for supplies of food, materi-
als, water, energy, and other inputs, and surround-
ing areas are destinations for products, services, 
and wastes from cities. If infrastructure and other 
connections among source areas and cities are dis-
rupted by climate change, then the dependent ur-
ban area also will be affected.12 Moreover, the eco-
nomic base of an urban area depends on regional 
comparative advantage; therefore, if competitors, 
markets, and/or trade flows are affected by climate 
change, a particular urban area is also affected.2

Urban vulnerabilities to climate change impacts are 
directly related to clusters of supporting resources 
and infrastructures located in other regions. For ex-
ample, about half of the nation’s oil refineries are lo-
cated in only four states.13 Experience over the past 
decade with major infrastructure disruptions, such 
as the 2011 San Diego blackout, the 2003 Northeast 
blackout, and Hurricane Irene in 2011, has shown 

that the greatest losses from disruptive events may be distant 
from where damages started.2 In another example, Hurricane 

Figure 11.1. Extreme weather events can affect multiple systems that provide services for millions of people in urban settings. The 
satellite images depict city lights on a normal night (left) and immediately following Hurricane Sandy (right). Approximately five million 
customers in the New York metropolitan region lost power. (Figure source: NASA Earth Observatory7). 

Blackout in New York and New Jersey after Hurricane Sandy
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Katrina disrupted oil terminal opera-
tions in southern Louisiana, not be-
cause of direct damage to port facili-
ties, but because workers could not 
reach work locations through surface 
transportation routes and could not 
be housed locally because of disrup-
tion to potable water supplies, hous-
ing, and food shipments.14

Although infrastructures and urban 
systems are often considered indi-
vidually – for example, transporta-
tion or water supply or wastewater/
drainage – they are usually highly 
interactive and interdependent.15 

Such interdependencies can lead to 
cascading disruptions throughout 
urban infrastructures. These disrup-
tions, in turn, can result in unex-
pected impacts on communication, 
water, and public health sectors, at 
least in the short term. On August 8, 
2007, New York City experienced an 
intense rainfall and thunderstorm 
event during the morning commute, 
where between 1.4 and 3.5 inches of rain fell within two 
hours.16 The event started a cascade of transit system failures 
– eventually stranding 2.5 million riders, shutting down much 
of the subway system, and severely disrupting the city’s bus 
system.16,17 The storm’s impact was unprecedented and, cou-
pled with two other major system disruptions that occurred 

in 2004 and 2007, became the impetus for a full-scale assess-
ment and review of transit procedures and policy in response 
to climate change.16,17,18 

In August 2003, an electric power blackout that caused 50 mil-
lion people in the U.S. Northeast and Midwest and Ontario, 

Canada, to lose electric power further 
illustrates the interdependencies of 
major infrastructure systems. The 
blackout caused significant indirect 
damage, such as shutdowns of water 
treatment plants and pumping sta-
tions. Other impacts included inter-
ruptions in communication systems 
for air travel and control systems for 
oil refineries. At a more local level, 
the lack of air conditioning and eleva-
tor access meant many urban resi-
dents were stranded in over-heating 
high-rise apartments. Similar cascad-
ing impacts have been observed from 
extreme weather events such as Hur-
ricanes Katrina and Irene.2 In fact, as 
urban infrastructures become more 
interconnected and more complex, 
the likelihood of large-scale cascad-
ing impacts will increase as risks to 
infrastructure increase.19

Figure 11.2. In urban settings, climate-related disruptions of services in one infrastructure 
system will almost always result in disruptions in one or more other systems. When power 
supplies that serve urban areas are interrupted after a major weather event, for example, 
public health, transportation, and banking systems may all be affected. This schematic 
drawing illustrates some of these connections. (Figure source: adapted from Wilbanks 
et al. 20122).

Urban Support Systems are Interconnected

Storm surges reach farther inland as they ride on top of sea levels that are higher due to 
warming.
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hurricAne sAndy: urbAn systeMs, infrAstructure, And vulnerAbility

Sandy made landfall on the New Jersey shore 
just south of Atlantic City on October 29, 
2012, and became one of the most damag-
ing storms to strike the continental United 
States. Sandy affected cities throughout the 
Atlantic seaboard, extending across the east-
ern United States to Chicago, Illinois, where 
it generated 20-foot waves on Lake Michigan 
and flooded the city’s Lake Shore Drive. The 
storm’s strength and resulting impact has 
been correlated with Atlantic Ocean water 
temperatures near the coast that were rough-
ly 5˚F above normal, and with sea level rise 
along the region’s coastline as a result of a 
warming climate. 

Sandy caused significant loss of life as well 
as tremendous destruction of property and 
critical infrastructure. It disrupted daily life 
for millions of coastal zone residents across 
the New York-New Jersey metropolitan area, despite this being one of the best disaster-prepared coastal regions in the 
country. The death toll from Sandy in the metropolitan region exceeded 100, and the damage was estimated to be at 
least $65 billion.20,21 At its peak, the storm cut electrical power to more than 8.5 million customers.21 

The death and injury, physical devastation, multi-day power, heat, and water outages, gasoline shortages, and cascade 
of problems from Sandy’s impact reveal what happens when the complex, integrated systems upon which urban life de-
pends are stressed and fail. One example is what occurred after a Consolidated Edison electricity distribution substation 
in lower Manhattan ceased operation at approximately 9 PM Monday evening, when its flood protection barrier (designed 
to be 1.5 feet above the 10-foot storm surge of record) was overtopped by Sandy’s 14-foot storm surge. As the substation 
stopped functioning, it immediately caused a system-wide loss of power for more than 200,000 customers. Residents 
in numerous high-rise apartment buildings were left without heat and lights, and also without elevator service and water 
(which must be pumped to upper floors).

Sandy also highlighted the vast differences in vulnerabilities across the extended metropolitan region. Communities 
and neighborhoods on the coast were most vulnerable to the physical impact of the record storm surge. Many low- to 
moderate-income residents live in these areas and suffered damage to or loss of their homes, leaving tens of thousands 
of people displaced or homeless. As a specific sub-population, the elderly and infirm were highly vulnerable, especially 
those living in the coastal evacuation zone and those on upper floors of apartment buildings left without elevator service. 
These individuals had limited adaptive capacity because they could not easily leave their residences.

Even with the extensive devastation, the effects of the storm would have been far worse if local climate resilience strate-
gies had not been in place. For example, the City of New York and the Metropolitan Transportation Authority worked ag-
gressively to protect life and property by stopping the operation of the city’s subway before the storm hit and moving the 
train cars out of low-lying, flood-prone areas. At the height of the storm surge, all seven of the city’s East River subway 
tunnels flooded. Catastrophic loss of life would have resulted if there had been subway trains operating in the tunnels 
when the storm struck. The storm also fostered vigorous debate among local and state politicians, other decision-makers, 
and stakeholders about how best to prepare the region for future storms. Planning is especially important given the ex-
pectation of increases in flood frequency resulting from more numerous extreme precipitation events and riverine and 
street level flooding, and coastal storm surge flooding associated with accelerated sea level rise and more intense (yet 
not necessarily more numerous) tropical storms.  
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Key Message 3: Social Vulnerability and Human Well-Being

Climate vulnerability and adaptive capacity of urban residents and communities are 
influenced by pronounced social inequalities that reflect age, ethnicity, gender,  

income, health, and (dis)ability differences. 

“Social vulnerability” describes characteristics of populations 
that influence their capacity to prepare for, respond to, and 
recover from hazards and disasters.22,23,24 Social vulnerability 
also refers to the sensitivity of a population to climate change 
impacts and how different people or groups are more or less 
vulnerable to those impacts.25 Those characteristics that most 
often influence differential impacts include socioeconomic 
status (wealth or poverty), age, gender, special needs, race, 
and ethnicity.26 Further, inequalities reflecting differences in 
gender, age, wealth, class, ethnicity, health, and disabilities 
also influence coping and adaptive capacity, especially to cli-
mate change and climate-sensitive hazards.27 

The urban elderly are particularly sensitive to heat waves. 
They are often physically frail, have limited financial resources, 

and live in relative isolation in their apartments. They may 
not have adequate cooling (or heating), or may be unable to 
temporarily relocate to cooling stations. This combination led 
to a significant number of elderly deaths during the 1995 Chi-
cago heat wave.28 Similarly, the impacts of Hurricane Katrina in 
New Orleans illustrated profound differences based on race, 
gender, and class where these social inequalities strongly influ-
enced the capacity of residents to prepare for and respond to 
the events.29 It is difficult to assess the specific nature of vul-
nerability for particular groups of people. Urban areas are not 
homogeneous in terms of the social structures that influence 
inequalities. Also, the nature of the vulnerability is context 
specific, with both temporal and geographic determinants, 
and these also vary between and within urban areas.

Key Message 4: Trends in Urban Adaptation – Lessons from Current Adopters

City government agencies and organizations have started adaptation plans that focus on 
infrastructure systems and public health. To be successful, these adaptation efforts  

require cooperative private sector and governmental activities, but institutions  
face many barriers to implementing coordinated efforts.

City preparation efforts for climate change include planning 
for ways in which the infrastructure systems and buildings, 
ecosystem and municipal services, and residents will be af-
fected. In the first large-scale analysis of U.S. cities, a 2011 sur-
vey showed that 58% of respondents are moving forward on 
climate adaptation (Ch. 28: Adaptation), defined as any activity 
to address impacts that climate change could have on a com-
munity. Cities are engaged in activities ranging from education 
and outreach to assessment, planning, and implementation, 
with 48% reporting that they are in the preliminary planning 
and discussion phases.30

Cities either develop separate strategic adaptation plans30,32 or 
integrate adaptation into community or general plans (as have 
Seattle, Washington; Portland, Oregon; Berkeley, California; 
and Homer, Alaska) (Ch. 28: Adaptation).1 Some climate action 
plans target certain sectors like critical infrastructure,24,33 and 
these have been effective in diverse contexts ranging from 
hazard mitigation and public-health planning to coastal-zone 
management and economic development. 

Cities have employed several strategies for managing adapta-
tion efforts. For example, some approaches to climate adap-
tation planning require both intra- and inter-governmental 
agency and department coordination (“New York City Climate 
Action”) (Ch. 28: Adaptation). As a result, many cities focus on 

sharing information and examining what aspects of govern-
ment operations will be affected by climate change impacts 
in order to gain support from municipal agency stakeholders 
and other local officials.34 Some cities also have shared climate 
change action experiences, both within the United States and 
internationally, as is the case with ongoing communication be-
tween decision-makers in New York City and London, England. 

National, state, and local policies play an important role in 
fostering and sustaining adaptation. There are no national 
regulations specifically designed to promote urban adaptation. 
However, existing federal policies, like the National Historic 
Preservation Act and National Environmental Policy Act – par-
ticularly through its impact assessment provision and evalu-
ation criteria process – can provide incentives for adaptation 
strategies for managing federal property in urban areas.1,35 

In addition, recent activities of federal agencies focused on 
promoting adaptation and resilience have been developed in 
partnership with cities like Miami and New York.36 Policies and 
planning measures at the local level, such as building codes, 
zoning regulations, land-use plans, water supply management, 
green infrastructure initiatives, health care planning, and di-
saster mitigation efforts, can support adaptation.1,2,37

Engaging the public in adaptation planning and implementa-
tion has helped to inform and educate the community at large 
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about climate change, while ensuring that information and 
ideas flow back to policymakers.38 Engagement can also help in 
identifying vulnerable populations39 and in mobilizing people 
to encourage policy changes and take individual actions to 
reduce and adapt to climate change.40 For instance, the Cam-
bridge Climate Emergency Congress selected a demographical-
ly diverse group of resident delegates and engaged them in a 
deliberative process intended to express preferences and gen-
erate recommendations to inform climate action.41 In addition, 
the Boston Climate Action Leadership Committee was initiated 
by the Mayor’s office with the expectation that they would rely 
on public consultation to develop recommendations for updat-
ing the city’s climate action plan.42

There are many barriers to action at the city level. Proactive 
adaptation efforts require that anticipated climate changes 
and impacts are evaluated and addressed in the course of the 

planning process (Ch. 26: Decision 
Support; Ch. 28: Adaptation).43 This 
means that climate projections and 
impact assessment data must be 
available, but most U.S. cities are un-
able to access suitable data or per-
form desired analyses.36 To address 
technical aspects of adaptation, 
cities are promoting cooperation 
with local experts, such as the New 
York City Panel on Climate Change, 
which brings together experts from 
academia and the public and private 
sectors to consider how the region’s 
critical infrastructure will be affect-
ed by, and can be protected from, 
future climate change.10,44 A further 
illustration comes from Chicago, 
where multi-departmental groups 
are focusing on specific areas iden-
tified in Chicago’s Climate Action 
Plan.45 

Private sector involvement can be 
influential in promoting city-level 
adaptation (Ch. 28: Adaptation). 
Many utilities, for example, have as-
set management programs that ad-
dress risk and vulnerabilities, which 
could also serve to address climate 
change. Yet to date there are limited 
examples of private sector interests 
working cooperatively with govern-
ments to limit risk. Instances where 
cooperation has taken place include 
property insurance companies1,46 
and engineering firms that provide 
consulting services to cities. For 

example, firms providing infrastructure system plans have 
begun to account for projected changes in precipitation in 
their projects.47 With city and regional infrastructure systems, 
recent attention has focused on the potential role of private 
sector-generated smart technologies to improve early warning 
of extreme precipitation and heat waves, as well as establish-
ing information systems that can inform local decision-makers 
about the status and efficiency of infrastructure.46,48

Uncertainty, in both the climate system and modeling tech-
niques, is often viewed as a barrier to adaptation action (Ch. 
28: Adaptation).49 Urban and infrastructure managers, how-
ever, recognize that understanding of sources and magnitude 
of future uncertainty will continue to be refined,39 and that an 
incremental and flexible approach to planning that draws on 
both structural and nonstructural measures is prudent.44,46,50 
Gaining the commitment and support of local elected officials 

Figure 11.3. Map shows areas in New York’s five boroughs that are projected to face 
increased flooding over the next 70 years, assuming an increased rate of sea level rise 
from the past century’s average. As sea level rises, storm surges reach farther inland. 
Map does not represent precise flood boundaries, but illustrates projected increases in 
areas flooded under various sea level rise scenarios. (Figure source: New York City Panel 
on Climate Change 201331). 

New York City and Sea Level Rise
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for adaptation planning and implementation is another impor-
tant challenge.30 A compounding problem is that cities and city 
administrators face a wide range of other stressors demand-
ing their attention, and have limited financial resources (see 
“Advancing Climate Adaptation in a Metropolitan Region”).46

Integrating climate change action in everyday city and infra-
structure operations and governance (referred to as “main-
streaming”) is an important planning and implementation tool 
for advancing adaptation in cities (Ch. 28: Adaptation).44,46 By 
integrating climate change considerations into daily opera-
tions, these efforts can forestall the need to develop a new and 
isolated set of climate change-specific policies or procedures.39 
This strategy enables cities and other government agencies 
to take advantage of existing funding sources and programs, 
and achieve co-benefits in areas such as sustainability, public 
health, economic development, disaster preparedness, and 
environmental justice. Pursuing low-cost, no-regrets options is 
a particularly attractive short-term strategy for many cities.39,46 

Over the long term, responses to severe climate change im-
pacts, such as sea level rise and greater frequency and intensi-
ty of other climate-related hazards, are of a scale and complex-
ity that will likely require major expenditures and structural 
changes,1,46 especially in urban areas. When major infrastruc-
ture decisions must be made in order to protect human lives 
and urban assets, cities need access to the best available sci-
ence, decision support tools, funding, and guidance. The Fed-
eral Government is seen by local officials to have an important 

role here by providing adaptation leadership and financial and 
technical resources, and by conducting and disseminating re-
search (Ch. 28: Adaptation).36,39,46

AdvAncing cliMAte AdAptAtion in A 
MetropolitAn region

Coordinating efforts across many jurisdictional bound-
aries is a major challenge for adaptation planning and 
practice in extended metropolitan regions and associ-
ated regional systems (Ch. 28: Adaptation). Regional 
government institutions may be well suited to address 
this challenge, as they cover a larger geographic scope 
than individual cities, and have potential to coordinate 
the efforts of multiple jurisdictions.1 California already 
requires metropolitan planning organizations to prepare 
Sustainable Communities Strategies (SCS) as part of the 
Regional Transportation Plan process.51 While its focus is 
on reducing emissions, SCS plans prepared to date have 
also introduced topics related to climate change impacts 
and adaptation.52 Examples of climate change vulner-
abilities that could benefit from a regional perspective 
include water shortages, transportation infrastructure 
maintenance, loss of native plant and animal species, 
and energy demand.

neW york city cliMAte Action

New York City leaders recognized that climate change represents a serious threat to critical infrastructure and respond-
ed with a comprehensive program to address climate change impacts and increase resilience.1,2 The 2010 “Climate 
Change Adaptation in New York City: Building a Risk Management Response” report was prepared by the New York City 
Panel on Climate Change as a part of the city’s long-term sustainability plan.10 Major components of the process and 
program include:

•	 establishing multiple participatory processes to obtain broad public input, including a Climate Change Adapta-
tion Task Force that included private and public stakeholders;46

•	 forming an expert technical advisory body, the New York City Panel on Climate Change (NPCC), to support the 
Task Force; 

•	 developing a Climate Change Assessment and Action Plan that helps improve responses to present-day climate 
variability as well as projected future conditions; 

•	 defining “Climate Protection Levels” to address the effectiveness of current regulations and design standards to 
respond to climate change impacts; and 

•	 producing adaptation assessment guidelines that recognize the need for flexibility to reassess and adjust strate-
gies over time. The guidelines include a risk matrix and prioritization framework intended to become integral 
parts of ongoing risk management and agency operations.
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Process for Developing Key Messages
In developing key messages, the report author team engaged in 
multiple technical discussions via teleconference. A consensus 
process was used to determine the final set of key messages, 
which are supported by extensive evidence documented in two 
Technical Report Inputs to the National Climate Assessment on ur-
ban systems, infrastructure, and vulnerability: 1) Climate Change 
and Infrastructure, Urban Systems, and Vulnerabilities: Technical 
Report for the U.S. Department of Energy in Support of the Nation-
al Climate Assessment,2 and 2) U.S. Cities and Climate Change: 
Urban, Infrastructure, and Vulnerability Issues.

1 
Other Technical In-

put reports (56) on a wide range of topics were also received and 
reviewed as part of the Federal Register Notice solicitation for 
public input. 

Key message 1 Traceable accounT

Climate change and its impacts threaten the well-
being of urban residents in all U.S. regions. Essen-
tial infrastructure systems such as water, energy 
supply, and transportation will increasingly be com-
promised by interrelated climate change impacts. 
The nation’s economy, security, and culture all de-
pend on the resilience of urban infrastructure sys-
tems.

Description of evidence base
Recent studies have reported that population and econom-
ic growth have made urban infrastructure more fragile and de-
ficient,

1,2
 with work projecting increased stresses due to climate 

change
4
 and increased costs of adaptation plans due to more ex-

tensive urban development.
6
 Additionally, a few publications have 

assessed the main drivers of vulnerability
8,9

 and the effects of the 
amalgamation of climate change stresses with other urban and in-
frastructure stressors.

1

New information and remaining uncertainties
Given that population trends and infrastructure assessments are 
well established and documented, the largest uncertainties are 
associated with the rate and extent of potential climate change.

Since the 2009 National Climate Assessment,
53

 recent publi-
cations have explored the driving factors of vulnerability in ur-
ban systems

8,9
 and the effects of the combined effect of climate 

change and existing urban stressors.
1

11: URBAN SYSTEMS, INFRASTRUCTURE, AND VULNERABILITY

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
is very high that climate change and its impacts threaten the well-
being of urban residents in all regions of the U.S.

Given the evidence base and remaining uncertainties, confidence 
is very high that essential local and regional infrastructure sys-
tems such as water, energy supply, and transportation will increas-
ingly be compromised by interrelated climate change impacts. 

Key message 2 Traceable accounT

In urban settings, climate-related disruptions of 
services in one infrastructure system will almost 
always result in disruptions in one or more other 
infrastructure systems.

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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Description of evidence base
The interconnections among urban systems and infrastructures 
have been noted in the past,

19
 with recent work expanding on 

this principle to assess the risks this interconnectivity poses. One 
study

15
 explored the misconception of independent systems, and 

stressed instead the interactive and interdependent nature of sys-
tems. The effects of climate change on one system ultimately af-
fect systems that are dependent upon it.

12
 One of the foundational 

Technical Input Reports examined the economic effects from cli-
mate change and how they will affect urban areas.

2
 Noted exam-

ples of this interconnectivity can be found in a number of publi-
cations concerning Hurricane Katrina,

14
 intense weather in New 

York City,
16,17

 and the vulnerability of U.S. oil refineries and elec-
tric power plants.

2,13
 

New information and remaining uncertainties
Recent work has delved deeper into the interconnectivity of urban 
systems and infrastructure,

2,12
 and has expressed the importance 

of understanding these interactions when adapting to climate 
change.

The extensive number of infrastructure assessments has resulted 
in system interdependencies and cascade effects being well 
documented. Therefore, the most significant uncertainties are 
associated with the rate and extent of potential climate change.

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
is very high that in urban settings, climate-related disruptions of 
services in one infrastructure system will almost always result in 
disruptions in one or more other infrastructure systems.

Key message 3 Traceable accounT

Climate vulnerability and adaptive capacity of 
urban residents and communities are influenced 
by pronounced social inequalities that reflect age, 
ethnicity, gender, income, health, and (dis)ability 
differences. 

Description of evidence base
The topic of social vulnerability has been extensively studied,

22,23,24
 

with some work detailing the social characteristics that are 
the most influential.

26
 More recent work has addressed the 

vulnerability of populations to climate change
25

 and how social 
inequalities influence capacity to adapt to climate change.

27
 Some 

empirical studies of U.S. urban areas were explored concerning 
these issues.

9

New information and remaining uncertainties
Given that population trends and socioeconomic factors associated 
with vulnerability and adaptive capacity are well established and 
documented, the largest uncertainties are associated with the rate 
and extent of potential climate change.

Recent work has addressed the social vulnerabilities to climate 
change at a more detailed level than in the past,

23,25
 providing 

information on the constraints that social vulnerabilities can have 
on climate change adaptation.

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
is very high that the climate vulnerability and adaptive capacity of 
urban residents and communities are influenced by pronounced 
social inequalities that reflect age, ethnicity, gender, income, 
health, and (dis)ability differences.

Key message 4 Traceable accounT

City government agencies and organizations have 
started adaptation plans that focus on infrastruc-
ture systems and public health. To be successful, 
these adaptation efforts require cooperative pri-
vate sector and governmental activities, but insti-
tutions face many barriers to implementing coordi-
nated efforts.

Description of evidence base
Urban adaptation is already underway with a number of cities 
developing plans at the city

30,32,33
 and state levels,

30
 with some 

integrating adaptation into community plans
1
 and sharing 

information and assessing potential impacts.
34

 Some recent 
publications have explored how incentives and administrative and 
financial support can benefit climate adaptation through policy 
planning at the local level

1,2,37
 and by engaging the public.

38,39,40
 

Barriers exist that can hinder the adaptation process, which 
has been demonstrated through publications assessing the 
availability of scientific data

30,36
 that is integral to the evaluation 

and planning process,
43

 uncertainty in the climate system and 
modeling techniques,

49
 and the challenges of gaining support and 

commitment from local officials.
30,46

New information and remaining uncertainties
Besides uncertainties associated with the rate and extent of 
potential climate change, uncertainties emerge from the fact that, 
to date, there have been few extended case studies examining 
how U.S. cities are responding to climate change (<10 studies). 
Furthermore, only one large-scale survey of U.S. cites has been 
conducted for which results have been published and widely 
available.

30

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
is very high that city government agencies and organizations have 
started urban adaptation efforts that focus on infrastructure 
systems and public health.
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Key Messages
1. Observed and future impacts from climate change threaten Native Peoples’ access to traditional  
 foods such as fish, game, and wild and cultivated crops, which have provided sustenance as well  
 as cultural, economic, medicinal, and community health for generations. 

2. A significant decrease in water quality and quantity due to a variety of factors, including   
 climate change, is affecting drinking water, food, and cultures. Native communities’   
 vulnerabilities and limited capacity to adapt to water-related challenges are exacerbated by  
 historical and contemporary government policies and poor socioeconomic conditions.

3. Declining sea ice in Alaska is causing significant impacts to Native communities, including  
 increasingly risky travel and hunting conditions, damage and loss to settlements, food insecurity,  
 and socioeconomic and health impacts from loss of cultures, traditional knowledge, and   
 homelands.

4. Alaska Native communities are increasingly exposed to health and livelihood hazards from  
 increasing temperatures and thawing permafrost, which are damaging critical infrastructure,  
 adding to other stressors on traditional lifestyles.

5. Climate change related impacts are forcing relocation of tribal and indigenous communities,  
 especially in coastal locations. These relocations, and the lack of governance mechanisms or  
 funding to support them, are causing loss of community and culture, health impacts, and   
 economic decline, further exacerbating tribal impoverishment. 

We humbly ask permission from all our relatives; our elders, our families, our children, the winged and the insects,  
the four-legged, the swimmers, and all the plant and animal nations, to speak. Our Mother has cried out to us.  

She is in pain. We are called to answer her cries. Msit No’Kmaq – All my relations!  
— Indigenous Prayer

The peoples, lands, and resources of indigenous communities 
in the United States, including Alaska and the Pacific Rim, face 
an array of climate change impacts and vulnerabilities that 
threaten many Native communities. The consequences of ob-
served and projected climate change have and will undermine 
indigenous ways of life that have persisted for thousands of 
years. Key vulnerabilities include the loss of traditional knowl-
edge in the face of rapidly changing ecological conditions, 
increased food insecurity due to reduced availability of tra-
ditional foods, changing water availability, Arctic sea ice loss, 
permafrost thaw, and relocation from historic homelands.1,2,3,4

Climate change impacts on many of the 566 federally recog-
nized tribes and other tribal and indigenous groups in the U.S. 
are projected to be especially severe, since these impacts are 
compounded by a number of persistent social and economic 

problems.6,7 The adaptive responses to multiple social and 
ecological challenges arising from climate impacts on indig-
enous communities will occur against a complex backdrop of 
centuries-old cultures already stressed by historical events and 
contemporary conditions.8 Individual tribal responses will be 
grounded in the particular cultural and environmental heri-
tage of each community, their social and geographical history, 
spiritual values, traditional ecological knowledge, and world-
view. Furthermore, these responses will be informed by each 
group’s distinct political and legal status, which includes the 
legacy of more than two centuries of non-Native social and 
governmental institutional arrangements, relationships, poli-
cies, and practices. Response options will be informed by the 
often limited economic resources available to meet these chal-
lenges, as well as these cultures’ deeply ingrained relationships 
with the natural world.9,10,11,12
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The history and culture of many tribes and indigenous peoples 
are critical to understand before assessing additional climate 
change impacts. Most U.S. Native populations already face 
adverse socioeconomic factors such as extreme poverty; sub-
standard and inadequate housing; a lack of health and com-
munity services, food, infrastructure, transportation, and 
education; low employment; and high fuel costs; as well as 
historical and current institutional and policy issues related 
to Native resources.7,11,12,13 The overwhelming driver of these 
adverse social indicators is pervasive poverty on reservations 
and in Native communities, as illustrated by an overall 28.4% 
poverty rate (36% for families with children) on reservations, 
compared with 15.3% nationally.13 Some reservations are far 
worse off, with more than 60% poverty rates and, in some 
cases, extremely low income levels (for example, Pine Ridge 
Reservation has the lowest per capita income in the U.S. at 
$1,535 per year).14  

These poverty levels result in problems such as: a critical hous-
ing shortage of well over two hundred thousand safe, healthy, 
and affordable homes;15 a homeless rate of more than 10% on 
reservations;16 a lack of electricity (more than 14% of reser-
vation homes are without power, ten times the national av-
erage, and, on the Navajo Reservation, about 40% of homes 
have no electricity17); lack of running water in one-fifth of all 

reservation homes and for about one-third of people on the 
Navajo Reservation (compared with 1% of U.S. national house-
holds);18,19,20 and an almost complete lack of modern telecom-
munications – fewer than 50% of homes have phone service, 
fewer than 10% of residents have Internet access, and many 
reservations have no cell phone reception.21 In addition, Native 
populations are also vulnerable because their physical, mental, 
intellectual, social, and cultural well-being is traditionally tied 
to a close relationship with the natural world, and because of 
their dependence on the land and resources for basic needs 
such as medicine, shelter, and food.22,23 Climate changes will 
exacerbate many existing barriers to providing for these hu-
man needs, and in many cases will make adaptive responses 
more difficult.

Of the 5.2 million American Indians and Alaska Natives reg-
istered in the U.S. Census, approximately 1.1 million live on 
or near reservations or Native lands, located mostly in the 
Northwest, Southwest, Great Plains, and Alaska. Tribal lands 
include approximately 56 million acres (about 3% of U.S. lands) 
in the 48 contiguous states and 44 million acres (about 42% of 
Alaska’s land base) held by Alaska Native corporations.5 Most 
reservations are small and often remote or isolated, with a few 
larger exceptions such as the Navajo Reservation in Arizona, 
Utah, and New Mexico, which has 175,000 residents.5

Figure 12.1. Census data show that American Indian and Alaska Native populations are concentrated around, but are not limited 
to, reservation lands like the Hopi and Navajo in Arizona and New Mexico, the Choctaw, Chickasaw, and Cherokee in Oklahoma, 
and various Sioux tribes in the Dakotas and Montana. Not depicted in this graphic is the proportion of Native Americans who live 
off-reservation and in and around urban centers (such as Chicago, Minneapolis, Denver, Albuquerque, and Los Angeles) yet still 
maintain strong family ties to their tribes, tribal lands, and cultural resources. (Figure source: Norriset al. 20125).

 Indigenous Populations Extend beyond Reservation Lands
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House being built on Pine Ridge Reservation

Figure 12.2. From developing biomass energy projects on the Quinault Indian Nation in Washington and tribal and intertribal wind 
projects in the Great Plains,24 to energy efficiency improvement efforts on the Cherokee Indian Reservation in North Carolina and 
the sustainable community designs being pursued on the Lakota reservations in the Dakotas (see also Ch. 19: Great Plains),25 
tribes are investigating ways to reduce future climate changes. The map shows only those initiatives by federally recognized tribes 
that are funded through the Department of Energy. (Figure source: U.S. Department of Energy 201126). 

Many Tribes, Many Climate 
Change Initiatives
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Native American, Alaska Native, and other indigenous com-
munities across the U.S. share unique historical and cultural 
relationships with tribal or ancestral lands, significantly shap-
ing their identities and adaptive opportunities.11 Some climate 
change adaptation opportunities exist on Native lands, and 
traditional knowledge can enhance adaptation and sustain-
ability strategies. In many cases, however, adaptation options 
are limited by poverty, lack of resources, or – for some Native 
communities, such as those along the northern coast of Alaska 

constrained by public lands or on certain low-lying Pacific Is-
lands – because there may be no land left to call their own. 
Conversely, for these same reasons, Native communities – es-
pecially in the Arctic – are also increasingly working to identify 
new economic opportunities associated with climate change 
and development activities (for example, oil and gas, mining, 
shipping, and tourism) and to optimize employment opportu-
nities.1,27,28

Climate Change and Traditional Knowledge
Indigenous traditional knowledge has emerged in national and 
international arenas as a source of rich information for indig-
enous and non-indigenous climate assessments, policies, and 
adaptation strategies. Working Group II of the Intergovern-
mental Panel on Climate Change Fourth Assessment Report 
recognized traditional knowledge as an important information 
source for improving the understanding of climate change and 
other changes over time, and for developing comprehensive 
natural resource management and climate adaptation strate-
gies.29 

Traditional knowledge is essential to the economic and 
cultural survival of indigenous peoples, and, arguably, cultures 
throughout the world.30,31 Traditional knowledge has been 
defined as “a cumulative body of knowledge, practice, and 
belief, evolving by adaptive processes and handed down 
through generations by cultural transmission, about the 
relationship of living beings (including humans) with one 
another and with their environment.”1,12,32 From an indigenous 
perspective, traditional knowledge encompasses all that is 
known about the world around us and how to apply that 
knowledge in relation to those beings that share the world.12,33 
As the elders of these communities – the “knowledge keepers” 
– pass away, the continued existence and viability of traditional 
knowledge is threatened. Programs are needed to help 
preserve the diverse traditional teachings and employ them to 
strive for balance among the physical, the spiritual, emotional, 
and intellectual – all things that encompass “wolakota,” 
meaning to be a complete human being.34

Many, if not all, indigenous resource managers believe their 
cultures already possess sufficient knowledge to respond to 
climate variation and change.30,35 However, there are elements 
of traditional knowledge that are increasingly vulnerable with 
changing climatic conditions,4 including cultural identities, 
ceremonies, and traditional ways of life.36 The use of indigenous 
and traditional knowledge to address climate change issues 
in Indian country has been called “indigenuity” – indigenous 
knowledge plus ingenuity.33

Native cultures are directly tied to Native places and homelands, 
reflecting the indigenous perspective that includes the “power 
of place.”6,36,37 Many indigenous peoples regard all people, 
plants, and animals that share our world as relatives rather 

than resources. Language, ceremonies, cultures, practices, and 
food sources evolved in concert with the inhabitants, human 
and non-human, of specific homelands.1,33 The wisdom and 
knowledge of Native people resides in songs, dances, art, 
language, and music that reflect these places. By regarding 
all things as relatives, not resources, natural laws dictate that 
people care for their relatives in responsible ways. “When you 
say, ‘my mother is in pain,’ it’s very different from saying ‘the 
earth is experiencing climate change.’”38,39 As climate change 
increasingly threatens these Native places, cultural identities, 
and practices, documenting the impacts on traditional lifestyles 
would strengthen adaptive strategies.

Traditional knowledge has developed tangible and reliable 
methods for recording historic weather and climate variability 
and their impacts on native societies.40 For example, tribal 
community historians (winter count keepers) on the northern 
Great Plains recorded pictographs on buffalo hides to 
remember the sequence of events that marked each year, 
dating back to the 1600s. These once-reliable methods are 
becoming increasingly more difficult to maintain and less 
reliable as time passes.41

There are recent examples, however, where traditional 
knowledge and western-based approaches are used together 
to address climate change and related impacts. For example, 
the Alaska Native Tribal Health Consortium chronicles climate 
change impacts on the landscape and on human health 
and also develops adaptation strategies.1 This Consortium 
employs western science, traditional ecological knowledge, 
and a vast network of “Local Environmental Observers” to 
develop comprehensive, community-scaled climate change 
health assessments.42 During a recent drought on the Navajo 
Reservation, traditional knowledge and western approaches 
were also applied together, as researchers worked with Navajo 
elders to observe meteorological and hydrological changes and 
other phenomena in an effort to assess and reduce disaster 
risks.43
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Key Message 1: Forests, Fires, and Food

Observed and future impacts from climate change threaten Native Peoples’ access to 
traditional foods such as fish, game, and wild and cultivated crops, which have provided 

sustenance as well as cultural, economic, medicinal, and community health for generations. 

Climate change impacts on forests and ecosystems are ex-
pected to have direct effects on culturally important plant and 
animal species, which will affect tribal sovereignty, culture, 
and economies.2,4 Warmer temperatures and more frequent 
drought are expected to cause dieback and tree loss of several 
tree and plant species (such as birch, brown ash, and sweet 
grass) important for Native artistic, cultural, and economic 
purposes, including tourism.22 Tribal access to valued resources 
is threatened by climate change impacts causing habitat degra-
dation, forest conversion, and extreme changes in ecosystem 
processes.44

Observed impacts from both the causes and consequences of 
climate change, and added stressors such as extractive indus-
try practices on or near Native lands, include species loss and 
shifts in species range.1,45,46,47 There have also been observed 
changes in the distribution and population density of wildlife 
species, contraction or expansion of some plant species’ range, 
and the northward migration of some temperate forest spe-
cies.4,48 For example, moose populations in Maine and similar 
locations are expected to decline because of loss of preferred 
habitat and increased winter temperatures, which are enabling 
ticks to survive through the winter and causing damage from 
significant infestation of the moose.22

Loss of biodiversity, changes in ranges and abundance of cul-
turally important native plants and animals, increases in inva-
sive species, bark beetle damage to forests, and increased risk 
of forest fires have been observed in the Southwest, across 
much of the West, and in Alaska (see also Appendix 3: Climate 
Science Supplement, Figure 31; Ch. 7: Forests; Ch. 8: Ecosys-
tems).4,30,48,49 Changes in ocean temperature and acidity affect 
distribution and abundance of important food sources, like fish 
and shellfish (Ch. 2: Our Changing Climate; Ch. 24: Oceans). 

Rising temperatures and hotter, drier summers are projected 
to increase the frequency and intensity of large wildfires (see 
Ch. 7: Forests).44 Warmer, drier, and longer fire seasons and 
increased forest fuel load will lead to insect outbreaks and the 
spread of invasive species, dry grasses, and other fuel sources 
(see Ch. 7: Forests). Wildfire threatens Native and tribal homes, 
safety, economies, culturally important species, medicinal 
plants, traditional foods, and cultural sites. “Fire affects the 
plants, which affect the water, which affects the fish, which af-
fect terrestrial plants and animals, all of which the Karuk rely on 
for cultural perpetuity.”50

In interior Alaska, rural Native communities are experiencing 
new risks associated with climate change related wildfires in 
boreal forests and Arctic tundra (see also Ch. 22: Alaska).1,51 
Reliance on local, wild foods and the isolated nature of these 
communities, coupled with their varied preparedness and lim-
ited ability to deal with wildfires, leaves many communities at 
an increased risk of devastation brought on by fires. While ef-
forts are being made to better coordinate rural responses to 
wildfires in Alaska, current responses are limited by organiza-
tion and geographic isolation.48

Indigenous peoples have historically depended on the gather-
ing and preparation of a wide variety of local plant and animal 
species for food (frequently referred to as traditional foods), 
medicines, ceremonies, community cohesion, and economic 
health for countless generations.2,52 These include corn, beans, 
squash, seals, fish, shellfish, bison, bear, caribou, walrus, 
moose, deer, wild rice, cottonwood trees, and a multitude of 
native flora and fauna.2,45,47,49,52,53,54,55,56,57 A changing climate 
affects the availability, tribal access to, and health of these 
resources.1,2,4,47,57,58,59,60 This in turn threatens tribal customs, 
cultures, and identity. 

Medicinal and food plants are becoming increasingly difficult 
to find or are no longer found in historical ranges.2,56 For ex-
ample, climate change and other environmental stressors are 
affecting the range, quality, and quantity of berry resources 

Harvesting traditional foods is important to Native Peoples’ culture, 
health, and economic well being. In the Great Lakes region, wild 
rice is unable to grow in its traditional range due to warming winters 
and changing water levels.
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for the Wabanaki tribes in the Northeast.2,61 The Karuk people 
in California have experienced a near elimination of both sal-
monids and acorns, which comprise 50% of a traditional Karuk 
diet.62 In the Great Lakes region, wild rice is unable to grow in 
its traditional range due to warming winters and changing wa-
ter levels, affecting the Anishinaabe peoples’ culture, health, 
and well-being.54 

Subsequent shifts from traditional lifestyles and diet, com-
pounded by persistent poverty, food insecurity, the cost of 
non-traditional foods, and poor housing conditions have led to 
increasing health problems in communities, also increasing the 
risk to food and resource security.1,2,16 Climate change is likely 
to amplify other indirect effects to traditional foods and re-
sources, including limited access to gathering places and hunt-
ing grounds and environmental pollution.4,57,59

Key Message 2: Water Quality and Quantity

A significant decrease in water quality and quantity due to a variety of factors, including 
climate change, is affecting drinking water, food, and cultures. Native communities’ 

vulnerabilities and limited capacity to adapt to water-related challenges are exacerbated by 
historical and contemporary government policies and poor socioeconomic conditions.

Native communities and tribes in different parts of the U.S. 
have observed changes in precipitation affecting their water 
resources. On the Colorado Plateau, tribes have been experi-
encing drought for more than a decade.63,64 Navajo elders have 
observed long-term decreases in annual snowfall over the past 
century, a transition from wet to dry conditions in the 1940s, 
and a decline in surface water features.20 Changes in long-term 
average temperature and precipitation have produced changes 
in the physical and hydrologic environment, making the Navajo 
Nation more susceptible to drought impacts, and some springs 
and shallow water wells on the Navajo Nation have gone dry.43 
Southwest tribes have observed damage to their agriculture 
and livestock, the loss of springs and medicinal and culturally 

important plants and animals, and impacts on drinking water 
supplies.63,64,65,66 In the Northwest, tribal treaty rights to tradi-
tional territories and resources are being affected by the re-
duction of rainfall and snowmelt in the mountains, melting gla-
ciers, rising temperatures, and shifts in ocean currents.52,58,67 
In Hawai‘i, Native peoples have observed a shortening of the 
rainy season, increasing intensity of storms and flooding, and 
a rainfall pattern that has become unpredictable.38 In Alaska, 
water availability, quality, and quantity are threatened by the 
consequences of permafrost thaw, which has damaged com-
munity water infrastructure, as well as by the northward exten-
sion of diseases such as those caused by the Giardia parasite, 
a result of disease-carriers like beavers moving northward in 

response to rising temperatures.68 The impact 
of historical federal policies, such as the late 
1800s allotment policy and practices regarding 
Native access to treaty-protected resources,69 
reverberate in current practices, such as states 
and the government permitting oil drilling and 
hydraulic fracturing on lands in and around 
reservations but outside of tribal jurisdiction 
(for example, a 2013 pipeline spill upstream of 
tribal reservations in Western North Dakota, 
and others). Such policies and practices exac-
erbate the threat to water quality and quantity 
for Native communities. 

Native American tribes have unique and signifi-
cant adaptation needs related to climate im-
pacts on water.66 There is little available data to 
establish baseline climatic conditions on tribal 

Human-caused stresses such as dam building have greatly reduced 
salmon on the Klamath River. 

Coal plant and fishermen, Navajo Reservation
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lands, and many tribes do not have sufficient ca-
pacity to monitor changing conditions.63 Without 
scientific monitoring, tribal decision-makers lack 
the data needed to quantify and evaluate current 
conditions and emerging trends in precipitation, 
streamflow, and soil moisture, and to plan and 
manage resources accordingly.10,64,66 However, 
some existing efforts to document climate im-
pacts on water resources could be replicated in 
other regions to assess hydrologic vulnerabili-
ties.58

Water infrastructure is in disrepair or lacking on 
some reservations.43,70 Approximately 30% of 
people on the Navajo Nation are not served by 
municipal systems and must haul water to meet 
their daily needs.19,43 Longer-term impacts of this 
lack of control over water access are projected to 
include loss of traditional agricultural crops.19,43 
Furthermore, there is an overall lack of financial 
resources to support basic water infrastructure 
on tribal lands.63 Uncertainty associated with 
undefined tribal water rights make it difficult to 
determine strategies to deal with water resource 
issues.70 Potential impacts to treaty rights and 
water resources exist, such as a reduction of 
groundwater and drinking water availability and 
water quality decline, including impacts from oil 
and natural gas extraction and sea level rise-in-
duced saltwater intrusion into coastal freshwater 
aquifers (see also Ch. 3: Water).7 New datasets 
on climate impacts on water in many locations 
throughout Indian Country, such as the need to 
quantify available water and aquifer monitoring, 
will be important for improved adaptive plan-
ning.

Key Message 3: Declining Sea Ice

Declining sea ice in Alaska is causing significant impacts to Native communities, including 
increasingly risky travel and hunting conditions, damage and loss to settlements,  

food insecurity, and socioeconomic and health impacts from loss of cultures,  
traditional knowledge, and homelands.

 “…since the late 1970s, communities along the coast of the 
northern Bering and Chukchi Seas have noticed substantial 
changes in the ocean and the animals that live there. While 
we are used to changes from year-to-year in weather, hunting 
conditions, ice patterns, and animal populations, the past two 
decades have seen clear trends in many environmental factors. 
If these trends continue, we can expect major, perhaps irrevers-
ible, impacts to our communities….” 

– C. Pungowiyi, personal communication71

Scientists across the Arctic have documented rising regional 
temperatures over the past few decades at twice the global 
rate, and indigenous Arctic communities have observed these 
changes in their daily lives.1 This temperature increase – which 
is expected to continue with future climate change – is ac-
companied by significant reductions in sea ice thickness and 
extent, increased permafrost thaw, more extreme weather 
and severe storms, and changes in seasonal ice melt/freeze 
of lakes and rivers, water temperature, sea level rise, flooding 
patterns, erosion, and snowfall timing and type (see also Ch. 2: 

Figure 12.3. On the Arizona portion of the Navajo Nation, recurring 
drought and rising temperatures have accelerated growth and movement 
of sand dunes. Map above shows range and movement of Great Falls 
Dune Field from 1953 to 2010. Moving and/or growing dunes can threaten 
roads, homes, traditional grazing areas, and other tribal assets. (Figure 
source: Redsteer et al. 201155).

Sand Dune Expansion
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Our Changing Climate).71,72,73,74,75 
These climate-driven changes in 
turn increase the number of se-
rious problems for Alaska Native 
populations, which include injury 
from extreme or unpredictable 
weather and thinning sea ice, 
which can trap people far from 
home; changing snow and ice 
conditions that limit safe hunting, 
fishing, or herding practices; mal-
nutrition and food insecurity from 
lack of access to subsistence food; 
contamination of food and wa-
ter; increasing economic, mental, 
and social problems from loss of 
culture and traditional livelihood; 
increases in infectious diseases; 
and the loss of buildings and in-
frastructure from permafrost ero-
sion and thawing, resulting in the 
relocation of entire communities 
(Ch. 22: Alaska).1,68,71,75,76

Alaska Native Inupiat and Yup’ik 
experts and scientists have ob-
served stronger winds than in pre-
vious decades,71,75,78 observations 

Figure 12.4. In August and September 2012, sea ice covered less of the Arctic Ocean than any time since the beginning of 
reliable satellite measurements (1979). The long-term retreat of sea ice has occurred faster than climate models had predicted. 
The average minimum extent of sea ice for 1979-2000 was 2.59 million square miles. The image on the left shows Arctic minimum 
sea ice extent in 1984, which was about the average minimum extent for 1979-2000. The image on the right shows that the 
extent of sea ice had dropped to 1.32 million square miles at the end of summer 2012. Alaska Native coastal communities rely 
on sea ice for many reasons, including its role as a buffer against coastal erosion from storms. (Figure source: NASA Earth 
Observatory 201277).

Sea Ice Cover Reaches Record Low

Figure 12.5. Dramatic reductions in Arctic sea ice and changes in its timing and composition 
affect the entire food web, including many Inupiaq communities that continue to rely heavily 
on subsistence hunting and fishing. (Figure source: NOAA NCDC).

Arctic Marine Food Web
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that are consistent with scientific findings showing changing 
Arctic wind patterns, which in turn influence loss of sea ice and 
shifts in North American and European weather.79 They also 
observe accelerated melting of ice and snow, and movement 
of ice and marine mammals far beyond accessible range for 
Native hunters.1 Thinning sea ice, earlier ice break-up, increas-
ing temperatures, and changes in precipitation (for example, 

in the timing and amount of snow) also cause changes in criti-
cal feeding, resting, breeding, and denning habitats for arctic 
mammals important as subsistence foods, like polar bears, 
walrus, and seals.1,73,75,80

Key Message 4: Permafrost Thaw

Alaska Native communities are increasingly exposed to health and livelihood hazards from 
increasing temperatures and thawing permafrost, which are damaging critical infrastructure, 

adding to other stressors on traditional lifestyles.

The increased thawing of permafrost 
(permanently frozen soil) along the 
coasts and rivers is an especially po-
tent threat to Alaska Native villages 
because it causes serious erosion, 
flooding, and destruction of homes, 
buildings, and roads from differential 
settlement, slumping, and/or col-
lapse of underlying base sediments 
(see Ch. 2: Our Changing Climate; 
Ch.22: Alaska, Key Message 3).81 This 
loss of infrastructure is further exac-
erbated by loss of land-fast sea ice, 
sea level rise, and severe storms.1,82,83 
At this time, more than 30 Native vil-
lages in Alaska (such as Newtok and 
Shishmaref) are either in need of, or 
in the process of, relocating their en-
tire village.1,84 

Serious public health issues arise due 
to damaged infrastructure caused 
by these multiple erosion threats. 
Among them are loss of clean water 
for drinking and hygiene, saltwater 
intrusion, and sewage contamination 
that could cause respiratory and gas-
trointestinal infections, pneumonia, 
and skin infections.1,76,82,85 In addi-
tion, permafrost thaw is causing food 
insecurity in Alaska Native communi-
ties due to the thawing of ice cellars 
or ice houses used for subsistence 
food storage. This in turn leads to 
food contamination and sickness as 
well as dependence upon expensive, 
less healthy, non-traditional “store-
bought” foods.1,85,86

Figure 12.6. The maps show projected ground temperature at a depth of 3.3 feet assuming 
continued increases in emissions (A2 scenario) and assuming a substantial reduction 
in emissions (B1 scenario). Blue shades represent areas below freezing at a depth of 
3.3 feet and yellow and red shades represent areas above freezing at that depth (see 
Ch. 22: Alaska for more details). Many Alaska Natives depend on permafrost for ice 
cellars to store frozen food, and replacing these cellars with electricity-driven freezers 
is expensive or otherwise infeasible. Permafrost thawing also affects infrastructure like 
roads and utility lines. (Figure source: Permafrost Lab, Geophysical Institute, University 
of Alaska Fairbanks).

Thawing Permafrost in Alaska
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Key Message 5: Relocation

Climate change related impacts are forcing relocation of tribal and indigenous communities, 
especially in coastal locations. These relocations, and the lack of governance mechanisms 
or funding to support them, are causing loss of community and culture, health impacts, and 

economic decline, further exacerbating tribal impoverishment. 

Native peoples are no strangers to relocation and its conse-
quences on their communities. Many eastern and southeast-
ern tribal communities were forced to relocate to Canada or 
the western Great Lakes in the late 1700s and early 1800s and, 
later, to Oklahoma, compelling them to adjust and adapt to 
new and unfamiliar landscapes, subsistence resources, and cli-
matic conditions. Forced relocations have continued into more 
recent times as well.87 Now, many Native peoples in Alaska and 
other parts of the coastal United States, such as the Southeast 
and Pacific Northwest, are facing relocation as a consequence 
of climate change and additional stressors, such as food inse-
curity and unsustainable development and extractive prac-
tices on or near Native lands; such forms of displacement are 
leading to severe livelihood, health, and socio-cultural impacts 
on the communities.1,3,23,38,45,88,89,90,91 

For example, Newtok, a traditional Yup’ik village in Alaska, is 
experiencing accelerated rates of erosion caused by the com-
bination of decreased Arctic sea ice, thawing permafrost, and 
extreme weather events (Ch. 22: Alaska).1,3 As a result, the 
community has lost critical basic necessities and infrastruc-
ture. While progress has been made toward relocation, limi-
tations of existing federal and state statutes and regulations 
have impeded their efforts, and the absence of legal authority 
and a governance structure to facilitate relocation are signifi-
cant barriers to the relocation of Newtok and other Alaska Na-
tive villages.3,88,92 Tribal communities in coastal Louisiana are 
experiencing climate change induced rising sea levels, along 
with saltwater intrusion, subsidence, and intense erosion and 
land loss due to oil and gas extraction, levees, dams, and other 
river management techniques, forcing them to either relocate 
or try to find ways to save their land.3,45 Tribal communities 
in Florida are facing potential displacement due to the risk of 
rising sea levels and saltwater intrusion inundating their res-
ervation lands.93 The Quileute tribe in northern Washington is 
responding to increased winter storms and flooding connected 
with increased precipitation by relocating some of their vil-
lage homes and buildings to higher ground within 772 acres of 
Olympic National Park that has been transferred to them; the 
Hoh tribe is also looking at similar options for relocation.90,94,95 
Native Pacific Island communities, including those in Hawai‘i 
and the U.S. affiliated Pacific Islands, are also being forced to 
consider relocation plans due to increasing sea level rise and 
storm surges.38,96 While many Native communities are not nec-
essarily being forced to relocate, they are experiencing other 
social and cultural forms of displacement. For example, rising 
sea levels are expected to damage Native coastal middens 
(sites reflecting past human activity such as food preparation) 

as well as Wabanaki coastal petroglyphs, leading to loss of cul-
ture and connection to their past for Northeast tribes.22

Currently, the U.S. lacks an institutional framework to relo-
cate entire communities. National, state, local, and tribal gov-
ernment agencies lack the legal authority and the technical, 
organizational, and financial capacity to implement reloca-
tion processes for communities forcibly displaced by climate 
change.3,12 New governance institutions, frameworks, and 
funding mechanisms are needed to specifically respond to the 
increasing necessity for climate change induced relocation.3,88 
To be effective and culturally appropriate, it is important that 
such institutional frameworks recognize the sovereignty of 
tribal governments and that any institutional development 
stems from significant engagement with tribal representa-
tives.12

 “In Indigenous cultures, it is understood that ecosystems are 
chaotic, complex, organic, in a constant state of flux, and filled 
with diversity. No one part of an ecosystem is considered more 
important than another part and all parts have synergistic roles 
to play. Indigenous communities say that ‘all things are con-
nected’ – the land to the air and water, the earth to the sky, the 
plants to the animals, the people to the spirit.”

– Patricia Cochran, Inupiat Leader97

Rising temperatures are causing damage in Native villages in Alaska 
as sea ice declines and permafrost thaws. Resident of Selawik, 
Alaska, and his granddaughter survey a water line sinking into the 
thawing permafrost, August 2011.
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Process for Developing Key Messages: 
A central component of the assessment process was participation 
by members of the Chapter Author Team in a number of climate 
change meetings attended by indigenous peoples and other inter-
ested parties, focusing on issues relevant to tribal and indigenous 
peoples. These meetings included:

Oklahoma Inter-Tribal Meeting on Climate Variability and Change 
held on December 12, 2011, at the National Weather Center, Nor-
man, OK, attended by 73 people.

56

Indigenous Knowledge and Education (IKE) Hui Climate Change 
and Indigenous Cultures forum held in January 2012 in Hawai‘i 
and attended by 36 people.

38

Alaska Forum on the Environment held from February 6-10, 2012, 
at the Dena’ina Convention Center in Anchorage, Alaska, and at-
tended by about 1400 people with approximately 30 to 60 people 
per session.

27

Stories of Change: Coastal Louisiana Tribal Communities’ Experi-
ences of a Transforming Environment, a workshop held from Janu-
ary 22-27, 2012, in Pointe-au-Chien, Louisiana, and attended by 
47 people.

45
 

American Indian Alaska Native Climate Change Working Group 
2012 Spring Meeting held from April 23–24, 2012, at the Desert 
Diamond Hotel-Casino in Tucson, Arizona, and attended by 80 
people.

98

First Stewards Symposium. First Stewards: Coastal Peoples Ad-
dress Climate Change. National Museum of the American Indian, 
Washington DC. July 17-20, 2012.

30

In developing key messages, the Chapter Author Team engaged 
in multiple technical discussions via teleconferences from August 
2011 to March 2012 as they reviewed more than 200 technical 
inputs provided by the public, as well as other published litera-
ture and professional judgment. Subsequently, the Chapter Author 
Team teleconferenced weekly between March and July 2012 for 
expert deliberations of draft key messages by the authors. Each 
key message was defended by the entire author team before being 

selected for inclusion in the chapter report. These discussions 
were supported by targeted consultation with additional experts 
by the lead author of each message.

Key message #1 Traceable accounT

Observed and future impacts from climate 
change threaten Native Peoples’ access to tradi-
tional foods such as fish, game, and wild and cul-
tivated crops, which have provided sustenance as 
well as cultural, economic, medicinal, and commu-
nity health for generations. 

Description of evidence base
The key message and supporting chapter text summarize exten-
sive evidence documented in more than 200 technical input re-
ports on a wide range of topics that were received and reviewed 
as part of the Federal Register Notice solicitation for public input.

Numerous peer-reviewed publications describe loss of biodiver-
sity, impacts on culturally important native plants and animals, 
increases in invasive species, bark beetle damage to forests, and 
increased risk of forest fires that have been observed across the 
United States.

4,7,22,49,52,58

Climate drivers associated with this key message are also dis-
cussed in Ch. 2: Our Changing Climate.

There are also many relevant and recent peer-reviewed publica-
tions

1,2,4,48,52,58,66
 describing the northward migration of the boreal 

forest and changes in the distribution and density of wildlife spe-
cies that have been observed.

Observed impacts on plant and animal species important to 
traditional foods, ceremonies, medicinal, cultural and economic 
well-being, including species loss and shifts in species range, are 
well-documented.

1,2,4,6,7,22,45,46,47,52

New information and remaining uncertainties
A key uncertainty is how indigenous people will adapt to climate 
change, given their reliance on local, wild foods and the isolated 
nature of some communities, coupled with their varied prepared-
ness and limited ability to deal with wildfires. Increased wildfire 

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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occurrences may affect tribal homes, safety, economy, culturally 
important species, medicinal plants, traditional foods, and cul-
tural sites.

There is uncertainty as to the extent that climate change will af-
fect Native American and Alaska Natives’ access to traditional 
foods such as salmon, shellfish, crops, and marine mammals, 
which have provided sustenance as well as cultural, economic, 
medicinal, and community health for countless generations.

Assessment of confidence based on evidence 
Based on the evidence and remaining uncertainties, confidence is 
very high that observed and future impacts from climate change, 
such as increased frequency and intensity of wildfires, higher tem-
peratures, changes in sea ice, and ecosystem changes, such as 
forest loss and habitat damage, are threatening Native American 
and Alaska Natives’ access to traditional foods such as salmon, 
shellfish, crops, and marine mammals, which have provided sus-
tenance as well as cultural, economic, medicinal, and community 
health for countless generations. 

Key message #2 Traceable accounT

A significant decrease in water quality and quan-
tity due to a variety of factors, including climate 
change, is affecting drinking water, food, and cul-
tures. Native communities’ vulnerabilities and lim-
ited capacity to adapt to water-related challenges 
are exacerbated by historical and contemporary 
government policies and poor socioeconomic con-
ditions.

Description of evidence base
The key message and supporting chapter text summarizes ex-
tensive evidence documented in more than 200 technical input 
reports on a wide range of topics that were received and reviewed 
as part of the Federal Register Notice solicitation for public input.

There are numerous examples of tribal observations of changes 
in precipitation, rainfall patterns, and storm intensity and im-
pacts on surface water features, agriculture, grazing, medicinal 
and culturally important plants and animals, and water resourc-
es.

2,4,6,7,43,52,55,58,63,64,65,66

Examples of ceremonies are included in the Oklahoma Inter-Tribal 
Meeting on Climate Variability and Change Meeting Summary Re-
port.

56
 Water is used for some ceremonies, so it can be problem-

atic when there is not enough at the tribe’s disposal.
52,56,66

 More 
than one tribe at the meeting also expressed how heat has been a 
problem during ceremonies because the older citizens cannot go 
into lodges that lack air conditioning.

56

New information and remaining uncertainties
There is limited data to establish baseline climatic conditions on 
tribal lands, and many tribes do not have sufficient capacity to 
monitor changing conditions.

10,52,63,66
 Without monitoring, tribal 

decision-makers lack the data needed to quantify and evaluate the 
current conditions and emerging trends in precipitation, stream-
flow, and soil moisture, and to plan and manage resources accord-
ingly.

10,52,64,66

Water infrastructure is in disrepair or lacking on some reserva-
tions.

43,70
 There is an overall lack of financial resources to support 

basic water infrastructure on tribal lands, such as is found in the 
Southwest.

63

Tribes that rely on water resources to maintain their cultures, re-
ligions, and life ways are especially vulnerable to climate change. 
Monitoring data is needed to establish baseline climatic conditions 
and to monitor changing conditions on tribal lands. Uncertainty 
associated with undefined tribal water rights makes it difficult to 
determine strategies to deal with water resource issues.

70

Assessment of confidence based on evidence 
Based on the evidence and remaining uncertainties, confidence is 
very high that decreases in water quality and quantity are affect-

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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ing Native Americans and Alaska Natives’ drinking water supplies, 
food, cultures, ceremonies, and traditional ways of life. Based 
upon extensive evidence, there is very high confidence that Na-
tive communities’ vulnerabilities and lack of capacity to adapt to 
climate change are exacerbated by historical and contemporary 
federal and state land-use policies and practices, political mar-
ginalization, legal issues associated with tribal water rights, water 
infrastructure deficiencies, and poor socioeconomic conditions.

Key message #3 Traceable accounT

Declining sea ice in Alaska is causing significant 
impacts to Native communities, including increas-
ingly risky travel and hunting conditions, damage 
and loss to settlements, food insecurity, and socio-
economic and health impacts from loss of cultures, 
traditional knowledge, and homelands.

Description of evidence base
The key message and supporting chapter text summarizes ex-
tensive evidence documented in more than 200 technical input 
reports on a wide range of topics that were received and reviewed 
as part of the Federal Register Notice solicitation for public input.

Evidence that summer sea ice is rapidly declining is based on 
satellite data and other observational data and is incontrovertible. 
The seasonal pattern of observed loss of Arctic sea ice is generally 
consistent with simulations by global climate models, in which the 
extent of sea ice decreases more rapidly in summer than in winter  
(Ch. 2: Our Changing Climate). Projections by these models indi-
cate that the Arctic Ocean is projected to become virtually ice-free 
in summer before mid-century, and models that best match his-
torical trends project a nearly sea ice-free Arctic in summer by the 
2030s.

74
 Extrapolation of the present observed trends suggests 

an even earlier ice-free Arctic in summer. (Ch. 2: Our Changing 
Climate and Ch. 22: Alaska).

Sea ice loss is altering marine ecosystems; allowing for greater 
ship access and new development; increasing Native community 
vulnerabilities due to changes in sea ice thickness and extent; 
destroying housing, village sanitation and other infrastructure 
(including entire villages); and increasing food insecurity due to 
lack of access to subsistence food and loss of cultural traditions. 
Evidence for all these impacts of sea ice loss is well-document-
ed in field studies, indigenous knowledge, and scientific litera-
ture.

1,2,3,71,73,75,78

New information and remaining uncertainties
A key uncertainty is how indigenous peoples will be able to main-
tain historical subsistence ways of life, which include hunting, 
fishing, harvesting, and sharing, and sustain the traditional re-
lationship with the environment given the impacts from sea ice 
decline and changes. Increased sea ice changes and declines are 
already causing increasingly hazardous hunting and traveling con-
ditions along ice edges; damage to homes and infrastructure from 

erosion; changes in habitat for subsistence foods and species, 
with overall impacts on food insecurity and for species neces-
sary for medicines, ceremonies, and other traditions.

1
 The effects 

of sea ice loss are exacerbated by other climate change driven 
impacts such as changes in snow and ice, weather, in-migration 
of people, poverty, lack of resources to respond to changes, and 
contamination of subsistence foods.

1,2

Additional observations and monitoring are needed to more ad-
equately document ice and weather changes. 

Assessment of confidence based on evidence 
Based on the evidence and remaining uncertainties, there is very 
high confidence that loss of sea ice is affecting the traditional 
life ways of Native communities in a number of important ways, 
such as more hazardous travel and hunting conditions along the 
ice edge; erosion damage to homes, infrastructure, and sanitation 
facilities (including loss of entire villages); changes in ecosystem 
habitats and, therefore, impacts on food security; and socioeco-
nomic and health impacts from cultural and homeland losses. 

Key message #4 Traceable accounT

Alaska Native communities are increasingly ex-
posed to health and livelihood hazards from in-
creasing temperatures and thawing permafrost, 
which are damaging critical infrastructure, adding 
to other stressors on traditional lifestyles.

Description of evidence base
The key message and supporting chapter text summarizes ex-
tensive evidence documented in more than 200 technical input 
reports on a wide range of topics that were received and reviewed 
as part of the Federal Register Notice solicitation for public input.

Given the evidence base and uncertainties, confidence is high that 
rising temperatures are thawing permafrost and that this thawing 
is expected to continue (Ch. 2: Our Changing Climate) Permafrost 
temperatures are increasing over Alaska and much of the Arctic.  
Regions of discontinuous permafrost (where annual average soil 
temperatures of already close to 32°F) are highly vulnerable to 
thaw (Ch. 2: Our Changing Climate).

81

There are also many relevant and recent peer-reviewed publica-
tions

1,3,82,83
 describing the impact of permafrost thaw on Alaska 

Native villages. Over 30 Native villages in Alaska are in need of 
relocation or are in the process of being moved. Recent work

1,84,85
 

documents public health issues such as contamination of clean 
water for drinking and hygiene and food insecurity through thaw-
ing of ice cellars for subsistence food storage. 

New information and remaining uncertainties
Improved models and observational data (see Ch. 22: Alaska) 
confirmed many of the findings from the prior 2009 Alaska as-
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sessment chapter, which informed the 2009 National Climate 
Assessment.

99

A key uncertainty is how indigenous peoples in Alaska will be able 
to sustain traditional subsistence life ways when their communi-
ties and settlements on the historical lands of their ancestors are 
collapsing due to permafrost thawing, flooding, and erosion com-
bined with loss of shore-fast ice, sea level rise, and severe storms, 
especially along the coasts and rivers.

1

Another uncertainty is how indigenous communities can protect 
the health and welfare of the villagers from permafrost-thaw-
caused public health issues of drinking water contamination, loss 
of traditional food storage, and potential food contamination.

1

It is uncertain how Native communities will be able to effectively 
relocate and maintain their culture, particularly because there are 
no institutional frameworks, legal authorities, or funding to imple-
ment relocation for communities forced to relocate.

1,3,12 

Assessment of confidence based on evidence 
Based on the evidence and remaining uncertainties, confidence is 
very high that Alaska Native communities are increasingly exposed 
to health and livelihood hazards from permafrost thawing and in-
creasing temperatures, which are causing damage to roads, water 
supply and sanitation systems, homes, schools, ice cellars, and 
ice roads, and threatening traditional lifestyles. 

Key message #5 Traceable accounT

Climate change related impacts are forcing relo-
cation of tribal and indigenous communities, espe-
cially in coastal locations. These relocations, and 
the lack of governance mechanisms or funding to 
support them, are causing loss of community and 
culture, health impacts, and economic decline, fur-
ther exacerbating tribal impoverishment. 

Description of evidence base
The key message and supporting chapter text summarizes ex-
tensive evidence documented in more than 200 technical input 
reports on a wide range of topics that were received and reviewed 
as part of the Federal Register Notice solicitation for public input.

There is well-documented evidence that tribal communities 
are vulnerable to coastal erosion that could force them to relo-
cate.

1,3,23,38,88,89
 For example, tribal communities in Alaska, such 

as Newtok, Kivalina, and Shishmaref, are experiencing acceler-
ated rates of erosion caused by the combination of decreased 
Arctic sea ice, thawing permafrost, and extreme weather events, 
resulting in loss of basic necessities and infrastructure (see also 
Ch. 22: Alaska).

1,3,88,91

Tribal communities in coastal Louisiana are experiencing climate-
induced rising sea levels, along with saltwater intrusion and in-

tense erosion and land loss due to oil and gas extraction and river 
management, forcing them to either relocate or try to find ways to 
save their land (see also Ch. 25: Coasts and Ch. 17 Southeast).

3,45
 

Tribal communities in Florida are facing potential displacement 
due to the risk of rising sea levels and saltwater intrusion inundat-
ing their reservation lands.

93
 The Quileute tribe in northern Wash-

ington is relocating some of their village homes and buildings to 
Olympic National Park in response to increased winter storms and 
flooding connected with increased precipitation; the Hoh tribe is 
also considering similar options.

90,94

Native Pacific Island communities are being forced to consider 
relocation plans due to increasing sea level rise and storm surges 
(see also Ch. 23: Hawai‘i and Pacific Islands).

38

New information and remaining uncertainties
A key uncertainty is the extent to which the combination of other 
impacts (for example, erosion caused by dredging for oil pipelines 
or second-order effects from adaptation-related development proj-
ects) will coincide with sea level rise and other climate-related 
issues to increase the rate at which communities will need to re-
locate.

1,3,38

Another key uncertainty is how communities will be able to ef-
fectively relocate, maintain their communities and culture, and 
reduce the impoverishment risks that often go along with reloca-
tion.

1,3,38
 The United States lacks an institutional framework to 

relocate entire communities, and national, state, local, and tribal 
government agencies lack the legal authority and the technical, 
organizational, and financial capacity to implement relocation pro-
cesses for communities forcibly displaced by climate change.

3,12

Assessment of confidence based on evidence 
Based on the evidence, there is very high confidence that tribal 
communities in Alaska, coastal Louisiana, Pacific Islands, and 
other coastal locations are being forced to relocate due to sea level 
rise, coastal erosion, melting permafrost, and/or extreme weather 
events.  There is very high confidence that these relocations and 
the lack of governance mechanisms or funding to support them 
are causing loss of community and culture, health impacts, and 
economic decline, further exacerbating tribal impoverishment.
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Key Messages
1.  Choices about land-use and land-cover patterns have affected and will continue to affect how    
     vulnerable or resilient human communities and ecosystems are to the effects of climate change.

2.  Land-use and land-cover changes affect local, regional, and global climate processes.

3.  Individuals, businesses, non-profits, and governments have the capacity to make land-use      
     decisions to adapt to the effects of climate change.

4.  Choices about land use and land management may provide a means of reducing atmospheric   
     greenhouse gas levels.

LAND USE
AND LAND COVER CHANGE13

In addition to emissions of heat-trapping greenhouse gases 
from energy, industrial, agricultural, and other activities, hu-
mans also affect climate through changes in land use (activi-
ties taking place on land, like growing food, cutting trees, or 
building cities) and land cover (the physical characteristics of 
the land surface, including grain crops, trees, or concrete).1 For 
example, cities are warmer than the surrounding countryside 
because the greater extent of paved areas in cities affects how 
water and energy are exchanged between the land and the at-
mosphere. This increases the exposure of urban populations to 
the effects of extreme heat events. Decisions about land use 
and land cover can therefore affect, positively or negatively, 
how much our climate will change and what kind of vulnerabili-
ties humans and natural systems will face as a result.

The impacts of changes in land use and land cover cut across all 
regions and sectors of the National Climate Assessment. Chap-
ters addressing each region discuss land-use and land-cover 
topics of particular concern to specific regions. Similarly, chap-
ters addressing sectors examine specific land-use matters. In 
particular, land cover and land use are a major focus for sectors 
such as agriculture, forests, rural and urban communities, and 

Native American lands. By contrast, the key messages of this 
chapter are national in scope and synthesize the findings of 
other chapters regarding land cover and land use.

Land uses and land covers change over time in response to 
evolving economic, social, and biophysical conditions.2 Many 
of these changes are set in motion by individual landowners 
and land managers and can be quantified from satellite mea-
surements, aerial photographs, on-the-ground observations, 
and reports from landowners and users.3,4 Over the past few 
decades, the most prominent land changes within the U.S. 
have been changes in the amount and kind of forest cover 
due to logging practices and development in the Southeast 
and Northwest and to urban expansion in the Northeast and 
Southwest.

Because humans control land use and, to a large extent, land 
cover, individuals, businesses, non-profit organizations, and 
governments can make land decisions to adapt to and/or re-
duce the effects of climate change. Often the same land-use 
decision can serve both aims. Adaptation options (those aimed 
at coping with the effects of climate change) include varying 
the local mix of vegetation and concrete to reduce heat in cit-
ies or elevating homes to reduce exposure to sea level rise or 
flooding. Land-use and land-cover-related options for mitigat-
ing climate change (reducing the speed and amount of climate 
change) include expanding forests to accelerate removal of 
carbon from the atmosphere, modifying the way cities are built 
and organized to reduce energy and motorized transportation 
demands, and altering agricultural management practices to 
increase carbon storage in soil.

Despite this range of climate change response options, there 
are three main reasons why private and public landowners 
may choose not to modify land uses and land covers for cli-
mate adaptation or mitigation purposes. First, land decisions 

Land-use and land-cover changes affect climate processes: Above, 
development along Colorado’s Front Range.
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Figure 13.1. Map shows regional differences in land cover. These patterns affect climate and will be affected 
by climate change. They also influence the vulnerability and resilience of communities to the effects of 
climate change (Figure source: USGS Earth Resources Observation and Science (EROS) Center). (See 
Table 13.2 for definitions of mechanically and non-mechanically disturbed.)

U.S. Land-Cover Composition in 2000

are influenced not only by climate but also by economic, cul-
tural, legal, or other considerations. In many cases, climate-
based land-change efforts to adapt to or reduce climate 
change meet with resistance because current practices are too 
costly to modify and/or too deeply entrenched in local societ-
ies and cultures. Second, certain land uses and land covers are 
simply difficult to modify, regardless of desire or intent. For in-
stance, the number of homes constructed in floodplains or the 
amount of irrigated agriculture can be so deeply rooted that 

they are difficult to change, no matter how much those prac-
tices might impede our ability to respond to climate change. 
Finally, the benefits of land-use decisions made by individual 
landowners with specific adaptation or mitigation goals do not 
always accrue to those landowners or even to their communi-
ties. Therefore, without some institutional intervention (such 
as incentives or penalties), the motivations for such decisions 
can be weak.

Recent Trends
In terms of land area, the U.S. remains a predominantly rural 
country, especially as its population increasingly gravitates 
towards urban areas. In 1910, only 46% of the U.S. popula-
tion lived in urban areas, but by 2010 that figure had climbed 
to more than 81%.5 In 2006 (the most recent year for which 
these data are available), more than 80% of the land cover in 
the lower 48 states was dominated by shrub/scrub vegetation, 
grasslands, forests, and agriculture.6,7 Forests and grasslands, 
which include acreage used for timber production and grazing, 
account for more than half of all U.S. land use by area (Table 
13.1), about 63% of which is in private ownership, though their 
distribution and ownership patterns vary regionally.4 Agricul-
tural land uses are carried out on 18% of U.S. surface area. De-
veloped or built-up areas covered only about 5% of the coun-
try’s land surface, with the greatest concentrations of urban 
areas in the Northeast, Midwest, and Southeast. This appar-
ently small percentage of developed area belies its rapid ex-
pansion and does not include development that is dispersed in 
a mosaic among other land uses (like agriculture and forests). 
In particular, low-density housing developments (suburban 

and exurban areas), which are not well-represented in com-
monly used satellite measurements, have rapidly expanded 
throughout the U.S. over the last 60 years or so.8,9 Based on 
Census data, areas settled at suburban and exurban densities 
(1 house per 1 to 40 acres on average) cover more than 15 
times the land area settled at urban densities (1 house per acre 
or less) and covered five times more land area in 2000 than in 
1950.8

Despite these rapid changes in developed land covers, the vast 
size of the country means that total land-cover changes in the 
U.S. may appear deceptively modest. Since 1973, satellite data 
show that the overall rate of land-cover changes nationally has 
averaged about 0.33% per year. Yet this small rate of change 
has produced a large cumulative impact. Between 1973 and 
2000, 8.6% of the area of the lower 48 states experienced land-
cover change, an area roughly equivalent to the combined land 
area of California and Oregon.1 
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Table 13.1. Circa-2001 land-cover statistics for the National Climate Assessment regions of the United States based on the National Land Cover Dataset,7 
and overall United States land-use statistics—circa 2007.4

Land Cover 
Class

Northeast Southeast Midwest
Great 
Plains

Southwest Northwest Alaska Hawaii 
United 
States

Land Use 
Class (ca 

2007) 

United 
States 

(ca 
2007)

Agriculture 10.9% 23.0% 49.0% 29.7% 5.0% 10.0% 0.0% 4.0% 18.6%  Cropland 18.0%

Grassland, 
Shrub/Scrub, 
Moss, Lichen 

3.4% 7.8% 2.9% 50.5% 65.7% 42.8% 44.9% 33.3% 39.2%
 Grassland, 

Pasture, 
and Range 

27.1%

Forest 52.4% 38.7% 23.7% 10.7% 19.9% 37.7% 22.4% 22.0% 23.2%
a  Forest  29.7%

a

Barren 0.8% 0.3% 0.2% 0.5% 3.7% 1.5% 7.7% 11.2% 2.6%
 Special 

Use
b
 

13.8%

Developed, 
Built-Up 

9.6% 7.7% 8.0% 4.0% 2.7% 3.0% 0.1% 6.7% 4.0%  Urban 2.7%

Water, Ice, 
Snow 

14.9% 7.3% 10.4% 1.9% 1.7% 3.2% 18.5% 21.7% 7.4%
 Misc-

ellaneous
c
 

8.7%

Wetlands 8.0% 15.2% 5.8% 2.7% 0.7% 1.3% 6.4% 0.3% 5.0%  

a
 Definitional differences in the way certain categories are defined, such as the special uses distinction in the USDA Economic Research Service land use esti-

mates, make direct comparisons between land use and land cover challenging. For example, forest land use (29.7%) exceeds forest cover (23.2%). Forest use 
definitions include lands where trees have been harvested and may be replanted, while forest cover is a measurement of the presence of trees.
b
 Special uses represent rural transportation, rural parks and wildlife, defense and industrial, plus miscellaneous farm and other special uses.

c
 Miscellaneous uses represent unclassified uses such as marshes, swamps, bare rock, deserts, tundra plus other uses not estimated, classified, or inventoried.

Table 13.2. Percentage change in land-cover type between 1973 and 2000 for the contiguous U.S. National Climate Assessment regions. These figures do 
not indicate the total amount of changes that have occurred, for example when increases in forest cover were offset by decreases in forest cover, and when 
cropland taken out of production was offset by other land being put into agricultural production. Data from USGS Land Cover Trends Project; Sleeter et al. 2013.10   

Land Cover Type Northeast Southeast Midwest Great Plains Southwest Northwest

Grassland/Shrubland 0.73 0.31 0.59 1.55 -0.28 0.35

Forest -2.02 -2.51 -0.93 -0.71 -0.49 2.39

Agriculture -0.85 -1.62 -1.38 -1.60 -0.37 -0.35

Developed 1.36 2.28 1.34 0.43 0.51 0.51

Mining 0.14 -0.05 0.02 0.07 0.10 0.03

Barren 0.00 -0.01 0.00 0.00 0.00 0.00

Snow/Ice 0.00 0.00 0.00 0.00 0.00 0.00

Water 0.03 0.45 0.08 0.23 0.03 -0.02

Wetland -0.05 -0.69 -0.05 -0.13 -0.02 0.03

Mechanically Disturbed
a 0.66 1.76 0.32 0.11 0.07 0.07

Non-mechanically Disturbed
b 0.00 0.07 0.01 0.06 0.46 1.78

a
 Land in an altered and often un-vegetated state that, because of disturbances by mechanical means, is in transition from one cover type to another. Mechanical 

disturbances include forest clear-cutting, earthmoving, scraping, chaining, reservoir drawdown, and other similar human-induced changes.
b
 Land in an altered and often un-vegetated state that because of disturbances by non-mechanical means, is in transition from one cover type to another. Non-

mechanical disturbances are caused by fire, wind, floods, animals, and other similar phenomena.

These national-level annual rates of land changes mask 
considerable geographic variability in the types, rates, and 
causes of change.3 Between 1973 and 2000, the Southeast 

region had the highest rate of change, due to active forest 
timber harvesting and replanting, while the Southwest re-
gion had the lowest rate of change. 
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Projections 
Future patterns of land use and land cover will interact with cli-
mate changes to affect human communities and ecosystems. 
At the same time, future climate changes will also affect how 
and where humans live and use land for various purposes.

National-scale analyses suggest that the general historical 
trends of land-use and land-cover changes (described above) 
will continue, with some important regional differences. These 
projections all assume continued population growth based 
on assumed or statistically modeled rates of birth, death, and 
migration,11 which will result in changes in land use and land 
cover that are spread unevenly across the country. Urban land 
covers are projected to increase in the lower 48 states by 73% 
to 98% (to between 10% and 12% of land area versus less than 
6% in 1997) by 2050, using low versus high growth assump-
tions, respectively. The slowest rate of increase is in the North-
east region, because of the high level of existing development 
and relatively low rates of population growth, and the highest 
rate is in the Northwest. In terms of area, the Northwest has 
the smallest projected increase in urban area (approximately 
4.2 million acres) and the Southeast the largest (approximately 
27.5 million acres).12

Changes in development density will have an impact on how 
population is distributed and affects land use and land cover. 
Some of the projected changes in developed areas will depend 
on assumptions about changes in household size and how con-
centrated urban development will be. Higher population den-
sity means less land is converted from forests or grasslands, 
but results in a greater extent of paved area. Projections based 
on estimates of housing-unit density allow the assessment of 
impacts of urban land-use growth by density class. Increases 
in low-density exurban areas will result in a greater area af-
fected by development and are expected to increase commut-
ing times and infrastructure costs. 

The areas projected to experience exurban development will 
have less density of impervious surfaces (like asphalt or con-
crete). While about one-third of exurban areas are covered 
by impervious surfaces,13 urban or suburban areas are about 
one-half concrete and asphalt. Impervious surfaces have a 
wide range of environmental impacts and thus represent a 
key means by which developed lands modify the movement of 
water, energy, and living things. For example, areas with more 
impervious surfaces like parking lots and roads tend to expe-
rience more rapid runoff, greater risk of flooding, and higher 
temperatures from the urban heat-island effect. 

Projections of both land-
use and land-cover changes 
will depend to some degree 
on rates of population and 
economic growth. In gen-
eral, scenarios that assume 
continued high growth pro-
duce more rapid increases 
in developed areas of all 
densities and in areas cov-
ered by impervious surfaces 
(paved areas and buildings) 
by 2050.12,13 

Land-use scenarios project 
that exurban and suburban 
areas will expand nation-
ally by 15% to 20% between 
2000 and 2050,13 based on 
high- and low-growth sce-
narios respectively. Land-
cover projections by Wear12 
show that both cropland 
and forest are projected 
to decline most relative 
to 1997 (by 6% to 7%, re-
spectively, by 2050) under 
a scenario of high popula-
tion and economic growth 

Figure 13.2. Projected percentages in each housing-unit density category for 2050 compared with 
2010, assuming demographic and economic growth consistent with the high-growth emissions 
scenario (A2). (Data from U.S. EPA Integrated Climate and Land Use Scenarios).

Projections of Settlement Densities  
(2010-2050)
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and least (by 4% and 6%, 
respectively) under lower-
growth scenarios. More 
forest than cropland is 
projected to be lost in the 
Northeast and Southeast, 
whereas more cropland 
than forest is projected 
to be lost in the Midwest 
and Great Plains.14 Some of 
these regional differences 
are due to the current mix 
of land uses, others to the 
differential rates of urban-
ization in these different 
regions.

Key Message 1: Effects on Communities and Ecosystems

Choices about land-use and land-cover patterns have affected and will continue  
to affect how vulnerable or resilient human communities and ecosystems are  

to the effects of climate change. 

Decisions about land-use and land-cover change by individual 
landowners and land managers are influenced by demographic 
and economic trends and social preferences, which unfold at 
global, national, regional, and local scales. Policymakers can 
directly affect land use and land cover. For example, Congress 
can declare an area as federally protected wilderness, or local 
officials can set aside portions of a town for industrial devel-
opment and create tax benefits for companies to build there. 
Climate factors typically play a secondary role in land deci-
sions, if they are considered at all. Nonetheless, land-change 
decisions may affect the vulnerabilities of individuals, house-
holds, communities, businesses, non-profit organizations, 
and ecosystems to the effects of climate change.15 A farmer’s 
choice of crop rotation in response to price signals affects his 
or her farm income’s susceptibility to drought, for example. 
Such choices, along with changes in climate can also affect the 
farm’s demand for water for irrigation. Similarly, a developer’s 
decision to build new homes in a floodplain may affect the new 
homeowners’ vulnerabilities to flooding events. A decision to 

include culverts underneath a coastal roadway may facilitate 
migration of a salt marsh inland as sea level rises.

The combination of residential location choices with wild-
fire occurrence dramatically illustrates how the interactions 
between land use and climate processes can affect climate 
change impacts and vulnerabilities. Low-density (suburban 
and exurban) housing patterns in the U.S. have expanded and 
are projected to continue to expand.13 One result is a rise in the 
amount of construction in forests and other wildlands16 that in 
turn has increased the exposure of houses, other structures, 
and people to damages from wildfires, which are increasing. 
The number of buildings lost in the 25 most destructive fires 
in California history increased significantly in the 1990s and 
2000s compared to the previous three decades.17 These losses 
are one example of how changing development patterns can 
interact with a changing climate to create dramatic new risks. 
In the western United States, increasing frequencies of large 
wildfires and longer wildfire durations are strongly associated 
with increased spring and summer temperatures and an earlier 

Figure 13.3. Projected percentages in each land-cover category for 2050 compared with 2010, 
assuming demographic and economic growth consistent with the high-growth emissions scenario 
(A2) (Data from USDA).

Projected Land Covers (2010-2050)



324 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

13: LAND USE AND LAND COVER CHANGE

Figure 13.4. Many forested areas in the U.S. have experienced 
a recent building boom in what is known as the “wildland-urban 
interface.” This figure shows the number of buildings lost from the 25 
most destructive wildland-urban interface fires in California history 
from 1960 to 2007 (Figure source: Stephens et al. 200917).

Building Loss by Fires at  
California Wildland-Urban Interfaces
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Construction near forests and wildlands is growing. Here, 
wildfire approaches a housing development.

spring snowmelt.18 The effects on property loss of increases in 
the frequency and sizes of fires under climate change are also 
projected to increase in the coming decades because so many 

more people will have moved into increasingly fire-prone plac-
es (Ch. 2: Our Changing Climate; Ch. 7: Forests).

Key Message 2: Effects on Climate Processes 

Land-use and land-cover changes affect local, regional, and global climate processes.

Land use and land cover play critical roles in the interaction 
between the land and the atmosphere, influencing climate at 
local, regional, and global scales.19 There is growing evidence 
that land use, land cover, and land management affect the U.S. 
climate in several ways:

•	 Air temperature and near-surface moisture are changed 
in areas where natural vegetation is converted to agricul-
ture.20,21 This effect has been observed in the Great Plains 
and the Midwest, where overall dew point temperatures 
or the frequency of occurrences of extreme dew point 
temperatures have increased due to converting land to 
agricultural use.21,22,23 This effect has also been observed 
where the fringes of California’s Central Valley are being 
converted from natural vegetation to agriculture.24 Other 
areas where uncultivated and conservation lands are be-
ing returned to cultivation, for example from restored 
grassland into biofuel production, have also experienced 
temperature shifts. Regional daily maximum tempera-
tures were lowered due to forest clearing for agriculture 
in the Northeast and Midwest, and then increased in the 

Northeast following regrowth of forests due to abandon-
ment of agriculture.25

•	 Conversion of rain-fed cropland to irrigated agriculture 
further intensifies the impacts of agricultural conversion 
on temperature. For example, irrigation in California has 
been found to reduce daily maximum temperatures by up 
to 9°F.26 Model comparisons suggest that irrigation cools 
temperatures directly over croplands in California’s Cen-
tral Valley by 5°F to 13°F and increases relative humidity by 
9% to 20%.27 Observational data-based studies found simi-
lar impacts of irrigated agriculture in the Great Plains.22,28 

•	 Both observational and modeling studies show that intro-
duction of irrigated agriculture can alter regional precipi-
tation.29,30 It has been shown that irrigation in the Ogallala 
aquifer portion of the Great Plains can affect precipitation 
as far away as Indiana and western Kentucky.30

•	 Urbanization is having significant local impacts on weather 
and climate. Land-cover changes associated with urban-
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ization are creating higher air temperatures compared to 
the surrounding rural area.31,32 This is known as the “urban 
heat island” effect (see Ch. 9: Human Health). Urban land-
scapes are also affecting formation of convective storms 
and changing the location and amounts of precipitation 
compared to pre-urbanization.32,33

•	 Land-use and land-cover changes are affecting global 
atmospheric concentrations of greenhouse gases. The 
impact is expected to be most significant in areas with 
forest loss or gain, where the amount of carbon that can 

be transferred from the atmosphere to the land (or from 
the land to the atmosphere) is modified. Even in relatively 
un-forested areas, this effect can be significant. A recent 
USGS report suggests that from 2001 to 2005 in the Great 
Plains between 22 to 106 million metric tons of carbon 
were stored in the biosphere due to changes in land use 
and climate.34 Even with these seemingly large numbers, 
U.S. forests absorb only 7% to 24% (with a best estimate of 
16%) of fossil fuel CO2 emissions (see Ch. 15: Biogeochemi-
cal Cycles, “Estimating the U.S. Carbon Sink”).

Key Message 3: Adapting to Climate Change 

Individuals, businesses, non-profits, and governments have the capacity to  
make land-use decisions to adapt to the effects of climate change.

Land-use and land-cover patterns may be modified to adapt 
to anticipated or observed effects of a changed climate. These 
changes may be either encouraged or mandated by govern-
ment (whether at federal or other levels), or undertaken by 
private initiative. In the U.S., even though land-use decisions 
are highly decentralized and strongly influenced by Constitu-
tional protection of private property, the Supreme Court has 
also defined a role for government input into some land-use 
decisions.35 Thus on the one hand farmers may make private 
decisions to plant different crops in response to changing 
growing conditions and/or market prices. On the other hand, 
homeowners may be compelled to respond to policies, zoning, 
or regulations (at national, state, county, or municipal levels) 
by elevating their houses to reduce flood impacts associated 
with more intense rainfall events and/or increased impervious 
surfaces.

Land-use and land-cover changes are thus rarely the product 
of a single factor. Land-use decision processes are influenced 
not only by the biophysical environment, but also by markets, 
laws, technology, politics, perceptions, and culture. Yet there 
is evidence that climate adaptation considerations are playing 
an increasingly large role in land decisions, even in the absence 

of a formal federal climate policy. Motivations typically include 
avoiding or reducing negative impacts from extreme weather 
events (such as storms or heat waves) or from slow-onset haz-
ards (such as sea level rise) (see Ch. 12: Indigenous Peoples).

For example, New Orleans has, through a collection of pri-
vate and public initiatives, rebuilt some of the neighborhoods 
damaged by Hurricane Katrina with housing elevated six feet 
or even higher above the ground and with roofs specially de-
signed to facilitate evacuation.36 San Francisco has produced 
a land-use plan to reduce impacts from a rising San Francisco 
Bay.37 A similar concern has prompted collective action in four 
Miami-area counties and an array of San Diego jurisdictions, 
to name just two locales, to shape future land uses to comply 
with regulations linked to sea level rise projections.36,38 Chicago 
has produced a plan for limiting the number of casualties, es-
pecially among the elderly and homeless, during heat waves 
(Ch. 9: Human Health).36 Deeper discussion of the factors 
commonly influencing adaptation decisions at household, mu-
nicipal, state, and federal levels is provided in Chapter 28 (Ch. 
28: Adaptation) of this report; Chapters 26 (Ch. 26: Decision 
Support) and 27 (Ch. 27: Mitigation) treat the related topics of 
Decision Support and Mitigation, respectively. 

Key Message 4: Reducing Greenhouse Gas Levels 

Choices about land use and land management may provide a means  
of reducing atmospheric greenhouse gas levels. 

Choices about land use and land management affect the 
amount of greenhouse gases entering and leaving the atmo-
sphere and, therefore, provide opportunities to reduce climate 
change (Ch. 15: Biogeochemical Cycles; Ch. 27: Mitigation).39 
Such choices can affect the balance of these gases directly, 
through decisions to preserve or restore carbon in standing 
vegetation (like forests) and soils, and indirectly, in the form of 
land-use policies that affect fossil fuel emissions by influenc-
ing energy consumption for transportation and in buildings. 

Additionally, as crops are increasingly used to make fuel, the 
potential for reducing net carbon emissions through replace-
ment of fossil fuels represents a possible land-based carbon 
emissions reduction strategy, albeit one that is complicated by 
many natural and economic interactions that will determine 
the ultimate effect of these strategies on emissions (Ch. 7: For-
ests; Ch. 6: Agriculture).



326 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

13: LAND USE AND LAND COVER CHANGE

Land-cover change and management accounts for about one-
third of all carbon released into the atmosphere by people 
globally since 1850. The primary source related to land use 
has been the conversion of native vegetation like forests and 
grasslands to croplands, which in turn has released carbon 
from vegetation and soil into the atmosphere as carbon diox-
ide (CO2).40 Currently, an estimated 16% of CO2 going into the 
atmosphere is due to land-related activities globally, with the 
remainder coming from fossil fuel burning and cement manu-
facturing.40 In the United States, activities related to land use 
are effectively balanced with respect to CO2: as much CO2 is 
released to the atmosphere by land-use activities as is taken 
up by and stored in, for example, vegetation and soil. The re-
growth of forests and increases of conservation-related forest 
and crop management practices have also increased carbon 
storage. Overall, setting aside emissions due to burning fos-
sil fuels, in the U.S. and the rest of North America, land cover 
takes up more carbon than it releases. This has happened as 
a result of more efficient forest and agricultural management 
practices, but it is not clear if this rate of uptake can be in-
creased or if it will persist into the future. The projected de-
clines in forest area (Figure 13.3) put these carbon stores at 
risk. Additionally, the rate of carbon uptake on a given acre of 
forest can vary with weather, making it potentially sensitive to 
climate changes.41

Opportunities to increase the net uptake of carbon from the at-
mosphere by the land include42 increasing the amount of area 
in ecosystems with high carbon content (by converting farms 
to forests or grasslands); increasing the rate of carbon uptake 
in existing ecosystems (through fertilization); and reducing car-
bon loss from existing ecosystems (for example, through no-till 
farming).43 Because of these effects, policies specifically aimed 
at increasing carbon storage, either directly through mandates 
or indirectly through a market for carbon offsets, may be used 
to encourage more land-based carbon storage.44 

The following uncertainties deserve further investigation: 1) 
the effects of these policies or actions on the balance of other 
greenhouse gases, like methane and nitrous oxide; 2) the de-
gree of permanence these carbon stores will have in a changing 
climate (especially through the effects of disturbances like fires 
and plant pests45); 3) the degree to which increases in carbon 
storage can be attributed to any specific policy, or whether or 
not they may have occurred without any policy change; and 4) 
the possibility that increased carbon storage in one location 
might be partially offset by releases in another. All of these 
specific mitigation options present implementation challeng-
es, as the decisions must be weighed against competing objec-
tives. For example, retiring farmland to sequester carbon may 
be difficult to achieve if crop prices rise,46 such as has occurred 
in recent years in response to the fast-growing market for bio-
fuels. Agricultural research and development that increases 
the productivity of the sector presents the possibility of reduc-
ing demand for agricultural land and may serve as a powerful 
greenhouse gas mitigation strategy, although the ultimate net 
effect on greenhouse gas emissions is uncertain.47

Land-use decisions in urban areas also present carbon reduc-
tion options. Carbon storage in urban areas can reach densities 
as high as those found in tropical forests, with most of that 
carbon found in soils, but also in vegetation, landfills, and the 
structures and contents of buildings.48 Urban and suburban 
areas tend to be net sources of carbon to the atmosphere, 
whereas exurban and rural areas tend to be net sinks.49 Ef-
fects of urban development patterns on carbon storage and 
emissions due to land and fossil fuel use are topics of current 
research and can be affected by land-use planning choices. 
Many cities have adopted land-use plans with explicit carbon 
goals, typically targeted at reducing carbon emissions from the 
often intertwined activities of transportation and energy use. 
This trend, which includes major cities such as Los Angeles,50 
Chicago,51 and New York City52 as well as small towns, such as 
Homer, Alaska,53 has occurred even in the absence of a formal 
federal climate policy. 
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Process for Developing Key Messages: 
The author team benefited from a number of relevant technical 
input reports. One report described the findings of a three-day 
workshop held from November 29 to December 1, 2011, in Salt 
Lake City, in which a number of the chapter authors participated.2 
Findings of the workshop provided a review of current issues and 
topics as well as the availability and quality of relevant data. In 
addition, from December 2011 through June 2012 the author 
team held biweekly teleconferences. Key messages were identi-
fied during this period and discussed in two phases, associated 
with major chapter drafts. An early draft identified a number of 
issues and key messages. Based on discussions with National Cli-
mate Assessment (NCA) leadership and other chapter authors, the 
Land Use and Land Cover Change authors identified and reached 
consensus on a final set of four key messages and organized most 
of the chapter to directly address these messages. The authors 
selected key messages based on the consequences and likelihood 
of impacts, the implied vulnerability, and available evidence. Rel-
evance to decision support, mitigation, and adaptation was also 
an important criterion for the selection of key messages for the 
cross-cutting and foundational topic of this chapter.

The U.S. acquires, produces, and distributes substantial data 
that characterize the nation’s land cover and land use. Satellite 
observations, with near complete coverage over the landscape 
and consistency for estimating change and trends, are particularly 
valuable. Field inventories, especially of agriculture and forestry, 
provide very reliable data products that describe land cover as well 
as land-use change. Together, remote sensing and field inventory 
data, as well as related ecological and socioeconomic data, allow 
many conclusions about land-use and land-cover change with very 
high confidence.

Key message #1 Traceable accounT

Choices about land-use and land-cover patterns 
have affected and will continue to affect how vul-
nerable or resilient human communities and ecosys-
tems are to the effects of climate change.

Description of evidence base
The influences of climate on vegetation and soils, and thus on land 
cover and land use, are relatively well understood, and a number 

of well-validated mathematical models are used to investigate 
potential consequences of climate change for ecosystem processes, 
structure, and function. Given scenarios about socioeconomic 
factors or relevant models, some aspects of land-use and land-
cover change can also be analyzed and projected into the future 
based on assumed climate change. During a workshop convened to 
review land-use and land-cover change for the NCA, participants 
summarized various studies from different perspectives, including 
agriculture and forestry as well as socioeconomic issues such as 
flood insurance.

2

Residential exposure to wildfire is an excellent example supporting 
this key message and is well documented in the literature.

16,17,18

New information and remaining uncertainties
Steadily accumulating field and remote sensing observations as 
well as inventories continue to increase confidence in this key 
message. A recent study by the EPA

13
 provides relevant projections 

of housing density and impervious surface under alternative 
scenarios of climate change. 

While there is little uncertainty about the general applicability 
of this key message, the actual character and consequences of 
climate change as well as its interactions with land cover and 
land use vary significantly between locations and circumstances. 
Thus the specific vulnerabilities resulting from the specific ways in 
which people, both as individuals and as collectives, will respond 
to anticipated or observed climate change impacts are less well 
understood than the biophysical dimensions of this problem.

Assessment of confidence based on evidence 
Very High. Observed weather and climate impacts and 
consequences for land cover and land use, basic understanding 
of processes and analyses using models of those processes, as 
well as substantial literature are consistent in supporting this key 
message.

Key message#2 Traceable accounT

Land-use and land-cover changes affect local, re-
gional, and global climate processes.

13: LAND USE AND LAND COVER CHANGE

SUPPLEMENTAL MATERIAL
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Description of evidence base
The dependence of weather and climate processes on land surface 
properties is reasonably well understood in terms of the biophysical 
processes involved. Most climate models represent land-surface 
conditions and processes, though only recently have they begun to 
incorporate these conditions dynamically to represent changes in 
the land surface within a model run. Regional weather models are 
increasingly incorporating land surface characteristics. Extensive 
literature – as well as textbooks – documents this understanding, 
as do models of land surface processes and properties. A Technical 
Input report to the National Climate Assessment

1
 summarizes the 

literature and basic understanding of interactions between the 
atmosphere and land surface that influence climate. 

Examples are provided within the chapter to demonstrate 
that land-use and land-cover change are affecting U.S. 
climate.

20,24,25,27,31,32,33,34

New information and remaining uncertainties
While there is little uncertainty about this key message in general, 
the heterogeneity of the U.S. landscape and associated processes, 
as well as regional and local variations in atmospheric processes, 
make it difficult to analyze or predict the character of land use 
and land cover influences on atmospheric processes at all scales.

Assessment of confidence based on evidence 
Very High. The basic processes underlying the biophysics of 
interactions between the land surface and atmosphere are well 
understood. A number of examples and field studies are consistent 
in demonstrating effects of land use and land-cover change on the 
climate of the United States.

Key message #3 Traceable accounT

Individuals, businesses, non-profits, and govern-
ments have the capacity to make land-use deci-
sions to adapt to the effects of climate change.
 
Description of evidence base
The key message is supported by well-understood aspects of 
land-use planning and management, including the legal roles of 
government and citizens and management practices such as zoning 
and taxation. Participants in the NCA workshop (Nov 29-Dec 1, 
2011, in Salt Lake City) on land use and land cover presented and 
discussed a number of examples showing the influences of land-
use decisions on climate change adaptation options.

2
 The chapter 

describes specific examples of measures to adapt to climate 
change, further supporting this key message.

36,37,38

New information and remaining uncertainties
Experience with climate change adaptation measures involving 
land-use decisions is accumulating rapidly.36,37,38

Although there is little uncertainty that land-use decisions can 
enable adaptation to climate change, the information about 
climate change, at scales where such decisions are made, is 
generally lacking.

Assessment of confidence based on evidence 
Very High. The aspects of land-use planning that can enable 
climate change adaptation are well understood and examples 
demonstrate where actions are being taken.

Key message #4 Traceable accounT

Choices about land use and land management 
provide a means of reducing atmospheric green-
house gas levels.
 
Description of evidence base
The evidence base for this key message includes scientific studies 
on the carbon cycle at both global and local scales (summarized 
in Izzauralde et al. 2013; Hurteau 2013; and Cambardella and 
Hatfield 2013).

42,43,45
 The evidence base also includes policy 

studies on the costs and benefits and feasibilities of various 
actions to reduce carbon emissions from land-based activities 
and/or to increase carbon storage in the biosphere through land-
based activities (summarized in Jones et al. 2013; and Pearson 
and Brown 2013).44

 Foundational studies are summarized in the 
NCA Technical Input documents.

1,2

New information and remaining uncertainties
A major study by the U.S. Geological Survey is estimating carbon 
stocks in vegetation and soils of the U.S., and this inventory will 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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clarify the potential for capturing greenhouse gasses by land-use 
change (an early result is reported in Sohl et al. 2012

14
). 

There is little uncertainty behind the premise that specific land 
uses affect the carbon cycle. There are, however, scientific 
uncertainties regarding the magnitudes of effects resulting from 
specific actions designed to leverage this linkage for mitigation. For 
example, uncertainties are introduced regarding the permanence 
of specific land-based stores of carbon, the incremental value of 
specific management or policy decisions to increase terrestrial 
carbon stocks beyond changes that would have occurred in the 
absence of management, and the possibility for decreases in 
carbon storage in another location that offset increases resulting 
from specific actions at a given location. Also, we do not yet know 
how natural processes might alter the amount of carbon storage 
expected to occur with management actions. There are further 
uncertainties regarding the political feasibilities and economic 
efficacy of policy options to use land-based activities to reduce 
the concentration of greenhouse gases in the atmosphere.

Assessment of confidence based on evidence 
Given the evidence base and uncertainties, there is medium 
confidence that land use and land management choices can 
reduce the amount of greenhouse gases in the atmosphere. 
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Key Messages
1. Rural communities are highly dependent upon natural resources for their livelihoods and  
 social structures. Climate change related impacts are currently affecting rural communities.  
 These impacts will progressively increase over this century and will shift the locations where  
 rural economic activities (like agriculture, forestry, and recreation) can thrive.  

2. Rural communities face particular geographic and demographic obstacles in responding to  
 and preparing for climate change risks. In particular, physical isolation, limited economic   
 diversity, and higher poverty rates, combined with an aging population, increase the vulnerability  
 of rural communities. Systems of fundamental importance to rural populations are already  
 stressed by remoteness and limited access. 

3. Responding to additional challenges from climate change impacts will require significant   
 adaptation within rural transportation and infrastructure systems, as well as health and   
 emergency response systems. Governments in rural communities have limited institutional  
 capacity to respond to, plan for, and anticipate climate change impacts.

RURAL COMMUNITIES14

More than 95% of U.S. land area is classified as rural, but is 
home to just 19% of the population (see also Ch. 13: Land Use 
& Land Cover Change).1 Rural America’s importance to the 
country’s economic and social well-being is disproportionate 
to its population, as rural areas provide natural resources that 
much of the rest of the United States depends on for food, en-
ergy, water, forests, recreation, national character, and quality 
of life.2 Rural economic foundations and community cohesion 
are intricately linked to these natural systems, which are inher-
ently vulnerable to climate change. Urban areas that depend 
on goods and services from rural areas will also be affected by 
climate change driven impacts across the countryside.

Warming trends, climate volatility, extreme weather events, 
and environmental change are already affecting the econ-
omies and cultures of rural areas. Many rural communi-
ties face considerable risk to their infrastructure, liveli-
hoods, and quality of life from observed and projected 
climate shifts (Ch. 12: Indigenous Peoples). These changes 
will progressively increase volatility in food commodity 
markets, shift the ranges of plant and animal species, and, 
depending on the region, increase water scarcity, exacer-
bate flooding and coastal erosion, and increase the inten-
sity and frequency of wildfires across the rural landscape. 

Climate changes will severely challenge many rural com-
munities, shifting locations where particular economic 
activities are capable of thriving. Changes in the timing of 
seasons, temperatures, and precipitation will alter where 
commodities, value-added crops, and recreational activi-

ties are best suited. Because many rural communities are less 
diverse than urban areas in their economic activities, changes 
in the viability of one traditional economic sector will place dis-
proportionate stresses on community stability. 

Climate change impacts will not be uniform or consistent 
across rural areas, and some communities may benefit from 
climate change. In the short term, the U.S. agricultural system 
is expected to be fairly resilient to climate change due to the 
system’s flexibility to engage in adaptive behaviors such as ex-
pansion of irrigated acreage, regional shifts in acreage for spe-
cific crops, crop rotations, changes to management decisions 
(such as choice and timing of inputs and cultivation practices), 
and altered trade patterns compensating for yield changes (Ch. 
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6: Agriculture; Key Message 5).4 Recre-
ation, tourism, and leisure activities in 
some regions will benefit from shifts in 
temperature and precipitation. 

Negative impacts from projected cli-
mate changes, however, will ripple 
throughout rural America. Agricultural 
systems in some areas may need to un-
dergo more transformative changes to 
keep pace with future climate change 
(Ch. 6: Agriculture, Key Message 5). In 
lakes and riparian areas, warming is 
projected to increase the growth of 
algae and invasive species, particularly 
in areas already facing water quality im-
pairments.5 Mountain species and cold 
water fish, such as salmon, are expect-
ed to face decreasing range sizes due to 
warming, while ranges could expand for 
some warm water fish, such as bass.6 
Alaska, with its reliance on commercial 
and subsistence fishing catch, is particu-
larly vulnerable. Warmer weather and 
higher water temperatures will reduce 
salmon harvests, creating hardships for 
the rural communities and tribes that 
depend upon these catches (Ch. 12: 
Indigenous Peoples, Key Message 1).7 
Communities in Guam and American 
Samoa, which depend on fish for 25% to 
69% of their protein, are expected to be 
particularly hard hit as climate change 
alters the composition of coral reef eco-
systems.8

Across the United States, rural areas 
provide ecosystem services – like car-
bon absorption in forests, water filtra-
tion in wetlands, wildlife habitat in prai-
ries, and environmental flows in rivers 
and streams – whose value tends to be 
overlooked. Preserving these ecosys-
tem services sustains the quality of life 
in rural communities and also benefits 
those who come to rural communities 
for second homes, tourism, and other 
amenities. They also provide urban resi-
dents with vital resources – like food, 
energy, and fresh water – that meet es-
sential needs. This layered connection 
between rural areas and populous ur-
ban centers suggests that maintaining 
the health of rural areas is a national, 
and not simply a local, concern.

Figure 14.1. Although the majority of the U.S. population lives in urban areas, most of 
the country is still classified as rural. In this map, counties are classified as rural if they 
do not include any cities with populations of 50,000 or more. (Figure source: USDA 
Economic Research Service 20133).

Rural Counties

Figure 14.2. Much of the rural United States depends on agriculture, mining, and 
manufacturing. Climate changes will affect each region and each economic sector in 
complex and interrelated ways. The economic dependence classification used in the 
map indicates the largest share of earnings and employment in each county. (Figure 
source: USDA Economic Research Service 20133).

Economic Dependence Varies 
by Region
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Key Message 1: Rural Economies

Rural communities are highly dependent upon natural resources for their livelihoods and 
social structures. Climate change related impacts are currently affecting rural communities. 

These impacts will progressively increase over this century and will shift the locations where 
rural economic activities (like agriculture, forestry, and recreation) can thrive.  

Rural America has already experienced some of the 
impacts of climate change related weather effects, in-
cluding crop and livestock loss from severe drought and 
flooding,9 infrastructure damage to levees and roads 
from extreme storms,10 shifts in planting and harvesting 
times in farming communities,11 and large-scale losses 
from fires and other weather-related disasters.12 These 
impacts have profound effects, often significantly affect-
ing the health and well-being of rural residents as well 
as their communities, and are amplified by the essential 
economic link that many of these communities have to 
their natural resource base.

Rural communities are often characterized by their 
natural resources and associated economic activity. 
Dominant economic drivers include agriculture, forestry, 
mining, energy, outdoor recreation, and tourism. In ad-
dition, many rural areas with pleasant climates and appealing 
landscapes are increasingly reliant on second-home owners 
and retirees for their tax base and community activities.  

Nationally, fewer than 7% of rural workers are directly em-
ployed in agriculture, but the nation’s two million farms oc-
cupy more than 40% of U.S. land mass – and many rural 

©
 S

TR
/R

eu
te

rs
/C

or
bi

s

River flood waters illustrate threats rural areas face in a changing climate.

Figure 14.3. The left map shows that if emissions continue to increase (A2 scenario), the U.S. growing season (or frost-free season) 
will lengthen by as much as 30 to 80 days by the end of the century (2070-2099 as compared to 1971-2000). The right map shows 
a reduction in the number of frost days (days with minimum temperatures below freezing) by 20 to 80 days in much of the United 
States in the same time period. While changes in the growing season may have positive effects for some crops, reductions in the 
number of frost days can result in early bud-bursts or blooms, consequently damaging some perennial crops grown in the United 
States (See also Ch. 6: Agriculture). White areas are projected to experience no freezes for 2070-2099, and gray areas are projected 
to experience more than 10 freeze-free years during the same period. (Figure source: NOAA NCDC / CICS-NC).

Growing Season Lengthens
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communities rely extensively on farming and ranching (Ch. 6 
Agriculture; Ch. 13 Land Use & Land Cover Change).13 Farmers 
are responding to climate change by shifting cropping patterns 
and altering the timing of planting and harvesting. This may 
result in additional use of herbicides and pesticides with the 
accompanying human exposure to additional health risks.14 
Changes in rainfall, temperature, and extreme weather events 
will increase the risk of poor yields and reduced crop profit-
ability. For example, the increased frequency and intensity of 
heavy downpours will accelerate soil erosion rates, increasing 
deposition of nitrogen and phosphorous into water bodies and 
diminishing water quality.15 

Many areas will face increasing competition for water among 
household, industrial, agricultural, and urban users (Ch. 3: Wa-
ter).16 Reduced surface water will place more stress on surface 
water systems as well as groundwater systems (Ch. 3: Water; 
Key Message 4). In-stream flow requirements for the mainte-
nance of environmental resources are an equally important 
water demand. While irrigated cropland is an important and 
growing component of the farm economy,17 water withdraw-
als necessary for generating electricity in thermal power 
plants are already roughly equal to irrigation withdrawals.18 
As climate change increases water scarcity in some regions, 
there will be increased com-
petition for water between 
energy production and agri-
culture.19 Mining also requires 
large quantities of water, and 
scarcity resulting from drought 
associated with climate change 
may affect operations. Chang-
es in seasonality and intensity 
of precipitation will increase 
costs of runoff containment. 
Climate change impacts on 
forestry have important impli-
cations for timber and forest-
amenity-based rural commu-
nities. Shifting forest range 
and composition, as well as 
increased attacks from pests 
and diseases, will have nega-
tive effects on biodiversity 
and will increase wildfire risks 
(Ch. 7: Forests).8,20 Shifts in the 
distribution and abundance of 
many economically important 
tree species would affect the 
pulp and wood industry. As 
ranges shift and the distribu-
tion of plant species in forests 
changes, the range of other 

forest-dependent animal species will also change, causing ad-
ditional economic and sociocultural impacts. 

Tourism contributes significantly to rural economies. Changes 
in the length and timing of seasons, temperature, precipita-
tion, and severe weather events can have a direct impact on 
tourism and recreation activities by influencing visitation pat-
terns and tourism-related economic activity. 

Climate change impacts on tourism and recreation will vary 
significantly by region. For instance, some of Florida’s top tour-
ist attractions, including the Everglades and Florida Keys, are 
threatened by sea level rise,21 with estimated revenue losses 
of $9 billion by 2025 and $40 billion by the 2050s. The effects 
of climate change on the tourism industry will not be exclu-
sively negative. In Maine, coastal tourism could increase due to 
warmer summer months, with more people visiting the state’s 
beaches.22 Employing a Tourism Climatic Index (Figure 14.4) 
that accounts for temperature, precipitation, sunshine, and 
wind, one study finds that conditions conducive for outdoor 
recreation will be shifting northward with climate change, 
though it is unclear whether absolute conditions or relative 
weather conditions will be more important in influencing fu-
ture tourist behaviors.23

Climate Change Impacts on Summertime Tourism

Figure 14.4. Tourism is often climate-dependent as well as seasonally dependent. Increasing 
heat and humidity – projected for summers in the Midwest, Southeast, and parts of the Southwest 
by mid-century (compared to the period 1961-1990) – is likely to create unfavorable conditions 
for summertime outdoor recreation and tourism activity. The figures illustrate projected changes 
in climatic attractiveness (based on maximum daily temperature and minimum daily relative hu-
midity, average daily temperature and relative humidity, precipitation, sunshine, and wind speed) 
in July for much of North America. In the coming century, the distribution of these conditions is 
projected to shift from acceptable to unfavorable across most of the southern Midwest and a por-
tion of the Southeast, and from very good or good to acceptable conditions in northern portions 
of the Midwest, under a high emissions scenario (A2a). (Figure source: Nicholls et al. 200524).
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Climate change will also influence the distribution and compo-
sition of plants and animals across the United States. Hunting, 
fishing, bird watching, and other wildlife-related activities will 
be affected as habitats shift and relationships among species 
change.25 Cold-weather recreation and tourism will be ad-
versely affected by climate change. Snow accumulation in the 
western United States has decreased, and is expected to con-
tinue to decrease, as a result of observed and projected warm-
ing. Reduced snow accumulation also reduces the amount of 
spring snowmelt, decreasing warm-season runoff in mid- to 
high-latitude regions.

Similar changes to snowpack are expected in the Northeast.26 
Adverse impacts on winter sports are projected to be more 
pronounced in the Northeast and Southwest regions of the 
United States.8 Coastal areas will be adversely affected by sea 

level rise and increased severity of storms.22,27 Changing envi-
ronmental conditions, such as wetland loss and beach erosion 
in coastal areas28 and increased risk of natural hazards such as 
wildfire, flash flooding, storm surge, river flooding, drought, 
and extremely high temperatures can alter the character and 
attraction of rural areas as tourist destinations. 

The implications of climate change on communities that are 
dependent on resource extraction (coal, oil, natural gas, and 
mining) have not been well studied. Attributes of economic 
development in these communities, such as cyclical growth, 
transient workforce, rapid development, pressure on infra-
structure, and lack of economic diversification suggest that 
these communities could face challenges in adapting to cli-
mate change.13,29,30 

Key Message 2: Responding to Risks

Rural communities face particular geographic and demographic obstacles in responding 
to and preparing for climate change risks. In particular, physical isolation, limited economic 

diversity, and higher poverty rates, combined with an aging population, increase the 
vulnerability of rural communities. Systems of fundamental importance to rural populations 

are already stressed by remoteness and limited access. 

Relatively rapid changes in demographics, economic activ-
ity, and climate are particularly challenging in rural communi-
ties, where local, agrarian values often run generations deep. 
Changing rural demographics, influenced by new immigration 

patterns, fluctuating economic conditions, and evolving com-
munity values add to these challenges – especially with regard 
to climate changes. 

Modern rural populations are gener-
ally older, less affluent, and less edu-
cated than their urban counterparts. 
Rural areas are characterized by higher 
unemployment, more dependence on 
government transfer payments, less 
diversified economies, and fewer so-
cial and economic resources needed 
for resilience in the face of major 
changes.8,31 In particular, the combina-
tion of an aging population and pov-
erty increases the vulnerability of rural 
communities to climate fluctuations.

There has been a trend away from 
manufacturing, resource extraction, 
and farming to amenity-based eco-
nomic activity in many rural areas of 
the United States.32 Expanding ameni-
ty-based economic activities in rural 
areas include recreation and leisure, 
e-commuting residents, tourism, and 
second home and retirement home 
development. This shift has stressed 
traditional cultural values33 and put 
pressure on infrastructure34 and natu-

Figure 14.5. Census data show significant population decreases in many rural areas, 
notably in the Great Plains. Many rural communities’ existing vulnerabilities to climate 
change, including physical isolation, reduced services like health care, and an aging 
population, are projected to increase as population decreases. (Figure source: USDA 
Economic Research Service 20133).

Many Rural Areas are 
 Losing Population
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ral amenities35 that draw people to rural areas. Changes in cli-
mate and weather are likely to increase these stresses. Rural 
components of transportation systems are particularly vulner-
able to risks from flooding and sea level rise.

36 Since rural areas 
often have fewer transportation options and fewer infrastruc-
ture redundancies, any disruptions in road, rail, or air transport 
will deeply affect rural communities. 

Power and communication outages resulting from extreme 
events often take longer to repair in rural areas, contributing 
to the isolation and vulnerability of elderly residents who may 
not have cell phones. The lack of cellular coverage in some ru-
ral areas can create problems for emergency response during 
power failures.37 

In some parts of the country there has been a recent trend in 
Hispanic population growth in rural regions that have not been 
traditional migrant destinations. New Hispanic immigrants 
are often highly segregated residentially and isolated from 
mainstream institutions,38 making them more vulnerable to 
changes in climate. Low wages, unstable work, language barri-
ers, and inadequate housing are critical obstacles to managing 
climate risk.

Rural communities rely on various transportation modes, both 
for export and import of critical goods (Ch. 5: Transportation). 
Climate changes will result in increased erosion and mainte-
nance costs for local road and rail systems, as well as changes 
in streamflows and predictability that will result in increased 
maintenance costs for waterways. More frequent disruption 
of shipping is projected, with serious economic consequences. 
For example, in 2010, about 40 million tons of cereal grains 
were shipped by water to Louisiana, while less than 4 million 
tons traveled by rail.10 While rail can help ameliorate small-
scale or off-peak capacity limitations on the Mississippi River, 
it seems unlikely that the rail system can fully replace the river 
system in the event of a prolonged harvest-time disruption. 
Events that affect both rail and barge traffic would be particu-
larly damaging to rural communities that depend upon these 
systems to get commodities to market.

Health and emergency response systems also face additional 
demands from substantial direct and indirect health risks asso-
ciated with global climate changes. Indirect risks, particularly 
those posed by emerging and reemerging infectious diseases, 
are more difficult to assess, but pose looming threats to eco-
nomically challenged communities where health services are 
limited. Direct threats (such as extreme heat, storm events, 
and coastal and riparian flooding) tend to be more associated 
with specific local vulnerabilities, so the risks are somewhat 
easier to assess.39 

The socioeconomic and demographic characteristics of rural 
areas interact with climate change to create health concerns 
that differ from those of urban and suburban communities. 
Older populations with lower income and educational levels in 
rural areas spend a larger proportion of their income on health 
care than their urban counterparts. Moreover, health care ac-
cess declines as geographic isolation increases. Overall, rural 
residents already have higher rates of age-adjusted mortality, 
disability, and chronic disease than do urban populations.40 
These trends are likely to be exacerbated by climate change 
(Ch. 9: Human Health). 

Governments in rural areas are generally ill-prepared to re-
spond quickly and effectively to large-scale events, although 
individuals and voluntary associations often show significant 
resilience. Health risks are exacerbated by limitations in the 
health service systems characteristic of rural areas, including 
the distance between rural residents and health care providers 
and the reduced availability of medical specialists.

The effects of climate change on mental health merit special 
consideration. Rural residents are already at a heightened risk 
from mental health issues because of the lack of access to 
mental health providers. The adverse impact of severe weath-
er disasters on mental health is well established,41 and there is 
emerging evidence that climate change in the form of increas-
ing heat waves and droughts has harmful effects on mental 
health (Ch. 9: Human Health, Key Message 1). Droughts often 
result in people relocating to seek other employment, caus-
ing a loss of home and social networks. Studies have shown 
that springtime droughts in rural areas cause a decrease in 
life satisfaction.42 The primary care physicians who form the 
backbone of rural health care often have heavy caseloads and 
lack specialized training in mental health issues.40 Additionally, 
patients referred to mental health specialists often experience 
significant delays.43 

The frequency and distribution of infectious diseases is also 
projected to increase with rising temperatures and associated 
seasonal shifts. Increased rates of mutation and increased 
resistance to drugs and other treatments are already evident 
in the behavior of infectious disease-causing bacteria and vi-
ruses.44 In addition, changes in temperature, surface water, hu-
midity, and precipitation affect the distribution and abundance 
of disease-carriers and intermediate hosts, and result in larger 
distributions for many parasites and diseases. Rural residents 
who spend significant time outdoors have an increased risk of 
exposure to these disease-carriers, like ticks and mosquitoes 
(Ch. 9: Human Health). 
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Key Message 3: Adaptation

Responding to additional challenges from climate change impacts will require significant 
adaptation within rural transportation and infrastructure systems, as well as health and 

emergency response systems. Governments in rural communities have limited institutional 
capacity to respond to, plan for, and anticipate climate change impacts.

Climate variability and increases in temperature, extreme 
events (such as storms, floods, heat waves, and droughts), and 
sea level rise are expected to have widespread impacts on the 
provision of services from state, regional, local, and tribal gov-
ernments. Emergency management, energy use and distribu-
tion systems, transportation and infrastructure planning, and 
public health will all be affected. 

Rural governments often depend heavily on volunteers to 
meet community challenges like fire protection or flood re-
sponse. In addition, rural communities have limited locally 
available financial resources to help deal with the effects of 
climate change. Small community size tends to make services 
expensive or available only by traveling some distance. 

Local governance structures tend to de-emphasize planning 
capacity, compared to urban areas. While 73% of metropolitan 
counties have land-use planners, only 29% of rural counties 
not adjacent to a metropolitan county had one or more plan-
ners. Moreover, rural communities are not equipped to deal 
with major infrastructure expenses.45

Communities across the United States are experiencing infra-
structure losses, water scarcity, unpredictable water availabil-
ity, and increased frequency and intensity of wildfires. How-
ever, local authorities often do not explicitly associate these 
observed changes with climate, and responses rarely take 
climate disruption into account. Even in communities where 
there is increasing awareness of climate change and interest 
in comprehensive adaptation planning, lack of funding, human 
resources, access to information, training, and expertise pro-
vide significant barriers for many rural communities.46 

If rural communities are to respond adequately to future cli-
mate changes, they will likely need help assessing their risks 
and vulnerabilities, prioritizing and coordinating projects, 
funding and allocating financial and human resources, and de-
ploying information-sharing and decision support tools (Ch. 26: 
Decision Support). There is still little systematic research on 
the vulnerability of rural communities and there is a need for 
additional empirical research in this area. Impacts due to cli-
mate change will cross community and regional lines, making 
solutions dependent upon meaningful participation of numer-
ous stakeholders from federal, state, local, and tribal govern-
ments, science and academia, the private sector, non-profit 

organizations, and the general public (Ch. 28: Adaptation, Key 
Message 3). 

Effective adaptation measures are closely tied to specific lo-
cal conditions and needs and take into account existing social 
networks.47,48 The economic and social diversity of rural com-
munities affects the ability of both individuals and communi-
ties to adapt to climate changes, and underscores the need 
to assess climate change impacts on a local basis. The quality 
and availability of natural resources, legacies of past use, and 
changing industrial needs affect the economic, environmental, 
and social conditions of rural places and are critical factors to 
be assessed.13,30,49 Successful adaptation to climate change 
requires balancing immediate needs with long-term develop-
ment goals, as well as development of local-level capacities to 
deal with climate change.48,50

Potential national climate change mitigation responses (Ch. 
27: Mitigation) – especially those that require extensive use of 
land, such as permanent reforestation, constructing large solar 
or wind arrays, hydroelectric generation, and biofuel cropping 
– are also likely to significantly affect rural communities, with 
both positive and negative effects.51 As with the development 
of rural resource-intensive economic activities, where national 
or multi-national companies tend to wield ownership and con-
trol, local residents and communities are unlikely to be the 
primary investors in or beneficiaries of this kind of new eco-
nomic activity. For example, mitigation policies that affect coal 
production could have a substantial economic impact on many 
rural communities, as could policies to promote production of 
non-fossil-fuel energy such as wind.

Decisions regarding adaptation responses for both urban and 
rural populations can occur at various scales (federal, state, lo-
cal, tribal, private sector, and individual) but need to take inter-
dependencies into account.  Many decisions that significantly 
affect rural communities may not be under the control of local 
governments or rural residents. Given that timing is a critical 
aspect of adaptation, as well as mitigation, engaging rural resi-
dents early in decision processes about investments in public 
infrastructure, protection of shorelines, changes in insurance 
provision, or new management initiatives can influence indi-
vidual behavior and choice in ways that enhance positive out-
comes of adaptation and mitigation.   

box: locAl responses to cliMAte chAnge in the sAn juAn MountAins 
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locAl responses to cliMAte chAnge in the sAn juAn MountAins

The San Juan Mountains region straddles the southern 
edge of the Southern Rocky Mountains and the 
northeastern tip of the arid Southwest. The high mountain 
headwaters of the Rio Grande, San Juan, and major 
tributaries of the Upper Colorado River are critical water 
towers for five states: Texas, Nevada, California, Arizona, 
and New Mexico. The diversity of the landforms, high 
plateaus, steep mountains, deep canyons, and foothills 
leads to a complex and diverse mix of coniferous and 
deciduous forested landscapes.52 County populations in 
the area range from 700 to 51,000 people. Population 
changes between 2000 and 2010 ranged from a 25% 
decline to an 86% increase. Public lands account for 
69% of the land base.53 Over half of the local economies 
are dependent upon natural resources to support tourism, 
minerals and natural gas extraction, and second home 
development. 

Average annual temperatures in the San Juan Mountains 
have risen 1.1ºF in only three decades,54 a rate of warming 
greater than any other region of the United States except 
Alaska.55 The timing of snowmelt has shifted two weeks 
earlier between 1978 and 2007, and this earlier seasonal 
release of water resources is of particular concern to all 
western states.56 Current challenges for the region include 
changes in forests due to pests and diseases, intensive 
recreation use, fire management for natural and prescribed 
fires, and increasing development in the wildland-urban 
interface. Communities are vulnerable to changes from a 
warmer and drier climate that would affect the frequency 

and intensity of wildfires, shift vegetation and range of 
forest types, and increase pressures on water supplies. 

In response, the San Juan Climate Initiative drew 
together stakeholders, including natural resource 
managers, community planners, elected officials, 
industry representatives, resource users, citizens, 
non-profit organizations, and scientists. By combining 
resources and capabilities, stakeholders have been able 
to accomplish much more together than if they had 
worked independently. For example, local governments 
developed a plan to reduce greenhouse gas emissions 
and identify strategies for adaptation, signing the U.S. 
Mayor’s Climate Protection Agreement in 2009. Climate 
modelers at University of Colorado and National Center 
for Atmospheric Research analyzed regional trends in 
temperature, precipitation, snowpack, and streamflow. 
Researchers at Mountain Studies Institute, University of 
Colorado, and Fort Lewis College are partnering with San 
Juan National Forest to monitor alpine plant communities 
and changes in climate across the region, and to document 
carbon resources. San Juan National Forest is developing 
strategies for adapting to climate changes in the region 
related to drought, wildfire, and other potential effects. La 
Plata County is leading an effort to plan for sustainable 
transportation and food networks that will be less 
dependent upon carbon-based fuels, while the Mountain 
Studies Institute is leading citizen science programs to 
monitor changes to sensitive species like the American 
pika.
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Hiker in the San Juan mountains, Colorado.
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Process for Developing Key Message: 
The key messages were initially developed at a meeting of the 
authors in Charleston, South Carolina, in February 2012. This 
initial discussion was supported by a series of conference calls 
from March through June, 2012. These ensuing discussions were 
held after a thorough review of the technical inputs and associ-
ated literature, including the Rural Communities Workshop Report 
prepared for the NCA

57
 and additional technical inputs on a variety 

of topics. 

Key message #1 Traceable accounT

Rural communities are highly dependent upon 
natural resources for their livelihoods and social 
structures. Climate change related impacts are cur-
rently affecting rural communities. These impacts 
will progressively increase over this century and 
will shift the locations where rural economic activi-
ties (like agriculture, forestry, and recreation) can 
thrive.

Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the Rural Communities Workshop Report.

57
 

Thirty one technical input reports on a wide range of topics were 
also received and reviewed as part of the Federal Register Notice 
solicitation for public input. 

Evidence that the impacts of climate change are increasing is 
compelling and widespread. This evidence is based on historical 
records and observations and on global climate models, includ-
ing those driven by B1 (substantial emissions reduction) and A2 
(continued increases in global emissions) scenarios. This evidence 
is clearly summarized and persuasively referenced in the “Our 
Changing Climate” chapter of this Assessment and in the Sce-
narios developed for the NCA.

58
 

The dependency of rural communities on their natural resources 
has been demonstrated,

13
 with a number of studies showing that 

climate change results in crop and livestock loss,
9
 infrastructure 

damage to levees and roads,
10

 shifts in agriculture practices,
11

 
and losses due to disasters.

12
 A number of publications project 

these impacts to increase, with effects on the natural environ-
ment

8,15,20
 and increased competition for water between agricul-

ture and energy.
19

 Studies have projected that tourism locations 

in the Everglades and Florida Keys are threatened.
21

 Meanwhile, 
Maine’s tourism could increase,

22
 which coincides with a projected 

northern shift in outdoor recreation.
23

 Hunting, fishing, and bird 
watching will be affected by beach erosion and wetland loss,

28
 and 

changing plant and animal habitats and inter-species relationships 
(see also Ch. 8: Ecosystems). Outdoor recreation and tourism in 
many areas in the U.S. are affected by early snowpack melt.

8,26

New information and remaining uncertainties
Key remaining uncertainties relate to the precise magnitude, tim-
ing, and location of impacts at regional and local scales.

Assessment of confidence based on evidence  
(See confidence level key on next page)

Given the evidence and uncertainties, there is very high confi-
dence that rural communities are highly dependent on natural 
resources that are expected to be affected by climate change, 
especially the many communities that rely on farming, forestry or 
tourism for their livelihoods.

Given the evidence and uncertainties, there is high confidence 
that climate change is currently affecting rural communities.

Given the evidence and uncertainties, there is very high confi-
dence that impacts will increase (see Ch 2: Our Changing Climate).

Given the evidence and uncertainties, there is high confidence 
about shifts in locations of economic activities.

Key message #2 Traceable accounT

Rural communities face particular geographic 
and demographic obstacles in responding to and 
preparing for climate change risks. In particular, 
physical isolation, limited economic diversity, and 
higher poverty rates, combined with an aging popu-
lation, increase the vulnerability of rural communi-
ties. Systems of fundamental importance to rural 
populations are already stressed by remoteness 
and limited access.

14: RURAL COMMUNITIES

SUPPLEMENTAL MATERIAL
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Description of evidence base
The key message and supporting text summarizes extensive evi-
dence documented in the Rural Communities Workshop Report.

57
 

Thirty one technical input reports on a wide range of topics were 
also received and reviewed as part of the Federal Register Notice 
solicitation for public input. 

With studies showing that rural communities are already 
stressed,

33,34,35
 a number of publications have explored the bar-

riers of rural communities to preparing and responding to climate 
change.

8,31
 Some studies provide in-depth looks at the obstacles 

created by limited economic diversity
32

 and an aging population.
40

New information and remaining uncertainties
Projecting the interactions of these variables with each other and 
applying this analysis to local or regional realities is complex at 
best, with uncertainties at every level of analysis.  

Assessment of confidence based on evidence
Given the evidence and uncertainties, there is high confidence that 
the obstacle of physical isolation will hamper some communities’ 
ability to adapt or have an adequate response during extreme 
events.

Given the evidence and uncertainties, there is high confidence 
that the obstacle of limited economic diversity will hinder rural 
communities’ ability to adapt. 

Given the evidence and uncertainties, there is high confidence 
that the obstacle of higher poverty rates will significantly increase 
vulnerability of many communities from adapting properly.

Given the evidence and uncertainties, there is high confidence 
that the obstacle of an aging population will hinder some rural 
communities and prevent them from having an adequate response. 

Given the evidence and uncertainties, there is high confidence that 
fundamental systems in rural communities are already stressed by 
remoteness and limited access.

Key message #3 Traceable accounT

Responding to additional challenges from climate 
change impacts will require significant adaptation 
within rural transportation and infrastructure sys-
tems, as well as health and emergency response 
systems. Governments in rural communities have 
limited institutional capacity to respond to, plan for, 
and anticipate climate change impacts.

Description of evidence base
The key message and supporting text summarize extensive evi-
dence documented in the Rural Communities Workshop Report.

57
 

Thirty one technical input reports on a wide range of topics were 
also received and reviewed as part of the Federal Register Notice 
solicitation for public input. 

Rural communities are not equipped to deal with major infrastruc-
ture expenses.

45
 Work has been performed illustrating the need 

to tie adaptation measures to specific local conditions and needs 
and take into account existing social networks.

47,48
 Publications 

have shown that there are a number of critical factors to be as-
sessed, including the quality and availability of natural resources, 
legacies of past use of resources, and changing industrial needs 
that affect economic, environmental, and social conditions.

13,30,49
 

Additionally, studies have expressed the requirement of account-
ing for both near- and long-term needs for climate change adapta-
tion to be successful.

50

New information and remaining uncertainties
It is difficult to fully capture the complex interactions of the entire 
socioeconomic-ecological system within which the effects of cli-
mate change will interact, especially in regard to local and regional 
impacts. Impact assessments and adaptation strategies require 
improved understanding of capacity and resilience at every level, 
international to local. The policy context in which individuals and 
communities will react to climate effects is vague and uncertain. 
Identification of informational needs alone indicates that adapta-
tion will be expensive.

Assessment of confidence based on evidence
Given the evidence and uncertainties, there is high confidence 
that rural communities have limited capacity to respond to im-

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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pacts, because of their remoteness, age, lack of diversity, and 
other reasons described in the text.

Given the evidence and uncertainties, there is high confidence 
that rural communities have limited capacity to plan for impacts, 
as explained in the text.

Given the evidence and uncertainties, there is high confidence 
that rural communities will have limited capacity to anticipate im-
pacts because of the lack of infrastructure and expertise available 
in rural communities.

Given the evidence and uncertainties, there is high confidence 
that significant climate change adaptation is needed for transpor-
tation in rural communities.

Given the evidence and uncertainties, there is high confidence 
that significant climate change adaptation is needed for health 
care and emergency response in rural communities, so that rural 
communities can handle climate change impacts.
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Key Messages
1. Human activities have increased atmospheric carbon dioxide by about 40% over  
 pre-industrial levels and more than doubled the amount of nitrogen available to ecosystems.  
 Similar trends have been observed for phosphorus and other elements, and these changes have  
 major consequences for biogeochemical cycles and climate change. 

2.  In total, land in the United States absorbs and stores an amount of carbon equivalent to about  
 17% of annual U.S. fossil fuel emissions. U.S. forests and associated wood products account  
 for  most of this land sink. The effect of this carbon storage is to partially offset warming from  
 emissions of CO2 and other greenhouse gases.

3. Altered biogeochemical cycles together with climate change increase the vulnerability of   
 biodiversity, food security, human health, and water quality to changing climate.  However,  
 natural and managed shifts in major biogeochemical cycles can help limit rates of climate  
 change.

BIOGEOCHEMICAL CYCLES15

Biogeochemical cycles involve the fluxes of chemical elements 
among different parts of the Earth: from living to non-living, 
from atmosphere to land to sea, and from soils to plants. They 
are called “cycles” because matter is always conserved and 
because elements move to and from major pools via a vari-
ety of two-way fluxes, although some elements are stored in 
locations or in forms that are differentially accessible to living 
things. Human activities have mobilized Earth elements and 
accelerated their cycles – for example, more than doubling the 
amount of reactive nitrogen that has been added to the bio-
sphere since pre-industrial times.1,2 Reactive nitrogen is any ni-
trogen compound that is biologically, chemically, or radiatively 
active, like nitrous oxide and ammonia, but not nitrogen gas 
(N2). Global-scale alterations of biogeochemical cycles are oc-

curring, from human activities both in the U.S. and elsewhere, 
with impacts and implications now and into the future. Glob-
al carbon dioxide emissions are the most significant driver of 
human-caused climate change. But human-accelerated cycles 
of other elements, especially nitrogen, phosphorus, and sul-
fur, also influence climate. These elements can affect climate 
directly or act as indirect factors that alter the carbon cycle, 
amplifying or reducing the impacts of climate change. 

Climate change is having, and will continue to have, impacts 
on biogeochemical cycles, which will alter future impacts on 
climate and affect our capacity to cope with coupled changes 
in climate, biogeochemistry, and other factors. 

Key Message 1: Human-Induced Changes

Human activities have increased atmospheric carbon dioxide by about 40% over pre-industrial 
levels and more than doubled the amount of nitrogen available to ecosystems. Similar trends 

have been observed for phosphorus and other elements, and these changes have major 
consequences for biogeochemical cycles and climate change. 

The human mobilization of carbon, nitrogen, and phosphorus 
from the Earth’s crust and atmosphere into the environment 
has increased 36, 9, and 13 times, respectively, compared 
to geological sources over pre-industrial times.3 Fossil fuel 
burning, land-cover change, cement production, and the 
extraction and production of fertilizer to support agriculture 
are major causes of these increases.4 Carbon dioxide (CO2) 
is the most abundant of the heat-trapping greenhouse gases 
that are increasing due to human activities, and its production 

dominates atmospheric forcing of global climate change.5 
However, methane (CH4) and nitrous oxide (N2O) have higher 
greenhouse-warming potential per molecule than CO2, and 
both are also increasing in the atmosphere. In the U.S. and 
Europe, sulfur emissions have declined over the past three 
decades, especially since the mid-1990s, because of efforts 
to reduce air pollution.6 Changes in biogeochemical cycles of 
carbon, nitrogen, phosphorus, and other elements – and the 
coupling of those cycles – can influence climate. In turn, this 



15: BIOGEOCHEMICAL CYCLES

352 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

can change atmospheric composition in other ways that affect 
how the planet absorbs and reflects sunlight (for example, 

by creating small particles known as aerosols that can reflect 
sunlight). 

State of the Carbon Cycle 
The U.S. was the world’s largest producer of human-caused 
CO2 emissions from 1950 until 2007, when it was surpassed by 
China. U.S. emissions account for approximately 85% of North 
American emissions of CO2

7 and 18% of global emissions.8,9 
Ecosystems represent potential “sinks” for CO2, which are 
places where carbon can be stored over the short or long term 
(see “Estimating the U.S. Carbon Sink”). At the continental 
scale, there has been a large and relatively consistent increase 
in forest carbon stocks over the last two decades,10 due to 

recovery from past forest harvest, net increases in forest area, 
improved forest management regimes, and faster growth driven 
by climate or fertilization by CO2 and nitrogen.7,11 The largest 
rates of disturbance and “regrowth sinks” are in southeastern, 
south central, and Pacific northwestern regions.11 However, 
emissions of CO2 from human activities in the U.S. continue 
to increase and exceed ecosystem CO2 uptake by more than 
three times. As a result, North America remains a net source of 
CO2 into the atmosphere7 by a substantial margin.

Sources and Fates of Reactive Nitrogen 
The nitrogen cycle has been dramatically altered by human 
activity, especially by the use of nitrogen fertilizers, which 
have increased agricultural production over the past half 
century.1,2 Although fertilizer nitrogen inputs have begun 
to level off in the U.S. since 1980,12 human-caused reactive 
nitrogen inputs are now at least five times greater than those 
from natural sources.13,14,15,16 At least some of the added 
nitrogen is converted to nitrous oxide (N2O), which adds to the 
greenhouse effect in Earth’s atmosphere.

An important characteristic of reactive nitrogen is its legacy. 
Once created, it can, in sequence, travel throughout the 
environment (for example, from land to rivers to coasts, 

sometimes via the atmosphere), contributing to environmental 
problems such as the formation of coastal low-oxygen “dead 
zones” in marine ecosystems in summer. These problems 
persist until the reactive nitrogen is either captured and stored 
in a long-term pool, like the mineral layers of soil or deep ocean 
sediments, or converted back to nitrogen gas.17,18 The nitrogen 
cycle affects atmospheric concentrations of the three most 
important human-caused greenhouse gases: carbon dioxide, 
methane, and nitrous oxide. Increased available nitrogen 
stimulates the uptake of carbon dioxide by plants, the release 
of methane from wetland soils, and the production of nitrous 
oxide by soil microbes.

Figure 15.1. The release of carbon dioxide from fossil fuel burning in North America (shown here for 2010) 
vastly exceeds the amount that is taken up and temporarily stored in forests, crops, and other ecosystems 
(shown here is the annual average for 2000-2006). (Figure source: King et al. 20127). 

Major North American Carbon Dioxide Sources and Sinks
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Phosphorus and other elements 
The phosphorus cycle has been greatly transformed in the 
United States,19 primarily from the use of phosphorus fertilizers 
in agriculture. Phosphorus has no direct effects on climate, 
but does have indirect effects, such as increasing carbon sinks 

by fertilizing plants. Emissions of sulfur, as sulfur dioxide, can 
reduce the growth of plants and stimulate the leaching of soil 
nutrients needed by plants.20

Key Message 2: Sinks and Cycles

In total, land in the United States absorbs and stores an amount of carbon equivalent to 
about 17% of annual U.S. fossil fuel emissions. U.S. forests and associated wood products 
account for most of this land sink. The effect of this carbon storage is to partially offset 

warming from emissions of CO2 and other greenhouse gases. 

Considering the entire atmospheric CO2 budget, the temporary 
net storage on land is small compared to the sources: more 
CO2 is emitted than can be taken up (see “Estimating the 
U.S. Carbon Sink”).7,21,22,23 Other elements and compounds 
affect that balance by direct and indirect means (for example, 
nitrogen stimulates carbon uptake [direct] and nitrogen 

decreases the soil methane sink [indirect]). The net effect on 
Earth’s energy balance from changes in major biogeochemical 
cycles (carbon, nitrogen, sulfur, and phosphorus) depends 
upon processes that directly affect how the planet absorbs 
or reflects sunlight, as well as those that indirectly affect 
concentrations of greenhouse gases in the atmosphere. 

Figure 15.2. Once created, a molecule of reactive nitrogen has a cascading impact on people and ecosystems as it contributes 
to a number of environmental issues. Molecular terms represent oxidized forms of nitrogen primarily from fossil fuel combustion 
(such as nitrogen oxides, NOx), reduced forms of nitrogen primarily from agriculture (such as ammonia, NH3), and organic 
forms of nitrogen (Norg) from various processes. NOy is all nitrogen-containing atmospheric gases that have both nitrogen and 
oxygen, other than nitrous oxide (N2O). NHx is the sum of ammonia (NH3) and ammonium (NH4). (Figure source: adapted from 
EPA 2011;13 Galloway et al. 2003;17 with input from USDA. USDA contributors were Adam Chambers and Margaret Walsh). 

Human Activities that Form Reactive Nitrogen
and Resulting Consequences in Environmental Reservoirs
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Carbon
In addition to the CO2 effects described above, other car-
bon-containing compounds affect climate change, such as 
methane and volatile organic compounds (VOCs). As the most 
abundant non-CO2 greenhouse gas, methane is 20 to 30 times 
more potent than CO2 over a century timescale. It accounted 
for 9% of all human-caused greenhouse gas emissions in the 
United States in 2011,8 and its atmospheric concentration to-
day is more than twice that of pre-industrial times.24,25 Meth-
ane has an atmospheric lifetime of about 10 years before it is 
oxidized to CO2, but it has about 25 times the global warming 
potential of CO2. An increase in methane concentration in the 
industrial era has contributed to warming in many ways.26

Methane also has direct and indirect effects on climate be-
cause of its influences on atmospheric chemistry. Increases in 
atmospheric methane and VOCs are expected to deplete con-
centrations of hydroxyl radicals, causing methane to persist in 
the atmosphere and exert its warming effect for longer peri-
ods.25,27 The hydroxyl radical is the most important “cleaning 
agent” of the troposphere (the active weather layer extending 
up to about 5 to 10 miles above the ground), where it is formed 
by a complex series of reactions involving ozone and ultraviolet 
light.3

Nitrogen and Phosphorus
The climate effects of an altered nitrogen cycle are substantial 
and complex.4,28,29,30,31 Carbon dioxide, methane, and nitrous 
oxide contribute most of the human-caused increase in climate 
forcing, and the nitrogen cycle affects atmospheric concentra-
tions of all three gases. Nitrogen cycling processes regulate 
ozone (O3) concentrations in the troposphere and strato-
sphere, and produce atmospheric aerosols, all of which have 

additional direct effects on climate. Excess reactive nitrogen 
also has multiple indirect effects that simultaneously amplify 
and mitigate changes in climate. Changes in ozone and organic 
aerosols are short-lived, whereas changes in carbon dioxide 
and nitrous oxide have persistent impacts on the atmosphere. 

Figure 15.3. Figure shows how climate change will affect U.S. reactive nitrogen emissions, in Teragrams (Tg) 
CO2 equivalent, on a 20-year (top) and 100-year (bottom) global temperature potential basis. Positive values 
on the vertical axis depict warming; negative values reflect cooling. The height of the bar denotes the range of 
uncertainty, and the white line denotes the best estimate. The relative contribution of combustion (dark brown) 
and agriculture (green) is denoted by the color shading. (Figure source: adapted from Pinder et al. 201228).

Nitrogen Emissions
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The strongest direct effect of an altered nitrogen 
cycle is through emissions of nitrous oxide (N2O), 
a long-lived and potent greenhouse gas that is in-
creasing steadily in the atmosphere.25,26 Globally, 
agriculture has accounted for most of the atmo-
spheric rise in N2O.32,33 Roughly 60% of agricultural 
N2O derives from elevated soil emissions resulting 
from the use of nitrogen fertilizer. Animal waste 
treatment accounts for about 30%, and the re-
maining 10% comes from crop-residue burning.34 
The U.S. reflects this global trend: around 75% to 
80% of U.S. human-caused N2O emissions are due 
to agricultural activities, with the majority being 
emissions from fertilized soil. The remaining 20% is 
derived from a variety of industrial and energy sec-
tors.35,36 While N2O currently accounts for about 
6% of human-caused warming,26 its long lifetime in 
the atmosphere and rising concentrations will in-
crease N2O-based climate forcing over a 100-year 
time scale.33,37,38

Excess reactive nitrogen indirectly exacerbates changes in 
climate by several mechanisms. Emissions of nitrogen oxides 
(NOx) increase the production of tropospheric ozone, which is 
a greenhouse gas.39 Elevated tropospheric ozone may reduce 
CO2 uptake by plants and thereby reduce the terrestrial CO2 
sink.40 Nitrogen deposition to ecosystems can also stimulate 
the release of nitrous oxide and methane and decrease meth-
ane uptake by soil microbes.41

However, excess reactive nitrogen also mitigates changes in 
greenhouse gas concentrations and climate through several 
intersecting pathways. Over short time scales, NOx and ammo-
nia emissions lead to the formation of atmospheric aerosols, 
which cool the climate by scattering or absorbing incoming ra-
diation and by affecting cloud cover.26,42 In addition, the pres-
ence of NOx in the lower atmosphere increases the formation 
of sulfate and organic aerosols.43 At longer time scales, NOx 
can increase rates of methane oxidation, thereby reducing the 
lifetime of this important greenhouse gas. 

One of the dominant effects of reactive nitrogen on climate 
stems from how it interacts with ecosystem carbon capture 
and storage, and thus, the carbon sink. As mentioned previous-
ly, addition of reactive nitrogen to natural ecosystems can in-
crease carbon storage as long as other factors are not limiting 
plant growth, such as water and nutrient availability.44 Nitro-
gen deposition from human sources is estimated to contribute 
to a global net carbon sink in land ecosystems of 917 to 1,830 
million metric tons (1,010 to 2,020 million tons) of CO2 per year. 
These are model-based estimates, as comprehensive, obser-
vationally-based estimates at large spatial scales are hindered 
by the limited number of field experiments. This net land sink 
represents two components: 1) an increase in vegetation 
growth as nitrogen limitation is alleviated by human-caused 

nitrogen deposition, and 2) a contribution from the influence 
of increased reactive nitrogen availability on decomposition. 
While the former generally increases with increased reactive 
nitrogen, the net effect on decomposition in soils is not clear. 
The net effect on total ecosystem carbon storage was an aver-
age of 37 metric tons (41 tons) of carbon stored per metric ton 
of nitrogen added in forests in the U.S. and Europe.45

When all direct and indirect links between reactive nitrogen 
and climate in the U.S. are added up, a recent estimate suggests 
a modest reduction in the rate of warming in the near term 
(next several decades), but a progressive switch to greater net 
warming over a 100-year timescale.28,29 That switch is due to 
a reduction in nitrogen oxide (NOx) emissions, which provide 
modest cooling effects, a reduction in the nitrogen-stimulated 
CO2 storage in forests, and a rising importance of agricultural 
nitrous oxide emissions. Current policies tend to reinforce this 
switch. For example, policies that reduce nitrogen oxide and 
sulfur oxide emissions have large public health benefits, but 
also reduce the indirect climate mitigation co-benefits by re-
ducing carbon storage and aerosol formation.

Changes in the phosphorus cycle have no direct effects on 
climate, but phosphorus availability constrains plant and mi-
crobial activity in a wide variety of land- and water-based eco-
systems.46,47 Changes in phosphorus availability due to human 
activity can therefore have indirect impacts on climate and 
the emissions of greenhouse gases in a variety of ways. For ex-
ample, in land-based ecosystems, phosphorus availability can 
limit both CO2 storage and decomposition46,48 as well as the 
rate of nitrogen accumulation.49 In turn, higher nitrogen inputs 
can alter phosphorus cycling via changes in the production and 
activity of enzymes that release phosphorus from decaying 
organic matter,50 creating another mechanism by which rising 
nitrogen inputs can stimulate carbon uptake.
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Other Effects: Sulfate Aerosols
In addition to the aerosol effects from nitrogen mentioned 
above, there are both direct and indirect effects on climate 
from other aerosol sources. Components of the sulfur cycle 
exert a cooling effect through the formation of sulfate aerosols 
created from the oxidation of sulfur dioxide (SO2) emissions.26 
In the United States, the dominant source of sulfur dioxide is 
coal combustion. Sulfur dioxide emissions rose until 1980, but 
have since decreased by more than 50% following a series of 
air-quality regulations and incentives focused on improving hu-
man health and the environment, as well as reductions in the 
delivered price of low-sulfur coal.51 That decrease in emissions 
has had a marked effect on U.S. climate forcing: between 1970 
and 1990, sulfate aerosols caused cooling, primarily over the 
eastern U.S., but since 1990, further reductions in sulfur diox-
ide emissions have reduced the cooling effect of sulfate aer-

osols by half or more.42 Continued declines in sulfate aerosol 
cooling are projected for the future,42 particularly if coal con-
tinues to be replaced by natural gas (which contains far fewer 
sulfur impurities) for electricity generation. Here, as with ni-
trogen oxide emissions, the environmental and socioeconomic 
tradeoffs are important to recognize: lower sulfur dioxide and 
nitrogen oxide emissions remove some climate cooling agents, 
but improve ecosystem health and save lives.16,31,52

Three low-concentration industrial gases are particularly po-
tent for trapping heat: nitrogen trifluoride (NF3), sulfur hexaflu-
oride (SF6), and trifluoromethyl sulfur pentafluoride (SF5CF3). 
None currently makes a major contribution to climate forcing, 
but since their emissions are increasing and their effects last 
for millennia, continued monitoring is important. 

Key Message 3: Impacts and Options

Altered biogeochemical cycles together with climate change increase the vulnerability of 
biodiversity, food security, human health, and water quality to changing climate.   
However, natural and managed shifts in major biogeochemical cycles can help  

limit rates of climate change.

Climate change alters key aspects of biogeochemical cycling, 
creating the potential for feedbacks that alter both warming 
and cooling processes into the future. For example, as 
soils warm, the rate of decomposition will increase, adding 
more CO2 to the atmosphere. In addition, both climate and 
biogeochemistry interact strongly with environmental and 
ecological concerns, such as biodiversity loss, freshwater and 
marine eutrophication (unintended fertilization of aquatic 

ecosystems that leads to water quality problems), air pollution, 
human health, food security, and water resources. Many of 
the latter connections are addressed in other sections of this 
assessment, but we summarize some of them here because 
consideration of mitigation and adaptation options for changes 
in climate and biogeochemistry often requires this broader 
context. 

Climate-Biogeochemistry Feedbacks
Both rising temperatures and changes in water availability can 
alter climate-relevant biogeochemical processes. For example, 
as summarized above, nitrogen deposition drives temperate 
forest carbon storage, both by increasing plant growth and 
by slowing organic-matter decomposition.53 Higher tempera-
tures will counteract soil carbon storage by increasing decom-
position rates and subsequent emission of CO2 via microbial 
respiration. However, that same increase in decomposition 
accelerates the release of reactive nitrogen (and phosphorus) 
from organic matter, which in turn can fuel additional plant 
growth.44 Temperature also has direct effects on net primary 
productivity (the total amount of CO2 stored by a plant through 
photosynthesis minus the amount released through respira-

tion). The combined effects on ecosystem carbon storage will 
depend on the extent to which nutrients constrain both net 
primary productivity and decomposition, on the extent of 
warming, and on whether any simultaneous changes in water 
availability occur.54

Similarly, natural methane sources are sensitive to variations 
in climate; ice core records show a strong correlation between 
methane concentrations and warmer, wetter conditions.55 
Thawing permafrost in polar regions is of particular concern 
because it stores large amounts of methane that could poten-
tially be released to the atmosphere. 

Biogeochemistry, Climate, and Interactions with Other Factors
Societal options for addressing links between climate and bi-
ogeochemical cycles must often be informed by connections 
to a broader context of global environmental changes. For 
example, both climate change and nitrogen deposition can 
reduce biodiversity in water- and land-based ecosystems. The 
greatest combined risks are expected to occur where critical 

loads are exceeded.56,57 A critical load is defined as the input 
rate of a pollutant below which no detrimental ecological ef-
fects occur over the long-term according to present knowl-
edge.57 Although biodiversity is often shown to decline when 
nitrogen deposition is high due to fossil fuel combustion and 
agricultural emissions,57,58 the compounding effects of multi-
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ple stressors are difficult to predict. Warming and changes in 
water availability have been shown to interact with nitrogen in 
additive or synergistic ways to exacerbate biodiversity loss.59 
Unfortunately, very few multi-factorial studies have been done 
to address this gap. 

Human induced acceleration of the nitrogen and phosphorus 
cycles already causes widespread freshwater and marine eu-
trophication,60,61 a problem that is expected to worsen under a 
warming climate.61,62 Without efforts to reduce future climate 
change and to slow the acceleration of biogeochemical cycles, 
existing climate changes will combine with increasing inputs 
of nitrogen and phosphorus into freshwater and estuarine 
ecosystems. This combination of changes is projected to have 
substantial negative effects on water quality, human health, 
inland and coastal fisheries, and greenhouse gas emissions.18,61

Similar concerns – and opportunities for the simultaneous 
reduction of multiple environmental problems (known as 
“co-benefits”) – exist in the realms of air pollution, human 
health, and food security. For example, methane, volatile or-

ganic compounds, and nitrogen oxide emissions all contribute 
to the formation of tropospheric ozone, which is a greenhouse 
gas and has negative consequences for human health and crop 
and forest productivity.37,63,64 Rates of ozone formation are ac-
celerated by higher temperatures, creating a reinforcing cycle 
between rising temperatures and continued human alteration 
of the nitrogen and carbon cycles.65 Rising temperatures also 
work against some of the benefits of air pollution control.64 
Some changes will trade gains in one arena for declines in oth-
ers. For example, lowered NOx, NHx, and SOx emissions remove 
cooling agents from the atmosphere, but improve air qual-
ity.16,31 Recent analyses suggest that targeting reductions in 
compounds like methane and black carbon aerosols that have 
both climate and air-pollution consequences can achieve sig-
nificant improvements in not only the rate of climate change, 
but also in human health.31 Finally, reductions in excess nitro-
gen and phosphorus from agricultural and industrial activities 
can potentially reduce the rate and impacts of climate change, 
while simultaneously addressing concerns in biodiversity, wa-
ter quality, food security, and human health.66

Figure 15.4. Top panel shows the impact of the alteration of the carbon cycle alone on radiative forcing. The bottom panel shows the 
impacts of the alteration of carbon, nitrogen, and sulfur cycles on radiative forcing. SO2 and NH3 increase aerosols and decrease 
radiative forcing. NH3 is likely to increase plant biomass, and consequently decrease forcing. NOx is likely to increase the formation of 
tropospheric ozone (O3) and increase radiative forcing.  Ozone has a negative effect on plant growth/biomass, which might increase 
radiative forcing. CO2 and NH3 act synergistically to increase plant growth, and therefore decrease radiative forcing. SO2 is likely 
to reduce plant growth, perhaps through the leaching of soil nutrients, and consequently increase radiative forcing. NOx is likely to 
reduce plant growth directly and through the leaching of soil nutrients, therefore increasing radiative forcing. However, it could act 
as a fertilizer that would have the opposite effect.

Many Factors Combine to Affect Biogeochemical Cycles
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estiMAting the u.s. cArbon sink

Any natural or engineered process that temporarily 
or permanently removes and stores carbon dioxide 
(CO2) from the atmosphere is considered a carbon 
“sink.” Temporary (10 to 100 years) CO2 sinks at 
the global scale include absorption by plants as they 
photosynthesize, as well as CO2 dissolution into the 
ocean. Forest biomass and soils in North America 
offer large temporary carbon sinks in the global 
carbon budget; however, the spatial distribution, 
longevity, and mechanisms controlling these sinks 
are less certain.67 Understanding these processes is 
critical for predicting how ecosystem carbon sinks 
will change in the future, and potentially for man-
aging the carbon sink as a mitigation strategy for 
climate change. 

Both inventory (measurement) and modeling techniques have been used to estimate land-based carbon sinks at a 
range of scales in both time and space. For inventory methods, carbon stocks are measured at a location at two points 
in time, and the amount of carbon stored or lost can be estimated over the intervening time period. This method is 
widely used to estimate the amount of carbon stored in forests in the United States over timescales of years to de-
cades. Terrestrial biosphere models estimate carbon sinks by modeling a suite of processes that control carbon cycling 
dynamics, such as photosynthesis (CO2 uptake by plants) and respiration (CO2 release by plants, animals, and micro-
organisms in soil and water). Field-
based data and/or remotely sensed 
data are used as inputs and also to 
validate these models. Estimates of 
the land-based carbon sink can vary 
depending on the data inputs and 
how different processes are mod-
eled.22 Atmospheric inverse models 
use information about atmospheric 
CO2 concentrations and atmospheric 
transport (like air currents) to esti-
mate the terrestrial carbon sink.68 
This approach can provide detailed 
information about carbon sinks over 
time. However, because atmospheric 
CO2 is well-mixed and monitoring 
sites are widely dispersed, these 
models estimate fluxes over large ar-
eas and it is difficult to identify pro-
cesses responsible for the sink from 
these data.22 Recent estimates using 
atmospheric inverse models show 
that global land and ocean carbon 
sinks are stable or even increasing 
globally.69

Figure 15.5. Figure shows growth in fossil fuel CO2 emissions (black line) and 
forest and total land carbon sinks in the U.S. for 1990–2010 (green and orange 
lines; from EPA 201221) and for 2003 (symbols; from the first State of the Carbon 
Cycle Report67). Carbon emissions are significantly higher than the total land sink’s 
capacity to absorb and store them. (Data from EPA 2012 and CCSP 200721,67).

U.S. Carbon Sinks Absorb a Fraction of CO2 Emissions

Continued

Table 15.1. Carbon (C) sinks and uncertainty estimated by Pacala et al. for the 
first State of the Carbon Cycle Report.23 Forests take up the highest percentage 
of carbon of all land-based carbon sinks. Due to a number of factors, there are 
high degrees of uncertainty in carbon sink estimates.

Land Area C sink (Tg C/y)
(95% CI) Method

Forest -256 (+/- 50%) inventory, modeled

Wood products -57 (+/- 50%) inventory

Woody encroachment -120 (+/- >100%) inventory

Agricultural soils -8 (+/- 50%) modeled

Wetlands -23 (+/- >100%) inventory

Rivers and reservoirs -25 (+/- 100%) inventory

Net Land Sink -489 (+/- 50%) inventory
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estiMAting the u.s. cArbon sink (continued)

The U.S. Environmental Protection Agency (EPA) conducts an annual inventory of U.S. greenhouse gas emissions and 
sinks as part of the nation’s commitments under the Framework Convention on Climate Change. Estimates are based on 
inventory studies and models validated with field-based data (such as the CENTURY model) in accordance with the Inter-
governmental Panel on Climate Change (IPCC) best practices.70 An additional comprehensive assessment, The First State 
of the Carbon Cycle Report (SOCCR), provides estimates for carbon sources and sinks in the U.S. and North America 
around 2003.67 This assessment also utilized inventory and field-based terrestrial biosphere models, and incorporated 
additional land sinks not explicitly included in EPA assessments. 

Data from these assessments suggest that the U.S. carbon sink has been variable over the last two decades, but still 
absorbs and stores a small fraction of CO2 emissions. The forest sink comprises the largest fraction of the total land sink 
in the United States, annually absorbing 7% to 24% (with a best estimate of 16%) of fossil fuel CO2 emissions during 
the last two decades. Because the U.S. Forest Service has conducted detailed forest carbon inventory studies, the un-
certainty surrounding the estimate for the forest sink is lower than for most other components (see Pacala et al. 2007, 
Table 223). The role of lakes, reservoirs, and rivers in the carbon budget, in particular, has been difficult to quantify and 
is rarely included in national budgets.71 The IPCC guidelines for estimating greenhouse gas sources or sinks from lakes, 
reservoirs, or rivers are included in the “wetlands” category, but only for lands converted to wetlands. These ecosystems 
are not included in the EPA’s estimates of the total land sink. Rivers and reservoirs were estimated to be a sink in the 
State of the Carbon Cycle analysis,23 but recent studies suggest that inland waters may actually be an important source 
of CO2 to the atmosphere.72 It is important to note that these two methods use different datasets, different models, and 
different methodologies to estimate land-based carbon sinks in the United States. In particular, we note that the EPA 
Inventory, consistent with IPCC Guidelines for national inventories, includes only carbon sinks designated as human-
caused, while the SOCCR analysis does not make this distinction. 

Figure 15.6. Changes in CO2 emissions and land-based sinks in two recent decades, showing among-
year variation (vertical lines: minimum and maximum estimates among years; boxes: 25th and 75th 
quartiles; horizontal line: median). Total CO2 emissions, as well as total CO2 emissions from fossil 
fuels, have risen; land-based carbon sinks have increased slightly, but at a much slower pace. (Data 
from EPA 2012 and CCSP 200721,67).

U.S. Carbon Sources and Sinks from 1991 to 2000 and 2001 to 2010
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Process for Developing Key Messages 
The key messages and supporting text summarize extensive evi-
dence documented in two technical input reports submitted to 
the NCA: 1) a foundational report supported by the Departments 
of Energy and Agriculture: Biogeochemical Cycles and Biogenic 
Greenhouse Gases from North American Terrestrial Ecosystems: 
A Technical Input Report for the National Climate Assessment,30 
and 2) an external report: The Role of Nitrogen in Climate Change 
and the Impacts of Nitrogen-Climate Interactions on Terrestrial and 
Aquatic Ecosystems, Agriculture, and Human Health in the United 
States: A Technical Report Submitted to the U.S. National Climate 
Assessment.4 The latter report was supported by the International 
Nitrogen Initiative, a National Science Foundation grant, and the 
David and Lucille Packard Foundation.  

Author meetings and workshops were held regularly for the foun-
dational report,30 including a workshop at the 2011 Soil Science 
Society of America meeting. A workshop held in July 2011 at 
the USGS John Wesley Powell Center for Analysis and Synthe-
sis in Fort Collins, CO, focused on climate-nitrogen actions and 
was summarized in the second primary source.4 An additional 15 
technical input reports on various topics were also received and 
reviewed as part of the Federal Register Notice solicitation for 
public input. 

The entire author team for this chapter conducted its delibera-
tions by teleconference from April to June 2012, with three major 
meetings resulting in an outline and a set of key messages.  The 
team came to expert consensus on all of the key messages based 
on their reading of the technical inputs, other published literature, 
and professional judgment. Several original key messages were 
later combined into a broader set of statements while retaining 
most of the original content of the chapter. Major revisions to the 
key messages, chapter, and traceable accounts were approved 
by authors; further minor revisions were consistent with the mes-
sages intended by the authors.

Key message #1 Traceable accounT

Human activities have increased atmospheric 
carbon dioxide by about 40% over pre-industrial 
levels and more than doubled the amount of nitro-
gen available to ecosystems. Similar trends have 

been observed for phosphorus and other elements, 
and these changes have major consequences for 
biogeochemical cycles and climate change. 

Description of evidence base
The author team evaluated technical input reports (17) on biogeo-
chemical cycles, including the two primary sources.4,31 In particular, 
one report4 focused on changes in the nitrogen cycle and was com-
prehensive. Original literature was consulted for changes in other 
biogeochemical cycles. The foundational report30 updated several 
aspects of our understanding of the carbon balance in the United 
States. 

Publications have shown that human activities have altered biogeo-
chemical cycles. A seminal paper comparing increases in the global 
fluxes of carbon (C), nitrogen (N), sulfur (S), and phosphorous (P) was 
published in 200073 and was recently updated.3 Changes observed in 
the nitrogen cycle1,17,18 show anthropogenic sources to be far greater 
than natural ones.14,36,47 For phosphorus, the effect of added phos-
phorus on plants and microbes is well understood.19,46,47 Extensive 
research shows that increases in CO2 are the strongest human impact 
forcing climate change, mainly because the concentration of CO2 is so 
much greater than that of other greenhouse gases.5,7,73

New information and remaining uncertainties
The sources of C, N, and P are from well-documented processes, such 
as fossil fuel burning and fertilizer production and application. The 
flux from some processes is well known, while others have significant 
remaining uncertainties. 

Some new work has synthesized the assessment of global and nation-
al CO2 emissions7 and categorized the major CO2 sources and sinks.4,30 
Annual updates of CO2 emissions and sink inventories are done by 
EPA (for example, EPA 20138).  

Advances in the knowledge of the nitrogen cycle have quantified that 
human-caused reactive nitrogen inputs are now at least five times 
greater than natural inputs.4,13,14

Assessment of confidence based on evidence 
High confidence. Evidence for human inputs of C, N, and P come from 
academic, government, and industry sources. The data show sub-
stantial agreement.
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The likelihood of continued dominance of CO2 over other greenhouse 
gases as a driver of global climate change is also judged to be high, 
because its concentration is an order of magnitude higher and its rate 
of change is well known. 

Key message #2 Traceable accounT

In total, land in the United States absorbs and 
stores an amount of carbon equivalent to about 17% 
of annual U.S. fossil fuel emissions. U.S. forests 
and associated wood products account for most of 
this land sink. The effect of this carbon storage is 
to partially offset warming from emissions of CO2 
and other greenhouse gases.

Description of evidence base
The author team evaluated technical input reports (17) on biogeo-
chemical cycles, including the two primary sources.4,30 The “Estimat-
ing the U.S. Carbon Sink” section relies on multiple sources of data 
that are described therein. 

Numerous studies of the North American and U.S. carbon sink have 
been published in reports and the scientific literature. Estimates 
of the percentage of fossil fuel CO2 emissions that are captured by 
forest, cropland, and other lands vary from a low of 7% to a high of 
about 24%, when the carbon storage is estimated from carbon in-

ventories.7,22,36 The forest sink has persisted in the U.S. as forests that 
were previously cut have regrown. Further studies show that carbon 
uptake can be increased to some extent by a fertilization effect with 
reactive nitrogen44,45 and phosphorus,46,47,48 both nutrients that can 
limit the rate of photosynthesis. The carbon sink due to nitrogen fer-
tilization is projected to lessen in the future as controls on nitrogen 
emissions come into play.28

While carbon uptake by ecosystems has a net cooling effect, trace 
gases emitted by ecosystems have a warming effect that can offset 
the cooling effect of the carbon sink.26 The most important of these 
gases are methane and nitrous oxide (N2O), the concentrations of 
which are projected to rise.25,26,33,37,38

New information and remaining uncertainties
The carbon sink estimates have very wide margins of error. The per-
cent of U.S. CO2 emissions that are stored in ecosystems depends on 
which years are used for emissions and whether inventories, eco-
system process models, atmospheric inverse models, or some com-
bination of these techniques are used to estimate the sink size (see 
“Estimating the U.S. Carbon Sink”). The inventories are continually 
updated (for example, EPA 20138), but there is a lack of congruence 
on which of the three techniques is most reliable. A recent paper that 
uses atmospheric inverse modeling suggests that the global land and 
ocean carbon sinks are stable or increasing.69

While known to be significant, continental-scale fluxes and sources 
of the greenhouse gases N2O and CH4 are based on limited data and 
are potentially subject to revision. Recent syntheses28 evaluate the 
dynamics of these two important gases and project future changes. 
Uncertainties remain high.

Assessment of confidence based on evidence 
We have very high confidence that the value of the forest carbon sink 
lies within the range given, 7% to 24% (with a best estimate of 16%) 
of annual U.S. greenhouse gas emissions. There is wide acceptance 
that forests and soils store carbon in North America, and that they 
will continue to do so into the near future. The exact value of the sink 
strength is very poorly constrained, however, and knowledge of the 
projected future sink is low. As forests age, their capacity to store 
carbon in living biomass will necessarily decrease,10 but if other, un-
known sinks are dominant, ecosystems may continue to be a carbon 
sink.

We have high confidence that the combination of ecosystem carbon 
storage of human-caused greenhouse gas emissions and potential 
warming from other trace gases emitted by ecosystems will ulti-
mately result in a net warming effect. This is based primarily on one 
recent synthesis,28 which provides ranges for multiple factors and de-
scribes the effects of propagating uncertainties. However, the exact 
amount of warming or cooling produced by various gases is not yet 
well known, because of the interactions of multiple factors. 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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Key message #3 Traceable accounT

Altered biogeochemical cycles together with 
climate change increase the vulnerability of bio-
diversity, food security, human health, and water 
quality to changing climate.  However, natural and 
managed shifts in major biogeochemical cycles can 
help limit rates of climate change.

Description of evidence base
The author team evaluated technical input reports (17) on biogeo-
chemical cycles, including the two primary sources.4,30

The climate–biogeochemical cycle link has been demonstrated 
through numerous studies on the effects of reactive nitrogen and 
phosphorus on forest carbon uptake and storage, and decomposition 
of organic matter;44,53 temperature effects on ecosystem productiv-
ity;54 and sensitivity of natural methane emissions to climate varia-
tion.55

Where the nitrogen and phosphorus cycles are concerned, a number 
of publications have reported effects of excess loading on ecosystem 
processes60,61 and have projected these effects to worsen.61,62 Addi-
tionally, studies have reported the potential for future climate change 
and increasing nitrogen and phosphorus loadings to have an additive 
effect and the need for remediation.18,61 The literature suggests that 
co-benefits are possible from addressing the environmental concerns 
of both nutrient loading and climate change.4,31,64,65,66

New information and remaining uncertainties
Scientists are still investigating the impact of nitrogen deposition 
on carbon uptake and of sulfur and nitrogen aerosols on radiative 
forcing.

Recent work has shown that more than just climate change aspects 
can benefit from addressing multiple environmental concerns (air/
water quality, biodiversity, food security, human health, and so on)

Assessment of confidence based on evidence
High. We have a high degree of confidence that climate change will 
affect biogeochemical cycles through its effects on ecosystem struc-
ture and function (species composition and productivity). Similarly, 
there is high confidence that altered biogeochemical cycles will af-
fect climate change, as for example in the increased rates of carbon 
storage in forests and soils that often accompany excess nitrogen 
deposition.
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From the Rocky Mountains to the Shenandoah Valley, the Great Lakes to the Gulf 
of Mexico, our country’s landscapes and communities vary dramatically. But amidst 
our geographical and economic diversity, we share many common attributes and 
challenges. One common challenge facing every U.S. region is a new and dynamic 
set of realities resulting from our changing climate. 

The evidence can be found in every region, and impacts are visible in every state. 
Some of the most dramatic changes are in Alaska, where average temperatures 
have increased more than twice as fast as the rest of the country. The rapid 
decline of Arctic sea ice cover in the last decade is reshaping that region. In 
the Southwest, a combination of increased temperatures and reductions in 
annual precipitation are already affecting forests and diminishing water supplies. 
Meanwhile, that region’s population continues to grow at double-digit rates, 
increasing the stress on water supplies. In various regions, evidence of climate 
change is apparent in ecosystem changes, such as species moving northward, 
increases in invasive species and insect outbreaks, and changes in the length of 
the growing season. In many cities, impacts to the urban environment are closely 
linked to the changing climate, with increased flooding, greater incidence of heat 
waves, and diminished air 
quality. Along most of our 
coastlines, increasing sea 
levels and associated threats to 
coastal areas and infrastructure 
are becoming a common 
experience.

For all U.S. regions, warming 
in the future is projected 
to be very large compared 
to historical variations. 
Precipitation patterns will be 
altered as well, with some 
regions becoming drier and 
some wetter. The exact location 
of some of these future 
changes is not easy to pinpoint, 
because the continental 
U.S. straddles a transition 
zone between projected drier 
conditions in the sub-tropics 
(south) and wetter conditions at higher latitudes (north). As a result, projected 
precipitation changes in the northernmost states (which will get wetter) and 
southernmost states (which will get drier) are more certain than those for the 
central areas of the country. The heaviest precipitation events are projected to 
increase everywhere, and by large amounts. Extended dry spells are also projected 
to increase in length.
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Regional differences in climate change impacts provide opportunities as well as challenges. A changing climate requires 
alterations in historical agricultural practices, which, if properly anticipated, can have some benefits. Warmer winters mean 
reductions in heating costs for those in the northern portions of the country. Well-designed adaptation and mitigation actions 
that take advantage of regional conditions can significantly enhance the nation’s resilience in the face of multiple challenges, 
which include many factors in addition to climate change.

The regions defined in this report intentionally follow state lines (see Figure 1 and Table 1), but landscape features such as 
forests and mountain ranges do not follow these artificial boundaries. The array of distinct landscapes within each region 
required difficult choices of emphasis for the authors. The chapters that follow provide a summary of changes and impacts 
that are observed and anticipated in each of the eight regions of the United States, as well as on oceans and coasts.

For more information about the regional climate histories and projections1 and sea level rise scenarios2 developed for the 
National Climate Assessment, and used throughout this report, see Ch. 2: Our Changing Climate and Appendix 5: Scenarios 
and Model
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Table 1: Composition of NCA Regions

Region Composition

Northeast
Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, 
Pennsylvania, Rhode Island, Vermont, West Virginia, District of Columbia,

Southeast and 
Caribbean

Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South 
Carolina, Tennessee, Virginia, Puerto Rico, U.S. Virgin Islands

Midwest Illinois, Indiana, Iowa, Michigan, Minnesota, Missouri, Ohio, Wisconsin

Great Plains Kansas, Montana, Nebraska, North Dakota, Oklahoma, South Dakota, Texas, Wyoming

Northwest Idaho, Oregon, Washington

Southwest Arizona, California, Colorado, Nevada, New Mexico, Utah

Alaska Alaska

Hawai‘i and U.S. 
Pacific Islands

Hawai‘i, Commonwealth of the Northern Mariana Islands, Federated States of Micronesia, Republic 
of the Marshall Islands, Republic of Palau, Territory of American Samoa, Territory of Guam
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Key Messages

NORTHEAST16
1. Heat waves, coastal flooding, and river flooding will pose a growing challenge to the 

region’s environmental, social, and economic systems. This will increase the vulnerability 
of the region’s residents, especially its most disadvantaged populations. 

2. Infrastructure will be increasingly compromised by climate-related hazards, including sea 
level rise, coastal flooding, and intense precipitation events.

3. Agriculture, fisheries, and ecosystems will be increasingly compromised over the 
next century by climate change impacts. Farmers can explore new crop options, but 
these adaptations are not cost- or risk-free. Moreover, adaptive capacity, which varies 
throughout the region, could be overwhelmed by a changing climate. 

4. While a majority of states and a rapidly growing number of municipalities have begun to 
incorporate the risk of climate change into their planning activities, implementation of 
adaptation measures is still at early stages. 

Sixty-four million people are concentrated in the Northeast. 
The high-density urban coastal corridor from Washington, D.C., 
north to Boston is one of the most developed environments in 
the world. It contains a massive, complex, and long-standing 
network of supporting infrastructure. The region is home to 
one of the world’s leading financial centers, the nation’s capi-
tal, and many defining cultural and historical landmarks. 

The region has a vital rural component as well. The Northeast 
includes large expanses of sparsely populated but ecologi-
cally and agriculturally important areas. Much of the North-
east landscape is dominated by forest, but the region also has 
grasslands, coastal zones, beaches and dunes, and wetlands, 
and it is known for its rich marine and freshwater fisheries. 
These natural areas are essential to recreation and tourism 
sectors and support jobs through the sale of timber, ma-
ple syrup, and seafood. They also contribute important 
ecosystem services to broader populations – protecting 
water supplies, buffering shorelines, and sequestering 
carbon in soils and vegetation. The twelve Northeastern 
states have more than 180,000 farms, with $17 billion in 
annual sales.1 The region’s ecosystems and agricultural 
systems are tightly interwoven, and both are vulnerable 
to a changing climate. 

Although urban and rural regions in the Northeast have 
profoundly different built and natural environments, 
both include populations that have been shown to be 
highly vulnerable to climate hazards and other stresses. 
Both also depend on aging infrastructure that has already 
been stressed by climate hazards including heat waves, 

as well as coastal and riverine flooding due to a combination of 
sea level rise, storm surge, and extreme precipitation events.

The Northeast is characterized by a diverse climate.2 Average 
temperatures in the Northeast generally decrease to the north, 
with distance from the coast, and at higher elevations. Average 
annual precipitation varies by about 20 inches throughout the 
Northeast with the highest amounts observed in coastal and 
select mountainous regions. During winter, frequent storms 
bring bitter cold and frozen precipitation, especially to the 
north. Summers are warm and humid, especially to the south. 
The Northeast is often affected by extreme events such as ice 
storms, floods, droughts, heat waves, hurricanes, and major 
storms in the Atlantic Ocean off the northeast coast, referred 
to as nor’easters. However, variability is large in both space and 
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time. For example, parts of southern New 
England that experienced heavy snows in 
the cold season of 2010-2011 experienced 
little snow during the cold season of 2011-
2012. Of course, even a season with low 
totals can feature costly extreme events; 
snowfall during a 2011 pre-Halloween 
storm that hit most of the Northeast, when 
many trees were still in leaf, knocked out 
power for up to 10 days for thousands of 
households.

Observed Climate Change
Between 1895 and 2011, temperatures 
in the Northeast increased by almost 2˚F 
(0.16˚F per decade), and precipitation in-
creased by approximately five inches, or 
more than 10% (0.4 inches per decade).3 
Coastal flooding has increased due to a rise 
in sea level of approximately 1 foot since 
1900. This rate of sea level rise exceeds 
the global average of approximately 8 inches (see Ch. 2: Our 
Changing Climate, Key Message 10; Ch. 25: Coasts), due pri-
marily to land subsidence,4 although recent research suggests 
that changes in ocean circulation in the North Atlantic – spe-
cifically, a weakening of the Gulf Stream – may also play a role.5 

The Northeast has experienced a greater recent increase in ex-
treme precipitation than any other region in the United States; 
between 1958 and 2010, the Northeast saw more than a 70% 
increase in the amount of precipitation falling in very heavy 
events (defined as the heaviest 1% of all daily events) (see Ch. 
2: Our Changing Climate, Figure 2.18).7 
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Sea Level is Rising

Figure 16.1.  (Map) Local sea level trends in the Northeast region. Length of time series for each arrow varies 
by tide gauge location. (Figure source: NOAA6). (Graph) Observed sea level rise in Philadelphia, PA, has 
significantly exceeded the global average of 8 inches over the past century, increasing the risk of impacts to 
critical urban infrastructure in low-lying areas. Over 100 years (1901-2012), sea level increased 1.2 feet (Data 
from Permanent Service for Mean Sea Level).
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Projected Climate Change
As in other areas, the amount of warming in the Northeast 
will be highly dependent on global emissions of heat-trapping 
gases. If emissions continue to increase (as in the A2 scenario), 
warming of 4.5F° to 10°F is projected by the 2080s; if global 
emissions were reduced substantially (as in the B1 scenario), 
projected warming ranges from about 3°F to 6°F by the 2080s.3 

Under both emissions scenarios, the frequency, intensity, and 
duration of heat waves is expected to increase, with larger in-
creases under higher emissions (Ch. 2: Our Changing Climate). 
Much of the southern portion of the region, including the 
majority of Maryland and Delaware, and southwestern West 
Virginia and New Jersey, are projected by mid-century to ex-
perience many more days per year above 90°F compared to 
the end of last century under continued increases in emissions 
(Figure 16.2, A2 scenario). This will affect the region’s vulner-
able populations, infrastructure, agriculture, and ecosystems.

The frequency, intensity, and duration of cold air outbreaks is 
expected to decrease as the century progresses, although some 
research suggests that loss of Arctic sea ice could indirectly re-
duce this trend by modifying the jet stream and mid-latitude 
weather patterns.8,9 

Projections of precipitation changes are less certain than pro-
jections of temperature increases.3 Winter and spring precipi-
tation is projected to increase, especially but not exclusively in 
the northern part of the region (Ch. 2: Our Changing Climate, 
Key Messages 5 and 6).3,10 A range of model projections for the 
end of this century under a higher emissions scenario (A2), av-
eraged over the region, suggests about 5% to 20% (25th to 75th 
percentile of model projections) increases in winter precipita-
tion. Projected changes in summer and fall, and for the entire 
year, are generally small at the end of the century compared to 
natural variations (Ch. 2: Our Changing Climate, Key Message 
5).3 The frequency of heavy downpours is projected to con-

tinue to increase as the century progresses (Ch. 
2: Our Changing Climate, Key Message 6). Sea-
sonal drought risk is also projected to increase in 
summer and fall as higher temperatures lead to 
greater evaporation and earlier winter and spring 
snowmelt.11

Global sea levels are projected to rise 1 to 4 feet 
by 2100 (Ch. 2: Our Changing Climate, Key Mes-
sage 10),12 depending in large part on the extent 
to which the Greenland and West Antarctic Ice 
Sheets experience significant melting. Sea level 
rise along most of the coastal Northeast is ex-
pected to exceed the global average rise due to 
local land subsidence, with the possibility of even 
greater regional sea level rise if the Gulf Stream 
weakens as some models suggest.5,13 Sea level 
rise of two feet, without any changes in storms, 
would more than triple the frequency of dan-
gerous coastal flooding throughout most of the 
Northeast.14

Although individual hurricanes cannot be directly 
attributed to climate change, Hurricanes Irene 
and Sandy nevertheless provided “teachable mo-
ments” by demonstrating the region’s vulnerabil-
ity to extreme weather events and the potential 
for adaptation to reduce impacts.

Projected Increases in the Number of Days over 90°F 

Figure 16.2. Projected number of days per year with a maximum temperature 
greater than 90°F averaged between 2041 and 2070, compared to 1971-2000 
(Historical Climate), assuming continued increases in global emissions (A2) 
and substantial reductions in future emissions (B1). (Figure source: NOAA 
NCDC / CICS-NC). 
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Two recent events contrast existing vulnerability to extreme events: Hurricane Irene, which produced a broad swath of 
very heavy rain (greater than five inches in total and sometimes two to three inches per hour in some locations) from 
southern Maryland to northern Vermont from August 27 to 29, 2011; and Hurricane Sandy, which caused massive 
coastal damage from storm surge and flooding along the Northeast coast from October 28 to 30, 2012. 

Rainfall associated with Irene led to hydrological extremes in the region. These heavy rains were part of a broader pattern 
of wet weather preceding the storm (rainfall totals for Au-
gust and September exceeded 25 inches across much of 
the Northeast) that left the region predisposed to extreme 
flooding from Irene; for example, the Schoharie Creek in 
New York experienced a 500-year flood.15  

In anticipation of Irene, the New York City mass transit 
system was shut down, and 2.3 million coastal residents 
in Delaware, New Jersey, and New York faced mandatory 
evacuations. However, it was the inland impacts, espe-
cially in upstate New York and in central and southern 
Vermont, that were most severe. Ironically, many New 
York City residents fled to inland locations, which were 
harder hit. Flash flooding washed out roads and bridg-
es, undermined railroads, brought down trees and pow-
er lines, flooded homes and businesses, and damaged 
floodplain forests. In Vermont, more than 500 miles of 
roadways and approximately 200 bridges were damaged, 
with estimated rebuilding costs of $175 to $250 mil-
lion. Hazardous wastes were released in a number of ar-
eas, and 17 municipal wastewater treatment plants were 
breached by floodwaters. Agricultural losses included 
damage to barn structures and flooded fields of crops. 
Many towns and villages were isolated for days due to 
infrastructure impacts from river flooding (see also Ch. 
5: Transportation, “Tropical Storm Irene Devastates Ver-
mont Transportation in August 2011”).2 Affected resi-
dents suffered from increased allergen exposure due to 
mold growth in flooded homes and other structures and 
were exposed to potentially harmful chemicals and pathogens in their drinking water. In the state of Vermont, cleaning 
up spills from aboveground hazardous waste tanks cost an estimated $1.75 million. Septic systems were also damaged 
from high groundwater levels and river or stream erosion, including 17 septic system failures in the state of Vermont.17 

Sandy was responsible for about 150 deaths, approximately half of which occurred in the Northeast.18 Damages, con-
centrated in New Jersey, New York, and Connecticut, were estimated at $60 to $80 billion, making Sandy the second 
most costly Atlantic Hurricane in history behind Katrina.19 It is also estimated that 650,000 homes were damaged or 
destroyed, and that 8.5 million people were without power.18 Floodwaters inundated subway tunnels in New York City (see 
also Ch. 5: Transportation, “Hurricane Sandy”). Sandy also caused significant damage to the electrical grid and over-
whelmed sewage treatment plants.18 In New Jersey, repairs to damaged power and gas lines are expected to cost about 
$1 billion, and repairs to waste, water, and sewer systems are expected to cost $3 billion. 

Many of these vulnerabilities to coastal flooding and sea level rise (Ch. 2: Our Changing Climate, Key Message 10) and 
intensifying storms (Ch. 2: Our Changing Climate, Key Messages 8 and 9) – including the projected frequency of flood-
ing of tunnels and airports – were documented as early as 2001 in a report developed in support of the 2000 National 
Climate Assessment.20 Despite such reports, the observed vulnerability was a surprise to many coastal residents, which 
suggests improved communication is needed. 

Flooding and Hurricane Irene 

Figure 16.3. Hurricane Irene over the Northeast on August 
28, 2011. The storm, which brought catastrophic flooding 
rains to parts of the Northeast, took 41 lives in the United 
States, and the economic cost was estimated at $16 billion.16 
(Figure source: MODIS instrument on NASA’s Aqua satellite).

hurricAne vulnerAbility
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Over the last decade, cities, states, and agencies in 
the New York metropolitan region took steps to reduce 
their vulnerability to coastal storms.21 In 2008, New 
York City convened a scientific body of experts – the 
New York City Panel on Climate Change (NPCC) – and 
formed a Climate Adaptation Task Force comprised 
of approximately 40 agencies, private sector compa-
nies, and regional groups. A process, approach, and 
tools for climate change adaptation were developed 
and documented in New York City11,22 and New York 
State.23 In 2012, the NPCC and Climate Adaptation 
Task Force were codified into New York City law, a 
key step towards institutionalizing climate science, 
impact, and adaptation assessment into long-term 
planning.24

These initiatives led to adaptation efforts, including 
elevating infrastructure, restoring green spaces, and 
developing evacuation plans that helped reduce dam-
age and save lives during Irene and Sandy (also see 
discussion of Hurricane Sandy in Ch. 11: Urban). As 
rebuilding and recovery advances,24 decision-mak-
ing based on current and projected risks from such 
events by a full set of stakeholders and participants 
in the entire Northeast could dramatically improve re-
silience across the region.

Coastal Flooding Along New Jersey’s Shore

Figure 16.4. Predictions of coastal erosion prior to Sandy’s 
arrival provided the region’s residents and decision-makers with 
advance warning of potential vulnerability. The map shows three 
bands: collision of waves with beaches causing erosion on the 
front of the beach; overwash that occurs when water reaches 
over the highest point and erodes from the rear, which carries 
sand inland; and inundation, when the shore is severely eroded 
and new channels can form that lead to permanent flooding. 
The probabilities are based on the storm striking at high tide. 
For New Jersey, the model estimated that 21% of the shoreline 
had more than a 90% chance of experiencing inundation. These 
projections were realized, and made the New Jersey coastline 
even more vulnerable to the nor’easter that followed Hurricane 
Sandy by only 10 days. (Figure source: ESRI and USGS 201225).

hurricAne vulnerAbility
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Key Message 1: Climate Risks to People

Heat waves, coastal flooding, and river flooding will pose a growing challenge to the region’s 
environmental, social, and economic systems. This will increase the vulnerability of the 

region’s residents, especially its most disadvantaged populations. 

Urban residents have unique and multifaceted vulnerabilities 
to heat extremes. Northeastern cities, with their abundance 
of concrete and asphalt and relative lack of vegetation, tend to 
have higher temperatures than surrounding regions (the “ur-
ban heat island” effect). During extreme heat events, nighttime 
temperatures in the region’s big cities are generally several de-
grees higher26 than surrounding regions, leading to increased 
heat-related death among those less able to recover from the 
heat of the day.27 Since the hottest days in the Northeast are 
often associated with high concentrations of ground-level 
ozone and other pollutants,28 the combination of heat stress 
and poor air quality can pose a major health risk to vulner-
able groups: young children, the elderly, and those with pre-
existing health conditions including asthma.29 Vulnerability is 
further increased as key infrastructure, including electricity for 
potentially life-saving air conditioning, is more likely to fail pre-
cisely when it is most needed – when demand exceeds avail-
able supply. Significant investments may be required to ensure 
that power generation keeps up with rising demand associ-
ated with rising temperatures.30 Finally, vulnerability to heat 

waves is not evenly distributed throughout urban areas; 
outdoor versus indoor air temperatures, air quality, baseline 
health, and access to air conditioning are all dependent on 
socioeconomic factors.29 Socioeconomic factors that tend 
to increase vulnerability to such hazards include race and 
ethnicity (being a minority), age (the elderly and children), 
gender (female), socioeconomic status (low income, status, 
or poverty), and education (low educational attainment). 
The condition of human settlements (type of housing and 
construction, infrastructure, and access to lifelines) and the 
built environment are also important determinants of socio-
economic vulnerability, especially given the fact that these 
characteristics influence potential economic losses, injuries, 
and mortality.31

Increased health-related impacts and costs, such as prema-
ture death and hospitalization due to even modest increases 
in heat, are predicted in the Northeast’s urban centers (Ch. 
9: Human Health).32 One recent study projected that tem-
perature changes alone would lead to a 50% to 91% increase 
in heat-related deaths in Manhattan by the 2080s (relative 

Urban Heat Island

Figure 16.5. Surface temperatures in New York City on a 
summer’s day show the “urban heat island,” with temperatures 
in populous urban areas being approximately 10°F higher than 
the forested parts of Central Park. Dark blue reflects the colder 
waters of the Hudson and East Rivers. (Figure source: Center for 
Climate Systems Research, Columbia University).
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to a 1980s baseline).33 Increased ground-level ozone due to 
warming is projected to increase emergency department visits 
for ozone-related asthma in children (0 to 17 years of age) by 
7.3% by the 2020s (given the A2 scenario) relative to a 1990 
baseline of approximately 650 visits in the New York metro-
politan area.34

Heat wave research has tended to focus on urban areas, but 
vulnerability to heat may also become a major issue in rural 
areas and small towns because air conditioning is currently not 
prevalent in parts of the rural Northeast where heat waves 
have historically been rare. Some areas of northern New Eng-
land, near the Canadian border, are projected to shift from 
having less than five to more than 15 days per year over 90°F 
by the 2050s under the higher emissions scenario (A2) of heat-
trapping gases.3 It should be noted that winter heating needs, a 
significant expense for many Northeastern residents, are likely 
to decrease as the century progresses.35

The impacts of climate change on public health will extend be-
yond the direct effects of temperature on human physiology. 
Changing distributions of temperature, precipitation, and car-
bon dioxide could affect the potency of plant allergens,36 and 
there has been an observed increase of 13 to 27 days in the 
ragweed pollen season at latitudes above 44°N.36

Vector-borne diseases are an additional concern. Most occur-
rences of Lyme disease in United States are in the Northeast, 
especially Connecticut.37 While it is unclear how climate change 
will impact Lyme disease,38 several studies in the Northeast 
have linked tick activity and Lyme disease incidence to climate, 
specifically abundant late spring and early summer moisture.39 
West Nile Virus (WNV) is another vector-borne disease that 
may be influenced by changes in climate. Suitable habitat for 
the Asian Tiger Mosquito, which can transmit West Nile and 
other vector-borne diseases, is expected to increase in the 
Northeast from the current 5% to 16% in the next two decades 
and from 43% to 49% by the end of the century, exposing more 
than 30 million people to the threat of dense infestations by 
this species.40 

Many Northeast cities, including New York, Boston, and Phila-
delphia, are served by combined sewer systems that collect 

and treat both stormwater and municipal wastewater. During 
heavy rain events, combined systems can be overwhelmed 
and untreated water may be released into local water bodies. 
In Connecticut, the risk for contracting a stomach illness while 
swimming significantly increased after a one inch precipitation 
event,41 and studies have found associations between diarrhe-
al illness among children and sewage discharge in Milwaukee.42 
More frequent heavy rain events could therefore increase the 
incidence of waterborne disease.

Historical settlement patterns and ongoing investment in 
coastal areas and along major rivers combine to increase the 
vulnerabilities of people in the Northeast to sea level rise and 
coastal storms. Of the Northeast’s population of 64 million,43 
approximately 1.6 million people live within the Federal Emer-
gency Management Agency’s (FEMA) 100-year coastal flood 
zone, with the majority – 63% of those at risk – residing in New 
York and New Jersey.44 As sea levels rise, populations in the 
current 1-in-100-year coastal flood zone (defined as the area 
with at least a 1% chance of experiencing a coastal flood in a 
given year) will experience more frequent flooding, and popu-
lations that have historically fallen outside the 1-in-100-year 
flood zone will find themselves in that zone. People living in 
coastal flood zones are vulnerable to direct loss of life and inju-
ry associated with tropical storms and nor’easters. Flood dam-
age to personal property, businesses, and public infrastructure 
can also result (see Key Message 2). 

This risk is not limited to the 1-in-100-year flood zone; in the 
Mid-Atlantic part of the region alone, estimates suggest that 
between 450,000 and 2.3 million people are at risk from a 
three foot sea level rise,45 which is in the range of projections 
for this century. 

Throughout the Northeast, populations are also concentrated 
along rivers and their flood plains. In mountainous regions, in-
cluding much of West Virginia and large parts of Pennsylvania, 
New York, Vermont, and New Hampshire, more intense precip-
itation events (Ch. 2: Our Changing Climate)3 will mean greater 
flood risk, particularly in valleys, where people, infrastructure, 
and agriculture tend to be concentrated. 
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Key Message 2: Stressed Infrastructure

Infrastructure will be increasingly compromised by climate-related hazards,  
including sea level rise, coastal flooding, and intense precipitation events.

Disruptions to services provided by public and private infra-
structure in the Northeast both interrupt commerce and 
threaten public health and safety (see also Ch. 11: Urban).46 
In New York State, two feet of sea level rise is estimated (ab-
sent adaptation investment) to flood or render unusable 212 
miles of roads, 77 miles of rail, 3,647 acres of airport facilities, 
and 539 acres of runways.47 Port facilities, such as in Maryland 
(primarily Baltimore), also have flooding impact estimates: 298 
acres, or 32% of the overall port facilities in the state.47 These 
impacts have potentially significant economic ramifications. 
For example, in 2006 alone the Port of Baltimore generated 
more than 50,200 jobs, $3.6 billion in personal income, $1.9 
billion in business revenues, and $388 million in state, coun-
ty, and municipal tax.48 The New York City Panel on Climate 
Change highlighted a broader range of climate impacts on 
infrastructure sectors (see Table 16.1).11 Although this study 
focused specifically on New York City, these impacts are ap-

plicable throughout the region. Predicted impacts of coastal 
flooding on infrastructure were largely borne out by Hurricane 
Sandy; sea level rise will only increase these vulnerabilities.

The more southern states within the region, including Delaware 
and Maryland, have a highly vulnerable land area because of a 
higher rate of sea level rise and relatively flat coastlines com-
pared to the northern tier. The northern states, including Mas-
sachusetts, Rhode Island, and Connecticut, have less land area 
exposed to a high inundation risk because of a lower relative 
sea level rise and because of their relatively steep coastal ter-
rain.49 Still, low-lying coastal metropolitan areas in New Eng-
land have considerable infrastructure at risk. In Boston alone, 
cumulative damage to buildings and building contents, as well 
as the associated emergency costs, could potentially be as high 
as $94 billion between 2000 and 2100, depending on the sea 
level rise scenario and which adaptive actions are taken.50

Table 16.1. Impacts of sea level rise and coastal floods on critical coastal infrastructure by sector. Sources: Horton and Rosenzweig 2010,51 Zimmerman 
and Faris 2010,52 and Ch. 25: Coasts.

Communications Energy Transportation Water and Waste

Higher average sea level

•	 Increased saltwater en-
croachment and damage to 
low-lying communications 
infrastructure not built to 
withstand saltwater exposure

•	 Increased rates of coastal 
erosion and/or permanent 
inundation of low-lying areas, 
causing increased mainte-
nance costs and shortened 
replacement cycles

•	 Cellular tower destruction or 
loss of function

•	 Increased coastal erosion 
rates and/or permanent 
inundation of low-lying areas, 
threatening coastal power 
plants

•	 Increased equipment damage 
from corrosive effects of 
saltwater encroachment, re-
sulting in higher maintenance 
costs and shorter replace-
ment cycles

•	 Increased saltwater en-
croachment and damage to 
infrastructure not built to 
withstand saltwater exposure

•	 Increased coastal erosion 
rates and/or permanent 
inundation of low-lying areas, 
resulting in increased main-
tenance costs and shorter 
replacement cycles

•	 Decreased clearance levels 
under bridges

•	 Increased saltwater en-
croachment and damage to 
water and waste infrastruc-
ture not built to withstand 
saltwater exposure

•	 Increased release of pollution 
and contaminant runoff from 
sewer systems, treatment 
plants, brownfields, and 
waste storage facilities

•	 Permanent inundation of low-
lying areas, wetlands, piers, 
and marine transfer stations

•	 Increased saltwater infiltra-
tion into freshwater distribu-
tion systems

More frequent and intense coastal flooding

•	 Increased need for emer-
gency management actions 
with high demand on com-
munications infrastructure

•	 Increased damage to com-
munications equipment and 
infrastructure in low-lying 
areas

•	 Increased need for emer-
gency management actions

•	 Exacerbated flooding of low-
lying power plants and equip-
ment, as well as structural 
damage to infrastructure due 
to wave action

•	 Increased use of energy to 
control floodwaters

•	 Increased number and 
duration of local outages 
due to flooded and corroded 
equipment

•	 Increased need for emer-
gency management actions

•	 Exacerbated flooding of 
streets, subways, tunnel and 
bridge entrances, as well as 
structural damage to infra-
structure due to wave action

•	 Decreased levels of service 
from flooded roadways; 
increased hours of delay 
from congestion during street 
flooding episodes

•	 Increased energy use for 
pumping

•	 Increased need for emer-
gency management actions

•	 Exacerbated street, base-
ment, and sewer flooding, 
leading to structural damage 
to infrastructure 

•	 Episodic inundation of low-
lying areas, wetlands, piers, 
and marine transfer stations
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In the transportation sector (see also Ch. 5: Transportation), 
many of the region’s key highways (including I-95) and rail sys-
tems (including Amtrak and commuter rail networks) span ar-
eas that are prone to coastal flooding. In addition to temporary 
service disruptions, storm surge flooding can severely under-
mine or disable critical infrastructure along coasts, including 
subway systems, wastewater treatment plants, and electrical 

substations. Saltwater corrosion can damage sensitive and 
critical electrical equipment, such as electrical substations 
for energy distribution and signal equipment for rail systems; 
corrosion also accelerates rust damage on rail lines. Saltwater 
also threatens groundwater supplies and damages wastewater 
treatment plants.

Key Message 3: Agricultural and Ecosystem Impacts

Agriculture, fisheries, and ecosystems will be increasingly compromised over the next century 
by climate change impacts. Farmers can explore new crop options, but these adaptations are 

not cost- or risk-free. Moreover, adaptive capacity, which varies throughout the region,  
could be overwhelmed by a changing climate. 

Farmers in the Northeast are already experiencing conse-
quences of climate change. In addition to direct crop damage 
from increasingly intense precipitation events, wet springs 
can delay planting for grain and vegetables in New York, for 
example, and subsequently delay harvest dates and reduce 
yields.53 This is an issue for agriculture nationally,54 but is par-
ticularly acute for the Northeast, where heavy rainfall events 
have increased more than in any other region of the country 
(Ch. 2: Our Changing Climate, Key Message 6).7 In the future, 
farmers may also face too little water in summer to meet in-
creased crop water demand as summers become hotter and 
growing seasons lengthen.55,56 Increased frequency of summer 
heat stress is also projected, which can negatively affect crop 
yields and milk production.57

Despite a trend toward warmer winters, the risk of frost and 
freeze damage continues, and has paradoxically increased over 
the past decade (see also Ch. 8: Ecosystems). These risks are 
exacerbated for perennial crops in years with variable winter 
temperatures. For example, midwinter-freeze damage cost 
wine grape growers in the Finger Lakes region of New York mil-
lions of dollars in losses in the winters of 2003 and 2004.58 This 
was likely due to de-hardening of the vines during an unusually 

warm December, which increased susceptibility to cold dam-
age just prior to a subsequent hard freeze. Another avenue for 
cold damage, even in a relatively warm winter, is when there 
is an extended warm period in late winter or early spring caus-
ing premature leaf-out or bloom, followed by a damaging frost 
event, as occurred throughout the Northeast in 200759 and 
again in 2012 when apple, grape, cherry, and other fruit crops 
were hard hit.60

Increased weed and pest pressure associated with longer 
growing seasons and warmer winters will be an increasingly im-
portant challenge; there are already examples of earlier arrival 
and increased populations of some insect pests such as corn 
earworm.57 Furthermore, many of the most aggressive weeds, 
such as kudzu, benefit more than crop plants from higher at-
mospheric carbon dioxide, and become more resistant to her-
bicide control.61 Many weeds respond better than most cash 
crops to increasing carbon dioxide concentrations, particularly 
“invasive” weeds with the so-called C3 photosynthetic path-
way, and with rapid and expansive growth patterns, including 
large allocations of below-ground biomass, such as roots.62 Re-
search also suggests that glyphosate (for example, Roundup), 
the most widely-used herbicide in the United States, loses its 
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Coney Island after Hurricane Irene

Figure 16.6. Flooded subway tracks in Coney 
Island after Hurricane Irene. (Photo credit: 
Metropolitan Transportation Authority of the 
State of New York 2011).
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efficacy on weeds grown at the increased carbon dioxide levels 
likely to occur in the coming decades.63 To date, all weed/crop 
competition studies where the photosynthetic pathway is the 
same for both species favor weed growth over crop growth as 
carbon dioxide is increased.61 

Effects of rising temperatures on the Northeast’s ecosystems 
have already been clearly observed (see also Ch. 8: Ecosys-
tems). Further, changes in species distribution by elevation are 
occurring; a Vermont study found an upslope shift of 299 to 
390 feet in the boundary between northern hardwoods and 
boreal forest on the western slopes of the Green Mountains 
between 1964 and 2004.64 Wildflowers65 and woody peren-
nials are blooming earlier 66 and migratory birds are arriving 
sooner.67 Because species differ in their ability to adjust, asyn-
chronies (like a mismatch between key food source availability 
and migration patterns) can develop, increasing species and 
ecosystem vulnerability. Several bird species have expanded 
their ranges northward68 as have some invasive insect species, 
such as the hemlock woolly adelgid,69 which has devastated 
hemlock trees. Warmer winters and less snow cover in recent 
years have contributed to increased deer populations70 that 
degrade forest understory vegetation.71 

As ocean temperatures continue to rise, the range of suitable 
habitat for many commercially important fish and shellfish 
species is projected to shift northward. For example, cod and 
lobster fisheries south of Cape Cod are projected to have sig-
nificant declines.72 Although suitable habitats will be shrinking 
for some species (such as coldwater fish like brook trout) and 
expanding for others (such as warmwater fish like bass), it is 
difficult to predict what proportion of species will be able to 

move or adapt as their optimum climate zones shift.73 As each 
species responds uniquely to climate change, disruptions of im-
portant species interactions (plants and pollinators; predators 
and prey) can be expected. For example, it is uncertain what 
forms of vegetation will move into the Adirondack Mountains 
when the suitable habitat for spruce-fir forests disappears.74 
Increased productivity of some northern hardwood trees in 
the Northeast is projected (due to longer growing seasons and 
assuming a significant benefit from higher atmospheric carbon 
dioxide), but summer drought and other extreme events may 
offset potential productivity increases.75 Range shifts in tra-
ditional foods gathered from the forests by Native American 
communities, such as Wabanaki berries in the Northeast, can 
have negative health and cultural impacts (Ch. 12: Indigenous 
Peoples).76  

In contrast, many insect pests, pathogens, and invasive plants 
like kudzu appear to be highly and positively responsive to re-
cent and projected climate change.77 Their expansion will lead 
to an overall loss of biodiversity, function, and resilience of 
some ecosystems. 

The Northeast’s coastal ecosystems and the species that in-
habit them are highly vulnerable to rising seas (see also Ch. 
25: Coasts, Key Message 4). Beach and dune erosion, both a 
cause and effect of coastal flooding, is also a major issue in 
the Northeast.78,79 Since the early 1800s, there has been an 
estimated 39% decrease in marsh coverage in coastal New 
England; in the metropolitan Boston area, marsh coverage is 
estimated to be less than 20% of its late 1700s value.80 Impervi-
ous urban surfaces and coastal barriers such as seawalls limit 
the ability of marshes to expand inland as sea levels rise.81 

The Chesapeake Bay is the largest U.S. estuary, with a drainage basin that extends over six states. It is a critical and 
highly integrated natural and economic system threatened by changing land-use patterns and a changing climate – 
including sea level rise, higher temperatures, and more intense precipitation events. The ecosystem has a central role 
in the economy, including providing sources of food for people and the region’s other inhabitants, and cooling water 
for the energy sector. It also provides critical ecosystem services.  

As sea levels rise, the Chesapeake Bay region is expected to experience an increase in coastal flooding and drowning 
of estuarine wetlands. The lower Chesapeake Bay is especially at risk due to high rates of sinking land (known as 
subsidence).82 Climate change and sea level rise are also likely to cause a number of ecological impacts, including 
declining water quality and clarity, increases in harmful algae and low oxygen (hypoxia) events, decreases in a number 
of species including eelgrass and seagrass beds, and changing interactions among trophic levels (positions in the food 
chain) leading to an increase in subtropical fish and shellfish species in the bay.83 

the chesApeAke bAy
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Key Message 4: Planning and Adaptation

While a majority of states and a rapidly growing number of municipalities have begun to 
incorporate the risk of climate change into their planning activities, implementation  

of adaptation measures is still at early stages. 

Of the 12 states in the Northeast, 11 have developed adapta-
tion plans for several sectors and 10 have released, or plan to 
release, statewide adaptation plans.84 Given the interconnect-
edness of climate change impacts and adaptation, multi-state 
coordination could help to ensure that information is shared 
efficiently and that emissions reduction and adaptation strate-
gies do not operate at cross-purposes. 

Local and state governments in the Northeast have been 
leaders and incubators in utilizing legal and regulatory op-
portunities to foster climate change policies.85 The Regional 
Greenhouse Gas Initiative (RGGI) was the first market-based 
regulatory program in the U.S. aimed at reducing greenhouse 
gas emissions; it is a cooperative effort among nine northeast-
ern states.86 Massachusetts became the first state to officially 
incorporate climate change impacts into its environmental 
review procedures by adopting legislation that directs agen-

cies to “consider reasonably foreseeable climate 
change impacts, including additional greenhouse 
gas emissions, and effects, such as predicted sea 
level rise.”87 In addition, Maine, Massachusetts, 
and Rhode Island have each adopted some form 
of “rolling easement” to ensure that wetlands or 
dunes migrate inland as sea level rises and re-
duce the risk of loss of life and property.45

Northeast cities have employed a variety of 
mechanisms to respond to climate change, in-
cluding land-use planning, provisions to protect 
infrastructure, regulations related to the design 
and construction of buildings, and emergency 
preparation, response, and recovery.91 While 
significant progress has been made, local gov-
ernments still face limitations of legal authority, 
geographic jurisdiction, and resource constraints 
that could be addressed through effective en-
gagement and support from higher levels of gov-
ernment. 

Keene, New Hampshire, has been a pilot com-
munity for ICLEI’s Climate Resilient Communities 
program for adaptation planning92 – a process 
implemented through innovative community en-
gagement methods.93 The Cape Cod Commission 
is another example in New England; the Com-
mission has drafted model ordinances to help 
communities incorporate climate into zoning 
decision-making. Farther south, New York City 
has taken numerous steps to implement PlaNYC, 
a far-reaching sustainability plan for the city, in-
cluding amending the construction code and the 
zoning laws and the implementation of measures 
focused on developing adaptation strategies to 
protect the City’s public and private infrastruc-
ture from the effects of climate change;24 some 
major investments in protection have even been 
conceptualized.

Connecticut Coastline and Expanding Salt Marshes

Figure 16.7. The Nature Conservancy’s adaptation decision-support 
tool (www.coastalresilience.org)88 depicts building-level impacts due 
to inundation (developed land cover, yellow areas) and potential marsh 
advancement zones (undeveloped land cover – currently forest, grass, 
and agriculture – blue areas) using downscaled sea level rise projections 
(52 inches by 2080s depicted) along the Connecticut and New York 
coasts. (Figure source: Ferdaña et al. 2010,90 Beck et al. 201389).
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One widely used adaptation-planning template is the eight-
step iterative approach developed by the New York City Panel 
on Climate Change; it was highlighted in the contribution of the 
National Academy of Science’s Adaptation Panel to America’s 
Climate Choices and adopted by the Committee on America’s 
Climate Choices. It describes a procedure that decision-makers 
at all levels can use to design a flexible adaptation pathway to 
address infrastructure and other response issues through in-
ventory and assessment of risk. The key, with respect to infra-
structure, is to link adaptation strategies with capital improve-
ment cycles and adjustment of plans to incorporate emerging 
climate projections11,94 – but the insights are far more general 
than that (see the Adaptation Panel Report95).

In most cases, adaptation requires information and tools 
coupled to a decision-support process steered by strong lead-
ership, and there are a growing number of examples in the 
Northeast. At the smaller, municipal scale, coastal pilot proj-
ects in Maryland,96 Delaware,97 New York, and Connecticut90 
are underway. 

Research and outreach efforts are underway in the region to 
help farmers find ways to cope with a rapidly changing climate, 

take advantage of a longer growing season, and reduce green-
house gas emissions,56,98 but unequal access to capital and 
information for strategic adaptation and mitigation remain a 
challenge. Financial barriers can constrain farmer adaptation.99 
Even relatively straightforward adaptations such as chang-
ing varieties are not always a low-cost option. Seed for new 
stress-tolerant varieties is sometimes expensive or regionally 
unavailable, and new varieties often require investments in 
new planting equipment or require adjustment in a wide range 
of farming practices. Investment in irrigation and drainage 
systems are relatively expensive options, and a challenge for 
farmers will be determining when the frequency of yield losses 
due to summer water deficits or flooding has or will become 
frequent enough to warrant such capital investments.

Regional activities in the Northeast are also being linked to fed-
eral efforts. For example, NASA’s Agency-wide Climate Adap-
tation Science Investigator Workgroup (CASI) brings together 
NASA facilities managers with NASA climate scientists in local 
Climate Resilience Workshops. This approach was in evidence 
at the Goddard Space Flight Center in Maryland, where scien-
tists helped institutional managers address energy and storm-
water management vulnerabilities.

Storm Surge Barrier

Figure 16.8. Conceptual design of a storm surge barrier in New York City. (Figure source: Jansen and Dircke 2009).
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MAine’s culverts: An AdAptAtion cAse study

Culverts and the structures they protect are receiving increasing attention, since they are vulnerable to damage during the 
types of extreme precipitation events that are occurring with increasing frequency in the Northeast (Ch. 2: Our Changing 
Climate, Key Message 6; Ch. 5: Transportation). For instance, severe storms in the Northeast that were projected in the 
1950s to occur only once in 100 years, now are projected to occur once every 60 years.100 

The Maine Department of Transportation manages more than 97,000 culverts, but individual property owners or small 
towns manage even more; Scarborough, Maine, for example, has 2,127 culverts. When 71 town managers and officials 
in coastal Maine were surveyed as part of the statewide Sustainability Solutions Initiative, culverts, with their 50 to 65 

year expected lifespan, emerged atop a wish list 
for help in adapting to climate change.101

A research initiative that mapped decisions by 
town managers in Maine to sources of climate in-
formation, engineering design, mandated require-
ments, and calendars identified the complex, 
multi-jurisdictional challenges of widespread ad-
aptation for even such seemingly simple actions 
as using larger culverts to carry water from major 
storms.101 To help towns adapt culverts to expect-
ed climate change over their lifetimes, the Sus-
tainability Solutions Initiative is creating decision 
tools to map culvert locations, schedule mainte-
nance, estimate needed culvert size, and analyze 
replacement needs and costs.
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SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS

Process for Developing Key Messages: 
Results of the Northeast Regional Climate assessment workshop 
that was held on November 17-18, 2011, at Columbia University, 
with approximately 60 attendees, were critically important in our 
assessment. The workshop was the beginning of the process that 
led to the foundational Technical Input Report (TIR).

2
 That 313-

page report consisted of seven chapters by 13 lead authors and 
more than 60 authors in total. Public and private citizens or insti-
tutions who service and anticipate a role in maintaining support 
for vulnerable populations in Northeast cities and communities 
indicated that they are making plans to judge the demand for ad-
aptation services. These stakeholder interactions were surveyed 
and engaged in the preparation of this chapter. We are confident 
that the TIR authors made a vigorous attempt to engage various 
agencies at the state level and non-governmental organizations 
(NGOs) that have broader perspectives. 

The author team engaged in multiple technical discussions via 
teleconferences, which included careful review of the foundational 
TIR

2
 and approximately 50 additional technical inputs provided 

by the public, as well as the other published literature and profes-
sional judgment. Discussions were followed by expert deliberation 
of draft key messages by the authors and targeted consultation 
with additional experts by the lead author of each key message.

Key message #1 Traceable accounT

Heat waves, coastal flooding, and river flooding 
will pose a growing challenge to the region’s envi-
ronmental, social, and economic systems. This will 
increase the vulnerability of the region’s residents, 
especially its most disadvantaged populations. 

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the Northeast Technical Input Report.

2
 

Nearly 50 Technical Input reports, on a wide range of topics, were 
also received and reviewed as part of the Federal Register Notice 
solicitation for public input. 

Numerous peer-reviewed publications (including many that are not 
cited) describe increasing hazards associated with sea level rise 
and storm surge, heat waves, and intense precipitation and river 

flooding for the Northeast. For sea level rise (SLR), the authors 
relied on the NCA SLR scenario

12
 and research by the authors 

on the topic (for example, Horton et al. 2010
51

). Recent work
26

 
summarizes the literature on heat islands and extreme events. For 
a recent study on climate in the Northeast,

3
 the authors worked 

closely with the region’s state climatologists on both the climatol-
ogy and projections. 

The authors also considered many recent peer-reviewed publica-
tions

29,32,34,44
 that describe how human vulnerabilities to climate 

hazards in the region can be increased by socioeconomic and 
other factors. Evaluating coupled multi-system vulnerabilities is 
an emerging field; as a result, additional sources including white 
papers

3
 have informed this key message as well.

To capture key issues, concerns, and opportunities in the region, 
various regional assessments were also consulted, such as PlaNYC 
(http://www.nyc.gov/html/planyc2030) and Boston’s Climate 
Plan (http://www.cityofboston.gov/Images_Documents/A%20Cli-
mate%20of%20Progress%20-%20CAP%20Update%202011_
tcm3-25020.pdf). 

New information and remaining uncertainties
Important new evidence (cited above) confirmed many of the find-
ings from a prior Northeast assessment

10
 (see http://nca2009.

globalchange.gov/northeast). 

The evidence included results from improved models and updated 
observational data (for example, Liu et al. 2012; Parris et al. 
2012; Sallenger et al. 2012

5,9,12
). The current assessment includ-

ed insights from stakeholders collected in a series of distributed 
engagement meetings that confirm its relevance and significance 
for local decision-makers; examples include a Northeast Listening 
Session in West Virginia, a kickoff meeting in New York City, and 
New York City Panel on Climate Change meetings. 

There is wide diversity of impacts across the region driven by both 
exposure and sensitivity that are location and socioeconomic con-
text specific. Future vulnerability will be influenced by changes in 
demography, economics, and policies (development and climate 
driven) that are difficult to predict and dependent on international 
and national considerations. Another uncertainty is the potential 
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for adaptation strategies (and to a lesser extent mitigation) to re-
duce these vulnerabilities.

There are also uncertainties associated with the character of the 
interconnections among systems, and the positive and negative 
synergies. For example, a key uncertainty is how systems will 
respond during extreme events and how people will adjust their 
short- to long-term planning to take account of a dynamic climate. 
Such events are, by definition, manifestations of historically rare 
and therefore relatively undocumented climatology which repre-
sent uncertainty in the exposure to climate risk. Nonetheless, 
these events are correlated, when considered holistically, with 
climate change driven to some degree by human interference with 
the climate system. There are uncertainties in exposure. 

There are also uncertainties associated with sensitivity to future 
changes driven to some (potentially significant) degree by non-cli-
mate stressors, including background health of the human popula-
tion and development decisions. Other uncertainties include how 
much effort will be put into making systems more resilient and the 
success of these efforts. Another critical uncertainty is associated 
with the climate system itself.

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties, confidence 
is: 

Very high for sea level rise and coastal flooding as well as heat 
waves.

High for intense precipitation events and riverine flooding. 

Very high for both added stresses on environmental, social, and 
economic systems and for increased vulnerability, especially for 
populations that are already most disadvantaged.

Key message #2 Traceable accounT

Infrastructure will be increasingly compromised by climate-
related hazards, including sea level rise, coastal flooding, and in-
tense precipitation events.

Description of evidence base
The key message summarizes extensive evidence documented 
in the Northeast Technical Input Report (TIR).

2
 Technical Input 

reports (48) on a wide range of topics were also received and 
reviewed as part of the Federal Register Notice solicitation for 
public input. 

To capture key issues, concerns and opportunities in the region, 
various regional assessments were also consulted, such as PlaNYC 
(http://www.nyc.gov/html/planyc2030) and Boston’s Climate 
Plan (http://www.cityofboston.gov/Images_Documents/A%20Cli-
mate%20of%20Progress%20-%20CAP%20Update%202011_
tcm3-25020.pdf). 

In addition, a report by the U.S. Department of Transportation
47

 
provided extensive documentation that augmented an NGO 
report.

102
 Other sources that support this key message include 

Horton and Rosenzweig, 2010, Rosenzweig et al. 2011, and Zim-
merman and Faris, 2010.

23,51,52
 

New information and remaining uncertainties
Important new evidence (cited above) confirmed many of the find-
ings from the prior Northeast assessment: (http://nca2009.global-
change.gov/northeast) which informed the prior NCA.

10
 

The new sources above relied on improved models that have been 
calibrated to new observational data across the region.

It is important to note, of course, that there is wide diversity across 
the region because both exposure and sensitivity are location- and 
socioeconomic-context-specific. The wisdom derived from many 
previous assessments by the National Academy of Sciences, the 
New York Panel on Climate Change, and the 2009 National Cli-
mate Assessment

10,11,95
 indicates that future vulnerability at any 

specific location will be influenced by changes in demography, 
economics, and policy. These changes are difficult to predict at 
local scales even as they also depend on international and national 
considerations. The potential for adaptation strategies (and to a 
lesser extent mitigation) to reduce these vulnerabilities is yet an-
other source of uncertainty that expands as the future moves into 
the middle of this century. 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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Assessment of confidence based on evidence 
We have very high confidence in projected sea level rise and 
increased coastal flooding, and high confidence for increased 
intense precipitation events. This assessment of confidence is 
based on our review of the literature and submitted input and has 
been defended internally and externally in conversation with local 
decision-makers and representatives of interested NGOs, as well 
as the extensive interactions with stakeholders across the region 
reported in the Northeast TIR.

2
  

Very high confidence that infrastructure will be increasingly com-
promised, based on the clear evidence of impacts on current in-
frastructure from hazards such as Hurricane Irene, and from the 
huge deficit of needed renewal identified by a diverse engineering 
community.

46
 

Key message #3 Traceable accounT

Agriculture, fisheries, and ecosystems will be in-
creasingly compromised over the next century by 
climate change impacts. Farmers can explore new 
crop options, but these adaptations are not cost- or 
risk-free. Moreover, adaptive capacity, which varies 
throughout the region, could be overwhelmed by a 
changing climate.

Description of evidence base
The key message summarizes extensive evidence documented in 
the Northeast Technical Input Report.

2
 Technical Input reports 

(48) on a wide range of topics were also received and reviewed 
as part of the Federal Register Notice solicitation for public input. 
The Traceable Account for Key Message 1 provides the evidence 
base on sea level rise, flooding, and precipitation. 

Various regional assessments were also consulted to capture key 
issues, concerns and opportunities in the region with particular 
focus on managed (agriculture and fisheries) and unmanaged 
(ecosystems) systems (for example, Buonaiuto et al. 2011; Wolfe 
et al. 2011

56,70,78
). 

Species and ecosystem vulnerability have been well documented 
historically in numerous peer-reviewed papers in addition to the 
ones cited in the TIR.

2
 There have also been many examples of im-

pacts on agriculture of climate variability and change in the North-
east (for example, Wolfe et al. 2008

57
). Most note that there is 

potential for significant benefits associated with climate changes 
to partially offset expected negative outcomes for these managed 
systems (for example, Hatfield et al. 2011

54
)

New information and remaining uncertainties
Important new evidence (cited above, plus Najjar et. al. 2010,

83
 

for example) confirmed many of the findings from the prior North-
east assessment (http://nca2009.globalchange.gov/northeast) 
which informed the 2009 NCA.

10
 

These new sources also relied on improved models that have been 
calibrated to new observational data across the region.

Agriculture, fisheries, and ecosystems in the Northeast are strong-
ly linked to climate change and to other changes occurring outside 
the region and beyond the boundaries of the United States. These 
changes can influence the price of crops and agricultural inputs 
such as fertilizer, for example, as well as the abundance of eco-
system and agricultural pests and the abundance and range of 
fish stocks. Other uncertainties include imprecise understandings 
of how complex ecosystems will respond to climate- and non-
climate-induced changes and the extent to which organisms may 
be able to adapt to a changing climate.

Assessment of confidence based on evidence 
Based on our assessment, we have very high confidence for cli-
mate impacts (especially sea level rise and storm surge) on eco-
systems; and we have high confidence for climate impacts on 
agriculture (reduced to some degree, compared to our level of 
confidence about ecosystems, by uncertainty about the efficacy 
and implementation of adaptation options). Confidence in fisher-
ies changes is high since confidence in both ocean warming and 
fish sensitivity to temperature is high.

Key message #4 Traceable accounT

While a majority of states and a rapidly growing 
number of municipalities have begun to incorporate 
the risk of climate change into their planning activi-
ties, implementation of adaptation measures is still 
at early stages. 

Description of evidence base
The key message relies heavily on extensive evidence documented 
in the Northeast Technical Input Report (TIR).

2
 Technical Input 

reports (48) on a wide range of topics were also received and 
reviewed as part of the Federal Register Notice solicitation for 
public input. Many of the key references cited in the TIR reflected 
experiences and processes developed in iterative stakeholder en-
gagement concerning risk management

94,103
 that have been heav-

ily cited and employed in new venues – local communities like 
Keane (NH) and New York City, for example. 

Various regional assessments were also consulted to capture key 
issues, concerns and opportunities in the region (for example, for 
Delaware, Maine, Maryland, and Long Island, NY). In addition, 
there have been agency and government white paper reports de-
scribing proposed adaptation strategies based on climate impact 
assessments.

11,90
 We discovered that 10 of the 12 states in the 

Northeast have statewide adaptation plans in place or under de-
velopment (many plans can be found at: http://georgetownclimate.
org/node/3324). 



16: NORTHEAST
tRaceable accounts

395 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

New information and remaining uncertainties
That most Northeast states have begun to plan for adaptation is 
a matter of record. That few adaptation plans have been imple-
mented is confirmed in Technical Inputs submitted to the National 
Climate Assessment process as well as prior assessments (http://
nca2009.globalchange.gov/northeast), which informed the 2009 
NCA.

10
 

Key uncertainties looking forward include: 1) the extent to which 
proposed adaptation strategies will be implemented given a range 
of factors including competing demands and limited funding; 2) 
the role of the private sector and individual action in adaptation, 
roles which can be difficult to document; 3) the extent of the 
federal role in adaptation planning and implementation; and 4) 
how changes in technology and the world economy may change 
the feasibility of specific adaptation strategies.

11
 

Assessment of confidence based on evidence 
This Key Message is simply a statement of observed fact, so con-
fidence language is not applicable.
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SOUTHEAST  
AND THE CARIBBEAN17

The Southeast and Caribbean are exceptionally vulnerable to 
sea level rise, extreme heat events, hurricanes, and decreased 
water availability. The geographic distribution of these impacts 
and vulnerabilities is uneven, since the region encompasses 
a wide range of natural system types, from the Appalachian 
Mountains to the coastal plains. It is also home to more than 
80 million people1 and draws millions of visitors 
every year. In 2009, Puerto Rico hosted 3.5 mil-
lion tourists who spent $3.5 billion.2 In 2012, Loui-
siana and Florida alone hosted more than 115 mil-
lion visitors.3

The region has two of the most populous metro-
politan areas in the country (Miami and Atlanta) 
and four of the ten fastest-growing metropolitan 
areas.1 Three of these (Palm Coast, FL, Cape Cor-
al-Fort Myers, FL, and Myrtle Beach area, SC) are 
along the coast and are vulnerable to sea level rise 
and storm surge. Puerto Rico has one of the high-
est population densities in the world, with 56% of 
the population living in coastal municipalities.4

The Gulf and Atlantic coasts are major producers 
of seafood and home to seven major ports5 that 
are also vulnerable. The Southeast is a major en-

ergy producer of coal, crude oil, and natural gas, and is the 
highest energy user of any of the National Climate Assessment 
regions.5 

The Southeast’s climate is influenced by many factors, includ-
ing latitude, topography, and proximity to the Atlantic Ocean 

Key Messages
1. Sea level rise poses widespread and continuing threats to both natural and built environments   
 and to the regional economy. 

2. Increasing temperatures and the associated increase in frequency, intensity, and duration of   
 extreme heat events will affect public health, natural and built environments, energy, agriculture,  
 and forestry.

3. Decreased water availability, exacerbated by population growth and land-use change, will   
 continue to increase competition for water and affect the region’s economy and  
 unique ecosystems.

Figure 17.1. This map summarizes the number of times each state has been 
affected by weather and climate events over the past 30 years that have 
resulted in more than a billion dollars in damages. The Southeast has been 
affected by more billion-dollar disasters than any other region. The primary 
disaster type for coastal states such as Florida is hurricanes, while interior 
and northern states in the region also experience sizeable numbers of 
tornadoes and winter storms. For a list of events and the affected states, see: 
http://www.ncdc.noaa.gov/billions/events.6 (Figure source: NOAA NCDC).

Billion Dollar Weather/Climate Disasters
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and the Gulf of Mexico. Temperatures generally decrease 
northward and into mountain areas, while precipitation de-
creases with distance from the Gulf and Atlantic coasts. The 
region’s climate also varies considerably over seasons, years, 
and decades, largely due to natural cycles such as the El Niño-
Southern Oscillation (ENSO – periodic changes in ocean sur-
face temperatures in the Tropical Pacific Ocean), the semi-per-
manent high pressure system over Bermuda, differences in 

atmospheric pressure over key areas of the globe, and land-
falling tropical weather systems.7 These cycles alter the occur-
rences of hurricanes, tornadoes, droughts, flooding, freezing 
winters, and ice storms, contributing to climate and weather 
disasters in the region that have exceeded the total number of 
billion dollar disasters experienced in all other regions of the 
country combined (see Figure 17.1). 

Observed and Projected Climate Change
Average annual temperature during the last century across the 
Southeast cycled between warm and cool periods (see Figure 
17.3, black line). A warm peak occurred during the 1930s and 
1940s followed by a cool period in the 1960s and 1970s. Tem-
peratures increased again from 1970 to the present by an av-
erage of 2°F, with higher average temperatures during summer 
months. There have been increasing numbers of days above 
95°F and nights above 75°F, and decreasing numbers of ex-
tremely cold days since 1970.11 The Caribbean also exhibits a 
trend since the 1950s, with increasing numbers of very warm 
days and nights, and with daytime maximum temperatures 
above 90°F and nights above 75°F.4 Daily and five-day rainfall 

intensities have also increased.5 Also, summers have been ei-
ther increasingly dry or extremely wet.11 For the Caribbean, 
precipitation trends are unclear, with some regions experi-
encing smaller annual amounts of rainfall and some increas-
ing amounts.4 Although the number of major tornadoes has 
increased over the last 50 years, there is no statistically sig-
nificant trend (Ch 2: Our Changing Climate, Key Message 9).11,12 
This increase may be attributable to better reporting of tor-
nadoes. The number of Category 4 and 5 hurricanes in the At-
lantic basin has increased substantially since the early 1980s 
compared to the historical record that dates back to the mid-
1880s (Ch. 2: Our Changing Climate, Key Message 8). This can 

StorieS of change: coaStal louiSiana tribal communitieS

Climate change impacts, especially sea level 
rise and related increases in storm surges puls-
ing farther inland, will continue to exacerbate 
ongoing land loss already affecting Louisiana 
tribes. Four Native communities in Southeast 
Louisiana (Grand Bayou Village, Grand Cail-
lou/Dulac, Isle de Jean Charles, and Pointe-
au-Chien) have already experienced significant 
land loss. Management of river flow has de-
prived the coastal wetlands of the freshwater 
and sediment that they need to replenish and 
persist. Dredging of canals through marshes for 
oil and gas exploration and pipelines has led to 
erosion and intense saltwater intrusion, result-
ing in additional land loss. Due to these and 
other natural and man-made problems, Louisi-
ana has lost 1,880 square miles of land in the 
last 80 years.8 This combination of changes has 
resulted in a cascade of losses of sacred places, 
healing plants, habitat for important wildlife, 
food security,9 and in some cases connectivity 
with the mainland. Additional impacts include 
increased inundation of native lands, further travel to reach traditional fishing grounds, reduced connections among 
family members as their lands have become more flood-prone and some have had to move, and declining community 
cohesiveness as heat requires more indoor time.10 (For more specifics, see Ch. 12: Indigenous Peoples). Numerous 
other impacts from increases in temperature, sea level rise, land loss, erosion, subsidence, and saltwater intrusion 
amplify these existing problems. 

Figure 17.2. Aerial photos of Isle de Jean Charles in Louisiana taken 45 
years apart shows evidence of the effects of rising seas, sinking land, 
and human development. The wetlands adjacent to the Isle de Jean 
Charles community (about 60 miles south of New Orleans) have been 
disappearing rapidly since the photo on the left was taken in 1963. By 
2008, after four major hurricanes, significant erosion, and alteration of 
the surrounding marsh for oil and gas extraction, open water surrounds 
the greatly reduced dry land. See Ch. 25: Coasts for more information. 
(Photo credit: USGS). 

Shrinking Lands for Tribal Communities
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be attributed to both natu-
ral variability and climate 
change.  

Temperatures across the 
Southeast and Caribbean 
are expected to increase 
during this century, with 
shorter-term (year-to-year 
and decade-to-decade) 
fluctuations over time due 
to natural climate vari-
ability (Ch. 2: Our Chang-
ing Climate, Key Message 
3).4 Major consequences of 
warming include significant 
increases in the number 
of hot days (95°F or above) 
and decreases in freezing 
events. Although projected increases for some parts of the 
region by the year 2100 are generally smaller than for other 
regions of the United States, projected increases for interior 

states of the region are larger than coastal regions by 1°F to 
2°F. Regional average increases are in the range of 4°F to 8°F 
(combined 25th to 75th percentile range for A2 and B1 emissions 

scenarios) and 2°F to 5°F for Puerto Rico.11

Projections of future precipitation patterns are 
less certain than projections for temperature in-
creases.11 Because the Southeast is located in the 
transition zone between projected wetter con-
ditions to the north and drier conditions to the 
southwest, many of the model projections show 
only small changes relative to natural variations. 
However, many models do project drier condi-
tions in the far southwest of the region and wet-
ter conditions in the far northeast of the region, 
consistent with the larger continental-scale pat-
tern of wetness and dryness (Ch. 2: Our Chang-
ing Climate, Key Message 5).11 For the Caribbean, 
it is equally difficult to project the magnitude of 
precipitation changes, although the majority of 
models show future decreases in precipitation 
are likely, with a few areas showing increases. In 
general, annual average decreases are likely to 
be spread across the entire region.4 Projections 
further suggest that warming will cause tropical 
storms to be fewer in number globally, but stron-
ger in force, with more Category 4 and 5 storms 
(Ch. 2: Our Changing Climate, Key Message 8).13 
On top of the large increases in extreme precip-
itation observed during last century and early 
this century (Ch. 2: Our Changing Climate, Fig-
ures 2.16, 2.17, and 2.18), substantial further in-
creases are projected as this century progresses 
(Ch. 2: Our Changing Climate, Figure 2.19).

Figure 17.3. Observed annual average temperature 
for the Southeast and projected temperatures 
assuming substantial emissions reductions (lower 
emissions, B1) and assuming continued growth 
in emissions (higher emissions, A2).11 For each 
emissions scenario, shading shows the range of 
projections and the line shows a central estimate. 
The projections were referenced to observed 
temperatures for the period 1901-1960. The region 
warmed during the early part of last century, cooled 
for a few decades, and is now warming again. The 
lack of an overall upward trend over the entire 
period of 1900-2012 is unusual compared to the 
rest of the U.S. and the globe. This feature has 
been dubbed the “warming hole” and has been 
the subject of considerable research, although a 
conclusive cause has not been identified. (Figure 
source: adapted from Kunkel et al. 201311).

Southeast Temperature: Observed and Projected

Figure 17.4. Projected average number of days per year with maximum 
temperatures above 95°F for 2041-2070 compared to 1971-2000, assuming 
emissions continue to grow (A2 scenario). Patterns are similar, but less 
pronounced, assuming a reduced emissions scenario (B1). (Figure source: 
NOAA NCDC / CICS-NC).

Projected Change in Number of Days Over 95°F
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Key Message 1: Sea Level Rise Threats

Sea level rise poses widespread and continuing threats to both  
natural and built environments and to the regional economy. 

Global sea level rise over the past century averaged approxi-
mately eight inches (Ch. 2: Our Changing Climate, Key Message 
10),14,15 and that rate is expected to accelerate through the end 
of this century.16 Portions of the Southeast and Caribbean are 
highly vulnerable to sea level rise.4,5 How much sea level rise is 
experienced in any particular place depends on whether and 
how much the local land is sinking (also called subsidence) or 
rising, and changes in offshore currents.16,17

Large numbers of cities, roads, railways, ports, airports, oil and 
gas facilities, and water supplies are at low elevations and po-
tentially vulnerable to the impacts of sea level rise. New Or-
leans (with roughly half of its population living below sea lev-
el19), Miami, Tampa, Charleston, and Virginia Beach are among 
those most at risk.20 As a result of current sea level rise, the 
coastline of Puerto Rico around Rincón is being eroded at a 
rate of 3.3 feet per year.4 

According to a recent study co-sponsored by a regional util-
ity, coastal counties and parishes in Alabama, Mississippi, Loui-
siana, and Texas, with a population of approximately 12 mil-
lion, assets of about $2 trillion, and producers of $634 billion in 
annual gross domestic product, already face significant losses 
that annually average $14 billion from hurricane winds, land 
subsidence, and sea level rise. Future losses for the 2030 time-
frame could reach $18 billion (with no sea level rise or change 
in hurricane wind speed) to $23 billion (with a nearly 3% in-
crease in hurricane wind speed and just under 6 inches of sea 
level rise). Approximately 50% of the increase in the estimated 
losses is related to climate change. The study identified $7 bil-
lion in cost-effective adaptation investments that could reduce 
estimated annual losses by about 30% in the 2030 timeframe.21 

The North Carolina Department of Transportation is raising the 
roadbed of U.S. Highway 64 across the Albemarle-Pamlico Pen-
insula by four feet, which includes 18 inches to allow for high-

Figure 17.5. Projected average number of days per year with temperatures less 
than 32°F for 2041-2070 compared to 1971-2000, assuming emissions continue 
to grow (A2 scenario). Patterns are similar, but less pronounced, assuming a 
reduced emissions scenario (B1). (Figure source: NOAA NCDC / CICS-NC).

Projected Change in Number of Nights Below 32°F
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er future sea levels.22 Louisiana State Highway 1, heavily used 
for delivering critical oil and gas resources from Port Fourchon, 
is literally sinking, resulting in more frequent and more se-
vere flooding during high tides and storms.8 The Department 
of Homeland Security estimated that a 90-day shut-
down of this road would cost the nation $7.8 billion.23

Sea level rise increases pressure on utilities – such as 
water and energy – by contaminating potential fresh-
water supplies with saltwater. Such problems are am-
plified during extreme dry periods with little runoff. 
Uncertainties in the scale, timing, and location of cli-
mate change impacts can make decision-making dif-
ficult, but response strategies, especially those that 
try to anticipate possible unintended consequences, 
can be more effective with early planning. Some utili-
ties in the region are already taking sea level rise into 
account in the construction of new facilities and are 
seeking to diversify their water sources.24

There is an imminent threat of increased inland 
flooding during heavy rain events in low-lying coastal 
areas such as southeast Florida, where just inches of 
sea level rise will impair the capacity of stormwater 
drainage systems to empty into the ocean.24 Drainage 

problems are already being experienced in many 
locations during seasonal high tides, heavy rains, 
and storm surge events. Adaptation options that 
are being assessed in this region include the rede-
sign and improvement of storm drainage canals, 
flood control structures, and stormwater pumps. 

As temperatures and sea levels increase, chang-
es in marine and coastal systems are expected to 
affect the potential for energy resource develop-
ment in coastal zones and the outer continental 
shelf. Oil and gas production infrastructure in bays 
and coves that are protected by barrier islands, for 
example, are likely to become increasingly vulner-
able to storm surge as sea level rises and barrier is-
lands deteriorate along the central Gulf Coast. The 
capacity for expanding and maintaining onshore 
and offshore support facilities and transportation 
networks is also apt to be affected.25

Sea level rise and storm surge can have impacts far 
beyond the area directly affected. Homes and in-
frastructure in low areas are increasingly prone to 
flooding during tropical storms. As a result, insur-
ance costs may increase or coverage may become 
unavailable26 and people may move from vulner-
able areas, stressing the social and infrastructural 
capacity of surrounding areas. This migration also 
happens in response to extreme events such as 
Hurricane Katrina, when more than 200,000 mi-

grants were temporarily housed in Houston and 42% indicated 
they would try to remain there (Ch. 9: Human Health, Figure 
9.10).27 

Homes and infrastructure in low-lying areas are increasingly vulnerable to 
flooding due to storm surge as sea level rises.

Figure 17.6. The map shows the relative risk that physical changes will occur 
as sea level rises. The Coastal Vulnerability Index used here is calculated 
based on tidal range, wave height, coastal slope, shoreline change, landform 
and processes, and historical rate of relative sea level rise. The approach 
combines a coastal system’s susceptibility to change with its natural ability 
to adapt to changing environmental conditions, and yields a relative measure 
of the system’s natural vulnerability to the effects of sea level rise. (Data 
from Hammar-Klose and Thieler 200118). 

Vulnerability to Sea Level Rise
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Furthermore, because income is a key indicator of climate vul-
nerability, people that have limited economic resources are 
more likely to be adversely affected by climate change impacts 
such as sea level rise. In the Gulf region, nearly 100% of the 
“most socially vulnerable people live in areas unlikely to be 
protected from inundation,” bringing equity issues and envi-
ronmental justice into coastal planning efforts.28                 

Ecosystems of the Southeast and Caribbean are exposed to 
and at risk from sea level rise, especially tidal marshes and 
swamps. Some tidal freshwater forests are already retreating, 
while mangrove forests (adapted to coastal conditions) are ex-
panding landward.29 The pace of sea level rise will increasingly 
lead to inundation of coastal wetlands in the region. Such a 
crisis in land loss has occurred in coastal Louisiana for several 
decades, with 1,880 square miles having been lost since the 
1930s as a result of natural and man-made factors.8,30 With tid-
al wetland loss, protection of coastal lands and people against 
storm surge will be compromised. 

Reduction of wetlands also increases the 
potential for losses of important fish-
ery habitat. Additionally, ocean warming 
could support shifts in local species com-
position, invasive or new locally viable 
species, changes in species growth rates, 
shifts in migratory patterns or dates, and 
alterations to spawning seasons.4,31 Any 
of these could affect the local or regional 
seafood output and thus the local econ-
omy.

In some southeastern coastal areas, 
changes in salinity and water levels due 
to a number of complex interactions (in-
cluding subsidence, availability of sedi-
ment, precipitation, and sea level rise) 
can happen so fast that local vegetation 
cannot adapt quickly enough and those 
areas become open water.32 Fire, hurri-
canes, and other disturbances have simi-
lar effects, causing ecosystems to cross 
thresholds at which dramatic changes 
occur over short time frames.33

The impacts of sea level rise on agricul-
ture derive from decreased freshwater 
availability, land loss, and saltwater in-
trusion. Saltwater intrusion is projected 
to reduce the availability of fresh surface 
and groundwater for irrigation, thereby 
limiting crop production in some areas.34 
Agricultural areas around Miami-Dade 
County and southern Louisiana with 
shallow groundwater tables are at risk of 

increased inundation and future loss of cropland with a pro-
jected loss of 37,500 acres in Florida with a 27-inch sea level 
rise,35 which is well within the 1- to 4-foot range of sea level 
rise projected by 2100 (Ch. 2: Our Changing Climate, Key Mes-
sage 10).

There are basically three types of adaptation options to ris-
ing sea levels: protect (such as building levees or other “hard” 
methods), accommodate (such as raising structures or using 
“soft” or natural protection measures such as wetlands resto-
ration), and retreat.15,32 Individuals and communities are using 
all of these strategies. However, regional cooperation among 
local, state, and federal governments can greatly improve the 
success of adapting to impacts of climate change and sea lev-
el rise. An excellent example is the Southeast Florida Regional 
Compact. Through collaboration of county, state, and federal 
agencies, a comprehensive action plan was developed that in-
cludes hundreds of actions and special Adaptation Action Ar-
eas.37

Figure 17.7. Highway 1 in southern Louisiana is the only road to Port Fourchon, whose 
infrastructure supports 18% of the nation’s oil and 90% of the nation’s offshore oil and 
gas production. Flooding is becoming more common on Highway 1 in Leeville (inset 
photo from flooding in 2004), on the way to Port Fourchon. See also Ch. 25: Coasts, 
Figure 25.5. (Figure and photo sources: Louisiana Department of Transportation and 
Development; State of Louisiana 20128).

Highway 1 to Port Fourchon:  
Vulnerability of a Critical Link for U.S. Oil
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Key Message 2: Increasing Temperatures

Increasing temperatures and the associated increase in frequency, 
intensity, and duration of extreme heat events will affect public health, 

natural and built environments, energy, agriculture, and forestry.

The negative effects of heat on human cardiovascular, cere-
bral, and respiratory systems are well established (Ch. 9: Hu-
man Health)(for example: Kovats and Hajat 2008; O’Neill and 
Ebi 200938). Atlanta, Miami, New Orleans, and Tampa have al-
ready had increases in the number of days with temperatures 
exceeding 95°F, during which the number of deaths is above 
average.39 Higher temperatures also contribute to the forma-
tion of harmful air pollutants and allergens.40 Ground-level 
ozone is projected to increase in the 19 largest urban areas of 
the Southeast, leading to an increase in deaths.41 A rise in hos-
pital admissions due to respiratory illnesses, emergency room 
visits for asthma, and lost school days is expected.42

The climate in many parts of the Southeast and Caribbean is 
suitable for mosquitoes carrying malaria and yellow and den-
gue fevers. The small island states in the Caribbean already 
have a high health burden from climate-sensitive disease, in-
cluding vector-borne and zoonotic (animal to human) diseas-
es.43 It is still uncertain how regional climate changes will affect 
vector-borne and zoonotic disease transmissions. While higher 
temperatures are likely to shorten both development and incu-
bation time,44 vectors (like disease-carrying insects) also need 

Figure 17.8. Sea level rise presents major challenges to 
South Florida’s existing coastal water management system 
due to a combination of increasingly urbanized areas, aging 
flood control facilities, flat topography, and porous limestone 
aquifers. For instance, South Florida’s freshwater well field 
protection areas (left map: pink areas) lie close to the current 
interface between saltwater and freshwater (red line), which 
will shift inland with rising sea level, affecting water managers’ 
ability to draw drinking water from current resources. Coastal 
water control structures (right map: yellow circles) that were 
originally built about 60 years ago at the ends of drainage 
canals to keep saltwater out and to provide flood protection 
to urbanized areas along the coast are now threatened by sea 
level rise. Even today, residents in some areas such as Miami 
Beach are experiencing seawater flooding their streets (lower 
photo). (Maps from The South Florida Water Management 
District.36 Photo credit: Luis Espinoza, Miami-Dade County 
Department of Regulatory and Economic Resources).

South Florida: Uniquely Vulnerable to Sea Level Rise

Figure 17.9. Miami-Dade County staff leading workshop on 
incorporating climate change considerations in local planning. 
(Photo credit: Armando Rodriguez, Miami-Dade County).

Local Planning
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the right conditions for breeding (water), for dispersal (vegeta-
tion and humidity), and access to susceptible vertebrate hosts 
to complete the disease transmission cycle.5 While these trans-
mission cycles are complex, increasing temperatures have the 
potential to result in an expanded region with more favorable 
conditions for transmission of these diseases.45,46

Climate change is expected to increase harmful algal blooms 
and several disease-causing agents in inland and coastal wa-
ters, which were not previously problems in the region.47,48,49 
For instance, higher sea surface temperatures are associated 
with higher rates of ciguatera fish poisoning,48,50 one of the 
most common hazards from algal blooms in the region.51 The 
algae that causes this food-borne illness is moving northward, 
following increasing sea surface temperatures.52 Certain spe-
cies of bacteria (Vibrio, for example) that grow in warm coastal 
waters and are present in Gulf Coast shellfish can cause infec-
tions in humans. Infections are now frequently reported both 
earlier and later by one month than traditionally observed.53 

Coral reefs in the Southeast and Caribbean, as well as world-
wide, are susceptible to climate change, especially warming 
waters and ocean acidification, whose impacts are exacerbat-
ed when coupled with other stressors, including disease, run-
off, over-exploitation, and invasive species.4,5 

An expanding population and regional land-use changes have 
reduced land available for agriculture and forests faster in the 
Southeast than in any other region in the contiguous United 
States.54 Climate change is also expected to change the un-
wanted spread and locations of some non-native plants, which 
will result in new management challenges.55

Heat stress adversely affects dairy and livestock production.56 
Optimal temperatures for milk production are between 40ºF 
and 75ºF, and additional heat stress could shift dairy produc-
tion northward.57 A 10% decline in livestock yield is projected 
across the Southeast with a 9ºF increase in temperatures (ap-
plied as an incremental uniform increase in temperature be-
tween 1990 and 2060), related mainly to warmer summers.58

Summer heat stress is projected to reduce crop productivity, 
especially when coupled with increased drought (Ch. 6: Agri-
culture). The 2007 drought cost the Georgia agriculture indus-
try $339 million in crop losses,59 and the 2002 drought cost the 
agricultural industry in North Carolina $398 million.5 A 2.2ºF in-
crease in temperature would likely reduce overall productivity 
for corn, soybeans, rice, cotton, and peanuts across the South 
– though rising CO2 levels could partially offset these decreas-
es based on a crop yield simulation model.60 In Georgia, cli-
mate projections indicate corn yields could decline by 15% and 
wheat yields by 20% through 2020.61 In addition, many fruit 
crops from long-lived trees and bushes require chilling periods 
and may need to be replaced in a warming climate.60

Adaptation for agriculture involves decisions at many scales, 
from infrastructure investments (like reservoirs) to manage-
ment decisions (like cropping patterns).62 Dominant adapta-
tion strategies include altering local planting choices to better 
match new climate conditions62 and developing heat-tolerant 
crop varieties and breeds of livestock.5,57 Most critical for ef-
fective adaptation is the delivery of climate risk information to 
decision-makers at appropriate temporal and spatial scales57,62 
and a focus on cropping systems that increase water-use ef-
ficiency, shifts toward irrigation, and more precise control of 
irrigation delivery (see also Ch. 28: Adaptation, Table 28.6).5,57

The southeastern U.S. (data include Texas and Oklahoma, not 
Puerto Rico) leads the nation in number of wildfires, averag-
ing 45,000 fires per year,63 and this number continues to in-
crease.64,65 Increasing temperatures contribute to increased 
fire frequency, intensity, and size,63 though at some level of fire 
frequency, increased fire frequency would lead to decreased 
fire intensity. Lightning is a frequent initiator of wildfires,66 and 
the Southeast currently has the greatest frequency of light-
ning strikes of any region of the country.67 Increasing tempera-
tures and changing atmospheric patterns may affect the num-
ber of lightning strikes in the Southeast, which could influence 
air quality, direct injury, and wildfires. Drought often corre-
lates with large wildfire events, as seen with the Okeefenokee 
(2007) and Florida fires (1998). The 1998 Florida fires led to 

Figure 17.10. Ground-level ozone is an air pollutant that is 
harmful to human health and which generally increases with 
rising temperatures. The map shows projected changes in 
average annual ground level ozone pollution concentration 
in 2050 as compared to 2001, using a mid-range emissions 
scenario (A1B, which assumes gradual reductions from current 
emissions trends beginning around mid-century). (Figure 
source: adapted from Tagaris et al. 200942).

Ground-level Ozone
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losses of more than $600 million.68 Wildfires also affect human 
health through reduced air quality and direct injuries.68,69,70 Ex-
panding population and associated land-use fragmentation 
will limit the application of prescribed burning, a useful adap-
tive strategy.65 Growth management could enhance the ability 
to pursue future adaptive management of forest fuels.

Forest disturbances caused by insects and pathogens are al-
tered by climate changes due to factors such as increased tree 
stress, shifting phenology, and altered insect and pathogen 
lifecycles.71 Current knowledge provides limited insights into 
specific impacts on epidemics, associated tree growth and 
mortality, and economic loss in the Southeast, though the 
overall extent and virulence of some insects and pathogens 
have been on the rise (for example, Hemlock Woolly Adelgid 
in the Southern Appalachians), while recent declines in south-
ern pine beetle (Dendroctonus frontalis Zimmerman) epidem-
ics in Louisiana and East Texas have been attributed to rising 
temperatures.72 Due to southern forests’ vast size and the high 
cost of management options, adaptation strategies are limited, 
except through post-epidemic management responses – for 
example, sanitation cuts and species replacement.

The Southeast has the existing power plant capacity to pro-
duce 32% of the nation’s electricity.73 Energy use is approxi-
mately 27% of the U.S. total, more than any other region.5 Net 
energy demand is projected to increase, largely due to higher 
temperatures and increased use of air conditioning. This will 
potentially stress electricity generating capacity, distribution 
infrastructure, and energy costs. Energy costs are of particular 
concern for lower income households, the elderly, and other 
vulnerable communities, such as native tribes.5,10 Long periods 
of extreme heat could also damage roadways by softening as-
phalt and cause deformities of railroad tracks, bridge joints, 
and other transportation infrastructure.74

Increasing temperatures will affect many facets of life in the 
Southeast and Caribbean region. For each impact there could 
be many possible responses. Many adaptation responses are 
described in other chapters in this document. For examples, 
please see the sector chapter of interest and Ch. 28: Adapta-
tion.

Key Message 3: Water Availability

Decreased water availability, exacerbated by population growth and 
land-use change, will continue to increase competition for water 

and affect the region’s economy and unique ecosystems.

Water resources in the Southeast are abundant and support 
heavily populated urban areas, rural communities, unique eco-
systems, and economies based on agriculture, energy, and 
tourism. The region also experiences extensive droughts, such 
as the 2007 drought in Atlanta, Georgia, that created water 
conflicts among three states.11,75 In northwestern Puerto Rico, 
water was rationed for more than 200,000 people during the 
winter and spring of 1997-1998 because of low reservoir lev-
els.76 Droughts are one of the most frequent climate hazards 
in the Caribbean, resulting in economic losses.77 Water supply 
and demand in the Southeast and Caribbean are influenced by 
many changing factors, including climate (for example, tem-
perature increases that contribute to increased transpiration 
from plants and evaporation from soils and water bodies), 
population, and land use.4,5 While change in projected precipi-
tation for this region has high uncertainty (Ch. 2: Our Changing 
Climate), there is still a reasonable expectation that there will 
be reduced water availability due to the increased evaporative 
losses resulting from rising temperatures alone.

With projected increases in population, the conversion of rural 
areas, forestlands, and wetlands into residential, commercial, 
industrial, and agricultural zones is expected to intensify.54 The 
continued development of urbanized areas will increase water 
demand, exacerbate saltwater intrusion into freshwater aqui-

fers, and threaten environmentally sensitive wetlands border-
ing urban areas.24 

Additionally, higher sea levels will accelerate saltwater intru-
sion into freshwater supplies from rivers, streams, and ground-
water sources near the coast. The region’s aquaculture indus-
try also may be compromised by climate-related stresses on 
groundwater quality and quantity.78 Porous aquifers in some 
areas make them particularly vulnerable to saltwater intru-
sion.36,79 For example, officials in the city of Hallandale Beach, 
Florida, have already abandoned six of their eight drinking wa-
ter wells.80 

With increasing demand for food and rising food prices, irri-
gated agriculture will expand in some states. Also, population 
expansion in the region is expected to increase domestic wa-
ter demand. Such increases in water demand by the energy, 
agricultural, and urban sectors will increase the competition 
for water, particularly in situations where environmental water 
needs conflict with other uses.5 

As seen from Figure 17.11, the net water supply availability in 
the Southeast is expected to decline over the next several de-
cades, particularly in the western part of the region.82 Analysis 
of current and future water resources in the Caribbean shows 
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many of the small islands would be exposed to severe water 
stress under all climate change scenarios.83 

New freshwater well fields may have to be established inland 
to replenish water supply lost from existing wells closer to the 
ocean once they are 
compromised by salt-
water intrusion. Pro-
grams to increase wa-
ter-use efficiency, reuse 
of wastewater, and wa-
ter storage capacity are 
options that can help 
alleviate water supply 
stress. 

The Southeast and Ca-
ribbean, which has a 
disproportionate num-
ber of the fastest-grow-
ing metropolitan ar-
eas in the country and 
important economic 
sectors located in low-
lying coastal areas, is 
particularly vulnerable 
to some of the expect-
ed impacts of climate 
change. The most se-
vere and widespread 
impacts are likely to 
be associated with sea 
level rise and changes 

in temperature and precipitation, which ultimately affect 
water availability. Changes in land use and land cover, more 
rapid in the Southeast and Caribbean than most other areas 
of the country, often interact with and serve to amplify the 
effects of climate change on regional ecosystems. 

Figure 17.11. Left: Projected trend in Southeast-wide annual water yield (equivalent to water availability) due to climate change. The 
green area represents the range in predicted water yield from four climate model projections based on the A1B and B2 emissions 
scenarios. Right: Spatial pattern of change in water yield for 2010-2060 (decadal trend relative to 2010). The hatched areas are 
those where the predicted negative trend in water availability associated with the range of climate scenarios is statistically significant 
(with 95% confidence). As shown on the map, the western part of the Southeast region is expected to see the largest reductions in 
water availability. (Figure source: adapted from Sun et al. 201382).

Trends in Water Availability

Figure 17.12. The Apalachicola-Chat-
tahoochee-Flint River Basin in Georgia 
exemplifies a place where many water 
uses are in conflict, and future climate 
change is expected to exacerbate this 
conflict.84 The basin drains 19,600 square 
miles in three states and supplies water for 
multiple, often competing, uses, including 
irrigation, drinking water and other munici-
pal uses, power plant cooling, navigation, 
hydropower, recreation, and ecosystems. 
Under future climate change, this basin 
is likely to experience more severe water 
supply shortages, more frequent emptying 
of reservoirs, violation of environmental 
flow requirements (with possible impacts to 
fisheries at the mouth of the Apalachicola), 
less energy generation, and more com-
petition for remaining water. Adaptation 
options include changes in reservoir stor-
age and release procedures and possible 
phased expansion of reservoir capac-
ity.84,85 Additional adaptation options could 
include water conservation and demand 
management. (Figure source: Georgaka-
kos et al. 201084).
 

A Southeast River Basin  
Under Stress
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WAter recycling

Because of Clayton County, Georgia’s, innovative water 
recycling project during the 2007-2008 drought, they 
were able to maintain reservoirs at near capacity and an 
abundant supply of water while neighboring Lake Lanier, 
the water supply for Atlanta, was at record lows. Clayton 
County developed a series of constructed wetlands used 
to filter treated water that recharges groundwater and 
supplies surface reservoirs. They have also implemented 
efficiency and leak detection programs81 (for additional 
specific information see the Clayton County Water Au-
thority website at: http://www.ccwa.us/).
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17: SOUTHEAST AND THE CARIBBEAN

Process for Developing Key Messages
A central component of the process was the Southeast Regional 
Climate Assessment Workshop that was held on September 26-
27, 2011, in Atlanta, with approximately 75 attendees. This work-
shop began the process leading to a foundational Technical Input 
Report (TIR). That 341-page foundational “Southeast Region 
Technical Report to the National Climate Assessment”

5
 comprised 

14 chapters from over 100 authors, including all levels of govern-
ment, non-governmental organizations, and business. 

The writing team held a 2-day meeting in April 2012 in Ft. Lau-
derdale, engaged in multiple teleconference and webinar techni-
cal discussions, which included careful review of the foundational 
TIR,

5
 nearly 60 additional technical inputs provided by the public, 

and other published literature and professional judgment. Discus-
sions were followed by expert deliberation of draft key messages 
by the authors, and targeted consultation with additional experts 
by the Southeast chapter writing team and lead author of each 
key message.

Key message #1 Traceable accounT

Sea level rise poses widespread and continuing 
threats to both natural and built environments and 
to the regional economy.

Description of evidence base
The key message and supporting text summarize extensive evi-
dence documented in the Southeast Technical Input Report.

5
 A 

total of 57 technical inputs on a wide range of southeast-relevant 
topics (including sea level rise) were also received and reviewed 
as part of the Federal Register Notice solicitation for public 
input.
 
Evidence that the rate of sea level rise has increased is based 
on satellite altimetry data and direct measurements such as tide 
gauges (Ch. 2: Our Changing Climate, Key Message 10). Numer-
ous peer-reviewed publications describe increasing hazards asso-
ciated with sea level rise and storm surge, heat waves, and intense 
precipitation for the Southeast.

5
 For sea level rise, the authors 

relied on the NCA Sea Level Change Scenario
16

 and detailed dis-
cussion in the foundational TIR.

5
 

Evidence that sea level rise is a threat to natural and human en-
vironments is documented in detail within the foundational TIR

5
 

and other technical inputs, as well as considerable peer-reviewed 
literature (for example, Campanella 2010).

19
 Field studies docu-

ment examples of areas that are being flooded more regularly, 
saltwater intrusion into fresh water wells,

80
 and changes from 

fresh to saltwater in coastal ecosystems (for example, freshwater 
marshes) causing them to die,

32
 and increases in vulnerability of 

many communities to coastal erosion. Economic impacts are seen 
in the cost to avoid flooded roads, buildings, and ports;

23
 the need 

to drill new fresh water wells;
80

 and the loss of coastal ecosystems 
and their storm surge protection. 

New information and remaining uncertainties
Tremendous improvement has been made since the last Intergov-
ernmental Panel on Climate Change evaluation of sea level rise in 
2007,

86
 with strong evidence of mass loss of Greenland icecap and 

glaciers worldwide (Ch. 2: Our Changing Climate). Improved analy-
ses of tide gauges, coastal elevations, and circulation changes in 
offshore waters have also provided new information on accelerat-
ing rates of rise (Ch. 2: Our Changing Climate, Figure 2.26). These 
have been documented in the NCA Sea Level Change Scenario 
publication.

16
 

Uncertainties in the rate of sea level rise through this century 
stems from a combination of large differences in projections 
among different climate models, natural climate variability, un-
certainties in the melting of land-based glaciers and the Antarc-
tic and Greenland ice sheets especially, and uncertainties about 
future rates of fossil fuel emissions. A further key uncertainty is 
the rate of vertical land movement at specific locations. The two 
factors – sea level rise and subsidence – when combined, increase 
the impact of global sea level rise in any specific area. A third 
area of uncertainty is where and what adaptive plans and actions 
are being undertaken to avoid flooding and associated impacts on 
people, communities, facilities, infrastructure, and ecosystems.

Assessment of confidence based on evidence 
Sea level is expected to continue to rise for several centuries, even 
if greenhouse gas emissions are stabilized, due to the time it takes 
for the ocean to absorb heat energy from the atmosphere. Be-
cause sea levels determine the locations of human activities and 

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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ecosystems along the coasts, increases in sea level and in the rate 
of rise will nearly certainly have substantial impacts on natural and 
human systems along the coastal area. What specific locations 
will be impacted under what specific levels of sea level rise needs 
to be determined location-by-location. However, given that many 
locations are already being affected by rising seas, more and more 
locations will be impacted as sea levels continue to rise. Confi-
dence in this key message is therefore judged to be very high. 

 Key message #2 Traceable accounT

Increasing temperatures and the associated in-
crease in frequency, intensity, and duration of ex-
treme heat events will affect public health, natural 
and built environments, energy, agriculture, and 
forestry.

Description of evidence base
The key message and supporting text summarize extensive evi-
dence documented in the Southeast Technical Input Report.

5
 

Technical inputs (57) on a wide range of topics were also received 
and reviewed as part of the Federal Register Notice solicitation for 
public input. 

Numerous peer-reviewed publications describe increasing hazards 
associated with heat events and rising temperatures for the South-
east. The authors of a report on the Southeast climate

11
 worked 

closely with the region’s state climatologists on both the climatol-

ogy and projections for temperature and associated heat events. 
Evidence of rising temperatures and current impacts

38,39
 is based 

on an extensive set of field measurements. 

There is considerable evidence of the effects of high air tempera-
tures across a wide range of natural and managed systems in the 
Southeast. Increased temperatures affect human health and hos-
pital admissions.

38,40,42

Rising water temperatures also increase risks of bacterial infection 
from eating Gulf Coast shellfish

53
 and increase algal blooms that 

have negative human health effects.
47,48

 There is also evidence 
that there will be an increase in favorable conditions for mosqui-
toes that carry diseases.

46
 Higher temperatures are detrimental 

to natural and urban environments, through increased wildfires in 
natural areas and managed forests

63,64,65,70
 and increased invasive-

ness of some non-native plants.
55

 High temperatures also contrib-
ute to more roadway damage and deformities of transportation 
infrastructure such as railroad tracks and bridges (Ch. 5: Trans-
portation).

74
 In addition, high temperatures increase net energy 

demand and costs, placing more stress on electricity generating 
plants and distribution infrastructure.

Increasing temperatures in the Southeast cause more stresses on 
crop and livestock agricultural systems. Heat stress reduces dairy 
and livestock production

56
 and also reduces yields of various crops 

grown in this region (corn, soybean, peanuts, rice, and cotton).
60,61

New information and remaining uncertainties
Since 2007, studies on impacts of higher temperatures have in-
creased in many areas. Most of the publications cited above con-
cluded that increasing temperatures in the Southeast will result in 
negative impacts on human health, the natural and built environ-
ments, energy, agriculture, and forestry.

A key issue (uncertainty) is the detailed mechanistic responses, 
including adaptive capacities and/or resilience, of natural and 
built environments, the public health system, energy systems, 
agriculture, and forests to increasing temperatures and extreme 
heat events. 

Another uncertainty is how combinations of stresses, for example 
lack of water in addition to extreme heat, will affect outcomes. 
There is a need for more monitoring to document the extent and 
location of vulnerable areas (natural and human), and then re-
search to assess how those impacts will affect productivity of key 
food and forest resources and human well-being. There is also 
a need for research that develops or identifies more resilient, 
adapted systems.

Assessment of confidence based on evidence
Increasing Temperatures: There is high confidence in documenta-
tion that projects increases in air temperatures (but not in the pre-
cise amount) and associated increases in the frequency, intensity, 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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and duration of extreme heat events. Projections for increases in 
temperature are more certain in the Southeast than projections of 
changes in precipitation. 

Impacts of increasing temperatures: Rising temperatures and the 
substantial increase in duration of high temperatures (for either 
the low [B1] or high [A2] emissions scenarios) above critical 
thresholds will have significant impacts on the population, agri-
cultural industries, and ecosystems in the region. There is high 
confidence in documentation that increases in temperature in the 
Southeast will result in higher risks of negative impacts on human 
health, agricultural, and forest production; on natural systems; 
on the built environment; and on energy demand. There is lower 
confidence in the magnitude of these impacts, partly due to lack 
of information on how these systems will adapt (without human 
intervention) or be adapted (by people) to higher temperatures, 
and partly due to the limited knowledge base on the wide diversity 
that exists across this region in climates and human and natural 
systems. 

Key message #3 Traceable accounT

Decreased water availability, exacerbated by 
population growth and land-use change, will con-
tinue to increase competition for water and affect 
the region's economy and unique ecosystems.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the Southeast Technical Input Report 
(TIR).

5
 Technical inputs (57) on a wide range of topics were also 

received and reviewed as part of the Federal Register Notice so-
licitation for public input. 

Chapter 2, Our Changing Climate, describes evidence for drought 
and precipitation in its key messages. Numerous salient studies 
support the key message of decreased water availability, as sum-
marized for the Southeast in the TIR.

5

Evidence for the impacts on the region’s economy and unique 
ecosystems is also detailed in the TIR

5
 and the broader literature 

surveyed by the authors.
77

 

New information and remaining uncertainties
Many studies have been published since 2007 documenting in-
creasing demands for water in the Southeast due to increases in 
populations and irrigated agriculture, in addition to water short-
ages due to extensive droughts.

5,11
 There is also new evidence of 

losses in fresh water wells near coastlines due to saltwater intru-
sion

79,80
 and of continuing conflicts among states for water use, 

particularly during drought periods.
5,84

It is a virtual certainty that population growth in the Southeast 
will continue in the future and will be accompanied by a signifi-
cant change in patterns of land use, which is projected to include 
a larger fraction of urbanized areas, reduced agricultural areas, 
and reduced forest cover.

54
 With increasing population and human 

demand, competition for water among the agriculture, urban, and 
environment sectors is projected to continue to increase. However, 
the projected population increases for the lower (B1) versus higher 
(A2) emissions scenarios differ significantly (33% versus 151%).

11
 

Consequently, the effect of climate change on urban water de-
mand for the lower emissions scenario is projected to be much 
lower than for that of the higher emissions scenario. Land-use 
change will also alter the regional hydrology significantly. Unless 
measures are adopted to increase water storage, availability of 
freshwater during dry periods will decrease, partly due to drainage 
and other human activities. 

Projected increase in temperature will increase evaporation, and 
in areas (the western part of the region

87
) where precipitation 

is projected to decrease in response to climate change, the net 
amount of water supply for human and environmental uses may 
decrease significantly. 

Along the coastline of the Southeast, accelerated intrusion of salt-
water due to sea level rise will impact both freshwater well fields 
and potentially freshwater intakes in rivers and streams connected 
to the ocean. Although sea level rise (SLR) corresponding to the 
higher emissions scenario is much higher (twice as much), even 
the SLR for the lower emissions scenario will increasingly impact 
water supply availability in low-lying areas of the region, as these 
areas are already being impacted by SLR and land subsidence. 

Projections of specific spatial and temporal changes in precipita-
tion in the Southeast remain highly uncertain and it is important 
to know with a reasonable confidence the sign and the magnitude 
of this change in various parts of the large Southeast region.

For the Southeast, there are no reliable projections of evapotrans-
piration, another major factor that determines water yield. This 
adds to uncertainty about water availability.

There are inadequate regional studies at basin scales to determine 
the future competition for water supply among sectors (urban, ag-
riculture, and environment).

There is a need for more accurate information on future changes 
in drought magnitude and frequency.

Assessment of confidence based on evidence
There is high confidence in each aspect of the key message: it is 
virtually certain that the water demand for human consumption 
in the Southeast will increase as a result of population growth. 
The past evidence of impacts during droughts and the projected 
changes in drivers (land-use change, population growth, and 
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climate change) suggest that there is a high confidence of the 
above assessment of future water availability. However, without 
additional studies, the resilience and the adaptive capacity of the 
socioeconomic and environmental systems are not known.

Water supply is critical for sustainability of the region, particularly 
in view of increasing population and land-use changes. Climate 
models’ precipitation projections are uncertain. Nonetheless, the 
combined effects of possible decreases in precipitation, increas-
ing evaporation losses due to warming, and increasing demands 
for water due to higher populations (under either lower [B1] or 
higher [A2] emissions scenarios) will have a significant impact on 
water availability for all sectors. 
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Key Messages

MIDWEST18
1. In the next few decades, longer growing seasons and rising carbon dioxide levels will  
 increase yields of some crops, though those benefits will be progressively offset by extreme   
 weather events. Though adaptation options can reduce some of the detrimental effects, in the  
 long term, the combined stresses associated with climate change are expected to decrease   
 agricultural productivity. 

2. The composition of the region’s forests is expected to change as rising temperatures drive 
 habitats for many tree species northward. The role of the region’s forests as a net absorber of   
 carbon is at risk from disruptions to forest ecosystems, in part due to climate change. 

3. Increased heat wave intensity and frequency, increased humidity, degraded air quality, and   
 reduced water quality will increase public health risks. 

4. The Midwest has a highly energy-intensive economy with per capita emissions of greenhouse 
 gases more than 20% higher than the national average. The region also has a large and    
 increasingly utilized potential to reduce emissions that cause climate change. 

5. Extreme rainfall events and flooding have increased during the last century, and these trends   
 are expected to continue, causing erosion, declining water quality, and negative impacts on   
 transportation, agriculture, human health, and infrastructure.

6. Climate change will exacerbate a range of risks to the Great Lakes, including changes in the range  
 and distribution of certain fish species, increased invasive species and harmful blooms of algae,   
 and declining beach health. Ice cover declines will lengthen the commercial navigation season.

The Midwest has a population of more than 61 million people 
(about 20% of the national total) and generates a regional 
gross domestic product of more than $2.6 trillion (about 19% 
of the national total).1 The Midwest is home to expansive agri-
cultural lands, forests in the north, the Great Lakes, substantial 
industrial activity, and major urban areas, including eight of the 
nation’s 50 most populous cities. The region has experienced 
shifts in population, socioeconomic changes, air and water 
pollution, and landscape changes, and exhibits multiple vulner-
abilities to both climate variability and climate change. 

In general, climate change will tend to amplify existing climate-
related risks from climate to people, ecosystems, and infra-
structure in the Midwest (Ch. 10: Energy, Water, and Land). 
Direct effects of increased heat stress, flooding, drought, and 
late spring freezes on natural and managed ecosystems may 
be multiplied by changes in pests and disease prevalence, in-
creased competition from non-native or opportunistic native 
species, ecosystem disturbances, land-use change, landscape 
fragmentation, atmospheric pollutants, and economic shocks 
such as crop failures or reduced yields due to extreme weather 

events. These added stresses, when taken collectively, are 
projected to alter the ecosystem and socioeconomic patterns 
and processes in ways that most people in the region would 
consider detrimental. Much of the region’s fisheries, recre-
ation, tourism, and commerce depend on the Great Lakes and 
expansive northern forests, which already face pollution and 
invasive species pressure that will be exacerbated by climate 
change.

Most of the region’s population lives in cities, which are par-
ticularly vulnerable to climate change related flooding and life-
threatening heat waves because of aging infrastructure and 
other factors. Climate change may also augment or intensify 
other stresses on vegetation encountered in urban environ-
ments, including increased atmospheric pollution, heat island 
effects, a highly variable water cycle, and frequent exposure to 
new pests and diseases. Some cities in the region are already 
engaged in the process of capacity building or are actively 
building resilience to the threats posed by climate change. The 
region’s highly energy-intensive economy emits a dispropor-
tionately large amount of the gases responsible for warming 
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the climate (called greenhouse gases or heat-trapping gases). 
But as discussed below, it also has a large and increasingly real-
ized potential to reduce these emissions.

The rate of warming in the Midwest has markedly accelerated 
over the past few decades. Between 1900 and 2010, the av-

erage Midwest air temperature increased by more than 1.5°F 
(Figure 18.1). However, between 1950 and 2010, the average 
temperature increased twice as quickly, and between 1980 and 
2010, it increased three times as quickly as it did from 1900 to 
2010.1 Warming has been more rapid at night and during win-
ter. These trends are consistent with expectations of increased 
concentrations of heat-trapping gases and observed changes 
in concentrations of certain particles in the atmosphere.1,2

The amount of future warming will depend on changes in the 
atmospheric concentration of heat-trapping gases. Projections 
for regionally averaged temperature increases by the middle 
of the century (2046-2065) relative to 1979-2000 are approxi-
mately 3.8°F for a scenario with substantial emissions reduc-
tions (B1) and 4.9°F with continued growth in global emissions 
(A2). The projections for the end of the century (2081-2100) 
are approximately 5.6°F for the lower emissions scenario and 
8.5°F for the higher emissions scenario (see Ch. 2: Our Chang-
ing Climate, Key Message 3).3

In 2011, 11 of the 14 U.S. weather-related disasters with damag-
es of more than $1 billion affected the Midwest.5 Several types 
of extreme weather events have already increased in frequency 
and/or intensity due to climate change, and further increases 
are projected (Ch. 2: Our Changing Climate, Key Message 7).6

 

Key Message 1: Impacts to Agriculture

In the next few decades, longer growing seasons and rising carbon dioxide levels will  
increase yields of some crops, though those benefits will be progressively offset by  

extreme weather events. Though adaptation options can reduce some of the detrimental 
effects, in the long term, the combined stresses associated with climate change  

are expected to decrease agricultural productivity. 

Agriculture dominates Midwest land use, with more than two-
thirds of land designated as farmland.3 The region accounts 
for about 65% of U.S. corn and soybean production,7 mostly 
from non-irrigated lands.1 Corn and soybeans constitute 85% 
of Midwest crop receipts, with high-value crops such as fruits 
and vegetables making up most of the remainder.8 Corn and 
soybean yields increased markedly (by a factor of more than 5) 
over the last century largely due to technological innovation, 
but are still vulnerable to year-to-year variations in weather 
conditions.9

The Midwest growing season lengthened by almost two weeks 
since 1950, due in large part to earlier occurrence of the last 
spring freeze.10 This trend is expected to continue,3,11 though 
the potential agricultural consequences are complex and 
vary by crop. For corn, small long-term average temperature 
increases will shorten the duration of reproductive develop-
ment, leading to yield declines,12 even when offset by carbon 
dioxide (CO2) stimulation.13 For soybeans, yields have a two in 

three chance of increasing early in this century due to CO2 fer-
tilization, but these increases are projected to be offset later in 
the century by higher temperature stress14 (see Figure 18.2 for 
projections of increases in the frost-free season length and the 
number of summer days with temperatures over 95°F).

Future crop yields will be more strongly influenced by anoma-
lous weather events than by changes in average temperature 
or annual precipitation (Ch. 6: Agriculture). Cold injury due to 
a freeze event after plant budding can decimate fruit crop pro-
duction,15 as happened in 2002, and again in 2012, to Michi-
gan’s $60 million tart cherry crop. Springtime cold air outbreaks 
(at least two consecutive days during which the daily average 
surface air temperature is below 95% of the simulated average 
wintertime surface air temperature) are projected to continue 
to occur throughout this century.16 As a result, increased pro-
ductivity of some crops due to higher temperatures, longer 
growing seasons, and elevated CO2 concentrations could be 
offset by increased freeze damage.17 Heat waves during pol-

Figure 18.1. Annual average temperatures (red line) across 
the Midwest show a trend towards increasing temperature. 
The trend (dashed line) calculated over the period 1895-2012 
is equal to an increase of 1.5°F. (Figure source: updated from 
Kunkel et al. 20134).

Temperatures are Rising in the Midwest
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lination of field crops such as corn and soybean also 
reduce yields (Figure 18.3).12 Wetter springs may re-
duce crop yields and profits,18 especially if growers 
are forced to switch to late-planted, shorter-season 
varieties. A recent study suggests the volatility of 
U.S. corn prices is more sensitive to near-term cli-
mate change than to energy policy influences or to 
use of agricultural products for energy production, 
such as biofuel.19 

Agriculture is responsible for about 8% of U.S. heat-
trapping gas emissions,20 and there is tremendous 
potential for farming practices to reduce emissions 
or store more carbon in soil.21 Although large-scale 
agriculture in the Midwest historically led to de-
creased carbon in soils, higher crop residue inputs 
and adoption of different soil management tech-
niques have reversed this trend. Other techniques, 
such as planting cover crops and no-till soil manage-
ment, can further increase CO2 uptake and reduce 
energy use.22,23 Use of agricultural best manage-
ment practices can also improve water quality by 
reducing the loss of sediments and nutrients from 
farm fields. Methane released from animals and 
their wastes can be reduced by altered diets and 
methane capture systems, and nitrous oxide pro-
duction can be reduced by judicious fertilizer use24 
and improved waste handling.21 In addition, if bio-
fuel crops are grown sustainably,25 they offer emis-
sions reduction opportunities by substituting for 
fossil fuel-based energy (Ch. 10: Energy, Water, and 
Land). 

Figure 18.2. Projected increase in annual average temperatures (top left) 
by mid-century (2041-2070) as compared to the 1971-2000 period tell 
only part of the climate change story. Maps also show annual projected 
increases in the number of the hottest days (days over 95°F, top right), 
longer frost-free seasons (bottom left), and an increase in cooling degree 
days (bottom right), defined as the number of degrees that a day’s average 
temperature is above 65°F, which generally leads to an increase in energy 
use for air conditioning. Projections are from global climate models that 
assume emissions of heat-trapping gases continue to rise (A2 scenario). 
(Figure source: NOAA NCDC / CICS-NC). 

Projected Mid-Century Temperature Changes  
in the Midwest

Figure 18.3. Crop yields are very sensitive to temperature and rainfall. They are especially sensitive to high temperatures during the 
pollination and grain filling period. For example, corn (left) and soybean (right) harvests in Illinois and Indiana, two major producers, 
were lower in years with average maximum summer (June, July, and August) temperatures higher than the average from 1980 to 
2007. Most years with below-average yields are both warmer and drier than normal.26,27 There is high correlation between warm and 
dry conditions during Midwest summers28 due to similar meteorological conditions and drought-caused changes.29 (Figure source: 
Mishra and Cherkauer 201026).

Crop Yields Decline under Higher Temperatures
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Key Message 2: Forest Composition

The composition of the region’s forests is expected to change as rising temperatures drive 
habitats for many tree species northward. The role of the region’s forests as a net absorber 

of carbon is at risk from disruptions to forest ecosystems, in part due to climate change. 

The Midwest is characterized by a rich diversity of native spe-
cies juxtaposed on one of the world’s most productive agricul-
tural systems.30 The remnants of intact natural ecosystems in 
the region,31 including prairies, forests, streams, and wetlands, 
are rich with varied species.32 The combined effects of climate 
change, land-use change, and increasing numbers of invasive 
species are the primary threats to Midwest natural ecosys-
tems.33 Species most vulnerable to climate change include 
those that occur in isolated habitats; live near their physiologi-
cal tolerance limits; have specific habitat requirements, low 
reproductive rates, or limited dispersal capability; are depen-
dent on interactions with specific other species; and/or have 
low genetic variability.34

Among the varied ecosystems of the region, forest systems 
are particularly vulnerable to multiple stresses. The habitat 
ranges of many iconic tree species such as paper birch, quak-
ing aspen, balsam fir, and black spruce are projected to decline 
substantially across the northern Midwest as they shift north-
ward, while species that are common farther south, including 
several oaks and pines, expand their ranges northward into 
the region (Figure 18.4).35,36 There is considerable variability in 
the likelihood of a species’ habitat changing and the adaptabil-

ity of the species with regard to climate change.37 Migration 
to accommodate changed habitat is expected to be slow for 
many Midwest species, due to relatively flat topography, high 
latitudes, and fragmented habitats including the Great Lakes 
barrier. To reach areas that are 1.8°F cooler, species in moun-
tainous terrains need to shift 550 feet higher in altitude (which 
can be achieved in only a few miles), whereas species in flat 
terrain like the Midwest must move as much as 90 miles north 
to reach a similarly cooler habitat.38

Although global forests currently capture and store more car-
bon each year than they emit,39 the ability of forests to act as 
large, global carbon absorbers (“sinks”) may be reduced by 
projected increased disturbances from insect outbreaks,40 for-
est fire,41 and drought,42 leading to increases in tree mortal-
ity and carbon emissions. Some regions may even shift from 
being a carbon sink to being an atmospheric carbon dioxide 
source,43,44 though large uncertainties exist, such as whether 
projected disturbances to forests will be chronic or episodic.45 
Midwest forests are more resilient to forest carbon losses than 
most western forests because of relatively high moisture avail-
ability, greater nitrogen deposition (which tends to act as a 
fertilizer), and lower wildfire risk.43,46 

Forest Composition Shifts

Figure 18.4. As climate changes, species can often adapt by changing their ranges. Maps show current and projected future 
distribution of habitats for forest types in the Midwest under two emissions scenarios, a lower scenario that assumes reductions 
in heat-trapping gas emissions (B1), and a very high scenario that assumes continued increases in emissions (A1FI). Habitats for 
white/red/jack pine, maple/beech/birch, spruce/fir, and aspen/birch forests are projected to greatly decline from the northern forests, 
especially under higher emissions scenarios, while various oak forest types are projected to expand.37 While some forest types 
may not remain dominant, they will still be present in reduced quantities. Therefore, it is more appropriate to assess changes on an 
individual species basis, since all species within a forest type will not exhibit equal responses to climate change. (Figure source: 
Prasad et al. 200737). 
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Key Message 3: Public Health Risks

Increased heat wave intensity and frequency, increased humidity,  
degraded air quality, and reduced water quality will increase public health risks. 

The frequency of major heat waves in the Midwest has in-
creased over the last six decades.47 For the United States, mor-
tality increases 4% during heat waves compared with non-heat 
wave days.48 During July 2011, 132 million people across the 
U.S. were under a heat alert – and on July 20 of that year, the 
majority of the Midwest experienced temperatures in excess 
of 100°F. Heat stress is projected to increase as a result of both 
increased summer temperatures and humidity.49,50 One study 
projected an increase of between 166 and 2,217 excess deaths 
per year from heat wave-related mortality in Chicago alone by 
2081-2100.51 The lower number assumes a climate scenario 
with significant reductions in emissions of greenhouse gases 
(B1), while the upper number assumes a scenario under which 
emissions continue to increase (A2). These projections are sig-
nificant when compared to recent Chicago heat waves, where 
114 people died from the heat wave of 1999 and about 700 
died from the heat wave of 1995.52 Heat response plans and 
early warning systems save lives, and from 1975 to 2004, mor-

tality rates per heat event declined.53 However, many munici-
palities lack such plans.54

More than 20 million people in the Midwest experience air 
quality that fails to meet national ambient air quality stan-
dards.1 Degraded air quality due to human-induced emis-
sions55 and increased pollen season duration56 are projected 
to be amplified with higher temperatures,57 and pollution and 
pollen exposures, in addition to heat waves, can harm human 
health (Ch. 9: Human Health). Policy options exist (for example, 
see “Alternative Transportation Options Create Multiple Ben-
efits”) that could reduce emissions of both heat-trapping gases 
and other air pollutants, yielding benefits for human health 
and fitness. Increased temperatures and changes in precipita-
tion patterns could also increase the vulnerability of Midwest 
residents to diseases carried by insects and rodents (Ch. 9: Hu-
man Health).58

AlternAtive trAnsportAtion options creAte Multiple benefits

Figure 18.5. Annual reduction in the number of premature deaths (left) and annual change in the number of cases with acute 
respiratory symptoms (right) due to reductions in particulate matter and ozone caused by reducing automobile exhaust. 
The maps project health benefits if automobile trips shorter than five miles (round-trip) were eliminated for the 11 largest 
metropolitan areas in the Midwest. Making 50% of these trips by bicycle just during four summer months would save 1,295 
lives and yield savings of more than $8 billion per year from improved air quality, avoided mortality, and reduced health care 
costs for the upper Midwest alone. (Figure source: Grabow et al. 2012; reproduced with permission from Environmental 
Health Perspectives59). 

The transportation sector produces one-third of U.S. greenhouse gas emissions, and automobile exhaust also contains 
precursors to fine particulate matter (PM2.5) and ground-level ozone (O3), which pose threats to public health. Adopting 
a low-carbon transportation system with fewer automobiles, therefore, could have immediate health “co-benefits” of 
both reducing climate change and improving human health via both improved air quality and physical fitness. 

Reducing Emissions, Improving Health
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Key Message 4: Fossil-Fuel Dependent Electricity System

The Midwest has a highly energy-intensive economy with per capita emissions of greenhouse 
gases more than 20% higher than the national average. The region also has a large and 

increasingly utilized potential to reduce emissions that cause climate change. 

The Midwest is a major exporter of electricity to other U.S. re-
gions and has a highly energy-intensive economy (Ch. 10: Ener-
gy, Water, and Land, Figure 10.4). Energy use per dollar of gross 
domestic product is approximately 20% above the national 
average, and per capita greenhouse gas emissions are 22% 
higher than the national average due, in part, to the reliance on 
fossil fuels, particularly coal for electricity generation.1 A large 
range in seasonal air temperature causes energy demand for 
both heating and cooling, with the highest demand for winter 
heating. The demand for heating in major midwestern cities is 
typically five to seven times that for cooling,1 although this is 
expected to shift as a result of longer summers, more frequent 
heat waves, and higher humidity, leading to an increase in the 
number of cooling degree days. This increased demand for 
cooling by the middle of this century is projected to exceed 10 
gigawatts (equivalent to at least five large conventional power 
plants), requiring more than $6 billion in infrastructure invest-
ments.60 Further, approximately 95% of the electrical generat-
ing infrastructure in the Midwest is susceptible to decreased 
efficiency due to higher temperatures.60

Climate change presents the Midwest’s energy sector with a 
number of challenges, in part because of its current reliance on 
coal-based electricity1  and an aging, less-reliable electric dis-
tribution grid61 that will require significant reinvestment even 
without additional adaptations to climate change.62 

Increased use of natural gas in the Midwest has the potential 
to reduce emissions of greenhouse gases. The Midwest also 
has potential to produce energy from zero- and low-carbon 
sources, given its wind, solar, and biomass resources, and 
potential for expanded nuclear power. The Midwest does not 
have the highest solar potential in the country (that is found 
in the Southwest), but its potential is nonetheless vast, with 
some parts of the Midwest having as good a solar resource as 
Florida.63 More than one-quarter of national installed wind en-
ergy capacity, one-third of biodiesel capacity, and more than 
two-thirds of ethanol production are located in the Midwest 
(see also Ch. 4: Energy and Ch. 10: Energy, Water, and Land).1 
Progress toward increasing renewable energy is hampered by 
electricity prices that are distorted through a mix of direct and 
indirect subsidies and unaccounted-for costs for conventional 
energy sources.64 

Key Message 5: Increased Rainfall and Flooding

Extreme rainfall events and flooding have increased during the last century, and these trends 
are expected to continue, causing erosion, declining water quality, and negative impacts  

on transportation, agriculture, human health, and infrastructure.

Precipitation in the Midwest is greatest in the east, declining 
towards the west. Precipitation occurs about once every seven 
days in the western part of the region and once every three 
days in the southeastern part.65 The 10 rainiest days can con-
tribute as much as 40% of total precipitation in a given year.65 
Generally, annual precipitation increased during the past 
century (by up to 20% in some locations), with much of the 
increase driven by intensification of the heaviest rainfalls.65,66 
This tendency towards more intense precipitation events is 
projected to continue in the future.67

Model projections for precipitation changes are less certain 
than those for temperature.3,4 Under a higher emissions sce-
nario (A2), global climate models (GCMs) project average win-
ter and spring precipitation by late this century (2071-2099) to 
increase 10% to 20% relative to 1971-2000, while changes in 
summer and fall are not expected to be larger than natural vari-
ations. Projected changes in annual precipitation show increas-
es larger than natural variations in the north and smaller in the 
south (Ch. 2: Our Changing Climate, Key Message 5).4 Regional 

climate models (RCMs) using the same emissions scenario also 
project increased spring precipitation (9% in 2041-2062 rela-
tive to 1979-2000) and decreased summer precipitation (by an 
average of about 8% in 2041-2062 relative to 1979-2000) par-
ticularly in the southern portions of the Midwest.3 Increases 
in the frequency and intensity of extreme precipitation are 
projected across the entire region in both GCM and RCM simu-
lations (Figure 18.6), and these increases are generally larger 
than the projected changes in average precipitation.3,4

Flooding can affect the integrity and diversity of aquatic eco-
systems. Flooding also causes major human and economic con-
sequences by inundating urban and agricultural land and by dis-
rupting navigation in the region’s roads, rivers, and reservoirs 
(see Ch. 5: Transportation, Ch. 9: Human Health, and Ch. 11: 
Urban). For example, the 2008 flooding in the Midwest caused 
24 deaths, $15 billion in losses via reduced agricultural yields, 
and closure of key transportation routes.1 Water infrastructure 
for flood control, navigation, and other purposes is susceptible 
to climate change impacts and other forces because the de-
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signs are based upon historical patterns of precipitation and 
streamflow, which are no longer appropriate guides.

Snowfall varies across the region, comprising less than 10% of 
total precipitation in the south, to more than half in the north, 
with as much as two inches of water available in the snowpack 
at the beginning of spring melt in the northern reaches of the 
river basins.68 When this amount of snowmelt is combined 
with heavy rainfall, the resulting flooding can be widespread 
and catastrophic (see “Cedar Rapids: A Tale of Vulnerability 
and Response”).69 Historical observations indicate declines in 
the frequency of high magnitude snowfall years over much of 
the Midwest,70 but an increase in lake effect snowfall.71 These 
divergent trends and their inverse relationships with air tem-

peratures make overall projections of re-
gional impacts of the associated snowmelt 
extremely difficult. Large-scale flooding 
can also occur due to extreme precipitation 
in the absence of snowmelt (for example, 
Rush Creek and the Root River, Minnesota, 
in August 2007 and multiple rivers in south-
ern Minnesota in September 2010).72 These 
warm-season events are projected to in-
crease in magnitude. Such events tend to 
be more regional and less likely to cover as 
large an area as those that occur in spring, 
in part because soil water storage capacity 
is typically much greater during the sum-
mer. 

Changing land use and the expansion of 
urban areas are reducing water infiltra-
tion into the soil and increasing surface 
runoff. These changes exacerbate impacts 
caused by increased precipitation intensity. 
Many major Midwest cities are served by 
combined storm and sewage drainage sys-
tems. As surface area has been increasingly 
converted to impervious surfaces (such as 
asphalt) and extreme precipitation events 
have intensified, combined sewer overflow 
has degraded water quality, a phenomenon 
expected to continue to worsen with in-
creased urbanization and climate change.75 
The U.S. Environmental Protection Agency 
(EPA) estimates there are more than 800 
billion gallons of untreated combined sew-
age released into the nation’s waters annu-
ally.76 The Great Lakes, which provide drink-
ing water to more than 40 million people 
and are home to more than 500 beaches,75 
have been subject to recent sewage over-
flows. For example, stormwater across the 
city of Milwaukee recently showed high hu-
man fecal pathogen levels at all 45 outflow 

locations, indicating widespread sewage contamination.77 One 
study estimated that increased storm events will lead to an in-
crease of up to 120% in combined sewer overflows into Lake 
Michigan by 2100 under a very high emissions scenario (A1FI),75 
leading to additional human health issues and beach closures. 
Municipalities may be forced to invest in new infrastructure 
to protect human health and water quality in the Great Lakes, 
and local communities could face tourism losses from fouled 
nearshore regions.

Increased precipitation intensity also increases erosion, dam-
aging ecosystems and increasing delivery of sediment and sub-
sequent loss of reservoir storage capacity. Increased storm-
induced agricultural runoff and rising water temperatures 

When it Rains, it Pours

Figure 18.6. Precipitation patterns affect many aspects of life, from agriculture 
to urban storm drains. These maps show projected changes for the middle of the 
current century (2041-2070) relative to the end of the last century (1971-2000) 
across the Midwest under continued emissions (A2 scenario). Top left: the changes 
in total annual average precipitation. Across the entire Midwest, the total amount 
of water from rainfall and snowfall is projected to increase. Top right: increase in 
the number of days with very heavy precipitation (top 2% of all rainfalls each year). 
Bottom left: increases in the amount of rain falling in the wettest 5-day period over 
a year. Both (top right and bottom left) indicate that heavy precipitation events will 
increase in intensity in the future across the Midwest. Bottom right: change in the 
average maximum number of consecutive days each year with less than 0.01 inches 
of precipitation. An increase in this variable has been used to indicate an increase 
in the chance of drought in the future. (Figure source: NOAA NCDC / CICS-NC).
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have increased non-point source pollution problems in recent 
years.78 This has led to increased phosphorus and nitrogen 
loading, which in turn is contributing to more and prolonged 
occurrences of low-oxygen “dead zones” and to harmful, 
lengthy, and dense algae growth in the Great Lakes and other 
Midwest water bodies.79 (Such zones and their causes are also 
discussed in Ch. 25: Coasts, Ch. 15: Biogeochemical Cycles, and 
Ch. 3: Water, Key Message 6). Watershed planning can be used 
to reduce water quantity and quality problems due to changing 
climate and land use.

While there was no apparent change in drought duration in the 
Midwest region as a whole over the past century,80 the average 
number of days without precipitation is projected to increase 
in the future. This could lead to agricultural drought and sup-
pressed crop yields.9 This would also increase thermoelectric 
power plant cooling water temperatures and decrease cooling 
efficiency and plant capacity because of the need to avoid dis-
charging excessively warm water (see also Ch. 4: Energy, and 
Ch. 10: Energy, Water, and Land).60

Key Message 6: Increased Risks to the Great Lakes

Climate change will exacerbate a range of risks to the Great Lakes, including changes  
in the range and distribution of certain fish species, increased invasive species and  

harmful blooms of algae, and declining beach health. Ice cover declines  
will lengthen the commercial navigation season.

The Great Lakes, North America’s largest freshwater feature, 
have recently recorded higher water temperatures and less 
ice cover as a result of changes in regional climate  (see also 
Ch. 2: Our Changing Climate, Key Message 11). Summer sur-
face water temperatures in Lakes Huron increased 5.2°F and 
in Lake Ontario, 2.7°F, between 1968 and 2002,81 with smaller 
increases in Lake Erie.81,82 Due to the reduction in ice cover, 
the temperature of surface waters in Lake Superior during the 
summer increased 4.5°F, twice the rate of increase in air tem-
perature.83 These lake surface temperatures are projected to 
rise by as much as 7°F by 2050 and 12.1°F by 2100.84,85 Higher 
temperatures, increases in precipitation, and lengthened 
growing seasons favor production of blue-green and toxic al-
gae that can harm fish, water quality, habitats, and aesthet-
ics,79,84,86 and could heighten the impact of invasive species 
already present.87

In the Great Lakes, the average annual maximum ice coverage 
during 2003-2013 was less than 43% compared to the 1962-
2013 average of 52%,88 lower than any other decade during 
the period of measurements (Figure 18.7), although there is 
substantial variability from year to year. During the 1970s, 
which included several extremely cold winters, maximum ice 
coverage averaged 67%. Less ice, coupled with more frequent 
and intense storms (as indicated by some analyses of historical 
wind speeds),89 leaves shores vulnerable to erosion and flood-
ing and could harm property and fish habitat.84,90 Reduced ice 
cover also has the potential to lengthen the shipping season.91 
The navigation season increased by an average of eight days 
between 1994 and 2011, and the Welland Canal in the St. Law-
rence River remained open nearly two weeks longer. Increased 
shipping days benefit commerce but could also increase shore-
line scouring and bring in more invasive species.91,92

Cedar rapids: a tale of vulnerability and response

Cedar Rapids, Des Moines, Iowa City, and Ames, Iowa, have all suffered 
multi-million-dollar losses from floods since 1993. In June 2008, a record 
flood event exceeded the once-in-500-year flood level by more than 5 feet, 
causing $5 to $6 billion in damages from flooding, or more than $40,000 
per resident of the city of Cedar Rapids.73 The flood inundated much of the 
downtown, damaging more than 4,000 structures, including 80% of gov-
ernment offices, and displacing 25,000 people.74 The record flood at Cedar 
Rapids was the result of low reservoir capacity and extreme rainfall on soil 
already saturated from unusually wet conditions. Rainfall amounts com-
parable to those in 1993 (8 inches over two weeks) overwhelmed a flood 
control system designed largely for a once-in-100-year flood event. Such 
events are consistent with observations and projections of wetter springs 
and more intense precipitation events (see Figure 18.6). With the help of 
more than $3 billion in funding from the federal and state government, 
Cedar Rapids is recovering and has taken significant steps to reduce future 
flood damage, with buyouts of more than 1,000 properties, and numerous 
buildings adapted with flood protection measures. ©
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Changes in lake levels can also influence the amount of cargo 
that can be carried on ships. On average, a 1000-foot ship sinks 
into the water by one inch per 270 tons of cargo;93 thus if a ship 
is currently limited by water depth, any lowering of lake levels 
will result in a proportional reduction in the amount of cargo 
that it can transport to Great Lakes ports. However, current 
estimates of lake level changes are uncertain, even for con-
tinued increases in global greenhouse gas emissions (A2 sce-
nario). The most recent projections suggest a slight decrease or 
even a small rise in levels.94 Recent studies have also indicated 
that earlier approaches to computing evapotranspiration esti-
mates from temperature may have overestimated evaporation 
losses.94,95,96,97 The recent studies, along with the large spread 
in existing modeling results, indicate that projections of Great 
Lakes water levels represent evolving research and are still 
subject to considerable uncertainty (see Appendix 3: Climate 
Science Supplemental Message 8).

Figure 18.7. Bars show decade averages of annual maximum 
Great Lakes ice coverage from the winter of 1962-1963, when 
reliable coverage of the entire Great Lakes began, to the winter 
of 2012-2013. Bar labels indicate the end year of the winter; for 
example, 1963-1972 indicates the winter of 1962-1963 through 
the winter of 1971-1972. The most recent period includes the 
eleven years from 2003 to 2013. (Data updated from Bai and 
Wang, 201288).

Ice Cover in the Great Lakes
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18: MIDWEST

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS

Process for Developing Key Messages: 
The assessment process for the Midwest Region began with a 
workshop was that was held July 25, 2011, in Ann Arbor, Michi-
gan. Ten participants discussed the scope and authors for a foun-
dational Technical Input Report (TIR) report entitled “Midwest 
Technical Input Report.”

98
 The report, which consisted of nearly 

240 pages of text organized into 13 chapters, was assembled by 
23 authors representing governmental agencies, non-governmen-
tal organizations (NGOs), tribes, and other entities. 

The Chapter Author Team engaged in multiple technical discus-
sions via teleconferences that permitted a careful review of the 
foundational TIR

98
 and of approximately 45 additional technical 

inputs provided by the public, as well as the other published lit-
erature, and professional judgment. The Chapter Author Team 
convened teleconferences and exchanged extensive emails to de-
fine the scope of the chapter for their expert deliberation of input 
materials and to generate the chapter text and figures. Each ex-
pert drafted key messages, initial text and figure drafts and trace-
able accounts that pertained to their individual fields of expertise. 
These materials were then extensively discussed by the team and 
were approved by the team members. 

Key message #1 Traceable accounT

In the next few decades, longer growing sea-
sons and rising carbon dioxide levels will increase 
yields of some crops, though those benefits will be 
progressively offset by extreme weather events. 
Though adaptation options can reduce some of the 
detrimental effects, in the long term, the combined 
stresses associated with climate change are ex-
pected to decrease agricultural productivity. 

Description of evidence base
The key message and supporting text summarize extensive evi-
dence documented in the Technical Input Report.

98
 Technical 

input reports on a wide range of topics were also received and 
reviewed as part of the Federal Register Notice solicitation for 
public input. 

Evidence for altered growing seasons across the U.S. are dis-
cussed in Chapter 2 (Our Changing Climate, Key Message 4) and 
its Traceable Accounts. “Climate Trends and Scenarios for the 
U.S. National Climate Assessment”

4
 and its references provide 

specific details for the Midwest. Evidence for longer growing sea-
sons in the Midwest is based on regional temperature records and 
is incontrovertible, as is evidence for increasing carbon dioxide 
concentrations.

U.S. Department of Agriculture data tables provide evidence for 
the importance of the eight Midwest states for U.S. agricultural 
production.

8
 Evidence for the effect of future elevated carbon diox-

ide concentrations on crop yields is based on scores of greenhouse 
and field experiments that show a strong fertilization response 
for C3 plants such as soybeans and wheat and a positive but not 
as strong a response for C4 plants such as corn. Observational 
data, evidence from field experiments, and quantitative modeling 
are the evidence base of the negative effects of extreme weather 
events on crop yield: early spring heat waves followed by normal 
frost events have been shown to decimate Midwest fruit crops; 
heat waves during flowering, pollination, and grain filling have 
been shown to significantly reduce corn and wheat yields; more 
variable and intense spring rainfall has delayed spring planting in 
some years and can be expected to increase erosion and runoff; 
and floods have led to crop losses.

12,13,14

New information and remaining uncertainties
Key issues (uncertainties) are: a) the rate at which grain yield im-
provements will continue to occur, which could help to offset the 
overall negative effect of extreme events at least for grain crops 
(though not for individual farmers); and b) the degree to which 
genetic improvements could make some future crops more toler-
ant of extreme events such as drought and heat stress. Additional 
uncertainties are: c) the degree to which accelerated soil carbon 
loss will occur as a result of warmer winters and the resulting ef-
fects on soil fertility and soil water availability; and d) the potential 
for increased pest and disease pressure as southern pests such 
as soybean rust move northward and existing pests better survive 
milder Midwest winters.
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Assessment of confidence based on evidence
Because nearly all studies published to date in the peer-reviewed 
literature agree that Midwest crops benefit from CO2 fertilization 
and some benefit from a longer growing season, there is very high 
confidence in this component of the key message. 

Studies also agree that full benefits of climate change will be off-
set partly or fully by more frequent heat waves, early spring thaws 
followed by freezing temperatures, more variable and intense rain-
fall events, and floods. Again, there is very high confidence in this 
aspect. 

There is less certainty (high) about pest effects and about the 
potential for adaptation actions to significantly mitigate the risk 
of crop loss. 

Key Message #2 Traceable Account
The composition of the region’s forests is expect-

ed to change as rising temperatures drive habitats 
for many tree species northward. The role of the 
region’s forests as a net absorber of carbon is at 
risk from disruptions to forest ecosystems, in part 
due to climate change.

Description of evidence
The key message and supporting text summarize extensive evi-
dence documented in the Technical Input Report.

98
 Technical 

inputs on a wide range of topics were also received and reviewed 
as part of the Federal Register Notice solicitation for public input. 

Evidence for increased temperatures and altered growing seasons 
across the U.S. is discussed in Chapter 2 (Our Changing Climate, 
Key Messages 3 and 4) and its Traceable Accounts. “Climate 
Trends and Scenarios for the U.S. National Climate Assessment,”

4
 

with its references, provides specific details for the Midwest. Evi-
dence that species have been shifting northward or ascending in 
altitude has been mounting for numerous species, though less 
so for long-lived trees. Nearly all studies to date published in the 
peer-reviewed literature agree that many of the boreal species of 
the north will eventually retreat northward. The question is when. 
Multiple models and paleoecological evidence show these trends 
have occurred in the past and are projected to continue in the 
future.

36
 

The forests of the eastern United States (including the Midwest) 
have been accumulating large quantities of carbon over the past 
century,

23
 but evidence shows this trend is slowing in recent de-

cades. There is a large amount of forest inventory data supporting 
the gradual decline in carbon accumulation throughout the east-
ern United States,

99
 as well as evidence of increasing disturbances 

and disturbance agents that are reducing overall net productivity 
in many of the forests.

New information and remaining uncertainties
A key issue (uncertainty) is the rate of change of habitats and for 
organisms adapting or moving as habitats move. The key ques-
tions are: How much will the habitats change (what scenarios 
and model predictions will be most correct)? As primary habitats 
move north, which species will be able to keep up with changing 
habitats on their own or with human intervention through assisted 
migration, management of migration corridors, or construction or 
maintenance of protected habitats within species’ current land-
scapes? 

Viable avenues to improving the information base are determining 
which climate models exhibit the best ability to reproduce the 
historical and potential future change in habitats, and determining 
how, how fast, and how far various species can move or adapt. 

An additional key source of uncertainty is whether projected dis-
turbances to forests are chronic or episodic in nature.

45

Assessment of confidence based on evidence
There is very high confidence in this key message, given the evi-
dence base and remaining uncertainties.

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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Key message #3 Traceable accounT

Increased heat wave intensity and frequency, in-
creased humidity, degraded air quality, and reduced 
water quality will increase public health risks.

Description of evidence
The key message and supporting text summarize extensive evi-
dence documented in the Technical Input Report.

98
 Technical 

inputs on a wide range of topics were also received and reviewed 
as part of the Federal Register Notice solicitation for public input. 

Evidence for extreme weather such as heat waves across the U.S. 
are discussed in Chapter 2 (Our Changing Climate, Key Message 
7) and its Traceable Accounts. Specific details for the Midwest are 
in “Climate Trends and Scenarios for the U.S. National Climate 
Assessment”

4
 with its references. A recent book

100
 also contains 

chapters detailing the most current evidence for the region. 

Heat waves: The occurrence of heat waves in the recent past has 
been well-documented,

1,15,49
 as have health outcomes (particularly 

with regards to mortality). Projections of thermal regimes indicate 
increased frequency of periods with high air temperatures (and 
high apparent temperatures, which are a function of both air tem-
perature and humidity). These projections are relatively robust and 
consistent between studies. 

Humidity: Evidence on observed and projected increased humidity 
can be found in a recent study.

49
 

Air quality: In 2008, in the region containing North Dakota, South 
Dakota, Nebraska, Kansas, Minnesota, Iowa, Missouri, Wisconsin, 
Illinois, Michigan, Indiana, and Ohio, over 26 million people lived 
in counties that failed the National Ambient Air Quality Standards 
(NAAQS) for PM2.5 (particles with diameter below 2.5 microns), 
and over 24 million lived in counties that failed the NAAQS for 
ozone (O3).

1
 Because not all counties have air quality measure-

ment stations in place, these data must be considered a lower 
bound on the actual number of counties that violate the NAAQS. 
Given that the NAAQS were designed principally with the goal of 
protecting human health, failure to meet these standards implies a 
significant fraction of the population live in counties characterized 
by air quality that is harmful to human health. While only relatively 
few studies have sought to make detailed air quality projections for 
the future, those that have

1
 generally indicate declining air quality 

(see uncertainties below). 

Water quality: The EPA estimates there are more than 800 bil-
lion gallons of untreated combined sewage released into the na-
tion’s waters annually.

76
 Combined sewers are designed to capture 

both sanitary sewage and stormwater. Combined sewer overflows 
lead to discharge of untreated sewage as a result of precipita-
tion events, and can threaten human health. While not all urban 
areas within the Midwest have combined sewers for delivery to 

wastewater treatment plants, many do (for example, Chicago and 
Milwaukee), and such systems are vulnerable to combined sewer 
overflows during extreme precipitation events. Given projected 
increases in the frequency and intensity of extreme precipitation 
events in the Midwest (Chapter 2: Our Changing Climate, Key Mes-
sage 6),

75
 it appears that sewer overflow will continue to constitute 

a significant current health threat and a critical source of climate 
change vulnerability for major urban areas within the Midwest. 

New information and remaining uncertainties
Key issues (uncertainties) are: Human health outcomes are con-
tingent on a large number of non-climate variables. For example, 
morbidity and mortality outcomes of extreme heat are strongly 
determined by a) housing stock and access to air-conditioning in 
residences; b) existence and efficacy of heat wave warning and 
response plans (for example, foreign-language-appropriate com-
munications and transit plans to public cooling centers, especially 
for the elderly); and c) co-stressors (for example, air pollution). 
Further, heat stress is dictated by apparent temperature, which 
is a function of both air temperature and humidity. Urban heat 
islands tend to exacerbate elevated temperatures and are largely 
determined by urban land use and human-caused heat emissions. 
Urban heat island reduction plans (for example, planted green 
roofs) represent one ongoing intervention. Nevertheless, the oc-
currence of extreme heat indices will increase under all climate 
scenarios. Thus, in the absence of policies to reduce heat-related 
illness/death, these impacts will increase in the future.

Air quality is a complex function not only of physical meteorology 
but emissions of air pollutants and precursor species. However, 
since most chemical reactions are enhanced by warmer tempera-
tures, as are many air pollutant emissions, warmer temperatures 
may lead to worsening of air quality, particularly with respect to 
tropospheric ozone (see Ch. 9: Human Health). Changes in humid-
ity are more difficult to project but may amplify the increase in 
heat stress due to rising temperatures alone.

49

Combined sewer overflow is a major threat to water quality in some 
midwestern cities now. The tendency towards increased magni-
tude of extreme rain events (documented in the historical record 
and projected to continue in downscaling analyses) will cause an 
increased risk of waterborne disease outbreaks in the absence of 
infrastructure overhaul. However, mitigation actions are available, 
and the changing structure of cities (for example, reducing imper-
vious surfaces) may offset the impact of the changing climate.

Assessment of confidence based on evidence
In the absence of concerted efforts to reduce the threats posed 
by heat waves, increased humidity, degraded air quality and de-
graded water quality, climate change will increase the health risks 
associated with these phenomena. However, these projections are 
contingent on underlying assumptions regarding socioeconomic 
conditions and demographic trends in the region. Confidence is 
therefore high regarding this key message. 
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Key message #4 Traceable accounT

The Midwest has a highly energy-intensive econo-
my with per capita emissions of greenhouse gases 
more than 20% higher than the national average. 
The region also has a large and increasingly utilized 
potential to reduce emissions that cause climate 
change. 

Description of evidence
The key message and supporting text summarize extensive evi-
dence documented in the Technical Input Report.

98
 Technical 

inputs on a wide range of topics were also received and reviewed 
as part of the Federal Register Notice solicitation for public input. 

The Midwest’s disproportionately large reliance on coal for elec-
tricity generation and the energy intensity of its agricultural and 
manufacturing sectors are all well documented in both govern-
ment and industry records, as is the Midwest’s contribution to 
greenhouse gases.

1
 The region’s potential for zero- and lower-

carbon energy production is also well documented by government 
and private assessments. Official and regular reporting by state 
agencies and non-governmental organizations demonstrates the 
Midwest’s progress toward a decarbonized energy mix (Ch. 4: En-
ergy; Ch. 10: Energy, Water, and Land).

1

There is evidence that the Midwest is steadily decarbonizing its 
electricity generation through a combination of new state-level 
policies (for example, energy efficiency and renewable energy 
standards) and will continue to do so in response to low natural 
gas prices, falling prices for renewable electricity (for example, 
wind and solar), greater market demand for lower-carbon energy 
from consumers, and new EPA regulations governing new power 
plants. Several midwestern states have established Renewable 
Portfolio Standards (see https://www.misoenergy.org/WhatWeDo/
StrategicInitiatives/Pages/RenewablePortfolioStandards.aspx).

New information and remaining uncertainties
There are four key uncertainties. The first uncertainty is the net 
effect of emerging EPA regulations on the future energy mix of the 
Midwest. Assessments to date suggest a significant number of 
coal plants will be closed or repowered with lower-carbon natural 
gas; and even coal plants that are currently thought of as “must 
run” (to maintain the electric grid’s reliability) may be able to 
be replaced in some circumstances with the right combination 
of energy efficiency, new transmission lines, demand response, 
and distributed generation. A second key uncertainty is whether 
or not natural gas prices will remain at their historically low levels. 
Given that there are really only five options for meeting electricity 
demand – energy efficiency, renewables, coal, nuclear, and natu-
ral gas – the replacement of coal with natural gas for electricity 
production would have a significant impact on greenhouse gas 
emissions in the region. Third is the uncertain future for federal 
policies that have spurred renewable energy development to date, 

such as the Production Tax Credit for wind. While prices for both 
wind and solar continue to fall, the potential loss of tax credits 
may dampen additional market penetration of these technologies. 
A fourth uncertainty is the net effect of climate change on energy 
demand, and the cost of meeting that new demand profile. Re-
search to date suggests the potential for a significant swing from 
the historically larger demand for heating in the winter to more 
demand in the summer instead, due to a warmer, more humid 
climate.

3
 

Assessment of confidence based on evidence
There is no dispute about the energy intensity of the midwestern 
economy, nor its disproportionately large contribution of green-
house gas emissions. Similarly, there is broad agreement about 
the Midwest’s potential for—and progress toward—lower-carbon 
electricity production. There is therefore very high confidence in 
this statement. 

Key message #5 Traceable accounT

Extreme rainfall events and flooding have in-
creased during the last century, and these trends 
are expected to continue, causing erosion, declining 
water quality, and negative impacts on transporta-
tion, agriculture, human health, and infrastructure.

Description of evidence
The key message and supporting text summarize extensive evi-
dence documented in the Technical Input Report.

98
 Technical 

inputs on a wide range of topics were also received and reviewed 
as part of the Federal Register Notice solicitation for public input. 

Evidence for extreme weather and increased precipitation across 
the U.S. are discussed in Chapter 2 (Our Changing Climate, Key 
Messages 5, 6, and 7) and its Traceable Accounts. Specific de-
tails for the Midwest are detailed in “Climate Trends and Scenarios 
for the U.S. National Climate Assessment”

4
 with its references. A 

recent book
100

 also contains chapters detailing the most current 
evidence for the region. 

There is compelling evidence that annual total precipitation has 
been increasing in the region, with wetter winters and springs, 
drier summers, an increase in extreme precipitation events, and 
changes in snowfall patterns. These observations are consistent 
with climate model projections. Both the observed trends and cli-
mate models suggest these trends will increase in the future. 

Recent records also indicate evidence of a number of high-impact 
flood events in the region. Heavy precipitation events cause in-
creased kinetic energy of surface water and thus increase erosion. 
Heavy precipitation events in the historical records have been 
shown to be associated with discharge of partially or completely 
untreated sewage due to the volumes of water overwhelming com-
bined sewer systems that are designed to capture both domestic 
sewage and stormwater.
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Climate downscaling projections tend to indicate an increase in 
the frequency and duration of extreme events (both heavy precipi-
tation and meteorological drought) in the future.

An extensive literature survey and synthetic analysis is presented 
in chapters in a recent book

100
 for impacts on water quality, trans-

portation, agriculture, health, and infrastructure.

New information and remaining uncertainties
Precipitation is much less readily measured or modeled than air 
temperature.

3
 Thus both historical tendencies and projections 

for precipitation are inherently less certain than for temperature. 
Most regional climate models still have a positive bias in precipita-
tion frequency but a negative bias in terms of precipitation amount 
in extreme events.

Flood records are very heterogeneous and there is some ambiguity 
about the degree to which flooding is a result of atmospheric con-
ditions.

69
 Flooding is not solely the result of incident precipitation 

but is also a complex function of the preceding conditions such 
as soil moisture content and extent of landscape infiltration. A key 
issue (uncertainty) is the future distribution of snowfall. Records 
indicate that snowfall is decreasing in the southern parts of the 
region, along with increasing lake effect snow. Climate models 
predict these trends will increase. There is insufficient knowledge 
about how this change in snowfall patterns will affect flooding and 
associated problems, but it is projected to affect the very large 
spring floods that typically cause the worst flooding in the region. 
In addition, recent data and climate predictions indicate drier 
summer conditions, which could tend to offset the effects of high-
er intensity summer storms by providing increased water storage 
in the soils. The relative effects of these offsetting trends need to 
be assessed. To determine future flooding risks, hydrologic model-
ing is needed that includes the effects of the increase in extreme 
events, changing snow patterns, and shifts in rainfall patterns. 
Adaptation measures to reduce soil erosion and combined sewer 
overflow (CSO) events are available and could be widely adopted.

The impacts of increased magnitude of heavy precipitation events 
on water quality, agriculture, human health, transportation, and 
infrastructure will be strongly determined by the degree to which 
the resilience of such systems is enhanced (for example, some 
cities are already implementing enhanced water removal systems).

Assessment of confidence based on evidence
There have been improvements in agreement between observed 
precipitation patterns and model simulations. Also an increase in 
extreme precipitation events is consistent with first-order reason-
ing and increased atmospheric water burdens due to increased air 
temperature. Recent data suggest an increase in flooding in the 
region but there is uncertainty about how changing snow patterns 
will affect flood events in the future. Thus there is high confidence 
in increases in high-magnitude rainfall events and extreme pre-
cipitation events, and that these trends are expected to continue. 

There is medium confidence that, in the absence of substantial 
adaptation actions, the enhancement in extreme precipitation and 
other tendencies in land use and land cover result in a projected 
increase in flooding. There is medium confidence that, in the ab-
sence of major adaptation actions, the enhancement in extreme 
precipitation will tend to increase the risk of erosion, declines in 
water quality, and negative impacts on transportation, agriculture, 
human health, and infrastructure.

3

Key message #6 Traceable accounT

Climate change will exacerbate a range of risks 
to the Great Lakes, including changes in the range 
and distribution of certain fish species, increased 
invasive species and harmful blooms of algae, 
and declining beach health. Ice cover declines will 
lengthen the commercial navigation season.

Description of evidence
The key message and supporting text summarize extensive evi-
dence documented in the Technical Input Report.

98
 Technical 

inputs on a wide range of topics were also received and reviewed 
as part of the Federal Register Notice solicitation for public input. 

Evidence for changes in ice cover due to increased temperatures 
across the U.S. are discussed in Chapter 2 (Our Changing Climate, 
Key Message 11) and its Traceable Accounts. Specific details for 
the Midwest are detailed in “Climate Trends and Scenarios for the 
U.S. National Climate Assessment”

4
 with its references. A recent 

book
100

 also contains chapters detailing the most current evidence 
for the region. 

Altered fish communities: Warmer lakes and streams will certainly 
provide more habitat for warmwater species as conditions in north-
ern reaches of the basin become more suitable for warmwater fish 
and as lakes and streams are vacated by cool- and coldwater spe-
cies.

84
 Habitat for coldwater fish, though not expected to disap-

pear, will shrink substantially, though it could also expand in some 
areas, such as Lake Superior. Whether climate change expands 
the range of any type of fish is dependent on the availability of 
forage fish, as higher temperatures also necessitate greater food 
intake.

Increased abundances of invasive species: As climate change al-
ters water temperatures, habitat, and fish communities, condi-
tions that once were barriers to alien species become conduits for 
establishment and spread.

84
 This migration will alter drastically 

the fish communities of the Great Lakes basin. Climate change is 
also projected to heighten the impact of invasive species already 
present in the Great Lakes basin. Warmer winter conditions, for 
instance, have the potential to benefit alewife, round gobies, ruffe, 
sea lamprey, rainbow smelt, and other non-native species. These 
species have spread rapidly throughout the basin and have already 
inflicted significant ecological and economic harm.  
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Declining beach health and harmful algal blooms: Extreme events 
increase runoff, adding sediments, pollutants, and nutrients to 
the Great Lakes. The Midwest has experienced rising trends in 
precipitation and runoff. Agricultural runoff, in combination with 
increased water temperatures, has caused considerable non-point 
source pollution problems in recent years, with increased phos-
phorus and nitrogen loadings from farms contributing to more 
frequent and prolonged occurrences of anoxic “dead zones” and 
harmful, dense algae growth for long periods. Stormwater runoff 
that overloads urban sewer systems during extreme events adds 
to increased levels of toxic substances, sewage, and bacteria in 
the Great Lakes, affecting water quality, beach health, and human 
well-being. Increased storm events caused by climate change will 
lead to an increase in combined sewer overflows.

84
 

Decreased ice cover: Increasingly mild winters have shortened the 
time between when a lake freezes and when it thaws.

101
 Scientists 

have documented a relatively constant decrease in Great Lakes ice 
cover since the 1970s, particularly for Lakes Superior, Michigan, 
Huron, and Ontario. The loss of ice cover on the Great Lakes has 
both ecological and economic implications. Ice serves to protect 
shorelines and habitat from storms and wave power. Less ice—
coupled with more frequent and intense storms—leaves shores 
vulnerable to erosion and flooding and could harm property and 
fish habitat.

Water levels: The 2009 NCA
102

 included predictions of a signifi-
cant drop in Great Lakes levels by the end of the century, based 
on methods of linking climate models to hydrologic models. These 
methods have been significantly improved by fully coupling the 
hydrologic cycle among land, lake, and atmosphere.

97
 Without ac-

counting for that cycle of interactions, a study
96

 concluded that 
increases in precipitation would be negated by increases in win-
ter evaporation from less ice cover and by increases in summer 
evaporation and evapotranspiration from warmer air temperatures, 
under a scenario of continued increases in global emissions (SRES 
A2 scenario). Declines of 8 inches to 2 feet have been projected 
by the end of this century, depending on the specific lake in ques-
tion.

96
 A recent comprehensive assessment,

94
 however, has con-

cluded that with a continuation of current rising emissions trends 
(A2), the lakes will experience a slight decrease or even a rise in 
water levels; the difference from earlier studies is because earlier 
studies tended to overstress the amount of evapotranspiration ex-
pected to occur. The range of potential future lake levels remains 
large and includes the earlier projected decline. Overall, however, 
scientists project an increase in precipitation in the Great Lakes 
region (with extreme events projected to contribute to this in-
crease), which will contribute to maintenance of or an increase 
in Great Lakes water levels. However, water level changes are not 
predicted to be uniform throughout the basin.

Shipping: Ice cover is expected to decrease dramatically by the 
end of the century, possibly lengthening the shipping season and, 
thus, facilitating more shipping activity. Current science suggests 

water levels in the Great Lakes are projected to fall slightly or 
might even rise over the short run. However, by causing even a 
small drop in water levels, climate change could make the costs 
of shipping increase substantially. For instance, for every inch of 
draft a 1000-foot ship gives up, its capacity is reduced by 270 
tons.

93
 Lightened loads today already add about $200,000 in 

costs to each voyage. 

New information and remaining uncertainties
Key issues (uncertainties) are: Water levels are influenced by the 
amount of evaporation from decreased ice cover and warmer air 
temperatures, by evapotranspiration from warmer air tempera-
tures, and by potential increases in inflow from more precipitation. 
Uncertainties about Great Lakes water levels are high, though 
most models suggest that the decrease in ice cover will lead to 
slightly lower water levels, beyond natural fluctuations.

The spread of invasive species into the system is near-certain (giv-
en the rate of introductions over the previous 50 years) without ma-
jor policy and regulatory changes. However, the changes in Great 
Lakes fish communities are based on extrapolation from known 
fishery responses to projected responses to expected changing 
conditions in the basin. Moreover, many variables beyond water 
temperature and condition affect fisheries, not the least of which 
is the availability of forage fish. Higher water temperatures neces-
sitate greater food intake, yet the forage base is changing rapidly 
in many parts of the Great Lakes basin, thus making the projected 
impact of climate change on fisheries difficult to discern with very 
high certainty. 

Assessment of confidence based on evidence
Peer-reviewed literature about the effects of climate change are in 
broad agreement that air and surface water temperatures are ris-
ing and will continue to do so, that ice cover is declining steadily, 
and that precipitation and extreme events are on the rise. For 
large lake ecosystems, these changes have well-documented ef-
fects, such as effects on algal production, stratification (change 
in water temperature with depth), beach health, and fisheries. Key 
uncertainties exist about Great Lakes water levels and the impact 
of climate change on fisheries. 

A qualitative summary of climate stressors and coastal margin 
vulnerabilities for the Great Lakes is given in a technical input 
report.

84
 We have high confidence that the sum of these stressors 

will exceed the risk posed by any individual stressor. However, 
quantifying the cumulative impacts of those stressors is very chal-
lenging. 

Given the evidence and remaining uncertainties, there is very high 
confidence in this key message, except high confidence for lake 
levels changing, and high confidence that declines in ice cover will 
continue to lengthen the commercial navigation season. There is 
limited information regarding exactly how invasive species may 
respond to changes in the regional climate, resulting in medium 
confidence for that part of the key message.
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Key Messages

GREAT PLAINS19
1.  Rising temperatures are leading to increased demand for water and energy. In parts of the region,  
 this will constrain development, stress natural resources, and increase competition for water   
 among communities, agriculture, energy production, and ecological needs.

2.  Changes to crop growth cycles due to warming winters and alterations in the timing and magnitude  
 of rainfall events have already been observed; as these trends continue, they will require new   
 agriculture and livestock management practices.

3.  Landscape fragmentation is increasing, for example, in the context of energy development   
 activities in the northern Great Plains. A highly fragmented landscape will hinder adaptation of  
 species when climate change alters habitat composition and timing of plant development cycles.

4.  Communities that are already the most vulnerable to weather and climate extremes will be  
 stressed even further by more frequent extreme events occurring within an already highly variable  
 climate system.

5.  The magnitude of expected changes will exceed those experienced in the last century. Existing   
 adaptation and planning efforts are inadequate to respond to these projected impacts.

The Great Plains is a diverse region where climate and water 
are woven into the fabric of life. Day-to-day, month-to-month, 
and year-to-year changes in the weather can be dramatic and 
challenging for communities and their commerce. The region 
experiences multiple climate and weather hazards, including 
floods, droughts, severe storms, tornadoes, 
hurricanes, and winter storms. In much of 
the Great Plains, too little precipitation falls 
to replace that needed by humans, plants, 
and animals. These variable conditions in 
the Great Plains already stress communi-
ties and cause billions of dollars in damage; 
climate change will add to both stress and 
costs.

The people of the Great Plains historically 
have adapted to this challenging climate. Al-
though projections suggest more frequent 
and more intense droughts, severe rain-
fall events, and heat waves, communities 
and individuals can reduce vulnerabilities 
through the use of new technologies, com-
munity-driven policies, and the judicious 
use of resources. Adaptation (means of cop-
ing with changed conditions) and mitigation 
(reducing emissions of heat-trapping gases 

to reduce the speed and amount of climate change) choices 
can be locally driven, cost effective, and beneficial for local 
economies and ecosystem services.

U
S

FW
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Significant climate-related challenges are expected to involve 
1) resolving increasing competition among land, water, and en-
ergy resources; 2) developing and maintaining sustainable ag-
ricultural systems; 3) conserving vibrant and diverse ecological 
systems; and 4) enhancing the resilience of the region’s people 
to the impacts of climate extremes. These growing challenges 
will unfold against a changing backdrop that includes a growing 
urban population and declining rural population, new econom-
ic factors that drive incentives for crop and energy production, 
advances in technology, and shifting policies such as those re-
lated to farm and energy subsidies.

The Great Plains region features relatively flat plains that in-
crease in elevation from sea level to more than 5,000 feet at 
the base of mountain ranges along the Continental Divide. 
Forested mountains cover western Montana and Wyoming, 
extensive rangelands spread throughout the Plains, marshes 
extend along Texas’ Gulf Coast, and desert landscapes distin-
guish far west Texas.1 A highly diverse climate results from the 
region’s large north-south extent and change of elevation. This 
regional diversity also means that climate change impacts will 
vary across the region. 

Great Plains residents already must contend with weather 
challenges from winter storms, extreme heat and cold, severe 
thunderstorms, drought, and flood-producing rainfall. Texas’ 

Gulf Coast averages about three tropical storms or hurricanes 
every four years,2 generating coastal storm surge and some-
times bringing heavy rainfall and damaging winds hundreds of 
miles inland. The expected rise in sea level will result in the 
potential for greater damage from storm surge along the Gulf 
Coast of Texas (see Ch. 25: Coasts).

Annual average temperatures range from less than 40°F in the 
mountains of Wyoming and Montana to more than 70°F in 
South Texas, with extremes ranging from -70°F in Montana to 
121°F in North Dakota and Kansas.3 Summers are long and hot 
in the south; winters are long and often severe in the north. 
North Dakota’s increase in annual temperature over the past 
130 years is the fastest in the contiguous U.S. and is mainly 
driven by warming winters.4

The region has a distinct north-south gradient in average tem-
perature patterns, with a hotter south and colder north (Fig-
ure 19.1). Average annual precipitation greater than 50 inches 
supports lush vegetation in eastern Texas and Oklahoma. For 
most places, however, average rainfall is less than 30 inches, 
with some of Montana, Wyoming, and far west Texas receiving 
less than 15 inches a year. Across much of the region, annual 
water loss from transpiration by plants and from evaporation 
is higher than annual precipitation, making these areas particu-
larly susceptible to droughts.

Projected climate change
For an average of seven days per year, maximum temperatures 
reach more than 100°F in the Southern Plains and about 95°F 

in the Northern Plains (Figure 19.2). These high temperatures 
are projected to occur much more frequently, even under a 

Figure 19.1. The region has a distinct north-south gradient in average temperature patterns 
(left), with a hotter south and colder north. For precipitation (right), the regional gradient runs 
west-east, with a wetter east and a much drier west. Averages shown here are for the period 
1981-2010. (Figure source: adapted from Kunkel et al. 20134).

Temperature and Precipitation Distribution in the Great Plains
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scenario of substantial reductions in heat-trapping gas (also 
called greenhouse gas) emissions (B1), with days over 100°F 
projected to double in number in the north and quadruple in 
the south by mid-century (Ch. 2: Our Changing Climate, Key 
Message 7).4 Similar increases are expected in the number of 
nights with minimum temperatures higher than 80°F in the 
south and 60°F in the north (cooler in mountain regions; see 
Figure 19.3). These increases in extreme heat will have many 

negative consequences, including increases in surface water 
losses, heat stress, and demand for air conditioning.5 These 
negative consequences will more than offset the benefits of 
warmer winters, such as lower winter heating demand, less 
cold stress on humans and animals, and a longer growing sea-
son, which will be extended by mid-century an average of 24 
days relative to the 1971-2000 average.4,5 More overwintering 
insect populations are also expected.5

Figure 19.3. The number of nights with the warmest 
temperatures is projected to increase dramatically. By mid-
century (2041-2070), the projected change in number of 
nights exceeding those warmest temperatures is greatest in 
the south for both the lower emissions scenario (B1) and for 
the higher emissions scenario (A2). (Figure source: NOAA 
NCDC / CICS-NC).

 Projected Change in Number of Warm Nights

Figure 19.2. The number of days with the hottest temperatures 
is projected to increase dramatically. By mid-century (2041-
2070), the projected change in the number of days exceeding 
those hottest temperatures is greatest in the western areas 
and Gulf Coast for both the lower emissions scenario (B1) and 
for the higher emissions scenario (A2). (Figure source: NOAA 
NCDC / CICS-NC).

Projected Change in Number of Hot Days

The historical (1971-2000) distribution of temperature for the 
hottest 2% of days (about seven days a year) echoes the distinct 
north-south gradient in average temperatures.

The historical (1971-2000) distribution of temperature for 
the warmest 2% of nights (about seven days a year) echoes 
the distinct north-south gradient in average temperatures. 

Historical Temperature on the
7 Hottest Days of the Year

Historical Temperature on the
7 Warmest Nights of the Year
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Winter and spring precipitation is projected to increase in the 
northern states of the Great Plains region under the A2 scenar-
io, relative to the 1971-2000 average. In central areas, changes 
are projected to be small relative to natural variations (Ch. 2: 
Our Changing Climate, Key Message 5).4 Projected changes in 
summer and fall precipitation are small except for summer 
drying in the central Great Plains, although the exact locations 

of this drying are uncertain. The number of days with heavy 
precipitation is expected to increase by mid-century, especial-
ly in the north (Ch. 2: Our Changing Climate, Key Message 6). 
Large parts of Texas and Oklahoma are projected to see longer 
dry spells (up to 5 more days on average by mid-century). By 
contrast, changes are projected to be minimal in the north (Ch. 
2: Our Changing Climate, Key Message 7).4

Figure 19.5. Current regional trends of a drier south and 
a wetter north are projected to become more pronounced 
by mid-century (2041-2070 as compared to 1971-2000 
averages). Maps show the maximum annual number of 
consecutive days in which limited (less than 0.01 inches) 
precipitation was recorded on average from 1971 to 2000 
(top), projected changes in the number of consecutive dry 
days assuming substantial reductions in emissions (B1), 
and projected changes if emissions continue to rise (A2). 
The southeastern Great Plains, which is the wettest portion 
of the region, is projected to experience large increases in 
the number of consecutive dry days. (Figure source: NOAA 
NCDC / CICS-NC).

Projected Change in Number of  
Consecutive Dry Days

Figure 19.4. The number of days with the heaviest 
precipitation is not projected to change dramatically. By 
mid-century (2041-2070), the projected change in days 
exceeding those precipitation amounts remains greatest 
in the northern area for both the lower emissions scenario 
(B1) and for the higher emissions scenario (A2). (Figure 
source: NOAA NCDC / CICS-NC). 

 Projected Change in Number of Heavy 
Precipitation Days

The historical (1971-2000) distribution of the greatest 2% 
of daily precipitation (about seven days a year) echoes 
the regional west-east gradient in average precipitation.

Historical Amount of Precipitation on the
7 Wettest Days of the Year
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Key Message 1: Energy, Water and Land Use

Rising temperatures are leading to increased demand for water and energy. In parts of the 
region, this will constrain development, stress natural resources, and increase competition for 

water among communities, agriculture, energy production, and ecological needs.

Energy, water, and land use are inherently interconnected,6 
and climate change is creating a new set of challenges for these 
critical sectors (Ch. 2: Our Changing Climate; Ch. 10: Energy, 
Water, and Land).7,8,9 The Great Plains is rich with energy re-
sources, primarily from coal, oil, and natural gas, with growing 
wind and biofuel industries.10 Texas produces 16% of U.S. ener-
gy (mostly from crude oil and natural gas), and Wyoming pro-
vides an additional 14% (mostly from coal). North Dakota is the 
second largest producer of oil in the Great Plains, behind Texas. 
Nebraska and South Dakota rank third and fifth in biofuel pro-
duction, and five of the eight Great Plains states have more 
than 1,000 megawatts of installed wind generation capacity, 
with Texas topping the list.11 More than 80% of the region’s 
land area is used for agriculture, primarily cropland, pastures, 
and rangeland. Other land uses include forests, urban and rural 
development, transportation, conservation, and industry.

Significant amounts of water are used to produce energy7,12 
and to cool power plants.13 Electricity is consumed to collect, 
purify, and pump water. Although hydraulic fracturing to re-
lease oil and natural gas is a small component of total water 
use,14 it can be a significant proportion of water use in local 
and rural groundwater systems. Energy facilities, transmission 
lines, and wind turbines can fragment both natural habitats 
and agriculture lands (Ch. 10: Energy, Water, and Land).5 

The trend toward more dry days and 
higher temperatures across the south 
will increase evaporation, decrease 
water supplies, reduce electricity trans-
mission capacity, and increase cooling 
demands. These changes will add stress 
to limited water resources and affect 
management choices related to irriga-
tion, municipal use, and energy genera-
tion.15 In the Northern Plains, warmer 
winters may lead to reduced heating 
demand while hotter summers will 
increase demand for air conditioning, 
with the summer increase in demand 
outweighing the winter decrease (Ch. 4: 
Energy, Key Message 2).15

Changing extremes in precipitation are 
projected across all seasons, including 
higher likelihoods of both increasing 
heavy rain and snow events4 and more 

intense droughts (Ch. 2: Our Changing Climate, Key Messages 
5 and 6).16 Winter and spring precipitation and very heavy pre-
cipitation events are both projected to increase in the northern 
portions of the area, leading to increased runoff and flooding 
that will reduce water quality and erode soils. Increased snow-
fall, rapid spring warming, and intense rainfall can combine to 
produce devastating floods, as is already common along the 
Red River of the North. More intense rains will also contribute 
to urban flooding. 

Increased drought frequency and intensity can turn marginal 
lands into deserts. Reduced per capita water storage will con-
tinue to increase vulnerability to water shortages.17 Federal 
and state legal requirements mandating water allocations for 
ecosystems and endangered species add further competition 
for water resources.

Diminishing water supplies and rapid population growth are 
critical issues in Texas. Because reservoirs are limited and have 
high evaporation rates, San Antonio has turned to the Edwards 
Aquifer as a major source of groundwater storage. Nineteen 
water districts joined to form a Regional Water Alliance for sus-
tainable water development through 2060. The alliance cre-
ates a competitive market for buying and selling water rights 
and simplifies transfer of water rights.
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Key Message 2: Sustaining Agriculture

Changes to crop growth cycles due to warming winters and alterations in the timing and 
magnitude of rainfall events have already been observed; as these trends continue,  

they will require new agriculture and livestock management practices

The important agricultural sector in the Great Plains, with a 
total market value of about $92 billion (the most important be-
ing crops at 43% and livestock at 46%),18 already contends with 
significant climate variability (Ch. 6: Agriculture). Projected 
changes in climate, and human responses to it, will affect as-
pects of the region’s agriculture, from the many crops that rely 
solely on rainfall, to the water and land required for increased 
energy production from plants, such as fuels made from corn 
or switchgrass (see Ch. 10: Energy, Water, and Land).

Water is central to the region’s productivity. The High Plains 
Aquifer, including the Ogallala, is a primary source for irriga-
tion.19 In the Northern Plains, rain recharges 
this aquifer quickly, but little recharge occurs 
in the Southern Plains.20,21

Projected changes in precipitation and tem-
perature have both positive and negative 
consequences to agricultural productivity in 
the Northern Plains. Projected increases in 
winter and spring precipitation in the North-
ern Plains will benefit agricultural productivity 
by increasing water availability through soil 
moisture reserves during the early growing 
season, but this can be offset by fields too wet 
to plant. Rising temperatures will lengthen 
the growing season, possibly allowing a sec-
ond annual crop in some places and some 
years. Warmer winters pose challenges.22,23,24 
For example, some pests and invasive weeds 
will be able to survive the warmer winters.25 
Winter crops that leave dormancy earlier are 
susceptible to spring freezes.26 Rainfall events 
already have become more intense,27 increas-
ing erosion and nutrient runoff, and projec-
tions are that the frequency and severity of 
these heavy rainfall events will increase.4,28 
The Northern Plains will remain vulnerable 
to periodic drought because much of the pro-
jected increase in precipitation is expected to 
occur in the cooler months while increasing 
temperatures will result in additional evapo-
transpiration.

In the Central and Southern Plains, pro-
jected declines in precipitation in the south 
and greater evaporation everywhere due to 
higher temperatures will increase irrigation 
demand and exacerbate current stresses on 

agricultural productivity. Increased water withdrawals from 
the Ogallala Aquifer and High Plains Aquifer would accelerate 
ongoing depletion in the southern parts of the aquifers and 
limit the ability to irrigate.21,29 Holding other aspects of produc-
tion constant, the climate impacts of shifting from irrigated to 
dryland agriculture would reduce crop yields by about a fac-
tor of two.30 Under these climate-induced changes, adaptation 
of agricultural practices will be needed, however, there may 
be constraints on social-ecological adaptive capacity to make 
these adjustments (see also Ch. 28: Adaptation). 

Figure 19.6. Irrigation in western Kansas, Oklahoma, and Texas supports crop 
development in semiarid areas. Declining aquifer levels threaten the ability 
to maintain production. Some aquifer-dependent regions, like southeastern 
Nebraska, have seen steep rises in irrigated farmland, from around 5% to more 
than 40%, during the period shown. (Figure source: reproduced from Atlas of 
the Great Plains by Stephen J. Lavin, Clark J. Archer, and Fred M. Shelley by 
permission of the University of Nebraska. Copyright 2011 by the Board of Regents 
of the University of Nebraska33).

Increases in Irrigated Farmland in the Great Plains
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The projected increase in high temperature extremes and heat 
waves will negatively affect livestock and concentrated animal 
feeding operations.31 Shortened dormancy periods for winter 
wheat will lessen an important source of feed for the livestock 
industry. Climate change may thus result in a northward shift 
of crop and livestock production in the region. In areas project-
ed to be hotter and drier in the future, maintaining agriculture 
on marginal lands may become too costly.

Adding to climate change related stresses, growing water de-
mands from large urban areas are also placing stresses on lim-
ited water supplies. Options considered in some areas include 

groundwater development and purchasing water rights from 
agricultural areas for transfer to cities.32

During the droughts of 2011 and 2012, ranchers liquidated 
large herds due to lack of food and water. Many cattle were 
sold to slaughterhouses; others were relocated to other pas-
tures through sale or lease. As herds are being rebuilt, there 
is an opportunity to improve genetic stock, as those least 
adapted to the drought conditions were the first to be sold or 
relocated. Some ranchers also used the drought as an opportu-
nity to diversify their portfolio, managing herds in both Texas 
and Montana. 

Key Message 3: Conservation and Adaptation 

Landscape fragmentation is increasing, for example, in the context of energy development 
activities in the northern Great Plains. A highly fragmented landscape will hinder  

adaptation of species when climate change alters habitat  
composition and timing of plant development cycles.

Land development for energy production, land transforma-
tions on the fringes of urban areas, and economic pressures 
to remove lands from conservation easements pose threats to 
natural systems in the Great Plains.34 Habitat fragmentation 
is already a serious issue that inhibits the ability of species to 
migrate as climate variability and change alter local habitats.35 
Lands that remain out of production are susceptible to inva-
sion from non-native plant species.

Many plant and animal species are responding to rising tem-
peratures by adjusting their ranges at increasingly greater 
rates.36 These adjustments may also require movement of 
species that have evolved to live in very specific habitats, 
which may prove increasingly difficult for these species. The 
historic bison herds migrated to adapt to climate, disturbance, 
and associated habitat variability,37 but modern land-use pat-
terns, roads, agriculture, and structures inhibit similar large-
scale migration.38 In the playa regions of the southern Great 
Plains, agricultural practices have modified more than 70% 
of seasonal lakes larger than 10 acres, and these lakes will be 
further altered under warming conditions.39,40 These changes 
in seasonal lakes will further affect bird populations41 and fish 
populations42 in the region. 

Observed climate-induced changes have been linked to chang-
ing timing of flowering, increases in wildfire activity and pest 
outbreaks, shifts in species distributions, declines in the abun-
dance of native species, and the spread of invasive species (Ch. 
8: Ecosystems). From Texas to Montana, altered flowering pat-
terns due to more frost-free days have increased the length of 
pollen season for ragweed by as many as 16 days over the pe-
riod from 1995 to 2009.43 Earlier snowmelt in Wyoming from 

1961 to 2002 has been related to the American pipit songbird 
laying eggs about 5 days earlier.44 During the past 70 years, 
observations indicate that winter wheat is flowering 6 to 10 
days earlier as spring temperatures have risen.23 Some species 
may be less sensitive to changes in temperature and precipi-
tation, causing first flowering dates to change for some spe-
cies but not for others.22 Even small shifts in timing, however, 
can disrupt the integrated balance of ecosystem functions like 
predator-prey relationships, mating behavior, or food availabil-
ity for migrating birds.

In addition to climate changes, the increase in atmospheric CO2 
concentrations may offset the drying effects from warming 
by considerable improvements in plant water-use efficiency, 
which occur as CO2 concentrations increase.45 However, nutri-
ent content of the grassland communities may be decreased 
under enriched CO2 environments, affecting nutritional quality 
of the grasses and leaves eaten by animals.

The interaction of climate and land-use changes across the 
Great Plains promises to be challenging and contentious. Op-
portunities for conservation of native grasslands, including 
species and processes, depend primarily and most immediate-
ly on managing a fragmented network of untilled prairie. Res-
toration of natural processes, conservation of remnant species 
and habitats, and consolidation/connection of fragmented 
areas will facilitate conservation of species and ecosystem 
services across the Great Plains. However, climate change will 
complicate current conservation efforts as land fragmentation 
continues to reduce habitat connectivity. The implementation 
of adaptive management approaches provides robust options 
for multiple solutions.
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sAge grouse And cliMAte chAnge

Habitat fragmentation inhibits the ability of species such as the Greater Sage Grouse, a candidate for Endangered 
Species Act protections, to migrate in response to climate change. Its current habitat is threatened by energy develop-
ment, agricultural practices, and urban development. Rapid expansion of oil and gas fields in North Dakota, Wyoming, 
and Montana and development of wind farms from North Dakota through Texas are opening new lands to development 
and contributing to habitat fragmentation of important core Sage Grouse habitat.46 The health of Sage Grouse habitat 
is associated with other species’ health as well.47 Climate change projections also suggest a shift in preferred habitat 
locations and increased susceptibility to West Nile Virus.48

Figure 19.7. Comparing estimates of Greater Sage Grouse distribution from before settlement of the 
area (light green: prior to about 1800) with the current range (dark green: 2000) shows fragmentation 
of the sagebrush habitat required by this species. Over the last century, the sagebrush ecosystem 
has been altered by fire, invasion by new plant species, and conversion of land to agriculture, causing 
a decline in Sage Grouse populations. (Figure source: adapted from Aldridge et al. 2008.49 Photo 
credit: U.S. Fish and Wildlife Service, Wyoming Ecological Services).

Historical and Current Range of Sage Grouse Habitat
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Key Message 4: Vulnerable Communities

Communities that are already the most vulnerable to weather and climate extremes  
will be stressed even further by more frequent extreme events occurring  

within an already highly variable climate system.

The Great Plains is home to a geographically, economically, and 
culturally diverse population. For rural and tribal communities, 
their remote locations, sparse development, limited local ser-
vices, and language barriers present greater challenges in re-
sponding to climate extremes. Working-age people are moving 
to urban areas, leaving a growing percentage of elderly people 
in rural communities (see also Ch. 14: Rural Communities). 

Overall population throughout the region is stable or declin-
ing, with the exception of substantial increases in urban Texas, 
tribal communities, and western North Dakota, related in large 
part to rapid expansion of energy development.50 Growing ur-
ban areas require more water, expand into forests and crop-

land, fragment habitat, and are at a greater risk of wildfire – all 
factors that interplay with climate. 

Populations such as the elderly, low-income, and non-native 
English speakers face heightened climate vulnerability. Public 
health resources, basic infrastructure, adequate housing, and 
effective communication systems are often lacking in com-

Figure 19.8. Demographic shif ts continue to reshape 
communities in the Great Plains, with many central Great Plains 
communities losing residents. Rural and tribal communities 
will face additional challenges in dealing with climate change 
impacts due to demographic changes in the region (Ch. 14: 
Rural Communities; Ch. 12: Indigenous Peoples). Figure shows 
population change from 2000 to 2010. (Figure source: U.S. 
Census Bureau 201057).

Population Change in the Great Plains 

Figure 19.9. Tribal populations in the Great Plains are 
concentrated near large reservations, like various Sioux 
tribes in South Dakota and Blackfeet and Crow reservations 
in Montana; and in Cherokee, Chickasaw, Choctaw, and 
other tribal lands in Oklahoma (Figure source: reproduced 
from Atlas of the Great Plains by Stephen J. Lavin, Clark J. 
Archer, and Fred M. Shelley by permission of the University 
of Nebraska. Copyright 2011 by the Board of Regents of the 
University of Nebraska33).

Tribal Populations in the Great Plains
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munities that are geographically, politically, and economically 
isolated.51 Elderly people are more vulnerable to extreme heat, 
especially in warmer cities and communities with minimal air 
conditioning or sub-standard housing.52 Language barriers for 
Hispanics may impede their ability to plan for, adapt to, and 
respond to climate-related risks.53

The 70 federally recognized tribes in the Great Plains are di-
verse in their land use, with some located on lands reserved 
from their traditional homelands, and others residing within 

territories designated for their relocation, as in Oklahoma (see 
also Ch. 12: Indigenous Peoples). While tribal communities 
have adapted to climate change for centuries, they are now 
constrained by physical and political boundaries.54 Traditional 
ecosystems and native resources no longer provide the sup-
port they used to.55 Tribal members have reported the de-
cline or disappearance of culturally important animal species, 
changes in the timing of cultural ceremonies due to earlier 
onset of spring, and the inability to locate certain types of cer-
emonial wild plants.56 

Key Message 5: Opportunities to Build Resilience 

The magnitude of expected changes will exceed those experienced in the last century. 
Existing adaptation and planning efforts are inadequate to respond  

to these projected impacts.

The Great Plains is an integrated system. Changes in one part, 
whether driven by climate or by human decisions, affect other 
parts. Some of these changes are already underway, and many 
pieces of independent evidence project that ongoing climate-
related changes will ripple throughout the region.

Many of these challenges will cut across sectors: water, land 
use, agriculture, energy, conservation, and livelihoods. Com-

petition for water resources will increase within already-
stressed human and ecological systems, particularly in the 
Southern Plains, affecting crops, energy production, and how 
well people, animals, and plants can thrive. The region’s eco-
systems, economies, and communities will be further strained 
by increasing intensity and frequency of floods, droughts, and 
heat waves that will penetrate into the lives and livelihoods 
of Great Plains residents. Although some communities and 

oglAlA lAkotA respond to cliMAte chAnge

The Oglala Lakota tribe in South Dakota is incorporating climate change adap-
tation and mitigation planning as they consider long-term sustainable develop-
ment planning. Their Oyate Omniciye plan is a partnership built around six liv-
ability principles related to transportation, housing, economic competitiveness, 
existing communities, federal investments, and local values. Interwoven with 
this is a vision that incorporates plans to reduce future climate change and 
adapt to future climate change, while protecting cultural resources.58 
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states have made efforts to plan for these projected changes, 
the magnitude of the adaptation and planning efforts do not 
match the magnitude of the expected changes. 

Successful adaptation of human and natural systems to cli-
mate change would benefit from:

•	 recognition of and commitment to addressing these 
challenges;

•	 regional-scale planning and local-to-regional implemen-
tation;8,59

•	 mainstreaming climate planning into existing natural 
resource, public health, and emergency management 
processes;60

•	 renewed emphasis on restoration of ecological systems 
and processes;61

•	 recognition of the value of natural systems to sustaining 
life;62,63

•	 sharing information among decision-makers; and
•	 enhanced alignment of social and ecological goals.64

Communities already face tradeoffs in efforts to make effi-
cient and sustainable use of their resources. Jobs, infrastruc-
ture, and tax dollars that come with fossil fuel extraction or re-
newable energy production are important, especially for rural 
communities. There is also economic value in the conversion of 
native grasslands to agriculture. Yet the tradeoffs among this 
development, the increased pressure on water resources, and 
the effects on conservation need to be considered if the region 
is to develop climate-resilient communities. 

Untilled prairies used for livestock grazing provide excellent 
targets for native grassland conservation. Partnerships among 

many different tribal, federal, state, local, and private land-
owners can decrease landscape fragmentation and help man-
age the connection between agriculture and native habitats. 
Soil and wetland restoration enhances soil stability and health, 
water conservation, aquifer recharge, and food sources for 
wildlife and cattle. Healthy species and ecosystem services 
support social and economic systems where local products, 
tourism, and culturally significant species accompany large-
scale agriculture, industry, and international trade as funda-
mental components of society. 

Although there is tremendous adaptive potential among the 
diverse communities of the Great Plains, many local govern-
ment officials do not yet recognize climate change as a prob-
lem that requires proactive planning.60,65 Positive steps toward 
greater community resilience have been achieved through 
local and regional collaboration and increased two-way com-
munication between scientists and local decision-makers (see 
Ch. 28: Adaptation).  For example, the Institute for Sustainable 
Communities conducts Climate Leadership Academies that 
promote peer learning and provides direct technical assistance 
to communities in a five-state region in the Southwest as part 
of their support of the Western Adaptation Alliance.66 Other 
regions have collaborated to share information, like the South-
east Florida Regional Compact 2012. Programs such as NOAA’s 
Regional Integrated Sciences and Assessments (RISA) support 
scientists working directly with communities to help build ca-
pacity to prepare for and adapt to both climate variability and 
climate change.67 Climate-related challenges can be addressed 
with creative local engagement and prudent use of community 
assets.68 These assets include social networks, social capital, 
indigenous and local knowledge, and informal institutions.
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Future climate change projections include more 
precipitation in the Northern Great Plains and 
less in the Southern Great Plains. In 2011, such 
a pattern was strongly manifest, with exceptional 
drought and recording-setting temperatures in 
Texas and Oklahoma and flooding in the Northern 
Great Plains. 

Many locations in Texas and Oklahoma experienced 
more than 100 days over 100ºF. Both states set 
new records for the hottest summer since record 
keeping began in 1895. Rates of water loss due in 
part to evaporation were double the long-term aver-
age. The heat and drought depleted water resources 
and contributed to more than $10 billion in direct 
losses to agriculture alone. These severe water 
constraints strained the ability to meet electricity 
demands in Texas during 2011 and into 2012, a 
problem exacerbated by the fact that Texas is nearly 
isolated from the national electricity grid. 

These recent temperature extremes were attribut-
able in part to human-induced climate change (ap-
proximately 20% of the heat wave magnitude and 
a doubling of the chance that it would occur).69 In 
the future, average temperatures in this region are 
expected to increase and will continue to contribute 
to the intensity of heat waves (Ch. 2: Our Changing 
Climate, Key Messages 3 and 7). 

By contrast to the drought in the Southern Plains, the Northern Plains were exceptionally wet in 2011, with Montana 
and Wyoming recording all-time wettest springs and the Dakotas and Nebraska not far behind. Record rainfall and 
snowmelt combined to push the Missouri River and its tributaries beyond their banks and leave much of the Crow Res-
ervation in Montana underwater. The Souris River near Minot, North Dakota, crested at four feet above its previous re-
cord, with a flow five times greater than any in the past 30 years. Losses from the flooding were estimated at $2 billion. 

the suMMer of 2011

Figure 19.10. In 2011, cities including Houston, Dallas, Austin, 
Oklahoma City, and Wichita, among others, all set records for the 
highest number of days recording temperatures of 100ºF or higher in 
those cities’ recorded history. The black circles denote the location 
of observing stations recording 100ºF days. (Figure source: NOAA 
NCDC 20123). 

Days Above 100ºF in Summer 2011 

A Texas State Park police officer walks across a cracked 
lakebed in August 2011. This lake once spanned more 
than 5,400 acres.
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Increases in heavy downpours contribute to flooding.
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tRaceable accounts

Process for Developing Key Messages: 
A central component of the assessment process was the Great 
Plains Regional Climate assessment workshop that was held in 
August 2011 in Denver, CO, with approximately 40 attendees. 
The workshop began the process leading to a foundational 
Technical Input Report (TIR), the Great Plains Regional Cli-
mate Assessment Technical Report.

5
 The TIR consists of 18 

chapters assembled by 37 authors representing a wide range 
of inputs including governmental agencies, non-governmental 
organizations, tribes, and other entities. 

The chapter author team engaged in multiple technical dis-
cussions via regular teleconferences. These included careful 
review of the foundational TIR

8
 and of approximately 50 ad-

ditional technical inputs provided by the public, as well as the 
other published literature, and professional judgment. These 
discussions were followed by expert deliberation of draft key 
messages by the authors during an in-person meeting in Kan-
sas City in April 2012, wherein each message was defended 
before the entire author team prior to the key message being 
selected for inclusion in the report. These discussions were 
supported by targeted consultation with additional experts by 
the lead author of each message, and they were based on 
criteria that help define “key vulnerabilities”.

Key message #1 Traceable accounT

Rising temperatures are leading to increased 
demand for water and energy. In parts of the 
region, this will constrain development, stress 
natural resources, and increase competition for 
water among communities, agriculture, energy 
production, and ecological needs.

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the Technical Input Report.

5
 Techni-

cal inputs (47) on a wide range of topics were also received 
and reviewed as part of the Federal Register Notice solicitation 
for public input. 

Temperatures are rising across the United States (Ch. 2: Our 
Changing Climate, Key Message 3 and its Traceable Account). 

Specific details for the Great Plains are provided in the Regional 
Climate Trends and Scenarios for the U.S. National Climate As-
sessment

4
 with its references.

Rising temperatures impact energy and water (Ch.10: Energy, 
Water, and Land; Ch. 4: Energy). Publications have explored the 
projected increase in water competition and stress for natural re-
sources

7,13,14,17
 and the fragmentation of natural habitats and agri-

cultural lands.
8
 These sources provided numerous references that 

were drawn from to lead to this key message.

New information and remaining uncertainties
A key uncertainty is the exact rate and magnitude of the projected 
changes in precipitation, because high inter-annual variability may 
either obscure or highlight the long-term trends over the next few 
years. 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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Also unknown is ecological demand for water. Water use by native 
and invasive species under current climate needs to be quanti-
fied so that it can be modeled under future scenarios to map 
out potential impact envelopes. There is also uncertainty over the 
projections of changes in precipitation due to difficulty of model-
ing projections of convective precipitation, which is the primary 
source of water for most of the Great Plains.

Assessment of confidence based on evidence 
Very High for all aspects of the key message. The relationship 
between increased temperatures and higher evapotranspiration 
is well established. Model projections of higher temperatures are 
robust. Confidence is highest for the southern Great Plains, where 
competition among sectors, cities, and states for future supply is 
already readily apparent, and where population growth (demand-
side) and projected increases in precipitation deficits are greatest.

Key message #2 Traceable accounT

Changes to crop growth cycles due to warming 
winters and alterations in the timing and magnitude 
of rainfall events have already been observed; as 
these trends continue, they will require new agricul-
ture and livestock management practices.

Description of evidence base
The key message and supporting text summarize extensive evi-
dence documented in the Great Plains Technical Input Report.

5 

Technical inputs (47) on a wide range of topics were also received 
and reviewed as part of the Federal Register Notice solicitation for 
public input. 

Evidence for altered precipitation across the U.S. is discussed in 
Ch. 2: Our Changing Climate, Key Message 5 and 6 and their 
Traceable Accounts. Specific details for the Great Plains, such 
as warming winters and altered rainfall events are in the Climate 
Trends and Scenarios for the U.S. National Climate Assessment

4 

with its references. 

Limitations of irrigation options in the High Plains aquifer have 
been detailed.

21
 The impacts of shifting from irrigated to rain-fed 

agriculture have also been detailed.
30

 Studies document negative 
impacts on livestock production through the Great Plains.

31

New information and remaining uncertainties
A key issue (uncertainty) is rainfall patterns. Although models 
show a general increase in the northern Great Plains and a de-
crease in the southern Great Plains, the diffuse gradient between 
the two leaves uncertain the location of greatest impacts on the 
hydrologic cycle. Timing of precipitation is critical to crop plant-
ing, development and harvesting; shifts in seasonality of precipita-
tion therefore need to be quantified. Rainfall patterns will similarly 
affect forage production, particularly winter wheat that is essential 
to cattle production in the southern Great Plains.

Assessment of confidence based on evidence 
The general pattern of precipitation changes and overall increases 
in temperature are robust. The implications of these changes are 
enormous, although assessing changes in more specific locations 
is more uncertain. Our assessment is based on the climate pro-
jections and known relationships to crops (for example, corn not 
being able to “rest” at night due to high minimum temperatures), 
but pinpointing where these impacts will occur is difficult. Addi-
tionally, other factors that influence productivity, such as genetics, 
technological change, economic incentives, and federal and state 
policies, can alter or accelerate the impacts. Given the evidence 
and remaining uncertainties, agriculture and livestock manage-
ment practices will need to adjust to these changes in climate 
and derived aspects although specific changes are yet to be deter-
mined. Overall, confidence is high. 

Key message #3 Traceable accounT

Landscape fragmentation is increasing, for exam-
ple, in the context of energy development activities 
in the northern Great Plains. A highly fragmented 
landscape will hinder adaptation of species when 
climate change alters habitat composition and tim-
ing of plant development cycles.

Description of evidence base 
The key message and supporting text summarize extensive evi-
dence documented in the Great Plains Technical Input Report.

5
 

Technical inputs (47) on a wide range of topics were also received 
and reviewed as part of the Federal Register Notice solicitation for 
public input. 

A number of publications have explored the changes in habitat 
composition,

39
 plant distribution and development cycles 

22,23,43
 

and animal distributions.
36,38,44

New information and remaining uncertainties 
In general, the anticipated carbon dioxide enrichment, warming, 
and increase in precipitation variability influence vegetation pri-
marily by affecting soil-water availability to plants. This is espe-
cially important as the transition between water surplus and water 
deficit (based on precipitation minus evapotranspiration) occurs 
across the Great Plains, with eastern areas supporting more bio-
mass than western areas, especially given the current east-to-west 
difference in precipitation and the vegetation it supports.

1
 These 

effects are evident in experiments with each of the individual as-
pects of climate change.

45
 It is difficult to project, however, all 

of the interactions with all of the vegetative species of the Great 
Plains, so as to better manage ecosystems.

Several native species have been in decline due to habitat frag-
mentation, including quail, ocelots, and lesser prairie chickens.

46
 

Traditional adaptation methods of migration common to the Great 
Plains, such as bison herds had historically done, are less of an 
option as animals are confined to particular locations due to habi-
tat fragmentation. As habitats change due to invasive species of 
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plant and animals and as climate change reduces viability of na-
tive vegetation, the current landscapes may be incapable of sup-
porting these wildlife populations.

38

Assessment of confidence based on evidence 
Confidence is very high that landscape is already fragmented and 
will continue to become more fragmented as energy exploration 
expands into less suitable agriculture lands that have not been 
developed as extensively. The effects of carbon dioxide and water 
availability on individual species are well known, but there is less 
published research on the interaction among different species. 
Evidence for the impact of climate change on species is very 
high, but specific adaptation strategies used by these species are 
less certain. Because of the more limited knowledge on adapta-
tion strategies, we rate this key message overall has having high 
confidence. Our assessment is based upon historical methods, 
such as migration, used by species across the Great Plains to 
adapt to previous changes in climate and habitats and the in-
compatibility of those methods with current land-use practices.

Key message #4 Traceable accounT

Communities that are already the most vulnerable 
to weather and climate extremes will be stressed 
even further by more frequent extreme events oc-
curring within an already highly variable climate 
system.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the Technical Input Report.

5
 Techni-

cal inputs (47) on a wide range of topics were also received and 
reviewed as part of the Federal Register Notice solicitation for 
public input. 

Extreme events are documented for the nation (Ch. 2: Our Chang-
ing Climate, Key Message 7), and for the region in the Climate 
Trends and Scenarios for the U.S. National Climate Assessment.

4

There are a few studies documenting the vulnerability of com-
munities in remote locations with sparse infrastructure, limited 
local services, and aging populations (Ch. 14: Rural Communi-
ties),

51
 with some areas inhibited by language barriers.

53
 Changes 

in the tribal communities have been documented on a number of 
issues.

54,55,56,58

New information and remaining uncertainties 
A key issue (uncertainty) is how limited financial resources will 
be dedicated to adaptation actions and the amount of will and 
attention that will be paid to decreasing vulnerability and in-
creasing resilience throughout the region. Should the awareness 
of damage grow great enough, it may overcome the economic 
incentives for development and change perspectives, allowing 
for increased adaptive response. But if current trends continue, 
more vulnerable lands may be lost. Thus the outcome on rural 
and vulnerable populations is largely unknown.

Assessment of confidence based on evidence 
Extensive literature exists on vulnerable populations, limited re-
sources and ability to respond to change. However, because the 
expected magnitude of changes is beyond previous experience and 
societal response is unknown, so the overall confidence is high.

Key message #5 Traceable accounT

The magnitude of expected changes will exceed 
those experienced in the last century. Existing ad-
aptation and planning efforts are inadequate to re-
spond to these projected impacts. 

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the Great Plains Technical Input Re-
port.

5
 Technical inputs (47) on a wide range of topics were also 

received and reviewed as part of the Federal Register Notice 
solicitation for public input. 

A number of publications have looked at the requirements for ad-
aptation of human and natural systems to climate change. These 
requirements include large- and small-scale planning,

8,59,62
 em-

phasis on restoring ecological systems and processes,
61

 realizing 
the importance of natural systems,

62,63
 and aligning the social and 

ecological goals.
64

 

New information and remaining uncertainties 
No clear catalog of ongoing adaptation activities exists for the 
Great Plains region. Initial steps towards such a catalog have 
been supported by the National Climate Assessment in associa-
tion with NOAA’s Regional Integrated Sciences and Assessments 
teams. The short-term nature of many planning activities has 
been described.

65
 Until a systematic assessment is conducted, 

most examples of adaptation are anecdotal. However, stresses in 
physical and social systems are readily apparent, as described in 
the other key messages. How communities, economic sectors, 
and social groups will respond to these stresses needs further 
study.

Assessment of confidence based on evidence
Climate trends over the past century, such as North Dakota 
warming more than any other state in the contiguous U.S., 
coupled with evidence of ecological changes and projections for 
further warming indicates very high confidence that climate pat-
terns will be substantially different than those of the preceding 
century. While systematic evidence is currently lacking, emerg-
ing studies point toward a proclivity toward short-term planning 
and incremental adjustment rather than long-term strategies for 
evolving agricultural production systems, habitat management, 
water resources and societal changes. Evidence suggests that 
adaptation is ad hoc and isolated and will likely be inadequate to 
address the magnitude of social, economic, and environmental 
challenges that face the region. Overall confidence is medium.
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SOUTHWEST20
Key Messages
1. Snowpack and streamflow amounts are projected to decline in parts of the Southwest, decreasing 

surface water supply reliability for cities, agriculture, and ecosystems.

2. The Southwest produces more than half of the nation’s high-value specialty crops, which are 
irrigation-dependent and particularly vulnerable to extremes of moisture, cold, and heat. Reduced 
yields from increasing temperatures and increasing competition for scarce water supplies will 
displace jobs in some rural communities. 

3. Increased warming, drought, and insect outbreaks, all caused by or linked to climate change, 
have increased wildfires and impacts to people and ecosystems in the Southwest. Fire models 
project more wildfire and increased risks to communities across extensive areas.

4. Flooding and erosion in coastal areas are already occurring even at existing sea levels and 
damaging some California coastal areas during storms and extreme high tides. Sea level rise 
is projected to increase as Earth continues to warm, resulting in major damage as wind-driven 
waves ride upon higher seas and reach farther inland.

5. Projected regional temperature increases, combined with the way cities amplify heat, will pose 
increased threats and costs to public health in southwestern cities, which are home to more 
than 90% of the region’s population. Disruptions to urban electricity and water supplies will 
exacerbate these health problems.

The Southwest is the hottest and driest region in the 
United States, where the availability of water has defined 
its landscapes, history of human settlement, and modern 
economy. Climate changes pose challenges for an already 
parched region that is expected to get hotter and, in its 
southern half, significantly drier. Increased heat and changes 
to rain and snowpack will send ripple effects throughout 
the region’s critical agriculture sector, affecting the lives and 
economies of 56 million people – a population that is expected 
to increase 68% by 2050, to 94 million.1 Severe and sustained 
drought will stress water sources, already over-utilized in many 
areas, forcing increasing competition among farmers, energy 
producers, urban dwellers, and plant and animal life for the 
region’s most precious resource.

The region’s populous coastal cities face rising sea levels, 
extreme high tides, and storm surges, which pose particular 
risks to highways, bridges, power plants, and sewage treatment 
plants. Climate-related challenges also increase risks to critical 
port cities, which handle half of the nation’s incoming shipping 
containers.

Agriculture, a mainstay of the regional and national economies, 
faces uncertainty and change. The Southwest produces more 

than half of the nation’s high-value specialty crops, including 
certain vegetables, fruits, and nuts. The severity of future 
impacts will depend upon the complex interaction of pests, 
water supply, reduced chilling periods, and more rapid changes 
in the seasonal timing of crop development due to projected 
warming and extreme events.

Climate changes will increase stress on the region’s rich 
diversity of plant and animal species. Widespread tree death 
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and fires, which already have caused billions of dollars in 
economic losses, are projected to increase, forcing wholesale 
changes to forest types, landscapes, and the communities that 
depend on them (see also Ch. 7: Forests). 

Tourism and recreation, generated by the Southwest’s 
winding canyons, snow-capped peaks, and Pacific Ocean 

beaches, provide a significant economic force that also faces 
climate change challenges. The recreational economy will be 
increasingly affected by reduced streamflow and a shorter 
snow season, influencing everything from the ski industry to 
lake and river recreation.

Observed and Projected Climate Change
The Southwest is already experiencing the impacts of climate 
change. The region has heated up markedly in recent decades, 
and the period since 1950 has been hotter than any comparably 
long period in at least 600 years (Ch. 2: Our Changing Climate, 
Key Message 3).2,3,4 The decade 2001-2010 was the warmest in 
the 110-year instrumental record, with temperatures almost 
2°F higher than historic averages, with fewer cold air outbreaks 
and more heat waves.4 Compared to relatively uniform regional 
temperature increases, precipitation trends vary considerably 
across the region, with portions experiencing decreases and 
others experiencing increases (Ch. 2: Our Changing Climate, Key 
Message 5).4 There is mounting evidence that the combination 
of human-caused temperature increases and recent drought 
has influenced widespread tree mortality,6,7 increased fire 
occurrence and area burned,8 and forest insect outbreaks 
(Ch. 7: Forests).9 Human-caused temperature increases and 
drought have also caused earlier spring snowmelt and shifted 
runoff to earlier in the year.10

Regional annual average temperatures are projected to rise 
by 2.5°F to 5.5°F by 2041-2070 and by 5.5°F to 9.5°F by 2070-
2099 with continued growth in global emissions (A2 emissions 
scenario), with the greatest increases in the summer and fall 
(Figure 20.1). If global emissions are substantially reduced (as 
in the B1 emissions scenario), projected temperature increases 
are 2.5°F to 4.5°F (2041-2070), and 3.5°F to 5.5°F (2070-2099). 
Summertime heat waves are projected to become longer 
and hotter, whereas the trend of decreasing wintertime cold 
air outbreaks is projected to continue (Ch. 2: Our Changing 
Climate, Key Message 7).11,12 These changes will directly affect 
urban public health through increased risk of heat stress, and 
urban infrastructure through increased risk of disruptions to 
electric power generation.13,14,15,16 Rising temperatures also 
have direct impacts on crop yields and productivity of key 
regional crops, such as fruit trees. 

Figure 20.1. Maps show projected changes in average, as compared to 1971-1999. 
Top row shows projections assuming heat-trapping gas emissions continue to rise 
(A2). Bottom row shows projections assuming substantial reductions in emissions 
(B1). (Figure source: adapted from Kunkel et al. 201317). 

Projected Temperature Increases
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Projections of precipitation changes are less certain than those 
for temperature.17,18 Under a continuation of current rising 
emissions trends (A2), reduced winter and spring precipitation 
is consistently projected for the southern part of the South-
west by 2100 as part of the general global precipitation reduc-
tion in subtropical areas. In the northern part of the region, 
projected winter and spring precipitation changes are smaller 
than natural variations. Summer and fall changes are also 
smaller than natural variations throughout the region (Ch. 2: 
Our Changing Climate, Key Message 5).17 An increase in winter 
flood hazard risk in rivers is projected due to increases in flows 
of atmospheric moisture into California’s coastal ranges and 
the Sierra Nevada (Ch. 3: Water).19 These “atmospheric rivers” 
have contributed to the largest floods in California history20 
and can penetrate inland as far as Utah and New Mexico.

The Southwest is prone to drought. Southwest paleoclimate 
records show severe mega-droughts at least 50 years long.21 
Future droughts are projected to be substantially hotter, 
and for major river basins such as the Colorado River Basin, 
drought is projected to become more frequent, intense, and 
longer lasting than in the historical record.18 These drought 
conditions present a huge challenge for regional management 
of water resources and natural hazards such as wildfire. In light 
of climate change and water resources treaties with Mexico, 
discussions will need to continue into the future to address 
demand pressures and vulnerabilities of groundwater and 
surface water systems that are shared along the border.

Key Message 1: Reduced Snowpack and Streamflows

Snowpack and streamflow amounts are projected to decline in parts of the Southwest, 
decreasing surface water supply reliability for cities, agriculture, and ecosystems.

Winter snowpack, which slowly melts and releases water in 
spring and summer, when both natural ecosystems and people 
have the greatest needs for water, is key to the Southwest’s 
hydrology and water supplies. Over the past 50 years across 
most of the Southwest, there has been less late-winter 
precipitation falling as snow, earlier snowmelt, and earlier 
arrival of most of the year’s streamflow.26,27 Streamflow totals 
in the Sacramento-San Joaquin, the Colorado, the Rio Grande, 
and in the Great Basin were 5% to 37% lower between 2001 
and 2010 than the 20th century average flows.4 Projections 
of further reduction of late-winter and spring snowpack and 
subsequent reductions in runoff and soil moisture28,29 pose 
increased risks to the water supplies needed to maintain the 
Southwest’s cities, agriculture, and ecosystems. 

Temperature-driven reductions in snowpack are compounded 
by dust and soot accumulation on the surface of snowpack. 
This layer of dust and soot, transported by winds from lowland 
regions, increases the amount of the sun’s energy absorbed 
by the snow. This leads to earlier snowmelt and evaporation 
– both of which have negative implications for water supply, 
alpine vegetation, and forests.30,31 The prospect of more 
lowland soil drying out from drought and human disturbances 
(like agriculture and development) makes regional dust a 
potent future risk to snow and water supplies.

In California, drinking water infrastructure needs are estimated 
at $4.6 billion annually over the next 10 years, even without 
considering the effects of climate change.32 Climate change 
will increase the cost of maintaining and improving drinking 

vulnerAbilities of nAtive nAtions And border cities 

The Southwest’s 182 federally recognized tribes and communities in its U.S.-Mexico border region share particularly 
high vulnerabilities to climate changes such as high temperatures, drought, and severe storms. Tribes may face loss of 
traditional foods, medicines, and water supplies due to declining snowpack, increasing temperatures, and increasing 
drought (see also Ch 12: Indigenous Peoples).22 Historic land settlements and high rates of poverty – more than double 
that of the general U.S. population23 – constrain tribes’ abilities to respond effectively to climate challenges. 

Most of the Southwest border population is concentrated in eight pairs of fast-growing, adjacent cities on either side of 
the U.S.-Mexico border (like El Paso and Juárez) with shared problems. If the 24 U.S. counties along the entire border 
were aggregated as a 51st state, they would rank near the bottom in per capita income, employment rate, insurance 
coverage for children and adults, and high school completion.24 Lack of financial resources and low tax bases for gen-
erating resources have resulted in a lack of roads and safe drinking water infrastructure, which makes it more daunting 
for tribes and border populations to address climate change issues. These economic pressures increase vulnerabilities 
to climate-related health and safety risks, such as air pollution, inadequate erosion and flood control, and insufficient 
safe drinking water.25
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water infrastructure, because expanded wastewater 
treatment and desalinating water for drinking are 
among the key strategies for supplementing water 
supplies. 

Conservation efforts have proven to reduce water 
use, but are not projected to be sufficient if current 
trends for water supply and demand continue.41 
Large water utilities are currently attempting to 
understand how water supply and demand may 
change in conjunction with climate changes, and 
which adaptation options are most viable.42,43 

Figure 20.2. Snow water equivalent (SWE) 
refers to the amount of water held in a volume 
of snow, which depends on the density of the 
snow and other factors. Figure shows projected 
snow water equivalent for the Southwest, 
as a percentage of 1971-2000, assuming 
continued increases in global emissions (A2 
scenario). The size of bars is in proportion to 
the amount of snow each state contributes to 
the regional total; thus, the bars for Arizona are 
much smaller than those for Colorado, which 
contributes the most to region-wide snowpack. 
Declines in peak SWE are strongly correlated 
with early timing of runoff and decreases in 
total runoff. For watersheds that depend on 
snowpack to provide the majority of the annual 
runoff, such as in the Sierra Nevada and in 
the Upper Colorado and Upper Rio Grande 
River Basins, lower SWE generally translates 
to reduced reservoir water storage. (Data from 
Scripps Institution of Oceanography).

Projected Snow Water Equivalent

the southWest’s reneWAble potentiAl to produce energy With less WAter 

The Southwest’s abundant geothermal, wind, and solar power-generation resources could help transform the region’s 
electric generating system into one that uses substantially more renewable energy. This transformation has already 
started, driven in part by renewable energy portfolio standards adopted by five of six Southwest states, and renewable 
energy goals in Utah. California’s law limits imports of baseload electricity generation from coal and oil and mandates 
reduction of heat-trapping greenhouse gas emissions to 1990 levels by 2020.33 

As the regional climate becomes hotter and, in parts of the Southwest, drier, there will be less water available for the 
cooling of thermal power plants (Ch. 2: Our Changing Climate),34 which use about 40% of the surface water withdrawn in 
the United States.35 The projected warming of water in rivers and lakes will reduce the capacity of thermal power plants, 
especially during summer when electricity demand skyrockets.36 Wind and solar photovoltaic installations could substan-
tially reduce water withdrawals. A large increase in the portion of power generated by renewable energy sources may be 
feasible at reasonable costs,37,38 and could substantially reduce water withdrawals (Ch. 10: Energy, Water, and Land).39
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Key Message 2: Threats to Agriculture 

The Southwest produces more than half of the nation’s high-value specialty crops, which 
are irrigation-dependent and particularly vulnerable to extremes of moisture, cold, and heat. 

Reduced yields from increasing temperatures and increasing competition for scarce  
water supplies will displace jobs in some rural communities. 

Farmers are renowned for adapting to yearly changes in the 
weather, but climate change in the Southwest could happen 
faster and more extensively than farmers’ ability to adapt. 
The region’s pastures are rain-fed (non-irrigated) and highly 
susceptible to projected drought. Excluding Colorado, more 
than 92% of the region’s cropland is irrigated, and agricultural 
uses account for 79% of all water withdrawals in the 
region.44,45,46 A warmer, drier climate is projected to accelerate 
current trends of large transfers of irrigation water to urban 
areas,47,48,49 which would affect local agriculturally dependent 
economies.

California produces about 95% of U.S. apricots, almonds, 
artichokes, figs, kiwis, raisins, olives, cling peaches, dried 
plums, persimmons, pistachios, olives, and walnuts, in 
addition to other high-value crops.50 Drought and extreme 
weather affect the market value of fruits and vegetables 
more than other crops because they have high water content 
and because sales depend on good visual appearance.51 The 

combination of a longer frost-free season, less frequent cold 
air outbreaks, and more frequent heat waves accelerates crop 
ripening and maturity, reduces yields of corn, tree fruit, and 
wine grapes, stresses livestock, and increases agricultural 
water consumption.52,53 This combination of climate changes 
is projected to continue and intensify, possibly requiring a 
northward shift in crop production, displacing existing growers 
and affecting farming communities.54,55 

Winter chill periods are projected to fall below the duration 
necessary for many California trees to bear nuts and fruits, 
which will result in lower yields.56 Warm-season vegetable crops 
grown in Yolo County, one of California’s biggest producers, 
may not be viable under hotter climate conditions.54,57 Once 
temperatures increase beyond optimum growing thresholds, 
further increases in temperature, like those projected for the 
decades beyond 2050, can cause large decreases in crop yields 
and hurt the region’s agricultural economy.

Figure 20.3. Major shifts in how electricity is produced can lead to large reductions in heat-trapping gas emissions. 
Shown is an illustrative scenario in which different energy combinations could, by 2050, achieve an 80% reduction 
of heat-trapping gas emissions from 1990 levels in the electricity sector in the Southwest. For each state, that mix 
varies, with the circle representing the average hourly generation in megawatts (the number above each circle) from 
10 potential energy sources. CCS refers to carbon capture and storage. (Data from Wei et al. 2012, 201338,40).  

Scenario for Greenhouse Gas Emissions Reductions in the Electricity Sector
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Key Message 3: Increased Wildfire

Increased warming, drought, and insect outbreaks, all caused by or linked to climate change, 
have increased wildfires and impacts to people and ecosystems in the Southwest. Fire 

models project more wildfire and increased risks to communities across extensive areas.

Fire naturally shapes southwestern landscapes. Indeed, many 
Southwest ecosystems depend on periodic wildfire to maintain 
healthy tree densities, enable seeds to germinate, and reduce 
pests.58 Excessive wildfire destroys homes, exposes slopes to 
erosion and landslides, threatens public health, and causes 
economic damage.59,60 The $1.2 billion in damages from the 
2003 Grand Prix fire in southern California illustrates the high 
cost of wildfires.60

Beginning in the 1910s, the Federal Government developed a 
national policy of attempting to extinguish every fire, which 
allowed wood and other fuels to over-accumulate61 and urban 
development to encroach on fire-prone areas. These changes 
have also contributed to increasing fire risk.

Increased warming due to climate change,3 drought, insect 
infestations,62 and accumulation of woody fuels and non-
native grasses63,64 make the Southwest vulnerable to increased 
wildfire. Climate outweighed other factors in determining 
burned area in the western U.S. from 1916 to 2003,65 a finding 
confirmed by 3000-year long reconstructions of southwestern 
fire history.66,67,68 Between 1970 and 2003, warmer and drier 
conditions increased burned area in western U.S. mid-elevation 
conifer forests by 650% (Ch. 7: Forests, Key Message 1).8

Drought and increased temperatures due to climate change 
have caused extensive tree death across the Southwest.7,69 
In addition, winter warming due to climate change has 
exacerbated bark beetle outbreaks by allowing more beetles, 
which normally die in cold weather, to survive and reproduce.70 
Wildfire and bark beetles killed trees across 20% of Arizona 
and New Mexico forests from 1984 to 2008.62

Numerous fire models project more wildfire as climate change 
continues.64,71,72,73,74 Models project a doubling of burned area 
in the southern Rockies,73 and up to a 74% increase in burned 
area in California,74 with northern California potentially 
experiencing a doubling under a high emissions scenario 
toward the end of the century. Fire contributes to upslope 
shifting of vegetation, spread of invasive plants after extensive 
and intense fire, and conversion of forests to woodland or 
grassland.63,75 

Figure 20.4. The frost-free season is defined as 
the period between the last occurrence of 32°F 
in spring and the first occurrence of 32°F in the 
subsequent fall. The chart shows significant 
increases in the number of consecutive frost-
free days per year in the past three decades 
compared to the 1901-2010 average. Increased 
frost-free season length, especially in already 
hot and moisture-stressed regions like the 
Southwest, is projected to lead to further heat 
stress on plants and increased water demands 
for crops. Higher temperatures and more frost-
free days during winter can lead to early bud burst 
or bloom of some perennial plants, resulting in 
frost damage when cold conditions occur in late 
spring (see Ch. 6: Agriculture); in addition, with 
higher winter temperatures, some agricultural 
pests can persist year-round, and new pests 
and diseases may become established.47 (Figure 
source: Hoerling et al. 20134).

Longer Frost-Free Season Increases Stress on Crops
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Historical and projected climate change makes two-fifths (40%) 
of the region vulnerable to these shifts of major vegetation 
types or biomes; notably threatened are the conifer forests of 
southern California and sky islands of Arizona.71

Prescribed burning, mechanical thinning, and retention of large 
trees can help some southwestern forest ecosystems adapt to 
climate change.68,76 These adaptation measures also reduce 
emissions of the gases that cause climate change because 
long-term storage of carbon in large trees can outweigh short-
term emissions from prescribed burning.61,77

Key Message 4: Sea Level Rise and Coastal Damage

Flooding and erosion in coastal areas are already occurring even at existing sea levels and 
damaging some California coastal areas during storms and extreme high tides. Sea level rise 

is projected to increase as Earth continues to warm, resulting in major damage as  
wind-driven waves ride upon higher seas and reach farther inland.

In the last 100 years, sea level has risen along the California 
coast by 6.7 to 7.9 inches.78 In the last decade, high tides on 
top of this sea level rise have contributed to new damage to 
infrastructure, such as the inundation of Highway 101 near San 
Francisco and backup of seawater into the San Francisco Bay 
Area sewage systems.

Although sea level along the California coast has been relatively 
constant since 1980, both global and relative Southwest sea 
levels are expected to increase at accelerated rates.78,79,80 
During the next 30 years, the greatest impacts will be seen 
during high tides and storm events. Rising sea level will allow 

more wave energy to reach farther inland and extend high tide 
periods, worsening coastal erosion on bluffs and beaches and 
increasing flooding potential.18,81,82,83,84

The result will be impacts to the nation’s largest ocean-based 
economy, which is estimated at $46 billion annually.85,86 If 
adaptive action is not taken, coastal highways, bridges, and 
other transportation infrastructure (such as the San Francisco 
and Oakland airports) are at increased risk of flooding with 
a 16-inch rise in sea level in the next 50 years,5 an amount 
consistent with the 1 to 4 feet of expected global increase in 
sea level (see Ch. 2: Our Changing Climate, Key Message 10). 

In Los Angeles, sea level rise 
poses a threat to groundwater 
supplies and estuaries,82,87 
by potentially contaminating 
groundwater with seawater, 
or increasing the costs to 
protect coastal freshwater 
aquifers.88

Projected increases in 
extreme coastal flooding as 
a result of sea level rise will 
increase human vulnerability 
to coastal flooding events. 
Currently, 260,000 people 
in California are at risk from 
what is considered a once-
in-100-year flood.82 With 
a sea level rise of about 
three feet (in the range of 
projections for this century – 
Ch. 2: Our Changing Climate, 
Key Message 10)78,80 and at 
current population densities, 
420,000 people would be at 
risk from the same kind of 
100-year flood event,85 based 
on existing exposure levels. 
Highly vulnerable populations 

Figure 20.5. King tides, which typically 
happen twice a year as a result of 
a gravitational alignment of the sun, 
moon, and Earth, provide a preview 
of the risks rising sea levels may 
present along California coasts in 
the future. While king tides are the 
extreme high tides today, with projected 
future sea level rise, this level of water 
and flooding will occur during regular 
monthly high tides. During storms and 
future king tides, more coastal flooding 
and damage will occur. The King Tide 
Photo Initiative encourages the public 
to visually document the impact of 
rising waters on the California coast, 
as exemplified during current king tide 
events. Photos show water levels along 
the Embarcadero in San Francisco, 
California during relatively normal tides 
(top), and during an extreme high tide 
or “king tide” (bottom). (Photo credit: 
Mark Johnsson). 

Coastal Risks Posed by Sea Level Rise and High Tides
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– people less able to prepare, respond, or recover from natural 
disaster due to age, race, or income – make up approximately 
18% of the at-risk population (Ch. 25: Coasts).85,89

The California state government, through its Ocean and Coastal 
Resources Adaptation Strategy, along with local governments, 

is using new sea level mapping and information about social 
vulnerability to undertake coastal adaptation planning. NOAA 
has created an interactive map showing areas that would 
be affected by sea level rise (http://www.csc.noaa.gov/slr/
viewer/#).  

Key Message 5: Heat Threats to Health 

Projected regional temperature increases, combined with the way cities amplify heat, will 
pose increased threats and costs to public health in southwestern cities, which are home to 

more than 90% of the region’s population. Disruptions to urban electricity and water  
supplies will exacerbate these health problems.

The Southwest has the highest percentage of its population 
living in cities of any U.S. region. Its urban population rate, 
92.7%, is 12% greater than the national average.90 Increasing 
metropolitan populations already pose challenges to providing 
adequate domestic water supplies, and the combination of 
increased population growth and projected increased risks 
to surface water supplies will add further challenges.91,92 
Tradeoffs are inevitable between conserving water to help 
meet the demands of an increasing population and providing 
adequate water for urban greenery to reduce increasing urban 
temperatures. 

Urban infrastructures are especially vulnerable because of 
their interdependencies; strains in one system can cause 
disruptions in another (Ch. 11: Urban, Key Message 2; Ch. 9: 
Human Health).16,93 For example, an 11-minute power system 
disturbance in September 2011 cascaded into outages that left 
1.5 million San Diego residents without power for 12 hours;94 
the outage disrupted pumps and water service, causing 1.9 
million gallons of sewage to spill near beaches.95 Extensive use 
of air conditioning to deal with high temperatures can quickly 
increase electricity demand and trigger cascading energy 
system failures, resulting in blackouts or brownouts.14,15 

Figure 20.6. The projected increase in heat waves in Southwest cities (Ch. 2: Our Changing Climate, Key Message 7) increases 
the chances that a chain of escalating effects could lead to serious increases in illness and death due to heat stress. The top of the 
figure provides some of the links in that chain, while the bottom of the figure provides adaptation and improved governance options 
that can reduce this vulnerability and improve the resilience of urban infrastructure and community residents. 

Urban Heat and Public Health
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Heat stress, a recurrent health problem for urban residents, has 
been the leading weather-related cause of death in the United 
States since 1986, when record keeping began96 – and the 
highest rates nationally are found in Arizona.97 The effects of 
heat stress are greatest during heat waves lasting several days 
or more, and heat waves are projected to increase in frequency, 
duration, and intensity,11,13,98 become more humid,11 and cause 
a greater number of deaths.99 Already, severe heat waves, such 
as the 2006 ten-day California event, have resulted in high 
mortality, especially among elderly populations.100 In addition, 
evidence indicates a greater likelihood of impacts in less 
affluent neighborhoods, which typically lack shade trees and 
other greenery and have reduced access to air conditioning.101

Exposure to excessive heat can also aggravate existing human 
health conditions, like for those who suffer from respiratory or 
heart disease.99 Increased temperatures can reduce air quality, 
because atmospheric chemical reactions proceed faster in 
warmer conditions. The outcome is that heat waves are often 
accompanied by increased ground-level ozone,102 which can 
cause respiratory distress. Increased temperatures and longer 
warm seasons will also lead to shifts in the distribution of 
disease-transmitting mosquitoes (Ch. 9: Human Health, Key 
Message 1).97
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Process for Developing Key Messages
A central component of the assessment process was the South-
west Regional Climate assessment workshop that was held August 
1-4, 2011, in Denver, CO with more than 80 participants in a 
series of scoping presentations and workshops.  The workshop be-
gan the process leading to a foundational Technical Input Report 
(TIR) report.

103
 The TIR consists of nearly 800 pages organized 

into 20 chapters that were assembled by 122 authors represent-
ing a wide range of inputs, including governmental agencies, non-
governmental organizations, tribes, and other entities. The report 
findings were described in a town hall meeting at the American 
Geophysical Union’s annual fall meeting in 2011, and feedback 
was collected and incorporated into the draft. 

The chapter author team engaged in multiple technical discussions 
through more than 15 biweekly teleconferences that permitted a 
careful review of the foundational TIR

103
 and of approximately 125 

additional technical inputs provided by the public, as well as the 
other published literature and professional judgment. The chapter 
author team then met at the University of Southern California on 
March 27-28, 2012, for expert deliberation of draft key messages 
by the authors. Each key message was defended before the entire 
author team prior to the key message being selected for inclusion. 
These discussions were supported by targeted consultation with 
additional experts by the lead author of each message, and they 
were based on criteria that help define “key vulnerabilities, which 
include magnitude, timing, persistence and reversibility, likelihood 
and confidence, potential for adaptation, distribution, and impor-
tance of the vulnerable system.”

104

Key message #1 Traceable accounT

Snowpack and streamflow amounts are project-
ed to decline in parts of the Southwest, decreasing 
surface water supply reliability for cities, agricul-
ture, and ecosystems. 

Description of evidence base
The key message was chosen based on input from the extensive 
evidence documented in the Southwest Technical Input Report

103
 

and additional technical input reports received as part of the 
Federal Register Notice solicitation for public input, as well as 
stakeholder engagement leading up to drafting the chapter. 

Key Message 5 in Chapter 2, Our Changing Climate, also provides 
evidence for declining precipitation across the United States, and 
a regional study

17
 discusses regional trends and scenarios for the 

Southwest. 

Over the past 50 years, there has been a reduction in the amount 
of snow measured on April 1 as a proportion of the precipitation 
falling in the corresponding water-year (October to September), 
which affects the timing of snowfed rivers. The implication 
of this finding is that the lower the proportion of April 1 snow 
water equivalent in the water-year-to-date precipitation, the more 
rapid the runoff, and the earlier the timing of center-of-mass 
of streamflow in snowfed rivers.

26,27
 For the “recent decade” 

(2001 to 2010), snowpack evidence is from U.S. Department of 
Agriculture (USDA) Natural Resources Conservation Service snow 
course data, updated through 2010. One study

4
 has analyzed 

streamflow amounts for the region’s four major river basins, the 
Colorado, Sacramento-San Joaquin, Great Basin (Humboldt River, 
NV), and the Rio Grande; data are from the U.S. Department of 
the Interior – Bureau of Reclamation, California Department of 
Water Resources, U.S. Geological Survey, and the International 
Boundary and Water Commission (U.S. Section), respectively. 
These data are backed by a rigorous detection and attribution 
study.

10
 Projected trends

18
 make use of downscaled climate 

parameters for 16 global climate models (GCMs), and hydrologic 
projections for the Colorado River, Rio Grande, and Sacramento-
San Joaquin River System. 

Based on GCM projections, downscaled and run through the 
variable infiltration capacity (VIC) hydrological model,

105
 there 

are projected reductions in spring snow accumulation and total 
annual runoff, leading to reduced surface water supply reliability 
for much of the Southwest, with greater impacts occurring during 
the second half of this century.

18,28

Future flows in the four major Southwest rivers are projected to 
decline as a result of a combination of increased temperatures, 
increased evaporation, less snow, and less persistent snowpack. 
These changes have been projected to result in decreased surface 
water supplies, which will have impacts for allocation of water 
resources to major uses, such as urban drinking water, agriculture, 
and ecosystem flows.
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New information and remaining uncertainties
Different model simulations predict different levels of snow 
loss. These differences arise because of uncertainty in climate 
change warming and precipitation projections due to differences 
among GCMs, uncertainty in regional downscaling, uncertainty 
in hydrological modeling, differences in emissions, aerosols, 
and other forcings, and because differences in the hemispheric 
and regional-scale atmospheric circulation patterns produced by 
different GCMs produce different levels of snow loss in different 
model simulations.

In addition to the aforementioned uncertainties in regional 
climate and hydrology projections, projection of future surface 
water supply reliability includes at least the following additional 
uncertainties: 1) changes in water management, which depend on 
agency resources and leadership and cooperation of review boards 
and the public;

106
 2) management responses to non-stationarity;

107
 

3) legal, economic, and institutional options for augmenting 
existing water supplies, adding underground water storage and 
recovery infrastructure, and fostering further water conservation 
(for example, Udall 2013

108
); 4) adjudication of unresolved water 

rights; and 5) local, state, regional, and national policies related 
to the balance of agricultural, ecosystem, and urban water use (for 
example, Reclamation 2011

43
).

Assessment of confidence based on evidence
There is high confidence in the continued trend of declining 
snowpack and streamflow in parts of the Southwest given the 
evidence base and remaining uncertainties. 

For the impacts on water supply, there is high confidence that 
reduced surface water supply reliability will affect the region’s 
cities, agriculture, and ecosystems. 

Key message #2 Traceable accounT

The Southwest produces more than half of the 
nation’s high-value specialty crops, which are irri-
gation-dependent and particularly vulnerable to ex-
tremes of moisture, cold, and heat. Reduced yields 
from increasing temperatures and increasing com-
petition for scarce water supplies will displace jobs 
in some rural communities.

Description of evidence base
Increased competition for scarce water was presented in the 
first key message and in the foundational Technical Input Report 
(TIR).

103
 U.S. temperatures, including those for the Southwest 

region, have increased and are expected to continue to rise (Ch. 2: 
Our Changing Climate, Key Message 3). Heat waves have become 
more frequent and intense and droughts are expected to become 
more intense in the Southwest (Ch. 2: Our Changing Climate, Key 
Message 7). The length of the frost-free season in the Southwest 
has been increasing, and frost-free season length is projected to 
increase (Ch. 2: Our Changing Climate, Key Message 4). A regional 
study

17
 discusses the trends and scenarios in the Southwest for 

moisture, cold, heat, and their extremes. 

There is abundant evidence of irrigation dependence and 
vulnerability of high-value specialty crops to extremes of moisture, 
cold, and heat, including, prominently, the 2009 National Climate 
Assessment

109
 and the foundational TIR.

103
 Southwest agricultural 

production statistics and irrigation dependence of that production 
is delineated in the USDA 2007 Census of Agriculture

45
 and the 

USDA Farm and Ranch Irrigation Survey.
46

Reduced Yields. Even under the most conservative emissions 
scenarios evaluated (the combination of SRES B1emissions 
scenario with statistically downscaled winter chill projections 
from the HADCM3 climate model), one study

56
 projected that 

required winter chill periods will fall below the number of hours 
that are necessary for many of the nut- and fruit-bearing trees 
of California, and yields are projected to decline as a result. A 
second study

54
 found that California wheat acreage and walnut 

acreage will decline due to increased temperatures. Drought and 
extreme weather may have more effect on the market value of 
fruits and vegetables, as opposed to other crops, because fruits 
and vegetables have high water content and because consumers 
expect good visual appearance and flavor.

51
 Extreme daytime 

and nighttime temperatures have been shown to accelerate crop 
ripening and maturity, reduce yield of crops such as corn, fruit 
trees, and vineyards, cause livestock to be stressed, and increase 
water consumption in agriculture.

53

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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Irrigation water transfers to urban. Warmer, drier future scenarios 
portend large transfers of irrigation water to urban areas even 
though agriculture will need additional water to meet crop demands, 
affecting local agriculturally-dependent economies.

55
 In particular 

areas of the Southwest (most notably lower-central Arizona), a 
significant reduction in irrigated agriculture is already underway 
as land conversion occurs near urban centers.

48
 Functioning water 

markets, which may require legal and institutional changes, can 
enable such transfers and reduce the social and economic impacts 
of water shortages to urban areas.

47
 The economic impacts of 

climate change on Southwest fruit and nut growers are projected 
to be substantial and will result in a northward shift in production 
of these crops, displacing growers and affecting communities. 

New information and remaining uncertainties
Competition for water is an uncertainty. The extent to which 
water transfers take place depends on whether complementary 
investments in conveyance or storage infrastructure are made. 
Currently, there are legal and institutional restrictions limiting 
water transfers across state and local jurisdictions. It is uncertain 
whether infrastructure investments will be made or whether 
institutional innovations facilitating transfers will develop. 
Institutional barriers will be greater if negative third-party 
effects of transfers are not adequately addressed. Research 
that would improve the information base to inform future water 
transfer debates includes: 1) estimates of third party impacts, 2) 
assessment of institutional mechanisms to reduce those impacts, 
3) environmental impacts of water infrastructure projects, and 4) 
options and costs of mitigating those environmental impacts.

Extremes and phenology. A key uncertainty is the timing of 
extreme events during the phenological stage of the plant or the 
growth cycle of the animal. For example, plants are more sensitive 
to extreme high temperatures and drought during the pollination 
stage compared to vegetative growth stages. 

Genetic improvement potential. Crop and livestock reduction 
studies by necessity depend on assumptions about adaptive 
actions by farmers and ranchers. However, agriculture has proven 
to be highly adaptive in the past. A particularly high uncertainty 
is the ability of conventional breeding and biotechnology to keep 
pace with the crop plant and animal genetic improvements needed 
for adaptation to climate-induced biotic and abiotic stresses. 

Assessment of confidence based on evidence
Although evidence includes studies of observed climate and 
weather impacts on agriculture, projections of future changes 
using climate and crop yield models and econometric models show 
varying results depending on the choice of crop and assumptions 
regarding water availability. For example, projections of 2050 
California crop yields show reductions in field crop yields, based 
on assumptions of a 21% decline in agricultural water use, shifts 
away from water-intensive crops to high-value specialty crops, 
and development of a more economical means of transferring 

water from northern to southern California.
47

 Other studies, 
using projections of a dry, warmer future for California, and an 
assumption that water will flow from lower- to higher-valued uses 
(such as urban water use), generated a 15% decrease in irrigated 
acreage and a shift from lower- to higher-valued crops.

49

Because net reductions in the costs of water shortages depend 
on multiple institutional responses, it is difficult as yet to locate 
a best estimate of water transfers between zero and the upper 
bound. Water scarcity may also be a function of tradeoffs between 
economic returns from agricultural production and returns for 
selling off property or selling water to urban areas (for example, 
Imperial Valley transfers to San Diego).

Given the evidence base and remaining uncertainties, confidence 
is high in this key message. 

Key message #3 Traceable accounT 
Increased warming, drought, and insect out-

breaks, all caused by or linked to climate change, 
have increased wildfires and impacts to people and 
ecosystems in the Southwest. Fire models project 
more wildfire and increased risks to communities 
across extensive areas.

Description of evidence base
Increased warming and drought are extensively described in the 
foundational Technical Input Report (TIR).

103
 U.S. temperatures 

have increased and are expected to continue to rise (Ch. 2: Our 
Changing Climate, Key Message 3). There have been regional 
changes in droughts, and there are observed and projected 
changes in cold and heat waves and droughts (Ch. 2: Our 
Changing Climate, Key Message 7) for the nation. A study for the 
Southwest

17
 discusses trends and scenarios in both cold waves 

and heat waves. 

Analyses of weather station data from the Southwest have detected 
changes from 1950 to 2005 that favor wildfire, and statistical 
analyses have attributed the changes to anthropogenic climate 
change. The changes include increased temperatures,

3
 reduced 

snowpack,
27

 earlier spring warmth,
30

 and streamflow.
10

 These 
climate changes have increased background tree mortality rates 
from 1955 to 2007 in old-growth conifer forests in California, 
Colorado, Utah, and the northwestern states

7
 and caused extensive 

piñon pine mortality in Arizona, Colorado, New Mexico, and Utah 
between 1989 and 2003.

69

Climate factors contributed to increases in wildfire in the previous 
century. In mid-elevation conifer forests of the western United 
States, increases in spring and summer temperatures, earlier 
snowmelt, and longer summers increased fire frequency by 400% 
and burned area by 650% from 1970 to 2003.

8
 Multivariate 

analysis of wildfire across the western U.S. from 1916 to 2003 
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indicates that climate was the dominant factor controlling 
burned area, even during periods of human fire suppression.

65
 

Reconstruction of fires of the past 400 to 3000 years in the 
western U.S.

66
 and in Yosemite and Sequoia National Parks in 

California
67,68

 confirm that temperature and drought are the 
dominant factors explaining fire occurrence.

Four different fire models project increases in fire frequency 
across extensive areas of the Southwest in this century.

71,72,73,74
 

Multivariate statistical generalized additive models
64,72

 project 
extensive increases across the Southwest, but the models project 
decreases when assuming that climate alters patterns of net 
primary productivity. Logistic regressions

74
 project increases 

across most of California, except for some southern parts of the 
state, with average fire frequency increasing 37% to 74%. Linear 
regression models project up to a doubling of burned area in the 
southern Rockies by 2070 under emissions scenarios B1 or A2.

73
 

The MC1 dynamic global vegetation model projects increases 
in fire frequencies on 40% of the area of the Southwest from 
2000 to 2100 and decreases on 50% of the areas for emissions 
scenarios B1 and A2.

71

Excessive wildfire destroys homes, exposes slopes to erosion 
and landslides, and threatens public health, causing economic 
damage.

59,60
 Further impacts to communities and various 

economies (local, state, and national) have been projected.
74

New information and remaining uncertainties
Uncertainties in future projections derive from the inability of 
models to accurately simulate all past fire patterns, and from 
the different GCMs, emissions scenarios, and spatial resolutions 
used by different fire model projections. Fire projections depend 
highly on the spatial and temporal distributions of precipitation 
projections, which vary widely across GCMs. Although models 
generally project future increases in wildfire, uncertainty remains 
on the exact locations. Research groups continue to refine the fire 
models.

Assessment of confidence based on evidence
There is high confidence in this key message given the extensive 
evidence base and discussed uncertainties. 

Key message #4 Traceable accounT

Flooding and erosion in coastal areas are already 
occurring even at existing sea levels and damag-
ing some California coastal areas during storms 
and extreme high tides. Sea level rise is projected 
to increase as Earth continues to warm, resulting 
in major damage as wind-driven waves ride upon 
higher seas and reach farther inland. 

Description of evidence base
The key message and supporting text summarizes extensive 
evidence documented in the Technical Input Report.

103
 Several 

studies document potential coastal flooding, erosion, and wind-
driven wave damages in coastal areas of California due to sea level 
rise (for example, Bromirski et al. 2012; Heberger et al. 2011, and 
Revell et al. 2011

81,82
). Global sea level has risen, and further rise 

of 1 to 4 feet is projected by 2100 (Ch. 2: Our Changing Climate, 
Key Message 10). 

All of the scientific approaches to detecting sea level rise come to 
the conclusion that a warming planet will result in higher sea levels. 
In addition, numerous recent studies

78,80
 produce much higher sea 

level rise projections for the rest of this century as compared to 
the projections in the most recent report of the Intergovernmental 
Panel on Climate Change

83
 for the rest of this century. 

New information and remaining uncertainties
There is strong recent evidence from satellites such as GRACE

110
 

and from direct observations that glaciers and ice caps worldwide 
are losing mass relatively rapidly, contributing to the recent 
increase in the observed rate of sea level rise. 

Major uncertainties are associated with sea level rise projections, 
such as the behavior of ice sheets with global warming and the 
actual level of global warming that the Earth will experience in 
the future.

78,80
 Regional sea level rise projections are even more 

uncertain than the projections for global averages because local 
factors such as the steric component (changes in the volume of 
water with changes in temperature and salinity) of sea level rise 
at regional levels and the vertical movement of land have large 
uncertainties.

78
 However, it is virtually certain that sea levels will 

go up with a warming planet as demonstrated in the paleoclimatic 
record, modeling, and from basic physical arguments.

Assessment of confidence based on evidence
Given the evidence, especially since the last IPCC report,

83
 there 

is very high confidence the sea level will continue to rise and that 
this will entail major damage to coastal regions in the Southwest. 
There is also very high confidence that flooding and erosion in 
coastal areas are already occurring even at existing sea levels and 
damaging some areas of the California coast during storms and 
extreme high tides.   

Key message #5 Traceable accounT

Projected regional temperature increases, com-
bined with the way cities amplify heat, will pose 
increased threats and costs to public health in 
southwestern cities, which are home to more than 
90% of the region’s population. Disruptions to ur-
ban electricity and water supplies will exacerbate 
these health problems.

Description of evidence base
There is excellent agreement regarding the urban heat island 
effect and exacerbation of heat island temperatures by increases 
in regional temperatures caused by climate change. There is 
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abundant evidence of urban heat island effect for some Southwest 
cities (for example, Sheridan et al.

98
), as well as several studies, 

some from outside the region, of the public health threats of urban 
heat to residents (for example, Ch. 9: Human Health, Ostro et al. 
2009, 2001

99,100
). Evidence includes observed urban heat island 

studies and modeling of future climates, including some climate 
change modeling studies for individual urban areas (for example, 
Phoenix and Los Angeles). There is wide agreement in Southwest 
states that increasing temperatures combined with projected 
population growth will stress urban water supplies and require 
continued water conservation and investment in new water supply 
options. There is substantial agreement that disruption to urban 
electricity may cause cascading impacts, such as loss of water, 
and that projected diminished supplies will pose challenges for 
urban cooling (for example, the need for supplemental irrigation 
for vegetation-based cooling). However, there are no studies on 
urban power disruption induced by climate change.

With projected surface water losses, and increasing water demand 
due to increasing temperatures and population, water supply 
in Southwest cities will require greater conservation efforts 
and capital investment in new water supply sources.

92
 Several 

southwestern states, including California, New Mexico, and 
Colorado have begun to study climate impacts to water resources, 
including impacts in urban areas.

91
 

The interdependence of infrastructure systems is well established, 
especially the dependence of systems on electricity and 
communications and control infrastructures, and the potential 
cascading effects of breakdowns in infrastructure systems.

16
 

The concentration of infrastructures in urban areas adds to the 
vulnerability of urban populations to infrastructure breakdowns. 
This has been documented in descriptions for major power 
outages such as the Northeast power blackout of 2003, or the 
recent September 2011 San Diego blackout.

94

A few references point to the role of urban power outages in 
threatening public health due to loss of air conditioning

14
 and 

disruption to water supplies.
94

New information and remaining uncertainties
Key uncertainties include the intensity and spatial extent of 
drought and heat waves. Uncertainty is also associated with 
quantification of the impact of temperature and water availability 
on energy generation, transmission, distribution, and consumption 
– all of which have an impact on possible disruptions to urban 
electricity. Major disruptions are contingent on a lack of operator 
response and/or adaptive actions such as installation of adequate 
electricity-generating capacity to serve the expected enhanced 
peak electricity demand. Thus a further uncertainty is the extent 
to which adaptation actions are taken.

Assessment of confidence based on evidence
The urban heat island effect is well demonstrated and hence 
projected climate-induced increases to heat will increase exposure 
to heat-related illness. Electricity disruptions are a key uncertain 
factor, and potential reductions in water supply not only may 
reduce hydropower generation, but also availability of water for 
cooling of thermal power plants. 

Based on the substantial evidence and the remaining uncertainties, 
confidence in each aspect of the key message is high. 
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Key Messages
1. Changes in the timing of streamflow related to changing snowmelt are already observed and will 

continue, reducing the supply of water for many competing demands and causing far-reaching 
ecological and socioeconomic consequences.

2. In the coastal zone, the effects of sea level rise, erosion, inundation, threats to infrastructure and 
habitat, and increasing ocean acidity collectively pose a major threat to the region.

3. The combined impacts of increasing wildfire, insect outbreaks, and tree diseases are already 
causing widespread tree die-off and are virtually certain to cause additional forest mortality by 
the 2040s and long-term transformation of forest landscapes. Under higher emissions scenarios, 
extensive conversion of subalpine forests to other forest types is projected by the 2080s.

4. While the agriculture sector’s technical ability to adapt to changing conditions can offset some 
adverse impacts of a changing climate, there remain critical concerns for agriculture with respect 
to costs of adaptation, development of more climate resilient technologies and management, and 
availability and timing of water.

With craggy shorelines, volcanic mountains, and high sage 
deserts, the Northwest’s complex and varied topography 
contributes to the region’s rich climatic, geographic, social, 
and ecologic diversity. Abundant natural resources – timber, 
fisheries, productive soils, and plentiful water – remain 
important to the region’s economy.

Snow accumulates in mountains, melting in spring to power 
both the region’s rivers and economy, creating enough 
hydropower (40% of national total)1 to export 2 to 6 million 
megawatt hours per month.2 Snowmelt waters crops in the 
dry interior, helping the region produce tree fruit (number 
one in the world) and almost $17 billion worth of agricultural 
commodities, including 55% of potato, 15% of wheat, and 11% 
of milk production in the United States.3

Seasonal water patterns shape the life cycles of the region’s 
flora and fauna, including iconic salmon and steelhead, and 
forested ecosystems, which cover 47% of the landscape.4 
Along more than 4,400 miles of coastline, regional economic 
centers are juxtaposed with diverse habitats and ecosystems 
that support thousands of species of fish and wildlife, including 
commercial fish and shellfish resources valued at $480 million 
in 2011.5

Adding to the influence of climate, human activities have 
altered natural habitats, threatened species, and extracted so 
much water that there are already conflicts among multiple 

users in dry years. More recently, efforts have multiplied to 
balance environmental restoration and economic growth while 
evaluating climate risks. As conflicts and tradeoffs increase, 
the region’s population continues to grow, and the regional 
consequences of climate change continue to unfold. The need 
to seek solutions to these conflicts is becoming increasingly 
urgent.

The Northwest’s economy, infrastructure, natural systems, 
public health, and vitally important agriculture sector all face 
important climate change related risks. Those risks – and 
possible adaptive responses – will vary significantly across the 
region.6 Impacts on infrastructure, natural systems, human 
health, and economic sectors, combined with issues of social 
and ecological vulnerability, will play out quite differently in 
largely natural areas, like the Cascade Range or Crater Lake 
National Park, than in urban areas like Seattle and Portland 
(Ch. 11: Urban),7 or among the region’s many Native American 
tribes, like the Umatilla or the Quinault (Ch. 12: Indigenous 
Peoples).8 

As climatic conditions diverge from those that determined 
patterns of development and resource use in the last century, 
and as demographic, economic, and technological changes 
also stress local systems, efforts to cope with climate change 
would benefit from an evolving, iterative risk management 
approach.9
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Observed Climate Change
Temperatures increased across the region from 1895 to 2011, 
with a regionally averaged warming of about 1.3°F.10 While 
precipitation has generally increased, trends are small as 
compared to natural variability. Both increasing and decreasing 
trends are observed among various locations, seasons, and 
time periods of analysis (Ch. 2: Our Changing Climate, Figure 
2.12). Studies of observed changes in extreme precipitation 
use different time periods and definitions of “extreme,” but 

none find statistically significant changes in the Northwest.11 
These and other climate trends include contributions from 
both human influences (chiefly heat-trapping gas emissions) 
and natural climate variability, and consequently are not 
projected to be uniform or smooth across the country or over 
time (Ch. 2: Our Changing Climate, Key Message 3). They are 
also consistent with expected changes due to human activities 
(Ch. 2: Our Changing Climate, Key Message 1).

Projected Climate Change
An increase in average annual temperature of 3.3°F to 9.7°F 
is projected by 2070 to 2099 (compared to the period 1970 
to 1999), depending largely on total global emissions of heat-
trapping gases. The increases are projected to be largest in 
summer. This chapter examines a range of scenarios, including 
ones where emissions increase and then decline, leading to 
lower (B1 and RCP 4.5) and medium (A1B) total emissions, 
and scenarios where emissions continue to rise with higher 
totals (A2, A1FI, and RCP 8.5 scenarios). Change in annual 
average precipitation in the Northwest is projected to be 
within a range of an 11% decrease to a 12% increase for 2030 
to 2059 and a 10% decrease to an 18% increase for 2070 to 
209912 for the B1, A1B, and A2 scenarios (Ch. 2: Our Changing 
Climate). For every season, some models project decreases 
and some project increases (Ch. 2: Our Changing Climate, 
Key Message 5),10,12 yet one aspect of seasonal changes in 
precipitation is largely consistent across climate models: for 
scenarios of continued growth in global heat-trapping gas 

emissions, summer precipitation is projected to decrease by 
as much as 30% by the end of the century (Ch. 2: Our Changing 
Climate).10,12 Northwest summers are already dry and although 
a 10% reduction (the average projected change for summer) is 
a small amount of precipitation, unusually dry summers have 
many noticeable consequences, including low streamflow west 
of the Cascades13 and greater extent of wildfires throughout 
the region.14 Note that while projected temperature increases 
are large relative to natural variability, the relatively small 
projected changes in precipitation are likely to be masked by 
natural variability for much of the century.15

Ongoing research on the implications of these and other 
changes largely confirms projections and analyses made over 
the last decade, while providing more information about how 
climate impacts are likely to vary from place to place within 
the region. In addition, new areas of concern, such as ocean 
acidification, have arisen.

Key Message 1: Water-related Challenges

Changes in the timing of streamflow related to changing snowmelt have been observed and 
will continue, reducing the supply of water for many competing demands and causing far-

reaching ecological and socioeconomic consequences.

Description of Observed and Projected Changes
Observed regional warming has been linked to changes in the 
timing and amount of water availability in basins with significant 
snowmelt contributions to streamflow. Since around 1950, 
area-averaged snowpack on April 1 in the Cascade Mountains 
decreased about 20%,16 spring snowmelt occurred 0 to 30 
days earlier depending on location,17 late winter/early spring 
streamflow increases ranged from 0% to greater than 20% as a 
fraction of annual flow,18,19 and summer flow decreased 0% to 
15% as a fraction of annual flow,17 with exceptions in smaller 
areas and shorter time periods.20

Hydrologic response to climate change will depend upon the 
dominant form of precipitation in a particular watershed, as 
well as other local characteristics including elevation, aspect, 
geology, vegetation, and changing land use.22 The largest re-
sponses are expected to occur in basins with significant snow 
accumulation, where warming increases winter flows and ad-
vances the timing of spring melt.18,23 By 2050, snowmelt is pro-
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jected to shift three to four weeks earlier than 
the 20th century average, and summer flows 
are projected to be substantially lower, even 
for an emissions scenario that assumes sub-
stantial emissions reductions (B1).24 In some 
North Cascade rivers, a significant fraction 
(10% to 30%) of late summer flow originates 
as glacier melt;25 the consequences of eventual 
glacial disappearance are not well quantified. 
Basins with a significant groundwater compo-
nent may be less responsive to climate change 
than indicated here.26

Changes in river-related flood risk depends 
on many factors, but warming is projected to 
increase flood risk the most in mixed basins 
(those with both winter rainfall and late spring 
snowmelt-related runoff peaks) and remain 
largely unchanged in snow-dominant basins.27 
Regional climate models project increases 
of 0% to 20% in extreme daily precipitation, 
depending on location and definition of 
“extreme” (for example, annual wettest day). 

Figure 21.1. Reduced June flows in many Northwest snow-fed rivers is a 
signature of warming in basins that have a significant snowmelt contribution. 
The fraction of annual flow occurring in June increased slightly in rain-dominated 
coastal basins and decreased in mixed rain-snow basins and snowmelt-
dominated basins over the period 1948 to 2008.21 The high flow period is in June 
for most Northwest river basins; decreases in summer flows can make it more 
difficult to meet a variety of competing human and natural demands for water. 
(Figure source: adapted from Fritze et al. 201121).

Observed Shifts in Streamflow Timing

Figure 21.2. (Left) Projected increased winter flows and decreased summer flows in many Northwest rivers will cause widespread 
impacts. Mixed rain-snow watersheds, such as the Yakima River basin, an important agricultural area in eastern Washington, will see 
increased winter flows, earlier spring peak flows, and decreased summer flows in a warming climate. Changes in average monthly 
streamflow by the 2020s, 2040s, and 2080s (as compared to the period 1916 to 2006) indicate that the Yakima River basin could 
change from a snow-dominant to a rain-dominant basin by the 2080s under the A1B emissions scenario (with eventual reductions 
from current rising emissions trends). (Figure source: adapted from Elsner et al. 2010)24. 

(Right) Natural surface water availability during the already dry late summer period is projected to decrease across most of the 
Northwest. The map shows projected changes in local runoff (shading) and streamflow (colored circles) for the 2040s (compared 
to the period 1915 to 2006) under the same scenario as the left figure (A1B).29 Streamflow reductions such as these would stress 
freshwater fish species (for instance, endangered salmon and bull trout) and necessitate increasing tradeoffs among conflicting 
uses of summer water. Watersheds with significant groundwater contributions to summer streamflow may be less responsive to 
climate change than indicated here.26 

Future Shift in Timing of Stream Flows Reduced Summer Flows
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Averaged over the region, the number of days with more 
than one inch of precipitation is projected to increase 13% in 
2041 to 2070 compared with 1971 to 2000 under a scenario 
that assumes a continuation of current rising emissions trends 
(A2),10 though these projections are not consistent across 
models.28 This increase in heavy downpours could increase 
flood risk in mixed rain-snow and rain-dominant basins, and 
could also increase stormwater management challenges in 
urban areas. 

Consequences and Likelihoods of Changes
Reservoir systems have multiple objectives, including irrigation, 
municipal and industrial use, hydropower production, flood 
control, and preservation of habitat for aquatic species. 
Modeling studies indicate, with near 100% likelihood and for 
all emissions scenarios, that reductions in summer flow will 
occur by 2050 in basins with significant snowmelt (for example, 
Elsner et al. 201024). These reduced flows will require more 
tradeoffs among objectives of the whole system of reservoirs,30 
especially with the added challenges of summer increases 
in electric power demand for cooling31 and additional water 
consumption by crops and forests.10,32 For example, reductions 
in hydropower production of as much as 20% by the 2080s 
could be required to preserve in-stream flow targets for fish 
in the Columbia River basin.33 Springtime irrigation diversions 
increased between 1970 and 2007 in the Snake River basin, as 
earlier snowmelt led to reduced spring soil moisture.34 In the 
absence of human adaptation, annual hydropower production 
is much more likely to decrease than to increase in the Columbia 
River basin; economic impacts of hydropower changes could 
be hundreds of millions of dollars per year.35

Region-wide summer temperature increases and, in certain 
basins, increased river flooding and winter flows and 

decreased summer flows, will threaten many freshwater 
species, particularly salmon, steelhead, and trout.27 Rising 
temperatures will increase disease and/or mortality in several 
iconic salmon species, especially for spring/summer Chinook 
and sockeye in the interior Columbia and Snake River basins.36 
Some Northwest streams30 and lakes have already warmed 
over the past three decades, contributing to changes such as 
earlier Columbia River sockeye salmon migration37 and earlier 
blooms of algae in Lake Washington.38 Relative to the rest of 
the United States, Northwest streams dominated by snowmelt 
runoff appear to be less sensitive, in the short term, to warming 
due to the temperature buffering provided by snowmelt and 
groundwater contributions to those streams.39 However, as 
snowpack declines, the future sensitivity to warming is likely to 
increase in these areas.40 By the 2080s, suitable habitat for the 
four trout species of the interior western U.S. is projected to 
decline 47% on average, compared to the period 1978-1997.41 
As species respond to climate change in diverse ways, there is 
potential for ecological mismatches to occur – such as in the 
timing of the emergence of predators and their prey.38

Adaptive Capacity and Implications for Vulnerability 
The ability to adapt to climate changes is strengthened 
by extensive water resources infrastructure, diversity of 
institutional arrangements,42 and management agencies that 
are responsive to scientific input. However, over-allocation 
of existing water supply, conflicting objectives, limited 
management flexibility caused by rigid water allocation and 

operating rules, and other institutional barriers to changing 
operations continue to limit progress towards adaptation in 
many parts of the Columbia River basin.43,44 Vulnerability to 
projected changes in snowmelt timing is probably highest in 
basins with the largest hydrologic response to warming and 
lowest management flexibility – that is, fully allocated, mid-
elevation, temperature-sensitive, mixed rain-snow watersheds 
with existing conflicts among users of summer water. Regional 
power planners have expressed concerns over the existing 
hydroelectric system’s potential inability to provide adequate 
summer electricity given the combination of climate change, 
demand growth, and operating constraints.1 Vulnerability 
is probably lowest where hydrologic change is likely to be 
smallest (in rain-dominant basins) and where institutional 
arrangements are simple and current natural and human 
demands rarely exceed current water availability.43,45,46

The adaptive capacity of freshwater ecosystems also varies 
and, in managed basins, will depend on the degree to which 
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the need to maintain streamflows and water quality for fish 
and wildlife is balanced with human uses of water resources. 
In highly managed rivers, release of deeper, colder water 
from reservoirs could offer one of the few direct strategies to 

lower water temperatures downstream.47 Actions to improve 
stream habitat, including planting trees for shade, are being 
tested. Some species may be able to change behavior or take 
advantage of cold-water refuges.48

Key Message 2: Coastal Vulnerabilities

In the coastal zone, the effects of sea level rise, erosion, inundation, threats to infrastructure 
and habitat, and increasing ocean acidity collectively pose a major threat to the region.

With diverse landforms (such as beaches, rocky shorelines, 
bluffs, and estuaries), coastal and marine ecosystems, and 
human uses (such as rural communities, dense urban areas, 
international ports, and transportation), the Northwest coast 
will experience a wide range of climate impacts.

Description of Observed and Projected Changes
Global sea levels have risen about 8 inches since 1880 and 
are projected to rise another 1 to 4 feet by 2100 (Ch. 2: 
Our Changing Climate, Key Message 10). Many local and 
regional factors can modify the global trend, including 
vertical land movement, oceanic winds and circulation, 
sediment compaction, subterranean fluid withdrawal (such as 
groundwater and natural gas), and other geophysical factors 
such as the gravitational effects of major ice sheets and glaciers 
on regional ocean levels.

Much of the Northwest coastline is rising due to a geophysical 
force known as “tectonic uplift,” which raises the land surface. 
Because of this, apparent sea level rise is less than the currently 
observed global average. However, a major earthquake along 
the Cascadia subduction zone, expected within the next few 
hundred years, would immediately reverse centuries of uplift 
and, based on historical evidence, increase relative sea level 
40 inches or more.49,50 On the other hand, some Puget Sound 

locations are currently experiencing subsidence (where land is 
sinking or settling) and could see the reverse effect, witnessing 
immediate uplift during a major earthquake and lowered 
relative sea levels.51,52 

Taking into account many of these factors and considering 
a wider range of emissions scenarios than are used in this 
assessment (Appendix 5: Scenarios and Models), a recent 

Figure 21.3. Projected relative sea level rise for the 
latitude of Newport, Oregon (relative to the year 2000) 
is based on a broader suite of emissions scenarios 
(ranging from B1 to A1FI) and a more detailed and 
regionally-focused calculation than those generally 
used in this assessment (see Ch. 2: Our Changing 
Climate).50 The blue area shows the range of relative 
sea level rise, and the black line shows the projection, 
which incorporates global and regional effects of 
warming oceans, melting land ice, and vertical land 
movements.50 Given the difficulty of assigning likelihood 
to any one possible trajectory of sea level rise at this 
time, a reasonable risk assessment would consider 
multiple scenarios within the full range of possible 
outcomes shown, in conjunction with long- and short-
term compounding effects, such as El Niño-related 
variability and storm surge. (Data from NRC 201250).

Projected Relative Sea Level Rise for the Latitude of Newport, Oregon
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evaluation calculated projected sea level rise and ranges for 
the years 2030, 2050, and 2100 (relative to 2000) based on 
latitude for Washington, Oregon, and California (see Figure 
21.3).50 In addition to long-term climate-driven changes in 
sea level projected for the Northwest, shorter-term El Niño 
conditions can increase regional sea level by about 4 to 12 
inches for periods of many months.50,53 

Northwest coastal waters, some of the most productive on the 
West Coast,54 have highly variable physical and ecological con-
ditions as a result of seasonal and year-to-year changes in up-
welling of deeper marine water that make longer-term changes 
difficult to detect. Coastal sea surface temperatures have in-
creased55 and summertime fog has declined between 1900 
and the early 2000s, both of which could be consequences of 
weaker upwelling winds.56 Projected changes include increas-
ing but highly variable acidity,57,58,59 increasing surface water 
temperature (2.2°F from the period 1970 to 1999 to the period 
2030 to 2059),60 and possibly changing storminess.61 Climate 
models show inconsistent projections for the future of North-
west coastal upwelling.12,62 

Consequences and Likelihoods of Changes
In Washington and Oregon, more than 140,000 acres of 
coastal lands lie within 3.3 feet in elevation of high tide.63 As 
sea levels continue to rise, these areas will be inundated more 
frequently. Many coastal wetlands, tidal flats, and beaches will 
probably decline in quality and extent as a result of sea level 
rise, particularly where habitats cannot shift inland because 
of topographical limitations or physical barriers resulting from 
human development. Species such as shorebirds and forage 
fish (small fish eaten by larger fish, birds, or mammals) would 
be harmed, and coastal infrastructure and communities would 
be at greater risk from coastal storms.64

Ocean acidification threatens culturally and commercially 
significant marine species directly affected by changes in ocean 
chemistry (such as oysters) and those affected by changes in 
the marine food web (such as Pacific salmon65). Northwest 
coastal waters are among the most acidified worldwide, 
especially in spring and summer with coastal upwelling58,59,66 
combined with local factors in estuaries.57,58

Increasing coastal water temperatures and changing ecological 
conditions may alter the ranges, types, and abundances of 
marine species.67,68 Recent warm periods in the coastal ocean, 
for example, saw the arrival of subtropical and offshore marine 
species from zooplankton to top predators such as striped 
marlin, tuna, and yellowtail more common to the Baja area.69 
Warmer water in regional estuaries (such as Puget Sound) 
may contribute to a higher incidence of harmful blooms of 
algae linked to paralytic shellfish poisoning,70 and may result 
in adverse economic impacts from beach closures affecting 
recreational harvesting of shellfish such as razor clams.71 
Toxicity of some harmful algae appears to be increased by 
acidification.72

Many human uses of the coast – for living, working, and 
recreating – will also be negatively affected by the physical 
and ecological consequences of climate change. Erosion, 
inundation, and flooding will threaten public and private 
property along the coast; infrastructure, including wastewater 
treatment plants;7,73 stormwater outfalls;74,75 ferry terminals;76 
and coastal road and rail transportation, especially in 
Puget Sound.77 Municipalities from Seattle74 and Olympia,75 
Washington, to Neskowin, Oregon, have mapped risks from 
the combined effects of sea level rise and other factors.

Figure 21.4. Areas of Seattle projected by Seattle Public 
Utilities to be below sea level during high tide (Mean Higher 
High Water) and therefore at risk of flooding or inundation 
are shaded in blue under three levels of sea level rise,78 
assuming no adaptation. (High [50 inches] and medium 
[13 inches] levels are within the range projected for the 
Northwest by 2100; the highest level [88 inches] includes the 
compounding effect of storm surge, derived from the highest 
observed historical tide in Seattle79). Unconnected inland 
areas shown to be below sea level may not be inundated, but 
could experience problems due to areas of standing water 
caused by a rise in the water table and drainage pipes backed 
up with seawater. (Figure source: Seattle Public Utilities80).

Rising Sea Levels
and Changing Flood Risks in Seattle



494 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

21: NORTHWEST

Adaptive Capacity and Implications for Vulnerability
Human activities have increased the vulnerability of many 
coastal ecosystems, by degrading and eliminating habitat81 and 
by building structures that, along with natural bluffs, thwart 
inland movement of many remaining habitats. In Puget Sound, 
for example, seawalls, bulkheads, and other structures have 
modified an estimated one-third of the shoreline,82 though 
some restoration has occurred. Human responses to erosion 
and sea level rise, especially shoreline armoring, will largely 

determine the viability of many shallow-water and estuarine 
ecosystems.68,82,83 In communities with few alternatives to 
existing coastal transportation networks, such as on parts of 
Highway 101 in Oregon, sea level rise and storm surges will 
pose an increasing threat to local commerce and livelihoods. 
Finally, there are few proven options for ameliorating projected 
ocean acidification.84 

Key Message 3: Impacts on Forests

The combined impacts of increasing wildfire, insect outbreaks, and tree diseases are 
 already causing widespread tree die-off and are virtually certain to cause additional  

forest mortality by the 2040s and long-term transformation of forest landscapes. Under  
higher emissions scenarios, extensive conversion of subalpine forests to other  

forest types is projected by the 2080s.

Evergreen coniferous forests are a prominent feature of 
Northwest landscapes, particularly in mountainous areas. 
Forests support diverse fish and wildlife species, promote 

clean air and water, stabilize soils, and store carbon. They 
support local economies and traditional tribal uses and provide 
recreational opportunities. 

Figure 21.5. In Washington’s Nisqually River Delta, estuary restoration on a large scale to assist salmon 
and wildlife recovery provides an example of adaptation to climate change and sea level rise. After a century 
of isolation behind dikes (left), much of the Nisqually National Wildlife Refuge was reconnected with tidal 
flow in 2009 by removal of a major dike and restoration of 762 acres (right), with the assistance of Ducks 
Unlimited and the Nisqually Indian Tribe. This reconnected more than 21 miles of historical tidal channels and 
floodplains with Puget Sound.85 A new exterior dike was constructed to protect freshwater wetland habitat for 
migratory birds from tidal inundation and future sea level rise. Combined with expansion of the authorized 
Refuge boundary, ongoing acquisition efforts to expand the Refuge will enhance the ability to provide diverse 
estuary and freshwater habitats despite rising sea level, increasing river floods, and loss of estuarine habitat 
elsewhere in Puget Sound. This project is considered a major step in increasing estuary habitat and recovering 
the greater Puget Sound estuary. (Photo credits: (left) Jesse Barham, U.S. Fish and Wildlife Service; (right) 
Jean Takekawa, U.S. Fish and Wildlife Service). 

Adapting the Nisqually River Delta to Sea Level Rise



495 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

21: NORTHWEST

Description of Observed and Projected Changes
Climate change will alter Northwest forests by increasing 
wildfire risk and insect and tree disease outbreaks, and 
by forcing longer-term shifts in forest types and species 
(see Ch 7: Forests). Many impacts will be driven by 
water deficits, which increase tree stress and mortality, 
tree vulnerability to insects, and fuel flammability. 
The cumulative effects of disturbance – and possibly 
interactions between insects and fires – will cause the 
greatest changes in Northwest forests.86,87 A similar 
outlook is expected for the Southwest region (see Ch. 
20: Southwest, Key Message 3). 

Although wildfires are a natural part of most Northwest 
forest ecosystems, warmer and drier conditions have 
helped increase the number and extent of wildfires in 
western U.S. forests since the 1970s.14,87,88,89 This trend 
is expected to continue under future climate conditions. 
By the 2080s, the median annual area burned in the 
Northwest would quadruple relative to the 1916 to 
2007 period to 2 million acres (range of 0.2 to 9.8 million 
acres) under the A1B scenario. Averaged over the region, 
this would increase the probability that 2.2 million acres 
would burn in a year from 5% to nearly 50%.14 Within 
the region, this probability will vary substantially with 
sensitivity of fuels to climatic conditions and local variability 
in fuel type and amount, which are in turn a product of forest 
type, effectiveness of fire suppression, and land use. For 
example, in the Western Cascades, the year-to-year variability 
in area burned is difficult to attribute to climate conditions, 
while fire in the eastern Cascades and other specific vegetation 
zones is responsive to climate.14 How individual fires behave in 
the future and what impacts they have will depend on factors 
we cannot yet project, such as extreme daily weather and 
forest fuel conditions.

Higher temperatures and drought stress are contributing to 
outbreaks of mountain pine beetles that are increasing pine 
mortality in drier Northwest forests.90,91 This trend is projected 
to continue with ongoing warming.14,92,93,94 Between now and 
the end of this century, the elevation of suitable beetle habitat 

is projected to increase as temperature increases, exposing 
higher-elevation forests to the pine beetle, but ultimately 
limiting available area as temperatures exceed the beetles’ 
optimal temperatures.14,92,93 As a result, the proportion of 
Northwest pine forests where mountain pine beetles are most 
likely to survive is projected to first increase (27% higher in 
2001 to 2030 compared to 1961 to 1990) and then decrease 
(about 49% to 58% lower by 2071 to 2100).92 For many tree 
species, the most climatically suited areas will shift from their 
current locations, increasing vulnerability to insects, disease, 
and fire in areas that become unsuitable. Eighty-five percent of 
the current range of three species that are host to pine beetles 
is projected to be climatically unsuitable for one or more of 
those species by the 2060s,14,95 while 21 to 38 currently existing 
plant species may no longer find climatically appropriate 
habitat in the Northwest by late this century.96

Consequences and Likelihoods of Changes
The likelihood of increased disturbance (fire, insects, diseases, 
and other sources of mortality) and altered forest distribution 
are very high in areas dominated by natural vegetation, and 
the resultant changes in habitat would affect native species 
and ecosystems. Subalpine forests and alpine ecosystems are 
especially at risk and may undergo almost complete conversion 
to other vegetation types by the 2080s (A2 and B1;104 A2;105 
Ensemble A2, B1, B2;106). While increased area burned can 
be statistically estimated from climate projections, changes 
in the risk of very large, high-intensity, stand-replacing fires 

cannot yet be predicted, but such events could have enormous 
impacts for forest-dependent species.88 Increased wildfire 
could exacerbate respiratory and cardiovascular illnesses in 
nearby populations due to smoke and particulate pollution 
(Ch. 9: Human Health).107,108 

These projected forest changes will have moderate economic 
impacts for the region as a whole, but could significantly affect 
local timber revenues and bioenergy markets.109

Figure 21.6. Forest mortality due to fire and insect activity is already 
evident in the Northwest. Continued changes in climate in coming 
decades are expected to increase these effects. Trees killed by a 
fire (left side of watershed) and trees killed by mountain pine beetle 
and spruce beetle infestations (orange and gray patches, right 
side of watershed) in subalpine forest in the Pasayten Wilderness, 
Okanogan Wenatchee National Forest, Washington, illustrates how 
cumulative disturbances can affect forests. (Photo credit: Jeremy 
Littell, USGS).

Forest Mortality 
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Adaptive Capacity and Implications for Vulnerability
Ability to prepare for these changes varies with land ownership 
and management priorities. Adaptation actions that decrease 
forest vulnerability exist, but none is appropriate across all of 
the Northwest’s diverse climate threats, land-use histories, 
and management objectives.86,110 Surface and canopy thinning 
can reduce the occurrence and effects of high severity fire in 

currently low severity fire systems, like drier eastern Cascades 
forests,111 but may be ineffective in historically high-severity-
fire forests, like the western Cascades, Olympics, and some 
subalpine forests. It is possible to use thinning to reduce tree 
mortality from insect outbreaks,86,112 but not on the scale of 
the current outbreaks in much of the West.

Key Message 4: Adapting Agriculture

While the agriculture sector’s technical ability to adapt to changing conditions can offset 
some adverse impacts of a changing climate, there remain critical concerns for agriculture 

with respect to costs of adaptation, development of more climate resilient technologies  
and management, and availability and timing of water.

Agriculture provides the economic and cultural foundation 
for Northwest rural populations and contributes substantively 
to the overall economy. Agricultural commodities and food 

production systems contributed 3% and 11% of the region’s 
gross domestic product, respectively, in 2009.113 Although the 
overall consequences of climate change will probably be lower 

Figure 21.7. 
(Top) Insects and fire have cumulatively 
affected large areas of the Northwest and 
are projected to be the dominant drivers 
of forest change in the near future. Map 
shows areas recently burned (1984 
to 2008)97,98 or affected by insects or 
disease (1997 to 2008).99 

(Middle) Map indicates the increases in 
area burned that would result from the 
regional temperature and precipitation 
changes associated with a 2.2°F global 
warming100 across areas that share broad 
climatic and vegetation characteristics.101 
Local impacts will vary greatly within 
these broad areas with sensitivity of fuels 
to climate.14 

(Bottom) Projected changes in the 
probability of climatic suitability for 
mountain pine beetles for the period 
2001 to 2030 (relative to 1961 to 1990), 
where brown indicates areas where pine 
beetles are projected to increase in the 
future and green indicates areas where 
pine beetles are expected to decrease 
in the future. Changes in probability of 
survival are based on climate-dependent 
factors important in beetle population 
success, including cold tolerance,102 
spring precipitation,103 and seasonal heat 
accumulation.91,92

Insects and Fire in Northwest Forests
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in the Northwest than in certain other regions, sustainability 
of some Northwest agricultural sectors is threatened by soil 

erosion114 and water supply uncertainty, both of which could 
be exacerbated by climate change.

Description of Observed and Projected Changes
Northwest agriculture’s sensitivity to climate change stems 
from its dependence on irrigation water, a specific range 
of temperatures, precipitation, and growing seasons, and 
the sensitivity of crops to temperature extremes. Projected 
warming will reduce the availability of irrigation water in 
snowmelt-fed basins and increase the probability of heat 
stress to field crops and tree fruit. Some crops will benefit 
from a longer growing season115 and/or higher atmospheric 
carbon dioxide, at least for a few decades.115,116 Longer-term 
consequences are less certain. Changes in plant diseases, 

pests, and weeds present additional potential risks. Higher 
average temperatures generally can exacerbate pest pressure 
through expanded geographic ranges, earlier emergence 
or arrival, and increased numbers of pest generations (for 
example, Ch. 6: Agriculture).117 Specifics differ among pathogen 
and pest species and depend upon multiple interactions (Ch. 
6: Agriculture)118 preventing region-wide generalizations. 
Research is needed to project changes in vulnerabilities to pest, 
disease, and weed complexes for specific cropping systems in 
the Northwest.

Consequences of Changes
Because much of the Northwest has low annual precipitation, 
many crops require irrigation. Reduction in summer flows in 
snow-fed rivers (see Figure 21.2), coupled with warming that 
could increase agricultural and other demands, potentially 
produces irrigation water shortages.108 The risk of a water-
short year – when Yakima basin junior water rights holders are 
allowed only 75% of their water right amount – is projected 
to increase from 14% in the late 20th century to 32% by 2020 
and 77% by 2080, assuming no adaptation and under the A1B 
scenario.46

Assuming adequate nutrients and excluding effects of 
pests, weeds, and diseases, projected increases in average 
temperature and hot weather episodes and decreases in 
summer soil moisture would reduce yields of spring and winter 
wheat in rain-fed production zones of Washington State by 
the end of this century by as much as 25% relative to 1975 
to 2005. However, carbon dioxide fertilization should offset 
these effects, producing net yield increases as great as 33% 
by 2080.115 Similarly, for irrigated potatoes in Washington 
State, carbon dioxide fertilization is projected to mostly offset 
direct climate change related yield losses, although yields are 

still projected to decline by 2% to 3% under the A1B emissions 
scenario.115 Higher temperatures could also reduce potato 
tuber quality.119

Irrigated apple production is projected to increase in 
Washington State by 6% in the 2020s, 9% in the 2040s, and 
16% in the 2080s (relative to 1975 to 2005) when offsetting 
effects of carbon dioxide fertilization are included.115 However, 
because tree fruit requires chilling to ensure uniform flowering 
and fruit set and wine grape varieties have specific chilling 
requirements for maturation,120 warming could adversely 
affect currently grown varieties of these commodities. Most 
published projections of climate change impacts on Northwest 
agriculture are limited to Washington State and have focused 
on major commodities, although more than 300 crops are 
grown in the region. More studies are needed to identify the 
implications of climate change for additional cropping systems 
and locations within the region. The economic consequences 
for Northwest agriculture will be influenced by input and 
output prices driven by global economic conditions as well as 
by regional and local changes in productivity.

Adaptive Capacity and Implications for Vulnerability
Of the four areas of concern discussed here, agriculture is 
perhaps best positioned to adapt to climate trends without 
explicit planning and policy, because it already responds to 
annual climate variations and exploits a wide range of existing 
climates across the landscape.121 Some projected changes 
in climate, including warmer winters, longer annual frost-
free periods, and relatively unchanged or increased winter 
precipitation, could be beneficial to some agriculture systems. 
Nonetheless, rapid climate change could present difficulties. 

Adaptation could occur slowly if substantial investments or 
significant changes in farm operations and equipment are 
required. Shifts to new varieties of wine grapes and tree 
fruit, if indicated, and even if ultimately more profitable, are 
necessarily slow and expensive. Breeding for drought- and 
heat-resistance requires long-term effort. Irrigation water 
shortages that necessitate shifts away from more profitable 
commodities could exact economic penalties.108
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21: NORTHWEST

Process for Developing Key Messages
The authors and several dozen collaborators undertook a risk 
evaluation of the impacts of climate change in the Northwest that 
informed the development of the four key messages in this chap-
ter (see also Ch. 26: Decision Support). This process considered 
the combination of impact likelihood and the consequences for 
the region’s economy, infrastructure, natural systems, human 
health, and the economically-important and climate sensitive re-
gional agriculture sector (see Dalton et al. 2013

6
 for details). The 

qualitative comparative risk assessment underlying the key mes-
sages in the Northwest chapter was informed by the Northwest 
Regional Climate Risk Framing workshop (December 2, 2011, in 
Portland, OR). The workshop brought together stakeholders and 
scientists from a cross-section of sectors and jurisdictions within 
the region to discuss and rank the likelihood and consequences for 
key climate risks facing the Northwest region and previously iden-
tified in the Oregon Climate Change Adaptation Framework.

122
 The 

approach consisted of an initial qualitative likelihood assessment 
based on expert judgment and consequence ratings based on the 
conclusions of a group of experts and assessed for four categories: 
human health, economy, infrastructure, and natural systems.

123

This initial risk exercise was continued by the lead author team of 
the Northwest chapter, resulting in several white papers that were 
1) condensed and synthesized into the Northwest chapter, and 2) 
expanded into a book-length report on Northwest impacts.

6
 The 

NCA Northwest chapter author team engaged in multiple techni-
cal discussions via regular teleconferences and two all-day meet-
ings. These included careful review of the foundational technical 
input report

123
 and approximately 80 additional technical inputs 

provided to the NCA by the public, as well additional published 
literature. They also drew heavily from two state climate assess-
ment reports.

124

The author team identified potential regional impacts by 1) work-
ing forward from drivers of regional climate impacts (for example, 
changes in temperature, precipitation, sea level, ocean chemis-
try, and storms), and 2) working backward from affected regional 
sectors (for example, agriculture, natural systems, and energy). 
The team identified and ranked the relative consequences of each 
impact for the region’s economy, infrastructure, natural systems, 
and the health of Northwest residents. The likelihood of each 

impact was also qualitatively ranked, allowing identification of 
the impacts posing the highest risk, that is, likelihood × conse-
quence, to the region as a whole. The key regionally consequential 
risks thus identified are those deriving from projected changes 
in streamflow timing (in particular, warming-related impacts in 
watersheds where snowmelt is an important contributor to flow); 
coastal consequences of the combined impact of sea level rise 
and other climate-related drivers; and changes in Northwest for-
est ecosystems. The Northwest chapter therefore focuses on the 
implications of these risks for Northwest water resources, key 
aquatic species, coastal systems, and forest ecosystems, as well 
as climate impacts on the regionally important, climate-sensitive 
agricultural sector.

Each author produced a white paper synthesizing the findings in 
his/her sectoral area, and a number of key messages pertaining 
to climate impacts in that area. These syntheses were followed by 
expert deliberation of draft key messages by the authors wherein 
each key message was defended before the entire author team 
before this key message was selected for inclusion in the report. 
These discussions were supported by targeted consultation with 
additional experts by the lead author of each message, and they 
were based on criteria that help define “key vulnerabilities,” in-
cluding likelihood of climate change and relative magnitude of its 
consequences for the region as a whole, including consequences 
for the region’s economy, human health, ecosystems, and infra-
structure.

123

Though the risks evaluated were aggregated over the whole region, 
it was recognized that impacts, risks, and appropriate adaptive 
responses vary significantly in local settings. For all sectors, the 
focus on risks of importance to the region’s overall economy, ecol-
ogy, built environment, and health is complemented, where space 
allows, by discussion of the local specificity of climate impacts, 
vulnerabilities and adaptive responses that results from the het-
erogeneity of Northwest physical conditions, ecosystems, human 
institutions and patterns of resource use. 

Key message #1 Traceable accounT

Changes in the timing of streamflow related to 
changing snowmelt are already observed and will 
continue, reducing the supply of water for many 

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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competing demands and causing far-reaching 
ecological and socioeconomic consequences.

Description of evidence base
This message was selected because of the centrality of the 
water cycle to many important human and natural systems of the 
Northwest: hydropower production and the users of this relatively 
inexpensive electricity; agriculture and the communities and 
economies dependent thereon, and; coldwater fish, including 
several species of threatened and endangered salmon, the tribal 
and fishing communities and ecosystems that depend on them, 
and the adjustments in human activities and efforts necessary 
to restore and protect them. Impacts of water-cycle changes on 
these systems, and any societal adjustments to them, will have 
far-reaching ecological and socioeconomic consequences.

Evidence that winter snow accumulation will decline under 
projected climate change is based on 20

th
 century observations 

and theoretical studies of the sensitivity of Northwest snowpack to 
changes in precipitation and temperature. There is good agreement 
on the physical role of climate in snowpack development, and 
projections of the sign of future trends are consistent (many 
studies). However, climate variability creates disagreement over 
the magnitude of current and near-term future trends.

Evidence that projected climate change would shift the timing and 
amount of streamflow deriving from snowmelt is based on 20

th
 

century observations of climate and streamflow and is also based 
on hydrologic model simulation of streamflow responses to climate 
variability and change. There is good agreement on the sign of 
trends (many studies), though the magnitude of current and near-
term future trends is less certain because of climate variability.

Evidence that declining snowpack and changes in the timing of 
snowmelt-driven streamflow will reduce water supply for many 
competing and time-sensitive demands is based on: 

•	 hydrologic simulations, driven by future climate 
projections, that consistently show reductions in spring 
and summer flows in  mixed rain-snow and some snow-
dominant watersheds; 

•	 documented competition among existing water uses 
(irrigation, power, municipal, and in-stream flows) and 
inability for all water systems to meet all summer water 
needs all of the time, especially during drier years; 

•	 empirical and theoretical studies that indicate increased 
water demand for many uses under climate change; and

•	 policy and institutional analyses of the complex legal 
and institutional arrangements governing Northwest 
water management and the challenges associated with 
adjusting water management in response to changing 
conditions. 

Evidence for far-reaching ecological and socioeconomic 
consequences of the above is based on:

•	 model simulations showing negative impacts of projected 
climate and altered streamflow on many water resource 
uses at scales ranging from individual basins (for 
example, Skagit, Yakima) to the region (for example, 
Columbia River basin);

•	 model simulations of future agricultural water allocation 
in the Yakima

46
 and the Snake River Basin,32

 showing 
increased likelihood of water curtailments for junior 
water rights holders;

•	 model and empirical studies documenting sensitivity of 
coldwater fish to water temperatures, sensitivity of water 
temperature to air temperature, and projected warming 
of summer stream temperatures;

•	 regional and extra-regional dependence on Northwest-
produced hydropower; and

•	 legal requirements to manage water resources for 
threatened & endangered fish as well as for human uses.

Evidence that water users in managed mixed rain-snow basins 
are likely to be the most vulnerable to climate change and less 
vulnerable in rain-dominated basins is based on: 

•	 observed, theoretical, and simulated sensitivity of 
watershed hydrologic response to warming by basin type;

•	 historical observations and modeled simulations of 
tradeoffs required among water management objectives 
under specific climatic conditions;

•	 analyses from water management agencies of potential 
system impacts and adaptive responses to projected 
future climate; and 

•	 institutional and policy analyses documenting sources 
and types of management rigidity (for example, difficulty 
adjusting management practices to account for changing 
conditions).

New information and remaining uncertainties
A key uncertainty is the degree to which current and future 
interannual and interdecadal variations in climate will enhance or 
obscure long-term anthropogenic climate trends. 

Uncertainty over local groundwater or glacial inputs and other local 
effects may cause overestimates of increased stream temperature 
based solely on air temperature. However, including projected 
decreases in summer streamflow would increase estimates of 
summer stream temperature increases above those based solely 
on air temperature.

Uncertainty in how much increasing temperatures will affect crop 
evapotranspiration affects future estimates of irrigation demand.
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Uncertainty in future population growth and changing per capita 
water use affects estimates of future municipal demand and 
therefore assessments of future reliability of water resource 
systems.

A major uncertainty is the degree to which water resources 
management operations of regulated systems can be adjusted 
to account for climate-driven changes in the amount and timing 
of streamflow, and how competing resource objectives will be 
accommodated or prioritized. Based on current institutional inertia, 
significant changes are unlikely to occur for several decades.

There is uncertainty in economic assessment of the impacts 
of hydrologic changes on the Northwest because much of the 
needed modeling and analysis is incomplete. Economic impacts 
assessment would require quantifying both potential behavioral 
responses to future climate-affected economic variables (prices of 
inputs and products) and to climate change itself. Some studies 
have sidestepped the issue of behavioral response to these and 
projected economic impacts based on future scenarios that do 
not consider adaptation, which lead to high estimates of “costs” 
or impacts.

Assessment of confidence based on evidence and agreement 
or, if defensible, estimates of the likelihood of impact or conse-
quence

Confidence is very high based on strong strength of evidence and 
high level of agreement among experts.

See specifics under “description of evidence” above.

Key message #2 Traceable accounT

In the coastal zone, the effects of sea level rise, 
erosion, inundation, threats to infrastructure and 
habitat, and increasing ocean acidity collectively 
pose a major threat to the region.

Description of evidence base
Given the extent of the coastline, the importance of coastal 
systems to the region’s ecology, economy, and identity, and the 
difficulty of adapting in response, the consequences of sea level 
rise, ocean acidification, and other climate driven changes in ocean 
conditions and coastal weather are expected to be significant and 
largely negative, which is why this message was included.

Evidence for observed global (eustatic) sea level rise and regional 
sea level change derives from satellite altimetry and coastal tide 
gauges. Evidence for projected global sea level rise is described 
in Ch. 2: Our Changing Climate, in the recent NRC report

50
 that 

includes a detailed discussion of the U.S. West Coast, and Parris 
et al. 2012.

125

Evidence of erosion associated with coastal storms is based on 
observations of storm damage in some areas of the Northwest. 

Evidence for erosion and inundation associated with projected 
sea level rise is based on observations and mapping of coastal 
elevations and geospatial analyses of the extent and location of 
inundation associated with various sea level rise and storm surge 
scenarios.

Evidence for climate change impacts on coastal infrastructure 
derives from geospatial analyses (mapping infrastructure locations 
likely to be affected by various sea level rise scenarios, storm 
surge scenarios and/or river flooding scenario), such as those 
undertaken by various local governments to assess local risks of 
flooding for the downtown area (Olympia), of sea level rise and 
storm surge for marine shoreline inundation and risk to public 
utility infrastructure (Seattle – highest observed tide from NOAA 
tide gauge added to projected sea levels), and of sea level rise for 
wastewater treatment plants and associated infrastructure (King 
County). Vulnerability of coastal transportation infrastructure to 
climate change has been assessed by combining geospatial risk 
analyses with expert judgment of asset sensitivity to climate risk 
and criticality to the transportation system in Washington State 
and by assessing transportation infrastructure exposure to climate 
risks associated with sea level rise and river flooding in the region 
as a whole. 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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Evidence for impacts of climate change on coastal habitat is 
based on:

•	 model-based studies of projected impacts of sea level 
rise on tidal habitat showing significant changes in the 
composition and extent of coastal wetland habitats in 
Washington and Oregon; 

•	 observations of extent and location of coastal armoring 
and other structures that would potentially impede inland 
movement of coastal wetlands;

•	 observed changes in coastal ocean conditions 
(upwelling, nutrients, and sea surface temperatures); 
biogeographical, physiological, and paleoecological 
studies indicating a historical decline in coastal 
upwelling; and global climate model projections of future 
increases in sea surface temperatures;

•	 modeled projections for increased risk of harmful algal 
blooms (HABs) in Puget Sound associated with higher air 
and water temperatures, reduced streamflow, low winds, 
and small tidal variability (i.e., these conditions offer a 
favorable window of opportunity for HABs); and

•	 observed changes in the geographic ranges, migration 
timing, and productivity of marine species due to 
changes in sea surface temperatures associated with 
cyclical events, such as the interannual El Niño Southern 
Oscillation and the inter-decadal Pacific Decadal 
Oscillation and North Pacific Gyre Oscillation.

Evidence for historical increases in ocean acidification is from 
observations of changes in coastal ocean conditions, which 
also indicate high spatial and temporal variability. Evidence for 
acidification’s effects on various species and the broader marine 
food web is still emerging but is based on observed changes in 
abundance, size, and mortality of marine calcifying organisms and 
laboratory based and in situ acidification experiments.

Evidence for marine species responses to climate change derives 
from observations of shifts in marine plankton, fish, and seabird 
species associated with historical changes in ocean conditions, 
including temperature and availability of preferred foods. 

Evidence for low adaptive capacity is from observations of extent of 
degraded or fragmented coastal habitat, existence of few options 
for mitigating changes in marine chemical properties, observed 
extent of barriers to inland habitat migration, narrow coastal 
transportation corridors, and limited transportation alternatives 
for rural coastal towns. Evidence for low adaptive capacity is 
also based on the current limitations (both legal and political) of 
local and state governments to restrict and/or influence shoreline 
modifications on private lands.

New information and remaining uncertainties
There is significant but well-characterized uncertainty about 
the rate and extent of future sea level rise at both the global 

and regional/sub-regional scales. However, there is virtually no 
uncertainty in the direction (sign) of global sea level rise. There 
is also a solid understanding of the primary contributing factors 
and mechanisms causing sea level rise. Other details concerning 
uncertainty in global sea level rise are treated elsewhere (for 
example, NRC 2012

50
) and in Ch. 2: Our Changing Climate). 

Regional uncertainty in projected Northwest sea level rise results 
primarily from global factors such as ice sheet mass balance and 
local vertical land movement (affecting relative sea level rise). 
An accurate determination of vertical land deformation requires 
a sufficient density of monitoring sites (for example, NOAA tide 
gauges and permanent GPS sites that monitor deformation) to 
capture variations in land deformation over short spatial scales, 
and in many Northwest coastal locations such dense networks 
do not exist. There is a general trend, however, of observed uplift 
along the northwestern portion of the Olympic Peninsula and of 
subsidence within the Puget Sound region (GPS data gathered 
from PBO data sets -- http://pbo.unavco.org/data/gps; see also 
Chapman and Melbourne 2009

51
).

There is also considerable uncertainty about potential impacts of 
climate change on processes that influence storminess and affect 
coastal erosion in the Northwest. These uncertainties relate to 
system complexity and the limited number of studies and lack 
of consensus on future atmospheric and oceanic conditions that 
will drive changes in regional wind fields. Continued collection 
and assessment of meteorological data at ocean buoy locations 
and via remote sensing should improve our understanding of these 
processes.

Uncertainty in future patterns of sediment delivery to the coastal 
system limit projections of future inundation, erosion, and changes 
in tidal marsh. For example, substantial increases in riverine 
sediment delivery, due to climate-related changes in the amount 
and timing of streamflow, could offset erosion and/or inundation 
projected from changes in sea level alone. However, there are 
areas in the Northwest where it is clear that man-made structures 
have interrupted sediment supply and there is little uncertainty 
that shallow water habitat will be lost.

Although relatively well-bounded, uncertainty over the rate of 
projected relative sea level rise limits our ability to assess whether 
any particular coastal habitat will be able to keep pace with future 
changes through adaptation (for example, through accretion).

The specific implications of the combined factors of sea level 
rise, coastal climate change, and ocean acidification for coastal 
ecosystems and specific individual species remain uncertain 
due to the complexity of ecosystem response. However, there is 
general agreement throughout the peer-reviewed literature that 
negative impacts for a number of marine calcifying organisms are 
projected, particularly during juvenile life stages.
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Projections of future coastal ocean conditions (for example, 
temperature, nutrients, pH, and productivity) are limited, in part, 
by uncertainty over future changes in upwelling – climate model 
scenarios show inconsistent projections for likely future upwelling 
conditions. Considerable uncertainty also remains in whether, 
and how, higher average ocean temperatures will influence 
geographical ranges, abundances, and diversity of marine species, 
although evidence of changes in pelagic fish species ranges and in 
production associated with Pacific Ocean temperature variability 
during cyclical events have been important indicators for potential 
species responses to climate change in the future. Consequences 
from ocean acidification for commercial fisheries and marine 
food web dynamics are potentially very high – while the trend 
of increasing acidification is very likely, the rate of change and 
spatial variability within coastal waters are largely unknown and 
are the subject of ongoing and numerous nascent research efforts. 

Additional uncertainty surrounds non-climate contributors 
to coastal ocean chemistry (for example, riverine inputs, 
anthropogenic carbon, and nitrogen point and non-point source 
inputs) and society’s ability to mitigate these inputs.

Assessment of confidence based on evidence and agreement 
or, if defensible, estimates of the likelihood of impact or conse-
quence
There is very high confidence in the global upward trend of 
sea level rise (SLR) and ocean acidification (OA). There is high 
confidence that SLR over the next century will remain under 
an upper bound of approximately 2 meters. Projections for SLR 
and OA at specific locations are much less certain (medium to 
low) because of the high spatial variability and multiple factors 
influencing both phenomena at regional and sub-regional scales.

There is medium confidence in the projections of species response 
to sea level rise and increased temperatures, but low confidence in 
species response to ocean acidification. Uncertainty in upwelling 
changes result in low confidence for projections of future change 
that depend on specific coastal ocean temperatures, nutrient 
contents, dissolved oxygen content, stratification, and other 
factors.

There is high confidence that significant changes in the type and 
distribution of coastal marsh habitat are likely, but low confidence 
in our current ability to project the specific location and timing of 
changes.

There is high confidence in the projections of increased erosion 
and inundation.

There is very high confidence that ocean acidity will continue to 
increase.

Key message #3 Traceable accounT

The combined impact of increasing wildfire, in-
sect outbreaks, and tree diseases are already caus-
ing widespread tree die-off and are virtually certain 
to cause additional forest mortality by the 2040s 
and long-term transformation of forest landscapes. 
Under higher emissions scenarios, extensive con-
version of subalpine forests to other forest types is 
projected by the 2080s.

Description of evidence base
Evidence that the area burned by fire has been high, relative to 
earlier in the century, since at least the 1980s is strong. Peer-
reviewed papers based on federal fire databases (for example, 
National Interagency Fire Management Integrated Database 
[NIFMID], 1970/1980-2011) and independent satellite data 
(Monitoring Trends in Burn Severity [MTBS], 1984-2011) indicate 
increases in area burned.

98,126
 

Evidence that the interannual variation in area burned was at least 
partially controlled by climate during the period 1980-2010 is also 
strong. Statistical analysis has shown that increased temperature 
(related to increased potential evapotranspiration, relative 
humidity, and longer fire seasons) and decreased precipitation 
(related to decreased actual evapotranspiration, decreased 
spring snowpack, and longer fire seasons) are moderate to strong 
(depending on forest type) correlates to the area and number of 
fires in the Pacific Northwest. Projections of area burned with 
climate change are documented in peer-reviewed literature, and 
different approaches (statistical modeling and dynamic global 
vegetation modeling) agree on the order of magnitude of those 
changes for Pacific Northwest forests, though the degree of 
increase depends on the climate change scenario and modeling 
approach.

Evidence from aerial disease and detection surveys jointly 
coordinated by the U.S. Forest Service and state level governments 
supports the statement that the area of forest mortality caused by 
insect outbreaks (including the mountain pine beetle) and by tree 
diseases is increasing.

Evidence that mountain pine beetle and spruce bark beetle 
outbreaks are climatically controlled is from a combination of 
laboratory experiments and mathematical modeling reported 
in peer-reviewed literature. Peer-reviewed future projections 
of climate have been used to develop projections of mountain 
pine beetle and spruce beetle habitat suitability based on these 
models, and show increases in the area of climatically suitable 
habitat (particularly at mid- to high elevations) by the mid-21

st
 

century, but subsequent (late 21
st
 century) declines in suitable 

habitat, particularly at low- to mid-elevation. There is considerable 
spatial variability in the patterns of climatically suitable habitat.
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Evidence for long-term changes in the distribution of vegetation 
types and tree species comes from statistical species models, 
dynamic vegetation models, and other approaches and uses the 
correlation between observed climate and observed vegetation 
distributions to model future climatic suitability. These models 
agree broadly in their conclusions that future climates will be 
unsuitable for historically present species over significant areas of 
their ranges and that broader vegetation types will likely change, 
but the details depend greatly on climate change scenario, location 
within the region, and forest type.

Evidence that subalpine forests are likely to undergo almost 
complete conversion to other vegetation types is moderately 
strong (relatively few studies, but good agreement) and comes 
from dynamic global vegetation models that include climate, 
statistical models that relate climate and biome distribution, and 
individual statistical species distribution models based on climatic 
variables. The fact that these three different approaches generally 
agree about the large decrease in area of subalpine forests despite 
different assumptions, degrees of “mechanistic” simulation, and 
levels of ecological hierarchy justifies the key message.

New information and remaining uncertainties
The key uncertainties are primarily the timing and magnitude 
of future projected changes in forests, rather than the direction 
(sign) of changes. 

The rate of expected change is affected by the rate of climate 
change – higher emissions scenarios have higher impacts earlier 
in studies that consider multiple scenarios. Most impacts analyses 
reported in the literature and synthesized here use emissions 
scenario A1B or A2. Projections of changes in the proportion of 
Northwest pine forests where mountain pine beetles are likeliest 
to survive and of potential conversion of subalpine forests used 
scenario A2.

Statistical fire models do not include changes in vegetation that 
occur in the 21

st
 century due to disturbance (such as fire, insects, 

and tree diseases) and other factors such as land-use change and 
fire suppression changes. As conditions depart from the period 
used for model training, projections of future fire become more 
uncertain, and by the latter 21

st
 century (beyond about the 2060s 

to 2080s), statistical models may over-predict area burned. 
Despite this uncertainty, the projections from statistical models 
are broadly similar to those from dynamic global vegetation models 
(DGVMs), which explicitly simulate changes in future vegetation. 
A key difference is for forest ecosystems where fire has been rare 
since the mid 20

th
 century, such as the Olympic Mountains and 

Oregon coast range, and statistical models are comparatively 
weak. In these systems, statistical fire models likely underestimate 
the future area burned, whereas DGVMs may capably simulate 
future events that are outside the range of the statistical model’s 
capability. In any case, an increase in forest area burned is 
nearly ubiquitous in these studies regardless of method, but the 

amount of increase and the degree to which it varies with forest 
type is less certain. However, fire risk in any particular location or 
at any particular time is beyond the capability of current model 
projections. In addition, the statistical model approaches to future 
fire cannot address fundamental changes in fire behavior due to 
novel extreme weather patterns, so conclusions about changes in 
fire severity are not necessarily warranted.

Only a few insects have had sufficient study to understand their 
climatic linkages, and future insect outbreak damage from other 
insects, currently unstudied, could increase the estimate of future 
areas of forest mortality due to insects. 

Fire-insect interactions and diseases are poorly studied – the 
actual effects on future landscapes could be greater if diseases 
and interactions were considered more explicitly.

For subalpine forests, what those forests become instead of 
subalpine forests is highly uncertain – different climate models 
used to drive the same dynamic global vegetation model agree 
about loss of subalpine forests, but disagree about what will 
replace them. In addition, statistical approaches that consider 
biome level and species level responses without the ecological 
process detail of DGVMs show similar losses, but do not agree 
on responses, which depend on climate scenarios. Because these 
statistical models simulate neither the regeneration of seedlings 
nor the role of disturbances, the future state of the system is 
merely correlative and based on the statistical relationship 
between climate and historical forest distribution. 

Assessment of confidence based on evidence and agreement 
or, if defensible, estimates of the likelihood of impact or conse-
quence
The observed effects of climate on fires and insects combined 
with the agreement of future projections across modeling efforts 
warrants very high confidence that increased disturbance will 
increase forest mortality due to area burned by fire, and increases 
in insect outbreaks also have very high confidence until at least 
the 2040s in the Northwest. The timing and nature of the rates 
and the sources of mortality may change, but current estimates 
may be conservative for insect outbreaks due to the unstudied 
impacts of other insects. But in any case, the rate of projected 
forest disturbance suggests that changes will be driven by 
disturbance more than by gradual changes in forest cover or 
species composition. After mid-21

st
 century, uncertainty about 

the interactions between disturbances and landscape response 
limits confidence to high because total area disturbed could begin 
to decline as most of the landscape becomes outside the range of 
historical conditions. The fact that different modeling approaches 
using a wide variety of climate scenarios indicate similar losses of 
subalpine forests justifies high confidence; however, comparatively 
little research that simulates ecological processes of both 
disturbance and regeneration as a function of climate, so there is 
low confidence on what will replace them. 
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Key message #4 Traceable accounT

While agriculture’s technical ability to adapt to 
changing conditions can offset some of the adverse 
impacts of a changing climate, there remain critical 
concerns for agriculture with respect to costs of 
adaptation, development of more climate resilient 
technologies and management, and availability and 
timing of water.

Description of evidence base
Northwest agriculture’s sensitivity to climate change stems from 
its dependence on irrigation water, adequate temperatures, 
precipitation and growing seasons, and the sensitivity of crops to 
temperature extremes. Projected warming trends based on global 
climate models and emissions scenarios potentially increase 
temperature-related stress on annual and perennial crops in the 
summer months. 

Evidence for projected impacts of warming on crop yields consists 
primarily of published studies using crop models indicating 
increasing vulnerability with projected warming over 1975-2005 
baselines. These models also project that thermal-stress-related 
losses in agricultural productivity will be offset or overcompensated 
by fertilization from accompanying increases in atmospheric CO2. 
These models have been developed for key commodities including 
wheat, apples, and potatoes. Longer term, to end of century, 
models project crop losses from temperature stress to exceed the 
benefits of CO2 fertilization. 

Evidence for the effects of warming on suitability of parts of the 
region for specific wine grape and tree fruit varieties are based 
on well-established and published climatic requirements for these 
varieties. 

Evidence for negative impacts of increased variability of 
precipitation on livestock productivity due to stress on range and 
pasture consists of a few economic studies in states near the 
region; relevance to Northwest needs to be established. 

Evidence for negative impacts of warming on dairy production 
in the region is based on a published study examining projected 
summer heat-stress on milk production.

Evidence for reduction in available irrigation water is based on 
peer-reviewed publications and state and federal agency reports 
utilizing hydrological models and precipitation and snowpack 
projections. These are outlined in more detail in the traceable 
account for Key Message 1 of this chapter. Increased demands 
for irrigation water with warming are based on cropping systems 
models and projected increases in acres cultivated. These 
projections, coupled with those for water supply, indicate that 
some areas will experience increased water shortages. Water 

rights records allow predictions of the users most vulnerable to 
the effects of these shortages.

Projections for surface water flows include decreases in summer 
flow related to changes in snowpack dynamics and reductions in 
summer precipitation. Although these precipitation projections are 
less certain than those concerning temperatures, they indicate that 
water shortages for irrigation will be more frequent in some parts 
of the region, based especially on a Washington State Department 
of Ecology-sponsored report that considered the Columbia basin. 
Other evidence for these projected changes in water is itemized in 
Key Message 1 of this chapter.

Evidence that agriculture has a high potential for autonomous 
adaptation to climate change, assuming adequate water availability, 
is inferred primarily from the wide range of production practices 
currently being used across the varied climates of the region.

New information and remaining uncertainties
Although increasing temperatures can affect the distribution of 
certain pest, weed, and pathogen species, existing models are 
limited. Without more comprehensive studies, it is not possible 
to project changes in overall pressure from these organisms, so 
overall effects remain uncertain. Some species may be adversely 
affected by warming directly or through enhancement of their 
natural enemy base, while others become more serious threats.

Uncertainty exists in models in how increasing temperatures will 
impact crop evapotranspiration, which affects future estimates of 
irrigation demand (Key Message 1 of this chapter). 

Shifting international market forces including commodity prices 
and input costs, adoption of new crops, which may have different 
heat tolerance or water requirements, and technological advances 
are difficult or impossible to project, but may have substantial 
effects on agriculture’s capacity to adapt to climate change. 

Estimates of changes in crop yields as a result of changing 
climate and CO2 are based on very few model simulations, so the 
uncertainty has not been well quantified. 

Assessment of confidence based on evidence and agreement 
or, if defensible, estimates of the likelihood of impact or conse-
quence
Confidence is very high based on strong strength of evidence and 
high level of agreement among experts.

See specifics under “description of evidence” above.
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Key Messages

ALASKA22
1. Arctic summer sea ice is receding faster than previously projected and is expected to virtually 
 disappear before mid-century. This is altering marine ecosystems and leading to greater ship 
 access, offshore development opportunity, and increased community vulnerability to  
 coastal erosion.

2. Most glaciers in Alaska and British Columbia are shrinking substantially. This trend is expected  
 to continue and has implications for hydropower production, ocean circulation patterns,  
 fisheries, and global sea level rise. 

3. Permafrost temperatures in Alaska are rising, a thawing trend that is expected to continue,   
 causing multiple vulnerabilities through drier landscapes, more wildfire, altered wildlife habitat,   
 increased cost of maintaining infrastructure, and the release of heat-trapping gases that increase  
 climate warming.

4. Current and projected increases in Alaska’s ocean temperatures and changes in ocean chemistry  
 are expected to alter the distribution and productivity of Alaska’s marine fisheries, which lead  
 the U.S. in commercial value.

5. The cumulative effects of climate change in Alaska strongly affect Native communities, which are  
 highly vulnerable to these rapid changes but have a deep cultural history of adapting to change.

Alaska is the United States’ only Arctic region. Its marine, tun-
dra, boreal (northern) forest, and rainforest ecosystems differ 
from most of those in other states and are relatively intact. 
Alaska is home to millions of migratory birds, hundreds of 
thousands of caribou, some of the world’s largest salmon runs, 
a significant proportion of the nation’s marine mammals, and 
half of the nation’s fish catch.1 

Energy production is the main driver of the state’s economy, 
providing more than 80% of state government revenue and 

thousands of jobs.2 Continuing pressure for oil, gas, and min-
eral development on land and offshore in ice-covered waters 
increases the demand for infrastructure, placing additional 
stresses on ecosystems. Land-based energy exploration will be 
affected by a shorter season when ice roads are viable, yet re-
duced sea ice extent may create more opportunity for offshore 
development. Climate also affects hydropower generation.3 
Mining and fishing are the second and third largest industries 
in the state, with tourism rapidly increasing since the 1990s.2 
Fisheries are vulnerable to changes in fish abundance and dis-
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tribution that result from both climate change and fishing pres-
sure. Tourism might respond positively to warmer springs and 
autumns4 but negatively to less favorable conditions for winter 
activities and increased summer smoke from wildfire.5

Alaska is home to 40% (229 of 566) of the federally recognized 
tribes in the United States.6 The small number of jobs, high cost 
of living, and rapid social change make rural, predominantly Na-
tive, communities highly vulnerable to climate change through 
impacts on traditional hunting and fishing and cultural connec-

tion to the land and sea. Because most of these communities 
are not connected to the state’s road system or electrical grid, 
the cost of living is high, and it is challenging to supply food, 
fuel, materials, health care, and other services. Climate im-
pacts on these communities are magnified by additional social 
and economic stresses. However, Alaskan Native communities 
have for centuries dealt with scarcity and high environmental 
variability and thus have deep cultural reservoirs of flexibility 
and adaptability. 

Observed Climate Change
Over the past 60 years, Alaska has warmed more than twice as 
rapidly as the rest of the United States, with state-wide average 
annual air temperature increasing by 3°F and average winter 
temperature by 6°F, with substantial year-to-year and regional 
variability.7 Most of the warming occurred around 1976 dur-
ing a shift in a long-lived climate pattern (the Pacific Decadal 
Oscillation [PDO]) from a cooler pattern to a warmer one. The 
PDO has been shown to alternate over time between warm 
and cool phases. The underlying long-term warming trend has 
moderated the effects of the more recent shift of the PDO to 

its cooler phase in the early 2000s.8 The overall warming has 
involved more extremely hot days and fewer extremely cold 
days (Ch. 2: Our Changing Climate, Key Message 7).7,9  

Because of its cold-adapted features and rapid warming, cli-
mate change impacts on Alaska are already pronounced, in-
cluding earlier spring snowmelt, reduced sea ice, widespread 
glacier retreat, warmer permafrost, drier landscapes, and more 
extensive insect outbreaks and wildfire, as described below.

Projected Climate Change
Average annual temperatures in Alaska are pro-
jected to rise by an additional 2°F to 4°F by 2050. 
If global emissions continue to increase during 
this century, temperatures can be expected to 
rise 10°F to 12°F in the north, 8°F to 10°F in the 
interior, and 6°F to 8°F in the rest of the state. 
Even with substantial emissions reductions, Alas-
ka is projected to warm by 6°F to 8°F in the north 
and 4°F to 6°F in the rest of the state by the end 
of the century (Ch. 2: Our Changing Climate, Key 
Message 3).7,10

Annual precipitation is projected to increase, 
especially in northwestern Alaska,7 as part of 
the broad pattern of increases projected for 
high northern latitudes. Annual precipitation in-
creases of about 15% to 30% are projected for 
the region by late this century if global emissions 
continue to increase (A2). All models project in-
creases in all four seasons.7 However, increases in 
evaporation due to higher air temperatures and 
longer growing seasons are expected to reduce 
water availability in most of the state.11 

The length of the growing season in interior Alas-
ka has increased 45% over the last century12 and 
that trend is projected to continue.13 This could 
improve conditions for agriculture where mois-
ture is adequate, but will reduce water storage 
and increase the risks of more extensive wildfire 
and insect outbreaks across much of Alaska.14,15 

Alaska Will Continue to Warm Rapidly 

Figure 22.1. Northern latitudes are warming faster than more temperate 
regions, and Alaska has already warmed much faster than the rest of the 
country. Maps show changes in temperature, relative to 1971-1999, projected 
for Alaska in the early, middle, and late parts of this century, if heat-trapping 
gas (also known as greenhouse gas) emissions continue to increase (higher 
emissions, A2), or are substantially reduced (lower emissions, B1). (Figure 
source: adapted from Stewart et al. 20137).
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Changes in dates of snowmelt and freeze-up would influence 
seasonal migration of birds and other animals, increase the 
likelihood and rate of northerly range expansion of native and 

non-native species, alter the habitats of both ecologically im-
portant and endangered species, and affect ocean currents.16

Key Message 1: Disappearing Sea Ice

Arctic summer sea ice is receding faster than previously projected and is 
expected to virtually disappear before mid-century. This is altering marine 

ecosystems and leading to greater ship access, offshore development 
opportunity, and increased community vulnerability to coastal erosion.

Arctic sea ice extent and thickness have declined substantially, 
especially in late summer (September), when there is now only 
about half as much sea ice as at the beginning of the satel-
lite record in 1979 (Ch. 2: Our Changing Climate, Key Message 
11).17,18 The seven Septembers with the lowest ice extent all 
occurred in the past seven years. As sea ice declines, it be-
comes thinner, with less ice build-up over multiple years, and 
therefore more vulnerable to further melting.18 Models that 
best match historical trends project northern waters that are 
virtually ice-free by late summer by the 2030s.19,20 Within the 
general downward trend in sea ice, there will be time periods 

with both rapid ice loss and temporary recovery,21 making it 
challenging to predict short-term changes in ice conditions.

Reductions in sea ice increase the amount of the sun’s energy 
that is absorbed by the ocean. This leads to a self-reinforcing 
climate cycle, because the warmer ocean melts more ice, leav-
ing more dark open water that gains even more heat. In autumn 
and winter, there is a strong release of this extra ocean heat 
back to the atmosphere. This is a key driver of the observed in-
creases in air temperature in the Arctic.23 This strong warming 
linked to ice loss can influence atmospheric circulation and pat-
terns of precipitation, both within and beyond the Arctic (for 
example, Porter et al. 201224). There is growing evidence that 
this has already occurred25 through more evaporation from the 
ocean, which increases water vapor in the lower atmosphere26 
and autumn cloud cover west and north of Alaska.27

With reduced ice extent, the Arctic Ocean is more accessible 
for marine traffic, including trans-Arctic shipping, oil and gas 

Figure 22.2. Average September extent of Arctic sea ice in 1980 
(second year of satellite record and year of greatest September 
sea ice extent; outer red boundary), 1998 (about halfway through 
the time series; outer pink boundary) and 2012 (recent year of 
record and year of least September sea ice extent; outer white 
boundary). September is typically the month when sea ice is 
least extensive. Inset is the complete time series of average 
September sea ice extent (1979-2013). (Figure source: NSIDC 
2012; Data from Fetterer et al. 201322). 

Declining Sea Ice Extent

Figure 22. 3. Reductions in sea ice alter food availability for many 
species from polar bear to walrus, make hunting less safe for 
Alaska Native hunters, and create more accessibility for Arctic 
Ocean marine transport, requiring more Coast Guard coverage. 
(Photo credits: (top left) G. Carleton Ray; (bottom left) Daniel 
Glick; (right) Patrick Kelley).

Sea Ice Loss Brings Big Changes to Arctic Life
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exploration, and tourism.28 This facilitates access to the sub-
stantial deposits of oil and natural gas under the seafloor in 
the Beaufort and Chukchi seas, as well as raising the risk to 
people and ecosystems from oil spills and other drilling and 
maritime-related accidents. A seasonally ice-free Arctic Ocean 
also increases sovereignty and security concerns as a result of 
potential new international disputes and increased possibilities 
for marine traffic between the Pacific and Atlantic Oceans.10

Polar bears are one of the most sensitive Arctic marine mam-
mals to climate warming because they spend most of their 
lives on sea ice.29 Declining sea ice in northern Alaska is associ-
ated with smaller bears, probably because of less successful 
hunting of seals, which are themselves ice-dependent and so 
are projected to decline with diminishing ice and snow cover.30 
Although bears can give birth to cubs on sea ice, increasing 
numbers of female bears now come ashore in Alaska in the 
summer and fall31 and den on land.32 In Hudson Bay, Canada, 

the most studied population in the Arctic, sea ice is now absent 
for three weeks longer than just a few decades ago, resulting in 
less body fat, reduced survival of both the youngest and oldest 
bears,33 and a population now estimated to be in decline34 and 
projected to be in jeopardy.35 Similar polar bear population de-
clines are projected for the Beaufort Sea region.36

Walrus depend on sea ice as a platform for giving birth, nurs-
ing, and resting between dives to the seafloor, where they 
feed.37 In recent years, when summer sea ice in the Chukchi 
Sea retreated over waters that were too deep for walrus to 
feed,38 large numbers of walrus abandoned the ice and came 
ashore. The high concentration of animals results in increased 
competition for food and can lead to stampedes when animals 
are startled, resulting in trampling of calves.39 This movement 
to land first occurred in 2007 and has happened three times 
since then, suggesting a threshold change in walrus ecology.

living on the front lines of cliMAte chAnge
“Not that long ago the water was far from our village and could not be easily seen from our homes. Today the weather is chang-
ing and is slowly taking away our village. Our boardwalks are warped, some of our buildings tilt, the land is sinking and falling 
away, and the water is close to our homes. The infrastructure that supports our village is compromised and affecting the health 
and well-being of our community members, especially our children.” 

             –  Alaska Department of Commerce and Community and Economic Development, 201244

Newtok, a Yup’ik Eskimo community on the seacoast of western Alaska, is on the front lines of climate change. Between 
October 2004 and May 2006, three storms accelerated the erosion and repeatedly “flooded the village water supply, 
caused raw sewage to be spread throughout the community, displaced residents from homes, destroyed subsistence 
food storage, and shut down essential utilities.”45 The village 
landfill, barge ramp, sewage treatment facility, and fuel storage 
facilities were destroyed or severely damaged.46 The loss of the 
barge landing, which delivered most supplies and heating fuel, 
created a fuel crisis. Saltwater is intruding into the community 
water supply. Erosion is projected to reach the school, the larg-
est building in the community, by 2017.

Recognizing the increasing danger from coastal erosion, New-
tok has worked for a generation to relocate to a safer loca-
tion. However, current federal legislation does not authorize 
federal or state agencies to assist communities in relocating, 
nor does it authorize them to repair or upgrade storm-damaged 
infrastructure in flood-prone locations like Newtok.42 Newtok 
therefore cannot safely remain in its current location nor can 
it access public funds to adapt to climate change through re-
location.

Newtok’s situation is not unique. At least two other Alaskan 
communities, Shishmaref and Kivalina, also face immediate 
threat from coastal erosion and are seeking to relocate, but 
have been unsuccessful in doing so. Many of the world’s larg-
est cities are coastal and are also exposed to climate change 
induced flood risks.47

Figure 22.4. Residents in Newtok, Alaska are living with 
the effects of climate change, with thawing permafrost, 
tilting houses, sinking boardwalks, in conjunction with 
aging fuel tanks and other infrastructure that cannot be 
replaced because of laws that prevent public investment 
in flood-prone localities. (Photo credit: F. S. Chapin III).

Newtok, Alaska
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With the late-summer ice edge located farther north than it 
used to be, storms produce larger waves and more coastal ero-
sion.10 An additional contributing factor is that coastal bluffs 
that were “cemented” by ice-rich permafrost are beginning 
to thaw in response to warmer air and ocean waters, and are 
therefore more vulnerable to erosion.40 Standard defensive 
adaptation strategies to protect coastal communities from 

erosion, such as use of rock walls, sandbags, and riprap, have 
been largely unsuccessful.41 Several coastal communities are 
seeking to relocate to escape erosion that threatens infra-
structure and services but, because of high costs and policy 
constraints on use of federal funds for community relocation, 
only one Alaskan village has begun to relocate (see also Ch. 12: 
Indigenous Peoples).42,43

Key Message 2: Shrinking Glaciers

Most glaciers in Alaska and British Columbia are shrinking substantially. This 
trend is expected to continue and has implications for hydropower production, 

ocean circulation patterns, fisheries, and global sea level rise. 

Alaska is home to some of the largest glaciers and fastest loss 
of glacier ice on Earth.48,49,50 This rapid ice loss is primarily a 
result of rising temperatures (for example, Arendt et al. 2002, 
200951,52,53; Ch. 2: Our Changing Climate, Key Message 11). Loss 
of glacial volume in Alaska and neighboring British Columbia, 
Canada, currently contributes 20% to 30% as much surplus 
freshwater to the oceans as does the Greenland Ice Sheet – 
about 40 to 70 gigatons per year,49,54,55,56 comparable to 10% 
of the annual discharge of the Mississippi River.57 Glaciers 
continue to respond to climate warming for years to decades 
after warming ceases, so ice loss is expected to continue, even 
if air temperatures were to remain at current levels. The global 
decline in glacial and ice-sheet volume is predicted to be one 

of the largest contributors to global sea level rise during this 
century (Ch. 2: Our Changing Climate, Key Message 10).58,59

Water from glacial landscapes is also recognized as an impor-
tant source of organic carbon,60,61 phosphorus,62 and iron63 that 
contribute to high coastal productivity, so changes in these in-
puts could alter critical nearshore fisheries.61,64 

Glaciers supply about half of the total freshwater input to the 
Gulf of Alaska.65 Glacier retreat currently increases river dis-
charge and hydropower potential in south central and south-
east Alaska, but over the longer term might reduce water input 
to reservoirs and therefore hydropower resources.3
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On the left is a photograph of Muir Glacier in Alaska taken on August 13, 1941; on the right, a photograph taken from the same vantage 
point on August 31, 2004. Total glacial mass has declined sharply around the globe, adding to sea level rise. (Left photo by glaciologist 
William O. Field; right photo by geologist Bruce F. Molnia of the United States Geological Survey.)
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Key Message 3: Thawing Permafrost

Permafrost temperatures in Alaska are rising, a thawing trend that is expected 
to continue, causing multiple vulnerabilities through drier landscapes, more 

wildfire, altered wildlife habitat, increased cost of maintaining infrastructure, 
and the release of heat-trapping gases that increase climate warming.

Alaska differs from most of the rest of the U.S. in having per-
mafrost – frozen ground that restricts water drainage and 
therefore strongly influences landscape water balance and the 
design and maintenance of infrastructure. Permafrost near the 
Alaskan Arctic coast has warmed 4°F to 5°F at 65 foot depth66,67 
since the late 1970s and 6°F to 8°F at 3.3 foot depth since the 
mid-1980s.68 In Alaska, 80% of land is underlain by perma-
frost, and of this, more than 70% is vulnerable to subsidence 
upon thawing because of ice content that is either variable, 
moderate, or high.69 Thaw is already occurring in interior and 
southern Alaska and in northern Canada, where permafrost 
temperatures are near the thaw point.70 Models project that 
permafrost in Alaska will continue to thaw,71,72 and some mod-
els project that near-surface permafrost will be lost entirely 
from large parts of Alaska by the end of the century.73

Uneven sinking of the ground in response to per-
mafrost thaw is estimated to add between $3.6 
and $6.1 billion (10% to 20%) to current costs of 
maintaining public infrastructure such as build-
ings, pipelines, roads, and airports over the next 
20 years.74 In rural Alaska, permafrost thaw will 
likely disrupt community water supplies and sew-
age systems,75,76,77 with negative effects on hu-
man health.78 The period during which oil and gas 
exploration is allowed on tundra has decreased 
by 50% since the 1970s as a result of permafrost 
vulnerability.11

On average, lakes have decreased in area in the 
last 50 years in the southern two-thirds of Alas-
ka,80,81,82 due to a combination of permafrost thaw, 
greater evaporation in a warmer climate, and in-
creased soil organic accumulation during a longer 
season for plant growth. In some places, however, 
lakes are getting larger because of lateral per-
mafrost degradation.81 Future permafrost thaw 
will likely increase lake area in areas of continu-
ous permafrost and decrease lake area in places 
where the permafrost zone is more fragmented.71

A continuation of the current drying of Alaskan 
lakes and wetlands could affect waterfowl man-
agement nationally because Alaska accounts for 
81% of the National Wildlife Refuge System and 
provides breeding habitat for millions of migra-
tory birds that winter in more southerly regions 
of North America and on other continents.83 Wet-

land loss would also reduce waterfowl harvest in Alaska, where 
it is an important food source for Alaska Natives and other ru-
ral residents.

Both wetland drying and the increased frequency of warm 
dry summers and associated thunderstorms have led to more 
large fires in the last ten years than in any decade since record-
keeping began in the 1940s.14 In Alaskan tundra, which was 
too cold and wet to support extensive fires for approximately 
the last 5,000 years,84 a single large fire in 2007 released as 
much carbon to the atmosphere as had been absorbed by the 
entire circumpolar Arctic tundra during the previous quarter-
century.85 Even if climate warming were curtailed by reducing 
heat-trapping gas (also known as greenhouse gas) emissions 
(as in the B1 scenario), the annual area burned in Alaska is pro-

The Big Thaw

Figure 22.5. Projections for average annual ground temperature at a depth of 
3.3 feet over time if emissions of heat-trapping gases continue to grow (higher 
emissions scenario, A2), and if they are substantially reduced (lower emissions 
scenario, B1). Blue shades represent areas below freezing at a depth of 3.3 
feet, and yellow and red shades represent areas above freezing at that depth, 
based on the GIPL 1.0 model. (Figure source: Permafrost Lab, Geophysical 
Institute, University of Alaska Fairbanks).
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jected to double by mid-century and to triple by 
the end of the century,86 thus fostering increased 
emissions of heat-trapping gases, higher tem-
peratures, and increased fires. In addition, thick 
smoke produced in years of extensive wildfire 
represents a human health risk (Ch. 9: Human 
Health). More extensive and severe wildfires 
could shift the forests of Interior Alaska during 
this century from dominance by spruce to broad-
leaf trees for the first time in the past 4,000 to 
6,000 years.87,88

Wildfire has mixed effects on habitat. It gener-
ally improves habitat for berries, mushrooms, 
and moose,58,89 but reduces winter habitat for 
caribou because lichens, a key winter food 
source for caribou, require 50 to 100 years to re-
cover after wildfire.90 These habitat changes are 
nutritionally and culturally significant for Alaska 
Native Peoples.89,91 In addition, exotic plant spe-
cies that were introduced along roadways are 
now spreading onto river floodplains and re-
cently burned forests,92 potentially changing the 
suitability of these lands for timber production 
and wildlife. Some invasive species are toxic to 
moose, on which local people depend for food.93

Changes in terrestrial ecosystems in Alaska and 
the Arctic may be influencing the global climate 
system. Permafrost soils throughout the entire 
Arctic contain almost twice as much carbon as 
the atmosphere.94 Warming and thawing of 
these soils increases the release of carbon diox-
ide and methane through increased decomposi-
tion. Thawing permafrost also delivers organic-
rich soils to lake bottoms, where decomposition 
in the absence of oxygen releases additional 
methane.95 Extensive wildfires also release car-
bon that contributes to climate warming.86,96 
The capacity of the Yukon River Basin in Alaska 
and adjacent Canada to store carbon has been 
substantially weakened since the 1960s by the 
combination of warming and thawing of perma-
frost and by increased wildfire.97 Expansion of 
tall shrubs and trees into tundra makes the sur-
face darker and rougher, increasing absorption 
of the sun’s energy and further contributing to 
warming.98 This warming is likely stronger than 
the potential cooling effects of increased carbon 
dioxide uptake associated with tree and shrub 
expansion.99 The shorter snow-covered seasons in Alaska fur-
ther increase energy absorption by the land surface, an effect 
only slightly offset by the reduced energy absorption of highly 
reflective post-fire snow-covered landscapes.99 This spectrum 

of changes in Alaskan and other high-latitude terrestrial eco-
systems jeopardizes efforts by society to use ecosystem car-
bon management to offset fossil fuel emissions.94,100

Figure 22.7. Progressive drying of lakes in northern forest wetlands in the 
Yukon Flats National Wildlife Refuge, Alaska. Foreground orange area was 
once a lake. Mid-ground lake once extended to the shrubs. (Photo credit: 
May-Le Ng).

Drying Lakes and Changing Habitat

Figure 22.6. Effects of permafrost thaw on houses in interior Alaska (2001, 
top left), roads in eastern Alaska (1982, top right), and the estimated costs 
(with and without climate change) of replacing public infrastructure in Alaska, 
assuming a mid-range emissions scenario (A1B, with some decrease from 
current emissions growth trends). (Photo credits: (top left) Larry Hinzman;  (top 
right) Joe Moore. Figure source: adapted from Larsen and Goldsmith 200779). 

Mounting Expenses from Permafrost Thawing
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Key Message 4: Changing Ocean Temperatures and Chemistry

Current and projected increases in Alaska’s ocean temperatures and changes 
in ocean chemistry are expected to alter the distribution and productivity of 

Alaska’s marine fisheries, which lead the U.S. in commercial value.

Ocean acidification, rising ocean temperatures, declining sea 
ice, and other environmental changes interact to affect the 
location and abundance of marine fish, including those that 
are commercially important, those used as food by other spe-
cies, and those used for subsistence.101,102,103 These changes 
have allowed some near-surface fish species such as salmon 
to expand their ranges northward along the Alaskan coast.104 
In addition, non-native species are invading Alaskan waters 
more rapidly, primarily through ships releasing ballast waters 
and bringing southerly species to Alaska.10,105 These species 
introductions could affect marine ecosystems, including the 
feeding relationships of fish important to commercial and sub-
sistence fisheries.

Overall habitat extent is expected to change as well, though 
the degree of the range migration will depend upon the life his-
tory of particular species. For example, reductions in seasonal 
sea ice cover and higher surface temperatures may open up 
new habitat in polar regions for some important fish species, 
such as cod, herring, and pollock.106 However, continued pres-
ence of cold bottom-water temperatures on the Alaskan conti-
nental shelf could limit northward migration into the northern 

Bering Sea and Chukchi Sea off northwestern Alaska.107 In addi-
tion, warming may cause reductions in the abundance of some 
species, such as pollock, in their current ranges in the Bering 
Sea108 and reduce the health of juvenile sockeye salmon, po-
tentially resulting in decreased overwinter survival.109 If ocean 
warming continues, it is unlikely that current fishing pressure 
on pollock can be sustained.110 Higher temperatures are also 
likely to increase the frequency of early Chinook salmon mi-
grations, making management of the fishery by multiple user 
groups more challenging.111 

The changing temperature and chemistry of the Arctic Ocean 
and Bering Sea are likely changing their role in global ocean 
circulation and as carbon sinks for atmospheric CO2 respec-
tively, although the importance of these changes in the global 
carbon budget remains unresolved. The North Pacific Ocean 
is particularly susceptible to ocean acidification (see also Ch. 
2: Our Changing Climate, Key Message 12; Ch. 24: Oceans).112 
Acidifying changes in ocean chemistry have potentially wide-
spread impacts on the marine food web, including commer-
cially important species.

oCean aCidifiCation in alasKa 
Ocean waters globally have become 30% more acidic due to absorption of large amounts of human-produced carbon 
dioxide (CO2) from the atmosphere. This CO2 interacts with ocean water to form carbonic acid that lowers the ocean’s 
pH (ocean acidification). The polar ocean is particularly prone to acidification because of low temperature113,114 and 
low salt content, the latter resulting from the large freshwater input from melting sea ice115 and large rivers. Acidity 
reduces the capacity of key plankton species and shelled animals to form and maintain shells and other hard parts, 
and therefore alters the food available to important fish species.113,116 The rising acidity will have particularly strong 
societal effects on the Bering Sea on Alaska’s west coast because of its high-productivity commercial and subsistence 
fisheries.102,117

Shelled pteropods, which are tiny planktonic snails near the base of the food chain, respond quickly to acidifying 
conditions and are an especially critical link in high-latitude food webs, as commercially important species such as 
pink salmon depend heavily on them for food.118 A 10% decrease in the population of pteropods could mean a 20% 
decrease in an adult pink salmon’s body weight.119 Pteropod consumption by juvenile pink salmon in the northern Gulf 
of Alaska varied 45% between 1999 and 2001, although the reason for this variation is unknown.120

At some times of year, acidification has already reached a critical threshold for organisms living on Alaska’s continen-
tal shelves.121 Certain algae and animals that form shells (such as clams, oysters, and crab) use carbonate minerals 
(aragonite and calcite) that dissolve below that threshold. These organisms form a crucial component of the marine 
food web that sustains life in the rich waters off Alaska’s coasts. In addition, Alaska oyster farmers are now indirectly 
affected by ocean acidification impacts farther south because they rely on oyster spat (attached oyster larvae) from 
Puget Sound farmers who are now directly affected by the recent upwelling of acidic waters along the Washington and 
Oregon coastline (Ch. 24: Oceans; Ch. 21: Northwest).122
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Key Message 5: Native Communities 

The cumulative effects of climate change in Alaska strongly affect 
Native communities, which are highly vulnerable to these rapid changes 

but have a deep cultural history of adapting to change.

With the exception of oil-producing regions in the north, rural 
Alaska is one of the most extensive areas of poverty in the U.S. 
in terms of household income, yet residents pay the highest 
prices for food and fuel.123 Alaska Native Peoples, who are the 
most numerous residents of this region, depend economically, 
nutritionally, and culturally on hunting and fishing for their 
livelihoods.124,125,126 Hunters speak of thinning sea and river ice 
that makes harvest of wild foods more dangerous,127 changes 
to permafrost that alter spring run-off patterns, a northward 
shift in seal and fish species, and rising sea levels with more ex-
treme tidal fluctuations (see Ch. 12: Indigenous Peoples).128,129 
Responses to these changes are often constrained by regula-
tions.77,129 Coastal erosion is destroying infrastructure. Impacts 
of climate change on river ice dynamics and spring flooding are 
threats to river communities but are complex, and trends have 
not yet been well documented.130

Major food sources are under stress due to many factors, 
including lack of sea ice for marine mammals.131 Thawing of 
near-surface permafrost beneath lakes and ponds that provide 
drinking water cause food and water security challenges for vil-
lages. Sanitation and health problems also result from deterio-
rating water and sewage systems, and ice cellars traditionally 
used for storing food are thawing (see also Ch. 12: Indigenous 
Peoples).75,78 Warming also releases human-caused pollutants, 
such as poleward-transported mercury and organic pesticides, 
from thawing permafrost and brings new diseases to Arctic 
plants and animals, including subsistence food species, posing 
new health challenges, especially to rural communities.132 Posi-

tive health effects of warming include a longer growing season 
for gardening and agriculture.10,133

Development activities in the Arctic (for example, oil and gas, 
minerals, tourism, and shipping) are of concern to Indigenous 
communities, from both perceived threats and anticipated 
benefits.126 Greater levels of industrial activity might alter the 
distribution of species, disrupt subsistence activities, increase 
the risk of oil spills, and create various social impacts. At the 
same time, development provides economic opportunities, if 
it can be harnessed appropriately.134

Alaska Native Elders say, “We must prepare to adapt.” How-
ever, the implications of this simple instruction are multi-facet-
ed. Adapting means more than adjusting hunting technologies 
and foods eaten. It requires learning how to garner informa-
tion from a rapidly changing environment. Permanent infra-
structure and specified property rights increasingly constrain 
people’s ability to safely use their environment for subsistence 
and other activities. 

Traditional knowledge now facilitates adaptation to climate 
change as a framework for linking new local observations with 
western science.124,135 The capacity of Alaska Natives to survive 
for centuries in the harshest of conditions reflects their resil-
ience.91 Communities must rely not only on improved knowl-
edge of changes that are occurring, but also on support from 
traditional and other institutions – and on strength from within 
– in order to face an uncertain future.124

Figure 22.8: One effect of the reduction in Alaska sea ice is that storm surges that used to be buffered by the ice are now causing 
more shoreline damage. Photos show infrastructure damage from coastal erosion in Tuntutuliak (left) and Shishmaref, Alaska (right). 
(Photo credits: (left) Alaska Department of Environmental Conservation; (right) Ned Rozell).

Alaska Coastal Communities Damaged
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Process for developing key messages
A central component of the assessment process was the Alaska 
Regional Climate assessment workshop that was held September 
12-15, 2012, in Anchorage with approximately 20 attendees; it 
began the process leading to a foundational Technical Input Re-
port (TIR).

10
 The report consists of 148 pages of text, 45 figures, 

8 tables, and 27 pages of references. Public and private citizens 
or institutions were consulted and engaged in its preparation and 
expert review by the various agencies and non-governmental orga-
nizations (NGOs) represented by the 11-member TIR writing team. 
The key findings of the report were presented at the Alaska Forum 
on the Environment and in a regularly scheduled, monthly webi-
nar by the Alaska Center for Climate Assessment and Policy, with 
feedback then incorporated into the report.

The chapter author team engaged in multiple technical discus-
sions via regular teleconferences. These included careful expert 
review of the foundational TIR

10
 and of approximately 85 addi-

tional technical inputs provided by the public, as well as the other 
published literature and professional judgment. These discussions 
were followed by expert deliberation of draft key messages by the 
writing team in a face-to-face meeting before each key message 
was selected for inclusion in the Report. These discussions were 
supported by targeted consultation with additional experts by the 
lead author of each message, and they were based on criteria that 
help define “key vulnerabilities” (Ch. 26: Decision Support).

Key message #1 Traceable accounT

Arctic summer sea ice is receding faster than 
previously projected and is expected to virtually 
disappear before mid-century. This is altering ma-
rine ecosystems and leading to greater ship access, 
offshore development opportunity, and increased 
community vulnerability to coastal erosion.

Description of evidence base
The key message and supporting chapter text summarize extensive 
evidence documented in the Alaska TIR.

10
 Technical input reports 

(85) on a wide range of topics were also received and reviewed as 
part of the Federal Register Notice solicitation for public input. 

Although various models differ in the projected rate of sea ice 
loss, more recent CMIP5 models

20
 that most accurately recon-

struct historical sea ice loss project that late-summer sea ice will 
virtually disappear by the 2030s, leaving only remnant sea ice. 

Evidence is strong about the impacts of sea ice loss.
10

 Because 
the sea ice cover plays such a strong role in human activities and 
Arctic ecosystems, loss of the ice cover is nearly certain to have 
substantial impacts.

17
 

New information and remaining uncertainties
Important new evidence confirmed many of the findings from a 
prior Alaska assessment (http://nca2009.globalchange.gov/alas-
ka), which informed the 2009 NCA.

136
 

Evidence from improved models (for example, Wang and Overland 
2012

20
) and updated observational data from satellite, especially 

new results, clearly show rapid decline in not only extent but also 
mass and thickness of multi-year ice,

18
 information that was not 

available in prior assessments. 

Nearly all studies to date published in the peer-reviewed litera-
ture agree that summer Arctic sea ice extent is rapidly declining 
and that, if heat-trapping gas concentrations continue to rise, an 
essentially ice-free summer Arctic ocean will be realized before 
mid-century. However, there remains uncertainty in the rate of 
sea ice loss, with the models that most accurately project histori-
cal sea ice trends currently suggesting nearly ice-free conditions 
sometime between 2021 and 2043 (median 2035).

20
 Uncertainty 

across all models stems from a combination of large differences in 
projections among different climate models, natural climate vari-
ability, and uncertainty about future rates of fossil fuel emissions. 

Ecosystems: There is substantial new information that ocean acid-
ification, rising ocean temperatures, declining sea ice, and other 
environmental changes are affecting the location and abundance 
of marine fish, including those that are commercially important, 
those used as food by other species, and those used for subsis-
tence.

101,102
 However, the relative importance of these potential 

causes of change is highly uncertain.

Offshore oil and gas development: A key uncertainty is the price of 
fossil fuels. Viable avenues for improving the information base in-

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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clude determining the primary causes of variation among different 
climate models and determining which climate models exhibit the 
best ability to reproduce the observed rate of sea ice loss.

Coastal erosion: There is new information that lack of sea ice 
causes storms to produce larger waves and more coastal erosion.

10
 

An additional contributing factor is that coastal bluffs that were 
“cemented” by permafrost are beginning to thaw in response to 
warmer air and ocean waters, and are therefore more vulnerable 
to erosion.

40
 Standard defensive adaptation strategies to protect 

coastal communities from erosion such as use of rock walls, sand-
bags, and riprap have been largely unsuccessful.

41
 There remains 

considerable uncertainty, however, about the spatial patterns of 
future coastal erosion.

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties:

Very high confidence for summer sea ice decline. High confidence 
for summer sea ice disappearing by mid-century.

Very high confidence for altered marine ecosystems, greater ship 
access, and increased vulnerability of communities to coastal ero-
sion.

High confidence regarding offshore development opportunity. 

Key message #2 Traceable accounT

Most glaciers in Alaska and British Columbia are 
shrinking substantially. This trend is expected to 
continue and has implications for hydropower pro-
duction, ocean circulation patterns, fisheries, and 
global sea level rise.

Description of evidence base
The key message and supporting chapter text summarize exten-
sive evidence documented in the Alaska Technical Input Report.10 
Technical input reports (85) on a wide range of topics were also 
received and reviewed as part of the Federal Register Notice so-
licitation for public input. 

Evidence that glaciers in Alaska and British Columbia are shrinking 
is strong and is based on field studies,56 energy balance models,59 
LIDAR remote sensing,51,52 and satellite data, especially new lines 
of evidence from the Gravity Recovery and Climate Experiment 
(GRACE) satellite.48,52,55

Evidence is also strong that Alaska ice mass loss contributes to 
global sea level rise,58 with latest results permitting quantitative 
evaluation of losses globally.49

Numerous peer-reviewed publications describe implications of 
recent increases, but likely longer-term declines, in water input 
from glacial rivers to reservoirs and therefore hydropower resourc-
es.3,10,65

Glacial rivers account for 47% of the freshwater input to the Gulf 
of Alaska65 and are an important source of organic carbon,60,61 
phosphorus,62 and iron63 that contribute to the high productivity of 
near-shore fisheries.61,64 Therefore, it is projected that the changes 
in discharge of glacial rivers will affect ocean circulation patterns 
and major U.S. and locally significant fisheries. 

New information and remaining uncertainties
Important new evidence confirmed many of the findings from a 
prior Alaska assessment (http://nca2009.globalchange.gov/alas-
ka), which informed the 2009 NCA.

136
 

As noted above, major advances from GRACE and other datasets 
now permit analyses of glacier mass loss that were not possible 
previously. 

Key uncertainties remain related to large year-to-year variation, 
the spatial distribution of snow accumulation and melt, and the 
quantification of glacier calving into the ocean and lakes. Although 
most large glaciated areas of the state are regularly measured 
observationally, extrapolation to unmeasured areas carries uncer-
tainties due to large spatial variability. 

Although there is broad agreement that near-shore circulation in 
the Gulf of Alaska is influenced by the magnitude of freshwater 
inputs, little is known about the mechanisms by which near-term 
increases and subsequent longer-term decreases in glacier runoff 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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(as the glaciers disappear) will affect the structure of the Alaska 
Coastal Current and smaller-scale ocean circulation, both of which 
have feedback on fisheries. 

The magnitude and timing of effects on hydropower production 
depend on changes in glacial mass, as described above. 

Assessment of confidence based on evidence 
High confidence that glacier mass loss in Alaska and British Co-
lumbia is high, contributing 20% to 30% as much to sea level rise 
as does shrinkage of the Greenland Ice Sheet.

High confidence that due to glacier mass loss there will be related 
impacts on hydropower production, ocean circulation, fisheries, 
and global sea level rise. 

Key message #3 Traceable accounT

Permafrost temperatures in Alaska are rising, a 
thawing trend that is expected to continue, causing 
multiple vulnerabilities through drier landscapes, 
more wildfire, altered wildlife habitat, increased 
cost of maintaining infrastructure, and the release 
of heat-trapping gases that increase climate warm-
ing.

Description of evidence base
The key message and supporting chapter text summarize exten-
sive evidence documented in the Alaska Technical Input Report.

10
 

Technical input reports (85) on a wide range of topics were also 
received and reviewed as part of the Federal Register Notice so-
licitation for public input. 

Previous evidence that permafrost is warming
66

 has been con-
firmed and enhanced by more recent studies.

70
 The most recent 

modeling efforts (for example, Avis et al. 2011; Jafarov et al. 
2012

71,73
) extend earlier results

72
 and project that permafrost will 

be lost from the upper few meters from large parts of Alaska by 
the end of this century. 

Evidence that permafrost thaw leads to drier landscapes
81,82

 is 
beginning to accumulate, especially as improved remote sensing 
tools are applied to assess more remote regions.

71

Satellite data has expanded the capacity to monitor wildfire across 
the region, providing additional evidence of wildfire extent.

87
 This 

new evidence has led to increased study that is beginning to reveal 
impacts on ecosystems and wildlife habitat, but much more work 
is needed to understand the extent of natural resilience. 

Impacts of permafrost thaw on the maintenance of infrastruc-
ture

11,74,75,76,77
 is currently moderate but rapidly accumulating. Evi-

dence that permafrost thaw will jeopardize efforts to offset fossil 
fuel emissions is suggestive (Ch. 2: Our Changing Climate).

94,100

New information and remaining uncertainties
Important new evidence confirmed many of the findings from a 
prior Alaska assessment (http://nca2009.globalchange.gov/alas-
ka), which informed the 2009 NCA.136 

This evidence included results from improved models and updated 
observational data. The assessment included insights from stake-
holders collected in a series of distributed engagement meetings 
that confirm the relevance and significance of the key message for 
local decision-makers. 

Key uncertainties involve: 1) the degree to which increases in 
evapotranspiration versus permafrost thaw are leading to drier 
landscapes; 2) the degree to which it is these drier landscapes 
associated with permafrost thaw, versus more severe fire weather 
associated with climate change, that is leading to more wildfire; 3) 
the degree to which the costs of the maintenance of infrastructure 
are associated with permafrost thaw caused by climate change 
versus disturbance of permafrost due to other human activities; 
and 4) the degree to which climate change is causing Alaska to 
be a sink versus a source of greenhouse gases to the atmosphere.

Assessment of confidence based on evidence 
Very high confidence that permafrost is warming.

High confidence that landscapes in interior Alaska are getting 
drier, although the relative importance of different mechanisms is 
not completely clear. 

Medium confidence that thawing permafrost results in more wild-
fires. There is high confidence that wildfires have been increasing 
in recent decades, even if it is not clear whether permafrost thaw 
or hotter and drier weather is more important. 

High confidence that climate change will lead to increased main-
tenance costs in future decades. Low confidence that climate 
change has led to increased maintenance costs of infrastructure 
in recent decades.

Very high confidence that ecological changes will cause Alaska to 
become a source of greenhouse gases to the atmosphere, even 
though evidence that Alaska is currently a carbon source is only 
suggestive. 

Key message #4 Traceable accounT

Current and projected increases in Alaska’s ocean 
temperatures and changes in ocean chemistry are 
expected to alter the distribution and productivity 
of Alaska’s marine fisheries, which lead the U.S. in 
commercial value.

Description of evidence base
The key message and supporting chapter text summarize exten-
sive evidence documented in the Alaska Technical Input Report.

10
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Technical input reports (85) on a wide range of topics were also 
received and reviewed as part of the Federal Register Notice so-
licitation for public input. 

Numerous peer-reviewed publications describe evidence that 
ocean temperatures are rising and ocean chemistry, especially 
pH, is changing.

10
 New observational data from buoys and ships 

document increasing acidity and aragonite under-saturation (that 
is, the tendency of calcite and aragonite in shells to dissolve) in 
Alaskan coastal waters.

Accumulating strong evidence suggests that these changes in 
ocean temperature and chemistry, including pH, will likely affect 
major Alaska marine fisheries, although the relative importance of 
these changes and the exact nature of response of each fishery 
are uncertain.

101,102,103

Alaska’s commercial fisheries account for roughly 50 percent of 
the United States’ total wild landings. Alaska led all states in both 
volume and ex-vessel value of commercial fisheries landings in 
2009, with a total of 1.84 million metric tons worth $1.3 billion.

1

New information and remaining uncertainties
Important new evidence confirmed many of the findings from a 
prior Alaska assessment (http://nca2009.globalchange.gov/alas-
ka), which informed the 2009 NCA.

136
 

The new evidence included results from improved models and 
updated observational data. The assessment included insights 
from stakeholders collected in a series of distributed engagement 
meetings that confirm the relevance and significance of the key 
message for local decision-makers. 

A key uncertainty is what the actual impacts of rising tempera-
tures and changing ocean chemistry, including an increase in 
ocean acidification, will be on a broad range of marine biota and 
ecosystems. More monitoring is needed to document the extent 
and location of changes. Additional research is needed to assess 
how those changes will affect the productivity of key fishery re-
sources and their food and prey base.

Assessment of confidence based on evidence 
Given the evidence base and remaining uncertainties:

High confidence of increased ocean temperatures and changes in 
chemistry. 

Medium confidence that fisheries will be affected.

Key message #5 Traceable accounT

The cumulative effects of climate change in Alas-
ka strongly affect Native communities, which are 
highly vulnerable to these rapid changes but have a 
deep cultural history of adapting to change.

Description of evidence base
The key message and supporting chapter text summarize exten-
sive evidence documented in the Alaska Technical Input Report.

10
 

Technical input reports (85) on a wide range of topics were also 
received and reviewed as part of the Federal Register Notice so-
licitation for public input. 

Evidence exists in recorded local observational accounts as well as 
in the peer-reviewed scientific literature of the cumulative effects 
of climate-related environmental change on Native communities 
in Alaska; these effects combine with other socioeconomic stress-
ors to strain rural Native communities (Ch. 12: Indigenous Peo-
ples).

124,125,126,131
 Increasing attention to impacts of climate change 

is revealing new aspects, such as impacts to health and hunter 
safety (for example, Baffrey and Huntington 2010; Brubaker et al. 
2011

78,134
). There is also strong evidence for the cultural adaptive 

capacity of these communities and peoples over time.
91,130,135

New information and remaining uncertainties
Important new evidence confirmed many of the findings from a 
prior Alaska assessment (http://nca2009.globalchange.gov/alas-
ka), which informed the 2009 NCA.

136
 

The precise mechanisms by which climate change affects Na-
tive communities are poorly understood, especially in the context 
of rapid social, economic, and cultural change. Present day re-
sponses to environmental change are poorly documented. More 
research is needed on the ways that Alaska Natives respond to 
current biophysical climate change and to the factors that enable 
or constrain contemporary adaptation.

Alaska Native communities are already being affected by climate-
induced changes in the physical and biological environment, from 
coastal erosion threatening the existence of some communities, to 
alterations in hunting, fishing, and gathering practices that under-
mine the intergenerational transfer of culture, skill, and wisdom. 
At the same time, these communities have a long record of ad-
aptation and flexibility. Whether such adaptability is sufficient to 
address the challenges of climate change depends both on the 
speed of climate-induced changes and on the degree to which 
Native communities are supported rather than constrained in the 
adaptive measures they need to make.

124

Assessment of confidence based on evidence 
There is high confidence that cumulative effects of climate change 
in Alaska strongly affect Native communities, which are highly 
vulnerable to these rapid changes but have a deep cultural history 
of adapting to change.
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Key Messages
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1. Warmer oceans are leading to increased coral bleaching events and disease outbreaks in coral 
 reefs, as well as changed distribution patterns of tuna fisheries. Ocean acidification will reduce   
 coral growth and health. Warming and acidification, combined with existing stresses, will strongly  
 affect coral reef fish communities. 

2. Freshwater supplies are already constrained and will become more limited on many islands. 
 Saltwater intrusion associated with sea level rise will reduce the quantity and quality of freshwater  
 in coastal aquifers, especially on low islands. In areas where precipitation does not increase,   
 freshwater supplies will be adversely affected as air temperature rises.

 3. Increasing temperatures, and in some areas reduced rainfall, will stress native Pacific Island plants  
 and animals, especially in high-elevation ecosystems with increasing exposure to invasive species,  
 increasing the risk of extinctions. 

4. Rising sea levels, coupled with high water levels caused by storms, will incrementally increase   
 coastal flooding and erosion, damaging coastal ecosystems, infrastructure, and agriculture, and   
 negatively affecting tourism.

5. Mounting threats to food and water security, infrastructure, health, and safety are expected to   
 lead to increasing human migration, making it increasingly difficult for Pacific Islanders to sustain  
 the region’s many unique customs, beliefs, and languages. 

The U.S. Pacific Islands region (Figure 23.1) 
is vast, comprising more than 2,000 islands 
spanning millions of square miles of ocean. 
The largest group of islands in this region, the 
Hawaiian Archipelago, is located nearly 2,400 
miles from any continental landmass, which 
makes it one of the most remote archipela-
gos on the globe.1 The Hawaiian Islands sup-
port fewer than 2 million people, yet provide 
vital strategic capabilities to U.S. defense – 
and the islands’ biodiversity is important to 
the world. Hawai‘i and the U.S. affiliated Pa-
cific Islands are at risk from climate changes 
that will affect nearly every aspect of life. 
Rising air and ocean temperatures, shifting 
rainfall patterns, changing frequencies and 
intensities of storms and drought, decreas-
ing baseflow in streams, rising sea levels, and 
changing ocean chemistry will affect ecosys-
tems on land and in the oceans, as well as 
local communities, livelihoods, and cultures. 
Low islands are particularly at risk.

 ©
 M

ic
ha

el
 W

el
ls

/fs
to

p/
C

or
bi

s

538 CLIMATE CHANGE IMPACTS IN THE UNITED STATES



539 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

23: HAWAI‘I AND U.S. AFFILIATED PACIFIC ISLANDS

The Pacific Islands include volcanic is-
lands, islands of continental crust, atolls 
(formed by coral reefs), limestone is-
lands, and islands of mixed geologic 
origin, with tremendous landscape di-
versity. In the Hawaiian High Islands, as 
many as 10 ecozones – from alpine sys-
tems to tropical rainforests – exist within 
a 25 mile span.3,4 Isolation and landscape 
diversity in Hawai‘i brings about some of 
the highest concentrations of native spe-
cies, found nowhere else in the world.4 
Several U.S. Pacific Islands are marine 
biodiversity hotspots, with the greatest 
diversity found in the Republic of Palau, 
and the highest percentage of native reef 
fishes in Hawai‘i.5 These islands provide 
insights into evolution and adaptation, 
concepts important for predicting the 
impacts of climate change on ecosys-
tems. Their genetic diversity also holds 
the potential for developing natural 
products and processes for biomedical 
and industrial use. 

The Pacific Islands region includes demo-
graphically, culturally, and economically 
varied communities of diverse indige-
nous Pacific Islanders, intermingled with 
immigrants from many countries. At least 
20 languages are spoken in the region. 
Pacific Islanders recognize the value and 
relevance of their cultural heritage and 
systems of traditional knowledge; their 
laws emphasize the long-term multigenerational connection 
with their lands and resources.6 Tourism contributes promi-
nently to the gross domestic product of most island jurisdic-
tions, as does the large U.S. military presence. Geographic 
remoteness means that the costs of air transport and shipping 

profoundly influence island economies. Natural resources are 
limited, with many communities relying on agriculture and 
ecosystems (such as coral reefs, open oceans, streams, and 
forests) for sustenance and revenue. 

Key Message 1: Changes to Marine Ecosystems

Warmer oceans are leading to increased coral bleaching events and disease outbreaks in 
coral reefs, as well as changed distribution patterns of tuna fisheries. Ocean acidification will 
reduce coral growth and health. Warming and acidification, combined with existing stresses, 

will strongly affect coral reef fish communities. 

Ocean temperatures in the Pacific region exhibit strong year-
to-year and decadal fluctuations, but since the 1950s, they 
have also exhibited a warming trend, with temperatures from 
the surface to a depth of 660 feet rising by as much as 3.6°F.7 

Future sea surface temperatures are projected to increase 
1.1°F (compared to the 1990 levels) by 2030, 1.8°F by 2055, 
and 2.5°F by 2090 under a scenario that assumes substantial 

reductions in emissions (B1), or 1.7°F by 2030, 2.3°F by 2055, 
and 4.7°F by 2090 under a scenario that assumes continued 
increases in emissions (A2).8

Bleaching events (as a result of higher ocean temperatures) can 
weaken or kill corals. At least three mass bleaching episodes 
have occurred in the northwestern Hawaiian Islands in the last 
decade.9 Incidences of coral bleaching have been recorded in 

Figure 23.1. The U.S. Pacific Islands region includes our 50th state, Hawai‘i, as well as 
the Territories of Guam, American Samoa, the Commonwealth of the Northern Mariana 
Islands (CNMI), the Republic of Palau (RP), the Federated States of Micronesia 
(FSM), and the Republic of the Marshall Islands (RMI). Citizens of Guam and CNMI 
are U.S. citizens, and citizens of American Samoa are U.S. nationals. Through the 
Compacts of Free Association, citizens of RP, FSM, and RMI have the right to travel 
to the U.S. without visas to maintain “habitual residence” and to pursue education 
and employment. The map shows three sub-regions used in this assessment and 
the islands that comprise the Pacific Remote Islands National Monument. Shaded 
areas indicate each island’s Exclusive Economic Zone (EEZ) (Figure source: Keener 
et al. 20122). 

U.S. Pacific Islands Region 
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Micronesia and American Samoa,10 testing the resilience of 
these reefs. Coral disease outbreaks have also been reported 
in the Hawaiian archipelago,11 American Samoa,12,13 the Mar-
shall Islands, and Palau,14 correlated with periods of unusually 
high water temperatures.15 Despite uncertainties, advanced 
modeling techniques project a large decline in coral cover in 
the Hawaiian Archipelago during this century. However, there 
are significant differences in the projected time frames and 
geographic distribution of these declines, even under a single 
climate change scenario.16 By 2100, assuming ongoing increas-
es in emissions of heat-trapping gases (A2 scenario), continued 
loss of coral reefs and the shelter they provide will result in 
extensive losses in both numbers and species of reef fishes.17 
Even with a substantial reduction in emissions (B1 scenario), 
reefs could be expected to lose as much as 40% of their reef-
associated fish. Coral reefs in Hawai‘i provide an estimated 
$385 million in goods and services annually,18 which could be 
threatened by these impacts. 

Ocean acidification is also taking place in the region, which 
adds to ecosystem stress from increasing temperatures. Ocean 
acidity has increased by about 30% since the pre-industrial 
era and is projected to further increase by 37% to 50% from 
present levels by 2100 (Ch. 2: Our Changing Climate, Key Mes-
sage 12).19 The amount of calcium carbonate, the biologically 
important mineral critical to reef-building coral and to calcify-
ing algae, will decrease as a result of ocean acidification. By 
2035 to 2060, levels of one form of the mineral (aragonite) are 
projected to decline enough to reduce coral growth and sur-
vival around the Pacific, with continuing declines thereafter.20 
Crustose coralline algae, an inconspicuous but important com-
ponent of reefs that help reefs to form and that act as critical 
surfaces on which other living things grow, are also expected 
to exhibit reduced growth and survival.21,22 Ocean acidification 
reduces the ability of corals to build reefs and also increases 
erosion,23 leading to more fragile reef habitats. These changes 
are projected to have a strong negative impact on the econo-

Figure 23.2. The Pacific Islands include “high” volcanic islands, such as that on the left, that reach nearly 14,000 feet above sea level, 
and “low” atolls and islands, such as that on the right, that peak at just a few feet above present sea level. (Left) Ko‘olau Mountains 
on the windward side of Oahu, Hawai‘i (Photo credit: kstrebor via Flickr.com). (Right) Laysan Island, Papahānaumokuākea Marine 
National Monument (Photo credit: Andy Collins, NOAA).

“High” and “Low” Pacific Islands Face Different Threats

The Pacific region is subject to various patterns of climate variability. The effects of the El Niño-Southern Oscillation 
(ENSO) and other patterns of oceanic and atmospheric variability on the region are significant. They include large 
variations in sea surface temperatures, the strength and persistence of the trade winds, the position of jet streams and 
storm tracks, and the location and intensity of rainfall.8,29,30 The ENSO-related extremes of El Niño and La Niña generally 
persist for 6 to 18 months and change phase roughly every 3 to 7 years.8,31 The Pacific Decadal Oscillation (PDO) and 
the Interdecadal Pacific Oscillation (IPO) are patterns that operate over even longer time horizons and also influence 
the weather and climate of the region.31,32 Such dramatic short-term variability (the “noise”) can obscure the long-term 
trend  (the “signal”).33 Despite the challenges of distinguishing natural climate variability from climate change, there are 
several key indicators of observed change that serve as a basis for monitoring and evaluating future change.2

el niño And other pAtterns of cliMAte vAriAbility 
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mies and well-being of island communities, with loss of coral 
biodiversity and reduced resilience.24

Similarly, there will be large impacts to the economically 
important tuna fishery in the Pacific Island region. Surface 
chlorophyll data obtained by satellites indicate less favorable 
conditions resulting in reduced productivity for tuna in the 
subtropical South and North Pacific26 due to warming. This 
trend is projected to continue under future climate change.27 
One fishery model, coupled with a climate model, forecasts 
that the overall western and central Pacific fishery catch for 
skipjack tuna would initially increase by about 19% by 2035, 
though there would be no change for bigeye tuna. However, 
by 2100, skipjack catch would decline by 8% and bigeye catch 

would decline by 27% if emis-
sions continue to rise (A2 sce-
nario); geographic variations 
are projected within the re-
gion.28

These changes to both corals 
and fish pose threats to com-
munities, cultures, and ecosys-
tems of the Pacific Islands both 
directly through their impact 
on food security and indirectly 
through their impact on eco-
nomic sectors including fisher-
ies and tourism.  

Figure 23.3. Ocean waters have already become more acidic from absorbing carbon dioxide 
from the atmosphere. As this absorption lowers pH, it reduces the amount of calcium carbonate, 
which is critical for many marine species to reproduce and grow. Maps show projections of 
the saturation state of aragonite (the form of calcium carbonate used by coral and many other 
species) if CO2 levels were stabilized at 380 ppm (a level that has already been exceeded), 450 
ppm (middle map), and 500 ppm (bottom map), corresponding approximately to the years 2005, 
2030, and 2050, assuming a decrease in emissions from the current trend (scenario A1B). As 
shown on the maps, many areas that are adequate will become marginal. Higher emissions 
will lead to many more places where aragonite concentrations are “marginal” or “extremely 
marginal” in much of the Pacific. (Figure source: Burke et al. 201125). 

Increased Acidification Decreases Suitable Coral  Habitat
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Increasing ocean temperature and acidity threaten coral reef 
ecosystems.
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Key Message 2: Decreasing Freshwater Availability

Freshwater supplies are already constrained and will become more limited on many islands. 
Saltwater intrusion associated with sea level rise will reduce the quantity and quality of 

freshwater in coastal aquifers, especially on low islands. In areas where precipitation does not 
increase, freshwater supplies will be adversely affected as air temperature rises.

In Hawai‘i, average precipitation, average stream discharge, 
and stream baseflow have been trending downward for nearly 
a century, especially in recent decades, but with high variability 
due to cyclical climate patterns such as ENSO and the PDO (see 
“El Niño and other Patterns of Climate Variability”).34,35,36 For 
the Western North Pacific, a decline of 15% in annual rainfall 
has been observed in the eastern-most islands in the Microne-
sia region, and slight upward trends in precipitation have been 
seen for the western-most islands with high ENSO-related vari-
ability.7 In American Samoa, no trends in average rainfall are 
apparent, but there is very limited available data.7,37   

Projections of precipitation are less certain than those for tem-
perature.2,38 For Hawai‘i, a scenario based on statistical down-
scaling projects a 5% to 10% reduction for the wet season and 
a 5% increase in the dry season for the end of this century.39 
Projections for late this century from global models for the 
region give a range of results. Generally they predict annual 
rainfall to either change little or to increase by up to 5% for the 
main Hawaiian Islands and to change little or decrease up to 
10% in the Northwestern Hawaiian Islands. They also project 
increases in the Micronesia region (Ch. 2: Our Changing Cli-

mate, Figure 2.6),40 though there is low confidence in all these 
projections. 

Climate change impacts on freshwater resources in the Pacific 
Islands will vary across the region. Different islands will be af-
fected by different factors, including natural variability pat-
terns that affect storms and precipitation (like El Niño and La 
Niña events), as well as climate trends that are strongly influ-
enced by specific geographic locations. For example, surface 
air temperature has increased and is expected to continue to 
rise over the entire region.41 In Hawai‘i, the rate of increase 
has been greater at high elevations.41 In Hawai‘i and the Cen-
tral North Pacific, projected annual surface air temperature 
increases range from 1.5°F by 2055 (relative to 1971-2000) 
under a scenario of substantial emissions reduction (B1), to 
3.5°F assuming continued increases in emissions (A2).40,42 In 
the Western North Pacific, the projected increases by 2055 are 
1.9°F for the B1 scenario and 2.6°F for the A2 scenario.8 In the 
central South Pacific, projected annual surface air temperature 
increases by 2055 are 1.9°F (B1) and 2.5°F (A2).8

On most islands, increased temperatures coupled with de-
creased rainfall and increased drought will reduce the amount 

of freshwater available for drink-
ing and crop irrigation.43 Climate 
change impacts on freshwater re-
sources in the region will also vary 
because of differing island size and 
topography, which affect water 
storage capability and susceptibil-
ity to coastal flooding. Low-lying 
islands will be particularly vulner-
able due to their small land mass, 
geographic isolation, limited po-
table water sources, and limited 
agricultural resources.44 Also, as 
sea level rises over time, increasing 
saltwater intrusion from the ocean 
during storms will exacerbate the 
situation (Figure  23.6).45,46 These 
are only part of a cascade of cli-
mate change related impacts that 
will increase the pressures on, and 
threats to, the social and ecosys-
tem sustainability of these island 
communities.47 

Observed Changes in Annual Rainfall in the Western North Pacific

Figure 23.4. Islands in the western reaches of the Pacific Ocean are getting slightly more 
rainfall than in the past, while islands more to the east are getting drier (measured in change 
in inches of monthly rainfall per decade over the period 1950-2010). Darker blue shading 
indicates that conditions are wetter, while darker red shading indicates drier conditions. 
The size of the dot is proportional to the size of the trend on the inset scale. (Figure source: 
Keener et al. 20122).
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Key Message 3: Increased Stress on Native Plants and Animals

Increasing temperatures, and in some areas reduced rainfall, will stress native Pacific Island 
plants and animals, especially in high-elevation ecosystems with increasing exposure to 

invasive species, increasing the risk of extinctions. 

Projected climate changes will significantly alter the distribu-
tion and abundance of many native marine, terrestrial, and 
freshwater species in the Pacific Islands. The vulnerability of 
coral reef and ocean ecosystems was discussed earlier. Land-
based and freshwater species that exist in high-elevation 
ecosystems in high islands, as well as low-lying coastal ecosys-
tems on all islands, are especially vulnerable. Existing climate 

zones on high islands are generally projected to shift upslope 
in response to climate change.48 The ability of native species 
to adapt to shifting habitats will be affected by ecosystem dis-
continuity and fragmentation, as well as the survival or extinc-
tion of pollinators and seed dispersers. Some (perhaps many) 
invasive plant species will have a competitive edge over native 
species, as they disproportionately benefit from increased car-
bon dioxide, disturbances from extreme weather and climate 
events, and an ability to invade higher elevation habitats as cli-
mates warm.49 Hawaiian high-elevation alpine ecosystems on 
Hawai‘i and Maui islands are already beginning to show strong 
signs of higher temperatures and increased drought.50 For ex-
ample, the number of Haleakalā silversword, a rare plant that 
is an integral component of the alpine ecosystem in Haleakalā 
National Park in Maui and is found nowhere else on the planet, 
has declined dramatically over the past two decades.51 Many 
of Hawai‘i’s native forest birds, marvels of evolution largely 
limited to high-elevation forests due to predators and dis-
eases, are increasingly vulnerable as rising temperatures allow 
mosquitoes carrying diseases like avian malaria to thrive at 
higher elevations and thereby reduce the extent of safe bird 
habitat.48,52 

On high islands like Hawai‘i, decreases in precipitation and 
baseflow are already indicating impacts on freshwater ecosys-
tems and aquatic species.35,37 Many Pacific Island freshwater 
fishes and invertebrates have oceanic larval stages in which 
they seasonally return to high island streams to aid reproduc-
tion.53 Changes in stream flow and oceanic conditions that 
affect larval growth and survival will alter the ability of these 
species to maintain viable stream populations. 

Key Message 4: Sea Level Rising

Rising sea levels, coupled with high water levels caused by tropical and extra-tropical storms, 
will incrementally increase coastal flooding and erosion, damaging coastal ecosystems, 

infrastructure, and agriculture, and negatively affecting tourism.

Global average sea level has risen by about 8 inches since 
1900,54 with recent satellite observations indicating an in-
creased rate of rise over the past two decades (1.3 inches per 
decade) (see also Ch. 2: Our Changing Climate, Key Message 
10). 55  Recent regional sea level trends in the western tropical 
Pacific are higher56,57 than the global average, due in part to 
changing wind patterns associated with natural climate vari-
ability.58,59 Over this century, sea level in the Pacific is expected 
to rise at about the same rate as the projected increase in glob-
al average sea level, with regional variations associated with 
ocean circulation changes and the Earth’s response to other 

large-scale changes, such as melting glaciers and ice sheets 
as well as changing water storage in lakes and reservoirs.60,61 
For the region, extreme sea level events generally occur when 
high tides combine with changes in water levels due to storms, 
ENSO (see “El Niño and other Patterns of Climate Variability”), 
and other variations.54,55,56,57,58,59,60

Rising sea levels will escalate the threat to coastal structures 
and property, groundwater reservoirs, harbor operations, air-
ports, wastewater systems, shallow coral reefs, sea grass beds, 
intertidal flats and mangrove forests, and other social, eco-

Figure 23.5. Warming at high elevations could alter the 
distribution of native plants and animals in mountainous 
ecosystems and increase the threat of invasive species. The 
threatened, endemic ‘ahinahina, or Haleakalā silversword 
(Argyroxiphium sandwicense subsp. macrocephalum), shown 
here in full bloom on Maui, Hawaiian Islands, is one example. 
(Photo credit: Forest and Kim Starr). 

Native Plants at Risk
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nomic, and natural resources. Impacts will vary with location 
depending on how regional sea level variability combines with 
increases of global average sea level.62 On low islands, critical 
public facilities and infrastructure as well as private commer-
cial and residential property are especially vulnerable. Agricul-
tural activity will also be affected, as sea level rise decreases 
the land area available for farming45 and periodic flooding 
increases the salinity of groundwater. Coastal and nearshore 
environments will progressively be affected as sea levels rise 

and high wave events alter low islands’ size and shape. Based 
on extrapolation from results in American Samoa, sea level rise 
could cause future reductions of 10% to 20% in total regional 
mangrove area over the next century.63 This would in turn re-
duce the nursery areas and feeding grounds for fish species, 
habitat for crustaceans and invertebrates, shoreline protection 
and wave dampening, and water filtration provided by man-
groves.64 Pacific seabirds that breed on low-lying atolls will lose 
large segments of their breeding populations65 as their habitat 
is increasingly and more extensively covered by seawater. 

Impacts to the built environment on low-lying portions of 
high islands, where nearly all airports are located and where 

each island’s road network is 
sited,66 will be nearly as pro-
found as those experienced 
on low islands. Islands with 
more developed built infra-
structure will experience 
more economic impacts 
from tourism loss. In Hawai‘i, 
for example, where tourism 
comprises 26% of the state’s 
economy, damage to tourism 
infrastructure could have 
large economic impacts –the 
loss of Waikīkī Beach alone 
could lead to an annual loss 
of $2 billion in visitor expen-
ditures.67

Figure 23.8. Map shows large variations across the Pacific Ocean in sea level trends for 1993-
2010. The largest sea level increase has been observed in the western Pacific. (Figure source: 
adapted from Merrifield 201157 by permission of American Meteorological Society).

Higher Sea Level Rise in Western Pacific

Figure 23.6. Taro crops destroyed by encroaching saltwater 
at Lukunoch Atoll, Chuuk State, FSM. Giant swamp taro is a 
staple crop in Micronesia that requires a two- to three-year 
growing period from initial planting to harvest. After a saltwater 
inundation from a storm surge or very high tide, it may take two 
years of normal rainfall to flush brackish water from a taro patch, 
resulting in a five-year gap before the next harvest if no further 
saltwater intrusion takes place. (Photo credit: John Quidachay, 
USDA Forest Service). 

Saltwater Intrusion Destroys Crops Residents of Low-lying Islands at Risk

Figure 23.7. Republic of the Marshall Islands, with a land area 
of just 1.1 square miles and a maximum elevation of 10 feet, 
may be among the first to face the possibility of climate change 
induced human migration as sea level continues to rise. (Photo 
credit: Darren Nakata). 
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Key Message 5: Threats to Lives, Livelihoods, and Cultures

Mounting threats to food and water security, infrastructure, and public health and safety 
are expected to lead to increasing human migration from low to high elevation islands and 

continental sites, making it increasingly difficult for Pacific Islanders to sustain the  
region’s many unique customs, beliefs, and languages.

All of the climate change impacts described above will have 
an impact on human communities in Pacific Islands. Because 
Pacific Islands are almost entirely dependent upon imported 
food, fuel, and material, the vulnerability of ports and airports 
to extreme events, sea level rise, and increasing wave heights 
is of great concern. Climate change is expected to have seri-
ous effects on human health, for example by increasing the 
incidence of dengue fever (Ch. 9: Human Health).68 In addition, 
sea level rise and flooding are expected to overwhelm sewer 
systems and threaten public sanitation. 

The traditional lifestyles and cultures of indigenous communi-
ties in all Pacific Islands will be seriously affected by climate 
change (see also Chapter 12: Indigenous Peoples). Sea level 
rise and associated flooding is expected to destroy coastal 
artifacts and structures69 or even the entire land base associ-

ated with cultural traditions.70 Drought threatens traditional 
food sources such as taro and breadfruit, and coral death from 
warming-induced bleaching will threaten subsistence fisheries 
in island communities.46 Climate change related environmental 
deterioration for communities at or near the coast, coupled 
with other socioeconomic or political motivations, is expected 
to lead individuals, families, or communities to consider mov-
ing to new locations. Depending on the scale and distance of 
the migration, a variety of challenges face the migrants and the 
communities receiving them. Migrants need to establish them-
selves in their new community, find employment, and access 
services, while the receiving community’s infrastructure, labor 
market, commerce, natural resources, and governance struc-
tures need to absorb a sudden burst of population growth. 

Adaptation Activities
Adaptive capacity in the region varies and reflects the histories 
of governance, the economies, and the geographical features 
of the island/atoll site. High islands can better support larger 
populations and infrastructure, attract industry, foster institu-
tional growth, and thus bolster adaptive capacity;2 but these 
sites have larger policy or legal hurdles that complicate coastal 
planning.71 Low islands have a different set of challenges. Cli-
mate change related migration, for example, is particularly 
relevant to the low island communities in the Republic of the 
Marshall Islands (RMI) and the Federated States of Microne-
sia (FSM), and presents significant practical, cultural, and legal 
challenges.72 

In Hawai‘i, state agencies have drafted a framework for climate 
change adaptation by identifying sectors affected by climate 
change and outlining a process for coordinated statewide ad-
aptation planning.73 Both Hawai‘i and American Samoa specifi-
cally consider climate change in their U.S. Federal Emergency 

Management Agency (FEMA) hazard mitigation plans, and the 
Commonwealth of Northern Mariana Islands lists climate vari-
ability as a possible hazard related to extreme climate events.74 
The U.S. Pacific Island Freely Associated States (which includes 
the Republic of Palau, FSM, and RMI; Figure 23.1) have worked 
with regional organizations to develop plans and access inter-
national resources. Each of these jurisdictions has developed 
a status report on integrating climate-related hazard infor-
mation in disaster risk reduction planning and has developed 
plans for adaptation to climate-related disaster risks.75 Overall, 
there is very little research on the effectiveness of alternative 
adaptation strategies for Pacific Islands and their communities. 
The regional culture of communication and collaboration pro-
vides a strong foundation for adaptation planning and will be 
important for building resilience in the face of the changing 
climate. 
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23: HAWAI‘I AND US AFFILIATED PACIFIC ISLANDS 

Process for Developing Key Messages
 A central component of the assessment process was convening 
three focus area workshops as part of the Pacific Islands Regional 
Climate Assessment (PIRCA). The PIRCA is a collaborative effort 
aimed at assessing the state of climate knowledge, impacts, and 
adaptive capacity in Hawai‘i and the U.S. Affiliated Pacific Islands. 
These workshops included representatives from the U.S. federal 
agencies, universities, as well as international participants from 
other national agencies and regional organizations. The workshops 
led to the formulation of a foundational Technical Input Report 
(TIR).

2
 The report consists of nearly 140 pages, with almost 300 

references, and was organized into 5 chapters by 11 authors. 

The chapter author team engaged in multiple technical discus-
sions via regular teleconferences that permitted a careful review of 
the foundational TIR

2
 and of approximately 23 additional techni-

cal inputs provided by the public, as well as the other published 
literature, and professional judgment. These discussions included 
a face-to-face meeting held on July 9, 2012. These discussions 
were supported by targeted consultation among the lead and con-
tributing authors of each message. There were several iterations 
of review and comment on draft key messages and associated 
content.

Key message #1 Traceable accounT

Warmer oceans are leading to increased coral 
bleaching events and disease outbreaks in coral 
reefs, as well as changed distribution patterns of 
tuna fisheries. Ocean acidification will reduce coral 
growth and health. Warming and acidification, com-
bined with existing stresses, will strongly affect 
coral reef fish communities.

Description of evidence base
The key message was chosen based on input from the exten-
sive evidence documented in the Hawai‘i Technical Input Re-
port

2
 and additional technical inputs received as part of the 

Federal Register Notice solicitation for public input, as well as 
stakeholder engagement leading up to drafting the chapter.  

Ocean warming: There is ample evidence that sea-surface tem-
peratures have already risen throughout the region based on clear 
observational data, with improved data with the advent of satel-
lite and in situ (ARGO & ship-based) data.

7
 Assessment of the 

literature for the region by other governmental bodies (such as 
Australian Bureau of Meteorology [ABOM] and the Commonwealth 
Scientific and Industrial Research Organization [CSIRO]) point to 
continued increases under both B1 and A2 scenarios.

8
 

Ocean acidification: Globally, the oceans are currently absorbing 
about a quarter of the carbon dioxide emitted to the atmosphere 
annually, and becoming more acidic as a result (Ch. 2: Our Chang-
ing Climate, Key Message 12). Historical and current observations 
of aragonite saturation state (Ωar) for the Pacific Ocean show a 
decrease from approximately 4.9 to 4.8 in the Central North Pa-
cific (Hawaiian Islands); in the Western North Pacific (Republic 
of Marshall Islands, Commonwealth of Northern Mariana Islands, 
Federated States of Micronesia, Republic of Palau, Guam), it has 
declined from approximately 4.5 to 3.9 in 2000, and to 4.1 in 
the Central South Pacific (American Samoa) (this chapter: Figure 
23.3; Ch. 24: Oceans and Marine Resources).

19
 Projections from 

CMIP3 models indicate the annual maximum aragonite saturation 
state will reach values below 3.5 by 2035 in the waters of the 
Republic of the Marshall Islands (RMI), by 2030 in the Feder-
ated States of Micronesia (FSM), by 2040 in Palau, and by 2060 
around the Samoan archipelago. These values are projected to 
continue declining thereafter.

2
 The recently published Reefs at 

Risk Revisited25
 estimates aragonite saturation state (as an indica-

tor of ocean acidification) for CO2 stabilization levels of 380 ppm, 
450 ppm, and 500 ppm, which correspond approximately to the 
years 2005, 2030, and 2050 under the A1B emissions scenario 
(which assumes similar emissions to the A2 scenario through 
2050 and a slow decline thereafter) (Figure 4.4 from Keener et 
al. 2012

2
). 

Bleaching events: These have been well-documented in extensive 
literature worldwide due to increasing temperatures, with numer-
ous studies in Hawai‘i and the Pacific Islands.

9,10
 

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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Disease outbreaks: Reports of coral diseases have been proliferat-
ing in the past years,

11,13
 but few have currently been adequately 

described, with causal organisms identified (for example, fulfill 
Koch’s Postulates). 

Reduced growth: There is abundant evidence from laboratory ex-
periments that lower seawater pH reduces calcification rates in 
marine organisms (for example, Feely et al. 2009

19
). However, ac-

tual measurements on the effects of ocean acidification on coral 
reef ecosystems in situ or in complex mesocosms are just now 
becoming available, and these measurements show that there are 
large regional and diel variability in pH and pCO2.

76
 The role of diel 

and regional variability on coral reef ecosystems requires further 
investigation.

Distribution patterns of coastal and ocean fisheries: Evidence of 
the effects of ocean acidification on U.S. fisheries in Hawai‘i and 
the Pacific Islands is currently limited (Lehodey et al. 2011)

28
 but 

there is accumulating evidence for ecosystem impacts. 

New information and remaining uncertainties 
New information: Since the 2009 National Climate Assessment,

77
 

considerable effort has been employed to understand the impacts 
of ocean acidification (OA) on marine ecosystems, including re-
cent ecosystem-based efforts.

22,28
 Studies of OA impacts on or-

ganisms has advanced considerably, with careful chemistry using 
worldwide standard protocols making inroads into understanding 
a broadening range of organisms. 

However, predicting the effect of ocean acidification on marine 
organisms and marine coral reef ecosystems remains the key issue 
of uncertainty. The role of community metabolism and calcifica-
tion in the face of overall reduction in aragonite saturation state 
must be investigated. 

Understanding interactions between rising temperatures and OA 
remains a challenge. For example, high temperatures simultane-
ously cause coral bleaching, as well as affect coral calcification 
rates, with both impacts projected to increase in the future. 

Assessment of confidence based on evidence
There is very high confidence that ocean acidification and 
decreased aragonite saturation is taking place and is projected 
to continue. There is high confidence that ocean warming is 
taking place and is projected to continue; there is medium 
confidence that the thermal anomalies will lead to continued 
coral bleaching and coral disease outbreaks.

Key message #2 Traceable accounT

Freshwater supplies are already constrained and 
will become more limited on many islands. Salt-
water intrusion associated with sea level rise will 
reduce the quantity and quality of freshwater in 
coastal aquifers, especially on low islands. In areas 
where precipitation does not increase, freshwater 
supplies will be adversely affected as air tempera-
ture rises.

Description of evidence base
There is abundant and definitive evidence that air temperature has 
increased and is projected to continue to increase over the entire 
region,

8,41,78
 as there is globally (Ch. 2: Our Changing Climate, Key 

Message 3).

In Hawai‘i and the Central North Pacific (CNP), projected annual 
surface air temperature increases are 1.0°F to 2.5°F by 2035, 
relative to 1971-2000.

40,42
 In the Western North Pacific (WNP), 

the projected increases are 2.0°F to 2.3°F by 2030, 6.1°F to 
8.5°F by 2055, and 4.9°F to 9.2°F by 2090.

8
 In the central South 

Pacific (CSP), projected annual surface air temperature increases 
are 1.1°F to 1.3°F by 2030, 1.8°F to 2.5°F by 2055, and 2.5°F 
to 4.9°F by 2090.

8
 (Please note that the islands that comprise the 

U.S. Pacific Islands Region are shown in Figure 23.1).

In Hawai‘i, mean precipitation, average stream discharge, and 
stream baseflow have been trending downward for nearly a cen-

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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tury, especially in recent decades and with high variability related 
to El Niño-Southern Oscillation (ENSO) and Pacific Decadal Oscil-
lation (PDO).

34,35
 For the WNP, a decline of 15% in annual rainfall 

has been observed in the eastern-most islands in the Micronesia 
region and slight upward trends in precipitation have been seen 
for the western-most islands, with high ENSO-related variability.

8
 

In American Samoa, no trends in average rainfall are apparent 
based on the very limited available data.

8,37
 

For the region as a whole, models disagree about projected chang-
es in precipitation. Mostly models predict increases in mean an-
nual rainfall and suggest a slight dry season decrease and wet 
season increase in precipitation.

8
 However, based on statistical 

downscaling, one study
39

 projected a 5% to 10% reduction in pre-
cipitation for the wet season and a 5% increase in the dry season 
for Hawai‘i by the end of this century.

On most islands, increased temperatures coupled with decreased 
rainfall and increased drought will reduce the amount of fresh-
water for drinking and crop irrigation.

43
 Atolls will be particularly 

vulnerable due to their low elevation, small land mass, geographic 
isolation, and limited potable water sources and agricultural re-
sources.

44
 The situation will also be exacerbated by the increased 

incidence of intrusion of saltwater from the ocean during storms 
as the mean sea level rises over time (Key Message 4, this chap-
ter; Ch. 2: Our Changing Climate, Key Message 10).

2
 

New information and remaining uncertainties
Climate change impacts on freshwater resources in the Pacific 
Islands region will vary because of differing island size and height, 
which affect water storage capability and susceptibility to coastal 
inundation. The impacts will also vary because of natural phase 
variability (for example, ENSO and PDO) in precipitation and 
storminess (tropical and extra-tropical storms) as well as long-
term trends, both strongly influenced by geographic location.

Climate model simulations produce conflicting assessments as to 
how the tropical Pacific atmospheric circulation will respond in the 
future to climate change.

Assessment of confidence based on evidence
Freshwater systems are inherently fragile in many Pacific Islands. 
Historical observations show strong evidence of a decreasing trend 
for rainfall in Hawai‘i and many other Pacific Islands (Ch. 2: Our 
Changing Climate).

2
 There is abundant and definitive evidence 

that air temperature has increased and will continue to increase.  
All of the scientific approaches to detecting sea level rise come 
to the conclusion that a warming planet will result in higher sea 
levels.  Based on the evidence base and remaining uncertainties, 
we have high confidence in the key message. 

Key message #3 Traceable accounT

Increasing temperatures, and in some areas re-
duced rainfall, will stress native Pacific Island 
plants and animals, especially in high-elevation eco-
systems with increasing exposure to invasive spe-
cies, increasing the risk of extinctions.

Description of evidence base
In Hawai‘i and the Central North Pacific (CNP), projected annual 
surface air temperature increases are 1.0°F to 2.5°F by 2035, rel-
ative to 1971-2000.

40,42
 In the Western North Pacific (WNP), the 

projected increases are 2.0°F to 2.3°F by 2030, 6.1°F to 8.5°F 
by 2055, and 4.9°F to 9.2°F by 2090.

8
 In the Central South 

Pacific (CSP), projected annual surface air temperature increases 
are 1.1°F to 1.3°F by 2030, 1.8°F to 2.5°F by 2055, and 2.5°F to 
4.9°F by 2090.

8
 In Hawai‘i the rate of increase has been greater 

at high elevations.
41

 (Please note that the islands that comprise 
the U.S. Pacific Islands Region are shown in Figure 23.1). 

In Hawai‘i mean precipitation, average stream discharge, and 
stream baseflow have been trending downward for nearly a cen-
tury, especially in recent decades and with high ENSO and PDO-
related variability.

34,35,36
 Projects based on statistical downscal-

ing
39

 suggest the most likely precipitation scenario for Hawai‘i for 
the 21st century to be a 5% to 10% reduction for the wet season 
and a 5% increase in the dry season.

On high islands like Hawai‘i, decreases in precipitation and base-
flow

35
 are already indicating that there will be impacts on fresh-

water ecosystems and aquatic species, and on water-intensive 
sectors such as agriculture and tourism.

Hawaiian high-elevation alpine ecosystems on Hawai‘i and 
Maui islands are already beginning to show strong signs of in-
creased drought and warmer temperatures.

50
 Demographic 

data for the Haleakalā silversword, a unique (endemic to upper 
Haleakalāvolcano) and integral component of the alpine ecosys-
tem in Haleakalā National Park, Maui, have recorded a severe 
decline in plant numbers over the past two decades.

51
 Many of 

Hawai‘i’s endemic forest birds, marvels of evolution largely limited 
to high-elevation forests by predation and disease, are increas-
ingly vulnerable as rising temperatures allow the disease-vectoring 
mosquitoes to thrive upslope and thereby reduce the extent of safe 
bird habitat.

48,52

New information and remaining uncertainties 
Climate change impacts in the Pacific Islands region will vary be-
cause of differing island size and height. The impacts will also 
vary because of natural phase variability (for example, El Niño-
Southern Oscillation and Pacific Decadal Oscillation) in precipita-
tion and storminess (tropical and extra-tropical storms) as well as 
long-term trends, both strongly influenced by geographic location.
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Climate model simulations produce conflicting assessments as to 
how the tropical Pacific atmospheric circulation will respond in the 
future to climate change.

2,8

Climate change ecosystem response is poorly understood.
2
 

Assessment of confidence based on evidence
Terrestrial and marine ecosystems are already being impacted by 
local stressors, such as coastal development, land-based sources 
of pollution, and invasive species.

2,25
 There is abundant and de-

finitive evidence that air temperature has increased and will con-
tinue to increase.  Historical observations show strong evidence of 
a decreasing trend for rainfall in Hawai‘i and many other Pacific 
Islands.

2
 Given the evidence base and remaining uncertainties, 

confidence is high in this key message. 

Key message #4 Traceable accounT

Rising sea levels, coupled with high water levels 
caused by tropical and extra-tropical storms, will in-
crementally increase coastal flooding and erosion, 
damaging coastal ecosystems, infrastructure, and 
agriculture, and negatively affecting tourism. 

Description of evidence base
All of the scientific approaches to detecting sea level rise come to the 
conclusion that a warming planet will result in higher sea levels. 
Recent studies give higher sea level rise projections than those 
projected in 2007 by the Intergovernmental Panel on Climate 
Change

29
 for the rest of this century (Ch. 2: Our Changing Climate, 

Key Message 10).
55

Sea level is rising and is expected to continue to rise. Over the 
past few decades, global mean sea level, as measured by satellite 
altimetry, has been rising at an average rate of twice the estimated 
rate for the previous century, based on tide gauge measurements,

55
 

with models suggesting that global sea level will rise significantly 
over the course of this century. Regionally, the highest increases 
have been observed in the western tropical Pacific.

56
 However, the 

current high rates of regional sea level rise in the western tropical 
Pacific are not expected to persist, as regional sea level will fall 
in response to a change in phase of natural variability.

62
 Regional 

variations in sea level at interannual and interdecadal time scales 
are generally attributed to changes in prevailing wind patterns as-
sociated with El Niño-Southern Oscillation (ENSO) as well as the 
Pacific Decadal Oscillation (PDO) and low frequency components 
of the Southern Oscillation Index (SOI).

59
 

For the region, extreme sea level events generally occur when 
high tides combine with some non-tidal residual change in wa-
ter level.  In the major typhoon zones (Guam and Commonwealth 
of the Northern Mariana Islands), storm-driven surges can cause 
coastal flooding and erosion regardless of tidal state. Wave-driven 
inundation events are a major concern for all islands in the region. 
At present, trends in extreme levels tend to follow trends in mean 
sea level.

Increasing mean water levels and the possibility of more frequent 
extreme water level events, and their manifestation as flooding 
and erosion, will threaten coastal structures and property, ground-
water reservoirs, harbor operations, airports, wastewater systems, 
sandy beaches, coral reef ecosystems, and other social and eco-
nomic resources.  Impacts will vary with location, depending on 
how natural sea level variability combines with modest increases 
of mean levels.

62

On low-lying atolls, critical public facilities and infrastructure as 
well as private commercial and residential property are especially 
vulnerable.

62
 Agricultural activity will also be affected, as sea level 

rise decreases the land area available for farming
45

 and episodic 
inundation increases salinity of groundwater resources. Impacts to 
the built environment on low-lying portions of high islands will be 
much the same as those experienced on low islands. Islands with 
more developed built infrastructure will experience more econom-
ic impacts from tourism loss. One report stated: “Our analyses es-
timate that nearly $2.0 billion in overall visitor expenditures could 
be lost annually due to a complete erosion of Waikīkī Beach.”

67

Coastal and nearshore environments (sandy beaches, shallow 
coral reefs, seagrass beds, intertidal flats, and mangrove forests) 
and the vegetation and terrestrial animals in these systems will 
progressively be affected as sea level rise and high wave events al-
ter atoll island size and shape and reduce habitat features neces-
sary for survival. Based on extrapolation from results in American 
Samoa, sea level rise could cause future reductions of 10%–20% 
of total regional mangrove area over the next century.

63
 Further, 

atoll-breeding Pacific seabirds will lose large segments of their 
breeding populations

65
 as their habitat is increasingly and more 

extensively inundated.

Major uncertainties 
Sea levels in the Pacific Ocean will continue to rise with global sea 
level. Models provide a range of predictions, with some suggesting 
that global warming may raise global sea level considerably over 
the course of this century. The range of predictions is large due 
in part to unresolved physical understanding of various processes, 
notably ice sheet dynamics.  

Changes in prevailing wind patterns associated with natural cli-
mate cycles such as ENSO and the PDO affect regional variations 
in sea level at interannual and interdecadal time scales. Sea level 
at specific locales will continue to respond to changes in phase of 
these natural climate cycles. The current high rates of regional sea 
level rise in the western tropical Pacific are not expected to persist 
over time, falling once the trade winds begin to weaken. 

Future wind wave conditions are difficult to project with confi-
dence given the uncertainties regarding future storm conditions. 
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Assessment of confidence based on evidence
Evidence for global sea level rise is strong (Ch. 25: Coasts; Ch. 2: 
Our Changing Climate). Confidence is therefore very high. Model-
ing studies have yielded conflicting results as to how ENSO and 
other climate modes will vary in the future.  As a result, there is 
low confidence in the prediction of future climate states and their 
subsequent influence on regional sea level.

62
 Recent assessments 

of future extreme conditions generally place low confidence on 
region-specific projections of future storminess.

61

For aspects of the key message concerning impacts, confidence 
is high. 

Key message #5 Traceable accounT

Mounting threats to food and water security, in-
frastructure, and public health and safety are ex-
pected to lead to increasing human migration from 
low to high elevation islands and continental sites, 
making it increasingly difficult for Pacific Islanders 
to sustain the region’s many unique customs, be-
liefs, and languages.

Description of evidence base
Climate change threatens communities, cultures, and ecosystems 
of the Pacific Islands both directly through impact on food and 
water security, for example, as well as indirectly through impacts 
on economic sectors including fisheries and tourism.  

On most islands, increased temperatures, coupled with decreased 
rainfall and increased drought, will lead to an additional need for 
freshwater resources for drinking and crop irrigation.

43
 This is 

particularly important for locations in the tropics and subtropics 
where observed data and model projections suggest that, by the 
end of this century, the average growing season temperatures will 
exceed the most extreme seasonal temperatures recorded from 
1900 to 2006. Atolls will be particularly vulnerable due to their 
low elevation, small land mass, geographic isolation, and limited 
potable water sources and agricultural resources.

44
 The situation 

will also be exacerbated by the increased incidence of intrusion of 
saltwater from the ocean during storms as the mean sea level rises 
over time. These are but part of a cascade of impacts that will in-
crease the pressures on, and threats to, the social and ecosystem 
sustainability of these island communities.

47
 On high islands like 

Hawai‘i, decreases in precipitation and baseflow
35

 are already in-
dicating that there will be impacts on freshwater ecosystems and 
aquatic species and on water-intensive sectors such as agriculture 
and tourism.

Increasing mean oceanic and coastal water levels and the pos-
sibility of more frequent extreme water level events with flooding 
and erosion will escalate the threat to coastal structures and prop-
erty, groundwater reservoirs, harbor operations, airports, waste-
water systems, sandy beaches, coral reef ecosystems, and other 
social and economic resources. Impacts will vary with location 

depending on how natural sea level variability combines with mod-
est increases of mean levels.

62
 On low-lying atolls, critical public 

facilities and infrastructure as well as private commercial and 
residential property are especially vulnerable. Agricultural activity 
will also be affected, as sea level rise decreases the land area 
available for farming

45
 and episodic inundation increases salinity 

of groundwater resources. 

With respect to cultural resources, impacts will extend from the 
loss of tangible artifacts and structures

69
 to the intangible loss of 

a land base and the cultural traditions that are associated with it.
70

New information and remaining uncertainties 
Whenever appraising threats to human society, it is uncertain the 
degree to which societies will successfully adapt to limit impact. 
For island communities, though, the ability to migrate is very limit-
ed, and the ability to adapt is especially limited. Depending on the 
scale and distance of the migration, a variety of challenges face 
the migrants and the communities receiving them. Migrants need 
to establish themselves in their new community, find employment, 
and access services, while the receiving community’s infrastruc-
ture, labor market, commerce, natural resources, and governance 
structures need to absorb a sudden burst of population growth.

Assessment of confidence based on evidence
Evidence for climate change and impacts is strong, but highly vari-
able from location to location. One can be highly confident that 
climate change will continue to pose varied threats in the region. 
Adaptive capacity is also highly variable among the islands, so 
the resulting situation will play out differently in different places. 
Confidence is therefore medium. 
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OCEANS 
AND MARINE RESOURCES24

Key Messages
1. The rise in ocean temperature over the last century will persist into the future, with continued 

large impacts on climate, ocean circulation, chemistry, and ecosystems.

2. The ocean currently absorbs about a quarter of human-caused carbon dioxide emissions to the 
atmosphere, leading to ocean acidification that will alter marine ecosystems in dramatic yet 
uncertain ways.

3. Significant habitat loss will continue to occur due to climate change for many species and areas, 
including Arctic and coral reef ecosystems, while habitat in other areas and for other species 
will expand. These changes will consequently alter the distribution, abundance, and productivity 
of many marine species.

4. Rising sea surface temperatures have been linked with increasing levels and ranges of diseases 
in humans and marine life, including corals, abalones, oysters, fishes, and marine mammals.

5. Climate changes that result in conditions substantially different from recent history may 
significantly increase costs to businesses as well as disrupt public access and enjoyment of 
ocean areas.

6. In response to observed and projected climate impacts, some existing ocean policies, practices, 
and management efforts are incorporating climate change impacts. These initiatives can serve 
as models for other efforts and ultimately enable people and communities to adapt to changing 
ocean conditions.

As a nation, we depend on the oceans for seafood, recreation 
and tourism, cultural heritage, transportation of goods, and, in-
creasingly, energy and other critical resources. The U.S. Exclu-
sive Economic Zone extends 200 nautical miles seaward from 
the coasts, spanning an area about 1.7 times the land area of 
the continental U.S. and encompassing waters along the U.S. 
East, West, and Gulf coasts, around Alaska and Hawai‘i, and 
including the U.S. territories in the Pacific and Caribbean. This 
vast region is host to a rich diversity of marine plants and ani-
mals and a wide range of ecosystems, from tropical coral reefs 
to Arctic waters covered with sea ice. 

Oceans support vibrant economies and coastal communities 
with numerous businesses and jobs. More than 160 million 
people live in the coastal watershed counties of the United 
States, and population in this zone is expected to grow in the 
future. The oceans help regulate climate, absorb carbon di-
oxide (an important greenhouse, or heat-trapping, gas), and 
strongly influence weather patterns far into the continental 
interior. Ocean issues touch all of us in both direct and indirect 
ways.1,2,3

Changing climate conditions are already affecting these valu-
able marine ecosystems and the array of resources and servic-
es we derive from the sea. Some climate trends, such as rising 
seawater temperatures and ocean acidification, are common 
across much of the coastal areas and open ocean worldwide. 
The biological responses to climate change often vary from 
region to region, depending on the different combinations of 
species, habitats, and other attributes of local systems. Data 
records for the ocean are often shorter and less complete than 
those on land, and for many biological variables it is still diffi-
cult to discern long-term ocean trends from natural variability.4
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Key Message 1: Rising Ocean Temperatures

The rise in ocean temperature over the last century will persist into the future, with continued 
large impacts on climate, ocean circulation, chemistry, and ecosystems. 

Cores from corals, ocean sediments, ice records, and other in-
direct temperature measurements indicate the recent rapid in-
crease of ocean temperature is the greatest that has occurred 
in at least the past millennium and can only be reproduced by 
climate models with the inclusion of human-caused sources of 
heat-trapping gas emissions.5,6 The ocean is a critical reservoir 
for heat within Earth’s climate system, and because of seawa-
ter’s large heat storing capacity, small changes in ocean tem-
perature reflect large changes in ocean heat storage. Direct 
measurements of ocean temperatures show warming begin-
ning in about 1970 down to at least 2,300 feet, with stronger 
warming near the surface leading to increased thermal strati-
fication (or layering) of the water column.7,8 Sea surface tem-
peratures in the North Atlantic and Pacific, including near U.S. 
coasts, have also increased since 1900.9,10 In conjunction with a 
warming climate, the extent and thickness of Arctic sea ice has 

decreased rapidly over the past four decades.11,12 Models that 
best match historical trends project seasonally ice-free northern 
waters by the 2030s.13 

Climate-driven warming reduces vertical mixing of ocean water 
that brings nutrients up from deeper water, leading to potential 
impacts on biological productivity. Warming and altered ocean 
circulation are also expected to reduce the supply of oxygen 
to deeper waters, leading to future expansion of sub-surface 
low-oxygen zones.15 Both reduced nutrients at the surface and 
reduced oxygen at depth have the potential to change ocean 
productivity.14 Satellite observations indicate that warming of 
the upper ocean on year-to-year timescales leads to reduc-
tions in the biological productivity of tropical and subtropical 
(the region just outside the tropics) oceans and expansion of 
the area of surface waters with very low quantities of phyto-

plankton (microscopic marine 
plants) biomass.16 Ecosys-
tem models suggest that the 
same patterns of productivity 
change will occur over the next 
century as a consequence of 
warming during this century, 
perhaps also with increasing 
productivity near the poles.17 
These changes can affect eco-
systems at multiple levels of 
the food web, with consequent 
changes for fisheries and other 
important human activities 
that depend on ocean produc-
tivity.4,18

Other changes in the physical 
and chemical properties of the 
ocean are also underway due 
to climate change. These in-
clude rising sea level,19 changes 
in upper ocean salinity (includ-
ing reduced salinity of Arctic 
surface waters) resulting from 
altered inputs of freshwater 
and losses from evaporation, 
changes in wave height from 
changes in wind speed, and 
changes in oxygen content at 
various depths – changes that 
will affect marine ecosystems 
and human uses of the ocean 
in the coming years.4

Figure 24.1. Sea surface temperatures for the ocean surrounding the U.S. and its territories have 
warmed by more than 0.9°F over the past century (top panel). There is significant variation from 
place to place, with the ocean off the coast of Alaska, for example, warming far more rapidly than 
other areas (bottom panel). The gray shading on the map denotes U.S. land territory and the 
regions where the U.S. has rights over the exploration and use of marine resources, as defined 
by the U.S. Exclusive Economic Zone (EEZ). (Figure source: adapted from Chavez et al. 201114).

Observed Ocean Warming
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While the long-term global pattern is clear, there is consider-
able variability in the effects of climate change regionally and 
locally because oceanographic conditions are not uniform and 
are strongly influenced by natural climate fluctuations. Trends 

during short periods of a decade or so can be dominated by 
natural variability.25 For example, the high incidence of La Niña 
events in the last 15 years has played a role in the observed 
temperature trends.26 

Analyses27 suggest that 
more of the increase in 
heat energy during this 
period has been trans-
ferred to the deep ocean 
(see also Ch. 2: Our Chang-
ing Climate). While this 
might temporarily slow 
the rate of increase in sur-
face air temperature, ulti-
mately it will prolong the 
effects of global warming 
because the oceans hold 
heat for longer than the 
atmosphere does.

Interactions with pro-
cesses in the atmosphere 
and on land, such as rain-
fall patterns and runoff, 
also vary by region and 
are strongly influenced 
by natural climate fluc-
tuations, resulting in ad-
ditional local variation in 
the observed effects in 
the ocean. 

Marine ecosystems are 
also affected by other hu-
man-caused local and re-
gional disturbances such 
as overfishing, coastal 
habitat loss, and pollu-
tion, and climate change 
impacts may exacerbate 
the effects of these other 
human factors.

Figure 24.2. As heat-trapping gases, primarily carbon dioxide (CO2) (panel A), have increased over 
the past decades, not only has air temperature increased worldwide, but so has the temperature of the 
ocean’s surface (panel B). The increased ocean temperature, combined with melting of glaciers and 
ice sheets on land, is leading to higher sea levels (panel C). Increased air and ocean temperatures 
are also causing the continued, dramatic decline in Arctic sea ice during the summer (panel D). 
Additionally, the ocean is becoming more acidic as increased atmospheric CO2 dissolves into it (panel 
E). (CO2 data from Etheridge 2010,20 Tans and Keeling 2012,21 and NOAA NCDC 2012;22 SST data 
from NOAA NCDC 201222 and Smith et al. 2008;10 Sea level data from CSIRO 201223 and Church 
and White 2011;19 Sea ice data from University of Illinois 2012;24 pH data from Doney et al. 20124).

Ocean Impacts of Increased Atmospheric Carbon Dioxide
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Key Message 2: Ocean Acidification Alters Marine Ecosystems

The ocean currently absorbs about a quarter of human-caused carbon dioxide  
emissions to the atmosphere, leading to ocean acidification that will alter  

marine ecosystems in dramatic yet uncertain ways. 

Atmospheric carbon dioxide (CO2) has risen by about 40% 
above pre-industrial levels.21,28 The ocean absorbs about a 
quarter of human-caused emissions of carbon dioxide annu-
ally, thereby changing seawater chemistry and decreasing pH 
(making seawater more acidic) (Ch. 2: Our Changing Climate, 
Key Message 12).3,29 Surface ocean pH has declined by 0.1 
units, equivalent to a 30% increase in ocean acidity, since pre-
industrial times.30 Ocean acidification will continue in the fu-
ture due to the interaction of atmospheric carbon dioxide and 
ocean water. Regional differences in ocean pH occur as a result 
of variability in regional or local conditions, such as upwell-
ing that brings subsurface waters up to the surface.31 Locally, 
coastal waters and estuaries can also exhibit acidification as 
the result of pollution and excess nutrient inputs.

More acidic waters create repercussions along the ma-
rine food chain. For example, calcium carbonate is a 
skeletal component of a wide variety of organisms in the 
oceans, including corals. The chemical changes caused 
by the uptake of CO2 make it more difficult for these liv-
ing things to form and maintain calcium carbonate shells 
and skeletal components and increases erosion of coral 
reefs,32 resulting in alterations in marine ecosystems 
that will become more severe as present-day trends in 
acidification continue or accelerate (Ch. 22: Alaska; Ch. 
23: Hawai‘i and Pacific Islands).33,34,35 Tropical corals are 
particularly susceptible to the combination of ocean 
acidification and ocean warming, which would threaten 
the rich and biologically diverse coral reef habitats.

Over 90% of seafood consumed in the U.S. is imported, and 
more than half of the imported seafood comes from aquacul-
ture (fish and shellfish farming).1 While only 1% of U.S. seafood 
comes from domestic shellfish farming, the industry is locally 
important. In addition, shellfish have historically been an im-
portant cultural and food resource for indigenous peoples 
along our coasts (Ch. 12: Indigenous Peoples, Key Message 1). 
Increased ocean acidification, low-oxygen events, and rising 
temperatures are already affecting shellfish aquaculture op-
erations. Higher temperatures are predicted to increase aqua-
culture potential in poleward regions, but decrease it in the 
tropics.37 Acidification, however, will likely reduce growth and 
survival of shellfish stocks in all regions.34

Figure 24.3. The 36-day-old clams in the photos are a single species, Mercenaria mercenaria, grown in the 
laboratory under varying levels of carbon dioxide (CO2) in the air. CO2 is absorbed from the air by ocean water, 
acidifying the water and thus reducing the ability of juvenile clams to grow their shells. As seen in the photos, where 
CO2 levels rise progressively from left to right, 36-day-old clams (measured in microns) grown under elevated 
CO2 levels are smaller than those grown under lower CO2 levels. The highest CO2 level, about 1500 parts per 
million (ppm; far right), is higher than most projections for the end of this century but could occur locally in some 
estuaries. (Figure source: Talmage and Gobler 201036).

Ocean Acidification Reduces Size of Clams

Pteropods, or “sea butterflies,” are eaten by a variety of marine species 
ranging from tiny krill to salmon to whales. The photos show what happens 
to a pteropod’s shell in seawater that is too acidic. On the left is a shell 
from a live pteropod from a region in the Southern Ocean where acidity 
is not too high. The shell on the right is from a pteropod in a region where 
the water is more acidic. (Photo credits: (left) Bednaršek et al. 2012;105 
(right) Nina Bednaršek).
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Key Message 3: Habitat Loss Affects Marine Life

Significant habitat loss will continue to occur due to climate change for many species and 
areas, including Arctic and coral reef ecosystems, while habitat in other areas and  

for other species will expand. These changes will consequently alter the  
distribution, abundance, and productivity of many marine species. 

Species have responded to climate change in part by shift-
ing where they live.45 Such range shifts result in ecosystem 
changes, including the relationships between species and their 
connection to habitat, because different species respond to 
changing conditions in different ways. This means that ocean 
ecosystems are changing in complex ways, with accompanying 
changes in ecosystem functions (such as nutrient cycling, pro-
ductivity of species, and predator-prey relationships). Overall 
habitat extent is expected to change as well, though the de-
gree of range migration will depend upon the life history of 
particular species. For example, reductions in seasonal sea-ice 
cover and higher surface temperatures may open up new habi-
tats in polar regions for some important fish species, such as 
cod, herring, and pollock.46 However, the continuing presence 
of cold bottom-water temperatures on the Alaskan Continen-

tal shelf could limit northward migration into the northern 
Bering Sea and Chukchi Sea.47 In addition, warming may cause 
reductions in the abundance of some species, such as pollock, 
in their current ranges in the Bering Sea.48 For other ice-de-
pendent species, including several marine mammals such as 
polar bears, walruses, and many seal species, the loss of their 
critically important habitat will result in population declines.49 
Additionally, climate extremes can facilitate biological inva-
sions by a variety of mechanisms such as increased movement 
or transport of invasive species, and decreased resilience of 
native species, so that climate change could increase existing 
impacts from human transport.50 These changes will result in 
changing interactions among species with consequences that 
are difficult to predict. Tropical species and ecosystems may 
encounter similar difficulties in migrating poleward as success 

the iMpaCts of oCean aCidifiCation on west Coast aquaCulture 

Ocean acidification has already changed the way shellfish farmers on the West Coast conduct business. For oyster 
growers, the practical effect of the lowering pH of ocean water has not only been to make the water more acidic, but 
also more corrosive to young shellfish raised in aquaculture facilities. Growers at Whiskey Creek Hatchery, in Oregon’s 
Netarts Bay, found that low pH seawater during spawning reduced growth in mid-stage larval (juvenile) Pacific oysters.38 
Hatcheries in Washington State have also experienced losses of spat (oyster larvae that have attached to a surface and 
begun to develop a shell) due to water quality issues that include other human-caused effects like dredging and pollu-
tion.39 Facilities like the Taylor Shellfish Farms hatchery on Hood Canal have changed their production techniques to 
respond to increasing acidification in Puget Sound.

These impacts bring to light a potential challenge: existing natural variation may interact with human-caused changes 
to produce unanticipated results for shell-forming marine life, especially in coastal regions.40 As a result, there is an 
increasing need for information about water chemistry conditions, such as data obtained through the use of sensor net-
works. In the case of Whiskey Creek, instruments installed in collaboration with ocean scientists created an “early warn-
ing” system that allows oyster growers to choose the time they take water into the hatchery from the coastal ocean. This 
allows them to avoid the lower-pH water related to upwelling and the commensurate loss of productivity in the hatchery. 

From a biological perspective, these kinds of preventative measures can help produce higher-quality oysters. Studies 
on native Olympia oysters (Ostrea lurida) show that there is a “carry-over” effect of acidified water – oysters exposed 
to acidic conditions while in the juvenile stage continue to grow slower in later life stages.41 Research on some oyster 
species such as Pacific oyster (Crassostrea gigas), the commercially important species in U.S. west coast aquaculture, 
shows that specially selected strains can be more resistant to acidification.42

Overall, economically important species such as oysters, mussels, and sea urchins are highly vulnerable to changes 
in ocean conditions brought on by climate change and rising atmospheric CO2 levels. Sea temperature and acidifica-
tion are expected to increase; the acidity of surface seawater is projected to nearly double by the end of this century. 
Some important cultured species may be influenced in larval and juvenile developing stages, during fertilization, and 
as adults,43 resulting in lower productivity. Action groups, such as the California Current Acidification Network (C-CAN), 
are working to address the needs of the shellfish industry – both wild and aquaculture-based fisheries – in the face of 
ocean change. These efforts bring scientists from across disciplines together with aquaculturists, fishermen, the ocean-
ographic community, and state and federal decision-makers to ensure a concerted, standardized, and cost-effective 
approach to gaining new understanding of the impact of acidification on ecosystems and the economy.44
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of some key species such as corals may be limited by adequate 
bottom substrate, water clarity, and light availability.51

Climate change impacts such as increasing ocean tempera-
tures can profoundly affect production of natural stocks of fish 
by changing growth, reproduction, survival, and other critical 
characteristics of fish stocks and ecosystems. For species that 
migrate to freshwater from the sea, like salmon, some pub-
lished studies indicate earlier start of spawning migration, 
warming stream temperatures, and extirpation in southern ex-
tent of range, all of which can affect productivity.4,52 To remain 
within their normal temperature range, some fish stocks are 
moving poleward and to deeper water.53,54 Fishery productivity 
is predicted to decline in the lower 48 states, but increase in 

parts of Alaska.55 However, projections based only on temper-
ature may neglect important food web effects. Fishing costs 
are predicted to increase as fisheries transition to new species 
and as processing plants and fishing jobs shift poleward.18 The 
cumulative impact of such changes will be highly variable on 
regional scales because of the combination of factors – some 
acting in opposite directions. Some areas will benefit from 
range expansions of valuable species or increases in productiv-
ity, while others will suffer as species move away from previ-
ously productive areas. 

corAl reef ecosysteM collApse

Recent research indicates that 75% of the world’s coral reefs are threatened due to the interactive effects of climate 
change and local sources of stress, such as overfishing, nutrient pollution, and disease.56,57 In Florida, all reefs are 
rated as threatened, with significant impacts on valuable ecosystem services they provide.58 Caribbean coral cover has 
decreased 80% in less than three decades.59 These declines have in turn led to a flattening of the three dimensional 
structure of coral reefs and hence a decrease in the capacity of coral reefs to provide shelter and other resources for 
other reef-dependent ocean life.60

The relationship between coral and zooxanthellae (algae vital for reef-building corals) is disrupted by higher than usual 
temperatures and results in a condition where the coral is still alive, but devoid of all its color (bleaching). Bleached 
corals can later die or become infected with disease.61,62 Thus, high temperature events alone can kill large stretches 

of coral reef, although 
cold water and poor 
water quality can 
also cause localized 
bleaching and death. 
Evidence suggests that 
relatively pristine reefs, 
with fewer human im-
pacts and with intact 
fish and associated 
invertebrate communi-
ties, are more resilient 
to coral bleaching and 
disease.63

Figure 24.4. A colony of star coral (Montastraea faveolata) off the southwestern coast of Puerto Rico 
(estimated to be about 500 years old) exemplifies the effect of rising water temperatures. Increasing 
disease due to warming waters killed the central portion of the colony (yellow portion in A), followed 
by such high temperatures that bleaching - or loss of symbiotic algae from coral - occurred from the 
surrounding tissue (white area in B). The coral then experienced more disease in the bleached area 
on the periphery (C) that ultimately killed the colony (D). (Photo credit: Ernesto Weil). 

Warming Seas Are a Double-blow to Corals
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Key Message 4: Rising Temperatures Linked to Diseases

Rising sea surface temperatures have been linked with increasing levels and  
ranges of diseases in humans and in marine life, including corals, abalones,  

oysters, fishes, and marine mammals. 

There has been a significant increase in reported incidences of 
disease in corals, urchins, mollusks, marine mammals, turtles, 
and echinoderms (a group of some 70,000 marine species in-
cluding sea stars, sea urchins, and sand dollars) over the last 
several decades.64,65,66,67 Increasing disease outbreaks in the 
ocean affecting ecologically important species, which provide 
critically important habitat for other species such as corals,65,68 
algae,69 and eelgrass,70 have been linked with rising tempera-
tures. Disease increases mortality and can reduce abundance 
for affected populations as well as fundamentally change eco-
systems by changing habitat or species relationships. For ex-
ample, loss of eelgrass beds due to disease can reduce critical 
nursery habitat for several species of commercially important 
fish.70,71

The complexity of the host/environment/pathogen interaction 
makes it challenging to separate climate warming from the 
myriad of other causes facilitating increased disease outbreaks 
in the ocean. However, three categories of disease-causing 
pathogens are unequivocally related to warming oceans. 
Firstly, warmer winters due to climate change can increase 
the overwinter survival and growth rates of pathogens.67 A 
disease-causing parasite in oysters that proliferates at high 
water temperatures and high salinities spread northward up 
the eastern seaboard as water temperatures warmed during 
the 1990s.72 Growth rates of coral disease lesions increased 
with winter and summer warming from 1996 to 2006.62 Winter 
warming in the Arctic is resulting in increased incidence of a 
salmon disease in the Bering Sea and is now thought to be a 
cause of a 57% decline of Yukon Chinook salmon.73

Secondly, increasing disease outbreaks in ecologically im-
portant species like coral, eelgrass, and abalone have been 
linked with temperatures that are higher than the long-term 
averages. The spectacular biodiversity of tropical coral reefs 
is particularly vulnerable to warming because the corals that 
form the foundational reef structure live very near the upper 
temperature limit at which they thrive. The increasing frequen-
cy of record hot temperatures has caused widespread coral 
bleaching66 and disease outbreaks65 and is a principal factor 
contributing to the International Union for the Conservation 
of Nature listing a third of the reef-building corals as vulner-
able, endangered, or critically endangered 74 and the National 
Oceanic and Atmospheric Administration proposing to list 66 
species of corals under the Endangered Species Act.75,76 In the 
Chesapeake Bay, eelgrass died out almost completely during 
the record-hot summers of 2005 and 2010,77 and the California 
black abalone has been driven to the edge of extinction by a 
combination of warming water and bacterial disease.78

Thirdly, there is evidence that increased water temperature is 
responsible for the enhanced survival and growth of certain 
marine bacteria that make humans sick.78 Increases in growth 
of Vibrio parahaemolyticus (a pathogenic bacterial species) 
during the warm season are responsible for human illnesses 
associated with oysters harvested from the Gulf of Mexico79 
and northern Europe.80 Vibrio vulnificus, which is responsible 
for the overwhelming majority of reported seafood-related 
deaths in the United States,81 is also a significant and growing 
source of potentially fatal wound infections associated with 
recreational swimming, fishing-related cuts, and seafood han-
dling, and is most frequently found in water with a tempera-
ture above 68°F.79,81,82 

Key Message 5: Economic Impacts of Marine-related Climate Change 

Climate changes that result in conditions substantially different from recent  
history may significantly increase costs to businesses as well  

as disrupt public access and enjoyment of ocean areas.

Altered environmental conditions due to climate change will 
affect, in both positive and negative ways, human uses of the 
ocean, including transportation, resource use and extraction, 
leisure and tourism activities and industries, in the nearshore 
and offshore areas. Climate change will also affect maritime 
security and governance. Arctic-related national security con-
cerns and threats to national sovereignty have also been a 
recent focus of attention for some researchers.83,84 With sea 
ice receding in the Arctic as a result of rising temperatures, 
global shipping patterns are already changing and will con-

tinue to change considerably in the decades to come.84,85 The 
increase in maritime traffic could make disputes over the legal 
status of sea lines-of-communication and international straits 
more pointed, but mechanisms exist to resolve these disputes 
peacefully through the Law of the Sea Convention and other 
customary international laws. 

Resource use for fisheries, aquaculture, energy production, 
and other activities in ocean areas will also need to adjust to 
changing ocean climate conditions. In addition to the shift in 
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habitat of living resources discussed above, changing ocean 
and weather conditions due to human-induced climate change 
make any activities at sea more difficult to plan, design, and 
operate.

In the United States, the healthy natural services (such as fish-
ing and recreation) and cultural resources provided by the 
ocean also play a large economic role in our tourism industry. 
Nationally in 2010, 2.8% of gross domestic product, 7.52 mil-
lion jobs, and $1.11 trillion in travel and recreational total sales 
are supported by tourism.86 In 2009-2010, nine of the top ten 
states and U.S. territories and seven of the top ten cities visited 
by overseas travelers were coastal, including the Great Lakes. 
Changes in the location and distribution of marine resources 
(such as fish, healthy reefs, and marine mammals) due to cli-
mate change will affect the recreational industries and all the 
people that depend on reliable access to these resources in 
predictable locales. For example, as fish species shift poleward 
or to deeper waters,54,87 these fish may be less accessible to 
recreational fishermen. Similar issues will also affect commer-
cial fishing.

Similarly, new weather conditions differing from the historical 
pattern will pose a challenge for tourism, boating, recreational 
fishing, diving, and snorkeling, all of which rely on highly pre-
dictable, comfortable water and air temperatures and calm wa-
ters. For example, the strength of hurricanes and the number of 
strong (Category 4 and 5) hurricanes are projected to increase 
over the North Atlantic (Ch. 2: Our Changing Climate). Changes 
in wind patterns88 and wave heights have been observed89 and 
are projected to continue to change in the future.90 This means 
that the public will not be able to rely on recent experience in 
planning leisure and tourism activities.91,92 As weather patterns 
change and air and sea surface temperatures rise, preferred 
locations for recreation and tourism also may change. In ad-
dition, infrastructure such as marinas, marine supply stores, 
boardwalks, hotels, and restaurants that support leisure activi-
ties and tourism will be negatively affected by sea level rise. 
They may also be affected by increased storm intensity and 
changing wave heights,92 as well as elevated storm surge due 
to sea level rise and other expected effects of a changing cli-
mate; these impacts will vary significantly by region.93 

Key Message 6: Initiatives Serve as a Model

In response to observed and projected climate impacts, some existing ocean policies, 
practices, and management efforts are incorporating climate change impacts. These 

initiatives can serve as models for other efforts and ultimately enable people  
and communities to adapt to changing ocean conditions.

Climate considerations can be integrated into planning, res-
toration, design of marine protected areas, fisheries manage-
ment, and aquaculture practices to enhance ocean resilience 
and adaptive capacity. Many existing sustainable-use strate-
gies, such as ending overfishing, establishing protected areas, 
and conserving habitat, are known to increase resilience. Anal-
yses of fishery management and climate scenarios suggest that 
adjustments to harvest regimes (especially reducing harvest 
rates of over-exploited species) can improve catch stability 
under changing climate conditions. These actions could have a 
greater effect on biological and economic performance in fish-
eries than impacts due to warming over the next 25 years.94 
The stability of international ocean and fisheries treaties, par-
ticularly those covering commercially exploited and critical 
species, might be threatened as the ocean changes.95

The fact that the climate is changing is beginning to be incor-
porated into existing management strategies. New five-year 
strategies for addressing flooding, shoreline erosion, and 
coastal storms have been developed by most coastal states 
under their Coastal Zone Management Act programs.3 Many 
of these plans are explicitly taking into account future climate 
scenarios as part of their adaptation initiatives. The North Pa-
cific Fishery Management Council and NOAA have declared a 
moratorium on most commercial fisheries in the U.S. Arctic 
pending sufficient understanding of the changing productiv-

ity of these fishing grounds as they become increasingly ice-
free. Private shellfish aquaculture operations are changing 
their business plans to adapt to ocean acidification.38,39 These 
changes include monitoring and altering the timing of spat 
settlement dependent on climate change induced conditions, 
as well as seeking alternative, acid-resistant strains for cultur-
ing. Marine protected areas in the National Marine Sanctuary 
(NMS) System are gradually preparing climate impact reports 
and climate adaptation action plans under their Climate Smart 
Sanctuary Initiative.96

Additionally, there is promise in restoring key habitats to pro-
vide a broad suite of benefits that can reduce climate impacts 
with relatively little ongoing maintenance costs (see Ch. 25: 
Coasts; Ch. 28: Adaptation). For example, if in addition to sea 
level rise, an oyster reef or mangrove restoration strategy also 
included fish habitat benefits for commercial and recreational 
uses and coastal protection services, the benefits to surround-
ing communities could multiply quickly. Coral-reef-based tour-
ism can be more resilient to climate change impacts through 
protection and restoration, as well as reductions of pollution 
and other habitat-destroying activities. Developing alternative 
livelihood options as part of adaptation strategies for marine 
food-producing sectors can help reduce economic and social 
impacts of a changing climate.
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cliMAte iMpActs on neW englAnd fisheries

Fishing in New England has been associated with bottom-dwelling fish for more than 
400 years, and is a central part of the region’s cultural identity and social fabric. Atlantic 
halibut, cod, haddock, flounders, hakes, pollock, plaice, and soles are included under 
the term “groundfish.” The fishery is pursued by both small boats (less than 50 feet long) 
that are typically at sea for less than a day, and by large boats (longer than 50 feet) that 
fish for a day to a week at a time. These vessels use home ports in more than 100 coast-
al communities from Maine to New Jersey, and the landed value from fisheries in New 
England and the 
Mid-Atlantic in 
2010 was nearly 
$1.2 billion.76 Cap-
tains and crew are 
often second- or 
th i rd-generat ion 
fishermen who have 
learned the trade 
from their families.

From 1982 to 
2006, sea surface temperature in the coastal wa-
ters of the Northeast warmed by close to twice the 
global rate of warming over this period.97 Long-term 
monitoring of bottom-dwelling fish communities in 
New England revealed that the abundance of warm-
water species increased, while cool-water species de-
creased.54,98 A recent study suggests that many spe-
cies in this community have shifted their geographic 
distributions northward by up to 200 miles since 
1968, though substantial variability among species 
also exists.54 The northward shifts of these species 
are reflected in the fishery as well: landings and land-
ed value of these species have shifted towards north-
ern states such as Massachusetts and Maine, while 
southern states have seen declines (see Figure 24.5). 

The economic and social impacts of these changes 
depend in large part on the response of the fishing 
communities in the region.99 Communities have a 
range of strategies for coping with the inherent un-
certainty and variability of fishing, including diversi-
fication among species and livelihoods, but climate 
change imposes both increased variability and sus-
tained change that may push these fishermen beyond 
their ability to cope.100 Larger fishing boats can follow 
the fish to a certain extent as they shift northward, 
while smaller inshore boats will be more likely to 
leave fishing or switch to new species.100 Long-term 
viability of fisheries in the region may ultimately de-
pend on a transition to new species that have shifted 
from regions farther south.18

Figure 24.5. Ocean species are shifting northward along U.S. 
coastlines as ocean temperatures rise. As a result, over the 
past 40 years, more northern ports have gradually increased 
their landings of four marine species compared to the earlier 
pattern of landed value. While some species move northward 
out of an area, other species move in from the south. This kind of 
information can inform decisions about how to adapt to climate 
change. Such adaptations take time and have costs, as local 
knowledge and equipment are geared to the species that have 
long been present in an area. (Figure source: adapted from Pinsky 
and Fogerty 2012101). 
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tRaceable accounts

Process for Developing Key Messages: 
A central component of the assessment process was the Oceans 
and Marine Resources Climate assessment workshop that was 
held January 23-24, 2012, at the National Oceanographic and 
Atmospheric Administration (NOAA) in Silver Spring, MD, and si-
multaneously, via web teleconference, at NOAA in Seattle, WA. In 
the workshop, nearly 30 participants took part in a series of scop-
ing presentations and breakout sessions that began the process 
leading to a foundational Technical Input Report (TIR) entitled 
“Oceans and Marine Resources in a Changing Climate: Technical 
Input to the 2013 National Climate Assessment.”102 The report, 
consisting of nearly 220 pages of text organized into 7 sections 
with numerous subsections and more than 1200 references, was 
assembled by 122 authors representing governmental agencies, 
non-governmental organizations, tribes, and other entities. 

The chapter author team engaged in multiple technical discus-
sions via teleconferences that permitted a careful review of the 
foundational TIR102 and of approximately 25 additional technical 
inputs provided by the public, as well as the other published litera-
ture, and professional judgment. The chapter author team met at 
Conservation International in Arlington, VA on 3-4 May 2012 for 
expert deliberation of draft key messages by the authors, wherein 
each message was defended before the entire author team before 
the key message was selected for inclusion in the report. These 
discussions were supported by targeted consultation with addi-
tional experts by the lead author of each message to help define 
“key vulnerabilities.”

Key message #1 Traceable accounT

The rise in ocean temperature over the last cen-
tury will persist into the future, with continued large 
impacts on climate, ocean circulation, chemistry, 
and ecosystems.

Description of evidence base
The key message is supported by extensive evidence documented 
in Sections 2 and 3 of the Oceans Technical Input Report102 and 
in the additional technical inputs received as part of the Federal 
Register Notice solicitation for public input, as well as stakeholder 
engagement leading up to drafting the chapter. 

Relevant and recent peer-reviewed publications,5,7,8 including 
many others that are cited therein, describe evidence that ocean 
temperature has risen over the past century. This evidence base 
includes direct and indirect temperature measurements, paleocli-
mate records, and modeling results.

There are also many relevant and recent peer-reviewed publica-
tions describing changes in physical and chemical ocean proper-
ties that are underway due to climate change.11,14 

New information and remaining uncertainties
Important new information since the last National Climate Assess-
ment103 includes the latest update to a data set of ocean tempera-
tures.7

There is accumulating new information on all of these points with 
regard to physical and chemical changes in the ocean and re-
sultant impacts on marine ecosystems. Both measurements and 
model results are continuing to sharpen the picture. 

A significant area of uncertainty remains with regard to the re-
gion-by-region impacts of warming, acidification, and associated 
changes in the oceans. Regional and local conditions mean that 
impacts will not be uniform around the U.S. coasts or internation-
ally. Forecasting of regional changes is still an area of very active 
research, though the overall patterns for some features are now 
clear. 

Large-scale and recurring climate phenomena (such as the El Niño 
Southern Oscillation, the Pacific Decadal Oscillation, and the At-
lantic Multidecadal Oscillation) cause dramatic changes in biologi-
cal productivity and ecosystem structure and make it difficult to 
discern climate-driven trends.

Current time series of biological productivity are restricted to 
a handful of sites around the globe and to a few decades, and 
global, comprehensive satellite time series of ocean color are even 
shorter, beginning in 1997. Based on an analysis of different in 
situ datasets, one research group suggested a decline of 1% per 
year over the past century, but these findings may be an artifact 

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS



576 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

of limited data and have been widely debated.14,104 However, the 
few in situ time series mostly indicate increases in biological pro-
ductivity over the past 20 years, but with clear links to regional 
changes in climate.14 

Assessment of confidence based on evidence
Confidence that the ocean is warming and acidifying, and that sea lev-
el is rising is very high. Changes in other physical and chemical prop-
erties such as ocean circulation, wave heights, oxygen minimums, and 
salinity are of medium confidence. For ecosystem changes, there is 
high confidence that these are occurring and will persist and likely 
grow in the future, though the details of these changes are highly 
geographically variable. 

Key message #2 Traceable accounT

The ocean currently absorbs about a quarter of 
human-caused carbon dioxide emissions to the at-
mosphere, leading to ocean acidification that will 
alter marine ecosystems in dramatic yet uncertain 
ways.

Description of evidence base
The key message is supported by extensive evidence documented 
in the Oceans Technical Input Report102 and additional technical 
inputs received as part of the Federal Register Notice solicitation 
for public input, as well as stakeholder engagement leading up to 
drafting the chapter. 

Numerous references provide evidence for the increasing acidity 
(lower pH) of oceans around the world (Ch. 2: Our Changing Cli-
mate, Key Message 12).3,31 

There is a rapid growth in peer-reviewed publications describing 
how ocean acidification will impact ecosystems,33,34 but to date 
evidence is largely based on studies of calcification rather than 
growth, reproduction, and survival of organisms. For these latter 
effects, available evidence is from laboratory studies in low pH 
conditions, rather than in situ observations.35

New information and remaining uncertainties
The interplay of environmental stressors may result in “surprises” 
where the synergistic impacts may be more deleterious or more 
beneficial than expected. Such synergistic effects create com-
plexities in predicting the outcome of the interplay of stressors 
on marine ecosystems. Many, but not all, calcifying species are 
affected by increased acidity in laboratory studies. How those re-
sponses will cascade through ecosystems and food webs is still 
uncertain. Although studies are underway to expand understand-
ing of ocean acidification on all aspects of organismal physiology, 
much remains to be learned. 

Assessment of confidence based on evidence
Confidence is very high that carbon dioxide emissions to the atmo-
sphere are causing ocean acidification, and high that this will alter 
marine ecosystems. The nature of those alterations is unclear, 
however, and predictions of most specific ecosystem changes 
have low confidence at present, but with medium confidence for 
coral reefs.

Key message #3 Traceable accounT

Significant habitat loss will continue to occur due 
to climate change for many species and areas, in-
cluding Arctic and coral reef ecosystems, while 
habitat in other areas and for other species will 
expand. These changes will consequently alter the 
distribution, abundance, and productivity of many 
marine species.

Description of evidence base
The key message is supported by extensive evidence documented 
in the Oceans Technical Input Report102 and additional technical 
inputs received as part of the Federal Register Notice solicitation 
for public input, as well as stakeholder engagement leading up to 
drafting the chapter. 

Many peer-reviewed publications56,70 describe threats to coral 
reefs induced by global change.

There are also many relevant and recent peer-reviewed publica-
tions53,54,87 that discuss impacts on marine species and resources 
of habitat change that is induced by climate change. 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts

24: OCEANS AND MARINE RESOURCES
Traceable accounTs
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New information and remaining uncertainties
Regional and local variation is, again, a major component of the 
remaining uncertainties. Different areas, habitats, and species are 
responding differently and have very different adaptive capacities. 
Those species that are motile will certainly respond differently, or 
at least at a different rate, by changing distribution and migration 
patterns, compared to species that do not move, such as corals. 

Although it is clear that some fish stocks are moving poleward and 
to deeper water, how far they will move and whether most spe-
cies will move remains unclear. A key uncertainty is the extent to 
which various areas will benefit from range expansions of valuable 
species or increases in productivity, while other areas will suffer 
as species move away from previously productive areas. The loss 
of critically important habitat due to climate change will result in 
changes in species interactions that are difficult to predict. 

Assessment of confidence based on evidence
There is very high confidence that habitat and ecosystems are 
changing due to climate change, but that change is not unidirec-
tional by any means. Distribution, abundance, and productivity 
changes are species and location dependent and may be increas-
ing or decreasing in a complex pattern. 

Key message #4 Traceable accounT

Rising sea surface temperatures have been linked 
with increasing levels and ranges of diseases in hu-
mans and in marine life, including corals, abalones, 
oysters, fishes, and marine mammals.

Description of evidence base
The key message is supported by extensive evidence in the Oceans 
Technical Input Report102 and additional technical inputs received 
as part of the Federal Register Notice solicitation for public in-
put, as well as stakeholder engagement leading up to drafting the 
chapter. 

As noted in the chapter, the references document increased levels 
and ranges of disease coincident with rising temperatures.64,65,66,67 

New information and remaining uncertainties
The interactions among host, environment, and pathogen are com-
plex, which makes it challenging to separate warming due to cli-
mate change from other causes of disease outbreaks in the ocean.

Assessment of confidence based on evidence
There is high confidence that disease outbreaks and levels are 
increasing, and that this increase is linked to increasing tempera-
tures. Again, there is substantial local to regional variation but the 
overall pattern seems consistent. 

Key message #5 Traceable accounT

Climate changes that result in conditions substan-
tially different from recent history may significant-
ly increase costs to businesses as well as disrupt 
public access and enjoyment of ocean areas.

Description of evidence base
The key message is supported by extensive evidence documented 
in the Oceans Technical Input Report102 and additional technical 
inputs received as part of the Federal Register Notice solicitation 
for public input, as well as stakeholder engagement leading up to 
drafting the chapter. 

Many peer-reviewed publications describe the predicted impacts 
of climate change on tourism and recreation industries and their 
associated infrastructure.91,92

New information and remaining uncertainties
Given the complexity of transportation, resource use and extrac-
tion, and leisure and tourism activities, there are large uncertain-
ties in impacts in specific locales or for individual activities. Some 
businesses and communities may be able to adapt rapidly, others 
less so. Infrastructure impacts of climate change will also be an 
important part of the ability of businesses, communities, and the 
public to adapt. 

Assessment of confidence based on evidence
As with many other impacts of climate change, the evidence that 
change is occurring is very strong but the resultant impacts are 
still uncertain. For all of these human uses, and the associated 
costs and disruption, the evidence is suggestive and confidence 
medium on the effects of the ongoing changes in ocean conditions. 

Key message #6 Traceable accounT

In response to observed and projected climate 
impacts, some existing ocean policies, practices, 
and management efforts are incorporating climate 
change impacts. These initiatives can serve as 
models for other efforts and ultimately enable peo-
ple and communities to adapt to changing ocean 
conditions.

Description of evidence base
The key message is supported by extensive evidence documented 
in the Oceans Technical Input Report102 and additional technical 
inputs reports received as part of the Federal Register Notice 
solicitation for public input, as well as stakeholder engagement 
leading up to drafting the chapter. 

Scenarios suggest that adjustments to fish harvest regimes can 
improve catch stability under increased climate variability. These 
actions could have a greater effect on biological and economic 
performance in fisheries than impacts due to warming over the 
next 25 years.94

24: OCEANS AND MARINE RESOURCES
Traceable accounTs
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New information and remaining uncertainties
Efforts are underway to enhance the development and deployment 
of science in support of adaptation, to improve understanding and 
awareness of climate-related risks, and to enhance analytic ca-
pacity to translate understanding into planning and management 
activities. While critical knowledge gaps exist, there is a wealth of 
climate- and ocean-related science pertinent to adaptation.102

Assessment of confidence based on evidence 
There is high confidence that adaptation planning will help miti-
gate the impacts of changing ocean conditions. But there is much 
work to be done to craft local solutions to the set of emerging 
issues in ocean and coastal areas. 

24: OCEANS AND MARINE RESOURCES
Traceable accounTs
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COASTAL ZONE 
DEVELOPMENT AND ECOSYSTEMS25

Key Messages
1. Coastal lifelines, such as water supply and energy infrastructure and evacuation routes, are 

increasingly vulnerable to higher sea levels and storm surges, inland flooding, erosion, and other 
climate-related changes.

2. Nationally important assets, such as ports, tourism and fishing sites, in already-vulnerable coastal 
locations, are increasingly exposed to sea level rise and related hazards. This threatens to disrupt 
economic activity within coastal areas and the regions they serve and results in significant costs 
from protecting or moving these assets.

3. Socioeconomic disparities create uneven exposures and sensitivities to growing coastal risks and 
limit adaptation options for some coastal communities, resulting in the displacement of the most 
vulnerable people from coastal areas.

4. Coastal ecosystems are particularly vulnerable to climate change because many have already 
been dramatically altered by human stresses; climate change will result in further reduction or 
loss of the services that these ecosystems provide, including potentially irreversible impacts.

5. Leaders and residents of coastal regions are increasingly aware of the high vulnerability of 
coasts to climate change and are developing plans to prepare for potential impacts on citizens, 
businesses, and environmental assets. Significant institutional, political, social, and economic 
obstacles to implementing adaptation actions remain.

Figure 25.1. U.S. population 
growth in coastal watershed coun-
ties has been most significant 
over the past 40 years in urban 
centers such as Puget Sound, 
San Francisco Bay, southern Cali-
fornia, Houston, South Florida and 
the northeast metropolitan corri-
dor. A coastal watershed county 
is defined as one where either 1) 
at a minimum, 15% of the county’s 
total land area is located within a 
coastal watershed, or 2) a portion 
of or an entire county accounts for 
at least 15% of a coastal USGS 
8-digit cataloging unit.1 Residents 
in these coastal areas can be con-
sidered “the U.S. population that 
most directly affects the coast.”1 
We use this definition of “coastal” 
throughout the chapter unless 
otherwise specified. (Data from 
U.S. Census Bureau). 

Population Change in U.S. Coastal Watershed Counties
(1970-2010)
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Each year, more than 1.2 million people move to the coast, col-
lectively adding the equivalent of nearly one San Diego, or more 
than three Miami’s, to the Great Lakes or open-ocean coastal 
watershed counties and parishes of the United States. As a re-
sult, 164 million Americans – more than 50% of the population 
– now live in these mostly densely populated areas1,2 (Figure 
25.1) and help generate 58% of the national gross domestic  
product (GDP).3 People come – and stay – for the diverse and 
growing employment opportunities in recreation and tour-
ism, commerce, energy and mineral production, vibrant urban  
centers, and the irresistible beauty of our coasts.4 Residents, 
combined with the more than 180 million tourists that flock to 
the coasts each year,5,6 place heavy demands on the unique 
natural systems and resources that make coastal areas so  
attractive and productive.7

Meanwhile, public agencies and officials are charged with bal-
ancing the needs of economic vitality and public safety, while 
sustaining the built and natural environments in the face of 
risks from well-known natural hazards such as storms, flooding, 
and erosion.8 Although these risks play out in different ways 
along the United States’ more than 94,000 miles of coastline,9 
all coasts share one simple fact: no other region concentrates 
so many people and so much economic activity on so little 
land, while also being so relentlessly affected by the sometimes 
violent interactions of land, sea, and air.

Humans have heavily altered the coastal environment through 
development, changes in land use, and overexploitation of 
resources. Now, the changing climate is imposing additional 

stresses,10 making life on the coast more challenging (Figure 
25.2). The consequences will ripple through the entire nation, 
which depends on the productivity and vitality of coastal re-
gions.

Events like Superstorm Sandy in 2012 have illustrated that 
public safety and human well-being become jeopardized by 
the disruption of crucial lifelines, such as water, energy, and 
evacuation routes. As climate continues to change, repeated 
disruption of lives, infrastructure functions, and nationally and 
internationally important economic activities will pose intol-
erable burdens on people who are already most vulnerable 
and aggravate existing impacts on valuable and irreplaceable 
natural systems. Planning long-term for these changes, while 
balancing different and often competing demands, are vexing 
challenges for decision-makers (Ch. 26: Decision Support).

coAstAl resilience defined

Resilience means different things to different disciplines 
and fields of practice. In this chapter, resilience gener-
ally refers to an ecological, human, or physical system’s 
ability to persist in the face of disturbance or change and 
continue to perform certain functions.11 Natural or physi-
cal systems do so through absorbing shocks, reorganizing 
after disturbance, and adapting;12 social systems can also 
consciously learn.13

Figure 25.2. Sea level rise is not just a problem of the future, but is already affecting coastal communities such 
as Charleston, South Carolina, and Olympia in South Puget Sound through flooding during high tides. (Photo credits: 
(left) NOAA Coastal Services Center; (right) Ray Garrido, January 6, 2010, reprinted with permission by the Washington 
Department of Ecology).

Flooding During High Tides
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Climate-related Drivers of Coastal Change
The primary climatic forces affecting the coasts are changes in 
temperature, sea and water levels, precipitation, storminess, 
ocean acidity, and ocean circulation.7

•	 Sea surface temperatures are rising14 and are expected to 
rise faster over the next few decades,15 with significant re-
gional variation, and with the possibility for more intense 
hurricanes as oceans warm (Ch. 2: Our Changing Climate). 

•	 Global average sea level is rising and has been doing so 
for more than 100 years (Ch.2: Our Changing Climate), 
and greater rates of sea level rise are expected in the 
future.16 Higher sea levels cause more coastal erosion, 
changes in sediment transport and tidal flows, more fre-
quent flooding from higher storm surges, landward migra-
tion of barrier shorelines, fragmentation of islands, and 
saltwater intrusion into aquifers and estuaries.7,17,18,19 

•	 Rates of sea level rise are not uniform along U.S. coasts20,21 
and can be exacerbated locally by land subsidence or re-
duced by uplift.22,23 Along the shorelines of the Great 
Lakes, lake level changes are uncertain (Ch. 18: Midwest), 
but erosion and sediment migration will be exacerbated 
by increased lakeside storm events, tributary flood-
ing, and increased wave action due to loss of ice cover.24 

•	 Patterns of precipitation change are affecting coastal ar-
eas in complex ways (Ch. 2: Our Changing Climate). In re-
gions where precipitation increases, coastal areas will see heavi-
er runoff from inland areas, with the already observed trend 
toward more intense rainfall events continuing to increase 
the risk of extreme runoff and flooding. Where precipita-
tion is expected to decline and droughts to increase, fresh-
water inflows to the coast will be reduced (Ch. 3: Water). 

•	 There has been an overall increase in storm activity near 
the Northeast and Northwest coastlines since about 
1980.25 Winter storms have increased slightly in frequency 
and intensity and their storm tracks have shifted north-
ward.26 The most intense tropical storms have increased 
in intensity in the last few decades.27 Future projections 
suggest increases in hurricane rainfall and intensity (with 
a greater number of the strongest  – Category 4 and 5 – 
hurricanes), a slight decrease in the frequency of tropical 
cyclones, and possible shifts in storm tracks, though the 
details remain uncertain (Ch. 2: Our Changing Climate). 

•	 Marine ecosystems are being threatened by climate change 
and ocean acidification. The oceans are absorbing more 
carbon dioxide as the concentration in the atmosphere 
increases, resulting in ocean acidification, which threat-
ens coral reefs and shellfish.28,29,30 Coastal fisheries are 
also affected by rising water temperatures31 and climate-
related changes in oceanic circulation (Ch. 24: Oceans).32,33 
Wetlands and other coastal habitats are threatened by sea 
level rise, especially in areas of limited sediment supply 
or where barriers prevent onshore migration.34 The com-
bined effects of saltwater intrusion, reduced precipitation, 
and increased evapotranspiration will elevate soil salinities 
and lead to an increase in salt-tolerant vegetation35,36 and 
the dieback of coastal swamp forests.37 

None of these changes operate in isolation. The combined ef-
fects of climate changes with other human-induced stresses 
makes predicting the effects of climate change on coastal 
systems challenging. However, it is certain that these factors 
will create increasing hazards to the coasts’ densely populated 
areas.38,39,40
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Figure 25.3. The amount of sea level rise (SLR) by  2050  will vary along different stretches of the U.S. coastline and under 
different SLR scenarios, mostly due to land subsidence or uplift (Ch.2: Our Changing Climate).16 The panels show feet of sea level 
above 1992 levels at different tide gauge stations based on a) an 8 inch SLR and b) a 1.24 foot SLR by  2050 . The flood level 
that has a 1% chance of occurring in any given year (“return level”) is similarly projected to differ by region as a result of varying 
storm surge risk. Panel c) shows return levels for a 1.05 foot SLR above mean high tide by 2050.  Finally, panel d) shows how a 
1.05 foot SLR by 2050 could cause the level of flooding that occurs during today’s 100-year storm to occur more frequently by 
mid-century, in some regions as often as once a decade or even annually. ( F i g u r e  source: replicated Tebaldi et al. 201223 
analysis with NCA sea level rise scenarios16 for panels a) and b); data/ensemble SLR projections used for panels c) and d) 
from Tebaldi et al. 201223; all estimates include the effect of land subsidence).

Projected Sea Level Rise and Flooding by 2050
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Figure 25.4. (a) Social Vulnerability, (b) Probability of Shoreline Erosion
(a) Social Vulnerabilty Index (SoVI) at the Census tract level for counties along the coast. The Social Vulnerability 
Index provides a quantitative, integrative measure for comparing the degree of vulnerability of human populations 
across the nation. A high SoVI (dark pink) typically indicates some combination of high exposure and high sensitivity to 
the effects of climate change and low capacity to deal with them. Specific index components and weighting are unique 
to each region (North Atlantic, South Atlantic, Gulf, Pacific, Great Lakes, Alaska, and Hawai‘i). All index components 
are constructed from readily available Census data and include measures of poverty, age, family structure, location 
(rural versus urban), foreign-born status, wealth, gender, Native American status, and occupation.41,42 

(b) Probability of Shoreline Erosion greater than 3.3 feet per year for counties along the coast. Probability is based on 
historical conditions only and does not reflect the possibility of acceleration due to increasing rates of sea level rise.43
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Figure 25.4. (c) Climate-Related Threats
(c) Regional Threats from Climate Change are compiled from technical input reports, the regional chapters in this report, 
and from scientific literature. For related information, see http://data.globalchange.gov/report/regional-differences-2012
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Figure 25.4. (d) Adaptation Activities
(d) Examples of Adaptation Activities in Coastal Areas of the U.S. and Affiliated Island States are compiled from 
technical input reports, the regional chapters in this report, and scientific literature. For related information, see  
http://data.globalchange.gov/report/coastal-adaptation-examples-2012
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Key Message 1: Coastal Lifelines at Risk

Coastal lifelines, such as water supply and energy infrastructure and evacuation routes,  
are increasingly vulnerable to higher sea levels and storm surges, inland flooding,  

erosion, and other climate-related changes.

Key coastal vulnerabilities arise from complex inter-
actions among climate change and other physical, 
human, and ecological factors. These vulnerabilities 
have the potential to fundamentally alter life at the 
coast and disrupt coast-dependent economic activi-
ties.

Coastal infrastructure is exposed to climate 
change impacts from both the landward and ocean 
sides.44,45,46,47,48 Some unique characteristics increase 
the vulnerability of coastal infrastructure to climate 
change (Ch. 11: Urban).7,49 For instance, many coastal 
regions were settled long ago, making much of the 
infrastructure older than in other locations.50 Also, 
inflexibility of some coastal, water-dependent infra-
structure, such as onshore gas and oil facilities, port 
facilities, thermal power plants, and some bridges, 
makes landward relocation difficult (Figure 25.5), 
and build-up of urban and industrial areas inland 
from the shoreline can inhibit landward relocation.7

Infrastructure is built to certain site-specific design 
standards (such as the once-in-10-year, 24-hour 
rainstorm or the once-in-100-year flood) that take 
account of historical variability in climate, coastal, 
and hydrologic conditions. Impacts exceeding these 
standards can shorten the expected lifetime, in-
crease maintenance costs, and decrease services. 
In general, higher sea levels, especially when combined with 
inland changes from flooding and erosion, will result in ac-
celerated infrastructure impairment, with associated indirect 
effects on regional economies and a need for infrastructure 
upgrades, redesign, or relocation.7,44,45,46,51

The more than 60,000 miles of coastal roads52 are essential for 
human activities in coastal areas (Ch. 5: Transportation), espe-
cially in case of evacuations during coastal emergencies.53,54 
Population growth to date and expected additional growth 
place increasing demands on these roads, and climate change 
will decrease their functionality unless adaptation measures 
are taken.55,56 Already, many coastal roads are affected during 
storm events57 and extreme high tides.58 Moreover, as coastal 
bridges, tunnels, and roads are built or redesigned, engineers 
must account for inland and coastal changes, including drain-
age flooding, thawing permafrost, higher groundwater levels, 
erosion, and increasing saturation of roadway bases.59 During 
Hurricane Katrina, many bridges failed because they had only 
been designed for river flooding but were also unexpectedly 
exposed to storm surges.55,60

Wastewater management and drainage systems constitute 
critical infrastructure for coastal businesses and residents (Ch. 
3: Water). Wastewater treatment plants are typically located 
at low elevations to take advantage of gravity-fed sewage col-
lection. Increased inland and coastal flooding make such plants 
more vulnerable to disruption, while increased inflows will re-
duce treatment efficiency.47,61,62 Drainage systems – designed 
using mid-1900s rainfall records – will become overwhelmed 
in the future with increased rainfall intensity over more imper-
vious surfaces, such as asphalt and concrete.27,63,64,65 Sea level 
rise will increase pumping requirements for coastal wastewa-
ter treatment plants, reduce outlet capacities for drainage sys-
tems, and increasingly infiltrate sewer lines, while salt water 
intrusion into coastal aquifers will affect coastal water supplies 
and salt fronts will advance farther up into coastal rivers, af-
fecting water supply intakes (Ch. 3: Water).19,66 Together, these 
impacts increase the risks of urban flooding, combined sewer 
overflows, deteriorating coastal water quality, and human health 
impacts (Ch. 11: Urban; Ch. 9: Human Health).67,68,69 

Figure 25.5. This “mock-up” shows the existing Highway LA-1 and 
Leeville Bridge in coastal Louisiana (on the right) with a planned new, 
elevated bridge that would retain functionality under future, higher sea 
level conditions (center left). (Current sea level and sinking bridge are 
shown here.) A 7-mile portion of the planned bridge has been completed 
and opened to traffic in December 2011. (Figure source: Greater 
Lafourche Port Commission, reprinted with permission).

Adapting Coastal Infrastructure
to Sea Level Rise and Land Loss
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Coastal water infrastructure adaptation options include (but 
are not limited to): 

•	 integrating both natural landscape features and human-
engineered, built infrastructure  to reduce stormwater 
runoff and wave attack, including, where feasible, cre-
ative use of dredge material from nearby coastal loca-
tions in the build-up of wetlands and berms (Figure 25.6);

•	 constructing seawalls around wastewater treatment 
plants and pump stations;

•	 pumping effluent to higher elevations to keep up with 
sea level rise;

•	 pumping freshwater into coastal aquifers to reduce infil-
tration of saltwater; and 

•	 reusing water after treatment to replace diminished wa-
ter supplies due to sea level rise.70 

Technical and financial feasibility may limit how well and how 
long coastal infrastructure can be protected in place before 
it needs to be moved or abandoned. One group estimated 
that nationwide adaptation costs to utilities for wastewater 
systems alone could range between $123 billion and $252 bil-
lion by 2050 and, while not specific to coastal systems, gives 
a sense of the magnitude of necessary expenditures to avert 
climate change impacts.71  

The nation’s energy infrastructure, such as power plants, oil 
and gas refineries, storage tanks, transformers, and electric-
ity transmission lines, are often located directly in the coastal 
floodplain.48,72 Roughly two-thirds of imported oil enters the 
U.S. through Gulf of Mexico ports,55 where it is refined and 
then transported inland. Unless adaptive measures are taken, 
storm-related flooding, erosion, and permanent inundation 
from sea level rise will disrupt these refineries (and related un-
derground infrastructure) and, in turn, will constrain the supply 
of refined products to the rest of the nation (Ch. 4: Energy; Ch. 
10: Energy, Water, and Land) (Figure 25.5).73

Coastal communities have a variety of options to protect, re-
place, and redesign existing infrastructure, including flood 
proofing and flood protection through dikes, berms, pumps, 
integration of natural landscape features, elevation, more fre-
quent upgrades, or relocation.74 Relocation of large coastal 

infrastructure away from the coastline can be very expensive 
and, for some facilities such as port installations, impossible 
due to the need for direct access to the shoreline. In most in-
stances, the addition of new flood-proofed infrastructure in 
high-hazard zones has been viewed as a more cost-effective 
near-term option than relocation.75 In these cases, significantly 
higher removal costs may be incurred later when sea level is 
higher or if the facility needs to be abandoned altogether in 
the future. This suggests that adaptation options are best as-
sessed in a site-specific context, comprehensively weighing 
social, economic, and ecological considerations over multiple 
timeframes. A combination of gray and green infrastructure 
is increasingly recognized as a potentially cost-effective ap-
proach67,76 to reducing risks to communities and economies 
while preserving or restoring essential ecosystems and thus 
their benefits to human welfare (Figure 25.6).7,77

Figure 25.6. A coastal ecosystem restoration project in New York 
City integrates revegetation (a form of green infrastructure) with 
bulkheads and riprap (gray or built infrastructure). Investments 
in coastal ecosystem conservation and restoration can protect 
coastal waterfronts and infrastructure, while providing additional 
benefits, such as habitat for commercial and recreational fish, 
birds, and other animal and plant species, that are not offered by 
built infrastructure. (Photo credit: Department of City Planning, 
New York City, reprinted with permission).

Ecosystem Restoration

Assessing flood exposure of criticAl fAcilities And roAds

NOAA’s Critical Facilities Flood Exposure Tool provides an initial assessment of the risk to a community’s critical facili-
ties and roads within the “100-year” flood zone established by the Federal Emergency Management Agency (FEMA) 
(the 100-year flood zone is the areal extent of a flood that has a 1% chance of occurring or being exceeded in any given 
year). The tool helps coastal managers quickly learn which facilities may be at risk – providing information that can be 
used to increase flood risk awareness and to inform a more detailed analysis and ultimately flood risk reduction mea-
sures. The critical facilities tool was initially created to assist Mississippi/Alabama Sea Grant in conducting its “Coastal 
Resiliency Index: A Community Self-Assessment” workshops and is now available for communities nationwide. For 
additional information see: http://www.csc.noaa.gov/digitalcoast/tools/criticalfacilities.
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Key Message 2: Economic Disruption

Nationally important assets, such as ports, tourism, and fishing sites, in already-vulnerable 
coastal locations, are increasingly exposed to sea level rise and related hazards. This 

threatens to disrupt economic activity within coastal areas and the regions they serve and 
results in significant costs from protecting or moving these assets.

In 2010, economic activity in shoreline counties accounted 
for approximately 66 million jobs and $3.4 trillion in wages78 
through diverse industries and commerce. In many instances, 
economic activity is fundamentally dependent on the physi-
cal and ecological characteristics of the coast. These features 
provide the template for coastal economic activities, including 
natural protection from waves, access to beaches, flat land for 
port development and container storage, and wetlands that 
support fisheries and provide flood protection.

More than 5,790 square miles and more than $1 trillion of 
property and structures are at risk of inundation from sea level 
rise of two feet above current sea level – an elevation which 
could be reached by 2050 under a high rate of sea level rise 
of approximately 6.6 feet by 2100,16 20 years later assuming a 
lower rate of rise (4 feet by 2100) (Ch. 2: Our Changing Climate), 
and sooner in areas of rapid land subsidence.79,80 Roughly half 
of the vulnerable property value is located in Florida, and the 
most vulnerable port cities are Miami, Greater New York, New 
Orleans, Tampa-St. Petersburg, and Virginia Beach.38,45,79,81

Although comprehensive national estimates are not yet avail-
able, regional studies are indicative of the potential risk: the 
incremental annual damage of climate change to capital assets 
in the Gulf region alone could be $2.7 to $4.6 billion by 2030, 
and $8.3 to $13.2 billion by 2050; about 20% of these at-risk 
assets are in the oil and gas industry.82 Investing approximately 
$50 billion for adaptation over the next 20 years could lead to 
approximately $135 billion in averted losses over the lifetime of 
adaptive measures.82,83

More than $1.9 trillion in imports came through U.S. ports in 
2010, with commercial ports directly supporting more than 13 
million jobs78 and providing 90% of consumer goods.84 Ports 
damaged during major coastal storms can be temporarily or 
permanently replaced by other modes of freight movement, 
but at greater cost (Ch. 5: Transportation). The stakes are high 
and resources exist for ports to take proactive adaptation 
steps, such as elevating and interconnecting port- and land-based 
infrastructure or developing offsite storage capability (off-dock in-
termodal yards) for goods and related emergency response proce-
dures.85 However, a recent survey showed that most U.S. ports 
have not yet taken actions to adapt their operations to rising 
seas, increased flooding, and the potential for more extreme 
coastal storms.86 

Coastal recreation and tourism comprises the largest and 
fastest-growing sector of the U.S. service industry, accounting 
for 85% of the $700 billion annual tourism-related revenues,5,88 
making this sector particularly vulnerable to increased impacts 
from climate change.89 Historically, development of immediate 
shoreline areas with hotels, vacation rentals, and other tour-
ism-related establishments has frequently occurred without 
adequate regard for coastal hazards, shoreline dynamics (for 
example, inlet migration), or ecosystem health.90 Hard shore-
line protection against the encroaching sea (like building sea 
walls or riprap) generally aggravates erosion and beach loss 
and causes negative effects on coastal ecosystems, undermin-
ing the attractiveness of beach tourism. Thus, “soft protection,” 
such as beach replenishment or conservation and restoration 
of sand dunes and wetlands, is increasingly preferred to “hard 
protection” measures. Increased sea level rise means sand re-
plenishment would need to be undertaken more frequently, 
and thus at growing expense.34,91,92,93

Natural shoreline protection features have some capacity to 
adapt to sea level rise and storms (Figure 25.6) and can also 
provide an array of ecosystem services benefits94 that may 
offset some maintenance costs. A challenge ahead is the need 
to integrate climate considerations (for example, temperature 
change and sea level rise) into coastal ecosystem restoration 
and conservation efforts,95 such as those underway in the Gulf 
of Mexico, Chesapeake Bay, and Sacramento-San Joaquin Del-
ta, to ensure that these projects have long-term effectiveness.

U.S. oceanic and Great Lakes coasts are important centers for 
commercial and recreational fishing due to the high productiv-
ity of coastal ecosystems. In 2009, the U.S. seafood industry 
supported approximately 1 million full- and part-time jobs and 
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Figure 25.7. Ports are deeply interconnected with inland areas through the goods imported and exported each year. Climate 
change impacts on ports can thus have far-reaching implications for the nation’s economy. These maps show the exports and 
imports in 2010 (in tons/year) and freight flows (in trucks per day) from four major U.S. ports to other U.S. areas designated in the 
U.S. Department of Transportation’s Freight Analysis Framework (FAF): Los Angeles, Houston, New York/New Jersey, and Seattle. 
Note: Highway Link Flow less than 5 FAF Trucks/Day are not shown. (Figure source: U.S. Department of Transportation, Federal 
Highway Administration, Office of Freight Management and Operations, Freight Analysis Framework, version 3.4, 2012).87 

Coast-to-Inland Economic Connections

generated $116 billion in sales and $32 billion in income.96 Rec-
reational fishing also contributes to the economic engine of the 
coasts, with some 74 million saltwater fishing trips along U.S. 
coasts in 2009 generating $50 billion in sales and supporting 
over 327,000 jobs.96 Climate change threatens to disrupt fishing 

operations through direct and indirect impacts to fish stocks 
(for example, temperature-related shifts in species ranges, 
changes in prey availability, and loss of coastal nursery habitat) 
as well as storm-related disruptions of harbor installations (Ch. 
24: Oceans).
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Key Message 3: Uneven Social Vulnerability

Socioeconomic disparities create uneven exposures and sensitivities to growing coastal  
risks and limit adaptation options for some coastal communities, resulting in the  

displacement of the most vulnerable people from coastal areas.

In 2010, almost 2.8% of the U.S. population, or more than 8.6 mil-
lion Americans, lived within the area subject to coastal floods 
that have at least a 1% chance of occurring in any one year.97,98 
More than 120 million Americans live in counties that border 
the open ocean or Great Lakes coasts and/or have a 100-year 
coastal floodplain within them.98 Two trends will place even 
more people at risk in the future: 1) the expansion of the flood-
plain as sea level rises, and 2) the continuing immigration of 
people to coastal areas.

By 2100, the fraction of the U.S. population living in coastal 
counties is expected to increase by 50% (46.2 million) to 144% 
(131.2 million) depending on alternative projections of future 
housing.99 While specific population projections for future 100-
year flood zones are only available for some locations,100 many 
of these new arrivals can be expected to locate in high-hazard 
areas. Thus, coastal population densities, along with increasing 
economic development, will continue to be an important factor 
in the overall exposure to climate change.3,7,39,101

Despite persistent beliefs that living on the coast is reserved 
for the wealthy,79,102 there are large social disparities in coastal 
areas that vary regionally.41,103 Full understanding of risk for 
coastal communities requires consideration of social vulner-
ability factors limiting people’s ability to adapt. These fac-
tors include lower income; minority status; low educational 
achievement; advanced age; income 
dependencies; employment in low-
paying service, retail, and other sectors, 
as well as being often place-bound; 
less economically and socially mobile; 
and much less likely to be insured than 
wealthy property owners (see panel (a) 
in Figure 25.4).104

For example, in California, an estimated 
260,000 people are currently exposed 
to a 100-year flood; this number could 
increase to 480,000 by 2100 as a result 
of a 4.6 foot sea level rise alone (roughly 
equivalent to the high end of the 1 to 4 
foot range of sea level rise projections, 
Ch.2: Our Changing Climate).38 Approxi-
mately 18% of those exposed to high 
flood risk by the end of this century also 
are those who currently fall into the 
“high social vulnerability” category.81 
This means that while many coastal 
property owners at the shorefront tend 

to be less socially vulnerable, adjacent populations just inland 
are often highly vulnerable.

The range of adaptation options for highly socially vulnerable 
populations is limited.81 Native communities in Alaska, Loui-
siana, and other coastal locations already face this challenge 
today (see “Unique Challenges for Coastal Tribes” and Ch. 12: 
Indigenous Peoples).105,106 As sea level rises faster and coastal 
storms, erosion, and inundation cause more frequent or wide-
spread threats, relocation (also called (un)managed retreat 
or realignment), while not a new strategy in dynamic coastal 
environments, may become a more pressing option. In some 
instances relocation may become unavoidable, and for poorer 
populations sooner than for the wealthy. Up to 50% of the 
areas with high social vulnerability face the prospect of un-
planned displacement under the 1 to 4 foot range of projected 
sea level rise (Ch.2: Our Changing Climate), for several key 
reasons: they cannot afford expensive protection measures 
themselves, public expense is not financially justified (often 
because social, cultural, and ecological factors are not consid-
ered), or there is little social and political support for a more 
orderly retreat process. By contrast, only 5% to 10% of the low 
social vulnerability areas are expected to face relocation.41 This 
suggests that climate change could displace many socially vul-
nerable individuals and lead to significant social disruptions in 
some coastal areas.107,108,109

uniQue chAllenges for coAstAl tribes

Coastal Native American and Native Alaskan people, with their traditional de-
pendencies upon natural resources and specific land areas, exhibit unique 
vulnerabilities. Tribal adaptation options can be limited because tribal land 
boundaries are typically bordered by non-reservation lands, and climate 
change could force tribes to abandon traditionally important locations, certain 
cultural practices, and natural resources on which they depend (Ch. 12: In-
digenous Peoples).110 Coastal food sources are also threatened, including salmon 
and shellfish. Climate change could affect other food species as well, worsening 
already existing health problems such as obesity, diabetes, and cancer.

Tribes pride themselves, however, for their experience and persistence in 
adapting to challenging situations.  Some tribes are exploring unique adapta-
tion approaches. In Louisiana’s Isle de Jean Charles, for example, the Biloxi-
Chitimacha-Choctaw Indian community partnered with a local academic center 
and a religious congregation to work toward relocating scattered tribal members 
with those seeking a communal safe haven, while working to save their ancestral 
land – aiming for community and cultural restoration and for the redevelopment 
of traditional livelihoods.108,111 
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Key Message 4: Vulnerable Ecosystems

Coastal ecosystems are particularly vulnerable to climate change because many have already 
been dramatically altered by human stresses; climate change will result in further reduction or 
loss of the services that these ecosystems provide, including potentially irreversible impacts.

Coastal ecosystems provide a suite of valuable benefits (eco-
system services) on which humans depend, including reduc-
ing the impacts from floods, buffering from storm surge and 
waves, and providing nursery habitat for important fish and 
other species, water filtration, carbon storage, and opportuni-
ties for recreation and enjoyment (Figure 25.8).95,112,113

However, many of these ecosystems and the services they 
provide are rapidly being degraded by human impacts, includ-
ing pollution, habitat destruction, and the spread of invasive 
species. For example, 75% of U.S. coral reefs in the Atlantic, 
Caribbean, and Gulf of Mexico are already in “poor” or “fair” 
condition;114,115 all Florida reefs are currently rated as “threat-
ened.”116 Coastal barrier ecosystems continue to be degraded 
by human development, even in cases where development has 
slowed (for example, Crawford et al. 2013; Feagin et al. 2010b 
117). Coastal wetlands are being lost at high rates in southeast-
ern Louisiana (Figure 25.9).118 In addition, the incidence of low-
oxygen “dead zones” in coastal waters has increased 30-fold in 
the U.S. since 1960, with over 300 coastal water bodies now 
experiencing stressful or lethal oxygen levels (Ch. 8: Ecosys-
tems).119 

These existing stresses on coastal ecosystems will be exac-
erbated by climate change effects, such as increased ocean 
temperatures that lead to coral bleaching,30 altered river flows 
affecting the health of estuaries,121 and acidified waters threat-
ening shellfish.122 Climate change affects the survival, repro-
duction, and health of coastal plants and animals in different 
ways. For example, changes in the timing of seasonal events 
(such as breeding and migration), shifts in species distributions 
and ranges, changes in species interactions, and declines in 
biodiversity all combine to produce fundamental changes in 
ecosystem character, distribution, and functioning.28 Species 
with narrow physiological tolerance to change, low genetic 
diversity, specialized resource requirements, and poor com-
petitive abilities are particularly vulnerable.123,124 Where the 
rate of climate change exceeds the pace at which plants and 

animals can acclimate or adapt, impacts on coastal ecosystems 
will be profound.35,125,126 For example, high death rates of East 
Coast intertidal mussels at their southern range boundary have 
occurred because of rising temperatures between 1956 and 
2007.127 The presence of physical barriers (for example, hard-
ened shorelines or reduced sediment availability) and other 
non-climatic stressors (such as pollution, habitat destruction, 
and invasive species) will further exacerbate the ecological im-
pacts of climate change and limit the ability of these ecosys-
tems to adapt.128,129,130 Onshore migration of coastal marshes 
as sea level rises is often limited by bulkheads or roads (a phe-
nomenon often called “coastal squeeze”), ultimately resulting 
in a reduction in wetland area.35,126,128,131,132,133

Of particular concern is the potential for coastal ecosystems 
to cross thresholds of rapid change (“tipping points”), beyond 
which they exist in a dramatically altered state or are lost en-
tirely from the area; in some cases, these changes will be ir-
reversible.134 These unique, “no-analog” environments present 
serious challenges to resource managers, who are confronted 
with conditions never seen before.135,136,137 The ecosystems 
most susceptible to crossing such tipping points are those that 
have already lost some of their resilience due to degradation 
or depletion by non-climatic stressors.138 Certain coastal eco-
systems are already rapidly changing as a result of interactions 
between climatic and non-climatic factors, and others have 
already crossed tipping points. Eelgrass in the Chesapeake Bay 
died out almost completely during the record-hot summer of 
2005, when temperatures exceeded the species’ tolerance 
threshold of 86°F,139 and subsequent recovery has been poor.140 
Severe low-oxygen events have emerged as a new phenome-
non in the Pacific Northwest due to changes in the timing and 
duration of coastal upwelling.32,141 These have led to high mor-
tality of Dungeness crabs33 and the temporary disappearance 
of rockfish,32 with consequences for local fisheries. Reducing 
non-climatic stressors at the local scale can potentially prevent 
crossing some of these tipping points.142
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Figure 25.8. Coastal ecosystems provide a suite of valuable benefits (ecosystem services) on which humans depend 
for food, economic activities, inspiration, and enjoyment. This schematic illustrates many of these services situated 
in a Pacific or Caribbean island setting, but many of them can also be found along mainland coastlines.

Coastal Ecosystem Services
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Key Message 5: The State of Coastal Adaptation

Leaders and residents of coastal regions are increasingly aware of the high vulnerability 
of coasts to climate change and are developing plans to prepare for potential impacts on 

citizens, businesses, and environmental assets. Significant institutional, political, social, and 
economic obstacles to implementing adaptation actions remain.

Considerable progress has been made since the last National 
Climate Assessment in both coastal adaptation science and 
practice (Figure 25.4, panel (d)), though significant gaps in un-
derstanding, planning, and implementation remain.20,143,144,145 
U.S. coastal managers pay increasing attention to adaptation, 
but are mostly still at an early stage of building their capacities 
for adaptation rather than implementing structural or policy 
changes (Ch. 28: Adaptation).20,146,147 Although many non-struc-
tural (land-use planning, fiscal, legal, and educational) and 
structural adaptation tools are available through the Coastal 
Zone Management Act, Coastal Barriers Resources Act, and 
other frameworks, and while coastal managers are well familiar 
with these historical approaches to shoreline protection, they 
are less familiar with some of the more innovative approaches 
to coastal adaptation, such as rolling easements, ecosystem-
based adaptation, or managed realignment.109,131,144,148 Federal, 
state, and local management approaches have also been 
found to be at odds at times,149 making successful integration 
of adaptation more difficult.145 There is only limited evidence 
of more substantial (“transformational”) adaptation occurring, 
that is, of adaptations that are “adopted at a much larger scale, 
that are truly new to a particular region or resource system, 
and that transform places and shift locations,”150 such as re-

location of communities in coastal Alaska and Louisiana (Ch. 
22: Alaska).83,109,150,151 Although more research is needed, rea-
sons for the limited transformational adaptation to date may 
include the relatively early stage of recognizing climate change 
and sea level rise risks, the perception that impacts are not yet 
severe enough, and the fact that social objectives can still be 
met.152

Coastal leaders and populations, however, are increasingly con-
cerned about climate-related impacts and support the develop-
ment of adaptation plans,153,154,155 but support for development 
restrictions or managed retreat is limited.156,157,158 Economic 
interests and population trends tend to favor continued (re)de-
velopment and in-fill in near-shore locations. Current disaster 
recovery practices frequently promote rapid rebuilding on-site 
with limited consideration for future conditions159 despite clear 
evidence that more appropriate siting and construction can 
substantially reduce future losses.160,161

Enacting measures that increase resilience in the face of cur-
rent hazards, while reducing long-term risks due to climate 
change, continues to be challenging.162,163,164 This is particu-
larly difficult in coastal flood zones that are subject to a 1% 

Figure 25.9. These maps show expected future land change in coastal Louisiana under two different sea level rise scenarios 
without protection or restoration actions. Red indicates a transition from land (either wetlands or barrier islands) to open water. 
Green indicates new land built over previously open water. Land loss is influenced by factors other than sea level rise, including 
subsidence, river discharge and sediment load, and precipitation patterns. However, all these factors except sea level rise 
were held constant for this analysis. The panel on the left shows land change with a sea level rise of 10.6 inches between 
2010 and 2060, while the one on the right assumes 31.5 inches of sea level rise for the same period. These amounts of 
sea level rise are within the projected ranges for this time period (Ch. 2: Our Changing Climate). (Figure source: State of 
Louisiana, reprinted with permission120).

Projected Land Loss from Sea Level Rise in Coastal Louisiana
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or greater chance of flooding in any given year, including those 
areas that experience additional hazards from wave action. Ac-
cording to FEMA and policy/property data maintained by the 
National Flood Insurance Program’s (NFIP) Bureau and Statisti-
cal Agent, nearly half of the NFIP’s repetitive flood losses occur 
in those areas.165,166 A robust finding is that the cost of inaction 
is 4 to 10 times greater than the cost associated with preventive 
hazard mitigation.79,160 Even so, prioritizing expenditures now 
whose benefits accrue far in the future is difficult.167 Moreover, 
cumulative costs to the economy of responding to sea level 
rise and flooding events alone could be as high as $325 billion 
by 2100 for 4 feet of sea level rise, with $130 billion expected 
to be incurred in Florida and $88 billion in the North Atlantic 
region.80 The projected costs associated with one foot of sea 
level rise by 2100 are roughly $200 billion. These figures only 
cover costs of beach nourishment, hard protective structures, 
and losses of inundated land and property where protection 
is not warranted, but exclude losses of valuable ecosystem 
services, as well as indirect losses from business disruption, 
lost economic activity, impacts on economic growth, or other 
non-market losses.80,168,169 Such indirect losses, even in regions 
generally well prepared for disaster events, can be substantial 
(in the case of Superstorm Sandy, followed by a nor’easter, in 
fall 2012, insured losses and wider economic damages added 
up to at least $65 billion).170 Sequences of extreme events that 
occur over a short period not only reduce the time available 
for natural and social systems to recover and for adaptation 
measures to be implemented, but also increase the cumulative 
effect of back-to-back extremes compared to the same events 
occurring over a longer period.164,171 The cost of managed re-
treat requires further assessment.

Property insurance can serve as an important mode of finan-
cial adaptation to climate risks,172 but the full potential of le-
veraging insurance rates and availability has not yet been real-
ized.7,173,174 The Government Accountability Office (GAO) listed 
the National Flood Insurance Program as a “high-risk area” for 
the first time in 2006, indicating its significance in terms of 
federal fiscal exposure (nearly $1.3 trillion in 2012).175 In the 
context of identifying climate change as a high risk to federal op-
erations, the GAO in 2013 singled out the NFIP again, recognizing 
growing risks and liabilities due to climate change and sea level 
rise and the increase in erosion and flooding they entail.176 While 
insured assets in coastal areas represent only a portion of this 
total liability, taxpayers are responsible, via the NFIP, for more 
than $510 billion of insured assets in the coastal Special Flood 
Hazard Area (SFHA) alone.53,177 A number of reforms in the NFIP 
have been enacted in 2012 to ensure that the program is more 
fiscally sound and hazard mitigation is improved, though vari-
ous challenges remain.178

Climate adaptation efforts that integrate hazard mitigation, 
natural resource conservation, and restoration of coastal 
ecosystems can enhance ecological resilience and reduce the 
exposure of property, infrastructure, and economic activities 
to climate change impacts (Figure 25.6).113,179 Yet, the integra-
tion and translation of scientific understanding of the benefits 
provided by ecosystems into engineering design and hazard 
management remains challenging.180 Moreover, interdepen-
dencies among functioning infrastructure types and coastal 
uses require an integrated approach across scientific disciplines 
and levels of government, but disconnected scientific efforts 
and fragmented governance at the managerial, financial, and 
regulatory levels, and narrow professional training, job descrip-
tions, and agency missions pose significant barriers (Ch. 11: Ur-
ban; Ch. 28: Adaptation).145,181,182 Adaptation efforts to date that 
have begun to connect across jurisdictional and departmental 
boundaries and create innovative solutions are thus extremely 
encouraging.7,145,183,184
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Process for Developing Key Messages 
A central component of the assessment process was a Chapter 
Lead Authors meeting held in St. Louis, Missouri in April 2012. 
The key messages were initially developed at this meeting. Key 
vulnerabilities were operationally defined as those challenges 
that can fundamentally undermine the functioning of human and 
natural coastal systems. They arise when these systems are highly 
exposed and sensitive to climate change and (given present or 
potential future adaptive capacities) insufficiently prepared or able 
to respond. The vulnerabilities that the team decided to focus on 
were informed by ongoing interactions of the author team with 
coastal managers, planners, and stakeholders, as well as a review 
of the existing literature. In addition, the author team conducted 
a thorough review of the technical input reports (TIR) and as-
sociated literature, including the coastal zone foundational TIR 
prepared for the National Climate Assessment (NCA).7 Chapter 
development was supported by numerous chapter author technical 
discussions via teleconference from April to June 2012.

Key message #1 Traceable accounT

Coastal lifelines, such as water supply and en-
ergy infrastructure and evacuation routes, are in-
creasingly vulnerable to higher sea levels and storm 
surges, inland flooding, erosion, and other climate-
related changes.

Description of evidence base
Coastal infrastructure is defined here to include buildings, roads, 
railroads, airports, port facilities, subways, tunnels, bridges, water 
supply systems, wells, sewer lines, pump stations, wastewater 
treatment plants, water storage and drainage systems, port 
facilities, energy production and transmission facilities on land and 
offshore, flood protection systems such as levees and seawalls, 
and telecommunication equipment. Lifelines are understood in 
the common usage of that term in hazards management.

The key message and supporting text summarize extensive 
evidence documented in the coastal zone technical input report

7 

as well as a technical input report on infrastructure.
48

 Technical 
input reports (68) on a wide range of topics were also received 
and reviewed as part of the Federal Register Notice solicitation for 
public input, along with the extant scientific literature. Additional 

evidence is provided in other chapters on hurricanes (Ch. 2: Our 
Changing Climate, Key Message 8), global sea level rise (Ch. 2: Our 
Changing Climate, Key Message 10), water supply vulnerabilities 
(Ch. 3: Water); key coastal transportation vulnerabilities (Ch. 5: 
Transportation), and energy-related infrastructure (Ch. 4: Energy). 
This key message focuses mainly on water supply and energy 
infrastructure and evacuation routes, as these constitute critical 
lifelines.

The evidence base for exposure, sensitivity, and adaptive capacity 
to higher sea levels and storm surges is very strong, both from 
empirical observation and historical experience and from studies 
projecting future impacts on critical coastal infrastructure. There 
are numerous publications concerning the effects of sea level rise 
and storm surges on roadways, coastal bridges, and supply of refined 
products.

7,38,40,64,93,147,162
 The information on roadways came from 

various reports (for example, DOT 2012; Transportation Research 
Board 2011; NPCC 2009, 2010

55,56,184
) and other publications (for 

example, State of Louisiana 2012
83

). The impact on coastal bridges 
is documented in U.S. Department of Transportation reports.

55,59
 A 

number of publications explored the impacts on supply of refined 
oil-based products such as gasoline.

73

The evidence base is moderate for the interaction of inland 
and coastal flooding. There are many and recent publications 
concerning impacts to wastewater treatment plants

47,61
 and 

drainage systems.
18,27,64,65,70

 These impacts lead to increased risk 
of urban flooding and disruption of essential services to urban 
residents.

New information and remaining uncertainties
The projected rate of sea level rise (SLR) is fully accounted for 
through the use of common scenarios. We note, however, that 
there is currently limited impacts literature yet that uses the 
lowest or highest 2100 scenario and none that specifically use 
the broader range of SLR (0.2 to 2 meters, or 0.7 to 6.6 feet, by 
2100) 

16
 and NCA land-use scenarios (60% to 164% increase in 

urban and suburban land area).
185

The severity and frequency of storm damage in any given location 
cannot yet be fully accounted for due to uncertainties in projecting 
future extratropical and tropical storm frequency, intensity, and 

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS
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changes in storm tracks for different regions (Ch. 2: Our Changing 
Climate).7

The timely implementation and efficacy of adaptation measures, 
including planned retreat, in mitigating damages is accounted for 
in the underlying literature (for example, by varying assumptions 
about the timing of implementation of adaptation measures and the 
type of adaptation measures) such as hard protection, elevation, 
relocation, or protection through wetlands and dunes in front of 
the infrastructure in question) (for example, Aerts and Botzen 
2012; Biging et al. 2012; Bloetscher et al. 2011; Heberger et al. 
2009; Irish et al. 2010; Kirshen et al. 2011

18,38,44,45,47
). However, 

such studies can only test the sensitivity of conclusions to these 
assumptions; they do not allow statements about what is occurring 
on the ground.

Additional uncertainties arise from the confluence of climate 
change impacts from the inland and ocean side, which have yet to 
be studied in an integrated fashion across different coastal regions 
of the United States.

Assessment of confidence based on evidence
Given the evidence base, the large quantity of infrastructure 
(water-related infrastructure, energy infrastructure, and the 
60,000 miles of coastal roads) in the U.S. coastal zone, and the 
directional trend at least of sea level rise and runoff associated 
with heavy precipitation events, we have very high confidence that 
these types of infrastructure in the coastal zone are increasingly 
vulnerable.

Key message #2 Traceable accounT

Nationally important assets, such as ports, tour-
ism and fishing sites, in already-vulnerable coastal 
locations, are increasingly exposed to sea level rise 
and related hazards. This threatens to disrupt eco-
nomic activity within coastal areas and the regions 
they serve and results in significant costs from pro-
tecting or moving these assets.

Description of evidence base
The key message and supporting text summarize extensive evidence 
documented in the coastal zone technical input report.

7
 Technical 

input reports (68) on a wide range of topics were also received 
and reviewed as part of the Federal Register Notice solicitation for 
public input, as well as the extant scientific literature.

The evidence base for increased exposure to assets is strong. 
Many publications have assessed at-risk areas (for example, 
Biging et al. 2012; Cooley et al. 2012; Heberger et al. 2009; 
Neumann et al. 2010a

38,45,79,81
). Highly reliable economic activity 

information is available from recurring surveys conducted by the 
National Oceanographic and Atmospheric Administration (NOAA) 
and others, and asset exposure is conclusively demonstrated by 
historical information (from storm and erosion damage), elevation 
data (in Geographic Information System (GIS)-based, LIDAR, and 
other forms), and numerous vulnerability and adaptation studies 
of the built environment. Further evidence is provided in technical 
input reports and other NCA chapters on infrastructure and urban 
systems (Ch. 11: Urban),

48
 transportation (Ch. 5: Transportation),

55
 

and energy (Ch. 4: Energy). A number of studies in addition to 
the ones cited in the text, using various economic assumptions, 
aim to assess the cost of protecting or relocating coastal assets 
and services. Many publications and reports explore the cost of 
replacing services offered by ports,

55,91
 though one study

186
 notes 

that few ports are implementing adaptation practices to date. 
The economic consequences of climate change on tourism are 
supported by a number of recent studies.

89,90,91,93
 The threats of 

climate change on fishing have been explored in the coastal zone 
technical input report.

7

Additional evidence comes from empirical observation: public 
statements by private sector representatives and public 
officials indicate high awareness of economic asset exposure 
and a determination to see those assets protected against an 
encroaching sea, even at high cost (New York City, Miami Dade 
County, San Francisco airport, etc.). The economic value of 
exposed assets and activities is frequently invoked when they 
get damaged or interrupted during storm events (for example, 
Hallegattee 2012

169
). Threats to economic activity are also 

consistently cited as important to local decision-making in the 
coastal context (for example, Titus et al. 2009

109
).

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, consistent 

results, well documented and 
accepted methods, etc.), high 

consensus

High

Moderate evidence (several sourc-
es, some consistency, methods 

vary and/or documentation limited, 
etc.), medium consensus

Medium

Suggestive evidence (a few 
sources, limited consistency, mod-
els incomplete, methods emerging, 
etc.), competing schools of thought

Low

Inconclusive evidence (limited 
sources, extrapolations, inconsis-
tent findings, poor documentation 
and/or methods not tested, etc.), 
disagreement or lack of opinions 

among experts
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New information and remaining uncertainties
The projected rate of sea level rise is fully accounted for through 
the use of common scenarios. We note, however, that there 
is currently limited impacts literature that uses the lowest or 
highest scenario for 2100, and no studies that specifically use 
the broader range of  SLR (0.7 to 6.6 feet,) and NCA land-use 
scenarios (60% to 164% increase in urban and suburban land 
area).

185

The projected severity and frequency of storm damage in any given 
location cannot yet be fully accounted for due to uncertainties 
in projecting future extratropical and tropical storm frequency, 
intensity, and changes in storm tracks for different regions.

7

The timely implementation and efficacy of adaptation measures, 
including planned retreat, in mitigating damages are accounted for 
in the underlying literature (for example, by varying assumptions 
about the timing of implementation of adaptation measures, the 
type of adaptation measures, and other economic assumptions 
such as discount rates). However, such studies can only test the 
sensitivity of conclusions to these assumptions; they do not allow 
statements about what is occurring on the ground. Well-established 
post-hoc assessments

160
 suggest that hazard mitigation action is 

highly cost-effective (for every dollar spent, four dollars in damages 
are avoided). A more recent study suggests an even greater cost-
effectiveness.

79

Assessment of confidence based on evidence
Given the evidence base, the well-established accumulation of 
economic assets and activities in coastal areas, and the directional 
trend of sea level rise, we have very high confidence in the main 
conclusion that resources and assets that are nationally important 
to economic productivity are threatened by SLR and climate 
change.

While there is currently no indication that the highest-value assets 
and economic activities are being abandoned in the face of sea 
level rise and storm impacts, we have very high confidence that 
the cost of protecting these assets in place will be high, and that 
the cost will be higher the faster sea level rises relative to land.

We have very high confidence that adequate planning 
and arrangement for future financing mechanisms, timely 
implementation of hazard mitigation measures, and effective 
disaster response will keep the economic impacts and adaptation 
costs lower than if these actions are not taken.

We are not able to assess timing or total cost of protecting or 
relocating economic assets with any confidence at this time, due 
to uncertainties in asset-specific elevation above sea level, in the 
presence and efficacy of protective measures (at present and in the 
future), in the feasibility of relocation in any particular case, and 
uncertainties in future storm surge heights and storm frequencies.

Key message #3 Traceable accounT

Socioeconomic disparities create uneven expo-
sures and sensitivities to growing coastal risks and 
limit adaptation options for some coastal communi-
ties, resulting in the displacement of the most vul-
nerable people from coastal areas.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the coastal zone technical input report.

7
 

Technical input reports (68) on a wide range of topics were also 
received and reviewed as part of the Federal Register Notice 
solicitation for public input, along with the extant literature.

Evidence base is moderate: assessment of the social vulnerability to 
coastal impacts of climate change is a comparatively new research 
focus in the United States, and clearly an advance since the prior 
NCA.

187
 There are currently multiple published, peer-reviewed 

studies, by different author teams, using different vulnerability 
metrics, which all reach the same conclusion: economically and 
socially vulnerable individuals and communities face significant 
coastal risks and have a lower adaptive capacity than less socially 
vulnerable populations. Studies have shown that the U.S. coastal 
population is growing 

99
 and have assessed the importance of this 

population for climate change exposure.
39,101

 The social factors that 
play key roles in coastal vulnerability are detailed in numerous 
publications.

81,104,188

There is an additional body of evidence emerging in the literature 
that also supports this key message, namely the growing 
literature on “barriers to adaptation,” particularly from studies 
conducted here in the United States.

7,81,105,145,189
 This literature 

reports on the limitations poorer communities face at present in 
beginning adaptation planning, and on the challenges virtually 
all communities face in prioritizing adaptation and moving from 
planning to implementation of adaptation options.

There is empirical evidence for how difficult it is for small, less 
wealthy communities (for example, the Native communities 
in Alaska or southern Louisiana) to obtain federal funds to 
relocate from eroding shorelines.

107,108
 Eligibility criteria (positive 

benefit-cost ratios) make it particularly difficult for low-income 
communities to obtain such funds; current federal budget 
constraints limit the available resources to support managed retreat 
and relocation.

166,173
 The recent economic hardship has placed 

constraints even on the richer coastal communities in the U.S. in 
developing and implementing adaptation strategies, for example 
in California.

145
 While the economic situation, funding priorities, or 

institutional mechanisms to provide support to socially vulnerable 
communities will not remain static over time, there is no reliable 
scientific evidence for how these factors may change in the future.
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New information and remaining uncertainties
The body of research on this topic is largely new since the prior 
NCA in 2009.

187
 Each of the peer-reviewed studies discusses 

data gaps and methodological limitations, as well as the particular 
challenge of projecting demographic variables – a notoriously 
difficult undertaking – forward in time. While methods for 
population projections are well established (typically using housing 
projections), those, in turn, depend on more difficult to make 
assumptions about fertility, migration, household size, and travel 
times to urban areas. The conclusion is limited by uneven coverage 
of in-depth vulnerability studies; although those that do exist are 
consistent with and confirm the conclusions of a national study.

41
 

This latter study was extended by applying the same approach, 
data sources, and methodology to regions previously not covered, 
thus closing important informational gaps (Hawai‘i, Alaska, the 
Great Lakes region). Data gaps remain for most coastal locations 
in the Pacific Islands, Puerto Rico, and other U.S. territories.

The most important limit on understanding is the current inability 
to project social vulnerability forward in time. While some social 
variables are more easily predicted (for example, age and gender 
distribution) than others (for example, income distribution, ethnic 
composition, and linguistic abilities), the predictive capability 
declines the further out projections aim (beyond 2030 or 2050). 
Further, it is particularly difficult to project these variables in 
specific places subject to coastal hazards, as populations are 
mobile over time, and no existing model reliably predicts place-
based demographics at the scale important to these analyses.

Assessment of confidence based on evidence
We have high confidence in this conclusion, as it is based on 
well-accepted techniques, replicated in several place-based case 
studies, and on a nationwide analysis, using reliable Census data. 
Consistency in insights and conclusions in these studies, and in 
others across regions, sectors, and nations, add to the confidence. 
The conclusion does involve significant projection uncertainties, 
however, concerning where socially vulnerable populations will 
be located several decades from now. Sensitivity analysis of this 
factor, and overall a wider research base is needed, before a higher 
confidence assessment can be assigned.

Key message #4 Traceable accounT

Coastal ecosystems are particularly vulnerable to 
climate change because many have already been 
dramatically altered by human stresses; climate 
change will result in further reduction or loss of the 
services that these ecosystems provide, including 
potentially irreversible impacts.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the coastal zone technical input report.

7
 

Technical input reports (68) on a wide range of topics were also 
received and reviewed as part of the Federal Register Notice 
solicitation for public input, along with the extant literature.

Evidence base is strong for this part of the key message: “Coastal 
ecosystems are particularly vulnerable to climate change because 
many have already been dramatically altered by human stresses.”

The degradation and depletion of coastal systems due to 
human stresses (for example, pollution, habitat destruction, and 
overharvesting) has been widely documented throughout the U.S. 
and the world.

68,115,116,118,119
 The degree of degradation varies 

based on location and level of human impact. However, evidence 
of degradation is available for all types of U.S. coastal ecosystems, 
from coral reefs to seagrasses and rocky shores. Human stresses 
can be direct (for example, habitat destruction due to dredging 
of bays) or indirect (for example, food web disruption due to 
overfishing). There is also consistent evidence that ecosystems 
degraded by human activities are less resilient to changes in 
climatic factors, such as water temperature, precipitation, and 
sea level rise (for example, Gedan et al. 2009; Glick et al. 2011; 
Williams and Grosholz 2008

128,129,130
).

Evidence base is strong: “climate change will result in further 
reduction or loss of the services that these ecosystems provide.”

The impacts of changing coastal conditions (for example, changes 
associated with altered river inflows, higher temperatures, and the 
effects of high rates of relative sea level rise) on coastal ecosystems 
and their associated services have been extensively documented 
through observational and empirical studies, including recent 
publications.

28,121,122,123,129,133
 Many models of coastal ecosystem 

responses to climatic factors have been well-validated with field 
data. Given the existing knowledge of ecosystem responses, future 
climate projections, and the interactions with non-climatic stressors 
that further exacerbate climatic impacts, evidence is strong of the 
potential for further reduction and/or loss of ecosystem services.

Evidence is suggestive: “including potentially irreversible impacts.”

Severe impacts (for example, mass coral bleaching events and 
rapid species invasions) have been extensively documented for 
U.S. coastal ecosystems. Many experts have suggested that some 
of these impacts may be irreversible

134
 and never before seen 

conditions have been documented.
136,137

 Recovery may or may not 
be possible in different instances; this depends on factors that are 
not well-understood, such as the adaptive capacity of ecosystems, 
future projections of change that consider interactions among 
multiple climatic and non-climatic human alterations of systems, 
the dynamics and persistence of alternative states that are 
created after a regime shift has occurred, and whether or not the 
climatic and/or non-climatic stressors that lead to impacts will be 
ameliorated.

32,33,138,139,140,141

New information and remaining uncertainties
Since the 2009 NCA,

187
 new studies have added weight to 

previously established conclusions. The major advance lies in the 
examination of tipping points for species and entire ecosystems 
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(for example, Barnosky et al. 2012; Folke et al. 2004; Foti et 
al. 2013; Hoegh-Guldberg and Bruno 2010

134,135,137,138
). Existing 

uncertainties and future research needs were identified through 
reviewing the NCA technical inputs and other peer-reviewed, 
published literature on these topics, as well as through our own 
identification and assessment of knowledge gaps.

Key uncertainties in our understanding of ecosystem impacts of 
climate change in coastal areas are associated with:

•	 the interactive effects and relative contributions 
of multiple climatic and non-climatic stressors on 
coastal organisms and ecosystems;

•	 how the consequences of multiple stressors for 
individual species combine to affect community- and 
ecosystem-level interactions and functions;

•	 the projected magnitude of coastal ecosystem change 
under different scenarios of temperature change, sea 
level rise, and land-use change, particularly given 
the potential for feedbacks and non-linearities in 
ecosystem responses;

•	 the potential adaptive capacity of coastal organisms 
and ecosystems to climate change;

•	 trajectories, timeframes, and magnitudes of coastal 
ecosystem recovery;

•	 the dynamics and persistence of alternative states 
that are created after ecosystem regime shifts have 
occurred; and

•	 the potential and likelihood for irreversible climate-
related coastal ecosystem change.

In general, relatively little work to date has been conducted 
to project future coastal ecosystem change under integrative 
scenarios of temperature change, sea level rise, and changes in 
human uses of, and impacts to, coastal ecosystems (for example, 
through land-use change). Advancing understanding and 
knowledge associated with this key uncertainty, as well as the 
others included in the above list, would be fostered by additional 
research.

Assessment of confidence based on evidence
We have very high confidence that coastal ecosystems are 
particularly vulnerable to climate change because they have already 
been dramatically altered by human stresses, as documented in 
extensive and conclusive evidence.

We have very high confidence that climate change will result in 
further reduction or loss of the services that these ecosystems 
provide, as there is extensive and conclusive evidence related to 
this vulnerability.

We have high confidence that climatic change will include 
“potentially irreversible impacts.” Site-specific evidence of 

potentially irreversible impacts exists in the literature. This 
vulnerability is frequently identified by studies of coastal 
ecosystems. However, methods, research, and models are still 
being developed for understanding, documenting, and predicting 
potentially irreversible impacts across all types of coastal 
ecosystems.

Key message #5 Traceable accounT

Leaders and residents of coastal regions are in-
creasingly aware of the high vulnerability of coasts 
to climate change, and are developing plans to pre-
pare for potential impacts on citizens, businesses, 
and environmental assets. Significant institutional, 
political, social, and economic obstacles to imple-
menting adaptation actions remain.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the coastal zone technical input report.

7
 

Technical input reports (68) on a wide range of topics were also 
received and reviewed as part of the Federal Register Notice 
solicitation for public input, along with the extant literature.

Evidence base is moderate to strong: the results on which this 
key message relies are based on case studies, direct observation 
and “lessons learned” assessments from a wide range of efforts, 
surveys, and interview studies in ongoing adaptation efforts around 
the country.

154
 There has been some planning for remediating 

climate change impacts, including recent publications
144,153,163,164

 
and there are publications on the lower social acceptance 
of certain adaptation option (for example, Finzi Hart et al. 
2012; Peach 2012

144,158
) and on the many barriers that affect 

adaptation.
145,181,182

In addition, there is confirming evidence of very similar findings 
from other locations outside the U.S. (some, from Canada, were 
also submitted as technical input reports to the NCA), such as the 
United Kingdom, continental Europe, Australia, and others.

157,181

New information and remaining uncertainties
Adaptation is a rapidly spreading policy and planning focus across 
coastal America. This was not previously captured or assessed in 
the 2009 NCA

187
 and is thus a major advance in understanding, 

including what adaptation activities are underway, what impedes 
them, and how coastal stakeholders view and respond to these 
emerging adaptation activities.

Given the local nature of adaptation (even though it frequently 
involves actors from all levels of government), it is difficult to 
systematically track, catalog, or assess progress being made on 
adaptation in coastal America. The difficulty, if not impossibility, 
of comprehensively tracking such progress has been previously 
acknowledged.

20
 This conclusion is reiterated in the Adaptation 

chapter (Ch. 28) of this report.



25: COASTAL ZONE DEVELOPMENT AND ECOSYSTEMS
tRaceable accounts

618 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

While the findings and integrative key message stand on strong 
evidence, some uncertainties remain about U.S. coastal regions’ 
adaptive capacity, the level of adoption of hazard mitigation and 
other adaptation strategies, and the extent and importance of 
barriers to adaptation.

Possibly the least well-understood aspect about coastal adaptation 
is how and when to undertake large-scale, transformational 
adaptation. Aside from the mentioned examples of relocation, no 
other examples exist at the present time, and further research is 
required to better understand how major institutional, structural, 
or social transformation might occur and what would be involved to 
realize such options.

Assessment of confidence based on evidence
We have very high confidence in this key message, as it is primarily 
based on studies using well-accepted social science research 
techniques (for example, surveys, interviews, and participant 
observation), replicated in several place-based case studies, 
and on a nationwide compilation of adaptation case studies. 
Consistency in insights and conclusions in these studies, and in 
others across regions, sectors, and nations, add to the confidence.

As described above, a comprehensive catalogue of all adaptation 
efforts, and of related challenges and lessons learned, is difficult 
if not impossible to ever obtain. Nevertheless, the emerging 
insights and evidence from different regions of the country 
provide considerable confidence that the situation is reasonably 
well captured in the documents relied on here. The coastal 
stakeholders represented among the authors of the foundational 
technical input report

7
 confirmed the conclusions from their long-

term experience in coastal management and direct involvement in 
adaptation efforts locally.

Moreover, evidence from other regions outside the U.S. adds 
weight to the conclusions drawn here.



People make choices every day about risks and benefits in their lives, weighing 
experience, information, and judgment as they consider the impacts of their 
decisions on themselves and the people around them. Similarly, people make 
choices that alter the magnitude of impacts resulting from current and future 
climate change. Using science-based information to anticipate future changes can 
help society make better decisions about how to reduce risks and protect people, 
places, and ecosystems from climate change impacts. Decisions made now and in 
the future will influence society’s resilience to impacts of future climate change. 

In recognition of the significance of these decisions, the National Climate 
Assessment presents information that is useful for a wide variety of decisions 
across regions and sectors, at multiple scales, and over multiple time frames. For 
the first time, the National Climate Assessment includes chapters on Decision 
Support, Mitigation, and Adaptation, in addition to identifying research needs 
associated with these topics. 

As with other sections of this report, the linkages across and among these chapters 
are extremely important. There are direct connections between mitigation decisions 
(about whether and how to manage emissions of heat-trapping gases) and how 
much climate will change in the future. The amount of change that occurs will in 
turn dictate the amount of adaptation that will be required. 

In the Decision Support chapter, a variety of approaches to bridge the gap 
between scientific understanding and decision-making are discussed, leading to 
the conclusion that there are many opportunities to help scientists understand the 
needs of decision-makers, and also to help decision-makers use available tools 
and information to reduce the risks of climate change. The Mitigation chapter 
describes emissions trajectories and assesses the state of mitigation activities. 
Policies already enacted and other factors lowered U.S. emissions in recent years, 
but achievement of a global emissions path consistent with the lower scenario (B1) 
analyzed in this assessment will require strenuous action by all major emitters. The 
Adaptation chapter assesses current adaptation activities across the United States 
in the public and private sectors, and concludes that although a lot of adaptation 
planning is being done, implementation lags significantly behind the scale of 
anticipated changes. 

This report concludes with chapters on Research Needs to improve future climate 
and global change assessments and on the Sustained Assessment Process, which 
describes the rationale for ongoing assessment activity to achieve greater efficiency 
and better scientific and societal outcomes.

RESPONSE STRATEGIES
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DECISION SUPPORT:  
CONNECTING SCIENCE, RISK PERCEPTION, AND DECISIONS26

Key Messages
1. Decisions about how to address climate change can be complex, and responses will require 

a combination of adaptation and mitigation actions. Decision-makers – whether individuals, 
public officials, or others – may need help integrating scientific information into adaptation and 
mitigation decisions.

2. To be effective, decision support processes need to take account of the values and goals of the 
key stakeholders, evolving scientific information, and the perceptions of risk.

3. Many decision support processes and tools are available. They can enable decision-makers to 
identify and assess response options, apply complex and uncertain information, clarify tradeoffs, 
strengthen transparency, and generate information on the costs and benefits of different choices.

4. Ongoing assessment processes should incorporate evaluation of decision support tools, their 
accessibility to decision-makers, and their application in decision processes in different sectors 
and regions.

5. Steps to improve collaborative decision processes include developing new decision support tools 
and building human capacity to bridge science and decision-making.

After a long period of relative stability in the climate system, cli-
mate conditions are changing and are projected to continue to 
change (Ch. 2: Our Changing Climate). As a result, historically suc-
cessful strategies for managing climate-sensitive resources and 
infrastructure will become less effective over time. Although 
decision-makers routinely make complex decisions under un-
certain conditions, decision-making in the context of climate 
change can be especially challenging due to a number of factors. 
These include the rapid pace of changes in some physical and 
human systems, long time lags between human activities and 
response of the climate system, the high economic and political 
stakes, the number and diversity of potentially affected stake-
holders, the need to incorporate uncertain scientific informa-
tion of varying confidence levels, and the values of stakeholders 
and decision-makers.1,2,3 The social, economic, psychological, 
and political dimensions of these decisions underscore the need 
for ways to improve communication of scientific information 
and uncertainties and to help decision-makers assess risks and 
opportunities.

Extensive literature and practical experience offer means to help 
improve decision-making in the context of climate variability and 
change. The decision-support literature includes topics such as 
decision-making frameworks, decision support tools, and deci-
sion support processes. These approaches can help evaluate the 
costs and benefits of alternative actions, communicate relative 
amounts of risk associated with different options, and consider 

the role of alternative institutions and governance structures. 
In particular, iterative decision processes that incorporate im-
proving scientific information and learning though periodic re-
views of decisions over time are helpful in the context of rapid 
changes in environmental conditions.3,4 Some of the approaches 
described in this chapter can also help overcome barriers to the 
use of existing tools and improve communications among scien-
tists, decision-makers, and the public.5,6 

focus of this chApter

This chapter introduces decision-making frameworks 
that are useful for considering choices about climate 
change responses through the complementary strategies 
of adaptation and mitigation. It also includes numerous 
examples in which decision support tools are being 
employed in making adaptation and mitigation decisions. It 
focuses on the processes that promote sustained interaction 
between decision-makers and the scientific/technical 
community. This chapter reviews the state of knowledge 
and practice in the context of managing risk. Extensive 
literature makes clear that in many cases, decisions aided 
by the types of approaches described here prove more 
successful than unaided decisions.3,7 Because of space 
limitations, the chapter describes some general classes of 
tools but does not assess specific decision support tools. 
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What are the decisions and who are the decision-makers?
Decisions about climate change adaptation and mitigation are 
being made in many settings (Table 26.1). For example:

• The Federal Government is engaged in decisions that 
affect climate policy at the national and international 
level; makes regulatory decisions (for example, setting 
efficiency standards for vehicles); and makes decisions 
about infrastructure and technologies that may reduce 
risks associated with climate change for its own facilities 
and activities.

• State, tribal, and local governments are involved in 
setting policy about both emissions and adaptation ac-
tivities in a variety of applications, including land use, 
renewable portfolio and energy efficiency standards, 
and investments in infrastructure and technologies that 
increase resilience to extreme weather events.

• Private-sector companies have initiated strategies to 
respond both to the risks to their investments and the 

business opportunities associated with preparing for a 
changing climate.

• Non-governmental organizations have been active in 
supporting decisions that integrate both adaptation 
and mitigation considerations, often in the context of 
promoting sustainability within economic sectors, com-
munities, and ecosystems.

Individuals make decisions on a daily basis that affect their con-
tributions to greenhouse gas emissions, their preparedness for 
extreme events, and the health and welfare of their families.8

Many decisions involve decision-makers and stakeholders at 
multiple scales and in various sectors. Effective decision sup-
port must link and facilitate interactions across different deci-
sion networks.9

What is decision support?
Decision support refers to “organized efforts to produce, dis-
seminate, and facilitate the use of data and information” to 
improve decision-making.3 It includes processes, decision sup-
port tools, and services. Some examples include methods for 
assessing tradeoffs among options, scenarios of the future 
used for exploring the impacts of alternative decisions, vulner-
ability and impacts assessments, maps of projected climate 
impacts, and tools that help users locate, organize, and display 
data in new ways. Outcomes of effective decision support pro-

cesses include building relationships and trust that can support 
longer-term problem-solving capacity between knowledge 
producers and users; providing information that users regard 
as credible, useful, and actionable; and enhancing the quality 
of decisions.3 Decision support activities that facilitate well-
structured decision processes can result in consensus about 
defining the problems to be addressed, objectives and options 
for consideration, criteria for evaluation, potential opportuni-
ties and consequences, and tradeoffs (Figure 26.1). 

Table 26.1. Examples of Decisions at Different Scales

Individuals
↓
↓

Organizations
↓
↓

Communities
↓
↓
↓

National Governments
↓
↓
↓

International Institutions

A farmer decides whether to adopt no-till agricultural practices.

A private firm decides whether to invest in solar or wind energy.

A city develops a plan to increase resiliency to coastal floods in light of projections for sea 
level rise.

A government agency plans incentives for renewable energy to meet greenhouse gas reduc-
tion goals.

A national government develops its positions for international climate negotiations, including 
what commitments the government should make with respect to reducing greenhouse gas 

emissions.

A United Nations agency designs a long-term strategy to manage increased flows of refugees 
who are migrating in part due to desertification related to climate change.
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Boundary Processes: Collaboration among Decision-Makers, Scientists, and Stakeholders
Incorporating the implications of climate 
change in decision-making requires con-
sideration of scientific insights as well as 
cultural and social considerations, such as 
the values of those affected and cultural 
and organizational characteristics. Chap-
ter 28 (Adaptation) addresses how some 
of these factors might be addressed in the 
context of adaptation. The importance of 
both scientific information and societal 
considerations suggests the need for the 
public, technical experts, and decision-
makers to engage in mutual shared learn-
ing and shared production of relevant 
knowledge.3,10 A major challenge in these 
engagements is communicating scientific 
information about the risks and uncertain-
ties of potential changes in climate.11

Efforts to facilitate interactions among 
technical experts and members of the 
public and decision-makers are often 
referred to as “boundary processes” 
(Figure 26.2). Boundary processes and as-
sociated tools include, for example, joint 
fact finding, structured decision-making, 

Decision-Making Elements and Outcomes

Figure 26.1. Decisions take place within a complex context. Decision support processes and tools can help structure decision-
making, organize and analyze information, and build consensus around options for action.

Figure 26.2. Boundary processes facilitate the flow of information and sharing of 
knowledge between decision-makers and scientists/technical experts. Processes 
that bring these groups together and help translate between different areas of 
expertise can provide substantial benefits. 

Boundary Processes Linking
Decision-Makers and Scientific/Technical Experts
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collaborative adaptive management, and computer-aided 
collaborative simulation, each of which engages scientists, 
stakeholders, and decision-makers in ongoing dialog about 
understanding the policy problem and identifying what infor-
mation and analyses are necessary to evaluate decision op-
tions.12,13,14 The use of these kinds of processes is increasing 
in decision settings involving complex scientific information 
and multiple – sometimes competing – societal values and 
goals. Well-designed boundary processes improve the match 
between the availability of scientific information and capacity 
to use it and result in scientific information that is perceived as 
useful and applicable.

Though boundary processes developed to support climate-
related decisions vary in their design, they all involve bring-
ing together scientists, decision-makers, and citizens to col-
laborate in the scoping, conduct, and employment of technical 
and scientific studies to improve decision-making. Boundary 
processes can involve establishing specialized institutions, 
sometimes referred to as boundary organizations, to provide 
a forum for interaction amongst scientists and decision-mak-
ers.15 One such boundary activity is the National Oceanic and 
Atmospheric Administration’s (NOAA) Regional Integrated Sci-
ence and Assessment (RISA) Program. Interdisciplinary RISA 
teams are largely based at universities and engage regional, 
state, and local governments, non-governmental organiza-
tions, and private sector organizations to address issues of 
concern to decision-makers and planners at the regional level. 
RISA teams help to build bridges across the scientist, decision-
maker, and stakeholder divide.16 Effective engagement may 
also occur through less formal approaches by incorporating 
boundary processes that bring scientists, stakeholders, and 
decision-makers together within a specific decision-making 
setting rather than relying on an independent boundary orga-
nization. Sustained conversations among scientists, decision-
makers, and stakeholders are often necessary to frame issues 
and identify, generate, and use relevant information.17 

Some analysts have emphasized the importance of boundary 
processes that are collaborative and iterative.18 In one exam-
ple, federal, state, and local agencies, water users, and other 
stakeholders are using a collaborative process to manage the 
Platte River to meet species protection goals and the needs 
of other water users. The Platte River Recovery Implementa-
tion Program brings together participants on an ongoing basis 
to help set goals, choose management options, and generate 
information about the effectiveness of their actions.19 Scien-
tists engaged in the process do not make policy decisions, but 
they engage directly with participants to help them frame sci-
entific questions relevant to management choices, understand 
available information, design monitoring systems to assess 
outcomes of management actions, and generate new knowl-
edge tailored to addressing key decision-maker questions. The 
process has helped participants move beyond disagreements 
about the water-flow needs of the endangered species and 

move to action. Through monitoring, participants will evaluate 
whether the water flows and other management practices are 
achieving the goals for species recovery set out in the Platte 
River Recovery Implementation Plan.

In a number of other examples, boundary processes involve 
the use of computer simulation models.14 Scientists, stake-
holders, and decision-makers develop a shared understand-
ing of the problem and potential solutions by jointly design-
ing models that reflect their values, interests, and analytical 
needs. The U.S. Army Corps of Engineers has developed this 
type of boundary process in their “shared vision planning.”20 
A comprehensive website provides a history of the process, 
demonstrations and case studies, and tools and techniques for 
implementing the process.21

Recently, the International Joint Commission used the shared 
vision planning process in decisions about how to regulate 
water levels in both the Lake Ontario-St. Lawrence River sys-
tem22 and in the Upper Great Lakes.23,24 Both studies engaged 
hundreds of participants from the United States and Canada 
in discussions about water level management options and the 
impacts of those options on ecosystems; recreational boating 
and tourism; hydropower; commercial navigation; municipal, 
industrial, and domestic water use; and the coastal zone. The 
models used in the studies incorporated information about 
ecosystem responses, shoreline dynamics, economics, and 
lake hydrology, and the potential operating plans were tested 
using multiple climate change scenarios. Although the shared 
vision planning process did not ultimately lead to consensus on 
a single recommended plan in the Lake Ontario-St. Lawrence 
River Study, the process did help improve participants’ under-
standing of the system and develop a shared vision of possible 
futures.22,25 Building on lessons from the Lake Ontario-St. Law-
rence River Study, the Upper Great Lakes Study’s use of shared 
vision planning did result in a single recommended plan.24
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Using a Decision-Making Framework
The term “adaptive management” is used here to refer to a 
specific approach in which decisions are adjusted over time 
to reflect new scientific information and decision-makers 
learn from experience. The National Research Council (NRC) 
contrasts the processes of “adaptive management” and “de-
liberation with analysis.”3 Both can be used as part of an “itera-
tive adaptive risk management framework” that is useful for 
decisions about adaptation and ways to reduce future climate 
change, especially given uncertainties and ongoing advances 
in scientific understanding.8,26 Iterative adaptive risk manage-
ment emphasizes learning by doing and continued adaptation 
to improve outcomes. It is especially useful when the likeli-
hood of potential outcomes is very uncertain.

An idealized iterative adaptive risk management process in-
cludes clearly defining the issue, establishing decision criteria, 
identifying and incorporating relevant information, evaluating 
options, and monitoring and revisiting effectiveness (Figure 
26.3). The process can be used in situations of varying complex-
ity, and while it can be more difficult for complex decisions,27 
the incorporation of an iterative approach makes it possible 
to adjust decisions as information improves. Iterative adaptive 
risk management can be undertaken through collaborative 
processes that facilitate incorporation of stakeholder values in 
goal-setting and review of decision options.28 Examples of the 

process and decision support tools that are helpful at its differ-
ent stages are included in subsequent sections of this chapter.

Defining the Issue and Establishing Decision Criteria
An initial step in a well-structured decision process is to identi-
fy the context of the decision and factors that will affect choic-
es – making sure that the questions are posed properly from 
scientific, decision-maker, and stakeholder (or public) perspec-
tives (corresponding to the first two steps in Figure 26.3). An 
important challenge is identifying the stakeholders and how 
to engage them in decision-making processes. There are often 
many categories of stakeholders, including those directly and 
indirectly affected by, or interested in, the outcomes of deci-
sions, as well as the decision-makers, scientists, and elected 
officials.29 Other important considerations often overlooked 
but critical to defining the issue are:

• understanding the goals and values of the participants 
in the decision process; 

• identifying risk perceptions and the sense of urgency of 
the parties involved in the decision; 

• being clear about the time frame of the decision (short- 
versus long-term options relative to current and future 
risk levels) – and when the decision must be reached;

• acknowledging the scale and degree of controversy as-
sociated with the risks and opportunities as well as the 
alternatives;

• assessing the distribution of benefits or losses associ-
ated with current conditions and the alternatives being 
considered;

• reaching out to communities that will be affected but 
may lack ready access to the process (for example, con-
sidering environmental justice issues);

• recognizing the diverse interests of the participants;
• recognizing when neutral facilitators or trained science 

translators are needed to support the process; and
• understanding legal or institutional constraints on op-

tions.
 
Identifying and agreeing on decision criteria – metrics that help 
participants judge the outcomes of different decision options 
– can be extremely helpful in clarifying the basis for reaching a 
decision. Based on the relevant objectives, decision criteria can 
be established that reflect constraints and values of decision-
makers and affected parties. Criteria can be quantitative (for 
example, obtaining a particular rate of return on investment) 
or qualitative (for example, maintaining a community’s char-
acter or culture). If the issue identified is to reduce the risks 
associated with climate change, decision criteria might include 
minimizing long-term costs and maximizing public safety. Re-
lated sections below provide information on tools for valuing 
and comparing options and outcomes and provide a basis for 
using decision criteria. 

Decision framing and establishment of decision criteria can 
be facilitated using various methods, including brainstorm-
ing, community meetings, focus groups, surveys, and problem 

Figure 26.3. This illustration highlights several stages of a well-
structured decision-making process. (Figure source: adapted 
from NRC 20108 and Willows and Connell 200326).

Decision-Making Framework
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mapping;3,29 selecting among techniques requires consider-
ation of a number of context-specific issues.30 There are a va-
riety of techniques for organizing, weighting information, and 

making tradeoffs for the goals that are important for a deci-
sion,31,32 several of which are discussed in more detail in the 
section “Examples of Decision Support Tools and Methods.”

Accessing Information 
Developing a solid base of information to support decision-
making is ideally a process of matching user needs with avail-
able information, including observations, models, and decision 
support tools. In some cases, needed information does not 
exist in the form useful to decision makers, thus requiring the 
capacity for synthesis of currently available information into 
new data products and formats. For decisions in the context of 
climate change and variability, it is critical to consult informa-
tion that helps clarify the risks and opportunities to allow for 
appropriate planning and management. An example of infor-
mation systems that synthesize data and products to support 
mitigation and adaptation decisions is the National Integrated 
Drought Information System (NIDIS), a federal, interagency ef-
fort to supply information about drought impacts and risks as 
well as decision support tools to allow sectors and communi-
ties to prepare for the effects of drought.33 Learning from the 
successes of such efforts, the National Climate Assessment 
(NCA) is currently developing an indicator system to track cli-
mate changes as well as physical, natural, and societal impacts, 
vulnerabilities, and responses.34 This effort is building on exist-
ing indicator efforts, such as the U.S. Environmental Protection 
Agency’s (EPA) Climate Change Indicators,35 NASA Vital Signs,36 
and NOAA indicator products,37 as well as 
identifying when new data, information, and 
indicator products are needed.

Information technology systems and data 
analytics can harness vast data sources, fa-
cilitating collection, storage, access, analysis, 
visualization, and collaboration by scientists, 
analysts, and decision-makers. Such tech-
nologies allow for rapid scenario building 
and testing using many different variables, 
enhancing capacity to measure the physical 
impacts of climate change. These technolo-
gies are managing an increasing volume of 
data from satellite instruments, in situ (di-
rect) measurement networks, and increas-
ingly detailed and high-resolution models.38 
“Information Technology Supports Adapta-

tion Decision-Making” below highlights use of an open plat-
form data system that facilitated collaboration across multiple 
public and private sector entities in analyzing climate risk and 
adaptation economics along the U.S. Gulf Coast.

While progress is being made in development of data manage-
ment and information systems, multiple challenges remain. 
Specific issues highlighted in the recent USGCRP National 
Global Change Research Plan38 include data permanence, 
volume, transparency, quality control, and access. For data 
on socioeconomic systems – important for evaluating vulner-
abilities, adaptation, and mitigation – privacy, confidentiality, 
and integration with broader systems of environmental data 
are important issues.38 Experience with adaptation and mitiga-
tion decisions is often an excellent source of information and 
knowledge but is difficult to access and validate. Several or-
ganizations have been developing knowledge management 
systems for integrating this highly dispersed information and 
providing it to a network of practitioners (for example, CAKE 
201239). Addressing these and other challenges is essential for 
making progress in establishing a sustained assessment pro-
cess and meeting the challenge of informing decision-making.40

Assessing, Perceiving, and Managing Risk 
Making effective climate-related decisions requires balance 
among actions intended to manage, reduce, and transfer risk. 
Risks are threats to life, health and safety, the environment, 
economic well-being, and other things of value. Risks are often 
evaluated in terms of how likely they are to occur (probability) 
and the damages that would result if they did happen (conse-

quences). As noted by the Intergovernmental Panel on Climate 
Change,45 human choices affect the risks associated with cli-
mate variability and change. Such choices include how to man-
age our ecosystems and agriculture, where to live, and how to 
build resilient infrastructure. Choices regarding a portfolio of 
actions to address the risks associated with climate variability 

inforMAtion technology supports  
AdAptAtion decision-MAking

Entergy (a regional electric utility), Swiss Re (a reinsurance company), 
and the Economics of Climate Adaptation Working Group (a partnership 
between several public and private organizations) integrated natural 
catastrophe weather models with economic data to develop damage 
estimates related to climate change adaptation.41 An extension of this 
work is the first comprehensive analysis of climate risks and adaptation 
economics along the U.S. Gulf Coast.42 Another example is a simpli-
fied model, developed with support from EPA, to look at flooding risks 
associated with coastal exposure in southern Maine.43 Use of an “open 
platform” system that allows multiple users to input and access data 
resulted in spreadsheets, graphs, and three-dimensional imagery dis-
played on contour maps downscaled to the city and county level for 
local decision-makers to access.44 
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and change are most effective when they take 
into consideration the range of factors affecting 
human behavior, including people’s perception 
of risk, the relative importance of those risks, 
and the socioeconomic context.45,46 The process 
shown in Figure 26.4 is designed to help take such 
factors into consideration.

The next few sections describe the “integrate, 
evaluate, and decide” steps in Figure 26.3, which 
aim to help decision-makers choose risk man-
agement strategies. While a full quantitative risk 
analysis is not always possible, the concept of risk 
assessment coupled with understanding of risk 
perception provides a powerful framework for 
decision-makers to evaluate alternative options 
for managing the risks that they face today and 
in the future.47 As described below, methods such 
as multiple criteria analysis, valuation of both 
risks and opportunities, and scenarios can help to 
combine experts’ assessment of climate change 
risks with public perception of these risks, both 
influenced by the diverse values people bring 
to these questions48 and in support of risk man-
agement strategies more likely to achieve both 
public support and their desired objectives.46 To 
illustrate how this framework can be applied to 
resource management decisions, we use an ex-
ample of coastal risk management decisions in 
the context of climate change.49

Risk Assessment 
Risk assessment includes studies that estimate the likelihood 
of specific sets of events occurring and/or their potential con-
sequences.50 Experts often prov ide quantitative information 
regarding the nature of the climate change risk and the degree 
of uncertainty surrounding their estimates. Risk assessment 
focuses on the likelihood of negative consequences but does 
not exclude the possibility that there may also be beneficial 
consequences.

There are four basic elements for assessing risk – hazard, in-
ventory, vulnerability, and loss.51 This generalized approach 
to risk assessment is useful for a variety of types of decisions. 
The first element focuses on the risk of a hazard as a function 
of climate change, including interactions of climate effects 
with other factors. In the context of the coastal community 
example, the community is concerned with the likelihood of 
future hurricanes and the impacts that sea level rise may have 
on damage to the residential development from future hur-
ricanes. There is likely to be considerable uncertainty about 
maximum storm surge and sea level from hurricanes during 
the next 50 to 70 years. The second element identifies the 
inventory of properties, people, and the environment at risk. 

To inventory structures, for instance, requires evaluating their 
location, physical dimensions, and construction quality.

Evaluating both the hazard and its impacts on the inventory 
often requires an appropriate treatment of uncertainty. In 
some cases a probabilistic treatment may prove sufficient. For 
instance, in the coastal community example, decision-makers 
may have sufficient confidence in estimates of the return fre-
quency of extreme storms (for example, that the once-in-a-
hundred-years storm is and will remain a once-in-a-hundred-
years storm) to base their choices largely on these estimates. 
If such probabilistic estimates are not available, or if decision-
makers lack sufficient confidence in those that are available, 
they may find it useful to consider a range of scenarios and 
seek risk management strategies robust across these ranges of 
estimates.49,52,53  

Together, the hazard and inventory elements enable calcula-
tion of the damage vulnerability of the structures, people, and 
environment at risk. The vulnerability component enables esti-
mation of the human, property, and environmental losses from 
different climate change scenarios by integrating biophysical 
information on climate change and other stressors with so-

Figure 26.4. This figure highlights the importance of incorporating 
both experts’ assessment of the climate change risk and general public 
perceptions of this risk in developing risk management strategies for reducing 
the negative impacts of climate change. As indicated by the arrows, how 
the public perceives risk should be considered when experts communicate 
data on the risks associated with climate change so the public refines its 
understanding of these risks. As the arrows indicate, the general public’s 
views must also be considered in addition to experts’ judgments when 
developing risk management strategies that achieve decision-makers’ 
desired objectives. Climate change policies that are implemented will, in turn, 
affect both expert assessment and public perception of this risk in the future, 
as indicated by the feedback loop from risk management to these two boxes.

Linking Risk Assessment and Risk Perception
with Risk Management of Climate Change
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cioeconomic and environmental information.54 These assess-
ments typically involve evaluation of exposure, sensitivity, and 
adaptive capacity for current and projected conditions. Quan-
titative indicators are increasingly used to diagnose potential 
vulnerabilities under different scenarios of socioeconomic and 
environmental change55 and to identify priorities and readi-
ness for adaptation investments.56 In the case of a coastal resi-
dential development, the design of the facility will influence 

its ability to reduce damage from hurricanes and injuries or 
fatalities from hurricane storm surge and sea level rise. Deci-
sions may involve determining whether to elevate the facility 
so it is above ten feet, how much this adaptation measure will 
cost, and the reduction in the impact of future hurricanes on 
damage to the facility and on the residents in the building, as a 
function of different climate change scenarios.

Risk Perception in Climate Change Decision-Making
The concept of risk perception refers to individual, group, and 
public views and attitudes toward risks, where risks are under-
stood as threats to life, health and safety, the environment, 
economic well-being, and other things of value. Risk percep-
tion encompasses perspectives on various dimensions of risks, 
including their severity, scope, incidence, timing, controllabil-
ity, and origins or causes. The knowledge base regarding risk 
perception includes research in psychology, social psychology, 
sociology, decision science, and health-related disciplines (see 
“Factors Affecting Attitudes Toward Risk”).

As noted in “Factors Affecting Attitudes Towards Risk,” many 
factors influence risk. Social scientists and psychologists have 
studied people’s concerns about climate change risks and 
found that many individuals view hazards for which they have 
little personal knowledge and experience as highly risky.72 On 

the other hand, seeing climate change as a simple and gradu-
al change from current to future values on variables such as 
average temperatures and precipitation may make it seem 
controllable.73

The effects of risk perception on decision-making have also 
been studied extensively and support a number of conclusions 
that need to be considered in decision support processes. The 
decision process of non-experts with respect to low-probabil-
ity, high-consequence events differs from that of experts.74 
Non-experts tend to focus on short time horizons, seeking 
to recoup investments over a short period of time, in which 
case future impacts from climate change are not given much 
weight in actions taken today. This is a principal reason why 
there is a lack of interest in undertaking adaptation measures 
with upfront investments costs where the benefits accrue over 

fActors Affecting Attitudes toWArds risk

Extensive literature indicates that a range of factors shape risk perceptions. For example, psychological risk dimen-
sions have been shown to influence people’s perceptions of health and safety risks across numerous studies in multiple 
countries.57 People also often use common “mental shortcuts,” such as availability and representativeness, to organize 
a wide range of experiences and information.58 How risks are framed is also important – for example, as numbers versus 
percentages and worst-case formulations versus more probable events.59 Recent research has emphasized the role of 
emotions in the perception of risk.60,61

Other factors explored in the literature center on perceived characteristics of specific risks, such as whether the risks are 
familiar or unfamiliar; prosaic or perceived as catastrophic (“dread” risks); reversible or irreversible; and voluntarily as-
sumed or imposed.62 Risk perception is also influenced by the social characteristics of individuals and groups, including 
gender, race, and socioeconomic status.61,63 Experiences with specific risks are also important, such as being affected 
by a hazard (for discussions, see Figner and Weber 2011;64 NRC 2006;64 Tierney et al. 200166) and experiencing near 
misses or false alarms.67 

Risk perceptions do not exist as isolated perceptions, but are linked to other individual and group perceptions and be-
liefs and to psychosocial factors, such as fatalism, locus of control (the degree to which people feel they have control 
over their own lives and outcomes), and religiosity,65,66 as well as to more general worldviews. Research has also focused 
on people’s mental models regarding the causality and effects of different risks.68

Still other research focuses on how risk information is mediated through organizations and institutions and how media-
tion processes influence individual and group risk perceptions. For example, the “social amplification of risk” framework 
stresses the importance of the media and other institutions in shaping risk perceptions, such as by making risks seem 
more or less threatening.69 Perceptions are also related to people’s trust in the institutions that manage risk; loss of 
trust can lead to feelings of disloyalty regarding organizations that produce risks and institutions charged with managing 
them, which can in turn amplify individual and public concerns.70 Additionally, perceptions are linked to individual and 
group attitudes concerning sources of risk information, including official and media sources. These factors include the 
perceived legitimacy, credibility, believability, and consistency of information sources.71
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a long period of time.75 In the context of the coastal residen-
tial development, elevating the structure will reduce expected 
damages from hurricanes, resulting in smaller annual insur-
ance premiums. Long-term loans that spread the costs of this 
action over time can make the option financially attractive, if 
the savings on the insurance premiums outweigh the costs of 
the loan payments.

There is also a tendency for decision-makers to treat a low-
probability event as if it had no chance of occurring because 
it is below their threshold level of concern (such as a 1 in 100 

chance of a damaging disaster occurring next year). As shown 
by empirical research, stretching the time horizon over which 
information is communicated can make a difference in risk per-
ception.76 In the case of the coastal residential development, 
community leaders may pay more attention to the need for 
adaptation measures if the likelihood of inundation by a future 
hurricane is presented over a 25-year or 50-year horizon (for 
example, the facility may flood 5 times in 25 years) rather than 
as a risk on annual basis (for example, there is a 20% chance of 
flooding in any given year).

Risk Management Strategies
In general, an effective response to the current and future risks 
from climate variability and change will require a portfolio of 
different types of actions, ranging from those intended to 
manage, reduce, and transfer risk to those intended to provide 
additional information on risks and the effectiveness of vari-
ous actions for addressing it (see “Value of Information”). For 
instance, in the coastal community example, decision-makers 
might better manage risk through changes in building codes 
intended to reduce the impact of flooding on structures, might 
share risk by appropriate adjustments in flood insurance rates, 
and might reduce risk via land-use policies that shift develop-
ment towards higher ground and via participating in and advo-
cating for greenhouse gas emission reduction policies that may 
reduce future levels of sea level rise.

To facilitate these strategies given the uncertainty associ-
ated with the likelihood and consequences of climate change, 
“robust decision-making” may be a useful tool for evaluat-
ing alternative options and risk management strategies. One 
study reviews the application of a range of decision-making 
approaches to assessing options for mitigating or adapting to 
the impacts of climate change.77 In the context of the coastal 
residential development, the choice of adaptation measures 
to reduce the likelihood of future water-related damage may 
require using such an approach. To illustrate, consider two ad-
aptation measures, elevating a building and flood-proofing it, 
to reduce the chances of severe water damage from hurricane 
storm surge coupled with sea level rise. Measure 1 (elevation) 
may perform extremely well based on specific estimates of the 
likelihood of different climate change conditions that will af-
fect storm surge and sea level rise, but it may perform poorly 
if those estimates turn out to be mistaken. Measure 2 (flood-
proofing) may have a lower expected benefit than elevation 
but much less variance in its outcomes and thus be the pre-
ferred choice of the community.49

Turning to risk management strategies, public agencies, pri-
vate firms, and individuals have incentives, information, and 
options available to adapt to emerging conditions due to cli-
mate change. These options may include ensuring continuity 
of service or fulfillment of agency responsibilities, addressing 
procurement or supply chain issues, preserving market share, 
or holding the line on agency or private-sector production 
costs. Commercially available mechanisms such as insurance 
can also play a role in providing protection against losses due 
to climate change.78 However, insurers may be unwilling to pro-
vide coverage against such losses due to the uncertainty of the 
risks and lack of clarity on the liability issues associated with 
global climate change.79 In these cases, public sector involve-
ment through public education programs, economic incen-
tives (subsidies and fines), and regulations and standards may 
be relevant options. Criteria for evaluating risk management 
strategies can include impacts on resource allocation, equity 
and distributional impacts, ease of implementation, and jus-
tification.

Implementation, Continued Monitoring, and Evaluation of Decisions 
The implementation phase of a well-structured decision pro-
cess involves an ongoing cycle of setting goals, taking action, 
learning from experience, and monitoring to evaluate the con-

sequences of undertaking specific actions, as shown on the 
left-hand side of Figure 26.3. This cycle offers the potential for 
policy and outcome improvement through time. Ongoing eval-

vAlue of inforMAtion

A frequently asked question when making complex deci-
sions is: “When does the addition of more information 
contribute to decision-making so that the benefit of ob-
taining this information exceeds the expense of collect-
ing, processing, or waiting for it?” In a decision context, 
the value of information often is defined as the expected 
additional benefit from additional information, relative 
to what could be expected without that information.80,81 
Even though decision-makers often cite a lack of infor-
mation as a rationale for not making timely decisions, 
delaying a decision to obtain more information does not 
always lead to different or better decisions.82,83 



630 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

26: DECISION SUPPORT: CONNECTING SCIENCE, RISK PERCEPTION, AND DECISIONS

uation can focus on how the system responds to the decision, 
leading to better future decisions, as well as on how different 
stakeholders respond, resulting in improvements in future 
decision-making processes. The need for social and technical 
learning to inform decision-making is likely to increase in the 
face of pressures on social and resource systems from climate 

change. However, the relative effectiveness of monitoring and 
assessment in producing social and technical learning depends 
on the nature of the problem, the amount and kind of uncer-
tainty and risk associated with climate change, and the design 
of the monitoring and evaluation efforts.

Examples of Decision Support Tools and Methods
While decision frameworks vary in their details, they generally 
incorporate most or all of the steps outlined above. To support 
decision-making across these steps, various technical tools and 
methods, developed in both the public and private sectors, can 
assist stakeholders and decision-makers in meeting their ob-
jectives and clarify where there are value differences or vary-
ing tolerances for risk and uncertainty. Many of these tools 
and methods are applicable throughout the decision-making 
process, from framing through assessment of options through 
evaluation of outcomes. Several of the tools and methods – 

data management systems and scientific assessments – help 
to expand the relevant information and provide a means of 
managing large amounts of data. Three other tools described 
below – comparative tradeoff methods, scenario planning, 
and integrated assessment models – are particularly useful 
in assisting stakeholders and decision-makers in identifying 
and evaluating different options for managing risks associated 
with climate change. The following discussion describes these 
approaches; examples are provided in “Example Decision Sup-
port Tools.”

exAMple decision support tools 

Many decision support tools apply climate science and other information to specific decisions and issues; several online 
clearinghouses describe these tools and provide case studies of their use (for example, CAKE 2012;39 CCSP 2005;84 Na-
tureServe 201285). Typically, these applications integrate observed or modeled data on climate and a resource or system 
to enable users to evaluate the potential consequences of options for management, investment, and other decisions. 
These tools apply to many types of decisions; examples of decisions and references for further information are provided 
in Table 26.2.

Table 26.2. Examples of Decisions and Tools Used

Topic Example Decision(s) Further Information and Case Studies

Water resources

Making water supply decisions in the con-
text of changes in precipitation, increased 

temperatures, and changes in water quality, 
quantity, and water use

Means et al. 2010;86 International Upper 
Great Lakes Study 2012;24 State of Wash-
ington 2012;87 “Denver Water Case Study” 

(below); Ch. 3: Water

Infrastructure
Designing and locating energy or transporta-
tion facilities in the coastal zone to limit the 

impacts of sea level rise

Ch. 11: Urban; Ch. 10: Energy, Water, and 
Land 

Ecosystems and biodiversity
Managing carbon capture and storage, fire, 
invasive species, ecosystems, and ecosys-

tem services

Byrd et al. 2011;88 Labiosa et al. 2009;89 
USGS 2012a, 2012b, 2012c;90,91 Figure 26.5

Human health
Providing public health warnings in response 

to ecosystem changes or degradation, air 
quality, or temperature issues

Ch. 9: Human Health

Regional climate change 
response planning

Develop plans to reduce emissions of green-
house gases in multiple economic sectors 

within a state

“Washington State’s Climate Action Team” 
(below)

Continued
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Valuing the Effects of Different Decisions
Understanding costs and benefits of different decisions re-
quires understanding people’s preferences and developing 
ways to measure outcomes of those decisions relative to 
preferences. This “valuation” process is used to help rank al-
ternative actions, illuminate tradeoffs, and enlighten public 
discourse.31 In the context of climate change, the process of 
measuring the economic values or non-monetary benefits of 
different outcomes involves managers, scientists, and stake-
holders and a set of methods to help decision-makers evaluate 
the consequences of climate change decisions.92 Although val-
ues are defined differently by different individuals and groups 
and can involve different metrics – for example, monetary val-
ues and non-monetary benefit measures93 – in all cases, valu-
ation is used to assess the relative importance to the public 
or specific stakeholders of different impacts. Such valuation 
assessments can be used as inputs into iterative adaptive risk 
management assessments (which has advantages in a climate 

context because of its ability to address uncertainty) or more 
traditional cost-benefit analyses, if appropriate.

Some impacts ultimately are reflected in changes in the value 
of activities within the marketplace and in dollars94 – for ex-
ample, the impacts of increased temperatures on commercial 
crop yields.95 Other evaluations use non-monetary benefit 
measures such as biodiversity measures96 or soil conservation 
and water services.97

Valuation methods can provide input to a range of decisions, 
including cost-benefit analysis of new or existing regulations98 
or government projects;99 assessing the implications of land-
use changes;100 transportation investments and other planning 
efforts;101,102 developing metrics for ecosystem services; and 
stakeholder and conflict resolution processes.103 

Many available and widely applied decision-making tools can be used to support management in response to climate 
extremes or seasonal fluctuations. Development of decision support resources focused on decadal or multi-decadal in-
vestment decisions is in a relatively early stage but is evolving rapidly and shared through the types of clearinghouses 
discussed above.

exAMple decision support tools (continued)

Figure 26.5. The Santa Cruz Watershed Ecosystem Portfolio Model is a regional land-use planning tool that integrates 
ecological, economic, and social information and values relevant to decision-makers and stakeholders. The tool is a map-
based set of evaluation tools for planners and stakeholders, and is meant to help in balancing disparate interests within a 
regional context. Projections for climate change can be added to tools such as this one and used to simulate impacts of climate 
change and generate scenarios of climate change sensitivity; such an application is under development for this tool (Figure 
source: USGS 201290).

Land-use Planning Tool for the Upper Santa Cruz Watershed
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Comparative Tradeoff Methods
Once their consequences are valued or otherwise described, 
alternative options are often compared against the objectives 
or decision criteria. In such cases, approaches such as listing 
the pros and cons,104 cost-benefit analysis,105 multi-criteria 
methods,80 or robust decision methods106 can be useful. Multi-
criteria methods provide a way to compare options by consid-
ering the positive and negative consequences for each of the 

objectives without having to choose a single valuation method 
for all the attributes important to decision-makers.31 This ap-
proach allows for consequences to be evaluated using criteria 
most relevant for a given objective.107 The options can then be 
compared directly by considering the relative importance of 
each objective for the particular decision. 

Integrated Assessment Models 
Integrated Assessment Models are tools for modeling interac-
tions across climate, environmental, and socioeconomic sys-
tems.108 In particular, integrated assessment models can be 
used to provide information that informs tradeoffs analyses, 
often by simulating the potential consequences of alternative 
decisions. Integrated assessment models typically include rep-
resentations of climate, economics, energy, and other technol-
ogy systems, as well as demographic trends and other factors 

that can be used in scenario development and uncertainty 
quantification.109 They are useful in national and global policy 
decisions about emissions targets, timetables, and the implica-
tions of different technologies for emissions management.110 
These models are now being extended to additional domains 
such as water resources and ecosystem services to inform a 
broader range of tradeoff analyses and to finer resolutions to 
support regional decision-making.111 

Scenarios and Scenario Planning 
Scenarios are depictions of possible futures or plausible con-
ditions given a set of assumptions; they are not predictions. 
Scenarios enable decision makers to consider uncertainties in 
future conditions and explore how alternate decisions could 
shape the futures or perform under uncertainty. One approach 
to building scenarios begins with identifying any changes over 
time that might occur in climate and socioeconomic factors (for 
example, population growth and changes in water availability), 
and then using these projections to help decision-makers rank 
the desirability of alternative decision options to respond to 
these changes.112  This works well when decision-makers agree 
on the definition of the problem and scientific evidence.53,113 A 
second approach is widely used in robust decision-making and 
decision-scaling approaches. It begins with a specific decision 
under consideration by a specific community of users and then 
poses questions relevant to these decisions (for example, “how 
can we build a vibrant economy in our community in light of 
uncertainty about population growth and water supply?”) to 
organize information about future climate and socioeconomic 
conditions (for example, Robinson 1988114).  

Scenario planning often combines quantitative science-based 
scenarios with participatory “visioning” processes used by 
communities and organizations to explore desired futures.115 

It can also facilitate participatory learning and development of 
a common understanding of problems or decisions. There are 
many different approaches, from a single workshop that uses 
primarily qualitative approaches to more complex exercises 
that integrate qualitative and quantitative methods with visual-
ization and/or simulation techniques over multiple workshops 
or meetings. Common elements include scoping and problem 
definition; group development of qualitative (and, optionally, 
quantitative) scenarios and analyses that explore interactions 
of key driving forces, uncertainties, and decision options.

Scenario planning has been useful for water managers such as 
Denver Water, which has also used “robust decision-making” 
to assess policies that perform well across a wide range of fu-
ture conditions, in the face of uncertainty and unknown prob-
abilities (see “Denver Water Case Study”). Other examples of 
the use of scenario planning include:

• National Park Service, to consider potential climate 
change impacts and identify adaptation needs and pri-
orities in several parks or regions116

• California State Coastal Conservancy, to plan tidal marsh 
restoration and planning in the San Francisco estuary in 
the face of climate change and sea level rise117

• Urban Ecology Research Lab at the University of Wash-
ington, for planning adaptation to preserve ecosystem 
services in the Snohomish Basin118

• A group of agencies and organizations considering the 
impacts of climate change on ecosystems in the Florida 
Everglades119

The National Climate Assessment has developed and used 
a number of different types of scenarios and approaches in 
preparation of this report (see Appendix 5: Scenarios and  
models).120
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Scientific Assessments
Ongoing assessments of the state of knowledge allow for itera-
tive improvements in understanding over time and can provide 
opportunities to work directly with decision-makers to under-
stand their needs for information.123 A sustained assessment 

process (Ch. 30: Sustained Assessment)40 can be designed to 
support the adaptation and mitigation information needs of 
decision-makers, with ongoing improvements in data quality 
and utility over time. This report represents one such type of 

Climate change is one of the big-
gest challenges facing the Denver 
Water system. Due to recent and 
anticipated effects of climate vari-
ability and change on water avail-
ability, Denver Water faces the 
challenge of weighing alternative 
response strategies and is looking 
at developing options to help meet 
more challenging future condi-
tions. 

Denver Water is using scenario 
planning in its long-range planning 
process (looking out to 2050) to 
consider a range of plausible fu-
ture scenarios (Figure 26.6). This 
approach contrasts with its tra-
ditional approach of planning for 
a single future based on demand 
projections and should better pre-
pare the utility and enhance its 
ability to adapt to changing and 
uncertain future conditions.

Denver Water is assessing mul-
tiple scenarios based on several 
potential water system challenges, 
including climate change, demo-
graphic and water-use changes, 
and economic and regulatory 
changes. The scenario planning 
strategy includes “robust decision-
making,” which focuses on keep-
ing as many future options open as 
possible while trying to ensure reli-
ability of current supplies.

Scenario planning was chosen as a way to plan for multiple possible futures, given the degree of uncertainty associated 
with many variables, particularly demographic change and potential changes in precipitation. This method is easy to 
understand and has gained acceptance across the utility. It is a good complement to more technical, detailed analytical 
approaches. 

The next step for Denver Water is to explore a more technical approach to test their existing plan and identified options 
against multiple climate change scenarios. Following a modified robust decision-making approach,121 Denver Water will 
test and hedge its plan and options until those options demonstrate that they can sufficiently handle a range of projected 
climate conditions.

denver WAter cAse study

Figure 26.6: Scenario planning is an important component of decision-making. This “cone 
of uncertainty” is used to depict potential futures in Denver Water’s scenario planning 
exercises. (Figure source: adapted from Waage 2010122).

Scenario Planning
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assessment. The Intergovernmental Panel on Climate Change 
(IPCC) has prepared assessments of the state of the science 
related to climate change, impacts and adaptation, and miti-
gation since the late 1980s. Numerous additional assessments 

have been prepared for a variety of national and international 
bodies focused on issues such as biodiversity, ecosystem ser-
vices, global change impacts in the Arctic, and many others.

Incorporating Recent Scientific Advances and Translating Science for Decision-Making
While decision support is not necessarily constrained by a lack 
of tools, a number of barriers restrict application of existing 
and emerging science and technology in adaptation and mitiga-
tion decisions.3,8,129 In cases where tools exist, decision-makers 
may be 1) unaware of tools; 2) overwhelmed by the number of 
tools; 3) hesitant to use tools that are not appraised or updated 
and maintained with new information; or 4) require training 
in how to use tools.8,130 Recent scientific developments could 
help address some of these barriers, but are not yet incorpo-
rated into decision support tools.65 For example, individual cli-
mate models can provide very different projections of future 
climate conditions for a given region, and the divergence of 
these projections can make it seem impossible to reach a deci-
sion. But comparing different models and constructing climate 
model “ensembles” can highlight areas of agreement across 

large numbers of models and model runs, and can also be used 
to develop ranges and other forms of quantification of uncer-
tainty (for further discussion, see Ch. 2: Our Changing Climate 
and Appendix 3: Climate Science Supplement). While results 
from these activities can prove difficult to present in formats 
that could help decision-makers,131 new approaches to visual-
ization and decision support can make such ensembles useful 
for decision-making.132

There is also a need for “science translators” who can help 
decision-makers efficiently access and properly use data and 
tools that would be helpful in making more informed deci-
sions in the context of climate change.3,4,8,83,133 The culture of 
research in the United States often perpetuates a belief that 
basic and applied research need to be kept separate, though 

Between 2000 and 2007, pioneering work by the University of Washington’s Climate Impacts Group (a NOAA RISA) tai-
lored national climate models to the Pacific Northwest and produced, for the first time, specific information about likely 
adverse impacts to virtually every part of Washington’s economy and environment if carbon dioxide concentrations in the 
atmosphere were not quickly stabilized.124 The localized impacts predicted from these models were significant.

In February of 2007, Governor Christine Gregoire issued Executive Order 07-02, establishing the Climate Action Team 
(CAT).125 Its charge was to develop a plan to achieve dramatic, climate-stabilizing reductions in emissions of greenhouse 
gases according to goals established in the Executive Order. The CAT was a 29-member team that included representa-
tives of industry, utilities, environmental advocacy groups, Native American tribes, state and municipal governments, and 
elected officials.  

The CAT met four to five times a year for two years. Between meetings, technical consultants, including boundary orga-
nizations such as the Climate Impacts Group, provided detailed analyses of the issues that were on the next CAT agenda. 
Technical experts were recruited to provide direct testimony to the CAT. Professional facilitators helped run the meetings, 
decipher the technical testimony, and keep the CAT on track to meet its obligations. All CAT meetings were open to the 
public, and public testimony was accepted. To assist in this effort, five subcommittees were created to develop propos-
als for achieving emissions reductions in the following parts of the economy: the built environment, agriculture, forestry, 
transportation, and energy generation. Similarly, adaptation groups were formed to develop recommendations for dealing 
with impacts that could not be avoided. These Preparation/Adaptation Working Groups focused on forest health, farm-
lands, human health, and coastal infrastructure and resources.

The CAT and the working groups were well supported with science and technical expertise. The CAT issued its first report, 
on reducing greenhouse gases, at the close of 2007.126 It was well received by the legislature, and a significant number 
of its recommendations were implemented in the 2008 session.127 

In 2008, the CAT continued its work. The focus shifted to whether Washington should join the Western Climate Initiative 
(WCI), a state and provincial organization that was developing a regional, economy-wide cap and trade system for carbon 
emissions. The same high-quality professional facilitation was provided at all meetings. Several highly qualified technical 
experts provided technical support.  

With this support, the CAT produced another set of recommendations.128 The centerpiece recommendation was that Wash-
ington join the WCI’s regional cap and trade program. This time, the combination of a weakening economy and political 
dynamics trumped the CAT’s findings, and resulted in a decision not to implement its recommendations.
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it has been demonstrated that research motivated by “consid-
erations of use” can also make fundamental advances in sci-
entific understanding and theory.134 The U.S. climate research 
effort has been strongly encouraged to improve integration of 

social and ecological sciences and to develop the capacity for 
decision support to help address the need to effectively incor-
porate advances in climate science into decision-making.135

Research to Improve Decision Support 
There are a number of areas where scientific knowledge needs 
to be expanded or tools further developed to take advan-
tage of existing insight. The National Research Council (NRC) 
identifies a research agenda both for decision support (such 
as identifying specific information needs) and on decision sup-
port (such as improving tools for risk assessment and manage-
ment).3 A number of studies assess approaches and identify 
needed research and development (for example, Arvai et al. 
2006136). A subset of the opportunities and needs identified by 
the NRC seem particularly relevant in the context of the Na-
tional Climate Assessment, including:

• A comprehensive analysis of the state of decision sup-
port for adaptation and mitigation, including assess-
ment of processes, tools, and applications, and devel-
opment of a knowledge-sharing platform will facilitate 
wide public access to these resources. 

• Comparisons of different adaptation and mitigation op-
tions will be improved by investments in understanding 
how the effects of climate change and response options 
can be valued and compared, especially for non-market 
ecosystem goods and services101,137 and those impacts 
and decisions that have an effect over long time scales.

• Improvements in risk management require closing the 
gap between expert and public understanding of risk 
and building the institutions and processes needed for 
managing persistent risks over the long term.

• Probabilistic forecasts or other information regarding 
consequential climate extremes/events have the poten-
tial to be very useful for decision-makers, if used with 
improving information on the consequences of climate 
change and appropriate decision support tools.

• Better methods for assessing and communicating scien-
tific confidence and uncertainty in the context of spe-
cific decisions would be very useful in supporting risk 
management strategies.

• Improvements in processes that effectively link scien-
tists with decision-makers and the public in resource 
management settings and developing criteria to evalu-
ate their effectiveness would enhance knowledge build-
ing and understanding. 
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sions about adaptation and ways to reduce future climate change, 
especially given uncertainties and advances in scientific understand-
ing.8,26

Well-designed decision support processes, especially those in which 
there is a good match between the availability of scientific informa-
tion and the capacity to use it, can result in more effective outcomes 
based on relevant information that is perceived as useful and appli-
cable.6 

New information and remaining uncertainties
N/A

Assessment of confidence based on evidence and agreement 
or, if defensible, estimates of the likelihood of impact or conse-
quence
 N/A

Key message #2 Traceable accounT

To be effective, decision support processes need 
to take account of the values and goals of the key 
stakeholders, evolving scientific information, and 
the perceptions of risk.

Description of evidence base
This message emphasizes that making a decision is more than picking 
the right tool and adopting its outcome. It is a process that should 
involve stakeholders, managers, and decision-makers to articulate 
and frame the decision, develop options, consider consequences 
(positive and negative), evaluate tradeoffs, make a decision, imple-
ment, evaluate, learn, and reassess.1,8 Oftentimes having an inclusive, 
transparent decision process increases buy-in, regardless of whether 
a particular stakeholder’s preferred option is chosen.3 Decisions 
about investment in adaptation and mitigation measures occur in the 
context of uncertainty and high political and economic stakes, com-
plicating the evaluation of information and its application in decision-
making.3,8 Decisions involve both scientific information and values 
– for example, how much risk is acceptable and what priorities and 
preferences are addressed.2

New information and remaining uncertainties
 N/A

Assessment of confidence based on evidence 
N/A

Process for Developing Key Messages
During March-June 2012, the author team engaged in multiple tech-
nical discussions via teleconference (6 telecons) and email and in a 
day-long in-person meeting (April 27, 2012, in Washington, D.C.). Au-
thors reviewed over 50 technical inputs provided by the public and a 
wide variety of technical and scholarly literature related to decision 
support, including reports from the National Research Council that 
provided recent syntheses of the field (America’s Climate Choices se-
ries, especially the reports Informing an Effective Response to Climate 
Change8 and Informing Decisions in a Changing Climate3). During the 
in-person meeting, authors reflected on the body of work informing 
the chapter and drafted a number of candidate critical messages that 
could be derived from the literature. Following the meeting, authors 
ranked these messages and engaged in expert deliberation via tele-
conference and email discussions in order to agree on a small number 
of key messages for the chapter.

Key message #1 Traceable accounT

Decisions about how to address climate change 
can be complex, and responses will require a com-
bination of adaptation and mitigation actions. Deci-
sion-makers – whether individuals, public officials, 
or others – may need help integrating scientific in-
formation into adaptation and mitigation decisions.
Description of evidence base

The sensitivity of the climate system to human activities, the extent 
to which mitigation policies are implemented, and the effects of oth-
er demographic, social, ecological, and economic changes on vulner-
ability also contribute to uncertainty in decision-making. 

Uncertainties can make decision-making in the context of climate 
change especially challenging for several reasons, including the rapid 
pace of changes in physical and human systems, the lags between 
climate change and observed effects, the high economic and political 
stakes, the number and diversity of potentially affected stakeholders, 
the need to incorporate scientific information of varying confidence 
levels, and the values of stakeholders and decision-makers.2,3

An iterative decision process that incorporates constantly improving 
scientific information and learning through periodic reviews of deci-
sions over time is helpful in the context of rapid changes in environ-
mental conditions.3,4 The National Research Council has concluded 
that an “iterative adaptive risk management” framework, in which 
decisions are adjusted over time to reflect new scientific information 
and decision-makers learn from experience, is appropriate for deci-
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Key message #3 Traceable accounT

Many decision support processes and tools are 
available. They can enable decision-makers to 
identify and assess response options, apply com-
plex and uncertain information, clarify tradeoffs, 
strengthen transparency, and generate information 
on the costs and benefits of different choices.

Description of evidence base
Many decision support tools have been developed to support adap-
tive management in specific sectors or for specific issues. These tools 
include: risk assessments; geographic information system (GIS)-based 
analysis products; targeted projections for high-consequence events 
such as fires, floods, or droughts; vulnerability assessments; integrat-
ed assessment models; decision calendars; scenarios and scenario 
planning; and others.3,8,84 Many of these tools have been validated 
scientifically and evaluated from the perspective of users. They are 
described in the sector and regional chapters of this assessment. In 
addition, a variety of clearing houses and data management systems 
provide access to decision support information and tools (for exam-
ple, CAKE 2012; NatureServe 201239,85).

There are many tools, some of which we discuss in the chapter, that 
are currently being used to make decisions that include a consider-
ation of climate change and variability, or the impacts or vulnerabili-
ties that would result from such changes.

Also important is the creation of a well-structured and transparent 
decision process that involves affected parties in problem framing, 
establishing decision criteria, fact finding, deliberation, and reaching 
conclusions.1,8,26 These aspects of decision-making are often over-
looked by those who focus more on scientific inputs and tools, but 
given the high stakes and remaining uncertainties, they are crucial for 
effective decision-making on adaptation and mitigation.

New information and remaining uncertainties
 N/A

Assessment of confidence based on evidence 
N/A

Key message #4 Traceable accounT

Ongoing assessment processes should incor-
porate evaluation of decision support tools, their 
accessibility to decision-makers, and their applica-
tion in decision processes in different sectors and 
regions.

Description of evidence base
As part of a sustained assessment, it is critical to understand the state 
of decision support, including what is done well and where we need 
to improve. At this point in time, there is a lack of literature that pro-
vides a robust evidence base to allow us to conduct this type of na-
tional, sector-scale assessment. Developing an evidence base would 

allow for a movement from case studies to larger-scale assessment 
across decision support and would allow us to better understand how 
to better utilize what decision support is available and understand 
what needs to be improved to support adaptation and mitigation de-
cisions in different sectors and regions.

New information and remaining uncertainties
 N/A

Assessment of confidence based on evidence 
N/A

Key message #5 Traceable accounT

Steps to improve collaborative decision process-
es include developing new decision support tools 
and building human capacity to bridge science and 
decision-making.

Description of evidence base
There are many challenges in communicating complex scientific infor-
mation to decision makers and the public,11 and while “translation” of 
complex information is one issue, there are many others. Defining the 
scope and scale of the relevant climate change problem can raise both 
scientific and social questions. These questions require both scientific 
insights and consideration of values and social constructs, and require 
that participants engage in mutual learning and the co-production of 
relevant knowledge.10 Boundary processes that are collaborative and 
iterative18 among scientists, stakeholders, and decision-makers, such 
as joint fact finding and collaborative adaptive management, foster 
ongoing dialogue and increasing participants’ understanding of policy 
problems and information and analysis necessary to evaluate deci-
sion options.12,13 Analysis of the conditions that contribute to their 
effectiveness of boundary processes is an emerging area of study.13

A large body of literature notes that the ability of decision-makers 
to use data and tools has not kept pace with the rate at which new 
tools are developed, pointing to a need for “science translators” who 
can help decision-makers efficiently access and properly use data and 
tools that would be helpful in making more informed decisions in the 
context of climate change.3,4,8,83,133 The U.S. climate research effort 
has been strongly encouraged to improve integration of social and 
ecological sciences and to develop the capacity for decision support 
to help address the need to effectively incorporate advances in cli-
mate science into decision-making.135

New information and remaining uncertainties
 N/A

Assessment of confidence based on evidence 
N/A
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Mitigation refers to actions that reduce the human contribu-
tion to the planetary greenhouse effect. Mitigation actions 
include lowering emissions of greenhouse gases like carbon di-
oxide and methane, and particles like black carbon (soot) that 
have a warming effect. Increasing the net uptake of carbon 
dioxide through land-use change and forestry can make a con-
tribution as well. As a whole, human activities result in higher 
global concentrations of greenhouse gases and to a warming 
of the planet – and the effect is increased by various self-re-
inforcing cycles in the Earth system (such as the way melting 
sea ice results in more dark ocean water, which absorbs more 
heat, and leads to more sea ice loss). Also, the absorption of 

increased carbon dioxide by the oceans is leading to increased 
ocean acidity with adverse effects on marine ecosystems. 

Four mitigation-related topics are assessed in this chapter. 
First, it presents an overview of greenhouse gas emissions and 
their climate influence to provide a context for discussion of 
mitigation efforts. Second, the chapter provides a survey of 
activities contributing to U.S. emissions of carbon dioxide and 
other greenhouse gases. Third, it provides a summary of cur-
rent government and voluntary efforts to manage these emis-
sions. Finally, there is an assessment of the adequacy of these 
efforts relative to the magnitude of the climate change threat 
and a discussion of preparation for potential future action. 

Key Messages
1. Carbon dioxide is removed from the atmosphere by natural processes at a rate that is roughly  
 half of the current rate of emissions from human activities. Therefore, mitigation efforts that  
 only stabilize global emissions will not reduce atmospheric concentrations of carbon dioxide,  
 but will only limit their rate of increase. The same is true for other long-lived greenhouse   
 gases.

2. To meet the lower emissions scenario (B1) used in this assessment, global mitigation actions  
 would need to limit global carbon dioxide emissions to a peak of around 44 billion tons per year  
 within the next 25 years and decline thereafter. In 2011, global emissions were around 34 billion  
 tons, and have been rising by about 0.9 billion tons per year for the past decade. Therefore, the  
 world is on a path to exceed 44 billion tons per year within a decade.

3. Over recent decades, the U.S. economy has emitted a decreasing amount of carbon dioxide per 
 dollar of gross domestic product. Between 2008 and 2012, there was also a decline in the total 
 amount of carbon dioxide emitted annually from energy use in the United States as a result of  
 a variety of factors, including changes in the economy, the development of new energy  
 production technologies, and various government policies. 

4. Carbon storage in land ecosystems, especially forests, has offset around 17% of annual U.S.  
 fossil fuel emissions of greenhouse gases over the past several decades, but this carbon “sink”  
 may not be sustainable. 

5. Both voluntary activities and a variety of policies and measures that lower emissions are   
 currently in place at federal, state, and local levels in the United States, even though there is  
 no comprehensive national climate legislation. Over the remainder of this century, aggressive  
 and sustained greenhouse gas emission reductions by the United States and by other nations  
 would be needed to reduce global emissions to a level consistent with the lower scenario (B1)  
 analyzed in this assessment. 
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While the chapter presents a brief overview of mitigation is-
sues, it does not provide a comprehensive discussion of policy 
options, nor does it attempt to review or analyze the range of 
technologies available to reduce emissions.

These topics have also been the subject of other assessments, 
including those by the National Academy of Sciences1 and the 
U.S. Department of Energy.2 Mitigation topics are addressed 

throughout this report (see Ch. 4: Energy, Key Message 5; Ch. 
5: Transportation, Key Message 4; Ch. 7: Forests, Key Message 
4; Ch. 9: Human Health, Key Message 4; Ch. 10: Energy, Water, 
and Land, Key Messages 1, 2, 3; Ch. 13: Land Use & Land Cover 
Change, Key Messages 2, 4; Ch. 15: Biogeochemical Cycles, Key 
Message 3; Ch. 26: Decision Support, Key Messages 1, 2, 3; Ap-
pendix 3: Climate Science Supplemental Message 5; Appendix 
4: FAQs N, S, X, Y, Z).

Emissions, Concentrations, and Climate Forcing
Setting mitigation objectives requires knowledge of the Earth 
system processes that determine the relationship among 
emissions, atmospheric concentrations and, ultimately, cli-
mate. Human-caused climate change results mainly from the 
increasing atmospheric concentrations of greenhouse gases.3 
These gases cause radiative “forcing” – an imbalance of heat 
trapped by the atmosphere compared to an equilibrium state. 
Atmospheric concentrations of greenhouse gases are the re-
sult of the history of emissions and of processes 
that remove them from the atmosphere; for exam-
ple, by “sinks” like growing forests.4 The fraction of 
emissions that remains in the atmosphere, which is 
different for each greenhouse gas, also varies over 
time as a result of Earth system processes.

The impact of greenhouse gases depends partly 
on how long each one persists in the atmosphere.5 
Reactive gases like methane and nitrous oxide are 
destroyed chemically in the atmosphere, so the 
relationships between emissions and atmospheric 
concentrations are determined by the rate of those 
reactions. The term “lifetime” is often used to de-
scribe the speed with which a given gas is removed 
from the atmosphere. Methane has a relatively 
short lifetime (largely removed within a decade or 
so, depending on conditions), so reductions in emis-
sions can lead to a fairly rapid decrease in concen-
trations as the gas is oxidized in the atmosphere.6 
Nitrous oxide has a much longer lifetime, taking 
more than 100 years to be substantially removed.7 
Other gases in this category include industrial gases, 
like those used as solvents and in air conditioning, 
some of which persist in the atmosphere for hun-
dreds or thousands of years.

Carbon dioxide (CO2) does not react chemically 
with other gases in the atmosphere, so it does not, 
strictly speaking, have a “lifetime.”8 Instead, the re-
lationship between emissions and concentrations 
from year to year is determined by patterns of re-
lease (for example, through burning of fossil fuels) 
and uptake (for example, by vegetation and by the 
ocean).9 Once CO2 is emitted from any source, a 
portion of it is removed from the atmosphere over 
time by plant growth and absorption by the oceans, 

after which it continues to circulate in the land-atmosphere-
ocean system until it is finally converted into stable forms in 
soils, deep ocean sediments, or other geological repositories 
(Figure 27.1). 

Of the carbon dioxide emitted from human activities in a year, 
about half is removed from the atmosphere by natural pro-
cesses within a century, but around 20% continues to circu-

Human Activities and the Global Carbon 
Dioxide Budget

Figure 27.1. Figure shows human-induced changes in the global carbon 
dioxide budget roughly since the beginning of the Industrial Revolution. 
Emissions from fossil fuel burning are the dominant cause of the steep rise 
shown here from 1850 to 2012. (Global Carbon Project 2010, 201210).
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late and to affect atmospheric concentrations for thousands 
of years.11 Stabilizing or reducing atmospheric carbon dioxide 
concentrations, therefore, requires very deep reductions in fu-
ture emissions – ultimately approaching zero – to compensate 
for past emissions that are still circulating in the Earth system. 
Avoiding future emissions, or capturing and storing them in 
stable geological storage, would prevent carbon dioxide from 
entering the atmosphere, and would have very long-lasting ef-
fects on atmospheric concentrations.

In addition to greenhouse gases, there can be climate effects 
from fine particles in the atmosphere. An example is black car-
bon (soot), which is released from coal burning, diesel engines, 
cooking fires, wood stoves, wildfires, and other combustion 
sources. These particles have a warming influence, especially 
when they absorb solar energy low in the atmosphere.12 Other 
particles, such as those formed from sulfur dioxide released 
during coal burning, have a cooling effect by reflecting some 
of the sun’s energy back to space or by increasing the bright-
ness of clouds (see: Ch. 2: Our Changing Climate; Appendix 3: 
Climate Science Supplement; and Appendix 4: FAQs). 

The effect of each gas is related to both how long it lasts in the 
atmosphere (the longer it lasts, the greater its influence) and 
its potency in trapping heat. The warming influence of differ-
ent gases can be compared using “global warming potentials” 
(GWP), which combine these two effects, usually added up 
over a 100-year time period. Global warming potentials are 

referenced to carbon dioxide – which is defined as having a 
GWP of 1.0 – and the combined effect of multiple gases is de-
noted in carbon dioxide equivalents, or CO2-e.

The relationship between emissions and concentrations of 
gases can be modeled using Earth System Models.4 Such mod-
els apply our understanding of biogeochemical processes that 
remove greenhouse gas from the atmosphere to predict their 
future concentrations. These models show that stabilizing CO2 
emissions would not stabilize its atmospheric concentrations 
but instead result in a concentration that would increase at a 
relatively steady rate. Stabilizing atmospheric concentrations 
of CO2 would require reducing emissions far below present-
day levels. Concentration and emissions scenarios, such as the 
recently developed Representative Concentration Pathways 
(RCPs) and scenarios developed earlier by the Intergovern-
mental Panel on Climate Change’s (IPCC) Special Report on 
Emissions Scenarios (SRES), are used in Earth System Models 
to study potential future climates. The RCPs span a range of 
atmospheric targets for use by climate modelers,13,14 as do the 
SRES cases. These global analyses form a framework within 
which the climate contribution of U.S. mitigation efforts can be 
assessed. In this report, special attention is given to the SRES 
A2 scenario (similar to RCP 8.5), which assumes continued in-
creases in emissions, and the SRES B1 scenario (close to RCP 
4.5), which assumes a substantial reduction of emissions (Ch. 
2: Our Changing Climate; Appendix 5: Scenarios and Models).

Section 1: U.S. Emissions and Land-Use Change
Industrial, Commercial, and Household Emissions

U.S. greenhouse gas emissions, not accounting for uptake by 
land use and agriculture (see Figure 27.3), rose to as high as 
7,260 million tons CO2-e in 2007, and then fell by about 9% 
between 2008 and 2012.19 Several factors contributed to the 

decline, including the reduction in energy use in response to 
the 2008-2010 recession, the displacement of coal in electric 
generation by lower-priced natural gas, and the effect of fed-
eral and state energy and environmental policies.20 

geoengineering

Geoengineering has been proposed as a third option for addressing climate change in addition to, or alongside, 
mitigation and adaptation. Geoengineering refers to intentional modifications of the Earth system as a means to ad-
dress climate change. Three types of activities have been proposed: 1) carbon dioxide removal (CDR), which boosts 
CO2 removal from the atmosphere by various means, such as fertilizing ocean processes and promoting land-use 
practices that help take up carbon, 2) solar radiation management (SRM), which reflects a small percentage of 
sunlight back into space to offset warming from greenhouse gases,15 and 3) direct capture and storage of CO2 from 
the atmosphere.16 

Current research suggests that SRM or CDR could diminish the impacts of climate change. However, once under-
taken, sudden cessation of SRM would exacerbate the climate effects on human populations and ecosystems, and 
some CDR might interfere with oceanic and terrestrial ecosystem processes.17 SRM undertaken by itself would not 
slow increases in atmospheric CO2 concentrations, and would therefore also fail to address ocean acidification. 
Furthermore, existing international institutions are not adequate to manage such global interventions. The risks as-
sociated with such purposeful perturbations to the Earth system are thus poorly understood, suggesting the need for 
caution and comprehensive research, including consideration of the implicit moral hazards.18
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Carbon dioxide made up 84% of U.S. greenhouse gas emissions 
in 2011. Forty-one percent of these emissions were attribut-
able to liquid fuels (petroleum), followed closely by solid fuels 
(principally coal in electric generation), and to a lesser extent 
by natural gas.20 The two dominant production sectors respon-
sible for these emissions are electric power generation (coal 
and gas) and transportation (petroleum). Flaring and cement 
manufacture together account for less than 1% of the total. If 
emissions from electric generation are allocated to their vari-
ous end-uses, transportation is the largest CO2 source, contrib-
uting a bit over one-third of the total, followed by industry at 
slightly over a quarter, and residential use and the commercial 
sector at around one-fifth each.

A useful picture of historical patterns of carbon dioxide emis-
sions can be constructed by decomposing the cumulative 
change in emissions from a base year into the contributions of 
five driving forces: 1) decline in the CO2 content of energy use, 
as with a shift from coal to natural gas in electric generation, 2) 
reduction in energy intensity – the energy needed to produce 
each unit of gross domestic product (GDP) – which results from 
substitution responses to energy prices, changes in the com-

position of the capital stock, and both autonomous and price-
induced technological change, 3) changes in the structure of 
the economy, such as a decline in energy-intensive industries 
and an increase in services that use less energy, 4) growth in 
per capita GDP, and 5) rising population. 

Over the period 1963-2008, annual U.S. carbon dioxide emis-
sions slightly more than doubled, because growth in emissions 
potential attributable to increases in population and GDP per 
person outweighed reductions contributed by lowered energy 
and carbon intensity and changes in economic structure (Fig-
ure 27.2). Each series in the figure illustrates the quantity of 
cumulative emissions since 1963 that would have been gener-
ated by the effect of the associated driver. By 2008, fossil fuel 
burning had increased CO2 emissions by 2.7 billion tons over 
1963 levels. However, by itself the observed decline in energy 
would have reduced emissions by 1.8 billion tons, while the 
observed increase in per capita GDP would have increased 
emissions by more than 5 billion tons.

After decades of increases, CO2 emissions from energy use 
(which account for 97% of total U.S. emissions) declined by 

around 9% between 2008 and 2012, largely due to a shift 
from coal to less CO2-intensive natural gas for electricity 
production.19 Trends in driving forces shown in Figure 
27.2 are expected to continue in the future, though their 
relative contributions are subject to significant uncer-
tainty. The reference case projection by the U.S. Energy 
Information Administration (EIA) shows their net effect 
being a slower rate of CO2 emissions growth than in the 
past, with roughly constant energy sector emissions to 
2040.22 It must be recognized, however, that emissions 
from energy use rise and fall from year to year, as the 
aforementioned driving forces vary.

The primary non-CO2 gas emissions in 2011 were meth-
ane (9% of total CO2-e emissions), nitrous oxide (5%), 
and a set of industrial gases (2%). U.S. emissions of each 
of these gases have been roughly constant over the past 
half-dozen years.22 Emissions of methane and nitrous ox-
ide have been roughly constant over the past couple of 
decades, but there has been an increase in the industrial 
gases as some are substituted for ozone-destroying sub-
stances controlled by the Montreal Protocol.23

Yet another warming influence on the climate system 
is black carbon (soot), which consists of fine particles 
that result mainly from incomplete combustion of fossil 
fuels and biomass. Long a public health concern, black 
carbon particles absorb solar radiation during their short 
life in the atmosphere (days to weeks). When deposited 
on snow and ice, these particles darken the surface and 
reduce the reflection of incoming solar radiation back to 
space. These particles also influence cloud formation in 
ways yet poorly quantified.24

Figure 27.2. This graph depicts the changes in carbon dioxide 
(CO2) emissions over time as a function of five driving forces: 1) the 
amount of CO2 produced per unit of energy (CO2 intensity); 2) the 
amount of energy used per unit of gross domestic product (energy 
intensity); 3) structural changes in the economy; 4) per capita income; 
and 5) population. Although CO2 intensity and especially energy 
intensity have decreased significantly and the structure of the 
U.S. economy has changed, total CO2 emissions have continued 
to rise as a result of the growth in both population and per capita 
income. (Baldwin and Sue Wing, 201321).

Drivers of U.S. Fossil Emissions
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Land Use, Forestry, and Agriculture

The main stocks of carbon in its various 
biological forms (plants and trees, dead 
wood, litter, soil, and harvested products) 
are estimated periodically and their rate of 
change, or flux, is calculated as the average 
annual difference between two time peri-
ods. Estimates of carbon stocks and fluxes 
for U.S. lands are based on land invento-
ries augmented with data from ecosystem 
studies and production reports.25,26

U.S. lands were estimated to be a net sink 
of between approximately 640 and 1,074 
million tons CO2-e in the late 2000s.26,27 
Estimates vary depending on choice of 
datasets, models, and methodologies (see 
Ch. 15: Biogeochemical Cycles, “Estimat-
ing the U.S. Carbon Sink,” for more discus-
sion). This net land sink effect is the result 
of sources (from crop production, livestock 
production, and grasslands) and sinks (in 
forests, urban trees, and wetlands). Sourc-
es of carbon have been relatively stable over the last two de-
cades, but sinks have been more variable. Long-term trends 
suggest significant emissions from forest clearing in the early 
1900s followed by a sustained period of net uptake from for-
est regrowth over the last 70 years.28 The amount of carbon 
taken up by U.S. land sinks is dominated by forests, which have 
annually absorbed 7% to 24% (with a best estimate of about 
16%) of fossil fuel CO2 emissions in the U.S. over the past two 
decades.20 

The persistence of the land sink depends on the relative ef-
fects of several interacting factors: recovery from historical 
land-use change, atmospheric CO2 and nitrogen deposition, 
natural disturbances, and the effects of climate variability 
and change – particularly drought, wildfires, and changes in 
the length of the growing season. Deforestation continues to 
cause an annual loss of 877,000 acres (137,000 square miles) 
of forested land, offset by a larger area gain of new forest of 

about 1.71 million acres (268,000 square miles) annually.29 
Since most of the new forest is on relatively low-productivity 
lands of the Intermountain West, and much of the deforesta-
tion occurs on high-productivity lands in the East, recent land-
use changes have decreased the potential for future carbon 
storage.30 The positive effects of increasing carbon dioxide 
concentration and nitrogen deposition on carbon storage are 
not likely to be as large as the negative effects of land-use 
change and disturbances.31 In some regions, longer growing 
seasons associated with climate change may increase annual 
productivity.32 Droughts and other disturbances, such as fire 
and insect infestations, have already turned some U.S. land re-
gions from carbon sinks into carbon sources (see Ch. 13: Land 
Use & Land Cover Change and Ch. 15: Biogeochemical Cycles).31 
The current land sink may not be sustainable for more than a 
few more decades,33 though there is a lack of consistency in 
published results about the relative effects of disturbance and 
other factors on net land-use emissions.31,34 

Section 2: Activities Affecting Emissions
Early and large reductions in global emissions would be nec-
essary to achieve the lower emissions scenarios (such as the 
lower B1 scenario; see Ch. 2: Our Changing Climate) analyzed 
in this assessment. The principal types of national actions that 
could effect such changes include putting a price on emissions, 
setting regulations and standards for activities that cause 
emissions, changing subsidy programs, and direct federal ex-
penditures. Market-based approaches include cap and trade 
programs that establish markets for trading emissions permits, 
analogous to the Clean Air Act provisions for sulfur dioxide re-
ductions. None of these price-based measures has been imple-
mented at the national level in the United States, though cap 

and trade systems are in place in California and in the North-
east’s Regional Greenhouse Gas Initiative. Moreover, a wide 
range of governmental actions are underway at federal, state, 
regional, and city levels using other measures, and voluntary 
efforts, that can reduce the U.S. contribution to total global 
emissions. Many, if not most of these programs are motivated 
by other policy objectives – energy, transportation, and air pol-
lution – but some are directed specifically at greenhouse gas 
emissions, including: 

•	 reduction in CO2 emissions from energy end-use and 
infrastructure through the adoption of energy-efficient 

Figure 27.3 Graph shows annual average greenhouse gas emissions from land use 
including livestock and crop production, but does not include fossil fuels used in 
agricultural production. Forests are a significant “sink” that absorbs carbon dioxide 
from the atmosphere. All values shown are for 2008, except wetlands, which are 
shown for 2003. (Pacala et al. 2007;27 USDA 201126).

Sources and Sinks in U.S. Agriculture and Forests
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components and systems – 
including buildings, vehicles, 
manufacturing processes, 
appliances, and electric grid 
systems;

•	 reduction of CO2 emissions 
from energy supply through 
the promotion of renewables 
(such as wind, solar, and bio-
energy), nuclear energy, and 
coal and natural gas electric 
generation with carbon cap-
ture and storage; and

•	 reduction of emissions of 
non-CO2 greenhouse gases 
and black carbon; for ex-
ample, by lowering meth-
ane emissions from energy 
and waste, transitioning to 
climate-friendly alterna-
tives to hydrofluorocarbons 
(HFCs), cutting methane and 
nitrous oxide emissions from 
agriculture, and improving 
combustion efficiency and 
means of particulate capture.

Federal Actions
The Federal Government has implemented a number of mea-
sures that promote energy efficiency, clean technologies, and 
alternative fuels.35 A sample of these actions is provided in 
Table 27.1 and they include greenhouse gas regulations, other 
rules and regulations with climate co-benefits, various stan-
dards and subsidies, research and development, and federal 
procurement practices. 

The U.S. Environmental Protection Agency (EPA) has a 40-
year history of regulating the concentration and deposition of 

criteria pollutants (six common air pollutants that affect hu-
man health). A 2012 Supreme Court decision upheld the EPA’s 
finding that greenhouse gases “endanger public health and 
welfare.”36 This ruling added the regulation of greenhouse gas 
emissions to the Agency’s authority under the Clean Air Act. 
Actions taken and proposed under the new authority have fo-
cused on road transport and electric power generation. 

The U.S. Department of Energy (DOE) provides most of the 
funding for a broad range of programs for energy research, 

Programs underway that reduce carbon dioxide emissions include the promotion of solar, nuclear, 
and wind power and efficient vehicles
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development, and demonstration. DOE also has the authority 
to regulate the efficiency of appliances and building codes for 
manufactured housing. In addition, most of the other federal 
agencies – including the Departments of Defense, Housing and 
Urban Development, Transportation, and Agriculture – have 
programs related to greenhouse gas mitigation. 

The Administration’s Climate Action Plan37 builds on these ac-
tivities with a broad range of mitigation, adaptation, and pre-
paredness measures. The mitigation elements of the plan are 
in part a response to the commitment made during the 2010 
Cancun Conference of the Parties of the United Nations Frame-

work Convention on Climate Change to reduce U.S. emissions 
of greenhouse gases by 17% below 2005 levels by 2020. Ac-
tions proposed in the Plan include: 1) limiting carbon emissions 
from both new and existing power plants, 2) continuing to 
increase the stringency of fuel economy standards for auto-
mobiles and trucks, 3) continuing to improve energy efficiency 
in the buildings sector, 4) reducing the emissions of non-CO2 
greenhouse gases through a variety of measures, 5) increasing 
federal investments in cleaner, more efficient energy sources 
for both power and transportation, and 6) identifying new ap-
proaches to protect and restore our forests and other critical 
landscapes, in the presence of a changing climate. 

City, State, and Regional Actions
Jurisdiction for greenhouse gases and energy policies is shared 
between the federal government and the states.1 For example, 
states regulate the distribution of electricity and natural gas to 
consumers, while the Federal Energy Regulatory Commission 
regulates wholesale sales and transportation of natural gas 
and electricity. In addition, many states have adopted climate 
initiatives as well as energy policies that reduce greenhouse 
gas emissions. For a survey of many of these state activities, 
see Table 27.2. Many cities are taking similar actions. 

The most ambitious state activity is California’s Global Warm-
ing Solutions Act (AB 32), a law that sets a state goal to reduce 

greenhouse gas emissions to 1990 levels by 2020. The state 
program caps emissions and uses a market-based system of 
trading in emissions credits (cap and trade), as well as a num-
ber of regulatory actions. The most well-known, multi-state 
effort has been the Regional Greenhouse Gas Initiative (RGGI), 
formed by ten northeastern and Mid-Atlantic states (though 
New Jersey exited in 2011). RGGI is a cap and trade system 
applied to the power sector with revenue from allowance 
auctions directed to investments in efficiency and renewable 
energy. 

Voluntary Actions 
Corporations, individuals, and non-profit organizations have 
initiated a host of voluntary actions. The following examples 
give the flavor of the range of efforts:

•	 The Carbon Disclosure Project has the largest global col-
lection of self-reported climate change and water-use 
information. The system enables companies to measure, 
disclose, manage, and share climate change and water-
use information. Some 650 U.S. signatories include banks, 
pension funds, asset managers, insurance companies, and 
foundations.

•	 Many local governments are undertaking initiatives to re-
duce greenhouse gas emissions within and outside of their 
organizational boundaries.38 For example, over 1,055 mu-
nicipalities from all 50 states have signed the U.S. Mayors 

Climate Protection Agreement,39 and many of these com-
munities are actively implementing strategies to reduce 
their greenhouse gas footprint.

•	 Under the American College and University Presidents’ 
Climate Commitment (ACUPCC), 679 institutions have 
pledged to develop plans to achieve net-neutral climate 
emissions through a combination of on-campus changes 
and purchases of emissions reductions elsewhere.

•	 Voluntary compliance with efficiency standards devel-
oped by industry and professional associations, such as 
the building codes of the American Society of Heating, 
Refrigerating and Air-Conditioning Engineers (ASHRAE), is 
widespread.
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•	 Federal voluntary programs include Energy STAR, a label-
ing program that identifies energy efficient products for 
use in residential homes and commercial buildings and 
plants, and programs and partnerships devoted to reduc-

ing methane emissions from fossil fuel production and 
landfill sources and high GWP emissions from industrial 
activities and agricultural conservation programs.

Costs of Emissions Reductions
The national cost of achieving U.S. emissions reductions over 
time depends on the level of reduction sought and the par-
ticular measures employed. Studies of price-based policies, 
such as a cap and trade system, indicate that a 50% reduction 
in emissions by 2050 could be achieved at a cost of a year or 
two of projected growth in gross domestic product over the 
period (for example, Paltsev et al. 2009; EIA 200940). However, 

because of differences in analysis method, and in assumptions 
about economic growth and technology change, cost projec-
tions vary considerably even for a policy applying price pen-
alties.41 Comparisons of emissions reduction by prices versus 
regulations show that a regulatory approach can cost substan-
tially more than a price-based policy.42

Section 3: Preparation for Potential Future Mitigation Action
To meet the emissions reduction in the lower (B1) scenario 
used in this assessment (Ch. 2: Our Changing Climate) under 
reasonable assumptions about managing costs, annual global 
CO2 emissions would need to peak at around 44 billion tons 
within the next 25 years or so and decline steadily for the rest 
of the century. At the current rate of emissions growth, the 
world is on a path to exceed the 44 billion ton level within a de-
cade (see “Emissions Scenarios and RCPs”).  Thus achievement 

of a global emissions path consistent with the B1 scenario will 
require strenuous action by all major emitters.  

Policies already enacted and other factors lowered U.S. emis-
sions in recent years. The Annual Energy Outlook prepared by 
the EIA, which previously forecasted sustained growth in emis-
sions, projected in 2013 that energy-related U.S. CO2 emis-
sions would remain roughly constant for the next 25 years.22 

co-benefits for Air pollution And huMAn heAlth

Actions to reduce greenhouse gas emissions can yield co-benefits for objectives apart from climate change, such 
as energy security, health, ecosystem services, and biodiversity.43,44 The co-benefits for reductions in air pollution 
have received particular attention. Because air pollutants and greenhouse gases share common sources, particularly 
from fossil fuel combustion, actions to reduce greenhouse gas emissions also reduce air pollutants. While some 
greenhouse gas reduction measures might increase other emissions, broad programs to reduce greenhouse gases 
across an economy or a sector can reduce air pol-
lutants markedly.14,45 (Unfortunately for climate 
mitigation, cutting sulfur dioxide pollution from 
coal burning also reduces the cooling influence of 
reflective particles formed from these emissions in 
the atmosphere.46)

There is significant interest in quantifying the air 
pollution and human health co-benefits of green-
house gas mitigation, particularly from the public 
health community,44,47 as the human health ben-
efits can be immediate and local, in contrast to 
the long-term and widespread effects of climate 
change.48 Many studies have found that monetized 
health and pollution control benefits can be of 
similar magnitude to abatement costs (for exam-
ple, Nemet et al. 2010; Burtraw et al. 200348,49). 
Methane reductions have also been shown to gen-
erate health benefits from reduced ozone.50 Similarly, in developing nations, reducing black carbon from household 
cook stoves substantially reduces air pollution-related illness and death.51 Ancillary health benefits in developing 
countries typically exceed those in developed countries for a variety of reasons.48 But only in very few cases are these 
ancillary benefits considered in analyses of climate mitigation policies.
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Moreover, through the President’s Climate Action Plan, the 
Administration has committed to additional measures not yet 
reflected in the EIA’s projections, with the goal of reducing 
emissions about 17% below 2005 levels by 2020. Still, addition-
al and stronger U.S. action, as well as strong action by other 
major emitters, will be needed to meet the long-term global 
emission reductions reflected in the B1 scenario. 

Achieving the B1 emissions path would require substantial de-
carbonization of the global economy by the end of this century, 
implying a fundamental transformation of the global energy 
system. Details of the energy mix along the way differ among 
analyses, but the implied involvement by the U.S. can be seen 
in studies carried out under the U.S. Climate Change Science 
Program54 and the Energy Modeling Forum.55,56 In these stud-
ies, direct burning of coal without carbon capture is essentially 
excluded from the power system, and the same holds for natu-
ral gas toward the end of the century – to be replaced by some 
combination of coal or gas with carbon capture and storage, 
nuclear generation, and renewables. Biofuels and electricity 
are projected to substitute for oil in the transport sector. A sub-
stantial component of the task is accomplished with demand 
reduction, through efficiency improvement, conservation, and 
shifting to an economy less dependent on energy services.

The challenge is great enough even starting today, but delay by 
any of the major emitters makes meeting any such target even 
more difficult and may rule out some of the more ambitious 

goals.54,55 A study of the climate change threat and potential 
responses by the U.S. National Academies therefore concludes 
that there is “an urgent need for U.S. action to reduce green-
house emissions.”57 The National Research Council (NRC) goes 
on to suggest alternative national-level strategies that might 
be followed, including an economy-wide system of prices on 
greenhouse gas emissions and a portfolio of possible regula-
tory measures and subsidies. Deciding these matters will be a 
continuing task, and U.S. Administrations and Congress face a 
long series of choices about whether to take additional miti-
gation actions and how best to do it. Two supporting activi-
ties will help guide this process: opening future technological 
options and development of ever-more-useful assessments of 
the cost effectiveness and benefits of policy choices.

Many technologies are potentially available to accomplish 
emissions reduction. They include ways to increase the effi-
ciency of fossil energy use and facilitate a shift to low-carbon 
energy sources, sources of improvement in the cost and per-
formance of renewables (for example, wind, solar, and bioen-
ergy) and nuclear energy, ways to reduce the cost of carbon 
capture and storage, means to expand terrestrial sinks through 
management of forests and soils and increased agricultural 
productivity,2 and phasing down HFCs. In addition to the re-
search and development carried out by private sector firms 
with their own funds, the Federal Government traditionally 
supports major programs to advance these technologies. This 
support is accomplished in part by credits and deductions in 
the tax code, and in part by federal expenditure. For example, 
the 2012 federal budget devoted approximately $6 billion to 
clean energy technologies.58 Success in these ventures, lower-
ing the cost of greenhouse gas reduction, can make a crucial 
contribution to future policy choices.1

Because they are in various stages of market maturity, the 
costs and effectiveness of many of these technologies remain 
uncertain: continuing study of their performance is important 
to understanding their role in future mitigation decisions.59 In 
addition, evaluation of broad policies and particular mitigation 
measures requires frameworks that combine information from 
a range of disciplines. Study of mitigation in the near future 
can be done with energy-economic models that do not as-
sume large changes in the mix of technologies or changes in 
the structure of the economy. Analysis over the time spans rel-
evant to stabilization of greenhouse gas concentrations, how-
ever, requires Integrated Assessment Models, which consider 
all emissions drivers and policy measures that affect them, 
and that take account of how they are related to the larger 
economy and features of the climate system.54,55,60 This type 
of analysis is also useful for exploring the relations between 
mitigation and measures to adapt to a changing climate.

Continued development of these analytical capabilities can 
help support decisions about national mitigation and the U.S. 
position in international negotiations. In addition, as shown 

eMissions scenArios And rcps

The Representative Concentration Pathways (RCPs) 
specify alternative limits to human influence on the 
Earth’s energy balance, stated in watts per square meter 
(W/m2) of the Earth’s surface.13,52 The A2 emissions sce-
nario implies atmospheric concentrations with radiative 
forcing slightly lower than the highest RCP, which is 8.5 
W/m2. The lower limits, at 6.0, 4.5 and 2.6 W/m2, imply 
ever-greater mitigation efforts. The B1 scenario (rapid 
emissions reduction) is close to the 4.5 W/m2 RCP53 and 
to a similar case (Level 2) analyzed in a previous federal 
study.54 Those assessments find that, to limit the eco-
nomic costs, annual global CO2 emissions from fossil 
fuels and industrial sources like cement manufacture, 
need to peak by 2035 to 2040 at around 44 billion 
tons of CO2, and decline thereafter. The scale of the 
task can be seen in the fact that these global emissions 
were already at 34 billion tons CO2 in 2011, and over 
the previous decade they rose at around 0.92 billion 
tons of CO2 per year.10 The lowest RCP would require 
an even more rapid turnaround and negative net emis-
sions – that is, removing more CO2 from the air than is 
emitted globally – in this century.52
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above, mitigation is being undertaken by individuals and firms 
as well as by city, state, and regional governments. The capac-
ity for mitigation from individual and household behavioral 
changes, such as increasing energy end-use efficiency with 
available technology, is known to be large.63 Although there 
is capacity, there is not always broad acceptance of those be-
havioral changes, nor is there sufficient understanding of how 
to design programs to encourage such changes.64 Behavioral 

and institutional research on how such choices are made and 
the results evaluated would be extremely beneficial. For many 
of these efforts, understanding of cost and effectiveness is 
limited, as is understanding of aspects of public support and 
institutional performance; so additional support for studies 
of these activities is needed to ensure that resources are ef-
ficiently employed. 

Section 4: Research Needs
•	 Engineering and scientific research is needed on the de-

velopment of cost-effective energy use technologies (de-
vices, systems, and control strategies) and energy supply 
technologies that produce little or no CO2 or other green-
house gases.

•	 Better understanding of the relationship between emis-
sions and atmospheric greenhouse gas concentrations is 
needed to more accurately predict how the atmosphere 
and climate system will respond to mitigation measures.

•	 The processes controlling the land sink of carbon in the 
U.S. require additional research, including better monitor-
ing and analysis of economic decision-making about the 
fate of land and how it is managed, as well as the inherent 
ecological processes and how they respond to the climate 
system.

•	 Uncertainties in model-based projections of greenhouse 
gas emissions and of the effectiveness and costs of policy 
measures need to be better quantified. Exploration is 
needed of the effects of different model structures, as-
sumptions about model parameter values, and uncertain-
ties in input data.

•	 Social and behavioral science research is needed to inform 
the design of mitigation measures for maximum participa-
tion and to prepare a consistent framework for assessing 
cost effectiveness and benefits of both voluntary mitiga-
tion efforts and regulatory and subsidy programs. 

interActions betWeen AdAptAtion And MitigAtion

There are various ways in which mitigation efforts and adaptation measures are interdependent (see Ch. 28: Adapta-
tion). For example, the use of plant material as a substitute for petroleum-based transportation fuels or directly as a sub-
stitute for burning coal or gas for electricity generation has received substantial attention.61 But land used for mitigation 
purposes is potentially not available for food production, even as the global demand for agricultural products continues 
to rise.62 Conversely, land required for adaptation strategies, like setting aside wildlife corridors or expanding the extent 
of conservation areas, is potentially not available for mitigation involving the use of plant material, or active manage-
ment practices to enhance carbon storage in vegetation or soils. These possible interactions are poorly understood but 
potentially important, especially as climate change itself affects vegetation and ecosystem productivity and carbon stor-
age. Increasing agricultural productivity to adapt to climate change can also serve to mitigate climate change.
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Table 27.1. A number of existing federal laws and regulations target ways to reduce future climate change by decreasing greenhouse gas emissions 
emitted by human activities.

Sample Federal Mitigation Measures
Greenhouse Gas Regulations

Emissions Standards for Vehicles and Engines
-- For light-duty vehicles, rules establishing standards for 2012-2016 model years and 2017-2025 model years.

-- For heavy- and medium-duty trucks, a rule establishing standards for 2014-2018 model years. 

Carbon Pollution Standard for New Power Plants
-- A proposed rule setting limits on CO2 emissions from future power plants. 

Stationary Source Permitting

-- A rule setting greenhouse gas emissions thresholds to define when permits under the New Source Review Prevention of 
Significant Deterioration and Title V Operating Permit programs are required for new and modified industrial facilities. 

Greenhouse Gas Reporting Program
-- A program requiring annual reporting of greenhouse gas data from large emission sources and suppliers of products that emit 
greenhouse gases when released or combusted. 

Other Rules and Regulations with Climate Co-Benefits
Oil and Natural Gas Air Pollution Standards
-- A rule revising New Source Performance Standards and National Emission Standards for Hazardous Air Pollutants for certain 
components of the oil and natural gas industry. 

Mobile Source Control Programs
-- Particle control regulations affecting mobile sources (especially diesel engines) that reduce black carbon by controlling direct 
particle emissions. 

-- The requirement to blend increasing volumes of renewable fuels.

National Forest Planning
-- Identification and evaluation of information relevant to a baseline assessment of carbon stocks.

-- Reporting of net carbon stock changes on forestland. 

Standards and Subsidies
Appliance and Building Efficiency Standards
-- Energy efficiency standards and test procedures for residential, commercial, industrial, lighting, and plumbing products.

-- Model residential and commercial building energy codes, and technical assistance to state and local governments, and non-
governmental organizations.

Financial Incentives for Efficiency and Alternative Fuels and Technology
-- Weatherization assistance for low-income households, tax incentives for commercial and residential buildings and efficient 
appliances, and support for state and local efficiency programs.

-- Tax credits for biodiesel and advanced biofuel production, alternative fuel infrastructure, and purchase of electric vehicles.

-- Loan guarantees for innovative energy or advanced technology vehicle production and manufacturing; investment and production 
tax credits for renewable energy.

Funding of Research, Development, Demonstration, and Deployment
-- Programs on clean fuels, energy end-use and infrastructure, CO2 capture and storage, and agricultural practices.

Federal Agency Practices and Procurement
-- Executive orders and federal statutes requiring federal agencies to reduce building energy and resource consumption intensity and 
to procure alternative fuel vehicles.

-- Agency-initiated programs in most departments oriented to lowering energy use and greenhouse gas emissions.
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Table 27.2. Most states and Native communities have implemented programs to reduce greenhouse gases or adopt increased 
energy efficiency goals.

State Climate and Energy Initiatives

Examples of greenhouse gas policies include:

Greenhouse Gas Reporting and Registries
 http://www.c2es.org/us-states-regions/policy-maps/ghg-reporting65

Greenhouse Gas Emissions Targets
 http://www.c2es.org/us-states-regions/policy-maps/emissions-targets66

CO2 Controls on Electric Power plants
 http://www.edf.org/sites/default/files/state-ghg-standards-03132012.pdf67

Low-Carbon Fuel Standards
               http://www.c2es.org/us-states-regions/policy-maps/low-carbon-fuel-standard68

Climate Action Plans
 http://www.c2es.org/us-states-regions/policy-maps/action-plan69

Cap and Trade Programs
 http://arb.ca.gov/cc/capandtrade/capandtrade.htm70

Regional Agreements
 http://www.c2es.org/us-states-regions/regional-climate-initiatives#WCI71

Tribal Communities
 http://www.epa.gov/statelocalclimate/tribal72

States have also taken a number of energy measures, motivated in part by greenhouse gas concerns. For example: 

Renewable Portfolio Standards
 http://www.dsireusa.org/documents/summarymaps/RPS_map.pdf73

Energy Efficiency Resource Standards
               http://www.dsireusa.org/documents/summarymaps/EERS_map.pdf74

Property Tax Incentives for Renewables
               http://www.dsireusa.org/documents/summarymaps/75
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SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS

Process for Developing Key Messages: 
Evaluation of literature by Coordinating Lead Authors

Key message #1 Traceable accounT

Carbon dioxide is removed from the atmosphere 
by natural processes at a rate that is roughly half 
of the current rate of emissions from human activi-
ties. Therefore, mitigation efforts that only stabi-
lize global emissions will not reduce atmospheric 
concentrations of carbon dioxide, but will only limit 
their rate of increase. The same is true for other 
long-lived greenhouse gases.

Description of evidence base
The message is a restatement of conclusions derived from the 
peer-reviewed literature over nearly the past 20 years (see Section 
1 of chapter). Publications have documented the long lifetime of 
CO2 in the atmosphere, resulting in long time lags between action 
and reduction,9,11,76 and Earth System Models have shown that 
stabilizing emissions will not immediately stabilize atmospheric 
concentrations, which will continue to increase.4

New information and remaining uncertainties
There are several important uncertainties in the current carbon 
cycle, especially the overall size, location, and dynamics of the 
land-use sink9,11 and technological development and performance. 

Simulating future atmospheric concentrations of greenhouse gases 
requires both assumptions about economic activity, stringency of 
any greenhouse gas emissions control, and availability of technolo-
gies, as well as a number of assumptions about how the changing 
climate system affects both natural and anthropogenic sources.

Assessment of confidence based on evidence 
Very High. Observations of changes in the concentrations of green-
house gases are consistent with our understanding of the broad 
relationships between emissions and concentrations.

Key message #2 Traceable accounT

To meet the lower emissions scenario (B1) used 
in this assessment, global mitigation actions would 
need to limit global carbon dioxide emissions to a 
peak of around 44 billion tons per year within the 
next 25 years and decline thereafter. In 2011, glob-
al emissions were around 34 billion tons, and have 
been rising by about 0.9 billion tons per year for 
the past decade. Therefore, the world is on a path 
to exceed 44 billion tons per year within a decade.

Description of evidence base
A large number of emissions scenarios have been modeled, with 
a number of publications showing what would be required to limit 
CO213,53,54,77 to any predetermined limit. At current concentrations 
and rate of rise, the emissions of CO2 would need to peak around 

Confidence Level
Very High

Strong evidence (established 
theory, multiple sources, con-

sistent results, well documented 
and accepted methods, etc.), 

high consensus

High
Moderate evidence (several 
sources, some consistency, 

methods vary and/or documen-
tation limited, etc.), medium 

consensus

Medium
Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 

schools of thought

Low
Inconclusive evidence (lim-
ited sources, extrapolations, 

inconsistent findings, poor docu-
mentation and/or methods not 
tested, etc.), disagreement or 

lack of opinions among experts
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44 billion tons within the next 25 years in order to stabilize con-
centrations as in the B1 scenario. Given the rate of increase in 
recent years,10 this limit is expected to be surpassed.78

New information and remaining uncertainties
Uncertainties about the carbon cycle could affect these calcu-
lations, but the largest uncertainties are the assumptions made 
about the strength and cost of greenhouse gas emissions policies.

Assessment of confidence based on evidence 
The confidence in the conclusion is high. This is a contingent 
conclusion, though – we do not have high confidence that the 
current emission rate will be sustained.  However, we do have high 
confidence that if we do choose to limit concentrations as in the 
B1 scenario, emissions will need to peak soon and then decline. 

Key message #3 Traceable accounT

Over recent decades, the U.S. economy has emit-
ted a decreasing amount of carbon dioxide per dol-
lar of gross domestic product. Between 2008 and 
2012, there was also a decline in the total amount 
of carbon dioxide emitted annually from energy 
use in the United States as a result of a variety of 
factors, including changes in the economy, the de-
velopment of new energy production technologies, 
and various government policies.

Description of evidence base
Trends in greenhouse gas emissions intensity are analyzed and 
published by governmental reporting agencies.20,23,26 Published, 
peer-reviewed literature cited in Section 2 of the Mitigation Chap-
ter supports the conclusions about why these trends have oc-
curred.79 

New information and remaining uncertainties
Economic and technological forecasts are highly uncertain.

Assessment of confidence based on evidence 
High. The statement is a summary restatement of published analy-
ses by government agencies and interpretation from the reviewed 
literature.

Key message #4 Traceable accounT

Carbon storage in land ecosystems, especially 
forests, has offset around 17% of annual U.S. fos-
sil fuel emissions of greenhouse gases over the 
past several decades, but this carbon “sink” may 
not be sustainable.

Description of evidence base
Underlying data come primarily from U.S. Forest Service Forest 
Inventory and Analysis (FIA) plots, supplemented by additional 
ecological data collection efforts. Modeling conclusions come 
from peer-reviewed literature. All references are in Section 2 of 

the Mitigation Chapter. Studies have shown that there is a large 
land-use carbon sink in the United States.26,27,28 Many publica-
tions attribute this sink to forest re-growth, and the sink is pro-
jected to decline as a result of forest aging30,31,33 and factors like 
drought, fire, and insect infestations31 reducing the carbon sink of 
these regions.

New information and remaining uncertainties
FIA plots are measured extremely carefully over long time periods, 
but do not cover all U.S. forested land. Other U.S. land types 
must have carbon content estimated from other sources. Modeling 
relationships between growth and carbon content, and taking CO2 
and climate change into account have large scientific uncertain-
ties associated with them.

Assessment of confidence based on evidence 
High. Evidence of past trends is based primarily on government 
data sources, but these also have to be augmented by other data 
and models in order to incorporate additional land-use types. Pro-
jecting future carbon content is consistent with published models, 
but these have intrinsic uncertainties associated with them.

Key message #5 Traceable accounT

Both voluntary activities and a variety of policies 
and measures that lower emissions are currently in 
place at federal, state, and local levels in the Unit-
ed States, even though there is no comprehensive 
national climate legislation. Over the remainder of 
this century, aggressive and sustained greenhouse 
gas emission reductions by the United States and 
by other nations would be needed to reduce global 
emissions to a level consistent with the lower sce-
nario (B1) analyzed in this assessment.

Description of evidence base
The identification of state, local, regional, federal, and voluntary 
programs that will have an effect of reducing greenhouse gas emis-
sions is a straightforward accounting of both legislative action and 
announcements of the implementation of such programs. Some 
of the programs include the Carbon Disclosure Project (CDP), the 
American College and University Presidents’ Climate Commitment 
(ACUPCC), U.S. Mayors Climate Protection Agreement,39 and 
many other local government initiatives.38 Several states have also 
adapted climate policies including California’s Global Warming 
Solutions Act (AB 32) and the Regional Greenhouse Gas Initiative 
(RGGI). The assertion that they will not lead to a reduction of US 
CO2 emissions is supported by calculations from the U.S. Energy 
Information Administration.

New information and remaining uncertainties
The major uncertainty in the calculation about future emissions 
levels is whether a comprehensive national policy will be imple-
mented.
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Assessment of confidence based on evidence 
Very High. There is recognition that the implementation of volun-
tary programs may differ from how they are originally planned, 
and that institutions can always choose to leave voluntary pro-
grams (as is happening with RGGI, noted in the chapter). The 
statement about the future of U.S. CO2 emissions cannot be taken 
as a prediction of what will happen – it is a conditional statement 
based on an assumption of no comprehensive national legislation 
or regulation.
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Key Messages
1. Substantial adaptation planning is occurring in the public and private sectors and at all levels of 

government; however, few measures have been implemented and those that have appear to be 
incremental changes.

2. Barriers to implementation of adaptation include limited funding, policy and legal impediments, 
and difficulty in anticipating climate-related changes at local scales.

3. There is no “one-size fits all” adaptation, but there are similarities in approaches across regions 
and sectors. Sharing best practices, learning by doing, and iterative and collaborative processes 
including stakeholder involvement, can help support progress.

4. Climate change adaptation actions often fulfill other societal goals, such as sustainable 
development, disaster risk reduction, or improvements in quality of life, and can therefore be 
incorporated into existing decision-making processes.

5. Vulnerability to climate change is exacerbated by other stresses such as pollution, habitat 
fragmentation, and poverty. Adaptation to multiple stresses requires assessment of the composite 
threats as well as tradeoffs among costs, benefits, and risks of available options. 

6. The effectiveness of climate change adaptation has seldom been evaluated, because actions have 
only recently been initiated and comprehensive evaluation metrics do not yet exist. 

Over the past few years, the focus moved from the question 
“Is climate changing?” to the equally important question: “Can 
society manage unavoidable changes and avoid unmanageable 
changes?”1,2 Research demonstrates that both mitigation 
(efforts to reduce future climate changes) and adaptation 
(efforts to reduce the vulnerability of society to climate change 
impacts) are needed in order to minimize the damages from 
human-caused climate change and to adapt to the pace and 
ultimate magnitude of changes that will occur.3,4,5  

Adaptation and mitigation are closely linked; adaptation 
efforts will be more difficult, more costly, and less likely to 
succeed if significant mitigation actions are not taken.2,6 The 
study and application of adaptation in the climate change 
realm is nascent compared to the many analyses of mitigation 
policies and practices to reduce emissions. Uncertainties 
about future socioeconomic conditions as well as future 
climate changes can make it difficult to arrive at adaptation 
decisions now. However, the pace and magnitude of projected 
change emphasize the need to be prepared for a wide range 
and intensity of climate impacts in the future. Planning and 
managing based on the climate of the last century means 
that tolerances of some infrastructure and species will be 
exceeded.5,7,8 For example, building codes and landscaping 

ordinances will likely need to be updated not only for energy 
efficiency but also to conserve water supplies, protect against 
disease vectors, reduce susceptibility to heat stress, and 
improve protection against extreme events.5,9 Although there 
is uncertainty about future conditions, research indicates that 
intelligent adaptive actions can still be taken now.10,11 Climate 
change projections have inherent uncertainties, but it is still 
important to develop, refine, and deploy tools and approaches 
that enable iterative decision-making and increase flexibility 
and robustness of climate change responses (Ch. 2: Our 
Changing Climate).12

Climate change affects human health, natural ecosystems, 
built environments, and existing social, institutional, and 
legal arrangements. Adaptation considerations include 
local, state, regional, national, and international issues. For 
example, the implications of international arrangements 
need to be considered in the context of managing the Great 
Lakes, the Columbia River, and the Colorado River to deal 
with drought.13,14 Both “bottom up” community planning and 
“top down” national strategies11 may help regions deal with 
impacts such as increases in electrical brownouts, heat stress, 
floods, and wildfires. Such a mix of approaches will require 
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cross-boundary coordination at multiple levels as operational 
agencies integrate adaptation planning into their programs. 

Adaptation actions can be implemented reactively, after 
changes in climate occur, or proactively, to prepare for projected 
changes.11 Proactively preparing can reduce the harm from 
certain climate change impacts, such as increasingly intense 
extreme events, shifting zones for agricultural crops, and rising 
sea levels, while also facilitating a more rapid and efficient 
response to changes as they happen. This chapter highlights 

efforts at the federal, regional, state, tribal, and local levels, 
as well as initiatives in the corporate and non-governmental 
sectors to build adaptive capacity and resilience in response to 
climate change. While societal adaptation to climate variability 
is as old as civilization itself,15 the focus of this chapter is on 
preparing for unprecedented human-induced climate change 
through adaptation. A map of illustrative adaptation activities 
and four detailed case examples that highlight ongoing 
adaptation activity across the U.S. are provided in Section 4 of 
this chapter. 

Adaptation Activities in the United States

Federal Government
Federal leadership, guidance, information, and support are 
vital to planning for and implementing adaptation actions at all 
scales and in all affected sectors of society (Table 28.1).11,18,19,20 
Several new federal climate adaptation initiatives and 
strategies have been developed in recent years, including: 

•	 Executive Order (EO) 13514, requiring federal agencies to 
develop recommendations for strengthening policies and 
programs to adapt to the impacts of climate change;21 

•	 the release of President Obama’s Climate Action Plan in June 
2013, which has as one of its three major pillars, preparing 
the United States for the impacts of climate change, including 
building stronger and safer communities and infrastructure, 
protecting the economy and natural resources, and using 
sound science to manage climate impacts;22 

•	 the creation of an Interagency Climate Change Adaptation 
Task Force (ICCATF) (now the Council on Climate Prepared-
ness and Resilience, per Executive Order 1365323) that led to 
the development of national principles for adaptation and 

AdAptAtion key terMs definitions*

Adapt, Adaptation: Adjustment in natural or human systems to a new or changing environment that exploits beneficial 
opportunities or moderates negative effects.

Adaptive Capacity: The potential of a system to adjust to climate change (including climate variability and extremes) 
to moderate potential damages, take advantage of opportunities, and cope with the consequences.

Mitigation: Technological change and substitutions that reduce resource inputs and emissions per unit of output. 
Although several social, economic, and technological actions would reduce emissions, with respect to climate 
change, mitigation means implementing actions to reduce greenhouse gas emissions or increase the amount of 
carbon dioxide absorbed and stored by natural and man-made carbon sinks (see Ch. 27: Mitigation).

Multiple Stressors: Stress that originates from different sources that affect natural, managed, and socioeconomic 
systems and can cause impacts that are compounded and sometimes unexpected. An example would be when 
economic or market stress combines with drought to negatively impact farmers.

Resilience: A capability to anticipate, prepare for, respond to, and recover from significant multi-hazard threats with 
minimum damage to social well-being, the economy, and the environment.

Risk: A combination of the magnitude of the potential consequence(s) of climate change impact(s) and the likelihood 
that the consequence(s) will occur.

Vulnerability: The degree to which a system is susceptible to, or unable to cope with, adverse effects of climate 
change, including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate 
of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity.

*Definitions adapted from (IPCC 2007; 
16

 NRC 2007,
17

 2010
11

).
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is leading to crosscutting and government-wide adaptation 
policies; 

•	 the development of three crosscutting national adaptation 
strategies focused on integrating federal, and often state, 
local, and tribal efforts on adaptation in key sectors: 1) the 
National Action Plan: Priorities for Managing Freshwater Re-
sources in a Changing Climate;24 2) the National Fish, Wildlife 
and Plants Climate Adaptation Strategy;25 and 3) a priority 
objective on resilience and adaptation in the National Ocean 
Policy Implementation Plan;26 

•	 a new decadal National Global Change Research Plan (2012–
2021) that includes elements related to climate adaptation, 
such as improving basic science, informing decisions, improv-
ing assessments, and communicating with and educating the 
public;27 

•	 the development of several interagency and agency-specific 
groups focused on adaptation, including a “community of 

practice” for federal agencies that are developing and imple-
menting adaptation plans, an Adaptation Science Workgroup 
inside the U.S. Global Change Research Program (USGCRP), 
and several agency specific climate change and adaptation 
task forces; and 

•	 a November 2013 Executive Order entitled “Preparing the 
United States for the Impacts of Climate Change” that, among 
other things, calls for the modernizing of federal programs to 
support climate resilient investments, managing lands and 
waters for climate preparedness and resilience, the creation 
of a Council on Climate Preparedness and Resilience, and the 
creation of a State, Local, and Tribal Leaders Task Force on 
Climate Preparedness and Resilience.23 

Federal agencies are all required to plan for adaptation. Actions 
include coordinated efforts at the White House, regional and 
cross-sector efforts, agency-specific adaptation plans, as well 
as support for local-level adaptation planning and action. Table 
28.1 lists examples, but is not intended as a comprehensive list.

Table 28.1. Examples of Individual Federal Agency Actions to 
Promote, Implement, and Support Adaptation at Multiple Scales*

Agency Component Action Description

All Federal Agencies  
Developed Adaptation Plans as 
part of their annual Strategic Sus-
tainability Performance Plans

The 2012 Strategic Sustainability Performance 
Plans for Federal agencies contain specific 
sections on adaptation. Agencies are required 
to evaluate climate risks and vulnerabilities to 
manage both short- and long-term effects on 
missions and operations.

Department of Health and Human 
Services (HHS)

Centers for Disease 
Control and Prevention 
(CDC)

Climate-Ready States and Cities 
Initiative

Through their first climate change cooperative 
agreements in 2010, CDC awarded $5.25 mil-
lion to ten state and local health departments 
to assess risks and develop programs to address 
climate change related challenges.

Department of Agriculture (USDA)  
Integrating climate change objec-
tives into plans and networks

USDA is using existing networks such as the 
Cooperative Extension Service, the Natural 
Resource Conservation Districts, and the Forest 
Service’s Climate Change Resource Center to 
provide climate services to rural and agricultural 
stakeholders.

USDA Forest Service

Developed a National Roadmap 
for Responding to Climate Change 
and a Guidebook for Developing 
Adaptation Options, among many 
resources

The National Roadmap was developed in 2010 
to identify short- and long-term actions to reduce 
climate change risks to the nation’s forests and 
grasslands. The Guidebook builds on this previ-
ous work and provides science-based strategic 
and tactical approaches to adaptation. 

Department of Commerce (DOC) NOAA

Supporting research teams and 
local communities on adaptation-
related issues and develops tools 
and resources

Through the Regional Integrated Sciences 
and Assessments (RISAs) program, develop 
collaboration between researchers and manag-
ers to better manage climate risks. Through 
the Regional Climate Centers (RCCs) and the 
Digital Coast partnership, deliver science to 
support decision-making.

Department of Defense (DoD) Developed a DoD Climate 
Change Adaptation Roadmap 

DoD released its initial Department-level 
Climate Change Adaptation Roadmap in 2012. 
The Roadmap identifies four goals that serve 
as the foundation for guiding the Department’s 
response to climate change that include using 
a robust decision making approach based on 
the best available science.
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Table 28.1. Examples of Individual Federal Agency Actions to 
Promote, Implement, and Support Adaptation at Multiple Scales*

 DoD
U.S. Army Corps of 
Engineers (USACE), 
Civil Works Program

Developed climate change 
adaptation plan; making progress 
in priority areas including 
vulnerability assessments and 
development of policy and 
guidance

The USACE Civil Works Program initial climate 
change adaptation plan in 2011 has a goal to 
reduce vulnerabilities and improve resilience 
of water resources infrastructure impacted by 
climate change. Vulnerability assessments and 
pilot projects are in progress. Other guidance is 
underway.  

DoD Department of the Navy
Developed road maps for 
adaptation in the Arctic and across 
the globe

The Navy Arctic Roadmap (November 2009) 
promotes maritime security and naval readiness 
in a changing Arctic. The Climate Change 
Roadmap (May 2010) examines broader issues 
of climate change impacts on Navy missions 
and capabilities globally.

Department of Energy (DOE)

Develop higher spatial and 
temporal scales of climate 
projections and integrate 
adaptation and climate 
considerations into integrated 
assessments

Develops community-based, high-resolution 
(temporal and spatial) models for climate 
projections and integrated assessment models 
that increasingly reflect multi-sectoral processes 
and interactions, multiple stressors, coupled 
impacts, and adaptation potential.  

DOE

Developed climate change 
adaptation plan, and completed 
comprehensive study of 
vulnerabilities to the energy sector 
of climate change and extreme 
weather

The 2013 DOE Report “U.S. Energy Sector 
Vulnerabilities to Climate Change and Extreme 
Weather” examines current and potential future 
impacts of climate trends and identifies activities 
underway and potential opportunities to 
enhance energy system climate preparedness 
and resilience. 

Department of Homeland Security 
(DHS)

Federal Emergency 
Management Agency 
(FEMA)

Works with communities across 
the Nation to help them prioritize 
their activities to reduce risks

FEMA released a Climate Change Adaptation 
Policy Statement establishing the Agency’s 
approach to supporting the Department in 
ensuring resilience to disasters in the face of 
climate change. FEMA’s action areas focus 
on developing actionable “future risk” tools, 
enabling state and local adaptation, and building 
resilience capabilities.

Department of the Interior (DOI) Fish and Wildlife Service 
(FWS)

Developed a FWS climate 
change strategic plan (2010) 
and established a network 
of Landscape Conservation 
Cooperatives (LCCs)

Established a framework to help ensure the 
sustainability of fish, wildlife, plants, and 
habitats in the face of climate change. Created 
a network of 22 LCCs to promote shared 
conservation goals, approaches, and resource 
management planning and implementation 
across the United States.

DOI U.S. Geological Survey 
(USGS)

Established a network of Climate 
Science Centers (CSCs)

DOI operates a National Climate Change and 
Wildlife Center and eight regional CSCs, which 
provide scientific information and tools that land, 
water, wildlife, and cultural resource managers 
and other stakeholders can apply to anticipate, 
monitor, and adapt to climate change.

DOI National Park Service 
(NPS)

Climate Change Response 
Strategy (2010), Climate Change 
Action Plan (2012), and Green 
Parks Plan (2012)

NPS actions span climate change science, 
adaptation, mitigation, and communication 
across national parks, including exhibits for park 
visitors, providing climate trend information for 
all national parks, risk screening and adaptation 
for coastal park units, and implementing 
scenario planning tools.

DOI Bureau of Land 
Management (BLM)

Rapid Ecoregional Assessments 
(REAs)

REAs synthesize information about resource 
conditions and trends within an ecoregion; 
assess impacts of climate change and 
other stressors; map areas best-suited for 
future development; and establish baseline 
environmental conditions, against which to 
gauge management effectiveness.

(Continued)
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Federal agencies can be particularly helpful in facilitating 
climate adaptation by:

•	 fostering the stewardship of public resources and mainte-
nance of federal facilities, services, and operations such as 
defense, emergency management, transportation, and eco-
system conservation in the face of a changing climate;11,28,29,30

•	 providing usable information and financial support for adap-
tation;11,20,30 

•	 facilitating the dissemination of best practices and support-
ing a clearinghouse to share data, resources, and lessons 
learned;11,20,31

•	 dealing with and anticipating impacts that cross geopolitical 
boundaries, assisting in disaster response, and supporting 
flexible regulatory frameworks;11,30

•	 ensuring the establishment of federal policies that allow for 
“flexible” adaptation efforts and take steps to avoid unin-
tended consequences;30,32 and 

•	 building public awareness.33

Table 28.1. Examples of Individual Federal Agency Actions to 
Promote, Implement, and Support Adaptation at Multiple Scales*

Department of Transportation (DOT) Federal Highway 
Administration (FHWA)

Developed Risk Assessment 
Model for transportation decisions

DOT worked with five local and state 
transportation authorities to develop a 
conceptual Risk Assessment Model to identify 
which assets are: a) most exposed to climate 
change threats and/or b) associated with the 
most serious potential consequences of climate 
change threats. Completed November 2011.

DOT  

Comprehensive study of climate 
risks to Gulf Coast transportation 
infrastructure followed by in-depth 
study of Mobile, AL

Phase 1 of the 2008 study assessed 
transportation  infrastructure vulnerability to 
climate change impacts across the Gulf. Phase 
2, to be completed in 2013, focuses on Mobile, 
AL. This effort will develop transferable tools for 
transportation planners.

Environmental Protection Agency 
(EPA)  

Established the Climate Ready 
Estuaries program, the Climate 
Ready Water Utilities initiative, 
and a tribal climate change 
adaptation planning training 
program

These selected EPA initiatives provide 
resources and tools to build the capacity of 
coastal managers, water utilities, and tribal 
environmental professionals to plan for and 
implement adaptation strategies.

National Aeronautics and Space 
Administration (NASA)

Initiated NASA’s Climate 
Adaptation Science Investigator 
(CASI) Workgroup to partner 
NASA scientists, engineers, and 
institutional stewards

The CASI team builds capacity to address 
climate change at NASA facilities by 
downscaling facility-specific climate hazard 
information and projections; conducting 
customized climate research for each location; 
and leading resilience and adaptation 
workshops that spur community-based 
responses.

*Material provided in table is derived directly from Agency representatives and Agency websites. These are select examples and should not be considered all-inclusive.

(Continued)
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States
States have become important actors in national climate 
change related efforts. State governments can create policies 
and programs that encourage or discourage adaptation at 
other governance scales (such as counties or regions)34 through 
regulation and by serving as laboratories for innovation.35,36 
Although many of these actions are not specifically designed to 
address climate change, they often include climate adaptation 
components.

Many state-level climate change-specific adaptation 
actions focus on planning. As of 2013, fifteen states had 
completed climate adaptation plans; four states were in the 

process of writing their plans; and seven states had made 
recommendations to create state-wide adaptation plans.37

In addition to formal adaptation plans, numerous states 
have created sector-specific plans that consider long-term 
climate change (Figure 28.1). For example, at least 16 states 
have biodiversity conservation plans that focus on preparing 
for long-term changes in climate.38 In addition to planning, 
some states have created legislation and/or programs that 
are either directly or indirectly targeted at reducing climate 
vulnerabilities (Table 28.2).

Figure 28.1. Status of State Climate Adaptation Plans. (Figure source:  redrawn from C2ES 201337). 

Status of State Climate Adaptation Plans
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Tribal Governments 
Tribal governments have been particularly active in assessing 
and preparing for the impacts of climate change (see Ch. 12: 
Indigenous Peoples). For example: 

•	 Adaptation planning in Point Hope, Alaska, emphasizes strat-
egies for enhancing community health.49

•	 In Newtok, Alaska, the village council is leading a land-acquisi-
tion and planning effort to relocate the community, because 
climate change induced coastal erosion has destroyed essen-
tial infrastructure, making the current village site unsafe.50

•	 The Tulalip Tribes in Washington State are using traditional 
knowledge gleaned from elders, stories, and songs and 
combining this knowledge with downscaled climate data 
to inform decision-making.51 Also in Washington State, the 
Swinomish Indian Tribal Community integrated climate 
change into decision-making in major sectors of the Swinom-
ish Community, such as education, fisheries, social services, 
and human health.52

•	 The Haudenosaunee Confederacy in the northeastern U.S. is 
addressing climate impacts by preserving a native food base 
through seed-banking (Ch. 12: Indigenous Peoples).51 

Table 28.2. Examples of State-Level Adaptation Activities*
State Adaptation Action

Alaska Alaska Climate Change Impact Mitigation Program provides funds for hazard impact assessments to evaluate climate change related 
impacts, such as coastal erosion and thawing permafrost.

39

California Building standards mandating energy and water efficiency savings, advancing both adaptation and mitigation; State Adaptation Plan 
calls for 20% reduction in per capita water use.

40

Florida
Law supporting low water use landscaping techniques.

41

Hawaii
Water code that calls for integrated management, preservation, and enhancement of natural systems.

42

Kentucky Action Plan to Respond to Climate Change in Kentucky: A Strategy of Resilience, which identifies six goals to protect ecosystems and 
species in a changing climate.

43
 

Louisiana Comprehensive Master Plan for a Sustainable Coast 2012 includes both protection and restoration activities addressing land loss from 
sea level rise, subsidence, and other factors over the next 50 years.

44

Maine The Maine Sand Dune Rules require that structures greater than 2,500 square feet be set back at a distance that is calculated based 
on the future shoreline position and considering two feet of sea level rise over the next 100 years.

45

Maryland Passed Living Shorelines Act to reduce hardened shorelines throughout the state;
46

 passed “Building Resilience to Climate Change” 
policy which establishes practices and procedures related to facility siting and design, new land investments, habitat restoration, 
government operations, research and monitoring, resource planning, and advocacy. 

Montana Maintains a statewide climate change website to help stakeholders access relevant and timely climate information, tools, and re-
sources.

New 
Mexico The Active Water Resource Management program allows for temporary water rights changes in real time in case of drought.

47

Pennsylva-
nia

Enacted polices to encourage the use of green infrastructure and ecosystem-based approaches for managing storm water and flood-
ing.

9

Rhode 
Island Requires public agencies considering land-use applications to accommodate a 3- to 5-foot rise in sea level.

Texas Coordinated response to drought through National Integrated Drought Information System (NIDIS); RISAs (Southern Climate Impacts 
Planning Program [SCIPP], Climate Assessment for the Southwest [CLIMAS]); and state and private sector partners through anticipa-
tory planning and preparedness (for example, implemented in 2011 drought).

48

*This list contains selected examples of state-level adaptation activities and should not be considered all-inclusive.
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Local and Regional Governments
Most adaptation efforts to date have occurred at local and 
regional levels.53,54,55,56,57 Primary mechanisms that local 
governments are using to prepare for climate change include 
land-use planning; provisions to protect infrastructure and 
ecosystems; regulations related to the design and construction 
of buildings, roads, and bridges; and emergency preparation, 
response, and recovery (Table 28.3).9,45,56,58

According to a recent survey of 298 U.S. local governments, 
59% indicated they are engaged in some form of adaptation 

planning.59 Local adaptation planning and actions are unfolding 
in municipalities of varying sizes and in diverse geographical 
areas. Communities such as Keene, New Hampshire; New 
York City, New York; King County, Washington; and Chicago, 
Illinois are vanguards in the creation of climate adaptation 
strategies.9,11,60 In addition to local government action, 
regional agencies and regional aggregations of governments 
are becoming significant climate change adaptation actors.8,57

Table 28.3. Examples of Local and Regional Adaptation Activities*

Local or Regional Government Adaptation Action

Satellite Beach, FL Collaboration with the Indian River Lagoon National Estuary Program led to efforts to try to incorporate 
sea level rise projections and policies into the city’s comprehensive growth management plan.

54

Portland, OR Updated the city code to require on-site stormwater management for new development and 
re-development. Provides a downspout disconnection program to help promote on-site 
stormwater management .61

Lewes, DE In partnership with Delaware Sea Grant, ICLEI-Local Governments for Sustainability, the University of 
Delaware, and state and regional partners, the City of Lewes undertook a stakeholder-driven process 
to understand how climate adaptation could be integrated into the hazard mitigation planning process. 
Recommendations for integration and operational changes were adopted by the City Council and are cur-
rently being implemented.

62

Groton, CT Partnered with federal, state, regional, local, non-governmental, and academic partners through the 
EPA’s Climate Ready Estuaries program to assess vulnerability to and devise solutions for sea level 
rise.

63

San Diego Bay, CA Five municipalities partnered with the port, the airport, and more than 30 organizations with direct inter-
ests in the Bay’s future to develop the San Diego Bay Sea Level Rise Adaptation Strategy. The strategy 
identified key vulnerabilities for the Bay and adaptation actions that can be taken by individual agencies, 
as well as through regional collaboration.

9

Chicago, IL Through a number of development projects, the city has added 55 acres of permeable surfaces since 
2008 and has more than four million square feet of green roofs planned or completed.

64

King County, WA Created King County Flood Control District in 2007 to address increased impacts from flooding through 
activities such as maintaining and repairing levees and revetments, acquiring repetitive loss properties, 
and improving countywide flood warnings.

65

New York City, NY Through a partnership with the Federal Emergency Management Agency (FEMA), the city is updating 
FEMA Flood Insurance Rate Maps based on more precise elevation data. The new maps will help stake-
holders better understand their current flood risks and allow the city to more effectively plan for climate 
change.

66

Southeast Florida Climate Change Compact Joint commitment among Broward, Miami-Dade, Palm Beach, and Monroe Counties to partner in reduc-
ing heat-trapping gas emissions and adapting to climate impacts, including adaptation in transportation, 
water resources, natural resources, agriculture, and disaster risk reduction. Notable policies emerging 
from the Compact include regional collaboration to revise building codes and land development regula-
tions to discourage new development or post-disaster redevelopment in vulnerable areas.

67

Phoenix, AZ; Boston, MA; Philadelphia, PA; 
and New York, NY 

Climate change impacts are being integrated into public health planning and implementation activities 
that include creating more community cooling centers, neighborhood watch programs, and reductions in 
the urban heat island effect.

9,68,69

Boulder, CO; New York, NY; and Seattle, WA Water utilities in these communities are using climate information to assess vulnerability and inform 
decision-making.

61

City of Philadelphia In 2006, the Philadelphia Water Department began a program to develop a green stormwater infrastruc-
ture, intended to convert more than one-third of the city’s impervious land cover to “Greened Acres”: 
green facilities, green streets, green open spaces, green homes, etc., along with stream corridor restora-
tion and preservation.

5

*This table includes select examples of local and regional adaptation activities and should not be considered all-inclusive.
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There is no one-size-fits-all adaptation solution to the chal-
lenges of adapting to climate change impacts, as solutions 
will differ depending on context, local circumstance, and 
scale as well as on local culture and internal capacity.9,31

Non-governmental and Private Sector
Many non-governmental entities have been significant 
actors in the national effort to prepare for climate change 
by providing assistance that includes planning guidance, 
implementation tools, contextualized climate information, 
best practice exchange, and help with bridging the science-
policy divide to a wide array of stakeholders (Table 28.4).70,71 
The Nature Conservancy, for example, established the 
Canyonlands Research Center in Monticello, Utah, to 
facilitate research and develop conservation applications for 
resource issues under the multi-stresses of climate change 
and land-use demands in the Colorado Plateau region.72

With regard to the private sector, evidence from 
organizations such as the Carbon Disclosure Project (CDP) 
and the Securities and Exchange Commission’s (SEC) Climate 
Change 10-K Disclosure indicate that a growing number 
of companies are beginning to actively address risks from 
climate change (Table 28.5).73 The World Business Council for 
Sustainable Development (WBCSD) and the Center for Climate 
and Energy Solutions (C2ES) have identified three types of 
risks driving private sector adaptation efforts, including risks 
to core operations, the value chain, and broader changes in the 
economy and infrastructure (see Figure 28.2).74,75,76 

This analysis is supported by responses to the 2011 CDP, and 
suggests that companies are concerned about how changes in 

the climate will impact issues such as feedstock, water supply 
and quality, infrastructure, core operations, supply chains, and 
customers’ ability to use (and their need for) services.73

Some companies are taking action to not only avoid risk, but to 
explore potential opportunities that may emerge in a changing 
climate, such as developing new products and services, devel-
oping or expanding existing consulting services, expanding into 
new operational territories, extending growing seasons and 
hours of operation, and responding to increased demand for 
existing products and services.73,75,77,78

This one-acre stormwater wetland was constructed in Philadelphia to 
treat stormwater runoff in an effort to improve drinking water quality while 
minimizing the impacts of storm-related flows on natural ecosystems.

Table 28.4. Examples of Non-governmental Adaptation Efforts and Services*
Types of Adaptation Efforts and Services Examples of Organizations Providing Services

Adaptation planning assistance, including cre-
ation of guides, tools, and templates

Center for Climate Strategies, ICLEI-Local Governments for Sustainability, International Institute 
for Sustainable Development, Natural Resources Defense Council, The Nature Conservancy, World 
Resources Institute, World Wildlife Fund 

Networking and best practice exchange C40 Cities Climate Leadership Group, Adaptation Network, Center for Clean Air Policy, Climate 
Adaptation Knowledge Exchange, ICLEI-Local Governments for Sustainability, Institute for Sustain-
able Communities, Urban Sustainability Directors Network, World Business Council for Sustainable 
Development

Climate information providers Union of Concerned Scientists, Urban Climate Change Research Network, Stockholm Environment 
Institute–U.S. Center

Policy, legal, and institutional support Center for Climate and Energy Solutions (formerly Pew Center on Global Climate Change), George-
town Climate Center

Aggregation of adaptation-pertinent information
Carbon Disclosure Project, Climate Adaptation Knowledge Exchange, Georgetown Climate Center

*This list contains examples of non-governmental organizations providing the identified services and should not be considered all-inclusive or a validation of actions 
claimed by the organizations. 
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Table 28.5. Examples of Private Sector Actions to Adapt to Climate Risks  
as Reported to the Carbon Disclosure Project*

Company Sector Climate Risk Examples of Actions Undertaken

Coca-Cola 
Company

Consumer 
Staples

Changes in physical climate 
parameters; Changes in other 
climate-related developments

Coca-Cola is working around the world to replenish the water used in finished 
beverages by participating in locally relevant water projects that support com-
munities and nature. Since 2005, the Coca-Cola system has engaged in more 
than 320 projects in 86 countries. The range of community projects includes 
watershed protection; expanding community drinking water and sanitation access; 
water for productive use, such as agricultural water efficiency; and education and 
awareness programs. (http://www.thecoca-colacompany.com/citizenship/conserva-
tion_partnership.html) 

ConAgra 
Foods, Inc.

Consumer 
Staples

Company experienced 
weather-related sourcing 
challenges, such as delayed 
tomato harvesting due to 
unseasonably cool weather, 
and difficulty sourcing other 
vegetables due to above 
normal precipitation.

As part of its business continuity planning, ConAgra Foods has analyzed its sup-
ply risk to develop strategic partnerships with suppliers, minimize sole-sourced 
ingredients, and identify alternate suppliers and contract manufacturers to mini-
mize production disruptions in the instance of an unexpected disruption in supply. 
(http://company.conagrafoods.com/phoenix.zhtml?c=202310&p=Policies_Environ-
ment) 

Constellation 
Brands

Consumer 
Staples

Changes in physical climate 
parameters; Changes in other 
climate-related developments

Constellation has already taken adaptation actions, particularly in California where 
water availability is an issue, to manage or adapt to these risks. Constellation is work-
ing with numerous organizations to help fund industry-based research to determine 
potential climate change impacts on vineyard production. 

Munich Re Reinsurance

Changes in regulation; 
Changes in physical climate 
parameters; Changes in other 
climate-related developments

Since 2007, a Group-wide climate change strategy covering all aspects of climate 
change – for example, weather-related impacts, regulatory impacts, litigation and 
health risks, etc. – has supported their core corporate strategy. The strategy is 
based on five pillars: mitigation, adaptation, research, in-house carbon dioxide 
reduction, and advocacy. (http://www.munichre.com/en/group/focus/climate_change/
default.aspx) 

Pacific Gas 
and Electric 
Company 
(PG&E)

Utilities

Changes in regulation; 
changes in physical climate 
parameters; Changes in other 
climate-related developments

PG&E’s adaptation strategies for potential increased electricity demand include 
expanded customer energy efficiency and demand response programs and 
improvements to its electric grid. PG&E is proactively tracking and evaluating the 
potential impacts of reductions to Sierra Nevada snowpack on its hydroelectric 
system and has developed adaptation strategies to minimize them. Strategies 
include maintaining higher winter carryover reservoir storage levels, reducing 
conveyance flows in canals and flumes in response to an increased portion of pre-
cipitation falling as rain, and reducing discretionary reservoir water releases during 
the late spring and summer. PG&E is also working with both the U.S. Geological 
Survey (USGS) and the California Department of Water Resources to begin using 
the USGS Precipitation-Runoff Modeling System (PRMS) watershed model, to 
help manage reservoirs on watersheds experiencing mountain snowpack loss. 
(http://www.pge.com/about/environment/commitment/) 

SC Johnson & 
Son, Inc.

Household 
Products

Changes in physical climate 
parameters

SC Johnson is adjusting to the various physical risks that climate change imposes 
through a diversified supplier and global manufacturing base. In March 2009, SC 
Johnson announced a broad ingredient communication program. SC Johnson 
assesses risks along each ingredient’s supply chain to ensure that the company 
is sourcing from a geographically diverse supplier base. In addition to evaluating 
product ingredients, SC Johnson has also diversified its operations around the 
world, allowing it to maintain business continuity in the face of a regional climate 
change related disruption. (http://www.scjohnson.com/en/commitment/overview.
aspx) 

Spectra 
Energy, Inc.

Energy

Changes in regulation; 
Changes in physical climate 
parameters; Changes in other 
climate-related developments

Spectra Energy uses a corporate-wide risk analysis framework to ensure the 
oversight and management of its four major risk categories: financial, strategic, op-
erational, and legal risks. Physical risks posed by climate change fall within these 
categories and the company uses risk management committees to ensure that all 
material risks are identified, evaluated, and managed prior to financial approvals of 
major projects. (http://www.spectraenergy.com/Sustainability/) 

* This list contains examples of private sector actions to adapt to climate risks as reported to the Carbon Disclosure Project and should not be considered all-inclusive 
or a validation of actions claimed by the organizations.
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Section 1: Adaptation Process 
General patterns in adaptation processes are beginning to 
emerge, with similarities discernible across sectors, systems, 
and scales.53,78,79 

This is not a stepwise or linear process; various stages can be 
occurring simultaneously, in a different order, or be omitted 
completely. However, as shown clockwise in Figure 28.3, 
the process generally involves characterizing vulnerability, 
developing options, implementing actions, monitoring 
outcomes, and reevaluating strategies. Each of these is 
described in more detail below.

Identifying and Understanding Risk, 
Vulnerabilities, and Opportunities

Most adaptation actions are currently in the initial phase, 
with many actors focusing on identifying the relevant climate 
risks and conducting current and future risk and vulnerability 
assessments of their assets and resources.8,11,59,80,81,82 In 2011, 
only 13% of 298 U.S. municipalities surveyed had completed 
vulnerability or risk assessments, but 42% expected to complete 
an assessment in the future.59 At least 21 state fish and wildlife 
agencies have undertaken climate vulnerability assessments 
or recently completed an assessment of a particular species, 
habitat, or both.38 Multiple qualitative and quantitative 
methods are used to understand climate vulnerability and 
risk, including case studies and analogue analyses, scenario 
analyses, sensitivity analyses, monitoring of key species, and 
peer information sharing.8,28,83,84

Figure 28.3. Generalized Adaptation Process 
(Figure source: adapted from NRC 201011).

Adaptation Process

Figure 28.2. “Risk Disk” depicts three pathways by which 
risks posed by climate change can affect business, such 
as through core operations, the value chain, and broader 
changes in the economy and infrastructure. (Figure source: 
redrawn from C2ES 200874).

Effects of Climate Change on...
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Planning, Assessing, and Selecting Options
Once risks and vulnerabilities are understood, the next stage 
typically involves identifying, evaluating, and selecting options 
for responding to and managing existing and future changes 
in the climate.28 Decision support planning methods and 
associated tools help to identify flexible and context-relevant 
adaptation activities for implementation.11,79 Participatory 
approaches support the integration of stakeholder perspectives 
and context-specific information into decision-making.85,86 
This approach can include having community members and 
governing institutions work collectively to define the problem 
and design adaptation strategies that are robust while being 
sensitive to stakeholder values.86,87 Moreover, regional 
collaboration has emerged as an effective strategy for defining 
common approaches to reducing potential threats, selecting 
metrics for tracking purposes, and creating governance 
structures to help navigate political challenges.67,88 As discussed 
above, a number of government and other organizations have 
developed plans with identified adaptation options.

Common approaches to adaptation planning include 
“mainstreaming” or integrating climate adaptation into 

existing management plans (for example, hazard mitigation, 
ecosystem conservation, water management, public health, 
risk contingency, and energy) or developing stand-alone 
adaptation plans.68,82,89,90

Many frameworks, tools, and approaches have emerged to help 
decision-makers make decisions in light of both uncertainty and 
the need to achieve multiple societal goals.7,79 Some of these, 
however, are specific to particular localities or resources, are 
not easy to use by the intended audiences, do not adequately 
evaluate tradeoffs, and require sophisticated knowledge 
of climate change.91 In general, these approaches promote 
options that allow reversibility, preserve future options, can 
tolerate a variety of impacts, and are flexible, such that mid-
course adjustments are possible.32,92 Among these approaches 
are Robust Decision Making (RDM), Iterative Risk Management 
(IRM), Adaptive Management or Co-Management, Portfolio 
Management, and Scenario Planning (see Ch. 26: Decision 
Support for more on decision frameworks, processes, and  
tools).7,11,28,54,93,94,95,96,97 

Implementation
There is little peer-reviewed literature on adaptation actions, 
or evaluations of their successes and failures.11,36,81,98 Many 
of the documents submitted as part of this Third National 
Climate Assessment (NCA) process indicate that adaptation 
actions are being implemented for a variety of reasons. Often, 
these are undertaken with an aim toward reducing current 
vulnerabilities to hazards or extreme weather events, such as 

forest thinning and fuel treatments that reduce fire hazards in 
national forests or through the diversification of supply chain 
sourcing in the private sector.72,73 Additionally, an increasing 
movement toward mainstreaming climate adaptation concerns 
into existing processes means that discerning unique climate 
adaptation activities will be a challenge.82,99

Monitoring and Evaluation
There is little literature evaluating the effectiveness of 
adaptation actions.9,72,79,86 Evaluation and monitoring efforts, 
to date, have focused on the creation of process-based rather 
than outcome-based indicators.86,90 A number of efforts are 
underway to create indicators related to climate adaptation,27 
including work by the National Climate Assessment and 
Development Advisory Committee Indicators Working Group100 

and the U.S. Environmental Protection Agency.101 Part of 
monitoring should include accounting for costs of adaptation. 
To be sure, this may be difficult to account for because of 
challenges in attribution of climate events to climate change 
versus climate variability. A few studies summarize projected 
future costs of adaptation.102,103 

Revise Strategies/Processes and Information Sharing
Uncertainty about future climate as well as population growth, 
economic development, response strategies, and other 
social and demographic issues can stymie climate adaptation 
activity.95,104,105 Through iterative processes, however, 
stakeholders can regularly evaluate the appropriateness of 
planned and implemented activities and revise them as new 
information becomes available.11,28,84 Additionally, the sharing 
of best practices and lessons learned can be pivotal means to 
advancing understanding and uptake of climate adaptation 
activity.82,86 The use of established information-sharing 

networks, such as regional climate initiatives, are illustrations 
of the types of networks that have supported stakeholder 
adaptation activity to-date.9,76,79,86



683 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

28: ADAPTATION

Section 2: Barriers to Adaptation and Examples of Overcoming Barriers
Despite emerging recognition of the necessity of climate 
change adaptation, many barriers still impede efforts to 
build local, regional, and national-level resilience. Barriers 
are obstacles that can delay, divert, or temporarily block 
the adaptation process,106 and include difficulties in using 
climate change projections for decision-making; lack of 
resources to begin and sustain adaptation efforts; lack of 
coordination and collaboration within and across political and 
natural system boundaries as well as within organizations; 
institutional constraints; lack of leadership; and divergent risk 
perceptions/cultures and values (Table 28.6).11,20,107 Barriers are 

distinguished from physical or ecological limits to adaptation, 
such as physiological tolerance of species to changing climatic 
conditions that cannot be overcome (except with technology 
or some other physical intervention).8,54,108

Despite barriers, individuals within and across sectors and 
regions are organizing to collectively overcome barriers and 
adapt to climate change. In many cases, lessons learned from 
initial programs help inform future adaptation strategies. 
Figure 28.4 highlights ongoing climate adaptation activities that 
have overcome some of these barriers in different regions led 

Table 28.6. Summary of Adaptation Barriers
Barrier Specific Examples

Climate Change Information and Decision-Making
References:
7,8,10,11,14,17,31,32,42,59,68,69,72,82,90,93,104,109,110,111,112

•	 Uncertainty about future climate impacts and difficulty in interpreting the cause of 
individual weather events

•	 Disconnect between information providers and information users

•	 Fragmented, complex, and often confusing information

•	 Lack of climate education for professionals and the public

•	 Lack of usability and accessibility of existing information

•	 Mismatch of decision-making timescales and future climate projections

Lack of Resources to Begin and Sustain Adaptation Efforts

References: 
8,13,42,51,54,59,81,82,111,112,113,114

•	 Lack of financial resources / no dedicated funding

•	 Limited staffing capacity

•	 Underinvestment in human dimensions research

Fragmentation of Decision-Making

References: 
8,14,31,32,51,68,115,116

•	 Lack of coordination within and across agencies, private companies, and non-
governmental organizations

•	 Uncoordinated and fragmented research efforts

•	 Disjointed climate related information

•	 Fragmented ecosystem and jurisdictional boundaries

Institutional Constraints

References: 
8,13,42,51,54,97,113,117,118,119

•	 Lack of institutional flexibility

•	 Rigid laws and regulations

•	 No legal mandate to act

•	 Use of historical data to inform future decisions

•	 Restrictive management procedures

•	 Lack of operational control or influence

Lack of Leadership

References: 
30,96,112,113,119,120,121

•	 Lack of political leadership

•	 Rigid and entrenched political structures

•	 Polarization

Divergent Risk Perceptions, Cultures, and Values

References: 
51,71,82,116,117,120,122

•	 Conflicting values/risk perceptions

•	 Little integration of local knowledge, context, and needs with traditional scientific 
information

•	 Cultural taboos and conflict with cultural beliefs

•	 Resistance to change due to issues such as risk perception
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by state, local, and private actors in the United States. It is not 
a comprehensive compilation of national adaptation activity, 
but is intended to identify some of the variety of adaptation 
efforts taking place across the country. 

In addition, Section 4 of this chapter provides four in-depth 
case studies of climate adaptation strategies at different 
scales, with multiple stakeholders, and tackling different 
challenges. Each of these case studies highlights the different 
ways stakeholders are approaching adaptation. 

•	 Through the creation of the National Integrated Drought In-
formation System (NIDIS), the Federal Government, in part-
nership with the National Drought Mitigation Center (NDMC), 
states, tribes, universities, and others, has improved capacity 
to proactively manage and respond to drought-related risks 
and impacts through: 1) the provision of drought early warn-
ing information systems with local/regional input on extent, 
onset, and severity; 2) a web-based drought portal featuring 
the U.S. Drought Monitor and other visualization tools; 3) co-
ordination of research in support and use of these systems; 
and 4) leveraging of existing partnerships, forecasting, and 
assessment programs. 

•	 In the Colorado River Basin, water resource managers, gov-
ernment leaders, federal agencies, tribes, universities, non-
governmental organizations (NGOs), and the private sector 
are collaborating on strategies for managing water under a 
changing climate through partnerships like the Western Gov-
ernors’ Association (WGA) and WestFAST (Western Federal 
Agency Support Team). 

•	 In Wisconsin, the Northern Institute of Applied Climate Sci-
ence and the U.S. Forest Service, working with multiple part-
ners, initiated a “Climate Change Response Framework” in-
tegrating climate-impacts science with forest management.

•	 In Cape Cod, Massachusetts, the U.S. Department of Trans-
portation’s Volpe Center worked with federal, regional, state, 
and local stakeholders to integrate climate change mitiga-
tion and adaptation considerations into existing and future 
transportation, land-use, coastal, and hazard-mitigation pro-
cesses. 

Adaptation Activity

Continued



685 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

28: ADAPTATION

Figure 28.4. Adaptation Activity

1. The State of Hawai‘i, Office of Planning, in cooperation with university, private, state, and federal scientists and others, has 
drafted a framework for climate change adaptation that identifies sectors affected by climate change, and outlines a process for 
coordinated statewide adaptation planning.123

2. One of the priorities of the Hawai‘i State Plan is preserving water sources through forest conservation, as indicated in their “Rain 
Follows The Forest” report.124

3. New England Federal Partners is a multi-agency group formed to support the needs of the states, tribes, and communities of the 
New England Region and to facilitate and enable informed decision-making on issues pertaining to coastal and marine spatial 
planning, climate mitigation, and climate adaptation throughout the region.125

4. Philadelphia is greening its combined sewer infrastructure to protect rivers, reduce greenhouse gas emissions, improve air quality, 
and enhance adaptation to a changing climate.126

5. Keene, NH, developed a Comprehensive Master Plan that emphasizes fostering walkable, mixed-use neighborhoods by putting 
services, jobs, homes, arts and culture, and other community amenities within walking distance of each other. The plan also 
calls for sustainable site and building designs that use resources efficiently. These strategies were identified in the city’s 2007 
Adaptation Plan as ways to build resilience while reducing greenhouse gas emissions.127

6. New York City has created a Green Infrastructure Plan and is committed to goals that include the construction of enough green 
infrastructure throughout the city to manage 10% of the runoff from impervious surfaces by 2030.128 

7. Lewes, DE, undertook an intensive stakeholder process to integrate climate change into the city’s updated hazard mitigation plan.62 

8. Local governments and tribes throughout Alaska, such as those in Homer, are planting native vegetation and changing the coastal 
surface, moving inland or away from rivers, and building riprap walls, seawalls or groins, which are shore-protection structures 
built perpendicular to the shoreline (see also: Ch. 22:Alaska; Ch. 12: Indigenous Peoples).129

9. Alaskan villages are physically being relocated because of climate impacts such as sea level rise and erosion; these include 
Newtok, Shishmaref, Kivalina, and dozens of other villages.130 

10. Cedar Falls, Iowa, passed legislation in 2009 that includes a new floodplain ordinance that expands zoning restrictions from the 
100-year floodplain to the 500-year floodplain, because this expanded floodplain zone better reflects the flood risks experienced 
by the city during the 2008 floods.131 

11. In January 2011, the Michigan Department of Community Health (MDCH) released the Michigan Climate and Health Adaptation 
Plan, which has a goal of “preparing the public health system in Michigan to address the public health consequences of climate 
change in a coordinated manner.” In September 2010, MDCH received three years’ funding to implement this plan as part of the 
Climate-Ready States and Cities Initiative of CDC.132 

12. Chicago was one of the first cities to officially integrate climate adaptation into a citywide climate adaptation plan. Since its release, 
a number of strategies have been implemented to help the city manage heat, protect forests, and enhance green design, such 
as their work on green roofs.64 

13. Grand Rapids, MI, recently released a sustainability plan that integrates future climate projections to ensure that the economic, 
environmental, and social strategies embraced are appropriate for today as well as the future.133

14. Tulsa, OK, has a three-pronged approach to reducing flooding and managing stormwater: a) prevent new problems by looking 
ahead and avoiding future downstream problems from new development (for example, requiring on-site stormwater detention); 
b) correct existing problems and learn from disasters to reduce future disasters (for example, through watershed management 
and the acquisition and relocation of buildings in flood-prone areas); and c) act to enhance the safety, environment, and quality 
of life of the community through public awareness, an increase in stormwater quality, and emergency management.134

15. Firewise Communities USA is a nationwide program of the National Fire Protection Association and is co-sponsored by USDA 
Forest Service, DOI, and the National Association of State Foresters. According to the Texas Forest Service, there are more than 
20 recognized Texas Firewise Communities. The Texas Forest Service works closely with communities to help them to reach 
Firewise Community status and offers a variety of awareness, educational, informational, and capacity-building efforts, such as 
Texas Wildscapes, a program that assists in choosing less fire-friendly plants.135 

Continued
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16. After the heavy rainfall events of 2004 that resulted in significant erosion on his farms, Dan Gillespie, a farmer with the Natural 
Resources Conservation Service in Norfolk, NE, began experimenting with adding cover crops to the no-till process. It worked 
so well in reducing erosion and increasing crop yields that he is now sharing his experience with other farmers. (http://www.lenrd.
org/projects-programs/; http://www.notill.org/)136 

17. Point Reyes National Seashore is preparing for climate change by removing two dams that are barriers to water flow and fish 
migration. This change restores ecological continuity for anadromous fish (those that migrate from the sea to fresh water to 
spawn), creating a more resilient ecosystem.137

18. Western Adaptation Alliance is a group of eleven cities in five states in the Intermountain West that share lessons learned in 
adaptation planning, develop strategic thinking that can be applied to specific community plans, and join together to generate 
funds to support capacity building, adaptation planning, and vulnerability assessment.138

19. Navajo Nation used information on likely changes in future climate to help inform their drought contingency plan.139

20. California Department of Health and the Natural Resources Defense Council collaborated to create the Public Health Impacts 
of Climate Change in California: Community Vulnerability Assessment and Adaptation Strategies report, which is being used to 
inform public health preparedness activities in the state.140

21. State of Idaho successfully integrated climate adaptation into the state’s Wildlife Management Plan. (http://fishandgame.idaho.
gov/public/wildlife/cwcs/)8

22. The Rising Tides Competition was held in 2009 by the San Francisco Bay Conservation and Development Commission to elicit 
ideas for how the Bay could respond to sea level rise.141

23. Flagstaff, Arizona, created a resilience strategy and passed a resilience policy, as opposed to a formal adaptation plan, as a 
means to institutionalize adaptation efforts in city government operations.142

24. The Olympic National Forest and Olympic National Park were sites of case studies looking at how to adapt management of federal 
lands to climate change. Sensitivity assessments, review of management activities and constraints, and adaptation workshops 
in the areas of hydrology and roads, fish, vegetation, and wildlife were all components of the case study process.143

25. King County Flood Control District was reformed to merge multiple flood management zones into a single county entity for funding 
and policy oversight for projects and programs – partly in anticipation of increased stormwater flows due to climate change.144 

26. The Water Utilities Climate Alliance has been working with member water utilities to ensure that future weather and climate 
considerations are integrated into short- and long-term water management planning. (http://www.wucaonline.org/html/)90

27. Seattle’s RainWatch program uses an early warning precipitation forecasting tool to help inform decisions about issues such as 
drainage operations. (http://www.atmos.washington.edu/SPU/)19

28. City of Portland and Multnomah County created a Climate Action Plan that includes indicators to help them gauge progress in 
planning and implementing adaptation actions.145

29. In 2010, the state of Louisiana launched a $10 million program to assist communities that had been affected by Hurricanes 
Gustav and Ike in becoming more resilient to future environmental problems. Twenty-nine communities from around the state 
were awarded resiliency development funds. The Coastal Sustainability Studio at Louisiana State University started working in 
2012 with all 29 funded communities, as well as many that did not receive funds, to develop peer-learning networks, develop 
best practices, build capacity to implement plans, and develop planning tools and a user-inspired and useful website to increase 
community resiliency in the state.146

30. U.S. Fish and Wildlife Service and The Nature Conservancy are cooperating in a pilot adaptation project to address erosion 
and saltwater intrusion, among other issues, in the Alligator River Refuge. This project incorporates multiple agencies, native 
knowledge, community involvement, local economics, and technical precision.147

31. North and South Carolina are actively working to revise their state wildlife strategies to include climate adaptation.82

32. The Southeast Florida Climate Change Compact is a collaboration of the four southernmost counties in Florida (Monroe, Broward, 
Palm Springs, and Miami-Dade) focusing on enhancing regional resilience to climate change and reducing regional greenhouse 
gas emissions.67
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Section 3: Next Steps
Adaptation to climate change is in a nascent stage. The 
Federal Government is beginning to develop institutions 
and practices necessary to cope with climate change, 
including efforts such as regional climate centers within the 
U.S. Department of Agriculture, the National Oceanic and 
Atmospheric Administration (a division of the U.S. Department 
of Commerce), and the U.S. Department of the Interior. While 
the Federal Government provides financial assistance in 
federally-declared disasters, it is also enabling and facilitating 
early adaptation within states, regions, local communities, 
and the public and private sectors.11 The approaches include 
working to limit current institutional constraints to effective 
adaptation, funding pilot projects, providing useful and 
usable adaptation information – including disseminating best 
practices and helping develop tools and techniques to evaluate 
successful adaptation. 

Despite emerging efforts, the pace and extent of adaptation 
activities are not proportional to the risks to people, property, 
infrastructure, and ecosystems from climate change; 
important opportunities available during the normal course 
of planning and management of resources are also being 
overlooked. A number of state and local governments are 
engaging in adaptation planning, but most have not taken 
action to implement the plans.107 Some companies in the 
private sector and numerous non-governmental organizations 
have also taken early action, particularly in capitalizing on the 
opportunities associated with facilitating adaptive actions.  
Actions and collaborations have occurred across all scales. At 
the same time, barriers to effective implementation continue 
to exist (see Section 2). 

One of the overarching key areas of focus for global change 
research is enabling research and development to advance 
adaptation across scales, sectors, and disciplines. This includes 
social science research for overcoming the barriers identified 
in Section 2, such as strategies that foster coordination, better 
communication, and knowledge sharing amongst fragmented 
governing structures and stakeholders. Research on the 
kinds of information that users desire and how to deliver that 
information in contextually appropriate ways and research on 

decision-making in light of uncertainty about climate change 
and other considerations will be equally important. In addition 
to these areas, emerging areas of emphasis include: 

•	 Costs and Benefits of Adaptation: Methodologies to evaluate 
the relevant costs of adaptation options, as well as the costs 
of inaction, need to be developed.6,102

•	 A Compendium of Adaptation Practices: A central and 
streamlined database of adaptation options implemented at 
different scales in space and time is needed. Information on 
the adaptation actions, how effective they were, what they 
cost, and how monitoring and evaluation were conducted 
should be part of the aggregated information.11,20,31

•	 Adaptation and Mitigation Interactions: Research and analy-
sis on the growing and competing demands for land, water, 
and energy and how mitigation actions could affect adapta-
tion options, and vice versa.4,27,81,148

•	 Critical Adaptation Thresholds: Research to identify critical 
thresholds beyond which social and/or ecological systems 
are unable to adapt to climate change. This should include 
analyzing historical and geological records to develop models 
of “breakpoints”.2,31,149

•	 Adaptation to Extreme Events: Research on preparedness 
and response to extreme events such as droughts, floods, 
intense storms, and heat waves in order to protect people, 
ecosystems, and infrastructure. Increased attention must be 
paid to how extreme events and variability may change as 
climate change proceeds, and how that affects adaptation 
actions.11,150

Effective adaptation will require ongoing, flexible, transpar-
ent, inclusive, and iterative decision-making processes, col-
laboration across scales of government and sectors, and the 
continual exchange of best practices and lessons learned. All 
stakeholders have a critical role to play in ensuring the pre-
paredness of our society to extreme events and long-term 
changes in climate.

Section 4: Case Studies

Illustrative Case One: National Integrated Drought Information System 
NIDIS (National Integrated Drought Information System), 
originally proposed by the Western Governors’ Association 
(WGA) and established by Congress in 2006,151 is a federally-
created entity that improves the nation’s capacity to 
proactively manage drought-related risks across sectors, 
regions, and jurisdictions. It was created by Congress to 
“enable the Nation to move from a reactive to a more 
proactive approach to managing drought risks and impacts.” 
NIDIS has successfully brought together government partners 

and research organizations to advance a warning system for 
drought-sensitive areas.

The creation of NIDIS involved many years of development and 
coordination among federal, state, local, regional, and tribal 
partners with the help of Governors’ associations and Senate 
and Congressional leaders. NIDIS provides: 1) drought early 
warning information systems with regional detail concerning 
onset and severity; 2) a web-based portal (www.drought.gov); 
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3) coordination of federal research in support of and use of 
these systems; and 4) leveraging of existing partnerships and of 
forecasting and assessment programs. NIDIS currently supports 
work on water supply and demand, wildfire risk assessment 
and management, and agriculture. Regional drought early 
warning system pilot projects have been established to 
illustrate the benefits of improved knowledge management, 
improved use of existing and new information products, and 
coordination and capacity development for early warning 
systems. These prototype systems are in the Upper Colorado 
Basin, the Apalachicola-Chattahoochee-Flint River Basin in 
the Southeast, the Four Corners region in the Southwest, and 
California. The NIDIS Outlook in the Upper Colorado Basin 
provides early warning information every week, for example, 
that is utilized by a variety of users from federal agencies, 
water resource management, and the recreation industry. 

The Western Governors’ Association, the U.S. Congress, 
and others have formally acknowledged that NIDIS provides 
a successful example of achieving effective federal-state 
partnerships by engaging both leadership and the public, and 
establishing an authoritative basis for integrating monitoring 
and research to support risk management. Some of NIDIS’s 
keys to success include:

•	 Usable Technology and Information for Decision 
Support: The production of the U.S. Drought 
Monitor map, which integrates multiple indica-
tors and indices from many data sources, was 
developed before NIDIS was established and has 
become a useful visual decision support tool for 
monitoring and characterizing drought onset, 
severity, and persistence. NIDIS has engaged re-
gional and local experts in refining the regional 
details of this national product and in “ground 
truthing” maps via email discussions and webi-
nars (Figure 28.5). 

•	 Financial Assistance: Federal funding was allo-
cated to NOAA specifically for NIDIS, but lever-
aged in kind by other agencies and partners.

•	 Institutional/Partnerships: Effective collabo-
rations, partnerships, and coordination with 
NOAA, WGA, USDA, DOI, and USGS as well as 
local, regional, state, and tribal partners and 
with the National Drought Mitigation Center at 
the University of Nebraska, Lincoln, have led to 
multi-institutional “buy-in.”

•	 Institutional/Policy: The NIDIS Act was oriented 
toward the improvement of coordination across 
federal agencies and with regional organizations, 
universities, and states. It focused on the applica-
tion of technology, including the Internet, and on 

impact assessments for decision support. A key aspect of NI-
DIS is the development of an ongoing regional outlook forum 
based on the above information to build awareness of the 
drought hazard and to embed information in planning and 
practice (in partnership with the National Drought Mitigation 
Center, the Regional Integrated Sciences and Assessments 
(RISA), and other research-based boundary organizations) to 
reduce risks and impacts associated with drought.

•	 Leadership and Champions: NIDIS supporters worked at all 
levels over more than two decades (1990s and 2000s) to es-
tablish the NIDIS Act, including political groups (WGA, South-
ern Governors’ Association, National Governors Association, 
and U.S. Senators and Representatives), scientific leaders, 
and federal agencies (NOAA, USDA, DOI).

•	 Risk Perceptions: Whereas drought had been considered pri-
marily a western issue in previous decades, drought is now 
regularly affecting the southern, southeastern, and north-
eastern parts of the country and response strategies are 
needed. During the 2012 drought, more than 63% of the con-
tiguous U.S. by the end of July was classified as experiencing 
moderate to exceptional drought, and more than 3,200 heat 
records were broken in June 2012 alone.152

Figure 28.5. U.S. Drought Monitor Map accessed on August 20, 2012. 
The U.S. Drought Monitor is produced in partnership between the national 
Drought Mitigation Center at the University of Nebraska-Lincoln, the 
United States Department of Agriculture, and the National Oceanic and 
Atmospheric Administration. Map courtesy of NDMC-UNL.

U.S. Drought Monitor
August 14, 2012
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Illustrative Case Two: Adaptive Governance in the Colorado River Basin
The Colorado River supplies water and valuable ecosystem 
services to 33 million people and is vulnerable to climate 
change because of decreases in mountain snowpack and water 
availability, increased competition among water users, fires, 
drought, invasive species, and extended extreme heat events, 
among other threats.13,153 The 1922 Colorado River Compact, 
which allocates water among seven U.S. states and Mexico, 
was agreed upon in a particularly wet time period;154 thus the 
river water is already over-allocated for current conditions. 
Given the likelihood of having less water because of climate 
change, resource managers and government leaders are 
increasingly recognizing that water must be managed with 
flexibility to respond to the projected impacts and the range 
of possible future climates (see Ch. 2: Our Changing Climate; 
Ch. 3: Water).13,155 Multiple actors across multiple disciplines, 
scales of governance (including tribal, local, state, and federal), 
non-governmental organizations, and the private sector are 
organizing and working together to address these concerns 
and the relationship between climate and other stresses in the 
basin.

The Western Governors’ Association (WGA) spearheaded 
adaptation efforts to enable federal, state, tribal, local, and 
private sector partners to address a range of issues, including 
climate change.13,155,156 For example, the Western Federal 

Agency Support Team (WestFAST), which was established 
in 2008, created a partnership between the Western States 
Water Council (WSWC) and 11 federal agencies with water 
management responsibilities in the western United States. 
The agencies created a work plan in 2011 to address three key 
areas: 1) climate change; 2) water availability, water use, and 
water reuse; and 3) water quality. To date they have produced 
the WestFAST Water-Climate Change Program Inventory, the 
Federal Agency Summary, and a Water Availability Studies 
Inventory (http://www.westgov.org/wswc/WestFAST.htm). 

The WSWC and the USACE produced the Western States 
Watershed Study (WSWS), which demonstrated how federal 
agencies could work collaboratively with western states 
on planning activities.157 In 2009, the WGA also adopted a 
policy resolution titled “Supporting the Integration of Climate 
Change Adaptation Science in the West” that created a Climate 
Adaptation Work Group composed of western state experts in 
air quality, forest management, water resources, and wildlife 
management. Other important adaptation actions were the 
SECURE Water Act in 2009, the Reclamation Colorado River 
Basin water supply and demand study, and the creation of 
NIDIS to support stakeholders in coping with drought.151,158

Illustrative Case Three: Climate Change Adaptation in Forests
Northern Wisconsin’s climate has warmed over the past 50 
years, and windstorms, wildfires, insect outbreaks, and floods 
are projected to become more frequent in this century.160 The 
resulting impacts on forests, combined with fragmented and 
complex forest ownership, create management challenges 
that extend across ownership boundaries, creating the need 
for a multi-stakeholder planning process.161

To address these concerns, the Northern Institute of Applied 
Climate Science, the USDA’s Forest Service, and many other 
partners initiated the Climate Change Response Framework 
to incorporate scientific research on climate change impacts 
into on-the-ground management. Originally developed as a 
pilot project for all-lands conservation in northern Wisconsin, 
it has expanded to cover three ecological regions (Northwoods 
[Figure 28.6], Central Hardwoods, and Central Appalachians) 

across eight states in the Midwest and Northeast. The 
Framework uses a collaborative and iterative approach to 
provide information and resources to forest owners and 
managers across a variety of private and public organizations. 
Several products were developed through the Framework in 
northern Wisconsin:

1. Vulnerability and mitigation assessments summarized the 
observed and projected changes in the northern Wisconsin 
climate, projected changes in forest composition and carbon 
stocks across a range of potential climates, and assessed 
related vulnerabilities of forest ecosystems in northern Wis-
consin.160

2. Forest Adaptation Resources: Climate Change Tools and Ap-
proaches for Land Managers162 was developed to help man-
agers identify management tactics that facilitate adaptation. 
A “menu” of adaptation strategies and approaches for plan-
ning, implementing, and monitoring adaptation activities 
was synthesized into an adaptation workbook from a broad 
set of literature and refined based on feedback from regional 
scientists and managers.163

3. A series of adaptation demonstrations was initiated to show-
case ground-level implementation. The Framework and 
adaptation workbook provide a common process shared 
by diverse landowners and a formal network that supports 

Figure 28.6. 
Northwoods Climate 
Change Response 
Framework Region 
(Figure Source: 
USDA Forest Service 
2012159).
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cross-boundary discussion about different management ob-
jectives, ecosystems, and associated adaptation tactics.

From the beginning, the Framework has taken an adaptive 
management approach in its adaptation planning and projects. 
Lessons learned include: 

•	 Define the purpose and scope of the Framework and its com-
ponents early, but allow for refinement to take advantage of 
new opportunities.

•	 Begin projects with a synthesis of existing information to 
avoid duplicating efforts. 

•	 Plan for the extra time necessary to implement true collabo-
ration.

•	 Carefully match the skills, commitment, and capacity of peo-
ple and organizations to project tasks.

•	 Maintain an atmosphere of trust, positivity, and sense of ad-
venture, rather than dwelling on failures.

•	 Acknowledge and work with uncertainty, rather than submit 
to “uncertainty paralysis.”

•	 Recognize the necessity of effective communication among 
people with different goals, disciplinary backgrounds, vo-
cabulary, and perspectives on uncertainty.

•	 Integrate the ecological and socioeconomic dimensions early 
by emphasizing the many ways that communities value and 
depend on forests.

•	 Use technology to increase efficiency of internal communica-
tion and collaboration, as well as outreach.

The Framework brings scientists and land managers together 
to assess the vulnerability of ecosystems based on scientific 
information and experience in order to plan adaptation actions 
that meet management goals. On-the-ground implementation 
has just begun, and an increased focus on demonstrations, 
monitoring, and evaluation will inform future adaptation 
efforts. 

Illustrative Case Four: Transportation, Land Use, and Climate Change –  Integrating 
Climate Adaptation and Mitigation in Cape Cod, Massachusetts

Cape Cod, Massachusetts, a region of scenic beauty and 
environmental significance, is currently affected by sea level 
rise, coastal erosion, and localized flooding – impacts that are 
likely to be exacerbated by climate change.164,165 To address 
these concerns and help meet the state’s greenhouse gas (GHG) 
reduction target (25% reduction based on 1990 levels by 2020), 
the U.S. Department of Transportation’s Volpe Center worked 
with federal, regional, state, and local stakeholders to integrate 
climate change into existing and future transportation, land-
use, coastal zone, and hazard mitigation planning through an 
initiative called the Transportation, Land Use, and Climate 
Change Pilot Project.164,166

The process was initiated through an expert elicitation held 
in mid-2010 to identify areas on Cape Cod that are or could 
potentially be vulnerable to sea level rise, flooding, and 
erosion. The Volpe Center then used a geographic information 
system (GIS) software tool to develop and evaluate a series of 
transportation and land-use scenarios for the Cape under future 
development projections.165,167 All scenarios were evaluated 
against a series of criteria that included: 1) reduction in vehicle 
miles traveled; 2) reduced heat-trapping gas emissions; 3) 
reduction in transportation energy use; 4) preservation of 
natural/existing ecosystems; 5) reduction in percentage of 
new population in areas identified as vulnerable to climate 
change impacts; and 6) increased regional accessibility to 
transportation.164

Once the preliminary scenarios were developed, a workshop 
was convened in which community and transportation 
planners, environmental managers, and Cape Cod National 
Seashore stakeholders selected areas for development and 
transit improvements to accommodate new growth while 
meeting the goals of reduced heat-trapping gas emissions, 
increased resilience to climate change, and the conservation 
of natural systems.165 Through interactive visualization tools, 
participants were able to see in real-time the impacts of 
their siting decisions, allowing them to evaluate synergies 
and potential tradeoffs of their choices and to highlight areas 
where conflict could or already does exist, such as increasing 
density of development in areas already or likely to be 
vulnerable to climate change.168 As a result, the stakeholders 
developed a refined transportation and land-use scenario 
that will support the region’s long-range transportation 
planning as well as other local, regional, and state plans. 
This updated scenario identifies strategies that have climate 
adaptation and mitigation value, helping to ensure that the 
region simultaneously reduces its heat-trapping gas footprint 
while building resilience to existing and future changes in 
climate.164,165 The overall success of the pilot project stemmed 
from the intensive stakeholder interaction at each phase of the 
project (design, implementation, and evaluation).
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28: ADAPTATION

SUPPLEMENTAL MATERIAL
TRACEABLE ACCOUNTS

Process for Developing Key Messages 
A central component of the process were bi-weekly technical dis-
cussions held from October 2011 to June 2012 via teleconference 
that focused on collaborative review and summary of all technical 
inputs relevant to adaptation (130+) as well as additional pub-
lished literature, the iterative development of key messages, and 
the final drafting of the chapter. An in-person meeting was held 
in Washington, D.C., in June 2012. Meeting discussions were fol-
lowed by expert deliberation of draft key messages by the authors 
and targeted consultation with additional experts by the lead au-
thor of each key message. Consensus was reached on all key mes-
sages and supporting text.

Key message #1 Traceable accounT

Substantial adaptation planning is occurring in 
the public and private sectors and at all levels of 
government; however, few measures have been 
implemented and those that have appear to be in-
cremental changes.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the peer-reviewed literature as well as 
the more than 130 technical inputs received and reviewed as part 
of the Federal Register Notice solicitation for public input.

Numerous peer-reviewed publications indicate that a growing 
number of sectors, governments at all scales, and private and 
non-governmental actors are starting to undertake adaptation 
activity.

9,13
 Much of this activity is focused on planning with 

little literature documenting implementation of activities.
8,11,82

 
Supporting this statement is also plentiful literature that profiles 
barriers or constraints that are impeding the advancement of 
adaptation activity across sectors, scales, and regions.

42,68

Additional citations are used in the text of the chapter to 
substantiate this key message. 

New information and remaining uncertainties
n/a

Assessment of confidence based on evidence 
n/a

Key message #2 Traceable accounT

Barriers to implementation of adaptation include 
limited funding, policy and legal impediments, and 
difficulty in anticipating climate-related changes at 
local scales.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the peer reviewed literature as well as 
the more than 130 technical inputs received and reviewed as 
part of the Federal Register Notice solicitation for public input. 
A significant quantity of reviewed literature profiles barriers or 
constraints that are impeding the advancement of adaptation 
activity across sectors, scales, and regions.

11,20,42,68

Numerous peer-reviewed documents describe adaptation barriers 
(see Table 28.6). Moreover, additional citations are used in the 
text of the chapter to substantiate this key message. 

New information and remaining uncertainties
n/a

Assessment of confidence based on evidence
n/a

Key message #3 Traceable accounT

There is no “one-size fits all” adaptation, but 
there are similarities in approaches across regions 
and sectors. Sharing best practices, learning by 
doing, and iterative and collaborative processes in-
cluding stakeholder involvement, can help support 
progress.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the peer-reviewed literature as well as 
the more than 130 technical inputs received and reviewed as part 
of the Federal Register Notice solicitation for public input.
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Literature submitted for this assessment, as well as additional 
literature reviewed by the author team, fully supports the concept 
that adaptations will ultimately need to be selected for their 
local applicability based on impacts, timing, political structure, 
finances, and other criteria.

11,90
 Similarities do exist in the types 

of adaptation being implemented, although nuanced differences 
do make most adaptation uniquely appropriate for the specific 
implementer. The selection of locally and context-appropriate 
adaptations is enhanced by iterative and collaborative processes 
in which stakeholders directly engage with decision-makers and 
information providers.

11,20,28
 While there are no “one-size fits all” 

adaptation strategies, evidence to date supports the message that 
the sharing of best practices and lessons learned are greatly aiding 
in adaptation progress across sectors, systems, and governance 
systems.

82,86

Additional citations are used in the text of the chapter to 
substantiate this key message. 

new informaTion and remaining uncerTainTies

n/a 

assessmenT of confidence based on evidence

n/a 

Key message #4 Traceable accounT

Climate change adaptation actions often fulfill 
other societal goals, such as sustainable develop-
ment, disaster risk reduction, or improvements in 
quality of life, and can therefore be incorporated 
into existing decision-making processes.

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the peer-reviewed literature as well as 
the more than 130 technical inputs received and reviewed as part 
of the Federal Register Notice solicitation for public input. 

Literature submitted for this assessment, as well as additional 
literature reviewed by the author team, supports the message that 
a significant amount of activity that has climate adaptation value 
is initiated for reasons other than climate preparedness and/or has 
other co-benefits in addition to increasing preparedness to climate 
and weather impacts.

11,20,82,86,116
 In recognition of this and other 

factors, a movement has emerged encouraging the integration of 
climate change considerations into existing decision-making and 
planning processes (i.e., mainstreaming).

5,11,40
 The case studies 

discussed in the chapter amplify this point.

Additional citations are used in the text of the chapter to 
substantiate this key message. 

New information and remaining uncertainties
n/a 

Assessment of confidence based on evidence
n/a

Key message #5 Traceable accounT

Vulnerability to climate change is exacerbated by 
other stresses such as pollution,  habitat fragmen-
tation, and poverty. Adaptation to multiple stresses 
requires assessment of the composite threats as 
well as tradeoffs amongst costs, benefits, and 
risks of available options. 

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the peer-reviewed literature as well as 
the more than 130 technical inputs received and reviewed as part 
of the Federal Register Notice solicitation for public input.

Climate change is only one of a multitude of stresses affecting 
social, environmental, and economic systems. Activity to date and 
literature profiling those activities support the need for climate 
adaptation activity to integrate the concerns of multiple stresses 
in decision-making and planning.

16,17,32
 As evidenced by activities 

to date, integrating multiple stresses into climate adaptation 
decision-making and vice versa will require the assessment of 
tradeoffs amongst costs, benefits, the risks of available options, 
and the potential value of outcomes.

5,90,111

Additional citations are used in the text of the chapter to 
substantiate this key message. 

New information and remaining uncertainties
n/a

Assessment of confidence based on evidence
n/a

Key message #6 Traceable accounT

The effectiveness of climate change adaptation 
has seldom been evaluated, because actions have 
only recently been initiated and comprehensive 
evaluation metrics do not yet exist. 

Description of evidence base
The key message and supporting text summarize extensive 
evidence documented in the peer-reviewed literature as well as 
the more than 130 technical inputs received and reviewed as part 
of the Federal Register Notice solicitation for public input.

Numerous peer-reviewed publications indicate that no 
comprehensive adaptation evaluation metrics exist, meaning 
that no substantial body of literature or guidance materials 
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exist on how to thoroughly evaluate the success of adaptation 
activities.

11,81,110
 This is an emerging area of research. A challenge 

of creating adaptation evaluation metrics is the growing interest 
in mainstreaming; this means that separating out adaptation 
activities from other activities could prove difficult. 

Additional citations are used in the text of the chapter to 
substantiate this key message. 

New information and remaining uncertainties
n/a 

Assessment of confidence based on evidence
n/a
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RESEARCH NEEDS FOR CLIMATE AND 
GLOBAL CHANGE ASSESSMENTS29

Overview 
This chapter identifies key areas of research to provide founda-
tional understanding and advance climate assessments. Many 
of these research topics overlap with those needed for advanc-
ing scientific understanding of climate and its impacts and for 
informing a broader range of relevant decisions.

The research areas and activities discussed in this chapter were 
identified during the development of the regional and sectoral 
technical input reports, from the contributions of over 250 Na-
tional Climate Assessment (NCA) chapter authors and experts, 
and from input from reviewers. The five high-level research 
goals, five foundational cross-cutting research capabilities, 
and more specific research elements described in this chapter 
also draw from a variety of previous reports and assessments. 
These lists are provided as recommendations to the Federal 
Government. Priority activities for global change research 
across 13 federal agencies are coordinated by the U.S. Global 
Change Research Program, which weighs all activities within 
the more than $2 billion annual climate science portfolio rela-
tive to one another, considering agency missions, priorities, 
and budgets.

The last National Climate Assessment report, released by the 
U.S. Global Change Research Program (USGCRP) in 2009, rec-
ommended research on: 1) climate change impacts on ecosys-
tems, the economy, health, and the built environment; 2) pro-
jections of climate change and extreme events at local scales; 
3) decision-relevant information on climate change and its 

impacts; 4) thresholds that could lead to abrupt changes in cli-
mate or ecosystems; 5) understanding the ways to reduce the 
rate and magnitude of climate change through mitigation; and 
6) understanding how society can adapt to climate change.1 

Some of these topics have received continued or increased 
attention in the last five years – such as ecosystem impacts, 
downscaled climate projections, and mitigation options – but 
the current assessment finds that significant knowledge gaps 
remain for all of the research priorities identified in 2009. This 
conclusion is reinforced by the findings of many subsequent 
reviews by the National Research Council (NRC) and others 
who have continued to identify these as priorities. For ex-
ample, the NRC’s America’s Climate Choices Panel on Advanc-
ing the Science of Climate Change and the Panel on Informing 
Effective Decisions and Actions2,3 highlighted several priorities 
that are relevant to climate assessments (see “Cross-Cutting 
Themes for the New Era of Climate Change Research Identi-
fied by America’s Climate Choices”). These included the need 
for a more comprehensive, interdisciplinary, use-inspired, and 
integrated research enterprise that combines fundamental 
understanding of climate change and response choices, that 
improves understanding of human-environment systems; that 
supports effective adaptation and mitigation responses, and 
that provides better observing systems and projections. In rec-
ognition of fiscal limitations, it is clear that research agencies 
and partners will need to work together to leverage resources 
and ensure coordinated and collaborative approaches. 

reseArch goAls And cross-cutting cApAbilities

Five Research Goals
•	 Improve understanding of the climate system 

and its drivers
•	 Improve understanding of climate impacts and 

vulnerability
•	 Increase understanding of adaptation pathways
•	 Identify the mitigation options that reduce the 

risk of longer-term climate change
•	 Improve decision support and integrated assess-

ment

Five Foundational Cross-Cutting Research Capabilities
•	 Integrate natural and social science, engineering, 

and other disciplinary approaches
•	 Ensure availability of observations, monitoring, 

and infrastructure for critical data collection and 
analysis

•	 Build capacity for climate assessment through 
training, education, and workforce development

•	 Enhance the development and use of scenarios
•	 Promote international research and collaboration
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29. RESEARCH NEEDS FOR CLIMATE AND GLOBAL CHANGE ASSESSMENTS

The U.S. Global Change Research Program’s 2012-2021 Strate-
gic Plan5 lists a number of strategic goals and objectives for 
advancing science, informing decisions, conducting sustained 
assessments, and communicating and educating about global 
change. The plan includes research priorities to understand 
Earth system components, their interactions, vulnerability and 
resilience; advance observations, modeling, and information 
management; and evaluate assessment processes and prod-
ucts. 

This chapter focuses specifically on the research identified 
through the National Climate Assessment process as needed to 
improve climate assessments. It is not intend-
ed to cover the full range of goals and related 
research priorities of the USGCRP and other 
groups, but instead to focus on research that 
will improve ongoing assessments. Therefore, 
many USGCRP priorities for climate change 
and global change science more broadly are 
not reflected here. The chapter does, how-
ever, directly support the USGCRP Strategic 
Plan’s sustained assessment activities (see 
“Goal 3 of the USGCRP Strategic Plan”).

This chapter is not intended to prescribe a 
specific research agenda but summarizes the 
research needs and gaps that emerged during 
development of this Third National Climate 
Assessment report that are relevant to the de-
velopment of future USGCRP research plans.

During the development of this report, the authors were con-
cerned that several important topics could not be comprehen-
sively covered. In addition, several commenters noted the ab-
sence of these topics and felt that they were critical to consider 
in future reports. These include analyses of the economic costs 
of climate change impacts (and the associated benefits of miti-
gation and adaptation strategies); the implications of climate 
change for U.S. national security as a topic integrated with 
other regional and sectoral discussions; and the interactions 
of adaptation and mitigation options, including consideration 
of the co-benefits and potential unintended consequences of 
particular decisions. 

cross-cutting theMes for the neW erA of cliMAte chAnge 
reseArch identified by AmericA’s climAte choices

Research to Improve Understanding of Human-Environment Systems
1. Climate forcings, feedbacks, responses, and thresholds in the Earth system
2. Climate-related human behaviors and institutions

Research to Support Effective Responses to Climate Change
3. Vulnerability and adaptation analyses of coupled human-environment systems
4. Research to support strategies for limiting climate change
5. Effective information and decision support systems

Research Tools and Approaches to Improve Both Understanding and Responses
6. Integrated climate observing systems
7. Improved projections, analyses, and assessments

Source: America’s Climate Choices, Advancing the Science of Climate Change, 
National Academy of Sciences 2010, p. 92.4

goAl 3 of the usgcrp strAtegic plAn

Conduct Sustained Assessments: Build sustained assessment capacity 
that improves the Nation’s ability to understand, anticipate, and re-
spond to global change impacts and vulnerabilities.

The USGCRP will conduct and participate in national and international 
assessments to evaluate past, current, and likely future scenarios of 
global change and their impacts, as well as how effectively science 
is being used to support and inform the United States’ response to 
change. The USGCRP will integrate emerging scientific understanding 
of the Earth system into assessments and identify critical gaps and 
limitations in scientific understanding. It will also build a standing ca-
pacity to conduct national assessments and support those at regional 
levels. The USGCRP will evaluate progress in responding to change 
and identify science and stakeholder needs for further progress. The 
program will use this regular assessment to inform its priorities.
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Research Goals

Research Goal 1: Improve understanding of the climate system and its drivers 
Research investments across a broad range of disciplines are 
critically important to building understanding of, and in some 
cases reducing uncertainties related to, the physical and hu-
man-induced processes that govern the evolution of the cli-
mate system. This assessment demonstrates the continued 
need for high quality data and observations, analysis of Earth 
system processes and changes, and modeling that increases 
understanding and projections of climate change across scales. 
Social science research is also essential to improved under-
standing and modeling of the drivers of climate change, such 
as energy use and land-use change, as well as understanding 
impacts (see Research Goal 2). Assessing a changing climate 
requires understanding the role of feedbacks, thresholds, 
extreme events, and abrupt changes and exploring a range 
of scenarios (see Cross-Cutting Research Capabilities section) 
that drive changes in the climate system. 

This assessment reveals several research needs including:

•	 Continue efforts to improve the understanding, mod-
eling, and projections of climate changes, especially at 
the regional scale, including driving forces of emissions 
and land-use change, changes in temperature, pre-
cipitation, soil moisture, runoff, groundwater, evapo-

transpiration, permafrost, ice and snow cover, sea level 
change, and ocean processes and chemistry; 

•	 Improve characterization of important sources of 
uncertainty, including feedbacks and possible thresh-
olds in the climate system associated with changes in 
clouds, land and sea ice, aerosols (tiny particles in the 
atmosphere), greenhouse gases, land use and land cov-
er, emissions scenarios, and ocean dynamics; 

•	 Develop indicators that allow for timely reporting and 
enhanced public understanding of climate changes and 
that allow anticipation and attribution of changes, in-
cluding abrupt changes and extreme events in the con-
text of a changing climate; and

•	 Advance understanding of the interactions of climate 
change and natural variability at multiple time scales, 
including seasonal to decadal changes (and consider-
ation of climate oscillations including the El Niño South-
ern Oscillation, Pacific Decadal Oscillation, and the 
North Atlantic Oscillation), and extreme events (such as 
hurricanes, droughts, and floods). 

Research Goal 2: Improve understanding of climate impacts and vulnerability
Assessing the implications of climate change for the U.S. re-
lies not just on studies of the threats associated with changing 
weather patterns due to climate change and emerging chronic 
stresses such as sea level rise, but also on studies of who or 
what is exposed and sensitive to those threats, their underly-
ing vulnerability, the associated costs, and adaptive capacity. 
The detailed sectoral and regional chapters of this assessment 
show that considerable progress has been made in under-
standing the extent to which natural and human systems in the 
U.S. are vulnerable to climate change and how these vulner-
abilities combine with climatic trends and exposures to create 
impacts, but there is still a need to build capacity for assessing 
vulnerability.

This assessment suggests related research goals and activities 
including:

•	 Maintain and enhance research and development of 
data collection and analyses to monitor and attribute 
ongoing and emerging climate impacts across the United 
States, including changes in ecosystems, pests and patho-
gens, disaster losses, water resources, oceans, and social, 
urban, and economic systems. Priorities include ensuring 
enhanced geographic coverage of impacts research; the 
assessment of economic costs and benefits, as well as 

comparative studies of alternative response options; so-
cial science research focused on impacts; and the use of 
geospatial data systems;

•	 Assess the impacts of climatic extremes, high-end tem-
perature scenarios, and abrupt climate change on eco-
systems, health, food, water, energy, infrastructure, and 
other critical sectors, and improve modeling capabilities 
to better project and understand the vulnerability and 
resilience of human systems and ecosystems to climate 
change and other stresses such as land-use change and 
pollution;

•	 Increase the understanding of how climate uncertainties 
combine with socioeconomic and ecological uncertain-
ties and identify improved ways to communicate the com-
bined outcomes;

•	 Develop measurement tools and valuation methods 
for documenting the economic consequences of climate 
changes;

•	 Expand climate impact analyses to focus on understud-
ied but significant economic sectors such as natural re-
sources and energy development (for example, mining, 
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oil, gas, and timber); manufacturing; infrastructure, land 
development, and urban areas; finance and other servic-
es; retail; and human health and well-being; and

•	 Investigate how climate impacts are affected by, or in-
crease inequity in, patterns of vulnerability of particular 
population groups within the U.S. and abroad (for exam-
ple, children, the elderly, the poor, and natural resource 
dependent communities).

Research Goal 3: Increase understanding of adaptation pathways 
This assessment and others, including the America’s Climate 
Choices Adapting to the Impacts of Climate Change report2 
and Chapter 4 (on adaptation and mitigation options and re-
sponses) of the Intergovernmental Panel on Climate Change’s 
(IPCC) AR4 Synthesis Report,6 identifies a broad set of research 
needs for understanding and implementing adaptation. These 
include research on adaptation processes, adaptive capacity, 
adaptation option identification, implementation and evalua-
tion, and adaptive management of risks and opportunities.

Important needs include research on the limits to, timing of, 
and tradeoffs in adaptation, and understanding of how adap-
tation interacts with mitigation activities, other stresses, and 
broader sustainability issues.

This assessment suggests research activities to:

•	 Identify the best practices for adaptation planning, 
implementation, and evaluation across federal, 
state, and local agencies, tribal entities, private firms, 
non-governmental organizations, and local communi-
ties. This requires the rigorous and comparative anal-
ysis of the effectiveness of iterative risk management, 
adaptation strategies and decision support tools (for 
example, in terms of stakeholder views, institutional 
structures including regional centers and multi-agen-
cy programs, cost/benefit, assessment against stated 
goals or social and ecological indicators, model valida-
tion, and use of relevant information, including tradi-
tional knowledge); and

•	 Understand the institutional and behavioral barriers 
to adaptation and how to overcome them, including 
revisions to legal codes, building and infrastructure 
standards, urban planning, and policy practices.

Research Goal 4: Identify the mitigation options that reduce the risk of longer-term climate change
The severity of climate change impacts in the U.S. and the 
need for adapting to them over the longer term will depend 
on the success of efforts to reduce or sequester heat-trapping 
greenhouse gas (GHG) emissions, particularly those associated 
with the burning of fossil fuels but also those associated with 
changes in land use. Managing the consequences of climate 
change over this century depends on reducing concentrations 
of greenhouse gases, including short-lived climate pollutants 
such as black carbon (soot).

While such efforts are necessarily worldwide, the U.S. pro-
duces a significant share of global greenhouse gases and can 
assist and influence other countries to reduce their emissions. 
Assessments can play a significant role in providing a better 
information base from which to analyze mitigation options. 

Therefore, the mitigation section of this assessment (Ch. 27: 
Mitigation) noted the importance of research to understand 
and develop emission reductions through: 1) identifying cli-
mate and global change scenarios and their impacts; 2) pro-
viding a range of options for reducing the risks to climate and 
global change; and 3) developing options that allow joint mit-
igation-adaptation strategies, such as buildings that are more 
energy efficient and resilient to climate change impacts. 

More generally, the America’s Climate Choices report on Limit-
ing the Magnitude of Climate Change3 recommended that the 
U.S. promptly develop and implement appropriate strategies 

to reduce GHG emissions and identified important research 
needs, including the need to study the feasibility, costs, and 
consequences of different mitigation options. In addition, the 
report recommended research to support new technologies 
and the effective deployment of existing options, research into 
how best to monitor emissions and adherence to international 
policies, and research into how human behavior and institu-
tions enable mitigation.3

This Third National Climate Assessment also suggests research 
activities to:

•	 Develop information that supports analysis of new 
technologies for energy production and use, carbon 
capture and storage, agricultural and land-use prac-
tices, and other technologies that could reduce or 
offset greenhouse gas emissions; research into the 
policy mechanisms that could be used to foster their 
development and implementation; analyses of the 
costs, benefits, tradeoffs, and synergies associated 
with different actions and combinations of actions; 
and improved understanding of the potential and 
risks of geoengineering;

•	 Investigate the co-benefits, interactions, feedbacks, 
and tradeoffs between adaptation and mitigation 
at the local and regional level, for example, in sec-
tors such as agriculture, forestry, energy, health, and 
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the built environment. This involves, as a priority, the 
assessment of the economics of impacts, mitigation, 
and adaptation;

•	 Improve understanding of the effectiveness and 
timescales of mitigation measures through deep-
ened understanding of the relationship between the 
fate of human-induced and natural carbon emissions, 

uptake by the terrestrial biosphere and oceans, and 
atmospheric concentrations; and

•	 Identify the critical social, cultural, institutional, 
economic, and behavioral processes that present 
barriers and opportunities for mitigation at the fed-
eral and international levels and by individuals, state 
and local governments, and corporations.

Research Goal 5: Improve decision support and integrated assessment 
For assessments to be useful to policy makers, they need to 
provide integrated results that can be used in decision-making. 
Research can develop tools that facilitate decision-making and 
the integration of knowledge.

Critical gaps in knowledge for decision support include the is-
sues that affect the capacity of agencies, individuals, and com-
munities to access and use the best available scientific infor-
mation in support of decision-making, including the need to 
assess the ability of existing institutions, legal, and regulatory 
structures to respond to highly interdependent climate im-
pacts. There are instances where policy barriers, institutional 
capacity or structure, or conflicting laws and regulations can 
create barriers to effective decisions. For instance, Chapter 12 
(Indigenous Peoples) notes that there is no institutional frame-
work for addressing village relocation in response to climate 
change in Alaska,7 and Chapter 3 (Water) points out that exist-
ing water management institutions may be inadequate in the 
context of rapidly changing conditions. These instances point 
to research to evaluate whether the existing legal and regula-
tory structures, largely developed to address specific issues in 
isolation, can adequately respond to the highly interconnected 
issues associated with climate change. Decision support and 
integrated assessment also require research into the behav-
ioral and other factors that influence individual decisions.

 Assessments can benefit from research activities that:

•	 Identify decision-maker needs within regions and 
sectors, and support the development of research 
methods, tools, and information systems and models 
for managing carbon, establishing early warning sys-
tems, providing climate and drought information ser-
vices, and analyzing the legal, regulatory, and policy 

approaches that support adaptation and mitigation 
efforts in the context of a changing climate;

•	 Develop tools to support risk-based decision pro-
cesses, including tools to identify risk management 
information needs, develop transferable vulnerabil-
ity assessment techniques, and evaluate alternative 
adaptation options. In addition, tools are needed 
to improve understanding of consumption patterns 
and environmental consequences; effective resource 
management institutions; iterative risk management 
strategies; and social learning, cognition, and adap-
tive processes;

•	 Improve, fill gaps, and enhance research efforts to 
evaluate the effectiveness, costs, and benefits of 
mitigation and adaptation actions, including eco-
nomic and non-economic metrics that evaluate the 
costs of action, inaction, and residual impacts. Fo-
cus is also needed on the development of methods 
and baseline information supporting evaluation of 
completed and ongoing adaptation, mitigation, and 
assessment efforts that will foster adaptive learning; 
and

•	 Develop, test, and expand integrated assessment 
models that link decisions about emissions with im-
pacts under different development pathways and 
ways to categorize uncertainties in the supporting 
data.
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Foundational Cross-Cutting Research Capabilities to Support Future Climate Assessments

This assessment identifies a set of five foundational cross-cutting research capabilities that 
are essential for advancing our ability to continue to conduct climate and global change 

assessments and for addressing the five research goals.

1. Integrate natural and social sciences, engineering, and other disciplinary approaches
Continued advances in comprehensive and useful climate as-
sessments will rely on additional interdisciplinary research. 
Understanding of the coupled human-environment system is 
enriched by combining research from natural and social sci-
ences with research and experience from the engineering, law, 
and business professions.

Because human activities and decisions are influencing many 
Earth system processes, models and observations of natural 
and social changes at planetary, regional, and local scales are 
needed to understand how climate is changing, its impacts on 
people and environments, and how human responses feed-
back on the Earth system.

Building experienced interdisciplinary research teams that are 
able to understand each other’s theories, methods, and lan-
guage as well as the needs of stakeholders will allow for more 
rapid and effective assessments. 

Interdisciplinary research is needed, for example, to:

•	 Understand how hydrological drivers of water supply 
interact with changing patterns of water demand and 
evolving water management practices to increase risks of 
drought, or influence the effectiveness of adaptation and 
mitigation options;

•	 Understand climate change in the context of multiple 
stresses on Earth, ecological, and human systems;

•	 Bring together economic and quantitative assessment of 
climate impacts and policies with other more qualitative 
assessments that include non-market and cultural values; 
and

•	 Integrate the understanding of human behavior, engi-
neering, and genomics to expand the range of choice in 
responding to climate change by providing and thoroughly 
evaluating new options for adaption and mitigation that 
improve economic development, energy, health, and food 
security.

2. Ensure availability of observations, monitoring, and infrastructure for critical data collection and analysis
Our understanding and ability to assess changes in climate 
and other global processes is based on a comprehensive and 
sustained system of observations that document the history 
of climate, socioeconomic, and related changes at spatial and 
time scales relevant to global, regional, and sectoral needs. 
The most recent USGCRP Strategic Plan5 states that to advance 
scientific knowledge of an integrated natural and human 
Earth system, an interoperable and integrated observational, 
monitoring, and data access capability is also essential. This 
observational capability is needed to gain the fundamental 
scientific understanding of essential status, trends, variability, 
and changes in the Earth system. It should include the physi-
cal, chemical, biological, and human components of the Earth 
system over multiple space and time scales.

To attain their full value, observational systems must provide 
data that are responsive to the needs of decision-makers in 
government, industry, and society.  These needs include ob-
servations and data that can inform the nation’s strategies to 
respond to climate and global change, including, for example, 
efforts to limit emissions, monitor public health, capture 
and store carbon, monitor changes in ocean processes, and 
implement adaptation strategies. This will require establish-
ing explicit baseline conditions, specifying spatial detail and 

temporal frequency of observations, including social data, and 
setting standards for metadata (information about collected 
data), interoperability, and regulatory and voluntary reporting, 
such as those outlined in the Informing an Effective Response 
to Climate Change Panel Report of the National Research 
Council’s Americas Climate Choices series.8 These data need to 
be openly and widely available in order to support the best and 
most comprehensive science and for use in decision-making by 
a range of stakeholders.

This assessment shows that enhanced research and develop-
ment will be necessary to ensure that the scope and integration 
of relevant scientific data improves overall utility for decision-
makers, including better ways to communicate metadata, data 
quality, and uncertainties. The observations must include criti-
cal geophysical variables such as temperature, precipitation, 
sea level changes, ocean circulation, atmospheric composition, 
and hydrology; the essential parameters that describe the bio-
sphere; and social science information on drivers, impacts, and 
responses to climate and other global changes. More compre-
hensive and integrated data capabilities are needed to docu-
ment the processes and patterns that drive natural and social 
feedbacks and better describe the mechanisms of abrupt 
change. Progress is needed in particular for data-poor regions, 
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focusing on inadequately documented socioeconomic, ecolog-
ical, and health-related factors, and under-observed regional 
and sectoral data. There are opportunities to take advantage 
of citizen science observations where appropriate; monitor 
system resilience and robustness; and attend to physical and 
social systems that are not currently observed with sufficient 
temporal or spatial resolution to enable vulnerability analysis 
and decision support at regional and sectoral scales. More ex-
plicitly, strategic integration of our nation’s observations, mon-
itoring, and data capabilities should be considered in order to: 

•	 Sustain and integrate the nation’s capacity to observe 
long-term changes in the Earth system and improve 
fundamental understanding of the complex causes and 
consequences of global change, including integration of 
essential socioeconomic, health, and ecological observa-
tions;

•	 Maintain and enhance advanced modeling capability, 
including high-performance computing infrastructure, 
improvements in analysis of large and complex data sets, 
comprehensive Earth system and integrated assessment 
models, reanalysis, verification, and model comparisons;

•	 Better integrate observations and modeling to advance 
scientific understanding about past, present, and future 
climate within government, industry, and civil society; and

•	 Develop more fully the components and structure of a 
national climate and global change indicator system to 
support assessment that includes indicators of climate 
change, impacts, vulnerabilities, opportunities, and pre-
paredness as well as trends and changes in land use, air 
and water pollution, water supply and demand, extreme 
events, diseases, public health, and agronomic data, 
coastal and ocean conditions (such as marine ecosystem 
health, ocean acidity, sea level, and salinity), cryosphere 
data (such as snow, sea ice conditions, ice sheets and gla-
cier melt rates), and changes in public attitudes and un-
derstanding of climate change. All of these are important 
to assessing climate change, and should eventually be bet-
ter coordinated at local, as well as national and regional 
levels in collaboration with local agencies.

3. Build capacity for climate assessment through training, education, and workforce development 
Building human capacity for improved assessments requires 
expansion of skills within the existing public and private sec-
tors and developing a much larger workforce that excels at 
critical and interdisciplinary thinking. Useful capacities include 
the ability to facilitate and communicate research and prac-
tice, manage collaborative processes to allow for imaginative 
analysis and solutions, develop sustainable technologies to 
reduce climate risks, and build tools for decision-making in an 
internationally interdependent world.

A deeper understanding of the processes and impacts of cli-
mate change, disaster risk reduction, energy policy impacts, 
ecosystem services and biodiversity, poverty reduction, food 
security, and sustainable consumption requires new approach-
es to training and curriculum, as well as research to evaluate 
the effectiveness of different approaches to research and 
teaching.

Assessments will benefit from activities that:

•	 Strengthen approaches to education about climate, im-
pacts, and responses including developing and evaluating 
the best ways to educate in the fields of science (natural 
and social), technology, engineering, and mathematics 
and related fields of study (such as business, law, medi-
cine, and other relevant professional disciplines). Ideally, 
such training would include a deeper understanding of the 
climate system, natural resources, adaptation and energy 
policy options, and economic sustainability, and would 
build capacity at colleges and institutions, including mi-
nority institutions such as tribal colleges; and

•	 Identify increasingly effective approaches to develop-
ing a more climate-informed society that understands 
and can participate in assessments, including alternative 
media and methods for communication; this could also in-
clude a program to certify climate interpreters to actively 
assist decision-makers and policymakers to understand 
and use climate scenarios.8
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4. Enhance the development and use of scenarios

Scenarios are “coherent, internally consistent and plausible de-
scriptions of possible future states of the world”9 that provide 
reasoned projections of energy and land use, future popula-
tion levels, economic activity, the structure of governance, so-
cial values, and patterns of technological change. They survey, 
integrate, and synthesize science, within and among scientific 
disciplines and across sectors and regions. Such scenarios are 
essential tools that enable projections of emissions, climate, 
vulnerabilities, and global change. They are indispensable for 
linking science and decision-making and for assessing choices 
about America’s climate future.

Stakeholders and scientists within this assessment identified 
a need for more fully developed scenario-building capabilities 
that better enable assessments at regional and sectoral scales 
in timeframes of relevance to policy and decision-making and 
that more effectively reflect climate and global change at 
these scales.

Achieving capacity in scenario development will:

•	 Enhance understanding of how and why climate may 
change and its implications, especially at the regional 
scale. For example, a set of scenarios can be used to better 
understand the way energy, land use, and policy choices 
create alternative emissions pathways; how changes at 
global scales can be downscaled to estimate local climate 
possibilities; how various socioeconomic development 
pathways increase or decrease climate vulnerability; and 
to assess alternative strategies for reducing emissions and 
implementing adaptation; and

•	 Develop new methods, tools, and skills for applying sce-
narios to policy development at local levels in order to 
broaden society’s understanding of a changing climate 
and to analyze the full range of policy choices. In addi-
tion, improve capabilities in integrated assessment mod-
eling to inform policy analysis and allow stakeholders to 
co-produce information and explore options for local and 
national decisions.

5. Promote international research and collaboration
Research efforts in support of climate assessment are very 
dependent on the international research community. Interna-
tional teams conduct Earth system monitoring and analysis us-
ing observing systems that cannot be funded and maintained 
by any one country alone. Many of the impacts of climate 
change in the U.S. are closely linked to how climate affects 
other parts of the world. There is general understanding that 
impacts of climate change on U.S. socioeconomic systems are 
mediated or amplified through globally connected commodity 
chains and prices; more detailed research on climate change 
and its impacts elsewhere is needed to provide accurate as-
sessments of what could happen to U.S. regional and local 
economies. The U.S. has the capacity to leverage investments 
in collaborative international climate and global change sci-
entific research efforts, examples of which include IGBP (In-
ternational Geosphere-Biosphere Programme), WCRP (World 
Climate Research Programme), DIVERSITAS (an international 
program of biodiversity science), IHDP (International Human 
Dimensions Programme) (as they evolve into or in affiliation 

with the new Future Earth program), and IGFA (International 
Group of Funding Agencies for Global Change Research).  

Supporting international collaborative research will:

•	 Contribute to international systems of data collection, 
monitoring, indicators, and modeling that closely track 
and project changes in Earth system dynamics, climate, 
human drivers, and climate impacts that are needed for 
national and international assessments;

•	 Assess the implications of climate change for globally 
shared common resources such as the oceans, polar re-
gions, and migratory species; and

•	 Fill important gaps in understanding of how climate 
change in other countries affects U.S. food, energy, 
health, manufacturing, and national security.



716 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

29. RESEARCH NEEDS FOR CLIMATE AND GLOBAL CHANGE ASSESSMENTS

Conclusions

This chapter summarizes research recommendations across a 
broad range of topics – research that the assessment authors 
deem essential to support future assessments. The authors 
recognize that federal agencies and others are making prog-
ress on many of these research areas and that sustained as-
sessment is included in the goals of the USGCRP.

While the research goals discussed in this chapter are not 
ranked, the objectives listed below can be used as criteria 
for prioritizing these activities.  The nation’s federal research 
investments in support of the sustained assessment strategy 
should be designed to enhance the nation’s ability to limit 
climate-related risk and increase the utility of scientific under-
standing in supporting decisions. 

•	 Promote understanding of the fundamental behavior of 
the Earth’s climate and environmental systems: The con-
sequences of climate variability and change will require 
enhanced investment in use-inspired research using both 
fundamental and applied analysis, providing a foundation 
for the nation’s sustained assessment process;

•	 Promote understanding of the socioeconomic impacts of 
a changing climate: Provide comprehensive understand-
ing, including the development of indicators of the im-
pacts and consequences of climate variability and change 
for regions and sectors within the United States; 

•	 Build capacity to assess risks and consequences: Support 
improved, timely, and accessible estimations and projec-
tions of climate and other global change risks, their conse-
quences and relevance for stakeholders, associated costs 
and benefits, and interactions with other stresses;

•	 Support research that enables infrastructure for analy-
sis: Sustain and enhance critical infrastructure, including 
observations and data essential to monitoring trends, pro-
jecting climate risks, and evaluating the effectiveness of 
responses in decision-making and policy implementation;

•	 Build decision-support capacity: Build the knowledge 
base essential for decision support including developing 
and evaluating climate mitigation and adaptation solu-
tions, technology innovation, institutions, and behavioral 
change; and

•	 Support engagement of the private sector and invest-
ment communities: Develop strategies to leverage federal 
research investments by engaging the private sector more 
fully in research and technology development, including 
partnerships with the nation’s universities and scientific 
research institutions, to address critical gaps in knowledge 
and to build the nation’s future scientific, technical, and 
sustained assessment capacities.

•	 Leverage private sector, university, and international re-
sources and partnerships: Take advantage of topics and 
expertise where the U.S. can leverage and complement 
private sector and university capabilities, obtain return 
on research investments, and lead internationally on re-
search investment efforts; build capacity through educa-
tion and training; support humanitarian response; and 
fill critical gaps in global knowledge of relevance to the 
United States.
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Chapter Process: 
The author team asked each of the other chapter author teams to identify important gaps in knowledge and key research needs in the 
course of writing their chapters, particularly in the context of the needs for research to support future assessments. In addition to the 
lists provided by each chapter author team, the team also drew on analyses from over 100 technical and public review suggestions and a 
wide variety of technical and scholarly literature, especially the U.S. Global Change Research Program’s Strategic Plan5 and the National 
Research Council’s America’s Climate Choices reports,2,3,4,8,10 to compile a list of potential research needs. Using expert deliberation, 
including a number of teleconference meetings and email conversations among author team members, the author team agreed on high-
priority research needs, organized under five research goals.

29: RESEARCH NEEDS FOR CLIMATE AND GLOBAL CHANGE 
ASSESSMENTS
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30SUSTAINED ASSESSMENT:  
A NEW VISION FOR FUTURE U.S. ASSESSMENTS

A primary goal of the U.S. National Climate Assessment 
(NCA) is to help the nation anticipate, mitigate, and adapt to 
impacts from global climate change, including changes in cli-
mate variability, in the context of other national and global 
change factors. Since 1990, when Congress authorized the 
U.S. Global Change Research Program (USGCRP) through the 
Global Change Research Act1 and required periodic updates on 
climate science and its implications, researchers from many 
fields have observed significant climate change impacts in ev-
ery region of the United States. The accelerating pace of these 
changes (for example, the recent rapid reductions observed in 
the extent and thickness of Arctic sea ice), as well as scenario-
based projections for future climate changes and effects, is 
articulated in this third NCA.

Based on recommendations stemming from the National 
Research Council (NRC), USGCRP in its most recent strategic 
plan2 identified the rationale and benefits of implementing a 
sustained assessment process. In response, a vision for a new 
approach to assessments took shape as the third NCA report 
was being prepared. The vision includes an ongoing process of 
working to understand and evaluate the nation’s vulnerabilities 
to climate variability and change and its capacity to respond. A 
sustained assessment, in addition to producing quadrennial as-
sessment reports as required by law, recognizes that the ability 
to understand, predict, assess, and respond to rapid changes in 
the global environment requires ongoing efforts to integrate 
new knowledge and experience. It accomplishes this by: 1) ad-
vancing the science needed to improve the assessment process 
and its outcomes, building associated foundational knowledge, 
and collecting relevant data; 2) developing targeted scientific 
reports and other products that respond directly to the needs 
of federal agencies, state and local governments, tribes, other 
decision-makers, and end users; 3) creating a framework for 
continued interactions between the assessment partners and 
stakeholders and the scientific community; and 4) supporting 
the capacity of those engaged in assessment activities to main-
tain such interactions.

To provide decision-makers with more timely, concise, and 
useful information, a sustained assessment process would 
include both ongoing, extensive engagement with public and 
private partners and targeted, scientifically rigorous reports 
that address concerns in a timely fashion. A growing body of 
assessment literature has guided and informed the develop-
ment of this approach to a sustained assessment.3,4,5

The envisioned sustained assessment process includes con-
tinuing and expanding engagement with scientists and other 
professionals from government, academia, business, and non-
governmental organizations. These partnerships broaden the 
knowledge base from which conclusions can be drawn. In ad-
dition, sustained engagement with decision-makers and end 
users helps scientists understand what information society 
wants and needs, and it provides mechanisms for researchers 
to receive ongoing feedback on the utility of the tools and data 
they provide.

An ongoing process that supports these forms of outreach 
and engagement allows for more comprehensive and insight-
ful evaluation of climate changes across the nation, including 
how decision-makers and end users are responding to these 
changes. The most thoughtful and robust responses to climate 
change can be made only when these complex issues, includ-
ing the underlying science and its many implications for the 
nation, are documented and communicated in a way that both 
scientists and non-scientists can understand.

This sustained assessment process will lead to better outcomes 
for the people of the United States by providing more relevant, 
comprehensible, and usable knowledge to guide decisions re-
lated to climate change at local, regional, and national scales. 
Additional details about the components of the sustained as-
sessment process are provided in “Preparing the Nation for 
Change: Building a Sustained National Climate Assessment 
Process,” the first special report of the National Climate As-
sessment and Development Advisory Committee.6

Contributions of a Sustained Assessment Process
A sustained assessment process will not only include produc-
ing the quadrennial assessment reports required by the 1990 
GCRA, but it also will enable many other important outcomes. 
A well-designed and executed sustained assessment process 
will:

1. Increase the nation’s capacity to measure and evaluate 
the impacts of and responses to further climate change 
in the United States, locally, regionally, and nationally.

2. Improve the collection of assessment-related critical 
data, access to those data, and the capacity of users to 
work with datasets – including their use in decision sup-
port tools – relevant to their specific issues and inter-
ests. This includes periodically assessing how users are 
applying such data.
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3. Support the creation of the first integrated suite of na-
tional indicators of climate-related trends across a vari-
ety of important climate drivers and responses.

4. Catalyze the production of targeted, in-depth special as-
sessment reports on sectoral topics (for example, agri-
culture), cross-sectoral topics (for example, the connec-
tion between water and energy production), regional 
topics, and other topics that will help inform Americans’ 
climate choices about mitigation and adaptation. These 
reports will generate new insights about climate change, 
its impacts, and the effectiveness of societal responses. 
In addition, a second report category, referred to as 
foundational reports, will focus on improvements to 
specific aspects of the process (for example, scenarios 
and indicators) to reinforce the foundation for the over-
arching, but necessarily more constrained, quadrennial 
assessment reports. 

5. Facilitate the creation of, support, and leverage a net-
work of scientific, decision-maker, and user communi-
ties for extended dialog and engagement regarding 
climate change.

6. Provide a systematic way to identify gaps in knowledge 
and uncertainties faced by the scientific community and 
by U.S. domestic and international partners and to as-
sist in setting priorities for their resolution.

7. Enhance integration with other assessment efforts such 
as the Intergovernmental Panel on Climate Change and 
modeling efforts such as the Coupled Model Intercom-
parison Project.

8. Develop and apply tools to evaluate progress and guide 
improvements in processes and products over time. 
This will support an iterative approach to managing risks 
and opportunities associated with changing global and 
national conditions.

Assessments facilitate the collection of different kinds of infor-
mation that can be integrated to yield new and useful scientific 
insights. The vision for the sustained assessment process is to 
continue to build knowledge about human and natural systems 
and their interactions to better understand the risks and op-
portunities of global change at multiple spatial and temporal 
scales. The sustained assessment process also can help define 
the range of information needs of decision-makers and end 
users relative to adaptation and mitigation, as well as the as-
sociated costs of impacts and benefits of response actions. 
Moreover, it is by its very nature a continuous process, unique-
ly positioned to support an iterative, risk-based approach to 
adaptation.

Finally, although a sustained assessment process allows for 
ongoing improvements in products and processes, it also 
requires underlying support systems. These can include ac-
cess to observational data sources, support networks, and 
information management systems such as the Global Change 
Information System (GCIS; see section on “Data Collection, 
Access, and Analysis”). Other fundamental support for assess-
ments includes various types of integrated and vulnerability 
assessment models, climate model intercomparison projects, 
data streams (for example, emissions data and socioeconomic 
data), processes for building scenarios and deploying them at 
critical junctures in the assessment process, and evaluation ap-
proaches.

Assessment Capacity
Scientific assessments require substantial scientific expertise 
and judgment, involving skills atypical of those required for 
routine research.4,5 Assessment capacity includes engaging 
knowledgeable and experienced people, developing networks 
to promote interactions, identifying and mentoring new scien-
tific talent, and building in-depth understanding of a variety of 
economic, technical, and scientific topics. Building and main-
taining capacity through all of these approaches is therefore 
critical to the smooth and efficient functioning of the assess-
ment process.

Sustained interactions among scientists and stakeholders have 
consistently been shown to improve the utility and effective-

ness of assessment processes and outcomes5 and to facilitate 
the development of decision support tools.7 A sustained as-
sessment provides the necessary coordination and infrastruc-
ture needed to maintain an ongoing dialog among producers 
and users of information so that decision-makers can manage 
risks and take advantage of opportunities more efficiently. 
This provides the capacity and flexibility to react to, and take 
advantage of, rapidly advancing developments in decision and 
climate science and changing conditions to inform robust de-
cision-making and improve the utility and timeliness of future 
quadrennial assessment reports.

Data Collection, Access, and Analysis
Credible scientific information is needed on an ongoing basis 
to support fundamental understanding of the climate system 
and its interactions with ecological, economic, and social sys-
tems – and for the development of adaptation and mitiga-
tion strategies. Improved systems for data access can more 

effectively meet the requests of stakeholders for accessible, 
relevant, and timely information. An ongoing process can build 
a more complete information base relevant to climate change 
related impacts and vulnerabilities, and it can result in more 
sophisticated scientific analyses that support the mandated 
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quadrennial assessment reports in a more efficient and effec-
tive manner. Selecting which data to collect and analyze is a 
critical component of assessments of change. In addition, for 
certain assessment-related purposes, use of traditional knowl-
edge may be appropriate and require different analytical ap-
proaches.

The sustained assessment process will facilitate the develop-
ment and maintenance of a web-based assessment informa-

tion discovery, access, and retrieval system that facilitates easy 
access to a range of information for those who need it, in a 
timely and authoritative manner (the GCIS of the USGCRP). A 
major short-term goal is to provide transparent and highly-
linked access to the data used to support conclusions in the 
third NCA report, but this is only the first step in a much larger 
effort. Initially targeted audiences include assessment practi-
tioners across various sectors and governmental levels.

Indicators
Indicators are measurements or calculations that represent 
important features of the status, trends, or performance of a 
system (such as the economy, agriculture, natural ecosystems, 
or Arctic sea ice cover). Indicators are used to identify and 
communicate changing conditions to inform both research and 
management decisions.8 The NCA indicator system is intended 
to focus on key aspects of change – as well as vulnerabilities, 

impacts, and states of preparedness – to inform decision-
makers and the public. In the context of ongoing assessment 
activities, these indicators can be tracked to provide timely, 
authoritative, and climate-relevant measurements regarding 
the status, rates of change, and trends of key physical, ecologi-
cal, and societal variables.

Special and Foundational Reports
As currently envisioned, the sustained assessment process 
also paves the way for additional types of assessment-relat-
ed reports that can help inform local, regional, and sectoral 
mitigation and adaptation activities and provide a foundation 
for more useful and more comprehensive quadrennial assess-
ment reports. Completing in-depth assessments of national 
or regional importance and providing a constantly improving 
foundation for the quadrennial assessment reports provides 
for significant flexibility and enhanced policy relevance. Spe-
cial topical assessment reports can investigate emerging issues 
of concern or help decision-makers understand the tradeoffs 

among different courses of action. Moreover, these types of 
assessments can encompass a more holistic, multi-disciplinary, 
and integrated approach that considers various types of data 
analyses that may not have been previously attempted. These 
more focused reports that emerge from ongoing assessment 
activities can blend the objectives of incorporating the latest 
science with responding relatively quickly to the most press-
ing stakeholder and government needs. Finally, foundational 
reports also can be produced on scenarios of climate change, 
sea level rise, demography, land-use change, and other issues 
critical to the assessment process.

A Network to Foster Partnerships, Encourage Engagement, and Develop Solutions
The USGCRP has long recognized the importance of partner-
ships, effective two-way communication, and ongoing and 
meaningful engagement.2 The five NRC America’s Climate 
Choices reports published in 2010 and 2011 also underscore 
the essential nature of this engagement (for example, NRC 
20109). Partnerships and engagement strategies among fed-
eral and non-federal participants are needed to: 1) communi-
cate effectively about the assessment, including its products 
and processes and their relevance as actionable information;10 
2) encourage participation and knowledge sharing; 3) create 
opportunities for meaningful engagement of end users and 
public and private decision-makers to inform the substance of 
the assessment; and 4) offer opportunities for input, direction, 
review, and feedback.

An important component of the new sustained assessment vi-
sion is NCAnet: a “network of networks” that helps to foster 
engagement in the NCA process and communicate products 
to a broader audience (for additional details about NCAnet, 
please see Appendix 1: Process). This network of partner or-
ganizations, including private sector, government, non-gov-
ernmental organizations, and professional societies, leverages 
resources and facilitates communication and partnerships. By 
its first meeting in January 2012, NCAnet consisted of over 
three dozen partner organizations. Much of the network’s 
subsequent growth to over 100 partner organizations (as of 
fall 2013) has been driven by the partners’ own outreach and 
interest in building a community around the practice of assess-
ment. NCAnet can assist in developing and supporting diverse 
science capabilities and assessment competencies within and 
outside of the Federal Government.
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Evaluation of the Process
Ongoing evaluation of assessment processes and products, as 
well as incorporating the lessons learned over time, is a specific 
objective of the USGCRP Strategic Plan.2 Evaluation efforts are 
considered integral to enabling learning and adaptive manage-
ment of the assessment process, measuring the ability to meet 
both legally required objectives and strategic goals, maintain-

ing institutional memory, and improving the assessment pro-
cess and its contributions to scientific understanding as well as 
to society. Ongoing improvements in the assessment process 
also will support an iterative approach to decision-making in 
the context of rapid change.

Recommendations on Research Priorities
The GCRA requires regular evaluations of gaps in knowledge 
and assessments of uncertainties that require additional scien-
tific input. A sustained assessment process provides for regu-

lar updates on science needs to the USGCRP’s annual research 
prioritization process, as well as to the triennial and decadal 
revisions to its research plan.
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Process for Developing Key Messages: 
Planning for the sustained assessment process, and for including 
a description of the process in a chapter of the third NCA report, 
began as soon as the report process was launched. Mechanisms 
for creating and implementing a sustained process were included 
as key discussion points in early NCA process workshops.

11
 Prior 

to the formation of the chapter author teams, the need for a sus-
tained assessment was described in the NCA Strategy Summary.

12
 

The amended charter for the National Climate Assessment and 
Development Advisory Committee (NCADAC) specifies that the 
NCADAC is “to provide advice and recommendations toward the 
development of an ongoing, sustainable national assessment of 
global change impacts and adaptation and mitigation strategies 
for the Nation.”

13
 To that end, the NCADAC formed a working 

group on sustained assessment, and the USGCRP Interagency Na-
tional Climate Assessment Working Group (INCA) made this topic 
a priority in their regular meetings. The USGCRP also established 
“conduct sustained assessments” as one of four programmatic 
pillars in its recent Strategic Plan.

2

The sustained assessment author team drew on a wide variety of 
source materials in framing the need for a sustained assessment 
process, including calls for sustained assessment in both previous 
National Climate Assessment reports

14
 and in several publications 

from the National Research Council
5,9,15

 that focused specifically 
on the National Climate Assessment. The author team also consid-
ered a rich literature on assessments in general (for example, Far-
rell and Jäger 2005 and Mitchell et al. 2006

4
). In developing the 

chapter describing the sustained assessment process, the author 
team first worked with the NCADAC, especially the initial NCADAC 
working group on sustained assessment, and the INCA to develop 
a vision for sustained assessment and a list of activities required 
to implement this vision. They then collected feedback from each 
of the chapters’ convening lead authors, agencies, chairs of other 
NCADAC working groups, and targeted stakeholders. Drawing on 
these comments and the knowledge bases cited above, the author 
team came to consensus on the objectives and categories of ac-
tivities provided in the chapter through teleconference and email 
discussions. The NCADAC formed a new author team to produce 
a longer special report on the sustained assessment process. The 
report was completed in the late summer of 2013.

6

SUPPLEMENTAL MATERIAL
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The National Climate Assessment (NCA) supports the U.S. 
Global Change Research Program (USGCRP) and its Strategic 
Plan1 in multiple ways. The Strategic Plan focuses on climate 
science that informs societal objectives; the USGCRP program 
and the NCA help build an information base to support climate-
related decisions, including decisions to reduce human contri-
butions to future climate change, and to adapt to changes that 
are occurring now and are projected in the future. In order to 
facilitate the integration of federal science investments with 

academic, public, and private sector climate change research, 
the Third NCA process focused on building strong relationships 
with stakeholders and experts outside the government. Early 
in the process, the National Climate Assessment and Develop-
ment Advisory Committee (NCADAC) and NCA Coordination 
Office developed a strategy to engage a broad range of the 
American public. Open participation, communication, and 
feedback have been integral to the preparation of this far-
reaching assessment.2

NCA Goal and Vision
As established by the NCADAC,3 the overarching goal of the 
NCA process is to enhance the ability of the United States to 
anticipate, mitigate, and adapt to changes in the global envi-
ronment that are increasingly linked to human activities.

The vision is to advance an inclusive, broad-based, and sus-
tained process for developing, assessing, and communicating 
scientific knowledge of the impacts, risks, vulnerabilities, and 
response options associated with a changing global climate, 
and to support informed decision-making across the United 
States.

Legislative Foundations
The NCA is conducted under the auspices of the Global Change 
Research Act (GCRA) of 1990.4 The mandate for the U.S. Global 
Change Research Program as a whole is: “To provide for devel-
opment and coordination of a comprehensive and integrated 
United States research program which will assist the Nation 
and the world to understand, assess, predict, and respond to 
human-induced and natural processes of global change.”

Section 106 of the GCRA requires a report to the President and 
the Congress every four years that integrates, evaluates, and 
interprets the findings of the USGCRP; analyzes the effects of 
global change on the natural environment, agriculture, energy 
production and use, land and water resources, transportation, 
human health and welfare, human social systems, and bio-
logical diversity; and analyzes current trends in global change, 
both human-induced and natural, and projects major trends 
for the subsequent 25 to 100 years.

Institutional Foundations

U.S. Global Change Research Program 
USGCRP is a federation of the research components of 13 
federal departments and agencies that supports the largest 
investment in climate and global change research in the world. 
USGCRP coordinates research activities across agencies and 
establishes joint funding priorities for research. USGCRP’s 
Strategic Plan, adopted in 2012, focuses on four major goals: 
advance science, inform decisions, conduct sustained assess-
ments, and communicate and educate.1 The USGCRP agencies 
maintain and develop observations, monitoring, data manage-
ment, analysis, and modeling capabilities that support the na-
tion’s response to global change. The agencies that comprise 
the USGCRP are:

U.S. Department of Agriculture
U.S. Department of Commerce
U.S. Department of Defense
U.S. Department of Energy
U.S. Department of Health & Human Services
U.S. Department of the Interior
U.S. Department of State
U.S. Department of Transportation
U.S. Environmental Protection Agency
National Aeronautics and Space Administration
National Science Foundation
The Smithsonian Institution
U.S. Agency for International Development
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The Subcommittee on Global Change Research (SGCR) over-
sees USGCRP’s activities. SGCR operates under the direction 
of the National Science and Technology Council’s (NSTC) Com-
mittee on Environment, Natural Resources, and Sustainability 

(CENRS) and is overseen by the White House Office of Science 
and Technology Policy (OSTP). The SGCR coordinates inter-
agency activities through the USGCRP National Coordination 
Office (NCO) and interagency working groups (IWGs).

National Climate Assessment (NCA) Components
The Interagency NCA Working Group (INCA) is comprised of 
representatives of the 13 government agencies listed above, 
plus additional agencies that have chosen to engage in sup-
porting the NCA activities. INCA is responsible for coordinat-
ing, developing, and implementing interagency activities for 
the NCA, providing critical input to identify and support future 
NCA products, and developing interagency assessment capac-
ity at the national and regional scales. Through INCA, the agen-
cies have supported the development of the 30 chapters and 
the process to create the Third NCA report in a variety of ways.
 
The National Climate Assessment and Development Advi-
sory Committee (NCADAC) is a 60-member federal advisory 
committee established by the Department of Commerce on 
behalf of USGCRP. Forty-four non-federal NCADAC members 
represent the public, private, and academic sectors; 16 non-
voting ex-officio members represent the USGCRP agencies, the 
Department of Homeland Security, the SGCR, and the White 

House Council on Environmental Quality. The NCADAC char-
ter charges the group with developing the Third NCA report 
and with providing recommendations about how to sustain 
an ongoing assessment process. The NCADAC selected the 
authors of the individual chapters and coordinated many of 
the assessment activities leading to this report. This included 
NCADAC meetings and more than 20 NCADAC subcommittee 
working groups on specific assessment needs (for example, 
regional and sectoral integration, engagement and commu-
nication, indicators, and international linkages). An Executive 
Secretariat of 12 individuals (a subset of the full commit-
tee) helps to coordinate the activities of the full committee. 

The NCA Coordination Office is a part of the USGCRP National 
Coordination Office in Washington, D.C. The office is supported 
and funded through an interagency agreement with the Uni-
versity Corporation for Atmospheric Research (UCAR). A team 
of UCAR staff and federal detailees (agency employees as-

Organization of NCA components

Figure 1.
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signed to the NCA Coordination Office) with expertise in plan-
ning, writing, and coordinating collaborative climate and en-
vironmental science and policy activities provides support for 
the development of the NCA report and sustained assessment. 

The NCA Technical Support Unit (TSU) is funded by the Na-
tional Oceanic and Atmospheric Administration (NOAA) and is 
located at NOAA’s National Climatic Data Center in Asheville, 
NC. The TSU staff provides multiple kinds of support to the 
NCA, including climate science research, data management, 
web design, graphic design, technical and scientific writing 
and editing, publication production, and meeting support. 

The National Climate Assessment Network (NCAnet) consists 
of more than 100 partner organizations that work with the 
NCA Coordination Office, NCADAC, report authors, and US-
GCRP agencies to engage producers and users of assessment 
information.5 Partners extend the NCA process and products 
to a broad audience through the development of assessment-
related capacities and products, such as collecting and synthe-
sizing data or other technical and scientific inputs into the NCA, 
disseminating NCA report findings to a wide range of users, 
engaging producers and users of assessment information, sup-
porting NCA events, and producing communications materials 
related to the NCA and its report findings.

Creating the Third NCA Report

Process Development 
The NCA Engagement Strategy provides a vision for participation, outreach, communication, and education processes that help 
make the NCA process and products accessible and useful to a wide variety of audiences. The overall goal of engagement is 
to create a more effective and successful NCA – improving the processes and products of the effort so that they are credible, 
salient, and legitimate and building the capacity of participants to engage in the creation and use of NCA products in decision-
making.2 The strategy describes a number of mechanisms through which scientific and technical experts, decision-makers, and 
members of the general public might learn about and participate in the NCA process.

As part of the assessment process, a series of 14 process workshops helped establish consistent assumptions and 
methodologies. The resulting reports provide a consistent foundation for the technical input teams and chapter authors.

The NCA Coordination Office organized listening sessions, symposia, and sessions at professional society meetings during the 
development of the NCA report and sustained assessment process. These sessions provided updates on the NCA process, 
solicited broad input from subject matter experts, and collected feedback on the approach, topics, and methodologies under 
consideration.

Figure 2. This graphic illustrates the activities and products that were developed during the Third NCA report development process.

Third National Climate Assessment Report Process
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Technical Input Reports
A public Request for Information6 resulted in submission of 
more than 500 technical input documents authored by more 
than 800 individuals from academia, industry, and government, 
including 25 technical inputs7 sponsored by USGCRP agencies. 
These inputs included documents and data sets for review and 
consideration by the author teams that developed the NCA 
report. Technical input authors used a variety of mechanisms 
to engage stakeholders in the scoping, writing, and review of 
their documents, including workshops, web-based seminars, 
and public comment periods, among other methods.

In addition, the Technical Support Unit climate science team 
developed nine peer-reviewed regional climate scenario docu-
ments (one for each of the eight regions and one for the con-
tiguous United States),8 providing a scientific consensus view 
of historical climate trends and projections under the IPCC 
Special Report on Emissions Scenarios (SRES) A2 and B1 sce-
narios.9 A separate interagency committee developed four 
peer-reviewed sea level rise scenarios.10 These scenarios were 
used by chapter authors as underpinnings for their impact as-
sessments.

Third NCA Report Draft Development and Review
The NCADAC selected two to three convening lead authors 
and approximately six lead authors for each chapter, based on 
criteria that included expertise, experience, geography, and 
ensuring a variety of perspectives. They included authors from 
the public and private sectors, non-governmental organiza-
tions, and universities. Beginning in December 2011, each of 
the author teams met multiple times by phone, web, and in 
person to produce and refine drafts of their chapters. Trace-
able accounts developed for each chapter provide transparent 
information about the authors’ decision processes, scientific 
certainty, and their level of confidence related to the key find-
ings of their respective chapters. All authors served in a volun-
teer capacity.

After reviewing the draft Third NCA report, the NCADAC re-
leased it for public review and comment on January 14, 2013.11 
Concurrently, the NCA underwent an independent expert re-
view by the National Research Council, a part of the National 
Academies. A three-month review period allowed individuals 
and groups to examine the draft and provide comments aimed 
at improvement. The comments were provided using a secure 
online comment system to ensure that all comments were cap-
tured and appropriately addressed.

Regional town hall meetings, conducted by the NCA Coordina-
tion Office (one per region, plus coasts) and by NCAnet part-
ners (three additional meetings), brought together authors, 

NCADAC members, and members of the public to discuss the 
NCA process and encourage participants to submit comments 
on the draft report. Report authors, NCADAC members, NCA 
staff, and NCAnet partners organized, spoke at, and partici-
pated in sessions at professional society meetings, web-based 
seminars, community meetings, and other events similarly 
aimed at providing an overview of the draft report and encour-
aging comments.12

By the time the public comment period closed on April 12, 
2013, the online comment system received 4,161 comments 
from 644 government, non-profit, and commercial sector em-
ployees, educators, students, and the general public. Chapter 
author teams and the NCADAC amended the draft report in 
response to comments and prepared written responses to 
each comment received, and external review editors evalu-
ated the adequacy of the responses to the comments on each 
chapter. As the result of a NCADAC consensus decision, the 
entire review process was “blind”, that is, NCADAC members 
and authors did not know the identity of commenters when 
responding to each comment. The public comments (including 
commenters’ identities) and the chapter authors’ responses to 
those comments were posted online with the final report.
The National Research Council provided a second review of the 
report, and the NCADAC considered this review in developing 
a final draft for submission to federal agencies for review in 
fall 2013.

NCA Final Report
Any adjustments to the NCADAC’s Fall 2013 draft as a result of 
the government review process were made with the authors’ 
approval, and the NCADAC approved the final form of the re-
port in Spring 2014. Having been accepted and finalized fol-
lowing government review, the report is now provided as the 

assessment by the Federal Government of the United States, 
pursuant to the requirements of the Global Change Research 
Act. A number of products derived from the report support the 
outreach activities following the report release.

Engagement Activities

What follows is a sample of activities convened in support of 
the development of the Third NCA Report. A full list of activi-
ties is available online at http://assessment.globalchange.gov.
NCADAC Meetings: All meetings were open the public. The 
presentations, documents, and minutes for each NCADAC 

meeting are available online at http://www.nesdis.noaa.gov/
NCADAC/Meetings.html.
• April 4-6, 2011, Washington, DC http://www.nesdis.noaa.

gov/NCADAC/April_4_Meeting.html
• May 20, 2011, Teleconference
• August 16-18, 2011, Arlington, VA
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• November 16-17, 2011, Boulder, CO
• April 10, 2012, Teleconference
• June 14-15, 2012, Washington, DC
• August 15, 2012, Teleconference
• September 27, 2012, Teleconference
• November 14-15, 2012, Silver Spring, MD
• January 11, 2013, Teleconference
• May 13, 2013, Teleconference
• July 9-10, 2013, Washington, DC
• November 18, 2013, Teleconference
• February 20-21, 2014, Washington, DC
• Spring 2014, Final approval of the Third NCA via telecon-

ference

Process and Methodology Workshops: Reports from these 
workshops are available online at http://www.globalchange.
gov/what-we-do/assessment/nca-activities/workshop-and-
meeting-reports.
• Midwest Regional Workshop, February 2010, Chicago, IL
• Strategic Planning Workshop, February 2010, Chicago, IL 
• Scoping the Product(s) and Work Plan for the Third Na-

tional Assessment, June 2010, Washington, DC [no report 
available]

• Communications Scoping Meeting, July 2010, Washington, 
DC [no report available]

• International Scoping Meeting, August 2010, Washington, 
DC [no report available]

• Knowledge Management Workshop, September 2010, 
Reston, VA 

• Regional Sectoral Workshop, November 2010, Reston, VA 
• Ecological Indicators Workshop, November 2010, Wash-

ington, DC 
• Scenarios Workshop, December 2010, Arlington, VA 
• Climate Change Modeling and Downscaling Workshop, 

December, 2010, Arlington, VA 
• Valuation Techniques and Metrics Workshop, January 

2011, Arlington, VA 
• Vulnerability Assessments Workshop, January 2011, At-

lanta, GA
• Physical Climate Indicators Workshop, March 2011, Wash-

ington, DC
• Societal Indicators Workshop, April 2011, Washington, DC

Agency-Sponsored Technical Input Development Workshops
• Monitoring Changes in Extreme Storm Statistics: State of 

Knowledge, July 2011, Asheville, NC
• Forestry Sector Stakeholder Workshop, July 2011, Atlanta, 

GA
• Land Use and Land Cover Stakeholder Workshop, Novem-

ber 1011, Salt Lake City, UT
• Energy Supply and Use Workshop, November 2011, Wash-

ington, DC
• Energy, Water, Land Planning Meeting, November 2011, 

Washington, DC

• Urban Infrastructure and Vulnerabilities Workshop, No-
vember 2011, Washington, DC

• Trends and Causes of Observed Changes in Heat Waves, 
Cold Waves, Floods, and Drought, Nov. 2011, Asheville, NC

• Trends in Extreme Winds, Waves, and Extratropical Storms 
along the Coasts, January 2012, Asheville, NC

• Ecosystems, Biodiversity, and Ecosystem Services Work-
shop, January 2012, Palo Alto, CA

• Water Sector Technical Input Workshop, January 2012, 
Washington, DC

• Coastal Zone Stakeholders Meeting, January 2012, 
Charleston, SC

• Climate Change and Health Workshop - Southeast, Febru-
ary 2012, Charleston, SC

• Rural Communities Workshop, Feb. 2012, Charleston SC
• Climate Change and Health Workshop - Northwest, Febru-

ary 2012, Seattle, WA

Listening Sessions
• Annual Meeting of the Association of American Geogra-

phers, April 2011, Seattle, WA
• American Water Resource Association Spring Specialty 

Conference, April 2011, Baltimore, MD
• International Symposium on Society and Resource Man-

agement, June 2011, Madison, WI
• Annual Soil and Water Conservation Society Conference, 

July 2011, Washington, DC
• Ecological Society of America Annual Meeting, August 

2011, Austin, TX
• American Meteorological Society Annual Meeting, Janu-

ary 2012, New Orleans, LA

Regional Town Hall Meetings
• Hawai‘i & Pacific Islands Town Hall, December 2012, Ho-

nolulu, HI
• Southwest Regional Town Hall, January 2013, San Diego, 

CA 
• Northeast Regional Town Hall, January 2013, Syracuse, NY 
• Great Plains Regional Town Hall, February 2013, Lincoln, 

NE 
• Alaska Regional Town Hall, February 2013, Anchorage, AK
• Midwest Regional Town Hall, February 2013, Ann Arbor, 

MI
• Southeast Regional Town Hall, February 2013, Tampa, FL 
• Northwest Regional Town Hall, March 2013, Portland, OR
• Oceans and Coasts Town Hall, April 2013, Washington, DC

NCAnet Partners Activities
The NCAnet Partners meet monthly (since January 2012) in 
Washington, DC; teleconference and web conference capa-
bilities allow participants to join remotely. NCAnet Partners 
hosted more than 25 events around the country for the public 
and stakeholders throughout the NCA process. A list of part-
ners, minutes from meetings, and a list of events and resulting 
products is available at http://ncanet.usgcrp.gov.
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INFORMATION QUALITY
ASSURANCE PROCESSAPPENDIX2

Summary of Information Quality Assurance Process for the  
Third National Climate Assessment Report

Throughout the process of drafting this National Climate As-
sessment, guidance was provided to contributors, authors, 
federal advisory committee members, and staff regarding the 
requirements of the Information Quality Act (IQA).  

In September 2011, Preliminary Guidance on Information Qual-
ity Assurance in Preparing Technical Input for the National Cli-
mate Assessment (NCA)1 was made available on the U.S. Global 
Change Research Program’s (USGCRP) website along with other 
information for those interested in submitting technical input 
to the NCA in response to the Request for Information posted 
in the Federal Register on July 13, 2011.2 This frequently asked 
questions-style document provided preliminary guidance re-
garding information quality for use by teams who submitted 
Expressions of Interest and Technical Inputs for use in the NCA.

In November 2011, the National Climate Assessment and De-
velopment Advisory Committee (NCADAC) approved the Gen-
eral Principles Used in the Development of Guidance for Assur-
ing Information Quality in the National Climate Assessment.3 
The Principles were used by the NCADAC to draft guidance 
for all Convening Lead Authors (CLAs), Lead Authors, Review 
Editors, NCADAC, and Government Agencies and Reviewers to 

assure that information used in the NCA production was of ap-
propriate quality relative to its intended use.  

Two tools were developed – a set of questions and a flowchart 
– to assist the authors and reviewers in determining whether 
and how to use potential source material in the NCA within the 
requirements of the IQA. These tools (collectively, Guidance 
on Information Quality Assurance to Chapter Authors of the 
National Climate Assessment: Question Tools) were approved 
by the NCADAC and introduced to the CLAs at workshops. They 
have been available on the USGCRP website since February 
2012.4 The Guidance requires consideration of the following 
criteria for each source of information used in the Third NCA 
Report:

•	Utility: Is the particular source important to the topic of your 
chapter?

•	 Transparency and traceability: Is the source material identifi-
able and publicly available? 

•	Objectivity: Why and how was the source material created?  
Is it accurate and unbiased?

•	 Information integrity and security: Will the source material 
remain reasonably protected and intact over time?
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CLIMATE SCIENCEAPPENDIX3
suppleMental Messages

 
1. Although climate changes in the past have been caused by natural factors, human activities are   
 now the dominant agents of change. Human activities are affecting climate through increasing   
 atmospheric levels of heat-trapping gases and other substances, including particles.

2. Global trends in temperature and many other climate variables provide consistent evidence of  
 a warming planet. These trends are based on a wide range of observations, analyzed by many   
 independent research groups around the world.

3. Natural variability, including El Niño events and other recurring patterns of ocean-atmosphere   
  interactions, influences global and regional temperature and precipitation over timescales ranging  
  from months up to a decade or more.

4. Human-induced increases in atmospheric levels of heat-trapping gases are the main cause of   
  observed climate change over the past 50 years. The “fingerprints” of human-induced change also  
  have been identified in many other aspects of the climate system, including changes in ocean heat  
  content, precipitation, atmospheric moisture, and Arctic sea ice.

5. Past emissions of heat-trapping gases have already committed the world to a certain amount of   
  future climate change. How much more the climate will change depends on future emissions and the  
  sensitivity of the climate system to those emissions.

6. Different kinds of physical and statistical models are used to study aspects of past climate and 
  develop projections of future change. No model is perfect, but many of them provide useful   
  information. By combining and averaging multiple models, many clear trends emerge.

7. Scientific understanding of observed temperature changes in the United States has greatly improved,  
  confirming that the U.S. is warming due to heat-trapping gas emissions, consistent with the climate  
  change observed globally.

8. Many other indicators of rising temperatures have been observed in the United States. These include  
  reduced lake ice, glacier retreat, earlier melting of snowpack, reduced lake levels, and a longer   
  growing season. These and other indicators are expected to continue to reflect higher temperatures.

9. Trends in some types of extreme weather events have been observed in recent decades, consistent  
  with rising temperatures. These include increases in heavy precipitation nationwide, especially in  
  the Midwest and Northeast; heat waves, especially in the West; and the intensity of Atlantic   
  hurricanes. These trends are expected to continue. Research on climate change’s effects on other  
  types of extreme events continues.

10. Drought and fire risk are increasing in many regions as temperatures and evaporation rates rise. The  
  greater the future warming, the more these risks will increase, potentially affecting the entire United  
  States.
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11. Summer Arctic sea ice extent, volume, and thickness have declined rapidly, especially north of 
  Alaska. Permafrost temperatures are rising and the overall amount of permafrost is shrinking.   
  Melting of land- and sea-based ice is expected to continue with further warming.

12. Sea level is already rising at the global scale and at individual locations along the U.S. coast. 
  Future sea level rise depends on the amount of warming and ice melt around the world as well as   
  local processes like changes in ocean currents and local land subsidence or uplift.

This appendix provides further information and discussion on 
climate science beyond that presented in Ch. 2: Our Changing 
Climate. Like the chapter, the appendix focuses on the obser-
vations, model simulations, and other analyses that explain 
what is happening to climate at the national and global scales, 
why these changes are occurring, and how climate is projected 
to change throughout this century. In the appendix, however, 
more information is provided on attribution, spatial and tem-
poral detail, and physical mechanisms than could be covered 
within the length constraints of the main chapter.

As noted in the main chapter, changes in climate, and the na-
ture and causes of these changes, have been comprehensively 
discussed in a number of other reports, including the 2009 as-

sessment: Global Climate Change Impacts in the United States1 
and the global assessments produced by the Intergovernmen-
tal Panel on Climate Change (IPCC) and the U.S. National Acad-
emy of Sciences. This appendix provides an updated discussion 
of global change in the first few supplemental messages, fol-
lowed by messages focusing on the changes having the great-
est impacts (and potential impacts) on the United States. The 
projections described in this appendix are based, to the extent 
possible, on the CMIP5 model simulations. However, given the 
timing of this report relative to the evolution of the CMIP5 
archive, some projections are necessarily based on CMIP3 
simulations. (See Supplemental Message 5 for more on these 
simulations and related future scenarios).

Supplemental Message 1. 

Although climate changes in the past have been caused by natural factors, human activities 
are now the dominant agents of change. Human activities are affecting  
climate through increasing atmospheric levels of heat-trapping gases  

and other substances, including particles.

The Earth’s climate has long been known to change in response 
to natural external forcings. These include variations in the en-
ergy received from the sun, volcanic eruptions, and changes 
in the Earth’s orbit, which affects the distribution of sunlight 
across the world. The Earth’s climate is also affected by factors 
that are internal to the climate system, which are the result 
of complex interactions between the atmosphere, ocean, land 
surface, and living things (see Supplemental Message 3). These 
internal factors include natural modes of climate system vari-
ability, such as the El Niño/Southern Oscillation. 

Natural changes in external forcings and internal factors have 
been responsible for past climate changes. At the global scale, 
over multiple decades, the impact of external forcings on tem-
perature far exceeds that of internal variability (which is less 
than 0.5°F).2 At the regional scale, and over shorter time pe-
riods, internal variability can be responsible for much larger 
changes in temperature and other aspects of climate. Today, 
however, the picture is very different. Although natural factors 
still affect climate, human activities are now the primary cause 
of the current warming: specifically, human activities that in-
crease atmospheric levels of carbon dioxide (CO2) and other 

heat-trapping gases and various particles that, depending on 
the type of particle, can have either a heating or cooling influ-
ence on the atmosphere.

The greenhouse effect is key to understanding how human 
activities affect the Earth’s climate. As the sun shines on the 
Earth, the Earth heats up. The Earth then re-radiates this heat 
back to space. Some gases, including water vapor (H2O), car-
bon dioxide (CO2), ozone (O3), methane (CH4), and nitrous oxide 
(N2O), absorb some of the heat given off by the Earth’s surface 
and lower atmosphere. These heat-trapping gases then radiate 
energy back toward the surface, effectively trapping some of 
the heat inside the climate system. This greenhouse effect is a 
natural process, first recognized in 1824 by the French math-
ematician and physicist Joseph Fourier3 and confirmed by Brit-
ish scientist John Tyndall in a series of experiments starting in 
1859.4 Without this natural greenhouse effect (but assuming 
the same albedo, or reflectivity, as today), the average surface 
temperature of the Earth would be about 60°F colder.

Today, however, the natural greenhouse effect is being artifi-
cially intensified by human activities. Burning fossil fuels (coal, 
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Figure 1. Left: A stylized representation of the natural greenhouse effect. Most of the sun’s radiation reaches the Earth’s surface. 
Naturally occurring heat-trapping gases, including water vapor, carbon dioxide, methane, and nitrous oxide, do not absorb the 
short-wave energy from the sun but do absorb the long-wave energy re-radiated from the Earth, keeping the planet much warmer 
than it would be otherwise. Right: In this stylized representation of the human-intensified greenhouse effect, human activities, 
predominantly the burning of fossil fuels (coal, oil, and gas), are increasing levels of carbon dioxide and other heat-trapping gases, 
increasing the natural greenhouse effect and thus Earth’s temperature. (Figure source: modified from National Park Service5).

Human Influence on the Greenhouse Effect

Figure 2. This figure summarizes results of measurements taken from satellites of the amount of energy coming in to and going 
out of Earth’s climate system. It demonstrates that our scientific understanding of how the greenhouse effect operates is, in fact, 
accurate, based on real world measurements. (Figure source: modified from Stephens et al. 20126).

Earth’s Energy Balance



739 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

APPENDIX 3: CLIMATE SCIENCE

oil, and natural gas), clearing forests, and other human activi-
ties produce heat-trapping gases. These gases accumulate in 
the atmosphere, as natural removal processes are unable to 
keep pace with increasing emissions. Increasing atmospheric 
levels of CO2, CH4, and N2O (and other gases and some types of 
particles like soot) from human activities increase the amount 
of heat trapped inside the Earth system. This human-caused 

intensification of the greenhouse effect is 
the primary cause of observed warming in 
recent decades.

Carbon dioxide has been building up in the 
Earth’s atmosphere since the beginning of 
the industrial era in the mid-1700s. Emis-
sions and atmospheric levels, or concentra-
tions, of other important heat-trapping gas-
es – including methane, nitrous oxide, and 
halocarbons – have also increased because 
of human activities. While the atmospheric 
concentrations of these gases are relatively 
small compared to those of molecular oxy-
gen or nitrogen, their ability to trap heat 
is extremely strong. The human-induced 
increase in atmospheric levels of carbon di-
oxide and other heat-trapping gases is the 
main reason the planet has warmed over 
the past 50 years and has been an impor-
tant factor in climate change over the past 
150 years or more.

Carbon dioxide levels in the atmosphere 
are currently increasing at a rate of 0.5% 
per year. Atmospheric levels measured 

at Mauna Loa in Hawai‘i and at other sites around the world 
reached 400 parts per million in 2013, higher than the Earth 
has experienced in over a million years. Globally, over the past 
several decades, about 78% of carbon dioxide emissions has 
come from burning fossil fuels, 20% from deforestation and 
other agricultural practices, and 2% from cement production. 
Some of the carbon dioxide emitted to the atmosphere is ab-
sorbed by the oceans, and some is absorbed by vegetation. 

Figure 3. Global carbon emissions from burning coal, oil, and gas and producing 
cement (1850-2009). These emissions account for about 80% of the total emissions 
of carbon from human activities, with land-use changes (like cutting down forests) 
accounting for the other 20% in recent decades (Data from Boden et al. 20127).

Carbon Emissions in the Industrial Age

Figure 4. Present-day atmospheric levels of carbon dioxide, methane, and nitrous oxide are notably higher than their 
pre-industrial averages of 280, 0.7, and 0.27 parts per million (ppm) by volume, respectively (left). Air sampling data 
from 1958 to 2013 show long-term increases due to human activities as well as short-term variations due to natural 
biogeochemical processes and seasonal vegetation growth (right). (Figure sources: (left) Forster et al. 2007;8 (right) 
Scripps Institution of Oceanography and NOAA Earth Systems Research Laboratory).

Heat-Trapping Gas Levels
2000 Years of Heat Trapping Gases CO2 1958–2013
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About 45% of the carbon dioxide emitted by human activities 
in the last 50 years is now stored in the oceans and vegetation. 
The remainder has built up in the atmosphere, where carbon 
dioxide levels have increased by about 40% relative to pre-
industrial levels.

Methane levels in the atmosphere have increased due to hu-
man activities, including agriculture, with livestock producing 
methane in their digestive tracts, and rice farming producing it 
via bacteria that live in the flooded fields; mining coal, extrac-
tion and transport of natural gas, and other fossil fuel-related 
activities; and waste disposal including sewage and decompos-
ing garbage in landfills. On average, about 55% to 65% of the 
emissions of atmospheric methane now come from human ac-
tivities.14,15 Atmospheric concentrations of methane leveled off 
from 1999-2006 due to temporary decreases in both human 
and natural sources,14,15 but have been increasing again since 
then. Since preindustrial times, methane levels have increased 
by 250% to their current levels of 1.85 ppm.

Other greenhouse gases produced by hu-
man activities include nitrous oxide, halo-
carbons, and ozone. 

Nitrous oxide levels are increasing, primar-
ily as a result of fertilizer use and fossil fuel 
burning. The concentration of nitrous ox-
ide has increased by about 20% relative to 
pre-industrial times.

Halocarbons are manufactured chemi-
cals produced to serve specific purposes, 
from aerosol spray propellants to refrig-
erant coolants. One type of halocarbon, 
long-lived chlorofluorocarbons (CFCs), 
was used extensively in refrigeration, air 
conditioning, and for various manufac-
turing purposes. However, in addition to 
being powerful heat-trapping gases, they 
are also responsible for depleting strato-
spheric ozone. Atmospheric levels of CFCs 
are now decreasing due to actions taken 
by countries under the Montreal Protocol, 
an international agreement designed to 
protect the ozone layer. As emissions and 
atmospheric levels of halocarbons con-
tinue to decrease, their effect on climate 
will also shrink. However, some of the 
replacement compounds are hydrofluo-
rocarbons (HFCs), which are potent heat-
trapping gases, and their concentrations 
are increasing.

Over 90% of the ozone in the atmosphere 
is in the stratosphere, where it protects 
the Earth from harmful levels of ultravio-

let radiation from the sun. In the lower atmosphere, however, 
ozone is an air pollutant and also an important heat-trapping 
gas. Upper-atmosphere ozone levels have decreased because 
of human emissions of CFCs and other halocarbons. However, 
lower-atmosphere ozone levels have increased because of hu-
man activities, including transportation and manufacturing. 
These produce what are known as ozone precursors: air pollut-
ants that react with sunlight and other chemicals to produce 
ozone. Since the late 1800s, average levels of ozone in the 
lower atmosphere have increased by more than 30%.16 Much 
higher increases have been observed in areas with high lev-
els of air pollution, and smaller increases in remote locations 
where the air has remained relatively clean.

Human activities can also produce tiny atmospheric particles, 
including dust and soot. For example, coal burning produces 
sulfur gases that form particles in the atmosphere. These 
sulfur-containing particles reflect incoming sunlight away 
from the Earth, exerting a cooling influence on Earth’s surface. 

Figure 5. Air bubbles trapped in an Antarctic ice core extending back 800,000 
years document the atmosphere’s changing carbon dioxide concentration. Over 
long periods, natural factors have caused atmospheric CO2 concentrations to vary 
between about 170 to 300 parts per million (ppm). As a result of human activities 
since the Industrial Revolution, CO2 levels have increased to 400 ppm, higher than 
any time in at least the last one million years. By 2100, additional emissions from 
human activities are projected to increase CO2 levels to 420 ppm under a very low 
scenario, which would require immediate and sharp emissions reductions (RCP 
2.6), and 935 ppm under a higher scenario, which assumes continued increases in 
emissions (RCP 8.5). This figure shows the historical composite CO2 record based 
on measurements from the EPICA (European Project for Ice Coring in Antarctica) 
Dome C and Dronning Maud Land sites and from the Vostok station. Data from 
Lüthi et al. 20089 (664-800 thousand years [kyr] ago, Dome C site); Siegenthaler et 
al. 200510 (393-664 kyr ago, Dronning Maud Land); Pépin 2001, Petit et al. 1999, 
and Raynaud 200511 (22-393 kyr ago, Vostok); Monnin et al. 200112 (0-22 kyr ago, 
Dome C); and Meinshausen et al. 201113 (future projections from RCP 2.6 and 8.5).

Atmospheric Carbon Dioxide Levels
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Another type of particle, composed mainly of soot, or black 
carbon, absorbs incoming sunlight and traps heat in the atmo-
sphere, warming the Earth.

In addition to their direct effects, these particles can affect 
climate indirectly by changing the properties of clouds. Some 
encourage cloud formation because they are ideal surfaces 
on which water vapor can condense to form cloud droplets. 
Some can also increase the number, but decrease the average 
size of cloud droplets when there is not enough water vapor 
compared to the number of particles available, thus creating 
brighter clouds that reflect energy from the sun away from 
the Earth, resulting in an overall cooling effect. Particles that 
absorb energy encourage cloud droplets to evaporate by 
warming the atmosphere. Depending on their type, increasing 
amounts of particles can either offset or increase the warming 
caused by increasing levels of greenhouse gases. At the scale of 
the planet, the net effect of these particles is to offset between 
20% and 35% of the warming caused by heat-trapping gases.

The effects of all of these greenhouse gases and particles on 
the Earth’s climate depend in part on how long they remain 
in the atmosphere. Human-induced emissions of carbon diox-
ide have already altered atmospheric levels in ways that will 
persist for thousands of years. About one-third of the carbon 
dioxide emitted in any given year remains in the atmosphere 
100 years later. However, the impact of past human emissions 
of carbon dioxide on the global carbon cycle will endure for 
tens of thousands of years. Methane lasts for approximately a 
decade before it is removed through chemical reactions. Par-
ticles, on the other hand, remain in the atmosphere for only a 
few days to several weeks. This means that the effects of any 
human actions to reduce particle emissions can show results 
nearly immediately. It may take decades, however, before the 
results of human actions to reduce long-lived greenhouse gas 
emissions can be observed. Some recent studies17 examine 
various means for reducing near-term changes in climate, for 
example, by reducing emissions of short-lived gases like meth-
ane and particles like black carbon (soot). These approaches 
are being explored as ways to reduce the rate of short-term 
warming while more comprehensive approaches to reducing 
carbon dioxide emissions (and hence the rate of long-term 
warming) are being implemented.

In addition to emissions of greenhouse gases, air pollutants, 
and particles, human activities have also affected climate by 
changing the land surface. These changes include cutting and 
burning forests, replacing natural vegetation with agriculture 
or cities, and large-scale irrigation. These transformations of 
the land surface can alter how much heat is reflected or ab-
sorbed by the surface, causing local and even regional warming 
or cooling. Globally, the net effect of these changes has prob-
ably been a slight cooling influence over the past 100 years.

Considering all known natural and human drivers of climate 
since 1750, a strong net warming from long-lived greenhouse 
gases produced by human activities dominates the recent 
climate record. This warming has been partially offset by in-
creases in atmospheric particles and their effects on clouds. 
Two important natural external drivers also influence climate: 
the sun and volcanic eruptions. Since 1750, these natural ex-
ternal drivers are estimated to have had a small net warming 
influence, one that is much smaller than the human influence. 
Natural internal climate variations, such as El Niño events in 

Figure 6. Different factors have exerted a warming influence 
(red bars) or a cooling influence (blue bars) on the planet. The 
warming or cooling influence of each factor is measured in 
terms of the change in radiative forcing in watts per square 
meter by 2005 relative to 1750. This figure includes all the 
major human-induced factors as well as the sun, the only 
major natural factor with a long-term effect on climate. The 
cooling effect of individual volcanoes is also natural, but is 
relatively short-lived and so is not included here. Aerosols 
refer to tiny particles, with their direct effects including, for 
example, the warming influence of black carbon (soot) and 
cooling influence of sulfate particles from coal burning. Indirect 
effects of aerosols include their effect on clouds. The net 
radiative influence from natural and human influences is a 
strong warming, predominantly from human activities. The 
thin lines on each bar show the range of uncertainty. (Figure 
source: adapted from Climate Change 2007: The Physical 
Science Basis. Working Group I Contribution to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate 
Change, Figure 2.20 (A), Cambridge University Press15).

Relative Strengths of Warming  
and Cooling Influences
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the Pacific Ocean, have also influenced regional and global cli-
mate. Several other modes of internal natural variability have 
been identified, and their effects on climate are superimposed 
on the effects of human activities, the sun, and volcanoes.

During the last three decades, direct observations indicate that 
the sun’s energy output has decreased slightly. The two major 
volcanic eruptions of the past 30 years have had short-term 
cooling effects on climate, lasting two to three years. Thus, 
natural factors cannot explain the warming of recent decades; 
in fact, their net effect on climate has been a slight cooling 
influence over this period. In addition, the changes occurring 
now are very rapid compared to the major changes in climate 
over at least the last several thousand years.

It is not only the direct effects from human emissions that af-
fect climate. These direct effects also trigger a cascading set 
of feedbacks that cause indirect effects on climate – acting to 
increase or dampen an initial change. For example, water va-
por is the single most important gas responsible for the natural 
greenhouse effect. Together, water vapor and clouds account 
for between 66% and 80% of the natural greenhouse effect.18 
However, the amount of water vapor in the atmosphere de-
pends on temperature; increasing temperatures increase the 
amount of water vapor. This means that the response of water 
vapor is an internal feedback, not an external forcing of the 
climate.

Observational evidence shows that, of all the external forcings, 
an increase in atmospheric CO2 concentration is the most im-

portant factor in increasing the heat-trapping capacity of the 
atmosphere. Carbon dioxide and other gases, such as methane 
and nitrous oxide, do not condense and fall out of the atmo-
sphere, whereas water vapor does (for example, as rain or 
snow). Together, heat-trapping gases other than water vapor 
account for between 26% and 33% of the total greenhouse ef-
fect,18 but are responsible for most of the changes in climate 
over recent decades. This is a range, rather than a single num-
ber, because some of the absorption effects of water vapor 
overlap with those of the other important gases. Without the 
heat-trapping effects of carbon dioxide and the other non-wa-
ter vapor greenhouse gases, climate simulations indicate that 
the greenhouse effect would not function, turning the Earth 
into a frozen ball of ice.19

The average conditions and the variability of the Earth’s climate 
are critical to all aspects of human and natural systems on the 
planet. Human society has become increasingly complex and 
dependent upon the climate system and its behavior. National 
and global infrastructures, economies, agriculture, and ecosys-
tems are adapted to the present climate state, which from a 
geologic timescale perspective has been remarkably stable for 
the past several thousand years. Any significant perturbation, 
in either direction, would have substantial impacts upon both 
human society and the natural world. The magnitude of the 
human influence on climate and the rate of change raise con-
cerns about the ability of ecosystems and human systems to 
successfully adapt to future changes.

Supplemental Message 2. 

Global trends in temperature and many other climate variables provide consistent evidence 
of a warming planet. These trends are based on a wide range of observations, analyzed by 

many independent research groups around the world.

There are many types of observations that can be used to de-
tect changes in climate and determine what is causing these 
changes. Thermometer and other instrument-based surface 
weather records date back hundreds of years in some loca-
tions. Air temperatures are measured at fixed locations over 
land and with a mix of predominantly ship- and buoy-based 
measurements over the ocean. By 1850, a sufficiently exten-
sive array of land-based observing stations and ship-borne ob-
servations had accumulated to begin tracking global average 
temperature. Measurements from weather balloons began in 
the early 1900s, and by 1958 were regularly taken around the 
world. Satellite records beginning in the 1970s provide addi-
tional perspectives, particularly for remote areas such as the 
Arctic that have limited ground-based observations. Satellites 
also provided new capabilities for mapping precipitation and 
upper air temperatures. Climate “proxies” – biological or physi-
cal records ranging from tree rings to ice cores that correlate 

with aspects of climate – provide further evidence of past cli-
mate that can stretch back hundreds of thousands of years.

These diverse datasets have been analyzed by scientists and 
engineers from research teams around the world in many dif-
ferent ways. The most high-profile indication of the changing 
climate is the surface temperature record, so it has received 
the most attention. Spatial coverage, equipment, methods of 
observation, and many other aspects of the measurement re-
cord have changed over time, so scientists identify and adjust 
for these changes. Independent research groups have looked 
at the surface temperature record for land21 and ocean22 as 
well as land and ocean combined.23,24 Each group takes a dif-
ferent approach, yet all agree that it is unequivocal that the 
planet is warming.

There has been widespread warming over the past century. 
Not every region has warmed at the same pace, however, 
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and a few regions, such as the North Atlantic Ocean (Figure 
9) and some parts of the U.S. Southeast (Ch. 2: Our Changing 
Climate, Figure 2.7), have even experienced cooling over the 
last century as a whole, though they have warmed over recent 
decades. This is due to the stronger influence of internal vari-
ability over smaller geographic regions and shorter time scales, 
as mentioned in Supplemental Message 1 and discussed in 

more detail in Supplemental Message 3. Warming during the 
first half of the last century occurred mostly in the Northern 
Hemisphere. The last three decades have seen greater warm-
ing in response to accelerating increases in heat-trapping gas 
concentrations, particularly at high northern latitudes, and 
over land as compared to ocean.

Figure 8. Three different global surface temperature records all show increasing trends 
over the last century. The lines show annual differences in temperature relative to the 
1901-1960 average. Differences among data sets, due to choices in data selection, 
analysis, and averaging techniques, do not affect the conclusion that global surface 
temperatures are increasing. (Figure source: NOAA NCDC / CICS-NC).

Observed Change in Global Average Temperature

Figure 7. Changes in the mix and increasing diversity of technologies used to observe climate (IGY is the 
International Geophysical Year). (Figure source: adapted from Brönnimann et al. 200720).

Development of Observing Capabilities
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Even if the surface temperature had never been measured, sci-
entists could still conclude with high confidence that the global 
temperature has been increasing because multiple lines of evi-
dence all support this conclusion. Temperatures in the lower 
atmosphere and oceans have increased, as have sea level and 
near-surface humidity. Arctic sea ice, mountain glaciers, and 

Northern Hemisphere spring snow cover have all decreased. 
As with temperature, multiple research groups have analyzed 
each of these indicators and come to the same conclusion: all 
of these changes paint a consistent and compelling picture of 
a warming world.

Figure 9. Surface temperature trends for the period 1901-2012 (top) and 1979-2012 (bottom) from the National 
Climatic Data Center’s (NCDC) surface temperature product. The relatively coarse resolution of these maps does 
not capture the finer details associated with mountains, coastlines, and other small-scale effects. (Figure source: 
updated from Vose et al. 201224).

Temperature Trends: Past Century, Past 30+ Years
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Not all of the observed changes are directly related to tem-
perature; some are related to the hydrological cycle (the way 
water moves cyclically among land, ocean, and atmosphere). 
Precipitation is perhaps the most societally relevant aspect of 
the hydrological cycle and has been observed over global land 
areas for over a century. However, spatial scales of precipita-
tion are small (it can rain several inches in Washington, D.C., 

but not a drop in Baltimore) and this makes interpretation of 
the point-measurements difficult. Based upon a range of ef-
forts to create global averages, it is likely that there has been 
little change in globally averaged precipitation since 1900. 
However, there are strong geographic trends including a likely 
increase in precipitation in Northern Hemisphere mid-latitude 
regions taken as a whole. In general, wet areas are getting wet-

Figure 10. Observed changes, as analyzed by many independent groups in different ways, of a range of climate indicators. All of 
these are in fact changing as expected in a warming world. Further details underpinning this diagram can be found at http://www.
ncdc.noaa.gov/bams-state-of-the-climate/. (Figure source: updated from Kennedy et al. 201025).

Indicators of Warming from Multiple Data Sets
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ter and dry areas are getting drier, consistent with an overall 
intensification of the hydrological cycle in response to global 
warming.

Analyses of past changes in climate during the period before in-
strumental records (referred to as paleoclimate) allow current 
changes in atmospheric composition, sea level, and climate 
(including extreme events), as well as future projections, to be 
placed in a broader perspective of past climate variability. A 
number of different reconstructions of the last 1,000 to 2,000 
years26,27 give a consistent picture of Northern Hemisphere 
temperatures, and in a few cases, global temperatures, over 
that time period. The analyses in the Northern Hemisphere in-
dicate that the 1981 to 2010 period (including the last decade) 

was the warmest of at least the last 1,300 years and probably 
much longer.28,29 A reconstruction going back 11,300 years 
ago30 suggests that the last decade was warmer than at least 
72% of global temperatures since the end of the last ice age 
20,000 years ago. The observed warming of the last century 
has also apparently reversed a long-term cooling trend at mid- 
to high latitudes of the Northern Hemisphere throughout the 
last 2,000 years.

Other analyses of past climates going back millions of years in-
dicate that past periods with high levels (400 ppm or greater) 
of CO2 were associated with temperatures much higher than 
today’s and with much higher sea levels.31

Figure 11. Global precipitation trends for the period 1901-2012 (top) and 1979-2012 
(bottom). (Figure source: NOAA NCDC / CICS-NC).

Precipitation Trends: Past Century, Past 30+ Years
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 Supplemental Message 3.

Natural variability, including El Niño events and other recurring patterns of ocean-atmosphere 
interactions, influences global and regional temperature and precipitation over  

timescales ranging from months up to a decade or more.

Natural variations internal to the Earth’s climate system can 
drive increases or decreases in global and regional tempera-
tures, as well as affect precipitation and drought patterns 
around the world. Today, average temperature, precipitation, 
and other aspects of climate are determined by a combination 
of human-induced changes superimposed on natural varia-
tions in both internal and external factors such as the sun and 
volcanoes (see Supplemental Message 1). The relative magni-
tudes of the human and natural contributions to temperature 
and climate depend on both the time and spatial scales consid-
ered. The magnitude of the effect humans are having on global 
temperature specifically, and on climate in general, has been 
steadily increasing since the Industrial Revolution. At the global 
scale, the human influence on climate can be either masked or 
augmented by natural internal variations over timescales of a 
decade or so (for example, Tung and Zhou 201332). At regional 
and local scales, natural variations have an even larger effect. 
Over longer periods of time, however, the influence of internal 
natural variability on the Earth’s climate system is negligible; in 
other words, over periods longer than several decades, the net 
effect of natural variability tends to sum to zero.

There are many modes of natural variability within the climate 
system. Most of them involve cyclical exchanges of heat and 
energy between the ocean and atmosphere. They are mani-

fested by recurring changes in sea surface temperatures, for 
example, or by surface pressure changes in the atmosphere. 
While many global climate models are able to simulate the spa-
tial patterns of ocean and atmospheric variability associated 
with these modes, they are less able to capture the chaotic 
variability in the timescales of the different modes.33

The largest and most well-known mode of internal natural 
variability is the El Niño/Southern Oscillation or ENSO. This 
natural mode of variability was first identified as a warm 
current of ocean water off the coast of Peru, accompanied 
by a shift in pressure between two locations on either side of 
the Pacific Ocean. Although centered in the tropical Pacific, 
ENSO affects regional temperatures and precipitation around 
the world by heating or cooling the lower atmosphere in low 
latitudes, thereby altering pressure gradients aloft. These 
pressure gradients, in turn, drive the upper-level winds and 
the jet stream that dictates patterns of mid-latitude weather, 
as shown in Figure 13. In the United States, for example, the 
warm ENSO phase (commonly referred to as El Niño) is usually 
associated with heavy rainfall and flooding in California and 
the Southwest, but decreased precipitation in the Northwest.34 
El Niño conditions also tend to suppress Atlantic hurricane 
formation by increasing the amount of wind shear in the region 
where hurricanes form.35 The cool ENSO phase (usually called 

Figure 12. Changes in the temperature of the Northern Hemisphere from surface 
observations (in red) and from proxies (in black; uncertainty range represented by 
shading) relative to 1961-1990 average temperature. These analyses suggest that current 
temperatures are higher than seen globally in at least the last 1700 years, and that the 
last decade (2001 to 2010) was the warmest decade on record. (Figure source: adapted 
from Mann et al. 200827).

1700 Years of Temperature Change from Proxy Data
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Figure 13. Typical January-March weather conditions and atmospheric circulation (jet streams shown by red and blue arrows) 
during La Niña and El Niño conditions. Cloud symbols show areas that are wetter than normal. During La Niña, winters tend 
to be unusually cold in eastern Alaska and western Canada, and dry throughout the southern United States. El Niño leads to 
unusually warm winter conditions in the northern U.S. and wetter than average conditions across the southern U.S. (Figure 
source: NOAA).

La Niña and El Niño Patterns

Figure 14. Trends in globally and annually averaged temperature when considering 
whether it was an El Niño year, a La Niña year, or a neutral year (no El Niño or 
La Niña event). The average global temperature is 0.4ºF higher in El Niño years 
than in La Niña years.  However, all trends show the same significant increase in 
temperature over the past 45 years. The years for the short-term cooling effect 
following the Mt. Pinatubo volcanic eruption are not included in the trends. (Figure 
source: adapted from John Nielsen-Gammon 2012.38 Data from NASA GISS 
temperature dataset39 and Climate Prediction Center Niño 3.4 index40).

Warming Trend and Effects of El Niño/La Niña
GISTEMP Land-Ocean Index
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La Niña) is associated with dry conditions in the Central Plains,36 
as well as a more active Atlantic hurricane season. Although 
these and other conditions are typically associated with ENSO, 
no two ENSO events are exactly alike.

Natural modes of variability such as ENSO can also affect global 
temperatures. In general, El Niño years tend to be warmer than 
average and La Niña years, cooler. The strongest El Niño event 
recorded over the last hundred years occurred in 1998. Super-
imposed on the long-term increase in global temperatures due 
to human activities, this event caused record high global tem-
peratures. After 1998, the El Niño event subsided, resulting in 
a slowdown in the temperature increase since 1998. Overall, 
however, years in which there are El Niño, La Niña, or neutral 
conditions all show similar long-term warming trends in global 
temperature (see Figure 14).

Natural modes of variability like ENSO are not necessarily sta-
tionary. For example, there appears to have been a shift in the 
pattern and timing of ENSO in the mid-1970s, with the loca-
tion of the warm water pool shifting from the eastern to the 
central Pacific and the frequency of events increasing. Paleocli-
mate studies using tree rings show that ENSO activity over the 
last 100 years has been the highest in the last 500 years,37 and 
both paleoclimate and modeling studies suggest that global 
temperature increases may interact with natural variability in 
ways that are difficult to predict. Climate models can simulate 
the statistical behavior of these varia-
tions in temperature trends. For exam-
ple, models can project whether some 
phenomena will increase or decrease in 
frequency, but cannot predict the exact 
timing of particular events far into the 
future.

There are other natural modes of vari-
ability in the climate system. For ex-
ample, the North Atlantic Oscillation is 
frequently linked to variations in winter 
snowfall along the Atlantic seaboard. 
The Pacific Decadal Oscillation was first 
identified as a result of its effect on the 
Pacific salmon harvest. The influence of 
these and other natural variations on 
global temperatures is generally less 
than ENSO, but local influences may be 
large.

A combination of natural and human 
factors explains regional “warming 
holes” where temperatures actually 
decreased for several decades in the 
middle to late part of the last century 
at a few locations around the world. 
In the United States, for example, the 

Southeast and parts of the Great Plains and Midwest regions 
did not show much warming over that time period, though 
they have warmed in recent decades. Explanations include 
increased cloud cover and precipitation,41 increased small 
particles from coal burning, natural factors related to forest 
re-growth,42 decreased heat flux due to irrigation,43 and multi-
decade variability in North Atlantic and tropical Pacific sea sur-
face temperatures.44,45 The importance of tropical Pacific and 
Atlantic sea surface temperatures on temperature and pre-
cipitation variability over the central U.S. has been particularly 
highlighted by many studies. Over the next few decades, as the 
multi-decadal tropical Pacific Ocean cycle continues its effect 
on sea surface temperatures, the U.S. Southeast could warm at 
a rate that is faster than the global average.45

At the global scale, natural variability will continue to modify 
the long-term trend in global temperature due to human ac-
tivities, resulting in greater and lesser trends over relatively 
short time scales. Interactions among various components of 
the Earth’s climate system produce patterns of natural variabil-
ity that can be chaotic, meaning that they are sensitive to the 
initial conditions of the climate system. Global climate models 
simulate natural variability with varying degrees of realism, but 
the timing of these random variations differs among models 
and cannot be expected to coincide with those of the actual 
climate system. Over climatological time periods, however, the 
net effect of natural internal variability on the global climate 

Figure 15. Observations of global mean surface air temperature show that although 
there can be short periods with little or even no significant upward trend (red trend lines 
in shaded areas), global temperature continues to rise unabated over long-term climate 
timescales (black trend line). The recent period, 1998-2012, is another example of a 
short-term pause embedded in the underlying warming trend. The differences between 
short-term trends and the underlying (long-term) trend are often associated with modes 
of natural variability such as El Niño and La Niña that redistribute heat between the 
ocean and atmosphere. (Data from NOAA NCDC).

Long-Term Warming and Short-Term Variation
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tends to average to zero. For example, there can be warmer 
years due to El Niño (such as 1998) and cooler years due to La 
Niña (such as 2011), but over multiple decades the net effect 
of natural variability on uncertainty in global temperature and 
precipitation projections is small.

Averaging (or compositing) of projections from different mod-
els smooths out the randomly occurring natural variations in 
the different models, leaving a clear signal of the long-term ex-
ternally forced changes in climate, not weather. In this report, 
all future projections are averaged over 20- to 30-year time 
periods.

Supplemental Message 4. 

Human-induced increases in atmospheric levels of heat-trapping gases are the main cause of 
observed climate change over the past 50 years. The “fingerprints” of human-induced change 
also have been identified in many other aspects of the climate system, including changes in 

ocean heat content, precipitation, atmospheric moisture, and Arctic sea ice.

Determining the causes of climate changes is a field of research 
known as “detection and attribution.” Detection involves iden-
tifying a climate trend or event (for instance, long-term surface 
air temperature trends, or a particularly extreme heat wave) 
that is strikingly outside the norm of natural variations in the 
climate system. Similar to conducting forensic analysis on evi-
dence from a crime scene, attribution involves considering the 
possible causes of an observed event or change, and identify-
ing which factor(s) are responsible.

Detection and attribution studies use statistical analyses to 
identify the causes of observed changes in temperature, pre-

cipitation, and other aspects of climate. They do this by trying 
to match the complex “fingerprint” of the observed climate 
system behavior to a set of simulated changes in climate that 
would be caused by different forcings.46 Most approaches con-
sider not only global but also regional patterns of changes over 
time.

Climate simulations are used to test hypotheses regarding the 
causes of observed changes. First, simulations that include 
changes in both natural and human forcings that may cause 
climate changes, such as changes in energy from the sun and 
increases in heat-trapping gases, are used to characterize what 

Figure 16. Simplified image of the methodology that goes into detection and attribution of climate changes. The natural factors 
considered usually include changes in the sun’s output and volcanic eruptions, as well as natural modes of variability such as El 
Niño and La Niña. Human factors include the emissions of heat-trapping gases and particles as well as clearing of forests and other 
land-use changes. (Figure source: NOAA NCDC / CICS-NC).

Detection and Attribution as Forensics
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effect those factors would have had working together. Then, 
simulations with no changes in external forcings, only changes 
due to natural variability, are used to characterize what would 
be expected from normal internal variations in the climate. The 
results of these simulations are compared to observations to 
see which provides the best match for what has really occurred.

Detection and attribution studies have been applied to study a 
broad range of changes in the climate system as well as a num-
ber of specific extreme events that have occurred in recent 
years. These studies have found that human influences are the 
only explanation for the observed changes in climate over the 
last half-century. Such changes include increases in surface 
temperatures,46,47 changes in atmospheric vertical tempera-
ture profiles,48 increases in ocean heat content,49 increasing at-
mospheric humidity,50 increases in intensity of precipitation51 
and in runoff,52 indirectly estimated through changes in ocean 
salinity,53 shifts in atmospheric circulation,54 and changes in a 

host of other indices.46 Taken together these paint a coherent 
picture of a planet whose climate is changing primarily as a re-
sult of human activities.

Detection and attribution of specific events is more chal-
lenging than for long-term trends as there are less data, or 
evidence, available from which to draw conclusions. Attribu-
tion of extreme events is especially scientifically challenging.56 
Many extreme weather and climate events observed to date 
are within the range of what could have occurred naturally, but 
the probability, or odds, of some of these very rare events oc-
curring57 has been significantly altered by human influences on 
the climate system. For example, studies have concluded that 
there is a detectable human influence in recent heat waves 
in Europe,58 Russia,59 and Texas60 as well as flooding events in 
England and Wales,61 the timing and magnitude of snowmelt 
and resulting streamflow in some western U.S. states,62,63 and 
some specific events around the globe during 2011.64

Figure 17. Figure shows examples of the many aspects of the climate system in which changes have 
been formally attributed to human emissions of heat-trapping gases and particles by studies published 
in peer-reviewed science literature. For example, observed changes in surface air temperature at 
both the global and continental levels, particularly over the past 50 years or so, cannot be explained 
without including the effects of human activities. While there are undoubtedly many natural factors 
that have affected climate in the past and continue to do so today, human activities are the dominant 
contributor to recently observed climate changes. (Figure source: NOAA NCDC).

Human Influences Apparent in Many Aspects of the Changing Climate
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Figure 18. Changes in surface air temperature at the continental and global scales can only be explained by 
the influence of human activities on climate. The black line depicts the annually averaged observed changes. 
The blue shading shows climate model simulations that include the effects of natural (solar and volcanic) forcing 
only. The orange shading shows climate model simulations that include the effects of both natural and human 
contributions. These analyses demonstrate that the observed changes, both globally and on a continent-by-
continent basis, are caused by the influence of human activities on climate. (Figure source: updated from 
Jones et al. 201355).

Only Human Influence Can Explain Recent Warming
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Supplemental Message 5. 

Past emissions of heat-trapping gases have already committed the world to a certain 
amount of future climate change. How much more the climate will change depends on future 

emissions and the sensitivity of the climate system to those emissions.

A certain amount of climate change is already inevitable due to 
the build-up of CO2 in the atmosphere from human activities, 
most of it since the Industrial Revolution. A decrease in tem-
perature would only be expected if there was an unexpected 
decrease in natural forcings, such as a reduction in the power 
of the sun. The Earth’s climate system, particularly the ocean, 
tends to lag behind changes in atmospheric composition by de-
cades, and even centuries, due to the large heat capacity of the 
oceans and other factors. Even if all emissions of the relevant 
gases and particles from human activity suddenly stopped, a 
temperature increase of 0.5°F still would occur over the next 
few decades,65 and the human-induced changes in the global 
carbon cycle would persist for thousands of years.66

Global emissions of CO2 and other heat-trapping gases contin-
ue to rise. How much climate will change over this century and 
beyond depends primarily on: 1) human activities and resulting 
emissions, and 2) how sensitive the climate is to those changes 
(that is, the response of global temperature to a change in 
radiative forcing caused by human emissions). Uncertainties 
in how the economy will evolve, what types of energy will be 
used, or what our cities, buildings, or cars will look like in the 
future all limit scientists’ ability to predict the future changes 
in climate. Scientists can, however, develop scenarios – plau-
sible projections of what might happen, under a given set of as-
sumptions. These scenarios describe possible futures in terms 
of population, energy sources, technology, heat-trapping gas 
emissions, atmospheric levels of carbon dioxide, and/or global 
temperature change.

Over the next few decades, the greater part of the range (or 
uncertainty) in projected global and regional change is the re-
sult of natural variability and scientific limitations in our ability 
to model and understand the Earth’s climate system (natural 
variability is discussed in Supplemental Message 3 and scien-
tific or model uncertainty in Supplemental Message 6). By the 
second half of the century, however, scenario uncertainty (that 
is, uncertainty about what will be the level of emissions from 
human activities) becomes increasingly dominant in determin-
ing the magnitude and patterns of future change, particularly 
for temperature-related aspects.67 Even though natural vari-
ability will continue to occur, most of the difference between 
present and future climates will be determined by choices that 
society makes today and over the next few decades. The fur-
ther out in time we look, the greater the influence of human 
choices on the magnitude of future change.

For temperature, it is clear that increasing emissions from hu-
man activities will drive consistent increases in global and most 

regional temperatures and that these rising temperatures will 
increase with the magnitude of future emissions (see Figure 
19 and Ch. 2: Our Changing Climate, Figures 2.8 and 2.9). Un-
certainty in projected temperature change is generally smaller 
than uncertainty in projected changes in precipitation or other 
aspects of climate.

Future climate change also depends on “climate sensitivity,” 
generally summarized as the response of global temperature 
to a doubling of CO2 levels in the atmosphere relative to pre-
industrial levels of 280 parts per million. If the only impact of 
increasing atmospheric CO2 levels were to amplify the natural 
greenhouse effect (as CO2 levels increase, more of the Earth’s 
heat is absorbed by the atmosphere before it can escape to 
space, as discussed in Supplemental Message 1), it would be 
relatively easy to calculate the change in global temperature 
that would result from a given increase in CO2 levels. However, 
a series of feedbacks within the Earth’s climate system acts to 
amplify or diminish an initial change, adding some uncertainty 
to the precise climate sensitivity. Some important feedbacks 
include:

•	 Clouds – Will warming increase or decrease 
cloudiness? Will the changes be to lower-altitude 
clouds that primarily reflect the sun’s energy, or 
higher clouds that trap even more heat within the 
Earth system?

•	 Albedo (reflectivity) – How quickly will bright white 
reflective surfaces, such as snow and ice that reflect 
most of the sun’s energy, melt and be replaced by 
a dark ocean or land area that absorbs most of the 
sun’s energy? How will vegetation changes caused by 
climate change alter surface reflectivity?

•	 Carbon dioxide absorption by the ocean and the 
biosphere – Will the rate of uptake increase in the 
future, helping to remove human emissions from the 
atmosphere? Or will it decrease, causing emissions to 
build up even faster than they are now?

Feedbacks are particularly important in the Arctic, where ris-
ing temperatures melt ice and snow, exposing relatively dark 
land and ocean, which absorb more of the sun’s energy, heat-
ing the region even further. Rising temperatures also thaw 
permafrost, releasing carbon dioxide and methane trapped 
in the previously frozen ground into the atmosphere, where 
they further amplify the greenhouse effect (see Supplemental 
Message 1). Both of these feedbacks act to further amplify the 
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initial warming due to human emissions of carbon dioxide and 
other heat-trapping gases.

Together, these and other feedbacks determine the long-term 
response of the Earth’s temperature to an increase in carbon 
dioxide and other emissions from human activities. Past ob-
servations, including both recent measurements and studies 
that look at climate changes in the distant past, cannot tell us 
precisely how sensitive the climate system will be to increasing 
emissions of heat-trapping gases if we are starting from to-
day’s conditions. They can tell us, however, that the net effect 
of these feedbacks will be to increase, not diminish, the direct 
warming effect. In other words, the climate system will warm 
by more than would be expected from the greenhouse effect 
alone.

Quantifying the effect of these feedbacks on global and re-
gional climate is the subject of ongoing data collection and 
active research. As noted above, one measure used to study 
these effects is the “equilibrium climate sensitivity,” which is 
an estimate of the temperature change that would result, once 
the climate had reached an equilibrium state, as a result of 
doubling the CO2 concentration from pre-industrial levels. The 
equilibrium climate sensitivity has long been estimated to be in 
the range of 2.7°F to 8.1°F. The 2007 IPCC Fourth Assessment 
Report15 refined this range based on more recent evidence to 
conclude that the value is likely to be in the range 3.6°F to 8.1°F, 
with a most probable value of about 5.4°F, based upon mul-
tiple observational and modeling constraints, and that it is very 
unlikely to be less than 2.7°F. Climate sensitivities determined 
from a variety of evidence agree well with this range, including 
analyses of past paleoclimate changes.68,69 This is substantially 
greater than the increase in temperature from just the direct 
radiative effects of the CO2 increase (around 2°F).

Some recent studies (such as Fasullo and Trenberth 201270) 
have suggested that climate sensitivities are at the higher end 

of this range, while others have suggested values at the lower 
end of the range.71,72 Some recent studies have even suggested 
that the climate sensitivity may be less than 2.7°F based on 
analyses of recent temperature trends.72 However, analyses 
based on recent temperature trends are subject to significant 
uncertainties in the treatment of natural variability,69 the ef-
fects of volcanic eruptions,73 and the effects of recent acceler-
ated penetration of heat to the deep ocean.74

The equilibrium climate sensitivity is sometimes confused with 
the “transient climate response,” defined as the temperature 
change for a 1% per year CO2 increase, and calculated using the 
difference between the start of the experiment and a 20-year 
period centered on the time of CO2 doubling. This value is gen-
erally smaller than the equilibrium climate sensitivity because 
of the slow rate at which heat transfers between the oceans 
and the atmosphere due to transient heat uptake of the ocean. 
The transient climate response is better constrained than the 
equilibrium climate sensitivity.15 It is very likely larger than 
1.8°F and very unlikely to be greater than 5.4°F. This transient 
response includes feedbacks that respond to global tempera-
ture change over timescales of years to decades. These “fast” 
feedbacks include increases in atmospheric water vapor, re-
duction of ice and snow, warming of the ocean surface, and 
changes in cloud characteristics. The entire response of the cli-
mate system will not be fully seen until the deep ocean comes 
into balance with the atmosphere, a process that can take 
thousands of years.

Combining the uncertainty due to climate sensitivity with the 
uncertainty due to human activities produces a range of fu-
ture temperature changes that overlap over the first half of 
this century, but begins to separate over the second half of the 
century as emissions and atmospheric CO2 levels diverge.
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Figure 19. Two families of scenarios are commonly used for future climate projections: the 2000 Special Report on Emission 
Scenarios (SRES, left) and the 2010 Representative Concentration Pathways (RCP, right). The SRES scenarios are named by 
family (A1, A2, B1, and B2), where each family is designed around a set of consistent assumptions: for example, a world that is more 
integrated or more divided. In contrast, the RCP scenarios are simply numbered according to the change in radiative forcing (from 
+2.6 to +8.5 watts per square meter) that results by 2100. This figure compares SRES and RCP annual carbon emissions (top), 
carbon dioxide equivalent levels in the atmosphere (middle), and temperature change that would result from the central estimate 
(lines) and the likely range (shaded areas) of climate sensitivity (bottom). At the top end of the range, the older SRES scenarios are 
slightly higher. Comparing carbon dioxide concentrations and global temperature change between the SRES and RCP scenarios, 
SRES A1fI is similar to RCP 8.5; SRES A1B to RCP 6.0 and SRES B1 to RCP 4.5. The RCP 2.6 scenario is much lower than any 
SRES scenario because it includes the option of using policies to achieve net negative carbon dioxide emissions before end of 
century, while SRES scenarios do not. (Data from CMIP3 and CMIP5).

Emissions, Concentrations, and Temperature Projections
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Figure 20. Projected change in surface air temperature at the end of this century (2071-2099) relative to the end of the last century 
(1970-1999). The older generation of models (CMIP3) and SRES emissions scenarios are on the left side; the new models (CMIP5) 
and scenarios are on the right side. The scenarios are described under Supplemental Message 5 and in Figure 19. Differences 
between the old and new projections are mostly a result of the differences in the scenarios of the emission of heat-trapping gases 
rather than the increased complexity of the new models. None of the new scenarios are exactly the same as the old ones, although 
at the end of the century SRES B1 and RCP 4.5 are roughly comparable, as are SRES A1B and RCP 6.0. (Figure source: NOAA 
NCDC / CICS-NC).

Projected Annually-Averaged Temperature Change
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Figure 21. Projected changes in wintertime precipitation at the end of this century (2071-2099) relative to the average for 1970-1999. 
The older generation of models (CMIP3) and emissions scenarios are on the left side; the new models (CMIP5) and scenarios are 
on the right side. Hatched areas indicate that the projected changes are significant and consistent among models. White areas 
indicate that the changes are not projected to be larger than could be expected from natural variability. In both sets of projections, 
the northern parts of the U.S. (and Alaska) become wetter. Increases in both the amount of precipitation change and the confidence 
in the projections go up as the projected temperature rises. In the farthest northern parts of the U.S., much of the additional winter 
precipitation will still fall as snow. This is not likely to be the case farther south. (Figure source: NOAA NCDC / CICS-NC).

Projected Wintertime Precipitation Changes
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Figure 22. Projected changes in summertime precipitation toward the end of this century (2071-2099) relative to the average for 
1970-1999. The older generation of models (CMIP3) and emissions scenarios are on the left side; the new models (CMIP5) and 
scenarios are on the right side. Hatched areas indicate that the projected changes are significant and consistent among models. 
White areas indicate confidence that the changes are not projected to be larger than could be expected from natural variability. 
In most of the contiguous U.S., decreases in summer precipitation are projected, but not with as much confidence as the winter 
increases. When interpreting maps of temperature and precipitation projections, readers are advised to pay less attention to small 
details and greater attention to the large-scale patterns of change. (Figure source: NOAA NCDC / CICS-NC).

Projected Summertime Precipitation Changes
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Figure 23. Historical emissions of carbon from fossil fuel (coal, oil, and gas) combustion and 
land-use change (such as deforestation) have increased over time. The growth rate was nearly 
three times greater during the 2000s as compared to the 1990s. This figure compares the 
observed historical (black dots) and projected future SRES (orange dashed lines) and RCP (blue 
solid lines) carbon emissions from 1970 to 2030. (Data from Boden et al. 201175 plus preliminary 
values for 2009 and 2010 based on BP statistics and U.S. Geological Survey cement data).

Carbon Emissions: Historical and Projected
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Supplemental Message 6. 

Different kinds of physical and statistical models are used to study aspects of past climate 
and develop projections of future change. No model is perfect, but many of them provide 

useful information. By combining and averaging multiple models, many clear trends emerge.

Climate scientists use a wide range of observational and com-
putational tools to understand the complexity of the Earth’s 
climate system and to study how that system responds to ex-
ternal forces, including the effect of humans on climate. Ob-
servational tools are described in Supplemental Message 2.

Computational tools include models that simulate different 
parts of the climate system. The most sophisticated computa-
tional tools used by climate scientists are global climate mod-
els (previously referred to as “general circulation models”), or 
GCMs. Global climate models are mathematical models that 
simulate the physics, chemistry, and, increasingly, the biology 
that influence the climate system. GCMs are built on funda-
mental equations of physics that include the conservation of 
energy, mass, and momentum, and how these are exchanged 
among different parts of the climate system. Using these fun-
damental relationships, the models generate many important 
features that are evident in the Earth’s climate system: the jet 
stream that circles the globe 30,000 feet above the Earth’s sur-
face; the Gulf Stream and other ocean currents that transport 
heat from the tropics to the poles; and even, when the models 
can be run at a fine enough spatial resolution to capture these 
features, hurricanes in the Atlantic and typhoons in the Pacific.

GCMs and other physical models are subject to two main types 
of uncertainty. First, because scientific understanding of the 
climate system is not complete, a model may not include an 
important process. This could be because that process is not 
yet recognized, or because it is known but is not yet under-
stood well enough to be modeled accurately. For example, the 
models do not currently include adequate treatments of dy-
namical mechanisms that are important to melting ice sheets. 
The existence of these mechanisms is known, but they are 
not yet well enough understood to simulate accurately at the 
global scale. Also, observations of climate change in the distant 
past suggest there might be “tipping points,” or mechanisms 
of abrupt changes in climate change, such as shifts in ocean 
circulation, that are not adequately understood.76 These are 
discussed further in Appendix 4: FAQ T.

Second, many processes occur at finer temporal and spatial 
(time and space) scales than models can resolve. Models in-
stead must approximate what these processes would look like 
at the spatial scale that the model can resolve using empiri-
cal equations, or parameterizations, based on a combination 
of observations and scientific understanding. Examples of 
important processes that must be parameterized in climate 
models include turbulent mixing, radiational heating/cooling, 
and small-scale physical processes such as cloud formation and 

precipitation, chemical reactions, and exchanges between the 
biosphere and atmosphere. For example, these models can-
not represent every raindrop. However, they can simulate the 
total amount of rain that would fall over a large area the size 
of a grid cell in the model. These approximations are usually 
derived from a limited set of observations and/or higher reso-
lution modeling and may not hold true for every location or 
under all possible conditions.

GCMs are constantly being enhanced as scientific understand-
ing of climate improves and as computational power increases. 
For example, in 1990, the average model divided up the world 
into grid cells measuring more than 300 miles per side. Today, 
most models divide the world up into grid cells of about 60 to 
100 miles per side, and some of the most recent models are 
able to run short simulations with grid cells of only 15 miles 
per side. Supercomputer capabilities are the primary limitation 
on grid cell size. Newer models also incorporate more of the 
physical processes and components that make up the Earth’s 
climate system. The very first global climate models were 
designed to simulate only the circulation of the atmosphere. 
Over time, the ocean, clouds, land surface, ice, snow, and other 
features were added one by one. Most of these features were 
new modules that were developed by experts in those fields 
and then added into an existing GCM framework. Today, there 
are more than 35 GCMs created and maintained by more than 
20 modeling groups around the world. Some of the newest 
models are known as Earth System Models, or ESMs, which 
include all the previous components of a typical GCM but also 
incorporate modules that represent additional aspects of the 
climate system, including agriculture, vegetation, and the car-
bon cycle.

Some models are more successful than others at reproducing 
observed climate and trends over the past century,77 or the 
large-scale dynamical features responsible for creating the 
average climate conditions over a certain region (such as the 
Arctic78 or the Caribbean79). Evaluation of models’ success 
often depends on the variable or metric being considered in the 
analysis, with some models performing better than others for 
certain regions or variables.80 However, all future simulations 
agree that both global and regional temperatures will increase 
over this century in response to increasing emissions of heat-
trapping gases from human activities.15

Differences among model simulations over several years to 
several decades arise from natural variability (as discussed in 
Supplemental Message 3) as well as from different ways mod-
els characterize various small-scale processes. Averaging simu-
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lations from multiple models removes the effects of randomly 
occurring natural variations. The timing of natural variations 
is largely unpredictable beyond several seasons (although 
such predictability is an active research area). For this reason, 
model simulations are generally averaged (as the last stage in 
any analysis) to make it easier to discern the impact of external 
forcing (both human and natural). The effect of averaging on 
the systematic errors depends on the extent to which models 
have similar errors or offsetting errors.

Despite their increasing resolution, most GCMs cannot simu-
late fine-scale changes at the regional to local scale. For that 
reason, downscaling is often used to translate GCM projec-
tions into the high-resolution information required as input 
to impact analyses. There are two types of models commonly 
used for downscaling: dynamical and statistical.

Dynamical downscaling models are often referred to as re-
gional climate models since they include many of the same 
physical processes that make up a global climate model, but 
simulate these processes at higher resolution and over a rela-
tively small area, such as the Northwest or Southeast United 
States. At their boundaries, regional climate models use out-
put from GCMs to simulate what is going on in the rest of the 
world. Regional climate models are computationally intensive, 
but provide a broad range of output variables including atmo-
spheric circulation, winds, cloudiness, and humidity at spatial 
scales ranging from about 6 to 30 miles per grid cell. They are 
also subject to the same types of uncertainty as a global mod-
el, such as not fully resolving physical processes that occur at 
even smaller scales. Regional climate models have additional 
uncertainty related to how often their boundary conditions 
are updated and where they are defined. These uncertainties 
can have a large impact on the precipitation simulated by the 
models at the local to regional scale. Currently, a limited set of 
regional climate model simulations based on one future sce-
nario and output from five CMIP3 GCMs is available from the 
North American Regional Climate Change Assessment Program 
(these are the “NARCCAP” models used in some sections of 
this report). These simulations are useful for examining certain 
impacts over North America. However, they do not encompass 
the full range of uncertainty in future projections due to both 
human activities and climate sensitivity described in Supple-
mental Message 5.

Statistical downscaling models use observed relationships 
between large-scale weather features and local climate to 
translate future projections down to the scale of observations. 
Statistical models are generally very effective at removing er-
rors in historical simulated values, leading to a good match be-
tween the average (multi-decadal) statistics of observed and 
statistically downscaled climate at the spatial scale and over 

the historical period of the observational data used to train 
the statistical model. However, statistical models are based 
on the key assumption that the relationship between large-
scale weather systems and local climate will remain constant 
over time. This assumption may be valid for lesser amounts of 
change, but could lead to errors, particularly in precipitation 
extremes, with larger amounts of climate change.81 Statistical 
models are generally flexible and less computationally de-
manding than regional climate models. A number of databases 
provide statistically downscaled projections for a continuous 
period from 1960 to 2100 using many global models and a 
range of higher and lower future scenarios (for example, the 
U.S. Geological Survey database described by Maurer et al. 
200782).83,84 Statistical downscaling models are best suited for 
analyses that require a range of future projections that reflect 
the uncertainty in emissions scenarios and climate sensitivity, 
at the scale of observations that may already be used for plan-
ning purposes.

Ideally, climate impact studies could use both statistical and 
dynamical downscaling methods. Regional climate models can 
directly simulate the response of regional climate processes to 
global change, while statistical models can better remove any 
biases in simulations relative to observations. However, rarely 
(if ever) are the resources available to take this approach. In-
stead, most assessments tend to rely on one or the other type 
of downscaling, where the choice is based on the needs of the 
assessment. If the study is more of a sensitivity analysis, where 
using one or two future simulations is not a limitation, or if it 
requires many climate variables as input, then regional climate 
modeling may be more appropriate. If the study needs to re-
solve the full range of projected changes under multiple mod-
els and scenarios or is more constrained by practical resources, 
then statistical downscaling may be more appropriate. How-
ever, even within statistical downscaling, selecting an appro-
priate method for any given study depends on the questions 
being asked. The variety of techniques ranges from a simple 
“delta” (change or difference) approach (subtracting historical 
simulated values from future values, and adding the resulting 
delta to historical observations, as used in the first national cli-
mate assessment85) to complex clustering and neural network 
techniques that rival dynamical downscaling in their demand 
for computational resources and high-frequency model output 
(for example, Kostopoulou and Jones 200786; Vrac et al. 200781). 
The delta approach is adequate for studies that are only inter-
ested in changes in seasonal or annual average temperature. 
More complex methods must be used for studies that require 
information on how climate change may affect the frequency 
or timing of precipitation and climate extremes.
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Figure 24. Some of the many processes often included in models of the Earth’s climate system. (Figure source: Karl 
and Trenberth 200387).

Modeling the Climate System
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Figure 25. Top: Illustration of the eastern North American 
topography in a resolution of 68 x 68 miles (110 x 110 km). 
Bottom: Illustration of the eastern North American topography 
in a resolution of 19 x 19 miles (30 x 30 km).

Increasing Model Resolution

Figure 26. The development of climate models 
over the last 35 years showing how the different 
components were coupled into comprehensive 
climate models over time. In each aspect (for 
example, the atmosphere, which comprises a wide 
range of atmospheric processes) the complexity 
and range of processes has increased over time 
(illustrated by growing cylinders). Note that during 
the same time the horizontal and vertical resolution 
has increased considerably. (Figure source: 
adapted from Cubasch et al. 201388).

Increasing Climate Model Components

Intergovernmental Panel on Climate Change Reports
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Supplemental Message 7. 

Scientific understanding of observed temperature changes in the United States has greatly 
improved, confirming that the U.S. is warming due to heat-trapping gas emissions, 

 consistent with the climate change observed globally. 

There have been substantial recent advances in our under-
standing of the continental U.S. temperature records. Numer-
ous studies have looked at many different aspects of the re-
cord.28,89,90,91,92,93 These studies have increased confidence that 
the U.S. is warming, and refined estimates of how much.

Historical temperature data are available for thousands of 
weather stations. However, for a variety of practical and often 
unavoidable reasons, there have been frequent changes to in-
dividual stations and to the network as a whole. Two changes 
are particularly important. The first is a widespread change in 
the time at which observers read their thermometers. Second, 
most stations now use electronic instruments rather than tra-
ditional glass thermometers.

Extensive work has been done to document the effect of these 
changes on historical temperatures. For example, the change 
from afternoon to morning observations resulted in systemati-
cally lower temperatures for both maximum and minimum, ar-
tificially cooling the U.S. temperature record by about 0.5°F.93,94 
The change in instrumentation was equally important but 
more complex. New electronic instruments generally recorded 
higher minimum temperatures, yielding an artificial warming 
of about 0.25°F, and lower maximum temperatures, resulting 
in an artificial cooling of about 0.5°F. This has been confirmed 
by extended period side-by-side instrument comparisons.95 
Confounding this, as noted by a recent citizen science effort, 
the new instruments were often placed nearer buildings or 
other man-made structures.96 Analyses of the changes in siting 
indicate that this had a much smaller effect than the change in 
instrumentation across the network as a whole.89,91,93

Extensive work has been done to develop statistical adjust-
ments that carefully remove these and other non-climate 
elements that affect the data. To confirm the efficacy of the 
adjustments, several sensitivity assessments have been under-
taken. These include:

•	 a comparison with the U.S. Climate Reference 
Network;91,97 

•	 analyses to evaluate biases and uncertainties;93 

•	 comparisons to a range of state-of-the-art 
meteorological data analyses;92 and

•	 in-depth analyses of the potential impacts of 
urbanization.90

These assessments agree that the corrected data do not over-
estimate the rate of warming. Rather, because the average 
effect of these issues was to reduce recorded temperatures, 
adjusting for these issues tends to reveal a larger long-term 
warming trend. The impact is much larger for maximum tem-
perature as compared to minimum temperature because the 
adjustments account for two distinct artificial cooling signals: 
the change in observation time and the change in instrumenta-
tion. The impact is smaller for minimum temperature because 
the artificial signals roughly offset one another (the change in 
observation time cooling the record, the change in instrumen-
tation warming the record). Even without these adjustments, 
however, both maximum and minimum temperature records 
show increases over the past century.

Geographically, maximum temperature has increased in most 
areas except in parts of the western Midwest, northeastern 
Great Plains, and the Southeast regions. Minimum tempera-
ture exhibits the same pattern of change with a slightly greater 
area of increases. The causes of these slight differences be-
tween maximum and minimum temperature are a subject of 
ongoing research.98 In general, the uncorrected data exhibit 
more extreme trends as well as larger spatial variability; in 
other words, the adjustments have a smoothing effect.

The corrected temperature record also confirms that U.S. aver-
age temperature is increasing in all four seasons. The heat that 
occurred during the Dust Bowl era is prominent in the summer 
record. The warmest summer on record was 1936, closely fol-
lowed by 2012. However, twelve of the last fourteen summers 
have been above average. Temperatures during the other sea-
sons have also generally been above average in recent years.
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Figure 27. Geographic distribution of linear trends in the U.S. Historical Climatology Network for the period 1895-2011. 
(Figure source: updated from Menne et al. 200991). 

Trends in Maximum and Minimum Temperatures
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Figure 28. Continental U.S. seasonal temperatures (relative to the 1901-1960 average) for winter, spring, summer, and fall all show 
evidence of increasing trends. Dashed lines show the linear trends. Stronger trends are seen in winter and spring as compared to 
summer and fall. (Figure source: updated from Kunkel et al. 201399). 

U.S. Seasonal Temperatures
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Supplemental Message 8. 

Many other indicators of rising temperatures have been observed in the United States. These 
include reduced lake ice, glacier retreat, earlier melting of snowpack, reduced lake levels, 

 and a longer growing season. These and other indicators are expected to  
continue to reflect higher temperatures.

While surface air temperature is the most widely cited mea-
sure of climate change, other aspects of climate that are af-
fected by temperature are often more directly relevant to both 
human society and the natural environment. Examples include 
shorter duration of ice on lakes and rivers, reduced glacier ex-
tent, earlier melting of snowpack, reduced lake levels due to 
increased evaporation, lengthening of the growing season, and 
changes in plant hardiness zones. Changes in these and many 
other variables are consistent with the recent warming over 
much of the United States. Taken as a whole, these changes 
provide compelling evidence that increasing temperatures are 
affecting both ecosystems and human society.

Striking decreases in the coverage of ice on the Great Lakes 
have occurred over the last few decades (see Ch 2: Our Chang-
ing Climate, Key Message 11). The annual average ice cover 
area for the Great Lakes, which typically shows large year-to-
year variability, has sharply declined over the last 30+ years.100 
Based on records covering the winters of 1972-1973 through 
2010-2011, 12 of the 19 winters prior to 1991-1992 had an-
nual average ice cover greater than 20% of the total lake area 
while 15 of the 20 winters since 1991-1992 have had less than 
20% of the total lake area covered with ice. This 
includes the three lowest ice extent winters of 
1997-1998, 2001-2002, and 2005-2006. A reduc-
tion in ice leading to more open water in winter 
raises concerns about possible increases in lake 
effect snowfall, although future trends will also 
depend on the difference between local air and 
water temperatures.

Smaller lakes in other parts of the country show 
similar changes. For example, the total duration of 
ice cover on Lake Mendota in Madison, Wiscon-
sin, has decreased from about 120 days in the late 
1800s to less than 100 days in most years since 
1990.101 Average dates of spring ice disappearance 
on Minnesota lakes show a trend toward earlier 
melting over the past 60 years or so. These chang-
es affect the recreational and commercial activi-
ties of the surrounding communities.

A long-term record of the ice-in date (the first 
date in winter when ice coverage closes the lake 
to navigation) on Lake Champlain in Vermont 
shows that the lake now freezes approximately 
two weeks later than in the early 1800s and over a 
week later than 100 years ago.102 Later ice-in dates 

are an indication of higher lake temperatures, as it takes longer 
for the warmer water to freeze in winter. Prior to 1950, the 
absence of winter ice cover on Lake Champlain was rare, oc-
curring just three times in the 1800s and four times between 
1900 and 1950. By contrast, it remained ice-free during 42% 
of the winters between 1951 and 1990, and since 1991, Lake 
Champlain has remained ice-free during 64% of the winters. 
One- to two-week advances of ice breakup dates and similar 
length delays of freeze-up dates are also typical of lakes and 
rivers in Canada, Scandinavia, and northern Asia.15

While shorter durations of lake ice enhance navigational op-
portunities during winter, decreasing water levels in the Great 
Lakes present risks to navigation, especially during the sum-
mer. Water levels on Lakes Superior, Michigan, and Ontario 
have been below their long-term (1918-2008) averages for 
much of the past decade.103 The summer drought of 2012 
left Lakes Michigan and Ontario approximately one foot be-
low their long-term averages. As noted in the second national 
climate assessment,1 projected water level reductions for this 
century in the Great Lakes range from less than a foot under 
lower emissions scenarios to between 1 and 2 feet under high-

Figure 29. The duration, or number of days, of ice cover on Lake Mendota, 
Wisconsin, has decreased over time. The 10 longest ice seasons are marked 
by blue circles, and the 11 shortest ice seasons are marked by red circles. 
Seven of the 10 shortest ice cover seasons have occurred since 1980. (Figure 
source: Kunkel et al. 2013107).

Ice Cover on Lake Mendota
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er emissions scenarios, with the smallest changes projected 
for Lake Superior and the largest change projected for Lakes 
Michigan and Huron.83 A notable feature is the large range 
(several feet) of water level projections among models.104 
More recent studies have indicated that earlier approaches 
to computing evapotranspiration estimates from temperature 
may have overestimated evaporation losses.105 Accounting for 
land-atmosphere feedbacks may further reduce the estimates 
of lake level declines.106 These recent studies, along with the 
large spread in models, indicate that projections of Great Lakes 

water levels represent evolving research and are still subject to 
considerable uncertainty.

In the U.S. Southwest, indications of a changing climate over 
the last five decades include decreases in mountain snow-
pack,108 earlier dates of snowmelt runoff,109,110 earlier onset of 
spring (as indicated by shifts in the timing of plant blooms and 
spring snowmelt-runoff pulses),111 general shifts in western 
hydroclimatic seasons,112 and trends toward more precipita-
tion falling as rain instead of snow over the West.113 The ratio 
of precipitation falling as rain rather than snow, the amount 
of water in snowpack, and the timing of peak stream flow on 
snowmelt-fed rivers all changed as expected with warming 
over the past dozen years, relative to the last century base-
lines.62

Changing temperatures affect vegetation through lengthening 
of the frost-free season and the corresponding growing sea-
son, and changing locations of plant tolerance thresholds. The 
U.S. average frost-free season length (defined as the number 
of days between the last and first occurrences of 32°F in spring 
and autumn, respectively) increased by about two weeks dur-
ing the last century.114 The increase was much greater in the 
western than in the eastern United States. Consistent with the 
recent observed trends in frost-free season length, the largest 
projected changes in growing season length are in the moun-
tainous regions of the western United States, while smaller 
changes are projected for the Midwest, Northeast, and South-
east. Related plant and animal changes include a northward 
shift in the typical locations of bird species115 and a shift since 
the 1980s toward earlier first-leaf dates for lilac and honey-
suckle.116 

Plant hardiness zones are determined primarily by the ex-
tremes of winter cold.117 Maps of plant hardiness have guided 
the selection of plants for both ornamental and agricultural 
purposes, and these zones are changing as climate warms. 
Plant hardiness zones for the U.S. have recently been updated 
using the new climate normals (1981-2010), and these zones 
show a northward shift by up to 100 miles relative to the zones 
based on the older (1971-2000) normals. Even greater north-
ward shifts, as much as 200 miles, are projected over the next 
30 years as warming increases. Projected shifts are largest in 
the major agricultural regions of the central United States.

Evidence of a warming climate across the U.S. is based on a 
host of indicators: hydrology, ecology, and physical climate. 
Most of these are changing in ways consistent with increasing 
temperatures, and are expected to continue to change in the 
future as a result of ongoing increases in human-induced heat-
trapping gas emissions.

Figure 30. At many locations in the western U.S., the timing 
of streamflow in rivers fed by snowpack is shifting to earlier 
in the year. Red dots indicate stream gauge locations where 
half of the annual flow is now arriving anywhere from 5 to 20 
days earlier each year for 2001-2010, relative to the 1951-
2000 average. Blue dots indicate locations where the annual 
flow is now arriving later. Crosses indicate locations where 
observed changes are not statistically different from the past 
century baseline at 90% confidence levels, diamonds indicate 
gauges where the timing difference was significantly different 
at 90% confidence, and dots indicate gauges where timing 
was different at 95% confidence level. (Updated from Stewart 
et al. 2005110).

Streamflow from Snowmelt 
 Coming Earlier in the Year
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Supplemental Message 9. 

Trends in some types of extreme weather events have been observed in recent decades, 
consistent with rising temperatures. These include increases in heavy precipitation 

nationwide, especially in the Midwest and Northeast; heat waves, especially in the West; and 
the intensity of Atlantic hurricanes. These trends are expected to continue. Research on 

climate change’s effects on other types of extreme events continues.

High impact, large-scale extreme events are complex phe-
nomena involving various factors that can vcreate a “perfect 
storm.” Such extreme weather occurs naturally. However, the 
influence of human activities on global climate is altering the 
frequency and/or severity of many of these events.

Observations show that heavy downpours have already in-
creased nationally. Regional and global models project in-
creases in extreme precipitation for every U.S. region.118 Pre-
cipitation events tend to be limited by available moisture. For 
the heaviest, most rare events, there is strong evidence from 
observations119 and models118,120 that higher temperatures and 
the resulting moister atmosphere are the main cause of these 
observed and projected increases. Other factors that may also 
have an influence on observed U.S. changes in extreme pre-
cipitation are land-use changes (for example, changes in irriga-
tion121,122) and a shift in the number of El Niño events versus La 
Niña events.

Climate change can also alter the characteristics of the atmo-
sphere in ways that affect weather patterns and storms. In the 
mid-latitudes, where most of the continental U.S. is located, 
there is an increasing trend in extreme precipitation in the 
vicinity of fronts associated with mid-latitude storms (also 
referred to as extra-tropical [outside the tropics] cyclones123). 
There is also a northward shift in storms over the U.S.124 that 
are often associated with extreme precipitation. This shift is 
consistent with projections of a warming world.125 No change in 
mid-latitude storm intensity or frequency has been detected.

In the tropics, the most important types of storms are tropi-
cal cyclones, referred to as hurricanes when they occur in the 
Atlantic Ocean. Over the 40 years of satellite monitoring, there 
has been a shift toward stronger hurricanes in the Atlantic, 
with fewer Category 1 and 2 hurricanes and more Category 4 
and 5 hurricanes. There has been no significant trend in the 
global number of tropical cyclones126 nor has any trend been 
identified in the number of U.S. landfalling hurricanes.1 Two 

Figure 31. The map on the left shows the change in Plant Hardiness Zones calculated from those based on the 1971-2000 climate 
to those based on the 1981-2010 climate. Even greater changes are projected over the next 30 years (right). (Figure source: NOAA).

Shifts in Plant Hardiness Zones
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studies have found an upward trend in the number of extreme 
precipitation events associated with tropical cyclones,127 but 
significant uncertainties remain.122 A change in the number of 
Atlantic hurricanes has been identified, but interpreting its sig-
nificance is complicated both by multi-decadal natural variabil-
ity and the reliability of the pre-satellite historical record.128 
The global satellite record shows a shift toward stronger tropi-
cal cyclones,126,129 but does not provide definitive evidence of 
a long-term trend. Nonetheless, there is a growing consensus 
based on scientific understanding and very-high-resolution 
atmospheric modeling that the strongest tropical cyclones, in-
cluding Atlantic hurricanes, will become stronger in a warmer 
world.130

The number of heat waves has been increasing in recent years. 
On a decadal basis, the decade of 2001-2010 had the second 
highest number since 1901 (first is the 1930s). This trend has 
continued in 2011 and 2012, with the number of intense heat 
waves being almost triple the long-term average. Region-

ally, the Northwest, Southwest, and Alaska had their highest 
number of heat waves in the 2000s, while the 1930s were the 
highest in the other regions (note that the Alaskan time series 
begins in the 1950s). For the number of intense cold waves, the 
national-average value was highest in the 1980s and lowest in 
the 2000s. The lack of cold waves in the 2000s was prevalent 
throughout the contiguous U.S. and Alaska. Climate model 
simulations indicate that the recent trends toward increasing 
frequency of heat waves and decreasing frequency of cold 
waves will continue in the future.

The data on the number and intensity of severe thunderstorm 
phenomena (including tornadoes, thunderstorm winds, and 
hail) are not of sufficient quality to determine whether there 
have been historical trends.119 This scarcity of high-quality 
data, combined with the fact that these phenomena are too 
small to be directly represented in climate models,131 makes 
it difficult to project how these storms might change in the 
future.

Figure 32. Heavy downpours are increasing nationally, with especially large increases in the Midwest and Northeast.99 Despite 
considerable decadal-scale natural variability, indices such as this one based on 2-day precipitation totals exceeding a threshold 
for a 1-in-5-year occurrence exhibit a greater than normal occurrence of extreme events since 1991 in all U.S. regions except 
Alaska and Hawai‘i. Each bar represents that decade’s average, while the far right bar in each graph represents the average for 
the 12-year period of 2001-2012. Analysis is based on 726 long-term, quality-controlled station records. This figure is a regional 
expansion of the national index in Figure 2.16 of Chapter 2. (Figure source: updated from Kunkel et al. 201399).

Extreme Precipitation
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Supplemental Message 10. 

Drought and fire risk are increasing in many regions as temperatures and evaporation rates 
rise. The greater the future warming, the more these risks will increase,  

potentially affecting the entire United States.

As temperatures rise, evaporation 
rates increase, which (all else remain-
ing equal) would be expected to lead to 
increased drying.131 The Palmer Drought 
Severity Index (PDSI),132 a widely used 
indicator of dryness that incorporates 
both precipitation and temperature-
based evaporation estimates, does 
not show any trend for the U.S. as a 
whole over the past century.133 How-
ever, drought intensity and frequency 
have been increasing over much of the 
western United States, especially during 
the last four decades. In the Southeast, 
western Great Lakes, and southern 
Great Plains, droughts have increased 
during the last 40 years, but do not 
show an increase when examined over 
longer periods encompassing the entire 
last century. In the Southwest, drought 
has been widespread since 2000; the 
average value of the PDSI during the 
2000s indicated the most severe aver-
age drought conditions of any decade. 
The severity of recent drought in the 
Southwest reflects both the decade’s 
low precipitation and high temperatures.

Seasonal and multi-year droughts affect wildfire severity.134 
For example, persistent drought conditions in the Southwest, 
combined with wildfire suppression and land management 
practices,135 have contributed to wildfires of unprecedented 
size since 2000. Five western states (Arizona, Colorado, Utah, 
California, and New Mexico) have experienced their largest 
fires on record at least once since 2000. Much of the increase 
in fires larger than 500 acres occurred in the western United 
States, and the area burned in the Southwest increased more 
than 300% relative to the area burned during the 1970s and 
early 1980s.136

Droughts on a duration and scale that affect agriculture are 
projected to increase in frequency and severity in this century 
due to higher temperatures. Projections of the Palmer Drought 
Severity Index at the end of this century indicate that the nor-
mal state for most of the nation will be what is considered 
moderate to severe drought today.137,138 The PDSI is used by 
several states for monitoring drought and for triggering certain 
actions.139 It is also one component of the U.S. Drought Moni-
tor.140 The closely related Palmer Hydrological Index is the most 

Figure 33. The area of the western U.S. in moderately to extremely dry conditions 
during summer (June-July-August) varies greatly from year to year but shows a long-
term increasing trend from 1900 to 2012. (Data from NOAA NCDC State of the Climate 
Drought analysis). 

Percent of West in Summer Drought

Figure 34. Although the average number of wildfires per year 
(black line) has decreased over time, the total area burned by 
wildfires (orange bars) in the continental U.S. (primarily in the 
western states) has nearly doubled since 2000 relative to the 
long-term 1960-1999 average (data shown are for 1960-2011). 
(Data from the National Interagency Fire Center).

Changing Forest Fires in the U.S.
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important component of NOAA’s Objective Long-term Drought 
Indicator Blend,141 which is used by the U.S. Department of Ag-
riculture to identify counties that are eligible to participate in 
certain Federal Government drought relief programs. The U.S. 
Drought Monitor is used by some states for similar purposes. 

Despite its widespread usage, the PDSI may be overly sensi-
tive to future temperature increases.142 As temperatures 
increase during this century, these PDSI-based monitoring 

tools may over-estimate the intensity of 
drought during anomalous warm periods, 
so statutory adjustments to these tools may 
be warranted. However, the projection of in-
creased drought risk is reinforced by a direct 
examination of future soil moisture content 
projections, which reveals substantial drying 
in most areas of the western U.S (Ch. 2: Our 
Changing Climate, Key Message 3).

Provided the wood and ground litter has 
dried out, the area of forest burned in many 
mid-latitude areas, including the western 
United States, may increase substantially 
as temperature and evapotranspiration in-
crease, exacerbating drought.143 Under even 
relatively modest amounts of warming, sig-
nificant increases in area burned are project-
ed in the Sierra Nevada, southern Cascades, 
and coastal California; in the mountains 
of Arizona and New Mexico; on the Colo-
rado Plateau; and in the Rocky Mountains.144 
Other studies, examining a broad range of 
climate change and development scenarios, 
find increases in the chance of large fires for 
much of northern California’s forests.145

Long periods of consecutive days with little 
or no precipitation also can lead to drought. 
The average annual maximum number of 
consecutive dry days are projected to in-
crease for the higher emissions scenarios 
in areas that are already prone to little 

precipitation by mid-century and increase thereafter (Ch. 2: 
Our Changing Climate, Key Message 5). Much of the western 
and southwestern U.S. is projected to experience statistically 
significant increases in the annual maximum number of con-
secutive dry days, on average up to 10 days above present-
day values for parts of the contiguous U.S. by the end of this 
century under high emissions scenarios. Hence, some years are 
projected to experience substantially longer dry seasons.

Figure 35. The fractional areal extent of the contiguous U.S. and Mexico in 
extreme drought according to projections of the Palmer Drought Severity Index 
under an intermediate emissions scenario (SRES A1B, in between the B1 and 
A2 scenarios used elsewhere in this report) (Supplemental Message 5 and Ch. 
2: Our Changing Climate, Key Message 3). The Palmer Drought Severity Index 
is the most widely used measure of drought, although it is more sensitive to 
temperature than other drought indices and may over-estimate the magnitude 
of drought increases. The red line is based on observed temperature and 
precipitation. The blue line is from the average of 19 different climate models. 
The gray lines in the background are individual results from over 70 different 
simulations from these models. These results suggest an increasing probability 
of agricultural drought over this century throughout most of the U.S. (Figure 
source:  Wehner et al. 2011138).

Extreme Drought in the U.S. and Mexico, Past and Future
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Supplemental Message 11. 

Summer Arctic sea ice extent, volume, and thickness have declined rapidly, especially north 
of Alaska. Permafrost temperatures are rising and the overall amount of permafrost is 

shrinking. Melting of land- and sea-based ice is expected to continue with further warming.

Increasing temperatures and associated impacts are appar-
ent throughout the Arctic, including Alaska. Sea ice coverage 
and thickness, permafrost on land, mountain glaciers, and the 
Greenland Ice Sheet all show changes consistent with higher 
temperatures.

The most dramatic decreases in summer sea ice have occurred 
along the northern coastline of Alaska and Russia. Since the 
satellite record began in 1979, September (summer minimum) 
sea ice extent has declined by 13% per decade in the Beau-
fort Sea and 32% per decade in the Chukchi Sea,146 leaving the 
Chukchi nearly ice-free in the past few Septembers. Longer-
term records based on climate proxies suggest that pan-Arctic 

ice extent in summer is the lowest it has been in at least the 
past 1,450 years.147 Winter ice extent has declined less than 
summer ice extent (see Ch. 2: Our Changing Climate, Key Mes-
sage 11), indicative of a trend toward seasonal-only (as op-
posed to year-round) ice cover, which is relatively thin and vul-
nerable to melt in the summer. Recent work has indicated that 
the loss of summer sea ice may be affecting the atmospheric 
circulation in autumn and early winter. For example, there are 
indications that a weakening of subpolar westerly winds during 
autumn is an atmospheric response to a warming of the lower 
troposphere of the Arctic.148 Extreme summer ice retreat also 
appears to be increasing the persistence of associated mid-lat-
itude weather patterns, which may lead to an increased prob-

Figure 36. Change in the number of consecutive dry days (days receiving less than 
0.04 inches (1 mm) of precipitation) at the end of this century (2070-2099) relative 
to the end of last century (1971-2000) under the higher scenario, RCP 8.5. Stippling 
indicates areas where changes are consistent among at least 80% of the 25 models 
used in this analysis. (Supplemental Message 5 and Ch. 2: Our Changing Climate, 
Key Message 3). (Figure source: NOAA NCDC / CICS-NC).

Change in Maximum Number of Consecutive Dry Days
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ability of extreme weather events that result from prolonged 
conditions, such as drought, flooding, cold spells, and heat 
waves.149 However, the combination of interannual variability 
and the small sample of years with extreme ice retreat make 
it difficult to identify a geographically consistent atmospheric 
response pattern in the middle latitudes. 

On land, changes in permafrost provide compelling indicators 
of a warming climate, as they tend to reflect long-term average 
changes in climate. Borehole measurements are particularly 
useful, as they provide information from levels below about 
10-meter depth where the seasonal cycle becomes negligible. 
Increases in borehole temperatures over the past several 
decades are apparent at various locations, including Alaska, 
northern Canada, Greenland, and northern Russia. The in-
creases are about 3.6°F at the two stations in northern Alaska 
(Deadhorse and West Dock). In northern Alaska and northern 
Siberia, where permafrost is cold and deep, thaw of the entire 
permafrost layer is not imminent. However, in the large areas 
of discontinuous permafrost of Russia, Alaska, and Canada, 
average annual temperatures are sufficiently close to freezing 
that permafrost thaw is a risk within this century. Thawing of 
permafrost can release methane into the atmosphere, ampli-
fying warming (see Supplemental Message 5), as well as poten-
tially causing infrastructure and environmental damages.

There is evidence that the active layer (the near-surface layer 
of seasonal thaw, typically up to three feet deep) may be thick-
ening in many areas of permafrost, including in northern Russia 
and Canada.152 Permafrost thaw in coastal areas increases the 
vulnerability of coastlines to erosion by ocean waves, which in 
turn are exacerbated by the loss of sea ice from coastal areas 
affected by storms.

Increased melt is reducing both the mass and areal extent of 
glaciers over much of the Northern Hemisphere. Over the past 
decade, the contribution to sea level rise from glaciers and 
small ice caps (excluding Greenland) has been comparable to 
the contributions from the Greenland Ice Sheet.153 

Projections of future mass loss by glaciers and small ice caps 
indicate a continuation of current trends, although these pro-
jections are based only on the changes in temperature and 
precipitation projected by global climate models; they do not 
include the effects of dynamical changes (for example, glacier 
movement). While there is a wide range among the projections 
derived from different global climate models, the models are 
consistent in indicating that the effects of melting will outweigh 
the effects of increases in snowfall. The regions from which the 
contributions to sea level rise are projected to be largest are 
the Canadian Arctic, Alaska, and the Russian Arctic.151

Figure 37. The spatial extent of Arctic sea ice cover in September has decreased 
substantially in the past two decades, as shown in this pair of satellite images depicting 
sea ice concentrations. The reduction of September sea ice extent from 1992 (left) to 
2012 (right) has been nearly 50%, or about 1.2 million square miles (3 million square 
kilometers), which is nearly one-third the area of the contiguous United States. (Figure 
source: University of Illinois, The Cryosphere Today;150 Data from the National Snow 
and Ice Data Center).

Arctic Sea Ice Decline
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Figure 38. Ground temperatures at depths between 33 and 66 feet 
(10 and 20 meters) for boreholes across the circumpolar northern 
permafrost regions. Lower panel shows locations of measurement 
sites in colors corresponding to lines in upper panel (Figure source: 
AMAP 2011151).

Permafrost Temperatures Rising
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On the left is a photograph of Muir Glacier in Alaska taken on August 13, 1941; on the right, a photograph 
taken from the same vantage point on August 31, 2004. Total glacial mass has declined sharply around the 
globe, adding to sea level rise. (Left photo by glaciologist William O, Field; right photo by geologist Bruce F. 
Molnia of the United State Geological Survey.)

Figure 39. Inputs of freshwater to the ocean from mountain glaciers, small ice caps, and the Greenland Ice Sheet 
have increased dramatically in the past two decades. The size of the circles in the figure is proportional to the 
five-year average freshwater contributions to the ocean from melting of land-based ice. The coloring indicates the 
relative contributions from the Greenland Ice Sheet (brown) and mountain glaciers from the Greenland periphery 
(orange), Iceland-Scandinavia-Svalbard (dark blue), the Canadian Arctic (yellow), southern Alaska (light blue), and 
the Russian Arctic (medium blue). The largest contributions from mountain glaciers have been from the Canadian 
Arctic and southern Alaska. Note that contributions from mass changes of the Greenland Ice Sheet are not available 
prior to the mid-1990s, but they are assumed to have been small during this earlier period because annual snow 
accumulation was in approximate balance with annual meltwater discharge. (Figure source: AMAP 2011151).

Melting of Arctic Land-based Ice
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Supplemental Message 12. 

Sea level is already rising at the global scale and at individual locations along the U.S. coast. 
Future sea level rise depends on the amount of warming and ice melt around the world as 
well as local processes like changes in ocean currents and local land subsidence or uplift.

The rising global average sea level is one of the hallmarks of 
a warming planet. It will also be one of the major impacts of 
human-caused global warming on both human society and the 
natural environment.

Global sea level is increasing as a result of two different pro-
cesses. First, the oceans absorb more than 90% of the excess 
heat trapped by human interference with the climate system, 
and this warms the oceans.155 Like mercury in a thermometer, 
the warmer ocean water expands, contributing to global sea 
level rise. Second, the warmer climate also causes melting of 
glaciers and ice sheets. This meltwater eventually runs off into 
the ocean and contributes to sea level rise as well. A recent 
synthesis of surface and satellite measurements of the ice 
sheets shows that the rate at which the Greenland and Ant-
arctic ice sheets contribute to sea level rise has been increas-
ing rapidly and has averaged 0.02 inches (plus or minus 0.008) 
per year since 1992, with Greenland’s contribution being more 
than double that of Antarctica.156 In addition, local sea level 
change can differ from the global average sea level rise due 
to changes in ocean currents, local land movement, and even 
changes in the gravitational pull of the ice sheets and changes 
in Earth’s rotation.

There is high confidence that global sea level will continue to 
rise over this century and beyond and that most coastlines 
will see higher water levels. The rates of sea level rise along 
individual coastlines are difficult to predict, as they can vary 
depending on the region. For example, globally averaged sea 
level has risen steadily by about 2.4 inches over the past two 
decades. But during that time, many regions have seen much 
more rapid rise while some have experienced falling sea levels. 
These complicated patterns are caused by changes in ocean 
currents and movement of heat within the oceans. Many of 
these patterns are due in part to natural, cyclic changes in the 
oceans. On the West Coast of the United States, sea level has 
fallen slightly since the early 1990s. Recent work suggests that 
a natural cycle known as the Pacific Decadal Oscillation has 
counteracted most or all of the global sea level signal there. 
This means that in coming decades the West Coast is likely 
to see faster than average sea level rise as this natural cycle 
changes phase.157

Along any given coastline, determining the rate of sea level rise 
is complicated by the fact that the land may be rising or sink-
ing. Along the Gulf Coast, for example, local geological factors 
including extraction of oil, natural gas, and water from under-

Figure 40. Projections of contributions to sea level rise by 2100 for 
seven regions that include all Arctic glaciers. Projections are based on 
temperature and precipitation simulated by ten different global climate 
models from CMIP3. For each region, the estimates are shown in different 
colors corresponding to the ten different models. (Figure source: adapted 
from Radić and Hock 2011154).

Melting Glaciers Lead to Sea Level Rise
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ground reservoirs are causing the land to sink, which could 
increase the effect of global sea level rise by several inches by 
the end of this century.158 In some other locations, coastlines 
are rising as they continue to rebound from glaciation during 
the last glacial maximum. Predicting the future of any single 
coastline requires intimate knowledge of the local geology as 
well as the processes that cause sea levels to change at both 
the local and global scale.

Greenland and Antarctica hold enough ice to raise global sea 
levels by more than 200 feet if they were to melt completely. 
While this is very unlikely over at least the next few centuries, 
studies suggest that meltwater from ice sheets could contrib-
ute anywhere from several inches to 4.5 feet to global sea lev-
els by the end of this century.159 Because their behavior in a 
warming climate is still very difficult to predict, these two ice 

sheets are the biggest wildcards for potential sea level rise in 
the coming decades. What is certain is that these ice sheets 
are already responding to the warming of the oceans and the 
atmosphere. Satellites that measure small changes in the gravi-
tational pull of these two regions have proven that both Green-
land and Antarctica are currently losing ice and contributing to 
global sea level rise.160

In the United States, an estimated 5 million people currently 
live within 4 feet of current high tide lines, which places them 
at increasing risk of flooding in the coming decades.161 Although 
sea level rise is often thought of as causing a slow inundation, 
the most immediate impacts of sea level rise are increases 
in high tides and storm surges. A recent assessment of flood 
risks in the United States found that the odds of experiencing a 
“100-year flood” are on track to double by 2030.

Figure 41.  The patterns of sea level rise between 1993 and 2012 as measured by satellites. 
The complicated patterns are a reminder that sea levels do not rise uniformly.162 (Figure source: 
University of Colorado, Sea Level Research Group).

Sea Level Rise, 1993-2012
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Figure 42. Rate of local ice sheet mass loss (in inches of water-equivalent-height per year) from Greenland (left) 
and Antarctica (right) from 2003 to 2012. The GRACE (Gravity Recovery and Climate Experiment) satellites 
measure changes in the pull of gravity over these two regions. As they lose ice to the oceans, the gravitational 
pull of Greenland and Antarctica is reduced. Analyses of GRACE data have now proven that both of the major 
ice sheets are currently contributing to global sea level rise due to ice loss. Over the periods plotted here, 
Greenland lost enough ice to raise sea level at a rate of 0.028 inches per year (0.72 mm/yr), and Antarctica 
lost ice at a rate that caused 0.0091 inches of sea level rise per year (0.24 mm/yr). (Figure source: NASA Jet 
Propulsion Laboratory, (left) updated from Velicogna and Wahr 2013;163 (right) updated from Ivins et al. 2013164).

Ice Loss from Greenland and Antarctica
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FREQUENTLY  
ASKED QUESTIONSAPPENDIX4

A. How can we predict what climate will be like in 100 years if we can’t even predict the weather next week?

B. Is the climate changing? How do we know?

C. Climate is always changing. How is recent change different than in the past?

D. Is the globally averaged surface temperature still increasing? Isn’t there recent evidence that it is actually  
 cooling?

E. Is it getting warmer at the same rate everywhere? Will the warming continue?

F. How long have scientists been investigating human influences on climate?

G. How can the small proportion of carbon dioxide in the atmosphere have such a large effect on our climate?

H. Could the sun or other natural factors explain the observed warming of the past 50 years?

I. How do we know that human activities are the primary cause of recent climate change?

J. What is and is not debated among climate scientists about climate change?

K. Is the global surface temperature record good enough to determine whether climate is changing?

L. Is Antarctica gaining or losing ice? What about Greenland?

M. Weren’t there predictions of global cooling in the 1970s?

N. How is climate projected to change in the future?

O. Does climate change affect severe weather?

P. How are the oceans affected by climate change?

Q. What is ocean acidification?

R. How reliable are the computer models of the Earth’s climate?

S. What are the key uncertainties about climate change?

T. Are there tipping points in the climate system?

U. How is climate change affecting society?

V. Are there benefits to warming?

W. Are some people more vulnerable than others?

X. Are there ways to reduce climate change?

Y. Are there advantages to acting sooner rather than later?

Z. Can we reverse global warming?

This section answers some frequently asked questions about 
climate change. The questions addressed range from those 
purely related to the science of climate change to those that 
extend to some of the issues being faced in consideration of 
mitigation and adaptation measures. The author team select-

ed these questions based on those often asked in presenta-
tions to the public. The answers are based on peer-reviewed 
science and assessments and have been confirmed by multiple 
analyses.
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A. How can we predict what climate will be like in 100 years  
if we can’t even predict the weather next week?

Predicting how climate will change in future decades is a different scientific issue from predicting weather a few weeks from 
now. Weather is short term and chaotic, largely determined by whatever atmospheric system is moving through at the time, 
and thus it is increasingly difficult to predict day-to-day changes beyond about two weeks into the future. Climate, on the 
other hand, is a long-term statistical average of weather and is determined by larger-scale forces, such as the level of heat-
trapping gases in the atmosphere and the energy coming from the sun. Thus it is actually easier to project how climate will 
change in the future. By analogy, while it is impossible to predict the age of death of any individual, the average age of death 
of an American can be calculated. In this case, weather is like the individual, while climate is like the average. To extend this 
analogy into the realm of climate change, we can also calculate the life expectancy of the average American who smokes. We 
can predict that on average, a smoker will not live as long as a non-smoker. Similarly, we can project what the climate will be 
like if we emit less heat-trapping gas, and what it will be like if we emit more.

Weather is the day-to-day variations in temperature, precipita-
tion, and other aspects of the atmosphere around us. Weather 
prediction using state-of-the-art computer models can be very 
accurate for a few days to more than a week in advance. Be-
cause weather forecasts are based on the initial conditions of 
the atmosphere and ocean at the time the prediction is made, 
accuracy decays over time. After about two weeks, the effects 
of small errors in defining these initial conditions grow so large 
that meteorologists can no longer discern what the weather 
will be like on any specific day or place.

Climate is long-term average weather – the statistics of weath-
er over long time scales, typically of 30 years or more. Climate 
is primarily the result of the effects of local geography, such as 
distance from the equator, distance from the ocean, and local 
topography and elevation, combined with larger scale climate 
factors that can change over time. These include the amount of 
energy from the sun and the composition of the atmosphere, 
including the amount of greenhouse gases and tiny particles 
suspended in the atmosphere. Knowing all these factors en-
ables scientists to quantify the climate at a given place and 
time. Climate change occurs when these large-scale climate 
factors change over time. 

Using our understanding of the physics of how the atmosphere 
works, we can estimate how climate will change in the future 
– in response to human activities, which are now changing 
Earth’s atmospheric composition faster than at any time in 
at least the last 800,000 years. It is also possible to estimate 
changes in the statistics of certain types of weather events, 
such as heat waves or heavy precipitation events, especially 
when we know what is causing them to change.

We know how climate has changed in the recent past, and of-
ten we know why those changes have occurred. For example, 
the increase in global temperature, or global warming, that has 
occurred over the last 150 years can only be explained if we 
include the impact of increasing levels of heat-trapping gases 
in the atmosphere caused by human activities. The present 
generation of climate models can successfully reproduce the 
past warming and therefore provide an essential tool to peer 
into the future.

The role of human activities in driving recent change is dis-
cussed in FAQ I. (In the context of a changing climate, the term 
“human activities” is used throughout these frequently asked 
questions to refer specifically to activities, such as extracting 
and burning fossil fuels, deforestation, agriculture, waste treat-
ment, and so on, that produce heat-trapping gases like carbon 
dioxide, methane, and nitrous oxide and/or emissions of black 
carbon, sulfate, and other particles.) Other human activities, 
like changes in land use, can also alter climate, especially on 
local or regional scales, such as that which occurs with urban 
heat islands.

Figure 1. Climate change refers to the changes in average 
weather conditions that persist for an extended period of 
time, over multiple decades or even longer. Year-to-year and 
even decade-to-decade conditions do not necessarily tell us 
much about long-term changes in climate. One cold year, or 
even a few cold years in a row, does not contradict a long-
term warming trend, even as one hot year does not prove it. 
(Figure source: adapted from Kunkel et al. 20131). 

U.S. Annual Average Temperature
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B. Is the climate changing? How do we know?
Yes. The world has warmed over the last 150 years, and that warming has triggered many other changes to the Earth’s climate. 
Evidence for a changing climate abounds, from the top of the atmosphere to the depths of the oceans. Changes in surface, 
atmospheric, and oceanic temperatures; melting glaciers, snow cover, and sea ice; rising sea level; and increase in atmospheric 
water vapor have been documented by hundreds of studies conducted by thousands of scientists around the world. Rainfall 
patterns and storms are changing and the occurrence of droughts is shifting.

Documenting climate change often begins with global average 
temperatures recorded near Earth’s surface, where people 
live. But these temperatures, recorded by weather stations, 
are only one indicator of climate change. Additional evidence 
for a warming world comes from a wide range of consistent 
measurements of the Earth’s climate system. It is the sum total 
of these indicators that lead to the conclusion that warming of 
our planet is unequivocal.

Evidence for a changing climate is not confined to the Earth’s 
surface. Measurements by weather balloons and satellites con-
sistently show that the temperature of the troposphere – the 
lowest layer of the atmosphere – has increased. The tempera-
ture of the upper atmosphere, particularly the stratosphere, 
has cooled, consistent with expectations of changes due to 
increasing concentrations of CO2 and other greenhouse gases. 
The upper ocean has warmed, and more than 90% of the addi-
tional energy absorbed by the climate system since the 1960s 
has been stored in the oceans. As the oceans warm, seawater 
expands, causing sea level to rise.

As the troposphere warms, Arctic ice and glaciers melt, also 
causing sea level to rise. About 90% of the glaciers and land-
based ice sheets worldwide are melting as the Earth warms, 
adding further to the sea level rise. Spring snow cover has 
decreased across the Northern Hemisphere since the 1950s. 
There have been substantial losses in sea ice in the Arctic 
Ocean, particularly at the end of summer when sea ice extent 
is at a minimum (see FAQ L for discussion of Antarctic sea ice).

Warmer air, on average, contains more water vapor. Globally, 
the amount of water vapor in the atmosphere has increased 
over the land and the oceans over the last half century. In turn, 
many parts of the planet have seen increases in heavy rainfall 
events. All of these indicators and all of the independent data 
sets for each indicator unequivocally point to the same conclu-
sion: from the ocean depths to the top of the troposphere, the 
world has warmed and the climate has reacted to that warm-
ing.

Figure 2. These are just some of the many indicators measured globally over many decades that demonstrate that the Earth’s 
climate is warming. White arrows indicate increases, and black arrows show decreases. All the indicators expected to increase 
in a warming world are increasing, and all those expected to decrease in a warming world are decreasing. See Figure 3 for 
measurements showing these trends. (Figure source: NOAA NCDC; based on data updated from Kennedy et al. 2010

2
).

Ten Indicators of a Warming World
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In summary, the evidence that climate is changing comes from 
a multitude of independent observations. The evidence that 
climate is changing because of human activity, as discussed in 
FAQ I and in more detail in Chapter 2: Our Changing Climate 

and Appendix 3: Climate Science Supplement, comes from ob-
servations, basic physics, and analyses from modeling studies.

Figure 3. This figure summarizes some of the many datasets documenting changes in the Earth’s climate, all of which are 
consistent with a warming planet. In all figures except the lower two in the right column, data are plotted relative to averages 
over the period 1960-1999  (Figure source: updated from Kennedy et al. 20102).

Indicators of Warming from Multiple Data Sets
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C. Climate is always changing. How is recent change different than in the past? 
The Earth has experienced many large climate changes in the past. However, current changes in climate are unusual for two 
reasons: first, many lines of evidence demonstrate that these changes are primarily the result of human activities (see Ques-
tion I for more info); and second, these changes are occurring (and are projected to continue to occur) faster than many past 
changes in the Earth’s climate.

In the past, climate change was driven exclusively by natural 
factors: explosive volcanic eruptions that injected reflective 
particles into the upper atmosphere, changes in energy from 
the sun, periodic variations in the Earth’s orbit, natural cycles 
that transfer heat between the ocean and the atmosphere, and 
slowly changing natural variations in heat-trapping gases in the 
atmosphere. All of these natural factors, and their interactions 
with each other, have altered global average temperature over 
periods ranging from months to thousands of years. For exam-
ple, past glacial periods were initiated by shifts in the Earth’s 
orbit, and then amplified by resulting decreases in atmospheric 
levels of carbon dioxide and subsequently by greater reflec-
tion of solar radiation by ice and snow as the Earth’s climate 
system responded to a cooler climate. Some periods in the 
distant past were even warmer than what is expected to occur 
from human-induced global warming. But these changes in the 
distant past generally occurred much more slowly than current 
changes.

Natural factors are still affecting the planet’s climate today. 
The difference is that, since the beginning of the Industrial 
Revolution, humans have been increasingly affecting global 
climate, to the point where we are now the primary cause of 
recent and projected future change.

Records from ice cores, tree rings, 
soil boreholes, and other forms of 
“natural thermometers,” or “proxy” 
climate data, show that recent cli-
mate change is unusually rapid com-
pared to past changes. After a glacial 
maximum, the Earth typically warms 
by about 7°F to 13°F over thou-
sands of years (with periods of rapid 
warming alternating with periods of 
slower warming, and even cooling, 
during that time). The observed rate 
of warming over the last 50 years 
is about eight times faster than the 
average rate of warming from a gla-
cial maximum to a warm interglacial 
period.

Global temperatures over the last 
100 years are unusually high when 
compared to temperatures over 
the last several thousand years. At-
mospheric carbon dioxide levels are 
currently higher than any time in at 

Figure 4. Global carbon emissions from burning coal, oil, and 
gas and from producing cement (1850-2009). These emissions 
account for about 80% of the total emissions of carbon from 
human activities, with land-use changes (like cutting down 
forests) accounting for the other 20% in recent decades. (Data 
from Boden et al. 20123).

Carbon Emissions in the Industrial Age

Figure 5. Changes in the temperature of the Northern Hemisphere from surface observations 
(in red) and from proxies (in black; uncertainty range represented by shading) relative to 
1961-1990 average temperature. These analyses suggest that current temperatures are 
higher than seen globally in at least the last 1700 years and that the last decade (2001 to 
2010) was the warmest decade on record. (Figure source: adapted from Mann et al. 20084).

1700 Years of Temperature Change from Proxy Data
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least the last 800,000 years. Paleoclimate studies indicate that 
temperature and atmospheric carbon dioxide levels have been 
higher in the distant past, millions of years ago, when the world 
was very different than it is today. But never before have such 
rapid, global-scale changes occurred during the history of hu-
man civilization.

Our societies have not been built to withstand the changes 
that are anticipated in the relatively near future, and thus are 
not prepared for the effects they are already experiencing: 
higher temperatures, sea level rise, and other climate change 
related impacts.

D. Is the globally averaged surface air temperature still increasing?  
Isn’t there recent evidence that it is actually cooling?

Global temperatures are still rising. Climate change is defined as a change in the average conditions over periods of 30 years or 
more (see FAQ A). On these time scales, global temperature continues to increase. Over shorter time scales, natural variability 
(due to the effects of El Niño and La Niña events in the Pacific Ocean, for example, or volcanic eruptions or changes in energy 
from the sun) can reduce the rate of warming or even create a temporary reduction in average surface air temperature. These 
short-term variations in no way negate the reality of long-term warming. The most recent decade was the warmest since 
instrumental record keeping began around 1880.

From 1970 to 2010, for example, global temperature trends 
taken at five-year intervals show both decreases and sharp 

increases. The five-year period from 2005 to 2010, for ex-
ample, included a period in which the sun’s output was at 
a low point, oceans took up more than average amounts 
of heat, and a series of small volcanoes exerted a cooling 
influence by adding small particles to the atmosphere. 
These natural factors are thought to have contributed to a 
recent slowdown in the rate of increase in average surface 
air temperature caused by the buildup of human-induced 

greenhouse gases. But while there has been a slowdown in the 
rate of increase, temperatures are still increasing.

In addition, satellite and ocean observations indicate that 
most of the increased energy in the Earth’s climate system 
from the increasing levels of heat-trapping gases has gone 
into the oceans. These observations indicate that the Earth-
atmosphere climate system has continued to gain heat energy.

In the United States, there has been considerable decade-to-
decade variability superimposed on the long-term warming 
trend. In most seasons and regions, the 1930s were relatively 
warm and the 1960s/1970s relatively cool. The most recent 
decade of the 2000s was the warmest on record throughout 
the United States and globally.

Figure 6. Short-term trends in global temperature (blue lines 
show temperature trends at five-year intervals from 1970 to 
2010) can range from decreases to sharp increases. The 
evidence of climate change is based on long-term trends over 
20-30 years or more (red line). (Data from NOAA NCDC).

Short-term Variations Versus Long-term Trend

Figure 7. The last five decades have seen a progressive rise in 
Earth’s average surface temperature. Bars show the difference 
between each decade’s average temperature and the overall 
average for 1901 to 2000. The far right bar includes data for 
2001-2012. (Figure source: NOAA NCDC).

Global Temperature Change: Decade Averages
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E. Is it getting warmer at the same rate everywhere? Will the warming continue?
Temperatures are not increasing at the same rate everywhere, because temperature changes in a given location depend on 
many factors. However, average global temperatures are projected to continue increasing throughout the remainder of this 
century due to heat-trapping gas emissions from human activities.

The planet is warming overall (see FAQ I), but some locations 
could be cooling due to local factors. Temperature changes in 
a given location are a function of multiple factors, including 
global and local forces, and both human and natural influenc-
es. In some places, including the U.S. Southeast, temperatures 
actually declined over the last century as a whole (although 
they have risen in recent decades). Possible causes of the ob-
served lack of warming in the Southeast during the 20th centu-
ry include increased cloud cover and precipitation,5 increases 
in the presence of fine particles called aerosols in the atmo-
sphere (including those produced by burning fossil fuels and by 
natural sources), expanding forests in the Southeast over this 
period,6 decreases in the amount of heat conducted from land 
to the atmosphere as a result of increases in irrigation,7 and 
multi-decadal variability in sea surface temperatures in both 
the North Atlantic8 and the tropical Pacific9 Oceans. At smaller 
geographic scales, and during certain time intervals, the rela-
tive influence of natural variations in climate compared to the 
human contribution is larger than at the global scale. An ob-
served decrease in temperature at an individual location does 
not negate the fact that, overall, the planet is warming.

In terms of impacts, “global warming” is probably not the most 
immediate thing most people would notice. A changing climate 
affects our lives in many more obvious ways, for example, by in-
creasing the risk of severe weather events such as heat waves, 
heavy precipitation events, strong hurricanes, and many other 
aspects of climate discussed throughout this report.

For these reasons, many scientists prefer the term “climate 
change,” which connotes a much larger picture: broad changes 
in what are considered “normal” conditions. This term encom-
passes both increases and decreases in temperature, as well as 
shifts in precipitation, changing risk of certain types of severe 
weather events, and other features of the climate system. 

At the global scale, some future years will be cooler than the 
preceding year; some decades could even be cooler than the 
preceding decade (though that has not happened for more than 
six decades; see Figure 7). Brief periods of faster temperature 
increases and also temporary decreases in global temperature 
can be expected to continue into the future. Nonetheless, each 
successive decade in the last 30 years has been the warmest 
in the period of reliable instrumental records (going back to 
1850). Based on this historical record and plausible scenarios 
for future increases in heat-trapping gases, we expect that 
future global temperatures, averaged over climate timescales 
of 30 years or more, will be higher than preceding periods as 
a result of carbon dioxide and other heat-trapping gas emis-

Figure 8. Observed trend in temperature from 1900 to 2012; yellow 
to red indicates warming, while shades of blue indicate cooling. Gray 
indicates areas for which there are no data. There are substantial 
regional variations in trends across the planet, though the overall trend 
is warming. (Figure source: NOAA NCDC).

Temperature Trends, 1900-2012

Figure 9. Change in decadal-averaged annual 
temperature relative to the 1901-1960 average for 
the six National Climate Assessment regions in the 
contiguous United States. This figure shows how 
regional temperatures can be much more variable than 
global temperatures, going up and down from decade 
to decade; all regions, however, show warming over the 
last two decades or more. In the figure, 00s refers to 
the 12-year period of 2001-2012. (Figure source: NOAA 
NCDC / CICS-NC). 

 Decade-Scale Changes in Average  
Temperature for U.S. Regions
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sions from human activities. A portion of the carbon dioxide 
emissions from human activities will remain in the atmosphere 
for hundreds of years and continue to affect the global car-
bon cycle for thousands of years. Year-to-year projections of 

regional and local temperatures are more variable than global 
temperatures, and even at a particular location, future warm-
ing becomes increasingly likely over longer periods of time.1

F. How long have scientists been investigating human influences on climate?
The scientific basis for understanding how heat-trapping gases affect the Earth’s climate dates back to the French scientist 
Joseph Fourier, who established the existence of the natural greenhouse effect in 1824. The heat-trapping abilities of green-
house gases were corroborated by Irish scientist John Tyndall with experiments beginning in 1859. Since then, scientists have 
developed more tools to refine their understanding of human influences on climate, from the invention of the thermometer, to 
the development of computerized climate models, to the launching of Earth observing satellites that, together, provide global 
data coverage.

The greenhouse effect is caused by heat-trapping gases, such 
as water vapor, carbon dioxide, and methane, in the Earth’s 
atmosphere. These gases are virtually transparent to the vis-
ible and ultraviolet wavelengths that comprise most of the 
sun’s energy, allowing nearly all of it to reach Earth’s surface. 
However, they are relatively opaque to the heat energy the 
Earth radiates back outward at infrared wavelengths. Other 
more abundant gases in the atmosphere like nitrogen and 
oxygen are largely transparent to the Earth’s infrared energy. 
Greenhouse gases trap some of the Earth’s energy inside the 
atmosphere and prevent it from escaping to space by absorb-
ing and re-emitting that energy in all directions, rather than 
just upwards. Some of the trapped energy is re-radiated back 
down to the Earth’s surface. This natural trapping effect makes 
the average temperature of the Earth nearly 60°F warmer 
than what it would be otherwise. On other planets, like Venus, 
where there are much higher concentrations of heat-trapping 
gases in the atmosphere, the greenhouse effect has a much 
stronger influence on surface temperature, making conditions 
far too hot for life as we know it.

By the late 1800s, scientists were aware that burning coal, oil, 
or natural gas produced carbon dioxide, a key heat-trapping 
gas. They were also aware that methane, another heat-trap-

ping gas, was released during coal mining and other human 
activities. And they knew that, since the Industrial Revolution, 
humans were producing increasing amounts of these gases. It 
was clear that humans were increasing the natural greenhouse 
effect and that this would warm the planet.

In 1890, Svante Arrhenius, a Swedish chemist, calculated the 
effect of increasing fossil fuel use on global temperature. This 
climate model, computed by hand, took two years to complete. 
Arrhenius’ results were remarkably similar to those produced 
by the most up-to-date global climate models today, although 
he did not anticipate that atmospheric levels of carbon dioxide 
would increase as quickly as they have.

In 1938, a British engineer, Guy Callendar, connected rising 
carbon dioxide levels to the observed increase in the Earth’s 
temperature that had occurred to date. In 1958, Charles Da-
vid Keeling began to precisely measure atmospheric levels of 
carbon dioxide in the relatively unpolluted location of Mauna 
Loa on Hawai‘i. Today, those data provide a clear record of the 
effect of human activities on the chemical composition of the 
global atmosphere. Many more sources of data corroborate 
the work of these early pioneers in the field of climate science.

Figure 10. Scientists whose research was key to understanding the greenhouse effect and 
the impact of human activities on climate. 

 Early Scientists who Established the Scientific 
 Basis for Climate Change
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G. How can the small proportion of carbon dioxide in the atmosphere 
 have such a large effect on our climate? 

The reason heat-trapping gases like carbon dioxide, methane, and nitrous oxide have such a powerful influence on Earth’s 
climate is their potency: although they are transparent to visible and ultraviolet solar energy, allowing the sun’s energy to 
come in, they are very strong absorbers of the Earth’s infrared heat energy, blanketing the Earth and preventing some of the 
energy to escape to space.

Before the Industrial Revolution, natural levels of carbon di-
oxide in the atmosphere averaged around 280 parts per mil-
lion (ppm), that is, 280 molecules of CO2 per million molecules 
of air (which is mostly nitrogen and oxygen). In other words, 
carbon dioxide made up about 0.028% of the volume of the 
atmosphere. Methane and nitrous oxide, other heat-trapping 
gases, made up even less, about 700 parts per billion (ppb) and 
270 ppb, respectively. Over the last few centuries, emissions 
from human activities have increased carbon dioxide levels to 
about 400 ppm, or more than 3,000 billion tons – more than 
a 40% increase. Over the same time period, methane and ni-
trous oxide levels in the atmosphere have risen to around 1800 
ppb and 320 ppb, respectively.

As the concentrations in the atmosphere of these heat-trap-
ping gases increase due to human activities, they are absorbing 
greater and greater amounts of infrared heat energy emitted  

from the Earth’s surface. As discussed in FAQ F, the gases then 
re-radiate some of this heat back to the surface, effectively 
trapping the heat inside the Earth’s climate system and warm-
ing the Earth’s surface.

These heat-trapping gases do not absorb energy equally across 
the infrared spectrum. Carbon dioxide absorption is very 
strong at certain wavelengths of infrared radiation, whereas 
water vapor absorbs more broadly across most of the spec-
trum. Water vapor is the most important naturally occurring 
heat-trapping greenhouse gas, but small increases in heat 
energy absorption by carbon dioxide and other heat-trapping 
gases trigger increases in water vapor that amplify the infrared 
trapping, leading to further warming. As a result, water vapor 
is considered a “feedback” rather than a direct forcing on cli-
mate.

Figure 11. (left) A stylized representation of the natural greenhouse effect. Most of the sun’s radiation reaches the Earth’s surface. 
Naturally occurring heat-trapping gases, including water vapor, carbon dioxide, methane, and nitrous oxide, do not absorb the short-
wave energy from the sun but do absorb the long-wave energy re-radiated from the Earth, keeping the planet much warmer than it 
would be otherwise. (right) In this stylized representation of the human-intensified greenhouse effect, human activities, predominantly 
the burning of fossil fuels (coal, oil, and gas), are increasing levels of carbon dioxide and other heat-trapping gases, increasing the 
natural greenhouse effect and thus Earth’s temperature. (Figure source: modified from National Park Service10).

Human Influence on the Greenhouse Effect
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H. Could the sun or other natural factors explain the  
observed warming of the past 50 years? 

No. Since accurate satellite-based measurements of solar output began in 1978, the amount of the sun’s energy reaching 
Earth has slightly decreased, which should, on its own, result in slightly lower temperatures; but the Earth’s temperature has 
continued to rise. The sun can explain less than 10% of the increase in temperature since 1750, and none of the increase in 
temperature since 1960.

Patterns of vertical temperature change (from the Earth’s sur-
face to the upper atmosphere) provide further evidence that 
the sun cannot be responsible for the observed changes in cli-
mate. An increase in solar output would warm the atmosphere 
consistently from top to bottom. Warming from increasing 
heat-trapping gases, on the other hand, should be concentrat-
ed in the lower atmosphere (troposphere), while the upper at-
mosphere (stratosphere) would cool. Satellite measurements 
and weather balloon records reveal that the troposphere has 
warmed, and the stratosphere has cooled. This observed pat-
tern of vertical temperature change matches what we would 
expect from the increase in heat-trapping gases, not an in-
crease in solar output.

Changes in the sun’s magnetic field are known to affect the 
intensity of cosmic rays reaching Earth’s atmosphere and there 
is some suggestion that this could affect cloud formation; 
however, observations indicate that the magnitude of this ef-
fect is much smaller than the effects from the human-related 
changes in heat-trapping gases and from particle emissions on 
clouds and the changes in climate.

Large explosive volcanic eruptions can cool climate for a few 
years after an eruption, if the eruption is powerful enough to 
send particles far up into the atmosphere. In the atmosphere, 
sulfur dioxide from volcanoes is converted into sulfuric acid 
particles that can scatter sunlight, cooling the Earth’s surface. 
Particles from exceptionally large eruptions like Mount Pina-
tubo in 1991 or Krakatoa in 1883 can reach all the way into the 
stratosphere, where they can stay for several years. Eventu-
ally, they fall back into the troposphere where they are rapidly 
removed by precipitation. Volcanoes also emit carbon dioxide, 
but this amount is less than 1% annually of the emissions oc-
curring from human activities.

Thus, natural factors cannot explain recent warming. In fact, 
observed solar and volcanic activity would have tended to 
slightly cool the Earth, and other natural variations are too 
small to account for the amount of warming over the last 50 
years.

Figure 12. Changes in the global surface temperature (top) and the solar flux (bottom) since 
1900 (temperatures are relative to 1961-1990). The temperatures are based on thermometer 
observations of the Earth’s surface temperature, while the solar flux at the top of Earth’s 
atmosphere is based on satellite observations starting in 1978 and on proxy observations 
before then. (Figure source: NOAA NCDC / CICS-NC).

Measurements of Surface Temperature and Sun’s Energy
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I. How do we know that human activities are the  
primary cause of recent climate change? 

Many lines of evidence demonstrate that human activities are primarily responsible for recent climate changes. First, basic 
physics dictates that increasing the concentration of CO2 and other heat-trapping gases in the atmosphere will cause the 
climate to warm. Second, modeling studies show that when human influences are removed from the equation, climate would 
actually have cooled slightly over the past half century. And third, the pattern of warming through the layers of atmosphere 
demonstrates that human-induced heat-trapping gases are responsible, rather than some natural change.

Scientists are continually designing experiments to test wheth-
er observed climate changes are unusual and then to deter-
mine their causes. This field of study is known as “detection 
and attribution.” Detection involves looking for evidence of 
changes or trends. Attribution attempts to identify the causes 
of these changes from a line-up of “suspects” that include 
changes in energy from the sun, powerful volcanic eruptions 
– and today, human-induced emissions of heat-trapping gases.

Detection and attribution analyses have confirmed that recent 
changes cannot have been caused either by internal climate 
system variations or by solar and volcanic influences (see FAQs 
C and H). Human influences on the climate system – includ-
ing heat-trapping gas emissions, atmospheric particulates, and 

land-use and land-cover change – are required to explain re-
cent changes (see Figure 14).

Detection and attribution has been used to analyze the con-
tribution of human influences to changes in global average 
conditions, in extreme events, and even in the change in risk of 
specific types of events, such as the 2003 European heat wave. 
Such analyses have found that it is virtually certain that ob-
served changes in many aspects of the climate system are the 
result of influences of human activities. Scientific analyses also 
provide extensive evidence that the likelihood of some types 
of extreme events (such as heavy rains and heat waves) is now 
significantly higher due to human-induced climate change.

Figure 13. Figure shows examples of the many aspects of the climate system in which changes have 
been formally attributed to human emissions of heat-trapping gases and particles by studies published 
in peer-reviewed science literature. For example, observed changes in surface air temperature at 
both the global and continental levels, particularly over the past 50 years or so, cannot be explained 
without including the effects of human activities. While there are undoubtedly many natural factors 
that have affected climate in the past and continue to do so today, human activities are the dominant 
contributor to recently observed climate changes. (Figure source: NOAA NCDC).

Human Influences Apparent in Many Aspects of the Changing Climate
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Figure 14. Changes in surface air temperature at the continental and global scales can only be explained by the influence of human 
activities on climate. The black line depicts the annually averaged observed changes. The blue shading represents estimates from 
a broad range of climate simulations including solely natural (solar and volcanic) changes in forcing. The orange shading is from 
climate model simulations that include the effects of both natural and human contributions. These analyses demonstrate that the 
observed changes, both globally and on a continent-by-continent basis, are caused by the influence of human activities on climate. 
(Figure source: updated from Jones et al. 201311). 

Only Human Influence Can Explain Recent Warming
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J. What is and is not debated among climate scientists about climate change? 
Multiple analyses of the peer-reviewed science literature have repeatedly shown that more than 97% of scientists in this field 
agree that the world is unequivocally warming and that human activity is the primary cause of the warming experienced over 
the past 50 years. Spirited debates on some details of climate science continue, but these fundamental conclusions are not in 
dispute.

The scientific method is built on scrutiny and debate among 
scientists. Scientists are rigorously trained to conduct ex-
periments to test a question, or hypothesis, and submit their 
findings to the scrutiny of other experts in their field. Part of 
that scrutiny, known as “peer review,” includes independent 
scientists examining the data, analysis methods, and findings 
of a study that has been submitted for publication. This peer 
review process provides quality assurance for scientific results, 
ensuring that anything published in a scientific journal has been 
reviewed and approved by other independent experts in the 
field and that the authors of the original study have adequately 
responded to any criticisms or questions they received.

However, peer review is only the first step in the long process 
of acceptance of new ideas. After publication, other scientists 
will often undertake new studies that may support or reject 
the findings of the original study. Only after an exhaustive 
series of studies over many years, by many different research 
groups, are new ideas widely accepted.

Given that new scientific understanding emerges from this 
exhaustive process, the widespread 
agreement in the scientific commu-
nity regarding the reality of climate 
change and the leading role of hu-
man activities in driving this change 
is striking. This consensus includes 
agreement on the fundamental sci-
entific principles that underlie this 
phenomenon, as well as the weight 
of empirical evidence that has been 
accumulated over decades, and 
even centuries, of research (see 
FAQ F).

The conclusion that the world is 
warming, and that this is primar-
ily due to human activity, is based 
on multiple lines of evidence, from 
basic physics to the patterns of 
change through the climate system 
(including the atmosphere, oceans, 
land, biosphere, and cryosphere). 
The warming of global climate 
and its causes are not matters of 
opinion; they are matters of scien-
tific evidence, and that evidence 

is clear. Scientists do not “believe” in human-induced climate 
change; rather, the widespread agreement among scientists is 
based on the vast array of evidence that has accumulated over 
the last 200 years. When all of the evidence is considered, the 
conclusions are clear.

There is more work to be done to fully understand the many 
complex and interacting aspects of climate change, and impor-
tant questions remain. Scientific debate continues on ques-
tions such as: Exactly how sensitive is the Earth’s climate to hu-
man emissions of heat-trapping gases? How will climate change 
affect clouds? How will climate change affect snowstorms in 
Chicago, tornadoes in Oklahoma, and droughts in California? 
How do particle and soot emissions affect clouds? How will cli-
mate change be affected by changes in clouds and the oceans? 
These detailed questions, and more, serve as healthy indica-
tors that the scientific method is alive and well in the field of 
climate science. But the fact that climate is changing, that this 
is primarily in response to human activities, and that climate 
will continue to change in response to these activities, is not in 
dispute (see FAQ I).

Figure 15. The green band shows how global average temperature would have changed 
due to natural forces only, as simulated by climate models. The blue band shows model 
simulations of the effects of human and natural factors combined. The black line shows 
observed global average temperatures. As indicated by the green band, without human 
influences, temperature over the past century would actually have cooled slightly over 
recent decades. The match up of the blue band and the black line illustrate that only the 
inclusion of human factors can explain the recent warming. (Figure source: adapted from 
Huber and Knutti, 201212). 

Separating Human and Natural Influences on Climate
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K. Is the global surface temperature record good enough to determine  
whether climate is changing?

Yes. There have been a number of studies that have examined the U.S. and global temperature records in great detail. These 
have used a variety of methods to study the effects of changes in instruments, time of observations, station siting, and other 
potential sources of error. All studies reinforce high confidence in the reality of the observed upward trends in temperature.

Global surface temperatures are measured by weather sta-
tions over land and by ships and buoys over the ocean. These 
records extend back regionally for over 300 years in some loca-
tions and near-globally to the late 1800s.

Scientists have undertaken painstaking efforts to obtain, digi-
tize, and collate these records. Because of the way these mea-
surements have been taken, many of the records 
contain results that are skewed by, for example, 
a change of instrument or a station move. It is es-
sential to carefully examine the data to identify and 
adjust for such effects before the data can be used 
to evaluate climate trends.

A number of different research teams have taken 
up this challenge. Some have spent decades care-
fully analyzing the data and continually reassessing 
their approaches and refining their records. These 
independently produced estimates are in very good 
agreement at both global and regional scales.

Scientists have also considered other influences 
that could contaminate temperature records. For 
example, many thermometers are located in urban 
areas that could have warmed over time due to the 
urban heat island effect (in which heat absorbed 
by buildings and asphalt makes cities warmer than 
the surrounding countryside). At least three differ-
ent research teams have examined how this might 
affect U.S. temperature trends. All have found that 

this effect is adequately accounted for by the data corrections. 
At the global scale, if all of the urban stations are removed 
from the global temperature record, the evidence of warm-
ing over the past 50 years remains intact. Other studies have 
shown that the temperature trends of rural and urban areas in 
close proximity essentially match, even though the urban areas 
may have higher temperatures overall.

L. Is Antarctica gaining or losing ice? What about Greenland?
The ice sheets on both Greenland and Antarctica, the largest areas of land-based ice on the planet, are losing ice as the atmo-
sphere and oceans warm. This ice loss is important both as evidence that the planet is warming, and because it contributes to 
rising sea levels.

One way that scientists are evaluating ice loss is by observing 
changes in the gravitational fields over Greenland and Antarc-
tica. Fluctuations in the pull of gravity over these major ice 
sheets reflect the loss of ice over time. Over the last decade, 
the GRACE (Gravity Recovery and Climate Experiment) satel-
lites have measured changes in the gravitational pull of the 
continents and revealed that, on the whole, both Greenland 
and Antarctica are losing ice. It is clear that these ice sheets 
are already losing mass as a result of human-induced climate 
change, and the evidence suggests that Greenland and Antarc-
tica are likely to continue to lose ice mass for centuries. How 

rapidly the Greenland and Antarctic Ice Sheets will melt as 
warming continues represents the largest uncertainty in pro-
jections of future sea level rise.

Paleoclimate records show that the giant ice sheets of Green-
land and Antarctica (as well as others, such as the Laurentide 
Ice Sheet that covered much of North America during the last 
glacial maximum) have expanded and contracted as the Earth 
cooled or warmed in the past. As temperature increases and 
precipitation patterns shift in response to human-induced cli-
mate change, scientists expect the ice sheets of Greenland and 

Figure 16. Three different global surface temperature records all show 
increasing trends over the last century. The lines show annual differences 
in temperature relative to the 1901-1960 average. Differences among data 
sets, due to choices in data selection, analysis, and averaging techniques, 
do not affect the conclusion that global surface temperatures are increasing. 
(Figure source: NOAA NCDC / CICS-NC). 

Observed Change in Global Average Temperature



805 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

APPENDIX 4:  FREQUENTLY ASKED QUESTIONS

Antarctica to continue responding in a similar way. Over time 
horizons of hundreds to thousands of years, a general melt-
ing and reduction in the extent of both of these ice sheets is 
expected to occur in response to global warming. Over shorter 
time frames of years to decades, however, the response of 
these ice sheets is more complicated.

The Antarctic Ice Sheet is up to three miles deep and contains 
enough water to raise sea level about 200 feet. Because Ant-
arctica is so cold, there is little melt of the ice sheet in the 
summer. However, the ice on the continent slowly flows down 
the mountains and through the valleys toward the ocean. 
Some parts of the ice sheet extend out into the ocean as “ice 
shelves.” Here, above-freezing ocean water speeds up the pro-
cess called “calving” that breaks the ice into free floating ice-
bergs. Melting and calving and the flow of ice into the oceans 
around Antarctica has accelerated in recent decades and is 
now contributing about 0.005 to 0.010 inches per year to sea 
level rise. It is possible that the West Antarctic Ice Sheet, which 
contains enough ice to raise global sea levels by 10 feet, could 
begin to lose ice much more quickly if ice shelves in the region 
begin to disintegrate at the edges.

Greenland contains only about one tenth as much ice as the 
Antarctic Ice Sheet, but if Greenland’s ice were to entirely 
melt, global sea level would rise 23 feet. Greenland is warmer 
than Antarctica, so unlike Antarctica, melting occurs over large 
parts of the surface of Greenland’s ice sheet each summer. 
Greenland’s melt area has increased over the past several de-
cades. Satellite measurements indicate that the Greenland Ice 
Sheet is presently thinning at the edges (especially in the south) 
and slowly thickening in the interior, increasing the steepness 
of the ice sheet, which causes the ice to flow toward the ocean. 
Several of the major outlet glaciers that drain the Greenland 
Ice Sheet have sped up in the past decade. Recent scientific 
studies suggest that warming of the ocean at the edges of the 
outlet glaciers may contribute to this speed-up. Greenland’s 
ice loss has increased substantially in the past decade or two, 
and is now contributing 0.01 to 0.02 inches per year to sea level 
rise (about twice the rate of Antarctica’s mass loss). This in-
creased rate of ice loss means that Greenland’s contribution 
to global sea level rise is now similar to the effect from smaller 
glaciers worldwide and from Antarctica.

M. Weren’t there predictions of global cooling in the 1970s?
No. An enduring myth about climate science is that in the 1970s the climate science community supposedly predicted “global 
cooling” and an “imminent” ice age. A review of the scientific literature shows that this was not the case. On the contrary, 
even then, discussions of human-related warming dominated scientific publications on climate and human influences.

Where did all the discussion about global cooling come from? 
First, temperature records from about 1940 to 1970 showed a 
slight global cooling trend, intensified by temporary increases 
in snow and ice cover across the Northern Hemisphere. Short-
term natural variations in the Earth’s climate (see FAQ A) and 
increasing emissions of sulfur and other particles from coal-
burning power plants, which reflect solar energy and have a 
net cooling effect on the Earth, likely contributed to cooler 
temperatures during that time period. Several unusually se-

vere winters in Asia and parts of North America in the 1970s 
raised people’s concerns about cold weather. The popular 
press, including Time, Newsweek, and The New York Times, car-
ried a number of articles about cooling at that time.

Second, climate scientists study both natural and human-
induced changes in climate. Over the last century, scientists 
have learned a great deal about what drives Earth’s ice ages. 
Scientific understanding of what are called the Milankovitch 

Figure 17. GRACE (Gravity Recovery and Climate Experiment) satellite measurements show that both Greenland and Antarctica 
are, on the whole, losing ice as the atmosphere and oceans warm. (Figure source: adapted from Wouters et al. 201313). 

Ice Loss from the Two Polar Ice Sheets
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cycles (cyclical changes in the 
Earth’s orbit that can explain 
the onset and ending of ice 
ages) led a few scientists in 
the 1970s to suggest that the 
current warm interglacial pe-
riod might be ending soon, 
plunging the Earth into a new 
ice age over the next few cen-
turies. Scientists continue to 
study this issue today; the lat-
est information suggests that, 
if the Earth’s climate were be-
ing controlled primarily by nat-
ural factors, the next cooling 
cycle would begin sometime 
in the next 1,500 years. How-
ever, humans have so altered 
the composition of the atmo-
sphere that the next glaciation 
has now been delayed.

N. How is climate projected to change in the future? 
Climate is projected to continue to warm, with the amount of future warming ranging from another 3°F to another 12°F by 
2100, depending primarily on the level of emissions from human activities, principally the burning of fossil fuels. For precipita-
tion, wet areas are generally projected to get wetter while dry areas get drier. More precipitation is expected to fall in heavy 
downpours. Natural variability will still play a role in year-to-year changes. 

Future climate cannot be “predicted” because human activi-
ties are currently the most important driver of climate change 
and we cannot predict what society will choose to do with re-
gard to emissions. Rather, we can project the climate change 
that would result from a given set of assumptions, or future 
scenarios, regarding human activities (including changes in 
population, technology, economics, energy, and policy). Future 
changes also have some uncertainty due to natural variability, 
particularly over shorter time scales (see FAQ A) and limita-
tions in scientific understanding of exactly how the climate 
system will respond to human activities (see FAQ S).

The relative importance of these three sources of uncertainty 
changes over time. Which type of uncertainty is most impor-
tant also depends on what type of change is being projected: 
whether, for example, it is for average conditions or extremes, 
or for temperature or precipitation trends (see FAQ S).

Over the next few decades, global average temperature over 
30-year climate timescales is expected to continue to increase 
(see FAQ D), while natural variability still plays a significant role 

in year-to-year changes (see FAQ A). The amount of climate 
change expected over this time period is unlikely to be signifi-
cantly altered by reducing current heat-trapping gas emissions 
alone or even by stabilizing atmospheric levels of carbon diox-
ide and other gases. This is because near-term warming will 
be caused primarily by emissions that have already occurred, 
due to the lag in the temperature response to changes in at-
mospheric composition. This lag is primarily the result of the 
very large heat storage capacity of the world’s oceans and the 
length of time required for that heat to be transferred to the 
deep ocean. At smaller geographical scales, temperatures are 
projected to increase in most regions in the next few decades, 
but a few regions could experience flat or even decreasing 
temperatures. Any climate change always represents the net 
effect of multiple global and local factors, both human-related 
and natural (see FAQ E).

Beyond the middle of this century, global and regional tem-
perature changes will be determined primarily by the rate and 
amount of various emissions released by human activities, as 
well as by the response of the Earth’s climate system to those 

Figure 18. The number of papers classified as predicting, implying, or providing supporting 
evidence for future global cooling, warming, and neutral categories. Bars indicate number of 
articles published per year. Squares indicate cumulative number of articles published. For 
the period 1965 through 1979, the literature survey found seven papers suggesting further 
cooling, 20 neutral, and 44 warming. Even in the early years of the study of climate change, 
more science studies were discussing concerns about global warming than global cooling. 
(Figure source: Peterson et al. 200814).

Published Climate Change Research Papers
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emissions. Efforts to rapidly and significantly 
reduce emissions of heat-trapping gases can 
still limit the global temperature increase to 
3.6°F (2°C) relative to the 1901-1960 time pe-
riod. However, significantly greater tempera-
ture increases are expected if emissions follow 
higher scenarios associated with continuing 
growth in the use of fossil fuels; in that case, 
the increase in U.S. average air temperature is 
likely to exceed 11°F by the end of this century. 
This amount of temperature increase would re-
shape human societies in ways that are almost 
unthinkable to us today.

Precipitation patterns are also expected to con-
tinue to change throughout this century and 
beyond. In general, wet areas are projected to 
get wetter and dry areas, drier. In some areas, 
located in between wetter and drier areas, the 
total amount of precipitation falling over the 
course of a year is not expected to significantly 
change. Following the observed trends over 
recent decades, more precipitation is expected 
to fall as heavier precipitation events. In many 
mid-latitude regions, including the United 
States, there will be fewer days with precipita-
tion but the wettest days will be wetter. Large-
scale shifts towards wetter or drier conditions and the project-
ed increases in heavy precipitation are expected to be greater 
under higher emissions scenarios as compared to lower ones.

O. Does climate change affect severe weather?
Yes, climate change can and has altered the risk of certain types of extreme weather events. The harmful effects of severe 
weather raise concerns about how the risk of such events might be altered by climate change. An unusually warm month, a 
major flood or a drought, a series of intense rainstorms, an active tornado season, landfall of a major hurricane, a big snow-
storm, or an unusually severe winter inevitably lead to questions about possible connections to climate change. 

For example, more extreme high temperatures and fewer 
extreme cold temperatures occur in a warmer climate (al-
though extreme cold events can and do still occur – just less 
frequently). In the United States, more than twice as many high 
temperature records as compared to low temperature records 
were broken in the period of 2001-2012.

Also, in many areas, heavy rainfall events have already, and 
will continue to become more frequent and severe as climate 
continues to change. The intensity and rainfall rates of Atlantic 
hurricanes are projected to increase, with the strongest storms 
getting stronger. Recent research has shown how climate 
change can alter atmospheric circulation and weather patterns 
such as the jet stream, affecting the location, frequency, and 

duration of these and other extremes. While there have always 
been extreme events due to natural causes, scientific evidence 
indicates that the probability and severity of some types of 
events has increased due to climate change.

For other types of extreme weather events important to the 
United States, such as tornadoes and severe thunderstorms, 
more research is needed to understand how climate change 
will affect them. These events occur over much smaller scales, 
which makes observations and modeling more challenging. 
Projecting the future influence of climate change on these 
events can also be complicated by the fact that some of the 
risk factors for these events may increase with climate change, 
while others may decrease. 

Figure 19. Projected average annual temperature changes over the 
contiguous United States for multiple future scenarios relative to the 1901-
1960 average temperature. The dashed lines are results from the previous 
generation of climate models and scenarios, while solid lines show the most 
recent generation of climate model simulations and scenarios. Changes 
in temperature over the U.S. are expected to be higher than the change in 
global average temperatures (Figure 23). Differences in these projections 
are principally a result of differences in the scenarios.  (Data from CMIP3, 
CMIP5, and NOAA NCDC). 

Observed and Projected U.S. Temperature Change
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P. How are the oceans affected by climate change?
The oceans cover more than two-thirds of the Earth’s surface and play a very important role in regulating the Earth’s climate 
and in climate change. Today, the world’s oceans absorb more than 90% of the heat trapped by increasing levels of carbon 
dioxide and other greenhouse gases in the atmosphere due to human activities. This extra energy warms the ocean, causing 
it to expand. This in turn causes sea level to rise. Of the global rise in sea level observed over the last 35 years, about 40% is 
due to this warming of the water. Most of the rest is due to the melting of glaciers and ice sheets. Ocean levels are projected 
to rise another 1 to 4 feet over this century, with the precise number largely depending on the amount of global temperature 
rise and polar ice sheet melt.

Observations from past climate combined with climate model 
projections of the future suggest that over the next 100 years 
the Atlantic Ocean’s overturning circulation (known as the 
“Ocean Conveyor Belt”) could slow down as a result of climate 
change. These ocean currents carry warm water northward 
across the equator in the Atlantic Ocean, warming the North 
Atlantic (and Europe) and cooling the South Atlantic. A slow-
down of the Conveyor Belt would increase regional sea level 
rise along the east coast of the 
United States and change pat-
terns of temperature in Europe 
and rainfall in Africa and the 
Americas, but would not lead to 
global cooling.

Warming ocean waters also 
affect marine ecosystems like 
coral reefs, which can be very 
sensitive to temperature chang-
es. When water temperatures 
become too high, coral expel 
the algae (called zooxanthellae) 
which help nourish them and 
give them their vibrant color. 
This is known as coral bleach-
ing. If the high temperatures 
persist, the coral die.

In addition to the warming, the 
acidity of seawater is increasing 
as a direct result of increasing 
atmospheric carbon dioxide 
(see FAQ Q). The oceans are 
now absorbing about a quarter 

of the carbon dioxide produced by human activities every year. 
The dissolved carbon dioxide reacts with seawater to form 
carbonic acid, which makes the water more acidic, making it 
more difficult for shellfish, corals, and other living things to 
grow their shells or skeletons. Both the increased acidity and 
higher temperature of the oceans are expected to negatively 
affect corals and other living things over the coming decades 
and beyond.

Figure 20. (Photo) Bleached brain coral; (Maps) The global extent and severity of mass 
coral bleaching have increased worldwide over the last decade. Red dots indicate severe 
bleaching. (Figure source: Marshall and Schuttenberg 2006;15 Photo credit: NOAA). 

Coral Bleaching
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Q. What is ocean acidification?
As human-induced emissions of carbon dioxide build up in the atmosphere, excess carbon dioxide dissolves into the oceans, 
where it reacts with seawater to form carbonic acid, which makes ocean waters more acidic and corrosive. These changes to 
ocean chemistry can affect many living things, and possibly the entire food web.

Dissolved calcium and carbonate ions are the building blocks 
for the skeletons and shells of many living things in the oceans. 
Ocean acidification lowers the availability of carbonate ions in 
many parts of the ocean, affecting the ability of some marine 
life to produce and maintain their shells.

Since the beginning of the Industrial Revolu-
tion, the pH of surface ocean waters has fallen 
by 0.1 pH units, representing approximately a 
30% increase in acidity. The oceans will con-
tinue to absorb carbon dioxide produced by 
human activities and become even more acidic 
in the future. Projections of carbon dioxide lev-
els indicate that by the end of this century the 
surface waters of the ocean could be as much 
as 150% more acidic, resulting in a pH that the 
oceans have not experienced for more than 20 
million years and effectively transforming ma-
rine life as we know it.

Ocean acidification is expected to affect ocean 
species to varying degrees. Some photosyn-
thetic algae and seagrass species may benefit 
from higher CO2 conditions in the ocean, as 

they require CO2 to live, as do plants on land. On the other 
hand, studies have shown that a more acidic environment has 
dramatic negative effects on some calcifying species, including 
pteropods, oysters, clams, sea urchins, shallow water corals, 
deep sea corals, and calcareous plankton. When shelled spe-
cies are at risk, the entire food web may also be at risk.

R. How reliable are the computer models of the Earth’s climate? 
Climate models are used to analyze past changes in the long-term averages and variations in temperature, precipitation, and 
other climate indicators, and to make projections of how these trends may change in the future. Today’s climate models do a 
good job at reproducing the broad features of the present climate and changes in climate, including the significant warming 
that has occurred over the last 50 years. Hence, climate models can be useful tools for testing the effects of changes in the 
factors that drive changes in climate, including heat-trapping gases, particulates from human and volcanic sources, and solar 
variability.

Scientists have amassed a vast body of knowledge regarding 
the physical world. Unlike many areas of science, however, 
scientists who study the Earth’s climate cannot build a “con-
trol Earth” and conduct experiments on this Earth in a lab. To 
experiment with the Earth, scientists instead use this accumu-
lated knowledge to build climate models, or “virtual Earths.” In 
studying climate change, these virtual Earths serve as an im-
portant way to integrate different kinds of knowledge of how 
the climate system works. These models can be used to test 
scientific understanding of the response of the Earth’s climate 
to past changes (such as the transition from the last glacial 
maximum to our current warm interglacial period) as well as to 
develop projections of future changes (such as the response of 
the Earth’s climate to human activities).

Climate models are based on mathematical and physical equa-
tions representing the fundamental laws of nature and the 
many processes that affect the Earth’s climate system. When 
the atmosphere, land, and ocean are divided up into small 
grid cells and these equations are applied to each grid cell, 
the models can capture the evolving patterns of atmospheric 
pressures, winds, temperatures, and precipitation. Over longer 
timeframes, these models simulate wind patterns, high and 
low pressure systems, and other weather characteristics that 
make up climate.

Some important physical processes are represented by ap-
proximate relationships because the processes are not fully 
understood, or they are at a scale that a model cannot directly 

Figure 21. Pteropods, or “sea butterflies,” are sea creatures about the size of 
a small pea. Pteropods are eaten by organisms ranging in size from tiny krill to 
whales, and are an important source of food for North Pacific juvenile salmon. 
The photos above show what happens to a pteropod’s shell when it encounters 
seawater that is too acidic. The left panel shows a shell collected from a live 
pteropod from a region in the Southern Ocean where acidity is not too high. 
The shell on the right is from a pteropod collected in a region with higher acidity 
(Photo credits: (left) Bednaršek et al. 2012;16 (right) Nina Bednaršek). 

Ocean Acidification and the Food Web
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represent. Examples include clouds, convection, and turbulent 
mixing of the atmosphere, for which important processes are 
much smaller than the resolution of current models. These 
approximations lead to uncertainties in model simulations of 
climate.

Climate models require enormous computing resources, es-
pecially to capture the geographical details of climate. Today’s 

most powerful supercomputers are enabling climate scientists 
to more thoroughly examine effects of climate change in ways 
that were impossible just five years ago. Over the next decade, 
computer speeds are predicted to increase another 100 fold 
or more, permitting even more details of the climate system 
to be explored.

S. What are the key uncertainties about climate change?
Available evidence gives scientists confidence that humans are having a significant effect on climate and will continue to do so 
over this century and beyond. In particular, continued use of fossil fuels and resulting emissions will significantly alter climate 
and lead to a much warmer world. Of course, it is impossible to predict the future with absolute certainty. The precise amount 
of future climate change that will occur over the rest of this century is uncertain for several reasons.

First, projections of future climate changes are usually based on 
scenarios (or sets of assumptions) regarding how future emis-
sions may change as a result of population, energy, technology, 
and economics. Society may choose to reduce emissions or to 
continue to increase them. The differences in projected future 
climate under different scenarios are generally small for the 
next few decades. By the second half of the century, however, 
human choices, as reflected in these scenarios, become the 
key determinant of future climate change. And human choices 
are nearly impossible to predict.

A second source of uncertainty is natural variability, which af-
fects climate over timescales from months to decades. These 

natural variations are largely unpredictable and are superim-
posed on the warming from increasing heat-trapping gases. 
Uncertainty in the sun’s future output is another source of 
variability that is independent of human actions. Estimates of 
past changes in solar variability over the last several millennia 
suggest that the magnitude of solar effects over this century 
are likely to be small compared to the magnitude of the climate 
change effects projected from human activities.

A third source of uncertainty involves limitations to our cur-
rent scientific knowledge. The Earth’s climate system is com-
plex, and continues to challenge scientists’ understanding of 
exactly how it may respond to human influences. Observa-

Figure 22. The large-scale geographical patterns and approximate magnitude of the surface air 
temperature trend from 1980 to 2005 from observational data (left) is approximately captured by computer 
models of the climate system (right). The pattern from the computer models is an average based on 
43 different global climate models (CMIP5) used in the Intergovernmental Panel on Climate Change’s 
(IPCC) Fifth Assessment Report. The observations are a combination of both the human contribution 
to recent warming as well as the natural temperature variations. Averaging these model simulations 
suppresses the natural variations and thus shows mainly the human contribution, which is the reason that 
the smaller-scale details are different between the two maps. (Figure source: NOAA NCDC / CICS-NC).

Climate Models and Temperature Change
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tions of the climate system have expanded substantially since 
the beginning of the satellite era, but are still limited. Climate 
models differ in the way they represent various processes (for 
example, cloud properties, ocean circulation, and turbulent 
mixing of air). As a result, different models produce slightly dif-
ferent projections of change, even when the models use the 
same scenarios. Scientists often use multiple models in order 
to represent this range of projected outcomes.

Finally, there is always the possibility that there are processes 
and feedbacks not yet being included in future projections. For 

example, as the Arctic warms, carbon trapped in permafrost 
may be released into the atmosphere, increasing the initial 
warming due to human emissions of heat-trapping gases (see 
FAQ T). 

However, for a given future scenario, the amount of future 
climate change can be specified within plausible bounds, de-
termined not only from the differences in the “climate sensitiv-
ity” among models but also from information about climate 
changes in the past.

T. Are there tipping points in the climate system?
Most climate studies have considered only relatively gradual, continuous changes in the Earth’s climate system. However, 
there are a number of potential “tipping points” in the climate system – points where a threshold is crossed, resulting in a 
substantial change in the future state of the climate system, regionally and/or globally. 

Scientists have identified several aspects of the climate system 
that could pass a tipping point and/or change substantially un-
der projected climate change (see Figure 24 for key examples). 
These tipping points have been identified based on observa-
tions of past abrupt climate changes, recent observations 
showing abrupt changes underway (for example, in the Arctic), 
process-based understanding of the dynamics of the climate 
system, and climate simulations showing tipping points in fu-
ture projections. There is no clear scientific consensus at this 

time as to whether major tipping points, other than loss of the 
Arctic sea ice in summer, will be reached during this century.

Some tipping points are more imminent, and some would have 
larger impacts than others. For example, the rapid decline of 
Arctic sea ice exposes the darker ocean surface which absorbs 
increasing amounts of heats and reduces the amount of new 
seasonal ice formed. This drastic reduction in sea ice can tip the 
Arctic Ocean into a permanent, nearly ice-free state in summer 
(Ch.2: Our Changing Climate, Key Message 11). There is some 

Figure 23. Projected global average annual temperature changes for multiple future scenarios relative 
to the 1901-1960 average temperature. Each line represents a central estimate of global average 
temperature rise for a specific emissions pathway. Shading indicates the range (5th to 95th percentile) 
of results from a suite of climate models. The left panel shows results from the previous generation of 
climate models (CMIP3), and the right panel shows results from the most recent generation of climate 
models (CMIP5). Projections in 2099 for additional emissions pathways are indicated by the bars to the 
right of each panel. In all cases, temperatures are expected to rise, although the difference between 
lower and higher emissions pathways is substantial. (Data from CMIP3, CMIP5, and NOAA NCDC).

Emissions Levels Determine Temperature Rises
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evidence that reductions in ice cover are already leading to 
changes in weather patterns affecting the U.S. and Europe.

Currently, the proximity, rate, and reversibility of tipping points 
are usually assessed through a mixture of climate modeling, 
literature review, and expert elicitation. However, there is a 
need for more research in this area. Climate scientists cannot 
predict when tipping points will be crossed because of uncer-
tainties in the climate system and because we do not know 
what pathway future emissions will take. But an absence of 

certainty does not indicate an absence of risk. To use a medical 
analogy, just because your doctor cannot tell you the precise 
date and time that you will have a heart attack does not mean 
you should ignore medical advice to reduce your risk by tak-
ing preventative measures like exercising more, losing weight, 
and changing your diet. Medical science is imperfect, just like 
climate science, but it can provide very useful advice regard-
ing the risks of our actions and choices – and the benefits of 
preventative measures.

U. How is climate change affecting society?
Multiple lines of evidence show that climate change is happening as a result of human activities. Climate change is altering 
the world around us, and these changes will become increasingly evident with each passing decade. Climate change is already 
leading to more intense rainfall events and other extreme weather patterns. It will lead to more droughts in some areas, more 
floods in others, and more frequent heat waves in many areas. Changing temperature and precipitation patterns, as well as 
increasing sea level, are important factors affecting various parts of the United States. For example, the risks associated with 
wildfires in the western U.S. are increasing, and coastal inundation is becoming a common occurrence in low-lying areas. 
Water supply availability is changing in many parts of the United States.

Many people are already being affected by the changes that 
are occurring, and more will be affected as these changes 
continue to unfold. To limit risks and maximize opportunities 
associated with the changes, it would be helpful for people to 

understand how climate change could affect them and what 
they can do to adapt, as well as what can be done to reduce 
future climate change by reducing global emissions. 

Figure 24. Stylized map of potential policy-relevant tipping elements in the Earth’s climate system overlain on population 
density. Question marks indicate systems whose status as tipping elements is particularly uncertain. (Figure source: 
adapted from Lenton et al. 200817)

Potential Tipping Points
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Taking actions to reduce the emissions that cause climate 
change has costs. Not taking those actions has much greater 
costs.18

Climate change will affect ecosystems and human systems 
– such as agricultural, transportation, water resources, and 
health-related infrastructure – in ways we are only beginning 
to understand. Moreover, climate change interacts with other 
stressors, such as population increase, land-use change, and 
economic and political changes, in ways that we may not be 
able to anticipate, compounding the risks.

In general, the larger and faster the changes in climate, the 
more difficult it is for human and natural systems to adapt. 

The climate system has been relatively stable during the time 
that human civilizations have existed. Essentially, today’s built 
infrastructure has been developed based on the assumption 
that future climate will be like that of the past. This assumption 
is no longer valid.

Since climate change is already occurring, adaptation in some 
form is inevitable. The choice is between proactive adaptation 
(planning ahead to limit impacts) or reactive adaptation (where 
responses occur only after damages are already incurred). The 
America’s Climate Choices reports from the U.S. National Acad-
emy of Sciences discuss these issues in details. 

Figure 25. Climate change is likely to affect human society and the natural environment 
in many ways. The National Climate Assessment’s sectoral impacts chapters examine 
these impacts by category in detail. (Figure source: adapted from Phillipe Rekacewicz 
UNEP/GRID-Arendal 2012, “Vital Climate Graphics” collection19).

Potential Effects of Climate Change
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V. Are there benefits to warming?
Some climate changes currently have beneficial effects for specific sectors or regions. For example, current benefits of warm-
ing include longer growing seasons for agriculture and longer ice-free periods for shipping on the Great Lakes. At the same 
time, however, longer growing seasons, along with higher temperatures and carbon dioxide, can increase pollen production, 
intensifying and lengthening the allergy season. Longer ice-free periods on the Great Lakes can result in more lake-effect 
snowfalls. 

Many analyses of this question have concluded that there will 
be more negative effects than positive ones. This is largely be-
cause our society and infrastructure have been built for the 
climate of the past, and any rapid change from that climate 
imposes difficulties and costs. For example, many major cities 
are located on the coasts where they are now vulnerable to sea 

level rise. And there has been rapid population growth in the 
U.S. Southwest, where increasing heat and drought threaten 
water supplies and cause increased wildfires. In addition, eco-
systems that we rely on for our food and water are adapted to 
the cooler climate that our planet has experienced over recent 
centuries.

W. Are some people more vulnerable than others? 
People will be affected by climate change in various ways, but some groups are more vulnerable than others. For example, 
the poor, the very young, and some older people have less mobility and fewer resources to cope with extremely high tempera-
tures, increased water scarcity, environmental degradation, and other impacts. People living in flood plains, coastal zones, 
and some urban areas are generally more vulnerable as well.

Children, primarily because of physiological and developmen-
tal factors, will disproportionately suffer from the effects of 
heat waves, air pollution, infectious illness, and trauma re-
sulting from extreme weather events. The country’s older 
population also could be harmed more as the climate changes. 
Older people are at much higher risk of dying during extreme 
heat events. Pre-existing health conditions also make older 
adults susceptible to cardiac and respiratory impacts of air pol-
lution and to more severe consequences from infectious dis-
eases. Limited mobility among older adults can also increase 

flood-related health risks. Limited resources and an already 
high burden of chronic health conditions, including heart dis-
ease, obesity, and diabetes, will place the poor at higher risk 
of health impacts from climate change than higher income 
groups. Potential increases in food cost and limited availability 
of some foods will exacerbate current dietary inequalities and 
have significant health ramifications for the poorer segments 
of our population. 
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X. Are there ways to reduce climate change? 
The most direct way to significantly reduce the magnitude of future climate change is to reduce the emissions of heat-trapping 
gases. Emissions can be reduced in many ways, and increasing the efficiency of energy use is an important component of many 
potential strategies. For example, because about 28% of the energy used in the U.S. is used for transportation, developing and 
driving more efficient vehicles and changing to fuels that do not contribute significantly to heat-trapping gas emissions over 
their lifetimes would result in fewer emissions per mile driven. A large amount of energy in the U.S. is also used to heat and 
cool buildings, so changes in building design could dramatically reduce energy use. While there is no single silver bullet that 
will solve all the challenges posed by climate change, there are many options that can reduce our emissions and help prevent 
some of the potentially serious impacts of climate change. There will be some costs to these changes, but even very ambitious 
emissions reductions targets have relatively small costs over the decades it will take to implement them. 

Because impacts are already occurring and anticipated to in-
crease, adaptation to the impacts of climate change will be 
required. Adaptation decisions range from being better pre-
pared for extreme events such as floods and droughts, to iden-
tifying economic opportunities that come from investments 
in adaptation and mitigation strategies and technologies, to 
integrating considerations of new climate-related risks into 
city planning, public health and emergency preparedness, and 
ecosystem management.

Technological fixes such as “geoengineering” may be possible, 
but at least some such proposals would do nothing to slow 
ocean acidification, and would need to be done indefinitely. 
There are a wide variety of potential risks of geoengineering 
schemes, which are very poorly understood (see FAQ Z).

Figure 26. Reducing carbon emissions from a higher pathway (here, 
RCP 8.5) to a lower pathway (here, RCP 4.5) can be accomplished with a 
combination of many technologies and policies, illustrated here based on 
the “wedges” concept pioneered by Pacala and Socolow in 2004.20 These 
wedges could include increasing the energy efficiency of appliances, 
vehicles, buildings, electronics, and electricity generation (orange 
wedges); reducing carbon emissions from fossil fuels by switching to lower-
carbon fuels or capturing and storing carbon (blue wedges); and switching 
to renewable and non-carbon emitting sources of energy, including solar, 
wind, wave, biomass, tidal, and geothermal (green wedges). The shapes 
and sizes of the wedges shown here are illustrative only. (Data from Boden 
et al. 201221). 

Multiple Pathways for Reducing U.S. Emissions



816 CLIMATE CHANGE IMPACTS IN THE UNITED STATES

APPENDIX 4:  FREQUENTLY ASKED QUESTIONS

Y. Are there advantages to acting sooner rather than later?
The effects of current emissions of carbon dioxide and other heat-trapping gases on climate can take decades to fully manifest 
themselves. The resulting change in climate and the impacts of those changes can then persist for a long time. The longer 
these changes in climate continue, the greater the resulting impacts. It will become increasingly costly to adapt, and some 
systems will not be able to adapt if the change is too much or too fast. Thus it is not surprising that recent reports from the U.S. 
National Academy of Sciences, including America’s Climate Choices22 and America’s Energy Future,23 have concluded that the 
environmental, economic, and humanitarian risks posed by climate change indicate a pressing need for substantial action to 
limit the magnitude of climate change and to prepare to adapt to its impacts. They also concluded that substantial reductions 
of heat-trapping gas emissions should be among the nation’s highest priorities.

The National Academy of Sciences and others have concluded 
that acting now will reduce the risks posed by climate change 
and the pressure to make larger, more rapid, and potentially 
more expensive reductions later. Actions taken to reduce 
vulnerability to climate change impacts can be considered as 
investments that can make sense economically, especially if 
they also offer protection against natural climate variations 
and extreme events. In addition, investment decisions made 
now about equipment and infrastructure can “lock in” emis-
sions of heat-trapping gases for decades to come. Finally, while 
it may be possible to alter our responses to climate change, it 
is difficult or impossible to “undo” climate change once it has 
occurred.

Current efforts at local and state levels, and by the private 
sector, are important, but are insufficient to limit warming to 
the lower scenarios described throughout this report. Thus, 
numerous analyses have called for policies that establish co-
herent national and international goals and incentives, and 
that promote strong U.S. engagement in international-level re-
sponse efforts. The National Academy of Sciences found that 
the inherent complexities and uncertainties of climate change 
will be best met by applying a risk management approach and 
by making efforts to significantly reduce heat-trapping gas 
emissions; prepare for adapting to impacts; invest in scientific 
research, technology development, and information systems; 
and facilitate engagement between scientific and technical ex-
perts and the many types of people making America’s climate 
choices.

Figure 27. This graph shows how earlier action to reduce U.S. emissions 
would be less difficult than delayed action. Two pathways show how a 
cumulative carbon emissions budget of 265 gigatons of CO2 could be 
maintained by 2050. By initiating reduced emissions efforts in 2010 (blue 
line), a 4% per year reduction would have been required; waiting until 2020 
to reduce emissions (red line) doubles the rate at which emissions must be 
reduced. (Figure source: Luers et al. 200724)

Two U.S. Emissions-Reduction Pathways
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Z. Can we reverse global warming?
While we can’t stop climate change in its tracks, we can limit it to less dangerous levels by reducing our emissions. Even if all 
human-related emissions of carbon dioxide and the other heat-trapping gases were to stop today, Earth’s temperature would 
continue to rise for a number of decades and then slowly begin to decline. However, focusing on short-lived types of emissions, 
such as methane and black carbon (soot), can reduce the rate of change in the near term. Because of the complex processes 
controlling carbon dioxide concentrations in the atmosphere, even after more than a thousand years, the global temperature 
would still be higher than it was in the pre-industrial period. As a result, without technological intervention, it will not be pos-
sible to totally reverse climate change. We do face a choice between a little more warming and lot more warming, however. 
The amount of future warming will depend on our future emissions.

In theory, it may be possible to reverse global warming through 
technological interventions called geoengineering. Three types 
of geoengineering approaches have been proposed to alter 

the climate system: 1) enhancing the natural processes that 
remove carbon dioxide from the atmosphere; 2) altering the 
amount of the sun’s energy that reaches the Earth (referred to 

Figure 28. To reduce the changes occurring in climate, we would need to stabilize 
atmospheric levels of carbon dioxide, not simply stabilize current emission levels of carbon 
dioxide. Just stabilizing emissions still leads to increasing amounts of carbon dioxide in 
the atmosphere, because emissions are greater than the sinks that remove it (blue lines). 
To stabilize levels of atmospheric carbon dioxide, emissions would need to be reduced 
significantly, on the order of 80% or more compared to the present day (green lines). 
The lower graph shows how carbon dioxide concentrations would be expected to evolve 
depending upon emissions for one illustrative case, but this applies for any chosen target. 
(Figure source: NRC 201125).

Emissions Reductions and Carbon Dioxide Concentrations
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as “solar radiation management”); and 3) direct capture and 
storage of CO2 from the atmosphere.

Various techniques for removal of carbon dioxide from the at-
mosphere have been proposed. At this time, however, there 
is no indication that any of them could be implemented on a 
large enough scale to have a significant effect. Investments in 
limiting emissions, combined with capturing and storing car-
bon, could possibly reverse the warming trend, but it remains 
to be seen if this is feasible.

Artificial injection of stratospheric particles and cloud bright-
ening are two examples of “solar radiation management” 
techniques. The cooling effect that some types of particles 
have on the atmosphere has led to the proposal of an array 
of possible geoengineering projects, especially with the goal 

of offsetting the warming until more non-fossil fuel energy is 
put into place. However, the climate system is complex and 
experimenting without complete understanding could result 
in unintended and potentially dangerous side effects on our 
health, ecosystems, agricultural yields, and even the climate 
itself. Even if such engineering approaches were economically 
feasible, the potential impacts on the environment need to be 
better understood. One important consideration regarding so-
lar radiation management is that ocean acidification would still 
continue even if warming could otherwise be reduced by re-
flecting light away from our atmosphere. Much more research 
is needed to see if such approaches could be environmentally 
feasible. In the meantime, there are significant concerns about 
ecological and other side effects of some of these technolo-
gies.
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AND MODELSAPPENDIX5

Scenarios
Scenarios provide ways to help understand what future con-
ditions might be. Each scenario provides an example of what 
might happen under particular assumptions, and is neither 
a prediction nor a forecast. Instead, scenarios provide scien-
tifically rigorous and consistent starting points for examining 
questions about an uncertain future and help us to visualize 
alternative futures in human terms. The military and busi-
nesses frequently use these powerful tools for future planning 

in high-stakes situations. Scenarios are used to help identify 
future vulnerabilities as well as to support decision-makers 
who are focused on limiting risk and maximizing opportunities. 
Three types of scenarios are used within this assessment to 
help frame the impact analyses in a consistent way: emissions 
scenarios (including population and land-use components); 
climate scenarios; and sea level rise scenarios. Each is briefly 
described below.

Emissions Scenarios
Emissions scenarios quantitatively illustrate how the release of 
different amounts of climate-altering gases and particles into 
the atmosphere will produce different future climate condi-
tions. Such emissions result from human activities including 
fossil fuel energy production and use, agriculture, and other 
activities that change land use. These scenarios are developed 
using a wide range of assumptions about population growth, 
economic and technological development, and other factors. 
A wide range of assumptions is used because future trends de-
pend on unpredictable human choices.

Perspectives on “plausible” emissions scenarios evolve over 
time. The Intergovernmental Panel on Climate Change (IPCC) 
has released three different sets of scenarios since 1990. In 
2000, the IPCC released a Special Report on Emission Sce-
narios1 that provided a set of scenarios, known as the SRES, 
which described a wide range of socioeconomic futures and 
resulting emissions. Near the higher end of the range, the SRES 
A2 scenario represents a world with high population growth, 
low economic growth, relatively slow technology improve-
ments and diffusion, and other factors that contribute to high 
emissions and lower adaptive capacity (for example, low per 
capita wealth). At the lower end of the range, the SRES B1 sce-
nario represents a world with lower population growth, higher 
economic development, a shift to low-emitting efficient en-

ergy technologies that are diffused rapidly around the world 
through free trade, and other conditions that reduce the rate 
and magnitude of climate change as well as increase capacity 
for adaptation. The SRES A2 and B1 scenarios are the founda-
tion scenarios used in this assessment to evaluate future im-
pacts.

Recently, a new set of scenarios (Representative Concentra-
tion Pathways – RCPs) has been prepared and released by sci-
entists who study emissions, climate, and potential impacts.2 
This new set incorporates recent observations and research 
and includes a wider range of future conditions and emissions. 
Because climate model results are just now being released us-
ing the new scenarios, and there are few impact studies that 
employ them, the RCP climate scenarios are used sparingly in 
this assessment.

Scientists cannot predict which, if any, of the scenarios in ei-
ther the SRES set or the RCP set is most likely because the fu-
ture emissions pathway is a function of human choices. A wide 
range of societal decisions and policy choices will ultimately in-
fluence how the world’s emissions evolve, and ultimately, the 
composition of the atmosphere and the state of the climate 
system.

Climate Scenarios and Climate Models
Global models that simulate the Earth’s climate system are 
used, among other things, to evaluate the effects of human 
activities on climate. This assessment incorporates a new set of 
model simulations that have higher resolution and enhanced 
representation of Earth system physics, chemistry, and biol-
ogy. These models use the new set of RCP emissions scenarios 
described above to project expected climate change given var-
ious assumptions about how human activities and associated 
emissions levels might change. 

The range of potential increases in global average temperature 
in the newest climate model simulations is wider than earlier 
simulations because a broader range of options for human be-
havior is considered. For example, the lowest of the new RCP 
scenarios assumes rapid emissions reductions that would limit 
the global temperature increase to about 3.7°F, a much lower 
level than in previous scenarios. The emissions trajectory in 
RCP 8.5 is similar to SRES A2 and RCP 4.5 is roughly comparable 
to SRES B1 (see Figure 1). These similarities between specific 
RCP and SRES scenarios make it possible to compare the re-
sults from different modeling efforts over time.
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Figure 1. Different amounts of heat-trapping gases released into the atmosphere by human activities produce 
different projected increases in Earth’s temperature. In the figure, each line represents a central estimate of global 
average temperature rise for a specific emissions pathway (relative to the 1901-1960 average). Shading indicates the 
range (5th to 95th percentile) of results from a suite of climate models. Projections in 2099 for additional emissions 
pathways are indicated by the bars to the right of each panel. In all cases, temperatures are expected to rise, although 
the difference between lower and higher emissions pathways is substantial. (Left) The panel shows the two main 
scenarios (SRES – Special Report on Emissions Scenarios) used in this report: A2 assumes continued increases 
in emissions throughout this century, and B1 assumes much slower increases in emissions beginning now and 
significant emissions reductions beginning around 2050, though not due explicitly to climate change policies. (Right) 
The panel shows newer analyses, which are results from the most recent generation of climate models (CMIP5) 
using the most recent emissions pathways (RCPs – Representative Concentration Pathways). Some of these new 
projections explicitly consider climate policies that would result in emissions reductions, which the SRES set did not.8 
The newest set includes both lower and higher pathways than did the previous set. The lowest emissions pathway 
shown here, RCP 2.6, assumes immediate and rapid reductions in emissions and would result in about 2.5°F of 
warming in this century. The highest pathway, RCP 8.5, roughly similar to a continuation of the current path of global 
emissions increases, is projected to lead to more than 8°F warming by 2100, with a high-end possibility of more than 
11°F. (Data from CMIP3, CMIP5, and NOAA NCDC).

Emissions Levels Determine Temperature Rises

Emissions scEnarios

Two SRES global emissions scenarios were recommended for use 
by the authors of this report for impact studies. One is a higher emis-
sions scenario (the A2 scenario from SRES) and the other is a lower 
emissions scenario (the B1 scenario from SRES). These two scenarios 
do not encompass the full range of possible futures: emissions could 
change less than those scenarios imply, or they could change even 
more. Recent carbon dioxide emissions have, in fact, been higher than 
in the A2 scenario. Whether this trend will continue is not possible to 
predict because it depends on societal choices.
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Sea Level Rise Scenarios
After at least two thousand years of little change, global sea 
level rose by roughly 8 inches over the last century, and satel-
lite data provide evidence that the rate of rise over the past 
20 years has roughly doubled. In the United States, millions 
of people and many of the nation’s assets related to military 
readiness, energy, transportation, commerce, and ecosystems 
are located in areas at risk of increased coastal flooding be-
cause of sea level rise and associated storm surge.

Global sea level is rising and will continue to do so beyond the 
year 2100 as a result of increasing global temperatures. This 
occurs for two main reasons. First, when temperatures rise, 
ocean water heats up, causing it to expand. Second, when 
glaciers and ice sheets melt in response to hotter conditions, 

additional water flows into the oceans. Sea level is projected 
to rise an additional 1 to 4 feet in this century. Scientists are 
unable to narrow this range at present because the processes 
affecting the loss of ice mass from the large ice sheets are dy-
namic and still the subject of intense study.

Some impact assessments in this report use a set of sea level 
rise scenarios within this range, while others consider a wider 
range. Four scenarios (8 inches, 1 foot, 4 feet, and 6.6 feet of 
rise by 2100), along with explanations regarding how to use 
this information, are included in a guidance document on sea 
level rise that was provided to the National Climate Assess-
ment (NCA) authors to use as the basis of impact assessments 
in coastal areas.3

Figure 2. Historical, observed, and possible future amounts of global sea level rise from 1800 to 
2100. Historical estimates4 (based on sediment records and other proxies) are shown in red (pink 
band shows uncertainty range), tide gauge measurements in blue,5 and satellite observations in 
green.6 The future scenarios displayed here range from 8 inches to 6.6 feet in 2100.3 Sea level 
rise lower than 8 inches or higher than 6.6 feet is considered implausible by 2100. The orange 
line at right shows the currently projected range of sea level rise of 1 to 4 feet by 2100. The large 
range primarily reflects uncertainty about how ice sheets will respond to the warming ocean 
and atmosphere, and to changing winds and currents. (Figure source: Adapted from Parris et 
al. 2012,3 with contributions from NASA Jet Propulsion Laboratory).

Past and Projected Changes in Global Sea Level
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Models and Sources of Uncertainty
There are multiple well-documented sources of uncertainty in 
climate model simulations. Some of these uncertainties can be 
reduced with improved models. Some may never be complete-
ly eliminated. The climate system is complex, including natural 
variability on a range of time scales, and this is one source of 
uncertainty in projecting future conditions. In addition, there 
are challenges with building models that accurately represent 
the physics of multiple interacting processes, with the scale 
and time frame of the available historical data, and with the 
ability of computer models to handle very large quantities of 
data. Thus, climate models are necessarily simplified represen-
tations of the real climate system.

One of the largest sources of uncertainty in projecting future 
conditions involves what decisions society will make about 
managing the emissions of greenhouse gases. By later this cen-
tury, very different conditions would result from higher emis-
sions scenarios (such as A2) than from lower ones (like B1).

Over the last decade, concerted efforts in climate modeling 
have focused on understanding and better quantifying the 
uncertainties inherent in model simulations of climate change 
and on improving model resolution and representations of 
physical and biological processes important to the climate sys-
tem. It is very clear that progress is being made in the accuracy 
of models in representing the physics of the climate system at 
smaller scales. This is demonstrated, for example, by the ability 
of these models to replicate observed climate. 

To understand and better quantify uncertainty, multiple mod-
els generated by different modeling groups around the world 
are being used to identify common features in projections of 
climate change. The Third Coupled Model Intercomparison 
Project (CMIP3), and more recently CMIP5, established for-
malized structures that enable model evaluations against the 
climate record of the recent past. New elements of the CMIP5 
effort include a major focus on near-term, decade-length 
projections designed for regional climate change and on pre-
dictions from the new class of Earth system models that in-
clude coupled physical, chemical, and biogeochemical climate 
processes. CMIP3 findings are the foundation for most of the 
impact analyses included in this assessment. Newer informa-
tion from CMIP5 was largely unavailable in time to serve as the 
foundation for this report and is primarily provided for com-
parison purposes. 

The breadth and depth of these analyses indicate that the 
modeling results in this report are robust. There is an impor-
tant distinction to be made, however, between a “prediction” 
of what “will” happen and a “projection” of what future condi-
tions are likely given a particular set of assumptions. All of the 
model results presented in this report are the latter: projec-
tions based on specified assumptions about emissions. The 
new regional projections provided in this report represent the 
state of the science in climate change modeling.7
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TOPICS FOR CONSIDERATION
IN FUTURE ASSESSMENTSAPPENDIX6

Although this report covers a broad range of topics related to 
understanding, assessing, and responding to global change as 
required by the Global Change Research Act,1 it is not possible 
to provide a comprehensive analysis of every topic in a single 

report. The following are important topics that could not be 
adequately covered in this report. In preparation for future 
synthesis reports, these are some topics that could be consid-
ered.

Economic Analyses
Documenting the costs of climate change impacts is extremely 
challenging because these impacts occur across multiple re-
gions and sectors and over multiple time frames. The impacts 
include physical, ecological, and social components, and many 
are difficult to extract from underlying sources of vulnerabil-
ity not caused by climate change. Also, while some types of 
extreme weather events are made more frequent and/or in-
tense by climate change, it is rare that any event has a single 
cause. Since such events generally result from a combination 
of natural variability and climate change, it is difficult to assign 
a precise proportion of the costs associated with a particular 
event to climate change. Further, many impacts occur in ways 
that are difficult to translate into precise economic costs; for 
example, impacts to biodiversity, changes in quality of life, or 

social stresses are likely to be valued differently by different 
individuals and communities. Finally, it is challenging to as-
sess the economic implications of rare events, which have low 
probability but high consequence – especially in cases where 
there is limited or non-existent data about the costs of such 
events in the past.

A number of studies have produced estimates of the economic 
damages expected from future climate change. However, 
there are currently no total economic damage estimates that 
are based on valuing and aggregating the various regional and 
sectoral impacts that are the focus of this assessment. Under-
standing these impacts in more detail could provide important 
input for adaptation and mitigation decisions. 

National Security
The implications of climate change for U.S. national security 
are significant, but they have not been analyzed in detail in this 
report because there are a number of recent unclassified U.S. 
Department of Defense (DoD) reports and reports of other 
groups that have rigorously addressed this topic. In 2010, the 
DoD released the Quadrennial Defense Review (QDR), for the 
first time acknowledging that climate change will play a “signif-
icant role in shaping the future security environment.”2 Based 
on the QDR, the DoD is now incorporating and considering the 
consequences of climate change in its long-range strategic 
plans, including potential impacts to its facilities and missions. 
Other recent reports by the National Intelligence Council and 
the National Research Council (NRC) analyze the security im-
plications of climate change.3 The NRC found that “It is pru-

dent to expect that over the course of a decade some climate 
events…will produce consequences that exceed the capacity 
of the affected societies or global systems to manage and that 
have global security implications serious enough to compel 
international response.” National security concerns are highly 
integrated with a variety of other economic, health, policy 
and resource management issues. The findings of the National 
Climate Assessment reports, as well as other environmental 
assessments, are influential in determining threats to national 
security. It will be useful in future reports to advance the state 
of knowledge of climate impacts in a manner that would im-
prove the ability of the appropriate government institutions to 
determine how such impacts are integrated in complex ways 
with national security concerns and emergency preparedness.

Interactions between Adaptation and Mitigation Activities
An additional topic that requires further investigation is the 
state of knowledge of the intersections of adaptation and 
mitigation activities. Although adaptation, preparedness, and 
resilience are all related concepts, the emissions implications 
across the life of an adaptation project, including full assess-
ment of the emissions associated with “supply chains” for 
manufactured goods and services, are difficult to assess for 
any project, and even more challenging on larger scales. In 
addition, there are options where mitigation and adaptation 

strategies have co-benefits and other combinations of strat-
egies that can cause unintended negative consequences. For 
example, the water resource implications of increased produc-
tion of biofuels are substantial in some regions of the United 
States, and may result in negative impacts on ecosystems, 
power production, or residential water supply (see Ch. 6: Ag-
riculture; Ch. 10: Energy, Water, and Land; Ch. 27: Mitigation; 
and Ch. 28: Adaptation). It would be useful to explore these 
and related topics in more detail in future assessments.
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This report summarizes the science of climate change and the impacts 
of climate change on the United States, now and in the future. 
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The ultimate objective of international climate negotiations is 
to prevent dangerous anthropogenic interference with the cli-
mate system1. At the 2015 Paris Conference, this objective was 

further specified as limiting global-mean temperature increase to 
well below 2 °C relative to pre-industrial levels and pursuing further 
efforts for limiting temperature increase to below 1.5 °C (ref. 2).

Over the past decade, a large body of literature has been published 
that shows that the maximum global-mean temperature increase as 
a result of CO2 emissions is nearly linearly proportional to the total 
cumulative carbon (CO2) emissions3–11. Maximum warming is also 
influenced by the amount of non-CO2 forcing leading up to the time 
of the peak12–14. This has culminated in the most recent assessment 
of the IPCC in the form of several estimates of emission budgets 
compatible with limiting warming to below specific temperature 
limits. Here, we first explain the underlying scientific rationale 
for such budgets and then continue with a detailed account of the 
strengths and limitations of the various budgets reported in both the 
IPCC Fifth Assessment Report (AR5) and the recent literature, and 
of the differences between them.

The purpose of budgets
The IPCC AR5 Working Group I (WGI) report15 indicated that the 
total net cumulative emission of anthropogenic CO2 is the principal 
driver of long-term warming since pre-industrial times. Therefore, 
to limit the warming caused by CO2 emissions to below a given tem-
perature threshold, cumulative CO2 emissions from all anthropo-
genic sources need to be capped to a specific amount, sometimes 
referred to as the carbon budget or quota (which, in the context 
of this Perspective, refers to global values and not to the emission 
allowances of single countries).

Differences between carbon budget 
estimates unravelled
Joeri Rogelj1,2*, Michiel Schaeffer3,4, Pierre Friedlingstein5, Nathan P. Gillett6, Detlef P. van Vuuren7,8, 
Keywan Riahi1,9, Myles Allen10,11 and Reto Knutti2

Several methods exist to estimate the cumulative carbon emissions that would keep global warming to below a given temperature 
limit. Here we review estimates reported by the IPCC and the recent literature, and discuss the reasons underlying their differ-
ences. The most scientifically robust number — the carbon budget for CO2-induced warming only — is also the least relevant 
for real-world policy. Including all greenhouse gases and using methods based on scenarios that avoid instead of exceed a given 
temperature limit results in lower carbon budgets. For a >66% chance of limiting warming below the internationally agreed 
temperature limit of 2 °C relative to pre-industrial levels, the most appropriate carbon budget estimate is 590–1,240 GtCO2 
from 2015 onwards. Variations within this range depend on the probability of staying below 2 °C and on end-of-century non-CO2 
warming. Current CO2 emissions are about 40 GtCO2 yr–1, and global CO2 emissions thus have to be reduced urgently to keep 
within a 2 °C-compatible budget.

The near-linearity between peak global-mean temperature rise 
and cumulative CO2 emissions is the result of an incidental interplay 
of several compensating feedback processes in both the carbon cycle 
and the climate: the logarithmic relationship between atmospheric 
CO2 concentrations and radiative forcing, the decline of ocean heat-
uptake efficiency over time, as well as the changes in the airborne 
fraction of anthropogenic CO2 emissions15. This compensating rela-
tionship is robust over a range of CO2 emissions and over timescales 
of up to a few centuries, with very few exceptions16. Such a relation-
ship is not generally shown for other anthropogenic radiatively 
active species. An approximate proportionality exists for other long-
lived greenhouse gases (GHGs) for warming during this century12, 
whereas for short-lived climate forcers the rate of emissions leading 
up to the time of peak warming is important12–14.

The unique characteristics of the Earth system’s response to 
anthropogenic carbon emissions allow the definition of a quantity 
called the transient climate response to cumulative emissions of 
carbon (TCRE). TCRE is defined as global average surface tempera-
ture change per unit of total cumulative anthropogenic CO2 emis-
sions, typically 1,000 PgC. In AR5, TCRE was assessed to be ‘likely’ 
to lie (that is, with greater than 66% probability17) between 0.8 to 
2.5 °C per 1,000 PgC for cumulative CO2 emissions less than about 
2,000 PgC and until the time at which temperature peaks.

The constancy of TCRE means that it can also be assessed for the 
real world by dividing an estimate of CO2-induced warming to date 
by an estimate of anthropogenic CO2 emissions5,10. Such an approach 
relies on a calculation of GHG-attributable warming using a regres-
sion of observed warming onto the simulated response to GHGs and 
other forcings, and an estimate of the ratio of CO2 to total GHG radi-
ative forcing or temperature response. Alternatively TCRE may be 
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assessed from observations by applying observational constraints to 
the parameters of a simple carbon-cycle climate model7,8, and evalu-
ating the ratio of warming to emissions for the constrained model.

For a carbon budget approach to make sense, TCRE must be 
reasonably independent of the pathway of emissions. Earlier studies 
have indeed shown that this is the case7,8,18,19, at least for peak warm-
ing and monotonously increasing cumulative carbon emissions. If a 
set carbon budget limit is exceeded, CO2 needs to be actively removed 
from the atmosphere afterwards20–22 to bring emissions back to 
within the budget. Figure 1 illustrates this path independency (even 
for moderate amounts of net negative CO2 emissions), and shows 
with the simple carbon cycle and climate model MAGICC7,23,24 that 
even with large variations in the pathway of CO2 emissions during 
the twenty-first century, the transient temperature paths as a func-
tion of cumulative CO2 emissions are very similar — a characteristic 
also found in other models18,25. Once all pathways achieve the same 
end-of-century cumulative CO2 emissions, the temperature projec-
tions are virtually identical (Fig. 1).

Given these considerations, carbon budgets are a useful guide for 
defining and characterizing the emissions pathways that limit warm-
ing to certain levels, such as 2 °C relative to pre-industrial levels.

An abundance of carbon budgets
Despite the simplicity of carbon budgets, many (often very different) 
estimates have been published. Here we provide an overview of how 
these budgets are defined and calculated. 

Budget for CO2-induced warming only. The most direct application 
of TCRE is to derive cumulative carbon budgets consistent with lim-
iting CO2-induced warming to below a specific temperature thresh-
old. For instance, WGI indicates26 that limiting anthropogenic 
CO2-induced warming to below 2  °C relative to 1861–1880 with 
an assessed probability of greater than 50% will require cumulative 
CO2 emissions from all anthropogenic sources since that period to 
stay approximately below 4,440 GtCO2. Alternatively, doing so with 
a greater than 66% probability would imply a 3,670 GtCO2 budget. 
These values assume a normal distribution of which the standard 
deviation (1 σ) range is given by the assessed likely TCRE range of 
0.8 to 2.5 °C per 1,000 PgC (that is, about 3,670 GtCO2), and make 
use of the near-linearity of the ratio of CO2-induced warming to 
cumulative CO2 emissions15.

Although this is the most robust translation of the TCRE concept 
into a cumulative carbon budget, it is at the same time also the least 
directly useful to policy-making. In the real world, non-CO2 forcing 
also plays a role, and its global-mean temperature effect is superim-
posed on the CO2-induced warming. A carbon budget derived from 
a TCRE-based estimate should thus not be used in isolation.

The near-linear relationship of TCRE does hence not necessarily 
apply to the ratio of total human-induced warming to cumulative 
carbon emissions (as might be suggested by Fig. SPM.10 in ref. 26). 
The latter relationship is scenario dependent, because, for example, 
the percentage contribution of non-CO2 climate drivers to total 
anthropogenic warming increases in the future in many scenarios. 
Therefore, to take into account the influence of non-CO2 forcing on 
carbon budgets, the TCRE-based approach can be extended using 
multi-gas emission scenarios. Multi-gas emission scenarios pro-
vide an internally consistent evolution over time of all radiatively 
active species of anthropogenic origin. They are often created with 
integrated assessment models (IAMs), which represent interactions 
within the global energy–economy–land system (for examples, see 
refs 27–29).

Threshold exceedance budgets. Here we define a straightforward 
methodology of extending TCRE-based carbon budgets for CO2-
induced warming to budgets that also takes into account non-CO2 
warming as ‘threshold exceedance budgets’ (TEBs) for multi-gas 
warming (Table 1).

This approach uses multiple realizations of the simulated response 
to a multi-gas emission scenario. These realizations can either be 
multi-model ensembles or perturbed parameter ensembles. An 
example of the former would be simulations of the Representative 
Concentration Pathways30,31 (RCPs) by Earth system models (ESMs) 
that were contributed to the Fifth Phase of the Coupled Model 
Intercomparison Project32 (CMIP5). An example of the latter would 
be the use of a simple climate model in a probabilistic setup7,23,24, as 
used in the assessments of the IPCC33–35 as well as in other recent 
studies36–38. From such multi-model or perturbed parameter ensem-
bles, the carbon budget is estimated at the time a specified share 
(for example, 50% or one-third) of realizations exceeds a given tem-
perature limit (that is, 50% or two-thirds of the ensemble members 
remain below the limit; see orange scenario in Fig. 2).

The TEB approach was used by WGI for determining carbon 
budgets that account for non-CO2 forcing15. Applying this meth-
odology to the CMIP5 RCP8.5 (ref.  39) simulations of ESMs10,40 
and ESMs of intermediate complexity41 (EMICs), they found that 
compatible CO2 emissions since 1870 are about 3,010 GtCO2 and 
2,900  GtCO2 to limit warming to less than 2  °C since the period 
1861–1880 in more than 50% and 66% of the available model runs, 
respectively. Other recent studies36 have used an extended version 
of this approach that computes TEBs based on perturbed param-
eter ensembles of a subset of scenarios from the IPCC AR5 Scenario 
Database (hosted at the International Institute for Applied Systems 
Analysis (IIASA); https://secure.iiasa.ac.at/web-apps/ene/AR5DB).
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Figure 1 | Proportionality of global-mean temperature increase to 
cumulative emissions of CO2. a,b, Four CO2 emission pathways with 
identical cumulative carbon emissions over the twenty-first century (a) and 
their corresponding temperature projections (b). The grey area in b shows 
the central 66% uncertainty range of temperature projections around the 
thick purple line. Figure adapted with permission from ref. 15, © 2013 IPCC.
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The results of a TEB approach are most useful if the warming 
due to non-CO2 forcing as a function of cumulative CO2 emissions 
is similar across scenarios, meaning that the conclusions are not 
strongly dependent on the scenario chosen. However, Fig. 3a shows 
that there is quite a large variation in non-CO2 forcing for a given 
level of cumulative CO2 emissions when looking at all scenarios 
available in the IPCC AR5 Scenario Database. Caution is therefore 
advised when deriving carbon budgets on the basis of one single 
multi-gas scenario (see below). Finally, the use of TEBs for limiting 
warming to below a given temperature limit assumes that non-CO2 
warming never increases beyond the level it reached at the time the 
TEB was computed (Fig. 2). Non-CO2 forcing thus needs to be kept 
within limits over time.

Threshold avoidance budgets. Carbon budgets defined in the pre-
vious section are derived at the time a given scenario exceeds a spe-
cific temperature threshold or limit. A complementary approach is 
to consider multiple emission scenarios and evaluate carbon budg-
ets for the subset of scenarios that avoids crossing such a threshold 
with a given probability. We name these budgets threshold avoid-
ance budgets (TABs, Table 1). Because, by definition, such scenarios 
do not exceed the limit of interest at any specific point in time (with 
a given probability), a time horizon needs to be defined up to which 
a budget is computed. This time horizon can either be a predefined 
period, for example the 2011–2050 or the 2011–2100 period, or 
more variable in nature, for example the time period until peak 
warming (see yellow scenario in Fig. 2). Both of these approaches 
were used in AR5, and more sophisticated approaches based on the 
TAB methodology have been used in the literature7.

IPCC Working Group III (WGIII) computed TABs for the 
periods 2011–2050 and 2011–2100 by assessing probabilistic 
temperature projections in 210034,35. For this, WGIII categorized 
a large number of scenarios on the basis of end-of-century CO2-
equivalent concentrations. The reported TAB values — for example, 
in Table 6.3 in the WGIII Report35 or Table SPM.1 in the Synthesis 
Report33,34 (SYR) — are therefore the result of an assessment of 
the exceedance probability outcomes found in each of the CO2-
equivalent concentration categories. Alternatively, scenarios could 
have been categorized on the basis of median temperature, prob-
abilities to limit warming to below a specific temperature limit, 
or even carbon budgets. For scenarios that limit end-of-century 
warming to below 2 °C with a likely probability, the WGIII assess-
ment34 reports that the TABs in terms of cumulative CO2 emissions 
in the periods 2011–2050 and 2011–2100 are 150–1,300 GtCO2 and 
630–1,180 GtCO2, respectively.

In the IPCC SYR33, TABs are also computed on the basis of 
the scenarios available in the IPCC AR5 Scenario Database — see 
Table 2.2 in ref. 33. However, the SYR categorizes scenarios directly 
based on their probability of keeping peak warming to below a 
specific temperature threshold (1.5  °C, 2  °C or 3  °C) during the 
twenty-first century. For example, the IPCC SYR reports TABs 

for limiting warming to below 2  °C with at least 66% chance of 
2,550–3,150 GtCO2 from 1870 until peak warming.

The numbers compared
To understand what the different approaches mean in terms of the 
actual values of carbon budgets, we compare the available budg-
ets relating to the 2 °C limit. Table 2 provides an overview for all 
of the numbers discussed in this section, relative to two com-
mon base years (2011 and 2015). Taking into account that about 
2,050 GtCO2 (approximately 560 PgC) had already been emitted by 
the end of 201436, a CO2-only budget approach would indicate that 
1,620  GtCO2 (or 440  PgC) remain to have a >66% probability of 
limiting warming to below 2 °C relative to pre-industrial levels (here 
defined as the 1861–1880 period26). Using a TEB approach and 
assuming non-CO2 forcing as in RCP8.5, this amount is reduced to 
850 GtCO2 (or 230 PgC). When assessed with the latter approach, a 
1,620 GtCO2 budget would limit warming to below 2 °C in less than 
33% of the available models42.

It is worth noting that the IPCC assessment of the CO2-only 
budget is based on an assessed uncertainty range of TCRE, drawing 
on many lines of evidence. The WGI numbers including non-CO2 
forcing are based on CMIP5 simulations of the response to RCPs, 
which — although being a valid approach — provide a narrower 
scientific basis. At least for the four RCPs used by WGI, a similar 
warming as a function of cumulative CO2 emissions is found (see 
Fig. TFE.8 in ref. 42), despite having different non-CO2 evolutions 
(Fig. 3a). This counterintuitive result is explained further below.

When extensively varying the non-CO2 assumptions for TEBs 
using a subset of baseline and weak mitigation scenarios from the 
IPCC AR5 Scenario Database (which all exceed the 2  °C limit), a 
range of 850–1,550 GtCO2 (5th–95th percentile range across all TEB 
scenarios, from 2015 onwards) is associated with limiting warming 
to below 2 °C with 66% probability36. The difference between this 
range and the 850 GtCO2 number quoted above is, on the one hand, 
caused by the different modelling frameworks and, on the other 
hand, by the fact that the non-CO2 forcing evolution of RCP8.5 is 
situated amongst the highest percentiles of the non-CO2 forcing in 
other high-emission scenarios that exceed the 2 °C threshold (Fig. 3).

When considering TABs until peak warming, based on the strin-
gent mitigation scenarios of the IPCC AR5 Scenario Database, a 
range of 590–1,240 GtCO2 is found for limiting warming to below 
2  °C with >66% probability33 (10th–90th percentile range, as 
reported by WGIII, from 2015 onwards). Finally, for TABs calcu-
lated over the 2015–2100 period, an assessment of the stringent mit-
igation scenarios available in the IPCC AR5 Scenario Database and 
their temperature outcomes results in a range of 470–1,020 GtCO2 
(10th–90th percentile range) for limiting warming to below 2  °C 
with a likely chance35.

In conclusion, moving from a CO2-only budget42 to a multi-gas 
multi-scenario TEB budget36 removes around 420  GtCO2 (that is, 
the average of the 70–770 GtCO2 range) from the CO2 budget from 

Table 1 | Three different types of carbon budgets and their definitions.

Carbon budget type Abbreviation Definition and description
Budget for CO2-induced 
warming

CO2-only budget Amount of cumulative carbon emissions that are compatible with limiting warming to below a specific 
temperature threshold with a given probability in the hypothetical case that CO2 is the only source of 
anthropogenic radiative forcing. This budget can be inferred from the assessed range of TCRE. 

Threshold exceedance 
budget

TEB Amount of cumulative carbon emissions at the time a specific temperature threshold is exceeded with a given 
probability in a particular multi-gas emission scenarios. This budget thus takes into account the impact of 
non-CO2 warming at the time of exceeding the threshold of interest. 

Threshold  
avoidance budget

TAB Amount of cumulative carbon emissions over a given time period of a multi-gas emission scenario that limits 
global-mean temperature increase to below a specific threshold with a given probability. This budget thus takes 
into account the impact of non-CO2 warming at peak global-mean warming, which is approximately the time 
when global CO2 emissions become zero and global-mean temperature is stabilized.
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2015 onward for limiting warming to below 2 °C with 66% chance. 
Subsequently moving to a TAB budget until peak warming33 or 
over the 2015–2100 period35 and a >66% chance would also remove 
about 260–310 GtCO2 and 380–530 GtCO2, respectively. (Note that 
these values are illustrative as they are obtained by comparing ranges 
that are defined in different ways.)

The TAB range for limiting warming to below 2 °C with greater 
than 66% probability of 470–1,020 GtCO2 for the 2015–2100 period 
is thus 35 to 70% below what would have been inferred from a CO2-
only budget with a TEB approach.

Strengths and limitations
The various approaches to computing carbon budgets each come 
with their respective strengths and limitations. Understanding what 
can lead to possible differences in budget estimates is critical to 
avoid misinterpretation of the numbers.

The budget type definition, the underlying data and modelling, 
the scenario selection, temperature response timescales and the 
accompanying pathway of CO2 and non-CO2 emissions are identi-
fied as possible key drivers of the difference between the various 
budget options discussed above.

That the budget type definition will have an influence on the 
resulting numbers is almost trivial. For example, when defining 
TABs from 2011 to 2100 instead of until peak warming, the cumu-
lated net negative emissions that can be achieved until the end of 
the century will lead to consistently lower 2015–2100 TABs com-
pared with TABs defined until peak warming levels. Negative emis-
sions occur when CO2 is actively removed from, instead of emitted 
into, the atmosphere by human activities. For instance, for TABs 
compatible with limiting warming to below 2 °C with >66% chance, 
the difference between TABs defined until peak warming and over 

the 2015–2100 period would be of the order of 120–220  GtCO2. 
Furthermore, the budget type definition also influences other fac-
tors, such as scenario selection, whose impact on the carbon budget 
is explained in more detail below.

Underlying data and modelling. Some of the differences between 
the quantitative budgets estimates are simply driven by differences in 
the underlying data and models. In general, these differences apply 
to TEBs and TABs alike. For example, although the WGI CO2-only 
budget is based on the interpretation of an assessed uncertainty 
range, the other TEB and TAB budgets were computed either from 
CMIP5 RCP results (in the WGI report and the SYR) or from a sim-
ple climate model (MAGICC) in a probabilistic setup7,23,24 (in the 
WGIII report and the SYR).

Budget estimates can differ depending on whether a single-sce-
nario multi-model ensemble is used (for example, all CMIP5 runs 
for RCP8.5) or alternatively a single-model multi-scenario perturbed 
parameter ensemble is used (for example, the IPCC AR5 WGIII 
approach, which uses MAGICC). The former approach allows us to 
use information from a wide range of the most sophisticated mod-
els and incorporate state-of-the-art Earth system interactions in the 
budget assessment. However, this approach comes at a high compu-
tational cost, resulting in only a limited ensemble of opportunity of 
model runs being available for any assessment. The latter method, 
on the other hand, uses a much simpler model, and hence comes 
with great computational efficiency, which allows for hundreds if not 
thousands of realizations per scenario. Thus variations in scenario 
assumptions on the pathways and evolution of non-CO2 forcing over 
time can be explored in more detail.

These differences in the underlying data and modelling can result 
in changes in the budget estimates. However, although a simple climate 
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model does not provide the detail of ESMs, it can closely emulate 
their global-mean behaviour43 and can represent the uncertainties 
in carbon-cycle and climate response in line with the assessment of 
AR57,24,44. Of importance here is that the MAGICC setup applied in 
WGIII and the SYR is consistent with the CMIP5 ensemble for tem-
perature projections and TCRE (Fig. 12.8 in ref. 15 and Fig. 6.12 in 
ref. 35). It is therefore expected that these differences are limited.

A final aspect related to the data and modelling is the interpreta-
tion of the nature of the uncertainties that accompany the various 
data. Uncertainty ranges can be the expression of a variety of under-
lying uncertainty sources45, and they can be interpreted in different 
ways. In the context of the quantification of carbon budgets, at least 
three kinds of uncertainty ranges can be distinguished: an uncertainty 
range resulting from an in-depth assessment of multiple lines of evi-
dence (a so-called assessed uncertainty range); an uncertainty range 
emerging from a sophisticated statistical sampling of the parameter 
space; or an uncertainty range that represents the spread across an 
arbitrary collection of model results (a so-called ensemble of oppor-
tunity). Each of these uncertainty ranges can be interpreted in dif-
ferent ways, and they decline in robustness going from an assessed 
uncertainty range over targeted statistical approaches to ensembles of 
opportunities. These aspects thus also influence the robustness of any 
carbon budget estimates based on them. For example, the budget for 
CO2-induced warming from WGI is derived from an assessed uncer-
tainty range, whereas the WGI budgets that also take into account 
non-CO2 forcing are based on an ensemble of opportunity, which 
makes them much less robust (see also Technical Focus Element 8 in 
ref. 42).

Scenario selection. Applying the definitions of TEBs and TABs to 
a large scenario ensemble for the assessment of CO2 budgets in line 
with a particular temperature limit results in the selection of two 
disjoint subsets of emission scenarios: a subset of baseline and weak 
mitigation scenarios that exceed the temperature limit with a given 
probability in the case of TEB budgets and a disjoint subset of more 
stringent to very stringent mitigation scenarios that all keep warm-
ing to below the specified temperature limit with a given probability 
in the case of TAB budgets.
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Figure 3 | Non-CO2 forcing and cumulative CO2 emissions. a, Non-CO2 forcing as a function of cumulative CO2 emissions from 2015 onwards for scenarios 
of the IPCC AR5 Scenario Database. Scenarios are split up into two subsets: those that limit warming to below 2 °C relative to pre-industrial levels with 
at least 66% probability (yellow, used for TABs), and those that lead to global-mean temperatures exceeding the 2 °C limit with at least 34% (orange, 
used for TEBs). b, Distribution of non-CO2 forcing at the time point critical for deriving TEB (orange) and TAB (yellow) budgets, that is, the moment the 
2 °C limit is exceeded for TEBs and peak warming for TABs. c, Distribution of the estimated temperature contribution from non-CO2 forcing at the same 
time point as in b (see Box 1). The four RCPs are also included for comparison. d, Variation within the TEB and TAB budget subsets as a function of the 
estimated temperature contribution from non-CO2 forcing as in c. Numerical values in d are R2 values for the two linear fits.

The estimated temperature contributions of non-CO2 forcing, 
shown in Fig.  3c, are derived by the following equation, as 
described in the Supplementary Material to the WGI chap-
ter on ‘Anthropogenic and Natural Radiative Forcing’53 
(equation 8.SM.13).

RT 
(t) = exp –

M

j=1 dj

cj t
dj
))Σ

where RT is the climate response to a unit of forcing, cj the 
component of the climate sensitivity, dj the response times, and 
t the time. For the two-term approximation (M = 2) presented by 
ref. 54, values of c1, c2, d1, and d2 are taken from table 8.SM.9 in 
ref. 53. This estimate is to be considered an illustrative approxi-
mation of the temperature effect of non-CO2 forcing.

Box 1 | Non-CO2 temperature contributions.
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A first implication of the use of these disjoint scenario sets results 
from only very few scenarios being available that have, for example, 
precisely a 66% probability for limiting warming to below a given 
temperature threshold. Although TEBs are consistently computed for 
each scenario at the time a scenario exceeds a temperature limit with 
a given probability, the value of TABs is further driven by the choice 
of the range of probabilities that is used to select appropriate TAB 
scenarios. For example, the IPCC SYR selected all scenarios that have 
a 66 to 100% probability of limiting warming to below a given thresh-
old (compared with exactly 66% for TEBs). This resulted in an average 
probability of staying below 2 °C across the subset of TAB scenarios 
that comply with the above-mentioned selection criterion of about 
75%. This can explain about one-third to half of the 260–310 GtCO2 
difference between the TEB estimates from Friedlingstein et  al.36 
and the IPCC SYR TAB estimates. Moreover, for some temperature 
levels, for example around 3 °C, the scenarios available in the IPCC 
AR5 Scenario Database do not sample the possible range extensively, 
which can lead to further biases in the numbers obtained.

Temperature response timescales. A second aspect that is different 
in the disjoint scenario subsets are the CO2 emission pathways and 
hence the annual CO2 emissions at the time the compatible carbon 
budget is derived. In the TAB subset, CO2 emissions will typically 
approach zero or become negative to stabilize global temperatures, 
and will thus be very low at the time of maximum warming dur-
ing the twenty-first century. In the TEB subset this is not the case. 
Because of the timescales of CO2-induced warming46,47 this leads to 
differences in the carbon budget estimates.

Recent research indicates that, at current emission rates, 
maximum CO2-induced warming only occurs about a decade after 
a CO2 emission46,47. Thus, even in a CO2-only world, TABs and TEBs 
with complementary probabilities (for example, a 66% probability 
to limit warming below 2  °C and a 34% probability of exceeding 
2 °C) would not be entirely identical. In case of the TEB approach, 
the maximum warming of the CO2 emissions of the last decade 
before the temperature limit was exceeded has possibly not yet 
fully occurred. In a TAB approach the emissions in the last dec-
ade would be significantly lower, if not zero, and this would allow 
a much larger fraction of the warming to already be realized. The 
TEB approach thus leads to a consistent overestimate of the CO2 
budget compatible with a given temperature limit, whereas this 
is not the case with the TAB approach. At least one-third of the 
approximately 260–310  GtCO2 difference between the TEB esti-
mates from Friedlingstein et al.36 and the IPCC SYR TAB estimates 
can be explained by accounting for the approximately one decade 
delay between CO2 emissions and their maximum warming.

Non-CO2 warming contribution. A third and last aspect that dif-
fers between the two disjoint TEB and TAB scenario subsets is the 
mixture of CO2 and non-CO2 forcers. This mixture differs over time 
and therefore, depending on when the compatible carbon budget 
is determined, the TABs and TEBs are derived under possibly very 
different non-CO2 forcing (Fig. 3b). The relationship between CO2 
emissions and non-CO2 forcing is complex, as it covers the total 
non-CO2 forcing that results from both positive and negative cli-
mate forcers. Climate policy influences these non-CO2 forcers 

Table 2 | A selection of carbon emission budgets related to a global temperature limit of 2 °C relative to pre-industrial levels from 
various sources. 

Source Type Specification Value from 2011 
(GtCO2)

Value from 2015 
(GtCO2)

IPCC AR5 WGI26 CO2-only 
budget

To limit warming to less than 2 °C since the period 1861–1880 with greater than 66% 
(or 50%) probability

1,780 (or 2,550) 1,620 (or 2,390)

IPCC AR5 WGI26 TEB To limit warming to less than 2 °C since the period 1861–1880 in more than 66% (or 
50%) of the model runs when accounting for the non-CO2 forcing as in the RCP8.5 
scenario

1,010 (or 1,120) 850 (or 960)

IPCC AR5 WGIII35 TAB To limit warming in 2100 to below 2 °C since 1850–1900 with a ‘likely’ (>66%) 
probability, accounting for the non-CO2 forcing as spanned by the subset of stringent 
mitigation scenarios in the IPCC AR5 Scenario Database*. (10–90% range over 
scenarios in IPCC WGIII scenario category 1)

630 to 1,180 470 to 1,020

IPCC AR5 WGIII35 TAB To limit warming in 2100 to less than 2 °C since 1850–1900 with a ‘more likely than 
not’ (>50%) probability, accounting for the non-CO2 forcing as spanned by the subset 
of stringent mitigation scenarios in the IPCC AR5 Scenario Database*. (10–90% 
range over scenarios in IPCC AR5 scenario category II without overshoot)

960 to 1,430 800 to 1,270

IPCC AR5 SYR33 TEB To limit warming to less than 2 °C since the period 1861–1880 in more than 66% (or 
50% or 33%) of the model runs of the CMIP5 RCP8.5 ESM and EMIC simulations. 
(These correspond to the IPCC AR5 WGI TEB budgets reported above)

1,010 (1,110 or 
1,410)

850 (960 or 
1,250)

IPCC AR5 SYR33 TAB To limit warming to below 2 °C since 1861–1880 with 66–100% probability, 
accounting for the non-CO2 forcing as spanned by the subset of stringent mitigation 
scenarios in the IPCC AR5 Scenario Database. (10–90% range)

750 to 1,400 590 to 1,240

IPCC AR5 SYR33 TAB To limit warming to below 2 °C since 1861–1880 with 50–66% probability, accounting 
for the non-CO2 forcing as spanned by the subset of stringent mitigation scenarios in 
the IPCC AR5 Scenario Database. (10–90% range)

1,150 to 1,400 990 to 1,240

Friedlingstein et al.36 TEB To limit warming to less than 2 °C since 1850–1900 with a 66% probability, 
accounting for the non-CO2 forcing as spanned by the subset of baseline and weak 
mitigation scenarios in the IPCC AR5 Scenario Database*. (5–95% range)

1,310 (1,010 to 
1,710)

1,150 (850 to 
1,550)

Friedlingstein et al.36 TEB To limit warming to less than 2 °C since 1850–1900 with a 50% probability, 
accounting for the non-CO2 forcing as spanned by the subset of baseline and weak 
mitigation scenarios in the IPCC AR5 Scenario Database*. (5–95% range)

1,610 (1,210 to 
2,010)

1,450 (1,050 to 
1,850)

1,890 GtCO2 were already emitted by 2011, and about 2,050 GtCO2 by 2015. All values are rounded to the nearest 10. Budget types are defined in Table 1. *The temperature difference between 1861–1880 and 
1850–1900 is 0.02 °C, based on ref. 55.
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both directly (via abatement measures) and indirectly (via changes 
induced in the energy system), and this is captured in different ways 
in IAMs. For example, stabilizing and peaking global temperatures 
requires global CO2 emissions to be reduced to close to net zero. 
Such very low CO2 emissions are achieved through a fundamental 
transformation of the global energy–economy–land system35, which 
in turn leads to changes in non-CO2 emissions because of the phase-
out of common sources of CO2 and non-CO2 emissions14,48. This 
can lead to important differences in non-CO2 forcing as a function 
of total cumulative CO2 emissions (Fig. 3a). Figure 3b shows that 
median non-CO2 forcing at the time that is of importance for deriv-
ing the carbon budget (that is, the time of exceedance for TEBs, and 
peak warming for TABs) is about 0.2 W m–2 higher in the subset of 
scenarios used for TEBs compared with the subset used for TABs.

However, the non-CO2 forcing at either peak warming or the 
time of exceeding a given temperature threshold does not tell the 
entire story. When estimating the actual non-CO2-induced warm-
ing at these time points of interest (see Box 1), very little difference 
can be found between the TEB and TAB scenario subsets (Fig. 3c). 
This suggests that when a sufficiently large scenario sample is avail-
able, variations in non-CO2 forcing cannot be used to explain the 
variations between TEB and TAB estimates for limiting warming 
to below 2 °C. The precise influence of this difference on the carbon 
budgets has not been quantified.

Incidentally, this feature is not obviously visible when looking at 
the four RCPs only, because both the lowest, RCP2.6, and the high-
est, RCP8.5, are outliers in terms of non-CO2 warming, at opposite 
sides of the scenario distribution (Fig. 3b,c).

Finally, although non-CO2 forcing does not fully explain the var-
iations between TEB and TAB estimates, it plays an important role 
for the variation within the TEB and TAB subsets. Figure 3d shows 
that respectively 70% and 50% of the variance within the TEB and 
TAB subsets can be explained by non-CO2 warming at the time of 
determining the carbon budget.

Future non-CO2 warming under stringent mitigation remains 
nonetheless very uncertain at present. Its magnitude will depend 
on the extent to which society will be successful in bringing about 
assumed future improvements in agricultural yields and practices 
or dietary changes49, amongst many other factors. These are very 
uncertain. Furthermore, how much non-CO2 forcing is reduced 
compared with CO2 depends on the relative weight that is given 
to CO2 and non-CO2 emissions in mitigation scenarios, and also 
on other mitigation choices50. These weights are mostly constant in 
IAMs (for example, by using global warming potentials as a fixed 
exchange rate), but can also change over time and depend on the 
question posed.

Air pollution controls can influence the rate of near-term 
warming and, depending on the precise mix of air pollutants that 
is reduced by air pollution controls, non-CO2 warming can be 
increased, decreased or stay constant14. The estimated effect of air 
pollution controls on carbon budgets, in particular on TABs, is very 
small51. This is important information for policy-making, as it can 
be used to consider trade-offs between the uncertainty in non-CO2 
mitigation, possibly larger CO2 budgets, and a larger amount of 
committed warming at the multi-century scale due to larger cumu-
lative CO2 emissions.

Applicability. Earlier we indicated that budgets that only take into 
account CO2-induced warming are scientifically best understood 
as — per definition — they do not depend on extra uncertainties 
associated with other forcings. However, at the same time, they are 
impractical and largely irrelevant for use in the real world, because 
of their obvious limitation of neglecting any contribution other than 
CO2. The other approaches that go beyond this CO2-only approach, 
might therefore be more practical. Using a CO2-only estimate for 
real-word decision-making would lead to an overestimation of the 

allowable carbon budget, that is, a very high risk of exceeding a given 
climate target when emitting that particular carbon budget.

The strength of TEBs is that they are easily comparable to TCRE-
based budgets for CO2-induced warming only. Hence the influence 
of non-CO2 forcing on the size of carbon budgets can be assessed. 
However, because of the limitations related to scenario selection 
(TEBs are derived from scenarios that fail in limiting warming to 
the temperature level of interest) and the timescales of the tempera-
ture response, TABs are preferred over TEBs. The strength of TABs 
lies exactly in their use of scenarios that represent our best under-
standing of how CO2 and other radiatively active species would 
evolve over time when CO2 emissions are stringently reduced. 

Conclusions
Several possibilities are available to compute cumulative carbon 
budgets consistent with a particular temperature limit. We have 
shown that each of the carbon budget approaches has strengths but 
also comes with important limitations. The devil is in the detail here. 
The most scientifically robust number — the budget for CO2-induced 
warming — is also the least practical in the real world. Selecting 
budgets based on multi-gas emission scenarios that actually restrict 
warming to below a given temperature threshold, results in the low-
est, but most relevant CO2 emission budgets in a real-world multi-gas 
setting. Any practical implementation of a carbon budget mitigation 
strategy would require parallel mitigation efforts for non-CO2 agents.

At the time of the IPCC AR5, no established methodologies were 
available to ensure easy comparability of carbon budget estimates 
across working groups. In hindsight and anticipating future assess-
ments, three recommendations can be formulated. First, insofar 
as important topics can already be identified, coordinated model 
simulations, intercomparisons, and methods could be initiated at 
an early stage to ensure consistency and traceability. Second, con-
sistency across — and collaboration and integration between — the 
IPCC working groups could be improved by setting up stronger ties 
between them. And third, IPCC reports should be clearer about the 
policy-applicability of the numbers they provide, without being pol-
icy prescriptive.

For limiting warming to below 2  °C relative to pre-industrial 
levels with greater than 66% probability, the remaining CO2 budget 
from 2015 onwards for CO2-induced warming only is 1,620 GtCO2. 
The corresponding TAB budget would be 590–1,240  GtCO2. The 
latter is equivalent to about 15 to 30 years of CO2 emission at cur-
rent (2014) levels (about 40  GtCO2  yr–1, ref.  52). No matter which 
approach is taken, the CO2 budget for keeping warming to below 
2 °C always implies stringent emission reductions over the coming 
decades and net zero CO2 emissions in the medium to long term. For 
policy-making in the context of the UNFCCC, we suggest using the 
590–1240 GtCO2 estimate from 2015 onwards for a likely chance of 
limiting warming to below 2 oC, as this is derived from an assessment 
of scenarios that effectively limit warming to below the 2  °C limit. 
Further efforts will be required to limit warming below 1.5 °C.
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 foreword 

California boasts one of the most biologically 
diverse faunas in the United States, as well as 
one of the most threatened. One of the key ele-
ments of the state’s efforts to protect its verte-
brate fauna is through its Species of Special Con-
cern program. The current volume, California 
Amphibian and Reptile Species of Special Concern, 
is an essential foundation upon which both biol-
ogists and state and federal agencies can manage 
the biological resources of the state. California 
has exceedingly sensitive species and ecosys-
tems, many of which are at risk of extirpation or 
extinction as the state’s environment changes at 
rates greater than at any time in history. 

This book builds upon the shoulders of its 
predecessor from two decades ago (Jennings 
and Hayes 1994a), but it is not just a simple 
update. Jennings and Hayes surveyed an enor-
mous number of experts to create a compre-
hensive publication on California’s special con-
cern amphibians and reptiles, and their volume 
was a key management tool for a generation of 
biologists. However, this new book goes several 
steps further, making it a necessary reference 
for wildlife and land managers, biologists, and 
nature lovers interested in amphibians and 
reptiles. 

First, the maps generated for this book are 
stunning. They are literally beautiful enough to 

be framed, and detailed enough to guide 
resource managers. Second, there are color 
images of every taxon, generally taken in the 
field and highlighting the key features of each 
species. Third, the authors rely on the pub-
lished literature to the maximum extent possi-
ble, pulling in the gray literature only when it is 
needed (which is often because many of these 
species are poorly known). But perhaps most 
importantly, the authors used multifactorial 
risk metrics that bring several measures of 
potential and actual threat into a single numeric 
score that captures the sensitivity of the spe-
cies. The result is a tool that provides an impor-
tant first pass at the difficult task of identifying 
those taxa that should be candidate Special 
Concern species. 

Of course, there will always be important 
biological considerations that may argue 
against a strict interpretation of the metric 
scores, as the authors fully realize. For example, 
there are species on the Special Concern list 
that are so narrowly precinctive that the nar-
rowness of their geographic range alone signals 
reason to be extra cautious about the species. 
The sandstone night lizard is one such taxon; 
its geographic range is much smaller than 
listed species such as black toad (Bufo exsul), 
and we know much less about the night lizard 
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than we do about black toads. Regardless of the 
risk model score, this is a scary situation, and 
the narrowness of geographic range alone sig-
nals reason to be extremely cautious. Herpetol-
ogists are well aware of extinctions of entire 
species that were so narrowly precinctive that 
very subtle (sometimes unknown) environ-
mental changes have caused those extinctions 
(e.g., the golden toad of Costa Rica, which had a 
geographic range the same size as that of the 
sandstone night lizard). 

There are other species covered in this vol-
ume that will be challenging to manage for 
their protection in California. For example, the 
Gila monster (Heloderma suspectum) can be 
found in the extreme eastern part of the Mojave 
Desert in California (east of 116° longitude), 
where it has been recorded fewer than 30 times 
in the last 150 years. Within the distribution of 
Gila monsters in California, the pattern of rain-
fall includes winter rains and summer (mon-
soonal) rains; this biphasic pattern is typical in 
Utah, Nevada, and Arizona where Gila mon-
sters are relatively more common. Throughout 
their geographic range, Gila monsters depend 
upon climate conditions conducive for repro-
duction by small mammals because neonatal 
small mammals are the principal prey for this 
species. However, climate is demonstrably 
changing in California to be warmer (espe-
cially in summers) and with increased frequen-
cies of drought. These changes may not be 
mitigable at a local level, and this creates con-
servation challenges. Nevertheless, knowledge 
of both changes of climate and the biology of 
Gila monsters is meager, and this signals both 
that the Gila monster is clearly a reasonable 
candidate for SSC status and a need for addi-
tional research. 

In keeping with this example, this volume 
calls for significantly increasing research and 
monitoring of these species. This is a recom-
mendation that must be taken very seriously. 
Change to California wildlife is accelerating at 
a more rapid rate than ever before in history, 
and the best chance to protect California’s Spe-
cies of Special Concern from extirpation or 
extinction is increasing our knowledge of these 
poorly studied animals. Long-term monitoring 
of the status of populations is key, and contem-
porary methods such as population genomics 
can provide insights into population status 
and viability that were not possible just a few 
years ago. 

As complete as it is, this volume should be 
considered a beginning, rather than a final set 
of definitive answers, for understanding eco-
logically sensitive amphibians and reptiles in 
California. It constitutes an enormously valua-
ble benchmark, and also provides solid infor-
mation about the biology and ecology of 
amphibian and reptile species in California. 
Now we need to pursue its recommendations 
so that we can facilitate the needed science that 
will help us protect California’s biological 
resources. California needs to expand science 
and management of the state’s precious biologi-
cal resources so that our children and grand-
children, hopefully, will be able to experience 
no fewer species than are present in California 
today. This book is an important step in that 
direction. 

c. richard tracy 
Professor, Department of Biology 

University of Nevada, Reno 
Reno, NV 89557 
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 preface 

California’s amphibians and reptiles are unique 
in the United States for the tremendous amount 
of evolutionary and ecological diversity that they 
represent. California is second only to Texas in 
terms of the number of native amphibians and 
reptiles found within a state and contains 
endemic species of all major groups except tur-
tles and tortoises. The state is home to what 
might be the best-known example of ring spe-
ciation (in Ensatina salamanders), which pro-
vides a unique view into the process of species 
diversification. California is home to the tailed 
frog (Ascaphus truei), a species that is among 
the last surviving members of an ancient line-
age that is the sister group to all other frogs on 
earth. It houses reptile and amphibian species 
with genetic- and temperature-dependent sex 
determination; species that lay eggs in the 
water, on land, or that are live-bearing; and spe-
cies with a two-staged life cycle that undergo a 
profound metamorphosis, switching between 
distinctly different habitats in the process. 

The California Department of Fish and Wild-
life (formerly, California Department of Fish 
and Game) is the trustee agency for California’s 

ciated with effective management and conserva-
tion of these resources are formidable in Califor-
nia, where a large human population, diverse 
stakeholder interests, and extremely high biotic 
diversity must be jointly managed. Despite the 

-enges assollThe cha .fe resourceslidilfi sh and w 

challenge of implementing effective conserva-
tion in the state, doing so is an important and 
worthy goal given the vast diversity that the state 
supports. We have attempted to evaluate conser-
vation status for the state’s amphibians and rep-
tiles openly and transparently, relying on both 
the best available science and the breadth of 
expert opinions relating to amphibian and rep-
tile conservation in California. We have sought 
(and received) broad feedback from a wide range 
of interested parties including agency represent-
atives, academic scientists, and avocational her-
petologists and used this combined input to 
make informed recommendations about conser-
vation risk and management needs for Califor-
nia’s amphibians and reptiles. We have also 
highlighted where data are lacking and dis-
cussed how the community might fill these gaps 
in our knowledge. Our goal is for this volume to 
serve as both a summary of where we stand and 
a launching point for what we can achieve in the 
management and restoration of healthy amphib-
ian and reptile populations in California. 

robert c. thomson 
Honolulu, Hawaii 

amber n. wright 
Honolulu, Hawaii 

h. bradley shaffer 
Los Angeles, California 

May 2015 
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ABSTRACT 

We provide a synthesis of the conservation risk 
faced by amphibians and reptiles in California 
that qualify as Species of Special Concern. After 
assembling a full list of the native amphibian 
and reptile taxa that are known to occur in the 
state, we developed a potential set of 73 nominee 
taxa that might qualify as Species of Special Con-
cern. We developed eight metrics that capture 
key elements of declining and at-risk species, 
scored them for all 73 nominee taxa based on an 
extensive literature review, examined them on a 
case-by-case basis, and developed a final set of 45 
Species of Special Concern. We then developed 
species accounts for each Species of Special Con-
cern, documenting available information on 
their basic biology, known or hypothesized rea-
sons for decline, and proposed management and 
future research needs. Overall, we sought to pro-
duce a clear, transparent document that explic-
itly states why decisions were made and sup-
ported with a summary of the best available 
science. We relied on peer-reviewed literature 
whenever possible to support those decisions. 

Our evaluation resulted in 16 Species of 
Special Concern categorized as Priority 1 (those 
of greatest concern), 14 as Priority 2, 12 as Pri-
ority 3, and 3 which we could not prioritize 
based on available data. Our comparative analy-
ses demonstrated that there were certain sets of 
organisms, geographic areas, and groups of 
ecological specialists in which species of great-
est concern tended to be concentrated. Taxo-
nomically, frogs, salamanders, and turtles all 
had higher average metric scores than lizards 
or snakes, mirroring the fraction of those taxa 
listed at the state and federal levels, and sug-
gesting that these lineages are often of greatest 
conservation concern. There was also a strong 
trend for aquatic taxa to experience a greater 
conservation risk than terrestrial species. Geo-
graphically, southern California harbored more 
Species of Special Concern than central or 
northern California. This pattern was driven 
primarily by reptiles, which have a preponder-
ance of at-risk species in the Southern Califor-
nia Coast, Southern California Mountains and 
Valleys, and the Mojave Desert ecoregions. 
Amphibian Species of Special Concern tended 

3 



     
        

       
     

      
     

    
      

    
     

     

    

      
      

       
       

     
        

     
       
       

       

    

      
     

      

     
    

     
      

      
      

        
      

         
    
     

      

       
        

       
       
      

     
        

      

     
    

         

       
      
       

    

      
   

    
       

      

     

      
   

      
      

     
    

       

     
      

       
       

       

       

to be more evenly distributed across northern 
and southern California ecoregions. 

In a troublingly large number of cases, we 
found a striking lack of critical data for many 
aspects of the basic biology of amphibian and 
reptile species, and this lack of field ecology, 
natural history, and genetic data hindered our 
ability to make strong management recommen-
dations. The solution to this lack of data is 
clear: California needs to launch a program 
that funds strong, peer-review quality analyses 
of basic ecology, combined with long-term 
monitoring studies to evaluate demographic 
trends at a set of sites for each species. Such 
studies need not be expensive and would make 
an enormous difference in our ability to man-
age many Species of Special Concern, hope-
fully precluding the need for future state and/ 
or federal listing. Meaningful collaboration 
between the California Department of Fish and 
Wildlife and other research groups (be they 
other agencies, universities, nongovernmental 
organizations, or avocational groups) has 
helped to fill some of these gaps, particularly 
for federally listed species, and such collabora-
tions for Species of Special Concern are the key 
to developing management plans into the 
future. We also found that in many cases popu-
lation genetic approaches can help to fill critical 
gaps in our knowledge regarding species and 
subspecies boundaries, effective population 
sizes, corridors of likely habitat use, migration 
frequencies and pathways, and levels of hybridi-
zation with native and introduced species. 
These genetic measures should complement, 
rather than replace field studies, and they offer 
the opportunity to conduct relatively fast analy-
ses that can and should provide critical early 
guidance for management decisions. 

As critical basic biodiversity work in Califor-
nia continues, we are increasingly recognizing 
that the complex geology and changing envi-
ronmental conditions in the state have led to 
the evolution of an amazing array of endemic 
taxa, many of which are extreme habitat spe-
cialists. To our knowledge, none of these sensi-
tive species have been lost to extinction yet, 

although several are dangerously close. How-
ever, at least four taxa whose range limits his-
torically entered the margins of the state may 
already be gone from California’s boundaries, 
and some of the endemic species may be next. 
The identification of Species of Special Con-
cern and the compilation of information, 
research needs, and management recommen-
dations represents an important step to help 
California land managers prevent further 
declines, stabilize key populations, and poten-
tially initiate recovery programs before formal 
listing is necessary. 

INTRODUCTION 

From a biodiversity perspective, California 
resides at one of the most important crossroads 
in the United States. The California Floristic 
Province is the only globally recognized biodi-
versity hot spot in North America north of 
Mexico, and one of three recognized in the 
north-temperate region (Myers et al. 2000). 
With a 2010 population of more than 37 million 
people, California accounts for roughly one-
eighth of the human population of the United 
States (US Census Bureau 2013), has the larg-
est agricultural production of any state in the 
country (USDA 2007), and has one of the high-
est average land values in the nation (Davis and 
Heathcote 2007). Conserving biodiversity in 
California is therefore both enormously impor-
tant and extremely difficult from an economic 
and political standpoint and requires strong 
scientific guidance and the collective will of 
multiple stakeholder groups. 

Formal species protection in California is 
accomplished via the California Endangered 
Species Act and/or the Federal Endangered 
Species Act. The California Department of 
Fish and Wildlife (CDFW) is responsible for 
implementing the latter. As of January 2014, 
over 150 animals in our state were listed as 
threatened or endangered under either one 
or both acts. To help preclude the need to list 
additional species, the CDFW administratively 
designates Species of Special Concern. The 
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intent of designating Species of Special Con-
cern is to (1) focus attention on animals at con-
servation risk by the CDFW, other state, local, 
and federal governmental entities, regulators, 
land managers, planners, consulting biologists, 
and others; (2) stimulate needed research on 
poorly known species; and (3) achieve conserva-
tion and recovery of these animals before they 
meet California Endangered Species Act crite-
ria for listing as threatened or endangered. Spe-
cies of Special Concern carry no formal legal 
status but are widely viewed as one of the 
important front lines in species conservation 
planning and management. Regardless of the 
stakeholder group involved, whether members 
of the conservation, agricultural, or urban 
development communities, it is in everyone’s 
best interest to maintain stable populations of 
Species of Special Concern to avoid the need for 
formal listing. 

The Species of Special Concern designation 
is used to promote conservation in various ways 
by the CDFW, land managers, and others to 
promote conservation. For example, Species of 
Special Concern are considered “Species of 
Greatest Conservation Need” in California’s 
Wildlife Action Plan (Bunn et al. 2007, http:// 
www.wildlife.ca.gov/SWAP). State Wildlife 
Action Plans outline the steps needed to con-
serve these taxa before they become rarer and 
more costly to protect and provide access to 
funds for this purpose. Species of Special Con-
cern are also considered when evaluating envi-
ronmental impacts under the California Envi-
ronmental Quality Act (California Public 
Resources Code Sections 21000-21177). The 
California Environmental Quality Act requires 
state agencies, local governments, and special 
districts to evaluate and disclose impacts to 
wildlife and habitat from proposed projects. 
Specifically, Species of Special Concern may 
meet the definitions of endangered, rare, and/ 
or threatened in Section 15380 of the California 
Environmental Quality Act guidelines. Also, 
Section 15065 relates to the standards under 
which the lead agency determines if impacts 
to biological resources should be considered 

significant. Impacts to Species of Special Con-
cern are generally considered significant if they 
are based on factors such as population-level 
effects, proportion of the taxon’s range affected 
by the project, and effects on habitat. Environ-
mental impact reports that analyze and evalu-
ate the potential impacts on Species of Special 
Concern caused by the proposed project must 
be prepared before planned projects can move 
forward. Large-scale planning efforts, such as 
Habitat Conservation Plans and Natural Com-
munity Conservation Plans, also may include 
conservation measures for non-listed, at-risk 
species including Species of Special Concern. 
In addition, Species of Special Concern are 
tracked by the California Natural Diversity 
Database (http://www.dfg.ca.gov/biogeodata 
/cnddb), an important source of information 
on species distribution. Federal land manage-
ment agencies like the Bureau of Land Manage-
ment and US Forest Service often add Species 
of Special Concern to their sensitive species 
lists to focus attention on these taxa. In all, the 
Species of Special Concern designation results 
in a greater depth of knowledge about species 
as well as proactive conservation aimed at 
maintaining or restoring populations to avoid 
the need for future, formal listing. 

In this volume, we update and evaluate the 
original Species of Special Concern document 
for amphibians and reptiles (Jennings and 
Hayes 1994a). The first Species of Special Con-
cern document compiled was for birds (Rem-
sen 1978). Over the following three decades, 
documents have been published or updated for 
birds (Shuford and Gardali 2008), mammals 
(Williams 1986; Bolster 1998), and fishes 
(Moyle et al. 1989, Moyle et al. 1995). As these 
documents have matured and been revised, so 
too have the methods by which Species of Spe-
cial Concern have been identified from the 
potential pool of candidate taxa. With the excep-
tion of the 2008 bird publication, previous 
iterations of these assessments were largely 
based on expert opinion. A list of native Califor-
nia taxa was assembled, screened for risk 
potential, and evaluated by a small team of 
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experts (usually in consultation with many 
additional experts throughout the state). The 
most at-risk taxa not already listed under the 
California Endangered Species Act were then 
selected as Species of Special Concern. 

The Species of Special Concern assessment 
process changed profoundly with the 2008 bird 
publication (Shuford and Gardali 2008). A key 
change, and one that we also follow here, was to 
formalize the criteria by which species receive 
this designation. Following Shuford and Gard-
ali (2008) and current CDFW standards 
(http://www.dfg.ca.gov/wildlife/nongame/ssc 
/index.html), we created a set of eight metrics 
that capture the extent to which an amphibian 
or reptile species is at risk of extinction in Cali-
fornia. We used this system to increase trans-
parency, facilitate clear feedback from a broad 
group of individuals on our scoring, and 
enhance the ability of the CDFW and other 
agencies to replicate this process in the future. 
We then ranked all species by their summed 
metric scores, presented that ranking to a wide-
ranging group of experts, and determined 
inclusion or exclusion from the special concern 
list. This approach provided a clear connection 
between data and ranking, and an explicit 
description of the most important factors con-
tributing to ongoing declines. It also provided a 
strong connection between the evaluation proc-
ess for different taxonomic groups and there-
fore greater uniformity in the methodology 
used among all CDFW Species of Special Con-
cern publications. 

The current volume is divided into two sec-
tions. In Part I (this section), we provide a 
detailed description of our methods, including 
the metrics and their scoring, outreach strate-
gies for public input, locality mapping, and the 
roles of different contributors in producing the 
set of Species of Special Concern taxa. Follow-
ing this is an overview of the results of our 
review and several quantitative descriptions of 
geographical, ecological, and taxonomic pat-
terns of Species of Special Concern. We end 
with a discussion of the results and present rec-
ommendations for the conservation of amphib-

ian and reptile Species of Special Concern in 
California. Throughout, we emphasize imme-
diate research needs, both for particular spe-
cies and for broader assemblages and land-
scapes within the state. Part II consists of a 
series of species accounts that provide a synop-
sis of information for each Species of Special 
Concern. Each account also includes a map 
documenting localities where the species has 
been collected or observed along with a depic-
tion of its current range. 

Throughout this document, we have used 
the peer-reviewed literature as our primary 
source of information and have included 
unpublished reports, web sites, and data from 
the field notes of professional and avocational 
herpetologists to fill in gaps in the primary lit-
erature. We rely primarily on the peer-reviewed 
literature because it has been evaluated by inde-
pendent experts and deemed admissible into 
the scientific literature. However, we also recog-
nize that the published literature for many spe-
cies is sparse, and in those cases we also evalu-
ated and included a large amount of unpublished 
information. Finally, we particularly empha-
sized the more recent, post-1990 literature, 
given the extensive review by Jennings and 
Hayes (1994a) of the earlier literature. 

METHODS 

Overview of Project Design and Process 

The process of developing this document 
involved cooperation among several groups. 
The initial study design was developed collabo-
ratively between the CDFW and the authors 
(Thomson, Wright, and Shaffer). We then 
assembled a Technical Advisory Committee 
comprising members with broad geographical 
and taxonomic expertise in California’s 
amphibian and reptile fauna. This group devel-
oped the set of metrics used in evaluating 
potential Species of Special Concern, as well as 
a standardized format for species accounts. We 
then reached out to all segments of the herpe-
tology community, including academics, land 
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and resource managers, avocational herpetolo-
gists, and the interested public for further 
information, feedback, and review at various 
points in the process. Our goal throughout was 
to keep our actions and decisions transparent 
and accessible to anyone with an interest in her-
petological conservation in California. 

We began by developing a current list of all 
native amphibian and reptile species and sub-
species known to occur in the state (Appendix 
1). Based on the broad knowledge of field herpe-
tology represented by the authors and the Tech-
nical Advisory Committee, we used this list to 
develop a set of Special Concern nominees. 
Our goal was to include in this nominee list all 
taxa that anyone felt were declining or in need 
of protection in the state. The authors con-
ducted preliminary reviews of each of these 
taxa, searching the literature and interviewing 
experts, and used these data to produce a set of 
preliminary scores for each of the nominees 
using the risk metrics. These scores were 
reviewed and refined by the Technical Advisory 
Committee and then further reviewed and 
refined based on input from the herpetological 
community at large. The authors and Technical 
Advisory Committee used the metric scores, as 
explained later in this document, to construct a 
set of taxa for inclusion as Species of Special 
Concern. After the list was finalized, we pro-
duced species accounts for each of the Species 
of Special Concern. 

During this evaluative process, we compiled 
locality information for each taxon, which we 
then combined with data from the California 
Natural Diversity Database and Biogeographic 
Observation and Information System to pro-
duce distribution maps for each nominee spe-
cies. The Technical Advisory Committee, the 
CDFW, and other experts reviewed these range 
maps, resulting in the maps in this document. 

Species List, Taxonomy, and Units of 
Conservation 

We developed our species list by compiling 
information from existing taxonomic lists and 

recent taxonomic literature. We included all 
recognized or proposed species, subspecies, 
and distinct population lineages that have been 
identified. We generally used the most recent 
revisionary studies, although we sometimes 
made decisions based on the degree to which 
the scientific community had accepted pro-
posed changes and the quality and strength of 
data informing proposed revisions. Little con-
sensus exists on taxonomy for certain groups 
(e.g., California mountain kingsnake, Lampro-
peltis zonata), and we tried to strike a balance 
between incorporating the most current, relia-
ble information while also maintaining taxo-
nomic stability in the face of current uncer-
tainty. For example, Frost et al. (2006a) 
proposed a large number of taxonomic changes 
for California amphibians, often shifting spe-
cies into new generic name combinations (e.g., 
the western toad, Bufo boreas, changes to Anax-
yrus boreas under this scheme). These changes 
have been vigorously debated (Crother et al. 
2009, Frost et al. 2009a, Pauly et al. 2009), 
and we have taken the conservative approach of 
retaining the traditional nomenclature. 

We focused our evaluation primarily at the 
species level, although we also considered 
subspecies and (rarely) parts of an otherwise 
stable species range that appeared to be in 
decline. This follows most similar efforts to 
date in recognizing species as the fundamental 
units of conservation, while still acknowledg-
ing that significant diversity exists and should 
be maintained within species. This also allowed 
us to limit the extent to which taxonomic con-
troversy might negatively impact important 
conservation efforts. For example, if we were to 
consider only species (or formally described 
subspecies), we would fail to consider currently 
unnamed populations in need of conservation 
action. The southern populations of the com-
mon garter snake (Thamnophis sirtalis) are an 
example of such a population, as are the south-
ern populations of the Coast Range newt 
(Taricha torosa). Throughout this document we 
use the term “taxa” to refer to species, subspe-
cies, or distinct populations. 
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Development of the Nominee List 

The first stage in the process was to develop a 
list of nominee Species of Special Concern 
from the comprehensive list of taxa that occur 
in the state. We included all taxa from the previ-
ous amphibian and reptile Species of Special 
Concern document (Jennings and Hayes 
1994a), those that were recently extirpated or 
possibly extirpated from the state, and all taxa 
currently listed under the Federal Endangered 
Species Act. We excluded any taxa that were 
already legally designated by the state (i.e., 
Endangered or Threatened under the Califor-
nia Endangered Species Act), because Species 
of Special Concern status would provide no fur-
ther state-level protections. Although federally 
listed taxa also experience a higher level of pro-
tection than Species of Special Concern, we 
still considered them in the evaluation process 
because federal status could potentially be the 
result of conservation needs from parts of the 
species’ range outside of California. Because of 
this, an assessment of each species focusing on 
its California range provides information about 
its status within the state. 

We included additional nominee taxa that 
members of the Technical Advisory Committee 
identified as potentially at risk based on their 
experience with that taxon in the field. If at 
least one member of the committee suspected 
that a taxon might qualify as a Species of Spe-
cial Concern, we included it for evaluation. 
Additional taxa were added through consulta-
tion with experts on specific species or larger 
taxonomic groups and by suggestion during 
the public comment phase of the project (see 
below). We then evaluated these taxa with the 
risk metrics and used the resulting scores as 
our primary basis for Species of Special Con-
cern determination (see below). 

Definition of Species of Special Concern 

We define a Species of Special Concern as any 
native species, subspecies, or distinct popula-
tion of amphibian or reptile occurring in the 

state that currently meets one or more of the 
following criteria (see also Comrack et al. 
2008): 

• Is extirpated from the state within the recent 
past; 

• Is listed as federally, but not state, Threat-
ened or Endangered and/or meets the state 
definition of Threatened or Endangered but 
has not formally been listed; 

• Is experiencing, or formerly experienced, 
serious, noncyclical, population declines or 
range retractions that, if continued or 
resumed, could qualify it for state Threat-
ened or Endangered status; 

• Has naturally small populations and/or 
range size and exhibits high susceptibility to 
risk from any factor(s) that, if realized, could 
lead to declines that would qualify it for state 
Threatened or Endangered status. 

We developed a set of risk metrics to address 
the latter two criteria. Taxa scoring high on 
these risk metrics were then judged to be prime 
candidates for inclusion on the list. Taxa meet-
ing the first two criteria were included auto-
matically. All taxa were scored for the risk met-
rics and included in our quantitative analyses. 

Risk Metrics 

Working with the Technical Advisory Commit-
tee and using CDFW criteria (http://www.dfg. 
ca.gov/wildlife/nongame/ssc/index 
.html), we developed a set of conservation risk 
metrics to quantify the level of threat to Califor-
nia’s at-risk amphibians and reptiles. Although 
quantification of conservation risk is necessar-
ily approximate, the metric approach allows for 
improved repeatability between Species of Spe-
cial Concern updates and a framework for dis-
cussion and revision. Earlier Species of Special 
Concern documents were based largely on 
expert opinion and the use of risk metrics does 
not completely eliminate this important ele-
ment of the assessment process. Rather, the 
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risk metrics place expert opinion, as well as 
data, within a standardized framework that 
makes decisions more transparent. For exam-
ple, our ecological tolerance metric provides a 
clear definition of how we quantified the eco-
logical specialization of each taxon and how it 
relates to conservation risk. If, at a later time, 
additional data become available or other work-
ers disagree with our interpretation of the exist-
ing data, there now exists a clear way in which 
this new information can be incorporated into 
the overall score for any species. 

The possible score for each metric ranged 
from 0 (little or no risk) up to a maximum of 25 
(high risk), reflecting the relative importance of 
the risk quantified by that metric. We weighted 
metrics that measure documented conservation 
concerns, such as declines in abundance, more 
highly than other metrics that focused on poten-
tial conservation concerns, such as life history 
factors that contribute to sensitivity. We did this 
for two reasons. First, our weighting reflects the 
emphasis on these factors in the definition of 
Species of Special Concern. Second, docu-
mented conservation concerns usually require 
more immediate management action and are 
likely more serious threats to survival than 
potential conservation concerns. The result of 
this decision is that some metrics, such as those 
measuring declines in distribution or abun-
dance, affected the overall risk metric score 
more than, for example, a naturally small range 
size. The eight risk metrics are as follows. 

I. Range Size 

The range size metric estimates the percentage 
of California that each taxon occupies. Though 
this measure could be treated as continuous, we 
have approximated it with discrete categories for 
two reasons. First, we have little biological rea-
son to believe that a taxon that occupies, for 
example, 35% of California is under any greater 
conservation risk than a taxon that occupies 
42%. Both of these hypothetical taxa occupy 
moderate portions of the state and probably 
experience similar risk arising from the size of 
their range. Second, there is inherent uncer-

tainty in many amphibian and reptile range 
predictions as portrayed in range maps, and we 
felt that it was more appropriate to broadly cate-
gorize ranges rather than attempt to precisely 
estimate them. We therefore categorize range 
size as small, which includes those taxa that are 
at immediate risk from relatively small scale dis-
turbances; medium, which includes taxa that 
occupy a portion of the state that is big enough 
so that a single large catastrophic event would 
be unlikely to affect the entire range; and large, 
which includes those taxa that occupy such a 
large portion of the state that range size itself is 
unlikely to have any significant impact on 
threat. Patchiness and ecological specialization 
of species that limit range on a local scale are 
quantified in other metrics. Our aim for this 
metric is only to estimate the actual size of the 
species range. In the few cases where the known 
range is strictly limited by habitat specialization 
or limitation (e.g., desert populations of the 
regal ring-necked snake, Diadophis punctatus 
regalis, or the Gila monster, Heloderma suspec-
tum) and the taxon almost certainly does not 
occur between isolated habitat patches, we 
treated the known populations as individual 
polygons in scoring this metric. 

(i) range size score 
(% of california occupied) 

Small (<10%) 10 
Medium (10–50%) 5 
Large (>50%) 0 

II. Distribution Trend 

The distribution trend metric aims to quantify 
documented decreases in the overall range of 
each taxon based on extirpation of previously 
known localities. The total score for this metric 
comes from two sources. First, we attempted to 
quantify the extent of known range reductions, 
scoring them using the categories below. We 
classified the extent of range reduction into dis-
crete categories for similar reasons as range size. 
We then added an additional 5 points if the docu-
mented reduction in range appears to have been 
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ongoing since the last Species of Special Concern 
document was published (Jennings and Hayes 
1994a) and has not yet stabilized or reversed. We 
did this to increase the weight of declines that are 
continuing at present, and which therefore are 
likely to continue in the immediate future. As a 
result, a species might attain a particular score 
through either a documented reduction or a less 
severe reduction that is ongoing. In scoring this 
metric, we used peer-reviewed published data 
whenever possible. The best data for this metric 
came from repeated field surveys of habitat 
through time, and we used them whenever they 
were available. However, datasets of this type are, 
at present, uncommonly available for amphibian 
and reptiles of California. 

(ii) distribution trend score 

Severely (>80%) reduced 20 
Greatly (>40–80%) reduced 15 
Moderately (>20–40%) reduced 10 
Slightly (<20%) reduced or suspected 

of having been reduced but trend 
unknown 5 

Stable (∼0% reduced) or increasing 0 
Add 5 additional points if negative trend is 
ongoing for a total of 25 points possible for this 
metric. 

III. Population Concentration/Migration 

This metric focuses on whether features of the 
life history of individual taxa, such as migra-
tion events or aggregations, make them natu-
rally vulnerable to decline or extirpation. For 
instance, taxa that migrate to breed in ponds 
are exposed to additional risk during the migra-
tion itself (e.g., road crossings) as well as 
increased risk while concentrated in the breed-
ing habitat. This latter risk could come about if 
a catastrophic event occurs during the breeding 
concentration (e.g., if a toxic spill or group of 
predators killed the breeding animals) or 
because the actual breeding site is destroyed 
(e.g., draining of the aquatic breeding habitat). 
We score this trait either present or absent based 
on the available life history data for each taxon. 

(iii) population score 
concentration/migration 

Vulnerable life stages present 10 
No vulnerable life stages 0 

IV. Endemism 

The endemism metric captures the percentage 
of a species’ entire range that occurs in Califor-
nia. Endemism determines the extent to which 
conservation actions in California are likely to 
impact the taxon’s persistence range-wide. 
From another perspective, this is a way of 
measuring California’s responsibility to con-
serve individual species. Taxa whose range is 
completely, or nearly completely, contained 
within California’s borders are in need of 
greater conservation consideration from our 
state than taxa whose range only extends 
peripherally into California. We recognize that 
this presumes appropriate conservation meas-
ures are also being implemented in other areas 
of North America (including Mexico and 
Canada). We again made this measure discrete 
in recognition of the inherent uncertainty in 
our knowledge of range limits. 

(iv) endemism score 
(% of entire range in california) 

100% (endemic) 10 
>66–99% 7 
33–66% 3 
<33% 0 

V. Ecological Tolerance 

This metric measures ecological specialization. 
Species that are narrow specialists on specific 
ecological resources (such as habitat, prey, tem-
perature regimes) are inherently more sensitive 
to ecological disturbance than species that can 
tolerate a wider range of ecological conditions. 
In addition to the degree of specialization, we 
also considered the extent to which the resource 
that each taxon specializes on is common or 
rare. For instance, several saxicolous (rock lov-
ing) lizard species (e.g., the leaf-toed gecko, 
Phyllodactylus nocticolus) use rocky habitats that 
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occur throughout extensive areas of the spe-
cies’ total range. We scored cases like this as 
specialists on a common resource. Conversely, 
vernal pool breeding amphibians (e.g., Couch’s 
spadefoot, Scaphiopus couchii) require tempo-
rary aquatic pools that are rare throughout their 
range for successful breeding. We scored these 
taxa as specialists on a rare resource. We 
adjusted the rareness of the resource with 
respect to its availability within the species’ 
range, rather than its availability within the 
state. 

(v) ecological tolerance score 

Narrow ecological specialist on a 
rare resource 10 

Narrow ecological specialist on a 
common resource 7 

Moderate ecological specialist 3 
Broad ecological tolerance 0 

VI. Population Trend 

The population trend metric captures changes 
in abundance at localized, population-level 
sites. This is distinct from the distribution 
trend, which measures extirpation of localities; 
population trend captures declining abun-
dances at localities that are not extirpated. In 
many cases, distributional declines as meas-
ured by distribution trend will be associated 
with earlier declines as measured by popula-
tion trend. This raises the potential of scoring 
taxa twice for the same decline. To avoid this, 
we scored population declines that have led to 
extirpation under the distribution trend metric. 
We gave those same taxa high scores for the 
population trend metric only if additional pop-
ulation declines have been documented at cur-
rently extant sites. We scored population trend 
in the same way as distribution trend, first scor-
ing the extent of the decline and then adding an 
additional 5 points if evidence suggests that the 
trend is ongoing. As a result, a species might 
attain a particular score through either a docu-
mented reduction or a less severe reduction 
that is ongoing. 

(vi) population trend score 

Severe declines (>80% reduced) 20 
Great declines (>40–80% reduced) 15 
Moderate declines (20–40%) 10 
Slight (<20%) or suspected declines 5 
Stable (∼0% reduced) or increasing 0 
Add 5 additional points if declines are ongoing. 

VII. Vulnerability to Climate Change 

The climate change metric measures a taxon’s 
sensitivity to the projected effects of climate 
change. We scored this metric using the pro-
jected impacts on California landscapes based 
on the California Climate Action Team assess-
ments (Cayan et al. 2008a), followed by our 
interpretations of how these impacts are likely to 
affect each taxon based on life history and habitat 
requirements. For example, climate projections 
suggest that snowpack in the Sierra Nevada is 
likely to decrease by 30–90% (depending on car-
bon emissions and the climate model used) over 
the next 100 years, leading to a narrower window 
of time over which the spring snowmelt will 
occur (Maurer and Duffy 2005, Cayan et al. 
2006, Maurer 2007). This is likely to have an 
impact on the snowmelt-dependent aquatic habi-
tats that many Sierran amphibians use for one or 
more life stages, and may also reduce the time 
period over which moist microhabitats will occur 
in forest ecosystems. Other impacts that we con-
sidered for this metric included changing hydrol-
ogy (amount and variation of precipitation), tem-
perature, wildfire frequency and intensity, and 
changes in the extent of habitat and vegetation 
types. Given our imprecise knowledge of both 
future climate change effects and their impacts 
on species, we discretized this impact into four 
broad categories. 

(vii) vulnerability to score 
climate change 

Highly sensitive 10 
Moderately sensitive 7 
Slightly sensitive 3 
Unlikely to be sensitive 0 
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VIII. Projected Impacts 

The projected impacts metric estimates the 
effect that future threats may have on each spe-
cies over the near term (20 years). It does not 
incorporate threats arising from changing cli-
mate, because these are captured in a separate 
metric. This includes impacts stemming from 
known threats, such as planned or projected 
habitat loss and, to a lesser extent, impacts from 
irregularly occurring threats, such as disease 
outbreaks. Given the potential for these risks to 
be reduced by management, plus the inherent 
uncertainty associated with complex projec-
tions, we considered potential threats to be of 
relatively less importance than documented 
threats such as population declines. 

(viii) projected impacts score 
(of threats over the next 20 years) 

Serious 10 
Moderate 7 
Slight 3 
No substantial impact 0 

Scoring Nominee Taxa 

We scored all of the nominee taxa for each of 
the eight metrics based on the best available 
evidence. To begin with, the primary authors 
produced a brief summary of the state of con-
servation knowledge for each nominee taxon 
and used these summaries to perform a pre-
liminary scoring assessment. In making these 
assessments, we included the peer-reviewed 
literature, unpublished reports, survey data, 
field notes, and the opinions of knowledgeable 
biologists. In several cases, few data were avail-
able to make assessments for a given metric. In 
these cases, if the data appeared to be strong 
enough to clearly indicate that a threat was 
present, we scored that taxon using the most 
precise estimate that we were able to make. In 
cases where no data were available or the lim-
ited data were ambiguous, we scored taxa as 
“data deficient” for that metric. Following these 
preliminary assessments, we circulated all of 

the scores and taxon summaries to the Techni-
cal Advisory Committee for review and further 
input. In the rare cases of substantial disagree-
ment, we discussed the issue and evaluated the 
data as a group, and reached a consensus on the 
most reasonable score for a given taxon. 

After this preliminary scoring process was 
complete, we created an overall score for each 
taxon by summing its metric scores and divid-
ing by the total score possible for that taxon 
(Total Score/Total Possible). Using the ratio of 
total score to total possible score allowed us to 
normalize the scores across varying levels of 
data deficiencies. For example, in cases where a 
taxon was scored as data deficient for one or 
more metrics, the total possible score was lower 
than would be the case if all metrics had been 
scored. This would result in a lower risk assess-
ment due to uncertainty as opposed to data, and 
we used standardization by the Total Possible 
score in order to focus on documented risks. 

Public Comment 

After the scoring assessments were complete, 
we opened a 60-day public comment period by 
posting all of our initial findings on the 
project’s website and sought input widely on 
herpetological and conservation-oriented email 
lists and websites (Appendix 2). We requested 
comments and feedback on the initial set of 
scores, additional data that could inform the 
scoring (particularly for the metrics that had 
been scored as data deficient), and feedback on 
the process to date. When individuals sug-
gested changes to the metric scores, we asked 
for a short explanation of what should be 
changed and why, along with any data and/or 
field notes that were available to support the 
proposed change. At the close of the public 
comment period, we compiled and evaluated all 
of the information that we received (see Results, 
Public comment). We evaluated each proposed 
change on a case-by-case basis, usually making 
the change if it was reasonable, supported by 
information (in the form of unpublished 
reports, data, or field notes), and not in strong 

12     overview 



     

        
     

   
       

        
       

        
     

       
      

      
      
     

        
        
      

      

      
      

      
       

       
      

        

        
       

       

     

    
       

       
      

      

       

     
        

      
       

       
       

    
      
       
      

 

    

     
       

       
       

      

      
      

      
     

     
       

     
        

         

      
        

        
     

      
       

     
       

conflict with other existing data. In cases where 
a suggested change was in strong conflict with 
other data, we asked that the contributor supply 
additional data justifying their viewpoint and 
made a decision on the final resolution of any 
conflicting information. 

We also asked that contributors send addi-
tional data that could be incorporated into the 
locality maps (see below). To facilitate this proc-
ess, we supplied a standardized data sheet simi-
lar to that used for data submission to the Cali-
fornia Natural Diversity Database. These 
localities were added to the California Natural 
Diversity Database and to our set of existing 
localities, and they were used in developing 
range maps. 

Ranking and Determination of Species 
of Special Concern Status 

After incorporating the information received 
during the public comment period, we worked 
with the Technical Advisory Committee to 
develop the set of Species of Special Concern 
taxa. Taxa with the highest scores were included 
on the list, while those with intermediate scores 
were evaluated on a case-by-case basis; this 
combined approach was similar to that used in 
the Bird Species of Special Concern (Shuford 
and Gardali 2008). Specifically, taxa that had 
intermediate scores but had a combination of 
exceedingly small range size, extreme ecologi-
cal specialization, and high projected impacts 
were included as Species of Special Concern. In 
essence, this approach weights the combination 
of these factors more heavily in order to meet 
the last of the four criteria for inclusion as a 
Species of Special Concern, “small populations 
and/or range size and exhibits high susceptibil-
ity to risk from any factor(s), that if realized, 
could lead to declines that would qualify it for 
state Threatened or Endangered status” (Com-
rack et al. 2008). 

We further ranked Species of Special Con-
cern into three priority categories based on the 
severity and immediacy of threats affecting 
each taxon. Priority 1 Species of Special Con-

cern are those taxa that are likely to experience 
severe future declines and/or extirpation with-
out immediate conservation actions. Priority 2 
Species of Special Concern require substantial 
conservation and management actions, 
although the threats facing them are less imme-
diate and severe than those in Priority 1. Finally, 
Priority 3 Species of Special Concern are clearly 
at risk but likely are not experiencing a substan-
tial and immediate threat of extirpation, 
although the potential for this threat to develop 
exists if no management actions are under-
taken. One of the primary goals of the Species 
of Special Concern designation is to identify 
taxa for which managers can undertake rela-
tively small scale and achievable conservation 
actions that will negate the need for more costly 
and serious listings at a later date. Priority 3 
taxa are prime candidates for such efforts. 

Watch List and Additional Taxa in Need of 
Research and Monitoring 

Taxa that were previously considered Species of 
Special Concern but are no longer included 
comprise a Watch List (Appendix 3). Appendix 
3 includes an explanation for each taxon’s 
change in status and discusses future conserva-
tion concerns regarding Watch List taxa. In 
Appendix 4, we discuss several other taxa in 
need of research and monitoring that did not 
warrant inclusion as Species of Special Con-
cern. Some of these were taxa that had scores 
indicating a lower, but still substantial, amount 
of risk. Although we decided that they were at a 
lower priority than the Priority 3 Species of Spe-
cial Concern and therefore should not be so 
designated, they formed a group of species to 
reevaluate in the future. We were also missing 
important information for some taxa that 
would have allowed us to make more informed 
judgments about conservation status. We 
devote a paragraph to each of these additional 
taxa in need of research and monitoring in 
Appendix 4, briefly describing the threats fac-
ing each and outlining research and manage-
ment needs. 
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Species Accounts 

We prepared a species account for each Species 
of Special Concern that summarized our find-
ings and the relevant aspects of the taxon’s biol-
ogy. We also provided management and 
research recommendations for each taxon. 
These accounts follow a standardized format 
containing each of the following sections. 

Status summary. The status summary is a 
short explanation of each animal’s current and 
former status as a California Species of Special 
Concern, including its priority level. In the first 
version of the Amphibian and Reptile Species 
of Special Concern monograph, Jennings and 
Hayes (1994a) categorized each taxon accord-
ing to whether they felt it was a Species of Spe-
cial Concern or met the criteria for listing as 
Threatened or Endangered under the Califor-
nia Endangered Species Act. However, this 
strategy led to some potential confusion 
because the Jennings and Hayes (1994a) 
Threatened and Endangered categories did not 
correspond to actual state listing categories, nor 
had taxa they described as Threatened or 
Endangered undergone the rigorous status 
evaluation required to assess status under the 
California Endangered Species Act. To avoid 
this confusion, we used Priority categories (1, 2, 
or 3) to convey similar information on relative 
severity of threat as represented in the ranking 
of Species of Special Concern. This section also 
contains the overall metric score. 

Identification. The identification section 
summarizes and explains the diagnostic char-
acters for each animal, providing a guide for 
identifying it in the field. This section also 
explains how to differentiate each taxon from 
similar species with which it may be confused. 
Several taxa within the state are members of 
morphologically similar species complexes that 
have been identified primarily based on molec-
ular data. In some of these cases, accurate iden-
tifications using morphological characters 
alone are difficult or impossible, and we gener-
ally recommend that biologists rely on geo-
graphic range. We also provide references to the 

taxonomic literature to guide the reader to the 
more thorough and technical descriptions of 
morphology that are beyond the scope of this 
document. 

Taxonomic relationships. In addition to iden-
tification information, we provide a summary 
of the taxonomic status of each animal. This 
section contains information on current contro-
versies over scientific names, at either the spe-
cies or higher taxonomic levels. It also summa-
rizes our current understanding of phylogenetic 
relationships, intraspecific variation, and spe-
cies boundaries among closely related taxa. 

Life history. This section summarizes the 
current state of knowledge for each taxon’s life 
history, which broadly includes ecology, natural 
history, and breeding biology. As an exhaustive 
review of life history information would be enor-
mous for some taxa, we focused on information 
that is most relevant to current and future man-
agement actions and to the risk metrics. Specifi-
cally, we concentrated on information that 
relates to timing and duration of reproductive 
activity, daily and seasonal activity, and dietary 
information. Because management efforts for 
many taxa could be greatly enhanced by a better 
understanding of life history, we attempted to 
point out the areas that require further study 
rather than speculating about the details of life 
history where the data are weak. We emphasized 
data from California populations, but used data 
from other areas of the range or similar species 
when those were the best available data. We note 
when we used data from non-California popula-
tions and why we believed that the data could be 
accurately applied. 

Habitat requirements. This section focused 
on the current state of knowledge concerning 
habitat use, preferences, and requirements. We 
attempted to distinguish between habitat prefer-
ences, the habitats in which the taxon is most 
frequently found, and habitat requirements, 
which are the characteristics of the habitat that 
the taxon requires for survival over long 
timescales. 

Distribution. This section describes each 
animal’s current distribution and makes an 
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assessment of changes that have occurred 
throughout its documented history in the state. 
We focused primarily on the known distribu-
tion within the state, although we also dis-
cussed the distribution outside of California if 
applicable. Finally, to stimulate additional field-
work, we point out areas where the distribution 
is poorly known or there is a high probability of 
significant new localities being discovered. 

Trends in abundance. This section reviews 
information relating to changes in abundance 
throughout each taxon’s documented history. 
For current population status, we used quanti-
tative population-level analyses where available. 
However, these kinds of data are rare. Histori-
cal data tend to be spotty and incomplete for 
amphibians and reptiles, and much of the his-
torical information comes from nonquantita-
tive sources, including field reports and per-
sonal communications from experienced field 
biologists. 

Nature and degree of threat. This section con-
tains a detailed description of the principal 
threats that each taxon faces. We highlighted 
both the nature and severity of different threat 
sources, while discussing any uncertainty and 
conflicting data in the literature associated with 
these threats. We evaluated the weight of evi-
dence and discussed what threats might be 
playing the largest role(s) in causing declines. 

Status determination. This section connects 
the information on different sources of threat 
to the metric scores and Species of Special Con-
cern priority categories. We explained the 
rationale for our determination and the serious-
ness of the different major threats facing each 
taxon. 

Management recommendations. This section 
makes recommendations aimed at achieving 
sound, biologically based management and sta-
tus improvement for each Species of Special 
Concern. Wherever possible, we made these 
recommendations both taxon-specific and 
action-oriented to allow conservation resources 
to be put directly into management efforts, 
rather than into further development of man-
agement strategies. We did, however, recom-

mend further research and strategy develop-
ment as a prerequisite to effective management 
for taxa that lacked necessary data. 

Monitoring, research, and survey needs. This 
section outlines the additional information nec-
essary to achieve effective management and 
status improvement. In general, information 
needed to inform management actions falls 
into the general areas of monitoring, research, 
or surveys, and we discuss each as appropriate. 

Maps. We developed locality maps to com-
plement the distribution information in the 
text for each taxon by compiling data from 
museum collections, state agency databases 
(e.g., California Natural Diversity Database), 
and other online databases (e.g., North Ameri-
can Field Herping Association) (Table 1). 
Data from the CDFW’s California Natural 
Diversity Database and the Biogeographic 
Information and Observation System were 
assessed up through April 2012. Museum 
locality data from HerpNet and the Global Bio-
diversity Information Facility were assessed 
through February 2012. Our goal was to 
develop a set of annotated and geo-referenced 
localities that accurately describe each taxon’s 
range. Records that appeared to be possibly 
erroneous (i.e., those that occurred in unex-
pected areas) were checked individually and 
excluded in those instances where no support-
ing information could be found or where the 
specimens were misidentified (see individual 
species accounts). We attempted to verify all 
records coming from online databases and the 
public by requesting, minimally, photo vouch-
ers or detailed field notes to substantiate the 
record. The California Natural Diversity Data-
base contains localities that lack this informa-
tion, so we followed up on questionable records 
by attempting to contact the individual(s) that 
initially reported the record. We submitted 
most new localities that we gathered to the Cali-
fornia Natural Diversity Database to make 
them available for future workers. In a few 
cases, we could not obtain permission to 
include localities in the database, so these were 
included in the maps in this volume, but 
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 TABLE 1 
List of museum collections and other data sources that were queried for locality records 

Museum Collections 

American Museum of Natural History 

Arizona State University 

Brigham Young University 

California Academy of Sciences 

California Academy of Sciences, Stanford 
University Collection 

California State University, Chico 

Carnegie Museum of Natural History 

Cincinnati Museum Center 

Cornell University Museum of Vertebrates 

Humboldt State University 

Los Angeles County Museum 

Museum of Comparative Zoology, Harvard 
University 

Museum of Vertebrate Zoology, University of 
California, Berkeley 

National Museum of Natural History 

Royal Ontario Museum 

San Diego Natural History Museum 

Santa Barbara Museum of Natural History 

Slater Museum of Natural History 

Sternberg Museum of Natural History 

University of Alberta Museum of Zoology 

University of Arizona Museum of Natural 
History 

University of California, Davis – Zoology 
Collection 

University of California, Santa Barbara 

University of Colorado Museum of Natural 
History 

University of Michigan Museum of Zoology 

University of Nevada Reno 

University of Texas at El Paso 

Yale Peabody Museum 

Zoological Institute of the Russian Academy 
of Sciences 

Other Sources 

Cal Photos 

California Biogeographic Information and 
Observation System 

California Natural Diversity Database 

Field Notes 

Literature Records 

Mendocino Redwood Company 

North American Field Herping Association 

Our Own Surveys 

Public Input/Personal Communications 

US Forest Service 

US Geological Survey 

excluded from the database. The complete 
geospatial dataset and associated metadata 
from this project are accessioned in the CDFW’s 
Biogeographic Information and Observation 
System (BIOSds644). 

After removing erroneous and questionable 
records from the data, we developed point local-
ity maps with our CDFW Geographic Informa-
tion System specialist by projecting all locali-
ties for each taxon to the California (Teale) 
Albers projection (figure 1). We used the Cali-
fornia Wildlife Habitat Relationships (http:// 
www.dfg.ca.gov/biogeodata/cwhr) mapping 
protocol to develop range maps for each taxon 
using these localities. California Wildlife Habi-
tat Relationships is a comprehensive informa-
tion system for the state’s terrestrial vertebrates 
that seeks to integrate data on species life his-
tory, habitat needs, and ranges. 

To develop species range estimates, we 
selected the full set of US Department of Agri-
culture ecoregion subsections that contained at 
least one locality and used these as a starting 
point for range maps (figure 2). We then over-
laid existing range maps from California Wild-
life Habitat Relationships, as well as data layers 
for habitat types, watersheds, elevation, land 
use, and urbanization. Using these draft maps, 
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FIGURE 1 Development of range maps for each species. We began by plotting localities 
on a base map in a geographic information system (A). We then selected the intersection 
of these localities with an objective geographic object such as US Department of 
Agriculture (USDA) Ecoregion subsection boundaries, elevational boundaries, or 
watershed boundaries (in this example, watershed boundaries were used). The particular 
geographic object that we used varied according to the biology of the taxon (e.g., 
watershed boundaries for stream-dwelling amphibians, elevation for high-elevation taxa) 
(B). We then interpolated between the geographic objects that had known localities using 
expert opinion to develop an approximate range boundary (C). The approximate range 
boundary and known localities were then drawn together to produce a map for this 
document (D). 

we restricted range boundaries based on ecore-
gion subsection, watersheds, and other data lay-
ers to a more biologically realistic species range. 
In accordance with the California Wildlife Hab-
itat Relationships guidelines, our goal was to  
define the current maximum geographic extent 
of the species  within the  state, where maxi-
mum geographic extent is defined as the area 
within the range boundary where the species 
can potentially be expected to occur given suit-
able habitat conditions. We delineated the range 
boundaries to minimize errors of omission,  

even to the extent of  allowing some commis-
sion error. For certain species, significant frac-
tions of the range are potentially extirpated (see 
the species accounts for additional detail). No 
range shading is included for the species that 
are presumed extirpated in California (see indi-
vidual species accounts). 

In most cases, we defined the edges of spe-
cies ranges by selecting meaningful landscape 
characteristics to set a boundary, such as eleva-
tion, rivers, or watershed boundaries. Our goal 
was to identify specific places on the landscape 
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USDA ECOREGION SECTIONS 

1:4,600,000 

263A Northern California Coast 
M261B Northern California Coast Ranges 
M261A Klamath Mountains 
M261C Northern California Interior Coast Ranges 
M261D Southern Cascades 
M261G Modoc Plateau 

342B Northwestern Basin and Range 

261A  Central California Coast 
M262A Central California Coast Ranges 

262A Great Valley 
M261F Sierra Nevada Foothills 
M261E Sierra Nevada 

341D Mono 
261B Southern California Coast 

M262B Southern California Mountains 
and Valleys 

341F Southeastern Great Basin 
322A Mojave Desert 
322C Colorado Desert 
322B Sonoran Desert 
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FIGURE 2 United States Department of Agriculture (USDA) Ecoregion subsections which were used in developing 
range maps. 
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where future surveys could be conducted to fur-
ther characterize the species’ range. Range 
maps that lack specific and objective bounda-
ries provide only generalized starting points for 
such surveys. In total, our range maps present 
comprehensive estimates based on currently 
available species locality data and represent our 
best effort to use these data to approximate a 
species range, fully recognizing that such 
ranges are hypotheses to be tested rather than 
fixed entities. 

Review Process 

All phases of this project were reviewed by the 
three authors, the Technical Advisory Commit-
tee, and the CDFW. Most parts of the project 
were also subject to a wider review from mem-
bers of the herpetological conservation commu-
nity. For each taxon, we asked at least two 
experts to review the species account, including 
the maps and any appendix information. 
Finally, the Technical Advisory Committee, the 
CDFW, biologists from state and federal land 
management agencies, and other interested 
parties reviewed the finished manuscript as a 
whole. 

RESULTS 

Status Lists 

We identified 217 native species, subspecies, and 
distinct population segments that are, or are sus-
pected to be, present in California (Appendix 1). 
Seventy-three of these taxa were considered 
nominee Species of Special Concern and under-
went evaluations using the risk metrics. Four 
additional taxa were initially considered for eval-
uation but were subsequently state listed and 
removed from further consideration (see Watch 
List). Of the 73 candidates, we determined that 
28 did not merit special status at this time and 
45 met our criteria for Species of Special Con-
cern status (figures 3 and 4 and Table 2). Three 
of these species qualified for Species of Special 
Concern status by definition because they were 

listed under the Federal, but not the California, 
Endangered Species Act (the arroyo toad, Bufo 
californicus; the California red-legged frog, Rana 
draytonii; and the Yosemite toad, B. canorus). We 
conducted the scoring separately for the two sub-
species of the western pond turtle (Emys mar-
morata marmorata and E. m. pallida) because the 
severity of threats facing one population 
appeared to be larger than those facing the other. 
However, both populations merited inclusion as 
Species of Special Concern, resulting in a single 
species account where threats to each population 
are discussed separately. 

We ranked the Species of Special Concern 
taxa according to the magnitude of risks that 
they face, with the two pond turtle populations 
receiving separate Priority scores. This resulted 
in 16 taxa categorized as Priority 1, 14 as Prior-
ity 2, and 12 as Priority 3. Three additional spe-
cies clearly qualify as Species of Special Con-
cern, although the scarcity of field records 
precludes their accurate prioritization at this 
time: the regal ring-necked snake (Diadophis 
punctatus regalis), Cope’s leopard lizard (Gambe-
lia copeii), and the Gila monster (Heloderma 
suspectum). In these three cases, we have not 
assigned a priority score pending additional 
fieldwork. 

Performance of Metrics 

Spearman’s rank correlations among the eight 
risk metrics indicated that approximately two-
thirds (18/28) of the possible pairwise correla-
tions among metrics were significant (Table 3). 
Some metrics were not highly correlated with 
other metrics (e.g., endemism was not corre-
lated with any other metrics), while other 
metrics were correlated with four or five other 
metrics (e.g., distribution trend, population 
concentration/migration, and population 
trend). Some pairs of correlations indicated 
that there was considerable overlap in the scores 
received across taxa. The strongest correlation 
among metric scores was between distribution 
trend and population trend (ρ = 0.66, 
p < 0.001), indicating that animals that have 
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 TABLE 2 
List of California amphibian and reptile Species of Special Concern and priority designations 

Three species qualify as Species of Special Concern, although the scarcity of data precludes their accurate 
prioritization at this time (see text for further discussion) 

Scientific Name Common Name Priority 

Ambystoma macrodactylum sigillatum Southern long-toed salamander 2 

Aneides f lavipunctatus niger Santa Cruz black salamander 3 

Anniella pulchra California legless lizard 2 

Arizona elegans occidentalis California glossy snake 1 

Ascaphus truei Coastal tailed frog 2 

Aspidoscelis tigris stejnegeri Coastal whiptail 2 

Batrachoseps campi Inyo Mountains salamander 3 

Batrachoseps minor Lesser slender salamander 1 

Batrachoseps relictus Relictual slender salamander 1 

Bufo alvarius Sonoran Desert toad 1 

Bufo californicus Arroyo toad 1 

Bufo canorus Yosemite toad 1 

Coleonyx variegatus abbotti San Diego banded gecko 3 

Crotalus ruber Red diamond rattlesnake 3 

Diadophis punctatus regalis Regal ring-necked snake Undefined 

Dicamptodon ensatus California giant salamander 3 

Elgaria panamintina Panamint alligator lizard 3 

Emys marmorata marmorata Northern western pond turtle 3 

Emys marmorata pallida Southern western pond turtle 1 

Gambelia copeii Cope’s leopard lizard Undefined 

Heloderma suspectum Gila monster Undefined 

Kinosternon sonoriense Sonora mud turtle 1 

Masticophis f lagellum ruddocki San Joaquin coachwhip 2 

Masticophis fuliginosus Baja California coachwhip 3 

Phrynosoma blainvillii Coast horned lizard 2 

Phrynosoma mcallii Flat-tailed horned lizard 2 

Rana aurora Northern red-legged frog 2 

Rana boylii Foothill yellow-legged frog 1 

Rana cascadae Cascades frog 2 

Rana draytonii California red-legged frog 1 

Rana pipiens Northern leopard frog 1 

Rana pretiosa Oregon spotted frog 1 

Rana yavapaiensis Lowland leopard frog 1 

Rhyacotriton variegatus Southern torrent salamander 1 

Salvadora hexalepis virgultea Coast patch-nosed snake 2 

Scaphiopus couchii Couch’s spadefoot 3 

Spea hammondii Western spadefoot 1 

Taricha rivularis Red-bellied newt 2 



 

 

 

 

 

Taricha torosa, Southern populations Coast range newt 2 

Thamnophis hammondii Two-striped garter snake 2 

Thamnophis sirtalis, Southern populations Common garter snake 1 

Uma notata Colorado Desert fringe-toed lizard 2 

Uma scoparia Mojave fringe-toed lizard 3 

Xantusia gracilis Sandstone night lizard 3 

Xantusia vigilis sierrae Sierra night lizard 3 

Thamnophis ordinoides
Petrosaurus mearnsi 

Sceloporus graciosus vandenburgianus
Pituophis catenifer pumilis

Urosaurus nigricaudus
Thamnophis marcianus
Crotaphytus vestigium

Phyllodactylus nocticolus
Plethodon dunni 

Chionactis occipitalis talpina
Spea intermontana
Plestiodon gilberti

Hydromantes platycephalus
Tantilla planiceps

Plestiodon skiltonianus interparietalis
Ensatina eschscholtzii xanthoptica

Batrachoseps gabrieli
Lampropeltis zonata Southern Clade

Aneides ferreus 
Xantusia gracilis

Ensatina eschscholtzii klauberi 
Bogertophis rosaliae
Plethodon elongatus

Ensatina eschscholtzii croceater 
Xantusia wigginsi

Bufo boreas halophilus
Elgaria panamintina

Crotalus ruber 
Masticophis fuliginosus

Gambelia copeii
Pseudacris cadaverina 

Xantusia riversiana 
Xantusia vigilis sierrae

Aspidoscelis hyperythra
Aneides flavipunctatus niger

Phrynosoma blainvillii
Batrachoseps campi

Masticophis flagellum ruddocki
Salvadora hexalepis virgultea
Coleonyx variegatus abbotti

Aspidoscelis tigris stejnegeri
Uma scoparia

Rana aurora 
Anniella pulchra

Scaphiopus couchii
Thamnophis hammondii

Phrynosoma mcallii
Uma notata 

Heloderma suspectum
Batrachoseps relictus

Ascaphus truei
Rana cascadae 

Emys marmorata marmorata
Taricha torosa 

Kinosternon sonoriense 
Dicamptodon ensatus

Ambystoma macrodactylum sigillatum
Arizona elegans occidentalis
Diadophis punctatus regalis

Spea hammondii
Batrachoseps minor
Thamnophis sirtalis

Rana pipiens
Rana yavapaiensis

Rhyacotriton variegatus
Bufo alvarius 

Rana draytonii
Taricha rivularis 

Emys marmorata pallida
Rana pretiosa

Rana boylii
Bufo canorus 

Bufo californicus 

SSC Priority 1 
SSC Priority 2 
SSC Priority 3 
SSC Priority undefined 
No status 

0% 20% 40% 60% 80% 100% 
Total Score/Total Possible 

FIGURE 3 Total Score/Total Possible for 73 taxa evaluated for Species of Special Concern status. 
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FIGURE 4 Number of taxa in each status category 
among the 73 nominee taxa by taxonomic group. Species 
of Special Concern (SSC) are represented by filled bars. 
Open bars are nominee taxa that did not receive SSC 
status. 

been extirpated from historic localities tended 
to also be undergoing declines in abundance in 
currently occupied sites. Taxa experiencing 
high levels of extirpation also tended to have 
vulnerable life stages (correlation between dis-
tribution trend and population concentration/ 
migration) and be more at risk from future 
threats (correlation between distribution trend 
and projected impacts). Those with vulnerable 
life stages also tended to be declining in 
abundance (correlation between population 
concentration/migration and population 
trend) and were more vulnerable to climate 
change (correlation between population con-
centration/migration and vulnerability to cli-
mate change). 

All but two metrics (range size and ende-
mism) were significantly positively correlated 
with Total Score/Total Possible (Table 3). Distri-
bution trend and population trend were a priori 
given the greatest weight (each had a maxi-
mum score of 25 vs. a maximum score of 10 for 
all other metrics), and they were also the most 
highly correlated with Total Score/Total Possi-
ble (ρ = 0.77 and 0.87, respectively). Projected 

impacts, population concentration/migration, 
and vulnerability to climate change also stood 
out as contributing to risk, although the rela-
tionships were not as strong (ρ = 0.57–0.68). 

Principal components analysis of the metric 
scores for the 73 evaluated taxa showed that the 
first two principal component axes accounted 
for about half (54%) of the total variation. Dis-
tribution trend, population trend, and projected 
impact of threats loaded most strongly on the 
first principal component axis, and Species of 
Special Concern taxa tended to have positive 
values for this axis (80% of Species of Special 
Concern taxa positive; figures 5 and 6). Ecologi-
cal tolerance and range size loaded most 
strongly on the second PC axis. However, there 
is little correlation with special concern status 
along this axis (figure 6). 

Patterns in the Metric Scores 

The Total Score/Total Possible ratios for the Spe-
cies of Special Concern taxa were normally dis-
tributed with a mean of 63%, ranging from 38% 
to 93% (Shapiro–Wilk test for normality, W = 
0.98, p = 0.58). Three of the Species of Special 
Concern taxa are also federally listed as endan-
gered or threatened, and all of these taxa (Cali-
fornia red-legged frog, Rana draytonii; arroyo 
toad, Bufo californicus; Yosemite toad, B. 
canorus) had a Total Score/Total Possible greater 
than 75%, occurring in roughly the top 20% of 
Species of Special Concern (figure 3). The top 
20% of taxa were amphibians, with the excep-
tion of the western pond turtle (Emys marmorata 
pallida) (figure 3). In contrast, the lowest scor-
ing 20% of Species of Special Concern taxa 
were all reptiles with the exception of the Santa 
Cruz black salamander (Aneides flavipunctatus 
niger) (figure 3). On average, turtles and frogs 
and toads had the highest scores among the five 
major taxonomic groups (frogs and toads, sala-
manders, lizards, snakes, and turtles; figure 7). 

We were unable to score certain metrics due 
to a lack of data. Population trend had the larg-
est number of deficiencies with 26% (19/73). 
Distribution trend was data deficient for 8% of 
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TABLE 3 
Spearman’s rank correlations (ρ) among the eight ranking criteria scores 

Values below the diagonal are for the 73 candidate taxa. Values above the diagonal are for the 45 Species of Special Concern taxa 

RS DT PCM EN ET PT CC PI TS/TP 

Range Size (RS) — −0.31* −0.06 −0.16 0.29 −0.24 0.02 −0.07 −0.04 

Distribution Trend (DT) −0.27* — 0.30 −0.29 −0.41** 0.46** 0.05 0.28 0.56*** 

Population Concentration/Migration (PCM) −0.27* 0.41*** — −0.12 −0.08 0.49** 0.39* 0.00 0.73*** 

Endemism (EN) −0.13 −0.10 −0.04 — 0.26 −0.14 −0.15 −0.40** 0.02 

Ecological Tolerance (ET) 0.21 0.00 0.09 0.15 — −0.41* 0.12 −0.25 0.03 

Population Trend (PT) −0.31* 0.66*** 0.57*** −0.01 0.02 — 0.39* 0.33* 0.79*** 

Vulnerability to Climate Change (CC) −0.09 0.22 0.50*** 0.01 0.30* 0.40** — 0.08 0.47** 

Projected Impact of Threats (PI) −0.07 0.61*** 0.23 −0.15 0.26* 0.65*** 0.25* — 0.25 

Total Score/Total Possible (TS/TP) −0.12 0.77*** 0.66*** 0.14 0.39*** 0.87*** 0.57*** 0.68*** — 

*p < 0.05; **p < 0.01; ***p < 0.001. 
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FIGURE 6 Distribution of all 73 taxa evaluated for Species 
two PC axes. These two axes explain approximately half of 
the variation in metric score among the 73 nominee taxa. 
Distribution trend (DT), population trend (PT), 
population concentration/migration (PCM) loaded 
strongly onto PC1. Range size (RS) and ecological 
tolerance (ET) loaded strongly onto PC2. Climate change 
(CC) loaded equally and moderately on both axes, and 
endemism (EN) did not load strongly onto either axis. 
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FIGURE 7 Average Total Score/Total Possible by taxonomic group. Filled bars are 
averages across the Species of Special Concern (SSC) taxa. Open bars are 
averages across all 73 nominee taxa. Error bars are standard errors. 
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taxa (6/73), and only a few taxa lacked data on 
vulnerability to climate change (2/73), projected 
impacts (3/73), and population concentration/ 
migration (2/73). Among the Species of Special 
Concern, nine species were data deficient for 
the critically important population trend metric: 
Cope’s leopard lizard (Gambelia copeii), coast 
patch-nosed snake (Salvadora hexalepis vir-
gultea), regal ring-necked snake (Diadophis 
punctatus regalis), California giant salamander 
(Dicamptodon ensatus), Gila monster (Helo-
derma suspectum), Sonora mud turtle (Kinoster-
non sonoriense), lowland leopard frog (R. yava-
paiensis), Sonoran Desert toad (B. alvarius), and 
red-bellied newt (Taricha rivularis). Southern 
populations of the common garter snake (Tham-
nophis sirtalis) were data deficient for population 
concentration/migration, and the Oregon spot-
ted frog (R. pretiosa) was data deficient for vul-
nerability to climate change. The Gila monster 
(H. suspectum) was data deficient for three met-
rics (distribution trend, population trend, and 
projected impacts), and the regal ring-necked 
snake was data deficient for the same three met-
rics plus population concentration/migration. 

Certain geographic areas of the state 
emerged as experiencing a high degree of con-
servation risk, measured by the number of Spe-
cies of Special Concern contained within them. 
At least two important geographic trends 
emerged from our analysis (figure 8). First, 
California ecoregions north of San Francisco 
Bay tended to have far fewer at-risk taxa than 
those from southern California (figure 8). In 
particular, the Southern California Coast, 
Southern California Mountains and Valleys, 
and the Mojave Desert ecoregions all contained 
a large number of Species of Special Concern 
(figures 2 and 8). Second, the geographic pat-
tern of risk varied between amphibians and 
reptiles. Overall, reptiles experienced the high-
est risk in the three previously mentioned 
ecoregions as well as the Colorado Desert, 
while the northern ecoregions generally had 
only a single reptile Species of Special Concern 
(western pond turtle, E. m. marmorata). How-
ever, amphibian Species of Special Concern 

taxa were more evenly distributed among ecore-
gions across the state, with a slight peak in the 
mountains surrounding the Central Valley and 
in northern coastal California (generally 7–8 
species) and a slight drop-off in the southern 
ecoregions (generally 5–6 species; figure 8). 

To assess possible correlations between habi-
tat type and conservation risk, we scored all 73 
nominee taxa as predominantly terrestrial or 
aquatic, based largely on where reproduction 
takes place. Our categorization of aquatic versus 
terrestrial was not identical to that used in Jen-
nings and Hayes (1994a), although it is broadly 
similar. We categorized amphibians based on 
their breeding biology—those that lay aquatic 
eggs and have free-living aquatic larvae were 
considered aquatic, whereas those with terres-
trial eggs and direct development were consid-
ered to be terrestrial. Under these criteria, all 
frogs and toads were scored as aquatic, as well as 
the salamander genera Ambystoma, Dicampto-
don, Rhyacotriton, and Taricha. Terrestrial sala-
mander genera were all from the family Pletho-
dontidae, and included Aneides, Batrachoseps, 
Ensatina, Hydromantes, and Plethodon. All liz-
ards and snakes, including the semiaquatic gar-
ter snakes (Thamnophis) were considered terres-
trial, since all either lay terrestrial shelled eggs or 
are live-bearing, and all spend the majority of 
their time on land. All of the turtles were consid-
ered to be aquatic since they spend the vast pro-
portion of their lives, including all feeding and 
mating activities, in freshwater aquatic habitats. 
Categorizing taxa in this manner shows that 
there is an overall effect of habitat on Total Score/ 
Total Possible (One-way Anova, p < 0.0001; fig-
ure 9). The same pattern was true for aquatic 
versus terrestrial salamanders (figure 9). 

Public Comment 

The formal public comment period lasted for 60 
days over the summer of 2009, although we con-
tinued to solicit and incorporate feedback after 
this period closed. During the public comment 
phase of the project, the website was visited 886 
times by visitors from 17 countries. The majority 
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FIGURE 9 Average Total Score/Total Possible by aquatic or terrestrial habitat 
type. Filled bars are averages across the Species of Special Concern (SSC) taxa. 
Open bars are averages across all 73 nominee taxa. Error bars are standard errors. 

of visitors (575) were from California, followed by 
visitors from neighboring states (Washington: 
32; Oregon: 28; Arizona: 26). We received feed-
back from a wide variety of conservation profes-
sionals, academics, and enthusiasts. Because 
much of this feedback came from informal con-
versations on the telephone or at workshops, 
meetings, and conferences, we cannot precisely 
quantify the number of data contributors to this 
project. However, we received substantial contri-
butions in the form of unpublished data, 
reprints, field notes, and/or localities during the 
public comment period from approximately 45 
individuals (see Acknowledgments). 

DISCUSSION 

Risk Metrics 

Overall, the metrics performed well, success-
fully identifying taxa that herpetologists gener-

ally consider to be at risk across the state, such 
as ranid frogs. Similarly, scores for the Species 
of Special Concern that are federally listed sug-
gested that the metrics were performing well. 
Evaluating all taxa within a metric framework 
also facilitated identification of patterns among 
the metric scores that revealed insights into the 
geographic and ecological factors associated 
with declines. As emphasized by Shuford and 
Gardali (2008) for birds, no single set of met-
rics can capture the intricacies of the natural 
world fully. The strengths of our approach were 
that the eight metrics covered a wide range of 
factors that indicate declines and established a 
repeatable and transparent baseline for the 
evaluation of Species of Special Concern. Dur-
ing the initial public input phase of the project, 
we observed firsthand how a metric-based 
framework facilitated incorporation of feedback 
into conservation decisions, regardless of disa-
greements over the particular metrics used. 
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That is, when disagreements arose, the metrics 
allowed us to discuss conflicting scores for indi-
vidual taxa, focusing discussions on specific 
issues and questions. 

Our metrics covered four basic categories 
that spanned the diversity of conservation 
issues faced by any species: geography of 
declines, changes in population biology over 
time, key ecological attributes associated with 
risk, and estimates of future impacts. Metric 
scores within these categories were often cor-
related, capturing real patterns in how declines 
occur. For example, the high correlation 
between distribution trend and population 
trend reflects the fact that populations tend to 
become smaller and smaller as they become 
isolated and fragmented over time. This gen-
eral shrinking of populations for many taxa 
with naturally extensive metapopulations will 
lead to a high score for population trend. How-
ever, as this trend continues over time, those 
isolated, declining populations experience 
much greater demographic stochasticity (Lande 
1988), leading to more frequent extirpations of 
local populations and thus high scores for dis-
tribution trends. Thus, although these two met-
rics could be decoupled in principle, our assess-
ments indicate that they tend to be associated 
in natural systems, and the metrics reflect this 
association rather than a redundancy in the 
approach. They also highlight the importance 
of measuring population connectivity as a 
research goal and of maintaining or reestab-
lishing it as a management objective. 

The correlation among metric scores may 
help explain why the rankings were robust to 
data deficiencies. This feature of the rankings 
is critical when evaluating reptile and amphib-
ian taxa that can be cryptic, rare, and for which 
survey data are often lacking. We ranked taxa 
using the ratio of the total score to the total pos-
sible, rather than just the total score, to account 
for the different possible total scores for each 
species arising from data deficiencies. An 
implication of this approach is that each spe-
cies’ score is based on the data available and 
that the metrics differentially influenced scores 

depending on data availability. For example, 
population size is difficult to estimate with pre-
cision and generally requires extensive multi-
year field studies. As a result, we could not 
score population trend for eight Species of Spe-
cial Concern. If such data deficiencies were 
biasing our results, then this would be reflected 
in a different distribution of Priority 1, 2, 3 and 
Undefined scores for data-deficient taxa com-
pared to the overall set of Species of Special 
Concern, but this was not the case (χ 2 = 5.4, df 
= 3, p = 0.14). We acknowledge that data defi-
ciencies in key metrics, such as distribution 
and/or population trend, could allow for taxa to 
achieve high Total Score/Total Possible ratios 
based on having only moderate scores for the 
remaining metrics. Although this was rarely an 
issue in our analyses, we also believe that this 
captures a realistic axis of risk. Taxa that have 
life histories indicating some amount of risk, 
particularly small range size and high ecologi-
cal specialization, but for which we have no 
data on trends in abundance or distribution, 
are prime candidates both for unnoticed 
declines and for further research or monitor-
ing. By scoring them as data deficient and bas-
ing their overall score only on available data, we 
explicitly upweight the importance of those 
metrics for which we do have information, 
appropriately bringing them to the attention of 
biologists and resource managers. 

The metric scores were informative for 
broadly categorizing risk, with generally 
accepted high-risk taxa receiving the highest 
scores (e.g., arroyo toad, Bufo californicus) and 
clearly low-risk taxa receiving the lowest scores 
(e.g., northwestern garter snake, Thamnophis 
ordinoides). If a few strongly correlated risk 
metrics were uniformly high for at-risk taxa, 
this could have produced a sharp break point in 
overall score for Special Concern taxa, but this 
was not the case. Instead, the risk metric scores 
formed a smooth continuum from very low to 
extremely high Total Score/Possible Score val-
ues, indicating that a wide variety of combina-
tions of metric scores characterized different 
taxa (figure 3). This smooth continuum in 
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scores made it difficult to use metric scores 
alone to decide on special concern status, par-
ticularly for the lower-ranking taxa. It also 
forced us to focus on the specific biology of taxa 
with lower metric scores in evaluating whether 
they should or should not be Species of Special 
Concern. For example, the yellow-blotched 
ensatina (Ensatina eschscholtzii croceater) has 
much of its small range on private land, and 
concerns regarding the management and devel-
opment of that land was a primary motivation 
for its previous designation as a Species of Spe-
cial Concern (Jennings and Hayes 1994a). 
However, more recent planning efforts have 
emphasized the importance of retaining much 
of the yellow-blotched ensatina’s habitat as 
unfragmented space (e.g., Tejon Ranch Con-
servancy 2008). This shift to regional conser-
vation planning addressed the concerns about 
habitat loss for this species as described in the 
previous amphibian and reptile Species of Spe-
cial Concern document (Jennings and Hayes 
1994a), so we placed it on the Watch List. How-
ever, we identified the sandstone night lizard 
(Xantusia gracilis), which has a lower metric 
score, as a Species of Special Concern because 
of its tiny range size and associated potential 
for extinction. 

The same was generally true for assigning 
priority rankings to individual taxa. Once 
again, there are no clear cut-offs in ranking 
scores among Species of Special Concern taxa 
in figure 3, making the identification of unam-
biguous criteria for priority score difficult. If 
the correlation between ranking and priority 
were perfect (or if we defined priority based 
solely on ranking), then all Priority 1 (green) 
taxa would be at the bottom of figure 3, Priority 
2 (yellow) would be next, Priority 3 (peach) 
next, followed by taxa with No Status (white) at 
the top of the figure. This is close to, but not 
identical with, our priority ranking scheme. 

We could have simply imposed priority-level 
cut-offs using the metric scores themselves 
rather than trying to add information that goes 
beyond a ranking based entirely on metrics. We 
did not do so because we felt that this would 

amount to a statement that all relevant biologi-
cal information for each species was captured 
in the metric data. For example, the red-bellied 
newt (Taricha rivularis) ranked in the top 20% 
of taxa but is considered a Priority 2 Species of 
Special Concern. This decision was made 
because the ecological and population size data 
for this taxon are limited in scope, such that it 
was not possible to conclude that severe future 
declines and/or extirpation are likely without 
immediate conservation actions. Overall, we 
view the metrics as a useful but necessarily 
approximate guide for informing conservation 
decisions, not a complete replacement for care-
ful consideration of the biology of each taxon on 
a case-by-case basis. 

Taxonomic Patterns in Metric Scores 

Taxonomic patterns among the Species of Spe-
cial Concern can be measured as the total 
number of taxa, the fraction of the total number 
of species in the state that are Species of Special 
Concern, or as the average numerical metric 
score (Total Score/Total Possible) for different 
taxonomic groups. Each is informative, and 
together they provide a more complete overall 
picture of the status of the amphibian and rep-
tile fauna of California than does any single 
measure. 

When viewed in the context of all 217 taxa 
that are known to naturally occur in California 
(Appendix 1), turtles and amphibians are the 
most at-risk taxonomic groups. Among the can-
didate taxa, turtles and frogs had similar aver-
age metric scores (71% and 67%, respectively; 
figure 7), and many of these taxa are Species of 
Special Concern. All of California’s nonmarine 
turtles are at risk at the Species of Special Con-
cern or State Threatened level (figure 10). This 
pattern mimics the situation for turtles and tor-
toises globally; according to the IUCN, turtles 
have the highest fraction of Red List taxa 
among any major group (39% of all species and 
62% of the currently evaluated species; Rhodin 
et al. 2010). While very few turtle species occur 
in the state, half of California’s frogs and toads 
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FIGURE 10 Percent of California reptile and amphibian taxa (n = 217 by state protected 
status: Endangered, Threatened, Species of Special Concern [SSC], No Status). 

are included as Species of Special Concern. The 
state’s other amphibian group, salamanders, 
has the next highest fraction of included taxa, 
with squamates (lizards and snakes) being least 
at risk at the state level (figure 10). These pat-
terns are consistent with global concerns about 
amphibian declines in recent decades (Lannoo 
2005). No frogs or toads were included in the 
additional taxa in need of research and moni-
toring category (Appendix 4), which confirms 
that a disproportionately large research effort 
has focused on this globally imperiled group 
compared to other taxa (Stuart et al. 2004). 

Ecological Patterns in Metric Scores 

Although taxa can be categorized along a vari-
ety of ecological axes, one clear distinction is 
between aquatic and terrestrial primary habitat 
requirements. The most striking overall pat-
tern is the higher Total Score/Total Possible 
scores for aquatic (all frogs and toads, aquatic 
salamanders, turtles) compared to terrestrial 
(terrestrial salamanders, lizards and snakes) 
taxa. Jennings and Hayes (1994a) suggested 
that taxa having aquatic life stages were more 
extinction prone than terrestrial taxa, and our 
analysis supports this conclusion. However, 

phylogenetic and ecological patterns are con-
founded in this analysis because all frogs and 
turtles that we scored are also aquatic and all of 
the lizards and snakes were terrestrial. Thus, it 
is not clear whether frogs, toads, and turtles as 
taxonomic groups are at risk or whether obliga-
torily aquatic taxa are at risk. Salamanders pro-
vide some insight into this issue, as both 
aquatic and terrestrial taxa occur in California. 
The Total Score/Total Possible metric scores for 
Species of Special Concern in these two groups 
are strikingly different (terrestrial salamanders 
57%, aquatic salamanders 71%) and consistent 
with the interpretation that aquatic taxa are, on 
average, at greater risk than terrestrial ones. 
Even within salamanders, however, phylogeny 
is still a confounding variable because all sala-
manders in the family Plethodontidae are ter-
restrial, whereas all of the other California sala-
manders are aquatic. While the overall pattern 
of higher scores for aquatic taxa is clear, it is not 
possible to infer causality from this analysis. 

Concluding Thoughts on Metric Score 
Patterns 

Two general conclusions emerge from our anal-
yses of metric scores across taxa. First, regard-
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less of whether the pattern is driven by evolu-
tionary relatedness or some intrinsic feature of 
aquatic ecosystems, aquatic species are at 
greater risk than terrestrial ones. Second, 
amphibians overall are at greater risk than rep-
tiles. Both of these conclusions may stem from 
the ecology of aquatic and terrestrial taxa, par-
ticularly in the relatively arid landscape that 
dominates much of California. Although 
amphibians have been characterized in the past 
as harbingers of habitat deterioration due to 
their permeable skin and sensitivity to environ-
mental chemicals, recent work suggests that 
this may be less of a general conclusion than 
was previously thought (Kerby et al. 2010). 
However, what is clear is that water is a limiting 
resource over most of California, and climate 
change predictions for the next 50–100 years 
indicate that this limitation will only increase 
in the future. Aquatic habitats in California 
have also been particularly negatively impacted 
by nonnative fish, amphibian, and invertebrate 
introductions (see discussion below), and man-
aging and preventing future introductions is a 
major challenge to conserving aquatic habitats. 
Aquatic invasive predators, combined with 
water modification and overutilization, have led 
taxa that rely on water, be it a mountain stream 
or vernal pool, to more precipitous declines 
than purely terrestrial taxa. 

The fact that aquatic taxa are more at risk 
does not, however, indicate that terrestrial taxa 
are uniformly secure, now or in the future. The 
greatest biodiversity hot spot for terrestrial liz-
ards and snakes in the state is in southern Cali-
fornia (Parisi 2003; figure 8). Much of this 
region has experienced heavy development 
which has lead to major conservation concerns. 
Coastal taxa that are diurnally active and highly 
mobile (e.g., coast patch-nosed snake, Salva-
dora hexalepis virgultea; coastal whiptail, Aspi-
doscelis tigris stejnegeri) are particularly at risk, 
in part because habitat fragmentation and 
heavy road traffic, interactions with humans, 
their commensals (e.g., raccoons, skunks, rats, 
crows), and pets (dogs and cats), as well as gen-
eral problems with fragmented habitat and a 

loss of metapopulation dynamics. In addition, 
some of the greatest areas of urban growth in 
California are in the relatively sparsely popu-
lated inland xeric regions, where remote condi-
tions and lack of easily developed water and 
infrastructure have thus far protected many 
species. As these regions become more heavily 
populated and more fragmented by roads and 
urban centers, we predict a shift in endanger-
ment patterns over the next several decades. 

To help avoid future population declines, list-
ings, and extinctions, amphibian and reptile Spe-
cies of Special Concern are sometimes consid-
ered in both urban and large-scale planning 
efforts. Large-scale efforts originate at both the 
state (Natural Community Conservation Plan 
[NCCP]) and federal (Habitat Conservation Plan 
[HCP]) levels and involve cooperation between 
the two jurisdictions and other public and private 
partners. For example, five amphibian or reptile 
Species of Special Concern are included in the 
heavily populated planning area covered by 
the San Diego Multiple Species Habitat 
Conservation Plan (http://www.wildlife.ca.gov 
/Conservation/Planning/NCCP/Plans/San-Diego-
MSCP). As of December 2013, nine approved 
NCCPs were being implemented, some of which 
include amphibian and reptile taxa, and 16 
NCCPs were in the planning phase. Of the nine 
plans undergoing implementation, 1.5 million 
acres (0.6 million hectares) have been commit-
ted to reserve lands. The total planning area for 
the 25 NCCPs covers over 33 million acres (13.3 
million hectares) (http://www.dfg.ca.gov/habcon 
/nccp/). As of 25 June 2014, there are 147 
approved Federal HCPs in California (http:// 
ecos.fws.gov/conserv_plans/). HCPs are prima-
rily focused on federally listed species, so any 
benefit to ARSSC taxa is typically incidental to 
the plan. 

Other large-scale wildlife planning efforts 
include a statewide assessment of essential 
habitat connectivity sponsored by the CDFW 
and the California Department of Transporta-
tion. The effort identified large remaining 
blocks of intact habitat or natural landscape 
and linkages between them that need to be 
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maintained, particularly as corridors for wildlife 
(http://www.dfg.ca.gov/habcon/connectivity/). 

Peripheral Populations and Endemic Taxa 

At least 10 of the 45 Species of Special Concern 
are best considered peripheral in California. For 
these species, the bulk of their range occurs 
outside of the state, where they may be abun-
dant and in little danger (e.g., Couch’s spade-
foot, Scaphiopus couchii), of relatively uncertain 
status (e.g., regal ring-necked snake, Diadophis 
punctatus regalis), or declining and protected 
(e.g., Oregon spotted frog, Rana pretiosa). Par-
ticularly for those taxa that are common range-
wide, a reasonable question to ask is whether 
they should be protected in California, where 
they may occur in marginal habitat at the edge 
of their ranges. From a biological perspective, 
conditions beyond the state’s borders are clearly 
relevant to range-wide conservation risk. How-
ever, from a political and jurisdictional perspec-
tive, managing populations outside of Califor-
nia is not the state’s responsibility. We consider 
peripheral taxa as valid Species of Special Con-
cern because the CDFW’s mission is to “main-
tain native fish, wildlife, plant species and natu-
ral communities for their intrinsic and 
ecological value and their benefits to people […] 
include[ing] habitat protection and mainte-
nance in a sufficient amount and quality to 
ensure the survival of all species and natural 
communities” that naturally occur in California 
(http://www.dfg.ca.gov/about). Therefore, 
peripheral populations are similar to taxa whose 
entire range occurs within the state in that they 
are established, natural components of the bio-
diversity of California; whether they require 
special conservation measures should be based 
on their current status in the state. Two of our 
metrics, range size and endemism, take the 
peripheral nature of populations into account, 
at least indirectly. Range size generally 
upweights these populations, since they have 
small ranges within the state. Countering this, 
endemism measures the fraction of the species’ 
overall range that occurs in California, which 

tends to downweight such taxa. Each had a 
maximum score of 10, so they had equal 
impacts in the total score for each taxon. 

Endemic taxa, by contrast, are clearly one of 
the state’s most important conservation respon-
sibilities (Table 4). Because they occur nowhere 
else, these taxa make up a critical component of 
California’s unique amphibian and reptile 
fauna, so conservation successes or failures 
within the state are likely to have much larger 
impacts on these species than taxa that range 
more widely. 

Geographic Patterns in Species of 
Special Concern 

Range maps are an important resource in 
delimiting changes in the distribution of taxa. 
However, range is also difficult to determine 
precisely for many reptiles and amphibians due 
to their naturally low population densities, 
cryptic natural history, and the paucity of sur-
vey data. In constructing these range maps, we 
included, rather than excluded, regions where 
the likelihood of occurrence was high but no 
specimens have been documented to date. Our 
reasons for doing so were twofold. First, by set-
ting boundaries that may be too large, we hope 
to encourage field researchers to expand their 
geographical horizons when searching for new 
localities. Second, since the taxa are at-risk, we 
want to err on the side of potential habitat 
inclusion for conservation purposes. We used 
previously established units (watershed bound-
aries, ecoregions, etc.) rather than arbitrary 
polygons around localities to provide objective 
boundaries from which future surveys can 
work. For instance, where we drew a species as 
being present in one watershed but absent in 
the next, this provides a very straightforward 
way to focus additional surveys. Surveyors can 
ask the question, “Is the taxon present in the 
adjacent watershed?,” and focused efforts can 
answer that question, refining range bounda-
ries in an organized, efficient manner. 

These maps also highlight an important, 
frequently overlooked point: we need a mecha-
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 TABLE 4 
Endemic and Near Endemic Species of Special Concern 

Endemic 

Aneides f lavipunctatus niger Santa Cruz black salamander 

Batrachoseps campi Inyo Mountains salamander 

Batrachoseps minor Lesser slender salamander 

Batrachoseps relictus Relictual slender salamander 

Bufo canorus Yosemite toad 

Dicamptodon ensatus California giant salamander 

Elgaria panamintina Panamint alligator lizard 

Masticophis f lagellum ruddocki San Joaquin coachwhip 

Taricha rivularis Red-bellied newt 

Taricha torosa, Southern populations Coast Range newt 

Thamnophis sirtalis, Southern populations Common garter snake 

Xantusia gracilis Sandstone night lizard 

Xantusia vigilis sierrae Sierra night lizard 

Near endemic 

Aniella pulchra California legless lizard 

Bufo californicus Arroyo toad 

Emys marmorata marmorata Northern western pond turtle 

Emys marmorata pallida Southern western pond turtle 

Phrynosoma blainvillii Coast horned lizard 

Rana boylii Foothill yellow-legged frog 

Rana draytonii California red-legged frog 

Spea hammondii Western spadefoot 

Uma scoparia Mojave fringe-toed lizard 

nism, including a curated database, that tracks 
documented absence as well as documented 
presence data. Documenting, and even defin-
ing, absence is often a very difficult problem, 
but these efforts can be helped by collating sur-
vey results (including both positive and nega-
tive occurrence data) into a publically available 
and easily accessible format. Locality data from 
the past couple of decades tend to come from 
sight records, survey data, and other field 
research that does not result in the collection of 
museum specimens (figure 11). While muse-
ums are increasingly making their data acces-

sible through online databases, there is cur-
rently no centralized way to collate locality data 
from other sources across all California reptiles 
and amphibians. The California Natural Diver-
sity Database is an important means by which 
the state collates status and location informa-
tion for Species of Special Concern and those 
listed under the federal and California Endan-
gered Species Acts. Currently, this resource 
does not document absence data for sites where 
only negative surveys have occurred and 
focuses solely on those taxa on California’s Spe-
cial Animals list. Expanding the scope of this 

discussion 33 



●● ● ●● ● ●● ●●●●● ● ●●●●● ●● ●●●● ●● ●●●●●●●● ●● ●●●● ●● ●● ●● ●● ● ●●●●●● ●●● ● ●●● ● ● 
●●●●●●●●●●●●●●● ●●●● ●● ●● ●●●●●●●●●●●●●● ●●●●●●● ●● ●● ●● 

● ● ● ●● 
●●● ● ●●●● ● 

●●● 
●● ●● ● ● ● ●●● 

● ● ● ● 
●● ●● ●● ● ● ●●● ●●●● ●●●● ● ● ●● ●●●●●●●●●● ●● ●● ●● 
●●●● ●●●●● ●● ●● ●● ● 

●●● ● ●●●● ● ● ●● ●●● ●● ●●●●●●●● 
●●●●●●●● ● ●● 

●●

●● 
●● ●● ● ●● ●● ● ●●● ●●● ●●●● ●● ●● ● ●●●● ●●● ●● ●● ● 

●●●● ●●●●●●●●●● ● ●● ● ●●●● ●●●● ● 
● ● 

●●●● ● ● ● ●●●●●● 
●●●● ●●●●●● ●● ●● ● ●● 

●●●●●●
●●●●●●●●●
●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●
●●
●
●●● ● ●●●● ●●● ● ●● ●●●● ●● ●●● 

● ●● ●● ● ●● ●● ● ●●● ●● ●● ●●●●●● ●● ●● ● ●●●●● ●● ●●● ● ● ●● ●● ●●● 
● ● ● 

● ●● ● ●●●●●●●●● ●● ●● 
● ●● ●●● ●● ●●●● ● 

● ●● ● ●●●●
●●●●●●
●●●●● ● 

●●●● ● ● ●● ●● ●● ●●● ● ● ●●●●●●●● ●● ● ●●●●●● ●●●●● 
●● ● ●● ●● ●●●●●●● ●● ● ●●● ● ●●● ●● ● ●● ●●●●●●● ●●●●● ●●● ●●● 

●● ●● ●●●●●●●●●●● ● ● ● ●
●●●●●●●●●●●●●●●●●●● ●● 

●● ● ● ● 

●●●●● ●● ●● ● ●● ●●● ● ● ● ● ●●●●●●●●● ●●●●●●●● ●● ●● ● 
●● ● 

● ●●● ● ● ● ●● ● ● ● 
●● ● ●●●●● ● ●●●● ● ● 

● ●● ● ●● ● ● ●●●●●●●● ●●●●●●● ●● 

● ●● ●● ●●●● ●●● 
●●●●●●●●●●●
●●
●●●●●●
●
●●●
●●●●
●●●●●●
●
●
● 

●●●●●●●●●●●●●●●●● ● ● ●●●● ●●●● ●● ●●●● ● 
●●●●● ●●●●●●●●● 

●●●● ● ●●●● ●● ●● ●● ●● ● ●● ●●●●●●●● ● 

● ●●● ●● ●●●● 
● ●● ● 

●●●●●●●●● ●● ●●● ●●●●●●●●●●●●●●● ●● ●●●● ● ●●●●●●●● ● ●● ●●● ●● ● ● ●● ●●●●● ●●●●●●●●● 

●● ● ● ● ●● ● ● ●● ● ●●●●● ● ●● ●●●●●●●●●●●●●●●●●●● ● 
● ● ●●● ●● ●● ●● ●●● ● ● ●● ●●●● ●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●

●● ●●● ●● ●● ● ●●●●
●●●●● ● ● ●● 

●● ● ● ●●●●●●● ●●●●● ●● ●● ●●●●●●●●●●● ●●●●● ● 
●●●● ●● ● ● ● ● ● ● ●●●● ●●●● ●● 

●● ● 
● ● 

●● ● 
●● ● ● ● ●●●●●●● ●●●●

●●●●●
●●●●●●● ●●● ● ●●●●●●●●●●●●●●●●●●●●●● 

●●●● ●● ●● 
● ●●●●●● ● ●● ●●●●●●●● ● ●● ●●●● ● ●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●

●
●●
●●●● ● ●●●● ●●●●●●●●●● ●●●●●●●●●●●●●● ●● ●● ●● ●●●●●● ● ●● ●●●●●●●●●● ●●●●●●

●● ●●●● ●● ● ●●●●●● ●● ●●● 

●●●●●● 
●●●●●● ● ●●●●●●●●● ●●●●●●●●●●●●●● 

●●● ●●● ● ● ● 
● 
● 

●● ●● ●●●●●●●●● 
●● ●●●●●●●● ●●● ● ●● 

●●●●●● ●● ●● 
● ●●●●●●●●● 

●● ●●●● ●● ●●●●●●●●●●●●●●●●●●●● 
●●●● ● ● 

●● ●● ●● 
●● ●●●● ●● ●● ● ●●●● ●● ● ●●●●●● ●● ●● ● ●● ●●●●●

●●●●●●
●
●● ●●●● ●● 

● ●●●●● ● ●●●● ● ●●●●●●●●● ●●●●●●●●●●●● ●● ●●●●●●●●● 
●●●●●●●● ●●●●● ●● ● ●●● ● ● ●●●● ●●●●●● ●● ● ●● ● ● ●●● ●●●●●●●● ●● ● ●●●●●●● 

●● ● ●● ●● ●●●●● ●● ●● ●● ●●●● ●● ●● ● ●● ● ●● ●●●●● 

● ●●● ●● ●●● ●● ●● ●● ●● ● ● ●● ●●●●●● ● ● ●●●● ● ●● ●●● ●●●●●●●● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●
● ●●●●● ●●●● ● ●● ●●● ● ●●● 

●●● ●●●●● 
● ●●●● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●● 

●●●●●●●●● ●●●●●●● ●●● ●● 
●● ●● ●● ●●●●●● ●●●●●●

●●●●●●●●● ●●●●●●●● ●●●●●●●● ● ●● ●●● ● ●● ●● ● ● ●●●●●●●●●● ●●●●●●●●●● ●● ●● ●●● ● ● 
●●● ●● ●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●● ●●●● ● ●●●●●● ●●● ●● ●● ●● ●●● ● ● 
●● ● ●●● ●● ●● ●● ● ●●●●●● ● ●● ●● ● ●● ●● ●● ● ● ●● 

●●●●●● ●● ● ● ●●●●●● ● ●● 
● ●●●● ●●●●●●●● ●● ●●●●●●●●●● ● ●●●● ●● ●● 

● ● ●● ●● ●●●●●●●
●●●●●●● ●● ●● ●● ●●● ●●●● 

●●●● ●● 
● ●● ●●●●●●●● ●● ●●●●●●●●

● ●●● ●● 

●●●●●●● ●●●● ●● ●●●●●● ●●● ●●●●●● ●●●●● ● ●●●●●● ●●● ● ●● ●●● ●●●● ● ● ●● 
● ●●●● ●●● ●●● ●●●●●● ●● ● ● ●● 

● ● ●●●●
●●●● 
●●●● 

●● 

●●●● ●●● ●●●●●●●●● ● 
●● ●● 

●● 
●● 

●●●● 
●●● 

● ●● ●●●●●● 
● 

● ● ● ●●
●● 

●●● ●● 
●●● ●●●● 

●●●●●●●●●● 
●●●●● ●●●● ● ●● ●● ● ●● 

● ●● ● ● ● ● ●●●●●●●●●●●● 

● ●●●●●●●
●

●
●
●●●●●●
●

●●●●●●●●●● ● ● ●●●●●●●●●●●●●●
●●●●●●●●●●●●●● ●● ●●●●●●●●●●● ●● ●● ●●●●●●●●

●●● ●● ●●●
●●●●●●●
●●●●●●●● ●●●● ●● ● ● ●● ●● ●● ●●● ●● ●● ●● ● ●● ● 

●●● ● ● ● ●● ●● 

● ●● ●● ● ●●●●●●●●●●● ● ●● ●● ●●●● ● ●●● ●●●● ● ●●● ●●●●●● ● ●● ● 
●●●●●●●●●●●●●●●●● ●● ●●●● ● ●●●● ● ●● ●●●● ●● ●●●●● ● ●●●●●● 

●●●● ●●●● ●● ● ●●●●●●● ● ●● ●● ● ●● ●● ●●●●● ●●●●●● 

●●●●●●●● ● ●● ●● ● 
● ●●●●●●●● ●●●● ● ●●●●●●●● 

● ●●●●●●●●●●●●
●●●●●●●● ●●●●●●● ● ●●●●● ●●

●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●
●●●●●●●● ●●●● ●● ●● ● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●● ●●● ●●● ● ●●● ●●●● ●● ● ●● ●● ●●●●●●●●●●●●●

●●●●●●●● ●● ●●●●●●● ●● 
●●● ●● ● ●● ●● ●● ● ●●● ●●● ●● 

●●● ●●●● ●●●●●● ●● ● ●● ●●●● 

●●●●●●● ●●●●●
●
●●●●●●●●
●●●●●●●●●●●
●●●●●●●●● 
● ● ● ●●●●●● ● ● ●● 

● ●●●●●●●● ●● ●●●● ● ● ● ●● ● ● ● ●● ●● ●●●●●●● ● ●● ●●●●● ● ● ●● ●●●● ● ●● ● 
● 

●● 
●●●●●●●●●●●
●●●●●●●●●●●●
●●●●●● ● 

●●● ●● ● ●●●● ●● ● ●● ● ● 
●● ●● ●●●● 

●●● ●● ●●●● ●●●●●●● ●● ●● ● ●● ● ●● ●● ● ●●●●●●●● ●●●●●● ● ●●●●●● ●● ●● ● ● ●●●● ●● ●●●● ●●●●●●● ●● ●●●● ● ●● ● ●●●●●●●●● 

● ●● ●●●●●●●●●●●●●●●●●●●●●●●
●●●● ●● ●●● ● ● ●● ●●●●●●● ●● ●●●●●●●● ● ●●●● ●● ● ● ● ●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●● ●● ● ● 
●●●● ●● ●● ● ●●●●●●●

●●
●●●●●●●●●●●●●●●●
●
●●●●●●●
●
●● 
●●
●

●● ●●
●●
●●●●
●●●●●●●●●●●
●●●●●
●●● ●●●● ●● ● ● ●●●●●●●●●●●●●●●●● ●●● ●● ●● ●● ● 

●●●●●●●●● 
●●●●●
●● ● ●● ●● ●● ● ●●●●●●●●●●●● ●●●●●●●●●● ●●●●● ●●●●● ●●●●●●●●● ●●●●● ●● ●● ●● ●●●●●●● ●●● 

●● ● ● ●●●●●●●●●●●● ● ●● ●● ●●● ●●●●●●● ● ●● ●● ●● ●●●●● ● ● ●● ●●●●●●●●●●●● ● ● ● ●● ●●● ● 

● ● ●● ●● ●● ●● ●●●● ● ●●● ●● ● ●● ● ● ●● ● ● ●● 
●● ●●●●●●●

●●●
●●●●●●●●●●● ●● ● ●●● ●● ●●●● ● ●●●●●●●●●● ●●● ●●●● ● ●● ●●●●●●● ●● ●●●●●●●●●● ●● ●● ● 

● ●● 
●●●●
●●●●●● ●●●● ●● ●●●●●●●●●●●● ● ●●●●● ●●● ●● ●●●●●● ●●●● ●●●●●● ●● ●●●●●●●●●●●● ●●●● ●●● ● ●● ●● 

●●●● ●●●●●●
●●●●●●●●●●●●● ● ●● ●●●● 

● ●●● ●●● ●●● ● ● 
●●●
●●●●●●●●●●
●●●●●●●●●●● ●●●● ● ●●● ●● ● ●●●●●●●●●●●● ●● ●●●●● ●● ●●●●●●●● ●● ●●●●●●●●●●● ●● 

● ●● ● ● ● ●●● ●● 

● ●●●●●● ●● ● ●● ● ●●●● ●● ● ●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●● ●● ● ●● ● ●●●●●● ● ●●●● ● ●●●●● ● ●●●● ●● ●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●
●●●●●● ● ●●●● ● ●●● ● ●● ●● 

●●●● ●● ● ● ●● ●● ●●●●●●●●●●●● ● ●●● ●●● ●● ●● ●●●●●● ● ●● ● ●●●●● ●● ● ● ●●●●●● ●●●● ●●●●●● ●● ●● ●● ● ●●●●●● ● ●●●●●● ● ●●●●●● ● ●● ●●●●●●●●●●●● ●●● ● ●●● ● ● ● ●●●●● ● ●● ● ● ● ● ●
●●●●●●
●●●●●●●●●●●●●●●●● ●●●●●

●●● ●●●●●● ● ● ● ●●● ●● ● ● ● ●●●● ●● ●●●●●●●●●● ●● 

●● ● ●● ● ●● ●● ●● ●● 
● ● ●● ● ●●● ●● ●● ● ● ● ●● 

●● ●● ●● ●●● ●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●● ●●●●●●●●●●●●●● ● ● ●● ●● ●●●● ●●● ● ●●● ● ●● ●● ●● ● ●●●●●● ●● ● 

● ● ● ●●●●● ●●●●●●●● ●●●● ●●● ● ● ●● ●● ● 

● ● ● ●●●●● ●● ●●● ● ● ●●●● ●● ● 
● ● ●● 

● ●●● ● ●● 
●● ● ●● ●●●● ● ●●●●●● ●●●●● ● ● ●● ●●●●●● ● ●● ● ● 

● ●● ●● ● ●● ● ● ● ● ● ●● ● ●●●● ●● ●● ● ●● 

● ●● ●● ●● ●● ● ●●●●
●● ● ● ●●●●●● ● ●● ● ● ●●●● ●● ●●●● ● ● ●● ●●●●●● ● ● ●● ●●●●● ●● ●●●●● ●● ● 

● ●● ●●● ●●●●●●●●
●● ●●●●● ●● ●●●● ● ●●●

●●● ●●●● ● ●●●●●●●●●● ●● ●● ●● ● ●● ● ●●● ● ● ●●●●●● ● ● ● ● ●●●● ● ● ●● ● ●● ●● ●● ● 

●●●● ●● ●● ● ● ● ● ●● ● ● ● ●● ●●● ● ● ●●● ●●●●●●●● ● ●● 
●● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ●● ●● ● ● ● ●● ●● ●●● ● ● 

●●●●●●●●●●●●●● ●● ●● ●● ●●●●●●●● ●●● ●● ● ●●●●●●●●● ●●● ●●●● ● ● ●● ●●●●●●●●●● ● ● 
●● ●● ●●● ● ● ●● ● ● ●●●● ● ● ● ●● ●●●● ● ●●● ● ●● ●● ● ●●●● ● ● ●●● ● ●● ● ●● ●●● 

●● ●●●● ● ● ● ● ●●● ● ● ● ●●● ● ● ●● ●●● ●●● ●● ● ●●● ●●●●●● ● ● ● ●●●●● ● 
●●●● ●● ●●●● ●● ● ● ●●●●●●● ● ● 

● ●● ●● ● ●●● ● ● ●● ● ●●●● ●●● ●● ●● ● ●● ● ● ●●● ●●●● ●●●●●● 

●●●●●●●●●●●●● ●●●●●●●●●●●●
●●●

●
●●●●●●●●●●●
● ● ●●●● ●●●●●●●●●●●● ●● ● ● ●● ●● ● ●● ●● ●●● ●●●●● ●●● ●●●● ● ●● ●●● ● ●● ●● ●● ●● ● 

●● ●● ●●●● ●●● ●●● ●● ●● ● ●●● ● ● ● ● ● ●●●●●●● ● ● ●●●●●●●●●● ●●
● ● ●● ● ●●●●●●●●●●●●●●● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●● ● ●● 

●●● ●●● ●● ● ● ●● ●● ● ●●
●●●●●●
●
●●● ●●● ● ●●●● ●●● ●●●● ●● ●● ●●● ● ● ● ●●●●●● ●● ● ●● ●●● 

●●●●●●●
●●●● ● ●●●● ● ● ●● ●● ●● ●● ● ●● ● 

●● ●●●●●●●● 
●●●●●●●●●● ●● ● ● ●●●●●●●●● 

●●
● ●●●● ●●● ●●●●●●● ●● ●● ● ●● ●●●● ●● ● ● ●● ●● ● ● ●● ●●●●●● ●● ●●●●●●●●●●● ●● ●●●

● ●●● ●●● ●●●●●
●●●●●●●●●●● ●●● ●● ●● ● ● 

● ●●●●● ●● ●● ●●●● ● ● ● ● ●●● ● ● ● ● ●●●● ●● ● ● ● ● ●● ● ● ● ● ● 
● ● ●● ●●●●

●●
●●●●●
●
●●
●

●●●●●●●●●●●●●
●
●●●
● ●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ● ● ● 

● ● ● ●●● ● ●● ● ●●●●●●●● ● ●● ● ● ● ●●● ● ●● ● ●●●●● ●● ● ● ●●●●●● ●
●●●●●●● 

●●●● ●● ●●● ● ● ● ● ●●● ●● ●●● ● ● ●● ●● ● ● ● ●● ● ●●●●●●●●●●●●●●●●●●● ● ●●●●●●● ● ● ●●●●●●●●● ●●
●●● ● ●● ●● ● 

●●●● 
●● ●● ●●● ● ● ● ●●●● ●●●●● ● ● ● ● ● ●● ●●●● ● ●●●●●●●●● ●●●●●● ● ● ● ●●● ● ● ● ● ● ● ● ● ● 

●●● 

● ● ●● ●● ● ● ●●●●●●●●●● ● ● ●●●●●●●●●●●●●● ● ●●●● ●●●● ● ● ● ● 
●●●●
●●●● ● ● ● ● ● ● ● ●●● ●● ● ● ● ● ● 

●●●●
●●●●● ● ● ● ● ●● ● ● ●●●● 

●● ●● ● ● ● ●●● ●●● ● ● ● ● ● ● ●●●●●●●●●● ●●● ● ●● ●●●● ●●● ●● ● ● ● ●●● ● ● ●●● ●●●● ● ● ●● ● ●● ●● ● ● 

● ●● ●● ● ● ● ●● ●● ●● ●● ●●● ● ● ● ● ●● ●●●●● ● ●● ● ●● 
●●●●● ● ●●●●

●●
●●●●●●●●●●●●●
● ●●●●●● ●●●●●●● ● ●● ●●●●●● ● ● ●●

●● ●● ●● ●● 
●●● ● ● ● ● ● 

●●●●●●●●●● ● ●●●● ● ●●● ●● ●●● ●●● ●●●● ●●●●●●● ● ● ● ● ● ● ●● ●●● ● ● ● ●● ● ●● 
●●
●●● ●●●●●●●● ●● ●● ● ●●●● ●● ● 

●● ● ●●●●●●●●●●● ● ●● ● ●●● ●● ● ● 
●●● ● ● ● ●●● ●●●● ●●●●●● ● ● ●● ●● ● ● ●●●●●● ●●●●● ●●●●●●●● 

●●●●● ● ●●●● ●● ● ●● ●● ●●●●●●●●●●●● ● ●●●●●●●●●●●●●●●● ●●●● ● ● ●●●● ● ●● ● ●●● ● ● ● ● ●● ●● ● ● ●●●●● ● ●● ●● ●● ● ●● ● ● ● ● ● ● 

● ● ● ● ● ● ●● ● ● ● ● ●●● ● ●●●●●●●●●●●●●●● ●● ● ●●● ●●●●●● ●●●●●●●● ●
●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●
●● ● ● ● ● ● ● ● ● ●● ●● ●●●● ●●●● ● 

● ● ● ●●●● ● ● ●●●●●●●●●●●● ● ●●●●●● ● ● ● ●●●●●●● ● ● ● ●●● ● ● ●● ● ●● ● ● ● 

●●●●●●●●●●●●● ● 
●●●●●●●●●● 

●●
●● ● ●●●●●●●●● ●●● ● ●● ●●● ●●

●●●●●●●
●●
●●●
●●●●●
●
●
●●●
●
●
● ●● ● ●●●● ● ● ● ● ●● ●● ● ● ●●● ● ●●● ●●● ● ●●●● ● ● ● ●●● ●●●●●●● ●●●● ● ●● ●● ● ● ● ●●●● ●●●●●●●●●●●●●●●

●● ●●●●●●●●
●●● ●●● ●● ●●●● ●●●●●●●● ●●●●●●●● ● ● ● ● ● ● ●●●● ●● ● ● ●● ●● ● ● ●● ● 

●●●●● ● ●●●●●●● ●● ● ●● ●● ● ● ●●● ● ● ● ● ● ● ● ●● ●●●● ●●●●●●● ●●●●●●●●●●● ●●●●●●
●●●●●● ●●●●●●●●● ●●●●●●● ● ●●●● ● ●●● ● ●●●●● ● ●● 

●● ● ● ●● ● ● ●● ● ●●●● ●● ● 
● ● ●● ●● ● ●●●●●● ● ●● ● ● ●●●●● ● ● ●● ●●●●●●●● ● 

●●●●●●●
●● ●● ● 

● ●●● ●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● 
●● ● ●●●
●
●●
●●
●● ● ● 

● ●●● ● ● ●● 
●●●●●●●●●
●●●● ● ●●● 

●●●●● 
●●●●●●●●
●●● ●●●●●●●●●

●
●●
●●
●●●
●
●●●
● ●●

●●
●
●●●●●
●●●●●●●●●● ●● ●●● ● 

●●●● ● ●● ● ● ● ● ● ● ● ● ● ● 
●●●●●● ● 

●●●●● ● ●●●●● ● ● ●●●●●●●●●●●●●●●●●●●●●●
●●●
●●
●●●●●●
●
●●●●●●●●●●●● ●● ●●●●●●●●●●●● 

●●●●●●●●●
●●●● 
●●●●●●●●●●●●●●
●●●
●● 

●●● ● ●●● ● ●●●● ● ● ●●●● ●●●●●● ● ● ●●●●● ● ●●●● ● ●●●●●●●●●● 
●●
●
●●●

●
●●
●●
●●●●●●
●●●
●●
●●●●●

●
●

●
●● ●●

●●●●●●●
●●●

●●
●
● ●●● ●●● ●● ● ●●●● ●●

●●●●●●●●●●●●
●● ●●● ● ●●● ● 

● ●●●● ● ●● ● ● ●●● ● ● ●●● ●● ●●●●●●●●●●●●●●●●●● ● ●●●●●●● 
●●● ● ● ● ●● ●●●●●●●● ●●● ●●● 

●● ●●●●●●●●●●●●●● ●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ●●● ● 

●●●●
●●●●●● ● ● ● ●●●●●●● ● ●● ● ●●●● ● ● ● ● ● ●●●●●● ● ● ● 

●●●●●●● ●●●●●●●● ● ●●● ● ● ● ● ●● ● ● ●●●●●●●●●● ●●● ●● ●●● 

● ● ● ● ●●●● ●●● 
● ● ● ●● ● ●●● ● ● ● ●●●●●●● ● ● ● ● ●● ● ●●●●●●●●● ● 

●● ●● ●●●●●●●●●●●● ●●● ●●●● ● ●● ● ● 
● ● ●●●● ●● ● ●●● ● ● ●

●● ● ●●● ● ●●●●●● ● ●● ● ●
●● ●● ● ● ●●●● ● ● ● ●● ●●●● ●●●●●●

●●●●●●●●●●●●●●●●●●●
●● ● ●●●●●●●●●●●●●●●●●●● ●●● ●●●● ●●●●

●●●●●● 
● ● ●●● ●● ●●●●●●● ● ● ● ●●●● ● ● ● ●●●●●●●●●

●●● ● ●●● ● ●●●● ● ●● ●●● ● ●● ●● ●●●●●● ●●●●●● 

●● ●●●●●●●●● ● ●●●●●●●●●●●●● ● ●● ● ●● ●●● ● ●● 
● ● ● ●● ●●

●●●
●●●●●●●●●●
●●●●●●●●●●●
●
●
●●●●●●●●●●●●●● ● ●● ●●● ● ● ● ●●

●●●●●● ●●●●●●●●●●●● ● ●● ●●●●●●●●●● ●●●●
●●●●
●●●●●●●● ●●●●
●●●●●●●●●●●● ●●●●●●●●●●●● ● ● ●●● ●●●●●●●●●●●●●●●●●● ●●●● ●●●●●●●●●●●●●●●●● ●●●●● ●●● ●●●●●●●●● ●●●●●●●●●●●●●●● ● ● ● ●●●●●●● ● ● ● ● ●● 

●● ● ● ● ●●●● ● ● ● ●● ●● ●●●●●●●●●●●●●
●● ●●●●●●●●●●●
●●● ●●●● ● ●●●● ●●●● ●● ●●●●●●● ●●●●●● ●●● ●●●●●●●●● ●●● 

●●●
●● ●●●●●● ●● ●●●●● ● ●●●●●●●●●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●
●
●●●
●
●●●●●●●

●●●
●●●●●●●●
● ●●●●●●●●●●●●●●●●●●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●
●●●● ●●●●●●●●●●● 

● ●● ● ●●●●●● ●●● ● ● ● ● ● 
●●●●●● ●● ● ● ● 

●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● 
●
●●● ●●●●● 

●●●●● ●●●●●●●●● ● ●● ●●●●●●●●● ● ● ●●●●●● ●●●●●● ●●●●●● ●●●● ●●●●●● ●●●●●●●●●●● ●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●● ● 

●●●● ●● ●● ● ●●●● ●●●● ● ●●●●●●●●●●● ●●●●● ●●●●●● ●●● ● ●● ●●●●●●
●
●●●●●●●●● ●● ●●●● ●●●

●●●●●
●●●●● ●● ● ● ●● ● ● ● ●● ●●●●●●●●

●●●●●● ● ● ●● ● ●●●●●●●●●●●●●●●●●●●●●● ●● ●● 
●●● ●●●● ●● ● ● ● ● ● ● ●

●● ●
●●●● ●● ●●●●●●●● ● ● ● ●● ●●●●●●●●●●●● ●●●●●●● ● ●●●●●● ● ● 

●●●●●●●● ● ●● ● ● ● ●● 
●●●●● ● ●●● ●● ●●● 

●●
●●●●
●●●● ●● ● ●● ●●●●● ● ●● ●●●●● ●●●●●●●●●● ●●●● ●●●●●●● 

● ● 
●●●●

● ●●●●●●●●●●●●●●● ●●●● 
●● ● ●● ●● ●●●●● ●●●●●●● ●● ●●●●● ● ● ● ●●● ● ●●● 

●●●●●● ●●●●●●●●●●●●●●●●●●●●● ● ●●●●●● ●● ●●●●●●●●●●●●●●●
●●●●●●●●●
●●●●●●●●
●
●
●●
●●●
●●●●●●●●●●●●●●

●
●●
●●●● 

● ● 
●●●●●●● ●●●●● ●●●●●●●●●●● 

● ●● ● ●● ●● ● ● ● ●●●●●●●●● ●● ●●●●●●●● 

● ● ● ● ● ●● ● ●●● ●●● ●● ●● ●● 
●

●● ●●● ● ●●● ● ●●● ●●●●●●●● 
● ●●● ● ● ●●●●●●●●●●●● ●● ● ●● ● ● ● ● 

●● ●●●●●●●●●●●●● ●● ● ● ● ● ● ●●●●●●● ● ● ●●● ● ● ● ●● ● 
●●● ● ● ● ● ●● ● ●●

● ● ● ●● ●● ●● ● ●● ●●●●●●●●●●●●●●
●●●●●●●●
●●●
●
●●
●●●●●●●●●●●●
●●●●
●●●●●
●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●● ●● ●●●●●●●●●●●●● 

●●●●●●●●●●●●●●●●●●● ● 
● ● ●● ●●●●●●●●●●●●

●●●●●●●●
● ●●●●●●●●●
●●●●●●● ●

● ● ●● ●●● ●●●● ●●●●●
●● ● ●● ●● ●●● ●●●●●●●●●●●●●● ●● ● ●● 

●●●●●●
●●●
●
●●●●●●●●●● ●● 
●● ● 

●●●● ● ●●●●●●●
●●●● ●●●●●● ●● 

● ● ●● ● ● ●●●
●●●● ●●●●●● ●●●●●●●

●●●
●●●●●
●

●●●●●●●●●●●●● ●●●●●●●●● ● 
● ● ● ● ● ●● ●●●●● 

● ●● ●
●●●●●● 
●●●●●●
●●●●●●●
●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●
●●● ●●●

●
●
●●●●
●●
●●●●
●●●●
●●
●●●● ●●●●●●● ● ● ●●●●● 

●● ● ●● ●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●
●
●● ●●●
●●●●●●●●●●●●●●●● ●●●●●●●●●●

●●●●●●●●●●●● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● 
●●● ●●● ● ●● ●●●

●●●●●●●●
●
●●
●●●●●

●●●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ●●●●●●●●● ●●●●●●●

●●●● ● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●● ● ● ● 
●● ● ● 

●●●● 
●●●●●● ● ● ● ●● ● ● ● 

●●●●●
● ●●●●●● ● ● 

●●●●●●●●●●●●●●●●●●●●●●● 
● 
● ● ● 

●●●●●● ●● ●●●●●●●●●●●●●●● ● ●●●●●●●●●● ● ●●●●●●● ●●●● ● 
●● ●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● 

● ● ● ● ● ● ● ● ● ● ●●● ● ● ●●● ●● ● ● ● ●●●●● 
●● ●● ●

●●● ● ●● ● ●● ● ●●●●●● 
●● ●●●●●●●●●●● ● 

●●●●● ● ● ● ●●●●●●●●●●●●●●●●●●● 
● ●● ●●●●●● ●●●● ●● ● ● ● ●● ● ●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●● ●● ● 

●●●
●●●●●●●●
●●●●●●●●●●● ●

●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
● 

● ● ●● 
●●●●●●●●
● ●●● ●● ●●● ● ● ● ● ●●●●●●● ● ● ●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●

●●●●●●●●
●
●●●●●●●●●●●●● ●●● ●● ● ●●● 

● ● ● ● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●● ●●●● ● ● ● ● ●
● 

● ● ●● ●● ● ●●●● ●●● ●● ●●●●●● ● ●●● ● ●●●●
●●● ●●● ●●●● ● ●●● ●● ●● ●● ●●●●

●●●●●●●●● ● ● ● ●●●●●●●●●●● ●●●●●●● ●●●●●● ●●● ●●● ●● ● 

●● ● ● ● ● ● ● ● ● ●● ● ●● ●● ●● ●●● ● ● ● ● ● ● ● ●● ●● ●●● 
●●● ●● ●●● ●● 

● ● ● ● 
● ● ●● ●●●●●●●● 

● 
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●● ● ● ● ● ● ●● ● ●● 

● ● ●●●●●●● ●● ● ● ● ● ● ●●●●●●● ●● ● 

●● ● ● ●
●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●● ● ● ● 

●●●● ● ●●●●● 
● ●●●● ●● ●●●● 

●●●●● ● ●●●●●●●●●●●●● ●●●● 
●● ●● ● ●●●●● ● ●●●●●●● ● ● ● 

● ●● ● ●●● ●●●●●●●● ● ●● ●●●●●●●●● ● ●●●●●● ● ● ● ●●●● ●●●●●● ● ●●●●●●●●●
● ● ●● ●●●●●●●●●●●●●● ●●● ● ● ●

●●●●●●●●●● 
●●●●●●●●●●● ● ●●●●● ● ●● ● ● ● 

● ● ● ● ●●●●●●● ●● ● ● ●● ● ● ● ● 
●
●● ● 

● 
●●●●
●●●
●●
●●● ●●●●●●●● ● ● ●●●●● ●● ●●●●●●●●●●●● ● 

● ● ● ●●●●
●●
●●●●●●●●●●●●
●
●●● ●●●●●●●●●●●●●●●●●●●●●●●● ●● ● ● ●●● ● ● ● ●●●●●●●●● 
●●●●●●●●●●●●●●●●●●●●●● ● ●● ●● ●● ●● ● ● ●●●

● ●●●● 

● ●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●● ●●● ● ● ●● ● ● ● ●● ●●●●●●●● 

● ● ● ●● ●●●● ●●● ● ●●●● ●● ●● ●● ●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●
●● ● 

●●●●●●●●●●●●●●●●● ● ●●●●●●●●● ●●●●●●●● ● ●● ●●●●●●●●● ● 
●●●●●●●●●●●●●●●● ●●● ●● 

● ● ●●●●● ●●●●●●●●● ● ●●● ●●●●● ●
● ●●● ● ● ● 

● ● ●● ● ●● ●●●● ● ● ● ● ● ●● ●● ●●●● 

●● ● ● ●● ●●●● ● ● ● ● ●●● ●●● ●● ●●●●●●●●●●●●●●●●●● ●●
●
●●●●

●
●●
●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●● 

● ●●● ● ● ● ●● ●●●●●●● ● ●● ●●●●●●●● ● ●● ● ●● ●●●●●●● ●●●● ● ● ●●●●●● ● ●●●● ●●●● ●● 
● ● ● ●●●●●●●●●●● ● ● ●● ● ● ● ● ● ● ● ● ● ●● ● 

●●● ● ● ● ● ●● ●●●●●●●●● ●●●●●●● ●●● ●●● ●●●
●●●●●●●●●●●
● ●● 

● 
● 

● ●● ● ●●● ● ●●●●● ● ● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●
●●●● ● ●●●●●●● ●●● ● ●● ● ●● ●●●● ●● ● ●●●● 

● ●● ● ●●●●●●●●●● ●●●●● ● ● ● ● ● ●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●● 

● ● ● ●●● ● ● ● ● ● ● ●●●●● ●●●● ●●●● ●● ●●● ● ● ●●● ● ● ● ●●●●● ●●●●●●●●●●●● ●● ● 
● ●●●● ●●●●●●●

●
●●●●●●●●●●●●●●● ● ● ● 

● ●● ●●●●●●
●●●● ●● ●● ●●●●●●●●●● ●●●●●●●●●● ● ● ● ● ●● ●●●● ●● 

● ●● ●●● ●●●● ● ● ●● ● ●●●●●●●
●●●●●●●●●●●● ●●● ● ● ●● ● ● ●●●●●●●●●●●●●● ●●●● 

● 
●●●● 
●●●●●● ● ●● ●●● ● ● 

●●●
● ● ● ●●●●●●●● 

●● ●●● ● ●● ● ● ● ● ● ● ●●●●●●●●●●
●
●●●●●● ●● ●●●●●●

●●●
●● ●●●●●●● ● ●●●●●●●●● ●●●●●●●●●●●●●●

●● ●●●●●●●●●●●●●●●●● ● ●● ● ●●●●●●●● ●●●●●●●●●● 
●● ● ●● ● ●●●●●●●●

●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●
●●●●●
●●
●●●●●
●●●●●●

●
●●●●●●●

●
●●●●●●
●●●
●●●●●

●
●●●●●● ●● ●

●
●●●●●●●●●●●●●

●●●
●●

●●●●●●●●
●●●
●

●● ● ● ● ● ●●●
●●●
●●
●●
●●●
●●
●●●●●● ●●● 

●●●●●● ● ●●
●●●●●● ● 

●● ●●
●●●●● ● ●● 

● ●● ● ●● ●●● ● ●●●● ●●●●●●●●●●●●●●●●● 

●● ●●●●
●●●●●●●●●●●
●
●●●●●
●●●●
●●●●●●
●●●
●
●●●●●● ●● ●●●●● ● 

● 
●●● ●●●●●●●●

●●
●
●●● ●●●●●●●●●●●●●●● ● ●● ●●● ● ●● ●●● ●●●●●●●● 

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●● ●● ●● ●● 

●●● ●● 
● ●●● ●●● ● ●●● ●●●●●●●●● ●●●●●● 

● ●●●●●●● ●●
●
●●●●
●●●●●●
●●

●●●●●●●●
●●●●●●● ●●●●●
●●●●●
●●
●●●●●
●●●●●●●●●●●●●
●●●●
● ● ● ● ●●●●● 

●●●●●●● ●● ●● ●●●●●● ●●●● ● ● ● ● ●●●● 

●● ● ● ● ● ●● ●● ● ● 
●●●●●●●●●
●●●●●●●● ●●●●● ●● ●●●●●

●
●

●●●●●●●●●●● ●●●●●●● ●●●●● ●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●● ●●●● 

●●●●●●●●●●
●●●● ● ●●●● ● ●● ●●●●●●● ● ● ●●● 

● ● ● ● ●●●●●●●●●●●●●●●●●● ●●●●● ●●●●●

● ●● ●●●●●●●● ●● ● ● ●● ●● ● ● ●●●●●●●● ●● ●● ●● 

● ● ● 
● ● ● 

● 
● 

●●●●●
●●●●● 
●●●●● 

●●●
●
●●●●●●●●●●
●●●●●●●●●●●
●●●●●●● 
● ●● ●●●●● ● ● 

● 
● 
● ●● 
●●●●●●●●●●●●●●
●●●●●●●●
●●● 
●● ●● ●●●●●●●● ●●●●●●● ● ● ●● 

●●●
●●●● ●● ●

● ●●● ● 
● ● ● ● ● ●● ●●●●●●●●●●● ● ● ● ●● ●● ● ●●● ●●●● ● ●●●●● ● ●●●●●● ● ●●●●●●●●●●●●●●●●● ● ● ● ●●●● ●● 

● ●●●●●●
●●●● ● ● ● ●●●●●● ●● ● ●●● 

●● ● ●● ●●●●●●●●●●●●●●●●●● ● ●
●● ●●● ●●●●●●●●●●●● ●●●●●●●●●

●●●●●●●● ●●● ● ● ● ●● ● ●●● ●●●●●●● 
●●●●●●
●
●●●●●●●●●●●●●●
●●●●

●●●●●●●●●●●
●●●

●
●●●●
●●●●●●●
●●
●●

●●●
●●
●●
●●●●

●●●●
●
●●●●
●●

●●●
● ●●● ●●●●●●●●●● ●● ●●●●●●●●●●●●● ● ●● ● 

●●●●●●●●●●●●●●● ●● 

●●● ● ● ●● ●● ● ●●●●● ●●● ●●● ●●●● ●●●●●
●●●●● 

● ● ● ●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●● ●●●●● ●●●● ● ●●● ●●

●●●
●●●● ● ● ● ●●●●●●●●●●●●●●●●

●●
●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ● 

●●●● ● ●●●●●● 
● ● 

●●●●●●●●●●●●●●●● 

●●● ● ●
●
●● ●●●●●●●● ●●●●●● ●●●●● ●●● 

●●●●●●●
●●●● ● ●● ● ● ● ●●●●●●●●●●

●●●●● ●●●●●●●● ●● ●●●● ● 
● ● ● ●●●●●●●●●●●● ● ●●●●●●●●●●●●●

●●●●●●● ●●●●●●●●●●● ●●●●●●●●●●
● ●●●●
●● ●● ●● ●●●●●●●● ● 

● ● ● ● ● ●●●● ●●● ●●●●●●●●●●●●●●●●
●
●●●●●●●● ●●●●●●●● ●● ● ●●●●● ● ● ● ● ●●● ●●●●●●●●●●●●●●●●● ● ● ●●●●●

●
● ●●●●●●●●●●●●●● ●● ●●●●●●●●●● ●● ● 

●● ● ● ● 
● ● ● ●●● ● ● 

●● ●●●●●●● ●●● ●● 

● ● ● ●●●●●●●● 
●●● ● ● ●● ●●●●●●● ●●● ● ● ● ●● ●● ● ● ●●●●●●●●●●●●●●●●●●●● ●●●●●●● ● ● ● 

●●●●●●●●●●●●●
● ● ●● 

● ●● ●●●●●●●● ● ● ● ●●● ● ●●● ●●●●●
●
●●●●●● ●● ● 

●●● ● ● ● ●●●●●●●
●●●
●
●●●

●●●●●●●
●●●●●●●●●●●●●●●●●●
●●● 

●●●●●● ●●
●●●● ●● ● ●●●●●●●● ● ●●● ● ●●●●●● ● 

●● ●●● ● ● ●●●●● 
●●● ● ● ●●●●●● ● 

● ● ● ●●●● ●●●●●●●●●● ● 
● ● ●●●●● ●● ●● ●● ● ● ● ●● ●

● ● ● ●●● ●●●
●●●●●●●●●●
●
●●●●●● ● ●●●●●●●●●●●● 

● ●●●●● ● 

● ●● ●●●●● ● ● ● ● ● ●●●●●●●●●● ● ●●● ●●● ●●●●● ● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ●●● ● ● ● ● ● ● ● ● ●●● ● ● ● ● ●●
● 

●●● ●●●●● ● ●●●●●●●●●●●●●●● ●●●●
●●●●●●●●●●●●●●●
●
●●●●●●

●●●●●●●●● ●● ●●●●● ●●● ● 
●● 

●●●● ● ●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●● ●●●● ●●● ●●● ●●●●● ● 
●●● ● 

● ●●●●●●●●
●●●●●●●
●● ●●●●●●● ●●●● ●● ● ● ● ●● ● ● ●●

●●●● ●● ● 

● ●●●●●●●●
●●●●●● ●●●●●●● ● ● ● ●●● 

● ● ● ●●●●●●●●●●
●

●●●
●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●
●●●●●●●●●●●
●●● ●● ● ● ●● 

● 
● ●● ●● 

● 
●●●●●● ● ● ●● ●● ●●●●

●●●
●

●●●●●
●●●●●●● ● ●● ●●●●

●●●●●●●●●● ●● ● 
● ●●●●● ● ● ● 

● ● ●●●● ● ● ● ● ● 

● ● ● ● ● ●●● ● ● ● 
● ● ● ● ●●●●●●● ●●●●●●●●●●●●●●

● ● ● 
●● ● ●●●●●●●●● ●● ●● 

●●

●●● ● ●●●● 
●●●●● ●●●● ●●

●●●
●●●
●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●

●●●●●●●●●●●●●●●●●● ●● ●● ●●● ● ● ● ●● ●● 

● ● ● ● ●● ● ● ● 
● ● ●●●●● ●●●●●●●● 

●●● 
● ● ●●●● ● ● 

● ● ●● ● ●●●●● ●●●●● ●●●●● 
● 

● 
● 

● ● ● ● ●●● ● ●●●●● ●●●● ●● ● ●●● ● ●●●●● ● ● ● ● ● ● ●● ●● ● ● 

● ● ● ● ● ● ● ●● ●● ● ● ● ●● ● ● 
● 

●●●● ● ●●●●●●●● ●●●●●●● ●● ● ● ● ● ●● 
●●●●●● ●●●●●● ● ● ●●●●

●●●● ●●●●●● ● 
● ● ● ● ● ● ● ●●● 

● 
● ● ● ● ●●● ● ●●●●● ● ● ●● ● ●●●●● ●● ●●●●●●●●●●●●●●●●● ●●●● ●● 

● ● ● ● ● ● ●●●● ●● ●●●●● ●●●●●● ●●●●●●● ●● ●●●● ●● ● ●●●●●●
●●●●●●●● ●●● ● ● ●● ● ● ● ●● ● ● ● 

● 
● ● 

●● ● ●●●● ●●●●●●● ●●●●● ● 
●●●● 
● ●●●●●●●●●●●●●●●●●●● 

● 
● 
●● ● 

● ● ● ● 
● ● ●● ●● 

● ● ● ●● ● ●● ●●●● ● ●● ● ● ● ● ●●●●● ●●● ●●● ●●
●●●● 
● 
●●● ● ● ● 

●● ● ● ●● ● ●●● ● ● ●● ●●●●● ●●●●●● ●●●● ●●● ●●●●●●●●●● ● ● ● ● 

● ● ● ● ● ● ● ● ● ●●● ● ● ●● ● ●●●●●●●● ●● ● 
●● ●●●● ●● ● ● ●●●● ●● ●●●● ● ● 

●●●●●●●●●●●●●●●●●●● ●●● ● ● 

● ● ● ● ●● ● ● ● ● ●●● ● ● ●● ● ● ●●●● ●● ● ●●●●●●●●●●●●●●●●
● ●
●●● ●● ●● ● 

●●●● ● ● ●●● ● ● ●●●● 
●●●● ● ●●●●●●●●● ● ●●● ● ● ● ●● ●●● ●● ●●●●●●●●●●●●●●

● ● 

● ● ● ● 
● ● ● 

●● ●●●●● ● ● ● ●●●●●●●● 
●●● ● ●●●●●●●●●● ●●● 

●●●●●●●●●●●●●●●●●● ●●● ● ●●●●● ● ● ● ●● ● ● ● ● ●● ● ●●●● ●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●● ●●● ● 

● ● 
●● ● ●● ● ●●●● ● ● ●● ●●●● ●●●●●●●●●

●●●● ●●●●●●●●●●●●●●●●●●● ●● ●●
●

●●
●●●●●●●●●● ● ●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●● ● ● ● 

● ● ●●● ●●●● ●●●●●●●●●●● ● ●● ●●●●●●●●●●●●● ● ●● ● ● ● ● ● 
●●●● 
●●●● ●●●● ● ●● ●● ● ●

● 
●●●●●●●●●●
● ● ●●●●● ●●● 

● ●● ●● ●●●
●● ●● ●●●●●●●●●●●● ● 

●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●● ●●●●●●●●●●●●● ●●●● 

●●● ● ●●●●●●

● ●● ●● ● ● ● ● 
● ●●●●●●●●●● ● ● ● ● ●●●●●●●●●

●●●●●●●●●● ●●●●●
●●●●●
●●●●●●●●●● ● 

● 
● 
● 

● 
● 

● 
● 
● ● 

● ● ● 
●● ●●● ●●●● 

● 

●●●●●●●●
●●●
●●●●●●
●●●● ● 

●●●●● 
●●●●●●●●● 

●●● ● 
●● ●●●●●● 

● 
●● ● 

● 
●● 
●●●●●●●● ● ● ● ●●● ●● ● 

●●●●
●●●
●●●
●●●●●●
●●●●●●●●●●●●●●●●●
●●●●●●●●
●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●
●●●●●●●●●●

●●● ● 

●● ● ●● ●●●● ●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●● ●●●
●● 

● ●● ● ●●● 

● ● ●●●●●●● ● ●● ● 
● ● ● ● ● ● ●● ● ●●●●●●● ●●●●●●●● ●●●●●●●●●●● ●●●● ●●●●●●●●●●●●●●●●●●●● 

●●●●●

●● ● ● ● ● ●● ● ● ● ● 
●● ●●●●● ●●●●●●●●●● ●● ●●● ●● ●●●●●●● ● ● 

● 
● ●●●●● ● ● ● ● ● ●●●●●●●● ● ●●●●●●

●●●●●●●●●●●● ●●●●●●●●●● ●●● ● 
●●● 

●● 
● ● ●● ● ● ● ●●●●● ●●●● ●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●● ●

● ●● ●●●●●●●
●●●●●
● 
● ● 

● ●● ● ● ●
●●●●● ● ●●●●

●
●●

●●●●
●●●●●●
●●●●●●●●●●● ●●●●●●●●● ● ●●●●●●● ● ● ● ●●● ● ● ●●● ●●●●●●●●●●●● ●●●● ● ●● ● ●●●●●● 

● ●●● ●●●● ●●●●●●●●●●●●● 
● ● ● ● ● ● ●● 

● ●●● ●●●● ● ●● ●●●●●●●

Museum Specimens
1950−1969 1970−1989 1990−2013 

● 

● 

● 

Other Sources 
1950−1969 1970−1989 1990−2013 

● 

● 

● ● 

● 

● 

● 

● 

● 

FIGURE 11 Distribution of Species of Special Concern locality records over time. Data from other sources include 
records from the California Natural Diversity Database and the Biogeographic Information and Observation System, both 
of which contain some museum records, though the majority of records plotted are from survey data. 

database or adding an additional database to along the south coast by habitat loss and degra-
capture negative occurrence data, as well as dation arising from the massive land use 
survey data from other taxa, would help the changes that this area has experienced over the 
state’s efforts to improve estimates of species last century. The Mojave Desert, conversely, is 
ranges. often viewed as being less disturbed and pro-

When we plot the number of at-risk species tected by reserves, parks, and military reserva-
contained within each ecoregion, geographic tions. Our analysis highlights that this is not 
patterns in conservation risk emerge (figure 8). entirely true. The Mojave Desert has experi-
The southern California coast and mountains enced some degree of habitat degradation and 
and the Mojave Desert have the largest number loss, although, to date, not as strongly as that 
of at-risk species overall, although this pattern which has occurred along the coast where 
is due largely to trends among reptiles. This extensive urbanization has effectively removed 
important area of conservation risk is driven large areas of habitat. However, the Mojave 
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Desert, as well as the Great Basin, Colorado, 
and Sonoran Deserts, and some of the southern 
Sierra Nevada and associated foothills consti-
tute the 22.5 million acre planning area for 
future renewable energy development (wind, 
solar) in southern California. In addition, many 
of the at-risk species in the Mojave Desert use 
specialized and rare resources that have experi-
enced a disproportionate amount of habitat 
degradation relative to other areas of the desert. 
For example, the fringe-toed lizards of the 
genus Uma exclusively use sand dune habitats, 
which also disproportionately attract off-high-
way vehicle use even in some protected areas 
(see species accounts for additional details). 
The Mojave Desert is also home to a large 
number of narrowly distributed or rare taxa 
that may exist at the edge of their physiological 
tolerance and persist in small, often isolated 
areas (e.g., Gila monster, Heloderma suspec-
tum). These species may be at particular risk of 
further declines as climate change occurs. 
Importantly, it is not the case that all desert 
species are declining equally, since the Great 
Basin and Sonoran ecoregions have relatively 
few at-risk reptiles, while an intermediate 
number occur in the Colorado Desert. 

For amphibians, the areas of largest conser-
vation risk are the mountainous areas sur-
rounding the Central Valley and the forested 
regions of central and northern California (fig-
ure 8). These areas have not experienced mas-
sive land use change per se, although they have 
experienced considerable habitat fragmentation 
and modification stemming from water diver-
sions, timber harvest, and nonnative species 
(Bunn et al. 2007, http://www.wildlife.ca.gov 
/SWAP). Some studies indicate that agricul-
ture in the Central Valley has had an impact on 
some species in the Sierra Nevada and Cas-
cades Range via increased exposure to pesticide 
drift from the Central Valley (e.g., Davidson et 
al. 2002, Davidson 2004, Lind 2005). In addi-
tion, many of these regions are heavily exploited 
for timber harvest, and this has also had an 
impact on both stream-dwelling and terrestrial 
amphibians (e.g., Olson et al. 2007, Welsh and 

Hodgson 2008). An emerging threat in north-
ern California is marijuana cultivation, which 
can degrade both terrestrial and aquatic 
amphibian habitat (CDFW 2013). Increased 
sedimentation, dewatering of headwater 
streams, and application of agricultural chemi-
cals are all potential negative effects of mari-
juana growing, and these effects should be 
monitored and potentially regulated. High ele-
vation mountainous areas are expected to expe-
rience large impacts from climate change 
through the altered timing and amount of 
snowmelt (Cayan et al. 2008b), and this future 
risk probably affects amphibians to a greater 
extent than co-occurring reptiles (figure 8). 
Increasing temperatures associated with cli-
mate change may also lead to phenological 
shifts in several species, which could interact 
with several of the existing threats (Todd et al. 
2011). This pattern in both amphibians and 
reptiles is driven to some extent by species rich-
ness of the respective groups. Southern Califor-
nia and the deserts have the highest richness of 
reptile diversity, whereas the Sierra Nevada and 
northern Coast Ranges are home to greater 
amphibian species richness (Parisi 2003, Steb-
bins 2003). 

Finally, for all taxa we note that the distribu-
tion of locality data is uneven and patchy across 
the state (figure 12). At first glance, it appears 
that the areas with the greatest human impacts 
and populations (southern coastal California, 
the Bay Area) are also the areas with the great-
est number of locality records, and it may be 
that these are simply the areas that have 
received the greatest efforts from field biolo-
gists. Unfortunately, we cannot unambiguously 
say whether the sparse locality records, for 
example, from the Mojave Desert reflect sparse 
fieldwork, underreporting of data, or a genuine 
low density of animals in the region. Our sense 
is that all of these factors are contributing to the 
distribution of locality records. That is, it is 
almost certainly the case that there has been 
much more intensive sampling effort, and con-
sequently a larger number of records, in San 
Diego County than in the eastern Mojave 
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FIGURE 12 Occurrence of Species of Special Concern taxa locality records throughout the state. Regions with few 
occurrence records may represent areas with few SSC taxa, low sampling effort, or both. 

(figure 11). However, it is also true that both rep-
tiles and amphibians are sparsely represented in 
the eastern Mojave (compare reptile and 
amphibian maps in figure 12), even though this 
is a region of high abundance and species rich-
ness for reptiles. However, the large number of 
sensitive species (figure 8) and the recent, 
intensive development in San Diego County 
cause many environmental impact assessments 
to be undertaken under the California Environ-
mental Quality Act, and this has likely contrib-
uted to the larger number of records compared 
to the deserts of southern California. 

Differences between This Document  
and Jennings and Hayes (1994a) 

Species priority assessments for conservation 
purposes are subject to revision over time as fac-
tors that affect risk, including habitat protec-
tion, invasive species, and scientific knowledge 
change. Although the number of species identi-
fied as being of concern was similar (49 vs. 45), 
a number of differences exist between the cur-
rent and previous assessments. Jennings and 
Hayes (1994a) based their assessment on a com-
bination of their own knowledge and that of a 
large group of leading experts on individual spe-
cies; we follow a similar procedure here but 
summarize the available data using a metric-

based approach. Jennings and Hayes (1994a, 
p.183) felt that for no species of amphibian or 
reptile was there compelling evidence to “down-
grade” status from more threatened to less 
threatened, whereas we removed several taxa 
from the Species of Special Concern designa-
tion. In total, 34 taxa occur on both lists; we 
added 11 taxa that were not included by Jennings 
and Hayes (1994a) and excluded 15 taxa that 
were previously included (Table 5, Appendix 3). 

The status of 43% (26/60) of Species of Spe-
cial Concern taxa has changed between 1994 
and the present. Of the 26 species that changed 
status, approximately half were upgraded and 
half were downgraded: 58% (15/26) of the taxa 
were on the previous list but not the current 
one, and 42% (11/26) were upgraded from hav-
ing no formal status to Species of Special Con-
cern (Table 5). These changes reflect differences 
in approach between these two compilations, 
insights gained from an additional 20 years of 
field and systematic research, and real changes 
that have occurred in the abundance of species. 
However, on face value, it appears that the past 
two decades have not been a completely negative 
period for amphibian and reptile biodiversity in 
California. 

Several factors contribute to these changes. 
In Table 5, we broadly categorized reasons for 
changes into three categories. “Listing status” 
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TABLE 5 
Comparison of Species of Special Concern between this publication and Jennings and Hayes (1994a) 

Gray cells denote species designated by both publications (see text for additional details) 

Taxon Jennings and Hayes Thomson et al. Reason 

Ambystoma californiense X Listing status 

Ambystoma macrodactylum sigillatum X New data 

Aneides f lavipunctatus niger X New data 

Aniella pulchra X X 

Arizona elegans occidentalis X New data 

Ascaphus truei X X 

Aspidoscelis hyperythra1 X New data 

Aspidoscelis tigris stejnegeri X New data 

Batrachoseps sp. “Breckenridge”2 X X 

Batrachoseps campi X X 

Batrachoseps minor X Taxonomy 

Batrachoseps relictus X X 

Bogertophis rosaliae3 X New data 

Bufo alvarius X X 

Bufo californicus4 X X 

Bufo canorus X X 

Coleonyx variegatus abbotti X New data 

Crotalus ruber X X 

Diadophis punctatus regalis X New data 

Dicamptodon ensatus X New data 

Elgaria panamintina X X 

Emys marmorata marmorata5 X X 

Emys marmorata pallida6 X X 

Ensatina eschscholtzii croceater X New data 

Ensatina eschscholtzii klauberi X New data 

Gambelia copeii X New data 

Heloderma suspectum X X 

Hydromantes platycephalus X New data 

Hydromantes sp. “Owens Valley” X Taxonomy 

Kinosternon sonoriense X X 

Lampropeltis zonata parvirubra X New data 

Lampropeltis zonata pulchra X New data 

Masticophis f lagellum ruddocki X X 

Masticophis fuliginosus X Taxonomy 

Phrynosoma blainvillii7 X X 

Phrynosoma mcallii X X 

(continued) 



 

 

 
 

   

 
 

 
 

 

        
    

      

        
      

       

TABLE 5 (continued) 

Taxon Jennings and Hayes Thomson et al. Reason 

Pituophis catenifer pumilis 8 X New data 

Plestiodon skiltonianus interparietalis9 X New data 

Plethodon elongatus X New data 

Rana aurora X X 

Rana boylii X X 

Rana cascadae X X 

Rana draytonii10 X X 

Rana muscosa X Listing status 

Rana pipiens X X 

Rana pretiosa X X 

Rana sierrae11 X Listing status 

Rana yavapaiensis X X 

Rhyacotriton variegatus X X 

Salvadora hexalepis virgultea X X 

Scaphiopus couchii X X 

Spea hammondii12 X X 

Taricha rivularis X New data 

Taricha torosa (Southern populations) 

Thamnophis hammondii 

Thamnophis sirtalis ssp. 

Uma notata 

Uma scoparia 

Xantusia gracilis 

Xantusia vigilis sierrae 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

1. Evaluated under the name Cnemidophorus hyperythrus beldingi in Jennings and Hayes (1994a). 
2. Now included within Batrachoseps relictus. 
3. Evaluated under the name Elaphe rosaliae in Jennings and Hayes (1994a). 
4. Evaluated under the name Bufo microscaphus californicus in Jennings and Hayes (1994a). 
5. Evaluated as a single species, Clemmys marmorata, in Jennings and Hayes (1994a). 
6. Evaluated as a single species, Clemmys marmorata, in Jennings and Hayes (1994a). 
7. Evaluated as two subspecies, Phrynosoma coronatum blainvillii and Phrynosoma coronatum frontale in Jennings and Hayes 
(1994a). 
8. Evaluated under the name Pituophis melanoleucus pumilis in Jennings and Hayes (1994a). 
9. Evaluated under the name Eumeces skiltonianus interparietalis in Jennings and Hayes (1994a). 
10. Evaluated under the name Rana aurora draytonii in Jennings and Hayes (1994a). 
11. Evaluated as part of Rana muscosa in Jennings and Hayes (1994a). 
12. Evaluated under the name Scaphiopus hammondii in Jennings and Hayes (1994a). 

applies to a few taxa, like the California tiger 2014. These taxa are still considered to be at 
salamander (Ambystoma californiense), that are risk, but their state listing precludes inclusion 
no longer considered Species of Special Con- as a Species of Special Concern. “Taxonomy” is 
cern because they were listed under the Califor- more difficult to categorize because many taxa 
nia Endangered Species Act between 1994 and have had name changes between the two lists. 
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However, in Table 5 we highlight taxonomic 
changes that led to either the recognition of a 
new at-risk taxon or the elimination of a previ-
ously recognized taxon that is no longer consid-
ered valid. An example of the former is the Baja 
California coachwhip (Masticophis fuliginosus), 
which was considered a part of the widespread 
and relatively common coachwhip (M. flagel-
lum) in 1994, but has since become more 
widely recognized as a distinct species (Gris-
mer 2002). We note taxonomic changes in 
Table 5 that did not impact special concern sta-
tus, like the elevation of the arroyo southwest-
ern toad (Bufo microscaphus californicus) (Jen-
nings and Hayes 1994a) to the arroyo toad (B. 
californicus) (current document) as footnotes. 
The remaining taxa changed special concern 
status because of new data. This category cov-
ers a variety of factors, ranging from better and 
more extensive field survey data which has 
revised our understanding of the severity of 
threats (e.g., the Mount Lyell salamander, 
Hydromantes platycephalus) to new threats that 
have been identified since 1994 (e.g., predation 
by introduced fishes for the southern long-toed 
salamander, Ambystoma macrodactylum sigilla-
tum). Some of the difference in threat evalua-
tion stems from our choice of metrics. For 
example, climate change is currently a particu-
larly important aspect of conservation risk that 
was not previously considered. In some cases, 
the availability of suitable habitat has changed, 
either positively or negatively. Habitat may be 
set aside for conservation (e.g., Tejon Ranch 
appears to be setting aside considerable land 
that will benefit the yellow-blotched ensatina, 
Ensatina eschscholtzii croceater) but is usually 
lost (e.g., coastal scrub habitat for the Califor-
nia glossy snake, Arizona elegans occidentalis). 
Finally, we note that the factors listed in Table 5 
are an over-simplification of the reasons behind 
our decisions. An explanation for each of the 15 
taxa that appeared on the previous list but not 
on the new list is also included in Appendix 3. 

Ultimately, the comparison of the two Spe-
cies of Special Concern documents emphasizes 
what can be learned by periodically updating 

and evaluating the conservation status of taxa 
on a regular basis. For the 34 taxa that have 
remained Species of Special Concern, we can 
and should ask what more can be done to 
improve their status. Some of the taxa that are 
no longer Species of Special Concern may 
inform the kinds of positive changes that can 
be brought about by management, research, or 
both. For example, additional surveys and taxo-
nomic research on the Mount Lyell salamander 
(H. platycephalus) have shown that the species 
is more widespread than previously thought 
and clarified the taxonomic status of popula-
tions in Owens Valley, which were previously 
suspected of being distinct and of conservation 
concern. Finally, the challenges of incompletely 
known taxonomy that were emphasized by Jen-
nings and Hayes (1994a) still pose a major 
challenge to effective management; if we do 
not have a complete catalogue of the taxa that 
occur in California, we cannot even enumerate 
what may need protection to maintain 
biodiversity. 

Management Recommendations for 
California Amphibians and Reptiles 

While effective management of the Species of 
Special Concern will generally require develop-
ment of specific management strategies tai-
lored to the biology of individual taxa, several 
general recommendations have emerged from 
this document. 

1. Protect aquatic habitats. The metric scores 
indicate that aquatic species are at greater risk 
than terrestrial ones, suggesting that remain-
ing aquatic habitats with native amphibian and 
turtle populations should be high conservation 
priorities. California’s aquatic habitats have 
been highly modified from a faunal perspec-
tive. As of 2002, there were 51 nonnative fresh-
water fishes in California, the majority of which 
were deliberately introduced to enhance recre-
ational fisheries (Moyle 2002). Nonnative 
fishes now predominate in many California 
waterways, raising concerns about increased 
competition, predation, habitat interference, 
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disease, and hybridization with native species 
(CDFG 2008). A large body of ecological 
research has demonstrated a negative effect of 
introduced fishes and bullfrogs (Rana catesbei-
ana) on California’s native anurans (e.g., Hayes 
and Jennings 1986, Tyler et al. 1998, Knapp 
and Matthews 2000, Vredenburg 2004, Knapp 
2005, Leyse 2005, Welsh et al. 2006, Pope et 
al. 2008). As a result, predatory salmonids, 
centrarchids, catfishes, and other nonnative 
species should be eradicated wherever feasible 
and should not be introduced into remaining 
native amphibian or reptile habitat. Maintain-
ing appropriate water flow regimes for stream-
dwelling taxa is also critical, as are broad ripar-
ian buffers to maintain lotic habitats and reduce 
siltation (e.g., Lind et al. 1996, Yarnell 2005, 
Hancock 2009). 

Specific management recommendations 
include the following: 

• Control, or eliminate where possible, invasive 
aquatic species, particularly predatory fishes, 
crayfish, and bullfrogs. For widespread, 
established invasives, plans should be 
developed with actions that reflect those 
identified in the California Aquatic Invasive 
Species Management Plan (CDFG 2008). 
For bullfrogs in particular, plan Objectives 5 
and 6 apply: Education and Outreach and 
Long-Term Control and Management. 
Invasive species in the early stages of 
colonization (e.g., Nerodia fasciata, N. sipedon 
and N. rhombifer) should be eradicated as 
soon as possible to prevent further spread. 
Known to be present in California since the 
1990s, coordinated efforts have yet to 
effectively coalesce to make significant 
progress toward eradicating Nerodia, 
though educational (http://biology.unm.edu 
/mmfuller/WebDocs/HTMLfiles/nerodia. 
html) and occasional agency efforts occur. 

• Eliminate, limit, or mitigate effects of dams, 
water diversions, and other hydrological 
disturbances to breeding streams whenever 
possible, and particularly during breeding 
seasons. 

• When biologically appropriate, enhance 
connectivity and continuity of streams to 
allow free movement of aquatic species. 
Conversely, the potential for increasing 
connectivity to facilitate the spread of 
invasive species or disease should be 
considered on a species-by-species basis. 

• Maintain riparian vegetation buffers and 
adjacent upland habitat. 

• Eliminate roads within buffer zones and 
mitigate their effects in high-use amphibian 
migration areas whenever possible to avoid 
siltation and road mortality. 

• Restrict use of heavy equipment on dirt 
roads and upland habitats, particularly 
during the breeding season when eggs and 
small larvae may be most affected by 
siltation. 

• Maintain culverts under roads adjacent to 
breeding streams to reduce siltation. 

2. Protect integrity and connectivity of large 
terrestrial habitat patches. The size of habitat 
patches necessary to support healthy popula-
tions of most species may be larger than previ-
ously recognized (Prugh et al. 2008). The 
amount and configuration of habitat clearly has 
a strong impact on the overall extirpation and 
recolonization dynamics of adjacent popula-
tions, and ultimately, of entire species. Besides 
the general conclusion that more intact habitat 
is always desirable, specific requirements will 
always need some level of study on a species-by-
species basis. For example, ongoing work on the 
state and federally endangered California tiger 
salamander (Ambystoma californiense) suggests 
that this species routinely moves long distances 
(up to 2 km) away from breeding ponds, sug-
gesting that the extent and quality of upland 
habitat is likely to have a strong impact on the 
species’ long-term persistence (Trenham and 
Shaffer 2005, Searcy and Shaffer 2008, Searcy 
and Shaffer 2011). Several diurnally active and 
wide-ranging reptile species in southern Cali-
fornia appear to be sensitive to habitat fragmen-
tation and disappear from patches of small suit-
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able habitat (e.g., coastal whiptail, Aspidoscelis 
tigris stejnegeri; coast patch-nosed snake, Salva-
dora hexalepis virgultea). Habitat fragmentation 
is a strong driver of declines for many species, 
and we recommend that land managers pay 
particular attention to preserving extensive 
habitat blocks where possible (see Mitrovich et 
al. 2009, for a well-worked example). 

Although the individual conservation needs 
of species vary, formal conservation planning 
occurs on a broader scale that considers large 
areas of habitat for many species simultane-
ously. Because of many aspects of their shared 
biology, amphibians and reptiles are often con-
sidered as a group, and some excellent, general 
guidelines for their management have been 
developed (see, e.g., the Partners in Amphib-
ian and Reptile Conservation habitat manage-
ment guidelines http://www.parcplace.org 
/parcplace/publications/habitat-management-
guidelines.html). In addition, the biology of 
amphibian and reptile species needs to be 
jointly considered within the framework of 
larger conservation initiatives. The California 
Natural Community Conservation Planning 
program is one such initiative that takes an 
area-wide approach to conservation planning, 
simultaneously considering conservation of 
many plant and animal species as well as poten-
tial land use activities (see Fish and Game Code 
Section 2800-2840). These broadscale, inte-
grative approaches to conservation planning 
promise to be among the more effective strate-
gies for achieving habitat protection and should 
become an increasingly central mechanism for 
conservation planning in California. Preserv-
ing linkages between adjacent habitat patches 
is also a key priority in these landscape-level 
conservation initiatives. Biologically, these link-
ages maintain metapopulation connectivity 
and habitat corridors that are often essential for 
long-term conservation. The California Essen-
tial Habitat Connectivity Project seeks to iden-
tify corridors between large remaining blocks 
of intact habitat and is one step in this direction 
(Spencer et al. 2010). Projects such as these are 
critically important for maintaining gene flow 

and migration among localized populations 
and should continue to be considered as land-
scape-level conservation initiatives move for-
ward in the state. 

Specific management recommendations 
include the following: 

• All Species of Special Concern and the taxa 
discussed in Appendices 3 and 4 should be 
considered in Habitat Conservation Plans, 
Natural Community Conservation Plans, 
and other local and regional habitat manage-
ment planning efforts. 

• Develop species-specific ecological and 
landscape genetic datasets to determine the 
most important habitat corridors for 
protection and management of amphibian 
and reptile Species of Special Concern on 
specific landscapes. 

• Identify and either eliminate or mitigate 
land uses that interrupt connectivity across 
habitat blocks that have been set aside for 
conservation. These might include roads, 
grazing, mining, timber harvest, and many 
other land uses and activities. 

3. Mitigate the effects of roads as a source of 
mortality and habitat fragmentation. Roads have 
two primary effects: mortality and fragmenta-
tion (Fahrig et al. 1995, Gibbs and Shriver 
2002, Mazerolle 2004, Gibbs and Shriver 
2005; see also review in Andrews et al. 2008). 
The overall impact of road mortality on amphib-
ian and reptile populations varies across road 
types, from species to species, geographically, 
temporally, and seasonally, and road-associated 
mortality levels interact with the movement 
patterns and seasonal migrations of individual 
taxa. In other parts of the country, roads have 
been documented to significantly contribute to 
fragmentation and reduced gene flow, inter-
rupting normal metapopulation dynamics 
(Fahrig et al. 1995, Hels and Buchwald 2001, 
Langen et al. 2009, Clark et al. 2010, Suther-
land et al. 2010), and the same presumably 
occurs in California. For example, surveys of 
21 roads for migrating, federally endangered 
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California tiger salamander (A. californiense) in 
Sonoma County suggest widespread mortality 
that has increased over time as traffic volume 
has increased. For surveys of one 1200-ft sec-
tion of Stony Point Road conducted from 2001 
to 2010, 160 of 262 salamanders (61%) found 
were road mortalities, suggesting that vehicu-
lar traffic is a substantial form of death in this 
extremely endangered species (D. Cook, 
unpublished data). Langen et al. (2009) identi-
fied predictors of hot spots of amphibian and 
reptile road mortality for use when planning 
roads or when conducting surveys on existing 
roads to locate priority areas for mitigation. 

Although they have been employed infre-
quently in California, tunnels that assist 
amphibian and reptile movements can be an 
effective management tool that should be more 
actively investigated (for a comprehensive sum-
mary of published and unpublished literature, 
see Caltrans 2012). Two important aspects of 
migration tunnels are that they must have some 
capacity to funnel individuals into the tunnels 
(drift fences, concrete walls, or other similar 
structures), and they must be actively main-
tained. Without regular, scheduled mainte-
nance, tunnels fill with debris, drift fences 
become covered with leaves, runoff soil, trash, 
and woody debris, and the tunnel quickly ceases 
to function. Tunnels may also play a role in the 
deserts of southern and eastern California, par-
ticularly as vehicular traffic increases, and roads 
fragment previously contiguous habitat. For 
additional recommendations regarding herpeto-
fauna and roads, see Schmidt and Zumbach 
(2008). 

Specific management recommendations 
include the following: 

• Limit traffic, and consider road closures, 
during amphibian breeding migrations on 
sensitive public lands. 

• Use signage (e.g., “Newt Crossing” warning 
signs) to warn vehicular traffic that they are 
in key migration areas. 

• Develop standards for and install, maintain, 
and monitor usage of tunnels, underpasses 

or other passage mechanisms to reduce 
road-related mortality. 

• Use various media resources for public 
education campaigns. 

4. Translocate animals only when biologically 
appropriate. A general management strategy, 
variously referred to as relocation, repatriation, 
or translocation (Germano and Bishop 2009), 
is the practice of moving animals across land-
scapes, often from a site destined for develop-
ment to a protected site. These efforts have 
become increasingly common as partial or 
complete mitigation for development projects 
that affect amphibians and reptiles. Several key 
biological issues need to be considered before 
animals are translocated. Disease transmission 
is an important problem that has had devastat-
ing consequences for several species (Jacobson 
1993). The well-known upper respiratory tract 
infection that has decimated desert tortoise 
(Gopherus agassizii) populations is thought to 
be derived from released captive animals 
(Jacobson 1993). Genetic consequences of relo-
cation programs should also be considered. 
Increasingly, genetic data are allowing research-
ers to elucidate fine-scaled genetic structure 
among populations, and the insights gained 
from nonlethal genetic sampling allow insight 
into biological parameters that are relevant for 
conservation including population subdivision, 
gene flow, migration corridors, and population 
sizes. However, the overall extent and func-
tional consequence of this variation is still 
poorly understood for most organisms. 

Moving individuals around the landscape 
has the potential for deleterious effects, either 
by diluting or eliminating unique historical lin-
eages or by disrupting genetic variation that 
may be an important component of local adap-
tation. As emphasized in a recent review (Ger-
mano and Bishop 2009), homing and poor 
habitat quality are two of the primary reasons 
why translocation efforts may fail, and they 
should be carefully studied on a case-by-case 
basis. A recent document providing guidelines 
for translocations for the California tiger sala-
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mander (Shaffer et al. 2009) may serve as a 
model for some other taxa as well. It empha-
sizes that translocations should only be 
attempted into unoccupied habitat, and only 
after the threats that caused the initial declines 
have been effectively removed. It also empha-
sizes that sufficient research must have been 
conducted to provide compelling evidence that 
the potential damages that can be done to exist-
ing conspecific and heterospecific taxa do not 
outweigh the potential gains to the animals and 
populations being relocated. 

In some cases, headstarting programs may 
represent a suitable alternative to repatriation 
or translocation, particularly if the headstarting 
is done under seminatural conditions. Many 
species experience the most severe mortality 
during early life stages. Raising individuals in 
captivity from a given site to the size or age 
where they are past this initial peak of mortality 
and then releasing them at the site where they 
were initially collected may avoid many of the 
potential issues associated with translocations 
while also providing a temporary boost to popu-
lations that are in decline. Headstarting is only 
appropriate, however, where suitable unoccu-
pied habitat exists, or where introduction of 
individuals will not create problems for existing 
species at the introduction site. 

Specific management recommendations 
include the following: 

• Only translocate animals when other 
alternatives do not exist. 

• Only translocate animals into situations 
where other animals at the translocation site 
will not be adversely affected by the intro-
duced animals. 

• Only translocate animals when the ecologi-
cal requirements of the species exist in the 
new habitat. 

• Utilize methods to increase the likelihood 
that translocations will be successful. These 
potentially include “soft” translocations (i.e., 
moving young animals rather than adults 
with established home ranges) and moving a 

sufficiently large number of individuals to 
ensure that a successful breeding population 
can establish (Germano and Bishop 2009). 

Research, Survey, and Monitoring Needs 

Both new research and continuing, long-term 
monitoring are integral parts of the science-
driven protection and recovery of sensitive spe-
cies. For California amphibians and reptiles, 
our level of basic knowledge on natural history 
is frequently so fragmentary that even rudi-
mentary information is lacking, and increasing 
our understanding of these animals is critical 
for effective management. Many of the particu-
lar research needs are discussed in individual 
species accounts under the “Monitoring, 
research, and survey needs” section; here, we 
highlight several basic research and monitor-
ing needs that are common to virtually all 
taxa. 

Distribution 

A statewide survey for all amphibians and rep-
tiles is essential to establish baseline data for 
ongoing status determination and monitoring. 
Survey efforts are particularly needed for those 
Special Concern taxa whose population status 
or range size are a high priority for clarifica-
tion. These surveys should employ standard-
ized and repeatable methods, with the data 
emerging from these efforts made widely and 
easily accessible (Heyer et al. 1994). The Part-
ners in Amphibian and Reptile Conservation 
Inventory and Monitoring guide (Graeter et al. 
2013) serves as an important resource in the 
detailed design of these distributional surveys. 
Greatest need taxa include (1) those that may be 
recently extirpated, but for which comprehen-
sive surveys have yet to be conducted (e.g., the 
Sonora mud turtle, Kinosternon sonoriense); 
(2) recently discovered taxa that are currently 
known from relatively small ranges, which may 
also be tied to specific narrow habitat types, 
that have yet to be thoroughly surveyed (e.g., 
the regal ring-necked snake, Diadophis puncta-
tus regalis); (3) at-risk taxa that are difficult to 
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detect or that have ranges that are poorly under-
stood because they occur in remote, difficult-to-
survey areas (e.g., the Gila monster, Heloderma 
suspectum); and (4) taxa that may occur only on 
private land where gaining access can be chal-
lenging (e.g., the Oregon spotted frog, Rana 
pretiosa or the western spadefoot, Spea ham-
mondii). In addition, surveys of virtually all 
Species of Special Concern, particularly at their 
hypothesized range edges, would greatly 
enhance our knowledge of range boundaries 
for most taxa. 

Natural History 

Basic natural history and ecology information 
is the foundation for effective management, 
and for most amphibian and reptile Species of 
Special Concern, it is either fragmentary or 
completely lacking. Home range sizes, habitat 
suitability analyses, food habits, the effects of 
invasive plants and animals, compatibility with 
grazing and agriculture, the effects of human 
activities including forestry, recreation, and 
water diversions are unknown for many of the 
taxa considered here. For some questions and 
species, this probably is not a pressing prob-
lem—calling the southern long-toed salaman-
der (Ambystoma macrodactylum sigillatum) a 
“generalist predator” is, to the best of our 
knowledge, correct, and filling in the precise 
details of which invertebrates are the most 
important prey in specific situations may not be 
an urgent management issue. However, in 
other cases, filling in at least some of this basic 
ecology is absolutely critical. For example, of 
the 19 species of pond/stream breeding Species 
of Special Concern amphibians, we do not have 
a well-tested, clearly understood model of ter-
restrial habitat use for a single taxon. For exam-
ple, we have little idea of whether the southern 
long-toed salamander (A. m. sigillatum) 
requires 10, 1000, or 10,000 m radius habitat 
patches around breeding ponds. Filling in 
these fundamental information gaps, hopefully 
across a range of habitat types, constitutes the 
highest priority conservation-related research 
need for Species of Special Concern. 

Climate Change 

Climate change is likely to have a number of 
effects on the California landscape that are rele-
vant to amphibian and reptile conservation. 
While the impact that climate change has on 
California’s landscape is undergoing extensive 
study (reviewed by Cayan et al. 2008a) and is 
a CDFW focus (http://www.wildlife.ca.gov 
/Conservation/Climate-Science), the impact that 
these effects will have on amphibian and reptile 
species requires additional study. The Associa-
tion of Fish and Wildlife Agencies has initiated 
work on this problem in the southeastern United 
States, and the CDFW, in collaboration with 
the Southwest Climate Science Center, initiated a 
detailed investigation of future climate impacts 
on amphibians and reptiles across California 
(Wright et al. 2013). A major focus of these 
projects, and one that requires additional research 
effort, is to model a full range of future climate 
change predictions and their impacts on both 
common and rare amphibian and reptile taxa. 

Importantly, the interplay between conser-
vation risks that climate change presents and 
competing factors that will arise needs careful 
examination. For example, many climate pro-
jections forecast a decrease in the snowpack in 
the Sierra Nevada, as well as a shift in the speed 
and timing of snowmelt to be both more rapid 
and earlier in the year (Maurer and Duffy 2005, 
California Climate Action Team 2006, Maurer 
2007). Even for the lowest carbon emissions 
scenarios and relatively conservative estimates 
of increasing temperatures, current models 
predict a 30–60% decrease in Sierra Nevada 
snowpack (Cayan et al. 2006). This is likely to 
have important, direct impacts on amphibians 
that rely on snowmelt-fed streams and lakes for 
their breeding habitat. In addition, it is likely to 
further stress California’s already overbur-
dened water resources, setting the stage for 
further conflicts between the ecological needs 
of at-risk species and municipal and agricul-
tural demands for increasingly limited water. 

The combined impacts of changes in cli-
mate on biological diversity are likely to be 
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strong. Several studies have documented ongo-
ing (Walther et al. 2002, Parmesan and Yohe 
2003, Root et al. 2003, Root et al. 2005, Parme-
san 2006, Pounds et al. 2006) and expected 
(Hughes 2000) implications of climate change, 
with some estimates predicting 35% or more 
(Harte et al. 2004, Thomas et al. 2004) of spe-
cies being “committed to extinction” under 
mid-range warming scenarios. These effects 
will likely be especially pronounced for amphib-
ians, which generally exhibit limited dispersal 
and are already experiencing severe declines 
(Stuart et al. 2004, Lawler et al. 2010). The 
uncertainties involved with estimating specific 
effects that will occur on landscapes, species’ 
responses to these changes, and the interplay of 
factors that will result from climate change 
(e.g., agricultural and municipal water needs 
vs. amphibian breeding habitat needs, alterna-
tive energy development in the desert vs. reptile 
habitat needs) clearly indicate that this topic 
requires further study. An important step in 
this direction is a recent initiative by the US 
Fish and Wildlife Service (USFWS) to fund the 
California Landscape Conservation Coopera-
tive, an interdisciplinary program to facilitate 
research and planning across scientific and 
management agencies in the state (http:// 
californialcc.org/about-us). Results of the 
CDFW and Southwest Climate Science Center 
collaboration mentioned above should be inte-
grated into the California Landscape Conserva-
tion Cooperative process. 

Threats from Disease 

Diseases in amphibian and reptile populations 
have become an issue of global significance. In 
particular, the pathogenic chytrid fungus, Bat-
rachochytrium dendrobatidis  (Bd), has been 
linked to precipitous declines in several 
amphibian species in the state (e.g., the Sierra 
Nevada yellow-legged frog, Rana sierrae) and 
globally (Stuart et al. 2004). At the present 
time, no broadly effective management strate-
gies for controlling or mitigating the effects of 
this pathogen are known, and this is a critical, 
active research area. Proposed management 

strategies that would benefit from further study 
include altering population dynamics to mini-
mize disease outbreaks, treating individual 
amphibians and habitats to control the preva-
lence or spread of disease, biological control of 
Bd using the zooplankter Daphnia magna, and 
in the most dire cases, maintenance of captive 
assurance colonies followed by repatriation 
with assisted selection (Buck et al. 2011, 
reviewed by Woodhams et al. 2011). Efforts to 
develop management strategies should not 
focus exclusively on strategies for the short 
term, such as direct control of Bd in the wild or 
captive breeding. Rather, management strate-
gies that allow susceptible amphibians to per-
sist in the wild in the presence of Bd are needed 
for long-term conservation of sensitive species 
(Woodhams et al. 2011). 

The extent and type of interactions that Bd 
may have with other threats, such as climate 
change, pesticide exposure, or other pathogens, 
are also key research needs. A growing body of 
work on Bd indicates that it has negative conse-
quences on at-risk species of amphibians in 
California (Davidson et al. 2007, Morgan et al. 
2007, Andre et al. 2008, Lacan et al. 2008, 
Padgett-Flohr 2008, Briggs et al. 2010), that 
synergistic interactions with pesticides may 
have strong biological effects (Davidson et al. 
2007), and that terrestrial amphibians may 
serve as vectors for the disease (Schloegel et al. 
2009, Weinstein 2009). Other emerging dis-
eases, particularly those that have their origins 
in human pets or are a result of human-medi-
ated movements and relocations of animals are 
also high-priority research targets. Important 
examples include ranaviruses and iridoviruses, 
both of which have also been linked to amphib-
ian declines (e.g., Picco et al. 2007, Schloegel et 
al. 2009). 

Phylogeography and Landscape Genetics 

Another important research need, and one that 
may be easier to fill than comprehensive eco-
logical studies, is genetic analyses for most spe-
cies. Some limited phylogeographic and land-
scape genetic work has been completed for a 
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few California amphibians and reptiles (or 
their close relatives), and these analyses have 
provided key insights into the importance of 
drainages on stream- and pool-breeding 
amphibians and reptiles (Shaffer et al. 2000, 
Spinks and Shaffer 2005, Dever 2007, Wang 
2009b, Lind et al. 2011), corridors of land use 
(Wang et al. 2009), the importance of environ-
mental variables in structuring populations 
(Savage et al. 2010), and a variety of other prob-
lems (e.g., the provenance of introduced popu-
lations; Johnson et al. 2010). At a broader, 
regional-to-range-wide scale, phylogeographic 
studies have been conducted for several Species 
of Special Concern, in many cases indicating 
either that previous subspecies (which often 
serve as proxies for genetic lineages) are non-
diagnosable and correspond poorly to genetic 
patterns (Rodríguez-Robles et al. 1999b) or 
that unappreciated lineage diversity is stronger 
than previously suspected (Shaffer et al. 2004, 
Leavitt et al. 2007, Parham and Papenfuss 
2009). We are aware of phylogeographic work 
for roughly half of the Species of Special Con-
cern (although many of those studies rely on a 
single mitochondrial gene and need data from 
additional nuclear gene analyses), and we 
strongly encourage the research community to 
gather these data for the remaining taxa. 

Monitoring 

To establish that a species or population is 
declining or recovering requires long-term 
monitoring. Such efforts can take many forms, 
each with strengths and weaknesses. Ideally, 
monitoring data would be generated by inten-
sive, multiyear mark–recapture-based studies 
that follow the fate of individuals through time, 
leading to a detailed inventory of population 
increases and decreases (Heyer et al. 1994). 
Such monitoring is not difficult conceptually, 
but it requires time, effort, and often substan-
tial financial resources. However, this is also an 
area that is undergoing renewed methodologi-
cal development. Monitoring methods now 
exist that require less recapture effort and that 
can incorporate detection probabilities in a rig-

orous manner, both of which can help to effec-
tively monitor rare and/or cryptic taxa (reviewed 
by Mazerolle et al. 2007). One such example is 
the emerging techniques to monitor rare or 
cryptic taxa via detection of persistent DNA in 
environmental samples (Ficetola et al. 2008, 
Dejean et al. 2011). 

Techniques to survey amphibians and rep-
tiles vary, depending on the taxon, habitat, and 
life stage involved. Although standardized sur-
vey protocols are essential to proper inventory 
and monitoring, relatively few have been devel-
oped, representing an ongoing research need, 
particularly for rare taxa or taxa that are diffi-
cult to detect. Some of this standardization is 
beginning to take place and a few excellent 
resources are available or forthcoming (Heyer 
et al. 1994; the ongoing Amphibian Research 
and Monitoring Initiative being undertaken by 
the US Geological Survey, and the Partners in 
Amphibian and Reptile Conservation Inventory 
and Monitoring guides are such examples). In 
the absence of detailed, multiyear monitoring, 
we advocate at least two potential approaches 
that have received relatively little attention to 
date for amphibian and reptile taxa. The first is 
single-pass monitoring via population surveys 
conducted on public lands. Such surveys can be 
incredibly informative, yet only require a few 
field days per year to monitor a large number of 
species and sites (e.g., Thomson et al. 2010). A 
recent example for 75 ponds from the East Bay 
Regional Park District provided multiyear data 
for five species of pond-breeding amphibians 
and two species of semiaquatic garter snakes, 
and demonstrates the kind of data that can be 
collected even with very cursory efforts for each 
site (S. Bobzien, unpublished data; M. Ryan, 
unpublished data). A critical goal of such moni-
toring efforts should be to publish the results in 
the peer-reviewed literature and/or deposit in a 
publically available, curated dataset. Our sense 
is that a great deal of valuable monitoring data 
exists, but is not easily accessible because it has 
never been published or made publically acces-
sible. Another type of single-pass “monitoring” 
can be genetic monitoring. By collecting non-
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destructive, but vouchered, tissue samples, rea-
sonable estimates of the effective population 
size (Wang 2009a, Wang et al. 2011), historical 
population increases or decreases (Piry et al. 
1999), and ongoing movement between exist-
ing populations (Wilson and Rannala, 2003) 
can be applied to many populations and spe-
cies. Although each of these genetic approaches 
has its own set of assumptions and caveats, 
together they form a powerful addition to tradi-
tional field-based studies of population 
monitoring. 

A second approach to monitoring falls 
under the more general category of “citizen sci-
ence” (Bonney et al. 2009, Dickinson et al. 
2010). Although often less rigorous and more 
error prone than more formal monitoring, the 
interested public comprises a large network of 
knowledgeable, committed individuals who 
will often willingly contribute to overall moni-
toring efforts. These efforts can help identify 
general patterns of population increases and 
decreases, as has been amply demonstrated by 
the very successful Breeding Bird Surveys 
(Sauer et al. 2011) and Christmas Bird Counts 
(National Audubon Society 2011) conducted for 
North American birds. Several programs for 
citizen-science-based frog and toad monitoring 
programs are in place in other parts of the 
United States (e.g., the FrogWatch USA pro-
gram, http://www.aza.org/frogwatch), and 
they have provided valuable data on breeding 
time, duration, and population sizes for frogs 
and toads based on their audible calls at breed-
ing sites. Road surveys (Coleman et al. 2008) 
can also provide valuable data on population 
sizes, although the confounding effects of mor-
tality induced by vehicular traffic is always a 
concern in such studies. That said, documenta-
tion of road mortality, particularly during key 
migration seasons, is an ideal topic of addi-
tional citizen science initiatives. California has 
recently initiated at least two citizen-science 
web-based projects focusing on southern Cali-
fornia reptiles and amphibians (RASCals; see 
http://www.nhm.org/site/activities-programs 
/citizen-science/rascals, and the California 

chapter of the Field Herp Forum http://www 
.fieldherpforum.com), both of which seek to 
increase communication and the dissemina-
tion of distributional information on California 
amphibians and reptiles. 

Finally, because monitoring provides the 
basic information upon which much of conser-
vation rests, a temptation naturally arises to 
“over-monitor.” By this, we mean that addi-
tional monitoring becomes favored over the 
implementation of management actions. Moni-
toring efforts constitute the most important 
strategy for measuring the effectiveness of con-
servation actions. However, monitoring also 
carries a cost, because these efforts require 
valuable conservation resources that otherwise 
might be spent on direct management efforts. 
Monitoring efforts should have clearly defined 
goals and well-characterized statistical power, 
including an assessment of the added benefit to 
be gained from future monitoring efforts. Mon-
itoring efforts should be clearly documented, 
and results should be readily accessible. In 
some cases, the optimal strategy may be lim-
ited, but consistent, monitoring combined with 
direct conservation actions, rather than ever-
more detailed monitoring with fewer actions. 
The implementation of effective management 
in the face of imperfect knowledge about the 
status of populations is one of the greatest chal-
lenges facing the conservation of many amphib-
ian and reptile species. 

Species of Special Concern Conservation 
Recommendations 

To promote the conservation of amphibian and 
reptile Species of Special Concern in Califor-
nia, we make the following recommendations: 

• Maintain a Species of Special Concern 
Technical Advisory Committee with explicit 
expertise covering the taxonomic and 
geographic scope of taxa in California. We 
recommend that membership on this 
committee be of relatively limited term (e.g., 
10 years) to ensure that new voices and fresh 
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problem-solving strategies are available. We 
especially encourage that committee 
composition include some early career 
scientists, particularly those with strong 
statistical and technical skills. This group 
should meet periodically in order to update 
and revise the status information on the 
Species of Special Concern. 

• Develop and implement a web-based 
mechanism whereby the Species of Special 
Concern document can be more easily 
updated and improved, creating a “living 
document” that is responsive to changing 
conditions and new data. 

• In conjunction with efforts to facilitate 
future revisions of this document, support 
the development of a database that collates 
species occurrence data. This database 
should house information on both positive 
and negative occurrence data and not be 
limited to species that are already designated 
as Species of Special Concern. 

• Increase wildlife agency capacities to address 
management needs of California’s amphib-
ians and reptiles, as funding and staffing 
allow. 

• Establish both a priority list and a funding 
stream for critical research needs for Species 
of Special Concern. 

• Continue to promote strong collaborations 
between wildlife agencies and the univer-
sity/research communities throughout 
California to ensure that the strongest 
possible science is brought to bear on 
important management needs and that the 
state’s research priorities are being pursued. 

• Use forthcoming analyses of predicted road 
usage and construction as a management 
guide for conservation planning for Species 

of Special Concern. Included in this analysis 
should be ways to use tunnels or other 
constructs to minimize the effects of new 
and existing roads on Species of Special 
Concern. 

• Create a coordination network for localities, 
voucher specimens, and tissue samples for 
amphibian and reptiles from throughout 
California. Roadkill specimens are a 
particularly valuable source of information, 
since they represent vouchered specimens 
and, in some cases, sources of DNA for 
genetic research and life history data (diet, 
body condition, etc.) for ecological studies. 

• Create a mechanism by which both profes-
sional biologists and concerned citizens can 
contribute locality, natural history, and other 
data types that might help detect or quantify 
conservation risk for Species of Special 
Concern. Improve data sharing and com-
munication among wildlife agencies, 
amphibian and reptile conservation groups, 
and organizations in the avocational 
herpetological community. 

• To facilitate data collection, streamline the 
process for appropriate permitting for 
research by professionals, and in the case of 
citizen science projects, the public. 

• Encourage publication of data arising from 
these efforts in the peer-reviewed literature 
to increase access to management-relevant 
findings, particularly for government reports 
and studies conducted by private 
consultants. 

• Integrate information from this document, 
as appropriate, with that of an upcoming 
analysis of the existing regulatory situation 
for all of California’s amphibians and reptiles 
and their general conservation needs. 
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COASTAL TAILED FROG 

Ascaphus truei Stejneger 1899 

Status Summary 

Ascaphus truei is a Priority 2 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 61% (67/110). During the previous evalua-
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Ascaphus truei is a small (2.5–5.0 cm SVL) dark 
frog with an olive, brown, gray, or reddish dor-
sum and lighter colored ventral surface. Other 
color characters include a pale triangular blotch 
on the snout and a dark eye stripe. This species 
has rough, granular skin, and the outermost 
toes on the hind feet are broad. Males have a 
unique tail-like copulatory organ that is unmis-
takable. This frog is nocturnal and adults have 
vertical pupils (Stebbins 2003). 

Larvae grow up to 6.0 cm in TL and are 
adapted to life in fast-flowing streams. They 
have dorsoventrally flattened bodies and large 
sucking mouthparts that extend nearly halfway 
down their head-body on the ventral surface. 

These morphological traits allow larvae to 
attach to rock substrates (Altig and Brodie 
1972, Nussbaum et al. 1983, Welsh and Hodg-
son 2011). Larvae often have a light-colored tail 
tip with a proximal dark band (Stebbins 2003). 

Coastal Tailed Frog: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 15 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 7 

Total Score 67 

Total Possible 110 

Total Score/Total Possible 0.61 

coastal tailed frog 51 
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PHOTO ON PREVIOUS PAGE: Coastal tailed frog, Del Norte County, California. Courtesy of Rob Schell Photography. 

creo



       

      

     

       

     
     

       
    

     
       

      
     

     

     
     

      

    

     

     
      

     

        
     

     
      

      
      
      

 
      

 
     

      
      

      

     
        

     
      

        
 

       
      

    

    

    
      
      

      
      

        
      
      

      
         

      

         
     

        
     

      

In California, metamorphosed A. truei may 
be confused with co-occurring foothill yellow-
legged frogs (Rana boylii). Rana boylii have 
horizontal pupils, more robust hind legs, and 
males lack enlarged toes and “tails” (Stebbins 
2003). In addition, the enlarged mouthparts of 
A. truei tadpoles are distinctive. 

Taxonomic Relationships 

The formerly monotypic genus Ascaphus was 
recently split into a coastal (A. truei) and an 
inland species (A. montanus), but California 
populations remain A. truei (Nielson et al. 
2001, Nielson et al. 2006). The two species of 
Ascaphus comprise the family Ascaphidae. This 
family forms the sister group to all other 
anurans either alone or in combination with 
the New Zealand endemic Leiopelmatidae 
(Roelants et al. 2007). In either case, it is from 
one of the oldest and most phylogenetically dis-
tinctive extant anuran lineages. 

Life History 

Ascaphus truei exhibits substantial geographic 
variation in life history. Here, we focus on data 
from California populations where possible. 
Breeding occurs primarily in the spring and 
summer in coastal populations (Sever et al. 
2001, Burkholder and Diller 2007), but there 
are reports from Trinity County of animals 
found in breeding condition in the fall (J. Gar-
wood, pers. comm., in Burkholder and Diller 
2007). Females likely breed in alternate years 
(Burkholder and Diller 2007) and can store 
viable sperm for up to a year (Nussbaum et al. 
1983, Sever et al. 2001). Eggs begin developing 
in the fall, and oviposition occurs the following 
summer between July and September in Cali-
fornia populations (Sever et al. 2001, Karraker 
et al. 2006). Egg diameter is 4 mm on average 
(Brown 1977), and clutch size averages around 
40 for the species with a range of 28–89 eggs 
per clutch documented in California popula-
tions (Karraker et al. 2006). Egg masses can be 
difficult to find in the field (Karraker et al. 
2006). Recent surveys in coastal California 
have found single and multiple clutches, with 

the timing of the surveys (late August–early 
September) likely the most important factor for 
detecting eggs (R. Bourque, pers. comm.). 
Clutches are pearl-like strings of eggs and have 
been found attached to the underside of cobble 
or boulder substrates in riffles and pools (Kar-
raker et al. 2006). 

Time to metamorphosis in lowland coastal 
California populations (elevation <200 m) is 
1–2 years (Wallace and Diller 1998, Bury and 
Adams 1999). Longer developmental times 
have been observed in montane populations 
(e.g., 4 years to metamorphose in a Washington 
population at ∼1500 m elevation; Brown 1990). 
In a population in Humboldt County, Califor-
nia, females reached sexual maturity 2.5–3 
years after metamorphosis, while males were 
sexually mature 1.5–2 years after metamorpho-
sis (Burkholder and Diller 2007). Post-meta-
morphic frogs grow year-round, with growth 
rates fastest in the summer (Burkholder and 
Diller 2007). 

Adults and post-metamorphic juveniles are 
generalist invertebrate predators (Bury 1970b). 
Larvae are generalist grazers and scrapers, con-
suming diatoms and other periphyton (obser-
vations from A. montanus; Metter 1964). 

Landscape genetic studies have detected dif-
ferent patterns of connectivity among popula-
tions in California and Washington. In four 
watersheds in Mendocino County at the south-
ern range limit of the species, high population 
structure among watersheds suggested limited 
long-distance gene flow, and movements within 
watersheds were inferred to occur along water-
ways (Aguilar et al. 2013). By contrast, a study 
in Washington concluded that some animals 
engage in long-distance dispersal through ter-
restrial habitats, and these movements do not 
rely on stream connectivity (Spear and Storfer 
2008). These differences may be due to 
regional variation in climate and forest type, 
though additional studies are needed. 

Habitat Requirements 

Ascaphus truei requires cold, permanent, swift-
f lowing streams with coarse (e.g., cobble, 
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boulder, bedrock) substrates. Some populations 
may persist in streams that occasionally dry 
depending on the length of the larval period 
(Wallace and Diller 1998). Ascaphus truei tends 
to be more common in mature and old-growth 
forest relative to younger stands, in terms of 
both presence and abundance (Bury and Corn 
1988, Corn and Bury 1989, Welsh 1990, Gomez 
and Anthony 1996, Welsh and Lind 2002, 
Welsh et al. 2005, Ashton et al. 2006). 

Several studies have examined the relation-
ship between A. truei presence and abundance 
and environmental variables at different scales. 
Larvae are positively associated with low stream 
temperatures, high water velocity, steep gradi-
ents, and the presence of riffles, waterfalls, and 
cobble and boulder substrates (Hawkins et al. 
1988, Bury et al. 1991, Welsh and Ollivier 1998, 
Diller and Wallace 1999, Adams and Bury 2002, 
Welsh and Lind 2002, Wahbe and Bunnell 
2003). Larvae are negatively associated with fine 
sediment load (i.e., embeddedness), pools, and 
slow-flowing stream habitat (Hawkins et al. 
1988, Corn and Bury 1989, Welsh and Ollivier 
1998, Diller and Wallace 1999, Welsh and 
Hodgson 2008). Steep gradients allow for flush-
ing of fine sediments, although gradient effects 
may be more pronounced in harvested com-
pared to primary forest habitat (Corn and Bury 
1989). Adults are positively associated with high 
rainfall, moist forest habitats, and pool habitat, 
and negatively associated with fine sediment 
loads (Welsh and Lind 2002, Ashton et al. 
2006). Adults and larvae in the Mattole Water-
shed were restricted to headwater channels, and 
canopy closure was the best single predictor of 
A. truei presence (Welsh and Hodgson 2011). 
Ascaphus truei were never detected in streams 
where canopy closure was less than 83% (Welsh 
and Hodgson 2011). 

Some researchers have suggested a positive 
association between A. truei and the presence 
of harder, more consolidated parent geologies 
because they produce less sediment (Diller and 
Wallace 1999, Dupuis et al. 2000, Wilkins and 
Peterson 2000). However, A. truei does occur 
in streams with unconsolidated geologies, such 

as those derived from marine sediments, par-
ticularly in areas not subjected to recent or his-
torical anthropogenic disturbance (e.g., Adams 
and Bury 2002, Welsh and Lind 2002, Ashton 
et al. 2006). The absence of A. truei from some 
streams with unconsolidated geologies may be 
because the presence of easily erodable sub-
strates exacerbates the impacts of habitat dis-
turbance, which can have long-lasting effects 
(Adams and Bury 2002, Welsh and Lind 2002, 
Ashton et al. 2006). 

Ascaphus truei is extremely sensitive to warm 
temperatures at all life stages. Eggs have a tem-
perature tolerance range from 5°C to 18.5°C 
(Brown 1975a). The critical thermal maximum 
range for larvae is 28.9–30.1°C, and larvae 
avoided temperatures above 22°C in laboratory 
trials (de Vlaming and Bury 1970). First-year 
larvae collected from Del Norte County selected 
temperatures below 10°C along a thermal gradi-
ent in the laboratory, while second-year larvae 
selected temperatures closer to 15°C (de Vlam-
ing and Bury 1970). The critical thermal 
maxima for adults ranged on average from 
27.6°C to 29.6°C (data from A. montanus; Claus-
sen 1973). Field temperatures at occupied sites 
are usually well below these limits, with larvae 
occurring in streams with a mean of 11.6°C 
(range 5.7–15.8°C; Welsh and Hodgson 2008). 

In addition to narrow thermal tolerances, A. 
truei is also extremely sensitive to desiccation 
(Brattstrom 1963), which may limit adult use of 
upland habitat to periods of wet weather condi-
tions (Nussbaum et al. 1983). One mark-
recapture study in Humboldt County docu-
mented movements of only 0–30 m along the 
stream channel over a two-year period (Bur-
kholder and Diller 2007). However, recapture 
probabilities were low, and some animals may 
have moved beyond the study area. Longer dis-
tance movements have been documented from 
populations outside of California, from tens of 
meters up to 400 m into upland habitat 
(McComb et al. 1993, Gomez and Anthony 
1996, Vesely 1996, Wahbe et al. 2004, Matsuda 
and Richardson 2005). Seasonal variation in 
adult location in managed forests in Washing-
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ton was hypothesized to be a localized breeding 
migration, with downstream movements for 
oviposition and a return upstream in late sum-
mer (Hayes et al. 2006). It is unknown whether 
similar movements also occur in older, less dis-
turbed forests in the area. In an A. montanus 
population in Montana, seasonal movements 
may be due to behavioral thermoregulation 
(Adams and Frissell 2001). 

Distribution (Past and Present) 

Ascaphus truei ranges from British Columbia to 
northern California, mostly west of the Cas-
cades Mountains (Stebbins 2003). California is 
the southern limit of the range, with A. truei 
occurring south from the Oregon border along 
the coast to Mendocino County and east to 
Shasta County (Grinnell and Camp 1917, Mit-
tleman and Myers 1949, Salt 1952, Bury et al. 
1969, Welsh 1985). Ascaphus truei ranges from 
near sea level in Humboldt County up to 2150 
m in the Trinity Alps (J. Garwood, pers. 
comm.). 

Random sampling of streams has docu-
mented higher occupancy rates for A. truei in 
unmanaged or older forests compared to man-
aged or younger stands (Welsh 1990). We 
therefore assume that some historically occu-
pied localities are no longer occupied due to 
disturbance. In one study in the Mattole Water-
shed in Mendocino and Humboldt counties, A. 
truei was present in 71% of streams in old and 
mature forests, but was not found in second 
growth forests (Welsh et al. 2005). Further 
studies in the Mattole Watershed have found A. 
truei in 67% (14/21) of streams in unmanaged 
forests, but only in 4% (1/28) of streams in 
managed stands (H. Welsh and G. Hodgson, 
unpublished data). Streams with mixed harvest 
histories in the South Fork of the Trinity River 
had an intermediate level of occupancy, with 
28% of streams occupied (17/60; Welsh et al. 
2010). Studies from outside of California also 
indicate that A. truei is present in a greater pro-
portion of streams in unmanaged forests (Bury 
and Corn 1988, Corn and Bury 1989, Hayes et 
al. 2006). A survey of streams in private, man-

aged timber lands all less than 80 years old 
along the northern California coast found 
stream occupancy rates of 37% (18/49) at the 
level of 30 m sampling reaches and 76% 
(54/72) at the level of entire stream reaches 
(Diller and Wallace 1999). The relatively high 
occupancy rates in these young forests are 
thought to be due to the ameliorating effect of 
maritime climate, as most sites were within 
30 km of the coast (Bury 1968, Diller and Wal-
lace 1999). 

Trends in Abundance 

Ascaphus truei tends to be lower in abundance 
in managed compared to unmanaged forest 
stands (Bury and Corn 1988, Corn and Bury 
1989, Welsh 1990, Gomez and Anthony 1996, 
Welsh and Lind 2002, Ashton et al. 2006). 
Clear-cuts can have immediate effects on abun-
dance. Larval densities were higher in late-suc-
cession and old-growth forests compared to 
adjacent clear-cuts lacking streamside buffers 
in Oregon and British Columbia (Dupuis and 
Steventon 1999, Biek et al. 2002). Upland pit-
fall trapping in clear-cuts and mature forests in 
British Columbia found similar total numbers 
of A. truei in both forest types, but very few 
adults in clear-cuts, suggesting that immature 
frogs in clear-cuts are transients or incur high 
mortality rates (Matsuda and Richardson 
2005). Several researchers have predicted 
declines or continuing declines if anthropo-
genic disturbances continue (e.g., Corn and 
Bury 1989, Dupuis and Steventon 1999, Welsh 
and Lind 2002, Ashton et al. 2006, Olson et al. 
2007). 

Nature and Degree of Threat 

Declines and local extirpations to date are 
largely due to land management including tim-
ber harvesting and road construction (Welsh 
and Ollivier 1998, Welsh et al. 2005). Mari-
juana cultivation and climate change are also 
emerging as potential threats to this taxon. 

The mechanisms underlying declines and 
extirpations due to timber harvesting and 
road construction are primarily increased 

coastal tailed frog 55 



       
     

       

    
    

     
      

      
        

     
     

       

       
     

       

    
       

      
        

        

     
      

      

   
     

       
       

      

      

     
         

    
        

      
       

   
      
     

     
       
      

       
     

  
      
        
      

     
       

       
      
  

     
     

    
      

         
      

        
     

      
 

      
     

    
      

   
      

      
      

        

 

      
 

     
    

      

sedimentation, increased stream temperatures, 
and fragmentation. While the initial impacts of 
road construction may be relatively short-lived, 
longer-term impacts are caused by sedimenta-
tion due to runoff from poorly maintained dirt 
and gravel roads (L. Diller, pers. comm.). 
Reduced canopy cover does not seem to increase 
temperatures as much at high-elevation sites, 
and Ascaphus truei may be more resilient to tim-
ber harvesting in areas where stream tempera-
ture is cooler due to overall climate (e.g., Diller 
and Wallace 1999, Wahbe and Bunnell 2003). 
Reductions in canopy or riparian vegetation 
that result in increased light levels may cause 
shifts in the algal community (i.e., from dia-
toms to filamentous green algae) that negatively 
affect the quality and abundance of larval food 
(L. Diller, pers. comm.). Landscape genetic 
studies in Washington suggest that significant 
overland dispersal occurs through terrestrial 
habitat, with gene flow detected between popu-
lations on a scale of 25–30 km (Spear and Stor-
fer 2008). While timber harvests have some 
initial effect on gene flow, it may take multiple 
generations before the effects of fragmentation 
on population genetic structure can be detected. 

An emerging threat to A. truei is large-scale 
marijuana cultivation, though little data is cur-
rently available due to limited accessibility of 
private lands. Similar to timber harvesting, 
marijuana cultivation requires clearing land 
and building roads which can increase sedi-
mentation. Contamination from pesticides 
used on marijuana grows has been docu-
mented to negatively affect mammals in the 
field (Thompson et al. 2014), and amphibians 
are likely to be susceptible as well because of 
their permeable skin. Of particular concern for 
headwater amphibians like A. truei is the dewa-
tering of waterways that are diverted for irriga-
tion (CDFG 2013). 

Climate change poses potential risks to A. 
truei through increased temperatures, changes 
in hydrology, changes in fire regime, and vege-
tation shifts. Mean annual temperatures are 
expected to increase throughout northwestern 
California (reviewed in PRBO 2011). The fre-

quency of extremely hot days is projected to 
increase, with roughly nine additional days 
over 32.2°C (Bell et al. 2004). Such tempera-
tures exceed the critical thermal maxima for all 
life stages of A. truei, though water tempera-
tures, microhabitat structure, and behavioral 
thermoregulation may ameliorate these effects. 
For coastal populations, upwelling is expected 
to intensify, which may increase fog develop-
ment and contribute to cooler, moister condi-
tions (Snyder et al. 2003, Lebassi et al. 2009). 
Coastal areas may therefore continue to provide 
more favorable climatic conditions than areas 
farther inland. Potential changes in precipita-
tion are less clear, with some models predicting 
modest increases, some modest decreases, and 
some reductions in rainfall of up to 28% 
(reviewed in PRBO 2011). Warmer tempera-
tures will result in less precipitation stored as 
snow, and reductions of 30–80% are predicted 
for snowpack accumulation in northwestern 
California (Snyder et al. 2004, Cayan et al. 
2008b). The timing of spring snowmelt has 
shifted later in the spring in this region over 
the last 50 years (Stewart et al. 2005), though 
the timing of future shifts is unknown. Reduc-
tions in water availability due to reduced snow-
pack and possibly reduced precipitation will 
affect the timing and magnitude of stream 
flows and may lead to a mismatch between the 
timing of breeding and appropriate stream con-
ditions. How fire regime will be affected by cli-
mate change in northwestern California is not 
well understood. Some models predict little 
change in fire regime or even decreases in area 
burned along the northern coast (Fried et al. 
2004, Lenihan et al. 2008). Increases in area 
burned have been predicted for the southern 
coast of northwestern California (Lenihan et al. 
2008). Westerling et al. (2011) projected a 
100% increase in area burned in northwestern 
California under some scenarios. Direct mor-
tality of adults and larvae due to fire has been 
documented in A. montanus populations 
(P. Van Eimeren, pers. comm., in Pilliod et al. 
2003, Hossack et al. 2006). Short-term impacts 
of fire may be due to warmer temperatures 
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and/or increased ammonia levels or other 
changes to water chemistry (Pilliod et al. 2003), 
but long-term impacts are understudied. Vege-
tation communities are expected to shift from 
moist conifer to drier mixed evergreen forest, 
with reductions in Douglas fir and redwood for-
est in particular (Lenihan et al. 2008, PRBO 
2011). It is unclear what effect these shifts may 
have on A. truei because stream conditions and 
forest age seem to be more important indicators 
of habitat quality than forest type. 

Status Determination 

Ascaphus truei is a specialist of cold, headwater 
stream habitats in old and mature forests, a 
habitat type that incurs substantial disturbance 
from land management activities. Declines in 
distribution and abundance have been docu-
mented in response to anthropogenic distur-
bances, and climate change has the potential to 
further negatively impact this species. These 
factors all contribute to a Priority 2 designation 
for this species. 

Management Recommendations 

Remaining old and mature forest habitats 
should be protected, with a focus on managing 
the entire stream network (Olson et al. 2007, 
Welsh 2011). Retaining streamside buffers on 
managed lands can help mitigate the effects of 
logging and roadbuilding, but more research is 
needed to determine buffer prescriptions, par-
ticularly how to preserve stream network proc-
esses (Olson et al. 2007). One model recom-
mends riparian management zones 40–150 m 
wide and patch reserves along headwater 
streams to accommodate upland habitat use and 
promote connectivity among drainages (Olson 
et al. 2007). The ecological effects of buffer pro-
tections may vary across habitat types, and nar-
rower buffers may be effective in more mesic 
coastal habitat compared to more xeric inland 
sites in the California range of Ascaphus truei. 

Construction of new roads should be mini-
mized or avoided in areas where protecting A. 
truei is a high conservation priority. To reduce 
the sedimentation impacts of runoff from roads, 

forest roads should be disconnected from stream 
systems (e.g., through the use of ditch-relief cul-
verts). Use of heavy equipment should be 
avoided or restricted on forest roads when larvae 
are present in nearby aquatic habitat. Road man-
agement strategies should be applied to all forest 
roads, not just those used for timber harvest. 

Ascaphus truei management would benefit 
from greater legal clarity regarding state and 
federal law on marijuana cultivation in Califor-
nia. Currently, some cultivation is legal under 
state law but prohibited under federal law, 
which may be hampering regulation of cultiva-
tion sites. Greater enforcement of existing envi-
ronmental and land use laws is needed, and 
development of additional regulations should 
consider environmental impacts on A. truei. 

Monitoring, Research, and Survey Needs 

The presence of uncut streamside buffers on 
the entire channel network can ameliorate the 
impacts of land management on Ascaphus truei 
populations, but more research is needed into 
optimum buffer widths as they relate to differ-
ent life history requirements and different por-
tions of the catchment network. Studies from 
A. truei populations in British Columbia and 
Oregon have found positive effects of buffers 
5–60 m wide (Bull and Carter 1996, Dupuis 
and Steventon 1999, Stoddard and Hayes 2005, 
Pollett et al. 2010). Experiments to determine 
optimal buffer widths in California habitats are 
needed. We recommend, at a minimum, that 
comparative data from coastal Mendocino 
County (the southern limit of the species 
range), coastal Humboldt/Del Norte Counties 
(the northern limit of the species range in Cali-
fornia), and inland Trinity County are needed 
to assess the minimum forest buffer on indus-
trial timber lands to retain key temperature and 
stream clarity conditions for A. truei. 

Much of the research on A. truei has focused 
on stream-breeding habitat and presence/ 
absence studies. While more difficult, monitor-
ing efforts to document abundance and popula-
tion dynamics are needed to gain insight into 
declines that cannot be inferred from presence/ 
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absence surveys (Welsh 2011). Such studies 
could also determine which life history stages 
limit population growth in this species. When 
possible, population estimates in managed for-
ests should be compared to A. truei abundance 
in nearby undisturbed mature forest stands 
(i.e., reference populations) to assess the 
impacts of disturbance (Welsh 2011). 

More studies are needed on use of upland 
habitats by adults and dispersing animals. Such 
studies should be targeted at identifying terres-
trial habitat corridors, if present, which can 
then be protected to maintain connectivity 

among populations (Olson et al. 2007, Olson 
and Burnett 2009). Landscape genetic analy-
ses from replicate California populations may 
be particularly informative, given that recent 
studies from different parts of the range reach 
different conclusions about population connec-
tivity (Spear and Storfer 2008, Spear and Stor-
fer 2010, Aguilar et al. 2013). 

Field research on impacts of marijuana cul-
tivation on amphibian populations would con-
tribute to development of environmental regu-
lations for this growing industry and inform 
management strategies in cultivated areas. 
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SONORAN DESERT TOAD 

Bufo alvarius Girard 1859 

Status Summary 

Bufo alvarius is a Priority 1 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 75% (64/85). During the previous evalua-
tion, it was also designated as a Species of 
Special Concern (Jennings and Hayes 1994a). 
The species has not been found in California 
since 1955 (but see the “Distribution” section). 

Identification 

Bufo alvarius is a large (10.1–19.0 cm SVL) olive, 
brown, or gray toad with prominent cranial 
crests and large elongate paratoid glands (Steb-
bins 2003). The skin is smoother than in other 
North American toads, with few warts along 
the dorsum. Bufo alvarius has large warts 
on the hind limbs and prominent white warts at 
the corners of the mouth (Stebbins 2003). The 
call is a low-pitched bleat or screech (Elliott et 
al. 2009). 

This species is unlikely to be confused with 
any other anuran within its California range. 
All other true toads (family Bufonidae) in the 

region have extensive warts over the entire dor-
sal surface and lack large warts on the hind 
legs. The spadefoots (Scaphiopus and Spea, fam-
ily Scaphiopodidae) are much smaller as adults 

Sonoran Desert Toad: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 7 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 10 

Total Score 64 

Total Possible 85 

Total Score/Total Possible 0.75 
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PHOTO ON PREVIOUS PAGE: Sonoran Desert toad, Cochise County, Arizona. Courtesy of Rob Schell Photography. 
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and have a conspicuous black keratinized spade 
on the ventral surface of the rear feet. 

Taxonomic Relationships 

The validity of this taxon has never been ques-
tioned, although confusion about the type 
specimen and locality has been discussed (Fou-
quette 1968). Osteological and genetic data, as 
well as call characteristics, suggest that it is 
related to Central American bufonids (Tihen 
1962, Martin 1972, Sullivan and Malmos 1994, 
Pauly et al. 2004, Frost et al. 2006a). 

Frost et al. (2006a) suggested a taxonomic 
revision that placed this species in the genus 
Cranopsis. Based on subsequent discoveries of 
older available names, the genus name for this 
taxon was later revised to Ollotis (Frost et al. 
2006b) and then Incilius (Frost et al. 2009b, 
Pauly et al. 2009). We retain the older taxon-
omy both for taxonomic stability and because 
the analyses supporting the original rearrange-
ment are controversial (Crother 2009, Frost et 
al. 2009a, Pauly et al. 2009). 

Life History 

The life history of this species in California is 
unknown, and we base the following discus-
sion on observations from other areas. Bufo 
alvarius spends much of the year underground, 
presumably in rodent burrows (Degenhardt et 
al. 1996). Bufo alvarius is primarily nocturnal 
and becomes active before summer rains. It is 
more strongly aquatic than most North Ameri-
can toads (Stebbins 1951). Breeding behavior 
appears to be generally associated with sum-
mer rains (Sullivan and Malmos 1994), 
although amplexus has been reported in stock 
ponds before rains have occurred (Degenhardt 
et al. 1996). Several years may pass between 
breeding events depending on the presence of 
sufficient rainfall (Sullivan and Fernandez 
1999). The species sometimes congregates in 
large numbers for breeding, with nearly all 
reproduction of a local breeding population 
occurring in a single night (Degenhardt et al. 
1996). The time required for hatching and 
metamorphosis is unknown but may be less 

than a month (notes of Thornber, reported in 
Ruthven 1907 and Storer 1925). This species 
appears to be a dietary generalist, feeding on 
any live arthropod or small vertebrate prey that 
it can successfully capture (Stebbins 1951, Cole 
1962). Poison secreted by the skin and paratoid 
glands is particularly toxic and has caused 
death and paralysis in dogs and is a potent hal-
lucinogen in humans (Musgrave 1930, Steb-
bins 1951, Stebbins 2003). 

Habitat Requirements 

The habitat requirements for Bufo alvarius in 
California are unknown. In arid habitats of Ari-
zona and New Mexico, the species can be found 
in and around a variety of water sources used 
for breeding, including springs, stock ponds, 
washes, river bottoms, and irrigation ditches 
(Stebbins 1951, Stebbins 1972), though it is 
occasionally found at great distances (>1 mi) 
from water (Slevin 1928). Upland habitat sur-
rounding known aquatic breeding localities 
elsewhere in the range include mesquite-creo-
sote desert lowland, arid grassland, rocky ripar-
ian zones, oak–sycamore–walnut assemblages 
in mountain canyons, and montane pine–oak– 
juniper plant communities (Stebbins 2003, 
Fouquette et al. 2005). 

Distribution (Past and Present) 

There are no known extant populations in Cali-
fornia. Historically, the species ranged in Cali-
fornia along the Lower Colorado River and into 
the Imperial Valley (Grinnell and Camp 1917, 
Stebbins 1951, Jennings and Hayes 1994a), 
likely ranging as far north as the southern tip of 
Nevada (Cooper 1869). It is not known if 
records in the Imperial Valley are a natural part 
of the historic range or whether they represent 
recent range expansion following the develop-
ment of irrigation (Stebbins 1951). 

The last verified record (LACM 87044) from 
California dates to 31 July 1955, 7 km north of 
Winterhaven. More recent surveys have failed 
to detect the species (King and Robbins 1991, 
Jennings and Hayes 1994b). Sporadic records 
continue to be reported on the Arizona side of 
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the Colorado River, however. Several individu-
als were found near the Cibola National Wild-
life Refuge in 1980 (Anderson and Ohmart 
1982; B. Anderson, pers. comm.), and a single 
individual was found at the refuge itself in 
1986 (J. Rorabaugh, pers. comm.). On 1 July 
2004, a large individual was found “by the golf 
course on the Parker Strip,” La Paz County, Ari-
zona (J. Rorabaugh, pers. comm.). On 29 July 
2009, an amplexing pair was found along the 
Bill Williams River at Planet Ranch, Mohave 
County, Arizona, and the species is reportedly 
“fairly common” 24–32 km above the conflu-
ence of the Gila and Colorado Rivers, Yuma 
County, Arizona (J. Rorabaugh, pers. comm.). 
A single, unverified record of a calling Bufo 
alvarius was reported near Bard, California, in 
the spring of 2007 or 2008, though the time of 
year was unexpected and the observer was inex-
perienced with the species (J. Rorabaugh, pers. 
comm.). 

Outside of California, B. alvarius ranges 
across southern Arizona to the southwestern 
corner of New Mexico and south into Sonora 
and the northern edge of Sinaloa, Mexico. The 
known elevational range extends from near sea 
level to 1615 m (Cole 1962). 

Trends in Abundance 

Though the paucity of records from California 
makes assessing former abundance difficult, 
Bufo alvarius was apparently common at Yuma, 
Arizona, on the California border, along the 
Lower Colorado River, and in parts of the Impe-
rial Valley (Slevin 1928, Klauber 1934). As no 
populations are currently known in these areas, 
declines leading to probable population extirpa-
tions or extremely low population sizes have 
clearly occurred. The species is also known to be 
declining in New Mexico (Degenhardt et al. 
1996). Throughout the rest of the range the spe-
cies appears to be stable and abundant at many 
localities (Fouquette et al. 2005, Lazaroff et al. 
2006), though some have suggested that 
declines are occurring throughout the range 
(B. Brattstrom, R. Ruibal, and C. Schwalbe, pers. 
comms., reported in Jennings and Hayes 1994a). 

Nature and Degree of Threat 

The causes of declines, and therefore the 
threats to this species, are poorly understood. 
Declines occurred before any studies were car-
ried out in California, though it is likely that 
landscape modification and pesticide applica-
tions that occurred with the growth of agricul-
ture in the Imperial Valley contributed to 
declines (Ohmart et al. 1988, Jennings and 
Hayes 1994a). Bufonids are generally very sus-
ceptible to amphibian declines (Stuart et al. 
2004). In California, toad declines have been 
linked to habitat loss and pesticide use (David-
son et al. 2002) and pathogenic fungi (Green 
and Kagarise Sherman 2001). 

Status Determination 

The declines and possible extirpation of Bufo 
alvarius in California are the primary concerns 
for this taxon. The species may require perma-
nent aquatic environments making it a moder-
ate ecological specialist, given the arid environ-
ments that characterize its range. This also 
makes the taxon sensitive to the effects of cli-
mate change, particularly changes in hydrology 
and the increasing year-to-year variation in pre-
cipitation that have been projected (Cayan et al. 
2008b). Finally, because little understanding 
of the causes of declines in California exists, we 
are poorly positioned to protect any remaining 
populations should they be found in future 
surveys. 

Management Recommendations 

The development of an effective management 
strategy for Bufo alvarius in California is not 
possible without further distributional and eco-
logical information. As no populations are cur-
rently known, the first management priority 
should be to undertake comprehensive surveys, 
as described below, aimed at identifying 
remaining fragmentary California populations. 
Habitat protection and enhancement would 
then become the critical management tools to 
build these populations to larger and viable 
sizes. Simultaneous ecological research is also 
needed on habitat use, home range size, life 
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history, and population connectivity before 
more complex management programs focused 
on reestablishing the species are considered. 

Monitoring, Research, and Survey Needs 

A critical first step toward developing a compre-
hensive management plan for this species is to 
undertake comprehensive surveys of remaining 
potential habitat in southeastern California. 
These surveys should take place during the 
summer rains and should involve biologists who 
are familiar with Bufo alvarius’ breeding behav-
ior. If any remaining populations are found, a 
population-monitoring program should rapidly 
be established to determine both geographical 
extent and population size. As little is known 
about this species in California, this monitoring 
program should take place in conjunction with a 
study of the species’ life history and habitat use, 
in California and/or adjacent Arizona. These 
surveys should specifically target the remaining 
moist areas of the southwest California deserts 
that are known to support other water-depend-
ant vertebrate species, such as the desert mule 
deer (Odocoileus hemionus crooki). Using exist-
ing survey data from other, and better known, 
species may help to guide toad survey efforts 

toward the wettest areas or most consistent water 
supplies, thereby increasing odds of detection. 

A second critical priority is to work with 
wildlife managers in Arizona to survey for and 
study the nearest remaining populations on the 
Arizona side of the Lower Colorado River. 
These populations are likely the most ecologi-
cally similar to the former California popula-
tions and should therefore provide information 
valuable to the eventual development of man-
agement programs in California. Genetic sam-
ples from both California and Arizona should 
be collected to help inform managers about lev-
els of genetic differentiation, and therefore the 
appropriateness of possible reintroduction of 
Arizona animals to California. 

As any populations that remain in Califor-
nia are likely isolated, study of these popula-
tions is unlikely to yield information on the 
metapopulation dynamics that we presume are 
key in sustaining this species elsewhere. Rees-
tablishing these dynamics would form an 
important part of a comprehensive manage-
ment program in California, and research 
focused on better understanding these dynam-
ics will also need to take place outside of Cali-
fornia, preferably in adjacent Arizona. 
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ARROYO TOAD 

Bufo californicus Camp 1915 

Status Summary 

Bufo californicus is a Priority 1 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 93% (102/110). During the previous evalua-
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a), and it has 
been listed as federally Endangered since 1995. 

Identification 

Bufo californicus is a small to medium-sized 
(4.6–8.6 cm SVL), light-gray to tannish-brown 
toad that often has some greenish or olive 
and dark-brown mottling on the back and 
sides (Camp 1915, Stebbins 2003). The under-
side is buff or dirty white and usually unmarked 
(Stebbins 2003). A light middorsal stripe 
is rarely present (Jennings and Hayes 1994a, 
Stebbins 2003). Weak cranial crests are often 
present and the paratoids are oval-shaped 
and widely separated (Stebbins 2003). The 
advertisement call of this species is a musical 
trill that lasts 3–10 s. The pitch of the call 
rises quickly and is held constant for the 

remainder of the call, which ends abruptly 
(Stebbins 2003, Elliott et al. 2009). Like most 
toads, the tadpoles are small and black early in 
life. However, several weeks post-hatching they 
develop a cryptic tan coloration that closely 

Arroyo Toad: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 25 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 20 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 10 

Total Score 102 

Total Possible 110 

Total Score/Total Possible 0.93 
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matches the substrate (Sweet 1992, Hancock 
2009). 

Metamorphosed individuals of this species 
may be confused with the western toad (B. 
boreas), which is the only sympatrically occur-
ring toad. Bufo boreas has a prominent white or 
cream dorsal stripe and lacks cranial crests 
(Stebbins 2003). Young tadpoles that still 
retain the black coloration are difficult to distin-
guish from B. boreas, but older tadpoles are 
readily distinguishable. 

Taxonomic Relationships 

Until recently, Bufo californicus was considered 
a subspecies of the Arizona toad (B. micro-
scaphus) (Price and Sullivan 1988), although 
recommendations to recognize it as a full spe-
cies date back to Myers (1930). Frost and Hillis 
(1990) recognized this species as distinctive 
based on the general observation that few allo-
patrically distributed polytypic species repre-
sent single genetically cohesive units, as is 
implied by retaining B. californicus as a subspe-
cies under B. microscaphus. Later analyses of 
allozyme data confirm that B. californicus is a 
distinct lineage, providing support for its recog-
nition as a full species (Gergus 1998). Addi-
tional analyses of advertisement calls indicated 
a substantial amount of variation within the 
species complex, although the results were 
equivocal with respect to species status (Ger-
gus et al. 1997). Lovich (2009a) analyzed data 
from two mitochondrial genes and found addi-
tional evidence that B. californicus is a distinct 
species. This work also identified clades within 
B. californicus that roughly correspond to parts 
of the range north and south of the Los Angeles 
Basin, respectively. 

Frost et al. (2006a) recommended placing 
this species and many other North American 
bufonids in the genus Anaxyrus, although this 
proposal and the analyses that support it are 
controversial (Crother 2009, Frost et al. 2009a, 
Pauly et al. 2009). We choose not to follow this 
recommendation at the present time, pending 
further analyses, and to maintain taxonomic 
stability. 

Life History 

Bufo californicus is primarily nocturnal and 
feeds predominantly on nocturnally active ant 
species (Cunningham 1962, Sweet 1992, Sweet 
1993, Mahrdt et al. 2002). Adults typically 
emerge from retreats approximately 30–40 min 
after sunset, remaining active down to temper-
atures of around 13°C on dry nights and 10°C on 
rainy nights, with nocturnal activity increased 
during wet periods (Cunningham 1962, Sweet 
1992, Sweet 1993). 

Males begin calling at varying times of the 
year depending on local conditions and eleva-
tion, although calling activity appears to initiate 
when water temperatures reach or exceed 
11–13°C (Myers 1930, Sweet 1992). Choruses 
generally begin in late February in coastal popu-
lations and late March or April at higher eleva-
tion inland sites, and they may continue into July 
(Sweet 1992, Sweet 1993, Stebbins 2003, Han-
cock 2009). Eggs are laid near the male’s calling 
site on a substrate of mud, sand, or gravel, away 
from vegetation and other submerged debris 
(Sweet 1992). Hatching occurs after 4–6 days at 
typical water temperatures (12–16°C), although 
the larvae remain associated with the egg mass 
for an additional 5–6 days. Metamorphosis can 
occur in as few as 65 days, although typically 
72–80 days are required (Sweet 1992, Hancock 
2009). Larger males and females are more sed-
entary and tend to breed in the same pools 
throughout the reproductive season and from 
year to year (Sweet 1993, Hancock 2009, Mitro-
vich et al. 2011). The seasonal activity period for 
adults extends roughly from the beginning of 
the breeding season to late June or July, after 
which most toads become inactive (Cunning-
ham 1962, Sweet 1993, Hancock 2009). Juve-
niles may remain active into October or later 
following rains (Sweet 1993). 

Bufo californicus usually attain reproductive 
condition in their second (males) or third 
(females) year. The species is relatively short-
lived, with few toads living beyond 5 years of 
age. In the absence of nonnatural disturbances, 
survivorship of adult toads is high during the 
active season, but decreases markedly during 
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the inactive season. Sweet (1993) documented 
that toads experience ∼55% per year mortality 
mostly during the winter, though other esti-
mates suggest even higher mortality (D. Hol-
land and N. Sisk, unpublished data, reported in 
Sweet and Sullivan 2005). Eggs and young lar-
vae are apparently unpalatable to most preda-
tors, although garter snakes and nonnative 
fishes prey upon older tadpoles (Sweet 1992). 
Juvenile toads that have not yet adopted the noc-
turnal activity pattern characteristic of adults 
also experience high predation pressure (Han-
cock 2009). Adult toads experience intense pre-
dation from introduced bullfrogs in areas where 
that species occurs (Miller et al. 2012, R. Fisher 
pers., comm.). In the absence of bullfrogs, adult 
toads experience much lower predation inten-
sity (Sweet 1993, Hancock 2009). 

Habitat Requirements 

Along with its close relative Bufo microscaphus, 
B. californicus may have the most specialized 
habitat requirements of any North American 
anuran (Stebbins 2003). This species requires 
shallow, slow-moving stream and riparian habi-
tat. In some areas they may occupy first-order 
streams, although most populations inhabit 
second- to sixth-order streams that have exten-
sive braided channels and sediment deposits of 
sand, gravel, or pebbles that are occasionally 
reworked by f looding (Sweet and Sullivan 
2005). These toads will use either permanent 
or seasonal streams, although seasonal streams 
must flow for a minimum 4–5 months for suc-
cessful reproduction and recruitment (Sweet 
and Sullivan 2005). At inland sites, radiotelem-
etry studies indicate that this species rarely 
moves beyond the immediate upland margin of 
streams, although in coastal sites arroyo toads 
appear to occasionally use and disperse across 
hotter and drier upland sites (Sweet 1992, 
Sweet 1993, Griffin and Case 2001, Hancock 
2009, Mitrovich et al. 2011). Mitrovich et al. 
(2011) found that radio-tracked toads actively 
selected channel and terrace stream habitats, 
and largely avoided surrounding scrub, grass-
land, and forest. On average, males were found 

in closer proximity to f lowing sections of 
stream than females, possibly to maximize 
reproductive opportunity (Mitrovich et al. 
2011). Bufo californicus is known to occasionally 
use and breed in human-made habitats, such as 
artificial stream terraces and ponds (Price and 
Sullivan 1988, Mahrdt et al. 2002). It is 
unknown whether the species can persist in 
these habitats. 

Distribution (Past and Present) 

Bufo californicus historically occurred in coastal 
drainages from the San Antonio River, 
Monterey County, California, southward 
through the Transverse and Peninsular Ranges 
to the vicinity of Arroyo San Simón in Baja 
California Norte, Mexico (Price and Sullivan 
1988, Gergus et al. 1997, Grismer 2002, Lovich 
2009a). Almost all populations occur along the 
coast or on the coastal slopes of the southern 
California mountains. Six localities were previ-
ously recognized from the desert slopes of Los 
Angeles, Riverside, San Bernardino, and San 
Diego Counties, California (Patten and Myers 
1992, Jennings and Hayes 1994a). Desert slope 
populations are known to occur at Little Rock 
Creek, Los Angeles County, and the Mojave 
River, San Bernadino County. Populations at 
Whitewater River, Riverside County, Borrego 
Springs (listed as San Felipe Creek in Jennings 
and Hayes 1994a), Vallecito Creek, and Pinto 
Canyon, San Diego County, are probably in 
error and are the result of misidentifications 
(Ervin et al. 2013). The known elevational range 
extends from near sea level to approximately 
1000 m (Stebbins 2003; S. Sweet, pers. 
comm.). 

The present distribution of B. californicus is 
considerably smaller than it once was. Jennings 
and Hayes (1994a) estimated that this species 
had disappeared from 76% of its former range 
in California, although more recent estimates 
place this loss at 65% (Sweet and Sullivan 2005). 

Trends in Abundance 

In addition to the extirpations discussed above, 
extensive declines in abundance have been 
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documented in most Bufo californicus popula-
tions that do survive. Extensive collections from 
the 1930s, largely stemming from the work of 
L.M. Klauber, suggest that this species was for-
merly present at much higher densities 
(S. Sweet, pers. obs., reported in Sweet and Sul-
livan 2005). 

Nature and Degree of Threat 

A recent 5-year review of the status of Bufo cali-
fornicus thoroughly discusses the ongoing 
threats to this taxon (USFWS 2009). We follow 
the findings of that document and recommend 
that readers consult it for additional detail. 

The greatest threat facing this taxon is loss 
and degradation of habitat that stems from 
modifications to hydrology from reservoir con-
struction, roads, flood control, development, 
recreational activity, and mining (USFWS 
2009). In addition, declines are occurring even 
in areas that are not subject to development and 
direct habitat degradation from human activi-
ties (Hancock 2009). These additional declines 
stem largely from introduced predators (prima-
rily bullfrogs and green sunfish) and intro-
duced plants, which degrade habitat and/or 
decrease survivorship of toads (Sweet 1992, 
Hancock 2009, USFWS 2009, Miller et. al. 
2012). Off-highway vehicle use has also caused 
both habitat degradation and direct mortality in 
this species (Ervin et al. 2006) 

Status Determination 

Major declines in both distribution and abun-
dance, coupled with several ongoing threats, 
combine to warrant a Priority 1 Species of Spe-
cial Concern status for Bufo californicus. 

Management Recommendations 

Management efforts for Bufo californicus should 
mirror those outlined by the USFWS recovery 

plan and 5-year review for this taxon (USFWS 
1999, USFWS 2009). The recent 5-year review 
suggests that management efforts to date have 
been effective, and the outlook for this species 
has improved somewhat since it was initially 
listed (USFWS 2009). The most important 
management strategy is to preserve existing 
stream habitat that supports this species and to 
restore additional habitat that can support self-
sustaining populations. Restoration efforts 
should include dam removal to allow streams 
to meander and rebuild sand and gravel bars, 
and removal of exotic plants and vertebrate 
predators. 

Monitoring, Research, and Survey Needs 

Monitoring, research, and survey needs are cov-
ered in depth in the USFWS recovery plan for 
this taxon and the recent 5-year review. We refer 
the reader to these documents for additional 
detail (USFWS 1999, USFWS 2009). Monitor-
ing efforts should focus on recovering popula-
tions, particularly those in newly restored habi-
tat. It is particularly important to continue 
monitoring through drought and El Niño cycles 
given that this is a short-lived species and 
several years of consistent drought could be 
extremely damaging to recovering populations. 

In addition, research aimed at characteriz-
ing variation in this species’ life history in dif-
ferent parts of its range should be undertaken, 
as these differences might have an impact on 
future management efforts. For example, the 
two desert slope populations may differ sub-
stantially in several aspects of life history rela-
tive to the coastal slope populations. Additional 
research into the prevalence and potential 
impacts of Bd fungus on this species is also 
particularly important. Finally, molecular anal-
yses of population size and connectivity might 
be particularly valuable in this taxon. 
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YOSEMITE TOAD 

Bufo canorus Camp 1916a 

Status Summary 

Bufo canorus is a Priority 1 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 84% (92/110). During the previous evalua-
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). This 
species is also listed as Threatened under the 
US Endangered Species Act. 

Identification 

Bufo canorus is a moderately sized (1.0–7 cm 
SVL) sexually dichromatic toad (Camp 1916a, 
Grinnell and Storer 1924, Kagarise Sherman 
1980, Stebbins 2003). Females and juveniles 
have tan or brown dorsal coloration with exten-
sive dark blotches over the dorsal surface and legs 
that are edged with white or cream. Males are 
pale green-yellow or olive green above without, or 
with only minimal, dark blotching or flecking 
(Camp 1916a, Stebbins 2003). A pale, very thin 
middorsal line is often present in juveniles and 
young females, but is usually lost in males and 
older females (Camp 1916a). The paratoid glands 

are large, flat, and circular, and are separated by 
a space less than or equal to their diameter 
(Camp 1916a). The advertisement call of this spe-
cies is a musical trill lasting 3–9 s (Elliott et al. 
2009). The specific epithet “canorus” (Latin for 

Yosemite Toad: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 20 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 7 

Total Score 92 

Total Possible 110 

Total Score/Total Possible 0.84 
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PHOTO ON PREVIOUS PAGE: Yosemite toad, Mono County, California. Courtesy of Rob Grasso. 
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“tuneful”) refers to the melodic quality of the call 
(Camp 1916a, Karlstrom 1962). 

This species may be confused with high-
elevation populations of the western toad (B. 
boreas). Bufo boreas often has a conspicuous 
light middorsal stripe and smaller, more widely 
spaced paratoid glands that are separated by a 
space approximately twice their diameter (Steb-
bins 2003). Bufo boreas also has more extensive 
webbing on the hind feet than B. canorus 
(Camp 1917). Populations of B. boreas that 
occur in the Sierra Nevada do not produce 
advertisement calls; thus, toad breeding cho-
ruses are diagnostic for B. canorus (Mullally 
1956). Juveniles of the two species (<20–30 
mm) are very similar to one another, and iden-
tifications of this size class should be made 
with caution (Karlstrom 1962). 

Taxonomic Relationships 

Bufo canorus was initially described on the 
basis of coloration and morphology (Camp 
1916a). Its status as a distinct species has gone 
largely unquestioned since this time. Subse-
quent genetic analyses based on mitochondrial 
data suggest that this taxon is a close relative of 
B. boreas (Shaffer et al. 2000, Pauly et al. 
2004). In addition, mitochondrial DNA data 
suggest that B. canorus may be paraphyletic 
with respect to the black toad, B. exsul, and 
some lineages of B. boreas (Graybeal 1993, 
Shaffer et al. 2000, Goebel et al. 2009). These 
relationships have not been corroborated with 
nuclear sequence data, and thus it is unclear 
whether cryptic diversity exists within the 
taxon or if this is a case of mitochondrial intro-
gression. Unpublished genetic data suggest 
that mitochondrial introgression associated 
with past or ongoing hybridization may explain 
these results (G. Pauly, unpublished data). 
Some morphological variation has been 
observed in size and degree of melanism in 
eggs and larvae of this taxon (Karlstrom and 
Livezey 1955, Karlstrom 1962). Whether this is 
plasticity in response to elevation and/or the 
local environment or genetic differentiation 
has not been investigated further. Mitochon-

drial data also indicate that some intraspecific 
variation and isolation by distance may exist 
within the taxon (Shaffer et al. 2000, Pauly et 
al. 2004, Goebel et al. 2009), although sample 
sizes in these studies were small. Wang (2012) 
collected data from 10 microsatellites for toads 
from 24 populations in Yosemite National Park 
and found significant variation in the amount 
of genetic distance between populations. This 
analysis concluded that environmental factors 
such as slope and precipitation were associated 
with genetic structure. 

Frost et al. (2006a) recommended placing 
this species and many other North American 
bufonids in the genus Anaxyrus, although this 
proposal and the analyses that support it are 
controversial (Crother 2009, Frost et al. 2009a, 
Pauly et al. 2009). 

Life History 

Bufo canorus is primarily a diurnal toad that 
occasionally exhibits crepuscular or nocturnal 
activity on warm days (Mullally 1956, Martin 
2008). Males emerge from hibernation as soon 
as snowmelt pools form along the margins of 
preferred high-elevation meadow habitat and 
quickly form breeding choruses (Karlstrom 
1962). As in many high-elevation amphibians, 
the timing of emergence is correlated with eleva-
tion, and generally occurs in May and June 
(Karlstrom 1962, Kagarise Sherman 1980). 
Males are territorial and often maintain interin-
dividual spacing of 7–14 m (Karlstrom 1962, 
Kagarise Sherman 1980). Fighting occurs 
between males that encroach on one another’s 
territory (Kagarise Sherman and Morton 1984). 
Breeding activity and egg-laying commence 
soon after males begin calling, with females 
depositing eggs along shallow edges of pools 
and streams in meadows (Karlstrom 1962, 
Kagarise Sherman 1980). Hatching occurs in as 
few as 3–4 days at relatively high water tempera-
tures (20–23°C) or up to 10–14 days at lower 
temperatures (16–17°C) (Karlstrom 1962, 
Kagarise Sherman 1980). Metamorphosis 
occurs approximately 40–60 days after oviposi-
tion, again depending on temperature and 
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elevation (Karlstrom 1962, Kagarise Sherman 
1980, Kagarise Sherman and Morton 1984). 
The seasonal activity period extends into late 
September and early October, after which toads 
hibernate in rodent burrows, crevices under 
rocks, and root tangles (Kagarise Sherman 
1980). Adult toads do not begin to breed until 
they are 3–6 years old, after which females may 
only breed every few years (Kagarise Sherman 
1980, Kagarise Sherman and Morton 1984). 
Adults grow slowly, averaging only 2.5 mm per 
year at Tioga Pass, Tuolumne County, California 
(Kagarise Sherman and Morton 1984). The 
post-metamorphic diet consists of a variety of 
small arthropods including ants, bees, flies, 
wasps, beetles, millipedes, and spiders (Grinnell 
and Storer 1924, Mullally 1953, Kagarise Sher-
man and Morton 1984). The slow growth rate 
and lack of breeding every year is likely attribut-
able to low metabolic rates associated with low 
caloric intake and relatively cold temperatures 
(Kagarise Sherman and Morton 1984). In the 
wild, adults appear to be able to tolerate a rela-
tively wide range of temperatures (from 2°–30°C) 
(Karlstrom 1962), although they prefer tempera-
tures higher in this range (Cunningham 1963). 
The estimated critical thermal maximum is 
37–40°C for adults and 36–38°C for larvae (Karl-
strom 1962). 

Bufo canorus is known to occur sympatrically 
with B. boreas in two areas (see the “Distribu-
tion” section) and may occasionally hybridize. 
At the Frog Lakes locality, individuals that are 
morphologically intermediate in paratoid gland 
width and the extent of webbing on the hind feet 
occur and may represent natural hybrids (Mor-
ton and Sokolski 1978). No putative hybrids 
have been described from the Blue Lakes local-
ity (Karlstrom 1962), although some authors 
suggest that hybridization may also occur there 
(Stebbins 2003). Artificial crosses in the labora-
tory readily produce hybrids (Karlstrom 1962). 

Habitat Requirements 

Bufo canorus prefers relatively open high-eleva-
tion meadows vegetated with grasses, sedges, 
rushes, and/or willow stands (Karlstrom 1962). 

This species can be found in the margins of 
water bodies that form from snowmelt runoff, 
as well as in moist meadows. During the early 
part of the active season, individuals are often 
localized along meadow margins within approx-
imately 30 m of the forest edge. This behavior 
may allow them to easily retreat to forest cover 
at night to avoid freezing temperatures (Karl-
strom 1962). As the active season progresses 
and nights become warmer, the toads tend to 
move toward the center of meadows and become 
less restricted to the margins (Karlstrom 1962). 
This species prefers shallow (probably <7.5 cm) 
snowmelt pools on the margins of meadows or 
very slow moving runoff streams in which to 
breed, although they have also been found in 
deeper (>3 m) permanent pools (G. Fellers, 
pers. comm.). These need to be deep enough to 
avoid premature desiccation—a significant 
cause of mortality for larvae—but shallow 
enough to achieve the temperatures needed for 
rapid development (Karlstrom 1962). This spe-
cies may prefer to oviposit in dark-bottomed 
pools, particularly at high elevations, as these 
may provide warmer water temperatures and 
more rapid larval development (Karlstrom 
1962). The presence of pocket gopher, mouse, 
and vole burrows may provide additional benefi-
cial cover and protection from predation (Grin-
nell and Storer 1924, Karlstrom 1962). 

Distribution (Past and Present) 

Bufo canorus is restricted to a relatively small area 
approximately 240 km (north–south) by 60 km 
(east–west) in higher elevation areas of the Sierra 
Nevada (Karlstrom 1962, Kagarise Sherman and 
Morton 1993). It ranges from the vicinity of Blue 
Lakes, Alpine County, California, south past Kai-
ser Pass to the Evolution Lakes area, Fresno 
County, California (Grinnell and Storer 1924, 
Livezey 1955, Karlstrom 1962, Jennings and 
Hayes 1994a, Stebbins 2003, Davidson and Fel-
lers 2005). The known elevational range extends 
from 1950 to 3599 m, with most localities 
between 2590 and 3048 m (Karlstrom 1962). 

Between 1915 and 1992, this species exhib-
ited declines throughout some areas of its 
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range. Drost and Fellers (1996) resurveyed 
localities from Grinnell and Storer (1924) and 
found that this species had disappeared from 6 
of 13 sites in the Yosemite area. Jennings and 
Hayes (1994a) also estimated that the species 
has disappeared from low-elevation areas on 
the western edge of the range, as well as at the 
northern edge of the range. 

Trends in Abundance 

In areas where Bufo canorus persists, marked 
declines in abundance have also been docu-
mented. In the Drost and Fellers (1996) resur-
veys, B. canorus was present in lower densities 
than in 1915 at three sites where it was still 
present. Between 1976 and 1982, the number 
of male toads entering breeding pools at Tioga 
Pass meadow declined from a maximum of 342 
individuals to a low of 28, a ninefold decrease 
from the 1974–1978 mean (Kagarise Sherman 
and Morton 1993). However, the number of 
females entering breeding pools showed no 
obvious changes during this time period 
(Kagarise Sherman and Morton 1993). The 
average number of toads encountered in daily 
surveys also declined in the vicinity of Tioga 
Pass meadow between the early 1970s and 
1990. In addition, these surveys documented 
declines in female toads, although they were 
not as severe as those documented in males 
(Kagarise Sherman and Morton 1993). Similar 
declines in abundance have also been docu-
mented at six additional localities in this region 
(Kagarise Sherman and Morton 1993). 

Nature and Degree of Threat 

The causes of decline in Bufo canorus require 
additional study. The declines have occurred in 
seemingly undisturbed areas and do not appear 
to be localized, suggesting that they are being 
driven by general changes to the environment, 
rather than localized causes such as habitat 
destruction. Several possible causes have been 
advanced, and more than one factor may be 
playing a role. These causes include environ-
mental contamination, disease, drought and/or 
climate change, habitat modification due to 

grazing or other activities, human disturbance 
of breeding choruses, increased predation pres-
sure from birds and fish, and pesticides. Based 
on current data it is not possible to understand 
in detail which, if any, of these factors are most 
important in B. canorus declines. 

Snowmelt pools have extremely low acid 
neutralizing capacity, leading to the hypothesis 
that acidification of aquatic breeding habitat 
due to atmospheric deposition may be contrib-
uting to declines. Bradford et al. (1992) exam-
ined the effect of increasing acidification and 
the associated increase in dissolved aluminum 
on embryos and hatchlings of B. canorus. 
Embryos and hatchlings exposed to decreasing 
pH (and increasing aluminum solute) showed 
no increase in mortality at levels found in 
nature. However, these factors did cause earlier 
hatching and smaller body size at metamor-
phosis. Bradford et al. (1994) attempted to cor-
relate the distribution of declining Sierran 
amphibians with these environmental factors 
and found no relationship, concluding that acid 
deposition was an unlikely source of amphibian 
declines in the Sierra Nevada. 

Disease has also been considered as a factor 
in declines, though there is little evidence to 
date. Green and Kagarise Sherman (2001) 
examined the cause of death in 12 adult B. 
canorus that were found during a die-off that 
immediately preceded the population declines 
documented at Tioga Pass meadow by Kagarise 
Sherman and Morton (1993). They found that a 
variety of diseases and parasites were present in 
the population, and chytridiomycosis and septi-
cemia, alone or in combination, caused the 
death of at least four individuals. However, no 
single infectious disease was present in more 
than 25% of the samples, which is far below the 
proportion typically observed in other die-offs 
caused by these diseases (Worthylake and Hov-
ingh 1989, Berger et al. 1998, Vredenburg et al. 
2010). 

California experienced a relatively severe 
drought between 1987 and 1992, a time when 
B. canorus population declines were occurring 
(Roos 1992, Drost and Fellers 1996). Although 
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it may have played an exacerbating role, drought 
alone seems unlikely to be responsible for 
declines. California experiences drought with 
some regularity, including during the time 
period of the Grinnell and Storer (1924) survey, 
which occurred before any major declines in B. 
canorus were observed (Drost and Fellers 1996). 
Drought does affect year-to-year reproductive 
success for this species, and prolonged drought 
may have a cumulative effect on populations 
(Kagarise Sherman and Morton 1993). Because 
climate change is expected to impact the 
amount of snow present in the Sierra Nevada 
and the speed and timing of snowmelt (Cayan 
et al. 2008b), drought might play an increasing 
role in declines of this species in the future. 

Habitat modification is a leading cause of 
decline in many species throughout California 
and has been suggested as a factor for B. canorus. 
However, B. canorus is found largely within the 
boundaries of Yosemite National Park and other 
public (mostly National Forest) lands that have 
experienced varying impacts over the last 100 
years. Drost and Fellers (1996) compared pho-
tos of habitat from the Grinnell and Storer 
(1924) surveys with current habitat and saw no 
apparent differences. Over the course of their 
20-year study, Kagarise Sherman and Morton 
(1993) were also unable to detect significant 
habitat changes. That said, local impacts from 
changing habitat remain a potential driver of 
declines. All-terrain vehicle and snowmobile 
use in some localized areas may degrade habitat 
quality (D. Emery, pers. comm.). Some workers 
have postulated that livestock grazing in alpine 
meadows of National Forest land causes changes 
to hydrology, which may affect the suitability of 
breeding habitat and increase sedimentation in 
pools. Two recent, relatively short-term studies 
(5 years) have addressed this hypothesis: one 
that used experimental fencing treatments to 
exclude livestock from B. canorus breeding 
meadows and a second that included occupancy 
surveys across gradients of meadow moisture 
and livestock use levels (K. Tate and A. Lind, 
pers. comm.). Both of these studies demon-
strated that meadow wetness was more influen-

tial in determining the current distribution and 
abundance of B. canorus than the level of live-
stock use. Sean Barry (pers. comm.) docu-
mented that toads seem to persist and even con-
centrate in areas that had been disturbed by 
cattle in the Kaiser Meadow population. It is 
also possible that the presence of cattle feces 
increases insect food supply for adult toads, 
although this remains untested. Martin (2008) 
suggests that the practice of fencing individual 
breeding pools to prevent grazing might actu-
ally lead to stronger habitat disturbance from 
cattle grazing in the terrestrial foraging habi-
tats, potentially increasing the overall impact 
from grazing. These local-scale influences of 
livestock grazing along with more detailed and 
longer-term investigations of livestock use in 
the context of B. canorus metapopulation 
dynamics require further study. 

Some researchers have suggested that 
increasing predation pressure could be causing 
declines. A variety of avian predators are known 
to feed on adult and larval toads, and increasing 
densities of common raven (Corvus corax) have 
been postulated as a possible cause of decline 
(Kagarise Sherman and Morton 1993). Ravens 
are known to prey upon other toad species in 
the B. boreas complex and likely also take B. 
canorus. Evidence suggests that declines in 
other amphibian species have occurred in areas 
where fish have been introduced (Drost and 
Fellers 1996). However, fish alone are unlikely 
to explain the declines in B. canorus. Most B. 
canorus reproduction takes place in ephemeral 
water bodies that do not contain fish (Drost and 
Fellers 1996). Knapp (2005) found no evidence 
for an effect of introduced trout on B. canorus 
presence and absence. Further, Grasso (2005) 
and Grasso et al. (2010) examined the palatabil-
ity of early life stages of B. canorus to introduced 
brook trout and found that all life stages were 
highly unpalatable, suggesting that introduced 
trout may have little direct impact on 
populations. 

Some authors have noted that breeding cho-
ruses of B. canorus are sensitive to human dis-
turbance. Grinnell and Storer (1924) docu-
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mented that choruses would abruptly stop 
calling when humans entered a meadow. They 
specifically noted that B. canorus seemed to be 
more sensitive to this disturbance than the 
sympatric Pacific treefrog (Pseudacris regilla). 
Karlstrom (1962) as well as several biologists 
presently working on this species disagree that 
this species’ calling behavior is impacted more 
strongly by human disturbance than other toad 
species. Karlstrom (1962) did notice wariness at 
night and that cars moving through the area 
even at 0.8 km distance would cause choruses 
to cease calling and that “the almost continual 
daytime traffic in [Yosemite National Park] 
might help to explain the paucity of roadside 
populations” of B. canorus. It has also been sug-
gested that the relatively frequent handling and 
study experienced by some populations could 
induce stress and immunosuppression, which 
may also be playing a role in declines (Green 
and Kagarise Sherman 2001). To our knowl-
edge, this possibility has not been investigated. 

Davidson et al. (2002) found that areas 
where toads had disappeared were downwind 
from disproportionately large areas of agricul-
tural land (primarily the low-elevation popula-
tions on the western side of the Sierra Nevada), 
suggesting that wind-borne agrochemicals may 
be a factor in declines. However, this relation-
ship was not statistically significant. 

When this evidence is taken together, it is 
clear that the causes of decline for B. canorus 
are still poorly understood. It is possible that 
several factors act in combination, perhaps 
interacting with variation in life history or 
metapopulation dynamics. Individual popula-
tions may be susceptible to localized extirpa-
tion due to small population sizes and the spe-
cies’ slow maturation rate. Increasing frequency 
of localized extirpations could cause a break-
down of broader-scale metapopulation dynam-
ics, leading to additional declines as recoloniza-
tion ceases to counteract local population 
extirpations. Landscape genetic data suggest 
that migration rates between local populations 
are already low in several areas and this situa-
tion would likely be exacerbated by additional 

localized population declines and extirpations 
(Wang 2012). These inferences are still specu-
lative, however, and further research is needed 
on many aspects of B. canorus population biol-
ogy to better understand ongoing declines. 

Status Determination 

Declines in both distribution and abundance, 
coupled with a poor understanding of the fac-
tors leading to decline, are the major factors 
justifying a Priority 1 Species of Special Con-
cern status. 

Management Recommendations 

An effective management program for this spe-
cies will depend on identifying and prioritizing 
the factors leading to observed, ongoing 
declines. Until this is accomplished, protecting 
breeding meadows from disturbance of natural 
hydrologic regimes and water table dynamics 
and limiting human disturbance to meadows 
during the breeding season may be helpful in 
safeguarding populations. In addition, upland 
wintering habitats adjacent to breeding areas 
should also be protected from grazing and 
other disturbances. 

Monitoring, Research, and Survey Needs 

Ongoing monitoring and study of this species 
is required with a particular aim of identifying 
the major factors leading to decline. It is possi-
ble that some populations are relatively stable, 
and comparisons with declining sites could lead 
to important insights into reasons for declines 
and potential management solutions. Experi-
mental work, going beyond the primarily cor-
relational studies that have been carried out 
thus far, could also be helpful in identifying the 
most important factors. In particular, experi-
mental studies of human disturbance, suscepti-
bility to disease, and the potential role of 
reduced snowpack on hibernation and breeding 
biology would all be useful. Populations should 
also be monitored for disease outbreaks. 

Further genetic work also needs to be com-
pleted to characterize genetic diversity within 
the species. Several studies have already been 

yosemite toad 75 



      

      
      
         

      
      

    
    

      
    

      
       
     

carried out, although they rely primarily on 
mitochondrial data alone, which is unable to 
distinguish true population substructure (or 
multiple lineages) from introgression from 
nearby B. boreas populations. Wang (2012) adds 
important information from the nuclear 
genome, but focuses on Yosemite National Park 
rather than the species’ range as a whole. 
Future studies should utilize multiple unlinked 
nuclear markers to clarify the diversity present 

in the species, gene flow among meadows, and 
effective population sizes. 

Finally, the majority of survey efforts to date 
have focused on populations within the bound-
aries of Yosemite National Park. A committed 
survey effort is needed to better understand the 
location of populations, their trends in distribu-
tion and abundance, and their disease status 
and level of infection (or lack of) in areas out-
side of the park itself. 
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NORTHERN RED-LEGGED FROG 

Rana aurora Baird and Girard 1852 

Status Summary 

Rana aurora is a Priority 2 Species of Special 
Concern, receiving a score of 55% (61/110). 
Previously this species was included as 
a Species of Special Concern by Jennings and 
Hayes (1994a). 

Identification 

Rana aurora is a medium-sized (70–100 mm 
SVL) brown, red, gray, or tan frog with dorsola-
teral folds (Dumas 1966, Nussbaum et al. 
1983). The dorsum varies from having indis-
tinct, irregular black spots 2–3 mm in diameter 
with many tiny flecks to an allover network pat-
tern of black lines (Dunlap 1955, Dumas 1966, 
Nussbaum et al. 1983). The dorsum can also be 
largely unmarked, though this is less common. 
A light lip line from eye to shoulder is usually 
present, often with a dark mask above (Nuss-
baum et al. 1983). Ventrally, the chest and abdo-
men are often marbled gray, with the groin area 
heavily and darkly mottled (Dunlap 1955). Red 
coloration on the venter and underneath the 

hind legs is typical but varies in intensity and 
extent (Dunlap 1955). Yellow coloration is com-
mon in the groin, as well as red and sometimes 
green coloration (Dunlap 1955). Larvae are dark 
brown from above, with scattered small clumps 

Northern Red-Legged Frog: Risk Factors 

Metric (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 10 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 61 

Total Possible 110 

Total Score/Total Possible 0.55 
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PHOTO ON PREVIOUS PAGE: Northern red-legged frog, Humboldt County, California. Courtesy of William 
Flaxington. 
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of metallic flecks and are 50–75 mm in TL 
(Nussbaum et al. 1983). In southern Mendoc-
ino County, this species could be confused with 
R. draytonii (Shaffer et al. 2004). Rana drayto-
nii is a larger frog (up to 138 mm SVL; Stebbins 
2003), and typically its dark dorsal markings 
have light centers (Stebbins 2003). 

Taxonomic Relationships 

Although initially described as a distinct species 
(Baird and Girard 1852), for much of the twenti-
eth century northern red-legged frogs were 
regarded as the subspecies Rana aurora aurora 
(Camp 1917). Studies over the last few decades 
have supported the current taxonomic arrange-
ment, with R. aurora and R. draytonii both rec-
ognized as distinct species. While they look 
superficially similar, these two species differ in 
morphology (vocal sacs, body size) and breeding 
behavior, and are genetically distinct (Hayes 
and Miyamoto 1984, Green 1985, Green 1986a, 
Green 1986b, Hayes and Kremples 1986, Shaf-
fer et al. 2004). A narrow contact zone occurs 
between R. aurora and R. draytonii in southern 
Mendocino County (Shaffer et al. 2004). 

Life History 

Limited information is available on Rana aurora 
life history, with most studies occurring outside 
of its California range. Adults migrate to wet-
lands to breed for a few weeks between Decem-
ber and April when temperatures range from 
4°C to 18°C (Storm and Pimentel 1954, Storm 
1960, Dumas 1966, Licht 1969, Calef 1973). 
Males call beneath the water (Licht 1969, Brown 
1975b). During one breeding season in Hum-
boldt Bay National Wildlife Refuge, two breed-
ing events more than a month apart produced 
over half of the egg masses (J. Betasso et al., 
unpublished data). Egg masses are 15–25 cm in 
diameter and contain approximately 500–600 
eggs on average (Calef 1973, Licht 1974, Brown 
1975b). Eggs are attached to emergent and float-
ing vegetation, branches, or logs up to 150 cm 
below the water surface (Brown 1975b, Storm 
1960, Calef 1973, Cary 2010). Surveys in Hum-
boldt Bay National Wildlife Refuge found that 

most egg masses occurred between 30 and 
60 cm elevation in the stream channel, at an 
average height of 37 cm above the bottom and 
8 cm below the water surface (J. Betasso et al., 
unpublished data). In southwestern British 
Columbia, eggs were found at least a meter away 
from the pond edge or river bank (Licht 1969). 
Water temperatures near developing eggs in a 
Washington pond were 6.2°C on average (Brown 
1975b), and embryos tolerate temperatures from 
4°C to 21°C (Licht 1971). Dumas (1966) reared 
embryos at 11°C, 15°C, and 20°C, and observed 
the greatest embryo mortality at 20°C. 

Embryonic development (from laying to 
hatching) takes 34–49 days (Storm 1960, Licht 
1971, Brown 1975b). In Humboldt Bay Wildlife 
Refuge, most egg masses (103/232) persisted for 
4 weeks before completely hatching out 
(J. Betasso et al., unpublished data). Larvae hatch 
at 8–12 mm long (Storer 1925, Storm 1960, 
Brown 1975b) and grow to up to 80 mm TL 
(Brown 1975b). Metamorphosis occurs after 3–7 
months (Brown 1975b, Storer 1925) and meta-
morphs are 18–29 mm (Brown 1975b, Storm 
1960, Calef 1973). Larger metamorphs are more 
likely to survive and to emigrate farther (Chel-
gren et al. 2006). In a Washington population, 
eggs were laid in February and March, the first 
larvae hatched in April, and metamorphosis was 
completed in late July (Brown 1975b). 

Rana aurora juveniles disperse from breed-
ing sites within days or weeks after transforma-
tion (Licht 1974, Licht 1986a). While daily 
movements of adults may be on average only a 
few meters per day, movements of several hun-
dred meters to 4.8 kilometers have been docu-
mented over longer periods (Haggard 2000, 
Hayes et al. 2001, Chan-McLeod and Wheeldon 
2004, Hayes et al. 2007). 

Larvae are algal grazers (Dickman 1968). 
Metamorphs and adults are generalist predators 
of insects, spiders, and mollusks (Licht 1986b). 

Habitat Requirements 

Rana aurora occurs in mesic forests and ripar-
ian areas, which in its northern California 
range are primarily steep coniferous forests, 
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coastal terraces, and floodplains (Nussbaum 
et al. 1983, Stebbins 2003). Rana aurora is 
relatively terrestrial for a ranid frog. Adults can 
occur hundreds of meters from water, and are 
often found in dense vegetated or downed log 
cover (Dunlap 1955, Dumas 1966). Adult frogs 
radio-tracked from March to July in Humboldt 
County were detected on land 90% of the time 
and usually within 5 m of water, though ani-
mals were found up to 80 m away from water 
(Haggard 2000). In habitat choice experi-
ments, juvenile frogs spent most of their time 
out of the water (Pearl et al. 2004). 

Both permanent and temporary breeding 
habitats are used, such as ponds, freshwater 
lagoons, lakes, and slow-moving streams (Licht 
1969, Cary 2010, Sun 2012). Artificial habitats 
such as drainage ditches are also used (T. Fuller, 
J. Garwood, and M. van Hattem, pers. comm.). 
Coastal streams may be important dispersal 
corridors to inland populations. For example, R. 
aurora have been found outside of the breeding 
season in coastal streams in Humboldt and Del 
Norte Counties, and egg masses have been 
found in backwaters and alcoves of the Smith 
River where surrounding areas have been diked, 
drained, and converted (J. Garwood, pers. 
comm.). Both aquatic and terrestrial vegetation 
are important determinants of breeding habitat 
quality. In Humboldt County, egg mass pres-
ence was positively correlated with low canopy 
cover (ponds with less than ∼40% canopy cover 
are more likely to have egg masses present; Cary 
2010). Egg mass density was higher in smaller 
ponds ( 2000 m2) and in ponds where the per-
centage of floating and emergent vegetation 
cover was at least ∼40% (Cary 2010). Surveys in 
Oregon also found support for the importance 
of emergent vegetation, as wetlands used for 
breeding had 27% open water on average com-
pared to 50% open water in unused wetlands 
(Pearl et al. 2005a). Occupancy models fit to 5 
years of survey data in Oregon predicted that 
local extinction probability decreased as the per-
centage of trees along the shoreline increased 
and surface area of emergent vegetation 
increased (Adams et al. 2011). 

Distribution (Past and Present) 

Rana aurora occurs from Mendocino County, 
California, north along the west side of the 
Cascade Crest up through Vancouver Island 
and the adjacent mainland coast of British 
Columbia (Stebbins 2003). Populations also 
occur on Graham Island, British Columbia 
(Ovaska et al. 2002), and on Chichagof Island, 
Alaska (Hodge 2004). The elevational range 
extends from near sea level to 1160 m in Lane 
County, Oregon (Dunlap 1955), with popula-
tions in California occurring up to approxi-
mately 300 m (Jennings and Hayes 1994a). 
Two localities included on our map possibly 
extend the eastern edge and elevation range in 
California, and are in need of further investi-
gation. A specimen collected by Camp in 1913 
from eastern Mendocino County is in the UC 
Berkeley collection (MVZ 5068), photographs 
of which were reviewed by several experts. It is 
possible that the specimen is a misidentified 
R. draytonii, or it may be that R. aurora was his-
torically more widespread. Despite the pres-
ence of potentially suitable habitat, contempo-
rary CDFW biologists working in this region 
have not observed any R. aurora east of High-
way 101 or in Mendocino National Forest 
(T. Fuller, pers. comm.). At another site, two 
individuals were found recently in eastern 
Humboldt County at around 800 m elevation 
(M. van Hattem, pers. comm.). 

In California, surveys have found R. aurora 
to be mostly absent from the river bottom lands 
of the Eel, Mad, and Smith Rivers. These areas 
have undergone extensive habitat conversion to 
beef, dairy, and bulb farming, though popula-
tions may persist on inaccessible private lands 
(M. van Hattem, unpublished data). Surveys in 
Oregon’s Willamette valley found R. aurora at 
50% of sites, with highest occupancy probabil-
ity observed in seasonal sites without fish 
(Rowe and Garcia 2013). 

Trends in Abundance 

Population declines have been suspected for 
Rana aurora, particularly in Oregon’s Willamette 
Valley (e.g., Nussbaum et al. 1983; Hayes and 
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Jennings 1986). However, systematic surveys are 
lacking. Data on R. aurora abundance in Califor-
nia are limited, particularly with regard to docu-
menting trends over time. Mean density of egg 
masses in breeding ponds in Humboldt County 
during one breeding season was 0.2/m2, with 
densities up to 0.7/m2 observed (Cary 2010). In 
Del Norte County, 382 egg masses were found in 
a 40 × 40 m area of a pond near the confluence of 
East Fork Mill Creek and West Branch Mill Creek 
(J. Garwood, unpublished data). Surveys in Cali-
fornia have found more egg masses in areas 
where natural vegetation buffers the breeding 
habitat compared to developed areas (M. van Hat-
tem, unpublished data). 

Nature and Degree of Threat 

The major threat to Rana aurora is development 
and forest conversion leading to habitat loss and 
degradation. Other threats include introduced 
predators, disease, and climate change, though 
more data are needed on each of these 
stressors. 

Due to issues such as low capture rates, it is 
unclear whether R. aurora abundance varies 
consistently with stand age in harvested forests 
(reviewed in Pearl 2005). For example, terres-
trial (Welsh et al. 2007) and aquatic (Ashton et 
al. 2006) amphibian surveys in northwestern 
California forests have documented only a 
handful of R. aurora. In Washington, breeding 
sites with high primary forest cover within 
2 km had higher egg mass counts, as did breed-
ing sites greater than 0.25 km away from roads 
(Holcomb 2012). On Vancouver Island, radio-
tracked frogs tended to move toward old-growth 
stands and away from clear-cuts <12 years old, 
suggesting that recolonization of impacted sites 
may require several years (Chan-McLeod 
2003). In an Oregon study, the highest capture 
rates of R. aurora were in mature, mixed large 
sawtimber forest (Martin and McComb 2003). 

Agricultural and residential development 
has likely contributed to habitat loss and degra-
dation for R. aurora, and is projected to continue 
to increase in the future. For example, much of 
the Smith River coastal plain in Del Norte 

County has been converted to lily bulb produc-
tion (J. Garwood, pers. comm.). In addition to 
habitat loss, such agricultural conversion can 
further degrade habitat through use of chemi-
cals such as pesticides, herbicides, and fungi-
cides. Similarly, the emerging issue of largely 
unregulated marijuana cultivation can degrade 
watersheds through grading and roadbuilding 
(which both destroy habitat and create runoff 
into aquatic habitats), application of pesticides 
and herbicides, and through dewatering of 
springs, streams, and wetlands used for irriga-
tion (e.g., Thompson et al. 2014). Residential 
and commercial development is likely to increase 
in northern California, potentially leading to 
losses of breeding habitat or loss of access to 
remaining habitat. For example, the Humboldt 
County General Plan is currently being updated, 
with some proposals considering a doubling or 
tripling of rural development. However, R. 
aurora does use artificial habitat for breeding, 
and amount of urban cover was not a strong pre-
dictor of frog occurrence in surveys in Oregon 
(Rowe and Garcia 2013), suggesting some toler-
ance for certain kinds of habitat modification. 

Introduced predatory fish and bullfrogs are 
widespread throughout R. aurora habitat in 
California, including sites near the coast 
(T. Fuller, J. Garwood, and M. van Hattem, 
pers. comm.). Negative impacts have been doc-
umented in mesocosm experiments, but field 
observations have yielded both negative and 
neutral effects of fish and bullfrogs on R. aurora 
distribution and abundance. Field-enclosure 
experiments in Oregon have shown reduced 
survivorship, shifts in microhabitat use, slower 
development, and smaller size at metamorpho-
sis of R. aurora in the presence of fish and bull-
frogs (Kiesecker and Blaustein 1998). Surveys 
in Oregon and Washington have found evi-
dence for negative associations between R. 
aurora presence or abundance and the presence 
of nonnative fish but weak or no evidence for an 
effect of bullfrogs (Adams 1999, Pearl et al. 
2005a, Rowe and Garcia 2013). Other studies 
in Oregon and Washington have not detected 
any effects of fish or bullfrogs on R. aurora 
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presence (Richter and Azous 1995, Adams et al. 
1998, Adams et al. 2011). Little data are availa-
ble from California. Freshwater Lagoon and Big 
Lagoon in Humboldt County both have a long 
history of fish stocking, and surveys of suitable 
habitat during the 2010 and 2011 breeding sea-
sons never found more than 1 egg mass in 
either lagoon (M. van Hattem, unpublished 
data). While introduced fish and bullfrogs can 
prey upon R. aurora, the population-level 
impacts of such predation are unknown. Gut 
content analysis of 5075 bullfrogs collected over 
5 years on Vancouver Island found R. aurora in 
only 0.2% of stomachs (Jancowski and Orchard 
2013. 

Expected climate changes within the Cali-
fornia range of R. aurora over the next 100 years 
include increased temperatures, sea-level rise, 
changes in hydrology, changes in fire regime, 
and vegetation shifts (reviewed in PRBO 2011). 
The frequency of extremely hot days is projected 
to increase, with roughly nine additional days 
over 32.2°C (Bell et al. 2004), though the effects 
of increased temperature are difficult to predict. 
A mesocosm experiment on larval R. aurora 
found that the combined effects of warming and 
drying can offset each other: warmer conditions 
result in more algal resources, allowing larvae to 
develop faster and escape costs of drying 
(O’Regan et al. 2014). Sea-level rises as high as 
72 cm above 1990 levels are predicted under 
some models for California (reviewed in PRBO 
2011), which may cause saltwater intrusion into 
estuarine habitat used for breeding. Upwelling 
is expected to intensify, which may increase fog 
development and contribute to cooler, moister 
conditions (Snyder et al. 2003, Lebassi et al. 
2009), possibly facilitating terrestrial habitat 
use by this species along the coast. Potential 
changes in precipitation are less clear, some 
models predict either modest increases or 
decreases in rainfall, while others predict sharp 
reductions of up to 28%. (reviewed in PRBO 
2011). Reductions in water availability due 
to reduced snowpack and possibly reduced pre-
cipitation will affect the timing and magnitude 
of stream flows, which may negatively affect 

habitat (Snyder et al. 2004, Stewart et al. 2005, 
Cayan et al. 2008b). How fire regime will be 
affected by climate change in northwestern 
California is not well understood. Some models 
predict little change in fire regime or even 
decreases in area burned along the northern 
coast (Fried et al. 2004, Lenihan et al. 2008), 
while increases in area burned have been pre-
dicted for the southern coast of northwestern 
California (Lenihan et al. 2008). Westerling et 
al. (2011) projected a 100% increase in area 
burned in northwestern California under some 
scenarios. How R. aurora responds to wildfire is 
unknown. Vegetation communities are expected 
to shift from moist conifer to drier mixed ever-
green forest, with reductions in Douglas fir and 
redwood forest in particular (Lenihan et al. 
2008, PRBO 2011). Loss of moist forest habitat 
would likely be detrimental to R. aurora; how-
ever, most of the predicted vegetation changes 
occur farther inland from its range. 

Disease has been repeatedly implicated in 
amphibian declines, but to date there is little evi-
dence that disease has played a major role in 
determining R. aurora abundance. While Bd has 
been documented from a high proportion of sites 
examined in Humboldt County (11/13; Nieto 
2004, Sun 2012), the prevalence of infected indi-
viduals is relatively low ( 15%; Nieto 2004, Sun 
2012). Water mold infection of egg masses has 
been observed in the field (Cary 2010, M. van 
Hattem, unpublished data) but population conse-
quences of infection are unknown. Terrestrial 
versus aquatic life stages may respond differently 
to fungal infection. Juvenile metamorphs 
infected with Saproglenia in the lab did not have 
significantly higher mortality than uninfected 
individuals (Romansic et al. 2007), while two 
weeks of exposure was lethal to R. aurora larvae 
(Romansic et al. 2009a). 

Status Determination 

Rana aurora has a small range in California in 
a region that is undergoing continuing develop-
ment, agricultural use, and timber harvest, 
making it a Priority 2 Species of Special 
Concern. 
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Management Recommendations 

Management of Rana aurora should focus on 
addressing habitat degradation and loss due to 
development, timber harvest, and agriculture 
(including marijuana cultivation), introduction 
and spread of nonnative predatory fish and bull-
frogs, and on minimizing unintended negative 
impacts due to salmonid restoration. Observa-
tions of higher abundance in breeding habitat 
with intact terrestrial vegetation nearby (though 
not excessively shading ponds; Cary 2010, 
Adams et al. 2011, Holcomb 2012) coupled with 
the terrestrial habitat use and long distances 
traveled by adults (Hayes et al. 2007) support 
the idea of maintaining vegetation buffers 
around breeding habitat in forested areas and 
setbacks between wetlands and development. 
Current regulations for development setbacks 
under the California Coastal Act of 1976 give 
distances from breeding wetlands of up to 30 m 
depending on land use. However, these setbacks 
are reducible upon request and we recommend 
that consistent, biologically based setbacks be 
developed. Rana aurora may experience less 
impact from timber harvesting methods that 
leave residual tree patches, particularly if multi-
ple trees are included in patches between 0.8 
and 1.5 ha in size and are near streams (Chan-
McLeod and Moy 2007). Marijuana cultivation 
appears to pose a growing threat to maintenance 
of high-quality habitat for this species. Enforce-
ment and regulation of marijuana cultivation is 
an ongoing issue in California and we suggest 
that the environmental impact of such activities 
be considered. Populations of introduced fish 
and bullfrogs should be prevented from invad-
ing R. aurora breeding habitat. While bullfrogs 
may already be widespread, intentional fish 
stocking should be restricted to avoid R. aurora 
habitat. Restoration projects for native salmo-
nids should also take into consideration poten-
tial impacts to R. aurora that may be caused by 
converting freshwater wetlands to estuarine 
habitats and salt marshes. 

Monitoring, Research, and Survey Needs 

Monitoring of Rana aurora egg mass counts 
should continue in order to provide baseline 
data on distribution and abundance and to 
detect declines. Rana aurora management 
would benefit from additional study of move-
ment and habitat use, life history, effects of 
marijuana cultivation, and impacts of intro-
duced species in the field. Particularly as habi-
tat becomes increasingly fragmented, data on 
connectivity among habitat patches, effects of 
road density, and use of terrestrial habitat away 
from breeding ponds can help inform appropri-
ate setback distances and buffer configurations. 
Genetic studies may also be helpful for under-
standing patterns of frog movement across the 
landscape. Basic life history information overall 
and from the California range in particular is 
also lacking. Understanding saltwater tolerance 
of different life stages would be useful for pre-
dicting the extent of sea-level-rise effects on 
coastal populations. Field research on impacts 
of marijuana cultivation on amphibian popula-
tions would contribute to developing environ-
mental regulations for this growing industry. 
Much of the concern for bullfrog impacts on R. 
aurora is from experimental mesocosm studies. 
Additional research that addresses the effects 
of bullfrogs and fish on R. aurora in the field is 
necessary to understand the community con-
text of impacts, as the effects of bullfrogs in 
combination with fish may be greater than 
either singly (Kiesecker and Blaustein 1998), 
and fish may be facilitating bullfrog survival 
(Adams et al. 2003). Under the assumption 
that eradication of well-established introduced 
species is unlikely to be feasible at a large scale, 
a main goal of this work should be identifying 
factors that can potentially be manipulated to 
promote coexistence between R. aurora and 
nonnative predators, such as managing terres-
trial and aquatic vegetation cover and 
hydroperiod. 
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FOOTHILL YELLOW-LEGGED FROG 

Rana boylii Baird 1854 

Status Summary 

Rana boylii is a Priority 1 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 83% (91/110). During the previous evalua-
tion, it was also considered a Species of 
Special Concern, with varying levels of threat 
in different parts of the range (Jennings and 
Hayes 1994a). 

Identification 

Rana boylii is a small to medium-sized frog (up 
to 81 mm SVL) (Stebbins 2003). The skin usu-
ally appears rough and granular, with many 
tiny tubercles on the surface, including on the 
tympanum (Nussbaum et al. 1983). The dorsal 
coloration is variable and can be gray, brown, 
reddish, or olive, sometimes with extensive 
brick-red coloration around the weak dorsola-
teral folds (Nussbaum et al. 1983). Individuals 
can also change their overall coloration from 
relatively light to dark (Wheeler et al. 2005). An 
inverted triangle-shaped patch of buff colora-
tion is usually present on the snout, but its dis-

tinctiveness varies (Stebbins 2003). The ventral 
coloration is typically yellow on the hind legs 
and posterior abdomen, with the rest of the ven-
ter mostly white with dark mottling on the 
throat and chest (Nussbaum et al. 1983). 

Foothill Yellow-Legged Frog: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 25 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 7 

Total Score 91 

Total Possible 110 

Total Score/Total Possible 0.83 
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PHOTO ON PREVIOUS PAGE: Foothill yellow-legged frog, Del Norte County, California. Courtesy of Rob Schell 
Photography. 
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Jennings and Hayes (2005) documented 
orange or red coloration on the ventral surfaces 
of the hind limbs in post-metamorphic animals 
from Glenn, Tehama, and Stanislaus Counties. 
Tadpoles reach a maximum size of 55 mm and 
are usually olive dorsally with dark spots or 
mottling that matches the stream substrate and 
a silvery venter (Nussbaum et al. 1983). Males 
call primarily underwater but will also call 
above (MacTague and Northen 1993). 

Other species that R. boylii could potentially 
be confused with in California include the Cali-
fornia and northern red-legged frogs (R. drayto-
nii and  R. aurora), the mountain and Sierra 
Nevada yellow-legged frogs (R. muscosa and R. 
sierrae), and juvenile bullfrogs. Rana draytonii 
and R. aurora have smooth skin, a prominent 
jaw stripe, distinct dorsolateral folds, and usu-
ally have red coloration under the hind limbs 
(although R. boylii can also have red ventral col-
oration, and young R. draytonii and R. aurora 
often have yellowish thighs) (Stebbins 2003, 
Jennings and Hayes 2005). Rana muscosa and 
R. sierrae have smoother skin, smooth tym-
pana, and tend to lack the light patch on the 
snout (Stebbins 2003). Bullfrogs occasionally 
co-occur with R. boylii but tend to be greenish 
in color, with smoother skin, and large, smooth 
tympana (Stebbins 2003). 

Taxonomic Relationships 

Rana boylii has been recognized as a distinct 
species for a long period of time, although its 
phylogenetic placement among other North 
American ranids has been revised repeatedly 
(Baird 1854, Macey et al. 2001, Hillis and Wil-
cox 2005). Zweifel (1955) documented variation 
in color and morphology among California R. 
boylii populations. Recent phylogeographic 
studies have found that genetic variation 
among R. boylii populations is structured along 
hydrologic boundaries (Dever 2007, Peek 2010, 
Lind et al. 2011). In a range-wide phylogeo-
graphic study, Lind et al. (2011) identified some 
peripheral populations that are deeply diver-
gent from populations within the core of the 
range. In California, populations in southern-

most Monterey County west and south of the 
Salinas River Valley and populations from the 
southern Sierra Nevada were found to be phylo-
genetically distinct from the rest of R. boylii, 
suggesting a long history of isolation. While 
extreme southern populations from Los Ange-
les County are now extirpated, Lind et al. (2011) 
hypothesized that animals from those localities 
may also have been genetically distinct. 

Life History 

As a stream-dwelling frog, the life history of 
Rana boylii coincides with seasonal patterns in 
river flows associated with California’s Mediter-
ranean climate. The most sensitive life stages 
(eggs and larvae) develop during relatively sta-
ble conditions when streams are at their lower 
stages (Kupferberg et al. 2009b). Breeding and 
oviposition occur in spring after flood waters 
recede, and tadpoles metamorphose in late 
summer through early autumn before winter 
rains (reviewed in Lind 2005, Haggarty 2006, 
Wheeler and Welsh 2008). Southern popula-
tions breed earlier than northern populations 
(Zweifel 1955), and the onset and duration of 
breeding can be influenced by water tempera-
ture, cessation of rainfall, water velocity and 
depth, and day length (Zweifel 1955, Kupfer-
berg 1996a, Lind et al. 1996). Between 2002 
and 2007 at a site in Del Norte County, breed-
ing activity was initiated in early April and 
lasted for 19–52 days, with earlier breeding 
occurring in low-f low years (Wheeler and 
Welsh 2008). Breeding activity ceased briefly 
during rain events that increased f lows 
(Wheeler and Welsh 2008). 

Females lay a single cluster of up to 2000 
eggs (Zweifel 1955) attached to pebble or cobble 
substrates (Fuller and Lind 1992) or to bedrock 
(M. van Hattem, pers. comm.). Eggs take 2–3 
weeks to hatch, depending primarily on water 
temperature (Kupferberg 1996a). Major 
sources of natural egg mortality are desiccation 
through stranding in dry years, and scour from 
floods in wet years (Kupferberg et al. 2009b). 
Adults breed at 2 or 3 years of age depending on 
the geographic location, and this translates into 
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fluctuations in adult populations being deter-
mined by environmental conditions during 
recruitment 2–3 years prior (Kupferberg et al. 
2009b). Metamorphosed animals captured in 
Tehama County were 1.2–7.2 years old based 
on skeletochronology (Bourque 2008), sug-
gesting that they can be relatively long-lived. 

Radiotelemetry studies are beginning to 
offer more insight into terrestrial movements. 
Adults aggregate at pools in the spring but 
become more difficult to find in the summer 
(Van Wagner 1996, Haggarty 2006, Wheeler 
and Welsh 2008). In one study in Tehama 
County, frogs used watercourses for movement 
and were rarely more than 12 m from the 
stream channel (Bourque 2008). Females 
tended to move upstream during spring and 
downstream during the fall and winter. Travel 
rates in this population were up to 1386 m/day, 
faster than previously thought. In other stud-
ies, the longest distances traveled have been 
closer to 500 m at rates of tens to a few hundred 
meters per day (Van Wagner 1996, Drennan et 
al. 2006, Wheeler et al. 2006). Females tend to 
move farther distances than males, with female 
movements up to 7 km documented in one 
study (Bourque 2008, Gonsolin 2010). At one 
locality in Del Norte County, 68% of males 
remained in one breeding site during the repro-
ductive season, with average home range sizes 
of 0.58 m2 (Wheeler and Welsh 2008). At a site 
where the availability of permanent water is a 
limiting factor in Santa Clara County, resident 
tributary frogs moved to the main stem to 
breed and moved greater distances than resi-
dent main stem frogs (Gonsolin 2010). Greater 
than 90% of movements were associated with 
movements to or from breeding sites, and all 
movements outside of the breeding season 
were made in response to the channel drying 
back or to rainfall (Gonsolin 2010). 

Larvae appear to be herbivorous, while met-
amorphs and adults consume terrestrial and 
aquatic insects. Algae with epiphytic diatoms 
are a preferred food for larvae, and the abun-
dance of floating algae indicates the quality of 
larval food resources (Kupferberg 1996b, Kup-

ferberg 1997). Metamorphosed animals prima-
rily forage terrestrially (Zeiner et al. 1988, Van 
Wagner 1996, Haggarty 2006, Hothem et al. 
2009). Spiders, beetles, and flies are common 
prey items (Haggarty 2006, Wiseman and Bet-
taso 2007, Hothem et al. 2009). Gut content 
analyses of adults collected from 22 sites in the 
Cache Creek watershed found that 98% of indi-
viduals contained terrestrial prey, 28% con-
tained aquatic prey, and one animal contained 
mammal hair and bone fragments (Hothem et 
al. 2009). Two occurrences of adults cannibal-
izing juvenile conspecifics have been docu-
mented (Wiseman and Bettaso 2007). 

Habitat Requirements 

Rana boylii is primarily stream dwelling and 
requires shallow, flowing water in streams and 
rivers with at least some cobble-sized substrate 
(Hayes and Jennings 1988). Different life 
stages use different habitat types for develop-
ment, foraging, and overwintering. 

Breeding and oviposition occur at the mar-
gins of relatively wide and shallow channel sec-
tions, habitats that experience reduced flow 
variation (Storer 1925, Fitch 1936, Kupferberg 
1996b, Lind et al. 1996). Breeding sites are 
often located near tributary confluences (Kup-
ferberg 1996a, Bourque 2008). Egg masses are 
attached in low-f low locations behind and 
sometimes under rocks. The most commonly 
used substrates for breeding sites are cobble, 
boulders, and gravel (Fuller and Lind 1992, 
Kupferberg 1996a). Eggs have been found at 
water depths up to 87 cm (C. Bondi, S. Yarnell, 
and A. Lind, pers. comm.), in water velocities 
of 0–0.21 m/s, and up to 12.5 m from shore 
(Kupferberg 1996a, reviewed in Lind 2005). 
The critical thermal maximum for embryos is 
26°C, and eggs have been found in water rang-
ing from 9°C to 21.5°C (Zweifel 1955). Density 
of egg masses was highest in Eel River reaches 
when July mean temperatures were between 
17.5°C and 19°C (Catenazzi and Kupferberg 
2013). Egg mass surveys from 1991 to 2002 
across 11 small and large streams in the North-
ern Coast Ranges and the Sierra Nevada found 
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that oviposition sites occurred in a very narrow 
range of microhabitat conditions that were dif-
ferent from randomly selected habitats, strongly 
suggesting active habitat selection by frogs 
(Lind 2005). High-quality breeding areas are 
often used over multiple years (Lind 2005). 
Larvae tend to stay in natal habitats until they 
metamorphose (Van Wagner 1996). Surveys in 
the Mattole Watershed in northern coastal Cali-
fornia across different channel types found that 
tadpole presence was best predicted by rela-
tively warmer water temperatures (Welsh and 
Hodgson 2011). Tadpoles were never found in 
water colder than 13°C, and tadpole abundance 
increased with water temperature (Welsh and 
Hodgson 2011). In choice experiments, tad-
poles selected temperatures between 16.5°C 
and 22.2°C (Catenazzi and Kupferberg 2013). 

Metamorphosed animals use a variety of 
aquatic habitats, including riffles, pools, and 
glides (reaches intermediate between riffles 
and pools) depending on the life stage and sea-
son (Van Wagner 1996, Yarnell 2000, Lind 
2005, Yarnell 2005, Haggarty 2006). At Red 
Creek in Tehama County, post-breeding season 
adults and subadults preferred pool and riffle 
habitats, while young of the year metamorphs 
selected slower-moving glides and runs (Hag-
garty 2006). In Nevada County, all age classes 
used riffles after the breeding season (Van 
Wagner 1996). In the Sierra Nevada foothills, 
subadults chose fast-flowing sections of stream, 
while adults used slower-moving pool habitats 
(Yarnell 2000, Yarnell 2005). In the Mattole 
Watershed, the best predictor of adult presence 
in streams was canopy openness (Welsh and 
Hodgson 2011). Abundance of adults and lar-
vae was positively associated with larger basin 
areas and finer substrates, conditions more 
typical of alluvial channels than other channel 
types (Welsh and Hodgson 2011). 

Less is known about terrestrial habitat use. 
Adults typically occur along waterways with 
some degree of shading (Fitch 1938, Zweifel 
1955, Moyle 1973, Hayes and Jennings 1988, 
Van Wagner 1996), although they also occur in 
open habitats (Welsh et al. 2005, Haggarty 

2006, Welsh and Hodgson 2011). During the 
spring, radio-tracked males and females in 
Tehama County were often found on land near 
water (38% and 66% of the time, respectively; 
Bourque 2008). The average distance from 
water was less than 3 m in all seasons, although 
adults occasionally used habitat up to 40 m dis-
tant from streams (Bourque 2008). Adults 
move to tributaries or upland habitats to avoid 
floods following large rain events (Kupferberg 
1996b, Van Wagner 1996, Yarnell 2000, 
Bourque 2008). Tributaries are also used for 
overwintering in early spring before adults are 
abundant on the principal channels (Kupfer-
berg 1996b, Yarnell 2000). Juveniles will also 
move into tributaries, with maximum move-
ments of 860 m from hatching site to upstream 
tributaries observed in Santa Clara County 
(Gonsolin 2010). Adults may aggregate above 
ground in terrestrial microhabitats on tributar-
ies post-breeding (Leidy et al. 2009). 

Distribution (Past and Present) 

Historically, Rana boylii occurred in foothill 
and mountain streams from the San Gabriel 
River in Los Angeles County to southern Ore-
gon west of the Sierra-Cascade crest (Nuss-
baum et al. 1983, Stebbins 2003), from sea level 
to 1940 m (Hemphill 1952). There is an iso-
lated, unverified record from northern 
Baja California, Mexico, at ∼2000 m (Loomis 
1965). 

Jennings and Hayes (1994a) considered R. 
boylii endangered in central and southern Cali-
fornia south of the Salinas River, threatened in 
the west slope drainages of the Sierra Nevada 
and Cascades, and of special concern in the 
Coast Ranges north of the Salinas River. They 
estimated that R. boylii were extirpated from 
45% of their historical localities in California, 
and 66% of historical localities from the Sierra 
Nevada. Building on that mapping effort, Lind 
(2005) looked at 394 historic localities in Cali-
fornia and Oregon, and found that 201 locali-
ties (51%) were no longer occupied, with extir-
pations largely in southern California and 
northern Oregon. Kupferberg et al. (2012) 
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determined current occupancy of 310 randomly 
selected sites that were occupied prior to 1975. 
They found that half of the sites still had R. 
boylii populations, with frogs more likely to be 
present in sites without large dams. 

Extirpations likely began in the second half 
of the twentieth century. Grinnell and Storer 
(1924) noted several sites in the Sierra Nevada 
foothills around Yosemite where R. boylii were 
common. In resurveys of those sites and sur-
veys of additional sites in the early 1990s, Drost 
and Fellers (1996) did not find any R. boylii. 
Surveys by Moyle (1973) in the 1970s found R. 
boylii at only 30/95 sites in the southern and 
central Sierra Nevada foothills. Field surveys 
since 1993 have found at least one frog at only 
213/804 sites in 28/40 California counties (Fel-
lers 2005a). Fellers (2005a) estimated that 
extant populations occur in 40% of streams in 
the Pacific Northwest, 30% of streams in the 
Cascade Mountains, 30% of streams in the 
south Coast Range (south of San Francisco), 
and 12% of streams in the Sierra Nevada. 

Trends in Abundance 

Kupferberg et al. (2012) compiled egg mass 
density data from multiple sources on 27 Sier-
ran and coastal populations in northern Cali-
fornia between 1991 and 2010. The range of 
densities reported was between 1.9 and 105.7 
clutches/km of reach sampled. Average density 
was higher in free-flowing rivers (31.1 clutches/ 
km) than in rivers with dams (5.5 clutches/ 
km), but no differences were detected between 
abundances in coastal versus montane water-
sheds (Kupferberg et al. 2012). Fellers (2005a) 
reported that only 30 of 213 occupied California 
sites had population sizes greater than 20 
adults. In the Coast Ranges, population sizes of 
greater than 100 adult frogs occurred at six 
sites, and populations greater than 50 adult 
frogs occurred at nine sites (Fellers 2005a). 
Small population sizes are presumably due to 
population declines, leading to predictions that 
populations in the southern Sierra Nevada will 
not be viable for more than another decade (Fel-
lers 2005a). Minimum viable population sizes 

are unknown, however, and may vary across 
the range. 

Nature and Degree of Threat 

The main threats to and likely causes of Rana 
boylii decline are human activities that alter 
natural hydrologic regimes of streams and riv-
ers, such as dams for hydroelectric power gen-
eration, water storage, and water delivery. Other 
potential stressors include land use changes 
that degrade or destroy riparian habitat (partic-
ularly urban and agricultural development), 
pesticides, disease, and invasive species. 

Alterations to the natural flow regime, for 
example, through dam releases, can have direct 
mortality effects and indirect negative effects 
on R. boylii by altering habitat availability and 
quality. Kupferberg et al. (2009b) reviewed 
published literature and Federal Energy Regu-
latory Commission hydroelectric dam relicens-
ing reports to assess the effects of pulsed flow 
releases on R. boylii. The data spanned 1997– 
2007 and included seven major river basins in 
California. Pulsed flows from dam releases 
after oviposition resulted in scouring of egg 
masses, while flow changes during oviposition 
led to stranding when water levels subsequently 
dropped and exposed egg masses. Similarly, 
tadpoles can be scoured and stranded due to 
pulsed-flow releases. The effect of releases on 
post-metamorphic animals is less clear, and the 
impact of flow changes on habitat availability is 
highly site specific. Reservoirs and dams may 
also disrupt patterns of connectivity among R. 
boylii populations. Comparisons of genetic 
structure within and among R. boylii popula-
tions in three pairs of regulated versus unregu-
lated Sierran rivers found that regulated rivers 
exhibited lower genetic diversity and greater 
genetic drift compared to unregulated river 
populations (Peek 2010). 

Kupferberg et al. (2009c) modeled R. boylii 
population growth under different flow sce-
narios. A major result was that populations in 
regulated rivers had 4–13-fold greater extinc-
tion risk than populations in unregulated rivers 
due to smaller population sizes. Kupferberg 
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et al. (2009c) simulated how an unregulated 
population would be affected by flows more 
typical of regulated rivers. When subjected to 
aseasonal flow conditions, modeled popula-
tions showed a doubling of extinction risk. 
Many different kinds of hydrologic changes can 
contribute to these negative effects, and when 
different stressors are combined, the impact on 
frog populations is greater than expected from 
simply adding up the effects of individual 
stressors. 

Field and laboratory experiments conducted 
by Kupferberg et al. (2011) showed that tadpoles 
suffered negative effects including death at or 
below water velocities experienced during asea-
sonal pulsed flows. For example, most tadpoles 
could no longer swim or seek refuge at veloci-
ties of ∼20 cm/s or greater, and in the absence 
of refugia tadpoles reached exhaustion in 
∼7 min in a 5 cm/s current. Rates of flow in 
regulated reaches can be much higher than 
this. For example, in the North Fork Feather 
River, surface velocity measured in larval rear-
ing habitat near channel edges can reach over 
30 cm/s after releases for recreational purposes 
(Garcia and Associates 2005). 

Smaller-scale hydrologic modification and 
loss or degradation of riparian habitat due to 
urban and agricultural use is also a threat to R. 
boylii. Analyses correlating R. boylii distribu-
tion with landscape characteristics demon-
strated negative effects of urban and agricul-
tural land use change and pesticides on R. 
boylii presence (Davidson et al. 2002, Davidson 
2004, Lind 2005). Vineyard conversion can 
have impacts on small creeks, and the estab-
lishment of permanent ponds used for irriga-
tion and frost protection can create habitat for 
bullfrogs (S. Kupferberg, pers. comm.). Mari-
juana cultivation practices that divert water 
from small creeks can lead to premature dry-
ing. Growers have been observed to construct 
plastic-lined impoundments in creeks and add 
fertilizers directly to creek water, as well as use 
pesticides and herbicides in and around frog 
habitat (Gonsolin 2010). These practices are 
suspected to have contributed to declines in 

some populations near Gilroy (Gonsolin 2010). 
Similar impacts are likely in Humboldt, Men-
docino, and Trinity Counties (CDFG 2013). The 
large-scale effects of such illegal operations are 
unknown, and potentially dangerous to study. 
While in-stream gravel and suction dredge gold 
mining may have been more of a concern in the 
past, current regulations protecting salmonids 
have likely largely reduced the direct impact of 
such activities on R. boylii. For example, in 
Humboldt County in-stream gravel mining 
occurs above (in elevation) and outside the wet-
ted channel, and relatively high egg mass den-
sity has been documented in reaches where 
gravel mining occurs in the Mad River (M. van 
Hattem, pers. comm.). 

The current distribution of R. boylii is 
strongly correlated with climate variables, 
which suggests that this species may be sensi-
tive to future climate changes, particularly 
those that affect stream hydrology (reviewed in 
PRBO 2011). Comparisons of occupied and 
extirpated historic localities found that sites 
where R. boylii persists have higher mean 
annual precipitation, less variability in precipi-
tation, and fewer dry years than extirpated sites 
(Davidson et al. 2002, Lind 2005). Within the 
range of R. boylii, warming temperatures are 
predicted to result in more precipitation falling 
as rain instead of snow, and consequently less 
storage of water as snowpack. Reductions of 
30–80% in snowpack accumulation are pre-
dicted within the northwestern range of R. 
boylii, and up to 90% reduction in snowpack is 
predicted for the south coast hydrologic region 
(Snyder et al. 2004, Cayan et al. 2008b). In the 
Sierra Nevada, snowpack losses of 50–90% are 
predicted by the end of the twenty-first century, 
with greatest losses at low to mid-elevations 
(Knowles and Cayan 2002, Hayhoe et al. 2004, 
Knowles and Cayan 2004, Maurer 2007, Cayan 
et al. 2008b). Loss of snowpack is likely to 
result in earlier runoff and reduced spring and 
summer streamflows. Timing of spring snow-
melt is predicted to shift earlier in the spring in 
the Sierra Nevada (Snyder and Sloan 2005), 
while in northwestern California the opposite 
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has occurred over the last 50 years (Stewart et 
al. 2005). How frogs will respond to these 
changes in hydrology is unknown, but negative 
effects due to anthropogenic changes in hydrol-
ogy are well documented. Reduction in water 
availability may also lead to more conflict with 
human use of water and affect how regulated 
reaches are managed (reviewed in Franco et al. 
2011). It is important to note, however, that pre-
dictions of changes in precipitation are much 
less certain than predictions for temperature 
(Franco et al. 2011, PRBO 2011). In addition, 
climate change may also affect disease dynam-
ics. Outbreaks of nonnative parasitic copepods 
occurred during two recent warm years at a 
long-term study site, resulting in morphologi-
cal abnormalities and smaller sizes at meta-
morphosis (Kupferberg et al. 2009a). The out-
break was likely caused by increased summer 
water temperature, decreased daily discharge, 
or a combination of these factors. These condi-
tions may increase under a changing climate, 
but could also occur as a result of marijuana 
cultivation. 

No declines to date have been associated 
with Bd, but the disease does infect R. boylii in 
the field. Padgett-Flohr and Hopkins (2009) 
examined museum specimens from 1890 to 
2000, and found that Bd first appeared in R. 
boylii samples from the 1960s, with 10% of 
specimens infected. In all, 0–40% of speci-
mens were infected with Bd in the following 
decades. In laboratory trials, R. boylii appeared 
to be protected by skin peptides against Bd and 
therefore may not be very susceptible to chytrid-
iomycosis (Davidson et al. 2007). Chytrid 
infection did not affect survival, even in the 
presence of a co-applied pesticide, but did sup-
press growth of recently metamorphosed indi-
viduals by approximately 40% (Davidson et al. 
2007). 

Observational data and surveys have found 
that R. boylii is rare or absent in habitats with 
introduced fishes and bullfrogs (Hayes and Jen-
nings 1986, Hayes and Jennings 1988, Kupfer-
berg 1997, Lind et al. 2003, Fuller 2008). 
Breeding populations of R. boylii can be an 

order of magnitude smaller when bullfrogs are 
present compared to uninvaded reaches (Kup-
ferberg 1997). In field experiments in outdoor 
enclosures, bullfrog tadpoles caused a 48% 
reduction in survivorship of R. boylii tadpoles, 
and a 24% decline in mass at metamorphosis. 
The mechanism behind the negative impacts of 
bullfrogs was competition for food (Kupferberg 
1997). Metamorphosed bullfrogs prey on R. 
boylii, including post-metamorphic individuals 
(Crayon 1988, Hothem et al. 2009), but the 
population-level consequences of this predation 
are unclear. Another nonnative predator, the 
signal crayfish (Pacifastacus leniusculus), has 
been introduced into several Sierra Nevada 
drainages from farther north where the two 
species co-occur (Wiseman et al. 2005). Signal 
crayfish have been observed eating and dislodg-
ing egg masses and attacking larvae (Wiseman 
et al. 2005). Within R. boylii’s range, signal 
crayfish have been documented at 30–40 sites, 
with ∼25 invaded sites occurring in the Sierran 
foothills (G. Fellers, pers. comm.). 

Status Determination 

Documented declines and extirpations of Rana 
boylii populations combined with continuing 
threats to remaining populations result in a 
Priority 1 designation for this species. 

Management Recommendations 

Several aspects of the biology of Rana boylii can 
help inform management efforts. Rana boylii 
use a variety of stream and streamside habitats 
during different life stages; therefore, protected 
habitat needs to provide adequate habitat diver-
sity. The timing and pattern of releases of water 
from dams during April through June should 
be managed to minimize egg scouring and 
stranding. For example, dam releases can be 
staggered to better mimic the natural spring 
recession in snowmelt-fed streams. Further rec-
ommendations for hydrologic management can 
be found in Kupferberg et al. (2009b, 2009c). 
Dam removal should be explored where appro-
priate and is likely to benefit R. boylii and other 
native taxa. River management for other taxa 
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needs to take R. boylii into account. For example, 
in-stream structures to improve habitat for fish 
such as steelhead can negatively impact R. boylii 
(Fuller and Lind 1992). Habitat restoration and 
possibly repatriation of southern Sierra Nevada 
populations should be considered. Southern 
populations in general should be priorities for 
conservation because of the degree of losses and 
distinctive genetic diversity represented in this 
part of the range (Lind et al. 2011). Removal or 
management of nonnative predators such as 
fish and bullfrogs may help restore R. boylii 
habitat. For example, projects that remove artifi-
cial pools (e.g., relict mine tailing ponds) by 
restoring linkages to main river channels would 
result in more natural hydrologic conditions and 
reduce breeding habitat for bullfrogs (Fuller et 
al. 2010). Finally, Lind et al. (2011) suggested 
that an approach using genetic analyses of R. 
boylii and co-distributed riverine taxa would 
help in prioritizing drainages for protection 
based on levels of diversity. 

Monitoring, Research, and Survey Needs 

Modeling of population dynamics and hydrol-
ogy are highly site specific and limited by avail-
able demographic data, and acquiring those 
additional data should be a high priority for 
Rana boylii. More research is needed on survi-
vorship of tadpoles and juveniles, especially 
during overwintering. The mechanisms under-
lying hydrological effects are currently best 
understood for egg masses, and we need to 
develop a better functional understanding of 
how hydrology affects different life stages (Kup-

ferberg et al. 2009b). More research is also 
needed on post-metamorphic stages. Post-meta-
morphic stages may be less at risk from asea-
sonal pulses in river flow because they are more 
mobile, but in regulated rivers the timing of 
pulsed flow events can be decoupled from cli-
matic cues (such as the first appreciable fall 
rains) that would normally trigger movement to 
safer refuges (Kupferberg et al. 2009b). Cau-
tion should be taken in using radio telemetry to 
study post-metamorphic animals, as 62% of 
frogs in one study suffered skin injuries from 
transmitters (Bourque 2008). Modeling efforts 
would also be improved by monitoring a Sierra 
Nevada population in an unregulated reach for 
comparison with more regulated sites (Kupfer-
berg et al. 2009b). Egg mass counts are com-
monly used to monitor R. boylii populations. 
Females only lay one mass/year, so egg mass 
counts accurately reflect the number of repro-
ductive females. However, operational sex ratios 
are female biased; therefore, accurate popula-
tion size estimates cannot be made based on 
egg counts alone (Wheeler and Welsh 2008). 
Lind et al. (2011) provided important range-
wide phylogeographic data, but their study was 
limited by very low nuclear genetic diversity and 
relied primarily on mitochondrial data. Addi-
tional work could provide valuable additional 
data on levels of variation and genetic isolation 
among local hydrologic basins, as might be pre-
dicted for this stream-restricted anuran. Finally, 
efforts to find remnant R. boylii populations in 
the San Gabriel Mountains and upper Piru 
Creek in southern California should continue. 
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CASCADES FROG 

Rana cascadae Slater 1939 

Status Summary 

Rana cascadae is a Priority 2 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 65% (72/110). During the previous evalua-
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Rana cascadae is a medium-sized (2.0–8.0 cm 
SVL) frog with drab-green, tan, or brown dorsal 
coloration and well-defined black blotches scat-
tered across the back (Slater 1939, Stebbins 
2003). The number of blotches varies from 
very few to about 50 (Slater 1939), and 
unmarked individuals occur rarely (Jennings 
and Hayes 1994a). Blotches appear to be on the 
surface of the frog’s skin and are reminiscent of 
spattered ink (Stebbins 2003). The species has 
a prominent light stripe above the jaw and 
strong dorsolateral folds. The venter is cream or 
buff, usually with yellowish (sometimes red-
dish) areas posteriorly and on the undersides of 
the legs. Laterally, the sides are mottled and 

fade into the ventral coloration (Slater 1939). 
The male advertisement call is a series of low 
chucks given in rapid succession, usually end-
ing with one slightly drawn out chuck (Elliott et 
al. 2009). 

Cascades Frog: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 15 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 72 

Total Possible 110 

Total Score/Total Possible 0.65 
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PHOTO ON PREVIOUS PAGE: Cascades frog, Trinity County, California. Courtesy of Adam Clause. 
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In California, this species could be confused 
with the California or northern red-legged frogs 
(R. draytonii and  R. aurora), both of which it 
resembles in overall body shape. In adults, 
R. aurora/R. draytonii have extensive mottling 
on the venter with red pigmentation on the ven-
tral thighs and groin, rather than the yellow that 
often characterizes R. cascadae (Dunlap 1955). 
However, the color of the thighs is variable in R. 
cascadae and may not be a reliable character to 
separate these taxa (S. Barry, pers. comm.). 

Taxonomic Relationships 

This species is closely related to Rana aurora and 
R. draytonii (Shaffer et al. 2004, Hillis and Wil-
cox 2005). It was proposed as a distinct species 
based on morphology (Slater 1939), and this 
interpretation has been repeatedly confirmed 
with additional morphological and genetic data 
(Dunlap 1955, Case 1978, Shaffer et al. 2004). 

Based on genetic data, the species appears 
to show considerable differentiation among 
local populations that is consistent with an 
overall isolation-by-distance model of gene flow 
(Monsen and Blouin 2003, Monsen and Blouin 
2004). In addition, the California populations 
appear to be strongly divergent in both mito-
chondrial and nuclear DNA from the remain-
der of the species’ range in the Cascade and 
Olympic mountain ranges (Monsen and Blouin 
2003). Populations of this species appear to 
have consistently small effective population 
sizes (<50; Phillipsen et al. 2011). The available 
data are primarily from outside of California, 
although the observed pattern is likely consist-
ent throughout the range. Preliminary results 
based on mitochondrial DNA, nuclear DNA, 
and microsatellites suggested little divergence 
between Lassen and Klamath populations in 
California (Chang and Shaffer 2010). However, 
more extensive work with larger range-wide 
sampling is needed. 

Life History 

Rana cascadae breeds in the spring, soon after 
emerging from hibernation and the spring thaw 
that opens breeding pools (Nussbaum et al. 

1983, Stebbins 2003). First-time breeders fre-
quently disperse to new areas of suitable breed-
ing habitat (51% of first-time breeders relative to 
only 7% of experienced breeders in Echo Lake 
Basin; Garwood 2009), which may help to con-
nect local subpopulations into larger more stable 
metapopulations. Breeding occurs at the mar-
gins of waterbodies, with oviposition often 
occurring in large aggregations (Sype 1975, 
Nussbaum et al. 1983, Garwood 2009). Oviposi-
tion behavior appears to be variable throughout 
the species’ range, with some authors reporting 
diurnal oviposition of largely unattached egg 
masses (Briggs 1987), and others noting that 
most egg masses are deposited at night and are 
attached to vegetation (Nussbaum et al. 1983; 
K. Pope, pers. comm.). Breeding at individual 
sites is relatively synchronous and occurs over a 
few days, although the timing of breeding across 
the range can vary widely with local weather 
conditions and elevation (Briggs 1987, Garwood 
2009). Embryo development can occur at tem-
peratures ranging from 6°C to 27°C (Sype 1975, 
Nussbaum et al. 1983). After hatching, larvae 
sometimes aggregate into dense clusters (gener-
ally fewer than 40 individuals) composed prima-
rily of siblings (O’Hara and Blaustein 1981, 
O’Hara and Blaustein 1985, Blaustein and 
O’Hara 1987) and choose higher water tempera-
ture than those required during embryo devel-
opment (up to ∼28°C; Wollmuth et al. 1987, 
Bancroft et al. 2008). After metamorphosis, 
lower water temperatures are again preferred. 

Rana cascadae appears to be largely diurnal. 
The diet of adult frogs is generalized and 
includes a wide variety of arthropods, as is the 
case for most other California ranids (Joseph et 
al. 2011). An analysis of stomach contents for 
275 frogs documented the presence of 110 
invertebrate taxa (Larson 2012). Frogs across all 
size classes generally avoided small prey items 
(<4 mm), and larger frogs more strongly pre-
ferred large prey items (Larson 2012). 

Habitat Requirements 

Rana cascadae utilizes a wide variety of aquatic 
habitats, including temporary and permanent 
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ponds, lakes, marshes, and streams, as well as 
adjacent vegetated terrestrial habitat (Nussbaum 
et al. 1983, Jennings and Hayes 1994a, Stebbins 
2003, Pearl and Adams 2005, Garwood 2009). 
The species will also use wet meadows (often 
those that have formed from old sphagnum 
bogs) and can occasionally be found a large dis-
tance from water (Nussbaum et al. 1983). They 
require water year-round at all life stages and 
cannot tolerate habitats that freeze solid in the 
winter (K. Pope, pers. comm.). Montane lentic 
habitat is required for breeding and overwinter-
ing, with small, shallow, spring-fed ponds serv-
ing as the primary breeding habitat (Garwood 
2009). Populations appear to be sustained by a 
matrix of varying habitat types that individual 
frogs disperse among throughout the year (Gar-
wood and Welsh 2007, Garwood 2009), sug-
gesting that habitat conservation needs to con-
sider spatial scales larger than single lakes (or 
other patches of habitat). The presence of preda-
ceous fish may limit their distribution (Welsh et 
al. 2006, Pope et al. 2008), although this alone 
cannot explain the broadscale pattern of popula-
tion declines in this species (Fellers et al. 2008; 
also see the “Nature and Degree of Threat” sec-
tion below). 

Distribution (Past and Present) 

In California, Rana cascadae occurs in two 
population segments. One is in the Lassen area 
and the extreme northern end of the Sierra 
Nevada (Lassen, Plumas, Shasta, and Tehama 
Counties) and is now nearly extirpated. The 
other occurs in the Trinity Alps and Siskiyou 
Mountains region. The species’ range in Cali-
fornia extends from Siskiyou County south to 
the northern end of Butte County. Outside of 
California, the range of R. cascadae follows the 
Cascade Range nearly to the United States– 
Canadian border, with another disjunct popula-
tion at high elevations on the Olympic Penin-
sula (Stebbins 2003). 

Trends in Abundance 

Populations of this frog have declined strongly 
in the Lassen area, where nearly all known 

populations have disappeared in the last 30 
years (Fellers and Drost 1993, Jennings and 
Hayes 1994a). More recent surveys in the Las-
sen region further confirm these declines. 
Rana cascadae was found at only 6 of 856 sites 
surveyed over 14 years, population sizes were 
small, and breeding was limited at these 6 sites 
(Fellers et al. 2008). Populations elsewhere, 
including the Klamath Mountains region in 
Siskiyou and Trinity Counties, are also frag-
mented, generally small, and at risk, although 
they are more intact overall than in the Lassen 
area (K. Pope, pers. comm.). Localized declines 
have also been detected elsewhere in the range 
(Pearl and Adams 2005, Fellers et al. 2008, 
Piovia-Scott et al. 2011). Welsh et al. (2006) 
found R. cascadae to be the most common 
anuran in the Klamath region. By contrast, 
more recent and ongoing surveys of eight popu-
lations in the Trinity Alps within the Klamath 
region find that only one of the populations is 
large and robust and that some of the threats 
present in the Lassen region are likely also 
operating there (K. Pope, pers. comm.). Pope 
and Larson (2013) report 11 remaining popula-
tions in the Lassen area and find that the 
number of young frogs was low at all sites that 
they surveyed. 

Nature and Degree of Threat 

Threats to this species appear to be complex 
and derived from multiple stressors. The larg-
est factor contributing to declines in the Lassen 
region appears to be overall low recruitment 
due to changing hydrological conditions that 
lead to detrimentally high water temperatures 
and desiccation of egg masses and tadpoles, as 
well as impacts from Bd among subadult frogs 
(Pope et al. 2011). Extensive mark-recapture 
surveys in the Lassen region between 2008 and 
2010 indicate widespread desiccation of egg 
masses and tadpoles and a lack of metamorphs 
relative to more stable populations in the 
Klamath area (Pope et al. 2011, Pope and Lar-
son 2013). In comparisons between two of the 
remaining Lassen populations, the population 
with higher Bd prevalence and load in adult and 
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subadult frogs had lower survivorship for these 
two age classes. In both Lassen and the 
Klamath Ranges, subadult frogs had higher Bd 
prevalence and load than adult frogs, and the 
prevalence of Bd increased throughout the 
active season for subadult frogs but not for adult 
frogs. These results are consistent with previ-
ous studies of Bd in this species that suggest 
the pathogen has differential impacts depend-
ing on age class. Blaustein et al. (2005) exam-
ined the effect of Bd on larvae and found an 
increased incidence of mouthpart abnormali-
ties but no effect on mortality or behavior. Gar-
cia et al. (2006), however, found significant 
mortality in new metamorphs of Rana cascadae 
due to Bd. 

Interestingly, Bd also appears to be wide-
spread in the Klamath region where this spe-
cies is currently much more stable than in the 
Lassen region (Piovia-Scott et al. 2011), sug-
gesting more than one factor is playing a role in 
the declines. Ongoing characterization of Bd 
prevalence in these populations could help 
determine what factors are involved, although 
one hypothesis is that Bd achieves higher loads 
on frogs in declining populations than stable 
populations (J. Piovia-Scott, pers. comm.). 
Infection by the water mold Saprolegnia has 
also been implicated in R. cascadae declines. 
This pathogen is known to increase mortality 
in embryos, larvae, and metamorphs (Kiesecker 
and Blaustein 1999, Romansic et al. 2009a) 
and may have strong impacts on the outcome of 
competition between R. cascadae and sympatric 
Pseudacris regilla (Kiesecker and Blaustein 
1999). 

Habitat loss and modification is also a threat 
to continued persistence of populations in both 
the Klamath and Lassen regions. The species is 
highly associated with meadows, which have 
been impacted by cattle grazing, tree encroach-
ment due to lack of wildfire, and changing 
hydrology associated with changes in the snow-
pack (K. Pope, pers. comm.; Pope et al. 2014). 

Other possible contributors to R. cascadae 
declines that have been proposed include intro-
duced fishes, environmental contaminants, 

pathogens, and UV-B radiation. The presence 
of introduced trout appears to be inversely 
related to the distribution of R. cascadae (Welsh 
et al. 2006) and almost certainly impacts some 
populations. Aside from direct predation, intro-
duced trout may affect R. cascadae indirectly by 
supporting higher populations of the aquatic 
garter snake (T. atratus), a predator on both 
trout and R. cascadae (Garwood and Welsh 
2007, Pope et al. 2008), and by preemptive 
competition for aquatic prey (Joseph et al. 
2011). However, trout have been present in the 
Lassen region for nearly a century and are also 
widely distributed in other areas where R. cas-
cadae persists, making it unlikely that they 
alone can explain the declines over the last 30 
years (Fellers et al. 2008). Nevertheless, popu-
lations appear to respond favorably to trout 
removal, showing marked increases in popula-
tion size and recruitment following fish 
removal (Pope 2008). 

Pesticide use is inversely correlated with the 
presence of R. cascadae (Davidson 2004). In 
particular, downwind transport of pesticides 
from intensively farmed areas in the Central 
Valley appears to be correlated with declines in 
several species of ranid frogs, including R. cas-
cadae (Davidson et al. 2002, Davidson 2004). 
This hypothesis is attractive in that it explains 
the differential declines between the Trinity 
Alps region and the Lassen region because the 
Lassen region is directly downwind of areas 
that experience heavy agricultural use, whereas 
the Trinity Alps are not (Davidson et al. 2002). 
However, recent field measurements of con-
taminant residues in sediment and in R. casca-
dae and P. regilla tissue do not indicate higher 
levels in the Lassen compared to the Trinity 
Alps region, at least for the handful of different 
chemicals that have been analyzed to date, call-
ing this hypothesis into question (Davidson et 
al. 2012). In addition, Sparling et al. (2001) 
measured the presence of cholinesterase levels 
in the non-declining P. regilla as a measure of 
the extent of pesticides that are locally depos-
ited in an area and found strong effects in the 
Sierra Nevada but not in the Lassen area; these 
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results seem to indicate that pesticides may not 
be a major factor in the Lassen R. cascadae 
declines. Environmental contaminants at sub-
lethal levels have also been shown to induce 
behavioral and morphological changes in R. 
cascadae (Marco and Blaustein 1999), suggest-
ing that low-level agricultural residues may 
have important biological consequences. In 
summary, it appears that pesticides may be 
playing some role in R. cascadae declines in the 
Lassen region, but they are certainly not the 
entire story. 

Finally, UV-B radiation may play a role, pos-
sibly in combination with other factors, in caus-
ing declines. Some studies have documented 
larval mortality and retinal damage due to 
UV-B, although the effect depends strongly on 
the intensity of UV-B, the duration of exposure, 
and possibly other factors including the pres-
ence of competitors, predators, or supplemen-
tary food (Fite et al. 1998, Hatch and Blaustein 
2000, Belden et al. 2003, Garcia et al. 2006, 
Romansic et al. 2009b). The importance of 
these results has not yet been demonstrated in 
natural settings, however. Palen et al. (2002) 
found that dissolved organic matter in natural 
environments provided protection from UV-B 
at 89% of the sites examined for R. cascadae. 
Thus, it remains possible that UV-B is having 
an effect, although its importance in nature 
remains unclear. 

Ultimately, it is likely that no one factor is 
solely responsible for the precipitous declines 
in Lassen region R. cascadae populations. Fur-
ther, the causes of the initial range-wide 
declines may be distinct from the local factors 
that threaten the continued persistence of the 
few remaining populations. The most recent 
work suggests that the major factors playing a 
role in the range-wide declines are the presence 
of introduced fishes and Bd, while continued 
local persistence of the remaining populations 
is also threatened by low recruitment stem-
ming from desiccation and detrimentally high 
water temperatures. Pope et al. (2014) present a 
recent and comprehensive review of both 
regional and local-scale threats to R. cascadae 

throughout the range. The evidence that syner-
gistic effects occur between several alternative 
mechanisms of decline is now widespread for a 
variety of amphibian species (Fellers et al. 
2008). As declines have occurred, whatever the 
cause, it is likely that a breakdown of metapop-
ulation dynamics will contribute to further 
declines as existing populations become more 
and more fragmented, decreasing the opportu-
nity for population rescue via recolonization. 

Status Determination 

The catastrophic declines in the Lassen area are 
the primary reason for the SSC designation. 
Rana cascadae is nearly extirpated in the Lassen 
region, is undergoing local population declines 
elsewhere in its range, and appears to be sus-
ceptible to a wide range of threats. However, 
this frog is a moderate ecological specialist that 
appears to be relatively stable through much of 
its range, including a significant fraction of its 
range in California. The factors that caused 
declines in the Lassen area appear to not have 
operated in the Klamath area to date, leading us 
to project moderate future impacts on extant 
populations and a Priority 2 status. If strong 
declines begin to occur in the Klamath area, 
then a higher priority status will rapidly become 
justifiable. 

Management Recommendations 

Fellers et al. (2008), Pope et al. (2011, 2014), 
and Pope and Larson (2013) provide thorough 
reviews of threats to, and management recom-
mendations for, Rana cascadae, and our recom-
mendations largely follow those of these 
authors. 

Habitat that supports this species in the Las-
sen area should be protected from modification 
that negatively impacts hydrology while further 
research is carried out. Pope et al. (2011) began 
some habitat restoration measures, and these 
efforts should be continued (coupled with 
ongoing monitoring to determine their effects). 
Fish removal in key populations has also been 
documented to increase recruitment and 
should be considered as a management strat-
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egy, particularly in the Klamath where a larger 
number of existing populations might be stabi-
lized before declines can occur. Pope et al. 
(2011) also proposed experimental treatment 
for Bd in newly metamorphosed frogs. Effective 
treatments for Bd may be essential for the long-
term survival of many amphibian species, so 
these efforts should be further explored and 
potentially implemented if they are successful. 
At the same time, a captive colony of Lassen-
area R. cascadae should be established, as the 
prospects for long-term survival in the wild 
appears to be low. If additional research can 
determine the causes of the declines and effec-
tive mitigation measures can be enacted, this 
captive population could eventually form the 
basis of a reintroduction program. 

Monitoring, Research, and Survey Needs 

Monitoring efforts should focus on the few 
remaining Lassen populations, with additional 
monitoring of stable populations elsewhere in 
the range as reference populations. Areas that 
have undergone habitat restoration or experi-
mental treatments for Bd infection will require 
ongoing monitoring to quantify the long-term 

effects of these efforts and to inform further 
work aimed at controlling the impact of these 
threats. If additional declines occur, this moni-
toring will facilitate early detection and, hope-
fully, provide the background data needed to 
understand the causes of declines. 

As a reintroduction effort may eventually 
become necessary, it is important to further 
characterize the extent of intraspecific varia-
tion within this taxon now, before additional 
declines occur. Preliminary genetic work has 
been initiated, and it should form the basis of 
additional work that examines fine-scale popu-
lation differentiation and structure. The obvi-
ous initial focus of such genetic work should be 
to assess the validity of the Lassen and Klamath 
regions as separate evolutionary units requir-
ing their own management strategies. This 
work will also help to identify any potential 
population segments within either region that 
may qualify for independent management. 
Finally, additional studies that quantify the 
interactive effects among different causes of 
declines would be useful in providing a more 
complete picture of conservation threats in this 
taxon. 
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CALIFORNIA RED-LEGGED FROG 

Rana draytonii Baird and Girard 1852 

Status Summary 

Rana draytonii is a Priority 1 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 76% (84/110). During the previous evalua-
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a), and it 
has been listed as federally Threatened since 
1996. 

Identification 

Rana draytonii is a relatively large (2.5–13.8 cm 
SVL) brown, gray, olive, or reddish-brown frog 
(Jennings and Hayes 1994a, USFWS 2002, 
Stebbins 2003). Prominent dorsolateral folds 
are usually present. Many small black flecks 
and larger irregular blotches are present on the 
back, and these occasionally form a network 
(Baird and Girard 1852). The larger black spots 
on the back often have a whitish or light center. 
The ventral surface is whitish or cream with 
extensive gray or black mottling, often overlain 
with red or reddish-orange coloration, particu-
larly in the groin (Baird and Girard 1852, Steb-

bins 2003). In general, the red coloration in 
this species is individually and ontogenetically 
variable, with the undersides of the feet almost 
always red in adult animals, although the extent 
of red elsewhere on the legs and belly varies 

California Red-Legged Frog: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 25 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 84 

Total Possible 110 

Total Score/Total Possible 0.76 
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PHOTO ON PREVIOUS PAGE: California red-legged frog, Alameda County, California. Courtesy of 
Adam Clause. 
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from extensive to absent (S. Barry, pers. 
comm.). The advertisement call is a series of 
low guttural chucks sometimes followed by a 
low groan (Elliott et al. 2009). 

This species could be confused with the 
northern red-legged frog (R. aurora) where 
their ranges meet in southern Mendocino 
County (Shaffer et al. 2004). Rana aurora is 
about 3.5–4.0 cm (SVL) smaller than R. drayto-
nii, generally lacks light areas in the centers of 
dorsal blotches, has proportionally smaller 
eyes, and lacks vocal sacs (Baird and Girard 
1852, Hayes and Krempels 1986, Stebbins 
2003). 

Taxonomic Relationships 

Rana draytonii was initially described as a dis-
tinct species, although the original description 
notes that it is similar in appearance to R. 
aurora (Baird and Girard 1852). Subsequent to 
the original description, Camp (1917) reclassi-
fied the two red-legged frogs as subspecies of a 
polytypic R. aurora. This arrangement per-
sisted, occasionally also including the Cascades 
frog (R. cascadae) as a third subspecies, until 
the mid-1980s. At this time, a series of studies 
emerged suggesting that a substantial amount 
of differentiation between the two forms was 
present in allozymes, morphology, calling 
behavior, and oviposition behavior, leading sev-
eral authors to suggest that they may be distinct 
lineages with a broad zone of contact (Hayes 
and Miyamoto 1984, Green 1986a, Green 
1986b, Hayes and Kremples 1986). Subsequent 
analyses of mitochondrial DNA variation sup-
ported this view but characterized a narrow 
zone of contact in southern Mendocino County 
(Shaffer et al. 2004). Based on both DNA and 
morphological differentiation, Shaffer et al. 
(2004) suggested that the two be recognized as 
distinct species, and since then R. draytonii has 
increasingly been recognized as a species dis-
tinct from both R. aurora and R. cascadae. 

Life History 

Few data are available on seasonal activity pat-
terns, but coastal populations are probably 

active throughout much of the year due to the 
moderating effect that the Pacific Ocean has on 
temperature. The timing of reproduction varies 
from year to year and according to site but 
occurs from late November to late April (Storer 
1925, Fellers 2005b). Breeding occurs in the 
water, and eggs are attached to emergent vege-
tation (in clusters of 300 to >4000; Storer 1925, 
Hayes and Miyamoto 1984). Hatching occurs 
in 6–14 days depending on water temperature, 
after which larvae metamorphose in 3.5–7 
months (Storer 1925, Wright and Wright 1949). 
Larvae are known to overwinter at several sites, 
metamorphosing the following spring (Fellers 
et al. 2001). Rana draytonii is a generalist pred-
ator that feeds predominantly on invertebrates 
but has also been documented to take verte-
brate prey including Pacific treefrogs (Pseudac-
ris regilla), western toads (Bufo boreas), and 
California mice (Peromyscus californicus) (Hayes 
and Tennant 1985, Arnold and Halliday 1986, 
USFWS 2002, Davidson 2010). The prey types 
taken appear to be determined by the size of the 
frogs, with individual frogs taking most prey 
types that they can successfully swallow (Jen-
nings and Hayes 1994a) and large frogs taking 
proportionally more vertebrate prey than small 
ones. Baldwin and Stanford (1987) reported a 
large adult preying upon California tiger sala-
mander (Ambystoma californiense) larvae. Rana 
draytonii feed both in the water and by foraging 
in dense riparian vegetation. Rana draytonii is 
active both diurnally and nocturnally, although 
adults are generally more active at night (Hayes 
and Tennant 1985; G. Fellers, pers. comm.). 

Wading birds, raccoons, and garter snakes 
(Thamnophis sirtalis and  T. hammondii) are 
important native predators on this species 
(Cunningham 1959b, Jennings and Hayes 
1994a). Nonnative fishes are also important 
predators on larvae and recent metamorphs 
(Schmieder and Nauman 1994, USFWS 1999). 

Habitat Requirements 

Rana draytonii chiefly inhabits ponds, although 
it also uses marshes, streams, lagoons, and 
other waterways throughout most of its range. 
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In southern California (from Ventura County 
southward) it seems to favor slow-f lowing 
streams rather than ponds or pools. Breeding 
takes place primarily in ponds (at least in cen-
tral and northern California) and less fre-
quently in quiet pools in streams (Stebbins 
2003, Fellers 2005b). This species will also uti-
lize ephemeral water bodies for breeding, 
although nearby permanent water is probably 
required to maintain populations over the long 
term (Jennings 1988a). After breeding, adults 
often disperse along nearby shaded streams. 
Similar to R. boylii, whose vulnerable early life 
stages (embryos and tadpoles) are susceptible 
to ill-timed flow fluctuations controlled by 
upstream dams and diversions, R. draytonii 
populations breeding in stream habitats suffer 
from decreased recruitment after anthropo-
genic perturbation of natural flow regimes (S. 
Kupferberg, pers. comm.). 

Optimal aquatic habitat has traditionally 
been thought to include dense riparian vegeta-
tion overhanging deep (>0.7 m) slow-moving 
pools (Hayes and Jennings 1988). More recent 
work has documented an additional, more com-
plex relationship between aquatic vegetation 
and introduced bullfrogs. D’Amore et al. 
(2009) documented that R. draytonii spend 
more time in vegetative cover when bullfrogs 
are present and more time in the open when 
bullfrogs are removed from ponds, suggesting 
that the optimal amount of vegetation is some-
what context-dependent for R. draytonii. In 
addition, surveys of 85 ponds occupied by R. 
draytonii in the East Bay Regional Park District 
showed that there were no significant differ-
ences in adult frog density among ponds with 
0%, ≤15%, or >15% emergent vegetation, but 
tadpoles and metamorphs were more abundant 
in the most open ponds (Bobzien and DiDo-
nato 2007). Outside of the breeding season 
when conditions are wet, and especially during 
rainfall, adult frogs will disperse from the 
breeding habitat and will move to upland sites, 
where they are often found under logs, rocks, 
and other debris (USFWS 2002, Bulger et al. 
2003, Fellers and Kleeman 2007). At some 

sites, populations appear to consist of both 
migratory (11–22% of the adult population) 
frogs that move 200–2800 m and resident 
frogs that remain at the breeding site (Bulger et 
al. 2003). Fellers and Kleeman (2007) found 
that adult female frogs were more frequently 
migratory than males, although migration 
behavior did not differ between the sexes 
among those individuals that did migrate. 

Distribution (Past and Present) 

Historically, Rana draytonii ranged throughout 
the Sierra Nevada foothills and the Coast Range 
mountains south of Elk Creek in southern 
Mendocino County, California, southward to 
the Arroyo Santo Domingo, Baja California 
Norte, Mexico (Hayes and Krempels 1986, Jen-
nings and Hayes 1994a, Grismer 2002, Shaffer 
et al. 2004). In California, this taxon histori-
cally ranged through at least 46 counties, but it 
is now apparently extirpated from 24 of these 
(USFWS 1996). It is unclear whether reproduc-
tive populations of R. draytonii were present in 
most of the Central Valley, and it is possible 
that the few valley records represent waifs 
washed downstream from Sierran populations 
(G. Fellers, pers. comm.; S. Barry, pers. 
comm.). If they were present in the Central Val-
ley, they were extirpated before 1960. Popula-
tions in the Sierra Nevada may have been con-
nected to the largest remaining populations of 
the species in the Coast Ranges through the 
lower Cascade and Tehachapi Ranges (S. Barry, 
pers. comm.), but today they are isolated 
(USFWS 2002). A recent comprehensive sur-
vey of museum specimens and historical 
records identified 21 historical localities for this 
species in the Sierra Nevada. Follow-up surveys 
at 20 of these 21 sites found that the species 
persists in large numbers in at least 1 site, there 
are populations at 6 additional sites, and at least 
a single individual documented at 3 more sites 
(Barry and Fellers 2013). 

Strong overall declines have clearly occurred 
across most of the large range of this species, 
particularly in the southern portion of the 
range. In the Bay Area and Coast Ranges, 
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populations are more robust, although severe 
localized declines have been documented 
(reviewed in USFWS 2002). In southern Cali-
fornia, R. draytonii has declined drastically 
through the Transverse and Peninsular Ranges, 
and very few populations now persist in Los 
Angeles, Riverside, and Ventura Counties 
(USFWS 2002, and references therein). One 
population is known from Santa Cruz Island, 
although this apparently is an introduction 
(Sweet and Leviton 1983, Jennings 1988b). The 
known elevational range of R. draytonii occurs 
from near sea level to 1500 m, although most 
populations occur below 1050 m (USFWS 2002, 
Barry and Fellers 2013). Some higher-elevation 
populations may be introductions (unpublished 
data reported in Jennings and Hayes 1994a). 

Trends in Abundance 

Drastic and ongoing declines have been docu-
mented throughout parts of this species’ range. 
Many of these declines have resulted in extirpa-
tion of populations, and in many areas where 
this taxon persists, declines in abundance have 
occurred. Food market collection in the late 
1800s apparently drove much of the initial 
declines (Jennings and Hayes 1985). By 1879, 
the species had already become rare around 
San Francisco due to the market trade (Lock-
ington 1879). Population trends of the species 
in the Sierra Nevada foothills are somewhat 
unclear, since several new, large (>100 breed-
ing adults) populations have recently been dis-
covered (e.g., in Placer County). However, in 
southern California, population densities are 
uniformly low (<25 adults frogs) and generally 
declining (USFWS 2002). The sole remaining 
population known in Riverside County at the 
Santa Rosa Plateau, which was at least some-
what genetically distinctive (Shaffer et al. 
2004), is now extirpated. 

Nature and Degree of Threat 

The largest threat facing Rana draytonii is prob-
ably habitat loss and alteration, resulting from 
urbanization and agriculture. The large-scale 
conversion of habitat to agricultural uses has 

also resulted in an increase in pesticide expo-
sure, which may have strong negative impacts 
on this species (Davidson et al. 2002). This 
effect is particularly strong for cholinesterase-
inhibiting pesticides (Davidson 2004), 
although the species still persists in some heav-
ily agricultural settings in Monterey and Santa 
Cruz Counties. Additional and ongoing frag-
mentation of habitats, conversion of wetlands to 
other uses, and modifications to the hydrology 
of wetlands also likely have detrimental 
impacts. 

The effect of introduced species, in particu-
lar bullfrogs, has been studied both empirically 
(Moyle 1973) and from a modeling perspective 
(Doubledee et al. 2003). There is a strong over-
all negative impact of bullfrogs on native R. 
draytonii, although coexistence of the two spe-
cies can occur in nature. Human-modified 
aquatic and terrestrial habitats in central Cali-
fornia (Elkhorn Slough, Monterey County) favor 
introduced bullfrogs compared to native R. dray-
tonii (D’Amore et al. 2010). The bullfrog is also 
a strong competitor with, and predator on, mul-
tiple life stages of R. draytonii. In addition, cray-
fish, mosquitofish (Lawler et al. 1999), and 
other introduced predaceous fishes likely have 
negative impacts on this species, although this 
also needs further study (Hayes and Jennings 
1986, Fisher and Shaffer 1996, Fellers 2005b). 

Chytrid fungus (Bd) is known to have 
caused serious declines in many amphibian 
species and has been detected in R. draytonii in 
nature. However, the direct impact Bd has on R. 
draytonii appears to be relatively slight. In a 
laboratory setting, R. draytonii is susceptible to 
chytrid infection, but frogs can clear their infec-
tions, do not die from the infection, and suffer 
no growth consequences when they have access 
to unlimited food (Padgett-Flohr 2008). In 
nature, across a landscape of ponds where Bd 
presence and absence fluctuated between wet 
and dry years, R. draytonii were generally unin-
fected and found to be significantly associated 
with uninfected ponds (Padgett-Flohr 2010). 

Predicted climate change over much of Cali-
fornia will affect R. draytonii, as well as most 
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other pond- and stream-breeding amphibians. 
In particular, warmer average temperatures, 
generally reduced levels of precipitation, and 
increased variability in the timing of rainfall 
are all predicted to occur (PRBO 2011). While 
the precise effects of these shifts will vary 
regionally and at the watershed level, the per-
manence and reliability of breeding sites are 
generally predicted to decrease under climate 
change predictions. 

Status Determination 

Rana draytonii automatically qualifies as a Spe-
cies of Special Concern because it is listed 
under the federal but not state Endangered Spe-
cies Act. However, sharp declines in both range 
and abundance, coupled with a variety of ongo-
ing threats to long-term survival, also combine 
to warrant a Priority 1 Species of Special Con-
cern status. 

Management Recommendations 

Management of Rana draytonii should mirror 
the guidelines in the USFWS recovery plan for 
this taxon (USFWS 2002). As further manage-
ment needs are defined and existing manage-
ment strategies are refined (through 5-year 
reviews or other avenues), state-level manage-
ment should be adjusted accordingly. 

The most important management needs for 
this taxon currently are the protection of habitat 
that supports the species, reduced pesticide 
exposure, and elimination of nonnative preda-
tors. Land conversion and additional fragmen-
tation should be avoided wherever possible, and 
adequate, complex upland habitat should be 
available in order to allow migration to occur 
naturally. Fellers and Kleeman (2007) found 
that the median distance of movement away 
from breeding ponds was 150 m and that there 
were some long-distance movements up to 
1400 m. Unpublished radiotelemetry observa-
tions from the East Bay Regional Park District 
(S. Kupferberg, pers. comm.) demonstrated 
that ground squirrel burrow density, some-
times more than 100 m from the aquatic habi-
tat, was also a key component of habitat quality. 

Taken together, these studies indicate that large 
tracts of terrestrial habitat are important (to 
accommodate both short- and long-distance 
dispersal) and that a healthy population of 
ground squirrels (and possibly other burrowing 
rodents) may be essential for long-term popula-
tion viability. 

Finally, pesticide use should be curtailed in 
areas where this species occurs, including 
areas upwind where pesticides are likely to be 
blown into areas that support this species. 
Unpublished data from the East Bay Regional 
Park District (S. Kupferberg, pers. comm.) indi-
cate that cattle-grazing does not appear to nega-
tively impact this species. 

Monitoring, Research, and Survey Needs 

Further research is needed to determine what 
the precise impacts many of these threats iden-
tified above are having on Rana draytonii. Sur-
veys of private land in the Sierra Nevada are 
slowly revealing the presence of extant popula-
tions that were previously missed (S. Barry, 
pers. comm.), suggesting that this may be a 
fruitful strategy elsewhere in the range as well. 
Managers should partner with private land-
owners to gain access and survey for remaining 
populations of this species in areas where it has 
previously been thought to be extirpated, and 
these populations, which may be very small in 
size, should be monitored regularly. 

Finally, the only range-wide genetic analysis 
of the species thus far conducted was based 
purely on mitochondrial DNA (Shaffer et al. 
2004), and supporting data from a large set of 
nuclear DNA markers is badly needed. In par-
ticular, the potential genetic break between 
populations north and south of Santa Barbara 
County, and the genetic affinities of remnant 
populations from southern California and Baja 
California, Mexico, will form an important part 
of future management. 

Additional monitoring, research, and survey 
needs are covered in depth in the USFWS 
recovery plan for this taxon. We refer the reader 
to this document for more information 
(USFWS 2002). 
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NORTHERN LEOPARD FROG 

Rana pipiens Schreber 1782 

Status Summary 

Rana pipiens is a Priority 1 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 73% (80/110). During the previous evalua-
tion, it was also designated as a Species of Spe-
cial Concern (Jennings and Hayes 1994a). 

Identification 

Rana pipiens is a medium-sized ranid frog with 
strong, continuous dorsolateral folds that do 
not angle inward posteriorly. Its dorsal colora-
tion is green to brown with large well-defined 
black or dark-brown oval or round spots. Each 
spot is ringed with a narrow band of white or 
cream. The ventral coloration is white or cream 
with no mottling or other dark markings (Steb-
bins 2003). The call is a low, snore-like trill, 
often followed by low chuckling and/or grunts 
(Stebbins 2003, Elliott et al. 2009). 

Within its range in California, this species 
can potentially be confused with the Oregon 
spotted frog (R. pretiosa). However, R. pretiosa 
has much smaller, more irregular spots, which 

often have diffuse borders and are not ringed in 
white. It also has conspicuous red or salmon 
markings on the underside, which R. pipiens 
lacks. Other members of the leopard frog com-
plex in California, the lowland leopard frog 

Northern Leopard Frog: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 0 

vi. Population trend (25) 20 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 10 

Total Score 80 

Total Possible 110 

Total Score/Total Possible 0.73 
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NORTHERN LEOPARD FROG 
Rana pipiens 

Museum Record 

CNDDB, BIOS, or Contributor USDA Ecoregion 

Range 

4,900,000 

PHOTO ON PREVIOUS PAGE: Northern leopard frog, Washington County, Utah. Courtesy of William Flaxington. 
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(R. yavapaiensis) and the Rio Grande leopard 
frog (R. berlandieri), have dorsolateral folds that 
are discontinuous and angle inward posteriorly. 
In addition, both are yellow ventrally. The Cas-
cades frog (R. cascadae) has more numerous, 
small, irregular black dots that are not ringed 
in white. 

Taxonomic Relationships 

The taxonomic history of the leopard frog spe-
cies complex, and Rana pipiens in particular, is 
complicated (Hillis 1988) and remains incom-
pletely understood. The name R. pipiens previ-
ously included all members of the leopard frog 
complex from Canada south to Panama, includ-
ing R. yavapaiensis, also native in California, 
and the introduced R. berlandieri. However, 
this concept of a single wide-ranging leopard 
frog species changed in the last several dec-
ades, and over a dozen species are recognized at 
present. The current taxonomy of the R. pipiens 
complex was initially based on variation in 
morphology and vocalizations (Pace 1974). 
Subsequent work including molecular analyses 
recognized several additional taxa and clarified 
relationships among the contained species 
(Platz and Mecham 1979, Hillis et al. 1983, 
Platz and Frost 1984, reviewed by Hillis 1988). 

Frost et al. (2006a) recommended placing 
this species and many other North American 
ranids in the genus Lithobates, although this 
proposal and the analyses that support it are 
controversial (Crother 2009, Frost et al. 2009a, 
Pauly et al. 2009). We retain the traditional tax-
onomy here to maintain stability pending fur-
ther analyses. 

Life History 

No life history data for California populations 
have been published. Because Rana pipiens in 
California are a mixture of introduced and pre-
sumably native populations (see the “Distribu-
tion” section) and live on the extreme western 
edge of the species’ range, we are reluctant to 
use information from more easterly popula-
tions as a proxy for those that occur in Califor-
nia. In Colorado, breeding occurs during the 

first spring nights that have relatively “mild” 
temperatures near or above freezing (Corn and 
Livo 1989), and this presumably is also the case 
in California. Tadpoles are present through the 
summer months and are not known to over-
winter, suggesting a late summer or fall meta-
morphosis. Further east, adults and juveniles 
are known to range far from water and breed-
ing sites (Dole 1971), although it is unknown if 
this also characterizes California populations. 
Range-wide, R. pipiens is a generalist predator, 
feeding on a wide variety of arthropods and 
small vertebrates (Knowlton 1944, Linzey 1967, 
Harding 1997), and this presumably also char-
acterizes the species in California. 

Habitat Requirements 

Despite the paucity of records from California, 
this species is known from a variety of habitats, 
including small streams, rivers, and lakes 
(Storer 1925, Stebbins 1951, Jennings and Hayes 
1994a). Rana pipiens occupies a wide variety of 
habitat types throughout its range, so we are 
hesitant to speculate on microhabitat require-
ments in California. Generally, the species 
hibernates underwater and requires aquatic 
habitats that do not freeze solid during winter 
(Emery et al. 1972, Licht 1991), and this pre-
sumably is also the case for California popula-
tions. Nearby damp upland habitat is utilized 
for foraging during the active season (Dole 
1967). The species has been found in a variety 
of open grassy areas and meadows, although 
heavily grazed areas and cultivated fields do not 
appear to be suitable (Pope et al. 2000). In the 
Midwestern United States, the presence of 
quality upland foraging habitat seems to affect 
the abundance of this species. When grass-
lands were restored around suitable pond-
breeding habitat, the density of frogs increased 
markedly (K. Mierzwa, pers. comm., in Pope et 
al. 2000). 

Distribution (Past and Present) 

Outside of California, Rana pipiens ranges 
widely across North America, from Nova Scotia 
and Newfoundland, Canada, west to Washing-
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ton and Nevada. In California, R. pipiens popu-
lations that may be native are known from 
Modoc and Siskiyou Counties, the Lake Tahoe 
basin, and the upper Owens Valley (Jennings 
and Fuller 2004), although some workers ques-
tion whether the latter two regions constitute 
natural, as opposed to purely introduced, popu-
lations (S. Barry, pers. comm.). Numerous 
introductions have occurred throughout the 
state, including some within the putative native 
range. The vicinity of Fallen Leaf Lake in the 
Lake Tahoe Basin is one such example (Bryant 
1917). It is also possible that putatively native 
populations of this frog are all the result of 
human introductions, and determining their 
status is an important research priority. The 
upper Owens Valley supports tiger salamander 
populations that were recently shown to be 
introduced (Johnson et al. 2010), demonstrat-
ing that similarly distributed nonnative species 
have been established in this region. The tiger 
salamander introductions occurred as a conse-
quence of the fishbait industry (Riley et al. 
2003), which also sometimes sells leopard frog 
tadpoles and adults. 

We are not aware of any additional recent 
records in California beyond those reported by 
Jennings and Hayes (1994a), though an unver-
ified sight record of a “spotted frog” in Surprise 
Valley, Modoc County, California, could have 
been R. pipiens. However, the circumstances 
and description of this frog make it more likely 
that it was R. pretiosa, another California Spe-
cies of Special Concern (see that species 
account for additional information). 

Trends in Abundance 

Trends in abundance for California populations 
of Rana pipiens are difficult to interpret because 
of the uncertainty regarding which populations 
are native or introduced. However, assuming that 
historical California populations are native, 
severe declines have clearly occurred. We are 
aware of only scattered sight records for the spe-
cies over the last two decades. Jennings and 
Hayes (1994a) reported two relatively recent 
sight records in the early 1990s from Siskiyou 

and Inyo Counties. Macey and Papenfuss 
(1991a) reported that leopard frogs occurred on 
the east side of the White Mountains below 
Boundary Peak, though they failed to detect the 
species in follow-up surveys (T. Papenfuss, pers. 
comm.). More recent surveys of historical locali-
ties in the Owens River also did not detect this 
species and found that much of the habitat cur-
rently appears to be unsuitable (Becker and 
Henderson 2010). We are not aware of any pre-
sumed-native populations of this species occur-
ring in the state since these records. Elsewhere in 
its range, R. pipiens has undergone severe 
declines and localized extirpations, particularly 
in the western parts of the United States 
(reviewed by Rorabaugh 2005). 

Nature and Degree of Threat 

Habitat modification is probably the most 
important threat for Rana pipiens in California. 
Rana pipiens forages in upland habitat having 
moderately tall vegetation with a moist sub-
strate. Livestock grazing in these habitats tends 
to reduce vegetation height, which leads to dry-
ing of the substrate, apparently rendering this 
habitat unsuitable for the frog. It is likely that 
this process contributed to the declines 
observed in both the Owens Valley and the 
Modoc Plateau areas where most California 
records for R. pipiens are concentrated. Chang-
ing hydrology elsewhere in the range has led to 
the extirpation of some local populations (Corn 
and Fogleman 1984). Given that California 
populations are at the western range limit of 
the species, projected climate changes may 
have a strong effect in the state. Current mod-
els project warmer summer and winter tem-
peratures, decreases of 8–21% of annual pre-
cipitation, and a 34% decrease in snowpack 
(PRBO 2011). Taken together, these climate 
projections indicate that the moist soil and wet-
land complexes favored by this species will 
probably decrease in the Great Basin of Califor-
nia, further reducing the already sparse habitat 
for this species. 

Some studies have detected significant neg-
ative impacts from pesticides on R. pipiens, 
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although the importance of this threat in 
nature is not well understood. In other parts of 
their range, R. pipiens are known to be sensitive 
to herbicides and pesticides used in agriculture 
(Relyea 2008, Relyea and Jones 2009), and 
mixtures of these chemicals can result in 99% 
mortality rates (Relyea 2008). However, the 
evidence on this topic is complex and depend-
ent on the specific chemicals tested. A popular 
herbicide consisting of a mixture of glyphosate 
and POEA (commonly marketed under the 
commercial name Roundup®) is one such 
example. Some studies have found limited 
impacts from these chemicals and concluded 
that direct mortality in wild populations from 
this herbicide is unlikely (e.g., Wojtaszek et al. 
2004), while other studies have found very 
strong direct lethal effects (e.g., Relyea 2005b). 
When direct lethal effects were not found, sev-
eral studies demonstrated that chemical con-
taminants can have lethal impacts when com-
bined with other stressors (e.g., predator cues; 
Relyea 2005a) or sublethal detrimental effects 
such as decreased immune system functional-
ity (Christin et al. 2003, Gilbertson et al. 2003, 
Rohr et al. 2008). These seemingly unpredict-
able effects of agrochemicals may depend on 
specific populations and conditions in a local 
area (Relyea 2005b). Although these results are 
both complex and sometimes contradictory, 
substantial evidence exists that environmental 
contaminants are likely to have significant 
impacts on R. pipiens and other amphibians in 
California (e.g., Davidson et al. 2002, Davidson 
2004). 

Other potential threats to R. pipiens include 
introduced exotic bullfrogs and predatory fishes, 
and extensive habitat modification associated 
with agriculture (Hayes and Jennings 1986). 

Status Determination 

Rana pipiens’ small range in California coupled 
with severe declines drives the high score for 
this species. None of these threats are currently 
being reversed, so it is reasonable to expect 
additional declines in the future, assuming that 
native populations still exist in California. 

Rana pipiens is sensitive to localized extirpation 
due to drought (Corn and Folgeman 1984), and 
the expected increase in temperature and 
decrease in precipitation due to climate change 
are likely to have additional negative impacts. 
The combination of these factors justifies a Pri-
ority 1 status. 

Management Recommendations 

The development of an effective management 
strategy will largely depend on finding remnant 
populations in the state, carrying out research 
on the life history of those specific populations 
to determine their habitat needs, and then tak-
ing a proactive management and habitat restora-
tion approach to recover it in its native range. A 
key first step with any remnant population is to 
determine whether it is native or introduced. 
Researchers can most easily accomplish this 
using DNA markers, and we recommend that 
larval tail tips be collected for any population 
that is discovered. A considerable amount of 
phylogenetic work, particularly using mitochon-
drial DNA markers, has been published for this 
species, and straightforward DNA sequencing of 
California animals should allow them to be 
placed into a phylogenetic context with other 
Rana pipiens from across the species’ range. 
This approach was used by Johnson et al. (2010) 
and demonstrated that potentially native popula-
tions of tiger salamanders (Ambystoma tigrinum) 
were in fact nonnative introductions. If native 
populations of R. pipiens are found, the habitat 
supporting them should be protected in order to 
reduce potential threats such as nonnative pred-
ators, agricultural disturbance, grazing, off-
highway vehicle use, pesticide applications, and 
changes to local hydrology. If nonnative popula-
tions are found, managers should evaluate their 
potential to spread and pose a threat to other 
native taxa. In certain cases, removal programs 
could be effective at mitigating threats posed by 
nonnative R. pipiens. 

Monitoring, Research, and Survey Needs 

Comprehensive surveys of historical localities 
as well as the Modoc Plateau area, including the 
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Goose Lake Basin and the Warner Mountains, 
should be conducted to determine whether any 
viable populations persist in California and to 
identify areas of potential habitat for ongoing 
surveys. The most recent records for this spe-
cies come from the vicinity of Owens Valley, 
and all drainages flowing into the valley should 
be carefully surveyed. It is critically important 
that tissue samples be collected from any extant 
populations that are found so that frogs can be 
genetically characterized with respect to their 
introduced or native status. 

Given our current lack of information about 
the life history of this species in California, 
basic ecological research is a key priority for any 
native populations that remain in the state. 

Information about habitat preferences and 
requirements, demography, and timing of key 
life history events would all improve our ability 
to conserve remnant populations of Rana 
pipiens. 

Finally, if remnant populations are found, 
multi-locus microsatellite or single nucleotide 
polymorphism DNA data should be analyzed to 
estimate the effective population size and 
potential connectivity with other remaining 
populations. If populations are determined to 
be native, small, and genetically isolated, R. 
pipiens could be a prime candidate for human-
mediated translocations to establish new 
populations in currently unoccupied habitat 
patches. 
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OREGON SPOTTED FROG 

Rana pretiosa Baird and Girard 1853b 

Status Summary 

Rana pretiosa is a Priority 1 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 0.82 (82/100). During the previous evalua-
tion, it was also designated as a species of spe-
cial concern (Jennings and Hayes 1994a) and it 
was listed as federally Threatened in 2014 
(USFWS 2014). We are aware of only two 
unverified site records for this species in Cali-
fornia in the last 25 years. 

Identification 

Dorsally, Rana pretiosa is a dark-brown, red-
dish, or greenish frog with black spots or 
blotches (McAllister and Leonard 1997). The 
dorsal blotching is usually irregular around the 
edges, rather than sharply demarcated, and has 
a small light spot in the center of the larger 
spots. The venter is usually mottled and has a 
base color that changes from cream white at the 
chin to orange more ventrally (Dunlap 1955, 
Stebbins 2003). The ventral coloration often 
appears to be superficial or “painted on” (Dun-

lap 1955, Nussbaum et al. 1983). Like many 
California ranids, this species has a prominent 
light stripe below the eye (particularly so in 
juveniles) and thin dorsolateral ridges that 

Oregon Spotted Frog: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 25 

vii. Vulnerability to climate change (10) Data 
deficient 

viii. Projected impacts (10) 10 

Total Score 82 

Total Possible 100 

Total Score/Total Possible 0.82 
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PHOTO ON PREVIOUS PAGE: Oregon spotted frog, Lane County, Oregon. Courtesy of Troy Hibbitts. 
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dissolve into a series of raised dots two-thirds to 
three-quarters of the way down the back. The 
call consists of a series of faint clicks, repeated 
roughly seven times in rapid succession (Briggs 
1987, Stebbins 2003, Elliott et al. 2009). 

Within its California range, this species is 
most likely to be confused with the Cascades 
frog (R. cascadae). Although similar, R. casca-
dae spots tend to have sharply defined edges, no 
light centers, and appear to be on the surface of 
the skin, reminiscent of black ink being splat-
tered on the frog (Stebbins 2003). In addition, 
the underside of the legs are yellow tan in R. 
cascadae (reddish in  R. pretiosa), the eyes are 
oriented dorsally when viewed from above in R. 
presiosa (oriented outwardly in R. cascadae), and 
R. pretiosa has full, rather than partial webbing 
between the toes of the rear legs. The Columbia 
spotted frog (R. luteiventris) may also occur in 
California, and it could also be confused with R. 
pretiosa (see the “Distribution” section). 

Taxonomic Relationships 

Green et al. (1996, 1997) divided Rana pretiosa 
into two species, R. pretiosa and R. luteiventris, 
based on morphology and allozyme variation. 
The two taxa are morphologically similar (usu-
ally distinguishable in the field based on the 
ventral mottling in R. pretiosa; M. Hayes, pers. 
comm.), but preserved specimens can usually 
be differentiated with a series of head measure-
ments (Green et al. 1997). The two species are 
also diagnosable using allozymes (Green et al. 
1996) and mitochondrial DNA cytochrome-b 
sequence (Funk et al. 2008). 

Life History 

No data on life history of California populations 
exist and much of the data from elsewhere in 
the range occurred before the partitioning of 
Rana pretiosa and R. luteiventris. As California 
populations of R. pretiosa are at the extreme 
southern edge of the species’ range, the timing 
of life history events may occur earlier relative 
to those reported from more northerly sites, 
although the high elevation of California sites 
may compensate for any potential latitudinal 

gradient. California populations were geo-
graphically closest to Oregon frogs from the 
Klamath basin, and those populations may 
serve as the best models for California. 

Frogs emerge from hibernation as soon as 
the winter thaw permits (Stebbins 2003) and 
water temperatures rise to about 6°C (C. Pearl, 
pers. comm.). Rana pretiosa breeds explosively 
soon after emergence, usually over a 1- or 2-week 
period. Males often congregate in shallow water 
and begin to call (Licht 1969, Nussbaum et al. 
1983). Egg masses are deposited together in 
large groups in vegetated margins of large per-
manent aquatic habitats, usually at the high-
water mark. The species can experience high 
egg mass mortality when waters recede rapidly, 
leading to stranding, desiccation, and/or freez-
ing (Licht 1971, Briggs 1987). However, eggs 
from multiple sites in Oregon were found to 
resist near-freezing temperatures as long as they 
remained beneath the water surface (Bower-
man and Pearl 2010). Artificially incubated egg 
masses hatch in as few as 72 hours to as many 
as 400 hours, depending on temperature (25°C 
and 10°C, respectively), followed by metamor-
phosis in approximately 4 months (Licht 1971). 

Males appear to have lower survivorship 
than females, presumably due to the longer 
periods of time that they spend in breeding 
congregations and the resulting exposure to 
predation (Licht 1974, Chelgren et al. 2008). 
Post-metamorphic frogs consume a wide vari-
ety of invertebrate prey including insects, occa-
sional mollusks, and crustaceans, as well as 
small vertebrates including anurans (Nuss-
baum et al. 1983, Licht 1986b, Pearl and Hayes 
2002, Pearl et al. 2005b). 

Habitat Requirements 

Information on habitat utilization in California 
is very limited, although habitat requirements 
are better studied elsewhere in the range. The 
species appears to seasonally use different habi-
tat types (Watson et al. 2003, Chelgren et al. 
2008). Rana pretiosa is highly aquatic and 
rarely found away from the water (Licht 1986a). 
It frequently uses temporary pools, ditches, and 
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other shallow water sources, but nearby deep 
permanent water is always required and serves 
as a refuge for adult frogs during dry parts of 
the year and during drought (McAllister and 
Leonard 1997, Watson et al. 2003). Breeding 
occurs in shallow water with aquatic vegetation 
(Licht 1971, Watson et al. 2003). In Oregon, ovi-
position sites occurred, on average, 14.1 m 
(range 0.08–35.0 m) from the shore in water 
that was 18.5 cm deep (range 1–57 cm) (Pearl et 
al. 2009). At one site in Washington, the spe-
cies overwintered in shallow water, where it 
buried itself at the base of emergent plants 
(Watson et al. 2003). Overwintering in flowing 
springs has also been documented (Chelgren 
et al. 2008). Overland dispersal appears to be 
quite limited, and the species may require habi-
tat where the shallow-water breeding and over-
wintering habitats are connected to deep-water 
refuge habitat by intervening water during 
early spring and late fall to allow inter-habitat 
migrations (Watson et al. 2003). 

The habitat requirements for R. pretiosa have 
likely contributed to its declines. The diversity 
of habitat types that are used, coupled with the 
requirement that they are connected by inter-
vening stretches of water, is fairly specific and is 
probably only common in large, relatively intact 
wetland complexes. These complexes are 
becoming increasingly rare throughout the spe-
cies’ range as landscapes are drained and con-
verted to agriculture and grazing. 

Data are limited on effects of grazing on 
this species. At one site in western Washington 
where reed canarygrass (Phalaris arundinacea) 
forms dense stands, Watson et al. (2003) sug-
gested that grazing could help open patches 
and make them suitable for R. pretiosa. How-
ever, grazing also has the potential to reduce 
water quality and cover from predators. Addi-
tional work is needed on how the timing and 
intensity of grazing affect frog behavior and 
habitat use. 

Distribution (Past and Present) 

Few localities for Rana pretiosa have been docu-
mented in California, and all known localities 

appear to be extirpated. Historically, R. pretiosa 
occurred in the northeastern corner of Califor-
nia, ranging south to Plumas and Tehama 
Counties and west to the eastern portions of 
Sikiyou, Shasta, and Tehama Counties (Slevin 
1928). Within this range, the species has been 
found in scattered localities in Modoc, Shasta, 
and Siskiyou Counties (Stebbins 1972, Jen-
nings and Hayes 1994a), with the last docu-
mented record occurring in a woodpile in 
Cedarville, Modoc County, in 1989 (Jennings 
and Hayes 1994a). This last record is somewhat 
anomalous, since the frog was found in a heav-
ily modified area near the town center of Cedar-
ville, in habitat that seems to be unsuitable for 
the frog. Given the very specific habitat require-
ments of R. pretiosa, the fact that no specimen 
from the site was ever examined by a herpetolo-
gist and no vouchers exist, it is possible that 
this is a misidentified or human-introduced 
specimen (L. Groff, pers. comm.; M. Hayes, 
pers. comm.). It remains possible that isolated 
populations still persist, particularly in remote 
portions of the Warner Mountains and on pri-
vate land in Surprise Valley, Modoc County. 
Fairly recent surveys in the Warner Mountains, 
Modoc Plateau, and Pitt River drainage failed to 
locate any individuals (Jennings and Hayes 
1994a, Groff 2011). There is an unverified 
sighting of a “spotted frog” in Surprise Valley 
from November 2008 (L. Gray, pers. comm.), 
but a follow-up survey at this locality revealed 
only Psuedacris regilla. A more recent survey 
comprising 18 localities selected using a spe-
cies distribution model for this species did not 
detect R. pretiosa in California (Groff 2011), 
although the southernmost extant locality in 
Oregon is only about 10 km from the state bor-
der. Between 2012 and 2013, USFWS biologists 
conducted additional surveys at 12 sites within 
the Pit River watershed and Warner Mountains. 
Again, no evidence of R. pretiosa was found 
(USFWS-Klamath Falls Field Office, unpub-
lished data, 2013). 

Outside of California, R. pretiosa is patchily 
distributed from extreme southwestern British 
Columbia, south through Washington and 
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Oregon (Green et al. 1997). This distribution is 
fragmented, and the species has undergone 
severe declines through most of its range 
(McAllister et al. 1993, Green et al. 1997). 
Declines are thought to have occurred dispro-
portionately in lowland areas, and over two-
thirds of the remaining populations occur 
along the crest and eastern slopes of the Cas-
cade Range (Pearl et al. 2009). 

It is possible that some R. pretiosa in Califor-
nia, particularly those east of the Warner Moun-
tains in Modoc County, could actually be R. 
luteiventris. There are known R. luteiventris pop-
ulations approximately 16 km north of the Cali-
fornia border on the eastern slopes of the Warner 
Mountains, making the presence of R. luteiven-
tris in California plausible (Funk et al. 2008; 
M. Hayes, pers. comm.). However, the species 
has not been documented in California. 

Trends in Abundance 

No abundance data for California populations 
exist. Reports from parts of the Willamette Val-
ley, Oregon, and Puget Lowlands, Washington, 
suggest that Rana pretiosa was common in 
those areas around the 1930s. Declines are 
thought to have been occurring for a large part 
of the twentieth century (Dumas 1966, McAl-
lister et al. 1993, Pearl and Hayes 2005). At one 
time, the species was apparently common in 
Warner Valley, Oregon, immediately north of 
Surprise Valley in California (Cope 1883). Any 
remaining populations in California are likely 
to be isolated and on private land that has not 
been surveyed. A recent species distribution 
model generated a set of potential sites, some of 
which were surveyed, but no California popula-
tions were found (Groff 2011). 

Nature and Degree of Threat 

At least four major factors have likely contrib-
uted to the decline of Rana pretiosa in Califor-
nia. First, the species has been strongly 
impacted by the loss of the extensive wetland 
complexes that were once common in northern 
California. As land has been drained and modi-
fied for livestock grazing and agriculture, the 

overall amount of available acreage that pro-
vides the precise suite of habitat types used by 
this species has declined. This loss of wetland 
habitat is further exacerbated by climate projec-
tions for northeastern California, which predict 
increasing temperatures, strongly decreasing 
precipitation, and reduced snowpack (PRBO 
2011); all of these changes will reduce perma-
nent wetlands and place increasing demands 
on the remaining aquatic habitat. Second, R. 
pretiosa appears to be sensitive to relatively low 
levels of nitrates and nitrites resulting from 
agricultural runoff (i.e., those meeting EPA 
allowances for drinking water; Marco et al. 
1999). This observation is consistent with the 
precipitous declines observed in lowland Ore-
gon and Washington populations, which have 
been more heavily impacted by agriculture 
than higher-elevation populations. Application 
of the pesticide DDT was also correlated with 
die-offs in the closely related R. luteiventris in 
northern Oregon (reported as R. pretiosa; Kirk 
1988). Third, the species appears to be sensi-
tive to introduced exotic predators, particularly 
bullfrogs and exotic fishes. Some data indicate 
that it is likely more sensitive to the presence of 
bullfrogs than other native ranid frogs. In areas 
where R. aurora and R. pretiosa are sympatric, 
stronger declines were observed in R. pretiosa 
than R. aurora in areas where bullfrogs have 
invaded (Pearl et al. 2004). Laboratory experi-
ments also demonstrate a differential impact of 
bullfrogs on R. pretiosa relative to  R. aurora, 
likely due to R. pretiosa’s more strongly aquatic 
life history (Pearl et al. 2004). Bullfrogs have 
also been hypothesized to negatively impact 
small R. pretiosa populations via reproductive 
interference (Pearl et al. 2005c). In combina-
tion with the well-documented effects of non-
native fishes on western ranid frogs (Adams 
1999, Lawler et al. 1999, Adams 2000, Joseph 
et al. 2011), this suite of nonnative predators is 
likely to have a strong negative effect on R. pre-
tiosa populations. Finally, Bd has been found to 
be present in remaining populations of R. pre-
tiosa (Pearl et al. 2007, Hayes et al. 2009), 
although experimental work suggests that the 
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species may be resistant (Padgett-Flohr and 
Hayes 2011). However, given the importance of 
Bd in some anuran declines, further work on 
its impact on R. pretiosa is warranted. 

Given the rarity of R. pretiosa records from 
California and our lack of historical population 
parameters, it is impossible to differentiate 
between these causes. However, it is reasonable 
to assume that several or all of these factors 
were involved in the decline of the species in 
California. 

Status Determination 

The limited California range of Rana pretiosa 
and its apparent extirpation from the few 
known historic localities are the main drivers 
for its high score. The paucity of historical 
records in California suggests that this taxon 
may have historically been rare in the state, and 
its specialized ecological requirements (large 
permanent wetlands, specialized sub-habitats 
for breeding, hibernation, and growth) make it 
inherently sensitive to declines. Together, these 
factors justify a Priority 1 designation for this 
species. 

Management Recommendations 

Ongoing management efforts for this species 
should be coordinated through the range-wide 
conservation strategy that the Washington 
Department of Fish and Wildlife is leading and 
the California Department of Fish and Wildlife 
is participating in (B. Bolster, pers. comm.). 
Cushman and Pearl (2007) recently assessed 
Rana pretiosa conservation needs and provided 
a detailed roadmap for management of this 
species. Our recommendations largely follow 
theirs. If the surveys outlined below identify 
any remaining populations of this species in 
the state, the wetland habitat supporting the 
population should be protected from fragmen-
tation and modification, including the intro-
duction of exotic fishes and amphibians. Cap-
tive populations of this species should also be 
established to serve as assurance colonies, 
should the last wild populations go extinct. If 
continued surveys suggest that the species is 

extirpated from California, captive breeding 
and reintroduction programs could be initiated 
with Oregon animals if appropriate habitat can 
be identified and protected. Given the very high 
levels of genetic differentiation and population 
structure found among extant Oregon and 
Washington populations (Blouin et al. 2010), 
populations from the southern Klamath Basin 
genetic unit are probably the best candidates for 
such a reintroduction in California. Beyond 
these two steps, effective management of this 
taxon in California will require additional 
research into the causes of decline. 

Monitoring, Research, and Survey Needs 

Comprehensive surveys throughout Rana pretio-
sa’s known historic range should be conducted 
to determine if any populations persist in the 
state. Surveys of remaining large wetland com-
plexes are particularly important, as are surveys 
of potential habitat on private property. A recent 
species distribution model (Groff 2011) identi-
fied and surveyed some, but not all, of the pre-
dicted localities that may support this species in 
California, and this study provides an excellent 
starting point for additional surveys. Significant 
habitat that has not yet been surveyed remains 
on private property, particularly east of the 
Warner Mountains (although R. luteiventris may 
replace R. pretiosa in this area). The aforemen-
tioned recent surveys made a particular effort to 
gain access to private land, but permission was 
only granted in approximately 15% of cases 
(Groff 2011). Future surveys should continue to 
build partnerships with private stakeholders and 
survey large wetland complexes on private lands. 
If any populations are found, nonlethal tissue 
samples should be collected so that species iden-
tification can be verified with molecular data. 

Should any populations be located, a moni-
toring program in conjunction with life history 
research should immediately be initiated with 
the goal of quantifying population sizes and 
connectivity (if multiple adjacent populations 
are found) and to allow for a better understand-
ing of habitat requirements and causes 
of decline in this species. Molecular genetic 
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studies using microsatellite and/or single 
nucleotide polymorphism data from multiple 
nuclear markers can provide valuable insights 
into historical population declines/expansions 
and should be conducted if any native popula-
tions are discovered. In addition, given the very 

high levels of population structure found 
among extant Oregon and Washington popula-
tions, any California populations should be 
surveyed for genetic variation and integrated 
into the existing species-wide genetic dataset 
(Blouin et al. 2010). 
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LOWLAND LEOPARD FROG 

Rana yavapaiensis Platz and Frost 1984 

Status Summary 

Rana yavapaiensis is a Priority 1 Species of Spe-
cial Concern, receiving a Total Score/Total Pos-
sible of 74% (63/85). During the previous eval-
uation, it was also considered a Species of 
Special Concern (Jennings and Hayes 1994a). 
Rana yavapaiensis has not been confirmed to 
occur in California since 1965 (Jennings and 
Hays 1994a). 

Identification 

Rana yavapaiensis is a medium-sized ranid frog 
(4.6–8.7 cm SVL) with prominent dorsolateral 
folds that are discontinuous and angle inward 
posteriorly (Platz and Frost 1984). The colora-
tion is variable, but is generally gray green, gray 
brown, or tan with irregular blotches above and 
cream or white on the venter. The ventral pelvic 
region is yellow, and this sometimes extends 
onto the legs. In older individuals, there is also 
dark mottling on the chin (Jennings and Hayes 
1994a; Stebbins 2003). A cream-colored supral-
abial stripe is present that fades anteriorly in 
front of the eye (Platz and Frost 1984). 

In California, this frog is most likely to be 
confused with the closely related, nonnative Rio 
Grande leopard frog (R. berlandieri). The distin-
guishing characters for the two species widely 
overlap, and positive identification is therefore 

Lowland Leopard Frog: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 3 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 10 

Total Score 63 

Total Possible 85 

Total Score/Total Possible 0.74 
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PHOTO ON PREVIOUS PAGE: Lowland leopard frog, Cochise County, Arizona. Courtesy of Brian Freiermuth. 
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difficult. Rana berlandieri attains larger body 
sizes (up to 11.4 cm SVL) and has proportion-
ately larger eyes than R. yavapaiensis. Coloration 
of the two species is similar, but R. yavapaiensis 
generally has more extensive reticulation 
between the blotches on the hind legs, and its 
ventral coloration is often less dusky than R. ber-
landieri (Stebbins 2003). Rana berlandieri‘s call 
consists of a low trill often followed by grunts, 
whereas R. yavapaiensis calls with higher-
pitched notes that are given in rapid succession, 
often followed by lower-pitched chucks (Steb-
bins 2003, Elliott et al. 2009). Given that there 
are no known extant R. yavapaiensis localities 
remaining in California and that it is similar in 
appearance to the nonnative species R. berland-
ieri, positive identifications should be made cau-
tiously. The species are readily distinguishable 
using molecular data (Hillis and Wilcox 2005, 
Frost et al. 2006a), which should be used to 
confirm any potential R. yavapaiensis specimens 
from California. 

Taxonomic Relationships 

Rana yavapaiensis was recognized as a distinct 
species in the leopard frog complex primarily 
on the basis of morphology, reproductive isola-
tion, and allozyme variation (Platz and Platz 
1973, Platz 1976, Platz and Frost 1984). The 
species is morphologically similar to other spe-
cies of leopard frogs in the southwest. Jaeger et 
al. (2001) distinguished relict leopard frogs (R. 
onca) from R. yavapaiensis using genetic and 
morphological data. Based on a mitochondrial 
DNA dataset, Hillis and Wilcox (2005) con-
firmed a close relationship between these two 
species to the exclusion of other leopard frog 
taxa, including several geographically nearby 
members of the complex. 

Frost et al. (2006a) recommended placing 
this species and many other North American 
ranids in the genus Lithobates, although this 
proposal and the analyses that support it are 
controversial (Crother 2009, Frost et al. 2009a, 
Pauly et al. 2009). We retain the traditional tax-
onomy here to maintain stability and pending 
further analyses. 

Life History 

Life history characteristics of California popu-
lations of Rana yavapaiensis are poorly known. 
The species apparently breeds opportunisti-
cally during winter rains (Stebbins 1972), and 
breeding has been documented to occur from 
late December through March in California 
(Storer 1925, Ruibal 1959). Elsewhere in the 
range, breeding has been documented from 
October to April (Platz and Platz 1973, Collins 
and Lewis 1979, Frost and Platz 1983, Sartorius 
and Rosen 2000). The reproductive biology of 
R. yavapaiensis has only been studied in Ari-
zona. There, the species is known to experience 
at least two reproductive peaks within a year 
(once in the fall, once in the winter or spring), 
and tadpoles may overwinter (Collins and 
Lewis 1979, Sartorius and Rosen 2000). How-
ever, some authors have observed among-popu-
lation variation in the occurrence of multiple 
breeding peaks, and it is unknown whether 
California populations had one or two breeding 
peaks per year. 

Rana yavapaiensis undergoes marked year-
to-year fluctuations in population size through-
out its range (Clarkson and Rorabaugh 1989, 
Sredl et al. 1997, Sartorius and Rosen 2000), 
which renders isolated populations susceptible 
to extirpation. This also makes it difficult to 
confirm the absence or extirpation of popula-
tions with single-year surveys, emphasizing the 
importance of multiyear surveys for this 
species. 

Habitat Requirements 

Habitat requirements for Rana yavapaiensis are 
poorly understood, particularly in California. 
The species was historically found in slow-mov-
ing water along the San Felipe Creek drainage 
and the Lower Colorado River (Storer 1925, Steb-
bins 1972). The species has been found predom-
inantly in marshy areas with bulrushes, cattails, 
and grasses with a willow overstory (Storer 1925, 
Jennings and Hayes 1994a, Jennings and Hayes 
1994b), but it is unknown whether this vegeta-
tion type is required for population persistence. 
The species also expanded into artificial canals 
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and ditches in the Imperial Valley as agriculture 
developed in the region (Storer 1925, Klauber 
1934), as is the case currently for R. berlandieri 
in Imperial County. It is unknown whether R. 
yavapaiensis can persist in these artificial habi-
tats or whether they represent non-sustaining 
sink habitat requiring immigrants from nearby 
source populations. 

Aquatic dissolved salt levels probably limit 
the distribution of this species, at least in some 
situations. Ruibal (1959) examined salt toler-
ance in adults and eggs from the San Felipe 
Creek drainage and found that salinities 
observed throughout most of the drainage were 
lethal to eggs (though not to adults) and that 
suitable areas for breeding were limited to the 
springs and seeps that fed the drainage. 
Whether salt concentration was always a limit-
ing factor in California, or agricultural prac-
tices led to unnaturally high salt levels in some 
water bodies, is unknown. 

Distribution (Past and Present) 

No extant populations are presently known in 
California (Jennings and Fuller 2004). The dis-
tribution of Rana yavapaiensis was historically 
patchy, even before recent declines. In Califor-
nia, the species was historically present in suit-
able habitat along the Lower Colorado River, the 
Imperial Valley, and the San Felipe Creek 
drainage (Platz 1988, Stebbins 2003). Outside 
of California, the species historically ranged 
along the Lower Colorado River from northern 
Mexico to Arizona, from near sea level to 1700 
m (Platz and Frost 1984, Platz 1988, Jennings 
and Hayes 1994a, Jennings and Hayes 1994b, 
Stebbins 2003). The last confirmed record in 
California is from 1965 in an irrigation ditch 
east of Calexico, Imperial County (Jennings 
and Hayes 1994a). 

Trends in Abundance 

Severe declines have occurred throughout the 
known California range of Rana yavapaiensis, 
and currently there are no known extant popu-
lations. Repeated surveys since 1965 have failed 
to locate this species (Vitt and Ohmart 1978, 

Clarkson and Rorabaugh 1989, Jennings and 
Hayes 1994b). In addition, in 1976 Hurricane 
Kathleen apparently modified the surface 
drainage patterns around San Sebastian Marsh, 
Imperial County, eliminating the wetland 
habitat that supported the species previously 
(E. Ervin, pers. comm.). Rana yavapaiensis also 
appears to be declining through parts of its 
range outside of California (Clarkson and Rora-
baugh 1989, Stebbins 2003). 

Nature and Degree of Threat 

The declines in Rana yavapaiensis occurred 
before extensive collections were made or stud-
ies were carried out. As a consequence, threats 
to this species in California are poorly under-
stood, with few actual data supporting any of 
the potential threats considered here. Possible 
threats that contributed to its decline include 
direct impacts from agricultural runoff, which 
has been shown to be highly detrimental to 
other species in the leopard frog complex (Rel-
yea 2008), habitat alteration, including water 
availability and/or flow regimes (Hayes and 
Jennings 1986), and predation by or competi-
tion with introduced bullfrogs, predaceous 
fishes, and invertebrates (Clarkson and Rora-
baugh 1989). Some recent declines in the 
closely related R. onca appear to be linked to 
encroachment of dense emergent vegetation 
into open water habitats (Bradford et al. 2004), 
and this process could plausibly also affect R. 
yavapaiensis. All of these factors were occurring 
simultaneously within the range of R. yavapai-
ensis along with declines, making it difficult to 
disentangle their effects (Hayes and Jennings 
1986). In addition, over 13,000 km of ditches in 
the Imperial Valley were burned and subse-
quently sprayed with oil during this time, and 
this presumably adversely affected these frogs 
(Twining and Hensley 1943). 

Chytridiomycosis has been documented as 
contributing to declines in R. yavapaiensis pop-
ulations in Arizona (Bradley et al. 2002), and 
this disease is a concern for any remaining 
California populations. An additional concern 
is the possibility of competition or hybridiza-
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tion with R. berlandieri in California. Rana ber-
landieri was introduced into California well 
after R. yavapaiensis declined (Platz et al. 1990), 
so it is presumably not involved in the initial 
decline of the species. However, as it continues 
to expand its range in southern California, R. 
berlandieri may pose a risk to any remaining R. 
yavapaiensis populations (Rorabaugh et al. 
2002). Hybridization has been documented 
between other species pairs of the leopard frog 
complex, including rare natural hybridization 
between R. yavapaiensis and the Chiricahua 
leopard frog (R. chiricahuensis) (Platz and Frost 
1984). Molecular phylogenic analyses suggest 
that R. berlandieri is more closely related to R. 
yavapaiensis than to R. chiricahuensis, implying 
that natural hybridization between R. berland-
ieri and  R. yavapaiensis may be possible. 
Because R. berlandieri is now far more common 
in California than R. yavapaiensis, ongoing 
hybridization, should it occur, may result in 
genetic swamping of any remaining 
populations. 

Status Determination 

Rana yavapaiensis has undergone severe 
declines and has not been documented in Cali-
fornia in over 40 years, and there is a strong 
possibility that the species is already extirpated 
statewide. However, it remains possible that the 
frog is present in scattered isolated localities 
that have not been surveyed, or that frogs have 
gone undetected despite surveys. 

If any populations persist, it is likely that 
they are vulnerable to the causes of initial 
decline throughout most of the California 
range of this species. Such populations, which 
are almost certainly small and/or isolated, 
would also be vulnerable to the natural fluctua-
tions in population size that occur in this spe-
cies. This natural vulnerability could be exacer-
bated by changing precipitation regimes in the 
southeastern part of California, where increas-
ing temperatures, declines in precipitation, and 
greater year-to-year variation in rainfall are 
expected to occur due to climate change (Cayan 
et al. 2008b, PRBO 2011). 

Management Recommendations 

If new surveys locate remaining populations of 
this species, the habitat supporting these frogs 
should be protected while further study is car-
ried out. Without a better understanding of this 
species’ life history in California, establishing 
an effective management program will be dif-
ficult. If native California populations are not 
found, Rana yavapaiensis is a potential candi-
date for assisted reintroductions from nearby 
populations in Arizona, particularly in areas 
where introduced R. berlandieri are not present 
or have been eliminated. More generally, such 
future introductions should be attempted in 
habitats that are as pristine as possible, and are 
free of introduced anurans of any species, intro-
duced predatory fishes (including mos-
quitofish), and pathogenic fungi. 

Monitoring, Research, and Survey Needs 

Survey efforts need to be renewed along the 
San Felipe Creek drainage, the Imperial Valley, 
and the Lower Colorado River. Although the 
most likely areas for remnant populations are 
those that have been the least impacted by agri-
culture and development, even degraded agri-
cultural habitat can be utilized by Rana yava-
paiensis, and therefore should be surveyed. 
Because populations are prone to large yearly 
fluctuations, surveys should be repeated over 
multiple years in both the wet and dry seasons. 
Surveys for larvae should also be undertaken 
since tadpoles are often more reliably detected 
than adults. If any remaining populations are 
located, the habitat surrounding these areas 
should be protected, and researchers should 
begin a monitoring program to quantify and 
track population sizes. Any suspected R. yava-
paiensis populations should be confirmed using 
a set of molecular markers, both to firmly 
establish species identity and to check for 
hybridization between R. yavapaiensis and R. 
berlandieri. Because hybridization is a concern, 
both mitochondrial and nuclear markers 
should be used. Given the difficulty in distin-
guishing the two species, we recommend that 
populations of presumptive R. berlandieri be 
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sampled for genetic material using nonlethal 
means (such as toe clips) and checked for diag-
nostic molecular markers to confirm that no 
native R. yavapaiensis DNA is present. 

Should surveys discover extant populations 
of R. yavapaiensis, research into the basic life 

history and the causes of decline in California 
will be a prerequisite to developing an effective 
management program. Life history studies 
with a particular focus on habitat suitability 
should be undertaken on any populations that 
are located or reestablished. 
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COUCH’S SPADEFOOT 

Scaphiopus couchii Baird 1854 

Status Summary 

Scaphiopus couchii is a Priority 3 Species of Spe-
cial Concern, receiving a Total Score/Total Pos-
sible of 56% (62/110). During the previous 
evaluation, it was also considered a Species 
of Special Concern (Jennings and Hayes 
1994a). 

Identification 

Scaphiopus couchii is a medium-sized (5.7–9.1 
cm SVL) anuran with a black keratinized spade 
on the heel of each hind foot and a vertically 
elliptical pupil (Stebbins 2003). The dorsal col-
oration is variable, ranging from green or 
greenish-yellow to brownish-yellow with a pat-
tern of darker markings forming lines, spots, 
or a reticulating network (Grismer 2002, Steb-
bins 2003). Males are generally greener and 
have less conspicuous dorsal patterning than 
females (Grismer 2002, Stebbins 2003). The 
ventral surface is whitish (Grismer 2002). The 
call is a short (∼1 s) low groan that declines in 
pitch and has been described as sounding simi-

lar to the bleating of a sheep (Elliott et al. 
2009). Within its range, S. couchii can be dis-
tinguished from all other frogs by the presence 
of a conspicuous black spade on the hind feet 
and a vertically oriented pupil. Specimens that 

Couch’s Spadefoot: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 0 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 15 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 7 

Total Score 62 

Total Possible 110 

Total Score/Total Possible 0.56 
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PHOTO ON PREVIOUS PAGE: Couch’s spadefoot, Cochise County, Arizona. Courtesy of Rob Schell Photography. 
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have been unearthed from burrows, or have 
newly emerged, may be covered in a dark hard-
ened layer of skin that soon sloughs off (May-
hew 1965). 

Taxonomic Relationships 

Scaphiopus couchii was initially described based 
on morphology, and its distinctiveness has not 
been questioned since this time (Baird 1854). 
Intraspecific variation has only been examined 
in a small portion of the range in Arizona and 
New Mexico (Chan and Zamudio 2009). Little 
genetic structure was observed among the 
populations studied. 

Life History 

Scaphiopus couchii is xeric-adapted and prima-
rily fossorial, spending the majority of its life in 
self-constructed burrows and emerging only 
during and immediately after intense summer 
rains (Mayhew 1965, McClanahan 1967, Steb-
bins 2003). This species has been found to be 
active on the surface after summer monsoon 
rainstorms in August and September, but not 
after winter rainstorms in October, December, 
or January (Mayhew 1965), suggesting that the 
activity period is limited to the summer in Cali-
fornia as it is throughout the rest of its range. 
However, California differs from the rest of the 
range in that it receives the majority of its rain-
fall during the winter, suggesting that little 
local adaptation has occurred in this species 
(Mayhew 1965). Outside of California, surface 
activity is also tied to rain events, although S. 
couchii has (rarely) been found active on the 
surface during periods of high humidity, even 
when no recent rainfall has occurred (Mayhew 
1962). 

Emergence behavior is elicited by the low-
frequency sound of rain falling on the desert 
soil, not from the rain itself (Dimmitt and 
Ruibal 1980a). Frogs emerge from deep (20– 
90 cm) burrows on the first night following the 
first heavy summer rain (Shoemaker et al. 
1969, Dimmitt and Ruibal 1980a). Most breed-
ing for a season usually occurs on this first 
night of activity (Woodward 1982). Following 

this, the species may forage intermittently for 
up to 2 months, although much of this time is 
also spent in shallow (2–10 cm) burrows, which 
the frogs dig to avoid desiccation (Dimmitt and 
Ruibal 1980a). One feeding event can likely 
provide enough energy to allow an individual to 
persist for at least one year (McClanahan 1967, 
Dimmitt and Ruibal 1980b). Females deposit 
their eggs in ephemeral pools that form follow-
ing intense summer rains (Woodward 1982). 
The development rate of this species is remark-
ably fast, with eggs hatching in as little as one 
day and metamorphosis occurring within 8–10 
days if sufficient food is available (Mayhew 
1965, Newman 1989, Morey and Janes 1994). 
Tadpoles are tolerant of a wide range of water 
temperatures (up to 39–42.5°C) such as are fre-
quently encountered within the breeding pools 
(Brown 1969). This species likely does not 
breed every year in California and may skip 
reproduction and remain underground in sub-
optimal years (Mayhew 1962). 

Habitat Requirements 

Scaphiopus couchii requires soils that are soft 
enough to allow burrowing. The species 
appears to prefer areas that contain at least 
some vegetation, although burrowing in com-
pletely open areas is also known (Mayhew 1965, 
McClanahan 1967). This taxon also requires 
the presence of temporary desert rain pools 
that retain water for at least 8 days to allow suf-
ficient time for metamorphosis. The area in 
California in which S. couchii occurs receives 
an average of about 6.5 cm of rainfall per year, 
and its fine-scaled distribution may be linked to 
the amount of runoff that collects in localized 
areas (Mayhew 1965). The distances traveled 
between upland retreats and breeding sites are 
not known, nor are the precise terrestrial habi-
tat requirements of adults or juveniles. 

Distribution (Past and Present) 

Scaphiopus couchii ranges throughout much 
of Texas, Mexico, southern Arizona, and 
southern New Mexico, from near sea level to 
1800 m (Stebbins 2003). Scattered, localized 
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populations also occur in central Arizona and 
southern Colorado (Stebbins 2003). In Califor-
nia, this species ranges from the Colorado 
River west at least to the vicinity of the Algo-
dones Dunes, ranging as far north as Cheme-
huevi Wash (∼9 km north of Vidal Junction) 
and south to the vicinity of the United States– 
Mexico Border (Mayhew 1962, Tinkham 1962, 
Jennings and Hayes 1994a). A few observa-
tional records exist in the vicinity of the Salton 
Sea, and although these appear to be credible, 
verification is needed that populations are 
extant in this area. 

This taxon’s range in California is likely rel-
ictual from more mesic periods and is probably 
more fragmented now than it once was (May-
hew 1965). This species was not known to 
occur in the state until 1962 (Mayhew 1962, 
Tinkham 1962), and no significant declines 
have been documented since that time. 

Trends in Abundance 

No historical or current abundance data are 
available for this taxon within California. 
Human activities have both created and 
destroyed breeding sites for the species (S. 
Morey, pers. comm.), but no quantitative stud-
ies have documented the overall impacts of 
these activities on the species across 
California. 

Nature and Degree of Threat 

Scaphiopus couchii is likely persisting closer to 
its physiological limits in California than it is 
elsewhere within its range (Mayhew 1965). The 
California range is both hotter and drier than 
most of the rest of the range, and most of the 
limited rainfall occurs outside of the monsoon, 
during a time when S. couchii is usually inac-
tive. The current populations in California 
likely persist due to the presence of local condi-
tions that allow for the collection of sufficient 
quantities of water, such as the presence of 
basins on the eastern base of the Algodones 
Dunes and pools that form along desert washes. 
The relatively fragmented nature of the species’ 
California distribution and the physiological 

conditions under which it lives make it suscep-
tible to localized extirpations due to habitat 
modification that destroys temporary pools and 
due to the effects of climate change. Recent 
models (PRBO 2011) indicate that average tem-
perature will increase significantly, by more 
than 2°C in most months in the Sonoran/Colo-
rado Desert of California. Given that S. couchii 
may already be near its physiological tempera-
ture limits, this may have an enormous impact 
on its viability in the state. In addition, some 
precipitation projections include an overall 
decrease of up to 45% (PRBO 2011), and 
increased variation in year-to-year precipitation 
(Cayan et al. 2008b), which could have severe 
detrimental impacts on this species by decreas-
ing the number of years in which enough rain-
water collects to allow breeding. Essentially, if 
the interpretation is correct that the California 
population exists at the physiological limits of 
the species’ capacity, then predicted changes in 
rainfall and temperature may seriously reduce 
its range in the state. 

Off-highway vehicle usage in the Algodones 
Dunes has degraded habitat in many areas (R. 
Fisher, pers. comm.). Noise generated by off-
highway vehicle usage has been implicated in 
eliciting emergence in this species by mimick-
ing the sound of falling rain that it uses as an 
emergence cue (Brattstrom and Bondello 
1979). Temporary and permanent anthropo-
genic water sources associated with livestock 
(cattle ponds) and perhaps agriculture may 
help to provide suitable breeding habitat that is 
important to the persistence of this species. 

Status Determination 

The small and fragmented range of this taxon, 
coupled with its sensitivity to habitat distur-
bance through off-highway vehicle use and pre-
dicted climate change, justifies its Priority 3 
status. 

Management Recommendations 

The primary, immediate management goal for 
Scaphiopus couchii is to protect existing habitat 
from further impact. Off-highway vehicle use 
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and larger modifications (solar projects, min-
ing) may negatively alter both the hydrology of 
breeding pools and the suitability of soil for 
burrowing. In particular, if pools are modified 
such that they dry faster (through either more 
rapid draining or overall smaller size), their 
hydroperiod may become too short to allow 
metamorphosis. Specific areas requiring pro-
tection should be determined by the surveys 
outlined below. In the future, the impacts of 
projected climate change may seriously 
threaten this species in California, and proac-
tive management may be required to counter-
act this threat; such management could include 
relocating populations to cooler or more mesic 
sites, deepening and maintaining the hydrope-
riod of natural breeding sites, and potentially 
creating completely novel breeding pools that 
can hold water if the climate changes. 

Monitoring, Research, and Survey Needs 

Range-wide surveys need to be undertaken for 
this taxon to identify suitable remaining habi-
tat, determine the sizes of extant breeding 
populations, and to further characterize the 
species’ range in California. To our knowledge, 
the northernmost population at Chemehuevi 
Wash has not been resurveyed since its original 
description in 1962 (R. Fisher, pers. comm.), 
and this is an important area in need of sur-
veys. As the species distribution in California is 
patchy, largely in remote regions of the state, 
and given that the species does not emerge 
every year, care should be taken to search desert 
pool habitats even in areas where this anuran 
has not yet been documented. Surveys should 
ideally take place during the first night follow-
ing the first major summer (monsoonal) rain 
event. Surveyors should be experienced with 
this frog’s call (Elliott et al. 2009), as this will 
likely be the easiest way to find populations, 
and pools should be surveyed for tadpoles 

within a few days after they fill during summer 
rains. 

The movement ecology of this taxon and its 
potential to recolonize previously extirpated 
areas are unknown and are a topic in need of 
further study, particularly so in California 
where populations appear to be fragmented. 
Additional study of its physiological limits 
would also be helpful in establishing a more 
informed management plan, now and in the 
face of future climate changes. In particular, 
the severity of drought and the number of years 
between breeding events that can be tolerated 
are critical pieces of information for the long-
term management of this species. Landscape 
ecological information, including the amount 
of terrestrial habitat needed, the relationship 
between population size and pool basin size, 
inundation duration and frequency, and the 
movement frequency of animals between 
breeding sites would all be valuable for future 
management considerations. Additional infor-
mation on habitat use itself, including the 
extent that ongoing railroad and water diver-
sion projects within the range subsidize or 
detract from potential habitat for this species, is 
also a critical research need that would inform 
ongoing management of this species. 

Finally, given the spotty distribution of the 
species and the potential for genetic isolation 
among sites, multi-locus population genetic 
studies using microsatellites or single nucle-
otide polymorphisms of all extant California 
populations would provide a badly needed esti-
mate of the extent to which populations are 
subdivided and therefore the optimal manage-
ment strategies to protect genetic diversity. In 
addition, given how widespread the species is 
across the southwestern United States, genetic 
data comparing the uniqueness of the Califor-
nia population is essential for range-wide 
management. 
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WESTERN SPADEFOOT 

Spea hammondii (Baird 1859) 

Status Summary 

Spea hammondii is a Priority 1 Species of Spe-
cial Concern, receiving a Total Score/Total Pos-
sible of 69% (76/110). During the previous 
evaluation, it was also considered a Species of 
Special Concern under the name Scaphiopus 
hammondii (Jennings and Hayes 1994a). 

Identification 

Spadefoot toads as a group have catlike eyes 
with vertical pupils, a single black spade on each 
hind foot, and indistinct paratoid glands (Steb-
bins 2003). Spea hammondii is dusky green or 
gray dorsally, often with irregular markings 
(Stebbins 2003). Tubercles on the skin are 
tipped with orange or red, and the irises are 
usually pale gold (Jennings and Hayes 1994a, 
Stebbins 2003). The ventral surface is white to 
light gray without markings (Stebbins 2003). 
Adults are 4–6 cm SVL (Stebbins 2003). Larvae 
can reach approximately 7 cm in TL and their 
eyes are set close together when viewed from 
above (Stebbins 2003). This species is unlikely 
to be confused with other sympatric anurans. 

Taxonomic Relationships 

North American spadefoots have had a confus-
ing taxonomic history. Studies using allozymes 
and morphology (Wiens and Titus 1991) and 
mitochondrial DNA (Garcia-Paris et al. 2003) 
support the species status of Spea hammondii, 

Western Spadefoot: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 76 

Total Possible 110 

Total Score/Total Possible 0.69 
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PHOTO ON PREVIOUS PAGE: Western spadefoot, Sacramento County, California. Courtesy of Robert Thomson. 
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placing it sister to a clade consisting of the 
Great Basin spadefoot (S. intermontana) and 
the Plains spadefoot (S. bombifrons). This 
arrangement is consistent with Kluge (1966) 
and Sattler (1980). Relationships within Spea 
are still unresolved however, and cryptic taxa 
may exist within S. hammondii (Garcia-Paris et 
al. 2003) and S. intermontana (Wiens and Titus 
1991). Ongoing phylogeographic work should 
clarify the extent of intraspecific variation in 
the species. Preliminary data indicate that 
some mitochondrial introgression has occurred 
between S. intermontana and S. hammondii in 
southern California, but not the Central Valley 
portions of the species’ range (P. Spinks, 
unpublished data). 

Life History 

Adult Spea hammondii are terrestrial, moving 
from summer refugia to ephemeral water bod-
ies to breed in the spring following warm late 
winter or spring rains (Storer 1925, Burgess 
1950, Stebbins 1954, Feaver 1971, Brown 1976, 
Morey 1998). Breeding aggregations can con-
sist of more than 1000 individuals (Jennings 
and Hayes 1994a). Breeding occurs over a 2–3 
week period, during which males can be heard 
chorusing intermittently (Brown 1976, Morey 
and Reznick 2004). Additional bouts of breed-
ing can occur, and pools can contain cohorts of 
different ages (Morey 2005). Onset of breeding 
activity varies depending on rainfall and region. 
For example, heavy rains in 1991 resulted in 
breeding occurring only in March (San Luis 
Obispo and Riverside Counties; Morey and 
Reznick 2004). In the two following years, 
breeding occurred between January and March 
(Morey and Reznick 2004). Breeding has also 
been documented in August, and from October 
to December in San Diego County (Ervin et al. 
2005, Ervin and Cass 2007). It is unknown 
how common early-breeding behavior is, but 
the October 2004 events may have been in 
response to very dry conditions, and many of 
these larvae ultimately succumbed to desicca-
tion. The previous year, 2003, set a record rain-
less period, and the breeding in 2004 occurred 

after the first measurable rain in 181 days (Ervin 
et al. 2005). 

Females lay 300–500 eggs in clusters of 
18–25 (Stebbins 1951, Stebbins 1985) that usu-
ally hatch in 3–4 days (Morey 2005). Morey and 
Reznick (2004) surveyed vernal pools in San 
Luis Obispo and Riverside Counties and found 
that the larval period lasted an average of 58 
days. In the laboratory, the minimum time for 
larval development was estimated to be 14 days 
(Morey and Reznick 2004). Males raised exper-
imentally under high food conditions developed 
secondary sexual characters by the beginning 
of their first breeding season after metamor-
phosis, while females of the same age had adult 
coloration but underdeveloped ovaries (Morey 
and Reznick 2001). It is unknown how long it 
takes to reach maturity in the field, but based 
on this experimental work males probably 
mature 1–2 years after metamorphosis and 
females at least 2 years after metamorphosis. 
Most individuals are mature at 4–4.5 cm SVL 
(Storer 1925, Morey and Guinn 1992). 

Larvae are frequently at risk of desiccation 
due to pools drying before development is com-
plete. In Fresno County, 17 out of 23 vernal pools 
dried before larvae metamorphosed (Feaver 
1971). Across 20 populations in San Luis Obispo 
and Riverside Counties, Morey and Reznick 
(2004) observed that 15% of ponds dried before 
larvae metamorphosed. As pools dry, larvae 
experience increased daily variation in tempera-
ture, increased ammonia levels, increased water 
hardness, and decreased depth (Morey and 
Reznick 2004). These factors lead to crowding 
and decreased growth rate. While several cues 
are operating simultaneously, water reduction 
alone is sufficient to trigger accelerated develop-
ment within 24 hours (Denver 1997a, Denver 
1997b, Denver et al. 1998, Boorse and Denver 
2003). In the field, there is a positive correlation 
between hydroperiod and mass at metamorpho-
sis (Morey and Reznick 2004). In the lab, ani-
mals reared at low density were larger (4.96 g) 
at metamorphosis and metamorphosed sooner 
(77.8 days) than animals maintained at high 
density (2.9 g, 87.8 days; Morey and Reznick 
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2001). Survivorship of metamorphs was also 
higher for animals that were larger at metamor-
phosis, regardless of larval density (Morey and 
Reznick 2001). Effects of the larval rearing 
environment persisted for several months after 
metamorphosis, but small metamorphs were 
able to catch up in growth if terrestrial food 
availability was high. 

Little is known about terrestrial activity, 
although most movement and surface activity is 
thought to be nocturnal (Morey 2005). Juveniles 
leave natal pools shortly after metamorphosis in 
April–June presumably seeking refugia, 
although their terrestrial habitat is unknown 
(Morey 2005). Adults and juveniles retreat to 
burrows by late summer, with juveniles capable 
of digging burrows 10–20 cm deep even in 
hard, dry soil (Morey and Reznick 2001). Mam-
mal burrows may also be used (Stebbins 1951). 

Larval diet has not been studied, although 
larvae of other spadefoot species are general-
ists, consuming animals, plants, and organic 
detritus (Pomeroy 1981, Pfennig 1990). Can-
nibal morph larvae with broad heads and 
enlarged jaw muscles are known from San Luis 
Obispo and Riverside counties, but it is 
unknown how common they are throughout 
the species’ range (Morey 2005). Adults are 
generalized predators on terrestrial arthropods 
and other prey, including beetles, moths, flies, 
and earthworms (Morey and Guinn 1992). 

Habitat Requirements 

Spea hammondii occurs in grasslands, oak 
woodlands, coastal sage scrub, and chaparral 
vegetation in washes, floodplains, alluvial fans, 
playas, and alkali flats (Stebbins 2003, Morey 
2005). Temporary pools are used for breeding, 
but S. hammondii will also readily breed in arti-
ficial water bodies such as cattle ponds (Morey 
2005). Vernal pools used by S. hammondii for 
breeding had an average ponding duration of 81 
days (range 36–127, n = 9, San Luis Obispo and 
Riverside Counties) (Morey and Reznick 2004). 
Pools with at least some successful recruitment 
lasted on average 3 weeks longer than larval 
development time (Morey and Reznick 2004). 

Pool temperature during larval development 
ranged from 11°C to 32°C (Morey and Reznick 
2004). Brown (1967) found that water tempera-
tures between 9°C and 30°C were necessary for 
larval development (eggs collected from River-
side County). 

Perennial pools containing introduced pred-
ators such as crayfish, fish, or bullfrogs are 
often unsuitable for successful recruitment 
(Jennings and Hayes 1994a). However, in 
southern California, ephemeral pools utilized 
by introduced species with predatory aquatic 
stages, such as the African clawed frog (Xeno-
pus laevis), can still function as breeding habi-
tat for S. hammondii (confirmed by the pres-
ence of dispersing metamorphs), but the 
effects these introduced species have on overall 
recruitment levels are unknown (Ervin and 
Fisher 2001, Ervin and Burkhardt 2006). 

Distribution (Past and Present) 

Spea hammondii occurs in the Central Valley 
and bordering foothills across southern Cali-
fornia from Shasta County south into north-
western Baja California, including the Coast 
Ranges south of Monterey, from sea level to 
1365 m (Jennings and Hayes 1994a, Ervin et al. 
2001, Stebbins 2003; S. Barry, pers. comm.). 
Jennings and Hayes (1994a) concluded that as 
of the 1990s, over 80% of historically occupied 
habitat in southern California and 30% of habi-
tat in northern California were no longer suit-
able due to development and habitat conversion. 
In surveys throughout the Central Valley, 
Fisher and Shaffer (1996) reported S. hammon-
dii as virtually extirpated from the Sacramento 
Valley and at a reduced density in populations 
of the eastern San Joaquin Valley. 

Trends in Abundance 

Current or historical abundance data are largely 
unavailable or anecdotal, and little recent data 
is available. Recent surveys of Mather Airport 
(formerly Mather Air Force Base) in Sacra-
mento County estimated that breeding adults 
numbered in the few dozens, although this was 
based on short-duration surveys and limited 
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data (A. Chang, unpublished data). Morey and 
Guinn (1992) reported an average of 1.16 indi-
viduals/km of roadway during a relatively wet 
winter (1982–1983) and 0.68 individuals/km 
during a drier winter (1984–1985) in the San 
Joaquin Valley. 

Nature and Degree of Threat 

The major threat to Spea hammondii is habitat 
loss and fragmentation due to agriculture and 
urban development. Other threats include inva-
sive species and climate change. Davidson et al. 
(2002) found that currently occupied sites had 
less surrounding urban development than extir-
pated sites. Extant populations also occur at 
higher elevations than extirpated sites on aver-
age, possibly due to invasive species being more 
common at lower elevation (Fisher and Shaffer 
1996, Davidson et al. 2002). Spea hammondii is 
sensitive to invasive species such as crayfish, 
bullfrogs, and mosquitofish; however, many of 
these species cannot persist in the highly 
ephemeral breeding habitats S. hammondii uses 
(Jennings and Hayes 1994a, Morey 2005). Bull-
frogs have been documented to prey on S. ham-
mondii (Morey and Guinn 1992, Balfour and 
Ranlet 2006), although the impact of this pre-
dation on overall abundance is unknown. 

Spea hammondii may be at risk from climate 
change because breeding is dependent upon 
temperature and rainfall cues, and larval devel-
opment requires ephemeral pools to persist long 
enough to complete development (Morey and 
Guinn 1992, Jennings and Hayes 1994a). Mean 
annual temperatures are projected to increase 
throughout the range of S. hammondii, with 
warmer winters and summers and earlier 
spring warming expected (reviewed in PRBO 
2011). The frequency of extremely hot days is 
predicted to increase by up to 25 days per year in 
some parts of the range (Bell et al. 2004). There 
is less certainty about future precipitation pat-
terns, with estimates ranging from little change 
to roughly 30% decreases in rainfall (Snyder 
and Sloan 2005, PRBO 2011). Changes in tem-
perature and precipitation will likely affect ver-
nal pool hydrology (e.g., Pyke 2005) and may 

also affect the timing of breeding, though how 
S. hammondii will respond to these changes 
needs further study. The largely unsuccessful 
early breeding observed by Ervin et al. (2005) 
may be indicative of the kinds of mismatches in 
environmental cues and breeding behavior that 
this species may suffer under climate change. 
The probability of large (>200 ha) wildfires is 
expected to change very little in the Central Val-
ley (Westerling and Bryant 2008). In the more 
northern coastal part of the range, the probabil-
ity of large fires is expected to increase (Wester-
ling and Bryant 2008), and the area burned is 
expected to increase by up to 50% (Lenihan et 
al. 2008). In the southern part of the range 
where wildfire is common, there is little consen-
sus on future fire dynamics because of the dif-
ficulty in modeling Santa Ana weather events 
(Westerling et al. 2004, Westerling and Bryant 
2008). The largely subterranean lifestyle of S. 
hammondii may make it relatively resistant to 
the effects of fire. However, wildfires occurring 
during dispersal may be particularly detrimen-
tal due to direct mortality and habitat degrada-
tion and this issue requires more study. Vegeta-
tion shifts due to climate change are expected to 
be modest in the Central Valley, where land use 
is a more important determinant of habitat type 
(PRBO 2011). Elsewhere in the range, chaparral 
and shrublands are expected to decrease in area, 
while grassland is expected to increase (Lenihan 
et al. 2008, PRBO 2011). The impact of these 
shifts may be modest as S. hammondii uses all 
of these habitat types. 

Status Determination 

Ongoing habitat loss and extirpations through-
out the range of Spea hammondii warrant Prior-
ity 1 Species of Special Concern status. 

Management Recommendations 

Remaining sites should be protected from 
urban and agricultural development, with 
emphasis on larger habitat blocks that allow for 
more natural metapopulation dynamics to per-
sist. The fact that Spea hammondii readily breeds 
in anthropogenic structures can be exploited to 
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create breeding habitat in response to habitat 
loss and potentially also to climate changes that 
affect natural vernal pool phenology. Terrestrial 
habitat is likely not so easily restored, and mini-
mizing or eliminating disturbance around 
breeding habitat would help protect adults (see 
the “Monitoring, Research, and Survey Needs” 
section). Efforts to remove introduced predators 
from breeding habitat should be considered. In 
some cases, cattle grazing operations may be 
beneficial to S. hammondii. Over 3 years in Sac-
ramento County, Marty (2005) found that 
experimentally grazed vernal pools experienced 
fewer drying and refilling cycles within a sea-
son, and had a longer maximum inundation 
period (115 days) than ungrazed treatments (65 
days) or treatments where grazing occurred sea-
sonally (65–78 days). 

Monitoring, Research, and Survey Needs 

Research is needed into terrestrial habitat use 
(Jennings and Hayes 1994a, Morey 2005), 
including juvenile dispersal, adult migration 
patterns and distances, and the importance (if 
any) of rodent burrows for all age classes. This 

information is important for determining how 
much and what kinds of terrestrial habitat to 
protect around breeding sites. For example, 
Morey and Reznick (2001) found that the qual-
ity of juvenile terrestrial habitat in terms of 
food availability compensated for stressful lar-
val conditions. Additional study on which envi-
ronmental conditions promote post-metamor-
phic survival will aid in management planning. 
It is also unknown what proportion of adults 
breed each year and how long individual adults 
spend at breeding sites (Morey 2005). Under-
ground habitat use is poorly known, including 
feeding and dormancy patterns. Remaining 
populations are likely highly fragmented, and 
research is needed into connectivity among 
populations at both the local and the regional 
levels; additional landscape ecology and genetic 
studies would help determine patterns of dif-
ferentiation (Jennings and Hayes 1994a). 
Finally, comparative studies of this species in 
the Central Valley and southern California 
would help determine the extent of biological 
variation in life history patterns across this eco-
logical gradient. 
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SOUTHERN LONG-TOED SALAMANDER 

Ambystoma macrodactylum sigillatum Ferguson 1961 

Status Summary 

Ambystoma macrodactylum sigillatum is a Prior-
ity 2 Species of Special Concern, receiving a 
Total Score/Total Possible of 66% (73/110). It 
was not considered a Species of Special Con-
cern during the previous evaluation (Jennings 
and Hayes 1994a). 

Identification 

Ambystoma macrodactylum sigillatum is a 
medium-sized (4.1–8.9 cm SVL) salamander 
with a broad head and large eyes (Stebbins 
2003). The dorsal ground coloration is black or 
dusky brown with a yellow dorsal stripe that is 
usually divided into blotches on the body and 
into fine spotting on the head and tail (Fergu-
son 1961, Petranka 1998, Stebbins 2003). 
Small whitish-blue flecks are present on the 
sides of the body, and the ventral surface is dark 
brown (Stebbins 2003). The larvae have large 
bushy gills and a dorsal fin that extends to near 
the forelimbs (Petranka 1998). 

Metamorphosed individuals of this species 
are unlikely to be confused with any other sala-
manders within its range. Other subspecies of 
A. macrodactylum have similar body propor-
tions but differ in the size, extent of blotching, 

Southern Long-Toed Salamander: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i.Range size (10) 5 

ii.Distribution trend (25) 15 

iii.Population concentration/migration (10) 10 

iv.Endemism (10) 3 

v.Ecological tolerance (10) 3 

vi.Population trend (25) 20 

vii.Vulnerability to climate change (10) 10 

viii.Projected impacts (10) 7 

Total Score 73 

Total Possible 110 

Total Score/Total Possible 0.66 
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PHOTO ON PREVIOUS PAGE: Southern long-toed salamander, Butte County, California. Courtesy of Robert Hansen. 
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and coloration of the dorsal stripe, and their 
ranges do not overlap in California. Differenti-
ating larvae from co-occurring newts (Taricha 
granulosa, T. torosa) requires careful attention. 
Newt larvae generally have small, narrow heads 
and few gill rakers (5–7 on the anterior side of 
the third gill arch), whereas A. macrodactylum 
larvae have broad heads and 9–13 gill rakers on 
the anterior side of the third arch (Stebbins 
2003). 

Taxonomic Relationships 

Ambystoma macrodactylum sigillatum is one of 
five currently recognized subspecies of long-
toed salamander (Petranka 1998, Stebbins 
2003). Ambystoma macrodactylum has been 
widely recognized as a distinct species since its 
initial description by Baird (1854). Since this 
time, a number of different species and subspe-
cies have been described. The current five-sub-
species arrangement stabilized after the work 
of Ferguson (1961), which described A. m. 
columbianum (eastern long-toed salamander) 
and A. m. sigillatum, as well as the work of Rus-
sell and Anderson (1956), which described the 
geographically isolated A. m. croceum (Santa 
Cruz long-toed salamander) from Santa Cruz 
and Monterey Counties. Ongoing genetic stud-
ies indicate that several of these subspecies may 
warrant full species status (Savage 2008). 
Ambystoma macrodactylum sigillatum was 
described based on the size, color, and pattern 
of the dorsal band, as well as vomerine tooth 
counts (Ferguson 1961). Although it inter-
grades morphologically with A. m. columbi-
anum at the northern edge of its range (Fergu-
son 1961), ongoing genetic analyses support 
recognition of A. m. sigillatum as a distinct spe-
cies (Savage 2008). 

Life History 

Ambystoma macrodactylum sigillatum is a pond-
breeding salamander that often has a prolonged 
larval stage. The life history of this taxon varies 
widely depending on elevation and climate 
(Petranka 1998). Here we have summarized 
data for A. m. sigillatum, where possible, and 

described the variation present across the spe-
cies where the life history is highly variable 
and/or uncertain. 

Adults emerge from hibernation and 
migrate to breeding habitat after the first thaw. 
Mating begins shortly after adults enter the 
breeding habitat, usually in May or June, with 
lower-elevation populations usually being able 
to breed earlier than higher-elevation popula-
tions (Anderson 1967, Howard and Wallace 
1985). Elsewhere in the A. macrodactylum 
range, primarily at low elevations where the cli-
mate is mild, breeding is not delayed by winter 
freezes, so reproduction starts with the onset of 
fall rains (Ferguson 1961, Nussbaum et al. 
1983). As in other Ambystoma species, mating 
follows a pattern of courtship and spermato-
phore deposition. Females oviposit on vegeta-
tion, rocks, sticks, or directly on the pond bot-
tom 2–3 days following courtship and mating 
(Anderson 1961, Stebbins 2003). The eggs are 
laid singly or in clumps of up to 100 eggs 
(Petranka 1998, Stebbins 2003). The pattern of 
egg deposition varies geographically in this 
species: A. m. sigillatum tends to lay eggs singly 
or in long loose clusters in relatively deep water 
(Anderson 1967), although this is variable. 
Eggs hatch in 2–5 weeks, with longer incuba-
tion periods required at higher elevations and 
lower water temperatures (Anderson 1967, 
Nussbaum et al. 1983, Petranka 1998). The lar-
val period can be as short as 50 days in tempo-
rary pools at lower elevations but may last 2 
years in the highest elevations in permanent 
pools (Nussbaum et al. 1983, Pilliod and 
Fronzuto 2005). Size at metamorphosis varies 
widely from 2.3 to 4.8 cm SVL (Howard and 
Wallace 1985). This species is able to tolerate a 
relatively wide range of water temperatures, 
with larvae overwintering under the ice at near 
freezing temperatures but then selecting the 
warmest areas available throughout the sum-
mer (up to 24.5°C). Presumably these tempera-
tures allow for more rapid larval growth and 
development (Anderson 1968b). 

Ambystoma macrodactylum sigillatum is a 
generalist predator, as both larva and post-
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metamorph, that feeds on a variety of small 
insects, crustaceans, and spiders (Anderson 
1968a). Larvae and males in the aquatic envi-
ronment will prey on zooplankton, insect lar-
vae, and small snails (Anderson 1968a, Nuss-
baum et al. 1983). In the lab, larvae are also 
known to take frog (primarily Pseudacris) tad-
poles and conspecific larva (Anderson 1968a, 
Nussbaum et al. 1983). Females apparently do 
not feed in the aquatic environment, which 
may simply reflect the short amount of time 
they spend there during the breeding season 
(Anderson 1968a). 

Habitat Requirements 

Ambystoma macrodactylum, as a species, occurs 
in a larger variety of habitat types than any 
other salamander in the Northwestern United 
States (Ferguson 1961, Nussbaum et al. 1983). 
Suitable habitats for A. m. sigillatum include 
arid grassland and sagebrush communities, 
dry woodlands, coniferous forests, alpine mead-
ows, and a wide variety of intermediate habitat 
types (Ferguson 1961, Petranka 1998, Pilliod 
and Fronzuto 2005). In some areas, this spe-
cies is abundant in disturbed agricultural areas 
(Nussbaum et al. 1983). Elsewhere in the range, 
landscape genetic studies indicate that popula-
tions that persist in highly modified habitats do 
so with increased population isolation, probably 
increasing susceptibility to local extirpations 
(Goldberg and Waits 2010). 

At high elevations (above 2450 m in the 
Sierra Nevada and 2100 m in the Klamath 
Mountains), where breeding occurs late and 
larval development is prolonged, some popula-
tions of A. m. sigillatum require permanent 
water bodies for breeding because larvae over-
winter prior to metamorphosis (Anderson 1967; 
K. Leyse, pers. comm.). If these overwintering 
sites are shallow (1–2 m in depth), as is common 
in the Tahoe region of the Sierra Nevada, few 
larvae seem to survive the winter (K. Leyse, 
pers. comm., unpublished data). Spring-fed 
water bodies may increase the likelihood of suc-
cessful overwintering, though more data are 
required to verify this. This subspecies also per-

sists far more readily in fishless water bodies 
(see the “Nature and Degree of Threat” 
section). 

The species is known to utilize hardwood 
forests, meadows, and granite slopes for upland 
habitat. Further study on the extent and types 
of upland habitat that this species requires are 
needed. 

Distribution (Past and Present) 

Ambystoma macrodactylum sigillatum ranges 
from southwestern Oregon (south of the 
Calapooya divide, Lane and Douglas Counties) 
through the Trinity Alps, Warner Mountains, 
Sierra Nevada, and adjacent areas of northwest-
ern California reaching as far south as Carson 
Pass (Ferguson 1961, Brode 1967, Bury 1970a, 
Pilliod and Fronzuto 2005). The known eleva-
tional range for this taxon is from near sea level 
to 3000 m (Stebbins 1966, Nussbaum et al. 
1983), although the distribution in California is 
restricted to the higher end of this range. The 
presence of isolated populations of the species 
A. macrodactylum in Santa Cruz and Monterey 
Counties, California (A. m. croceum), and in 
southeastern Oregon suggests that the species 
may have been historically distributed more 
broadly throughout the west. If so, the present-
day range likely reflects a range contraction as 
climate has changed over the last several thou-
sand years. 

Localized, present-day changes in distribu-
tion appear to be ongoing in several parts of 
California. In the historically fishless Klamath– 
Siskiyou bioregion, A. m. sigillatum are 44 
times more likely to be present in lakes without 
fish than lakes that contain fish. Because these 
fish have been introduced during the last 150 
years, it is likely that some lakes where A. m. 
sigillatum does not occur represent localized 
extirpations as a result of fish predation (Welsh 
et al. 2006). A similar pattern occurs in the 
north central Sierra Nevada near Lake Tahoe. 
Here, A. m. sigillatum are present in 92.3% of 
fishless sites, but only 37.5% of fish-containing 
sites (Leyse 2005). In the Klamath Mountains, 
A. m. sigillatum was documented at 25 of 118 
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sites in surveys conducted between 1999 and 
2001. Salamanders were present at only 15 of 
these sites when they were resurveyed in 2008 
(K. Pope, pers. comm.). The overall geographic 
extent of the A. m. sigillatum range appears to 
still be intact, but it is clear that localized extir-
pations are occurring in several areas. 

Trends in Abundance 

Abundances of Ambystoma macrodactylum sigil-
latum have declined throughout relatively large 
areas of the California range. The Klamath 
Mountain surveys described above documented 
4126 individuals at 25 occupied sites in 1999– 
2001 but only 569 individuals at the 15 occu-
pied sites in 2008 (K. Pope, pers. comm.). Few 
historical abundance data are available, but 
overall current abundance of larvae at lower-
elevation sites appears to be low (K. Leyse, pers. 
comm.). Population genetic estimates of popu-
lation trends suggest that regional populations 
exchange few migrants and that effective popu-
lation sizes are small (Savage et al. 2010). 

Nature and Degree of Threat 

Trout introductions are the largest threat to 
remaining populations of Ambystoma macrodac-
tylum sigillatum. Welsh et al. (2006) found that 
the absence of introduced fish was a major pre-
dictor of A. m. sigillatum presence even after con-
trolling for other environmental variables. Aside 
from the local effect of fish on individual water 
bodies, fish introductions appear to affect A. 
macrodactylum populations at the scale of entire 
watershed basin. In Idaho, basins with higher 
introduced fish densities had significantly lower 
densities of A. macrodactylum (Pilliod and Peter-
son 2001). The authors postulated that much of 
the remaining fishless habitat in fish-containing 
basins is too shallow for most larvae to success-
fully overwinter and that the deeper, fish-
containing pools no longer acted as stable source 
populations for the basin. This led to a destabili-
zation of normal source–sink dynamics, causing 
declines throughout the entire basin. These 
results suggest that the presence of fish at the 

basin scale is a significant conservation risk, 
irrespective of whether patches of fishless habi-
tat remain within the basin (Pilliod and Peterson 
2001). Where A. m. sigillatum persist in the pres-
ence of fish, larval densities are very low both in 
deeper fish-containing pools and in adjacent 
fishless pools (K. Leyse, pers. comm.). When 
larvae are found in fish-containing pools, they 
tend to hide under rocks or are only captured in 
overnight trapping, indicating that they may 
alter their behavior in response to the presence of 
predators (K. Leyse, pers. comm., though see 
Tyler et al. 1998). Declines due to the presence of 
fish have also been documented elsewhere in A. 
macrodactylum’s range (Liss and Larson 1991, 
Liss et al. 1995, Tyler et al. 1998). In Montana, 
introduced trout were linked to A. m. krausei 
extirpations. Salamander recolonization follow-
ing local trout extirpations strongly indicated 
that trout were the actual causal agent of declines 
(Funk and Dunlap 1999). 

Climate change also poses a threat for A. m. 
sigillatum. Many of the remaining pools that 
this species utilizes are shallow. Projected 
shifts to earlier and faster snowmelt in the 
Sierra Nevada could have complex and possibly 
negative effects on this species by changing the 
hydrology of lakes and ponds (Cayan et al. 
2008b, Franco et al. 2011, PRBO 2011). As 
many of these pools appear to be spring fed, 
any changes to hydrology of the springs could 
also have severe impacts (Leyse 2005). 

Disease and environmental contaminants 
may also pose threats for remaining populations 
of A. m. sigillatum. Lethal ranavirus infections of 
A. m. sigillatum were recently detected in Lassen 
Volcanic National Park (Bunck et al. 2009). This 
species is also susceptible to iridovirus infection 
and exposure to atrazine, a commonly used her-
bicide (Forson and Storfer 2006). Bd has been 
detected in a single adult salamander at Carter 
Meadow in Lassen National Forest, although the 
load was low. Prevalence of Bd appears to be low 
for this species and no evidence of die-offs or ill-
ness due to this pathogen is known (K. Pope and 
J. Piovia-Scott, unpublished data). 
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Status Determination 

Ongoing serious declines in distribution and 
abundance are the primary reasons for this Pri-
ority 2 status. 

Management Recommendations 

The presence of relatively deep fishless pools 
appears to be important to the continued per-
sistence of this species, particularly at the high-
est elevations. As such, fish stocking should be 
limited in areas where Ambystoma macrodacty-
lum sigillatum occurs. Where stocking does 
occur, mitigation strategies outlined by Appen-
dix K of California Department of Fish and 
Wildlife hatchery and stocking program envi-
ronmental impact report should be followed 
(ICF Jones and Stokes 2010). 

Monitoring, Research, and Survey Needs 

Declines due to fish predation have now been 
amply demonstrated, so continued monitoring 
on the effects of fish predation is less important 
than work related to fish removal. If predaceous 
fish can be successfully removed from areas sup-
porting this species, occasional monitoring 

should be undertaken to detect unauthorized 
reintroductions, particularly in areas that experi-
ence high human impact and to document rec-
olonization dynamics by the salamanders. An 
important management question centers on the 
relative importance of permanent and temporary 
pools to metapopulation dynamics across eleva-
tions. That is, it may be that at lower elevations, 
temporary fish-free pools are the primary source 
of successful recruitment, and deeper lakes can 
therefore be maintained as fishing resources, 
whereas at the highest elevations, the species can 
only persist if permanent, fish-free habitats are 
common. The type and extent of upland habitat 
utilized by this species is also in need of further 
study. In particular, the extent of upland habitat 
that populations require in order to persist has 
not been studied in this taxon. Climate change 
could also have different impacts on the upland 
phase of the life cycle, in addition to the impacts 
that are projected for the aquatic part of the life 
cycle. In addition, populations are still under 
considerable risk from disease, and monitoring 
efforts focused on detecting the presence of 
ranavirus and Bd should be continued. 
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SANTA CRUZ BLACK SALAMANDER 

Aneides flavipunctatus niger Myers and Maslin 1948 

Status Summary 

Aneides flavipunctatus niger is a Priority 3 Spe-
cies of Special Concern, receiving a Total Score/ 
Total Possible of 48% (53/110). This taxon was 
not previously considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Aneides flavipunctatus niger is a medium-sized 
plethodontid salamander (5.1–9.5 cm SVL) 
(Stebbins 2003). The adult dorsal coloration is 
either solid black or black with a few small 
white flecks (Myers and Maslin 1948). Juve-
niles (<4.0 cm SVL) have brassy dorsal pig-
mentation with white to blue-white spots 
(Lynch 1981). The ventral coloration is black or 
dark gray (Myers and Maslin 1948). The nasola-
bial grooves and costal grooves are well defined, 
and most individuals (95%) have 17 costal 
grooves (Lynch 1981, Stebbins 2003). Aneides 
flavipunctatus niger has rounded toe tips, coun-
ter to the squared toe tips typical of Aneides. 
Its limbs are short relative to the trunk, with 

3–5 costal grooves between adpressed limbs. 
The heads of males are larger than those of 
females, and are roughly triangular with prom-
inent, protruding upper jaw teeth (Stebbins 
2003). 

Santa Cruz Black Salamander: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 10 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 3 

Total Score 53 

Total Possible 110 

Total Score/Total Possible 0.48 
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PHOTO ON PREVIOUS PAGE: Santa Cruz black salamander, Santa Cruz County, California. Courtesy of William 
Flaxington. 
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Aneides flavipunctatus niger could be con-
fused with the co-occurring arboreal salaman-
der (A. lugubris). Adult A. lugubris are grayish 
to brownish above with yellow flecks that are 
often concentrated on the sides, squarish toe-
tips, and a pale whitish venter (Stebbins 2003). 
Juvenile A. f. niger have green pigmentation, 
while A. lugubris juveniles do not. 

Taxonomic Relationships 

Aneides flavipunctatus niger is recognized as a 
subspecies based on geographic isolation from 
other populations, morphological and color 
variation, and ecology (Myers and Maslin 
1948). Allozyme studies by Larson (1980) and 
subsequent reanalysis by Highton (2000) sug-
gested that A. f. niger is a distinct lineage. More 
recent analyses of mitochondrial DNA data 
supported the allozyme analyses and identified 
another potentially distinct lineage of A. fla-
vipunctatus in the Mount Shasta Region (Rissler 
and Apodaca 2007). Further genetic studies 
are ongoing and should help resolve these taxo-
nomic issues. Current work is expanding sam-
pling throughout the range of A. f. niger and 
includes both mitochondrial and nuclear mark-
ers (S. Reilly, pers. comm.). 

Life History 

Little is published on the life history of Aneides 
flavipunctatus niger, and we therefore rely on 
information from the northern subspecies, the 
specked black salamander (A. f. flavipunctatus) 
when data from A. f. niger are lacking (see the 
“Distribution” section). Aneides flavipunctatus 
niger is a terrestrial salamander that can be 
active year-round in streamside microhabitats 
(Lynch 1974). Like the majority of salamanders, 
it is most active on the surface at night, and 
more so during rain events. Females lay eggs in 
July or early August (Petranka 1998). In the 
laboratory, field-collected A. f. flavipunctatus 
from Mendocino County stayed with clutches 
until the young hatched (N. Staub, pers. obs. in 
Staub and Wake 2005), but it is unknown 
whether A. f. niger females also attend eggs in 
the field. Lynch (1981) examined 112 adult 

females across the range of A. flavipunctatus 
(including A. f. niger populations) and found 
that females carried 5–25 enlarged ovarian fol-
licles, with fecundity increasing with body size. 
In the southern populations sampled in this 
study (which would contain A. f. niger samples), 
an average-sized female was 63 mm SVL, with 
an estimated clutch size of 9 (Lynch 1981). One 
record of a natural clutch of A. f. niger eggs was 
found more than 20 cm belowground (Van 
Denburgh 1895). Like many plethodontid sala-
manders, eggs undergo direct development, 
and fully formed, small juveniles appear at the 
surface shortly after the onset of fall rains, 
often in October or November (Lynch 1981). 

No diet information has been published on 
A. f. niger. We presume that it is a generalized 
predator of small arthropods and other inverte-
brates. Aneides flavipunctatus flavipunctatus in 
northern coastal California are generalized 
predators that eat small invertebrates, includ-
ing millipedes, beetles, termites, hymenopter-
ans, flies, and collembolans (Lynch 1985). 

Habitat Requirements 

Aneides flavipunctatus niger is restricted to 
mesic forests in the fog belt of the outer Coast 
Range (Myers and Maslin 1948). While sala-
manders in the genus Aneides are sometimes 
quite arboreal, A. f. niger is a ground-dweller 
(Myers and Maslin 1948). Aneides flavipuncta-
tus niger occurs in moist streamside microhabi-
tats and is frequently found in shallow standing 
water or seeps (Myers and Maslin 1948, Lynch 
1974; S. Barry pers., comm.). In these moist 
microhabitats, A. f. niger has been found under 
stones along stream edges and under boards 
near creeks (Myers and Maslin 1948). Aneides 
flavipunctatus niger also occurs in talus forma-
tions or rock rubble (S. Reilly, pers. comm.). 

Distribution (Past and Present) 

Aneides flavipunctatus niger is endemic to Cali-
fornia and has a small range in the woodlands 
of the Santa Cruz Mountains in western Santa 
Clara, northern Santa Cruz, and southernmost 
San Mateo Counties. Aneides flavipunctatus 
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flavipunctatus occurs from Sonoma County 
north along the coast into southwestern Oregon 
and east to Shasta County (Stebbins 2003). 
Museum specimens exist for the Santa Lucia 
Mountains (LACM 141882-141883); however, 
we are unaware of other records for this region, 
and recent searches in this area have not been 
successful (S. Reilly, pers. comm.). Lynch 
(1981) reported that almost all localities of A. 
flavipunctatus (including sites within the range 
of A. f. niger) occurred below 600 m elevation 
in mesic forests that do not experience sus-
tained freezes. 

Some populations of A. f. niger have  pre-
sumably been lost to development. Such losses 
are most likely to have occurred along the east 
slope of the Santa Cruz Range as older ranch-
land has been converted to subdivisions (S. 
Barry, pers. comm.). However, there is very lit-
tle documentation of the historical distribution 
of this taxon. 

Trends in Abundance 

As for many plethodontids, documenting abun-
dances is exceedingly difficult because Aneides 
flavipunctatus niger spends the majority of its 
time underground. No reliable population esti-
mates exist for any sites, and therefore no 
declines in population abundance have been 
quantitatively documented. Some declines are 
likely to have taken place due to development 
and disturbance within the limited geographic 
range of this taxon. Aneides flavipunctatus niger 
is reported to have been abundant and easily 
found in the late 1950s, relatively abundant in 
the 1970s, and difficult to find in recent years 
(D. Wake, pers. comm.). Range-wide sampling 
efforts over the last few years have yielded only 
a handful of specimens (<15) at a few sites, 
including the UC Santa Cruz campus (S. Reilly, 
pers. comm.). This anecdotal evidence sug-
gests that declines may have occurred and are 
possibly ongoing. 

Nature and Degree of Threat 

Aneides flavipunctatus niger habitat is vulnera-
ble to the effects of logging, spring capping, 

and roadbuilding. The Peninsula Open Space 
Trust has acquired some of the vulnerable prop-
erty in the northern part of the range, but there 
is still some risk of further ranchland subdivi-
sion (http://www.openspacetrust.org; S. Barry, 
pers. comm.). Climate change may pose some 
threats to this taxon, particularly given its small 
range and habitat specificity. Within the range 
of A. f. niger, mean annual temperatures are 
predicted to increase, though little change is 
expected in precipitation (reviewed in PRBO 
2011). If conditions become significantly 
warmer and drier, this may affect opportuni-
ties for surface activity, although use of moist 
streamside microhabitats may minimize this 
effect. The frequency and size of fires in the 
Coast Ranges is expected to increase up to 50% 
by the end of the century, although impacts on 
the forested habitats used by A. f. niger are likely 
to be less severe than in more open habitats 
(Fried et al. 2004, Lenihan et al. 2008, Wester-
ling and Bryant 2008). The extent of grassland 
vegetation is predicted to increase, and forested 
areas are predicted to decrease within the range 
of A. f. niger, which may negatively affect habitat 
availability (Lenihan et al. 2008). 

Status Determination 

Aneides flavipunctatus niger is an endemic sala-
mander with a small geographic range in an 
area with some risk of additional development. 
However, ongoing declines and population 
losses have not been well documented, result-
ing in a Priority 3 designation. 

Management Recommendations 

Further protection of habitat is key for manag-
ing this taxon. In particular, special attention 
should be given to preserving forests, stream-
side and spring microhabitats, and natural 
talus formations within the Santa Cruz Moun-
tains and to maintaining and enhancing con-
nectivity between habitat patches. 

Monitoring, Research, and Survey Needs 

Basic ecological and life history information is 
almost entirely lacking for this taxon, as are 
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estimates of current population abundances, 
limiting our ability to make more specific man-
agement recommendations. Surveys of micro-
habitats such as streams and seeps in forested 
areas should be conducted, though disturbance 
of microhabitat in order to find animals needs 
to be balanced with concerns regarding contin-
uing decline. These surveys may be more effec-
tive if artificial cover objects are placed in suit-
able habitat, allowing for more comparable 
survey efforts among localities and increased 
detectability. Animals are most likely to be 

encountered at night when surface conditions 
are moist. Surveys are needed to establish esti-
mates of abundance and to monitor population 
sizes over time. Upland terrestrial habitat usage 
is poorly known, and upland surveys would be 
useful for determining whether riparian buff-
ers would be beneficial for Aneides flavipuncta-
tus niger. Ecological and/or genetic studies of 
movement ecology and landscape genetics 
would be useful for understanding connectivity 
among populations and the permeability of dif-
ferent vegetation types. 
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INYO MOUNTAINS SALAMANDER 

Batrachoseps campi Marlow, Brode, and Wake 1979 

Status Summary 

Batrachoseps campi is a Priority 3 Species 
of Special Concern, receiving a Total Score/ 
Total Possible of 50% (55/110). During the pre-
vious evaluation, it was also considered a Spe-
cies of Special Concern (Jennings and Hayes 
1994a). 

Identification 

Batrachoseps campi is one of the largest and 
most robust members of the diverse plethodon-
tid genus Batrachoseps (to 6.1 cm SVL) (Steb-
bins 2003). The head is relatively broad, and 
the tail is short compared to other Batrachoseps 
species. The body coloration is dark brown to 
blackish, with grayish or silvery dorsal spotting 
which ranges from very sparse to a continuous 
network. Individuals sometimes have a silvery 
or greenish cast overall (Stebbins 2003). 

This species is the only salamander within 
its range and thus is unlikely to be confused 
with other species in the field. With the excep-
tion of the Kern Plateau salamander (B. robus-

tus) and the largest individuals of the Tehachapi 
slender salamander (B. stebbinsi), other nearby 
Batrachoseps species are noticeably less robust 
and do not occur east of the Sierra crest. Hydro-
mantes species may appear superficially similar 

Inyo Mountains Salamander: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 5 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 0 

viii. Projected impacts (10) 10 

Total Score 55 

Total Possible 110 

Total Score/Total Possible 0.50 
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PHOTO ON PREVIOUS PAGE: Inyo Mountains salamander, Inyo County, California. Courtesy of Adam Clause. 
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but have five toes on the hind feet rather than 
four, as is the case in Batrachoseps (Stebbins 
2003). 

Taxonomic Relationships 

This species is a member of the Plethopsis sub-
genus of Batrachoseps, which also includes the 
Oregon salamander (B. wright) from north cen-
tral Oregon, and B. robustus from the Kern Pla-
teau and western margins of Owens Valley in 
eastern California (Wake et al. 2002). Plethop-
sis can generally be characterized as a stout, 
robust group of Batrachoseps with relatively 
broad heads. Batrachoseps campi is morphologi-
cally distinguishable from other Plethopsis 
based on the presence of silvery iridophores, 
lack of dorsal stripe, and lack of white flecks 
ventrally (Marlow et al. 1979, Wake et al. 2002, 
Stebbins 2003). In addition, the species is 
genetically distinct at allozyme and mitochon-
drial loci (Yanev 1978, Yanev and Wake 1981, 
Jockusch and Wake 2002). 

Life History 

The life history of Batrachoseps campi is in need 
of further study. Its habitat differs somewhat 
from other closely related Batrachoseps species 
(e.g., B. robustus, B. wrighti), but information 
from these taxa is still likely to apply to B. campi 
in several respects. Surface activity occurs at 
night (Macey and Papenfuss 1991a) during 
which time the species presumably feeds on a 
variety of small insects. A life history study of 
the species is likely to provide important infor-
mation for future management. 

Habitat Requirements 

Batrachoseps campi appears to be largely 
restricted to small patches of riparian habitat 
associated with perennial springs and lime-
stone fissures in canyons of the Inyo Moun-
tains. Localities where this species has been 
found contain wet rocks and fissures in close 
proximity to perennial water (Hansen and 
Wake 2005a). Salamanders are usually found 
under wet rocks or in clumps of moist ferns or 
other cover (Hansen and Wake 2005a). The 

species retreats into fissures and rock crevices 
when surface conditions are not favorable. Hab-
itat surrounding these localized springs con-
sists of Mojave Desert and Great Basin vegeta-
tional associations, which are unsuitable for the 
species. Individuals have only been found away 
from immediate proximity to flowing water at 
high-elevation sites in areas of pinyon–juniper 
woodland (Giuliani 1996, Hansen and Wake 
2005a). 

Distribution (Past and Present) 

Batrachoseps campi is known from a small 
number of localities on the eastern and western 
slopes of the Inyo Mountains (Jennings and 
Hayes 1994a), although additional populations 
(presumably few) may be discovered in cur-
rently unsurveyed sites (Hansen and Wake 
2005a). The known elevational range of the spe-
cies extends from 490 to 2600 m (Macey and 
Papenfuss 1991a, Hansen and Wake 2005a). 

Trends in Abundance 

Populations may have declined or been extir-
pated at a few sites due to habitat modification, 
though population abundance data are essen-
tially lacking (Papenfuss and Macey 1986). 
Although data are scarce, most known popula-
tions appear to be stable. 

Nature and Degree of Threat 

The primary threat to this taxon is habitat mod-
ification. The overall species range is very small 
(<20 ha total occupied habitat) and within that 
range consists of very small, isolated patches of 
suitable habitat (Hansen and Wake 2005a). The 
populations in each of these patches are iso-
lated, so recolonization following extirpation is 
unlikely (Yanev and Wake 1981). Flash floods 
have scoured the canyon bottoms at some local-
ities, destroying the riparian habitat, though 
salamander populations appear to persist and 
slowly recover (Giuliani 1996, Hansen and 
Wake 2005a). Damage to the sensitive riparian 
microhabitat from the capture and contain-
ment of springs (spring capping), mining, 
water diversion, and feral burro activity has 
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occurred at other localities (Papenfuss and 
Macey 1986). Much of the species’ range is 
unprotected and is vulnerable to further 
modification. 

Status Determination 

Due to its small range size and isolated popula-
tions, this species is inherently vulnerable to 
decline. The springs that are essential to its 
existence are scarce within the species’ range 
and are vulnerable to impacts from water diver-
sion and habitat degradation from humans, 
livestock, and feral mammals. There are few 
data on the habitat requirements of this species 
and the extent to which the isolated population 
can withstand these impacts. For all of these 
reasons, a Priority 3 status is justified. 

Management Recommendations 

The primary management priority for Batra-
choseps campi is to protect existing habitat. Res-
toration of degraded habitat would be helpful. 
However, given the dearth of information on 
habitat requirements, it is very difficult to know 
what kinds of restoration would most benefit 
the species. Thus, restoration efforts need to be 
informed by the research and monitoring 
efforts outlined below. Until that time, the 
riparian areas around desert springs should be 
protected from modification, specifically with 
respect to changes in hydrology and vegetation. 
Some populations, such as the one at Barrel 
Spring, Inyo County, California, are likely to be 

sensitive to relatively minor changes in hydrol-
ogy (D. Wake, pers. comm.). 

Monitoring, Research, and Survey Needs 

While the key management priority for this 
species is simply to protect habitat and mini-
mize disturbances, restoration efforts would 
require basic research on the size, habitat 
requirements, and occupancy of sites through-
out the species’ limited geographic range. In 
the course of this work, surveyors would need 
to undertake basic life history research to 
gather information on population sizes (both 
census and genetically determined effective 
population sizes), yearly activity cycles, habitat 
occupancy, and basic ecological data. Because 
habitat protection alone is likely to be sufficient 
to safeguard this species, it may be best to carry 
out this work only in areas where disturbance 
to the habitat can be minimized. 

Additional desert spring habitat near the 
known distribution needs to be searched during 
times when surface moisture is high enough to 
bring salamanders to the surface, although 
minimizing damage to these rare habitats is a 
critical priority. Higher-elevation populations 
may be more dispersed across the landscape, 
and surveys should take this into account. Moni-
toring efforts need to be initiated at localities 
that have experienced habitat degradation to 
quantify the ability of Batrachoseps campi to tol-
erate habitat changes that occur as springs are 
managed for human or livestock needs. 
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LESSER SLENDER SALAMANDER 

Batrachoseps minor Jockusch, Yanev and Wake 2001 

Status Summary 

Batrachoseps minor is a Priority 1 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 71% (78/110). This taxon had not yet 
been described at the time of the previous Spe-
cies of Special Concern revision and was there-
fore not evaluated. 

Identification 

Salamanders in the genus Batrachoseps are gen-
erally characterized as elongate, slender pletho-
dontid salamanders with extremely reduced 
limbs, elongate, worm-like bodies, and 
extremely long tails that are often longer than 
the SVL of the animal. Many species have been 
identified in the last two decades, many of 
which are morphologically cryptic and some of 
which have extremely small ranges. Batra-
choseps minor is the smallest species of Batra-
choseps (up to 3.4 cm SVL). The coloration is 
dark blackish brown on the sides and dorsum, 
sometimes with a lighter brown or tan dorsal 
stripe along the back (Stebbins 2003). Dense 

white speckles are present on the ventral sur-
face (Jockusch et al. 2001). 

This species is morphologically similar to 
the more common and microsympatric black-
bellied slender salamander (B. nigriventris), 
though its limbs and feet are relatively more 

Lesser Slender Salamander: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i.Range size (10) 10 

ii.Distribution trend (25) 10 

iii.Population concentration/migration (10) 0 

iv.Endemism (10) 10 

v.Ecological tolerance (10) 3 

vi.Population trend (25) 25 

vii.Vulnerability to climate change (10) 10 

viii.Projected impacts (10) 10 

Total Score 78 

Total Possible 110 

Total Score/Total Possible 0.71 

lesser slender salamander 151 



    

124°0'0"W 122°0'0"W 120°0'0"W 118°0'0"W 

LESSER SLENDER SALAMANDER 
Batrachoseps minor 

39
°0

'0
"N

 

39
°0

'0
"N

 

37
°0

'0
"N

 

37
°0

'0
"N

 

35
°0

'0
"N

 

35
°0

'0
"N

 

Museum Record 

USDA Ecoregion 

Range 

3,100,000 

PHOTO ON PREVIOUS PAGE: Lesser slender salamander, San Luis Obispo County, California. Courtesy of William 
Flaxington. 
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robust (Hansen and Wake 2005b). Subadults, 
in particular, can be difficult to tell apart in 
these species, particularly in some preserved 
specimens. Molecular identification may be 
required in some of these cases. 

Taxonomic Relationships 

Batrachoseps minor was previously included in 
B. pacificus (sensu lato). Populations now 
regarded as B. minor were recognized largely on 
the basis of mitochondrial DNA and allozymes, 
though some morphological features distin-
guish this species from other members of 
the B. pacificus complex (Jockusch et al. 2001). 
Batrachoseps minor is closely related to the San 
Simeon slender salamander (B. incognitus), 
and the garden slender salamander (B. major) 
(Jockusch et al. 2001, Jockusch and Wake 
2002). 

Life History 

The life history of Batrachoseps minor has not 
been studied. The species presumably feeds on 
very small insects and other terrestrial inverte-
brates and exhibits similar ecological character-
istics as other members of the B. pacificus 
complex. 

The species is microsympatric throughout 
the entirety of its range with B. nigriventris, 
which is both more widespread and more com-
mon than B. minor within the range (Hansen 
and Wake 2005b). It is possible the B. nigriven-
tris ecologically replaces B. minor at lower eleva-
tions (Hansen and Wake 2005b), though the 
extent or effects of competition between these 
species has not been studied. 

Habitat Requirements 

Batrachoseps minor is found on steep north 
and east-facing mesic slopes within its known 
range (Jockusch et al. 2001). Known localities 
have a canopy of oak, tanbark, madrone, and 
laurel with a poison oak thicket understory (S. 
Sweet, pers. comm.). These sites remain damp 
much longer than surrounding slopes, and are 
2–3°C cooler at the litter/soil interface (S. 
Sweet, pers. comm.). Very few localities are 

known, and habitat requirements need further 
study. 

Distribution (Past and Present) 

Batrachoseps minor is found only in north cen-
tral San Luis Obispo County. It is present in the 
southern part of the San Lucia Range above 
400 m, ranging from the vicinity of Black 
Mountain south and east into the Paso Robles 
and Santa Rita drainages (Jockusch et al. 2001). 
Populations farther south have been assigned 
to this species based on morphology and molec-
ular information (E. Jockusch, pers. comm.). 

Trends in Abundance 

This species was apparently once common 
within its range. Many specimens were collected 
throughout the 1970s before the species was 
described, but the species subsequently became 
much more difficult to find (Jockusch et al. 
2001; D. Wake, pers. comm.). Few specimens 
have been reported in the literature in the last 
decade, although several unreported sightings 
are known, and populations may now be increas-
ing to some degree (Hansen and Wake 2005b; 
E. Jockusch, pers. comm.; D. Wake, pers. comm.; 
S. Sweet, pers. comm.). During 1971–1975, field 
crews associated with the Museum of Vertebrate 
Zoology undertook 10 field trips that collected 
265 Batrachoseps from sites known to support B. 
minor. This collection comprised 206 B. minor 
(77% of the total) and 59 B. nigriventris (S. Sweet, 
pers. comm.). In 12 surveys conducted since 
2011, 27 B. minor have been found along with 60 
B. nigriventris (31% of the total; S. Sweet, pers. 
comm.), suggesting that the frequency with 
which B. minor is detected relative to B. nigriven-
tris has decreased and that the total number of 
Batrachoseps found is smaller today than it was 
previously. No obvious changes in habitat or 
plant cover between the early 1970s and the 
present that might explain these changes have 
been observed (S. Sweet, pers. comm.). 

Nature and Degree of Threat 

Little information is available concerning any 
aspect of the biology of this species, making 
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threats difficult to characterize with certainty. 
Some habitat modification resulting from land 
conversion to vineyards has occurred within 
the range, and the invasion of exotic plants has 
caused changes to the understory in some areas 
(Hansen and Wake 2005b; D. Wake, pers. 
comm.); both of these factors are presumably 
detrimental to the species’ persistence. That 
said, the extent to which such land conversion 
has occurred has been disputed (S. Sweet, pers. 
comm.) and a large amount of apparently suit-
able habitat still remains in the general region. 
The species was formerly detected in large 
numbers at wineries (Hansen and Wake 2005b; 
E. Jockusch, pers. comm.; D. Wake, pers. 
comm.). Other factors contributing to the 
declines deserve further study. As this species 
seems to be limited to relatively mesic areas 
within its range, changing hydrology and tem-
perature associated with climate change has 
the potential to render much of the current 
habitat unsuitable for this species. The marked 
declines in abundance over the last few decades 
may indicate a degree of sensitivity to habitat or 
climatic conditions or, alternatively, may simply 
represent a temporary and cyclical decline asso-
ciated with moderate-term changes in climate 
(rainfall specifically; S. Sweet, pers. comm.). 
Here, we interpret the observed pattern with 
precaution in mind, treating the documented 
declines in abundance as real and noncyclical, 
but acknowledging that an alternative possibil-
ity exists and that further study and published 
data are needed. 

Status Determination 

Batrachoseps minor is a California endemic and 
has an exceedingly small geographic range. 
Large apparent declines have occurred since 
the 1970s, and the threats to this taxon are 
poorly understood, leading to a Priority 1 
status. 

Management Recommendations 

Given what is currently known about this spe-
cies, little can be done in terms of manage-
ment. Few sites have been confirmed (using 

molecular data) to support Batrachoseps minor, 
and these sites should be protected from fur-
ther modification that is likely to be detrimen-
tal to salamander populations. Additional 
information on the range, habitat require-
ments, and environmental sensitivity of the 
species is needed to help guide future 
management. 

Monitoring, Research, and Survey Needs 

Batrachoseps minor is poorly known biologically, 
and published accounts of even the most basic 
habitat and ecological data are largely lacking 
for the species. Additional and ongoing surveys 
for this taxon are needed to help determine its 
range, both geographically and ecologically. 
However, careful attention needs to be paid to 
effective identification of specimens that are 
found. Because B. minor is so similar in appear-
ance to B. nigriventris, and the two species 
occur in microsympatry, surveyors need to 
have extensive experience distinguishing dif-
ferent Batrachoseps species from each other. 
Subadult specimens of B. minor may require 
molecular identification unless and until field-
validated morphological characters can be iden-
tified. As the status of remaining populations 
is unknown, a reasonable management policy 
would be that no Batrachoseps from the known 
or suspected range of B. minor be removed 
from the wild unless the collector has extensive 
experience identifying these species. Rather, 
individuals should be photographed and non-
destructively sampled, preferably by removing 
a small portion from the end of the tail (∼2 
mm) and genotyped to establish identification. 
If a few replicate DNA sequences from both 
the nuclear and mitochondrial genomes could 
be established as reliable barcoding genes, 
DNA typing could be accomplished quickly 
and inexpensively. Surveys should take place 
when surface conditions are appropriately 
moist to enhance the likelihood of finding pop-
ulations of this elusive salamander. The 
chances of finding B. minor without disturbing 
its natural habitat would likely be increased by 
establishing a transect of artificial cover objects 
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(plywood boards) throughout the known range. 
Nighttime surveys during rain events might 
also be productive. In addition, nearby areas 
should continue to be surveyed for this species, 
as its distribution could potentially be larger, 
both ecologically and geographically, than 
is presently known. Higher-elevation areas, 
such as those in the vicinity of Santa Rita and 
Old Creek Road, San Luis Obispo County, 
should be surveyed if access to private land 
in these areas can be established. It is possible 
that the known localities occur near the 
lower elevational range of the species, and 
larger populations exist at higher elevations 
(E. Jockusch, pers. comm.). Recent and 

repeated surveys in some of these areas have 
failed to detect this species, which suggests 
elevation may not be an important factor (S. 
Sweet, pers. comm.). Nevertheless, the species 
is clearly less detectable than it was decades ago 
and additional published data are needed to 
better characterize the known distribution and 
abundance. Additional research into potential 
causes of the declines in detectability should 
also be pursued. In particular, screens of 
museum specimens for the presence of patho-
genic fungi might be fruitful (D. Wake, pers. 
comm.), as could study of decadal scale climate 
and rainfall patterns within the species known 
range (S. Sweet, pers. comm.). 
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RELICTUAL SLENDER SALAMANDER 

Batrachoseps relictus Brame and Murray 1968 

Status Summary 

Batrachoseps relictus is a Priority 1 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 60% (66/110). It was also consid-
ered a Species of Special Concern during the 
previous evaluation (Jennings and Hayes 
1994a); however, the range of the species has 
since been greatly reduced as a consequence of 
taxonomic revisions. 

Identification 

As is typical of its genus, Batrachoseps relictus is 
a small, elongate, worm-like salamander with a 
slender body, long tail, and tiny limbs. The dor-
sal coloration is blackish brown with a lighter, 
often indistinct dorsal stripe that may be red-
dish, yellowish, or dark brown (Stebbins 2003). 
Batrachoseps relictus is one of the smallest 
members of its genus. SVLs of mature animals 
collected at the type locality in the lower Kern 
River Canyon (see the “Distribution” section) 
averaged 30.2 mm, while those from Brecken-
ridge Mountain averaged somewhat larger at 

39 mm SVL (Jockusch et al. 2012). Batrachoseps 
relictus also has relatively few trunk vertebrae, 
with a modal number of 17 from the type local-
ity (Brame and Murray 1968) and counts as 
low as 17 occurring with low frequency in the 

Relictual Slender Salamander: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 10 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 15 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 66 

Total Possible 110 

Total Score/Total Possible 0.60 
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PHOTO ON PREVIOUS PAGE: Relictual slender salamander, Kern County, California. Courtesy of William Flaxington. 
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Breckenridge Mountain populations (Jockusch 
et al. 2012). 

Several other species of Batrachoseps occur in 
the same region of the southern Sierra Nevada, 
and geographic range is the best way to distin-
guish animals in the field. Individuals from the 
upper Kern River Canyon (Greenhorn Moun-
tains slender salamanders, B. altasierrae) that 
were previously considered a part of B. relictus 
(see the “Taxonomic Relationships” section) 
have relatively longer trunks, smaller heads, 
shorter limbs, and smaller feet (Jockusch et al. 
2012). Female B. altasierrae have fewer maxillary 
teeth, and the vomerine teeth in both sexes are 
patchily distributed, compared to being arranged 
in rows in B. relictus (Jockusch et al. 2012). 

In the lower Kern River Canyon, the range 
of B. relictus overlaps with Kern Canyon slender 
salamanders (B. simatus) and the yellow-
blotched ensatina (Ensatina eschscholtzii crocea-
tor; Brame and Murray 1968). Unlike B. relic-
tus, B. simatus is not closely associated with 
water, and populations of B. relictus at eleva-
tions where B. simatus occurs are likely extir-
pated (see the “Distribution” section). Ensatina 
eschscholtzii croceator is a larger, more robust 
salamander and is easily distinguished by con-
spicuous yellow blotches on the dorsum and a 
much larger body form (Stebbins 2003). 

Taxonomic Relationships 

The populations included in Batrachoseps relictus 
have changed considerably since its original 
description. Brame and Murray (1968) consid-
ered several geographically disjunct populations 
as belonging to B. relictus, most of which are 
now recognized as distinct species (Yanev 1978, 
Yanev 1980, Jockusch et al. 1998, Wake and 
Jockusch 2000, Jockusch et al. 2001). Popula-
tions in the Sierra Nevada from the Merced 
River to the Kern River were considered a part of 
the relictus group (Yanev 1980) and were split 
into four allopatric species by Jockusch et al. 
(1998). At that time, B. relictus was thought to 
range from the Tule River drainage to the lower 
Kern River Canyon, including populations in 
the Greenhorn Mountains (Jockusch et al. 1998, 

Jockusch and Wake 2002). Since then, popula-
tions from the upper Kern River have been 
found to be morphologically distinct from sala-
manders at the B. relictus type locality, and have 
been described as the new species B. altasierrae, 
the Greenhorn Mountains slender salamander. 
(Jockusch et al. 2012). Populations of Batra-
choseps on Breckenridge Mountain were discov-
ered in 1979. Jennings and Hayes (1994a) desig-
nated this putative taxon as a Species of Special 
Concern. Recent morphometric analyses have 
shown that populations from Breckenridge 
Mountain are most similar to B. relictus from the 
type locality, and are now included as B. relictus 
(Jockusch et al. 2012). Given the description of 
the new taxon B. altasierrae, the classification of 
Breckenridge Mountain populations as B. relic-
tus, and the presumed extirpation of the type 
locality (see the “Distribution” section), extant 
B. relictus only occur on Breckenridge Mountain 
under the current taxonomic arrangement. 

While we follow the recommendations of 
Jockusch et al. (2012) to recognize Batrachoseps 
from Breckenridge Mountain as B. relictus, it is 
important to note that their phylogenetic analy-
ses of mitochondrial DNA show these popula-
tions as nested within B. simatus, the Kern 
Canyon slender salamander. Jockusch et al. 
(2012) argued that allozyme data and unpub-
lished nuclear data recovered a different pat-
tern that corroborated the distinctiveness of B. 
relictus, and that the mitochondrial DNA results 
were potentially explained by introgression 
from B. simatus into B. relictus. This interpreta-
tion appears to be reasonable. However, given 
the complexity of this group, it remains possi-
ble that additional work may lead to further 
taxonomic revisions. 

Life History 

Very little is known about the natural history of 
Batrachoseps relictus, and much of the ecological 
literature published under this name refers to 
what is now classified as B. altasierrae. Batra-
choseps relictus on Breckenridge Mountain 
(1700–2000 m elevation) have been found sur-
face active under cover objects from May to early 
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October (Jockusch et al. 2012). At lower eleva-
tions in the Kern River Canyon, animals have 
been collected between January and May, sug-
gesting that surface activity is possible over most 
of the year and varies with elevation. Association 
with aquatic microhabitats likely facilitates 
extended periods of surface activity (see the 
“Habitat Requirements” section). Like other 
plethodontid salamanders, B. relictus is a direct 
developer that lays terrestrial eggs. Females have 
been found with yolked ova or eggs in May and 
June (Jockusch et al. 2012). A communal nest 
with roughly 125 eggs and 20 adults was discov-
ered beneath a rock in a seep during June 1979 at 
the high-elevation site on Breckenridge Moun-
tain (R. Hansen, pers. obs., in Jockusch et al. 
2012; observation incorrectly ascribed to B. sima-
tus in Stebbins 1985). Diet has not been studied 
in B. relictus. Presumably they use their projectile 
tongues to catch small invertebrates, as do other 
Batrachoseps species (Hansen and Wake 2005c). 

Habitat Requirements 

Individuals from the type locality in the lower 
Kern River Canyon have been found associated 
with perennial springs, seeps, and small creeks 
in oak woodland below 750 m (Hilton 1948, 
Brame and Murray 1968). This close associa-
tion with water was described as “semiaquatic” 
by Brame and Murray (1968). Animals have 
been found under cover objects with water 
beneath them and observed in the water (Hilton 
1948, Jockusch et al. 2012). On Breckenridge 
Mountain the dominant vegetation type at 
extant localities is pine–fir forest (Jockusch et 
al. 2012). East of Squirrel Meadow at 2000 m 
elevation, Batrachoseps relictus is typically asso-
ciated with a small seep and sandy or gravel 
substrate (Jockusch et al. 2012). Use of upland 
habitat away from water is unknown, but two 
adults were found 45 m upslope from seep habi-
tat at the Squirrel Meadow site (Jockusch et al. 
2012). At Lucas Creek, the lower-elevation 
extant locality on Breckenridge Mountain 
(1665 m), all B. relictus to date have been found 
under cover objects along a 750 m stretch of 
stream (Jockusch et al. 2012). 

Distribution (Past and Present) 

The type locality is in the lower Kern River 
Canyon, 150 yards above the junction of state 
Highway 178 and the road turnoff to Democrat 
Hot Springs and Resort (Brame and Murray 
1968). Despite repeated, careful searches, Bat-
rachoseps relictus have not been seen at the type 
locality since 1970 (Jockusch et al. 2012; incor-
rectly reported as 1971 elsewhere). Extirpation 
of the type locality may have been caused by the 
degradation of the sensitive seep and spring 
habitat due to the construction of Highway 178 
(Hansen 1988). With the presumed extirpation 
of the type locality, B. relictus is now thought to 
be restricted to two localities on Breckenridge 
Mountain, and has the smallest known range 
for any described species of Batrachoseps. Popu-
lations north of the Kern River including the 
Greenhorn Mountains are no longer consid-
ered a part of B. relictus (see the “Taxonomic 
Relationships” section). The known elevation 
range is from 480 m in the Lower Kern Canyon 
River up to 2000 m on Breckenridge Mountain 
(Jockusch et al. 2012). 

Trends in Abundance 

Declines are suspected at one extant site, the 
area east of Squirrel Meadow on Breckenridge 
Mountain. The locality was first discovered in 
1979 but later degraded by construction of a 
logging road through Batrachoseps relictus habi-
tat. Salamanders were not seen at this site for 
two decades, with declines presumed to be due 
to habitat degradation from road construction, 
wildfire, and timber harvest (Jockusch et al. 
2012). More recent surveys of the site have 
found that populations appear to be rebound-
ing to some degree (Jockusch et al. 2012). 
Whether such variation in abundance over time 
is typical, due to detection difficulty, or actual 
anthropogenic declines is unknown. 

Nature and Degree of Threat 

The major threat to Batrachoseps relictus is habi-
tat degradation, particularly of sensitive spring 
and seep habitat. Climate change is expected to 
increase temperatures in the Sierra Nevada, 
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although changes in precipitation and fire 
regime are highly uncertain and large regional 
variation is expected across the mountain chain 
and at different elevations (reviewed in PRBO 
2011). If conditions become warmer and drier, 
this would presumably negatively affect B. relic-
tus populations, although microhabitat charac-
teristics are likely key to determining surface 
activity and population stability. Large reduc-
tions in snowpack are predicted for the Sierra 
Nevada (reviewed in PRBO 2011), which may 
decrease the availability of streamside habitat 
for B. relictus. 

Status Determination 

The extremely limited geographic range of Bat-
rachoseps relictus, the small number of known 
extant populations, and apparent extirpation of 
the type locality contribute to a Priority 1 Spe-
cies of Special Concern designation for the 
species. 

Management Recommendations 

Protecting the two remaining localities from 
habitat degradation is critical to the persistence 
of Batrachoseps relictus. Given the extremely 
sensitive and restricted range of the species, 
any habitat modification should be avoided 
where the species still occurs. Road construc-
tion should be avoided, and road use and main-
tenance activities should be restricted, or ide-
ally eliminated altogether. Timber harvest and 
use of heavy equipment in or near seeps and 
streams should be eliminated. If the type local-
ity is confirmed to be extirpated, then repatria-
tion of the species to the type locality may be 
appropriate. However, the lack of genetic infor-

mation from this site (no genetic samples exist) 
and the overall state of flux in the classification 
of southern Sierra Nevada Batrachoseps may 
argue against such reintroductions pending 
further molecular systematics work on the 
group as a whole. Although the extent and use 
of upland habitat is unknown, protection of 
riparian buffers would almost certainly benefit 
this species in disturbed areas. In addition, it is 
probably reasonable to assume that livestock 
grazing should be eliminated from areas where 
the species still occurs, at least until field eco-
logical studies indicate that grazing is compat-
ible with the salamander’s habitat 
requirements. 

Monitoring, Research, and Survey Needs 

Basic life history and population biology infor-
mation is severely lacking for this species, and 
represents a critical research need. A key sur-
vey need is to attempt to locate additional popu-
lations, particularly at mid-elevations on Breck-
enridge Mountain, which are largely unexplored 
(Jockusch et al. 2012). High-priority sites for 
surveys include streamside and seep habitats 
on the north face of the mountain. Monitoring 
should continue at the lower Kern River Can-
yon localities to confirm extirpation. Popula-
tions at the higher-elevation Breckenridge 
Mountain locality went undetected for many 
years, and it remains possible that animals 
could be rediscovered at the type locality. If so, 
the collection of genetic samples would be 
invaluable to support or refine the current tax-
onomy of the species, and to help determine 
patterns of connectivity among remaining 
populations. 
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CALIFORNIA GIANT SALAMANDER 

Dicamptodon ensatus (Eschscholtz 1833) 

Status Summary 

Dicamptodon ensatus is a Priority 3 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 66% (56/85). This species was not 
previously considered a Species of Special Con-
cern (Jennings and Hayes 1994a). 

Identification 

Dicamptodon ensatus is a large (6.3–17.3 cm 
SVL) robust salamander with a very large head 
and stout limbs. The dorsal coloration is a cop-
pery tan to dark brown irregular marbled pat-
tern on a tan to light reddish brown back-
ground. The venter is paler and usually 
unmarked, although marbling often extends 
onto the chin, throat, and under the legs. The 
marbling coloration is often brighter in young 
metamorphs compared to adults. The tail is lat-
erally compressed, the skin is smooth, and 
post-metamorphic juveniles and adults lack 
tubercles on their feet (Stebbins 2003). 

Larvae are of the stream type, with short 
bushy gills and a tail fin that begins at the inser-

tion of the hind limbs and extends posteriorly to 
the tail tip. Larval dorsal coloration is light 
brown, and ventral coloration is white to yellow-
ish white (Nussbaum 1976). There is also a pale 

California Giant Salamander: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 10 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 3 

Total Score 56 

Total Possible 85 

Total Score/Total Possible 0.66 
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PHOTO ON PREVIOUS PAGE: California giant salamander, Santa Cruz County, California. Courtesy of Nicholas Hess. 
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eye stripe behind each eye, and the snout is 
depressed (Petranka 1998). The toe tips of lar-
vae are black and cornified (Petranka 1998). 

In California, D. ensatus is largely indistin-
guishable from the more widely distributed 
coastal giant salamander (D. tenebrosus) based 
on morphology alone. However, both geo-
graphic range and genetic markers distinguish 
these two species. 

Taxonomic Relationships 

Good (1989) split California Dicamptodon into 
two species, D. tenebrosus in the north and D. 
ensatus in the south, on the basis of allozyme 
data. A 4.7 km hybrid zone exists between the 
two species approximately 10 km north of 
Gualala in Mendocino County (Good 1989). 
Otherwise, the two species are allopatric. 

Life History 

Adult Dicamptodon ensatus are terrestrial and 
return to streams to breed during the fall rainy 
season (Kessel and Kessel 1943a) and in the 
spring (Stebbins 2003). One D. ensatus nest of 
approximately 70 eggs was found under a sub-
merged wooden plank in a rapidly flowing 
stream in the Santa Cruz Mountains, San 
Mateo County, during June (Henry and Twitty 
1940). Female D. tenebrosus guard nests 
through hatching (Nussbaum et al. 1983), and 
an adult female D. ensatus was found near the 
Santa Cruz Mountains nest (Henry and Twitty 
1940), suggesting that both species may guard 
their eggs. Eggs in early developmental stages 
are pure white and approximately 5.5 mm in 
diameter (Petranka 1998). The larval stage 
lasts approximately 18 months, with larvae 
growing 8–12 mm in TL per month during the 
warmer months in their first year. Larvae reach 
10 cm TL within a year of hatching and meta-
morphose in late summer at 13–14 cm TL 
(Kessel and Kessel 1943a, Kessel and Kessel 
1943b, Kessel and Kessel 1944). The prevalence 
of paedomorphosis in this species is unknown, 
although it can be quite common in D. 
tenebrosus. A paedomorphic population of D. 
ensatus has been reported from caves on the UC 

Santa Cruz campus (B. Sinervo, unpublished 
data). 

Bury (1972) reported gut contents of 12 
adults from Del Norte, Humboldt, and Marin 
Counties (i.e., a mix of D. ensatus and D. tene-
brosus). Eight out of 12 specimens contained 
one or more vertebrates, including California 
slender salamanders (Batrachoseps attenuatus), 
lizards, mice, shrews, and voles. Other prey 
included large invertebrates such as land snails 
and smaller invertebrates such as beetles and 
crickets (Bury 1972). Cannibalism has been 
documented in adults (Anderson 1960). No 
diet data from larvae are available for this spe-
cies, though they are presumed to have similar 
diets to larval D. tenebrosus (Petranka 1998), 
which primarily consume aquatic insects and 
other invertebrates (Parker 1994). 

Habitat Requirements 

Dicamptodon ensatus occurs in mesic coastal 
forests (oak woodland and coniferous forest; 
Petranka 1998), and coastal chaparral habitat is 
used in southern Marin County and San Mateo 
County (N. Waters, pers. comm.). Very little is 
known about terrestrial habitat use by adults 
and metamorphs, although adults are occasion-
ally found surface active or under cover objects 
in wet conditions (Petranka 1998). One unu-
sual record exists of an adult D. ensatus in a tree 
vole (Arborimus pomo) nest 2.4 m off the 
ground, the only account of arboreality in this 
species (D. Hamilton and W. Roberts, unpub-
lished data in Forsman and Swingle 2007). 

Breeding and larval development occurs in 
cold permanent and semipermanent streams 
(Petranka 1998). Larval habitat use is poorly 
studied. In one stream, small larvae were found 
in slow-moving water near the banks during 
heavy flows, and as flows decreased they moved 
into the main stream channel where larger lar-
vae occurred (Kessel and Kessel 1943a, Kessel 
and Kessel 1943b). 

Distribution (Past and Present) 

Dicamptodon ensatus is endemic to California, 
occupying a small range from sea level to 
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900 m in elevation along the coast in two iso-
lated areas near San Francisco Bay (Stebbins 
2003). North of the Bay, they occur in the outer 
Coast Ranges from near the southern border of 
Mendocino County south through Marin 
County, and the inner Coast Ranges in Napa, 
Sonoma, Lake, and Solano Counties (Good 
1989). South of the Bay, they occur in the Santa 
Cruz Mountains in San Mateo, Santa Clara, and 
Santa Cruz Counties (Good 1989; N. Waters, 
pers. comm.). Dicamptodon ensatus has not 
been recorded in the East Bay (Stebbins 2003). 
Nussbaum (1976) mentioned an unconfirmed 
sight record from the Santa Lucia Mountains in 
Monterey County. Multiple surveys by several 
researchers over the decades have attempted to 
verify this account with no individuals detected 
(N. Waters, pers. comm.). While extirpations 
have not been documented, urbanization, agri-
culture, and timber harvest have likely resulted 
in some population losses, particularly due to 
development in the southern part of the range 
(Bury 2005; S. Barry, pers. comm.) 

Trends in Abundance 

Given the paucity of information, this species is 
currently considered data deficient for the pop-
ulation trend metric. However, it is likely that 
abundance has been reduced in habitats dis-
turbed by urbanization, roadbuilding, logging, 
or water diversions (Bury 2005). 

Nature and Degree of Threat 

The Santa Cruz Mountains isolate is currently 
largely contained within a network of public 
parkland, though the extent of possible losses 
in this region due to past development is poorly 
understood (N. Waters, pers. comm., S. Barry, 
pers. comm.). Coast Range populations in the 
north are likely subject to negative effects from 
timber harvest and development, though this 
area is less urbanized than the southern part of 
the range. Disturbances such as clear-cutting 
and road construction can lead to lower abun-
dances in Dicamptodon tenebrosus (Corn and 
Bury 1989, Welsh and Ollivier 1998). Other 
threats include fragmentation of riparian habi-

tat, water diversions for municipal and agricul-
tural use, and road mortality (N. Waters, pers. 
comm.). 

Climate change may negatively impact D. 
ensatus, although uncertainty in climate projec-
tions coupled with limited ecological informa-
tion makes assessing risk difficult. Mean annual 
temperature is expected to increase while pro-
jected changes in precipitation are likely modest, 
leading to warmer and possibly drier conditions 
in northwestern and central California (reviewed 
in PRBO 2011). At the same time, upwelling is 
expected to intensify (Snyder et al. 2003, Lebassi 
et al. 2009). This may increase fog development 
and contribute to cooler, moister conditions 
along the coast, potentially ameliorating effects 
of warming or drying within the range of D. 
ensatus. The frequency and extent of wildfire is 
expected to increase in the region encompassing 
the southern part of the range, with predicted 
increases in area burned of up to 50% (Fried et 
al. 2004, Lenihan et al. 2008, Westerling and 
Bryant 2008). How fire regime will change in 
the northern part of the range is less well under-
stood (reviewed in PRBO 2011). Effects of wild-
fire on D. ensatus are unknown, though mortal-
ity and habitat degradation due to fire has been 
documented in other stream-breeding amphibi-
ans (e.g., Gamradt and Katz 1997, Pilliod et al. 
2003). In northwestern California, vegetation 
communities are expected to shift from moist 
conifer to drier mixed evergreen forest, with 
reductions in Douglas fir and redwood forest in 
particular (Lenihan et al. 2008, PRBO 2011), 
which may impact the availability of D. ensatus 
habitat. 

Status Determination 

Dicamptodon ensatus is an endemic, ecologi-
cally specialized salamander with a small geo-
graphic range that is restricted to an area with a 
high human population density. These factors 
combine to place it at high risk of habitat loss 
and disturbance. However, data are not availa-
ble to determine whether ongoing declines and 
population losses have occurred, resulting in a 
Priority 3 designation for this species. 
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Management Recommendations 

We know little about the basic biology of this 
species, which makes it difficult to formulate 
management recommendations beyond mini-
mizing disturbances to existing habitat. Habi-
tat protection may be particularly important for 
small headwater streams where siltation and 
other stream disturbances are known to 
severely impact other Dicamptodon species. 
Construction and use of roads should be elimi-
nated or minimized within D. ensatus habitat, 
particularly during the breeding season. Ripar-
ian buffer vegetation should be retained in 
areas that are developed or harvested, though 
efficacy of buffers and optimal buffer widths 
for this taxon are unknown. 

Monitoring, Research, and Survey Needs 

Distribution, abundance, habitat requirements, 
and life history of Dicamptodon ensatus all need 
further study. Most research to date has focused 
on the more widespread D. tenebrosus to the 
north and was conducted before the two species 
were recognized as distinct. This substantial 
knowledge gap needs to be addressed with basic 
ecological studies. Nothing is known about dis-
persal in this species, especially the importance 
of movement through terrestrial habitats. Both 
mark–recapture and landscape genetic studies 
are needed for D. ensatus. Studies are also 
needed that examine the efficacy of streamside 

buffers in ameliorating the effects of distur-
bance on stream habitats. Such studies should 
be replicated both north and south of San Fran-
cisco Bay, given that these are completely iso-
lated population segments living in different 
habitats. Distributional surveys are particularly 
needed in the Inner Coast Range portion of the 
northern range (N. Waters, pers. comm.). 

While larvae are easy to find by searching 
aquatic habitats, transformed D. ensatus are 
infrequently encountered using typical amphib-
ian survey techniques. For example, only 12 
individuals were captured in 18,032 trap nights 
over 3 years of pitfall trapping along 840 m of 
drift fence in suitable habitat at Point Reyes 
National Seashore (G. Fellers and D. Pratt, 
unpublished data, in Fellers et al. 2010). In the 
same study, no Dicamptodon were detected 
under 84 coverboards during nearly 2000 cov-
erboard checks. However, culvert removal using 
heavy equipment uncovered aggregations of 
>20 adults at the same study sites, suggesting 
that terrestrial sampling may severely underes-
timate abundance (Fellers et al. 2010). Another 
account from Santa Cruz County reported sev-
eral adults and eggs getting washed out of a drill 
hole made 6 m into a hillside to access a subter-
ranean spring (Dethlefsen 1948). These reports 
suggest that metamorphosed individuals may 
be largely subterranean in their habits, a possi-
bility that needs further investigation. 
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SOUTHERN TORRENT SALAMANDER 

Rhyacotriton variegatus Stebbins and Lowe 1951 

Status Summary 

Rhyacotriton variegatus is a Priority 1 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 75% (83/110). Previously it was also 
considered a Species of Special Concern, 
although at a lower priority level. Additional 
research on ecology and phylogeography since 
Jennings and Hayes (1994a) supports this 
change in status. 

Identification 

Rhyacotriton variegatus is a small to medium-
sized salamander (5 cm SVL) (Welsh and Lind 
1992, Tait and Diller 2006), with a small 
head and a short, laterally compressed tail 
(Stebbins 2003). Expanded square-shaped 
glands lateral and posterior to the vent in adult 
males distinguish this genus from all other 
North American salamanders (Petranka 1998). 
Rhyacotriton has large bulging eyes, with eye 
diameter roughly equal to the distance between 
the anterior edge of the eye and the tip of 
the snout (Stebbins 2003). The dorsal ground 

color is brownish to olive, and the venter is yel-
low to yellowish green with a sharp, abrupt 
demarcation between the dorsal and ventral 
coloration (Petranka 1998). California R. varie-
gatus are heavily speckled with small dark spots 

Southern Torrent Salamander: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 10 

Total Score 83 

Total Possible 110 

Total Score/Total Possible 0.75 
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PHOTO ON PREVIOUS PAGE: Southern torrent salamander, Mendocino County, California. Courtesy of Robert 
Thomson. 



      
        

       
     

       

     
       

      

      

       
      

     
     

    
       

     
      
      

      
       

      
        

      
        

     
       

      
        

       

       
      

       
       

     
     

     
       

     

       

    
     

         
       

       

       
       

      

       
    

     
        

     

     
      
         
         

       

     
       

      
     
    

      
     
     

     
     

    
  

      
     

    

on the dorsum and venter (Good and Wake 
1992). 

Larvae are of the stream type and have mor-
phological adaptations unique to headwater 
specialists (Valentine and Dennis 1964). Lar-
vae have short stubby gills and a tail fin that 
does not extend anteriorly onto the trunk. The 
dorsum is light brown above, the venter is 
cream to yellow, and the body is sprinkled with 
dark speckling above and below except on the 
tail fin. The eyes are prominent and dorsally 
positioned (Petranka 1998). 

Taxonomic Relationships 

Rhyacotriton variegatus has been recognized as a 
species since 1992 based on protein variation 
(Good and Wake 1992). Miller et al. (2006) 
identified three mitochondrial DNA clades 
within R. variegatus. The California clade/south-
ern Oregon clade split occurs at the Smith River 
in California, a common biogeographic bound-
ary. Miller et al. (2006) concluded that the Cali-
fornia clade constitutes an evolutionarily signifi-
cant unit (sensu Moritz 1994). The California 
clade is endemic to the state with a ∼50% smaller 
range than the species as a whole, and the south-
ern Oregon clade animals in California have an 
extremely small range. Although Miller et al. 
(2006) recognized these clades as potential 
management units, we consider them as a sin-
gle taxon here pending additional research on 
their geographic ranges and genetic distinctive-
ness using additional molecular markers. 

Life History 

Breeding may occur throughout much of the 
year. Males produce sperm year-round, with 
peak production from February through April 
(Humboldt County; Tait and Diller 2006). 
California females have been found carrying 
spermatophores from February through June 
(Stebbins and Lowe 1951, Tait and Diller 2006), 
and females from an Oregon population had 
cloacal spermatophores as late as October 
(Nussbaum and Tait 1977). 

Females produce smaller clutches than 
most similarly sized stream-breeding salaman-

ders (Petranka 1998), with gravid females car-
rying from 4 to 16 ovarian eggs (Nussbaum and 
Tait 1977, Good and Wake 1992, Tait and Diller 
2006). Karraker (1999) found a nest with 11 
cream-colored eggs deposited singly beneath a 
small boulder in a first-order stream channel in 
Humboldt County. 

Developmental times are slow, with oviposi-
tion to sexual maturity taking approximately 
4.5 years (Nussbaum and Tait 1977, Tait and 
Diller 2006). Time from oviposition to hatch-
ing is roughly 8 months (Karraker 1999), with 
time from oviposition to absorption of yolk 
probably closer to a year (Tait and Diller 2006). 
Peak oviposition is in August and September in 
California, with peak hatching occurring in the 
spring (Humboldt County; Tait and Diller 
2006). Larval development from hatching to 
metamorphosis takes 2–2.5 years (Nussbaum 
and Tait 1977, Tait and Diller 2006). After 
metamorphosis, an additional 1–1.5 years of 
growth is required before sexual maturity is 
attained (Nussbaum and Tait 1977, Tait and 
Diller 2006). 

The extended reproductive period and over-
wintering of larvae result in overlapping size 
cohorts in streams (Welsh and Lind 1992, Tait 
and Diller 2006). Hatchlings are 14–16 mm 
SVL (Tait and Diller 2006), and size at meta-
morphosis is around 35 mm SVL (Nussbaum 
and Tait 1977, Good and Wake 1992, Tait and 
Diller 2006). In Humboldt County, larval 
growth rates were recorded as 2.3 mm/year in 
Six Rivers National Forest (Welsh and Lind 
1992) and 8.9 mm/year in a more coastal site 
in the Mad River drainage (Tait and Diller 
2006). Larvae and adults weighed more in the 
spring than fall at one site, suggesting active 
foraging and growth over the winter months 
(Welsh and Lind 1992). 

Adults are active at air and water tempera-
tures of 5–10°C, lower than those known for 
any other aquatic salamander (Stebbins and 
Lowe 1951, Stebbins 1955, Brattstrom 1963). 
The average critical thermal maximum for 
adults and larvae are also lower than reported 
for other salamanders (larvae: 26.7°C; adults: 

168     salamanders 



       

     
     

       
      

    
       

      
      

      
        

       
     

       
       
      

      

 
      
      

      
        

      
      

      
     

      
     

 

 
       
      

     
       
       

        
    
       

      
     

      
       

       
       

      
       
      

        
     
      

     
       

     
     

      

 
      

      
     

       

       

       
     

     

      

      
 

    
      

       
     

     
     

     

27.9°C; Bury 2008b). Welsh and Lind (1996) 
observed signs of stress in adults at 17.2°C. 
Thermal tolerances of eggs are unknown (Bury 
2008b). 

Very few data are available on movement or 
diet in this species. One mark–recapture study at 
a single headwater stream/seep site in Hum-
boldt County found extremely low levels of move-
ment, with approximately 1 m/year of movement 
for adults and 2 m/year for larvae on average 
(Welsh and Lind 1992). However, unrecaptured 
animals may have moved longer distances (20% 
of originally marked animals were recaptured). 
The diet of Rhyacotriton variegatus appears to be 
generalized on aquatic and semiaquatic inverte-
brates, with amphipods and collembolans the 
most abundant prey (Bury and Martin 1967). 

Habitat Requirements 

Rhyacotriton variegatus occurs within a rela-
tively narrow range of ecological conditions that 
are typical of late-seral forests. These condi-
tions include cold, clear, flowing permanent 
seeps and headwater to low-order streams with 
coarse, rocky substrates in mesic to moist for-
ests (Welsh and Lind 1988, Welsh 1990, Welsh 
and Lind 1991, Welsh and Lind 1996, Vesely 
and McComb 2002, Welsh et al. 2005, Ashton 
et al. 2006, Welsh and Hodgson 2011). Key 
habitat requirements are the maintenance of 
cold water temperatures (6.5–15°C) and pres-
ence of loose substrates composed of gravel and 
cobble (Diller and Wallace 1996, Welsh and 
Lind 1996, Stoddard and Hayes 2005, Welsh et 
al. 2005, Bury 2008b, Welsh and Hodgson 
2008). In the Mattole Watershed, R. variegatus 
occurred primarily in undisturbed headwater 
channels and was never detected in streams 
where canopy closure was less than 91% or 
water temperatures were warmer than 13.5°C 
(Welsh and Hodgson 2011). Rhyacotriton varie-
gatus is extremely desiccation intolerant (Ray 
1958), although it will occasionally venture 
away from the stream channel and use riparian 
and forest habitat in the wet season (Vesely and 
McComb 2002; Vesely and McComb, pers. 
obs., in Welsh and Lind 1996). 

Rhyacotriton variegatus is sensitive to fine 
sediment load and embeddedness (Welsh and 
Lind 1996, Welsh and Ollivier 1998) and has 
been found to be positively associated with 
high-gradient streams, particularly in areas 
with timber harvesting. This may be due to 
stream network processes that flush fine sedi-
ments out of high-gradient reaches (Corn and 
Bury 1989, Diller and Wallace 1996, Stoddard 
and Hayes 2005, Ashton et al. 2006). In a 
review of seven studies of R. variegatus habitat 
associations, Welsh and Hodgson (2008) found 
that the species occurred at sites where fine 
sediment ranged from 2% to 40%, and zero 
detections occurred when more than 65% of 
the coarse substrate was embedded with fine 
sediment. 

Distribution (Past and Present) 

Rhyacotriton variegatus occurs patchily at eleva-
tions below 1469 m throughout the Pacific 
Coast Ranges of Oregon and California, from 
the Little Nestucca River and Grande Ronde 
Valley in Oregon to near Alder Creek in Mendo-
cino County in California (Good and Wake 
1992). Populations also occur in the Cascade 
Range in Oregon (Good and Wake 1992, Miller 
et al. 2006). A previously reported disjunct 
population in the McCloud River, Siskiyou 
County, appears to be based on incorrectly 
identified museum specimens of the southern 
long-toed salamander (Ambystoma macrodacty-
lum sigillatum) in the California State Univer-
sity, Chico collection. 

Suitable microhabitat is patchily distributed 
in California, and R. variegatus is only found in 
suitable sites about half of the time. Random 
stratified sampling of 117 sites throughout the 
geographic range in California found that 45% 
of sites contained suitable microhabitat, but 
only 62% of those sites were occupied (Welsh 
and Lind 1992). Sampling of 38 different sites 
in the same region selected for the US Forest 
Service “Old-growth Wildlife Project” found 
suitable microhabitat in 79% of sites, with R. 
variegatus present in 47% of suitable sites 
(Welsh and Lind 1992). Systematic stratified 
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sampling of 53 mixed conifer–hardwood stands 
on public lands in northern California found R. 
variegatus at 62% of sites (Welsh and Lind 
1996). 

Some of the variation in distribution can be 
explained by forest age and timber harvest his-
tories, with R. variegatus more often found in 
older, unharvested stands. Welsh (1990) sur-
veyed spring and seep habitats in 34 forest 
stands in the Coast Ranges in California and 
southern Oregon ranging from 30 to 560 years 
old and at elevations of 150–1500 m. Rhyacotri-
ton variegatus was found in 70% of old-growth 
stands, 50% of mature stands, and 11% of 
young stands. Recent surveys of the Mattole 
Watershed in northern California (Humboldt 
and Mendocino Counties) found R. variegatus 
mostly in late-seral headwater tributaries, habi-
tats that are now rare in the watershed (Welsh 
et al. 2005, Welsh and Hodgson 2011). How-
ever, occupancy rates were higher in young for-
ests along the coast where temperatures are 
mediated by the maritime climate: R. variega-
tus was found in 48% of 30 m sampling reaches 
and 80% of entire stream reaches in stands less 
than 80 years old (Diller and Wallace 1996). 

Exact figures are difficult to come by, but 
most of the historical coastal old-growth habitat 
in California is now gone (85–96.5% gone; ref-
erences in USFWS 1997). In addition to habitat 
modification, several investigators have hypoth-
esized that Dicamptodon predation may restrict 
Rhyacotriton distribution to small headwater 
streams (e.g., Stebbins 1955, Nussbaum 1969, 
Welsh and Lind 1996, Welsh and Ollivier 
1998). However, Rundio and Olson (2001) 
found that R. variegatus larvae were unpalatable 
to D. tenebrosus larvae, surviving 90% of 
encounters in experimental trials. 

Trends in Abundance 

Estimates of abundance are not available for 
time periods before timber harvesting became 
a prominent factor in landscape management, 
but the highest documented abundances over 
the last several decades have been in late-seral 
sites, supporting the idea that abundances are 

reduced in response to disturbances such as 
timber harvest and road building. Rhyacotriton 
variegatus can be locally abundant, with densi-
ties of up to 22 salamanders/m2 recorded in 
suitable streamside habitat at an old-growth site 
in Six Rivers National Forest, Humboldt County 
(Welsh and Lind 1992). However, most sites in 
that study yielded 1–5 captures/10 m2 (Welsh 
and Lind 1992). By sampling across the range 
of R. variegatus in California and across stands 
of different ages, Welsh and Lind (1996) docu-
mented a much lower mean density of 0.68 
salamanders/m2. In young stands in coastal 
northern California (<80 years old), Diller and 
Wallace (1996) found that densities were 0.18– 
5.5 salamanders/m2. Welsh et al. (2000) reana-
lyzed Welsh and Ollivier’s (1998) data from 
sites in Prairie Creek Redwoods State Park in 
Humboldt County for comparison to encounter 
rate data reported by Wroble and Waters (1989) 
from timber company lands in the same county. 
Rhyacotriton variegatus was found at the rate of 
0.72 salamanders/hour on parkland compared 
to 0.05 salamanders/hour on harvested lands 
(Welsh et al. 2000). In Oregon, densities aver-
aged 0.29 salamanders/m2 on forested lands 
versus 0.04 salamanders/m2 on logged habitat 
(Corn and Bury 1989). 

Nature and Degree of Threat 

Major threats to this species include timber 
harvesting, road building, rural development, 
marijuana cultivation, and climate change. 
Rhyacotriton variegatus is sensitive to the 
impacts of timber harvesting and roadbuilding 
due to direct impacts of heavy equipment and 
indirect effects on temperature, humidity, 
and sediment load (Welsh et al. 2000, Welsh 
and Hodgson 2008). Several researchers have 
argued that declines and extirpations will con-
tinue due to timber harvesting and related land 
management practices (e.g., Welsh et al. 2000, 
Ashton et al. 2006, Olson et al. 2007, Welsh 
and Hodgson 2008). While R. variegatus can 
persist in some harvested areas, particularly in 
coastal forests where the effects of logging may 
be ameliorated by the milder climate (e.g., 
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Welsh 1990, Diller and Wallace 1996; S. Barry, 
unpublished data), it occurs in more sites and 
with higher density in older stands. 

Habitat loss and degradation due to rural 
residential development and marijuana cultiva-
tion is a growing concern for this species in Cali-
fornia. Every new house built in forested lands 
requires a source of water, which is often pro-
vided by diverting headwater streams. In some 
cases, R. variegatus has been observed to occur 
above but not below such diversions (M. van 
Hattem, pers. comm.). This threat is likely to 
increase in the near future. For example, the 
Humboldt County General Plan is currently 
being updated, with some proposals considering 
a doubling or tripling of rural development. 
Marijuana cultivation also presents a water 
diversion threat to this species, as well as poten-
tial negative impacts due to grading, roadbuild-
ing, and the application of herbicides and pesti-
cides (e.g., Thompson et al. 2014). 

Rhyacotriton variegatus has slow develop-
mental times and low vagility, leading to poten-
tially high susceptibility to rapidly changing 
environmental conditions. Expected climate 
changes within its range over the next 100 
years include increased temperatures, changes 
in hydrology, changes in fire regime, and vege-
tation shifts. Mean annual temperatures are 
expected to increase throughout the range of R. 
variegatus in California (reviewed in PRBO 
2011). The frequency of extremely hot days is 
projected to increase, with roughly 9 additional 
days over 32.2°C (Bell et al. 2004). Such tem-
peratures exceed the critical thermal maxima 
for adults and larvae of R. variegatus, although 
water temperatures, microhabitat structure, 
and behavioral thermoregulation may amelio-
rate these effects. For coastal populations, 
upwelling is expected to intensify, which may 
increase fog development and contribute to 
cooler, moister conditions (Snyder et al. 2003, 
Lebassi et al. 2009). Coastal populations may 
therefore continue to provide more favorable 
climatic conditions than areas farther inland. 
Potential changes in precipitation are less clear, 
with some models predicting modest increases, 

others modest decreases, and others reductions 
in rainfall of up to 28% (reviewed in PRBO 
2011). Warmer temperatures will result in less 
precipitation stored as snow, and reductions of 
30–80% are predicted for snowpack accumula-
tion in northwestern California (Snyder et al. 
2004, Cayan et al. 2008b). The timing of 
spring snowmelt has shifted later in the spring 
in this region over the last 50 years (Stewart et 
al. 2005), though the timing of future shifts is 
unknown. Reductions in water availability due 
to reduced snowpack and possibly reduced pre-
cipitation will affect the timing and magnitude 
of stream flows. This may negatively affect 
habitat quality and availability for all life stages 
of this highly aquatic salamander. How fire 
regime will be affected by climate change in 
northwestern California is not well understood. 
Some models predict little change in fire 
regime or even decreases in area burned along 
the northern coast (Fried et al. 2004, Lenihan 
et al. 2008), while increases in area burned 
have been predicted for the southern coast of 
northwestern California (Lenihan et al. 2008). 
Westerling et al. (2011) projected a 100% 
increase in area burned in northwestern Cali-
fornia under some scenarios. How fire affects 
R. variegatus needs further study, although 
direct mortality and habitat degradation due to 
fire have been documented in other stream-
breeding amphibians (e.g., Gamradt and Kats 
1997, Pilliod et al. 2003). Vegetation communi-
ties are expected to shift from moist conifer to 
drier mixed evergreen forest, with reductions 
in Douglas fir and redwood forest in particular 
(Lenihan et al. 2008, PRBO 2011). It is unclear 
what effect these shifts may have on R. variega-
tus because stream conditions and forest age 
seem to be more important indicators of habitat 
quality than forest type. 

Status Determination 

Rhyacotriton variegatus is a Priority 1 Species of 
Special Concern due to its high degree of habi-
tat specificity resulting in a patchy distribution 
in isolated habitat islands, high degree of 
genetic variation among management units, 
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and association with late-seral forests that are 
now rare and often ecologically compromised 
by timber harvesting (Good and Wake 1992, 
Welsh and Lind 1996). 

Management Recommendations 

Rhyacotriton variegatus populations would ben-
efit from forest management activities that 
maintain cold water temperatures and low sedi-
mentation levels such as decreasing the use 
and building of roads, decreasing timber har-
vest, and leaving riparian vegetation intact in 
harvested areas. Suitable microhabitats should 
be surveyed for R. variegatus presence during 
the wet season when salamanders are more 
likely to be detected before such areas are dis-
turbed (Tait and Diller 2006, Olson et al. 
2007). Monitoring activities themselves can 
damage sensitive microhabitats (L. Diller, pers. 
comm.), and personnel should be well trained 
in techniques to minimize such negative 
effects. Occupied microhabitats in particular 
should be protected from direct impacts of 
heavy equipment. In areas where timber har-
vest occurs, vegetation should be left intact 
around R. variegatus habitat, particularly to 
maintain canopy cover, though the width and 
configuration of such buffers is an important 
research need detailed below. In the absence of 
more detailed research, Olson et al. (2007) rec-
ommend using relatively wide buffers on the 
order of 40–150 m to maintain obligate ripar-
ian species. In addition to buffers along 
streams, habitat should be left intact around 
seeps (“leave islands”; reviewed in Olson et al. 
2007). Marijuana cultivation appears to pose a 
growing threat to maintenance of high-quality 
habitat for this species. Enforcement and regu-
lation of marijuana cultivation is an ongoing 
issue in California and we suggest that 
the environmental impact of such activities 
be considered. Little is known about use 
of upland habitats, but protection of large 
channel networks and associated seeps and 
springs to maintain aquatic and upland con-
nectivity would likely help maintain popula-
tions of R. variegatus (Welsh and Lind 1992, 

Vesely and McComb 2002, Olson et al. 2007, 
Welsh 2011). 

Monitoring, Research, and Survey Needs 

Several studies have been conducted to deter-
mine the presence/absence of Rhyacotriton 
variegatus across the landscape, and such sur-
veys should continue. A critical research need 
is studies that monitor population abundance 
over time, particularly under different timber 
harvesting regimes. Given the long life span 
and slow development time of this species, 
such long-term studies might provide insights 
that shorter, single-season analyses would 
miss. When possible, population estimates in 
managed forests should be compared to R. vari-
egatus abundance in nearby undisturbed 
mature forest stands (i.e., reference popula-
tions) to assess the impacts of disturbance 
(Welsh 2011). Additional studies on movement 
ecology and dispersal beyond localized move-
ments would aid in designing management 
strategies to promote habitat connectivity. The 
extent to which upland versus aquatic habitats 
are used for dispersal is unknown and is cru-
cial for determining whether buffers should be 
focused around continuous waterways, upland 
linkages between waterways, or both (Welsh 
and Lind 1992, Olson et al. 2007, Welsh 2011). 

Experiments that test the efficacy of buffer 
strips for maintaining favorable habitat condi-
tions in harvested areas would also be valuable. 
Buffer strips from 6 to over 90 m wide have 
been proposed for maintaining riparian fauna 
under a range of management scenarios 
(reviewed in Olson et al. 2007). Stoddard and 
Hayes (2005) recommended buffer strips 
>46 m wide for Rhyacotriton. Similarly, ripar-
ian buffer strips 40 m wide around first 
through third-order streams in Oregon sup-
ported similar salamander abundance (includ-
ing R. variegatus) as unharvested stands (Ves-
ely and McComb 2002). Welsh and Hodgson 
(2008) recommend stream temperatures <15°C 
to maintain populations. The relationship 
between the size and aspect of a subbasin, the 
amount of the surrounding area harvested, the 
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resulting maximum stream temperature, and 
how much buffer would be required to amelio-
rate any critical biological temperature thresh-
olds are important research needs (Welsh et al. 
2005). Temperature is not the only factor that 
can be influenced by management activities 
however, and other indicators of habitat quality 
such as embeddedness should be measured as 
well (Olson et al. 2007). 

Because R. variegatus is patchily distributed, 
monitoring studies should first identify areas 
with suitable habitat. In surveys for R. variega-
tus in Douglas fir/hardwood forests in the 
Klamath region, Welsh and Lind (1992, 1996) 
defined minimum essential microhabitat for R. 
variegatus as an area of at least 10 m2 of flowing 
water (e.g., a patch of spring seep or first- or 
second-order streams) at least 75 m away from a 

forest edge. Within these sites, aquatic searches 
seemed most effective at detecting R. variega-
tus, as they are rarely encountered using tech-
niques such as terrestrial pitfall trapping (e.g., 
Welsh 1990). Sampling should be done in the 
spring when R. variegatus are most abundant 
(Welsh and Lind 1992, Ashton et al. 2006, Tait 
and Diller 2006). 

Landscape genetic studies that quantify levels 
of connectivity within and across stream systems 
would help to better delimit local management 
units as well as important dispersal corridors for 
this species. Studies similar to recent analyses on 
another western stream salamander, the Idaho 
giant salamander (Dicamptodon aterrimus) (Mul-
len et al. 2010), would be particularly instructive 
as a way to examine the relationship between 
stream connectivity and salamander gene flow. 
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RED-BELLIED NEWT 

Taricha rivularis (Twitty 1935) 

Status Summary 

Taricha rivularis is a Priority 2 Species of Spe-
cial Concern, receiving a Total Score/Total Pos-
sible of 81% (69/85). During the previous 
evaluation, T. rivularis was determined to not 
merit Species of Special Concern status (Jen-
nings and Hayes 1994a). Taricha rivularis 
ranked high enough to warrant status in the 
current evaluation, although very little infor-
mation is available on population distribution 
or abundance trends. 

Identification 

All species in the genus Taricha are stocky, 
medium-to-large newts with granular skin, 
dark dorsal coloration, and indistinct or absent 
costal grooves (Petranka 1998, Stebbins 2003). 
Taricha rivularis has bright, tomato red ventral 
coloration and reaches up to 8 cm SVL (Steb-
bins 2003). In all members of the genus 
Taricha, breeding males seasonally acquire 
smooth skin and an enlarged tail fin (Petranka 
1998). Larvae have a stream-type-like morphol-

ogy where the tail fin does not extend all the 
way to the shoulders (Stebbins 2003). The 
range of T. rivularis overlaps with the range of 
the rough-skinned newt (T. granulosa), and the 

Red-Bellied Newt: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 69 

Total Possible 85 

Total Score/Total Possible .81 
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PHOTO ON PREVIOUS PAGE: Red-bellied newt, Mendocino County, California. Courtesy of Adam Clause. 
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southeastern edge of its range overlaps with the 
Coast Range newt (T. torosa). These species can 
be distinguished based on several morphologi-
cal and color characteristics. In addition to dis-
tinctive red ventral coloration, T. rivularis has 
dark brown eyes, compared to the yellow or sil-
very irises in the other species (Twitty 1935). 

Taxonomic Relationships 

Taricha rivularis was described on the basis of 
the clear morphological differences existing 
between it and other California Taricha (Twitty 
1935), and its species status has never been 
questioned. Gene flow among populations was 
previously thought to be very low because ani-
mals return to the same stream areas for breed-
ing and show very strong homing behavior 
(Hedgecock and Ayala 1974, Hedgecock 1978; 
see the “Life History” section). Kuchta and Tan 
(2006a) found low levels of allozyme and mito-
chondrial DNA divergence among four popula-
tions in the north and south of the range, which 
may suggest that gene flow is higher than pre-
viously thought. Although T. rivularis shows a 
high degree of philopatry, long-distance move-
ments are well documented, and this may 
explain the observed low levels of divergence 
(Kuchta and Tan 2006a). 

Life History 

Breeding coincides with the receding of streams 
after heavy winter rains (Twitty 1942). Adults 
are terrestrial, and the aquatic breeding phase 
lasts from February to May, with most breeding 
occurring between March and early April 
(Twitty 1955, Packer 1960, Twitty 1966, Steb-
bins 1985). Males typically breed annually, 
whereas most females breed every 2–3 years 
(Twitty 1961, Twitty et al. 1964). Adults have 
been observed returning to the same ∼15 m seg-
ment of creek to breed across multiple years 
(Twitty 1959, Packer 1962, Packer 1963, Twitty 
et al. 1967a). Adults tend to use a small reach of 
stream during the breeding season, although 
movements of a couple hundred meters within 
a season have been observed (Packer 1962). 
Adults are also capable of moving several kilom-

eters across years and have excellent homing 
abilities (Twitty 1959, Packer 1962, Twitty et al. 
1964, Twitty et al. 1967a). After breeding, 
adults leave streams but usually remain in the 
same drainage (Twitty et al. 1967b). Fall rainfall 
triggers movement, but heavy rainfall can 
inhibit overland movement (Packer 1960, Grant 
et al. 1968), and sustained rainfall, increased 
stream volume, or increased sediment load can 
stimulate animals to temporarily leave breeding 
streams (Packer 1960). Little is known about 
terrestrial habitat use by metamorphs. Under-
ground retreats are used from May to October, 
and adults forage on the surface before and as 
they migrate to streams (Twitty 1966, Licht and 
Brown 1967, Marks and Doyle 2005). 

Eggs are attached in a single layer to the bot-
tom of stones or submerged vegetation in fast-
flowing water (Twitty 1935, Twitty 1942). The 
average size of an egg mass is 10 eggs (range 
6–16) (Twitty 1935, Riemer 1958, Twitty 1964), 
and as many as 70 egg masses have been 
observed attached to a single stone (Twitty 1935, 
Twitty 1942). The incubation period in the lab 
is 16–34 days, with faster development times at 
warmer temperatures (Licht and Brown 1967). 
Larvae hatch at a minimum of 10 mm TL (Rie-
mer 1958, Twitty 1964) in mid to late April and 
metamorphose in late August (Licht and Brown 
1967) at 45–55 mm TL (Stebbins 1951). There is 
no evidence that larvae overwinter in streams 
(Riemer 1958, Twitty 1964). It is unknown how 
far or to what habitats metamorphs travel, but 
they go into hiding shortly after metamorpho-
sis (Twitty 1955, Twitty 1961, Twitty 1966, 
Twitty et al. 1967b). Juveniles are not captured 
in terrestrial habitats when adults are abun-
dant, suggesting that they remain under-
ground, or at least in a distinct, unknown 
microhabitat, for several years (Twitty et al. 
1967a). It takes approximately 5 years to reach 
sexual maturity (Licht and Brown 1967). 
Hedgecock (1978) estimated life spans on the 
order of 20–30 years based on Twitty’s (1966) 
data, and annual survivorship of adults is prob-
ably >90% in most years (Twitty 1961). At one 
site in Sonoma County, 40% of originally 
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marked adult animals were still being recap-
tured 11 years later (Twitty 1966). 

Insects and other small invertebrates pre-
sumably make up the bulk of the diet of larvae 
and adults. In one study, adult stomach con-
tents contained exclusively terrestrial organ-
isms (mostly insects), and adults apparently do 
not feed while in the water during the breeding 
season (Packer 1961, Licht and Brown 1967). 

Habitat Requirements 

Taricha rivularis is found in redwood forests 
along the coast, although other forest types such 
as Douglas fir, tan oak, and madrone are also 
used (Marks and Doyle 2005). Aquatic breeding 
habitats are moderate to fast-flowing mountain 
streams with rocky bottoms (Twitty 1935, Steb-
bins 1951). In the Mattole Watershed (northern 
Mendocino and southern Humboldt Counties), 
T. rivularis was reported to use both steep head-
water and 2–4% gradient step-pool reaches, but 
was most abundant in lower-gradient plane-bed 
channels (Welsh and Hodgson 2011). Other fea-
tures of occupied stream habitats were water 
temperatures ranging between 15°C and 26°C, a 
mix of coarse streambed substrates, and inter-
mediate levels of canopy closure (Welsh and 
Hodgson 2011). Unlike other members of the 
genus, T. rivularis rarely breed in ponds or other 
standing water habitats (Riemer 1958, Stebbins 
1985) and seem to avoid streams used by T. torosa 
(Twitty 1942, Twitty 1955). Taricha rivularis will 
breed in the same streams as T. granulosa but 
tend to use faster-flowing reaches (Twitty 1942). 

Distribution (Past and Present) 

Taricha rivularis is endemic to California and 
has the smallest geographic distribution among 
its congeners (Stebbins 2003). The species 
occurs in coastal northern California in Son-
oma, Lake, Mendocino, and southern Hum-
boldt Counties, at elevations from 150 to 450 m 
(Stebbins 2003, Marks and Doyle 2005). An 
isolated population is known from the Stevens 
Creek watershed in Santa Clara County, 
although it is unclear if this is an introduction 
or a native population (Reilly et al., in press). 

Some habitat has likely been lost to vineyard 
and other agricultural development in Sonoma 
and Mendocino Counties, although systematic 
surveys are not available (H. Welsh, pers. 
comm.). Some populations have been lost due 
to damming of creeks and rivers (e.g., Skaggs 
Spring, which was inundated during the for-
mation of Lake Sonoma). Data from the Mat-
tole Watershed in the mid-1990s documented 
T. rivularis presence in 35% of sampled streams 
(Welsh et al. 2005), with T. rivularis restricted 
to the forested southern portions of the water-
shed (Welsh and Hodgson 2011). 

Trends in Abundance 

Few abundance data are available for this spe-
cies. Hedgecock (1978) used Twitty’s (1961, 
1966) census data to estimate that ∼60,000 
breeding adults occurred along a ∼2.5 km 
stretch of creek in Sonoma County. In the Mat-
tole Watershed, 300 m stretches of randomly 
selected stream reaches (n = 83 stream reaches) 
yielded 24 metamorphs and 104 aquatic larvae 
(Welsh and Hodgson 2011). 

Nature and Degree of Threat 

The paucity of distribution and abundance data 
makes it difficult to determine the status of 
most Taricha rivularis populations. However, 
the species has a small range in an area that 
has experienced high levels of habitat conver-
sion to vineyards and subdivisions, rendering 
them vulnerable to habitat loss and fragmenta-
tion (Marks and Doyle 2005). Taricha rivularis 
may also be experiencing increasing mortality 
from vehicular traffic (Marks and Doyle 2005), 
especially during breeding migrations. 

Climate change poses potential risks to T. 
rivularis through increased temperatures, 
changes in hydrology, changes in fire regime, 
and vegetation shifts. Mean annual tempera-
tures are expected to increase throughout north-
western California (reviewed in PRBO 2011); 
however, maximum temperature tolerances of 
T. rivularis are unknown. Taricha rivularis popu-
lations on the coast may be less affected by tem-
perature increases because upwelling is 
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expected to intensify, potentially leading to 
increased fog development and cooler, moister 
conditions (Snyder et al. 2003, Lebassi et al. 
2009). Potential changes in precipitation are 
less clear, with some models predicting little 
change and others reductions in rainfall of up to 
28% (reviewed in PRBO 2011). If conditions 
become warmer and drier, especially in inland 
sites, this may restrict terrestrial habitat use and 
overland dispersal. Changes in precipitation 
may affect stream hydrology, although how T. 
rivularis will respond to such changes is 
unknown. How fire regime will be affected by 
climate change in northwestern California is 
not well understood. Some models predict little 
change in fire regime or even decreases in area 
burned along the northern coast (Fried et al. 
2004, Lenihan et al. 2008). Increases in area 
burned have been predicted for the southern 
coast of northwestern California and inland 
areas (Lenihan et al. 2008). Westerling et al. 
(2011) projected a 100% increase in area burned 
in northwestern California under some scenar-
ios. How fire impacts T. rivularis needs more 
study, although direct mortality and habitat deg-
radation due to fire has been documented in 
other stream-breeding amphibians in similar 
habitats (e.g., Gamradt and Kats 1997, Pilliod et 
al. 2003). Vegetation communities are expected 
to shift from moist conifer to drier mixed ever-
green forest, with reductions in Douglas fir and 
redwood forest in particular (Lenihan et al. 
2008, PRBO 2011). Taricha rivularis may not be 
severely negatively affected by such shifts, as 
they use multiple forest types. 

Status Determination 

Taricha rivularis has a small range in an area 
that has experienced increased levels of habitat 
loss and fragmentation in recent decades, 
resulting in a Priority 2 Species of Special Con-
cern status for this endemic salamander. 

Management Recommendations 

Given the limited ecological information on this 
species outside of a handful of sites, it is difficult 

to make management recommendations other 
than protecting known breeding habitats. Distur-
bances such as timber harvest, roadbuilding and 
use, housing development, agricultural develop-
ment, and water diversions should be minimized 
or eliminated in Taricha rivularis habitat. Occu-
pied habitat should be protected, with a focus on 
protecting the entire stream network (Olson et al. 
2007, Welsh 2011). Retaining streamside buffers 
on managed lands can help mitigate the effects 
of logging and roadbuilding, but more research is 
needed to determine buffer prescriptions, par-
ticularly how to protect stream network processes 
(Olson et al. 2007). The ecological effects of 
buffer protections may vary across habitat types, 
and narrower buffers may be effective in more 
mesic coastal habitat compared to more xeric 
inland sites. One model recommends riparian 
management zones 40–150 m wide and patch 
reserves along headwater streams to accommo-
date upland habitat use and promote connectivity 
among drainages (Olson et al. 2007). Given the 
long-range movements documented in this spe-
cies, large terrestrial habitat patches may be nec-
essary to maintain connectivity among popula-
tions. Any efforts to translocate individuals 
should also take the strong evidence for adult 
homing behavior into account, as animals are 
likely to try and return to their original streams. 
Construction of new roads should be minimized 
or avoided in areas where protecting T. rivularis is 
a high conservation priority. To reduce the sedi-
mentation impacts of runoff from roads, forest 
roads should be disconnected from stream sys-
tems (e.g., through the use of ditch-relief cul-
verts). Use of heavy equipment should be avoided 
or restricted on forest roads when larvae are 
present in nearby aquatic habitat. Road manage-
ment strategies should be applied to all forest 
roads, not just those used for timber harvest. In 
areas that are known to suffer high road mortal-
ity, migration barriers and under-road tunnels 
may reduce vehicular death (e.g., see review in 
Schmidt and Zumbach 2008), although research 
is needed into the design and efficacy of such 
interventions. 
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Monitoring, Research, and Survey Needs 

Surveys to determine the current distribution 
of occupied breeding habitats are a first step to 
documenting potential extirpations. Resurveys 
of Twitty’s field sites along Pepperwood Creek, 
a tributary along the Wheatfield Fork of the 
Gualala River in northwestern Sonoma County, 
would be useful for assessing whether popula-
tion abundance has changed, as this is one of 
the few areas where demographic data have 
been collected (e.g., Twitty 1961, Twitty 1966). 
However, locating the original sites has proven 
difficult, and they may occur on private lands 
that are largely inaccessible (S. Kuchta, pers. 
comm.). Basic ecological research into habitat 
preferences (both terrestrial and aquatic) are 
needed as well as demographic data on all life 
stages (Petranka 1998, Marks and Doyle 2005). 
Additional research is needed on dispersal, 

using both field and genetic techniques. Experi-
ments that moved individuals to different 
streams found that animals traveled overland to 
return to their native streams, moving as much 
as 8 km through terrestrial habitat (Twitty 1959, 
Twitty et al. 1966). If such terrestrial move-
ments are typical of naturally dispersing ani-
mals, then large patches of terrestrial habitat 
will be needed to maintain connectivity among 
populations. Finally, although it is assumed 
that introduced trout and bullfrogs are not a 
threat to Taricha due to their toxic skin secre-
tions, this should be examined for eggs, larvae, 
and breeding adults. In other California newts, 
recent experimental research has shown that 
larval T. torosa are highly susceptible to preda-
tion by Ambystoma (Ryan et al. 2009), and tet-
rodotoxins have not been isolated from larvae or 
eggs of T. granulosa (Fuhrman 1967). 
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COAST RANGE NEWT, SOUTHERN POPULATIONS 

Taricha torosa (Rathke 1833) 

Status Summary 

Populations of Taricha torosa from the Salinas 
River in Monterey County south constitute a 
Priority 2 Species of Special Concern, receiving 
a Total Score/Total Possible of 66% (73/110). 
During the previous evaluation, these popula-
tions were also considered Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Taricha are stocky, medium-to-large newts (up 
to 8 cm SVL) with granular skin, indistinct or 
absent costal grooves, and dark dorsal coloration 
(Petranka 1998, Stebbins 2003). Taricha torosa 
has yellowish brown to dark brown dorsal col-
oration and pale yellow to orange ventral colora-
tion (Petranka 1998). Adults that enter aquatic 
habitats for breeding develop smooth skin and a 
flattened tail while they are in the aquatic habi-
tat, and the tail fin becomes enlarged in males 
(Stebbins 2003). Larvae are pond type, with 
large gill filaments and a large fin, and have two 
dark, irregular longitudinal stripes running 
down the back (Stebbins 2003). 

Taricha torosa is the only newt in southern 
California but may be confused with other 
Taricha species in northern California, and 
with the Sierra newt (T. sierrae), where the two 
overlap in Tulare County. All of the characters 
for distinguishing among Taricha can be 

Coast Range Newt, Southern Populations: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 15 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 3 

Total Score 73 

Total Possible 110 

Total Score/Total Possible 0.66 

180     salamanders 



122°0'0"W 120°0'0"W 118°0'0"W 116°0'0"W 

COAST RANGE NEWT 
Taricha torosa: SSC portions of range only 

33
°0

'0
"N

 
35

°0
'0

"N
 

37
°0

'0
"N

 

33
°0

'0
"N

 
35

°0
'0

"N
 

37
°0

'0
"N

 

Museum Record Range 

CNDDB, BIOS, or Contributor USDA Ecoregion 
2,900,000 

PHOTO ON PREVIOUS PAGE: Coast range newt, southern populations, Los Angeles County, California. Courtesy of 
Adam Clause. 
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variable, and in some individuals differentiat-
ing the species can be difficult. Taricha torosa 
resembles T. granulosa but can be distinguished 
based on the extensive light ventral coloration 
that reaches the underside of the eyes, eyes that 
extend beyond the margin of the head when 
viewed from above, and palatal teeth in the roof 
of the mouth forming a Y shape (Stebbins 
2003). In T. granulosa, the dark dorsal colora-
tion extends beneath the eyes, the eyes are more 
closely inset and do not extend to the margin of 
the head when viewed from above, and the teeth 
in the roof of the mouth are in a V-shaped con-
figuration (Stebbins 2003). Taricha rivularis has 
dark eyes (T. torosa has yellow in the eyes), a 
tomato red venter, and dark coloration under 
the limbs and over the cloaca (Stebbins 2003). 
Taricha sierrae tends to be darker brown dor-
sally than T. torosa and has a burnt or reddish 
ventral coloration (Stebbins 2003). Taricha sier-
rae also has more of the lighter ventral colora-
tion on its snout and upper eyelids than T. torosa 
(Twitty 1942, Riemer 1958), and these differ-
ences in color pattern are intermediate in hybrid 
populations (Kuchta 2007). 

Taxonomic Relationships 

Previously, two allopatric subspecies were recog-
nized: Taricha torosa sierrae in the Sierra Nevada 
and T. t. torosa in the Coast Range (Riemer 
1958). Phylogeographic work has shown that 
populations in the southern Sierra are T. t. torosa 
(Tan and Wake 1995), and further molecular 
work has supported elevation to species status 
for both subspecies (Kuchta and Tan 2006b, 
Kuchta 2007). There is a contact zone between 
the two species around the Kaweah River in 
Tulare County. Kuchta and Tan (2006b) con-
cluded that while newts from San Diego County 
do not show long-term evolutionary independ-
ence, they still constitute a conservation unit due 
to genetic differentiation, demographic inde-
pendence, and geographic isolation. 

Life History 

Terrestrial adults migrate to aquatic breeding 
habitats such as ponds, streams, and reservoirs 

from December to early May, and timing varies 
by locality, weather, and habitat conditions 
(Storer 1925, Twitty 1942, Riemer 1958, Gam-
radt and Kats 1997). Southern populations 
migrate in March and April (Storer 1925, Brame 
1968, Kats et al. 1992) and tend to breed in quiet 
stream pools (Gamradt and Kats 1996, Gamradt 
and Kats 1997). No other stream-breeding sala-
manders occur in the southern part of the range 
of Taricha torosa. Eggs are attached under rocks 
or to vegetation, with egg masses ranging in 
size from 7 to 47 eggs (Ritter 1897, Storer 1925, 
Twitty 1942, Brame 1956, Brame 1968, Mosher 
et al. 1964). Females may lay 3–6 egg masses at 
a time, but it is unknown if they breed every 
year or skip years like T. rivularis (Ritter 1897, 
Twitty 1961, Twitty et al. 1964, Brame 1968). 
Adults typically leave breeding habitats in early 
to midsummer (Kats et al. 1994). 

Eggs hatch after 4–6 weeks (Kats et al. 
1994), and larvae develop for several months, 
typically metamorphosing in summer or fall 
(Kuchta 2005). Overwintering has been docu-
mented in larvae from Los Angeles (Storer 
1925) and Riverside (Carroll et al. 2005) Coun-
ties, but given a lack of other reports, this 
behavior is likely uncommon (Kuchta 2005). 
Average size at metamorphosis for a Berkeley, 
Alameda County, population was 47 mm TL, 
although this probably varies widely depending 
on local conditions (Ritter 1897). Larvae from a 
vernal pool in Sonoma County metamorphosed 
in late July and early August at an average size 
of 43.8 mm TL (Kuchta 2005). Metamorphosis 
in permanent water habitats, as are commonly 
used in the southern part of the range, has not 
been studied. 

Taricha torosa appears to show similar 
breeding site fidelity, homing ability, and lon-
gevity as other Taricha, although relatively 
fewer data are available from T. torosa. Watters 
and Kats (2006) PIT-tagged 36 breeding adults 
in the Santa Monica Mountains in Los Angeles 
County in the early 1990s, and recaptured ani-
mals for several years. Thirty-nine percent of 
animals originally tagged were recaptured in 
subsequent years, some as long as 11 years later, 
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yielding minimum age estimates of 12–14 
years. Animals were recaptured on average 
15.5 m from the original capture locality. Ter-
restrial habitat use is poorly studied in juveniles 
and adults, although overland movements can 
be substantial. Trenham (1998) recaptured 
juveniles up to 3.5 km from their natal ponds. 
Once adults leave breeding sites, they use mesic 
microhabitats for aestivation during the dry 
summer (Stebbins 1951, Trenham 1998). 

Larvae presumably eat small invertebrates, 
detritus, and possibly cannibalize conspecifics 
(Ritter 1897, Kuchta 2005). Aquatic adults will 
cannibalize eggs and larvae (Ritter 1897, Kats 
et al. 1992, Hanson et al. 1994). Terrestrial 
adults are generalist predators consuming a 
variety of invertebrate prey and the occasional 
small vertebrate (Ritter 1897, Hanson et al. 
1994, Kerby and Kats 1998). 

Habitat Requirements 

Northern populations occur in mesic forests in 
hilly or mountainous terrain, while southern 
populations occur in drier habitats such as oak, 
chaparral, and grassland (Riemer 1958). South-
ern populations tend to use permanent streams 
for breeding, though recruitment may be higher 
in seasonal reaches that are free of nonnative 
predatory fish (E. Ervin, pers. comm.). Taricha 
torosa in southern California are also limited by 
the availability of rocky canyons with clear, cold 
water (S. Barry, pers. comm.; R. Fisher, pers. 
comm.). In the Santa Monica Mountains in Los 
Angeles County, T. torosa using a perennial 
stream laid 89% of their egg masses in pools 
and 9.5% in runs (Gamradt and Kats 1997). Rif-
fles were rarely used for oviposition (Gamradt 
and Kats 1997). 

Distribution (Past and Present) 

Taricha torosa ranges from central Mendocino 
County south through the Coast Ranges to San 
Diego County, and also occurs in the southern 
Sierra Nevada north to Tulare County, from sea 
level to 1280 m (Stebbins 1959, Tan and Wake 
1995). Species of Special Concern status 
extends only to those populations found in 

Monterey County and farther south, excluding 
the southern Sierra Nevada isolate. Our map 
only shows these populations, though we note 
that it includes museum specimens from the 
San Bernardino Mountains that have been 
questioned (E. Ervin, pers. comm.). Taricha 
torosa is restricted to the Santa Ynez Mountains 
in Santa Barbara County (S. Sweet, pers. 
comm.). The southernmost populations of T. 
torosa are highly fragmented and occur in the 
Santa Monica, San Gabriel, and Santa Ana 
Mountains (Stebbins 2003). Within San Diego 
County, populations farthest south are geo-
graphically isolated from the rest of the range. 
Jennings and Hayes (1994a) reported these 
populations as extirpated; however, since then 
San Diego populations in the Cuyamaca Moun-
tains have been reported to persist in small 
isolated pockets of 15–20 breeding adults in the 
Boulder, Ceder, and Conejos Creek systems 
(E. Ervin, pers. comm. in Kuchta 2005). Sur-
veys in the 1990s of the foothills and moun-
tains around the Central Valley found Taricha 
species (T. torosa and T. granulosa) absent from 
more than half of historically occupied counties 
(Fisher and Shaffer 1996). Jennings and Hayes 
(1994a) estimated that a third of localities in 
southern California have been extirpated. Sur-
veys from 2000 to 2002 in the Santa Monica 
Mountains and Simi Hills in southern Califor-
nia found T. torosa present in 43% (15/35) of 
streams (Riley et al. 2005). Taricha torosa 
tended to be absent from urban streams, and 
Riley et al. (2005) hypothesized that this was 
due to effects on habitat quality from artificial 
flow regimes, increased presence of introduced 
species, and possibly also collection pressure. 

Trends in Abundance 

Historically, Taricha torosa was noted as com-
mon along the Pacific slope (Klauber 1928, 
Bogert 1930, Klauber 1930, Dixon 1967, 
Brattstrom 1988), and it may have been one of 
the most abundant amphibians in California 
(Jennings and Hayes 1994a). Populations in 
the upper Carmel Valley adjacent to the 
Hastings Reservation in Monterey County 
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numbered in the thousands in the early 1990s 
but have not been systematically resampled 
more recently (B. Shaffer and W. Koenig, 
unpublished data). Southern populations in the 
Santa Ynez Mountains of Santa Barbara County 
may have always been small (Jennings and 
Hayes 1994a). Population size estimates are 
not available, but populations in the south that 
used to be in the hundreds are now in the tens 
(R. Fisher, pers. comm.; E. Ervin, pers. comm., 
in Kuchta 2005), with populations in San 
Diego County potentially on the brink of extir-
pation (S. Kuchta, pers. comm.). 

Nature and Degree of Threat 

Major threats to Taricha torosa include habitat 
loss and degradation, wildfire, introduced spe-
cies, and vehicular traffic (Jennings and Hayes 
1994a). Sedimentation has caused a large 
amount of habitat degradation, especially in 
Los Angeles, Orange, Riverside, and San Diego 
Counties (Jennings and Hayes 1994a), and T. 
torosa is absent from previously occupied 
streams in heavily urbanized watersheds (Riley 
et al. 2005). Wildfire also contributes to habitat 
degradation. Surveys before and after a chapar-
ral wildfire along a perennial Santa Monica 
Mountain stream in Los Angeles County docu-
mented a roughly 50% reduction in the availa-
bility of preferred pool and run habitat due to 
erosion (Gamradt and Kats 1997). As a result, 
egg mass density was reduced by two-thirds 
compared to prefire levels (Gamradt and Kats 
1997). Terrestrial adults were observed to pro-
duce foamy skin secretions while walking 
through a prescribed burn area of chamise 
habitat in Monterey County (Stromberg 1997). 

Negative effects of introduced predators on 
T. torosa have been documented. In the Santa 
Monica Mountains in Los Angeles County, 
introduced crayfish (Procambarus clarkii) and 
mosquitofish (Gambusia affinis) are predators 
on T. torosa and may be contributing to declines 
(Gamradt and Kats 1996). Stream surveys did 
not detect either invasive species in the 1980s. 
Resurveys in the 1990s of previously used 
breeding habitats found no evidence of breed-

ing in streams with crayfish and mosquitofish 
present. In one case, T. torosa recolonized a 
reach following floods that removed crayfish, 
supporting the hypothesis that crayfish exclude 
newts from breeding habitat. In field and lab 
trials, survivorship of eggs and larvae was less 
than 30% in the presence of crayfish. Mos-
quitofish did not affect egg survivorship but did 
predate heavily on larvae. Only 46% of larvae 
survived in the presence of mosquitofish (Gam-
radt and Kats 1996). Crayfish also aggressively 
attack and chase adult T. torosa out of the water 
(Gamradt et al. 1997). Native California tiger 
salamanders (Ambystoma californiense) will 
prey on T. torosa larvae where the two co-occur 
around the Central Valley. However, recruit-
ment is even lower in the presence of hybrids 
between native A. californiense and introduced 
barred tiger salamanders (Ambystoma tigrinum 
mavortium) (Ryan et al. 2009). 

Bd has been documented in 7% (6/90) of 
T. torosa sampled from Santa Clara County 
(Padgett-Flohr and Longcore 2007), but the 
role of Bd in T. torosa declines is unknown. The 
role of UV radiation in declines is also 
unknown. Anzalone et al. (1998) reared eggs in 
field enclosures in the Santa Monica Moun-
tains and found that eggs exposed to UV radia-
tion had 40% survivorship compared to 80% 
survivorship of eggs when UV was shielded 
out. However, given that eggs are often attached 
under rocks and to vegetation, UV is unlikely to 
be responsible for large-scale declines in the 
field (Palen and Schindler 2010). 

Under climate change, mean annual tem-
peratures are projected to increase throughout 
the southern range of T. torosa, with warmer 
winters and summers and earlier spring warm-
ing expected (reviewed in PRBO 2011). There is 
less certainty about future precipitation pat-
terns, with estimates ranging from little change 
to roughly 30% decreases in rainfall (Snyder 
and Sloan 2005, PRBO 2011). Warmer and 
potentially drier conditions may affect availabil-
ity of intermittent and ephemeral waterways 
used for breeding. Snowpack reductions of up 
to 90% are predicted in southern California 
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(Snyder et al. 2004), which will likely result in 
altered f low regimes. How T. torosa may 
respond to these changes is unknown. The 
probability and extent of large (>200 ha) fires is 
expected to increase in the northern part of the 
special concern range (Fried et al. 2004, West-
erling and Bryant 2008). Increases and 
decreases in fire probability and extent have 
been predicted for southern California. There 
is little consensus on future fire dynamics in 
this part of the range because of the difficulty 
in modeling Santa Ana weather events (Wester-
ling et al. 2004, Westerling and Bryant 2008). 
Increases in fire are likely to negatively impact 
T. torosa, largely through habitat degradation 
but possibly also through direct mortality. Pre-
dicted vegetation shifts due to climate change 
include decreases in chaparral, shrubland, and 
woodland, and increases in grassland area 
(Lenihan et al. 2008, PRBO 2011). Taricha 
torosa uses all of these habitat types, and the 
effects of shifts in their relative abundance and 
distribution are unknown. 

Status Determination 

Documented extirpations and reductions in 
density of remaining populations in southern 
California, combined with occurrence in an 
area of high human density, result in a Priority 
2 designation for southern populations of 
Taricha torosa. 

Management Recommendations 

Disturbances such as roadbuilding and road 
use, housing development, and water diver-
sions should be minimized or eliminated in 
Taricha torosa habitat. Known breeding habitat 

should be a high priority for protection. Upland 
terrestrial habitat also needs to be protected, 
though the extent and configuration of upland 
habitat required to maintain population con-
nectivity needs more study. Measures to pre-
vent invasion or remove existing nonnative 
predators are high-priority activities to stabilize 
populations of this newt. Road mortality is a 
clear issue in some areas, particularly south of 
the Santa Monica Mountains. Road signage has 
been used to try to reduce road mortality in 
Monterey County, although its effectiveness is 
not known. Migration barriers and under-road 
tunnels may reduce vehicular death in key 
areas, though research is needed into the 
design and efficacy of such interventions 
(Schmidt and Zumbach 2008). 

Monitoring, Research, and Survey Needs 

Research into terrestrial habitat use and move-
ment is critical for understanding habitat 
requirements and potential corridors of move-
ment among populations, and these should be 
undertaken for both stream- and pond-breeding 
sites. Monitoring of sites where invasive species 
have been removed should be conducted to 
determine the long-term efficacy of removals 
and the recovery time and stability of popula-
tions following removal. Genetic analyses at the 
landscape level could be very informative with 
respect to both metapopulation dynamics and 
habitat corridor use and should be conducted in 
both relatively intact (e.g., Santa Monica Moun-
tains) and more fragmented landscapes. 
Research is also needed into potential manage-
ment strategies for dealing with wildfire and ero-
sion control in order to protect breeding habitat. 
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CALIFORNIA LEGLESS LIZARD 

Anniella pulchra Gray 1852 

Status Summary 

Anniella pulchra is a Priority 2 Species of Spe-
cial Concern, receiving a Total Score/Total Pos-
sible of 55% (61/110). During the previous 
evaluation, it was also considered a Species 
of Special Concern (Jennings and Hayes 
1994a). 

Identification 

Anniella pulchra is a medium-sized (11.1–17.8 
cm SVL), elongate, legless lizard that is snake-
like in body form. This species possesses sev-
eral characteristics that are related to an under-
ground burrowing lifestyle such as smooth 
cycloid scales, a shovel-shaped snout, counter-
sunk jaw, a short blunt tail, and the absence of 
external ear openings (Stebbins 2003). The dor-
sal coloration is generally metallic light silver or 
golden with a black middorsal line down the 
length of the body and black lateral stripes. 
Anniella pulchra typically have a lemon-yellow 
ventral coloration. Faintly striped variants some-
times occur, and dark-brown and black forms 

occur on the Monterey peninsula and around 
Monterey Bay, as well as from Morro Bay, 
Monterey County, south to Gaudalupe, Santa 
Barbara County (Stebbins 2003). This species is 
unlikely to be confused with other lizard species 

California Legless Lizard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 15 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 10 

Total Score 61 

Total Possible 110 

Total Score/Total Possible 0.55 
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PHOTO ON PREVIOUS PAGE: California legless lizard, Kern County, California. Courtesy of Adam Clause. 
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in California because it is our only legless lizard. 
Though A. pulchra bears a superficial resem-
blance to some snake species, the presence of 
moveable eyelids effectively distinguishes it. 

Taxonomic Relationships 

Here we treat all California animals as a single 
species, Anniella pulchra. There is substantial 
evidence for population structure within this 
species in California from karyotype, allozyme, 
mitochondrial DNA, nuclear DNA, and mor-
phological studies (e.g., Bezy and Wright 1971, 
Bezy et al. 1977, Rainey 1985, Pearse and Pog-
son 2000, Parham and Papenfuss 2009, Pap-
enfuss and Parham 2013). A recent genetic 
study by Parham and Papenfuss (2009) identi-
fied five major lineages within California and 
documented more extensive genetic diversity 
within the species than previously reported. 
Papenfuss and Parham (2013) subsequently 
proposed that these clades be elevated to spe-
cies status based on genetic information and 
some additional data on morphology. This revi-
sion occurred as we were finishing our evalua-
tion of special concern status, and we retain the 
traditional arrangement here to allow the her-
petological community time to evaluate this 
proposed change in taxonomy. 

Life History 

Breeding occurs between early spring and July 
in these live-bearing lizards. Oviductal eggs 
have been observed between July and October, 
and 1–4 young are born after a 4-month gesta-
tion period (Miller 1944, Goldberg and Miller 
1985). Juveniles grow rapidly (2.5–4.4 mm 
SVL/month) and reach sexual maturity after 
about 2 years at ∼9 cm SVL for males and after 
about 3 years at ∼12 cm SVL for females (Miller 
1944, Goldberg and Miller 1985). Life span in 
the field is unknown, but captive animals have 
survived for almost 6 years (L. Hunt, pers. 
comm., in Jennings and Hayes 1994a). 

Anniella pulchra is rarely seen active on the 
surface, but they do use the soil/litter interface 
for feeding and mating (Miller 1944). Daily 
activity patterns peak in the morning and 

evening, though animals have been observed 
active at night (Miller 1944, Stebbins 1954, 
Gorman 1957, Bury and Balgooyen 1976, 
Kuhnz 2000). Coastal and southern popula-
tions are likely active year-round, while inland 
populations (e.g., Sierra Nevada foothills) may 
enter a period of dormancy during cold months 
(Banta and Morafka 1968, Zeiner et al. 1988). 

Little is known about movement ecology. 
These fossorial lizards have been found at soil 
depths from a few to 50 cm below the surface 
(Miller 1944, Hunt 1984, Kuhnz 2000). Ani-
mals have been observed burrowing to a depth 
of 46 cm in the laboratory (Kuhnz 2000). In 
one short-term study (∼2 months), 10 lizards 
were recaptured within 10 m of their original 
capture points (Miller 1944). A two-year PIT 
tagging study documented an average home 
range size of 71 m2 (Kuhnz 2000). 

Anniella pulchra prefers lower temperatures 
than most other California lizards (∼21–28°C 
in lab trials, Bury and Balgooyen 1976; critical 
thermal maximum 34°C, Brattstrom 1965), 
which is consistent with a non-basking fosso-
rial lifestyle. Surface activity by this species is 
likely limited by both ambient and substrate 
temperature (Miller 1944). 

Little is known about the feeding ecology of 
this species. Anniella pulchra is a generalist sit-
and-wait insectivore (Coe and Kunkel 1906, 
Miller 1944) that eats larval insects (e.g., micro-
lepidopterans and beetles), adult beetles, ter-
mites, and spiders (L. Hunt, pers. comm. in 
Jennings and Hayes 1994a). 

Habitat Requirements 

At a regional scale, Anniella pulchra occurs in 
sparsely vegetated habitat types including 
coastal sand dunes, chaparral, pine–oak wood-
land, desert scrub, open grassland, and riparian 
areas (Stebbins 2003; S. Sweet, pers. comm.). 
At local scales, this lizard is a microhabitat spe-
cialist requiring sandy or loose loamy substrates 
conducive to burrowing (Miller 1944, Gorman 
1957, Cunningham 1959a, Banta and Morafka 
1968). Soils that are not used include gravel-
sized substrates and those with greater than 
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approximately 10% clay content, resulting in 
absence of this species from serpentine and 
shale bedrock (S. Sweet, pers. comm.). 

At a Monterey County coastal sand dune 
site, A. pulchra used non-compacted, organic-
rich soil preferentially and were most abundant 
in undisturbed soil types, although they were 
also found in slightly cemented clay-/silt-rich 
sands (Kuhnz et al. 2005). Plant community 
structure also contributed to microhabitat suit-
ability, with A. pulchra more common around 
native shrubs such as silver bush lupine, mock 
heather, and yellow lupine and less common 
around nonnative grasses, forbs, and iceplant 
(Kuhnz et al. 2005). In the Mojave Desert, A. 
pulchra can be found in leaf litter under juniper 
trees (Juniperus) (J. Parham and T. Papenfuss, 
pers. obs.). Soil moisture may also be a limiting 
factor for this species (Burt 1931, Miller 1944, 
Bury and Balgooyen 1976). Kuhnz et al. (2005) 
found more lizards in the low areas between 
dunes than in other areas, which may be due to 
water retention. 

Distribution (Past and Present) 

Most of the range of Anniella pulchra occurs in 
California, from Contra Costa County south 
through the Coast Ranges, in parts of the San 
Joaquin Valley, the western edge of the Sierra 
Nevada Mountains, the western edge of the 
Mojave Desert, and northern Baja California 
(Hunt 1983, Jennings and Hayes 1994a). 
Although most commonly found within 100 
km of the coast, A. pulchra ranges in elevation 
from sea level to about 1800 m (Hunt 1983). 

Based on the assumption that A. pulchra 
cannot persist in habitat where soil has been 
disturbed (e.g., plowing, bulldozing), Jennings 
and Hayes (1994a) estimated that ∼20% of his-
torical habitat is no longer suitable. Parham 
and Papenfuss (2009) noted that several locali-
ties they sampled around Bakersfield in the 
early 2000s no longer existed by the time their 
study was published. However, some popula-
tions have persisted in developed areas, partic-
ularly around fence lines, road verges, utility 
corridors, and gardens (S. Sweet, pers. comm.). 

For example, populations that were present in 
the 1970s were still extant in the 2000s in Fon-
tana, San Bernardino County, in residential 
areas that were formerly the Delhi Dunes 
(S. Barry, pers. comm.). Anniella pulchra has 
also been observed in irrigated gardens in Con-
tra Costa County where naturally sandy soils 
are available (E. Ervin, pers. obs.). The long-
term viability of populations in such developed 
areas is an important research question. 

Trends in Abundance 

Very few population size estimates are available 
for this cryptic species. Anniella pulchra can be 
locally abundant, with the highest documented 
density of 1.67/m2 occurring under a single yel-
low lupine bush in coastal dune habitat at Moss 
Landing, Monterey County (Kuhnz et al. 2005). 
Given the high degree of development within 
its coastal range, we suspect that some popula-
tions are declining. In particular, the black 
form on the Monterey Peninsula may be at 
great risk given the substantial development 
pressure in the region. 

Nature and Degree of Threat 

The greatest threats to Anniella pulchra are 
habitat loss and degradation, and climate 
change is also a potential emerging threat. 
Anthropogenic impacts that disturb soil mois-
ture levels or result in soil compaction likely 
degrade habitat suitability for this species. 
While some disturbance may be tolerated, 
development that covers large areas (>8 ha) can 
potentially cause local extinctions of A. pulchra 
(S. Sweet, pers. comm.). Invasive plants may 
also have a negative impact on habitat suitabil-
ity and abundance (Kuhnz et al. 2005). Over 
the next 100 years, mean annual temperature is 
expected to increase throughout the range of 
A. pulchra (reviewed in PRBO 2011). There is 
greater uncertainty in how precipitation will 
change, with some models predicting decreases 
in precipitation of up to 37% and other models 
predicting no change or only moderate declines 
(Bell et al. 2004, Snyder et al. 2004, Snyder 
and Sloan 2005, PRBO 2011). Warmer and 
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drier conditions might limit activity to deeper 
soil depths, although the population impacts of 
such a shift are unknown. Alterations in vege-
tation communities due to climate change may 
pose a larger threat to this species, as increases 
in grassland habitat are predicted through 
much of its range with concomitant decreases 
in preferred open habitat types such as coastal 
scrub, particularly in southern California 
(Lenihan et al. 2008, PRBO 2011). The fre-
quency and size of fires in the Coast Ranges is 
expected to increase up to 50% by the end of 
the century (Fried et al. 2004, Lenihan et al. 
2008, Westerling and Bryant 2008). Fire 
dynamics are more difficult to predict in south-
ern California, partly due to the role of Santa 
Ana winds (reviewed in PRBO 2011, Franco et 
al. 2011). How fire affects A. pulchra is 
unknown. Direct mortality effects may be 
small due to its subterranean lifestyle, although 
indirect negative effects may occur through 
habitat shifts and changes in soil chemistry. 

Status Determination 

Anniella pulchra is a near-endemic, ecologically 
specialized lizard with much of its range occur-
ring in heavily populated and impacted coastal 
areas. Little data is available on the abundance 
of this cryptic species, particularly in non-dune 
habitats, which limits our ability to quantify 
population trends or document extirpations. 

Management Recommendations 

Protection of dune areas both along the coast 
and in the Coast Range is critical. In occupied 
areas, disturbances such as development, agri-
culture, and off-highway vehicle use should be 
reduced or eliminated. Activities that compact 
soil, in particular, should be avoided. Given that 
Anniella pulchra appears to persist in some 
developed areas provided that sandy soils and 
native plant communities remain intact, incen-
tivizing or requiring natural landscaping in 
low-density housing (as has been done in 
Monterey County for the federally and state 
endangered Santa Cruz long-toed salamander, 
Ambystoma macrodactylum croceum) may allow 

lizards to coexist with some development. The 
spread of nonnative plant species into remain-
ing habitat should be minimized. Eradication 
of invasive plants and restoration of native veg-
etation may help increase A. pulchra density 
and should be explored. 

Monitoring, Research, and Survey Needs 

With a few exceptions (e.g., Miller 1944, Kuhnz 
et al. 2005), little is known about Anniella pul-
chra abundance across its range. Studies of 
basic ecology are needed in other parts of the 
range and in other habitat types. Minimally, 
surveys summarizing habitat use, soil charac-
teristics, and population density in coastal 
southern California and the southern Sierra 
Nevada should be conducted to complement 
work in Monterey County. Understanding 
under what conditions this species can persist 
in human-disturbed habitats would be valua-
ble, particularly with respect to soil characteris-
tics and fragmentation that occurs as a conse-
quence of urbanization and agricultural land 
use. Anniella pulchra co-occurs with Argentine 
ants (Linepithema humile) along the coast, but it 
is unknown whether this introduced species 
has any substantial impacts on A. pulchra. 

Presence and abundance of this cryptic spe-
cies are both difficult to assess, and more 
research into the best sampling methods for 
different habitats would be useful for the devel-
opment of monitoring efforts. In a comparison 
of survey techniques in dune habitat in 
Monterey County, Kuhnz et al. (2005) con-
cluded that time-constrained searches were the 
most reliable method for detecting A. pulchra 
presence across a range of population densities 
and dune vegetation types. In time-constrained 
searches, surveyors searched the surface, under 
dried vegetation or cover objects, and up to 15 
cm below the surface. Kuhnz et al. (2005) 
noted that all survey methods were poor at 
detecting lizards at low densities of ∼1/100 m2, 
and even time-constrained searches greatly 
underestimated density compared to depletion 
raking (raking of substrate until one or fewer 
individuals were found per 40 hours of search 

190     lizards 



       

    
   

      
      

      
      

      
       

     
        

     

effort). However, these results may not apply in 
general across habitat types. For example, some 
investigators prefer to use cover objects at 
inland sites where A. pulchra is relatively rare 
(J. Parham, pers. comm.). 

Additional genetic analyses at the popula-
tion level may be the best way to efficiently 
determine the effective population size and 
genetic connectivity of apparently isolated pop-

ulations. Particularly in conjunction with 
intensive time-constrained surveys, genetic 
data can be used to measure habitat-specific 
gene flow, current population size, and changes 
in population size. We recommend that appro-
priate genetic markers be developed and that 
tissues be collected and deposited in appropri-
ate repositories for such analyses. 
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COASTAL WHIPTAIL 

Aspidoscelis tigris stejnegeri (Van Denburgh 1894) 

Status Summary 

Aspidoscelis tigris stejnegeri is a Priority 2 Species 
of Special Concern, receiving a Total Score/Total 
Possible of 54% (59/110). It was not considered a 
Species of Special Concern during the previous 
evaluation (Jennings and Hayes 1994a). 

Identification 

Aspidoscelis tigris stejnegeri is a member of the 
A. tigris species complex, a group of 8–13 spe-
cies that are all similar in appearance (Grismer 
2002, Reeder et al. 2002, Stebbins 2003). This 
is a large (6–12.7 cm SVL), extremely active, 
diurnal lizard with a slim body and a long tail. 
The dorsal ground color is dark, with a series of 
lighter tan or beige spots forming stripes down 
the sides. These stripes may be broken and 
irregular, suggesting a checkered appearance 
(Stebbins 2003, Lemm 2006). The ventral col-
oration is whitish to cream with scattered black 
spotting which sometimes forms longitudinal 
lines between the scale rows (Stebbins 2003). 
The dorsal scales are granular, while the ven-

tral scales are relatively large, rectangular plates 
(Lemm 2006). The scales on the head are also 
enlarged dorsally and ventrally, forming plates 
in front of the gular fold (Lemm 2006). In the 
San Diego area, juveniles develop a distinctive 

Coastal Whiptail: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 10 

Total Score 59 

Total Possible 110 

Total Score/Total Possible 0.54 
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PHOTO ON PREVIOUS PAGE: Coastal whiptail, Los Angeles County, California. Courtesy of Robert Hess. 
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spotted pattern (Stebbins 2003; R. Fisher, pers. 
comm.). 

Within its range, A. t. stejnegeri is only likely 
to be confused with its congener, the orange-
throated whiptail (A. hyperythra). Both lizards 
have similar body shapes and scalation, though 
A. hyperythra is usually smaller (5–7.2 cm SVL) 
and is marked with well-defined light stripes 
and an intervening dark ground color (Stebbins 
2003). In addition, the males of A. hyperythra 
develop a conspicuous bright orange coloration 
on the throat and underside of the body and 
juveniles have bright blue on the tail (Stebbins 
2003, Lemm 2006). 

Taxonomic Relationships 

No modern studies of phylogenetics, phyloge-
ography, or species boundaries exist within the 
Aspidoscelis tigris species complex, although the 
validity of this subspecies has not been ques-
tioned. Reeder et al. (2002) presented a phylo-
genetic analysis of whiptail lizards of the genus 
Cnemidophorus (sensu lato) and showed that 
the genus, as historically defined, was not 
monophyletic. To remedy this, they moved 
North American whiptails to the genus Aspido-
scelis, an arrangement that is now widely 
accepted. 

Some confusion surrounds the application 
of the name A. t. stejnegeri in the literature. A 
closely related whiptail occurs as an insular 
endemic on Isla Cedros, Baja California, Mex-
ico, which most authors refer to as the subspe-
cies A. t. multiscutata (previously, Cnemidopho-
rus tigris multiscutatus). However, others have 
treated A. t. stejnegeri as a junior synonym of A. 
t. multiscutata and refer both the insular 
endemic and the coastal southern California 
forms to this latter name. Thus, some literature 
referring to the A. tigris subspecies in southern 
California uses A. t. multiscutata. This has 
sometimes led authors to consider the two 
names to refer to two separate biological taxa 
that both occur in southern California (Maslin 
and Secoy 1986). To clarify, there is only a sin-
gle member of the A. tigris complex in coastal 

southern California, and its currently accepted 
name is A. t. stejnegeri. 

Life History 

The life history of Aspidoscelis tigris stejnegeri is 
poorly studied, particularly within its Califor-
nia range, although it is probably similar to 
other subspecies within the A. tigris species 
complex. This is a diurnally active, wary lizard, 
which rarely stops moving during its activity 
period. Aspidoscelis tigris stejnegeri is a general-
ist predator that actively searches for insects, 
spiders, scorpions, and other small arthropods, 
including larvae (Grismer 2002, Lemm 2006). 
Some subspecies in the complex are known to 
prey upon small lizards, though this has not 
been documented in A. t. stejnegeri to our 
knowledge. Aspidoscelis tigris stejnegeri is a rela-
tively high-temperature specialist that emerges 
to begin foraging in late morning as the air 
temperature rises. It can become active as early 
as mid-March and remain so until early Octo-
ber, although juveniles can remain active into 
November (Grismer 2002). When active, A. t. 
stejnegeri moves with a distinctive gait, taking a 
step, halting briefly, then moving again in rapid 
succession. 

Reproduction takes place in spring and 
summer. Grismer (2002) documented gravid 
females and courtship behavior in mid-July in 
Baja California. Courtship may occur earlier in 
the California populations (Lemm 2006), 
although few data exist. Hatchlings begin to 
appear in late July and August in Baja Califor-
nia; again, this may occur earlier in California 
(Grismer 2002, Lemm 2006). 

Habitat Requirements 

Aspidoscelis tigris stejnegeri can be found in a 
wide variety of habitats within the California 
portion of its range, including coastal sage 
scrub, chaparral, riparian areas, woodlands, 
and rocky areas (Lemm 2006). Early observa-
tions of this subspecies in California, as well as 
data from the Baja California portion of the 
range, indicate that the species prefers sand- 
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and/or gravel-bottomed habitats and brushy 
areas associated with washes—habitats that 
have largely been destroyed by development in 
southern California (J. Grinnell, pers. comm. 
reported in Van Denburgh 1922). The species 
continues to persist outside of these preferred 
habitats, particularly in open chaparral and 
coastal sage with a gravelly substrate (Grismer 
2002, Cooper and Matthewson 2008), 
although possibly at reduced densities. Aspidos-
celis tigris stejnegeri requires large blocks of con-
tiguous habitat and is rarely encountered where 
development and roads have fragmented the 
available habitat (Case and Fisher 2001, 
Brehme 2003, Cooper and Matthewson 2008). 

Distribution (Past and Present) 

Aspidoscelis tigris stejnegeri was formerly present 
in California from the southern slopes of the 
Transverse Ranges south to the United States– 
Mexico border and east to the Peninsular Ranges 
(Van Denburgh 1922). In Mexico, it ranges far-
ther south between the coast and the western 
slopes of the Peninsular Ranges, eventually inter-
grading with the reddish whiptail (A. t. rubida) in 
the Vizcaino region of the central Baja California 
peninsula. In California the species occurs from 
sea level to about 1500 m (Lemm 2006). 

The species is apparently extirpated, or 
nearly so, from large areas of the Los Angeles 
basin and the San Diego region due to habitat 
loss. By 1922, the species was already scarce in 
the vicinity of Pasadena, reportedly as a result 
of habitat loss due to development (J. Grinnell, 
pers. comm. reported in Van Denburgh 1922). 
Further declines have occurred throughout the 
Los Angeles basin and in coastal San Diego 
County (Stebbins 2003; R. Fisher, pers. 
comm.). Much of the inland range is still intact, 
though increasing wildfires may pose a threat 
(Rochester et al. 2010). 

Trends in Abundance 

Few data exist regarding historical abundance 
of this species, although it is susceptible to 
habitat fragmentation and development. 

Cooper and Matthewson (2008) reported that 
the species is rarely encountered in small habi-
tat patches and is an indicator species for large 
blocks of unfragmented coastal sage and 
chaparral habitat. Grinnell (1908) reported see-
ing “many of them” along the lower Santa Ana 
canyon, San Bernardino County, California, in 
1905. This area is now heavily modified and 
does not provide ideal habitat for this taxon. By 
1922, the lizard was reportedly “rare” in the 
vicinity of Pasadena because of habitat frag-
mentation and loss (J. Grinnell, pers. comm. 
reported in Van Denburgh 1922), although 
Bogert (1930) reported it as being moderately 
common throughout the southern foothills of 
the San Gabriel Mountains and most of the 
Santa Monica Mountains. Atsatt (1913) reported 
that it was frequently encountered throughout 
several areas of the San Jacinto Mountains, Riv-
erside County, California. Because habitat frag-
mentation and loss have continued to occur 
throughout its range, it is reasonable to assume 
that declines are continuing. 

Nature and Degree of Threat 

The primary threat facing Aspidoscelis tigris ste-
jnegeri is habitat loss and fragmentation due to 
development. This species occurs in some of 
the largest population centers within California 
and requires relatively large habitat blocks, 
making it particularly susceptible to urbaniza-
tion. Further, the increasing frequency and 
intensity of wildfires in southern California 
may convert large portions of its remaining 
habitat to suboptimal grassland, causing fur-
ther declines in range and/or abundance 
(Lemm 2006, Rochester et al. 2010, R. Fisher, 
pers. comm.). Projections from several climate 
models suggest that the frequency and inten-
sity of wildfires in southern California could 
increase, although these results appear to be 
strongly dependent on the model that is 
employed (Cayan et al. 2008b, Franco et al. 
2011, PRBO 2011). If this occurs, additional 
habitat destruction is likely to occur, negatively 
impacting this species. 
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Status Determination 

Documented and ongoing declines in the dis-
tribution of this species, coupled with ongoing 
suspected declines in abundance, are the pri-
mary contributors to this status. Aspidoscelis 
tigris stejnegeri also has a relatively small range 
in California. Projected impacts from wildfire 
(which may increase with future climate 
change) coupled with the above impacts justify 
a Priority 2 status. 

Management Recommendations 

Conservation of remaining habitat is essential 
for the long-term protection of this species. 
Habitat protection efforts should focus on 
maintaining large, unfragmented blocks, and 
this species should be included in large-scale 
planning efforts like Natural Community Con-
servation Planning where the process permits. 
Establishing the minimum size of habitat 
blocks is a critical research need. Until these 
data become available, additional fragmenta-
tion and degradation should be prevented in 
habitat patches that currently support this 
taxon, and corridors of suitable habitat that con-

nect occupied patches should be identified, pro-
tected, and/or restored as necessary. 

Monitoring, Research, and Survey Needs 

Additional data on this taxon’s home range size, 
habitat requirements, and movement ecology 
are required to determine the minimum patch 
sizes and maximum amount of fragmentation 
that can support viable populations. As for many 
active, wide-ranging species, the effects of road 
traffic on mortality would be valuable informa-
tion for future management efforts. Abundance 
surveys should be conducted in remaining pop-
ulations of Aspidoscelis tigris stejnegeri. Informa-
tion on abundance should be correlated with the 
local habitat patch size to better understand the 
minimum patch size required for population 
persistence. Further research should examine 
the effect of moderate habitat fragmentation on 
existing populations if habitat corridors between 
patches can be maintained. Given the patchy 
nature of the species, a landscape genetic 
approach that quantified both connectivity and 
effective population sizes of remaining popula-
tions would be valuable. 
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SAN DIEGO BANDED GECKO 

Coleonyx variegatus abbotti Klauber 1945 

Status Summary 

Coleonyx variegatus abbotti is a Priority 3 Spe-
cies of Special Concern, receiving a Total Score/ 
Total Possible of 54% (59/110). It was not con-
sidered for Species of Special Concern status 
during the previous evaluation (Jennings and 
Hayes 1994a). 

Identification 

Coleonyx variegatus abbotti is a small (maxi-
mum 5.8 cm SVL) lizard with slender padless 
toes, moveable eyelids, vertical pupils, and soft 
skin covered in fine granular scales (Klauber 
1945, Grismer 2002, Stebbins 2003). The dor-
sal ground coloration is variable and ranges 
from pale yellow to grayish pink. A series of 
contrasting darker-brown or tan lateral cross-
bands extend down the length of the body and 
are approximately the same width or narrower 
than the intervening areas of ground colora-
tion. Areas between bands occasionally contain 
spots of the darker coloration. The head is dark 
and usually unmarked or only lightly mottled 

with a narrow light nuchal crescent extending 
backward from the eyes (Klauber 1945). The 
ventral surface is semi-transluscent and 
immaculate white to faint pink. The juvenile 
pattern is similar to that of adults, but the 

San Diego Banded Gecko: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 59 

Total Possible 110 

Total Score/Total Possible 0.54 
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PHOTO ON PREVIOUS PAGE: San Diego banded gecko, San Diego County, California. Courtesy of Jeff Lemm. 
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coloration is often more pronounced and 
contrasting. 

In California, this subspecies is only likely 
to be confused with other geckos that occur 
nearby. The closely related desert banded gecko 
(C. v. variegatus) is parapatric with C. v. abbotti 
along the Peninsular Ranges of Southern Cali-
fornia and adjacent Baja California, Mexico. 
The two taxa are best distinguished based on 
color pattern, locality, and size. Although color 
and pattern in both subspecies are variable, C. 
v. variegatus generally lacks the nuchal collar, 
often has wider and less well-defined dark 
bands, has extensive spotting on the head, and 
attains larger overall body sizes (up to 7.1 cm) 
(Klauber 1945, Grismer 2002, Stebbins 2003, 
Lemm 2006). The two subspecies intergrade 
across narrow contact zones in Baja California 
and probably also in southern California, with 
C. v. abbotti occurring on the coastal side of the 
Peninsular Range mountains and C. v. variega-
tus on the inland side (Klauber 1945; D. Leavitt, 
pers. comm.). In some areas, animals that are 
morphologically referable to C. v. abbotti are 
genetically more similar to C. v. variegatus 
(D. Leavitt, unpublished data; see the “Taxo-
nomic Relationships” and “Distribution” sec-
tions). The barefoot banded gecko (C. switaki) 
also has a superficially similar appearance but 
is more rarely encountered. In California, it has 
only been found in a narrow area of the Penin-
sular Range. Other geckos in southern Califor-
nia have expanded toe pads and immovable 
eyelids and are often extreme habitat specialists 
(Stebbins 2003). 

Taxonomic Relationships 

Coleonyx variegatus abbotti is a close relative of 
C. v. variegatus. Its initial description was based 
primarily on coloration, pattern, and scalation 
(Klauber 1945). Sequence data from seven 
nuclear DNA markers confirm the distinctive-
ness of C. v. abbotti but also restrict the known 
range (see the “Distribution” section). The two 
taxa are not genetically isolated but have an 
abrupt genetic and morphological contact zone 

in Baja California and possibly also in Southern 
California (D. Leavitt, unpublished data). 

Life History 

The life history of Coleonyx variegatus abbotti is 
poorly studied, although it is likely similar to 
that of the better-studied C. v. variegatus in many 
respects. Coleonyx variegatus abbotti is active 
from March until September or October (Lemm 
2006). It is nocturnal, emerging from rock crev-
ices and burrows usually within 2 hours follow-
ing sunset. Like other geckos, it is a predator, 
presumably taking a variety of small inverte-
brates, although the diet has not been studied in 
detail (Kingsbury 1989, Grismer 2002). 

Reproduction takes place in late spring. 
Females lay one or two eggs at a time (Lemm 
2006). Other subspecies of C. variegatus are 
known to lay up to three clutches per year 
between May and September (Stebbins 2003), 
and this may also occur in C. v. abbotti. Juve-
niles have been found as late as September 
(Lemm 2006). 

Habitat Requirements 

Coleonyx variegatus abbotti is restricted to rocky 
coastal sage and chaparral habitat, usually in 
areas between 150 and 900 m in elevation 
(Lemm 2006). Klauber (1945) noted that the 
subspecies seems to prefer areas with granite 
outcrops, though it is not restricted to them and 
has been found in dry rocky riverbeds. Most 
specimens have been found under cover objects 
or on roads at night. It is more frequently found 
under large cap rocks than under the small 
rock flakes favored by other small lizard species 
such as the granite night lizard (Xantusia hen-
shawi) (Klauber 1945). Extensive pitfall trap-
ping data indicate that C. v. abbotti is absent 
from areas with a high intensity of artificial 
night lighting (Perry and Fisher 2006; R. 
Fisher, unpublished data). 

Distribution (Past and Present) 

Ongoing genetic analyses of the Coleonyx vari-
egatus complex are revising our understanding 
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of C. v. abbotti’s distribution, and thus our cur-
rent concept of its range may change as these 
studies are completed. Historically, all Coleonyx 
ranging from the United States–Mexico border 
north along coastal and cismontane Southern 
California were considered C. v. abbotti. How-
ever, genetic data indicate that the range is 
more limited and primarily restricted to San 
Diego County, with populations farther north 
belonging to C. v. variegatus (D. Leavitt, unpub-
lished data). The extent of the potential inter-
grade zone between the two subspecies is not 
yet well understood. In Mexico, C. v. abbotti 
ranges from the border south along coastal and 
cismontane Baja California to the vicinity of 
Cataviña, then extends east across the penin-
sula and south, eventually intergrading with 
the Peninsular banded gecko (C. v. peninsula-
ris) in the Vizcaíno mid-peninsula region. 

Geckos have disappeared from much of 
coastal San Diego County, primarily in areas 
with high-intensity artificial night lighting 
(Perry and Fisher 2006). Whether night light-
ing itself or other habitat changes associated 
with artificial night lighting drove the declines 
is not well studied. Development and agricul-
tural impacts have also extirpated geckos from 
some areas (R. Fisher, pers. comm.). 

Trends in Abundance 

Few quantitative data on historical or current 
abundances are available, although Coleonyx 
variegatus abbotti is less frequently encountered 
than C. v. variegatus farther east (Lemm 2006). 
This was apparently also the case historically. 
Klauber (1945) specifically noted that C. v. 
abbotti was less common throughout its range 
than C. v. variegatus. Bogert (1930) also reported 
that the geckos were rare in Los Angeles 
County, although genetic data suggest these 
might actually have been C. v. variegatus. Pitfall 
surveys indicate that the subspecies is found at 
a small number of sites within southern Cali-
fornia (7 out of 21 survey areas, 15 individuals 
in total) compared to lizard species occupying 
similar habitats (Case and Fisher 2001). How-
ever, these surveys were not designed to specifi-

cally target Coleonyx, and no historical baseline 
data exist with which to compare current 
abundances. 

Nature and Degree of Threat 

The primary threat facing Coleonyx variegatus 
abbotti is apparently habitat loss due to agricul-
tural and urban development, including deaths 
from automobile traffic. Some data further sug-
gest that artificial night lighting is correlated 
with declines, although no causal link has been 
established. Climate change within its limited 
range is expected to increase the frequency and 
intensity of wildfires, which could degrade 
some currently suitable habitat. Finally, C. v. 
abbotti is encountered relatively rarely even in 
suitable habitat, which poses significant chal-
lenges in monitoring population trends and the 
impacts of habitat disturbance. 

Status Determination 

Coleonyx variegatus abbotti has a restricted 
range in California that falls within an area that 
is currently experiencing a large amount of 
development. Some data suggest that the sub-
species has disappeared along the coast in a 
substantial fraction of its range. This, coupled 
with the ongoing habitat loss due to develop-
ment and wildfire, could reduce the current 
distribution further and justifies a Priority 3 
Species of Special Concern designation. 

Management Recommendations 

The most important management priority for 
Coleonyx variegatus abbotti is to protect remain-
ing habitat. Our current understanding of habi-
tat requirements and this taxon’s sensitivity to 
habitat degradation is unfortunately weak, and 
there is a strong need for additional study 
before a thorough and informed management 
strategy can be developed. 

Monitoring, Research, and Survey Needs 

The relative rarity with which this subspecies is 
encountered makes the detection of past and 
ongoing declines difficult. A comparison of sur-
vey protocols for this subspecies, including 
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time-constrained searches and pitfall trapping 
should be initiated. A goal of this comparison 
should be to develop a survey protocol that is 
capable of detecting changing abundances. A 
mark–recapture study would help determine 
whether the apparently low population densities 
currently observed reflect detectability or true 
population numbers. This should include a 
power analysis to clarify the trapping intensity 
needed in order to detect changes of varying 
magnitude. Surveys should include relatively 
pristine sites, moderately disturbed habitats, 
and those with varying degrees of artificial 
night lighting. Survey data should also be uti-
lized to inform our understanding of habitat 
preferences, seasonality, and life history in this 
taxon. 

Additional genetic surveys should also be 
undertaken to further clarify the range limits 
and genetic differentiation among members 
of the Coleonyx variegatus complex. In particu-
lar, contact zones between different subspe-
cies should be further studied in order to 
develop a clear understanding of the range for 
both taxa in southern California. Landscape 
genetic studies would help to inform manage-
ment in terms of connectivity of remaining 
populations and potentially help identify habi-
tat corridors. Information from genetics, mor-
phology, and survey data should be integrated 
to develop a more comprehensive understand-
ing of differentiation between this subspecies 
and other members of the C. variegatus 
complex. 
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PANAMINT ALLIGATOR LIZARD 

Elgaria panamintina (Stebbins 1958) 

Status Summary 

Elgaria panamintina is a Priority 3 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 44% (48/110). During the previous 
evaluation, it was also designated as a Species 
of Special Concern (Jennings and Hayes 
1994a). 

Identification 

Elgaria panamintina is a large (9.2–15.2 cm 
SVL), slender, elongate lizard with a light yel-
low-brown or beige dorsum and a series of con-
trasting brown crossbands extending from the 
neck down the length of the body and tail (Steb-
bins 1958, Banta et al. 1996, Stebbins 2003). 
The ventral surface is light gray or cream, with 
small dusky markings forming continuous or 
broken longitudinal lines that run down the 
center of each scale row (Jennings and Hayes 
1994a, Stebbins 2003). The iris is pale yellow 
(Stebbins 2003). The contrast between the dark 
crossbands and lighter dorsal coloration is usu-
ally more pronounced in juveniles than in 

adults. The tail, when intact, is up to twice the 
length of the body, although shorter broken/ 
regenerated tails are common (Stebbins 2003). 

This lizard is unlikely to be confused with 
any other species within its range. However, 

Panamint Alligator Lizard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 0 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 5 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 10 

Total Score 48 

Total Possible 110 

Total Score/Total Possible 0.44 
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PHOTO ON PREVIOUS PAGE: Panamint alligator lizard, Inyo County, California. Courtesy of Adam Clause. 
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two similar congeners occur in much of Cali-
fornia: the northern alligator lizard (E. coer-
ulea) and the southern alligator lizard (E. multi-
carinata). Neither of these species has the 
pattern of broad strongly contrasting cross-
bands down the length of the body. The cross-
bands are usually interrupted by a longitudinal, 
middorsal stripe in E. coerulea and are much 
narrower in E. multicarinata (Stebbins 2003). 

Taxonomic Relationships 

Different studies have recovered discordant 
phylogenetic placements of Elgaria panamin-
tina. Good (1988) recovered a sister relation-
ship between E. panamintina and the Madrean 
alligator lizard (E. kingii) from Arizona, using a 
dataset composed of 34 allozyme loci. More 
recent studies find that E. panamintina is 
nested within E. multicarinata, a placement 
that was supported by both mitochondrial 
sequence data (Feldman and Spicer 2006) and 
nuclear sequence data (D. Leavitt et al., unpub-
lished data). 

Leavitt et al. (unpublished data) found low 
levels of variation among populations of E. pan-
amintina and no evidence for recent or ongoing 
gene flow between this species and other 
Elgaria in western North America. The discord-
ance of the allozyme and nuclear sequence 
data, and therefore the monophyly of E. multi-
carinata with respect to E. panamintina, awaits 
further investigation. 

Life History 

The life history of E. panamintina is poorly 
understood. The species spends a large amount 
of time in rock piles and deep vegetation or 
brush, so it is not commonly observed (Steb-
bins 1958, Macey and Papenfuss 1991b). We 
presume that many aspects of E. panamintina’s 
life history are similar to that found in the 
better-studied E. multicarinata, particularly 
given the recent molecular evidence of their 
very close relationship. 

Elgaria panamintina emerges from hiberna-
tion in late winter or spring, with higher-eleva-
tion populations becoming active later in the 

year. The species is generally diurnal in the 
spring through midsummer, when it may 
switch to nocturnal activity or aestivation, pre-
sumably as a response to increasing daytime 
temperatures (Stebbins 1958, Banta 1963, 
Dixon 1975, Stebbins 2003). Reproduction has 
not been documented in the wild, although 
captive animals have been observed copulating 
in mid-May (Banta and Leviton 1961). Elgaria 
multicarinata enters reproductive condition at 
this time of year as well (Goldberg 1972), so 
we assume that reproduction occurs in mid-
spring, although the precise timing likely 
depends on elevation. Goldberg and Beaman 
(2003) examined sperm formation in museum 
specimens and concluded that reproduction 
takes place during the spring. Like E. multicari-
nata (and unlike E. coerulea), E. panamintina is 
oviparous. Elgaria multicarinata typically lays 
eggs in early summer, and we assume that E. 
panamintina does as well (Goldberg 1972). The 
timing of reproductive events in E. multicari-
nata varies among areas, with some popula-
tions producing only one clutch a year and oth-
ers up to three (Burrage 1965, Goldberg 1972). 
No data on the number of clutches produced 
per year or incubation times exist for E. pan-
amintina, although Goldberg and Beaman 
(2003) report a clutch size of four eggs from a 
single museum specimen. 

Dietary data are lacking. We presume that 
E. panamintina is likely a generalist predator 
like E. multicarinata. The latter feeds on a wide 
variety of insects and other small arthropods, 
including spiders, centipedes, and scorpions, as 
well as on small vertebrates, including mice, 
birds, and lizards (including conspecifics) 
(Cunningham 1956). Observations in captivity 
found no obvious differences in feeding behav-
ior between E. panamintina, E. multicarinata, 
and E. kingii, and we tentatively assume that 
feeding behavior is also similar in the wild 
(Stebbins 1958). 

Elgaria species have a lower thermal toler-
ance than most sympatric lizards, which may 
allow them to maintain higher activity levels in 
the shaded moist habitats in which they are 
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most commonly found (Cunningham 1956, 
Stebbins 1958). Predation on E. panamintina 
has not been recorded, though we assume that 
they are preyed upon by co-distributed lizard-
eating snakes (e.g., coachwhips [Masticophis] 
and patch-nosed snakes [Salvadora]) and birds 
(e.g., raptors and roadrunners [Geococcyx]). 

Habitat Requirements 

Elgaria panamintina are most frequently found 
in rocky canyons in the immediate vicinity of 
permanent springs and seeps that are patchily 
distributed across their limited range (Stebbins 
1958, Macey and Papenfuss 1991b). The species 
usually occurs in or adjacent to narrow strips of 
riparian vegetation immediately below springs 
and in deep leaf litter and rock piles along the 
margins of riparian habitat (Stebbins 1958, 
Macey and Papenfuss 1991b, Jennings and 
Hayes 1994a). Elgaria panamintina was initially 
thought to be restricted to these areas, but pit-
fall trapping surveys have documented their 
presence in arid areas well away from water 
(Banta 1963). Few quantitative data are available 
on the relative frequency of arid versus mesic 
habitat use, and it seems likely that populations 
require permanent water for persistence. 

Distribution (Past and Present) 

Elgaria panamintina occurs in relatively remote 
regions of the Great Basin in California. Given 
the difficulty of accessing much of its potential 
habitat and the limited work on the species to 
date, it may occur more widely than has so far 
been recorded. The known range encompasses 
many of the desert mountain ranges of Inyo 
and southern Mono Counties, including the 
Panamint, Inyo, Nelson, Argus, and Coso 
Mountains, as well as the western slopes of the 
White Mountains (Macey and Papenfuss 1991b, 
Banta et al. 1996, La Berteaux and Garlinger 
1998). The known elevational range extends 
from 760 to 2290 m (Dixon 1975, Macey and 
Papenfuss 1991b, Stebbins 2003). 

The species’ present-day distribution is 
likely relictual, resulting from gradual drying 
of the Great Basin throughout the Pliocene and 

Pleistocene. This general drying has presuma-
bly isolated the remaining populations around 
the few remaining water sources (Stebbins 
1958, Good 1988). 

Trends in Abundance 

No data are available regarding current or his-
torical abundance, although habitat degrada-
tion due to mining, livestock grazing, and off-
highway vehicle use has likely resulted in 
population declines (Jennings and Hayes 
1994a). Given the very sensitive nature of the 
remaining islands of mesic habitat in the 
region, surveys of both population size and 
connectivity via arid habitat occupancy are 
needed to provide baseline information on cur-
rent status. 

Nature and Degree of Threat 

The primary threat to this species is habitat 
loss or alteration in its already small range. 
Many of the known localities occur on private 
land and are vulnerable to mining, livestock 
grazing, off-highway vehicle use, and/or diver-
sion of the water sources. Climate change could 
potentially impact this species if changes in 
hydrology cause springs to dry up or become 
less regular in their flow regimes. 

Status Determination 

Elgaria panamintina is a California endemic 
with a very small range. It primarily occurs in, 
and is likely dependent upon, uncommon, 
small patches of mesic habitat that are scattered 
widely throughout its range. Each habitat patch 
is sensitive to several potential disturbances, 
and if local extirpations occur, natural recoloni-
zation seems unlikely. Nearly all known locali-
ties occur on unprotected land and are subject 
to further alteration (Jennings and Hayes 
1994a). These factors all contribute to a Priority 
3 designation. 

Management Recommendations 

Terrestrial habitat surrounding permanent 
springs and seeps should be protected from 
water diversion and destruction or alteration of 
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riparian vegetation. There may well be conflicts 
with livestock and large feral mammals since 
these animals may trample or otherwise dis-
turb the vegetation and leaf litter surrounding 
desert springs. Elgaria panamintina may also 
occur at additional springs outside of its cur-
rently known range; therefore, riparian areas 
throughout the area should be preserved to the 
extent possible, even if E. panamintina has not 
yet specifically been documented at them. 

Monitoring, Research, and Survey Needs 

Surveys should be conducted at additional 
springs surrounding the known distribution of 
Elgaria pananmintina. These surveys should 
involve pitfall trapping and/or drift fence arrays, 
in order to increase detection probabilities. A 
thorough understanding of E. panamintina’s 
habitat requirements would be invaluable in 

determining what habitat modifications can be 
made to riparian areas without negatively 
impacting the species, as well as identifying 
suitable areas to focus survey efforts to look for 
new populations. A key question is the extent to 
which the species uses arid habitat away from 
springs, both as corridors for dispersal among 
springs and as upland habitat. Both drift fence 
surveys of this habitat and landscape genetic 
analyses of known spring populations may con-
tribute to greater understanding of habitat use 
in this species. The lack of basic life history 
information on E. panamintina also needs to be 
addressed. Mark–recapture surveys would yield 
important information about population sizes 
and the extent of migration between springs. 
This basic information is crucial for any kind of 
active management and is largely lacking at the 
present time. 
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COPE’S LEOPARD LIZARD 

Gambelia copeii (Yarrow 1882) 

Status Summary 

Gambelia copeii is designated as a Species of 
Special Concern, although we refrain from 
assigning a priority score due to a paucity of 
information. This taxon received a Total Score/ 
Total Possible of 45% (38/85). It was not desig-
nated as a Species of Special Concern during 
the previous evaluation (Jennings and Hayes 
1994a). 

Identification 

Gambelia copeii is a large (maximum 14 cm 
SVL) lizard, with a robust head and limbs, 
granular body scales, and a long cylindrical tail 
(Grismer 2002, Stebbins 2003, Lemm 2006, 
Mahrdt et al. 2010). The dorsal coloration is 
variable across the range, changing from dark 
brown in the north to light golden brown or tan 
in the south (Grismer 2002, Mahrdt et al. 
2010). California populations of G. copeii form 
the northern edge of the species’ overall range 
and are dark above with pairs of large, dark 
paravertebral spots on the dorsal surface that 
usually fade anteriorly, are almost always absent 

from the head, and broaden to form transverse 
bands on the tail (McGuire 1996, Stebbins 
2003, Mahrdt et al. 2010). In many individuals, 
a lighter cream-colored transverse bar separates 
each pair of these spots along the trunk 

Cope’s Leopard Lizard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 0 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 10 

Total Score 38 

Total Possible 85 

Total Score/Total Possible 0.45 
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PHOTO ON PREVIOUS PAGE: Cope’s leopard lizard, San Diego County, California. Courtesy of Rob Schell 
Photography. 
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(Mahrdt et al. 2010). Flecking is generally 
present on the sides, and females in breeding 
condition develop bright orange or red spots on 
the sides and underside of the tail (Stebbins 
2003). In addition, there is pronounced sexual 
size dimorphism, with females averaging 
6.5 mm larger in SVL and 1.3 mm in head 
length than males (Lappin and Swinney 1999, 
Goldberg et al. 2010). 

In California, G. copeii is unlikely to be con-
fused with other lizards within its range. How-
ever, it is found immediately adjacent to the 
range of the more widely distributed long-
nosed leopard lizard (G. wislizenii), within 
which G. copeii appears to be phylogenetically 
nested (McGuire et al. 2007). Gambelia wislize-
nii populations that are adjacent to G. copeii are 
generally paler, with dorsal coloration ranging 
from off-white to tan and many moderately 
sized spots asymmetrically scattered along the 
dorsal surface (McGuire 1996, Grismer 2002). 
The spotting in G. wislizenii does not fade ante-
riorly, and small spots generally occur on the 
head (McGuire 1996, Stebbins 2003, Mahrdt et 
al. 2010). 

Taxonomic Relationships 

Though it was described over a century ago, 
Gambelia copeii was not widely recognized as a 
distinct species until recently. Morphologically 
and genetically, G. copeii is similar to G. wislize-
nii, which led many authors either to consider 
the two as conspecifics or to recognize them at 
the subspecific level. McGuire (1996) provided 
a comprehensive systematic analysis of the Cro-
taphytidae (the family in which Gambelia is 
included) and argued for the recognition of G. 
copeii as a distinct species, based in large part 
on the presence of a narrow zone of sympatry 
between the two species in Baja California, 
Mexico. Following McGuire’s monographic 
review, the species became widely accepted. 

Phylogenetically, G. copeii appears to form a 
monophyletic group that is nested within G. 
wislizenii (McGuire et al. 2007), although this 
result is based on an analysis of mitochondrial 
data alone and requires further verification. 

Rates of potential gene flow and/or hybridiza-
tion within the zone of sympatry have not been 
measured. 

Life History 

Little is known about the natural history of 
Gambelia copeii, and the limited information 
that is available comes from populations that 
occur farther south in Baja California, Mexico. 
We assume that the California populations are 
similar in most aspects of their life history to 
populations from the northern regions of Baja 
California. 

Gambelia copeii emerges from hibernation 
as early as mid-March in northern Baja Califor-
nia, with adults remaining active at least until 
September (Grismer 2002). The breeding sea-
son begins in March or April and lasts at least 
until July (Fitch 1970, McGuire 1996, Grismer 
2002, Goldberg et al. 2010). Grismer (2002) 
reported a single female in breeding coloration 
in August at the southern end of the species’ 
range near Todos Santos, Baja California Sur, 
suggesting that the breeding season could 
extend much later in the north. Gravid females 
have been documented in both March and 
June, providing some evidence that G. copeii 
may produce multiple clutches in optimal years 
(Fitch 1970, Goldberg et al. 2010). In a sample 
of 10 museum specimens, the mean clutch size 
was 5 and did not appear to depend on female 
body size (Goldberg et al. 2010). 

Gambelia copeii is primarily an ambush 
predator that preys upon other lizards, includ-
ing whiptail lizards (Aspidoscelis), zebra-tailed 
lizards (Callisaurus), and side-blotched lizards 
(Uta), as well as arthropods (McGuire 1996, 
Grismer 2002). 

Habitat Requirements 

Gambelia copeii occurs across a wide latitudinal 
gradient and tolerates a variety of ecological 
conditions throughout its range. Little pub-
lished information exists for California popula-
tions, although the species appears to prefer 
open habitat in mixed chaparral and sage scrub 
(R. Fisher, pers. comm., C. Mahrdt, pers. 
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comm.). In Baja California, the species occurs 
across a wider variety of habitat types, although 
this likely reflects habitat availability through-
out the Baja California peninsula rather than 
specialization of California populations. 

In northern Baja California, G. copeii occurs 
on mesas and foothills in scattered patches of 
chaparral and inland sage scrub with coarse 
sandy soils (C. Mahrdt, pers. comm.) and in an 
increasingly wide variety of habitat types far-
ther south in Baja California (Grismer 2002). 
Gambelia copeii apparently prefers relatively 
open habitat throughout the diversity of plant 
communities in which it is found. 

Distribution (Past and Present) 

In California, Gambelia copeii is restricted to an 
approximately 70 km2 area centered around 
Campo and Potrero Valleys in extreme south-
ern San Diego County (Mahrdt et al. 2010; C. 
Mahrdt, pers. comm.). However, recent field 
surveys have failed to reconfirm this species at 
several sites in both Potrero and Campo Val-
leys, and the species may be locally extirpated 
at some of these sites particularly along the 
western edge of its range (R. Fisher, pers. 
comm.). 

Outside of California, G. copeii occurs from 
the California border throughout much of the 
Baja California peninsula south at least as far 
as Todos Santos (Grismer 2002). Few data exist 
on changes in distribution, although agricul-
tural expansion and development in northern 
Baja California are likely to cause declines (R. 
Fisher, pers. comm.). 

Trends in Abundance 

Few data exist regarding historical or present 
abundance in California. Unpublished pitfall 
trapping data collected over a 2-year period indi-
cate that the species occurs at very low densities. 
Between March 1970 and December 1971, pitfall 
trapping at a 60 × 60 m study site 2.7 km north-
east of Cameron Corners, San Diego County, 
California, yielded many captures of other lizard 
species in the area but only a single capture of 

Gambelia (C. Mahrdt, unpublished data). A sec-
ond individual was captured near this site 3 years 
later (C. Mahrdt, unpublished data). 

Nature and Degree of Threat 

The principal threat facing Gambelia copeii is 
habitat loss due to development. The species is 
able to persist in a wide variety of habitats far-
ther south, so long as the habitat remains rela-
tively open and, presumably, abundant prey 
(primarily arthropods and smaller lizards) 
remains available. However, the species occurs 
at the extreme northern limit of its range in 
California, so even minor changes in environ-
mental conditions could have large impacts 
here. Development, including habitat degrada-
tion and fragmentation, and climate-change-
associated increases in wildfire frequency and 
intensity have the potential to cause these 
changes. Invasion of exotic grasses may also 
lead to further habitat degradation by reducing 
the availability of open habitat that this species 
prefers. 

Status Determination 

Gambelia copeii has an extremely small range 
in California, which makes it inherently sensi-
tive to any declines. Ongoing habitat loss and 
potential impacts from climate change may 
negatively impact the species, but we have rela-
tively few data to assess risk beyond these broad 
measures of sensitivity, so we refrain from 
assigning a priority score at this time. 

Management Recommendations 

Within its very limited California range, 
remaining large blocks of habitat require pro-
tection from further development to prevent 
future declines. In the absence of information 
to the contrary, we assume that grazing, wood 
clearing, and activities that might negatively 
impact the density of prey (including the pres-
ence of feral or pet cats) are all threats to Gam-
belia copeii. Frequent high-intensity wildfire 
should also be prevented, to the extent possible, 
within the species range. 
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Monitoring, Research, and Survey Needs 

As no population density data are available, 
presence/absence surveys followed by mark– 
recapture monitoring programs should be 
undertaken throughout the species’ range in 
California to establish baseline information. 
Loss of habitat across the United States–Mexico 
border has the potential to isolate the California 
populations. To begin studying the potential for 
this to occur, field studies of migration rates 
and patterns through disturbed and frag-
mented habitats should be conducted with the 

aim of identifying and protecting remaining 
habitat corridors, as well as characterizing this 
taxon’s sensitivity to various sources of habitat 
disturbance. Such information will also be use-
ful for developing models of the effects of 
future climate change scenarios on Gambelia 
copeii. Additional genetic data from nuclear 
markers should help confirm the species status 
of this taxon as well as quantify whether, and to 
what extent, hybridization occurs between it 
and G. wislizenii. 
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GILA MONSTER 

Heloderma suspectum Cope 1869 

PHOTOS: (top) Gila monster documented 29 May 1993 in the Kingston Mountains, San 
Bernardino County, California. Courtesy of Beth Behm. (bottom) Gila monster documented 
7 May 2015 in the Mesquite Mountains, San Bernardino County, California. Courtesy of Barrett 
Scurlock. 
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Status Summary 

Heloderma suspectum is a Species of Special 
Concern, though we refrain from assigning it a 
priority status due to lack of information. The 
species received a Total Score/Total Possible of 
60% (30/50) and was data deficient for several 
metrics. During the previous evaluation, it was 
also considered a Species of Special Concern 
(Jennings and Hayes 1994a). 

Identification 

Among California lizards, Heloderma suspec-
tum is virtually unmistakable. Heloderma sus-
pectum is a large (22.8–35.5 cm SVL) stocky 
lizard with a dark ground color and distinctive 
pinkish, orange, or yellow patterning over the 
trunk and tail that forms bands or a reticulat-
ing network. This species possesses distinctive 
bead-like scales and large, strongly curved 
claws (Bogert and Martín del Campo 1956, 
Beck 2005). The ventral coloration is similar to 
the rest of the body, with alternating black and 
yellowish or pinkish bands that may form a 
reticulated pattern (Bogert and Martín del 
Campo 1956). Within its range, this species 
could only possibly be confused with the chuck-

Gila Monster: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) Data 
deficient 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 10 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) Data 
deficient 

Total Score 30 

Total Possible 50 

Total Score/Total Possible 0.60 

walla (Sauromalus ater), which sometimes 
develops a pinkish or yellowish coloration on 
top of a dark ground color but lacks the banded 
or reticulate patterning and does not have large, 
bead-like scales. 

Taxonomic Relationships 

Heloderma suspectum is one of two extant mem-
bers of the family Helodermatidae. It is a close 
relative of the Mexican beaded lizard (H. horri-
dum). The description of this species is gener-
ally attributed to Cope (1869), although it was 
actually depicted in print earlier by Baird (1859) 
using the name H. horridum. Cope’s (1869) 
description is a one-paragraph secondhand 
summary; a far more complete description of 
the taxon is given by Bogert and Martín del 
Campo (1956) in their monographic treatment 
of the family Helodermatidae. The recognition 
of two species in the genus has not been ques-
tioned since the initial description. More recent 
molecular results confirm the distinctiveness 
of the two taxa (Douglas et al. 2010). 

Two subspecies of H. suspectum have been 
described based on the pattern of reticulation 
(or lack thereof) in coloration. Heloderma sus-
pectum suspectum has a reticulated color pat-
tern, whereas H. s. cinctum has a banded pat-
tern that largely lacks reticulations among the 
bands. A recent genetic survey of intraspecific 
variation found little evidence supporting these 
groupings. Additional data are needed to more 
fully examine intraspecific variation within 
this species (Douglas et al. 2010). All speci-
mens known from California match the H. s. 
cinctum color pattern, with the single exception 
of an individual photographed near Piute 
Springs, San Bernardino County (see the 
“Distribution” section) (Lovich and Beaman 
2007). 

Life History 

The life history of Heloderma suspectum has not 
been studied in California. Here we use data 
from other parts of the range (primarily Utah) 
and cautiously assume that the life history in 
California is similar. 
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Heloderma suspectum overwinters in bur-
rows on rocky slopes adjacent to lower-elevation 
arroyos and bajadas (Beck 1990, Beck 2005). In 
California, it likely emerges in April or early 
May. The species spends nearly all of its time in 
underground burrows (>95% in Utah), emerg-
ing rarely to forage for food and to locate mates 
(Beck 1990). This species is a strict nest preda-
tor, preying on the nests of mammals, ground-
nesting birds, and reptiles (Hensley 1949, 
Jones 1983, Beck 1990, reviewed by Beck 
2005). Heloderma suspectum is venomous, 
although it is not known to use venom in sub-
duing prey (Beck 2005). Rather the venom 
probably serves as a predator avoidance mecha-
nism (Beck 2005). 

In California, the daily activity pattern is not 
well characterized. Nocturnal activity has not 
been reported, although data are lacking. 
Reproduction likely occurs in April and May, 
with oviposition occurring shortly thereafter. 
Elsewhere in the range (Arizona), males leave 
their burrows and undertake relatively long 
(∼1.6 km) walks to visit other burrows in search 
of females (Beck 2005). When males encounter 
each other during this period of activity, pro-
longed male–male combat may ensue. This 
behavior entails males entwining one another 
and attempting to pin one another to the 
ground (Beck 2005). The time required for 
eggs to hatch is poorly characterized, although 
young appear in the spring, which suggests 
that they overwinter in the burrow before dis-
persing. Elsewhere in the range, sexual matu-
rity develops in 2–3 years, and adults are prob-
ably long-lived (>20 years) (Jennings 1984, 
Beck 2005). This species appears to be highly 
susceptible to water loss, which partially 
explains its relatively sedentary activity pat-
terns (Beck 2005). 

Habitat Requirements 

Heloderma suspectum occupies a relatively wide 
variety of desert habitats throughout its range. 
In California, it is known primarily from a few 
desert mountain ranges in the eastern Mojave 
Desert. It inhabits rocky slopes, arroyos, baja-

das, and washes, and is presumably limited on 
a larger scale by the availability of summer 
rainfall in the California deserts. Areas that are 
known to support this species receive a moder-
ate amount of their total annual rainfall during 
the summer months (24% of the total), which 
is similar to the pattern in adjacent areas of Ari-
zona that also support this species (39% of 
total; Lovich and Beaman 2007). On a more 
local scale, distribution may be controlled by 
the availability of relatively deep burrows, the 
presence of food, and availability of riparian or 
xeroriparian habitat (Lovich and Beaman 
2007). Preferences for certain burrow condi-
tions apparently exist but are poorly understood 
(Beck 2005). Individuals frequently return to 
specific burrows while leaving others, appar-
ently suitable ones, unoccupied (Beck 2005). 
Adult Gila monsters are known to return to the 
same burrows year after year, showing remark-
able homing ability and apparent knowledge of 
the location of many different burrows within 
their home range (Beck 2005). Too few records 
exist from the California portion of the range to 
form a thorough understanding of habitat 
requirements, although many records are asso-
ciated with large and relative high mountain 
ranges as well as with riparian areas (Lovich 
and Beaman 2007) 

Distribution (Past and Present) 

Heloderma suspectum ranges from extreme 
southwestern Utah, through southern Nevada, 
southwestern Arizona, and south to Sinaloa, 
Mexico. In California, the species is known 
from 30 records in the Kingston, Providence, 
Clark, Piute, and Chocolate Mountain ranges 
(Bradley and Deacon 1966, De Lisle 1979, Ford 
1981, Bicket 1982, De Lisle 1983, Ford 1983, 
Lovich and Beaman 2007, Ruppert 2010a, Rup-
pert 2010b, Lovich and Haxel 2011). Lovich and 
Beaman (2007) reviewed 26 records in Califor-
nia. Four additional records are now known. 
On 29 May 1993, a single adult H. suspectum 
was photographed on Smith Talc/Kingston 
Mountain road in the Kingston Mountains, 
Inyo County, California, approximately 24 km 
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east of Tecopa (B. Behm, pers. comm.). The 
photographs show an animal with the banded 
pattern typical of other animals found in Cali-
fornia (we include the clearest photograph 
here). An additional record comes from Vulcan 
Mine Road on the western side of the Provi-
dence Mountains on 2 May 2009. A natural 
history class from Cuesta College observed and 
photographed a single adult moving along the 
road (Sneed 2009, Ruppert 2010a, Ruppert 
2010b). The most recent record that we are 
aware of from California was documented on 7 
May 2015 in the Mesquite Mountains of Cali-
fornia. A single adult animal was found resting 
under the partial shade of a cat’s claw plant in a 
wash running parallel to Kingston Road (B. 
Scurlock, pers. comm). Lovich and Haxel 
(2011) report an additional credible sighting 
from Black Mountain in the southern Choco-
late Mountains that occurred on 30 April 1974 
as well as a second record from the same vicin-
ity that is less well substantiated but may be 
credible. In addition, old records from the vicin-
ity of Blythe, the Lower Colorado River in Impe-
rial County, Chuckwalla Valley, and the Mojave 
River are in the literature but are less well sub-
stantiated than the more recent records (Wood-
son 1949, Funk 1966, Tinkham 1971, Lovich 
and Beaman 2007). The species may also occur 
in a few additional desert mountain ranges in 
California where records have not yet been 
recorded. In particular, the New York Moun-
tains are a likely candidate for future records. 
These mountains lie between the Providence 
and Piute Mountains, both of which have 
records and contain what appears to be suitable 
Heloderma habitat. Other large and potentially 
suitable mountain ranges in the area include 
the Whipple Mountains, Turtle Mountains, 
Chemehuevi Mountains, and the Chuckwalla 
Mountains (Brown and Carmony 1991, Lovich 
and Beaman 2007). 

Trends in Abundance 

No data exist on the current or historical abun-
dance of this taxon in California. Elsewhere in 
the range, the species exists in low densities 

(maximum recorded is ∼10 individuals/km2) 
(Beck 1985). Given the paucity of records in 
California, the species is likely more rare here 
than in the rest of the range. 

Nature and Degree of Threat 

The principal threats facing Heloderma suspec-
tum in California are its small and extremely 
patchy distribution, coupled with the probable 
marginal habitat found in the state and pre-
sumed sensitivity to the effects of climate 
change. Further, we know virtually nothing 
about the ecology or population status of this 
species in California, so declines may occur 
that go undetected. 

Status Determination 

The almost complete lack of information on 
this taxon in the state, coupled with a life his-
tory that is potentially sensitive to changing 
climate, justifies designating this taxon as a 
Species of Special Concern. Because we have 
virtually no information about the magnitude 
of threat in this species, we refrain from assign-
ing it a priority at this time. 

Management Recommendations 

Management recommendations are extremely 
difficult to formulate other than to protect habi-
tat known to support this species from modifi-
cation. Activities that might collapse or other-
wise destroy burrows, including intense 
livestock grazing and mining activities, should 
be avoided in areas suspected of harboring 
Heloderma suspectum populations. Sightings 
of this infrequently encountered species 
should be submitted to the California Natural 
Diversity Database or other natural history 
databases (e.g., the LACM RASCals project, 
http://www.nhm.org/site/activities-programs 
/citizen-science/rascals). 

Monitoring, Research, and Survey Needs 

It may be impossible to study this species in the 
field in California because it is so rarely encoun-
tered. However, opportunities to do so should 
be pursued. Telemetric data, in particular, 
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would be difficult to gather because this spe-
cies is encountered so infrequently, but would 
also be an important step in enabling the col-
lection of additional information about Califor-
nia populations. We recommend modeling 
the climate envelope capable of supporting 
Heloderma suspectum to help focus efforts 
for future surveys. After potential habitat 
patches have been identified, dawn and dusk 
surveys during the spring and following 
summer rain events probably have the best 

chance at identifying additional populations. A 
key priority for future sightings of this species 
is to collect nonlethal genetic samples that can 
then be compared to those collected from else-
where in the range. These tissues will help to 
clarify intraspecific variation in the species 
and, if enough samples can eventually be col-
lected, have the potential to supply information 
about distinctiveness and isolation of popula-
tions inhabiting different mountain ranges in 
the state. 
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COAST HORNED LIZARD 

Phrynosoma blainvillii Gray 1839 

Status Summary 

Phrynosoma blainvillii is a Priority 2 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 49% (54/110). During the previous 
evaluation, it was also considered a Species of 
Special Concern under the name P. coronatum 
(see the “Taxonomic Relationships” section) 
(Jennings and Hayes 1994a). 

Identification 

Phrynosoma blainvillii has the typical oval, flat-
tened body form of a horned lizard and reaches 
a maximum SVL of 11.4 cm (Stebbins 2003). It 
has a row of large horns behind the head, with 
the two central horns usually longer than the 
rest and separated at their base. Two rows of 
large pointed fringe scales run down each side 
of the body. Large pointed scales also occur on 
the throat in two or three rows on each side. 
The dorsum of the body and tail have randomly 
scattered large, pointed, keeled scales. The gen-
eral dorsal coloration is tan, yellowish, brown, 
reddish, or gray, with large dark blotches. Col-

oration can vary within and between popula-
tions and with respect to substrate color. Ven-
tral coloration is cream, beige, or yellow, with 
dusky spotting (Stebbins 2003). 

Coast Horned Lizard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 0 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 54 

Total Possible 110 

Total Score/Total Possible 0.49 
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PHOTO ON PREVIOUS PAGE: Coast horned lizard, Kern County, California. Courtesy of Nicholas Hess. 
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Phrynosoma blainvillii may be confused with 
the desert horned lizard (P. platyrhinos) where 
the ranges of the two species meet in a small 
region of the southern and eastern part of the 
range of P. blainvillii in California. Phrynosoma 
platyrhinos is easily distinguishable based on a 
single row of fringe scales down each side of 
the body, a single row of pointed scales on 
either side of the throat, and smaller keeled 
scales on the dorsum. 

Taxonomic Relationships 

Phrynosoma blainvillii is a member of a species 
complex that has had a tumultuous taxonomic 
history, with several species and subspecies 
recognized by different researchers over time 
(Klauber 1936, Reeve 1952, Brattstrom 1997). 
During the previous Species of Special Con-
cern evaluation (Jennings and Hayes 1994a), a 
single species, P. coronatum, was recognized, 
and California populations were considered as 
two subspecies: the California coast horned liz-
ard (P. c. frontale) and the San Diego coast 
horned lizard (P. c. blainvillii). Recent studies 
on morphological, ecological, and genetic varia-
tion among populations support the recogni-
tion of only a single taxon in California, P. 
blainvillii, leading to a revised species-level tax-
onomy that restricts the species name P. coro-
natum to populations in Baja California Sur, 
Mexico (Montanucci 2004, Leaché et al. 2009). 
Three clades have been identified in California 
based on mitochondrial DNA: northern Baja 
California, southern California, and northern 
California (Leaché et al. 2009; see “Distribu-
tion” trend). However, two nuclear loci did not 
distinguish among the clades in California, 
and ecological and morphological data show 
substantial overlap among the clades (Monta-
nucci 2004, Leaché et al. 2009). Therefore, we 
do not recognize any of these clades as conser-
vation units at this time. 

Life History 

Phrynosoma blainvillii adults are typically active 
in California from February to November, with 
peak activity between April and July (Banta and 

Morafka 1968, Hager and Brattstrom 1997, 
Fisher et al. 2002, Alberts et al. 2004, Gerson 
2011). Hatchlings are active from mid to late 
summer into November (Banta and Morafka 
1968, Hager 1996, Hager and Brattstrom 1997, 
Fisher et al. 2002, Alberts et al. 2004). Diurnal 
activity switches from midday peaks in the 
spring to more crepuscular activity in summer 
and early fall (Heath 1965, Hager and 
Brattstrom 1997). 

Most information on reproduction has been 
collected in the southern part of the range in 
California. Goldberg (1983) looked at reproduc-
tive condition in 164 specimens collected 
mostly from March to September in Los Ange-
les, Riverside, San Bernardino, San Diego, Ven-
tura, and Riverside Counties. Reproductive 
activity occurred from March to June, with 
females commonly ovipositing in May. Clutch 
sizes usually average around 11–12 eggs (Steb-
bins 1954, Howard 1974, Pianka and Parker 
1975, Goldberg 1983). Goldberg (1983) reported 
that a single female appeared to be yolking a 
second clutch, suggesting the possibility for 
multiple clutches per year in this species, 
though how common this may be is unknown. 
In northern Baja California and southern Cali-
fornia, males have spermatozoa present from 
April until early June (Howard 1974), and ovi-
position occurs from late May to July with an 
incubation period of about 60 days (Howard 
1974, Pianka and Parker 1975). Montanucci 
(1968) observed mating in the field as late as 
May in Merced County. Howard (1974) 
observed 25 mm SVL hatchlings in late July 
and early August in northern Baja California. 
These animals had attained sizes averaging 42 
mm SVL by October. First-year males emerged 
from winter dormancy at ∼51 mm SVL. Ani-
mals in this population were sexually mature 
around 75 mm SVL (Howard 1974). Pianka and 
Parker (1975) reported minimum female SVL 
at maturity as 73 mm in Baja California and 
southern California. Goldberg (1983) reported 
that the smallest mature males were 62 mm 
SVL, and the smallest females were 73 mm 
SVL in southern California. 
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Annual adult survival estimates from radio-
tracked animals in Riverside County were 
roughly twice as high for males as females: 
males 62% (95%, CI 42–81%) and females 
34% (95%, CI 15–53%) (estimates assume ani-
mals of unknown fate are dead; Alberts et al. 
2004). Most deaths were due to predation (31% 
birds, 23% snakes), followed by road mortality 
(15%), with the rest due to unknown causes 
(Alberts et al. 2004). Average home range size 
varied from 1.9 to 4.0 ha across habitat types, 
with smaller ranges and lower activity levels 
observed during a drought year (Alberts et al. 
2004). 

Surface activity is determined partly by tem-
perature. Adults in a Riverside County popula-
tion had field active body temperatures ranging 
from 13.3°C to 39.4°C (mean 34.5°C), and 
hatchlings had a narrower range of tempera-
tures ranging from 21.1°C to 41.1°C (mean 
34.4°C) (Alberts et al. 2004). Animals were 
not active when ground surface temperatures 
were below 19.4°C or above 57.3°C (Alberts 
et al. 2004). Gerson (2011) reported capturing 
lizards when surface temperatures were up 
to 63°C in a Merced County population. 
Pianka and Parker (1975) reported a mean field 
active body temperature for 15 animals of 
36.7°C. The critical thermal minima and 
maxima are –3°C and 46.7°C, respectively 
(Brattstrom 1965). 

Ants can make up 90% of prey items and 
45% of prey volume in stomach contents (n = 
214; Pianka and Parker 1975), although many 
other insect prey are also consumed depending 
on availability (Stebbins 1954, Miller and Steb-
bins 1964, Alberts et al. 2004). About half of 
the prey found in scat was Pogonomyrmex ants 
(P. rugosus and  P. californicus) (Riverside 
County; Alberts et al. 2004). Other ant prey 
and non-ant insects were taken as well. In 
Merced County, every scat examined contained 
beetles, but not every scat contained ants, sug-
gesting less reliance on ant prey in this area 
(M. Gerson, unpublished data). See the “Nature 
and Degree of Threat” section for effects of 
nonnative ants. 

Habitat Requirements 

Phrynosoma blainvillii is found in a variety of 
habitat types, including sage scrub, dunes, allu-
vial scrub, annual grassland, chaparral, oak 
woodland, riparian woodland, Joshua tree 
woodland, coniferous forest, and saltbush 
scrub (Grinnell and Grinnell 1907, Klauber 
1939, Stebbins 1954, Banta and Morafka 1968, 
Montanucci 1968, Tollestrup 1981, Hager and 
Brattstrom 1997). However, microhabitat pref-
erences are much narrower. Phrynosoma blain-
villii needs loose, fine soils for burrowing, open 
areas for thermoregulation, and shrub cover for 
refugia (Jennings and Hayes 1994a). In undis-
turbed sage scrub habitat in Riverside County, 
animals preferred leafy plant species with rela-
tively dense foliage for cover, overwintering, 
and aestivation (Alberts et al. 2004). In the 
absence of shrubs, P. blainvillii may rely instead 
upon California kangaroo rat (Dipodomys cali-
fornicus) burrows for refugia (Shedd et al. 
2011). In a mark–recapture study in San Ber-
nardino and Riverside Counties, Hager and 
Brattstrom (1997) observed P. blainvillii in 
the open 64% of the time, in the shade of veg-
etation 14% of the time, next to vegetation 7% 
of the time, and in rodent burrows 5% of the 
time. 

Pitfall trapping at 21 sites in 4 counties in 
southern California revealed that within sites, 
P. blainvillii abundance was positively correlated 
with the presence of organic soils and chaparral 
vegetation and negatively associated with non-
native Argentine ant (Linepithema humile) pres-
ence (Fisher et al. 2002). At a larger scale, the 
abundance of P. blainvillii between sites was 
positively associated with the presence of native 
ants and chaparral vegetation and negatively 
associated with canopy height. Similar to pat-
terns in abundance, P. blainvillii presence was 
positively associated with sandy soils and 
chaparral vegetation and negatively associated 
with Argentine ant presence. 

Distribution (Past and Present) 

Phrynosoma blainvillii occurs from northern Baja 
California north along the coast, continuing into 
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the Central Valley and Coast Range, and east to 
the Sierra Nevada foothills and the western edge 
of the Mojave Desert (Leaché et al. 2009). The 
southern and northern California clades (see the 
“Taxonomic Relationships” section) roughly cor-
respond in range to the previously recognized 
subspecies Phrynosoma coronatum blainvillii and 
P. c. frontale, respectively. The northern Baja 
California clade extends from Ensenada, Mexico, 
north into San Diego County. The southern Cali-
fornia clade slightly overlaps with the northern 
Baja California clade in San Diego County and 
continues north to the Los Angeles Basin and 
east to the San Gabriel Mountains and the edge 
of the Mojave Desert. A third group, the north-
ern California clade, comprises the rest of the 
range in California, from the Los Angeles basin 
north through the Central Valley and Coast 
Ranges. 

Historically, this species occurred in Cali-
fornia from an isolated record in Shasta County 
in the north, south along the edges of the Sac-
ramento Valley, through much of the south 
Coast Ranges, the San Joaquin Valley, the 
Sierra Nevada foothills, south along the coast to 
the Mexican border, and throughout the Trans-
verse and Peninsular Ranges, ending along the 
western edge of the desert slope (Jennings 
1988c). Recent field observations in the 
NAFHA database document this species at 
Kennedy Meadows in Tulare County; further 
information about the status here is needed. 
Jennings and Hayes (1994a) estimated that P. 
blainvillii has disappeared from 35% of its his-
torical range in northern California and from 
45% of its historical range in southern Califor-
nia. Remaining populations in the northern 
end of its range in the Coast Range and in the 
Sierra Nevada foothills from Butte County to 
Fresno County are highly disjunct (Jennings 
and Hayes 1994a; J. Shedd, pers. comm.). 

Trends in Abundance 

Declines in the early decades of the twentieth 
century were partly due to collecting for the 
curio trade in the Los Angeles basin. Jennings 
(1987) estimated that at least 115,000 Phryno-

soma blainvillii were harvested over a 45-year 
period, with substantial collecting ending 
around the 1930s. Due to collecting, lizards 
were noted as being scarce or absent in many 
areas where they had formerly been abundant 
(Grinnell and Grinnell 1907, Bryant 1911, Van 
Denburgh 1922). Agriculture and development 
has led to declines in more recent decades (see 
the “Nature and Degree of Threat” section). 

It is very difficult to estimate population 
sizes for horned lizards because their cryptic 
coloration and behavior make them difficult to 
detect. In sage scrub habitat in Riverside 
County, P. blainvillii density was estimated as 
3–4 adults/km of road transect traveled and 
1.1–4.2 adults/ha, with a total of 402 lizards 
(adults and juveniles) captured over 5 years 
(Alberts et al. 2004). In Merced County, Ger-
son (2011) captured 145 individuals (adults and 
juveniles) on 2.4 ha of transect over an 8-month 
period, roughly 60 lizards/ha. Lizards were 
patchily distributed at this site, and transects 
were purposefully placed in areas with high 
lizard abundance (M. Gerson, pers. comm.). 
The sites in both studies experienced control-
led burns and grazing and supported a mix of 
native and introduced plants (Alberts et al. 
2004, Gerson 2011). 

Nature and Degree of Threat 

Major threats to Phrynosoma blainvillii include 
urbanization, agriculture, off-highway vehicles, 
flood control structures, energy development, 
and nonnative Argentine ants (Grinnell and 
Grinnell 1907, Montanucci 1968, Jennings 
1987, Jennings and Hayes 1994a; J. Shedd, 
pers. comm.). These threats may be more pro-
nounced in the southern part of the range 
(S. Sweet, pers. comm.). Leatherman (1996) 
observed a single P. blainvillii that had appar-
ently died from getting its horns stuck in an 
erosion control blanket. Introduced Argentine 
ants have displaced native ant prey over parts of 
central and southern California and appear to 
be spreading largely as a commensal with 
human development (Ward 1987, Holway 1995, 
Holway 1998). In choice tests, lizards preferred 
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native ants to Argentine ants, and Argentine 
ants were not detected in field-collected scat, 
suggesting that they are not commonly taken as 
prey (Suarez et al. 2000). In the laboratory, 
growth rates were lower for animals raised 
experimentally on Argentine ant diets relative 
to native diets (Suarez and Case 2002). How-
ever, lizards will shift their diets to include 
more non-ant prey in Argentine ant-invaded 
areas (Suarez et al. 2000). 

The effects of wildfire on P. blainvillii are 
complex and only beginning to be studied. In 
southern California, capture rates increased by 
about 30% in chaparral habitat a few years post-
fire compared to unburned reference plots 
(Rochester et al. 2010). No changes were 
detected in coastal sage scrub habitat, though 
both habitat types lost substantial vegetative 
cover. The positive response to fire in chaparral 
was likely due to the creation of open habitat 
and the fact that ant prey communities 
appeared to be unaffected (Rochester et al. 
2010). However, the proportion of plots occu-
pied in chaparral habitat decreased in response 
to fire, possibly due to direct mortality effects of 
fire. Population increases in burned areas were 
hypothesized to be due to recolonization from 
unburned refugia. If so, then the timing and 
distribution of fire across the landscape would 
affect how lizards are able to respond and 
whether the net effect of fire on populations is 
positive or negative. Additionally, monitoring 
for this study detected very few P. blainvillii in 
grassland habitats. Because repeated or high-
intensity fires can lead to conversion of shrub-
land to grassland, this also represents a poten-
tial threat. 

Under climate change, the probability of 
large (>200 ha) fires and area burned is 
expected to increase in the northern coastal 
part of the range and the Sierran foothills, and 
be largely unchanged in the Central Valley 
(Fried et al. 2004, Lenihan et al. 2008, Wester-
ling and Bryant 2008). In the southern part of 
the range where wildfire is common, there is 
little consensus on future fire dynamics because 
of the difficulty in modeling Santa Ana weather 

events (Westerling et al. 2004, Westerling and 
Bryant 2008). Land use in the Central Valley is 
predominantly agricultural; thus, habitat avail-
ability is likely to remain low in this area. Else-
where in the range, large decreases are expected 
in shrubland with concomitant increases in 
grassland (Lenihan et al. 2008, PRBO 2011). 

Status Determination 

Documented extirpations and declines in this 
species, coupled with a moderate ecological 
sensitivity, justify a Priority 2 Species of Special 
Concern status. 

Management Recommendations 

Protecting remaining populations from further 
habitat loss and disturbance is the most impor-
tant management strategy for this species. The 
presence/absence and abundance of Phryno-
soma blainvillii appears to be determined by 
local, rather than regional-scale factors, so 
management strategies should focus on pro-
tecting local populations (Fisher et al. 2002). 
Because they tend to rely on crypsis rather than 
speed for protection, they may be particularly 
sensitive to land uses that increase the likeli-
hood of animals being crushed or killed, 
including off-highway vehicle use and grazing. 
Preventing the spread of Argentine ants into P. 
blainvillii habitat is difficult but also important 
for the persistence of the species. Given that 
Argentine ants prefer moist microhabitats, 
xeric landscaping and reducing artificial sur-
face water may be beneficial for native ants and 
horned lizards in developed areas. 

Monitoring, Research, and Survey Needs 

Existing populations should be monitored to 
determine trends in population abundance. An 
important research question is the extent to 
which small habitat fragments, on the order of 
a few hectares or less, can support viable popu-
lations of this lizard. Given the high human 
population density in much of its range, the 
effects of human commensal predators, includ-
ing raccoons, skunks, ravens, and domestic cats 
should be studied, with control measures 
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implemented as feasible. Continued work on 
the effects of Argentine ants, including follow-
up studies on shifts in lizard diet after their 
long-term establishment, would provide 
valuable information on whether Phrynosoma 
blainvillii can adjust to this widespread invasive 
ant. More research is needed on the effects of 
introduced plants, which may increase cover, 
affect native ant prey, and influence thermoreg-
ulation and locomotion (Germano et al. 2001, 
Alberts et al. 2004, Newbold 2005, Rieder et al. 
2010). Grazing and fire can have positive 
effects by maintaining open habitat and nega-
tive effects by facilitating the spread of inva-

sives or through direct mortality (Kimball and 
Schiffman 2003, Alberts et al. 2004, HilleRis-
Lambers et al. 2010). The effects of cattle graz-
ing on P. blainvillii need more study. Cattle and 
other grazers may help maintain open habitats 
that are favorable to P. blainvillii but also may 
degrade habitat through soil compaction. The 
net effect of grazing and fire as management 
strategies requires more study and likely needs 
to be determined at the site scale. The effects of 
wildfire on P. blainvillii should continue to be 
studied, particularly given the uncertainty con-
cerning future fire dynamics in the southern 
part of the range. 
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FLAT-TAILED HORNED LIZARD 

Phrynosoma mcallii (Hallowell 1852) 

Status Summary 

Phrynosoma mcallii is a Priority 2 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 57% (63/110). During the previous 
evaluation, it was also considered a Species 
of Special Concern (Jennings and Hayes 
1994a). 

Identification 

Like other horned lizards, Phrynosoma mcallii 
has a round body and is dorsoventrally flattened. 
It is readily distinguished from other horned 
lizards by a dark middorsal stripe (Smith 1946). 
The two largest horns behind the head are long 
and thin, the tail is broad and flat, and two rows 
of lateral spines run down each side of the body. 
The limbs are long and thin relative to other 
horned lizards. The dorsum is cryptically 
colored, ranging from pale cream to a light rusty 
brown, and the ventral surface is white and 
unmarked. Adults can be as large as 8.7 cm SVL 
(Boundy and Balgooyen 1988, McGrann et al. 
2006), but 6.5–8.0 cm SVL is more typical. 

Phrynosoma mcallii co-occurs in narrow 
sympatry with the desert horned lizard (P. pla-
tyrhinos) along the Salton Trough in California 
(Stebbins 2003). The two species are easily dis-
tinguished because P. platyrhinos has a single 

Flat-Tailed Horned Lizard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 63 

Total Possible 110 

Total Score/Total Possible 0.57 
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PHOTO ON PREVIOUS PAGE: Flat-tailed horned lizard, Sonora, Mexico. Courtesy of Rob Lovich. 
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row of lateral spines, shorter horns on the head, 
and lacks a dark middorsal stripe (Smith 1946, 
Stebbins 2003). Morphologically intermediate 
animals thought to be hybrids have been 
observed near Ocotillo, California (Stebbins 
2003), and near Yuma, Arizona (Young 2010). 

Taxonomic Relationships 

Mulcahy et al. (2006) conducted a phylogeo-
graphic study of Phrynosoma mcallii and P. pla-
tyrhinos. They identified management units for 
P. mcallii on either side of the Colorado River. 
Populations west of the Imperial Valley were 
historically connected but are now fragmented 
by human development. The Coachella Valley 
population, in particular, appears to be highly 
isolated (Mulcahy et al. 2006). 

Life History 

Phrynosoma mcallii is generally most active in 
the summer and inactive during the winter, 
although there is some flexibility in their winter 
dormancy behavior. Adult activity in the 
Coachella Valley in Riverside County peaked 
from June to August, with little or no activity 
observed from November to February (Barrows 
and Allen 2009). At sites in San Diego and 
Imperial Counties, adults entered hibernation 
burrows from early October to late December, 
and smaller animals entered dormancy later 
than larger animals (Grant and Doherty 2006). 
The average onset of winter dormancy occurred 
in mid-November in Imperial County and lasted 
for an average of 89 days (range 14–138 days), 
with most animals emerging in mid-February 
(Muth and Fisher 1992). Radiotelemetry studies 
have shown that not all individuals enter this 
distinct period of dormancy (Muth and Fisher 
1992, Wone and Beauchamp 2003, Grant and 
Doherty 2006). Juveniles have been observed 
surface-active on warm days in December, sug-
gesting that winter dormancy behavior may be 
more flexible in juveniles compared to adults 
(Grant and Doherty 2006). Burrows at sites in 
Imperial and San Diego Counties were 6 cm 
deep on average (range 2–17; Muth and Fisher 
1992, Grant and Doherty 2006). Summer bur-

rows in Yuma, Arizona, were 25–30 cm deep 
and 70–80 cm long (Young and Young 2000). 

Daily activity patterns shift seasonally (May-
hew 1968, Wone and Beauchamp 2003). At 
Ocotillo Wells State Vehicular Recreation Area 
(Imperial and San Diego Counties), P. mcallii 
was active throughout the day in spring and fall 
but showed a bimodal daily activity pattern in 
the summer (Wone and Beauchamp 2003). 
Phrynosoma mcallii was out in the open during 
the early morning but retreated under shrub 
cover by 10:00 a.m. (Wone and Beauchamp 
2003). When substrate temperatures exceeded 
49°C, lizards entered burrows and reemerged 
in the evening when substrate temperatures 
dropped below 47°C (Wone and Beauchamp 
2003). Norris (1949) also reported animals 
retreating between 10:00 and 11:00 a.m. in 
Riverside County during July. In outdoor enclo-
sures, Heath (1965) observed shade-seeking 
behavior when body temperatures averaged 
40°C and emergence from shade when mean 
body temperatures were 34.9°C. Brattstrom 
(1965) recorded lizards at temperatures rang-
ing from 29.3°C to 41.0°C. 

Breeding activity has been observed in the 
field from early May through the end of August 
(Setser 2004, Barrows and Allen 2009, Young 
2010). Adults emerge from winter dormancy in 
reproductive condition, with testes at maxi-
mum size in males and enlarged yolked folli-
cles present in females (Howard 1974). Eggs 
are laid in burrows dug by the lizards (Setser 
2004) and can be deposited from 14 to 90 cm 
deep, depending on soil moisture (Setser 2004, 
Young 2010). Clutch sizes range from 2 to 10 
eggs, with the average typically around 5 (Nor-
ris 1949, Stebbins 1954, Howard 1974, Pianka 
and Parker 1975, Setser 2004, Young 2010). 

Under good conditions, P. mcallii can breed 
early in the season, young can attain adult size 
rapidly and breed in their first year, and two 
clutches per season are possible (Howard 1974, 
Turner and Medica 1982, Muth and Fisher 
1992, Barrows and Allen 2009, Young 2010). 
In multiple-clutch years, the first cohort 
emerges in late July or early August at 35–37 
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mm SVL (Howard 1974, Turner and Medica 
1982, Muth and Fisher 1992). These hatchlings 
may be capable of reproducing in their first 
spring because they can reach near adult sizes 
before entering winter dormancy (Howard 
1974, Muth and Fisher 1992). The second 
cohort emerges in late August or early Septem-
ber (Howard 1974, Turner and Medica 1982). 
However, these animals are only ∼38 mm SVL 
in October and may not reach sexual maturity 
until another season of growth has occurred 
(Howard 1974, Muth and Fisher 1992). Work-
ing in Yuma, Arizona, Young (2010) observed 
that hatchlings and yearlings did not attain 
adult size by the following summer under 
drought conditions, but in wet years animals 
attained adult size within six months. 

Males usually have larger home ranges than 
females, and home ranges tend to be larger in 
wet compared to dry years (Wone and Beau-
champ 2003, Setser 2004, Young 2010). Radio-
telemetry studies at the Ocotillo Wells State 
Vehicular Recreation Area found average male 
home range sizes of 1.8–2.4 ha and female home 
ranges of 0.9–1.3 ha (Wone and Beauchamp 
2003, Setser 2004). Setser (2004) observed high 
site fidelity, with few lizards shifting their range 
centers outside of the home range used in the 
previous year. Near Yuma, Arizona, average 
male home range size varied from 2.5 ha (males) 
and 1.3 ha (females) in a very dry year to 10.5 ha 
(males) and 1.9 ha (females) in a very wet year 
(Young and Young 2000). In wet years at the 
Yuma, Arizona, site, maximum mean daily 
movements were 200–700 m, compared to only 
50–100 m in drier years (Young 2010). 

Survivorship has been measured in a few 
populations using radiotelemetry and mark– 
recapture methods. At Ocotillo Wells State 
Vehicular Recreation Area, adult yearly survi-
vorship was estimated as approximately 50% 
over a 2-year study period (Setser 2004). This 
high survivorship rate was attributed to the 
scarcity of ground squirrel predators, with only 
5–8% of radio-tagged lizards lost to predation 
(Setser 2004). Similarly, adult survivorship 
over 2 years in Imperial County was approxi-

mately 50%, with half of known mortalities due 
to ground squirrel predation (Muth and Fisher 
1992). In contrast, 39% (21/54) of radio-tagged 
P. mcallii succumbed to predation at the Yuma, 
Arizona, site in 1 year, with most deaths attrib-
utable to ground squirrels (Young 2010). Pre-
dation rates were only 10% in another year at 
this site (Young 2010). Survivorship of hatch-
lings over their first year was greater than 50% 
across multiple cohorts in Coachella Valley 
(Barrows and Allen 2009). Survivorship 
declined in subsequent years to less than 20% 
for 2-year-olds and less than 5% for 3-year-olds 
(Barrows and Allen 2009). Such low survivor-
ship beyond the first year suggests that early 
maturity and multiple clutches may be key to 
positive growth of populations in the Coachella 
Valley (Barrows and Allen 2009). 

Phrynosoma mcallii is a dietary specialist on 
ants, particularly native harvester ant species. 
Ants typically make up over 90% of prey items 
in stomach content and scat analyses (Pianka 
and Parker 1975, Turner and Medica 1982, 
Young 2010). In 106 specimens examined by 
Pianka and Parker (1975), 97% of prey items 
were ants. While at least 11 species of ants have 
been identified from scats, ants from the gen-
era Pogonomyrmex and Messor are most com-
monly taken (Turner and Medica 1982). Near 
Yuma, Arizona, ants (mostly genus Pogono-
myrmex) constituted 99% of prey items, with a 
few beetles taken as well (Young 2010). 

Habitat Requirements 

In California, Phrynosoma mcallii occurs in sev-
eral Sonoran Desert habitat types, including 
sandy areas (flats, hills, and valleys), salt flats, 
badlands, and gravelly areas (Stebbins 2003, 
Turner and Medica 1982). While they may pre-
fer areas with a layer of fine, wind-blown sand, 
P. mcallii also occur on substrates ranging from 
hard-packed soils to sand dunes and mud hills 
(e.g., Beauchamp et al. 1998, Muth and Fisher 
1992). For example, at Ocotillo Wells State 
Vehicular Recreation Area, a site where sandy 
habitats are highly disturbed by off-highway 
vehicle use, P. mcallii abundance was highest in 
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sparsely vegetated gravel and mud hills in less-
disturbed areas (Beauchamp et al. 1998). 

In the Coachella Valley, P. mcallii were 2–6 
times more abundant on stabilized sand fields 
than on active dunes (Barrows and Allen 2009) 
and were not observed in ephemeral sand fields 
or stable dune habitats (Barrows and Allen 
2010). A reduction in windblown sand over the 
last few decades due to climatic factors and dis-
turbance is thought to be responsible for the 
apparent absence of P. mcallii from ephemeral 
sand fields, habitats that still support P. pla-
tyrhinos populations (Barrows and Allen 2010). 
Lizards selected moderately compacted sands 
in both stabilized sand fields and active dunes, 
and this habitat feature may be important for 
maintaining the integrity of burrows while still 
being loose enough for digging (Barrows and 
Allen 2009). 

Distribution (Past and Present) 

Phrynosoma mcallii is a desert animal with the 
smallest range of any Phrynosoma species that 
occurs in the United States (Stebbins 2003). It 
is found from the Coachella Valley in Riverside 
County south into extreme northeast Baja Cali-
fornia and northwest Sonora, Mexico, and east 
to the extreme southwest corner of Arizona 
(Stebbins 2003). The species typically occurs 
below 230 m elevation, but has been found as 
high as 520 m (FTHL ICC 2003, Rorabaugh 
and Young 2009, Turner et al. 1980). The cur-
rently occupied range is patchily distributed 
within the historical range. In California, these 
areas are the Coachella Valley, west of the 
Salton Sea and the Imperial Valley, and east of 
the Salton Sea and the Imperial Valley on the 
west side of the Colorado River (Mulcahy et al. 
2006). 

The Flat-tailed Horned Lizard Interagency 
Coordinating Committee estimated that nearly 
half of the entire range of P. mcallii has been 
altered by human activities, with 39–43% of the 
historical habitat in the United States converted 
to agriculture, urban areas, or other uses 
(reviewed in FTHL ICC 2003). The historical 
range of P. mcallii in California has been esti-

mated at 700,000–900,000 ha, mostly in 
Imperial County but including parts of eastern 
San Diego and central Riverside Counties 
(reviewed in FTHL ICC 2003). Of this histori-
cal range, the Flat-tailed Horned Lizard Intera-
gency Coordinating Committee further esti-
mated that 400,000 ha of habitat remain in 
California (FTHL ICC 2003). 

Within the Coachella Valley, Barrows et al. 
(2008) used niche models to estimate that 
83–92% of historically occupied habitat has 
been lost to development, agriculture, frag-
mentation, or disruption of windblown sand 
transport processes. Of the estimated 33,500 ha 
of historically available suitable habitat, 2600 
ha of potential habitat remain in the valley, of 
which only 1400 ha is currently occupied (Bar-
rows et al. 2008). 

Trends in Abundance 

Phrynosoma mcallii has long been regarded as a 
relatively rare species (e.g., Klauber 1939). Den-
sity is very difficult to estimate for this cryptic 
species, and earlier estimates were based on 
scat counting methods that are no longer 
thought to be reliable (see the “Monitoring, 
Research, and Survey Needs” section). Despite 
these difficulties, dramatic declines have been 
documented in some areas (Turner and Medica 
1982). 

Populations of P. mcallii appear to naturally 
fluctuate in abundance, and the drivers of these 
dynamics are beginning to be explored. In the 
Coachella Valley, the population declined by 
about 50% per year during 2002–2005, result-
ing in an overall decline of 90% (Barrows and 
Allen 2009). However, in the following 2 years, 
P. mcallii abundance rebounded to half of the 
2002 levels (Barrows and Allen 2009). Unlike 
some other desert species, abundance was not 
correlated with year-to-year variation in rainfall 
(Barrows and Allen 2010). Instead, increased 
rainfall was negatively correlated with the 
abundance of ant prey and positively associated 
with increased soil compaction (Barrows and 
Allen 2009). Other studies have also found 
associations between P. mcallii abundance and 
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ant abundance (e.g., Turner and Medica 1982, 
Rorabaugh et al. 1987). 

Mark–recapture studies have generated 
minimum density estimates of approximately 
1.1/ha at Ocotillo Wells State Vehicular Recrea-
tion Area (Setser 2004) to 6.1/ha in Imperial 
County (Turner and Medica 1982). Increas-
ingly sophisticated statistical methods for esti-
mating abundance have been employed to com-
pensate for the low abundance and cryptic 
nature of P. mcallii. Grant and Doherty (2007) 
working in Imperial County estimated densi-
ties from 0.41 to 1.55 lizards/ha at different 
sites, using methods that explicitly account for 
detection probability (see the “Monitoring, 
Research, and Survey Needs” section). 

Nature and Degree of Threat 

Habitat loss and fragmentation due to urban 
development and agriculture have been the 
major threats faced by Phrynosoma mcallii pop-
ulations in California, with future threats antic-
ipated due to renewable energy development. 
Phrynosoma mcallii are particularly sensitive to 
such disturbances because they are ecological 
specialists, and their ability to recover from 
population declines through reproductive 
responses is highly dependent upon favorable 
environmental conditions. 

Phrynosoma mcallii is negatively impacted 
by fragmentation, and edge effects can extend 
several hundred meters into undisturbed habi-
tat (Young and Young 2005, Barrows et al. 
2006). Based on surveys of lizard tracks, Bar-
rows et al. (2006) found that P. mcalllii in the 
Thousand Palms Oasis Preserve in Coachella 
Valley, Riverside County, experienced negative 
edge effects along the desert/suburban bound-
ary of the preserve. Phrynosoma mcallii were at 
low abundance within 150 m of the edge com-
pared to farther into the preserve. The mecha-
nism behind the negative effect was hypothe-
sized to be mortality due to roads and 
subsidized predators such as shrikes and kes-
trels. Bird predators were positively associated 
with suburban edge habitats because of 
increased availability of trees and poles for 

perching compared to desert habitat. There was 
no edge effect on native harvester ant abun-
dance and nonnative ants were not detected, so 
the edge effect is probably not due to impacts 
on prey availability (Barrows et al. 2006). In 
another study in Yuma, Arizona, 90% of 
shrike-killed P. mcallii were within 10 m of a 
road (Young 2010). Nonnative ants and plants 
may also pose a threat to P. mcallii (see the 
“Monitoring, Research, and Survey Needs” sec-
tion). Wind and solar development may be of 
particular concern in western Imperial County 
and east of the Imperial Sand Dunes, while 
geothermal development may threaten popula-
tions inside of the Ocotillo Wells State Vehicu-
lar Recreation Area (J. Weigand, pers. comm.). 
Such development may lead to habitat 
degradation and loss, as well as increased 
fragmentation. 

Off-highway vehicle use has long been sus-
pected of negatively impacting P. mcallii popu-
lations through direct effects such as mortality 
and indirect effects on habitat quality. Within 
protected Management Areas (see the “Man-
agement Recommendations” section), off-
highway vehicle use is restricted to designated 
areas (Grant and Doherty 2009). Outside of 
these protected areas, approximately 100,000 
ha of remaining habitat may be subject to off-
highway vehicle activity, an area encompassing 
more than a quarter of remaining habitat in 
California (Grant and Doherty 2009). Grant 
and Doherty (2009) experimentally tested the 
hypothesis that off-highway vehicles crush dor-
mant P. mcallii by controlled rides over radio-
tagged animals in burrows. None of the ani-
mals in their study died or were injured, 
suggesting that direct effects on animals in 
burrows may be weak. Direct mortality of 
surface-active P. mcallii due to off-highway 
vehicle activity has been reported anecdotally 
from some sites (e.g., Turner and Medica 1982, 
Muth and Fisher 1992). McGrann et al. (2006) 
found that lizard body mass, but not density, 
was higher on sites with low off-highway vehi-
cle impact compared to high-impact areas. The 
density of ant mounds (i.e., prey) was also 
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higher in low-impact sites, supporting the pos-
sibility of indirect effects of off-highway vehicle 
use on P. mcallii (McGrann et al. 2006). 

Aside from increases in temperature, there is 
little consensus as to how climate change will 
affect the Sonoran Desert region of California 
where P. mcallii occurs. Mean annual tempera-
tures are expected to increase, with 22 additional 
extremely hot days per year (where temperatures 
exceed the long-term 95th percentile) and 10 
fewer days below 0°C predicted (Bell et al. 2004). 
High temperatures may limit surface activity, 
whereas warmer, shorter winters may increase 
opportunities for growth and reproduction. Esti-
mates of changes in rainfall range from modest 
increases in mean annual rainfall up to 45% 
decreases (reviewed in PRBO 2011). This uncer-
tainty in how precipitation will change makes it 
difficult to predict how P. mcallii will be affected. 
The effect of rainfall timing and magnitude on 
P. mcallii populations is likely complex, as 
drought reduces juvenile growth rate and adult 
movement, but wet years reduce prey abundance 
(see the “Life History” section). How fire dynam-
ics will change in this area is also highly uncer-
tain (Westerling and Bryant 2008). Little change 
is expected in vegetation communities (Lenihan 
et al. 2008, Stralberg et al. 2009). 

Status Determination 

The specialized diet of Phrynosoma mcallii, its 
low reproductive rates, and small geographic 
range in a highly fragmented region of Califor-
nia contribute to a Priority 2 Species of Special 
Concern status. 

At the federal level, efforts to secure range-
wide protection for P. mcallii have been under-
way for several years, with the species first iden-
tified as a candidate for listing under the federal 
Endangered Species Act in 1982 (reviewed 
in USFWS 2011a). In 1989, this lizard was 
rejected for listing under the California Endan-
gered Species Act. Following these efforts, sev-
eral state and federal agencies comprising the 
Flat-tailed Horned Lizard Interagency Coordi-
nating Committee signed a voluntary conserva-
tion agreement, which resulted in the protec-

tion of management and research areas and a 
plan for monitoring the species (Foreman 
1997). In 2003, the range-wide management 
strategy was updated, providing reviews of biol-
ogy, threats, and management recommenda-
tions for P. mcallii (FTHL ICC 2003). In 2011, 
P. mcallii was again denied federal protection 
under the Endangered Species Act (USFWS 
2011a). In broad terms, the USFWS concluded 
that the threats to P. mcallii that initiated con-
sideration for listing have been largely 
addressed by management efforts (USFWS 
2011a). However, P. mcallii populations con-
tinue to face a variety of threats throughout 
their range in California. 

Management Recommendations 

The main management actions that can sup-
port Phrynosoma mcallii populations are those 
that limit habitat disturbance and destruction. 
Development that leads to habitat conversion or 
fragmentation should be avoided or limited in 
P. mcallii habitat. Renewable energy projects 
should consider potential negative impacts on 
P. mcallii. Limiting off-highway vehicle use to 
the overwintering season when animals are 
less likely to be surface-active may help limit 
direct mortality impacts. Roadside barriers and 
crossing structures should be investigated to 
reduce road mortality in areas where roads may 
be barriers to population connectivity. The use 
of pesticides in or near P. mcallii habitat should 
consider potential negative impacts on native 
ant prey that are an important determinant of 
habitat quality for this species. Habitat corri-
dors should be established or maintained to 
promote connectivity among remaining popu-
lations, particularly across the United States– 
Mexico border. Assisted migration may be 
important for ensuring gene flow across obsta-
cles such as fences along the United States– 
Mexico border. Restoration of degraded habitats 
could include activities such as manipulating 
soil properties, removing or controlling nonna-
tive plants, and replanting of native plant spe-
cies that provide food for harvester ants and 
open habitat for P. mcallii. 
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The Flat-tailed Horned Lizard Interagency 
Coordinating Committee has implemented a 
management strategy for P. mcallii (FTHL ICC 
2003). In California, this strategy includes the 
establishment of three Management Areas and 
one Research Area encompassing roughly 
170,000 ha in regions of California deemed 
especially important to the species including 
the Borrego Badlands, West Mesa, East Mesa, 
and Ocotillo Wells. The conservation and man-
agement of these areas is described in the 
FHTL ICC (2003) document, and we refer the 
reader there for additional details. There is cur-
rently no management area in the northwest-
ern portion of the range. However, the 
Coachella Valley Multiple Species Habitat Con-
servation Plan and Natural Communities Con-
servation Plan will protect approximately 44% 
of remaining habitat in Coachella Valley (FTHL 
ICC 2003). 

Monitoring, Research, and Survey Needs 

Monitoring Phrynosoma mcallii is difficult 
because this species is cryptic, population 
abundance fluctuates, and densities are often 
low. This results in low detection probabilities 
overall and a high degree of variation in detec-
tion probability with respect to different observ-
ers, habitats, substrates, and seasons. Phryno-
soma mcallii is cryptically colored and also 
exhibits cryptic behavior, tending to freeze 
and/or bury itself in the sand instead of fleeing 
(Bryant 1911). Young (2010) observed that 
radio-tagged individuals in Arizona were 
almost always motionless when approached, 
but tracks showed that the animals ran 1–2 m 
to reach the cover of twigs or vegetation, then 
froze to avoid detection. Over 25% of the time, 
fleeing individuals also shuffled into the sand 
(Young 2010). Such crypsis results in a strong 
effect of observer experience on survey success 
(Grant and Doherty 2007). 

To deal with these challenges, researchers 
have tried to use statistical methods to explic-
itly incorporate detection probability (the prob-
ability of seeing lizards if they are present) into 
mark–recapture estimates of population abun-

dance (e.g., Grant and Doherty 2007, Royle and 
Young 2008). Detection probabilities ranged 
from 0.06 to 0.15 (Young 2010) to as high as 
0.52 on sandy plots intensively searched by 
experienced observers (Young and Royle 2005). 
Range-wide monitoring by members of the 
FTHL ICC from 2005 to 2012 yielded detection 
probabilities ranging from 0.15 in the Borrego 
Badlands to 0.79 in the Yuma Desert (R. Lov-
ich, pers. comm.), and these monitoring efforts 
are ongoing. Even with increasingly sophisti-
cated mark–recapture analyses, data collection 
requires substantial effort, and abundance esti-
mates will always be plagued by low detection 
probabilities. Because of these challenges, dis-
tinguishing population declines from natural 
fluctuations in abundance is difficult, unless 
declines are severe. As an alternative, Young 
(2010) recommended monitoring presence/ 
absence over large areas using scat surveys. 

Scat counts were commonly used into the 
1990s to estimate abundance, but their reliabil-
ity for measuring density has subsequently 
been questioned (e.g., Muth and Fisher 1992, 
Beauchamp et al. 1998). However, scats have 
been shown to be a good indicator of P. mcallii 
presence, at least in areas where congeners are 
absent (Young and Royle 2005). If scats are 
present on a 0.75 ha plot, there is a >99% prob-
ability of an observer detecting them within an 
hour (Young and Royle 2005). Young (2010) 
proposed that such scat surveys could be useful 
for delineating occupied habitat across large 
areas and that monitoring changes in site occu-
pancy over time might be a more viable moni-
toring strategy than trying to estimate 
abundance. 

In addition to improved monitoring strate-
gies, other research needs include determining 
the effects of introduced species, the design 
and efficacy of road-crossing structures, and 
landscape genetic studies of population con-
nectivity. An additional important research 
problem is to identify and monitor processes 
that reduce the abundance of ant prey and/or 
affect sand compaction (Barrows and Allen 
2009). Monitoring for the spread of Argentine 
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ants, which have been shown to negatively 
impact P. blainvillii, may also be warranted, 
especially along suburban–desert boundaries. 
Argentine ants have invaded the Coachella Val-
ley but to date are not known to have moved 
into P. mcallii habitat (Barrows et al. 2006). 
Fire ants may also pose a threat to P. mcallii (J. 
Weigand, pers. comm.), and their spread and 
potential impacts should be studied. Nonnative 
plant species are suspected to negatively impact 
horned lizards by reducing the availability of 
open habitat and seed-producing plants and by 
impacting locomotion (Germano et al. 2001, 
Newbold 2005, Barrows et al. 2009, Rieder 
et al. 2010). Introduced plants such as tall-

growing or Sahara mustard (Brassica 
tournefortii) now occur in P. mcallii habitat, and 
the effects of these species require further 
study (J. Shedd, pers. comm., Barrows 2012). 
Barrier fences that prevent lizard access to 
roads have been successful in Yuma, Arizona 
(e.g., Gardner et al. 2004), and may be benefi-
cial in targeted areas in California. However, 
more research is needed into crossing structure 
design and siting to prevent further fragmenta-
tion of populations. Finally, a clearer under-
standing of the extent of habitat fragmentation 
(using both genetic and mark–recapture meth-
ods) and how it affects population viability is an 
important research need. 
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COLORADO DESERT FRINGE-TOED LIZARD 

Uma notata Baird 1858 

Status Summary 

Uma notata is a Priority 2 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 58% (64/110). During the previous evalua-
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Uma notata is a medium-sized lizard (7.0–12.2 
cm SVL) with a moderately flattened body, a 
countersunk lower jaw, keeled labial scales, pro-
jecting row of pointed scales on the toes, eyelids, 
and ear openings that form a fringe (Cope 1894, 
Heifetz 1941, Stebbins 1954, Stebbins 2003). 
The dorsal color pattern consists of light pale yel-
low to cream ocelli, with dark or reddish centers 
over a dark ground color (Van Denburgh 1922, 
Stebbins 1954, Stebbins 2003). These ocelli tend 
to form broken lengthwise lines at the shoulders 
(Heifetz 1941). The dark dorsal coloration fades 
to reddish brown on the head and legs (Van Den-
burgh 1922). The undersurface is white, with 
prominent dark ventrolateral spots or bars on 

the underside of the tail and narrow diagonal 
lines on the underside of the throat (Stebbins 
2003). An orange or pinkish stripe occurs along 
the lower flanks and becomes more prominent 
during the breeding season (Stebbins 1954). 

Colorado Desert Fringe-Toed Lizard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 15 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 10 

Total Score 64 

Total Possible 110 

Total Score/Total Possible 0.58 
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PHOTO ON PREVIOUS PAGE: Colorado Desert fringe-toed lizard, Imperial County, California. Courtesy of Adam 
Clause. 
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Orange coloration may also be present around 
the eye. 

Uma notata can easily be confused with its 
congeners in California, the Coachella Valley 
fringe-toed lizard (U. inornata) and the Mojave 
fringe-toed lizard (U. scoparia), although none 
of these species have overlapping ranges. Uma 
inornata lacks the large and prominent blotches 
on the ventral surface, although small black 
spots may be present (Stebbins 2003). Uma sco-
paria usually has narrow lines on the throat 
that form chevrons and has dorsal ocelli that do 
not form broken lines on the shoulders (Steb-
bins 2003). The sympatric zebra-tailed lizard 
(Callisaurus draconoides) also has black bars on 
the tail, although these form bands that encir-
cle the tail rather than being present only on 
the underside. Callisaurus also lacks fringes on 
both the toes and the ear openings and has an 
overall slimmer body shape (Stebbins 2003). 

Taxonomic Relationships 

The taxonomy of the fringe-toed lizards has 
been confusing since their original description 
and remains somewhat controversial. Uma 
notata was initially described from a single pre-
served juvenile specimen in poor condition 
(Baird 1858). The initial description of morphol-
ogy was inadequate to diagnose the taxon and 
provided details on coloration specific to the 
poorly preserved specimen (“light pea green, 
spotted with darker green”) and an inaccurate 
type locality (“Mojave Desert”). An expanded 
description was later provided by Cope (1894, 
1895b), which helped clarify the distinctiveness 
of the taxon. Heifetz (1941) provided a thorough 
morphological analysis of the genus and con-
cluded that U. notata should be treated as a spe-
cies separate from the other two California spe-
cies (U. inornata and U. scoparia). However, 
these three species are closely related and their 
treatment in the literature has shifted between 
subspecies (of U. notata) and full species (Steb-
bins 1954, Norris 1958, Mayhew 1964a, May-
hew 1964b, Adest 1977, Zalusky et al. 1980). 

In addition, some authors recognize two 
subspecies within U. notata. Uma notata rufop-

unctata (Cope 1895b) ranges through Arizona 
and northwestern mainland Mexico, while U. 
n. notata is present only in California. Analyses 
of mitochondrial data suggest that these two 
subspecies do not form a monophyletic group. 
Rather, U. n. notata is sister to U. inornata to 
the exclusion of U. n. rufopunctata (Wilgen-
busch and De Queiroz 2000, Trépanier and 
Murphy 2001). Trépanier and Murphy (2001) 
noted that the mitochondrial DNA implied 
either that U. inornata should be considered 
part of U. notata or that U. n. notata should be 
elevated to a full species and that U. n. rufop-
unctata contains two species (one of which is 
cryptic and had not previously been recog-
nized). They preferred this latter arrangement, 
although this has not been formally presented 
to date. Here, we treat U. notata as a full 
species, separate from U. n. rufopunctata. Fur-
ther genetic analyses using multiple independ-
ent sequence markers are needed to clarify 
these species boundaries, as well as the phylo-
genetic relationships among species and 
subspecies. 

Life History 

To the extent that it has been studied, the life 
history of U. notata is essentially identical to 
that of U. scoparia. This species specializes on 
fine windblown sand habitats and possesses 
several behavioral, morphological, and physio-
logical adaptations allowing it to do so (see 
account for U. scoparia). This species has a 
yearly activity cycle that is similar to U. sco-
paria, becoming surface-active as early as Feb-
ruary, breeding between April and July, with 
egg laying in May–July and young appearing in 
September (Stebbins 1954, Grismer 2002, 
Stebbins 2003). The two species also exhibit 
similar daily activity patterns and behavior. 
They are known to differ in the pattern and 
cadence of “pushups” used in territorial dis-
plays, which may have served as a behavioral 
isolating mechanism (Carpenter 1963). Uma 
notata has a generalized diet composed 
of leaves, f lowers, seeds, and a variety of 
small arthropods that is similar to the diet of 
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U. scoparia (Stebbins 1944). See the account for 
U. scoparia for additional details. 

Habitat Requirements 

To the extent that they have been studied, habi-
tat requirements are identical to those of Uma 
scoparia and are described in that species’ 
account. 

Distribution (Past and Present) 

Uma notata ranges from the southeastern corner 
of California north and west to the Salton Sea 
and the northeastern corner of San Diego 
County. Outside of California, it ranges farther 
south into Baja California, Mexico, to a latitude 
roughly parallel with the mouth of the Colorado 
River (Jennings and Hayes 1994a, Grismer 
2002). The species’ known elevational range 
extends from 74 m below to 180 m above sea level 
(Jennings and Hayes 1994a, Stebbins 2003). 

Few distributional declines have been docu-
mented, although we presume that they have 
occurred in some areas that have been heavily 
impacted by off-highway vehicular use, as well 
as in areas that have experienced heavy develop-
ment (see the “Trends in Abundance” section). 
In particular, agricultural development has 
eliminated habitat in extensive areas around the 
Salton Sea (Jennings and Hayes 1994a). 

Trends in Abundance 

Few data regarding historical Uma notata pop-
ulation densities exist, although survey data 
strongly suggest that ongoing declines are 
occurring in areas that experience off-highway 
vehicle use. Luckenbach and Bury (1983) con-
ducted surveys in paired plots at the Algodones 
Dunes (Imperial County, California) that had 
or had not experienced off-highway vehicle dis-
turbance. Uma notata abundance on off-
highway vehicle-impacted plots was signifi-
cantly lower than nonimpacted areas. 

Nature and Degree of Threat 

Uma notata is experiencing many of the same 
threats as U. scoparia. Habitat loss due to off-
highway vehicle damage and habitat destruc-

tion due to human activities is the greatest 
immediate concern. Luckenbach and Bury 
(1983) demonstrated major decreases in abun-
dance from off-highway vehicle use due to 
direct mortality and decreasing vegetation den-
sity and quality. Off-highway vehicle use in 
Uma habitat also causes increased rates of tail 
loss and hearing loss, neither of which are fatal 
but both of which decrease individual fitness 
(Brattstrom and Bondello 1983, Luckenbach 
and Bury 1983). Climate change models for 
this region predict relatively sharp increases in 
mean temperature of up to 2°C. The impact of 
such increases on U. notata is not known but 
should be a high priority for future research. 
Other threats include increasing predation 
associated with human commensals and the 
more general problems associated with reduced 
population size and fragmentation. See the U. 
scoparia account for additional discussion. 

Status Determination 

Uma notata specializes on a habitat which is 
uncommon, patchy, and undergoing signifi-
cant degradation, and this is the primary justi-
fication for this Priority 2 designation. Several 
populations of this species appear to be stable, 
and some of the habitat occurs on protected 
land; thus, a higher-priority designation is not 
currently justified. 

Management Recommendations 

The primary management need for Uma notata 
is habitat protection. Protecting sand dune habi-
tat from the impact of off-highway vehicle use 
alone will significantly increase the probability 
of long-term survival of this species in Califor-
nia. Habitat conversion for housing, agricul-
ture, and solar/wind energy may all have 
strongly detrimental effects on U. notata, and 
the limited distribution of the species requires 
that impacts be reviewed on a project-by-project 
basis. Over the longer term, increasing tem-
perature and potentially decreased precipitation 
due to climate change (PRBO 2011) could also 
lead to habitat loss, which may require the 
development of additional management actions. 
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Given their strong association with windblown 
sand habitats, all species of Uma may be subject 
to local extirpations with limited opportunities 
for natural recolonization, and human-
mediated gene flow may be necessary to main-
tain such populations. 

Monitoring, Research, and Survey Needs 

The monitoring needs for Uma notata are 
essentially identical to those of U. scoparia. 
Overall, less of U. notata’s range occurs on pro-
tected land, so these monitoring efforts (and 
accompanying habitat protection) are needed 
more urgently for this taxon than for U. sco-
paria. The impact that habitat modification may 
have on U. notata populations is an area in need 

of additional study. Two genetic needs are criti-
cal. First, the species boundaries of Uma, 
including the distinctiveness of the subspecies 
of U. n. rufopunctata and the resolution of the 
number and identity of species contained 
within the genus, require a multi-locus nuclear 
dataset to complement initial work using mito-
chondrial DNA (Trépanier and Murphy 2001). 
Second, landscape genetic analyses quantifying 
the extent of past and current gene flow among 
isolated or semi-isolated populations are needed 
to better understand how to manage landscapes 
and have the least possible impact on metapop-
ulation dynamics and future population 
viability. 
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MOJAVE FRINGE-TOED LIZARD 

Uma scoparia Cope 1894 

Status Summary 

Uma scoparia is a Priority 3 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 55% (61/110). During the previous evalua-
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Uma scoparia is a medium-sized lizard (7.0–  
11.4 cm SVL) with a moderately flattened body, 
a countersunk lower jaw, keeled labial scales, a 
projecting row of pointed scales on the toes, 
eyelids, and ear openings that form a fringe 
(Cope 1894, Stebbins 1954). The dorsal ground 
coloration is black and is heavily covered, with a 
pattern of white or tan ocelli with blackish to 
reddish centers that do not form lines over the 
shoulders (Cope 1894, Heifetz 1941, Jennings 
and Hayes 1994a, Stebbins 2003). This dark 
coloration fades to brown or tan on the head, 
limbs, and tail. The light dorsal coloration tends 
to vary among populations and usually matches 
the color of the sand in the vicinity (Miller and 

Stebbins 1964). The ventral surface is white, 
with two prominent black spots on either side 
of the body (some populations have an addi-
tional set of preanal spots) and black bars along 
the underside of the tail (Heifetz 1941). The 

Mojave Fringe-Toed Lizard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 10 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 10 

Total Score 61 

Total Possible 110 

Total Score/Total Possible 0.55 
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PHOTO ON PREVIOUS PAGE: Mojave fringe-toed lizard, San Bernardino County, California. Courtesy of Luke Mahler. 
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throat is marked with narrow crescent-shaped 
black bars (Cope 1895b, Heifetz 1941, Stebbins 
2003). During the breeding season, a yellow-
green wash may develop on the ventral surface 
and fade into pink on the sides (Stebbins 
2003). 

This species could be confused with its con-
geners, the Coachella Valley fringe-toed lizard 
(U. inornata) and the Colorado Desert fringe-
toed lizard (U. notata). Uma inornata has 
greatly reduced, or lacks altogether, the con-
spicuous black spots on the sides of the belly 
and has ocelli that tend to form lines over the 
shoulders. Uma notata usually has diagonal 
lines on the throat rather than crescent-shaped 
lines and has ocelli that tend to form lines over 
the shoulders (Stebbins 2003). These three 
species do not overlap in range, although U. 
scoparia is broadly sympatric with the zebra-
tailed lizard (C. draconoides), with which it also 
might be confused. Callisaurus draconoides 
lacks fringe scales on the ear openings and 
toes, has an overall slimmer body shape, and 
has black bands that form rings around the dis-
tal portion of the tail rather than only being on 
the tail underside (Stebbins 2003). 

Taxonomic Relationships 

Uma scoparia was initially described on the 
basis of femoral pore counts and several scala-
tion characters (Cope 1894, Cope 1895b). It was 
later placed in synonymy with U. notata when 
several of Cope’s diagnostic characters were 
reinterpreted as representing individual varia-
tion rather than species differences (Camp 
1916b, Van Denburgh 1922). The taxon was 
later resurrected to full species status based on 
a larger series of specimens that identified 
diagnostic morphological differences among 
the taxa (Heifetz 1941). Several different 
authors have noted external morphological, 
osteological, and genetic similarity among 
members of the genus and have variously 
treated U. scoparia as a full species or subspe-
cies of U. notata (Stebbins 1954, Norris 1958, 
Mayhew 1964a, Mayhew 1964b, Adest 1977, 
Zalusky et al. 1980). Carpenter (1963) showed 

that the pattern of push-up behavior used in 
territorial displays was distinct in U. scoparia, 
compared to U. inornata and  U. notata, and 
suggested that this may serve as an isolating 
mechanism. 

Phylogenetic analyses of mitochondrial data 
suggested that U. scoparia is monophyletic 
(Trépanier and Murphy 2001, Murphy et al. 
2006) and forms a clade with the other Mojave 
and Sonoran Desert taxa (U. inornata and U. 
notata) (Wilgenbusch and De Queiroz 2000). 
Mitochondrial data also suggest that some hap-
lotype diversity occurs within the U. scoparia 
(Murphy et al. 2006), although divergences are 
low and additional, multigene nuclear data are 
needed to clarify intraspecific variation. Popu-
lations occurring in the northern part of the 
range have been proposed as a distinct popula-
tion segment based on mitochondrial phyloge-
ography and presumed isolation (Murphy et al. 
2006). 

Life History 

Uma scoparia is an active, wary, diurnal lizard 
that specializes on fine windblown sand habi-
tat. It is extremely similar in most aspects of 
life history to other species in the genus (Steb-
bins 1944), and here we make use of life history 
information from these other species when it is 
not available for U. scoparia. Species in the 
genus Uma all possess a number of morpho-
logical, behavioral, and physiological adapta-
tions that allow them to persist in arid habitats. 
Specifically, a countersunk lower jaw, nasal 
valves, and fringes on the eyes and ear open-
ings allow U. scoparia to prevent sand from 
entering the body (Norris 1958). The nasal pas-
sages have a complex convoluted shape that 
reduces moisture loss and excludes sand from 
inhalation (Stebbins 1943, Stebbins 1948). 
Enlarged fringes on the toes have been experi-
mentally shown to increase both maximum 
velocity and acceleration on fine sand, particu-
larly on steeply sloped landscapes such as are 
often found in sand dunes (Carothers 1986). 
The flattened body form, wedge-shaped head, 
enlarged, keeled scales on the head, limbs and 
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toes, and the smooth granular scales over the 
rest of the body aid in burrowing and “sand-
swimming” behavior (Stebbins 1944). Uma 
scoparia employs this behavior both to escape 
from predators and to take refuge from 
extremely hot surface conditions (typically 
when surface temperature exceeds 43°C; Norris 
1958). Uma scoparia possesses both acute 
vision and hearing, which aid in predator avoid-
ance and prey capture (Stebbins 1944). 

Adult U. scoparia overwinter in the sand 
between November and February, then become 
surface-active throughout the day as tempera-
tures allow. The species maintains a mean 
body temperature of 36–37.5°C, often becoming 
inactive during the hottest part of the day dur-
ing midsummer (Mayhew 1964b, Miller and 
Stebbins 1964). Breeding occurs throughout 
the spring and summer between April and July, 
and females lay clutches of 1–5 eggs (usually 2 
or 3); more than one clutch may be produced in 
optimal years (Stebbins 1954, Mayhew 1966, 
Fromer et al. 1983, Stebbins 2003). Young 
begin to appear on the surface in September 
(Miller and Stebbins 1964). 

Uma scoparia has a generalized diet that 
includes a variety of beetles, ants, wasps, flies, 
and other small arthropods, as well as plant 
leaves and seeds (Stebbins 1944). At Dale Dry 
Lake, San Bernardino County, the diet of adult 
U. scoparia consisted of approximately 60% 
plant material (mainly in the form of small 
seeds) and 40% small arthropods (Minnich 
and Shoemaker 1972). The juvenile diet, con-
versely, was composed of over 90% arthropods 
(Minnich and Shoemaker 1972). In low rainfall 
years, adults may be forced to switch to a diet 
composed mostly of arthropods due to lack of 
vegetation, and this may be suboptimal (Bar-
rows 2006). The quality of available food is 
probably dependent on the local rainfall, which 
varies widely from year to year throughout the 
species’ range. Barrows (2006) found that a 
regression model including rainfall and diet 
explained 92% of the variation in U. inornata 
density and that population sizes could 

approach zero during multiyear droughts and 
then quickly rebound when average rainfall 
resumed. 

Habitat Requirements 

Uma scoparia lives exclusively on fine wind-
blown sand (Stebbins 1944). Habitat where liz-
ards are found in the highest abundances gen-
erally consists of relatively sparse creosote 
scrub on loose sand dunes. The diameter of 
individual sand grains in these areas is usually 
<0.5 mm. Areas with large sand grains (>2 mm 
in diameter) appear to be avoided, presumably 
because this impedes sand swimming and 
burying behavior (Stebbins 1944, Norris 1958, 
Fromer et al. 1983). Within appropriate habitat, 
individuals select areas with the finest sand 
available (often the downwind side of vegeta-
tion and slopes) (Stebbins 1944, Norris 1958). 
Some vegetation is probably required for food 
and shade (Miller and Stebbins 1964). The spe-
cies is not present in areas where the sand 
becomes too firmly packed to allow for sand 
swimming, and washes and desert flats are 
generally unsuitable (Miller and Stebbins 
1964). No evidence exists that Uma will enter 
these areas to migrate between adjacent areas 
of suitable habitat, although additional study of 
this question would be valuable. 

Uma scoparia may require relatively large 
habitat patches for long-term persistence. Pop-
ulation modeling in the ecologically similar 
U. inornata suggests that plot sizes smaller 
than 100–200 ha are unlikely to allow long-
term persistence of isolated populations (Chen 
et al. 2006). 

Distribution (Past and Present) 

Uma scoparia is patchily distributed through-
out much of the Mojave Desert in California. 
The range extends from near the southern end 
of Death Valley at the Inyo–San Bernadino 
County line south through San Bernardino and 
Riverside Counties, extending west narrowly 
into Los Angeles County (Van Denburgh 1922, 
Norris 1958, Miller and Stebbins 1964, Pough 
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1974, Jennings and Hayes 1994a, Stebbins 
2003). Norris (1958) reports a record from Inyo 
County, which has often been repeated in the 
literature. However, the stated locality “one and 
one-half miles southeast of Saratoga Springs” 
places this record in San Bernardino County, 
and we know of no other confirmed records 
from Inyo County. This species is nearly 
endemic to California, extending into Arizona 
in one small area near Parker, Yuma County 
(Pough 1974). A single report of possible Uma 
tracks reported from the Eureka Sand Dunes, 
Inyo County, California, would extend the 
known range ∼175 km to the northwest and 
requires verification (Bolster et al. 2000). The 
known elevational range extends from below 
sea level to nearly 1000 m (Jennings and Hayes 
1994a). 

Extirpations have been documented at El 
Mirage and Harper Dry Lakes, San Bernardino 
County, and at Lovejoy Buttes and Piute Butte, 
Los Angeles County (Murphy et al. 2006). 
Additional extirpations may have occurred at 
Rogers Dry Lake, Kern County, California, and 
Saddleback Butte, Los Angeles County, Califor-
nia (CBD 2006). 

Trends in Abundance 

No quantitative data are available regarding his-
torical abundance, though the lizard was, and 
is, common at many isolated localities. Some 
data suggest that this species has become 
uncommon in areas where habitat degradation 
due to off-highway vehicle use has occurred 
(Bolster et al. 2000, CBD 2006). 

Nature and Degree of Threat 

The most important threats facing Uma sco-
paria are habitat loss and fragmentation due to 
human activities and off-highway vehicle use, 
which negatively impacts loose sand habitat. 
Other activities, including the development of 
renewable energy facilities, may also negatively 
impact the structure of essential windblown 
sand habitat patches. The species is only found 
in loose sand areas, and experimental work in 

the closely related and ecologically similar spe-
cies U. inornata suggests that these lizards are 
highly sensitive to stabilization of their sand 
habitat (Turner et al. 1984). Habitat fragmenta-
tion is also an important threat. Even where 
patches of intact habitat remain, fragmentation 
and small patch sizes have been shown to be 
associated with declines and extirpations in U. 
inornata (Barrows and Allen 2007). In addi-
tion, surveys for the ecologically similar U. 
notata that compared lizard abundances in 
areas that experienced off-highway vehicle use 
to areas that do not, found much higher densi-
ties in the less-impacted habitat (Luckenbach 
and Bury 1983). Off-highway vehicles impact 
this species through direct mortality, destruc-
tion of vegetation (which is correlated with liz-
ard abundance), and increased rates of tail loss 
(Luckenbach and Bury 1983, Ouren et al. 
2007). Further, U. scoparia has sensitive hear-
ing that is easily damaged by even moderate 
and short duration off-highway vehicle activity 
(Brattstrom and Bondello 1983). Hearing 
loss likely harms this lizard’s efficiency at cap-
turing prey and its ability to avoid predation 
(Brattstrom and Bondello 1983). Increasing 
predator densities (e.g., common ravens) in cer-
tain areas, often in association with human 
development and the presence of garbage 
dumps, may also be causing declines in lizard 
abundance in localized areas (Bolster et al. 
2000). 

Uma scoparia is likely sensitive to the effects 
of climate change. Climate change models for 
this region predict relatively sharp increases in 
mean temperature of up to 2°C (PRBO 2011). 
The impact of such increases on U. scoparia 
and on critical plant species is not known but 
could be large and should be a high priority for 
future research. The distribution of U. inornata 
is associated with an east-to-west drought gra-
dient in the Coachella Valley (Barrows and 
Allen 2007). Like off-highway vehicle use, 
drought decreases the amount and quality of 
vegetation present, which limits both food and 
cover for this species (Barrows et al. 2010). 
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Because Uma specializes on relatively isolated 
patches of habitat, it is probably unable to track 
available habitat with changing climatic condi-
tions. Climate change modeling studies on 
other Uma species (U. inornata; the Coahuila 
fringe-toed lizard, U. exsul; and the Chihua-
huan fringe-toed lizard, U. paraphygas) predict 
significant habitat loss under a relatively wide 
range of climate change scenarios (Ballesteros-
Barrera et al. 2007, Barrows et al. 2010) and 
these results are also likely to apply to U. 
scoparia. 

Status Determination 

Uma’s specialized habitat is relatively uncom-
mon and undergoing significant degradation, 
and this is the primary justification for Priority 
3 designation. While some populations have 
been extirpated, several populations of this spe-
cies are still common, and some habitat occurs 
on protected land that is not subject to off-
highway vehicle use, precluding the need for a 
higher-priority designation. 

On 10 April 2006, the Center for Biological 
Diversity and Sylvia Papadakos-Morafka peti-
tioned the US Department of the Interior to list 
the northern population segment identified by 
Murphy et al. (2006) under the Federal Endan-
gered Species Act (CBD 2006). The USFWS 
issued a 90-day finding that substantial evi-
dence for listing need had been presented and 
initiated a 12-month status review for the taxon 
(USFWS 2008). This review concluded that the 
Amargosa River populations of U. scoparia do 
not constitute a distinct population segment 
and are therefore ineligible for listing under the 
US Endangered Species Act (USFWS 2011). 

Management Recommendations 

Effective management of this taxon over the 
short term can likely be accomplished by pro-
tecting habitat from development and degrada-
tion from off-highway vehicles and other 
human impacts. Over longer time periods, cli-
mate change could begin to have a larger 
impact, and this may require additional man-
agement efforts. Such efforts could range from 

human-assisted translocation to planting 
drought-resistant vegetation, depending on 
local conditions and the extent of temperature 
and precipitation changes. If restoration occurs 
in areas where extirpation has occurred or if 
development activities further isolate occupied 
habitat patches, human-assisted translocation, 
potentially in association with captive breeding 
programs, may be a key strategy for this 
species. 

Monitoring, Research and Survey Needs 

Two key research efforts for Uma scoparia 
should focus on the effects of human activities 
(including off-highway vehicles, solar and wind 
energy development, and roads) and the genetic 
effects of both natural and anthropogenic habi-
tat fragmentation. The effects of off-highway 
vehicles are particularly important, and moni-
toring efforts should be initiated in areas that 
experience off-highway vehicle use compared 
to more pristine, adjacent areas. In particular, 
these efforts should focus on comparing the 
effect of varying intensity of anthropogenic dis-
turbance on populations, with the aim of estab-
lishing what intensity of off-highway vehicle 
use can be tolerated. These efforts should also 
attempt to disentangle the effects of habitat 
destruction, noise pollution, and direct mortal-
ity on populations, since each can in principle 
be managed independently. For example, if off-
highway vehicle use primarily affects these liz-
ards through reductions in vegetation, habitat 
restoration coupled with restricting off-highway 
vehicles to certain trails or corridors could con-
stitute a reasonable management strategy. 
Alternatively, noise pollution effects may 
require eliminating off-highway vehicle access 
in areas where the lizards are present. Because 
population sizes naturally fluctuate with rain-
fall in this species (Barrows 2006), and in 
some cases can approach zero before rebound-
ing, monitoring this species is inherently diffi-
cult, and multiyear surveys spanning several 
drought and non-drought years are essential. 
The frequency of lizard detection and the accu-
racy of population size estimates can be 
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increased with repeated sampling and specific 
detection methods (Turner et al. 1984, Bolster 
et al. 2000), and these should form the founda-
tion of monitoring protocols. 

Genetic studies are critical at two distinct 
levels of resolution that require different data-
sets and analytical approaches. Species bound-
aries across Uma and large-scale phylogeo-
graphic patterns within U. scoparia remain 
poorly resolved (see also the species account for 
U. notata), and both are critical for effective 
management. For species boundary work, the 
resolution of the number and identity of species 
contained within the genus requires a multi-
locus nuclear dataset to complement initial 
work using mitochondrial DNA (Trépanier and 
Murphy 2001). Within U. scoparia, phylogeo-
graphic studies using multiple nuclear markers 

are also needed in order to quantify the 
intraspecific diversity present within the spe-
cies. At a finer scale, landscape and population 
genetic studies are also badly needed to estab-
lish natural levels of gene flow, including move-
ment across seemingly inhospitable habitat 
patches, for this windblown sand habitat spe-
cialist. These data can advise and guide plans 
for habitat acquisition both now and in the face 
of climate change, and may be a critical ele-
ment in establishing appropriate habitat corri-
dors and supplementing ecological survey data 
to guide potential human-assisted transloca-
tion. Finally, these multi-locus microsatellite or 
SNP-based studies can help clarify the amount 
of migration (if any) between adjacent popula-
tions and effective population sizes of existing 
local populations. 
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SANDSTONE NIGHT LIZARD 

Xantusia gracilis Grismer and Galvan 1986 

Status Summary 

Xantusia gracilis is a Priority 3 Species of Spe-
cial Concern, receiving a Total Score/Total Pos-
sible of 38% (42/110). During the previous 
evaluation, it was also designated as a Species 
of Special Concern (as Xantusia henshawi graci-
lis; Jennings and Hayes 1994a). 

Identification 

Xantusia gracilis is a medium-sized (5.1–7 cm 
SVL) lizard with soft skin and granular scales on 
the dorsal surface, enlarged plates on the ventral 
surface, and a prominent gular fold (Grismer 
and Galvan 1986, Lovich and Grismer 2001, 
Stebbins 2003, Lovich 2009b). The dorsal col-
oration is pale tan/brown, with many round 
dark-brown spots, while the ventral surface is 
clean white or white, with a very small amount 
of black speckling on the front limbs and throat 
(Grismer and Galvan 1986). The head is flat-
tened, and the eyes have vertically oriented 
pupils (Stebbins 2003). The overall body shape 
is relatively slender compared to its closest (and 

most similar) relative the granite night lizard 
(X. henshawi) (Grismer and Galvan 1986). 

Within its range, X. gracilis is only likely to 
be confused with its sister species X. henshawi. 

Sandstone Night Lizard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 5 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 0 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 0 

Total Score 42 

Total Possible 110 

Total Score/Total Possible 0.38 
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PHOTO ON PREVIOUS PAGE: Sandstone night lizard, San Diego County, California. Courtesy of Jeff Lemm. 
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The two species do not overlap in range but 
occur within 32 km of each other. Xantusia hen-
shawi has larger dark spots on the dorsal sur-
face, more extensive speckling on the ventral 
surface, and an overall more robust body shape 
(Grismer and Galvan 1986). Xantusia gracilis 
also has an enlarged temporal scale (about half 
the size of the postparietal) compared to X. hen-
shawi (typically less than one-quarter the size 
of the postparietal; Grismer and Galvan 1986). 
The peninsular leaf-toed gecko (Phyllodactylus 
nocticolus) also occurs in the vicinity of X. graci-
lis, but this lizard lacks the dark-brown dorsal 
spots and has prominent, expanded toe tips. 

Taxonomic Relationships 

Xantusia gracilis was initially described as a 
subspecies of X. henshawi on the basis of color, 
scalation, allozyme variation, and behavior 
(Grismer and Galvan 1986). The taxon was 
elevated to species status because it is diagnos-
able, geographically isolated, and forms a 
monophyletic clade nested within X. henshawi 
for a single mitochondrial locus (Lovich 2001). 
This arrangement is now widely accepted. 

Life History 

The life history of Xantusia gracilis is poorly 
studied, particularly so in wild populations. 
Given the species’ overall similarity in most 
respects to X. henshawi, we expect that life his-
tory information from X. henshawi is a reason-
ably good predictor for X. gracilis (Lee 1975). 
However, the two taxa live in distinct habitats 
and show some behavioral differences in cap-
tivity, so some life history differences probably 
exist in the wild. Xantusia gracilis is likely active 
from spring through fall (Lemm 2006). In cap-
tivity, it has been shown to be more strongly 
nocturnal than X. henshawi, more frequently 
found on the sandy substrate on the bottom of 
the enclosure and does not seem to be limited 
to rock faces (Lee 1975, Grismer and Galvan 
1986). Based on what is known about X. hen-
shawi, we expect that X. gracilis has a low meta-
bolic rate and is quite sedentary, feeding prima-
rily ants, beetles, and spiders (Brattstrom 1952, 

Lee 1975, Mautz 1979). In captivity, X. gracilis 
are also known to feed on the eggs of Phyllodac-
tylus nocticolus, a behavior that captive X. hen-
shawi in the same enclosure did not exhibit 
(Grismer and Galvan 1986). In X. henshawi, 
mating occurs in June and July, with one or two 
live young born in September or October 
(Brattstrom 1951, Lee 1975), and this may also 
be the case for X. gracilis. Individuals probably 
do not become reproductively mature until 
2.5–3.5 years of age and are likely long-lived, 
although field data are lacking (Lee 1975). 

Habitat Requirements 

Xantusia gracilis lives in eroding sandstone and 
mudstone habitat where it utilizes crevices, 
rodent burrows, and the undersides of exfolia-
ting rock flakes as shelter (Grismer and Galvan 
1986). At night, it emerges from its shelters 
and can be found moving about on the surface 
(Grismer and Galvan 1986). This species is less 
dependent on exfoliating rock habitat than X. 
henshawi (Grismer and Galvan 1986). 

Distribution (Past and Present) 

Xantusia gracilis is restricted to one small area, 
approximately 3.9 km2 in total area, on the 
southeastern flank of the Santa Rosa Moun-
tains, entirely within Anza Borrego Desert 
State Park (Grismer and Galvan 1986). The 
known elevational range extends from approxi-
mately 240 to 305 m. Within this small region 
the species is patchily distributed, common in 
some areas and apparently absent in others 
(Grismer and Galvan 1986). Xantusia henshawi 
occurs approximately 32 km to the north and 
west, and no xantusiid lizards are known from 
the intervening area. No historical distribution 
data are available for this taxon, although we 
have no reason to think that the distribution 
has declined recently. 

Trends in Abundance 

No data on historical or current abundance 
have been published, although some have sug-
gested that habitat quality has declined due to 
collection activity (R. Lovich, pers. comm.). 
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The extent and severity of such impact has not 
been quantified (R. Fisher, pers. comm.). Some 
amount of illegal collection occurs for this spe-
cies, which may be driving small declines (M. 
Jorgensen, pers. comm.). 

Nature and Degree of Threat 

Xantusia gracilis lives in a fragile habitat in an 
extremely localized area. Damage to this small 
patch of habitat, be it from habitat destruction, 
invasive species, collecting, or climate change, 
is the largest risk facing the species (Lovich 
2009b). It is also likely long-lived and late 
maturing with a low reproductive potential, 
and populations are likely to be slow to recover 
from declines. Some amount of illegal collect-
ing occurs, which could be contributing to such 
declines, particularly in areas that are most eas-
ily accessible by road. 

Status Determination 

The extremely localized range and relative fragil-
ity of Xantusia gracilis’ habitat are significant risk 
factors. The species’ life history also predisposes 
it to decline in the face of any increased adult 
mortality. Although data are almost entirely lack-
ing, X. gracilis appears to be relatively stable at 
the present time; thus, we designate it as a Prior-
ity 3 Species of Special Concern. 

Management Recommendations 

Limiting access and minimizing disturbance to 
Xantusia gracilis’ habitat is currently the most 
important component of effective conservation. 
This management strategy should be reviewed 
as needed depending on the results of the sur-
veys outlined below. All collecting should be 
restricted or eliminated unless it is absolutely 

necessary for scientific purposes that further 
conservation of this species. 

Monitoring, Research, and Survey Needs 

As published historical or current abundances 
of Xantusia gracilis are lacking, publication of 
any existing data is a priority. Formal monitor-
ing should be initiated to establish and publish 
baseline population data. These surveys should 
be performed at night, and it is essential not to 
disturb the fragile microhabitat (e.g., moving 
rocks or rock flakes, excavating rodent burrows). 
Aside from estimating population size, these 
surveys should also quantify and document any 
observed habitat disturbance. Year-to-year fluc-
tuations in population size occur in other xan-
tusiid lizards (Lee 1975) and are to be expected 
in X. gracilis as well. Establishing a long-term 
monitoring program is a critical objective. Addi-
tional surveys to establish the precise limits of 
the range of X. gracilis will help determine best 
practices for managing its fragile habitat in the 
heavily used Anza-Borrego Desert State Park. 

The life history of this species has not been 
studied and an autecological study is badly 
needed to provide basic information on habitat 
suitability and reproduction. These data will be 
urgently needed should more extensive man-
agement efforts become necessary. 

Finally, multi-locus microsatellite or SNP 
data should be collected to provide genetic esti-
mates of effective population size, and poten-
tially levels of gene flow, even for this restricted 
species. A key issue for this species is to sample 
individuals without invasive tissue-removal 
techniques, and it would probably be best to 
work out such protocols on X. henshawi before 
applying them to X. gracilis. 
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SIERRA NIGHT LIZARD 

Xantusia vigilis sierrae Bezy 1967 

Status Summary 

Xantusia vigilis sierrae is a Priority 3 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 47% (52/110). During the previous 
evaluation, it was also considered a Species 
of Special Concern (Jennings and Hayes 
1994a). 

Identification 

Xantusia vigilis sierrae is a small (4–5.1 cm 
SVL), somewhat flattened lizard with granular 
dorsal scales, enlarged square ventral scales, 
soft skin, and a prominent gular fold (Bezy 
1967, Stebbins 2003). The head is covered with 
enlarged plates, the eyes are lidless, and the 
pupils are vertical (Stebbins 2003). Most speci-
mens are olive or grayish brown above, with a 
pattern of interconnected dark markings that 
form a network, which may give the animal a 
mottled appearance (Bezy 1967, Stebbins 
2003). The ventral surface is light bluish pink 
and generally unmarked (Bezy 1967). A promi-
nent light stripe extends from the rear of the 

eye posteriorly to the neck or just beyond the 
neck (Bezy 1967). 

Within its range, X. v. sierrae is unlikely to 
be confused with other species, although it is 
similar in appearance to the Yucca night lizard 

Sierra Night Lizard: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 0 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 5 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 7 

Total Score 52 

Total Possible 110 

Total Score/Total Possible 0.47 
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PHOTO ON PREVIOUS PAGE: Sierra night lizard, Kern County, California. Courtesy of Jackson Shedd. 
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(X. v. vigilis), which occurs nearby. Xantusia 
vigilis vigilis has fairly distinct dark spots on the 
dorsal surface that do not form a network, 
though they form narrow longitudinal stripes 
in some populations (Stebbins 2003). Several 
aspects of the scalation also differentiate these 
two subspecies (Bezy 1967). 

Taxonomic Relationships 

Xantusia vigilis sierrae is a member of the  X. 
vigilis species complex. It was initially recog-
nized on the basis of habitat type, coloration, 
scalation, and femoral pore count (Bezy 1967). 
Since its initial recognition, genetic analyses 
have shown that X. v. sierrae forms a mono-
phyletic group embedded within X. vigilis for 
mitochondrial and nuclear DNA sequence data 
(Sinclair et al. 2004, Leavitt et al. 2007). Alloz-
yme data also suggest that it is distinct, but a 
close relative of X. v. vigilis (Bezy and Sites 
1987). One population of X. v. vigilis that occurs 
within 60 km of X. v. sierrae is suspected to 
contain intergrades based on femoral pore 
counts (Bezy 1967), although geographically 
more proximate populations (∼20 km apart) 
show no evidence of this intermediate condi-
tion (Leavitt et al. 2007). Sinclair et al. (2004) 
considered X. v. sierrae a “candidate species” 
whose status required further testing with 
additional data. Some recent taxonomic lists 
have elevated it to species status without addi-
tional justification (de Queiroz and Reeder 
2008, Collins and Taggart 2009). The weight 
of current evidence suggests that species status 
is probably warranted, and a population genetic 
analysis of X. v. sierrae and nearby X. v. vigilis 
populations is needed help clarify this issue. In 
particular, such a study could quantify whether, 
and to what extent, migration and intergrada-
tion occur along the eastern edge of the taxon’s 
range. 

Life History 

The life history of Xantusia vigilis sierrae has not 
been studied. However, among xantusiid 
species that have been examined, life history 

features are largely conserved across southwest-
ern United States, and we assume that the 
life history of X. v. vigilis may be a good predic-
tor for X. v. sierrae in many respects. Xantusia 
vigilis sierrae is primarily a rock-dwelling spe-
cies, whereas X. v. vigilis is more of a habitat 
generalist with some preference for fallen 
vegetation. Some aspects of the life history 
may therefore be more similar to other rock-
specialist night lizards (e.g., X. henshawi or X. 
gracilis). 

Based on information from other species, X. 
v. sierrae is probably a generalist predator that 
consumes a variety of small invertebrate prey 
(Brattstrom 1952, Stebbins 2003, Bezy 2009). 
Its diet is probably dominated by ants and other 
insects that occur within crevices (Brattstrom 
1952, Bezy 2009). Xantusia vigilis sierrae is 
probably long-lived and takes 2.5–3.5 years to 
reach sexual maturity (Lee 1975), eventually 
producing 1 or 2 live young/year (Brattstrom 
1951). This species likely has a low metabolic 
rate relative to other lizards and grows slowly 
(Mautz 1979). Daily activity cycles are 
unknown. Some rock-dwelling night lizards 
are largely diurnal and/or crepuscular (X. hen-
shawi; Mautz and Case 1974), while others 
appear to be nocturnal (X. gracilis; Grismer and 
Galavan 1986). 

Habitat Requirements 

Xantusia vigilis sierrae is known primarily from 
exfoliating granite outcrops (Bezy 1967), 
though it can also be found under tree bark that 
has fallen on the ground or is loosely attached 
to trees (D. Leavitt, pers. comm.). Within its 
rocky habitat type, this species is more fre-
quently found under large horizontal cap rocks 
than the more numerous, vertically oriented 
smaller flakes (Bezy 1967). Xantusia vigilis 
sierrae is also more frequently found in 
small clusters of one or a few boulders than in 
larger rock piles on rocky slopes and canyons 
(Bezy 1967). Some authors have speculated 
that this may ref lect varying abundances 
associated with differences in predator access 
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(Jennings and Hayes 1994a), although it is 
also possible that it reflects differences in 
detectability. The dominant vegetation of its 
preferred habitat is foothill grassland with 
interspersed shrubs and woody vegetation 
(Bezy 1967). 

Distribution (Past and Present) 

Xantusia vigilis sierrae is known only from 
rocky hillsides on the western edge of the 
Greenhorn Mountains near Granite Station, 
Kern County, California (Bezy 1967, Stebbins 
2003). The known elevational range extends 
from 450 to 500 m (Bezy 1967). No significant 
changes in distribution are known, although 
the development of small ranches may impact 
populations in the area. 

Trends in Abundance 

No historical or current abundance data are 
available for this taxon, although these lizards 
do not currently appear to be rare (D. Leavitt, 
pers. comm.). Moderate habitat degradation 
from previous collecting efforts as well as mod-
erate amounts of landscape modification may 
be causing declines (R. Fisher, pers. comm.), 
although this has not been confirmed. 

Nature and Degree of Threat 

The primary threat facing Xantusia vigilis sier-
rae is its exceedingly small range that occurs on 
unprotected land. Development in the region is 
taking place and could have catastrophic effects 
on the existing populations, as could any frag-
mentation of the habitat that isolates granite 
outcrops in which this lizard lives. The rock cap 
and crevice habitat that this species prefers is 
also susceptible to degradation by humans 
(Jennings and Hayes 1994a, Stebbins 2003; 
D. Leavitt, pers. comm.). 

Status Determination 

Xantusia vigilis sierrae is a narrowly distributed 
habitat specialist that is endemic to a small 
region of the Sierra Nevada. However, no distri-
butional declines have been documented, and 

only small declines in abundance are sus-
pected, resulting in a Priority 3 designation. 

Management Recommendations 

To protect this species, habitat loss and degra-
dation need to be avoided. Effective protection 
of this species can likely be accomplished 
by protecting rocky habitats from most human 
interference, including intensive collecting 
efforts and protecting the surrounding area 
from development. Housing development 
in the form of ranchettes and other rural devel-
opment projects should be closely managed 
to avoid impacting Xantusia vigilis sierrae 
populations, including provisions for habitat 
corridors to prevent fragmentation. It is 
unknown whether grazing adversely affects the 
species. 

Monitoring, Research, and Survey Needs 

Given the almost complete dearth of ecological 
work on this species, several research and mon-
itoring needs are required for its future man-
agement and protection. Until recently, this 
species was known only to inhabit exfoliating 
granite, although its actual habitat utilization 
now seems to be somewhat broader than this. 
Further study of habitat use and preferences in 
Xantusia vigilis sierrae is essential to establish 
an effective management program. 

A long-term population monitoring pro-
gram needs to be initiated for this species, ide-
ally across all utilized habitat types. These 
monitoring programs need not be extensive, 
but at minimum should document population 
size in disturbed and pristine habitats at regu-
lar intervals. Such monitoring can provide both 
critical data on natural population fluctuations 
and an early warning of declines in their initial 
stages. 

Finally, genetic analyses using multiple 
nuclear markers are needed to address two 
important conservation issues. First, additional 
work at the phylogeographic/species boundary 
level is needed to determine whether X. v. sier-
rae is best considered a species or subspecies 
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within the X. vigilis complex. An important 
aspect of this work should be to examine popu-
lations in close proximity to X. v. vigilis to deter-
mine the degree and extent of admixture 
between these taxa. Second, landscape genetic 
work across its limited range is needed to quan-
tify the degree of population isolation and sub-
structure among habitat patches, migration 

corridors that are most heavily used by the liz-
ards, and effective population sizes of popula-
tions in ecologically diverse habitat patches. 
Ideally, tissue samples in the form of small tail 
clips should be collected each year from study 
populations to allow for genetic as well as 
demographic estimation of population size 
fluctuations over time. 
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CALIFORNIA GLOSSY SNAKE 

Arizona elegans occidentalis Blanchard 1924 

Status Summary 

Arizona elegans occidentalis is a Priority 1 Spe-
cies of Special Concern, receiving a Total Score/ 
Total Possible of 67% (74/110). It was not 
on the list of candidates considered for Species 
of Special Concern designation during the 
previous evaluation (Jennings and Hayes 
1994a). 

Identification 

Arizona elegans occidentalis is a medium-sized 
colubrid (64–99 cm SVL) with tan or brown 
dorsal coloration. It has dark-brown blotches 
edged in black running down the back and a 
series of similar, though smaller, blotches run-
ning down the sides (Klauber 1946, Stebbins 
2003, Lemm 2006). The dorsal coloration is 
often lighter middorsally and darkens to a 
deeper brown on the sides. The lateral blotch-
ing sometimes touches the edges of the ventral 
belly scales, but otherwise the underside is 
unmarked (Klauber 1946). Scales are unkeeled, 
smooth and glossy, and only one pair of pre-

frontals are present (Stebbins 2003). A dark 
stripe runs from the corner of the mouth to the 
eye on each side of the face, and a third stripe 
connects the eyes across the posterior edge of 
the prefrontals (Blanchard 1924). An additional 

California Glossy Snake: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 25 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 25 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 10 

Total Score 74 

Total Possible 110 

Total Score/Total Possible 0.67 
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PHOTO ON PREVIOUS PAGE: California glossy snake, San Diego County, California. Courtesy of Jeff Lemm. 
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dark spot is usually present below each eye 
(Klauber 1946). 

In California, this taxon could be confused 
with other subspecies of A. elegans, with the 
gopher snake (Pituophis catenifer), or the night 
snakes (Hypsiglena spp.). This subspecies is 
generally darker than other subspecies of A. 
elegans in California, though intergrades are 
common along the desert slopes of the coastal 
mountains (Klauber 1946). Generally, A. e. 
occidentalis is best distinguished from other 
subspecies based on range. Pituophis catenifer 
has keeled scales and (usually) two pairs of pre-
frontals, while Hypsiglena is smaller (up to 66 
cm), has strongly elliptical pupils, and an 
extensive dark blotch on the neck (Stebbins 
2003). 

Taxonomic Relationships 

Arizona elegans occidentalis was initially 
described on the basis of scale counts and dor-
sal blotching and included all snakes in this 
genus ranging from California through south-
eastern Arizona (Blanchard 1924). Klauber 
(1946) later restricted this taxon and described 
two new subspecies occurring in eastern Cali-
fornia (the Mojave glossy snake, A. e. candida, 
and the desert glossy snake, A. e. eburnata), 
which differ from A. e. occidentalis primarily in 
body color. Intraspecific (or intrageneric) varia-
tion has not yet been assessed genetically, 
although at the generic level, Arizona appears 
to be a relatively distant sister taxon to the long-
nosed snake (Rhinocheilus lecontei) (Pyron and 
Burbrink 2009). 

Life History 

Arizona elegans is a nocturnal snake that is gen-
erally active from late February until Novem-
ber, depending on local weather conditions 
(Klauber 1946, Grismer 2002). In California, 
A. e. occidentalis reaches peak activity during 
May (Klauber 1946; S. Sweet, pers. comm.), 
with few specimens being collected throughout 
the remainder of the summer (Klauber 1939, 
Goldberg 2000). The species feeds primarily 
on diurnal lizards, which it captures while they 

sleep, and small nocturnal mammals, which it 
ambushes (Klauber 1946, Rodríguez-Robles 
et al. 1999a). In a sample of 107 prey speci-
mens, 50% were lizards (primarily Sceloporus 
and Uta) and 44% were mammals (primarily 
small rodents). Larger specimens are also 
known to take small birds and other snakes 
(Rodríguez-Robles et al. 1999a). 

Arizona elegans retreats to burrows during 
the day, using either existing mammal bur-
rows, excavations under rocks, or creating bur-
rows for itself (Klauber 1946, Degenhardt et al. 
1996). This species can be nocturnally active at 
relatively low temperatures (as low as 14°C, 
though typically 19–20°C; Cowles and Bogert 
1944). 

Reproduction is poorly studied in the wild, 
but museum specimens indicate that ovulation 
begins in June, and spermiogenesis occurs in 
late summer (Goldberg 2000). In A. elegans 
from New Mexico, ovulation also begins in 
June with oviposition occurring in July 
(Aldridge 1979). Clutch size is poorly docu-
mented in this subspecies, though two indi-
viduals contained three and seven eggs, respec-
tively (Reynolds 1943, Klauber 1946). Across A. 
elegans, clutch size varies widely from 3 to 23 
eggs, with a mean of 8.5 (Fitch 1970). Recent 
hatchlings are typically found in September (S. 
Sweet, pers. comm.). 

Habitat Requirements 

Arizona elegans is found in a wide variety of 
habitat types, including open desert, grass-
lands, shrublands, chaparral, and woodlands. 
However, only a subset of these habitat types 
occurs within A. e. occidentalis’ range, prima-
rily grasslands, fields, coastal sage scrub, and 
chaparral (Klauber 1946). No studies of habitat 
requirements exist, although this subspecies 
appears to prefer open microhabitats. The 
majority of records occur in relatively open 
patches in a surrounding matrix of denser veg-
etation (Klauber 1946). This subspecies can be 
patchy within its range, with certain areas con-
sistently producing more records than others 
that have seemingly identical habitat (Klauber 
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1946). Arizona elegans appears to prefer areas 
where the soil is loose, which allows for bur-
rowing (Grismer 2002, Stebbins 2003). 
Unpublished survey data indicate that A. e. occi-
dentalis may prefer sandy soil habitats such as 
coastal sand dunes, alluvial creek beds, and 
ancient dunes on the marine terraces (R. 
Fisher, pers. comm.). 

Distribution (Past and Present) 

Range-wide, Arizona elegans occurs throughout 
much of southwestern North America, extend-
ing east as far as central Texas, Oklahoma, and 
Kansas, and south to central Mexico. Klauber 
(1946) restricted A. e. occidentalis to the central 
San Joaquin Valley south to the Tehachapi 
Mountains and along the base of the Coast 
Range mountains farther south to San Quin-
tin, Baja California. This subspecies is known 
to occur from sea level to ∼1800 m (Lemm 
2006). 

Arizona elegans occidentalis has apparently 
declined throughout much of its range. In San 
Diego County, survey data are available for Tor-
rey Pines State Reserve, Point Loma, and the 
Tijuana Estuary. The subspecies was formerly 
present in these areas but now appears to be 
extirpated (Wells 1998, Case and Fisher 2001, 
Fisher 2004). Extensive agricultural develop-
ment and habitat modification throughout the 
San Joaquin Valley and urban development 
within the Los Angeles basin have likely led to 
declines and/or extirpations in these areas as 
well (Stebbins 2003; R. Fisher, pers. comm.). 

Trends in Abundance 

Few abundance data exist for this subspecies. 
However, extensive early surveys of snakes in 
San Diego County failed to find the species, 
suggesting that they were uncommon (Klauber 
1924). Bogert (1930) was aware of only two 
records for Los Angeles County. Klauber (1946) 
observed that Arizona elegans occidentalis 
existed in lower densities, relative to the total 
snake population, than either A. e. candida or 
A. e. eburnata, and that A. e. occidentalis was 
patchily distributed. Pitfall trapping data col-

lected by the US Geological Survey (USGS) 
over 17 years in San Diego, Orange, and Los 
Angeles Counties have resulted in only a single 
capture of this taxon (C. Rochester, pers. 
comm.). Presently, the subspecies is found less 
commonly than it once was throughout the San 
Diego region (Case and Fisher 2001, Lemm 
2006). Both low densities and patchiness could 
make this taxon particularly susceptible to 
declines and may explain why the species has 
seemingly disappeared from some areas, while 
several other colubrid snakes remain present. 
Development continues within the species’ 
range and thus ongoing declines in abundance 
are likely. 

Nature and Degree of Threat 

The greatest threat to this subspecies is habitat 
modification due to agricultural, commercial, 
and residential development. However, the spe-
cific mechanisms that cause declines are not well 
understood. Abundant prey and small habitat 
blocks that appear suitable remain in some devel-
oped areas, although the species may be sensitive 
to the light pollution arising from this develop-
ment (Perry and Fisher 2006, Perry et al. 2008). 
This species’ response to wildfire is not well 
understood, but increasing frequency and inten-
sity of wildfires due to climate change may plau-
sibly lead to habitat modification that impacts 
this taxon. The projected changes in wildfire 
regime in this area are mixed (PRBO 2011), so 
the degree of this threat is still unknown. Wild-
fires that are small in scale and intensity may 
have a beneficial impact by temporarily clearing 
patches of chaparral habitat, which then recover 
over a period of a few years, creating the patch-
work of open and densely vegetated habitat that 
this species appear to prefer. Large and intense 
wildfires, conversely, kill chaparral and convert 
large habitat patches to grassland for longer peri-
ods of time. This process would likely have a det-
rimental impact on this species. 

Status Determination 

A moderately small range and moderate degree 
of ecological specialization and endemism, 
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coupled with documented declines within this 
species range and projected impacts from 
ongoing development, contribute to a Priority 1 
designation for this subspecies. 

Management Recommendations 

Habitat protection is currently the most impor-
tant management priority for Arizona elegans 
occidentalis. The studies outlined below will 
help to characterize habitat usage, home range 
size, distribution, and abundance. Once these 
data become available, a more specific manage-
ment program can be developed that targets 
specific remaining populations and protects 
appropriately sized habitat blocks for the spe-
cies’ home range size and movement patterns. 

Monitoring, Research, and Survey Needs 

This is a poorly studied component of Califor-
nia’s herpetofauna. Two immediate research 
priorities exist for this taxon. First, ecological 
studies need to be initiated to enhance our cur-
rently poor understanding of the life history and 
existing population sizes in this subspecies. 
Without this basic information, designing a 
coherent management strategy is impossible. 
These studies should take place in concert with 
survey efforts to more precisely quantify the 

subspecies’ present distribution. These surveys 
should employ a variety of techniques, likely 
including night driving, snake trapping, and 
artificial cover object transects in order to 
increase capture success. If reasonably high cap-
ture rates can be obtained, individually marking 
snakes for mark–recapture population size esti-
mates should also be performed. Radioteleme-
try studies may be a fruitful means for deter-
mining home range size and more thoroughly 
characterizing habitat usage, particularly given 
the indications that this species might have 
specific microhabitat preferences. Second, a 
species-wide phylogeographic study should be 
performed in order to elucidate intraspecific 
variation and identify appropriate units for con-
servation. Phylogenetic and phylogeographic 
studies of other wide-ranging snakes have fre-
quently led to changes in the understanding of 
species boundaries and diversity, including the 
genetic diversity that exists within a species and 
its concordance with morphological subspecies 
boundaries. Finer-scale landscape ecological 
studies, particularly in concert with radiotelem-
etry on the same landscapes, would also provide 
important information for conservation strate-
gies. These important data are entirely lacking 
for this taxon at present. 
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RED DIAMOND RATTLESNAKE 

Crotalus ruber Cope 1892 

Status Summary 

Crotalus ruber is a Priority 3 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 44% (48/110). During the previous evalua-
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Crotalus ruber is a large (165 cm TL), heavy-
bodied, tan, brick-red, reddish- or pinkish-brown 
rattlesnake (Stebbins 2003). As is typical of pit 
vipers, C. ruber has a large triangular head, a thin 
neck, and a heat-sensing pit on each side of the 
head between the eyes and nostrils. An average 
of 35 light-edged or indistinct diamonds run 
down the back (Ernst and Ernst 2003). The tail is 
ringed with alternating bands of black and white 
or gray, ending in a rattle. Two light stripes occur 
on the sides of the head, and the venter is light 
colored and unmarked (Ernst and Ernst 2003). 
The dorsal body scales are keeled. 

Neonates of C. ruber are similar in appear-
ance to the western diamond-backed rattle-

snake (C. atrox). Adults can be distinguished 
by coloration and behavior, with C. ruber much 
redder and less aggressive than C. atrox. In 
California, the ranges of these two species 
barely meet (Stebbins 2003). 

Red Diamond Rattlesnake: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 48 

Total Possible 110 

Total Score/Total Possible 0.44 
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PHOTO ON PREVIOUS PAGE: Red diamond rattlesnake, San Diego County, California. Courtesy of Jeff Lemm. 
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Taxonomic Relationships 

Based on analyses of morphology and mito-
chondrial DNA, Murphy et al. (1995) proposed 
synonymizing Crotalus ruber with an island 
species, the Cedros Island diamond rattlesnake 
(C. exsul Garman 1884). Because C. exsul was 
named first, Murphy et al. (1995) suggested 
changing the name of C. ruber. However, this 
has been opposed in favor of stability of the 
nomenclature (Smith et al. 1998, ICZN 2000). 
Here, we use C. ruber to refer to all California 
animals. 

Life History 

Crotalus ruber is generally most active between 
March and June (Ernst and Ernst 2003). In one 
study from San Diego County, snakes typically 
emerged from overwintering locations in late 
February, but some individuals were inactive 
until mid-April (Brown et al. 2008). Most 
movement occurred in late spring and sum-
mer, dens were populated in November, and no 
movement was recorded in December or Janu-
ary (Brown et al. 2008). In Riverside County, 
desert animals were active from early March to 
late November (Greenberg 2002). 

During the cold winter months, C. ruber 
spends most of its time underground in dens 
located in rock crevices, animal burrows, or 
under shrubs or cacti. Several individuals may 
aggregate in these dens, but denning behavior 
is variable across sites (Klauber 1956, Ernst and 
Ernst 2003). In one study in San Diego County, 
7 out of 11 radio-tracked snakes overwintered in 
communal dens located in rock crevices of 
granite boulders with up to 7 other individuals 
(Brown et al. 2008). Most snakes reused den 
sites over multiple years and moved ∼300 m 
away from den sites during the active period 
the following year (Brown et al. 2008). In con-
trast, in sites where large rocks were rare, ani-
mals were observed to overwinter singly under 
prickly pears (Opuntia sp.), did not show con-
sistent site fidelity to overwintering sites, and 
moved farther from overwintering sites after 
emergence (Greenberg 2002, Dugan et al. 
2008). 

Home range area is also variable in this spe-
cies, and male home ranges are larger than 
those of females (Tracey 2000, Greenberg 
2002, Brown et al. 2008). The few available 
radiotelemetry studies suggest that home 
ranges may be larger in the desert than in 
coastal habitats. In a reserve in San Diego 
County, average home range sizes were 2.8 ha 
for males (n = 5) and 0.9 ha for females (n = 6; 
Brown et al. 2008). At another relatively coastal 
site in Chino Hills State Park in southwestern 
San Bernardino County, Dugan et al. (2008) 
found that male home range size varied from 
0.3 to 4.5 ha (n = 7). In contrast, average home 
range sizes for desert animals from Riverside 
County were 25.7 ha for males (n = 5) and 5.9 ha 
for females (n = 4; Greenberg and McClintock 
2008). 

Courtship and mating have been observed 
in the field in California from February to May 
(Brown et al. 2008, Dugan et al. 2008). In San 
Diego County, Brown et al. (2008) witnessed 
females mating from April to May (sometimes 
with den mates), and births occurred in Sep-
tember. Goldberg (1999) examined the repro-
ductive condition of 43 specimens, 41 of which 
were from desert habitat in Riverside County 
and 2 from coastal Orange County. Reproduc-
tively active males were observed in August 
(Goldberg 1999). Although specimens were 
unavailable from later in the year, Goldberg 
(1999) speculated that sperm production con-
tinued through the early fall. Sperm was found 
in the vas deferens for all animals (collected 
February through August), suggesting the use 
of sperm stored overwinter for spring mating 
(Goldberg 1999). Females contained enlarged 
ovarian follicles (>10 mm) from March through 
September. Females may reproduce every other 
year, given that only 7 of 15 females showed evi-
dence of reproductive activity (Goldberg 1999). 

An average of eight young (range 3–20, n = 
40; Klauber 1956) are live-born after a gestation 
period of 141–173 days (n = 3, data from captive 
animals; Klauber 1956). Goldberg (1999) esti-
mated similar average litter sizes from counts 
of enlarged ovarian follicles (range 4–8, mean 
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6.3, n = 7). Klauber (1956) examined 249 speci-
mens from San Diego County to estimate 
growth curves and found that young are 30 cm 
TL at birth on average and roughly double in 
length during their first year. Estimates for size 
at reproductive maturity range from 60 to 75 
cm TL (Klauber 1956, Wright and Wright 1957, 
Goldberg 1999). 

Crotalus ruber mostly feeds on small mam-
mals but will also eat lizards, birds, and other 
snakes (Tevis 1943, Klauber 1956, Cunning-
ham 1959b, Patten and Banta 1980). Dugan 
and Hayes (2012) compiled range-wide dietary 
data from museum specimens, live animals, 
road kills, existing literature, and other obser-
vations. Roughly 92% of all prey items were 
mammals, with lizards (8%) and birds (1%) 
taken less frequently. Prey items were found in 
snakes collected year-round, suggesting that C. 
ruber occasionally feeds during the winter 
(Dugan and Hayes 2012). 

Habitat Requirements 

Crotalus ruber occurs in several habitat types, 
including coastal sage scrub, chamise chapar-
ral, redshank, desert slope scrub, desert 
washes, grassy fields, orchards, cactus patches, 
and rocky areas (Klauber 1956, Jennings and 
Hayes 1994a, Tracey 2000, Dugan et al. 2008). 
Klauber (1956) noted that 44% (30/68) of ani-
mals were found near heavy shrub and chapar-
ral, and 21% (14/68) were found near rocks and 
boulders in road surveys. On a reserve in San 
Diego County, snakes were found in associa-
tion with rock outcrops 57% of the time and in 
shrubby vegetated habitats without rocks 28% 
of the time (Brown et al. 2008). There are sev-
eral accounts of C. ruber climbing in bushes 
and trees up to 2 m off the ground (Klauber 
1956 and pers. comm. therein) and C. ruber has 
also been observed swimming in reservoirs 
(Klauber 1956). 

In one radio-tracking study from San Diego 
County, habitat use was nonrandom with 
respect to available vegetation. Snakes preferred 
scrub vegetation less than 1.5 m tall and avoided 
human development (Tracey 2000). For ani-

mals that were radio-tracked in fragmented 
habitats, none were observed to cross a devel-
oped edge or road over a 2-year period. For 
example, one adult male in a naturally vege-
tated fragment actively avoided a road edge, and 
turning movements away from this edge were 
detectable up to 50 m from the road (Tracey 
et al. 2005). 

Dugan et al. (2008) radio-tracked adult 
males at a site that lacked large rocks but had 
cactus, coastal sage scrub, nonnative grassland, 
riparian areas, and oak woodland habitats. The 
preferred habitat was cactus patches of prickly 
pear (Opuntia sp.) followed by chaparral, and 
none of the tracked snakes used oak woodland. 
Several individuals spent most of their time 
within a single cactus patch during the year 
(Dugan et al. 2008). 

Distribution (Past and Present) 

Crotalus ruber has a small range in California, 
occupying the southwestern corner of the state. 
It occurs in southeastern Los Angeles and 
Orange Counties, the Morongo area of south-
western San Bernardino County, western Riv-
erside County, San Diego County, and extreme 
southwestern Imperial County (Klauber 1956). 
Crotalus ruber occurs in areas with rainfall 
ranging from 8 to 80 cm/year, usually in areas 
below 1200 m in elevation (Klauber 1956). The 
geographic range of C. ruber extends out onto 
the desert floor from the eastern slope of the 
Peninsular Ranges (Klauber 1956). Outside of 
California its range extends south through Baja 
California and several nearshore islands (Klau-
ber 1956). 

Much of the range in California is in close 
proximity to areas of high human density. Jen-
nings and Hayes (1994a) estimated that C. 
ruber was extirpated from roughly 20% of his-
torical sites and attributed extirpations to habi-
tat loss from urbanization and agriculture. 
Coastal populations are the most reduced, par-
ticularly in southern San Diego County (S. 
Barry, pers. comm.). Case and Fisher (2001) 
conducted pitfall trapping surveys in southern 
California and did not capture or observe 
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animals at several localities where Klauber 
(1939 and unpublished data) had previously 
noted them as common. Halama et al. (2008) 
noted that many native habitat localities where 
snakes were collected in the 1990s in western 
Riverside County have now been developed. 

Trends in Abundance 

While population estimates are not available, 
population declines are suspected due to habi-
tat loss and fragmentation. Current declines of 
existing populations may be occurring particu-
larly in the Morongo Valley in the northern end 
of the range due to development (S. Barry, pers. 
comm.). In one San Diego County site, mini-
mum density was estimated as 0.63 Crotalus 
ruber per hectare, although the actual density 
was likely higher (41 individuals observed hap-
hazardly in a 65 ha area over ∼5 years; Brown 
et al. 2008). 

Nature and Degree of Threat 

Crotalus ruber is mainly threatened by develop-
ment, which causes habitat loss and fragmenta-
tion. This species may also suffer from perse-
cution and road mortality. Climate change may 
affect C. ruber through changes in fire regime 
and vegetation shifts. However, both increases 
and decreases in fire have been predicted, and 
there is little consensus because of the diffi-
culty in modeling Santa Ana weather events in 
southern California (Westerling et al. 2004, 
Westerling and Bryant 2008). How C. ruber 
may respond to changes in fire regime is 
unknown. Climate change is predicted to 
decrease the availability of chaparral and shrub-
land by up to 44%, while grassland is predicted 
to increase by up to 390% in southern Califor-
nia (Lenihan et al. 2008, PRBO 2011). Though 
C. ruber has been documented in grassy areas, 
large losses in shrub habitat may negatively 
affect this species. 

Status Determination 

Crotalus ruber has a small range in California 
that includes areas of high human population 

density and development, resulting in a Prior-
ity 3 Species of Special Concern designation. 

Management Recommendations 

Remaining populations of Crotalus ruber in 
California often occur in habitats that are frag-
mented by roads and urban development. Exist-
ing large habitat fragments should be identified 
and protected. For example, a proposed Habitat 
Conservation Plan for western Riverside 
County represents a 3.5-fold increase in the 
amount of snake habitat protected (Halama 
et al. 2008). However, Halama et al. (2008) 
estimated from habitat suitability models that 
roughly 100,000 ha of predicted highly suita-
ble habitat in the area would still be unpro-
tected and at risk of development. It may be 
possible to reduce road mortality with wildlife 
tunnels and associated drift fences installed 
beneath high-traffic roads. 

Monitoring, Research, and Survey Needs 

Additional research into Crotalus ruber ecology 
and population dynamics in developed and 
fragmented landscapes would be useful for 
developing management strategies, particularly 
with regard to maintaining connectivity among 
populations. Creating habitat buffers around 
large remaining fragments and habitat corri-
dors between fragments may help populations 
persist in these landscapes, but more research 
on habitat use and corridor placement is needed. 
Radiotelemetry data to date suggest high site 
fidelity among adults, at least in some coastal 
populations within years. Juveniles may show 
different dispersal behavior and benefit more 
from management strategies like habitat corri-
dors (Tracey 2000). Current snake telemetry 
techniques that rely on surgically implanted 
transmitters have a lower size limit (e.g., ani-
mals needed to be >500 g in one study; Brown 
et al. 2008), making it difficult to study move-
ment in small individuals. In these cases, land-
scape genetic data could provide important data 
to complement more detailed telemetry studies. 
The role of hibernacula in population viability 

264     snakes 



       

      
      

      
    

      
    

     
       

    

and movement patterns is also an important 
research need, particularly for juveniles. 

Monitoring is needed to estimate abun-
dances in addition to ongoing work on 
presence/absence to document local extirpa-
tions. Pitfall trapping has been used to success-

fully document presence and absence of this 
species in southern California (e.g., Case and 
Fisher 2001), and pitfall arrays that specifically 
compare habitats with different levels of human 
disturbance would provide valuable monitoring 
information. 
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REGAL RING-NECKED SNAKE 

Diadophis punctatus regalis Baird and Girard 1853a 

Status Summary 

Diadophis punctatus regalis is a Species of Spe-
cial Concern, although we refrain from assign-
ing it a priority status at this time due to limited 
information. This taxon received a Total Score/ 
Total Possible of 68% (27/40) and was not pre-
viously considered a Species of Special Concern 
(Jennings and Hayes 1994a). 

Identification 

Diadophis punctatus regalis is the largest of the 
ring-necked snakes, reaching up to 85.7 cm TL, 
while most subspecies are less than 50 cm TL 
(Ernst and Ernst 2003). A slender snake with 
smooth scales, D. p. regalis is light gray, olive 
gray, or olive above with orange or red ventral 
coloration. The venter is speckled with irregu-
lar black spots. An orange or red neckband is 
generally present behind the head, though it 
can be faint or absent in some populations of 
this subspecies, particularly in New Mexico 
and Utah (Ernst and Ernst 2003, Stebbins 
2003). Recent specimens from California and 

Nevada have lacked neck rings (Emmerich and 
Cunningham 2003, Wood and Richmond 
2003). 

Regal Ring-Necked Snake: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) Data 
deficient 

iii. Population concentration/ Data 
migration (10) deficient 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 10 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) Data 
deficient 

Total Score 27 

Total Possible 40 

Total Score/Total Possible 0.68 
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PHOTO ON PREVIOUS PAGE: Regal ring-necked snake, Santa Cruz County, Arizona. Courtesy of Jackson Shedd. 

creo



       
     

       
     

       

     
       

     
 

 
 

      

       
      

       
        

     
      

      
        

        
       

        
      
        

      
     

     
       
     

       
     

      
      
       

      

       

      
    

      

      

 
      

      
      

      

      
     

 
     

        
      

       

       
       
     

         

    
    

      
   

      
      

       
       

     
       

      
       

       
      

      
       
      

Taxonomic Relationships 

Twelve subspecies of D. punctatus have tradi-
tionally been recognized, largely on the basis of 
morphology (Ernst and Ernst 2003). Diadophis 
punctatus regalis is one of seven subspecies that 
occur in California (Ernst and Ernst 2003). 
Recent molecular work has called this tradi-
tional view of the subspecies into question 
(Feldman and Spicer 2006, Fontanella et al. 
2008), and a taxonomic revision is likely in the 
near future. Feldman and Spicer (2006) sam-
pled mitochondrial DNA from 39 animals 
throughout the range of D. punctatus in Califor-
nia. Diadophis punctatus regalis was recovered 
as sister to a clade containing all other Califor-
nia samples, although only two D. p. regalis 
individuals were included in the analysis (one 
from California and one from Arizona). Fonta-
nella et al. (2008) conducted a more compre-
hensive phylogeographic analysis of D. puncta-
tus, sampling across the known range of the 
species in the United States. The previously rec-
ognized seven subspecies in California were 
found to fall into four lineages, with D. p. regalis 
as a part of a Great Basin clade. Fontanella et al. 
(2008) concluded that species-level diversity is 
currently underestimated, warranting a full 
taxonomic review requiring further sampling 
(particularly throughout Mexico) and the addi-
tion of nuclear markers. 

Life History 

Very little natural history information is available 
for Diadophis punctatus regalis, especially for Cali-
fornia populations. Being such a widespread spe-
cies, life history characteristics vary greatly across 
the species’ range. It is reasonable to presume 
that D. p. regalis are ecologically distinct from 
other California D. punctatus populations based 
on their much larger size and unique restriction 
to desert spring habitats. Unless stated explicitly, 
life history information here is from other sub-
species of D. punctatus and caution should be 
used in generalizing to D. p. regalis. 

Diadophis punctatus is most active in the 
spring and early fall, and is primarily nocturnal 
(Ernst and Ernst 2003). Males aggregate for 

mating in the spring and fall (Noble and 
Clausen 1936, Dundee and Miller 1968). 
Females are thought to reproduce annually and 
may produce more than one clutch per year 
(Ernst and Ernst 2003). Oviposition occurs 
from May to September but is concentrated in 
June and July, and hatching occurs from July to 
September (Ernst and Ernst 2003). Clutches 
from multiple females may be laid together in 
communal nest sites (Blanchard 1942, Gilhen 
1970). Diadophis punctatus eggs are 16–44 mm 
long (mean 25 mm, n = 108) and hatchlings are 
7.6–18.8 cm TL (mean 12.4 cm, n = 120; Ernst 
and Ernst 2003). Diadophis punctatus regalis 
eggs and hatchlings are likely at the larger end 
of the spectrum. A field-collected 60 cm SVL 
female D. p. regalis from Arizona contained 
three large eggs (mean length 44 mm, mean 
width 11.3 mm) that hatched after 52 days of 
incubation (Vitt 1975). The neonates were 
16.9–18.8 cm long (mean 18 cm). Gehlbach 
(1965) reported one female D. p. regalis carry-
ing 18 eggs. Estimates for size at maturity for 
D. punctatus range from 17.8 to 18 cm (Wright 
and Wright 1957, Myers 1965), but given that 
hatchling D. p. regalis can be this large, they 
likely mature at a larger size. Development 
times to maturity in D. punctatus can take 1–3 
years depending on locality (Fitch 1975, Degen-
hardt et al. 1996). 

Diadophis punctatus can often be found in 
aggregations under cover objects (Ernst and 
Ernst 2003), and some populations make 
spring and fall migrations to and from hiber-
nacula. Diadophis punctatus regalis from the 
Rocky Mountains in Utah at 1580 m elevation 
showed communal denning and repeated use 
of the same hibernacula in multiple years 
(Parker and Brown 1974). It is unknown 
whether California populations of D. p. regalis 
also show this behavior. Field-active body tem-
peratures across several populations of D. punc-
tatus range from 2.0°C to 34.4°C (Clarke 1958, 
Brattstrom 1965, Fitch 1975, Mitchell 1994). 

Diadophis punctatus regalis is a mildly ven-
omous rear-fanged colubrid snake, using 
enlarged posterior teeth to deliver venom to 
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prey such as snakes and lizards (Gehlbach 
1974, Anton 1994, Hill and Mackessy 2000, 
O’Donnell et al. 2007). In addition to subduing 
prey, copious salivation has been observed as a 
defensive response in D. p. regalis (Blanchard 
1942). While D. punctatus is a generalized 
predator, southwestern populations, including 
D. p. regalis, have a diet composed of propor-
tionately more reptiles (Gehlbach 1974) than 
other populations, which tend to consume a 
greater fraction of amphibians and earthworms 
(Ernst and Ernst 2003). 

Habitat Requirements 

In California, Diadophis punctatus regalis 
appears to be restricted to riparian areas sur-
rounding desert springs. Snakes have been 
found in Death Valley in Inyo County in heavy 
riparian vegetation within 5 m of surface water 
(Emmerich and Cunningham 2003) and at 
Pachalka Spring, Clark Mountain, San Ber-
nardino County, near the spring head (Wood 
and Richmond 2003). Outside of California, D. 
p. regalis have been found in evergreen wood-
land, deciduous woodland, desert grassland, 
oak-juniper, and succulent desert habitats such 
as sotol-agave and juniper-agave (Gehlbach 
1974). 

Distribution (Past and Present) 

In California, the documented range of Diado-
phis punctatus regalis is extremely small. It is 
known from only a few isolated populations in 
the Clark, Grapevine, Mute, and Providence 
Mountains in the Mojave Desert. However, 
there is a strong possibility that undetected 
populations exist, particularly at additional 
springs in the mountain ranges where this 
taxon occurs. Outside of California, the subspe-
cies occurs in parts of Idaho, Utah, Nevada, 
Arizona, New Mexico, Texas, and Mexico (Ernst 
and Ernst 2003). The Great Basin lineage 
defined by Fontanella et al. (2008) ranges from 
southern New Mexico north to southern Idaho 
and between roughly the Sierra Nevada Moun-
tains in the west and the Guadalupe Mountains 
in the east. Much of the Great Basin clade is 

restricted to patches of suitable mesic environ-
ments surrounded by less hospitable xeric habi-
tats (Fontanella et al. 2008). 

Trends in Abundance 

No population estimates are available for Cali-
fornia populations. Declines may have occurred 
near Fort Piute in the Mute Mountain Range 
(R. Fisher, pers. comm.). 

Nature and Degree of Threat 

The small and patchy distribution of Diadophis 
punctatus regalis in California makes it at risk of 
extirpation. Its dependence on rare desert 
spring habitats is an additional risk factor, par-
ticularly because these spring habitats are 
threatened by overexploitation of groundwater 
resources. Because of their reliance on mesic 
habitats in an arid matrix, D. p. regalis may also 
be sensitive to climate changes that affect the 
timing and amount of precipitation. While 
there is a large degree of uncertainty in how 
rainfall patterns will change within its range, 
most studies predict decreases in mean annual 
rainfall of up to 40% (reviewed in PRBO 2011). 
In addition to decreases in mean annual rain-
fall, the number of extremely hot days where 
temperatures exceed the long-term 95th per-
centile is expected to increase by roughly 30 
days a year (Bell et al. 2004). If conditions 
become warmer and drier, this could negatively 
impact D. p. regalis habitat. 

Status Determination 

Diadophis punctatus regalis has an extremely 
small range in California and is dependent 
upon a rare habitat type that is sensitive to 
human use of groundwater in the desert. How-
ever, extirpations have not been well docu-
mented, and we have virtually no information 
about the number or status of popula-
tions occurring in California. Because of this, 
we choose not to define a priority at this time. 

Management Recommendations 

Protecting desert springs and associated mesic 
habitat patches is a key requirement for the 
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continued existence of this species. Minimiz-
ing use of water from desert spring sites will 
help maintain habitat for Diadophis punctatus 
regalis. It is difficult to make further manage-
ment recommendations given the lack of infor-
mation on this taxon’s ecology in California or 
similar habitats. 

Monitoring, Research, and Survey Needs 

Given the inhospitable nature of habitat 
between occupied patches, long-distance dis-
persal events probably do not occur, and it is 
unlikely that populations in California are 
demographically connected. The extremely iso-

lated nature of most of their desert habitat and 
their relatively short surface activity period also 
make increased surveys an important priority 
for this taxon. Increased genetic sampling 
would help determine patterns of connectivity 
between fragmented southwestern popula-
tions, and we strongly encourage all field sur-
veys to take nonlethal tissue samples of any 
specimens that are encountered. Given that no 
population study has been conducted within 
California and the unique habitat requirements 
of the taxon, additional work quantifying the 
basic ecology and life history of Diadophis punc-
tatus regalis is badly needed. 
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SAN JOAQUIN COACHWHIP 

Masticophis flagellum ruddocki Brattstrom and Warren 1953 

Status Summary 

Masticophis flagellum ruddocki is a Priority 2 
Species of Special Concern, receiving a Total 
Score/Total Possible of 53% (58/110). It was pre-
viously considered a Species of Special Concern 
(Jennings and Hayes 1994a). 

Identification 

Masticophis flagellum is a large (91–260 cm TL) 
slender colubrid snake with smooth scales and 
a large head and eyes (Stebbins 2003). The spe-
cies is distributed across the southern portion 
of the United States from Florida to California, 
with western subspecies tending to be smaller 
than eastern animals. Brattstrom and Warren 
(1953) reported that their largest specimen of 
M. f. ruddocki was 170 cm TL. Coloration is 
highly variable within M. flagellum. The sub-
species M. f. ruddocki has a tan, olive-brown, or 
yellowish-brown dorsal color and lacks the dark 
head and neckbands characteristic of other sub-
species. The ventral coloration is light tan or 
yellow, with a pink or orange cast under the tail 

(Jennings and Hayes 1994a, Stebbins 2003). 
The scales on the tail are often described 
as having a “braided” appearance (Stebbins 
2003). 

San Joaquin Coachwhip: Risk Factors 

Ranking Metric (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 58 

Total Possible 110 

Total Score/Total Possible 0.53 
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PHOTO ON PREVIOUS PAGE: San Joaquin coachwhip, Kern County, California. Courtesy of Jeff Lemm. 
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Taxonomic Relationships 

Brattstrom and Warren (1953) described Mast-
icophis flagellum ruddocki as a subspecies based 
on morphological characters including dorsal 
coloration, the lack of dark neckbands, and a 
relatively low number of subcaudal scales. 
Analysis of mitochondrial DNA from Califor-
nia populations supported the uniqueness of 
M. f. ruddocki, corroborating the morphological 
data (Mitrovich 2006). 

Life History 

Very little is known about the life history of 
Masticophis flagellum ruddocki. In general, M. 
flagellum is an extremely active diurnal snake 
that prefers warm temperatures (Brattstrom 
1965, Hammerson 1977). Home ranges are sus-
pected to be large, but no movement data are 
available for this subspecies (R. Hansen, pers. 
comm. in Jennings and Hayes 1994a). Prefer-
ence for warm temperatures results in late-
season emergence (April–May), and daily sur-
face activity corresponds to the warmest parts of 
the day (Hammerson 1977). Data from red 
coachwhips (M. f. piceus) in the Mojave Desert 
found body temperatures as low as 13.9°C when 
inactive in burrows to a high of 40.8°C while 
actively moving (Secor 1995). Mating is thought 
to take place in May, with oviposition occurring 
in June or July (Jennings and Hayes 1994a). 
Adults may cease surface activity and retreat to 
mammal burrows as early as August (pers. obs. 
in Jennings and Hayes 1994a). 

Like other members of the M. flagellum 
complex, the diet of M. f. ruddocki is presuma-
bly generalized on vertebrates, including large 
prey like antelope squirrels (Ammospermophilus 
nelsoni), blunt-nosed leopard lizards (Gambelia 
sila), and whiptails (Aspidoscelis tigris) (Monta-
nucci 1965, Tollestrup 1979; S. Barry, pers. 
comm.; R. Hansen, pers. comm.; S. Sweet, 
pers. comm. in Jennings and Hayes 1994a). 

Habitat Requirements 

Masticophis flagellum ruddocki occurs in open, 
dry areas with little or no tree cover (Morafka 
and Banta 1976). Valley grassland and saltbush 

scrub habitats are used in the western San 
Joaquin Valley (Montanucci 1965, Banta and 
Morafka 1968, Tollestrup 1979, Sullivan 1981; 
pers. obs. in Jennings and Hayes 1994a). 
Spring road cruising surveys from 1972 to 1979 
in eastern Alameda and western San Joaquin 
Counties found M. f. ruddocki in grassland and 
transitional habitat but not in mixed oak 
chaparral woodland (Sullivan 1981). Mastico-
phis flagellum ruddocki will climb into bushes, 
apparently to scan for predators and prey or to 
seek cover (Cunningham 1955, Stebbins 2003). 
Mammal burrows are used for overwintering 
and possibly also for oviposition (Jennings and 
Hayes 1994a). 

Distribution (Past and Present) 

Masticophis flagellum ruddocki is endemic to 
California, with a small range extending from 
Arbuckle, Colusa County, in the Sacramento 
Valley south to the Kern County portion of the 
San Joaquin Valley and west into the inner 
South Coast Ranges (Brattstrom and Warren 
1953, Jennings and Hayes 1994a). A disjunct 
population occurs in the Sutter Buttes (Hayes 
and Cliff 1982). 

Much of this subspecies’ historic range has 
undergone dramatic land use changes from 
grassland to intensive agriculture in the Cen-
tral Valley. Masticophis flagellum ruddocki is 
thought to be sensitive to disturbance and does 
not persist in cultivated areas (Ernst and Ernst 
2003; S. Barry, pers. comm.). It has therefore 
suffered a severe range contraction in its Cen-
tral Valley range. 

Trends in Abundance 

Though neither historical nor current abun-
dance estimates are available, we suspect that 
the conversion of historical habitat to row crop 
agriculture and urban development has 
resulted in lower abundances than in preagri-
cultural times. 

Nature and Degree of Threat 

Habitat loss and fragmentation due to agricul-
ture and urbanization are the major threats to 
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Masticophis flagellum ruddocki. As with other 
diurnally active, highly mobile snakes, road 
mortality is probably a significant source of 
mortality, although its overall impact requires 
more study. The greatest potential threats from 
climate change are due to changes in fire 
regime. In the more coastal parts of the range, 
the area burned is expected to increase by up to 
50% (Fried et al. 2004, Lenihan et al. 2008), 
and the probability of large (>200 ha) fires is 
predicted to increase (Westerling and Bryant 
2008). Modest decreases in the probability of 
large wildfires are expected in the San Joaquin 
Valley. How M. f. ruddocki may respond to 
increased fire needs more study. Fire may have 
direct mortality effects on snakes and negative 
effects on prey populations but may also benefit 
M. f. ruddocki by increasing or maintaining the 
availability of open habitat. Under climate 
change projections, grassland habitat is 
expected to increase by up to 140% in the 
coastal part of the range, with little change in 
vegetation expected in the Central Valley (Leni-
han et al. 2008, PRBO 2011). These vegetation 
shifts may result in additional potential habitat 
for M. f. ruddocki. 

Status Determination 

Masticophis flagellum ruddocki is a California 
endemic with a small range and is restricted to 
a heavily disturbed part of the state, resulting 
in a Priority 2 designation. 

Management Recommendations 

The lack of basic ecological information on this 
subspecies needs to be addressed before any 
meaningful management can be accomplished. 
At a minimum, remaining large habitat frag-
ments and connectivity among fragments must 
be protected if the species is to persist. 

Monitoring, Research, and Survey Needs 

Although additional work on all aspects of its 
ecology, demography, and population genetic 
differentiation would be useful, information on 
reproductive biology, movement ecology, popu-
lation sizes, and fragmentation is key priority 
for future work. Some large habitat fragments 
are currently protected from some kinds of 
human disturbance (e.g., the Carrizo Plain 
National Monument) and provide suitable areas 
to begin studying basic ecology and habitat 
requirements in this taxon. 
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BAJA CALIFORNIA COACHWHIP 

Masticophis fuliginosus (Cope 1895a) 

Status Summary 

Masticophis fuliginosus is a Priority 3 Species 
of Special Concern, receiving a Total Score/ 
Total Possible of 45% (50/110). This species 
has not previously been considered a Species 
of Special Concern (Jennings and Hayes 
1994a). 

Identification 

Masticophis fuliginosus is a large slender colu-
brid snake with smooth scales, reaching up to 
170 cm in TL (Grismer 2002). Two color phases 
exist in the species, a light morph and a dark 
morph. The light morph is yellowish, tan, or 
gray above with dark zigzagging bands on the 
body and dark neckbands. The dark morph has 
a dark gray brown, golden brown, or black dor-
sal ground color, and sometimes has distin-
guishable dark neckbands (Wilson 1971, Gris-
mer 2002). Dark morph animals can be 
uniformly dark above, or the scales on the sides 
of the body can have pale edges, giving the 
appearance of narrow lines (Wilson 1971). The 

venter is light colored with brown spots (Wilson 
1971, Grismer 2002). 

Masticophis fuliginosus can be distinguished 
from congeneric southern California snakes by 
geographic range, as there is little overlap with 

Baja California Coachwhip: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 0 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 50 

Total Possible 110 

Total Score/Total Possible 0.45 
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other species, and by color. Masticophis flagel-
lum piceus is reddish to pinkish above, with 
dark bands at the neck. California whipsnakes 
(M. lateralis) have a conspicuous light stripe on 
either side. Racers (Coluber constrictor) are pale 
green or dark above (brown, olive, or bluish) but 
have unmarked white to yellow ventral surfaces 
(Stebbins 2003). 

Taxonomic Relationships 

We follow Grismer’s (2002) proposal that Mas-
ticophis fuliginosus is a full species, rather than 
a subspecies of M. flagellum. This arrangement 
is based on a lack of intergradation with neigh-
boring M. f. piceus (Wilson 1971, Grismer 
1994). Analysis of a single mitochondrial DNA 
gene from 229 M. flagellum individuals (includ-
ing 30 M. fuliginosus) from 30 localities in 
southern California supported the genetic dis-
tinctiveness of M. fuliginosus (Mitrovich 2006). 
However, 4 out of 30 snakes identified in the 
field as M. fuliginosus had mitochondrial DNA 
sequences that were most closely related to M. f. 
piceus (Mitrovich 2006). This could be due to 
hybridization or incorrect identification in the 
field, as the study was conducted on tissues 
without voucher specimens. Further resolution 
of this problem with multiple nuclear DNA 
markers would likely help to clarify the taxo-
nomic status of this species. 

Life History 

Very little is known about the life history of 
Masticophis fuliginosus in California. In gen-
eral, Masticophis are extremely active diurnal 
snakes that prefer warm temperatures 
(Brattstrom 1965, Hammerson 1977). In south-
ern Baja California, M. fuliginosus can be active 
year-round, but in the northern part of the 
range, they tend to be inactive in winter and 
emerge in mid-March (Grismer 2002). Activity 
in San Diego was observed to be greatest in 
spring and summer and greatly reduced in the 
fall (Mitrovich et al. 2009). Mating has been 
observed in northern Baja California in late 
April, and hatchlings have been seen in early 
August (Grismer 2002). 

Radiotelemetry of 24 snakes in two reserves 
in San Diego County found large variation in 
home range size, from roughly 11 to 130 ha 
(Mitrovich et al. 2009). Variation in home 
range size was largely due to habitat availability, 
with smaller home ranges in smaller habitat 
fragments. No differences in potential prey 
were detected among sites where snakes had 
different home range sizes. The diet of M. fulig-
inosus, like its close relative M. flagellum, is 
broad and includes a variety of vertebrate prey 
such as lizards, snakes, birds, and mammals 
(Cliff 1954, Grismer 2002). 

Habitat Requirements 

Masticophis fuliginosus is a habitat generalist 
throughout Baja California, Mexico, and is 
common in marshlands, coastal sand dunes, 
rocky arroyos and hillsides, thorn forests, sandy 
flats, and scrub vegetation (Linsdale 1932, Cliff 
1954, Leviton and Banta 1964, Bostic 1971, 
Welsh 1988, Grismer 2002). In California, M. 
fuliginosus occurs mainly in coastal sand dunes, 
shrubland, and grassland, and is most com-
monly observed foraging in bushes and shrubs 
(Linsdale 1932, Bostic 1971, Welsh 1988, Gris-
mer 2002). Hollow stumps of plants such as 
agave and yucca are used as retreats (Bostic 
1971, Grismer 2002). 

Distribution (Past and Present) 

Masticophis fuliginosus has a very small geo-
graphic range in California, occurring in a 
small area of San Diego County near the United 
States–Mexico border (Wilson 1973). The 
range of the species extends over most of the 
Baja California peninsula, including some 
small offshore islands (Wilson 1973, Grismer 
2002). 

A resurvey of Klauber’s (1939) sites in 
southern California found that M. fuliginosus 
was absent from some previously occupied sites 
(Fisher and Case 2000, Case and Fisher 2001; 
R. Fisher, pers. comm.), suggesting that the 
species has declined in the last seven decades. 
However, the full extent of local extirpations is 
unknown. 
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Trends in Abundance 

While data on abundance across the range are 
not available, some reductions in abundance 
are likely to have occurred due to development, 
road mortality, and fragmentation. This species 
may be particularly prone to death from auto-
mobiles given its large home range size and 
high level of diurnal activity (Mitrovich et al. 
2009). 

Nature and Degree of Threat 

Masticophis fuliginosus in California are mainly 
threatened by habitat loss, fragmentation, and 
road mortality due to development, as well as 
the inherent demographic threats associated 
with a very small geographic range. Climate 
change may affect M. fuliginosus through 
changes in fire regime and vegetation shifts. 
However, both increases and decreases in fire 
have been predicted, and there is little consen-
sus because of the difficulty in modeling Santa 
Ana weather events in southern California 
(Westerling et al. 2004, Westerling and Bryant 
2008). How M. fuliginosus may respond to 
changes in fire regime is unknown. Climate 
change is predicted to decrease the availability 
of chaparral and shrubland by up to 44%, while 
grassland is predicted to increase by up to 
390% in southern California (Lenihan et al. 
2008, PRBO 2011). Though M. fuliginous also 
uses grassland habitat, large losses in shrub 
habitat may negatively affect this species. 
Finally, development along the border may 
effectively isolate the population that occurs in 
California, making it more susceptible to 
decline than it otherwise would be. 

Status Determination 

Masticophis fuliginosus has an extremely small 
range in California that occurs entirely in an 
area with substantial urban, military, and agri-
cultural development. However, the extent of 
extirpation and population decline is poorly 
documented, resulting in a Priority 3 Species of 
Special Concern designation. 

Management Recommendations 

Protection of remaining habitat in San Diego 
County is necessary to prevent further declines 
or extirpations. Minimizing urban edge effects 
by creating habitat buffers may benefit popula-
tions, particularly those living in small habitat 
fragments (Mitrovich et al. 2009). Given the 
very small range of the species, it may be pos-
sible to reduce road mortality with wildlife tun-
nels and associated drift fences installed 
beneath high-traffic roads in key areas impor-
tant for population connectivity. 

Monitoring, Research, and Survey Needs 

Drift fence arrays with funnel traps have been 
successfully used to document the presence/ 
absence of Masticophis fuliginosus in California 
(Fisher and Case 2000), and mark–recapture 
data to establish population sizes are essential 
for future management. Additional genetic 
data would complement existing mitochondrial 
DNA data and radiotelemetry research, respec-
tively. Specifically, such data are needed to fur-
ther resolve the taxonomic status of this snake 
and to provide information on landscape-level 
population structure. The efficacy of road-
crossing structures should be investigated for 
this species. 
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COAST PATCH-NOSED SNAKE 

Salvadora hexalepis virgultea Bogert 1935 

Status Summary 

Salvadora hexalepis virgultea is a Priority 2 Spe-
cies of Special Concern, receiving a Total Score/ 
Total Possible of 54% (46/85). During the pre-
vious evaluation, it was also designated as a 
Species of Special Concern (Jennings and 
Hayes 1994a). 

Identification 

Salvadora hexalepis virgultea is a medium-sized 
(to 115 cm TL) snake, with an enlarged rostral 
scale, large eyes, and a light middorsal stripe 
1.5–2 scale rows in width (Jennings and Hayes 
1994a, Stebbins 2003). The dorsal stripe is yel-
lowish to grayish and extends from the tail to the 
rear of the neck region (Bogert 1935, Stebbins 
2003). The sides of the body are dark brown, and 
the head is olive or brown (Bogert 1935, Perkins 
1938). Ventral coloration is generally a dull 
white, often with an orange wash that is more 
prominent toward the underside of the tail (Steb-
bins 2003, Lemm 2006). Usually only a single 
supralabial contacts the eye (Bogert 1935). 

The presence of both a conspicuously 
enlarged rostral scale and a middorsal stripe 
easily differentiate this species from all other 
snakes within its range. Along the eastern edge 

Coast Patch-Nosed Snake: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 15 

iii. Population concentration/ 0 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 3 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 10 

Total Score 46 

Total Possible 85 

Total Score/Total Possible 0.54 
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of its range, S. h. virgultea is parapatric with the 
Mojave patch-nosed snake (S. h. mojavensis) 
and the desert patch-nosed snake (S. h. hexa-
lepis), and it intergrades with both (Bogert 
1945). In S. h. mojavensis, the supralabials usu-
ally do not reach the eye, and the dark lateral 
coloration is sometimes less pronounced and 
may be somewhat discontinuous. Salvadora 
hexalepis hexalepis usually has one supralabial 
reaching the eye but has a wider dorsal stripe 
(usually three scale rows wide) than S. h. vir-
gultea. The spotted leaf-nosed snake (Phyllo-
rhynchus decurtatus) occurs along the eastern 
edge of S. h. virgultea’s range and also has an 
enlarged rostral scale. This species differs in 
having a light-brown spotted pattern on the 
dorsal surface and attaining much smaller 
adult sizes (to 51 cm TL) (Stebbins 2003). 

Taxonomic Relationships 

Salvadora hexalepis virgultea was  first  recog-
nized primarily on the basis of coloration, 
although some scalation characters also differ-
entiate it from other subspecies of the S. hexa-
lepis complex (Bogert 1935, Bogert 1945). 
Genetic analysis of differentiation among the 
subspecies has not been undertaken and repre-
sents a clear need for future research. The 
placement of Salvadora within the colubrine 
phylogeny is also uncertain and requires 
clarification. 

Life History 

Salvadora hexalepis virgultea is a medium-sized, 
active, diurnal snake, yet remains exceedingly 
poorly known. Here, we use information from 
California populations where we can, but 
largely rely on information from parts of the 
range outside of California as well as from 
other species and subspecies within Salvadora 
and assume that many aspects of the life his-
tory are similar among members of the com-
plex. This subspecies is most active in May and 
June, and its normal seasonal activity period 
appears to extend from March until October. In 
Ventura County, warm (and presumably active) 
individuals have been found under stones 

between January and March (S. Sweet, pers. 
comm.). Individuals found in December and 
January in gopher burrows and woodrat nests 
were cold and presumably dormant (S. Sweet., 
pers. comm.). Specimens have been docu-
mented in the literature in all months except 
January and February (Klauber 1939, Grismer 
2002), and more recent (1995–2011) USGS pit-
fall trap data have documented captures in 
January (three records) and February (one 
record; C. Rochester, unpublished data). Breed-
ing has been observed in late April, with hatch-
lings appearing between mid-July and October 
(Klauber 1931, Grismer 2002), perhaps indicat-
ing that multiple clutches may be laid in a sin-
gle year. Other members of the genus are ovipa-
rous, and we expect that S. h. virgultea is as 
well, although eggs have never been described 
(Wright and Wright 1957). 

Salvadora primarily eats lizards and proba-
bly specializes on whiptails (Aspidoscelis spp.) 
(Cunningham 1959b, Grismer 2002, Lemm 
2006). The diet of S. h. virgultea has not been 
described, but other members of the complex 
feed nearly exclusively on members of the 
genus Aspidoscelis, with other small lizards 
being taken only when they are moving rapidly, 
as Aspidoscelis tends to do (Bogert 1939). Sev-
eral members of the complex are also known to 
feed on other small lizards, mammals, and 
snakes (Stebbins 2003). The enlarged rostral 
scale may be an aid for digging and possibly a 
specialization for feeding on lizard eggs (Gris-
mer 2002, Lemm 2006), although this behav-
ior has never been described in S. h. virgultea. 
Salvadora species have enlarged rear teeth, sug-
gesting that they may envenomate prey. The 
saliva of Salvadora has not been studied, though 
Grismer (2002) observed an A. tigris that died 
soon after being bitten by a Baja California 
patch-nosed snake (S. h. klauberi). 

The movement ecology of S. h. virgultea is 
unknown. Like other members of the genus, it 
is a fast and active species that is probably active 
at higher temperatures than most other diurnal 
colubrids (Jacobson and Whitford 1971). The 
species readily climbs and has been found 
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foraging in brush, off the ground (Grinnell and 
Grinnell 1907, Lemm 2006; S. Sweet, pers. 
comm.). The species probably ranges widely, as 
do other large diurnal colubrids. 

Habitat Requirements 

Salvadora hexalepis virgultea shows an apparent 
preference for brushy chaparral habitat (Bogert 
1935, Grismer 2002). Klauber (1939) located 35 
specimens in “Heavy brush, Chaparral” habitat, 
which was more than the number found in all 
other habitat types combined. In Baja Califor-
nia, they are also often seen in riparian areas in 
the vicinity of Tecate (Grismer 2002). In Cali-
fornia unpublished data suggest that this spe-
cies has a preference for chamise and red shank 
and often basks at or near the tops of bushes (S. 
Sweet, pers. comm.). Schoenherr (1976) noted 
that this taxon was widespread but uncommon 
on the Pacific slope of the San Gabriel Moun-
tains and that it may prefer coastal sage scrub to 
chaparral, at least in this area. He recorded a 
sighting at 830 m elevation, the highest site for 
coastal sage scrub habitat in the San Gabriels. 
At two burn sites in southern California, brush 
was reduced, Aspidoscelis numbers increased, 
and S. h. virgultea numbers remained stable or 
increased (C. Rochester, pers. comm.), suggest-
ing that prey abundance may be at least as 
important as vegetation per se. If the species is 
a wide-ranging predator, it may be susceptible 
to habitat fragmentation. Because a large com-
ponent of its diet probably consists of Aspidos-
celis species, S. h. virgultea may be susceptible to 
decline in areas where Aspidoscelis are declin-
ing. The two species found within its range, the 
orange-throated whiptail (A. hyperythra) and 
the coastal whiptail (Aspidoscelis tigris stejneg-
eri), are both under threat. Aspidoscelis hyper-
ythra is a Watch List species, while A. t. stejneg-
eri is a Priority 3 Species of Special Concern 
(see accounts, this volume). 

Distribution (Past and Present) 

The historical distribution ranges from Ven-
tura and Los Angeles Counties south to the 
United States–Mexico border and south to the 

vicinity of El Rosario, Baja California, Mexico. 
It ranges from sea level along the coast up to 
2130 m (Jennings and Hayes 1994a, Lemm 
2006). The eastern edge of the range extends 
to the vicinity of Campo, San Diego County; 
Banning, Riverside County; and San Ber-
nardino, San Bernardino County (Bogert 1935). 

Today, the species is declining or absent 
from large areas of the Los Angeles basin and 
along the coast to San Diego (Jennings and 
Hayes 1994a; R. Fisher, pers. comm.). Survey 
data are available from Torrey Pines State Park 
where this species was formerly present. It has 
not been re-documented there despite intensive 
trapping efforts (Wells 1998). 

Trends in Abundance 

No historical or current abundance data exist 
for this taxon, and anecdotal reports are rare 
and inconclusive. Records in southern Califor-
nia are infrequent (Lemm 2006), although this 
taxon may be more commonly encountered in 
riparian areas south of the United States– 
Mexico border (Grismer 2002). The species 
may have historically been rare in California. 
Klauber (1924) reported only two specimens 
despite intensive collecting efforts spanning 
2 years and stated that “it seems to be uncom-
mon.” Bogert (1930) also noted that it was 
“uncommon in the chaparral.” USGS pitfall 
data for San Diego, Orange, and Los Angeles 
Counties collected between 1995 and 2011 indi-
cate that 2.6% of snake captures were Salvadora 
hexalepis virgultea (123 captures out of 4680 
total snake captures), compared to 3.8% 
(61/1601) of captures for daytime road driving 
records for snakes recorded by Klauber (1939). 
These data confirm that this taxon is relatively 
uncommon and may suggest a moderate 
decline over the last 60 years. 

Nature and Degree of Threat 

The declines in Salvadora hexalepis virgultea are 
most likely due to the conversion of the pre-
ferred brushy habitat to other vegetation types. 
Development of rangeland, combined with 
increasingly frequent and intense wildfires, has 
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converted large blocks of chaparral habitat to 
grassland (R. Fisher, pers. comm.), which 
appears to be unsuitable for this species (Jen-
nings and Hayes 1994a; S. Sweet, pers. comm.). 
Climate change may exacerbate the intensity of 
wildfires in southern California (Cayan et al. 
2008b), although current models range from a 
29% decrease to a 28% increase in wildfires in 
the region (PRBO 2011). However, climate 
models for 2070 project an estimated 38–44% 
decrease in the chaparral/coastal scrub habitat 
preferred by this species. Ongoing urbaniza-
tion in the populated areas within this taxon’s 
range is also destroying, degrading, and frag-
menting large areas of remaining habitat. Sal-
vadora hexalepis virgultea’s probable preferred 
prey, Aspidoscelis lizards, are also in decline, 
which could cause cascading declines in snake 
populations. Finally, diurnally active widely for-
aging snakes are particularly affected by road 
mortality, and the volume of vehicular traffic in 
much of its range is large and increasing. 

Status Determination 

Salvadora hexalepis virgultea has a relatively 
small range in California and has disappeared 
from significant areas centered in the southern 
portion of its range where it was formerly 
known. It continues to lose habitat, which is 
also causing declines in a significant compo-
nent of its prey-base. Habitat loss, due to direct 
anthropogenic changes, climate-change-driven 
habitat loss, and wildfire, is unlikely to stop in 
the near future, which we expect will cause fur-
ther declines. For all of these reasons, a Priority 
2 designation is justified. 

Management Recommendations 

The primary management goal for Salvadore 
hexalepis virgultea should be to protect large, 
intact patches of brushy chaparral and/or 
coastal sage scrub habitat that support this 
snake. Ideally, these patches should be those 
that are least likely to be directly affected by 
future climate change. Pending further study 
of the species’ movement ecology, habitat pro-
tection efforts should focus on remaining large 

blocks of intact habitat. Habitat fragmentation 
from roads is a key issue in these efforts. Road 
overcrossings, if installed for other taxa, may 
function as a means to avoid habitat fragmenta-
tion. A key element of effective management is 
to maintain large, healthy populations of Aspi-
doscelis hyperythra and Aspidoscelis tigris stejneg-
eri, since they appear to form the primary prey 
base of this snake. As declines in those species 
are also linked to habitat loss, management 
efforts among these species should be 
coordinated. 

Monitoring, Research, and Survey Needs 

Much remains to be learned about the life his-
tory and ecology of Salvadora hexalepis virgultea 
in California. Surveys employing pitfall traps, 
snake traps, and daytime surveys should be 
undertaken to establish baseline abundance 
data in remaining populations, and to ascertain 
whether these or other survey methods are 
potentially biased for this species, as has been 
suggested by some biologists. Because these 
snakes are infrequently encountered, power 
analyses are particularly important to deter-
mine how sensitive the surveys would be in 
detecting declines. 

Autecological research focusing specifically 
on diet requirements, habitat utilization, and 
their interaction are badly needed, and the lack 
of this basic knowledge undermines our ability 
to effectively manage this snake. Specifically, 
the extent to which this taxon specializes on 
Aspidoscelis, as opposed to utilizing alternative 
prey, needs to be determined. Basic data on 
home range size and movement patterns, and 
how they may vary as a function of vegetation, 
are entirely lacking, and some anecdotal obser-
vations suggest that they may vary across the 
species’ range. These data are necessary to 
determine what habitat blocks are most impor-
tant and how large they should be to effectively 
conserve this taxon. 

Variation within the S. hexalepis complex 
has not been examined since the initial species 
description, and a genetic analysis has never 
been undertaken. A three-pronged genetic 
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analysis is critical. First, a systematic charac-
terization of the Salvadora species complex 
should be undertaken utilizing multiple inde-
pendent nuclear markers. This will serve to 
clarify the reality of species and subspecies as 
valid evolutionary units and confirm their 
respective boundaries and range limits. Sec-
ond, a phylogeographic study, using many inde-
pendent markers, within S. h. virgultea is 

needed to identify large-scale management 
units within the taxon. Finally, landscape 
genetic studies that identify migration corridors 
between fragmented blocks of habitat will 
inform our understanding of movement ecol-
ogy in this species. These would also provide an 
estimate of effective population sizes, augment-
ing ecological studies of census population 
sizes in protected and unprotected areas. 
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TWO-STRIPED GARTER SNAKE 

Thamnophis hammondii (Kennicott 1860) 

Status Summary 

Thamnophis hammondii is a Priority 2 Species 
of Special Concern, receiving a Total Score/ 
Total Possible of 57% (63/110). During the pre-
vious evaluation, it was also considered a Spe-
cies of Special Concern (Jennings and Hayes 
1994a). 

Identification 

Thamnophis hammondii is a medium-sized 
snake (102 cm TL) with keeled scales and a 
head slightly wider than its body (Stebbins 
2003). It is called the two-striped garter snake 
because it lacks the longitudinal middorsal 
stripe that typifies many garter snakes. The 
middorsal stripe is either entirely absent or rep-
resented only by a nuchal spot at the base of the 
head (Fitch 1948, Stebbins 1985). Color is 
highly variable in this species, but there are two 
primary color morphs: striped/spotted and 
striped/non-spotted (Larson 1984, Stebbins, 
2003). Both morphs have yellowish to gray 
stripes on each side with a ground color of olive, 

brown, or brownish gray, and both lack any red 
coloration dorsally or laterally. The ventral col-
oration is dull yellowish to orange red or 
salmon, with or without slight dusky markings 
(Stebbins 2003). The striped/spotted morph 

Two-Striped Garter Snake: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 3 

v. Ecological tolerance (10) 3 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 10 

Total Score 63 

Total Possible 110 

Total Score/Total Possible 0.57 
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PHOTO ON PREVIOUS PAGE: Two-striped garter snake, Los Angeles County, California. Courtesy of Robert Hess. 
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has one or two rows of small, alternately spaced 
dark spots on each side of the dorsum between 
the lateral stripes (Fitch 1940, Fox 1951, Larson 
1984, Stebbins 2003). The striped/non-spotted 
morph either lacks dark spots on the dorsum or 
only has very small ones next to the lateral 
stripes on the anterior part of the body (Larson 
1984, Stebbins 2003). Other color variants 
include non-striped/spotted, with no lateral 
stripes and one or two rows of dark spots on 
each side, sometimes appearing checkered, and 
non-striped/non-spotted (Brown 1980, Larson 
1984, Stebbins 2003). A melanistic morph, 
sometimes with obscure lateral stripes and/or 
spots, occurs along the outer coast from Oceano 
to San Simeon State Park in San Luis Obispo 
County, and can be expected from Gaviota State 
Beach in Santa Barbara County to Monterey 
Bay (Bellemin and Stewart 1977, Larson 1984, 
Stebbins 2003). All color morphs exhibit vary-
ing degrees of light flecking dorsally due to 
whitish pigment on the inter-scale skin and 
margins of scales (Larson 1984). Dark green 
and dull red color morphs occur in northeast-
ern Ventura County (Stebbins 2003). 

The lack of a vertebral stripe and absence of 
red coloration on the head and sides distin-
guishes T. hammondii from the co-occurring 
aquatic garter snake (T. atratus), the western 
terrestrial garter snake (T. elegans), and the 
common garter snake (T. sirtalis). 

Taxonomic Relationships 

Like several other garter snakes, Thamnophis 
hammondii has a complex taxonomic history. 
This species has at various times been consid-
ered a subspecies of the Sierra garter snake (T. 
couchii) (e.g., Cooper 1870, Rossman 1979, 
Lawson and Dessauer 1979), the northwestern 
garter snake (T. ordinoides) (e.g., Grinnell and 
Camp 1917), and the western terrestrial garter 
snake (T. elegans) (e.g., Fitch 1948). Rossman 
and Stewart (1987) most recently elevated T. 
hammondii to full species status. McGuire and 
Grismer (1993) synonymized the Baja Califor-
nia Sur garter snake (T. digueti) with T. 
hammondii. 

Life History 

In California, Thamnophis hammondii can be 
active for much of the year and has been found 
from January through November (R. Hansen 
and R. Tremper, unpublished data in Rossman 
et al. 1996). Ervin and Fisher (2001) reported T. 
hammondii foraging and basking at a site in San 
Diego County from early February to October. 
Rathbun et al. (1993) conducted surveys in San 
Simeon State Park and nearby Pico Creek in 
San Luis Obispo County and found that large 
snakes (>30 cm) were most often observed in 
the summer, peaking in May and June, while 
smaller animals were seen from late August 
through early November. Surface activity 
appears to be strongly affected by the availabil-
ity of surface water (E. Ervin and R. Fisher, 
unpublished data). Southern populations 
receive less rainfall and experience greater vari-
ation in rainfall, likely resulting in shorter and 
less predictable activity periods than northern 
populations. 

Mating has been observed in the field in late 
March (Cunningham 1959b), and females are 
known to store sperm (Fox 1956, Stewart 1972). 
Like all members of the genus, T. hammondii is 
live-bearing, with litters produced from July to 
late October (Ernst and Ernst 2003). Hansen 
and Tremper (unpublished data in Rossman 
et al. 1996) documented an average of 15.6 off-
spring from 7 litters (range 3–36). Young were 
born in late July and August and were 20.3–21.7 
cm TL (R. Hansen and R. Tremper, unpub-
lished data in Rossman et al. 1996). Cunning-
ham (1959b) found a 46.1 cm SVL female that 
contained 6 embryos. Another 64.9 cm SVL 
female contained 19 eggs (Cunningham 
1959b). Males mature at 37.3 cm SVL and 
females at 38.8 cm (Wright and Wright 1957). 

Cunningham (1966) reported a mean body 
temperature of 14 field-active individuals of 
22.6°C (range 18.6–31.8°C). Five of these ani-
mals were swimming in water between 14°C 
and 27°C (Cunningham 1966). Inactive snakes 
found under cover objects had body tempera-
tures ranging from 7.2°C to 23.6°C (Cunning-
ham 1966). 
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One radiotelemetry study has collected data 
on the movement ecology of this species at San 
Simeon State Park (Rathbun et al. 1993). Activ-
ity ranges of radio-tracked snakes were greater 
and more distant from water in the winter than 
in the summer. Average summer activity 
ranges for seven adult females were 1498.9 ± 
1847.6 m2 (mean ± s.d.), although the duration 
of the study was short (range 4–29 days), and 
activity may have increased with more time. 
Average winter activity ranges for two females 
and one male were 3395.7 ± 4803.5 m2 (mean ± 
s.d.), with animals tracked for 29–57 days. 
Average daily distance to water was 7.2 m in 
summer, compared to 98.8 m in winter (Rath-
bun et al. 1993). 

Thamnophis hammondii is a generalized 
predator on a variety of prey including fish, fish 
eggs, frogs, salamanders, leeches, and earth-
worms (Van Denburgh 1897, Klauber 1931, 
Fitch 1940, Fitch 1941, Cunningham 1959b, 
Bell and Haglund 1978, Rathbun et al. 1993, 
Rodríguez-Robles and Galina-Tessaro 2006). 
This species will eat introduced prey, such as 
sunfish, African clawed frogs, and bullfrogs 
(Ervin and Fisher 2001, Mullin et al. 2004, 
Ervin and Fisher 2007). 

Habitat Requirements 

Thamnophis hammondii is among the most 
aquatic of the garter snakes and is often found 
in or near permanent and intermittent freshwa-
ter streams, creeks, and pools (Grinnell and 
Grinnell 1907, Fitch 1940; R. Hansen and R. 
Tremper, unpublished data in Rossman et al. 
1996). Associated vegetation types include wil-
low, oak woodlands, cedar, coastal sage scrub, 
sparse pine, scrub oak, and chaparral (R. 
Hansen and R. Tremper, unpublished data, in 
Rossman et al. 1996, Ernst and Ernst 2003). 
Thamnophis hammondii will also use artificial 
aquatic habitats such as cattle ponds (Jennings 
and Hayes 1994a, Ervin and Fisher 2001, Ervin 
and Fisher 2007). 

Surveys in San Simeon State Park in San 
Luis Obispo County from July to December 
1992 resulted in 45 snake sightings: 33.3% on 

land, 53.3% on banks, and 6.7% in the water 
(Rathbun et al. 1993). Almost all of the sight-
ings (44/45) were in or near pooled water 
sources. Sixty percent of snakes were sighted in 
low vegetation (e.g., herbs and grasses), 28.9% 
in tall vegetation (e.g., cattails), 11.1% in open 
areas with no vegetation, and zero in wooded 
areas (e.g., willow; Rathbun et al. 1993). 

Habitat and movement ecology may vary 
seasonally, although this requires further 
study. Thamnophis hammondii have been 
observed to concentrate their habitat use in ver-
nal pools in the spring and in remnant pools 
formed from ephemeral creeks in the summer 
(R. Fisher, pers. comm.). Nine radio-tracked 
snakes in San Simeon State Park used stream-
side habitats more in the summer, while 
chaparral and grassland upland sites were used 
for overwintering (Rathbun et al. 1993). Ninety-
five percent of diurnal locations of radio-tracked 
animals were on land, usually underground. 
Animals were underground, presumably in 
rodent burrows, in 87.9% of locations on land 
(Rathbun et al. 1993). Two of the animals had 
home ranges that overlapped Highway 1 (a 
major highway with heavy traffic), suggesting 
that potential road mortality may be a manage-
ment issue. Although it is generally considered 
to be a very aquatic snake, these observations 
suggest that terrestrial upland habitats and 
rodent burrows can be important habitat com-
ponents for T. hammondii. 

Distribution (Past and Present) 

Thamnophis hammondii occurs in California 
from Salinas, Monterey County, south along 
the coast into Baja California, Mexico, occur-
ring in the South Coast, Peninsular, and Trans-
verse ranges (Boundy 1990, Ely 1992, McGuire 
and Grismer 1993). Isolated populations also 
occur in Baja California Sur and on Santa Cata-
lina Island (Brown 1980, Stebbins 2003). While 
T. hammondii occurs mostly west of the deserts 
in California, there are populations in some 
perennial desert slope streams in San Ber-
nardino, Riverside, and San Diego Counties 
(Perkins 1938, Fitch 1940, Boundy 1990). The 
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elevational range is from sea level to 2450 m 
(Atsatt 1913). Jennings and Hayes (1994a) esti-
mated that T. hammondii has been extirpated 
from ∼40% of its historic range in California 
during the second half of the twentieth century. 
This snake may be patchily distributed even 
when abundant suitable habitat is available. For 
example, snakes were readily observed at San 
Simeon Creek, San Luis Obispo County, in 
1992, but similar habitat about 5 km away in 
Pico Creek had very few snakes, even though 
the latter experiences less human disturbance 
(Rathbun et al. 1993). 

Trends in Abundance 

Declines in abundance appear to be less severe 
in the southern compared to the northern part 
of the range, but few quantitative data are avail-
able to support this interpretation (Jennings 
and Hayes 1994a). Variation in abundance over 
time at a particular site may be partially 
explained by reduction in surface activity dur-
ing drought periods and not necessarily reflect 
mortality and declines (E. Ervin and R. Fisher, 
unpublished data). Thamnophis hammondii 
were rare in Carmel River fish traps in 2003– 
2005 (S. Barry, unpublished data) and were 
never encountered in extensive fieldwork in 
and near the Hastings Reservation in the upper 
Carmel Valley from 1992 to 1998 (B. Shaffer, 
unpublished data). Jennings and Hayes (1994a) 
noted that T. hammondii was common only in 
San Diego County. However, other populations 
in the south may be robust, such as along the 
Santa Clara River in Los Angeles County, along 
Sespe Creek in Ventura County, and in the 
Angeles, Los Padres, and San Bernardino 
national forests (S. Barry, pers. comm.). The 
Santa Catalina Island population was reported 
as small (∼30 individuals) and isolated in the 
1970s (Brown 1980) and is suspected to have 
declined since (Jennings and Hayes 1994a). 

Nature and Degree of Threat 

Declines in the south are thought to be due to 
urbanization, reservoir construction, and flood 
control (Jennings and Hayes 1994a). Further 

north, declines are suspected to have been 
caused by a combination of factors including 
habitat modification by livestock, predation by 
introduced vertebrates, loss of native prey, and 
drought (Jennings and Hayes 1994a). How-
ever, negative interactions with nonnative spe-
cies have not been well documented, and in 
some cases T. hammondii may benefit from 
availability of introduced prey. Reliance on 
aquatic habitat and prey may contribute to 
drought sensitivity in this species (Jennings 
and Hayes 1994a; R. Fisher, pers. comm.). 

Under climate change, mean annual tem-
peratures are projected to increase throughout 
the range of T. hammondii, with warmer win-
ters and summers and earlier spring warming 
expected (reviewed in PRBO 2011). There is less 
certainty about future precipitation patterns, 
with estimates ranging from little change to 
roughly 30% decreases in rainfall (Snyder and 
Sloan 2005, PRBO 2011). Snowpack reductions 
of up to 90% are predicted in the southern part 
of the range (Snyder et al. 2004). Warmer and 
potentially drier conditions may affect availabil-
ity of intermittent and ephemeral water bodies 
and therefore limit activity. In the more north-
ern part of the range, the probability of large 
(>200 ha) fires is expected to increase (Wester-
ling and Bryant 2008) and the area burned is 
expected to increase by up to 50% (Lenihan 
et al. 2008). Both increases and decreases in 
fire probability and extent have been predicted 
for southern California under different climate 
change scenarios. There is little consensus on 
future fire dynamics in this part of the range 
because of the difficulty in modeling Santa Ana 
weather events (Westerling et al. 2004, Wester-
ling and Bryant 2008). How T. hammondii may 
respond to fire needs to be studied. Fire may 
have direct mortality effects and may alter 
aquatic and terrestrial habitat quality. Predicted 
vegetation shifts due to climate change include 
decreases in chaparral, shrubland, and wood-
land, and increases in grassland area (Lenihan 
et al. 2008, PRBO 2011). The impact of these 
shifts on T. hammondii populations will likely 
be negative. 
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Status Determination 

Thamnophis hammondii has undergone declines 
and extirpations and occurs in an area of high 
human population density and development, 
resulting in a Priority 2 Species of Special Con-
cern status. 

Management Recommendations 

Given this species’ association with aquatic 
habitat and apparent willingness to use artifi-
cial habitats, restoration of aquatic habitat and 
supplementation with artificial wetlands 
should be explored as a management option in 
extirpated sites. Eradication efforts aimed at 
nonnative aquatic species should consider the 
potential effect on T. hammondii populations, 
particularly if native prey is not abundant (Mul-
lin et al. 2004). Rathbun et al. (1993) docu-
mented the use of upland terrestrial habitat by 
T. hammondii, and the potential importance of 
rodent burrows for overwintering. In order to 
maintain access to these habitats, they sug-
gested protecting terrestrial habitats within 

500 m of aquatic habitats, although additional 
study across habitat types is needed. 

Monitoring, Research, and Survey Needs 

Surveys to determine the abundance and distri-
bution of remaining populations are needed and 
they should be conducted by individuals that are 
well trained to distinguish among Thamnophis 
species. Additional data on movement ecology 
and habitat requirements are also necessary to 
facilitate the design of protected areas around 
known aquatic habitats and to inform possible 
restoration efforts. The degree to which T. ham-
mondii is dependent upon introduced prey 
should be assessed, and the quality of those 
introduced prey compared to native prey should 
be evaluated. It may be necessary to manage for 
both T. hammondii and native prey populations 
simultaneously for effective recovery. Finally, 
landscape genetic data on the degree of differen-
tiation at the regional and watershed levels would 
be valuable both for the identification of manage-
ment units and for possible repatriation efforts. 
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COMMON GARTER SNAKE, SOUTHERN POPULATIONS 

Thamnophis sirtalis (Linnaeus 1758) 

Status Summary 

Thamnophis sirtalis is a Priority 1 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 72% (72/100). During the previous 
evaluation, garter snakes in this part of the 
range were also considered Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Southern coastal populations of Thamnophis 
sirtalis have not been formally described as 
a distinct taxon, so we limit our description 
here to T. sirtalis in general.  Thamnophis 
sirtalis is a medium-sized species, with a head 
slightly wider than the neck and keeled dorsal 
scales (Stebbins 2003). Thamnophis sirtalis can 
reach up to 128 cm TL in California, with adult 
males from coastal California 46.3 cm SVL on 
average and females 58.0 cm SVL on average 
(J. Boundy, unpublished data). Color pattern 
varies widely in this species, but garter snakes 
typically have a dark dorsal background color 
with lighter dorsal and lateral stripes which can 

be faint or absent. California T. sirtalis tend to 
have red or orange coloration on the head and/ 
or sides (Stebbins 2003). Thamnophis sirtalis 
in the southern part of its California range 

Common Garter Snake, Southern Populations: 
Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 25 

iii. Population concentration/ Data 
migration (10) deficient 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 7 

Total Score 72 

Total Possible 100 

Total Score/Total Possible 0.72 
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PHOTO ON PREVIOUS PAGE: Common garter snake, Orange County, California. Courtesy of Jeff Lemm. 
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potentially co-occurs with the coast garter 
snake (Thamnophis elegans terrestris) and the 
two-striped garter snake (T. hammondii) (Steb-
bins 2003). 

Taxonomic Relationships 

Some sources consider coastal garter snake 
populations from southern California to be 
California red-sided garter snakes (Thamnophis 
sirtalis infernalis) (e.g., Barry and Jennings 1998, 
Stebbins 2003) and others refer to them as red-
spotted garter snakes (T. s. concinnus) (e.g., 
Boundy and Rossman 1995, Janzen et al. 2002). 
Jennings and Hayes (1994a) based their evalua-
tion of the putative taxon, the South Coast garter 
snake, on personal communications with J. 
Boundy and S. Sweet. Morphological and 
genetic studies that will help to clarify the status 
of this taxon are still pending. One study is a 
comparison of color and morphological varia-
tion among T. sirtalis from the south coast, cen-
tral coast, and central valley of California (E. 
Ervin, pers. comm.; C. Mahrdt, pers. comm.). A 
phylogeographic study by Janzen et al. (2002) 
looked at T. sirtalis populations along the west 
coast of the United States but excluded popula-
tions from southern California. Another study 
sequencing two populations of southern T. sirta-
lis is underway for comparison with Janzen 
et al.’s (2002) study (R. Fisher, pers. comm.). 

Life History 

While the species Thamnophis sirtalis is one of 
the most well-studied North American snakes 
(Rossman et al. 1996), very little is known 
about populations from southern coastal Cali-
fornia. Given that T. sirtalis is extremely wide-
spread, occurring throughout much of Canada 
and in all but one state in the continental 
United States, life history variation among 
populations is pronounced (reviewed in Ross-
man et al. 1996, Ernst and Ernst 2003). We 
therefore limit our discussion to very general T. 
sirtalis biology and documented information 
from California where possible. 

Like all members of the genus Thamnophis, 
young are live-born from midsummer to early 

fall. Cunningham (1959b) reported that an 89 
cm SVL female T. sirtalis from Tapia Park, Los 
Angeles County, gave birth in late August to 20 
young (18 live) that were about 25 cm in TL. 
Another 59 cm SVL female from the same area 
was carrying 12 embryos (Cunningham 
1959b). A single female from farther north in 
San Benito County gave birth to six young, also 
in late August (Banta and Morafka 1968). Else-
where, average litter sizes range from 7.6 in 
British Columbia (Gregory and Larsen 1993) to 
32.5 in Maryland (McCauley 1945). Neonates 
range in size from 15 cm SVL (Manitoba; Gre-
gory 1977, Gregory and Larsen 1993, Larsen et 
al. 1993) to 20 cm SVL (Lassen County, Califor-
nia; Jayne and Bennett 1990). Females mature 
at SVL of 43–57 cm, and males mature at 36–38 
cm SVL, although this trait is highly variable 
across populations (Rossman et al. 1996). Time 
to maturity can take up to 4 years in some pop-
ulations (e.g., Lassen County; Jayne and Ben-
nett 1990). The proportion of females that are 
reproductively active in a given year ranges 
from 29% to 88% across populations (summa-
rized in Rossman et al. 1996), suggesting that 
not every female breeds every year. 

Thamnophis sirtalis can be active year-round 
in some southern localities (e.g., the Florida 
Everglades; Dalrymple et al. 1991). Rüthling 
(1915) anecdotally reported that T. sirtalis was 
rarely encountered around Los Angeles in the 
winter. Hansen and Tremper (unpublished 
data in Rossman et al. 1996) note that lowland 
California T. sirtalis are active from February to 
October, but there is a post-August drop in 
activity associated with a seasonal reduction in 
aquatic habitat. Most activity is diurnal, 
although crepuscular and nocturnal activity 
has been observed when anurans, a primary 
prey item, are breeding (Ernst and Ernst 2003). 
Nocturnal activity has also been observed in 
lowland California, with T. sirtalis active at 
night during warm rains (R. Hansen and R. 
Tremper, unpublished data in Rossman et al. 
1996). 

Thamnophis sirtalis are generalized preda-
tors (reviewed in Rossman et al. 1996). 
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However, diet data are not available from the 
southern range of T. sirtalis in California. Data 
from northern populations show that anurans 
are a large part of the diet. Anurans were the 
most common prey observed eaten by Califor-
nia T. sirtalis, comprising 58% of prey items (n 
= 48 snakes, localities include Siskiyou and 
Humboldt Counties; Fitch 1941). Also con-
sumed were earthworms (24% of prey items), 
and rarer prey (5% or less of prey items) such as 
fish, leeches, and slugs (Fitch 1941). In north-
ern California at Eagle Lake (Lassen County, 
1555 m), regurgitation of 36 adults revealed that 
33% of individuals contained anurans (mostly 
western toads, Bufo boreas), and 90% of prey 
items were anurans (Kephart and Arnold 
1982). Fish (6% of animals, 2% of prey items) 
and leeches (11% of animals and 8% of prey 
items) were taken less frequently (Kephart and 
Arnold 1982). In the northern Sierra Nevada 
near Truckee, Nevada County, anurans com-
prised 56% of prey volume (mostly Pacific tree 
frogs, Pseudacris regilla), while 33% of prey vol-
ume was fish. Rarer prey items (5% or less of 
total prey volume) included mice and leeches 
(n = 88 snakes; White and Kolb 1974). Juvenile 
Thamnophis sirtalis in California have also been 
observed to consume newly metamorphosed 
newts (Taricha torosa) (S. Barry, unpublished 
data). 

Habitat Requirements 

Thamnophis sirtalis in southern California is 
thought to be restricted to marsh and upland 
habitats near permanent water and riparian 
vegetation (Grinnell and Grinnell 1907, Fitch 
1941, Von Bloeker 1942; S. Sweet, pers. comm., 
in Jennings and Hayes 1994a). Data are scarce, 
but habitat preferences may be quite narrow. 
Some observational data suggest that this taxon 
may avoid restored marshlands, although the 
reasons for this are not clear (R. Fisher, pers. 
comm.). 

Distribution (Past and Present) 

Thamnophis sirtalis was historically known from 
scattered localities along the southern coastal 

plain from the Santa Clara River Valley in Ven-
tura County to around San Pasqual in San 
Diego County (Klauber 1929, Jennings and 
Hayes 1994a; S. Sweet, pers. comm. in Jennings 
and Hayes 1994a; E. Ervin and C. Mahrdt, 
unpublished data). The historical elevation 
range is thought to be from near sea level at Bal-
lona Creek and Playa del Ray Marsh in Los 
Angeles County to ∼832 m at Lake Henshaw in 
San Diego County (Von Bloeker 1942; R. Fisher, 
pers. comm. in Jennings and Hayes 1994a). 
Jennings and Hayes (1994a) estimated that 75% 
(18/24) of historic localities no longer supported 
populations due to anthropogenic and natural 
habitat loss (e.g., urbanization, flooding). Of the 
six extant localities identified by Jennings and 
Hayes (1994a), it is now suspected that popula-
tions remain in only three localities, with possi-
ble extirpations including Camp Pendleton and 
San Luis Rey (R. Fisher, pers. comm.). 

Trends in Abundance 

Historical accounts suggest that Thamnophis 
sirtalis was once quite common (Grinnell and 
Grinnell 1907, Bogert 1930, Von Bloeker 1942). 
Current populations are thought to be abun-
dant at Lake Henshaw in San Diego County, 
rare along the Santa Clara River, and virtually 
extirpated elsewhere (S. Barry, pers. comm., R. 
Fisher, pers. comm.). 

Nature and Degree of Threat 

Extirpations and population declines in this 
taxon have been attributed to habitat loss and 
fragmentation due to urbanization, agriculture, 
and flood control projects, as well as natural 
events such as floods and droughts (De Lisle 
et al. 1986, Jennings and Hayes 1994a). At 
remaining sites, urbanization in Riverside 
County continues to impact the Santa Margar-
ita River wetlands at Camp Pendleton, and 
increased dam height in the Prado Basin may 
have a negative flooding impact (R. Fisher, 
pers. comm.). Introduced aquatic predators and 
water snakes (genus Nerodia) may also nega-
tively impact Thamnophis sirtalis (Jennings and 
Hayes 1994a; R. Fisher, pers. comm.). 
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Under climate change, mean annual tem-
peratures are projected to increase throughout 
the southern California range of T. sirtalis, with 
warmer winters and summers and earlier 
spring warming expected (reviewed in PRBO 
2011). There is less certainty about future pre-
cipitation patterns, with estimates ranging 
from little change to roughly 30% decreases in 
rainfall (Snyder and Sloan 2005, PRBO 2011). 
Snowpack reductions of up to 90% are pre-
dicted in southern California (Snyder et al. 
2004). Warmer and potentially drier condi-
tions may affect availability of intermittent and 
ephemeral water bodies and therefore limit 
activity. Increases and decreases in fire proba-
bility and extent have been predicted for south-
ern California. There is little consensus on 
future fire dynamics because of the difficulty in 
modeling Santa Ana weather events (Wester-
ling et al. 2004, Westerling and Bryant 2008). 
How T. sirtalis responds to fire is unknown. 
Fire may have direct mortality effects, and may 
alter aquatic and terrestrial habitat quality. Pre-
dicted vegetation shifts due to climate change 
include decreases in chaparral and shrubland 
and increases in grassland area (Lenihan et al. 
2008, PRBO 2011). The potential impact of 
such vegetation shifts on T. sirtalis populations 
is unknown. 

Status Determination 

Thamnophis sirtalis in southern California has a 
very small range in a heavily human-impacted 
part of the state. In addition, these populations 
have been extirpated from most of their histori-

cal range, which justifies a Priority 1 Species of 
Special Concern designation. 

Management Recommendations 

Given the paucity of ecological information on 
southern populations, it is difficult to make 
management recommendations beyond the 
protection of existing habitat at this time. 
Future management strategies may include 
removal of invasive animals and plants, restora-
tion of flow regimes, and repatriation of extir-
pated sites. The research needs outlined below 
will help to inform the eventual development of 
a management strategy for this taxon. 

Monitoring, Research, and Survey Needs 

Almost no ecological or life history information 
is available for this taxon, and this data gap 
needs to be addressed at the few remaining sites 
in southern California where Thamnophis sirta-
lis persists. Monitoring to determine population 
abundance and to verify extirpation is needed 
across sites. As remaining habitat is identified 
and extant populations are found and stabilized, 
human-mediated repatriation, perhaps in com-
bination with captive breeding, may be the most 
effective strategy to repopulate extirpated sites. 
Studies on movement and dispersal are needed 
to determine connectivity among remaining 
populations, and genetic studies on both the dif-
ferentiation of this taxon from other T. sirtalis 
populations and the level of among-population 
variability are needed. Finally, the importance 
and impacts of nonnative species as predators 
and prey should be investigated further. 
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WESTERN POND TURTLE 

Emys [=Actinemys] marmorata Baird and Girard 1852 

PHOTOS: (top) Western pond turtle, Solano County, California. Courtesy of Adam Clause. 
(bottom) Western pond turtle, Santa Barbara County, California. Courtesy of Robert Hansen. 
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WESTERN POND TURTLE 
Emys marmorata 

Emys marmorata marmorata above yellow line 
Emys marmorata pallida below yellow line 

#* Museum Record Range 

!( CNDDB, BIOS, or Contributor USDA Ecoregion 
4,900,000 
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Status Summary 

Emys marmorata is a Priority 1 Species of Spe-
cial Concern in the southern part of the range 
(roughly corresponding to the range of the 
southwestern pond turtle, E. m. pallida) and a 
Priority 3 Species of Special Concern elsewhere 
(roughly corresponding to the range of the 
northwestern pond turtle, E. m. marmorata; see 
below for additional detail). These two popula-
tions received a Total Score/Total Possible of 
81% (89/110) and 65% (71/110), respectively. 
During the previous evaluation, both popula-
tions were considered Species of Special Con-
cern, also with different overall levels of threat 
(Jennings and Hayes 1994a). 

Identification 

Emys marmorata is a small to medium-sized 
(generally 17–18 cm, rarely to 24 cm, straight 
carapace length) brown, tan, or olive turtle 
(Stebbins 2003). The carapace is low, keelless, 
and often marked with a pattern of dark lines 
and/or dots, sometimes forming a pattern that 
radiates from the centers of each scute. The 
posterior edge of the carapace forms a smooth, 
non-serrated rim. In some individuals, the car-
apace has no patterning. The plastron is lighter 
tan or beige, hingeless, and often marked with 

Northern Western Pond Turtle: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 0 

vi. Population trend (25) 20 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 7 

Total Score 71 

Total Possible 110 

Total Score/Total Possible 0.65 

dark blotches (Stebbins 2003). The shell shape 
varies among habitat types, with turtles from 
foothill streams being flatter and narrower 
than individuals occurring at lower elevations 
in canals and sloughs (Lubcke and Wilson 
2007). 

This species is unlikely to be confused with 
other turtles within its range with the possible 
exception of melanistic individuals of the non-
native red-eared slider (Trachemys scripta ele-
gans). This latter species has a much shorter 
tail, attains larger overall body sizes, and has a 
serrated rim around the posterior edge of the 
carapace. Most individuals of this species also 
have prominent yellow stripes on the neck and 
shell and a broad red stripe over the temporal 
region of the head, although older individuals 
often develop an overall dark melanistic 
coloration. 

Taxonomic Relationships 

Emys marmorata is a member of the family 
Emydidae, which encompasses the majority of 
North American turtle species. The relation-
ships within this group have undergone exten-
sive revision in recent years, leading to many 
taxonomic changes and some instability. For-
merly, this species was included in the genus 

Southern Western Pond Turtle: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 5 

ii. Distribution trend (25) 25 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10) 0 

vi. Population trend (25) 25 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts (10) 10 

Total Score 89 

Total Possible 110 

Total Score/Total Possible 0.81 
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Clemmys along with the bog turtle (now Glypte-
mys muhlenbergii), the wood turtle (now G. 
insculpta), and the spotted turtle (now C. gut-
tata). Recent molecular analyses have sug-
gested a close relationship between E. mar-
morata, Blanding’s turtle (Emys  [=Emydoidea] 
blandingii), and the European pond turtles (E. 
orbicularis and  E. trinacris) (Bickham et al. 
1996, Burke et al. 1996, Feldman and Parham 
2002, Spinks and Shaffer 2009, Spinks et al. 
2009). This species is now generally placed in 
either the monotypic genus Actinemys (Hol-
man and Fritz 2001) or the genus Emys (the 
arrangement that we follow here). 

Intraspecific variation within E. marmorata 
is also undergoing intensive study. Two subspe-
cies have traditionally been recognized, E. m. 
marmorata (Baird and Girard 1852) and E. m. 
pallida (Seeliger 1945). These subspecies were 
initially distinguished by the presence or 
absence of inguinal scutes in the shell and col-
oration of the throat and neck. Subsequent 
studies also detected substantial morphological 
variation present across the range (Holland 
1992a). Genetic analyses of intraspecific varia-
tion suggest that substantial variation is 
present, which is generally, but not precisely, 
concordant with the traditionally defined sub-
species (Spinks and Shaffer 2005, Spinks et al. 
2010). Spinks et al. (2014) analyzed a large 
panel of SNPs and concluded that E. m. sensu 
lato should be divided into two species. Because 
this arrangement is very recent, here we follow 
the earlier arrangement (of a single species) 
but consider threats separately for southern and 
northern populations as was done by Jennings 
and Hayes (1994a). 

Life History 

Emys marmorata is a highly aquatic species and 
basks frequently. In the northern part of the 
range (particularly at higher elevations), this 
species enters a period of dormancy through-
out much of the winter. It is one of relatively 
few emydid turtles that regularly overwinter on 
land (Ultsch 2006), perhaps as a mechanism to 
avoid mortality from increased winter water 

flows in the Mediterranean climate. Where it 
overwinters terrestrially, the species uses a 
variety of habitat types but chooses sites above 
the normal high water mark and burrows into 
loose soils and leaf litter (Reese 1996). In 
aquatic habitats that experience little change in 
water level (lakes, ponds, and reservoirs), pond 
turtles are known to overwinter in the water 
and will choose undercut banks, bottom mud, 
“snags” of downed wood, or rocks (Nussbaum 
et al. 1983, Ernst and Lovich 2009). Movement 
to overwintering sites occurs at the end of sum-
mer, most often in September, although the 
timing varies with the particular habitat and 
area (Reese 1996, Reese and Welsh 1997). In 
warmer areas, particularly in the southern part 
of the range, this species may remain active 
year-round. 

Western pond turtles are known to mate 
throughout the spring, summer, and fall. Nest-
ing usually occurs in the spring or early sum-
mer, although double clutching has been 
reported from several parts of the range (Good-
man 1997, Germano and Bury 2001, Germano 
and Rathbun 2008, Scott et al. 2008). Females 
usually select nest sites within 100 m of a water 
body, although nests as far away as 500 m have 
occasionally been reported (Storer 1930, Hol-
land 1994, Reese 1996, Holte 1998, Lovich and 
Meyer 2002). Clutch sizes vary from 1 to 13 
eggs and vary depending on local conditions 
(Holland 1994, Lovich and Meyer 2002, Ger-
mano and Rathbun 2008). The eggs hatch in 
the fall and, at least in the northern part of the 
range, hatchlings often remain in the nest 
through the first winter, emerging the follow-
ing spring (Holland 1994). 

The diet is generalized and consists of a 
variety of small aquatic invertebrates (includ-
ing insects, crustaceans, and mollusks) and a 
wide variety of algae and other plant material 
(Bury 1986). Carrion and small vertebrates are 
also occasionally consumed (Bury 1986). 
Growth rates vary widely depending on local 
conditions but appear to be highest in hatch-
lings and then gradually slow in adults. Repro-
ductive maturity is widely variable and appears 
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to be linked to size. Females generally mature 
at slightly over 13 cm SCL as young as 4–5 years 
of age, while males mature at about 12.5 cm 
SCL at 6–8 years of age (Holland 1994, Reese 
1996, Germano and Bury 2001, Germano and 
Rathbun 2008, Germano and Bury 2009; T. 
Engstrom, pers. comm.), although maturation 
can happen more quickly depending on local 
conditions in some areas (e.g., Germano 2010). 

Habitat Requirements 

Emys marmorata is generalized in its habitat 
requirements, occurring in a broad range of 
aquatic water bodies including flowing rivers 
and streams, permanent lakes, ponds, reser-
voirs, settling ponds, marshes, and other wet-
lands. This species will also temporarily use 
semipermanent or ephemeral water bodies, 
including stock ponds, vernal pools, and sea-
sonal wetlands (Stebbins 2003, Bury and Ger-
mano 2008). This species will also at least 
occasionally enter sea water (Stebbins 1954, 
Holland 1989). Pond turtles require upland 
habitat that is suitable for nesting and overwin-
tering use. Localized soil conditions, as well as 
the frequency and degree of disturbance in the 
upland habitat, probably limit their distribu-
tion. Soils need to be loose enough to allow nest 
excavation, while disturbance needs to be infre-
quent enough or of sufficiently low intensity 
that nests are not disturbed (Ernst and Lovich 
2009). 

This species is most frequently found in 
quiet reaches that experience little human 
impact and have abundant basking substrate in 
the form of downed wood and large rocks (Bury 
and Germano 2008, Thomson et al. 2010). The 
species can persist, at least over moderate peri-
ods of time, in highly modified habitats with 
high human traffic and/or little basking sub-
strate (Spinks et al. 2003, Germano 2010). 

Distribution (Past and Present) 

Emys marmorata ranges widely along the 
Pacific coast from western Washington to the 
northern part of the Baja California Peninsula 
in Mexico. Within California, the species 

ranges from the Pacific coast inland to the 
Sierra Nevada foothills up to elevations of 
2048 m (Ernst and Lovich 2009). Further 
south, it ranges from the coast inland to the 
peninsular ranges. Scattered populations exist 
in the Mojave River (e.g., Victorville, Camp 
Cady, and Afton Canyon, San Bernardino 
County, California) and in some Great Basin 
drainages including the Susan River (Lassen 
County, California), and the Truckee and Car-
son Rivers (Nevada, possibly extending into 
Nevada County, California, although this has 
not been documented) (Holland 1992b, Lovich 
and Meyer 2002). Additional scattered popula-
tions are known from the Klamath Basin (R. 
Bury, pers. comm.). Some or all of these popu-
lations could represent introductions. One hun-
dred and eighty individuals of this species were 
introduced in the state of Nevada in 1887, and 
these may be the source of the population in 
the Truckee and/or Carson Rivers (Cary 1889). 

Within E. marmorata, the southern subspe-
cies (E. m. pallida) extends from the southern 
range edge in Baja California, Mexico, north-
ward in the Coast Range to San Francisco Bay, 
while the northern subspecies (E. m. mar-
morata) extends from San Francisco Bay north 
through the Sacramento Valley and Coast 
Range to the northern range limit in Washing-
ton. A large intergrade zone between the two 
subspecies has been hypothesized to exist in 
the San Joaquin Valley (Seeliger 1945), 
although recent work has shown that this area 
is genetically a member of the northern sub-
species (Spinks et al. 2014). The populations 
that we recognize correspond to these subspe-
cies distributions. 

In the north, large and relatively intact pop-
ulations still exist through large areas of the 
Coast Range and Sierra foothills, although 
agriculture and habitat modification have 
destroyed large areas of riparian and wetland 
habitat in the Sacramento Valley that almost 
certainly supported large populations of this 
species in the past. Scattered populations 
remain throughout the Sacramento Valley, but 
the extensive marsh habitat that dominated 
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much of the valley floor has been largely 
drained and converted to agriculture. Kelly 
et al. (2005) estimated that the extent of wet-
land habitat in the Central Valley has declined 
by ∼80% since the 1860s when large-scale land 
conversion began, and this undoubtedly elimi-
nated many E. marmorata populations. Holland 
(1992b) argued that the San Joaquin River 
drainage formerly represented the stronghold 
of this species, supporting vast numbers of 
individuals, and that the species has been lost 
from >99% of its range in the region. Overall, 
the number of viable populations in this area 
has clearly decreased, but some do remain 
(Holland 1992a, Jennings and Hayes 1994a, 
Germano 2010, Bury et al. 2012). 

In the south, extensive urbanization and 
land conversion have caused precipitous popu-
lation declines. A large fraction of remaining 
habitat in southern California exists as patches 
surrounded by large tracts of unsuitable habitat 
that have little suitable upland nesting habitat. 
Dispersal corridors between adjacent habitats 
have also been mostly severed by intervening 
urban development and heavily used roadways, 
resulting in heavy mortality on females search-
ing out nest sites (R. Fisher, pers. comm.). 

Trends in Abundance 

Emys marmorata was formerly abundant 
throughout much of California. Bogert (1930) 
reported that E. marmorata was “common in 
larger streams along the coast and in many of 
the marshes adjacent to the coast,” and many of 
these habitats still support relatively large pop-
ulations (Jennings and Hayes 1994a, Germano 
and Rathbun 2008, Thomson et al. 2010). Else-
where declines have occurred, particularly in 
southern California. Van Denburgh (1922) 
reported that the species was “abundant on the 
west fork of the San Gabriel River,” but recent 
reports suggest that the species has declined 
precipitously in this area and in the Los Ange-
les Basin in general (Brattstrom 1988, Jennings 
and Hayes 1994a). Large, relatively intact popu-
lations remain through much of the northern 
Coast Ranges, although areas in the Central 

Valley and southern California that still sup-
port the species have severely declined (Hol-
land 1992b, Jennings and Hayes 1994a). Popu-
lations that remain in the Central Valley are 
undoubtedly smaller and more fragmented 
than they once were due to the large-scale land 
conversion that occurred in this area beginning 
in the 1860s. Further, E. marmorata were har-
vested commercially for many years, selling for 
3–6 dollars per dozen in San Francisco markets 
during the 1920s and 1930s (Pope 1939, Nuss-
baum et al. 1983). The overall extent of declines 
in abundance caused by market collection is 
poorly understood. However, localized declines 
due to market collection were noted as early as 
1879 in Sacramento (Lockington 1879), and the 
species’ life history would make it particularly 
susceptible to declines from intense adult 
mortality. 

Some published and ongoing surveys sug-
gest that population sizes are stable in several 
remaining populations in the southern part of 
the range. In particular, southern populations 
near Gorman, Fresno, and along the central 
coast of California appear to be stable in abun-
dance with a population structure that indi-
cates continued breeding (Germano 2010; D. 
Germano, pers. comm.). Unpublished field 
data also indicate that the species persists in 
some numbers throughout Merced (particu-
larly east of Gustine) and Fresno Counties, as 
well as some areas of Kern County (S. Barry, 
pers. comm.). At least in some areas, ongoing 
declines in abundance may have slowed or 
stopped. If additional data corroborate these 
observations, a decrease in the population trend 
scores may be warranted during the next Spe-
cies of Special Concern evaluation. 

Nature and Degree of Threat 

The largest threats currently facing Emys mar-
morata are land use changes and fragmentation 
of existing habitat, as well as possible impacts 
via competition and predation by introduced 
species. 

Throughout the range of E. marmorata, 
extensive wetland habitats that once supported 
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large numbers of this species have declined in 
extent and quality. Ongoing land use conver-
sion to agriculture as well as urban develop-
ment have degraded and fragmented habitat 
throughout virtually all of this taxon’s range. 
These effects are most pronounced in southern 
California, where relatively few viable popula-
tions of this species now remain. Even in north-
ern California, land use changes are having 
impacts. Reese and Welsh (1998) documented 
changes in the age structure of E. marmorata 
populations as a result of damming in the Trin-
ity River drainage, suggesting negative impacts 
on juvenile turtles and therefore recruitment in 
populations affected by dams. 

The impact of introduced species is largely 
unknown but could potentially be detrimental 
in several ways. The red-eared slider is widely 
established throughout the range of E. mar-
morata and may serve as a disease vector and 
competitor (Bury 2008a). The spiny softshell 
turtle (Apalone spinifera) is a more recent intro-
duction to the Central Valley of California and 
is now breeding in at least one site in the Sacra-
mento Valley (L. Patterson, pers. comm.). If 
this species becomes invasive on a larger scale, 
it is also likely to compete with and possibly 
prey on small E. marmorata. In Southern Cali-
fornia, the range of these two species appears 
not to overlap, suggesting that softshells may 
have strong impacts on pond turtles (R. Fisher, 
pers. comm.). Additional introduced species 
that may affect E. marmorata are bullfrogs, 
crayfish, and introduced centrarchids. In the 
Salinas River, E. marmorata declined following 
the invasion of bullfrogs in the 1970s (B. 
Hubbs, pers. comm.). The strength and mech-
anism (predation or competition) of their 
impact is not currently clear, and further stud-
ies are needed. Ravens, crows, raccoons, and 
opossums are all known predators of E. mar-
morata adults and nests. The population sizes 
of these human commensal species have 
increased through time and may also be having 
impacts on E. marmorata populations via 
increased predation pressure. A very important 
source of this decline may operate through nest 

predation that leads to reduced or failed recruit-
ment year to year (S. Sweet, pers. comm.). 

The impacts of climate change on E. mar-
morata are still poorly understood but are likely 
to be significant. Climate simulation models 
project strong changes to river hydrology in 
California. In particular, decreasing snowpacks 
and a shift to earlier and stronger river flows 
(and increased frequency and strength of scour-
ing floods) are likely to negatively affect habitat 
and could cause local extirpations (Cayan et al. 
2008b). Because the habitat is now fragmented, 
recolonization of these areas following localized 
extirpations is unlikely, particularly in southern 
California where the habitat is the most frag-
mented. Importantly, the genetic data indicate 
that most of the genetic diversity within this 
species resides in southern California. Because 
of this, declines in this area could result in the 
extirpation of much of the genetic diversity that 
is currently present (Spinks et al. 2010, Spinks 
et al. 2014; R. Fisher, unpublished data). 

Status Determination 

Priority 1 Species of Special Concern status is 
justified for Emys marmorata in the southern 
portion of the range because these populations 
are experiencing ongoing and strong declines 
in distribution and abundance (although, as 
noted above, some evidence indicates these 
declines may be slowing in some areas). Fur-
ther, this area contains most of the genetic 
diversity that has been identified within this 
taxon, so entire genetic lineages are at risk. In 
the north, populations are experiencing 
declines, although to date they are less severe 
than in the southern portion of the range. 
Many of the remaining populations in the 
north occur in habitats that are unlikely to 
experience land use changes on a scale that will 
threaten long-term survival, so we consider this 
segment of the range a Priority 3 Species of 
Special Concern. 

Management Recommendations 

Our recommendations follow those of Bury 
et al. (2012). We outline these recommenda-
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tions below and refer readers to that document 
for additional discussion. Protecting habitat 
from further degradation and fragmentation is 
the highest priority for this species. Following 
this, habitat restoration, particularly that which 
increases connectivity between currently iso-
lated habitats and increases the extent of set-
back or buffer habitat around wetlands that is 
suitable for nesting, is an important manage-
ment priority. Efforts to reduce or control the 
impact of predators (especially on nests) are 
also an important way to maintain current 
populations and increase recruitment of juve-
niles. Formal headstarting programs may be a 
useful tool for repopulating areas where local 
extirpations have occurred but only as a last 
resort and if the habitat can be restored to an 
extent that a population can survive with little 
intervention. One encouraging observation is 
that Emys marmorata can live in close proximity 
to human disturbance, provided that they have 
adequate suitable basking and nesting sites. 

Monitoring, Research, and Survey Needs 

Further research on the impact of invasive spe-
cies is needed. In particular, the impact of red-
eared sliders, bullfrogs, and centrarchids needs 
to be further characterized, to understand both 
to what extent these species can coexist and the 
effects these species have on the native popula-
tions. Both nest and hatchling habitat require-
ments are relatively poorly characterized, and 
need to be clarified if the species is to persist 
and thrive in human-modified habitats. The 
effectiveness of headstarting efforts needs to be 
evaluated in various habitats and predation sit-
uations. Because a large amount of life history 
variation is present in this taxon (particularly 
relating to time to maturity, body size, and 
clutch size; e.g., Germano 2010), researchers 
and managers should be cautious when apply-
ing life history data collected in one population 
to a different population, particularly those 
occurring at widely different elevations, water 
temperatures, or habitat types. 
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SONORA MUD TURTLE 

Kinosternon sonoriense Le Conte 1854 

Status Summary 

Kinosternon sonoriense is a Priority 1 Species of 
Special Concern, receiving a Total Score/Total 
Possible of 66% (56/85). During the previous 
evaluation, it was also considered a Species of 
Special Concern (Jennings and Hayes 1994a). 
It has not been recorded from its historic range 
along the California–Arizona border since 
1962. 

Identification 

Kinosternon sonoriense is a small (maximum 
size ∼17 cm SCL) black or brown turtle, with 
prominent barbels on the chin and neck and 
usually with yellow or cream mottling on the 
sides of the head that form broken stripes (Ernst 
and Lovich 2009). The plastron is lighter than 
the carapace, usually pale brown to yellow, with 
dark pigmentation along the scute seams and 
well-developed anterior and posterior hinges 
(Ernst and Lovich 2009). The overall carapace 
shape is oval and moderately domed. This spe-
cies is unlikely to be confused with other native 

California turtles, since it is the only California 
native that possesses barbels and the only native 
aquatic turtle that occurs within its range. 
However, many kinosternid turtle species are 

Sonora Mud Turtle: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10) 3 

vi. Population trend (25) Data 
deficient 

vii. Vulnerability to climate change (10) 3 

viii. Projected impacts (10) 10 

Total Score 56 

Total Possible 85 

Total Score/Total Possible 0.66 
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difficult to distinguish, and some of these have 
been sporadically introduced around the state. 
The most common introduced kinosternid is 
likely the common musk (or stinkpot) turtle 
(Sternotherus odoratus). This species has two 
broken light stripes on each side of the head and 
has only a single, anterior hinge on the plas-
tron. Other species in the genus Kinosternon 
have also been introduced (K. flavescens in par-
ticular; S. Sweet, pers. comm.) but are not com-
mon and will often require expert identification 
(Spinks et al. 2003, Spinks et al., pers. obs.). 
See Stebbins (2003) for additional details. 

Taxonomic Relationships 

Two subspecies have been described, one of 
which historically occurred in California. The 
Sonora mud turtle (Kinosternon sonoriense sono-
riense) includes California as well as the major-
ity of the species’ range in the southwestern 
United States and northern Mexico. The 
Sonoyta mud turtle (K. s. longifemorales) is 
restricted to the Rio Sonoyta drainage in Mex-
ico and southern Arizona (Iverson 1976). 
Intraspecific, including subspecific, variation 
has not yet been investigated genetically. 

Life History 

The life history of this species has not been 
studied in California. Life history studies in 
Arizona and New Mexico suggest that there is 
some interpopulation variation in basic life his-
tory parameters of this species. We base our life 
history description on work conducted prima-
rily in Arizona and New Mexico but recognize 
that these data should be regarded as tentative 
for California populations. 

Kinosternon sonoriense is active throughout 
the year as long as water is present, though in 
warmer months it may become active primarily 
at night (Hulse 1974, Hulse 1982). Hibernation 
is known to occur in high-elevation popula-
tions in New Mexico (Degenhardt et al. 1996), 
although it is unlikely that this occurs in Cali-
fornia populations, which were exclusively low 
elevation. Kinosternon sonoriense aestivates ter-
restrially in response to seasonal drying in sev-

eral populations (Ligon and Stone 2003, Hall 
and Steidl 2007, Hensley et al. 2010) but else-
where may be more closely tied to permanent 
water (Ligon and Peterson 2002). In Arizona, 
females come into reproductive condition after 
a minimum of 5 years or with a carapace length 
between 115 and 125 mm, after which they pro-
duce one to four clutches per year although this 
varies depending on location (Van Loben Sels 
et al. 1997, Ernst and Lovich 2009, Lovich et al. 
2012). Females become gravid between April 
and September, although most frequently in 
June and July (Lovich et al. 2012). The develop-
ing embryos apparently require a period of 
cooling before development restarts in the 
spring (Hulse 1982, Ewert 1991, Ernst and 
Lovich 2009). In Arizona, hatching may be 
associated with the summer monsoon in late 
summer (van Loben Sels et al. 1997). 

Kinosternon sonoriense can attain high local 
population densities. One population in Hidalgo 
County, New Mexico, contained 212 turtles 
(Stone 2001). Another population in Yavapai 
County, Arizona, reached 750 individuals/ha of 
aquatic habitat (Hulse 1982). Individuals are 
known to undertake long terrestrial movements 
(>1 km) when water becomes limiting (Stone 
2001, Hall and Steidl 2007), and Stone (2001) 
found that 26% of recaptured individuals had 
moved overland between aquatic capture sites. 
In the Santa Catalina Mountains (Pima County, 
Arizona), where the aquatic habitat consists of 
small and discrete pools, the presence of two or 
more adult turtles of the same sex within single 
pools was rare, suggesting that the species may 
be territorial where resources are limiting (Hall 
and Steidl 2007). 

Kinosternon sonoriense is primarily carnivo-
rous, feeding on a variety of invertebrates. It is 
known to shift to omnivory in suboptimal habi-
tat (Hulse 1974) and to feed on or scavenge 
small vertebrates (Stone et al. 2005, Lovich 
et al. 2010). 

Habitat Requirements 

Habitat requirements for Kinosternon sonoriense 
in California are unknown but are likely tied to 
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the presence of a reliable water source and a 
suitable prey base. Elsewhere in its range, it 
inhabits a wide variety of both permanent and 
temporary aquatic habitats including streams, 
creeks, stock ponds, and natural ponds (van 
Loben Sels et al. 1997, Ernst and Lovich 2009, 
Stanila 2009, Hensley et al. 2010, Stone et al. 
2011). In California, it was known to enter arti-
ficial water bodies, although the long-term suit-
ability of this habitat is unknown. Optimal 
habitat appears to be slow-moving, permanent 
water with a high density of aquatic inverte-
brates and a muddy bottom (Jennings and 
Hayes 1994a). 

Distribution (Past and Present) 

Historically, this species occurred in California 
along the Lower Colorado River drainage (Van 
Denburgh and Slevin 1913, Grinnell and Camp 
1917, Dill 1944). La Rivers (1942) reported the 
northernmost record for the species in the 
Colorado River drainage from Clark County, 
Nevada. Cooper (1870) mentioned a specimen 
from an unspecified locality in the Colorado 
River Valley, collected while he was stationed at 
Fort Mohave, Arizona. Several more individu-
als were collected from the vicinity of Yuma, 
Arizona, and Palo Verde, California, in the 
early 1900s (Van Denburgh and Slevin 1913, 
Van Denburgh 1922). A 1942 record (SDNHM 
17897) extended the western range in Califor-
nia to within ∼20 km of Calexico, suggesting 
that this taxon was present in ditches and 
canals in the Imperial Valley for at least some 
period of time. Klauber (1934) indicates that it 
was not “yet” present in the Imperial Valley, 
though by 1942 it clearly was. The overall extent 
and timing of its expansion into the Imperial 
Valley is essentially unknown. In the Lower 
Colorado River Valley, the species was present 
at least until 1941 near Bard, Imperial County 
(SDNHM 33866). 

The last published record of Kinosternon 
sonoriense in the Lower Colorado River drain-
age occurred on the Arizona side of the river 
∼1.6 km southwest of Laguna Dam on 31 March 
1962 (Funk 1974, Lovich and Beaman 2008). 

Turtle trapping surveys were conducted in 
April of 1991 throughout much of the historic 
California range and failed to detect the species 
(King and Robbins 1991). The presence of 
“small black turtles along the Coachella Canal” 
was rumored in the 1990s, but these reports 
were never verified and could have been misi-
dentified Trachemys scripta or Apalone spinifera 
(J. Lovich, pers. comm.). 

Outside of California, K. sonoriense ranges 
through much of southern Arizona, into the 
southwestern corner of New Mexico and south 
into northern Sonora and Chihuahua, Mexico, 
from sea level to 2040 m (Stebbins 2003, Lov-
ich and Beaman 2008, Ernst and Lovich 
2009). 

Trends in Abundance 

There is no information concerning historical 
abundance of this species in California. Only 
five reliable localities have been recorded in 
California, and historical accounts from the 
early twentieth century contain few data on 
abundance. Van Denburgh and Slevin (1913) 
reported that “six or eight” specimens were col-
lected near Yuma before 1906, and stated that 
“whether it ascends the Colorado River above 
the Gila is not known.” Van Denburgh (1922) 
stated that the species occurred in the Lower 
Colorado River drainage but was aware of 
records only near Yuma and at Palo Verde in 
Imperial County. The Clark County Nevada 
record had not yet been reported at this time 
(La Rivers 1942). Dill (1944) mentioned only 
that this taxon occasionally stole bait from fish-
ermen (presumably implying that it was fairly 
well known to fishermen). The paucity of 
records from California suggests that popula-
tions here may not have occurred in the high 
densities documented elsewhere, although this 
species is difficult to detect without specific 
trapping efforts, and it is not clear that these 
efforts were ever made while the species was 
known to be present. Thus, the historical data 
on abundance are inconclusive. Kinosternon 
sonoriense has not been collected in or near 
California in nearly 50 years, despite extensive 
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surveys (King and Robbins 1991). It is clear 
that declines, and possibly extirpation, have 
occurred during the last century. 

Nature and Degree of Threat 

The causes of decline of Kinosternon sonoriense 
in California are poorly understood, but may be 
associated with habitat modification and water 
diversion along the Colorado River and the 
Imperial Valley (Ohmart et al. 1988). Increased 
use of pesticides may have modified the availa-
ble prey base, forcing the species to shift to a 
suboptimal herbivorous diet, which has been 
suggested as a factor in other K. sonoriense 
declines (King et al. 1996). The impact of intro-
duced exotic crayfish, bullfrogs, warm water 
fishes, and softshelled turtles, all of which were 
well established around the time of K. sono-
riense declines (Dill 1944, Lovich and Beaman 
2008), is unknown, but they could plausibly 
have had a negative impact on K. sonoriense. At 
one site in Arizona, reduced K. sonoriense den-
sities appear to be associated with the presence 
of introduced crayfish (Lazaroff et al. 2006). 

Between 1941 and 1943, the Imperial Irriga-
tion District burned and sprayed oil on 13,000 
km of ditches and canals in the Imperial Valley 
in an effort to control the damage being done 
by spreading muskrat populations (Twining 
and Hensley 1943). These efforts certainly 
destroyed a great deal of aquatic habitat in the 
region, and the effect of the oil residues may 
have also had strong impacts on K. sonoriense 
and other taxa that disappeared from this area 
during the same time period (e.g., Rana yava-
paiensis, Bufo alvarius). 

Status Determination 

A Priority 1 Species of Special Concern desig-
nation is justified by the complete absence of 
records for this species since the 1960s. This is 
the primary cause for concern. Little under-
standing of Kinosternon sonoriense’s habitat 
requirements or factors leading to decline in 
California currently exists. However, given the 
survey efforts that have been conducted to date, 
we assume that any remaining California pop-

ulations are small, fragmentary, and vulnerable 
to extirpation. The species may also be vulner-
able to increasing temperatures and changing 
hydrology due to climate change. 

Management Recommendations 

If future surveys detect any remaining popula-
tions, initial management efforts should focus 
on protecting those populations while research 
is performed that focuses on expanding suita-
ble habitat and rebuilding local populations. If 
initial estimates of population structure indi-
cate that reproduction and/or recruitment is 
not occurring, a headstarting program could be 
effective as a stopgap measure to prevent local 
extirpation. Many aquatic turtles have very dif-
ferent habitat requirements for hatchlings and 
adults, and ecological studies of both age 
classes will almost certainly be necessary to 
ensure the survival of remnant native 
populations. 

Monitoring, Research, and Survey Needs 

Although surveys have been performed for 
Kinosternon sonoriense in California, these 
efforts are not yet comprehensive. As this spe-
cies is generally easily captured using submers-
ible turtle traps, more complete survey efforts 
will help to clarify the species’ status in Califor-
nia. Areas that have not yet been systematically 
surveyed include the backwaters of the Colo-
rado River below Needles and along Lake 
Havasu (R. Fisher, pers. comm.); Haughtelin, 
Ferguson, Taylor, Draper, and Walker Lakes 
(King and Robbins 1991); the Coachella Canal; 
and any riparian habitat remaining in the area 
of Laguna Dam, as well as at Topock Marsh in 
the Havasu National Wildlife Refuge. Because 
the Lower Colorado River segment of the spe-
cies’ range spanned both California and Ari-
zona, additional surveys should be coordinated 
with wildlife managers in Arizona to search 
potential habitat on the eastern side of the Colo-
rado River. 

If surveys do detect any individuals, manag-
ers should immediately initiate a monitoring 
program to determine the size and stability of 
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the population, as well as an ecological study of 
population structure and life history. This will 
almost certainly involve individually marking 
turtles with shell notches and/or PIT tags and 
performing mark–recapture surveys to esti-
mate population size and individual growth 
rate. In particular, whether, and how much, 
reproduction is taking place in existing popula-
tions will be critical to determine. Juvenile tur-
tles rarely enter submersible traps; thus, alter-
native methods should be employed to search 
for them (such as seining or snorkeling). 
Female turtles should also be checked for eggs 
using either palpation or radiographs, prefera-
bly with portable field-capable digital X-ray 
units. 

Genetic samples from the Lower Colorado 
River do not exist and should be collected, 

should remaining populations be found. These 
samples will be valuable to researchers working 
on Kinosternon phylogenetics and phylogeogra-
phy and will also be critical in assessing the 
existing diversity within remaining popula-
tions and the divergence between these and 
more abundant populations to the east in 
Arizona. 

Finally, researchers should attempt to char-
acterize differences between habitat that sup-
ports this species and nearby habitats that do 
not. The causes of decline are still poorly under-
stood, so management efforts that focus on 
rebuilding populations must be informed with 
strong data on the impact of introduced preda-
tors, pesticide, and herbicide drift, introduced 
aquatic plants, and habitat modification on 
K. sonoriense population persistence. 

sonora mud turtle 309 



 This page intentionally left blank 



   

       
      
       

    
  

       
       
     

 
       

      
  

        
      
    

       
   

        
      

     
    

        
       

    
        

       
        

 
       

        
     

     

       
    
      

       
       

     
   

        
       

        
      
     
       

      
    

      
      

    
      

        
      

 
      

       
      

 
     
  
       

  

        
       

literature cited 

Adalsteinsson, S.A., Branch, W.R., Trape, S., Vitt, 
L.J., and Hedges, S.B. 2009. Molecular phylog-
eny, classification, and biogeograpy of snakes of 
the family Leptotyphlopidae (Reptilia, Squa-
mata). Zootaxa 2240:1–50. 

Adams, M.J. 1999. Correlated factors in amphibian 
decline: exotic species and habitat change in 
western Washington. Journal of Wildlife 
Management 63:1162–1171. 

Adams, M.J. 2000. Pond permanence and the 
effects of exotic vertebrates on anurans. Ecologi-
cal Applications 10:559–568. 

Adams, M.J. and Bury, R.B. 2002. The endemic 
headwater stream amphibians of the American 
Northwest: associations with environmental 
gradients in a large forested preserve. Global 
Ecology and Biogeography 11:169–178. 

Adams, M.J., Bury, R.B., and Swarts, S.A. 1998. 
Amphibians of the Fort Lewis Military Reserva-
tion, Washington: sampling techniques and 
community patterns. Northwestern Naturalist 
79:12–18. 

Adams, M.J., Pearl, C.A., and Bury, R.B. 2003. 
Indirect facilitation of an anuran invasion by 
non-native fishes. Ecology Letters 6:343–351. 

Adams, M.J., Pearl, C.A., Galvan, S., and Mccreary, 
B. 2011. Non-native species impacts on pond 
occupancy by an anuran. The Journal of Wildlife 
Management 75:30–35. 

Adams, S.B. and Frissell, C.A. 2001. Thermal 
habitat use and evidence of seasonal migration by 
Rocky Mountain tailed frogs, Ascaphus montanus, 
in Montana. Canadian Field Naturalist 
115:251–256. 

Adest, G.A. 1977. Genetic relationships in the 
genus Uma (Iguanidae). Copeia 1977:47–52. 

Aguilar, A., Douglas, R.B., Gordon, E., Baum-
steiger, J., and Goldsworthy, M.O. 2013. Elevated 
genetic structure in the coastal tailed frog 
(Ascaphus truei) in managed redwood forests. 
Journal of Heredity 104:202–216. 

Alberts A.C., Brown, T.K., Grant, T.D., Lemm, J.M., 
Montagne, J.P., Milroy, L.G., III, and Jackintell, 
L.A. 2004. Conservation of the San Diego coast 
horned lizard on the Southwestern Riverside 
County Multi-Species Reserve. Final Project 
Report to the Metropolitan Water District of 
Southern California for Agreement No. 1550. 
Applied Conservation Division, Zoological 
Society of San Diego, San Diego, CA. 

Aldridge, R.D. 1979. Seasonal spermatogenesis in 
sympatric Crotalus viridis and Arizona elegans 
in New Mexico. Journal of Herpetology 
13:187–192. 

Altig, R. and Brodie, E.D., Jr. 1972. Laboratory 
behavior of Ascaphus truei tadpoles. Journal of 
Herpetology 6:21–24. 

Anderson, B.W. and Ohmart, R.D. 1982. Revegeta-
tion for Wildlife Enhancement along the Lower 
Colorado River. Bureau of Reclamation, Boulder 
City, NV. 

Anderson, J.D. 1960. Cannibalism in Dicamptodon 
ensatus. Herpetologica 16:260. 

Anderson, J.D. 1961. The courtship behavior of 
Ambystoma macrodactylum croceum. Copeia 
1961:132–139. 

Anderson, J.D. 1967. A comparison of the life 
histories of coastal and montane populations of 

311 



       
      

      
    

      
      

       
      

      
      
      

      
      

   

Ambystoma macrodactylum in California. The 
American Midland Naturalist 77:323–355. 

Anderson, J.D. 1968a. A comparison of the food 
habits of Ambystoma macrodactylum sigillatum, 
Ambystoma macrodactylum croceum, and 
Ambystoma tigrinum californiense. Herpetologica 
24:273–284. 

Anderson, J.D. 1968b. Thermal histories of two 
populations of Ambystoma macrodactylum. 
Herpetologica 24:29–35. 

Andre, S.E., Parker, J., and Briggs, C.J. 2008. Effect 
of temperature on host response to Batra-
chochytrium dendrobatidis infection in the 
mountain yellow-legged frog (Rana muscosa). 
Journal of Wildlife Diseases 44:717–720. 

Andrews, K.M., Gibbons, J.W., and Jochimsen, D.M. 
2008. Ecological effects of roads on amphibians 
and reptiles: a literature review, in Mitchell, J.C., 
Brown, R.E.J., and Bartholomew, B. (Eds): Urban 
Herpetology. Society for the Study of Amphibians 
and Reptiles, Salt Lake City, UT, pp.121–143. 

Anton, T.G. 1994. Observation of predatory behavior 
in the regal ringneck snake (Diadophis punctatus 
regalis) under captive conditions. Bulletin of the 
Chicago Herpetological Society 29:95. 

Anzalone, C., Kats, L., and Gordon, M. 1998. 
Effects of solar UV-B radiation on embryonic 
development in Hyla cadaverina, Hyla regilla, and 
Taricha torosa. Conservation Biology 12:646–653. 

Arnold, S.J. and Halliday, T. 1986. Natural history 
notes: Hyla regilla. Predation. Herpetological 
Review 17:44. 

Ashton, D.T., Marks, S.B., and Welsh, H.H., Jr. 
2006. Evidence of continued effects from timber 
harvesting on lotic amphibians in redwood 
forests of northwestern California. Forest Ecology 
and Management 221:183–193. 

Atsatt, S.R. 1913. The reptiles of the San Jacinto area 
of southern California. University of California 
Publications in Zoology 12:31–50. 

Baird, S.F. 1854. Descriptions of new genera and 
species of North American frogs. Proceedings of 
the Academy of the Natural Sciences of Philadel-
phia 7:59–62. 

Baird, S.F. 1858. Description of new genera and 
species of North American lizards in the 
Museum of the Smithsonian Institution. 
Proceedings of the Academy of the Natural 
Sciences of Philadelphia 10:253–256. 

Baird, S.F. 1859. Report upon the reptiles of the 
route, in Explorations and Surveys, R.R. Route 
from the Mississippi River to the Pacific Ocean, 
1853–56, Vol. 10, Williamson’s Route. Zoological 
Report, Part 6, Number 4, Washington, DC, 
pp.37–45. 

Baird, S.F. and Girard, C. 1852. Descriptions of new 
species of reptiles collected by the U.S. exploring 
expedition under the command of Capt. Charles 
Wilkes. Proceedings of the Academy of the 
Natural Sciences of Philadelphia 6:174–177. 

Baird, S.F. and Girard, C. 1853a. Catalogue of North 
American Reptiles in the Museum of the 
Smithsonian Institution. Part I: Serpents. 
Smithsonian Institution, Washington, DC. 

Baird, S.F. and Girard, C. 1853b. Communication by 
Mr. Charles Girard on behalf of Prof. Baird and 
himself, upon a species of frog and another toad. 
Proceedings of the Academy of Natural Sciences 
of Philadelphia 6:378–379. 

Baldwin, K.S. and Stanford, R.A. 1987. Natural 
history notes: Ambystoma tigrinum californiense. 
Predation. Herpetological Review 18:33. 

Balfour, P.S. and Ranlett, J. 2006. Natural history 
notes: Spea hammondii. Predation. Herpetologi-
cal Review 37:212. 

Ballesteros-Barrera, C., Martínez-Meyer, E., and 
Gadsden, H. 2007. Effects of land-cover 
transformation and climate change on the 
distribution of two microendemic lizards, genus 
Uma, of northern Mexico. Journal of Herpetology 
41:733–740. 

Bancroft, B.A., Baker, N.J., Searle, C.L., Garcia, T.S., 
and Blaustein, A.R. 2008. Larval amphibians seek 
warm temperatures and do not avoid harmful 
UVB radiation. Behavioral Ecology 19:879–886. 

Banta, B.H. 1963. Remarks upon the natural 
history of Gerrhonotus panamintinus Stebbins. 
Occasional Papers of the California Academy of 
Science 36:1–12. 

Banta, B.H. and Leviton, A.E. 1961. Mating 
behavior of the Panamint Lizard, Gerrhonotus 
panamintinus Stebbins. Herpetologica 
17:204–206. 

Banta, B.H., Mahrdt, C.R., and Beaman, K.R. 1996. 
Elgaria panamintina. Catalogue of American 
Amphibians and Reptiles 629:1–4. 

Banta, B.H. and Morafka, D.J. 1968. An annotated 
checklist of the recent amphibians and reptiles of 
the Pinnacles National Monument and Bear 
Valley, San Benito and Monterey counties, 
California, with some ecological observations. 
The Wasmann Journal of Biology 26:161–183. 

Barrows, C.W. 2006. Population dynamics of a 
threatened sand dune lizard. The Southwestern 
Naturalist 51:514–523. 

Barrows, C.W. 2012. Temporal patterns of abun-
dance of arthropods on sand dunes. The 
Southwestern Naturalist 57:262–266. 

Barrows, C.W. and Allen, M.F. 2007. Persistence 
and local extinctions of endangered lizard Uma 

312     literature cited 



      

 

       
       

     

 

inornata on isolated habitat patches. Endangered 
Species Research 3:61–68. 

Barrows, C.W. and Allen, M.F. 2009. Conserving 
species in fragmented habitats: population 
dynamics of the flat-tailed horned lizard, 
Phrynosoma mcallii. The Southwestern Naturalist 
54:307–316. 

Barrows, C.W. and Allen, M.F. 2010. Patterns of 
occurrence of reptiles across a sand dune land-
scape. Journal of Arid Environments 74:186–192. 

Barrows, C.W., Allen, E.B., Brooks, M.L., and Allen, 
M.F. 2009. Effects of an invasive plant on a 
desert sand dune landscape. Biological Invasions 
11:673–686. 

Barrows, C.W. Allen, M.F., and Rotenberry, J.T. 
2006. Boundary processes between a desert 
sand dune community and an encroaching 
suburban landscape. Biological Conservation 
131:486–494. 

Barrows, C.W., Preston, K., Rotenberry, J.T., and 
Allen, M. 2008. Using occurrence records to 
model historic distributions and estimate habitat 
losses for two psammophilic lizards. Biological 
Conservation 141:1885–1893. 

Barrows, C.W., Rotenberry, J.T., and Allen, M.F. 
2010. Assessing sensitivity to climate change and 
drought variability of a sand dune endemic 
lizard. Biological Conservation 143:731–736. 

Barry, S.J. and Fellers, G.M. 2013. History and 
status of the California red-legged frog (Rana 
draytonii) in the Sierra Nevada, California, USA. 
Herpetological Conservation and Biology 
8:456–502. 

Barry, S.J. and Jennings, M.R. 1998. Eutaenia 
sirtalis tetrataenia Cope in Yarrow, 1875 and 
Coluber infernalis Blainville, 1835 (Currently 
Thamnophis s. tetrataenia and T. s. infernalis): 
proposed conservation of usage of the subspecific 
names by the designation of a neotype for T. s. 
infernalis (Case 3012). Bulletin of Zoological 
Nomenclature 55:224–228. 

Beauchamp, B., Wone, B., Bros, S., and Kutilek, M. 
1998. Habitat use of the flat-tailed horned lizard 
(Phrynosoma mcallii) in a disturbed environment. 
Journal of Herpetology 32:210–216. 

Beck, D.D. 1985. The Natural History, Distribution 
and Present Status of the Gila Monster in Utah. 
Utah Division of Wildlife Resources, Nongame 
Section, Salt Lake City. 

Beck, D.D. 1990. Ecology and behavior of the Gila 
monster in southwestern Utah. Journal of 
Herpetology 24:54–68. 

Beck, D.D. 2005. Biology of Gila Monsters and 
Beaded Lizards. University of California Press, 
Berkeley. 

Becker, D. and Henderson, B. 2010. Notes on 
Owens River Rana pipiens Habitat Assessment. 
Unpublished Report prepared on April 21. 

Belden, L.K., Moore, I.T., Mason, R.T., Wingfield, 
J.C., and Blaustein, A.R. 2003. Survival, the 
hormonal stress response and UV-B avoidance in 
cascades frog tadpoles (Rana cascadae) exposed to 
UV-B radiation. Functional Ecology 17:409–416. 

Bell, J.L., Sloan, L.C., and Snyder, M.A. 2004. 
Regional changes in extreme climatic events: a 
future climate scenario. Journal of Climate 
17:81–87. 

Bell, M.A. and Haglund, T.R. 1978. Selective 
predation of threespine sticklebacks (Gasterosteus 
aculeatus) by garter snakes. Evolution 
32:304–319. 

Bellemin, J.M. and Stewart, G.R. 1977. Diagnostic 
characters and color convergence of the garter 
snakes Thamnophis elegans terrestris and 
Thamnophis couchii atratus along the central 
California coast. Bulletin of the Southern 
California Academy of Sciences 76:73–84. 

Berger, L., Speare, R., Daszak, P., Green, D.E., 
Cunningham, A.A., Goggin, C.L., Slocombe, R. 
et al. 1998. Chytridiomycosis causes amphibian 
mortality associated with population declines in 
the rain forests of Australia and Central America. 
Proceedings of the National Academy of Sciences 
of the United States of America 95:9031–9036. 

Bezy, R.L. 1967. A new night lizard (Xantusia vigilis 
sierrae) from the southern Sierra Nevada in 
California. Journal of the Arizona Academy of 
Science 4:163–167. 

Bezy, R.L. 2009. Xantusia sierra, in Jones, L. and 
Lovich, R. (Eds): Lizards of the American 
Southwest: A Photographic Field Guide, Rio 
Nuevo Publishing, Tucson, AZ, pp.432–435. 

Bezy, R.L., Gorman, G.C., Kim, Y.J., and Wright, 
J.W. 1977. Chromosomal and genetic divergence 
in the fossorial lizards of the family Anniellidae. 
Systematic Zoology 26:57–71. 

Bezy, R.L. and Sites, J.W. 1987. A preliminary study 
of allozyme evolution in the lizard family 
Xantusiidae. Herpetologica 43:280–292. 

Bezy, R.L. and Wright, J. 1971. Karyotypic variation 
and relationships of the California legless lizard, 
Anniella pulchra Gray (Reptilia: Anniellidae). 
Herpetological Review 3:71–72. 

Bicket, J.C. 1982. Geographic distribution: 
Heloderma suspectum cinctum. Herpetological 
Review 13:131. 

Bickham, J.W., Lamb, T., Minx, P., and Patton, J.C. 
1996. Molecular systematics of the genus 
Clemmys and the intergeneric relationships of 
emydid turtles. Herpetologica 52:89–97. 

literature cited 313 



        
   

     
     

 

Biek, R., Mills, L., and Bury, R. 2002. Terrestrial 
and stream amphibians across clearcut-forest 
interfaces in the Siskiyou Mountains, Oregon. 
Northwest Science 76:129–140. 

Blanchard, F.N. 1924. A new snake of the genus 
Arizona. Occasional Papers of the Museum of 
Zoology 150:1–5. 

Blanchard, F.N. 1942. The ring-neck snakes, genus 
Diadophis. Bulletin of the Chicago Academy 
Sciences 7:1–144. 

Blaustein, A.R. and O’Hara, R.K. 1987. Aggregation 
behaviour in Rana cascadae tadpoles: association 
preferences among wild aggregations and 
responses to non-kin. Animal Behaviour 
35:1549–1555. 

Blaustein, A.R., Romansic, J.M., Scheessele, E.A., 
Han, B.A., Pessier, A.P., and Longcore, J.E. 2005. 
Interspecific variation in susceptibility of frog 
tadpoles to the pathogenic fungus Batra-
chochytrium dendrobatidis. Conservation Biology 
19:1460–1468. 

Blouin, M.S., Phillipsen, I.C., and Monsen, K.J. 
2010. Population structure and conservation 
genetics of the Oregon spotted frog, Rana 
pretiosa. Conservation Genetics 11:2179–2194. 

Bobzien, S. and DiDonato, J. 2007. The status of 
California tiger salamander (Ambystoma 
californiense), California red-legged frog (Rana 
draytonii), foothill yellow-legged frog (Rana 
boylii), and other aquatic herpetofauna in the 
East Bay Regional Park District, California. 
Report available from EBRP, Oakland, CA. 

Bogert, C.M. 1930. An annotated list of the 
amphibians and reptiles of Los Angeles County, 
California. Bulletin of the Southern California 
Academy of Sciences 29:3–14. 

Bogert, C.M. 1935. Salvadora grahamiae virgultea, a 
new subspecies of the patch-nosed snake. 
Bulletin of the Southern California Academy of 
Sciences 34:88–94. 

Bogert, C.M. 1939. A study of the genus Salvadora, 
the patch nosed-snakes. Publication in Biological 
Sciences, University of California at Los Angeles 
1:177–236. 

Bogert, C.M. 1945. Two additional races of the 
patch-nosed snake, Salvadora hexalepis. Ameri-
can Museum Novitates 1285:1–14. 

Bogert, C.M. and Martín del Campo, R. 1956. The 
Gila monster and its allies: the relationships, 
habits, and behavior of the lizards of the family 
Helodermatidae. Bulletin of the American 
Museum of Natural History 109:1–238. 

Bolster, B.C. (Ed.). 1998. Terrestrial Mammal 
Species of Special Concern in California. Draft 
Final Report prepared by P.V. Brylski, P.W. 

Collins, E.D. Pierson, W.E. Rainey and T.E. 
Kucera. Report submitted to California Depart-
ment of Fish and Game Wildlife Management 
Division, Nongame Bird and Mammal Conserva-
tion Program for Contract No. FG3146WM. 

Bolster, B.C. 2010. A status review of the California 
tiger salamander (Ambystoma californiense). 
California Department of Fish and Game, 
Nongame Wildlife Program Report 2010-4. 99pp. 

Bolster, B.C., King, T., and Robbins, M. 2000. 
Distribution of Mojave and Colorado Desert 
fringe-toed lizards, Uma scoparia and Uma 
notata notata. California Department of Fish and 
Game, Habitat Conservation Division, 
Sacramento. 

Bonham, C. and Lockhart, M. 2011. A Status 
Review of the Mountain Yellow-Legged Frog. 
Report to the Fish and Game Commission, 
California Department of Fish and Game, 
Sacramento. 

Bonney, R., Cooper, C.B., Dickinson, J., Kelling, S., 
Phillips, T., Rosenberg, K.V., and Shirk, J. 2009. 
Citizen science: a developing tool for expanding 
science knowledge and scientific literacy. 
BioScience 59:977–984. 

Boorse, G.C. and Denver, R.J. 2003. Endocrine 
mechanisms underlying plasticity in metamor-
phic timing in spadefoot toads. Integrative and 
Comparative Biology 43:646–657. 

Bostic, D.L. 1971. Herpetofauna of the Pacific Coast 
of north central Baja California, Mexico, with a 
description of a new subspecies of Phyllodactylus 
xanti. Transactions of the San Diego Society of 
Natural History 16:237–263. 

Boundy, J. 1990. Biogeography and Variation in 
Southern Populations of the Garter Snake 
Thamnophis atratus, with a Synopsis of the T. 
couchii Complex. Master’s Thesis. California 
State University, San Jose. 

Boundy, J. and Balgooyen, T.G. 1988. Record 
lengths for some amphibians and reptiles from 
the western United States. Herpetological Review 
19:26–27. 

Boundy, J. and Rossman, D.A. 1995. Allocation and 
status of the garter snake names Coluber 
infernalis Blainville, Eutaenia sirtalis tetrataenia 
Cope and Eutaenia imperialis Coues and Yarrow. 
Copeia 1995:236–240. 

Bourque, R.M. 2008. Spatial Ecology of an Inland 
Population of the Foothill Yellow-Legged Frog 
(Rana boylii) in Tehama County, California. 
Master’s Thesis. Humboldt State University, 
Arcata, CA. 

Bowerman, J. and Pearl, C.A. 2010. Ability of 
Oregon spotted frog (Rana pretiosa) embryos 

314     literature cited 



      

     
     

       
      

      
     

     

from central Oregon to tolerate low temperatures. 
Northwestern Naturalist 91:198–202. 

Bradford, D.F., Gordon, M.S., Johnson, D.F., 
Andrews, R.D., and Jennings, W.B. 1994. Acidic 
deposition as an unlikely cause for amphibian 
population declines in the Sierra Nevada, 
California. Biological Conservation 69:155–161. 

Bradford, D.F., Jaeger, J.R., and Jennings, R.D. 
2004. Population status and distribution of a 
decimated amphibian, the relict leopard frog 
(Rana onca). The Southwestern Naturalist 
49:218–228. 

Bradford, D.F., Swanson, C., and Gordon, M.S. 
1992. Effects of low pH and aluminum on two 
declining species of amphibians in the Sierra 
Nevada, California. Journal of Herpetology 
26:369–377. 

Bradley, G.A., Rosen, P.C., Sredl, M.J., Jones, T.R., 
and Longcore, J.E. 2002. Chytridiomycosis in 
native Arizona frogs. Journal of Wildlife Diseases 
38:206–212. 

Bradley, W.G. and Deacon, J.E. 1966. Distribution 
of the Gila monster in the northern Mojave 
Desert. Copeia 1966:365–366. 

Brame, A.H., Jr. 1956. The number of eggs laid by 
the California newt, Taricha torosa. Herpetolog-
ica 12:325. 

Brame, A.H., Jr. 1968. The number of egg masses 
and eggs laid by the California newt, Taricha 
torosa. Journal of Herpetology 2:169–170. 

Brame, A.H. and Murray, K.F. 1968. Three new 
slender salamanders (Batrachoseps) with a 
discussion of relationships and speciation within 
the genus. Bulletin of the Natural History 
Museum of Los Angeles County 4:1–35. 

Brattstrom, B.H. 1951. The number of young of 
Xantusia. Herpetologica 7:143–144. 

Brattstrom, B.H. 1952. The food of the nightlizards, 
genus Xantusia. Copeia 1952:168–172. 

Brattstrom, B.H. 1963. A preliminary review of the 
thermal requirements of amphibians. Ecology 
44:238–255. 

Brattstrom, B.H. 1965. Body temperatures of 
reptiles. The American Midland Naturalist 
73:376–422. 

Brattstrom, B.H. 1988. Habitat destruction in 
California with special reference to Clemmys 
marmorata: a perspective, in De Lisle, H.F., Brown, 
P.R., Kaufman, B., and McGurty, B.M. (Eds): 
Proceedings of the Conference on California Herpetol-
ogy. Special Publication no. 4. Southwestern 
Herpetologists Society, Van Nuys, CA, pp.13–24. 

Brattstrom, B.H. 1997. Status of the subspecies of 
the coast horned lizard, Phrynosoma coronatum. 
Journal of Herpetology 31:434–436. 

Brattstrom, B.H. and Bondello, M.C. 1979. The 
effect of ORV sounds on the emergence of 
Couch’s spadefoot toad, Scaphiopus couchii. 
Bureau of Land Management, Riverside, CA. 

Brattstrom, B.H. and Bondello, M.C. 1983. Effects 
of off-road vehicle noise on desert vertebrates, in 
Webb, R.H. and Wilshire, H.G. (Eds): Environ-
mental Effects of Off-Road Vehicles: Impacts and 
Management in Arid Regions, Springer-Verlag, 
New York, pp.167–206. 

Brattstrom, B.H. and Warren, J.W. 1953. A new 
subspecies of racer, Masticophis flagellum, from 
the San Joaquin Valley of California. Herpetolog-
ica 9:177–179. 

Brehme, C.S. 2003. Responses of Small Terrestrial 
Vertebrates to Roads in a Coastal Sage Scrub 
Ecosystem. Master’s Thesis. San Diego State 
University. San Diego, CA. 

Briggs, C.J., Knapp, R.A., and Vredenburg, V.T. 
2010. Enzootic and epizootic dynamics of the 
chytrid fungal pathogen of amphibians. 
Proceedings of the National Academy of Sciences 
107:9695–9700. 

Briggs, L.J. 1987. Breeding biology of the cascade 
frog, Rana cascadae, with comparisons to R. 
aurora and R. pretiosa. Copeia 1987:241–245. 

Brode, J.M. 1967. Occurrence of Ambystoma 
macrodactylum in the Warner Mountains of 
northeastern California. Herpetologica 
23:315–316. 

Brown, D.E. and Carmony, N.B. 1991. Gila Monster: 
Facts and Folklore of America’s Aztec lizard, 
High Lonesome Books, Silver City, NM, 130pp. 

Brown, H.A. 1967. Embryonic temperature 
adaptations and genetic compatibility of two 
allopatric populations of the spadefoot toad, 
Scaphiopus hammondii. Evolution 21:742–761. 

Brown, H.A. 1969. The heat resistance of some 
anuran tadpoles (Hylidae and Pelobatidae). 
Copeia 1969:138–147. 

Brown, H.A. 1975a. Temperature and development 
of the tailed frog Ascaphus truei. Comparative 
Biochemistry and Physiology A. 50:397–406. 

Brown, H.A. 1975b. Reproduction and development 
of the red-legged frog, Rana aurora, in northwest-
ern Washington. Northwest Science 49:241–252. 

Brown, H.A. 1976. The status of California and 
Arizona populations of the western spadefoot 
toads (genus Scaphiopus). Natural History 
Museum of Los Angeles County Contributions in 
Science 286:1–15. 

Brown, H.A. 1977. Oxygen-consumption of a large, 
cold-adapted frog egg (Ascaphus truei (Amphibia-
Ascaphidae). Canadian Journal of Zoology 
55:343–348. 

literature cited 315 



 

 

       
    

     
      

Brown, H.A. 1990. Morphological variation and 
age-class determination in overwintering 
tadpoles of the tailed frog Ascaphus truei. Journal 
of Zoology 220:171–184. 

Brown, T.K., Lemm, J.M., Montagne, J., Tracey, J.A., 
and Alberts, A.C. 2008. Spatial ecology, habitat 
use, and survivorship of resident and translo-
cated red diamond rattlesnakes (Crotalus ruber), 
in Hayes, W.K., Beaman, K.R., Cardwell, M.D., 
and Bush, S.P. (Eds): The Biology of Rattlesnakes 
Symposium, Loma Linda University Press, Loma 
Linda, CA. 

Brown, T.W. 1980. Present status of the garter 
snake on Santa Catalina Island, in Power, D.M. 
(Ed.): The California Islands: Proceedings of a 
Multidisciplinary Symposium, Santa Barbara 
Museum of Natural History, Santa Barbara, CA, 
pp.585–595. 

Bryant, H.C. 1911. The horned lizards of California 
and Nevada of the genera Phrynosoma and Anota. 
University of California Publications in Zoology 
9:1–84. 

Bryant, H.C. 1917. The leopard frog in California. 
California Fish and Game 3:91. 

Buck, J.C., Truong, L., and Blaustein, A.R. 2011. 
Predation by zooplankton on Batrachochytrium 
dendrobatidis: biological control of the deadly 
amphibian chytrid fungus? Biodiversity and 
Conservation 20:3549–3553. 

Bulger, J.B., Scott, N.J., and Seymour, R.B. 2003. 
Terrestrial activity and conservation of adult 
California red-legged frogs Rana aurora draytonii 
in coastal forests and grasslands. Biological 
Conservation 110:85–95. 

Bull, E.L. and Carter, B.E. 1996. Tailed Frogs: 
Distribution, Ecology, and Association with 
Timber Harvest in Northeastern Oregon. 
USDA Forest Service Research Paper PNW-RP-
4971–11. 

Bunck, C.M., Burns, K.L., Green, D.E., Knickel-
bein, B.A., Schneider, J.E., Smith, D.J., and 
Wright, S.D. 2009. National Wildlife Health 
Center: Health & Disease Surveys of Declining 
Amphibian Populations at Regional ARMI 
Monitoring Sites. Unpublished Report. 

Bunn, D., Mummert, A., Hoshovsky, M., Gilardi, 
K., and Shanks, S. 2007. California Wildlife: 
Conservation Challenges; California’s Wildlife 
Action Plan, Sacramento, CA. 

Burgess, R.C., Jr. 1950. Development of spade-foot 
toad larvae under laboratory conditions. Copeia 
1950:49–51. 

Burke, R.L., Leuteritz, T.E., and Wolf, A.J. 1996. 
Phylogenetic relationships of emydine turtles. 
Herpetologica 52:572–584. 

Burkholder, L.L. and Diller, L.V. 2007. Life history 
of postmetamorphic coastal tailed frogs 
(Ascaphus truei) in northwestern California. 
Journal of Herpetology 41:251–262. 

Burrage, B.R. 1965. Notes on the eggs and young of 
the lizards Gerrhonotus multicarinatus webbi and 
G. m. nanus. Copeia 1965:512. 

Burt, C.E. 1931. An interpretation of certain 
experimental and observational data on the 
limbless lizard, Anniella pulchra Gray. Copeia 
1931:105–106. 

Bury, R.B. 1968. The distribution of Ascaphus truei 
in California. Herpetologica 24:39–46. 

Bury, R.B. 1970a. A biogeographic analysis of the 
herpetofauna of Trinity County, California. 
Journal of Herpetology 4:165–178. 

Bury, R.B. 1970b. Food similarities in the tailed 
frog, Ascaphus truei, and the Olympic salaman-
der, Rhyacotriton olympicus. Copeia 
1970:170–171. 

Bury, R.B. 1972. Small mammals and other prey in 
diet of Pacific giant salamander (Dicamptodon 
ensatus). The American Midland Naturalist 
87:524–526. 

Bury, R.B. 1986. Feeding ecology of the turtle, 
Clemmys marmorata. Journal of Herpetology 
20:515–521. 

Bury, R.B. 2005. Dicamptodon ensatus, in Lannoo, 
M.J. (Ed.): Amphibian Declines: The Conserva-
tion Status of United States Species, University of 
California Press, Berkeley, pp.653–654. 

Bury, R.B. 2008a. Do urban areas favor invasive 
turtles in the Pacific Northwest, in Mitchell, J.C., 
Brown, R.E.J., and Bartholomew, B. (Eds): Urban 
Herpetology, Society for the Study of Amphib-
ians and Reptiles, Salt Lake City, UT, pp.343–345. 

Bury, R.B. 2008b. Low thermal tolerances of stream 
amphibians in the Pacific Northwest: implica-
tions for riparian and stream management. 
Applied Herpetology 5:63–74. 

Bury, R.B. and Adams, M.J. 1999. Variation in age 
at metamorphosis across a latitudinal gradient 
for the tailed frog, Ascaphus truei. Herpetologica 
55:283–291. 

Bury, R.B. and Balgooyen, T. 1976. Temperature 
selectivity in legless lizard, Anniella pulchra. 
Copeia 1976:152–155. 

Bury, R.B. and Corn, P.S. 1988. Douglas-fir forests 
in the Oregon and Washington Cascades: relation 
of the herpetofauna to stand age and moisture, in 
Szaro, R.C., Severson, K.E., and Patton, D.R. 
(Eds): Management of Amphibians, Reptiles, and 
Small Mammals in North America. General 
Technical Report RM-166. United States 
Department of Agriculture Forest Service, Rocky 

316     literature cited 



      

Mountain Forest and Range Experiment Station, 
Fort Collins, CO, pp.11–22. 

Bury, R.B., Corn, P.S., Aubry, K.B., Gilbert, F.F., 
and Jones, L.L.C. 1991. Aquatic amphibian 
communities in Oregon and Washington, in 
Ruggiero, L.F., Aubry, K.B., Carey, A.B., and 
Huff, M.H. (Eds): Wildlife and Vegetation of 
Unmanaged Douglas-Fir Forests, United States 
Department of Agriculture, Forest Service, 
General Technical Report PNW-GTR-285, 
pp.353–362. 

Bury, R.B., Fellers, G.M., and Ruth, S.B. 1969. First 
records of Plethodon dunni in California, and new 
distributional data on Ascaphus truei, Rhyacotri-
ton olympicus, and Hydromantes shastae. Journal 
of Herpetology 3:157–161. 

Bury, R.B. and Germano, D.J. 2008. Actinemys 
marmorata (Baird and Girard 1852) western pond 
turtle, Pacific pond turtle, in Rhodin, A.G.J., 
Pritchard, P.C.H., van Dijk, P.P., Samure, R.A., 
Buhlmann, K.A. and Iverson, J.B. (Eds): 
Conservation Biology of Freshwater Turtles and 
Tortoises, Chelonian Monograph No. 5. Chelo-
nian Research Foundation, Lunenberg, MA, 
pp.1.1–1.9. 

Bury, R.B. and Martin, M. 1967. The food of the 
salamander Rhyacotriton olympicus. Copeia 
1967:487. 

Bury, R.B., Welsh, H.H., Jr., Germano, D.J., Ashton, 
D.T. (Eds). 2012. Western Pond Turtle- Biology, 
Sampling Techniques, Inventory and Monitoring, 
Conservation, and Management: Northwest 
Fauna No. 7, The Society for Northwestern 
Vertebrate Biology, Olympia, WA, 128pp. 

Calef, G.W. 1973. Natural mortality of tadpoles in a 
population of Rana Aurora. Ecology 54:741–758. 

California Climate Action Team. 2006. Climate 
Action Team Report to Governor Schwarzeneg-
ger and the Legislature. California Environmen-
tal Protection Agency, Sacramento. 

Caltrans. 2012. Highway Crossings for Herptiles 
(Reptiles and Amphibians). Preliminary 
Investigation requested by Margaret Gabil, 
Caltrans District 4, Division of Environmental 
Planning & Engineering. 

Camp, C.L. 1915. Batrachoseps major and Bufo 
cognatus californicus, new amphibia from 
southern California. University of California 
Publications in Zoology 12:327–334. 

Camp, C.L. 1916a. Description of Bufo canorus, a 
new toad from the Yosemite National Park. 
University of California Publications in Zoology 
17:59–62. 

Camp, C.L. 1916b. Notes on the local distribution 
and habits of the amphibians and reptiles of 

southeastern California in the vicinity of the 
Turtle Mountains. University of California 
Publications in Zoology 12:503–544. 

Camp, C.L. 1917. Notes on the systematic status of 
the toads and frogs of California. University of 
California Publications in Zoology 17:115–125. 

Carothers, J.H. 1986. An experimental confirma-
tion of morphological adaptation: toe fringes in 
the sand-dwelling lizard Uma scoparia. Evolution 
40:871–874. 

Carpenter, C.C. 1963. Patterns of behavior in three 
forms of the fringe-toed lizards (Uma-Iguani-
dae). Copeia 1963:406–412. 

Carroll, S., Ervin, E., and Fisher, R. 2005. Natural 
history notes: Taricha torosa torosa. Overwinter-
ing larvae. Herpetological Review 36:297. 

Cary, J.A. 2010. Determining Habitat Characteris-
tics That Predict Oviposition Site Selection for 
Pond-Breeding Northern Red-Legged Frogs 
(Rana aurora) in Humboldt County, California. 
Humboldt State University, Arcata, CA. 

Cary, W. 1889. Biennial report of the fish commis-
sioner of the state of Nevada. Appendix to the 
Journals of the Senate and Assembly 14th 
session, pp.3–7. 

Case, S.M. 1978. Biochemical systematics of 
members of the genus Rana native to western 
North America. Systematic Zoology 27:299–311. 

Case, T.J. and Fisher, R.N. 2001. Measuring and 
predicting species presence: coastal sage scrub 
case study, in Hunsaker, C.T., Goodchild, M.F., 
Friedl, M.A., and Case, T.J. (Eds): Spatial 
Uncertainty in Ecology: Implications for Remote 
Sensing and GIS Applications, Springer, New 
York, pp.47–71. 

Catenazzi, A. and Kupferberg, S.J. 2013. The 
importance of thermal conditions to recruitment 
success in stream-breeding frog populations 
distributed across a productivity gradient. 
Biological Conservation 168:40–48. 

Cayan, D.R., Luers, A., Franco, G., Hanemann, M., 
Croes, B., and Vine, E. 2008a. Overview of the 
California climate change scenarios project. 
Climatic Change 87:1–6. 

Cayan, D.R., Luers, A., Hanemann, M., Franco, G., 
and Croes, B. 2006. Possible Scenarios of 
Climate Change in California: Summary and 
Recommendations. White paper from California 
Climate Change Center. 

Cayan, D.R., Maurer, E.P., Dettinger, M.D., Tyree, 
M. and Hayhoe, K. 2008b. Climate change 
scenarios for the California region. Climatic 
Change 87 (Suppl. 1):S21–S42. 

CBD (Center for Biological Diversity). 2006. 
Petition to list the Amargosa River distinct 

literature cited 317 



       
     

     

 

population segment of the Mojave fringe-toed 
Lizard (Uma scoparia) as threatened or endan-
gered under the U.S. Endangered Species Act. 

CDFG (California Department of Fish and Game). 
2008. California Aquatic Invasive Species 
Management Plan, CDFW, Sacramento, CA. 

CDFW. 2013. Report: A Look Back at CDFW in 
2012. CDFG, Sacramento, CA. 

Chan, L.M. and Zamudio, K.R. 2009. Population 
differentiation of temperate amphibians in 
unpredictable environments. Molecular Ecology 
18:3185–3200. 

Chan-McLeod, A.C.A. 2003. Factors affecting the 
permeability of clearcuts to red-legged frogs. The 
Journal of Wildlife Management 67:663–671. 

Chan-McLeod, A.C.A. and Moy, A. 2007. Evaluat-
ing residual tree patches as stepping stones and 
short-term refugia for red-legged frogs Journal of 
Wildlife Management. 71:1836–1844. 

Chan-McLeod, A.C.A. and Wheeldon, B. 2004. 
Natural history notes: Rana aurora. Habitat and 
movement. Herpetological Review 35:375. 

Chang, A.T. and Shaffer, H.B. 2010. Population 
Genetics and Phylogenetics of Rana cascadae in 
the Lassen and Klamath Region. Unpublished 
Report to the United States Forest Service. 

Chelgren, N.D., Pearl, C.A., Adams, M.J., and 
Bowerman, J. 2008. Demography and movement 
in a relocated population of Oregon spotted frogs 
(Rana pretiosa): influence of season and gender. 
Copeia 2008:742–751. 

Chelgren, N.D., Rosenberg, D., Heppell, S., and 
Gitelman, A. (2006) Carryover aquatic effects on 
survival of metamorphic frogs during pond 
emigration. Ecological Applications 16:250–261. 

Chen, X., Barrows, C.W., and Li, B. 2006. Is the 
Coachella Valley fringe-toed lizard (Uma 
inornata) on the edge of extinction a Thousand 
Palms Preserve in California? The Southwestern 
Naturalist 51:28–34. 

Christin, M., Gendron, A.D., Brousseau, P., 
Ménard, L., Marcogliese, D.J., Cyr, D., Ruby, S., 
and Fournier, M. 2003. Effects of agricultural 
pesticides on the immune system of Rana pipiens 
and on its resistance to parasitic infection. 
Environmental Toxicology and Chemistry 
22:1127–1133. 

Clark, R.W., Brown, W.S., Stechert, R., and 
Zamudio, K.R. 2010. Roads, interrupted 
dispersal, and genetic diversity in timber 
rattlesnakes. Conservation Biology 
24:1059–1069. 

Clarke, R.F. 1958. An ecological study of reptiles 
and amphibians in Osage County, Kansas. 
Emporia State Research Studies 7:1–52. 

Clarkson, R.W. and Rorabaugh, J.C. 1989. Status of 
leopard frogs (Rana pipiens complex: Ranidae) in 
Arizona and southeastern California. The 
Southwestern Naturalist 34:531–538. 

Claussen, D.L. 1973. The thermal relations of the 
tailed frog Ascaphus truei and the Pacific tree frog 
Hyla regilla. Comparative Biochemistry and 
Physiology A 44:137–153. 

Cliff, F.S. 1954. Snakes of the islands in the Gulf of 
California, Mexico. Transactions of the San Diego 
Society of Natural History 12:67–98. 

Coe, W.R. and Kunkel, B.W. 1906. Studies on the 
California limbless lizard, Anniella. Transactions 
of the Connecticut Academy of Arts and 
Sciences. 12:349–403. 

Cole, C.J. 1962. Notes on the distribution and food 
habits of Bufo alvarius at the eastern edge of its 
range. Herpetologica. 18:172–175. 

Coleman, J.L., Ford, N.B., and Herriman, K. 2008. 
A road survey of amphibians and reptiles in a 
bottomland hardwood forest. Southeastern 
Naturalist. 7:339–348. 

Collins, J.P. and Lewis, M.A. 1979. Overwintering 
tadpoles and breeding season variation in the 
Rana pipiens complex in Arizona. The Southwest-
ern Naturalist 24:371–373. 

Collins, J.T. and Taggart, T.W. 2009. Standard 
Common and Current Scientific Names for 
North American Amphibians, Turtles, Reptiles 
and Crocodilians. Center for North American 
Herpetology, Lawrence, KS. 

Comrack, L., Bolster, B., Gustafson, J., Steele, D., 
and Burket, E. 2008. Species of special concern: 
a brief description of an important California 
Department of Fish and Game designation. 
California Department of Fish and Game, 
Wildlife Branch, Nongame Wildlife Program, 
Sacramento. 

Cooper, D.S. and Mathewson, P. 2008. Griffith Park 
Wildlife Management Plan. Report from Cooper 
Ecological Monitoring, Inc., Los Angeles, CA. 

Cooper, J.G. 1869. The naturalist in California. The 
American Naturalist 3:470–481. 

Cooper, J.G. 1870. The fauna of California and its 
geographical distribution. Proceedings of the 
California Academy of Sciences 1:118–123. 

Cope, E.D. 1869. Diagnosis of Heloderma suspec-
tum. Proceedings of the Academy of Natural 
Sciences of Philadelphia 21:4–5. 

Cope, E.D. 1883. Notes on the geographical 
distribution of Batrachia and Reptilia in western 
North America. Proceedings of the Academy of 
Natural Sciences of Philadelphia 35:10–35. 

Cope, E.D. 1892. A critical review of the characters 
and variations of the snakes of North America. 

318     literature cited 



      

 

 

Proceedings of the United States National 
Museum 14:589–694. 

Cope, E.D. 1894. On the iguanian genus Uma 
Baird. The American Naturalist 28:434–435. 

Cope, E.D. 1895a. On some new North American 
snakes. The American Naturalist 29:676–680. 

Cope, E.D. 1895b. On the species of Uma and 
Xantusia. The American Naturalist 29:938–939. 

Corn, P.S. and Bury, R. 1989. Logging in western 
Oregon: responses of headwater habitats and 
stream amphibians. Forest Ecology and Manage-
ment 29:39–57. 

Corn, P.S. and Fogleman, J.C. 1984. Extinction of 
montane populations of the northern leopard 
frog (Rana pipiens) in Colorado. Journal of 
Herpetology 18:147–152. 

Corn, P.S. and Livo, L.J. 1989. Leopard frog and 
wood frog reproduction in Colorado and 
Wyoming. Northwestern Naturalist 70:1–9. 

Cowles, R.B. and Bogert, C.M. 1944. A preliminary 
study of the thermal requirements of desert 
lizards. Bulletin American Museum Natural 
History 83:265–296. 

Crayon, J.J. 1988. Natural history notes: Rana 
catesbiana. Diet. Herpetological Review 29:232. 

Crother, B.I. 2009. Are standard names lists 
taxonomic straightjackets? Herpetologica 
65:129–135. 

Cunningham, J.D. 1955. Arboreal habits of certain 
reptiles and amphibians in southern California. 
Herpetologica 11:217–220. 

Cunningham, J.D. 1956. Food habits of the San 
Diego alligator lizard. Herpetologica 12:225–230. 

Cunningham, J.D. 1959a. Notes on Anniella. 
Herpetologica 15:19–20. 

Cunningham, J.D. 1959b. Reproduction and food 
of some California snakes. Herpetologica 
15:17–19. 

Cunningham, J.D. 1962. Observations on the 
natural history of the California toad, Bufo 
californicus Camp. Herpetologica 17:255–260. 

Cunningham, J.D. 1963. Additional observations on 
the ecology of the Yosemite toad, Bufo canorus. 
Herpetologica 19:56–61. 

Cunningham, J.D. 1966. Additional observations 
on the body temperatures of reptiles. Herpetolog-
ica 22:184–189. 

Cushman, K.A. and Pearl, C.A. 2007. A Conserva-
tion Assessment for the Oregon Spotted Frog 
(Rana pretiosa). Unpublished Report to USDA 
Forest Service Region 6. 46pp. 

Dalrymple, G.H., Steiner, T.M., Nodell, R.J., and 
Bernardino, F.S., Jr. 1991. Seasonal activity of the 
snakes of Long Pine Key, Everglades National 
Park. Copeia 1991:294–302. 

D’Amore, A., Hemingway, V., and Wasson, K. 2010. 
Do a threatened native amphibian and its 
invasive congener differ in response to human 
alteration of the landscape? Biological Invasions 
12:145–154. 

D’Amore, A., Kirby, E., and McNicholas, M. 2009. 
Invasive species shifts ontogenetic resource 
partitioning and microhabitat use of a threatened 
native amphibian. Aquatic Conservation: Marine 
and Freshwater Ecosystems 19:534–541. 

Davidson, C. 2004. Declining downwind: amphib-
ian population declines in California and 
historical pesticide use. Ecological Applications 
14:1892–1902. 

Davidson, C. 2010. Natural history notes: Rana 
draytonii. Prey. Herpetological Review 41:66. 

Davidson, C., Benard, M., Shaffer, H., Parker, J., 
O’Leary, C., Conlon, J., and Rollins-Smith, L. 
2007. Effects of chytrid and carbaryl exposure on 
survival, growth and skin peptide defenses in 
foothill yellow-legged frogs. Environmental 
Science and Technology 41:1771–1776. 

Davidson, C. and Fellers, G.M. 2005. Bufo canorus, 
in Lannoo, M.J. (Ed.): Amphibian Declines: The 
Conservation Status of United States Species, 
University of California Press, Berkeley, 
pp.400–401. 

Davidson, C., Shaffer, H.B., and Jennings, M.R. 
2002. Spatial tests of the pesticide drift, habitat 
destruction, UV-B, and climate change hypothe-
ses for California amphibian declines. Conserva-
tion Biology 16:1588–1601. 

Davidson, C., Stanley, K., and Simonich, S.M. 2012. 
Contaminant residues and declines of the 
Cascades frog (Rana cascadae) in the California 
Cascades, USA. Environmental Toxicology and 
Chemistry 31:1895–1902. 

Davis, M.A. and Heathcote, J. 2007. The price and 
quantity of residential land in the United States. 
Journal of Monetary Economics 54:2595–2620. 

De Lisle, H.F. 1979. Gila monster (Heloderma 
suspectum) found in California. Herpetology 
(Southwestern Herpetologists Society) 10:5–7. 

De Lisle, H.F. 1983. Banner year for California 
Gilas. Herpetology (Southwestern Herpetologists 
Society) 13:11. 

De Lisle, H., Canton, G., Feldner, J., O’Connor, P., 
Peterson, M., and Brown, P. 1986. The distribu-
tion and present status of the herpetofauna of the 
Santa Monica Mountains of Los Angeles and 
Ventura counties, California. Special Publication 
No. 2. Southwestern Herpetologists Society, Van 
Nuys, CA. 

de Queiroz, K. and Reeder, T.W. 2008. Squamata: 
Lizards. in Crother, B.I. (Ed.): Scientific and 

literature cited 319 



        
     

    
     

   

 

Standard English Names of Amphibians and 
Reptiles of North America North of Mexico, with 
Comments Regarding Confidence in Our 
Understanding, Society for the Study of Amphib-
ians and Reptiles Herpetological Circular, Salt 
Lake City, UT, pp.24–45. 

De Vlaming, V.L. and Bury, R.B. 1970. Thermal 
selection in tadpoles of the tailed frog Ascaphus 
truei. Journal of Herpetology 4:179–189. 

Degenhardt, W.G., Painter, C.W., and Price, A.H. 
1996. Amphibians and reptiles of New Mexico. 
University of New Mexico Press, Alburquerque, 
NM. 

Dejean, T., Valentini, A., Duparc, A., Pellier-Cuit, 
S., Pompanon, F., Taberlet, P., and Miaud, C. 
2011. Persistence of environmental DNA in 
freshwater ecosystems. PLOS ONE 6:e23398. 

Denver, R.J. 1997a. Environmental stress as a 
developmental cue: corticotropin-releasing 
hormone is a proximate mediator of adaptive 
phenotypic plasticity in amphibian metamorpho-
sis. Hormones and Behavior 31:169–179. 

Denver, R.J. 1997b. Proximate mechanisms of 
phenotypic plasticity in amphibian metamorpho-
sis. Integrative and Comparative Biology 37:172. 

Denver, R.J., Mirhadi, N., and Phillips, M. 1998. 
Adaptive plasticity in amphibian metamorphosis: 
response of Scaphiopus hammondii tadpoles to 
habitat desiccation. Ecology 79:1859–1872. 

Dethlefsen, E.S. 1948. A subterranean nest of the 
Pacific giant salamander, Dicamptodon ensatus 
(Eschscholtz). The Wasmann Collector 7:81–84. 

Dever, J.A. 2007. Fine-scale genetic structure in the 
threatened foothill yellow-legged frog (Rana 
boylii). Journal of Herpetology 41:168–173. 

Dickinson, J.L., Zuckerberg, B., and Bonter, D.N. 
2010. Citizen science as an ecological research 
tool: challenges and benefits. Annual Review of 
Ecology, Evolution, and Systematics 41:149–172. 

Dickman, M. 1968. The effect of grazing by 
tadpoles on the structure of a periphyton 
community. Ecology 49:1188–1190. 

Dill, W.A. 1944. The fishery of the lower Colorado 
River. California Fish and Game. 30:109–211. 

Diller, L.V. and Wallace, R.L. 1996. Distribution 
and habitat of Rhyacotriton variegatus in man-
aged, young growth forests in north coastal 
California. Journal of Herpetology 30:184–191. 

Diller, L.V. and Wallace, R.L. 1999. Distribution 
and habitat of Ascaphus truei in streams on 
managed, young growth forests in north coastal 
California. Journal of Herpetology 33:71–79. 

Dimmitt, M.A. and Ruibal, R. 1980a. Environmen-
tal correlates of emergence in spadefoot toads 
(Scaphiopus). Journal of Herpetology 14:21–29. 

Dimmitt, M.A. and Ruibal, R. 1980b. Exploitation 
of food resources by spadefoot toads (Scaphiopus). 
Copeia 1980:854–862. 

Dixon, J.D. 1975. Geographic distribution: Ger-
rhonotus panamintinus. Herpetological Review 
6:45. 

Dixon, J.R. 1967. Amphibians and Reptiles of Los 
Angeles County. Los Angeles Museum of Natural 
History, Los Angeles, CA. 

Dole, J.W. 1967. The role of substrate moisture and 
dew in the water economy of leopard frogs, Rana 
pipiens. Copeia 1967:141–149. 

Dole, J.W. 1971. Dispersal of recently metamor-
phosed leopard frogs, Rana pipiens. Copeia 
1971:221–228. 

Doubledee, R.A., Mueller, E.B., and Nisbet, R.M. 
2003. Bullfrogs, disturbance regimes, and the 
persistence of California red-legged frogs. 
Journal of Wildlife Management 67:424–438. 

Douglas, M., Douglas, M., Schuett, G., Beck, D., and 
Sullivan, B. 2010. Conservation phylogenetics of 
helodermatid lizards using multiple molecular 
markers and a supertree approach. Molecular 
Phylogenetics and Evolution 55:153–167. 

Drennan, J.E., Jackman, R.E., Marlow, D.R., and 
Wiseman, K.D. 2006. Identifying climatic and 
water flow triggers associated with breeding 
activities of a foothill yellow-legged frog (Rana 
boylii) population on the North Fork Feather 
River, California. Garcia and Associates, San 
Francisco, CA. 

Drost, C.A. and Fellers, G.M. 1996. Collapse of a 
regional frog fauna in the Yosemite area of the 
California Sierra Nevada, U.S.A. Conservation 
Biology 10:414–425. 

Dugan, E.A., Figueroa, A., and Hayes, W.K. 2008. 
Home range size, movements, and mating 
phenology of sympatric red diamond (Crotalus 
ruber) and southern Pacific (C. oreganus helleri) 
rattlesnakes in southern California, in Hayes, 
W.K., Beaman, K.R., Cardwell, M.D., and Bush, 
S.P. (Eds): The Biology of Rattlesnakes Sympo-
sium, Loma Linda University Press, Loma Linda, 
CA, pp.353–364. 

Dugan, E.A. and Hayes, W.K. 2012. Diet and 
feeding ecology of the red diamond rattlesnake, 
Crotalus ruber (Serpentes: Viperidae). Herpeto-
logica 2:203–217. 

Dumas, P.C. 1966. Studies of the Rana species 
complex in the Pacific northwest. Copeia 
1966:60–74. 

Dundee, H.A. and Miller, M.C. 1968. Aggregative 
behavior and habitat conditioning by the prairie 
ringneck snake, Diadophis punctatus arnyi. 
Tulane Studies in Zoology and Botany 15:41–58. 

320     literature cited 



      

 
 

 

       
      

    

Dunlap, D.G. 1955. Inter- and intraspecific variation 
in Oregon frogs of the genus Rana. The Ameri-
can Midland Naturalist 54:314–331. 

Dupuis, L. and Steventon, D. 1999. Riparian 
management and the tailed frog in northern 
coastal forests. Forest Ecology and Management 
124:35–43. 

Dupuis, L.A., Bunnell, F.L., and Friele, P.A. 2000. 
Determinants of the tailed frog’s range in British 
Columbia, Canada. Northwest Science 
74:109–115. 

Elliott, L., Gerhardt, C., and Davidson, C. 2009. 
The Frogs and Toads of North America: A 
Comprehensive Guide to Their Identification, 
Behavior, and Calls, Houghton Mifflin Harcourt, 
New York. 

Ely, E. 1992. Geographic distribution: Thamnophis 
hammondii. Herpetological Review 23:124–125. 

Emery, A.R., Berst, A.H., and Kodaira, K. 1972. 
Under-ice observations of wintering sites of 
leopard frogs. Copeia 1972:123–126. 

Emmerich, K. and Cunningham, L. 2003. Geo-
graphic distribution: Diadophis punctatus. 
Herpetological Review 34:169. 

Ernst, C.H. and Ernst, E.M. 2003. Snakes of the 
United States and Canada, Smithsonian Books, 
Washington, DC. 

Ernst, C.H. and Lovich, J.E. 2009. Turtles of the 
United States and Canada. Johns Hopkins 
University Press, Baltimore, MD. 

Ervin, E.L., Anderson, A.E., Cass, T.L., and Murcia, 
R.E. 2001. Natural history notes: Spea hammondii. 
Elevation record. Herpetological Review 32:36. 

Ervin, E.L., Beaman, K.R., and Fisher, R.N. 2013. 
Correction of locality records of the endangered 
arroyo toad (Anaxyrus californicus) in the desert 
regions of Southern California. Bulletin of the 
Southern California Academy of Sciences 
112:197–205. 

Ervin, E.L. and Burkhardt, T.R. 2006. Natural 
history notes: Ambystoma tigrinum mavortium. 
Extralimital populations. Herpetological Review 
37:435. 

Ervin, E.L. and Cass, T.L. 2007. Natural history 
notes: Spea hammondii. Reproductive pattern. 
Herpetological Review 38:196–197. 

Ervin, E.L. and Fisher, R.N. 2001. Natural history 
notes: Thamnophis hammondii. Prey. Herpetolog-
ical Review. 32:265–266. 

Ervin, E.L. and Fisher, R.N. 2007. Natural history 
notes: Thamnophis hammondii. Foraging 
behavior. Herpetological Review 38:345–346. 

Ervin, E.L., Kisner, D.A., and Fisher, R.N. 2006. 
Natural history notes: Bufo californicus. Mortality. 
Herpetological Review 37:199. 

Ervin, E.L., Smith, C.D., and Christopher, S.V. 
2005. Natural history notes: Spea hammondii. 
Reproduction. Herpetological Review 
36:309–310. 

Eschscholtz, J.F.V. 1833. Zoologischer Atlas, 
enthaltend Abbildungen und Beschreibungen 
neuer Thierarten, während des Flottcapitains von 
Kotzebue zweiter Reise um die Welt, auf 
Russisch-Kaiserlich Kriegsschupp Predpriaetië 
in den Jahren 1823-1826 herausgegeben von D. 
Martin Heinrich Rathke. Fünftes Heft. G. 
Reimer, Berlin. (In German) 

Ewert, M.A. 1991. Cold torpor, diapause, delayed 
hatching and aestivation in reptiles and birds, 
in Deeming, D.C. and Ferguson, M.W.J. 
(Eds): Egg Incubation: Its Effects on 
Embryonic Development in Birds and Reptiles, 
Cambridge University Press, Cambridge, UK, 
pp.173–191. 

Fahrig, L., Pedlar, J.H., Pope, S.E., Taylor, P.D., and 
Wegner, J.F. 1995. Effect of road traffic on 
amphibian density. Biological Conservation 
73:177–182. 

Feaver, P.E. 1971. Breeding Pool Selection and 
Larval Mortality of Three California Ampibians: 
Ambystoma tigrinum californiense Gray Hyla 
regilla Baird and Girard and Scaphiopus ham-
mondi hammondi Girard. Master’s Thesis. Fresno 
State College, Fresno, CA. 

Feldman, C.R. and Parham, J.F. 2002. Molecular 
phylogenetics of emydine turtles: taxonomic 
revision and the evolution of shell kinesis. 
Molecular Phylogenetics and Evolution 
22:388–398. 

Feldman, C.R. and Spicer, G.S. 2006. Comparative 
phylogeography of woodland reptiles in Califor-
nia: repeated patterns of cladogenesis and 
population expansion. Molecular Ecology 
15:2201–2222. 

Fellers, G.M. 2005a. Rana boylii, in Lannoo, M.J. 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species, University of 
California Press, Berkeley, pp.534–536. 

Fellers, G.M. 2005b. Rana draytonii, in Lannoo, 
M.J. (Ed.): Amphibian Declines: The Conserva-
tion Status of United States Species, University of 
California Press, Berkeley, pp.552–554. 

Fellers, G.M. and Drost, C.A. 1993. Disappearance 
of the cascades frog Rana cascadae at the 
southern end of its range, California, U.S.A. 
Biological Conservation 65:177–181. 

Fellers, G.M. and Kleeman, P.M. 2007. California 
red-legged frog (Rana draytonii) movement and 
habitat use: implications for conservation. 
Journal of Herpetology 41:276–286. 

literature cited 321 



 

Fellers, G.M., Launer, A.E., Rathbun, G., Bobzien, 
S., Alvarez, J., Sterner, D., Seymour, R.B., and 
Westphal, M. 2001. Overwintering tadpoles in 
the California red-legged frog (Rana aurora 
draytonii). Herpetological Review 32:156–157. 

Fellers, G.M., Pope, K.L., Stead, J.E., Koo, M.S., and 
Welsh, H.H., Jr. 2008. Turning population trend 
monitoring into active conservation: can we save 
the Cascades frog (Rana cascadae) in the Lassen 
region of California? Herpetological Conserva-
tion and Biology 3:28–39. 

Fellers, G.M., Wood, L.L., Carlisle, S., and Pratt, D. 
2010. Unusual subterranean aggregations of the 
California giant salamander, Dicamptodon 
ensatus. Herpetological Conservation and Biology 
5:149–154. 

Ferguson, D.E. 1961. the geographic variation of 
Ambystoma macrodactylum Baird, with the 
description of two new subspecies. The Ameri-
can Midland Naturalist 65:311–338. 

Ficetola, G.F., Miaud, C., Pompanon, F., and 
Taberlet, P. 2008. Species detection using 
environmental DNA from water samples. Biology 
Letters 4:423–425. 

Fisher, R.N. 2004. Life on the “Island”: animals, in 
Houk, R. (Ed.): Understanding the Life of Point 
Loma, Cabrillo National Monument Foundation, 
San Diego, CA, pp.112–131. 

Fisher, R.N. and Case, T.J. 2000. Distribution of the 
herpetofauna of coastal Southern California with 
reference to elevation effects. in Keeley, J., 
Baer-Keeley, M., and Fotheringham, C.J. (Eds): 
2nd Interface Between Ecology and Land 
Development in Caifornia, United States 
Geological Survey Open-File Report 00-62, 
pp.137–143. 

Fisher, R.N. and Shaffer, H.B. 1996. The decline of 
amphibians in California’s Great Central Valley. 
Conservation Biology 10:1387–1397. 

Fisher, R.N., Suarez, A.V., and Case, T.J. 2002. 
Spatial patterns in the abundance of the 
coastal horned lizard. Conservation Biology 
16:205–215. 

Fitch, H.S. 1936. Amphibians and reptiles of the 
Rogue River Basin, Oregon. The American 
Midland Naturalist 17:634–652. 

Fitch, H.S. 1938. Rana boylii in Oregon. Copeia 
1938:148–148. 

Fitch, H.S. 1940. A biogeographical study of the 
ordinoides Artenkreis of garter snakes (genus 
Thamnophis). University of California Publica-
tions in Zoology 44:1–150. 

Fitch, H.S. 1941. The feeding habits of California 
garter snakes. California Fish and Game 
27:2–32. 

Fitch, H.S. 1948. Further remarks concerning 
Thamnophis ordinoides and its relatives. Copeia 
1948:121–126. 

Fitch, H.S. 1970. Reproductive cycles in lizards and 
snakes. University of Kansas Museum of Natural 
History Miscellaneous Publications 52:1–247. 

Fitch, H.S. 1975. A demographic study of the 
ringneck snake (Diadophis punctatus) in Kansas. 
University of Kansas Museum of Natural History 
Miscellaneous Publications 62:1–53. 

Fite, K.V., Blaustein, A., Bengston, L., and Hewitt, 
H.E. 1998. Evidence of retinal light damage in 
Rana cascadae: a declining amphibian species. 
Copeia 1998:906–914. 

Fontanella, F.M., Feldman, C.R., Siddall, M.E., and 
Burbrink, F.T. 2008. Phylogeography of Diado-
phis punctatus: extensive lineage diversity and 
repeated patterns of historical demography in a 
trans-continental snake. Molecular Phylogenetics 
and Evolution 46:1049–1070. 

Ford, R.S. 1981. Geographic distribution: Helo-
derma suspectum cinctum. Herpetological Review 
12:64. 

Ford, R.S. 1983. Reptiles and Amphibians, in Stone, 
R.D. and Sumida, V.A. (Eds): The Kingston 
Range of California: A Resource Survey. Vol. 10. 
Environmental Field Program, University of 
California, Santa Cruz, pp.123–130. 

Foreman, L.D. (Ed.). 1997. Flat-Tailed Horned 
Lizard Rangewide Management Strategy. Report 
of Interagency Working Group. 

Forsman, E.D. and Swingle, J.K. 2007. Use of 
arboreal nests of tree voles (Arborimus spp.) by 
amphibians. Herpetological Conservation and 
Biology 2:113–118. 

Forson, D. and Storfer, A. 2006. Effects of atrazine 
and iridovirus infection on survival and 
life-history traits of the long-toed salamander 
(Ambystoma macrodactylum). Environmental 
Toxicology and Chemistry 25:168–173. 

Fouquette, M.J., Jr. 1968. Remarks on the type 
specimen of Bufo alvarius Girard. The Great 
Basin Naturalist 28:70–72. 

Fouquette, M.J., Jr., Painter, C.W., and Nanjappa, P., 
Jr. 2005. Bufo alvarius Girard, 1859: Colorado 
River toad, in Lannoo, M.J. (Ed.): Amphibian 
Declines: The Conservation Status of United States 
Species. University of California Press, Berkeley, 
pp.384–386. 

Fox, W. 1951. Relationships among the garter 
snakes of the Thamnophis elegans rassenkreis. 
University of California Publications in Zoology 
50:485–530. 

Fox, W. 1956. Seminal receptacles of snakes. The 
Anatomical Record 124:519–539. 

322     literature cited 



      

       
       

     
       
   

 

 

       
        
      

    

 

 

 

Franco, G., Cayan, D.R., Moser, S., Hanemann, M., 
and Jones, M. 2011. Second California assess-
ment: integrated climate change impacts 
assessment of natural and managed systems. 
Climatic Change 2011:S1–S19. 

Fried, J.S., Torn, M.S., and Mills, E. 2004. The 
impact of climate change on wildfire severity: a 
regional forecast for northern California. 
Climatic Change 64:169–191. 

Fromer, P.S., Doder, M., and Patterson, C. 1983. A 
Population Study of the Mojave Fringe-Toed 
Lizard (Uma scoparia) on the Twentynine Palms 
MCAGGC. Recon Number R 1397. Natural 
Resources Office, Marine Corps Air Ground 
Combat Center, Twentynine Palms, CA. 

Frost, D.R., Grant, T., Faivovich, J., Bain, R., Haas, 
A., Haddad, C., De Sá, R. et al. 2006a. The 
amphibian tree of life. Bulletin of the American 
Museum of Natural History 297:1–291. 

Frost, D.R., Grant, T., and Mendelson, J.R. 2006b. 
Ollotis Cope, 1875 is the oldest name for the 
genus currently referred to as Cranopsis Cope, 
1875 (Anura: Hyloides: Bufonidae). Copeia 
2006:558–558. 

Frost, D.R. and Hillis, D.M. 1990. Species in 
concept and practice: herpetological applications. 
Herpetologica 46:86–104. 

Frost, D.R., McDiarmid, R.W., and Mendelson, 
J.R. 2009a. Response to the point of view of 
Gregory B. Pauly, David M. Hillis, and 
David C. Cannatella, by the Anuran Subcommit-
tee of the SSAR/Hl/ASIH Scientific and 
Standard English Names List. Herpetologica 
65:136–153. 

Frost, D.R., Mendelson, J.R., and Pramuk, J. 2009b. 
Further notes on the nomenclature of Middle 
American toads (Bufonidae). Copeia 
2009:418–418. 

Frost, J.S. and Platz, J.E. 1983. Comparative 
assessment of modes of reproductive isolation 
among four species of leopard frogs (Rana pipiens 
complex). Evolution 37:66–78. 

FTHL ICC (Flat-Tailed Horned Lizard Interagency 
Coordinating Committee). 2003. Flat-Tailed 
Horned Lizard Rangewide Management Strategy, 
2003 Revision: An Arizona-California Conserva-
tion Strategy. 

Fuhrman, F.A. 1967. Tetrodotoxin. Scientific 
American. 217:60–71. 

Fuller, D.D. and Lind, A.J. 1992. Implications of 
fish habitat improvement structures for other 
stream vertebrates, in Harris, R. and Erman, D. 
(Eds): Proceedings of the Symposium on 
Biodiversity of Northwestern California, Santa 
Rosa, pp.96–104. 

Fuller, T.E. 2008. The Spatial Ecology of the Exotic 
Bullfrog (Rana catesbeiana) and Its Relationship 
to the Distribution of the Native Herpetofauna in 
a Managed River System. Master’s Thesis. 
Humboldt State University, Arcata, CA. 

Fuller, T.E., Pope, K.L., Ashton, D.T., and Welsh, 
H.H., Jr. 2010. Linking the distribution of an 
invasive amphibian (Rana catesbeiana) to habitat 
conditions in a managed river system in northern 
California. Restoration Ecology 19:204–213. 

Funk, R.S. 1966. Notes about Heloderma suspectum 
along the western extremity of its range. 
Herpetologica 22:254–258. 

Funk, R.S. 1974. Geographic distribution: Kinoster-
non sonoriense. Herpetological Review 5:20. 

Funk, W.C. and Dunlap, W.W. 1999. Colonization 
of high-elevation lakes by long-toed salamanders 
(Ambystoma macrodactylum) after the extinction 
of introduced trout populations. Canadian 
Journal of Zoology 77:1759–1767. 

Funk, W.C., Pearl, C.A., Draheim, H.M., Adams, 
M.J., Mullins, T.D., and Haig, S.M. 2008. 
Range-wide phylogeographic analysis of the 
spotted frog complex (Rana luteiventris and Rana 
pretiosa) in northwestern North America. 
Molecular Phylogenetics and Evolution 
49:198–210. 

Gamradt, S. and Kats, L. 1996. Effect of introduced 
crayfish and mosquitofish on California newts. 
Conservation Biology 10:1155–1162. 

Gamradt, S. and Kats, L. 1997. Impact of chaparral 
wildfire-induced sedimentation on oviposition of 
stream-breeding California newts (Taricha 
torosa). Oecologia 110:546–549. 

Gamradt, S., Kats, L., and Anzalone, C. 1997. 
Aggression by non-native crayfish deters 
breeding in California newts. Conservation 
Biology 11:793–796. 

Garcia and Associates. 2005. Results of 2004 
Surveys and Monitoring for Foothill Yellow-
Legged Frogs (Rana boylii) within the Rock 
Creek-Cresta Project Area, North Fork Feather 
River and 2002-2004 Recreation and Pulse Flow 
Biological Evaluation Summary. Prepared for 
Pacific Gas and Electric Company, San Ramon, 
California, Job 332/80, 89pp. 

Garcia, T.S., Romansic, J.M., and Blaustein, A.R. 
2006. Survival of three species of anuran 
metamorphs exposed to UV-B radiation and the 
pathogenic fungus Batrachochytrium dendroba-
tidis. Diseases of Aquatic Organisms. 72:163. 

Garcia-Paris, M., Buchholz, D.R., and Parra-Olea, 
G. 2003. Phylogenetic relationships of Pelobatoi-
dea re-examined using mtDNA. Molecular 
Phylogenetics and Evolution. 28:12–23. 

literature cited 323 



       
    

      
     

Gardner, T.J., Foley, D.H., Brodie, E.D., and Young, 
K.V. 2004. Barrier fences prevent road mortali-
ties in the flat-tailed horned lizard (Phrynosoma 
mcallii). Herpetological Review 35:250–250. 

Garman, S. 1884. The reptiles and batrachians of 
North America. Memoirs of the Museum of 
Comparative Zoology 8:1–185. 

Garwood, J.M. 2009. Spatial Ecology of the Cascades 
Frog: Identifying Dispersal, Migration, and 
Resource Uses at Multiple Spatial Scales. Master’s 
Thesis. Humboldt State University, Arcata, CA. 

Garwood, J.M. and Welsh, H.H., Jr. 2007. Ecology 
of the Cascades Frog (Rana cascadae) and 
Interactions with Garter Snakes and Nonnative 
Trout in the Trinity Alps Wilderness, California. 
Final Report to California Department of Fish 
and Game and National Fish and Wildlife 
Foundation, 75pp. 

Gehlbach, F.R. 1965. Herpetology of the Zuni 
Mountains region, northwestern New Mexico. 
Proceedings of the US National History Museum 
116:243–332. 

Gehlbach, F.R. 1974. Evolutionary relations of 
southwestern ringneck snakes (Diadophis 
punctatus). Herpetologica 30:140–148. 

Gergus, E.W.A. 1998. Systematics of the Bufo 
microscaphus complex: allozyme evidence. 
Herpetologica 54:317–325. 

Gergus, E.W.A., Grismer, L.L., and Beaman, K.R. 
1997. Geographic distribution: Bufo californicus. 
Herpetological Review 28:47. 

Germano, D.J. 2010. Ecology of western pond 
turtles (Actinemys marmorata) at sewage-treat-
ment facilities in the San Joaquin Valley, 
California. The Southwestern Naturalist 
55:89–97. 

Germano, D.J. and Bury, R.B. 2001. Western pond 
turtles (Clemmys marmorata) in the Central 
Valley of California: status and population 
structure. Transactions-Western Section of the 
Wildlife Society 37:22–36. 

Germano, D.J. and Bury, R.B. 2009. Variation in 
body size, growth, and population structure of 
Actinemys marmorata from lentic and lotic 
habitats in southern Oregon. Journal of Herpetol-
ogy 43:510–520. 

Germano, D.J. and Rathbun, G.B. 2008. Growth, 
population structure, and reproduction of 
western pond turtles (Actinemys marmorata) on 
the central coast of California. Chelonian 
Conservation and Biology 7:188–194. 

Germano, D.J., Rathbun, G.B., and Saslaw, L.R. 
2001. Managing exotic grasses and conserving 
declining species. Wildlife Society Bulletin 
29:551–559. 

Germano, J.M. and Bishop, P.J. 2009. Suitability of 
amphibians and reptiles for translocation. 
Conservation Biology 23:7–15. 

Gerson, M. 2011. Population status and habitat 
affinities of the Blainville’s horned lizard 
(Phrynosoma blainvillii) at a site in the northern 
San Joaquin Valley, California, USA. Herpetolog-
ical Conservation and Biology 6(2):228–236. 

Gibbs, J.P. and Shriver, W.G. 2002. Estimating the 
effects of road mortality on turtle populations. 
Conservation Biology 16:1647–1652. 

Gibbs, J.P. and Shriver, W.G. 2005. Can road 
mortality limit populations of pool-breeding 
amphibians? Wetlands Ecology and Management 
13: 281–289. 

Gilbertson, M.K., Haffner, D.G., Drouillard, K.G., 
Albert, A., and Dixon, B. 2003. Immunosuppres-
sion in the northern leopard frog (Rana pipiens) 
induced by pesticide exposure. Environmental 
Toxicology and Chemistry 22:101–110. 

Gilhen, J. 1970. An unusual Nova Scotian popula-
tion of the northern ringneck snake, Diadophis 
punctatus edwardsi (Merrem). Occasional Papers 
of the Nova Scotia Museum, Halifax 9:1–13. 

Girard C. 1859. in Baird. Reptiles of the Boundary, 
with Notes by the Naturalists of the Survey. 
Department of the Interior, Washington, DC. 

Giuliani, D. 1996. Resurvey of Eastern Sierra 
Nevada Salamanders. Unpublished Report. 
California Department of Fish and Game, 
Sacramento. 

Goebel, A.M., Ranker, T.A., Corn, P.S., and 
Olmstead, R.G. 2009. Mitochondrial DNA 
evolution in the Anaxyrus boreas species group. 
Molecular Phylogenetics and Evolution 
50:209–225. 

Goldberg, C.S. and Waits, L.P. 2010. Comparative 
landscape genetics of two pond-breeding 
amphibian species in a highly modified agricul-
tural landscape. Molecular Ecology 
19:3650–3663. 

Goldberg, S.R. 1972. Reproduction in the southern 
alligator Lizard Gerrhonotus multicarinatus. 
Herpetologica 28:267–273. 

Goldberg, S.R. 1983. Reproduction of the coast 
horned lizard, Phrynosoma coronatum, in 
southern California. The Southwestern Natural-
ist 28:478–479. 

Goldberg, S.R. 1999. Reproduction in the red 
diamond rattlesnake in California. California 
Fish and Game 85:177–180. 

Goldberg, S.R. 2000. Reproduction in the glossy 
snake, Arizona elegans (Serpentes: Colubridae) 
from California. Bulletin of the Southern 
California Academy of Sciences 99:105–109. 

324     literature cited 



      

       
     

      
     
    

 

 

      
       

   

Goldberg, S.R. and Beaman, K.R. 2003. Natural 
history notes: Elgaria panamintina. Reproduc-
tion. Herpetological Review 34: 143. 

Goldberg, S.R. and Miller, C. 1985. Reproduction of 
the silvery legless lizard, Anniella pulchra pulchra 
(Anniellidae), in Southern California. The 
Southwestern Naturalist 30:617–619. 

Goldberg, S.R., Mahrdt, C.R., and Beaman, K.R. 
2010. Reproduction in Cope’s leopard lizard, 
Gambelia copeii (Squamata: Crotaphytidae). 
Bulletin of the Southern California Academy of 
Sciences 109:15–17. 

Gomez, D.M. and Anthony, R.G. 1996. Amphibian 
and reptile abundance in riparian and upslope 
areas of five forest types in western Oregon. 
Northwest Science 70:109–119. 

Gonsolin, T.E. 2010. Ecology of Foothill Yellow-
Legged Frogs in Upper Coyote Creek, Santa Clara 
County, CA. Master’s Thesis. San Jose State 
University, San Jose, CA. 

Good, D.A. 1988. Allozyme variation and phyloge-
netic relationships among the species of Elgaria 
(Squamata: Anguidae). Herpetologica 44:154–162. 

Good, D.A. 1989. Hybridization and cryptic species 
in Dicamptodon (Caudata: Dicamptodontidae). 
Evolution 43:728–744. 

Good, D.A. and Wake, D.B. 1992. Geographic 
variation and speciation in the torrent salaman-
ders of the genus Rhyacotriton (Caudata: 
Rhyacotritonidae). University of California 
Publications in Zoology 126:1–91. 

Goodman, R.H., Jr. 1997. Occurrence of double 
clutching in the southwestern pond turtle, 
Clemmys marmorata pallida, in the Los Angeles 
Basin. Chelonian Conservation and Biology 
2:419–420. 

Goodman, R.H., Jr., Watanabe, S.K., Condon, K.P., 
Pires, M.P., and Benton, M.S. 1998. Geographic 
distribution: Batrachoseps gabrieli. Herpetological 
Review 29:171. 

Gorman, J. 1957. Recent collections of the Califor-
nia limbless lizard, Anniella pulchra. Copeia 
1957:148–150. 

Graeter, G.J., Buhlmann, K.A., Wilkinson, L.R., 
and Gibbons, J.W. (Eds). 2013. Inventory and 
Monitoring: Recommended Techniques for 
Reptiles and Amphibians, with Application to the 
United States and Canada. Paratners in Amphib-
ian and Reptile Conservation, Birmingham, AL. 

Grant, D., Anderson, O., and Twitty, V. 1968. 
Homing orientation by olfaction in newts 
(Taricha rivularis). Science 160:1354–1356. 

Grant, T.J. and Doherty, P.F. 2006. Natural history 
notes: Phrynosoma mcallii. Hibernation. 
Herpetological Review 37:346–347. 

Grant, T.J. and Doherty, P.F. 2007. Monitoring of 
the flat-tailed horned lizard with methods 
incorporating detection probability. Journal of 
Wildlife Management 71:1050–1056. 

Grant, T.J. and Doherty, P.F. 2009. Potential 
mortality effects of off-highway vehicles on the 
flat-tailed horned lizard (Phrynosoma mcallii): a 
manipulative experiment. Environmental 
Management 43:508–513. 

Grasso, R.L. 2005. Palatability and Antipredator 
Response of Yosemite Toad (Bufo canorus) to 
Nonnative Brook Trout (Salvelinus fontinalis) in 
the Sierra Nevada Mountains of California. 
Master’s Thesis. California State University, 
Sacramento. 

Grasso, R.L., Coleman, R.M., and Davidson, C. 2010. 
Palatability and antipredator response of Yosemite 
toads (Anaxyrus canorus) to nonnative brook trout 
(Salvelinus fontinalis) in the Sierra Nevada 
Mountains of California. Copeia 2010:457–462. 

Gray, J.E. 1839. Phrynosoma blainvillii, in The 
Zoology of Captain Beechey’s voyage: Compiled 
from the collections and notes made by Captain 
Beechey, the officers and naturalist of the 
expedition, during a voyage to the Pacific and 
Behring’s Straits performed in his majesty’s ship 
blossom, under the command of Captain FW 
Beechey, in the years 1825, 26, 27 and 28, HG 
Bohn, London, p.96. 

Gray, J.E. 1852. Descriptions of several new genera 
of reptiles, principally from the collection of 
HMS Herald. Annual Magazine of Natural 
History 10:437–440. 

Graybeal, A. 1993. The phylogenetic utility of 
cytochrome b: lessons from bufonid frogs. 
Molecular Phylogenetics and Evolution 
2:256–269. 

Green, D.E. and Kagarise Sherman, C. 2001. 
Diagnostic histological findings in Yosemite 
toads (Bufo canorus) from a die-off in the 1970s. 
Journal of Herpetology 35:92–103. 

Green, D.M. 1985. Differentiation in amount of 
centromeric hetero-chromatin between subspe-
cies of the red-legged frog, Rana aurora. Copeia, 
1985:1071–1074. 

Green, D.M. 1986a. Systematics and evolution of 
western North American frogs allied to Rana 
aurora and Rana boylii: electrophoretic evidence. 
Systematic Zoology 35:283–296. 

Green, D.M. 1986b. Systematics and evolution of 
western North American frogs allied to Rana 
aurora and Rana boylii: karyological evidence. 
Systematic Zoology 35:273–282. 

Green, D.M., Kaiser, H., Sharbel, T.F., Kearsley, J., 
and McAllister, K.R. 1997. Cryptic species of 

literature cited 325 



spotted frogs, Rana pretiosa complex, in western 
North America. Copeia 1997:1–8. 

Green, D.M., Sharbel, T.F., Kearsley, J., and Kaiser, 
H. 1996. Postglacial range fluctuation, genetic 
subdivision and speciation in the western North 
American spotted frog complex, Rana pretiosa. 
Evolution 50:374–390. 

Greenberg, D.B. 2002. The Ecology of Movement 
and Site Selection in Desert Rattlesnakes 
(Crotalus Mitchellii and Crotalus Ruber) of the 
Southwestern United States. PhD Dissertation. 
University of California, Santa Barbara. 

Greenberg, D.B. and McClintock, W.J. 2008. 
Remember the third dimension: terrain 
modeling improves estimates of snake home 
range size. Copeia 2008:801–806. 

Gregory, P.T. 1977. Life-history parameters of the 
red-sided garter snake (Thamnophis sirtalis 
parietalis) in an extreme environment, the 
Interlake region of Manitoba. National Museum 
of Canada Publications in Zoology 13:1–44. 

Gregory, P.T. and Larsen, K.W. 1993. Geographic 
variation in reproductive characteristics among 
Canadian populations of the common garter 
snake (Thamnophis sirtalis). Copeia 
1993:946–958. 

Griffin, P.C. and Case, T.J. 2001. Terrestrial habitat 
preferences of adult arroyo southwestern toads. 
Journal of Wildlife Management 65:633–644. 

Grinnell, J. 1908. The Biota of the San Bernardino 
Mountains. University of California Press, 
Berkeley. 

Grinnell, J. and Camp, C.L. 1917. A distributional 
list of the amphibians and reptiles of California. 
University of California Publications in Zoology 
17:127–208. 

Grinnell, J., and Grinnell, H.W. 1907. Reptiles of 
Los Angeles County, California. Throop Institute 
Bulletin 35:1–64. 

Grinnell, J. and Storer, T.I. 1924. Animal life in the 
Yosemite. University of California Press, 
Berkeley. 

Grismer, L.L. 1994. The origin and evolution of the 
peninsular herpetofauna of Baja California, 
México. Herpetological Natural History 
2:51–106. 

Grismer, L.L. 2002. Amphibians and reptiles of 
Baja California, including its Pacific islands, and 
the islands in the Sea of Cortés. University of 
California Press, Berkeley. 

Grismer, L.L. and Galvan, M.A. 1986. A new night 
lizard (Xantusia henshawi) from a sandstone 
habitat in San Diego County, California. 
Transactions of the San Diego Society of Natural 
History 21:155–165. 

Groff, L.A. 2011. A Species Distribution Model for 
Guiding Oregon Spotted Frog (Rana pretiosa) 
Surveys Near the Southern Extent of Its Geo-
graphic Range. Master’s Thesis. Humboldt State 
University, Arcata, CA. 

Hager, S.B. 1996. Natural history notes: Phryno-
soma coronatum blainvillii. Growth. Herpetologi-
cal Review 27:80. 

Hager, S.B. and Brattstrom, B.H. 1997. Surface 
activity of the San Diego horned lizard Phryno-
soma coronatum blainvilli. The Southwestern 
Naturalist 42:339–344. 

Haggard, J.A.G. 2000. A Radio Telemetric Study of 
the Movement Patterns of Adult Northern 
Red-Legged Frogs (Rana aurora aurora) at 
Freshwater Lagoon, Humboldt County, Califor-
nia. Humboldt State University, Arcata, CA. 

Haggarty, M. 2006. Habitat Differentiation and 
Resource Use among Different Age Classes of 
Post Metamorphic Rana boylii on Red Bank 
Creek, Tehama County, California. Master’s 
Thesis. Humboldt State University, Arcata, CA. 

Halama, K.J., Malisch, A.J., Aspell, M., Rotenberry, 
J.T., and Allen, M.F. 2008. Modeling the 
landscape niche characteristics of red diamond 
rattlesnakes (Crotalus ruber): implications for 
biology and conservation, in Hayes, W.K., 
Beaman, K.R., Cardwell, M.D., and Bush, S.P. 
(Eds): The Biology of Rattlesnakes Symposium, 
Loma Linda University Press, Loma Linda, CA, 
pp.463–472. 

Hall, D.H. and Steidl, R.J. 2007. Movements, 
activity, and spacing of Sonoran mud turtles 
(Kinosternon sonoriense) in interrupted mountain 
streams. Copeia 2007:403–412. 

Hallowell, E. 1852. Descriptions of new species of 
reptiles inhabiting North America. Proceedings 
of the Academy of Natural Sciences of Philadel-
phia 6:177–182. 

Hammerson, G.A. 1977. Head body temperature 
differences monitored by telemetry in the snake 
Masticophis flagellum piceus. Comparative 
Biochemistry and Physiology 57:399–402. 

Hancock, J.P. 2009. Arroyo Toad (Anaxyrus 
californicus) Life History, Population Status, 
Population Threats, and Habitat Assessment of 
Conditions at Fort Hunter Liggett, Monterey 
County, California. Master’s Thesis. California 
Polytechnic State Unviersity, San Luis Obispo. 

Hansen, R.W. 1988. Kern Canyon Slender Salaman-
der (Batrachoseps simatus). California Depart-
ment of Transportation, Biological Survey 
Report, District 6, Fresno. 

Hansen, R.W. and Wake, D.B. 2005a. Batrachoseps 
campi, in Lannoo, M.J. (Ed.): Amphibian 

326     literature cited 



      

 

Declines: The Conservation Status of United 
States Species, University of California Press, 
Berkeley, pp.669–671. 

Hansen, R.W. and Wake, D.B. 2005b. Batrachoseps 
minor, in Lannoo, M.J. (Ed.): Amphibian 
Declines: The Conservation Status of United 
States Species, University of California Press, 
Berkeley, pp.682–683. 

Hansen, R.W. and Wake, D.B. 2005c. Batrachoseps 
relictus, in Lannoo, M.J. (Ed.): Amphibian 
Declines: The Conservation Status of United 
States Species, University of California Press, 
Berkeley, pp.688–690. 

Hansen, R.W., Goodman, R.H. and Wake, D.B. 
2005d. Batrachoseps gabrieli, in M.J. Lannoo, 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species, University of 
California Press, Berkeley, pp.672–673. 

Hanson, K., Snyder, J., and Kats, L. 1994. Natural 
history notes: Taricha torosa. Diet. Herpetological 
Review 25:62. 

Harding, J.H. 1997. Amphibians and Reptiles of the 
Great Lakes Region. University of Michigan 
Press, Ann Arbor. 

Harte, J., Ostling, A., Green, J.L., and Kinzig, A. 
2004. Climate change and extinction risk. 
Nature 430:33. 

Hatch, A.C. and Blaustein, A.R. 2000. Combined 
effects of UV-b, nitrate, and low pH reduce the 
survival and activity level of larval cascades frogs 
(Rana cascadae ). Archives of Environmental 
Contamination and Toxicology 39:494–499. 

Hawkins, C.P., Gottschalk, L.J., and Brown, S.S. 
1988. Densities and habitat of tailed frog tadpoles 
in small streams near Mount St. Helens 
Washington U.S.A. following the 1980 eruption. 
Journal of the North American Benthological 
Society 7:246–252. 

Hayes, M.P. and Cliff, F.S. 1982. A checklist of the 
herpetofauna of Butte County, the Butte Sink, 
and Sutter Buttes, California. Herpetological 
Review 13:85–87. 

Hayes, M.P. and Jennings, M.R. 1986. Decline of 
ranid frog species in western North America: are 
bullfrogs (Rana catesbeiana) responsible? Journal 
of Herpetology 20:490–509. 

Hayes, M.P. and Jennings, M.R. 1988. Habitat 
correlates of distribution of the California 
red-legged frog (Rana aurora draytonii) and the 
foothill yellow-legged frog (Rana boylii): 
implications for management. in Szaro, R.C., 
Severson, K.E., and Patton, D.R. (Eds): Manage-
ment of Amphibians, Reptiles, and Small 
Mammals in North America, General Technical 
Report RM-166. United States Department of 

Agriculture Forest Service, Rocky Mountain 
Forest and Range Experiment Station, Fort 
Collins, CO, pp.144–158. 

Hayes, M.P. and Krempels, D.M. 1986. Vocal sac 
variation among frogs of the genus Rana from 
western North America. Copeia 1986:927–936. 

Hayes, M.P. and Miyamoto, M.M. 1984. Biochemi-
cal, behavioral and body size differences between 
Rana aurora aurora and R. a. draytoni. Copeia 
1984:1018–1022. 

Hayes, M.P., Pearl, C.A., and Rombough, C.J. 2001. 
Rana aurora aurora. Movement. Herpetological 
Review 32:35–36. 

Hayes, M.P., Quinn, T., Dugger, D.J., Hicks, T.L., 
Melchiors, M.A., and Runde, D.E. 2006. 
Dispersion of coastal tailed frog (Ascaphus truei): 
an hypothesis relating occurrence of frogs in 
non-fish-bearing headwater basins to their 
seasonal movements. Journal of Herpetology 
40:531–543. 

Hayes, M.P., Rombough, C.J., and Hayes, C.P. 
2007. Natural History: Rana aurora. Movement. 
Herpetological Review 38:192–193. 

Hayes, M.P., Rombough, C.J., Padgett-Flohr, G.E., 
Hallock, L.A., Johnson, J.E., Wagner, R.S., and 
Engler, J.D. 2009. Amphibian chytridiomycosis 
in the Oregon spotted frog (Rana pretiosa) in 
Washington State, U.S.A. Northwestern 
Naturalist 90:148–151. 

Hayes, M.P. and Tennant, M.R. 1985. Diet and 
feeding behavior of the California red-legged 
frog, Rana aurora draytonii (Ranidae). The 
Southwestern Naturalist 30:601–605. 

Hayhoe, K., Cayan, D., Field, C.B., Frumhoff, P.C., 
Maurer, E.P., Miller, N.L., Moser, S.C. et al. 
2004. Emissions pathways, climate change, and 
impacts on California. Proceedings of the 
National Academy of Sciences of the United 
States of America 101:12422–12427. 

Heath, J.E. 1965. Temperature regulation and 
diurnal activity in horned lizards. University of 
California Publications in Zoology 64:97–136. 

Hedgecock, D. 1978. Population subdivision and 
genetic divergence in red-bellied newt, Taricha 
rivularis. Evolution 32:271–286. 

Hedgecock, D. and Ayala, F.J. 1974. Evolutionary 
divergence in the genus Taricha (Salamandri-
dae). Copeia 1974:738–747. 

Heifetz, W. 1941. A review of the lizards of the 
genus Uma. Copeia 1941:99–111. 

Hels, T. and Buchwald, E. 2001. The effect of road 
kills on amphibian populations. Biological 
Conservation 99:331–340. 

Hemphill, D.V. 1952. The Vertebrate Fauna of the 
Boreal Areas of the Southern Yolla Bolly 

literature cited 327 



 

 

Mountains, California. PhD Dissertation. Oregon 
State University, Corvalis. 

Henry, W.V. and Twitty, V.C. 1940. Contributions to 
the life histories of Dicamptodon ensatus and 
Ambystoma gracile. Copeia 1940:247–250. 

Hensley, F.R., Jones, T.R., Maxwell, M.S., Adams, 
L.J., and Nedella, N.S. 2010. Demography, 
terrestrial behavior, and growth of Sonora mud 
turtles (Kinosternon sonoriense) in an extreme 
habitat. Herpetological Monographs 24:174–193. 

Hensley, M.M. 1949. Mammal diet of Heloderma. 
Herpetologica 5:152. 

Heyer, W.R., Donnelly, M.A., McDiarmid, R.W., 
Hayek, L.A.C., and Foster, M.S. (Eds). 1994. 
Measuring and Monitoring Biological Diversity: 
Standard Methods for Amphibians. Smithsonian 
Institution Press, Washington, DC. 

Highton, R. 2000. Detecting cryptic species using 
allozyme data, in Bruce, J.C., Jaeger, R.G., and 
Houck, L.D. (Eds): The Biology of Plethodontid 
Salamanders, Kluwer Academic/Plenum 
Publishing, New York, pp.215–241. 

Hill, R.E. and Mackessy, S.P. 2000. Characteriza-
tion of venom (Duvernoy’s secretion) from twelve 
species of colubrid snakes and partial sequence 
of four venom proteins. Toxicon 38:1663–1687. 

Hillis, D.M. 1988. Systematics of the Rana pipiens 
complex: puzzle and paradigm. Annual Review 
of Ecology and Systematics 19:39–63. 

Hillis, D.M., Frost, J.S., and Wright, D.A. 1983. 
Phylogeny and biogeography of the Rana pipiens 
complex: a biochemical evaluation. Systematic 
Zoology 32:132–143. 

Hillis, D.M. and Wilcox, T.P. 2005. Phylogeny of the 
New World true frogs (Rana). Molecular 
Phylogenetics and Evolution 34:299–314. 

HilleRisLambers, J., Yelenik, S.G., Colman, B.P., 
and Levine, J.M. 2010. California annual grass 
invaders: the drivers or passengers of change? 
Journal of Ecology 98:1147–1156. 

Hilton, W.A. 1948. Salamander notes from the 
Northwest. Herpetologica 4:120. 

Hodge, R.P. 2004. Geographic distribution: Rana 
aurora. Herpetological Review 35:79. 

Holcomb, C. 2012. Examining the Relationship 
between Landscape Connectivity and the 
Breeding Effort of the Red-Legged Frog (Rana 
aurora) in Western Washington Wetlands. 
Master’s Thesis. Evergreen State College, 
Olympia, WA. 

Holland, D.C. 1989. A Synopsis of the Ecology and 
Current Status of the Western Pond Turtle 
(Clemmys marmorata). Report. United States Fish 
and Wildlife Service National Ecology Research 
Center, Fort Collins, CO. 

Holland, D.C. 1992a. Level and Pattern in Morpho-
logical Variation: A Phylogeographic Study of the 
Western Pond Turtle (Clemmys marmorata). PhD 
Dissertation. University of Southwestern 
Louisiana, Lafayette. 

Holland, D.C. 1992b. A Synopsis of the Ecology and 
Status of the Western Pond Turtle (Clemmys 
marmorata) in 1991. United States Fish and 
Wildlife Service, San Simeon, CA. 

Holland, D.C. 1994. The Western Pond Turtle: 
Habitat and History. Report. United States 
Department of Energy, Bonneville Power 
Administration Environment, Portland, OR. 

Holman, J.A. and Fritz, U. 2001. A new emydine 
species from the Middle Miocene (Barstovian) of 
Nebraska, U.S.A. with a new generic arrange-
ment for the species of Clemmys sensu McDowell 
(1964) (Reptilia: Testudines: Emydidae). 
Zoologische Abhandlungen-Staatliches Museum 
Fur Tierkunde in Dresden 51:331–353. 

Holte, D.L. 1998. Nest Site Characteristics of the 
Western Pond Turtle, Clemmys marmorata, at 
Fern Ridge Reservoir, in West Central Oregon. 
Master’s Thesis. Oregon State University, 
Corvallis. 

Holway, D.A. 1995. Distribution of the argentine 
ant (Linepithema humile) in Northern California. 
Conservation Biology 9:1634–1637. 

Holway, D.A. 1998. Effect of argentine ant 
invasions on ground-dwelling arthropods in 
northern California riparian woodlands. 
Oecologia 116:252–258. 

Hossack, B.R., Corn, P.S., and Fagre, D.B. 2006. 
Divergent patterns of abundance and age-class 
structure of headwater stream tadpoles in burned 
and unburned watersheds. Canadian Journal of 
Zoology 84:1482–1488. 

Hothem, R.L., Meckstroth, A.M., Wegner, K.E., 
Jennings, M.R., and Crayon, J.J. 2009. Diets of 
three species of anurans from the Cache Creek 
watershed, California, U.S.A. Journal of 
Herpetology 43:275–283. 

Howard, C.W. 1974. Comparative reproductive 
ecology of horned lizards (genus Phrynosoma) in 
southwestern United States and northern 
Mexico. Journal of the Arizona Academy of 
Sciences 9:108–116. 

Howard, J.H., and Wallace, R.L. 1985. Life history 
characteristics of populations of the long-toed 
salamander (Ambystoma macrodactylum) from 
different altitudes. The American Midland 
Naturalist 113:361–373. 

Hughes, L. 2000. Biological consequences of global 
warming: is the signal already apparent? Trends 
in Ecology and Evolution 15:56–61. 

328     literature cited 



      

 

     
      

     
    

      
    

 

Hulse, A.C. 1974. Food habits and feeding behavior 
in Kinosternon sonoriense (Chelonia; Kinosterni-
dae). Journal of Herpetology 8:195–199. 

Hulse, A.C. 1982. Reproduction and population 
structure in the turtle, Kinosternon sonoriense. 
The Southwestern Naturalist 27:447–456. 

Hunt, L.E. 1983. A nomenclatural rearrangement of 
the genus Anniella (Sauria: Anniellidae). Copeia 
1983:79–89. 

Hunt, L.E. 1984. Morphological Variation in the 
Fossorial Lizard Anniella. Master’s Thesis. 
University of Kansas, Lawrence. 

ICF Jones and Stokes. 2010. Hatchery and Stocking 
Program Environmental Impact Report/ 
Environmental Impact Statement. Final. January. 
(ICF J&S 00264.08) (SCH #2008082025). 
Prepared for the California Department of Fish 
and Game and US Fish and Wildlife Service, 
Sacramento. 

ICZN (International Commission on Zoological 
Nomenclature). 2000. Opinion 1960 Crotalus 
ruber Cope 1892 (Reptilia, Serpentes): specific 
name given precedence over that of Crotalus exsul 
Garman, 1884. Bulletin of Zoological Nomencla-
ture 57:189–190. 

Iverson, J.B. 1976. Kinosternon sonoriense. Catalogue 
of American Amphibians and Reptiles 176:1–2. 

Jacobson, E.R. 1993. Implications of infectious 
diseases for captive propagation and introduction 
programs of threatened/endangered reptiles. 
Journal of Zoo and Wildlife Medicine 
24:245–255. 

Jacobson, E.R. and Whitford, W.G. 1971. Physiologi-
cal responses to temperature in the patch-nosed 
snake, Salvadora hexalepis. Herpetologica 
27:289–295. 

Jaeger, J.R., Riddle, B.R., Jennings, R.D., and 
Bradford, D.F. 2001. Rediscovering Rana onca: 
evidence for phylogenetically distinct leopard 
frogs from the border region of Nevada, Utah, 
and Arizona. Copeia 2001:339–354. 

Jancowski, K. and Orchard, S. 2013. Stomach 
contents from invasive American bullfrogs Rana 
catesbeiana (= Lithobates catesbeianus) on 
southern Vancouver Island, British Columbia, 
Canada. NeoBiota 16:17–37. 

Janzen, F.J., Krenz, J.G., Haselkorn, T.S., and 
Brodie, E.D. 2002. Molecular phylogeography of 
common garter snakes (Thamnophis sirtalis) in 
western North America: implications for regional 
historical forces. Molecular Ecology 11:1739–1751. 

Jayne, B.C. and Bennett, A.F. 1990. Selection on 
locomotor performance capacity in a natural 
population of garter snakes. Evolution 
44:1204–1229. 

Jennings, M.R. 1984. Longevity records for lizards 
of the family Helodermatidae. Bulletin of the 
Maryland Herpetological Society 20:22–23. 

Jennings, M.R. 1987. Impact of the curio trade for 
San Diego horned lizards (Phrynosoma coronatum 
blainvillii) in the Los Angeles basin, California: 
1885–1930. Journal of Herpetology 21:356–358. 

Jennings, M.R. 1988a. Natural history and decline 
of native ranids in California, in De Lisle, H.F., 
Brown, P.R., Kaufman, B., and McGurty, B.M. 
(Eds): Proceedings of the Conference on 
California Herpetology. Special Publication No 4. 
Southwestern Herpetologists Society, Van Nuys, 
CA, pp.61–72. 

Jennings, M.R. 1988b. Origin of the population of 
Rana aurora draytonii on Santa Cruz Island, 
California. Herpetological Review 19:76. 

Jennings, M.R. 1988c. Phrynosoma coronatum. 
Catalogue of American Amphibians and Reptiles 
428:1–5. 

Jennings, M.R. and Fuller, M.M. 2004. Origin and 
distribution of leopard frogs, Rana pipiens 
complex, in California. California Fish and Game 
90:119–139. 

Jennings, M.R. and Hayes, M.P. 1985. Pre-1900 
overharvest of California red-legged frogs (Rana 
aurora draytonii): the inducement for bullfrog 
(Rana catesbeiana) introduction. Herpetologica 
41:94–103. 

Jennings, M.R. and Hayes, M.P. 1994a. Amphibian 
and Reptile Species of Special Concern in 
California. California Department of Fish and 
Game, Inland Fisheries Division, Rancho 
Cordova. 

Jennings, M.R. and Hayes, M.P. 1994b. Decline of 
native ranid frogs in the desert Southwest, in 
Brown, P.R. and Wright, J.W. (Eds): Herpetology 
of the North American Deserts, Proceedings of a 
Symposium. Special Publication No 5. South-
western Herpetologists Society, Van Nuys, CA, 
pp.183–211. 

Jennings, M.R. and Hayes, M.P. 2005. Natural 
history notes: Rana boylii. Coloration. Herpeto-
logical Review 36:438. 

Jockusch, E.L., Martínez-Solano, I., Hansen, R.W., 
and Wake, D.B. 2012. Morphological and molecu-
lar diversification of slender salamanders (Caudata: 
Plethodontidae: Batrachoseps) in the southern 
Sierrae Nevada of California with descriptions of 
two new species. Zootaxa 3190:1–30. 

Jockusch, E.L. and Wake, D.B. 2002. Falling apart 
and merging: diversification of slender salaman-
ders (Plethodontidae: Batrachoseps) in the 
American West. Biological Journal of the 
Linnean Society 76:361–391. 

literature cited 329 

https://00264.08


 
 

 

 

 
 
 

 

Jockusch, E.L., Wake, D.B., and Yanev, K.P. 1998. 
New species of Batrachoseps (Caudata: Pletho-
dontidae) from the Sierra Nevada, California. Los 
Angeles County Museum Contributions in 
Science 472:1–17. 

Jockusch, E.L., Yanev, K.P., and Wake, D.B. 2001. 
Molecular phylogenetic analysis of slender 
salamanders, genus Batrachoseps (Amphibia: 
Plethodontidae), from central coastal California 
with descriptions of four new species. Herpeto-
logical Monographs 15:54–99. 

Johnson, J., Thomson, R.C., Micheletti, S., and 
Shaffer, H.B. 2010. The origin of tiger salaman-
der populations in California: introductions or 
relicts? Conservation Genetics 12:35–370. 

Jones, K.B. 1983. Movement patterns and foraging 
ecology of Gila monsters (Heloderma suspectum 
Cope) in northwestern Arizona. Herpetologica 
39:247–253. 

Joseph, M.B., Piovia-Scott, J., Lawler, S.P., Pope, 
K.L. 2011. Indirect effects of introduced trout on 
Cascades frogs (Rana cascadae) via shared 
aquatic prey. Freshwater Biology 56:828–838. 

Kagarise Sherman, C. 1980. A Comparison of the 
Natural History and Mating System of Two 
Anurans: Yosemite Toads (Bufo canorus) and 
Black Toads (Bufo exsul). PhD Dissertation. 
University of Michigan, Ann Arbor. 

Kagarise Sherman, C. and Morton, M.L. 1984. 
The toad that stays on its toes. Natural History 
93:72–78. 

Kagarise Sherman, C. and Morton, M.L. 1993. 
Population declines of Yosemite toads in the 
eastern Sierra Nevada of California. Journal of 
Herpetology 27:186–198. 

Karlstrom, E.L. 1962. The toad genus Bufo in 
the Sierra Nevada of California: ecological 
and systematic relationships. University 
of California Publications in Zoology 62: 
1–104. 

Karlstrom, E.L. and Livezey, R.L. 1955. The eggs 
and larvae of the Yosemite toad Bufo canorus 
Camp. Herpetologica 11:221–227. 

Karraker, N.E. 1999. Natural history notes: 
Rhyacotriton variegatus. Nest site. Herpetological 
Review 30:160–161. 

Karraker, N.E., Pilliod, D.S., Adams, M.J., Bull, 
E.L., Corn, P.S., Diller, L.V., Dupuis, L.A. et al. 
2006. Taxonomic variation in oviposition by 
tailed frogs (Ascaphus spp). Northwestern 
Naturalist 87:87–97. 

Kats, L.B., Breeding, J.A., Hanson, K.M., and 
Smith, P. 1994. Ontogenetic changes in 
California newts (Taricha torosa) in response to 
chemical cues from conspecific predators. 

Journal of the North American Benthological 
Society 13:321–325. 

Kats, L.B., Elliott, S.A., and Currens, J. 1992. 
Intraspecific oophagy in stream-breeding 
California newts (Taricha torosa). Herpetological 
Review 23:7–8. 

Kelly, P.A., Phillips, S.E., and Williams, D.F. 2005. 
Documenting ecological change in time and 
space: the San Joaquin Valley of California, in 
Lacey, E.A. and Myers, P. (Eds): Mammalian 
Diversification: from Chromosomes to Phyloge-
ography (a Celebration of the Career of James L. 
Patton), University of California Publications in 
Zoology, Berkeley, pp.57–78. 

Kennicott, R. 1860. Descriptions of new species of 
North American serpents in the Museum of the 
Smithsonian Institution, Washington. Proceed-
ings of the Academy of Natural Sciences of 
Philadelphia 12:328–338. 

Kephart, D.G. and Arnold, S.J. 1982. Garter snake 
diets in a fluctuating environment: a seven-year 
study. Ecology 63:1232–1236. 

Kerby, J.L. and Kats, L. 1998. Modified interactions 
between salamander life stages caused by 
wildfire-induced sedimentation. Ecology 
79:740–745. 

Kerby, J.L., Richards-Hrdlicka, K.L., Storfer, A., and 
Skelly, D.K. 2010. An examination of amphibian 
sensitivity to environmental contaminants: are 
amphibians poor canaries? Ecology Letters 
13:60–67. 

Kessel, E.L. and Kessel, B.B. 1943a. The rate of 
growth of the young larvae of the Pacific giant 
salamander, Dicamptodon ensatus (Eschscholtz). 
The Wasmann Collector 5:108–111. 

Kessel, E.L. and Kessel, B.B. 1943b. The rate of 
growth of the older larvae of the Pacific giant 
salamander, Dicamptodon ensatus (Eschscholtz). 
The Wasmann Collector 5:141–142. 

Kessel, E.L. and Kessel, B.B. 1944. Metamorphosis 
of the pacific giant salamander, Dicamptodon 
ensatus (Eschscholtz). The Wasmann Collector 
6:38–48. 

Kiesecker, J.M. and Blaustein, A.R. 1998. Effects of 
introduced bullfrogs and smallmouth bass on 
microhabitat use, growth, and survival of native 
red-legged frogs (Rana aurora). Conservation 
Biology 12:776–787. 

Kiesecker, J.M. and Blaustein, A.R. 1999. Pathogen 
reverses competition between larval amphibians. 
Ecology 80:2442–2448. 

Kimball, S. and Schiffman, P.A. 2003. 
Differing effects of cattle grazing on native 
and alien plants. Conservation Biology 
17:1681–1693. 

330     literature cited 



      

 
 

King, K.A., Martinez, C.T., and Rosen, P.C. 1996. 
Contaminants in Sonoran mud turtles from 
Quitobaquito Springs, Organ Pipe Cactus 
National Monument, Arizona. United States 
Fish and Wildlife Service, Region 2, 
Phoenix, AZ. 

King, T. and Robbins, M. 1991. A status survey of 
Kinosternon sonoriense and Bufo alvarius along the 
California side of the lower Colorado River Basin. 
California Department of Fish and Game, Inland 
Fisheries, Rancho Cordova. 

Kingsbury, B.A. 1989. Factors influencing activity 
in Coleonyx variegatus. Journal of Herpetology 
23:399–404. 

Kirk, J.J. 1988. Western spotted frog (Rana pretiosa) 
mortality following forest spraying of DDT. 
Herpetological Review 19:51–53. 

Klauber, L.M. 1924. Notes on the distribution of 
snakes in San Diego County, California. Bulletin 
of the Zoological Society of San Diego 1:1–23. 

Klauber, L.M. 1928. A list of the amphibians and 
reptiles of San Diego County, California. Bulletin 
of the Zoological Society of San Diego 4:1–8. 

Klauber, L.M. 1929. Range extensions in Califor-
nia. Copeia 1929:15–22. 

Klauber, L.M. 1930. A list of the amphibians and 
reptiles of San Diego County, California. Bulletin 
of the Zoological Society of San Diego 5:1–8. 

Klauber, L.M. 1931. A statistical survey of the 
snakes of the southern border of California. 
Bulletin of the Zoological Society of San Diego 
8:1–93. 

Klauber, L.M. 1934. An annotated list of the 
amphibians and reptiles of the southern border 
of California. Bulletin of the Zoological Society 
of San Diego 11:1–28. 

Klauber, L.M. 1936. The horned lizards of the 
coronatum group. Copeia 1936:103–110. 

Klauber, L.M. 1939. Studies of reptile life in the arid 
southwest. Bulletin of the Zoological Society of 
San Diego 14:1–100. 

Klauber, L.M. 1945. The geckos of the genus 
Coleonyx with descriptions of new subspecies. 
Transactions of the San Diego Society of Natural 
History 10:133–216. 

Klauber, L.M. 1946. The glossy snake, Arizona, 
with descriptions of new subspecies. Transac-
tions of the San Diego Society of Natural History 
10:311–398. 

Klauber, L.M. 1956. Rattlesnakes: Their Habits, Life 
Histories and Influence on Mankind. Vols. 1–2, 
University of California Press, Los Angeles. 

Kluge, A.G. 1966. A new pelobatine frog from the 
lower Miocene of South Dakota with a discussion 
of the evolution of the Scaphiopus-Spea complex. 

Los Angeles County Museum of Natural History 
113:1–26. 

Knapp, R.A. 2005. Effects of nonnative fish and 
habitat characteristics on lentic herpetofauna in 
Yosemite National Park, U.S.A. Biological 
Conservation 121:265–279. 

Knapp, R.A. and Matthews, K.R. 2000. Non-native 
fish introductions and the decline of the 
mountain yellow-legged frog from within 
protected areas. Conservation Biology 
14:428–438. 

Knowles, N. and Cayan, D.R. 2002. Potential effects 
of global warming on the Sacramento/San 
Joaquin watershed and the San Francisco 
estuary. Geophysical Research Letters 
29:1891–1895. 

Knowles, N. and Cayan, D.R. 2004. Elevational 
dependence of projected changes in the San 
Francisco estuary and watershed. Climatic 
Change 62:319–336. 

Knowlton, G.F. 1944. Some insect food of Rana 
pipiens. Copeia 1944:119. 

Kuchta, S.R. 2005. Taricha torosa, in Lannoo, M.J. 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species, University of 
California Press, Berkeley, pp.904–908. 

Kuchta, S.R. 2007. Contact zones and species 
limits: hybridization between lineages of the 
California newt, Taricha torosa, in the southern 
Sierra Nevada. Herpetologica 63:332–350. 

Kuchta, S.R. and Tan, A.M. 2006a. Limited genetic 
variation across the range of the red-bellied newt, 
Taricha rivularis. Journal of Herpetology 
40:561–565. 

Kuchta, S.R. and Tan, A.M. 2006b. Lineage 
diversification on an evolving landscape: 
phylogeography of the California newt, Taricha 
torosa (Caudata: Salamandridae). Biological 
Journal of the Linnean Society 89:213–239. 

Kuhnz, L. 2000. Microhabitats and Home Range of 
the California Legless Lizard Using Biotelemetry. 
Master’s Thesis. California State University, San 
Jose. 

Kuhnz, L., Burton, R., Slattery, P., and Oakden, J. 
2005. Microhabitats and population densities of 
California legless lizards, with comments on 
effectiveness of various techniques for estimat-
ing numbers of fossorial reptiles. Journal of 
Herpetology 39:395–402. 

Kupferberg, S.J. 1996a. Hydrologic and geomorphic 
factors affecting conservation of a river-breeding 
frog (Rana boylii). Ecological Applications. 
6:1332–1344. 

Kupferberg, S.J. 1996b. The Ecology of Native 
Tadpoles (Rana boylii and Hyla regilla) and the 

literature cited 331 



 
 

       
      

     
    

Impact of Invading Bullfrogs (Rana catesbeiana) 
in a Northern California River. PhD Dissertation. 
University of California, Berkeley. 

Kupferberg, S.J. 1997. Bullfrog (Rana catesbeiana) 
Invasion of a California River: The Role of Larval 
Competition. Ecology 78:1736–1751. 

Kupferberg, S.J., Catenazzi, A., Lunde, K., Lind, 
A.J., and Palen, W.J. 2009a. Parasitic copepod 
(Lernaea cyprinacea) outbreaks in foothill 
yellow-legged frogs (Rana boylii) linked to 
unusually warm summers and amphibian 
malformations in northern California. Copeia 
2009:529–537. 

Kupferberg, S.J., Lind, A.J., Mount, J., and Yarnell, 
S. 2009b. Pulsed Flow Effects on Foothill 
Yellow-Legged Frog (Rana boylii): Integration of 
Empirical, Experimental, and Hydrodynamic 
Modeling Approaches. Report. California Energy 
Commission, PIER, Sacramento. 

Kupferberg, S.J., Lind, A.J., and Palen, W.J. 2009c. 
Pulsed Flow Effects on the Foothill Yellow-legged 
frog (Rana boylii): Population Modeling. Report. 
California Energy Commission, PIER, Sacramento. 

Kupferberg, S.J., Lind, A.J., Thill, V., and Yarnell, 
S.M. 2011. Water velocity tolerance in tadpoles of 
the foothill yellow-legged frog (Rana boylii): 
swimming performance, growth and survival. 
Copeia 2011:141–152. 

Kupferberg, S.J., Palen, W.J., Lind, A.J., Bobzien, S., 
Catenazzi, A., Drennan, J., and Power, M.E. 
2012. Effects of flow regimes altered by dams on 
survival, population declines, and range-wide 
losses of California river-breeding frogs. 
Conservation Biology 26:513–524. 

La Berteaux, D.L. and Garlinger, B.H. 1998. Inyo 
California Towhee (Pipilo crissalis eremophilus) 
Census in the Argus and Coso Mountain Ranges, 
Inyo County, California. Contract N2474-
90-M-3113. Naval Air Weapons Station, China 
Lake, CA. 

La Rivers, I. 1942. Some new amphibian and reptile 
records for Nevada. Journal of Entomology and 
Zoology 34:53–68. 

Lacan, I., Matthews, K., and Feldman, K. 2008. 
Interaction of an introduced predator with future 
effects of climate change in the recruitment 
dynamics of the imperiled Sierra Nevada 
yellow-legged frog (Rana sierrae). Herpetological 
Conservation and Biology 3:211–223. 

Lande, R. 1988. Genetics and demography in 
biological conservation. Science 241:1455. 

Langen, T.A., Ogden, K.M., and Schwarting, L.L. 
2009. Predicting hot spots of herpetofauna road 
mortality along highway networks. Journal of 
Wildlife Management 73:104–114. 

Lannoo, M.J., ed. 2005. Amphibian Declines: The 
Conservation Status of United States Species. 
University of California Press, Berkeley. 

Lappin, A.K. and Swinney, E.J. 1999. Sexual 
dimorphism as it relates to natural history of 
leopard lizards (Crotaphytidae: Gambelia). 
Copeia 1999:649–660. 

Larsen, K.W., Gregory, P.T., and Antoniak, R. 1993. 
Reproductive ecology of the common garter 
snake Thamnophis sirtalis at the northern limit of 
its range. The American Midland Naturalist 
129:336–345. 

Larson, A. 1980. Paedomorphosis in relation to 
rates of morphological and molecular evolution 
in the salamander Aneides flavipunctatus 
(Amphibia, Plethodontidae). Evolution 34: 
1–17. 

Larson, M.D. 2012. Diet of the Cascades Frog (Rana 
cascadae) as It Relates to Prey Availability in the 
Klamath Mountains of Northwest California. 
Master’s Thesis. Humboldt State University, 
Arcata. 

Larson, N.M. 1984. Geographic Variation in the 
Two-Striped Garter Snake, Thamnophis hammon-
dii. Master’s Thesis. California State Polytechnic 
University, Pomona. 

Lawler, J.J., Shafer, S.L., Bancroft, B.A., and 
Blaustein, A.R. 2010. Projected climate impacts 
for the amphibians of the western hemisphere. 
Conservation Biology 24:38–50. 

Lawler, S.P., Dritz, D., Strange, T., and Holyoak, M. 
1999. Effects of introduced mosquitofish and 
bullfrogs on the threatened California red-legged 
frog. Conservation Biology 13:613–622. 

Lawson, R. and Dessauer, H.C. 1979. Biochemical 
genetics and systematics of garter snakes of the 
Thamnophis elegans, Thamnophis couchii and 
Thamnophis ordinoides complex. Occasional 
Papers of the Museum of Zoology, Louisiana 
State University 56:1–24. 

Lazaroff, D.W., Rosen, P.C., and Lowe, C.H. 2006. 
Amphibians, Reptiles, and Their Habitats at 
Sabino Canyon, University of Arizona Press, 
Tucson. 

Le Conte, J. 1854. Description of four new species of 
Kinosternum. Proceedings of the Academy of 
Natural Sciences of Philadelphia 7:180–190. 

Leaché, A.D., Koo, M.S., Spencer, C.L., Papenfuss, 
T.J., Fisher, R.N., and McGuire, J.A. 2009. 
Quantifying ecological, morphological, and 
genetic variation to delimit species in the coast 
horned lizard species complex (Phrynosoma). 
Proceedings of the National Academy of Sciences 
of the United States of America 
106:12418–12423. 

332     literature cited 



      

 

      
    

     
      

     
    

 

       
     

       
  

Leaché, A.D. and Mulcahy, D.G. 2007. Phylogeny, 
divergence times and species limits of spiny 
lizards (Sceloporus magister species group) in 
western North American deserts and Baja 
California. Molecular Ecology 16:5216–5233. 

Leatherman, B. 1996. Natural history notes: 
Phrynosoma coronatum blainvillii. Conservation. 
Herpetological Review 27:80. 

Leavitt, D.H., Bezy, R.L., Crandall, K.A., and Sites, 
J. 2007. Multi-locus DNA sequence data reveal a 
history of deep cryptic vicariance and habitat-
driven convergence in the desert night lizard 
Xantusia vigilis species complex (Squamata: 
Xantusiidae). Molecular Ecology 16:4455–4481. 

Lebassi, B., Gonzalez, J., Fabris, D., Maurer, E., 
Miller, N., Milesi, C., Switzer, P., and Bornstein, 
R. 2009. Observed 1970-2005 cooling of 
summer daytime temperatures in coastal 
California. Journal of Climate 22:3558–3573. 

Lee, J.C. 1975. The autecology of Xantusia henshawi 
henshawi (Sauria: Xantusiidae). Transactions of 
the San Diego Society of Natural History 
17:259–278. 

Leidy, R.A., Gonsolin, E., and Leidy, G.A. 2009. 
Late-summer aggregation of the foothill yellow-
legged frog (Rana boylii) in central California. The 
Southwestern Naturalist 54:367–368. 

Lemm, J.M. 2006. Field Guide to Amphibians and 
Reptiles of the San Diego Region. University of 
California Press, Berkeley. 

Lenihan, J.M., Bachelet, D., Neilson, R.P., and 
Drapek, R. 2008. Response of vegetation 
distribution, ecosystem productivity, and fire to 
climate change scenarios for California. Climatic 
Change 87:S215–S230. 

Leviton, A.E. and Banta, B.H. 1964. Mid-winter 
reconnaissance of the herpetofauna of the Cape 
Region of Baja California, Mexico. Proceedings of 
the California Academy of Sciences 4:127–156. 

Leyse, K. 2005. Intentional Introductions and 
Biodiversity in Fishless Waters: The Effects of 
Introduced Fish on Native Aquatic Species. PhD 
Dissertation. University of California, Davis. 

Licht, L.E. 1969. Comparative breeding behavior of 
the red-legged frog (Rana aurora aurora) and the 
western spotted frog (Rana pretiosa pretiosa) in 
southwestern British Columbia. Canadian 
Journal of Zoology 47:1287–1299. 

Licht, L.E. 1971. Breeding habits and embryonic 
thermal requirements of the frogs, Rana aurora 
aurora and Rana pretiosa pretiosa, in the Pacific 
Northwest. Ecology 52:116–124. 

Licht, L.E. 1974. Survival of embryos, tadpoles, and 
adults of the frogs Rana aurora aurora and Rana 
pretiosa pretiosa sympatric in southwestern 

British Columbia. Canadian Journal of Zoology 
52:613–627. 

Licht, L.E. 1986a. Comparative escape behavior of 
sympatric Rana aurora and Rana pretiosa. The 
American Midland Naturalist 115:239–247. 

Licht, L.E. 1986b. Food and feeding behavior of 
sympatric red-legged frogs, Rana aurora, and 
spotted frogs, Rana pretiosa, in southwestern 
British Columbia. Canadian Field-Naturalist 
100:22–31. 

Licht, L.E. 1991. Habitat selection of Rana pipiens 
and Rana sylvatica during exposure to warm and 
cold temperatures. The American Midland 
Naturalist 125:259–268. 

Licht, P. and Brown, A. 1967. Behavioral ther-
moregulation and its role in ecology of red-bellied 
newt, Taricha rivularis. Ecology 48:598–611. 

Ligon, D.B. and Peterson, C.C. 2002. Physiological 
and behavioral variation in estivation among 
mud turtles (Kinosternon spp.). Physiological and 
Biochemical Zoology 75:283–293. 

Ligon, D.B. and Stone, P. 2003. Radiotelemetry 
reveals terrestrial estivation in Sonoran mud 
turtles (Kinosternon sonoriense). Journal of 
Herpetology 37:750–754. 

Lind, A.J. 2005. Reintroduction of a Declining 
Amphibian: Determining an Ecologically Feasible 
Approach for the Foothill Yellow-Legged Frog 
(Rana boylii) through Analysis of Decline Factors, 
Genetic Structure, and Habitat Associations. PhD 
Dissertation. University of California, Davis. 

Lind, A.J., Bettaso, J.B., and Yarnell, S.M. 2003. 
Natural history notes: Rana boylii and Rana 
catesbeiana. Reproductive behavior. Herpetologi-
cal Review 34:235. 

Lind, A.J., Spinks, P.Q., Fellers, G.M., and Shaffer, 
H.B. 2011. Rangewide phylogeography and 
landscape genetics of the western U.S. endemic 
frog Rana boylii (Ranidae): implications for the 
conservation of frogs and rivers. Conservation 
Genetics 12:269–284. 

Lind, A.J., Welsh, H.H., Jr., and Wilson, R.A. 1996. 
The effects of a dam on breeding habitat and egg 
survival of the foothill yellow-legged frog (Rana 
boylii) in northwestern California. Herpetological 
Review 27:62–67. 

Linnaeus, C. 1758. Systema Naturae, Edition 10. 
Impensis Direct. Laurentii Salvii, Stockholm. 
(In Swedish) 

Linsdale, J.M. 1932. Amphibians and reptiles from 
Lower California. University of California 
Publications in Zoology 38:345–386. 

Linzey, D.W. 1967. Food of the leopard frog, Rana p. 
pipiens, in central New York. Herpetologica 
23:11–17. 

literature cited 333 



Liss, W.J. and Larson, G.L. 1991. Ecological effects 
of stocked trout on north Cascades naturally 
fishless lakes. Park Science 11:22–23. 

Liss, W.J., Larson, G.L., Deimling, E., Ganio, L.M., 
Gresswell, R., Hoffman, R., Kiss, M. et al. 1995. 
Ecological effects of stocked trout in naturally 
fishless high mountain lakes. Technical Report 
NPS/PNROSU/NRTR-95-03. North Cascades 
National Park Service Complex, United States 
National Park Service, Seattle, WA. 

Livezey, R.L. 1955. A northward range extension for 
Bufo canorus Camp. Herpetologica 11:212. 

Lockington, W.N. 1879. Notes on some reptiles and 
Batrachia of the Pacific Coast. American 
Naturalist 13:780–783. 

Loomis, R.B. 1965. The yellow-legged frog, Rana 
boylii, from the Sierra San Pedro Martír, Baja 
California Norte, Mexico. Herpetologica 
21:78–80. 

Lovich, J. and Meyer, K. 2002. The western pond 
turtle (Clemmys marmorata) in the Mojave River, 
California, U.S.A.: highly adapted survivor or 
tenuous relict? Journal of Zoology 256:537–545. 

Lovich, J.E. and Beaman, K.R. 2007. A history of 
Gila monster (Heloderma suspectum cinctum) 
records from California with comments on 
factors affecting their distribution. Bulletin of 
the Southern California Academy of Sciences 
106:39–58. 

Lovich, J.E. and Beaman, K.R. 2008. Distribution 
of native turtles in the arid southwestern United 
States with comments on Kinosternon sonoriense: 
a species presumed to be lost from California’s 
herpetofauna, in Reynolds, R.E. (Ed.): The 2008 
Desert Symposium Field Guide and Proceedings. 
California State University, Desert Studies 
Consortium and LSA Associates, Soda Springs, 
pp.127–134. 

Lovich, J.E., Drost, C., Monatesti, A.J., Casper, D., 
Wood, D.A., and Girard, M. 2010. Reptilian prey 
of the Sonora mud Turtle (Kinosternon sonoriense) 
with comments on saurophagy and ophiophagy 
in North American turtles. The Southwestern 
Naturalist 55:135–138. 

Lovich, J.E. and Haxel, G. 2011. A previously 
unreported locality record for the Gila Monster 
(Heloderma suspectum). Bulletin of the 
Southern California Academy of Sciences 
110:59–62. 

Lovich, J.E., Madrak, S.V., Drost, C.A., Monatesti, 
A.J., Casper, D., and Znari, M. 2012. Optimal egg 
size in a suboptimal environment: reproductive 
ecology of female Sonora mud turtles (Kinoster-
non sonoriense) in central Arizona, USA. 
Amphibia-Reptilia 33:161–170. 

Lovich, R.E. 2001. Phylogeography of the night 
lizard, Xantusia henshawi, in southern California: 
evolution across fault zones. Herpetologica 
57:470–487. 

Lovich, R.E. 2009a. Phylogeography and Conserva-
tion of the Arroyo Toad (Bufo californicus). PhD 
Dissertation. Loma Linda University, Loma 
Linda, CA. 

Lovich, R.E. 2009b. Sandstone night lizard, in 
Jones, L.L.C. and Lovich, R.E. (Eds): Lizards of 
the American Southwest. Rio Nuevo, Tucson, 
AZ, pp.420–423. 

Lovich, R.E. and Grismer, L.L. 2001. Xantusia 
gracilis. Catalogue of American Amphibians and 
Reptiles 772:1–2. 

Lubcke, G.M. and Wilson, D.S. 2007. Variation in 
shell morphology of the western pond turtle 
(Actinemys marmorata Baird and Girard) from 
three aquatic habitats in northern California. 
Journal of Herpetology 41:107–114. 

Luckenbach, R.A. and Bury, R.B. 1983. Effects of 
off-road vehicles on the biota of the Algodones 
Dunes, Imperial County, California. The Journal 
of Applied Ecology 20:265–286. 

Lynch, J.F. 1974. Ontogenetic and Geographic 
Variation in the Morphology and Ecology of the 
Black Salamander (Aneides flavipunctatus). PhD 
Dissertation. University of California, Berkeley. 

Lynch, J.F. 1981. Patterns of ontogenetic and 
geographic variation in the black salamander, 
Aneides flavipunctatus (Caudata: Plethodontidae). 
Smithsonian Contributions to Zoology 324:1–53. 

Lynch, J.F. 1985. The feeding ecology of Aneides 
flavipunctatus and sympatric plethodontid 
salamanders in northwestern California. Journal 
of Herpetology 19:328–352. 

Macey, J.R. and Papenfuss, T.J. 1991a. Amphibians, 
in Hall, C.A. (Ed.): Natural History of the White 
Inyo Range, University of California Press, 
Berkeley, pp.277–290. 

Macey, J.R. and Papenfuss, T.J. 1991b. Reptiles, 
Hall, C.A. (Ed.): Natural History of the White 
Inyo Range. University of California Press, 
Berkeley, pp.291–360. 

Macey, J.R., Strasburg, J., Brisson, J., Vredenburg, 
V., Jennings, M., and Larson, A. 2001. Molecular 
phylogenetics of western North American frogs 
of the Rana boylii species group. Molecular 
Phylogenetics and Evolution 19:131–143. 

MacTague, L. and Northen, P.T. 1993. Underwater 
vocalization by the foothill yellow-legged frog 
(Rana boyli). Transactions of the Western Section 
of the Wildlife Society 29:1–7. 

Mahrdt, C.R., Lovich, R., and Zimmitti, S.J. 2002. 
Natural history notes: Bufo californicus. Habitat 

334     literature cited 



      

 

and population status. Herpetological Review 
33:123–125. 

Mahrdt, C.R., McGuire, J.A., and Beaman, K.R. 
2010. Gambelia copeii. Catalogue of American 
Amphibians and Reptiles 871:1–8. 

Marco, A. and Blaustein, A. 1999. The effects of 
nitrite on behavior and metamorphosis in 
Cascades frogs (Rana cascadae). Environmental 
Toxicology and Chemistry 18:946–949. 

Marco, A., Quilchano, C., and Blaustein, A. 1999. 
Sensitivity to nitrate and nitrite in pond-breeding 
amphibians from the pacific northwest, U.S.A. 
Environmental Toxicology and Chemistry 
18:2836–2839. 

Marks, S.B. and Doyle, D. 2005. Taricha rivularis, in 
Lannoo, M.J. (Ed.): Amphibian Declines: The 
Conservation Status of United States Species. 
University of California Press, Berkeley, 
pp.901–908. 

Marlow, R.W., Brode, J.M., and Wake, D.B. 1979. A 
new salamander, genus Batrachoseps, from the 
Inyo Mountains of California: with a discussion 
of relationships in the genus. Contributions in 
Science of the Natural History Museum of Los 
Angeles County 308:1–17. 

Martin, D.L. 2008. Decline, Movement and Habitat 
Utilization of the Yosemite Toad (Bufo canorus): 
An Endangered Anuran Endemic to the Sierra 
Nevada of California. PhD Dissertation. 
University of California, Santa Barbara. 

Martin K.J. and McComb, B.C. 2003. Amphibian 
habitat associations at patch and landscape scales 
in the central Oregon Coast Range. Journal of 
Wildlife Management 67:672–683. 

Martin, R.F. 1972. Evidence from osteology, in 
Blair, W.F. (Ed.): Evolution in the Genus Bufo. 
University of Texas Press, Austin, pp.37–70. 

Marty, J.T. 2005. Effects of cattle grazing on 
diversity in ephemeral wetlands. Conservation 
Biology 19:1626–1632. 

Maslin, T.P. and Secoy, D.M. 1986. A checklist of 
the lizard genus Cnemidophorus. Contributions 
in Zoology, University of Colorado Museum 
1:1–60. 

Matsuda, B.M. and Richardson, J.S. 2005. Move-
ment patterns and relative abundance of coastal 
tailed frogs in clearcuts and mature forest 
stands. Canadian Journal of Forest Research 
35:1131–1138. 

Maurer, E.P. 2007. Uncertainty in hydrologic 
impacts of climate change in the Sierra Nevada, 
California, under two emissions scenarios. 
Climatic Change 82:309–325. 

Maurer, E.P. and Duffy, P.B. 2005. Uncertainty in 
projections of streamflow changes due to climate 

change in California. Geophysical Research 
Letters 32:L03704. 

Mautz, W.J. 1979. The metabolism of reclusive 
lizards, the Xantusiidae. Copeia 1979:577–584. 

Mautz, W.J. and Case, T.J. 1974. A diurnal activity 
cycle in the granite night lizard, Xantusia 
henshawi. Copeia 1974:243–251. 

Mayhew, W.W. 1962. Scaphiopus couchii in Califor-
nia’s Colorado Desert. Herpetologica 18:153–161. 

Mayhew, W.W. 1964a. Photoperiodic responses in 
three species of the lizard genus Uma. Herpeto-
logica 20:95–113. 

Mayhew, W.W. 1964b. Taxonomic status of 
California populations of the lizard genus Uma. 
Herpetologica 20:170–183. 

Mayhew, W.W. 1965. Adaptations of the amphibian, 
Scaphiopus couchi, to desert conditions. The 
American Midland Naturalist 74:95–109. 

Mayhew, W.W. 1966. Reproduction in the psam-
mophilous lizard Uma scoparia. Copeia 
1966:114–122. 

Mayhew, W.W. 1968. Biology of desert amphibians 
and reptiles, in Brown, G.W.J. (Ed.): Desert 
Biology, Vol. 1. Academic Press, New York, 
pp.195–356. 

Mazerolle, M.J. 2004. Amphibian road mortality in 
response to nightly variations in traffic intensity. 
Herpetologica 60:45–53. 

Mazerolle, M.J., Bailey, L.L., Kendall, W.L., Andrew, 
R.J., Converse, S.J., and Nichols, J.D. 2007. 
Making great leaps forward: accounting for 
detectability in herpetological field studies. 
Journal of Herpetology 41:672–689. 

McAllister, K.R. and Leonard, W.P. 1997. Washing-
ton State status report for the Oregon spotted 
frog. Washington Department of Fish and 
Wildlife, Olympia. 38pp. 

McAllister, K.R., Leonard, W.P., and Storm, R.M. 
1993. Spotted frog (Rana pretiosa) surveys in the 
Puget trough of Washington, 1989–1991. 
Northwestern Naturalist 74:10–15. 

McCauley, R.H. 1945. The Reptiles of Maryland and 
the District of Columbia. Free Press Printing Co., 
Burlington, VT. 

McClanahan, L., Jr. 1967. Adaptations of the 
spadefoot toad Scaphiopus couchii, to desert 
environments. Comparative Biochemistry and 
Physiology 20:73–99. 

McComb, W.C., McGarigal, K., and Anthony, R.G. 
1993. Small mammal and amphibian abundance 
in streamside and upslope habitats of mature 
Douglas-fir stands, western Oregon. Northwest 
Science 67:7–15. 

McGrann, M., Wright, G., Dial, R., and McGrann, 
A. 2006. Off-highway vehicle impact on the 

literature cited 335 



 

flat-tailed horned lizard, Phrynosoma mcallii, in 
the Colorado Desert of southern California. 
California Fish and Game 92:67–80. 

McGuire, J.A. 1996. Phylogenetic systematics of 
crotaphytid lizards (Reptilia: Iguania: Crotaphyti-
dae). Bulletin of Carnegie Museum of Natural 
History 32:1–143. 

McGuire, J.A. and Grismer, L.L. 1993. The 
taxonomy and biogeography of Thamnophis 
hammondii and T. digueti (Reptilia: Squamata: 
Colubridae) in Baja California, Mexico. Herpeto-
logica 49:354–365. 

McGuire, J.A., Linkem, C.W., Koo, M.S., Hutchison, 
D.W., Lappin, A.K., Orange, D.I., Lemos-Espinal, 
J., Riddle, B.R., and Jaeger, J.R. 2007. Mitochon-
drial introgression and incomplete lineage 
sorting through space and time: phylogenetics of 
Crotaphytid lizards. Evolution 61:2879–2897. 

Metter, D.E. 1964. A morphological and ecological 
comparison of 2 populations of Ascaphus truei 
Stejneger. Copeia 1964:181–195. 

Miller, A.H. and Stebbins, R.C. 1964. The Lives of 
Desert Animals in Joshua Tree National 
Monument. University of California Press, 
Berkeley. 

Miller, C.M. 1944. Ecologic relations and adapta-
tions of the limbless lizards of the genus 
Anniella. Ecological Monographs 14:271–289. 

Miller, D.A.W., Brehme, C.S., Hines, J.E., Nichols, 
J.D., and Fisher, R.N. 2012. Joint estimation of 
habitat dynamics and species interactions: 
disturbance reduces co-occurrence of non-native 
predators with an endangered toad. The Journal 
of Animal Ecology 81:1288–1297. 

Miller, M.P., Haig, S.M., and Wagner, R.S. 2006. 
Phylogeography and spatial genetic structure of 
the southern torrent salamander: implications for 
conservation and management. Journal of 
Heredity 97:561–570. 

Minnich, J.E. and Shoemaker, V.H. 1972. Water and 
electrolyte turnover in a field population of the 
lizard, Uma scoparia. Copeia 1972:650–659. 

Mitchell, J.C. 1994. Reptiles of Virginia. Smithso-
nian Books, Washington, DC. 

Mitrovich, M.J. 2006. A Case Study in Conserva-
tion Science: The Spatial Ecology and Evolution-
ary History of the Coachwhip Snake (Masticophis 
flagellum) and Striped Racer (Masticophis 
lateralis). PhD Dissertation. San Diego State 
University, San Diego, CA. 

Mitrovich, M.J., Diffendorfer, J.E., and Fisher, R.N. 
2009. Behavioral response of the coachwhip 
(Masticophis flagellum) to habitat fragment size 
and isolation in an urban landscape. Journal of 
Herpetology 43:646–656. 

Mitrovich, M.J., Gallegos, E.A., Lyren, L.M., Lovich, 
R.E., and Fisher, R.N. 2011. Habitat use and 
movement of the endangered arroyo toad 
(Anaxyrus californicus) in Coastal Southern 
California. Journal of Herpetology 45:319–328. 

Mittleman, M.B. and Myers, G.S. 1949. Geographic 
variation in the ribbed frog, Ascaphus truei. 
Proceedings of the Biological Society of Washing-
ton 62:57–68. 

Monsen, K.J. and Blouin, M.S. 2003. Genetic 
structure in a montane ranid frog: restricted 
gene flow and nuclear-mitochondrial discord-
ance. Molecular Ecology 12:3275–3286. 

Monsen, K.J. and Blouin, M.S. 2004. Extreme 
isolation by distance in a montane frog Rana 
cascadae. Conservation Genetics 5:827–835. 

Montanucci, R.R. 1965. Observations on the San 
Joaquin leopard lizard, Crotaphytus wislizenii 
silus. Herpetologica 21:270–283. 

Montanucci, R.R. 1968. Notes on the distribution 
and ecology of some lizards in the San Joaquin 
Valley, California. Herpetologica 24:316–320. 

Montanucci, R.R. 2004. Geographic variation in 
Phrynosoma coronatum (Lacertilia, Phrynosomati-
dae): further evidence for a peninsular archipel-
ago. Herpetologica 60:117–139. 

Morafka, D.J. and Banta, B.H. 1976. Ecological 
relationships of the recent herpetofauna of 
Pinnacles National Monument, Monterey, and 
San Benito counties, California. The Wasmann 
Journal of Biology 34:304–324. 

Morey, S.R. 1998. Pool duration influences age and 
body mass at metamorphosis in the western 
spadefoot toad: implications for vernal pool 
conservation, in Ecology, Conservation, and 
Management of Vernal Pool Ecosystems: 
Proceedings from a 1996 Conference. California 
Native Plant Society, Sacramento, pp.86–91. 

Morey, S.R. 2005. Spea hammondii. in Lannoo, M.J. 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species. University of 
California Press, Berkeley, pp.514–517. 

Morey, S.R. and Guinn, D.A. 1992. Activity 
patterns, food habits, and changing abundance in 
a community of vernal pool amphibians. in 
Williams, D.F., Byrne, S., and Rado, T.A. (Eds): 
Endangered and Sensitive Species of the San 
Joaquin Valley, California: Their Biology, 
Management, and Conservation. California 
Energy Commission and the Wildlife Society, 
Western Section, Sacramento, pp.149–158. 

Morey, S.R. and Janes, D.N. 1994. Variation in 
larval habitat duration influences metamorphosis 
in Scaphiopus couchii, in Brown, P.R. and Wright, 
J.W. (Eds): Herpetology of the North American 

336     literature cited 



      

 

       
    

      
    

      
       

      
    

Deserts. Special Publication No. 5, Southwestern 
Herpetologists Society, Van Nuys, CA. 

Morey, S.R. and Reznick, D. 2001. Effects of larval 
density on postmetamorphic spadefoot toads 
(Spea hammondii). Ecology 82:510–522. 

Morey, S.R. and Reznick, D.N. 2004. The relation-
ship between habitat permanence and larval 
development in California spadefoot toads: field 
and laboratory comparisons of developmental 
plasticity. Oikos 104:172–190. 

Morgan, J.A.T., Vredenburg, V.T., Rachowicz, L.J., 
Knapp, R.A., Stice, M.J., Tunstall, T., Bingham, 
R.E. et al. 2007. Population genetics of the 
frog-killing fungus Batrachochytrium dendroba-
tidis. Proceedings of the National Academy of 
Sciences of the United States of America 
104:13845–13850. 

Moritz, C. 1994. Defining “Evolutionarily Signifi-
cant Units” for conservation. Trends in Ecology 
and Evolution 9:373–375. 

Morton, M.L. and Sokoloski, K.N. 1978. Sympatry in 
Bufo boreas and Bufo canorus and additional 
evidence of natural hybridization. Bulletin of the 
Southern California Academy of Sciences 
77:52–55. 

Mosher, H.S., Fuhrman, F.A., Buchwald, H.D., and 
Fischer, H.G. 1964. Tarichatoxin–tetrodotoxin: a 
potent neurotoxin. Science 144:1100–1110. 

Moyle, P.B. 1973. Effects of introduced bullfrogs, 
Rana catesbeiana, on the native frogs of the San 
Joaquin Valley, California. Copeia 1973:18–22. 

Moyle, P.B. 2002. Inland Fishes of California. 
University of California Press, Berkeley. 

Moyle, P.B., Williams, J.E., and Wikramanayake, E.D. 
1989. Fish Species of Special Concern of Califor-
nia. California Department of Fish and Game, 
Inland Fisheries Division, Rancho Cordova. 

Moyle, P.B., Yoshiyama, R.M., Williams, J.E., and 
Wikramanayake, E.D. 1995. Fish species of 
special concern in California. 2nd ed. California 
Department of Fish and Game, Inland Fisheries 
Division, Rancho Cordova. 

Mulcahy, D., Spaulding, A., Mendelson, J., and 
Brodie, E. 2006. Phylogeography of the flat-tailed 
horned lizard (Phrynosoma mcallii) and systemat-
ics of the P. mcallii-platyrhinos mtDNA complex. 
Molecular Ecology 15:1807–1826. 

Mullally, D.P. 1953. Observations on the ecology of 
the toad Bufo canorus. Copeia 1953:182–183. 

Mullally, D.P. 1956. The relationships of the 
Yosemite and western toads. Herpetologica 
12:133–135. 

Mullen, L.B., Woods, H.A., Schwartz, M.K., 
Sepulveda, A.J., and Lowe, W.H. 2010. Scale-
dependent genetic structure of the Idaho giant 

salamander (Dicamptodon aterrimus) in stream 
networks. Molecular Ecology 19:898–909. 

Mullin, S.J., Imbert, H., Fish, J.M., Ervin, E.L., 
and Fisher, R.N. 2004. Snake (Colubridae: 
Thamnophis) predatory responses to 
chemical cues from native and introduced prey 
species. The Southwestern Naturalist 
49:449–456. 

Murphy, R.W., Kovac, V., Haddrath, O., Allen, G., 
Fishbein, A., and Mandrak, N. 1995. mtDNA 
gene sequence, allozyme, and morphological 
uniformity among red diamond rattlesnakes, 
Crotalus ruber and Crotalus exsul. Canadian 
Journal of Zoology 73:270–281. 

Murphy, R.W., Trépanier, T.L., and Morafka, D.J. 
2006. Conservation genetics, evolution and 
distinct population segments of the Mojave 
fringe-toed lizard, Uma scoparia. Journal of Arid 
Environments 67:226–247. 

Musgrave, M.E. 1930. Bufo alvarius, a poisonous 
toad. Copeia 1930:96–99. 

Muth, A. and Fisher, M. 1992. Development of 
Baseline Data and Procedures for Monitoring 
Populations of the Flat-Tailed Horned Lizard, 
Phrynosoma mcallii. Contract Report No. FG9268 
to California Department of Fish and Game, 
Sacramento. 

Myers, C.W. 1965. Biology of the ringneck snake, 
Diadophis punctatus. Florida. Bulletin of the 
Florida State Museum, Biological Sciences 
10:43–90. 

Myers, E.A., Rodríguez-Robles, J.A., Denardo, D.F., 
Staub, R.E., Stropoli, A., Ruane, S., and Bur-
brink, F.T. 2013. Multilocus phylogeographic 
assessment of the California Mountain King-
snake (Lampropeltis zonata) suggests alternative 
patterns of diversification for the California 
Floristic Province. Molecular Ecology 
22:5418–5429. 

Myers, G.S. 1930. The status of the southern 
California toad, Bufo californicus Camp. Proceed-
ings of the Biological Society of Washington 
43:73–78. 

Myers, G.S. and Maslin, T.P., Jr. 1948. The 
California plethodont salamander, Aneides 
flavipunctatus (Strauch), with a description of a 
new subspecies and notes on other western 
Aneides. Proceedings of the Biological Society of 
Washington 61:127–138. 

Myers, N., Mittermeier, R.A., Mittermeier, C.G., da 
Fonseca, G.A.B., and Kent, J. 2000. Biodiversity 
hotspots for conservation priorities. Nature 
403:853–858. 

Nagy, Z.T., Lawson, R., Joger, U., and Wink, M. 
2004. Molecular systematics of racers , whip-

literature cited 337 



      
      

   
     

     
   

 
 

snakes and relatives (Reptilia : Colubridae) using 
mitochondrial and nuclear markers. Journal of 
Zoological Systematics and Evolutionary 
Research 42:223–233. 

National Audubon Society. 2011. The Christmas Bird 
Count Historical Results. Available from http:// 
www.audubon.org. 

Newbold, T.A.S. 2005. Desert horned lizard 
(Phrynosoma platyrhinos) locomotor performance: 
the influence of cheatgrass (Bromus tectorum). 
The Southwestern Naturalist 50:17–23. 

Newman, R.A. 1989. Developmental plasticity of 
Scaphiopus couchii tadpoles in an unpredictable 
environment. Ecology 70:1775–1787. 

Nielson, M., Lohman, K., Daugherty, C.H., 
Allendorf, F.W., Knudsen, K.L., and Sullivan, J. 
2006. Allozyme and mitochondrial DNA 
variation in the tailed frog (Anura: Ascaphus): the 
influence of geography and gene flow. Herpeto-
logica 62:235–258. 

Nielson, M., Lohman, K., and Sullivan, J. 2001. 
Phylogeography of the tailed frog (Ascaphus 
truei): implications for the biogeography of the 
Pacific Northwest. Evolution 55:147–160. 

Nieto, N.C. 2004. Prevalence of Chytridiomycosis 
in Red-Legged Frog (Rana aurora aurora) Larvae 
in and around Redwood National Park, Northern 
Coastal California, with Notes on Other 
Parasites. Master’s Thesis. Humboldt State 
University, Arcata, CA. 

Noble, G.K. and Clausen, H.J. 1936. The aggrega-
tion behavior of Storeria dekayi and other 
snakes, with especial reference to the sense 
organs involved. Ecological Monographs 
6:269–316. 

Norris, K.S. 1949. Observations on the habits of the 
horned lizard Phrynosoma mcallii. Copeia 
1949:176–180. 

Norris, K.S. 1958. The evolution and systematics of 
the iguanid genus Uma and its relation to the 
evolution of other North American desert 
reptiles. Bulletin of the American Museum of 
Natural History 114:253–326. 

Northwest Forest Plan. 1994. Record of Decision 
for Amendments to Forest Service and Bureau 
of Land Management Planning Documents 
within the Range of the Northern Spotted Owl. 
USDA Forest Service and USDI Burea of Land 
Management, Washington, DC, 74pp. 

Nussbaum, R.A. 1969. A nest site of the Olympic 
salamander, Rhyacotriton olympicus (Gaige). 
Herpetologica 25:277–278. 

Nussbaum, R.A. 1976. Geographic variation and 
systematics of salamanders of the genus 
Dicamptodon Strauch (Ambystomatidae). 

Miscellaneous Publications of the Museum of 
Zoology 149:1–94. 

Nussbaum, R.A., Brodie, E., and Storm, R. 1983. 
Amphibians and Reptiles of the Pacific North-
west. University of Idaho Press, Moscow, ID. 

Nussbaum, R.A. and Tait, C.K. 1977. Aspects of the 
life history and ecology of the Olympic salaman-
der, Rhyacotriton olympicus (Gaige). The 
American Midland Naturalist 98:176–199. 

O’Donnell, R.P., Staniland, K., and Mason, R.T. 
2007. Experimental evidence that oral secretions 
of northwestern ring-necked snakes (Diadophis 
punctatus occidentalis) are toxic to their prey. 
Toxicon 50:810–815. 

O’Hara, R.K. and Blaustein, A.R. 1981. An 
investigation of sibling recognition in Rana 
cascadae tadpoles. Animal Behaviour 
29:1121–1126. 

O’Hara, R.K. and Blaustein, A.R. 1985. Rana 
cascadae tadpoles aggregate with siblings: an 
experimental field study. Oecologia 67:44–51. 

Ohmart, R.D., Anderson, B.W., and Hunter, W.C. 
1988. The ecology of the lower Colorado River 
from Davis Dam to the Mexico-United States 
international boundary: a community profile. 
United States Fish and Wildlife Service Biological 
Report 85(7.19):1–296. 

Olson, D.H., Anderson, P.D., Frissell, C.A., Welsh, 
H.H., Jr., and Bradford, D.F. 2007. Biodiversity 
management approaches for stream-riparian 
areas: perspectives for Pacific Northwest headwa-
ter forests, microclimates, and amphibians. Forest 
Ecology and Management 246:81–107. 

Olson, D.H. and Burnett, K.M. 2009. Design and 
management of linkage areas across headwater 
drainages to conserve biodiversity in forest 
ecosystems. Forest Ecology and Management 
258S:S117–S126. 

O’Regan, S.M., Palen, W.J., and Anderson, S.C. 
2014. Climate warming mediates negative 
impacts of rapid pond drying for three amphib-
ian species. Ecology 95:845–855. 

Ouren, D.S., Haas, C., Melcher, C.P., Stewart, S.C., 
Ponds, P.D., Sexton, N.R., Burris, L., Fancher, T., 
and Bowen, Z.H. 2007. Environmental effects of 
off-highway vehicles on Bureau of Land Manage-
ment lands: A Literature Synthesis, Annotated 
Bibliographies, Extensive Bibliographies, and 
Internet Resources. Open-File Report 2007-1353. 
US Geological Survey, Reston, VA, pp.1–225. 

Ovaska, K., Hyatt, L., and Sopuck, L. 2002. 
Geographic distribution: Rana aurora. Herpeto-
logical Review 33:318. 

Pace, A. 1974. Systematic and biological studies of 
the leopard frogs (Rana pipiens complex) of the 

338     literature cited 

http://www.audubon.org
http://www.audubon.org


      

 

 

      
       

      
   

    

United States. Miscellaneous publications of the 
Museum of Zoology, University of Michigan 
184:1–140. 

Packer, W.C. 1960. Bioclimatic influences on the 
breeding migration of Taricha rivularis. Ecology 
41:509–517. 

Packer, W.C. 1961. Feeding behavior in adult 
Taricha. Copeia 1961:351–352. 

Packer, W.C. 1962. Aquatic homing behavior in 
Taricha rivularis. Copeia 1962:207–208. 

Packer, W.C. 1963. Observations on the breeding 
migration of Taricha rivularis. Copeia 
1963:378–382. 

Padgett-Flohr, G.E. 2008. Pathogenicity of 
Batrachochytrium dendrobatidis in two threatened 
California amphibians: Rana draytonii and 
Ambystoma californiense. Herpetological 
Conservation and Biology 3:182–191. 

Padgett-Flohr, G.E. 2010. Landscape epidemiology 
of Batrachochytrium dendrobatidis in central 
California. Ecography 33:688–697. 

Padgett-Flohr, G.E. and Hayes, M.P. 2011. Assess-
ment of the vulnerability of the Oregon spotted 
frog (Rana pretiosa) to the amphibian Chytrid 
fungus (Batrachochytrium dendrobatidis). Herepto-
logical Conservation and Biology 6:99–106. 

Padgett-Flohr, G.E. and Hopkins, R.L. 2009. 
Batrachochytrium dendrobatidis, a novel pathogen 
approaching endemism in central California. 
Diseases of Aquatic Organisms 83:1–9. 

Padgett-Flohr, G.E. and Longcore, J.E. 2007. 
Natural history notes: Taricha torosa. Fungal 
infection. Herpetological Review 78:176–177. 

Palen, W.J. and Schindler, D.E. 2010. Water clarity, 
maternal behavior, and physiology combine to 
eliminate UV radiation risk to amphibians in a 
montane landscape. Proceedings of the National 
Academy of Sciences of the United States of 
America 107:9701–9706. 

Palen, W.J., Schindler, D.E., Adams, M.J., Pearl, 
C.A., Bury, R.B., and Diamond, S.A. 2002. 
Optical characteristics of natural waters protect 
amphibians from UV-B in the U.S. Pacific 
northwest. Ecology 83:2951–2957. 

Papenfuss, T.J. and Macey, J.R. 1986. A Review of 
the Population Status of the Inyo Mountains 
Salamander (Batrachoseps campi). Final Report 
under Order 10188-5671-5 for the United States 
Fish and Wildlife Service. Endangered Species 
Office, Sacramento, CA. 

Papenfuss, T.J. and Parham, J.F. 2013. Four new 
species of California legless lizards (Anniella). 
Breviora 536:1–17. 

Parham, J. and Papenfuss, T.J. 2009. High genetic 
diversity among fossorial lizard populations 

(Anniella pulchra) in a rapidly developing 
landscape (Central California). Conservation 
Genetics 10:169–176. 

Parisi, M. (Ed.). 2003. Atlas of the Biodiversity of 
California. California Department of Fish and 
Game, Sacramento. 

Parker, M.S. 1994. Feeding ecology of stream-
dwelling Pacific giant salamander larvae 
(Dicamptodon tenebrosus). Copeia 1994:705–718. 

Parker, W.S. and Brown, W.S. 1974. Notes on the 
ecology of regal ringneck snakes (Diadophis 
punctatus regalis) in northern Utah. Journal of 
Herpetology 8:262–263. 

Parmesan, C. 2006. Ecological and evolutionary 
responses to recent climate change. Annual 
Review of Ecology, Evolution and Systematics 
37:637–669. 

Parmesan, C. and Yohe, G. 2003. A globally 
coherent fingerprint of climate change impacts 
across natural systems. Nature 421:37–42. 

Patten, M.A. and Myers, S.J. 1992. Geographic 
distribution: Bufo californicus. Herpetological 
Review 23:122. 

Patten, R.B. and Banta, B.H. 1980. A rattlesnake, 
Crotalus ruber, feeds on a road-killed animal. 
Journal of Herpetology 14:111–112. 

Pauly, G.B., Hillis, D.M., and Cannatella, D.C. 
2004. The history of a nearctic colonization: 
molecular phylogenetics and biogeography of the 
nearctic toads. Evolution 58:2517–2535. 

Pauly, G.B., Hillis, D.M., and Cannatella, D.C. 
2009. Taxonomic freedom and the role of official 
lists of species names. Herpetologica 65:115–128. 

Pearl, C.A. 2005. Rana aurora, in Lannoo, M.J. 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species. University of 
California Press, Berkeley, pp.58–530. 

Pearl, C.A. and Adams, M.J. 2005. Rana cascadae. 
in Lannoo, M.J. (Ed.): Amphibian Declines: 
The Conservation Status of United States 
Species. University of California Press, 
Berkeley, pp. 538–540. 

Pearl, C.A., Adams, M.J., Bury, R.B., and McCreary, 
B. 2004. Asymmetrical effects of introduced 
bullfrogs (Rana catesbeiana) on native ranid frogs 
in Oregon. Copeia 2004:11–20. 

Pearl, C.A., Adams, M.J., and Leuthold, N. 2009. 
Breeding habitat and local population size of the 
Oregon spotted frog (Rana pretiosa) in Oregon, 
U.S.A. Northwestern Naturalist 90:136–147. 

Pearl, C.A, Adams, M.J., Leuthold, N., and Bury, R. 
2005a. Amphibian occurrence and aquatic 
invaders in a changing landscape: implications 
for wetland mitigation in the Willamette Valley, 
Oregon, USA. Wetlands 25:76–88. 

literature cited 339 



 

 

 
 

 

Pearl, C.A., Bowerman, J. and Knight, D. 2005b. 
Feeding behavior and aquatic habitat use by 
Oregon spotted frogs (Rana pretiosa) in central 
Oregon. Northwestern Naturalist 86:36–38. 

Pearl, C.A., Bull, E.L., Green, D.E., Bowerman, J., 
Adams, M.J., Hyatt, A., and Wente, W.H. 2007. 
Occurrence of the amphibian pathogen Batra-
chochytrium dendrobatidis in the Pacific North-
west. Journal of Herpetology 41:145–149. 

Pearl, C.A. and Hayes, M.P. 2002. Predation by 
Oregon spotted frogs (Rana pretiosa) on western 
toads (Bufo boreas) in Oregon. The American 
Midland Naturalist 147:145–152. 

Pearl, C.A. and Hayes, M.P. 2005. Rana pretiosa, in 
Lannoo, M.J. (Ed.): Amphibian Declines: The 
Conservation Status of United States Species. 
University of California Press, Berkeley, 
pp.577–580. 

Pearl, C.A., Hayes, M.P., Haycock, R., Engler, J.D., 
and Bowerman, J. 2005c. Observations of 
interspecific amplexus between western North 
American ranid frogs and the introduced 
American bullfrog (Rana catesbeiana) and an 
hypothesis concerning breeding interference. 
The American Midland Naturalist 154: 
126–134. 

Pearse, D. and Pogson, G. 2000. Parallel evolution 
of the melanic form of the California legless 
lizard, Anniella pulchra, inferred from mitochon-
drial DNA sequence variation. Evolution 
54:1041–1046. 

Peek, R. 2010. Landscape Genetics of Foothill 
Yellow-Legged Frogs (Rana boylii) in Regulated 
and Unregulated Rivers: Assessing Connectivity 
and Genetic Fragmentation. Master’s Thesis. 
University of San Francisco, San Francisco, CA. 

Perkins, C.B. 1938. The snakes of San Diego 
County with descriptions and key. Bulletin of the 
Zoological Society of San Diego 13:1–66. 

Perry, G., Buchanan, B.W., Fisher, R.N., Salmon, 
M., and Wise, S.E. 2008. Effects of artificial 
night lighting on amphibians and reptiles 
in urban environments, in Mitchell, J.C., 
Brown, J., and Bartholomew, B. (Eds): 
Urban Herpetology. Society for the Study of 
Amphibians and Reptiles. Salt Lake City, UT, 
pp.239–256. 

Perry, G. and Fisher, R.N. 2006. Night lights and 
reptiles: observed and potential effects, in Rich, 
C. and Longcore, T. (Eds): Ecological Conse-
quences of Artificial Night Lighting. Island 
Press, Washington, DC, pp.169–191. 

Petranka, J.W. 1998. Salamanders of the United 
States and Canada. Smithsonian Institution 
Press, Washington, DC. 

Pfennig, D. 1990. The adaptive significance of an 
environmentally-cued developmental switch in 
an anuran tadpole. Oecologia 85:101–107. 

Phillipsen, I.C., Funk, W.C., Hoffman, E.A., 
Monsen, K.J., and Blouin, M.S. 2011. Compara-
tive analyses of effective population size within 
and among species: ranid frogs as a case study. 
Evolution 65:2927–2945. 

Pianka, E.R. and Parker, W.S. 1975. Ecology of 
horned lizards: a review with special reference to 
Phrynosoma platyrhinos. Copeia 1975:141–162. 

Picco, A.M., Brunner, J.L., and Collins, J.P. 2007. 
Susceptibility of the endangered California tiger 
salamander, Ambystoma californiense, to 
Ranavirus infection. Journal of Wildlife Diseases 
43:286–290. 

Pilliod, D.S., Bury, R.B., Hyde, E.J., Pearl, C.A., and 
Corn, P.S. 2003. Fire and amphibians in North 
America. Forest Ecology and Management 
178:163–181. 

Pilliod, D.S. and Fronzuto, J.A. 2005. Ambystoma 
macrodactylum, in Lannoo, M.J. (Ed.): Amphib-
ian Declines: The Conservation Status of United 
States Species. University of California Press, 
Berkeley, pp.617–621. 

Pilliod, D.S., and Peterson, C.R. 2001. Local and 
landscape effects of introduced trout on amphib-
ians in historically fishless watersheds. Ecosys-
tems 4:322–333. 

Piovia-Scott, J., Pope, K.L., Lawler, S.P., Cole, E.M., 
and Foley, J.E. 2011. Factors related to the 
distribution and prevalence of the fungal 
pathogen Batrachochytrium dendrobatidis in Rana 
cascadae and other amphibians in the Klamath 
Mountains. Biological Conservation 
144:2913–2921. 

Piry, S., Luikart, G., and Cornuet, J.M. 1999. 
BOTTLENECK: a computer program for 
detecting recent reductions in the effective size 
using allele frequency data. Journal of Heredity 
90:502–503. 

Platz, J.E. 1976. Biochemical and morphological 
variation of leopard frogs in Arizona. Copeia 
1976:660–672. 

Platz, J.E. 1988. Rana yavapaiensis. Catalogue of 
American Amphibians and Reptiles 418:1–2. 

Platz, J.E., Clarkson, R.W., Rorabaugh, J.C., and 
Hillis, D.M. 1990. Rana berlandieri: recently 
introduced populations in Arizona and southeast-
ern California. Copeia 1990:324–333. 

Platz, J.E. and Frost, D. 1984. Rana yavapaiensis, a 
new species of leopard frog (Rana pipiens 
complex). Copeia 1984:940–948. 

Platz, J.E. and Mecham, J.S. 1979. Rana chirica-
huensis, a new species of leopard frog (Rana 

340     literature cited 



      

 

 

 

pipiens complex) from Arizona. Copeia 
1979:383–390. 

Platz, J.E. and Platz, A.L. 1973. Rana pipiens 
complex: hemoglobin phenotypes of sympatric 
and allopatric populations in Arizona. Science 
179:1334–1336. 

Pollett, K.L., MacCracken, J.G. and MacMahon, J.A. 
2010. Stream buffers ameliorate the effects of 
timber harvest on amphibians in the Cascade 
Range of Southern Washington, USA. Forest 
Ecology and Management 260:1083–1087. 

Pomeroy, L.V. 1981. Developmental Polymorphism 
in the Tadpoles of the Spadefoot Toad Scaphiopus 
multiplicatus. PhD Dissertation. University of 
California, Riverside. 

Pope, C.H. 1939. Turtles of the United States and 
Canada. AA Knopf, New York. 

Pope, K., Brown, C., Hayes, M., Green, G., and 
Macfarlane, D. 2014. Cascades Frog Conserva-
tion Assessment. United States Department of 
Agriculture, Forest Service, General Technical 
Report PSW-GTR-244 32, 116pp. 

Pope, K.L. 2008. Assessing changes in amphibian 
population dynamics following experimental 
manipulations of introduced fish. Conservation 
Biology 22:1572–1581. 

Pope, K.L., Garwood, J.M., Welsh, H.H., Jr., and 
Lawler, S.P. 2008. Evidence of indirect impacts of 
introduced trout on native amphibians via 
facilitation of a shared predator. Biological 
Conservation 141:1321–1331. 

Pope, K.L. and Larson, M.D. 2013. Status of the 
Cascades Frog (Rana Cascadae) in the Southern 
Cascade Mountains of California. Final Report to 
the United States Forest Service for the years 
2008-2012. ISA #12-05-06-02. 

Pope, K.L., Larson, M.D., and Piovia-Scott, J. 2011. 
Status of Remnant Populations of Cascades Frogs 
(Rana cascadae) in the Lassen Area of California. 
Draft Final Report to the United States Forest 
Service, Lassen National Forest. 

Pope, S.E., Fahrig, L. and Merriam, H.G. 2000. 
Landscape complementation and metapopulation 
effects on leopard frog populations. Ecology 
81:2498–2508. 

Pough, F.H. 1974. Uma scoparia. Catalogue of 
American Amphibians and Reptiles 155:1–2. 

Pounds, J.A., Bustamante, M.R., Coloma, L.A., 
Consuegra, J.A., Fogden, M.P.L., Foster, P.N., La 
Marca, E. et al. 2006. Widespread amphibian 
extinctions from epidemic disease driven by 
global warming. Nature 439:161–167. 

PRBO (PRBO Conservation Science). 2011. 
Projected effects of climate change in California: 
ecoregional summaries emphasizing conse-

quences for wildlife. Version 1.0. Accessed 
January 30, 2012. http://data.prbo.org/apps 
/bssc/climatechange. 

Price, A.H. and Sullivan, B.K. 1988. Bufo micro-
scaphus. Catalogue of American Amphibians and 
Reptiles 415:1–3. 

Prugh, L.R., Hodges, K.E., Sinclair, A.R.E., and 
Brashares, J.S. 2008. Effect of habitat area and 
isolation on fragmented animal populations. 
Proceedings of the National Academy of 
Sciences of the United States of America 
105:20770–20775. 

Pyke, C.R. 2005. Interactions between habitat loss 
and climate change: implications for fairy 
shrimp in the Central Valley ecoregion of 
California, U.S.A. Climatic Change 68:199–218. 

Pyron, R.A. and Burbrink, F.T. 2009. Neogene 
diversification and taxonomic stability in the 
snake tribe Lampropeltini (Serpentes: Colubri-
dae). Molecular Phylogenetics and Evolution 
52:524–529. 

Rainey, W.E. 1985. Genetic Variation in Anniella 
nigra. Attachment in Bury. Status Report, 
Anniella nigra, in Central California. Office of 
Endangered Species, United States Fish and 
Wildlife Service, Portland, OR. 

Rathbun, G.B., Jennings, M.R., Murphey, T.G., and 
Siepel, N.R. 1993. Status and Ecology of Sensitive 
Aquatic Vertebrates in Lower San Simeon and 
Pico Creeks, San Luis Obispo County, California. 
Final Report under Cooperative Agreement 
14-16-0009-91-1909 between U.S. Fish and 
Wildlife Service and California Department of 
Parks and Recreation. Publication No. PB93-
230779, National Technical Information Service, 
Springfield, VA. 

Rathke, M.H. 1833. Triton torosus, in Zoologischer 
Atlas, enthaltend Abbildungen und Beschreibun-
gen neuer Thierarten, während des Flottcapitains 
von Kotzebue zweiter Reise um die Welt, auf 
Russisch-Kaiserlich Kriegsschupp Predpriaetië 
in den Jahren 1823-1826 herausgegeben von D. 
Martin Heinrich Rathke. Fünftes Heft. G. 
Reimer, Berlin, pp.12–14. (In German) 

Ray, C. 1958. Vital limits and rates of desiccation in 
salamanders. Ecology 39:75–83. 

Recuero, R., Martinez-Solano, I., Parra-Olea, G., 
and Garcia-Paris, M. 2006a. Phylogeography of 
Pseudacris regilla (Anura: Hylidae) in western 
North America, with a proposal for a new 
taxonomic rearrangement. Molecular Phyloge-
netics and Evolution 39:293–304. 

Recuero, R., Martinez-Solano, I., Parra-Olea, G., 
and Garcia-Paris, M. 2006b. Corrigendum to 
“Phylogeography of Pseudacris regilla (Anura: 

literature cited 341 

http://data.prbo.org/apps/bssc/climatechange
http://data.prbo.org/apps/bssc/climatechange


 

 

 

 

 
 

       
      

   

Hylidae) in western North America, with a 
proposal for a new taxonomic rearrangement” 
[Mol. Phylogenet. Evol. 39 (2006) 293–304]. 
Molecular Phylogenetics and Evolution 41:511. 

Reeder, T.W., Cole, C.J., and Dessauer, H.C. 2002. 
Phylogenetic relationships of whiptail lizards of 
the genus Cnemidophorus (Squamata: Teiidae): a 
test of monophyly, reevaluation of karyotypic 
evolution, and review of hybrid origins. Ameri-
can Museum Novitates 3365:1–61. 

Reese, D.A. 1996. Comparative Demography and 
Habitat Use of Western Pond Turtles in Northern 
California: The Effects of Damming and Related 
Alterations. PhD Dissertation. University of 
California, Berkeley. 

Reese, D.A. and Welsh, H.H., Jr. 1997. Use of 
terrestrial habitat by western pond turtles, 
Clemmys marmorata: implications for manage-
ment. in Proceedings of an International 
Conference on Conservation, Restoration, 
and Management of Tortoises and Turtles. 
State University of New York, Purchase, 
pp.352–357. 

Reese, D.A. and Welsh, H.H., Jr. 1998. Comparative 
demography of Clemmys marmorata populations 
in the Trinity River of California in the context of 
dam-induced alterations. Journal of Herpetology 
32:505–515. 

Reeve, W.L. 1952. Taxonomy and distribution of the 
horned lizard genus Phrynosoma (family 
Iguanidae). University of Kansas Science 
Bulletin 34:817–960. 

Reilly, S.B., Portik, D.M., Koo, M.S., and Wake, D.B. 
In Press. Discovery of a new, disjunct population 
of a narrowly distributed salamander (Taricha 
rivularis) in California presents conservation 
challenges. Journal of Herpetology 48. 

Relyea, R.A. 2005a. The lethal impacts of Roundup 
and predatory stress on six species of North 
American tadpoles. Archives of Environmental 
Contamination and Toxicology 48:351–357. 

Relyea, R.A. 2005b. The lethal impact of Roundup 
on aquatic and terrestrial amphibians. Ecological 
Applications 15:1118–1124. 

Relyea, R.A. 2008. A cocktail of contaminants: how 
mixtures of pesticides at low concentrations affect 
aquatic communities. Oecologia 159:363–376. 

Relyea, R.A. and Jones, D.K. 2009. The toxicity of 
Roundup Original MAX(R) to thirteen species of 
larval amphibians. Environmental Toxicolology 
and Chemistry 28:2004–2008. 

Remsen, J.V., Jr. 1978. Bird species of special 
concern in California. California Department of 
Fish and Game, Wildlife Management Branch 
Report 78(1):1–63pp. 

Reynolds, F.A. 1943. Notes on the western glossy 
snake in captivity. Copeia 1943:196. 

Rhodin, A.G.J., van Dijk, P.P., Iverson, J.B., and 
Shaffer, H.B. 2010. Turtles of the world, 2010 
update: annotated checklist of taxonomy, 
synonymy, distribution, and conservation status. 
Chelonian Research Monographs 5:85–164. 

Richter, K.O. and Azous, A.L. 1995. Amphibian 
occurrence and wetland characteristics in the 
Puget Sound Basin. Wetlands 15:305–312. 

Rieder, J.P., Newbold, T.A.S., and Ostoja, S.M. 
2010. Structural changes in vegetation coincident 
with annual grass invasion negatively impacts 
sprint velocity of small vertebrates. Biological 
Invasions 12:2429–2439. 

Riemer, W.J. 1958. Variation and systematic 
relationships within the salamander genus 
Taricha. University of California Publications in 
Zoology 56:301–390. 

Riley, S.P.D., Busteed, G., Kats, L., Vandergon, T., 
Lee, L., Dagit, R., Kerby, J., Fisher, R., and 
Sauvajot, R. 2005. Effects of urbanization on 
the distribution and abundance of amphibians 
and invasive species in southern California 
streams. Conservation Biology 19: 
1894–1907. 

Riley, S.P.D., Shaffer, H.B., Voss, S.R. and Fitz-
patrick, B.M. 2003. Hybridization between a 
rare, native tiger salamander (Ambystoma 
californiense) and its introduced congener. 
Ecological Applications 13:1263–1275. 

Rissler, L.J. and Apodaca, J.J. 2007. Adding more 
ecology into species delimitation: ecological 
niche models and phylogeography help define 
cryptic species in the black salamander 
(Aneides flavipunctatus). Systematic Biology 
56:924–942. 

Ritter, W.E. 1897. The life-history and habits of the 
Pacific coast newt (Diemyctylus torosus Esch.). 
Proceedings of the California Academy of 
Sciences, 3rd Series 1:73–114. 

Rochester, C.J., Brehme, C.S., Clark, D.R., Stokes, 
D.C., Hathaway, S.A., and Fisher, R.N. 2010. 
Reptile and amphibian responses to large-scale 
wildfires in southern California. Journal of 
Herpetology 44:333–351. 

Rodríguez-Robles, J.A., Bell, C.J., and Greene, H.W. 
1999a. Food habits of the glossy snake, Arizona 
elegans, with comparisons to the diet of sympatric 
long-nosed snakes, Rhinocheilus lecontei. Journal 
of Herpetology 33:87–92. 

Rodríguez-Robles, J.A., DeNardo, D.F., and Staub, 
R.E. 1999b. Phylogeography of the California 
mountain kingsnake, Lampropeltis zonata 
(Colubridae). Molecular Ecology 8:1923–1934. 

342     literature cited 



      

 

Rodríguez-Robles, J.A. and Galina-Tessaro P. 2006. 
Natural history notes: Thamnophis hammondii. 
Diet. Herpetological Review 37:355. 

Roelants, K., Gower, D.J., Wilkinson, M., Loader, 
S.P., Biju, S.D., Guillaume, K., Moriau, L., and 
Bossuyt, F. 2007. Global patterns of diversifica-
tion in the history of modern amphibians. 
Proceedings of the National Academy of 
Sciences, USA 104:887–892. 

Rohr, J.R., Schotthoefer, A.M., Raffel, T.R., Carrick, 
H.J., Halstead, N., Hoverman, J.T., Johnson, C.M. 
et al. 2008. Agrochemicals increase trematode 
infections in a declining amphibian species. 
Nature 455:1235–1239. 

Romansic, J.M., Diez, K.A., Higashi, E.M., 
Johnson, J.E., and Blaustein, A.R. 2009a. Effects 
of the pathogenic water mold Saprolegnia ferax on 
survival of amphibian larvae. Diseases of Aquatic 
Organisms 83:187–193. 

Romansic, J.M., Higashi, E.M., Diez, K.A., and 
Blaustein, A.R. 2007. Susceptibility of newly-
metamorphosed frogs to a pathogenic water 
mould (Saprolegnia sp.). Herpetological Journal 
17:161–166. 

Romansic, J.M., Waggener, A.A., Bancroft, B.A., 
and Blaustein, A.R. 2009b. Influence of 
ultraviolet-B radiation on growth, prevalence of 
deformities, and susceptibility to predation in 
Cascades frog (Rana cascadae) larvae. Hydrobio-
logia 624:219–233. 

Roos, M. 1992. The Hydrology of the 1987–1992 
California Drought. Technical Paper. State of 
California Resources Agency, Department of 
Water Resources, Division of Flood Management. 

Root, T.L., MacMynowski, D.P., Mastrandrea, M.D., 
and Schneider, S.H. 2005. Human-modified 
temperatures induce species changes: joint 
attribution. Proceedings of the National Academy 
of Sciences of the United States of America 
102:7465–7469. 

Root, T.L., Price, J.T., Hall, K.R., Schneider, S.H., 
Rosenzweig, C., and Pounds, J.A. 2003. 
Fingerprints of global warming on wild animals 
and plants. Nature 421:57–60. 

Rorabaugh, J.C. 2005. Rana pipiens, in Lannoo, M.J. 
(Ed.): Amphibian Declines: The Conservation 
Status of United States Species. University of 
California Press, Berkeley, pp.570–577. 

Rorabaugh, J.C., Palermo, C.L., and Dunn, S.C. 
1987. Distribution and relative abundance of the 
flat-tailed horned lizard (Phrynosoma mcallii) in 
Arizona. The Southwestern Naturalist 
32:103–109. 

Rorabaugh, J.C., Sredl, M.J., Miera, V., and Drost, 
C.A. 2002. Continued invasion by an introduced 

frog (Rana berlandieri): southwestern Arizona, 
southeastern California, and Rio Colorado, 
Mexico. The Southwestern Naturalist 47:12–20. 

Rorabaugh, J.C. and Young, K.V. 2009. Flat-tailed 
horned lizard, Phrynosoma mcallii (Hallowell, 
1852), in Jones, L.L.C. and Lovich, R.E. (Eds.): 
Lizards of the American Southwest: A Photo-
graphic Field Guide. Rio Nuevo Publishers, 
Tucson, AZ, pp.182–185. 

Rossman, D.A. 1979. Morphological evidence for 
taxonomic partitioning of the Thamnophis elegans 
complex (Serpentes, Colubridae). Occasional 
Papers of the Museum of Zoology, Louisiana 
State University 55:1–12. 

Rossman, D.A., Ford, N.B., and Seigel, R.A. 1996. 
The Garter Snakes: Evolution and Ecology. 
University of Oklahoma Press, Norman. 

Rossman, D.A. and Stewart, G.R. 1987. Taxonomic 
reevaluation of Thamnophis couchii (Serpentes: 
Colubridae). Occasional Papers of the Museum 
of Zoology, Louisiana State University 63:1–25 

Rovito, S.M. 2010. Lineage divergence and 
speciation in the web-toed salamanders (Pletho-
dontidae: Hydromantes) of the Sierra Nevada, 
California. Molecular Ecology 19:4554–4571. 

Rowe, J.C. and Garcia, T.S. 2013. Impacts of 
wetland restoration efforts on an amphibian 
assemblage in a multi-invader community. 
Wetlands 34:141–153. 

Royle, J.A. and Young, K.V. 2008. A hierarchical 
model for spatial capture-recapture data. Ecology 
89:2281–2289. 

Ruibal, R. 1959. The ecology of a brackish water 
population of Rana pipiens. Copeia 1959:315–322. 

Rundio, D.E. and Olson, D.H. 2001. Palatability of 
southern torrent salamander (Rhyacotriton 
variegatus) larvae to Pacific giant salamander 
(Dicamptodon tenebrosus) larvae. Journal of 
Herpetology 35:133–136. 

Ruppert, R.M. 2010a. A recent sighting of the 
banded Gila monster, (Heloderma suspectum 
cinctum) in Mojave National Preserve, California. 
Mojave National Preserve Science Newsletter 
2010:1–3. 

Ruppert, R.M. 2010b. Geographic distribution: 
Heloderma suspectum cinctum. Herpetological 
Review 41:107. 

Russell, R.W. and Anderson, J.D. 1956. A disjunct 
population of the long-nosed salamander from 
the coast of California. Herpetologica 
12:137–140. 

Rüthling, P.D. 1915. Hibernation of reptiles in 
southern California. Copeia 1915:10–11. 

Ruthven, A.G. 1907. A collection of reptiles and 
amphibians from southern New Mexico and 

literature cited 343 



 

 

       
       

     
     

     

Arizona. Bulletin of the American Museum of 
Natural History 23:483–604. 

Ryan, M.E., Johnson, J.R., and Fitzpatrick, B.M. 
2009. Invasive hybrid tiger salamander geno-
types impact native amphibians. Proceedings of 
the National Academy of Sciences of the United 
States of America 106:11166–11171. 

Salt, G.S. 1952. The bell toad, Ascaphus truei, in 
Mendocino County, California. Copeia 
1952:193–194. 

Sartorius, S.S. and Rosen, P.C. 2000. Breeding 
phenology of the lowland leopard frog (Rana 
yavapaiensis): implications for conservation and 
ecology. The Southwestern Naturalist 
45:267–273. 

Sattler, P.W. 1980. Genetic relationships among 
selected species of North American Scaphiopus. 
Copeia. 1980:605–610. 

Sauer, J.R., Hines, J.E., Fallon, J.E., Pardieck, K.L., 
Ziolkowski, D.J., Jr., and Link, W.A. 2011. The 
North American Breeding Bird Survey, results 
and analysis 1966–2009. Version 3.23.2011 USGS 
Patuxent Wildlife Research Center, Laurel, MD. 

Savage, W.K. 2008. Landscape Genetics and 
Phylogenetic Relationships in the Ambystoma 
macrodactylum species complex. PhD Disserta-
tion. University of California, Davis. 

Savage, W.K., Fremier, A.K., and Shaffer, H.B. 
2010. Landscape genetics of alpine Sierra Nevada 
salamanders reveal extreme population subdivi-
sion in space and time. Molecular Ecology 
19:3301–3314. 

Schloegel, L.M., Picco, A.M., Kilpatrick, A.M., 
Davies, A.J., Hyatt, A.D., and Daszak, D. 2009. 
Magnitude of the U.S. trade in amphibians and 
presence of Batrachochytrium dendrobatidis and 
Ranavirus infection in imported North American 
bullfrogs (Rana catesbeiana). Biological Conser-
vation 142:1420–1426. 

Schmidt, B.R. and Zumbach, S. 2008. Amphibian 
road mortality and how to prevent it: a review, in 
Mitchell, J.C., Jung Brown, R.E. and Bar-
tholomew, B. (Eds.): Urban Herpetology. Society 
for the Study of Amphibians and Reptiles, Salt 
Lake City, UT, pp.157–167. 

Schmieder, R.R. and Nauman, R.S. 1994. Effects of 
Non-Native Aquatic Predators on Premetamor-
phic California Red-Legged Frogs (Rana aurora 
draytonii). University of California, Santa Cruz, 
12pp. 

Schoenherr, A.A. 1976. The Herpetofauna of the 
San Gabriel Mountains, Los Angeles County, 
California, including Distribution and Biogeogra-
phy. Special Publication No. 1. Southwestern 
Herpetologists Society, Van Nuys, CA. 

Schreber, H. 1782. Der Naturforscher. Johann Jacob 
Gebaur, Halle. (In German) 

Schulte, J.A., Macey, J.R., and Papenfuss, T.J. 2006. 
A genetic perspective on the geographic 
association of taxa among arid North American 
lizards of the Sceloporus magister (Squamata: 
Iguanidae: Phrynosomatidae). Molecular 
Phylogenetics and Evolution 39:873–880. 

Scott, N.J., Rathbun, G.B., Murphey, T.G., and 
Harker, M.B. 2008. Reproduction of Pacific pond 
turtles (Actinemys marmorata) in coastal streams 
of central California. Herpetological Conserva-
tion and Biology 3:143–148. 

Searcy, C.A. and Shaffer, H.B. 2008. Calculating 
biologically accurate mitigation credits: insights 
from the California tiger salamander. Conserva-
tion Biology 22:997–1005. 

Searcy, C.A. and Shaffer, H.B. 2011. Determining 
the migration distance of a vagile vernal pool 
specialist: how much land is required for 
conservation of California tiger salamanders?, in 
Alexander, D.G. and Schlising, R.A. (Eds): 
Research and Recovery in Vernal Pool Land-
scapes, Studies from the Herbarium, No. 16. 
California State University, Chico, pp.73–87. 

Secor, S.M. 1995. Ecological aspects of foraging 
mode for the snakes Crotalus cerastes and 
Masticophis flagellum. Herpetological Mono-
graphs 9:169–186. 

Seeliger, L.M. 1945. Variation in the Pacific mud 
turtle. Copeia 1945:150–159. 

Setser, K. 2004. Natural History, Demography, and 
Home Range Characteristics of a Southern 
California Population of Phrynosoma mcallii 
Inhabiting Atypical Habitat. Master’s Thesis. 
Utah State University, Logan. 

Sever, D.M., Moriarty, E.C., Rania, L.C., and 
Hamlett, W.C. 2001. Sperm storage in the 
oviduct of the internal fertilizing frog Ascaphus 
truei. Journal of Morphology 248:1–21. 

Shaffer, H.B., Cook, D., Fitzpatrick, B.M., Leyse, K., 
Picco, A., and Trenham, P.C. 2009. Guidelines 
for the relocation of California tiger salamanders 
(Ambystoma californiense). Report. United States 
Fish and Wildlife Service, Sacramento, CA. 

Shaffer, H.B., Fellers, G.M., Magee, A., and Voss, 
S.R. 2000. The genetics of amphibian declines: 
population substructure and molecular differen-
tiation in the Yosemite Toad, Bufo canorus 
(Anura, Bufonidae) based on single-strand 
conformation polymorphism analysis (SSCP) and 
mitochondrial DNA sequence data. Molecular 
Ecology 9:245–257. 

Shaffer, H.B., Fellers, G.M., Randal, V., Oliver, J.C., 
and Pauly, G.B. 2004. Species boundaries, 

344     literature cited 



      

 

 

 

 

        
    

phylogeography and conservation genetics of the 
red-legged frog (Rana aurora/draytonii) complex. 
Molecular Ecology 13:2667–2677. 

Shedd, J., Bogiatto, R.J. and Kirn, S.A. 2011. Natural 
history notes: Phrynosoma blainvillii. Commen-
salism. Herpetological Review 42:94–95 

Shoemaker, V.H., McClanahan, L., and Ruibal, R. 
1969. Seasonal changes in body fluids in a 
field population of spadefoot toads. Copeia 
1969:585–591. 

Shuford, W.D. and Gardali, T. (Eds). 2008. 
California Bird Species of Special Concern: A 
Ranked Assessment of Species, Subspecies, and 
Distinct Populations of Birds of Immediate 
Conservation Concern in California. Studies of 
Western Birds 1. Western Field Ornithologists, 
Camarillo, CA, and California Department of 
Fish and Game, Sacramento. 

Sinclair, E.A., Bezy, R.L., Bolles, K., Camarillo, 
R.J.L, Crandall, K.A., and Sites, J. 2004. Testing 
species boundaries in an ancient species complex 
with deep phylogeographic history: genus 
Xantusia (Squamata: Xantusiidae). The Ameri-
can Naturalist 164:396–414. 

Slater, J.R. 1939. Description and life-history of a new 
Rana from Washington. Herpetologica 1:145–149. 

Slevin, J.R. 1928. The amphibians of western North 
America: an account of the species known to 
inhabit California, Alaska, British Columbia, 
Washington, Oregon, Idaho, Utah, Nevada, 
Arizona, Sonora, and Lower California. Occa-
sional Papers of the California Academy of 
Sciences 16:1–152 

Smith, H.M. 1946. Handbook of Lizards: Lizards of 
the United States and Canada. Comstock 
Publishing, Ithaca, NY. 

Smith, H.M., Brown, L.E., Chiszar, D., Grismer, 
L.L., Allen, G.S., Fishbein, A., Hollingsworth, 
B.D. et al. 1998. Crotalus ruber Cope, 1892 
(Reptilia, Serpentes): proposed precedence of the 
specific name over that of Crotalus exsul Garman, 
1884. Bulletin of Zoological Nomenclature 
55:229–232. 

Sneed, D. 14 May 2009. Cuesta group makes 
monster find on field trip. The Tribune, San Luis 
Obispo, B1. 

Snyder, M.A. and Sloan, L.C. 2005. Transient 
future climate over the western United States 
using a regional climate model. Earth Interac-
tions 9:1–21 

Snyder, M.A., Sloan, L.C., and Bell, J.L. 2004. 
Modeled regional climate change in the hydro-
logic regions of California: a CO2 sensitivity 
study. Journal of the American Water Resources 
Association 40:591–601. 

Snyder, M.A., Sloan, L.C., Diffenbaugh, N.S., and 
Bell, J.L. 2003. Future climate change and 
upwelling in the California Current. Geophysical 
Research Letters 30:1–4 

Sparling, D.W., Fellers, G.M., and McConnell, L.L. 
2001. Pesticides and amphibian population 
declines in California, U.S.A. Environmental 
Toxicology and Chemistry 20:1591–1595. 

Spear, S.F and Storfer, A. 2008. Landscape genetic 
structure of coastal tailed frogs (Ascaphus truei) 
in protected vs. managed forests. Molecular 
Ecology 17:4642–4656. 

Spear, S.F. and Storfer, A. 2010. Anthropogenic and 
natural disturbance lead to differing patterns of 
gene flow in the Rocky Mountain tailed frog, 
Ascaphus montanus. Biological Conservation 
143:778–786. 

Spencer, W.D., Beier, P., Penrod, K., Winters, K., 
Paulman, C., Rustigian-Romsos, H., Strittholt, 
J., Parisi, M., and Pettler, A. 2010. California 
Essential Habitat Connectivity Project: A 
Strategy for Conserving a Connected California. 
Prepared for California Department of 
Transportation, California Department of Fish 
and Game, and Federal Highways 
Administration. 

Spinks, P.Q., Pauly, G.B., Crayon, J.J., and Shaffer, 
H.B. 2003. Survival of the western pond turtle 
(Emys marmorata) in an urban California 
environment. Biological Conservation 
113:257–267. 

Spinks, P.Q. and Shaffer, H.B. 2005. Range-wide 
molecular analysis of the western pond turtle 
(Emys marmorata): cryptic variation, isolation by 
distance, and their conservation implications. 
Molecular Ecology 14:2047–2064. 

Spinks, P.Q. and Shaffer, H.B. 2009. Conflicting 
mitochondrial and nuclear phylogenies for the 
widely disjunct Emys (Testudines: Emydidae) 
species complex, and what they tell us about 
biogeography and hybridization. Systematic 
Biology 58:1–20. 

Spinks, P.Q., Thomson, R.C., Lovely, G.A., and 
Shaffer, H.B. 2009. Assessing what is needed to 
resolve a molecular phylogeny: simulations and 
empirical data from emydid turtles. BMC 
Evolutionary Biology 9:56 

Spinks, P.Q., Thomson, R.C., and Shaffer, H.B. 
2010. Nuclear gene phylogeography reveals the 
historical legacy of an ancient inland sea on 
lineages of the western pond turtle, Emys 
marmorata in California. Molecular Ecology 
19:542–56. 

Spinks, P.Q., Thomson, R.C., and Shaffer, H.B. 
2014. The advantages of going large: genome-

literature cited 345 



 

wide SNPs clarify the complex population history 
and systematics of the threatened western pond 
turtle. Molecular Ecology 23:2228–2241 

Sredl, M.J., Collins, E.P., and Howland, J.M. 1997. 
Mark-Recapture Studies of Arizona Leopard 
Frogs. Arizona Game and Fish Department, 
Phoenix. 

Stanila, B.D. 2009. Morphology and Demography 
of Sonoran Mud Turtles (Kinosternon sonoriense) 
along an Aquatic Habitat Permanence Gradient. 
Master’s Thesis. University of Central Oklahoma, 
Edmond. 

Staub, N. and Wake, D. 2005. Aneides flavipuncta-
tus. in Lannoo, M.J. (Ed.): Amphibian Declines: 
The Conservation Status of United States 
Species. University of California Press, Berkeley, 
pp.660–661. 

Staub, R.E. and Mulks, M.F. 2009. Preliminary 
Assessment of Habitat Damage in the Laguna 
Mountains and Impacts on the San Diego 
Mountain Kingsnake. Unpublished report. 

Stebbins, R.C. 1943. Adaptations in the nasal 
passages for sand burrowing in the saurian 
genus Uma. The American Naturalist 77: 
38–52. 

Stebbins, R.C. 1944. Some aspects of the ecology of 
the Iguanid genus Uma. Ecological Monographs 
14:311–332. 

Stebbins, R.C. 1948. Nasal structure in lizards with 
reference to olfaction and conditioning of the 
inspired air. American Journal of Anatomy 
83:183–221. 

Stebbins, R.C. 1951. Amphibians of Western North 
America. University of California Press, Berkley. 

Stebbins, R.C. 1954. Amphibians and Reptiles of 
Western North America. McGraw-Hill Book 
Company, New York. 

Stebbins, R.C. 1955. Southern occurrence of the 
Olympic salamander, Rhyacotriton olympicus. 
Herpetologica 11:238–239. 

Stebbins, R.C. 1958. A new alligator lizard from the 
Panamint Mountains, Inyo County, California. 
American Museum Novitates 1883:27. 

Stebbins, R.C. 1959. Reptiles and Amphibians of 
the San Francisco Bay Region. University of 
California Press, Berkeley. 

Stebbins, R.C. 1966. Field Guide to Western 
Reptiles and Amphibians. Houghton Mifflin 
Company, Boston, MA. 

Stebbins, R.C. 1972. California Amphibians and 
Reptiles. University of California Press, 
Berkeley. 

Stebbins, R.C. 1985. A Field Guide to Western 
Amphibians and Reptiles. Houghton Mifflin 
Company, Boston, MA. 

Stebbins, R.C. 2003. A Field Guide to Western 
Reptiles and Amphibians. Houghton Mifflin 
Company, Boston, MA. 

Stebbins, R.C. and Lowe, C.H. 1951. Subspecific 
differentiation in the Olympic salamander 
Rhyacotriton olympicus. University of California 
Publications in Zoology 50:465–484. 

Stejneger, L. 1899. Description of a new genus and 
species of discoglossoid toad from North 
America. Proceedings of the United States 
National Museum 21:899–901. 

Stewart, G.R. 1972. An unusual record of sperm 
storage in a female garter snake (genus Thamno-
phis). Herpetologica 28:346–347. 

Stewart, I.T., Cayan, D.R., and Dettinger, M. 2005. 
Changes toward earlier streamflow timing across 
western North America. Journal of Climate. 
18:1136–1155. 

Stoddard, M.A. and Hayes, J.P. 2005. The influence 
of forest management on headwater stream 
amphibians at multiple spatial scales. Ecological 
Applications 15:811–823. 

Stone, P.A. 2001. Movements and demography of 
the Sonoran mud turtle, Kinosternon sonoriense. 
The Southwestern Naturalist 46:41–53. 

Stone, P.A., Babb, M.E., Stanila, B.D., Kersey, G., 
and Stone, Z. 2005. Natural history notes: 
Kinosternon sonoriense. Diet. Herpetological 
Review 36:167–168. 

Stone, P.A., Stone, M.E.B., Stanila, B.D., and Locey, 
K.J. 2011. Terrestrial flight response: a new 
context for terrestrial activity in Sonoran mud 
turtles. The American Midland Naturalist 
165:128–136. 

Storer, T.I. 1925. A synopsis of the amphibia of 
California. University of California Publications 
in Zoology 27:1–342. 

Storer, T.I. 1930. Notes on the range and life-history 
of the Pacific fresh-water turtle, Clemmys 
marmorata. University of California Publications 
in Zoology 35:421–441. 

Storm, R.M. 1960. Notes on the breeding biology of 
the red-legged frog (Rana aurora aurora). 
Herpetologica 16:251–259. 

Storm, R.M. and Pimentel, R.A. 1954. A method for 
studying amphibian breeding populations. 
Herpetologica 10:161–166. 

Stralberg, D., Jongsomjit, D., Howell, C.A., Snyder, 
M.A., Alexander, J.D., Wiens, J.A., and Root, T.L. 
2009. Re-shuffling of species with climate 
disruption: a no-analog future for California 
birds? PlOS ONE 4:e6825. 

Stromberg, M.R. 1997. Natural history notes: 
Taricha torosa. Response to fire. Herpetological 
Review 28:82–83. 

346     literature cited 



      

 

     
     

 

 

Stuart, S.N., Chanson, J.S., Cox, N.A., Young, B.E., 
Rodrigues, A.S.L., Fischman, D.L., and Waller, 
R.W. 2004. Status and trends of amphibian 
declines and extinctions worldwide. Science 
306:1783–1786. 

Suarez, A. and Case, T. 2002. Bottom-up effects on 
persistence of a specialist predator: ant invasions 
and horned lizards. Ecological Applications 
12:291–298. 

Suarez, A., Richmond, J., and Case, T. 2000. Prey 
selection in horned lizards following the invasion 
of Argentine ants in southern California. 
Ecological Applications 10:711–725. 

Sullivan, B.K. 1981. Distribution and relative 
abundance of snakes along a transect in 
California. Journal of Herpetology 15:247–248. 

Sullivan, B.K. and Fernandez, P.J. 1999. Breeding 
activity, estimated age-structure, and growth in 
Sonoran Desert anurans. Herpetologica 
55:334–343. 

Sullivan, B.K. and Malmos, K.B. 1994. Call 
variation in the Colorado River toad (Bufo 
alvarius): behavioral and phylogenetic implica-
tions. Herpetologica 50:146–156. 

Sun, M.C. 2012. Batrachochytrium dendrobatidis 
Prevalence in Northern Red-Legged Frogs (Rana 
aurora): 10 Years Later. Master’s Thesis. Hum-
boldt State University, Arcata, CA. 

Survey and manage program. 2010. Annual Species 
Review. USDI Burea of Land Management. 
Available from http://www.blm.gov/or/plans/ 
surveyandmanage/species.php 

Sutherland, R.W., Dunning, P.R., and Baker, W.M. 
2010. Amphibian encounter rates on roads with 
different amounts of traffic and urbanization. 
Conservation Biology 24:1626–1635. 

Sweet, S.S. 1992. Initial Report on the Ecology and 
Status of the Arroyo Toad (Bufo microscaphus 
californicus) on the Los Padres National Forest of 
Southern California, with Management Recom-
mendations. Los Padres National Forest, Goleta, 
CA. 

Sweet, S.S. 1993. Second Report on the Biology and 
Status of the Arroyo Toad (Bufo microscaphus 
californicus) on the Los Padres National Forest of 
southern California. Los Padres National Forest, 
Goleta, CA. 

Sweet, S.S. and Leviton, A.E. 1983. Geographic 
distribution: Rana aurora draytoni. Herpetologi-
cal Review 14:27. 

Sweet, S.S. and Sullivan, B.K. 2005. Bufo californi-
cus. in Amphibian declines: the conservation 
status of United States species, Lannoo, M.J. 
(Ed.): University of California Press, Berkeley, 
pp.396–400. 

Sype, W.E. 1975. Breeding Habits, Embryonic 
Thermal Requirements and Embryonic and 
Larval Development of the Cascade Frog, Rana 
cascadae Slater. PhD Dissertation. Oregon State 
University, Corvallis. 

Tait, C.K. and Diller, L.V. 2006. Life history of the 
southern torrent salamander (Rhyacotriton 
variegatus) in coastal northern California. 
Journal of Herpetology 40:43–54 

Tan, A.M. and Wake, D. 1995. MtDNA phylogeogra-
phy of the California newt, Taricha torosa 
(Caudata, Salamandridae). Molecular Phyloge-
netics and Evolution 4:383–394. 

Tejon Ranch Conservancy. 2008. Tejon Ranch 
Conservation and Land Use Agreement. Available 
from: http://www.tejonconservancy.org/. 

Tevis, L., Jr. 1943. Field notes on a red rattlesnake in 
Lower California. Copeia 1943:242–245. 

Thomas, C.D., Cameron, A., Green, R.E., Bakkenes, 
M., Beaumont, L.J., Collingham, Y.C., Erasmus, 
B.F.N., de Siqueira, M.F., Grainger, A., and 
Hannah, L. 2004. Extinction risk from climate 
change. Nature 427:145–148. 

Thompson, C., Sweitzer, R., Gabriel, M., Purcell, K., 
Barrett, R. and Poppenga, R. 2014. Impacts of 
rodenticide and insecticide toxicants from 
marijuana cultivation sites on fisher survival 
rates in the Sierra National Forest, California. 
Conservation Letters 7:91–102 

Thomson, R.C., Spinks, P.Q., and Shaffer, H.B. 
2010. Distribution and abundance of invasive 
red-eared sliders (Trachemys scripta elegans) in 
California’s Sacramento river basin and possible 
impacts on native western pond turtles (Emys 
marmorata). Chelonian Conservation and Biology 
9:297–302. 

Tihen, J.A. 1962. Osteological observations on New 
World Bufo. The American Midland Naturalist 
67:157–183. 

Tinkham, E.R. 1962. Notes on the occurrence of 
Scaphiopus couchii in California. Herpetologica 
18:204. 

Tinkham, E.R. 1971. The biology of the Gila 
monster, in Bucherl, W. and Buckley, E.E. (Eds): 
Venomous Animals and Their Venoms: 
Venomous Vertebrates, Vol. 2. Academic Press, 
New York, pp.387–413. 

Todd, B.D., Scott, D.E., Pechmann, J.H.K., and 
Gibbons, J.W. 2011. Climate change correlates 
with rapid delays and advancements in reproduc-
tive timing in an amphibian community. 
Proceedings of the Royal Society Series B 
278:2191–2197. 

Tollestrup, K. 1979. The Ecology, Social Structure, 
and Foraging Behavior of Two Closely Related 

literature cited 347 

http://www.tejonconservancy.org/
http://www.blm.gov/or/plans/surveyandmanage/species.php
http://www.blm.gov/or/plans/surveyandmanage/species.php


 

 
 

 

 

Species of Leopard Lizards, Gambelia silus and 
Gambelia wislizenii. PhD Dissertation. University 
of California, Berkeley. 

Tollestrup, K. 1981. The social behavior and displays 
of 2 species of horned lizards, Phrynosoma 
platyrhinos and Phrynosoma coronatum. Herpeto-
logica 37:130–141. 

Tracey, J.A. 2000. Movement of Red Diamond 
Rattlesnakes (Crotalus ruber) in Heterogeneous 
Landscapes in Coastal Southern California. 
Master’s Thesis. University of California, San 
Diego. 

Tracey, J.A., Zhu, J., and Crooks, K. 2005. A set of 
nonlinear regression models for animal move-
ment in response to a single landscape feature. 
Journal of Agricultural Biological and Environ-
mental Statistics 10:1–18. 

Trenham, P.C. 1998. Demography, migration, and 
metapopulation structure of pond breeding 
salamanders. PhD Dissertation. University of 
California, Davis, California. 

Trenham, P.C. and Shaffer, H.B. 2005. Amphibian 
upland habitat use and its consequences for 
population viability. Ecological Applications 
15:1158–1168. 

Trépanier, T.L. and Murphy, R.W. 2001. The 
Coachella Valley fringe-toed lizard (Uma 
inornata): genetic diversity and phylogenetic 
relationships of an endangered species. Molecu-
lar Phylogenetics and Evolution 18:327–334. 

Turner, F.B. and Medica, P.A. 1982. The distribu-
tion and abundance of the flat-tailed horned 
lizard (Phrynosoma mcallii). Copeia 
1982:815–823. 

Turner, F.B., Rorabaugh, J.C., Nelson, E.C., and 
Jorgensen, M.C. 1980. A Survey of the Occur-
rence and Abundance of the Flat-Tailed Horned 
Lizard (Phrynosoma mcallii) in California. 
Contract YA-5l2-CT8-58. Unpublished Report. 

Turner, F.B., Weaver, D.C., and Rorabaugh, J.C. 
1984. Effects of reduction in windblown sand on 
the abundance of the fringe-toed lizard (Uma 
inornata) in the Coachella Valley, California. 
Copeia 1984:370–378. 

Twining, H. and Hensley, A. 1943. Distribution of 
muskrats in California. California Fish and 
Game 29:64–78. 

Twitty, V.C. 1935. Two new species of Triturus from 
California. Copeia 1935:73–80. 

Twitty, V.C. 1942. The species of Californian 
Triturus. Copeia 1942:65–76. 

Twitty, V.C. 1955. Field experiments on the biology 
and genetic relationships of the Californian 
species of Triturus. Journal of Experimental 
Zoology 129:129–147. 

Twitty, V.C. 1959. Migration and speciation in 
newts. Science 130:1735–1743. 

Twitty, V.C. 1961. Experiments on homing behavior 
and speciation in Taricha, in Blair, W.F. (Ed.): 
Vertebrate Speciation. University of Texas Press, 
Austin, pp.415–459. 

Twitty, V.C. 1964. Taricha rivularis (Twitty), 
red-bellied newt. Catalogue of American 
Amphibians and Reptiles 9:1–2. 

Twitty, V.C. 1966. Of Scientists and Salamanders. 
WH Freeman & Company, San Francisco, CA. 

Twitty, V.C., Grant, D., and Anderson, O. 1964. 
Long distance homing in newt Taricha rivularis. 
Proceedings of the National Academy of Sciences 
of the United States of America 51:51–58. 

Twitty, V.C., Grant, D., and Anderson, O. 1966. 
Course and timing of homing migration in newt 
Taricha rivularis. Proceedings of the National 
Academy of Sciences of the United States of 
America 56:864–871. 

Twitty, V.C., Grant, D., and Anderson, O. 1967a. 
Initial homeward orientation after long-distance 
displacements in newt Taricha rivularis. 
Proceedings of the National Academy of 
Sciences of the United States of America 
57:342–348. 

Twitty, V.C., Grant, D., and Anderson, O. 1967b. 
Home range in relation to homing in newt 
Taricha rivularis (Amphibia: Caudata). Copeia 
1967:649–653. 

Tyler, T., Liss, W.J., Ganio, L.M., Larson, G.L., 
Hoffman, R., Deimling, E., and Lomnicky, G. 
1998. Interaction between introduced trout and 
larval salamanders (Ambystoma macrodactylum) 
in high-elevation lakes. Conservation Biology 
12:94–105. 

Ultsch, G.R. 2006. The ecology of overwintering 
among turtles: where turtles overwinter and its 
consequences. Biological Reviews 81:339–367. 

US Census Bureau. 2013. California Demographic 
Profile. Accessed August 27, 2014. census.gov. 

USDA (United States Department of Agriculture). 
2007. Census of Agriculture. Accessed August 
27, 2014. http://www.agcensus.usda.gov 
/Publications/2007/Online_Highlights 
/County_Profiles/California/index.asp. 

USFWS (United States Fish and Wildlife Service). 
1996. Endangered and threatened wildlife and 
plants: determination of threatened status for the 
California red-legged frog. Federal Register 
61:25813–25833. 

USFWS. 1997. Recovery Plan for the Threatened 
Marbled Murrelet (Brachyramphus marmoratus) 
in Washington, Oregon, and California. USFWS, 
Portland, OR. 

348     literature cited 

http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/County_Profiles/California/index.asp
http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/County_Profiles/California/index.asp
http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/County_Profiles/California/index.asp
http://census.gov


      

USFWS. 1999. Recovery Plan for the Arroyo 
Southwestern Toad. USFWS, Portland, OR. 

USFWS. 2002. Recovery Plan for the California 
Red-Legged Frog (Rana aurora draytonii). 
USFWS, Portland, OR. 

USFWS. 2008. Endangered and Threatened 
Wildlife and Plants; 90-Day Finding on Petition 
to List the Amargosa River Population of the 
Mojave Fringe-Toed Lizard (Uma scoparia) as 
Threatened or Endangered with Critical Habitat. 
Ventura, CA. 

USFWS. 2009. Arroyo Toad 5-Year Review: 
Summary and Evaluation. Ventura, CA. 

USFWS. 2011a. Endangered and threatened wildlife 
and plants; withdrawal of proposed rule to list 
the flat-tailed horned lizard as threatened. 
Federal Register 76:14210–14268. 

USFWS. 2011b. Endangered and threatened wildlife 
and plants; 12-month finding on a petition to list 
the Amargosa River population of the Mojave 
fringe-toed lizard as an endangered or threatened 
distinct population segment. Federal Register 
76:61321–61330. 

USFWS. 2014. Endangered and threatened wildlife 
and plants; threatened status for the Oregon 
spotted frog. Federal Register 79:51658–51710. 

USNPS (United States National Park Service). 2010. 
Channel Islands National Park: Restoring Santa 
Cruz Island. Accessed August 27, 2014. http:// 
www.nps.gov/chis/naturescience/restoring-
santa-cruz-island.htm. 

Valentine, B.D. and Dennis, D.M. 1964. A compari-
son of the gill-arch system and fins of three 
genera of larval salamanders, Rhyacotriton, 
Gyrinophilus, and Ambystoma. Copeia 
1964:196–201. 

Van Denburgh, J. 1894. Descriptions of three new 
lizards from California and lower California, 
with a note on Phrynonsoma blainvillii. Proceed-
ings of the California Academy of 
Sciences.4:296–301. 

Van Denburgh, J. 1895. Notes on the habits and 
distribution of Autodax iecanus. Proceedings of 
the California Academy of Sciences 5:776–778. 

Van Denburgh, J. 1897. The reptiles of the Pacific 
coast and Great Basin: An account of the species 
known to inhabit California, and Oregon, 
Washington, Idaho and Nevada. Occassional 
Papers of the California Academy of Sciences, 
San Francisco. 

Van Denburgh, J. 1922. The reptiles of western 
North America: an account of the species known 
to inhabit California and Oregon, Washington, 
Idaho, Utah, Nevada, Arizona, British Columbia, 
Sonora and lower California. Vol. 1. Lizards. 

Occassional Papers of the California Academy of 
Sciences 10:1–611. 

Van Denburgh, J. and Slevin, J.R. 1913. A list of the 
amphibians and reptiles of Arizona, with notes 
on the species in the collection of the Academy. 
Proceedings of the California Academy of 
Sciences 3:391–454. 

Van Loben Sels, R.C., Congdon, J.D., and Austin, 
J.T. 1997. Life history and ecology of the Sonoran 
mud turtle (Kinosternon sonoriense) in southeast-
ern Arizona: a preliminary report. Chelonian 
Conservation and Biology 2:338–344. 

Van Wagner, T.J. 1996. Selected Life-History and 
Ecological Aspects of a Population of Foothill 
Yellow-Legged Frogs (Rana boylii) from Clear 
Creek, Nevada County, California. Master’s 
Thesis. California State University, Chico. 

Vesely, D.G. 1996. Terrestrial Amphibian Abun-
dance and Species Richness in Headwater 
Riparian Buffer Strips, Oreogn Coast Range. 
Master’s Thesis. Oregon State University, 
Corvallis, OR, 48pp. 

Vesely, D.G. and McComb, W.C. 2002. Salamander 
abundance and amphibian species richness in 
riparian buffer strips in the Oregon Coast Range. 
Forest Science 48:291–297. 

Vitt, L.J. 1975. Observations on reproduction in five 
species of Arizona snakes. Herpetologica 
31:83–84. 

Vitt, L.J. and Ohmart, R.D. 1978. Herpetofauna of 
the lower Colorado River: Davis Dam to the 
Mexican border. Proceedings of the Western 
Foundation of Vertebrate Zoology 2:35–72. 

Von Bloeker, J.C.J. 1942. Fauna and flora of the El 
Segundo sand dunes: 13. Amphibians and 
reptiles of the dunes. Bulletin of the Southern 
California Academy of Sciences 41:29–38. 

Vredenburg, V.T. 2004. Reversing introduced 
species effects: experimental removal of 
introduced fish leads to rapid recovery of a 
declining frog. Proceedings of the National 
Academy of Sciences of the United States of 
America 101:7646–7650. 

Vredenburg, V.T., Bingham, R., Knapp, R., Morgan, 
J.A.T., Moritz, C., and Wake, D. 2007. Concord-
ant molecular and phenotypic data delineate new 
taxonomy and conservation priorities for the 
endangered mountain yellow-legged frog. 
Journal of Zoology 271:361–374. 

Vredenburg, V.T., Knapp, R.A., Tunstall, T.S., and 
Briggs, C.J. 2010. Dynamics of an emerging 
disease drive large-scale amphibian population 
extinctions. Proceedings of the National 
Academy of Sciences of the United States of 
America 107:9695–9700. 

literature cited 349 

http://www.nps.gov/chis/naturescience/restoring-santa-cruz-island.htm
http://www.nps.gov/chis/naturescience/restoring-santa-cruz-island.htm
http://www.nps.gov/chis/naturescience/restoring-santa-cruz-island.htm


 

Wahbe, T.R. and Bunnell, F.L. 2003. Relations 
among larval tailed frogs, forest harvesting, 
stream microhabitat, and site parameters in 
southwestern British Columbia. Canadian 
Journal of Forest Research 33:1256–1266. 

Wahbe, T.R., Bunnell, F.L., and Bury, R.B. 2004. 
Terrestrial movements of juvenile and adult 
tailed frogs in relation to timber harvest in 
coastal British Columbia. Canadian Journal of 
Forest Research 34:2455–2466. 

Wake, D.B. 1996. A new species of Batrachoseps 
(Amphibia: Plethodontidae) from the San Gabriel 
Mountains, southern California. Contributions 
in Science from the Natural History Museum of 
Los Angeles County 463:1–12. 

Wake, D.B. and Jockusch, E.L. 2000. Detecting 
species borders using diverse data sets: pletho-
dontid salamanders in California, in Bruce, R.C., 
Jaeger, R.G., and Houck, L.D. (Eds): The Biology 
of the Plethodontidae. Kluwer Academic/Plenum 
Publishers, New York, pp.95–119. 

Wake, D.B., and Papenfuss, T.J., 2005. Hydromantes 
platycephalus, in Lannoo, M.J. (Ed.): Amphibian 
Declines: The Conservation Status of United 
States Species, University of California Press, 
Berkeley, pp.83–784. 

Wake, D.B., Yanev, K.P., and Hansen, R.W. 2002. 
New species of slender salamander, genus 
Batrachoseps, from the southern Sierra Nevada of 
California. Copeia 2002:1016–1028. 

Wallace, R.L. and Diller, L.V. 1998. Length of the 
larval cycle of Ascaphus truei in coastal streams of 
the redwood regions, northern California. 
Journal of Herpetology 32:404–409. 

Walther, G.R., Post, E., Convey, P., Menzel, A., 
Parmesan, C., Beebee, T.J.C., Fromentin, J.M., 
Hoegh-Guldberg, O., and Bairlein, F. 2002. 
Ecological responses to recent climate change. 
Nature 416:389–395. 

Wang, I.J. 2009b. Fine-scale population structure 
in a desert amphibian: landscape genetics of the 
black toad (Bufo exsul). Molecular Ecology 
18:3847–3856. 

Wang, I.J. 2012. Environmental and topographical 
variables shape patterns of genetic structure and 
effective population size in the Yosemite toad. 
Diversity and Distributions 18:1033–1041. 

Wang, I.J., Johnson, J.R., Johnson, B.B., and 
Shaffer, H.B. 2011. Effective population size is 
strongly correlated with breeding pond size in 
the endangered California tiger salamander, 
Ambystoma californiense. Conservation Genetics 
12:911–920 

Wang, I.J., Savage, W.K., and Shaffer, H.B. 2009. 
Landscape genetics and least-cost path analysis 

reveal unexpected dispersal routes in the 
California tiger salamander (Ambystoma 
californiense). Molecular Ecology 18:1365–1374. 

Wang, J. 2009a. A new method for estimating 
effective population sizes from a single sample of 
multilocus genotypes. Molecular Ecology 
18:2148–2164. 

Ward, P.S. 1987. Distribution of the introduced 
Argentine ant (Iridomyrmex humilis) in natural 
habitats of the lower Sacramento Valley and its 
effects on the indigenous ant fauna. Hilgardia 
55:1–16. 

Watson, J.W., McAllister, K.R., and Pierce, D.J. 
2003. Home ranges, movements, and habitat 
selection of Oregon spotted frogs (Rana pretiosa). 
Journal of Herpetology 37:292–300. 

Watters, T.S. and Kats, L.B. 2006. Longevity and 
breeding site fidelity in the California newt 
(Taricha torosa): a long-term study showing the 
efficacy of pit tagging. Herpetological Review 
37:151. 

Weinstein, S.B. 2009. An aquatic disease on a 
terrestrial salamander: individual and population 
level effects of the amphibian chytrid fungus, 
Batrachochytrium dendrobatidis, on Batrachoseps 
attenuatus (Plethodontidae). Copeia 
2009:653–660. 

Wells, M.T. 1998. Wildlife Management Plan for 
Torrey Pines State Reserve: Terrestrial Verte-
brates. Wildlife Management Plan for Torrey 
Pines State Reserve, Torrey Pines State Reserve, 
La Jolla, CA. 

Welsh, H.H., Jr. 1985. Geographic distribution: 
Ascaphus truei. Herpetological Review 16: 
59. 

Welsh, H.H., Jr. 1988. An ecogeographic analysis of 
the herpetofauna of the Sierra San Pedro Martir 
region, Baja California: with a contribution to the 
biogeography of the Baja California herpeto-
fauna. Proceedings of the California Academy of 
Sciences 46:1–72. 

Welsh, H.H., Jr. 1990. Relictual amphibians and 
old-growth forests. Conservation Biology 
4:309–319. 

Welsh, H.H., Jr. 2011. Frogs, fish and forestry: an 
integrated watershed network paradigm 
conserves biodiversity and ecological services. 
Diversity 2011:503–530. 

Welsh, H.H., Jr., and Bury, R.B. 2005. Plethodon 
elongates, in Lannoo, M.J. (Ed.): Amphibian 
Declines: The Conservation Status of United 
States Species. University of California Press, 
Berkeley, pp.806–807. 

Welsh, H.H., Jr., Fellers, G., and Lind, A. 2007. 
Amphibian populations in the terrestrial 

350     literature cited 



      

 

 

environment: Is there evidence of declines of 
terrestrial forest amphibians in northwestern 
California? Journal of Herpetology 41: 
469–482. 

Welsh, H.H., Jr., and Hodgson, G.R. 2008. 
Amphibians as metrics of critical biological 
thresholds in forested headwater streams of the 
Pacific Northwest, U.S.A. Freshwater Biology 
53:1470–1488. 

Welsh, H.H., Jr., and Hodgson, G.R. 2011. Spatial 
relationships in a dendritic network: the 
herpetofaunal metacommunity of the Mattole 
River catchment of northwest California. 
Ecography 34:49–66. 

Welsh, H.H., Jr., Hodgson, G.R., Duda, J.J., and 
Emlen, J.M. 2010. Faunal assemblages and 
multi-scale habitat patterns in headwater 
tributaries of the South Fork Trinity River: an 
unregulated river embedded within a multiple-
use landscape. Animal Biodiversity and Conser-
vation 33:63–87. 

Welsh, H.H., Jr., Hodgson, G.R., and Lind, A.J. 
2005. Ecogeography of the herpetofauna of a 
northern California watershed: linking species 
patterns to landscape processes. Ecography 
28:521–536. 

Welsh, H.H., Jr., and Lind, A.J. 1988. Old-growth 
forests and the distribution of terrestrial 
herpetofauna, in Szaro, R.C., Severson, K.E., and 
Patton, D.R. (Eds): Management of Amphibians, 
Reptiles, and Small Mammals in North America. 
General Technical Report RM-166. US Depart-
ment of Agriculture, Forest Service, Rocky 
Mountain Forest and Range Experiment Station, 
Fort Collins, CO, pp.439–459. 

Welsh, H.H., Jr., and Lind, A.J. 1991. The structure 
of the herpetofaunal assemblage in the Douglas-
fir/hardwood forests of northwestern California 
and southwestern Oregon. US Department of 
Agriculture, Forest Service, General Technical 
Report PNW 285:395–413. 

Welsh, H.H., Jr., and Lind, A.J. 1992. Population 
ecology of two relictual salamanders from the 
Klamath Mountains of northwestern California, 
in McCullough, D. and Barret, R. (Eds): Wildlife 
2001: Populations. Elsevier Science Publications 
Limited, London, pp.419–437. 

Welsh, H.H., Jr., and Lind, A.J. 1995. Habitat 
correlates of the Del Norte salamander, Plethodon 
elongatus (Caudata, Plethodontidae), in north-
western California. Journal of Herpetology 
29:198–210. 

Welsh, H.H., Jr., and Lind, A.J. 1996. Habitat 
correlates of the southern torrent salamander, 
Rhyacotriton variegatus (Caudata: Rhyacotritoni-

dae), in northwestern California. Journal of 
Herpetology 30:385–398. 

Welsh, H.H., Jr., and Lind, A.J. 2002. Multiscale 
habitat relationships of stream amphibians in the 
Klamath-Siskiyou Region of California and 
Oregon. Journal of Wildlife Management 
66:581–602. 

Welsh, H.H., Jr., and Ollivier, L.M. 1998. Stream 
amphibians as indicators of ecosystem stress: a 
case study from California’s redwoods. Ecological 
Applications 8:1118–1132. 

Welsh, H.H., Jr., Pope, K.L., and Boiano, D. 
2006. Sub-alpine amphibian distributions 
related to species palatability to non-native 
salmonids in the Klamath mountains of 
northern California. Diversity and Distributions 
12:298–309. 

Welsh, H.H., Jr., Roelofs, T.D., and Frissell, C.A. 
2000. Aquatic ecosystems of the redwood region, 
in Noss, R. (Ed.): The Redwood Forest. Island 
Press, Washington, DC, pp.165–200. 

Westerling, A.L. and Bryant, B.P. 2008. Climate 
change and wildfire in California. Climatic 
Change 87:S231–S249. 

Westerling, A.L., Bryant, B.P., Preisler, H.K., 
Holmes, T.P., Hidalgo, H.G., Das, T., and 
Shrestha, S.R. 2011. Climate change and growth 
scenarios for California wildfire. Climatic 
Change 109:S445–S463. 

Westerling, A.L., Cayan, D.R., Brown, T.J., Hall, 
B.L., and Riddle, L.G. 2004. Climate, Santa Ana 
winds and autumn wildfires in southern 
California. EOS, Transactions, American 
Geophysical Union 85:289–296. 

Wheeler, C.A., Garwood, J.M., and Welsh, H.H., Jr. 
2005. Natural history notes: Rana boylii. 
Physiological skin color transformation. 
Herpetological Review 36:164–165. 

Wheeler, C.A. and Welsh, H.H., Jr. 2008. Mating 
strategy and breeding patterns of the foothill 
yellow-legged frog (Rana boylii). Herpetological 
Conservation and Biology 3:128–142. 

Wheeler, C.A., Welsh, H.H., Jr., and Roelofs, T. 
2006. Oviposition Site Selection, Movement, and 
Spatial Ecology of the Foothill Yellow-Legged 
Frog (Rana boylii). California Department of Fish 
and Game, Sacramento. 

White, M. and Kolb, J.A. 1974. A preliminary study 
of Thamnophis near Sagehen Creek, California. 
Copeia 1974:126–136 

Wiens, J. and Titus, T. 1991. A phylogenetic analysis 
of Spea (Anura, Pelobatidae). Herpetologica 
47:21–28. 

Wilgenbusch, J. and De Queiroz, K. 2000. 
Phylogenetic relationships among the phryno-

literature cited 351 



 

somatid sand lizards inferred from mitochon-
drial DNA sequences generated by heterogeneous 
evolutionary processes. Systematic Biology 
49:592–612. 

Wilkins, R.N. and Peterson, N.P. 2000. Factors 
related to amphibian occurrence and abundance 
in headwater streams draining second-growth 
Douglas-fir forests in southwestern Washington. 
Forest Ecology and Management 139:79–91. 

Williams, D.F. 1986. Mammalian Species of Special 
Concern in California. California Department of 
Fish and Game, Sacramento. 

Wilson, G.A. and Rannala, B. 2003. Bayesian 
inference of recent migration rates using 
multilocus genotypes. Genetics 163:1177–1191. 

Wilson, L.D. 1971. The coachwhip snake Mastico-
phis flagellum (Shaw): taxonomy and distribution. 
Tulane Studies in Zoology and Botany 16: 
31–99. 

Wilson, L.D. 1973. Masticophis flagellum. Catalogue 
of American Amphibians and Reptiles 145:1–4. 

Wiseman, K.D. and Bettaso, J. 2007. Natural 
history notes: Rana boylii. Cannibalism and 
predation. Herpetological Review 38:193. 

Wiseman, K.D., Marlow, K.R., Jackman, R.E., and 
Drennan, J.E. 2005. Natural history notes: Rana 
boylii. Predation. Herpetological Review 
36:162–163. 

Wojtaszek, B.F., Staznik, B., Chartrand, D.T., 
Stephenson, G.R., and Thompson, D.G. 2004. 
Effects of Vision® herbicide on mortality, 
avoidance response, and growth of amphibian 
larvae in two forest wetlands. Environmental 
Toxicology and Chemistry 23:832–842. 

Wollmuth, L.P., Crawshaw, L.I., Forbes, R.B., and 
Grahn, D.A. 1987. Temperature selection during 
development in a montane anuran species, Rana 
cascadae. Physiological Zoology 60:472–480. 

Wone, B. and Beauchamp, B. 2003. Movement, 
home range, and activity patterns of the horned 
lizard, Phrynosoma mcallii. Journal of Herpetol-
ogy 37:679–686. 

Wood, D.A., Fisher, R.N., and Reeder, T.W. 2008. 
Novel patterns of historical isolation, dispersal, 
and secondary contact across Baja California in 
the Rosy Boa (Lichanura trivirgata). Molecular 
Phylogenetics and Evolution 46:484–502. 

Wood, D.A. and Richmond, J.Q. 2003. Geographic 
distribution: Diadophis punctatus. Herpetological 
Review 34:169 

Woodhams, D.C., Bosch, J., Briggs, C.J., Cashins, 
S., Davis, L.R., Lauer, A., Muths et al. 2011. 
Mitigating amphibian disease: strategies to 
maintain wild populations and control chytridi-
omycosis. Frontiers in Zoology 8:8 

Woodson, W.D. 1949. Gila monster in California. 
Herpetologica 5:151. 

Woodward, B.D. 1982. Sexual selection and 
nonrandom mating patterns in desert anurans 
(Bufo woodhousei, Scaphiopus couchi, S. multiplica-
tus and S. bombifrons). Copeia 1982:351–355. 

Worthylake, K.M. and Hovingh, P. 1989. Mass 
mortality of salamanders (Ambystoma tigrinum) 
by bacteria (Acinetobacter) in an oligotrophic 
seepage mountain lake. The Great Basin 
Naturalist 49:364–372. 

Wright, A.H. and Wright, A.A. 1949. Handbook of 
Frogs and Toads of the United States and Canada. 
Comstock Publishing Co., Ithaca, NY. 

Wright, A.H., and Wright, A.A. 1957. Handbook of 
Snakes of the United States and Canada. 
Comstock Publishing Co., Ithaca, NY. 

Wright, A.N., Hijmans, R.J., Schwartz, M.W., and 
H.B. Shaffer. 2013. California Amphibian and 
Reptile Species of Future Concern: Conservation 
and Climate Change. Final Report to the 
California Department of Fish and Wildlife, 
Nongame Wildlife Program, Task 12, Contract 
No. P0685904. 

Wroble, J. and Waters, D. 1989. Summary of tailed 
frog (Ascaphus truei) and Olympic salamander 
(Rhyacotriton olympicus variegatus) stream 
surveys for the Pacific Lumber Company, 
October 1987 to September 1988. Pacific Lumber 
Co., Scotia, CA. 

Yanev, K.P. 1978. Evolutionary Studies of the 
Plethodontid Salamander Genus Batrachoseps. 
PhD Dissertation. University of California, 
Berkeley. 

Yanev, K.P. 1980. Biogeography and distribution of 
three parapatric salamander species in coastal 
and borderland California, in Power, D.M. (Ed.): 
The California Islands: Proceedings of a 
Multidisciplinary Symposium. Santa Barbara 
Museum of Natural History, Santa Barbara, 
California, pp.531–550. 

Yanev, K.P. and Wake, D.B. 1981. Genic differentia-
tion in a relict desert salamander, Batrachoseps 
campi. Herpetologica 37:16–28. 

Yarnell, S.M. 2000. The Influence of Sediment 
Supply and Transport Capacity on Foothill 
Yellow-Legged Frog Habitat, South Yuba River, 
California. Master’s Thesis. University of 
California, Davis. 

Yarnell, S.M. 2005. Spatial Heterogeneity of Rana 
boylii Habitat: Physical Processes, Quantification 
and Ecological Meaningfulness. PhD Disserta-
tion. University of California, Davis. 

Yarrow, H.C. 1882. Descriptions of new species of 
reptiles and amphibians in the United States 

352     literature cited 



      

         
     

     
       

       

 

National Museum. Proceedings of the United 
States National Museum 5:438–443. 

Young, K.V. 2010. Comparative Ecology of Narrowly 
Sympatric Horned Lizards under Variable 
Climatic Conditions. PhD Dissertation. Utah 
State University, Logan. 

Young, K.V. and Royle, J. 2005. Abundance and Site 
Occupancy of Flat-Tailed Horned Lizard (Phryno-
soma mcallii) Populations in Arizona and 
California. Final Report to US Bureau of Reclama-
tion, US Navy, and Arizona Game and Fish 
Department. 

Young, K.V. and Young, A. 2000. Scientific study 
of the flat-tailed horned lizard, Phrynosoma 
mcallii. Final Report to US Department of the 
Navy. 

Young, K.V. and Young, A.T. 2005. Indirect Effects 
of Development on the Flat-Tailed Horned 
Lizard. Final Report to Arizona Game and Fish 
Department, Yuma, 11pp. 

Zalusky, S.B., Gaudin, A.J., and Swanson, J.R. 
1980. A comparative study of cranial osteology in 
the North American sand lizards, genus Uma 
(Reptilia: Iguanidae). Copeia 1980:296–310. 

Zeiner, D.C., Laudenslayer, W.F., Jr., and Mayer, 
K.E. 1988. California’s Wildlife. Vol. 1. Amphib-
ians and Reptiles. California Department of Fish 
and Game, Sacramento. 

Zweifel, R.G. 1955. Ecology, distribution, and 
systematics of frogs of the Rana boylii group. 
University of California Publications in Zoology 
54:207–292. 

literature cited 353 



 This page intentionally left blank 



        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 1 

List of Native Amphibian and Reptile Taxa Occurring in California 

Taxon1 Common name 
CDFG special 

animal USFWS2 CDFW3 IUCN4 USFS5 BLM 

Anura 

Ascaphidae 

Ascaphus truei 

Bufonidae6 

Bufo alvarius 

Bufo boreas boreas 

Bufo boreas halophilus 

Bufo californicus 

Bufo canorus 

Bufo cognatus 

Bufo exsul 

Bufo punctatus 

Bufo woodhousii 

Hylidae 

Pseudacris cadaverina 

Pseudacris regilla7 

Ranidae 

Rana aurora 

Rana boylii 

Coastal tailed frog 

Sonoran Desert toad 

Western toad 

California western toad 

Arroyo toad 

Yosemite toad 

Great Plains toad 

Black toad 

Red-spotted toad 

Woodhouse’s toad 

California treefrog 

Pacific treefrog 

Northern red-legged frog 

Foothill yellow-legged frog 

X 

X 

X 

X 

X 

X 

X 

E 

T 

SSC 

SSC 

SSC 

SSC 

T, FP 

SSC 

SSC 

LC 

LC 

NT 

NT 

E 

E 

LC 

V 

LC 

LC 

LC 

LC 

LC 

NT 

S 

S 

S 

S 

S 

S 
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Taxon1 

Rana cascadae 

Rana draytonii 

Rana muscosa 

Rana pipiens8,9 

Rana pretiosa10 

Rana sierrae 

Rana yavapaiensis 

Scaphiopodidae 

Scaphiopus couchii 

Spea hammondii 

Spea intermontana 

Common name 

Anura 

Cascades frog 

California red-legged frog 

Southern Mountain yellow-legged frog 

Northern leopard frog 

Oregon spotted frog 

Sierra Nevada yellow-legged frog 

Lowland leopard frog 

Couch’s spadefoot 

Western spadefoot 

Great basin spadefoot 

CDFG special 
animal 

X 

X 

X 

X 

X 

X 

X 

X 

X 

USFWS2 

T 

E 

T 

E 

CDFW3 

SSC 

SSC 

E 

SSC 

SSC 

E 

SSC 

SSC 

SSC 

IUCN4 

NT 

V 

E 

LC 

V 

E 

LC 

LC 

NT 

LC 

USFS5 

S 

S 

S 

BLM 

S 

S 

S 

S 

Ambystomatidae 

Ambystoma californiense 

Ambystoma californiense “Santa 
Barbara” 

Ambystoma californiense “Sonoma” 

Ambystoma gracile 

Ambystoma macrodactylum croceum 

Ambystoma macrodactylum sigillatum 

Dicamptodontidae 

Dicamptodon ensatus 

Dicamptodon tenebrosus 

Caudata 

California tiger salamander 

Santa Barbara tiger salamander 

Sonoma tiger salamander 

Northwestern salamander 

Santa Cruz long-toed salamander 

Southern long-toed salamander 

California giant salamander 

Pacific giant salamander 

X 

X 

X 

X 

T 

E 

E 

E 

T 

T 

T 

E, FP 

SSC 

SSC 

V 

V 

V 

LC 

LC 

LC 

NT 

LC 



  

  

    

    

  

  

     

   

   

   

    

      

    

   

    

   

      

   

   

   

   

Plethodontidae 

Aneides ferreus Clouded salamander NT 

Aneides f lavipunctatus Black salamander NT 

Aneides f lavipunctatus niger Santa Cruz black salamander SSC NT 

Aneides f lavipunctatus “shasta”11 Shasta black salamander NT 

Aneides lugubris Arboreal salamander LC 

Aneides vagrans Wandering salamander NT 

Batrachoseps altasierrae Greenhorn Mountains slender
 salamander  

Batrachoseps attenuatus California slender salamander LC 

Batrachoseps bramei Fairview slender salamander S 

Batrachoseps campi Inyo Mountains salamander X SSC E S S 

Batrachoseps diabolicus Hell Hollow slender salamander X DD 

Batrachoseps gabrieli San Gabriel Mountains slender X DD S 
 salamander  

Batrachoseps gavilanensis Gabilan Mountains slender salamander LC 

Batrachoseps gregarius Gregarius slender salamander X LC 

Batrachoseps incognitus San Simeon slender salamander X DD S 

Batrachoseps kawia Sequoia slender salamander X DD 

Batrachoseps luciae Santa Lucia Mountains slender X LC 
 salamander  

Batrachoseps major aridus Desert slender salamander X E E LC 

Batrachoseps major major Garden slender salamander LC 

Batrachoseps minor Lesser slender salamander X SSC DD S 

Batrachoseps nigriventris Black-bellied slender salamander LC 
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Taxon1 Common name 
CDFG special 

animal USFWS2 CDFW3 IUCN4 USFS5 BLM 

Caudata 

Batrachoseps pacificus 

Batrachoseps regius 

Batrachoseps relictus 

Batrachoseps robustus 

Batrachoseps simatus 

Batrachoseps stebbinsi 

Ensatina eschscholtzii croceater 

Ensatina eschscholtzii eschscholtzii 

Ensatina eschscholtzii klauberi 

Ensatina eschscholtzii oregonensis 

Ensatina eschscholtzii picta 

Ensatina eschscholtzii platensis 

Ensatina eschscholtzii xanthoptica 

Hydromantes brunus 

Hydromantes platycephalus12 

Hydromantes shastae 

Plethodon asupak 

Plethodon dunni 

Plethodon elongatus 

Plethodon stormi 

Rhyacotritonidae 

Rhyacotriton variegatus 

Channel Islands slender salamander 

Kings River slender salamander 

Relictual slender salamander 

Kern Plateau salamander 

Kern Canyon slender salamander 

Tehachapi slender salamander 

Yellow-blotched ensatina 

Monterey ensatina 

Large-blotched ensatina 

Oregon ensatina 

Painted ensatina 

Sierra Nevada ensatina 

Yellow-eyed ensatina 

Limestone salamander 

Mount Lyell salamander 

Shasta salamander 

Scott River salamander 

Dunn’s salamander 

Del Norte salamander 

Siskiyou Mountains salamander 

Southern torrent salamander 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

SSC 

T 

T 

T, FP 

T 

T 

T 

SSC 

LC 

V 

DD 

NT 

V 

V 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

V 

LC 

V 

V 

LC 

NT 

E 

LC 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 



  

  

  

   

    

    

   

   

   

   

    

   

   

   

    

    

   

    

   

Salamandridae 

Taricha granulosa 

Taricha rivularis 

Taricha sierrae 

Taricha torosa 

Rough-skinned newt 

Red-bellied newt 

Sierra newt 

Coast Range newt X 

SSC 

SSC13 

LC 

LC 

LC 

LC 

Squamata—Lizards 

Anguidae 

Elgaria coerulea coerulea 

Elgaria coerulea palmeri 

Elgaria coerulea principis 

Elgaria coerulea shastensis 

Elgaria multicarinata multicarinata 

Elgaria multicarinata scincicauda 

Elgaria multicarinata webbii 

Elgaria panamintina 

Anniellidae 

Anniella pulchra pulchra14 

Anniella pulchra nigra 

Crotophytidae 

Crotaphytus bicinctores 

Crotaphytus vestigium 

Gambelia copeii 

Gambelia sila 

Gambelia wislizenii 

San Francisco alligator lizard 

Sierra Nevada alligator lizard 

Northwestern alligator lizard 

Shasta alligator lizard 

California alligator lizard 

Oregon alligator lizard 

San Diego alligator lizard 

Panamint alligator lizard 

Silvery legless lizard 

Black legless lizard 

Great Basin collared lizard 

Baja California collared lizard 

Cope’s leopard lizard 

Blunt-nosed leopard lizard 

Long-nosed leopard lizard 

X 

X 

X 

X E 

SSC 

SSC 

SSC 

SSC 

E. FP 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

V 

LC 

LC 

LC 

LC 

LC 

E 

LC 

S 

S 

S 

S 
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Taxon1 

CDFG special 
Common name animal USFWS2 CDFW3 IUCN4 USFS5 BLM 

Squamata—Lizards 

Gekkonidae 

Coleonyx switaki 

Coleonyx variegatus abbotti 

Coleonyx variegatus variegatus 

Phyllodactylus nocticolus 

Helodermatidae 

Heloderma suspectum cinctum 

Iguanidae 

Dipsosaurus dorsalis 

Sauromalus ater 

Phrynosomatidae 

Callisaurus draconoides 

Petrosaurus mearnsi 

Phrynosoma blainvillii15 

Phrynosoma douglasii 

Phrynosoma mcallii 

Phrynosoma platyrhinos calidiarum 

Phrynosoma platyrhinos platyrhinos 

Sceloporus graciosus gracilis 

Sceloporus graciosus graciosus 

Sceloporus graciosus vandenburgianus 

Barefoot gecko X 

San Diego banded gecko X 

Desert banded gecko 

Peninsular leaf-toed gecko 

Banded Gila monster X 

Desert iguana 

Common chuckwalla 

Zebra-tailed lizard 

Banded rock lizard 

Coast horned lizard X 

Pigmy short-horned lizard 

Flat-tailed horned lizard X 

Southern desert horned lizard 

Northern desert horned lizard 

Western sagebrush lizard 

Northern sagebrush lizard X 

Southern sagebrush lizard 

T 

SSC 

SSC 

SSC 

SSC 

LC 

LC 

LC 

LC 

NT 

LC 

LC 

LC 

LC 

LC 

LC 

NT 

LC 

LC 

LC 

LC 

LC 

S 

S 

S 

S 

S 

S 

S 



    

    

   

    

    

    

   

   

   

    

    

   

   

    

   

    

    

    

  

  

  

  

Sceloporus magister uniformis16 Yellow-backed desert spiny lizard 

Sceloporus magister transversus Barred desert spiny lizard 

Sceloporus occidentalis becki Island fence lizard 

Sceloporus occidentalis biseriatus San Joaquin fence lizard 

Sceloporus occidentalis bocourtii Coast Range fence lizard 

Sceloporus occidentalis longipes Great Basin fence lizard 

Sceloporus occidentalis occidentalis Northwestern fence lizard 

Sceloporus occidentalis taylori Sierra fence lizard 

Sceloporus orcutti Granite spiny lizard 

Uma inornata Coachella Valley fringe-toed lizard X 

Uma notata Colorado Desert fringe-toed lizard X 

Uma scoparia Mojave fringe-toed lizard X 

Urosaurus graciosus Long-tailed brush lizard 

Urosaurus nigricaudus Baja California brush lizard 

Urosaurus ornatus Ornate tree lizard 

Uta stansburiana elegans Western common side-blotched lizard 

Uta stansburiana nevadensis Nevada common side-blotched lizard 

Uta stansburiana stansburiana Northern common side-blotched lizard 

Scincidae 

Plestiodon gilberti Gilbert’s skink 

Plestiodon skiltonianus skiltonianus Western skink 

Plestiodon skiltonianus interparietalis Coronado skink X 

Teiidae 

Aspidoscelis hyperythra Orange-throated whiptail X 

T E 

SSC 

SSC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

E 

NT S 

LC S 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC S 

LC S 
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Taxon1 Common name 
CDFG special 

animal USFWS2 CDFW3 IUCN4 USFS5 BLM 

Aspidoscelis tigris munda 

Aspidoscelis tigris stejnegeri 

Aspidoscelis tigris tigris 

Xantusiidae 

Xantusia gracilis 

Xantusia henshawi 

Xantusia riversiana 

Xantusia vigilis sierrae17 

Xantusia vigilis vigilis17 

Xantusia wigginsi 

Xantusia sp. “Yucca Valley” 

Xantusia sp. “San Jacinto” 

Squamata—Lizards 

California whiptail 

Coastal whiptail 

Great Basin whiptail 

Sandstone night lizard 

Henshaw’s night lizard 

Island night lizard 

Sierra night lizard 

Desert night lizard 

Baja California night lizard 

Yucca Valley night lizard 

San Jacinto night lizard 

X 

X 

X 

X 

SSC 

SSC 

SSC 

LC 

LC 

LC 

V 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

Boidae 

Charina bottae bottae 

Charina bottae umbratica 

Lichanura orcutti18 

Colubridae 

Arizona elegans candida 

Arizona elegans eburnata 

Arizona elegans occidentalis 

Bogertophis rosaliae 

Rubber boa 

Southern rubber boa 

California rosy boa 

Mojave glossy snake 

Desert glossy snake 

California glossy snake 

Baja California rat snake 

Squamata—Snakes 

X 

X 

X 

T 

SSC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

S 

S 



   

   

   

   

   

   

    

    

    

    

    

    

   

  

   

   

  

   

   

   

   

  

   

   

    

Chionactis occipitalis annulata Colorado shovel-nosed snake LC 

Chionactis occipitalis occipitalis Mojave shovel-nosed snake LC 

Chionactis occipitalis talpina Nevada shovel-nosed snake LC 

Coluber constrictor mormon Western yellow-bellied racer LC 

Contia longicauda Forest sharp-tailed snake LC 

Contia tenuis Common sharp-tailed snake LC 

Diadophis punctatus “Coastal CA”19 Ring-necked snake LC 

Diadophis punctatus “Eastern CA” Ring-necked snake LC 

Diadophis punctatus “Southern CA” Ring-necked snake X LC S 

Diadophis punctatus “Great Basin”20 Ring-necked snake SSC LC 

Hypsiglena chlorophaea Northern desert night snake LC 

Hypsiglena ochrorhyncha klauberi San Diego night snake LC 

Hypsiglena ochrorhyncha nuchulata California night snake LC 

Lampropeltis californiae Common kingsnake LC 

Lampropeltis multifasciata21 California mountain kingsnake X LC S S 

Lampropeltis zonata California mountain kingsnake LC S 

Masticophis f lagellum piceus22 Red coachwhip LC 

Masticophis f lagellum ruddocki San Joaquin coachwhip X SSC LC 

Masticophis fuliginosus Baja California coachwhip SSC LC 

Masticophis lateralis euryxanthus Alameda striped racer X T T LC 

Masticophis lateralis lateralis California striped racer LC 

Masticophis taeniatus Striped whipsnake LC 

Phyllorhynchus decurtatus Spotted leaf-nosed snake LC 

Pituophis catenifer affinis Sonoran gopher snake LC 

Pituophis catenifer annectens San Diego gopher snake LC 

(continued) 



        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Taxon1 

CDFG special 
Common name animal USFWS2 CDFW3 IUCN4 USFS5 BLM 

Squamata—Snakes 

Pituophis catenifer catenifer 

Pituophis catenifer deserticola 

Pituophis catenifer pumilis 

Rhinocheilus lecontei 

Salvadora hexalepis hexalepis 

Salvadora hexalepis mojavensis 

Salvadora hexalepis virgultea 

Sonora semiannulata 

Tantilla hobartsmithi 

Tantilla planiceps 

Thamnophis atratus atratus 

Thamnophis atratus hydrophilus 

Thamnophis atratus zaxanthus 

Thamnophis couchii 

Thamnophis elegans elegans 

Thamnophis elegans terrestris 

Thamnophis elegans vagrans 

Thamnophis gigas 

Thamnophis hammondii 

Thamnophis marcianus 

Thamnophis ordinoides 

Thamnophis sirtalis fitchi 

Pacific gopher snake 

Great Basin gopher snake 

Santa Cruz Island gopher snake X 

Long-nosed snake 

Desert patch-nosed snake 

Mojave patch-nosed snake 

Coast patch-nosed snake X 

Western ground snake 

Southwestern black-headed snake 

California black-headed snake 

Santa Cruz aquatic garter snake 

Oregon aquatic garter snake 

Diablo Range aquatic garter snake 

Sierra (western aquatic) garter snake 

Mountain terrestrial garter snake 

Coast terrestrial garter snake 

Wandering terrestrial garter snake 

Giant garter snake X 

Two-striped garter snake X 

Checkered garter snake 

Northwestern garter snake 

Valley garter snake 

SSC 

T T 

SSC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

V 

LC 

LC 

LC 

S S 



    

     

   

   

   

   

   

   

   

  

   

   

   

   

   

  

    

    

Thamnophis sirtalis infernalis23 

Thamnophis sirtalis tetrataenia 

Trimorphodon lambda 

Trimorphodon lyrophanes 

Leptotyphlopidae 

Rena humilis humilis25 

Rena humilis cahuilae 

Viperidae 

Crotalus atrox 

Crotalus cerastes cerastes 

Crotalus cerastes laterorepens 

Crotalus mitchellii 

Crotalus oreganus helleri26 

Crotalus oreganus lutosus 

Crotalus oreganus oreganus 

Crotalus ruber 

Crotalus scutulatus 

Crotalus stephensi 

Emydidae 

Emys marmorata marmorata27 

Emys marmorata pallida 

California red-sided garter snake 

San Francisco garter snake 

Sonoran lyre snake 

Peninsular lyre snake 

Southwestern blind snake 

Desert blind snake 

Western diamond-backed rattlesnake 

Mojave Desert sidewinder 

Colorado Desert sidewinder 

Speckled rattlesnake 

Southern Pacific rattlesnake 

Great Basin rattlesnake 

Northern Pacific rattlesnake 

Red diamond rattlesnake 

Northern Mojave rattlesnake 

Panamint rattlesnake 

Testudines 

Northern western pond turtle 

Southern western pond turtle 

X 

X 

X 

X 

X 

E 

SSC24 

E, FP 

SSC 

SSC 

SSC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

LC 

V 

V 

S 

S 

S S 
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Taxon1 Common name 
CDFG special 

animal USFWS2 CDFW3 IUCN4 USFS5 BLM 

Testudines 

Kinosternidae 

Kinosternon sonoriense 

Testudinidae 

Gopherus agassizii 

Sonora mud turtle 

Mohave Desert tortoise 

X 

X T 

SSC 

T 

V 

V 

1. Species, subspecies, or Distinct Population Segment (DPS). 
2. E: Endangered; T: Threatened. 
3. E: Endangered; T: Threatened; FP: Fully Protect; SSC: 

Species of Special Concern. 
4. E: Endangered; V: Vulnerable; NT: Near Threatened; LC: 

Least Concern; DD: Data Deficient. 
5. S: Sensitive. 
6. Frost et al. (2006a) recommend placing all California 

bufonids except Bufo alvarius in the genus Anaxyrus. Frost et al. 
(2009b) recommend that B. alvarius be placed in the genus 
Incilius. 

7. Recuero et al. (2006a, 2006b) propose breaking Pseudacris 
regilla (sensu lato) into three distinct species. This proposal has 
not been widely accepted because the range boundaries of the 
three taxa are poorly characterized and significant haplotype 
sharing exists across these putative lineages that has not been 
studied. 

8. This frog was widely introduced in California at one point, 
though presumed native populations were also present. The 
taxon may now be extirpated. 

9. Frost et al. (2006a) recommend placing Rana pipiens and 
R. muscosa in the genus Lithobates. 

10. It is likely that any populations on the eastern side of 
the Warner Mountains are actually Rana luteiventris. However, 
no specimens or data exist to clarify this issue. Until new data 
become available, R. luteiventris cannot be definitively included 
as a member of the Californian herpetofauna. 

11. Following Rissler and Apodaca (2007). 
12. An Owens Valley population was formerly presumed to be 

an undescribed taxon and has become widely recognized in the 
conservation community. Rovito (2010) refutes its status as a 
distinct lineage and we include the Owens Valley populations 
with Hydromantes platycephalus. 

13. Status applies only to Monterey County, CA, and 
south. 

14. Papenfuss and Parham (2013) proposed splitting Anniella 
pulchra in California into five species. 

15. Leaché et al. (2009) revised the Phrynosoma coronatum 
complex, placing California populations of P. coronatum into 
P. blainvilli. 

16. Schulte et al. (2006) propose that the Sceloporus magister 
subspecies be elevated to full species. This was refuted by 
Leaché and Mulcahy (2007). 

17. Leavitt et al. (2007) find a significant genetic structure 
within the Xantusia vigilis complex. Taxonomic revisions may 
occur in the near future within this clade. 

18. Wood et al. (2008) divided the rosy boas into two species, 
Lichanura orcutti and L. trivirgata. Their mitochondrial data 
indicate that L. trivirgata is present in extreme southern 
California, though newer unpublished nuclear data suggest that 
the species break actually occurs farther south, in Baja 
California, Mexico (D. Wood, pers. comm.). 

19. Feldman and Spicer (2006) and Fontanella et al. (2008) 
find evidence for lineages that are not concordant with 

previously described subspecies boundaries. We follow the 
lineage designations from the latter study. 

20. The Great Basin clade includes animals formerly 
assigned to Diadophis punctatus regalis. The SSC status refers 
only to populations occurring at isolated desert springs in 
Southern California. 

21. Mountain kingsnake taxonomy is in f lux. Rodríguez-
Robles et al. (1999b) refute the formerly recognized subspecies 
and find evidence for four distinct lineages. Myers et al. (2013) 
find evidence for two species (the arrangement that we follow 
here). Lampropeltis multifasciata contains the former southern 
subspecies Lampropeltis zonata parvirubra and L. z. pulchra. The 
conservation status applies to these two subspecies 

22. Nagy et al. (2004) propose combining Masticophis into 
the genus Coluber. 

23. Southern populations of this subspecies may represent a 
distinct taxon and are currently under study (C. Mahrdt, pers. 
comm., E. Ervin, pers. comm.). 

24. SSC status applies to only the southern portion of the 
range. 

25. Adalsteinsson et al. (2009) propose placing California 
Leptotyphlops in the genus Rena. 

26. Some authors treat the subspecies of Crotalus oreganus as 
distinct species. 

27. Some authors place the western pond turtles in the 
monotypic genus Actinemys. Spinks et al. (2014) recommend 
elevating both pond turtle subspecies to species status. 



   

        
         

     
        

      
      
       

      
       
        

       
      

       
        

        
       

       
         

         
        

       
          

           
       

      
      

 
 

 

APPENDIX 2 

Public Comment Announcement 

We solicited public comment on this project by post-
ing the announcement on the right on the websites 
of the following organizations: California Depart-
ment of Fish and Wildlife, Center for North Ameri-
can Herpetology, Ecological Society of America 
(ECOLOG-L), Partners in Amphibian and Reptile 
Conservation, and The Wildlife Society. In addition, 
we circulated the announcement widely to col-
leagues via email. Following the public comment 
period, we also contacted experts on each taxon 
under consideration to request advice, data, and 
reviews of early drafts of this document. 

California’s list of Amphibian and Reptile Species of 
Special Concern (ARSSC) is a critical component of the 
management and protection of amphibians and reptiles 
in the state. The current California ARSSC list is 
undergoing a complete revision to better reflect those 
taxa that require some measure of conservation to stabi-
lize populations and avoid future listing under the Cali-
fornia Endangered Species Act. To date, the ARSSC 
revision team has developed a set of risk metrics, com-
piled a list of nominee taxa, and completed a prelimi-
nary risk assessment for each nominee based on litera-
ture reviews and locality information. Now, we need 
your help to make sure that we have the most accurate 
and complete list possible of SSC for potential inclusion 
in the final list. The best list will require input from as 
many knowledgeable biologists as possible. If you have 
data, well-documented field experience, or unpublished 
observations that are relevant to California’s amphibian 
and reptile fauna, we invite you to share them with us. 

Further details, risk assessments, and instructions for 
submitting feedback are available at http://arssc 
.ucdavis.edu. The public comment period closes August 
31st, 2009. 

Bob Thomson 
Amber Wright 
Brad Shaffer 

Center for Population Biology 
University of California 
Davis, CA 95616 
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APPENDIX 3 

Watch List 

The watch list comprises taxa that were previously, 
but are no longer, considered Species of Special Con-
cern. Here we include an explanation for each taxon’s 
change in status and discuss future conservation 
concerns regarding Watch List taxa. 

California tiger salamander 

(Ambystoma californiense) 

Jennings and Hayes (1994a) identified this species 
as the highest-concern vernal pool-breeding amphib-
ian in the state. In keeping with this assessment and 
recent research documenting its decline range-wide, 
A. californiense was listed under the California 
Endangered Species Act as a Threatened species in 
2010, superseding Species of Special Concern sta-
tus. See Bolster (2010) for the CDFW’s recent status 
review. The species was also listed under the federal 
Endangered Species Act in 2000 (Santa Barbara; 
Endangered), 2003 (Sonoma; Endangered), and 
2004 (Central;Threatened), as three separate Dis-
tinct Population Segments. Recent multi-locus phy-
logeographic work indicates that the Central Distinct 
Population Segment is composed of two separate 
lineages from the Inner Coast Range and Central 
Valley and that these may be best considered as sepa-
rate units with different management needs 
(J. Johnson and B. Shaffer, unpublished data). 

Orange-throated whiptail 

(Aspidoscelis hyperythra) 

This taxon was included by Jennings and Hayes 
(1994a) primarily because of habitat loss within its 

relatively narrow range. We place it on the Watch List 
because, thus far, it appears to tolerate habitat frag-
mentation better than many similarly distributed 
taxa, including the red diamond rattlesnake (Crotalus 
ruber), coast patch-nosed snake (Salvadora hexalepis 
virgultea), and California glossy snake (Arizona ele-
gans occidentalis), all of which have experienced more 
severe declines;and it remains relatively common in 
many areas throughout its range. It is possible that 
further development and habitat fragmentation could 
cause more severe declines, so this taxon should be 
periodically reevaluated. 

Baja California rat snake 

(Bogertophis rosaliae) 

Jennings and Hayes (1994a) included the B. rosaliae 
primarily as a precaution. Virtually nothing was 
known about the species in California except that, if 
it ever naturally occurred in the state, it was probably 
rare and restricted in distribution (only a single speci-
men has ever been recorded). In the intervening 
time, no additional specimens have been reported, 
and no new information has become available for this 
species. If this species is found to be a native compo-
nent of the California fauna, the conservation status 
should be reevaluated when more is known about the 
populations and habitat of the snake in California. 

Yellow-blotched ensatina 

(Ensatina eschscholtzii croceater) 

Jennings and Hayes (1994a) included this taxon pri-
marily over concerns about land use changes within 
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its small range. We shared several of these concerns, 
although the severity of these threats appears to have 
decreased since 1994. As long as the planned preser-
vation areas at Tejon Ranch remain in effect, a large 
amount of E. e. croceater habitat will remain pro-
tected, so designation as a Species of Special Con-
cern may not be necessary. We include E. e. croceater 
on the Watch List to encourage reevaluation of habi-
tat availability for this taxon in the future. 

Large-blotched ensatina 

(Ensatina eschscholtzii klauberi) 

Jennings and Hayes (1994a) included this taxon pri-
marily over concerns about ongoing development 
within its range. We agree that development has had, 
and is continuing to have, an impact on this species, 
although the severity of these impacts appears to be 
significantly less than those being experienced by 
other taxa with similar ranges. Further, the large-
blotched Ensatina appears to be commonly found 
with stable populations throughout significant areas 
of its range, including protected parklands. If the 
extent of development increases within this salaman-
der’s range, it may become necessary to reconsider 
special concern status and more active management. 

Mount Lyell web-toed salamander 

(Hydromantes platycephalus) 

This taxon was included by Jennings and Hayes 
(1994a) as a precaution, based on its patchy distribu-
tion and suspected susceptibility to local extirpa-
tions. We do not include H. platycephalus at this time 
because, although it is patchily distributed, the spe-
cies appears to be stable throughout most of its range 
and is not experiencing appreciable risk from habitat 
disturbance (Wake and Papenfuss 2005). Additional 
populations have been found since the early 1990s, 
and the species appears to be relatively common at 
many sites. Although it is a California endemic, has 
a moderately small range, and is a narrow ecological 
specialist, this species does not appear to be cur-
rently at risk of immediate decline (Wake and Papen-
fuss 2005). 

Owens Valley web-toed salamander 

(Hydromantes platycephalus) 

The Owens’ Valley populations of H. platycephalus 
were included by Jennings and Hayes (1994a) as a 
precaution, both because little was known about the 
population biology of this elusive salamander and 
because it was strongly suspected that it was a dis-
tinct taxon. Research completed since 1994 suggests 
that these populations do not form a distinct lineage 

but instead are part of the more broadly distributed 
H. platycephalus lineage (Rovito 2010). As with H. 
platycephalus, additional localities have been found 
and populations appear to be stable, leading us to 
conclude that Species of Special Concern designa-
tion is not required at the present time (Wake and 
Papenfuss 2005). 

Southern California mountain kingsnakes 

(Lampropeltis zonata parvirubra and L. z. pulchra) 

The two southern California subspecies L. z. parvi-
rubra and L. z. pulchra were considered Species of 
Special Concern by Jennings and Hayes (1994a) on 
the basis of suspected declines due to illegal collect-
ing and habitat destruction from some collectors. We 
agree that this has occurred, although the current 
scale of exploitation does not appear to threaten this 
species’ long-term survival. We placed the species on 
the Watch List in recognition that collection pressure 
and/or habitat destruction could cause the need to 
provide additional protections in the future. 

Santa Cruz Island gopher snake 

(Pituophis catenifer pumilis) 

Jennings and Hayes (1994a) included this taxon pri-
marily because of its small range (it is restricted to 
Santa Cruz and Santa Rosa islands) and threats from 
feral ungulates and pigs. We removed this species 
from special concern status because the invasive 
mammals causing the primary threats have been 
removed from the largest part of the range, Santa 
Cruz Island (USNPS 2010). This island is also well 
protected from future development because it is a 
national park. 

Coronado skink 

(Plestiodon skiltonianus interparietalis) 

Jennings and Hayes (1994a) included P. s. interpari-
etalis primarily because it has a relatively restricted 
range and has disappeared from some areas. As with 
Aspidoscelis hyperythra, we agree that some declines 
have occurred, although their severity appears to be 
modest. If these declines continue, further protec-
tions may be warranted in the future. 

Del Norte salamander 

(Plethodon elongatus) 

Jennings and Hayes (1994a) included the Del Norte 
salamander because of concerns regarding habitat 
specialization by inland populations and the poten-
tial for timber harvest to destroy these habitats. 
Although these are valid concerns, as well as for two 
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close relatives of P. elongatus, the Scott Bar salaman-
der (Plethodon asupak) and Siskiyou Mountains sala-
mander (P. stormi), population status across most of 
the range of this taxon appears to be stable. Inland 
populations are patchy and likely more vulnerable to 
habitat degradation, which is why we place this taxon 
on our Watch List (H. Welsh, pers. comm.). 

Mountain yellow-legged frogs 

(Rana muscosa and R. sierrae) 

Mountain yellow-legged frogs were designated as 
Species of Special Concern by Jennings and Hayes 
(1994a) under the name R. muscosa. Vredenburg et 
al. (2007) divided R. muscosa (sensu lato) into two 
species on the basis of morphometric measure-
ments, differences in advertisement call, and mito-
chondrial DNA: the Sierra Madre yellow-legged frog 
(R. muscosa) in the south and the Sierra Nevada yel-
low-legged frog (R. sierrae) in the north. Both species 
were state listed in 2013, superseding Species of Spe-
cial Concern status. See Bonham and Lockhart 
(2011) for the CDFW’s recent status review of these 
taxa. 
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APPENDIX 4 

Additional Taxa in Need of Research and 
Monitoring 

We identified the following taxa that did not qualify 
for Species of Special Concern status but nonethe-
less would benefit from some level of additional 
research and/or monitoring. We provide a brief 
description of our concerns for each of these taxa 
below. 

Orange-throated whiptail 

(Aspidoscelis hyperythra) 

Aspidoscelis hyperythra occurs in California in a rela-
tively narrow region of southern California. Much of 
its available habitat has been destroyed or is threat-
ened by ongoing urbanization and development. 
Further, many of the areas where habitat persists 
have become fragmented by development in inter-
vening areas. The taxon remains locally common in 
several areas, although this should be reevaluated 
periodically. Further habitat modification could lead 
to more declines that warrant additional protections. 
Additional threats may arise from increasing inten-
sity and/or frequency of wildfire in the region. 

San Gabriel Mountains slender salamander 

(Batrachoseps gabrieli) 

Batrachoseps gabrieli occurs in a small area in Los 
Angeles and San Bernardino Counties (Stebbins 
2003). Very few localities are known for this taxon, 
and its range is probably not fully characterized 
(Goodman et al. 1998, Hansen et al. 2005d). The 
salamander appears to be limited to talus slopes in 
the vicinity of oak, big cone spruce, and pine (Wake 
1996, Goodman et al. 1998). It exhibits limited sur-

face activity and appears to specialize on an environ-
ment that is unlikely to be developed. This species’ 
known range lies within the boundaries of the Ange-
les and San Bernardino National Forests and appears 
to be well protected at the present time. However, 
other narrowly distributed species of Batrachoseps 
have undergone large and unexplained declines, and 
it is possible that similar declines could occur for 
this species (Jennings and Hayes 1994a). For this 
reason, periodic monitoring and reevaluation of sta-
tus of B. gabrieli is warranted. 

Baja California rat snake 

(Bogertophis rosaliae) 

Bogertophis rosaliae is known only from a single road-
killed specimen in California along Interstate 8 
(specimen SDNHM 64416). It is unclear if this rep-
resents an escaped or discarded pet, a rare migrant 
from the known range farther south in Baja Califor-
nia, Mexico, or a regular, infrequently encountered 
component of the California reptile fauna. If a popu-
lation does exist in California, ongoing development 
along the border in both the United States and Mex-
ico is likely to isolate these populations from the 
main part of the range, which occurs farther south. 
If so, the California populations could be susceptible 
to stochastic effects associated with small popula-
tions, as well as habitat loss from development. In 
some areas this species appears to be associated with 
palm oases, which are uncommon habitat patches, 
so any degradation of this habitat may have severe 
impacts on the taxon. 
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If this species is native to California, it appears to 
be encountered exceedingly rarely and is never 
reported. Given this complete uncertainty concern-
ing its status and validity as a native element of the 
California fauna, we place this taxon on the Watch 
List, primarily to highlight research needs. Surveys 
for this taxon should be encouraged, although in the 
absence of additional data, specimen collection 
should be strictly limited to only what is needed to 
learn more about its natural history and status 
within the state. However, we emphasize that tissue 
samples might help determine if any California 
specimens are native or introduced. 

Yellow-blotched ensatina 

(Ensatina eschscholtzii croceater) 

Ensatina eschscholtzii croceater occurs in a relatively 
small area of Kern and Ventura Counties in south-
ern California. Some localized populations may have 
undergone declines or extirpations due to develop-
ment, although data on this are scarce. Workers have 
expressed concerns about land use practices and 
development in the Tehachapi Mountains, Bear Val-
ley, Cummings Valley, and Tejon Ranch, particularly 
in areas of oak woodlands (pers. comm. in Jennings 
and Hayes 1994a). One of the main concerns for this 
taxon was that a large fraction of its range occurs on 
property owned by the Tejon Ranch Company, the 
largest contiguous private landholding in California, 
and that this land would be developed in a way that 
was incompatible with the salamander’s survival. 
Since the previous evaluation, a large fraction of 
Tejon Ranch has been set aside for preservation— 
areas in which grazing, but not development, may 
continue (Tejon Ranch Conservancy 2008). In addi-
tion, many populations occur on National Forest and 
other public lands that are unlikely to experience 
intense habitat modification. The availability of suit-
able habitat should be monitored periodically, and 
habitat modification within its very restricted range 
should be avoided. 

Southern California mountain kingsnake 

(Lampropeltis zonata “Southern Clade” or 
L. multifasciata) 

The southern clade of L. zonata includes the for-
merly recognized subspecies L. z. pulchra and L. z. 
parvirubra (Rodríguez-Robles et al. 1999b), and has 
more recently been recognized at the species level as 
L. multifasciata (Myers et al. 2013). This snake spe-
cializes on rocky outcrop habitats occurring primar-
ily in a variety of woodland and chaparral habitats 
from sea level to nearly 3000 m (Stebbins 2003). It is 

a popular species among herpetoculturists and col-
lectors, and some have voiced concerns that habitat 
destruction has caused localized declines. Overzeal-
ous collection of this snake does tend to destroy the 
microhabitats within rocks, which can degrade 
the quality of sites for a long period of time, although 
the species exhibits a relatively narrow window of 
surface activity, and much of its habitat may be rela-
tively inaccessible to collectors. Staub and Mulks 
(2009) surveyed the Mount Laguna region, San 
Diego County, from 2006 to 2008 and found that 
75% of all rock piles surveyed had some degree of 
damage. They concluded that collecting is ongoing 
and is not restricted to the vicinity of roads, support-
ing the concerns that the intensity of ongoing col-
lecting could harm this species. Managers should be 
wary of signs of habitat destruction, stemming from 
either collectors or other sources, particularly in 
areas that experience heavy human traffic such as 
Mount Laguna. If surveys demonstrate that these 
collecting activities are depleting populations, fur-
ther management and enforcement of existing col-
lecting prohibitions may be needed. 

Del Norte salamander 

(Plethodon elongatus) 

Plethodon elongatus occurs from the California–  
Oregon border south into Humboldt and Trinity 
Counties. Optimal habitat for this taxon appears to 
be late-successional and mature forests, which may 
be increasingly impacted by timber harvest in the 
coming years (Welsh and Lind 1995; H. Welsh, pers. 
comm.). Prior to 2002, this species was managed 
under the Northwest Forest Plan (Welsh and Bury 
2005, Survey and manage program 2010). These 
protections have now been removed, although much 
of the habitat that supports this taxon remains pro-
tected under the Plan (Northwest Forest Plan 1994). 
Monitoring efforts should focus on the impact of 
timber harvest on this species’ ability to persist, par-
ticularly at inland sites. 

Western black-headed snake 

(Tantilla planiceps) 

The natural history of T. planiceps is poorly under-
stood in California. We have almost no information 
concerning this species’ natural history, habitat 
requirements, or population densities. The snake 
seems to be patchily distributed and rarely seen, 
making the detection of population declines or extir-
pations difficult. In addition, much of its range 
occurs in areas that have experienced heavy develop-
ment and habitat modification. Some workers have 
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suggested that changing wildfire regimes in south-
ern California could be having a negative impact on 
this species; however, relevant data are very sparse. 
An important priority for this taxon is an increased 
research effort focused on distribution and habitat 
surveys so that its ecological requirements and popu-
lation dynamics can be better characterized. As 
populations are discovered, tissue samples should be 
collected for molecular analyses of the degree of iso-
lation and differentiation of these apparently dis-
junct populations. 

Baja California night lizard 

(Xantusia wigginsi) 

Xantusia wigginsi was not known to be a part of the 
California lizard fauna until recent genetic studies 
established its presence in extreme southern Califor-
nia (Leavitt et. al. 2007). Virtually nothing is known 
about this taxon’s range, life history, habitat require-
ments, or conservation status within California. 
Further research on this species is needed before 
assessments of its conservation status and manage-
ment needs can be made. 
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glossary 

adpressed limbs Position of the limbs such that 
the forelimbs are pressed backwards against the 
trunk of the animal, and the hind limbs are 
pressed forward against the trunk. The distance 
between adpressed limbs, a character which 
measures the relative limb length with respect to 
the trunk length, is usually best measured in 
preserved specimens, since the limbs may be 
damaged in living animals. 

allopatric Occurring in separate areas;refers to 
species ranges that do not overlap 

allozyme Alleles of an enzyme that vary in their 
speed of migration through an electrophoretic 
gel. A common way to quantify genetic variation 
before DNA sequencing became routine. 

amplexus Mating behavior in many aquatic 
anurans and some salamanders in which the 
male grasps the female with the front legs. 

bd Batrachochytrium dendrobatidis. A pathogenic 
fungus that causes the disease chytridiomycosis 
in many amphibians. 

carapace The dorsal half of a turtle shell. 

costal grooves Lateral indentations along the 
trunk of many salamanders. 

critical thermal maximum The temperature 
above which a given species ceases to be able to 
maintain normal body function. Extended 
temperatures above this point generally lead to 
death. 

critical thermal minimum The temperature 
below which a given species ceases to be able to 
maintain normal body function. Extended 
temperatures below this point generally lead to 
death. 

cryptic taxa Evolutionarily distinct lineages that 
are morphologically conserved and are difficult to 
distinguish from one another on the basis of 
morphology alone. 

diapause A delay in the life cycle of an organism, 
often occurring in response to adverse 
environmental conditions. 

dorsolateral folds Ridges of the skin that run 
along either side of the back in many frogs. 

extant A taxon that is still in existence, opposite of 
extinct. 

hibernaculum A place used by one or more 
individuals to hibernate or undergo a period of 
dormancy. Frequently used to refer to areas that 
house many hibernating individuals of the same 
species, especially sites that are used repeatedly 
over many years. The plural is hibernacula. 

introgression Transfer of genetic molecules 
from one species to another. In our usage, this 
most commonly refers to the transfer of the 
mitochondrial genome among species due to 
hybridization. 

isolation by distance The genetic signature that 
tends to arise from the tendency of individuals 
within a population to mate with nearby 
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individuals, eventually leading to the gradual 
accumulation of genetic differentiation across the 
landscape. 

keeled A spine or ridge structure that runs along 
the central axis of a scale or scute. 

late-seral Used to describe forests that are in a 
later stage of succession. Typified by the presence 
of large, old (>100 years) trees in the overstory. 

microsatellite Short repetitive regions in the 
DNA that often exhibit a large amount of 
variation due to the very high rate of mutation in 
these regions of the genome. Frequently 
employed to measure population genetic variation 
within species, because their high mutation rate 
allows them to track changes in gene flow and 
population size quickly. 

mtdna An abbreviation for mitochondrial DNA, 
the separate chromosome found in the 
mitochondria of all plants and animals. Until 
recently, it has been the standard molecule of 
choice for most systematic, population genetic, 
and phylogeographic research. 

nasolabial grooves Characteristic grooves that 
run from each naris (external nostril) down to 
the upper lip in plethodontid salamanders. 

nuchal Relating to or lying in the region of the 
nape. 

ocellus An eye-like spot. 

oviparous A mode of reproduction in which 
embryos develop inside of eggs. 

ovoviviparous A mode of reproduction in 
which embryos develop inside of eggs which 
are retained in the mother’s body until 
hatching. 

paedomorphosis The retention of larval traits 
into adulthood. In ambystomatid and 
dicamptodontid salamanders, it is also used to 
refer to reproduction in the larval condition. 

paraphyletic A group of taxa, all descending from 
of a common ancestor, that does not contain all 
descendants of that ancestor. For examples, 
“reptiles” as traditionally defined are paraphyletic 
because they do not contain birds as a contained 
taxon. 

paratoid glands External skin glands that lie 
along the back of the head or neck region and are 
prominent in most toads and several species of 
salamander. 

pca Principle component analysis. A multivariate 
ordination approach that reduced the variability 
among large sets of measured variables down to a 
(usually) smaller number of independent 
(orthogonal) variables. 

pit tag Passive integrated transponder tag. A small 
injectable tag that emits a unique electronic 
signal that can be read using specialized 
instruments. A frequently used method for 
uniquely labeling individual organisms in a 
population. 

plastron The ventral part of a turtle shell. 

polytypic Having several morphological forms. 
These may or may not correspond to evolutionary 
lineages. 

pond type larvae Salamander larvae that develop 
in ponds are characterized by having relatively 
large long fins associated with a relatively strong 
swimming ability. 

scute An enlarged scale, such as those on a turtle 
shell. 

scl Straight carapace length. The distance from 
the anterior to the posterior end of the carapace 
taken along the midline and measured as a 
straight distance (i.e., not measuring along the 
curvature of the shell). A standard way of 
measuring body length in turtles. 

snp Single nucleotide polymorphism. A 
homologous nucleotide position in a DNA 
sequence that is variable among conspecific 
individuals. SNPs are increasingly used instead 
of allozymes, microsatellites, and mtDNA for 
population genetic and species delimitation 
studies. 

stream type larvae Salamander larvae that 
develop in streams are typically smaller than 
pond type larvae and have smaller tail fins. 
Behaviorally, they tend not to swim in the open 
water and instead remain near the substrate. 

svl Snout to vent length. The distance from the tip 
of the snout to the anterior edge of the cloaca. A 
standard way of measuring length in many 
amphibians and reptiles. 

tl Total length. The distance from the tip of the 
snout to the end of the tail. 

viviparous A mode of reproduction in which 
females give birth to live young that are not 
retained in shelled eggs (compare with 
ovoviviparous). 
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Note: Page number followed by (f), (m), and (t) indicates figure, map, and table respectively. 

agricultural runoff, 116, 122 
agrochemicals, 75, 110 
Ambystoma californiense, 38, 42, 368 
Ambystoma macrodactylum sigillatum, 136–41, 136(f) 

breeding activity and egg laying, 138 
breeding season, 139 
courtship, pattern of, 138 
diet of, 139 
disease and environmental contaminants, 140 
distribution of, 137(m), 139–40 
effects of climate change on, 140 
habitat requirements for, 139 
hibernation, 138 
identification of, 136–38 
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life history of, 138–39 
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migration to breeding habitat, 138 
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as Priority 2 Species of Special Concern, 136 
ranavirus infections, 140 
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reproduction, 138 
risk factors, 136(t) 
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status of, 136, 141 
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threats faced by, 140 
trends in abundance, 140 
upland habitat, 139 

amphibians and reptiles, management of, 39–43 
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Monitoring guide, 43 
in California, 355(t)–366(t) 
mitigating effects of roads, 41–42 
protection of 

aquatic habitats, 39–40 
terrestrial habitat patches, 40–41 

translocation of animals, 42–43 
Aneides flavipunctatus niger, 142–46, 142(f) 

allozyme studies of, 144 
breeding activity and egg laying, 144 
distribution of, 143(m), 144–45 
effects of climate change on, 145 
habitat requirements, 144 
identification of, 142–44 
life history of, 144 
management of, 145 
mitochondrial DNA analysis, 144 
monitoring, research, and survey needs, 145–46 
as Priority 3 Species of Special Concern, 142 
risk factors, 142(t) 
status of, 142, 145 
streamside microhabitats, 144 
taxonomy of, 144 
threats faced by, 145 
trends in abundance, 145 

Anniella pulchra, 186–91, 186(f) 
breeding season, 188 
climate change, impact of, 190 
distribution of, 187(m), 189 
feeding ecology of, 188 
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genetic markers, 191 
gestation period, 188 
habitat requirements, 188–89 
habitat suitability for, 189 
human-disturbed habitats, 190 
identification of, 186–88 
life history of, 188 
management of, 190 
mating activity, 188 
microhabitat suitability, 189 
mitochondrial DNA analysis, 188 
monitoring, research, and survey needs, 190–91 
movement ecology, 188 
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risk factors, 186(t) 
sexual maturity, 188 
status of, 186, 190 
surface activity, 188 
taxonomy of, 188 
threats faced by, 189–90 
trends in abundance, 189 

Anza-Borrego Desert State Park, 248–49 
Apalone spinifera, 302, 307 
aquatic habitats, in California, 31 

acidification of, 73 
aquatic invasive predators, 31 
aquatic invertebrates, 307 
Argentine ant. See Linepithema humile 
Arizona elegans candida, 257 
Arizona elegans eburnata, 257 
Arizona elegans occidentalis, 255–59, 255(f), 368 

breeding activity and egg laying, 257 
coloration of, 255 
distinctiveness of, 257 
distribution of, 256(m), 258 
ecological specialization and endemism, 258 
habitat requirements, 257–58 
identification of, 255 
life history of, 257 
management of, 259 
monitoring, research, and survey needs, 259 
pitfall trapping of, 258 
population sizes, 259 
prey of, 257 
as Priority 1 Species of Special Concern, 255 
reproductive activity, 257 
risk factors, 255(t) 
status of, 255, 258–59 
taxonomy of, 257 
threats faced by, 258 
trends in abundance, 258 

Arroyo toad. See Bufo californicus 
Ascaphus truei, 51–58, 51(f) 

breeding behavior, 53 

climate change, impact of, 55 
clutch size, 53 
distribution of, 52(m), 55 
habitat requirements, 53–55 
identification, 51–53 
larvae of, 51, 55 
life history, 53 
management recommendations, 57 
marijuana cultivation and, 57 
monitoring, research, and survey needs, 57–58 
population decline, 55 
risk factors, 51(t) 
road construction, impact of, 56 
sensitivity to warm temperatures, 54 
sexual maturity of, 53 
status determination, 57 
status summary, 51 
in streams, 54 
taxonomic relationships, 53 
thermal tolerances of, 54 
threats faced by, 55–57 
timber harvesting, impact of, 56 
time to metamorphosis, 53 
trends in abundance, 53 

Aspidoscelis hyperythra, 368–69, 371 
habitat destruction, impact of, 371 

Aspidoscelis tigris stejnegeri, 192–96, 192(f) 
distribution of, 193(m), 195 
habitat loss and fragmentation, 195 
habitat requirements for, 194–95 
identification of, 192–94 
life history of, 194 
management of, 196 
monitoring, research, and survey needs, 196 
population size, 196 
as Priority 2 Species of Special Concern, 192 
reproductive activity, 194 
risk factors, 192(t) 
status of, 192, 196 
taxonomy of, 194 
threats faced by, 195 
trends in abundance, 195 

assisted migration, importance of, 231 
Association of Fish and Wildlife Agencies, 44 

Baja California coachwhip. See Masticophis fuliginosus 
Baja California night lizard. See Xantusia wigginsi 
Baja California Peninsula, 300 
Baja California rat snake. See Bogertophis rosaliae 
Batrachochytrium dendrobatidis (Bd), 45, 68, 73, 82, 91, 

96–99, 104, 116–17, 122, 140–41, 184, 375 
Batrachoseps campi, 147–50, 147(f) 

distribution of, 148(m), 149 
elevational range of, 149 
habitat requirements for, 149 

378     index 



     

 

 
 

 

 

identification of, 147–49 
life history of, 149 
management of, 150 
monitoring, research, and survey needs, 150 
as Priority 3 Species of Special Concern, 147 
risk factors, 147(t) 
status of, 147, 150 
surface activity of, 149 
taxonomy of, 149 
threats faced by, 149–50 
trends in abundance, 149 

Batrachoseps gabrieli, 371 
Batrachoseps minor, 151–55, 151(f) 

distribution of, 152(m), 153 
DNA sequences, 154 
effect of invasion of exotic plants on, 154 
habitat modification, 154 
habitat requirements for, 153 
identification of, 151–53 
life history of, 153 
management of, 154 
mitochondrial DNA analysis, 153 
monitoring, research, and survey needs, 154–55 
as Priority 1 Species of Special Concern, 151 
risk factors, 151(t) 
sensitivity to habitat, 154 
status of, 151, 154 
taxonomy of, 153 
threats faced by, 153–54 
trends in abundance, 153 

Batrachoseps relictus, 156–60, 156(f) 
aquatic microhabitats of, 159 
distinctiveness of, 158 
distribution of, 157(m), 159 
effects of climate change on, 159–60 
habitat degradation from road construction, 159 
habitat requirements for, 159 
identification of, 156–58 
life history of, 158–59 
management of, 160 
mitochondrial DNA analysis, 158 
monitoring, research, and survey needs, 160 
as Priority 1 Species of Special Concern, 156 
risk factors, 156(t) 
status of, 156, 160 
surface activity of, 159 
taxonomy of, 158 
threats faced by, 159–60 
trends in abundance, 159 
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Breckenridge Mountain, 158–60 

Breeding Bird Surveys, 47 
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effect of 
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Bufo canorus, 69–76, 69(f) 
breeding activity and egg-laying, 71–72 
breeding choruses, 71 
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disease outbreaks, 73, 75 
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Bureau of Land Management, 5 

California Aquatic Invasive Species Management 
Plan, 40 

California Climate Action Team, 44 
assessments of, 11 

California Coastal Act (1976), 83 
California Department of Fish and Wildlife (CDFW), 

4, 6, 19 
Biogeographic Information and Observation 

System, 16 
Geographic Information System, 16 

California Endangered Species Act, 4–6, 8, 14, 19, 33, 
231, 368 

California Environmental Quality Act, 5, 36 
California Essential Habitat Connectivity Project, 41 
California Floristic Province, 4 

California giant salamander. See Dicamptodon ensatus 
California glossy snake. See Arizona elegans occidentalis 
California kangaroo rat. See Dipodomys californicus 
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1. INTRODUCTION 

1.1 INTRODUCTION 

The California Environmental Quality Act (CEQA) requires evaluation of the 
environmental impacts, including air quality impacts, of proposed projects.  CEQA 
applies to all discretionary activities proposed or approved by California public agencies, 
unless an exemption applies.  The Ventura County Air Quality Assessment Guidelines 
(Guidelines) is an advisory document that provides lead agencies, consultants, and project 
applicants with a framework and uniform methods for preparing air quality evaluations 
for environmental documents. 

The Guidelines recommend specific criteria and threshold levels for determining whether 
a proposed project may have a significant adverse air quality impact.  The Guidelines also 
provide mitigation measures that may be useful for mitigating the air quality impacts of 
proposed projects.  It should be noted, however, that these are guidelines only, and their 
use is not required or mandated by the Ventura County Air Pollution Control District 
(APCD or District).  The final decision of whether to use these Guidelines rests with the 
lead agency responsible for approving the project. 

The Guidelines are available for purchase from the District by calling 805/645-1433, or 
they can be downloaded free of charge from the District website at 
http://www.vcapcd.org/pubs.htm.  This document is divided into eight chapters: 

• Chapter 1: Introduction 
• Chapter 2: Environmental Setting 
• Chapter 3: Air Quality Significance Thresholds 
• Chapter 4: Air Quality Management Plan Consistency 
• Chapter 5: Estimating Ozone Precursor Emissions 
• Chapter 6: Assessing Project-Specific, Localized, Non-Ozone Impacts 
• Chapter 7: Mitigation Measures 
• Chapter 8: General Conformity 

The Guidelines are not applicable to equipment or operations required to have Ventura 
County APCD permits (Authority to Construct or Permit to Operate).  APCD permits are 
generally required for stationary and portable (non-vehicular) equipment or operations 
that may emit air pollutants.  This permit system is separate from CEQA and involves 
reviewing equipment design, followed by inspections, to ensure that the equipment will 
be built and operated in compliance with APCD regulations.  The District has a two-step 
permit processing system.  An Authority to Construct must be obtained before initiating 
construction or installation of the equipment or operations subject to APCD permit 
requirements.  The second step of the process requires the applicant to apply for a Permit 
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to Operate upon completion of construction or installation authorized by an Authority to 
Construct. 

Moreover, the emissions from equipment or operations requiring APCD permits are not 
counted towards the air quality significance thresholds.  This is for two reasons.  First, 
such equipment or processes are subject to the District’s New Source Review permit 
system, which is designed to produce a net air quality improvement.  Second, facilities 
are required to mitigate emissions from equipment or processes subject to APCD permit 
by using emission offsets and by installing Best Available Control Technology (BACT) 
on the process or equipment. 

To determine whether or not the proposed equipment or operation requires an APCD 
Permit, contact the APCD Engineering Division at 805/645-1401.  Table 1-1 lists 
examples of equipment and operations that may require an APCD permit pursuant to the 
APCD Rules and Regulations.  See Appendix B, Common Equipment and Processes 
Requiring a Ventura County APCD Permit To Operate, for more a more detailed list of 
processes and equipment that require an APCD Permit to Operate. 

The District assists project applicants and lead agencies with preparation of 
environmental documents by providing air quality data and other needed information.  
The District also reviews and comments on air quality sections of environmental 
documents and prepares air quality sections of environmental documents for agencies 
upon request. 

The District may be involved in the CEQA process in several ways, as described below: 

Lead Agency - The District acts as a lead agency when it has the primary authority to 
implement or approve a discretionary project.  This typically occurs when air pollution 
rules and air quality plans are developed. 

Responsible Agency - The District acts as a responsible agency when it has discretionary 
approval authority over an aspect of a project, but does not have the primary discretionary 
authority of a lead agency.  As a responsible agency, the District may coordinate the 
environmental review process with the District’s permitting process. 

Commenting Agency - The APCD acts as a commenting agency for projects that have the 
potential to impact air quality and for which it is not a lead agency or a responsible 
agency.  To this end, the APCD regularly reviews and provides comments on 
environmental documents prepared by lead agencies. 
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TABLE 1-1 
EXAMPLES OF EQUIPMENT AND OPERATIONS 

THAT MAY REQUIRE AN APCD PERMIT 

Combustion Equipment 
 Boilers and process heaters 
 Engines 50 HP or greater 
 Gas turbines 
 Incinerators 

Equipment That Emit Dust or Other Particulate Matter 
 Concrete batch plants 
 Asphalt concrete plants 
 Rock, sand, and aggregate plants 
 Abrasive blasting operations 

Equipment and Processes That Emit Solvents or Other Reactive Organic Compounds 
(ROC) 
 Dry-cleaning machines 
 Gasoline tanks and dispensing facilities 
 Contaminated soil or groundwater remediation systems 
 General painting and coating operations 

Equipment and Processes That Emit Air Toxics or May Cause a Nuisance 
 Chrome plating operations 
 Operations such as spa, bathtub, or counter-top manufacturing that use polyester 

resins 
 Wood stripping operations that use methylene chloride 
 Agricultural produce fumigation chambers that use organic gases 

The District is available for consultation at any time during the project review and 
approval process.  At certain times, consultation is required by CEQA.  When the District 
has discretionary approval authority over an aspect of a project for which another public 
agency is serving as lead agency, the District should be consulted as a responsible agency.  
Moreover, CEQA requires and provides opportunities for District review before the 
preparation of the environmental document and during public review of the completed 
environmental document. 

The District encourages local jurisdictions to address air quality issues as early as 
possible in the project review process.  Local jurisdictions should work with project 
applicants on issues such as potential land use conflicts and site design to encourage 
transportation alternatives to the automobile.  Resolving land use and site design issues 
while a proposal is at the conceptual stage maximizes opportunities to incorporate 
measures to minimize a project’s air quality impacts.  By the time a project gets to the 
CEQA process, it may be more costly and time-consuming to redesign the project to 



VENTURA COUNTY AIR QUALITY ASSESSMENT GUIDELINES   

PAGE 1-4 OCTOBER 2003 

incorporate air quality mitigation measures.  Therefore, features benefiting air quality 
should be incorporated into a project before significant resources have been expended 
designing the project. 

In Ventura County, motor vehicles are the largest category of air pollutant emissions.  
Land use decisions are critical to air quality planning because land use patterns influence 
transportation usage.  The District encourages site planning that incorporates land use 
design features that benefit air quality.  Project applicants and consultants should consider 
land use design issues during project design to: 

• Encourage the development of higher density housing and employment centers near 
public transit corridors. 

• Encourage compact development featuring a mix of uses that locates residences near 
jobs and services. 

• Provide services such as food sales, banks, post offices, and other personal services 
within office parks and other large developments. 

• Encourage infill development. 

• Ensure that the design of streets, sidewalks, and bike paths within a development 
encourages walking and biking. 

• Orient building entrances toward sidewalks and transit stops. 

• Provide landscaping to reduce energy demand for cooling. 

• Orient buildings to minimize energy required for heating and cooling. 

1.2 BACKGROUND 

Air pollution is hazardous to human health.  It also diminishes the yield and quality of 
many agricultural crops, reduces atmospheric visibility, degrades soils and materials, and 
damages native vegetation.  State and national ambient air quality standards are 
established to protect public health and welfare, and minimize the effects mentioned 
above.  These standards pertain to pollutants in ambient air, the air that people breathe 
outside of buildings as they go about their daily activities. 

The federal government has established National Ambient Air Quality Standards 
(NAAQS) to protect public health (primary standards); and welfare, such as property and 
agriculture (secondary standards).  California has separate, more stringent standards.  
There are state and national standards for ozone (O3), carbon monoxide (CO), nitrogen 
dioxide (NO2), sulfur dioxide (SO2), particulate matter (PM), and lead (Pb).  In addition, 
California has standards for sulfates, hydrogen sulfide, vinyl chloride, and visibility-
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reducing particles.  Table 2-1, “Ambient Air Quality Standards,” presents federal and 
state ambient air quality standards.  Regions throughout the state and country are 
classified as being either attainment or nonattainment areas, depending on the number of 
times an air quality standard has been exceeded. 

The air pollutants of most concern in Ventura County are ozone and particulate matter.  
Ventura County is an attainment area for all standards presented in Table 2-1, “Ambient 
Air Quality Standards,” except the following: 

Ozone 1 Hour State and Federal:  Nonattainment 
 8 Hour Federal:  Not designated* 
PM10 24 Hour State:  Nonattainment** 
 Annual Average State:  Nonattainment** 
PM2.5 24 Hour Federal:  Not designated 
 Annual Average State and Federal:  Not designated 

*   The California Air Resources Board (ARB)has recommended to the  
      United States Environmental Protection Agency (U.S. EPA) a designation of 
      nonattainment for Ventura County. 

** The ARB has designated Ventura County a nonattainment area based upon the 
      state 24 hour and annual average PM10 standards 
 

Check the District website at http://www.vcapcd.org for the most current attainment 
status. 

Ozone, the primary ingredient of smog, is formed in the atmosphere through complex 
chemical reactions involving ROC, nitrogen oxides (NOx), and ultraviolet energy from 
the sun. 

Particulate matter is comprised of very small solids or liquids, such as dust, soot, 
aerosols, fumes, and mists.  The particles of primary concern are those with an 
aerodynamic diameter of 10 microns or smaller (PM10).  From a health perspective, the 
most damaging component of PM10 is the fine particle fraction 2.5 microns or smaller 
(PM2.5).  These particles have the greatest likelihood of being inhaled deeply and 
remaining in the lungs. 

The federal Clean Air Act Amendments of 1990 (CAAA) require that states achieve the 
NAAQS by specified dates, based on the severity of an area’s air quality problem.  
Ventura County is designated a severe ozone nonattainment area, and as such, is required 
by the CAAA to attain the federal one-hour ozone standard by November 15, 2005 (see 
Section 1.3.2, “Federal Clean Air Act”).  Ventura County has made significant progress 
toward attainment of the federal one-hour ozone standard.  For years 2000 - 2002, 
Ventura County averaged only one ozone exceedance day per year, technically meeting 
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the federal standard.  Ventura County is still officially designated a nonattainment area 
for the federal standard, however.  Ventura County has not been designated for the federal 
eight-hour ozone standard. 

As of April 2003, air quality data indicate that Ventura County is in compliance with the 
federal annual PM2.5 standard; official designation has not yet taken place. 

Ventura County must also comply with the requirements of the California Clean Air Act 
(CCAA).  The CCAA became effective January 1, 1989, and requires that all areas of 
California attain and maintain the State Ambient Air Quality Standards by the earliest 
practicable date (see Section 1.3.3, “California Clean Air Act”).  Ventura County 
frequently exceeds the state ozone standard and is designated a severe ozone 
nonattainment area.  The state ozone standard is more stringent than the federal one-hour 
ozone standard, and will be more difficult to attain. 

PM10 concentrations in Ventura County exceed the state 24-hour air quality standard.  
Ventura County has not yet been classified for the state new PM10 or PM2.5 annual 
average standards.   

1.3 REGULATORY SETTING 

1.3.1 California Environmental Quality Act 

CEQA (Public Resources Code (PRC) §§21000 - 21177) was enacted by the State 
Legislature in 1970.  The purpose of CEQA is to help ensure that governmental decision-
makers and the public are fully informed of potential significant environmental effects of 
proposed projects and activities.  CEQA also requires that environmental impacts be 
avoided or reduced where feasible.  Project alternatives must be considered that 
accomplish the project purpose if the project is found to have significant impacts.  
Mitigation measures are employed when no feasible alternative can be identified.  Any 
feasible mitigation measure that reduces the severity of a significant impact to 
insignificance must be implemented.  When there are no feasible, viable alternatives, and 
there are no feasible mitigation measures available to reduce the project’s impact, a 
statement of overriding considerations can be adopted.  This enables a public agency to 
approve a project despite significant environmental effects.  However, a public agency 
that approves a project with significant impacts after all feasible mitigation measures 
have been applied, must disclose to the public its reasons for approving the project 
despite the significant impacts. 

CEQA applies to activities directly undertaken by governmental agencies, activities 
financed in whole or in part by governmental agencies, and private activities that require 
approval from governmental agencies.  There are several basic steps in the CEQA 
process.  First, an agency determines whether a project is subject to CEQA or exempt 
from CEQA analysis.  Second, if the project is subject to CEQA, the agency prepares an 
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Initial Study to determine whether the project may have a significant effect on the 
environment.  If there is no substantial evidence that the project may have a significant 
effect, the agency prepares a Negative Declaration (ND).  If the project can be modified to 
avoid or reduce the significant effect to a level of less than significant (and there is no 
substantial evidence that the project as revised may have a significant effect), the agency 
prepares a Mitigated Negative Declaration (MND).  If the Initial Study shows that the 
project may have a significant effect, and the effects cannot be reduced to a less than 
significant level with an MND, the agency prepares an Environmental Impact Report 
(EIR). 

An EIR is a detailed report that analyzes the environmental effects of a project, identifies 
potential measures to mitigate identified significant adverse environmental effects, and 
potential project alternatives.  If mitigation measures or alternatives are not available or 
are infeasible, a project may still be approved if the lead agency makes certain formal 
findings. 

The California Resources Agency adopts procedures, known as the “CEQA Guidelines” 
(California Code of Regulations (CCR) §§15000 - 15387), that provide detailed steps that 
lead agencies must follow to implement CEQA.  Sections of CEQA and the CEQA 
Guidelines that are relevant for the preparation of air quality analyses are presented in 
Appendix C, Sections of CEQA and the CEQA Guidelines Relevant to Air Quality 
Impact Analysis. 

1.3.2 Federal Clean Air Act 

The first comprehensive national air pollution legislation was the federal Clean Air Act of 
1970.  In 1977, the federal Clean Air Act was amended to require plans for meeting the 
national health-based standards “as expeditiously as practicable,” but no later  than 
December 31, 1982.  However, the Clean Air Act permitted the U.S. EPA to extend the 
attainment date of some ozone and carbon monoxide nonattainment areas. 

In 1990, the federal Clean Air Act was significantly amended.  Under the CAAA, areas 
that do not meet the federal one-hour ozone standard are classified according to the 
severity of each area’s respective ozone problem.  The classifications are Marginal, 
Moderate, Serious, Severe, and Extreme.  Marginal areas are closest to meeting the 
federal one-hour ozone standard.  Extreme areas have the worst air quality problems.  
Areas with more severe ozone problems have progressively more stringent requirements 
to meet under the federal Clean Air Act.  An area’s classification determines how long 
the area has to attain the federal ozone standard.  Marginal areas had three years; 
Moderate areas - six years; Serious areas - nine years; Severe areas - either 15 or 17 years, 
depending on the magnitude of their ozone problem; and, Extreme areas - 20 years.  The 
South Coast Air Basin is the only area in the country designated as Extreme.  Ventura 
County is a Severe area for ozone and must attain the federal one-hour ozone standard by 
2005. 
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The CAAA contain a number of requirements designed to improve air quality.  These 
include motor vehicle emission limits, pollution controls on industrial facilities, use of 
low-polluting vehicle fuels, permit and compliance programs, and economic incentives to 
encourage industries to voluntarily curtail emissions. 

In July 1997, the U.S. EPA approved new federal standards for PM2.5, and modified the 
PM10 and ozone standards.  The new federal standards are presented in Table 2-1, 
“Ambient Air Quality Standards.” 

1.3.3 California Clean Air Act 

The CCAA was enacted on September 30, 1988, and became effective January 1, 1989.  
The purpose of the CCAA is to achieve the more stringent health-based state clean air 
standards at the earliest practicable date. 

The state standards are more stringent than the federal air quality standards.  Similar to 
the federal Clean Air Act, the CCAA also classifies areas according to pollution levels.  
Under the CCAA, Ventura County is a severe ozone nonattainment area, and is a state 
PM10 nonattainment area.  The CCAA requires that the standards be attained at the 
earliest practicable date.  Further, districtwide air emissions must be reduced at least five 
percent per year (averaged over three years) for each nonattainment pollutant or its 
precursors.  A district may achieve a smaller average reduction if the district can 
demonstrate that, despite inclusion of every feasible measure in its air quality plan, it is 
unable to achieve the five percent annual reduction in emissions. 

On June 20, 2002, the ARB approved revisions to the PM10 annual average standard, and 
established an annual average standard for PM2.5.  These standards are presented in Table 
2-1, “Ambient Air Quality Standards.” 

1.3.4 Ventura County Air Quality Management Plan 

The 1991 Air Quality Management Plan (AQMP) was prepared in response to the CCAA.  
The 1991 Plan elaborated on information contained in the 1982 and 1987 AQMPs.  It also 
included new and modified control measures designed to move the county further toward 
achieving state clean air standards. 

The 1994 AQMP was prepared to satisfy the planning requirements of the CAAA and to 
outline a strategy for meeting the federal one-hour ozone clean air standard while 
accommodating anticipated growth.  The Plan indicated that Ventura County would attain 
the federal one-hour air quality standard for ozone by 2005.   

The District prepared a revision to the 1994 AQMP in 1995.  This revision updated 
information that had changed since the 1994 AQMP, including minor adjustments to the 
1990 baseline emission inventory, actions taken by the ARB to approve additional control 
strategies, changes to the photochemical modeling, and several other changes.  The 1995 
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Plan Revision indicated that Ventura County would attain the federal one-hour ozone 
standard by 2005.  It focused on ways to reduce ozone levels, and did not address PM10, 
since Ventura County is an attainment area for the federal PM10 standard.  The U.S. EPA 
approved the 1994 AQMP and 1995 AQMP Revision on February 7, 1997. 

The District prepared a 1997 AQMP Revision to update the proposed adoption and 
implementation dates for nine control measures that were included in the 1995 Plan 
Revision.  The U.S. EPA approved the 1997 AQMP Revision on April 21, 1998. 
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2. ENVIRONMENTAL SETTING 

2.1 INTRODUCTION 

Section 15125 of the California Environmental Quality Act (CEQA) Guidelines states 
that “an environmental impact report (EIR) must include a description of the environment 
in the vicinity of the project, as it exists before the commencement of the project, from 
both a local and regional perspective.”  This chapter of the Ventura County Air Quality 
Assessment Guidelines (Guidelines) can be used as the basis for the air quality setting 
section of environmental documents.  It also provides a description of the environmental 
factors that affect regional and local air pollutants. 

The information in the air quality setting section of an EIR should include a discussion of 
the existing levels of air pollutants at the proposed project site and significant sources of 
air emissions, both stationary and mobile, at the site. 

2.2 AIR QUALITY SETTING 

The United States Environmental Protection Agency (U.S. EPA) and the California Air 
Resources Board (ARB) have established ambient air quality standards to protect the 
health and welfare of the general public.  Regions throughout the state and country are 
classified as being either attainment or nonattainment for specific criteria pollutants, 
depending on the number of times an air quality standard is exceeded.  Table 2-1, 
“Ambient Air Quality Standards,” shows federal and state air quality standards for criteria 
pollutants. 

Ventura County is located in the South Central Coast Air Basin (comprised of Ventura 
County, Santa Barbara County, and San Luis Obispo County, see Figure 2-1, “Ventura 
County Air Pollution Control District Boundaries”). 

Ventura County is a severe nonattainment area for the federal and state one-hour ozone 
standards, and has been recommended by the ARB as a nonattainment area for the federal 
eight-hour ozone standard.  Table 2-2, “Number of Days Exceeding the Federal and State 
Ambient Air Quality Standards for Ozone,” shows the number of days exceeding the 
federal and state ozone standards from 1990 to 2002.  Table 2-3, “Maximum Ozone 
Concentrations - Ventura County,” shows the maximum one-hour ozone concentrations 
in Ventura County during this same period.  Ozone concentrations have declined steadily 
at most air monitoring stations, as have the number of exceedances, since 1980.  These air 
quality improvements have occurred despite a growing population.  Between 1980 and 
2002, Ventura County’s population increased by 253,500, a 47.6 percent increase.  
Although ozone levels have declined significantly in recent years, the county still 
experiences frequent violations of the state ozone standard.  Inland areas of the county 
(Simi Valley, Thousand Oaks, and Piru) exceed the ozone standard more frequently than 
the coastal areas. 
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TABLE 2-1
AMBIENT AIR QUALITY STANDARDS 

California Standards 1 National Standards 2 
Pollutant Averaging 

Time Concentration 3 Primary 3,4 Secondary 3,5 
1 Hour 0.09 ppm (180 µg/m3) 0.12 ppm (235 µg/m3) 6

Ozone (O3) 
8 Hour ----- 0.08 ppm (157 µg/m3)  6

Same as 
Primary Standard 

24 Hour No Separate State Standard 65 µg/m3 Fine 
Particulate 

Matter 
(PM2.5) 

Annual  
Arithmetic Mean 12 µg/m3 * 15 µg/m3 

Same as 
Primary Standard 

24 Hour 50 µg/m3 150 µg/m3 Respirable 
Particulate 

Matter 
(PM10) 

Annual  
Arithmetic Mean 20 µg/m3 * 50 µg/m3 

Same as 
Primary Standard 

8 Hour 9.0 ppm (10 mg/m3) 9 ppm (10 mg/m3) Carbon 
Monoxide 

(CO) 1 Hour 20 ppm (23 mg/m3) 35 ppm (40 mg/m3) 
None 

Annual  
Arithmetic Mean ----- 0.053 ppm (100 µg/m3)Nitrogen 

Dioxide (NO2) 1 Hour 0.25 ppm (470 µg/m3) ----- 

Same as 
Primary Standard 

30 Day Average 1.5 µg/m3 ----- ----- 
Lead 

Calendar Quarter ----- 1.5 µg/m3 Same as 
Primary Standard 

Annual  
Arithmetic Mean ----- 0.030 ppm (80 µg/m3) ----- 

24 Hour 0.04 ppm (105 µg/m3) 0.14 ppm (365 µg/m3) ----- 

3 Hour ----- ----- 0.5 ppm (1300 µg/m3) 

Sulfur 
Dioxide 

(SO2) 
1 Hour 0.25 ppm (655 µg/m3) ----- ----- 

Visibility 
Reducing 
Particles 

8 Hour 

Extinction coefficient of 0.23 
per kilometer – visibility of ten 

miles or more (0.07 – 30 
miles or more for Lake 

Tahoe) due to particles when 
relative humidity is less than 

70 percent. 
Sulfates 24 Hour 25 µg/m3 

Hydrogen 
Sulfide 1 Hour 0.03 ppm (42 µg/m3) 

No 
 
 

National 
 
 

Standards 

* On June 20, 2002, the Air Resources Board approved staff’s recommendation to revise the PM10 annual average 
standard to 20 µg/m3 and to establish an annual average standard for PM2.5 of 12 µg/m3.  These standards took effect 
on July 5, 2003.  Information regarding these revisions can be found at http://www.arb.ca.gov/research/aaqs/std-rs/std-
rs.htm. 

1. California standards for ozone, carbon monoxide (except Lake Tahoe), sulfur dioxide (1 and 24 hour), nitrogen dioxide, 
suspended particulate matter PM10, PM2.5, and visibility reducing particles, are values that are not to be exceeded.  All 
others are not to be equaled or exceeded.  California ambient air quality standards are listed in the Table of Standards 
in Section 70200 of Title 17 of the California Code of Regulations. 

2. National standards (other than ozone, particulate matter, and those based on annual averages or annual arithmetic 
mean) are not to be exceeded more than once a year.  The 1-hour ozone standard is attained when the expected 
number of days per calendar year with maximum hourly concentrations over the standard is equal or less than one.  
The 8-hour ozone standard is attained when the fourth highest 8-hour concentration in a year, averaged over three 
years, is equal to or less than the standard.  For PM10, the 24-hour standard is attained when 99 percent of the daily 
concentrations, averaged over three years, are equal to or less than the standard.  For PM2.5, the 24-hour standard is 
attained when 98 percent of the daily concentrations, averaged over three years, are equal to or less than the 
standard.  Contact U.S. EPA for further clarification and current national policies. 

3. Concentration expressed first in units in which it was promulgated.  Equivalent units given in parentheses are based 
upon a reference temperature of 25oC and a reference pressure of 760 torr,  Most measurements of air quality are to 
be corrected to a reference temperature of 25oC and a reference pressure of 760 torr; ppm in this table refers to ppm 
by volume, or micromoles of pollutant per mole of gas. 

4. National Primary Standards:  The levels of air quality necessary, with an adequate margin of safety to protect public 
health. 

5. National Secondary Standards:  The levels of air quality necessary to protect the public welfare from any known or 
anticipated adverse affects of a pollutant. 

6. New national 8-hour ozone and fine particulate matter standards were promulgated by U.S. EPA on July 18, 1997.  
Contact U.S. EPA for further clarification and current national policies. 
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FIGURE 2-1 
VENTURA COUNTY AIR POLLUTION CONTROL DISTRICT BOUNDARIES 
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TABLE 2-2 
NUMBER OF DAYS EXCEEDING THE FEDERAL AND STATE 

AMBIENT AIR QUALITY STANDARDS FOR OZONE 
(1-hour standard*) 

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

El Rio 0/9** 0/12 3/17 1/8 0/7 0/7 0/8 0/2 0/1 0/1 0/0 0/0 0/0 

Ventura 0/5 2/12 0/4 2/5 0/3 0/4 1/10 0/2 0/0 0/0 0/0 0/0 0/0 

Simi Valley 14/86 32/97 6/58 8/40 15/80 22/85 13/73 2/47 4/37 2/31 1/31 2/32 0/14

Piru 4/46 4/44 0/15 0/4 2/19 1/20 0/17 0/6 1/4 0/3 0/3 0/16 0/10

Ojai 2/27 4/30 4/33 1/23 2/17 2/27 2/38 0/10 0/13 0/7 0/15 1/17 1/15

Thousand 
Oaks 

3/27 0/20 2/31 4/22 2/28 1/28 5/26 0/20 1/13 0/9 0/6 0/4 0/3 

Countywide 18/99 33/106 10/69 13/58 17/88 23/90 17/80 2/59 5/41 2/33 1/37 2/34 1/23

*Federal 1-hour standard:  >0.12 parts per million; State 1-hour standard:  >0.09 parts per million. 
**Number of days exceeding national standard/number of days exceeding state standard. 
Source:  Ventura County Air Pollution Control District (APCD), February 2003. 

TABLE 2-3 
MAXIMUM OZONE CONCENTRATIONS - VENTURA COUNTY 

(hourly average - parts per million)  

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

El Rio 0.12 0.12 0.14* 0.14 0.12 0.12 0.12 0.10 0.11 0.10 0.08 0.09 0.09

Ventura 0.11 0.13 0.11* 0.14 0.10 0.12 0.13 0.11 0.09 0.09 0.08 0.09 0.08

Simi Valley 0.16 0.17 0.14 0.15 0.16 0.17 0.16 0.13 0.17 0.13 0.13 0.13 0.12

Piru 0.14 0.15 0.12 0.11 0.14 0.13 0.12 0.11 0.13 0.10 0.10 0.l2 0.12

Ojai 0.14 0.17 0.15 0.14 0.13 0.14 0.14 0.11 0.11 0.11 0.11 0.13 0.13

Thousand 
Oaks 

0.17 0.12 0.13* 0.13 0.14 0.15 0.14 0.12 0.13 0.11 0.10 0.12 0.12

*Does not meet representative criteria. 

Source: Ventura County APCD, February 2003. 
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Ventura County also is a nonattainment area for the state standard for PM10 (particulate 
matter with an aerodynamic diameter of 10 microns or smaller).  Table 2-4, “Number of 
Days Exceeding the State Ambient Air Quality Standards for PM10,” shows the number 
of violations of the state PM10 standard from 1990 to 2002. 

Ambient levels of other pollutants in Ventura County do not violate state or federal 
standards. 

TABLE 2-4 
NUMBER OF DAYS EXCEEDING THE STATE AMBIENT 

AIR QUALITY STANDARDS FOR PM10 
(24-hour standard*)  

Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

El Rio 10 4 5 4 2 3 1 3 1 1 1 2 2 

Ventura 4 4 2 1 1 2 0 ** ** ** ** ** ** 

Simi Valley 11 16 7 4 4 8 2 4 0 6 3 4 3 

Piru 8 11 5 5 2 4 5 8 1 2 3 1 1 

Ojai 7 7 1 1 1 0 0 0 2 2 0 0 0 

Thousand 
Oaks 

** ** 3 2 4 4 1 3 0 5 6 1 0 

Countywide 20 24 10 10 8 9 7 13 3 10 9 5 6 
*Greater than 50 micrograms per cubic meter. 
**No monitor at location. 

Source:  Ventura County APCD, February 2003. 

2.3 METEOROLOGICAL FACTORS AFFECTING AIR QUALITY 

The air above Ventura County often exhibits weak vertical and horizontal dispersion 
characteristics, which limit the dispersion of emissions and cause increased ambient air 
pollutant levels.  Persistent temperature inversions prevent vertical dispersion.  The 
inversions act as a “ceiling” that prevents pollutants from rising and dispersing.  
Mountain ranges act as “walls” that inhibit horizontal dispersion of air pollutants. 

The diurnal land/sea breeze pattern common in Ventura County recirculates air 
contaminants.  Air pollutants are pushed toward the ocean during the early morning by 
the land breeze, and toward the east during the afternoon, by the sea breeze.  This creates 
a “sloshing” effect, causing pollutants to remain in the area for several days.  Residual  
emissions from previous days accumulate and chemically react with new emissions in the 
presence of sunlight, thereby increasing ambient air pollutant levels. 
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This pollutant “sloshing” effect happens most predominantly from May through October 
(“smog” season).  Air temperatures are usually higher and sunlight more intense during 
the “smog” season.  This explains why Ventura County experiences the most exceedances 
of the state and federal ozone standards during this six-month period. 

2.4 EFFECTS OF AIR POLLUTION 

2.4.1 Health Effects 

Ambient air pollution is a major public health concern.  The most well-known acute air 
pollution episodes occurred in the Meuse Valley, Belgium in 1930 (60 deaths); in 
Donora, Pennsylvania in 1948 (20 deaths); and London, England in 1952 (4,000 deaths).  
Although acute air pollution episodes with such readily evident excess deaths are now 
unlikely in the United States, air pollution continues to be linked to respiratory illness and 
a slight increase in death rates. 

According to the ARB, 80,000 deaths that occur each year in California may be attributed 
to illnesses aggravated by air pollution.  While air pollution affects everyone, some 
people are more susceptible to its effects than others.  Research has established that air 
pollution: 

• Aggravates heart and lung illnesses. 

• Adds stress to the cardiovascular system, forcing the heart and lungs to work harder to 
provide oxygen to the body. 

• Speeds the aging process of the lungs, accelerating the loss of lung capacity. 

• Damages respiratory system cells even after symptoms of minor irritation disappear. 

• May cause immunological changes. 

• Causes lung inflammation. 

• Increases health care utilization (hospitalization, physician, and emergency room 
visits). 

• May contribute to the development of diseases such as asthma, bronchitis, 
emphysema, and cancer. 

• May cause a reduction in life span. 

The federal government estimates that between 10 and 12 percent of United States total 
health costs are attributable to air pollution-related illnesses.  Air pollution is thought to 
be responsible for a two percent loss in United States worker efficiency.  If ozone 
pollution were reduced in urban areas, there would be approximately 49.9 million fewer 
cases of air pollution-related illnesses annually in the United States; asthma attacks alone 
would decrease by 1.9 million annually. 
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On a per-capita basis, the health benefits measured in dollars from reducing ozone 
concentrations to federal and state one-hour standards are estimated to be $196 and $214 
each year, respectively, for every person living in the South Coast Air Basin (the greater 
Los Angeles area).  Per capita annual health benefits associated with meeting federal and 
state particulate standards are estimated to be $575 and $972, respectively.  Assuming the 
per capita savings in the South Coast Air Basin are applicable to Ventura County, the 
projected health cost savings for achieving the PM10 standard in Ventura County is 
estimated to be $45 to $69 million per year.  According to the U.S. EPA, for every dollar 
spent on air pollution controls since 1970, $45 has been gained in health and 
environmental benefits. 

2.4.2 Effects on Plants 

2.4.2.1 Damage to Agriculture 

Increased health costs are only one portion of the total economic effects that result from 
air pollution.  Many of the major agricultural crops grown in California, including 
Ventura County, are significantly damaged by air pollution, with from 20 to 50 percent of 
losses in some crop yields.  Studies on the effects of smog exposure on fruit trees 
(specifically orange trees, ornamental plants, and home garden plants) have shown 
reductions in fruit yield and visible plant damage resulting from smog.  One study 
showed that productivity of Valencia orange trees can be reduced by 30 percent when 
exposed to ozone levels that frequently occur in Southern California.  Another study 
showed that naval orange trees produced about 50 percent more fruit when protected from 
smog.  In addition, trees protected from smog dropped fewer leaves.  The statewide 
average yield loss for citrus due to air pollution was about 11 percent in 1988. 

Smog and particulates interfere with photosynthesis and can injure leaves, reduce growth, 
reduce crop quality, reduce reproductive capacity, increase weed and pest infestation, 
and/or kill the plant, thereby reducing crop yield.  Damage often occurs before visible 
symptoms of injury are noticed.  Particulates also can interfere with beneficial biological 
pest control by preventing beneficial insects from preying on agricultural crop-eating 
pests. 

Areas in California where plant damage from air pollution has been reported coincides 
with the areas of highest population density.  These areas include a triangular zone 
extending from the Mexican border to approximately 80 miles north and eastward of 
Ventura.  Some of the greatest plant damage from air pollution is seen on fruit and 
vegetable crops, and flowers. 

According to a 1987 study by the ARB, a number of important statewide crops suffer 
substantial yield losses due to ozone.  Air pollution has been estimated to cost the 
agricultural industry in California between $150 million and $1 billion a year.  An 
economic analysis of the costs of air pollution to agriculture attributes 90 percent of direct 
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crop losses from air pollution to ozone.  Nationally, ozone is estimated to account for a 
five to ten percent loss in agricultural production.  The cost of this loss from ozone is 
about $5 billion each year.  The greatest agricultural losses due to air pollution are in 
those crops in which the foliage is the marketed portion of the plant, such as lettuces, 
alfalfa, and spinach.  Beans are no longer commercially grown in Southern California 
because of their susceptibility to air pollution. 

Damage to agricultural crops from air pollution is an economic concern in Ventura 
County.  According to the ARB, several agricultural crops grown in Ventura County 
suffer from exposure to air pollution.  One study concluded that ozone exposure in 
Ventura County caused a reduction in orange crop yield of 19 percent in 1991.  For that 
same year, lemon crops suffered an eight percent yield reduction, sweet corn seven 
percent, and dry beans 19 percent yield reductions, respectively. 

2.4.2.2 Damage to Natural Vegetation 

Air pollution is known to harm all major native plant groups, including flowering plants, 
conifers, ferns, mosses, lichens, and fungi.  The effects on native vegetation are similar to 
those of agricultural crops.  In the Geysers region of Napa, Lake, and Sonoma counties, 
injury to native plants, such as oaks and maples, has taken place downwind of geothermal 
power plants.  Trees and other plant life in the San Joaquin Valley and adjacent Sierra 
Nevada Mountains suffer from air pollution generated in the upwind urban areas.  Ozone 
damage has been observed in the forests of Southern California and in the Sierra Nevada 
mountains.  Certain species of oak and pine trees are sensitive to air pollution.   

Studies on Ponderosa and Jeffrey Pines trees in the 1980s revealed that two out of every 
five Ponderosa and Jeffrey Pine trees exhibited needle damage from air pollution.  The 
National Park Service has measured an eleven percent reduction in the growth rate of 
selected Jeffrey Pine trees since 1965.  Pine needles exposed to ozone develop yellow, 
blotchy marks and needles older than two years fall off, giving branches a whiskbroom 
appearance.  Needles and debris from trees killed by smog not only increase the risk of 
forest fire, but reduce seed germination and the chances of seedling survival. 

Coastal sage scrub and chaparral also are sensitive to air pollutants.  The most important 
effect is a reduced ability to cope with drought, disease, and insects.  Air pollution may 
put these plants at a reproductive disadvantage by causing them to produce fewer seeds.  
These conditions can lead to changes in succession, resulting in a totally different plant 
community occupying a site. 

Total yield and quality of forage and range are all affected by air pollution.  This presents 
serious consequences for the state’s livestock industry.  Compared to grasses grown in 
clean air, loss in yield of grasses grown in smoggy air is as high as 10 to 20 percent.  
Moreover, ozone reduces carbohydrate levels of grasses by up to 56 percent. 
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2.4.3 Damage to Materials 

In addition to human health and vegetation, air pollution also damages materials such as 
plastics, rubber, paint, and metals.  Damage includes erosion and discoloration of paint, 
cracking of rubber, corrosion of metals and electrical components, soiling and decay of 
building stone and concrete, fading, a reduction of tensile strengths of fabrics, and soiling 
and crumbling of nonmetallic building materials.  High smog concentrations significantly 
shorten the lifespan of materials, which increases maintenance and replacement costs.  
The national cost of damage to materials caused by ozone is estimated to range from $1.5 
to $3.9 billion every year. 

2.5 CRITERIA AIR POLLUTANTS 

A criteria air pollutant is any air pollutant for which ambient air quality standards have 
been set by the U.S. EPA or the ARB.  Criteria pollutants include ozone (O3), fine 
particulate matter (PM2.5), respirable particulate matter (PM10), carbon monoxide (CO), 
nitrogen dioxide (NO2), lead (Pb), sulfur dioxide (SO2), visibility-reducing particles, 
sulfates, and hydrogen sulfide.  The sections below provide more detail about the criteria 
pollutants of concern in Ventura County. 

2.5.1 Ozone 

Ozone is formed in the atmosphere by a series of complex chemical reactions and 
transformations in the presence of sunlight.  Oxides of nitrogen (NOx) and reactive 
organic compounds (ROC) are the principal constituents in these reactions.  Ozone is a 
pungent, colorless, toxic gas and is the major air pollutant of concern in Ventura County. 

Sources:  Ozone is known as a secondary pollutant because it is formed in the 
atmosphere through a complex series of chemical reactions, rather than emitted directly 
into the air.  The major sources of NOx in Ventura County are motor vehicles and other 
combustion processes.  The major sources of ROC in Ventura County are motor vehicles, 
cleaning and coating operations, petroleum production and marketing operations, and 
solvent evaporation. 

Effects:  Ozone is a strong irritating gas that can chemically burn and cause narrowing 
of airways, forcing the lungs and heart to work harder to provide oxygen to the body.  A 
powerful oxidant, ozone is capable of destroying organic matter – including human lung 
and airway tissue; it essentially burns through cell walls.  Ozone damages cells in the 
lungs, making the passages inflamed and swollen.  Ozone also causes shortness of breath, 
nasal congestion, coughing, eye irritation, sore throat, headache, chest discomfort, 
breathing pain, throat dryness, wheezing, fatigue, and nausea.  It can damage alveoli, the 
individual air sacs in the lungs where oxygen and carbon dioxide are exchanged.  Ozone 
has been associated with a decrease in resistance to infections.  People most likely to be 
affected by ozone include the elderly, the young, and athletes.  Ozone may pose its worst 



VENTURA COUNTY AIR QUALITY ASSESSMENT GUIDELINES  

 

PAGE 2-10 OCTOBER 2003 

 

health threat to people who already suffer from respiratory diseases such as asthma, 
emphysema, and chronic bronchitis. 

2.5.2 Particulate Matter 10 Microns or Smaller in Diameter (PM10) 

PM10 consists of particulate matter (fine dusts and aerosols) ten microns or smaller in 
aerodynamic diameter.  Ten microns is about one-seventh the width of a human hair.  
When inhaled, particles larger than ten microns generally are caught in the nose and 
throat and do not enter the lungs.  PM10 gets into the large upper branches of the lungs 
just below the throat, where they are caught and removed (by coughing, spitting, or 
swallowing). 

Sources:  The primary sources of PM10 include:  dust, paved and unpaved roads, diesel 
exhaust, acidic aerosols, construction and demolition operations, soil and wind erosion, 
agricultural operations, residential wood combustion, and smoke.  Secondary  sources of 
PM10 include tailpipe emissions and industrial sources.  these sources have different 
constituents, and therefore, varying effects on health.  Road dust is compost of many 
particles other than soil dust.  It also includes engine exhaust, tire rubber, oil, and truck 
load spills.  Diesel exhaust contains many toxic particle and elemental carbon (soot), and 
is considered a toxic air contaminant in California.  Airborne particles absorb and adsorb 
toxic substances and can be inhaled and lodge in the lungs.  Once in the lungs, the toxic 
substances can be adsorbed into the bloodstream and carried throughout the body. 

PM10 concentrations tend to be lower during the winter months because meteorology 
greatly affects PM10 concentrations.  During rain, concentrations are relatively low, and 
on windy days, PM10 levels can be high.  Photochemical aerosols, formed by chemical 
reactions with manmade emissions, may also influence PM10 concentrations. 

Effects:  Elevated ambient particulate levels are associated with premature death, an 
increased number of asthma attacks, reduced lung function, aggravation of bronchitis, 
respiratory disease, cancer, and other serious health effects. 

Short-term exposure to particulates can lead to coughing, minor throat irritation, and a 
reduction in lung function.  Long-term exposure can be more harmful.  The U.S. EPA 
estimates that eight percent of urban non-smoker lung cancer risk is due to PM10 in soot 
from diesel trucks, buses, and cars.  Additional studies by the U.S. EPA and the Harvard 
School of Public Health estimate that 50,000 to 60,000 deaths per year in the United 
States are caused by particulates.  PM10 particles collect in the upper portion of the 
respiratory system, affecting the bronchial tubes, nose, and throat.  They contribute to 
aggravation of asthma, premature death, increased number of asthma attacks, bronchitis, 
reduced lung function, respiratory disease, aggravation of respiratory and cardiovascular 
disease, alteration of lung tissue and structure, changes in respiratory defense 
mechanisms, and cancer. 
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2.5.3 Particulate Matter 2.5 Microns or Smaller in Diameter (PM2.5) 

PM2.5 is a mixture of particulate matter (fine dusts and aerosols) 2.5 microns or smaller in 
aerodynamic diameter.  2.5 micrometers is approximately 1/30 the size of a human hair; 
so small that several thousand of them could fit on the period at the end of this sentence.  
Particles 2.5 microns or smaller get down into the deepest portions of the lungs where gas 
exchange occurs between the air and the blood stream.  These are the most dangerous 
particles because the deepest portions of the lungs have no efficient mechanisms for 
removing them.  If these particles are soluble in water, they pass directly into the blood 
stream within minutes.  If they are not soluble in water, they are retained deep in the lungs 
and can remain there permanently. 

Sources:  PM2.5 particles are emitted from activities such as industrial and residential 
combustion processes, wood burning, and from diesel and gasoline-powered vehicles.  
They are also formed in the atmosphere from gases such as sulfur dioxide, nitrogen 
oxides, ammonia, and volatile organic compounds that are emitted from combustion 
activities, and then become particles as a result of chemical transformations in the air 
(secondary particles). 

Effects:  PM2.5 infiltrates the deepest portions of the lungs and remains there longer, 
increasing the risks of long-term disease, including chronic respiratory disease, cancer, 
and increased and premature death.  Other effects include increased respiratory stress and 
disease, decreased lung function, alterations in lung tissue and structure, and alterations in 
respiratory tract defense mechanisms. 

2.5.4 Carbon Monoxide 

Carbon monoxide is a common colorless, odorless, highly toxic gas.  It is produced by 
natural and anthropogenic combustion processes. 

Sources:  The major source of CO in urban areas is incomplete combustion of carbon-
containing fuels (primarily gasoline, diesel fuel, and natural gas).  However, it also results 
from combustion processes, including forest fires and agricultural burning.  Over 80 
percent of the CO emitted in urban areas is contributed by motor vehicles. 

Ambient CO concentrations are generally higher in the winter, usually on cold, clear days 
and nights with little or no wind.  Low wind speeds inhibit horizontal dispersion, and 
surface inversions inhibit vertical mixing. 

Traffic-congested intersections have the potential to result in localized high levels of CO.  
These localized areas of elevated CO concentrations are termed CO “hotspots.”  CO 
hotspots are defined as locations where ambient CO concentrations exceed the State 
Ambient Air Quality Standards (20 ppm, 1-hour; 9 ppm, 8-hour). 
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Effects:  When inhaled, CO does not directly harm the lungs.  The impact from CO is 
on oxygenation of the entire body.  CO combines chemically with hemoglobin, the 
oxygen-transporting component of blood.  This diminishes the ability of blood to carry 
oxygen to the brain, heart, and other vital organs.  Red blood cells have 220 times the 
attraction for CO than for oxygen.  This affinity interferes with movement of oxygen to 
the body’s tissues.  Effects from CO exposure include headaches, nausea, and death.  
People with heart ailments are at risk from low-level exposure to CO.  Also sensitive are 
people with chronic respiratory disease, the elderly, infants and fetuses, and people 
suffering from anemia and other conditions that affect the oxygen-carrying capacity of 
blood.  High levels of CO in a concentrated area can result in asphyxiation.  Studies show 
a synergistic effect when CO and ozone are combined. 

2.5.5 Nitrogen Dioxide 

Nitrogen dioxide is formed in the atmosphere primarily by the rapid reaction of the 
colorless gas nitric oxide (NO) with atmospheric oxygen.  It is a reddish brown gas with 
an odor similar to that of bleach.  NO2 participates in the photochemical reactions that 
result in ozone. 

Sources:  The greatest source of NO, and subsequently NO2, is the high-temperature 
combustion of fossil fuels such as in motor vehicle engines and power plant boilers.  NO2 
and NO are referred to collectively as NOx. 

Effects:  NO2 can irritate and damage the lungs, cause bronchitis and pneumonia, and 
lower resistance to respiratory infections such as influenza.  Researchers have identified 
harmful effects similar to those caused by ozone, with progressive changes over four 
hours of exposure.  Negative health effects are apparent after exposure to NO2 levels as 
low as 0.11 ppm for a few minutes.  This level of exposure may elicit or alter sensory 
responses.  Higher concentrations (0.45 - 1.5 ppm) may cause impaired pulmonary 
function, increased incidence of acute respiratory disease, and difficult breathing for both 
bronchitis sufferers and healthy persons. 

2.5.6 Lead 

Lead is a bluish-gray metal that occurs naturally in small quantities.  Lead also occurs in a 
variety of compounds such as lead acetate, lead chloride, lead chromate, lead nitrate, and 
lead oxide.  Pure lead is insoluble in water.  However, some lead compounds are water-
soluble. 

Sources:  Lead and lead compounds in the atmosphere often come from fuel 
combustion sources, such as the burning of solid waste, coal, and oils.  Historically, the 
largest source of lead in the atmosphere resulted from the combustion of leaded gasoline 
in motor vehicles.  However, with the phase-out of leaded gasoline, concentrations of 
lead in the air have substantially decreased.  Industrial sources of atmospheric lead 
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include steel and iron factories, lead smelting and refining, and battery manufacturing.  
Atmospheric lead may also result from lead in entrained dust and dirt contaminated with 
lead.  Lead-based paints were commonly used in the past, and lead paint chips or dust can 
be inhaled or ingested. 

Effects:  Acute health effects of lead may include gastrointestinal distress (such as 
colic), brain and kidney damage, and even death.  Lead also has numerous chronic health 
effects, including anemia, central nervous system damage, and male and female 
reproductive dysfunction, as well as effects on blood pressure, kidney function, and 
vitamin D metabolism.  Developing fetuses and children are particularly sensitive to 
lower concentrations of blood lead, and the effects may include increased risk of pre-term 
delivery, low birth weight, and the impairment of hearing, growth, and mental 
development.  The U.S. EPA’s Office of Air Quality Planning and Standards ranks lead 
as a “high concern” pollutant based on its severe chronic toxicity.  Human studies 
regarding the cancer risks of lead have been inconclusive.  However, the U.S. EPA 
considers lead to be a probable human carcinogen. 

2.5.7 Sulfur Dioxide 

Sulfur dioxide is a colorless gas with a sharp, irritating odor.  It can react in the 
atmosphere to produce sulfuric acid and sulfates, which contribute to acid deposition and 
atmospheric visibility reduction.  It also contributes to the formation of PM10. 

Sources:  Most of the SO2 emitted into the atmosphere is from burning sulfur-
containing fossil fuels by mobile sources such as marine vessels and farm equipment, and 
stationary fuel combustion. 

Effects:  SO2 irritates the mucous membranes of the eyes and nose, and may also affect 
the mouth, trachea, and lungs.  Healthy people may experience sore throats, coughing, 
and breathing difficulties when exposed to high concentrations.  SO2 causes constriction 
of the airways and poses a health hazard to asthmatics, who are very sensitive to SO2.  
Research indicates that normally-breathing asthmatics performing moderate to heavy 
exercise will experience SO2-induced bronchoconstriction (breathing difficulties) when 
breathing SO2 for at least five minutes at concentrations lower than one part per million.  
Consecutive SO2 exposures (repeated within 30 minutes or less) result in a diminished 
response compared with the initial exposure.  Children often experience more respiratory 
tract infections when they are exposed to SO2. 

2.6 TOXIC AIR CONTAMINANTS 

Toxic air contaminants (TACs), also referred to as hazardous air pollutants, are air 
pollutants (excluding O3, CO, SO2, and NO2) that may reasonably be anticipated to cause 
cancer, developmental effects, reproductive dysfunction, neurological disorders, heritable 
gene mutations, or other serious or irreversible acute or chronic health effects in humans.  
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TACs are regulated under different federal and state regulatory processes than ozone and 
the other criteria air pollutants.  Health effects of TACs may occur at extremely low 
levels and it is typically difficult to identify levels of exposure that do not produce 
adverse health effects. 

TACs generally consist of four types:  organic chemicals, such as benzene, dioxins, 
toluene, and percholorethylene; inorganic chemicals such as chlorine and arsenic; fibers 
such as asbestos; and metals such as mercury, cadmium, chromium, and nickel.  These air 
contaminants are defined by the U.S. EPA, the State of California, and other 
governmental agencies.  Currently, more than 900 substances are regulated TACs under 
federal, state, and local regulations.  Appendix D, Major Toxic Air Contaminant 
Regulations and Common Toxic Air Contaminant Sources and Substances, presents the 
major federal and state programs and regulations to reduce toxic air contaminant 
emissions. 

Sources:  Toxic air contaminants are produced by a great variety of sources, including 
industrial facilities such as refineries, chemical plants, chrome plating operations, and 
surface coating operations; commercial facilities such as dry cleaners and gasoline 
stations, motor vehicles, especially diesel-powered vehicles; and, consumer products.  
TACs can be released as a result of normal industrial operations, as well as from 
accidental releases during process upset conditions. 

Effects:  Health effects from TACs vary with the type of pollutant, the concentration of 
the pollutant, the duration of exposure, and the exposure pathway.  TACs usually get into 
the body through breathing, although they can also be ingested, or absorbed through the 
skin. 

Adverse effects on people tend to be either acute (short-term) or chronic (long-term).  
Acute effects result from short-term, high levels of airborne toxic substances.  These 
effects may include nausea, skin irritation, caridiopulomary distress, and even death.  
Chronic effects result from long-term, low level exposure to airborne toxic substances.  
Effects can range from relatively minor to life-threatening.  Less serious chronic effects 
can include skin rashes, dry skin, coughing throat irritation, and headaches.  More serious 
chronic effects can include lung, liver, and kidney damage; nervous system damage; 
miscarriages, and genetic and birth defects; and, cancer.  Many TACs can have both 
carcinogenic and non-carcinogenic health effects. 

2.7 OTHER POLLUTANTS OF CONCERN 

2.7.1 San Joaquin Valley Fever 

San Joaquin Valley Fever (formally known as Coccidioidomycosis) is an infectious 
disease caused by the fungus Coccidioides immitis.  San Joaquin Valley Fever is also 
known as Valley Fever, Desert Fever, or Cocci. 
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Sources:  Infection is caused by inhalation of Coccidioides immitis spores that have 
become airborne when dry, dusty soil or dirt is disturbed by wind, construction, farming, 
or other activties.  The Valley Fever fungus tends to be found at the base of hillsides, in 
virgin, undisturbed soil.  It usually grows in the top few inches of soil, but can grow down 
to 12 inches.  The fungus does not survive well in highly populated areas because there is 
not usually enough undisturbed soil for the fungus to grow.  Additionally, the fungus is 
not likely to be found in soil that has been or is being cultivated and fertilized.  This is 
because manmade fertilizers, such as ammonium sulfate, enhance the growth of the 
natural microbial competitors of the Valley Fever fungus.  Infection is most frequent 
during summers that follow a rainy winter or spring, especially after wind and dust 
storms.  Valley Fever infection is common only in arid and semiarid areas of the Western 
Hemisphere.  In the United States, it is mostly found from Southern California to 
southern Texas.  In Ventura County, the Valley Fever fungus is most prevalent in the 
county’s dry, inland regions. 

Effects:  In its primary form, symptoms appear as a mild upper respiratory infection, 
acute bronchitis, or pneumonia.  The most common symptoms are fatigue, cough, chest 
pain, fever, rash, headache, and joint aches, although 60 percent of people infected are 
asymptomatic and do not seek medical attention.  In the remaining 40 percent, symptoms 
range from mild to severe.  A small percentage, less than one percent, die as a result of 
the disease. 

The incubation period for the primary infection is from one to four weeks.  Occasionally, 
a progressive form of Valley Fever develops from the primary form and may appear after 
a few weeks, months, or even years.  In this progressive form, Valley Fever may cause a 
chronic infection of many organs, including the skin, lymph glands, spleen, liver, bones, 
kidneys, and brain.  Individuals most vulnerable to Valley Fever are agricultural workers, 
construction and road workers, and archeologists, because they are exposed to the soil 
where the fungus might be just below the surface.  Many infections, however, occur in 
persons without occupational exposure.  Of those without an occupational risk of 
contracting the disease, the most susceptible are those with suppressed immune systems 
due to such conditions as organ transplants, HIV infection, Hodgkin’s disease, diabetes, 
and pregnancy (3rd trimester).  Domestic animals, especially dogs, are also susceptible to 
Valley Fever. 

There are about 100,000 new cases of Valley Fever per year in the southwestern United 
States.  The average number of reported new cases of Valley Fever in Ventura County 
before 1994 was 40 per year.  In 1994, the year of the Northridge earthquake, the number 
of reported new cases of Valley Fever was 243.  This increase was attributed to the great 
quantities of airborne dust generated by the Northridge earthquake.  Since 1995, the 
number of reported cases has been comparable to the average before 1994.  However, the 
actual number of cases may be much higher because Valley Fever is often misdiagnosed 
as the flu and not reported by physicians. 
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2.7.2 Odors 

Odors are substances in the air that pose a nuisance to nearby land uses such as 
residences, schools, daycare centers, and hospitals.  Odors are typically not a health 
concern, but can interfere with the use and enjoyment of nearby property. 

Sources:  Odors may be generated by a wide variety of sources.  Following are 
examples of facilities and operations that may generate significant odors: 

• Wastewater treatment facilities 

• Sanitary landfills 

• Transfer stations 

• Composting facilities 

• Asphalt batch plants 

• Painting and coating operations 

• Fiberglass operations 

• Food processing facilities 

• Feed lots/ dairies 

• Petroleum extraction, transfer, 
processing, and refining operations 
and facilities 

• Chemical manufacturing operations 
and facilities 

• Rendering plants 

Effects:  Objectionable odors created by a facility or operation may cause a nuisance or 
annoyance to surrounding populations. 

2.7.3 Fugitive Dust 

Fugitive dust refers to solid particulate matter that becomes airborne because of wind 
action and human activities.  Fugitive dust particles are mainly soil minerals, but also can 
be sea salt, pollen, spores, tire particles, etc.  About half of fugitive dust particles (by 
weight) are larger than 10 microns and settle quickly.  Fugitive dust particles 10 microns 
or smaller can remain airborne for weeks. 

Sources:  The primary sources of fugitive dust are grading and excavation operations 
associated with road and building construction, aggregate mining and processing 
operations, and sanitary landfill operations.  Unpaved roadways also are a large source of 
fugitive dust.  Other sources of fugitive dust include demolition activities, unpaved 
roadway shoulders, vacant lots, material stockpiles, abrasive blasting operations, and off-
road vehicles.  The amount of fugitive dust created by such activities is dependent largely 
on the type of soil, type of operation taking place, size of the area, degree of soil 
disturbance, soil moisture content, and wind speed. 

Effects:  When fugitive dust particles are inhaled, they can travel easily to the deep parts 
of the lungs and may remain there, causing respiratory illness, lung damage, and even 
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premature death in sensitive people.  Fugitive dust also may be a nuisance to those living 
and working nearby.  Dust blown across roadways can lead to traffic accidents by 
reducing visibility.  Fugitive dust can soil and damage materials and property, such as 
fabrics, vehicles, and buildings.  Particulates deposited on agricultural crops can lower 
crop quality and yield.  Additionally, fugitive dust can lead to the spread of San Joaquin 
Valley Fever, a potential health hazard caused by a fungus that lives in the soil. 
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3. AIR QUALITY SIGNIFICANCE THRESHOLDS 

3.1 INTRODUCTION 

The Ventura County Air Pollution Control District (APCD or District) reviews and 
comments on the adequacy and accuracy of environmental documents for projects that 
may affect air quality in Ventura County.  Such documents include Notices of 
Preparation, Initial Studies, Negative Declarations, Mitigated Negative Declarations 
(MND), and Environmental Impact Reports (EIR).  The APCD recommends that an 
MND or an EIR be prepared for projects that meet one or more of the significance criteria 
listed below. 

As stated in Chapter 1, these criteria are guidelines only.  The final decision on the 
significance of air quality impacts, the appropriate environmental document, and 
mitigation measures, lies with the lead agency for the project.  These Guidelines are not 
applicable to equipment, operations, or processes required to have an APCD Permit to 
Operate. 

3.2 DEFINITION OF SIGNIFICANCE 

Section 15002(g) of the California Environmental Quality Act (CEQA) Guidelines 
defines “significant effect on the environment” as “a substantial adverse change in the 
physical conditions that exist in the area affected by the proposed project.”  When an 
environmental document identifies a significant environmental effect, the government 
agency approving the project must make findings as to whether the adverse 
environmental effects have been substantially reduced or if not, why they were not 
substantially reduced.  Appendix G, Environmental Checklist Form, of the state CEQA 
Guidelines presents a model initial study checklist.  This checklist includes suggested 
criteria, in question format, for determining whether a project will have a “potentially 
significant impact” on air quality.  According to the criteria, a project will have a 
“potentially significant impact” on air quality if it will: 

• Conflict with or obstruct implementation of the applicable air quality plan. 

• Violate any air quality standard or contribute substantially to an existing or projected 
air quality violation. 

• Result in a cumulatively considerable net increase of any criteria pollutant for which 
the project region is non-attainment under an applicable federal or state ambient air 
quality standard (including releasing emissions that exceed quantitative thresholds for 
ozone precursors). 

• Expose the public (especially schools, day care centers, hospitals, retirement homes, 
convalescence facilities, and residences) to substantial pollutant concentrations. 

• Create objectionable odors affecting a substantial number of people. 
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According to Appendix G, a “potentially significant impact” finding is appropriate if 
there is substantial evidence that an effect may be significant. 

In addition, the Ventura County Air Pollution Control Board has adopted a policy stating 
that general development projects whose emissions are expected to meet or exceed the 
criteria in Section 3.3, “Recommended Significance Criteria,” will have a potentially 
significant adverse impact on air quality. 

3.3 RECOMMENDED SIGNIFICANCE CRITERIA 

The following are suggested threshold criteria for determining whether an EIR or an 
MND should be prepared for a development project to address potential adverse air 
quality impacts.  Tests of significance are not limited to the criteria listed below.  Other 
factors, especially those related to the location of the project and potential impacts on 
nearby populations (e.g., schools, day care centers, residences, and hospitals) also should 
be examined.  These include:  proximity of the project to populated areas, proximity of 
the proposed project to other pollutant sources (e.g., industrial facilities emitting odorous 
or hazardous substances), and projects with potential land use conflicts. 

3.3.1 Criteria Pollutants 

1. Ozone (based on emission levels of reactive organic compounds and oxides of 
nitrogen) 

The following are the reactive organic compounds (ROC) and nitrogen oxides (NOx) 
thresholds that the Ventura County Air Pollution Control Board has determined will 
individually and cumulatively jeopardize attainment of the federal one-hour ozone 
standard, and thus have a significant adverse impact on air quality in Ventura 
County.  Chapter 5, Estimating Ozone Precursor Emissions, presents procedures for 
estimating project emissions. 

(a) Ojai Planning Area* 

 Reactive Organic Compounds: 5 pounds per day 

 Nitrogen Oxides: 5 pounds per day 

(b) Remainder of Ventura County** 

 Reactive Organic Compounds: 25 pounds per day 

 Nitrogen Oxides: 25 pounds per day 

* The Ojai Planning Area is the area defined as the “Ojai Valley” in Ventura 
County Non-Coastal Zoning Ordinance, Article 12, Section 8112-2, plus the 
Ventura (Ojai) Non-growth Area (NGA) (as depicted in the 1987 Ventura 
County Air Quality Management Plan (AQMP), Appendix E-87, Figure E-1, 
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“Map of Ventura County with Growth/Nongrowth Areas,” page E-11).  In these 
Guidelines, see Figure 3-1, “Ojai Planning Area.” 

** The City of Simi Valley uses a significance threshold of 13.7 tons per year of 
reactive organic compounds or nitrogen oxides, as directed by the City of Simi 
Valley City Council. 

2. Criteria Pollutants – General 

A project that may cause an exceedance of any ambient air quality standard (state or 
federal), or may make a substantial contribution to an existing exceedance of an air 
quality standard will have a significant adverse air quality impact.  “Substantial” is 
defined as making measurably worse an existing exceedance of a state or federal 
ambient air quality standard.  For example, a project that directly or indirectly 
produces large quantities of carbon monoxide (CO) could cause an exceedance of the 
state or federal CO standards.  Such a determination may require the use of an 
appropriate air quality model.  

3. Ozone – Cumulative Impacts Based on Project-Specific AQMP Consistency 

A project with emissions of two pounds per day or greater of ROC, or two pounds 
per day or greater of NOx that is found to be inconsistent with the AQMP will have a 
significant cumulative adverse air quality impact.  A project with emissions below 
two pounds per day of ROC, and below two pounds per day of NOx, is not required 
to assess consistency with the AQMP.  

Inconsistent projects are usually those that cause the existing population to exceed 
the population forecasts contained in the most recently adopted AQMP.  Chapter 4, 
Air Quality Management Plan Consistency, presents specific procedures for 
determining project consistency with the AQMP.  Those procedures should be 
followed before making a final consistency determination for a project.  

4. Ozone – Cumulative Impacts Based on General Plan AQMP Consistency 

Any General Plan Amendment or revision that would provide directly or indirectly 
for increased population growth above that forecasted in the most recently adopted 
AQMP will have a significant cumulative adverse air quality impact.  
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3.3.2 Other Pollutants of Concern 

1. Fugitive Dust 

(a) A project that may be reasonably expected to generate fugitive dust emissions in 
such quantities as to cause injury, detriment, nuisance, or annoyance to any 
considerable number of persons or to the public, or which may endanger the 
comfort, repose, health, or safety of any such person or the public, or which may 
cause, or have a natural tendency to cause, injury or damage to business or 
property (see California Health and Safety Code, Division 26, §41700) will have 
a significant adverse air quality impact. 

(b) A project for which an appropriate air dispersion modeling analysis shows a 
possible violation of an ambient particulate standard will have a significant 
adverse air quality impact. 

Chapter 6, Assessing Project-Specific, Localized, Non-Ozone Impacts, includes a 
discussion of fugitive dust emissions. 

2. Toxic Air Contaminants 

Impacts from toxic air contaminants (TACs) may be estimated by conducting a 
health risk assessment (HRA).  The HRA procedure involves the use of an air quality 
model and a protocol approved by the APCD.  Following are the recommended 
significance thresholds: 

(a) Lifetime probability of contracting cancer is greater than 10 in one million (as 
identified in an HRA). 

(b) Ground-level concentrations of non-carcinogenic toxic air pollutants would 
result in a Hazard Index of greater than 1 (as identified in an HRA). 

The Hazard Index is determined by dividing the “annual exposure level” by the 
“reference exposure level.”  The “annual exposure level” (AEL) is the estimated 
annual average concentration level of a TAC that is estimated to occur as a result of 
the proposed project.  The “reference exposure level” (REL) is a concentration level 
or dose, at or below which no adverse health effects are anticipated.  RELs generally 
are based on the most sensitive adverse health effect reported in the medical and 
toxicological literature. 

Chapter 6, Assessing Project-Specific, Localized, Non-Ozone Impacts, includes a 
discussion of toxic air pollutants. 
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3. Odors 

A qualitative assessment indicating that a project may reasonably be expected to 
generate odorous emissions in such quantities as to cause detriment, nuisance, or 
annoyance to any considerable number of persons or to the public, or which may 
endanger the comfort, repose, health, or safety of any such person or the public, or 
which may cause, or have a natural tendency to cause, injury or damage to business 
or property (see California Health and Safety Code, Division 26, §41700) will have a 
significant adverse air quality impact. 

Chapter 6, Assessing Project-Specific, Localized, Non-Ozone Impacts, provides a 
discussion of odors.  

3.4 CHOOSING THE APPROPRIATE ENVIRONMENTAL DOCUMENT FOR 
AIR QUALITY IMPACT ANALYSES 

1. Negative Declaration 

A negative declaration is appropriate if all of the following apply: 

• The project will emit less than 5 pounds per day of ROC and less than 5 pounds 
per day of NOx in the Ojai Planning Area, or less than 25 pounds per day of 
ROC and less than 25 pounds per day of NOx in the remainder of the county.  

• The project will be consistent with the most recently adopted AQMP. 

• The project does not require a General Plan Amendment that will directly or 
indirectly increase population growth above that forecasted in the most recently 
adopted AQMP. 

• The project will not have any other significant adverse air quality impacts. 

2. Mitigated Negative Declaration 

A mitigated negative declaration is appropriate if all of the following apply:  

• Mitigation measures have been agreed to by the project applicant that reduce 
project emissions to less than 5 pounds per day of ROC and less than 5 pounds 
per day of NOx in the Ojai Planning Area, or less than 25 pounds per day of 
ROC and less than 25 pounds per day of NOx in the remainder of the county. 

• The project will be consistent, or made to be consistent, with the most recently 
adopted AQMP. 

• The project does not require a General Plan Amendment that will directly or 
indirectly increase population growth above that forecasted in the most recently 
adopted AQMP. 
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• There are no other significant air quality impacts, or the applicant has agreed to 
mitigate all other air quality impacts.  

• The project applicant has agreed to mitigate project-related significant air quality 
impacts through a revision to the project description.  

3. Environmental Impact Report 

An EIR should be prepared for any project that meets or exceeds one or more of the 
significance criteria listed in Section 3.3, “Significance Criteria,” and the project 
cannot qualify for an MND.  
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4. AIR QUALITY MANAGEMENT PLAN CONSISTENCY 

4.1 INTRODUCTION 

The primary objective of the Ventura County Air Quality Management Plan (AQMP) is 
to provide continuous air pollutant emission reductions over time, with the goal of 
attaining the federal and state standards for ozone.  City and county growth consistent 
with the AQMP is a vital component of the overall AQMP ozone control strategy to 
ensure continued progress towards attaining the federal and state ozone standards. 

Section 15125(d) of the California Environmental Quality Act (CEQA) Guidelines 
stipulates that Environmental Impact Reports (EIR) shall discuss “any inconsistencies 
between a proposed project and applicable general plans and regional plans.  Such 
regional plans include, but are not limited to, the applicable air quality attainment or 
maintenance plan (or State Implementation Plan)...”  Moreover, pursuant to Appendix G, 
“Environmental Checklist Form,” of the state CEQA Guidelines, a project that would 
“conflict with or obstruct implementation of the applicable air quality plan” may have a 
significant adverse air quality impact.  The lead agency proposing to approve or 
implement the project is responsible for making the AQMP consistency determination. 

An environmental document for a proposed project must address project consistency with 
the AQMP.  Project consistency with the AQMP can be determined by comparing the 
actual population growth in the county with the projected growth rates used in the 
AQMP.  The projected growth rate in population is used as an indicator of future 
emissions from population-related emission categories in the AQMP.  These emission 
estimates are used, in part, to project the date by which Ventura County will attain the 
federal ozone standard.  The County of Ventura Planning Division maintains an ongoing 
population tracking system.  Therefore, a demonstration of consistency with the 
population forecasts used in the most recently adopted AQMP should be used for 
assessing project consistency with the AQMP. 

However, if there are more recent population forecasts that have been adopted by the 
Ventura Council of Governments (VCOG) where the total county population is lower 
than that included in the most recently adopted AQMP population forecasts, lead agencies 
may use the more recent VCOG forecasts for determining AQMP consistency. 

The geographic subareas used in the forecasts are known as growth and non-growth areas.  
These areas are based on a network of analysis zones created by the State Department of 
Transportation and the Ventura County Public Works Agency.  The growth and non-
growth areas are comprised of aggregated analysis zones. 

Figure 4-1, “Ventura County Growth and Non-growth Areas,” is a map that shows the 
growth and non-growth areas of the county.  This map is based on the February 1998 
version of the 1990 Analysis Zones map prepared by the Graphics Division of the 
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Resource Management Agency.  The entire present and projected boundary area of each 
of the ten cities in the county is within a respective growth area.  In addition to the ten 
growth areas, there are three unincorporated growth areas.  The unincorporated growth 
areas include urbanized development that has already occurred, or is expected to occur 
under the Ventura County General Plan.  An example is the Piru Growth Area.  The 
remainder of the AQMP population forecast covers the unincorporated non-growth areas.  
These areas are not expected to receive significant urban development.  All of the non-
growth areas, except for the Ojai Non-growth Area, are aggregated together for AQMP 
consistency assessment purposes.  The excepted area comprises part of the Ojai Valley. 

4.2 PROCEDURES FOR DETERMINING CONSISTENCY WITH THE AQMP 

The following sections describe the procedures for determining project consistency with 
the AQMP.  Consistency with the AQMP does not mean that a project will not have a 
significant project-specific adverse air quality impact.  However, inconsistency with the 
AQMP is considered a significant cumulative adverse air quality impact. 

A project with estimated emissions two pounds per day or greater of reactive organic 
compounds (ROC), or two pounds per day or greater of nitrogen oxides (NOx) that is 
inconsistent with the AQMP will have a significant cumulative adverse air quality 
impact.  Inconsistent projects are usually those that cause the existing population to 
exceed the population forecasts contained in the most recently adopted AQMP (see Table 
4-1, “1995 AQMP Population Forecasts”). 

In addition to addressing consistency with the population forecasts, the air quality impact 
assessment should also address project consistency with emission reduction strategies 
included in the AQMP.  The AQMP contains a number of transportation and energy 
control measures that help to reduce project emissions.  These often can be used to help 
reduce a project’s indirect emissions.  Transportation and energy conservation control 
measures should be incorporated into the project design early in the planning process. 

4.2.1 Projects Exempt from Consistency Assessments 

A project that conforms to the applicable General Plan designation and has emissions 
below two pounds per day of ROC, and below two pounds per day of NOx, is not 
required to assess consistency with the AQMP.  Consequently, a project with emissions 
below these levels is also considered to have a less than significant cumulative adverse air 
quality impact. 

4.2.2 General Plan Amendments 

Any General Plan Amendment that will result in population growth above that forecasted 
in the most recently adopted AQMP is inconsistent with the AQMP.  It will therefore 
have a significant cumulative adverse air quality impact. 
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TABLE 4-1 
1995 AQMP POPULATION FORECASTS* 

 2000 2001 2002 2003 2004 2005 
Growth Areas  
Ahmanson Ranch 5,203 5,500 5,793 6,087 6,379 6,669 
Camarillo 67,916 68,761 69,599 70,428 71,253 72,072 
Fillmore 17,833 17,991 18,149 18,305 18,460 18,614 
Moorpark 39,591 40,975 42,389 43,791 45,185 46,570 
Oak Park 17,098 17,098 17,100 17,100 17,101 17,101 
Oxnard 161,000 162,408 163,800 165,184 166,557 167,918 
Piru 1,604 1,634 1,667 1,697 1,727 1,759 
Port Hueneme 25,875 26,236 26,595 26,950 27,304 27,654 
Santa Paula 30,070 30,548 31,021 31,493 31,963 32,429 
Simi Valley 121,170 123,212 125,235 127,243 129,232 131,207 
Thousand Oaks 122,816 124,010 125,192 126,369 127,533 128,691 
Ventura  110,000 111,001 112,001 112,999 114,000 115,000
Ojai G/NGAs** 30,060 30,258 30,456 30,648 30,837 31,032 
  
Non-growth Areas  
Aggregated NGAs*** 26,182 26,592 26,978 27,379 27,758 28,158 
  
County Total 776,418 786,224 795,975 805,673 815,289 824,874

* Based on population forecasts adopted by VCOG on June 24, 1993, and used in the 
1995 AQMP Revision, Appendix E-95.  Population forecasts from the most recently 
adopted AQMP should be used for AQMP consistency analyses.  If there are more 
recent population forecasts that have been adopted by VCOG where the total county 
population is lower than that included in the most recently adopted AQMP, lead 
agencies may use the more recent VCOG forecasts for determining AQMP 
consistency.  Contact APCD staff at 805/645-1427 or 805/645-1439 for questions 
about the most current population forecasts. 

** G/NGAs  = Growth and Non-growth areas. 

*** Excludes the Ojai Non-growth Area. 
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4.2.3 General Land Use Development Projects 

The following procedures should be used to determine project consistency with the 
AQMP for projects conforming to applicable general plans and having emissions of two 
pounds or greater per day of ROC or two pounds or greater per day of NOx. 

Using Figure 4-1, “Ventura County Growth and Non-growth Areas,” determine the 
growth or non-growth area in which the project is located.  If the appropriate growth or 
non-growth area cannot be determined, contact the APCD Planning Division at 
805/645-1427 or 805/645-1439. 

If the project is in a growth area, refer to Section 4.2.3.1, “Projects Located in Growth 
Areas (Except Ojai Growth Area).”  If the project is in a non-growth area, refer to Section 
4.2.3.2, “Projects Located in Non-growth Areas (Except Ojai Non-growth Area).”  If the 
project is located in the Ojai Growth or Non-growth area, refer to Section 4.2.3.3, 
“Projects Located in the Ojai Growth and Non-growth Areas.” 

4.2.3.1 Projects Located in Growth Areas (Except Ojai Growth Area) 

1. Determine if the project conforms to the applicable General Plan. 

2. Determine the current estimated population of the growth area.  This information can 
be provided by APCD Planning Division staff. 

3. Compare the current estimated population of the growth area (obtained in step 2 
above) with the growth area population target for the next year.  For example, if the 
current year is 2000, compare the estimated existing population of the growth area 
with the population target for 2001.  Refer to Table 4-1, “1995 AQMP Population 
Forecasts.” 

 If the current estimated population of the growth area is below its next year’s 
population target, and the project conforms to the applicable General Plan 
designation, the project is determined to be consistent with the AQMP. 

4. If the current estimated population of the growth area exceeds its next year’s 
population target, the project should be found to be inconsistent with the AQMP.  
Inconsistency with the AQMP is considered a significant cumulative adverse air 
quality impact.  

4.2.3.2 Projects Located in Non-growth Areas (Except Ojai Non-growth 
Area) 

1. Determine if the project conforms to the applicable General Plan. 

2. Determine the current estimated population of the aggregated non-growth areas.  
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This information can be provided by APCD Planning Division staff. 

3. Compare the current estimated population of the aggregated non-growth areas 
(obtained in step 2 above) with the aggregated non-growth area population target for 
the next year.  For example, if the current year is 2000, compare the estimated 
existing population of the aggregated non-growth areas with the population target for 
2001.  Refer to Table 4-1, “1995 AQMP Population Forecasts.” 

 If the current estimated population of the aggregated non-growth areas is below its 
next year’s population target, and the project conforms to the applicable General Plan 
designation, the project is determined to be consistent with the AQMP. 

4. If the current estimated population of the aggregated non-growth areas exceeds its 
next year’s population target, the project should be found to be inconsistent with the 
AQMP.  Inconsistency with the AQMP is considered a significant cumulative 
adverse air quality impact.  

4.2.3.3 Projects Located in the Ojai Growth and Non-growth Areas 

Consistency with the population forecasts for the Ojai Growth and Non-growth Areas 
(also known as the Ojai Valley) is assured due to Article 12 of the Ventura County 
Non-Coastal Zoning Ordinance.  Article 12, which was adopted in July 1982, established 
a residential building permit allocation program to ensure consistency with the adopted 
AQMP population projections. 

4.3 INCONSISTENCY WITH THE AQMP AND CUMULATIVE ADVERSE AIR 
QUALITY IMPACTS 

A project that is determined to be inconsistent with the AQMP is also determined to have 
a significant cumulative adverse air quality impact.  If a project is inconsistent, there are 
several options: 

1. The project could be revised to eliminate the inconsistency.  Project revisions might 
require that the project be phased, reduced in size, or delayed to ensure consistency 
with the AQMP population forecasts. 

2. Mitigation measures could be applied to reduce or eliminate the inconsistency.  This 
could consist of a jurisdiction adopting a residential building permit allocation 
program to pace population growth with the AQMP population forecasts in such a 
way as to ensure that population projections contained in the AQMP are not 
exceeded. 

3. The project could be denied. 

4. The project could be approved if the lead agency determines and issues a statement 
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that there are overriding considerations to approve the project.  This does not relieve 
the decision-making body of the requirement to mitigate the impact to the maximum 
extent feasible, as required by Section 15126(c) of the CEQA Guidelines.  

A finding that a project is consistent with the AQMP does not necessarily ensure that a 
project will not have a significant project-specific adverse impact on air quality.  The 
recommended criteria for determining whether a project will have an adverse impact on 
air quality can be found in Section 3.3, “Recommended Significance Criteria.” 
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5. ESTIMATING OZONE PRECURSOR EMISSIONS 

5.1 INTRODUCTION 

The primary source of air pollutant emissions associated with residential, commercial, 
institutional, and some industrial land uses, is motor vehicles.  These land uses may not 
result in significant amounts of direct emissions, but they may generate motor vehicle 
trips, whose emissions may adversely affect air quality.  These land uses are therefore 
often referred to as “indirect” emission sources. 

This chapter describes four methods that are recommended for estimating ozone 
precursor emissions, all based on the URBEMIS computer program.  The California Air 
Resources Board (ARB) originally developed this program in 1982.  As of October 2003, 
the most current version of the URBEMIS program is URBEMIS2002.  This computer 
program is designed to estimate air emissions from land use development projects.  
URBEMIS2002 uses ARB’s most recent motor vehicle emission factor model, 
EMFAC2002 (hence the nameURBEMIS2002).  As stated in Chapter 1, the Guidelines 
are not applicable to equipment or operations required to have Ventura County APCD 
permits (Authority to Construct or Permit to Operate).  Moreover, the emissions from 
equipment or operations requiring APCD permits are not counted towards the air quality 
significance thresholds. 

Previous versions of URBEMIS (URBEMIS versions 1 through 5) were designed to 
estimate only motor vehicle emissions from trips generated by land use development.  
URBEMIS has been enhanced so that the user also can estimate construction and area 
source emissions.  Area sources are groups of similar emission sources that do not 
contribute significant amounts of emissions individually, but do contribute significantly 
in the aggregate.  Examples of area sources include fuel combustion from natural gas 
appliances, utility engines (including landscape maintenance equipment), and consumer 
products.  URBEMIS also now allows the user to select mitigation measures for 
construction emissions, area source emissions, and project operational emissions (see 
Sections 7.4, “Construction Mitigation,” 7.5.1, “Area Source Mitigation Measures,” and 
7.5.2, “Operational Mitigation Measures”).  URBEMIS2002 contains several additional 
land uses, major enhancements to the construction emissions and mitigation measures 
module, and includes a screening analysis option. 

Motor vehicle trip rates in URBEMIS are based primarily on the average daily trip data 
for the various land uses in the Institute of Transportation Engineers’ (ITE) publication 
Trip Generation, Sixth Edition (1997).  Motor vehicle trip generation rates different than 
those listed in ITE’s Trip Generation or URBEMIS can be used if the lead agency is 
provided justification and documentation to its satisfaction that such changes are 
warranted.  Documentation and justification of any changes to the URBEMIS default 
values should be included in the environmental document. 
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URBEMIS requires entry of specific information concerning the number and type of units 
for each land use.  It also requires entry of information specific to Ventura County.  
Ventura County-specific default inputs are contained in copies of the program obtained 
from the Ventura County Air Pollution Control District (APCD or District), the ARB 
(http://www.arb.ca.gov/planning/urbemis/urbemis2002/urbemis2002.htm), or the South 
Coast Air Quality Management District (http://www.aqmd.gov/ceqa/urbemis.html). 

Ventura County-specific default inputs to the URBEMIS computer program are presented 
in Section 5.3.3.1, “Ventura County-Specific Default Inputs to the URBEMIS Computer 
Program.”  Input values other than the Ventura County-specific defaults may be used for 
calculating emissions.  Likewise, modified trip generation rates and percent work trips 
also may be used.  However, as stated earlier, if different values are used, full 
documentation and justification for the different values should be provided to the 
satisfaction of the lead agency that such changes are warranted 

Appendix E, Definition of Land Use Categories for Trip Generation and Project Emission 
Calculation Purposes, contains definitions of all of the land uses contained in ITE’s Trip 
Generation.  The sixth edition of the ITE manual contains nineteen new land use 
classifications, revisions to several land use descriptions, and updated trip generation 
factors for various land uses.  Not all of the land uses in ITE’s Trip Generation are in 
URBEMIS.  However, URBEMIS inputs can be easily modified so that emissions from 
land uses not in URBEMIS can be calculated using URBEMIS. 

Appendix F, Project Screening Analysis Tables, contains land uses, organized by project 
size and year of project completion, listing the size of land use (in terms of dwelling 
units, square feet, or fueling positions) that will exceed the reactive organic compounds 
(ROC) and oxides of nitrogen (NOx) significance thresholds described in Chapter 3 (see 
also Section 5.3.1, “Project Screening Analysis Tables”).  Projects smaller than the 
applicable values in Appendix F will not have a significant adverse impact on air quality 
with respect to ROC and/or NOx emissions.  Although a project may fall below the 
applicable ROC or NOx threshold values in Appendix F, the project should still be 
assessed for other potential significant air quality impacts, such as fugitive dust, odors, 
toxic air contaminants, and project consistency with the AQMP. 

APCD recommends that lead agencies use the most recent version of URBEMIS adopted 
by the ARB and the corresponding version of EMFAC.  Trip generation factors should be 
obtained from the most recent version of ITE’s Trip Generation, or other sources, as 
appropriate, with justification and documentation to the satisfaction of the lead agency 
that such changes are warranted. 
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5.2 CALCULATING OZONE PRECURSOR EMISSIONS FROM PROJECT 
CONSTRUCTION 

Construction operations generate ROC, NOx, fugitive dust emissions, and possibly air 
toxics.  This section discusses methodologies for calculating ROC and NOx emissions 
from project construction.  The methodology to estimate fugitive dust emissions is 
presented in Section 6.2, “Fugitive Dust.”  The methodology to estimate toxic air 
contaminant emissions is presented in Section 6.5, “Toxic Air Contaminants.” 

The primary sources of construction-related ROC and NOx emissions are gasoline- and 
diesel-powered, heavy-duty, mobile construction equipment, such as scrapers and motor 
graders.  ROC and NOx emissions associated with heavy-duty mobile construction 
equipment should be quantified based on the type of equipment anticipated to be used.  
Most of such equipment is diesel-powered.  URBEMIS can be used to calculate ROC and 
NOx emissions from heavy-duty mobile construction equipment.  URBEMIS divides 
construction emissions into three phases:  demolition (Phase 1), site grading (Phase 2), 
and building construction (Phase 3).  Building construction is further subdivided into 
building equipment, architectural coating, asphalt paving, and worker trips.  If the 
URBEMIS program is used to calculate ozone precursor emissions from project 
construction, the program should be run separately for the construction emissions and for 
the operational emissions, and the results should not be combined for purposes of 
comparing to applicable thresholds. 

The URBEMIS User’s Guide presents emission factors, equipment horsepower, load 
factors, and hours per day of operation that can be used to manually estimate ROC and 
NOx emissions associated with diesel- and gasoline-powered heavy-duty mobile 
construction equipment.  The emission factors in the table are presented in pounds per 
hour.  The emission equation used by URBEMIS for each piece of equipment is as 
follows: 

Equipment Emissions (pounds per day) = # of pieces of equipment * grams per brake 
horsepower-hour * equipment horsepower * hours/day * load factor 

Grams per brake-horsepower hour is based on the construction year and on the average 
life expectancy of the equipment type.  Grams per brake horsepower hour emissions and 
average equipment life expectancy are from Appendix B of the California Air Resources 
Board’s (ARB’s) off-road model (California Air Resources Board 2000).  Emission 
factors used in URBEMIS are found in Appendix H of the URBEMIS User’s Guide. 

Construction-related emissions (including portable engines and portable engine-driven 
equipment subject to the ARB’s Statewide Portable Equipment Registration Program, and 
used for construction operations or repair and maintenance activities) of ROC and NOx 
are not counted towards the two significance thresholds, since these emissions are 
temporary.  However, construction-related emissions should be mitigated if estimates of 
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ROC and NOx emissions from the heavy-duty construction equipment anticipated to be 
used for a particular project exceed the 5 pounds per day threshold in the Ojai Planning 
Area, or the 25 pounds per day threshold in the remainder of the county.  Mitigation 
measures to reduce such emissions are listed in Section 7.4.3, “ROC and NOx 
Construction Mitigation Measures” and in the mitigation module of URBEMIS. 

5.3 CALCULATING OPERATIONAL EMISSIONS 

This section presents three methods for assessing whether project emissions will be 
significant:  a screening analysis (Section 5.3.1, “Project Screening Analysis Tables”), a 
minimal run screening analysis using URBEMIS (Section 5.3.2, “URBEMIS Computer 
Program -Screening Analysis Mode”), or a detailed run (Section 5.3.3, “URBEMIS 
Computer Program - Detailed Run”).  Lead agencies need not perform the detailed run 
unless the screening analysis tables or screening analysis URBEMIS run indicates that the 
project will exceed the 5 pounds per day threshold for ROC and NOx in the Ojai Planning 
Area, or the 25 pounds per day threshold for ROC and NOx in the remainder of the 
county as described in Chapter 3, Air Quality Significance Thresholds. 

For purposes of determining whether or not the project will have a significant adverse 
impact on air quality, those project-related ROC and NOx emissions from equipment that 
is required to have a Ventura County APCD Permit to Operate need not be considered.  
Such emissions should be subtracted from total project emissions before making a 
determination as to whether or not the project will have an adverse impact on air quality.  
Emissions that should be counted toward the ROC and NOx significance threshold 
include any emissions that will occur as a result of approval of some type of discretionary 
use permit. 

The project screening analysis mode in the URBEMIS program and the project screening 
analysis tables in Appendix F of this Guidelines use the default vehicle fleet mix for 
calculating estimated project emissions.  Therefore, for projects where the fleet mix 
includes a greater percentage of heavy-duty vehicle trips than the default fleet mix, 
project emissions may be significantly underestimated in the screening analysis mode and 
the screening analysis tables.  An example of this situation might be a warehouse facility 
where the vehicle trips are predominantly heavy-duty diesel trips.  The District 
recommends that if a lead agency determines that the expected vehicle fleet mix for a 
project will include more heavy duty vehicles than the default fleet mix, project screening 
analyses are not appropriate. 

5.3.1 Project Screening Analysis Tables 

Appendix F identifies project sizes (by project type and year of project completion) that 
will exceed the ROC or NOx significance thresholds.  The tables in Appendix F were 
generated using the default values for Ventura County, and the default trip generation 
rates in URBEMIS.  These trip generation rates are from the ITE’s Trip Generation, Sixth 
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Edition, and other sources, as documented in the User’s Guide for URBEMIS.  The 
“pass-by trip” option was selected for all land use categories.  Emissions from area 
sources (e.g., natural gas usage, landscaping equipment, and consumer products) have 
also been included in the tables.  The screening analysis in Appendix F does not account 
for any air quality mitigation measures.  For each land use, the applicable unit numbers 
and/or project size was increased until the resultant ROC emissions or NOx emissions 
exceeded the 5 and 25 pounds per day significance thresholds. 

Generally, NOx emissions exceed the significance thresholds before ROC emissions, and 
therefore usually indicate the project size that will exceed the applicable significance 
threshold.  The years of project completion in Appendix F are those for which there are 
EMFAC2002 emission factors. 

Projects smaller than the applicable threshold values in Appendix F will not have a 
significant adverse impact on air quality with respect to the one-hour ozone standard.  
Although a project may fall below the applicable ROC or NOx threshold values in 
Appendix F, the project should still be assessed for other potential significant air quality 
impacts, including, but not limited to, fugitive dust, odors, toxic air contaminants, and 
project consistency with the AQMP. 

If a project is a single land use type (e.g., single family detached housing), Appendix F 
can be used to determine whether the project is likely to exceed the significance 
thresholds.  If the project is near the size necessary to exceed the significance thresholds, 
the URBEMIS program should be run, using either the screening analysis mode (see 
Section 5.3.2, “URBEMIS Computer Program - Screening Analysis Mode”), or a detailed 
run (see Section 5.3.3, “URBEMIS Computer Program - Detailed Run”).  Also, if a 
project has unique conditions that deviate from the Ventura County default values (see 
Section 5.3.3.1), the screening analysis is not appropriate, and a detailed run should be 
performed. 

APCD recommends that lead agencies use the most recent version of URBEMIS adopted 
by the ARB and the corresponding version of EMFAC.  Therefore, if a more current 
version of URBEMIS is available, the District recommends using the more current 
version of URBEMIS instead of the tables in Appendix F. 

5.3.2 URBEMIS Computer Program - Screening Analysis Mode 

The URBEMIS screening analysis mode is appropriate if the project contains more than 
one land use, or if the lead agency has trip generation data from other sources (e.g., traffic 
studies).  Completing a run as described in this section will provide emission estimates 
that do not account for any air quality mitigation measures, pass-by trips, internal trips, or 
double-counting adjustments.  It relies on the default inputs for Ventura County, and 
requires only the most basic information about the project.  The Summary output lists 
project area and operational emissions separately, and then adds the emissions together 
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for an estimate of total project emissions.  The Detailed output lists project area and 
operational emissions.  Therefore, project area and operational emissions must be added 
together to estimate total project emissions.  If output from an URBEMIS screening 
analysis run produces ROC and/or NOx emissions estimates at, near, or over the 
applicable significance threshold, a detailed URBEMIS run should be conducted. 

Although an URBEMIS screening analysis run may produce ROC and/or NOx emission 
estimates less than the applicable significance threshold, the subject project still should be 
assessed for other potential significant air quality impacts, such as fugitive dust, odors, 
toxic air contaminants, and project consistency with the AQMP. 

5.3.3 URBEMIS Computer Program - Detailed Run 

A detailed URBEMIS run is appropriate if any of the following apply:  1) the screening 
analysis tables indicate that the proposed project will likely exceed ROC or NOx 
significance thresholds; 2) the URBEMIS screening analysis mode shows project 
emissions at, near, or over the applicable ROC or NOx significance threshold; 3) 
mitigation measures will be included in the project; or 4) a more detailed analysis of the 
project is desired.  See Section III, “Using URBEMIS2002,” Appendix B, “Area Source 
Emissions,” and Appendix C, “Operational (Motor Vehicle) Emissions,” of the 
URBEMIS7G manual for further details.  The Summary output lists project area and 
operational emissions separately, and then adds the emissions together for an estimate of 
total project emissions.  The Detailed output lists project area and operational emissions 
separately.  Therefore, for an estimate of total project emissions from the Detailed output, 
project area and operational emissions should be added together. 

As with the Appendix F screening analysis tables and the URBEMIS screening analysis 
mode, if a detailed URBEMIS run indicates that project ROC and NOx emissions will be 
below the applicable significance threshold, the project still should be assessed for other 
potential significant air quality impacts, including, but not limited to, fugitive dust, odors, 
toxic air contaminants, and project consistency with the AQMP. 

5.3.3.1 Ventura County-Specific Default Inputs to the URBEMIS Computer 
Program 

The following default values should be used for projects located in Ventura County.  
These default values may be replaced with more specific project data.  However, 
justification and documentation for the changes should be provided to the satisfaction of 
the lead agency that such changes are warranted.  Documentation and justification of any 
changes to the URBEMIS default values should be included in the environmental 
document.  If a more current version of the URBEMIS program is available and has 
updated Ventura County default values, those values should be used instead. 
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Project Area:  Ventura County. 

Target Year:  Year of project occupancy, or, if not an available choice in the program, the 
year of project occupancy rounded to the nearest five-year increment. 

Ambient Temperature:  Use 75o for the summer ambient temperature.  Use 50o for the 
winter ambient temperature. 

Trip Characteristics: 

Average Trip Trip Lengths 
 Speed  Percentages Urban Rural 

 40 Home-based work 27.4 12.0 15.0 

 40 Home-based shop 17.7 7.8 10.0 

 40 Home-based other 54.9 10.0 10.0 

 40 Commercial-based commute  10.0 15.0 

 40 Commercial-based non-work  10.0 15.0 

Note:  Trip percentages for “home-based” trips must add to 100 percent. 

5.3.3.2 Area Emissions Estimates 

Area sources are sources that individually emit fairly small quantities of air pollutants, 
but cumulatively may generate significant quantities of emissions.  Area source emissions 
include fuel combustion from natural gas appliances, utility engines (including landscape 
maintenance equipment), and consumer products.  APCD recommends that area source 
emissions be estimated for all projects that have these types of emission sources.  The 
Summary output lists project area and operational emissions separately, and then adds 
these emissions together for an estimate of total project emissions.  The Detailed output 
lists project area and operational emissions separately.  Therefore, for an estimate of total 
project emissions from the Detailed output, project area and operational emissions should 
be added together. 

5.3.3.3 Adjustment for Double Counting of Pass-by and Diverted-linked 
Trips 

Traffic generation rates for certain land uses can be overestimated by double counting 
vehicle trips.  This occurs when an establishment attracts some of its trips from traffic 
passing the site while on the way to another location.  Not accounting for the pass-by and 
diverted-linked trips can substantially overstate indirect source emissions associated with 
a proposed land use project.  By quantifying pass-by and diverted-linked rates for 
projects, a more accurate representation of indirect source emissions can be obtained. 
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Trip-making can be categorized as: 

Primary Trips:  Trips made for the specific purpose of visiting the project.  A home-
to-shopping-to-home combination of trips is a primary trip set. 

Pass-by Trips:  Trips made as intermediate stops on the way from an origin to a 
primary trip destination.  Pass-by trips are defined as trips from traffic passing the 
site on an adjacent street that contains direct access to the project.  These trips do not 
require a diversion from another roadway, and do not add additional mileage.  An 
example is a stop at a convenience store on the way home from work. 

Diverted-linked Trips:  Trips attracted from the traffic on roadways within the 
vicinity of the project but requiring a diversion from that roadway to another 
roadway to gain access to the project site.  These roadways could include streets or 
freeways adjacent to the project, but without direct access to the project. 

The URBEMIS computer program offers a method to adjust estimates of project 
emissions to account for pass-by and diverted-linked trips.  While in the URBEMIS 
program, the Operational Emissions main screen provides an option for selecting pass-by 
trip adjustments.  Clicking this box instructs the program to apply the recommended pass-
by and diverted-linked rates.  Table 3 of the URBEMIS User’s Guide shows estimates of 
pass-by and diverted linked trip percentages used in the URBEMIS program. 

The URBEMIS program can be used to adjust for pass-by and diverted-linked trips only 
when a default land use category is used.  Within any of the default land use categories, 
the trip generation rate may be modified, and the “pass-by trips” option still works 
properly.  However, if a non-default land use option is used (i.e., the “blank” row in the 
“Select/Edit Land Use” screens), the “pass-by trips” option does not work properly. 

For more information about the use of this program feature, see the URBEMIS User’s 
Guide (Section III.8.1, “Specifying Vehicle Emissions,” and Appendix C, “Operational 
(Motor Vehicle) Emissions, Pass-By Trips”). 

5.3.3.4 Adjustment for Double Counting of Internal Trips in Multi-use 
Projects 

Trip generation rates in URBEMIS include both motor vehicle trip generation and 
attraction.  Vehicle trips that originate within, and stay within, project boundaries are 
called internal trips.  Therefore, URBEMIS may double count trips if a project contains 
both residential and non-residential components.  However, URBEMIS contains a routine 
that minimizes double counting of internal trips in mixed-use projects and area plans, 
master plans, community plans, specific plans, and general plans.  The routine only 
applies if at least one residential and one non-residential land use is specified by the 
URBEMIS user and the user selects the double-counting correction setting.  The routine 
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is described in the URBEMIS User’s Guide (Section III.8.1, “Specifying Vehicle 
Emissions,” and Appendix C, “Operational (Motor Vehicle) Emissions, Double Counting 
of Multiuse Projects”). 

5.4 CALCULATING EMISSIONS FROM PROJECT-RELATED STATIONARY 
SOURCES 

Air emissions from any project-related stationary air emission sources that do not require 
permits from the District should be estimated and included in total project emissions. 

Stationary sources are non-mobile equipment, devices, operations, or processes that 
directly emit air pollutants.  Most stationary sources are associated with commercial and 
industrial facilities and operations.  Examples of stationary sources are industrial engines 
and boilers, turbines, spray paint booths, electronic component manufacturing operations, 
ready-mixed concrete facilities, plating operations, printing operations, plastic products 
manufacturing, and coffee roasters. 

Air emissions from a wide range of stationary sources are controlled through the 
District’s air pollution permit program.  The District permit program mitigates emission 
increases from stationary sources by requiring emission control devices, emission and 
process limits, and emission offsets.  Appendix B, Common Equipment and Processes 
Requiring a Ventura County APCD Permit to Operate, provides guidance for determining 
if equipment and processes will require an APCD Permit to Operate.  In addition to 
Appendix B, lead agencies can refer to District Rule 23, Exemptions from Permit, for a 
detailed list of equipment and processes that do not require a District permit.  Rule 23 is 
available from the ARB’s website at http://www.arb.ca.gov/drdb/ven/curhtml/r23.htm.  
Lead agencies and project applicants also can contact the District’s Engineering Division 
at 805/645-1401 for any questions regarding equipment, operations, and processes that 
may require a District permit. 

Air emissions for equipment, operations, and processes that do not require a District 
permit may be calculated using emission factors available from the District.  Lead 
agencies and project applicants can contact the District’s Permit Section at 805/645-1401 
for information regarding appropriate emission factors and emission calculation 
methodology for a wide range of stationary sources.  In addition to District emission 
factors, emission factors for stationary sources can be obtained from Volume I of the 
Environmental Protection Agency’s Compilation of Air Pollutant Emission Factors (AP-
42).  AP-42, Volume I, contains information on over 200 stationary source categories, 
and is available at the United States Environmental Protection Agency (U.S. EPA) 
website at www.epa.gov/ttn/chief/ap42.html. 

Emission factor information also may be available from certified environmental 
documents and from air emissions tests of the subject equipment or very similar 
equipment.  Lead agencies can contact the District at 805/645-1401 to inquire about any 
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appropriate emission test data that the District may have for a particular stationary source 
or source type. 



 VENTURA COUNTY AIR QUALITY ASSESSMENT GUIDELINES 

OCTOBER 2003 PAGE 6-1 

6. ASSESSING PROJECT-SPECIFIC, LOCALIZED, NON-OZONE IMPACTS 

6.1 INTRODUCTION 

The previous chapter presented a methodology for assessing project impacts on regional 
ozone levels.  This chapter presents information on how to assess a project’s impacts on 
pollutant levels other than ozone.  These impacts tend to be localized near the area where 
they are produced. 

Project construction and operation activities can result in several air pollutants whose 
effects are often localized near the area of their origin.  Such air quality effects are termed 
local air quality impacts and include, but are not necessarily limited to, fugitive dust, 
carbon monoxide (CO), toxic air contaminants (TACs), odors, and entrained fungal 
spores that cause San Joaquin Valley Fever. 

Many of these pollutants can adversely impact the general population, especially those 
most likely to suffer adverse health effects from air pollution, such as children, the 
elderly, and those suffering from acute and chronic medical conditions.  Land uses where 
such people are likely to reside or spend a substantial amount of time include residences, 
schools, playgrounds, day care centers, job sites, retirement homes, convalescent homes, 
and hospitals. 

The project environmental document should identify any land uses near the project site 
that may have people who are particularly sensitive to localized, non-ozone air quality 
impacts.  Reasonably foreseeable such land uses should be identified as well.  This would 
include potential land uses that could reasonably be sited nearby based on zoning or land 
use designations. 

The location of a development project is a major factor in determining whether it will 
cause or be impacted by localized, non-ozone air quality impacts.  The potential for 
adverse localized, non-ozone air quality impacts increases as the distance between the 
source of such emissions and sensitive populations decreases.  Localized air pollutants 
can adversely affect all members of the population, and thus any consideration of 
potential air quality impacts should include all members of the population.  Localized air 
pollution impacts generally occur in one of two ways:  1) A new source of air pollutants 
is proposed close to existing populations (An example would be an industrial facility 
proposed for a site near a residential area or a day-care center); and, 2) A new 
development proposed near an existing industrial facility. 

To minimize localized air pollution impacts, lead agencies should consider limiting or 
avoiding the following types of potential land use conflicts: 
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• A development project near a congested intersection or roadway.  High traffic 
volumes and congested conditions can lead to high but localized concentrations of 
CO, particulate matter (PM), or TACs. 

• Development projects close to a source of TACs or high traffic levels. 

• Development projects near a source of odorous emissions.  Although odors generally 
do not pose a health risk, they can be a nuisance if they interfere with the use of 
neighboring land uses. 

• Development projects near a source of high levels of dust emissions.  Fugitive dust 
can pose health risks (when it results in elevated PM10 and PM2.5 levels) and can be a 
nuisance if it interferes with neighboring land uses. 

When evaluating whether a development proposal has the potential to result in localized 
impacts, lead agency staff should consider the nature of the proposed development and its 
potential to produce air pollutant emissions, the distance between the emitting facility and 
the potentially affected population, the direction of prevailing winds, and local 
topography.  Often, providing a buffer zone between the source of emissions and the 
subject population will alleviate the problem. 

6.2 FUGITIVE DUST 

The Ventura County Air Pollution Control District (APCD or District) recommends 
minimizing fugitive dust, especially during grading and excavation operations, rather than 
quantifying fugitive dust emissions.  Therefore, the mitigation measures described in 
Section 7.4.1, “Fugitive Dust Mitigation Measures,” should be applied to all project-
related dust-generating operations and activities.  Occasionally, the District may 
recommend that a project’s potential to affect ambient particulate concentrations be 
analyzed with an appropriate air pollutant dispersion computer model.  The purpose of 
such an analysis is to help determine if the amount of dust that will be generated by 
project-related activities will cause an exceedance of an ambient particulate air quality 
standard. 

If the analysis indicates a possible violation of an ambient particulate air quality standard, 
a finding of significant impact should be made and appropriate mitigating measures 
identified.  The District will recommend that PM modeling be conducted if, in its 
opinion, project-related activities and operations may generate airborne PM in such 
quantities as to cause an exceedance of a particulate ambient air quality standard in an 
area where people live and work, including, but not limited to, residential areas, schools, 
day care centers, office complexes, and hospitals.  Examples of projects that may require 
supplemental modeling include mining and quarrying operations, landfills, and 
excavation and grading operations for large development projects.  If the District 
recommends a particulate modeling analysis, it will provide guidance as to appropriate 
models and modeling protocols. 
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6.3 SAN JOAQUIN VALLEY FEVER 

There is no recommended threshold for a significant San Joaquin Valley Fever impact.  
However, listed below are factors that may indicate a project’s potential to create 
significant Valley Fever impacts: 

• Disturbance of the top soil of undeveloped land (to a depth of about 12 inches) 

• Dry, alkaline, sandy soils. 

• Virgin, undisturbed, non-urban areas. 

• Windy areas. 

• Archaeological resources probable or known to exist in the area (Native American 
midden sites). 

• Special events (fairs, concerts) and motorized activities (motocross track, All Terrain 
Vehicle activities) on unvegetated soil (non-grass). 

• Non-native population (i.e., out-of-area construction workers). 

The lead agency should consider the factors above that are applicable to the project or the 
project site.  The likelihood that the Valley Fever fungus may be present and impact 
nearby land uses (or the project itself) increases with the number of the above factors 
applicable to the project or the project site.  Based on these or other factors, if a lead 
agency determines that project activities may create a significant Valley Fever impact, the 
District recommends that the lead agency consider the Valley Fever mitigation measures 
listed in Section 7.4.2, “Valley Fever Mitigation Measures.”  These mitigation measures 
focus on fugitive dust control to minimize fungal spore entrainment, as well as 
minimizing worker exposure. 

6.4 CARBON MONOXIDE 

The District recommends use of the CALINE4 computer model to determine if a project 
may create or contribute to an existing CO hotspot.  CALINE4 is the latest in a series of 
line source air quality models developed by the California Department of Transportation 
(Caltrans).  Given the magnitude of the CO source, site geometry, and local meteorology, 
CALINE4 can predict pollutant concentrations for receptors located within 500 meters of 
a roadway.  In addition to predicting concentrations of relatively inert pollutants such as 
CO, the model can predict nitrogen dioxide (NO2) and suspended particle concentrations.  
It also has special options for modeling air quality near intersections, street canyons, and 
parking facilities. 

Historically, the CALINE series of models required relatively minimal input from the 
user.  Spatial and temporal arrays of wind direction, wind speed, and diffusivity were not 
needed by the models.  While CALINE4 uses more input parameters than its 
predecessors, it is still considered a very easy model to implement.  For most 
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applications, optional inputs can be bypassed and many other inputs can be assigned 
assumed worst-case values. 

In addition to CALINE4, Caltrans has developed a CO hotspot screening procedure.  This 
procedure can be used to provide a quick “worst-case” estimate of ambient CO 
concentrations near a roadway intersection.  The screening procedure is contained in 
Caltrans’ Transportation Project-Level Carbon Monoxide Protocol (CO Protocol).  Both 
CALINE4 and the CO Protocol, including the CO screening procedure, can be 
downloaded from the Caltrans Environmental Division’s webpage, located at 
http://www.dot.ca.gov/hq/env/air/index.htm. 

6.4.1 Screening Procedure for Carbon Monoxide Analysis 

A CO hotspot screening analysis using the screening procedure in Caltrans’ CO Protocol 
should be conducted for any project with indirect emissions greater than the applicable 
ozone project significance thresholds in Section 3.3.1 that may significantly impact 
roadway intersections that are currently operating at, or are expected to operate at, Levels 
of Service E, or F.  A CO hotspot screening analysis should also be conducted for any 
project-impacted roadway intersection at which a CO hotspot might occur.  It is 
especially important to conduct such an analysis if a proposed project will either create or 
contribute to a CO hotspot that may adversely affect the public, especially the young, the 
elderly, and those with medical conditions that could be exacerbated by elevated CO 
concentrations.  If the screening analysis indicates that there may be a CO hotspot, the 
CALINE4 model should be run as outlined in Appendix B, “Detailed Analysis,” of the 
Caltrans CO Protocol. 

The screening analysis was designed to estimate 1-hour and 8-hour CO concentrations for 
projects involving signalized intersections.  The methodology estimates 1-hour CO levels, 
which then can be converted to estimates of 8-hour CO levels.  Screening procedures for 
additional types of projects were under development at the time the Caltrans CO Protocol 
was being developed and will be released as supplements to the protocol. 

Using the screening methodology to calculate an 8-hour average CO concentration as 
presented in the Caltrans CO Protocol, it is not possible for a project to result in a 
modeled 1-hour exceedance of the 1-hour CO standard without also causing a violation of 
the corresponding 8-hour standard.  This is a consequence of using a “persistence factor” 
to convert the modeled 1-hour concentration to an 8-hour concentration. 

The purpose of the screening procedure is to obtain conservative estimates of CO 
concentrations without having to run CALINE4.  Step-by-step instructions on how to use 
the screening procedure are given in Appendix A, “Screening Procedure,” of the Caltrans 
CO Protocol. 
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The screening procedure is not applicable to all projects.  If the screening procedure 
assumptions are not appropriate for the subject project, the screening procedure is not 
applicable, and the CALINE4 model should be used.  The main limitations of the 
screening procedure are presented in Table 6-1, “Scenarios That Should Not Be Modeled 
Using the Screening Procedure.” 

TABLE 6-1 
SCENARIOS THAT SHOULD NOT BE MODELED  

USING THE SCREENING PROCEDURE 

Vehicles in cold start mode greater than 50% 

Percentage of heavy-duty gasoline trucks greater than 1.2% 

Traffic volumes greater than 1,000 vehicles/hour/lane 

January mean minimum temperature less than 35o F 

The screening analysis requires the user to input certain information, such as intersection 
type, traffic volume, analysis year, background CO concentration, and average cruise 
speed.  All of the needed information is outlined in the screening protocol.  Most of the 
information is project-specific and must be supplied.  The APCD recommends that the 
highest CO concentration reported over the last three years for either the El Rio or Simi 
Valley air monitoring stations (whichever is nearest the project site) be used for the 
background CO concentrations.  Table 6-2 gives the highest 1-hour and 8-hour CO 
concentrations for both the El Rio and Simi Valley monitoring stations for 2000 - 2002.  
Contact the District at 805/645-1427 for updated information on carbon monoxide levels.  
The average speed should be the same as that used in the URBEMIS emissions analysis.  
Typically, that will be 40 miles per hour. 

TABLE 6-2 
HIGHEST BACKGROUND CARBON MONOXIDE CONCENTRATIONS FOR –

2000 - 2002 AT THE EL RIO AND SIMI VALLEY MONITORING STATIONS 
(parts per million) 

 1-hour 8-hour 

 El Rio 2.3 1.6 

 Simi Valley 6.2 4.3 
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6.4.2 Detailed Procedure for Carbon Monoxide Analysis 

If the screening procedure is not applicable for the subject project, or if the screening 
procedure indicates a potential CO hotspot, the CALINE4 model should be run as 
outlined in Appendix B, “Detailed Analysis,” of the Caltrans CO Protocol. 

CALINE4 also requires the user to supply certain input parameters.  The inputs should be 
as recommended in the CO Protocol, except that the background CO concentrations 
should be the highest 1-hour and 8-hour CO concentration reported over the last three 
years for either the El Rio or Simi Valley air monitoring stations (whichever is nearest the 
project site, see Table 6-2).  If inputs other than those recommended in the Caltrans CO 
Protocol or these Guidelines are used, they should be justified and documented to the 
satisfaction of the lead agency that such changes are warranted.  Documentation and 
justification of any changes to the CO Protocol default values should be included in the 
environmental document. 

If the CALINE4 model indicates that the project may cause a CO hotspot (or contribute to 
an existing hotspot), a finding of significant impact should be made, unless mitigation 
measures can be implemented that reduce the hotspot concentration to less than the 
applicable CO standard.  Mitigation measures to reduce significant CO impacts are 
discussed in Section 7.5.5, “Carbon Monoxide Mitigation.”  

6.5 TOXIC AIR CONTAMINANTS 

All projects that may emit TACs should be assessed to determine whether those TAC 
emissions may adversely impact nearby populations.  When considering potential TAC 
impacts, lead agencies should consider both of the following situations:  1) a proposed 
new or modified facility that may emit TACs near existing land uses; and, 2) a new land 
use proposed near an existing facility that emits TACs. 

6.5.1 Determining Whether the Project Will Emit Toxic Air Contaminants 

The first step in deteriming whether a proposed project may adversely impact nearby 
populations with TACs is for the lead agency to determine whether the subject project 
will emit toxic substances.  This information may be obtained from the project applicant 
as part of the permit review process.  The lead agency should inquire about the types and 
amounts of toxic substances the facility may use and emit to the atmosphere.  Lead 
agencies also can refer to Appendix D, Major Toxic Air Contaminant Regulations and 
Common Toxic Air Contaminant Sources and Substances, for a list of common TAC 
sources and substances that may be encountered at facilities in Ventura County.  
Moreover, many types of equipment and processes that require a District Permit to 
Operate also emit TACs.  Therefore, lead agencies can refer to Appendix B, Common 
Equipment and Processes Requiring a Ventura County APCD Permit to Operate. 
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In addition to the TAC sources and substances listed in Appendix D, the lead agency also 
should refer to the extensive list of toxic chemicals called the Title III List of Lists, 
Consolidated List of Chemicals Subject to the Emergency Planning and Community 
Right-to-know Act (EPCRA) and Section 112(r) of the Clean Air Act, as Amended.  This 
list can be downloaded from http://www.epa.gov/ceppo/pubs/title3.pdf.  This 
consolidated chemical list includes chemicals subject to reporting requirements under 
Title III of the Superfund Amendments and Reauthorization Act of 1986 (SARA), also 
known as the Emergency Planning and Community Right-to-Know Act (EPCRA), and 
chemicals listed under Section 112(r) of Title III of the Clean Air Act (CAA) of 1990, as 
amended.  Lead agencies also can refer to State of California’s Office of Environmental 
Health Hazard Assessment (OEHHA) website at http://www.oehha.ca.gov/home.html.  
This page provides access to OEHHA’s Toxicity Criteria Database, the Proposition 65 
list of chemicals known to the State of California to cause cancer, birth defects or other 
reproductive harm, and information regarding TAC health risk assessments. 

Finally, lead agencies can contact the District’s Air Toxics Section at 805/645-1405 or 
805/645-1478 to obtain information regarding whether a facility, facility type, or 
operation emits or will emit TACs.  This can be particularly important and useful because 
health risk assessments have been conducted for many such facilities in Ventura County 
under the District’s Air Toxics “Hotspots” Program.  These health risk assessments are on 
file with the District and are available for public review. 

6.5.2 Assessing the Impact of Toxic Air Contaminant Emissions 

If a lead agency determines that a project it is considering will emit TACs, the next step is 
to assess the potential of those toxic emissions to adversely impact nearby populations.  
This determination can be made by conducting an appropriate TAC health risk 
assessment. 

The California Air Pollution Control Officers Association (CAPCOA) has developed 
TAC health risk assessment guidelines to provide consistent, statewide procedures for 
preparing the health risk assessments required under the Air Toxics “Hot Spots” Act.  
The title of these guidelines is CAPCOA Air Toxics “Hot Spots” Program Revised 1992 
Risk Assessment Guidelines.  The current version of the CAPCOA guidelines is dated 
October 1993.  The CAPCOA guidelines can be downloaded from the California Air 
Resource Board’s (ARB) website at http://www.arb.ca.gov/ab2588/riskassess.htm.   

The District has prepared a supplement to the CAPCOA guidelines for preparing health 
risk assessments in Ventura County.  The District’s supplemental guidelines is titled 
Supplement to the CAPCOA Air Toxics “Hot Spots” Program Risk Assessment 
Guidelines.  The current version of this document is dated March 23, 1995, and can be 
downloaded from the District’s website at http://www.vcapcd.org/air_toxics.htm.  The 
District recommends that lead agencies conduct TAC risk assessments in accordance with 
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the CAPCOA Risk Assessment Guidelines, as supplemented by the District’s 
supplemental guidelines. 

The CAPCOA Risk Assessment Guidelines contain procedures for both screening level 
and formal health risk assessments.  Because formal TAC health risk assessments can be 
complex and time consuming, a screening health risk analysis is useful for quickly 
defining a worst-case estimate of risk and for determining if further analysis using a 
formal health risk assessment is needed.  However, a screening health risk assessment for 
a project is not appropriate if the assumptions and parameters on which the screening risk 
analysis is based are not suitable for the subject project.  In such a case, the screening 
analysis may not be accurate and a formal risk assessment should be conducted. 

If the results of the screening analysis show that the lifetime excess cancer risk to the 
maximum exposed individual is less than one in one-million and the hazard indices for 
acute and chronic noncancer health effects are less than 0.1, no further analysis for TAC 
impacts is needed.  If the results are greater than these values, then a formal health risk 
assessment should be conducted.  The results of both the screening health risk assessment 
and the formal health risk assessment should be included and documented in the 
environmental document for the project. 

Lead agencies also should consult with the District’s Engineering and Permit Division at 
805/645-1421 or 805/645-1405 as early as possible in their respective project review and 
approval process for projects that will emit TACs.  Such projects also may require a 
Permit to Operate from the District.  All projects that require a District Permit to Operate 
are evaluated by the District for potential TAC impacts.  Moreover, California Health and 
Safety Code §42301.6 and Public Resources Code §21151.8 (a)(2), require that any new 
school, or proposed industrial or commercial project site located within 1,000 feet of a 
school, must be referred to the District for review. 

6.5.3 Projects Near Existing Sources of Toxic Air Contaminants 

Proposed new land uses that will be located within one-quarter mile of an existing source 
(or sources) of TACs should be evaluated for the potential to be impacted by those TACs.  
A lead agency processing a land use entitlement for a project near an existing source of 
toxic air emissions should consult with the District’s Air Toxics Section to review any 
toxic air emissions information, especially health risk assessments, the District may have 
regarding that source of toxic air emissions.  Such information may have been gathered 
by the District pursuant to the District’s AB 2588 Air Toxics “Hot Spots” Program and as 
part of the air pollution permit process for facilities that require air pollution permits. 

If the District has required a health risk assessment for the existing TAC source, the lead 
agency should, in consultation with the District, review that health risk assessment to 
determine an area around the source within which people in the proposed project would 
be exposed to either a cancer or noncancer risk in excess of the significance thresholds for 
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TACs presented in Section 3.3.2, “Other Pollutants of Concern.”  If there is more than 
one source of toxic air emissions within one-quarter mile of the proposed project, the lead 
agency should develop an individual health risk for the proposed project based on the 
health risk assessments for all of the identifed toxic air emissions sources. 

If a health risk assessment has not been done for the nearby source of TACs, the lead 
agency should make a reasonable attempt to gather toxic air emissions information from 
that source.  No proprietary information should be needed to perform the health risk 
assessments.  A health risk assessment then should be conducted for that source if the 
lead agency has obtained sufficient information on which to base the assessment.  The 
lead agency should consult with the District’s Air Toxics Section to determine whether 
the location of the proposed project relative to the TAC source has the potential to subject 
people in the proposed project to TAC risks in excess of the TAC significance thresholds 
presented in Section 3.3.2, “Other Pollutants of Concern.”  Pursuant to CEQA §15151, 
the sufficiency of the air toxics analysis should be reviewed in light of what is reasonably 
feasible. 

Based on the results of the preceding analyses, a determination should be made by the 
lead agency as to whether the subject project, as proposed, would subject the population 
of the project to significant TAC impacts.  If it is determined that the population would be 
subjected to a significant TAC impact, appropriate mitigation measures should be 
proposed to reduce that impact to acceptable levels.  TAC mitigation measures are 
discussed in Section 7.5.6, “Toxic Air Contaminant Mitigation.” 

6.5.4 Asbestos 

Asbestos is listed as a TAC by both the State of California and by the U.S. EPA.  It is 
discussed in these Guidelines as a separate TAC issue because of its widespread presence 
in the environment, its human health implications, and its concern among the public. 

Construction projects sometimes require the demolition of existing buildings at the 
project site.  Depending upon the types of building materials that were used and the year 
in which the building was constructed, many different areas and fixtures in a building 
may contain asbestos.  Exposure to asbestos may cause serious health effects.  For 
example, asbestos exposure can increase the risk of lung cancer by five times.  Cancer of 
the stomach and internal organs such as the mouth, esophagus, larynx, kidneys, and colon 
can also be caused by asbestos exposure.  Asbestos is likely to be found in buildings 
constructed before 1979 and almost certain to be present in those built before 1950. 

Demolition or renovation activities involving asbestos materials are subject to the 
National Emissions Standards for Hazardous Air Pollutants (NESHAP) regulations as 
listed in the Code of Federal Regulations (40 CFR Part 61, Subpart M).  These 
regulations apply to commercial projects as well as some types of residential projects, and 
require a thorough inspection (or survey) of the site that is to be demolished or renovated 
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to determine whether asbestos materials are present.  These regulations also contain 
notification and remediation requirements. 

Demolition or renovation activities involving asbestos materials also are subject to APCD 
Rule 62.7, Asbestos, Demolition and Renovation.  The District’s Compliance Division 
should be contacted at 805/645-1443 to determine any asbestos inspection and 
compliance requirements before commencing demolition or renovation of any building.  
Compliance with APCD Rule 62.7 is adequate to ensure that asbestos entrainment will 
not cause a significant adverse impact. 

Additional information regarding asbestos materials and regulation of activities  
involving asbestos can be found at the District’s website located at 
http://www.vcapcd.org/asbestos.htm. 

6.6 ODORS 

The environmental document for a proposed project should include an assessment of the 
potential for a proposed project to cause a public nuisance by subjecting surrounding land 
uses to objectionable odors.  A public nuisance is defined by APCD Rule 51, Nuisance, 
as “...such quantities of air contaminants or other material which cause injury, detriment, 
nuisance, or annoyance to any considerable number of persons or to the public, or which 
endanger the comfort, repose, health, or safety of any such persons or to the public, or 
which cause, or have a natural tendency to cause, injury or damage to business or 
property.”  The assessment also should evaluate the potential for a proposed project to be 
impacted by objectionable odors from nearby existing or proposed land uses.  Potential 
odor impacts on residential areas, schools, day care centers, playgrounds, retirement 
homes, convalescent homes, hospitals, and job sites warrant the closest examination.  
Any project that has the potential to create a public nuisance by subjecting members of 
the public to objectionable odors should be deemed to have a significant odor impact. 

The first step in an odor analysis is to determine whether the proposed project (or nearby 
source) could generate odorous emissions in such quantities as to be a nuisance to nearby 
land uses (or to the proposed project).  This should be based on information submitted by 
the project applicant and on the lead agency’s and the District’s knowledge and 
experience with the same or similar facility type.  For example, new housing 
developments generally do not cause odor nuisances to nearby land uses.  However, a 
proposed fiberglass manufacturing facility near an existing or proposed residential 
development may pose a nuisance to the residents of that development because of odors.  
Table 6-3, “Project Screening Distances for Odorous Land Uses,” lists facility types 
known to emit objectionable odors and thus may be sources of nuisance odors to nearby 
land uses.  The list is a guide and, as such, is not all-inclusive.  Other types of facilities 
not on the list also may generate objectionable odors.  Lead agencies should consider the 
odor potential of each new project based on its type and its location with respect to other 
land uses that may be adversely affected by any odors the proposed project may generate. 
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For projects that may generate odorous emissions, or may be impacted by odorous 
emissions, the next step is to determine if the potential source of the odors, or the 
potential receptor of the odors, is closer than the screening distances in Table 6-3. 

If the source (or a similar type) is listed on Table 6-3, and the distance between the source 
and the receptor of the subject odors is closer than the distances in Table 6-3, a more 
thorough evaluation should be conducted.  The evaluation should be based on possible 
objectionable odors associated with the same or similar facilities, the type and potential 
severity of the odorous emissions, the probability of process operations (including 
possible short-term process upsets) releasing odorous emissions, complaint history 
associated with those projects (contact the District’s Compliance Division at 
805/645-1445 for information regarding a facility’s complaint history), the distance 
between the potential odorous source, prevailing wind direction and speed, the percentage 
of time that a potential affected population will be located downwind of the proposed 
project, and any other information that the lead agency finds applicable. 

For a project locating near an existing source of odorous emissions, a significant odor 
impact may occur if the odor source has: 

• More than one confirmed odor complaint per year with the District, averaged over a 
three-year period.  

• Three unconfirmed odor complaints per year with the District, averaged over a three-
year period. 

Any odor complaints should be mapped in relation to the odor source to establish a 
general boundary for any possible odor impacts.  It should be noted that, due to 
confidentiality requirements regarding citizen nuisance complaints to the District, only 
the block number of any such complaints will be given.  The name and address of the 
complainants, and the date of the complaints, will not be given. 

For new projects that may emit odorous emissions, the analysis should consider the 
distance and frequency of odor complaints that have occurred in the vicinity of similar 
facilities. 

If it is determined that a proposed project may either cause a significant odor impact, or 
be significantly impacted by odors from an existing facility, all feasible mitigation 
measures should be applied to minimize or eliminate the odors.  Mitigation measures to 
reduce significant odor impacts are discussed in Section 7.5.7, “Odor Mitigation.” 
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TABLE 6-3 
PROJECT SCREENING DISTANCES 

FOR ODOROUS LAND USES 

Land Use Screening Distance 

Wastewater Treatment Facilities* 2 miles 
Sanitary Landfills* 1 mile 
Solid Waste Transfer Station* 1 mile 
Composting Facilities* 1 mile 
Asphalt Batch Plants* 1 mile 
Painting and Coating Operations* 1 mile 
Fiberglass Operations* 1 mile 
Food Processing Facilities* 1 mile 
Coffee Roasters** 1 mile 
Commercial Charbroiling** 1 mile 
Feed Lots/Dairies* 1 mile 
Petroleum Refineries* 2 miles 
Chemical Manufacturing Facilities* 1 mile 
Green Waste and Recycling Operations** 2 miles 
Wastewater Pumping Facilities** 1 mile 
Mushroom Farms** 2 miles 
Petroleum Extraction, Processing, Storage, 

and Non-retail Marketing Facilities** 
1 mile 

Rendering Plants* 1 mile 
Metal Smelting Plants** 1 mile 

*Guide for Assessing and Mitigating Air Quality Impacts, Table 4-2, 
“Project Screening Trigger Levels for Potential Odor Sources,” San 
Joaquin Valley Unified Air Pollution Control District, August 1998. 

**Ventura County APCD staff, August 2000. 
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7. MITIGATION MEASURES 

7.1 INTRODUCTION 

This chapter provides guidance on selecting mitigation measures for projects that may 
have a significant impact on air quality.  The chapter also includes guidance for 
evaluating mitigation measure effectiveness, implementation, and monitoring.  The 
mitigation measure tables in the chapter contain measures, organized by type, that project 
proponents and public agencies can consider to mitigate a project’s air quality impacts.  
The tables of mitigation measures are not intended to be exhaustive, and lead agencies 
and project proponents are encouraged to identify and quantify additional appropriate 
mitigation measures for specific projects.  Mitigation measures to reduce emissions from 
project construction are presented in Section 7.4, “Construction Mitigation.”  Section 7.5, 
“Project Mitigation” presents measures that can be used to reduce emissions during the 
“operational” period of the project, after project construction has been completed.  

7.2 CEQA REQUIREMENTS FOR MITIGATION MEASURES 

The California Environmental Quality Act (CEQA) Guidelines require that 
Environmental Impact Reports (EIRs) “describe measures which could minimize 
significant adverse impacts” (California Code of Regulations (CCR) §15126(c)).  In 
addition, the CCR states that “a public agency should not approve a project as proposed if 
there are feasible alternatives or mitigation measures that would substantially lessen any 
significant effects that the project would have on the environment” (CCR §15021(a)(2)). 

“Feasible” means “capable of being accomplished in a successful manner within a 
reasonable period of time, taking into account economic, environmental, legal, social, and 
technological factors” (CCR §15364).  Lead agencies are responsible for determining the 
feasibility of mitigation measures.  If impacts identified in the environmental analysis 
cannot be mitigated below the significance threshold, they must, nevertheless, be reduced 
as much as feasible.  Air quality thresholds of significance are discussed in Chapter 3, Air 
Quality Significance Thresholds. 

In making a finding concerning the feasibility of mitigation measures, the CCR allows 
public agencies to find that “specific economic, legal, social, technological, or other 
considerations, including provision of employment opportunities for highly trained 
workers, make infeasible the mitigation measures or project alternatives in the final EIR” 
(CCR §15091(a)(3)).  However, in making such a finding, CCR §15091(b) states that the 
findings “shall be supported by substantial evidence in the record.”  Furthermore, the 
courts have ruled that the agency must present some explanation to supply the logical step 
between the ultimate finding and the facts in the record. 

It is possible that project emissions will still be significant after inclusion of all feasible 
mitigation measures.  A public agency may approve a project with a significant 
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environmental impact.  According to the CEQA Guidelines, “if the specific economic, 
legal, social, technological, or other benefits of a proposed project outweigh the 
unavoidable adverse environmental effects, the adverse environmental effects may be 
considered ‘acceptable’” (CCR §15093(a)).  In doing so, “the agency shall state in writing 
the specific reasons to support its action based on the final EIR and/or other information 
in the record” (CCR §15093(b)).  The decision-making agency must make a statement in 
the record of its views on the ultimate balancing of the merits of approving the project 
despite the environmental impact.  If an agency makes a statement of overriding 
consideration, the statement should be included in the record of the project approval and 
should be mentioned in the notice of determination. 

An air quality section of an environmental document must identify all potential effects of 
a project on the environment and examine available alternatives to avoid, minimize, 
reduce, eliminate, or compensate for significant impacts.  For each potential adverse 
impact, mitigation measures should be identified to reduce impacts below the air quality 
threshold of significance (see Section 3.3, “Significance Criteria”).  Design modifications 
that could reduce impacts also should be considered.  The control effectiveness of each 
measure should be quantified to the extent possible.  If a measure cannot be quantified, a 
qualitative discussion should be provided explaining the benefits of the proposed 
mitigation measure.  If a proposed mitigation measure has the potential to cause a 
significant effect, the effects of the mitigation measure should be discussed, though in 
less detail than the proposed project (CCR §15126.4(D)). 

7.2.1 Effectiveness Estimates 

Mitigation measure effectiveness estimates should be based on reasonable assumptions 
about the project.  When developing mitigation measures for environmental documents, 
the lead agency should document all assumptions and sources used in determining the 
measure’s effectiveness.  This includes what emissions will be affected by the measure, 
how the measure will affect the targeted emissions, the source of the effectiveness 
estimate for the measure, and any circumstances that warrant effectiveness beyond the 
minimum effectiveness estimates contained in URBEMIS, these Guidelines, or other 
sources. 

7.2.2 Implementation, Monitoring, and Enforceability 

The lead agency should identify the method of measure implementation, monitoring, and 
enforceability at the time of measure development, including: 

• Who is responsible for implementation. 

• What must be done, and for how long. 

• Where it is to be carried out. 
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• An implementation schedule, including interim implementation targets if the project 
is to be phased. 

• What additional measures, if any, must be done and by whom if:  1) the measure is 
implemented but does not achieve the anticipated emission reductions, or 2) the entity 
responsible for implementation fails to implement the measure. 

• Who is responsible for monitoring measure implementation. 

• Criteria for assessing whether the measure has been implemented. 

• Enforcement mechanisms to ensure implementation. 

Implementation 

CEQA provides that mitigation includes “reducing or eliminating the impact over time by 
preservation or maintenance operations during the life of the action” (CCR §15370(d)).  
However, for many projects, the life of the action may be difficult to determine.  
Residential projects may have a life span of 50 years or more.  Commercial and industrial 
projects may have a life span of 10 years or less.  Frequently, jurisdictions will issue 
conditional use permits for commercial and industrial projects for only 5 or 10 years, after 
which the project must reapply for an extension or modification of the existing 
conditional use permit, at which time additional conditions may be imposed. 

Monitoring 

CEQA requires that a public agency that incorporates changes or alterations to a project 
to mitigate significant effects must also adopt monitoring or reporting requirements for 
the mitigation measures that it imposes.  Monitoring or reporting requirements must be 
adopted for mitigation measures required through EIRs and for Mitigated Negative 
Declarations (MNDs).  The monitoring or reporting requirements must be adopted when 
the agency makes findings required by CEQA for project approval (Public Resources 
Code (PRC) §21081.6(a)).  Each lead agency should determine how long monitoring or 
reporting requirements are necessary given that the motor vehicle fleet is becoming 
cleaner over time and that new technology will be available in the future that will 
substantially lessen the emissions thereafter. 

Enforceability 

The lead agency should structure mitigation measure implementation and enforcement in 
such a way as to maximize the likelihood that the measure will be fully implemented, as 
required by Public Resources Code §21081.6(b), which states: 
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A public agency shall provide that measures to mitigate or avoid significant 
effects on the environment are fully enforceable through permit conditions, 
agreements, or other measures.  Conditions of project approval may be set forth 
in referenced documents which address required mitigation measures or, in the 
case of the adoption of a plan, policy, regulation, or other public project, by 
incorporating the mitigation measures into the plan, policy, regulation, or project 
design.   

A lead agency can implement mitigation measures through such mechanisms as land use 
entitlement conditions, recording the conditions on the property title, incorporating the 
mitigation measures in a development agreement, incorporating the mitigation measures 
into the project description or specific plan, or by drawing up a mitigation agreement 
between the project proponent and the lead agency. 

7.3 PLAN-LEVEL MITIGATION 

This section describes Ventura County Air Pollution Control District (APCD or District) 
recommendations for lead agencies preparing environmental documents for large-scale 
plans and policy documents including (but not limited to):  general, community, master, 
area, specific, and local coastal plans.  Since these plans and policy documents are 
intended to guide development patterns, they are an ideal mechanism to encourage land 
use design and development that minimizes air quality impacts.  The most appropriate 
stage to address issues, such as allowable land use densities, mixing of land uses, street 
standards, and parking requirements, is at the plan level.  Many of the specific mitigation 
measures discussed in Section 7.5.2, “Operational Mitigation Measures,” can be 
promoted at the plan level through zoning ordinances, parking standards, and design 
guidelines.  Additionally, both the California Air Resources Board website at 
http://www.arb.ca.gov and the U.S. Environmental Protection Agency website at 
http://epa.gov have recommendations for designing projects to reduce air quality impacts.  
Incorporating air quality strategies into plan and policy documents can minimize the need 
for mitigation of individual development proposals.  

Cities and the County should consider the following strategies when developing or 
revising plan and policy documents: 

• A commitment to determine and mitigate project level and cumulative air quality 
impacts under CEQA (including implementation of the transportation control 
measures in the Ventura County Air Quality Management Plan (AQMP), such as the 
Transportation Demand Management (TDM) Facilities Ordinance (TCM B), Non-
motorized Strategies (TCM D), and Regional Transit Programs (TCM E)). 

• A commitment to integrate land use plans, transportation plans, and air quality plans. 

• A commitment to plan land uses in ways that support a multi-modal transportation 
system. 
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• A commitment to take local action to support programs that reduce congestion and 
vehicle trips. 

7.4 CONSTRUCTION MITIGATION 

The mitigation measures described in this section are designed to control emissions 
caused by project construction activities - grading, clearing, excavation, earth moving, 
and mobile equipment necessary to perform these activities.  Measures to control fugitive 
dust caused by project construction are presented in Section 7.4.1, “Fugitive Dust 
Mitigation Measures.”  Measures to control Valley Fever fungal spore entrainment are 
presented in Section 7.4.2, “Valley Fever Mitigation Measures.”  Measures to control 
reactive organic compounds (ROC) and oxides of nitrogen (NOx) emissions from project 
construction are presented in Section 7.4.3, “ROC and NOx Construction Mitigation 
Measures.” 

As discussed in Section 5.2, “Calculating Ozone Precursor Emissions from Project 
Construction,” construction-related ROC and NOx emissions are not counted toward the 
ROC and NOx significance thresholds, since these emissions are only temporary.  
Therefore, when calculating project emissions using URBEMIS, construction emissions 
should not be included in the analysis; only area source emissions and operational 
emissions boxes should be included.  However, after project emissions have been 
calculated, the user may want to access the construction mitigation measures component 
of the program.  If so, in the “Load an Existing Project” screen, select “Edit These Project 
Settings,” then check the construction box in the “Project Emission Sources” panel.  This 
will enable you to access the construction module of the URBEMIS program, including 
the mitigation measure screens.  Additional mitigation measures not quantified by 
URBEMIS can be included in the construction emissions analysis by choosing the user 
defined mitigation tabs for each of the three construction phases. 

Since the air pollutant levels in Ventura County exceed the state and federal ozone 
standards and the state PM10 standard, APCD recommends that lead agencies include 
measures in Sections 7.4.1, “Fugitive Dust Mitigation Measures,” and 7.4.3, “ROC and 
NOx Construction Mitigation Measures,” in all projects that include construction 
activities, with special attention given to projects that require a grading permit.  If the 
project poses a risk for Valley Fever (see Section 6.3, “San Joaquin Valley Fever”), 
APCD recommends that the measures in Section 7.4.2, “Valley Fever Mitigation 
Measures,” be included (in addition to the measures in Section 7.4.1, “Fugitive Dust 
Mitigation Measures,” to minimize Valley Fever fungal spore entrainment. 

7.4.1 Fugitive Dust Mitigation Measures 

Control techniques for fugitive dust generally involve watering, chemical dust control 
agents for soil stabilization, scheduling of activities, and vehicle speed control.  Watering, 
the most common and generally least expensive method, provides only temporary dust 
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control.  Watering also usually requires the use of diesel-powered watering trucks or 
pumps.  The effectiveness of water for fugitive dust control depends greatly on the 
prevailing weather conditions and frequency of application.  Chemical dust control agents 
provide longer dust suppression, but are not effective in reducing the large portion of 
construction dust emissions caused by grading, excavation, and cut-and-fill operations.  
Dust control agents for soil stabilization are useful primarily for application on completed 
cuts, fills, and unpaved roadways.  Fugitive dust emissions from inactive portions of a 
construction site can be reduced up to 80 percent with chemical stabilizers.  Chemical 
stabilizers, however, may be costly and should be limited to environmentally-safe 
materials to avoid adverse effects on plant and animal life.  

Scheduling activities during periods of low wind speed will also reduce fugitive dust 
emissions.  Low wind speeds typically occur during morning hours.  Highest wind speeds 
are observed during Santa Ana wind conditions, which commonly occur between October 
and February with December having the highest frequency of events.  Additionally, 
vehicle speed control can reduce fugitive dust emissions from unpaved roads and areas at 
construction sites by up to 60 percent, assuming compliance with a 15 miles per hour 
(mph) on-site speed limit. 

Fugitive dust mitigation measures are presented below, as a model Fugitive Dust 
Mitigation Plan.  This model plan is intended to be a starting point for lead agencies to 
use for fugitive dust mitigation.  As new measures become available or known, lead 
agencies should add them to their standard list of fugitive dust mitigation measures.  The 
model fugitive dust plan can be incorporated into a project in a variety of ways, including 
(but not limited to):  part of a project description, developer agreement, as project 
conditions, or as part of a larger air quality or project mitigation plan. 

7.4.1.1 Model Fugitive Dust Mitigation Plan 

1. The area disturbed by clearing, grading, earth moving, or excavation operations shall 
be minimized to prevent excessive amounts of dust. 

2. Pre-grading/excavation activities shall include watering the area to be graded or 
excavated before commencement of grading or excavation operations.  Application 
of water (preferably reclaimed, if available) should penetrate sufficiently to minimize 
fugitive dust during grading activities. 

3. Fugitive dust produced during grading, excavation, and construction activities shall 
be controlled by the following activities: 

 a) All trucks shall be required to cover their loads as required by California Vehicle 
Code §23114.  

 b) All graded and excavated material, exposed soil areas, and active portions of the 
construction site, including unpaved on-site roadways, shall be treated to prevent 
fugitive dust.  Treatment shall include, but not necessarily be limited to, periodic 



 VENTURA COUNTY AIR QUALITY ASSESSMENT GUIDELINES 

OCTOBER 2003 PAGE 7-7 

watering, application of environmentally-safe soil stabilization materials, and/or 
roll-compaction as appropriate.  Watering shall be done as often as necessary 
and reclaimed water shall be used whenever possible. 

4. Graded and/or excavated inactive areas of the construction site shall be monitored by 
(indicate by whom) at least weekly for dust stabilization.  Soil stabilization methods, 
such as water and roll-compaction, and environmentally-safe dust control materials, 
shall be periodically applied to portions of the construction site that are inactive for 
over four days.  If no further grading or excavation operations are planned for the 
area, the area should be seeded and watered until grass growth is evident, or 
periodically treated with environmentally-safe dust suppressants, to prevent 
excessive fugitive dust. 

5. Signs shall be posted on-site limiting traffic to 15 miles per hour or less.  

6. During periods of high winds (i.e., wind speed sufficient to cause fugitive dust to 
impact adjacent properties), all clearing, grading, earth moving, and excavation 
operations shall be curtailed to the degree necessary to prevent fugitive dust created 
by on-site activities and operations from being a nuisance or hazard, either off-site or 
on-site.  The site superintendent/supervisor shall use his/her discretion in conjunction 
with the APCD in determining when winds are excessive.  

7. Adjacent streets and roads shall be swept at least once per day, preferably at the end 
of the day, if visible soil material is carried over to adjacent streets and roads. 

8. Personnel involved in grading operations, including contractors and subcontractors, 
should be advised to wear respiratory protection in accordance with California 
Division of Occupational Safety and Health regulations.  

7.4.2 Valley Fever Mitigation Measures 

As discussed in Section 6.3, “San Joaquin Valley Fever,” if the project site poses a risk 
for Valley Fever, APCD recommends that the lead agency include appropriate Valley 
Fever mitigation measures in the environmental document for the project.  These 
measures should be considered, in addition to the fugitive dust mitigation measures listed 
in Section 7.4.1, “Fugitive Dust Mitigation Measures,” to minimize Valley Fever risk 
during project construction: 

1. Restrict employment to persons with positive coccidioidin skin tests (since those 
with positive tests can be considered immune to reinfection).  

2. Hire crews from local populations where possible, since it is more likely that they 
have been previously exposed to the fungus and are therefore immune.  

3. Require crews to use respirators during project clearing, grading, and excavation 
operations in accordance with California Division of Occupational Safety and Health 
regulations. 
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4. Require that the cabs of grading and construction equipment be air-conditioned. 

5. Require crews to work upwind from excavation sites. 

6. Pave construction roads. 

7. Where acceptable to the fire department, control weed growth by mowing instead of 
discing, thereby leaving the ground undisturbed and with a mulch covering.  

8. During rough grading and construction, the access way into the project site from 
adjoining paved roadways should be paved or treated with environmentally-safe dust 
control agents.  

7.4.3 ROC and NOx Construction Mitigation Measures 

As discussed in Chapter 5, Estimating Ozone Precursor Emissions, ozone precursor 
emissions from construction vehicles can be substantial.  However, there are very few 
feasible measures available to reduce these emissions.  APCD recommends the following 
measures to mitigate ozone precursor emissions from construction motor vehicles: 

1. Minimize equipment idling time.  

2. Maintain equipment engines in good condition and in proper tune as per 
manufacturers’ specifications.  

3. Lengthen the construction period during smog season (May through October), to 
minimize the number of vehicles and equipment operating at the same time.  

4. Use alternatively fueled construction equipment, such as compressed natural gas 
(CNG), liquefied natural gas (LNG), or electric, if feasible. 

7.5 PROJECT MITIGATION 

The mitigation measures described in this section are designed to control emissions 
caused by activities at the project site after construction is completed and the project is 
operational.  Mitigation measures to control area source emissions from the project are 
presented in Section 7.5.1, “Area Source Mitigation Measures.”  Mitigation measures to 
control operational emissions are presented in Section 7.5.2, “Operational Mitigation 
Measures.”  Mitigation measures that can be applied to a project, but which may take 
place at a location other than the project site, are presented in Section 7.5.3, “Off-Site 
TDM Fund.” 

URBEMIS contains project mitigation measure options.  When running the program, 
checking the  “Mitigation Measures” boxes in the main screens for area source emissions 
and operational emissions can access those options, respectively.  Additional mitigation 
measures not quantified by URBEMIS can be included in the project emissions analysis 
by choosing “New Area Source Mitigation Measures” in the Area Emissions main screen 
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(see Section III.7 of the URBEMIS User’s Guide), and by choosing “User Measure” in 
the Operational Emissions main screen (see Section III.8 of the URBEMIS User’s Guide). 

7.5.1 Area Source Mitigation Measures 

Area sources are sources that individually emit small quantities of air pollutants, but 
which cumulatively may generate significant quantities of emissions.  Area source 
emissions include fuel combustion from natural gas appliances, utility engines (including 
landscape maintenance equipment), and consumer products.  Area source mitigation 
measures include, but are not limited to, energy efficiency measures to reduce air 
emissions associated with energy generation and use.  Such measures include increasing 
structural energy efficiency beyond the requirements of California’s Title 24 energy 
efficiency standards (Title 24, California Code of Regulations, Part 6 - California Energy 
Efficiency Standards for Residential and Nonresidential Buildings.  Title 24, Part 6 can 
be downloaded from http://www.energy.ca.gov/title24/. 

Area source mitigation measures to reduce project emissions are listed in Table 7-1, 
“Area Source Mitigation Measures.” 

APCD recommends that area source mitigation measures be included in all projects that 
have been determined to have a significant air quality impact.  If, after including all 
feasible area source mitigation measures, the project still exceeds the ROC and NOx 
significance thresholds, operational mitigation measures (Section 7.5.2, “Operational 
Mitigation Measures”) should be applied to the project. 
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TABLE 7-1 
AREA SOURCE MITIGATION MEASURES 

  Emission 
Reduction 

(%) 
Emission Source Mitigation Measure ROC NOx 
Residential Water Heaters Use solar or low emission water heaters 

Use central water heating systems 
11 
9 

9.5 
8 

Residential Heating Orient buildings to the north for natural 
cooling and heating 

Increase walls and attic insulation beyond 
Title 24* requirements 

 
14 
 

14 

 
13 
 

13 
Residential Landscape 
Maintenance 

Provide electric maintenance equipment 100 100 

Commercial Water Heaters Use solar or low-emission water heaters 
Use central water heating systems 

0.5 
0.5 

0.5 
0.5 

Commercial Heating Orient buildings to the north for natural 
cooling and heating 

Increase walls and attic insulation beyond 
Title 24* requirements 

 
11 
 

10 

 
13.5 

 
9 

Commercial Landscape 
Maintenance 

Provide electric maintenance equipment 100 100 

Industrial Heating Orient buildings to the north for natural 
cooling and heating 

 
2 

 
3 

*Title 24, California Code of Regulations, Part 6 - California Energy Efficiency Standards 
for Residential and Nonresidential Buildings 

Source:  URBEMIS User’s Guide, Yolo-Solano Air Quality Management District, 
November 2002. 

7.5.2 Operational Mitigation Measures 

Operational emissions include emissions associated with motor vehicle trips generated by 
or attracted to land uses, and from dust generated by motor vehicles associated with the 
project on paved or unpaved roads.  For many land uses, motor vehicle trips are often the 
primary source of emissions associated with the project.  These motor vehicle trip 
emissions associated with land uses are often referred to as “indirect sources” of 
emissions.  Broadly speaking, mitigation measures to reduce emissions from project 
operation include strategies that reduce vehicle trips or vehicle miles traveled (VMT), use 
of low emission vehicles, and measures that improve traffic flow or reduce congestion.  

The URBEMIS program categorizes operational mitigation measures by project type - 
either residential or non-residential (commercial/industrial).  The program requires input 
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of two types of information:  1) information about the environment surrounding the 
project area (called ”Environmental Factors” on the Operational Emission Sources main 
screen), and 2) information about the mitigation actually being done for the project 
(called “Vehicle Trip Mitigation”).  URBEMIS applies the environmental factors created 
by the project environment screens to the project specific mitigation measures.  This 
results in percent reduction in trips and reductions in VMT.  Correction factors are then 
applied to account for differences in measure effectiveness by trip type and trip distance.  
Emission factors are then applied to the trips and VMT reductions to yield mitigation 
measure emission reductions. 

Environmental Factors 

Environmental factors describe conditions that exist or are planned around the project 
area with regard to the pedestrian, bicycle, and transit environment.  These screens 
require a qualitative assessment of conditions surrounding the project areas.  The user has 
two options:  selecting the default settings, which is the level achievable by a standard 
suburban-oriented subdivision or commercial development; or, developing environmental 
factors by going through a series of screens describing the pedestrian, transit, and bicycle 
environment surrounding the project. 

One factor that lead agencies should consider in evaluating the project environment is 
each jurisdiction’s locally-adopted Transportation Demand Management (TDM) 
Facilities Ordinance.  These ordinances were adopted by all of the cities and the County 
of Ventura as required by state law related to the Congestion Management Plan (CMP) 
requirements.  The Ventura County Transportation Commission adopted a model 
ordinance which contains the following seven basic elements, which were to be included 
in all local ordinances in Ventura County: 

1. Standards for the number, size, and location of preferential carpool and vanpool 
parking spaces. 

2. Standards for the number and location of bicycle racks and/or lockers. 

3. Requirements for the provision, where feasible and appropriate, of transit stop 
improvements (i.e., bus pullouts, bus pads, shelters, etc.) 

4. Requirement for the provision of a transportation information center at non-
residential developments serving 50 or more employees.  

5. Safe and convenient access for pedestrians and bicyclists from the external 
circulation system to on-site buildings or internal streets/sidewalks. 

6. A formal role for transit operators in the local jurisdiction’s environmental and 
developmental review processes. 

7. Requirements for large developments to address the provision of needed services in 
close proximity to either jobs or housing. 
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Vehicle Trip Mitigation 

The Vehicle Trip Mitigation screens describe measures associated with the specific 
project being implemented.  URBEMIS categorizes these project measures as follows:   
regional and non-regional transit measures, residential measures, and non-residential 
measures.  Operational mitigation measures to reduce project emissions are listed in 
Table 7-2, “Operational Mitigation Measures.”  APCD recommends that the mitigation 
measures selected for a project be developed and implemented within a comprehensive 
on-site program, where possible, to enhance the effectiveness of the individual measures.  
Appendix R-94, Transportation Control Measure Documentation, of the Ventura County 
Air Quality Management Plan can also be used for information about transportation 
control measures. 

As stated in Section 5.3, “Calculating Emissions from Residential, Commercial, 
Industrial, and Institutional Development Projects,” emissions from stationary sources, 
including industrial equipment, are controlled through the Ventura County APCD permit, 
inspection, and enforcement programs and procedures, and, therefore, are not addressed 
in these Guidelines. 

APCD recommends that operational mitigation measures be included in projects that 
have been determined to have a significant air quality impact, even after including all 
feasible area source mitigation measures (Section 7.5.1, “Area Source Mitigation 
Measures”).  If the project exceeds the ROC and NOx significance thresholds after 
inclusion of area and operational mitigation measures (Sections 7.5.1, “Area Source 
Mitigation Measures,” and 7.5.2, “Operational Mitigation Measures”), off-site TDM fund 
mitigation measures (Section 7.5.3, “Off-site TDM Fund”) should be applied to the 
project. 

Project applicants may propose other mitigation measures not included in these 
Guidelines.  Project applicants and lead agencies should consult with the Ventura County 
APCD before including miscellaneous mitigation measures in an environmental 
document. 
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TABLE 7-2 
OPERATIONAL MITIGATION MEASURES 

  Max. Trip 
Reduction 

Measure Type Mitigation Measure (%)* 
Residential   
Transit Infrastructure Project density meets transit level of 

service requirements 
 
6 

 Provide transit shelters, benches, etc. 2 
 Provide street lighting 0.5 
 Provide route signs and displays 0.5 
 Provide bus turnouts/bulbs 1 
Pedestrian Infrastructure Mixed use project (residential oriented) 3 
 Provide sidewalks and/or pedestrian paths 1 
 Provide direct pedestrian connections 1 
 Provide pedestrian safety 

design/infrastructure 
0.5 

 Provide street furniture and artwork 0.5 
 Provide street lighting 0.5 
 Provide pedestrian signalization and 

signage 
 

0.5 
Bicycle Infrastructure Provide bike lanes/paths connecting to 

bikeway system 
 
2 

Trip Reduction/VMT Park-and-ride lots ** 

 Satellite telecommuting center *** 

Commercial/Industrial   
Transit Infrastructure Project density meets transit level of 

service requirements 
 
6 

 Provide transit shelters, benches, etc. 2 
 Provide street lighting 0.5 
 Provide route signs and displays 0.5 
 Provide bus turnouts/bulbs 1 
Pedestrian Infrastructure Mixed use project (commercial oriented) 1 
 Floor area ratio 0.75 or greater 1 
 Provide wide sidewalks and onsite 

pedestrian facilities 
 
1 

 Project uses parking structure(s)/small 
dispersed lots 

 
1 
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TABLE 7-2 (CONTINUED) 

  Max. Trip 
Reduction 

Measure Type Mitigation Measure (%)* 
Commercial/Industrial   
Pedestrian  Provide street lighting 0.5 
Infrastructure (cont’d) Project provides shade trees to shade 

sidewalks 
 

0.5 
 Project provides street art and/or street 

furniture 
 

0.5 
 Project uses zero building setback with 

entrance on street 
 

0.5 
 Provide pedestrian safety 

designs/infrastructure at crossings 
 

0.5 
 Articulated storefront display windows for 

visual interest 
 

0.25 
 No long uninterrupted walls along 

pedestrian access routes 
 

0.25 
Bicycle Infrastructure Provide bike lanes/paths connecting to 

bikeway system 
 
2 

 Provide secure bicycle parking 1 
 Provide employee lockers and showers 1 
Trip Reduction Charge for employee parking  

- more than $5/day  
- $3-$5/day 
- less than $3/day 

 
10 
4 
2 

 Shuttle/minibus service to transit/multi-
modal center 

 
2 

 Preferential carpool/vanpool parking 1.5 
 Parking limited (below minimum) 1 
 Employee rideshare incentive program 1 
 Day care center on-site or within ½ mile 1 
 Employee telecommuting program 40 
 Compressed work schedule 

- 3/36 
- 4/40 
- 9/80 

 
40 
20 
10 

 Charge for customer parking 
- $1/hour 
- $0.60/hour 
- $0.25/hour 

 
11 
5 
2 
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TABLE 7-2 (CONTINUED)  

  Max. Trip 
Reduction 

Measure Type Mitigation Measure (%)* 
Commercial/Industrial 
VMT 

Lunch/shopping shuttle service 1.5 

 Provide on-site shops and services 
- many frequently needed services 
- some frequently needed services 
- minor services 

 
5 
3 
1 

Trip Reduction/VMT Park-and-ride lots ** 

 Satellite telecommuting center *** 

*URBEMIS Program Screens, Yolo-Solano Air Quality Management District, November 
2002. 
**number of spaces  x  89%  x  miles/trip  =  miles reduced. 
***number of workstations  x  89%  x  miles/trip  =  miles reduced. 

7.5.3 Contribution to an Off-Site TDM Fund 

The Off-Site TDM Fund is a mitigation measure than can be used by project proponents 
for projects and programs that exceed the ROC and NOx significance thresholds.  This 
measure applies to commercial, industrial, institutional, and residential projects, and calls 
for contributing to a city or county mobile source emission reduction fund established 
specifically to reduce emissions from transportation sources.  The amount of funding is 
commensurate with the amount of emissions that need to be mitigated.  Mitigation 
programs that could be funded through such an off-site TDM fund include (but are not 
limited to) public transit service, vanpool programs/subsidies, rideshare assistance 
programs, and off-site TDM facilities.  

APCD recommends that this mitigation measure be implemented only after all feasible 
area and operational mitigation measures (Sections 7.5.1, “Area Source Mitigation 
Measures,” and 7.5.2, “Operational Mitigation Measures”) have been applied to the 
development project, and project emissions are still considered significant.  The amount 
of funding should be commensurate with the quantity of emissions left to be mitigated 
after application of all other feasible area and operational source mitigation measures.  
The following conditions should apply to the use of the funds collected (including 
accumulated interest) under an Off-site TDM Fund:  

1. The lead agency should determine the basis for collection and how the funds are to 
be spent.  The funds should be spent or committed to a mitigation project within five 
years of receipt of the funds.  
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2. Funds should be used for mitigation projects or programs in areas that are either 
directly or indirectly impacted by the development project and are within Ventura 
County.  Ridesharing arrangements or public transit services that originate outside 
the area but serve the area directly or indirectly impacted by the development project 
are also eligible uses of the funds.  

3. The lead agency should establish an off-site TDM fund to receive and hold the funds 
until the funds are spent on an approved mitigation project or program.  

4. Funds should not be used for traffic engineering projects, including signal 
synchronization, intersection improvements, and channelization, as these projects are 
related to improving traffic congestion and not air quality. 

5. Any on-site or off-site TDM facilities provided by a development project to mitigate 
its emissions before determining the funding should not be credited toward the funds 
paid by the development project as a mitigation measure.  Doing so would be taking 
credit for the mitigation twice.  

6. A development project that is to be developed in phases should calculate the pro-rata 
share of funding from each phase of development based on emissions for the year of 
complete buildout.  Such pro-rata share of funding should be paid in one lump sum 
or spread out evenly over three years in order to minimize the initial cost and provide 
a stable funding source.  

7. The lead agency should report annually to its respective governing board on 
collection, expenditure, and use of collected funds. 

8. The calculation and use of funding to a mobile source emission reduction fund must 
be in accordance with all applicable statutory requirements.  

The cost of reducing emissions through funding an off-site TDM fund can be determined 
using the equation shown below.  The cost should be calculated separately for ROC and 
NOx.  The amount is based on only the higher of the two costs, since funding will result 
in mitigation programs that reduce both pollutants.  Usually, the cost to mitigate NOx 
emissions will be greater than the cost to mitigate ROC emissions because the NOx 
emissions for most projects are greater than ROC emissions. 

 TC(ROC or NOx) = EE(ROC or NOx) x UC(ROC or NOx) x D x 3 years 
where: 
 TC(ROC or NOx) = Total cost for TDM fund mitigation program 
 EE(ROC or NOx) = Excess emissions; pounds per day of ROC or NOx over the  
  applicable significance threshold 
 UC(ROC or NOx) = Unit cost per lb. of ROC or NOx reduced 
  ROC = $5.18 (for projects completed in 2000)  
  NOx = $7.54 (for projects completed in 2000) 
 D = Days of operation per year 
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The unit cost is $5.18 per pound of ROC reduced, and $7.54 per pound of NOx reduced, 
for development projects that will be completed in 2000.  These amounts are based on the 
cost-effectiveness of ridesharing programs as calculated using the 2000 - 2001 fiscal year 
budget for Southern California Rideshare’s (SCR) Ventura Office, the expected number 
of rideshare arrangements that SCR expected to form in Ventura County during 2000 - 
2001, a Ventura County-specific light-duty vehicle fleet, and home-work commute trip 
emissions estimated by URBEMIS7G.  The TDM funding unit cost (ROC or NOx) 
should be indexed to inflation for development projects that will be completed in future 
years.  The recommended inflation factor can be calculated by dividing the most recent 
January Consumer Price Index (CPI) (All Urban Consumers (All Items 1982-84 = 100)) 
value for the Los Angeles-Riverside-Orange County, California region by the January 
2000 CPI index value, which was 167.9.  Consumer Price Index information is developed 
by the U. S. Department of Labor Statistics and can be found on their web site at 
http://stats.bls.gov/.  The Consumer Price Index CPI information also can be found  
at the Department of Industrial Relations web site located at 
http://www.dir.ca.gov/dlsr/PresentCCPI.html#Bookmark1. 

At a minimum, the Ventura County APCD recommends that all development projects 
with significant air quality impacts fully mitigate the excess emissions through funding 
measures for at least three years.  This method of determining the amount results in an 
annual cost to fully mitigate both ROC and NOx emissions associated with a 
development project below the 5 pounds per day threshold in the Ojai Planning Area, or 
below the 25 pounds per day threshold in the remainder of the county.  

Funding of this kind is considered to have lessened or reduced the significant 
environmental impact of the subject development project (see Section 7.2, “CEQA 
Requirements for Mitigation Measures”).  A jurisdiction may allow a development 
project to spread the amount over the three-year period in order to minimize the initial 
cost to the project proponent.  In most cases, the emissions from a development project 
will still exceed the 5 pounds per day threshold in the Ojai Planning Area, or 25 pounds 
per day threshold in the remainder of the county after the three-year funding.  Therefore, 
each lead agency should determine if overriding considerations are necessary to approve 
the development project due to these emissions.  

7.5.4 Fugitive Dust Mitigation 

Mitigation measures should be identified for a project if operation of the project will 
cause significant fugitive dust impacts.  Mitigation measures identified as construction 
mitigation in the Model Fugitive Dust Mitigation Plan in Section 7.4.1, “Fugitive Dust 
Mitigation Measures,” are also applicable to fugitive dust generated by project operation. 
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7.5.5 Carbon Monoxide Mitigation 

Mitigation measures, including changes in the project, should be identified that will 
eliminate, or at least reduce, any modeled CO hotspots as much as feasible.  Such 
mitigation measures will typically involve reducing traffic congestion and improving 
traffic flow and/or reducing idling time on roadways impacted by the project.  Examples 
of such mitigation measures include roadway widening, adding new turn and through 
lanes, and changing signal light timing.  The effectiveness of any proposed CO mitigation 
measures should be quantified by estimating the effects of the measures on traffic 
volumes, congestion, and/or speeds, and then remodeling the CO concentrations with 
CALINE4. 

7.5.6 Toxic Air Contaminant Mitigation 

Specific mitigation measures should be identified and considered for those projects that 
may release toxic or hazardous air contaminants to the atmosphere in amounts that may 
be injurious to nearby populations.  Such mitigation measures should consider both 
routine and non-routine toxic air pollutant releases.  Mitigation measures may involve 
handling, storage, and disposal methods that minimize release of the subject substances to 
the atmosphere.  In some cases, air pollution control devices or process operation 
modifications can be employed.  Furthermore, new facilities that may release toxic or 
hazardous substances to the atmosphere should not be located adjacent to residences, 
schools, day care centers, hospitals or similar land uses where people live or frequent.  
Conversely, such land uses should not be located near existing facilities that emit toxic 
and/or hazardous air contaminants. 

7.5.7 Odor Mitigation 

Specific mitigation measures should be identified and considered for those projects that 
may release odorous emissions in such quantities as to cause a public nuisance to nearby 
populations. 

For some projects, operational changes, add-on controls, or process changes, such as 
carbon adsorption, incineration, or relocation of stacks/vents, can minimize odorous 
emissions.  The lead agency may contact the District for further information regarding 
appropriate add-on emission controls and other technological methods to minimize 
odorous emissions.  In many cases, however, the most effective mitigation strategy is to 
provide a sufficient distance, or buffer zone, between the odor source and the receptor(s) 
to ensure that the public will not be subjected to nuisance levels of odorous emissions.  
Odor mitigation measures placed on projects that are odor receptors (e.g., residential 
areas) that rely on sealing buildings, filtering air, or disclosure statements are not 
appropriate in place of technological control or buffer zones. 
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In establishing the size of the buffer zone, the lead agency should assess such factors as 
the severity of the potential odors, the length of time that potentially affected populations 
will be affected by the odors, prevailing wind direction and speed, and actions taken (or 
that will be taken) at the facility to control odorous emissions.  A safety margin should 
also be considered in establishing the buffer zone to allow for possible future expansions 
of operations at the source of the odors.  Lead agencies can consult the District regarding 
the appropriate buffer zone size for particular projects that may create significant odor 
impacts. 
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8. GENERAL CONFORMITY 

8.1 INTRODUCTION 

Section 176(c) of the federal Clean Air Act (CAA) states that federal agencies cannot 
carry out, fund, or approve any project unless the project conforms to the applicable State 
Implementation Plan’s (SIP) purpose of eliminating or reducing the severity and number 
of violations of the national ambient air quality standards and achieving expeditious 
attainment of these standards.  A SIP is a compilation of all of a state’s air quality plans 
and rules that have been approved by the U.S. Environmental Protection Agency (U.S. 
EPA).  The applicable SIP in Ventura County is the most recent Ventura County Air 
Quality Management Plan (AQMP) approved by the U.S. EPA plus all Ventura County 
Air Pollution Control District (APCD) rules and regulations approved by the U.S. EPA. 

There are two types of federal conformity actions:  general (non-transportation) and 
transportation.  Pursuant to CAA requirements, the U.S. EPA developed general and 
transportation conformity regulations that implement Section 176(c).  U.S. EPA 
promulgated the general conformity criteria and procedures (Title 40 of the Code of 
Federal Regulations (CFR) Part 6; Part 51, Subpart W; and Part 93, Subpart B) on 
November 30, 1993.  U.S. EPA promulgated the transportation conformity criteria and 
procedures (Title 40 of the CFR, Part 51, Subpart T; and Part 93, Subpart A) on 
November 24, 1993, and last revised them August 15, 1997.  Transportation conformity, 
which is not discussed in these Guidelines, applies to federal actions related to 
transportation plans, programs, and projects under Title 23 U.S. Code or the Federal 
Transit Act. 

The criteria and procedures required the District to adopt a general conformity rule and 
submit it to the U.S. EPA by November 30, 1994.  The Ventura County Air Pollution 
Control Board adopted Rule 220, General Conformity, on May 9, 1995.  Rule 220 
incorporates U.S. EPA’s general conformity criteria and procedures by reference.  The 
U.S. EPA approved Rule 220 on April 23, 1999, and the rule became effective June 22, 
1999. 

8.2 RESPONSIBILITY FOR CONFORMITY DETERMINATIONS 

Federal agencies are responsible for making conformity determinations for projects that 
require a federal action, as described below.  The federal agency responsible for issuing 
the permit, approval, or funding should be contacted if an individual, group, or local 
agency thinks that a project might be subject to the general conformity regulation.  The 
individual, group, or local agency can contact the District if the federal agency is 
unfamiliar with the federal general conformity requirement. 

The APCD recommends that conformity analyses be conducted concurrently with any 
environmental review for the project required pursuant to CEQA. 
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8.3 APPLICABILITY 

The CAA defines a federal action as any activity engaged in by a department, agency, or 
instrumentality of the federal government; or any activity that a department, agency or 
instrumentality of the federal government supports in any way, provides financial 
assistance for, licenses, permits, or approves.  For general conformity, this definition 
excludes activities related to transportation plans, programs, and projects (including 
highway and transit actions) developed, funded or approved under Title 23 U.S.C. or the 
Federal Transit Act, which are subject to the transportation conformity rule.  The federal 
transportation conformity rule is incorporated largely by reference into District Rule 221, 
Transportation Conformity. 

The federal general conformity criteria and procedures contain provisions for making 
conformity determinations for federal health-based air quality standards for ozone, carbon 
monoxide, sulfur dioxide, nitrogen dioxide, particulate matter 10 microns or less in 
diameter, and lead.  The criteria and procedures apply in areas designated nonattainment 
for any federal air quality standard and to all air quality maintenance areas.  Since 
Ventura County is nonattainment only for the federal one-hour ozone standard, 
conformity determinations apply only to reactive organic compounds (ROC) and oxides 
of nitrogen (NOx) emissions. 

The rule specifies de minimis thresholds, based on the severity of the nonattainment 
problem, under which conformity determinations are not needed.  If the total of direct and 
indirect emissions from an activity are projected to equal or exceed the de minimis 
thresholds, and if it is not an exempt activity or an activity that is presumed to conform 
under the federal rule, then the federal agency must conduct a general conformity 
analysis.  Since Ventura County is designated a federal severe ozone nonattainment area, 
the applicable de minimis threshold is 25 tons per year of ROC or NOx. 

Calculation of emissions from a federal activity includes direct and indirect emissions.  
Direct emissions are emissions of a criteria pollutant or its precursors that are caused or 
initiated by the federal action and occur at the same time and place as the action.  Indirect 
emissions are emissions of a criteria pollutant or its precursors that:  1) are caused by the 
federal action, but may occur later in time and/or may be further removed in distance 
from the action itself, but are still reasonably foreseeable; and 2) the federal agency can 
practicably control and will maintain a control over due to a continuing program 
responsibility.  The federal general conformity rule does not specify examples of indirect 
emissions, as it is up to the federal agency to make that determination. 

The general preamble to the federal general conformity rule states that the following types 
of federal actions, among others, are likely to be subject to conformity review: 

• Prescribed burning activities by federal agencies or on federal lands. 
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• Private actions taking place on federal land under an approval, permit, or leasing 
agreement, such as mineral extraction, timber harvesting, or ski resort construction. 

• Direct emissions from Corps of Engineers (COE) permit actions. 

• Wastewater treatment plant construction or expansion actions. 

• Federal construction projects such as buildings, laboratories, and reservoirs on federal 
land. 

• Project-level minerals management leasing activities. 

• New airports or airport expansion actions. 

• Actions taking place on federal lands or in federal facilities. 

The general preamble to the federal general conformity rule states that the following types 
of federal actions are not covered by the conformity rule: 

• Activities associated with property disposal at military closure and realignment bases 
through sale or other transfer of title. 

• Leasing agreements associated with military base closure and realignment, where 
transfer of title is required to be conveyed upon satisfaction of the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) requirements, 
and where the military service leases the property without retaining continuing 
authority to control the property except as necessary to assure satisfaction of 
CERCLA requirements. 

• Certain indirect emissions related to COE permits for discharging dredged or fill 
material. 

• National Pollutant Discharge Elimination System (NPDES) permit actions since many 
of these actions are taken under State rules and, as such, are not federal actions. 

8.4 SUMMARY OF CRITERIA FOR MAKING A POSITIVE CONFORMITY 
DETERMINATION 

A federal agency can make a positive conformity determination by meeting any of several 
criteria in the rule.  Criteria that relate to ozone conformity analyses are summarized 
below.  For specific information about the requirements of the general conformity rule, 
see Title 40 of the CFR, Part 51, Subpart W; and Part 93, Subpart B. 

• Emissions from the action are fully offset within the same area through a revision to 
the applicable SIP or a similarly enforceable measure that creates emissions 
reductions so that there is no net increase in emissions of that pollutant. 

• Emissions for the project are specifically identified and accounted for in the 
applicable SIP attainment or maintenance demonstration (1995 Ventura County Air 
Quality Management Plan, Appendix E-95, Emission Forecast Documentation). 
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• The action (or portion thereof) is specifically included in a current transportation plan 
and transportation improvement program that have been found to conform to the 
applicable SIP under the transportation conformity regulation. 

• Where a SIP has not been approved since 1990, the baseline emissions reflect historic 
activity levels that occurred in the geographic area. 

• Regional water and/or wastewater projects are sized to meet only the needs of 
population projections that are in the applicable SIP. 

8.5 REPORTING REQUIREMENTS AND PUBLIC PARTICIPATION 

A federal agency conducting a conformity analysis must provide a 30-day notice 
describing the proposed action and a copy of the federal agency’s draft conformity 
determination to the appropriate U.S. EPA Regional Office (Region IX), Land Managers, 
State and local air quality agencies (California Air Resource Board and the APCD), and 
the Metropolitan Planning Organization (i.e., Southern California Association of 
Governments (SCAG) and the Ventura Council of Governments (VCOG) or otherwise 
designated agency). 

After making a final conformity determination, a federal agency must notify, within 30 
days, the appropriate U.S. EPA Regional Office (Region IX), Land Managers, State and 
local air quality agencies (ARB and the APCD), and the Metropolitan Planning 
Organization (i.e., SCAG, VCOG, or otherwise designated agency). 

Additionally, a federal agency must: 

• Make draft conformity determinations and supporting materials available for public 
review. 

• Place an advertisement in a daily newspaper in the area that would be affected by a 
proposed action before acting on a draft conformity determination. 

• Provide opportunity for written public comments. 

• Respond to comments received, making comments and responses available upon 
request. 

• Place an advertisement in a daily newspaper in the area that would be affected by the 
action after making a final conformity determination. 
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APPENDIX A  
GLOSSARY AND ACRONYMS 

This appendix defines terms and acronyms used in these Guidelines. 

Glossary 

Aerosol - a particle of solid or liquid matter that can remain suspended in the air because 
of its small size (generally under one micron). 

Air Basin - an area of the state designated by the ARB pursuant to Subdivision (a) of 
Section 39606 of the California Health and Safety Code (CH&SC). 

Air Monitoring - the periodic or continuous sampling and analysis of air pollutants in 
ambient air or from individual pollutant sources. 

Air Pollutants - substances that are foreign to the atmosphere or are present in the 
natural atmosphere to the extent that they may result in adverse effects on humans, 
animals, vegetation, and materials.  Common air pollutants are ozone, nitrogen 
dioxide, particulate matter, sulfur dioxide, and carbon monoxide.  Air pollution is 
defined in the CH&SC as any discharge, release, or other propagation into the 
atmosphere, and includes, but is not limited to, smoke, charred paper, dust, soot, 
grime, carbon, fumes, gases, odors, particulate matter, acids, or any combination 
thereof. 

Air Pollution Control District (APCD) - a local agency with authority to regulate 
stationary sources of air pollution (such as refineries, manufacturing facilities, and 
power plants) within a given county, and governed by a District Air Pollution Control 
Board composed of the elected county supervisors and city representatives. 

Air Pollution Control Officer (APCO) - the executive officer of the Air Pollution 
Control District appointed by the Air Pollution Control Board. 

Air Quality Management Plan (AQMP) - a plan prepared by an air pollution control 
district or agency to comply with either the federal Clean Air Act or the California 
Clean Air Act.  An AQMP contains measures that will be taken to attain and maintain 
federal and state ambient air quality standards.  In California, air districts prepare air 
quality management plans that are included in the state’s SIP that is required by the 
federal Clean Air Act.  Such plans are also referred to as Clean Air Plans or Clean Air 
Attainment Plans. 

Alternative Fuels - fuels such as methanol, ethanol, natural gas, and liquid petroleum 
gas that are cleaner burning with lower air emissions. 
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Ambient Air - air present at a particular time and place outside of structures.  Often used 
interchangeably with outdoor air. 

Anthropogenic - of, relating to, influenced, or caused by humans. 

Area Sources - also known as “area-wide” sources, these include multiple stationary 
emission sources such as water heaters, gas furnaces, fireplaces, and woodstoves.  The 
CCAA requires districts to include these area sources in AQMPs. 

Attainment - achieving and maintaining the air quality standards (both state and federal) 
for a given air pollutant. 

Attainment Area - an area that is in compliance with the National and/or California 
Ambient Air Quality Standards. 

California Ambient Air Quality Standards (CAAQS) - specified concentrations of 
air pollutants, recommended by the California Department of Health Services and 
adopted into regulation by the Air Resources Board, which relate the intensity and 
composition of air pollution to undesirable effects.  CAAQS are the standards that 
must be met per the requirements of the California Clean Air Act. 

California Clean Air Act (CCAA) - a California law passed in 1988 that provides the 
basis for air quality planning and regulation independent of federal regulations, and 
which establishes new authority for attaining and maintaining California’s air quality 
standards by the earliest practicable date.  A major element of the Act is the 
requirement that local APCDs in violation of the CAAQS must prepare attainment 
plans that identify air quality problems, causes, trends, and actions to be taken for 
attainment. 

California Air Resources Board (ARB) - California’s lead air quality agency, 
consisting of a nine-member Governor-appointed board, responsible for motor vehicle 
air pollution control, and having oversight authority over California’s air pollution 
management program. 

California Department of Transportation (Caltrans) - a state department that 
oversees the state’s transportation intrastructure. 

California Environmental Quality Act (CEQA) - a state law intended to protect the 
environment of California.  It is also known as the CEQA statutes, and is codified in 
Sections 21000 through 21177 of the Public Resources Code.  CEQA establishes 
mandatory ways by which governmental (public agency) decision makers are informed 
about the potential significant environmental effects of proposed projects.  CEQA also 
mandates the identification of ways to avoid or significantly reduce damage to the 
environment.  After preliminary review or the completion of an Initial Study, the Lead 
Agency may decide to prepare an Environmental Impact Report (EIR) for a project. 
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CEQA Guidelines - regulations prescribed by the Secretary for Resources to be 
followed by all state and local agencies in California in the implementation of CEQA, 
beginning at Sec. 15000, California Code of Regulations (CCR). 

CALINE4 - a California Department of Transportation air quality model for estimating 
pollutant concentrations (primarily carbon monoxide, nitrogen dioxide, and 
particulates) near a roadway. 

Carbon Monoxide (CO) - a colorless, odorless gas resulting from the incomplete 
combustion of fossil fuels.  Over 80 percent of the CO emitted in urban areas is 
contributed by motor vehicles.  CO interferes with the blood’s ability to carry oxygen 
to the body’s tissues and results in numerous adverse health effects.  CO is a criteria 
air pollutant. 

CO Hot Spots - an area, usually an intersection or congested segment of a highway, that 
exceeds the federal or state carbon monoxide standard. 

Clean Air Act (CAA) - federal law passed in 1970 and amended in 1977 and 1990 that 
sets primary and secondary National Ambient Air Quality Standards for major air 
pollutants and thus forms the basis for the national air pollution control effort. 

Concentration - the amount of an air pollutant present in a unit sample, usually 
measured in parts per million (ppm) or micrograms per cubic meter. 

Conformity - a requirement in the federal Clean Air Act that no department, agency, or 
instrumentality of the federal government shall engage in, support in any way, or 
provide financial assistance for, license, permit, or approve any activity that does not 
conform with the State Implementation Plan (SIP) by causing or contributing to an 
increase in air pollutant emissions, or violation of an air pollutant standard, or 
frequency of violating that standard. 

Consistency - a term used in CEQA to determine if a project is consistent by furthering 
the goals and objectives of, and will not interfere with the implementation of, 
applicable regional plans. 

Criteria Air Pollutant - an air pollutant for which acceptable levels of exposure can be 
determined and for which a federal or state Ambient Air Quality Standard has been 
set.  Examples include:  ozone, carbon monoxide, nitrogen dioxide, sulfur dioxide, and 
PM10 (see individual pollutant definitions). 

District - the Ventura County Air Pollution Control District is an air pollution control 
district as defined by the CH&SC Section 40150.  The District encompasses all of 
Ventura County. 
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EMFAC - an ARB program of emission factors used for most California motor vehicle 
emissions models. 

Emission Factor - the amount of a specific pollutant emitted from a specified polluting 
source per unit quantity of material handled, processed, or burned. 

Emission - an air contaminant released to the atmosphere. 

Emissions Inventory - an estimate of the quantity of pollutants emitted into the 
atmosphere over a specific period such as a day or a year.  Considerations that go into 
an inventory include type and location of sources, the processes involved, and the level 
of activity. 

Emission Standards - as used in these Guidelines, means United States Federal 
(EPA), State of California (ARB), or Ventura County Air Pollution Control District 
standards or limits for air contaminant emissions. 

Environmental Impact Report (EIR) - a detailed report prepared under CEQA 
describing and analyzing the significant effects of a project and discussing ways to 
mitigate or avoid the effects [CCR §15362]. 

Environmental Protection Agency (EPA) - the federal agency charged with setting 
policy and guidelines, and carrying out legal mandates, for the protection of national 
environmental resources in the United States. 

Exceedance - a monitored level of concentration of any air contaminant higher than the 
national or state ambient air quality standards. 

Growth Area - a geographic subarea used in Ventura County population forecasts to 
refer to an area where urban development has already taken place or is expected to 
take place. 

Indirect Source - facilities, buildings, structures, properties, and/or roads which, 
through their construction to their operation, indirectly contribute to air pollution.  
This includes projects and facilities that attract or generate mobile sources activity 
(autos and trucks) such as shopping centers, employment sites, schools, and housing 
developments, that result in emissions of any regulated air pollutant. 

Level of Service (LOS) - a scale that is used to rate the service (i.e., speed and 
maneuverability) on roadways.  An LOS of “A” means that traffic is flowing freely, 
while “F” refers to severely congested conditions. 

Mitigated Negative Declaration (MND) - a type of negative declaration prepared for 
a project when the initial study has identified potentially significant effects on the 
environment, but (1) revisions in the project plans or proposals made by, or agreed to 
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by, the applicant before the proposed negative declaration and initial study are released 
for public review would avoid the effects or mitigate the effects to a point where 
clearly no significant effect on the environment would occur, and (2) there is no 
substantial evidence in light of the whole record before the public agency that the 
project, as revised, may have a significant effect on the environment [Public Resources 
Code §21064.5]. 

Mitigation - measures taken to avoid or reduce a significant effect including: 

• Avoiding the impact altogether by not taking a certain action or parts of an action. 
• Minimizing impacts by limiting the degree or magnitude of the action and its 

implementation. 
• Rectifying the impact by repairing, rehabilitating, or restoring the impacted 

environment. 
• Reducing or eliminating the impact over time by preservation and maintenance 

operations during the life of the action. 
• Compensating for the impact by replacing or providing substitute resources or 

environments [California Code of Regulations §15370]. 

National Ambient Air Quality Standards (NAAQS) - standards set by the EPA for 
the maximum levels of air pollutants that can exist in the ambient air without 
unacceptable effects on human health or public welfare. 

New Source Review (NSR) - the mechanism to assure that new and modified 
stationary sources will not interfere with the attainment or maintenance of any ambient 
air quality standard, or prevent reasonable further progress towards the attainment or 
maintenance of any ambient air quality standard.  A program used in a nonattainment 
area to permit or site new industrial facilities, or modifications to existing industrial 
facilities, that emit nonattainrnent criteria air pollutants.  The two major requirements 
of NSR are best available control technology and emission offsets. 

Negative Declaration - a written statement briefly describing the reasons that a 
proposed project will not have a significant effect on the environment and does not 
require the preparation of an environmental impact report [Public Resources Code 
§21064]. 

Nonattainment Area - an area identified by the EPA or ARB as not meeting the 
NAAQS or CAAQS for a given pollutant. 

Non-growth Area - a geographic subarea used in Ventura County population forecasts 
to refer to an area where urban development is not expected to occur. 

Ojai Planning Area - an area defined as the “Ojai Valley” in the Ventura County Non-
Coastal Zoning Ordinance, Article 12, Section 8112-2 (Ojai Growth and Non-growth 
areas) plus the Ventura (Ojai) NGA. 
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Ojai Valley - an area defined as the “Ojai Valley” in the Ventura County Non-Coastal 
Zoning Ordinance, Article 12, Section 8112-2 (Ojai Growth and Non-growth Areas). 

Oxides of Nitrogen - a reddish-brown gas with an odor similar to bleach.  The major 
source of this pollutant is the high temperature combustion of fossil fuels.  Health 
effects include  irritation and damage to the lungs and lower resistance to respiratory 
infections. 

Ozone - a pungent, pale blue (but often invisible), reactive, toxic gas consisting of three 
oxygen atoms.  In the atmosphere, it is a product of the photochemical processes 
involving the solar radiation.  Ozone exists in the stratosphere, as well as at the earth’s 
surface.  Ozone in the stratosphere protects living organisms near the earth’s surface 
from ultraviolet rays from the Sun.  Ozone at the earth’s surface is a criteria air 
pollutant and causes numerous adverse health effects. 

Ozone Precursors - compounds such as reactive organic compounds and oxides of 
nitrogen, occurring either naturally or as a result of human activities, which contribute 
to the formation of ozone, the principal component of smog. 

Particulate Matter - Fine (PM2.5) - PM2.5 is a mixture of very small particles with an 
aerodynamic diameter equal to or less than 2.5 microns.  PM2.5 consists of particles 
directly emitted into the air and particles formed in the air from the chemical 
transformation of gaseous pollutants.  PM2.5 particles are emitted from activities such 
as industrial and residential combustion, and from vehicle exhaust.  Particles 2.5 
microns or smaller infiltrate deepest portions of the lungs, increasing the risks of long-
term disease, including chronic respiratory disease, cancer, and increased and 
premature death. 

Particulate Matter - Respirable (PM10) - any particulate matter with an aerodynamic 
diameter equal to or less than 10 microns.  PM10 consists of particles directly emitted 
into the air and particles formed in the air from chemical transformations of gaseous 
pollutants.  PM10 particles are emitted from activities such as industrial and residential 
combustion, and from vehicle exhaust.  PM10 causes adverse health effects, 
atmospheric visibility reduction, and is a criteria air pollutant. 

Pedestrian Oriented Development (POD) - any of a number of design strategies 
that emphasize pedestrian access over automobile access.  They typically provide 
pedestrian amenities such as sidewalks, street trees, commercial at-street frontage, safe 
street crossings, etc. 

Permit - written authorization from the Air Pollution Control District for the 
construction or operation of equipment that may create or control regulated air 
emissions. 
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Project - an activity that may cause either a direct physical change in the environment, or 
a reasonably foreseeable indirect physical change in the environment, and that is any 
of the following: 

• An activity directly undertaken by a public agency. 
• An activity undertaken by a person that is supported, in whole or in part, through 

contracts, grants, subsidies, loans, or other forms of assistance from one or more 
public agencies. 

• An activity that involves the issuance to a person of a lease, permit, license, 
certificate, or other entitlement for use by one or more public agencies [Public 
Resources Code §21065]. 

Reactive Organic Compounds (ROC) - any organic compound containing at least 
one carbon atom except for specific exempt compounds (see District Rule 2) found to 
be non-photochemically reactive and thus not participating in smog formation.  
Sometimes referred to as reactive organic gases, non-methane organic compounds, or 
volatile organic compounds. 

Sensitive Receptors - facilities or land uses that include members of the population 
that are particularly sensitive to the effects of air pollutants, such as children, the 
elderly, and people with illnesses.  Examples include schools, hospitals, and daycare 
centers. 

Significant Effect on the Environment - a phrase used to indicate that an 
environmental effect of a project is at a level requiring the detailed analysis of an EIR 
and that the effect is severe enough to consider disapproving or changing the project to 
avoid the effect.  The terms “significant effect” and “significant impact” are 
interchangeable under CEQA [CCR §15382]. 

Soil stabilizers - chemical or other agents that are applied to soil surfaces to stabilize 
and mitigate PM10 fugitive dust emissions by creating a wind-resistant crust.  Typically 
applied to disturbed surface areas next to roadways, base ground areas, dirt parking 
lots and roadway shoulders, and exposed construction areas. 

Southern California Association of Governments (SCAG) - the organization, 
known in federal law as the Council of Governments and Metropolitan Planning 
Organization, representing Los Angeles, Ventura, San Bernardino, Riverside, Orange, and 
Imperial Counties and the cities within those six counties.  As the designated 
Metropolitan Planning Organization, the Association of Governments is mandated by the 
federal government to research and draw up plans for transportation, growth 
management, hazardous waste management, and air quality.  Additional mandates exist at 
the state level.  
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Statement of Overriding Considerations - a written statement by a lead agency 
giving reasons for approving a project having environmental impacts that have not 
been mitigated to a level of insignificance. 

State Implementation Plan (SIP) - a document prepared by each state, and subject to 
EPA approval, describing existing air quality conditions and measures that will be 
taken to attain and maintain National Ambient Air Quality Standards.  A SIP is a 
compilation of all of a state’s air quality plans and rules that have been approved by 
the U.S. Environmental Protection Agency (EPA).  In California, air districts prepare 
nonattainment area plans that are included in the state’s SIP.  The applicable SIP in 
Ventura County is the most recent Ventura County Air Quality Management Plan 
(AQMP) approved by the U.S. EPA plus all Ventura County Air Pollution Control 
District (APCD) rules and regulations approved by the EPA. 

Sulfur Dioxide - a colorless, extremely irritating gas or liquid whose chemical formula 
is SO2.  Sulfur dioxide enters the atmosphere as a pollutant mainly as a result of 
burning high sulfur-content fuel oils and coal, and from chemical processes occurring 
at chemical plants and refineries.  National Ambient Air Quality Standards and 
California State Air Quality Standards have been established for sulfur dioxide. 

Telecommute - a work mode where individuals perform job requirements for part or all 
of the work week at off-site facilities, such as private residences or satellite work 
centers (rather than commuting to the primary worksite).  This reduces vehicle trips (if 
telecommuting from a residence) or vehicle miles traveled (if telecommuting from a 
satellite center) and associated air emissions. 

Toxic Air Contaminant - air pollutants (excluding ozone, carbon monoxide, PM10, 
sulfur dioxide, nitrogen dioxide) that may reasonably be anticipated to cause cancer, 
developmental effects, reproductive dysfunctions, neurological disorders, heritable 
gene mutations or other serious or irreversible acute or chronic health effects in 
humans.  Toxic air pollutants are regulated under different federal and state regulatory 
processes than ozone and the other criteria air pollutants.  Health effects from 
exposure to toxic air pollutants may occur at extremely low levels. 

Transit Oriented Development (TOD) - mixed-use neighborhoods, up to 160 acres 
in size, which are developed around a transit stop and core commercial area.  The 
entire TOD must be within an average of a 2,000 foot walking distance of a transit 
stop.  Secondary areas of lower density housing, schools, parks, and commercial and 
employment uses, surround TODs for up to one mile. 

Transportation Control Measures (TCM) - air pollutant control measures in the 
AQMP that are directed at reducing air emissions by reducing vehicle travel.  Both the 
federal and state law specify requirements for TCMs. 
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URBEMIS - a computer program used to estimate indirect source emissions from new 
and modified land uses (e.g., shopping centers, housing developments, and offices). 

Ventura Council of Governments (VCOG) - a governmental organization 
comprised of the County of Ventura, and the ten cities in Ventura County.  The 
purpose of VCOG is to provide a vehicle for the member entities and other interested 
persons, public and private, to engage in regional, cooperative, and comprehensive 
planning.  VCOG has historically been under contract to the Southern California 
Association of Governments to idenfity and refine regionally significant transportation 
problems, needs, investments, and programs related to the development of the 
Regional Transportation Plan. 

Volatile Organic Compounds (VOCs) - any organic compound containing at least 
one carbon atom except for specific exempt compounds (see District Rule 2) found to 
be non-photochemically reactive and thus not participating in smog formation.  In this 
document, VOC is synonymous with reactive organic gases and reactive organic 
compounts. 

Acronyms 
ADT average daily (motor vehicle) trips 
APCB Air Pollution Control Board 
APCO Air Pollution Control Officer 
APCD Air Pollution Control District 
AQMP Air Quality Management Plan 
ARB California Air Resources Board 
CAA federal Clean Air Act 
CAAQS California Ambient Air Quality Standard(s) 
CCAA California Clean Air Act 
CCR California Code of Regulations 
CEQA California Environmental Quality Act 
CFC chlorofluorocarbons 
CFR Code of Federal Regulations 
CH&SC California Health and Safety Code 
CO carbon monoxide 
District Ventura County Air Pollution Control District 
DTIM Direct Travel Impact Model 
EIR Environmental Impact Report 
EMFAC ARB’s On-Road Motor Vehicle Emissions Model 
EPA United States Environmental Protection Agency 
GUIDELINES Ventura County Air Quality Assessment Guidelines 
ISR indirect source review 
ITE Institution of Transportation Engineers 
LOS level of service 
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MND Mitigated Negative Declaration 
ND Negative Declaration 
NAAQS National Ambient Air Quality Standard 
NESHAP National Emission Standards for Hazardous Air Pollutants 
NO nitrogen oxide 
NO2 nitrogen dioxide 
NOP Notice of Preparation 
NOx oxides of nitrogen 
O3 ozone 
PM2.5 fine particulate matter of 2.5 microns in diameter or smaller 
PM10 particulate matter of 10 microns in diameter or smaller 
Pb lead 
Plan Air Quality Management Plan 
PPM parts per million 
PRC Public Resources Code 
ROC reactive organic compounds 
ROG reactive organic gases 
SCAG Southern California Association of Government 
SIP State Implementation Plan 
SO2 sulfur dioxide 
SOx oxides of sulfur 
TAC toxic air pollutant 
TCM transportation control measures 
µµµµg/m3 microgram per cubic meter 
URBEMIS Urban Emissions Model 
VCOG Ventura Council of Governments 
VMT vehicle miles traveled 
VOC volatile organic compounds (see ROC)  
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APPENDIX B  
COMMON EQUIPMENT AND PROCESSES REQUIRING A 

VENTURA COUNTY APCD PERMIT TO OPERATE 

This appendix contains a document available through the APCD Engineering and 
Enforcement Divisions of the Ventura County APCD that provides guidance for 
determining whether or not equipment and processes will require an APCD Permit to 
Operate.
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Disclaimer:  This list is intended to be used only as general guidance in determining equipment that requires an APCD Permit to 
Operate.  For more detailed information, refer to APCD Rule 10, "Permits Required", and APCD Rule 23, "Exemptions from Permit", 
or call the APCD Engineering Section at 805/645-1401. 

Combustion Equipment 
•  Boilers or process heaters with 

a maximum rated heat input of 
1.0 MMBTU/Hr or greater 

•  Engines which are 50 HP or 
greater including but not 
limited to the following: 

 -Oil well and water well 
drilling rigs 

 -Portable electrical generators 
 -Portable wood chippers 
 -Portable air compressors 
 Note:  Vehicle engines for 

autos, trucks, bulldozers, 
forklifts, etc. are exempt. 

 Emergency electrical 
generators and emergency 
water pumps are exempt. 

 Portable engines registered 
with the state PERP are 
exempt. 

•  Gas turbines 
•  Incinerators, including 

crematories 
•  Ovens and furnaces 
 Note:  Restaurant barbecue 

equipment is exempt. 
 Ovens or furnaces used in 

residential units are exempt. 
•  Burn-off ovens for auto engine 

parts 
•  Waste gas flares 
Equipment Which Emits 
Dust or Other Particulate 
Matter 

•  Concrete batch plants 
•  Asphalt concrete plants 
•  Rock, sand, and aggregate 

plants 
•  Abrasive blasting and sand 

blasting operations 
 Note:  Water blasting 

equipment using engines less 
than 50 HP is exempt. 

•  Metal melting furnaces 

Equipment and Processes 
Which Emit Solvents or 
Other Reactive Organic 
Compounds 
•  Drycleaning machines using 

organic solvents 
•  Gasoline tanks and dispensing 

facilities 
 Note:  Diesel tanks and 

waste oil tanks are exempt. 
 Gasoline tanks less than 250 

gallons in capacity are 
exempt. 

•  Contaminated soil or 
groundwater remediation 
systems including air stripping 
towers 

•  General painting and coating 
equipment if more than 200 
pounds of solvents are emitted 
in a year (roughly 25 gallons) 

•  Any painting of automobiles, 
trucks, or mobile equipment 

•  Printing operations if more 
than 200 pounds of solvents 
are emitted in a year 

•  Use of adhesives or sealants if 
more than 200 pounds of 
solvents are emitted in a year 

•  Cold degreasers and vapor 
degreasers 

•  Cleaning operations if more 
than 200 pounds of solvents 
are emitted in a year 

•  Oil wells and oilfield storage 
and process tanks 

•  Other organic liquid storage 
tanks with a capacity of more 
than 5,000 gallons 

•  Semiconductor or electronic 
component manufacturing 

•  Expandable polystyrene foam 
manufacturing 

Equipment and Processes 
Which Emit Air Toxics or 
May Cause a Nuisance 
•  Chrome plating operations 
•  Operations such as spa, 

bathtub or counter-top 
manufacturing which use 
polyester resins 

•  Wood stripping operations 
using methylene chloride 

•  Agricultural produce 
fumigation chambers using 
organic gases 

•  Ethylene oxide sterilizers 
(used in hospitals or food 
processing) 

 

COMMON EQUIPMENT 
FOR WHICH AN APCD 
PERMIT TO OPERATE IS 
NOT REQUIRED IS 
LISTED BELOW: 

•  Heating, air conditioning and 
ventilation (HVAC) equipment 
that is not used for air 
pollution control.  The boilers 
or engines used with HVAC 
equipment must be evaluated 
separately using the 
combustion equipment 
information listed above. 

•  Vacuum cleaning systems for 
housekeeping purposes 

•  Refrigeration units not used 
for air pollution control 

•  Equipment for cutting, 
grinding or drilling metals or 
plastics 

•  Equipment for sawing, 
sanding or drilling wood 

IMPORTANT:  Equipment and processes exempt from obtaining an APCD Permit to Operate 
may still need to be considered in an environmental document prepared pursuant to CEQA. 

(Revised 03/00) 
 

COMMON EQUIPMENT AND PROCESSES REQUIRING 
A VENTURA COUNTY APCD PERMIT TO OPERATE 
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APPENDIX C  
SECTIONS OF CEQA AND THE CEQA GUIDELINES RELEVANT TO  

AIR QUALITY IMPACT ANALYSIS  

This appendix contains sections of CEQA and the CEQA Guidelines that are relevant to 
air quality impact analysis.  The complete text of CEQA and the CEQA Guidelines can 
be found on the CERES website at:  http://ceres.ca.gov/topic/env_law/ceqq/. 

Section 21000 - State agencies shall regulate to prevent environmental damage 

Declares that the maintenance of a quality environment for the people of California now 
and in the future is a matter of statewide concern.  Further declares that all agencies of the 
state government which regulate activities of private individuals, corporations, and public 
agencies which are found to affect the quality of the environment, shall regulate such 
activities so that major consideration is given to preventing environmental damage, while 
providing a decent home and satisfying living environment for every Californian. 

Section 15063 - Initial Study 

(1) If the agency determines that there is substantial evidence that any aspect 
of the project, either individually or cumulatively, may cause a 
significant effect on the environment, regardless of whether the overall 
effect is adverse or beneficial, the lead agency shall do one of the 
following:  

 (A) Prepare an EIR, or 

 (B) Use a previously prepared EIR that the lead agency determines 
would adequately analyze the project at hand.  

(2) The lead agency shall prepare a Negative Declaration if there is no 
substantial evidence that the project or any of its aspects may cause a 
significant effect on the environment.  

Section 15064 - Determining the Significance of the Environmental Effects Caused by a 
Project and Section 15358 - Effects 

Provides guidance as to whether an effect is significant or not.  In evaluating the 
significance of the environmental effect of a project, the lead agency shall consider the 
direct physical changes in the environment which may be caused by the project and 
reasonably foreseeable indirect physical changes in the environment caused by the 
project.  Effects analyzed under CEQA must be related to a physical change. 
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Section 15065 - Mandatory Findings of Significance 

Establishes criteria for the lead agency in determining whether a project may have a 
significant effect on the environment.  If a project meets the criteria set forth in this 
section, an EIR should be prepared. 

Section 15070 - Decision to Prepare a Negative Declaration or Mitigated Negative 
Declaration 

Provides discussion of under what circumstances a public agency shall prepare or have 
prepared a ND or an MND.  If an applicant can modify the project in such a manner that 
would avoid significant effects identified after submitting the application, an EIR may be 
avoided by preparation of an MND. 

Section 15091 - Findings 

(a) No public agency shall approve or carry out a project for which an EIR 
has been certified which identifies one or more significant environmental 
effects of the project unless the public agency makes one or more written 
findings for each of those significant effects, accompanied by a brief 
explanation of the rationale for each finding.  The possible findings are:  

 (1) Changes or alterations have been required in, or incorporated into, 
the project which avoid or substantially lessen the significant 
environmental effect as identified in the final EIR.  

 (2) Such changes or alterations are within the responsibility and 
jurisdiction of another public agency and not the agency making the 
finding.  Such changes have been adopted by such other agency or 
can and should be adopted by such other agency.  

 (3) Specific economic, legal, social, technological, or other 
considerations, including provision of employment opportunities for 
highly trained workers, make infeasible the mitigation measures or 
project alternatives identified in the final EIR.  

(b) The findings required by subsection (a) shall be supported by substantial 
evidence in the record.  

(c) The finding in subsection (a)(2) shall not be made if the agency making 
the finding has concurrent jurisdiction with another agency to deal with 
identified feasible mitigation measures or alternatives.  The finding in 
subsection (a)(3) shall describe the specific reasons for rejecting 
identified mitigation measures and project alternatives.  
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(d) When making the findings required in subsection (a)(1), the agency shall 
also adopt a program for reporting on or monitoring the changes which it 
has either required in the project or made a condition of approval to 
avoid or substantially lessen significant environmental effects.  These 
measures must be fully enforceable through permit conditions, 
agreements, or other  measures.  

(e) The public agency shall specify the location and custodian of the 
documents or other material which constitute the record of the 
proceedings upon which its decision is based.  

(f) A statement made pursuant to Section 15093 does not substitute for the 
findings required by this section.  

Section 15092 - Approval 

(a) After considering the final EIR and in conjunction with making findings 
under Section 15091, the lead agency may decide whether or how to 
approve or carry out the project.  

(b) A public agency shall not decide to approve or carry out a project for 
which an EIR was prepared unless either:  

 (1) The project as approved will not have a significant effect on the 
environment, or 

 (2) The agency has:  

  (A) Eliminated or substantially lessened all significant effects on the 
environment where feasible as shown in findings under Section 
15091, and 

  (B) Determined that any remaining significant effects on the 
environment found to be unavoidable under Section 15091 are 
acceptable due to overriding concerns as described in Section 
15093.  

(c) With respect to a project which includes housing development, the public 
agency shall not reduce the proposed number of housing units as a 
mitigation measure if it determines that there is another feasible specific 
mitigation measure available that will provide a comparable level of 
mitigation.  
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Section 15093 - Statement of Overriding Considerations 

The Statement of Overriding Considerations requires the decision-making agency to 
balance, as applicable, the economic, legal, social, technological, or other benefits of a 
proposed project against its unavoidable environmental risks when determining whether 
to approve the project.  If the specific economic, legal, social, technological, or other 
benefits of a proposed project outweigh the unavoidable adverse environmental effects, 
the adverse environmental effects may be considered “acceptable.”  The statement of 
overriding considerations shall be supported by substantial evidence in the record. 

Section 15097 - Mitigation Monitoring or Reporting 

This section applies when a public agency has made the findings required under 
paragraph (1) of subdivision (a) of Section 15091 relative to an EIR or adopted a MND in 
conjunction with approving a project.  The public agency shall adopt a program for 
monitoring or reporting on the revisions which it has required in the project and the 
measures it has imposed to mitigate or avoid significant environmental effects. 

Section 15125 - Environmental Setting 

States that, “An EIR must include a description of the physical environmental conditions 
in the vicinity of the project as they exist at the time the notice of preparation is 
published, or if no notice of preparation is published, at the time environmental analysis 
is commenced, from both a local and regional perspective.”  An EIR “shall discuss any 
inconsistencies between the proposed project and applicable general plans and regional 
plans,” such as the applicable air quality attainment or maintenance plan or State 
Implementation Plan. 

Section 15126 - Consideration and Discussion of Environmental Impacts 

Requires that, “All phases of a project must be considered when evaluating its impact on 
the environment:  planning, acquisition, development, and operation.”  Also requires that 
the following subjects be discussed in the EIR: 

(a) Significant environmental effects of the proposed project.  

(b) Significant environmental effects which cannot be avoided if the 
proposed project is implemented.  

(c) Significant irreversible environmental changes which would be involved 
in the proposed project should it be implemented.  

(d) Growth-inducing impact of the proposed project.  

(e) The mitigation measures proposed to minimize the significant effects.  

(f) Alternatives to the proposed project.  
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Section 15130 - Discussion of Cumulative Impacts 

Cumulative impacts shall be discussed in an EIR when the project’s incremental effect is 
cumulatively considerable, as defined in Section 15065(c).  The elements necessary to 
provide an adequate discussion of cumulative impacts include: 

(1) Either: 

 (A) A list of past, present, and probable future projects producing related 
or cumulative impacts, including, if necessary, those projects outside 
the control of the agency, or 

 (B) A summary of projections contained in an adopted general plan or 
related planning document, or in a prior environmental document 
which has been adopted or certified, which described or evaluated 
regional or areawide conditions contributing to the cumulative 
impact.  Any such planning document shall be referenced and made 
available to the public at a location specified by the lead agency; 

(2) A summary of the expected environmental effects to be produced by 
those projects with specific reference to additional information stating 
where that information is available, and 

(3) A reasonable analysis of the cumulative impacts of the relevant projects.  
An EIR shall examine reasonable, feasible options for mitigating or 
avoiding the project’s contribution to any significant cumulative effects.  
Previously approved land-use documents such as general plans, specific 
plans, and local coastal plans may be used in cumulative impact analysis.  

Section 15355 - Cumulative Impacts 

Defines “cumulative impacts” as “two or more individual impacts which, when 
considered together, are considerable or which compound or increase other environmental 
impacts.”  States that the individual effects may be changes resulting from a single project 
or a number of separate projects.  The cumulative impact from several projects is the 
change in the environment which results from the incremental impact of the project when 
added to other closely related past, present, and reasonably foreseeable probable future 
projects. 

Section 15370 - Mitigation 

“Mitigation” includes:  

 (a) Avoiding the impact altogether by not taking a certain action or parts 
of an action. 
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 (b) Minimizing impacts by limiting the degree or magnitude of the 
action and its implementation. 

 (c) Rectifying the impact by repairing, rehabilitating, or restoring the 
impacted environment. 

 (d) Reducing or eliminating the impact over time by preservation and 
maintenance operations during the life of the action. 

 (e) Compensating for the impact by replacing or providing substitute 
resources or environment. 

Section 15382 - Significant Effect on the Environment 

‘Significant effect on the environment’ means a substantial, or potentially substantial, 
adverse change in any of the physical conditions within the area affected by the 
project including land, air, water, minerals, flora, fauna, ambient noise, and objects 
of historic or aesthetic significance.  A social or economic change related to a 
physical change may be considered in determining whether the physical change is 
significant. 

Appendix G - Environmental Checklist Form 

With respect to air quality, a project may be deemed to have a significant effect on the 
environment if it will: 

(a) Conflict with or obstruct implementation of the applicable air quality 
plan. 

(b) Violate any air quality standard or contribute substantially to an existing 
or projected air quality violation. 

(c) Result in a cumulatively considerable net increase of any criteria 
pollutant for which the project region is non-attainment under an 
applicable federal or state ambient air quality standard (including 
releasing emissions which exceed quantitative thresholds for ozone 
precursors). 

(d) Expose sensitive receptors to substantial pollutant concentrations. 

(e) Create objectionable odors affecting a substantial number of people. 

According to Appendix G, a “potentially significant impact” finding is appropriate if 
there is substantial evidence that an effect may be significant. 
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APPENDIX D  
MAJOR TOXIC AIR CONTAMINANT REGULATIONS AND COMMON TOXIC 

AIR CONTAMINANT SOURCES AND SUBSTANCES 

Appendix D presents the major federal and state programs and regulations to reduce toxic 
air contaminant (TAC) emissions.  Appendix D also presents a list of common TAC 
sources and substances that may be encountered in Ventura County. 

Table D-1, Common Sources of Toxic Air Contaminants, lists common land uses that 
may emit TACs.  Table D-1 also lists the most common TACs associated with each listed 
land use.  It should be noted that, because of the large number of land uses that may emit 
TACs, and the large number of TACs, Table D-1 is only a guide and, as such, is not all-
inclusive.  It does not list all land uses that may emit TACs.  Moreover, not all listed land 
uses emit all of the listed toxic substances.  Conversely, the listed land uses may emit 
TACs that are not included in Table D-1. 

Table D-2, Toxic Air Contaminants, lists substances that the California Air Resources 
Board (ARB) has found to present a chronic or acute threat to public health when found 
in the ambient air. 

Further information regarding TACs and the State of California’s Air Toxics Program is 
available at the ARB’s website (http://www.arb.ca.gov/html/brochure/airtoxic.htm).  
Further information about the District’s Air Toxics Program can be found at the District 
website (http://www.vcapcd.org/air_toxics.htm).  The District also publishes annual 
reports that summarize the District’s TAC program.  These reports rank facilities 
according to the cancer risk posed, identify the facilities posing non-cancer health risks, 
and describe the status of the development of control measures.  These reports are 
available from the District’s Air Toxics section.  The District’s 1999 TAC program report 
also can be downloaded from the District webpage. 

Federal Clean Air Act Amendments of 1990 

The federal Clean Air Act Amendments of 1990 (Title III, Section 112) mandate that the 
United States Environmental Protection Agency (U.S. EPA) issue emission standards on 
a specified schedule for certain categories of sources that emit one or more of the 188 
TACs listed in Title III.  The emission standards are being issued in two phases.  In the 
first phase (1992 - 2000), the U.S. EPA is required to develop technology-based emission 
standards, called Maximum Achievable Control Technology (MACT).  In the second 
phase, (2001 - 2008) the U.S. EPA is required to issue health risk-based emission 
standards to address risks remaining after implementation of the MACT standards. 



VENTURA COUNTY AIR QUALITY ASSESSMENT GUIDELINES  

PAGE D-2  OCTOBER 2003 

The Tanner Toxic Act (Assembly Bill 1807) 

The Tanner Act (Health & Safety Code §39650 et seq.) is a California law that 
established the framework for California’s TAC identification and control program.  The 
Tanner Act became effective in 1984 and requires the ARB to identify TACs and the 
appropriate measures to limit emissions of those substances.  The ARB then adopts the 
appropriate degree of regulation and adopts Air Toxics Control Measures (ATCMs).  The 
control measures are the minimum regulations that must be imposed by each air district in 
the state.  The air districts must adopt rules that are at least as stringent as the ATCMs. 

Air Toxics “Hot Spots” Information and Assessment Act (Assembly Bill 2588) 

The Air Toxics “Hot Spots” Information and Assessment Act (Health & Safety Code 
§44300 et seq.) was adopted by the California Legislature in 1987 in response to 
increasing public concern about emissions of toxic chemicals in the air.  It was known at 
that time that the majority of the United States population lived near at least one facility 
that released toxic chemicals into the air on a routine basis.  Existing federal, state, and 
local air toxics programs looked at new sources only, or looked at existing sources one 
industry and one chemical at a time.  Under AB 2588, stationary sources must submit a 
comprehensive inventory of routine releases of over 600 toxic compounds to the air from 
their facilities to the District.  Based on the results of the inventories, the District requires 
facility owners to perform health risk assessments for the subject toxic emissions.  If the 
emissions from a facility are determined through the risk assessment to pose a significant 
risk, the District requires the facility to notify people who are exposed of the results of the 
health risk assessment.  Owners of facilities that pose a significant health risk also have to 
develop and implement a plan to reduce the risks to below significance levels.  Further 
information regarding TACs and the State of California’s AB 2588 Air Toxics Program is 
available at the ARB’s website (http://www.arb.ca.gov/html/brochure/airtoxic.htm).  
Further information about the District’s AB 2588 air toxics program can be found at the 
District website (http://www.vcapcd.org/air_toxics.htm).  The District also publishes 
annual reports that summarize the District’s AB 2588 TAC program.  These reports rank 
facilities according to the cancer risk posed, identify the facilities posing non-cancer 
health risks, and describe the status of the development of control measures.  These 
reports are available from the District’s Air Toxics section.  The Districts’ 1999 AB 2588 
program report also can be downloaded from the above District webpage. 

Facility Toxic Air Contaminant Risk Reduction Audit and Plan (Senate Bill 1731) 

Senate Bill 1731 (Health & Safety Code, §44390, et seq.) requires local air districts to 
establish a program to reduce risks from existing facilities in the AB 2588 air toxics 
program that are deemed by the District to pose a significant health risk. 
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Waters Bill (Assembly Bill 3205) 

The Waters Bill (Health & Safety Code §§42301.6 - 42301.9) requires that an air district 
considering an application for a proposed new or modified source of TACs located within 
1,000 feet of a school to prepare a public notice that fully describes the proposed project 
or modification.  The air district must then distribute or mail the public notice to the 
parents or guardians of students enrolled in any school located within one-quarter mile of 
the proposed project and to each address within a 1,000 foot radius of the proposed 
project. 

Air Monitoring of Disposal Sites (Assembly Bill 3374) 

Assembly Bill 3374 (Health & Safety Code §41805.5, et seq.) requires owners of solid 
waste disposal sites, including inactive sites, to submit to local air pollution control 
districts a solid waste air quality assessment test report. 

Ventura County Air Pollution Control District Toxic Air Contaminant Rules 

In addition to the preceding federal and state air toxic programs, the District regulates 
TACs through several District rules:  Rule 36, New Source Review - Hazardous Air 
Pollutants; Rule 62, Hazardous Materials and Airborne Toxics; Rule 62.1, Hazardous 
Materials; Rule 62.3, Hexavalent Chromium; Rule 62.5, Dioxins - Medical Waste 
Incinerators; Rule 62.6, Ethylene Oxide - Sterilization and Aeration; and Rule 62.7, 
Asbestos - Demolition and Renovation. 
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TABLE D-1 

COMMON SOURCES OF TOXIC AIR CONTAMINANTS 

Product, Process,  
or Facility 

 
Substance 

Acoustic Ceiling, Asbestos 

Products, Caulk, and Gasket 

Manufacturing 

Asbestos 

Aerospace Manufacturing Hexavalent Chromium 

Autobody Shop Benzene, Toluene, Xylene 

Auto Machine Shop Asbestos 

Biomedical Research Laboratory Benzene, Carbon Tetrachloride, 

Chloroform, Formaldehyde, 

Methylene Chloride, Phenol, 

Xylenes 

Boat Yard Epoxy Resins, Toluene, Xylenes

Brake Realignment & 

Manufacturing 

Asbestos 

Brake Shoe Rebuilders and 

Recyclers 

Asbestos 

Chemical Manufacturing Various 

Chrome Plating Hexavalent Chromium, 

Cadmium 

College/University Cadmium, Hexavalent 

Chromium, Ethylene Oxide 

Electrical Equipment 

Manufacturing 

Cadmium, Chromium, Nickel, 

PCBs, Trichloroethylene, 1,4-

Dioxane 

Electronic Equipment 

Manufacturing 

1,4-Dioxane, Cadmium, 

Chromium, Nickel, 

Trichloroethylene 

Fiberglass Manufacturing Styrene 

Gasoline Station Benzene, Methyl-tertiary butyl 

ether, Toluene, Xylene 

Graphite Manufacturing Dioxins, Dibenzofurans 

Product, Process,  
or Facility 

 
Substance 

Groundwater Clean-up Benzene, Percholorethylene, 

Trichloroethylene 

Hospital Dioxins, Debenzofurans, 

Cadmium, Ethylene Oxide 

Industrial Heating and Steam 

Needs 

Cadmium, Hexavalent 

Chromium 

Landfill Benzene, Vinyl Choride 

Medical Clinic & Laboratory Ethylene Oxide 

Medical Equipment Sterilization Ethylene Oxide 

Natural Gas Plant Acetaldehyde, Benzene, 

Formaldehyde, Propylene, 

Toluene, Xylene 

Medical Equipment Sterilization Ethylene Oxide 

Natural Gas Plant Acetaldehyde, Benzene, 

Formaldehyde, Propylene, 

Toluene, Xylene 

Petroleum Refinery Benzene, Cadmium 

Oil Production Facility Acetaldehyde, Benzene, 

Formaldehyde, Propylene 

Petroleum Tank Benzene 

Printing Services 1,2,4-Tri-methylbenzene, Ethyl 

Benzene, Ethylene glycol 

monobutyl ether, Methylene 

chloride, Propylene, Xylenes  

Wastewater Treatment Benzene, Carbon Tetrachloride, 

Ethylene Dichloride, Ethylene 

Dibromide, Chloroform, 

Perchloroethylene, 

Trichloroethylene, 
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TABLE D-2 

COMMON TOXIC AIR CONTAMINANTS 

 
Substance 

CAS 
Number** 

Acenaphthene [PAH,POM] 83329 

Acenaphthylene [PAH,POM] 208968 

Acetaldehyde 75070 

Acetamide 60355 

Acetonitrile 75058 

Acetophenone 98862 

2-Acetylaminofluorene [PAH-Derivative, POM] 53963 

Acrolein 107028 

Acrylamide 79061 

Acrylic Acid 79107 

Acrylonitrile 107131 

Allyl chloride 107051 

Aluminum 7429905 

Aluminum oxide (fibrous forms) 1344281 

2-Aminoanthraquinone [PAH-Derivative, POM] 117793 

4-Aminobiphenyl [POM] 92671 

Amitrole 61825 

Ammonia 7664417 

Ammonium nitrate 6484522 

Ammonium sulfate 7783202 

Aniline 62533 

o-Anisidine 90040 

Anthracene [PAH, POM] 120127 

Antimony 7440360 

Antimony Compounds, not elsewhere listed. ----- 

Antimony trioxide 1309644 

Arsenic 7440382 

Arsenic Compounds (inorganic) 1016 

Arsenic Compounds (other than inorganic) 1017 

Arsine 7784421 

Asbestos 1332214 

Barium 7440393 

Barium chromate 10294403 

Barium Compounds ----- 

Benz[a]anthracene [PAH, POM] 56553 

 
Substance 

CAS 
Number** 

Benzene 71432 

Benzidine (and its salts) [POM] 92875 

Benzidene-based dyes 1020 

Benzo[a]pyrene [PAH, POM] 50328 

Benzo[b]fluoranthene [PAH, POM] 205992 

Benzo[e]pyrene [PAH,POM] 192972 

Benzo[g,h,i]perylene 191242 

Benzo[j]fluoranthene [PAH, POM] 205823 

Benzo[k]fluoranthene [PAH, POM] 207089 

Benzofuran 271896 

Benzoic trichloride {Benzotrichloride} 98077 

Benzoyl chloride 98884 

Benzoyl peroxide 94360 

Benzyl chloride 100447 

Beryllium 7440417 

Beryllium Compounds ----- 

Biphenyl [POM] 92524 

Bis(2-chloroethyl)ether {DCEE} 111444 

Bis (chloromethyl) ether 542881 

Bis(2-ethlyhexyl) adipate 103231 

Bromine 7726956 

Bromine Compounds (inorganic) ----- 

Bromine pentaflourid 7789302 

Bromoform 75252 

1,3-Butadiene 106990 

Butyl acrylate 141322 

n-Butyl alcohol 71363 

sec-Butyl alcohol 78922 

tert-Butyl alcohol 75650 

Butyl benzyl phthalate 85687 

Cadmium 7440439 

Cadmium Compounds ----- 

Calcium chromate 13765190 

Calcium cyanamide 156627 

Caprolactam 105602 
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Substance 

CAS 
Number** 

Captafol 2425061 

Captan 133062 

Carbaryl [PAH-Derivative, POM] 63252 

Carbon black extracts 1050 

Carbon disulfide 75150 

Carbon monoxide (A-II) 630080 

Carbon tetrachloride 56235 

Carbonyl sulfide 463581 

Carrageenan (degraded) 1055 

Catechol 120809 

Chloramben 133904 

Chlordane 57749 

Chlorinated fluorocarbon 113 {CFC 113} 76131 

Chlorinated paraffins (avg chain length C12) 108171262 

Chlorine 7782505 

Chlorine dioxide 10049044 

Chloroacetic acid 79118 

2-Chloroacetophenone 532274 

p-Chloroaniline 106478 

Chlorobenzene 108907 

Chlorobenzenes, not elsewhere listed: 1058 

Chlorobenzilate {Ethyl-4,4’-dichlorobenzilate} 510156 

Chlorodifluoromethane {Freon 22} 75456 

Chloroform 67663 

Chloromethyl methyl ether (technical grade) 107302 

Chlorophenols, not elsewhere listed. 1060 

4-Chloro-o-phenylenediamine 95830 

2-Chlorophenol ----- 

Chloropicrin 76062 

Chloroprene 126998 

p-Chloro-o-toluidine 95692 

Chromium 7440473 

Chromium (hexavalent) 18540299 

Chromium Compds. (other than hexavalent) ----- 

Chromium trioxide 1333820 

Chrysene [PAH, POM] 218019 

Cobalt 7440484 

 
Substance 

CAS 
Number** 

Cobalt Compounds ----- 

Coke oven emissions 1066 

Copper 7440508 

Copper Compounds ----- 

Creosotes 1070 

p-Cresidine 120718 

Cresols (mixtures of) {Cresylic acid} 1319773 

m-Cresol 108394 

o-Cresol 95487 

p-Cresol 106445 

Crotonaldehyde 4170303 

Cumene 98828 

Cumene hydroperoxide 80159 

Cupferron 135206 

Cyanide compounds, not elsewhere listed. 1073 

Cyclohexane 110827 

Cyclohexanol 108930 

Cycloheximide 66819 

Decabromodiphenyl oxide [POM] 1163195 

Dialkylnitrosamines 1075 

2,4-Diaminoanisole 615054 

Diaminotoluenes (mixed isomers) 1078 

2,4-Diaminotoluene {2,4-Toluenediamine} 95807 

Diazomethane 334883 

Dibenz[a,h]acridine [POM] 226368 

Dibenz[a,h]anthracene [PAH, PAM] 53703 

Dibenz[a,j]acridine [POM] 224420 

7H-Dibenzo[c,g]carbazole 194592 

Dibenzo[a,e]pyrene [PAH, POM] 192654 

Dibenzo[a,h]pyrene [PAH, POM] 189640 

Dibenzo[a,i]pyrene [PAH, POM] 189559 

Dibenzo[a,l]pyrene [PAH, POM] 191300 

Dibenzofuran [POM] 132649 

1,2-Dibromo-3-chloropropane 96128 

2,3-Dibromo-1-propanol 96139 

Dibutyl phthalate 84742 

1,2-Dichlorobenzene 95501 
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Substance 

CAS 
Number** 

1,3-Dichlorobenzene 541731 

p-Dichlorobenzene {1,4-Dichlorobenzene} 106467 

Dichlorobenzenes (mixed isomers) 25321226 

3,3’-Dichlorobenzidine 91941 

Dichlorodiphenyldichloroethylene {DDE} [POM] 72559 

1,1-Dichloroethane {Ethylidene dichloride} 75343 

Dichlorofluoromethane {Freon 12} 75434 

2,4-Dichlorophenol 120832 

Dichlorophenoxyacetic  acid, salts and esters 94757 

1,2-Dichloropropane {Propylene dichloride} 78875 

1,3-Dichloropropene 542756 

Dichlorovos {DDVP} 62737 

Dicofol [POM] 115322 

Diesel engine exhaust, particulate matter 9901 

Diesel engine exhaust, total organic gas 9902 

Diesel fuel (marine) ----- 

Diethanolamine 111422 

Di (2-ethylhexyl) phthalate 117817 

Diethyl sulfate 64675 

Diethylene glycol 111466 

Diethylene glycol dimethyl ether 111966 

Diethylene glycol monobutyl ether 112345 

Diethylene glycol monoethyl ether 111900 

Diethylene glycol monomethyl ether 111773 

3,3’-Dimethoxybenzidine [POM] 119904 

4-Dimethylaminoazobenzene [POM] 60117 

N,N-Dimethylaniline 121697 

7,12-Dimethylbenz[a]anthracene 57976 

3,3’-Dimethylbenzidine {o-Tolidine} [POM] 119937 

Dimethyl carbamoyl chloride 79447 

N,N-Dimethyl formamide 68122 

1,1-Dimethylhydrazine 57147 

Dimethyl phthalate 131113 

Dimethyl sulfate 77781 

Dimethylamine 124403 

4,6-Dinitro-o-cresol  and salts 534521 

2,4-Dinitrophenol 51285 

 
Substance 

CAS 
Number** 

1,6-Dinitropyrene [PAH-Derivative, POM] 42397648 

1,8-Dinitropyrene [PAH-Derivative, POM] 42397659 

Dinitrotoluenes (mixed isomers) 25321146 

2,4-Dinitrotoluene 121142 

2,6-Dinitrotoluene 606202 

1,4-Dioxane 123911 

Dioxins/Dibenzofuran ----- 

Diphenylhydantoin [POM] 630933 

1,2-Diphenylhydrazine  {Hydrazobenzene} 122667 

Dipropylene glycol 25265718 

Dipropylene glycol monomethyl ether 34590948 

Direct Black 38 [PAH-Derivative, POM] 1937377 

Direct Blue 6 [PAH-Derivative, POM] 2602462 

Direct Brown 95 (technical grade) [POM] 16071866 

Environmental tobacco smoke 1090 

Epichlorohydrin 106898 

1,2-Epoxybutane 106887 

Epoxy Resins 1091 

Erionite 12510428 

Ethyl acrylate 140885 

Ethyl benzene 100414 

Ethyl chloride {Chloroethane} 75003 

Ethylene 74851 

Ethylene dibromide {1,2-Dibromoethane} 106934 

Ethylene dichloride {1,2-Dichloroethane} 107062 

Ethylene glycol 107211 

Ethylene glycol diethyl ether 629141 

Ethylene glycol dimethyl ether 110714 

Ethylene glycol monobutyl ether 111762 

Ethylene glycol monoethyl ether 110805 

Ethylene glycol monoethyl ether acetate 111159 

Ethylene glycol monomethyl ether 109864 

Ethylene glycol monomethyl ether acetate 110496 

Ethylene glycol monopropyl ether 2807309 

Ethylene oxide 75218 

Ethylene thiourea 96457 

Ethyleneimine {Aziridine} 151564 
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Substance 

CAS 
Number** 

Fluoranthene [PAH, POM] 206440 

Fluorene [PAH, POM] 86737 

Fluorides and compounds 1101 

Fluorocarbons (brominated/chlorinated) 1104/1103 

Formaldehyde 50000 

Furan 110009 

Gasoline Engine exhaust, particulate matter 9910 

Gasoline Engine exhaust, total organic gas 9911 

Gasoline vapors 1110 

Glasswool fibers 1111 

Glutaraldehyde 111308 

Glycol ethers and their acetates 1115 

Heptachlor 76448 

Hexachlorobenzene 118741 

Hexachlorobutadiene 87683 

Hexachlorocyclohexane 1120 

alpha-Hexachlorocyclohexane 319846 

beta-Hexachlorocyclohexane 319857 

Hexachlorocyclopentadiene 77474 

Hexachloroethane 67721 

Hexamethylene-1,6,-diisocyanate 822060 

Hexamethylphosphoramide 680319 

Hexane 110543 

Hydrazine 302012 

Hydrochloric acid 7647010 

Hydrocyanic acid 74908 

Hydrogen bromide 10035106 

Hydrogen fluoride 7664393 

Hydrogen Selenide 7783075 

Hydrogen sulfide 7783064 

Hydroquinone 123319 

Indeno[1,2,3,-cd]pyrene [PAH, POM] 193395 

Iodine-131 24267569 

Iron pentacarbonyl 13463406 

Isocyanates 1125 

Isophorone 78591 

Isoprene, ex. from vegetative emission sources 78795 

 
Substance 

CAS 
Number** 

Isopropyl Alcohol 67630 

4,4’-Isopropylidenediphenol [POM] 80057 

Lead 7439921 

Lead compounds (inorganic) 1128 

Lead acetate 301042 

Lead chromate 7758976 

Lead phosphate 7446277 

Lead subacetate 1335326 

Lead compounds (other than inorganic) 1129 

Lindane (gamma-Hexachlorocyclohexane) 58899 

Maleic anhydride 108316 

Manganese 7439965 

Manganese compounds ----- 

Mercuric chloride 7487947 

Mercury 7439976 

Mercury compounds, not elsewhere listed: ----- 

Methanol 67561 

Methoxychlor [POM] 72435 

Methyl bromide {Bromomethane} 74839 

Methyl chloride {Chloromethane} 74873 

Methyl chloroform {1,1,1-Trichloroethane} 71556 

Methyl ethyl ketone {2-Butanone} 78933 

Methyl hydrazine 60344 

Methyl iodide {Iodomethane} 74884 

Methyl isobutyl ketone {Hexone} 108101 

Methyl isocyanate 624839 

Methyl mercury {Dimethylmercury} 593748 

Methyl methacrylate 80626 

2-Methyl naphthalene [PAH, POM] 91576 

Methyl tert-butyl ether 1634044 

2-Methylaziridine {1,2-Propyleneimine} 75558 

3-Methylcholanthrene [PAH-Derivative, POM] 56495 

5-Methylchrysene [PAH-Derivative, POM] 3697243 

4,4-Methylene bis (2-Chloroaniline) 101144 

Methylene chloride {Dichloromethane} 75092 

Methylene diphenyl isocyanate 101688 

4,4-Methylenedianiline 101779 
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Substance 

CAS 
Number** 

2-Methyllactonitrile {Acetone cyanohydrin} 75865 

2-Methylpyridine 109068 

Michler’s ketone [POM] 90948 

Mineral fibers (manmade/non-manmade) 1136/1135 

Molybdenum trioxide 1313275 

Naphthalene 91203 

Nickel 7440020 

Nickel compounds, not elsewhere listed: ----- 

Nickel acetate 373024 

Nickel carbonate 3333393 

Nickel carbonyl 13463393 

Nickel hydroxide 12054487 

Nickel Oxide 1313991 

Nickel refinery dust from the pyrometallurgical 1146 

Nickel subsulfide 12035722 

Nickelocene 1271289 

Nitric Acid 7697372 

Nitrilotriacetic acid 139139 

Nitrobenzene 98953 

4-Nitrobiphenyl [POM] 92933 

6-Nitrochrysene [PAH-Derivative, POM] 7496028 

2-Nitrofluorene [PAH-Derivative, POM] 607578 

Nitrogen dioxide 10102440 

Nitrogen mustard N-oxide 302705 

4-Nitrophenol 100027 

2-Nitropropane 79469 

1-Nitropyrene [PAH-Derivative, POM] 5522430 

p-Nitrosodiphenylamine [POM] 156105 

N-Nitroso-N-methylurea 684935 

N-Nitrosodi-n-butylamine 924163 

N-Nitrosodi-n-propylamine 621647 

N-Nitrosodiethanolamine 1116547 

N-Nitrosodiethylamine 55185 

N-Nitrosodimethylamine 62759 

N-Nitrosomethylethylamine 10595956 

N-Nitrosomorpholine 59892 

N-Nitrosopiperidine 100754 

 
Substance 

CAS 
Number** 

N-Nitrosopyrrolidine 930552 

Ozone 10028156 

PAHs, total, w/ind components reported 1150 

PAHs, total, w/o ind components reported 1151 

Parathion 56382 

Particulate matter ----- 

PCBs (Polychlorinated  biphenyls) [POM] 1336363 

Pentachloronitrobenzene {Quintobenzene} 82688 

Pentachlorophenol 87865 

Peracetic acid 79210 

Perchloroethylene {Tetrachloroethene} 127184 

Perylene [PAH,POM] 198550 

Phenanthrene [PAH, POM] 85018 

Phenol 108952 

p-Phenylenediamine 106503 

2-Phenylphenol [POM] 90437 

Phosgene 75445 

Phosphine 7803512 

Phosphoric Acid 7664382 

Phosphorus 7723140 

Phosphorus oxychloride 10025873 

Phosphorus pentachloride 10026138 

Phosphorus pentoxide 1314563 

Phosphorus trichloride 7719122 

Phthalic anhydride 85449 

Polychlorinated dibenzo-p-dioxins 1085/1086 

2,3,7,8-Tetrachlorodibenzo-p-dioxin {TCDD} 1746016 

1,2,3,7,8-Pentachlorodibenzo-p-dioxin  [POM] 40321764 

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin  [POM] 39227286 

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin  [POM] 57653857 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin  [POM] 19408743 

1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 35822469 

1,2,3,4,5,6,7,8-Octachlorodibenzo-p-dioxin 3268879 

Total Heptachlorodibenzo-p-dioxin [POM] 37871004 

Total Hexachlorodibenzo-p-dioxin [POM] 34465468 

Total Pentachlorodibenzo-p-dioxin [POM] 36088229 

Total Tetrachlorodibenzo-p-dioxin [POM] 41903575 



VENTURA COUNTY AIR QUALITY ASSESSMENT GUIDELINES  

PAGE D-10  OCTOBER 2003 

 
Substance 

CAS 
Number** 

Polychlorinated dibenzofurans {PCDF) 1080 

2,3,7,8-Tetrachlorodibenzofuran  [POM] 51207319 

1,2,3,7,8-Pentachlorodibenzofuran  [POM] 57117416 

2,3,4,7,8-Pentachlorodibenzofuran  [POM] 57117314 

1,2,3,4,7,8-Hexachlorodibenzofuran  [POM] 70648269 

1,2,3,6,7,8-Hexachlorodibenzofuran  [POM] 57117449 

1,2,3,7,8,9-Hexachlorodibenzofuran  [POM] 72918219 

2,3,4,6,7,8-Hexachlorodibenzofuran  [POM] 60851345 

1,2,3,4,6,7,8-Heptachlorodibenzofuran  [POM] 67562394 

1,2,3,4,7,8,9-Heptachlorodibenzofuran  [POM] 55673897 

1,2,3,4,5,6,7,8-Octachlorodibenzofuran [POM] 39001020 

Total Heptachlorodibenzofuran [POM] 38998753 

Total Hexachlorodibenzofuran [POM] 55684941 

Total Pentachlorodibenzofuran [POM] 30402154 

Total Tetrachlorodibenzofuran [POM] 55722275 

Polycyclic aromatic hydrocarbons ----- 

Polycyclic organic matter ----- 

Potassium bromate 7758012 

1,3-Propane sultone 1120714 

beta-Propiolactone 57578 

Propionaldehyde 123386 

Propoxur {Baygon} 114261 

Propylene 115071 

Propylene glycol monomethy ether 107982 

Propylene glycol monomethyl ether acetate 108656 

Propylene oxide 75569 

Pyrene [PAH, POM] 129000 

Pyridine 110861 

Quinoline 91225 

Quinone 106514 

Radionuclides 1165 

Radon and its decay products 1166 

Reserpine [POM] 50555 

Residual (heavy) fuel oils ----- 

Rockwool fibers 1168 

Selenium 7782492 

Selenium compounds, not elsewhere listed: ----- 

 
Substance 

CAS 
Number** 

Selenium sulfide 7446346 

Silica, crystalline 1175 

Silver 7440224 

Silver compounds ----- 

Slagwool fibers 1181 

Sodium dichromate 10588019 

Sodium hydroxide 1310732 

Strontium chromate 7789062 

Styrene 100425 

Styrene oxide 96093 

Sulfates ----- 

Sulfur dioxide 7446095 

Sulfuric Acid 7664939 

Talc containing asbestiform fibers 1190 

Terephthalic acid 100210 

1,1,2,2-Tetrachloroethane 79345 

2,3,4,6-Tetrachlorophenol 58902 

Tetrachlorophenols ----- 

Thallium 7440280 

Thallium Compounds ----- 

Thioacetamide 62555 

Thiourea 62566 

Titanium tetrachloride 7550450 

Toluene 108883 

Toluene diisocyanates, not elsewhere listed: 1204 

Toluene-2,4-diisocyanate 584849 

Toluene-2,6-diisocyantes 91087 

o-Toluidine 95534 

Toxaphene {Polychlorinated  camphenes} 8001352 

Tributyl  phosphate 126738 

1,2,4-Trichlorobenzene 120821 

1,1,2-Trichloroethane {Vinyl trichloride} 79005 

Trichloroethylene 79016 

Trichlorofluoromethane {Freon 11} 75694 

2,4,5-Trichlorophenol 95954 

2,4,6-Trichlorophenol 88062 

1,2,3-Trichloropropane 96184 
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Substance 

CAS 
Number** 

Triethyl phosphine 78400 

Triethylamine 121448 

Triethylene glycol dimethyl ether 112492 

Trifluralin 1582098 

Trimethyl phosphate 512561 

1,2,4-Trimethylbenzene 95636 

2,2,4-Trimethylpentane 540841 

Triorthocresyl  phosphate [POM] 78308 

Triphenyl phosphate [POM] 115866 

Triphenyl phosphite [POM] 101020 

Urethane {Ethyl carbamate} 51796 

Vanadium (fume or dust) 7440622 

Vanadium Pentoxide 1314621 

Vinyl acetate 108054 

Vinyl bromide 593602 

 
Substance 

CAS 
Number** 

Vinyl chloride 75014 

Vinyl fluoride 75025 

4-Vinylcyclohexene 100403 

Vinylidene chloride 75354 

Wood preservatives (arsenic and chromate) 1206 

Xylene 1210 

m-Xylene 108383 

o-Xylene 95476 

p-Xylene 106423 

Zinc 7440666 

Zinc compounds, not elsewhere listed: ----- 

Zinc oxide 1314132 

**CAS Registry Number:  The Chemical Abstracts Service Registry 
Number (CAS) is designation assigned by the American Chemical 
Society’s Chemical Abstract Service and uniquely identifies a specific 
compound regardless of the name or naming system used. 

 
 Source:  Engineering Division, Ventura County APCD, May 2000. 
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APPENDIX E  
DEFINITION OF LAND USE CATEGORIES FOR TRIP GENERATION AND 

PROJECT EMISSION CALCULATION PURPOSES 

Appendix E contains the land use codes and definitions of all of the land uses contained 
in ITE’s Trip Generation (Sixth Edition - 1997).  Not all of the land uses in ITE’s Trip 
Generation are in URBEMIS.  However, URBEMIS inputs can be modified so that 
emissions from land uses not in URBEMIS can be calculated using URBEMIS. 

LAND USE:  010 - Waterport/Marine Terminal 
A waterport, or marine terminal, is an area for the transfer of materials between land and 
sea and possibly for the storage of these materials. 

LAND USE:  021 - Commercial Airport 
A commercial airport accommodates commercial passenger service.  The commercial 
airports surveyed also accommodated general aviation activities.  Commercial airports are 
characterized by long runways for serving large jets, and extensive terminal facilities.  
However, some commercial airports have shorter runways and serve exclusively intrastate 
and commuter airlines. 

LAND USE:  022 - General Aviation Airport 
A general aviation airport is primarily designed for the use of small private and corporate 
aircraft, not for commercial passenger service.  It is usually characterized by short 
runways, few or no terminal facilities, and many small aircraft. 

LAND USE:  030 - Truck Terminal 
Truck terminals are facilities where goods are transferred between trucks, trucks and 
railroads, or trucks and ports. 

LAND USE:  090 - Park-and-Ride Lot with Bus Service 
A bus park and ride station is a site used for the transfer of people between private 
vehicles and buses.  It typically contains a bus passenger shelter, a parking lot, and 
circulation facilities for buses, as well as private motor vehicles.  A significant number of 
passengers are dropped off. 

LAND USE:  093 - Light Rail Transit Station with Parking 
Light rail transit stations are transportation stations that provide park-and-ride activity.  
These stations are areas for the transfer of people between private vehicles and light rail 
transportation.  They usually contain automobile parking areas; a transfer station; a 
passenger shelter; ticketing facilities; and ancillary amenities, such as rest rooms, vending 
machines, and coffee/newspaper stands.  Drop off/pick-up and carpool areas may also be 
provided. 
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LAND USE:  110 - General Light Industrial 
Light industrial facilities usually employ fewer than 500 persons and have an emphasis on 
activities other than manufacturing.  Nevertheless, the distinction between light industrial 
and manufacturing is sometimes vague.  Typical light industrial activities include printing 
plants, material testing laboratories, assemblers of data processing equipment, and power 
stations.  All of the facilities surveyed were free-standing and devoted to a single use. 

LAND USE:  120 - General Heavy Industrial 
Heavy industrial facilities usually have a high number of employees per industrial plant 
and could also be categorized as manufacturing facilities.  The distinction between heavy 
industrial and manufacturing is vague.  However, heavy industrial uses would be limited 
to the manufacturing of large items. 

LAND USE:  130 - Industrial Park 
Industrial parks contain many industrial or related facilities.  They are characterized by a 
mix of manufacturing, service, and warehouse facilities with a wide variation in the 
proportion of each type of use from one location to another.  Many industrial parks 
contain highly diversified facilities, some with a large number of small businesses and 
others with one or two dominant industries. 

LAND USE:  140 - Manufacturing 
Manufacturing facilities are sites where the primary activity is the conversion of raw 
materials or parts into finished products.  Size and type of activity may vary substantially 
from one facility to another.  In addition to production of goods, manufacturing facilities 
generally also have office, warehouse, research, and associated functions. 

LAND USE:  150 - Warehousing 
Warehouses are facilities that are primarily devoted to storage of materials.  They may 
also include office and maintenance areas. 

LAND USE:  151 - Mini-Warehouse 
A mini-warehouse is a building in which a storage unit or vault is rented for the storage of 
goods.  Each unit is physically separated from other units and access is usually provided 
through an overhead door or other common access point. 

LAND USE:  152 - High-Cube Warehouse 
High-cube warehouses are a new type of warehouse used for the storage of manufactured 
goods prior to their distribution to retail outlets.  These facilities consist of large shells of 
steel buildings and large halls, often sub-divided for individual tenants, with a typical 
ceiling height of 24 to 26 feet.  They are also characterized by a small employment count 
due to a high level of mechanization, truck activities frequently outside of the peak hour 
of the adjacent street system, and good freeway access. 



 VENTURA COUNTY AIR QUALITY ASSESSMENT GUIDELINES  

 OCTOBER 2003 PAGE E-3 

LAND USE:  170 - Utilities 
Utilities generally include offices space, electromechanical or industrial space, or parts 
and equipment storage areas. 

LAND USE:  210 - Single Family Detached Housing  
Any single family detached home on an individual lot is included in this category.  A 
typical example is a home in a modern subdivision. 

LAND USE:  220 - Apartment 
An apartment is defined as a rental dwelling unit that is located within the same building 
as at least three other dwelling units.  Examples of this category are quadruplexes and all 
types of apartment buildings.   The apartments in this land use include both low-rise or 
‘walk-up’ dwellings and high-rise multi-family dwellings. 

LAND USE:  221 - Low-Rise Apartment 
This land use includes apartments (rental dwelling units) in rental buildings that have one 
or two levels (floors), such as garden apartments. 

LAND USE:  222 - High-Rise Apartment 
This land use includes apartments (rental dwelling units) in rental buildings that have 
more than ten levels (floors), and most likely have one or more elevators. 

LAND USE:  223 - Mid-Rise Apartment 
This land use includes apartments (rental dwelling units) in rental buildings that have 
more than two levels (floors) and less than nine levels. 

LAND USE:  224 - Rental Townhouse 
This land use includes townhouse communities with rented rather than owned units, and a 
minimum of two attached units per building structure. 

LAND USE:  230 - Residential Condominium/Townhouse  
Residential condominiums are defined as single-family ownership units that have at least 
one other single family owned unit within the same building structure.  Both 
condominiums and townhouses are included in this category. 

LAND USE:  231 - Low-Rise Residential Condominium/Townhouse 
This land use includes condominiums and townhouses in buildings that have one or two 
levels (floors). 

LAND USE:  232 - High-Rise Residential Condominium/Townhouse 
This land use includes condominiums and townhouses in buildings that have three or 
more levels (floors).  
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LAND USE:  233 - Luxury Condominium/Townhouse 
This land use includes condominiums and townhouses in buildings with luxury facilities 
or services.  

LAND USE:  240 - Mobile Home Park 
Mobile home parks generally consist of trailers shipped, sited, and installed on permanent 
foundations.  Typically, they have community facilities such as recreation rooms, 
swimming pools, and laundry facilities.  Many such parks restrict occupancy to adults.  

LAND USE:  250 - Retirement Community 
Retirement communities - restricted to adults or senior citizens - contain residential units 
similar to apartments or condominiums and are usually self-contained villages.  They may 
also contain special services such as medical services, dining facilities, and some limited 
supporting retail facilities.  

LAND USE:  251 - Elderly Housing - Detached 
Elderly housing (detached) - restricted to senior citizens - contain residential units similar 
to single family housing, and are sometimes self-contained villages.  They may also 
contain special services such as medical facilities, dining facilities, and some limited 
supporting retail facilities.  

LAND USE:  252 - Congregate Care Facility 
A congregate care facility typically consists of one or more multi-unit buildings designed 
for elderly living.  These facilities might also contain dining rooms, medical facilities, 
and recreational facilities.  

LAND USE:  253 - Elderly Housing - Attached 
Elderly housing (attached) - restricted to senior citizens - contain residential units similar 
to apartments and condominiums, and are sometimes self-contained villages.  They may 
also contain special services such as medical facilities, dining facilities, and some limited 
supporting retail facilities.  

LAND USE:  260 - Recreational Homes 
Recreational homes are usually located in a resort containing local services and complete 
recreational facilities.  These dwellings are often second homes used by the owner 
periodically or rented on a seasonal basis.  

LAND USE:  270 - Residential Planned Unit Development 
Residential planned unit developments, for the purposes of trip generation, are defined as 
containing any combination of residential land uses, and might also contain supporting 
services such as limited retail and recreational facilities.  The description of a PUD is 
general in nature since these developments vary by density and type of dwelling.  It is 
therefore recommended that when information on the number and type of dwellings is 
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known, the trip generation should be calculated on the basis of the known type of 
dwellings rather than on the basis of land use 270.  

LAND USE:  310 - Hotel 
A hotel is a place of lodging that provides sleeping accommodations, restaurants, cocktail 
lounges, meeting and banquet rooms or convention facilities, and other retail and service 
shops.  Some of the sites included in this land use category are actually large motels 
providing the facilities of a hotel noted above.  

LAND USE:  311 - All Suites Hotel 
All suites hotels are places of lodging that provide sleeping accommodations, a small 
restaurant and lounge, and a small amount of meeting space.  Each suite includes a sitting 
room and separate bedroom; often, limited kitchen facilities are provided within the suite.  
These hotels are located primarily in suburban areas.  

LAND USE:  312 - Business Hotel 
Business hotels are places of lodging aimed toward the business traveler.  They provide 
sleeping accommodations and other limited facilities, such as a breakfast buffet bar and 
an afternoon beverage bar (no lunch or dinner is served, and no meeting facilities are 
provided).  Each unit is a large single room.  All locations nationwide are in suburban 
areas.  

LAND USE:  320 - Motel 
A motel is a place of lodging providing sleeping accommodations and often, a restaurant.  
Motels generally offer free on-site parking and provide little or no meeting space.  

LAND USE:  330 - Resort Hotel 
Resort hotels are similar to hotels (land use 310) in that they provide sleeping 
accommodations, restaurants, cocktail lounges, retail shops, and guest services.  The 
primary difference is that resort hotels cater to the tourist and vacation business, often 
providing a variety of recreational facilities, rather than convention and meeting business.  
Resort hotels are normally located in suburban or outlying locations on larger sites than 
conventional hotels.  

LAND USE:  411 - City Park 
City parks are owned and operated by a city.  The city parks surveyed varied widely as to 
location, type, and number of facilities, including boating or swimming facilities, ball 
fields, camp sites, and picnic facilities.  Because of the variety of facilities as well as local 
conditions such as weather, seasonal use of the individual sites is quite different.  For 
example, some of the sites are used primarily for boating or swimming, while others are 
used for softball games.  
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LAND USE:  412 - County Park 
County parks are owned and operated by a county.  The county parks surveyed varied 
widely as to location, type, and number of facilities, including boating or swimming 
facilities, ball fields, camp sites, picnic facilities, and general open space.  Because of the 
variety of facilities as well as local conditions such as weather, seasonal use of the 
individual sites is quite different.  For example, some of the sites are used primarily for 
boating or swimming, while others are used for softball games.  

LAND USE:  413 - State Park 
State parks are owned and operated by a state.  The state parks surveyed varied widely as 
to location and type and amount of facilities, including hiking trails, boating or swimming 
facilities, ball fields, camp sites, picnic facilities, and general open space.  Because of the 
variety of facilities as well as local conditions such as weather, seasonal use of the 
individual sites is quite different.  For example, some of the sites are used primarily for 
boating or swimming, while others are used for hiking or camping.  

LAND USE:  414 - Water Slide Park 
A water slide park contains water slides, wading pools, refreshment stands, and picnic 
areas.  

LAND USE:  415 - Beach Park 
A beach park contains a beach, and possibly other facilities such as changing rooms, rest 
rooms, picnic facilities, hiking, fishing, and camp sites.  Often, in ‘season’ lifeguards are 
provided.  

LAND USE:  416 - Campground/Recreational Vehicle Park 
Campgrounds and recreational vehicle parks are recreational sites that accommodate 
campers, trailers, tents, and recreational vehicles.  They are found in a variety of locations 
and provide a variety of facilities, often including restrooms with showers, recreational 
facilities such as a swimming pool, a convenience store, and a laundromat.  

LAND USE:  417 - Regional Park 
Regional parks are owned and operated by a regional park authority.  The regional parks 
surveyed varied widely as to location and type and amount of facilities, including hiking 
trails, lakes, pools, ball fields, camp sites, picnic facilities and general open space.  
Because of the variety of facilities as well as local conditions such as weather, seasonal 
use of the individual sites is quite different.  For example, some of the sites are used 
primarily for boating or swimming, while others are used for hiking or camping, etc.  

LAND USE:  418 - National Monument 
National monuments vary widely as to type of facilities and location.  Many house scenic 
observation points or towers, or are historical monuments.  
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LAND USE:  420 - Marina 
Marinas can include both public and private facilities.  In addition to docks and berths for 
boats, some of the sites surveyed also had social and club activities, limited retail, and 
restaurants.  

LAND USE:  430 - Golf Course 
The golf courses included in this analysis were 9, 18, and 27 hole municipal courses and 
private country clubs.  Some sites have driving ranges and clubhouses with a pro shop, 
and/or restaurant, lounge, and banquet facilities.  Many of the municipal courses do not 
have any of these facilities.  

LAND USE:  431 - Miniature Golf Course 
Miniature golf courses are free-standing and consist of one or more individual putting 
courses, and may or may not include limited game rooms or refreshment services.  

LAND USE:  432 - Golf Driving Range 
Golf driving ranges are outdoor facilities containing driving tees for golfers to practice.  
These facilities may also provide individual or small group lessons; some sites have pro 
shops and/or small refreshments facilities.  

LAND USE:  435 - Multipurpose Recreational Facility 
Multipurpose recreational facilities contain two or more of the following land uses 
combined at one site:  miniature golf, batting cages, video arcade, bumper boats, go-carts, 
and golf driving ranges.  

LAND USE:  441 - Live Theater 
Live theater is in a building or open air setting and includes a stage, a backstage area, 
dressing rooms, seats for the audience, and a lobby area.  

LAND USE:  443 - Movie Theater without matinee 
A movie theater consists of audience seating, single or multiple screens and auditoriums, 
and a lobby and refreshment stand.  Movie theaters without matinees show movies on 
weekday evenings and weekends only; there are no weekday daytime showings.  

LAND USE:  444 - Movie Theater with matinee 
A movie theater consists of audience seating, single or multiple screens and auditoriums, 
and a lobby and refreshment stand.  Movie theaters with matinees show movies on 
weekday afternoons and evenings, as well as on weekends.  

LAND USE:  452 - Horse Racetrack 
The horse racetrack where data was collected includes a spectator stadium, parking, track, 
stables, and housing for workers.  
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LAND USE:  453 - Automobile Racetrack 
Automobile racetracks are facilities that contain a racetrack, spectator seating, parking, 
and restaurant/refreshment areas.  

LAND USE:  454 - Dog Racetrack 
Dog racetracks include a spectator stadium, parking, track, and possibly stables and 
housing for workers.  

LAND USE:  460 - Arena 
An arena is a large indoor structure in which spectator events are held.  These events vary 
from professional ice hockey and basketball to non-sporting events such as concerts, 
shows, or religious services.  Arenas are generally provided with large parking facilities, 
except when located in or around the downtown of a large city.  

LAND USE:  465 - Ice Rink 
Ice rinks are facilities used for ice-skating oriented sports and entertainment activities.  
They may contain spectator seating, refreshment areas, and amenities.  

LAND USE:  473 - Casino/Video Lottery Establishment 
Casino/video lottery establishments are businesses that provide electronic or manually 
controlled slot machines.  Full food service is generally not provided at these facilities; 
however, refreshments and alcoholic beverages may be served.  

LAND USE:  480 - Amusement Park 
An amusement park contains rides, entertainment, refreshment stands, and picnic areas.  

LAND USE:  481 - Zoo 
A zoo contains wild animals, refreshment stands, and picnic areas.  

LAND USE:  491 - Tennis Courts 
Tennis courts are indoor or outdoor facilities specifically designed for playing tennis.  
Other on-site facilities may include limited spectator seating and a parking lot.  Tennis 
courts can either be public or private facilities.  

LAND USE:  492 - Racquet Club 
Racquet clubs are privately-owned facilities with tennis courts, and other facilities often 
including swimming pools and whirlpools, saunas, racquetball and handball courts, 
exercise classes, and weightlifting equipment.  

LAND USE:  493 - Health Club 
Health clubs are privately-owned facilities that may include swimming pools, whirlpools, 
saunas, tennis, racquetball and handball courts, exercise classes, weightlifting and 
gymnastics equipment, locker rooms, and a restaurant or snack bar.  
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LAND USE:  494 - Bowling Alley 
Bowling alleys are recreational facilities that include bowling lanes.  A small lounge, 
restaurant and/or snack bar, video games and pool tables, may also be available.  

LAND USE:  495 - Recreational Community Center 
Recreational community centers are facilities similar to and including YMCAs, often 
including classes and clubs for adults and children, day care or a nursery school, meeting 
rooms, swimming pools and whirlpools, saunas, tennis, racquetball, and handball courts, 
exercise classes, weightlifting and gymnastics equipment, locker rooms, and a restaurant 
or snack bar.  

LAND USE:  501 - Military Base 
Most of the military bases surveyed were air force bases, containing offices, training 
facilities, housing facilities, dining facilities, and recreational facilities.  

LAND USE:  520 - Elementary School 
Elementary schools serve students between the kindergarten and middle school or junior 
high school levels.  Usually, they are centrally located in residential communities in order 
to facilitate student access and have no student drivers.  

LAND USE:  521 - Private School (K-12) 
Private schools serve students between kindergarten and high school, students may travel 
a long distance to get to private schools.  

LAND USE:  522 - Middle School/Junior High School 
Middle schools or junior high schools serve students who have completed elementary 
school and have not yet entered high school.  

LAND USE:  530 - High School 
High schools are for students who have completed middle school or junior high school.  
The high schools analyzed were generally separated from other land uses and had 
exclusive access points and parking facilities.  Acreage and floor space varied widely 
with populations served and the social and economic characteristics of the area.  

LAND USE:  540 - Junior/Community College 
This land use includes two-year junior colleges or community colleges.  A number of two 
year institutions have sizable evening programs.  The two year colleges analyzed were 
generally separated from other land uses and had exclusive access points, and parking 
facilities.  Acreage, floor space, staff, and parking accommodations vary widely with 
populations served and the social and economic characteristics of the area; thus, the 
student enrollment seems to be the most consistent basis for establishing trip generation 
rates.  
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LAND USE:  550 - University/College 
This land use includes four-year and graduate educational institutions.  Acreage, floor 
space, staff, and parking accommodations vary widely with populations served and the 
social and economic characteristics of the area; thus, the student enrollment seems to be 
the most consistent basis for establishing trip generation rates.  

LAND USE:  560 - Church 
A church is a building providing public worship facilities, and generally houses an 
assembly hall or sanctuary, meeting rooms, classrooms, and occasionally dining, catering, 
or party facilities.  

LAND USE:  561 - Synagogue 
A synagogue is a building providing public worship facilities, and generally houses an 
assembly hall or sanctuary, meeting rooms, classrooms, and occasionally dining, catering, 
or party facilities.  The Sabbath is celebrated on Friday evenings and all day Saturday.  
Reform, conservative, and orthodox synagogues each have different trip characteristics.  

LAND USE:  565 - Day Care Center 
A day care center is a facility where care for pre-school age children is provided, 
normally during the daytime hours.  Day care facilities generally include classrooms, 
offices, eating areas, and playgrounds.  Some centers also provide after-school care for 
older children.  

LAND USE:  566 - Cemetery 
A cemetery is a place for burying the dead, possibly including buildings used for funeral 
services, a mausoleum, and a crematorium.  

LAND USE:  571 - Prison 
A prison is a place for housing persons convicted of committing a crime or awaiting trial, 
usually including cells, dining and food preparation facilities, limited recreational 
facilities, work areas, and offices.  

LAND USE:  590 - Library 
A library can be either a public or private facility, and houses shelves containing books, 
reading rooms, or areas, and possibly, meeting rooms.  

LAND USE:  591 - Lodge/Fraternal Organization 
A lodge/fraternal organization typically includes a club house with dining and drinking 
facilities, recreational and entertainment facilities, and meeting rooms.  

LAND USE:  610 - Hospital 
The term hospital refers to an institution where medical or surgical care is given to non-
ambulatory and ambulatory patients, and overnight accommodations are provided.  The 
term does not, however, refer to medical clinics (facilities that provide diagnoses and 
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outpatient care only) or to nursing homes (facilities devoted to the care of persons unable 
to care for themselves).  

LAND USE:  620 - Nursing Home 
A nursing home is defined as any facility whose primary function is to care for persons 
unable to care for themselves.  The term is applicable not only to rest homes, which are 
primarily for the aged, but also to chronic and convalescent homes.  This type of facility 
is characterized by residents who do little or no driving.  Traffic is primarily generated by 
employees, visitors, and deliveries.  

LAND USE:  630 - Clinic 
A clinic is defined as any facility that provides limited diagnostic and outpatient medical 
care, but is unable to provide prolonged in-house medical/surgical care.  

LAND USE:  710 - General Office Building 
A general office building houses multiple tenants; it is a location where affairs of 
businesses, commercial or industrial organization, or professional persons or firms are 
conducted.  An office building or buildings may contain a mixture of tenants including 
professional services, insurance companies, investment brokers, and tenant services such 
as a bank or savings and loan, a restaurant or cafeteria, and service retail facilities.  

LAND USE:  714 - Corporate Headquarters Building 
A corporate headquarters building is a single tenant office building housing the corporate 
headquarters of a company or organization, and generally containing offices, meeting 
rooms, space for file storage and data processing, a restaurant or cafeteria, and other 
service functions.  

LAND USE:  715 - Single Tenant Office Building 
A single tenant office building generally contains the offices, meeting rooms, and space 
for file storage and data processing of a single business or company, and possible other 
service functions including a restaurant or cafeteria.  

LAND USE:  720 - Medical-Dental Office Building 
A medical office is a facility that provides diagnoses and outpatient care on a routine 
basis but is unable to provide prolonged in-house medical/surgical care.  A medical office 
is generally operated by one or more private physicians or dentists.  

LAND USE:  730 - Government Office Building 
A government office building is an individual building containing the entire function or 
simply one agency of a city, county, state, federal government or other governmental unit.  
It differs from a government office complex - land use 733 (formerly called a civic 
center) in that it is not a group of several buildings that are interconnected with pedestrian 
walkways.  
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LAND USE:  731 - State Motor Vehicles Department 
The State Motor Vehicles Department is typically an office-type building housing driver 
license testing, vehicle registration, and related functions.  

LAND USE:  732 - U.S. Post Office 
A U.S. Post Office is a federal building housing service windows for mailing packages 
and letters, post office boxes, offices, and sorting and distributing facilities for mail, and 
vehicle storage areas.  

LAND USE:  733 - Government Office Complex 
A government office complex is a complex of buildings housing a variety of functions of 
a city, county, state, federal government or other governmental unit, or multiple 
governmental units.  It differs from a government office building (land use 730) in that it 
is a group of buildings that are interconnected with pedestrian walkways.  This land use 
was formerly called a civic center.  

LAND USE:  750 - Office Park 
Office parks are generally suburban subdivisions or planned unit developments 
containing general office buildings and support services such as banks, savings and loan 
institutions, restaurants, and service stations arranged in a park-like or campus-like 
atmosphere.  

LAND USE:  760 - Research and Development Center 
Research centers are facilities or groups of facilities devoted nearly exclusively to 
research and development activities.  They may also contain offices and light fabrication 
areas.  

LAND USE:  770 - Business Park 
Business parks consist of a group of flex-type or incubator one-or two-story buildings 
served by a common roadway system.  The tenant space is flexible to house a variety of 
uses; the rear side of the building is usually served by a garage door.  Tenants may be 
start-up companies or small mature companies that require a variety of space.  

LAND USE:  812 - Building Materials and Lumber Store 
A building materials/lumber store is a small free-standing building that sells hardware, 
building materials, and lumber.  The lumber may be in the main building or in a yard or 
storage shed.  The storage areas are not included in the total gross floor areas reported.  
The buildings contained in this land use are less than 25,000 gross square feet in size.  

LAND USE:  813 - Free-Standing Discount Superstore 
The discount superstores in this category are similar to the free-standing discount stores 
described in land use 815 with the exception that they also contain a full service grocery 
department under the same roof that shares entrances and exits with the discount store 
area.  They are free-standing stores with off-street parking.  The stores usually offer a 
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variety of customer services, centralized cashiering, and a wide range of products.  They 
typically maintain long store hours seven days a week.  The stores included in this data 
are often the only store on a site, but can also be found in mutual operation with a related 
or unrelated garden center and/or service station.  They also are sometimes found as 
separate parcels within a retail complex with their own dedicated parking area.  

LAND USE:  814 - Specialty Retail Center 
Specialty retail centers are generally small strip shopping centers containing a variety of 
retail shops, specializing in quality apparel, hard goods, services such as real estate office, 
dance studios, or florists, and small restaurants.  

LAND USE:  815 - Free-Standing Discount Store 
The discount stores in this category are free-standing with off-street parking.  They 
usually offer a variety of customer services, centralized cashiering, and a wide range of 
products.  They typically maintain long store hours seven days a week.  The stores 
included in this data are often the only store on a site, but can also be found in mutual 
operation with a related or unrelated garden center or service station.  They also are 
sometimes found as separate parcels within a retail complex with their own dedicated 
parking.  

LAND USE:  816 - Hardware/Paint Store 
Hardware and paint stores are generally free-standing buildings with off-street parking.  

LAND USE:  817 - Nursery (Garden Center) 
A nursery or garden center is a free-standing building with a yard of planting or landscape 
stock.  The nurseries surveyed primarily serve the general public.  Some have large 
greenhouses; some offer landscaping services.  Most have office, storage, and shipping 
facilities.  This type of business is characterized by seasonal variations in trip 
characteristics.  

LAND USE:  818 - Nursery (Wholesale) 
A wholesale nursery is a free-standing building with a yard of planting or landscape 
stock.  The nurseries surveyed primarily serve contractors and suppliers.  Some have large 
greenhouses; some offer landscaping services.  Most have office, storage, and shipping 
facilities.  This type of business is characterized by seasonal variations in trip 
characteristics.  

LAND USE:  820 - Shopping Center 
A shopping center is an integrated group of commercial establishments that is planned, 
developed, owned, and managed as a unit.  Its composition is related to its market area in 
terms of size, location, and type of store.  Shopping centers provide on-site parking 
facilities.  Surveys for this land use included neighborhood centers, community centers, 
regional centers, and super regional centers.  They ranged in size from 1,700 to 2,200,000 
square feet of gross leasable area.  Some of the centers included non-merchandising uses 
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such as office buildings, movie theaters, post offices, banks, health clubs, and recreational 
facilities such as ice skating rinks or indoor miniature golf courses.  

LAND USE:  823 - Factory Outlet Center 
A factory outlet center is a type of shopping center that primarily houses factory outlet 
stores, attracting customers from a wide geographic area, very often even from a larger 
area than a regional shopping center.  

LAND USE:  831 - Quality Restaurant 
This land use consists of eating establishments of high quality and with turnover rates 
generally of at least one hour or longer.  Generally, quality restaurants do not serve 
breakfast, some do not serve lunch; all serve dinner.  Typically, the restaurants included 
in this land use are not a chain, and reservations are required.  

LAND USE:  832 – High-Turnover (Sit-Down) Restaurant 
This land use consists of sit-down eating establishments with turnover rates generally of 
one hour or less.  This type of restaurant is usually moderately priced and frequently 
belongs to a restaurant chain.  Generally, these restaurants serve lunch and dinner; they 
may also be open for breakfast and are sometimes open 24 hours per day.  Some facilities 
contained within this land use may also contain a bar area for serving food and alcoholic 
drinks.  

LAND USE:  833 - Fast-Food Restaurant without Drive-Through Window 
This land use includes fast-food restaurants without drive-through windows.  This type of 
restaurant is characterized by a large carryout clientele; long hours of service (some are 
open for breakfast, all are open for lunch and dinner, some are open late at night or 24 
hours); and high turnover rates for eat-in customers.  

LAND USE: 834 - Fast-Food Restaurant with Drive-Through Window 
This land use includes fast-food restaurants with drive-through windows.  This type of 
restaurant is characterized by a large carryout clientele; long hours of service (some are 
open for breakfast, all are open for lunch and dinner, some are open late at night or 24 
hours); and high turnover rates for eat-in customers.  

LAND USE:  835 - Fast-Food Restaurant with Drive-Through Window and 
No Indoor Seating 
This category includes fast-food restaurants with drive-through service only.  These 
facilities typically have very small building areas and may provide a limited amount of 
outside seating.  

LAND USE:  836 - Drinking Place 
A drinking place contains a bar where alcoholic beverages and snacks are served and 
possibly some type of entertainment such as music, television screens, video games, or 
pool tables.  



 VENTURA COUNTY AIR QUALITY ASSESSMENT GUIDELINES  

 OCTOBER 2003 PAGE E-15 

LAND USE:  837 - Quick Lubrication Vehicle Shop 
A quick lubrication vehicle shop is a business where the primary activity is to perform oil 
change services for vehicles.  Other ancillary services provided may include preventative 
maintenance, such as fluid and filter changes.  Automobile repair service is generally not 
provided.  

LAND USE:  840 - Automobile Care Center 
An automobile care center houses numerous tenants providing automobile related 
services, including a mix of repair and servicing facilities, automobile stereo installation, 
seat cover upholstering, etc.  

LAND USE:  841 - New Car Sales 
New car sales facilities are generally located as strip development along major arterial 
streets that already have a preponderance of commercial development.  Generally 
included are automobile services and parts sales along with a sometimes substantial used-
car sales operation.  Some dealerships also include leasing activities and truck sales and 
servicing.  

LAND USE:  843 - Automobile Parts Sales 
Automobile parts facilities specialize in the sale of automobile parts for do-it-yourself 
maintenance and repair.  Items sold at these facilities include items such as spark plugs, 
distributor caps, and batteries.  These facilities are not equipped for on-site vehicle repair.  

LAND USE:  844 - Gasoline/Service Station 
Service stations generally are located at intersections or freeway interchanges and have 
facilities for fueling motor vehicles.  They may also include facilities for servicing and 
repairing motor vehicles.  This land use includes service stations without convenience 
stores or car washes.  The independent variable “vehicle fueling position” is defined as 
the maximum number of vehicles that can be fueled simultaneously.  

LAND USE:  845 - Gasoline/Service Station with Convenience Market 
Service stations generally are located at intersections or freeway interchanges.  This land 
use includes service stations with convenience markets where the primary business is the 
fueling of motor vehicles, although they may also have facilities for servicing and 
repairing motor vehicles.  Some commonly sold convenience items are newspapers, 
coffee or other beverages, and snack items that are generally consumed in the car.  This 
land use does not include stations with car washes.  The independent variable “vehicle 
fueling position” is defined as the maximum number of vehicles that can be fueled 
simultaneously.  

LAND USE:  846 - Gasoline/Service Station with Convenience Market and 
Car Wash 
Service stations generally are located at intersections or freeway interchanges.  This land 
use includes service stations with convenience markets and car washes where the primary 
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business is the fueling of motor vehicles, although they may also include facilities for 
servicing and repairing motor vehicles.  The independent variable “vehicle fueling 
position” is defined as the maximum number of vehicles that can be fueled 
simultaneously.  

LAND USE:  847 - Self Service Car Wash 
The facilities surveyed are manual operations where the driver parks and washes a vehicle 
in a stall.  

LAND USE:  848 - Tire Store 
The tire stores surveyed sell tires, and provide installation and possibly other automobile 
maintenance functions and customer services.  These stores generally do not contain large 
storage or warehouse areas.  

LAND USE:  849 - Wholesale Tire Store 
Wholesale tire stores are warehouse type facilities with the primary function of selling 
and installing tires for automobiles and small trucks.  Other services provided may 
include automotive maintenance functions such as wheel alignment or shock and brake 
service, and customer services.  A tire display, customer waiting lounge and restroom 
facilities, staff office space, and significant storage area are also provided.  General 
mechanical repairs and body work are usually not conducted at these facilities.  

LAND USE:  850 - Supermarket 
Supermarkets are typically free-standing retail stores selling a complete assortment of 
food, food preparation and wrapping material, and household cleaning and servicing 
items.  Supermarkets may also contain facilities such as money machines, photo centers, 
pharmacies, and video rental areas.  

LAND USE:  851 - Convenience Market (Open 24 hours) 
Convenience markets in this classification are usually open 24 hours per day, depending 
on the management and possibly the location.  These markets sell convenience foods, 
newspapers, magazines, and often beer and wine, but do not have gasoline pumps.  

LAND USE:  852 - Convenience Market (Open 15-16 hours) 
Convenience markets are usually open 15 to 16 hours per day.  These markets sell 
convenience foods, newspapers, magazines, and often beer and wine, but do not have 
gasoline pumps.  

LAND USE:  853 - Convenience Market with Gasoline Pumps 
The convenience markets surveyed sell gasoline, convenience foods, newspapers, 
magazines, and often beer and wine.  This land use includes convenience markets with 
gasoline pumps where the primary business is the selling of convenience items, not the 
fueling of motor vehicles.  
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LAND USE:  854 - Discount Supermarket 
Discount supermarkets are typically free-standing retail stores selling a complete 
assortment of food (often in bulk), food preparation and wrapping materials, and 
household cleaning and servicing items, at discounted prices.  

LAND USE:  860 - Wholesale Market 
Wholesale markets generally include large storage and distribution areas for receiving 
goods (such as produce) and shipping these goods to places such as grocery stores and 
restaurants.  Generally, these markets are characterized by little drive-in business, and 
truck deliveries and pick-ups at all hours of the day.  

LAND USE:  861 - Discount Club 
A discount club is a discount store/warehouse whose shoppers pay a membership fee in 
order to take advantage of discounted prices on a wide variety of items including food, 
clothing, tires, appliances, etc.  Many items are sold in bulk.  

LAND USE:  862 - Home Improvement Superstore 
Home improvement superstores are free-standing warehouse type facilities with off-street 
parking.  Home improvement superstores generally offer a variety of customer services 
and centralized cashiering, and they specialize in the sale of home improvement 
merchandise.  They typically maintain long store hours seven days a week.  Examples of 
items sold in these stores include lumber, tools, paint, lighting, wallpaper and paneling, 
kitchen and bathroom fixtures, lawn equipment, and garden plants and accessories.  The 
stores included in this data are often the only ones on the site, but they can also be found 
in mutual operation with a related or unrelated garden center.  The buildings contained in 
this land use usually range in size from 25,000 to 150,000 square feet of gross floor area.  

LAND USE:  863 - Electronics Superstore 
Electronics superstores are free-standing warehouse type facilities with off-street parking.  
Electronics superstores generally offer a variety of customer services and centralized 
cashiering, and they specialize in the sale of home and vehicle electronic merchandise.  
They typically maintain long store hours seven days a week.  Examples of items sold in 
these stores include televisions, compact disc and cassette tape players, compact discs and 
tapes, cameras, radios, videos, and general electronic accessories.  Major home appliances 
may also be sold at these facilities.  The stores included in this data may or may not be the 
only ones on the site.  

LAND USE:  864 - Toy/Children’s Superstore 
Toy/children’s superstores are free-standing warehouse type facilities with off-street 
parking.  Toy/children’s superstores generally offer a variety of customer services and 
centralized cashiering, and they specialize in the sale of child-oriented merchandise.  
They typically maintain long store hours seven days a week. Examples of items sold in 
these stores include board and video game systems, toys, bicycles/tricycles, wagons, 
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outdoor play equipment, and school supplies.  Some may also carry children’s clothing.  
The stores included in this data may or may not be the only ones on the site.  

LAND USE:  870 - Apparel Store 
An apparel store is an individual store specializing in the sale of clothing.  

LAND USE:  880 - Pharmacy/Drugstore without Drive-Through Window 
Pharmacies/drugstores are retail facilities that primarily sell prescription and non-
prescription drugs.  These facilities may also sell cosmetics, toiletries, medications, 
stationery, personal care products, limited food products, and general merchandise.  The 
drugstores in this category do not contain drive-through windows.  

LAND USE:  881 - Pharmacy/Drugstore with Drive-Through Window 
Pharmacies/drugstores are retail facilities that primarily sell prescription and non-
prescription drugs.  These facilities may also sell cosmetics, toiletries, medications, 
stationery, personal care products, limited food products, and general merchandise.  The 
drugstores in this category contain drive-through windows.  

LAND USE:  890 - Furniture Store 
A furniture store specializes in the sale of furniture, and often carpeting.  Furniture stores 
are generally large, and include storage areas.  The sites surveyed include both traditional 
furniture stores and warehouse stores with showrooms.  

LAND USE:  895 - Video Arcade 
A video arcade is a building or space in which video game units are played for a fee.  
Arcades generally contain 20 to 100 individual game units.  

LAND USE:  896 - Video Rental Store 
Video rental stores are businesses specializing in the rental of home movies and video 
games.  Movies and video games may also be available for purchase.  They typically 
maintain long store hours and are usually open seven days a week.  

LAND USE:  911 - Walk-in Bank 
Walk-in banks are generally freestanding buildings with their own parking lots.  These 
banks do not have drive-in windows.  

LAND USE:  912 - Drive-in Bank 
Drive-in banks provide banking facilities for the motorist while in a vehicle; many also 
serve patrons who walk into the building.  

Source:  Trip Generation, Sixth Edition, Institute of Transportation Engineers, 1997. 
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APPENDIX F  
PROJECT SCREENING ANALYSIS TABLES 

Appendix F contains a series of tables of land uses, by project size and year of project 
completion, that will exceed at least one of the reactive organic compounds (ROC) and 
oxides of nitrogen (NOx) significance thresholds described in Chapter 3, Air Quality 
Significance Thresholds (see also Section 5.3.1, “Project Screening Analysis Tables”).  
Projects smaller than the applicable threshold values in Appendix F will not have a 
significant adverse impact on air quality with respect to ROC and/or NOx emissions.  
Although a project may fall below the applicable ROC or NOx threshold values in 
Appendix F, the project should still be assessed for other potential significant air quality 
impacts, such as fugitive dust, odors, toxic air contaminants, and consistency with the 
Ventura County Air Quality Management Plan. 

If a project is a single land use type (e.g., single family detached housing), Appendix F 
can be used to determine whether the project is likely to exceed the significance 
thresholds.  If the project size is near the size necessary to exceed the significance 
thresholds, the URBEMIS program should be run, using either the screening analysis 
mode (see Section 5.3.2, “URBEMIS Computer Program -Screening Analysis Mode”), or 
a detailed run (see Section 5.3.3, “URBEMIS Computer Program - Detailed Run”).  Also, 
if there are unique conditions about a project that deviate from the Ventura County 
default values (see Section 5.3.3.1), the screening analysis tables are not appropriate, and 
either an URBEMIS screening analysis run or detailed run should be performed. 

The information presented in the following tables is based on URBEMIS2002 for 
Windows and EMFAC2002, since these are the most recent versions of the computer 
programs at the current time.  APCD recommends that lead agencies use the most recent 
version of URBEMIS adopted by the California Air Resources Board and the 
corresponding version of EMFAC.  Therefore, if a more current version of URBEMIS is 
available, the District recommends using the more current version of URBEMIS instead 
of these tables.   

The tables in this appendix were generated using the default values for Ventura County, 
and the default trip generation rates in URBEMIS.  These trip generation rates are from 
the Institute of Transportation Engineers Trip Generation, Sixth edition, and other 
sources, as documented in the User’s Guide for URBEMIS.  The “pass-by trip” option 
was selected for all land use categories.  Emissions from area sources (e.g., natural gas 
usage, landscaping equipment, and consumer products) have also been included in the 
tables. 

The project screening analysis mode in the URBEMIS program and the project screening 
analysis tables in Appendix F of this Guidelines use the default vehicle fleet mix for 
calculating estimated project emissions.  Therefore, for projects where the fleet mix 
includes a greater percentage of heavy-duty vehicle trips than the default fleet mix, 
project emissions may be significantly underestimated in the screening analysis mode and 
the screening analysis tables.  An example of this situation might be a warehouse facility 
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where the vehicle trips are predominantly heavy-duty diesel trips.  The District 
recommends that if a lead agency determines that the expected vehicle fleet mix for a 
project will include more heavy duty vehicles than the default fleet mix, project screening 
analyses are not appropriate. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2003  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  99 dwelling units 
211 Low-Rise Apartment 127 dwelling units 
230 Condominium/Townhouse, General 171 dwelling units 
270 Residential Planned Unit Development 199 dwelling units 
--- Nursing Home 338 dwelling units 

565 Day-Care Center 25,900 sq. ft. 
831 Quality Restaurant 23,800 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 15,800 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 2,900 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 4,200 sq. ft. 
863 Electronics Superstore 46,500 sq. ft. 
862 Home Improvement Superstore 61,900 sq. ft. 
--- Strip Mall 52,500 sq. ft. 

816 Hardware/Paint Store 40,900 sq. ft. 
850 Supermarket 19,000 sq. ft. 
851 Convenience Market (Open 24 hours) 2,900 sq. ft. 
853 Convenience Market with Gasoline Pumps 2,520 sq. ft. 
844 Service Station 13 fueling positions 
710 General Office Building 123,000 sq. ft. 
750 Office Park 97,900 sq. ft. 
720 Medical Office Building 54,200 sq. ft. 
110 General Light Industrial 201,400 sq. ft. 
130 Industrial Park 148,700 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2003  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  18 dwelling units 
211 Low-Rise Apartment 15 dwelling units 
230 Condominium/Townhouse, General 26 dwelling units 
270 Residential Planned Unit Development 35 dwelling units 
--- Nursing Home 67 dwelling units 

565 Day-Care Center 5,200 sq. ft. 
831 Quality Restaurant 4,000 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 3,200 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 600 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 900 sq. ft. 
863 Electronics Superstore 9,300 sq. ft. 
862 Home Improvement Superstore 17,300 sq. ft. 
--- Strip Mall 10,500 sq. ft. 

816 Hardware/Paint Store 8,200 sq. ft. 
850 Supermarket 3,800 sq. ft. 
851 Convenience Market (Open 24 hours) 580 sq. ft. 
853 Convenience Market with Gasoline Pumps 510 sq. ft. 
844 Service Station 3 fueling positions 
710 General Office Building 15,400 sq. ft. 
750 Office Park 9,400 sq. ft. 
720 Medical Office Building 15,000 sq. ft. 
110 General Light Industrial 46,100sq. ft. 
130 Industrial Park 7,900 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2004  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  108 dwelling units 
211 Low-Rise Apartment 144 dwelling units 
230 Condominium/Townhouse, General 187 dwelling units 
270 Residential Planned Unit Development 239 dwelling units 
--- Nursing Home 345 dwelling units 

565 Day-Care Center 28,000 sq. ft. 
831 Quality Restaurant 26,000 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 17,100 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 3,130 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 4,510 sq. ft. 
863 Electronics Superstore 50,500 sq. ft. 
862 Home Improvement Superstore 66,500 sq. ft. 
--- Strip Mall 56,500 sq. ft. 

816 Hardware/Paint Store 44,200 sq. ft. 
850 Supermarket 20,600 sq. ft. 
851 Convenience Market (Open 24 hours) 3,130 sq. ft. 
853 Convenience Market with Gasoline Pumps 2,730 sq. ft. 
844 Service Station 14 fueling positions 
710 General Office Building 137,000 sq. ft. 
750 Office Park 110,000 sq. ft. 
720 Medical Office Building 58,300 sq. ft. 
110 General Light Industrial 218,000 sq. ft. 
130 Industrial Park 175,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2004  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  19 dwelling units 
211 Low-Rise Apartment 16 dwelling units 
230 Condominium/Townhouse, General 29 dwelling units 
270 Residential Planned Unit Development 37 dwelling units 
--- Nursing Home 69 dwelling units 

565 Day-Care Center 5,600 sq. ft. 
831 Quality Restaurant 4,400 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 3,500 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 630 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 910 sq. ft. 
863 Electronics Superstore 10,100 sq. ft. 
862 Home Improvement Superstore 18,200 sq. ft. 
--- Strip Mall 11,300 sq. ft. 

816 Hardware/Paint Store 8,900 sq. ft. 
850 Supermarket 4,100 sq. ft. 
851 Convenience Market (Open 24 hours) 630 sq. ft. 
853 Convenience Market with Gasoline Pumps 550 sq. ft. 
844 Service Station 3 fueling positions 
710 General Office Building 17,100 sq. ft. 
750 Office Park 10,200 sq. ft. 
720 Medical Office Building 15,800 sq. ft. 
110 General Light Industrial 49,000 sq. ft. 
130 Industrial Park 8,600 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2005  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  117 dwelling units 
211 Low-Rise Apartment 160 dwelling units 
230 Condominium/Townhouse, General 203 dwelling units 
270 Residential Planned Unit Development 256 dwelling units 
--- Nursing Home 354 dwelling units 

565 Day-Care Center 30,100 sq. ft. 
831 Quality Restaurant 28,200 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 18,400 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 3,370 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 4,860 sq. ft. 
863 Electronics Superstore 54,000 sq. ft. 
862 Home Improvement Superstore 70,900 sq. ft. 
--- Strip Mall 60,600 sq. ft. 

816 Hardware/Paint Store 47,500 sq. ft. 
850 Supermarket 22,100 sq. ft. 
851 Convenience Market (Open 24 hours) 3,360 sq. ft. 
853 Convenience Market with Gasoline Pumps 2,940 sq. ft. 
844 Service Station 15 fueling positions 
710 General Office Building 150,000 sq. ft. 
750 Office Park 120,500 sq. ft. 
720 Medical Office Building 62,200 sq. ft. 
110 General Light Industrial 233,500 sq. ft. 
130 Industrial Park 199,500 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2005  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  21 dwelling units 
211 Low-Rise Apartment 17 dwelling units 
230 Condominium/Townhouse, General 31 dwelling units 
270 Residential Planned Unit Development 39 dwelling units 
--- Nursing Home 70 dwelling units 

565 Day-Care Center 6,100 sq. ft. 
831 Quality Restaurant 4,800 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 3,700 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 671 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 970 sq. ft. 
863 Electronics Superstore 10,800 sq. ft. 
862 Home Improvement Superstore 19,100 sq. ft. 
--- Strip Mall 12,100 sq. ft. 

816 Hardware/Paint Store 9,500 sq. ft. 
850 Supermarket 4,500 sq. ft. 
851 Convenience Market (Open 24 hours) 680 sq. ft. 
853 Convenience Market with Gasoline Pumps 590 sq. ft. 
844 Service Station 3 fueling positions 
710 General Office Building 18,700 sq. ft. 
750 Office Park 11,000 sq. ft. 
720 Medical Office Building 16,600 sq. ft. 
110 General Light Industrial 52,000 sq. ft. 
130 Industrial Park 9,200 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2006  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  126 dwelling units 
211 Low-Rise Apartment 176 dwelling units 
230 Condominium/Townhouse, General 220 dwelling units 
270 Residential Planned Unit Development 225 dwelling units 
--- Nursing Home 358 dwelling units 

565 Day-Care Center 32,300 sq. ft. 
831 Quality Restaurant 30,400 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 19,700 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 3,610 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 5,210 sq. ft. 
863 Electronics Superstore 57,900 sq. ft. 
862 Home Improvement Superstore 75,400 sq. ft. 
--- Strip Mall 64,900 sq. ft. 

816 Hardware/Paint Store 50,900 sq. ft. 
850 Supermarket 23,700 sq. ft. 
851 Convenience Market (Open 24 hours) 3,610 sq. ft. 
853 Convenience Market with Gasoline Pumps 3,150 sq. ft. 
844 Service Station 16 fueling positions 
710 General Office Building 163,000 sq. ft. 
750 Office Park 131,600 sq. ft. 
720 Medical Office Building 66,300 sq. ft. 
110 General Light Industrial 249,500 sq. ft. 
130 Industrial Park 226,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2006  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  22 dwelling units 
211 Low-Rise Apartment 18 dwelling units 
230 Condominium/Townhouse, General 34 dwelling units 
270 Residential Planned Unit Development 41 dwelling units 
--- Nursing Home 71 dwelling units 

565 Day-Care Center 6,500 sq. ft. 
831 Quality Restaurant 5,100 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 4,000 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 730 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 1,050 sq. ft. 
863 Electronics Superstore 11,600 sq. ft. 
862 Home Improvement Superstore 20,000 sq. ft. 
--- Strip Mall 13,000 sq. ft. 

816 Hardware/Paint Store 10,200 sq. ft. 
850 Supermarket 4,800 sq. ft. 
851 Convenience Market (Open 24 hours) 720 sq. ft. 
853 Convenience Market with Gasoline Pumps 630 sq. ft. 
844 Service Station 4 fueling positions 
710 General Office Building 20,500 sq. ft. 
750 Office Park 11,800 sq. ft. 
720 Medical Office Building 17,400 sq. ft. 
110 General Light Industrial 54,500 sq. ft. 
130 Industrial Park 9,900 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2007  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  134 dwelling units 
211 Low-Rise Apartment 192 dwelling units 
230 Condominium/Townhouse, General 222 dwelling units 
270 Residential Planned Unit Development 235 dwelling units 
--- Nursing Home 365 dwelling units 

565 Day-Care Center 34,400 sq. ft. 
831 Quality Restaurant 32,600 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 21,000 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 3,850 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 5,550 sq. ft. 
863 Electronics Superstore 61,600 sq. ft. 
862 Home Improvement Superstore 79,800 sq. ft. 
--- Strip Mall 69,100 sq. ft. 

816 Hardware/Paint Store 54,200 sq. ft. 
850 Supermarket 25,200 sq. ft. 
851 Convenience Market (Open 24 hours) 3,850 sq. ft. 
853 Convenience Market with Gasoline Pumps 3,360 sq. ft. 
844 Service Station 17 fueling positions 
710 General Office Building 176,500 sq. ft. 
750 Office Park 142,400 sq. ft. 
720 Medical Office Building 70,300 sq. ft. 
110 General Light Industrial 265,500 sq. ft. 
130 Industrial Park 251,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2007  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  24 dwelling units 
211 Low-Rise Apartment 19 dwelling units 
230 Condominium/Townhouse, General 37 dwelling units 
270 Residential Planned Unit Development 42 dwelling units 
--- Nursing Home 72 dwelling units 

565 Day-Care Center 6,860 sq. ft. 
831 Quality Restaurant 5,500 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 4,200 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 770 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 1,110 sq. ft. 
863 Electronics Superstore 12,300 sq. ft. 
862 Home Improvement Superstore 20,900 sq. ft. 
--- Strip Mall 13,800 sq. ft. 

816 Hardware/Paint Store 10,850 sq. ft. 
850 Supermarket 5,050 sq. ft. 
851 Convenience Market (Open 24 hours) 770 sq. ft. 
853 Convenience Market with Gasoline Pumps 670 sq. ft. 
844 Service Station 4 fueling positions 
710 General Office Building 22,200 sq. ft. 
750 Office Park 12,600 sq. ft. 
720 Medical Office Building 18,200 sq. ft. 
110 General Light Industrial 57,500 sq. ft. 
130 Industrial Park 10,600 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2008  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  145 dwelling units 
211 Low-Rise Apartment 211 dwelling units 
230 Condominium/Townhouse, General 257 dwelling units 
270 Residential Planned Unit Development 244 dwelling units 
--- Nursing Home 371 dwelling units 

565 Day-Care Center 37,000 sq. ft. 
831 Quality Restaurant 35,500 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 22,700 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 4,150 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 5,990 sq. ft. 
863 Electronics Superstore 66,500 sq. ft. 
862 Home Improvement Superstore 85,400 sq. ft. 
--- Strip Mall 74,300 sq. ft. 

816 Hardware/Paint Store 58,300 sq. ft. 
850 Supermarket 27,200 sq. ft. 
851 Convenience Market (Open 24 hours) 4,140 sq. ft. 
853 Convenience Market with Gasoline Pumps 3,620 sq. ft. 
844 Service Station 19 fueling positions 
710 General Office Building 194,000 sq. ft. 
750 Office Park 156,500 sq. ft. 
720 Medical Office Building 75,300 sq. ft. 
110 General Light Industrial 285,500 sq. ft. 
130 Industrial Park 282,500 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2008  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  26 dwelling units 
211 Low-Rise Apartment 21 dwelling units 
230 Condominium/Townhouse, General 40 dwelling units 
270 Residential Planned Unit Development 44 dwelling units 
--- Nursing Home 74 dwelling units 

565 Day-Care Center 7,400 sq. ft. 
831 Quality Restaurant 5,950 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 4,520 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 830 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 1,200 sq. ft. 
863 Electronics Superstore 13,250 sq. ft. 
862 Home Improvement Superstore 22,000 sq. ft. 
--- Strip Mall 14,850 sq. ft. 

816 Hardware/Paint Store 11,650 sq. ft. 
850 Supermarket 5,450 sq. ft. 
851 Convenience Market (Open 24 hours) 830 sq. ft. 
853 Convenience Market with Gasoline Pumps 725 sq. ft. 
844 Service Station 4 fueling positions 
710 General Office Building 24,400 sq. ft. 
750 Office Park 13,500 sq. ft. 
720 Medical Office Building 19,170 sq. ft. 
110 General Light Industrial 60,700 sq. ft. 
130 Industrial Park 11,400 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2009  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  158 dwelling units 
211 Low-Rise Apartment 224 dwelling units 
230 Condominium/Townhouse, General 244 dwelling units 
270 Residential Planned Unit Development 252 dwelling units 
--- Nursing Home 377 dwelling units 

565 Day-Care Center 40,150 sq. ft. 
831 Quality Restaurant 38,850 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 24,600 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 4,510 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 6,510 sq. ft. 
863 Electronics Superstore 71,900 sq. ft. 
862 Home Improvement Superstore 92,050 sq. ft. 
--- Strip Mall 80,560 sq. ft. 

816 Hardware/Paint Store 63,250 sq. ft. 
850 Supermarket 29,500 sq. ft. 
851 Convenience Market (Open 24 hours) 4,500 sq. ft. 
853 Convenience Market with Gasoline Pumps 3,930 sq. ft. 
844 Service Station 20 fueling positions 
710 General Office Building 214,700 sq. ft. 
750 Office Park 172,600 sq. ft. 
720 Medical Office Building 81,250 sq. ft. 
110 General Light Industrial 309,600 sq. ft. 
130 Industrial Park 320,600 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2009  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  28 dwelling units 
211 Low-Rise Apartment 23 dwelling units 
230 Condominium/Townhouse, General 43 dwelling units 
270 Residential Planned Unit Development 46 dwelling units 
--- Nursing Home 75 dwelling units 

565 Day-Care Center 8,020 sq. ft. 
831 Quality Restaurant 6,500 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 4,910 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 910 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 1,300 sq. ft. 
863 Electronics Superstore 14,350 sq. ft. 
862 Home Improvement Superstore 23,240 sq. ft. 
--- Strip Mall 16,090 sq. ft. 

816 Hardware/Paint Store 12,630 sq. ft. 
850 Supermarket 5,900 sq. ft. 
851 Convenience Market (Open 24 hours) 900 sq. ft. 
853 Convenience Market with Gasoline Pumps 785 sq. ft. 
844 Service Station 4 fueling positions 
710 General Office Building 27,150 sq. ft. 
750 Office Park 14,700 sq. ft. 
720 Medical Office Building 20,400 sq. ft. 
110 General Light Industrial 64,900 sq. ft. 
130 Industrial Park 12,400 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2010  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  173 dwelling units 
211 Low-Rise Apartment 236 dwelling units 
230 Condominium/Townhouse, General 255 dwelling units 
270 Residential Planned Unit Development 262 dwelling units 
--- Nursing Home 383 dwelling units 

565 Day-Care Center 43,900 sq. ft. 
831 Quality Restaurant 42,900 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 26,900 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 4,950 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 7,120 sq. ft. 
863 Electronics Superstore 78,500 sq. ft. 
862 Home Improvement Superstore 99,900 sq. ft. 
--- Strip Mall 88,000 sq. ft. 

816 Hardware/Paint Store 69,100 sq. ft. 
850 Supermarket 32,250 sq. ft. 
851 Convenience Market (Open 24 hours) 4,930 sq. ft. 
853 Convenience Market with Gasoline Pumps 4,300 sq. ft. 
844 Service Station 22 fueling positions 
710 General Office Building 239,600 sq. ft. 
750 Office Park 191,700 sq. ft. 
720 Medical Office Building 88,300 sq. ft. 
110 General Light Industrial 338,000 sq. ft. 
130 Industrial Park 366,500 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2010  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  31 dwelling units 
211 Low-Rise Apartment 25 dwelling units 
230 Condominium/Townhouse, General 45 dwelling units 
270 Residential Planned Unit Development 48 dwelling units 
--- Nursing Home 76 dwelling units 

565 Day-Care Center 8,770 sq. ft. 
831 Quality Restaurant 7,200 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 5,370 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 990 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 1,430 sq. ft. 
863 Electronics Superstore 15,700 sq. ft. 
862 Home Improvement Superstore 24,820 sq. ft. 
--- Strip Mall 17,600 sq. ft. 

816 Hardware/Paint Store 13,800 sq. ft. 
850 Supermarket 6,450 sq. ft. 
851 Convenience Market (Open 24 hours) 990 sq. ft. 
853 Convenience Market with Gasoline Pumps 860 sq. ft. 
844 Service Station 5 fueling positions 
710 General Office Building 30,400 sq. ft. 
750 Office Park 16,100 sq. ft. 
720 Medical Office Building 21,800 sq. ft. 
110 General Light Industrial 70,000 sq. ft. 
130 Industrial Park 13,600 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2015  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  247 dwelling units 
211 Low-Rise Apartment 294 dwelling units 
230 Condominium/Townhouse, General 310 dwelling units 
270 Residential Planned Unit Development 308 dwelling units 
--- Nursing Home 410 dwelling units 

565 Day-Care Center 71,500 sq. ft. 
831 Quality Restaurant 73,700 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 44,000 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 8,150 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 11,700 sq. ft. 
863 Electronics Superstore 126,700 sq. ft. 
862 Home Improvement Superstore 156,800 sq. ft. 
--- Strip Mall 141,600 sq. ft. 

816 Hardware/Paint Store 111,800 sq. ft. 
850 Supermarket 52,700sq. ft. 
851 Convenience Market (Open 24 hours) 8,100 sq. ft. 
853 Convenience Market with Gasoline Pumps 7,070 sq. ft. 
844 Service Station 36 fueling positions 
710 General Office Building 429,000 sq. ft. 
750 Office Park 328,500 sq. ft. 
720 Medical Office Building 140,100 sq. ft. 
110 General Light Industrial 551,000 sq. ft. 
130 Industrial Park 704,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2015  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  47 dwelling units 
211 Low-Rise Apartment 40 dwelling units 
230 Condominium/Townhouse, General 56 dwelling units 
270 Residential Planned Unit Development 57 dwelling units 
--- Nursing Home 81 dwelling units 

565 Day-Care Center 14,300 sq. ft. 
831 Quality Restaurant 12,400 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 8,780 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 1,650 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 2,340 sq. ft. 
863 Electronics Superstore 25,300 sq. ft. 
862 Home Improvement Superstore 36,100 sq. ft. 
--- Strip Mall 28,300 sq. ft. 

816 Hardware/Paint Store 22,350 sq. ft. 
850 Supermarket 10,600 sq. ft. 
851 Convenience Market (Open 24 hours) 1,620 sq. ft. 
853 Convenience Market with Gasoline Pumps 1,420 sq. ft. 
844 Service Station 8 fueling positions 
710 General Office Building 55,800 sq. ft. 
750 Office Park 37,200 sq. ft. 
720 Medical Office Building 32,100 sq. ft. 
110 General Light Industrial 106,600 sq. ft. 
130 Industrial Park 22,500 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2020  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  284 dwelling units 
211 Low-Rise Apartment 331 dwelling units 
230 Condominium/Townhouse, General 345 dwelling units 
270 Residential Planned Unit Development 339 dwelling units 
--- Nursing Home 428 dwelling units 

565 Day-Care Center 103,200 sq. ft. 
831 Quality Restaurant 110,500 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 63,770 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 11,850 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 17,100 sq. ft. 
863 Electronics Superstore 181,000 sq. ft. 
862 Home Improvement Superstore 220,500 sq. ft. 
--- Strip Mall 202,000 sq. ft. 

816 Hardware/Paint Store 160,200 sq. ft. 
850 Supermarket 76, 300sq. ft. 
851 Convenience Market (Open 24 hours) 11,820 sq. ft. 
853 Convenience Market with Gasoline Pumps 10,320 sq. ft. 
844 Service Station 52 fueling positions 
710 General Office Building 644,000 sq. ft. 
750 Office Park 475,000 sq. ft. 
720 Medical Office Building 199,100 sq. ft. 
110 General Light Industrial 798,000 sq. ft. 
130 Industrial Park 1,099,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2020  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  54 dwelling units 
211 Low-Rise Apartment 51 dwelling units 
230 Condominium/Townhouse, General 64 dwelling units 
270 Residential Planned Unit Development 64 dwelling units 
--- Nursing Home 85 dwelling units 

565 Day-Care Center 20,600 sq. ft. 
831 Quality Restaurant 18,600 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 12,750 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 2,370 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 3,410 sq. ft. 
863 Electronics Superstore 36,200 sq. ft. 
862 Home Improvement Superstore 48,700 sq. ft. 
--- Strip Mall 40,300 sq. ft. 

816 Hardware/Paint Store 32,000 sq. ft. 
850 Supermarket 15,220 sq. ft. 
851 Convenience Market (Open 24 hours) 2,360 sq. ft. 
853 Convenience Market with Gasoline Pumps 2,060 sq. ft. 
844 Service Station 11 fueling positions 
710 General Office Building 86,200 sq. ft. 
750 Office Park 67,700 sq. ft. 
720 Medical Office Building 43,800 sq. ft. 
110 General Light Industrial 149,500 sq. ft. 
130 Industrial Park 65,400 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2025  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  322 dwelling units 
211 Low-Rise Apartment 367 dwelling units 
230 Condominium/Townhouse, General 378 dwelling units 
270 Residential Planned Unit Development 369 dwelling units 
--- Nursing Home 445 dwelling units 

565 Day-Care Center 150,000 sq. ft. 
831 Quality Restaurant 166,600 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 93,400 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 17,520 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 25,200 sq. ft. 
863 Electronics Superstore 259,400 sq. ft. 
862 Home Improvement Superstore 311,400 sq. ft. 
--- Strip Mall 288,200 sq. ft. 

816 Hardware/Paint Store 230,400 sq. ft. 
850 Supermarket 111,400 sq. ft. 
851 Convenience Market (Open 24 hours) 17,500 sq. ft. 
853 Convenience Market with Gasoline Pumps 15,260 sq. ft. 
844 Service Station 77 fueling positions 
710 General Office Building 944,500 sq. ft. 
750 Office Park 677,000 sq. ft. 
720 Medical Office Building 285,500 sq. ft. 
110 General Light Industrial 1,180,000 sq. ft. 
130 Industrial Park 1,705,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2025  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  62 dwelling units 
211 Low-Rise Apartment 61 dwelling units 
230 Condominium/Townhouse, General 71 dwelling units 
270 Residential Planned Unit Development 70 dwelling units 
--- Nursing Home 88 dwelling units 

565 Day-Care Center 30,000 sq. ft. 
831 Quality Restaurant 28,200 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 18,640 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 3,500 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 5,040 sq. ft. 
863 Electronics Superstore 51,800 sq. ft. 
862 Home Improvement Superstore 66,700 sq. ft. 
--- Strip Mall 57,600 sq. ft. 

816 Hardware/Paint Store 46,000 sq. ft. 
850 Supermarket 22,250 sq. ft. 
851 Convenience Market (Open 24 hours) 3,490 sq. ft. 
853 Convenience Market with Gasoline Pumps 3,050 sq. ft. 
844 Service Station 16 fueling positions 
710 General Office Building 131,500 sq. ft. 
750 Office Park 110,000 sq. ft. 
720 Medical Office Building 61,000 sq. ft. 
110 General Light Industrial 215,500 sq. ft. 
130 Industrial Park 170,100 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2030  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  343 dwelling units 
211 Low-Rise Apartment 386 dwelling units 
230 Condominium/Townhouse, General 397 dwelling units 
270 Residential Planned Unit Development 388 dwelling units 
--- Nursing Home 457 dwelling units 

565 Day-Care Center 193,100 sq. ft. 
831 Quality Restaurant 219,700 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 121,100 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 23,000 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 33,000 sq. ft. 
863 Electronics Superstore 329,700 sq. ft. 
862 Home Improvement Superstore 392,000 sq. ft. 
--- Strip Mall 365,000 sq. ft. 

816 Hardware/Paint Store 293,800 sq. ft. 
850 Supermarket 144,000 sq. ft. 
851 Convenience Market (Open 24 hours) 22,900 sq. ft. 
853 Convenience Market with Gasoline Pumps 20,000 sq. ft. 
844 Service Station 101 fueling positions 
710 General Office Building 1,193,000 sq. ft. 
750 Office Park 850,000 sq. ft. 
720 Medical Office Building 364,500 sq. ft. 
110 General Light Industrial 1,547,000 sq. ft. 
130 Industrial Park 2,290,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2030  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  66 dwelling units 
211 Low-Rise Apartment 66 dwelling units 
230 Condominium/Townhouse, General 75 dwelling units 
270 Residential Planned Unit Development 74 dwelling units 
--- Nursing Home 90 dwelling units 

565 Day-Care Center 38,600 sq. ft. 
831 Quality Restaurant 37,300 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 24,200 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 4,580 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 6,600 sq. ft. 
863 Electronics Superstore 65,900 sq. ft. 
862 Home Improvement Superstore 82,600 sq. ft. 
--- Strip Mall 72,900 sq. ft. 

816 Hardware/Paint Store 58,700 sq. ft. 
850 Supermarket 28,800 sq. ft. 
851 Convenience Market (Open 24 hours) 4,600 sq. ft. 
853 Convenience Market with Gasoline Pumps 3,990 sq. ft. 
844 Service Station 21 fueling positions 
710 General Office Building 172,000 sq. ft. 
750 Office Park 146,000 sq. ft. 
720 Medical Office Building 76,600 sq. ft. 
110 General Light Industrial 279,000 sq. ft. 
130 Industrial Park 271,500 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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APPENDIX F 
PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2035  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  351 dwelling units 
211 Low-Rise Apartment 395 dwelling units 
230 Condominium/Townhouse, General 405 dwelling units 
270 Residential Planned Unit Development 399 dwelling units 
--- Nursing Home 465 dwelling units 

565 Day-Care Center 226,700 sq. ft. 
831 Quality Restaurant 261,600 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 142,900 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 27,300 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 39,200 sq. ft. 
863 Electronics Superstore 383,100 sq. ft. 
862 Home Improvement Superstore 452,800 sq. ft. 
--- Strip Mall 423,200 sq. ft. 

816 Hardware/Paint Store 342,300 sq. ft. 
850 Supermarket 169,600 sq. ft. 
851 Convenience Market (Open 24 hours) 27,200 sq. ft. 
853 Convenience Market with Gasoline Pumps 23,800 sq. ft. 
844 Service Station 121 fueling positions 
710 General Office Building 1,369,000 sq. ft. 
750 Office Park 976,000 sq. ft. 
720 Medical Office Building 425,200 sq. ft. 
110 General Light Industrial 1,844,500 sq. ft. 
130 Industrial Park 2,565,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2035  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  68 dwelling units 
211 Low-Rise Apartment 68 dwelling units 
230 Condominium/Townhouse, General 77 dwelling units 
270 Residential Planned Unit Development 77 dwelling units 
--- Nursing Home 92 dwelling units 

565 Day-Care Center 45,300 sq. ft. 
831 Quality Restaurant 44,500 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 28,600 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 5,440 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 7,820 sq. ft. 
863 Electronics Superstore 76,500 sq. ft. 
862 Home Improvement Superstore 94,700 sq. ft. 
--- Strip Mall 84,500 sq. ft. 

816 Hardware/Paint Store 68,400 sq. ft. 
850 Supermarket 33,900 sq. ft. 
851 Convenience Market (Open 24 hours) 5,420 sq. ft. 
853 Convenience Market with Gasoline Pumps 4,740 sq. ft. 
844 Service Station 24 fueling positions 
710 General Office Building 201,700 sq. ft. 
750 Office Park 172,000 sq. ft. 
720 Medical Office Building 88,600 sq. ft. 
110 General Light Industrial 330,500 sq. ft. 
130 Industrial Park 353,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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PROJECT SCREEENING ANALYSIS TABLES 

Analysis Year:  2040  
Significance Threshold:  25 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  351 dwelling units 
211 Low-Rise Apartment 395 dwelling units 
230 Condominium/Townhouse, General 406 dwelling units 
270 Residential Planned Unit Development 401 dwelling units 
--- Nursing Home 467 dwelling units 

565 Day-Care Center 250,600 sq. ft. 
831 Quality Restaurant 291,500 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 158,500 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 29,400 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 42,400 sq. ft. 
863 Electronics Superstore 420,500 sq. ft. 
862 Home Improvement Superstore 494,900 sq. ft. 
--- Strip Mall 463,700 sq. ft. 

816 Hardware/Paint Store 376,500 sq. ft. 
850 Supermarket 190,000 sq. ft. 
851 Convenience Market (Open 24 hours) 29,150 sq. ft. 
853 Convenience Market with Gasoline Pumps 25,450 sq. ft. 
844 Service Station 127 fueling positions 
710 General Office Building 1,483,400 sq. ft. 
750 Office Park 1,061,000 sq. ft. 
720 Medical Office Building 468,500 sq. ft. 
110 General Light Industrial 1,877,000 sq. ft. 
130 Industrial Park 2,630,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
   
   

Analysis Year:  2040  
Significance Threshold:  5 lbs/day 
 
       Code*           Land Use 

Project Size That Will 
Exceed ROC or NOx 
Significance Threshold 

210 Single Family Detached Housing  68 dwelling units 
211 Low-Rise Apartment 68 dwelling units 
230 Condominium/Townhouse, General 77 dwelling units 
270 Residential Planned Unit Development 77 dwelling units 
--- Nursing Home 93 dwelling units 

565 Day-Care Center 50,100 sq. ft. 
831 Quality Restaurant 49,700 sq. ft. 
832 High Turnover (Sit-Down) Restaurant 31,500 sq. ft. 
833 Fast-food Restaurant without Drive-through Window 5,800 sq. ft. 
834 Fast-food Restaurant with Drive-through Window 8,350 sq. ft. 
863 Electronics Superstore 84,100 sq. ft. 
862 Home Improvement Superstore 103,000 sq. ft. 
--- Strip Mall 92,600 sq. ft. 

816 Hardware/Paint Store 75,200 sq. ft. 
850 Supermarket 37,500 sq. ft. 
851 Convenience Market (Open 24 hours) 5,750 sq. ft. 
853 Convenience Market with Gasoline Pumps 5,290 sq. ft. 
844 Service Station 27 fueling positions 
710 General Office Building 288,500 sq. ft. 
750 Office Park 189,500 sq. ft. 
720 Medical Office Building 97,200 sq. ft. 
110 General Light Industrial 368,000 sq. ft. 
130 Industrial Park 414,000 sq. ft. 

* Institute of Transportation Engineers, Trip Generation, Fifth Edition, 1991, and 1995 Update, and Sixth Edition, 1997. 
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This Interactive Chart Shows
Changes in the World's Top 10
Emitters
December 10, 2020 By Johannes Friedrich, Mengpin Ge and Andrew Pickens

Explainer

Topic  Climate

A lot has happened since countries met in Paris in 2015 and agreed on an accord to
combat climate change. So far, more than 189 countries rati�ed or otherwise joined the
Paris Climate Agreement, representing more than 81% of global greenhouse gas
emissions and 93% once the United States rejoins. Additionally, 19 countries —
including United States, Japan, Canada, Germany and Mexico — also developed long-
term plans to decarbonize their economies.

 

https://www.wri.org/profile/johannes-friedrich
https://www.wri.org/profile/mengpin-ge
https://www.wri.org/climate
https://www.climatewatchdata.org/ndcs-explore?indicator=pa_status
https://www.climatewatchdata.org/ndcs-explore?indicator=pa_status
https://www.climatewatchdata.org/lts-explore
https://www.wri.org/
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10 GHG Emitters Contribute Over Two-Thirds of Global Emissions10 GHG Emitters Contribute Over Two-Thirds of Global Emissions
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As countries implement their targets and policies and develop more detailed pathways
to reduce their greenhouse gas (GHG) emissions, it’s important to fully understand the
global emissions picture and how it changes over time. Our Climate Watch interactive
chart explores GHG emissions by country and economic sector , and shows how top
emitters have changed in recent years:

1. The World’s Top Three Emitters Contribute 16 Times the
Greenhouse Gas Emissions of the Bottom 100

�e top three greenhouse gas emitters — China, the European Union and the United
States — contribute 41.5% of total global emissions, while the bottom 100 countries
only account for only 3.6%. Collectively, the top 10 emitters account for over two-
thirds of global GHG emissions.

�e world cannot successfully �ght climate change without signi�cant action from the
top 10 emitters.

2. The Energy Sector is the Biggest Greenhouse Gas Emitter, but
Action in Every Sector Counts

Since reporting began in 1990, the energy sector — including electricity, transport,
manufacturing, buildings, fugitive and other fossil fuels — remained the largest
contributor to GHG emissions over any other sector, representing 73% of global
emissions in 2017.

level land-use change and forestry and bunker fuel emissions.

1

https://www.climatewatchdata.org/
https://www.climatewatchdata.org/ghg-emissions?chartType=percentage&end_year=2017&start_year=1990
http://cait.wri.org/historical/Country%20GHG%20Emissions?indicator%5B%5D=Energy&indicator%5B%5D=Industrial+Processes&indicator%5B%5D=Agriculture&indicator%5B%5D=Waste&indicator%5B%5D=Land-Use+Change+and+Forestry&indicator%5B%5D=Bunker+Fuels&year%5B%5D=2000&year%5B%5D=2001&year%5B%5D=2002&year%5B%5D=2003&year%5B%5D=2004&year%5B%5D=2005&year%5B%5D=2006&year%5B%5D=2007&year%5B%5D=2008&year%5B%5D=2009&year%5B%5D=2010&year%5B%5D=2011&year%5B%5D=2012&year%5B%5D=2013&country%5B%5D=World&sortIdx=NaN&chartType=line&view=viz
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Energy emission have increased by 56% since 1990. However, energy emission growth
has slowed down since 2013, only increasing by 3.5% over the last 5 years. While
emissions from land-use change and forestry (3  largest sector) have varied over the
years, they remained on a relatively high level.

�e other sectors continued to increase their emissions since 1990, including
agriculture (12% increase, 2  largest sector), industrial emissions (180% increase, 4
largest sector), and waste (16% increase, 5  largest sector).

Avoiding the worst climate impacts will require reversing the upwards trend in all
sectors and rapidly decreasing emissions to net zero by 2050.

3. Many Top Emitters Are Slowing Down or Reducing Emissions

While the top emitters in total increased their emissions by 47% since 1990, the
United States, European Union, Russia and Japan have since peaked and Brazil seems
to have stabilized their emissions. Although China, India, Indonesia, Iran and South
Korea are still increasing their emission, India and Indonesia have comparatively low
emissions per capita.

rd

nd th

th

https://www.climatewatchdata.org/ghg-emissions?breakBy=regions&chartType=line&end_year=2018&regions=WORLD&sectors=energy&start_year=1990
https://www.climatewatchdata.org/ghg-emissions?breakBy=regions&chartType=line&end_year=2018&regions=WORLD&sectors=land-use-change-and-forestry&start_year=1990
https://www.climatewatchdata.org/ghg-emissions?breakBy=regions&chartType=line&end_year=2018&regions=WORLD&sectors=agriculture&start_year=1990
https://www.climatewatchdata.org/ghg-emissions?breakBy=regions&chartType=line&end_year=2018&regions=WORLD&sectors=industrial-processes&start_year=1990
https://www.climatewatchdata.org/ghg-emissions?breakBy=regions&chartType=line&end_year=2018&regions=WORLD&sectors=waste&start_year=1990
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https://www.globalcarbonproject.org/
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More recent data from the Global Carbon Project, which covers energy-related carbon
dioxide emissions, shows that emission growth slowed down globally since 2013,
increasing by an average of 0.7% per year, compared to an average of 1.7% since 1990.
�is slowing of growth happened even as the global economy grew during the same
period and twenty-one countries are already proving that decoupling emissions from
economic growth is possible. However, emissions are still on an upwards trend,
illustrating the need for increased climate actions to see a decoupling of economic
growth and carbon emissions.

Explore Climate Watch

To avoid the worst impacts of climate change, we need to rapidly reduce emissions to
net zero by 2050. Climate data is essential to understanding the latest emissions trends
and countries’ short- and long-term actions that will bend the emission curve
downward.

Climate Watch, WRI’s climate data platform, o�ers hundreds of open datasets that
visualize historical greenhouse gas emissions of all countries, regions, sectors and
various types of greenhouse gasses. �e platform allows users to analyze and compare
the nationally-determined contributions (NDCs) and long-term Strategies (LTS)
under the Paris Agreement, discover countries’ climate policies, see how countries can
leverage their climate goals to achieve their sustainable development objectives and use
models to map new pathways to a lower carbon, prosperous future. �ese tools can
help illuminate what changes must be made and chart a path toward achieving net
zero.

The three conclusions explored in this article are based on 2017 data for all sectors, including land use,
land-use change and forestry (LULUCF) emissions. However, the interactive circle percentage chart
does not show LULUCF emissions, as those emissions can be negative. The circle chart also shows
preliminary data for 2018, but please note that agricultural emissions from the FAO will be updated in
December 2020. Visit Climate Watch to see shows a full inventory for 2017 of all sectors, gases and
countries, including LULUCF emissions. ↩ 

1)

https://www.globalcarbonproject.org/
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD
https://www.wri.org/blog/2017/11/turning-point-which-countries-ghg-emissions-have-peaked-which-will-future
https://www.climatewatchdata.org/
https://www.climatewatchdata.org/ghg-emissions?end_year=2016&start_year=1990
https://www.climatewatchdata.org/ndc-overview
https://www.climatewatchdata.org/ndcs-sdg
https://www.climatewatchdata.org/pathways/models
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Submitted via email and via e-planning 
 
Bureau of Land Management        December 16, 2022 
Attn: Mayra Martinez 
1661 S 4th St. 
El Centro, CA 92243 mymartinez@blm.gov 
 

Re: SMP Gold Corp. Oro Cruz Exploration Project EA/MND 
 
Dear Ms. Martinez,   
 

These comments are timely submitted on the BLM’s Environmental Assessment (EA) and Draft 
Finding of No Significant Impact (FONSI) and proposal to approve the Plan of Operations (PoO) for the 
SMP Gold Corp. Oro Cruz Exploration Project (Project) from the Center for Biological Diversity, Western 
Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Committee, Conservation Lands 
Foundation, Greenaction for Health and Environmental Justice, Mojave Desert Land Trust, California 
Native Plant Society, and the Ahmut Pipa Foundation (collectively “Conservation Organizations”).  These 
comments are timely submitted. Although the BLM and Imperial County prepared a joint document with the 
EA and a Mitigated Negative Declaration (MND) combined, BLM provided public notice for the EA 
comment period ending December 16, 2022. On December 13, 2022, Imperial County notified the public of 
an opportunity to comment on the MND with comments due January 20, 2023. Because the project is a 
single project and both NEPA and CEQA require the agencies to consider the whole of the project in their 
review, the Conservation Organizations reserve the right to add additional comments regarding the joint 
EA/MND and compliance with State laws including SMARA and CEQA during the comment period 
noticed by Imperial County. 

 
As detailed below, BLM’s review and proposed approval of the Project violates a number of federal 

laws, including the Federal Land Policy Management Act (FLPMA), the National Environmental Policy Act 
(NEPA), and other federal laws and regulations.  At a minimum, due to the likely potential for significant 
impacts, BLM must prepare a full Environmental Impact Statement (EIS) for this Project. In addition, 
because there is a fair argument that the project will have significant impacts, Imperial County must prepare 
an EIR.  

 
These comments incorporate the previous comments submitted by the above groups, especially as the 

EA fails to adequately respond to those comments. 
 

I. The Project, and BLM’s Review and Proposed Approval, Violates FLPMA 
 

BLM’s review and proposed approval of the Project violates the agency’s multiple duties to protect 
public land resources under FLPMA. 

 
A.  The Project Must Comply with All Applicable Land Use Plans 
 

 FLPMA is the basic “organic act” for management of the BLM public lands.  Under FLPMA, BLM 

mailto:mymartinez@blm.gov
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must develop land use plans for the public lands under its control, 43 U.S.C. § 1712, and all resource 
management decisions must be in accordance with those plans. Id. § 1732(a), 43 C.F.R. § 1610.5-3(a). See 
Norton v. S. Utah Wilderness Alliance, 542 U.S. 55, 69 (2004) (this requirement “prevent[s] BLM from 
taking actions inconsistent with the provisions of a land use plan”); Ore. Natural Res. Council v. Brong, 492 
F.3d 1120, 1128 (9th Cir. 2007) (holding BLM decision is “inconsistent with the [Land Use] Plan and, 
consequently, violate FLPMA”); W. Watersheds Project v. Salazar, 843 F.Supp.2d 1105, 1114 (D. Id. 2012) 
(reversing BLM decisions as inconsistent with land use plans); W. Watersheds Project v. Bennett, 392 
F.Supp.2d 1217, 1227 (D. Id. 2005) (same). 

 
 If a proposed action is not clearly consistent with the land use plan, BLM must either deny the 

proposed action or amend the plan, complying with NEPA and allowing for public participation. See 43 
C.F.R. §§ 1610.5-3, 1610.5-5. See also National Parks and Conservation Ass’n v. FAA, 998 F.2d 1523, 
1526 (10th Cir. 1993) (nonconforming land use required RMP amendment).  The Interior Board of Land 
Appeals recognizes that this “consistency” requirement reflects the mandatory duty to fully and strictly 
comply with the governing land management plans. See, e.g. Jenott Mining Corp., 134 IBLA 191, 194 
(1995); Uintah Mountain Club, 112 IBLA 287, 291 (1990); Marvin Hutchings v. BLM, 116 IBLA 55, 62 
(1990); Southern Utah Wilderness Alliance, 111 IBLA 207, 210-211 (1989). 

 
 Complying with the RMP is required by both the general land use conformity requirement of 

FLPMA as well as BLM’s duty under FLPMA to “prevent unnecessary or undue degradation” (“UUD”) of 
the public lands. 43 U.S.C. §1732(b).  To prevent UUD, BLM must ensure that all environmental protection 
standards will be met at all times. 43 C.F.R. § 3809.5 (definition of UUD prohibited by FLPMA includes 
“fail[ure] to comply with one or more of the following: … Federal and state laws related to environmental 
protection.”). 

 
 “All future resource management authorizations and actions … shall conform to the approved plan.” 

43 C.F.R. §1610.5-3(a).  BLM defines “conformity” as requiring that “a resource management action shall 
be specifically provided for in the plan, or if not specifically mentioned, shall be clearly consistent with the 
terms, conditions, and decisions of the approved plan or plan amendment.” Id. §1601.0-5(b).  “Consistent” is 
defined as requiring that decisions “will adhere to the terms, conditions, and decisions of officially approved 
and adopted resource related plans.” Id. §1601.0-5(c). 

 
 Mining operations are not exempted from FLPMA’s requirement to comply with the RMP.  For 

example, in Western Exploration v. U.S. Dept. of the Interior, 250 F. Supp. 3d 718, 747 (D. Nev. 2017), the 
court held that in the mining context, as well as for other potential uses of public land, RMP standards to 
protect the Greater Sage Grouse must be met to comply with BLM’s duty to “prevent unnecessary or undue 
degradation” under FLPMA.  The court rejected a challenge from the mining industry and others and agreed 
with the Interior Department that meeting the RMP requirements was part of the UUD mandate: 

 
Defendants [Interior Department et al.] contend that the ‘‘unnecessary or undue degradation’’ 
standard in the statute does not preclude the agency from establishing a more protective 
standard that seeks improvements in land conditions that ‘‘go beyond the status quo.’’ The 
FEIS states that “if actions by third parties result in habitat loss and degradation, even after 
applying avoidance and minimization measures, then compensatory mitigation projects will 
be used to provide a net conservation gain to the sage-grouse.’’ The Agencies’ goals to 
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enhance, conserve, and restore sage-grouse habitat and to increase the abundance and 
distribution of the species, they argue, is best met by the net conservation gain strategy 
because it permits disturbances so long as habitat loss is both mitigated and counteracted 
through restorative projects. If anything, this strategy demonstrates that the Agencies allow 
some degradation to public land to occur for multiple use purposes, but that degradation 
caused to sage- grouse habitat on that land be counteracted. The Court fails to see how 
BLM’s decision to implement this standard is arbitrary and capricious. Moreover, the Court 
cannot find that BLM did not consider all relevant factors in choosing this strategy, as it 
appears to possess elements proposed in the DEIS. 

 
In sum, Plaintiffs fail to establish that BLM’s challenged decisions under FLPMA are 
arbitrary, capricious, an abuse of discretion, or otherwise not in accordance with law. 

 
Western Exploration, at 747 (internal citations omitted). See also Mineral Policy Center v. Norton, 292 F. 
Supp. 2d 30, 49 (D.D.C. 2003) (“when BLM receives a proposed plan of operations under the 2001 rules, 
pursuant to Section 3809.420(a)(3), it assures that the proposed mining use conforms to the terms, 
conditions, and decisions of the applicable land use plan, in full compliance with FLPMA’s land use 
planning and multiple use policies.”). 

 
 BLM’s mitigation policy, as detailed by the Interior Solicitor, acknowledges the need to ensure 

compliance with an RMP as part of its mitigation duties under the FLPMA UUD standard. In discussing the 
previous rulemaking (quoted above) with approval, the Solicitor reiterated “‘the operator’s responsibility to 
comply with applicable land use plans and BLM’s responsibility to specify necessary mitigation measures.’ 
Id. at 54,840 (emphasis supplied).” M-37039, The Bureau of Land Management’s Authority to Address 
Impacts of its Land Use Authorizations through Mitigation, 20, n. 115 (Dec. 21, 2016)(Mitigation Opinion).  
The 2016 Mitigation Opinion was temporarily revoked in 2017, but was recently reinstated by the Solicitor. 
M-37075, Withdrawal of M-37046 and Reinstatement of M-37039 (April 15, 2022) (Exhibit 2). This new 
Opinion noted that the 2017 Opinion (M-37046) “expresses no views regarding the merits of the legal 
analysis or conclusions contained in the [2016 Opinion].” M-37075 at 2. 

 
 The Solicitor noted that “in the hardrock mining context, the BLM has long recognized that the UUD 

requirement creates a ‘responsibility [for the BLM] to specify necessary mitigation measures’ when 
approving mining plans of operations.” M-37039, at 19 (citations omitted). “The BLM regulations 
addressing surface management of hardrock mining operations on public lands have consistently included 
mitigation as a requirement for preventing UUD, including as part of the general performance standards in 
the current regulations.” Id. 

 
B.  The Project Does Not Comply with the Management Requirements and 

Prescriptions of the DRECP and Federal Law. 
 

1. California Desert National Conservation Lands 
 
 The Picacho ACEC was designated as an ACEC and as California Desert National Conservation 
Lands (CDNCLs) by the Desert Renewable Energy Conservation Plan (DRECP) Record of Decision signed 
in September of 2016. The DRECP identifies CDNCLs, in accordance with the Omnibus Public Land 
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Management Act of 2009 (Omnibus Act), which are nationally significant landscapes within the California 
Desert Conservation Area (CDCA) with outstanding cultural, ecological, and scientific values. The 
CDNCLs are a permanent addition to the National Landscape Conservation System (NLCS), as per the 
direction to BLM in the Omnibus Act. DRECP at xi-xii. 
 
 The Omnibus Act added to the newly established NLCS “[a]ny area designated by Congress to be 
administered for conservation purposes, including…public land within the [CDCA] administered by the 
[BLM] for conservation purposes.” 16 U.S.C. § 7202(b)(2)(D).  Unlike other CDCA lands managed under 
multiple‐use principles, these areas are to be managed “in a manner that protects the values for which [they 
were] designated.” Id. § 7202(c)(2); see also 43 U.S.C. §1732(a). 
 
 The Federal Land Policy Management Act (FLPMA) requires that public lands be managed under 
multiple use principles “except that where a tract of such public land has been dedicated to specific uses 
according to any other provisions of law it shall be managed in accordance with such law” (emphasis 
added). Thus, all NLCS lands within the CDCA must be managed to prohibit discretionary uses that are 
incompatible with the conservation, protection, and restoration of their landscapes. See 16 U.S.C. § 7202. 
 
 Because the project is in the Picacho Area of Critical Environmental Concern it will significantly 
impact nationally significant values therein, including cultural, ecological, and scientific resources of this 
area. These values and the management goals are detailed in the DRECP Appendix B regarding the Picacho 
ACEC. Most importantly, the BLM EA/MND must consider how the goals can be met if the Project is 
approved. The goals include to enhance, protect, and preserve the cultural and biological resources, and to 
maintain desert tortoise habitat connectivity between the Chuckwalla Desert Wildlife Management/Area of 
Critical Environmental Concern/ Critical Habitat Units and high value climate refugia for wildlife.  Due to 
their special protective designation, ACECs, including the Picacho ACEC, must be managed to a higher 
conservation standard that is consistently implemented across all ACECs. The EA/MND fails to show that 
BLM fully considered how the Project would affect these management goals.  
 

2. National Conservation Lands Standards 
 
 The 2009 Omnibus Bill (Omnibus) established the National Conservation Lands as a permanent 
system of protected lands, “...to conserve, protect and restore nationally significant landscapes that have 
outstanding cultural, ecological, and scientific values for the benefit of current and future generations.” Id. 
To ensure that the permanently protected National Conservation Lands are managed in order to “conserve, 
protect and restore nationally significant landscapes,” all units within the system have several basic 
conservation standards, including: 
 

1) Prescriptive language that requires the area to be managed for the conservation, 
protection and enhancement of resources over other uses; 
2) A prohibition on discretionary uses that are not consistent with conservation and 
protection of these resources; 
3) A mineral withdrawal; and 
4) Restrictions on off-road vehicles and a travel management plan with restrictions 
necessary to protect the area. 
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These standards ensure that lands within the system are managed consistently for conservation and 
safeguarded for future generations. The Omnibus Bill makes clear that units of the system must be managed 
to a higher conservation standard. 
 

3. Department of the Interior and BLM Policy 
 
 Conservation primacy and standards for the system have also been outlined in Department of the 
Interior guidance and BLM policies. In 2010, Secretarial Order 3308 established a unified conservation 
vision for managing the National Conservation Lands ‘as required by the Omnibus Act of 2009’ to 
‘conserve, protect, and restore nationally significant landscapes.´ Further stating that “the BLM shall ensure 
that the components of the [system] are managed to protect the values for which they were designated, 
including, where appropriate, prohibiting uses that are in conflict with those values.” Secretarial Order 3308, 
Management of the National Landscape Conservation System, Nov 15, 2010, Sec. 4. 
 
 In 2011, BLM released the 15-Year Strategic Plan, setting specific goals for how to manage the 
National Conservation Lands focused on conservation, protection, and restoration. The Strategic Plan further 
expanded that “there is an overarching and explicit commitment to conservation and resource protection as 
the primary objective” and that the BLM shall “not authorize discretionary uses that cannot be managed in a 
manner compatible with the designation proclamation or legislation.” The National Landscape Conservation 
System, 15 Year Strategy, 2010. 
 
 In 2012, BLM released two relevant Policy Manuals: 6100-National Landscape Conservation 
System Management; and 6220-National Monuments, Conservation areas, and Similar Designations. When 
making management decisions BLM must use these manuals as guidance. Secretarial Order 3308, and 
policy manual 6100 and 6220 provide guidance to BLM employees on the drafting of management plans 
and land use plan decisions as related to the National Conservation Lands. The Secretarial Order, 15-Year 
Strategy and Policy Manuals make clear that agency policy prioritizes conservation over other uses within 
the National Conservation Lands. 
 
 Lastly, it should be clear, that the CDNCLs are managed as part of the National Conservation Lands, 
and no longer managed under multiple-use standards as outlined in the Federal Land Policy Management 
Act. See BLM’s 15-Year Strategy for the National Conservation Lands, citing FLPMA, as amended, Public 
Law No. 94-579, Title III, Sec. 302(a). Clearly, units of the National Conservation Lands must be managed 
for the specific uses for which they were designated. 
 
 BLM is precluded from permitting exploration activities that may run afoul of the requirements of 
the governing land use plan, and adversely impact the very purposes for which the ACEC and CDNCL were 
designated. Exploration activities will result in habitat loss, fragmentation, noise and dust, as well as adverse 
impacts to groundwater, cultural and scenic resources. FLPMA requires BLM to conduct all management 
and implementation activities “in accordance with” governing RMPs. 43 U.S.C. § 1732(a); see also 43 CFR 
§ 1610.5-3(a) (“All future resource management authorizations and actions .. . shall conform to the approved 
plan”). The EA was required to fully analyze and disclose whether the actions proposed in the amended Plan 
of Operations (PoO) conform to the requirements of the DRECP, including the objectives for land; wildlife; 
vegetation; cultural and tribal resources, and other resources.  It has failed to do so. 
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 BLM cannot approve any actions under the PoO that are inconsistent with BLM’s own management 
plans, management policies, guidelines, handbooks, and manuals. Here the EA/MND fails to show that the 
Project will not be inconsistent with the management plans and policies, and therefore BLM should not 
approve the Project.  

 
4. The EA/MND Fails to Fully Address ACEC and CDNCL Standards  

 
 While the SMP Gold Corporation’s Oro Cruz Pit Area Exploration Plan of Operation recognizes that 
the proposed project is within an Area of Critical Environmental Concern (ACEC) - specifically the Picacho 
ACEC, it fails to identify that it is also within an area identified as part of the California Desert National 
Conservation Lands (CDNCL), which are part of the National Conservation Lands System (NLCS). The EA 
now acknowledges the project is within CDNCL lands but still fails to adequately address the project in the 
context of the NCLS. 
 

The Desert Renewable Energy Conservation Plan (DRECP) provided a framework for the Picacho 
ACEC. Applicable Objectives (from Appendix L of the DRECP) for the Picacho ACEC/CDNCL lands that 
need to be addressed for compliance in the environmental review include: 
 

- Minimize soil disturbance. 
- Protect and enhance robust populations of both rare and common native plants. Unique plant 

assemblages exist within this ACEC, including mesquite and all thorn assemblages. 
- Create a baseline of plant species to track environmental changes. 
- Maintain and enhance habitat that supports native wildlife; Desert Tortoise, Mule Deer, 

Bighorn Sheep. 
- Manage landscape to ensure wildlife passage and connectivity between wildlife populations. 
- Protect biodiversity and manage for resilience (protect climate refugia and provide for 

migration corridors). 
- Maintain and or enhance key ecosystem processes (e.g., carbon sequestration, water residence 

time) and prepare and respond to significant disturbances to the environment (e.g., floods). 
- Encourage compliance with ACEC management recommendations 
- Protect resource values of the ACEC 
- Review certain proposed mining activities to ensure that they provide adequate protection of 

public lands and their resources. Mining activities would be allowed with appropriate analysis, 
stipulations, and mitigation. 

 
           Special attention is to be given to project impacts that may affect groundwater. Specifically, “for any 
activity that proposes to utilize groundwater resources regardless of project location,” BLM must comply 
with the groundwater CMA’s, including CMA LUPA-SW-23 that states: 
 

LUPA-SW-23: A Water (Groundwater) Supply Assessment shall be prepared in conjunction 
with the activity’s NEPA analysis and prior to an approval or authorization. This assessment 
must be approved by the BLM in coordination with USFWS, CDFW, and other agencies, as 
appropriate, prior to the development, extraction, injection, or consumptive use of any water 
resource. The purpose of the Water Supply Assessment is to determine whether over-use or 
over-draft conditions exist within the project basin(s), and whether the project creates or 
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exacerbates these conditions. The Assessment shall include an evaluation of existing 
extractions, water rights, and management plans for the water supply in the basin(s) (i.e., 
cumulative impacts), and whether these cumulative impacts (including the proposed project) 
can maintain existing land uses as well as existing aquatic, riparian, and other water-
dependent resources within the basin(s) (i.e., cumulative impacts), and whether these 
cumulative impacts (including the proposed project) can maintain existing land uses as well 
as existing aquatic, riparian, and other water-dependent resources within the basin(s). 

 
DRECP at 141. 
 
The Water Supply Assessment shall also address: 
 

• Estimates of the total cone of depression considering cumulative drawdown from all potential 
pumping in the basin(s), including the project, for the life of the project through the 
decommissioning phase 
• Potential to cause subsidence and loss of aquifer storage capacity due to groundwater 
pumping 
• Potential to cause injury to other water rights, water uses, and landowners 
• Changes in water quality and quantity that affect other beneficial uses 
• Effects on groundwater dependent vegetation and groundwater discharge to surface water 
resources such as streams, springs, seeps, wetlands, and playas that could impact biological 
resources, habitat, or are culturally important to Native Americans 
• Additional field work that may be required, such as an aquifer test, to evaluate site specific 
project pumping impacts and if necessary, establish trigger points that can be used for a 
Groundwater Water Monitoring and Mitigation Plan 
• The mitigation measures required, if there are significant or potentially significant impacts on 
water resources include but are not limited to, the use of specific technologies, management 
practices, retirement of active water rights, development of a recycled water supply, or water 
imports. 

 
BLM’s environmental review must provide a Groundwater Supply Assessment in conjunction with its 

analysis of the proposed project under NEPA to comply with the Plan requirements and FLPMA. But has 
failed to do so. The EA/MND, Appendix B says that it is unnecessary to provide a Ground Water Supply 
Assessment and that other groundwater CMAs do not apply because the groundwater extraction is not under 
the Project site, but this response fails to address the key question—whether and how the use of 
groundwater for this Project may affect resources and potentially cause injury to other water uses and 
whether mitigation is needed.  In addition, as discussed below, the failure to fully analyze these uses and 
impacts violates BLM’s duties under NEPA.  The EA/MND at 59 states the water will come from either 
Gold Rock Ranch and/or a local water purveyor and without even fully identifying the source states there 
will be “sufficient water supplies available to serve the Project. Therefore, the Project would have less than 
significant impacts.” EA/MND at 59. This kind of conclusory statement without support does not meet the 
requirements of the Plan in the CMAs, NEPA, or CEQA. Further, the EA/MND (at 92) admits 
“Groundwater may be encountered during the course of exploratory drilling within the Drill Pads.” But fails 
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to quantify the amount of groundwater that may be affected if it is encountered as well as the baseline 
conditions of the groundwater. This also contradicts the premise in the EA/MND that no groundwater on site 
would be affected. 
 

C.  The Project Fails to Prevent Undue Impairment of the Scenic, Scientific and 
Environmental Values of the CDCA. 

 
 BLM must also consider whether the proposed PoO complies with the FLPMA requirements “to 

protect the scenic, scientific, and environmental values of the public lands of the California Desert 
Conservation Area against undue impairment, and to assure against pollution of the streams and waters 
within the California Desert Conservation Area.” 43 U.S.C. § 1781. 

 
 The undue impairment standard is a more environmentally protective standard than the unnecessary 

and undue degradation (UUD) standard (discussed in more detail below), which applies on all BLM lands: 
 

Under FLPMA section 601(f), BLM can prevent activities that cause undue impairment to 
the scenic, scientific, and environmental values or cause pollution of streams and waters of 
the CDCA, separate and apart from BLM’s authority to prevent unnecessary or undue 
degradation. The IBLA has agreed that BLM’s obligation to protect the three enumerated 
CDCA values from ‘‘undue impairment’’ supplements the unnecessary or undue degradation 
standard for CDCA lands. See Eric L. Price, James C. Thomas, 116 IBLA 210, 218–219 
(1990).  Thus, BLM decisions with respect to development proposals in the CDCA are 
governed by both the ‘‘undue impairment’’ standard of subsection 601(f) and the 
‘‘unnecessary or undue degradation’’ standard of section 302(b), as implemented by the 
subpart 3809 regulations. 

 
66 Fed. Reg. 69998, 70018 (Nov. 21, 2000). See also Reeves v. U.S., 54 Fed. Cl. 652, 670-674 (Fed. Cl. 
2002) (in the context of the “nonimpairment” standard for Wilderness Study Areas, federal claims court held 
that mining claimant had no property right under the Mining Law to violate the standard, upholding BLM’s 
denial of the proposed plan of operations). BLM’s surface mining regulations, 43 C.F.R. § 3809 et seq., 
specifically define UUD as occurring when operations “[f]ail to attain a stated level of protection or 
reclamation required by specific laws in areas such as the California Desert Conservation Area.” 43 C.F.R. § 
3809.5. 

 
 BLM was required to fully consider FLPMA’s “undue impairment” standard for the CDCA and 

require measures “to protect the scenic, scientific, and environmental values of the public lands of the 
California Desert Conservation Area against undue impairment, and to assure against pollution of the 
streams and waters within the California Desert Conservation Area.” FLPMA Section 601(f), 43 U.S.C. § 
1781(f).  All of the areas within the proposed plan of operations are protected as CDNCL and/or ACEC; 
therefore, as part of the analysis of the proposed plan of operations, BLM must look to the objectives, 
desired future conditions, allowable uses, and Conservation Management Actions (CMAs) adopted in the 
DRECP (as detailed above), but the EA/MND fails to show that BLM has done so. Allowing any 
unmitigated adverse impacts to sensitive and protected plant species, wildlife, water resources, cultural 
resources, scenic, and other environment values would violate FLPMA’s standards for these lands, and 
therefore the Project should not be approved. 
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D.  The Project Fails to Prevent Unnecessary or Undue Degradation of Public Land 
Resources. 

 
 FLPMA requires that the BLM “take any action necessary to prevent unnecessary or undue 
degradation of the lands.” 43 U.S.C. § 1732(b).  This is known as the “prevent UUD” standard. This duty to 
“prevent undue degradation” is “the heart of FLPMA [that] amends and supersedes the Mining Law.” 
Mineral Policy Center v. Norton, 292 F.Supp.2d 30, 42 (D.D.C. 2003).  “FLPMA, by its plain terms, vests 
the Secretary of the Interior [and the BLM] with the authority – indeed the obligation – to disapprove of an 
otherwise permissible mining operation because the operation, though necessary for mining, would unduly 
harm or degrade the public land.” Id. 

 
 The 3809 regulations implement FLPMA’s mandate to prevent UUD through two primary 

provisions: (1) the definition of UUD at 3809.5; and (2) the Performance Standards at 3809.420.  As 
detailed below, BLM must fully consider the UUD mandate and protect public resources.  The Performance 
Standards in Part 3809 mandates that all operations “must take mitigation measures specified by BLM to 
protect public lands.” 43 CFR § 3809.420(a)(4).  BLM cannot approve a mining project that would cause 
UUD. 43 C.F.R. § 3809.411(d)(3)(iii).  “FLPMA’s requirement that the Secretary prevent UUD 
supplements requirements imposed by other federal laws and by state law.” 
Center for Biological Diversity v. Dept. of Interior, 623 F.3d 633, 644 (9th Cir. 2010).  BLM complies with 
this mandate “by exercising case-by-case discretion to protect the environment through the process of: (1) 
approving or rejecting individual mining plans of operation.” Id. at 645, quoting 
  Mineral Policy Center, 292 F.Supp.2d at 44: 

 
“Mitigation measures fall squarely within the actions the Secretary can direct to prevent 
unnecessary or undue degradation of the public lands.  An impact that can be mitigated, but is 
not, is clearly unnecessary.” 65 Fed. Reg. 69998, 70052 (Nov. 21, 2000) (preamble to BLM’s 
43 C.F.R. Part 3809 mining regulations).  Furthermore, if an UUD cannot be prevented 
through mitigation measures, BLM must reject the plan of operations.  Kendall’s Concerned 
Area Residents, 129 IBLA 130, 138 (1994) (“If unnecessary or undue degradation cannot be 
prevented by mitigation measures, BLM is required to deny approval of the plan.”). 

 
 In undertaking environmental review of this proposed plan of operations, BLM must consider 

whether mitigation measures can protect the species, habitats, soils, cultural and water resources affected by 
the proposed plan of operations in order to prevent UUD.  That analysis must include detailed identification 
of direct and indirect impacts as well as cumulative impacts.  It must identify specific mitigation measures 
that address each impact and also include an analysis of the effectiveness of each measure in order to meet 
BLM’s duties under NEPA as well as FLPMA. As detailed below, the EA/MND fails to adequately address 
environmental impacts and as a result has also failed to show it has taken steps to prevent UUD.   

  
E. The Project Fails to Meet the FLPMA and Part 3809 Reclamation and Submittal 

Requirements and the SMARA requirements  
 
 Related to, and part of, the failure to prevent undue impairment and UUD under FLPMA, the Project 
fails to meet all of the requirements of the 43 CFR Part 3809.420 Performance Standards and the PoO 
submittal requirements of 3809.401.  Those rules require detailed operational and reclamation requirements 



 
Comments on Oro Cruz Exploration Project EA/MND 
December 16, 2022  10  

for all proposed activities. 
 
 But the EA and the PoO fall far short of these mandates.  As one example, the EA says that there will 
be 65 drill sites (EA at 6).  Yet the maps of the drill sites in the PoO show well over 100 sites. See PoO 
Figures 3a-3h.  In addition, many, indeed most, of these drill sites do not show any road access, whether 
existing or proposed.  Section 3809.401(b) requires detailed plans for all “drill sites” and “access routes,” as 
well as detailed reclamation plans for all these sites.  Yet, while the PoO clearly shows the company’s 
drilling sites, the EA contains no analysis of these additional sites (a NEPA violation as well, as noted 
below). 
 
 Regarding the “reclamation” professed to comply with the 3809 standards, the BLM does not intend 
to require reclamation of the newly-constructed road coming up from the south from American Girl Wash 
for 5 or more years.  
 

Access to the Oro Cruz Portal would require the construction of 9,640 linear ft (1.8 miles) of 
new 15-foot-wide road. The road would be secured from unauthorized access for the duration 
of activity at the portal staging area while assuring access by BLM staff. A gate would be 
placed across the road accompanied by proper deterrence on either side of the gate (i.e. fence, 
berm, or large boulder).  
 
Reclamation would be implemented at the 2.8-acre portal staging area and all equipment 
would be removed within the 5-year reclamation monitoring period. 

 
PoO at 4.  BLM does not explain why reclamation will take 5 years at this site, especially when it would 
begin concurrently.  Nor does BLM why all of the equipment and facilities could not be removed 
immediately, not just within 5 years. 
 

It appears that BLM is keeping this new road open to the portal area (and allowing its construction in 
the first place) in order to facilitate the company’s future mining operations.  Indeed, there is no mention of 
closing the road, even after that 5 years.  BLM does not explain why drilling areas 1 and 6 could not occur 
first, and be fully reclaimed, along with the southern access road. 

 
Notably, “The anticipated post-Project land uses are mining, recreational uses, and open space.” 

PoO at 20 (emphasis added).  As the company has stated: “the Oro Cruz Gold Project hosts many 
exploration targets in addition to a high-grade oxide gold zone that, based on the historical mine operation 
records, is amenable to conventional heap leach extractive methods.”  About Us - Southern Empire 
Resources at https://smp.gold/about/  (pdf from December 14, 2022) (Attachment 1).  

 
Under NEPA and FLPMA, if the post-Project land use is “mining,” then this future use should have 

been analyzed.  
 
 Further, the EA and project documents available to the public by BLM do not contain the 
reclamation cost estimate and bonding for all these facilities/activities as required by the Part 3809 rules.  
This includes the failure to include the operational and reclamation information and analysis for the 
additional dozens/scores of drill sites noted above, but also for the construction and reclamation of the new 

https://smp.gold/about/
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southern access route. 
 
F. BLM Failed to Comply with the Requirements for Rights of Ways Under FLPMA Title V. 

 
The EA and proposed Project approval fail to meet the strict public interest, environmental protection, 

and financial requirements of the Federal Land Policy and Management Act (FLPMA).  BLM is under the 
mistaken view that all of the new access roads are governed by “rights” under the 1872 Mining Law and the 
43 CFR part 3809 regulations.  Although it could be argued that the company has a right for one access road 
into its claim block, BLM proposes additional new route(s), especially the new road from the south to access 
drill areas 1 and 6. See PoO Figure 2.  

 
 But as shown in that Figure 2, these drill areas can be accessed from the north, from the existing road 

along Tumco Wash (with only a slight area of new construction needed). See also PoO Figure 3b.  With that 
access from the north, drill areas 1 and 6 can be accessed without the construction of a new road coming up 
from American Girl Wash.  Thus, the new road all the way up from American Girl Wash is not needed to 
access the claims and drilling areas.  As such, the company cannot assert any legitimate “right” under the 
Mining Law, and that road is not “authorized by the mining laws” under 43 CFR 3809.1(a) and 3809.2(a).   

 
In addition, constructing this new, and unneeded, road, violates the protective standards and 

requirements under the FLPMA undue impairment, UUD, Land Use Plan, and other requirements noted 
above. 

 
Even if it could be constructed, this access road is governed by FLPMA Title V, Section 504, and 

requires the issuance of a Right-of-Way (ROW) to construct the road across public lands. See Alanco 
Environmental Resources Corp., 145 IBLA 289, 297 (1998) (“construction of a road, was subject not only to 
authorization under 43 C.F.R. Subpart 3809, but also to issuance of a right-of-way under 43 C.F.R. Part 
2800.”); Wayne D. Klump, 130 IBLA 98, 100 (1995) (“Regardless of his right of access across the public 
lands to his mining claims and of his prior water rights, use of the public lands must be in compliance with 
the requirements of the relevant statutes and regulations [FLPMA Title V and ROW regulations].”).  The 
leading treatise on federal natural resources law confirms this rule: “Rights-of-way must be explicitly 
applied for and granted; approvals of mining plans or other operational plans do not implicitly confer a 
right-of-way.” George C. Coggins & Robert L. Glicksman, Pub. Nat. Res. Law, § 15.21 (2d ed. 2020).  

 
BLM may grant a Right-of-Way (ROW) only if it “(4) will do no unnecessary damage to the 

environment.” 43 U.S.C. § 1764(a).  Rights of way “shall be granted, issued or renewed … consistent with 
… any other applicable laws.” Id. § 1764(c).  A right-of-way that “may have significant impact on the 
environment” requires submission of a plan of construction, operation, and rehabilitation of the right-of-
way. Id. § 1764(d).  A Title V SUP/ROW “shall contain terms and conditions which will … (ii) minimize 
damage to scenic and esthetic values and fish and wildlife habitat and otherwise protect the environment.” 
Id. § 1765(a).  In addition, the ROW can only be issued if activities resulting from the ROW: 

 
(i)protect Federal property and economic interests; (ii) manage efficiently the lands which are 
subject to the right-of-way or adjacent thereto and protect the other lawful users of the lands 
adjacent to or traversed by such right-of-way; (iii) protect lives and property; (iv) protect the 
interests of individuals living in the general area traversed by the right-of-way who rely on 
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the fish, wildlife, and other biotic resources of the area for subsistence purposes; (v) require 
location of the right-of-way along a route that will cause least damage to the environment, 
taking into consideration feasibility and other relevant factors; and (vi) otherwise protect the 
public interest in the lands traversed by the right-of-way or adjacent thereto. 

   
FLPMA, § 1765(b). 

 
At least three important potential substantive requirements flow from the FLPMA’s ROW provisions.  

First, BLM has a mandatory duty under Section 505(a) to impose conditions that “will minimize damage to 
scenic and esthetic values and fish and wildlife habitat and otherwise protect the environment.” Id. §1765(a).  
The terms of this section do not limit “damage” specifically to the land within the ROW corridor.  Rather, 
the repeated use of the expansive term “the environment” indicates that the overall effects of the ROW on 
wildlife, environmental, scenic and aesthetic values must be evaluated and these resources protected.  In 
addition, the obligation to impose terms and conditions that “protect Federal property and economic 
interests” in Section 505(b) requires that the BLM must impose conditions that protect not only the land 
crossed by the right-of-way, but all federal land affected by the approval of the ROW.  In this case, as noted 
herein, BLM failed to evaluate all aspects and ramifications of issuing the ROW for the Ambler Road.  At a 
minimum, the DEIS failed to consider the mineral material/gravel mines and related infrastructure made 
possible by the ROW.  Also as noted herein, the DEIS fails to show how the mineral projects in the Ambler 
District made possible by the issuance of the ROW meet these FLPMA requirements.    

 
Second, the requirements in Section 505(b) mandate a BLM determination as to what conditions are 

“necessary” to protect federal property and economic interests, as well as “otherwise protect[ing] the public 
interest in the lands traversed by the right-of-way or adjacent thereto.”  This means that the agency can only 
approve the ROW if it “protects the public interest in lands” not only upon which the road would traverse, 
but also lands and resources adjacent to and associated with the ROW.   

 
Third, is the requirement that the right-of-way grant “do no unnecessary damage to the environment” 

and be “consistent with … any other applicable laws,” id. §§ 1764(a)-(c). This means that a grant of a ROW 
leading to the exploration and mining must satisfy all applicable laws, regulations and policies, including all 
state and local laws, etc.   

 
The federal courts have repeatedly held that the federal land agency not only has the authority to 

consider the adverse impacts on lands and waters outside the immediate ROW corridor, it has an obligation 
to protect these resources under FLPMA.  In County of Okanogan v. National Marine Fisheries Service, 347 
F.3d 1081 (9th Cir. 2003), the court affirmed the Forest Service’s imposition of mandatory minimum stream 
flows as a condition of granting a ROW for a water pipeline across USFS land.  This was true even when the 
condition/requirement restricted or denied vested property rights (in that case, water rights). Id. at 1085-86. 

 
The BLM thus cannot issue a ROW that fails to “protect the environment” as required by FLPMA, 

including the environmental resource values in and not within the ROW corridor.  “FLPMA itself does not 
authorize the Supervisor’s consideration of the interests of private facility owners as weighed against 
environmental interests such as protection of fish and wildlife habitat.  FLPMA requires all land-use 
authorizations to contain terms and conditions which will protect resources and the environment.”  Colorado 
Trout Unlimited v. U.S. Dept. of Agriculture, 320 F.Supp.2d 1090, 1108 (D. Colo. 2004)(emphasis in 
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original) appeal dismissed as moot, 441 F.3d 1214 (10th Cir. 2006). 
 

The Interior Department, interpreting FLPMA V and its right-of-way regulations, has held that:  “A 
right-of-way application may be denied, however, if the authorized officer determines that the grant of the 
proposed right-of-way would be inconsistent with the purpose for which the public lands are managed or if 
the grant of the proposed right-of-way would not be in the public interest or would be inconsistent with 
applicable laws.” Clifford Bryden, 139 IBLA 387, 389-90 (1997) 1997 WL 558400 at *3 (affirming denial 
of right-of-way for water pipeline, where diversion from spring would be inconsistent with BLM wetland 
protection standards).  Here, allowing access and granting a ROW for the southern route would be 
“inconsistent with the purpose for which the public lands are managed,” as detailed above, and thus cannot 
be authorized.   

 
Similar to the County of Okanogan and Colorado Trout Unlimited federal court decisions noted 

above, the Interior Department has held that the fact that a ROW applicant has a property right that may be 
adversely affected by the denial of the ROW does not override the agency’s duties to protect the “public 
interest.”  In Kenneth Knight, 129 IBLA 182, 185 (1994), the BLM’s denial of the ROW was affirmed due 
not only to the direct impact of the water pipeline, but on the adverse effects of the removal of the water in 
the first place:  

 
[T]he granting of the right-of-way and concomitant reduction of that resource, would, in all 
likelihood, adversely affect public land values, including grazing, wildlife, and riparian 
vegetation and wildlife habitat. The record is clear that, while construction of the 
improvements associated with the proposed right-of-way would have minimal immediate 
physical impact on the public lands, the effect of removal of water from those lands would be 
environmental degradation. Prevention of that degradation, by itself, justified BLM's 
rejection of the application. 

 
1994 WL 481924 at *3.  That was also the case in Clifford Bryden, as the adverse impacts from the removal 
of the water was considered just as important as the adverse impacts from the pipeline that would deliver the 
water. 139 IBLA at 388-89.  See also C.B. Slabaugh, 116 IBLA 63 (1990) 1990 WL 308006 (affirming 
denial of right-of-way for water pipeline, where BLM sought to prevent applicant from establishing a water 
right in a wilderness study area). 

 
In King’s Meadow Ranches, 126 IBLA 339 (1993), 1993 WL 417949, the IBLA affirmed the denial 

of right-of-way for a water pipeline, where the pipeline would degrade riparian vegetation and reduce bald 
eagle habitat.  The Department specifically noted that under FLPMA Title V: “[A]s BLM has held, it is not 
private interests but the public interest that must be served by the issuance of a right-of-way.”  126 IBLA at 
342, 1993 WL 417949 at *3 (emphasis added).  As the IBLA recently held:  

 
The public interest determination is more than a finding that no laws will be violated by 
granting the ROW. Even if UUD [Unnecessary or Undue Degradation] can be avoided, 
degradation to public resources posed by a requested ROW may factor into BLM's 
determination of whether that ROW would be in the public interest. For example, in Sun 
Studs, we upheld BLM's rejection of a logging road ROW permit based on environmental 
considerations without any suggestion that the environmental harm rose to the level of 
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unlawful degradation. 
 

Klamath-Siskiyou Wildlands Center, IBLA 2019-75, at 9 (April 29, 2019), citing Sun Studs, 27 IBLA at 
282-83. 

 
II. The EA and Proposed FONSI Violate NEPA 

 
NEPA requires federal agencies to take a “hard look” at the environmental consequences of their 

proposed actions. Kleppe v. Sierra Club, 427 U.S. 390, 410 n.21 (1976); Blue Mountain Biodiversity Project 
v. Blackwood, 161 F.3d 1208, 1211 (9th Cir. 1998).  To take this “hard look,” agencies must prepare an EIS 
for all “major Federal actions significantly affecting the quality of the human environment.” 42 U.S.C. § 
4332(C).  The standard for when an agency must prepare an EIS is a “low standard.” Klamath Siskiyou 
Wildlands Ctr. v. Boody, 468 F.3d 549, 562 (9th Cir. 2006). 

 
The Council on Environmental Quality (CEQ) establishes NEPA regulations, which are binding on 

every federal agency. 40 C.F.R. § 1500.3(a) (2020). The original regulations implementing NEPA were 
published by CEQ in 1978. See 40 Fed. Reg. 55,978 (Nov. 29, 1978). In 2020, the Trump administration 
published new CEQ NEPA regulations. See 85 Fed. Reg. 43,304 (July 16, 2020) (codified at 40 C.F.R. Part 
1500).  The Biden administration has since revised the regulations and is making further revisions. See 87 
Fed. Reg. 23,453 (April 20, 2022).  

 
The Secretary of the Interior issued Order #3399, on April 16, 2021, which states that: 

“Bureaus/Offices will not apply the 2020 Rule in a manner that would change the application or level of 
NEPA that would have been applied to a proposed action before the 2020 Rule went into effect on 
September 14, 2020.”  Thus, the 1978 NEPA rules apply here. 

 
Under NEPA, if an agency is unsure whether a proposed action may have significant environmental 

effects, it may prepare a shorter “environmental assessment” to determine whether an EIS is necessary. 40 
C.F.R. § 1501.4(c) (1978); 40 C.F.R. § 1501.5 (2020).  To avoid preparing an EIS, the agency’s EA and 
FONSI must provide a “convincing statement of reasons” why a project’s impacts are insignificant. 40 
C.F.R. §§ 1501.4, 1508.9, 1508.13 (1978).  

 
The scope of NEPA review is broad. BLM must evaluate and disclose the direct, indirect, and 

cumulative effects of the proposed action and its alternatives on ecological, aesthetic, historic, cultural, 
economic, social, and health interests. 40 C.F.R. §§ 1508.7–1508.8 (1978).  That did not happen here. 

 
It should also be noted that the EA repeatedly describes the Project lands as “previously disturbed,” as 

one of the grounds to support its truncated FLPMA and NEPA review.  “[T]he Project  
is an exploratory drilling project, that would occur entirely within an area disturbed by historical mining 
activities.  The majority of the Project Area has been disturbed due to these historical mining operations.” 
EA at 114.  BLM does not inform the public as to which “majority” Project lands were “previously 
disturbed” by mineral operations. 

 
Yet, even if some, but certainly not most, of the Project lands experienced previous mining activities, 

under BLM regulations, these lands were satisfactorily “reclaimed.”  Thus, BLM cannot justify new and 
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significant impacts to public land and resources under the guise that the lands had been “previously 
disturbed” by mining, as all of those lands have been supposedly reclaimed to support public uses such as 
for recreation, wildlife, cultural values, etc. – resources that will be impacted by the Project. 
 
A. The EA Failed to Fully Analyze Direct, Indirect and Cumulative Impacts. 

 
The EA fails to conduct the required “hard look” at the Project’s impacts, including both the drilling 

areas and the access route(s) and the Project as a whole. 
 

Under NEPA, BLM must consider all direct, indirect, and cumulative environmental impacts of the 
proposed action. 40 CFR §§ 1502.16, 1508.8, 1508.25(c).  Direct effects are caused by the action and occur 
at the same time and place as the proposed project. 40 CFR § 1508.8(a).  Indirect effects are caused by the 
action and are later in time or farther removed in distance, but are still reasonably foreseeable. 40 CFR § 
1508.8(b).  Both types of impacts include “effects on natural resources and on the components, structures, 
and functioning of affected ecosystems,” as well as “aesthetic, historic, cultural, economic, social or health 
[effects].” Id. 

 
BLM’s limited environmental review of the exploratory drilling and road access is inadequate under 

NEPA.  At a minimum, as noted above, the PoO proposed to be approved shows well over 100 drill sites, 
but the EA is based on only 65 drill sites. EA at 6.  Additionally, the likely impacts of use of these public 
lands by heavy equipment and exploratory drilling that are not adequately disclosed or addressed include, 
but are not limited to: 

 
• Impacts to wildlife; 
• Impacts to native habitat; 
• Impacts to soils; 
• Impacts to groundwater and hydrology; 
• Impacts to air quality; 
• Impacts to the ACEC; 
• Impacts to cultural resources and Environmental Justice; 
• Consistency with Resource Management Plans. 
 

BLM must also fully review the impacts from all “past, present, and reasonably foreseeable future 
actions.”  These are the “cumulative effect/impacts” under NEPA. Cumulative effects/impacts are defined 
as: 

[T]he impact on the environment which results from the incremental impact of the action 
when added to other past, present, and reasonably foreseeable future actions regardless of 
what agency (Federal or non-Federal) or person undertakes such other actions. Cumulative 
impacts can result from individually minor but collectively significant actions taking place 
over a period of time. 

 
40 CFR § 1508.7.  In a cumulative impact analysis, an agency must take a “hard look” at all actions. 

 
An EA’s analysis of cumulative impacts must give a sufficiently detailed catalogue of past, 
present, and future projects, and provide adequate analysis about how these projects, and 
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differences between the projects, are thought to have impacted the environment. … Without 
such information, neither the courts nor the public ... can be assured that the [agency] 
provided the hard look that it is required to provide. 

 
Te-Moak Tribe of Western Shoshone v. U.S. Dept. of Interior, 608 F.3d 592, 603 (9th Cir. 2010) (rejecting 
BLM-issued EA for mineral exploration that had failed to include detailed analysis of impacts from nearby 
proposed mining operations). 

 
NEPA’s mandate to analyze cumulative impacts applies to all “past,” “present,” and “reasonably 

foreseeable future actions.” 40 C.F.R. §1508.7.  BLM must include “mine-specific or cumulative 
data.” Great Basin Resource Watch v. BLM, 844 F.3d 1095, 1105 (9th Cir. 2016), quoting Great Basin 
Mine Watch v. Hankins, 456 F.3d 955, 973 (9th Cir. 2006).  It must provide a detailed “quantified” 
analysis of other projects’ combined environmental impacts, and “identify and discuss the impacts that 
will be caused by each successive project. Including how the combination of those various impacts is 
expected to affect the environment” within the area. Great Basin Res. Watch, 844 F.3d at 1105. 

 
 The EA does not adequately analyze the cumulative impacts from the other proposed activities 

within the cumulative effects study area on environmental justice, cultural resources and uses, wildlife, 
recreation, air quality, and other potentially affected resources.  The EA contains little, if any, detailed 
analysis of these and other past, present, and “Reasonably Foreseeable Future Activities” (RFFAs) 
within the potentially affected areas that may cumulatively affect these resources.  BLM simply lists 
the acreages of these activities, with no detailed impacts analysis. 

 
The Ninth Circuit has repeatedly rejected similarly cursory analyses contained in BLM EAs and 

EISs for mineral operations, holding that listing other projects does not satisfy NEPA:  
 

[S]imply listing all relevant actions is not sufficient. Rather, “some quantified or detailed 
information is required. Without such information, neither the courts nor the public ... can be 
assured that the [agency] provided the hard look that it is required to provide.” Neighbors of 
Cuddy Mountain v. U.S. Forest Serv., 137 F.3d 1372, 1379 (9th Cir. 1998). 

 
Great Basin Res. Watch, 844 F.3d at 1104.  The Ninth Circuit in Great Basin Mine Watch v. Hankins 
specifically rejected BLM’s argument that a list of other projects and their acreages satisfied NEPA’s 
cumulative impacts analysis requirements: “A calculation of the total number of acres to be impacted by 
other projects in the watershed is a necessary component of a cumulative effects analysis, but is not a 
sufficient description of the actual environmental effects that can be expected.” 456 F.3d at 973 (emph. 
added). 

 
But that’s exactly what the EA does here.  It provides a general description of other types of projects 

in the area, and their general impacts, and their acreages.  But no details or analysis is provided – not even 
the names of the RFFA projects. See EA Table 3-37 (for the cumulative impacts to wildlife, merely listing 
the general types of past, present, and RFFAs, and their acreages). EA at 106-07. 

 
In addition, the EA fails to even mention other existing and RFFA operations/activities in the 

cumulative affects study area (CESA).  For example, for the Environmental Justice CESA, the EA correctly 
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notes its large area. EA Figure 3-4.  Yet there is no discussion, analysis, or even a list, of the other current 
and RFFA projects in this CESA.  As BLM knows, there are a number of mineral projects proposed in this 
CESA. See Imperial Exploration Project (and maps showing the projects within the Environmental Justice 
CESA for the Oro Cruz Project) (Attachment 2). 

 
 Regarding the CESAs themselves, the EA improperly restricted the scope of analysis for critical 

resources such as wildlife, and even more importantly, Native American Cultural/Historical Resources. See 
EA Figures 3-2, 3-12.  As discussed in more detail below, BLM is aware, the Tribes and Native 
communities that have lived and used these areas for millennium consider these mountains, and the Project 
site, as part of a much larger cultural landscape, which includes Indian Pass and related Trails network (such 
as the Trail of Dreams). See Record of Decision for the Imperial Project, at 10 (discussing Trail of Dreams 
as a ground for denying the Project)(Attachment 3).  BLM cannot avoid its duties to the Tribes, and under 
NEPA and FLPMA cannot ignore these facts. 

 
Here, the adverse impacts from the Project when added to other past, present or reasonably 

foreseeable future actions is clearly essential to the BLM’s determination (and duty to ensure) that the 
Project complies with all legal requirements and minimizes all adverse environmental impacts. “[W]hen the 
nature of the effect is reasonably foreseeable but its extent is not, we think that the agency may not simply 
ignore the effect.  The CEQ has devised a specific procedure for ‘evaluating reasonably foreseeable 
significant adverse effects on the human environment’ when ‘there is incomplete or unavailable 
information.’ 40 C.F.R. § 1502.22.” Mid States Coalition for Progress v. Surface Transportation Board, 345 
F.3d 520, 549-550 (8th Cir. 2003).  The BLM’s failure to obtain this information, or make the necessary 
showings under § 1502.22, for all direct, indirect and cumulative impacts violates NEPA. 

 
Thus, BLM failed to fully consider the cumulative impacts from all past, present, and reasonably 

foreseeable future projects in the region on, at a minimum, environmental justice, water and air quality, 
recreation, cultural/religious, wildlife, scenic and visual resources, etc.  BLM must fully review, and 
subject such review to public comment in a revised draft EA or EIS, the cumulative impacts from all 
other past, present and RFFAs including mining/exploration, grazing, recreation, energy development, 
roads, ORV use, etc., in the region. The EA’s failure to include these reviews violates NEPA. 

 
B. The EA fails to fully review all baseline conditions. 

 
The establishment of the baseline conditions of the affected environment is a fundamental 

requirement of the NEPA process whether an EA or EIS is prepared: 
 

“NEPA clearly requires that consideration of environmental impacts of proposed projects 
take place before [a final decision] is made.” LaFlamme v. FERC, 842 F.2d 1063, 1071 (9th 
Cir.1988) (emphasis in original). Once a project begins, the “pre-project environment” 
becomes a thing of the past, thereby making evaluation of the project's effect on pre-project 
resources impossible. Id. Without establishing the baseline conditions which exist in the 
vicinity … before [the project] begins, there is simply no way to determine what effect the 
proposed [project] will have on the environment and, consequently, no way to comply with 
NEPA. Half Moon Bay Fisherman’s Mark’t Ass’n v. Carlucci, 857 F.2d 505, 510 (9th Cir. 
1988). “In analyzing the affected environment, NEPA requires the agency to set forth the 
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baseline conditions.” 
 
Western Watersheds Project v. BLM, 552 F.Supp.2d 1113, 1126 (D. Nev. 2008).  Similarly, the CEQ 
explained: “The concept of a baseline against which to compare predictions of the effects of the proposed 
action and reasonable alternatives is critical to the NEPA process.” Council of Environmental Quality, 
Considering Cumulative Effects under the National Environmental Policy Act (May 11, 1999).  “NEPA 
requires that the agency provide the data on which it bases its environmental analysis. Such analyses must 
occur before the proposed action is approved, not afterward.” Northern Plains v. Surf. Transp. Brd., 668 
F.3d 1067, 1083 (9th Cir 2011) (concluding that an agency’s “plans to conduct surveys and studies as part of 
its post-approval mitigation measures,” in the absence of baseline data, indicate failure to take the requisite 
“hard look” at environmental impacts).  Baseline information and analysis must be part of the environmental 
review and be subject to public review and comment under NEPA. 
 
 Federal courts have repeatedly rejected EAs for mineral exploration project that do not contain 
detailed analysis of baseline conditions for all potentially affected resources, such as groundwater, wildlife, 
etc. See Gifford Pinchot Task Force v. Perez, 2014 WL 3019165, **27-33 (D. Or. 2014) (BLM EA for 
mineral exploration failed to analyze baseline ground water conditions); Cascade Forest Conservancy v. 
Heppler, 2021 WL 641614, *17–20 (D. Oregon 2021); ICL v. U.S. Forest Serv., 2012 WL 3758161, *14–17 
(D. Idaho 2012); ICL v. U.S. Forest Serv., 429 F. Supp. 3d 719, 730-32 (D. Idaho 2019). 
 

Here, the EA failed to obtain this baseline information on all potentially affected resources, including 
listed and imperiled plants and animals, other native and non-native vegetation and wildlife, ground and 
surface waters resources and water quality, air quality, recreation, cultural/religious/historical, and soils. 
 
C. The EA failed to include an adequate mitigation plan under NEPA and BLM mining 

regulations 
 

As noted herein, the EA fails to have an adequate plan to mitigate the significant impacts to cultural 
and environmental resources, as required by NEPA, FLPMA, and BLM regulations (e.g., Part 3809).  As 
just one example, the EA fails to analyze mitigation of the dozens/scores of potential drill sites (and access 
routes), as it fails to analyze their impacts at all.  There is also no mitigation for the loss of Native American 
religious and cultural use and values at and around the Project site. 

 
Under NEPA, the agency must have an adequate mitigation plan to minimize or eliminate all 

potential project impacts. NEPA requires the agency to: (1) “include appropriate mitigation measures not 
already included in the proposed action or alternatives,” 40 CFR § 1502.14(e); and (2) “include discussions 
of: . . . Means to mitigate adverse environmental impacts (if not already covered under 1502.14(e)).” 40 
CFR § 1502.16(a)(9). NEPA regulations define “mitigation” as a way to avoid, minimize, rectify, or 
compensate for the impact of a potentially harmful action. 40 C.F.R. §§1508.1(s). “[O]mission of a 
reasonably complete discussion of possible mitigation measures would undermine the ‘action-forcing’ 
function of NEPA. Without such a discussion, neither the agency nor other interested groups and individuals 
can properly evaluate the severity of the adverse effects.” Robertson v. Methow Valley Citizens Council, 
490 U.S. 332, 353 (1989). NEPA requires that the agency discuss mitigation measures, with “sufficient 
detail to ensure that environmental consequences have been fairly evaluated.” Methow Valley, 490 U.S. at 
352. 
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An essential component of a reasonably complete mitigation discussion is an assessment of whether 

the proposed mitigation measures can be effective. Compare Neighbors of Cuddy Mountain v. U.S. Forest 
Service, 137 F.3d 1372, 1381 (9th Cir.1998) (disapproving an EIS that lacked such an assessment) with 
Okanogan Highlands Alliance v. Williams, 236 F.3d 468, 477 (9th Cir.2000) (upholding an EIS where 
“[e]ach mitigating process was evaluated separately and given an effectiveness rating”). The Supreme Court 
has required a mitigation discussion precisely for the purpose of evaluating whether anticipated 
environmental impacts can be avoided. Methow Valley, 490 U.S. at 351–52 (citing 42 U.S.C. § 4332(C)(ii)). 

 
A mitigation discussion without at least some evaluation of effectiveness is useless in making that 

determination. South Fork Band Council v. Dept. of Interior, 588 F.3d 718, 727 (9th Cir. 2009) (rejecting 
EIS for failure to conduct adequate review of mitigation and mitigation effectiveness in mine EIS). “The 
comments submitted by [plaintiff] also call into question the efficacy of the mitigation measures and rely on 
several scientific studies.  In the face of such concerns, it is difficult for this Court to see how the [agency’s] 
reliance on mitigation is supported by substantial evidence in the record.” Wyoming Outdoor Council v. 
U.S. Army Corps of Eng’rs, 351 F. Supp. 2d 1232, 1251 n. 8 (D. Wyo. 2005). See also Dine Citizens v. 
Klein, 747 F.Supp.2d 1234, 1258-59 (D. Colo. 2010) (finding “lack of detail as the nature of the mitigation 
measures” precluded “meaningful judicial review”). 
 
D. The agency must fully review all reasonable alternatives 
 

NEPA requires the agency to “study, develop, and describe appropriate alternatives to recommended 
courses of action in any proposal that involves unresolved conflicts concerning alternative uses of available 
resources.” 42 U.S.C. § 4332(E); 40 CFR § 1502.14.  It must “rigorously explore and objectively evaluate 
all reasonable alternatives” to the proposed action. City of Tenakee Springs v. Clough, 915 F.2d 1308, 1310 
(9th Cir. 1990).  NEPA requires the environmental review to "present the environmental impacts of the 
proposal and the alternatives in comparative form, thus sharply defining the issues and providing a clear 
basis for choice among options by the decisionmaker and the public.” League of Wilderness Defs.-Blue Mts. 
Biodiversity Project v. United States Forest Serv., 689 F.3d 1060, 1069 (9th Cir. 2012).  Whether an EA or 
EIS is prepared, BLM must “rigorously explore and objectively evaluate all reasonable alternatives” 
including alternatives that are “not within the [lead agency’s] jurisdiction. 40 C.F.R. § 1502.14(a), (c).” Id. 
at 1071.  “While a federal agency need not consider all possible alternatives for a given action in preparing 
an EA, it must consider a range of alternatives that covers the full spectrum of possibilities.” Ayers v. Espy, 
873 F.Supp. 455, 473 (D. Colo. 1994). 
 

In this case, the EA failed to justify its rejection and/or failure to fully consider, at a minimum, the 
following reasonable alternatives: (1) access to each activity without the construction of new roads or 
reconstruction/improvement any existing or reclaimed, which could require helicopter access; (2) reduction 
in the amount, scope, and impact of each activity or group of activities including drilling waste disposal; (3) 
timing restrictions to protect wildlife; (4) preclusion of any impact to cultural/religious/historical resources, 
(5) moving the activities further from wildlife core/home ranges and (6) avoidance of rare plants/plant 
communities and their ecological/hydrological requirements. 
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III. Failure to Prepare EIS Violates NEPA 
 
 BLM’s proposed issuance of a FONSI, and failure to prepare an EIS, violates NEPA and FLPMA.  
At the outset, due to the fundamental NEPA deficiencies in the EA noted above, BLM cannot issue a 
FONSI.  BLM’s deficient EA renders its FONSI inadequate.  “[I]f the EA is deficient under NEPA in one of 
the ways Plaintiff has previously argued, then the [agency’s] DN/FONSI is necessarily arbitrary and 
capricious because it relied on the 2012 EA.” Gifford Pinchot Task Force v. Perez, 2014 WL 3019165, *40 
(D. Or. 2014).   
 

This follows a line of well-established Ninth Circuit precedent. See Native Ecosystems Council v. 
Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (USFS violated NEPA in issuing FONSI based on inadequate 
analysis); Ctr. for Biological Diversity v. NHTSA, 508 F.3d 1212, 1223-24 (9th Cir. 2007) (When an EA 
fails to comply with NEPA requirements, it “do[es] not constitute a ‘hard look’ at the environmental 
consequences of the action as required by NEPA. Thus, the FONSI is arbitrary and capricious.”). 
 

Here, BLM’s decision not to prepare an EIS was made without the critical information regarding 
cumulative and other impacts, alternatives, mitigation, and baseline conditions detailed above.  As such, the 
FONSI is consequently invalid.  

 
NEPA requires federal agencies to prepare an EIS for “major Federal actions significantly affecting 

the quality of the human environment.” 42 U.S.C. § 4332(C). “If an agency decides not to prepare an EIS, it 
must supply a convincing statement of reasons to explain why a project’s impacts are insignificant.” Native 
Ecosystems Council v. Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (quotation omitted).  It is well established 
in the Ninth Circuit that an “EIS must be prepared if substantial questions are raised as to whether a project . 
. . may cause significant degradation of some human environmental factor.” Blue Mountains, 161 F.3d at 
1212 (quotation omitted). “Thus, to prevail on a claim that the [agency] violated its statutory duty to prepare 
an EIS, a plaintiff need not show that significant effects will in fact occur.” Id. (quotation omitted). “It is 
enough for the plaintiff to raise substantial questions whether a project may have a significant effect on the 
environment.” Id. (quotation omitted).  

 
The Ninth Circuit has regularly described the bar for whether significant effects may occur as a “low 

standard.” See, e.g., League of Wilderness Defenders v. Connaughton, 752 F.3d 755, 760 (9th Cir. 2014); 
Cal. Wilderness Coal. v. U.S. Dep’t of Energy, 631 F.3d 1072, 1097 (9th Cir. 2011); Klamath Siskiyou 
Wildlands Center v. Boody, 468 F.3d 549, 562 (9th Cir. 2006).  Applying these principles, the Ninth Circuit 
has ordered EISs where plaintiffs raise substantial questions as to whether there may be significant impacts. 
See, e.g., Blue Mountains, 161 F.3d at 1212–16; Nat’l Parks, 241 F.3d at 732; Ocean Advocates v. U.S. 
Army Corps of Eng’rs, 402 F.3d 846, 868 (9th Cir. 2005); Bark, 958 F.3d at 873; Envtl. Def. Ctr., 36 F.4th 
at 882. 
 

Courts have ordered an EIS where cursory analysis in an EA—like BLM’s analysis here—renders 
effects highly controversial, unknown, or uncertain and, thus, potentially significant.  The Ninth Circuit held 
that an EA with “data gaps” and “lack of data” concerning potential effects requires an EIS. See National 
Parks, 241 F.3d at 733 (an agency’s “lack of knowledge does not excuse the preparation of an EIS; rather it 
requires the [agency] to do the necessary work to obtain it.”); Blue Mountains, 161 F.3d at 1212–16 (lack of 
supporting data and cursory treatment of environmental effects in EA warranted preparation of EIS).  
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Similarly, in Hausrath v. U.S. Dep’t of the Air Force, 491 F. Supp. 3d 770 (D. Idaho 2020), the court found 
effects were controversial and required preparation of an EIS where plaintiffs “identified serious gaps in the 
USFAF’s analyses concerning the effects of noise from the proposed action” to the community and wildlife. 
Id. at 802.  The court also found that an EIS was required because the action in Hausrath had uncertain 
effects due to “the absence of baseline noise data actually measuring the ambient noise levels in the affected 
communities.” Id. at 802–03. 

 
Here, based on the EA’s inadequate analysis, the significance of the Project’s impacts to public 

resources, an EIS is required.  That was the case recently in the California Desert as found by BLM.  For an  
exploration drilling proposed on Conglomerate Mesa, BLM is requiring an EIS instead of an EA.  That was 
for an exploration drilling project of far fewer drill sites, road construction, and environmental impacts. See 
March 9, 2022 letter from Carl Symons, BLM Ridgecrest Field Manager, to Mojave Precious Metals 
(Attachment 4).  That project at Conglomerate Mesa involves only 12 acres and 30 drill sites, far less drill 
sites and surface impacts than are contemplated for this Oro Cruz project. Id.  Notably, the Conglomerate 
Mesa project is within the same California Desert Resource Management Plan for the CDCA, also involves 
ACEC and CDNCL lands, and other critical public resources as does the much-larger Oro Cruz Project.  
BLM properly found that an EIS is required for the Conglomerate Mesa proposal, and should make the same 
finding here.  
 

A. Biological Resources 
 

1. Desert Tortoise 
 

 The Picacho Area of Environmental Concern (ACEC) was established in part to conserve the 
declining Mojave desert tortoise (EA at 25). Active burrows and tortoise sign were found in the drill areas 
(EA at 98). 

 
The environmental review must clearly address alternative proposals for avoiding, minimizing, and 

mitigating the impacts to the desert tortoise and any occupied habitat. Yet the required mitigation measures 
outlined in Appendix F, Table F-3 simply state that access roads will be fenced with tortoise exclusion 
fencing in Tumco Wash. 
 

An aggressive raven prevention plan also needs to be developed as part of the environmental review 
and followed during project development and implementation. LUPA-BIO-6 is listed as a mitigation 
measure, with raven management guidelines, but nothing specific to the project area. More detail of raven 
management specific to this area needs to be given, including nest management. Ravens are an increasing 
threat to Mojave desert tortoises range-wide. 

 
2. Flat-tailed horned lizard and Colorado fringe-toed lizard 

 
Small areas of sand can harbor fringe-toed lizards (Uma notata) and fringe-toed lizards (Phrynosoma 

mccallii), and the EA at 79 mentions that surveyors found small sand patches in the western edge of the area 
of analysis during March 2021 plant surveys. The Plan of Operations states that loose sandy soils are present 
in the project area. But surveys during the main activity time for reptiles—May and June—were not 
undertaken. These reptile species may have been dormant in underground burrows in March. Therefore, the 
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presence of these two lizard species needs to be assessed with targeted surveys during the proper season. No 
Aeolian Sand Transport assessment was conducted, as is required by LUPA-BIO-1. A Habitat Assessment 
was undertaken but is simply shown as habitat photos in Appendix E. No sand areas were mapped. Photos 
13 and 14 in Appendix E show sandy areas, but methods for assessing sand habitats or sand transport are not 
given. 
 

3. Golden Eagles 
 

Apparently, no nest surveys were undertaken. Avian surveys found active nesting prairie falcons (EA 
at 96). Helicopter operations to deliver drilling equipment, water, and other supplies to mountain drill sites 
could disturb any golden eagles nesting in the area and could lead to take under the Bald and Golden Eagle 
Protection Act. Golden eagles are also fully protected species under California law and cannot be taken at 
any time.  (Cal. Fish and Game Code §3511(b)(7).) Targeted surveys during the winter nesting season 
should be undertaken. 
 

The EA states at 100: 
 

Should golden eagles or golden eagle nests be identified during pre-clearance surveys, CMA 
LUPA-BIO-IFS-24 would be implemented to minimize impacts of surface disturbance within 
one-mile of active golden eagle nests or territories, as included in Appendix F. 

 
This indicates that no nest surveys were undertaken to determine the location and number of 

breeding pairs and active nests in the Project Area. This is not acceptable. 
 
The Finding of No Significant Impact for the Silicon Exploration Project Environmental Assessment 

DOIBLM-NV-B020-2020-0017-EA (Attachment 5) states for golden eagles: 

There was one golden eagle nest and five possible golden eagle nests within one mile of the 
Project Area. None of the nests were occupied during 2019 field surveys; however, one nest 
was active during 2020 field surveys. To avoid impacts to those nests, AGA would 
implement the EPM in Section 2.2.6.10 that states Project activities would not be conducted 
between January 1 and August 31 within one mile of a nest. However, if that is not 
practicable, a survey would be conducted after March 21 at eagle nest sites that are within 
one mile of the Project Area to determine occupancy. The timing of the surveys may be 
adjusted due to winter weather conditions and is subject to approval from the NDOW based 
on consideration of bighorn sheep (Ovis canadensis) lambing activity. If a nest has a bird in 
an incubating/brooding posture, it would be assumed that the nest is active that year, and a 
one-mile disturbance buffer would be applied until August 31, or until it has been determined 
that 1) the nest has failed; or 2) the young have fledged and are no longer dependent on the 
nest. The buffer sizes may be reduced with approval from the US Fish and Wildlife Service 
(USFWS). If the nest is not active at the time of the surveys, the one-mile buffer would not 
apply and Project activities could commence. (FONSI at 6).  

Ultimately the gold exploration company decided to seek a take permit from US Fish and Wildlife 
Service, which was analyzed in a March 2022 Environmental Assessment. (Attachment 6).  This gold 
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exploration project did not use helicopters. The Service discusses the need for a take permit: 

This Environmental Assessment (EA) analyzes the environmental consequences of the 
United States (U.S.) Fish and Wildlife Service (Service) issuing an incidental take permit for 
the take of golden eagles (Aquila chrysaetos) associated with the Silicon Exploration Project 
(Project) pursuant to the National Environmental Policy Act (NEPA) (42 United States Code 
[U.S.C.] §§ 4321–4347). Issuance of an eagle take permit by the Service for take that is 
incidental to otherwise lawful activities under the Bald and Golden Eagle Protection Act 
(Eagle Act) (16 U.S.C. §§ 668–668d and 50 Code of Federal Regulations [CFR] § 22.26) 
constitutes a discretionary federal action that is subject to NEPA. This EA assists the Service 
in ensuring compliance with NEPA, and in making a determination as to whether any 
“significant” impacts could result from the analyzed actions that would require preparation of 
an Environmental Impact Statement (EIS). This EA evaluates the effects of alternatives for 
the Service’s decision whether to issue an eagle take permit. (EA at 1) 

The Service issued a take permit for eagles for the Silicon Exploration Project. (See Attachment 5).  

Without proper eagle nest surveys, the Oro Cruz applicant may unintentionally harass golden eagles 
that might be nesting in the mountains around the drill areas, especially with the use of helicopters. This 
could result in the loss of productivity of eagles in the region. 
 

4. Desert Bighorn Sheep 
 
Currently desert bighorn sheep are not known to be present in the Cargo Muchacho mountains, but the 

proposed project area is within the desert bighorn Wildlife Habitat Management Area designated in BLM’s 
2002 Northern and Eastern Colorado Desert Plan Amendment.  Repatriating the desert bighorn sheep in the 
Cargo Muchacho Mountains is a key goal to sustaining the desert bighorn sheep metapopulation particularly 
as the effects of climate change advance. The environmental review must analyze the impacts to bighorn 
sheep habitat from the proposed project and whether it could impact future recovery efforts. 
 

The EA at 95 states that no known guzzlers are in the area, but otherwise the EA does not analyze 
potential bighorn sheep habitat here, nor future recovery efforts. 
 

5. Burro Deer 
 

The EA at 97 states that mule deer were observed during 2021 desert tortoise surveys. This narrow 
endemic mule deer subspecies (Odocoileus hemionus eremicus) is only found in the Colorado Desert of 
southeastern California. Measures should be outlined that avoid disturbing these deer populations. 
 

6. Rare  Plants  
 

Although several rare plants are known in this area and some are identified in the EA/MND (at 79), 
it is unclear when plant surveys were conducted and whether they were seasonally appropriate to find 
certain plants.  Therefore other rare plants may have been missed. Without more information it appears that 
the conclusions in the EA/MND that rare plants will not be significantly impacted is unsupported.  
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 B.  Cultural Resources 
 

The proposed action would adversely affect the sacred Tribal Cultural Landscape that consists of the 
ancient trail network, called Trail of Dreams or Xam Kwatchan Trail Network, which extends from Avi 
Kwa Ame (Spirit Mountain, Nevada) to the Avi Kwlal (Pilot Knob, California). The area that would be 
disturbed by the Oro Cruz exploration project is included in this Tribal Cultural Landscape. (See Figure 2 
(map) Attachment 7). The EA has failed to analyze the impact on this Tribal Cultural Landscape held sacred 
by six native American Tribes in the region. Comments submitted by the Quechan Tribe are referenced in 
the EA (section 3.14.3):  
 

The proposed Project location is sited within a region that is highly significant to the Fort 
Yuma Quechan Indian Tribe. This is a location that the Tribe attaches great cultural, religious 
and spiritual significance to. The Fort Yuma Quechan Indian Tribe objects to the proposed 
mining project and the proximity of the operation to a significant cultural landscape and 
items of cultural patrimony which are integral to the spiritual and everyday lives of the 
Quechan people. 
 

However, the EA states (section 3.14.3) states that “Currently, not enough information has been provided to 
understand the nature, extent and use of the resource, and therefore to fully assess impacts or determine if 
there are minimization or avoidance measures that would apply.”  Not having enough information to analyze 
the impacts on the Tribal Cultural Landscape is not sufficient grounds to determine the project would have 
no significant impacts on Native American Religious Concerns and Traditional Values. Instead, the BLM 
should require an EIS to analyze these impacts in detail.  

Furthermore, BLM pursuant to the 2019 Dingell Act the BLM was required to develop and implement a 
cultural resources management plan for the Xam Kwatchan Trail Network: 

Not later than 2 years after the date of enactment of the John D. Dingell, Jr. Conservation, 
Management, and Recreation Act [enacted March 12, 2019], the Secretary shall develop and 
implement a Tribal cultural resources management plan to identify, protect, and conserve 
cultural resources of Indian Tribes associated with the Xam Kwatchan Trail network 
extending from Avikwaame (Spirit Mountain, Nevada) to Avikwlal (Pilot Knob, California). 

 
16 U.S.C.S. § 410aaa-75. That plan is overdue and BLM cannot authorize mine exploration activities on 
lands associated with the Xam Kwatchan Trail Network until it completes the tribal cultural resources 
management plan which is needed to ensure protection and conservation of these resources.  
 
 C.  Additional Resource Issues  
 

The environmental review must provide sufficient information to evaluate serious aspects of the 
project and raise many questions, which if answered, might expose environmental impacts. 
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1. Source of Groundwater and Impacts 
 
The EA, at 87-92, states that 2,000 gallons of water per day will be required for drilling and dust 
suppression. The water would be procured from Gold Rock Ranch and/or another local water purveyor. A 
mobile water truck would be utilized onsite for dust suppression, and applied water would either naturally 
evaporate or infiltrate into the ground. The impact of taking that water from existing wells is not addressed 
despite the drought conditions in the area. And even though the specific source of water is not known, the 
EA/MND at 92 claims that the “Project would not consume groundwater from the Imperial Valley 
Groundwater Basin” – there is no support for this statement.  In addition, because the groundwater in this 
area is connected to the Colorado River, taking any water from the water table must be strictly accounted for 
under the law of the river. (See Map 7 in Attachment 8).  The EA/MND fails to analyze how groundwater 
pumping from off-site sources may impact the Imperial Valley groundwater district and the Colorado River 
accounting surface (as noted above). Because the identification and analysis of groundwater resources, 
including the source of water and the impacts of its extractions, are not adequately disclosed or addressed 
the EA/MND violates NEPA and CEQA.  
 

2. Surface Disturbance 
 

The EA/MND (at 5) calculates the surface disturbance at 20.54 acres – but it is unclear if that 
calculation accounts for additional for turnaround spaces for the large trucks and heavy equipment, sumps, 
and overburden. All the road segments and drill pads must be considered new ground disturbances 
regardless of being on top of the roads and pads of previous mining/drilling/disturbed areas. Use of all road 
segments and pads for the proposed project will cause new disturbances. The EA/MND attempts to waive 
away the significance of these new surface disturbances on previously reclaimed areas, undermining the 
environmental review.  
 

3. Reclamation Plan is Not Provided 
 

The EA/MND refers to a Reclamation Plan (Sespe 2022) (at 8), but it is not provided with the 
EA/MND. Instead the EA/MND provides only a summary: “A summary of the Reclamation Plan is 
provided below, and complete details are provided in SMP – Oro Cruz Exploration Project Reclamation 
Plan (Sespe 2022), on file with Imperial County (Reclamation Plan #21-0001).” EA/MND at 8-10.  A copy 
of the plan should have been circulated to the public during the comment period.  Several important 
recommendations for reclamation from scoping comments do not appear to have been addressed in the 
EA/MND:  

 
● Prohibit blading of road segments or the staging area. Mow or hand cut vegetation to within 

inches of the ground on the road segments and then drive over them to the drill pad, creating a 
2-track path and leaving the roots intact. Vegetation will grow back faster from root stock than 
from seed. 

● Prohibit tracked vehicles and require only vehicles equipped with oversized, balloon tires to 
minimize soil compaction and to speed revegetation. 

● Topsoil is thin in the desert and what is scraped off for reclamation may blow away, if not 
covered. That topsoil needs to be protected by stockpiling at appropriate height to prevent 
composting from occurring which would kill off propagules and soil fauna. 
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● Plant seedlings and require reseeding only in the fall. Do not use hydroseeding methods. 
● The seed source for reseeding must contain locally sourced native species only. The grasses 

should be grasses that are native to the project site. 
● The BLM or an independent botanist needs to survey all of the drill sites and roads to them 

annually starting after the drilling ends, to determine whether SMP Gold Corporation has 
complied with the reclamation requirements. This information should be shared with the public. 
Issue a notice of violation if the results are substandard. 

● Require an annual report in the fall on how the revegetation is progressing and the presence of 
and removal of all noxious weeds. 

● Establish criteria for “successful reclamation”. Including the density and diversity of species 
● Require remediation if plants aren’t established after three years. 
● Identify who will be responsible for the monitoring after three years if the goals have not been 

met and funding from the project proponent to be sure it continues. 
● Clean vehicles before entering the project site if they have been driven where they could pick 

up non-native plant propagules on their vehicle. 
 
 Because these important issues regarding reclamation raised in scoping were not addressed in the 
EA/MND, and a copy of the full Reclamation Plan is not provided for public review, the document is 
inadequate as an informational document under NEPA and CEQA.  

 
IV. The Mitigated Negative Declaration is Inadequate to Fulfill the Requirements of SMARA or 
CEQA. 
 

A. SMARA and the County Ordinance Require the County to Evaluate Both the Mining 
Exploration Project and the Reclamation Plan 

 
Imperial County is identified as the lead agency for both SMARA and CEQA. EA/MND at 2.  As the court 
explained in Nelson v. County of Kern, 190 Cal. App. 4th 252 (2010):  
 

The Legislature declared that its intent in enacting SMARA was “to create and maintain an 
effective and comprehensive surface mining and reclamation policy with regulation of 
surface mining operations so as to assure that: [¶] (a) Adverse environmental effects are 
prevented or minimized and that mined lands are reclaimed to a usable condition which is 
readily adaptable for alternative land uses[; and ¶] (b) The production and conservation of 
minerals are encouraged, while giving consideration to values relating to recreation, 
watershed, wildlife, range and forage, and aesthetic enjoyment.” (§ 2712, subds. (a) & (b).) 
“To achieve those goals, SMARA requires that persons conducting surface mining operations 
obtain a permit and obtain approval of a reclamation plan from a designated lead agency for 
areas subjected to post-January 1, 1976, mining. (§§ 2770, 2776.)” (Hansen Brothers 
Enterprises, Inc. v. Board of Supervisors (1996) 12 Cal.4th 533, 547, fn. omitted.) In 
particular, SMARA provides: “[N]o person shall conduct surface mining operations unless a 
permit is obtained from, a reclamation plan has been submitted to and approved by, and 
financial assurances for reclamation have been approved by, the lead agency for the operation 
pursuant to this article.” (§ 2770, subd. (a).) This section, including the requirement that a 
surface mining permit be obtained from the lead agency, has been described as “‘[a]t the 
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heart of SMARA.’ ” (People ex rel. Dept. of Conservation v. El Dorado County (2005) 36 
Cal.4th 971, 984.) 
 
To facilitate the enforcement of SMARA, section 2774 states that “[e]very lead agency shall 
adopt ordinances in accordance with state policy that establish procedures for the review and 
approval of reclamation plans and financial assurances and the issuance of a permit to 
conduct surface mining operations . . .” (§ 2774, subd. (a).)    

 
Under the Imperial County Ordinance, exploratory mining activities fall within the definition of 

Surface Mining Operations (Title 9, Div. 20: Surface Mining & Reclamation (hereinafter “Title 9”) § 
92001.01.) The County Ordinance prohibits mining activities without first obtaining County approval of “a 
Permit, Reclamation Plan, and financial assurances for reclamation,” subject to narrow exceptions which are 
not relevant here.  Title 9 § 92001.03.  

 
The EA/MND acknowledges that Imperial County must approve the reclamation plan (at 2), but fails 

to acknowledge that a permit approval is also needed.  Just as in Nelson, here, the is no question that the 
County, as lead agency, “is responsible under SMARA and the local ordinance to evaluate the entire [] 
proposal and to determine both whether to issue a permit for mining operations and whether to approve the 
reclamation plan.” Nelson, 190 Cal. App. 4th at 269 (emphasis in original; citing Pub. Res. Code §§ 2770, 
subd. (a), 2774, subd. (a)). And as in Nelson, “[t]hat being the case, it was improper for County to sever the 
mining operations from the scope of its review under SMARA.” Id. 190 Cal. App. 4th at 269.  

 
As noted above, a complete copy of the reclamation plan was not provided to the public during this 

comment period. On this basis, the conservation groups reserve the right to provide additional comments 
once a complete copy of the reclamation plan is provided. The summary provided in the EA/MND is 
insufficient for the public or decision makers to determine if the reclamation plan is adequate to meet 
SMARA standards, and because the reclamation plan is a key part of the mitigation for the project, the 
failure to provide the public with all relevant studies and information also fails CEQA and fails to show that 
an MND is appropriate.  
 

B. CEQA requires the County to consider the whole of the action in an EIR. 
 

The joint EA/MND section “3.2 CEQA Checklist and Impact Analysis” is insufficient in several 
ways as detailed below and an EIR is needed. The purpose of CEQA is to provide decision-makers and the 
public with environmental information before decisions are made, not after. As the California Supreme 
Court observed in Laurel Heights I, “[i]f post-approval environmental review were allowed, [CEQA 
analyses] would likely become nothing more than post hoc rationalizations to support action already taken. 
We have expressly condemned this [practice].” Laurel Heights Improvement Ass’n v. Regents of Univ. of 
Cal. (“Laurel Heights I”), (1988) 47 Cal. 3d 376, 394 (citation omitted). Accordingly, “public agencies shall 
not undertake actions concerning the proposed public project that would have a significant adverse effect or 
limit the choice of alternatives or mitigation measures, before completion of CEQA compliance.” CEQA 
Guidelines § 15004(b)(2). In particular, an agency shall not “take any action which gives impetus to a 
planned or foreseeable project in a manner that forecloses alternatives or mitigation measures that would 
ordinarily be part of CEQA review of that public project.” CEQA Guidelines § 15004(b)(2)(B). CEQA 
requires the preparation of environmental review documents “as early as feasible in the planning process to 
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enable environmental considerations to influence project program and design and yet late enough to provide 
meaningful information for environmental assessment.” Laurel Heights I, 47 Cal. 3d at 395; see also CEQA 
Guidelines § 15004(b). 
 

Only when “there is no substantial evidence in light of the whole record before the public agency 
that the project . . . may have a significant effect on the environment” may an agency prepare a negative 
declaration or mitigated negative declaration instead of an EIR. (Public Res. Code § 21064.5; see also id. §§ 
21064, 21080(c).). A mitigated negative declaration, in particular, is prepared “when the initial study has 
identified potentially significant effects on the environment, but . . . revisions in the project plans or 
proposals . . . would avoid the effects or mitigate the effects to a point where clearly no significant effect on 
the environment would occur” and there is no substantial evidence the project may have a significant effect 
on the environment. (Id. § 20164.5.) If there is substantial evidence that a project may have a significant 
effect on the environment, an agency must prepare an EIR. (Id. § 21080(d).) 

If an agency is presented with so much as “a fair argument that a project may have a significant 
effect on the environment, the lead agency shall prepare an EIR even though it may also be presented with 
other substantial evidence that the project will not have a significant effect.”  (CEQA Guidelines § 
15064(f)(1); see also No Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 68, 75. By contrast, negative declarations 
are appropriate only when there is no substantial evidence in light of the whole record before the public 
agency that the project, as revised, may have a significant effect on the environment. Pub. Resources Code, 
§ 21064.5; see also § 21080, subd. (c); CEQA Guidelines §§ 15006, subd. (h), 15064, subd. (f)(2), 15070, 
subd. (b), 15369.5.   

Where, as here, there is a fair argument that the proposed project – the proposed mine exploration 
activities including new and expanded access roads and a reclamation plan—may have a significant effect 
on the environment, preparation of an EIR is required. Public Resources Code §§ 21100, 21151; CEQA 
Guidelines § 15064(a)(1); No Oil, Inc. v. City of Los Angeles (1974) 13 Cal. 3d 68, 82. No such 
determination can be made in this instance as detailed in this letter, there are potentially significant impacts 
to wildlife, water, air, cultural resources, and other resources. 
 

Furthermore, under CEQA, an EIR must be prepared even if the lead agency can point to substantial 
evidence in the record supporting its determination that no significant effect will occur. Architectural 
Heritage Assn. v. County of Monterey (2004) 122 Cal. App. 4th 1095, 1110. The lead agency may not 
dismiss evidence because it believes that there is contrary evidence that is more credible. Pocket Protectors 
v. City of Sacramento (2005) 124 Cal. App. 4th 903, 935. Either there is substantial evidence showing the 
possibility of a significant environmental effect or there is not. If there is, then the lead agency must prepare 
an EIR. Architectural Heritage Assn., 122 Cal. App. 4th at 1109-1110. Importantly, the “fair argument” test 
“establishes a low threshold for initial preparation of an EIR, which reflects a preference for resolving 
doubts in favor of environmental review.” Id. at 1110.  
 

The County is required to consider the whole of the action in its CEQA review. CEQA Guidelines, 
Section 15378. The definition of “project” is “given a broad interpretation in order to maximize protection 
of the environment.”  Lighthouse Field Beach Rescue v. City of Santa Cruz (2005) 131 Cal.App.4th 1170, 
1180 (internal quotation omitted); see also, Muzzy Ranch Co. v. Solano County Airport Land Use Com. 
(2007) 41 Cal.4th 372, 381-83; Fullerton Joint Union High Sch. Dist. v. State Bd. of Educ. (1982) 32 Cal.3d 
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779, 796-97; Bozung v. Local Agency Formation Com. (1975) 13 Cal.3d 263, 277-81.)  A “project” is “the 
whole of an action” directly undertaken, supported, or authorized by a public agency “which may cause 
either a direct physical change in the environment, or a reasonably foreseeable indirect physical change in 
the environment.”  (Public Resources Code § 21065; CEQA Guidelines § 15378(a).)  Under CEQA, “the 
term ‘project’ refers to the underlying activity and not the governmental approval process.”  California 
Unions for Reliable Energy v. Mojave Desert Air Quality Mgmt. Dist. (2009) 178 Cal.App.4th 1225, 1241, 
(quoting Orinda Assn v. Bd. of Supervisors (1986) 182 Cal.App.3d 1145, 1171-72 [emphasis added].) 
(CEQA Guidelines, § 15378(c) [“The term 'project' refers to the activity which is being approved and which 
may be subject to several discretionary approvals by governmental agencies. The term 'project' does not 
mean each separate governmental approval.”].  As the court concluded in Nelson, 190 Cal. App. 4th at 272 
“the entire CEQA project that had to be reviewed by County included both the mining operations and the 
reclamation plan. Both aspects were integrally related and constituted the whole of the action or the entire 
activity for which approvals were being sought.” Put another way, “CEQA required County to engage in an 
environmental review of both the mining operations and the reclamation plan—the entire project.” Id. 
 
  Under the County Ordinance, before a permit or reclamation plan can be approved, the site plan and 
reclamation plan must be found to meet the requirements of SMARA and other state statutes and regulations 
including CEQA. See Title 9 § 92002.03. Unfortunately, the County’s ordinance does not fully describe the 
County’s CEQA obligations because it only expressly mentions CEQA in the context of approval of the 
reclamation plan. Title 9 § 92002.03(B)(4).  Here, the County does not acknowledge the need for a permit 
for all operations and the IS/MND fails to address several potentially significant impacts, rendering it 
inadequate. 
 

As detailed above, the Project may have significant direct and indirect impacts on listed species 
(desert tortoise), fully protected species (golden eagles), as well as other wildlife species of special concern 
(flat-tailed horned lizard and Colorado fringe-toed lizard), therefore, an EIR is required. See, e.g., CEQA 
Guidelines §15065(a)(1) (mandatory findings of significance). Impacts to habitat for rare flora and fauna are 
significant under section 15065 and require full evaluation under CEQA. See Mira Monte Homeowners 
Association v. Ventura County, 165 Cal.App.3d 357, 363-364.  In addition, the EA/MND fails to show that 
all needed plant surveys were undertaken, particularly fall plant surveys.  On this basis as well the EA/MND 
is inadequate.  
 
 As detailed above, the analysis of impacts to water resources is woefully incomplete. EA/MND 
states that Project water use overall will be up to 2,000 gallons per day and approximately 240,000 gallons 
of water over the life of the Project (EA/MND at 90) and that the water would be trucked in from existing 
wells but does not identify which wells (at 92). And even though the specific source of water is not known, 
the EA/MND at 92 claims that “Project would not consume groundwater from the Imperial Valley 
Groundwater Basin” – there is no support for this statement. Further, the EA/MND at 92 admits 
“Groundwater may be encountered during the course of exploratory drilling within the Drill Pads.” But the 
EA/MND fails to quantify the amount of groundwater that may be affected if it is encountered. This also 
contradicts the premise in the EA/MND that no groundwater on site would be affected.  The IS/MND notes 
that the area is not an adjudicated basin but provides no analysis to support the determination that this level 
of groundwater use is not significant in this arid environment that is currently in drought conditions. Water, 
especially in the desert and even more so in the time of chronic drought in California is a key resource that 
needs to have a full analysis in an EIR for this proposed project. The County should have fully addressed 
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those potentially significant impacts but did not, on this basis as well an EIR is needed. In addition, as noted 
above, groundwater in this area is limited because it’s use may draw water from the Colorado River, the 
CEQA review did not disclose whether a water right is needed. Because the EA/MND fails address this 
potentially significant impact to Colorado River water resources, it is inadequate on this basis as well. 
Because the IS/MND failed to fully identify and analyze impacts of groundwater use by the Project it fails to 
comply with CEQA.  
 

CEQA also requires that environmental review must analyze the effects of any proposed mitigation 
measures and their likely efficacy. CEQA Guidelines § 15126.4(a)(1)(D) (“If a mitigation measure would 
cause one or more significant effects in addition to those that would be caused by the project as proposed, 
the effects of the mitigation measures shall be discussed”); Save Our Peninsula Comm. v. Monterey Board 
of Supervisors (2001) 87 Cal.App.4th 99, 130 (“An EIR is required to discuss the impacts of mitigation 
measures”). An agency's determination that a proposed mitigation measure will effectively mitigate an 
impact must be supported by substantial evidence. City of Irvine v. County of Orange (2015) 238 
Cal.App.4th 526. 
 

The IS/MND suggests several mitigation measures that may themselves have impacts which are not 
analyzed. For example, the IS/MND acknowledges for air quality that the area is in nonattainment for PM10 
(at 17), and that the project will cause emissions and relies on standard “project design features (“PDFs”) 
incorporating the local air district rules for fugitive dust emissions and GHG emissions to mitigate impacts 
to PM10 air quality (at 19). However, those PDFs which would potentially reduce impacts to air quality, 
which address mitigation measures for air quality relied on in the IS/MND, would use potentially significant 
amounts of water and the mitigation measures are very general.  PDF-7 for Air Quality only states that “The 
Project would comply with applicable State of California and Imperial County Air District rules for fugitive 
dust emissions and greenhouse gas emissions.” It does not provide details of those rules.  

 
Compliance with the law alone is not sufficient evidence to support a finding of no significant 

impact under the CEQA. See Oro Fino Gold Mining Corp. v. County of El Dorado (1990) 225 Cal. App. 3d 
872, 881–882. The IS/MND assumes that compliance with other regulations and programs will mitigate the 
air quality impacts to less-than-significant levels. The IS/MND lacks any project-specific analysis of the 
potential impacts and the effect that regulatory compliance could have on those impacts.  Because the 
Project does not disclose the specifics of the Project’s impacts in the first instance, nor provide any specifics 
on these regulatory programs, the IS/MND lacks a basis to conclude that these regulatory programs in and of 
themselves will reduce the environmental impacts of this project to less-than-significant levels. Accordingly, 
the IS/MND’s conclusion that air quality impacts will be mitigated to less-than-significant levels is 
unsupported.  

 
Further, although EA/MND at 91 and Appendix F Table F-1, PDF-3 state “Water used for dust 

control would be kept to a practicable minimum . . .”, the EA/MND elsewhere states that Project water use 
overall will be up to 2,000 gallons per day and approximately 240,000 gallons of water over the life of the 
Project (EA/MND at 90) and that the water would be trucked in from existing wells but does not identify 
which wells (at 92). As explained above, this discussion of the groundwater use is in adequate. Because the 
mitigation measure to address potential impacts to air quality may have potentially significant impacts to 
water resources, the MND should have fully addressed those potentially significant impacts but did not. In 
addition, as noted above, groundwater in this area is limited because it’s use may draw water from the 
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Colorado River, the CEQA review did not disclose whether a water right is needed. Because the EA/MND 
fails to mention this additional potential limit on water availability for the mitigation measure it relies on, it 
is inadequate on this basis as well. Because the IS/MND failed to address the impacts of the water use for 
the air quality mitigation measure the MND cannot be relied on and the County has failed to comply with 
CEQA.  
 

Here, there are several potentially significant impacts that are not shown to be fully mitigated 
including impacts to wildlife, cultural resources, air quality and ground water and there are potentially 
significant impacts to the environment that are not adequately identified and analyzed including 
inconsistencies with the governing land use management plan (as detailed above). Therefore, the County 
must prepare an EIR and cannot rely on a mitigated negative declaration.   
 

The proposed mining exploration project may also have significant impacts to cultural resources.  
Imperial County claims it has fulfilled its obligations under AB 52 with a letter to a single tribe that went 
unanswered (EA/MND at 49). This fails to comply with the spirit of consultation requirement cannot excuse 
the County’s failure to consider cultural resources and information tribal representatives have provided to 
BLM regarding the Project’s potentially significant effects on cultural resources. On this basis as well, an 
EIR is needed.  
 

Based on the number of imperiled species with potential to be affected by the proposed mining 
exploration, lack of adequate biological surveys, and because potential impacts to water resources and air 
quality that have not been fully identified or analyzed in the EA/MND, an EIR is required. 
 
Conclusion 
 

Due to the numerous violations of FLPMA, NEPA, and other laws, BLM cannot approve the 
Project based on the EA and must prepare an EIS. Due to Imperial County’s failure to comply with 
SMARA, CEQA and other laws and regulations, and because there is a fair argument that the Project 
will significantly impact the environment Imperial County cannot approve the Project based on the 
IS/MND and must prepare an EIR.1   Please keep us informed of all notices associated with this 
project.  
 

Respectfully, 
 
 
Lisa Belenky, Senior Attorney  
Hallie Kutak, Staff Attorney 
Center for Biological Diversity  
lbelenky@biologicaldiversity.org  
hkutak@biologicaldiversity.org 
 
 

 
1 As noted above, because the notice period for the IS/MND by Imperial County continues until January 20, 2023, the 
conservation organizations reserve the right to provide additional detailed comments on all issues.  

 
Joan Taylor, Chair 
Sierra Club California/Nevada Desert Committee 
 
 
Laura Cunningham California Director 
Western Watersheds Project  
lcunningham@westernwatersheds.org  
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Jared Naimark, California Mining Organizer  
EARTHWORKS 
jnaimark@earthworksaction.org  
 
 
Kara Matsumoto, Public Lands Policy Director 
Conservation Lands Foundation  
kara@conservationlands.org  
 
Kelly Herbinson and Cody Hanford  
Joint Executive Directors 
Mojave Desert Land Trust 
kelly@mdlt.org 
 
 

 
 
 
Isabella Langone, J.D. 
Conservation Program Manager 
California Native Plant Society 
ilangone@cnps.org  
 
 
Bradley Angel 
Greenaction for Health and Environmental Justice 
bradley@greenaction.org  
 
Preston J. Arrow-weed, President 
Ahmut Pipa Foundation 
ahmut@earthlink.net  
 

cc:  
Michael Abraham, Assistant Director, Imperial County Planning & Development Services 

michaelabraham@co.imperial.ca.us ; ICPDSCommentLetters@co.imperial.ca.us  
Brian Croft, USFWS, Brian_Croft@fws.gov  
Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  
Tom Plenys, EPA, Plenys.Thomas@epa.gov  
Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  
Julianne Polanco, State Historic Preservation Officer (SHPO), julianne.polanco@parks.ca.gov  
Commissioner Laura Miranda, California Native American Heritage Commission. Chairperson 

Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  
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About Us – Southern Empire Resources

Acquisition, Exploration and Development of Gold Deposits in North America.

Southern Empire is focused on the acquisition, exploration and development of gold
deposits in North America. Our projects are located in the world’s best mining
jurisdictions and they are selected strategically to be positioned near existing
infrastructure.

ORO CRUZ & AMERICAN GIRL, CARGO MUCHACHO MOUNTAINS,
CALIFORNIA

In the Cargo Muchacho mountains of Imperial County, southeast California, Southern Empire owns
the American Girl Mine Property and holds options to acquire a 100% interest in the 2,160 hectares
(5,338 acre) Oro Cruz Property located approximately 22.5 kilometres (km; 14 miles) southeast of
the operating Mesquite gold mine of Equinox Gold Corp.

With a history that includes extensive drilling and large-scale open pit and underground mining by
the American Girl Mining Joint Venture (53 per cent owned by MK Gold Co., a subsidiary of
Morrison Knudsen Corporation, and 47 per cent owned by Hecla Mining Company), which was
suspended during the gold market downturn in 1996, the Oro Cruz Gold Project hosts many
exploration targets in addition to a high-grade oxide gold zone that, based on the historical mine
operation records, is amenable to conventional heap leach extractive methods.

EQUITY INTEREST IN BULLFROG GOLD CORP.

Southern Empire also holds a significant equity interest in Bullfrog Gold Corp., a US based gold
exploration company with a commanding land package in the Bullfrog Mine area from which
Barrick Gold Corp. produced more than 2 million ounces during the 1990’s.

EXPERIENCED & KNOWLEDGABLE MANAGEMENT TEAM



Our team, including 2015 Canadian Mining Hall of Fame inductee, Ron Netolitzky, has decades of
experience and the proven ability to deliver results. Meet our leadership team here.

Southern Empire is listed on Toronto’s TSX Venture Exchange under the symbol SMP  and also
trades on Germany’s Frankfurt Exchange, having the symbol 5RE.

Our share capital is widely, but tightly held. Please, see our current Share Capital Structure.

For further information, please contact Southern Empire here and visit our SEDAR page.

SMP CORPORATE PRESENTATION

CONTACT SMP

Join our Mailing List

Direct Contact Form
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2020 – Imperial Exploration Project 
Pursuant to CFR §3809.401 

1.0 Introduction 

1.1 Purpose and Scope 

This Exploration Plan of Operations (“EPO”) describes the Imperial Exploration Project 
("Project") proposed by Imperial USA Corporation ("IUC").  The purpose of the Project is 
to develop exploratory drill holes for mineral, geotechnical, environmental, 
hydrogeological, and/or engineering assessments.  This EPO is submitted pursuant to 
and in conformance with the U.S. Bureau of Land Management ("BLM") Surface 
Management Regulations at 43 CFR § 3809 et seq. 

1.2  Project Overview 

The Project is a drilling program on three segments of a claim block controlled by IUC 
that includes contiguous unpatented lode and mill site claims on 2,939 acres (1,149 
ha.) (the "Project Segments").  The Project Segments are located north of the Cargo 
Muchacho Mountains in southeast Imperial County, California and approximately 47 
miles east-northeast of El Centro, California and 22.5 miles north-northwest of Yuma, 
Arizona. (Figure 1).  The boundaries of the Project Segments and land use status are 
presented on Figure 2. 

All IUC's claims located within the Project Segments are on federally owned lands 
administered by the BLM El Centro Field Office. There are no private or state-owned 
lands within the Projects Segments.  

The Project Segments trend southeast to northwest and are referred to as (i) the Indian 
Pass Segment at the southeast end of the project area, (ii) the Ogilby Segment in the 
trend center, and (iii) the East Mesquite Segment in the northwest.  The Project 
Segments will be accessed primarily by (i) Indian Pass Road, (ii) the Ogilby Road, and 
(iii) several existing BLM Legal Routes within and around the Project Segments.  Table 
1 presents pertinent information on the Project Segments.  

Table 1. Project Segments 

Project 
Segment 

Claim 
Names 

Acres 
Disturbed 

Total 
Acres BLM Legal Routes Used Township, Range 

and Section 

Indian Pass 
UYA, 
BB, 
SWL 

10.8 1,571 649, 680, 989, 880, 841, 840, 
843, 845, 859, 858, 878, 877 

NW Corner of T.14S. 
R.21E and SW Corner 
T.13S., R.21.E.  

Ogilby KMI 1.9 645 654,647, 645, 643, 641, 631, 
615, 531 

SE Corner of T.13S, 
R.20E. 

East 
Mesquite KMI 1.6 723 648,683,754.735,629 T. 13S., R.19E, S.12, 
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The Project proposes to grade drill pads within the Project Segments that will be used 
to complete 4-inch diameter exploratory drill holes for mineral, geotechnical, 
environmental, hydrogeological, and/or engineering assessments.  Grading, where 
needed, will be accomplished with a rubber-tired backhoe loader and will be 
conducted in a manner to minimize disturbance.  A core or reverse circulation (“RC”) 
drill rig will advance the drill holes. 

Access to the drill pads on the Project Segments will utilize BLM Legal Routes, and 
previously disturbed lands as much as possible.  Attachment A provides an overview 
map and individual maps for each Project Segment.   

Using the local workforce where possible, work will begin as soon as this EPO has 
been approved and equipment can be mobilized. The operation, including reclamation, 
should be complete within about three years from start-up.  No permanent fixed 
structures will be built, and all equipment and any temporary structures will be 
removed from individual pads after completion of drilling and proper abandonment of 
the drill holes. 

The Project is designed and will be operated to minimize potential direct, indirect, and 
cumulative impacts related to the resources discussed below.  Table 2 identifies 
resources with potential to be impacted by the Project, and the development and 
operating practices that will be used to minimize any potential impacts. 

Table 2. Project Practices to Reduce Potential Impacts 

Potentially Affected Resource Practice 

Air 

• Implement dust control measures such as two-track
trails watering and treatment during movement of
equipment.

• Employee training for dust emission reduction
• Reduced speed limits

Water 

• Utilize BMPs to minimize erosion and sedimentation.
• Utilize approved non-hazardous drill lubricants and

palliatives for dust control.
• Clean up spills immediately.
• Recycle ~80% of the water at the process site.

Land/Soils 

• Use BLM Legal Routes for access to drill sites to fullest
extent possible.

• Use rubber-tired backhoe-loader to minimize
disturbance.

• Stockpile topsoil for revegetation.

Vegetation • Minimize new disturbance to limit vegetation damage.
• Relocate cacti for use prior to grading.

Wildlife • Minimize new disturbance to limit habitat degradation.
• Desert tortoise awareness training for all employees.
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• Baseline and preconstruction surveys for desert tortoise
• Monitoring in advance of all new grading activity
• Exclusionary fencing where appropriate

Special Species Status 

• Train workers to recognize and protect special status
species.

• Record any observations or encounters of species with
special status.

• Determine if observations or encounters merit
additional measures.

Cultural Resources 

• Avoid adverse effects to historic properties through
project redesign; utilization of existing ground
disturbance; and oversight by archaeological monitors
where appropriate.

• Train workers to recognize and avoid cultural resources.
• Develop and implement drilling work plans to avoid

adverse effects.
• Adhere to existing guidance in The CA BLM Protocol to

address human remains and unanticipated discoveries.

Visual Resources 

• Remove temporary structures upon completion of use.
• Remove all equipment upon completion of drilling on

each pad.
• Drill cuttings buried on site or worked into the surface of

the drill pad prior to topsoil application.
• Regrade disturbed areas to blend with topography

during reclamation.
• Revegetate disturbed areas.

Recreation/Public Safety 

• Minimize new disturbance. Exclude public from
operational areas only. Safety signage will be posted the
drill pads and along the two-track trails.

• Will not block BLM Legal Routes.

1.3  History 

The region has a long mining history which dates back to the 1780's and has 
continued until the present with mines such as Picacho, Tumco, and American Girl 
from the late 1800’s and more recently, the opening of the Mesquite Mine in 1986. 
Mining activities within in the Project boundaries, however, were limited to minor dry 
placer exploration operations and drilling exploration conducted in the 1970's into the 
1990s.  

More recently, Chemgold, Inc. began exploring the Indian Pass area for a mining 
operation in the mid-1990s.  This project was continued as Glamis Imperial 
Corporation’s Imperial Project.  Between the two companies, over 300 exploration drill 
holes were placed in the Indian Pass area that included numerous access roads and 
the conversion of some drill holes into groundwater monitoring wells and piezometers. 
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This area was also the subject of several technical environmental studies and 
evaluations that included Cultural Resource and Biological assessments, amongst 
others.  Previous field work for assessing mineralization potential, rock hounding and 
recreational use of the area by off-road enthusiasts has resulted in a significant 
amount of disturbance on the site. 

1.4  Environmental Setting 

The Project area is situated on nearly flat terrain south of the Chocolate Mountains 
and north of the Cargo Muchacho Mountains, at elevations ranging between 760 and 
925 feet above mean sea level (AMSL).  The Project area is transected by ephemeral 
washes which drain from the northeast to the southwest, terminating by infiltration 
against the Algodones Dunes.  

Present and pre-mining land use of the Project area includes mineral-related activities, 
recreation (rock-hounding and off-highway vehicle use), hunting and wildlife habitat.  

Soils on the Project area are 0 to 18 inches thick and poorly developed, consisting of 
gravelly or coarse sands, with most of the area covered by upland flats or desert 
pavement. Vegetation in the Project area is sparse, with plants more abundant along 
washes. Typical upland vegetation is a shrub/scrub type consisting of burrobush, 
creosote bush, teddy-bear cholla, and ocotillo; washes have additional tree species of 
desert ironwood and palo verde, and other shrub species of sweetbush and desert 
lavender.  

Previous groundwater studies completed in the mid 1990’s for the Project area 
determined that groundwater elevations varied extensively across the Project area and 
ranged from 75 feet amsl to 575 feet amsl. Tests conducted in the Indian Pass 
Segment of the Project indicated that the hydraulic conductivity of the bedrock 
formation is very low.  The closest surface water bodies to the Project area are the 
Colorado River approximately 7.75 miles to the east and the Salton Sea about 44 miles 
northwest (Westec, 1996). 

Average annual precipitation in the Project area is approximately 4.5 inches.  All 
surface drainages in the area are ephemeral, with flows occurring only during and 
immediately following major precipitation events. Precipitation tends to occur in 
fairly short, intense storm events in the summer and frontal storms in the winter 

2.0  Applicant Information 

2.1  Name of Operator and Claimant 

Imperial USA Corporation  
312 E Barioni Blvd.  
Imperial, CA 92251 
c/o Marc Leduc  
(720) 635-3143 (Marc@Koremining.com) 
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2.2  Taxpayer EIN:  

88-0262623 

2.3  Individual Completing Application 

Dennis Fransway 
EnviroMINE, Inc 
3511 Camino Del Rio South Suite 403 
San Diego, CA 92108 
619-284-8515 (Dennis@Enviromineinc.com) 

2.4  Legal Description and Claim Information 

The proposed activities for this Project will take place on the three Project Segments 
presented in Table 1, the Indian Pass Segment is located is located in the northwest 
corner of Township 14S, Range 21E and the southwest corner of Township 13S, Range 
21E. Ogilby Segment is located in the SE Corner of T.13S, R.20E. and  East Mesquite 
is T. 13S., R.19E, S.12 all on the Hedges, CA 7.5 Quad, San Bernardino Base 
Meridian.  The specific details for the location and the claims are presented in 
Attachment B.  All claims are controlled by IUC. 

2.5  Claim type 

Lode and Mill Site 

2.6  Relationship to BLM Regulations and Land Use Plan Conformance 

The three Project Segments are located within the Picacho Area of Critical 
Environmental Concern ("ACEC") established as a result of the Desert Renewable 
Energy Conservation Plan ("DRECP") in 2016 (Figure 2).  Under BLM regulations, any 
level of new disturbance within an ACEC will require a Plan of Operation and 
Environmental Assessment pursuant to the National Environmental Policy Act 
("NEPA").  Exploration activities proposed in this EPO subject to this requirement 
include overland access, two-track trail establishment (to the limited extent where 
access via BLM Legal Routes is not available), grading of exploration drill pads and 
sumps, and reclamation. 

Although certain activities in the ACEC are subject to a disturbance cap,1 all 
disturbance associated with IUC's exploration activities discussed herein are not 
subject to the ACEC disturbance cap, because IUC's exploration activities are 
"operations" "reasonably incident" to surface mining, as defined within 43 CFR § 

1 It is unclear whether BLM has inventoried existing disturbance throughout the ACEC. 
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3809.5 and 3715.0-5, respectively. Thus, IUC's exploration activities, which are 
authorized by the Mining Law of 1872, cannot be limited by provisions of a 
subordinate land-use plan such as the DRECP.  (See, e.g., BLM H-3809-1 Surface 
Management Handbook, p 8-14, § 8.7.1.2) Accordingly, the ACEC disturbance cap 
shall "have no force and effect" on IUC's right to enter and explore IUC's unpatented 
mining claims located within the Ogilby and East Mesquite Segments. 

Moreover, although IUC's unpatented mining claims located within the Indian Pass 
Segment are located within the "Indian Pass Withdrawal Area," which was subject to a 
20-year withdrawal from mineral entry effective October 27, 2000, and was 
subsequently permanently withdrawn from mineral entry on or around March 12, 
2019, both withdrawals were subject to valid existing rights.  As set forth in that 
certain 2002 BLM Mineral Report (Serial No. CACA 35511), IUC's unpatented mining 
claims located within the Indian Pass Segment were deemed valid as of 1998, prior to 
any withdrawal from mineral entry, and therefore remain open for mineral entry and 
exploration by IUC and not subject to the ACEC disturbance cap.  

The proposed drill pads on the Indian Pass segment of the Project are all located on 
valid mill site or lode claims as identified in the 2002 Mineral Report cited above.  
Work on the mill site claims will consist of placing drill holes for the purpose of 
collecting geotechnical data, conducting hydrogeological assessments or other 
ancillary purposes. Drill pads on these mill site claims are identified with the 
designator “G” attached to the pad number.  For example, KIP20–XXXG.   Lode claims 
will be drilled for mineral re-assessment and to collect information on the 
geotechnical, hydrogeologic and subsurface conditions of the Project.  These pads do 
not have the “G’ designator attached to the claim number. 

(area left blank intentionally) 

2 "In addition, land use plans must recognize the rights granted by the Mining Law to enter, 
explore, and develop mineral resources on the public lands.  A land use plan cannot change 
the law’s authorization to use public lands that are open to location under the Mining Law. 
Areas may only be removed from operation of the Mining Law by congressional withdrawal or in 
accordance with the withdrawal provisions of Section 204 of FLPMA."  Further, in areas open to 
mineral entry or closed subject to valid existing rights, a land use plan cannot preclude mining 
or restrict certain types of mining activities, or generally place limits on the type or size of an 
operation. 
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3.1  Activity Description 

The activity described in this EPO is an exploration drilling program to complete 
mineral, geotechnical, environmental, hydrogeological, and/or engineering 
assessments within the following three Project Segments: (i) the Indian Pass Segment, 
(ii) the Ogilby Segment and (iii) the East Mesquite Segment of the Project.  These three 
Project Segments lie on a southeast to northwest trend with Indian Pass Segment on 
the southeast and East Mesquite Segment on the northwest of the Project area. 

Exploration activities on all Project Segments proposed in this EPO include overland 
access via 10 feet wide two-track trails  (to the extent BLM Legal Routes are not 
available), grading of exploration drill pads and sumps, and reclamation.   

The proposed drilling operations will access all the Project Segments across BLM Legal 
Routes and overland access with 10 feet wide, two-track trails, as much as possible, to 
minimize disturbance. Two-track trails will also be used where old roads disturbed the 
site in the past.  A total of one hundred and sixty-eight (168) drill pads will be 
constructed on the three Project Segments and multiple borings may be drilled on 
each pad.  After drilling for mineral re-assessment is completed on pad KIP20-109 and 
for geotechnical purposes on KIP20-110G, a boring will be completed, and 
groundwater monitoring wells installed at these locations. To support the groundwater 
monitoring, piezometers for measuring groundwater levels will be installed in 
completed boreholes on pads KIP20-004, KIP20-054 and KIP20-007. 

Four, small test pits will also be excavated by an excavator for metallurgical samples. 
These test pits will be located on a rock outcrop on the northern part of the Indian 
Pass segment of the Project and are expected to be completed in approximately two 
days. These test pits will be 4 ft. wide x 15 ft. long and 10 ft. deep with approximately 
30 cubic yards, total, of rock material retrieved for analysis. Each trench will be 
backfilled immediately after completion. Test pits 1 and 2 will be on claim UYA-189. 
Test Pit 3 will be on claim UYA-101 and Test Pit 4 on claim UYA-186. 

3.2  Location and Access 

The route of access from El Centro, California to the Indian Pass and Ogilby Project 
Segments of the Project area is to proceed east on Interstate 8 about 44 miles to the 
Ogilby Road exit (Exit 159).  From Yuma, Arizona take Interstate 8-West approximately 
15.3 miles to the Ogilby Road Exit.  Turn north and proceed approximately 13.3 miles 
to the intersection with Indian Pass Road, a graded dirt road.  Turn east (right) and 
continue for approximately 5.0 miles to the Project area (Figure 3).  Access to the East 
Mesquite segment is to proceed north on Ogilby Road approximately about 8.25 miles 
past Indian Pass Road to BLM Legal Route 648 and go west.  A power/telephone line 
is adjacent to this road on the north side. No incorporated towns are located within 20 
miles of the Project area; however, there is a fueling station and a California Highway  

3.0  Description of Exploration Activity
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road trails/unmaintained roads previously used by other operators and off-road 
vehicles are present in the proposed Project area.  As much as practical, IUC will 
follow these previously disturbed trails/unmaintained roads to access the locations of 
the new drill pads. Safety signage will be place around all active Project areas, at each 
pad and along each of the two track trails used by the Project. 

3.3  Project Area Biology 

The following description of the biological resources is based on previous assessments 
of the Indian Pass Segment of the Project.  Ogilby and the East Mesquite Segments 
have not been evaluated however, IUC is in the process of contracting for professional 
services to have both biological and cultural evaluations conducted for the disturbance 
areas of these two Project Segments.   

3.3.1 Vegetation 
Biological surveys completed in the mid-1990s described the vegetation communities 
on the Indian Pass Segment ("Indian Pass Study Area") of the Project and assessed the 
potential for special-status plant species to occur (Figure 5).  In 2018 a biological 
evaluation for the Indian Pass Study Area found that no substantial changes in 
vegetation composition have occurred within that area over the past 25 years.  
Vegetation communities mapped during the 1995 surveys persist in the Indian Pass 
Study Area; however, the names given to those communities have changed. (Table 3.)  

Table 3.  Vegetation Communities within the Indian Pass Study Area 

Vegetation Community  
1990s 

Vegetation Community 
2018 

Sensitive? Acres 

Desert succulent scrub 
Creosote bush scrub No 662.61 

Creosote bush – white burr sage No 266.49 
Desert pavement No 500.30 

Microphyll woodland Blue palo verde – ironwood woodland Yes 140.82 
Total: 1570.22 
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Special-Status Species - Vegetation 
Previous surveys assessed the potential for 26 special status species to occur in the 
Indian Pass Study Area.  Of the 26 special status species, 12 special status plant 
species were determined to have a moderate to high potential to occur within the 
Indian Pass Study Area.  
 
Two plant species classified under the California Native Plant Society ("CNPS") 
Inventory system were observed during a 2018 survey. Pink fairyduster (CNPS 2B.3) 
was observed in shallow, narrow tributary washes to the major washes within the 
Indian Pass Study Area. Approximately 7,000 individuals were identified and mapped 
on silty or sandy drainage bottoms within thee drainages. Pink velvet mallow (CNPS 
4.3) was also observed in several localized patches in the westernmost major wash 
within the Study Area. Approximately 200 individuals were identified and mapped on 
the wash edges under blue palo verde–ironwood woodland canopy. 
 
Neither species is protected under California's applicable plant life protection statutes, 
including the California Endangered Species Act ("CESA"), the Native Plant Protection 
Act ("NPPA"), and the Desert Native Plant Act ("DNPA"). 
 
Threatened or Endangered Plant Species 
No threatened or endangered plant species were observed in the Indian Pass Study 
Area.  
 
3.3.2 Wildlife 
Wildlife composition and habitats have remained generally un-changed in the last 25 
years.  Wildlife encountered during a 2019 site visit make up the basis for the 
assessment of current conditions (WRA. 2020). 
 
Special-Status Wildlife 
One special-status wildlife species, black-tailed gnatcatcher (California Fish and 
Wildlife Service: Watch List), was commonly observed flying and foraging within the 
larger washes on the Indian Pass segment of the property in 2018.  Based on a review 
of the resources and databases, a total of 29 special-status wildlife species have been 
documented in the vicinity of the Indian Pass Study Area.  Twelve of these species 
have been documented within 5 miles of the Indian Pass Study Area.   
 
Threatened or Endangered Animal Species 
The Mojave Desert tortoise is a federally listed species that is known to occupy the 
Project area. The Project Segments and all drill pads located thereon are not located 
within Mojave Desert tortoise Designated Critical Habitat.   
 
Due to the potential presence of desert tortoise within the vicinity of the Project 
Segments , formal consultation between BLM and USFWS may be necessary. A 
biological assessment that addresses the impacts to the desert tortoise would be 
required to initiate formal consultation. The measures described in the Section 3.3.3 
Mitigation, below, reflect standard or anticipated requirements, and may be 
incorporated as part of the Project. Any Biological Opinion resulting from any Section 
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7 Consultation would provide specific conditions and requirements that may 
supersede some of the following measures.  
 
Raptors 
There are no known raptor nests in the Project area, although several raptors have 
been observed foraging in the area. 
 
3.3.3  Mitigation  
Pre-construction surveys for special-status plants and wildlife will be completed within 
30 days of the start of work.  If necessary, access routes and pads will be adjusted to 
avoid sensitive species.  A Desert tortoise monitor will be utilized to clear all grading in 
advance of the activity. 
 
Plants: 

 
• Ocotillo shrubs and all cacti species will be identified.  If two track trails or 

pads cannot be adjusted to avoid these plants, they will be salvaged by 
excavating and placing in containers for future reclamation. 
 

 
Wildlife:   
 

• Desert Tortoise Monitoring and Exclusion 
 

• Best Management Practices ("BMPs") for desert tortoise surveying, 
monitoring and avoidance will be utilized. Specific mitigation measures 
may be necessary and will be implemented consistent with state and/or 
federal law, BLM requirements, and USFWS requirements.  
 

• There will be pre-construction surveys utilizing USFWS approved (2009, 
2019)3 survey methods of defined project areas for tortoise sign. 
Surveyors will first determine whether desert tortoise are present in the 
area. If appropriate, surveyors will record tortoise sign on a standardized 
form. Tortoise sign includes burrows and burrow conditions, scats that 
are not burrows, carcasses, tracks, and live animals. If appropriate, 
survey results will be used to determine an estimated number of desert 
tortoises in the project area(s) using USFWS (2019) methodology and any 
necessary further action will be taken consistent with state and/or 
federal law.  
 

• Clearance surveys will be conducted consistent with USFWS Desert 
Tortoise Field Manual (2009) and any other current guidance.  

 

 
3 Desert Tortoise (Mojave Population) Field Manual (Gopherus agassizii), December 2009; 
Preparing for Any Action That May Occur Within the Range Of The Mojave Desert Tortoise 
(Gopherus agassizii), October 8, 2019. 
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• Prior to construction activities, an Authorized Biologist4 will present a 
Worker Environmental Awareness Program ("WEAP") to all project 
personnel. The WEAP will contain information concerning the biology 
and distribution of the desert tortoise, desert tortoise activity patterns, 
desert tortoise sensitivity to human activities, desert tortoise legal status, 
and occurrence. 
 

• Desert tortoise exclusion fencing will be constructed, where viable, 
consistent with clearance survey areas. Construction sites should be 
completely fenced with security and desert tortoise exclusion fencing, 
including desert tortoise exclusion gates at access points. Exclusion 
fencing will be maintained over the course of construction and 
operations, as necessary.  
 

• An Authorized Biologist or a Desert Tortoise Monitor trained and 
authorized by USFWS and/or BLM, as appropriate, will be present at the 
site during two-track trail establishment and pad grading. Desert tortoise 
clearance surveys of any unfenced work areas will be conducted 
immediately prior to the onset of pre-construction, during grading 
operations, and reclamation of the disturbance areas. Such monitoring 
shall be conducted in compliance with all applicable state and federal 
requirements. 
 

• All information regarding the location and characteristics of any 
encountered tortoises will be documented. Any tortoise encountered by 
the crew shall not be touched or harassed and the encounter shall be 
reported to the Monitor or Authorized Biologist immediately for further 
action consistent with state and/or federal law. 
 

• Grading for pad construction will begin shortly after approval of the EPO.  
All project related vehicular traffic will be limited to a speed of 15 mph for 
safety and as a Desert tortoise protection measure. Silt fences around 
the sump and pad, in addition to safety fencing around each sump, will 
prevent wildlife access to the pad.  These pads will be used for 3 to 12 
days maximum before drilling is completed and the drill hole(s) closed by 
completely backfilling with hydrated bentonite chips. All equipment and 
temporary structures will then be removed from the pad. Once the sump 
dries, the safety fence will be removed, and the sump backfilled.  

 
3.4  Other Permits 
 
After BLM approval of the EPO and prior to the start of operations, IUC will apply for 
and obtain well permits for the borings through the Imperial County Planning and 
Development Services Building Group.  The Colorado River Basin Regional Water 
Quality Control Board (CRBRWQCB) has been notified of the exploration to confirm 

 
4 As defined by USFWS Authorized Biologist Qualifications Statement (October 20, 2008), 
https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualificatio
ns_statement_10-20-08.pdf.  

https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualifications_statement_10-20-08.pdf
https://www.fws.gov/carlsbad/PalmSprings/DesertTortoise/DT_Auth_Bio_qualifications_statement_10-20-08.pdf
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that discharge of water and drilling sediments to the sump  qualifies to obtain 
coverage  by filing a Notice of Intent under General Order R7-2015-0006 For 
Discharges Of Low Threat Wastewaters To Surface Waters.   A National Pollution and 
Discharge Elimination (NPDES) Notice of Intent will be filed with the State Water 
Resources Board and a Storm Water Pollution Prevention Plan (SWPPP) will be 
developed prior to the start of the Project.  Imperial County’s Planning and 
Development Services will be contacted regarding Surface Mining and Reclamation Act 
(SMARA) and any applicable requirements. 
 
The Imperial County Air Pollution Control District (ICAPCD) will be contacted to 
inquire about potential operating permits.  Discussions with the agency have been 
completed on local dust control requirements. 
 
3.5  Drill Site & Two-track Trail Establishment 
 
The new drill sites will be located on separate drill pads that will be no larger than 50 
feet by 50 feet, plus a sump 5 feet deep by 5 feet wide by 15 feet long to capture mud 
and cuttings from the drill fluid.  A rubber-tired backhoe loader will be used to build 
the pads and sump areas.  Each pad will be cleared of vegetation and graded level to 
accommodate the equipment.  Ditches and berms will be used to divert up-gradient 
storm water away from the pads.  When necessary, a road grader will be brought to 
the project site to maintain BLM Legal Routes and County dirt Roads utilized by the 
project.  A tracked excavator, Cat 349F or equivalent, will be used to excavate the four 
test pits on Indian Pass and a rubber tire dump truck with a 10-yard capacity will 
transport the rock sample off site. 
 
Locations of the proposed routes for access to the pads, and test pits on Indian Pass 
for each Project Segment are presented on individual maps in Attachment A.  Old 
roads (non-BLM Legal Routes) are shown in orange, existing BLM Legal Routes in 
green, and proposed new two-track trails are shown as red colored lines to the drill 
pads.  Drill pads are outlined in yellow.  Any cactus species or ocotillo shrubs 
encountered within proposed two-track trails will be salvaged or avoided.  Salvaged 
plant species will be dug out by hand or by small backhoe and placed in adequately 
sized containers.  These container plants will be cared for in an offsite location and 
will be re-planted in the same general area from which they were originally salvaged.  
If grading is required in localized areas to allow access to the drill pads, the depth of 
grading will be limited to that necessary to allow passage of 4-wheel drive vehicles and 
will be completed with the backhoe loader.  Dry drainages will be crossed 
perpendicular to the water flow direction with any vertical side banks sloped to the 
channel bottom.  No drainages will be blocked by the two track trails. Typical designs 
for the two track trails and pads are presented in Attachment C. 
 
Disturbance from the 168 pads will total 9.6 acres and sumps of 0.3 acres.  Two-track 
trails are measured at12,510 feet in length and 10 feet in width for a combined total of 
125,100 sq. ft., or 2.9 acres.  Total anticipated disturbance from the drill pads, sumps, 
turnouts and access routes will be 13.2 acres (Table 4).  
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Table 4. Project Features and Disturbed Acreage 
 

Project Feature 
Length 
(feet) 

Width 
(feet) 

Square 
Footage 

Disturbed 
Acreage* 

New Two-track Trails 
(includes 3,138 ft. of 
unmaintained roads) 

112,510 10 125,100 2.9 

Turnouts (6 ea.) 190 ea. 15 ea. 17,100 0.4 
168 Drill Pads 50 ea. 50 ea. 420,000 9.6 
168 sumps 15 ea. 5 ea. 12,600 0.3 

Totals: 624,375 13.2 
*rounded to a tenth acre 

 
Drilling fluids and drill cuttings from the drill rig will be contained in the sump on 
each pad.  Water in the sump will be recycled into the drilling stem.  A small rubber-
tired backhoe loader will be used to dig or expand sumps at the direction of an IUC 
representative to ensure that water does not overflow the sumps. 
 
Topsoil on each pad shall be salvaged and stockpiled on the edge of each pad for use 
in reclamation of the disturbance at the end of the drilling project.  Vegetation will not 
be separated from the topsoil to encourage rapid reestablishment.  Best Management 
Practices in the form of silt fences, straw waddles, contour ditches and soil berms will 
be utilized to inhibit erosion.  All products containing straw or seed utilized on the 
Project will be certified as ‘weed-free’. 
 
3.6  Drill Site/Drill Hole Locations 
 
Drilling on each pad may include multiple, angle borings at a drill length between 820 
feet (250 m) and 1,476 feet (450 m).  Individual borings will be drilled at angles 
ranging from 60 to 90 degrees from horizontal.  Total depths of the borings will range 
from approximately 550 feet to 1,050 feet below ground surface.  Drill holes will be 
drilled on azimuths ranging from 0 to 275 degrees.  
 
All drill holes shall be completed and immediately abandoned upon completion in 
accordance with the well permits issued by the Imperial County Department of 
Planning and Development Services and the standards specified by the California 
Department of Water Resources Bulletin 74-81 and Bulletin 74-90, CA - Well 
Standards.  Prior to closure, all drill holes shall be abandoned in compliance with the 
permit to eliminate any threat to public safety and wildlife. 
 
3.7  Operations 
 
Up to three drill rigs and support vehicles may be operating simultaneously on the 
project each season depending on the availability of these rigs in the southwest U.S. 
and the analytical results of samples collected as the exploration project proceeds.  
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Mobile equipment to be used by the operation per individual shift is listed in Table 5. 
and discussed in the following paragraphs. No processing equipment will be used on 
the Project. 

Table 5.  Imperial Exploration Mobile Equipment 

Imperial Onsite Mobile Equipment – Drilling, Grading and Reclamation 

No. Make Type/Model Weight (lbs.) Purpose Usage 
3 Atlas Core Drill Rig- CS1000 45,000 Core Drilling 90% 

1 Schramm Reverse Circulation Drill 
Rig – 685 45,000 Reverse circulation drilling 10% 

3 Freightliner Water Truck - M2106 66,000 Drill rig support - General 
dust suppression 100% 

1 Cat Excavator – 349F 100,000  Test Pit Excavation, truck 
loading, backfilling pits* 2 days 

1 Freightliner Dump truck, 10-cu, yd. 
capacity - 108SD  69,000 Transport bulk rock samples 

off site* 2 days 

1 John Deere Backhoe Loader - 310L EP 13,800 Drill Pad grading, sump 
excavation, reclamation* 30% 

1 Cat Road Grader - 140K 38,603 BLM Legal Route and County 
road maintenance* Occasional 

3 Ford Pickup - F250 4x4 6,618 Transportation for drill crew 75 miles/day 

4 Ford Pickup - F150 - 4x4 4,951 Transportation for site 
geologist, supervisor, QC 75 miles/day 

*single shift during daylight hours

A  4x4 truck mounted core drill rig, such as an Atlas Copco CS1000 8.5 feet long and 
7.3 feet wide) or a Schramm 685, respectively, or equivalents, will be used for the 
borings and will operate 24 hours per day. The Atlas Copco rig is 8.5 feet long, 5.3 feet 
wide and 32.5 feet high with drill masts fully extended. This drill rig will be delivered 
and moved by trailer or be mounted on a truck. Each truck mounted drill rig weighs 
approximately 45,000 lbs., has a wheelbase of 146 inches and is 9.5 feet wide 
including mirrors. 

The drill rig will be accompanied by an all-terrain 4x4, 4,000-gallon water truck, a 
3/4-ton, 4 x 4 pickup used by the drill crew (3) members, and 1/2-ton, 4x4 pickup for 
the geologist.  These vehicles will be used for each 12-hour shift.  Pickups (2) will 
make one round trip per day, per shift and that mileage is indicated in Table 5. The 
water truck and drill rig will remain on the pad for both shifts. The water truck will 
make one round trip per shift to the water source.  If multiple drill rigs area operating 
on the Project simultaneously, a third 4x4 pick up would also be present for the use of 
a drilling supervisor to coordinate the drilling operations. 

Cores retrieved will be HQ (2.5 inches) or PQ (3.35 inches) size with a drill hole 
diameter of 3.78 inches or 4.83 inches, respectively.   Rock samples will be collected 
from the drill cuttings of the RC rig. 
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A rubber-tired backhoe loader, similar to a John Deere 310L EP model, will be used to 
level the pads and excavate the sump areas. This backhoe loader weighs 13,800 lbs. 
and is 7-feet wide and has a 7-foot wheelbase.  Minimal grading of pads is anticipated 
due to the low relief in the area. This loader will not be stored on the Project site after 
the drill pads are leveled and two-track trails established.  It will return to the Project 
during reclamation for recontouring the pads and any necessary ripping to reduce 
compaction.  
 
If necessary, a road grader will be brought to the project site to maintain BLM Legal 
Routes and County dirt Roads utilized by the project.  A track mounted excavator, Cat 
349F or equivalent, will be used to excavate the four test pits on Indian Pass. This 
excavator weights approximately 100,000 lbs. If available in the area, a rubber-tired 
excavator will be used.  A 10-yard capacity, rubber-tired dump truck will be loaded 
with rock sample, approximately 7 yards per trench, by the excavator and transported 
to an offsite facility for processing.  When the test pits have been completed and 
backfilled, this equipment will be removed from the Project site. It is expected that the 
test pits will be dug, sampled and backfilled over a course of two days.  
 
A portable toilet will remain on the pad until the borings are backfilled in accordance 
with County well permits.  All drill sites will be accessed using existing BLM Legal 
Routes where available.  Two-track trails, cleared of vegetation by cutting to near 
surface level, will be utilized for travel from maintained BLM roads to the drill pads. 
 
3.7.1  Dust Control and Water Use 
A water truck will be equipped with spray bars and will have a capacity of 4,000 
gallons of water.  This truck will be utilized to provide water for the drill rig and to 
apply water on frequently traveled road pad surfaces to control dust during operations 
per ICAPCD Rule 801 F.1.  Although the use of palliatives is not anticipated, any 
palliative (dust control additives) used to enhance dust control will be a magnesium 
chloride solution and will be approved by the CRBRWQCB prior to application.  If wind 
speed on the project site exceeds 25 miles per hour, water will be applied to the 
disturbed area at least once per hour. No more than 5-gallons of the magnesium 
chloride will be on site at any one time and shall be stored on the water truck, 
 
Water will be utilized for the drilling. An organic polymer, brand name Polyore, may be 
added to the drilling fluid to reduce friction on the drill bits. Polyore is a natural food-
grade polymer, non-toxic, and biodegradable.  It is a non-mineral powder made from 
Guar Gum (PDSCo.Inc., 2020).  
 
Flocculants may also be used to settle particles in recycled water and will be a 
powdered, aluminum sulfate flocculant. There will be no more than a 5-gallon bucket 
of the flocculant stored on the drill rig during operations.  
  
Water use for a 12-hour shift is anticipated to be approximately 4,000-gallons per shift 
(8,000 gals/day) for both drilling and dust control.  In the event there is excessive 
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water loss due to fractures in the rock, a second tank of water may be needed to 
complete the work shift or until the water loss is stopped. 
    
IUC will obtain water for drilling and dust control from a legal source (either via 
purchase or permitted groundwater extraction) in the vicinity of the Project. 
 
3.7.2  Power and Communications 
No power sources are proposed for the exploration activities. Any supplemental power 
needed at site would be provided by a portable generator on the drill rig that would be 
permitted and in compliance with California Air Resources Board (CARB) emissions 
and registration requirements. 
 
On-site communications will be provided through hand-held radios and cellular 
service, as available. If additional communications capacity is needed, trailer mounted 
temporary radio towers may be used. 
 
3.7.3  Storm Water 
Storm water from the disturbance areas will be managed according to the best 
management practices outlined in the SWPPP that will be prepared upon Project 
approval. 
 
3.7.5  Support Facilities 
No support facilities or buildings are needed. 
 
3.8  Environmental Protection Measures 
 
IUC will continue to implement the following applicant-committed environmental 
protection measures to ensure a safe and environmentally sound exploration project. 
 
3.8.1  Air Quality 
IUC, in compliance with the ICAPCD Air Quality Best Management Practices, will 
protect air quality by undertaking road and two-track trail maintenance activities to 
reduce fugitive dust emissions.  Two-track trails will be watered using fresh water to 
reduce fugitive dust emissions, based upon weather and surface conditions.  
Application of water by water trucks will be done, as needed.  Wet drilling methods will 
be used to reduce the potential for fugitive dust emissions. 
 
A 15-mph speed limit for all project equipment will be enforced.  Vehicle speeds will be 
reduced in areas of disturbance to minimize the potential for fugitive dust emissions to 
maintain operational safety and protect any wildlife.  Project vehicles will be 
maintained regularly to ensure they are operating in a manner to minimize vehicle 
emissions. 
 
Electrical power to run air compressors and/or work lighting, if needed, would be 
provided by a drill rig mounted generator permitted for use by CARB.  If a non-exempt 
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portable diesel-powered generator is necessary, it shall be registered under the 
Statewide Portable Equipment Registration Program Regulation (PERP) administered 
by CARB.  
 
All fuel used on the Project will comply with CARB fuel quality requirements. Off-road 
equipment used on the project will be registered under CARB’s DOORS program prior 
to operating on the Project. 
 
3.8.2  Water Quality 
All drill holes will be plugged upon completion of the drill hole in accordance with 
Imperial County Well Permits and California Bulletin 74-81 and 74-90.  Two drill holes 
will be converted to monitoring wells.  One well will be placed on pad KIP20-109 and 
one on KIP20-110G of the Indian Pass Segment of the project. Both will be completed 
as a 6-inch diameter monitoring wells that will be used for groundwater sampling and 
water level measurements over the term of the approved plan and possibly continue 
into future permitting efforts. Groundwater sample collection and water level 
measurements will be completed quarterly during Season 1 and bi-annual after the 
first season.  Collected water samples shall be analyzed for the Standard Water 
Quality parameters and for CA Title 22 Metals by an independent, CA certified 
laboratory. 
 
It is estimated that groundwater will be encountered in this area within 650 feet of the 
ground surface.(Personal Communication, Groundwater Levels at Indian Pass, 2020) 
 
The monitoring wells will be completed and secured in accordance with County well 
permits. A cross section diagram of the well design is included in Attachment D. A 
secured, (tamper proof lock), steel collar embedded in concrete will be installed around 
the well head and a locking well cap placed on the well casing.  No automatic sampling 
equipment or communication devices will be left on site. A transducer may be placed 
inside the well casings and a battery-powered data logger placed on the interior of the 
secured steel collar to measure water elevations.  If used, data from the logger would 
be manually recovered each quarter and the battery replaced.  
 
In support of the groundwater monitoring conducted on the wells, IUC will also install 
three piezometers in select drill holes that will be used to measure water levels around 
the site. Piezometers will be placed on the following drill pads: 
 

• KIP20-007,  
• KIP20-044, and  
• KIP20-054.  

 
These piezometers will be made of blank 2-inch Schedule 80 PVC casing with up to 80 
feet of 2-inch Schedule 80 PVC slotted well screen installed on the bottom of the blank 
casing.  Each piezometer will be placed in a vertical core boring that is cased with an 
8-inch steel casing in a 12-inch diameter boring to a depth of 20-feet and sealed with 
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a concrete grout.  Within this steel casing, a 5-inch diameter core boring will be drilled 
to a depth that is a 6-inches below the planned length of the piezometer depth.   
 
After the core boring is complete, the bottom 6-inches will be packed with sand, the 
casing and well screen inserted and the remainder of the boring around the screen 
segment packed with sand to the height of groundwater surface level.  A slurry of 
hydrated bentonite will then be pumped into the boring to create a 20-foot seal above 
the groundwater surface. The reminder of the boring up to the steel casing will be 
filled with a bentonite grout seal with casing centralizers placed every 100-feet in the 
boring to keep the casing vertical. Once the PVC casing installation is complete, the 
surface will be secured with the installation of a steel encased well vault and a  4-foot 
by 4-foot concrete pad poured around the vault.  
 
Installation materials and anticipated depths of the piezometers are provided as D2 -
Typical Piezometer Detail in Attachment D and will be secured as shown on the detail.  
Well permits for these piezometers will be obtained through Imperial County.  
 
The monitoring wells and piezometers will be removed in accordance with  the 
requirements of the County well permit if these are not needed by the claim holders for 
future groundwater evaluations.   If the wells and piezometers remain in place after 
the Project ends, these will be left in a secured condition so unauthorized personnel 
are unable to access the interior casing. 
 
Storm water BMPs will be used for surface disturbance sites to minimize storm water 
erosion.  Shallow sediment traps will consist of a hand dug depression up to 6-inches 
deep, 3-feet long and 3-feet wide with straw wattles around the downhill side of a 
depression may be placed on a pad surface as part of the BMPS.  These are not 
engineered structures and may be installed on any pad if runoff accumulates on the 
pad and as necessary to control erosion and sedimentation. These depressions will be 
reclaimed as part of the pad reclamation. 
 
Drill cuttings will be contained on site, and fluids managed utilizing appropriate 
control measures.  Best Management Practices will be used as necessary until the  
end of the drill program.  
 
3.8.3  Spill Contingency Plan 
Materials and equipment necessary for spill cleanup will be kept at each drill rig.  
Equipment and materials will include, but not be limited to, shovels, gloves, safety 
glasses, sorbent materials (absorbent pads and granulated clay pellets), sand, 
sawdust, and plastic/metal trash containers specifically for this purpose. 
 
Well-maintained equipment will be used to perform the work required on the Project.  
When practicable, equipment maintenance will be performed off-site.  In the event of 
oil, fuel, lubricating grease or other equipment leaks, cleanup will be conducted 
immediately.  If a leak results in liquid pooling an oil-absorbing product will be 
applied.  
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Once the cleanup product has absorbed the spill material, the product will be removed 
and placed in the petroleum contaminated soil bin located on the active pad and the 
material disposed of according to state and federal regulations.  Any contaminated soil 
will be removed, managed, and disposed of at an off-site facility in compliance with 
state and federal regulations.  In the event of oil, fuel, or hydraulic fluid leaks, cleanup 
will be conducted as soon as possible.  In the event of a major spill, the following 
actions will be taken in addition to any federal, state, and local health and safety 
regulations: 
 

• Contain the spread or migration of the spill using the on-hand supply of 
erosion control structures and/or by creating dirt berms, as feasible and 
necessary. 

 
• Regulated wastes will be removed from the Project area and disposed of 

in a state, federal, or local designated area. 
 
If a spill of a petroleum constituent is considered to meet the reportable quantity per 
the Imperial County’s Certified Unified Public Agency (CUPA) guidelines or a reportable 
quantity for hazardous waste is released based on the U.S. Environmental Protection 
Agency (EPA) guidelines established under Title III List of Lists (40 CFR Part 302), the 
BLM and Imperial County CUPA will be notified within 24 hours and the appropriate 
remedial actions and confirmation sampling will be conducted under direction of the 
BLM and Imperial County CUPA. 
 
3.8.4  Soils and Erosion Prevention and Control 
IUC will conduct exploration operations in a manner which minimizes soil erosion. 
Erosion and runoff control measures, such as water bars, ditching, and other water 
control structures will be implemented in areas of surface disturbance.  After the 
exploration program is completed in an area, the surface disturbance will be graded, 
re-contoured, and available topsoil/growth medium replaced, and the area will be 
seeded with an BLM-approved native seed mixture in order to establish a ground cover 
and minimize erosion.  Revegetation activities will commence at the earliest feasible 
time following reclamation activities.  Best Management Practices (BMPs) will be 
utilized to control erosion and sedimentation.  BMPs utilized to control erosion and 
sedimentation will be detailed in SWPPP prepared for the approved project. 
 
3.8.5  Surface Water Resources 
Natural drainage patterns will not be altered.  Drill site construction within drainage 
channels will be avoided unless prior approval from the BLM is obtained.  When 
drainages must be crossed with a two-track trails, best management practices, 
identified in the SWPPP to be prepared for the Project, will be followed to minimize the 
surface erosion and sedimentation potential.  Smaller drainage patterns that could be 
affected by trench or pad construction will be restored, and regrading will conform to 
the adjacent topography upon completion of the exploration program.  The 
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construction and maintenance practices from the BLM Gold Book, Surface Operating 
Standards and Guidelines, Fourth Edition, Revised 2007 will be implemented. 

All exploration activities will be conducted using BMPs such that sediments, cuttings, 
drilling fluids, or any other material or substance will be fully contained in sumps to 
ensure that these materials do not enter drainages. 

Sumps will be excavated and managed to prevent overtopping and saturating the 
safety berms.  IUC will monitor sumps regularly for seeps or other evidence of erosion 
and will direct drill crews to cease activity and notify supervisors if seepage is 
observed.  IUC will ensure that sump evacuation proceeds for as long as drilling or 
other water-producing activities continue.  If evacuation is not possible, drilling will be 
stopped as soon as water levels approach the sump capacity.  No trash will be placed 
in the sumps. 

3.8.6  Solid and Hazardous Wastes 
The Project will not generate or dispose of any hazardous waste on the exploration 
area.  Petroleum products will be used on-site.  Petroleum products are excluded as 
hazardous substances under the Comprehensive Environmental Response, 
Compensation, and Liability Act section 101(14).  Diesel will be transported to the site 
in a mobile fuel/lube truck but will not be stored on-site.  Motor oil, lubricating grease 
and solvent in small quantities (one case each or less) would be maintained in a fully 
contained box on the drill rig for emergency use. If regulated materials (petroleum 
products) are spilled, measures will be taken under IUC spill response guidelines to 
control the extent of the spill, and the appropriate agencies will be notified in 
accordance with the applicable federal and state regulations. 

Solid waste will be collected at each drill pad and maintained in a covered container to 
prevent raven scavenging.  All solid waste will be removed from each active pad daily 
and shall be disposed of at a suitable disposal site. 

A portable toilet will be located on each active drilling pad.  The toilets will be regularly 
serviced using a contract cleaning service that will manage disposal of the sewage 
waste. 

3.8.7 Wildlife and Sensitive Species 
To avoid potential impacts to breeding migratory birds, a BLM-approved biologist will 
survey in early spring of each year, all areas proposed for drilling or surface 
disturbance for the presence of active nests.  IUC has committed to conducting pre-
disturbance migratory bird nest surveys in the spring and establishing exclusion 
zones around active nests as part of the applicant committed EPMs.  Additionally, 
surface disturbance clearance surveys will be conducted following BLM Wildlife 
Protocols (BLM 2014c) when a proposed activity involves ground disturbance during 
the nesting season, defined by the BLM as March 1 through July 31. When active 
nests are located, or if other evidence of nesting is observed (e.g., mating pairs, 
territorial defense, carrying nesting material, transporting food), IUC's biologist will 
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recommend to the BLM an avoidance buffer around the nest.  BLM, in coordination 
with the U.S. Fish and Wildlife Service (USFWS), will review and approve avoidance 
measures prior to surface disturbance.  IUC's biologist will inform IUC when the birds 
have left the nest.  IUC will not conduct any drilling or surface disturbing activities 
within the exclusion zone until the biologist determines that the birds are no longer 
nesting. 
 
During the nesting season (March 1 to July 31), IUC will not conduct drilling or 
surface disturbing activities within a 0.5-mile radius of any active raptor nests.  Upon 
identifying an active raptor nest, IUC will immediately notify the BLM.  Speed limits 
will be posted, and vehicle speeds reduced in areas of disturbance to minimize the 
potential for fugitive dust emissions, to protect wildlife and to maintain operational 
safely.  Speed limits will be enforced. 
 
3.8.8  Special Status Species 
In the event that other special status plant or wildlife species are identified within the 
Project, IUC will not conduct surface disturbing activities within the species' habitat 
until the BLM can evaluate the potential impact and coordinate with IUC to devise and 
implement a plan to avoid the habitat.  To the extent avoidance is not feasible, IUC will 
coordinate with BLM and any other appropriate agency to comply with all applicable 
laws and regulations. 
 
In the event 30-day preconstruction surveys identify special status plant or wildlife 
species only protected pursuant to California law, IUC will coordinate with BLM and 
the appropriate state agency (e.g., California Natural Resources Agency or California 
Department of Fish and Wildlife) to avoid impacts to that species or otherwise comply 
with applicable California law and regulations. 
 
All test pits, sumps, and other small excavations that pose a hazard or nuisance to the 
public, wildlife, or livestock will be adequately fenced to preclude access or 
constructed with a sloped end for easy egress. 
 
3.8.9  Cultural and Paleontological Resources 
IUC will conduct exploration activities in accordance with all applicable state and 
federal regulations.  As part of the baseline data collection to support the NEPA 
analysis for this project, IUC will contract with a qualified archaeologist to conduct a 
Class III level cultural survey of each of the proposed disturbance areas to identify 
cultural resources and evaluate those resources for the National Register of Historic 
Places.   
 
The archaeologist will submit a report that adheres to the BLM's Cultural Resource 
Inventory Guidelines documenting the results of the inventory.  Documented sites will 
be protected from surface disturbing activities by an exclusion zone defined by BLM 
until the BLM determines the National Register eligibility of each archaeological site.  
IUC will avoid adverse effects to historic properties (i.e. sites eligible or potentially 
eligible for the National Register) through project redesign; archaeological monitoring; 
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or limiting ground disturbing activities to existing, modern disturbance.  IUC will 
provide BLM with a written work plan for avoiding adverse effects to historic 
properties.  Sites determined not eligible by BLM will not require avoidance or 
archaeological monitoring.   
 
IUC will not knowingly disturb, alter, injure, or destroy any scientifically important 
paleontological remains, or adversely affect any historical or archaeological site, 
structure, building or object eligible or potentially eligible for the National Register on 
federal lands. 
 
IUC will be responsible for ensuring that employees, contractors, or any others 
associated with the Exploration Project do not damage, destroy, or vandalize historic 
properties. Should unauthorized damage to cultural resources occur within or near 
the Exploration Project during the period of construction, operation, or rehabilitation 
due to the unauthorized, negligent, or inadvertent actions of IUC or other Exploration 
Project personnel, IUC will be responsible for costs of rehabilitation or mitigation.  
 
If human remains/burials or any previously unidentified cultural (archaeological or 
historical) resources are discovered during construction  activities under the approved 
Plan, IUC will immediately cease activities, ensure that the discovery is appropriately 
protected, and immediately notify the BLM Authorized Officer by telephone, followed 
with written confirmation.  The remains or unanticipated find will be handled in 
accordance with Stipulation 9.0 or 11.0 of the Protocol Agreement Among California 
BLM and California SHPO and Nevada SHPO (2019) and any applicable state and 
federal regulations.  Work will not resume, and the discovery will be protected until 
notified in writing by the BLM Authorized Officer.  
 
IUC's employees and contractors will receive training on the potential for cultural 
resources and the procedures required by IUC to avoid unauthorized disturbance, 
alteration, or destruction of  any remains or any historical or archaeological site, 
structure, building or object on federal land.  This issue will be covered during the 
daily safety meeting. 
 
3.8.10 Survey Monuments 
Survey monuments, witness corners, and/or reference monuments will be protected to 
the extent economically and technically feasible.  Should moving such a feature be 
required, IUC will ensure that a California licensed surveyor oversee and execute the 
relocation in a manner consistent with applicable laws.  The BLM will be notified in 
writing prior to the moving of any such survey monument. 
 
3.8.11 Vegetation/Desert Shrub Resources 
Reseeding will be consistent with all BLM recommendations for seed mix constituents, 
application rate, and seeding methods.  Where possible, IUC will minimize removal of 
desert shrubs and succulents during activities associated with drill pad and two-track 
trails establishment. 
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3.8.12 Wildland Fire Protection 
All applicable state and federal fire laws and regulations will be complied with and all 
reasonable measures will be taken to prevent and suppress fires in the Project area.  
In the event the proposed Project activities start or cause a wildfire, IUC will be 
responsible for all the costs associated with the suppression. 

IUC will comply with all applicable state and federal fire laws and regulations and all 
reasonable measures (i.e., vehicle hand tools, extinguisher), contact BLM concerning 
fire controls on welding) will be taken to prevent and suppress fires in the Project area. 

All Project vehicles will carry fire extinguishers and a minimum of ten gallons of water 
during the months of May through September.  Adequate fire- fighting equipment, i.e., 
shovel, Pulaski, extinguisher(s), and a minimum ten gallons of water, will be kept at 
the drill site(s).  Vehicle catalytic converters will be inspected often and cleaned of all 
brush and grass debris. 

Welding operations will be conducted in an area free from or mostly free from 
vegetation.  A minimum of ten gallons of water and a shovel will be on hand to 
extinguish any fires created from the sparks.  Extra personnel will be at the welding 
site to watch for fires created by welding sparks.  Welding aprons will be used when 
conditions warrant (i.e., during red flag warnings). 

Wildland fires will immediately be reported by calling 911.  Information reported will 
include the location (latitude and longitude if possible), fuels involved, time started, 
who or what is near the fire, and the direction of fire spread.  The El Centro Field 
Office will be notified with the same information after the initial call is completed. 

3.8.13 Public and Wildlife Safety
Mine Safety and Health Administration (MSHA) approved safety signage will be 
posted at the intersection of a BLM Legal Route and the active two-track trail, along 
the  two-track trails and at the  entrance to and around, an operating pad to 
discourage the public from entering the work area. If necessary, a temporary gate-
type structure will be placed across the two-track trails near the pad entrance that 
would require vehicle occupants to stop and open prior to proceeding.  A silt fence 
will be installed around the edge of the pad to discourage rodents, reptiles, and 
tortoises from entering the active area.  A safety fence will be installed around each 
sump.  In addition, the ends of each sump will be sloped to allow small animal or 
reptile species to escape if they should fall into the sump. 

Each drill hole will be abandoned in accordance with the Imperial County well permits 
as soon as it is completed by backfilling from the bottom of the drill hole to the ground 
surface with hydrated bentonite chips using a tremie tool. If an emergency requires all 
personnel to leave the site immediately, the drill hole would be covered by a heavy 
steel plate prior  to leaving the site. 
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Since each pad will be operating 24 hours per day for seven days, no fence other than 
a safety fence around the sump and silt fencing  will be installed.  Under routine 
conditions, the site will only be left after drill holes have been properly abandoned.  
 
4.0  Reclamation Plan 
 
Reclamation of all areas disturbed will be completed to the standard described in 
Section 3809.420 of 43 CFR and reasonable measures will be taken to prevent 
unnecessary or undue degradation of Federal lands during operations and 
reclamation.  These measures will include restricting reclamation activities to 
disturbed areas (e.g. not obtaining fill or covering materials from undisturbed areas). 
 
4.1  Reclamation Grading 
 
Abandonment of individual drill holes will be accomplished using hydrated bentonite 
chips applied with a tremie tool from the bottom of the borehole to the surface.  
Sumps will be backfilled when dry. Excess drill cuttings will be worked into the 
surface of the pad and compacted areas will be ripped or scarified.  Drainages 
disturbed by the project by grading for pads, if any, will be re-established to their 
original pattern and gradient. After compaction relief and drainage establishment, the 
pad and two-track trails will be graded to approximate original contour to blend with 
the existing topography. All salvaged topsoil will then be spread over the surface, left 
in a roughened condition in preparation for planting with native seed in the fall of the 
year. Any vegetation disturbed during the grading will be strewn across the pad.  
 
Signs will be posted around the recontoured pads and along the two-track trails that 
indicate reclamation is in progress and to stay off.  A small berm will be placed across 
the trail at the intersection of the trail with a BLM Legal Route or County Road to 
discourage access to the trail.  
 
4.2  Revegetation 
 
After completion of all drilling activities and boring abandonment, each pad will be 
graded to the approximate original contour of the surrounding topography and left in a 
roughened condition.  On flatter areas, the two-track trails surface will be scarified, 
and water bars installed where needed to prevent runoff from running down the two-
track trails.  If necessary, ripper teeth will be used on the bucket to relieve deep 
compaction.  After final grading, salvaged topsoil will be spread over the disturbed 
area as a seed bed.  The prepared seed bed will then be planted with the native seed 
mix presented in Table 6, or as recommended by BLM, by hand broadcasting, or 
broadcast by rotary spreaders.  Native seed mix will be certified as weed free. 
 
 
 
Table 6. Seed mixture for Imperial Exploration Project 
 

Species Pure Live Seed* 
(pounds per acre) 
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General Seed:  
creosote (Larrea tridentata) 4 
white burr sage (Ambrosia dumosa) 3 
brittlebush (Encelia farinosa) 2 
small flowered fagonia (Fagonia laevis) 1 
white rhatany (Krameria bicolor) 1 
Special Seed: (for specific applications in washes)  
Pink fairyduster ((Calliandra eriophylla), 0.5 
Pink velvet mallow (Horsfordia alata) 0.5 
Salvaged Container Plants:  
salvaged ocotillo and all cactus species will be 
transplanted near original locations unknown 

Total:  12 
*Seed mix will be certified as weed-free. 

 
The two-track trails will be bonded for re-seeding; pads and sumps will be bonded for 
reclamation grading and seeding costs.  Weed control will be addressed with the 
Imperial County Agricultural Commissioner’s office. 
 
4.3  Weed Control 
 
IUC will be responsible for controlling all noxious weeds in newly disturbed areas until 
the reclamation activities have been determined to be successful and released by the 
BLM authorized officer. 
 
As part of weed control measures, IUC will require that the undercarriage of all 
contractor vehicles be cleaned and inspected prior to entering the Project area if the 
vehicle is coming from an area outside of southern California. 
 
Monitoring for weeds will occur annually by the Project Biologist.  Based on the 
Biologists recommendations, weeds will be removed by hand or through the use of an 
herbicide that is approved for use on public lands.  If weeds are removed by hand, all 
removed vegetative matter will be placed in plastic bags and removed from public land.  
These bags will be disposed of at a licensed solid waste facility. 
 
5.0  Monitoring Plan 
 
5.1  Wildlife  
 
IUC will provide photos of threatened, endangered and special status species in the 
project kickoff meeting.  All personnel on the site will be instructed to recognize and 
avoid disturbing these species or other wildlife encountered during the daily safety 
meeting. Speed limits will be established and enforced. Prior to moving any vehicles on 
the site, the area beneath the vehicles will be inspected for the presence of Desert 
tortoise.  Sightings and injury or death of any species will be recorded and reported to 
the BLM. 
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5.2  Archaeological Sites  
 
Archaeological sites determined eligible or unevaluated for the National Register will be 
marked and avoided by all project personnel.  IUC will monitor operations to ensure 
that these sites and other artifacts that may be discovered, are not disturbed.  BLM 
will be contacted promptly if artifacts are discovered.  All markings identifying a site 
will be removed after initial grading of the pads are completed. 
 
5.3  Surface Water Quality  
 
Surface water quality at the exploration site and process site will be monitored as 
required by the SWPPP prepared to comply with the NPDES General Permit for 
Industrial Facilities. 
 
 
5.4  Reclamation Success  
 
IUC will inspect the exploration site annually for three years following the winter rains 
to see if disturbed areas are revegetating and other reclamation measures need repair 
or modification.  Should remedial work appear necessary, IUC will consult with the 
BLM El Centro Field Office to agree on methods and to obtain approval to carry out 
the work. 
 
 
 
5.5  Annual Reporting 
 
IUC will provide a monitoring report to BLM on an annual basis that documents 
project activities including, a map of all project disturbance (two-track trails, drill 
pads, etc.), a description of all project reclamation completed and monitoring data 
collected; including wildlife, cultural resource and revegetation.  A summary of drill 
hole status, work completed, and work planned for the following season will also be 
included.  
 

6.0  Interim Management Plan 
 
Temporary closure is not anticipated but could be necessitated by heavy rains 
interfering with drilling, break-down of key equipment, unavailability of fuel or key 
supplies, labor disputes or other unforeseeable events. 
 
Should temporary closure be required, IUC would notify the BLM El Centro Field 
Office of the closure, identify the reason for the closure and the expected duration of 
the closure.  In the event of a temporary shutdown, an IUC representative will remain 
on site until drilling can resume.  Drill holes will not be left in an unsafe manner and 
will either be backfilled completely with hydrated bentonite chips or, in an emergency 
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event where personnel are required to leave immediately, covered with a heavy steel 
plate 
 
In the event shutdowns, existing borings would be abandoned according to permit 
requirements and sumps dried and filled. All equipment and temporary structures 
would be removed from the project site except for silt fencing which would remain 
until the pads are reclaimed.  Signage would remain in place. Disturbed areas would 
be checked every six weeks during a closure to ensure storm water BMPS are in 
operating condition. 
 

7.0  Schedule of Activities 
 
The drilling program is expected to be completed within 3 years from the approval of 
the Exploration Plan of Operation. 
 
Exploration drilling will be conducted on each of the three Project Segments during 
each of the three years.  Approximately one-third of the identified pads in each 
segment will be drilled per season depending on the availability of drill rigs and the 
results from the exploration.  During the year, drilling will be dispersed throughout 
each Segment and not in numerical sequence. This allows the development of an 
overview of the sub-surface conditions and geologic resources. During the second and 
third years, drilling will be more concentrated in areas where positive geologic 
conditions and test results were found during the previous seasons.   On the Indian 
Pass and Ogilby Segments, drilling will generally proceed in a north to south pattern 
while East Mesquite will be drilled in a west to east pattern.   
 
After drilling is completed on the pads, the sumps will be allowed to dry, the safety 
fence removed, and the sump filled.  Recontouring of the pads and spreading of topsoil 
would follow within 60 days of cessation of exploration activities.  BMPs would remain 
in place during this period. Signage that indicates “Reclamation in Process – Stay Off” 
would be posted along the two-track trail and at the pad.  At the intersection of a two-
track trail and a BLM Legal Route, a short, low berm will be placed across the trail to 
discourage the vehicular use of the trail by the public. 
 
Seeding would occur on the pads and the two-track trails each season between 
November 15th and January 15th to take advantage of seasonal rains.  Monitoring of 
the revegetation on all IUC disturbance will continue for 3 years following reclamation. 
 
IUC will provide an annual report documenting project activities including, a map of 
all project disturbance (drill sites, drill pads, test pits, geophysical pads, etc.), all 
project reclamation completed, any monitoring data (water, stormwater, revegetation), 
and a summary of drill hole status (active or plugged and abandoned). Also included 
will be a description of the anticipated activities for the following exploration season.  
 
As previously discussed, IUC will contract with a Cultural Resource specialist and  a 
wildlife biologist  to clear all two-track trails and pads within the Project boundaries in 
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advance of disturbance.  If cultural sites are identified in the survey area or the 
biologist recommends avoidance of an area, the trail routes and pad locations will be 
modified to avoid those sites or the Desert tortoise. 
 

8.0  Reclamation Cost Estimate/Financial Assurance 
 
IUC will provide the BLM with an irrevocable financial assurance mechanism in an 
amount equal to the reclamation cost estimate as a financial guarantee. 
A financial assurance cost estimate (FACE) for reclamation on the Imperial Exploration 
Project will be provided to the BLM prior to approval of this proposed EPO.  Included 
in the estimate shall be costs for reclaiming new drill sites, abandoning drill borings, 
re-seeding trails and pads, mobilization-demobilization cost and the associated 
contingency. 
 
9.0  Occupancy 
 
No occupancy of the site is proposed.  No permanent structures or facilities will be 
placed in the Project area.   
 
Nothing proposed in this EPO will interfere with public access to adjacent public 
lands.  Existing BLM Legal Routes will remain open to the public and will not be 
blocked by the Project. 
 
10.0 Acknowledgements 
 
Imperial USA Corporation will complete all necessary reclamation of areas disturbed 
during the operations to the standards described in 36 CFR §3809.420 and the Terms 
and Conditions of US BLM-El Centro Field Office Notice.  IUC will assure that 
reasonable measures will be taken to prevent unnecessary or undue degradation of 
the federal lands during operations.   
 
It is understood that, should the nature of the operation change, a modified or 
supplemental Plan of Operations and Reclamation Plan may be required.  
 
It is understood that approval of this Plan of Operations and Reclamation Plan does 
not constitute certification of ownership to any person named herein or recognition of 
the validity of any mining claim herein. 
 
It is understood that a bond, equivalent to the actual cost of performing the agreed 
upon reclamation measures, will be required before this plan can be approved. 
 
Bonding and any bond reduction amounts will be set on a site-specific basis in 
coordination with cooperating agencies. 
 
It is understood that approval of this plan does not relieve IUC of the responsibility to 
comply with other applicable Federal or State laws, rules, or regulations. 
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It is understood that any information provided with the plan that is marked 
confidential will be treated by the BLM in accordance its rules, and regulations. 
 
IUC agrees to comply with all Conditions in the Plan of Operations and Reclamation 
Plan, including recommended changes and reclamation requirements.  
 
IUC understands that the bond will not be released until the BLM or state agency in 
charge gives written approval of the reclamation work. 
 
 
Signature of Operator: _______________________________________    
 
(On behalf of) ___________________________ Date: ______________________________ 
 
 

(to be signed upon approval)



35 
 

11.0  References 
 
Westec Inc. 1996. Hydrology Baseline Report for the Imperial Project. WESTEC Project 
95145. Report 1451.  February 1, 1996 
 
WRA Environmental Consultants. 2020.  Initial Biological Assessment. Imperial 
Project.  Letter to Kore Mining Ltd. 
 
PDSCo.Inc.. 2020.  Polyore Manufacturer website: https://pdscoinc.com/water-well-
environmental/ 
 
Personal Communication. September 29, 2020. Groundwater Levels at Indian Pass 
with Doug Bartlett, Principal Hydrogeologist, Clear Creek Associates. 
 
Solvent Kleene. 2020. Manufacturer of D-Greez 500 LO.  
https://solventkleene.com/d-greeze-500/ 
 
U.S. Department of Interior, Bureau of Land Management. 2002. Mineral Report.   
Discovery, Use and Occupation, and Mineral in Character Determination of 187 Lode 
Mining Claims and 277 Mill Site Claims, Owned by Glamis-Imperial Gold Company, 
Imperial County, California.  Serial Number CACA 35511. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://pdscoinc.com/water-well-environmental/
https://pdscoinc.com/water-well-environmental/
https://pdscoinc.com/water-well-environmental/
https://solventkleene.com/d-greeze-500/
https://solventkleene.com/d-greeze-500/


 
 
 
 
 

Attachment 3 



 
          United States Department of the Interior 

          Bureau of Land Management
         California Desert District

Record of Decision
for the

Imperial Project
 Gold Mine Proposal

Imperial County, California

Prepared by:

United States Department of the Interior
Bureau of Land Management

California State Office
California Desert District

El Centro Field Office

BLM Case File No. CA 670-41027
OEPC #DES-97-43 and #DES-99-8

OEPC #FES-00-50

Approved by: _____________________ _________
Secretary of the Interior Date 



Record of Decision for the Imperial Project Page 2

TABLE OF CONTENTS

EXECUTIVE SUMMARY ..........................................................................................  3

DECISION ..........................................................................................................  9

RATIONALE .......................................................................................................... 10

ALTERNATIVES CONSIDERED .............................................................................. 16

PUBLIC INVOLVEMENT .......................................................................................... 19

APPENDICES

Appendix A:   Advisory Council on Historic Preservation, 10/19/99 letter
                        and BLM letter to ACHP, 8/25/98 ............................. 22
Appendix B:   Solicitor’s Opinion,        
                       Regulation of Hardrock Mining, 12/27/99 ................... 39   
Appendix C:   Visual Resources Supporting Documents .................... 59   
Appendix D:   National Historic Preservation Act 
                       Section 106 Documents .............................................. 78  
Appendix E:   Comparison of Permitted Mines in CDCA ................... 81  
Appendix F:    Deposit Grade Comparisons, U.S. ............................... 83   
Appendix G:   Responses to Comments on FEIS/EIR ........................ 85   

FIGURES AND TABLES

Figure 1: Proposed Imperial Project – map ........................................  6   
Figure 2: Proposed Imperial Project – 
                      modified pits and waste dump sites ..............................  7  
Figure 3: Proposed Imperial Project – before/after simulated views ...  8 



Record of Decision for the Imperial Project Page 3

EXECUTIVE SUMMARY

This document constitutes the Record of Decision (ROD) for the Imperial Project, an open-pit
gold mine proposed by the Glamis Imperial Corporation on public lands administered by the
Department of the Interior’s Bureau of Land Management (BLM) in eastern Imperial County,
California.  This ROD is prepared in accordance with the National Environmental Policy Act
(NEPA), the Federal Land Policy and Management Act (FLPMA), and other applicable Federal
laws and regulations. 

After extensive analysis, public review and comment, and application of pertinent Federal laws
and policies, it is the decision of the Department of the Interior, based upon the recommendation
of the BLM, not to approve the plan of operations for the Imperial Project. This represents the
No Action alternative as described in the Final Environmental Impact Statement/Environmental
Impact Report (FEIS/EIR) published jointly by BLM and Imperial County on November 17,
2000. The FEIS/EIR is available online at http://www.ca.blm.gov/elcentro/imperial_project.html.

This decision is based upon the following key factors determined to be unique to this particular
proposal:

• the proposed project is located in an area determined to have nationally significant Native
American values and historic properties and would cause unavoidable adverse impacts to
these resources.

• the proposed project will result in unavoidable adverse impacts to visual quality in this
substantially undisturbed landscape.

• the impacts of the proposed project cannot be mitigated to the point of meeting the
statutory requirement in FLPMA that BLM must prevent “undue impairment” of the
public lands in the CDCA.

• the proposed project is inconsistent with the CDCA plan.
• the identified unavoidable and adverse environmental impacts resulting from the project

override the possible economic benefits that might be derived from the project.
• the proposed project fails to meet the overall statutory requirement in FLPMA that BLM

must prevent “unnecessary or undue degradation” of the public land resources.

The proposed project area, about 45 miles northeast of El Centro, California, and 20 miles
northwest of Yuma, Arizona, lies within the boundaries of the California Desert Conservation
Area (CDCA), designated by Congress in Section 601 of FLPMA as a region requiring special
management due to its nationally significant resources.  The proposed project, to be located on
1,571 acres of unpatented mining claims held by Glamis Imperial Corporation, would encompass
a mine and processing area, including open pits, waste rock and topsoil stockpiles, heap leach
pads, administrative and maintenance facilities, a precious metal recovery plant, haul roads, an
electrical substation, distribution lines, and associated facilities.  Up to 150 million tons of ore
would be mined and leached, and an additional 300 million tons of waste rock would be deposited
on the site under the proposal. 

http://www.ca.blm.gov/elcentro/imperial_project.html
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In making the determination that the proposed project area contains nationally significant Native
American values and historic properties, this ROD relies heavily upon the advice of the Advisory
Council on Historic Preservation, an official Presidential advisory organization.  The Council
advised the Secretary of the Interior on October 19, 1999, that the Indian Pass-Running Man
Area of Traditional Cultural Concern in which the project would be located is archeologically
significant and retains critical religious, historic, and educational importance to the Native
American tribes in the area.  The Council further advised that even if all feasible mitigation
measures identified were required as a condition of approval, the project would still result in
serious and irreparable degradation of the sacred and historic values in the area.  The Council
concluded that the project would effectively destroy the identified historic resources and
recommended denial of the project.  A copy of the Council’s letter is included as Appendix A of
this ROD.

In interpreting the legal authorities pertaining to this particular project, this ROD relies upon the
Department of the Interior Solicitor’s Opinion of December 27, 1999, which describes the nature
of BLM’s discretionary authority under the statutory standards of “undue impairment” and
“unnecessary or undue degradation” to proposed actions on the public lands in the CDCA.  A
copy of the Opinion is included as Appendix B of this ROD.

In addition to Glamis Imperial Corporation’s proposed action and the No Action alternative (not
to approve the plan of operations), the Department also considered West Pit, East Pit, and
Complete Pit Backfill alternatives.  Several other alternatives were considered initially but were
eliminated from detailed analysis in the FEIS/EIR, including alternative mine locations,
alternatives to relocate facilities, and alternative mining and processing methods.  The No Action
alternative is both the agency’s preferred alternative and the environmentally preferable alternative
as identified in the FEIS/EIR.

During the extensive environmental review process, the combined public comment periods
provided for approximately 11 months of public review.  A draft EIS/EIR on the project was
published in November 1996 for public review and comment through March 1997.  Based upon
public comments received, the November 1996 draft EIS/EIR was withdrawn and a new draft
EIS/EIR was prepared and published November 1997 for public comment through April 1998. 
Four public hearings were held to receive comments on the two drafts.  A public hearing on the
project was also conducted by the Advisory Council on Historic Preservation in March 1999.  
Public comments on the FEIS/EIR were also accepted for 30 days.   Approximately 1,000
individual comments were received by BLM on the project during these comment periods.   These
comments were carefully considered and are addressed in the FEIS or in this ROD.

Since this was a joint environmental review process, BLM worked closely with Imperial County
in the EIS/EIR preparation.  As part of the environmental review process, BLM and Imperial
County consulted and coordinated with the U.S. Fish and Wildlife Service, the U.S.
Environmental Protection Agency, the U.S. Geological Survey, the U.S. Army Corps of
Engineers, the U.S. Bureau of Reclamation (Lower Colorado Division), the Advisory Council on
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Historic Preservation, the Governor’s Office of Planning and Research, the California Department
of Conservation, the California Department of Fish and Game, the California State Office of
Historic Preservation, the California Native American Heritage Commission, the California
Regional Water Quality Control Board, the Metropolitan Water District of Southern California,
and the Southern California Association of Governments.  In accordance with Section 106 of the
National Historic Preservation Act, BLM also officially consulted with the Quechan Tribal
Council, Fort Yuma Indian Reservation.  In addition to correspondence from the Quechan Tribe
and verbal discussions and tours with Tribal members, BLM held three formal government-to-
government consultations with the Tribe: December 16, 1997; February 4, 2000; and November
27, 2000.

This ROD constitutes the final administrative decision of the Department of the Interior.

Additional information on this decision can be obtained from BLM’s El Centro Field Office, 1661
S. 4th Street, El Centro, California, 92243, telephone (760) 337-4400.
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DECISION

After extensive analysis, public review and comment, and application of pertinent Federal laws
and policies, it is the decision of the Department of the Interior, based upon the recommendation
of the BLM, not to approve the plan of operations for the Imperial Project.  This represents the
No Action alternative as specified in the FEIS/EIR published jointly by BLM and Imperial County
on November 17, 2000.

This decision is based upon the following key factors determined to be unique to this particular
proposal:

• the proposed project is located in an area determined to have nationally significant Native
American values and historic properties and would cause unavoidable adverse impacts to
these resources.

• the proposed project will result in unavoidable adverse impacts to visual quality in this
substantially undisturbed landscape.

• the impacts of the proposed project cannot be mitigated to the point of meeting the
statutory requirement in FLPMA that BLM must prevent “undue impairment” of the
public lands in the CDCA.

• the proposed project is inconsistent with the CDCA plan.
• the identified unavoidable and adverse environmental impacts resulting from the project

override the possible economic benefits that might be derived from the project.
• the proposed project fails to meet the overall statutory requirement in FLPMA that BLM

must prevent “unnecessary or undue degradation” of the public land resources.



Record of Decision for the Imperial Project Page 10

RATIONALE

The proposed project would cause significant and unavoidable adverse impacts to values of
critical importance to Native American Tribes. 

The proposed project would significantly damage the network of Native American trail segments
and related cultural resources associated with the nationally significant Indian Pass-Running Man
Area of Traditional Cultural Concern (ATCC) (see Figure 1 and Appendix D). The Indian Pass-
Running Man ATCC is recognized by the Department as having values of critical religious,
cultural, and educational importance to the Colorado River Indian Tribes, Ft. Mojave Indian
Tribe, and particularly the Quechan Tribe. Development and operation of the proposed gold mine
would significantly diminish the integrity and spiritual qualities of the ATCC as a place of
solitude, knowledge, and power to the tribes.

The proposed project would destroy portions of the Trail of Dreams, other trails, and related
ceremonial areas providing a spiritual pathway between Pilot Knob, 25 miles from the site, and
Newberry Mountain, 115 miles away.  The Quechan and the other tribes believe the project would
impair the ability to travel, both physically and spiritually, along the Trail of Dreams; to make
ceremonial use of the prayer circles, rock alignments, and other cultural features in the project
area; to gain protection from metaphysical dangers; and to continue to use the project area for
vision quests and teaching tribal youths about their culture.

In consideration of the scope and magnitude of the project’s potential impacts to critical Native
American values, BLM requested the advice of the Advisory Council on Historic Preservation. 
The Council’s findings and recommendations were formally submitted to the Secretary on
October 19, 1999 (see Appendix A).  The Department has considered these recommendations and
concurs with the following Council findings: 1) the values of the ATCC are of premier importance
to the Quechan Tribe for sustaining their traditional religion and culture; 2) the ATCC has
retained sufficient integrity of setting, feeling, and association to remain a critically important area
for traditional uses; 3) the proposed mining operation would unduly degrade the ATCC; 4)
concerned individuals and the Quechan Tribe have consistently voiced their overwhelming
opposition to the project; and 5) mitigation measures proposed by Glamis Imperial Corporation
are not adequate to compensate for the loss of Native American values and historic properties if
the mining project were approved. 

Approval of the proposed project would not be in conformance with Executive Order 13007 on
Indian Sacred Sites.  The proposed project would not conform to Executive Order 13007 because
the project would destroy access to and the ceremonial use of sacred sites by the Quechan and
would significantly harm the integrity of sacred sites. While direct physical damage could be
reduced on some sites through mitigation proposed by Glamis Imperial Corporation, according to
the Quechan, the overall loss of the integrity of the ATCC and its spiritual value to the Quechan
could not be offset.  Further, the Quechan have stated financial or off-site mitigation measures 
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would not compensate for these adverse impacts.  This conclusion is supported by the Council,
the California State Historic Preservation Office, and the California Native American Heritage
Commission. 

Approval of the proposed project would result in disproportionate adverse impacts to Native
Americans, and thus would also not conform with Executive Order 12898 on Environmental
Justice. The Quechan have consistently expressed concern over the cumulative impacts of the
proposed project. When combined with the impacts from existing mines, interstate highway
development, and other land development in their traditional territory, the impacts of the
proposed project would result in an increase in the already significant loss of values to the
Quechan. Archaeological surveys and historic records over the past 20 years have documented
Native American values and historic properties lost to the Quechan as a result of various Federal
and State projects.  The Quechan have stated that other substantial unrecorded losses have also
occurred. 

The proposed project would cause significant and unavoidable adverse impacts to historic
properties determined eligible for the National Register of Historic Places. 

The proposed project would have an adverse effect on 55 historic properties determined eligible
for listing in the National Register of Historic Places, including the Indian Pass-Running Man
Area of Traditional Cultural Concern.  The eligible properties also include significant Native
American trail segments and other historic properties such as geoglyphs, rock rings, ceremonial
quartz and ceramic scatters, and cleared circles, both inside and outside the footprint of the
proposed project.  The eligible properties would be disturbed or destroyed through excavation of
the open pits and construction and operation of the leach pad, waste rock and soil stockpiles,
diversion channels, haul and access roads, and associated processing and support facilities.  In
addition to the direct physical effects, mining related noise and visual impacts of the project would
further diminish the quality of the eligible properties.  In its letter of July 21, 1998, the State
Historic Preservation Office has concurred with BLM’s determination of adverse effects
(Appendix D). 

Mitigation measures would reduce but not eliminate adverse effects to 23 of the 55 historic
properties determined eligible for the National Register of Historic Places.  In the November 1997
draft EIS/EIR, the project proponent modified the initial proposal to provide for mitigation of
adverse effects to these resources.  The company redesigned the mining plan to reduce impacts
including reduction in the heights of the waste rock and stockpiles as well as other design
modifications.  The company also agreed to undertake an archaeological data recovery program
to preserve archeological materials and compensate the Quechan through enhancement of the
existing Quechan heritage preservation program, including the acquisition and preservation of off-
site archaeological resources.   

However, the mitigation measures proposed by Glamis Imperial Corporation would not be
effective in reducing adverse effects on 32 of the 55 historic properties.  Even after implementing
the mitigation measures, characteristics relating to integrity of setting, feeling, and association,
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which qualify the properties for listing to the National Register of Historic Places, would be
irreversibly disturbed by mining activities: integrity of the Trail of Dreams, other prehistoric trails,
and related ceremonial areas would be impaired; the existing natural landscape would be
permanently altered; opportunities for solitude would be diminished; and the overall spiritual value
of the ATCC would be irreversibly damaged.  The Council, after reviewing the company’s
proposed mitigation measures and carefully evaluating the potential impacts, stated in its October
19, 1999 letter to the Secretary of the Interior (see Appendix A) that the mitigation measures
would “do little to reduce the devastating impacts on the historic properties and their environment
and fall short of compensating for the loss of traditional, religious, and cultural values of the
ATCC.”  The Department agrees with the Advisory Council’s conclusion.

The proposed project would cause significant and unavoidable adverse impacts to visual
quality. 

The project would result in significant long-term change to the area’s sensitive visual quality.  It
would, therefore, not conform to the CDCA plan’s applicable visual resources management
rating, which provides for the existing landscape character to be maintained (see Appendix C).

An open 880-foot deep East Pit, and 280-foot high waste rock stockpiles and heap would remain
as permanent substantial changes to the existing undisturbed natural landscape (see Figures 2 and
3).  The level of contrast would gradually diminish after backfilling of the Singer and West Pits,
regrading and replanting native vegetation, and overall reclamation of the site following
completion of mining. However, the substantial visual contrast would remain after final
reclamation is completed.

The project would result in significant visual impacts, specifically:  (1) disruption of the existing
landscape with new man-made land forms, including waste rock and leach piles which would be
100-150 feet higher than any existing natural features in the vicinity; (2) alteration of surface
color, texture, and vegetation cover on approximately 1,300 acres; and (3) adverse effects to a
landscape which includes Picacho Peak, Indian Pass, and other unique natural landmarks that are
also historically important to Native American culture and the general public. These visual
impacts would be clearly visible from the Indian Pass Road and other routes of travel in the
immediate vicinity of the project area.

The proposed project would permanently alter the character of a visually sensitive area.  The
factors that cause the project site to be sensitive to changes in visual quality include: (1) the
existing visual quality of the proposed project area and surrounding landscape is substantially
undisturbed; (2) the existing topography of gently sloping ground and low rolling ridges provides
little opportunity to screen or blend the project within the surrounding landscape; and (3) the 5-10
mile distance between the mine site and the surrounding mountains creates broad depth of field in
which the proposed project site is visible from various public vantage points.
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The overall effect of significant and unavoidable adverse impacts would cause undue
impairment to the CDCA.

The overall effect of significant and unavoidable adverse impacts on Native American values,
historic properties, and visual quality would significantly diminish the “scenic, scientific, and
environmental values” of the CDCA, values BLM is required by Section 601 of FLPMA to
protect.  Specifically, the Quechan Tribe’s ability to practice sacred traditions as an integral part
of the Quechan culture would be irreparably damaged; 55 traditional historic properties which are
eligible for listing in the National Register of Historic Places, including the Running Man/Indian
Pass ATCC, would effectively be destroyed; and the scenic quality of  a substantially undisturbed
area would be irreversibly altered.  Despite efforts by Glamis Imperial Corporation to reduce
adverse impacts through mitigation, no effective means were found to prevent the significant level
of destruction to important CDCA values.  Finally, as stated earlier, approval of the project would
not conform with Indian Sacred Sites and Environmental Justice Executive Orders.  The severity
of these combined impacts would be so great, and of such scope and magnitude, that undue
impairment would result.

The proposed project would not be in conformance with the CDCA plan.    

The proposed project would not conform with the CDCA plan because the significant and
unavoidable adverse environmental impacts discussed in this ROD would exceed the maximum
level of impact allowed under the plan; thus, the project would result in undue impairment. 
Further, the scope and magnitude of these effects would be so great as to preclude consideration
of a plan amendment to permit the project. 

The CDCA plan’s multiple use guidelines and the minerals management provisions of the plan
would allow mineral development to be considered in this area.  However, no effective means of
mitigation were found to avoid significant and unavoidable adverse impacts.  Such impacts would
irreversibly and irretrievably harm important resources of an area designated in the CDCA plan in
1980 as Multiple Use Class L (Limited Use).  Multiple Use Class L is specifically intended for the
protection of  “sensitive, natural, scenic, ecological, and cultural resource values” and  provides
for “generally lower-intensity, carefully controlled multiple use of resources, while ensuring that
sensitive values are not significantly diminished.”  The proposed project would not achieve this
required level of protection.

The Multiple Use Class L designation appropriately fits this area based on the sensitive and
significant environmental resources in and around the proposed project site.  Because of the
identified significant resource values in this area, a plan amendment designating this area as
Multiple Use Class M (Moderate Use) or Multiple Use Class I (Intensive Use) would not provide
adequate protection and, thus, would not be warranted.  On October 27, 2000, the Department of
the Interior withdrew the project area and surrounding public lands, totaling 9,360 acres, from
further mining to protect recognized historic properties, Native American values, and the visual
quality of the ATCC; portions of  the Indian Pass Area of Critical Environmental Concern;  and
portions of the Indian Pass and Picacho Peak Wilderness Areas. 
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The Department reviewed the records of permitted mines in the CDCA in comparison to the
FEIS/EIR analysis of the proposed project.  Although BLM has previously approved other large-
scale gold mining operations in Multiple Use Class L areas, the unique combination of important
environmental factors discussed in this ROD set this proposed project apart from those other
projects. Six of the 12 existing CDCA mining operations were approved in Multiple Use Class L 
areas: America, Colosseum, Picacho, Morning Star, Castle Mountain, and Briggs mines (see
Appendix E).  Unlike the proposed project, no Native American values or historic property issues
(other than preservation of the historic mining activities at some of these sites) were identified
during project review for the American, Picacho, Morning Star, Colosseum, and Castle Mountain
mines.  Native American values or historic properties were identified at the Briggs mine; however,
the two identified historic properties were avoided and fenced by the mine operator as a condition
of approval of the plan of operations. All of the permitted mines, unlike the proposed project,
were located on sites previously disturbed by mining activity.  Even in the Briggs mine site, where
the evidence of previous mining activity was considered minor, the surrounding mountains were
close to the project site and reduced visual contrast to an acceptable level. 

The identified unavoidable and adverse environmental impacts resulting from the project
override the possible economic benefits that might be derived from the project.

It is the conclusion of the Department that the possible economic benefits that might be derived
from the project, as described in the FEIS/EIR and summarized below, do not overcome the legal
requirements to prevent undue impairment to public lands in the CDCA.

The Department recognizes the importance of developing public land resources and the economic
and social benefits that mining has on the local, regional, and national economies of the United
States.  Glamis Imperial Corporation estimates that the proposed project would generate up to
120 local job opportunities through the life of the project and would incur approximately $48
million in initial capital expenditures.  In addition, Glamis Imperial Corporation estimates that
there would be continuing capital expenditures of  $1.7 million per year and $26 million per year
in non-capital expenditures, including payroll. The proposed project would be required to pay
sales tax on all expenditures and pay local property taxes on mine assets.  All these effects are
possible economic benefits of the proposed project.

However, the mineral deposit involved in this proposed project by its nature requires considerable
surface disturbance to support operations.  The mineral deposit supporting the proposed project is
one of the lowest gold grades for open-pit, dump heap leach operations in the United States (see
Appendix F).  From Glamis Imperial Corporation’s estimates of an average reserve grade of 0.016
ounces of gold per ton, approximately 280 tons of rock would be mined, moved, processed, and
stored for each ounce of gold produced.  In addition, gold prices have fallen approximately 27
percent since the project was initially proposed in 1995.  A decrease from approximately $384 per
ounce in 1995 to an estimated $278 per ounce in 2000 has significantly reduced the potential of
this project to be economically sustainable.
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While it is the policy of the Department to consider the possible economic benefits of
development of public land resources, that consideration must be made in the context of all other
public land resource values, including environmental, historic, and other values.  In this case, the
overall adverse environmental impacts caused by the project would outweigh the possible
economic benefits to be derived from mining a mineral deposit with an average reserve grade of
0.016 ounces of gold per ton.

The proposed project would cause unnecessary or undue degradation to public lands.

As discussed, the significant and unavoidable adverse environmental impacts of the project would
result in “undue impairment” because approval of the project would not be in conformance with
the CDCA plan and a plan amendment is not warranted.   Further, it is determined that loss of the
identified scenic, scientific and environmental values to the people of the United States would
override the possible economic benefits that might be derived from the project.

By causing undue impairment to CDCA values, it is the conclusion of the Department that the
project would result in unnecessary or undue degradation to the public lands.
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ALTERNATIVES CONSIDERED

A.  ALTERNATIVES TO THE PLAN CONSIDERED IN DETAIL 

• Proposed Project (Glamis Imperial Corporation’s proposed plan of operations)
• West Pit Alternative
• East Pit Alternative
• Complete Pit Backfill Alternative
  
Each alternative assumes use of the same environmental protection and reclamation measures as
the proposed action. 

1.  Proposed Action

The proposed action, i.e., Glamis Imperial Corporation’s plan of operations as presented to BLM,
was to be located on 1,571 acres of unpatented mining claims and would encompass the mine and
processing area, including open pits, waste rock and topsoil stockpiles, heap leach pads,
administrative and maintenance facilities, a precious metal recovery plant, haul roads, an electrical
substation, distribution lines, and associated facilities.  Up to 150 million tons of ore would be
mined and leached, and 300 million tons of waste rock would be mined and deposited on the site.  
Specifically, the plan proposed to backfill and reclaim the Singer and West Pits and leave the 880-
foot East Pit open  (see Figure 3).  It also would create two waste dumps and a 280-foot heap
leach pad. 

The agency’s preferred alternative as identified in both the 1996 and 1997 EIS/EIR drafts was the
proposed action as presented by Glamis Imperial Corporation.  However, the agency preferred
alternative was changed to No Action in the November 2000 Final EIS/EIR, to reflect new
information concerning historic properties and Native American values.  In particular, information
concerning historic and archaeological resources identified during expanded field survey and
analysis in 1997, a report provided by the Advisory Council on Historic Preservation (see
Appendix A), and consultation with the Quechan Tribe substantially increased agency awareness
and understanding of  the importance of the site to Native Americans.  That new information was
a significant factor in the agency’s decision to change its initial preferred alternative to the No
Action alternative, and ultimately in the Department’s decision not to approve the Imperial
Project.

2.  West Pit Alternative

This alternative would create the least amount of total surface disturbance by mining only the
West Pit and Singer Pit.  Approximately one-third of the disturbance would be produced,
compared to the proposed action, or about 40 percent of the ore and 30 percent of the waste
rock.  Total surface disturbance would be reduced to approximately 853 acres, or about
63 percent of the total 1,362 acres disturbed under the proposed action. Only a small part of the
West Pit would be backfilled. The Singer Pit would not be backfilled, since the East Pit would not
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be mined. The south waste rock stockpile and the heap leach pile would be about the same height
as under the proposed action. Total project life for the West Pit Alternative would be about 10
years, compared to 20 years for the proposed action. 

This alternative would slightly reduce the total area of disturbance but would not eliminate
significant adverse impacts to Native American values, historic and archaeological resources, and
visual quality.  The density of historic or archaeological properties determined eligible for the
National Register of Historic Places is higher on the west side of the project area, and includes the
main trail segments and associated sites. This area would be disturbed under the West Pit
Alternative. The remaining waste rock stockpile and heap would be substantially the same height
and form as in the proposed action and would cause significant adverse impacts to visual quality,
even after mitigation.

3.  East Pit Alternative 

Under this alternative, the East Pit and Singer Pit would be mined, producing a total of about
67 percent of the mined rock produced under the proposed action, or about 60 percent of the ore
and 70 percent of the waste rock.  Total surface disturbance under the East Pit Alternative would
be reduced to approximately 1,126 acres, or about 83 percent of the total 1,362 acres disturbed
under the proposed action. The Singer Pit would be completely backfilled with waste rock from
mining the East Pit, and the East Pit would not be backfilled.  The south waste rock stockpile and
the east waste rock stockpile would still be about the same 300-foot height as the proposed
action, but the heap leach pile would be a height of 250 feet. Total project life would be
approximately 14 years, versus 20 years. Final reclamation might continue beyond the end of the
14 years. Indian Pass Road would not be relocated around the project mine and process area
under the East Pit Alternative.

The East Pit Alternative would disturb 40 percent less surface area than the proposed action. It
would not fully develop the identified mineral reserves. It would still require almost the same
projected capital and annual operating costs of the East Pit Alternative. Glamis Imperial
Corporation stated that this East Pit Alternative would not be an economically viable project, and
would not be profitable.

The elimination of the West Pit and reduction in size of the south waste rock stockpile under this
alternative would reduce the scope and magnitude of adverse impacts by avoiding the area of
highest historic or archaeological site density. However, significant Native American values and
historic properties would be destroyed under this alternative, including the overall integrity of the
Indian Pass-Running Man ATCC. Impacts to visual quality would be slightly reduced but would
also remain significant.

4.  Complete Pit Backfill Alternative

The purpose of this alternative was to evaluate the feasibility of complete backfill of all three
proposed pits.  All available waste rock would be used to completely backfill to at least the
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original grade. The East Pit would then be backfilled. Because mined rock occupies more volume
than unbroken rock, all the rock from the pit would not fit back into the same pit.  Surface
disturbance would not be reduced by the Complete Pit Backfill Alternative. Refilling the East Pit
could take more than four years, and cost $80 million to $100 million.  This alternative would
reduce the significance of adverse effects to visual resources by eliminating the waste rock
stockpiles and the open pit. The heap leach pad would still remain. This alternative would also
reduce the significant adverse visual effects to the Indian Pass-Running Man ATCC. The
alternative would allow the full amount of discovered ore to be mined. Glamis Imperial
Corporation states that the Complete Pit Backfill Alternative would not be an economically viable
project, and would not be profitable.

B.  ALTERNATIVES CONSIDERED BUT ELIMINATED FROM DETAILED
ANALYSIS

Several other alternatives identified in the FEIS were not analyzed in detail.  These are
summarized below.

1. Alternative Mine Locations

One alternative was to construct and operate a mine at an entirely different location than the
proposed project area. However, such an alternative would fail to meet the objectives of the
proposed action,  to profitably recover the precious metals within the project site. Another
alternative included potential off-site locations for the mine facilities, pits, heap leach pad, and
waste rock stockpiles.  However, there was no environmental advantage to this alternative as the
disturbance would be greater in scope and equal in impact.

2.  Alternatives to Relocate Road, Water Wells, and Utility Corridors

Since these alternatives did not substantially decrease any of the significant adverse effects of the
proposed action, and because the cost would reduce conformance with the basic project
objectives, these were eliminated from any further consideration.

3.  Alternative Mining and Processing Methods

Although there are several variations on mining techniques, including underground mining or in-
situ mining, none are feasible in this type of ore body because the deposits necessary to support
such methods are not present.

Like mining, there are several potential alternative methods for processing ore other than cyanide
heap leach.  Considered were vat leaching, carbon in pulp, flotation, or a combination of these
processes.  None were technically feasible for the type of ore involved in the proposed project,
and were eliminated from consideration. 
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PUBLIC INVOLVEMENT

Opportunities for Public Involvement

The BLM, as the lead Federal agency, and Imperial County, as the lead State agency, diligently
involved the public throughout the joint Federal/State environmental review process.   In response
to Glamis Imperial Corporation submission of a mining plan of operations, BLM published a news
release and a  Notice of Intent in the Federal Register on March 24, 1995, announcing the
company’s mining proposal and the initiation of the NEPA process to prepare an EIS on the
project.  On April 5, 1995, Imperial County distributed its Notice of Preparation of an EIR
initiating the California Environmental Quality Act process. 

A Draft EIS/EIR was published on November 1, 1996 for public comment and review.  Public
hearings were held in La Mesa and Holtville, California.  After the initial 60-day public review,
BLM extended the public comment period twice, through March 24, 1997.  More than
425 written comment letters were received, and 49 people testified at the two public hearings. 
After a review of the comments received, the BLM and Imperial County jointly announced on
June 11, 1997 that a new Draft EIS/EIR for the Imperial Project would be prepared and
recirculated.

On August 1, 1997, BLM formally withdrew the November 1996 Draft EIS and announced its
intent to prepare another EIS for the Imperial Project. All comments on the 1996 draft were
treated as scoping comments for the revised Draft EIS/EIR.  Imperial County concurred in this
decision.  

A revised Draft EIS/EIR was published on November 28, 1997, and made available for public
review through January 27, 1998.  Public hearings were again held in La Mesa and Holtville,
California.  After the initial 60-day review, BLM extended the public comment period twice,
through April 13, 1998.  More than 541 comments were received, including public testimony at
the two public hearings.

An additional public hearing by the Advisory Council on Historic Preservation, a Presidential
advisory organization, was held in Holtville, California in March 1999.   That hearing focused on
the potential impacts of the project on cultural, historic, and archeological resources associated
with the Quechan and other tribes. 

BLM and Imperial County included in the FEIS/EIR, published on November 17, 2000, a
summary of all general comments received and details on all substantive public comments
received during two the public comment periods which cumulatively totaled approximately 10
months.   The agencies’ responses to all substantive comments received are included in that
document.

In addition, BLM also accepted public comments on the FEIS/EIR for 30 days, through
December 18, 2000.  A total of 24 comments were received.  Although many of the comments
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were general, i.e., supporting or opposing the project, and none of the comments contained
substantially new information, many raised issues seeking clarification or interpretation of data in
the FEIS or its supporting documents.  These issues were carefully considered in development of
this ROD and are summarized, along with BLM’s responses, in Appendix G.

Interagency/Intergovernmental Coordination

As part of the environmental review process, BLM and Imperial County consulted and
coordinated with the U.S. Fish and Wildlife Service, the U.S. Environmental Protection Agency,
the U.S. Geological Survey, the U.S. Army Corps of Engineers, the U.S. Bureau of Reclamation
(Lower Colorado Division), the Advisory Council on Historic Preservation, the Governor’s Office
of Planning and Research, the California Department of Conservation, the California Department
of Fish and Game, the California State Office of Historic Preservation, the California Native
American Heritage Commission, the California Regional Water Quality Control Board, the
Metropolitan Water District of Southern California, and the Southern California Association of
Governments.  In accordance with Section 106 of the National Historic Preservation Act, BLM
also officially consulted with the Quechan Tribal Council, Fort Yuma Indian Reservation.  In
addition to correspondence from the Tribe and verbal discussions and tours, BLM held three
formal government-to-government consultations with the Tribe: December 16, 1997; February 4,
2000; and November 27, 2000.

Coordination with the County of Imperial

BLM and the County of Imperial jointly prepared all the environmental review documents under
the provisions of the National Environmental Policy Act and the California Environmental Quality
Act.  The County’s draft EIR and BLM’s draft EIS were released concurrently for public review. 
The County’s role under the Surface Mining and Reclamation Act of 1975 is to determine the
adequacy of the surface mining reclamation plan submitted by Glamis Imperial Corporation as
part of the mining proposal.  The Imperial County Planning and Building Department has taken no
action on the proposed reclamation plan, pending issuance of BLM’s decision regarding the plan
of operations. 
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APPENDICES
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Appendix A

Advisory Council on Historic Preservation, 10/19/99 letter
and BLM letter to ACHP, 8/25/98
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Appendix B

Solicitor’s Opinion, Regulation of Hardrock Mining, 12/27/99
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Appendix C

Visual Resources Supporting Documents
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Appendix D

National Historic Preservation Act Section 106 Documents
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National Historic Preservation Act
Description of Section 106 Review Process

An intensive, pedestrian inventory for and evaluation of cultural/archaeological resources was
completed for the proposed mine and process area, ancillary area, overbuilt 92 kV/34.5
transmission line corridor, and buffer areas.  During the inventory, which was conducted by KEA
Environmental with assistance by members of the Quechan Tribe, 88 sites associated with Native
American and/or EuroAmerican activities were identified.  Results of the inventory and evaluation
may be found in the report by KEA Environmental for the Bureau of Land Management (BLM),
which is titled, “Where Trails Cross: Cultural Resources Inventory and Evaluation for the Imperial
Project, Imperial County, California,” October 1997, and in the EIS/EIR.  

The resource sites were evaluated according to criteria of eligibility to the National Register of
Historic Places.  The criteria for eligibility are significance in American history, architecture,
archeology, engineering and culture; as well as integrity of location, design, setting, materials,
workmanship, feeling, and association; and (A) association with events that have made a
significant contribution to the broad patterns of our history, or (B) association with the lives of
persons significant in our past, or (C) embodiment of the distinctive characteristics of a type,
period, or method of construction, or representation of the work of a master, or possession of
high artistic values, or representation of a significant and distinguishable entity whose components
may lack individual distinction, or (D) yield or potential to yield information important in
prehistory or history.

Properties evaluated for eligibility to the National Register of Historic Places may reflect
significance in architecture, history, archeology, engineering, and culture.  One kind of cultural
significance refers to the beliefs, customs, and practices of a living community of people that have
been passed down through the generations, usually orally or through practice, and that are
important in maintaining the continuing cultural identity of the community.  Like any other
property, a traditional cultural property is evaluated against the standards for integrity and four
basic National Register Criteria.  

Quechan tribal members identified the project vicinity as a traditional cultural property.  They
emphasized that the project vicinity is extremely important to their cultural values and integrity,
and any destruction of the area would result in destruction of their present and future heritage. 
An area defined by the distribution of Native American trail segments and other cultural features
including geoglyphs, broken quartz, broken ceramic pots, and cleared circles, and which included
the project area,  was identified as the Indian Pass-Running Man Area of Traditional Cultural
Concern (ATCC).  

The California State Historic Preservation Officer concurred with BLM that the ATCC met criteria
for eligibility to the National Register.  The ATCC was designed to focus on the undertaking and
the Area of Potential Effect (APE), as identified in the KEA report,  which was defined as the
power line access rights-of-way and one-quarter of a mile on all sides of the footprint of the
project. 





Record of Decision for the Imperial Project Page 81

Appendix E

Comparison of Permitted Mines within Multiple Use Class L (Limited Use) Areas
of the California Desert Conservation Area
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Mine Operator County/
Area

Date of
Approval
/
Closure

Evidence of
Previous
Mining
Activity

Mine Facility
Physiography

Native American/NRHP
Issues 

America Mine America Mine Joint
Venture

San Bernardino
Bullion Mountains
BLM POO-Yes

1984
1988

Yes mine-mountains
waste dumps-
mountains
leach pads- slope

No 

Colosseum Mine Bond Gold San Bernardino
Clark Mountains
BLM POO-Yes

1986
1992

Yes mine-mountains
waste dumps-
mountains
tailings- mountains

No

Picacho Mine Glamis Gold Imperial County
Picacho Mountains
BLM POO-Yes

1986
1998

Yes mine-mountains
waste dumps-
mountains
leach pads- slope

No

Morning Star
Mine

Vanderbuilt Gold
Corp.

San Bernardino
Southern Ivanpah
Range
BLM POO-Yes

1986
1990

Yes mine-mountain
waste dumps-foothills
leach pads-foothills

No

Castle Mountain Viceroy Gold San Bernardino
Castle Mountains
BLM POO-Yes

1990
--

Yes mine-mountains
waste dumps-
mountains
leach pads-slope

No 

Briggs Mine Canyon Resources Inyo County
Panamint
Mountains
BLM POO-Yes

1996
–

Yes (minor) mine-mountains
waste dumps-
mountains
leach pads-slope

Yes, but plan of
operations modified
to avoid substantial
impacts
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Appendix F

Deposit Grade and Reserve Comparisons, U.S. 
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Deposit Grade and Reserves Comparison
for various gold deposits in the United States*

DEPOSIT PROCESSING
MODEL

TONNAGE
(1,000 tons)

AVERAGE
RESERVE

GRADE
(Ounce/Ton)

RECOVERY
RATE

OUNCES RECOVERED

North Star-NV Dump Leach 1,000 0.015 65% 9,750

Pinson-NV Dump Leach 1,300 0.029 93% 35,061

Getchell-NV Dump Leach 1,900 0.026 75% 37,050

Yankee-NV Dump Leach 2,000 0.045 70% 63,000

Picacho-CA Dump Leach 2,900 0.038 75% 82,650

Kinsley-NV Dump Leach 3,400 0.032 75% 81,600

Gold Quarry-NV Dump Leach 3,500 0.016 65% 36,400

Mac-NV Dump Leach 5,400 0.014 65% 49,140

Pete-NV Dump Leach 6,400 0.026 65% 108,160

Dee-NV Dump Leach 8,300 0.025 72% 149,400

Tusc-NV Dump Leach 8,700 0.019 65% 107,445

Bald Mountain-
NV

Dump Leach 11,400 0.076 75% 649,800

Bear Track-NV Dump Leach 22,800 0.034 75% 581,400

Golden Sun-NV Dump Leach 32,400 0.026 75% 631,800

Post/Betze-NV Dump Leach 33,900 0.020 90% 610,200

Twin Creeks-NV Dump Leach 40,900 0.024 65% 638,040

Mesquite-CA Dump Leach 52,800 0.021 70% 776,160

Rand-CA Dump Leach 55,200 0.023 75% 952,200

Imperial
Project-CA 

Dump Leach 95,200 0.016 80% 1,216,000

Round Mtn-NV Dump Leach 254,400 0.020 55% 2,798,400

*Table modified from Roger Haskins, Senior Mining Law Specialist, Bureau of Land Management,
Washington, DC (1998)
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Appendix G

Responses to Comments on FEIS
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Public Comments to Final EIS/EIR (Significant Issues Raised and Department/BLM
Response)

Of the 24 comments received by BLM on the FEIS, most voiced general opposition to the
proposed project and supported the No Action alternative.  A few voiced general or specific
support of the project.  Of those addressing specific issues, either positive or negative to this
decision, the following were identified as significant and warranting description and response by
the Department of the Interior and BLM.

Issue: The California State Native American Heritage Commission, an official State agency,
endorsed the No Action alternative, citing adverse effects to sensitive Native American
archeological and cultural resources.  Response: The resources specified in the Commission’s
letter were recognized in the FEIS and are noted in the ROD as rationale for the decision not to
approve the project.

Issue: A number of comments cited the newly published BLM mining regulations (43 Code of
Federal Regulations, Part 3809) as supporting authority for denying the project.  Response: While
the final regulations were published on November 21, 2000, they do not become effective until
January 20, 2000 and, therefore, cannot be used as a basis for this decision.

Issue: Two comments addressed the  issue of the strategic importance of gold as a decision factor.
Comments stated that gold is currently not listed as strategic mineral and should have no impact on
BLM’s decision.  Response: Gold’s strategic mineral status was not specifically addressed in the
FEIS/EIR. However, the ROD discusses the conclusion of the Department that significant and
unavoidable adverse environmental impacts outweigh the possible economic benefits of gold
mining under the proposed project.  As the comments indicate, gold is not currently listed as a
strategic mineral by the Defense National Stockpile Center of the Department of Defense. 

Issue: Two letters from the Quechan Tribe provide substantial information about the history of the
Tribe and an official, government-to-government statement that the mine would “damage sacred
sites and trails . . . .”  Response: This information is considered to be consistent with the Tribe’s
earlier cultural data provided to BLM, already contained in the FEIS, and is reflected in the ROD.

Issue: The Quechan Tribe also presented further information that the proposed project interferes
with the Tribe’s First Amendment rights regarding their ability to practice their traditional religion. 
The Tribe disagrees with the Solicitor’s Opinion of December 27, 1999, and its interpretation of
this issue in context of the Lyng case, and requests this issue be used in the ROD to deny the mine. 
Response: The Department and BLM have reviewed the legal information and citations provided
the Tribe, and conclude that the interpretation in the December 27, 1999 Opinion is still accurate
and represents the Department’s legal position in this matter.

Issue: Comments indicated that the Imperial Project would not be consistent with the current
management direction provided in the Northern and Eastern Colorado Desert Plan (NECO).
Response: Because NECO will not likely be completed before the second half of 2001, any
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application of NECO to the proposed project would be premature, and NECO is not used in this
decision.

Issue: Several comments requested that the decision be signed by the “highest level” possible so
any challenges can be addressed quickly in Federal Court.  Response: Given the nature and
importance of this decision, and considering the Department of the Interior’s trust responsibility to
Native American tribes, the Secretary has decided to sign the ROD.

Issue: Several comments noted the withdrawal of 9,360 acres (which includes the proposed
project) by Secretarial Order on October 27, 2000 and stated it should be a factor in the decision. 
Response:  The withdrawal is a separate agency decision and does not substantially affect existing
claims in this area on which the Glamis Imperial proposed mining project is based.  Therefore, the
withdrawal cannot be a rationale for this decision.

Issue: Comments requested that BLM’s visual resources policy documents be included in the
ROD.  Response: Supporting documentation on visual resources is included in the appendices of
the ROD.

Issue: Several comments requested that the entirety of the FEIS/EIR be attached to the ROD;
other comments requested specific sections be attached, including section 6.2 regarding
impairment of CDCA values. Response: The attachment of the FEIS/EIR to the ROD is not
necessary as the ROD is the decision document issued as a result of the analysis in the FEIS/EIR.
The FEIS/EIR was prepared as a tool to assist in the decision making process. Copies of the
FEIS/EIR may be obtained from BLM, subject to availability, or may be accessed on the Web at
http://www.ca.blm.gov/elcentro/imperial_project.html.

Issue: Several comments challenged the conclusion of the FEIS/EIR that no significant cumulative
impacts would result from the proposed project.  One comment specifically identified the need to
consider potential cumulative impacts such as the future development of the new Town of Felicity. 
Response: With regard to the first statement, BLM agrees, and this ROD reflects consideration of
the combined adverse impacts to Native American values, historic properties, and visual quality. 
As for the proposed Town of Felicity, the development is too speculative at the present time to
consider in this ROD.

Issue: One comment indicates that the Section 106 process was not completed in a manner
consistent with the regulations in Part 800 of Title 36 of the Code of Federal Regulations. 
Response: BLM followed the requirements of the 1991 Programmatic Agreement with the
California SHPO and the Advisory Council on Historic Preservation; adhered to its responsibilities
to consult with tribes on a government-to-government basis; followed the MOU with the
California Native American Heritage Commission; and applied the requirements of  the Sacred
Sites Executive Order.  The SHPO concurs with BLM’s consideration of Section 106 and its
determination of adverse effects (see Appendix D).
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Issue: A comment indicated that BLM had not consulted with the necessary tribes because the
Quechan Tribe is only one of several Yuman speaking tribes that use the area.  Response: During
the collection of the ethnographic data for the EIS/EIR and according to applicable Federal
government records, the Quechan Tribe is explicitly identified as the federally recognized tribal
government in this particular area.  However, other affected tribes were notified by BLM of the
project, testified at the Advisory Council’s public hearing in Holtville in support of the Quechan,
and deferred to the Quechan as the tribal contact with BLM regarding the project.

Issue: One comment stated that the BLM’s designation of the Indian Pass-Running Man Area of
Traditional Cultural Concern (ATCC) was an administrative determination of BLM and did not
represent the entire spectrum of Native American concerns.  Response: The ATCC was a
collaborative determination of the Quechan and BLM.  It was identified to provide a basis for
analysis in the EIS/EIR of potential effects of the proposed project on sacred sites.  The Quechan
and BLM understood that the ATCC did not include the entire spectrum of Native American
concerns but was of sufficient scope to provide a reasonable basis of analysis. The SHPO
concurred with the ATCC as a reasonable approach.  

Issue: One comment questioned whether, given a 60-year hiatus in use of the Trail of Dreams, if a
mine with the life of 20 years would constitute an unresolvable adverse effect, particularly
considering that Interstate 10 crosses the trail.  Response: The Tribe did not say that its members
have not used the area for 60 years, only that they have not used the area regularly during that
period.   Further, the Quechan have consistently expressed concern over the cumulative impacts of
development, such as Interstate 10, on their traditional cultural values.

Issue: Comments raised the issue of environmental justice if the project were approved.
Response: The FEIS/EIR discussed applicability of Executive Order 12898 on Environmental
Justice.  Although the FEIS/EIR suggests the proposed project is consistent with Executive Order
12898, the Department’s decision not to approve the project is based in part on the finding of
disproportionate adverse impacts to the Quechan as further discussed in this ROD.

Issue: A comment stated that the cultural and religious factors to the Quechan should stand alone
as a rationale for denial.   Response:   The decision of the Department not to approve the project
is based on consideration of the combined environmental impacts of the project compared to the
possible economic benefits of mining under the project in light of applicable statutory standards.
The environmental effects to the Native American values, historic and archaeological resources
and visual quality are closely interrelated.

Issue: Comments stated that the proposed Imperial Project is different from other gold mines
previously approved by BLM in the CDCA.  Response: The Department reviewed the records of
permitted mines in the CDCA in comparison to the FEIS/EIR analysis of the proposed project.  
The comparison demonstrates that the proposed project involves a unique combination of
environmental conditions not present in other mines (see Appendix E). 
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Issue: One comment cited outdated information in the FEIS/EIR, mostly pertaining to dates and
other supporting data (including formal government to government consultations conducted with
the Quechan Tribe) referenced in the document and requests correction of those dates in the ROD.
Response: The Quechan consultation dates have been updated and included in the ROD, as well as
dates pertaining to the Indian Pass withdrawal. 

Issue: One comment stated that BLM has underestimated the significance of the Native American
values and historic properties at the project site.  Response: The ROD directly quotes the
Council’s views on this matter.  The ROD also relies on the Council’s determination that this area
contains nationally significant historic properties and Native American values as one of the basic
rationales for the decision not to approve the project.

Issue: A few comments, both for and against the proposed project, asserted that the Solicitor’s
Opinion of December 27, 1999, provides a basis for denial of other mining operations, both in the
California Desert and throughout the West.  Response: The Solicitor’s Opinion was specifically
requested by BLM to address the proposed Glamis Imperial project and its location in a Multiple
Use Class L area of the California Desert Plan and an Area of Traditional Cultural Concern with
the significant historic properties and Native American values documented as present at the site. 
However, determining whether the legal analysis of the Opinion may be applicable to other sites is
beyond the scope of this ROD.

Issue: One comment takes issue with the conclusion of the Solicitor’s Opinion that the Section
106 process under the National Historic Preservation Act (NHPA) is not intended to impose
substantive obligations on BLM (see p. 18, footnote 22 of the Opinion) and asserts that a recent
court decision (Muckleshoot v. US Forest Service, 1999) interprets this authority more accurately. 
Response: The Department has reviewed the referenced court decision and has determined the
Solicitor’s Opinion represents the legal position of the Department in this matter. The Federal
Land Policy and Management Act, not the NHPA, was the primary legal authority on which the
Solicitor based his conclusion that BLM has authority to deny approval of a plan of operations
within the CDCA if the plan would impair other resources unduly and no reasonable measures are
available to mitigate that harm.

Issue: One comment asserted that the Solicitor’s Opinion represents a “new rule” directing a BLM
decision and exceeds the statutory authority and intent of the Federal Land Policy and
Management Act and the California Desert Protection Act.  It further asserts that any decision to
deny the mine would be inconsistent with the agency’s longstanding practice involving mine
development projects in the CDCA.  Response: The Department has reviewed the information
provided and disagrees with the commenter’s interpretation.  The United States District Court for
the District of Southern California has already rejected the argument that the Solicitor’s Opinion
directs BLM to make a particular decision.

Issue: Some comments stated that the lack of economic benefits of mining must be a rationale for
denial.  Response: It is not the policy of the BLM or the Department to determine whether a
business is to be judged by its value to the economy.  Rather it is the policy to consider the
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possible economic benefits of development of public land resources in the context of all other
public land resource values, including environmental, historic, and other values. In this case, the
overall adverse environmental impacts of mining a mineral deposit with an average reserve grade
of 0.016 ounces of gold per ton were found to outweigh the possible economic benefits to be
derived from the proposed project.

Issue: Several comments raised hazardous materials related  issues about the project.  
Response:  The FEIS/EIR addressed these issues adequately and the proponent, if authorized,
would be required to comply with all applicable State and Federal laws pertaining to hazardous
materials.
 
Issue: One comment raised the issue of a pending lawsuit regarding the Endangered Species Act
filed against BLM by the Center for Biological Diversity and others, and questions whether that
suit affects the Indian Pass area.  Response:  While the complaint filed by the Center addresses the
entire CDCA, it does not specifically cite the Indian Pass area (including the proposed mining
project).  The settlement agreements filed with the court as of the date of this ROD do not involve
the Indian Pass area.

Issue: Some comments challenged the adequacy of the FEIS/EIR, stating that the FEIS/EIR does
not support project approval or approval of alternatives other than No Action.  Response: The
decision of the Department is not to approve the project. The FEIS/EIR supports this decision.
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Finding of No Significant Impact 
NEPA: DOI-BLM-NV-B020-2020-0017-EA 

Case Files: NVN-097820 (Plan) 

I have reviewed Environmental Assessment (EA) DOI-BLM-NV-B020-2020-0017-EA dated July 
2020. The EA analyzes the Exploration Plan of Operations. After consideration of the environmental 
effects as described in the EA (and incorporated herein), I have determined that the Proposed Action 
will not significantly affect the quality of the human environment, individually or cumulatively with 
other actions in the general area. No environmental effects meet the definition of significance in 
context or intensity as described in 40 Code of Federal Regulations (CFR) 1508.27; therefore, 
preparation of an Environmental Impact Statement (EIS) is not required per Section 102(2) (c) of the 
National Environmental Policy Act (NEPA). 
 
DOI-BLM-NV-B020-2020-0017-EA has been reviewed through the interdisciplinary team process 
and has been posted for public comment for 45 days. 
 
It has been determined that the Project is in conformance with the approved Tonopah Resource 
Management Plan, and its amendments, and is consistent with the plans and policies of neighboring 
local, county, state, tribal, and federal agencies and governments. This finding and conclusion is 
based on my consideration of the Council on Environmental Quality’s (CEQ) criteria for significance 
(40 CFR 1508.27), both with regard to the context and the intensity of impacts described in the EA. 
 
Context 

In September 2019, AngloGold Ashanti North America (AGA) submitted an Exploration Plan of 
Operations (EPO) for the proposed Silicon Exploration Project (Proposed Action) in southcentral 
Nevada. This EPO would include the exploration activities on the claim blocks held by AGA and 
Renaissance Gold Inc. The EPO, baseline reports, and Supplemental Environmental Reports (SERs) 
used in the preparation of this EA are on file and available for public review at the Bureau of Land 
Management (BLM) in Tonopah, Nevada, during regular business hours (Monday through Friday, 
excluding holidays from 7:30 AM to 4:30 PM PST) by appointment. 
 
The BLM has evaluated the EPO titled Silicon Exploration Project Plan of Operations 
NVN-097820/Nevada Reclamation Permit Application, and has prepared an EA, DOI-BLM-NV-
B020-2020-0017-EA, that analyzes the affected environment, environmental impacts, and identifies 
environmental protection measures associated with the Project. The final EPO was submitted 
April 21, 2020, in accordance with the BLM Surface Management Regulations 43 Code of Federal 
Regulations (CFR) 3809, as amended. It has been assigned BLM case file number NVN-097820.  
 
The EPO is located approximately seven miles northeast of Beatty in Nye County, Nevada. The legal 
description of the EPO Area is provided in the table below. The EPO Area encompasses 
approximately 3,630 acres of public lands administered by the BLM Battle Mountain District Office. 
The proposed Silicon EPO Area is underlain by 305 lode claims that are owned or controlled by 
AGA or Renaissance Gold Inc. (EPO, Appendix C, Claim Information). 
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Project Legal Description* 

Townships Ranges Sections 
11 South 47 East 13, 23 through 27 
11 South 48 East 8 through 10, 14 through 22, 27 through 33 
12 South 47 East 12 through 17, 23, and 24 
12 South 48 East 4 through 7 

*Mt. Diablo Base and Meridian, Nevada 
 
AGA is currently acknowledged to conduct 4.75 acres of surface disturbance, including access road 
and drill site construction, within the Project Area under an Exploration Notice, BLM case file 
number NVN-095843. AGA proposes to conduct phased mineral exploration-related activities within 
a 3,630-acre Project Area, that would create up to approximately 150 acres of new surface 
disturbance for a total Project-related disturbance of approximately 155 acres. Exploration activities 
would be conducted in phases, with approximately 55 acres of new surface disturbance occurring 
under Phase I, including up to five acres of Notice-level disturbance. An additional 100 acres of 
surface disturbing activities would occur under subsequent phases. Under the existing Notice NVN-
095843, AGA could conduct up to five acres of disturbance. The proposed surface disturbing 
activities are anticipated to occur over a period of approximately ten years.  
 
Pursuant to NEPA and the Council on Environmental Quality regulations on implementing NEPA, 
the EA identifies, describes, and evaluates environmental protection measures (EPMs) that would 
mitigate the possible impacts of the preferred alternative. The short- and long-term impacts as 
disclosed in the EA are not considered to be significant to the human environment. The short-term 
impacts from implementation of the Project are local; they are not regional or national in nature. The 
long-term impacts resulting from the Project would be mitigated by concurrent reclamation during 
the life of the Project and meeting all reclamation requirements prior to ending the Project. 
 
Intensity 

1.   Impacts that may be both beneficial and adverse. 

Potential impacts to the environment as identified in Section 3 of the EA include the following: 
 

Lands and Realty 

The Proposed Action would not result in effects or changes to land ownership and would not 
result in conflicts, substantial modifications, or termination of the rights-of-way (ROWs) or 
land use authorizations within the EPO Area. Effects of the Proposed Action on lands and 
realty would be minor, short-term, and localized.  
 
Lands with Wilderness Characteristics 

The Project would result in up to 155 acres of surface disturbance, which could occur anywhere 
in the Project Area, and potentially within the Yucca Mountain LWC unit. Phase I activities 
would not occur within the LWC unit, but locations of disturbance under subsequent phases are 
unknown. These activities, in combination with the February 2020 wilderness characteristics 
inventory update findings of identifying three Wilderness Inventory Roads within the LWC 
unit, could eliminate the unit’s qualifying wilderness characteristics including naturalness and 
solitude, by bisecting the LWC unit and consequently reducing the LWC unit to less than 5,000 
acres. The three identified Wilderness Inventory Roads experience a variety of uses, and during 
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the February 11, 2020, field work, one drill rig, two water trucks, and several pick-up trucks 
associated with the drilling activities were seen driving on one of the three Wilderness 
Inventory Roads. 

 
The wilderness characteristics of the lands within the unit, particularly “solitude,” would be 
impacted by vehicles associated with Project activities using the three Wilderness Inventory 
Roads, as mineral exploration activities would likely be seen, heard, and felt by visitors within 
the LWC unit, as well as other activity (e.g., recreation) on the three roads. 
 
Migratory Birds 

Direct or indirect adverse effects to migratory birds from the Proposed Action are not 
anticipated. Direct effects resulting from the destruction of active nests or disturbance to 
breeding behavior are considered negligible, short-term, and localized. Indirect effects resulting 
from the temporary loss of potential foraging and breeding habitat are considered minor, short-
term, and localized. The EPM in Section 2.2.6.5 of the EA and reclamation of 155 acres of 
surface disturbance would minimize any potential adverse effects to migratory birds. 
 
Noxious Weeds, Invasive and Non-native Species 

Adverse effects to vegetation resources from noxious weeds, invasive and non-native species 
could include the spread and establishment of these species during surface disturbing activities, 
including travel and maintenance of the Project Access Roads. Potential adverse effects from 
the spread and establishment of noxious weeds, invasive and non-native species would be 
minimized by the EPM in Section 2.2.6.7 of the EA and concurrent reclamation; potential 
adverse effects are considered minor, short-term, and localized. 
  
Recreation 

Project Area roads would remain open during Project activities, and there would be no fencing 
to preclude use, except for fences around sumps to protect wildlife. There is other similar land 
available to dispersed recreational visitors in the vicinity of the Project Area. The organized 
OHV races contain stipulations for road repairs, and some have stipulations for notifications 
being sent to area stakeholders prior to the event. Any adverse effects to recreation would be 
minor, short-term, and localized. 
 
Soils 

Soils in the Project Area have a primarily low erosion hazard from water and a moderate 
erosion hazard from wind. Potential impacts to soils would be reduced by the EPMs outlined in 
Section 2.2.6.12 requiring the use of BMPs to minimize stormwater erosion. As a result of 
reclamation of all drill sites, sumps, overland travel, and road construction, the post‐exploration 
topography is expected to be like pre‐Project conditions, which would reestablish the site 
characteristics of slope and aspect of soil associations within the Project Area. As a result of 
the implementation of the EPMs in Section 2.2.6.12 of the EA and concurrent reclamation 
efforts, soil loss due to the surface disturbing activities associated with implementation of the 
Proposed Action would be minor, long‐term, and localized.  
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Special Status Species 

Exploration activities, including the construction of roads and overland travel, could disturb 
special status wildlife species due to the presence of humans and by creating noise and dust. 
However, foraging activities within the Project Area could continue since the proposed surface 
disturbance activities only cover approximately four percent of the entire Project Area (155 
acres out of a total of 3,630 acres). Indirect, localized, long‐term adverse effects to foraging 
activities would occur due to the temporary loss of vegetation as a result of Project-related 
surface disturbance. 
 
Two populations of black woollypod were identified during the NNHP data request. The first 
identified reference area had one Astragalus species, but that species lacked the dense, silvery 
hairs borne on the stems and leaflets that is characteristic of black woollypod and its look-
alikes. 

 
One individual in transition to the second identified reference area had dense silvery hairs, but 
the flowers and fruits that indicate the defining characteristics of black woollypod were not 
present, so no positive identification was possible. The second identified reference area had 
approximately ten individuals of the target milkvetch species. These individuals were in 
varying life stages, but several had flowers and fruits. These were positively identified as black 
woollypod. 

 
The terrain around the positively identified black woollypod reference population was that of 
loose talus hillsides of approximately 25 percent slope. The soil underneath the loose talus had 
a sandy clayey consistency, which appeared to be the limiting factor for the presence of black 
woollypod. 
 
Four locations were chosen via desktop analysis to review habitat characteristics in relation to 
black woollypod: two that had characteristics consistent with those of the reference site (e.g., 
areas of greater than 25 percent slope and with Zibate-Zyplar-Dedas soil association) and two 
contrasting sites that did not have these characteristics. 

 
Neither of the recon points (Recon Points 1 and 3) for potential positive habitat to support 
black woollypod had the characteristics observed within the reference population. Both recon 
points had slopes greater than or equal to 25 percent but had minimal talus present and the soils 
lacked the clay content necessary to support this species. Recon Point 1 also appeared to have 
been recently burned from a wildfire and as such had a much higher cover of annual grasses 
and exposed soils. 

 
The recon points (Recon Points 2 and 5) selected for potential negative habitat lacked all the 
characteristics necessary to support black woollypod. The slopes were less than 25 percent, 
talus was not well developed, bare ground was present, and the soils lacked the necessary clay 
content. 
 
Brewer’s sparrow (Spizella breweri), loggerhead shrike (Lanius ludovicianus), LeConte’s 
thrasher (Taxostoma lecontei), and golden eagle were observed during the migratory surveys. 
Potential adverse effects to breeding from the Project could include possible direct loss of nests 
(e.g., crushing) or indirect effects (e.g., abandonment) from increased noise and human 
presence within close proximity to an active nest site. Implementation of the EPM outlined in 
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Section 2.2.6.5 of the EA for migratory birds would ensure that prior to surface disturbance, a 
nesting survey for migratory birds (including BLM sensitive avian species) would be 
conducted and nests avoided if exploration activities occur during the avian breeding season. 
Vegetation removal would result in a reduction of breeding habitat for BLM sensitive avian 
species in the Project Area. This acreage would not all be disturbed at one time due to 
incremental disturbance and concurrent reclamation of the surface exploration disturbance. 
Potential adverse effects to migratory birds would be minor, long‐term, and localized. 
 
There was one golden eagle nest and five possible golden eagle nests within one mile of the 
Project Area. None of the nests were occupied during 2019 field surveys; however, one nest 
was active during 2020 field surveys. To avoid impacts to those nests, AGA would implement 
the EPM in Section 2.2.6.10 that states Project activities would not be conducted between 
January 1 and August 31 within one mile of a nest. However, if that is not practicable, a survey 
would be conducted after March 21 at eagle nest sites that are within one mile of the Project 
Area to determine occupancy. The timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from the NDOW based on consideration of bighorn sheep 
(Ovis canadensis) lambing activity. If a nest has a bird in an incubating/brooding posture, it 
would be assumed that the nest is active that year, and a one-mile disturbance buffer would be 
applied until August 31, or until it has been determined that 1) the nest has failed; or 2) the 
young have fledged and are no longer dependent on the nest. The buffer sizes may be reduced 
with approval from the US Fish and Wildlife Service (USFWS). If the nest is not active at the 
time of the surveys, the one-mile buffer would not apply and Project activities could 
commence. 
   
Survey data collected for this Project indicate high and moderate levels of bat use (defined as 
roost sites with high acoustic activity and/or moderate to high maternity use) at sites NY-0328, 
NY-0334, NY-0335, NY-1496, NY-1499, NY-2002, NY-2843, and NY-2844. To minimize 
potential adverse effects to bats, AGA would implement and follow the EPM outlined in 
Section 2.2.6.10 of the EA and avoid conducting drilling activities within a 200-yard buffer of 
the adit opening throughout the life of the Project. Potential adverse effects to bats are 
considered minor, long-term, and localized. 
 
BLM sensitive big game species, such as bighorn sheep, may avoid the Project Area due to 
noise and other anthropogenic disturbances generated by the Project. These potential adverse 
effects would temporarily reduce the available habitat area for BLM sensitive big game 
species. Potential adverse effects to these BLM sensitive big game species would be considered 
minor, short‐term, and localized. Additionally, sumps associated with drill sites would be built 
with an incline on one end to allow for egress/ingress for humans and fenced when necessary to 
preclude access. Implementation of the EPM outlined in Section 2.2.6.13 of the EA would help 
minimize impacts to BLM sensitive big game species. 
 
Surface and Groundwater Resources  

Potential adverse effects to surface water quality would result from spills and sedimentation or 
erosion from surface disturbing activities. The potential adverse effects to surface water quality 
from spilled petroleum products would be minimized by the implementation of the Spill 
Response and Contingency Plan included as Appendix D of the EPO. The potential adverse 
effects to surface water quality from sedimentation would be minimized by the implementation 
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of the EPMs outlined in Section 2.2.6.12 of the EA. Therefore, potential adverse effects to 
surface water resources would be considered negligible, long-term, and localized.  
 
Potential adverse effects to groundwater resources are not anticipated. The proposed Project 
includes 109 drill pads and drill holes during Phase I activities. The planned 
breakdown of drilling is approximately 70 RC drill holes (ranging between 60 to 79) and 39 
core holes (ranging between 30 and 49). Phase I activities would be implemented over 
approximately two years. The yearly implementation (approximately 35 RC holes and 
approximately 19 core holes) is similar to the Notice-level program and can be expected to 
have the similar net neutral to positive effect on the water resources. Subsequent phases of 
drilling are not yet planned, but are expected to have similar yearly implementations as the 
Phase I activities. 
 
AGA has no plans to apply for water rights with NDWR in the Project Area. AGA’s intent is to 
continue to source drill injection waters with annual temporary water right permits with 
NDWR, in conjunction with BWSD. 

 
The water resources (springs and water rights) along the Amargosa River valley are greater 
than 3.5 miles away from the recent Notice-level and proposed Project drilling. Due to the net 
positive water balance observed in the area of the Notice-level drilling and the remote distance 
of the nearest receptors, impacts to groundwater resources are considered minor, long-term, and 
localized. 
 
Vegetation 

Approximately 155 acres would be disturbed over the ten‐year Project life as a result of 
implementation of the Proposed Action. Approximately 150 acres of proposed disturbance is 
associated with phased surface exploration activities that could occur in any of the ecological 
sites in the Project Area. However, since the blackbrush dominated community occurs in 
almost the entire Project Area, it is anticipated that all proposed disturbance would occur in this 
community. The surface disturbance associated with exploration activities within the Project 
Area would be reclaimed and reseeded concurrently whenever feasible. Any surface 
disturbance related to the Proposed Action would not result in the loss of any unique vegetation 
community but would still result in a temporary loss of vegetation. Reclamation associated 
with the Proposed Action would begin upon completion of Project activities using a 
BLM-approved seed mixture. Monitoring activities are included in the Proposed Action, which 
would ensure that the revegetation meets reclamation standards. Potential adverse effects to 
vegetation as a result of surface disturbing activities associated with implementation of the 
Proposed Action would be minor, long‐term, and localized. 
 
Wildlife 

Adverse direct effects to wildlife would consist of disturbance from human activity, noise, and 
potential mortality from vehicle collisions, and indirect impacts would consist of temporary 
habitat loss and potential infestation of noxious weeds that would reduce the quality of the 
habitat. Approximately 155 acres of proposed disturbance associated with surface exploration 
activities could occur anywhere within the Project Area and would be created incrementally 
over the potential ten-year Project life.  
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During exploration, sumps associated with drill sites would be constructed with a sloped end 
for egress and when necessary, fenced, backfilled, or covered within 30 days of construction 
completion to preclude access. After exploration activities have been terminated, reclamation 
would involve regrading disturbed areas related to this Project to their approximate original 
contour, and reseeding with a BLM-approved weed free seed mix. Reclamation would be 
completed no later than two years after the completion of activities under the Proposed Action, 
with monitoring for revegetation success continuing until revegetated areas are released. 
Invasive, non‐native species reduce the quality of habitat for wildlife. Project‐related activities 
increase the potential for the spread of these species further reducing the quality of wildlife 
habitat in the Project Area. AGA would implement EPMs for noxious weeds, outlined in 
Section 2.2.6.7 of the EA, which would mitigate or reduce the potential adverse effects of 
noxious weeds and invasive species to wildlife habitat. Potential adverse effects associated 
with the loss of wildlife habitat are considered minor, long‐term, and localized. 
Due to surface disturbing activities, there would be a potential of direct mortality to small 
mammals (e.g., being crushed by vehicles or equipment). Surface disturbing activities would 
also impact small mammal habitat by removing vegetation and rocks and potentially disturbing 
burrows. Disturbed habitat would be reseeded with a reclamation seed mix that would include 
forage species for small mammals. Although mortality of small mammals could occur, 
potential adverse effects would be considered minor, short‐term, and localized. 
 
Large mammals, such as mule deer, may avoid the Project Area due to noise generated by the 
Project. These potential adverse effects would temporarily reduce the available habitat area for 
large mammals. Potential adverse effects to these large mammals would be considered minor, 
short‐term, and localized. Additionally, as outlined in the EPM in Section 2.2.6.13 of the EA, 
sumps associated with drill sites would be constructed with a sloped end for egress and when 
necessary, fenced, backfilled, or covered within 30 days of construction completion to preclude 
access.    
 
Reptiles would be impacted by surface disturbing activities, which would remove vegetation 
and disturb soil. Surface disturbance would remove potential areas for the sagebrush lizard and 
western whiptail to lay their eggs or could destroy eggs laid within disturbance areas. Loss of 
vegetative cover and burrows could result in greater mortality due to predators. Temporary 
disturbance would reduce the foraging area but would be restored through reclamation. 
Potential adverse effects to reptiles would be minor, short‐term, and localized.  
 

2.   The degree to which the proposed action affects public health and safety.  

The effects of the Project on both public health and safety would not have significant adverse 
impacts as AGA would be required to follow the Mine Safety and Health Administration 
regulations along with maintaining all equipment and facilities in a safe and orderly manner. 
 
Through adherence to EPMs, and Best Management Practices (BMPs), the Project would not 
result in potentially substantial or adverse impacts to public health and safety. Public safety 
would be maintained throughout the life of the Project. A complete list of EPMs can be found 
in Section 2.2.6 of the EA.  
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3.   Unique characteristics of the geographic area such as proximity of historic or cultural 
resources, park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically 
critical areas.  

AGA would conduct exploration activities in accordance with applicable state and federal 
regulations. As part of the baseline data collection to support the NEPA analysis for this 
proposed Project, a Class III cultural resources inventory was conducted in the entire Project 
Area, to identify cultural sites and sites that are eligible for the National Register of Historic 
Places (NRHP).  
 
AGA would notify the BLM‐authorized officer, by telephone, and with written confirmation, 
immediately by telephone and in writing within 72 hours upon the discovery of human 
remains, funerary objects, sacred objects, or objects of cultural patrimony. AGA would 
immediately stop all activities within 100 meters of the discovery and not commence again 
until a notice to proceed is issued by the BLM‐authorized officer. 
 
Any undiscovered cultural resources identified by AGA, or any person working on their  
behalf, during the course of activities on federal land would immediately be reported to 
the authorized officer by telephone and in writing within 72 hours. The permit holder 
would suspend all operations within 100 meters of such discovery and protect it until 
an evaluation of the discovery can be made by the authorized officer. 
 
There are no park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically 
critical areas in the Project Area or vicinity. 
 

4.   The degree to which the effects on the quality of the human environment are likely to be 
highly controversial. 

The Project is not expected to have effects on the quality of the human environment such that 
they are highly controversial. The parameters of the Project activities, along with associated 
reclamation are well established. The Project Area is isolated from human habitations. Except 
for mineral exploration, wildlife habitat, and recreation uses, the Project Area is typically 
uninhabited. 
 
Reclamation measures would return the Project Area to its pre-Project uses of wildlife habitat 
and dispersed recreation. 
    

5.   The degree to which the possible effects on the human environments are highly uncertain or 
involve unique or unknown risks. 

There are no known effects of the Project identified in the EA that would be considered highly 
uncertain or involve unique or unknown risks. Project activities similar to what has been 
included in the Project have been conducted numerous times over many years on BLM-
administered land and the effects are well understood. This is demonstrated through the effects 
analysis in Section 3 of the EA. 
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6.   The degree to which the action may establish a precedent for future actions with significant 
effects or represents a decision in principle about a future consideration. 

The Project will not establish a precedent for future actions with significant effects or represent 
a decision about a future consideration. Completion of the EA does not establish a precedent 
for other assessments or authorization of other development Projects including additional 
actions in the Project Area. Any future Projects within the area or in surrounding areas will be 
analyzed on their own merits, independent of the actions currently selected. 
 

7.   Whether the action is related to other actions with individually insignificant but cumulatively 
significant impacts. 

Direct and indirect impacts of the Proposed Action were analyzed in Section 3 (Environmental 
Consequences) of the EA. None of the environmental impacts disclosed under item 1 above 
and discussed in detail in Section 3 of the EA are considered significant. Past, present, and 
reasonably foreseeable future actions as identified in Section 4 of the EA have been considered 
in the cumulative impacts analysis within Section 4 of the EA. The cumulative impacts analysis 
examined all the affected resources and all other appropriate actions within the Cumulative 
Effects Study Areas and determined that the Project would not incrementally contribute to any 
significant impacts. In addition, for any actions that might be proposed in the future, further 
site-specific environmental analysis, including assessment of cumulative impacts, would be 
required.  
 

8.   The degree to which the action may adversely affect districts, sites, highways, structures, or 
objects listed in or eligible for listing in the National Register of Historic Places or may 
cause loss or destruction of significant scientific, cultural, or historic resources. 

Adverse effects to cultural resources would not occur, as AGA has committed to avoiding all 
sites eligible for listing on the NRHP by a buffer of 30 meters, as outlined in the EPM in 
Section 2.2.6.2 of the EA. Adherence to the EPM would result in a “no historic properties 
effected” determination.     
 

9.   The degree to which the action may adversely affect an endangered or threatened species or 
its habitat that has been determined to be critical under the Endangered Species Act of 1973. 

The USFWS, the Nevada Natural Heritage Program (NNHP), and Nevada Department of 
Wildlife were contacted to obtain a list of threatened, endangered, and sensitive species that 
have the potential to occur within the Project Area.  In addition, the most recent BLM Sensitive 
Status Species List, which includes threatened and endangered species, was evaluated to 
determine if any species had the potential to occur within the Project Area and vicinity. 
 
The USFWS indicated the following two endangered and one threatened species that may be 
affected by Project activities: southwestern willow flycatcher (Empidonax traillii extimus), 
Endangered; Yuma clapper rail (Rallus longirostris yumaensis), Endangered; and desert 
tortoise (Gopherus agassizi), Threatened. There were no critical habitats identified in the 
Project Area. The NNHP reported that the Funeral Mountain milkvetch (or BLM-preferred 
naming of black woollypod) (Astragalus funereus), a global and state ranked Imperiled and 
BLM sensitive species, has been recorded in the Project Area. 
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The southwestern willow flycatcher and Yuma clapper rail were not observed during the 2019 
field surveys; the Project Area does not contain suitable habitat for either species as they are 
riparian obligate species. 

Focused desert tortoise protocol-level 100 percent coverage presence/absence surveys were 
conducted in the Project Area March 1, 2019, to June 5, 2019. Vegetation in the Project Area 
consisted of mixed desert shrub communities mostly dominated by blackbrush ( Coleogyne 
ramosissima). Other common shrubs included spiny menodora (Menodora spinescens), 
Mexican bladdersage (Salazaria mexicana), winterfat (Krascheninnikovia lanata), jointfir 
(Ephedra sp.), desert-thorn (Lycium sp.), Mojave indigobush (Psorothamnus arborescens), and 
Mojave woodyaster (Xylorhiza tortifolia). Scattered Joshua trees (Yucca brevifolia), creosote 
bush (Larrea tridentata), burrobush (Ambrosia dumosa), and sagebrush (Artemisia sp.) were 
also present. Abundant native annuals included phacelia (Phacelia sp.), fiddleneck (Amsinckia 
sp.), pincushion (Chaenactis sp.), desertdandelion (Malacothrix sp.), lupine (Lupinus sp.), and 
milkvetch (Astragalus sp.). The invasive grass red brome (Bromus rubens) was observed 
throughout the Project Area. During surveys, there were several areas that biologists 
determined were not suitable to survey because of the steep terrain and loose rock that made 
the areas treacherous. After adjusting for the removed areas, biologists surveyed a total length 
of 533.7 miles of transects and encountered 194 burrows, none of which were definitively 
identified as constructed by desert tortoise (Class 1, 2, or 3). No live tortoises or tortoise signs 
were observed during surveys of the Project Area. However, two adult tortoises were 
encountered incidentally outside of official surveys. One adult female tortoise was encountered 
approximately two miles south of the Project Area while the survey crew was leaving the 
Project. The second tortoise was an adult of unknown sex observed by one of the AGA 
geologists on the western edge of the Project Area. AGA geologists/drilling teams also 
encountered two carcasses and a live tortoise while undertaking surface mapping and sampling 
activities within their claims in 2018, which AGA reported to the BLM via email on May 23, 
2018. 

USFWS formal consultation in compliance with Section 7 of the Endangered Species Act of 
1973, as amended (ESA) was completed on November 25, 2019 (08ENVS00-2020-F-0017 and 
1-5-01-F-570). The USFWS concluded that the Project is not likely to jeopardize the continued 
existence of the threatened Mojave desert tortoise (Gopherus agassizi). The Proposed Action 
was appended to the Tonopah Programmatic Biological Opinion. 

JO. Whether the action threatens a violation of Federal, State, or local law or requirements 
imposed for the protection of the environments. 

The Project will not violate or threaten to violate any federal, state, or local law or requirement 
imposed for the protection of the environment. 

C2 ' 
Perry B. Wickham 
Field Manager 
Tonopah Field Office 

)vly 241 ,Zo-z_o 
Date 
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1.0 Introduction 

This Environmental Assessment (EA) analyzes the environmental consequences of the United 
States (U.S.) Fish and Wildlife Service (Service) issuing an incidental take permit for the take of 
golden eagles (Aquila chrysaetos) associated with the Silicon Exploration Project (Project) 
pursuant to the National Environmental Policy Act (NEPA) (42 United States Code [U.S.C.] §§ 
4321–4347). Issuance of an eagle take permit by the Service for take that is incidental to 
otherwise lawful activities under the Bald and Golden Eagle Protection Act (Eagle Act) (16 
U.S.C. §§ 668–668d and 50 Code of Federal Regulations [CFR] § 22.26) constitutes a 
discretionary federal action that is subject to NEPA. This EA assists the Service in ensuring 
compliance with NEPA, and in making a determination as to whether any “significant” impacts 
could result from the analyzed actions that would require preparation of an Environmental 
Impact Statement (EIS). This EA evaluates the effects of alternatives for the Service’s decision 
whether to issue an eagle take permit. 

The Eagle Act authorizes the Service to issue eagle take permits only when the take is 
compatible with the preservation of each eagle species, defined as “consistent with the goals of 
maintaining stable or increasing breeding populations in all eagle management units and the 
persistence of local populations throughout the geographic range of each species” (50 CFR 22.3). 

The Applicant, AngloGold Ashanti North America (AGA, Applicant), is requesting Eagle Act 
take coverage for resource exploration associated with the Project and has submitted an 
incidental eagle take permit application to the Service. The Project’s Eagle Conservation Plan 
(ECP) (Appendix A) is the foundation of the application from the Applicant. 

The Applicant is requesting a permit for reoccurring disturbance to and loss of annual 
productivity from breeding golden eagles for up to 10 times over no more than 10 years. This EA 
evaluates whether issuance of the incidental eagle take permit would have significant impacts on 
the existing human environment. “Significance” under NEPA is defined by regulation at 40 CFR 
1508.27, and requires short- and long-term consideration of both the context of a proposal and its 
intensity. 

This proposal conforms with, and carries out, the management approach analyzed in, and 
adopted subsequent to, the Service’s Programmatic Environmental Impact Statement (PEIS) for 
the Eagle Rule Revision, December 2016 (USFWS 2016a). Project-specific information not 
considered in the PEIS has been considered in this EA as described below. Based on this Project-
specific analysis and application of the criteria provided in the PEIS, the Service has determined 
that an EA is the appropriate level of review. 
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1.1 Purpose and Need 

The Service’s purpose in considering the proposed action is to fulfill their authority under the 
Eagle Act (16 U.S.C. §§ 668–668e) and its regulations (50 CFR § 22). Applicants whose 
otherwise lawful activities may result in take of eagles can apply for eagle incidental take 
permits so that their projects may proceed without potential violations of the Eagle Act. The 
Service may issue eagle take permits for eagle take that is associated with, but not the purpose 
of, an activity. Such permits can be issued by the Service when the take that is authorized is 
compatible with the Eagle Act preservation standard; it is necessary to protect an interest in a 
particular locality; it is associated with, but not the purpose of, the activity; and it cannot be 
practicably avoided (50 CFR § 22 and 81 Federal Register 91494). 

The need for this action is a decision on an eagle incidental take permit application from AGA. 
The decision must comply with all applicable regulatory requirements and be compatible with 
the preservation of eagles. 

1.2 Authorities 

Service authorities are codified under multiple statutes that address management and 
conservation of natural resources from many perspectives, including, but not limited to the 
effects of land, water, and energy development on fish, wildlife, plants, and their habitats. This 
analysis is based on the Eagle Act (16 U.S.C. 668–668e) and its regulations (50 CFR 22). The 
PEIS (USFWS 2016a) has a full list of authorities that apply to this action (USFWS 2016a: 
Section 1.6, pages 7-12), which are incorporated by reference here. 

1.3 Background 

AGA’s Plan of Operations (Plan) has been approved by the BLM Battle Mountain District 
Office, Tonopah Field Office (BLM 2020). Under the Plan, AGA is approved to conduct 
exploration drilling within the Project Plan boundary (Figure 1-1). The Project is located 
approximately seven miles northeast of Beatty, Nevada in Nye County and can be accessed in 
two directions from Beatty, Nevada: 1) traveling south 1.3 miles on U.S. Highway 95 (US 95) 
and approximately 8.9 miles up Fluorspar Canyon Road (Nye County Road 249) and Tate’s 
Wash Road (Nye County Road 926019); and 2) traveling 3.6 miles north on US 95 and 
approximately 4.1 miles east on the North Beatty Wash Road (Nye County Road 926026) that 
connects to the Beatty Wash Road (Nye County Road 926025) at the Project.  

The Project includes conducting an exploration drilling program within the approximately 3,630-
acre Plan boundary to determine the extent and quality of a mineral resource within the 
approximately. Surface-disturbing activities are approved for up to 155 acres, and consist of an 
existing road network for Project access, reverse circulation and core drilling from constructed 
drill sites, road construction and overland travel, bulk sampling, geotechnical auger holes and 
geological test pits, geologic and geophysical mapping, water monitoring well and water 
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extraction well installation, and construction of a meteorological station. The disturbance occurs 
in phases, and Phase I consists of approximately 50 acres of surface disturbance in addition to 
five acres of Notice-level surface disturbance for a total of approximately 55 acres. The 
remaining 100 acres of disturbance will occur under subsequent phases (155 acres total) over 
approximately 10 years. Exploration activities may occur year-round and 24 hours per day, with 
up to four drill rigs operating at one time and up to 20 personnel present. 

Within the vicinity of the BLM-approved drilling, six nest sites (SI-301, SI-302, SI-303, SI-304, 
SI-305, and SI-502), thought to represent one breeding pair’s territory, are located on natural 
features. The location of the ore body occurs in the immediate proximity of the nest sites. 

The Project area (Silicon Exploration Project Plan of Operations boundary and a surrounding 
four-mile radius) includes various rock outcrops that serve as potential eagle nesting areas. 
Vegetation communities are dominated by Mojave Mid-Elevation Mixed Desert Scrub, Sonora-
Mojave Creosotebush-White Bursage Desert Scrub, and Inter-Mountain Basins Semi-Desert 
Shrub Steppe, which provide habitat of varying ranges for golden eagle prey base. Limited water 
sources are present in the Plan boundary, and the majority of seeps and springs in the Project 
area are present along the Amargosa River, which is approximately three miles west of the nest 
sites. In addition, paved and non-paved roads are located in the Project area, including US 95, 
that provide carrion for eagles and represent potential scavenging habitat. 

1.4 Scoping, Consultation, and Coordination 

This EA incorporates by reference the scoping performed for the PEIS (USFWS 2016a: Chapter 
6, page 175). A draft of this EA, the Applicant’s ECP, and a draft Finding of No Significant 
Impact was made public on the Service’s Pacific Southwest Region webpage 
(https://www.fws.gov/cno/conservation/MigratoryBirds/EaglePermits.html) for 30 days to solicit 
public comments beginning December 20, 2022. The Service received one public comment letter 
on the draft EA and revisions were incorporated into the EA as a result of substantive comments, 
as appropriate. Public comments and responses are included in Appendix B.  

1.5 Tribal Coordination 

Tribal participation is an integral part of the NEPA and the National Historic Preservation Act 
(NHPA) process, as well as a key component of determining whether to issue an eagle take 
permit. Cultural and religious concerns regarding eagles were analyzed in the PEIS (USFWS 
2016a), and tribal consultation was conducted for the PEIS (USFWS 2016a). The PEIS (USFWS 
2016a) identified tribal coordination as an important issue for subsequent analysis, given the 
cultural importance of eagles to the tribes. In accordance with Executive Order 13175, 
Consultation and Coordination with tribal governments (65 Federal Register 67249, November 
9, 2000), the NHPA Section 106 (36 CFR 800) and the Service’s Native American Policy, the 
Service consults with Native American tribal governments whenever actions taken under the 

https://www.fws.gov/cno/conservation/MigratoryBirds/EaglePermits.html
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authority of the Eagle Act may affect tribal lands, resources, or the ability to self-govern. This 
coordination process is also intended to ensure compliance with the American Indian Religious 
Freedom Act. 

The Service sent letters to eight federally recognized tribal governments located within 109 miles 
(the natal dispersal distance of golden eagles, thought to adequately define the species local area 
population [LAP]) of the Project informing them of the received permit application and 
preparation of this EA, and offering the opportunity for formal consultation regarding potential 
issuance of the permit. In addition, comments from Tribes are also encouraged and welcomed 
during the 30-day comment period on the EA. 

2.0 Proposed Action and Alternatives 

In this analysis, and in our consideration of take authorization to the Applicant, each incident of 
“take” results in loss of productivity for a single season for a single eagle breeding pair. Take 
that may result in injury or mortality of eagles is not expected nor would it be authorized under 
this permit. While the available data indicates one breeding territory is most likely to be 
impacted by activities, as these pairs have nests located in the vicinity of the Project Area, eagle 
populations are dynamic with shifting territory boundaries and eagle pairs may establish new 
nest locations. New territories and new nesting locations may be identified in the Project Area or 
its vicinity over the life of the permit. To allow for operational flexibility, the Applicant may 
utilize the 10 take authorizations for no more than ten years and as needed should nesting 
locations differ within the Project Area. Effects of up to ten incidents of take over ten years is 
expected to be the same, regardless of exact location. 

2.1 Alternative 1: Proposed Action 

The Service proposes to issue an incidental eagle take permit, with associated conditions, to the 
Applicant for disturbance to and loss of annual productivity of breeding golden eagles, as 
allowed by regulation (Proposed Action). The permit would be issued for up to 10 incidents of 
take over no more than 10 years.  

Under this alternative, all monitoring and adaptive management measures, minimization 
measures, and detection and reporting measures outlined in Section 2.11-2.13 would be permit 
requirements. Monitoring associated with the permit would be conducted as outlined in Table 
2-1 and by a third party monitor as required by our regulations.  

2.1.1 Compensatory Mitigation 

Compensatory mitigation would be conducted within the Pacific Flyaway Eagle Management 
Unit (EMU). The Applicant would provide the compensatory mitigation at the required 1.2:1 
ratio by retrofitting electric utility poles, as discussed in the 2016 PEIS. The intent would be to 
minimize the potential for eagle electrocutions and ensure that the effects of eagle incidental take 
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are offset at the population level. The amount of compensatory mitigation required for the lost 
productivity has been determined through the Service’s Golden Eagle Resource Equivalency 
Analysis (REA) (USFWS, 2013). The permit would require 90 to 207 electric utility poles to be 
retrofitted to offset the impacts to golden eagle breeding territories. The exact number of retrofits 
depends on the longevity of each pole’s retrofit. Simple retrofits are accomplished by placing 
plastic covers on electric components. As plastic covers are a temporary solution, once 
retrofitted, the power pole is considered “eagle safe” for 10 years. If a pole is reframed or 
reconstructed, the pole is made permanently safe for eagles because adequate spacing is provided 
between electrical components. The Service gives a 30-year credit for this type of retrofit 
(USFWS, 2013).  

AGA would provide compensatory mitigation for five incidents of take no later than 30 days 
after permit issuance. At the five-year review, the Service and AGA would consult and evaluate 
the amount of mitigation owed or credited for the remainder of the permit authorization period. 

2.1.2 Adaptive Management 

Continued monitoring will inform the Applicant on the status of existing nests as well as if new 
nests are being constructed near the Project and its associated activities. If monitoring determines 
that multiple take events may occur in a given year, and that the Proponent is approaching their 
take permit limits (i.e., up to 10 takes over no more than 10 years), adaptive management would 
be implemented. First, the Applicant would apply avoidance buffers on in-use/occupied nests to 
prevent incidental take (no surface-disturbing activities within one mile of an in-use/occupied 
nest during breeding season including early courtship through post fledging nest dependency 
(i.e., December 15 through July 15). If avoidance is not practicable, the Proponent may request a 
permit amendment from the Service. During annual monitoring, should a bald eagle nest be 
discovered in the project area, the Applicant would implement protective buffers and coordinate 
with the Service.. Additionally, at the five-year review of the permit, the Service may consider 
additional adaptive management strategies, if necessary, in coordination with the Applicant. 

2.1.3 Eagle Nest Monitoring 

The Applicant will monitor eagle nest sites annually using independent, third party monitors that 
report directly to the Service. The project area eagle nest monitoring will inform the applicant 
and agencies when golden eagle nests are in-use in the project area in order to validate the 
number of take incidents that occur, and ensure compliance with the permit authorization.  

2.1.4 Five Year Review 

Long term eagle incidental take permits require we conduct five year reviews. During the five 
year review process, we would evaluate if take occurred for each known breeding territory in 
each year. For example, should disturbance occur within one mile of a golden eagle nest during 
the courtship phase, or egg laying period of the breeding season (January 15 – April 1), the 
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Service would assume project activities prevented eagles from breeding and a take incident 
occurred. If the applicant’s data validates no disturbance occurred within one mile of a breeding 
pair’s nest site until after April 1 in a given year, and monitoring confirms nests are not in-use, 
the Applicant could proceed with their Project activities and the Service would determine no take 
occurred. We would take into consideration any alternate nests used within a given territory 
when evaluating the Project data and making these determinations.  

After assessing how many take incidents occurred during the first five years, we would then 
evaluate how much compensatory mitigation might be either credited or owed for the remainder 
of the 10 year permit duration. 

2.2 Alternative 2: No Action Alternative 

Under the No Action Alternative, the Service would take no further action on AGA’s permit 
application. However, the Service must take action on the permit application and determine 
whether to deny or issue the permit. Accordingly, this alternative is considered because Service 
policy requires evaluation of a No Action Alternative and it provides a clear comparison of any 
potential impacts to the human environment from the Proposed Action. The No Action 
Alternative in this context analyzes predictable outcomes of the Service not issuing a permit. 
Should a Permit not be issued, compensatory mitigation would not be required. Thus, for 
purposes of analyzing the No Action Alternative, the conservation measures proposed in the 
Permit application package would not be required. The Applicant may choose to voluntarily 
implement some, none, or all of those conservation measures. Under this alternative, it is 
assumed that the Applicant would take reasonable steps to avoid taking eagles, but AGA would 
not be protected from enforcement for violating the Eagle Act should take of an eagle occur. 

2.3 Common to All Alternatives 

This section describes components of the Project that are the same for the Proposed Action and 
No Action Alternative whether or not a permit is issued. If a permit is issued, these measures 
would become permit requirements. 

2.3.1 Monitoring 

The Applicant will implement all measures required by other agencies and jurisdictions to 
conduct the activity at this site, including applicant-committed Environmental Protection 
Measures (ACEPMs). The applicant will implement all conservation measures and commitments 
summarized below. Monitoring will be implemented over the life of the Project. Table 2-1 
presents a summary of the ACEPMs with monitoring and a schedule for implementation per the 
existing BLM NEPA document (BLM 2020).  
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Table 2-1 ACEPM Monitoring Schedule 

ACEPM Monitoring Actions Duration 

ACEPM 1 

A nest survey would be conducted by a qualified biologist prior to 
any surface disturbance associated with exploration activities during 
the avian breeding season (March 1 through July 31) for raptors and 
other migratory birds. Pre-disturbance surveys for migratory birds 
are only valid for 14 days. If the disturbance for the specific location 
does not occur within 14 days of the survey, another survey would 
be needed. If active nests are located, or if other evidence of nesting 

Annually as needed for 
the life of the Project. 

(i.e., mated pairs, territorial defense, carrying nest material, 
transporting food), a protective buffer (the size depending on the 
habitat requirements of the species) would be delineated after 
consultation with the BLM resource specialist. Source: BLM 2020 

ACEPM 2 

Annual surveys would be conducted at golden eagle nest sites that 
are within one mile of the Project Area to determine nest status. The 
timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from the Nevada Department 
of Wildlife (NDOW) based on consideration of bighorn sheep (Ovis 
canadensis) lambing activity. Source: BLM 2020 

Annually as needed for 
the life of the Project. 

ACEPM 3 
Vehicle speeds on undeveloped access roads shall not exceed 15 
miles per hour (mph) and 25 mph on more improved main access 
roads. Source: BLM 2020 

For the life of the Project. 

Source: BLM 2020 

2.3.2 Minimization Measures 

AGA is implementing the following measures and will continue to implement the measures to 
minimize impacts to golden eagles from the Project.  

Carcass Management: Staff will remove carcasses from all roadways within the Plan boundary 
when on site and dispose of them appropriately to reduce the risk of vehicle collisions. 

Employee Awareness and Training Program: Staff and contractors working on the Project will 
be provided training on reducing risks to eagle collisions, reporting eagle and nest observations, 
and any Service requirements provided within the eagle permit. 

2.3.3 Detection and Reporting Measures 

Eagle injuries, mortalities, and previously undocumented eagle nests may be detected through 
incidental observations by AGA personnel and contractors. To improve the probability that 
injuries and mortalities do not go undetected, AGA field staff will be advised to remain alert for 
eagles within exploration areas and access roads at all times. The detection of any new nest sites 
will occur through incidental observations and any monitoring that occurs. 

In the event that a new nest is detected within proximity to exploration activities, the AGA 
Environmental Department or designee will record the circumstances and conditions associated 
with the observation. Among the information recorded and reported to the Service will be the 
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date and time of the detection, the Global Positioning System location (North American Datum 
83), the status of the nest, and if possible, the species. 

When AGA personnel or their contractors encounter a golden eagle injury or mortality within the 
Plan boundary, they must report the incident to the AGA Environmental Representative. 
Personnel must not handle dead or injured eagles unless specifically directed to do so by the 
Service. In the event of an eagle injury, AGA’s Environmental Representative will notify the 
Service and NDOW immediately (the same business day) and in the event of mortality, 
notification will occur by the next business day. 

2.4 Other Alternatives Considered but Not Evaluated in this Environmental Assessment 

The Service considered other alternatives based on communication with the Applicant but 
concluded that these alternatives did not meet the purpose and need underlying the action 
because they were impracticable for the Applicant to carry out or did not adequately address the 
risk of take at the Project. Therefore, the Service did not assess the potential environmental 
impacts of those alternatives. Below is a summary of the alternatives considered but eliminated 
from further review. 

2.4.1 Alternative 3: Deny Permit 

Under this alternative, the Service would deny the permit application because the Applicant falls 
under one of the disqualifying factors and circumstances denoted in 50 CFR 13.21, the 
application fails to meet all regulatory permit issuance criteria and required determinations listed 
in 50 CFR 22.26, or because the Service determined that the risk to eagles is so low that a take 
permit is unnecessary. 

Our permit issuance regulations at 50 CFR 13.21(b) set forth a variety of circumstances that 
disqualify an Applicant from obtaining a permit. None of the disqualifying factors or 
circumstances denoted in 50 CFR 13.21 apply to AGA. Next, the Service considered whether the 
Applicant meets all issuance criteria for the type of permit being issued. For eagle take permits, 
those issuance criteria are found in § 22.26(f). AGA’s application meets all the regulatory 
issuance criteria and required determinations (50 CFR 22.26) for eagle take permits. 

When an Applicant for an eagle take permit is not disqualified under 50 CFR 13.21 and meets all 
the issuance criteria of 50 CFR 22.26, denial of the permit is not a reasonable option. Therefore, 
this alternative, denial of the permit, was eliminated from further consideration. 

3.0 Affected Environment 

This section describes the current status of the environmental resources and values that are 
affected by the Proposed Action and alternatives. 
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3.1 Golden Eagles 

General information on the population trends, distribution, and habitat of golden eagles are 
detailed in the PEIS (USFWS 2016a: Sections 3.3 and 3.4). This section more specifically 
describes the golden eagle population in the Project area. 

3.1.1 Project Area Habitat 

Foraging Habitat 

Vegetation communities in the Project area have been mapped by the Southwest Regional Gap 
Analysis Project (SWReGAP) in land cover files (USGS 2011). The SWReGAP mapping shows 
24 vegetation communities occurring within the four-mile radius of the Plan boundary (Table 3-
1). Three are mapped as over five percent of the Project area: Mojave Mid-Elevation Mixed 
Desert Scrub (46 percent), Sonora-Mojave Creosotebush-White Bursage Desert Scrub (30 
percent), and Inter-Mountain Basins Semi-Desert Shrub Steppe (13 percent). Each of the 
remaining 21 communities account for approximately 11 percent of the Project area. The 
potential foraging value of the various habitat types present in the region has not been quantified, 
but in general, they support golden eagle prey base at varying degrees which supports golden 
eagle foraging. Cliffs, canyons, and outcrops have the potential to support nesting golden eagles. 

Table 3-1 SWReGAP Vegetation Communities within the Project Area 

Vegetation Community Acres Percent 
Agriculture 138 0.12% 
Developed, Open Space - Low Intensity 651 0.55% 
Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland 6 0.01% 
Great Basin Pinyon-Juniper Woodland 178 0.15% 
Great Basin Xeric Mixed Sagebrush Shrubland 1,065 0.90% 
Inter-Mountain Basins Big Sagebrush Shrubland 474 0.40% 
Inter-Mountain Basins Cliff and Canyon 36 0.03% 
Inter-Mountain Basins Greasewood Flat 42 0.04% 
Inter-Mountain Basins Mixed Salt Desert Scrub 1,199 1.01% 
Inter-Mountain Basins Montane Sagebrush Steppe 105 0.09% 
Inter-Mountain Basins Semi-Desert Grassland 9 0.01% 
Inter-Mountain Basins Semi-Desert Shrub Steppe 15,443 13.04% 
Invasive Annual and Biennial Forbland 2 0.00% 
Invasive Annual Grassland 11 0.01% 
Mojave Mid-Elevation Mixed Desert Scrub 54,305 45.85% 
North American Arid West Emergent Marsh 27 0.02% 
North American Warm Desert Bedrock Cliff and Outcrop 5,653 4.77% 
North American Warm Desert Lower Montane Riparian Woodland and Shrubland 266 0.22% 
North American Warm Desert Playa 608 0.51% 
North American Warm Desert Volcanic Rockland 634 0.54% 
North American Warm Desert Wash 26 0.02% 
Recently Mined or Quarried 233 0.20% 
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Vegetation Community Acres Percent 
Sonora-Mojave Creosotebush-White Bursage Desert Scrub 35,485 29.96% 
Sonora-Mojave Mixed Salt Desert Scrub 1,840 1.55% 

Total 118,438 100.00 
*Bold denotes dominant habitat types. 

Other habitat types that are believed to represent golden eagle foraging habitats in the region 
include roads and natural water sources. Paved (e.g., US 95) and non-paved roads are located 
within the Project area. Golden eagles frequently feed on roadkill and other carrion (especially 
during winter) even when live prey is available; golden eagles consume fresh carrion during the 
nesting season (Kochert and Steenhof 2002). Roads within the Project area, particularly 
improved roads that allow vehicles to travel at higher speeds, represent golden eagle scavenging 
habitat (note, however, that they also present a substantial hazard to golden eagles, which are at 
risk of being killed or injured by vehicle strikes). Springs provide a reliable water source for 
eagle prey and, therefore, have the potential to allow for higher concentrations of eagle prey in 
those areas. There are multiple seeps and springs and intermittent and ephemeral drainages along 
the Amargosa River approximately three miles west of the nest sites. Riparian habitats, 
agricultural pivots, and pastures in the Project area also support populations of rodents and 
lagomorphs.  

Nesting Habitat 

Golden eagle nesting habitat includes cliff and rock outcrops in Beatty Wash, the Yucca 
Mountains to the and east, and the Bare Mountains to the south Golden eagles may nest in trees 
if available. 

Other Topographic Features Attractive to Eagles 

Tops of slopes oriented perpendicular to prevailing winds or near ridge crests of cliff edges are 
features that are conducive to slope soaring and are attractive features for eagles. Mountainous 
areas that include ridgelines and slopes with a variety of aspects, such that winds from multiple 
directions would create deflection currents, are also suitable for soaring. Saddles or low points on 
ridge lines or near riparian corridors may serve as flight paths. 

3.1.2 Project Area Golden Eagle Population  

The golden eagle nesting territories within the four-mile radius of the Project were delineated 
based on surveys conducted in 2019 and 2020, as well as information provided by NDOW. A 
total of four distinct territories were delineated based on proximity of nests to one another and 
concurrent use of adjacent nests. Appendix C summarizes the golden eagle territories and status 
of nests within the Project area. Figure 3-1 shows the nest locations in the Project area and 
vicinity. There is limited data for fledged young in the Project area. One of four territories within 
the Project area was documented by NDOW as fledging young in 2014 (SWCA 2019). The 
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nesting rate for 2019 was zero percent (none of four territories in-use) and for 2020 was 25 
percent (one of four territories in-use).  

3.1.3 Territories Within the Project’s Plan Boundary 

One known territory occurs within the Plan boundary (Figure 3-2). There are six nest sites 
within the territory (SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502) with five located inside 
of the Plan boundary and one outside. These nests are within 1.2 miles of each other and have 
not been simultaneously in use. The territory was documented as occupied and fledged an eaglet 
in 2014, and was not occupied in 2015, 2018, or 2019 (SWCA 2019). This territory was 
occupied again in 2020 with an incubating eagle observed on SI-301 (SWCA 2020). The next 
closest territory is approximately three miles to the southwest. 

3.1.4 Project Eagle Population Stressors 

Exploration Activities 

Exploration activities include preparation of drill pads, development of roads, and drilling. Risks 
to golden eagles include unintentional disturbance from activity near nest sites, such as noise and 
visual irritation from surface disturbance, vehicular traffic on roads, and drilling.  

Roads 

Mobile equipment (i.e., vehicles) used in operations at the Project or traveling to or from the 
Project could strike and injure or kill wildlife. Road-killed wildlife may attract scavenging 
eagles, which in turn could be injured or killed by vehicle collision. AGA has speed limits placed 
on equipment and vehicles operating at the Project. Vehicle speeds on undeveloped access roads 
shall not exceed 15 mph and 25 mph on more improved main access roads. The greater risk for 
vehicle mortality is on area roads outside of the Project (e.g. US 95), which are outside of AGA’s 
control, due to higher speeds and additional traffic. 

Utilities 

Electrical utility infrastructure present in the Project area includes power poles, power lines and 
guy wires, and transformers. These utilities present risks to eagles from electrocution and 
collision. Electrical transmission and distribution lines that do not include sufficient spacing 
between energized lines or between energized lines and ground wires represent an electrocution 
hazard to large birds. The Project is not authorized to construct additional electrical utility 
infrastructure; therefore, additional electrical utility infrastructure would not be constructed by 
the proponent within the Project area. 
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3.2 Bald Eagles 

Bald eagles (Haliaeetus leucocephalus) are known to occur in the region, but are not expected to 
be affected by exploration activities associated with the Project; therefore, disturbance and loss 
of territory of bald eagles are not expected to result from the Project (BLM 2020). 

3.3 Migratory Birds 

Effects to migratory birds have been analyzed in the PEIS (USFWS 2016a). A variety of 
migratory birds have been identified in the Plan boundary; however, issuance of the proposed 
permit is not anticipated to affect one or more species of migratory birds. Additionally, AGA has 
ACEPMs to reduce potential impacts to migratory birds within the Plan boundary (BLM 2020). 

3.4 Species Listed under the Endangered Species Act 

The Mojave desert tortoise (Gopherus agassizii), a federally threatened species listed under the 
Endangered Species Act of 1973 (ESA), as amended (ESA) (16 U.S.C. §§ 1531-1544), has the 
potential to occur within the Plan boundary (BLM 2020). The Service consultation in compliance 
with Section 7 of the ESA was completed on November 25, 2019 (08ENVS00-2020-F-0017). 
The Service concluded that the Project is not likely to jeopardize the continued existence of the 
threatened Mojave desert tortoise, and the Applicant would implement desert tortoise 
minimization measures outlined during the consultation. The Service’s decision regarding an 
eagle take permit would not alter the physical footprint of the Project and therefore would not 
alter the Project impacts to federally threatened and endangered species in the Plan boundary, 
including the Mojave desert tortoise. 

3.5 Coordination with Tribal Governments 

Bald and golden eagles are important symbols of U.S. history and sacred to many Native 
American cultures. Some Native American cultures utilize eagles, eagle feathers, and other eagle 
parts for religious practices and cultural ceremonies. Outside of rituals and practices, wild eagles 
as live beings are deeply important to many tribes (Lawrence 1990, as cited by USFWS 2016a). 
Numerous tribes confirmed the importance of wild eagles during scoping and tribal consultation 
for the PEIS (Service 2016).  

Tribal participation is an integral part of the NEPA and the National Historic Preservation Act 
(NHPA) process, as well as a key component of the Service’s decision whether to issue an eagle 
take permit. Cultural and religious concerns regarding eagles were analyzed in the PEIS (Service 
2016), and tribal consultation already conducted for the PEIS is incorporated by reference into 
this EA. The PEIS identified tribal coordination as an important issue for subsequent analysis, 
given the cultural importance of eagles to the tribes. In accordance with Executive Order 13175, 
Consultation and Coordination with Tribal Governments (65 FR 67249), the NHPA Section 106 
(36 CFR § 800) and the Service’s Native American Policy, the Service consults with Native 
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American tribal governments whenever our actions taken under the authority of the Eagle Act 
may affect tribal lands, resources, or the ability to self-govern. This coordination process is also 
intended to ensure compliance the American Indian Religious Freedom Act.  

To notify Tribes regarding potential issuance of the requested Permit, the Service sent letters to 
the eight federally-recognized tribal governments located within 109 miles (the natal dispersal 
distance of golden eagles thought to adequately define the local area population of the eagles) of 
the Project informing them of the received Permit application and preparation of this EA.  

As of the start of the 30-day comment period, no tribes provided comment during scoping and 
tribal outreach for this EA. The Proposed Action or considered alternatives would not impact 
cultural or socioeconomic interests beyond the impacts already discussed in the PEIS. Therefore, 
cultural and socioeconomic interests has not been analyzed further in this EA. 

3.6 Climate Change 

Climate change was considered in the PEIS (USFWS 2016a; Section 3.9, page 144), and is not 
analyzed further in this EA. 

4.0 Environmental Consequences 

This section summarizes the effects on the environment of implementing the Proposed Action or 
alternatives to the action. The discussion of overall effects to the environment of the eagle take 
permit program is provided in the PEIS (USFWS 2016a). This section of this EA analyzes only 
the effects that were not analyzed in the PEIS (USFWS 2016a) that may result from the issuance 
of an eagle take permit for this Project. 

4.1 Alternative 1: Proposed Action 

In determining the significance of effects of the Project on eagles, the Service screened the 
Proposed Action of issuing an eagle take permit for the take of golden eagles against the analysis 
provided in the PEIS (USFWS 2016a) and the Service’s 2016 report, Bald and Golden Eagles 
Population Demographics and Estimation of Sustainable Take in the United States, 2016 Update 
(USFWS 2016b). The Service assessed Project effects to eagles at the project, local, and regional 
scales. 

4.1.1 Direct and Indirect Effects 

Under the Proposed Action, the Applicant is requesting authorization for disturbance to and loss 
of annual productivity from breeding golden eagles for up to 10 take incidents for no more than 
10 years from the date of the issuance of the permit. Within one mile of authorized surface 
disturbance activities, there is thought to be one breeding pair occupying a territory that consists 
of six nest sites (SI-301, SI-302, SI-30, SI-304, SI-305, and SI-502) (Figure 3-2) which are 
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located on natural outcrops. During implementation of exploration activities, it is most likely that 
eagles associated with this territory are the most likely to be the breeding pair impacted. 
However, there is some potential for a second breeding pair to nest within one mile of surface 
disturbance that could also be impacted. As such, the Proposed Action would authorize the 
disturbance to and loss of annual productivity for up to 10 take incidents to breeding golden 
eagles over a 10 year period regardless of which territory might be disturbed. We acknowledge 
that the take incidents could occur such that one breeding pair is disturbed per year, or multiple 
breeding pairs could be disturbed in any given year. Regardless, the Applicant could not exceed 
10 take incidents over the 10 year authorization period.  

The Proposed Action would have a direct impact to the golden eagles through the presence of 
drilling in close proximity to their nests, thus causing potential negative impacts to golden eagle 
breeding and nesting activities. 

Disturbance of an occupied golden eagle territory is assumed to result in loss of annual 
productivity (i.e., number of young reared) from that territory. The Service uses an estimate of 
0.59 golden eagle young fledged per occupied nesting territory per year (USFWS 2016c) to 
estimate loss of annual productivity. 

Along with the monitoring and minimization measures outlined in Section 2, the Applicant 
would provide compensatory mitigation to offset the expected take. To determine the amount of 
mitigation required, the Service’s Golden Eagle REA was used (USFWS 2018) as described in 
Section 2 of this EA.  

The Eagle Act regulations require compensatory mitigation to be conducted in the same Eagle 
Management Unit (EMU) in which the take occurs. The Project is located in the Pacific Flyway 
EMU. The site of power poles to be retrofitted has not yet been determined but would be in the 
Pacific Flyway. 

In addition, the Proposed Action incorporates adaptive management and minimization measures 
as described in Section 2. The proposed ACEPMs would continue to be implemented but as 
permit stipulations to further reduce the risk of Project-related injury or mortality hazards to 
eagles within the Project boundary. 

The Proposed Action meets the purpose and need as it is consistent with the Eagle Act and its 
regulations and adequately addresses the risk of take at the Project. 

Bald Eagles 

Because the Project has not changed in scope, timing, or duration, no significant adverse effects 
are foreseen to bald eagles as a result of the Project (BLM 2020). Although take of bald eagles is 
not expected to occur at this Project and take of bald eagles would not be permitted, bald eagles 
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in the region may benefit from avoidance and minimization measures established to reduce the 
risk to golden eagles. Bald eagles may benefit from compensatory mitigation actions provided to 
offset the take of golden eagles under the Proposed Action. 

Migratory Birds 

Because the Project has not changed in scope, timing, or duration, no significant adverse effects 
to migratory bird populations are expected as a result of the Project (BLM 2020). Issuance of an 
eagle take permit to the Project may also provide benefits to migratory birds. Power pole retrofits 
completed as compensatory mitigation for the eagle take permit may minimize electrocution risk 
for raptors and other migratory birds, just as with eagles. 

Species Listed under the Endangered Species Act 

The Mojave desert tortoise (Gopherus agassizii), a federally threatened species listed under the 
Endangered Species Act of 1973 (ESA), as amended (ESA) (16 U.S.C. §§ 1531-1544), has the 
potential to occur within the Plan boundary (BLM 2020). The Service consultation in compliance 
with Section 7 of the ESA was completed on November 25, 2019 (08ENVS00-2020-F-0017). 
The Service concluded that the Project is not likely to jeopardize the continued existence of the 
threatened Mojave desert tortoise, and the Applicant would implement desert tortoise 
minimization measures outlined during the consultation (BLM 2020). The effects of authorizing 
incidental eagle take is not expected to have effects to species protected by the ESA, including 
the Mojave desert tortoise. 

4.1.2 Cumulative Effects 

The purpose of this cumulative effects evaluation is to identify situations where the eagle take 
proposed under the Proposed Action, combined with take from other present or foreseeable 
future actions and sources, may be approaching levels that are biologically problematic or that 
cannot reasonably be offset through compensatory mitigation. Effects of take may be cumulative 
at the project scale, at the local-area eagle population scale, and at the EMU scale. 

At the Project scale, the alteration of the eagle habitat from Project development could cause 
shifting in eagle pair territory boundaries in the vicinity of the Project, which could cause 
increased antagonistic interactions with surrounding eagle pairs, potentially creating a ripple-
effect of impacts to eagles in areas surrounding the Project. 

To ensure that eagle populations at the local scale are not depleted by cumulative take in the 
local area, the Service analyzed in the PEIS (USFWS 2016a) the amount of take that can be 
authorized while still maintaining LAP of eagles. The LAP scale is defined for eagles as the 
median natal dispersal distance for the given species, which for golden eagles is a 109-mile 
radius (USFWS 2016b). In order to issue a permit, cumulative authorized take must not exceed 
five percent of a LAP unless the Service can demonstrate why allowing take to exceed that limit 
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is still compatible with the preservation of eagles. The eagle take permit regulations require the 
Service to conduct an individual LAP analysis for each permit application as part of the 
application review. 

Therefore, the Service considered cumulative effects to the LAP surrounding the Project Plan 
boundary (Figure 4-1) to evaluate whether the take to be authorized under this permit, together 
with other sources of permitted take and unpermitted eagle mortality, may be incompatible with 
the persistence of the Project’s LAP. Data provided by AGA, data on other eagle take authorized 
and permitted by the Service, and other reliably documented unauthorized eagle mortalities has 
been incorporated to estimate cumulative impacts to the LAP. The cumulative effects analysis 
was conducted as described in the Service’s Eagle Conservation Plan Guidance (USFWS 2013). 

The LAP for the Project was estimated to be 365.44 golden eagles. The five percent benchmark 
for authorized take of that LAP is 18.27 eagles, while current authorized take in the LAP, 
including that estimated to occur at the Project, is 4.77 golden eagles or 1.31 percent of the LAP 
per year. The take that would be authorized by this permit for the Project does not exceed one 
percent of the LAP, so it would not significantly impact the LAP. 

Additionally, take of eagles has the potential to affect the larger eagle population. Accordingly, 
the 2016 PEIS analyzed the cumulative effects of permitting take of golden eagles in 
combination with ongoing unauthorized sources of human-caused eagle mortality and other 
present or foreseeable future actions affecting golden eagle populations. As part of the analysis, 
the Service determined sustainable limits to permitted take within each EMU. The take that 
would be authorized by this permit would be offset by the compensatory mitigation that would 
be provided by the Applicant, so it would not significantly impact the EMU eagle population. 
The minimization measures that would be required under the permit, along with the additional 
adaptive management measures, are designed to further ensure that the permit is compatible with 
the preservation of golden eagles at the regional EMU population scale. 

4.2 Alternative 2: No Action Alternative 

4.2.1 Direct and Indirect Effects 

The Service assumes the level of take is the same under the Proposed Action and No Action 
Alternative, but under the No Action Alternative, the Service would take no action on the permit 
application. A permit would not be issued, and compensatory mitigation would not be required. 
Under this alternative, direct impacts of the Project on the golden eagle population would be 
assumed to be loss of productivity at one nest site in one golden eagle breeding pair’s territory, 
over ten years, and this take would not be offset by compensatory mitigation. The Applicant 
would continue to implement the monitoring and avoidance measures for the Project as 
described in Section 2; however, additional measures outside of those referenced in Section 2, 
including compensatory mitigation, would not be implemented. 
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This alternative does not meet the purpose and need for the action because, by regulation (50 
CFR 13.21), when in receipt of a completed application, the Service must either issue or deny a 
permit to the Applicant. The No Action Alternative also does not meet the purpose of and need 
for the action because it would result in the adverse, unmitigated effects to golden eagles 
described above, and these effects are not compatible with the preservation of golden eagles. 

Bald Eagles 

Under the No Action Alternative, benefits that bald eagles might incur from minimization 
measures established under a golden eagle take permit to reduce the risk to golden eagles, as well 
as from compensatory mitigation actions provided to offset the take of golden eagles, would not 
occur. 

Migratory Birds 

Any incidental benefits to migratory birds from minimization measures and compensatory 
mitigation required under an eagle take permit would not be realized under the No Action 
Alternative.  

Species Listed under the Endangered Species Act 

Any incidental effects to federally threatened and endangered species from minimization 
measures and compensatory mitigation required under an eagle take permit would not be realized 
under the No Action Alternative. 

4.2.2 Cumulative Effects 

Cumulative impacts are defined as incremental impacts of the action on the environment when 
added to other past, present, and reasonably foreseeable future actions. The geographic extent of 
for the analysis of cumulative impacts is within a 175-kilometer (109-mile) radius surrounding 
the Project LAP, which represents the average natal dispersal distance of golden eagles (USFWS 
2016a). There is incomplete information available regarding the level of unpermitted golden 
eagle take in the region; thus, golden eagle take in the past, present, and foreseeable future is not 
fully known. Over the past 25 years, the Service knows of 142 golden eagles killed by a variety 
of causes. This information suggests that approximately 5.68 golden eagles are killed per year in 
the LAP. Thus, the known annual unpermitted take suggests an anticipated unpermitted take of 
approximate 1.52 percent per year for the LAP. Two permits have been previously issued within 
the LAP (#00542B and 23857D) which have authorized take of 4.18 golden eagles each year. 
The Service is currently reviewing one additional permit application 20776D, and if issued, take 
would be fully offset by the compensatory mitigation that would be provided by the permit 
holder. Overlap of take from pending permit applications (#20776D) within the LAP is 
approximately 0.59 estimated eagles per year. 
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The total anticipated cumulative take would be 2.99 percent per year for the LAP. The loss of 
productivity authorized by permits would be fully offset by the compensatory mitigation that 
would be provided by the permit holders. The anticipated unpermitted take of approximate 1.52 
percent per year for the LAP would not be offset by compensatory mitigation. 

4.3 Comparison of Effects of Alternatives 

The main differences between the Proposed Action and the No Action Alternative are the issuing 
of a permit with compensatory mitigation requirements to offset the permitted take under the 
Proposed Action and the level of concurrent and post-construction monitoring that would occur 
(Table 4-1). The Service assumes the level of take is the same under the Proposed Action and 
No Action Alternative, but under the No Action Alternative, compensatory mitigation would not 
be required.  

The Proposed Action is likely to have no significant impacts on golden eagles as there is no 
unmitigated take, and it meets all regulatory requirements and the conservation standard set forth 
in the 2016 PEIS (USFWS 2016a). 

Table 4-1 Comparison of the Proposed Action and No Action Alternative 

 Alternative 1: Proposed Action Alternative 2: No Action Alternative 

Eagle Take Levels Loss of productivity from breeding golden 
eagles up to 10 incidents over 10 years.  

Loss of productivity from breeding 
golden eagles up to 10 incidents over 10 
years.  

Avoidance and 
Minimization 

Applicant will continue to implement the 
measures to minimize impacts to golden 
eagles (Section 2) at the Project including: 
vehicle speed limits; employee 
awareness/training programs; and carcass 
management. 

Same as detailed under the Proposed 
Action, as the applicant is committed to 
these measures even without issuance of 
a permit. 

Compensatory 
Mitigation 

Retrofitting of power poles to offset the loss 
of annual productivity from breeding golden 
eagles for up to 10 take incident for no more 
than 10 years from the date of the issuance of 
the permit. 

None provided. 

Detection and 
Reporting  

Applicant will continue to meet their BLM 
requirements from the 2020 EA, implement 
the measures to minimize impacts to golden 
eagles (Section 2) including the reporting and 
detection system to ensure that personnel 
adhere to the appropriate actions should a 
previously unidentified nest, injured eagle, or 
deceased eagle be identified. 

Same as detailed under the Proposed 
Action. 

Unmitigated Eagle 
Take None. 

Loss of productivity from breeding 
golden eagles up to 10 take incidents 
over 10 years. 
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 Alternative 1: Proposed Action Alternative 2: No Action Alternative 

Adaptive Management 

If continued monitoring determines that there 
are multiple takes occurring in a given year 
and that the Proponent is approaching their 
take permit limits, adaptive management 
would be implemented. First, the Applicant 
would apply avoidance buffers on in-
use/occupied nests to prevent incidental take. 
If avoidance is not practicable, the Proponent 
may request a permit amendment from the 
Service. Additionally, at the five-year review 
of the permit, the Service and the Applicant 
may consider additional adaptive 
management strategies. 

None. 

Data 
Collection/Monitoring 

A qualified third party biologist will monitor 
golden eagle nests within one mile of the 
Project annually to determine nest status. 
Applicant will also document any eagle 
mortality identified while working at the 
Project.  

AGA will conduct annual nest status 
monitoring for the Project, as the 
applicant is committed to these 
measures even without issuance of a 
permit.  

Company Liability for 
Eagle Take None Yes. 
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5.0 Mitigation 

The Proposed Action incorporates measures to minimize and avoid impacts to the maximum 
degree practicable, as required by regulation. To ensure that regional eagle populations are 
maintained consistent with the preservation standard, regulations require that any golden eagle 
take that cannot practicably be avoided and is above EMU take limits must be offset by 
compensatory mitigation at a 1.2 to 1 ratio. As golden eagle take limits for all EMUs were 
determined to be zero (USFWS 2016a), compensatory mitigation is necessary to offset any 
authorized take of golden eagles. The 1.2 to 1 ratio for compensatory mitigation achieves a net 
benefit to golden eagle populations, ensuring that regional eagle populations are maintained 
consistent with the preservation standard of the Eagle Act despite indications of declines in 
golden eagle populations (USFWS 2016a). As this would fully offset the estimated take, as well 
as provide an additional net benefit to eagle populations, there would be no significant effects to 
eagle populations from issuing an eagle take permit under the Proposed Action. Section 2 
provides details of the compensatory mitigation and minimization measures that would be 
completed under the Proposed Action. 
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1.0 PURPOSE OF THIS PLAN 

The purpose of this Eagle Conservation Plan (ECP) is to support an application for a golden eagle 
(Aquila chrysaetos) nest take permit under the permit regulations of the Bald and Golden Eagle 
Protection Act of 1940, as amended (BGEPA). Specifically, AngloGold Ashanti North America 
(AGA) is requesting a take permit issued by the United States Fish and Wildlife Service (USFWS) 
under 50 Code of Federal Regulations (CFR) § 22.26 for the incidental take of golden eagles from 
otherwise lawful activities associated with the Silicon Exploration Project (Project). The Project is 
located approximately six miles (10 kilometers [km]) northeast of the town of Beatty, Nevada 
(Figure 1). The Project is a mineral exploration project authorized by the Bureau of Land 
Management (BLM) Battle Mountain District, Tonopah Field Office in Nye County, Nevada. 

The BGEPA (as amended) prohibits the “take” of bald and golden eagles. BGEPA defines “take” 
to include “pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest or disturb,” 
and prohibits take of individuals and their parts, nests, or eggs. Permitting regulations (50 CFR Part 
22) were issued in 2009 and revised in 2016. Known as the “Eagle Permitting Rule,” these regulations 
allow the USFWS to administer a permit program allowing for the lawful take of eagles and nests. 

AGA has prepared this ECP to support their application for a BGEPA eagle “take” permit. This ECP 
provides information and materials to support an eagle nest take permit application and 
demonstrates that the proposed take is compatible with the preservation of golden eagles and 
the issuance criteria in 50 CFR § 22.26. There are six golden eagle nest sites (SI-301, SI-302, SI-303, 
SI-304, SI-305, and SI-502) associated with one territory within the one-mile buffer of authorized 
Project disturbance. This ECP supports the eagle nest take permit application that has been 
submitted by AGA requesting authorization for reoccurring disturbance to and loss of annual 
productivity from breeding golden eagles no more than 10 times up to 10 years (2022-2032). 

An application for a take permit under 50 CFR § 22.26 requires the information listed below. Also 
provided is a reference to where in this ECP the information is provided. 

• The duration of the Project for the permit is 10 years (see Section 1); 

• A description of approved activities at the Project and surrounding area (Section 2); 

• A discussion of eagle habitat, as it relates to foraging, nesting, and topography, found in 
the four-mile radius of the Project area (Section 3); 

• A brief description of the golden eagle nesting population within a four-mile radius of the 
proposed Plan of Operations (Plan) boundary and territories proposed for take (Section 4); 

• An assessment of the risks to golden eagles posed by the Project (Section 5); 

• A review of practicable avoidance and minimization measures that AGA could and are 
employing to abate the potential risk (Section 6); and 

• Monitoring and adaptive management of eagle populations (Section 7).  
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2.0 INTRODUCTION AND BACKGROUND 

2.1 LOCATION AND EXPLORATION HISTORY 

The project is located on the western end of the Yucca Mountains and is located approximately 
six miles (10 km) northeast of the town of Beatty in Nye County, Nevada. The Project can be 
assessed in two directions from Beatty, Nevada: 1) traveling south 1.3 miles (2.1 km) on U.S. 
Highway 95 (US 95) and approximately 8.9 miles (14.3 km) up Fluorspar Canyon Road (Nye County 
Road 249) and Tate’s Wash Road (Nye County Road 926019); and 2) traveling 3.6 miles (5.8 km) 
north on US 95 and approximately 4.1 miles (6.6 km) east on the North Beatty Wash Road (Nye 
County Road 926026) that connects to the Beatty Wash Road (Nye County Road 926025) at the 
Project. AGA submitted a notice of intent (Notice N-95843) in 2019, the Plan was approved by BLM 
in 2020 (NVN-097820) (BLM, 2020a), and a Finding of No Significant Impact and Decision Record 
were issued by the BLM on July 24, 2020 (BLM, 2020b). 

2.2 AUTHORIZED AND PROPOSED FACILITIES 

AGA is authorized to conduct phased mineral exploration-related activities within a 3,630-acre 
area (Project Area) to determine the extent and quality of a mineral resource. Surface-disturbing 
activities are approved for up to 155 acres. The following are authorized disturbances that could 
occur as a result of the Project, which are also shown on Figure 2: reverse circulation and core 
drilling from constructed drill sites, road construction and overland travel, bulk sampling, 
geotechnical auger holes and geological test pits, geologic and geophysical mapping, water 
monitoring well and water extraction well installation, and construction of a meteorological 
station. Some of these features have not yet been constructed, and these disturbances occur in 
phases. Phase I consists of approximately 50 acres of surface disturbance in addition to five acres 
of Notice-level surface disturbance for a total of approximately 55 acres. The remaining 100 acres 
of disturbance will occur under subsequent phases over approximately 10 years. Exploration 
activities may occur year-round and 24 hours per day, with up to four drill rigs operating at one 
time and up to 20 personnel on site. In addition to AGA’s authorized disturbance, there is an 
existing road network throughout the Project area used for Project access.   
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3.0 AREA HABITATS 

The Eagle Conservation Plan Guidance Module 1 – Land-based Wind Energy, Version 2 
recommends that an analysis of potential impacts on nesting golden eagles include the Project 
footprint itself (Plan boundary) and a surrounding four-mile buffer area (study area) (Figure 1). 
Although this guidance was designed for wind energy, no such guidance exists for mining, and is 
the best available guidance for analysis of potential impacts. 

3.1 FORAGING HABITAT 

Vegetation communities in the study area have been mapped by the Southwest Regional Gap 
Analysis Project (SWReGAP) in land cover types (Figure 3) (USGS, 2011). The SWReGAP mapping 
shows 24 vegetation communities occurring within the study area. Table 1 presents the total acres 
of the vegetation communities within the study area. Three vegetation communities are mapped 
as over five percent of the Project area: Mojave Mid-Elevation Mixed Desert Scrub (51 percent), 
Sonora-Mojave Creosotebush-White Bursage Desert Scrub (24 percent), and Inter-Mountain Basins 
Semi-Desert Shrub Steppe (16 percent). Each of the remaining 21 communities account for 
approximately nine percent of the study area. Golden eagle prey species, such as black-tailed 
jackrabbits (Lepus californicus), mountain cottontails (Sylvilagus nuttallii), and larger diurnal 
rodents (i.e., yellow-bellied marmots [Marmota flaviventris]), are commonly found within many of 
the vegetation communities present in the study area. The potential foraging value of the various 
habitat types present in the region has not been quantified, but in general, they are believed to 
represent high-value native foraging habitats. 

Other habitat types that are believed to represent important golden eagle foraging habitats in 
the region include roads and natural water sources. Paved (e.g., US 95) and non-paved roads are 
located within the study area. Golden eagles frequently feed on roadkill and other carrion 
(especially during winter) even when live prey is available; golden eagles consume fresh carrion 
during the nesting season (Kochert and Steenhof, 2002). Roads within the Project area, particularly 
improved roads that allow vehicles to travel at higher speeds, represent potentially high-value 
golden eagle scavenging habitat. Springs provide a reliable water source for eagle prey and, 
therefore, have the potential to allow for higher concentrations of eagle prey in those areas. There 
are multiple seeps and springs and intermittent and ephemeral drainages along the Amargosa 
River approximately three miles west of the nest sites. Riparian habitats, agricultural pivots, and 
pastures in the Project area also support populations of rodents and lagomorphs.  

3.2 NESTING HABITAT 

Within the study area, various rock outcrops were identified as areas with nesting golden eagles. 
In 2020, there was one in-use/occupied golden eagle nest (SI-301) documented in the study area, 
which was on a rock outcrop. Golden eagle nesting habitat includes cliff and rock outcrops in 
Beatty Wash, the Yucca Mountains to the north and east, and the Bare Mountains to the south. 
Golden eagles may nest in tree if available.  



 
Eagle Conservation Plan – Silicon Exploration Project 
AngloGold Ashanti North America 

November 2021 
4 

 

3.3 TOPOGRAPHIC FEATURES ATTRACTIVE TO EAGLES 

Tops of slopes oriented perpendicular to prevailing winds or near ridge crests of cliff edges are 
features that are conducive to slope soaring and are attractive features for eagles. Saddles or 
low points on ridge lines or near riparian corridors may serve as flight paths. Nearby perch and 
roost sites may also attract eagles. As described above, the area surrounding the Project 
represents golden eagle potential foraging habitat, though the value of this habitat varies in 
quality. 

Cliffs and outcrops occur in the Beatty Wash, the Yucca Mountains to the north and east, and the 
Bare Mountains to the south. Mountainous areas that include ridgelines and slopes with a variety 
of aspects, such that winds from multiple directions would create deflection currents, are suitable 
for soaring. Habitats surrounding the Project include perch and roost sites, and the area is suitable 
golden eagle nesting and foraging habitat as described above. 
 
Table 1 SWReGAP Vegetation Communities within the Study Area (Four-mile Radius) 

Vegetation Community Acres Percent 

Developed, Open Space - Low Intensity 66 0.09 

Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland 6 0.01 

Great Basin Pinyon-Juniper Woodland 165 0.23 

Great Basin Xeric Mixed Sagebrush Shrubland 1,009 1.39 

Inter-Mountain Basins Big Sagebrush Shrubland 376 0.52 

Inter-Mountain Basins Cliff and Canyon 35 0.05 

Inter-Mountain Basins Greasewood Flat 37 0.05 

Inter-Mountain Basins Mixed Salt Desert Scrub 822 1.13 

Inter-Mountain Basins Montane Sagebrush Steppe 3 <0.01 

Inter-Mountain Basins Semi-Desert Grassland 9 0.01 

Inter-Mountain Basins Semi-Desert Shrub Steppe 12,119 16.65 

Invasive Annual and Biennial Forbland 2 <0.01 

Invasive Annual Grassland 10 0.01 

Mojave Mid-Elevation Mixed Desert Scrub 37,014 50.86 

North American Arid West Emergent Marsh 26 0.04 

North American Warm Desert Bedrock Cliff and Outcrop 892 1.23 

North American Warm Desert Lower Montane Riparian Woodland and Shrubland 266 0.37 

North American Warm Desert Playa 364 0.5 

North American Warm Desert Volcanic Rockland 612 0.84 

Recently Mined or Quarried 233 0.32 

Sonora-Mojave Creosotebush-White Bursage Desert Scrub 17,212 23.65 

Sonora-Mojave Mixed Salt Desert Scrub 1,491 2.05 

Total 72,771 100 
*Bold denotes dominant habitat types. 
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4.0 TERRITORIES PROPOSED FOR TAKE 

A major component of the risk assessment is to identify Project activities that could result in a take. 
Those territories proposed for take are those that have been identified within the Plan boundary 
and are in the USFWS’s one-mile buffer of surface disturbance activities. Golden eagle surveys 
have been conducted around the Project area in 2019, 2020, and 2021 (SWCA, 2019, 2020, 2021), 
and additional data regarding the Beatty Wash Territory was provided by Nevada Department of 
Wildlife (NDOW) for 2014, 2015, and 2018 (SWCA, 2019). Inventory and monitoring efforts of 2019, 
2020, and 2021 have followed Pagel et al. (2010), which is the standard golden eagle survey 
protocol accepted by the USFWS. In 2019 and 2020, surveys were ground based due to restricted 
airspace of the Nevada Test and Training Range, and NDOW had previously expressed concern 
of potential impacts of aerial surveys to desert bighorn sheep (Ovis canadensis nelsoni) during the 
lambing season. These two surveys (2019 and 2020) focused on completing a thorough inventory 
of nests within a four-mile radius and capturing information regarding nest occupancy, 
productivity, and success. The 2021 survey was ground-based but only focused eight nests from 
two territories (Beatty Wash and Upper Beatty Wash) that were considered in-use/occupied during 
2019 and 2020. 

The 2019 surveys were conducted between January 10-25 and March 12-17, and the 2020 surveys 
were conducted between January 15-24 and February 20-27. The 2021 surveys were conducted 
between January 13-16 and March 2-22.  

A total of 14 golden eagle nest sites have been documented within four-mile radius of the study 
area during six surveys over the last eight years (2014, 2015, 2018, 2019, 2020, and 2021). During 
these six surveys, two nests (SI-301 and SI-510) were considered in-use/occupied by golden eagles 
(Table 2). In addition to the current nests known to occur and breeding pairs using the four-mile 
radius, there is potential for additional nests, territories, and breeding pairs to nest in the area.  

One in-use/occupied nest (SI-301) and five alternative nests (SI-302, SI-303, SI-304, and SI-305) are 
less than one-mile of the proposed surface disturbance and within the Project boundary. The 
remaining alternate nest (SI-502) is within one mile of the proposed surface disturbance and 
located outside Project boundary. These six nests have been considered a territory referred to as 
Beatty Wash. As such, the potential impacts of the Project include the indirect take of the Beatty 
Wash territory. A viewshed analysis has been conducted using proposed disturbance, 
topography, and Geographic Information System tools for each nest to illustrate the portions of 
anthropogenic activity that are within line-of-sight from the golden eagle nests subject to take 
(Figure 4). Due to their sensitive nature, nest locations are not shown in this figure. 
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Table 2 Golden Eagle Nests Within the Vicinity of the Project and Status (2014-2021) 

Territory Nest ID 
Year and Territory Status   

Number of 
Seasons 
Territory 

was In-Use 
/Occupied 

Territory 
Occupancy 

Rate 
20141 20151 20181 20191 20202 20213 

Beatty 
Wash 

SI-301 

In
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se
/O

cc
up

ie
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Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
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cu
pi

ed
 

n-
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e/
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up
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2 0.33 

SI-302 

SI-303 

SI-304 

SI-305 

SI-502 

Upper 
Beatty 
Wash 

SI-206 

-- -- -- 
s

/O
cc

up
ie

d
e

 

oc
cu

pi
ed

 

no
cc

up
ie

d*
 

1 0.5 

SI-209 

SI-211 

SI-510 

In
-U Un U

Fluorspar 
Canyon SI-503 -- -- -- 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

-- 0 0 

Specie 
Spring 

SI-003 

-- -- -- 

Un
oc

cu
pi

ed
 

Un
oc

cu
pi

ed
 

-- 0 0 SI-004 

SI-019 

Total Number of In-
Use/Occupied 
Territories/Total 
Territories 
Surveyed 

1/1 0/1 0/1 1/4 1/4 0/1 
  

Territory 
Occupancy Rate 1 0 0 0.25 0.25 0 

Bold territory is proposed for take 
1 SWCA, 2019 – No specific-nest information provided for 2014, 2015, and 2018 surveys 
2 SWCA, 2020 
3 SWCA, 2021 
*Only SI-211 and SI-510 were monitored 
In-Use/Occupied = an eagle (bald or golden) nest characterized by the presence of egg(s), dependent 
young, or an adult on the nest in the past 10 days during the breeding season 
Unoccupied (alternative nest) = one of potentially several nests within a nesting territory that is not an in-
use/occupied nest at the current time. When there is not an in-use/occupied nest, all nests in the territory 
are alternate nest  
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4.1 BEATTY WASH TERRITORY: SI-301, SI-302, SI-303, SI-304, SI-305, 
AND SI-502 

The Beatty Wash territory consists of six nests (SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502) on the 
western of the Project boundary along Beatty Wash on the western portion of the Yucca 
Mountains. These nests are within 1.1 miles of each other and have not been simultaneously in use. 
The closest nest (SI-003) is 4.1 miles southwest of SI-502, and the next closest nest (SI-503) is 4.2 miles 
to the southwest of SI-502. Both closest nests are thought to be part of a separate territory.  

All six nests were surveyed from 2019 to 2021, and these nests were found and identified as golden 
eagle nests in 2019. However, NDOW data suggests that one nest within the territory was in-
use/occupied (in-use) in 2014 (SWCA, 2019); therefore, some of these nests in Beatty Wash territory 
were potentially identified earlier than 2019. Because nest-specific data is not available for 2014 
to 2018, occupancy was calculated for individual nests using the 2019 to 2021 data and it should 
be recognized that the actual occupancy per nest is likely different. During this period, SI-301 was 
in-use/occupied in 2020 resulting in an occupancy rate of 33 percent. All other nests within Beatty 
Wash territory were never in-use/occupied resulting in an occupancy rate of zero percent. 
Overall, the territory was documented as in-use/occupied in 2014 and 2020 resulting in a territory 
occupancy rate of 33 percent. The territory is above the average occupancy when compared 
to territories within the study area (average occupancy per territory per year is 16.7 percent). 
Graph 1 presents the Beatty Wash territory status per year compared to the average for the 
territories defined with the study area. 

Graph 1 Beatty Wash Territory Occupancy Rate Compared to Average Territory Occupancy 
Rates of Study Area 
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5.0 RISK ASSESSMENT 

A major component of the risk assessment is to identify project activities that could result in a take. 
This section presents a discussion of the assessment of the level of risk from the Project to the golden 
eagle breeding population in the vicinity of the Project. Principal risks to golden eagles from 
mineral exploration are generally low, and include activities associated with exploration drill pads, 
drilling, and exploration roads, and other proposed/authorized mining activities listed in Section 
2.0. The greatest risk-factor to golden eagles associated with a mineral exploration project is likely 
occur during the courtship, nesting, and fledging season. This is especially true when golden eagle 
breeding territories are located within one mile of surface activity.  

A summary of proposed take to golden eagles anticipated from activities associated with Project 
is provided in Table 3. Discussion of the risk that could be posed by the Project to golden eagles is 
described below. 

Table 3 Summary of Impacts to Eagles at the Silicon Exploration Project  

Eagle Impact Silicon Impacts 

Direct take (mortality) Sections 5.2 and 5.3: None anticipated, low risk  
Indirect take (loss of productivity from Section 4.0: Breeding Golden Eagles and Associated 
disturbance) Territories No More than 10 times for up to 10 years  
Habitat loss Section 5.1 

Territory loss (number of territories) Section 4.0: Breeding Golden Eagles and Associated 
Territories No More than 10 times for up to 10 years 

Nest removal 
involved) 

(number of nests for each territory None 

 

5.1 HABITAT-RELATED RISKS 

The Project is approved for total surface disturbance of up to 155 acres. Reduction of habitat 
because of direct exploration disturbance has the potential to impact golden eagles. Specifically, 
impacts to functional shrublands that support jackrabbit populations could influence prey 
availability to golden eagles, especially during the breeding season when adults are foraging 
routinely to provide adequate food for their young. However, due to the extensive amount of 
available foraging habitat within the four-mile buffer of the Project (Table 1 and Figure 3), scarcity 
of food because of direct loss of habitat is not likely to be a limiting factor to the local golden 
eagle breeding population.  

5.2 VEHICLE COLLISION-RELATED RISKS 

Mobile equipment (i.e., vehicles) used in operations at the Project or traveling to or from the 
Project could strike and injure or kill wildlife. Road-killed wildlife may attract scavenging eagles, 
which in turn could be injured or killed by vehicle collision. Because AGA already implements 
conservation measures associated with reducing road mortality risk (see Section 6.0), the potential 
for eagle mortality due to vehicle collision at the Project is low. Additional traffic controls can be 
implemented by AGA as necessary through direct communication regarding road hazards.   
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6.0 AVOIDANCE AND MINIMIZATION MEASURES 

AGA currently employs conservation measures associated with the authorized Plan, including 
applicant-committed Environmental Protection Measures (ACEPMs). The applicant will implement 
all conservation measures and commitments summarized below. Upon issuance of a take permit, 
monitoring would be conducted as required per permit stipulations, including being conducted 
by a third party over the life of the Project. Table 4 presents a summary of the ACEPMs with 
monitoring and a schedule for implementation. Although not specific to golden eagle protection, 
the implementation and continuation of the following plans will continue to benefit golden eagle 
conservation: 1) noxious weed control, 2) solid and hazardous wastes 3) management, 
reclamation, 4) carcass management on roadways; 5) employee awareness and training 
program, and 6) detection and reporting measures. 

Table 4 Golden Eagle Protection Measures 

ACEPM Monitoring Actions Duration 

ACEPM 1 

A nest survey would be conducted by a qualified biologist prior to 
any surface disturbance associated with exploration activities during 
the avian breeding season (March 1 through July 31) for raptors and 
other migratory birds. Pre-disturbance surveys for migratory birds are 
only valid for 14 days. If the disturbance for the specific location 
does not occur within 14 days of the survey, another survey would 
be needed. If in-use/occupied nests are located, or if other 
evidence of nesting (i.e., mated pairs, territorial defense, carrying 
nest material, transporting food), a protective buffer (the size 
depending on the habitat requirements of the species) would be 
delineated after consultation with the BLM resource specialist. 
Source: BLM, 2020a 

Annually as 
needed for the 
life of the Project. 

ACEPM 2 

Annual surveys would be conducted at golden eagle nest sites that 
are within one mile of the Project Area to determine occupancy. 
The timing of the surveys may be adjusted due to winter weather 
conditions and is subject to approval from NDOW based on 
consideration of bighorn sheep (Ovis canadensis) lambing activity. 
Source: BLM, 2020a 

Annually as 
needed for the 
life of the Project. 

ACEPM 3 
Vehicle speeds on undeveloped access roads shall not exceed 15 
miles per hour and 25 miles per hour on more improved main access 
roads. Source: BLM, 2020a 

For the life of the 
Project. 
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7.0 MONITORING AND ADAPTIVE MANAGEMENT 

Upon issuance of a take permit, AGA will conduct aerial and ground surveys of the eagle 
population within the one-mile radius of the Plan boundary for the duration of exploration 
operations following Pagel et al. (2010) using a third-party contractor. Monitoring objectives 
include: 1) to track occupancy, productivity, and success of nests within the Plan boundary; and 
2) to further delineate and refine the understanding of eagle territories within the one-mile radius. 
As needed, golden eagle nests within proximity to active mining will be monitored to document 
nest occupancy. Reports associated with this monitoring will be prepared and provided as 
specified in the take permit conditions. 

For adaptive management purposes, verification of implemented avoidance and minimization 
measures, as provided in Section 6.0, is necessary. AGA currently has a monitoring and reporting 
system for incidents related to wildlife fatality. Any incident that results in wildlife fatality or death 
must be reported to NDOW. Any golden eagle injuries or mortalities must be reported to NDOW 
and the USFWS. 

AGA will continue to monitor the area golden eagle population for additional golden eagle nests. 
During the life of the Project, AGA recognizes the possibility for new construction of golden eagle 
nests within the Plan boundary and one-mile radius. Continued monitoring will inform the 
Applicant on the status of existing nests as well as if new nests are being constructed near the 
Project and its associated activities. If monitoring determines that there are multiple takes 
occurring in a given year and that the Proponent is approaching their take permit limits (i.e., up 
to 10 takes over no more than 10 years), adaptive management would be implemented. First, the 
Applicant would apply avoidance buffers on in-use/occupied nests to prevent incidental take 
(no surface-disturbing activities within one mile of an in-use/occupied nest during breeding season 
including early courtship through post fledging nest dependency (i.e., December 15 through July 
15). If avoidance is not practicable, the Proponent may request a permit amendment from the 
Service. Additionally, at the five-year review of the permit, the Service may consider additional 
adaptive management strategies, if necessary, in coordination with the Applicant. 
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APPENDIX B 

Public Comments and Responses 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

1 1.1 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We would like to request that 
instead of ten.  

the permit only be issued for 5 Takes Comment noted. Under Alternative 1: Proposed Action, the 
Service has analyzed the impacts of 10 incidents of take per the 
application submitted by the Applicant for the Project and we will 
make a decision for the requested permit based on our analysis as 
presented in the EA. 
 
 

1 1.2 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Members of Basin and Range Watch and Western Watersheds 
Project live within 4 miles of the Silicon Exploration Project and 
have watched nearly in a daily basis, their operation and mitigation 
violations that happen sometimes. 

Concerns regarding the Applicant’s compliance with the BLMs 
applicant committed environmental protection measures 
(ACEPMs) and mitigation are beyond the scope of this EA; 
however, these concerns have been shared with the BLM Tonopah 
Field Office as they are the under purview of the BLM Decision 
Record and their EA for the Project. 
 
 

1 1.3 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We request this because AngloGold Ashanti North America has not 
been within adequate compliance with the regulations of the Bureau 
of Land Management Decision Record mitigation which approved 
the Silicon Exploration Project. In particular, the drillers for the 
company have not complied with the regulations to mitigate night 
lighting or noise. The exploration project runs on a 24/7 schedule 
and for safety reasons, the exploration sites have been extensively 
illuminated. The BLM Environmental Assessment for the project in 
2020 required that night lighting be mitigated to a point of less 
intensity. 

Concerns regarding the Applicant’s compliance with the BLMs 
applicant committed environmental protection measures 
(ACEPMs) and mitigation are beyond the scope of this EA; 
however, these concerns have been shared with the BLM Tonopah 
Field Office as they are the under purview of the BLM Decision 
Record and their EA for the Project. In addition we will continue 
our coordination with the BLM and the industry to consider and 
evaluate best management practices for birds when using night 
lighting  
 
 

1 1.4 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

We have observed golden eagles regularly across this region, 
including over the hills where gold exploration is occurring, as well 
as foraging over adjacent creosote desert rolling terrain and Oasis 
Valley. We have viewed nests with binoculars on the nearby Bare 
Mountains. 

Comment noted. The existing environment and baseline data for 
known presence of golden eagles and foraging habitat are 
discussed within Chapter 3.0 Affected Environment of the EA, 
noting the current existence of territories and individual nests 
observed and documented within the area of analysis. 

1 1.5 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Lights:  
 
Since August of 2020, members of Basin and Range Watch have 
complained to the BLM about 8 different times asking that 
AngloGold’s requirement to mitigate light pollution be enforced. 
The fall out of compliance about every other month. The BLM EA 
states:  
 

Concerns regarding the Applicant’s compliance with the BLMs 
ACEPMs and mitigation are beyond the scope of this EA. 
However, we shared the commenter’s concerns about lights with 
the BLM Tonopah Field Office as they are the under purview of 
the BLM Decision Record and their EA for the Project. 
 
We also discussed the commenters concerns with the Applicant 
focused on understanding potential measures available to 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

“To minimize effects from lighting, AGA would utilize hooded 
stationary lights and light plants. Lighting would be directed onto 
the pertinent site only and away from adjacent areas not in use, 
with safety and proper lighting of the active work areas being the 
primary goal. Lighting fixtures would be hooded and shielded as 
appropriate. AGA would utilize lighting designed to reduce the 
impacts to night skies.”  
 
At any given time, there can be as many as 5 different bright lights 
on the mountain they are exploring on. Some of the lights are 
pointed west as well as east and are brighter than moonlight.  
 
The complaints have been mostly based on aesthetics, but these 
lights are clearly too bright to mitigate impacts to wildlife. These 
lights most likely are attracting and impacting eagles, other 
migratory birds and bats. The problems do commonly occur in 
winter during eagle nesting seasons. 

implement lighting Best Management Practices to minimizing 
impacts to birds. The Service will continue to coordinate with the 
BLM, the Applicant, and the industry to understand current 
practices and to explore opportunities for improvements.   
 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 

1 1.6 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Noise:  
 
The drill rigs are very loud. They must drill bits down hundreds of 
feet. They also continuously change the drill bits which makes a 
very loud “clink” noise. The noise can be heard as far as three miles 
away but becomes more intense about one mile away.  
 
The acoustic environment has a major influence in shaping animal 
behavior. A growing number of studies quantify the impact of 
nonlethal human disturbance on the behavior and reproductive 
success of animals. Most researchers agree that noise can effect an 
animal's physiology and behavior, and if it becomes a chronic 
stress, noise can be injurious to an animal's energy budget, 
reproductive success and long-term survival.  
 
In draft guidelines for human disturbance of breeding golden 
eagles, Hansen et al. (2017) state that ground disturbance and noise 
can be more significant than aerial noise to raptors:  
 

In general, animals appear to be more responsive to louder 
sounds than to quieter ones (Bowles 1995). For example, 
Mexican spotted owls only flushed in response to 
helicopters and chainsaws when sound energy was above 
certain levels (chainsaws: 46 dBA, helicopters: 92 dBA; 

Comment noted. The Service acknowledges the potential for noise 
to affect eagles, as is reflected in our regional buffer guidance that 
recommends a 1 mile no disturbance buffer for most activities, and 
a 2 mile buffer for blasting. If buffers are not practical for a 
project to implement, in most situations we recommend the project 
proponent apply for an incidental eagle take permit.. We evaluated 
the Applicant’s request for an eagle incidental take permit 
accordingly in this EA, considering potential for disturbance to 
eagles from Project exploration activities including noise.  Under 
the Bald and Golden Eagle Protection Act permit regulations (50 
CFR 22.26) we must consider, among other things, if an eagle take 
request is necessary to protect a legitimate interest in a particular 
locality. As the BLM had previously authorized the Project’s 
exploration activities, these activities are a legitimate interest.  
Therefore, our EA analyzed the Applicant’s eagle take request as 
allowed by our regulations.  If issued an incidental eagle take 
permit, the Applicant’s impacts to golden eagles would be offset 
through required compensatory mitigation. To address long term 
population concerns, our Regional Migratory Bird Program is 
actively engaged in coordination efforts with the other agencies, 
including the BLM, industries, researchers, and non-government 
organizations in our efforts to manage for sustainable populations 
of eagles and birds throughout Nevada..  

Delaney et al. 1999). Awbry and Bowles (1990:21 cited in 
USFWS 2006) stated that "what little published literature 
(on raptors) is available suggests that noise begins to 
disturb most birds at around 80–85 decibels (dB) sound 
levels and that the threshold for the flight response is 
around 95 dB." The Service (USFWS 2006) noted in its 
review of effects of human disturbance on northern spotted 
owls that raptors tend to be more sensitive to visual 
disturbances than to auditory ones. However, auditory and 
visual stimuli from human activities may often interact 
synergistically in their effects on wildlife (USFWS 2006). 
This synergistic effect could be responsible for findings 
that raptors are often more strongly affected by terrestrial 
activities than aerial activities (USFWS 2006; e.g., Fraser 
et al. 1985, Delaney et al. 1999, Grubb et al. 2010). The 
Service (USFWS 2006) recommended an injury threshold 
for northern spotted owls of 46 dBA for terrestrial 
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activities due to the potential for stronger effects of 
ground-based activities than of aerial activities.  

 
Road traffic by trucks, water trucks, and heavy machinery can 
impact eagles. In wildlife considerations in planning and managing 
road corridors little attention has been given to the effects of 
disturbance by traffic on populations of breeding birds. Recent 
studies, however, show evidence of strongly reduced densities of 
many species of woodland and open habitat in broad zones adjacent 
to busy roads. The density reduction is related to a reduced habitat 
quality, and traffic noise is probably the most critical factor. 
Because density can underestimate the habitat quality, the effects 
on breeding populations are probably larger than have been 
established (Reijnen et al. 1997).  
 
Long-term disturbance could lead to declines in animal populations, 
including eagles. We recommend that heavy and loud mining and 
traffic activities should not be allowed 1.2 km from an active 
golden eagle nest during the period January 1 to August 1.  

1 1.7 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Mining activities that produce extremely loud noises should be 
avoided within 1/2 mile of active nests (or within 1 mile in open 
areas), unless greater tolerance to the activity (or similar activity) 
has been demonstrated by the eagles in the nesting area.  

In general, we recommend that a project may demonstrate 
compliance with the Eagle Act in two ways, by either 
implementing no disturbance buffers recommended by the 
Service, or by applying for an eagle incidental take permit. As 
described in the EA, we would authorize disturbance incidental to 
the project’s activities, thereby alleviating the need for the project 
to implement nest buffers. The comment is noted and will be 
retained in our records.  

1 1.8 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Nests should be monitored during the mining activity. Per Table 2-1 of the Service’s EA (page 6-7), annual nest surveys 
are to be conducted by a qualified biologist prior to surface 
disturbing activities during the avian breeding season (March 1 
through July 31) for the life of the Project. Additionally, annual 
surveys are to be conducted at golden eagle nests documented 
within one mile of the Project.  

1 1.9 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Loss of Foraging Habitat:  
 
About 40 percent of the main ridge AngloGold is exploring on has 
been impacted. Many plant communities have been removed 
including creosote/bursage, Joshua tree, blackbrush and several 
others. 
 

Concerns regarding the Applicant’s compliance with the ACEPMs 
for mitigation of impacts to golden eagle foraging habitat are 
beyond the scope of this EA; however, these concerns have been 
shared with the BLM Tonopah Field Office as they are the under 
purview of the BLM Decision Record and their EA for the Project. 



Silicon Exploration Project Eagle Take Permit Application 
Draft Environmental Assessment Public Comments and Responses 

 
Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

According to the BLM EA: “The depth of cut for newly constructed 
exploration roads would be minimal. During reclamation activities 
at the Project, potential growth media stored in the form of berms 
and push piles, created during construction activities, would be 
distributed over surface disturbance areas. Distribution of the 
salvaged growth media during the earthwork portion of 
reclamation would support effective recontouring and seedbed 
preparation prior to seeding. Soil amendments are not considered 
necessary in those areas where sufficient growth media are 
available.”  
 
Very few of these mitigation measures have been implemented to 
minimize damage to foraging habitat. 

1 1.10 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Bald Eagles:  
 
The BLM EA stated that: Bald eagles (Haliaeetus leucocephalus) 
are known to occur in the region, but are not expected to be 
affected by exploration activities associated with the Project; 
therefore, disturbance and loss of territory of bald eagles are not 
expected to result from the Project (BLM 2020).  
 
Members of Basin and Range Watch have sited bald eagles a 
number of times at the Parker Ranch, which is included in the 
Silicon “project area” defined by the eagle report from the EA. 
Cunningham observed an immature bald eagle on January 3, 2022, 
roosting on a cottonwood in Oasis Valley in the morning within 
view of the Silicon Mine project; it flew off. The area may be a 
migration corridor and foraging habitat for bald eagles given that 
some artificial ponds and lakes are stocked with bass. 

The Service’s determination that disturbance and loss of territory 
of bald eagles is not anticipated as a result of Project activities is 
based on baseline data collected and annual monitoring survey 
results within the area of analysis. While bald eagles are known to 
occur in the region, territories and individual nests have not been 
documented within the area of analysis; therefore, we determined 
take of bald eagles is not likely under the proposed project. 
Section 2.1.2 of the EA (page 5) includes adaptive management 
measures that would apply to bald eagles. 

1 1.11 

Basin and Range 
Watch/Western 

Watersheds 
Project/Center 
for Biological 

Diversity 

Conclusion:  
 
Please do not issue ten takes for eagles for this company. They are 
just trying to make their lack of compliance legal. Please only issue 
5 Takes for the next ten years.  
 
 

Comment noted.  We have considered the applicant’s permit 
request as allowed under our Eagle Act incidental take permit 
regulations (50 CFR 22.26). We have determined that issuance of 
a permit to the Applicant allowing for up to 10 incidents of take 
from disturbance over 10 years is appropriate and would not result 
in population level impacts.  
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Appendix C Project Area Golden Eagle Territories and Nest Data Summary 

Annual golden eagle ground surveys have been conducted within a four-mile radius of the Project in 2019 
and 2020. Additionally, some data from earlier years is available from Nevada Department of Wildlife 
(NDOW). A summary of golden eagle nest survey data for nests within four miles of the Project from 2019 
and 2020 is presented in Table 1. 

Table 1 Summary of Nest Surveys from 2019 and 2020 

Year 2019 2020 

Golden Eagle (or Possible Golden Eagle) Nests Surveyed 14 14 
In-use1 Golden Eagle Nests 0 1 
Not in-use2 Golden Eagle (or Possible Golden Eagle) Nests 14 13 

1 In-use Nest – A nest used for breeding in the current year by a pair of golden eagles. 
2 Not in-use – Those nests not selected by golden eagles for use in the current nesting season. 
Sources: SWCA 2019 and 2020 

In addition, the golden eagle nesting territories within the four-mile radius of the Project were 
delineated (SWCA 2019). Four distinct territories were delineated based on proximity of nests to 
one another, concurrent use of adjacent nests, alternating use (from year to year) of adjacent nests, 
and nearest available quality nesting substrate obtained from surveys and monitoring at the Project. 
Figure 3 from SWCA’s 2019 report displays the four golden eagle nesting territories relative to 
the Project area and the 14 nest sites. This figure has not been included in this document due to the 
sensitive nature of eagle nest locations. Table 2 summarizes the golden eagle territories and use 
within the Project area. 

Of the four territories delineated, the survey area and methods are only consistent in the Project 
area for 2019 and 2020 data, and there is limited data available for the Project area from 2014, 
2015 and 2018. Data available for 2014, 2015 and 2018 were provided to SWCA by NDOW 
(SWCA 2019). Of the territories delineated, one was in-use in 2014, none were in-use in 2015, 
2018, or 2019, and one was in-use in 2020.  In 2014, NDOW identified that one of the nests in the 
Beatty Wash territory successfully fledged eaglets (SWCA 2019). There is no additional data 
available for fledging success of the territories surveyed.  



Territory Nest ID 
Year and Territory Status Number of Seasons 

Territory was In-use Territory Use Rate 

2014 2015 2018 2019 2020 

Beatty 
Wash 

SI-301 

In-use Not In-use Not In-use Not In-use In-use 2 0.40 

SI-302 

SI-303 

SI-304 

SI-305 

SI-502 

Upper 
Beatty 
Wash 

SI-206 

-- -- -- Not In-use Not In-use 0 0.00 
SI-209 
SI-211 

SI-510 

Fluorspar 
Canyon SI-503 -- -- -- Not In-use Not In-use 0 0.00 

Specie 
Spring 

SI-003 

-- -- -- Not In-use Not In-use 0 0.00 SI-004 

SI-019 
Total Number of In-
use Territories/Total 
Territories Surveyed 

1/1 0/1 0/1 0/4 1/4 

Territory Use Rate 1.00 0.00 0.00 0.00 0.25 

 Table 2 Territories within the Project Area and Status 

Note: Of the four territories delineated, the survey area and methods are only consistent in the Project area for 2019 and 2020. 
Source: SWCA 2019 and 2020
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Abstract

Native American belief systems do not distin-
guish geographic boundaries for revered 
landscapes, and the appropriate scale at which 
to assess ethnographic landscapes may not be 
readily apparent, as they range greatly from small 
scale to large. The cultural landscape associ-
ated with the Xam Kwatcan trail in California, 
Arizona and Nevada is 160 miles in length. It 
incorporates extant trails, associated ceremonial 
sites, and highly revered geographic places. This 
vast size raises management concerns, but Native 
American cultural perspectives can be clearly 
described and taken into account under relevant 
federal laws (i.e., Section 106 of the National 
Historic Preservation Act) using ethnographic 
interviews. Landscape scale is a useful construct 
in understanding that a place may be simultane-
ously significant on several scales.

Key Words

Ethnographic landscapes, Native American  
trails, regional-scale landscapes, southwestern 
United States

Ethnographic Trail Systems as Large-Scale Cultural 
Landscapes: Preservation and Management Issues

James H. Cleland, Ph.D., Principal, EDAW, Inc., San Diego, California, United States

Introduction

It is well known that Native American ethno-
graphic landscapes can encompass relatively large 
geographic expanses (Hardesty 2000; Parker and 
King 1992). Sacred mountains, such as Mt. Shasta 
in California, San Francisco Peak in Arizona, and 
Devils Tower in Wyoming, are examples. What 
is less widely appreciated is that Native American 
belief systems often not only refrain from delin-
eating geographic boundaries with respect to 
specific revered landforms, such as mountains, 
but also insist on a critical interconnection among 
what might otherwise be considered separate 
landscapes. Boundary definition can be prob-
lematic for all types of cultural landscapes, but 
this problem can seem even more daunting when 
specific locations such as mountain peaks, inter-
montane basins, river valleys, and residential areas 
are inextricably interconnected through a complex 
belief system. In the case of Native American 
ethnographic landscapes, song cycles and other 
sacred texts often weave huge geographies together 
to form an interconnected whole—a whole seen 
by modern tribes as critical to their cultural 
continuity. Because of these widespread inter-
connections, scales for ethnographic landscape 
assessments can range from the relatively local to 
the regional and trans-regional. As a result, the 
appropriate scale of assessment may not be readily 
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apparent to non-native resource management 
agencies or cultural resource professionals who are 
not trained specialists. 

This paper focuses on a large-scale regional cul-
tural landscape associated with a trail system in the 
arid southwestern United States. Trails of cultural 
significance to Native Americans in this region 
range from relatively short ceremonial pathways 
(Hedges and Hamann 1992; Van Vlack and Stoffle 
2006) to trans-regional trails that are closely tied 
to epic accounts of tribal history, tribal identity, 
and cultural continuity. A well-known example 
of a regional trail system is the Chacoan Road 
network (Hardesty 2000). Lesser-known examples, 
but equally daunting in scale, are the Salt Song 
Trail of the Paiute and Chemehuevi tribes and the 
Xam Kwatcan trail system of the Quechan Tribe. 
The Salt Song Trail traverses southwestern Utah, 
southern Nevada and much of southern California. 
The “Salt Song” tells of the trail and its surrounding 
landscape:

It’s telling about different landmarks, 
different mountains, the beauty of this 
mountain, what it stands for, what medi-
cines are found in that mountain. The Salt 
Song tells all of that. If you understood it, 
you’d be a scholar (Eddy 2004).

The Xam Kwatcan trail system, the primary focus 
of this paper, is 160 miles or more in length, 
encompasses portions of three states (California, 
Arizona, and Nevada), and traverses the traditional 
territory of multiple Native American tribes. It 
incorporates extant trails still visible on the desert 
surface, associated ceremonial sites, and elements 
of the natural landscape, including highly revered 
geographic places. A component of this trail 
system is currently a focus of legal action under the 
North American Free Trade Agreement (NAFTA), 

which challenges the impact of a large open-pit 
mine on such a vast landscape.

The present paper concludes that when adequate 
ethnographic interviews have been undertaken, 
Native American cultural perspectives can be 
clearly described and taken into account under the 
U.S. National Historic Preservation Act (NHPA).  

As defined by the National Park Service, an ethno-
graphic landscape is an area containing a variety 
of natural and cultural resources, including plant 
and animal communities that associated people 
define as heritage resources (USDI, NPS-28 1998). 
Further, the NHPA defines a traditional cultural 
property (TCP) as one that is eligible for inclusion 
in the National Register of Historic Places (National 
Register) because of its association with cultural 
practices or beliefs of a living community that are 
(a) rooted in that community’s history, and (b) 
important in maintaining the continuing cultural 
identity of the community (USDI, NPS, NRB 1998). 
By these definitions, the Xam Kwatcan trail system 
can be considered a significant ethnographic land-
scape and a traditional cultural property. Beyond 
these definitions, what about its scale?

The concept of landscape scale must include 
the understanding that a specific ethnographic 
landscape may be significant because it operates 
simultaneously on several scales – local, regional, 
and trans-regional. “Region” is a tricky word 
that may connote a variety of geographic scales, 
depending on the context. In this paper, I use the 
term “regional-scale ethnographic landscape” to 
denote an area that has geographic unity in terms 
of its natural and cultural environment and corre-
sponds to a verifiable ethnographic construct. 
While a local-scale landscape might entail a 
particular valley or mountain range and vary in 
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size up to a few hundred square miles, a regional-
scale landscape might encompass several mountain 
ranges and valleys and range up to an area of a few 
thousand square miles.

The Xam Kwatcan Trail System and the 
Trail of Dreams

Ethnographically, the Native American tribes 
who occupied most of western Arizona and 
southeastern California were speakers of related 
languages of the Yuman family. (Figure 1) The 
lowland Yuman tribes, including the Quechan, 
Mojave, Kamia, Cocopah, Halchidhoma, and 
Maricopa shared many cultural elements, 
including mythic traditions, cosmology, and reli-
gion. They strongly resisted missionization and 
continued to practice their traditional life ways 
through the mid-nineteenth century.

The regional environment was strongly dichoto-
mous—the hyper-arid Sonora desert, crossed by 
the “linear oasis” of the Colorado River (Stone 
1991). Structured by this environment, the 
economy was based on floodplain agriculture, 
fishing, and harvesting of wild plant foods. For 
most lowland tribes, hunting was decidedly a 
secondary subsistence activity. These groups trav-
eled widely across the desert for purposes of social 
visitation, religious pilgrimages, trade, alliance 
building, and warfare (Altschul and Ezzo 1994; 
Forbes 1965; Forde 1931; Kroeber 1925). The 
construction of a regional trail system was a key 
component of this cultural system (Baksh 1997; 
Cleland and Apple 2003; Johnson 1985, 2001; 
Rogers 1936; Von Werlhof 1987).  

The regional trail system plays an important role in 
the origin legends and the religious practice of the 

Yuman peoples. According to Quechan cultural 
tradition:  

In the beginning ... [the Creator] 
Kwikumat ... created real people. … The 
several Yuman tribes all descended from 
the top of Avikwame[Spirit Mountain 
near Laughlin, Nevada] and spread to 
their respective territories. The Quechan, 
however, took a special trail called xam 
kwatcán (‘another going down’). As a 
result, the Quechan adopted their tribal 
name, which is a form of the word 
kwatcán (Forbes 1965, 3-4).  

Thus, contemporary tribal identity is directly tied 
to the Xam Kwatcan trail. 

For the lowland Yuman groups, dreaming is 
considered the primary road to spiritual knowl-
edge and wisdom. Dreams are acquired during 
sleep, but are interpreted via mythological narra-
tives. It is noteworthy that dreaming is also directly 
tied in with the regional trail system. A contempo-
rary Quechan put it this way:  

They [Quechan] were taught that 
dreaming enabled them to have direct 
contact with various supernatural beings 
in order to gain advice and teaching on 
how to solve the problems of the living.  
While dreaming, their souls returned 
[following trails] to the time of creation 
to learn. … So the mountains along 
the Colorado River region are highly 
significant in regional Native American 
cultural and ethnic identity. Spiritual 
activities and events are deeply associated 
with numerous intaglios, petroglyphs, 
trails, lithic scatters, and cleared circles 
present along the Colorado River and 
surrounding hills (Cachora 1994, 14).  
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Figure 1. Native American tribes of the Lower Colorado River. (Kroeber 1925)
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Figure 2.  Map of Xam Kwatcan Trail and related places. (Baksh, 1995, 1997; Johnson 1985, 2001; Raven 
and Raven 1986)
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Writing of the Mojave at the turn of the twentieth 
century, Kroeber (1925, 454-455) wrote:

[A] Mohave can not tell a story or a 
dream without naming the exact spot at 
which each character journeyed or slept or 
stood or looked about [emphasis added]... 

The naming and description of distant places on 
the vast desert landscape was a common thread in 
the lowland Yuman narrative tradition, reinforcing 
and facilitating the culture of long-distance travel. 
Kroeber continued about the important connec-
tion between dreaming and narrative:

Dreams, then are the foundation of 
Mohave life; and dreams throughout are 
cast in a mythological mold. There is no 
people whose activities are more shaped 
by this psychic state... and none whose 
civilization is so completely, so deliberately, 
reflected in their myths.

Thus, myth and dreams are somewhat interchange-
able but are set in real space on the landscape—a 
respected dreamer usually related his dreams in 
terms of mythic traditions, and as Kroeber noted, 
these mythic traditions molded lowland Yuman 
culture to an exceptionally high degree.  

Another important connection between the trail 
system and traditional religious practice was the 
keruk, or cremation ceremony. The keruk was the 
most important religious ceremony and often 
the occasion for relatively large social gatherings 
(Altschul and Ezzo 1994; Forbes 1965; Forde 1931).  
Pilot Knob near Yuma was the site of the mythic 
first cremation – the cremation of the Creator god 
– and served as an ongoing location for major 
keruks. Following completion of the keruk, people 

seeking spiritual guidance would undertake a 
pilgrimage from Pilot Knob to Avikwame, the 
creation mountain and home of the Creator, near 
Laughlin, some 160 miles to the north. It is said 
that a pilgrim could make the trip in four days, 
quite a feat of endurance, and a tribute to the 
quality of the trail system. The Xam Kwatcan trail 
system connected Pilot Knob with the creation 
mountain (Forbes 1965; Johnson 1985; Raven and 
Raven 1986) and was used in the keruk pilgrimage.

According to contemporary Quechan, there 
were two major branches of the Xam Kwatcan 
trail leading north from Pilot Knob. (Figure 2) 
The more easterly branch is referred to as the 
Medicine Trail and the more westerly branch is 
referred to as the Trail of Dreams (Baksh 1997).  
The two branches merge near a major rock art 
complex (Figure 3) near Palo Verde Point on the 
Colorado River.

Character-Defining Elements of the 
Contemporary Cultural Landscape

In the lower Colorado River culture area, Native 
American groups continue to occupy their tradi-
tional territories and maintain exceptionally strong 
cultural continuity, as evidenced in contemporary 
culture by the unbroken use of native languages, 
the maintenance of oral history and traditional oral 
narratives, the continued practice of certain ritual 
and ceremonial activities, and a strong identifica-
tion with the land (Baksh 1997; Bee 1981; Raven 
and Raven 1986; Woods 2001). A strong identifica-
tion with the land is typical of cultural persistence 
throughout southern California (Bean and Vane 
1978). Tribes continue to occupy their pre-contact 
homeland and express a close personal affinity with 
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the places of their ancestors. For many of the desert 
groups, not only are places in or near reservations 
remembered and revered, but quite distant places 
continue to have cultural meaning and importance.  
As an example, Avikwame, the creation mountain, 
is over 150 miles from the Quechan Reservation, 
but remains central in narrative, ceremony,  
and identity.

Lowland Yuman cultural authorities stress the 
interconnectedness of places and recoil from 
regulatory imperatives to divide the landscape and 
assess the resulting parts individually:

The sites in that area tie in with something 
that is bigger in the long run. As I’ve said 
before, the whole area along the Colorado 
River is sacred (Baksh 1997, 21).  

The Quechan note that all the sites in 
their traditional range are connected 
spatially, culturally, and spiritually. They 
should not, therefore, be considered as 
isolated occurrences, but rather as part of 
a greater network of cultural heritage. As 

such, effects to one site create effects on all 
the others (Woods 2001, 20).

This point of view can be appreciated by recalling 
Kroeber’s remark that every story and dream is 
manifested at specific places within the desert land-
scape, and that stories and dreams are central to 
the Yuman cultural experience.

Constructed Elements

Traditional cultural activities, some of which are 
ongoing, have left a coherent body of material 
remains on the desert landscape, connected by 
a largely extant trail system (Figure 4). The trail 
system connects cultural and natural elements, 
such as specific mountains, which the Lower 
Colorado groups identify as culturally significant. 
Many trails were intentionally created and are not 
simply a result of repeated use (Johnson 1985; von 
Werlhof 1987). The Native American trail system 

Figure 3. One of many petroglyph panels at Palo Verde 
Point. (Hedges in Cleland and Apple 2003)

Figure 4.  Recording a portion of the Xam Kwatcan trail 
system. (Photo by author)
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clearly reflects the distribution of prehistoric sites 
in the region. A recent large-scale survey revealed 
that 40 percent of the 120-plus recorded prehistoric 
sites had trail features.  
 
Geoglyphs and rock features constitute other 
important types of Native American landscape 
construction. (Figure 5) Geoglyphs (sometimes 
referred to as intaglios) are naturalistic abstract 
figures typically incised into the surface of the 
desert so that the lighter colored subsurface is 
exposed, creating light-on-dark images. These 

figures are unique to the Sonora and southern 
Mojave deserts and can be expansive in scale with 
individual elements exceeding 30 m (100 ft.) in 
length (Johnson 1985). Others may measure only 
a meter or two across. Sonora Desert archaeolo-
gists (Johnson 1985; Von Werlhof 2004) have made 
a convincing case that some anthropomorphic 
geoglyphs represent mythological characters and 
events. These constructions are concentrated at 
locations of particular traditional significance 
(Altschul and Ezzo 1994; Baksh 1995; Pigniolo et 
al. 1997; Raven and Raven 1986). Cleared circles 

Figure 5: Historic aerial photograph of an expansive geoglyph associated with the Xam Kwatcan Trail. (Setzler and 
Stewart 1952)
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and other cleared areas on desert pavements 
constitute another key type of cultural landscape 
construction encountered in areas of high cultural 
significance.  

Elements of the Natural Landscape

Mojave historical narratives (e.g., Kroeber 1925; 
Kroeber and Kroeber 1973) make it clear that the 
lowland Yuman groups “catalogued” and remem-
bered the names of many distant places (Kroeber 
and Kroeber 1973). Forde (1931) noted that the 
Quechan, too, remembered a vast array of named 
places, but did not record many of them individu-
ally. These named places had varying prominence 
within the core narrative literature and its corre-
lated belief system. Not every named place rises to 
the same level of significance.

Several mountains had particular importance, 
but not all highly revered places were topographic 
prominences. The Indian Pass area, where two 
major trails (including the Trail of Dreams) 
crossed, was particularly esteemed as a teaching 
place where initiates were brought to learn arcane 
cultural traditions considered critical to the main-
tenance of Quechan culture. Mesas surrounding 
important peaks (Pilot Knob Mesa, for example) 
are considered especially sensitive and contain high 
frequencies of constructed cultural elements such 
as geoglyphs, rock rings, and cleared circles (Ezzo 
and Altschul 1993; Raven and Raven 1986).

Beyond the physiography of place, lowland 
Yuman tradition puts significant emphasis on the 
plants and animals native to each place. Speaking 
of the culturally-related Chemehuevi, Halmo 
(2001) noted:

Given the intimate interrelationship 
between plants, animals, soil and water, 
Chemehuevi concerns for these resources 
are clear. Plants and animals are consid-
ered sacred resources that must be 
used appropriately. … As mentioned, 
all traditional Chemehuevi territory is 
perceived to be a sacred homeland given 
to the people by their Creator. Any inap-
propriate treatment of the land is viewed 
as upsetting the balance with adverse 
consequences.

In sum, traditional Yuman cultural beliefs interact 
to create the need to address an integrated cultural 
landscape comprised of archaeological sites, 
natural formations, the biotic community, and 
trails that is truly regional in scale. The National 
Park Service originally defined an ethnographic 
landscape as a “landscape containing a variety 
of natural and cultural resources that associated 
people define as heritage resources” (Birnbaum 
1994). Contemporary Native American consultants 
and ethnographic testimony gathered in the early 
twentieth century agree that the associated people 
(in this case existing Yuman tribes) define an 
expansive, holistic landscape across the desert as an 
important heritage resource.

Management Issues

The immensity of regional-scale ethnographic 
landscapes and the insistence by many contem-
porary Native American spokespeople on the 
interconnectedness of the natural and cultural 
elements of these landscapes raises serious 
management issues. Can such a landscape be 
considered a cultural property under U.S. laws and 
regulations? If so, how would its boundaries be 
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determined and whose responsibility would it be 
to define the boundaries? Then, there is the issue of 
integrity. Typically, any regional-scale ethnographic 
landscape would have already been subject to some 
severe disturbance. How would one even begin 
to assess whether historical values still exist? In 
the case of the ethnographic landscape associated 
with the Xam Quechan trail system, three east-
west Interstate highways cross it, several modern 
cities have been developed within it, and the once 
wild Colorado River has been tamed by dams 
and levees, and irrigated agricultural fields have 
replaced wetlands and sloughs.

Having faced these issues on several major proj-
ects involving land-management decisions within 
this regional-scale landscape, I have come to the 
conclusion that most of the objections to consid-
ering regional landscapes result from a too-rigid 
set of assumptions as to what U.S. regulations actu-
ally say and require. Through experience, I have 
come to understand that current laws, regulations, 
and guidelines contain most of the tools necessary 
to come to reasonable and balanced land-manage-
ment decisions that take into account Native 
American values. 

To put this conclusion into perspective, I 
will examine an ongoing NAFTA claim (U.S. 
Department of State 2007) by a Canadian mining 
company denied the right to develop a massive 
open-pit gold mine that would have impacted the 
Trail of Dreams and a specific place—Indian Pass 
as well as the regional ethnographic landscape as a 
whole. The issues and regulatory processes at issue 
in this case are exceedingly complex, and I will 
only attempt to summarize some of the cultural 
resources issues. This could be a precedent-setting 
case, and its high profile is underscored by the fact 

that the National Trust for Historic Preservation 
put Indian Pass on its most endangered list  
in 2002.
 
Indian Pass had been known since the 1920s as an 
area rich in archaeological material, as evidenced 
by surface collections and excavations conducted 
by Malcolm Rogers (1936, 1939, 1966; Waters 
1982). However, Rogers’ work was never fully 
reported, and many archaeologists remained 
unaware of the value of the area. And, no one had 
thought to ask the Native American tribes what 
they thought until the Glamis Imperial Mine  
was proposed. 

Native American values for the area started to 
come to light during public scoping meetings held 
by Bureau of Land Management (BLM) under 
the auspices of the National Environmental Policy 
Act (NEPA). Native American representatives 
voiced strong opposition to the project. BLM then 
retained the services of a cultural anthropolo-
gist who had previous experience with lowland 
Yuman tribes to assess the basis of this opposi-
tion. Ethnographic interviews revealed that many 
Quechan were concerned about all ancestral 
sites in their traditional territory; too many had 
already been destroyed. The Trail of Dreams 
passes through the proposed mine area, while the 
Medicine Trail was already cut-through by another 
open-pit gold mine. The Quechan believe that the 
construction of the proposed mine would preclude 
their ability to perform the pilgrimage from Pilot 
Knob to the creation mountain, physically and 
in dreams. The Indian Pass area is also of special 
significance. It is a “strong” place and ancestral 
spirits are thought to dwell there. Landscape 
features were of importance, as were aspects of 
the constructed environment. The intersection of 
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the two trails is an important aspect. Additionally, 
and of critical importance, the Indian Pass area is 
a teaching place that must be visited to learn tradi-
tional cultural practices. It is the first in a series of 
such places. The other places would be useless if 
the first place were destroyed. No mitigation could 
lessen the cultural damage that would be done if 
the mine were to proceed.

My company (EDAW, Inc.) conducted the archaeo-
logical survey required to conform to both NEPA 
and Section 106. Suffice it to say, the archaeological 
data supported the Quechan claims. The proposed 
site for the mine was found to hold a high 
concentration of features of probable ceremonial 
significance, and these features probably span at 
least a thousand-year period (Pigniolo et al. 1997). 
A trail associated with many ceremonial features 
can still be seen on the ground extending from the 
major trail intersection through the proposed open 
pit mine. This trail has been identified in the field 
by Native Americans as the Trail of Dreams. Based 
partly on the impacts to traditional cultural prop-
erties, the Department of the Interior denied the 
permit application in January 2001. This denial was 
subsequently reversed, but the State of California 
also moved to block the project.

Attorneys and an expert witness for the mining 
company have been critical of some of the cultural 
resources findings, raising issues of fact as well 
as procedural issues (Sebastian 2006). Of most 
importance for present purposes is the issue of 
scale. The mining company argues that since the 
Native Americans are concerned about a cultural 
landscape that is regional in scale, the impact of the 
mine itself would have to be considered relatively 
minor, only a few square miles out of many thou-
sands (McKee 2005).

How valid is this criticism? I think it is fair to say 
that it would be impossible to stop all develop-
ment in a regional scale landscape just because it 
would adversely impact that landscape. As noted 
above, the area in question contains modern 
towns and numerous modern transportation 
routes. If all projects are not stopped, why would 
one project be singled out for denial while 
another is allowed to go forward? This question 
underscores one of the major points I want to 
make. In the Imperial Mine case, if the regional-
level landscape was the only issue, then it is 
doubtful that the government would have blocked 
the project. Rather, it was the confluence of land-
scapes on several scales at the proposed mine site 
that led to the government’s decision. Not only 
was there a regional issue, there was the issue of 
the Indian Pass area itself and the local manifes-
tation of the Trail of Dreams within that more 
restricted landscape. Although I cannot speak 
for Native Americans, my experience on other 
projects is that strident objections to projects 
are not raised based solely on regional concerns. 
While many Native Americans would prefer to 
see all new development restricted to previously 
disturbed areas, it is only when a project severely 
affects a more localized landscape of particular 
concern that the level of opposition raises to 
criticality.  

Conclusions and Recommendations

In a more general sense, then, how is a regional 
scale landscape to be dealt with and managed?  
There might be a tendency either to panic and 
say “Oh, it’s just too big, we can’t possibly deal 
with it,” or to shrug and say “Well, if everything is 
important, what difference does it make?” Neither 
of these reactions can be justified under current 
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Federal regulations and guidelines. My recom-
mendation is to take regional cultural landscapes 
seriously first by acknowledging the existence of 
such landscapes for purposes of full disclosure. 
If a good case can be made for the existence of a 
regional scale landscape, it only makes sense that 
land managers and cultural resources professionals 
should take it into account in decision-making. 
Moreover, in the case of ethnographic landscapes, 
federal guidelines are quite clear that the concerns 
of the affected cultural group should be sought out 
and considered (Parker and King 1992). However, 
does this mean that a regional scale landscape 
should be formally evaluated for National Register 
eligibility as a TCP or ethnographic landscape? In 
my view, little would be gained in most cases by 
such an effort. In a rare case, such an assessment 
might become necessary to avoid a legal challenge, 
but this would not normally be the case.

What then is the proper format for taking a 
regional-scale landscape into account? In case of a 
federal undertaking subject to NEPA, impacts to 
the regional landscape would have to be addressed 
separately in the required cumulative impact 
assessment. This is a point that attorneys for Native 
American groups are beginning to recognize and 
advocate for. In addition, undertakings under 
Section 106 would address the regional landscape 
in the consultation documents, either in an agree-
ment document like a memorandum of agreement 
or in agreeing that there would be no effect. Finally, 
in long-term land management programs, regional 
scale landscape concerns can be addressed with 
a formal plan for stewardship. Regional thinking 
would help lead the cultural resources profes-
sion toward large-scale planning similar to the 
ecosystem-management approach that is gaining 
popularity relative to rare and endangered species.

In conclusion, the idea of scale in cultural land-
scape analysis helps to illuminate and explain 
varying kinds of traditional cultural concerns: 
concerns dealing on the one hand with holistic 
regional landscapes and on the other with more 
localized places and their roles within the larger 
regional landscapes. This approach serves better 
to integrate Native American concerns and guide 
appropriate, informed management decisions. 
Issues of boundary determination and scale are 
more readily conceived and resolved within the 
context of a holistic landscape analysis than within 
a more partitive approach.
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Update of the Accounting Surface Along the 
Lower Colorado River

By Stephen M. Wiele, Stanley A. Leake, Sandra J. Owen-Joyce, and Emmet H. McGuire

Abstract
The accounting-surface method was developed in the 

1990s by the U.S. Geological Survey, in cooperation with the 

Bureau of Reclamation, to identify wells outside the flood 

plain of the lower Colorado River that yield water that will 

be replaced by water from the river. This method was needed 

to identify which wells require an entitlement for diversion 

of water from the Colorado River and need to be included 

in accounting for consumptive use of Colorado River water 

as outlined in the Consolidated Decree of the United States 

Supreme Court in Arizona v. California. The method is based 

on the concept of a river aquifer and an accounting surface 

within the river aquifer. The study area includes the val-

ley adjacent to the lower Colorado River and parts of some 

adjacent valleys in Arizona, California, Nevada, and Utah and 

extends from the east end of Lake Mead south to the southerly 

international boundary with Mexico. Contours for the original 

accounting surface were hand drawn based on the shape of 

the aquifer, water-surface elevations in the Colorado River 

and drainage ditches, and hydrologic judgment. This report 

documents an update of the original accounting surface based 

on updated water-surface elevations in the Colorado River 

and drainage ditches and the use of simple, physically based 

ground-water flow models to calculate the accounting surface 

in four areas adjacent to the free-flowing river.

Introduction
The accounting-surface method was developed in the 

1990s by the U.S. Geological Survey (USGS), in cooperation 

with the Bureau of Reclamation (Reclamation), to identify 

wells outside the flood plain of the lower Colorado River that 

yield water that will be replaced by water from the river (Wil-

son and Owen-Joyce, 1994; Owen-Joyce and others, 2000). 

Prior to the development of the accounting-surface method, 

water pumped from many wells outside the flood plain was 

not included when accounting for consumptive use of river 

water. A method was needed to identify which wells pump 

water that will be replaced by water from the Colorado River 

and need to be included in accounting for consumptive use of 

Colorado River water as outlined in the Consolidated Decree 

of the United States Supreme Court in Arizona v. California, 

547 U.S.150 (2006). The method is based on the concept of a 

river aquifer and an accounting surface within the river aqui-

fer. The study area includes the valley adjacent to the lower 

Colorado River and parts of some adjacent valleys in Arizona, 

California, Nevada, and Utah and extends from the east end 

of Lake Mead south to the southerly international boundary 

with Mexico (fig. 1). Nearly 15 years have passed since the 

development of the original accounting surface. Prior to the 

issuance of a proposed rule to define the accounting proce-

dure, an update of the accounting surface is needed for use in 

the process of Decree accounting for the following reasons:

1. The original accounting surface was generated on the 

basis of water-surface profiles of the lower Colorado 

River computed for the highest median monthly pro-

jected discharge for 1992–2001 and assuming delivery 

of full allocations of river water to users in the United 

States. Since that time, historical data are available that 

represent the current and anticipated future operation of 

the Colorado River for the delivery of full allocation of 

river water to users in the United States and treaty deliv-

eries to Mexico.

2. The original water-surface profiles were generated 

with a surface-water model representing river-channel 

conditions surveyed between 1980 and 1988. More 

recent river stage information is available, and the target 

elevations for Lakes Mohave and Havasu have changed 

slightly since the original accounting surface was devel-

oped.

3. The original accounting surface in parts of the Parker and 

Palo Verde areas was based on water-surface elevations 

in drainage ditches or wells along the edge of the flood 

plain that represented regulated flow conditions of the late 

1980s and early 1990s. Furthermore, the elevations from 

the drainage ditches used in the Palo Verde Valley were 

based on a nonstandard vertical datum, adding an error to 

the elevation of the accounting surface in that area.

4. Improved ground-water flow modeling is now available 

that will allow efficient construction of an accounting 

surface tied to the river in reaches not adjacent to reser-

voirs. An accounting surface computed with a physically 
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Figure 1. Map showing the lower Colorado River and areal extent of the river aquifer.

!(

!(

!(

!(

!(

!(

!(

!(

0 10 20 MilesBase from U.S. Geological Survey

digital data, 1:100,000. 1982,

Universal Transverse Mercator

projection, Zone 11, Datum NAD27,

National Vertical Geodetic Datum of

1929.

Area shown in

Figure 4

Area shown in
Figure 5

Area shown in

Figure 6

15

Lake
Mead

M
o

h
a

v
e

V
a

lle
y

LakeHavasu

P
a
r k

e
r

V
a
ll

ey

V
a l

le
y

C
i b

o
la

V
a
lle

y

N
evada

C
alifornia

Utah

Arizona

United States

Mexico

Gila  River

C
o

l o
r a

d
o R i v e r

Explanation

Yuma Area model g rid

Area of river aquifer along river reaches

Area of river aquifer around reservoirs

Imperial Dam to Laguna Dam model grid

Areas shown in figures 4–7

Mohave area model grid

Parker, Palo Verde, and Cibola

area model g  rid         

Flood plain

Yuma area model grid extends southward to Gulf of California

C
o

l
o

r
a

d
o

R
i

v
e

r

V
er

d
e

P
a

l o

§̈¦10
§̈¦10

§̈¦8

§̈¦8

§̈¦15

§̈¦15

§̈¦40

40
§̈¦40

££93   

££93   

££93   

££95   

££95   

££95   

££95   

Area shown in
Figure 7

! ! ! Area of plate 3

! ! ! Area of plate 2

Area of plate 1 ! ! !

113°114°115° W

37° N

36°

35°

34°

33°

!
!

!
!

!
!

!
!

! ! ! ! ! ! ! ! ! ! ! !

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

! ! ! ! ! ! ! ! ! ! ! ! !
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!!!!!!!!!!!!!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

! ! ! ! ! ! ! ! ! ! ! ! !
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!!!!!!!!!!!!!



Introduction  3

based model is an improvement on the original account-

ing surface, which was hand-drawn based on hydrologic 

judgment, and can be easily replicated and quickly 

updated as required.

Legal Framework

The Colorado River Compact of 1922 apportions the 

waters of the Colorado River between the upper basin and the 

lower basin (U.S. Congress, 1948, p. A17-A22). The require-

ment for participation of the USGS and Reclamation is stated 

in Article V:

 The chief official of each signatory State 

charged with the administration of water rights, 

together with the Director of the United States 

Reclamation Service and the Director of the United 

States Geological Survey shall cooperate, ex-officio:

(a) To promote the systematic determination and 

coordination of the facts as to flow, appropriation, 

consumption, and use of water in the Colorado River 

Basin, and the interchange of available information 

in such matters.

Water in the lower Colorado River is apportioned among 

the States of California, Arizona, and Nevada by the Boulder 

Canyon Project Act of December 21, 1928 (U.S. Congress, 

1948, p. A213–A225) and confirmed by the Consolidated 

Decree (U.S. Supreme Court, 2006) in terms of consumptive 

use. The decree is specific about the responsibility of the Sec-

retary of the Interior to account for consumptive use of water 

from the mainstream. Consumptive use is defined to include 

“water drawn from the mainstream by underground pumping.” 

Article V of the Consolidated Decree (U.S. Supreme Court, 

2006) states in part:

 The United States shall prepare and maintain, or 

provide for the preparation and maintenance of, and 

shall make available, annually and at such shorter 

intervals as the Secretary of the Interior shall deem 

necessary or advisable, for inspection by interested 

persons at all reasonable times and at a reasonable 

place or places, complete, detailed and accurate 

records of: * * *

* * * (B) Diversions of water from the mainstream, 

return flow of such water to the stream as is avail-

able for consumptive use in the United States or in 

satisfaction of the Mexican treaty obligation, and 

consumptive use of such water. These quantities 

shall be stated separately as to each diverter from the 

mainstream, each point of diversion, and each of the 

States of Arizona, California, and Nevada; * * *

Article I of the decree defines terminology and states in part:

(A) “Consumptive use” means diversions from the 

stream less such return flow thereto as is available 

for consumptive use in the United States or in satis-

faction of the Mexican treaty obligation;

(B) “Mainstream” means the mainstream of the 

Colorado River downstream from Lee Ferry within 

the United States, including the reservoirs thereon;

(C) Consumptive use from the mainstream within 

a state shall include all consumptive uses of water 

of the mainstream, including water drawn from the 

mainstream by underground pumping, and includ-

ing but not limited to, consumptive uses made by 

persons, by agencies of that state, and by the United 

States for the benefit of Indian reservations and 

other federal establishments within the state; * * *

Ground water in the river aquifer beneath the flood plain 

is considered to be Colorado River water, and water pumped 

from wells on the flood plain is presumed to be river water and 

is accounted for as Colorado River water. Drainage ditches 

that lie along the edge of the flood plain contain a mixture of 

river water (recharged on the flood plain from the application 

of diverted irrigation water) and tributary water. 

Purpose and Scope

This report documents the updates to the data and method 

used to generate the accounting surface in previous reports 

(Wilson and Owen-Joyce, 1994; Owen-Joyce and others, 2000) 

and presents the updated accounting surface needed to identify 

wells outside the flood plain of the lower Colorado River that 

yield water that will be replaced by water from the Colorado 

River. The report describes the process to update the account-

ing surface using simple, physically based ground-water flow 

models and contains maps (figs. 4–7 and plates 1–3) that show 

the elevation and contours of the updated accounting surface. 

Site-specific data were collected where needed to update the 

accounting surface. 

Data Collection

The USGS collected hydrologic data for the study 

during 2007–08. Most field work was done along the drain-

age ditches on the flood plain in Parker and Cibola Valleys 

in Arizona, in Palo Verde Valley in California, and in the 

Yuma area in Arizona and California. Additional data were 

collected along reaches of the river between Parker and 

Headgate Rock Dams and from upstream of Imperial Dam 

to the northerly international boundary (NIB) with Mexico. 

Water-surface elevations in drainage ditches were deter-

mined by use of Global Positioning System (GPS) surveys 

(Remondi, 1985). The data are stored in a database of the 

Arizona Water Science Center of the U.S. Geological Sur-

vey, Tucson, Arizona.

Precise GPS was used to collect water-level elevation 

data in the drainage ditches of agricultural areas along the 
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lower Colorado River in Parker, Cibola, and Palo Verde Val-

leys and in the Yuma area. Field collection of data for the Palo 

Verde Valley drainage-ditch survey was conducted during 

the weeks of August 13 and 27, 2007. Data for the drainage 

ditches in Parker Valley were collected during the weeks of 

August 27 and September 10, 2007. Data for the Cibola Valley 

drainage ditches were collected during the week of November 

5, 2007. Data for the drainage ditches in the Yuma area were 

collected January 30–31, 2008. Precise GPS was also used 

to collect data for specific reaches along the Colorado River. 

Data for the river between Parker Dam and Headgate Rock 

Dam were collected January 24, 2008. Data for the river in the 

Yuma area were collected the week of February 4, 2008.

Survey methods included collecting survey data by using 

Real-Time Kinematic (RTK)-Infill and static GPS. RTK GPS 

was used to collect edge-of-water or staff-gage elevations in 

the drainage ditches. RTK base-station positions were located 

at higher topographic locations near the drainage ditches. The 

base-station positions were selected by virtue of line-of-sight 

capability with the area of the drainage ditch to be surveyed. 

Because most survey points within the drainage ditches were 

obscured from the base station by the embankments, two 

technicians conducted the survey for safety and to ensure line-

of-site radio link between the RTK base station and rover unit. 

One technician entered the drainage ditch to place the rover 

GPS antenna pole at the edge of water or, when available, on 

top of a staff gage, while the second technician remained at the 

top of the drainage ditch with the rover radio receiver. Down-

to-water measurements were made from the top-of-staff gage 

or other measuring-point positions.

Static GPS methods included the occupation of surround-

ing survey benchmarks that have coordinates published by 

the National Geodetic Survey (NGS). Data collected from the 

static occupations were used to tie-in, correct, and check the 

coordinates of individual RTK base-station positions for each 

of the individual drainage-ditch surveys. In addition, indi-

vidual base-station positions from each of the drainage ditches 

were surveyed to a single benchmark located just west of the 

right bank cableway tie-back at the Colorado River below Palo 

Verde Dam (USGS 09429100) streamflow-gaging station. 

Selected top-of-staff measuring points and surrounding NGS 

benchmarks, when available, were reoccupied with RTK GPS 

to check for survey accuracy and repeatability. The accuracy 

of the surveyed elevations was ± 0.20 feet.

Various precise GPS methods were used to collect water-

level elevation data depending on the conditions that existed 

in those areas. Traditional RTK and faststatic techniques were 

not feasible due to line-of-sight problems and the absence of 

an established faststatic base station in the area between Parker 

and Headgate Rock Dams. Data were collected at eleven 

points along this reach of the river by treating each point as a 

base station and obtaining an Online Positioning User Service 

(OPUS) solution for each point. In the Yuma area, where there 

is an established base station surveyed in at the Yuma USGS 

office, data were collected at 28 points in drainage ditches and 

at 6 wells using the faststatic technique. Along the river in the 

reach upstream from Laguna Dam, 15 elevation points were 

collected by using the faststatic technique with the Yuma base 

station at the USGS office. Along the river in the Yuma area 

downstream from Laguna Dam to the NIB with Mexico, the 

RTK technique was used to collect data at 14 points by using 

both the AMVD and COCO base stations, which are devel-

oped benchmarks established by the City of Yuma.

Previous Investigations

The accounting-surface method is described for two areas 

in separate reports—the area upstream from Laguna Dam 

in Wilson and Owen-Joyce (1994) and the area downstream 

from Laguna Dam in Owen-Joyce and others (2000). Previous 

geohydrologic studies of the lower Colorado River valley from 

Davis Dam to Yuma defined and described the formations that 

constitute the river aquifer, discussed the geologic structures and 

framework of the lower Colorado River valley, and described 

the occurrence and movement of ground water (Metzger, 1965, 

1968; Metzger and Loeltz, 1973; Metzger and others, 1973; 

Olmsted and others, 1973). The major emphasis of these studies 

was the ground-water flow system beneath the flood plain and its 

relation to the Colorado River because few wells were available 

outside the flood plain to provide water levels or samples for 

chemical analysis. Refinement of the hydrogeologic framework, 

updated maps of ground-water flow, estimates of ground-water 

storage in the mound under Yuma Mesa, water-chemistry analy-

ses, and water-budget components are topics covered in a recent 

study of the Yuma area (Dickinson and others, 2006). Additional 

work to develop procedures to apply the accounting-surface 

method to water-level data from wells applied geographic 

information system (GIS) methods to identify areas where wells 

pump water that will be replaced by water from the Colorado 

River (Spangler and others, 2007).
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Accounting-Surface Method
The accounting-surface method was developed to iden-

tify wells outside the flood plain of the lower Colorado River 

that yield water that will be replaced by water from the river 

(Wilson and Owen-Joyce, 1994; Owen-Joyce and others, 

2000). The method is based on the concept of a river aquifer 
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and an accounting surface within the river aquifer. The method 

provides a uniform criterion for all users pumping water from 

wells by determining whether the elevation of the static water 

table at a well is above or below the accounting surface. The 

elevation of the static water table at a well is determined by 

measuring the elevation of the static water level in the well. 

The static water level is the level of the water in a well that is 

not being affected by ground-water withdrawal or the level to 

which water will rise in a tightly cased well under its full pres-

sure head. Wells that have a static water-level elevation equal 

to or below the accounting surface are presumed to yield water 

that will be replaced by water from the river. Wells that have 

a static water-level elevation above the accounting surface are 

presumed to yield water that will be replaced by water from 

precipitation and inflow from tributary valleys (fig. 2). Ground 

water in the river aquifer beneath the flood plain is considered 

to be Colorado River water regardless of water levels. Water 

pumped from wells on the flood plain is presumed to be river 

water and is accounted for as Colorado River water. 

The accounting surface is defined to represent the eleva-

tion and slope of the static water table in the river aquifer 

outside the flood plain and the reservoirs of the Colorado 

River that would exist if the water in the river aquifer were 

derived only from the river (Wilson and Owen-Joyce, 1994). 

The accounting surface extends outward from the edges of 

the flood plain or a reservoir to the subsurface boundary of 

the river aquifer. Initial attempts to compare the water level in 

wells to the accounting surface were stymied by the inability 

to obtain water levels in every well (Spangler and others, 

2007). Consequently, a method was devised by Spangler and 

others (2007) to estimate the water surface from available data 

and a new category—near the accounting surface—was added 

to the existing categories of well water levels—at, below, or 

above the accounting surface. GIS methods were used to cre-

ate maps from measured water-level data that were then used 

to delineate areas where the water levels in wells were above 

or below the accounting surface. Estimations of water eleva-

tion can be made for wells without a measured water level 

(Spangler and others, 2007) from these maps. Water levels in 

wells were measured with calibrated steel or electrical tapes 

that are accurate to within tenths or hundredths of a foot. A 

differential GPS was used to determine land-surface eleva-

tions to within an operational accuracy of ± 0.43 ft, resulting in 

calculated water-level elevations having a 95-percent confi-

dence interval of ± 0.84 ft. GIS interpolation tools were used 

to delineate areas within the river aquifer where water-level 

elevations are presumed to be above, below, and near (within 

± 0.84 ft at the 95-percent confidence interval) the elevation of 

the accounting surface. 

The criterion in the accounting-surface method for all 

users pumping water from wells was changed by Spangler 

and others (2007) to determining whether the elevation of 

the static water table at a well is above, near, or below the 

accounting surface. Wells that have a static water-level 

Figure 2. Schematic diagram showing the river aquifer and accounting surface (red line) of the lower Colorado River. 
Wells labeled “R” have a static water-level elevation equal to or below the accounting surface and are presumed to 
yield water that will be replaced by water from the river. Wells labeled “T” have a static water-level elevation above 
the accounting surface and are presumed to yield water that will be replaced by water from precipitation and inflow 
from tributary valleys (Modified from Wilson and Owen-Joyce, 1994).
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elevation near, equal to, or below the accounting surface are 

presumed to yield water that will be replaced by water from 

the river. Wells that have a static water-level elevation above 

the accounting surface are presumed to yield water that will 

be replaced by water from precipitation and inflow from 

tributary valleys.

River Aquifer

The boundary of the area that contains the accounting sur-

face was defined as the river aquifer and delineated in the pre-

vious studies (Wilson and Owen-Joyce, 1994; Owen-Joyce and 

others, 2000). The river aquifer consists of permeable, partly 

saturated sediments and sedimentary rocks that are hydrauli-

cally connected to the Colorado River so that water can move 

between the river and the aquifer in response to withdrawal of 

water from the aquifer or differences in water-level elevations 

between the river and the aquifer. The subsurface limit of the 

river aquifer is the nearly impermeable bedrock of the bottom 

and sides of the basins that underlie the Colorado River valley 

and adjacent tributary valleys, which is a barrier to ground-

water flow. For this study the boundary of the river aquifer 

remains the same as defined previously (fig. 1).

The river aquifer beneath the area where the accounting 

surface exists can be divided into two areas. The first area is 

where the water table is controlled by reservoirs, and the second 

area is where the water table is controlled by the Colorado 

River, drainage ditches on the flood plain, or both. In areas con-

trolled by reservoirs, the accounting surface is set at a constant 

elevation defined by a representative reservoir level specified by 

Reclamation. In areas controlled by the Colorado River, drain-

age ditches, or both, the accounting surface varies depending on 

the shape of the aquifer and the surface-water elevations.

Generation of the Accounting Surface

The accounting surface adjacent to free-flowing reaches 

of the river between reservoirs published by Wilson and 

Owen-Joyce (1994) and Owen-Joyce and others (2000) was 

represented by hand-drawn contours based on surface-water 

profiles. In Parker and Palo Verde Valleys, drainage ditches or 

wells along the edge of the flood plain were used to define the 

level of the accounting surface. Reclamation considers the water 

levels in the drainage ditches to represent the level of Colorado 

River water beneath the flood plain. Adjacent to reservoirs, the 

accounting surface is flat, and is set to an elevation of the adja-

cent reservoir defined by the annual high water-surface eleva-

tion used by Reclamation to operate the reservoirs under normal 

flow conditions.

The general strategy for updating the accounting surface 

was as follows:

1. The extent of the river aquifer and area over which the 

accounting surface was defined by Wilson and Owen-

Joyce (1994) and Owen-Joyce and others (2000) was 

retained.

2. Water-surface profiles of the Colorado River and drain-

age ditches used in defining the accounting surface were 

updated using the most recent information available. 

Drainage ditches were used in Parker, Palo Verde, and 

Cibola Valleys in defining the accounting surface.

3.  Water-surface elevations in reservoirs were updated 

on the basis of current operating conditions for Lakes 

Mead, Mohave, and Havasu.

4. Contours of the accounting surface adjacent to free-

flowing reaches of the Colorado River were generated 

using simple steady-state ground-water models that 

simulate two-dimensional flow, using a constant trans-

missivity value, with river and drainage-ditch elevations 

as boundary conditions.

The discharges along the free-flowing reaches of the 

Colorado River and the water-surface elevations in reservoirs 

used to define the accounting surface were specified by Recla-

mation. Implementation of this general strategy is discussed in 

more detail in the following sections.

Criteria for Establishing Reservoir Water-Surface 
Elevations and Colorado River Flow Conditions 
Used to Generate the Accounting Surface

The water-surface elevations in the Colorado River, reser-

voirs, and drainage ditches satisfy the following criteria (Jeffrey 

C. Addiego, Bureau of Reclamation, written commun., 2007):

The Colorado River is flowing under normal operat-

ing conditions. Normal operating conditions exist 

when releases from the reservoirs are being made to 

accommodate downstream requirements where each 

State is using its full apportionment (consumptive use 

in Arizona + California + Nevada equals 7.5 million 

acre-feet) and a treaty-specified 1.5 million acre-feet 

is being delivered to Mexico (approximately 1.36 

million acre-feet at the NIB with Mexico and 0.14 

million acre-feet at the land boundary near San Luis). 

Flow and (or) river stage values can be either his-

torical or modeled values, and should exclude flood 

flows from the lower basin tributaries and side-wash 

inflows.

The hydraulic influence of the Colorado River under 

normal operating conditions is defined by the mean 

stage of the Colorado River (excluding reservoirs) dur-

ing the highest flow month of the year (the flow that 

should be used to calculate the river stage is the mean 

monthly flow for the highest flow month of the year).

The elevations used for the reservoirs (Lakes Mohave 

and Havasu) are the high monthly target elevation for 

the year used when operating under normal operating 

conditions — 644 feet for Lake Mohave and 448.7 feet 

for Lake Havasu. 
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The maximum elevation of the accounting surface for 

Lake Mead is the top of the spillway gates in their 

fixed (down) position (1,205.4 feet). This elevation 

corresponds to an elevation (and corresponding area) 

in the vicinity of Lake Mead where a well would have 

the potential to pump Colorado River water. Whether 

a well would be considered to pump Colorado River 

water in the Lake Mead area would depend upon the 

actual lake elevations during the accounting year.

The flows and river stage values account for major 

diversions from and return flows to the river at their 

respective locations. These diversions and return flows 

include, at minimum, the diversion at Headgate Rock 

Dam and major drainage ditches from the Colorado 

River Indian Reservation, the diversion at Palo Verde 

Diversion Dam and major drainage ditches from the 

Palo Verde Irrigation District, the diversions from Lake 

Havasu by the Central Arizona Project and the Metro-

politan Water District canals, the diversions at Imperial 

Dam and major returns below Imperial Dam. As many 

diversions and return flow points are used as practi-

cal given the available data and the practical influence 

upon the resultant values. 

Areas of the River Aquifer Controlled by 
Reservoirs

The accounting surface elevations in the river aquifer sur-

rounding Lake Havasu, Lake Mohave, and Lake Mead are deter-

mined by the reservoir levels. Reclamation has determined that 

the accounting-surface elevations are 448.7 ft for Lake Havasu, 

644.0 ft for Lake Mohave, and 1205.4 ft for Lake Mead. 

Areas of the River Aquifer Controlled by the 
Colorado River, Drainage Ditches, or Both

River Reaches
Along reaches of the Colorado River without irrigation 

on the flood plain where the river loses water to the aquifer, the 

accounting surface is determined by the water surface of the 

Colorado River. Under predevelopment conditions and where 

the flood plain is not irrigated with diverted river water, ground-

water levels in areas outside the flood plain that are higher than 

the Colorado River are caused only by tributary ground-water 

inflow. In this case, the river controls the elevation of the water 

table under the flood plain, and the accounting surface would be 

lower than the higher water level caused by tributary ground-

water inflow. Water pumped from a well with a static water 

level above the accounting surface would be deemed tributary 

water, and an entitlement would not be needed.

A calibrated and documented step-backwater model was 

not available for the study area, and development of such 

a model was beyond the scope of this study. Reclamation 

Colorado River 
gaging station

River      
mile

Discharge, in 
cubic feet per 

second
Below Hoover Dam 342.0 17,634

Below Davis Dam 275.5 17,069

At Big Bend 264.7 19,567

Below Parker Dam 192.2 12,370

Forebay at Headgate Rock Dam 177.7 11,402

At Parker 175.3 11,970

At Water Wheel 151.5 11,157

Below Palo Verde Diversion Dam 132.7 10,924

At Taylor Ferry 106.4 9,825

At Lower Cibola Bridge 86.9 10,399

Above Imperial Dam 49.2 10,222

Below Imperial Dam 49.2 549

Below Laguna Dam 41.7 716

Below Yuma Main Canal Wasteway 29.4 1,527

Table 1. Discharges used to determine the water-surface elevation 
of the Colorado River used in the ground water-flow models.
[River miles start at the southerly international boundary with Mexico and 

increase upstream (Bureau of Reclamation, 2001)]

Figure 3. Water surface profile of the Colorado River used in 
the ground-water flow models. The approximate extent of the 
accounting surface in each of the four modeled areas is also 
displayed as a function of river mile. River miles (Bureau of Rec-
lamation, 2001) start at the southerly international boundary with 
Mexico and increase upstream.
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surface elevations used to represent the Colorado River south 

of Eleven-mile gage are in the appendixes (available only 

online at http://pubs.usgs.gov/sir/2008/5113/appendixes/).

Mohave Valley—The water-surface profile was deter-

mined from the stage-discharge relations at four streamflow-

gaging stations at river miles 275.4 (Colorado River below 

Davis Dam), 264.7 (Colorado River at Big Bend), 243.4 (Colo-

rado River below Needles Bridge), and 233.6 (Colorado River 

near Topock [at RS41]), and the elevation of Lake Havasu. 

Parker Valley and Palo Verde Valley—The linearly inter-

polated profile was based on streamflow-gaging station data at 

river miles 192.2 (Colorado River below Parker Dam), 177.7 

(Colorado River Forebay above Headgate Rock), 175.3 (Colo-

rado River at Parker), 151.5 (Colorado River at Water Wheel), 

132.7 (Colorado River below Palo Verde Diversion Dam), 106.4 

(Colorado River at Taylor Ferry), and 86.9 (Colorado River at 

Lower Cibola Bridge) and Reclamation GIS coverages of the 

extent of the Palo Verde Dam and Headgate Rock Dam forebays 

(Shana Tighi, Bureau of Reclamation, written commun. 2008). 

Water-surface elevation measurements were made between 

Colorado River
gaging station

UTM coordintate1, in meters Elevation,
in feet

River mile Agency
Easting Northing

Below Davis Dam (09423000) 721369 3895914 503.17 275.40 USGS

Big Bend 717750 3884573 486.60 264.70 Reclamation

Below Needles Bridge 721649 3855318 462.20 243.30 Reclamation

RS41 (below Topock Marsh) 731394 3844023 454.14 233.60 Reclamation

Below Parker Dam (09427500) 763366 3798537 370.45 192.20 USGS

Forebay at Headgate Rock Dam 750315 3783939 362.62 177.70 Reclamation

Parker 748190 3781783 344.00 175.30 Reclamation

Water Wheel 728171 3756367 302.63 151.50 Reclamation

Below Palo Verde Diversion Dam 732289 3732777 267.02 132.70 Reclamation

Taylor Ferry (TFLC) 720531 3701245 231.57 106.40 Reclamation

Lower Cibola Bridge 716492 3676582 208.38 86.90 Reclamation

Below Imperial Dam (09429500) 736985 3640727 180.72 49.20 USGS

Below Laguna Dam (0942600) 732742 3633016 127.06 41.7 USGS

Below Yuma Main Canal Wasteway (09521100) 720849 3623858 113.22 29.50 USGS

Above Rockwood Weir 713707 3622116 106.80 23.10 IBWC

Above Morelos Dam 712976 3620783 105.00 22.10 IBWC

Below Morelos Dam 712939 3620723 100.20 22.11 IBWC

Eleven-mile gage 711163 3616163 92.20 18.80 IBWC

1 Universal Transverse Mercator, Zone 11 coordinates, North American Datum of 1927.

reevaluated the discharges below dams and streamflow-gaging 

stations along the river used to establish the water-surface 

elevations according to the criteria described above (Doug-

las B. Blatchford, Bureau of Reclamation, written commun., 

2007) and produced the discharges in table 1. The water-

surface profile of the Colorado River was based on a profile 

linearly interpolated between streamflow-gaging stations that 

was provided by Reclamation (Shana G. Tighi, written com-

mun., 2008) that included streamflow data collected at gaging 

stations operated by Reclamation, USGS, and the International 

Boundary and Water Commission (IBWC). That profile was 

modified by additional water-surface elevation measurements 

made by the USGS. Water-surface measurements were made 

where the linearly interpolated profile deviated significantly 

from the profiles used in the previous studies (Wilson and 

Owen-Joyce, 1994; Owen-Joyce and others, 2000). The water-

surface profile of the Colorado River used in the ground-water 

flow models is shown in figure 3. Data from streamflow-

gaging stations and USGS measurements are listed in tables 

2 and 3. Tables containing the water-surface elevations in the 

drainage ditches, the path of the Colorado River in Universal 

Transverse Mercator (UTM) coordinates, and the digitized 

Table 2. Streamflow-gaging station data used to define the water-surface elevation used in the ground-water flow models.

[Agency: USGS, U.S. Geological Survey; Reclamation, Bureau of Reclamation; IBWC, International Boundary and Water Commission]
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River mile
UTM Coordinates1, in meters Elevation,

in feetEasting Northing

191.74 763447 3798135 368.3

190.77 763714 3796614 367.1

189.00 763681 3794281 362.2

188.56 763001 3794254 365.1

187.31 761528 3793982 365.0

186.14 760340 3793027 364.9

184.34 758613 3790855 365.2

182.92 757106 3789138 365.0

181.33 755824 3787245 364.8

179.68 754201 3785508 364.8

178.07 752000 3784263 365.0

47.86 736669 3639365 156.2

47.72 736624 3639178 150.8

46.81 736281 3638125 150.8

44.43 735168 3635338 150.8

40.98 731882 3631582 2122.9

38.47 731591 3627923 2121.3

35.93 731039 3624107 2119.8

34.46 729226 3622800 2118.6

34.31 728990 3622783 2118.4

33.39 727531 3622993 2117.7

31.55 724802 3623457 2114.7

31.41 724567 3623385 2114.8

30.98 723908 3623357 2114.1

29.70 721982 3623768 3112.0

28.88 720667 3623899 3111.1

28.20 719580 3623936 3110.1

26.69 717318 3624355 3108.5

25.83 716056 3624828 3107.7

1 Universal Transverse Mercator, Zone 11 coordinates, North Ameri-

can Datum of 1927.

2 These elevations were increased by 0.8 ft for use in the ground-water 

model to account for difference in discharge specified for the accounting 

surface and the discharge during the stage measurements. See the section 

Yuma Area for further explanation.

3 These elevations were increased by 1.2 ft for use in the ground-water 

model to account for difference in discharge specified for the accounting 

surface and the discharge during the stage measurements. See the section 

Yuma Area for further explanation.

Table 3. Colorado River water-surface elevation 
measurements used to define the water-surface elevation 
used in the ground-water flow models.

Parker Dam and Headgate Rock Dam during this study because 

the interpolated profile showed the forebay behind Headgate 

Rock Dam extending upstream to around river mile 189, 

whereas the earlier profile had a sloping water surface, resulting 

in higher water-surface elevations. The measurements supported 

the extent of the forebay represented in the interpolated profile.

Above Imperial Dam to Laguna Dam—The linearly inter-

polated profile was based on a streamflow-gaging station at river 

mile 49.2 (Colorado River below Imperial Dam) and Reclama-

tion GIS coverages of the Imperial and Laguna Dam forebays. 

Water-surface elevation measurements were made above Impe-

rial Dam and showed that the linearly interpolated profile overes-

timates the extent of the forebay. The measurements, which show 

a sloping water surface, were used in the ground-water model. 

The measurements were made at a discharge of about 6,000 ft3/s, 

whereas the discharge specified for the accounting surface in this 

reach was 10,222 ft3/s. Stage-discharge relations were not avail-

able for this reach and a correction for the difference between 

the two discharges was not made. Water-surface measurements 

made between Imperial Dam and Laguna Dam supported the 

linearly interpolated profile drawn from the Reclamation GIS 

coverage of the Laguna Dam forebay.

Yuma area—The following six streamflow-gaging sta-

tions were used for this reach: Colorado River below Laguna 

Dam, below Yuma Main Canal Wasteway, above Rockwood 

Weir at the NIB (International Boundary and Water Commis-

sion (IBWC) 095-219.00), immediately above Morelos Dam 

(IBWC 09-5220.21), immediately below Morelos Dam (IBWC 

09-5220.41), and at Eleven-mile gage (IBWC 09-5221.00). The 

previous water-surface profile (Owen-Joyce and others, 2000) 

showed considerable variability in the water-surface profile 

between Laguna and Morelos Dams that was not represented 

by the linearly interpolated profile, so water-surface elevation 

measurements were made in this reach. The measurements were 

made at lower discharges than specified for the updated account-

ing surface. Corrections to water-surface elevations that account 

for the differences in discharge were estimated from the stage-

discharge rating curves at the below Laguna Dam streamflow-

gaging station and the below Yuma Main Canal Wasteway 

streamflow-gaging station. Between Laguna Dam and the below 

Yuma Main Canal Wasteway streamflow-gaging station, the 

updated accounting surface discharge was 716 ft3/s, whereas the 

discharge measured during the water-surface elevation measure-

ments was 440 ft3/s. The water-surface profile between Laguna 

Dam and the below Yuma Main Canal Wasteway streamflow-

gaging station was defined in the ground-water model by the 

measurements plus a correction of 0.8 ft, based on the stage-

discharge rating curve at the below Laguna Dam streamflow-

gaging station. In the reach between the below Yuma Main Canal 

Wasteway streamflow-gaging station and Morelos Dam, the 

discharge specified for the updated accounting surface was 1,526 

ft3/s. The discharges measured during the water-surface elevation 

measurements were 670 and 778 ft3/s. The water-surface profile 

between the below Yuma Main Canal Wasteway streamflow-

gaging station and the above Rockwood Weir streamflow-gaging 
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station was defined in the ground-water model by the measure-

ments plus a correction of 1.2 ft, based on the stage-discharge 

rating curve at the below Yuma Main Canal Wasteway stream-

flow-gaging station and the average of the measured discharges 

in that reach. An analysis of streamflow-gaging station records 

by Jeffrey C. Addiego (Bureau of Reclamation, written com-

mun., 2008) provided the water-surface elevation at the above 

Rockwood Weir streamflow-gaging station. Just above and 

below Morelos Dam and at the Eleven-mile gage (at river mile 

18.8), the average monthly high stages at the IBWC streamflow-

gaging stations were used to establish the water-surface eleva-

tions. Below Eleven-mile gage, the land surface digitized along 

the path of the Colorado River was used as the water-surface 

boundary condition in the ground-water flow model. 

Drainage Ditch Reaches
Along reaches of the Colorado River where water is 

diverted for irrigation on the flood plain, drainage ditches inter-

cept return flow to the river and the river gains water from the 

aquifer. In these reaches, the accounting surface is defined by 

using the water-surface elevation in the drainage ditches along 

the edge of the flood plain. Flood-plain irrigation with diverted 

Colorado River water causes a higher ground-water level under 

the flood plain because irrigation water not consumptively 

used by crops percolates down to the water table and causes 

the water table to rise. There is a constant flow of irrigation 

with diverted river water, percolation to the drainage ditches 

or river, and flow in the drainage ditches to the river. Intercep-

tion of the percolated irrigation water by a network of drainage 

ditches connected to the Colorado River keeps the water table 

from rising up into the root zone and this level is higher than it 

would be if controlled by the river. Because water in the drain-

age ditches is considered Colorado River water for account-

ing surface purposes, it warrants the same level of protection 

from depletion without an entitlement as water in the Colorado 

River and stored in reservoirs. Where drainage ditches intercept 

percolated irrigation water, the water-surface elevations in the 

drainage ditches were used to define the accounting surface. 

Drainage ditches along the edge of the flood plain could not be 

used in the Yuma area because the elevation of the water surface 

is controlled mainly by recharge from the unlined canals that 

are above the flood-plain elevation and run parallel to the edge 

of the flood plain rather than by percolation from irrigation on 

the flood plain. Water-surface elevations in the drainage ditches 

were determined from USGS measurements in 2007 and 2008.

Ground-Water Flow Models
In the previous studies, the accounting surface was hand-

drawn using hydrologic judgment to extend water-surface 

elevations into the river aquifer based on the shape of the river 

aquifer. This study refines that procedure by using simple 

physically based steady-state numerical models to calculate 

the updated accounting surface. 

The river aquifer was represented as a single model layer 

of uniform aquifer thickness and spatially invariant or constant 

transmissivity. Because transmissivity is the product of the 

aquifer thickness and hydraulic conductivity, hydraulic con-

ductivity in the model also is constant. With the assumption of 

a spatially invariant or constant transmissivity throughout the 

model domain, the governing equation of steady-state flow in 

two dimensions is:

   

                              (1)

where h is hydraulic head and x and y represent Cartesian coor-

dinates along orthogonal axes. Aquifer thickness and conductiv-

ity are not present in equation 1; the distribution of heads in the 

modeled river aquifer depends only on the aquifer boundaries 

and the specified water-surface elevations in the drainage ditches 

in the flood plain and in the Colorado River. Flow rates through 

the aquifer would depend on the aquifer transmissivity, but flow 

rates are not considered in this study. 

The river aquifer adjacent to the Colorado River is uncon-

fined. The assumption of constant transmissivity neglects spatial 

variations in transmissivity that would arise from the spatial 

variations in the vertical position of the water table. The assump-

tion also neglects variations in transmissivity that occur from 

variations in the vertical position of the aquifer bottom as well 

as spatial variations in hydraulic conductivity. A more rigorous 

approach would be to use the nonlinear Boussinesq equation 

instead of the simpler linear Laplace equation (equation 1). That 

approach, however, would have required unavailable information 

on aquifer geometry and hydraulic properties. Use of equation 

1 is in keeping with a long history in the field of ground-water 

hydrology of using simple linear equations with the assumption 

of homogeneous properties to approximate ground-water condi-

tions and responses and is consistent with the overall parsimoni-

ous approach taken in the concept, definition, and application of 

an accounting surface.

The accounting surface in the four areas was modeled with 

MODFLOW 2000 (Harbaugh and others, 2000) using the water-

surface elevations in the Colorado River and drainage ditches as 

constant-head boundaries. The grid spacing in the models was 

0.25 mi along model rows and columns. General characteris-

tics of the model grids are given in table 4 and the extent of the 

model grids is shown in figure 1. The path and distribution of 

Colorado River and drainage ditch water-surface elevations were 

established on the model grids using the RIVGRID program 

(Leake and Claar, 1999). The water-surface elevations defined 

by RIVGRID were then incorporated into the models as nodes 

with a constant head. 

Areas of the river aquifer adjacent to the Colorado River for 

which the accounting surface was modeled include (1) Mohave 

Valley; (2) Parker, Palo Verde, and Cibola Valleys; (3) Imperial 

Dam to Laguna Dam; and (4) the Yuma area. Each area was 

modeled with a single horizontal layer of cells of thickness 500 ft 

and hydraulic conductivity 39.2 ft/day; however, as pointed out 

in the discussion of equation 1, the model predictions of the 

accounting surface are independent of thickness and hydraulic 
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conductivity. Tests were carried out by varying hydraulic con-

ductivity and thickness to verify that computed head distribu-

tions were independent of these parameters. Rows and columns 

of the model grids were oriented in east-west and north-south 

directions in the UTM, Zone 11, coordinate system. 

Updated Accounting Surface
The accounting surface around reservoirs was updated using 

a reservoir elevation. The accounting surface is set at its maxi-

mum possible level of 1,205.4 ft in the river aquifer around Lake 

Mead (fig. 4 and plate 1) and has not changed from the original 

accounting surface. The accounting surface is set at 644.0 ft in 

the river aquifer around Lake Mohave (fig. 5 and plate 1), and at 

448.7 ft in the river aquifer around Lake Havasu (fig. 5 and plate 

2), the current high monthly target elevations for these reservoirs. 

These elevations are slightly different from the high monthly tar-

get elevation used for the original accounting surface. In the river 

aquifer between the major reservoirs, ground-water flow models 

with boundary conditions set by Colorado River and drainage 

ditch water-surface elevations were used to contour the account-

ing surface. The models computed water-level elevations over the 

entire river aquifer; however, only contours in the river aquifer 

where the accounting surface exists are shown for modeled areas 

(figs. 4–7 and plates 1–3). The updated accounting surface is 

shown on maps for Mohave Valley and adjacent tributary areas 

(fig. 5 and plate 2); for Parker, Palo Verde, and Cibola Valleys 

and adjacent tributary areas (fig. 6 and plate 2); and for the Yuma 

area upstream and downstream from Laguna Dam and adjacent 

tributary areas (fig. 7 and plate 3). The model grid in the Yuma 

area extends to the south of the accounting surface, but only con-

tours in the area with the accounting surface are shown.

Summary
An update of the accounting surface developed in the 

1990s to identify wells outside the flood plain of the lower 

Colorado River that yield water that will be replaced by 

water from the river was required as a result of changes in 

the ground and surface water systems and a datum correc-

tion to the water surface elevations in drainage ditches. The 

updated accounting surface will be used to identify which 

wells need an entitlement for diversion of water from the 

Colorado River and need to be included in accounting for 

consumptive use of Colorado River water as outlined in the 

Consolidated Decree of the United States Supreme Court in 

Arizona v. California, 547 U.S.150 (2006). Contours of the 

original accounting surface were hand drawn based on the 

shape of the aquifer, water-surface elevations in the Colo-

rado River and drainage ditches, and hydrologic judgment. 

The original accounting surface was updated based on 

updated water-surface elevations in the Colorado River and 

drainage ditches, and the use of a simple, physically based 

ground-water flow model to calculate the accounting sur-

face. The water-surface elevation of the Colorado River was 

determined for discharges specified by Reclamation. The 

water-surface elevations were derived from a linearly inter-

polated profile between USGS and Reclamation streamflow-

gaging stations and supplemented by IBWC streamflow-

gaging stations downstream from the northerly international 

boundary with Mexico. In addition, water-surface eleva-

tions were measured where the linearly interpolated profile 

deviated significantly from the water-surface profile used 

to develop the original accounting surface. The USGS also 

measured water-surface elevations in drainage ditches in the 

Parker, Palo Verde, and Cibola Valleys. 

The accounting surface was modeled with MODFLOW 

2000 (Harbaugh and others, 2000) using the water-surface 

elevations in the Colorado River and drainage ditches as 

constant-head boundaries. Reaches of the river aquifer 

adjacent to the Colorado River for which the accounting 

surface was modeled include (1) Mohave Valley, (2) Parker, 

Palo Verde, and Cibola Valleys, (3) Imperial Dam to Laguna 

Dam, and (4) the Yuma area. The development and applica-

tion of computer models will make further updating of the 

accounting surface, if necessary, a straightforward task. 

In the river aquifer adjacent to reservoirs, the accounting 

surface was determined by a reservoir elevation specified by 

Reclamation. 

Area modeled 
UTM Coordinates of northwest 
corner of model grid1, in meters Number of 

model rows
Number of 

model columns
Number of 

active cells2

Easting Northing

Mohave Valley 706260.7 3897829.0 160 139 13,264

Parker, Palo Verde, and Cibola Valleys 636449.1 3797916.0 329 388 87,176

Imperial Dam to Laguna Dam 730975.8 3672261.3 103  88 4,702

Yuma Area 640414.6 3691950.0 511 340 69,814

1 Universal Transverse Mercator, Zone 11 coordinates, North American Datum of 1927.
2 Includes cells with computed head and constant-head cells used to represent water-surface features.

Table 4. Properties of ground-water flow models used to compute the accounting surface for areas along the lower Colorado River.
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Figure 4. Map showing the accounting surface in the areas surrounding Lake Mead, 
Arizona, Utah, and Nevada.
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Figure 5. Map showing the accounting surface in Mohave Valley and adjacent tribu
-

tary areas in Arizona, California, and Nevada.
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Summary  15

Figure 7. Map showing the accounting surface in the Yuma area upstream and downstream from Laguna Dam and adjacent 
tributary areas in Arizona and California.
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Submitted via email and via e-planning 
 

April 4, 2022 
 
Bureau of Land Management 
Attn: Mayra Martinez 
1661 S 4th St. 
El Centro, CA 92243 
mymartinez@blm.gov  
 
Re: SMP Gold Corp. Oro Cruz Exploration Project 
 
Dear Ms. Martinez, 
 

Please accept these scoping comments on the SMP Gold Corp. Oro Cruz Exploration Project from 
the Sierra Club and the Center for Biological Diversity, Sierra Club California/Nevada Desert 
Committee, and Western Watershed Project (collectively “Conservation Organizations”).  While BLM’s 
e-planning page identifies that the NEPA review is proposed as an Environmental Assessment, we 
request that the BLM carefully consider the need for a full Environmental Impact Statement for this 
project based on the potential resource conflicts within the proposed project area as described below.  
The BLM must ensure that the project also complies with the Federal Lands Policy Management Act 
(FLPMA), the Federal Endangered Species Act (ESA), the Clean Water Act (CWA), and other federal 
laws and regulations.1   
 

I. BLM must fully comply with all NEPA requirements. 
 

A. The environmental review must fully analyze all baseline conditions prior to approving 
the exploration proposal 

 
The establishment of the baseline conditions of the affected environment is a fundamental requirement 
of the NEPA process whether an EA or EIS is prepared:   
 

“NEPA clearly requires that consideration of environmental impacts of proposed projects take 
place before [a final decision] is made.” LaFlamme v. FERC, 842 F.2d 1063, 1071 (9th 
Cir.1988) (emphasis in original).  Once a project begins, the “pre-project environment” 
becomes a thing of the past, thereby making evaluation of the project's effect on pre-project 
resources impossible. Id. Without establishing the baseline conditions which exist in the 
vicinity … before [the project] begins, there is simply no way to determine what effect the 
proposed [project] will have on the environment and, consequently, no way to comply with 

 
1 It is our understanding that Imperial County will be the lead agency for the California Surface Mining and Reclamation 
Act (SMARA) and California Environmental Quality Act (CEQA) compliance, however we have been unable to locate any 
documents associated with that review. 
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NEPA. Half Moon Bay Fisherman’s Mark’t Ass’n v. Carlucci, 857 F.2d 505, 510 (9th Cir. 
1988).  “In analyzing the affected environment, NEPA requires the agency to set forth the 
baseline conditions.”   

 
Western Watersheds Project v. BLM, 552 F.Supp.2d 1113, 1126 (D. Nev. 2008).  Similarly, the CEQ 
explained: “The concept of a baseline against which to compare predictions of the effects of the 
proposed action and reasonable alternatives is critical to the NEPA process.”  Council of 
Environmental Quality, Considering Cumulative Effects under the National Environmental Policy Act 
(May 11, 1999).  “NEPA requires that the agency provide the data on which it bases its environmental 
analysis.  Such analyses must occur before the proposed action is approved, not afterward.” Northern 
Plains v. Surf. Transp. Brd., 668 F.3d 1067, 1083 (9th Cir 2011) (concluding that an agency’s “plans to 
conduct surveys and studies as part of its post-approval mitigation measures,” in the absence of 
baseline data, indicate failure to take the requisite “hard look” at environmental impacts).  Baseline 
information and analysis must be part of the environmental review and be subject to public review and 
comment under NEPA. 
 

Here, at a minimum, prior to considering or approving any exploration, the BLM must first 
obtain this baseline information on all potentially affected resources including listed and imperiled 
plants and animals, other native and non-native vegetation and wildlife, ground and surface waters 
resources and water quality, air quality, recreation, cultural/religious/historical, and soils.   
 

B. The agency must include an adequate mitigation plan under NEPA and BLM mining 
regulations  

 
Under NEPA, the agency must have an adequate mitigation plan to minimize or eliminate all 

potential project impacts.  NEPA requires the agency to: (1) “include appropriate mitigation measures 
not already included in the proposed action or alternatives,” 40 CFR § 1502.14(e); and (2) “include 
discussions of: . . . Means to mitigate adverse environmental impacts (if not already covered under 
1502.14(e)).”  40 CFR § 1502.16(a)(9).  NEPA regulations define “mitigation” as a way to avoid, 
minimize, rectify, or compensate for the impact of a potentially harmful action.  40 C.F.R. 
§§1508.1(s).  “[O]mission of a reasonably complete discussion of possible mitigation measures would 
undermine the ‘action-forcing’ function of NEPA.  Without such a discussion, neither the agency nor 
other interested groups and individuals can properly evaluate the severity of the adverse effects.”  
Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 353 (1989).  NEPA requires that the 
agency discuss mitigation measures, with “sufficient detail to ensure that environmental consequences 
have been fairly evaluated.” Methow Valley, 490 U.S. at 352. 
 

An essential component of a reasonably complete mitigation discussion is an assessment of 
whether the proposed mitigation measures can be effective. Compare Neighbors of Cuddy Mountain v. 
U.S. Forest Service, 137 F.3d 1372, 1381 (9th Cir.1998) (disapproving an EIS that lacked such an 
assessment) with Okanogan Highlands Alliance v. Williams, 236 F.3d 468, 477 (9th Cir.2000) 
(upholding an EIS where “[e]ach mitigating process was evaluated separately and given an 
effectiveness rating”).  The Supreme Court has required a mitigation discussion precisely for the 
purpose of evaluating whether anticipated environmental impacts can be avoided. Methow Valley, 490 
U.S. at 351–52 (citing 42 U.S.C. § 4332(C)(ii)).   
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A mitigation discussion without at least some evaluation of effectiveness is useless in making 
that determination. South Fork Band Council v. Dept. of Interior, 588 F.3d 718, 727 (9th Cir. 2009) 
(rejecting EIS for failure to conduct adequate review of mitigation and mitigation effectiveness in mine 
EIS).  “The comments submitted by [plaintiff] also call into question the efficacy of the mitigation 
measures and rely on several scientific studies.  In the face of such concerns, it is difficult for this 
Court to see how the [agency’s] reliance on mitigation is supported by substantial evidence in the 
record.” Wyoming Outdoor Council v. U.S. Army Corps of Eng’rs, 351 F. Supp. 2d 1232, 1251 n. 8 
(D. Wyo. 2005). See also Dine Citizens v. Klein, 747 F.Supp.2d 1234, 1258-59 (D. Colo. 2010) 
(finding “lack of detail as the nature of the mitigation measures” precluded “meaningful judicial 
review”). 
 

C. The agency must fully review all reasonable alternatives 
 

NEPA requires the agency to “study, develop, and describe appropriate alternatives to 
recommended courses of action in any proposal that involves unresolved conflicts concerning 
alternative uses of available resources.” 42 U.S.C. § 4332(E); 40 CFR § 1502.14.  It must “rigorously 
explore and objectively evaluate all reasonable alternatives” to the proposed action. City of Tenakee 
Springs v. Clough, 915 F.2d 1308, 1310 (9th Cir. 1990).  NEPA requires the environmental review to 
"present the environmental impacts of the proposal and the alternatives in comparative form, thus 
sharply defining the issues and providing a clear basis for choice among options by the decisionmaker 
and the public.” League of Wilderness Defs.-Blue Mts. Biodiversity Project v. United States Forest 
Serv., 689 F.3d 1060, 1069 (9th Cir. 2012)  Whether an EA or EIS is prepared, BLM must “rigorously 
explore and objectively evaluate all reasonable alternatives” including alternatives that are “not within 
the [lead agency’s] jurisdiction. 40 C.F.R. § 1502.14(a), (c).” Id. at 1071.  “While a federal agency 
need not consider all possible alternatives for a given action in preparing an EA, it must consider a 
range of alternatives that covers the full spectrum of possibilities.” Ayers v. Espy, 873 F.Supp. 455, 
473 (D. Colo. 1994). 
 

In this case, the agency must consider, at a minimum, the following reasonable alternatives: (1) 
access to each activity without the construction of new roads or reconstruction/improvement any 
existing or reclaimed,  which could require helicopter access; (2) reduction in the amount, scope, and 
impact of each activity or group of activities including drilling waste disposal; (3) timing restrictions to 
protect wildlife; (4) preclusion of any impact to cultural/religious/historical resources, (5) moving the 
activities further from wildlife core/home ranges and (6) avoidance of rare plants/plant communities 
and their ecological/hydrological requirements. 
 

II. Biological Resources 
 

A. Biological Surveys and Mapping 
 

The Conservation Organizations request that thorough, seasonal surveys be performed for 
sensitive plant species and vegetation communities, and animal species under the direction and 
supervision of the BLM and resource agencies such as the U.S. Fish and Wildlife Service and the 
California Department of Fish and Wildlife. Full disclosure of survey methods and results to the public 
and other agencies without limitations imposed by the applicant must be implemented to assure full 
NEPA, CEQA, ESA, and California Endangered Species Act (CESA) compliance. 
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Confidentiality agreements or non-disclosure agreements regarding environmental resources 

must not be required of any biologists participating in the surveys in support of the proposed project. 
Surveys for the plants and plant communities should follow California Native Plant Society (CNPS) 
and California Department of Fish and Game (CDFG) floristic survey guidelines2 and should be 
documented. A full floral inventory of all species encountered needs to be documented and included in 
the environmental review. Surveys for animals should include an evaluation of the California Wildlife 
Habitat Relationship System’s (CWHR) Habitat Classification Scheme. All rare species (plants or 
animals) need to be documented with a California Natural Diversity Data Base form and submitted to 
the California Department of Fish and Game using the CNDDB Form3 as per the State’s instructions4. 
 

The Conservation Organizations request that the vegetation maps be at a large enough scale to 
be useful for evaluating the impacts. Vegetation and habitat mapping should be at such a scale to 
provide an accurate accounting of dune areas, wash areas and adjacent habitat types that will be 
directly or indirectly affected by the proposed activities. A half-acre minimum mapping unit size is 
recommended, such as has been used for other development projects.  

 
Adequate surveys must be implemented, not just a single season of surveys, in order to evaluate 

the existing on-site conditions.  In this area, both spring and fall vegetation surveys should be 
implemented due to bimodal precipitation regimes that occur here. Due to unpredictable precipitation 
events, desert organisms have evolved to survive in these harsh conditions and if surveys are 
performed at inappropriate times or year or in particularly dry years many plants that are in fact on-site 
may not be apparent during surveys (ex. annual and herbaceous perennial plants). The project 
application should be put on hold and not proceed if key surveys have not been completed due to low 
rainfall or other factors that inhibit plant expression above ground. 
 

B. Impact Analysis 
 

The environmental review must evaluate all direct, indirect, and cumulative impacts to 
sensitive habitats, including impacts associated with the establishment of unpermitted recreational 
activities, the introduction of non-native plants, the introduction of lighting, noise, and the loss and 
disruption of essential habitat due to edge effects.  
 

The area is rich in botanical and wildlife resources that rely on the surrounding ecology and 
hydrological processes. Listed or sensitive species include: 
 

Common Name Scientific Name Status 
Plants 
Harwood's milk-vetch Astragalus insularis var. harwoodii --/2B.2 

 
2 http://cnps.org/wp-content/uploads/2018/03/cnps_survey_guidelines.pdf ; https://www.cnps.org/wp-
content/uploads/2018/03/guidelines-rare_veg_mapping.pdf ; 
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=102342&inline  and 
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=18959&inline  
3 http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/CNDDB_FieldSurveyForm.pdf  
4 http://www.dfg.ca.gov/biogeodata/cnddb/submitting_data_to_cnddb.asp  
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pink fairy-duster Calliandra eriophylla --/2B.3 
glandular ditaxis Ditaxis claryana --/2B.2 
Beaver Dam breadroot Pediomelum castoreum BLM-S/1B.2 
Reptiles 
desert tortoise Gopherus agassizii FT/ST 
flat-tailed horned lizard Phrynosoma mcallii BLM-S/SSC 
Birds 
Le Conte's thrasher Toxostoma lecontei BLM-S/SSC 
Mammals 
pallid bat Antrozous pallidus BLM-S/SSC 
western mastiff bat Eumops perotis californicus BLM-S/SSC 
California leaf-nosed bat Macrotus californicus BLM-S/SSC 
Desert bighorn sheep Ovis canadensis nelsoni BLM-S/FP 
Federal Designation 

FT Federally listed as threatened. 
                BLM-S BLM Sensitive Species 
State Designation 

CT State listed as threatened.  
FP – State Fully Protected 
SSC California Department of Fish and Game “Species of Special Concern.” Species with declining populations in 
California. 

                1B.2  Plant rare, threatened or endangered in California and fairly threatened in CA. 
                2B.2 Plant rare, threatened or endangered in California, but more common elsewhere, and fairly threatened in CA. 

2B.3 Plant rare, threatened or endangered in California, but more common elsewhere, and not very threatened in CA. 
CNDDB 2022 

 
1. Desert Tortoise 

 
The desert tortoise is continuing to decline throughout its range despite being under federal and 

state Endangered Species Acts protection as threatened5.  The proposed project, despite being outside 
desert wildlife management areas (DWMAs) as identified in the Northern and Eastern Colorado Plan6 
and the Desert Renewable Energy Conservation Plan7, may have desert tortoise occurring on site.  The 
environmental review must clearly address alternative proposals for avoiding, minimizing, and 
mitigating the impacts to the desert tortoise and any occupied habitat. 
 

The environmental review must first look at ways to avoid impacts to the desert tortoise, for 
example, by identifying and analyzing alternative sites outside of desert tortoise occupied habitat or in 
areas that have already been severely disturbed by other prior land use as well as alternative project 
configurations that would avoid or significantly reduce impacts.  The environmental review must also 
look at ways to minimize any impacts that it finds are unavoidable, for example, by limiting the ground 
disturbing activities from the project and limiting access roads to the project. Acquisition of lands that 
will be managed in perpetuity for conservation must be included as part of the strategy to mitigate 

 
5 USFWS 2010 
https://www.fws.gov/nevada/desert_tortoise/documents/reports/2020/2019_DRAFT_RangewideMojaveDesertTortoiseMon
itoring.pdf  
6 BLM 2006 http://www.blm.gov/ca/st/en/fo/cdd/neco.html  
7 https://www.blm.gov/programs/planning-and-nepa/plans-in-development/california/desert-renewable-energy-
conservation-plan    
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impacts to the tortoise, mitigation lands should also be high-quality habitat within the impacted 
recovery unit or within key connectivity corridors.   
 

Pursuant to federal ESA section 7(a)(2) the BLM must consult with the U.S. Fish and Wildlife 
Service regarding the impacts of the exploratory mining and the proposed mine on the desert tortoise. 
The BLM must demonstrate how the exploratory mining and proposed mine will not jeopardize the 
survival and recovery of the desert tortoise in the area, which is the southern-most part of its range.  
The BLM environmental review should discuss and analyze how the exploratory mining and proposed 
mine – including increased use of roads for truck hauling and heavy equipment – will affect the desert 
tortoise. This should include analysis of impacts to both within the project area as well as other known 
habitat surrounding the project area. 
 

Importantly, we encourage the BLM to be transparent about the consultation process and 
affirmatively post all consultation documents, including any BLM Biological Evaluations or 
Assessments, any letters seeking concurrence, and any responses or Biological Opinions from the Fish 
and Wildlife Service. Without these records, we are unable to assess the agency’s analysis of impacts 
to wildlife in light of FWS’s expert opinion. Providing this information will allow the public to view 
these critical documents, and other documents in the project record, without the need to submit a 
formal Freedom of Information Act request. Without this information being publicly available during 
the notice and comment period, we are unable to meaningfully comment on the agencies’ 
determinations or analysis. The BLM should also coordinate with the California Department of Fish 
and Wildlife regarding impacts to the desert tortoise which is also protected under CESA. 
 

If desert tortoise are located on site and need to be moved out of harm’s way, translocation may 
be necessary.  It cannot substitute for other mitigation such as preservation of habitat and providing 
habitat connectivity.  To date, translocation does not have a proven track record of success.  If 
translocation (for any species) is to be a part of the mitigation strategy, a detailed final plan must be 
included as part of the environmental review, and include methodologies for determining appropriate 
conservation area where tortoises may be translocated, impacts to existing “host” tortoise populations 
that occur on the translocation site, when/how the tortoise are to be translocated, how tortoise diseases 
will be addressed, and requisite monitoring of host and translocated tortoises, etc..  Monitoring of the 
translocated and existing “host” tortoises needs to occur for a long enough time period that is realistic 
to evaluate success of the translocation –10 years may be a more realistic minimum for tracking 
impacts to this long-lived species. Success criteria for translocation must also be clearly identified. 
Any temporary project site needs to be fenced with tortoise proof fencing during construction and the 
permanent project sites need to be fenced to prevent tortoise mortality. All associated roads also need 
to be fenced.  
 

An aggressive raven prevention plan also needs to be developed as part of the environmental 
review and followed during project development and implementation. 
 

2. Desert Bighorn Sheep 
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Currently desert bighorn sheep are not known to be present in the Cargo Muchacho mountains, but the 
proposed project area is within the designated desert bighorn Wildlife Habitat Management Area8.  
Repatriating the desert bighorn sheep in the Cargo Muchacho Mountains is a key goal to sustaining the 
desert bighorn sheep metapopulation particularly as the effects of climate change advance.  The 
environmental review must analyze the impacts to bighorn sheep habitat from the proposed project and 
whether it could impact future recovery efforts. 
 

3. Other Plants and Wildlife 
 

The above table identifies other species known with the general or project area.  Based on 
literature review, research, and field surveys each species must be analyzed for proposed project 
impacts.  The environmental review needs to address ways to avoid and minimize impacts to these 
sensitive species and if impacts still remain, they must be mitigated. 
 

III.  Project Area Land Use Designations   
 

As part of the analysis of whether the proposed project could result in a violation of federal, 
state, and local laws for protection of the environment, BLM must ensure that the project would 
comply with the California Desert Conservation Area Plan, as amended. Of the many amendments to 
the plan, those from the Desert Renewable Energy Conservation Plan (DRECP) are especially relevant. 
BLM should identify which Conservation Management Actions (CMAs) from the DRECP need to be 
applied to the proposed project, 

 
While the SMP Gold Corporation’s Oro Cruz Pit Area Exploration Plan of Operation 

recognizes that the proposed project is within an Area of Critical Environmental Concern (ACEC) -  
specifically the Picacho ACEC,  it fails to identify that it is also within an area identified as part of the 
California Desert National Conservation Lands (CDNCL) which are part of the National Conservation 
Lands System (NLCS). The environmental review must analyze the impacts to the CD NCL in the 
context of the NCLS. 
 

The Desert Renewable Energy Conservation Plan (DRECP) provided a framework for the 
Picacho ACEC. Applicable Objectives (from Appendix L of the DRECP) for the Picacho ACEC that 
need to be addressed for compliance in the environmental review include: 

 
- Minimize soil disturbance. 
- Protect and enhance robust populations of both rare and common native plants. Unique plant 

assemblages exist within this ACEC including mesquite and all thorn assemblages. 
- Create a baseline of plant species to track environmental changes. 
- Maintain and enhance habitat that supports native wildlife; Desert Tortoise, Mule Deer, 

Bighorn Sheep. 
- Manage landscape to ensure wildlife passage and connectivity between wildlife populations. 
- Protect biodiversity and manage for resilience (protect climate refugia and provide for 

migration corridors). 

 
8 BLM’s Northern and Eastern Colorado Desert Plan Amendment 
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- Maintain and or enhance key ecosystem processes (e.g., carbon sequestration, water residence 
time) and prepare and respond to significant disturbances to the environment (e.g., floods). 

- Encourage compliance with ACEC management recommendations 
- Protect resource values of the ACEC 
- Review certain proposed mining activities to ensure that they provide adequate protection of 

public lands and their resources. Mining activities would be allowed with appropriate analysis, 
stipulations, and mitigation. 

 
Special attention given to the CMAs associated with groundwater. Specifically, “for any activity 

that proposes to utilize groundwater resources regardless of project location”9 BLM must comply with 
the groundwater CMAs including CMA LUPA-SW-23 that states.  
 

LUPA-SW-23: A Water (Groundwater) Supply Assessment shall be prepared in conjunction 
with the activity’s NEPA analysis and prior to an approval or authorization. This assessment 
must be approved by the BLM in coordination with USFWS, CDFW, and other agencies, as 
appropriate, prior to the development, extraction, injection, or consumptive use of any water 
resource. The purpose of the Water Supply Assessment is to determine whether over-use or 
over-draft conditions exist within the project basin(s), and whether the project creates or 
exacerbates these conditions. The Assessment shall include an evaluation of existing 
extractions, water rights, and management plans for the water supply in the basin(s) (i.e., 
cumulative impacts), and whether these cumulative impacts (including the proposed project) 
can maintain existing land uses as well as existing aquatic, riparian, and other water-dependent 
resources within the basin(s) (i.e., cumulative impacts), and whether these cumulative impacts 
(including the proposed project) can maintain existing land uses as well as existing aquatic, 
riparian, and other water-dependent resources within the basin(s).  
 

The Water Supply Assessment shall also address:  
• Estimates of the total cone of depression considering cumulative drawdown from all potential 
pumping in the basin(s), including the project, for the life of the project through the 
decommissioning phase  
• Potential to cause subsidence and loss of aquifer storage capacity due to groundwater 
pumping  
• Potential to cause injury to other water rights, water uses, and landowners  
• Changes in water quality and quantity that affect other beneficial uses  
• Effects on groundwater dependent vegetation and groundwater discharge to surface water 
resources such as streams, springs, seeps, wetlands, and playas that could impact biological 
resources, habitat, or are culturally important to Native Americans  
• Additional field work that may be required, such as an aquifer test, to evaluate site specific 
project pumping impacts and if necessary, establish trigger points that can be used for a 
Groundwater Water Monitoring and Mitigation Plan  

 
9 DRECP at 141.  
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• The mitigation measures required, if there are significant or potentially significant impacts on 
water resources include but are not limited to, the use of specific technologies, management 
practices, retirement of active water rights, development of a recycled water supply, or water 
imports  

BLM’s environmental review must provide a Groundwater Supply Assessment in conjunction with its 
analysis of the proposed project under NEPA to comply with the Plan requirements and FLPMA. 
 

Violation of several State laws could be implicated including S.B. 30711, the State Water 
Resources Control Board’s dredge and fill procedures, California Endangered Species Act, and 
California Fish and Game Code Section 1600, which are designed to protect “Waters of the State” 
which include the features that could be impacted by the proposed project. A NEPA analysis would 
identify all of the needed state and local permits as well as address what resources would be impacted 
by anticipated exploratory drilling operation of the Project.  For example, the environmental review 
needs to identify locations or areas subject to a Streambed Alteration Agreement and the SWRCB’s 
dredge and fill procedures. Because violations of state law could occur a categorical exclusion cannot 
be relied on. 

 
IV. Additional Review Requirements 

 
The environmental review must provide sufficient information to evaluate serious aspects of the 
project and raise many questions, which if answered, might expose environmental impacts. 
 

A. Source of Water 
 

The environmental review must identify the definitive source of the water needed to operate the 
drills and dust suppression.  It must also identify how much water will be needed for those activities. 
Any water that is brought in needs to be fresh water. This is another drought year with dire conditions 
occurring in the Colorado River, where much of the water that Imperial County uses, comes from. The 
BLM needs to consider these water-related issues carefully.  
 

B.  Location and Method of Muds Disposal 
 
The environmental review must fully describe where the waste muds will be captured and 

where will they be disposed, whether on site or hauled off-site for and disposal. The Plan of Operations 
must definitively identify how the produced water will be disposed of – will it be by  recirculating it 
for use in the drilling process, or by removing the water and hauling it away, or by evaporation and 
allowing solids to settle out in excavated mud pits or sumps at the drill site. If the water is hauled 
away, where will it be disposed?  If it is allowed to evaporate in on-site mud pits/sumps how will that 
affect wildlife? The disposal site needs to be a government approved site if there are toxic chemicals 
mixed in with the wastewater, not just an “appropriate” site.  
 

If the proposal is for sludge to dry out in ponds or pits:  
 

● Where will this be?  
● Is SMP Gold Corporation able to estimate based on past experience how much sludge will 

be produced? 
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● What procedure will be used for drying the sludge?  
● Will drying pits/ponds need to be constructed for this purpose?  
● If ponds or pits are needed, can SMP Gold Corporation give an estimate on how many will 

be built? 
● Will they be lined? 
● What precautions will be taken to ensure wildlife exclusion? 
● Will the sludge be tested and cross checked to the DTSC/RCRA list?  

 
The fact that this disposal may occur off of BLM-managed land does not mean that the agency does 
not have to review all these baseline conditions and impacts, as they clearly are effects under NEPA. 
 

If the muds are left to dry in the open air, the toxic chemicals could be airborne on the many 
windy days in the Imperial Valley which already has some of the worst air quality in the nation. The 
Regional Air Quality Control Board should be reviewing this project. Disposal off site also raises 
questions that need to be disclosed to the public. 
 

The BLM must fully review the baseline conditions of, and impacts to, all potentially affected 
resources from the disposal of wastewater, drilling muds, and other waste products, as well as the 
related truck traffic/transportation to resources including wildlife, air quality, water quality and 
quantity, recreation, cultural/historical, etc. 
 

C. Contingency Concerns 
 

The proposed drilling project is in an area currently used by wildlife and for recreation.  Spills 
could contaminate soils and ephemeral washes impacting wildlife in this arid environment.  Because 
the equipment will be using diesel fuel, jet  fuel, lubricants, and other potentially toxic substances and 
there will likely be small spills because some spillage is unavoidable the impacts must be considered. 
And if there is a big spill, how will it be handled? Emergency contingency measures need to be 
considered in the NEPA review as well. 
 

D. Surface Disturbance  
 
 All the road segments and drill pads must be considered new ground disturbances regardless of 
being on top of the roads and pads of previous mining/drilling/disturbed areas. Use of all road 
segments and pads for the proposed project will cause new disturbances.  
  

The Plan of operation calculates the road and pad disturbance as 20.5 acres. However, that may 
not be all of the surface disturbance. Turnaround spaces for the large trucks, wider roads for heavy 
equipment, and overburden need to be included in that calculation. 
 

E. Traffic and Air Pollution Impacts 
 

There will be increased traffic with the project’s water trucks, drill rigs and personnel coming 
and going. This type of information needs to be analyzed for impacts on the environment, wildlife, and 
the health of those in the region.  
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● What existing routes will the project use?  
● Which roads will be wetted?  
● How many trips return per day for water trucks, crews, equipment, and mud tanks (if used)?  
● Which areas will these trucks transit both on and off the proposed project area?  
● Where will they be parked when not in use?  
● Will they transport noxious weeds on their routes?   
● Will any roads be closed to the public? 

 
The greenhouse gas emissions need to be calculated. There will be a lot of truck traffic, diesel 
consumption, and exhaust. This project only adds to the increase in GHGs and climate change. 
 

F. Impacts of Light Pollution and Loss of Night Skies 
 

If the drilling at each drill site is to be a 24/7 operation, it will disturb the local wildlife, 
campers, and other recreationalists. The environmental review must analyze the potential impacts from 
noise and night lighting.  
 

G. Reclamation 
 
The environmental review needs to include the reclamation plan for public review. It should include 
vegetation reclamation as well as non-native weed control as part of the plan.   While reclamation can 
be done, it is rarely done well, and project areas are usually left in a more degraded state than how it 
was before the project started. We recommend that as part of the NEPA review the BLM consider the 
following mitigation requirements: 
 

● Prohibit blading of road segments or the staging area. Mow or hand cut vegetation to within 
inches of the ground on the road segments and then drive over them to the drill pad, creating a 
2-track path and leaving the roots intact. Vegetation will grow back faster from root stock than 
from seed.  

● Prohibit tracked vehicles and require only vehicles equipped with oversized, balloon tires to 
minimize soil compaction and to speed revegetation. 

● Topsoil is thin in the desert and what is scraped off for reclamation may blow away, if not 
covered. That topsoil needs to be protected by stockpiling at appropriate height to prevent 
composting from occurring which would kill off propagules and soil fauna.  

● Plant seedlings and require reseeding only in the fall. Do not use hydroseeding methods. 
● The seed source for reseeding must contain locally sourced native species only. The grasses 

should be grasses that are native to the project site. 
● The BLM or an independent botanist needs to survey all of the drill sites and roads to them 

annually starting after the drilling ends, to determine whether SMP Gold Corporation has 
complied with the reclamation requirements. This information should be shared with the public. 
Issue a notice of violation if the results are substandard. 

● Require an annual report in the fall on how the revegetation is progressing and the presence of 
and removal of all noxious weeds.  

● Establish criteria for “successful reclamation”. Including the density and diversity of species  
● Require remediation if plants aren’t established after three years. 
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● Identify who will be responsible for the monitoring after three years if the goals have not been 
met and funding from the project proponent to be sure it continues.  

● Clean vehicles before entering the project site if they have been driven where they could pick 
up non-native plant propagules on their vehicle. 

 
V. The Agency Must Comply with the National Historic Preservation Act (NHPA) and Other 

Requirements to Protect Native American Interests and Resources. 
 

The BLM must comply with the NHPA and requirements regarding Native American interests 
and resources. Due to the potential that cultural and religious sites and resources will be adversely 
affected,  it would be a violation of the NHPA and other laws (and NEPA as noted above) to approve 
the projects without the required review of, and protection of, cultural/historical resources. 
 

[T]he fundamental purpose of the NHPA is to ensure the preservation of historical resources. 
See 16 U.S.C. § 470a(d)(1)(A) (requiring the Secretary to “promulgate regulations to assist 
Indian tribes in preserving their particular historic properties” and “to encourage coordination 
... in historic preservation planning and in the identification, evaluation, protection, and 
interpretation of historic properties”); see also Nat'l Indian Youth Council v. Watt, 664 F.2d 
220, 226 (10th Cir.1981) (“The purpose of the National Historic Preservation Act (NHPA), is 
the preservation of historic resources.”). Early consultation with tribes is encouraged by the 
regulations “to ensure that all types of historic properties and all public interests in such 
properties are given due consideration....” 16 U.S.C. § 470a(d)(1)(A). 

 
Te-Moak Tribe of Western Shoshone v. U.S. Department of the Interior, 608 F.3d 592, 609 (9th 
Cir. 2010). 
 

Under the NHPA, a federal agency must make a reasonable and good faith effort to identify 
historic properties, 36 C.F.R. § 800.4(b); determine whether identified properties are eligible for listing 
on the National Register based on criteria in 36 C.F.R. § 60.4; assess the effects of the undertaking on 
any eligible historic properties found, 36 C.F.R. §§ 800.4(c), 800.5, 800.9(a); determine whether the 
effect will be adverse, 36 C.F.R. §§ 800.5(c), 800.9(b); and avoid or mitigate any adverse effects, 36 
C.F.R. §§ 800.8[c],800.9(c). The [federal agency] must confer with the State Historic Preservation 
Officer (“SHPO”) and seek the approval of the Advisory Council on Historic Preservation (“Council”). 
See Muckleshoot Indian Tribe v. U.S. Forest Service, 177 F.3d 800, 805 (9th Cir. 1999). See also 36 
CFR § 800.8(c)(1)(v)(agency must “[d]evelop in consultation with identified consulting parties 
alternatives and proposed measures that might avoid, minimize or mitigate any adverse effects of the 
undertaking on historic properties and describe them in the EA.”) 
 

The Advisory Council on Historic Preservation (“ACHP”), the independent federal agency 
created by Congress to implement and enforce the NHPA, has exclusive authority to determine the 
methods for compliance with the NHPA’s requirements. See National Center for Preservation Law v. 
Landrieu, 496 F. Supp. 716, 742 (D.S.C.), aff’d per curiam, 635 F.2d 324 (4th Cir. 1980).   The 
ACHP’s regulations “govern the implementation of Section 106,” not only for the Council itself, but 
for all other federal agencies. Id.  See National Trust for Historic  Preservation v. U.S. Army Corps of 
Eng’rs, 552 F. Supp. 784, 790-91 (S.D. Ohio 1982). 
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NHPA § 106 (“Section 106”) requires federal agencies, prior to approving any “undertaking,” 
such as approval of the Projects, to “take into account the effect of the undertaking on any district, site, 
building, structure or object that is included in or eligible for inclusion in the National Register.” 16 
U.S.C. § 470(f).  Section 106 applies to properties already listed in the National Register, as well as 
those properties that may be eligible for listing.  See Pueblo of Sandia v. United States, 50 F.3d 856, 
859 (10th Cir. 1995).  Section 106 provides a mechanism by which governmental agencies may play 
an important role in “preserving, restoring, and maintaining the historic and cultural foundations of the 
nation.” 16 U.S.C. § 470. 
 

If an undertaking is the type that “may affect” an eligible site, the agency must make a 
reasonable and good faith effort to seek information from consulting parties, other members of the 
public, and Native American tribes to identify historic properties in the area of potential effect. See 36 
CFR § 800.4(d)(2).  See also Pueblo of Sandia, 50 F.3d at 859-863 (agency failed to make reasonable 
and good faith effort to identify historic properties). Consultation “must be ‘initiated early in the 
undertaking’s planning’, so that a broad range of alternatives may be considered during the planning 
process for the undertaking.” Pit River Tribe v. U.S. Forest Service, 469 F.3d 768, 787 (9th Cir. 2006). 
 

The NHPA also requires that federal agencies consult with any “Indian tribe ... that attaches 
religious and cultural significance” to the sites. 16 U.S.C. § 470(a)(d)(6)(B). Consultation must provide 
the tribe “a reasonable opportunity to identify its concerns about historic properties, advise on the 
identification and evaluation of historic properties, including those of traditional religious and cultural 
importance, articulate its views on the undertaking’s effects on such properties, and participate in the 
resolution of adverse effects.” 36 CFR § 800.2(c)(2)(ii). “The agency official shall ensure that the 
section 106 process is initiated early in the undertaking’s planning, so that a broad range of alternatives 
may be considered during the planning process for the undertaking.” 36 CFR § 800.1(c) (emphasis 
added). 
 

The NHPA requires that consultation with Indian tribes “recognize the government-to- 
government relationship between the Federal Government and Indian tribes.” 36 CFR § 
800.2(c)(2)(ii)(C). See also Presidential Executive Memorandum entitled “Government-to- 
Government Relations with Native American Tribal Governments” (April 29, 1994), 59 Fed. Reg. 
22951, and Presidential Executive Order 13007, “Indian Sacred Sites” (May 24, 1996), 61 Fed. Reg. 
26771. 
 

The BLM must also protect archeological and grave resources, Sacred Sites and Native 
American religious and cultural uses pursuant to the above laws and requirements as well as: (1) the 
American Indian Religious Freedom Act (AIFRA), 42 U.S.C. 1996 et seq.; (2) the Archaeological 
Resources Protection Act (ARPA), 16 U.S.C. 470aa-mm ; and (3) the Native American Graves 
Protection and Repatriation Act (NAGPRA), 25 U.S.C. 3001 et seq. 
 

Under NEPA, the NHPA, and the other laws, policies and requirements noted herein, the BLM 
cannot approve the Project until full government-to-government consultation with all potentially 
affected Tribes has been completed. It is our understanding that there has been inadequate outreach and 
consultation to date with the tribal nations in the area.   
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Furthermore, any approved exploration activities must include the requirement of tribal 
monitors to be on site during drilling activities, at the expense of the project proponent. The tribal 
monitors should also be present during the archeological survey. The Project site is within an area that 
is known to have archeological and paleo-archeological resources going back 10,000 years B.P.  The 
area should be surveyed as part of this project before drilling begins.  
 

VI. Demonstrate compliance with the Clean Water Act.  
 

Under the Clean Water Act (“CWA”), states are responsible for developing water quality 
standards to protect the desired conditions of each waterway within the state’s regulatory jurisdiction. 
33 U.S.C. § 1313(c). Water bodies that fail to meet water quality standards are deemed “water quality-
limited” and placed on the CWA’s § 303(d) list. The CWA requires all federal agencies to comply with 
water quality standards, including a state’s anti-degradation policy. 33 U.S.C. § 1323(a). The BLM 
must ensure all activities in this proposal comply with the CWA. In particular, it must ensure its 
proposal for exploratory drilling, including but not limited to the associated temporary roads, use of 
heavy equipment and drill pads, and use of existing and new temporary roads, will not cause or 
contribute to a violation of water quality standards. 

 
VII. The Exploratory Drilling Project Is Part of SMP Gold Corporation’s Larger Mine 
Project and Must Be Considered Together 

 
The agency proposes to review the proposed exploratory drilling as a stand alone project not 

related in any way to SMP Gold Corporation’s planned large scale mine at the site.  Yet under NEPA, 
as noted herein, the agency cannot piecemeal or segment its review of connected or cumulative 
actions, nor ignore that the mine is a “reasonably foreseeable activity” under NEPA.  NEPA prevents a 
project from being implemented as smaller separate projects to avoid an environmental review of the 
cumulative impacts. Treating the exploratory drilling as a separate and small, unconnected project 
undermines NEPA review and appropriate application of the SMARA regulations.  
 
According to SMP Gold Corporation’s website10 it plans to eventually mine the site: 
 

“SMP intends to significantly add to the historical gold resource at Oro Cruz through the 
application of modern geological theory and high tech methods of exploration.” 
   

If this is the first of several actions by SMP Gold Corporation, then this project should be considered 
the start of subsequent connected actions.  BLM must prepare an EIS now to analyze the cumulative 
impacts of connected exploratory drilling projects and subsequent mining.  
 

The fact that SMP Gold Corporation has yet to formally submit the mine proposal to the BLM 
does not mean that it is not a “reasonably foreseeable activity” or connected action that must be fully 
considered under NEPA.   
 

[P]rojects need not be finalized before they are reasonably foreseeable.  “NEPA requires that an 
EIS engage in reasonable forecasting. Because speculation is ... implicit in NEPA, [ ] we must 

 
10 https://smp.gold/   
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reject any attempt by agencies to shirk their responsibilities under NEPA by labeling any and 
all discussion of future environmental effects as crystal ball inquiry.” Selkirk, 336 F.3d at 962 
(internal quotation marks and citation omitted).  As the Environmental Protection Agency 
(EPA) also has noted, “reasonably foreseeable future actions need to be considered even if 
they are not specific proposals.” EPA, Consideration of Cumulative Impact Analysis in EPA 
Review of NEPA Documents, Office of Federal Activities, 12–13 (May 1999), available at 
http:// www.epa.gov/compliance/resources/policies/nepa/cumulative.pdf. 

 
Northern Plains Resource Council, Inc. v. Surface Transp. Bd., 668 F.3d 1067, 1078-79 (9th Cir. 
2011)(emphasis added).  Additionally, the federal courts have routinely required agencies to review the 
impacts from future, not-yet-proposed mineral activity when preparing EAs or EISs for mineral leasing 
projects. 
 

BLM finally argues that at this stage, the exact scope and extent of drilling that will involve 
fracking is unknown, so NEPA analysis, if any, should be conducted when there is a site-
specific proposal. But “the basic thrust” of NEPA is to require that agencies consider the range 
of possible environmental effects before resources are committed and the effects are fully 
known. “Reasonable forecasting and speculation is thus implicit in NEPA, and we must reject 
any attempt by agencies to shirk their responsibilities under NEPA by labeling any and all 
discussion of future environmental effects as ‘crystal ball inquiry.’” 

 
Center for Biological Diversity v. Bureau of Land Management, 937 F.Supp.2d 1140, 1157 (N.D. Cal. 
2013) citing City of Davis v. Coleman, 521 F.2d 661, 676 (9th Cir.1975) and Northern Plains, 668 
F.3d at 1079.  See also Connor v. Burford, 848 F.2d 1441 (9th Cir. 1988)(future impacts of drilling 
must be analyzed when preparing NEPA document for oil and gas lease); Colorado Environmental 
Coalition v. Office of Legacy Management, 819 F.Supp.2d 1193, 1209-09 (D. Colo. 2011)(impacts 
from future, as-yet-unproposed mining must be considered when preparing NEPA document for 
leasing decision).   
 

In New Mexico ex rel. Richardson v. Bureau of Land Management, 565 F.3d 683, 718-19 (10th 
Cir. 2009), the Tenth Circuit determined that future mineral activity was “reasonably foreseeable” due 
to the fact that “considerable exploration has already occurred on parcels adjacent to the [challenged] 
parcel,” a developable mineral deposit “is known to exist beneath these parcels,” and the company 
“has concrete plans to build” a mineral project on these lands.   
 

In the hardrock mining context, the federal courts have held that ESA consultation regarding 
mineral examinations conducted as part of an anticipated larger mine cannot be piecemealed and 
segregated from ESA review of the larger project. Ksanka Kupaqa Xa’lcin v. U.S. Fish and Wildlife 
Service, 534 F. Supp. 3d 1261, 1273 (D. Mont. 2021) (vacating the FWS biological opinion for failing 
to analyze effects of the mine on Grizzly Bear since the mining company “planned for the construction 
of a mine following a proposed mineral exploration project” and vacating the Forest Service decision 
approving exploratory activities for the planned mine). As that Court noted, when mineral 
investigations such as the drilling project proposed at the Oro Cruz site are part of an anticipated mine, 
it is very different from the situation where there has been no previous mineral examinations and no 
plans by the company for a mine. Id. All of these conditions requiring review of the mine are present 
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here – as acknowledged by SMP Gold Corporations website.   
 

Lastly, SMP Gold Corporation’s mining project and its impacts, must be fully reviewed as a 
connected action under NEPA, and/or at a minimum, for its cumulative impacts, along with the other 
reasonably foreseeable future activities in the area. 
 

VIII.  Conclusion 
 

Due to the potential conflicts with resources within the Picacho ACEC and CDNCL lands, this 
proposed project requires detailed environmental review most likely in an EIS in order to fully 
evaluate alternatives and impacts.  We are deeply concerned that the project will have significant 
impacts even after mitigations.  Please keep us informed of all notices associated with this project. 
 
Respectfully, 
 

       
Lisa Belenky, Senior Attorney     
Center for Biological Diversity     
1212 Broadway, Suite 800 
Oakland, CA 94612 
lbelenky@biologicaldiversity.org  
 
  
 
           
 
Joan Taylor, Chair 
Sierra Club California/Nevada Desert Committee 
 

 
 
Laura Cunningham 
California Director 
Western Watersheds Project 
lcunningham@westernwatersheds.org  
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801 MAIN ST., EL CENTRO, CA 92243  442-265-1736  

 (Jim Minnick, Director) 
MA\LA\S:\AllUsers\APN\050\110\006\RP21-0001\PC\RP21-0001 PROJECT REPORT 01 10 24.docx 

TO:   PLANNING COMMISSION  AGENDA DATE: January 10, 2024 

FROM: PLANNING & DEVELOPMENT SERVICES     AGENDA TIME 9:00 AM/ No.3 

      (Continuation from September 13, 2023, October 25, 2023 & December 13,2023 Hearings)   
PROJECT TYPE:  SMP Gold Corp (Oro Cruz) RP #21-0001   SUPERVISOR  DISTRICT _#5____ 

LOCATION:  On BLM Lands, East of Olgilby Rd, northwest of Yuma, Az APN: 050-110-006 et al    

T15S, R20E, Sec. 1, 2, 12, 13 and T15S, R21E Sec. 6, 7, 18       PROJECT SIZE: +/- 21.3 acre    

GENERAL PLAN (existing)    Recreation\Open Space    GENERAL PLAN (proposed) ___N/A___ 

ZONE (existing)                           S-2 (Open Space\Preservation)  ZONE (proposed)  N/A  

GENERAL PLAN FINDINGS        CONSISTENT         INCONSISTENT        MAY BE/FINDINGS 

PLANNING COMMISSION DECISION: HEARING DATE: 10/25/2023 

  APPROVED          DENIED  OTHER 

PLANNING DIRECTORS DECISION: HEARING DATE:  

  APPROVED            DENIED   OTHER 

ENVIROMENTAL EVALUATION COMMITTEE DECISION: HEARING DATE: 11/17/2022 

INITIAL STUDY: 21-0029

  NEGATIVE DECLARATION   MITIGATED NEG. DECLARATION      EIR 

DEPARTMENTAL REPORTS / APPROVALS: 

PUBLIC WORKS     NONE     ATTACHED 
AG      NONE     ATTACHED 
APCD      NONE     ATTACHED 
E.H.S.      NONE     ATTACHED 
FIRE / OES     NONE     ATTACHED 
SHERIFF     NONE     ATTACHED 
OTHER  MCAS Yuma, Center for Biological Diversity, 

    CA Dept. of Fish & Wild Life, US EPA 

REQUESTED ACTION: 
IT IS RECOMMENDED THAT YOU CONDUCT A PUBLIC HEARING AND HEAR ALL THE OPPONENTS AND PROPONENTS OF THE PROPOSED PROJECT.  STAFF 
WOULD THEN RECOMMEND THAT YOU TAKE THE FOLLOWING ACTION: 

1. ADOPT THE MITIGATED NEGATIVE DECLARATION BY FINDING THAT THE PROPOSED PROJECT WOULD NOT HAVE A SIGNIFICANT EFFECT ON THE 
ENVIRONMENT AS RECOMMENDED AT THE ENVIRONMENTAL EVALUATION COMMITTEE (EEC) HEARING  ON NOVEMBER 17, 2022; AND, 

2. MAKE THE DE MINIMUS FINDINGS AS RECOMMENDED AT THE NOVEMBER 17, 2022 EEC HEARING THAT THE PROJECT WILL NOT INDIVIDUALLY OR 
CUMULATIVELY HAVE AN ADVERSE EFFECT ON FISH AND WILDLIFE RESOURCES, AS DEFINED IN SECTION 711.2 OF THE FISH AND GAME CODES;
AND 

3. APPROVE THE ATTACHED RESOLUTION(S), SUPPORTING FINDINGS, AND RECLAMATION PLAN (RP) #21-0001.
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operator and foreman per drill rig and one water truck driver for two 12-hour shifts per day. A 
geologist would also be on-site each day. Project operations would be temporary within each 
Drill Area, occurring over up to two weeks at up to two drill sites at a time before moving to a 
new drill site.  
 
Project personnel would access the Project Area in four-wheel drive vehicles. Up to two track-
mounted drill rigs would be used for drilling in the Project Area at once. A CAT D8 bulldozer, 
or equivalent, and a track hoe and/or hoe ram would be used to construct the roads and drill 
sites where needed. Roads and drill sites would be reclaimed using a bulldozer and/or CAT 
excavator or equivalent. At any time, one track-mounted drill rig, two 1,000-gallon water 
trucks, one 2,000-gallon portable water tank for water delivery to the Project, up to five 
support vehicles, one pipe truck, one 125-kilowatt (kW) generator associated with the drill rig 
and two 125-kW generators associated with the staging area, two portable air compressors, 
and one diesel fuel tank would be present within the Project Area.  
 
The helicopter used for access to the eight proposed drill pads not accessible via road or 
vehicle and to and from the staging area would be flown during daylight hours and would 
originate from the Yuma Airport. The helicopter would operate up to 10 trips per day during 
drilling operations and would provide drilling crew member access and delivery of water, fuel, 
and drilling supplies. The helicopter would be in use at the Project for up to 64 days as drilling 
operations would be conducted at each drill site for four to eight days over the life of the 
Project. 
 
Planning and prevention of fires would also be managed throughout the life of the Project 
through the appropriate handling and storage of fuels, inspections and recordkeeping, spill 
prevention and response procedures, proper use of safety equipment, resource management 
training, and fire prevention training.  
 
Solid waste generated by the Project would be collected in appropriate containers and 
removed from the Project Area. Project-related refuse would be hauled to an authorized 
landfill for disposal in accordance with applicable laws and regulations. No refuse would be 
disposed of on-site in the Project Area. 
 
Surface and groundwater within the Project Area would not be used as a source for water for 
the drilling. Rather, water for drilling and dust suppression would be provided by the drilling 
company via a mobile water truck. Specifically, the water would be procured from Gold Rock 
Ranch and/or another local water purveyor. It is anticipated that two 1,000-gallon water trucks 
would be required onsite each day. Additionally, a 2,000-gallon portable water storage tank 
would be kept onsite for drilling and dust suppression. A mobile water truck would be utilized 
onsite for dust suppression, and applied water would either naturally evaporate or infiltrate 
into the ground. 
 
Proposed mineral exploration activities would be limited to 12 to 24 months. Once the 
project area is no longer required by SMP, the majority of the proposed project area would 
be reclaimed and revegetated, after which point it would be monitored and maintained 
annually in late spring or early summer  for (3) three years to ensure revegetation efforts 
have been established and reclaimed areas are stable.   
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Land Use Analysis: 
Per Imperial County’s General Plan, the land use designation for this project is 
“Recreation/Open Space” and zoned as S-2 (Open Space/Preservation) on BLM-
administered lands per Zoning Map #70 of the Imperial County Title 9 Land Use Ordinance. 
Per County’s Land Use Ordinance (Title 9), Division 5, Section 90519.01, Subsection (g), 
mineral extraction is an allowed use in the S-2 (Open Space/Preservation) permitting mineral 
exploration activities for gold. The proposed project is consistent with the County’s General 
Plan and County’s Land Use Ordinance (Title 9).  
 
Surrounding Land Uses, Zoning and General Plan Designations: 
 

DIRECTION CURRENT LAND 
 

ZONING GENERAL PLAN 
Project Site Vacant/Open Desert 

Space 
S-2 (Open 

Space/Preservation) on 
BLM Lands 

Recreation/Open 
Space 

North Vacant/Open Desert 
Space 

S-2 (Open 
Space/Preservation) on 

BLM Lands 

Recreation/Open 
Space 

South Vacant/Open Desert 
Space 

S-2 (Open 
Space/Preservation) on 

BLM Lands 

Recreation/Open 
Space 

East Vacant/Open Desert 
Space 

S-2 (Open 
Space/Preservation) on 

BLM Lands 

Recreation/Open 
Space 

West Vacant/Open Desert 
Space  

S-2 (Open 
Space/Preservation) on 

BLM Lands 

Recreation/Open 
Space 

Environmental Determination: 
On November 17, 2022, the Environmental Evaluation Committee (EEC) determined that 
Reclamation Plan (RP) #21-0001 for mineral exploration drilling activities, with proposed 
mitigation measures, would not have a significant effect on the environment and 
recommended a Mitigated Negative Declaration (MND) to be prepared. The EEC Committee 
consists of a seven (7) member panel, integrated by the Director of Environmental Health 
Services,  Imperial County Fire Chief, Agricultural Commissioner, Air Pollution Control Officer, 
Director of the Department of Public Works, Imperial County Sheriff, and the Director of 
Planning and Development Services. The EEC also made the De Minimus Finding that the 
project will not individually or cumulatively have an adverse effect on Fish and Wildlife 
Resources, as defined in Section 711.2 of the Fish and Game Codes. 
 
On December 13, 2022, the public notice for the Mitigated Negative Declaration was filed with 
the Imperial County Clerk-Recorder, posted and circulated for a 35-day comment period from 
12/13/2022 to 01/20/2023. Comments received were made part of this package. 
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Staff Recommendation: 

It is recommended that you conduct a public hearing and hear all the opponents and 
proponents of the proposed project. Staff would then recommend that you take the following 
action: 

1. Adopt the Mitigated Negative Declaration by finding that the proposed project would
not have a significant effect on the environment as recommended at the
Environmental Evaluation Committee (EEC) hearing on November 17, 2022; and,

2. Make the De Minimis findings as recommended at the November 17, 2022 EEC
hearing that the project will not individually or cumulatively have an adverse effect
on Fish and Wildlife Resources, as defined in Section 711.2 of the Fish and Game
Codes; and

3. Approve the attached Resolution(s), Supporting Findings, and Reclamation Plan
(RP) #21-0001.

REVIEWED BY: Michael Abraham, AICP, Assistant Director 
Planning �omr 

-Od
'"' 

APPROVED BY: Jim Minnick, Director 
Planni

�
g & D��e� 

$� � � �.___,, 
< 

ATTACHMENTS: A. Vicinity Map 
8. Site Plan/Plot Plan
C. CEOA Resolution
D. Environmental Assessment (EA)/Mitigated Negative Declaration (MND)
E. Reclamation Plan Resolution
F. Reclamation Plan #21-0001
G. Application
H. Comment Letters Received During Public Noticing
I. Response to Comment Letters Received During Public Noticing

J. Letters from Applicant Regarding Consultation
S:\AllUsers\APN\050\11 0I0061RP21-0001\PC\Staff Report\Steff Report RP21.{)001.docx 
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1.0 Introduction 

SMP Gold Corp. (SMP) proposes underground and surface mineral exploration activities for the Oro Cruz 
Exploration Project (Project) at the existing Oro Cruz Pit Area within lands administered and managed by 
the Bureau of Land Management (BLM), California Desert District Office, El Centro Field Office (ECFO), 
in Imperial County, California. The Project is located in the Cargo Muchacho Mountains of the Imperial 
Valley in southeastern California on BLM-administered lands within Township 15 South, Range 20 East, 
Sections 1, 2, 12, and 13, and Township 15 South, Range 21 East, Sections 6, 7, and 18 (Figure 1-1). The 
Project is approximately 15 miles northwest of Winterhaven, California, 50 miles east of El Centro, 
California, and 23 miles northwest of Yuma, Arizona, by road travel. Area within and surrounding the 
Project has been previously disturbed by mining activities, and current surrounding land uses include 
prospecting and recreation. The Project Area is located within the historic Cargo Muchacho-Tumco Mining 
District, with over 200 years of historical mining activity (Clark 1970). The Project would occur within the 
Picacho Area of Critical Environmental Concern (ACEC), as designated under the Desert Renewable 
Energy Conservation Plan (DRECP).  

SMP submitted a Plan of Operations (Appendix A) for the proposed exploration activities in accordance 
with BLM regulations published in the Code of Federal Regulations (CFR) in 43 CFR 3809 and 43 CFR 
3715. Pursuant to 43 CFR 3809.11 and 3809.401, the Project would result in minor surface reworking of 
previously mined and disturbed areas, and measures would be taken to prevent unnecessary or undue 
degradation during Project operations. The Project would comply with the performance standards in 43 
CFR 3809.420 and other Federal and state laws related to environmental protection and protection of 
cultural resources. The Project is “reasonably incident” to mining as defined in 43 CFR 3715.0-5, and the 
Project would attain the stated level of protection and reclamation required by specific laws in the California 
Desert Conservation Area. The Project would allow SMP to conduct up to 20.54 acres of surface mineral 
exploration within a 626.3-acre area (Project Area) (SMP 2021). This document analyzes effects resulting 
from surface disturbance only. Underground exploration is not discussed further in this document as it is 
not subject to permitting under the 43 CFR 3809 Surface Management regulations and is therefore not 
under the decision-making realm of the BLM as it pertains to the proposed Project.  

1.1 BLM Purpose and Need for Action 
On lands open to location under the General Mining Law of 1872, as amended (Mining Law), the BLM 
administers the surface of public land and federal subsurface mineral estate under the Mining Law and the 
Federal Land Policy and Management Act of 1876 (FLPMA). FLPMA also governs the BLM’s 
administration of public land not open to location under the Mining Law. The purpose of the mineral 
exploration portion of the Proposed Action is to provide SMP the opportunity to explore, locate, and 
delineate precious metal (gold) deposits on its mining claims on public lands, as provided under the Mining 
Law. The need for action is established by the BLM’s responsibility under Section 302 of FLPMA and the 
BLM Surface Management Regulations at 43 CFR 3809 to respond to a plan of operations to allow an 
operator to prospect, explore, and assess locatable mineral resources on public lands, and to take any action 
to prevent unnecessary or undue degradation of the public lands. 

The BLM is required to respond to SMP’s Plan to conduct mining operations for locatable minerals in 
accordance with the Surface Management Regulations (43 CFR 3809) and Use and Occupancy Under the 
Mining Law (43 CFR 3715) and other applicable laws such as FLPMA and the National Environmental 
Policy Act of 1969 (NEPA).  
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1.2 Imperial County Planning Department Objectives 
The Imperial County Planning Department (Imperial County) has applied a land use designation of 
“Recreation/Open Space” to the Project Area per the current Imperial County General Plan (Imperial 
County 2015). Imperial County must comply with the California Environmental Quality Act of 1970 
(CEQA) when it undertakes an activity defined by CEQA as a “project” that must receive some level of 
discretionary approval (i.e., Imperial County has the authority to deny the requested lease, permit, or other 
approval) which may cause either a direct physical change in the environment or a reasonably foreseeable 
indirect change in the environment. While the BLM is the lead agency with authority over the proposed 
exploratory drilling activities (described in the Plan), pursuant to requirements under the California Surface 
Mining and Reclamation Act of 1975 (SMARA) for projects that would entail over one acre of surface 
disturbance, a Reclamation Plan is also required to be approved by Imperial County, which addresses the 
reclamation activities that would be undertaken following completion of the proposed exploratory drilling 
activities. As the authorized SMARA lead agency, Imperial County has sole discretion over approval of the 
Reclamation Plan for the proposed Project. A Reclamation Plan (Sespe 2022) has been submitted to 
Imperial County (Reclamation Plan #21-0001) in compliance with SMARA and would be implemented 
should the Project be approved by Imperial County. Reclamation of the proposed 20.54 acres of surface 
disturbance associated with mineral exploration (described further in Section 2.1.2 and in the Reclamation 
Plan on file with Imperial County) in accordance with SMARA, is the “project” as defined under CEQA, 
and evaluated within this document. 

1.3 Decision to Be Made  

The decision the BLM would make, based on the analysis conducted under NEPA, includes the following 
options: 1) approve the Plan with no modifications; 2) approve the Plan with additional mitigation measures 
that are needed to prevent unnecessary or undue degradation of public lands and to reduce or eliminate the 
effects of the Proposed Action or Action Alternatives; or 3) deny the approval of the Plan as currently 
written and not authorize the Project if it is found that the Proposed Action does not comply with the 43 
CFR 3809 regulations and FLPMA mandate to prevent unnecessary or undue degradation. 

The decision Imperial County would make, based on the analysis conducted under CEQA, would be 
determined by whether the results of the IS show there is no substantial evidence that the Project may have 
a significant effect on the environment, or if the IS identifies potentially significant effects but a proposed 
MND shows that the Project would avoid the effects or mitigate the effects to a level where no significant 
effects would occur. Pursuant to the County of Imperial Guidelines for Implementing CEQA, Imperial 
County is the designated CEQA Lead Agency in accordance with Section 15050 of the referenced 
guidelines; therefore, Imperial County has the principal responsibility for approving the necessary 
environmental clearances and analysis for any project within Imperial County, as well as for certifying the 
appropriate CEQA document, for which the Project’s Reclamation Plan would be approved under SMARA. 
Imperial County’s discretionary authority relates to approval of the Reclamation Plan.    

1.4 Land Use Plan Conformance 

The BLM is responsible for the preparation of this EA, which was prepared in conformance with NEPA, 
applicable laws and regulations passed subsequently, including President’s Council on Environmental 
Quality (CEQ) regulations implementing NEPA (40 CFR 1500-1508), United States (US) Department of 
the Interior requirements, and the policy guidance provided in the BLM NEPA Handbook H-1790-1 (BLM 
2008). Under 43 CFR 3809.415, the operator of the plan of operations must prevent unnecessary or undue 
degradation to the public lands. The Proposed Action is in conformance with FLPMA in ensuring that 
resource protection is not compromised in accordance with the mandated principles of FLPMA. The 
Proposed Action is also in conformance with the California Code of Regulations, Title 14, Chapter 3, 
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Section 15000, et. seq., for Imperial County implementation of CEQA and the Imperial County General 
Plan, which was completed in 1993 to provide a balance of land use policies and programs with the goal of 
maintaining the “quality of life” in the region (Imperial County 2015). The Project would not result in 
changes to the Imperial County General Plan or existing zoning designations (the Project Area is zoned as 
“BLM”).  

The Proposed Action is in conformance with the California Desert Conservation Area (CDCA) Plan and 
the DRECP Land Use Plan Amendment (LUPA), which amended the CDCA Plan. Relevant LUPA and 
ACEC goals and objectives under the DRECP for biological, air, cultural, mineral, paleontological, soil and 
water, and visual resource management resources are outlined in the Conservation Management Action 
(CMA) tables provided in Appendix B. The Proposed Action detailed above specifically conforms to the 
following Land Use Plan objectives from the CDCA and DRECP: 

• Encourage the development of mineral resources in a manner which satisfies national and local 
needs and provides for economically and environmentally sound exploration, extraction and 
reclamation practices. 

• Support responsible mining and energy development operations necessary for California’s 
infrastructure, commerce and economic well-being.  

The Proposed Action would include the implementation of best management practices (BMPs), applicant-
committed environmental protection measures (Project Design Features [PDFs], Appendix F), and 
avoidance and minimization measures. Additional CMAs and mitigation measures would also be 
implemented in conformance with the DRECP LUPA (BLM 2016) and per BLM requirements (Appendix 
F). CMA LUPA-MIN-6 for new or expanded mineral operations would be implemented for consideration 
of all resources and compliance (Appendix F). 

1.5 Relationship to Statutes, Regulations, Other NEPA Documents 

This EA/MND has been prepared to comply with NEPA, one of many authorities that contain procedural 
requirements that pertain to treatment of elements of the environment when the BLM is considering a 
federal action, and with CEQA. The Proposed Action and the No Action Alternative are consistent with 
federal, state, and local laws, regulations, and plans and programs. The Proposed Action and the No Action 
Alternative are also consistent with state plans and policies for the management of mineral and water 
resources, conservation of threatened and endangered species (Endangered Species Act of 1972 [ESA]) and 
special status species, and cultural resources protection (National Historic Preservation Act of 1966 
[NHPA]), including the DRECP LUPA (BLM 2016) and the Imperial County General Plan (Imperial 
County 2015). The Proposed Action is in compliance with Sections 401 and 404 of the Clean Water Act 
(CWA) and the Navigable Waters Protection Rule (NWPR), California Water Code (Chapter 2 Section 
13050), and the California Fish and Game Code (Section 1600) for Project permitting in relation to 
determining jurisdictional waters and aquatic resources. The Project would also comply with SMARA, 
including applicable performance standards related to post-exploration site reclamation. Any decision 
would assure that the action is in the public interest, that there are no hazards to public health and safety, 
and that the action minimizes and mitigates environmental damage. All activities discussed in the sections 
below would be in compliance with appropriate federal, state, and local laws in cooperation with all 
appropriate federal, state, and local agencies.  

1.6 Organization and How to Use This EA/MND 
The purpose of this Environmental Assessment (EA)/Mitigated Negative Declaration (MND) is to identify 
issues, analyze alternatives, and disclose any potential environmental impacts associated with the Project as 
well as to complete an Initial Study (IS) for the Project and disclose impact analyses and any required 
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mitigation measures in instances where potential impacts were found to be significant.  NEPA mandates that 
the BLM evaluate or analyze the environmental impacts of a proposed project (Proposed Action) and 
reasonable alternatives (including the No Action Alternative) and determine if the Proposed Action would 
create unnecessary or undue degradation of the public lands, as defined by the 43 CFR 3809 Regulations, and 
also consider and evaluate appropriate mitigation measures. Similarly, CEQA mandates that Imperial County 
evaluated an analyze the environmental impacts of the proposed Project, which, in the case of CEQA, is the 
approval of the Reclamation Plan and the undertaking of the activities described therein. Furthermore, CEQA 
also mandates that any environmental impacts found to be potentially significant be avoided or mitigated. 

This EA/MND is intended to provide the BLM, as the lead federal agency under NEPA (42 United States 
Code [USC] 4321 et seq.), and Imperial County, as the state Lead Agency under CEQA (Public Resources 
Code 21000 et seq.), and other cooperating agencies with the information required to exercise their 
discretionary responsibilities with respect to the Project. An EA is prepared in accordance with NEPA to 
analyze impacts of the Project and to issue a Finding of No Significant Impact, if applicable. An IS/MND 
are prepared in accordance with CEQA to analyze and disclose impacts of a project when project revisions 
and/or mitigation measures are made or agreed to by the Proponent that ensure potential significant effects 
on the environment would be avoided or mitigated to a point where clearly no significant effect on the 
environment would occur and to where there is no substantial evidence that a project may have a significant 
effect on the environment. This EA/MND is a joint document to fulfill both NEPA and CEQA requirements 
for analysis of the Project. Table 1-1 includes a list of terminology that is comparable in NEPA and CEQA 
and throughout this document.  

 Table 1-1 Equivalent NEPA and CEQA Terminology 

NEPA Terminology CEQA Terminology 

Environmental Assessment 
• Proposed Action 

Mitigated Negative Declaration 
• Project 
• Proposed Project 

Purpose and Need Project Objectives  

Affected Environment Environmental Setting 

Environmental Impacts IS Checklist and Impact Analysis 

This document is organized as follows: 

• Chapter 1 provides the Lead Agency information, purpose and need/Project objectives, the 
decision to be made, conformance to existing land use plans and relevant statutes and 
regulations, and document organization. 

• Chapter 2 provides a description of the proposed Project, including the location and 
PDFs/applicant-committed environmental protection measures. Chapter 2 also describes the 
No Action Alternative as required under 40 CFR 1502.14(c) to provide an appropriate basis 
to compare all other alternatives and discussion of alternatives considered but eliminated 
from detailed analysis. 

• Chapter 3 provides the IS for the Project and impact analysis under CEQA, as well as 
mitigation measures required for the affected resources, as appropriate. This chapter also 
provides a description of the affected environment, analysis of the environmental impacts 
under NEPA for the Proposed Action and No Action Alternative, and a discussion of 
cumulative effects from the Project for the affected resources, as appropriate.  
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• Chapter 4 provides an overview of the consultation, coordination, and public participation 
efforts made for the Project and review of this EA/MND. 

A complete list of acronyms and abbreviations used in this document is provided in Appendix C, and a 
list of references cited in this document is provided in Appendix D. 
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2.0 Proposed Action and Alternatives 

This chapter describes the proposed Project, referred to herein as the Proposed Action, the No Action 
Alternative, and other alternatives considered but eliminated from analysis in this EA. In accordance with 
40 CFR 1501.5, agencies must include brief discussions of the alternatives to the Proposed Action under 
the requirements of Section 102(2)(E) of NEPA, which requires agencies to study, develop, and describe 
appropriate alternatives to recommended courses of action in any proposal that involves unresolved 
conflicts concerning alternative uses of available resources. Alternatives should be explored and objectively 
evaluated in the EA.  

The BLM NEPA Handbook (H-1790-1) indicates that the range of alternatives should explore alternative 
means of meeting the Purpose and Need for the action (BLM 2008). The Purpose and Need statement helps 
to define the range of alternatives. Within the range of alternatives evaluated, the EA must at least consider 
the Proposed Action and No Action Alternative and provide a description of alternatives eliminated from 
further analysis (if any exist), with the rationale for elimination. The agency must analyze those alternatives 
that are necessary to permit a reasoned choice.  

2.1 Proposed Action 
Exploration activities would consist of utilizing the existing road network for Project access; constructing 
approximately two miles of road improvements for existing roads, constructing approximately 6.2 miles of 
new, temporary 12-foot-wide exploration drilling access roads (which would be dependent on accessibility 
of drill site locations chosen for exploration activities), eight helicopter landing pads, and 65 drill pads to 
support exploration in seven drill areas; and constructing 1.8 miles of a new 15-foot-wide access road and 
a staging area for access to the Project Area and the underground existing Oro Cruz Mine Portal for 
underground exploration within Drill Area 1, all on BLM-administered lands (Figure 2-1). The proposed 
disturbance would create up to 20.54 acres of surface disturbance under the Proposed Action. Table 2-1 
outlines the total acreage of proposed surface disturbance by type of disturbance and the total disturbance 
for the Project.  

The exact location of proposed surface disturbance may change based on exploration results as exploration 
operations progress; therefore, the full extent of the disturbance locations has not been defined. Each 
campaign of drilling would determine the subsequent locations of proposed disturbance based on the 
geology or mineralization found. Additional details regarding the Proposed Action, along with specific 
safety plans, can be found in the Existing Oro Cruz Pit Area Exploration Plan of Operations (Plan) (SMP 
2021) (Appendix A). 

Table 2-1 Proposed Surface Disturbance 

Surface Disturbing Activity Proposed Surface Disturbance (acres)* 
Improvements to Existing Access Roads 1.43 
New Project Access Road 3.31 
Staging Area 2.80 
Drill Area 1 1.85 
Drill Area 2 3.83 
Drill Area 3 1.69 
Drill Area 4 1.18 
Drill Area 5 1.19 
Drill Area 6 0.77 
Drill Area 7 2.48 

Total Proposed Surface Disturbance 20.54 
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Source: SMP 2021 
*Total proposed surface disturbance within Drill Areas 1 through 7 includes the acres of the approximately 6.2 miles (non-
consecutive) of proposed temporary drilling access roads anticipated to be constructed within each respective drill area, and the 
associated drill pads for exploratory drilling sites.  

Project personnel would include one operator and foreman per drill rig and one water truck driver for two 
12-hour shifts per day. A geologist would also be on-site each day (Tupper 2022). 

Project personnel would access the Project Area in four-wheel drive vehicles. Up to two track-mounted 
drill rigs would be used for drilling in the Project Area at once. Generally, a CAT D8 bulldozer, or 
equivalent, and a track hoe and/or hoe ram would be used to construct the roads and drill sites where needed. 
Roads and drill sites would be reclaimed using a bulldozer and/or CAT excavator or equivalent. At any 
time, one track-mounted drill rig, two 1,000-gallon water trucks, one 2,000-gallon portable water tank for 
water delivery to the Project, up to five support vehicles, one pipe truck, one 125-kilowatt (kW) generator 
associated with the drill rig and two 125-kW generators associated with the staging area, two portable air 
compressors, and one diesel fuel tank would be present within the Project Area.  

The helicopter used for access to the eight proposed drill pads not accessible via road or vehicle and to and 
from the staging area would be flown during daylight hours and would originate from the Yuma Airport. 
The helicopter would operate up to 10 trips per day during drilling operations and would provide drilling 
crew member access and delivery of water, fuel, and drilling supplies. The helicopter would be in use at 
the Project for up to 64 days as drilling operations would be conducted at each drill site for four to eight 
days over the life of the Project.  

2.1.1 Construction Methods 

Staging Area 
SMP would construct a 2.8-acre staging area in the Project Area to be used as an ancillary area and for 
exploration activities within the proposed Drill Areas and to access the underground Oro Cruz Mine portal 
for underground exploration. The staging area would house a 1,000-gallon diesel fuel tank and fueling 
station, helicopter landing area with a 300-gallon jet fuel tank and refueling station, two diesel-powered 
generators, two portable compressors, parking for access to the underground mine, a small office and dry 
shop, and laydown areas for exploration drilling. The staging area would be fenced and gated to prevent 
public access during Project implementation and through reclamation. 

Drilling Areas and Drilling Procedures 
Up to 65 drill sites for boreholes are proposed within the Project boundary using reverse circulation or core 
techniques. The boreholes would be sited within seven Drill Areas (Figure 2-1) using a track-mounted drill 
rig. The anticipated maximum depth for each borehole is approximately 800 feet. Once each borehole is 
completed, drillers would abandon the hole in accordance with the most current edition of State Water 
Resources Control Board Bulletin #74-81 and #74-90 prior to continuing on to the next drill site. Each drill 
site would require a drill pad that would encompass approximately 0.06 acres of surface disturbance within 
the Project Area. Drill pads would be constructed at approximately 60 feet by 40 feet, the area of which 
would be cleared in order to hold the drilling collar and sumps for drilling mud (wastewater and fluid), 
along with all drilling equipment and personnel during construction. Sumps would be approximately 12 
feet by 12 feet, six feet deep, and sloped at a ratio of approximately 2H:1V (horizontal to vertical) on one 
side to allow for wildlife egress out of the sump, if needed. Any water encountered or generated by drilling 
would be fully contained within the drill sumps, which would be backfilled when drilling is completed and 
once all water is evaporated.  

Helicopter-Accessed Drill Sites 
Drill sites requiring helicopter access would be cleared by hand where necessary and would require a drill 
area that is at maximum 60 feet by 40 feet. The proposed helicopter drill rigs are unitized to enable 
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disassembly, and complete equipment specifications are further described in the Plan (SMP 2021). The 
helicopter would be used to complete heavy lifts and deliver the drilling rig components in sequence on a 
long-line lanyard for reassembly at each site. A steel skid would be placed directly on the ground surface 
if a level drill is able to be established using hand tools. If additional leveling is required, 10-inch by 10-
inch timbers would be used to create a temporary cribbing structure for the skid set to sit on. The cribbing 
would not exceed four feet in height at the low elevation points of the drill site. The cribbing would be 
fastened together using steel spikes and fully disassembled and removed upon completion of each drill hole. 
Helicopter-accessed drill sites would include all drilling equipment and personnel during construction and 
operation, as well as two hand dug sumps (12-feet by 12-feet) on the downslope sidehill. A portable toilet 
would be provided at each site. No support trucks or water trucks would be provided at the helicopter-
accessed sites, as they would be accessed by helicopter and cleared entirely by hand. Water, fuel, and 
supplies required for the drilling process would be delivered by helicopter. When necessary, daily crew 
changes would be conducted by helicopter.  

Access, Road Improvements, and Construction 
Access to the proposed drill pads would be gained via existing and new roadways and via a helicopter 
originating daily from the Yuma Airport. Existing BLM-authorized access roads would be used to the extent 
possible, including Interstate 8, Blythe Ogilby Road (State Route 34), and Gold Rock Ranch Road. Where 
existing access roads are not accessible for the Project Area, SMP proposes to construct an estimated 6.2 
miles of temporary access roads for exploration drilling. New access roads for exploration drilling would 
not disrupt the surface except where necessary to gain safe access. These roads would be used temporarily 
for access to the drill sites and would require a 12-foot width for drilling equipment access. New access 
roads would be used strictly for Project support vehicles to access the exploration Drill Areas and would 
be equipped with signage noting restricted access. The exact location of proposed surface disturbance 
associated with the new temporary access roads may change as exploration activities progress, dependent 
upon the exact drill sites chosen; therefore, the full extent of the disturbance locations has not been defined 
because each campaign of drilling would determine the subsequent locations of proposed disturbance based 
on the geology or mineralization found during drilling activities within each Drill Area. SMP also proposes 
to construct an estimated 9,640 linear feet (1.8 miles) of a new 15-foot-wide road for access to the proposed 
staging area, which would remain as a post-closure feature after the one to two years of exploratory drilling 
has been completed to support reclamation, monitoring, and underground exploration activities, which 
would be completed and remaining surface disturbance reclaimed within five years from Project 
implementation. The road would be secured from unauthorized access for the duration of the Project, 
including post-closure activities. A gate would be constructed and placed across the road along with 
implementation of sufficient deterrents (fencing, a berm, or large boulder) on either side of the gate.  

The helicopter used for access to up to eight drill pads would be flown during daylight hours and would be 
in use up to 64 days at the Project. The helicopter would operate up to 10 trips per day during drilling 
operations and would provide drilling crew member access and delivery of water, fuel, and drilling supplies.  

To restrict access to Drill Areas 1 and 6, where needed, barriers constructed of on-site materials from areas 
disturbed by the Project would be installed to prevent unauthorized vehicular traffic from interfering with 
the reclamation of access roads, and signs would be posted indicating such roads were accessible for 
authorized use only. The conceptual locations of the planned safety barriers (or berms) are shown in Figure 
2-1. Berms would be six feet in height and placed along new access routes to prevent public access to the 
Drill Areas. To restrict access to Drill Areas 2 through 5 and Drill Area 7, Gold Rock Ranch Road is 
equipped with an existing gate at the intersection with Tumco Wash that would serve as a safety barrier 
from the Project Area access roads. Road fill would be stabilized and maintained during and following 
construction to prevent erosion.  

Road construction would be conducted using a CAT D8 bulldozer or equivalent. Vegetation disturbance 
would be avoided to the maximum extent possible. No maintenance is planned for improved existing roads, 
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as the Project would use existing roads for approximately 12 to 24 months during active drilling, after which 
the roads would be reclaimed to pre-disturbance conditions through revegetation. Road improvements 
would require selected stretches of existing access roads to be bladed and cleared of vegetation. Most of 
the existing roads in the Project Area are approximately six feet wide, and it is assumed that road 
improvements would require approximately six feet of additional disturbance for road widening.  

Water Management 
Water would be required during drilling activities, and the drill holes could encounter groundwater during 
such activities. Water for both drilling and dust suppression would be provided by the drilling company via 
a water truck and would be procured from the nearby Gold Rock Ranch RV Resort, a local water purveyor, 
and/or the City of Yuma. It is anticipated that two 1,000-gallon water trucks would be required on-site each 
day. A 2,000-gallon portable water storage tank would also be available on-site for drilling and dust 
suppression.  

Potentially encountered groundwater from drilling would be minimal in volume and would mix with 
bentonite drilling mud and ground rock at depth within a drill hole. Water would be managed at each drill 
site after it is pumped out of the drill holes by recirculating it for use in the drilling process, removing the 
water and hauling it away, or by evaporation and allowing solids to settle in excavated mud pits or sumps 
at the drill site. The sumps would be backfilled after the water has evaporated and drilling operations have 
been completed at the drill site. There would be no discharges outside the drill site or in surface tributaries, 
and no pollutants would be discharged in accordance with requirements of the CWA. Additionally, as 
required, the Project would be conducted pursuant to the State of California Construction General Permit 
for stormwater discharges.  

Upon completion of exploration activities, exploratory boreholes would be sealed and abandoned in 
compliance with the most current edition of the State Water Resources Control Board Bulletin #74-81 and 
#74-90.  

Hazardous and Solid Waste Management 
No hazardous substances would be used during exploration activities, and no hazardous substances would 
be generated by the Project.  

Fuel and lubricants would be stored in a reservoir to prevent leakage. During exploratory drilling activities, 
the drill rig would be parked on top of plastic sheeting overlain by absorbent clay or shale substances. A 
Spill Contingency Plan is outlined in Section 4.8 of the Plan (Appendix A) to prevent, control, and mitigate 
releases of oil and petroleum products to the environment (SMP 2021). 

Solid waste generated by the Project would be collected in appropriate containers and removed from the 
Project Area. Project-related refuse would be hauled to an authorized landfill for disposal in accordance 
with applicable laws and regulations. No refuse would be disposed of on-site in the Project Area.  

Schedule  
Project mobilization, road construction, drilling, and borehole abandonment would be completed within 12 
to 24 months. Drilling operations would be conducted at each drill site for four to eight days. Construction 
activities at the staging area, underground drilling via the Oro Cruz Mine Portal (located within Drill Area 
1), and exploratory drilling within Drill Area 1 (Figure 2-1) would be implemented first. It is anticipated 
that one or two drill rigs would be in operation at a time within the Project Area and would operate on either 
a 12- or 24-hour-per-day schedule, at 12 hours per shift. Drill Areas would potentially be revisited a second 
or third time for additional drill site locations based on the initial findings. 
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2.1.2 Reclamation and Monitoring 

As stated in Section 1.1, a Reclamation Plan has been prepared for the Project in accordance with the 
requirements under SMARA. The proposed exploration operations and site reclamation of the Project is 
evaluated within this EA/MND pursuant to CEQA. A summary of the Reclamation Plan is provided below, 
and complete details are provided in SMP – Oro Cruz Exploration Project Reclamation Plan (Sespe 2022), 
on file with Imperial County (Reclamation Plan #21-0001).  

Reclamation Schedule 
Exploration activities would occur over approximately two years, inclusive of ongoing reclamation at 
completed drill sites throughout the life of the Project, with active drilling exploration expected to occur in 
stages over that period. SMP would reclaim the Project Area to a state readily adaptable for land uses 
consistent with mining, recreational uses, and open space to complement adjacent land uses. Exploration 
and reclamation activities would comply with all Mine Safety and Health Administration (MSHA) and 
California’s Division of Occupational Safety and Health safety regulations concerning operating standards 
and operation of equipment (Sespe 2021).  

Due to the small-scale nature of the Proposed Action, the Project is not anticipated to result in substantial 
environmental impacts and, thus, would not require extensive monitoring upon closure. Reclamation would 
occur concurrently with exploration activities. Once access to the Project Area is no longer required by 
SMP, the Project Area would be reclaimed and revegetated, after which point it would be monitored and 
maintained annually in late spring or early summer for three years to ensure that revegetation efforts have 
been established and reclaimed areas are stable. 

Project reclamation would be completed concurrently for exploratory drilling activities, and monitoring for 
the success of reclamation of those areas would be completed within five years of Project implementation. 
The access road for access to Drill Area 1, the staging area, and underground activities at the Oro Cruz 
Mine Portal within Drill Area 1 would remain post-closure until underground exploration activities are 
completed, which would be completed and remaining surface disturbance reclaimed within five years from 
Project implementation.  

Drill Pads 
Once drilling is completed, each drill pad would be graded and recontoured, and a seed mix would be 
applied to reestablish vegetation communities. Revegetation would require site‐appropriate, BLM‐
approved native seed mixtures. A diverse native plant community would be targeted through the definition 
of seed mixtures and application rates. Just prior to seeding, the qualified biologist/revegetation specialist 
would determine the final species type and application rates based on the amount and quality of the seeds 
that are sourced for the Project. The seed mix would be designed to include native, non-invasive species 
that are compatible with the existing landscape and diversity of species and plant type to promote a 
sustainable vegetative cover as well as a variety of germination periods and seasonal growth. Detailed 
information of the type and amount of seeds planted would be recorded. During construction, the sumps at 
each drill pad would house drilling fluids, and the excavated materials would be placed at the sites of the 
pads and stored until backfilled into the sumps as part of reclamation, which would be followed by pushing 
any salvaged topsoil/subsoils. The sumps would be allowed to evaporate before backfilling would occur.  

Roads 
The proposed new roads that would be constructed under the Proposed Action would be temporary and 
reclaimed concurrently throughout the life of the Project, except for the new road for access to the 
underground portal (Figure 2-1), which would be considered the main entrance road to the Project Area 
after construction and would remain through completion of underground exploration and post-closure 
reclamation and monitoring activities, which would be completed and remaining surface disturbance 
reclaimed within five years from Project implementation. The interface between existing roads and the 
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proposed temporary access roads would be camouflaged with vertical mulching. Roads would be reclaimed 
by placing recovered topsoil/subsoil stored along the roadway edges and blading the surfaces prior to 
revegetating. The same seed mix that would be applied to the drill pads would be used for revegetation 
along the roads. Pre-existing roads would be maintained per existing conditions and would not be reclaimed 
as they represent pre-existing disturbance and would continue to be used in the future as they are currently.  

Closure of roads that are not needed for post-closure access would involve recontouring fill while 
maintaining satisfactory drainage. Roads not needed for post-closure access would be reclaimed. Where 
necessary, rock or earthen berms and water bars would be placed to prevent vehicular access and reduce 
erosion. 

Slopes and Regrading 
Significant recontouring and/or revegetation of slopes is not anticipated as no significant slopes would be 
created as a result of the proposed exploratory drilling and related ancillary operations. If needed, SMP 
would flatten all slopes and floors using mobile equipment to ensure no slopes exceed a 2H:1V (horizontal 
to vertical) angle in accordance with the performance standards of SMARA Section 3704. Following 
abandonment of the exploratory boreholes, any remaining drill cuttings would be spread out on the drill 
pad surfaces and reseeded in accordance with the revegetation measures discussed below. Proposed 
revegetation in applicable portions of the Project Area would help to further stabilize any regraded areas 
and slopes and would prevent erosion once roots are established.  

Backfilling 
No mining excavation would occur as the Project includes exploration drilling activities; therefore, 
significant backfilling of materials would not be required, and no mine wastes and/or tailings would be 
generated by the Project.  

Salvaged Soil 
There is limited potential to salvage topsoil and subsoil for use as a growth medium for revegetation; topsoil 
and subsoil would be salvaged where feasible by pushing the material along the edge of the drill pads and 
along the sides of the proposed new access roads. Once drilling is complete, the stored topsoil and subsoil 
would be spread out and reseeded. 

Exploratory drilling would utilize mud sumps to house drilling fluids, which would be dug during 
development of the drill pads or as part of the drill rig setup. Once drilling is complete, each exploratory 
borehole would be abandoned in accordance with Imperial County drilling permit conditions and applicable 
state standards. The mud pits would be allowed to evaporate, and the stored excavated materials would then 
be reintroduced into the pits, followed by pushing salvaged topsoil/subsoils. Any topsoil or subsoil that is 
salvaged would be reseeded as part of the revegetation efforts. 

Revegetation  
Portions of the Project that are proposed to be reclaimed for open space would be reseeded to establish a 
vegetative landscape that is generally similar to the existing plant communities within the Project Area. 
Following completion of exploratory drilling, equipment demobilization, and surface preparation of the 
roads and drill pads, revegetation activities would be undertaken, including installation of erosion control 
devices where necessary, such as waddles; application of seed mix either by hydroseeding or mechanical 
broadcasting; and maintenance and monitoring. Prior to application of the proposed seed mixes, SMP would 
work closely with a qualified biologist/revegetation specialist to review the final contours, hydrology, and 
soil composition of the areas proposed for revegetation to determine optimal broadcast rates and modify 
the overall revegetation plan, as appropriate. Revegetation would ultimately be achieved through a 
combination of site preparations, planting activities, and ongoing maintenance procedures. A detailed 
revegetation plan, including proposed seed mix specifics, is provided in the Reclamation Plan (Sespe 2022). 
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2.1.3 Project Design Features 

PDFs would be implemented to protect resources during mineral exploration activities that would be 
conducted under the Proposed Action. PDFs that would be implemented under the Proposed Action are 
included in the Plan (SMP 2021) and Appendix F. 

2.2 No Action Alternative (NEPA) 
Under the No Action Alternative, the Project would not be approved by the BLM. The 626.3-acre project 
area would remain available for other existing and future multiple-use activities, including future mineral 
exploration and mining activities, or for other purposes, as approved by the BLM. 

2.3 Alternatives Considered but not Analyzed in Detail (NEPA) 

2.3.1 Access Road Restriction Alternative 

Under this alternative, the BLM considered restricting access to the Project via the existing access road (an 
unnamed BLM road) off of Blythe Ogilby Road that runs through the Tumco Wash (Figure 2-1) to prevent 
vehicles and equipment from traveling and operating within the wash. This alternative was assessed to 
determine feasibility of restricting Project access away from the washes, thus reducing impacts to desert 
tortoise habitat that is used for forage and shelter. This alternative was ultimately dismissed, as the existing 
access road through the Tumco Wash (Figure 2-1) would require no improvements and would be necessary 
for access to the west and north portions of the Project Area with minimal environmental impacts beyond 
existing conditions as the road is currently used by commercial activities for access to existing operations 
in the vicinity. Therefore, this alternative was deemed not environmentally reasonable, as road 
improvements or new road construction for Project Area access would have greater environmental impacts 
than use of the existing access road through the Tumco Wash that does not require improvements. Under 
the Proposed Action, SMP has included several PDFs (Appendix F) to minimize impacts to desert tortoise, 
and the BLM would require a mitigation measure for SMP to install exclusionary fencing around the access 
road to prevent desert tortoise crossings and collisions with individual species within the wash.  

2.3.2 Seasonal Restriction Alternative 

Under this alternative, Project activities would be restricted to the summer season (June through August). 
This alternative was assessed to determine feasibility of conducting exploratory drilling and associated 
activities during the recreation off-season when recreationalists would be less likely to visit the Project Area 
due to extreme temperatures. This alternative was not carried forward for analysis as the seasonal restriction 
would overlap with the avian nesting season (February 1 – August 31), potentially causing additional 
impacts to avian species and their nests that are present in the Project Area if exploratory drilling activities 
were to commence only during the summer months, making this alternative not environmentally feasible 
as it would lead to greater environmental impacts to wildlife species. Additionally, this alternative could 
lead to greater human health and safety concerns due to Project personnel working in high temperatures 
during the summer season, which could lead to unsafe working conditions and greater risk of heat stress. 
Therefore, this alternative was deemed infeasible. Under the Proposed Action, notices would be posted on 
the BLM’s website and at designated recreational sites in the area notifying the public of dates and times 
that drilling would occur, bringing awareness to potential elevated levels of noise and activity in the Project 
Area. 
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2.3.3 Helicopter Access Only Alternative 

This alternative was assessed to determine the feasibility of accessing all proposed drill sites by helicopter 
to minimize surface disturbance. Under this alternative, there would be no construction of new access roads 
or any road improvements. This alternative was dismissed from analysis as it was determined that it would 
lead to greater human health, safety, and biological concerns; therefore, this alternative was deemed not 
environmentally reasonable. As described in the Plan, SMP requires the construction of a new road to access 
the Oro Cruz Mine Portal and staging area within Drill Area 1 (Figure 2-1). The increase in noise generated 
by helicopter use for access to all drill sites would increase impacts to wildlife and recreation, and human 
health and safety would be impacted from the safety concerns of increased helicopter use. 
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3.0 Affected Environment and Environmental Impacts  

This chapter describes the affected environment and existing conditions that have the potential to be 
affected by activities related to the Proposed Action and alternatives described in Chapter 2, as well as the 
anticipated environmental impacts and impact analyses of implementing these actions. This chapter 
combines the discussion of environmental impacts in accordance with the requirements of NEPA and the 
analysis of the Project’s potential impacts on the environment in accordance with CEQA, which is presented 
using the CEQA IS format, specifically Imperial County’s applicable checklist from Appendix G of the 
State CEQA Guidelines (CCR, Title 14, Division 6, Chapter 3, 15000-15387).  

To comply with NEPA, the BLM is required to address specific elements of the environment that are subject 
to requirements specified in statutes, regulations, or by Executive Order (EO). The resources listed in Table 
G-1 of Appendix G have been reviewed and identified by BLM resource specialists as either 1) not present 
in the area impacted by the proposed or alternative actions, 2) present, but not affected to a degree that 
detailed analysis is required, or 3) present with potential for relevant impact that needs to be analyzed in 
detail in the EA. Table G-1 of Appendix G lists the resources considered for analysis that may be affected 
by the Proposed Action or alternatives and that are discussed further in this chapter. Those elements listed 
in Appendix G that are not present within the Project Area or areas of analysis are not discussed further in 
this EA. The IS/MND identifies site-specific conditions and Project-specific impacts, evaluates their 
potential significance pursuant to applicable CEQA thresholds, and proposes ways to sufficiently avoid or 
mitigate impacts that are potentially significant to less than significant levels. The IS/MND was completed 
by Imperial County as the lead agency analyzing the Project, specifically approval of the Reclamation Plan, 
in accordance with CEQA. The information, analysis, and conclusions included in the IS/MND provide the 
basis for determining the appropriate document needed to comply with NEPA and CEQA. Based on the 
analysis provided herein, it was determined that the Project would not have a significant impact on the 
environment through implementation of applicable mitigation measures. The determination of significance 
under NEPA occurs via a FONSI, as appropriate. The FONSI has been prepared under separate cover and 
was published, unsigned, for a 30-day public review period concurrent with the EA. Based on the results 
of the IS/MND, the BLM and Imperial County determined that an EA/MND was the appropriate NEPA 
and CEQA document for the Project per the analysis provided in this chapter.  

3.1 NEPA Environmental Impacts 
This chapter presents an analysis of the potential environmental impacts of the Proposed Action and the No 
Action Alternative in accordance with NEPA. The analysis areas vary by resource and are discussed under 
each respective Affected Environment section below. The analysis of the Project includes direct, indirect, 
and cumulative effects. The CEQ Regulations define direct effects as those which are caused by the action 
and occur at the same time and place, and indirect effects as those which are caused by the action and occur 
later in time or are further removed in distance. In accordance with NEPA, determination of significance is 
reserved for the FONSI prepared for the Project, as appropriate. The effects analysis definitions considered 
for each of the resources considered for analysis in this chapter are provided below: 

Negligible: Impacts to resources could occur, but they would be so slight as to not be measurable or 
distinguishable from existing conditions.  

Minor: Impacts to resources would be measurable or perceptible and local; however, the overall viability 
of the resource would not be affected, and without further adverse impacts, the resource would recover. 
Impacts would be detectable. 
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Moderate: Impacts would be sufficient to cause a change in the resource viability; however, the effect 
would remain local. The change would be measurable and perceptible, but the negative effects may be 
reversed in the long term. 

Major: Impacts would be substantial, highly noticeable, and may be permanent in their effect on resources 
without active management. 

Short-term: Impacts to resources would occur up to two years, which is the anticipated duration of Project 
construction and operations.  

Long-term: Impacts to resources would occur past the life of the Project and reclamation, which in total is 
anticipated to occur up to five years.  

Localized: Impacts are confined to a small part of the resource area of analysis or range, or within the 
Project Area. 

Regional: Impacts would affect a widespread area beyond the resource’s area of analysis. 

Cumulative impacts are determined by analyzing potential impacts from past, present, and reasonably 
foreseeable future actions (RFFAs) combined with the action alternatives within the Cumulative Effects 
Study Area (CESA) specific to the resources for which impacts may be anticipated. This analysis focuses 
on cumulative impacts of the Proposed Action and the action alternatives within the CESA. Major past and 
present land uses and disturbances within the CESAs that are projected to continue into the future include 
mineral development and exploration, utilities, infrastructure and public purpose projects, and roads. 
Dispersed recreation (including hunting and off-highway vehicle [OHV] use) also occurs and is expected 
to continue in portions of the CESAs. Past and present actions are included in the affected environment 
descriptions in this chapter as they are part of the existing environment. Cumulative impacts are analyzed 
for resources where an impact above negligible was identified within the analysis of environmental impacts. 
If the Proposed Action was determined to have a negligible or no impact with the implementation of PDFs 
or additional mitigation measures, a cumulative analysis was not completed as there would be no impact to 
add to the environment (see BLM Handbook H-1790-1, p. 57). Cumulative impacts for Air Quality, 
ACECs, Climate Change, Conservation Lands, Cultural Resources, Environmental Justice, Noise, Travel 
and Transportation, Visual Resources, and Water Resources were not included based on the outcome of the 
impact analysis herein. The boundaries of the CESAs delineated for a cumulative impacts analysis vary by 
resource and considered the extent to which the environmental effect from the Project could be reasonably 
detected and defined the geographic area impacted. Cumulative effects were evaluated in terms of the 
specific resource, ecosystem, and human community being impacted. 

3.2 CEQA Checklist and Impact Analysis 
The IS (IS #21-0029) evaluates environmental impacts based in part on the checklist criteria contained in 
Appendix G of the State CEQA Guidelines (California Code of Regulations, Title 14, Division 6, Chapter 
3, 15000-15387); these questions, which are included in an impact assessment matrix for each 
environmental/resource category are guidelines “intended to encourage thoughtful assessment of impacts” 
and guide the determination of significance of potential project impacts. Where there is a possibility for the 
action to affect a specific resource, there is a discussion of the direction and magnitude of the impact. Each 
question is followed by a check-marked box with column headings that are defined below: 

• Potentially Significant Impact. This column is checked if there is substantial evidence that a 
Project-related environmental effect may be significant. If there are one or more “Potentially 
Significant Impacts,” a Project EIR may need to be prepared. 
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• Less than Significant with Mitigation. This column is checked when the Project may result in a 
significant environmental impact, but the incorporation of identified Project revisions or mitigation 
measures would reduce the identified effect(s) to a less than significant level.  

• Less than Significant Impact. This column is checked when the Project would not result in any 
significant effects. The Project’s impact is less than significant even without the incorporation of 
Project-specific mitigation measures.  

• No Impact. This column is checked when the Project would not result in any impact in the category 
or the category does not apply. When the determination in the checklist is “No Impact”, and there 
is no possibility for the Project to have an effect on the resource, there is no explanation of the 
answer. Where this Project could be presumed to have an effect on the resource in question, there 
is an explanation provided for any “No Impact” determinations. All other determinations are 
accompanied by an explanation.  

3.2.1 Potentially Affected Environmental Factors 

The following environmental factors below in Table 3-1 would be potentially affected by this Project. 

Table 3-1 Environmental Checklist 

 Aesthetics  Agriculture and Forestry Resources  Air Quality 
 Biological Resources  Cultural Resources  Energy 
 Geology /Soils  Greenhouse Gas Emissions  Hazards & Hazardous Materials 

 Hydrology / Water 
Quality  Land Use / Planning  Mineral Resources 

 Noise  Population / Housing  Public Services 
 Recreation  Transportation  Tribal Cultural Resources 
 Utilities/Service Systems  Wildfire   Mandatory Findings of Significance 

Detailed descriptions and impacts from Project activities and the basis for their significance determinations 
are provided for each environmental factor in the remainder of this chapter. Relevant laws, regulations, and 
policies potentially applicable to the Project Area are discussed in Section 1.4.  

3.2.2 Agency Determination 

After review of the Initial Study (IS #21-0029, incorporated herein throughout the remainder of this 
chapter), the Environmental Evaluation Committee has: 

 Found that the proposed Project COULD NOT have a significant effect on the environment, and a 
NEGATIVE DECLARATION will be prepared. 

 Found that although the proposed Project could have a significant effect on the environment, there will 
not be a significant effect in this case because revisions in the Project have been made by or agreed to by 
the Project proponent. A MITIGATED NEGATIVE DECLARATION will be prepared.  

 Found that the proposed Project MAY have a significant effect on the environment, and an 
ENVIRONMENTAL IMPACT REPORT is required. 

CALIFORNIA DEPARTMENT OF FISH AND WILDLIFE DE MINIMIS IMPACT FINDING:   Yes               
 No 
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3.3 Air Quality 

3.3.1 Initial Study Determination (CEQA) 

Table 3-2 provides the impact determinations for air quality based on significance criteria established by the 
Imperial County Air Pollution Control District (ICAPCD). 

Table 3-2 Air Quality Environmental Checklist 

Potentially 
Potentially Significant Less Than No Air Quality Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 
Conflict with or obstruct implementation of the a)     applicable air quality plan? 
Result in a cumulatively considerable net 
increase of any criteria  pollutant for which the 

b) Project region is non-attainment under an     
applicable federal or state ambient air quality 
standard? 
Expose sensitive receptors to substantial c)     pollutants concentrations? 
Result in other emissions (such as those leading 

d) to odors adversely affecting a substantial number     
of people)? 

3.3.2 Affected Environment 

The area of analysis is the Project Area and proposed disturbance footprint, which includes drill areas and 
access roads (Figure 3-1). The federal Clean Air Act is the primary controlling legislation over air quality. 
Ambient air quality and the emission of air pollutants are regulated under both federal and state law and 
regulations. Ambient air quality is affected by the type and amount of air pollutants emitted into the 
atmosphere, the size and topography of the air basin, prevailing meteorological conditions, and the 
conversion of air pollutants and other particles by a complex series of chemical and photochemical reactions 
in the atmosphere. Regulatory air standards that are potentially applicable to the Project include the National 
Ambient Air Quality Standards (NAAQS) and the California Ambient Air Quality Standards (CAAQS) and 
are summarized in Table 3-3. The California Air Resources Board (CARB) is the agency in the State of 
California delegated with the responsibility for air quality monitoring via the California Ambient Air 
Monitoring Network and administering a State Implementation Plan (SIP), which delineates strategies for 
compliance with federal clean air standards (CARB 2021). The CARB additionally is responsible for 
overseeing the state’s 35 air pollution control districts (APCDs), which are responsible for issuing pre-
construction and operating permits within their jurisdictions. The ICAPCD is responsible for enforcing the 
rules outlined in Regulations I through IX in the California SIP within the district, as well as for 
implementing the Prevention of Significant Deterioration Program (EPA 2021a).  

Table 3-3 National Ambient Air Quality Standards and California Ambient Air Quality 
Standards within the Area of Analysis 

Pollutant Averaging Period CAAQS 
(µg/m3) 

NAAQS 
(µg/m3) 

24-hour 50 150 
PM10 

Annual 20 N/A 
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Pollutant Averaging Period CAAQS 
(µg/m3) 

NAAQS 
(µg/m3) 

PM2.5 
24-hour N/A 35 
Annual 12 12 

SO2 

1-hour 655 196 
3-hour N/A 1,300 
24-hour 105 N/A 
Annual N/A N/A 

NOx 
1-hour 339 188 
Annual 57 100 

CO 
1-hour 23,000 40,000 
8-hour 10,000 10,000 

CARB 2022a 
PM10 = particulate matter 10 microns in diameter or less 
PM2.5 = particulate matter 2.5 microns in diameter or less 
SO2 = sulfur dioxide 
NOx = nitrogen oxide 
CO = carbon monoxide 
µg/m3 = micrograms per cubic meter 
 
Climate and Meteorology 
The Project Area is located in the northwestern portion of the Cargo Muchacho Mountains of the Imperial 
Valley in southeastern California, with elevations ranging from 600 to 800 feet above mean sea level 
(AMSL) (SMP 2021). Per data from the Gold Rock Ranch Cooperative Station, located approximately three 
miles west of the Project Area, average maximum summer (June through August) temperatures are 
approximately 106 degrees Fahrenheit (°F), and average maximum winter (December through February) 
temperatures are approximately 48°F, and the average annual precipitation is approximately 0.32 inches 
(WRCC 2021). 

Current Conditions 
The BLM published the final Rapid Ecoregional Assessment Report for the Sonoran Desert in 2012 
(Strittholt et al. 2012), which examines climate change and other widespread environmental influences 
affecting western landscapes to assist with land use planning and resource management. The Sonoran 
Desert is considered a subtropical desert that experiences seasonal variability in temperatures, and the 
Project Area is located within the subregion of the low and dry Colorado Desert. Over the past several 
decades, the weather, vegetation cover, wildfire regimes, and changes in wildlife habitat have evolved, 
suggesting a change in climate regime. These changes have been expressed in changes in vegetation 
communities and land cover, invasive species encroachment, changes in desert tortoise (G. agassizi and G. 
morafkai) and big game habitat and population density, and hydrologic alterations in both quality and 
quantity. Persistent wind and water erosion within the Sonoran Desert Ecoregion have also contributed to 
changes in soil erosion, leading to higher concentrations of airborne soil particles affecting air quality and 
visibility (Strittholt et al. 2012). 

The Project Area has been previously disturbed by mining activities, and current surrounding land uses 
include prospecting and recreation. The ICAPCD has designated the area of analysis as an attainment area 
for all pollutants that have a NAAQS except PM10. 

3.3.3 Environmental Impacts (NEPA) – Proposed Action 

Travel on access roads and exploratory activities within the Project Area would create emissions, which 
would have a potential impact on air quality. Fugitive dust, in the form of PM10 and PM2.5, would result 
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from operation of the following equipment: excavator; five support vehicles; pipe truck; track hoe; hoe ram; 
two 1,000-gallon water trucks; two portable compressors; one drill rig; two generators; and one bulldozer. 

Vehicle emissions, in the form of SO2, NOx, CO, volatile organic compounds (VOCs), greenhouse gases 
(GHGs), and hazardous air pollutant (HAP) emissions would occur any time the internal combustion 
engines on Project vehicles or aircraft (i.e., helicopters) are operating. An emissions inventory was 
compiled using US Environmental Protection Agency (EPA)-Air Pollution 42 emission factors. Although 
unlikely, the two largest phases of the Proposed Action, construction and operations, were conservatively 
assumed to occur at full capacity, during the same time, to calculate a scenario of potential maximums. The 
emissions generated by the Project were compared to the EPA’s significant emission rates (40 CFR 52.21) 
to determine Project impacts on air quality. The calculated tons of emissions for the above identified 
pollutants, as well as the EPA’s significant emission rates, are provided in Table 3-4.  

Table 3-4 Annual Emissions Associated with the Proposed Action 

Project Emissions Summary* (tons/year) 

Emission Type PM PM10 PM2.5 SO2 NOx CO VOCs GHG CO2e 
HAP 
Total 

Fugitive 
Emissions  30.36 7.79 0.79 0.00 0.00 0.00 0.00 0.00 0.00 

Non-Fugitive 
Emissions 0.28 0.28 0.67 0.03 10.90 17.62 1.04 3,021 0.07 

EPA Significant 
Emission Rate 25 15 10 40 40 100 50 75,000 25 

Federal 
Conformity NA 100 100 100 100 100 50 NA NA 
Threshold 

CO2e = carbon dioxide equivalent 
NA = not available 
* Project emissions in this table include both the construction and operations phases under the Proposed Action with controls 
(i.e., watering for dust suppression). 
 
As shown in Table 3-4, maximum yearly predicted emissions generated from the Proposed Action would 
be below the EPA’s significant emission rates, except for PM, which would exceed the EPA significant 
emission rate of 25 tons per year. Airborne PM is a mixture of many chemical species of pollutants, 
including PM10 and PM2.5, rather than a single pollutant. Some PM particles less than 10 micrometers in 
diameter can pose human health risks as they can get deep into the lungs or bloodstream, and finer particles 
less than 2.5 micrometers in diameter post the greatest risks as they can lead to more chronic conditions 
(EPA 2023b). Particles deposited on a lung surface can cause tissue damage and lung inflammation. 
Emissions of PM have also been shown to reduce visibility outdoors and adversely affect climate and 
ecosystems (CARB 2023). As noted above, the annual predicted emissions under the Proposed Action in 
Table 3-4 include both the construction and operations phases of the Project to estimate the maximum 
emissions; however, all phases of the Project would not be continuously operating simultaneously. The 
highest emissions under the Project would result from exploratory drilling and laydown yard activities, 
which would occur simultaneously for approximately four to six months during the first year of the two-
year Project operations. After Project start-up, activities would occur more dispersed over time due to the 
intermittent nature of exploratory drilling. Therefore, the estimated annual emissions would not reach the 
maximum emissions shown in Table 3-4 as all phases of the Project would not be operating simultaneously 
each year, leading to much lower overall emissions that would not exceed any federal thresholds. Federal 
Conformity de minimis thresholds are not available for PM, CO2e, or HAPs; however, predicted Project 
emissions for all other pollutants would be in below the applicable Federal Conformity de minimis threshold 
given in 40 CFR 93.153(b) and would not exceed the federal annual emissions thresholds.  
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In addition to the annual maximum emissions summarized in Table 3-4 above, maximum daily emissions 
resulting from the Proposed Action were also calculated.  The daily operational emissions anticipated to be 
generated by the Proposed Action were compared to the ICAPCD’s emission thresholds (ICAPCD 2022) 
to determine if Project impacts on air quality require a comprehensive air quality analysis. The calculated 
daily emissions from the Proposed Action, as well as the ICAPCD operational emissions thresholds, are 
provided below in Table 3-5. 

Table 3-5 Daily Operational Emissions Associated with the Proposed Action 

Project Emissions Summary (lbs/day) 
Emission Type PM10 PM2.5 SO2 NOx CO VOCs 

Proposed Action Operational 
Emissions* 98.90 20.07 0.22 117.97 107.41 10.56 

ICAPCD Operational 
Emission Thresholds 150 550 150 137 550 137 

*Proposed Action emissions included fugitive and non-fugitive emissions 
 
As shown in Table 3-5, maximum daily operational emissions generated from the Proposed Action would 
be below the ICAPCD’s emission thresholds. Emissions were calculated using Tier III emission factors for 
non-road diesel engines specified in 40 CFR 1039. Anticipated daily operational emissions under the 
Proposed Action would be below the ICAPCD emissions thresholds. As discussed above relative to federal 
conformity of anticipated emissions, the highest emissions under the Proposed Action would result from 
exploratory drilling and laydown yard activities, which would occur simultaneously for approximately four 
to six months during the first year of the two-year Project operations. After Project start-up, activities would 
occur more dispersed over time due to the intermittent nature of exploratory drilling. Consistent with 
ICAPCD guidelines and Imperial County requirements, construction and operation emissions have been 
quantified separately and compared to the appropriate thresholds in Tables 3-6 and 3-7 below (note that 
Table 3-5 above also summarizes the maximum daily operational emissions associated with the Proposed 
Action). Per the PDFs for fugitive dust control in Appendix F, SMP would comply with all applicable State 
of California and ICAPCD rules for fugitive dust emissions and GHG emissions. The following relevant 
standard mitigation measures for construction combustion equipment specified in Section 7.1 of ICAPCD 
CEQA Air Quality Handbook (ICAPCD 2017) would be implemented: 

• Use of alternative fuel or catalyst equipped diesel construction equipment, including all off-road 
and portable diesel-powered equipment 

• Minimize idling time either by shutting equipment off when not in use or reducing the time of 
idling to five minutes maximum.  

• Limit, to the extent feasible, the hours of operation of heavy-duty equipment and/or the amount of 
equipment in use.  

With the implementation of PDFs for fugitive dust control to commit to state and county emissions 
requirements as stated above and included in Appendix F, the BLM required mitigation measures listed 
below, and because the conservative emissions inventory provided above for construction and operations 
to occur at the same time would be unlikely over a full year, Project emissions for all pollutants would be 
below all thresholds in Table 3-4 and Table 3-5 and would, overall, be in conformance with federal 
emissions thresholds (40 CFR 93.153(b)). As the implementing authority for the Clean Air Act for projects 
located in Imperial County, the ICAPCD would be responsible for issuing the permit for operation of 
stationary sources and the Project would be required to comply with all conditions of the ICAPCD permit. 
Impacts to air quality under the Proposed Action would be negligible, short-term, and localized.  
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To further reduce the anticipated PM emissions from road construction, helicopter use/landing, and daily 
use, the BLM would require the following mitigation measures:  

• Idling of all vehicles would be reduced to a minimum necessary for operational capacity. 

• The staging area would be stabilized using BLM approved methods during use, and staging area 
soils would be stabilized upon Project completion. 

3.3.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved by the BLM; however, the area would 
remain available for other multiple-use activities as approved by the BLM. Impacts to air quality are not 
anticipated under the No Action Alternative except for those occurring under existing conditions. 

3.3.5 Impact Analysis (CEQA) 

a) Would the Project conflict with or obstruct implementation of the applicable air quality plan? 

Less Than Significant: The Project is located in the Salton Sea Air Basin under the jurisdiction of the 
ICAPCD. The ICAPCD’s CEQA Air Quality Handbook (ICAPCD 2017) is the primary guidance document 
by which potential air quality impacts from residential, commercial, and industrial developments can be 
quantified and the level of significance determined pursuant to CEQA. In addition to the CEQA Air Quality 
Handbook, the ICAPCD has also prepared various implementation and maintenance plans that outline steps 
and rules meant to reduce pollutant emissions and bring the region back into attainment for certain 
pollutants. Specifically, the ICAPCD has published State Implementation Plans (SIPs) related to ozone (O3) 
and particulate matter (both PM10 and PM2.5).  

Per the CEQA Air Quality Handbook, the ICAPCD generally notes that a detailed project-specific 
consistency analysis “is required for large residential developments and large commercial developments, 
which are required to develop an EIR and/or a Comprehensive Air Quality Analysis Report” (ICAPCD 
2017) and “should demonstrate compliance with the most recent ozone Air Quality Attainment Plan 
(AQAP) and PM10 State Implementation Plan (SIP)” (ICAPCD 2017). A proposed project should also 
demonstrate compliance with the Imperial County Rules and Regulations as well as applicable state and 
federal regulations. 

Because the Project is a relatively small-scale industrial drilling exploration project, and not a large 
residential or commercial development, a comprehensive consistency analysis is not required. The Project 
would also comply with regional air quality rules promulgated by the ICAPCD, as applicable, and 
participate in reducing regional air pollutant emissions, including those covered by the published SIPs, 
through compliance with these applicable rules. Furthermore, as discussed under CEQA Criteria b) below, 
with the implementation of the standard ICAPCD mitigation measures disclosed under Section 3.3.3 above 
and the BLM required mitigation measures, Project-specific air emissions during both the construction and 
operational phases would not exceed the applicable ICAPCD numerical threshold published within the 
CEQA Air Quality Handbook (ICAPCD 2017). Therefore, through compliance with applicable rules and 
regulations, and implementation of required control measures, the Project would not conflict with or 
obstruct implementation of an applicable air quality plan, and impacts would be less than significant with 
no mitigation required. 

b) Would the Project result in a cumulatively considerable net increase of any criteria pollutant for 
which the project region is non-attainment under an applicable federal or state ambient air quality 
standard? 
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Less Than Significant: See response to CEQA Criteria a) above. No, the proposed Project would not result 
in a cumulatively considerable net increase of any criteria pollutant for which the Project region is non-
attainment under an applicable federal or state ambient air quality standard. CEQA defines cumulative 
impacts as two or more individual effects which, when considered together, are either significant or 
“cumulatively considerable,” meaning they add considerably to a significant environmental impact. 

By its very nature, air pollution is largely a cumulative impact. The non-attainment status of regional 
pollutants is a result of past and present development. Future attainment of state and federal ambient air 
quality standards is a function of successful implementation of the ICAPCD’s attainment plans. 
Consequently, the ICAPCD’s application of thresholds of significance for criteria pollutants is relevant to 
the determination of whether a project’s individual emissions would have a cumulatively significant impact 
on air quality. 

As discussed in the CEQA Air Quality Handbook (ICAPCD 2017), the ICAPCD has established 
significance thresholds to assist lead agencies (in this case the county) in determining whether a proposed 
project may have a significant air quality impact. Projects whose emissions exceed the thresholds of 
significance for both the construction and operational phases would be deemed to have a potentially 
significant adverse impact on air quality. Thus, if Project emissions (change from baseline) exceed 
thresholds for NOx, ROG, PM10, SOx, CO, or PM2.5, then the Project would result in a cumulatively 
considerable net increase of a criteria pollutant for which the ICAPCD is in non‐attainment under applicable 
federal or state ambient air quality standards. 

Based upon the proposed Project activities with the potential to generate criteria pollutants (e.g., vehicles, 
mobile equipment, drill rig operations, etc.), the Project’s air emissions were quantified. See Appendix E, 
which includes a summary of the estimate Project air emissions, for both construction and operational 
activities. Tables 3-6 and 3-7 below were taken from the CEQA Air Quality Handbook and summarize the 
applicable numerical thresholds by which the Project’s emissions should be compared to determine 
potential significance pursuant to CEQA. Note that per ICAPCD guidance, for industrial development 
projects the ICAPCD indicates that the thresholds in Table 3-7 should be used only to determine 
significance of the emissions from mobile sources, as stationary source emissions are already subject to 
mitigation according to ICAPCD Rule 207 (New and Modified Stationary Source) and Rule 201 (Permits 
Required). 

Table 3-6 ICAPCD Thresholds of Significance for Project Construction 

Parameters PM10 (lbs/day) ROG (lbs/day) NOx (lbs/day) CO (lbs/day) 
Construction 35.12 4.35 63.65 59.50 
Threshold 150 75 100 550 
Significant No No No No 

Note: Project construction emissions would be generated as a result of “road construction” and “drill site construction.” See 
Appendix E for details regarding the emissions calculations.  

Table 3-7 ICAPCD Thresholds of Significance for Project Operations 

Parameters NOx 
(lbs/day) 

ROG 
(lbs/day) 

PM10 
(lbs/day) 

SOx 
(lbs/day) 

CO 
(lbs/day) 

PM2.5 
(lbs/day) 

Operations 117.97 10.56 98.90 0.22 107.41 20.07 
Threshold 137 137 150 150 550 550 
Significant No No No No No No 

Note: Project construction emissions would be generated as a result of “exploratory drilling” and “laydown yard activities.” See 
Appendix E for details regarding the emissions calculations.  
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Project air emissions resulting from construction activities are estimated to be below the applicable 
ICAPCD construction thresholds for all pollutants. Project air emissions resulting from operational 
activities are estimated to be below the applicable ICAPCD operational daily thresholds for all pollutants. 
Furthermore, with the implementation of standard mitigation measures for construction combustion 
equipment from the ICAPCD CEQA Air Quality Handbook (ICAPCD 2017), as specified above in Section 
3.3.3, which were not accounted for in the emissions estimates presented above, the Project would generate 
fewer pollutant emissions than was conservatively accounted for in Table 3-6 and Table 3-7 above.  

Furthermore, while construction PM10 emissions can vary greatly depending on the phase of construction, 
level of activity, and other factors, there are feasible mitigation or control measures that can be reasonably 
implemented to significantly reduce PM10 emissions. Because particulate emissions from construction 
activities have the potential of leading to adverse health effects as well as nuisance concerns, such as 
reduced visibility, all projects are required to mitigate construction impacts by regulation. The CEQA Air 
Quality Handbook (ICAPCD 2017) presents a summary of standard mitigation measures for the control 
PM10 as adopted by the ICAPCD in a set of rules, collectively known as Regulation VIII (Fugitive Dust 
Rules). Another source of construction-related emissions comes from the use of diesel-powered 
construction equipment, which has been known to produce ozone precursor emissions and combustion-
related particulate emissions. In accordance with ICAPCD requirements, these standard construction 
mitigation measures would be implemented to reduce PM10 and ozone precursor emissions during road and 
drill pad construction. Specifically, the Project would comply with ICAPCD Regulation VIII – Fugitive 
Dust Rules, specifically Rules 800 through 806, which prescribe measures for the management of 
windblown dust. Additionally, consistent with ICAPCD Rule 801, SMP will develop a site-specific 
Operation Dust Control Plan. SMP will submit the Operation Dust Control Plan to the ICAPCD, and 
consistent with Rule 801 requirements, approval would be obtained a minimum of 10 days prior to the first 
ground disturbing activities as a result of the Project. 

Therefore, through implementation of the ICAPCD’s standard construction fugitive dust controls and 
standard construction mitigation measures, the Project would not result in a cumulatively considerable net 
increase of any criteria pollutant for which the Project region is non-attainment under an applicable federal 
or state ambient air quality standard. Because the Project would not result in a significant net increase in 
criteria pollutant emissions, the Project would have less than significant impacts related to criteria air 
pollutant emissions. 

c) Would the Project expose sensitive receptors to substantial pollutants concentrations? 

Less Than Significant: See responses to CEQA Criteria a) and b) above. No, the proposed Project would 
not expose sensitive receptors to substantial pollutant concentrations. Sensitive receptors include schools, 
playgrounds, childcare centers, long-term health care facilities, rehabilitation centers, convalescent homes, 
hospitals, retirement homes, and residences. The closest sensitive receptor is the Gold Rock Ranch RV 
Resort located approximately 2.3 miles west of the Project Area. 

When evaluating whether a development proposal that has the potential to result in localized impacts, the 
nature of the air pollutant emissions, the proximity between the emitting facility and sensitive receptors, 
the direction of prevailing winds, and local topography must be considered. 

The ICAPCD does not have any published numerical thresholds related to Project-specific toxic or 
hazardous air pollutant emissions. Project activities that could potentially result in Toxic Air Emissions 
(TACs) include operations of equipment and vehicles, which would generate Diesel Particulate Matter 
(DPM), as well as disturbance of soils, as various substances found in fugitive dust emissions could 
potentially result in health risks (e.g., metals and crystalline silica). However, due to the relatively low level 
of on-site industrial activity, and the large distance between the Project Area and the nearest sensitive 
receptor, the Project’s potential health risk impacts are considered low. Furthermore, in accordance with 
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EPA requirements, total annual emissions of Hazardous Air Pollutants (HAPs) were estimated. Total 
Project HAPs emissions were estimated to be 0.04 tons per year, which is well below the applicable 
National Emission Standards for Hazardous Air Pollutants (NESHAP) limit of 10 tons per year applied to 
“area sources.” 

Due to the distance between the Project site and nearby receptors, the proposed exploration activities, the 
short-term nature of the Project (i.e., operations would be limited to 12 to 24 months), and the fact that SMP 
would comply with applicable Imperial County rules and regulations required to limit air emissions, the 
Project would not expose nearby sensitive receptors to substantial pollutant concentrations; therefore, there 
would be less than significant impacts related to TAC emissions. 

d) Would the Project result in other emissions (such as those leading to odors adversely affecting a 
substantial number of people? 

No Impact: See response to CEQA Criteria a), b), and c) above. No, the proposed Project would not result 
in other emissions, such as odor, adversely affecting a substantial number of people. None of SMP’s 
proposed exploration operations (i.e., drill pad/access road formation, exploratory drilling, ancillary 
activities) would generate significant odor emissions that could impact nearby receptors. The Project also 
does not fall within one of the designated “Potential Odor Sources” categories outlined in the ICAPCD’s 
CEQA Air Quality Handbook. The Project would comply with applicable ICAPCD rules, regulations, and 
permit conditions, including those that control odor; therefore, the proposed Project would not adversely 
affect a substantial number of people, and no impacts would occur. 

3.4 Agriculture and Forest Resources 

3.4.1 Initial Study Determination (CEQA) 

Table 3-8 provides the determination of impacts to agricultural and forest resources. When determining 
significant environmental effects to agricultural resources, lead agencies may refer to the California 
Agricultural Land Evaluation and Site Assessment Model (1997) prepared by the California Department of 
Conservation as an optional model to use in assessing impacts on agriculture and farmland. In determining 
whether impacts to forest resources, including timberland, are significant environmental effects, lead 
agencies may refer to information compiled by the California Department of Forestry and Fire Protection 
regarding the state’s inventory of forest land, including the Forest and Range Assessment Project and the 
Forest Legacy Assessment project, and forest carbon measurement methodology provided in Forest 
Protocols adopted by CARB.  

Table 3-8 Agriculture and Forest Resources Environmental Checklist 

Potentially 
Potentially Significant Less Than No Agriculture and Forest Resources Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 
a) Convert Prime Farmland, Unique Farmland, or 

Farmland of Statewide Importance (Farmland), as 
shown on the maps prepared pursuant to the     Farmland Mapping and Monitoring Program of 
the California Resources Agency, to non-
agricultural use? 

b) Conflict with existing zoning for agricultural use,     or a  Williamson Act Contract? 

Environmental Assessment/Mitigated Negative Declaration August 2023 
Oro Cruz Exploration Plan of Operations 25 PC ORIGINAL PKG



c) Conflict with existing zoning for, or cause 
rezoning of, forest land (as defined in Public 
Resources Code section 12220(g)), timberland 
(as defined by Public Resources Code section     
4526), or timberland zoned Timberland 
Production (as defined by Government Code 
Section 51104(g))? 

d) Result in the loss of forest land or conversion of     forest land to non-forest use? 
e) Involve other changes in the existing 

environment which, due to their location or 
nature, could result in conversion of Farmland, to     
non-agricultural use or conversion of forest land 
to non-forest use? 

3.4.2 Affected Environment 

There are no grazing allotments that overlap the Project Area and no forest resources are present; therefore, 
this resource was not analyzed further under the NEPA requirements for the affected environment or 
environmental impacts for each alternative, per the determination in Table G-1 of Appendix G.  

3.4.3 Impact Analysis (CEQA) 

a) Would the Project convert Prime Farmland, Unique Farmland, or Farmland of Statewide 
Importance (Farmland), as shown on the maps prepared pursuant to the Farmland Mapping and 
Monitoring Program of the California Resources Agency, to non-agricultural use? 

No Impact: No, the proposed Project would not convert Prime Farmland, Unique Farmland, or Farmland 
of Statewide Importance. The Project is located in a remote desert area of the Tumco mining district in the 
Cargo Muchacho Mountains, and the Project Area has been previously disturbed by historical mining 
operations. Current surrounding land uses include prospecting and recreation. No Prime Farmland, Unique 
Farmland, or Farmland of Statewide Importance are mapped within the Project area (California Department 
of Conservation, 2018). As shown on the “Imperial County Important Farmland 2018” map produced by 
the State Department of Conservation (DOC) Farmland Mapping and Monitoring Program 
(https://www.conservation.ca.gov/dlrp/fmmp/Pages/Imperial.aspx), the entire Project site and adjacent 
areas are designated as “Other Land.”  As such, no impacts to Prime Farmland, Unique Farmland, or 
Farmland of Statewide Importance would occur because of the Project. 

b) Would the Project conflict with existing zoning for agricultural use, or a Williamson Act Contract? 

No Impact: See response to CEQA Criteria a) above. No, the proposed Project would not conflict with 
existing zoning for agricultural use, or a Williamson Act contract. As discussed above, the Project is located 
in a remote area of the Tumco mining district in the Cargo Muchacho Mountains. Neither the Project site 
nor surrounding areas are currently used for agricultural purposes. Per the current Imperial County General 
Plan (Imperial County, 2015), specifically the Land Use Map (updated March 1, 2007) and Zoning Map 
(Zone 70), the entire Project site has a General Plan designation of “Recreation/Open Space” and a Zoning 
designation of “BLM”. Neither the Project site nor surrounding areas are zoned for agricultural use or are 
under a Williamson Act contract, and no zoning changes are proposed. Therefore, no impacts would occur. 

c) Would the Project conflict with existing zoning for, or cause rezoning of, forest land (as defined in 
Public Resources Code section 12220(g)), timberland (as defined by Public Resources Code 
section 4526), or timberland zoned Timberland Production (as defined by Government Code 
Section 51104(g))? 
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No Impact: No, the proposed Project would not conflict with existing zoning for, or cause rezoning of, 
forest land, timberland, or timberland zoned as Timberland Production. As discussed under CEQA Criteria 
a) and b) above, the Project area is located in remote desert area that has been previously disturbed by
historical mining activities. The Project area is not zoned for forest land or timberland, and no zoning
changes are proposed. Therefore, no impacts pertaining to zoning for forest land or timberland would occur.

d) Would the Project result in the loss of forest land or conversion of forest land to non-forest use?

No Impact: No, the proposed Project would not result in the loss of forest land or conversion of forest land 
to non-forest use. As discussed under CEQA Criteria b) and c) above, the Project site and surrounding areas 
are comprised of undeveloped desert lands that have been disturbed by historical mining activities, and 
areas currently used for prospecting and recreation. No forest land exists within or adjacent to the Project 
site. Therefore, no impacts related to the loss of forest land or conversion of forest land to non-forest use 
would occur. 

e) Would the Project involve other changes in the existing environment which, due to their location 
or nature, could result in conversion of Farmland, to non-agricultural use or conversion of forest
land to non-forest use?

No Impact: No, the proposed Project does not involve other changes in the existing environment, which, 
due to their location or nature, could result in conversion of Farmland to non-agricultural use, or conversion 
of forest land to non-forest use. As discussed under CEQA Criteria a), b), c) and d) above, the Project site 
and surrounding areas are comprised of undeveloped desert lands, previously disturbed by historical mining 
activities, and currently used for prospecting and recreation. The Project site and the surrounding areas do 
not contain farmland or forest land (DOC, 2022); therefore, the proposed Project would not result in the 
conversion or loss of agriculture or forest land, and no impacts would occur. 

3.5 Areas of Critical Environmental Concern 

3.5.1 Initial Study Determination (CEQA) 

ACECs are not a separate resource category analyzed in the IS under CEQA, therefore, no determinations or 
environmental impacts are provided for a CEQA impact analysis herein.  

3.5.2 Affected Environment 

The area of analysis for impacts to ACECs includes the Project Area, as the majority of the Project Area 
falls within the Picacho ACEC (Figure 1-1). The Picacho ACEC consists of approximately 184,500 acres 
of land to protect cultural and biological resources while providing compatible recreational opportunities 
in the Colorado Desert and Lake Cahuilla Ecoregions (BLM 2016). ACECs are public lands where special 
management is required in order to protect the area’s values. To be eligible for designation as an ACEC, an 
area must meet criteria for both relevance and importance. An ACEC possesses significant historic, cultural, 
or scenic values, fish or wildlife resources, natural processes or systems, or natural hazards. The Picacho 
area was designated as an ACEC based on critical habitat for desert tortoise populations, preservation of 
wilderness character, and numerous prehistoric and historic archaeological sites within the area, which 
include remnants of the Tumco historic gold mining district and the Quechan Area of Traditional Cultural 
Concern (BLM 2016). Mineral entry within the Picacho ACEC has not been withdrawn; therefore, locatable 
mineral exploration and development is not prohibited on lands within the ACEC. The DRECP specifies 
that development in the Picacho ACEC is limited by a ground disturbance cap of below one percent 
however disturbance caps are not something that can be used to reject a project’s Plan of Operations or 
Notice level activities under the Mining Law of 1872. Disturbance caps would  effectively deny access to 
exploration and mining development from areas that have exceeded the disturbance cap; however, denying 
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access to areas that are open to mineral development would violate the Mining Law of 1872. The DRECP 
includes guidance on how BLM will manage discretionary actions, such as mineral material sales, which 
are subject to BLM mitigation policies under the DRECP. Under the Mining Law of 1872, projects 
regulated under 43 CFR 3809 are not discretionary in the same sense, and BLM must enforce the 
performance standards under 43 CFR 3809.420. Many of the LUPA-wide CMAs are relevant to those 
performance standards and can be applied; however, mitigation, particularly off-site mitigation, is not 
something BLM is able to require for projects that are regulated under the Mining Law of 1872, but onsite 
mitigation, which is included in 43 CFR 3809.420(a)(4), is allowed. Mitigation is defined under 43 CFR 
3809.5 and would need to be associated with compliance with other federal laws (e.g., ESA, NHPA, etc.). 

3.5.3 Environmental Impacts (NEPA) – Proposed Action 

As described above, disturbance caps cannot be used to reject a project’s Plan of Operations for projects 
regulated under the Mining Law of 1872 and the requirements of 43 CFR 3809. However, potential 
mitigation for impacts to ACECs may include one or more of the following per 40 CFR 1508.20: (1) 
Avoiding the impact altogether by not taking a certain action or parts of an action; (2) Minimizing impacts 
by limiting the degree or magnitude of the action and its implementation; (3) Rectifying the impact by 
repairing, rehabilitating, or restoring the affected environment; (4) Reducing or eliminating the impact over 
time by preservation and maintenance operations during the life of the action; and (5) Compensating for 
the impact by replacing or providing substitute resources or environments. Where project components are 
proposed to occur on undisturbed land, the DRECP would otherwise require additional compensatory 
mitigation, but compensatory off-site mitigation is not within BLM’s discretion to require for Mining Law 
actions within the FLPMA framework. Situations where BLM lacks discretion to require compensatory 
mitigation are recognized in the DRECP as an exception to the disturbance mitigation requirement (BLM 
2016, p.35, p.17848). BLM has further elaborated on the topic of mitigation in the Federal Register/Vol. 
65, No. 225/Tuesday, November 21, 2000/Rules and Regulations p. 70012. There, BLM acknowledges that 
Section 302(b) and 303(a) of FLPMA, 43 U.S.C. 1732(b) and 1733(a), and the mining laws, 30 U.S.C. 22, 
provide BLM the authority for requiring mitigation within certain contexts; however, the final rule does not 
require compensatory mitigation. BLM thus requires mitigation to prevent unnecessary or undue 
degradation where such mitigation can be performed onsite; however, operators may voluntarily commit to 
performing off-site mitigation (including compensatory mitigation). Mitigation requirements would be 
fulfilled through the measures elaborated in the PDFs (Appendix F) and through adherence to the 43 CFR 
3809.420 performance standards. Under the Proposed Action, SMP has committed to specifically avoid the 
resources the Picacho ACEC is designated to protect, including biological and cultural resources 
(Appendix F), which is in line with the first provision of 40 CFR 1508.20 as described above. In accordance 
with the DRECP, the Project must comply with all relevant CMAs for ACECs as provided in Appendix B 
and Appendix F. With the implementation of the PDF to avoid the protected resources of the Picacho 
ACEC (Appendix F) and commitment to the CMAs (Appendix B and Appendix F), impacts to the Picacho 
ACEC from the Proposed Action are anticipated to be negligible, short-term, and localized. Furthermore, 
all surface disturbance would be reclaimed concurrently with exploratory drilling activities, and monitoring 
for the success of reclamation of those areas would be completed within five years of Project 
implementation. The only exception is the temporary portal access road for access to Drill Area 1, the 
staging area, and underground activities at the Oro Cruz Mine Portal within Drill Area 1, which would be 
reclaimed within five years from Project implementation once monitoring and underground activities are 
completed. Potential impacts to cultural resources and to Native American religious concerns and 
traditional values are discussed in further detail in Section 3.8 and 3.14, respectively.  

3.5.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved; therefore, impacts to the Picacho 
ACEC are not anticipated.  
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3.6 Climate Change, including Greenhouse Gas Emissions 

3.6.1 Initial Study Determination (CEQA) 

Table 3-9 provides the impact determinations for GHG emissions. 

Table 3-9 Greenhouse Gas Emissions Environmental Checklist 

Greenhouse Gas Emissions Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

Generate greenhouse gas emissions, either directly 
a) or indirectly, that may have a significant impact on 

the environment? 
Conflict with an applicable plan or policy or 

b) regulation adopted for the purpose of reducing the 
emissions of greenhouse gases? 

3.6.2 Affected Environment 

The area of analysis for climate change, including GHG emissions, is the Project Area and the proposed 
disturbance footprint, which includes the proposed Drill Areas and access roads (Figure 3-1). Climate change 
is defined by the Intergovernmental Panel on Climate Change (IPCC) as a change in the state of the climate 
that can be identified (e.g., by using statistical tests) by changes in the mean or the variability of its properties 
and that persist for an extended period, typically decades or longer. It refers to any change in the climate over 
time, whether due to natural variability or as a result of human activity (IPCC 2013). 
Ongoing scientific research has identified anthropogenic GHG emissions as potential impacts to the global 
climate. GHGs occur naturally as well as through man-made processes. Through complex interactions on a 
global scale, GHG emissions lead to a net warming of the atmosphere. GHGs have been found to be capable 
of trapping heat in the atmosphere by decreasing the amount of heat radiated by the Earth out to space. GHG 
emissions are comprised of many separate chemicals, but the most notable is carbon dioxide (CO2). 
Industrialization and the burning of fossil fuels have increased the levels of CO2 in the atmosphere over the 
past century. The EPA has formed a correlation of the various gasses with CO2 so that any particular GHG 
can be shown as a carbon dioxide equivalent (CO2e). This methodology allows gaseous emissions to be 
reduced to the CO2e and compared with area wide GHG emissions on a local, state-wide, country-wide, or 
global level. 
The EPA estimated the national GHG emissions in 2019 (the most recent year for which national and state of 
California data has been tabulated) were 6,571.7.4 million metric tons of CO2e. As provided above in Section 
3.3.2, the EPA Significant Emission Rate for GHG CO2e is 75,000 tons per year. The EPA categorized the 
major economic sectors contributing to US emissions of GHGs in 2020 as follows (EPA 2022): 

• Electric power generation (25.1 percent)
• Transportation (28.5 percent)
• Industry (23.1 percent)
• Agriculture (10.1 percent)
• Commercial, residential sources and U.S. Territories (13.2 percent)

CARB estimated California’s statewide GHG emissions in 2019 (the most recent year for which data has been 
tabulated) at 418.2 million metric tons of CO2e. The major economic sectors contributing to California’s 
emissions of GHGs in 2019 were as follows (CARB 2022b): 

• Electric power generation (14 percent)
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• Transportation (41 percent)
• Industry (24 percent)
• Agriculture (7 percent)
• Commercial, residential sources (14 percent)

Sources of GHG emissions in the vicinity of the Project Area include vehicles (including OHVs) traveling 
to, from, and within the area of analysis, and construction and operation for mineral and energy 
development. GHG emissions are likely to increase as these activities increase. Warmer and more arid 
conditions coupled with seasonal variability in precipitation events have led to limited water supplies and 
severe droughts in several parts of California. Models show significant increases in maximum monthly 
temperatures, with the Sonoran Desert Ecoregion expected to undergo general warming with a greater than 
35°F increase by 2060 in some areas, with greater increases in temperature projected to occur during the 
winter months. Potential effects of these forecasts on the landscape could include increased frequency and 
duration of droughts, expansion of invasive species that lead to increased risk of wildfire, increased wind 
erosion, changes in vegetation communities as forage and habitat for wildlife, and changes in wildfire 
regimes (Strittholt et al. 2012). Current climate conditions in the state of California have increased over the 
last decade, including rising temperatures and decreasing precipitation leading to more frequent wildfires 
and increased drought. Eight of the ten warmest years on record for California occurred between 2012 and 
2022 (OEHHA 2022). California GHG emissions peaked in 2004 but have been on a downward trend since 
and have remained below California’s GHG emissions reduction goal since 2016 (OEHHA 2022). 

3.6.3 Environmental Impacts (NEPA) – Proposed Action 

Climate change is a far-reaching and long-term issue that has and would continue to impact the area of 
analysis, its resources, and management beyond the timeframe of the Proposed Action. Although many 
effects of climate change are considered known or likely to occur, specific impacts to the area of analysis 
cannot be determined exactly with the current level of understanding. Climate change is inherently a 
cumulative effect from numerous contributing factors (i.e., increased in GHG concentrations and various 
land uses) and can typically be seen by review of reported trends of regional climatology. No single project 
is large enough to impact climate change; therefore, the discussion herein considers cumulative 
environmental impacts. Much depends on the rate at which temperatures continue to rise and whether global 
emissions of GHGs can be mitigated before serious ecological thresholds are reached. California GHG 
emissions peaked in 2004 but have been on a downward trend since and have remained below California’s 
GHG emissions reduction goal since 2016 (OEHHA 2022). As discussed above in Section 3.3.3, GHG 
emissions from the Proposed Action would occur any time the internal combustion engines on Project 
vehicles are operating and as a result of vehicular travel to and from the Project Area each day by Project 
personnel. An emissions inventory was compiled using US EPA-Air Pollution 42 emission factors 
(Appendix E). Based on the anticipated emissions from vehicles, generators, drilling equipment, and 
helicopters for temporary road and drill site construction, exploratory drilling, and laydown yard activities, 
the Proposed Action would result in maximum yearly predicted GHG emissions of 3,021 metric tons. The 
anticipated Project emissions are below the EPA Significant Emission Rate for GHG CO2e emissions of 
75,000 tons per year, as identified above in Section 3.3.3. The 3,021 metric tons of predicted GHG 
emissions from the Proposed Action would be equivalent to GHG emissions from 672 passenger vehicles 
driven for one year or energy use for 381 homes for a year. The estimated 3.021 metric tons of GHG 
emissions is also equivalent to the GHG emissions avoided and/or offset by 0.84 wind turbines running for 
one year (EPA 2023b). Anticipated annual Project and daily operational GHG CO2e emissions under the 
Proposed Action would be below both the EPA significant emissions (75,000 tons per year)and the 
SCAQMD emissions thresholds (10,000 metric tons per year for industrial projects, described further in 
Section 3.6.5 below). Due to the low emission rates from the Proposed Action, climate change influences 
are not likely to be affected. Additionally, climate change would not impact the Proposed Action as 
equipment availability, timing (one to two years for active drilling plus three years for reclamation and 
monitoring), drilling locations, temporary access road construction requirements, and exploration capacity 
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would not be impacted by factors of climate change influences such as increased temperatures and 
decreased precipitation. Potential impacts resulting from GHG emissions associated with the Proposed 
Action are expected to be negligible as CO2e emissions would not exceed the regulatory thresholds 
described above and are not large enough to change the observed course of climate change in any detectible 
way; overall, impacts would be short term, and localized.  

3.6.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved and therefore, related impacts to 
climate change and GHGs would not occur. Potential impacts within the area would continue to occur under 
existing conditions. 

3.6.5 Impact Analysis (CEQA) 

In response to climate change, California implemented Assembly Bill (AB) 32, the “California Global 
Warming Solutions Act of 2006.” AB 32 required the reduction of statewide GHG emissions to 1990 
emissions levels (essentially a 15 percent reduction below 2005 emission levels) by 2020 and the adoption 
of rules and regulations to achieve the maximum technologically feasible and cost-effective GHG emissions 
reductions. On September 8, 2016, the Governor signed Senate Bill (SB) 32 into law, extending AB 32 by 
requiring the State to further reduce GHG emissions to 40 percent below 1990 levels by 2030 (the other 
provisions of AB 32 remain unchanged). On December 14, 2017, the CARB adopted the 2017 Scoping 
Plan, which provides a framework for achieving the 2030 target. The 2017 Scoping Plan relies on the 
continuation and expansion of existing policies and regulations, such as the Cap-and-Trade Program and 
the Low Carbon Fuel Standard, and implementation of recently adopted policies and legislation, such as 
SB 1383 (aimed at reducing short-lived climate pollutants including methane, hydrofluorocarbon gases, 
and anthropogenic black carbon) and SB 100 (accelerated the Renewables Portfolio Standard to increase 
procurement from eligible renewable energy resources to 33 percent of total retail sales by 2020, 60 percent 
by 2030, and 100 percent by 2045). The 2017 Scoping Plan also puts an increased emphasis on innovation, 
adoption of existing technology, and strategic investment to support its strategies. As with the 2013 Scoping 
Plan Update, the 2017 Scoping Plan does not provide project-level thresholds for land use development. 
Instead, it recommends local governments adopt policies and locally appropriate quantitative thresholds 
consistent with a statewide per capita goal of 6.0 metric tons (MT) of CO2e by 2030 and 2.0 MT of CO2e 
by 2050 (CARB 2017). 

Most recently, CARB adopted an updated to the Scoping Plan in 2022, which evaluated four development 
scenarios for California, and their potential for reducing GHGs. The summary below provides an overview 
of the alternatives designed and considered for the energy and industrial sectors in this update. Full details 
of each scenario considered can be found in the Draft 2022 Scoping Plan Update (CARB 2022) 

• Scoping Plan Scenario (modeling scenario Alternative 3 from the Draft): carbon neutrality by 2045, 
deploy a broad portfolio of existing and emerging fossil fuel alternatives and clean technologies, 
and align with statutes, Executive Orders, Board direction, and direction from the governor.

• Alternative 1: carbon neutrality by 2035, nearly complete phaseout of all combustion, limited
reliance on carbon capture and sequestration and engineered carbon removal, and restricted
applications for biomass-derived fuels.

• Alternative 2: carbon neutrality by 2035 and aggressive deployment of a full suite of technology 
and energy options, including engineered carbon removal.

• Alternative 4: carbon neutrality by 2045, deployment of a broad portfolio of existing and emerging 
fossil fuel alternatives, slower deployment and adoption rates than the Scoping Plan Scenario, and 
a higher reliance on CO2 removal.
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The Imperial County Regional Climate Action Plan (ICTC 2021), published by the Imperial County 
Transportation Commission in 2021, is the County’s long-range plan that outlines specific strategies for 
how the region would work towards reducing GHG emissions in accordance with statewide targets set by 
CARB. The proposed Project’s consistency with the Regional Climate Action Plan is discussed below under 
CEQA Criteria b). 

a) Would the Project generate greenhouse gas emissions, either directly or indirectly, that may have 
a significant impact on the environment?

Less Than Significant Impact: No, the proposed Project would not directly or indirectly generate GHG 
emissions that may have a direct or indirect significant impact on the environment. As discussed in Section 
3.3 and Section 3.9, Project GHG emissions would primarily result from fuel consumption. Note the Project 
would not consume electricity, which is an indirect source of GHG’s as a result of power generation. 

Based upon the proposed Project activities (vehicles, mobile equipment, drill rig operations, etc.), The 
Project’s annual GHG emissions were quantified as provided in Section 3.3.3. Neither the County nor the 
ICAPCD have published GHG thresholds that can be utilized for Project-specific CEQA significance 
determination; therefore, the screening thresholds published by the South Coast Air Quality Management 
District (SCAQMD) were used to evaluate potential significance of the Project’s GHG impacts. In 
December of 2008, the SCAQMD Governing Board adopted an interim GHG significance threshold for 
projects where the SCAQMD is a CEQA lead agency. This interim established a threshold for 10,000 MT 
of CO2e emissions per year for industrial projects. SCAQMD has also proposed a screening-level threshold 
of 3,000 MT CO2e per year for commercial and residential projects. As shown in Table 3-10, Project GHG 
emissions are well below the applicable SCAQMD GHG screening threshold for industrial projects. 

Table 3-10 Estimated Project Greenhouse Gas Emissions 

Parameters CO2e (MT per year) 
Project Emissions 3,021 
SCAQMD Screening Threshold (commercial/residential projects) 3,000 
SCAQMD Screening Threshold (industrial projects) 10,000 
Exceeds Screening Threshold(s)? No 

Note: see Appendix E for summary of predicted air emissions. 

Note that GHG emissions were quantified for the Project for disclosure purposes. As discussed above, 
climate change is a cumulative effect, and no single project is large enough to impact climate change. 
Further, although the Project is estimated to generate up to approximately 3,021 metric tons of GHGs per 
year from combustion of gasoline/diesel fuels, these fuels are regulated near the top of the supply chain. As 
such, each citizen of California (including SMP as the proponent of the Project) has and would continue to 
necessarily purchase fuels produced in a way that is acceptable to the California market. Therefore, the 
estimated Project GHG emissions are consistent with the AB 32 Scoping Plan, and the Project would meet 
its fair share of the cost to mitigate the cumulative impacts of global climate change. This concept is 
reflected in both the 2017 and subsequent 2022 Scoping Plans, which regulates fuels at a level in the supply 
chain above the Project, such that the Project has no choice but to use fuel energy in California that is 
already regulated. The Project therefore does not have its own GHG emissions but is simply a location in 
which GHG emissions are taking place as a result of fuel that is already regulated. 

For the reasons discussed above, the Project would not generate additional GHG emissions, either directly 
or indirectly, that may have a significant impact on the environment, and there would be less than significant 
impacts. 

b) Would the Project conflict with an applicable plan or policy or regulation adopted for the purpose 
of reducing the emissions of greenhouse gases?
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Less Than Significant Impact: As discussed under CEQA Criteria a) above, the Project would not 
significantly increase GHG emissions, and Project GHG emissions are not expected to be cumulatively 
considerable. Nonetheless, the Regional Climate Action Plan (ICTC 2021) was reviewed to determine the 
Project’s consistency with specific goals meant to reduce GHG emissions. Specifically, Section 4.1 of the 
Regional Climate Action Plan describes specific measures that apply to GHG emissions from all sectors 
which the County should implement to “close the gap” between the Legislatively-Adjusted Business As 
Usual (BAU) emissions forecast and the 2030 and 2050 emissions reduction targets published by CARB. 
The County-wide GHG reduction measures were reviewed, and the Project would not conflict with any 
specific measure, program, or policy published within the Regional Climate Action Plan. For these reasons, 
the Project is considered consistent with the County’s Regional Climate Action Plan and would not prevent 
the County from achieving their GHG reduction goals. 

As stated under CEQA Criteria a) above, it is generally recognized that consumers of electricity and 
transportation fuels, such as SMP, are, in effect, regulated by requiring providers and importers of electricity 
and fuel to participate in the GHG Cap‐and‐Trade Program and other statewide programs (e.g., low carbon 
fuel standard, renewable portfolio standard, etc.). Each such sector‐wide program exists within the 
framework of AB 32 and its descendant laws, the purposes of which is to achieve GHG emissions reductions 
consistent with the AB 32 Scoping Plan. Therefore, while the Project would generate short-term (i.e., over 
12- to 24-months) GHG emissions due to combustion of transportation fuels, the GHG emissions associated 
with the Project’s fuel consumption would be regulated near the top of the supply‐chain as transportation 
fuel suppliers and importers are required to report emissions under the Cap-and-Trade, which is designed 
to reduce GHG emissions as needed to achieve emissions reductions, described in related planning
documents, primarily the AB 32 Scoping Plan. As such, each citizen of California (including SMP) would
have no choice but to purchase fuels produced in a way that is acceptable to the California market. Thus, 
in addition to the Regional Climate Action Plan, the Project would also be consistent with the relevant state-
wide GHG reduction plan (i.e., AB 32 Scoping Plan). The Project would meet its fair share of the cost to
mitigate the cumulative impact of global climate change because SHP is purchasing energy from the
California market.

For the reasons summarized above, the Project would not conflict with any applicable plans, policies or 
regulations for the purpose of reducing GHG emissions. Implementation of the Project would not impede 
the County from meeting its’ GHG emissions reduction goals, including those outlined in the Imperial 
County Regional Climate Action Plan (ICTC 2021). Therefore, there would be less than significant impacts. 

3.7 Conservation Lands 

3.7.1 Initial Study Determination (CEQA) 

Conservation lands is not a resource category analyzed in the IS under CEQA, therefore, no determinations 
or environmental impacts are provided for a CEQA impact analysis herein.  

3.7.2 Affected Environment 

The area of analysis for conservation lands is the Project Area. The area of analysis falls within the CDCA, 
designated as California Desert National Conservation Lands, which encompasses 25 million-acres of land 
in southern California and makes up 624.2 acres of land (99 percent) within the area of analysis (Figure 1-
1). The BLM administers about 10 million acres of the CDCA. Within the CDCA, the DRECP was 
developed as a collaboration between the California Energy Commission, CDFW, BLM, and the USFWS. 
The DRECP LUPA (BLM 2016), which amended the CDCA Plan, was intended to facilitate the 
development of utility-scale renewable energy and transmission projects in the Mojave and Colorado 
deserts in California to reach federal and social resources; however, the DRECP LUPA is applicable across 
all of the lands under the jurisdiction of the BLM California Desert District Office. 
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CDCA lands have been identified as having national significant ecological, cultural, and scientific values 
and are managed to conserve, protect, and restore these values per the Omnibus Public Land Management 

ct of 2009 (Public Law 111-11). The primary biological resources goals of the DRECP LUPA are 
andscape and habitat connectivity, ecosystem and ecological function, and species conservation. The area 
f analysis lies within the Lake Cahuilla ecoregion of the CDCA and makes up less than 0.01 percent of 
he total 25 million acres of the CDCA (BLM 2016).  

A
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3.7.3 Environmental Impacts (NEPA) – Proposed Action 

The Proposed Action would result in 20.54 acres of surface disturbance, all anticipated to occur within the 
CDCA and specifically the Picacho ACEC National Conservation Lands. The Project would not be located 
within a High Potential Mineral Area. All areas of surface disturbance resulting from Project-related 
activities would be reclaimed concurrently throughout the life of the surface exploration Project, except for 
the proposed new 1.8-mile main access road to the underground portal within Drill Area 1 (Figure 2-1). 
The proposed new main access road would be reclaimed following SMP’s completion of underground 
exploration activities, The remaining surface disturbance reclaimed within five years from Project 
implementation. Per the requirements designated by the DRECP LUPA (BLM 2016), the following CMAs 
for National Conservation Lands would be required for implementation under the Proposed Action: NLCS-
CUL-1, NLCS-MIN-2, and NLCS-NSHT-12. These CMAs are described in full under Appendix F. 
Impacts to National Conservation Lands from the Proposed Action are anticipated to be negligible, short-
term, and localized. 

3.7.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved and associated impacts to conservation 
lands are not anticipated; however, potential impacts within the area could occur under existing conditions 
as the area would still be available for use by the general public. 

3.8 Cultural Resources 

3.8.1 Initial Study Determination (CEQA) 

Table 3-11 provides the impact determinations for cultural resources. 

Table 3-11 Cultural Resources Environmental Checklist 

Cultural Resources Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

a) 
Cause a substantial adverse change in the 
significance of a historical resource pursuant 
§15064.5? 

to     

b) 
Cause a substantial adverse change in the 
significance of an archaeological resource 
pursuant to §15064.5? 

    

c) Disturb any human remains, including those 
interred outside of dedicated cemeteries?     

PC ORIGINAL PKG



3.8.2 Affected Environment 

The area of analysis for cultural resources is also referred to as the area of potential effects (APE). For the 
proposed Project, there is a Physical APE and a Visual, Auditory, and Atmospheric (VAA) APE, which 
represents the Visual APE and the Auditory APE (Figure 3-2).  

The Physical APE encompasses the Project Area and includes all areas of potential ground disturbing 
activity which could result in the potential impacts to cultural resources, and in particular archaeological 
sites. The APE encompasses an area sufficient to accommodate all of the Project components under 
consideration (i.e., access roads, fencing, drill pads, helicopter landing pads, and staging areas). The 
Physical APE encompasses approximately 279 acres, including the seven proposed drill areas and new and 
improved access roads proposed under the Project.  

The VAA APE combines two separate areas for potential visual and auditory impacts. The Visual APE was 
delineated by conducting a viewshed analysis in the vicinity of the Project Area and the Auditory APE was 
delineated by conducting noise modeling of the proposed Project activities to determine the extents to which 
historic properties may be affected by the sounds and sights of the proposed drilling and exploratory 
activities (Daniels et al. 2022). The purpose of the VAA APE is to assist in the identification of sites or 
locations potentially deemed sacred or traditionally important by Native American Tribes that may be 
adversely affected by visual obstructions and loud noise levels such that the integrity of the setting and 
feeling of the sites is disturbed; even if only temporarily. To address potential impacts and delineate the 
Visual APE, a viewshed analysis was conducted in ArcGIS using seven points each at the centroid of the 
Project’s seven proposed drill areas and a height of 40 feet, the tallest height of the proposed drilling 
equipment (Stantec 2022a). The extent of potential auditory effects and delineation of the Indirect Auditory 
APE was conducted by creating noise contours in a noise modeling software (SoundPlan) to detail the 
furthest distance in miles where potential Project noise would attenuate to an imperceptible level with a 
maximum of two drill rigs running at once, per the proposed Project activities. The extent of the Auditory 
APE incorporates the furthest noise contour where noise would attenuate to a nearly inaudible level to the 
human ear; approximately 1.7 miles to the west of the Project Area (Stantec 2022b). 

Cultural Resource Sites 
A Project-specific Class III cultural resource inventory was conducted for the Project Area (Daniels et al. 
2022), in accordance with Section 106 of the NHPA. The Class III inventory included a records search at 
the South Coastal Information Center (SCIC), an intensive pedestrian survey within the Physical APE, and 
a desktop assessment of effects to cultural resources within the VAA APE. A total of 75 cultural resources 
were identified within 1 mile of the Physical APE, 12 of which intersect the Physical APE. The Class III 
survey re-identified the 12 previously recorded sites and documented one newly recorded site (CA-IMP-
13336) within or intersecting the Physical APE (Table 3-12).  

Table 3-12 Cultural Resource Sites in the Physical APE 

Site number Site Type National Register of Historic Places 
Evaluation 

Previously Recorded Sites 

CA-IMP-1469 Prehistoric Trail Unevaluated 

CA-IMP-3297/3300H/3302 Hedges/Tumco Historic Townsite Eligible (Criteria A, C, and D) 

CA-IMP-3298 Historic cemetery Unevaluated 

CA-IMP-7915 Transmission line Unevaluated 

CA-IMP-11343H Golden Queen Mine Not Eligible 
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Site number Site Type National Register of Historic Places 
Evaluation 

CA-IMP-11344H Crown Mine Not Eligible 

P-13-015600 Mine Unevaluated 

P-13-015601 Mine Unevaluated 

P-13-015602 Mine Unevaluated 

P-13-015656 Mine Unevaluated 

P-13-015841 Mine Unevaluated 

Newly Recorded Sites 

CA-IMP-13336 Prehistoric Ceramic Scatter Unevaluated 

P-13-018460 Mine Related -Tailings Unevaluated 

P-13-018461 Mine Related – Adit 4 Unevaluated 

P-13-018462 Mine Related – Adit 7 Unevaluated 

P-13-018463 Mine Related – Prospect Pit 1 Unevaluated 

P-13-018464 Mine Related – Prospect Pit 2 Unevaluated 

P-13-018465 Mine Related – Prospect Pit 13 Unevaluated 
Source: Daniels et al. 2022 

CA-SDI-3297/3300/3302 are historic archaeological sites recorded in association with the historic mining 
town of Hedges, later known as Tumco. These sites have been evaluated and found eligible for listing on 
the National Register of Historic Places (NRHP) under Criteria A, C, and D. These NRHP properties would 
be avoided through Project design, redesign, or relocation of facilities.  

Within the Physical APE, 29 other mining features were identified outside previously defined site 
boundaries, including seven adits, 16 prospects, one mine shaft, three rock cairns, a tent pad, and a wooden 
cross. The ages of all but six of these features are unknown. The six features are visible on aerial imagery 
or topographic quadrangles from the 1960s. The six historic mine features were recorded as archaeological 
sites and given the numbers P-13-018460, P-13-018461, P-13-018462, P-13-018463, P-13-018464, and P-
13-018465. These sites have not been formally evaluated for listing on the NRHP.

Within the VAA APE, 25 cultural prehistoric resources were identified that may be in continued use by 
Native American individuals, such as trails, geoglyphs, and rock art sites. Some of the trail segments 
identified have been interpreted as historic trails associated with the previous mining activity in the area, 
but their use by Native Americans both in prehistoric and historic times cannot be ruled out; 
therefore, all identified trail sites were included in the VAA APE assessment. A Traditional Cultural 
Property (TCP) has also been identified to extend beyond the VAA APE; however, the full extent of 
the TCP has not been physically delineated.   

Section 106 of the NHPA consultation with California State Historic Preservation Officer (SHPO) on the 
project, cultural resource inventory APE, and the inventory work plan was initiated April 16, 2021 and 
August 10, 2021 respectfully.  

Environmental Assessment/Mitigated Negative Declaration August 2023 
Oro Cruz Exploration Plan of Operations 36 PC ORIGINAL PKG



3.8.3 Environmental Impacts (NEPA) – Proposed Action 

Potential impacts to cultural resources include the following: impacts to historic properties and the TCP 
from exploration activities; discovery of inadvertent finds during exploration activities; and discovery of 
human remains during exploration activities. 

Of the 279-acre Physical APE, 20.54 acres of BLM-administered land would be disturbed under the 
Proposed Action. Direct impacts to NRHP-eligible historic properties, including surface or subsurface 
disturbance incurred during exploration activities could occur within the Project Area. These potential 
impacts could occur during the construction of access routes, staging areas, helicopter pads, drill pads, 
and/or exploration operations. Any inadvertent cultural resources discovered within a 100-meter area during 
construction, operations, and/or reclamation would require SMP to cease all work immediately and notify 
the BLM Authorized Officer. The BLM Authorized Officer would then evaluate the discovery in 
coordination with other consulting parties to determine and implement appropriate treatment, if necessary. 
A Monitoring and Discovery Plan will outline the process for addressing inadvertent discoveries, 
which will be consulted on before BLM approval.  

Direct impacts to known historic properties or unevaluated resources would be avoided through Project 
design, redesign, or relocation of facilities where feasible.  

Neither of the two prehistoric sites nor the larger TCP identified within the Physical APE have been 
evaluated for listing in the NRHP and would be avoided. Precautionary Environmentally Sensitive Area 
fencing would be placed along the access road bordering CA-IMP-1469 to prevent inadvertent impacts. 
Additional Environmentally Sensitive Area fencing may be added in other locations at the request of the 
contracted archaeological firm in consultation with the BLM. The BLM would also require an additional 
mitigation measure, to conduct periodic archaeological monitoring (checking fencing, access routes, and 
drill pad locations) by a contracted archaeological firm. With avoidance measures in place per the PDFs 
(Appendix F), the resources would be avoided and no adverse impacts would occur. 

All of the historic period sites except CA-SDI-3297/3300/3302 have yet to be formally evaluated. Based 
on the results of the Class III inventory, these sites likely lack integrity and research potential (Criterion D), 
are not associated with important historical events (Criterion A) or individuals (Criterion B), and do not 
represent distinctive examples of structural types or works of master craftsmen (Criterion C) (Daniels et al. 
2022). However, SMP has committed to avoidance of all sites.  

Visual or noise effects could occur during the construction and operation of the exploration operations 
within the VAA APE. Effects would be temporary and may include visual obstructions and loud noise 
levels which could affect the integrity of setting or feeling of locations  deemed sacred or traditionally 
important by Native Americans, such as the TCP. As noted above, all known archaeological sites that make 
up a part of the TCP within the VAA APE would be physically avoided and no adverse impacts would 
occur. Assessment of the Visual APE identified 18 potential sites that may be visually affected; however, 
views of the Project would not likely create adverse effects to historic properties and any visual impacts at 
identified sites would be temporary. Assessment of the Auditory APE and review of the noise modeling 
(described further under Section 3.15) identified that noise levels would be similar to those for a suburban 
residential area at night, a level that would not likely cause adverse effects to significant Native American 
resources, and any noise level increases at identified sites would be temporary and intermittent throughout 
the life of the Project. Impacts to cultural resources within the VAA APE under the Proposed Action and 
with the BLM required mitigation measures would be negligible, short-term, and localized. 

BLM-required mitigation measures include the following: 

• A cultural monitoring and inadvertent discovery plan will be prepared in consultation with the BLM
ECFO archaeologist, Native American Tribes, and CA SHPO and implemented prior to conducting
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fieldwork. Any inadvertent cultural resources discovered during construction, operations, and/or 
reclamation would require SMP to cease all work immediately and notify the BLM Authorized 
Officer. The BLM Authorized Officer would then evaluate the discovery in coordination with other 
consulting parties to determine and implement appropriate treatment, if necessary. 

• All known culturally sensitive areas within 100 feet of ground disturbing activities and access roads 
will be safeguarded with periodic archaeological monitoring and barrier fencing, in consultation
with the BLM ECFO archaeologist,

• Periodic archaeological monitoring (checking fencing, access routes, and drill pad locations, etc.)
will be conducted by SMP’s archaeological contractor (at least once every 2 weeks during drilling 
activities) in consultation with BLM ECFO archaeologist. Participation in the monitoring effort by 
Tribes will be recommended.

Section 106 consultation with the SHPO was initiated for the BLM’s cultural resources findings and 
determinations on May 19, 2023. The 30-day consultation period with SHPO was completed June 20, 2023. 
The BLM received a letter response on June 28, 2023 stating there were no objections to the No Adverse 
Effect to Historic Properties determination.  

3.8.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be authorized and associated surface disturbances 
and indirect auditory and visual effects would not occur. There would be no impacts to the identified historic 
properties. 

3.8.5 Impact Analysis (CEQA) 

a) Would the Project cause a substantial adverse change in the significance of a historical resource 
pursuant to §15064.5?

Less Than Significant Impact with Mitigation: Potential impacts to cultural resources include the 
following: direct impacts to historic properties from exploration activities; discovery of unanticipated finds 
during exploration activities; and discovery of human remains during exploration activities. Of the 279-
acre Physical APE evaluated, 20.54 acres would be physically disturbed by the Project. Additionally, the 
Project site is entirely within an area previously disturbed by historical mining activities, with surrounding 
land uses that include prospecting and recreation. As such, the potential to impact historic resources is 
considered low. 

Additionally, direct physical impacts to historic properties would be avoided through project design, 
redesign, or relocation of facilities where feasible. When avoidance is not feasible an appropriate treatment 
plan would be designed, in consultation with the State Historic Preservation Officer (SHPO) and California 
Office of Historic Preservation, to lessen or mitigate project-related effects to historic properties. 

All of the historic period sites except CA-SDI-3297/3300/3302 (see Table 3-12 above) have yet to be 
formally evaluated. Based on the results of the Class III inventory, these sites likely lack integrity and 
research potential (Criterion D), are not associated with important historical events (Criterion A) or 
individuals (Criterion B), and do not represent distinctive examples of structural types or works of master 
craftsmen (Criterion C) (Daniels et al. 2022). Nonetheless, the Project has been designed to avoid of all 
these sites.  

As stated above, the overall proposed Project would be limited in scope (i.e., 20.54 acres of new 
disturbance) and duration (12- to 24-months of exploration activities).  To ensure the Project’s potential 
adverse impacts to cultural resources are avoided, the PDFs, CMAs, and additional mitigation measures as 
described above under Section 3.8.3 and included in Appendix F would be required by the BLM and 
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Imperial County. These measures would be implemented throughout exploratory drilling construction and 
operation and reclamation activities.  

Through the implementation of the avoidance and protection measure summarized in Section 3.8.3 above, 
the Project would not have an adverse effect on those historic resources not yet formally evaluated.  
Therefore, Project impacts would be less than significant with mitigation incorporated. 

b) Would the Project cause a substantial adverse change in the significance of an archaeological
resource pursuant to §15064.5?

Less Than Significant Impact with Mitigation: See response to CEQA Criteria a) above. As stated above, 
the overall proposed Project would be limited in scope (i.e., 20.54 acres of new disturbance) and duration 
(12- to 24-months of exploration activities). Additionally, the Project site is within an area previously 
disturbed by historical mining activities, with surrounding land uses that include prospecting and recreation.  
As such, the potential to impact archeological resources is considered low. 

Additionally, neither of the two prehistoric sites identified within the Physical APE (see Table 3-12 above) 
have been evaluated for listing in the NRHP and would be avoided. Specifically, to ensure the Project’s 
potential adverse impacts to archeological resources are avoided, the following protection measure shall be 
implemented. The PDFs, CMAs, and additional mitigation measures as described above under Section 
3.8.3 and included in Appendix F would be required by the BLM and Imperial County. These measures 
would be implemented throughout exploratory drilling construction and operation and reclamation 
activities. With such avoidance measures in place, both of the prehistoric sites would be avoided, and no 
adverse impacts would occur. Therefore, through the implementation of the avoidance and protection 
measure summarized above, the Project would not have an adverse effect on archaeological resources, and 
Project impacts would be less than significant with mitigation incorporated. 

c) Would the Project disturb any human remains, including those interred outside of dedicated
cemeteries?

Less Than Significant Impact with Mitigation: See response to CEQA Criteria a) and b) above.  As stated 
above, the overall proposed Project would be limited in scope (i.e., 20.54 acres of new disturbance) and 
duration (12- to 24-months of exploration activities). Additionally, the Project site is within an area 
previously disturbed by historical mining activities, with surrounding land uses that include prospecting 
and recreation. As such, the potential to encounter undiscovered human remains is considered low. 

Nonetheless, all ground-disturbing activities have the potential to unearth archaeological sites or human 
remains. Therefore, to ensure the Project would avoid inadvertent impacts to undiscovered human remains, 
including those interred outside of dedicated cemeteries, the following avoidance and protection measures 
would be implemented as described within the PDFs, CMAs, and additional mitigation measures under 
Section 3.8.3 and included in Appendix F. 

With the specified avoidance measures in place, there would be less than significant impacts to 
undiscovered human remains as a result of the Project. Additionally, a Monitoring and Discovery Plan 
would be developed for approval by BLM and would address concerns on handling of post-review 
discovery of cultural resources. Therefore, through the implementation of the avoidance and protection 
measure summarized above, the Project would not have an adverse effect on undiscovered human remains 
resources, and Project impacts would be less than significant with mitigation incorporated. 
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3.9 Energy 

3.9.1 Initial Study Determination (CEQA) 

Table 3-13 provides the determination of Project impacts to energy. 

Table 3-13 Energy Environmental Checklist 

Energy Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

Result in potentially significant environmental 

a) impact due to wasteful, inefficient, or unnecessary 
consumption of energy resources, during project 
construction or operation? 

b) Conflict with or obstruct a  state or local plan for 
renewable energy or energy efficiency? 

3.9.2 Affected Environment 

This resource is not a supplemental authority considered for analysis by the BLM under NEPA; therefore, 
it is not included for further analysis in this section other than pursuant to the CEQA IS requirements. 

3.9.3 Impact Analysis (CEQA) 

a) Would the Project result in potentially significant environmental impact due to wasteful, inefficient, 
or unnecessary consumption of energy resources, during project construction or operation?

Less Than Significant Impact: No, the proposed Project would not result in a potentially significant 
environmental impact due to wasteful, inefficient, or unnecessary consumption of energy resources. As 
discussed in Section 3.3, the primary sources of energy consumed as a result of the Project would be fuel 
(diesel and gasoline) due to onsite equipment activity (off-road equipment, drill rigs, helicopters, etc.) and 
on-road vehicular traffic (employee/contractor vehicles, delivery trucks) traveling to and from the Project 
Area. 

Fuel energy would be stored onsite within the 1,300-gallon diesel fuel tank, as well as within a 300-gallon 
jet fuel tank installed at the Oro Cruz Mine Portal staging area. The Project would receive and unload fuel 
to these onsite storage tanks, and equipment and vehicle (including helicopter) refueling would occur at the 
designated fueling station within the Oro Cruz Mine Portal. As summarized in Appendix E, the total fuel 
energy consumed was estimated as a result of Project operations based on the proposed equipment and 
vehicle activity levels. In total, it was estimated that approximately 36,138 gallons of diesel fuel and 
approximately 1,500 gallons of JetB fuel would be consumed throughout the life of the Project. 

The Petroleum Industry Information Reporting Act (PIIRA) requires all retail transportation fueling stations 
in California to file a Retail Fuel Outlet Annual Report (CEC-A15) with the California Energy Commission 
(CEC). These stations report retail sales of gasoline, diesel, and other transportation fuels. Compared to the 
CEC’s most recent Retail Fuel Outlet Annual Reporting (CEC-A15) Results, which shows that 
approximately 24.3 million gallons of fuel was sold in Imperial County during the most recent 2020 
reporting year, the Project’s estimated increase in fuel consumption would constitute a nominal 
approximate 0.002 percent increases in total annual fuel energy consumption within the County during the 
life of the Project (CEC, 2022). It is also important to note that Project fuel consumption would be 
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temporary (occurring over a 12- to 24-month period) and would cease once reclamation of the Project Area 
is complete. 

There are no unusual characteristics or processes involved during Project construction or operations that 
would require the use of equipment or vehicles that would be more energy intensive than would be used 
for comparable activities or require the use of equipment that would not conform to current emissions 
standards and related fuel efficiencies. Additionally, as with all industrial operations in California, 
equipment and vehicles used by Project employees and contractors would be subject to stringent federal 
and state fuel efficiency standards, which would minimize the potential for inefficient fuel usage. 
Specifically, the Project would be required to comply with the provisions of 13 California Code of 
Regulations (CCR) Sections 2449 and 2485, which prohibit diesel-fueled commercial motor vehicles and 
off-road diesel vehicles from idling for more than five minutes. Heavy equipment would also be subject to 
the EPA Construction Equipment Fuel Efficiency Standard (40 CFR Parts 1039, 1065, and 1068) and 
CARB’s AB 1493 (i.e., Pavley) regulations, which would also minimize inefficient fuel consumption and 
ensure that the fuel efficiency of equipment and vehicles operating on- and off-site would continue to 
improve over time. In the interest of cost efficiency and in accordance with federal and state requirements, 
onsite employees and contractors would not utilize fuel in a manner that is wasteful or unnecessary during 
Project construction and operation phases.  

For the reasons outlined above, the proposed Project would not result in a potential impact due to wasteful, 
inefficient, or unnecessary consumption of energy resources, and impacts would be less than significant 
with no mitigation required. 

b) Would the Project conflict with or obstruct a state or local plan for renewable energy or energy 
efficiency?

Less Than Significant Impact: No, the proposed Project would not conflict with or obstruct a state or 
local plan for renewable energy or energy efficiency. As discussed in Section 3.6, the County’s Regional 
Climate Action Plan (ICTC, 2021) contains various goals and policies meant to promote reductions in GHG 
emissions within the County, and many of the goals and policies center around reducing electricity and fuel 
consumption. As discussed in Section 3.6, the County-wide GHG reduction measures were reviewed, 
including those pertaining to energy conservation, and the Project would not conflict with any specific 
measure, program, or policy published within the Regional Climate Action Plan. 

The County has also adopted generalized policies found within the Imperial County General Plan (Imperial 
County 2015), specifically within the Renewable Energy and Transmission Element, that support energy 
efficiency and/or sustainability that would apply to the Project. Applicable provisions were reviewed, and 
the Project would not conflict with any of the goals and policies, or related regulations adopted as part of 
the Imperial County General Plan – Renewable Energy and Transmission Element (Imperial County 2015).  

As discussed under CEQA Criteria a) above, the Project’s mobile equipment and vehicles would also 
comply with federal, state, and regional requirements where applicable. Specifically, the EPA and the 
National Highway Traffic Safety Administration (NHTSA) have adopted fuel efficiency standards for 
medium- and heavy-duty trucks which apply to truck fleet operators, such as the Project proponent. CARB 
has also adopted cleaner technology and fuel standards pursuant to AB 1493. While Phase 1 and Phase 2 
regulation published by both the EPA/NHTSA and CARB primarily apply to manufacturers of on-road 
vehicles and not the end user, it is assumed the Project operator and any contractors would ensure engines 
operating onsite are certified in accordance with the appropriate state and federal regulations. This would 
ensure that efficiency of mobile equipment and vehicles would continue to improve, as applicable, over the 
life of the Project, through compliance with increasingly stringent standards adopted by applicable 
regulatory agencies. The energy modeling for trucks does not take into account specific fuel reductions 
from these regulations, as they would apply to fleets as they incorporate newer trucks meeting the regulatory 
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standards; however, these regulations would have an overall beneficial effect on reducing fuel consumption 
from trucks over time if/when older trucks are replaced with newer models that meet the standards. 

The State of California’s Energy Efficiency Strategic Plan (CPUC 2011) outlines specific goals and 
strategies to help promote energy efficiency in California’s industrial sector in three (3) areas: 1) Support 
industry adoption of energy efficiency by integrating energy efficiency savings with achievement of GHG 
goals; 2) Build market value of and demand for energy efficiency; and 3) Provide technical and public 
policy guidance for resource efficiency. The Energy Efficiency Strategic Plan promotes reductions in 
energy consumption through compliance with GHG emission reductions, water conservation, and proper 
waste disposal. As applicable, the Project would utilize the best available equipment to improve diesel fuel 
efficiency, and equipment that uses energy would implement modern design and technology to maximize 
efficiency improvements. 

Lastly, as discussed in Section 3.16, the Project is expected to have a de minimis effect on local population 
growth (i.e., exploratory operations over the 12- to 24-month Project life would not require a large number 
of new onsite employees), and the 2020 Strategic Plan contains no additional control measures with which 
the Project may conflict. As discussed above, the Project would continue implementing existing rules and 
conform with fleet turnover as applicable, further reducing the Project’s fuel energy consumption over time. 

For the reasons outlined above, the Project would not conflict with or obstruct any statewide, regional or 
local energy efficiency plans. As discussed under CEQA Criteria a) above, the Project would not 
significantly increase fuel energy consumption, and Project fuel consumption would be temporary and 
short-term in nature. Therefore, the Project would not conflict with or obstruct a state or local plan for 
renewable energy or energy efficiency, and impacts would be less than significant. 

3.10 Environmental Justice 

3.10.1 Initial Study Determination (CEQA) 

Environmental justice is not a resource category analyzed in the IS under CEQA, therefore, no determinations 
or environmental impacts are provided for a CEQA impact analysis herein.  

3.10.2 Affected Environment 

In 1994, EO 12898 – Federal Actions to Address Environmental Justice in Minority Populations and Low-
Income Populations was issued by President William J. Clinton. The purpose of EO 12898 is to focus on 
the environmental and human health effects of federal actions on minority and low-income populations 
with the goal of achieving environmental protection for all communities. The EO directs federal agencies 
to identify and address the disproportionately high and adverse human health or environmental effects of 
their actions on minority and low-income populations, to the greatest extent practicable and permitted by 
law. The EO also directs each agency to develop a strategy for implementing environmental justice and is 
intended to promote nondiscrimination in federal programs that affect human health and the environment, 
as well as provide minority and low-income communities access to public information and public 
participation (EPA 2018). In 2021, the EO was amended under EO 14008 to secure environmental justice 
under consideration for tackling impacts from climate change, and spur economic opportunity for 
disadvantaged communities that have historically been marginalized or overburdened by pollution and 
underinvestment in infrastructure, housing, and healthcare (Federal Register 2021). Further, in 2022, BLM 
Instruction Memorandum IM 2022-059 was released to provide additional guidance on environmental 
justice implementation for NEPA analysis in compliance with these regulations and guidelines. 

Evaluating the potential environmental justice effects of projects requires specific identification of minority 
populations when either: (1) a minority population exceeds 50 percent of the population of the affected 
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area; or (2) a minority population represents a meaningfully greater increment of the affected population 
than of the population of some other appropriate geographic unit as a whole. For the purposes of this 
analysis, ten or more percentage points above the reference population is considered to be a meaningfully 
greater increment (Federal Register 1994). A Tribal environmental justice population is considered as being 
present if there are one or more concentrated populations of American Indians living within one or more of 
the geographic polygons included in the analysis. 

The EPA’s Environmental Justice Screening and Mapping Tool and US Census Bureau data were used to 
characterize the minority and ethnic composition of the population within the area of analysis (Table 3-
14). In order to establish a baseline in which to compare the minority and low-income population in the 
area of analysis, Imperial County, California was used as a reference population for comparison. The area 
of analysis for environmental justice includes four Census block groups, which includes the Project 
boundary (Figure 3-4), shown in Table 3-14 below. 

Table 3-14 Environmental Justice Indicators Within the Area of Analysis 

Area of Analysis Low-Income Minority Tribal 
Census Block Group 0602501240021 37% 21% 2.97% 
Census Block Group 0602594000012 62% 90% 50.37% 
Census Block Group 0602594000022 54% 94% 60.81% 
Census Block Group 0602594000032 86% 64% 21.88% 

Imperial County, California 24% 89% 1% 
Sources: EPA 2021b; Headwaters Economics 2021 
1 This Census Block Group is contained within the larger Census Block Group 0602512400, shown on Figure 3-4. 
2 This Census Block Group is contained within the larger Census Block Group 06025012400, shown on Figure 3-4. 

The percentage of the population classified as low-income in all four block groups analyzed is either greater 
than 50 percent or more than 10 percentage points higher than that of Imperial County, California, which 
serves as the reference population for this analysis; therefore, a low-income environmental justice 
population is present within the area of analysis. 

The percentage of the population identified as belonging to a minority group in Census Block Groups 
060259400001, 060259400002, and 060259400003 is greater than 50 percent; therefore, a minority 
environmental justice population is present within the area of analysis. 

There are concentrated populations of Indigenous communities living within Census Block Groups 
060259400001, 060259400002, and 060259400003; therefore, an American Indian environmental justice 
population is present within the area of analysis. 

3.10.3 Environmental Impacts (NEPA) – Proposed Action 

Low-income, minority, and American Indian environmental justice populations are present within the area 
of analysis. Each environmental justice population type was found to be present in multiple Census block 
groups analyzed, based on the criteria outlined above. Implementation of any of the alternatives under 
consideration is not expected to cause temporary construction impacts to nearby residences and businesses, 
including increased noise and dust or changes to travel patterns, due to the remote nature of the Project 
Area. The nearest population to be potentially affected by the Proposed Action is Winterhaven, 
approximately 20 miles south of the Project Area (Figure 1-1). If impacts were to be realized, communities 
as a whole would be impacted, and it is not anticipated that there would be any disproportionate adverse 
impacts to environmental justice populations. Therefore, impacts to environmental justice populations 
would be negligible, short-term, and localized.  
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An additional provision of the CEQ guidance requires consideration of “impacts that may affect a cultural, 
historical, or protected resource of value to a Tribe or a minority population, even when the population is 
not concentrated in the vicinity.” Impacts to Cultural Resources and Native American Religious Concerns 
and Traditional Values are analyzed in Sections 3.7 and 3.9, respectively, and discuss impacts to potential 
traditional use or historic sites. Ongoing consultation will continue for this Project with all Tribes that have 
been contacted and/or expressed interest in the Project, including the Fort Yuma Quechan Indian Tribe, 
which has been the primary Tribe involved in Government-to-Government consultation for the Project to 
date and coordinated with the BLM to identify the TCP. Overall, impacts from the Proposed Action on 
environmental justice populations would be negligible as the Proposed Action would not result in a 
disproportionate effect on a minority population, low-income population, or Tribal population. 

3.10.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Proposed Action would not be developed, and the associated impacts 
to environmental justice would not occur. Impacts to environmental justice populations are not expected 
under the No Action Alternative except for those potentially occurring under existing conditions.  

3.11 Hazards and Hazardous Materials 

3.11.1 Initial Study Determination (CEQA) 

Table 3-15 provides the determination of Project impacts to hazards and hazardous materials. 

Table 3-15 Hazards and Hazardous Materials Environmental Checklist 

Potentially 
Potentially Significant Less Than No Hazards and Hazardous Materials Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 
Create a significant hazard to the public or the 

a) environment through the routine transport, use, or 
disposal of hazardous materials? 
Create a significant hazard to the public or the 
environment through reasonable foreseeable upset b) and accident conditions involving the release of 
hazardous materials into the environment? 
Emit hazardous emissions or handle hazardous or 
acutely hazardous materials, substances, or waste c) within one-quarter mile of an existing or proposed 
school? 
Be located on a site, which is included on a list of 
hazardous materials sites compiled pursuant to 

d) Government Code Section 65962.5 and, as a 
result, would it create a significant hazard to the 
public or the environment? 
For a project located within an airport land use 
plan or, where such a plan has not been adopted, 
within two miles of a  public airport or public use e) airport, would the project result in a safety hazard 
or excessive noise for people residing or working 
in the project area? 
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Hazards and Hazardous Materials Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

Impair implementation of or physically interfere 
f) with an adopted emergency response plan or     

emergency evacuation plan? 
Expose people or structures, either directly or 

g) indirectly, to a significant risk of loss, injury or     
death involving wildland fires? 

3.11.2 Affected Environment 

No hazardous substances would be used under the Proposed Action; therefore, no hazardous waste would 
be generated by the Project. With the implementation of PDFs described in Appendix F for solid wastes 
and the commitment to develop a Spill Contingency Plan, impacts would be minimized; therefore, this 
resource was not analyzed further under the NEPA requirements for the affected environment or 
environmental impacts for each alternative, per the determination in Table G-1 of Appendix G. 

3.11.3 Impact Analysis (CEQA) 

a) Would the Project create a significant hazard to the public or the environment through the routine 
transport, use, or disposal of hazardous materials? 

Less Than Significant Impact: No, the Project would not create a significant hazard to the public or the 
environment through the routine transport, use, or disposal of hazardous materials. No hazardous substances 
would be used in the drilling program, and no hazardous wastes would be generated by the Project. There 
would also be no onsite disposal of hazardous materials. Any non-hazardous trash generated by the 
contractors would be collected in appropriate containers and removed as required for accordance with 
applicable laws and regulations. No refuse would be disposed of onsite. 

Hazardous substances used during the Project would primarily include fuels and lubricants, which would 
be stored at the drill sites in accordance with the manufacturers prescribed instructions and applicable 
regulations. SMP would also have a fuel tank onsite that would contain no more than 1,300 gallons of diesel 
fuel within the 2.8-acre staging area. 

To prevent the spread of any accidental leakage, fuel and lubricants would be stored in shallow lined 
reservoirs at each drill site, or at the designated/secured fueling station located at the Portal Staging area. 
Additionally, during drilling operations, the drill rig would be parked on top of plastic sheeting overlain by 
absorbent clay or shale (i.e., Oil-Dri, or “kitty litter”) to prevent incidental releases to the ground surface. 
A spill prevention kit would also be stored onsite consisting of an oil-only absorbent mat material (i.e., PIG 
® adsorbent mat pad) and absorbent clay or shale (i.e., Oil-Dri, or “kitty litter”). 

Prior to commencement of operations, a Spill Contingency Plan would be prepared to describe the 
procedures followed by SMP and their contractors to prevent, control, and mitigate releases of oil and 
petroleum products to the environment within the Project area. At a minimum, the spill prevention, control 
and countermeasures included in Appendix F would be implemented. 

If a spill were to occur, the spill prevention and cleanup measures outlined in the Spill Contingency Plan 
would be implemented to contain the spill and prevent contamination. Handling and transfer of potentially 
hazardous materials would also follow BMPs, as well as applicable health and safety regulations and/or 
local ordinances. SMP would adhere to applicable policies, requirements, and responsibilities for 
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evaluation, handling, storage, disposal, transport, and source reduction of hazardous materials/wastes, 
including procedures for containment and cleanup of hazardous materials/waste spills, and updating the 
appropriate contingency plans. Emergency spill response materials would be readily available to 
employees. Employees would be appropriately trained in hazardous materials/waste management. 
Potentially hazardous waste would be properly removed and transported to an approved offsite facility. 

For the reasons outlined above, the Project would not create a significant hazard to the public or the 
environment through the routine transport, use, or disposal of hazardous materials, and there would be less 
than significant impacts with no mitigation required. 

b) Would the Project create a significant hazard to the public or the environment through reasonable 
foreseeable upset and accident conditions involving the release of hazardous materials into the
environment?

Less Than Significant Impact: No, the Project would not create a significant hazard to the public through 
reasonably foreseeable upset and accident conditions involving the release of hazardous materials into the 
environment. As detailed under CEQA Criteria a) above, minimal amounts of hazardous materials, 
primarily fuels, oils and lubricating fluids, would be used and stored onsite; however, these would be stored 
at the drill sites in accordance with manufacture prescribed instructions and applicable regulations, and with 
designated/protected storage areas. During drilling operations, the drill rig would be parked on top of plastic 
sheeting overlain by absorbent clay or shale (i.e., Oil-Dri, or “kitty litter”) to prevent incidental releases to 
the ground surface. Additionally, a Spill Contingency Plan would be prepared to describe the procedures 
followed by SMP and their contractors to prevent, control, and mitigate releases of oil and petroleum 
products to the environment within the Project area. Through the implementation site-specific containment 
and control measures described in Appendix F, the potential for an accidental release of significant 
quantities of hazardous materials that could affect the surrounding environment is low. 

Furthermore, although certain hazardous materials (i.e., oils, lubricants, cleaning products) would be 
managed/stored at the Project site, employees would be trained to properly recognize, contain, and cleanup 
such releases in accordance with SMP’s cleanup procedures outlined in the Spill Contingency Plan in the 
unlikely event of an accidental release. For these reasons, accident conditions leading to the release of 
hazardous materials that could cause a significant hazard to the public or surrounding environment is 
unlikely, and the Project would have less than significant impacts, with no mitigation required. 

c) Would the Project emit hazardous emissions or handle hazardous or acutely hazardous materials, 
substances, or waste within one-quarter mile of an existing or proposed school?

No Impact: No, the Project would not emit hazardous emissions, materials, substances, or waste within 
one-quarter mile of an existing or proposed school. The Project site is located in a remote area of the Tumco 
mining district in the Cargo Muchacho Mountains and is surrounded by undeveloped open space used for 
prospecting and recreation. The nearest school is the Rancho Viejo Elementary School, located over 14 
miles away from the Project site to the southeast in Yuma, Arizona. Therefore, no Project impacts would 
occur related to emitting or handling hazardous materials within 0.25 mile of an existing or proposed school. 

d) Would the Project be located on a site, which is included on a list of hazardous materials sites
compiled pursuant to Government Code Section 65962.5 and, as a result, would it create a
significant hazard to the public or the environment?

No Impact: No, the Project would not be located on a list of hazardous materials sites compiled pursuant 
to Government Code Section 65962.5. The proposed Project Area is not located within or near a site 
identified by the Department of Toxic Substances Control (DTSC) or the Secretary of Environmental 
Protection as being affected by hazardous wastes or clean‐up problems. Specifically, the State Water 
Resources Control Board (2022) GeoTracker and the Department of Toxic Substances Control (2022) 
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EnviroStor databases were reviewed to determine whether the Project site or surrounding area(s) are listed 
hazardous material/waste sites or are located near a known contaminated site. Neither the Project site, nor 
any sites within the nearby vicinity, are on or near hazardous materials sites identified on a list compiled 
pursuant to Government Code Section 65962.5. Further, as discussed under CEQA Criteria a) and b) above, 
the proposed Project would not use significant quantities of hazardous material, nor generate hazardous 
wastes. Therefore, the Project would not create a significant hazard to the public or the environment related 
to hazardous materials sites, and no impacts would occur. 

e) For a project located within an airport land use plan or, where such a plan has not been adopted, 
within two miles of a public airport or public use airport, would the project result in a safety hazard 
or excessive noise for people residing or working in the project area?

No Impact: No, the Project is not located within an airport land use plan area or within 2 miles of a public 
airport or a public use airport, which could result in a safety hazard or excessive noise for people residing 
or working in the Project Area. The Project would not result in a safety hazard or excessive noise for people 
residing or working in the Project Area due to proximity to a public airport or public use airport. The Project 
site is not located within two miles of a public airport or public use airport. The public use airport nearest 
to the Project Area is the Holtville Airport, a relatively small county-owned airport located over 25 miles 
away from the Project Area to the west. Therefore, no impacts would occur. 

f) Would the Project impair implementation of or physically interfere with an adopted emergency 
response plan or emergency evacuation plan?

No Impact: No, the Project would not impair implementation of or physically interfere with an adopted 
emergency plan or evacuation plan. As discussed above, the Project Area is located approximately 35 
minutes northwest of Yuma, Arizona, and is accessed via various paved highways graded roads. Drilling 
equipment would be trucked to one of two truck unloading points, and then would be mobilized to the drill 
sites within the Project Area. Equipment would be unloaded from lowboys onto the existing road at the 
unloading points and no improvements are needed to accommodate the unloading of equipment. 

As discussed above, the Project would repurpose existing access roads to the extent possible, however some 
new access roads would be required across BLM land (Figure 2-1). The access routes that would be used 
are pre-existing BLM-authorized routes. The proposed drill sites and new access roads would be mostly 
located within previously mined and disturbed areas. Interstate 8 (I-8), Blythe Ogilby Road (State Route 
34), and Gold Rock Ranch Road are the primary roads that would be used for access. These access/roadway 
improvements would help facilitate safe and orderly evacuation of the Project site/surrounding area. 

As discussed in Section 3.16, SMP’s exploration activities would also not significantly increase the number 
of vehicles on local public roadways. Specifically, the number of onsite workers/contractors at any given 
operating day during the course of the Project would be minimal (estimated up to 13 onsite employees). 
Additionally, there are no public facilities or structures in the Project area that would be altered or impacted 
by the Project. In the unlikely event of an emergency that would require onsite evacuation, existing 
ingress/egress points and public access roads have sufficient capacity to safely evacuate the onsite 
employees. 

Planning and prevention of fires would also be managed throughout the life of the Project through the 
appropriate handling and storage of fuels, inspections and recordkeeping, spill prevention and response 
procedures, proper use of safety equipment, resource management training, and fire prevention training. 

Prior to commencement of exploratory operations, SMP would also coordinate with local law enforcement 
and fire departments to provide 24-hour access as needed for emergency response. Cellular telephone 
service is generally available within the Project area site for emergency and other communications. A 
satellite phone would also be made available in case of emergencies. Contractors would be trained in proper 
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emergency response, incident reporting, and general health and safety issues. All onsite equipment and 
vehicles would be maintained in a safe and orderly manner. 

Lastly, Imperial County’s Emergency Operations Plan (EOP) (Imperial County 2016) and Multi-
Jurisdictional Hazards Mitigation Plan Update (Imperial County, 2015) were also reviewed. The Project 
would not conflict with any applicable provisions found in the County’s emergency response or hazard 
mitigation plan(s). See Section 3.24 for additional detail. 

For the reasons outlined above, the Project would not impair implementation of or physically interfere with 
an adopted emergency response or evacuation plan, and no impacts would occur. 

g) Would the Project expose people or structures, either directly or indirectly, to a significant risk of
loss, injury or death involving wildland fires?

Less Than Significant Impact: No, the Project would not expose people or structures, either directly or 
indirectly, to a significant risk of loss, injury or death involving wildland fires. The Project site is located 
within an undeveloped area, previously disturbed by historical mining activities. Based upon the lack of 
natural vegetation and rocky, hard-packed soils, the Project Area would not be especially prone to wildfires. 
According to the current Fire Hazard Severity Zone Maps published by the California Department of 
Forestry and Fire Protection, the Project site is located within a designated “Moderate” Fire Hazard Severity 
Zone (within a Federal Responsibility Area [FRA]). None of the Project site or adjacent areas are designated 
as “Very High”, “High” Fire Hazard Severity Zone. Section 3.24 further discusses potential impacts 
associated with wildfire. 

SMP would also implement site-specific fire prevention/protection actions. At a minimum these actions 
would include designating Project fire coordinators, providing adequate fire suppression equipment 
(including in vehicles), and establishing emergency response information relevant to the Project Area. As 
discussed above, SMP would maintain a 2,000-gallon portable water storage tank onsite for dust 
suppression; however, in the unlikely event of an onsite fire, this water would also be available to assist in 
firefighting operations. SMP would ensure that all mobile equipment be equipped with fire extinguishers, 
hand tools, and first aid kits. 

In the event of an initial, small fire that does not create enough smoke, flame, and heat to prevent fighting 
the fire using a hand-held fire extinguisher or a small water hose, and providing no one would be 
endangered, SMP personnel and/or contractors would use make a reasonable effort to extinguish the fire. 
If two or more people are present, one would fight the fire while one reports to 911 the size, type, and 
location in the event the fire grows out of control. Personnel would not directly engage any fire which is 
beyond the incipient stage (i.e., a fire which has progressed to the point it has substantially involved any 
structure/equipment). 

The Project would not require the use or storage of significant quantities of flammable materials onsite. 
Management of flammable materials stored onsite would be conducted in accordance with applicable 
regulations. As stated above, onsite vehicles would contain fire extinguishers, and onsite staff would be 
trained in fire suppression in accordance with SMP’s standard protocols. Additionally, none of the proposed 
structures would be prone to fires and would not be directly associated with any heat generating devices. 
SMP would also generally maintain the Project area and kept devoid of vegetation and brush. 

For these reasons, the Project would not expose people or structures, either directly or indirectly, to a 
significant risk of loss, injury or death involving wildland fires, and impacts would be less than significant. 
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3.12 Land Use and Planning 

3.12.1 Initial Study Determination (CEQA) 

Table 3-16 provides the determination of Project impacts to land use and planning. 

Table 3-16 Land Use and Planning Environmental Checklist 

Land Use and Planning Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

a) Physically divide an established community? 

Cause a significant environmental impact due to a 

b) conflict with any land use plan, policy, or 
regulation adopted for the purpose of avoiding or 
mitigating an environmental effect? 

3.12.2 Affected Environment 

No existing Right-of-Ways or land use authorizations occur within the Project Area; therefore, this resource 
was not analyzed further under the NEPA requirements for the affected environment or environmental 
impacts for each alternative, per the determination in Table G-1 of Appendix G. 

3.12.3 Impact Analysis (CEQA) 

a) Would the Project physically divide an established community?

No Impact: No, the proposed Project would not physically divide an established community. As stated 
above, the Project is located in a remote area of the Tumco mining district in the Cargo Muchacho 
Mountains, 14 miles southeast of the operating Mesquite gold mine in Imperial County, California. The 
Tumco Historic Mine is a historic and recreational area managed by the BLM for uses such as hiking, 
prospecting, wildlife viewing, and photography within western portions of the Project Area. The Project 
site is entirely within an area previously disturbed by historical mining activities, with surrounding land 
uses that include prospecting and recreation. The Project Area is undeveloped, not located within an 
established community, and does not serve as a means of moving through or connecting to a community or 
neighborhood. 

There are no established communities within or immediately adjacent to the Project. For these reasons, the 
proposed Project would not physically divide an existing community, and no impacts would occur. 

b) Would the Project cause a significant environmental impact due to a conflict with any land use
plan, policy, or regulation adopted for the purpose of avoiding or mitigating an environmental
effect?

No Impact: No, the Project would not conflict with any land use plan, policy, or regulation adopted for the 
purpose of avoiding or mitigating an environmental effect. The Project site is located within a historical 
mining area. Per the current Imperial County General Plan and Zoning Ordinance, the Project site has a 
designation of “Recreation/Open Space” and a current Zoning designation of “BLM”. SMP’s proposed 

Environmental Assessment/Mitigated Negative Declaration August 2023 
Oro Cruz Exploration Plan of Operations 49 PC ORIGINAL PKG



Project operations (i.e., exploratory drilling) are allowable within these County land use designations. 
Additionally, the Project does not require changes to the Imperial County General Plan or Zoning 
designations, nor would the Project conflict with any land use designations/land use plans in order to 
mitigate an environmental effect. 

Project activities would also be consistent with applicable zoning designations and land use requirements 
published by Imperial County. Therefore, the proposed Project would not cause a significant environmental 
impact due to a conflict with a land use plan, policy, or regulation adopted for the purpose of avoiding or 
mitigating an environmental effect, and no impacts would occur. 

3.13 Mineral Resources 

3.13.1 Initial Study Determination (CEQA) 

Table 3-17 provides the determination of Project impacts to mineral resources. 

Table 3-17 Mineral Resources Environmental Checklist 

Mineral Resources Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

Result in the loss of availability of a  known 
a) mineral resource that would be of value to the 

region and the residents of the state? 

b) 

Result in the loss of availability of a  locally 
important mineral resource recovery site 
delineated on a local general plan, specific plan or 
other land use plan? 

3.13.2 Affected Environment 

The Proposed Action would not involve the removal of large quantities of earth that may potentially lead 
to structural instability. A small amount of material would be removed from boreholes and would not affect 
potential mineral resources in the ground; therefore, this resource was not analyzed further under the NEPA 
requirements for the affected environment or environmental impacts for each alternative, per the 
determination in Table G-1 of Appendix G. 

3.13.3 Impact Analysis (CEQA) 

a) Result in the loss of availability of a known mineral resource that would be of value to the region 
and the residents of the state?

Less Than Significant Impact: No, there would be no loss of availability of a known mineral resource 
that would be of value to the region and the residents of the State. Conversely, the Project proposes to 
conduct exploratory drilling to determine if future development of valuable mineral resources, specifically 
gold and silver, would be economically feasible. The SMARA requires the State Geologist to classify 
mineral lands to help identify and protect mineral resources in California; however, the Project area has not 
been mapped through a Mineral Land Classification (MLC) study or assigned a specific Mineral Resource 
Zone (MRZ) using the State’s mineral land classification system. Accordingly, the Project would not result 
in the loss of availability of a known mineral resource that would be of value to the region and the residents 
of the State, and less than significant impacts would occur. 
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b) Result in the loss of availability of a locally important mineral resource recovery site delineated 
on a local general plan, specific plan or other land use plan?

Less Than Significant Impact: No, the Project would not result in the loss of availability of a locally 
important mineral resource recovery site delineated on a local general plan, specific plan, or other land use 
plan. As discussed under CEQA Criteria a) above, the Project site is not located within a State-designated 
MRZ mineral resource recovery area. However, according to Figure 8 (Existing Mineral Resources) within 
the Conservation of Open Space Element of the Imperial County General Plan (Imperial County 2015), the 
Project is mapped within an area noted for having active “gold” mines and commodities. As discussed 
above, the Project proposes to conduct exploratory drilling to determine if future development of valuable 
mineral resources, specifically gold and silver, would be economically feasible. Accordingly, the Project 
would not result in the loss of availability of a locally important mineral resource recovery site delineated 
on a local general plan, specific plan or other land use plan, and no new impacts would occur. Conversely, 
the Project proposes to conduct exploratory drilling to determine if future development of valuable mineral 
resources would be viable, which represents a less than significant impact. 

3.14 Native American Religious Concerns and Traditional Values 

3.14.1 Initial Study Determination (CEQA) 

Table 3-18 provides the determination of Project impacts to Tribal cultural resources (nomenclature based on 
Imperial County IS form). 
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Table 3-18 Tribal Cultural Resources Environmental Checklist 

Potentially 
Potentially Significant Less Than No Tribal Cultural Resources Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 
Would the project cause a substantial adverse 
change in the significance of a  tribal cultural 
resource, defined in Public Resources Code 
Section 21074 as either a  site, feature, place, 
cultural landscape that is geographically defined in 
terms of the size and scope of the landscape, 
sacred place or object with cultural value to a 
California Native American tribe, and that is: 
(i) Listed or eligible for listing in the California
Register of Historical Resources, or in a local 

a) register of historical resources as define in Public
Resources Code Section 5020.1(k), or
(ii) A resource determined by the lead agency, in
its discretion and supported by substantial 
evidence, to be significant pursuant to criteria  set
forth in subdivision (c) of Public Resources Code
Section 5024.1.  In applying the criteria  set forth is 
subdivision (c) of Public Resource Code Section
5024.1, the lead agency shall consider the
significance of the resource to a California Native
American Tribe.

3.14.2 Affected Environment 

The BLM considers the views of Native Americans prior to BLM decisions or approvals that could result 
in changes in land use, physical changes to lands or resources, changes in access, or alienation of lands 
(BLM 2016). In accordance with the NHPA (P.L 89-665), NEPA, FLPMA (P.L. 94-579), the American 
Indian Religious Freedom Act of 1978 (P.L. 95-341), the Native American Graves Protection and 
Repatriation Act (NAGPRA) (P.L. 101-601) and EO 13007, the BLM must provide affected Tribes an 
opportunity to comment and consult on the proposed Project. The BLM must attempt to limit, reduce, or 
possibly eliminate any negative impacts to Native American traditional/cultural/spiritual sites, activities, 
and resources. 

The area of analysis for Native American Religious Concerns and Traditional Values is the same as the 
VAA APE (see Section 3.8; Figure 3-2). The area of analysis is located within the traditional territory of 
the Quechan Indian Tribe of the Fort Yuma Indian Reservation, California and Arizona (Daniels et al. 2022; 
NCIDC 2022). The BLM invited the following additional Tribes into consultation whom may have an 
interest in the Project Area and activities within Imperial County, including the Barona Band of Missions 
Indians, Campo Band of Mission Indians, Cocopah Indian Tribe, Colorado River Indian Tribes, 
Ewiiaapaayp Band of Kumeyaay Indians, Iipay Nation of Santa Ysabel, Jamul Indian Village, Kwaaymii 
Laguna Band of Indians, La Posta Band of Kumeyaay Indians, Manzanita Band of Kumeyaay Indians, 
Mesa Grande Band of Mission Indians, San Pasqual Band of Diegueño Indians, Sycuan Band of Kumeyaay 
Nation, Torres-Martinez Desert Cahuilla Indians, and Viejas Band of Kumeyaay Indians. Traditionally, the 
Quechan Indian Tribe utilized lands or resources within the general Project Area and during the 30-
day review period of this EA they identified a TCP that encompasses the Project Area and extends 
beyond the boundaries of the Physical and VAA APEs. The full extent of the TCP has not been 
delineated. Consultation 

Environmental Assessment/Mitigated Negative Declaration August 2023 
Oro Cruz Exploration Plan of Operations 52 PC ORIGINAL PKG



with Native American tribes is ongoing to understand what if any potential adverse effects the proposed 
project may have to  sensitive areas having religious or cultural importance. 

Quechan territory  extended from just south of the Gila River-Colorado River confluence north to at least 
Palo Verde and Cibola valleys and probably as far north as the Big Maria and Riverside mountains where 
they abutted Mohave territory (Daniels et al. 2022). Currently, the Quechan reside near El Centro, 
California and Yuma, Arizona on the Fort Yuma Indian Reservation, California and Arizona. The 
reservation encompasses approximately 45,000 acres bordering Arizona, California, and Baja California, 
Mexico. The Tribe currently has over 3,200 members and is largely an agricultural community. Fort 
Calhoun, the predecessor to Fort Yuma, was constructed in 1849 as a US military outpost. The original 
buildings burned and were rebuilt as Fort Yuma in 1855. The Fort was abandoned and transferred to the 
US Department of the Interior and the Quechan Indian Tribe in 1884 (Quechan Tribe 2022). The Quechan 
relied on riverine resources as well as agriculture. The Quechan and other Tribes practiced small scale 
agriculture, collected and stored wild plant foods with the most important being screwbean mesquite, and 
hunted and fished (Daniels et al. 2022). 

On March 31, 2021, the BLM sent letters to 16 tribes initiating formal government-to-government 
consultation on the Plan, in accordance with the NHPA and other legal authorities. Communication 
and consultation with Tribes continued over the course of the next two years and on April 13, 2023, 
the BLM sent letters to 16 Tribes initiating formal consultation on the Section 106 findings and effects 
determination for the Project. The list of Tribes contacted and a summary of the consultation letters sent by 
the BLM for this project is provided in Section 4.1.1. Government-to-government and Section 106 of 
the NHPA tribal consultation is ongoing, and as part of the consultation process, notification of 
publication of this EA was provided to the tribes. 

Table 3-19 includes a list of coordination meetings between the BLM and Tribes that followed Project 
initiation. 

Table 3-19 BLM and Tribal Meetings on the Proposed Action To Date 

Date Coordination Description 

July 12, 2021 Government-to-Government consultation meeting between 
representatives of the Fort Yuma Quechan Indian Tribe. 

the BLM and 

April 15, 2021; May 19, 
2021; June 23, 2021; July 22, 
2021; August 25, 2021; 
October 19, 2021; November 
30, 2021; January 12, 2022; 

Monthly BLM Project coordination meetings with the 
Historic Preservation Officer. 

Fort Yuma Quechan Indian Tribe 

February 15, 2022; March 15, 
2022; June 9, 2022  

Site visit conducted at the Project Area hosted by the BLM and attended by 
September 20,2022 representatives of the Fort Yuma Quechan Indian Tribe and the Campo Band of 

Mission Indians. 

September 21, 2022 

Virtual Section 106 of the NHPA consultation meeting following the September 20, 
2022 site visit hosted by the BLM and attended by representatives of the Fort Yuma 
Quechan Indian Tribe and the Campo Band of Mission Indians and the San Pasqual 
Band of Diegueño Indians. 

September 27, 2022 Site visit conducted in the Project Area hosted by the BLM and attended by 
representatives of the Fort Yuma Quechan Indian Tribe.  

November 9, 2022 Government-to-Government consultation meeting between the BLM and 
representatives of the Fort Yuma Quechan Indian Tribe at Tribal Council Chambers. 
Virtual consultation meeting between the BLM (State, District, & El Centro) and the 

January 10, 2023 Fort Yuma Quechan Indian Tribe Historic Preservation Officer and members of the 
Fort Yuma Quechan Indian Tribe Cultural Committee. 
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Date Coordination Description 

January 30, 2023 
Virtual consultation meeting between the BLM (State, District, & El Centro) and the 
Fort Yuma Quechan Indian Tribe Historic Preservation Officer and members of the 
Fort Yuma Quechan Indian Tribe Cultural Committee.  

February 14, 2023 
In person consultation meeting between the BLM and the Fort Yuma Quechan Indian 
Tribe Historic Preservation Officer and members of the Fort Yuma Quechan Indian 
Tribe Cultural Committee. 

May 12, 2023 Virtual Sec 106 Consultation regarding the findings and effects determinations meeting 
between the BLM and the Fort Yuma Quechan Indian Tribe Historic Preservation 
Officer and members of the Fort Yuma Quechan Indian Tribe Cultural Committee. 

3.14.3 Environmental Impacts (NEPA) – Proposed Action 

Various locations throughout the BLM El Centro Field Office administrative area host certain traditional, 
spiritual, and cultural use activities today, as they did in the past. A TCP has been identified that 
encompasses and extends beyond the Project Area; however, the full extent of the TCP has not 
been physically delineated. The BLM continues to solicit input from local tribal entities and coordinates 
with the Tribes to identify any other sites or artifacts, or cultural, traditional, and spiritual use resources and 
activities that might experience an impact.  

To date, comments have been received from seven Tribes: the Fort Yuma Quechan Indian Tribe, the 
Colorado River Indian Tribes, the San Pasqual Band of Diegueño Indians, the Campo Band of Mission 
Indians, the Cocopah Indian Tribe, the Viejas Band of Kumeyaay Indians, and the La Posta Band of 
Kumeyaay Indians. Most notably in opposition to the Project have been the Fort Yuma Quechan Indian 
Tribe, stating "The proposed Project location is sited within a region that is highly significant to the Fort 
Yuma Quechan Indian Tribe. This is a location that the Tribe attaches great cultural, religious and spiritual 
significance to. The Fort Yuma Quechan Indian Tribe objects to the proposed mining project and the 
proximity of the operation to a significant cultural landscape and items of cultural patrimony which are 
integral to the spiritual and everyday lives of the Quechan people." A number of letters and meetings have 
resulted in changes to the Cultural Resources Survey Work Plan and efforts to identify historic properties 
and most notably the development of a VAA APE for the Project. Drilling exploration operations have 
historically been considered temporary effects and therefore a VAA APE was not originally determined to 
be required. In a letter dated October 14, 2022, the Fort Yuma Quechan Indian Tribe requested Government-
to-Government consultation and identified that the proposed project is located within a larger landscape 
they consider a TCP. They also voiced several other concerns including continued opposition to the Project. 
The BLM has requested additional information about the nature and extent of the TCP as part of its 
Government-to-Government consultation, as well as for Section 106 of the NHPA consultation and relevant 
to other EOs and regulations. Currently, not enough information has been provided to understand the nature, 
use of the resource, and physical extent of the TCP; therefore, additional details on the potential physical 
delineation of the extent of the TCP and the known physical and intangible resources that exist within the 
TCP would have to be provided to the BLM to further assess impacts or determine if there are additional 
minimization or avoidance measures that would apply. Ongoing consultation will continue for this Project 
with all Tribes that have been contacted and/or expressed interest in the Project; however, the Fort Yuma 
Quechan Indian Tribe has been the primary Tribe involved in Government-to-Government consultation for 
the Project to date.  

Further, as noted in Section 3.8, the Project would avoid both known prehistoric sites that have been 
identified within the Physical APE, and which have been determined to potentially contribute to the 
eligibility of the TCP within the larger VAA APE (defined above in Section 3.8.2). . Precautionary 
Environmentally Sensitive Area fencing would be placed in applicable activity areas near known sites to 
prevent inadvertent impacts. Therefore, at the time of this EA, no physical impacts to known cultural sites 
have been identified and are not anticipated from the Proposed Action. Impacts including visual or noise 
effects could occur during the construction and operation phases of the exploration activities within the 
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VAA APE. Visual and auditory effects would be temporary and may include visual obstructions and loud 
noise levels which could affect the integrity of setting or feeling of locations possibly deemed sacred or 
traditionally important by Native Americans. Assessment of the Visual APE identified 18 potential sites 
that may be visually affected; however, views of the Project would not likely create adverse effects to 
historic properties and any visual impacts at identified sites would be temporary. Assessment of the 
Auditory APE and review of the noise modeling (described further under Section 3.15) identified that noise 
levels would be similar to those for a suburban residential area at night, a level that would not likely cause 
adverse effects to significant Native American resources, and any noise level increases at identified sites 
would be temporary and intermittent throughout the life of the Project. Although very limited occurrences 
of desert microphyll woodland vegetation types have been documented within the area of analysis 
(Appendix E), CMAs would be implemented to minimize impacts to these vegetation communities to 
ensure Native American vegetation collection areas and practices are maintained, including LUPA-CUL-9 
and LUPA-CUL-11. An additional BLM-required mitigation measure would also be implemented to 
minimize impacts from minor incursions to microphyll woodlands (Appendix F). With implementation of 
PDFs and CMAs (Appendix F), and due to the short-term nature of the Project, impacts to Native American 
religious concerns and traditional values would be short-term and localized, and adverse impacts are not 
anticipated as the known physical sites within the TCP that has been identified would be avoided.  By letter 
dated April 13, 2023, the BLM provided its proposed Section 106 determination of no adverse effects to 
historic properties to all tribes for a 30-day consultation period. The BLM has also concluded consultation 
with the SHPO on these findings as well and the Section 106 process is complete. Government-to-
Government consultation with the Tribes will continue throughout the life of the Project.  

3.14.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved by the BLM and activities described 
in Section 2.1 would not be conducted; therefore, there would be no impacts to Native American religious 
concerns and traditional values under the No Action Alternative outside of those that may occur under 
existing conditions. 

3.14.5 Impact Analysis (CEQA) 

On July 1, 2015, California AB 52 of 2014 went into effect, expanding CEQA by defining a new resource 
category, “tribal cultural resources.” AB 52 states, “A project with an effect that may cause a substantial 
adverse change in the significance of a tribal cultural resource is a project that may have a significant effect 
on the environment” (Public Resources Code [PRC] Section 21084.2). It further states the lead agency shall 
establish measures to avoid impacts altering the significant characteristics of a tribal cultural resource, when 
feasible (PRC Section 21084.3). 

AB 52 also establishes a formal consultation process for California tribes regarding tribal cultural resources. 
The consultation process must be completed before a CEQA document can be certified or adopted. Under 
AB 52, lead agencies (in this instance, Imperial County) are required to “begin consultation with a 
California Native American tribe that is traditionally and culturally affiliated with the geographic area of 
the proposed project.” Native American tribes to be included in the process are those that have requested 
notice of projects proposed in the jurisdiction of the lead agency. 

On September 9, 2021, the County distributed an AB 52 consultation letter for the proposed Project. 
Specifically, Project information, a map, and contact information was sent to the Fort Yuma Quechan Indian 
Tribe. Due to the geographic location of the Project, the Fort Yuma Quechan Indian Tribe is the only Native 
American tribe that has claimed traditional and cultural affiliation with the Project Area and is therefore the 
only tribal entity required to be notified of the Project by Imperial County pursuant to AB 52. 
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Under AB 52, Native American tribes have 30 days to respond and request further project information and 
request formal consultation; however, none of the contacted tribes responded within 30 days of mailing of 
the letters in response to Imperial County. Accordingly, AB 52 consultation is considered complete for the 
Project. 

(i) Would the Project impact a tribal cultural resource listed or eligible for listing in the California 
Register of Historical Resources, or in a local register of historical resources as define in Public 
Resources Code Section 5020.1(k)? 

Less Than Significant Impact: The proposed Project would not cause a substantial adverse change in the 
significance of a tribal cultural resource. No tribal cultural resources have been identified within or near the 
Project Area. Additionally, no significant ground disturbing activities with the potential to uncovered 
undiscovered tribal cultural resources would be required as a result of the Project. 

As discussed above, in accordance PRC Section 21074 – AB 52, the County contacted the Fort Yuma 
Quechan Indian Tribe to obtain their input and concern with potential impacts to tribal cultural resources 
as a result of the Project. The Fort Yuma Quechan Indian Tribe is that only Native American tribe that has 
claimed traditional and cultural affiliation with the Project Area and is therefore the only tribal entity 
required to be notified of the Project by Imperial County pursuant to AB 52. As discussed above, to date, 
the Fort Yuma Quechan Indian Tribe has not responded to Imperial County’s AB 52 consultation letter or 
indicated they would require further tribal consultation; however, in coordination with Imperial County, 
the BLM has engaged in extensive consultation efforts with the Fort Yuma Quechan Indian Tribe as part 
of the Section 106 of the NHPA process. To date, no other responses or input has been received from the 
other tribes consulted through PRC Section 21074 – AB 52. 

Furthermore, as discussed above, separate from Imperial County’s AB 52 consultation process, the BLM 
considers the view of Native American prior to BLM decisions or approvals that could result in changes in 
land use, physical changes to lands or resources, changes in access, or alienation of lands (BLM 2016). As 
described above under Section 3.14.2 and 3.14.3, the BLM has consulted with several tribal entities per 
the Section 106 of the NHPA process. Extensive outreach and consultation efforts, including in-person and 
virtual meetings and site visits have been completed by the BLM, including specifically with the Fort Yuma 
Quechan Indian Tribe. The BLM will continue Government-to-Government consultation with the tribes 
that have requested such consultation, including the Fort Yuma Quechan Indian Tribe, throughout the life 
of the Project. Section 4.1 provides additional detail on the Government-to-Government consultation 
process conducted by the BLM.  

As discussed previously, the overall proposed Project would be limited in scope (i.e., 20.54 acres of new 
disturbance) and duration (12- to 24-months of exploration activities). Additionally, the Project Area is 
entirely within an area previously disturbed by historical mining activities, with surrounding land uses that 
include prospecting and recreation. As such, the potential to impact tribal cultural resources is considered 
low. 

SMP has committed to avoidance of all cultural resources and has engaged with the Native American 
Heritage Commission and the Fort Yuma Quechan Indian Tribe regarding the Project. SMP would 
implement the PDFs, CMAs, and additional BLM required mitigation measures described in detail in 
Appendix F, which would be implemented throughout the life of the Project to ensure potential impacts to 
tribal cultural resources are completely avoided. With the implementation of the PDFs, CMAs, and 
additional mitigation measures, as discussed above in Section 3.8.3 and 3.14.3 and Appendix F, the Project 
would not cause a substantial adverse change in the significance of a tribal cultural resource, as defined in 
PRC Section 2107. Impacts would be less than significant, with no additional mitigation measures required 
beyond those required by the BLM and Imperial County in Appendix F.  
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(ii) Would the Project impact a resource determined by the lead agency, in its discretion and
supported by substantial evidence, to be significant pursuant to criteria set forth in subdivision I to
Public Resources Code Section 5024.1.  In applying the criteria set forth in subdivision I of Public 
Resource Code Section 5024.1, the lead agency shall consider the significance of the resource to a 
California Native American tribe?

Less Than Significant Impact: See response to CEQA Criteria a)i. above.  As discussed previously, the 
overall proposed Project would be limited in scope (i.e., 20.54 acres of new disturbance) and duration (12- 
to 24-months of exploration activities). Additionally, the Project site is within an area previously disturbed 
by historical mining activities, with surrounding land uses that include prospecting and recreation. As such, 
the potential to impact tribal cultural resources is considered low. Additionally, through the implementation 
of the PDFs, CMAs, and additional mitigation measures described in Section 3.8.3 and Section 3.14.3 
above and within Appendix F, as well as through BLM’s continued consultation with local tribal entities, 
as applicable, the Project would not cause a substantial adverse change in the significance of a tribal cultural 
resource as defined in PRC Section 21074. Impacts would be less than significant, with no additional 
mitigation measures required beyond those required by the BLM and Imperial County in Appendix F. 

3.14.6 Cumulative Effects 

Based upon comments received in response to Government-to-Government and Section 106 of the NHPA 
consultation meetings, the BLM recognizes that Native American religious concerns and traditional values 
may have been impacted by past actions in the vicinity of the Project Area and within the VAA APE. There 
is concern that the Proposed Action would further impact a larger cultural landscape, such as the identified 
TCP, but the nature of those impacts has not been specified other than general opposition to the Project. 
Additionally, as described above in Sections 3.8.2 and 3.14.2, the physical extent of the TCP has not been 
determined. Specifically, the Fort Yuma Quechan Indian Tribe has asserted that past mining activity and 
vehicle use (including OHVs) in the Project Area and within the larger landscape, including within the 
Picacho ACEC, have impacted an important TCP. However, these assertions have been general statements 
regarding a larger cultural landscape for which a boundary has not yet been defined, nor has information 
been provided about how the Project would specifically impact the ongoing use or cultural practices of 
Tribes. At this time, not enough information has been provided in order for the BLM to develop a CESA 
that is representative of the area where cumulative impacts may occur, in combination with the Proposed 
Action, to the potential TCP that may exist within the vicinity and/or other Native American religious 
concerns and traditional values. Until such time that additional information is provided to the BLM, a 
qualitative cumulative impacts assessment is included herein which analyzes the VAA APE. Within the 
VAA APE, past mineral development and explorations, public purpose projects, roads, and dispersed 
recreation have occurred. There are no RFFAs within the VAA APE. Present disturbance from the 
American Girl Mine and the American Girl mineral materials site occurs within the VAA APE; there is 
also an existing powerline owned by the Imperial Irrigation District that crosses through the VAA APE. 
The Proposed Action could temporarily alter the spiritual or cultural experience for Native American users; 
however, the eventual reclamation of projects throughout the VAA APE would reduce visual impacts from 
unnatural lines and landforms are regraded to better blend with the surrounding topography during closure 
and final reclamation. Spiritual and religious use locations may be present within the VAA APE, but the 
exact locations are unknown to the BLM. If specific locations of spiritual and religious use are present near 
past or present actions, including the Proposed Action, they could be cumulatively impacted but the 
Proposed Action is temporary and so there would not be an additive effect. If previously undisclosed places 
of spiritual and religious use become known within the Project Area, consultation with the Tribes would be 
conducted to determine potential impacts. As previously described, all known cultural resource sites within 
the VAA APE  are being avoided, and consultation with Tribes will continue throughout the life of the 
Project.  
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3.15 Noise 

3.15.1 Initial Study Determination (CEQA) 

Table 3-20 provides the determination of Project impacts to noise. 

Table 3-20 Noise Environmental Checklist 

Noise Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

a) 

Generation of a substantial temporary or 
permanent increase in ambient noise levels in the 
vicinity of the project in excess of standards 
established in the local general plan or noise 
ordinance, or applicable standards of other 
agencies? 

    

b) Generation of excessive groundborne vibration or 
groundborne noise levels?     

c) 

For a project located within the vicinity of a  
private airstrip or an airport land use plan or where 
such a plan has not been adopted, within two miles 
of a  public airport or public use airport, would the 
project expose people residing or working in the 
project area to excessive noise levels? 

    

3.15.2 Affected Environment 

The area of analysis for noise is the Project Area plus the Indirect Auditory APE (Figure 3-5). The Noise 
Control Act of 1972 required the EPA to establish noise emission criteria as well as noise testing methods 
to protect public health and welfare against hearing loss, annoyance, and activity interference, which 
correlates with the human response to noise. The EPA’s recommendation for acceptable noise level limits 
affecting residential land use is 55 decibels on the A-weighted scale (dBA) day/night average sound level 
(Ldn) for outdoor activity (EPA 1972). Additionally, a nighttime noise standard of 45 dBA equivalent or 
energy-averaged sound level (Leq) is implemented by the Imperial County Code of Ordinances (Section 
90702.00). These levels of noise are considered those that would permit spoken conversation and other 
activities such as sleeping, working, and recreation, which are all considered part of the daily human 
condition; these levels represent averages of acoustic energy over periods of time. 

The area of analysis is in a remote location, within mountainous topography of the Cargo Muchacho 
Mountains that extends to the east and a lower valley and washes to the west. There are no residences in 
the vicinity. The historic Tumco Mine is present within the area of analysis (Figure 3-5), where 
recreationalists may partake in walking tours and sightseeing. Blythe Ogilby Road runs north-south through 
the area of analysis, where traffic conditions (Section 3.13) contribute to the existing noise environment. 
OHV use within the area may contribute to existing noise levels as well but is intermittent, and the regularity 
of such is dependent on recreational seasonality. 

3.15.3 Environmental Impacts (NEPA) – Proposed Action 

Acoustic modeling was conducted to determine the furthest distance that noise generated by the Proposed 
Action would travel, attenuating at 25 dBA, a nearly imperceptible level of noise to the human ear (Saxelby 
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2022). Based on the topography of the area of analysis, noise would travel furthest to the west. Acoustic 
modeling was run based on four separate scenarios that were determined to most realistically represent the 
furthest that noise would travel as generated from the Project: two drill rigs operating in Drill Area 2, Drill 
Area 3, Drill Area 4, and Drill Area 6 to represent all potential noise levels traveling to the northwest, west, 
and southwest. Each acoustic modeling scenario also included noise generated from all staging area 
equipment proposed within Drill Area 1 that would contribute to noise level increases (Saxelby 2022). 

Noise generated from helicopter use via the helicopter landing pad proposed in Drill Area 1 would not 
contribute to continuous noise generated by Project drilling activities. The furthest extent of the noise 
contours as modeled (Saxelby 2022) would travel approximately 1.7 miles to the southwest from the Project 
Area as a result of drilling activity in Drill Area 6 (Figure 3-5). Noise impacts as a result of exploratory 
drilling activities would be temporary in nature and would not be stationary throughout the one-to-two-year 
life of the Project given the nature of the proposed approximately two-week drilling campaign at each drill 
site. Additionally, the BLM would require a mitigation measure for notices to be posted on the BLM’s 
website and at designated recreational sites in the area (i.e., Tumco) notifying the public of dates and times 
that drilling would occur with elevated levels of noise and activity in the Project Area (Appendix F). CMA 
LUPA-BIO-12 would also be implemented to minimize noise impacts to BLM special status and sensitive 
wildlife species, as described in Appendix F. Whereas noise level increases would occur under the 
Proposed Action, no human sensitive noise receptors were identified due to the remote location of the 
Project, and with these BMPs, CMAs and mitigation measures in place, and due to the short-term and non-
stationary nature of the Project, noise impacts would be negligible, short-term, and localized.  

3.15.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved by the BLM and activities described in 
Section 2.1 would not be conducted; therefore, there would be no noise level increases under the No Action 
Alternative and noise would continue under current conditions. 

3.15.5 Impact Analysis (CEQA) 

Refer to the Noise Modeling for Indirect Auditory Area of Potential Effect (Stantec 2022b) technical 
memorandum in Appendix E for additional detail supporting the below impact analysis. 

a) Would the Project result in generation of a substantial temporary or permanent increase in ambient 
noise levels in the vicinity of the project in excess of standards established in the local general plan 
or noise ordinance, or applicable standards of other agencies?

Less Than Significant Impact:  No, the Project would not generate a substantial temporary or permanent 
increase in ambient noise levels in excess of standards established in the local general plan or noise 
ordinance, or applicable standards of other agencies. Both the Imperial County General Plan (Imperial 
County 2015) and the Imperial County – Code of Ordinances (Imperial County 2022), specifically County 
noise standards applicable to the Project. As discussed previously, per the current Imperial County General 
Plan Land Use Map (updated March 1, 2007) and Zoning Map (Zone 70), the entire Project site has a 
General Plan designation of “Recreation/Open Space” and a Zoning designation of “BLM”. 

While the County General Plan contains various numerical noise standards, these standards generally 
“apply to noise generation from one property to an adjacent property”, however, “the standards imply the 
existence of a sensitive receptor on the adjacent, or receiving, property. In the absence of a sensitive 
receptor, an exception or variance to the standards may be appropriate.” (Imperial County 2015). As 
discussed above, the Project is located in a remote and undeveloped area of the Tumco mining district in 
the Cargo Muchacho Mountains. As such, the closest potential sensitive receptor would be the Gold Rock 
Ranch RV Resort located approximately 2.3 miles away from the Project Area, specifically Drill Area 3. 
As shown within the noise analysis (Appendix E), the Gold Rock Ranch RV Resort is located well outside 
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the modelled 25 dBA noise contour, and therefore worst-case project impacts would be imperceptible at 
this location. 

In addition to the General Plan, the County’s Code of Ordinances was also reviewed. Specifically, Title 9 
(Land Use Code), Division 7 (Noise Abatement and Control) contains various noise standards applicable 
to the Project. As with the County General Plan, standards presented within the Code of Ordinances also 
generally apply to human receptors only, or to noise sources which may be “a detriment to the public health, 
comfort, convenience, safety, welfare, and prosperity of the residents of the county of Imperial.” (Imperial 
County 2022). As stated above, other than SHP staff and contractors working directly within the Project 
Area, the closest offsite human receptor would be the Gold Rock Ranch RV Resort located approximately 
2.3 miles away from the Project Area. Due to the large distance between the Project operations and the 
Gold Rock Ranch RV Resort, as well as intervening topography between the Project sources and this 
receptor, noise generated by Project exploration operations would have no appreciable effect on this human 
receptor. 

Project exploration activities over the proposed 12- to 24-month Project duration would have no appreciable 
effect on nearby human noise receptors as defined within the County General Plan and Code of Ordinances. 
Due to the large distance between the closest receptor(s) (i.e., Gold Rock Ranch RV Resort) and the 
proposed Project operations, as well as intervening topography that would break line-of-sight between 
Project equipment sources (i.e., drilling rigs) and receptors, noise generated by Project operations is 
estimated to be imperceptible at these closest receptors. As such, the Project would comply with the 
applicable County General Plan and Code of Ordinances, and there would be less than significant with no 
mitigation required. 

b) Would the Project result in generation of excessive groundborne vibration or groundborne noise 
levels? 

Less Than Significant Impact: See response to CEQA Criteria a) above. Drill rig and offroad mobile 
equipment (loaders, dozers, etc.) operations with the potential to generate groundborne vibration would be 
minimal, and any potential effects would be highly localized and generally below the threshold of human 
receptors beyond areas immediately adjacent to the operating equipment. Blasting or other industrial 
operations with the potential to generate significant levels of groundborne vibration are not proposed as 
part of the Project. Additionally, as discussed above, the closest nearby sensitive human 
receptors/residential area is the Gold Rock Ranch RV Resort located approximately 2.3 miles to the west 
of Drill Area 3, across Blythe Ogilby Road. Therefore, the proposed Project would not generate excessive 
groundborne vibration levels, and there would be less than significant impacts. 

c) For a project located within the vicinity of a private airstrip or an airport land use plan or where 
such a plan has not been adopted, within two miles of a public airport or public use airport, would 
the project expose people residing or working in the project area to excessive noise levels? 

Less Than Significant Impact: No, the proposed Project is not within the vicinity of an airport land use 
plan, nor is the Project within two miles of a public airport or public use airport. As discussed previously, 
the closest airstrip/airport to the Project site is the Holtville Airport, a relatively small county-owned airport 
located over 25 miles away from the Project site to the west. Therefore, less than significant impacts would 
occur. 
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3.16 Population and Housing, Public Services, and Utilities and 
Service Systems 

3.16.1 Initial Study Determination (CEQA) 

Table 3-21 provides the determination of Project impacts to population and housing, public services, and 
utilities. 

Table 3-21 Population and Housing, Public Services, and Utilities and Services Environmental 
Checklist 

Population and Housing, Public Services, and 
Utilities and Service Systems Criteria 

Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

Population and Housing 
a) Induce substantial unplanned population growth 

in an area, either directly (for example, by 
proposing new homes and business) or indirectly 
(for example, through extension of roads or other 
infrastructure)? 

b) Displace substantial numbers of existing people 
or housing, necessitating the construction of 
replacement housing elsewhere? 

Public Services 
a) Would the project result in substantial adverse 

physical impacts associated with the provision of 
new or physically altered governmental facilities, 
need for new or physically altered governmental 
facilities, the construction of which could cause 
significant environmental impacts, in order to 
maintain acceptable service ratios, response times 
or other performance objectives for any of the 
public services: 
1) Fire Protection?
2) Police Protection?
3) Schools?
4) Parks?
5) Other Public Facilities?

Utilities and Service Systems 
a) Require or result in the relocation or construction 

of new or expanded water, wastewater treatment 
or stormwater drainage, electric power, natural 
gas, or telecommunications facilities, the 
construction of which could cause significant 
environmental effects? 

b) Have sufficient water supplies available to serve 
the project from existing and reasonably 
foreseeable future development during normal, 
dry and multiple dry years? 

c) Result in a determination by the wastewater 
treatment provider which serves or may serve 
project that it has adequate capacity to serve 

the 
the 
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Potentially 
Potentially Significant Less Than Population and Housing, Public Services, and No Significant Unless Significant Utilities and Service Systems Criteria Impact Impact Mitigation Impact 

Incorporated 
project’s projected demand in addition to the 
provider’s existing commitments? 

d) Generate solid waste in excess of State or local 
standards, or in excess of the capacity of local 
infrastructure, or otherwise impair the attainment 
of solid waste reduction goals? 

e) Comply with federal, state, and local 
management and reduction statutes and 
regulations related to solid waste? 

3.16.2 Affected Environment 

Due to the short-term and small-scale nature of exploration activities and the remote area of the Project, 
impacts to population and housing would not occur; temporary drilling crews would be on-site at the Project 
during exploration operations and employees would likely stay off-site in the nearby communities of 
Winterhaven, California, El Centro, California, or Yuma, Arizona. The Proposed Action is unlikely to 
increase demand for short-term housing in the area or noticeably increase demand for public or private 
services; therefore, this resource was not analyzed further under the NEPA requirements for the affected 
environment or environmental impacts for each alternative, per the determination in Table G-1 of 
Appendix G. 

3.16.3 Impact Analysis (CEQA) 

Population and Housing 
a) Would the Project induce substantial unplanned population growth in an area, either directly (for 

example, by proposing new homes and business) or indirectly (for example, through extension of
roads or other infrastructure)?

No Impact: No, the proposed Project would not induce substantial unplanned growth in an area. The 
proposed Project would not involve construction of new residences, nor would it require a significant 
number of additional personnel or contractors working on- or off-site (estimate Project exploration would 
require a maximum of approximately 13 onsite employees at a given time). Additionally, other than using 
existing access roads and improving other existing access roads (approximately two miles of existing roads 
would be improved), no new or extended public roadways or public utility facilities or infrastructure are 
proposed; therefore, the Project would not increase utilities or other infrastructure to the Project area that 
may otherwise indirectly induce population growth in the County. Accordingly, the proposed Project would 
not induce substantial unplanned population growth in an area, either directly or indirectly, and no impacts 
would occur. 

b) Would the Project displace substantial numbers of existing people or housing, necessitating the
construction of replacement housing elsewhere?

No Impact: No, the proposed Project would not displace substantial numbers of existing people or housing, 
necessitating the construction of replacement housing elsewhere. The Project site is an exploratory drilling 
project, located within a remote area used for historical mining operations. SMP’s proposed exploratory 
drilling operations would occur entirely within the footprint of areas previously disturbed by these historical 
mining operations. The Project site and surrounding areas are undeveloped and do not contain existing 
dwelling units, and the proposed Project would not displace any persons or housing. Additionally, as 
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discussed under CEQA Criteria a) above, the Project would not change the existing land use in the Project 
area, nor would it substantially increase the number of on- or offsite employees. Therefore, no additional 
construction of replacement housing elsewhere would be required. As such, the proposed Project would not 
displace a substantial number of existing people or housing, and no impacts would occur. 

Public Services 
a) Would the project result in substantial adverse physical impacts associated with the provision of

new or physically altered governmental facilities, need for new or physically altered governmental
facilities, the construction of which could cause significant environmental impacts, in order to
maintain acceptable service ratios, response times or other performance objectives for any of the
public services:

1. Fire protection?
2. Police protection?
3. Schools?
4. Parks?
5. Other public facilities?

No Impact: See discussions below. 

Fire Protection: No, the proposed Project would not result in substantial adverse physical impacts to any 
fire protection services. The Project Area is within a remote, undeveloped area of the County that is 
generally not prone to wildfire (see Section 3.24). The proposed Project (i.e., exploratory drilling) would 
not involve any operations with a high potential to result in an accidental fire. 

As discussed in Section 3.11 and Appendix F, SMP would incorporate numerous fire prevention and fire 
safety measures into their standard operating procedures.  

Additionally, the proposed Project does not include the development of new housing or increase utility 
capacity, water supply, or add new infrastructure to the area that would otherwise directly or indirectly 
induce population growth in the area that would increase demand for fire protection services. For these 
reasons, the proposed Project would not have an effect upon or result in a need for new or physically altered 
fire protection services to maintain acceptable service ratios, response times, or other performance 
objectives, and no impacts would occur. 

Police Production: No, the proposed Project would not result in substantial adverse physical impacts to 
any police protection services. As discussed under CEQA Criteria a) above, the Project area is located 
within a remote, undeveloped area of the County and is accessed via existing public roadways. The 
proposed Project does not include new housing and would not require significant additional on- or off-site 
employees beyond those who currently reside within the County. In addition, the Project would not directly 
or indirectly induce population growth in the area that would increase demand for police protection services. 

During all operations, SMP would maintain equipment and conduct activities in a safe and orderly manner. 
Due to the isolated nature and remote locations of the proposed access roads and drill sites, public security 
and safety are not a concern; however, as needed, certain access roads may be gated and/or locked to prevent 
public access. For example, the staging area (Figure 2-1) where the Oro Cruz Mine Portal is located would 
be secured with chain link fence and razor wire and locked with warning signs during brief periods of non‐
operation. All employees and contractors would be required to complete an employee safety training prior 
to commencement of operations. 

For these reasons, the proposed Project would not have an effect upon or result in a need for new or 
physically altered police protection services to maintain acceptable service ratios, response times, or other 
performance objectives, and no impacts would occur. 
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Schools: No, the proposed Project would not result in substantial adverse physical impacts to any schools. 
As discussed under CEQA Criteria a) and b) above, the Project area is within a remote and undeveloped 
are of the County and is accessed via existing public roadways. Based on the nature of the Project and the 
fact that the number of on- and off-site employees would not significantly increase above existing levels, 
the Project would not require an increased demand for public schools, or other related public facilities. 
Additionally, the Project would not generate development or changes in land use intensities that would 
change or increase student enrollment in the County’s school system. Therefore, the proposed Project would 
not have an effect upon or result in a need for new or physically altered schools to maintain acceptable 
service ratios or other performance objectives, and no impacts would occur. 

Parks: No, the proposed Project would not result in substantial adverse physical impacts to any parks. As 
discussed under CEQA Criteria a), b) and c) above and Section 3.17, the Project area is within a remote 
and undeveloped area and is accessed via existing public roadways. The Project would not generate 
development or changes in land use intensities that would change or increase demand for public parks and 
recreational facilities within the County. Therefore, the proposed Project would not have an effect upon or 
result in a need for new or physically altered parks to maintain acceptable service ratios or other 
performance objectives, and no impacts would occur. 

Other Public Facilities: No, the proposed Project would not result in substantial adverse physical impacts 
to any other public facilities. The Project area is within a remote and undeveloped area and is accessed via 
existing public roadways. The proposed Project does not include new housing and the number of on- and 
off-site employees would not substantially increase above existing levels within the County. In addition, 
the Project would not otherwise directly or indirectly induce population growth in the area that would 
increase demand for other public facilities, such as libraries. Therefore, the proposed Project would not 
have an effect upon or result in a need for other new or physically altered public facilities, such as libraries, 
to maintain acceptable service ratios, response times, or other performance objectives, and no impacts 
would occur 

Utilities and Service Systems 
a) Would the Project require or result in the relocation or construction of new or expanded water, 

wastewater treatment or stormwater drainage, electric power, natural gas, or telecommunications 
facilities, the construction of which could cause significant environmental effects?

Less Than Significant Impact: No, the Project would not require or result in the relocation or construction 
of new or expanded water, wastewater treatment or stormwater drainage, electric power, natural gas, or 
telecommunications facilities, the construction of which could cause significant environmental effects. 

Surface and groundwater within the Project Area would not be used as a source for water for the drilling. 
Rather, water for drilling and dust suppression would be provided by the drilling company via a mobile 
water truck. Specifically, the water would be procured from Gold Rock Ranch and/or another local water 
purveyor. It is anticipated that two 1,000-gallon water trucks would be required onsite each day. 
Additionally, a 2,000-gallon portable water storage tank would be kept onsite for drilling and dust 
suppression. A mobile water truck would be utilized onsite for dust suppression, and applied water would 
either naturally evaporate or infiltrate into the ground. 

The site would not be connected to a public water system. Minimal quantities of fresh potable water for 
onsite employees would be provided by water bottles. 

No wastewater would be generated during Project operations, as no onsite processing would occur within 
the site. All rock products and waste rock generated during Project operations would be naturally occurring 
rock. Chemicals or other hazardous materials would not be utilized during drilling activities. Water used 
during the drilling process would come into contact with bentonite drilling mud and ground rock at depth. 
It would be managed and handled after it is pumped back out of the hole by evaporation and by allowing 
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solids to settle out in excavated mud pits or sumps at the drill site. The sumps would be backfilled after 
evaporation. There would be no discharges outside the drill site or in surface tributaries, and no pollutants 
would be discharged in accordance with the CWA requirements. As discussed above, activities would be 
conducted in compliance with applicable county, state, and federal laws, including requirements specific to 
California’s CGP for stormwater discharges, if deemed necessary by the BLM and/or Imperial County. 

The Project would not be connected to a public sewer system. If needed, temporary portable toilets may be 
placed within the Project Area. If installed, portable toilet facilities provided for the duration of the Project 
would be maintained by contractors and accumulated human waste would periodically be collected and 
transported to an approved disposal site. No waste would be buried onsite. Operations in the Project Area 
would not produce any industrial or domestic wastewater discharges onsite. 

The Project would not require the construction of new electric power, natural gas, or telecommunications 
facilities or infrastructure. Power would be provided by diesel fuel, as well as two diesel-powered 
generators (125 kW or equivalent). There would be no onsite natural gas storage or consumption as part of 
the Project. As discussed previously, telecommunications would be facilitated using personal cellular 
telephones, or satellite phones in case of emergencies.  

For the reasons outlined above, the Project would have less than significant impacts related to the relocation 
or construction of new or expanded utilities infrastructure/facilities. 

b) Would the Project have sufficient water supplies available to serve the project from existing and 
reasonably foreseeable future development during normal, dry and multiple dry years?

Less Than Significant Impact: The Project would have sufficient water supplies available during normal, 
dry and multiple dry years. As discussed under CEQA Criteria a) as well as in Section 3.22, water for 
drilling and dust suppression would be provided by the drilling company via a mobile water truck. 
Specifically, the water would be procured from Gold Rock Ranch and/or a local water purveyor. Minimal 
quantities of fresh potable water for onsite employees would be provided by water bottles. Groundwater 
within the Project Area would not be used as a source for water for the drilling. The Project water purveyors 
(i.e., Gold Rock Ranch and/or other local company) have sufficient water supplies available to serve the 
Project. Therefore, the Project would have less than significant impacts. 

c) Would the Project result in a determination by the wastewater treatment provider which serves or 
may serve the project that it has adequate capacity to serve the project’s projected demand in
addition to the provider’s existing commitments?

Less Than Significant Impact: As discussed above, no wastewater would be generated during Project 
operations, as no onsite processing would occur within the site. The site would also not be connected to a 
public sewer system. If needed, temporary portable toilets may be placed within the Project Area. If 
installed, portable toilet facilities provided for the duration of the Project would be maintained by 
contractors and accumulated human waste would periodically be collected and transported to an approved 
disposal site. No waste would be buried onsite. As such, operations in the Project Area would not produce 
any industrial or domestic wastewater discharges onsite. 

Other than the use of temporary portable toilets placed within the Project Area, no other wastewater disposal 
systems would be installed as part of the Project site. The Project would not discharge wastewater to County 
public sewer infrastructure, or another wastewater treatment provider. Therefore, no impacts would result. 

d) Would the Project generate solid waste in excess of State or local standards, or in excess of the
capacity of local infrastructure, or otherwise impair the attainment of solid waste reduction goals?
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Less Than Significant Impact: No, the Project would not generate solid waste in excess of State or local 
standards, or in excess of the capacity of local infrastructure, or otherwise impair the attainment of solid 
waste reduction goals. Minimal quantities of solid trash generated by the contractors would be collected in 
appropriate containers and removed as required for accordance with applicable laws and regulations. No 
refuse would be disposed of onsite. The Project would be sufficiently served by permitted Class I, II and/or 
III solid waste landfills that have sufficient capacity to meet the Project’s minimal needs in terms of solid 
waste generation and disposal. Therefore, the Project would have less than significant impacts. 

e) Would the Project comply with federal, state, and local management and reduction statutes and 
regulations related to solid waste?

Less Than Significant Impact: The Project would comply with federal, state, and local management and 
reduction statutes and regulations related to solid waste. As discussed above, Project operations would be 
short-term (i.e., estimated 12- to 24-months total) and conducted in compliance with local, state and federal 
regulations. The Project operations, including any construction and/or reclamation, would not result in a 
significant amount of solid waste generation. Any solid waste generate as a result of the Project would be 
managed according to state and local requirements, and properly disposed of offsite. The Project would 
comply with federal, state and local solid waste statutes and regulations. Therefore, less than significant 
impacts would result. 

3.17 Recreation 

3.17.1 Initial Study Determination (CEQA) 

Table 3-22 provides the determination of Project impacts to recreation. 

Table 3-22 Recreation Environmental Checklist 

Recreation Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

a) 

Would the project increase the use of the existing 
neighborhood and regional parks or other 
recreational facilities such that substantial physical 
deterioration of the facility would occur or be 
accelerated? 

b) 

Does the project include recreational facilities or 
require the construction or expansion of 
recreational facilities which might have an adverse 
effect on the environment? 

3.17.2 Affected Environment 

The area of analysis for recreation is the Project Area. Recreational uses of public land within the area of 
analysis consist primarily of dispersed recreational activities including prospecting, hiking, OHV use, 
camping, wildlife viewing, photography, and historic site viewing (i.e., the Tumco Historic Mine). The area 
of analysis does not fall within any BLM LUPA Recreation Designations, including Special Recreation 
Management Areas, Extensive Recreation Management Areas, or National Scenic Cooperative 
Management Areas (DRECP Gateway 2021). No wilderness study areas or lands with wilderness 
characteristics are found in the area of analysis (Wilderness Connect 2021). The Imperial Sand Dunes 
Recreation Area, popular for camping and OHV use, is located to the west, outside the area of analysis. 

Environmental Assessment/Mitigated Negative Declaration August 2023 
Oro Cruz Exploration Plan of Operations 66 PC ORIGINAL PKG



The historic mining town of Tumco, formerly known as Hedges, is located in the area of analysis. A self-
guided walking tour is available to the public to view the minimal remains of the once-bustling town, 
including crumbling foundations, a reservoir, and a cemetery. Camping and vehicle travel are prohibited 
within the townsite, and vehicle access is available to the parking area only, with the public advised to use 
hiking trails to access the site (BLM 2021).  

The area of analysis is also in California Department of Fish and Wildlife (CDFW) hunting Zone D12, 
which is primarily made up of public lands administered by the BLM (Figure 3-6). This hunting zone has 
the lowest density deer herd in the State of California due to its harsh living environment where vegetation 
is sparse and water is limited (CDFW 2022a). The subspecies of deer within Zone D12 is the burro or desert 
mule deer (Odocoileus hemionus eremicus) (CDFW 2021a). There are 950 deer tags available for this 
hunting zone; the archery season in Zone D12 is October 1 through October 23 and general season dates 
run November 5 to November 27 (CDFW 2022b). In 2017, the estimated population count for Zone D12 
was 5,174 deer (CDFW 2022c). In 2021, there were 947 deer tags issued and an estimated 106 bucks 
harvested from Zone D12 during the hunting season (CDFW 2021b). 

3.17.3 Environmental Impacts (NEPA) – Proposed Action 

Under the Proposed Action, the temporary new access roads and the main staging area/portal access road 
would strictly be used by Project vehicles accessing the exploration Drill Areas and would be equipped 
with signage noting restricted access. The proposed new access road to the proposed staging area and 
underground portal would be secured from unauthorized access for the duration of the Project, including 
during post-closure activities to ensure Project-only access. Other existing roads or trails within the area of 
analysis currently open to OHV use would remain available for public use under the Proposed Action. Road 
access is discussed in more detail in Section 3.19. Recreation activities at the Imperial Sand Dunes 
Recreation Area would not be impacted by the Proposed Action as it is located outside the area of analysis. 
Hunting within the area of analysis would be temporarily impacted as this recreational activity would be 
displaced away from the active drilling sites. Although the current use of the area of analysis and vicinity 
by mule deer is low, it is possible that mule deer would move away from the Project-related activity, 
resulting in hunters following them to the surrounding areas; however, the majority of deer harvested from 
Zone D12 are taken in the Whipple Mountains and Riverside Mountains located approximately 115 miles 
northeast of the Project Area (CDFW 2021a).  

As the area of analysis provides spaces and opportunities for dispersed recreation, recreationalists may be 
less likely to visit the area during Project operations due to increased levels of noise and drilling equipment 
being visible within the Project area and with temporary access restrictions in place. Project operations 
would be temporary within each Drill Area, occurring over up to two weeks at up to two drill sites at a time 
before moving to a new drill site. The BLM would require notices to be posted at relevant locations and at 
designated recreational sites in the area notifying the public of dates and times that drilling would occur, 
bringing awareness to potential elevated levels of noise and activity in the Project Area during which time 
recreationalists may choose to visit locations outside of the Project Area, included as a mitigation measure 
in Appendix F. Additionally, CMA LUPA-CTTM-7 would be required for implemented  management of 
recreation facilities, as appropriate, described further in Appendix F. Impacts to recreation under the 
Proposed Action would be minor, short-term, and localized.  

3.17.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved by the BLM; thus, no impacts to 
recreation are anticipated under the No Action Alternative except for those occurring under existing 
conditions. Existing recreational uses would continue to occur in the Project Area and vicinity. 
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3.17.5 Impact Analysis (CEQA) 

a) Would the project increase the use of the existing neighborhood and regional parks or other
recreational facilities such that substantial physical deterioration of the facility would occur or be 
accelerated?

Less Than Significant Impact: No, the proposed Project would not increase the use of existing 
neighborhoods, regional parks or other recreational facilities. The Project site is located in the Tumco 
mining district in the Cargo Muchacho Mountains (approximately 35 minutes northwest of Yuma, Arizona), 
and is accessed via existing paved highways and graded roads. The Tumco Historic Mine is a historic and 
recreational area managed by the BLM for uses such as hiking, prospecting, wildlife viewing, and 
photography; however, the Project Area itself has been previously disturbed by historical mining activities. 
The nearest County Park is Osborne Park, located over 18 miles to the northwest of the Project area. The 
proposed Project does not include new housing and the number of on- and off-site employees would not 
increase substantially above existing levels. In addition, the Project would not directly or indirectly induce 
population growth in County areas that would in turn increase the use of existing neighborhood, regional 
parks or other recreational facilities. Conversely, development of the Project would prevent the public from 
accessing certain unsafe or unstable areas within the Tumco Historic Mine, and SMP would work with the 
BLM to properly manage the surrounding areas and maintain access, so public use for recreational purposes 
can continue throughout the life of the Project. Therefore, the proposed Project would not increase the use 
of existing neighborhood and regional parks or other recreational facilities such that substantial physical 
deterioration of the facility would occur or be accelerated, and there would be less than significant impacts. 

b) Does the project include recreational facilities or require the construction or expansion of
recreational facilities which might have an adverse effect on the environment?

No Impact: No, the proposed Project does not include recreational facilities or require the construction or 
expansion of recreational facilities. The Project site is located entirely within a remote area previously 
disturbed by historical mining activities and is accessed via existing paved highways and graded roads. The 
proposed Project does not include new housing and the number of on- and off-site employees would not 
increase substantially above existing levels within the County (estimate at most 13 onsite employees would 
be needed). In addition, the Project would not otherwise directly or indirectly induce population growth in 
the area that would require the construction or new or expansion of existing recreational facilities. 
Therefore, the proposed Project would not require the construction or expansion of recreational facilities, 
which might have an adverse physical effect on the environment, and no impacts would occur. 

3.17.6 Cumulative Effects 

The CESA boundary for recreation includes the Project Area plus a one-mile buffer (Figure 3-3). This 
CESA was chosen as it is the geographic area to which cumulative impacts to recreation opportunities 
would occur related to access, the viewshed, and/or noise experienced during recreating based on areas of 
known dispersed recreation and access points. The CESA encompasses 6,260 acres. 

Within this CESA, past and present disturbance, as detailed in Table 3-23, has resulted from the following 
activities: mineral development and exploration projects (796 acres); utilities, infrastructure, and public 
purpose projects (17 acres); roads (30 acres); and dispersed recreation.  

Table 3-23 Past, Present, and RFFAs in the Recreation CESA 

Past, Present, and RFFAs, Disturbances and Projects CESA 

CESA Acres 6,260 
Past Actions 
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Past, Present, and RFFAs, Disturbances and Projects CESA 
Mineral Development and Exploration 
Sand and Gravel Operations, Materials Sites and Community Sand and Gravel Pits 272 
Notices 17 
Mining and Exploration Projects 507 

Past Actions Total Disturbance Acres 796 
Present Actions 
Utilities, Infrastructure, and Public Purpose 
Power Lines 17 
Roads and Railroads Present Actions 
Roads 30 

Present Actions Total Disturbance Acres 47 
Past and Present Total Disturbance Acres 843 

Percent of CESA 13 
Source: BLM 2022a-b 

Of the 6,260 acres covered by the CESA, 843 acres of disturbance are associated with past and present 
disturbances, which is a disturbance of approximately 13 percent of the CESA. There are no RFFAs within 
the CESA, other than the Proposed Action, which is analyzed for cumulative impacts in the following 
section. 

Past mineral development and exploration operations in the CESA, including the existing American Girl 
Mine and associated community pit, often limit public access to areas previously used for dispersed 
recreation. In addition, they may reduce the recreational value and modify the recreational setting when 
vegetation and/or wildlife are affected and may result in visual and noise impacts for those recreation users 
seeking experiences of isolation and solitude. These actions may also displace recreationists to surrounding 
areas. Impacts to recreation resources from mining and exploration operations may be long-term if left 
unreclaimed (such as open pits); however, impacts are typically short-term until reclamation is completed 
and access and use of the area is restored to pre-Project conditions. In addition, mining activities may 
increase the population of an area by bringing in mine employees and workers to the areas which may 
increase the use of recreation areas within the CESA. 

Present disturbance associated with utilities, infrastructure, and public purpose projects in the CESA include 
powerlines. Lands occupied by utilities and infrastructure are generally still available for dispersed 
recreation activities, but the recreation setting may have changed due to the presence of man-made features 
such as powerlines and telephone poles. These facilities often include maintenance roads which may 
increase OHV use in the area and allow vehicular access to areas that previously had little, if any, OHV 
traffic.  

Road disturbance within the CESA provides access to recreation areas and can also become a form of 
recreation. For those seeking solitude and a primitive outdoor experience, development of roads can impact 
the recreation experience by modifying the recreation setting with the visual appearance and noise of road 
traffic, as well as the increased vehicular traffic.  

Urban development may restrict access for recreational use and create visual impacts for those seeking 
solitude and a primitive outdoor experience; however, there are no urban development areas within the 
CESA. Dispersed recreation and camping would continue to occur within the CESA and would be 
considered RFFAs. Impacts from RFFAs would be similar to those stated for past and present actions. 
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Proposed Action 
Approval of the Proposed Action would increase disturbance within the CESA by 20.54 acres in addition 
to disturbance associated with past, present, and RFFAs (843 acres) for a total disturbance of approximately 
864 acres, which is approximately 14 percent of the CESA. Cumulative impacts to recreation from past, 
present, and RFFAs in combination with the Proposed Action would be short-term, except for mining 
features that are not reclaimed, such as open pits. Transmission lines and above ground utilities would result 
in long-term visual impacts to recreation resources. Impacts from past, present, and RFFAs would include 
restricted access to recreation areas, displacement of recreationists to surrounding areas, potential increase 
in the population of recreationists, and impacts to the recreation setting. The Proposed Action would restrict 
access to areas that are fenced for active exploration operations, including all proposed new access roads 
that would be fenced for restricted access during Project operations. All areas of surface disturbance would 
be reclaimed concurrently, except for the new road for access to the staging area/underground portal, which 
would be considered the main entrance road to the Project Area after construction and would remain as a 
post-closure access road until continued reclamation and monitoring and underground exploration has been 
completed, which would be completed and remaining surface disturbance reclaimed within five years from 
Project implementation. Pre-existing roads would be maintained per existing conditions and would not be 
reclaimed as they represent pre-existing disturbance and would continue to be used in the future as they are 
currently. These unreclaimed road features would present increased opportunities for access to dispersed 
recreation in the CESA. Some recreationists may be displaced to surrounding areas during mining 
operations with temporary access restrictions in place, and the recreation setting may be impacted; however, 
there is already a significant amount of disturbance affecting recreation, such as the American Girl Mine 
pit, and after reclamation occurs, dispersed recreation would return to near pre-Project conditions. The 
Proposed Action in combination with the past, present, and RFFAs does not significantly contribute to the 
percentage of surface disturbance within the CESA; cumulative impacts would be negligible during Project 
operations and after reclamation occurs and would be short-term and localized. 

No Action Alternative 
Under the No Action Alternative, the proposed Oro Cruz exploration activities would not be approved and 
the associated impacts to recreation would not occur. Overall, cumulative effects to this CESA from the No 
Action Alternative would be less than the Proposed Action since additional surface disturbance from that 
alternative would not occur and thus would not additionally impact recreation. There would be no 
cumulative impacts beyond those currently occurring from past, present, and RFFAs. 

3.18 Soils 

3.18.1 Initial Study Determination (CEQA) 

Table 3-24 provides impact determinations of the Project on geology and soils. 

Table 3-24 Geology and Soils Environmental Checklist 

Potentially 
Potentially Significant Less Than No Geology and Soils Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 
Directly or indirectly cause potential substantial 
adverse effects, including risk of loss, injury, or 
death involving: 

a) Rupture of a  known earthquake fault, as 
delineated on the most recent Alquist-Priolo 1) Earthquake Fault Zoning Map issued by the 
State Geologist for the area or based on 
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Potentially 
Potentially Significant Less Than No Geology and Soils Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 
other substantial evidence of a  known fault? 
Refer to Division of Mines and Geology 
Special Publication 42? 

2) Strong Seismic ground shaking? 
Seismic-related ground failure, including 3) liquefaction and seiche/tsunami? 

4) Landslides? 
Result in substantial soil erosion or the loss of b) topsoil? 
Be located on a geologic unit or soil that is 
unstable or that would become unstable as a result 

c) of the project, and potentially result in on- or off-     
site landslides, lateral spreading, subsidence, 
liquefaction or collapse? 
Be located on expansive soil, as defined in the 

d) latest Uniform Building Code, creating substantial 
direct or indirect risk to life or property? 
Have soils incapable of adequately supporting the 
use of septic tanks or alternative waste water e) disposal systems where sewers are not available 
for the disposal of waste water? 
Directly or indirectly destroy a unique 

f) paleontological resource or site or unique geologic 
feature? 

3.18.2 Affected Environment 

The area of analysis for soils is the Project Area, located in the Lower Colorado Desert Major Land 
Resource Area (MLRA) within the Cargo Muchacho Mountain Range. Landforms in the MLRA are 
mountains, alluvial landforms including alluvial fans, fan remnants, and valleys, and internally drained 
basins including dry lakes and lake terraces. Average winter temperatures (December through February) 
are approximately 58 °F and the annual average mean precipitation for the area of analysis is 0.32 inches 
(WRCC 2021). Tumco Wash is an ephemeral stream within the area of analysis (Figure 3-7) and is the 
primary source of water (FWS 2019). The Cargo Muchacho Mountain Range is comprised predominately 
of Jurassic metavolcaniclastic rocks of the Tumco Formation, now present as well-foliated amphibolite-
facies gneiss and schist (Tetra Tech 2011). Mesozoic biotite granite and associated pegmatite dikes cut the 
Tumco Formation and cut Mesozoic hornblende-biotite quartz monzonite. The granite and monzonite form 
large intrusive bodies in the range. The principal structural fabric in the range is west-northwest. Low-angle 
faults are cut by northwest trending faults. The Oro Cruz mineral deposit is believed to be a detachment-
fault-related gold deposit consisting of replacement mineralization along a low-angle detachment fault 
related to regional extensional fault systems. Mineralization is hosted predominantly within or along the 
boundaries the Tumco Formation. Mesothermal mineralization occurs in multiple brown to brownish gray 
siliceous zones containing hematite, magnetite, quartz, mica, feldspar, chlorite, and copper oxides. Native 
gold containing very low silver is associated with iron and copper oxides. Surficial deposits include alluvial 
fan deposits and alluvial and lacustrine deposits below the valley floors; however, surficial deposits have 
not been mapped within the area of analysis (Stantec 2021a). Dominant soil orders are Entisols and 
Aridisols with an extremely aridic soil moisture regime (NRCS 2006). Soils within the area of analysis 
have not been mapped in detail by the US Department of Agriculture (USDA) Natural Resource 
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Conservation Service (NRCS) but are covered by the generalized STATSGO2 dataset (Soil Survey Staff 
2022), as shown in Table 3-25 and on Figure 3-7. 

Table 3-25 STATSGO2 Soil Mapping Units Within the Area of Analysis 

Map Unit 
Symbol Map Unit Name Acres in Area of 

Analysis 
Percent of Area of 

Analysis 
s991 Myoma-Carsitas-Carrizo 114.9 18 

s1126 Tecopa-Rock outcrop-Lithic Torriorthents 511.4 82 
Total 626.3 100 

Source: Soil Survey Staff 2022 

Soils in the area of analysis are primarily developed from weathered granitic rock and schistose rock 
substrates. The soils consist of gravelly sands with large amounts of cobble, rock, and boulders. Hill slopes 
are steep and almost entirely covered in large, weathered rock (Stantec 2021b). Soils are a product of the 
mechanical weathering process in this arid climate and are generally composed of coarse sands, gravel, and 
cobbles with little profile development. Soils vary from rock outcrops and a thin residual veneer of in-place 
rock materials on mountain ridges and slopes, to deep, coarse, alluvial material in washes and outwash fans. 
Old piedmont surfaces, such as desert pavement, have developed a characteristic type of rock surface 
underlain by vesicular and saline subsoils peculiar to this desert region. Rock outcrops on peaks, ridges, 
and knobs occur throughout the area. Cobbles and rock fragments are common on the ground surface and 
form part of the weathered desert pavement on stable bajadas (Dycker & Associates, Inc. 1995). 

Myoma-Carsitas-Carrizo (Map Unit s991) 
Myoma 
The soil series Myoma is a light olive gray, moderately alkaline fine and very fine sands to a depth of 
approximately 31 inches, below which soils become strongly alkaline very fine sands. These soils are 
located at elevations of 200 feet below sea level to 1,800 feet AMSL and are nearly level to low rolling 
hills. Myoma soils are somewhat excessively drained with very slow runoff and rapid permeability (USDA 
2015a).  

Carsitas 
The soil series Carsitas is a light olive gray color consisting of gravelly sands to a depth of 10 inches 
transitioning to gravelly coarse sands below that. Carsitas soils are somewhat excessively drained soils with 
negligible to low runoff and high saturated hydraulic conductivity. Soils were formed in alluvium from 
granitoid and/or gneissic rocks. These soils are on alluvial fans, fan aprons, valley fills and in drainageways. 
They are located at elevations ranging from 220 feet below sea level to 2,625 feet AMSL (USDA 2015b). 

Carrizo 
The soil series Carrizo is a pale brown color consisting of extremely gravelly sand to a depth of two inches 
transitioning to a stratified extremely gravelly and very gravelly coarse sand. Carrizo soils are excessively 
drained soils with negligible to low runoff and high saturated hydraulic conductivity. They are found on 
flood plains, fan piedmonts, and bolson floors. They are located at elevations ranging from 270 feet below 
sea level to 2,600 feet AMSL (USDA 2013).  

Tecopa-Rock outcrop-Lithic Torriorthents (Map Unit s1126) 
Tecopa 
The soil series Tecopa is a pale to very pale brown color consisting of very gravelly sandy loams to a depth 
of eight inches where a restrictive layer of quartzite is met. These soils are very shallow with depths ranging 
from two to 10 inches. The Tecopa series is well drained with medium to rapid runoff and moderate 
permeability. They are found in elevations ranging from 1,500 to 5,000 feet AMSL (USDA 2015c).  
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Rock outcrop 
Rock outcrops are classified as miscellaneous land types with little or no identifiable soils and are unable 
to support vegetation without major reclamation. Rock outcrops typically occur on mountain slopes and 
ridgetops at elevations ranging from 4,000 to 9,000 feet AMSL (NRCS 1982). 

Lithic Torriorthents 
Lithic Torriorthent soils have a lithic contact that is within approximately 20 inches of the surface and 
commonly is at a depth of less than approximately 10 inches. Their moisture-storage capacity is low, and 
they are known to occur mostly in association with soils that have more moisture available to plants (NRCS 
1999). 

3.18.3 Environmental Impacts (NEPA) – Proposed Action 

The surface disturbance as a result of the Proposed Action would be created incrementally and could occur 
in either of the soil types found within the area of analysis. Soils within the area of analysis have a low 
erosional hazard from wind and water. The Myoma-Carsitas-Carrizo soils consist of thicker units of finer 
soils, which have excessive drainage causing for greater mineral precipitates and decreasing the quality of 
soil for vegetation to develop. The Tecopa-Rock outcrop-Lithic Torriorthents soil unit consists of shallow 
soils and rock outcrops, which reduces the potential for vegetation and increases potential for wind erosion. 
Although the Myoma-Carsitas-Carrizo soils have an increased potential for mineral precipitates than the 
other soil associations within the area of analysis, the minimal amount of meteoric and surface water 
through the area of analysis reduces the amount of mineral precipitates and the potential for soil 
entrainment. With an average winter temperature above 32°F, the potential for freeze-thaw fractures in rock 
outcrops and soils is reduced; thus, reducing the potential for soil erosion.  

Under the Proposed Action, SMP would implement erosion PDFs, including, but not limited to: specific 
prohibitions, effluent limitations, potential contaminant source identification, practices to reduce pollutants, 
assessment of pollutant sources, materials inventory, preventative maintenance program, spill prevention 
and response procedures, general stormwater BMPs, training, record keeping, and sampling procedures 
(refer to Appendix F for additional discussion of PDFs). SMP would operate under a monitoring program 
that would be developed for BLM approval under the Proposed Action. Material stockpiling is not 
anticipated and would be kept as temporary storage during construction, if necessary. The topography 
within the area of analysis and the proposed design of the access roads and drill pads reduces the potential 
for stormwater runoff and sediment erosion (SMP 2021).  

The Reclamation Plan (Sespe 2022) conforms with Section 2712 of SMARA, assuring that the Proposed 
Action would prevent or minimize adverse environmental impacts, and mined lands would be reclaimed to 
a usable condition that is readily adaptable for alternative uses at the end of the Project. Roads not needed 
for post-closure access would be reclaimed following the completion of exploration activities, and reclaimed 
areas would be revegetated with a BLM-approved seed mix (SMP 2021). As a result of surface-disturbing 
activities under the Proposed Action, and with the implementation of the PDFs (Appendix F), impacts to 
soils are anticipated to be minor, short-term, and localized.  

3.18.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the project would not be approved by the BLM; however, the area would 
remain available for other multiple use activities as approved by the BLM. No impacts to soils are 
anticipated under the No Action Alternative except for those occurring under existing conditions. 
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3.18.5 Impact Analysis (CEQA) 

As outlined in the Reclamation Plan (Sespe 2022), California SMARA regulations, specifically Section 
3711, require the salvage of topsoil and other suitable growth media (subsoil) prior to mining activities, and 
redistribution in areas to be revegetated. SMARA Section 3705 also requires soil analysis to determine if 
the growth media in revegetation areas consists of native topsoil and is otherwise adequate to support 
successful revegetation. Although the potential to use topsoil/subsoil from the Project Area is constrained 
by the limited development of the soil profiles (i.e., Project would disturb an estimated 20.54 acres total), 
topsoil and subsoil that is feasible to salvage would initially be scraped off the drill pads and new access 
road areas and stored along the edges of the pads/roads in small stockpiles and/or berms in accordance with 
Section 3711. The topsoil and subsoil would be salvaged and stored through the duration of Project 
activities, and then used as backfill for reclamation activities once drilling is complete and equipment 
demobilization occurs. Further detail related to topsoil and subsoil storage is available in the Reclamation 
Plan (Sespe 2022), which is on file with Imperial County (Reclamation Plan #21-0001). 

a) Would the Project directly or indirectly cause potential substantial adverse effects, including 
risk of loss, injury, or death involving:

1) Rupture of a known earthquake fault, as delineated on the most recent Alquist-Priolo
Earthquake Fault Zoning Map issued by the State Geologist for the area or based on 
other substantial evidence of a known fault? Refer to Division of Mines and Geology 
Special Publication 42;

2) Strong Seismic ground shaking;
3) Seismic-related ground failure, including liquefaction and seiche/tsunami; and,
4) Landslides?

Less Than Significant Impact: No, the Project would not directly or indirectly cause potential substantial 
adverse effects, including the risk of loss, injury, or death due to earthquakes and/or slope instability. See 
descriptions below. 

Fault Rupture: No, the proposed Project would not significantly cause a substantial adverse impact, either 
directly or indirectly, involving the rupture of an earthquake fault mapped as part of an Alquist-Priolo 
Earthquake Fault Zone (APZ). Per the California Department of Conservation’s (DOC) California 
Earthquake Hazards Zone Application (EQ Zapp), the Project site does not fall within a currently designated 
California Geological Survey (CGS) Earthquake Fault Rupture Hazard (“Alquist-Priolo”) Zone, nor is it 
located within a fault-rupture hazard zone. Per the DOC, the closest mapped DOC Alquist-Priolo Zone to 
the Project area is the “Brawley Seismic Zone” located approximately 30 miles away to the west. 

Additionally, per the Imperial County General Plan (Imperial County 2015), specifically Figure 1 (Seismic 
Activity in Imperial County) within the Seismic and Public Safety Element and Figure 7 (Seismic Hazards) 
within the Conservation and Open Space Element, the closest shown fault extension is the “Algodones 
Fault” line located approximately five miles to the southwest. Furthermore, Figure 7 (Seismic Hazards) 
within the Conservation and Open Space Element notes that the “peak horizontal ground acceleration (the 
fastest measured change in speed, for a particle at ground level that is moving horizontally due to an 
earthquake) with a 10 percent probably of exceedance in 50 years” within the Project Area is designated as 
between 8 percent to 10 percent g (g – acceleration of gravity), which are the lowest seismic risk 
classifications show on Figure 7 of the Imperial County General Plan – Conservation and Open Space 
Element (Imperial County 2015). 

Because the Project site is not located within or near an APZ or other active fault, there is little potential 
for the occurrence of surface fault rupture. Because the Project involves exploratory drilling and ancillary 
operations (e.g., improving/constructing access roads, installing helipads and drill pads, constructing 
staging areas, etc.), no significant slopes would be created. The Project also does not involve the 
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construction of any permanent buildings or significant aboveground structures, and therefore the potential 
risk to onsite employees and contractors during major seismic events is considered low. As a result, the 
Project would not directly or indirectly cause adverse effects, including the risk of loss, injury, or death, as 
a result of fault rupture, and Project impacts would be less than significant. 

Seismic Ground Shaking: No, the Project would not cause a substantial adverse impact, either directly or 
indirectly, from strong seismic ground shaking. As described under CEQA Criteria a)1) above, the Project 
site is not located within a mapped earthquake hazard zone (closest DOC-designated APZ fault zone is 
located approximately 30 miles away, and the County General Plan “Algodones Fault” line is 
approximately four miles away). Additionally, the Imperial County General Plan has designated the Project 
Area as having the lowest “peak horizontal ground acceleration” of approximately 8 percent to 10 percent 
acceleration of gravity. 

Because the Project site is not located within or near an active fault zone, ground shaking during an 
earthquake would not present a significant risk or create slope instability. Because the Project involves 
exploratory drilling and ancillary operations (e.g., improving/constructing access roads, installing helipads 
and drill pads, constructing staging areas, etc.), no significant slopes or buildings/structures would be 
created, and therefore the potential risk to onsite employees and contractors during major seismic events is 
considered low. As a result, the Project would have less than significant impacts related to strong seismic 
ground shaking resulting in a risk of loss, injury, or death. 

Ground Failure/Liquefaction:  No, the Project would not cause a substantial adverse impact, directly or 
indirectly, from seismic-related ground failure, including liquefaction. As discussed above, the Project site 
is not located within a mapped earthquake hazard zone. Additionally, per the EQ Zapp, neither the Project 
site nor surrounding areas are located within a designated CGS Landslide Zone or CGS Liquefaction Zone. 

As discussed above, historical groundwater elevations within the Project Area vary greatly, ranging from 
as deep as 100-feet AMSL up to approximately 10- to 20-feet AMSL according to previous hydrology and 
soils analysis in the vicinity (Coes et al. 2015). In portions of the Project Area where groundwater was 
found close to the native ground surface, there is a potential for liquefaction or ground failure to occur 
during strong seismic shaking events. However, as discussed above, the Project involves exploratory 
drilling and ancillary operations (e.g., improving/constructing access roads, installing helipads and drill 
pads, constructing staging areas, etc.), and no permanent slopes or structures/buildings that would be 
susceptible to ground failure/liquefaction would be constructed onsite. As such, the potential for ground 
failure or liquefaction at the Project site with the potential to risk loss, injury, or death during major seismic 
events is considered low is considered low. Therefore, potential Project impacts related to seismic-related 
ground failure, including liquefaction, are less than significant, with no mitigation required. 

Landslides: See responses to CEQA Criteria a)1), a)2) and a)3) above. Per the EQ Zapp, neither the Project 
site nor surrounding areas are located within a designated CGS Landslide. 

The Project site is a relatively flat area with no major manmade landforms or areas with landslide potential 
as a result of the historical mining activities. Because the Project involves exploratory drilling and ancillary 
operations (e.g., improving/constructing access roads, installing helipads and drill pads, constructing 
staging areas, etc.), no significant slopes would be created, nor would any significant recontouring be 
required. Similarly, since there would be no mining spoils associated with the drilling campaign, other than 
nominal quantities of drill cuttings, there would be no waste piles that would need to be knocked down, or 
re-sloped. Following abandonment of the exploratory boreholes, any remaining drill cuttings would be 
spread out on the drill pad surfaces and reseeded in accordance with the revegetation plan provided herein, 
which would further ensure slope post-Project stability. 

Where needed, SMP would flatten all slopes and floors using mobile equipment, to ensure no slopes exceed 
a 2H:1V (horizontal to vertical) angle in accordance with SMARA performance standards. Proposed 
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revegetation in applicable portions of the Project Area would also help further stabilize any regraded 
areas/slopes and prevent erosion once roots are established. SMP would maintain onsite slopes as needed 
in order to limit potential impacts from erosion. For these reasons, the Project would not result in potential 
impacts from slopes and landslides, and less than significant impacts with no further mitigation would 
result. 

b) Would the Project result in substantial soil erosion or the loss of topsoil? 

Less Than Significant Impact: No, the Project would not result in substantial soil erosion or the loss of 
topsoil. Much of the Project Area has been disturbed due to historical mining operations. As such, it is 
assumed little topsoil/subsoil remains within the Project Area. Nevertheless, in accordance with SMARA, 
prior to grading/ground disturbance, topsoil and subsoil would initially be scraped off the drill pads and 
new access road areas and stored along the edges of the pads/roads in small stockpiles and/or berms. The 
topsoil and subsoil would be salvaged and stored through the duration of Project exploration activities, and 
then used as backfill during site reclamation once drilling is complete and equipment demobilization occurs. 
Salvaged topsoil/subsoil from the Project Area would also be used as a growth medium for revegetation. 
Once the drilling campaign is complete, the stored topsoil/subsoil would be spread out and reseeded. 

Additionally, the drilling campaign would utilize mud sumps to house the drilling fluids. As managed for 
the topsoil/subsoil, excavated spoils would also be stored along the edges of the pads and then backfilled 
into the excavated pits once drilling is complete and equipment demobilization occurs. These backfilled 
materials and any topsoil/subsoil that is salvaged would then be reseeded as part of the overall revegetation 
efforts. 

Due to the existing topography and the proposed design of the access roads and drill pads, stormwater 
runoff and sediment erosion from the Project Area is considered unlikely. As such, the chances of discharge, 
erosion, and/or sedimentation from the Project Area that could adversely impact adjacent properties is 
considered very low. As outlined in Reclamation Plan (Sespe 2022) and the Plan (Appendix A), SMP 
would implement BMPs (e.g., berms, sandbags, fiber rolls, or silt fencing, etc.) for erosion and sediment 
control measures to ensure sediment does not inadvertently erode into adjacent areas during a large storm 
or high wind events. The effectiveness of erosion control measures would be monitored throughout the 
duration of the Project. SMP would ensure erosion, sediment transport and windblown dust are controlled 
by implementation of the storm water BMPs, compliance with ICAPCD applicable rules and regulations, 
and site-specific inspections (as needed) conducted by the operator.  

As a result, through the salvage and proper storage of any remaining onsite topsoil/subsoil, and with the 
implementation of site-specific BMPs and ongoing stabilization of the site slopes, there would be less than 
significant Project impacts related to soil erosion and loss of topsoil. 

c) Would the Project be located on a geologic unit or soil that is unstable or that would become 
unstable as a result of the project, and potentially result in on- or off-site landslides, lateral 
spreading, subsidence, liquefaction or collapse? 

Less Than Significant Impact: No, the Project would not be located on or result in unstable geologic 
deposits or soils such that on- or off-site landslide, lateral spreading, subsidence, liquefaction, or collapse 
would potentially occur. As discussed under CEQA Criteria a) above, per the EQ Zapp, neither the Project 
site nor surrounding areas are located within a designated CGS Landslide Zone. Additionally, the DOC’s 
(2022) landslide inventory database does not list active or dormant landslides within the Project Area. The 
Imperial County General Plan (Imperial County 2015), specifically Figure 2 (Landslide Activity) within 
the Seismic and Public Safety Element, also shows that the Project is not within a designated landslide 
potential area. Because the Project would be located outside of a landslide zone, and through continued 
adherence to the required 2H:1V slope design per County and SMARA standards, impacts related to 
seismic-related ground failure, including liquefaction, would be less than significant. Therefore, given that 
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the proposed Project and related exploration structures would not be situated in areas known to have 
unstable ground conditions, and would not otherwise create such conditions, there would be less than 
significant impacts related to unstable geologic units and soil. 

d) Would the Project be located on expansive soil, as defined in the latest Uniform Building Code, 
creating substantial direct or indirect risk to life or property? 

No Impact: No, the Project would not be located on expansive soil as defined in as defined in Table 18-1-
B of the Uniform Building Code (1994), creating substantial direct or indirect risks to life or property. As 
discussed above, soils in the Project Area are generally developed from weathered granitic rock and 
schistose rock substrates. The soils consist of extremely gravelly sands or gravelly loams with up to 90% 
coarse fragments. Soils within the Project Area are of two general types based on substrate and topographic 
position: residual soil material weathered in place on slopes and ridges; and deeper alluvial soils transported 
by water and gravity to toe slopes, washes and outwash fans. The soils within the Project Area also contain 
large areas of disturbance from previous mining and reclamation activities. None of the soils found within 
the Project Area are subject to expansion when wetted. Additionally, no permanent or substantial above 
ground buildings or structures, or slopes, that could be susceptible to expansive soils would be constructed 
as part of the Project. As such, the Project presents no risk to life or property from expansive soils, resulting 
in no impacts. 

e) Would the Project have soils incapable of adequately supporting the use of septic tanks or 
alternative waste water disposal systems where sewers are not available for the disposal of 
waste water? 

No Impact: No, the Project does not have soils incapable of supporting the use or installation of septic 
tanks or alternative wastewater disposal systems. The Project would not involve the installation or use of 
septic tanks or alternative wastewater treatment systems. Portable toilets would be provided onsite as 
needed. Therefore, the Project would have no new impacts related to septic tanks or alternative wastewater 
disposal systems. 

f) Would the Project directly or indirectly destroy a unique paleontological resource or site or 
unique geologic feature? 

Less Than Significant Impact: No, the Project would not directly or indirectly destroy a unique 
paleontological resource or unique geologic features. As discussed in Section 3.8 above, Project 
construction and operations activities would not involve significant excavation or ground disturbance into 
previously undisturbed soils. The Project involves exploratory drilling and ancillary operations (e.g., 
improving/constructing access roads, installing helipads and drill pads, constructing staging areas, etc.), 
and most Project structures would be constructed at-grade in areas previous disturbed by historical mining 
activities. Because these activities would occur in areas that are not considered conducive to fossil 
preservation, the potential to encounter paleontological resources is unlikely. Moreover, construction of the 
drill site sumps is expected to be the Project aspect that requires the most below ground disturbance, and 
these sumps would be approximately 12-feet by 12-feet and 6 feet deep; within Holocene-age (recent) 
alluvium, which would not contain any fossil material. Other than minimal regrading to prepare the Oro 
Cruz Mine Portal, access roads, drill pads/sumps, and ancillary facilities, the Project activities do not 
involve ground disturbance in geologic materials that have any potential to contain fossils. Therefore, the 
Project does not have the potential to have a significant impact on these resources.  

In accordance with the avoidance and control measures described in Appendix F, all Project surface-
disturbing activity would be limited to the land area essential for the Project. In determining these limits, 
consideration would be given to topography, public health and safety, placement of facilities, and other 
limiting factors. Work area boundaries would be appropriately marked to minimize disturbance. All 
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workers would strictly limit their activities and vehicles to the areas marked. All workers would be trained 
to recognize work area markers and to understand equipment movement restrictions. 

Additionally, although no adverse impacts to unique paleontological resources or unique geologic features 
are anticipated, nonetheless there is always to potential for undiscovered cultural resources to be 
inadvertently discovered. Therefore, SMP would comply with applicable County requirements that grading 
work cease in the event that any cultural resources are identified during grading. As discussed in the Plan 
(SMP 2021) and the Reclamation Plan (Sespe 2022), all workers, including all construction and drilling 
contractor personnel, and others who implement Project activities would be given special instruction, which 
would include training on distribution, general behavior and ecology, protection afforded by State and 
Federal endangered species acts (including prohibitions and penalties), and procedures for reporting 
encounters, and the importance of following the protection measures. If onsite employees or contractors 
encounter a potential cultural or paleontological resource, ground disturbing work would halt immediately 
within a 100-foot buffer of the resource encountered as a BLM-required mitigation measure (Appendix F), 
and an archaeologist would be called in to evaluate the find in accordance with the monitoring and 
inadvertent discovery plan in consultation with the BLM archaeologist. 

Therefore, through compliance with applicable Imperial County requirements related to undiscovered 
paleontological resources, and implementation of the avoidance measures outlined in the Plan (SMP 2021) 
and Reclamation Plan (Sespe 2022), the Project would not directly or indirectly destroy a unique 
paleontological resource or site or unique geologic feature, and impacts would be less than significant. 

3.18.6 Cumulative Effects 

The CESA boundary for soils includes the Project Area plus a one-mile buffer (Figure 3-3). This CESA 
was chosen as it is the geographic area to which cumulative impacts to soils would occur based on surface 
disturbance proposed under the Project. The CESA encompasses 6,260 acres. 

Within this CESA, past and present disturbance, as detailed in Table 3-26, has resulted from the following 
activities: mineral development and exploration projects (796 acres); utilities, infrastructure, and public 
purpose projects (17 acres); roads (30 acres); and dispersed recreation.  

Table 3-26 Past, Present, and RFFAs in the Soils CESA 

Past, Present, and RFFAs, Disturbances and Projects CESA 

CESA Acres 6,260 
Past Actions 
Mineral Development and Exploration 
Sand and Gravel Operations, Materials Sites and Community Sand and Gravel Pits 272 
Notices 17 
Mining and Exploration Projects 507 

Past Actions Total Disturbance Acres 796 
Present Actions 
Utilities, Infrastructure, and Public Purpose 
Power Lines 17 
Roads and Railroads Present Actions 
Roads 30 

Present Actions Total Disturbance Acres 47 
Past and Present Total Disturbance Acres 843 
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Past, Present, and RFFAs, Disturbances and Projects CESA 

Percent of CESA 13 
Source: BLM 2022a-b 

Of the 6,260 acres covered by the CESA, 843 acres of disturbance are associated with past and present 
which is a disturbance of approximately 13 percent of the CESA. There are no RFFAs within the CESA, 
other than the Proposed Action, which is analyzed for cumulative impacts in the following section. 

Past mineral development and exploration activities within the Soils CESA have not all been actively 
reclaimed; however, natural reclamation of vegetation species has likely occurred at the site of past 
activities over time, which has resulted in various levels of revegetation, which is important for soil stability 
and erosion prevention. Impacts of past and present mineral development and exploration may be long-
term since soil is physically removed and then replaced during reclamation. If an area is not reclaimed, or 
soils are not salvaged, existing soils may be buried. The primary effect of mining on soil resources is a 
temporary decrease in overall soil quality, reduction in soil production capabilities for vegetation and 
wildlife, potentially increased soil erosion, and subsequently, an increase in sediment in downstream 
surface waters.  

Disturbance to soil resources associated with utility, infrastructure, and public purpose projects (such as 
powerlines) involves construction of access roads, as well as temporary staging areas, which leads to soil 
compaction and removal of vegetation.  

Road construction has a long-term effect on soil resources. Effects from unimproved roads include 
compaction of the ground, burial of soils and altering water flow on the soil surface. State Routes are paved 
with asphalt or concrete, which permanently affects the soil in the area and increases runoff from the 
impermeable surface, which further has the potential to increase erosion of adjacent soils. 

Dispersed recreation may occur within the CESA in the future, which would be considered an RFFA. 
Dispersed recreation may lead to potential increases in the risk of soil erosion due to surface use, depending 
on recreation location. Impacts from RFFAs would be similar to those stated for past and present actions. 

Proposed Action 
Approval of the Proposed Action would increase disturbance within the CESA by 20.54 acres in addition 
to disturbance associated with past, present, and RFFAs (843 acres) for a total disturbance of approximately 
864 acres, which is approximately 14 percent of the CESA. The Proposed Action in combination with the 
past, present, and RFFAs does not significantly contribute to the percentage of surface disturbance within 
the CESA; cumulative impacts would be negligible during Project operations and after reclamation occurs 
and would be short-term and localized. 

No Action Alternative 
Under the No Action Alternative, the proposed Oro Cruz exploration activities would not be approved and 
the associated impacts to soils would not occur. Overall, cumulative effects to this CESA from the No 
Action Alternative would be less than the Proposed Action since additional surface disturbance from that 
alternative would not occur and thus would not additionally impact soils. There would be no cumulative 
impacts beyond those currently occurring from past, present, and RFFAs. 

3.19 Travel and Transportation 

3.19.1 Initial Study Determination (CEQA) 

Table 3-27 provides the determination of Project impacts to transportation. 
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Table 3-27 Transportation Environmental Checklist 

Potentially 
Potentially Significant Less Than No Transportation Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 
a) Conflict with a program plan, ordinance or policy 

addressing the circulation system, including     
transit, roadway, bicycle and pedestrian facilities?  

b) Would the project conflict or be inconsistent with 
the CEQA Guidelines section 15064.3,     
subdivision (b)?  

c) Substantially increases hazards due to a geometric 
design feature (e.g., sharp curves or dangerous     intersections) or incompatible uses (e.g., farm 
equipment)? 

d) Result in inadequate emergency access?     

3.19.2 Affected Environment 

The area of analysis for travel and transportation is the Project Area. The road network in the area consists 
primarily of BLM-managed public access roads designated as part of the Northern and Eastern Colorado 
Desert Coordinated Management Plan. The majority of roads in the vicinity are unimproved two-track 
roadways with native surfaces (i.e., dirt and gravel roads and public access trails) within or adjacent to the 
area of analysis that are used by the public. The primary route of travel to access the area of analysis is 
Interstate 8 to Ogilby Road, then east on Gold Rock Ranch Road continuing on to BLM-designated access 
roads (Figure 1-1). Gold Rock Ranch Road allows primary access to the area of analysis and would not 
require improvement. Segments of existing BLM Route 670 that diverges from Gold Rock Ranch Road 
(which diverges east into BLM Route 669) would require improvement. There is existing access south of 
Gold Rock Ranch Road along Blythe Ogilby Road (via BLM Route 707), not requiring improvement, from 
which a new access road would need to be constructed heading north from BLM Route 707 to reach the 
southern portion of area of analysis, including the staging area and underground portal (BLM 2017; SMP 
2021). In 2020, Annual Average Daily Traffic (AADT) on Blythe Ogilby Road from Interstate 8 was 
approximately 17,000 vehicles per day with the peak monthly ADT approaching 20,000 vehicles per day 
(Caltrans 2020). 

3.19.3 Environmental Impacts (NEPA) – Proposed Action  

Under the Proposed Action, access to the drill pad sites would be via existing roads (Blythe Ogilby Road and 
Gold Rock Ranch Road), new, and improved roadways and via helicopter from the Yuma Airport. Drilling 
equipment would be trucked to one of two truck unloading points at existing roads and then would be 
mobilized to the Drill Areas within the Project Area. Equipment would be unloaded from low boys onto 
the existing road at the unload points and no improvements would be needed to accommodate the unloading 
of equipment. The helicopter would be used to transport drilling equipment, water, fuel, and supplies to 
drill sites and conduct crew changes where necessary. Some drill sites may require access by helicopter 
where access by support trucks is not possible.  
There are several existing access roads within the Project Area that would require improvement and some 
new access roads would need to be constructed. Approximately two miles of existing road would need to be 
improved and 6.2 miles of new temporary access roads would need to be constructed, dependent on the 
location and associated accessibility of the to-be-determined drill sites within each Drill Area. Most of the 
existing access roads requiring improvement are currently about six feet wide and would require an additional 
six feet of surface disturbance to widen. The new temporary access roads (locations to be determined 
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depending on exact locations of the proposed drill sites) would require a 12-foot width of disturbance. A 2.8-
acre portal staging area would need to be constructed, and access to the Oro Cruz Mine Portal would require 
construction of 1.8 miles of a new 15-foot-wide road.  
Access roads would be used strictly for Project support vehicles to access the exploration Drill Areas, and 
they would be signed as having limited access. Gold Rock Ranch Road is gated at its intersection with 
Tumco Wash, which would serve as the safety barrier to Drill Areas 2, 3, 4, 5, and 7. To restrict access to 
Drill Areas 1 and 6, barriers would be constructed from onsite material from areas disturbed to prevent 
unauthorized access. The proposed new access road would be secured from unauthorized access for the 
duration of activity at the portal staging area while assuring access by BLM staff. A gate would be placed 
across the road accompanied by proper deterrence on either side of the gate (i.e., fence, berm, or large 
boulder). Safety barriers would be constructed at designated points along new access routes to prevent 
public access but would be removed during reclamation. Advanced notice of access restrictions would be 
posted by the BLM.  
No maintenance is planned for improved existing roads during the active drilling period and reclamation 
would occur after the roads are no longer needed for operations.  

Access roads would be used by up to two track-mounted drill rigs, a CAT D8 bulldozer, excavator, track 
hoe, and support vehicles. Two water trucks and five support vehicles per shift would be required to visit 
the drill sites each day. The helicopter would make up to 10 trips per day to required drill sites. AADT on 
Blythe Ogilby Road and access roads within the Project Area would temporarily increase as a result of the 
Proposed Action. Project personnel accessing the site would result in approximately 45 trips per day on 
BLM access roads within the area of analysis for drill crew members, Project employees, and water truck 
deliveries (Tupper 2022). Fuel deliveries would happen once every approximately five days. A maximum 
of 10 workers would be required on-site at the Project during operations, including for both above ground 
and underground proposed exploration operations. The drilling rig and other equipment proposed for 
operations would typically remain on-site during exploration. Water would be sourced offsite to the Project 
Area and to the underground exploration operations through Drill Area 1, resulting in up to an additional 
14 round trips per day to account for water trucks. The additional traffic generated from the temporary 
operations of the Proposed Action would be negligible in terms of AADT increases on these roads. Monthly 
ADT would temporarily increase during each approximately two-week drilling campaign, but traffic levels 
would return to existing conditions following Project completion.  

Under the Proposed Action, impacts to travel and transportation, including access and traffic, are anticipated 
to be negligible, short-term, and localized. 

3.19.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved by the BLM; however, the area would 
remain available for other multiple use activities as approved by the BLM. No impacts to travel and 
transportation are anticipated under the No Action Alternative except for those occurring under existing 
conditions. 

3.19.5 Impact Analysis (CEQA) 

The Project would require use of existing and construction of new access roads to facilitate exploration 
operations. Reclamation and BMPs for such are further discussed in the Reclamation Plan (Sespe 2022) in 
addition to the analysis provided below. 

Vehicle Trips/Miles Travelled: In 2013, the California legislature enacted SB 743, which required, among 
other things, that the State of California Governor’s Office of Planning and Research (OPR) adopt new 
guidelines for assessing transportation impacts, specifically that traffic congestion would no longer be 
considered in assessing a significant impact under CEQA. Specifically, CEQA lead agencies must now 
analyze a project’s CEQA transportation impacts using vehicle miles travelled (VMT) metric. The OPR’s 
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Technical Advisory (OPR 2018) document provides guidance for evaluating this new transportation impact 
method. Therefore, the Project’s potential transportation and VMT impacts are presented and quantified 
utilizing the OPR’s Technical Advisory methods under CEQA Criteria b) below. 

The Project’s total daily heavy-duty and light-duty vehicle trips and associated vehicle miles travelled 
(VMT) was estimated as part of the air emissions and air quality analysis. Vehicle trips and VMT were 
quantified for both the Project construction and operational phases, based upon the proposed activities that 
would require vehicle operations. Based upon the air emissions inventory conducted for the Project, Table 
3-28 below summarizes the estimated daily vehicle one-way trips and associate VMT’s. Note these 
estimates conservatively assume that all Project activities (i.e., road construction, drill site construction, 
exploratory drilling, and laydown yard operations) would be occurring simultaneously on a given 
operational day. 

Table 3-28 Estimated Project Vehicle Trips & Vehicle Miles Travelled 
Project Operations One-Way Trips per Day VMTs per Day 
Road Construction 12 30 
Drill Site Construction 2 15 
Exploratory Drilling 38 270 
Laydown Yard Emissions 12 180 
Totals: 64 495 

OPR’s guidance and Section 15064.3 of the CEQA Guidelines states that “…‘vehicle miles traveled’ refers 
to the amount and distance of automobile travel attributable to a project. Here, the term ‘automobile’ refers 
to on-road passenger vehicles, specifically cars and light trucks.” (OPR 2018). For this reason, generally 
heavy-duty trucks should be excluded from a project’s VMT evaluation; however, conservatively the 
Project’s heavy-duty truck activity are included within the daily VMTs shown in Table 3-28 above. 
Specifically, the Federal Highway Administration’s (FHWA’s) largest passenger car equivalence (PCE) 
factor of 4 automobile trips per 1 truck trip was utilized to quantified VMT’s from heavy-duty truck activity. 

a) Would the Project conflict with a program plan, ordinance or policy addressing the circulation 
system, including transit, roadway, bicycle and pedestrian facilities? 

No Impact: No, the Project would not conflict with a program, plan, ordinance, or policy addressing the 
circulation system, including transit, roadway, bicycle, and pedestrian facilities. As discussed above, 
existing access roads would be used to the extent possible but some new access roads would be required 
across BLM land (Figure 2-1). However, the access routes that would be used are pre-existing BLM-
authorized routes, and the proposed drill sites and new access roads would be mostly located within 
previously mined and disturbed areas. I-8, Blythe Ogilby Road, and Gold Rock Ranch Road are the primary 
regional County roadways that would be used for access; however, no improvements would be required 
along these roads as they have sufficient capacity and design to safely accommodate Project vehicles and 
equipment. Additionally, prior to initiating onsite construction activities, SMP would be required to obtain 
a temporary access encroachment permit through the Imperial County Public Works Department. As part 
of the encroachment permit, SMP would prepare and implement a temporary traffic control plan to ensure 
that vehicles and equipment would safely ingress/egress from the Project Area onto public roadways.  

The exploration drilling aspects of the Project would require approximately 13,820-linear-feet (2.6 miles) 
of existing road improvements, and approximately 32,740-linear-feet (6.2 miles) of new temporary access 
road construction; however, these new access roads would be used strictly for Project support vehicles to 
access the exploration Drill Areas (i.e., public access would be prohibited). Signage would be installed at 
appropriate ingress/egress points clearly describing the roads as having limited access. 
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Access to the Oro Cruz Mine Portal would also require the construction of 9,640-linear-feet (1.8 miles) of 
a new 15-foot-wide road. While this road would remain as an access road to support the site post-closure 
during reclamation, monitoring, and underground exploration activities, the road would be secured from 
unauthorized access for the duration of activity at the portal staging area while assuring access by BLM 
staff. To ensure the public does not inadvertently access this roadway, a gate would be placed across the 
road accompanied by proper deterrence on either side of the gate (i.e., fence, berm, or large boulder). 

As summarized above, any new access roads constructed as part of the Project would be used strictly for 
Project support vehicles to access the exploration Drill Areas. Signage would be installed at appropriate 
ingress/egress points clearly describing the roads as having limited access. The number of vehicles required 
to travel to and from the Project site during the 12- to 24-month exploratory period would be minimal 
(which would include light-duty employee and contractor vehicles). Additionally, transport of the larger 
drilling rigs and ancillary equipment to the Project site via public roadways using a lowboy would occur 
infrequently (i.e., estimate prior to drilling of the initial exploratory hole, and demobilization once 
exploration operations are complete). This minimal number of vehicles and trucks entering or leaving the 
Project area would not adversely impact the County’s circulation systems, nor would it conflict with 
applicable County transit programs or policies. Additionally, a temporary traffic control plan would be 
implemented to ensure that vehicles and equipment would safely ingress/egress from the Project Area. 

As a result, the Project would not impact any County program, plan, ordinance, or policy related to transit, 
roadway, bicycle, or pedestrian facilities in the vicinity of the Project, and no impacts would occur. 

b) Would the project conflict or be inconsistent with the CEQA Guidelines section 15064.3, 
subdivision (b)? 

Less Than Significant Impacts: The proposed Project would not conflict with or be inconsistent with 
CEQA Guidelines Section 15064.3(b). CEQA Guidelines Section 15064.3(b) requires that a project’s 
potential transportation impacts be evaluated using the “vehicle miles traveled (VMT)” metric, which refers 
to the amount and distance of automobile travel attributable to a project on a daily basis. To address the 
requirements of CEQA Guidelines Section 15064.3(b), in 2018 the Governor’s Office of Planning and 
Research (OPR) published the Technical Advisory on Evaluating Transportation Impacts in CEQA (OPR, 
2018), which  states that “Projects that generate or attract fewer than 110 trips per day generally may be 
assumed to cause a less-than-significant vehicle miles travelled (VMT) impact.” As discussed above, the 
maximum number of onsite employees and contractors travelling to and from the Project Area in a given 
day is estimated to be up to 13 total (which would result in a maximum of approximately 64 trips per day). 
In addition to light-duty employee and contractor vehicles, larger heavy-duty trucks would also be utilized 
intermittently to deliver materials and equipment to the Project Area; however, OPR’s guidance and Section 
15064.3 of the CEQA Guidelines states that “…  ‘vehicle miles traveled’ refers to the amount and distance 
of automobile travel attributable to a project. Here, the term ‘automobile’ refers to on-road passenger 
vehicles, specifically cars and light trucks.” (OPR 2018). As such, Project trips involving heavy-duty trucks 
have been excluded from this VMT evaluation. 

As stated above, the Project is estimated to generate a maximum of 64 new vehicle trips per day as a result 
of employees and contractors traveling to and from the Project Area to conduct exploration activities. The 
Project’s maximum daily vehicle trip could is well below OPR’s screening threshold of 110 trips per day. 
Therefore, the proposed Project would result in no impact related to VMT and would not conflict or be 
inconsistent with CEQA Guidelines Section 15064.3(b)(3), and no impacts would occur. 

c) Would the Project substantially increase hazards due to a geometric design feature (e.g., sharp 
curves or dangerous intersections) or incompatible uses (e.g., farm equipment)? 

No Impact: No, the proposed Project would not substantially increase hazards due to a geometric design 
feature or incompatible uses. Conversely, by improving many of the existing BLM access roads within the 
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Project Area, the Project would improve vehicle safety within the area. Additionally, installation of other 
safety features (e.g., berms, fences, signs, etc.) throughout the site would further ensure the public or other 
recreational vehicles to not inadvertently access incompatible or unsafe areas. See response to CEQA 
Criteria a) above for additional detail. 

As discussed above, road improvements would occur within the Project Area, and there are no proposed 
changes to the design or layout of the public ingress/egress points connecting to public roadways, 
specifically Gold Ranch Road and Ogilby Road/SR-34. As shown on Figure 2-1, SMP’s proposed access 
road improvements are not located adjacent to a public roadway, rail crossing, or pedestrian/vehicle area, 
and none of the proposed Project activities would impact driver safety or visibility. For these reasons, the 
Project would not result in alterations to nearby roadways, installation or expansion of new driveways or 
geometric design features, or creation of incompatible uses along these roadways, and no impacts would 
occur. 

d) Would the Project result in inadequate emergency access? 

No Impact: No, the proposed Project would not result in inadequate emergency access. As discussed above, 
other than construction of new and improved internal access roads on BLM lands within the Project Area, 
there are no proposed design changes to the existing ingress/egress points connecting to Gold Ranch Road 
and Ogilby Road/SR-34. The Project would not result in alterations to existing adjacent roadways, parking 
areas, etc. Project equipment and vehicles would be parked off public roads within designated onsite 
parking areas and would not block emergency access routes. Additionally, no road closures are proposed 
during Project exploration or reclamation activities. Furthermore, SMP would coordinate with local law 
enforcement and fire departments to provide 24-hour access as needed for emergency response. As a result, 
the proposed Project would not impede existing emergency access in the Project vicinity, and no impacts 
would occur. 

3.20 Vegetation, including Noxious and Non-Native Invasive Species 

3.20.1 Initial Study Determination (CEQA) 

The IS determination pursuant to CEQA for vegetation is included under Section 3.18.1 as the IS analyzes 
all biological resources within one category.  

3.20.2 Affected Environment 

The area of analysis for vegetation, including noxious and non-native invasive species, is the Project Area, 
including the temporary portal access road, plus a 500-foot buffer (Figure 3-8). Vegetation habitat mapping 
was conducted prior to conducting field surveys using spatial analysis software to estimate the type and 
extent of vegetation habitat within the area of analysis. Biological surveys were conducted in March 2021, 
including vegetation surveys, and additional detail on the methods used to determine vegetation habitat and 
the survey results is further discussed in Biological Resource Technical Report and Assessment Oro Cruz 
Exploration Project (WestLand 2021).  

Vegetation in the area of analysis consists of low desert scrub, typical of the region in southeastern 
California, and is sparse in the upland and xeroriparian habitats. The uplands are dominated by very low-
density shrub communities of creosote (Larrea tridentata) and brittlebush (Encelia farinose). There are 
also large portions of the area of analysis with disturbed habitats that are dominated by non-native species, 
including tamarisk and yellowdome (Trichoptilium incisum). The xeroriparian habitat is generally the same 
as the uplands habitat but also includes widely spaced upland trees and ocotillo (Fouquieria splendens). 
During pedestrian surveys in March 2021, three California Native Plant Society vegetation categories were 
identified within the area of analysis (Figure 3-8), including black mustard (Brassica nigra) and other 
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mustards semi-natural stands, blue palo verde (Parkinsonia florida)-ironwood (Olneya tesota) alliance, and 
creosote-brittlebush alliance (WestLand 2021). These vegetation categories were mapped using GIS 
software to estimate the approximate horizontal space occupied by the three categories and provide 
nomenclatural frameworks for characterizing these complex vegetative realities. Additional detail on each 
vegetation category is provided below: 

Black mustard and other mustards semi-natural stands 
This vegetation category represents approximately 18 percent of the area of analysis and 24 percent of the 
Project Area and is associated with disturbed and barren areas. Black mustard was not observed in the area 
of analysis, but a closely related non-native mustard, Saharan mustard (Brassica tourneforti) was present 
in both naturally disturbed areas (i.e., wash scour) and human-disturbed areas (roads, camp sites, waste 
rock piles). This community is not classified as sensitive by the CDFW (CDFW 2020a).  

Blue palo verde-ironwood alliance 
This vegetation category represents approximately two percent of both the area of analysis and Project Area 
and is primarily restricted to xeroriparian areas (i.e., washes, drainages, and narrow canyons). Commonly 
occurring species include blue palo verde, ironwood, sweetbush (Bebbia juncea), lance leaved ditaxis 
(Ditaxis lanceolata), desert lavender (Hyptis emoryi), ocotillo, and Anderson’s desert thorn (Lycium 
andersonii). This natural community is classified as sensitive by the CDFW (CDFW 2020a).  

Creosote-brittlebush alliance 
This vegetation category represents approximate
Project Area and occurs in a variety of topograph
brittlebush, ocotillo, beavertail prickly pear (Op
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Special Status Plant Species 
No BLM special status species were found with
fairyduster (Calliandra eriophylla), was identifi
within the Project Area within the desktop 
Parkinsonia Florida—Olneya Tesota vegetati

Two BLM sensitive plant species were identifi
with a low potential of occurrence. Wiggin’s cr
in desert dunes and Sonoran desert scrub. A sm
March 2021 baseline surveys in Sonoran desert s
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ed as having potential habitat within the area of analysis, 
oton (Croton wigginsii) is commonly found in sandy areas 
all area of suitable sandy habitat was identified during the 
crub on the western edge of the area of analysis, but outside 
is commonly found in sandy soils, sand dunes, and other 

sandy areas and is considered a root parasite of desert shrubs. Small pockets of suitable sandy soils were 
identified during the March 2021 baseline surveys in the western side of the area of analysis, and burrobush 
(Ambrosia dumosa), a suitable host plant, was identified as occurring within the area of analysis, both 
outside of the Project Area (WestLand 2021). Neither Wiggin’s croton nor Ssandfood were observed during 
the March 2021 baseline surveys within the area of analysis. Both plant species are designated as special 
status species that are known to occur on BLM lands managed by the El Centro Field Office (BLM 2015). 
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3.20.3 Environmental Impacts (NEPA) – Proposed Action 

Under the Proposed Action, surface disturbance would occur from the construction of a staging area, 
exploration roads (including improvements to existing roads), sumps, and drill pads. Surface disturbance 
would directly impact vegetation communities within the Project Area from the removal of vegetation, 
which could increase soil erosion and the possibility of spreading noxious and invasive non-native species. 
Per the PDFs outlined in Appendix F, SMP would revegetate disturbed areas with native seed mixtures 
approved by the BLM. A diverse, native plant community would be targeted, and the seed mix list would 
be reviewed prior to revegetation activities initiating. With implementation of these PDFs and CMAs, 
impacts to vegetation communities as a result of 20.54 acres of surface disturbance are anticipated to be 
minor, short-term, and localized.  

Impacts on vegetation resources from noxious and invasive, non-native species may include the 
establishment and spread of these species during exploration activities or reclamation. The Proposed Action 
would create 20.54 acres of surface disturbance, which could allow for weeds to invade new areas within 
the Project Area. All seed mixes and natural erosion products used for reclamation would be certified weed-
free. Weed control practices would be implemented as necessary in coordination with the BLM, and non-
native invasive plants would be removed manually, as specified in the Reclamation Plan (Sespe 2022). 
Additionally, CMA LUPA-BIO-10 would require implementation to be consistent with BLM state and 
national policies and guidance for integrated weed actions, which would include thoroughly washing 
vehicles prior to entering the Project site among other weed management measures described further for 
CMAs in Appendix F. Impacts from the Proposed Action on the spread and encroachment of noxious and 
invasive non-native species are expected to be negligible, short-term, and localized. 

Impacts to special status plant species would include the disturbance of up to 20.54 acres of vegetation 
communities that may provide potential habitat for Wiggin’s croton and Sandfood. No BLM special status 
plant species have been identified within the Project Area, thus no direct impact to BLM sensitive plant 
species would occur from direct removal of individuals or populations. Direct impacts to the potentially 
occurring CEQA sensitive plant species could occur from the removal of up to 20.54 acres of potential 
habitat, as surface disturbance could occur at any location throughout the Project Area as exploration 
activities progress through the life of the Project. However, as outlined in the PDFs that would be 
implemented throughout the life of the Project (Appendix F), pre-construction vegetation surveys would 
be conducted to identify any occurrences of all special status and/or sensitive plant species prior to surface 
disturbance activities commencing in order to implement the appropriate fencing and avoidance measures. 
Reclamation would occur on proposed disturbances within special status plant species habitat, reducing 
long-term impacts from habitat removal. Should special status plant species be identified during Project 
activities, the BLM would require SMP to implement temporary barrier fencing around the individual plants 
for avoidance and to minimize impacts throughout the life of the Project. Additional CMAs would also be 
required to minimize impacts to special status species, including LUPA-BIO-7, LUPA-BIO-13, LUPA-
BIO-PLANT-2, LUPA-BIO-SVF-6, LUPA-BIO-VEG-1, and LUPA-BIO-VEG-2, as included and 
described in Appendix F. Impacts to special status plants under the Proposed Action would be negligible, 
short-term, and localized.  

3.20.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved by the BLM; however, the area would 
remain available for other multiple use activities as approved by the BLM. As such, no impacts to 
vegetation, including spread of noxious and invasive non-native species, would occur under the No Action 
Alternative. 
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3.20.5 Impact Analysis (CEQA) 

The impact analysis determination pursuant to CEQA for vegetation is included under Section 3.18.5 as 
the IS analyzes all biological resources within one category.  

3.20.6 Cumulative Effects 

The CESA boundary for vegetation includes the Project Area plus a one-mile buffer (Figure 3-3). This 
CESA was chosen as it is the geographic area to which cumulative impacts to vegetation would occur based 
on surface disturbance and vegetation removal proposed under the Project. The CESA encompasses 6,260 
acres. 

Within this CESA, past and present disturbance, as detailed in Table 3-29, has resulted from the following 
activities: mineral development and exploration projects (796 acres); utilities, infrastructure, and public 
purpose projects (17 acres); roads (30 acres); and dispersed recreation. 

Table 3-29 Past, Present, and RFFAs in the Vegetation CESA 

Past, Present, and RFFAs, Disturbances and Projects CESA 

CESA Acres 6,260 
Past Actions 
Mineral Development and Exploration 
Sand and Gravel Operations, Materials Sites and Community Sand and Gravel Pits 272 
Notices 17 
Mining and Exploration Projects 507 

Past Actions Total Disturbance Acres 796 
Present Actions 
Utilities, Infrastructure, and Public Purpose 
Power Lines 17 
Roads and Railroads Present Actions 
Roads 30 

Present Actions Total Disturbance Acres 47 
Past and Present Total Disturbance Acres 843 

Percent of CESA 13 
Source: BLM 2022a-b 
 
Of the 6,260 acres covered by the CESA, 843 acres of disturbance are associated with past and present 
actions which is a disturbance of approximately 13 percent of the CESA. There are no RFFAs within the 
CESA, other than the Proposed Action, which is analyzed for cumulative impacts in the following section. 

Impacts to vegetation species from mineral development and exploration activities in the CESA include 
vegetation removal. While some of these past projects have not been actively reclaimed, natural 
re-establishment of vegetation has occurred over time resulting in various levels of revegetation. Impacts 
from mineral development and exploration can be long-term. Re-establishment of vegetation would 
eventually occur on mining disturbances, whether through the revegetation measures required for specific 
projects or through natural revegetation.  

Within the vegetation CESA, disturbance associated with utilities, infrastructure, public purpose projects 
included native vegetation removal during construction. After construction of utility and infrastructure 
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projects, access roads remain for maintenance, which creates a long-term impact to vegetation in the CESA. 
Disturbance associated with roads in the CESA has affected vegetation since the road area includes 
vegetation removal, and areas disturbed by vehicles are often slower to re-establish because the soils have 
been compacted.  

Dispersed recreation may occur within this CESA in the future, which would be considered an RFFA. 
Impacts from RFFAs would be similar to those stated for past and present actions. 

Proposed Action 
Approval of the Proposed Action would increase disturbance within the CESA by 20.54 acres in addition 
to disturbance associated with past, present, and RFFAs (843 acres) for a total disturbance of approximately 
864 acres, which is approximately 14 percent of the CESA. The Proposed Action in combination with the 
past, present, and RFFAs does not significantly contribute to the percentage of surface disturbance within 
the CESA. Considering past and present disturbance to vegetation within the CESA, combined with 
potential RFFAs of wildfires and continued dispersed recreation and combined with the Proposed Action, 
cumulative impacts to vegetation would be negligible to minor, short-term, and localized. 

No Action Alternative 
Under the No Action Alternative, the proposed Oro Cruz exploration activities would not be approved and 
the associated impacts to vegetation, including noxious and non-native invasive species, would not occur. 
Overall, cumulative effects to this CESA from the No Action Alternative would be less than the Proposed 
Action since additional surface disturbance from that alternative would not occur and thus would not 
additionally impact vegetation. There would be no cumulative impacts beyond those currently occurring 
from past, present, and RFFAs. 

3.21 Visual Resources 

3.21.1 Initial Study Determination (CEQA) 

Table 3-30 provides impact determinations of the Project on aesthetics for criteria other than as provided 
in Public Resources Code Section 21099. 

Table 3-30 Aesthetics Environmental Checklist 

Aesthetics Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

a) Have a substantial adverse effect on a scenic vista 
or scenic highway?     

b) Substantially damage scenic resources, including, 
but not limited to trees, rock outcroppings, and     
historic buildings within a state scenic highway? 
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Potentially 
Potentially Significant Less Than No Aesthetics Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 
c) In non-urbanized areas, substantially degrade the 

existing visual character or quality of public views 
of the site and its surrounding? (Public views are 
those that are experienced from publicly accessible 
vantage point.) If the project is in an urbanized 
area, would the project conflict with applicable 
zoning and other regulations governing scenic 
quality? 

d) Create a new source of substantial light or glare 
which would adversely affect day or nighttime 
views in the area? 

3.21.2 Affected Environment 

The area of analysis for visual resources is the Project Area and the viewshed of three Key Observation 
Points (KOPs) selected for analysis as areas representing the geographic region where the Project could 
potentially be visible by casual observers (Figure 3-9). Scenic quality is a measure of the visual appeal of 
a parcel of land, and Section 102(a)(8) of FLPMA placed an emphasis on the protection of the quality of 
scenic resources on public lands. Section 101(b) of the NEPA requires that measures be taken to ensure 
that aesthetically pleasing surroundings be retained for all Americans. Per BLM H-1601-1 Land Use 
Planning Handbook, the BLM manages resource uses and management activities consistent with Visual 
Resource Management (VRM) objectives established in the land use plan (BLM 2005). The VRM 
objectives designate classes for BLM-administered lands in order to identify and evaluate scenic values to 
determine the appropriate levels of management during land use planning. The BLM identifies four VRM 
Classes (I through IV) with specific management descriptions for each class, which represent the relative 
value of the visual resources. Classes I and II are the most valued, Class III represents a moderate value, 
and Class IV represents the least value. In addition, Class I is generally assigned to those areas where a 
management decision has been made previously to maintain a natural landscape. The DRECP LUPA (BLM 
2016) assigned VRM classes ranging from Class I to Class IV to all BLM lands within the CDCA in 
accordance with BLM H-1601-1. The majority of the Project Area falls within VRM Class III, with a small 
southern portion of Drill Area 6 being VRM Class IV (Figure 3-10). VRM Class III allows for moderate 
changes to the characteristic landscape to partially retain the existing character of the landscape, while VRM 
Class IV allows for major changes to the characteristic landscape to provide for management activities that 
require such. The viewshed of each of the three KOPs is summarized below in terms of the foreground, 
middleground, and background distance zones per the BLM Visual Resources Inventory Manual H-8410-
1 (BLM 1986). 

KOP 1 
KOP 1 is located at the Tumco parking lot/kiosk area facing southeast toward the proposed Project. KOP 1 
was selected due to the significance and recreational nature of the Tumco Historic Mine off Blythe Ogilby 
Road and would be most readily viewed by  recreational users of the Tumco Historic Minesite walking 
tour.  

The foreground to middleground zone of the landscape consists of rugged, defined, circular rough rocks 
and sparse to clustered, irregular vegetation. In the foreground, the landscape appears as an irregular, 
horizontal form and a designated, unpaved walking trail has a bold, curving effect. Vegetation appears 
diffuse, broken, and jagged and clumped in some areas with varying color from green to brown. As the 
foreground transitions to the middleground zone, vegetation becomes more indistinct and irregularly sparse 
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and clustered. Land features in the middleground appear rugged to smooth with a diverging effect. BLM 
signage, posts, and a gate identifying the Tumco Historic Mine boundary are present in the middleground 
taking on linear vertical and horizonal form. The structures are bold and dark brown and contrast with the 
natural landscape.  

The background zone is comprised of the west slopes of the Cargo Muchacho Mountains. Undulating, 
angular peaks along the crest of the mountains create pyramidal forms with irregular, angular lines along 
the backdrop of the blue sky. The mountain peaks range from low to tall and create a jagged line effect 
against the sky backdrop. Lower slopes of the mountains framing either side of the middleground zone have 
bolder lines creating variability in depth, insinuating the presence of canyon-like corridors. Vegetation is 
indistinguishable along the background mountain features. The mountains have a gray appearance while 
the sun creates a luminous effect in the blue sky above the mountains.  

KOP 2 
KOP 2 is located traveling north at a pullout off Blythe Ogilby Road and faces northeast toward the Cargo 
Muchacho Mountains. KOP 2 was selected due to its proximity to the Project Area and the potential for 
drilling to be visible by people traveling north on Blythe Ogilby Road in their periphery. 

In the immediate foreground from KOP 2, the ground appears flat and wide with weak curving lines in the 
gravel. The ground is dotted with varying small to large, rounded rocks. Coarse, clustered vegetation is 
prominent in the foreground. The middleground consists of a soft dirt road and takes on a linear to curving 
form. The landscape of the middleground is primarily flat with indistinct vegetation clusters creating 
textures varying from coarse to smooth, with the ground appearing as tan and gray-brown. In the foreground 
to middleground, vegetation contrasts with the landscape as green, tan, and brown.  

A weak, horizontal line is formed where the middleground meets the background zone at the base of the 
mountains. Jagged, angular peaks line the sky along the top of the Cargo Muchacho Mountains in the 
background. Mountain formations are bolder and more complex in the left most view of KOP 2 and as the 
user pans to the right, mountain features become less striated and fainter. This contrast creates variability 
in depth of the mountain range from the middleground to background.  

There are no buildings, fences, or other structures visible in the foreground, middleground, or background 
zones of KOP 2.  

KOP 3 
KOP 3 is located traveling south at a pullout off Blythe Ogilby Road and faces southeast toward the Cargo 
Muchacho Mountains. KOP 3 was chosen due to its proximity to the Project Area and the potential for 
drilling to be visible by people traveling south on Blythe Ogilby Road in their periphery.  

In the immediate foreground of KOP 3, a flat, linear, developed road runs parallel to the soil edge of the 
landscape. Bold lines separate the road from the natural soil landscape featuring sparse to clustered 
vegetation. A bold yellow line runs down the center of the cracked, grey asphalt road which highly contrasts 
with the natural landscape. Southward along the road, vegetation and soil lines begin to converge and 
become softer and more indistinguishable in the middleground zone. To the right of the middleground zone, 
tall, vertical power poles contrast with the blue sky. Textures of the landscape in the middleground zone 
are gradational, transitioning from coarse to smooth. As vegetation meets the base of the mountains, it 
appears grainy and greenish brown to indistinct.  

The background zone of KOP 3 is comprised of mountain crests and blue sky. Mountain features are more 
prominent in the left side views from KOP 3. As the user pans to the right, the jagged, rough mountains 
begin to converge with the smooth, blue sky and become hidden behind the vegetation located in the 
middleground zone.  
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3.21.3 Environmental Impacts (NEPA) – Proposed Action 

Visual contrast rating worksheets were completed for each of the KOPs analyzed to determine 
environmental impacts under the Proposed Action and are included as Appendix H.  

KOP 1 
. The distance between KOP 1 and the proposed Project facing the drill areas is less than one mile away. 
Disturbance activity is unlikely to be visible so long as disturbance occurs at lower elevations (hidden by 
vegetation) or higher elevations (hidden in a valley/canyon). Assuming disturbance occurs vertically up the 
mountains in the background or lower within the valleys/canyons, the contrast of operations and drilling 
equipment would be weak against the natural landscape.  

Soils in the area would appear lighter in color upon exposure during drilling. These exposed soils would 
contrast with dark colored drill pads and equipment. While there is a possibility the Project would attract 
the attention of recreationalists and travelers visiting the historic Tumco walking area, the degree of contrast 
of the Project construction and operation at Drill Areas 1, 3 and 5 would be weak, creating indistinguishable 
linear features. Impacts to the viewshed from KOP 1 would be negligible, short-term, and localized. 

KOP 2 
KOP 2 is located approximately two miles away from Drill Area 6. It is anticipated that much of the Project 
would not be visible due to the mountainous topography of the proposed Project Area. Drilling equipment 
might be visible in the far background against the mountains and a helicopter may be temporarily visible 
during occasional travel to Drill Area 6. Assuming disturbance occurs vertically up the mountains in the 
background or lower within the valleys/canyons, contrast of operation equipment would be weak against 
the natural landscape. It is possible that the degree of contrast would be none if disturbance were to occur 
lower in the valleys behind the face of the mountain directly in front of KOP 2.  

Soils in the area would appear lighter in color upon exposure during drilling, which would contrast with 
dark colored drill pads and equipment. While there is a possibility the Project would attract the attention of 
recreationalists and travelers due to its proximity to KOP 1, the degree of contrast of the Project construction 
and operation at Drill Area 6 would be weak and linear features of drilling equipment would be 
indistinguishable. Any visual contrast created as a result of the Project would be temporary during 
exploration activities and would not be constant within Drill Area 6 or along the access roads during the 
life of the Project. Impacts to the viewshed from KOP 2 would be negligible, short-term, and localized. 

KOP 3 
KOP 3 is located approximately one mile away from the Project Area and faces Drill Area 3. It is anticipated 
that the Project Area would not be visible due to the surrounding mountainous topography and tall 
vegetation in the foreground and middleground zones. Assuming disturbance would occur at higher 
elevations along the mountains in the background or lower within the valleys/canyons of the drill areas, 
contrast of operations and drilling equipment would be weak against the natural landscape. Project 
operations would likely occur behind the face of the mountains and would not be visible from KOP 3.  

While there is a possibility the Project would attract the view of travelers driving along Blythe Ogilby Road 
from KOP 3, the degree of contrast of drilling equipment, construction of drill pads, and vehicles utilizing 
Project access roads would be temporary and inconsistent. A helicopter traveling from Drill Area 1 to Drill 
Area 3 may be visible occasionally and for short periods of time. Any visual contrast created as a result of 
the Project would be temporary during exploration activities and would not be constant within all drill areas, 
including Drill Area 3 or along the access roads during the life of the Project.  

Under the Proposed Action, a 40-foot drill rig line against the existing landscape would have weak degree 
of contrast to form, color, line and texture elements of the existing background and would not be noticeable 
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to the casual viewer. Based on BLM Manual 8400-Visual Resource Management (BLM 1984), the drill 
pad area would be in the background distance zone where the texture and form of individual elements are 
no longer readily apparent in the landscape, appearing in patterns or outlines. The proposed drill rigs may 
add additional form and lines in the background zone as tall, vertical forms adding opposing colors not 
currently present in the existing landscape (including reflective surfaces), but they would not result in a 
strong degree of contrast and would likely be a weak, indistinct line element in the viewshed. The Project 
would be implemented over a period of up to two years, with drilling occurring up to two weeks at each of 
the 65 proposed drill sites prior to moving to a new drill site location. There would be up to two drill rigs 
in operations at a time within the Project Area, operating on a 12- or 24-hour-per-day schedule, with the 
potential for both drill rigs to be operating within one Drill Area. Weak, indistinct line elements would 
appear in the viewshed (Figure 3-9) under the Proposed Action from equipment, drill pads, and road 
improvements and construction; however, the contrast of the drilling equipment at each drill site against 
the existing characteristic landscape would be temporary and not sedentary to one location as Project 
activities would move between each Drill Area. Additionally, the Project Area has been designated as a 
BLM VRM Class III (BLM 2005, 2016), with a small portion designated as BLM VRM Class IV in the 
southernmost area (Figure 3-10). Overall, impacts to visual resources would be negligible, short-term, and 
localized. 

3.21.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, impacts to visual resources are not anticipated as the Project would not 
be approved and the associated form, line, and texture from temporary structures, equipment, and access 
road improvements and construction would not be present against the characteristic landscape of KOPs 1, 
2, or 3. Impacts to visual resources would continue to occur under existing conditions. 

3.21.5 Impact Analysis (CEQA) 

Refer to the Viewshed Analysis for Indirect Visual Area of Potential Effect technical memorandum in 
Appendix E for additional detail supporting the below impact analysis. 

a) Would the Project have a substantial adverse effect on a scenic vista or scenic highway?

Less Than Significant Impact: No, the Project would not have a substantial adverse effect on a scenic 
vista or scenic highway. A scenic vista is generally defined as a viewpoint that provides panoramic or 
focused views of a highly valued landscape or scenic resource for the benefit of the general public. Scenic 
vistas may also generally consist of views of mountain ranges and ridgelines.  

Per the Imperial County General Plan (Imperial County 2015) the Project is located within the broader 
“Pilot Knob Mesa” area, which the County has designated as having “Moderate Value” in terms of visual 
quality. More specifically, the Project is located within the foothills of the Cargo Muchacho Mountains. As 
discussed in the Viewshed Analysis for Indirect Visual Area of Potential Effect memorandum (see 
Appendix E), only the top portions of the 40-foot-high drill rig would be partially visible from certain 
public viewpoints, primarily those areas immediately adjacent to the proposed access roads/drill pads; 
however, as presented in the Viewshed Analysis for Indirect Visual Area of Potential Effect, it was 
determined the visible Project structures would have weak degree of contrast in terms of form, color, line 
and texture elements of the existing background and would not be noticeable to the casual viewer. Due to 
intervening topography, development of the exploratory drill facilities would not be visible from most 
distant public areas (e.g., along Ogilby Road), nor would the Project significantly impact or reduce the 
scenic quality of the Cargo Muchacho Mountains. Additionally, because the Project Area has previously 
been disturbed by historical mining activities, and development of exploratory drilling and ancillary 
operations (e.g., improving/constructing access roads, installing helipads and drill pads, constructing 
staging areas, etc.) would not be incompatible with the existing visual character. Furthermore, any potential 
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impacts to the existing landscape and scenic quality as a result of exploratory drilling activities would be 
temporary in nature and would not be stationary throughout the one- to two-year life of the Project or 
following reclamation given the nature of the proposed approximately two-week drilling campaign at each 
drill site. 

In accordance with the California Scenic Highway Program, the California Department of Transportation 
(Caltrans) Scenic Highway Coordinators maintain a list of highways that have either already been 
designated or are eligible for designation as State scenic highways. This list is available on the California 
Scenic Highway Program website (https://dot.ca.gov/programs/design/lap-landscape-architecture-and-
community-livability/lap-liv-i-scenic-highways). The Caltrans list was reviewed in May 2022, and there 
are no designated or eligible State scenic highways located within the Project viewshed. The closest State 
scenic highway is a portion of State Route 78 (SR-78) located over 60 miles away to the west, which is an 
“Officially Designated State Scenic Highway.”  Due to the large distance between SR-78 and the Project 
Area, proposed Project operations would not be visible from SR-78. Neither Ogilby Road/State Route 34 
(SR-34) located to the west, or Interstate 8 (I-8) located south of the Project site, are designated or eligible 
State scenic highways. 

For the reasons outlined above, the proposed Project would not result in substantial adverse effects on a 
scenic vista or scenic highway, and therefore impacts would be less than significant, with no mitigation 
required. 

b) Would the Project substantially damage scenic resources, including, but not limited to trees, rock 
outcroppings, and historic buildings within a state scenic highway? 

No Impact: See response to CEQA Criteria a) above. No, the Project would not substantially damage scenic 
resources within a State scenic highway. As discussed above, the closest State scenic highway is a portion 
of SR-78, which is an “Officially Designated State Scenic Highway, located over 60 miles away to the 
west. Due to the large distance between SR-78 and the Project Area, Project operations would not be visible 
from SR-78. None of the roadways within the vicinity of the Project Area (i.e., Blythe Ogilby Road/SR-34, 
Gold Rock Ranch Road, I-8) are designated or eligible State scenic highways. Therefore, the Project would 
not damage scenic resources within view of a State scenic highway, and there would be no impacts. 

c) Would the Project, in non-urbanized areas, substantially degrade the existing visual character or 
quality of public views of the site and its surrounding? (Public views are those that are experienced 
from publicly accessible vantage point.) If the project is in an urbanized area, would the project 
conflict with applicable zoning and other regulations governing scenic quality? 

Less Than Significant Impact: No, the Project would not substantially degrade the existing visual 
character or quality of public views of the Project area and its surroundings. The Project is located in a 
remote (i.e., non-urbanized) area of the Cargo Muchacho Mountains. As described under CEQA Criteria a) 
above, based on the Viewshed Analysis for Indirect Visual Area of Potential Effect (Appendix E) analysis, 
the primarily Project structures that would potentially be visible from certain public viewpoints would be 
the top portion of the 40-foot-high drill rig. However, the visual analysis determined that any visible Project 
structures would have weak degree of contrast in terms of form, color, line and texture elements of the 
existing background and would not be noticeable to the casual viewer compared to existing (i.e., baseline) 
conditions. The Viewshed Analysis for Indirect Visual Area of Potential Effect also found that although the 
proposed drill rigs may add additional form and lines in the background zone, it would not result in a strong 
degree of contrast and would likely be a weak, indistinct line element in the viewshed. Furthermore, impacts 
to the existing landscape and scenic quality as a result of exploratory drilling activities would be temporary 
in nature and would not be stationary throughout the one- to two-year life of the Project or following 
reclamation given the nature of the proposed approximately two-week drilling campaign at each drill site. 
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Additionally, the existing Project site is currently disturbed due to historical mining operations, and 
therefore has few existing aesthetical features or vegetation of note. As such, development of the drill sites 
and ancillary facilities (e.g., access roads, helipads and drill pads, staging areas, etc.) would not significantly 
change or negatively impact the overall visual character or quality from surrounding public viewpoints. 
Overall, for the reasons outlined above, the Project would not substantially degrade the existing visual 
character or quality of the Project site and its surroundings, and impacts would be less than significant, with 
no mitigation required. 

d) Would the Project create a new source of substantial light or glare which would adversely affect 
day or nighttime views in the area? 

Less Than Significant Impact: No, the proposed Project would not create new sources of substantial light 
or glare which would adversely affect daytime or nighttime views in the area. The issue of light and glare 
is typically associated with excessively bright nighttime lighting that crosses over property lines (i.e., “light 
trespass”) and illuminates off-site yards or bedroom windows. It is also associated with the condition that 
occurs when excessive nighttime lighting creates a “skyglow” effect. 

Operations during the time of year when daylight hours are shorter, or for any required outdoor nighttime 
operations, minimal nighttime lighting may be employed to provide a safe working environment. For 
nighttime lighting, high-pressure sodium and/or cut-off fixtures (or equivalent International Dark-Sky 
Association-approved fixtures) would be used instead of mercury-vapor fixtures for any required nighttime 
lighting. The lighting fixtures would be used in manner intended to illuminate work areas within the Project 
site, and/or to areas that do not include light-sensitive uses. 

The potential for daytime glare is low. The structures with the potential to result in a new source of glare 
would be the drill rigs or ancillary structures (e.g., tanks, compressors, shop, etc.); however, these structures 
would be installed in remote desert locations and would have a relatively small aboveground profile 
compared to the natural background. The structures would also be painted using non-reflective, muted 
tones, which would minimize potential offsite impacts associated with glare. For new lighting installed 
onsite, the surrounding topography would help further attenuate light and confine it to the area immediately 
surrounding the activities. 

Because there would be no new permanent sources of light or glare proposed to be installed onsite, and 
because there are few areas of human habitation near the Project Area which could be potentially affected, 
the Project would have less than significant impacts associated with light or glare. 

3.22 Water Resources 

3.22.1 Initial Study Determination (CEQA) 

Table 3-31 provides impact determinations of the Project on hydrology and water quality. 

Table 3-31 Hydrology and Water Quality Environmental Checklist 

Hydrology and Water Quality Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

a) Violate any water quality standards or waste 
discharge requirements or otherwise     
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Potentially 
Potentially Significant Less Than No Hydrology and Water Quality Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 

substantially degrade surface or ground water 
quality? 
Substantially decrease groundwater supplies 
or interfere substantially with groundwater 

b) recharge such that the project may impede     
sustainable groundwater management of the 
basin? 
Substantially alter the existing drainage 
pattern of the site or area, including through 

c) the alteration of the course of a  stream or river     
or through the addition of impervious 
surfaces, in a manner which would: 

(i) result in substantial erosion or siltation      on- or off-site; 
(ii) substantially increase the rate or 

amount of surface runoff in a manner 
     which would result in flooding on- or 

offsite; 
(iii) create or contribute runoff water 

which would exceed the capacity of 
existing or planned stormwater      drainage systems or provide substantial 
additional sources of polluted runoff; 
or; 

 (iv) impede or redirect flood flows?     
In flood hazard, tsunami, or seiche zones, risk 

d) release of pollutants due to project     
inundation? 
Conflict with or obstruct implementation of a 

e) water quality control plan or sustainable     
groundwater management plan? 

3.22.2 Affected Environment 

The area of analysis for water resources is the Project Area plus the previous intermediate study area of 
mineral claim boundaries held by SMP (Figure 3-11), which is the same area of analysis as was surveyed 
for the 2021 aquatic resources delineation (Stantec 2021a). The area of analysis is located within 
Hydrographic Region 18 (California Region) in the Salton Sea Basin within the Tumco Wash subwatershed 
(USGS 2021a) and is geographically located in the southwestern edge of the Lower Colorado River Valley 
in the western flank of the Cargo Muchacho Mountains (Figure 3-11). Tumco Wash and the Oro Cruz 
Mine are located within the Project Area, American Girl Wash and the American Girl Mine are located just 
south of the Project Area, and the Padre and Madre claims in the Madre Valley are located further south 
(Western Mining History 2021). Overall topography within the area of analysis includes steep and rugged 
terrain in the mountains and low-lying flats to the immediate southwest. Elevations range from 400 to 1,640 
feet AMSL. The Tumco Wash area includes an existing open pit, waste rock and tailings piles, and some 
abandoned facility/town remains as a result of the area’s long history of mining dating back to 1780 
(Western Mining History 2021).  
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Regionally, the average annual precipitation varies, but it generally increases with elevation. The estimated 
average annual precipitation and evaporations rates for the area of analysis are based on historic 
precipitation data last recorded in 1996 from the nearest Cooperative Observer Program Station at the Gold 
Rock Ranch. The annual average mean precipitation for the area of analysis is 0.32 inches (WRCC 2021). 

The Tumco Wash is an ephemeral stream and generally carries surface water flows from the northeast to 
the southwest during rainstorm events. Flows originate from within and just outside the Project Area in the 
higher elevations of the Cargo Muchacho Mountains, where runoff from precipitation is concentrated and 
flows downslope to the southwest into a network of tributaries and washes, including the Tumco Wash, 
which flows southwest and terminates at the Algodones Sand Dunes (USGS 2021a) from infiltration and 
evaporation. Flows between the Project Area and the Algodones Sand Dunes are interrupted and redirected 
to culverts along Blythe Ogilby Road (Figure 3-11) and by a series of dikes along nearby railroad tracks.  

No seeps and springs, wetlands, or playas were identified or located in the area of analysis. Surface water 
within the area of analysis is mainly dependent upon seasonal precipitation, as all drainages located within 
the area of analysis are ephemeral. Most drainage crossings are low flow crossings, with the operational 
culverts located outside of the Project Area along an access road to the previously disturbed sand and gravel 
operation just northwest of the Padre y Madre pit. Additional information on existing surface water 
resources in the area of analysis can be found in the Oro Cruz Exploration Project Aquatic Resources 
Delineation (Stantec 2021a). No mapped floodplains are within the Project Area (FEMA 2021). 

The area of analysis lies within the Salton Trough basin and more specifically, overlies the Basin and Range 
basin-fill aquifer. The most permeable basin-fill deposits are present in the depressions created by the late 
Tertiary to Quaternary bloc faulting and can be classified by origin as alluvial-fan, lakebed, or fluvial 
deposits. The most important hydrologic features of the basins are alluvial fans. The basin fill received most 
of its recharge through the coarse sediments deposited in the fans. These highly permeable deposits allow 
rapid infiltration of water as streams exit the valleys that are cut into the almost impermeable rock of the 
surrounding mountains and flow out onto the surface of the fans (Planert and Williams 1995). Moderate to 
high groundwater yields have been obtained in the eastern part of Imperial Valley by deep wells tapping 
into marginal alluvial deposits of the Colorado River. Regional groundwater recharge in the Imperial Valley 
is controlled by the Colorado River, with minor contributors to recharge being underflow from tributaries, 
precipitation, and local runoff (BLM 2011). 

The Project Area lies within the Ogilby Valley Basin (7-035) (California Department of Water Resources 
2020), a Very Low priority groundwater basin designated under California’s Sustainable Groundwater 
Management Act of 2014 (SGMA). The Imperial Valley Groundwater Basin is adjacent to the Project Area 
and lies within the southern part of the Colorado Desert Hydrologic Region, south of the Salton Sea and 
extends across the US border into Baja California, Mexico (CA Department of Public Works 1954). The 
Ogilby Valley Basin is home to approximately 36 people with approximately 20 wells, of which about 
seven are water supply wells. Groundwater accounts for 1.26 percent of the basin’s water supply 
(Groundwater Exchange 2021). Based on a desktop review of the National Water Information System 
Mapper and the SGMA Data Viewer, there are 33 wells within a five-mile radius of the Project Area (USGS 
2021b; CDWR 2021), but the databases showed no wells within the Cargo Muchacho Mountains or the 
Project Area itself. Groundwater in the area of analysis is recharged naturally near the mountain fronts 
along the washes from precipitation runoff and by underflow from the east between the Cargo Muchacho 
Mountains and Pilot Knob (Coes et al. 2015). Since 1940, groundwater has been recharged along the All-
American Canal and Coachella Canal, which occur within the Imperial Valley Groundwater Basin, from 
seepage of Colorado River water. Irrigation-return flow could also serve as a recharge source to the aquifer 
system in Imperial Valley (Thompson et al. 2008). Prior to 1940, the All-American Canal was not carrying 
water, and groundwater pumping was minimal in the area of analysis; the groundwater system is considered 
to have been in steady-state conditions (Coes et al. 2015). Well elevation data collected before 1940 indicate 
groundwater elevations at that time ranged from more than 100 feet AMSL to the east near the Cargo 
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Muchacho Mountains and Pilot Knob to 10 to 20 feet AMSL to the west near Imperial Valley. Groundwater 
movement generally was from east to west, and groundwater was recharged primarily by underflow through 
alluvial deposits between the Cargo Muchacho Mountains and Pilot Knob (Loeltz et al. 1975; Harshbarger 
1977). The USGS estimates the Ogilby Valley Basin, within which the Project Area is located, to have a 
natural recharge rate of 250 acre-feet per year (California Department of Water Resources 2020).  

Under surveys conducted in 2021 for presence of Waters of the US, a total of 432 aquatic resource features 
(i.e., drainages, tributaries, stream channels), including one pond, have been mapped within and in the 
vicinity of the Project Area and assessed for potential jurisdiction under the US Army Corps of Engineers 
(USACE), the Regional Water Quality Control Board (RWQCB) and the CDFW (Stantec 2021a). No 
wetlands, seeps, springs, or playas were found, and flows within the area are ephemeral and are mostly 
sourced from direct precipitation as well as flows from the Cargo Muchacho Mountains in the east. Based 
on the definitions, regulations, and guidance for jurisdictional waters under the CWA, none of the features 
are expected to fall under the jurisdiction of the USACE because they were determined to be isolated with 
no connection to a traditional navigable water. All drainages sampled entering, exiting, and beginning in 
the area were determined to be ephemeral. All features potentially fall under the jurisdiction of the RWQCB 
and the CDFW, the permitting for such is described further in the following section. On November 28, 
2022, the USACE provided an approved  jurisdictional determination in accordance with the CWA based 
on the 2021 aquatic resources inventory, which provided that no jurisdictional waters are present within the 
Project Area or vicinity (USACE 2022; Stantec 2021a).  

No surface water right permits occur within the area of analysis. The State of California does not permit 
groundwater rights and does not require groundwater use monitoring for most basins in the state, including 
those within the area of analysis.  

3.22.3 Environmental Impacts (NEPA) – Proposed Action 

Surface water features within the area of analysis consist of natural ephemeral drainages that convey water 
only during storm events. There are no seeps, springs, or perennial drainages within the Project Area, thus 
the Project would have no impact to these surface water features. Improvement and construction of drill 
roads and drill pads may affect the pathways of stormwater runoff and increase the potential for erosion 
within the area of analysis resulting in surface water quality impacts. The Project would require a 
Construction Stormwater General Permit (CGP) pursuant to the California State Water Resources Control 
Board National Pollutant Discharge Elimination System No. CAS000002, Order No. 2009-0009-DWQ, 
amended by 2010-0014-DWQ and 2012-0006-DWQ. A SWPPP would be developed for review and 
approval by the BLM and the approved measures would be implemented to control sedimentation from 
disturbance associated with Project activities. BMPs would be implemented to manage disturbed surfaces. 
Sediment control structures would include fabric and/or hay bale filter fences, siltation or filter berms, 
downgradient drainage channels, or other similarly effective features to prevent unnecessary or undue 
degradation. The Project would also require a Lake and Streambed Alteration Agreement with the CDFW 
pursuant to California Fish and Game Code Section 1602, further discussed above under Section 3.22.2. 
Potential impacts to surface water quality would be minimized by the implementation of the PDFs outlined 
in Appendix F, as well as incremental reclamation. Additional CMAs would also be implemented to 
minimize resource conflicts and water quality impacts, including LUPA-SW-3 and LUPA-SW-11, further 
described in Appendix F. The Proposed Action would have a negligible, short-term, and localized impact 
on surface water resources.  

The Project anticipates using up to approximately 2,000 gallons of water daily for active drilling periods, 
which equates to approximately 240,000 gallons of water over the life of the Project (approximately 0.736 
acre-feet per year). In relation to the Colorado River, the estimated 0.736 acre-feet of water needed for the 
life of the Project equates to approximately 0.00013 percent of the total current level of Lake Powell 
(5,462,412 acre-feet) and 0.0000098 percent of the total current level of Lake Mead amount (7,449,000 
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acre-feet). Additionally, the Project estimated water requirement of 0.736 acre-feet is approximately 0.30 
percent of the natural groundwater recharge rate of the Ogilby Valley Basin. A 2,000-gallon portable water 
storage tank would also be kept onsite for drilling and dust suppression. Water used for dust control would 
be kept to a practicable minimum to minimize the risk of water runoff, and any water runoff would be 
managed to prevent downstream erosion or flooding or cause an exceedance of applicable water quality 
standards. The Project does not propose groundwater pumping or drilling of groundwater wells to be used 
for Project activities. Water for the Project would be trucked in and would be procured from the nearby 
Gold Rock Ranch RV Resort, a local water purveyor, and/or the City of Yuma, which may be sourced from 
groundwater or from the Colorado River, using water that is already permitted for pumping/use (the total 
amount permitted has already been considered within the total water budget available for pumping and the 
Project would be purchasing via an agreement with the seller for an amount within the seller’s allowable 
acre-feet) and available for sale. Impacts to the Ogilby Valley Basin groundwater resources would be 
negligible, short-term, and localized. Based on the most recently available USGS Groundwater Watch data 
in the vicinity of the Project, the depth to groundwater within and in the vicinity of the area of analysis is 
approximately 250 feet below ground surface (USGS 2022). If groundwater is encountered during drilling 
activities, it would be fully contained within the drill sumps, and the sumps would be backfilled once all 
water has evaporated. All drilling mud used would be non-toxic and would be fully contained in the sumps. 
Upon completion of exploration activities, all exploratory drill holes would be sealed and abandoned in 
compliance with the most current edition of the State Water Resources Control Board Bulletins #74-81 and 
#74-90 Water Well Standards. SMP would coordinate with the Imperial County to obtain the appropriate 
permitting. With the implementation of these PDFs, the Proposed Action would have a negligible, short-
term, and localized impact on groundwater resources overall. 

3.22.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved by the BLM; however, the area would 
remain available for other multiple use activities as approved by the BLM. As such, no impacts to water 
resources would occur under the No Action Alternative beyond existing conditions. 

3.22.5 Impact Analysis (CEQA) 

a) Would the Project violate any water quality standards or waste discharge requirements or 
otherwise substantially degrade surface or ground water quality? 

Less Than Significant Impact: No, the proposed Project, located within the Colorado River Basin region 
(Region 7), would not violate applicable Regional Water Quality Control Board (RWQCB) water quality 
standards, waste discharge requirements (WDRs), or otherwise substantially degrade surface or 
groundwater quality. As discussed above, because the Project involves exploratory drilling and ancillary 
operations (e.g., improving/constructing access roads, installing helipads and drill pads, constructing 
staging areas, etc.), no significant slopes would be created significant excavation or earth moving activities. 
Additionally, as discussed in Section 3.18 above, topsoil and subsoil would be salvaged from the Project 
Area where feasible by pushing the material along the edge of the drill pads and along the sides of the new 
access roads 

As discussed above, there are no existing or proposed drainage or stream features within the Project Area, 
and exploration operations and reclamation activities in the Project Area would not impact nearby 
waterways. The Project would not involve work within waterbodies nor create a waste that would be subject 
to regulation under a WDR. A site-specific BLM approved SWPPP would be developed and implemented 
to control sedimentation from disturbance associated with Project activities. Best Management Practices 
(BMPs) would be installed to manage disturbed surfaces. Sediment control structures could include, but 
not be limited to fabric and/or hay bale filter fences, siltation or filter berms, and downgradient drainage 
channels in order to prevent unnecessary or undue degradation. 
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Additionally, as included in Appendix F, a BLM-approved Spill Contingency Plan would be prepared to 
describe the procedures followed by SMP and their contractors to prevent, control, and mitigate releases of 
oil and petroleum products to the environment within the Project Area. Minor servicing of mobile 
equipment (greasing and periodic fueling) would be conducted on BLM lands, limiting the potential for 
diesel fuel spills. Spill response kits would be maintained to ensure that pollutants are prevented from 
entering into washes. Any pollutants generated by Project activities would be properly disposed of in 
accordance with applicable regulations. 

Upon completion of the exploration, the exploratory drill holes would also be sealed and abandoned in 
compliance with the most current edition of SWRCB Bulletin #74-81 and #74-90. Following abandonment 
of the exploratory boreholes, any remaining drill cuttings would be spread out on the drill pad surfaces, and 
reseeded/revegetated. 

Temporary portable toilets would be placed within the Project Area and would be provided for the duration 
of the Project. Temporary portable toilets would be maintained by contractors and accumulated human 
waste would periodically be collected and transported to an approved disposal site. No waste would be 
buried on-site. Operations in the Project Area would not produce any industrial or domestic wastewater 
discharges onsite. 

Through the implementation of BMP’s and PDFs (Appendix F), which would be included in the site-
specific BLM approved SWPPP and Spill Contingency Plan, there would be no operational impacts related 
to RWQCB water quality standards or WDRs, and less than significant impacts would occur. 

b) Would the Project substantially decrease groundwater supplies or interfere substantially with 
groundwater recharge such that the project may impede sustainable groundwater management of 
the basin? 

No Impact: No, the Project would not substantially decrease groundwater supplies or interfere substantially 
with groundwater recharge that may impede sustainable groundwater management of the basin. As 
discussed above, the Project is located within the Ogilby Valley Basin, which is not an adjudicated 
groundwater basin as of 2022.  

As discussed above in Section 3.22.3, the estimated water requirement for the Project is 0.736 acre-feet, 
which is approximately 0.30 percent of the natural groundwater recharge rate of the Ogilby Valley basin. 
The Project does not propose groundwater pumping or drilling of groundwater wells to be used for Project 
activities. Water for the Project would be trucked in and would be procured from the nearby Gold Rock 
Ranch RV Resort, a local water purveyor, and/or the City of Yuma, which may be sourced from 
groundwater or from the Colorado River, using water that is already permitted for pumping/use (the total 
amount permitted has already been considered within the total water budget available for pumping and the 
Project would be purchasing via an agreement with the seller for an amount within the seller’s allowable 
acre-feet) and available for sale. The water purchased for the Project would be trucked in on a mobile water 
truck and would be utilized onsite for dust suppression, and applied water would either naturally evaporate 
or infiltrate into the ground. 

Groundwater may be encountered during the course of exploratory drilling within the Drill Pads. Any water 
encountered or generated by drilling would be fully contained within the drill sumps constructed adjacent 
to each drill rig. The sumps would be approximately 12-feet by 12-feet and 6 feet deep. Other than cuttings 
and water used to advance the drilling, no other solid or liquid investigative derived wastes (IDW) are 
anticipated. The IDW would be fully contained within sumps the sumps constructed at each drill site. 
Specifically, drilling mud encountered would be pumped back out of the drill hole and into the sump, where 
solids would be allowed to settle out and water allowed to naturally evaporate. The sumps would then be 
backfilled using the excavated soils once the water is evaporated. 
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Because the estimated water requirements for the Project equate to 0.30 percent of the total natural recharge 
rate for the Ogilby Valley Basin, the Project would not substantially interfere with natural groundwater 
recharge. Based on the estimated water requirements and natural recharge rate of the Ogilby Valley Basin, 
the Project would not substantially decrease groundwater supplies. As such, the Project would not conflict 
with sustainable management of groundwater. 

c) Would the Project substantially alter the existing drainage pattern of the site or area, including 
through the alteration of the course of a stream or river or through the addition of impervious 
surfaces, in a manner which would: 

1. result in substantial erosion or siltation on- or off-site; 
2. substantially increase the rate or amount of surface runoff in a manner which would result 

in flooding on- or offsite; 
3. create or contribute runoff water which would exceed the capacity of existing or planned 

stormwater drainage systems or provide substantial additional sources of polluted runoff; 
or 

4. impede or redirect flood flows? 

Less Than Significant Impact: See discussions below. 

Erosion/Siltation: The proposed Project would not substantially alter the existing drainage pattern of the 
site or area in a manner that would result in substantial erosion on- or offsite. As discussed above, there are 
no existing or proposed drainage or stream features within the Project Area, and exploration operations and 
reclamation activities in the Project Area would not impact nearby waterways. 

Drilling exploration and related development of the Project Area is not expected to create an increased 
potential for stormwater runoff that could adversely impact adjacent areas. Additionally, due to the existing 
topography and land uses, the Project Area is not expected to receive significant local runoff from 
neighboring properties. Generally, stormwater that falls on the Project Area would be contained and would 
either naturally evaporate or infiltrate into the ground. Because runoff would ultimately not change as a 
result of the Project, post-reclamation runoff and erosion sedimentation would also not change. 
Development of the Project would not add any paving or impervious surface areas. Due to site topography 
and design, and through the implementation of applicable BMPs, the chances of discharge, erosion, and/or 
sedimentation from the Project Area that could adversely impact adjacent properties is considered very low, 
and potential impacts related to substantial erosion or siltation on- or off-site would be less than significant. 

Flooding: As discussed above, the proposed Project would not substantially alter the existing drainage 
pattern of the Project site or adjacent areas in a manner that would substantially increase the rate or amount 
of surface runoff in a manner which would result in flooding on- or off-site. Generally, stormwater that 
falls on the Project Area would be contained and would either naturally evaporate or infiltrate into the 
ground. Development of the Project would also not add any paving or impervious surface areas. Through 
implementation of BMPs that would be outlined in the site-specific BLM approved SWPPP, any stormwater 
that falls on the Project site would be captured or controlled. For these reasons, the proposed Project would 
not result in flooding on- or off-site, and the Project would have less than significant impacts. 

Stormwater Drainage Systems/Sources of Polluted Runoff: No, the proposed Project would not 
substantially alter the existing drainage pattern of the site or area in a manner that would create or contribute 
runoff water that would exceed the capacity of existing or planned stormwater drainage systems or provide 
substantial additional sources of polluted runoff water. As discussed above, the Project would not increase 
and/or pollute stormwater runoff, and SMP would implement appropriate stormwater BMPs as needed. 
Additionally, the Project Area is in a remote location, and there are no existing or planned stormwater 
drainage systems within the Project vicinity. 
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Other than minimal quantities of fuels and lubricating oils, the Project would not use hazardous materials 
or generate hazardous wastes onsite. Any fuels or oils used onsite would be stored in covered, leak-proof 
containers when not in use, away from potential storm runoff areas or areas where vehicles may travel. A 
BLM-approved Spill Contingency Plan would also be implemented. To prevent the spread of any accidental 
leakage in storage, fuel and lubricants would be stored in a shallow (4-inch depth), 10-foot by 10-foot lined 
reservoir at each drill site and in an approximately 6 inch deep, 20 foot by 40-foot lined reservoir at the 
fueling station. 

For the reasons outlined above, the proposed Project would not create or contribute substantial amounts of 
runoff or provide substantial additional sources of polluted runoff, and there would be no new impacts. 

Impede/Redirect Flood Flows: The proposed Project would not substantially alter the existing drainage 
pattern of the site or area in a manner that would impede or redirect flood flows. Project activities would 
be performed within previously disturbed areas and would not involve significant excavation or changes to 
natural landform topography associated with existing drainages. Development of the Project would also not 
add any paving or impervious surface areas. 

All present surface water features within the Project Area are ephemeral drainages; no permanent 
waterways, perennial or intermittent streams, or diversion channels exist within or adjacent to the Project 
Area, and none are proposed as a result of site development. Additionally, the FEMA Flood Insurance Rate 
Map (FIRM) was reviewed (https://www.icpds.com/assets/planning/flood-zone-maps/38-fema-900.pdf), 
and the entirety of the Project site and surrounding areas are designated as Flood Zone C, which represents 
“areas of minimal flooding”.  

Due to the low flooding potential of the Project Area, and because the Project involves exploratory drilling 
and ancillary operations (e.g., improving/constructing access roads, installing helipads and drill pads, 
constructing staging areas, etc.), development of the proposed onsite features (e.g., slopes, structures, roads, 
etc.) do not have the potential for a significant drainage or flood hazard impact on the environment, and 
would not create a new impediment to surface flow or change flood flow patterns. Thus, the Project would 
have no impacts related to flood flows. 

d) Would the Project be located in flood hazard, tsunami, or seiche zones, or risk release of pollutants 
due to project inundation? 

No Impact: The proposed Project would not be located in designated flood hazard, tsunami, or seiche zones 
and would not result in the potential for pollutants to be released to the environment by inundation. The 
Project site is located within a remote area of the Cargo Muchacho Mountains, far away from the Pacific 
Ocean or other larger inland body of water. The Project site is not located within a mapped tsunami or 
seiche hazard area as defined under the Department of Conservation’s Seismic Hazards Mapping Act and 
related seismic hazard maps (DOC 2022). 

As discussed above, only ephemeral drainages are present within the Project Area; no permanent 
waterways, perennial or intermittent streams, or diversion channels exist within or adjacent to the Project 
Area, and none are proposed as a result of site development. FEMA’S applicable FIRM map shows the 
Project Area and surrounding areas are designated as Flood Zone C. As such, given the location and design 
of the Project, the fact that no surface or stormwater would run-on or -off the Project site, the depths/lack 
of impacts to groundwater, and the lack of potential pollutant sources onsite, the Project would not risk 
release of pollutants due to project inundation. Therefore, there would be no impacts. 

e) Would the Project conflict with or obstruct implementation of a water quality control plan or 
sustainable groundwater management plan? 
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No Impact:  See responses to CEQA Criteria a) through d) above. The proposed Project would not conflict 
with or obstruct implementation of a water quality control plan or sustainable groundwater management 
plan. The Project entails exploratory drilling and ancillary operations (e.g., improving/constructing access 
roads, installing helipads and drill pads, constructing staging areas, etc.). Additionally, Project operations 
are temporary (i.e., 12- to 24-months), and the majority of the Project Area would be reclaimed once 
exploratory operations are complete. The Project activities would not result in waste streams or discharges 
that would be subject to regulation under an applicable water quality control plan. SMP would also 
implement BMPs to protect surface and ground water quality to ensure operations do not adversely impact 
water resources. Moreover, as discussed under CEQA Criteria b) above, the Project would not require the 
consumption of groundwater, and minimal quantities of groundwater encountered during drilling would be 
properly managed (contained in sump, allowed to naturally evaporate/infiltrate, etc.); consequently, the 
Project would not conflict with or obstruct a sustainable groundwater management plan. Therefore, no 
impacts would occur. 

3.23 Wildlife, including Migratory Birds, Special Status Species, and 
Threatened and Endangered Species 

3.23.1 Initial Study Determination (CEQA) 

Table 3-32 provides impact determinations of the Project on biological resources (including wildlife and 
plant species). 

Table 3-32 Biological Resources Environmental Checklist 

Potentially 
Potentially Significant Less Than No Biological Resources Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 
a) Have a substantial adverse effect, either directly or 

through habitat modifications, on any species 
identified as a candidate, sensitive, or special     
status species in local or regional plans, policies or 
regulations, or by the CDFW or USFWS? 

b) Have a substantial adverse effect on any riparian 
habitat or other sensitive natural community     identified in local or regional plans, policies, 
regulations, or by the CDFW or USFWS? 

c) Have a substantial adverse effect on state or 
federally protected wetlands (including, but not 
limited to, marsh, vernal pool, coastal, etc.)     
through direct removal, filling, hydrological 
interruption, or other means? 

d) Interfere substantially with the movement of any 
resident or migratory fish or wildlife species or 
with established native resident or migratory     
wildlife corridors, or impede the use of native 
wildlife nursery sites? 

e) Conflict with any local policies or ordinance 
protecting biological resource, such as a tree     
preservation policy or ordinance? 

f) Conflict with the provisions of an adopted Habitat     Conservation Plan, Natural Community 
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Biological Resources Criteria 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 

No 
Impact 

Conservation Plan, or other approved local, 
regional, or state habitat conservation plan? 

3.23.2 Affected Environment 

The area of analysis for wildlife is the Project Area, including the temporary portal access road, plus a 500-
foot buffer (Figure 3-12), with the exception of raptor species, which were analyzed within the Project 
Area plus a two-mile buffer (Figure 3-13) and threatened and endangered species, which were analyzed 
within the Project Area and proposed disturbance footprint (Figure 3-14). Wildlife in the area of analysis 
rely on limited water sources, with primarily ephemeral drainages, in addition to the ephemeral Tumco 
Wash, that only convey water during storm events as the dominant surface water features. There are no 
known wildlife guzzlers present within the area of analysis. 

General Wildlife 
Avian Species, including Migratory Birds and Raptors 
Twenty avian species have the potential to occur within or near the area of analysis based on a habitat 
evaluation desktop review (WestLand 2021; CDFW 2020b). Of the 20 avian species with potential to occur 
within the area of analysis, all are protected under the Migratory Bird Treaty Act of 1918, as amended 
(MBTA) (16 USC 703-711). The MBTA implements a series of international treaties that provide for 
migratory bird protection, providing that it would be unlawful, expect as permitted by regulations, “to 
pursue, take, or kill any migratory bird, or any part, nest or egg of any such bird” (16 USC 703). The MBTA 
does not regulate habitat, and the list of species protected by it (revised in March 2020), includes almost all 
bird species (1,093) that are native to the U.S. Additionally, CDFW protects migratory birds via the 
California Fish and Game Code, holding that it is unlawful to take or possess any migratory non-game bird 
as designated under the MBTA or any part of such except as provided by rules and regulations under the 
provisions of the MBTA (Section 3513).  

A total of 17 avian species were documented during the 2021 biological baseline surveys (WestLand 2021). 
As part of the 2021 baseline surveys, golden eagle nest ground surveys were conducted. No golden eagle 
individuals or nests were identified during the ground surveys within the raptor survey area. Two species 
of raptors potentially occur as residents or migrants within or near the area of analysis; during March 2021 
biological baseline surveys, two occupied prairie falcon (Falco mexicanus) nests, one suspected red-tailed 
hawk nest (Buteo jamaicensis), and one unoccupied stick nest of an unknown species were documented. A 
complete list of avian species observed during the biological baseline surveys within or near the area of 
analysis is provided in Table 3-33.  

Table 3-33 Avian Species Observed Within the Area of Analysis 

Scientific Name Common Name 
Amphispiza bilineata Black-throated sparrow 
Auriparus flaviceps Verdin 
Bubo virginianus Great horned owl 
Buteo jamaicensis Red-tailed hawk 

Calypte costae Costa’s hummingbird 
Cathartes aura Turkey vulture 
Corvus corax Common raven 
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Dryobates scalaris Ladder-backed woodpecker 
Falco mexicanus Prairie falcon 

Haemorhous mexicancus House finch 
Lainus ludovicianus Loggerhead shrike 

Meloxone fusca Canyon towhee 
Mimus polyglottos Northern mockingbird 
Poliptila melanura Black-tailed gnatcatcher 

Salpinctes obsuoletus Rock wren 
Sayornis saya Say’s phoebe 

Stelgipdopteryx serripennis Northern rough-winged swallow 
Source: WestLand 2021 

Mammal Species 
Nine mammal species were observed within or near the area of analysis during the 2021 biological baseline 
surveys (WestLand 2021), and no BLM Sensitive or Special Status Species were observed (BLM 2014; 
WestLand 2021). A complete list of mammal species observed in or near the area of analysis is provided 
in Table 3-34 below, and additional details can be found in the Biological Resource Technical Report and 
Assessment Oro Cruz Exploration Project (WestLand 2021).  

The area of analysis occurs within Hunt Zone D12, designated by the CDFW but managed by the BLM. 
Game species that have previously been observed or have the potential to occur within or near the area of 
analysis include mule deer and desert bighorn sheep (Ovis canadensis nelson) (Stantec 2021b; BLM 2014). 
Mule deer were observed during the 2021 Desert Tortoise Surveys (Stantec 2021b) but were not detected 
during the biological baseline surveys conducted in March 2021 (WestLand 2021). While potential habitat 
exists, desert bighorn sheep have not historically occurred within the area of analysis and no evidence of 
occurrence was observed during the biological baseline surveys (WestLand 2021). Population numbers of 
big game species fluctuate from year-to-year based on habitat conditions. Limiting factors include water 
availability and the extent of suitable habitat, which influence the movement patterns of big game species.  

Table 3-34 Mammal Species Observed Within the Area of Analysis 

Scientific Name Common Name 

Equus asinus Burro 
Neotoma spp. Unknown Packrat 

Odocoileus hemionus Mule deer 
Osteospermophilus spp. Unknown Ground squirrel 
Macrotus californicus California leaf-nosed bat 

Myotis spp. Unknown myotis 
Sciuridae spp. Unknown Squirrel 
Sylvilagus spp. Unknown Cottontail 

Vulpes spp. Unknown Fox 
Source: WestLand 2021 

Reptiles 
One reptile species, the side-blotched lizard (Uta spp.), was observed within the area of analysis during the 
biological baseline surveys (WestLand 2021). The area of analysis was evaluated for suitable habitat for 
the Colorado Desert Fringe-toed lizard (Uma notata) and flat-tailed horned lizard (Phrynosoma mcallii); 
however, these species were not observed in the field during baseline surveys. 
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Special Status Species 
The USFWS and the CDFW were contacted to obtain a list of threatened and endangered and sensitive 
species that have the potential to occur within the Project Area. In addition, the most recent BLM Sensitive 
Species List, which includes threatened and endangered species, was evaluated to determine if any species 
had the potential to occur within the area of analysis. Information from the USFWS, the CDFW, and the 
BLM indicated that the federally threatened Mojave Desert tortoise had the potential to occur within the 
area of analysis.  

Avian Species 
Western burrowing owl (Athene cunicularia) is a BLM Special Status Species and potential suitable habitat 
was identified as existing within the area of analysis. During the biological baseline surveys, suitable habitat 
was documented in the western and southern portions of the area of analysis, but no individuals or sign 
were physically observed (WestLand 2021).  

Bats 
An external evaluation of existing high-value bat roost locations was conducted prior to field surveys as 
well as a review of previous bat surveys conducted within nearby mines for previous permitting efforts 
within the area of analysis. These evaluations indicated that present bat species may include California leaf-
nosed bat (Macrotus californicus), Townsend’s big-eared bat (Corynohinus townsendii), pallid bat 
(Antrozous pallidus), and an unknown species, likely cave myotis (Myotis velifer) (WestLand 2021). Sign 
of an unknown bat species (Myotis spp.) was also observed and documented (WestLand 2021). Based on 
bat signs observed during the biological baseline surveys, California leaf-nosed bat was documented within 
the area of analysis, which is a BLM Special Status bat species associated with desert wash vegetation for 
foraging (WestLand 2021; Bolster et al. 1998). 

Insects 
Several statewide special status insect species, designated under CEQA, were evaluated to determine 
potentially suitable habitat within the area of analysis per historical documentation of occurrence 
(WestLand 2021; CDFW 2020b). No special status insect species were observed or detected during the 
biological baseline surveys.  

Threatened and Endangered Species 
The area of analysis for Threatened and Endangered Species is the Project Area plus the proposed surface 
disturbance footprint, specifically, the proposed Drill Areas and access roads (Figure 3-14). Four types of 
habitat exist in the area of analysis, including steep slopes, bajadas, desert pavement areas, and washes. 
Species listed under the ESA that have the potential to occur or could be potentially impacted by the Project 
include the threatened Mojave Desert tortoise. The Mojave Desert tortoise is a threatened species designated 
by the ESA with populations occurring north and west of the Colorado River in the Mojave Desert of 
Arizona, California, Nevada and Utah (Edwards et al. 2015; Murphy et al. 2011). The species is known to 
inhabit valleys, bajadas and hills with sandy loam or rocky soils in Mojave Desert scrub and the Lower 
Colorado River Valley subdivision of the Sonoran Desert; they are typically found on alluvial fans and 
valley bottoms (Edwards et al. 2015).  

The area of analysis contains potentially appropriate Mojave Desert tortoise habitat and is located within 
2,750 feet of the Colorado Desert Recovery Unit for desert tortoise. Biological surveys were conducted by 
Stantec in January 2021 and evidence of tortoise use of the area was detected in some of the proposed Drill 
Areas (Stantec 2021b). No Mojave Desert tortoise designated or proposed critical habitat was identified 
within the area of analysis during biological baseline surveys (WestLand 2021). Vegetation cover is low in 
the area of analysis but varies from almost zero on the steep rocky slops and desert pavement to fairly dense 
in some of the washes and bajadas. Vegetation on the slopes and uplands consists of scattered creosote 
bush, ocotillo, brittlebush, and scattered native grasses. Areas at the beginning of the bajadas and base of 
steep slopes offer foraging, shade, and burrowing areas for desert tortoises.  
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The deep cut washes concentrate rain fall and allow a greater variety of larger shrubs, trees, and ground 
cover. Dominant vegetation in these washes consists of ironwood (Olneya tesota), mesquite (Posopis 
glandulosa), palo verde (Parkinsonia florida), and tamarisk (Tamarix ramosissima). The washes in the area 
have the potential to provide needed forage and shade for desert tortoise species. Forage habitat includes 
grasses, forbs, and succulents (AGFD 2010). The wash banks supply areas for caliche caves and burrows. 
To escape extreme temperatures, Mojave Desert tortoise often excavate burrows under vegetation or rocks 
and would also use natural or manmade caves, which are typically associated with areas of creosote bush 
and other sclerophyll shrubs and areas with small cacti or Joshua trees (Yucca brevifolia). 

Soils within the area of analysis developed form weathered granitic rock and schistose rock substrates. The 
soils consist of gravelly sands with large amounts of cobble, rock, and boulders. Hill slops within the area 
of analysis are steep and almost entirely covered in large, weathered rock. Alluvial fans and washes in the 
area contain deeper soils that would be considered suitable for desert tortoise burrowing.  

During the January 2021 desert tortoise surveys (Stantec 2021b), no tortoise or tortoise sign was found in 
Drill Areas 1, 4, and 7 or the areas’ associated accesses. A total of eight burrows were detected in the 
remaining Drill Areas within the area of analysis, with three showing signs of active use, the details of 
which are shown in Table 3-35.  

Table 3-35 Mojave Desert Tortoise Presence Within the Area of Analysis 

Location1 Burrows Found  Condition Signs of Active Use 

Drill Area 2 2 Good Yes 

Drill Area 3 4 Good Yes, at 2 of the burrows 

Drill Area 5 - - Yes 

Drill Area 6 2 One good; one 
deteriorated No 

Source: Stantec 2021b 
1Survey locations include Drill Areas and associated access roads.  

3.23.3 Environmental Impacts (NEPA) – Proposed Action 

General Wildlife 
The Proposed Action would result in new surface disturbance of up to 20.54 acres, which would remove 
habitat for some wildlife species. This habitat would be unavailable for wildlife use and would result in an 
incremental increase in habitat fragmentation until the successful completion of reclamation. The proposed 
surface disturbance would be reclaimed and revegetated, which would minimize long-term impacts to 
vegetation and wildlife communities. Interim and concurrent reclamation would be maximized to the extent 
possible to accelerate revegetation of disturbed areas and would help re-establish wildlife habitat in the 
short-term. SMP would continue to monitor and control for noxious and invasive non-native species that 
may be introduced as a result of vegetation removal that could degrade the quality of wildlife habitat. 
Overall, impacts to general wildlife habitat and individual species from Project disturbance may occur; 
however, species populations are not expected to be impacted and impacts under the Proposed Action would 
be minor, short-term, and localized.  

The Proposed Action would remove potential avian nesting and foraging habitat; some of this habitat may 
become available through interim reclamation, but a majority would be unavailable for avian use until 
successful completion of reclamation. Impacts to individual migratory bird and raptor species may be 
realized as a result of surface disturbance and potential vehicular mortality from overland travel and access 
road construction and improvements; however, impacts would not affect species populations. To minimize 
potential impacts from vehicular collisions and/or mortality, SMP would implement 20 mile per hour speed 
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limits along all routes within the Project Area (Appendix F). Furthermore, SMP has committed to 
conducting pre-construction surveys within 48 hours of surface disturbance within the species-specific 
buffers outlined in Appendix F from the area to be disturbed in order to avoid impacts to migratory birds. 
Should active nests be identified during the pre-construction surveys, SMP would implement appropriate 
avoidance buffers around the nest in coordination with the BLM based on the nest species identified. 
Impacts to migratory birds and raptors would be minor, short-term, and localized. 

Some mule deer distributions exist within the Project area, but population statistics are not well known 
(WestLand 2021). Likely due to low water and forage availability, big game populations fluctuate year-to-
year and no known migration corridors exist within the area of analysis. There are no known populations 
of desert bighorn sheep in the area of analysis, although potential habitat is present. Potential impacts to big 
game species that may use the Project Area for available forage would be an increase in potential habitat 
fragmentation and less available forage; however, given the minimal distribution of individual species and 
populations within the area of analysis, impacts to big game habitat under the Proposed Action would be 
minor, short-term, and localized. Impacts to individual large and small mammal species may be realized as 
a result of surface disturbance and potential vehicular mortality may occur from overland travel and access 
road construction and improvements; however, impacts would not affect species populations. To minimize 
potential impacts from vehicular collisions and/or mortality, SMP would implement 20 mile per hour speed 
limits along all routes within the Project Area (PDF-23 of Appendix F). 

The Proposed Action would temporarily remove potential forage and habitat for reptile species that would 
be unavailable until successful completion of reclamation. Disturbance of habitat may impact individuals 
but is not anticipated to impact species populations; therefore, impacts to reptile species would be minor, 
short-term, and localized. 

Special Status Species 
Impacts to special status species, other than bats (described below), under the Proposed Action would be 
the same as those anticipated for general wildlife species. Additionally, CMAs specific to burrowing owls 
would be implemented should burrowing owls be identified during pre-construction surveys, including 
LUPA-BIO-IFS-12 through LUPA-BIO-IFS-14,  as described in Appendix F. No sensitive wildlife noise 
receptors were identified during baseline data collection or analysis of the Proposed Action. Overall, noise 
impacts under the Proposed Action would be negligible and short-term given that noise impacts from both 
exploratory drilling and helicopter use would not be stationary and would be temporary in nature. Special 
status species may experience indirect impacts from noise generation under the Proposed Action, however, 
LUPA-BIO-12 (Appendix F) would be implemented to minimize noise impacts to BLM special status and 
sensitive wildlife species. Should golden eagles or golden eagle nests be identified during pre-construction 
surveys, CMA LUPA-BIO-IFS-24 would be implemented to minimize impacts of surface disturbance 
within one-mile of active golden eagle nests or territories, as included in Appendix F. Impacts would 
overall be minor, short-term, and localized. 

Bats 
The Proposed Action would create a source of light that would attract insects and, thus, foraging bats. 
Impacts to foraging and roosting areas for bats would be minor, short-term, and localized. Bats foraging in 
close proximity to the Proposed Action may collide with associated infrastructure, causing injuries or 
fatalities. SMP has committed to implementing a 500-foot surface disturbance buffer around known bat 
maternity roosts within the Project Area during the bat maternity season (April 1 through August 31). 
Overland travel could occur within the 500-foot buffer, but no direct surface disturbance or active drilling 
would occur within this buffer during the bat maternity season. With implementation of the 500-foot buffer, 
impacts to bat populations as a result of lighting from nighttime drilling would also be minimized as lighting 
for active drilling equipment would be over 500 feet away from bat maternity roosts. With implementation 
of the PDFs (Appendix F) acts from additional lighting and potential collisions with infrastructure would 
be negligible to minor, short-term, and localized. Impacts to bat species as a result of noise generated from 
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Project activities would be the same as described above for special status species. All other impacts to bats 
would be the same as those described for general wildlife mammal species.  

There would not be disproportionate impacts to the California leaf-nosed bat. PDFs (Appendix F), such as 
minimizing disturbance to wash vegetation and the avoidance buffers as described above, would reduce 
impacts to the California leaf-nosed bat. Impacts would be minor, short-term, and localized.  

Threatened and Endangered Species 
Potential habitat areas for the Mojave Desert tortoise that could be impacted under the Proposed Action 
include areas of bajadas, hills with sandy loam, rocky soils in Mojave Desert scrub vegetation communities, 
alluvial fans, and valley bottoms. Project activities would be monitored throughout the life of the Project to 
avoid potential impacts to Mojave Desert tortoise habitat. SMP would designate an FCR who would be 
responsible for overseeing compliance with protective stipulations for desert tortoise habitat, and for 
compliance coordination with the BLM. Measures for potential translocation of tortoise individuals to 
nearby areas with suitable habitat is discussed further below..  

Potential impacts to Mojave Desert tortoise individuals could include injury, direct mortality, displacement 
of individuals, and increased stress. A BLM-approved Authorized or Qualified Biologist would be onsite 
prior to and during Project activities involving heavy machinery or any surface disturbing activities to 
ensure no desert tortoises are killed or burrows crushed, and Project staff are compliant with desert tortoise 
best practices. Within 24 hours of commencement of Project activities, pre-construction desert tortoise 
surveys would be conducted by a BLM-approved Authorized or Qualified Biologist within the area to be 
disturbed, plus a 500-foot buffer, and the BLM-approved Authorized or Qualified Biologist would be onsite 
during initial Project activities or mobilization. In addition, the FCR would be required to be onsite during 
all Project activities and would be responsible for stipulations for desert tortoise populations. During the 
desert tortoise active season, the FCR would be a BLM Authorized or Qualified Biologist. Outside of the 
active season, the FCR may be an on-site compliance monitor that would coordinate closely with a BLM 
Authorized or Qualified Biologist to be on-site immediately as needed. If a desert tortoise is discovered in 
harm’s way, a BLM Authorized Biologist will move the tortoise, no more than 300 meters, into adjacent 
habitat following the latest USFWS clearance and handling procedures. If the BLM-approved Authorized 
or Qualified Biologist observes significant clinical signs of ill health, the tortoise would be removed from 
the wild in coordination with the USFWS. If suitable habitat is not available within 300 meters of the 
tortoises’ capture locations or other land ownership restrictions prevent the release of individuals within 
300 meters (e.g., privately owned land lacking permission), the tortoise would be translocated to the 
Recipient Site adjacent to the Project Area (Figure 3-14). Additionally, the BLM would require a mitigation 
measure for SMP to install exclusionary fencing around the access road to prevent desert tortoise crossings 
and collisions with individual species within Tumco Wash. The BLM also conducted Section 7 of the ESA 
consultation with the USFWS to develop the appropriate mitigation measures for the implementation under 
the Proposed Action in accordance with the 2017 Programmatic Biological Opinion (USFWS 2017) for 
Mojave Desert tortoise, described in Section 4.1.1. Further, CMA LUPA-BIO-IFS-9 would be implemented 
to reduce vehicle speeds to 15 miles per hour within areas not cleared by surveys where desert tortoise may 
be impacted, as included in Appendix F along with several additional PDFs specific to desert tortoise. 
Through implementation of these BMPs, the detailed PDFs, and CMAs in Appendix F, impacts to Mojave 
Desert tortoise under the Proposed Action are anticipated to be minor, short-term, and localized.  

3.23.4 Environmental Impacts (NEPA) – No Action Alternative 

Under the No Action Alternative, the Project would not be approved by the BLM; however, the area would 
remain available for other multiple use activities as approved by the BLM. As such, no impacts to wildlife, 
including migratory birds, special status species, and threatened and endangered species, would occur under 
the No Action Alternative beyond existing conditions. 
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3.23.5 Impact Analysis (CEQA) 

Refer to Biological Resource Technical Report and Assessment in Appendix E for additional detail 
supporting the below impact analysis. 

a) Would the Project have a substantial adverse effect, either directly or through habitat 
modifications, on any species identified as a candidate, sensitive, or special status species in local 
or regional plans, policies or regulations, or by the CDFW or USFWS? 

Less Than Significant Impact with Mitigation:  No, the proposed Project would not have a substantial 
adverse effect, either directly or through habitat modifications, on any species identified as a candidate, 
sensitive, or special-status species in local or regional plans, policies, or regulations, or by the CDFW or 
USFWS. WestLand evaluated the potential for special-status species to occur in the Project Area. Of the 
41 potential plant species and 26 potential wildlife species WestLand identified (Appendix E), three special 
status plant species and seven special status wildlife species were determined to have a possible presence 
or a high potential to occur in the Project Area. Refer to Section 3.20.2 above for a complete discussion on 
vegetation, including special status plant species, and Section 3.23.2 above for a complete discussion on 
the affected environment for wildlife, including special status and threatened and endangered species.  

Recommended Avoidance Measures: As stated above, the overall proposed Project would be limited in 
scope (i.e., 20.54 acres of new disturbance) and duration (12- to 24-months of exploration activities). 
Nonetheless, to ensure the Project’s potential adverse impacts to sensitive plant and wildlife species and 
habitats are avoided, a variety of protection measures would be implemented. A complete description of 
the environmental protection measures that SMP has committed to as PDFs are provided in Appendix F. 
Through the implementation of the avoidance and protection measures (Appendix F), the Project would 
not have an adverse effect, either directly or indirectly, or through habitat modifications, on any species 
identified as a candidate, sensitive, or special status species. Therefore, Project impacts would be less than 
significant with mitigation incorporated. 

b) Would the Project have a substantial adverse effect on any riparian habitat or other sensitive 
natural community identified in local or regional plans, policies, regulations, or by the CDFW or 
USFWS? 

Less Than Significant Impact with Mitigation: See response to CEQA Criteria a) above. No, the 
proposed Project would not have a substantial adverse effect on any riparian habitat or other sensitive 
natural community identified in local or regional plans, policies, regulations or by the CDFW or USFWS. 
As discussed above, the Project Area has been previously disturbed by mining activities. In general, 
vegetation is sparse in both the upland and xeroriparian habitats. 

Per Biological Resource Technical Report and Assessment (WestLand 2021) in Appendix E, WestLand 
found that vegetation is sparse in both the upland and xeroriparian habitats of the Project area. The uplands 
consist of a very low-density shrub community dominated by creosote (Larrea tridentata) and brittlebush 
(Encelia farinose). In addition, large portions of the area of analysis consist of disturbed habitats dominated 
by non-native annual plants. The xeroriparian habitat generally consists of the same sparce shrub 
community and includes widely spaced upland trees and ocotillo (Fouquieria splendens). In summation, 
vegetation in the area of analysis is uniformly sparce and consists of very low density shrublands, upland 
trees and highly disturbed habitats. 

The three native vegetation categories identified during the baseline surveys (Westland 2021) are described 
in Section 3.20.2). No riparian areas have been identified within the Project Area. The only surface water 
features present within the Project Area are ephemeral drainages; no permanent waterways, perennial or 
intermittent streams, or diversion channels exist within or adjacent to the Project Area. 
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Conclusion: As discussed previously, wildlife habitats on and around the Project Area have been 
significantly influenced by historic mining activities, as well as by recreational and mine exploration 
activities. Additionally, proposed Project activities with the potential to effect sensitive habitat or other 
natural communities would be limited in scope (i.e., 20.54 acres of new disturbance) and duration (12- to 
24-months of exploration activities). Once exploration operations are complete, the Project Area would be 
fully reclaimed and revegetated.  

For these reasons, and through the implementation of the PDFs described in Appendix F, the Project would 
not result in significant impacts to riparian habitat or other sensitive natural communities or state of 
federally protected wetlands, and there would be less than significant impacts with mitigation incorporated. 

c) Would the Project have a substantial adverse effect on state or federally protected wetlands 
(including, but not limited to, marsh, vernal pool, coastal, etc.) through direct removal, filling, 
hydrological interruption, or other means? 

Less Than Significant Impact:  No, the proposed Project would not have a substantial adverse effect on 
state or federally protected wetlands through direct removal, filling, hydrological interruption, or other 
means. There are three key agencies that regulate activities within inland streams, wetlands, and riparian 
areas in California. The Corps Regulatory Branch regulates discharge of dredge or fill materials into “waters 
of the United States” pursuant to Section 404 of the CWA and Section 10 of the Rivers and Harbors Act. 
Of the State agencies, the Regional Board regulates discharges to surface waters pursuant to Section 401 of 
the CWA and the California Porter-Cologne Water Quality Control Act and the CDFW regulates alterations 
to streambed and associated plant communities under Fish and Wildlife Code Sections 1600 et seq. 

The only surface water features present within the Project Area are ephemeral drainages; no permanent 
waterways, perennial or intermittent streams, or diversion channels exist within or adjacent to the Project 
Area, and none are proposed as a result of site development. Under surveys conducted in 2021 for presence 
of Waters of the US, a total of 432 aquatic resource features (i.e., drainages, tributaries, stream channels), 
including one pond, have been mapped within and in the vicinity of the Project Area and assessed for 
potential jurisdiction under the USACE, the Regional Water Quality Control Board (RWQCB) and the 
CDFW (Stantec 2021). No wetlands, seeps, springs, or playas were found, and flows within the area are 
ephemeral and are mostly sourced from direct precipitation as well as flows from the Cargo Muchacho 
Mountains in the east. Based on the definitions, regulations, and guidance for jurisdictional waters under 
the CWA, none of the features are expected to fall under the jurisdiction of the USACE because they were 
determined to be both isolated with no connection to a traditional navigable water. All drainages sampled 
entering, exiting, and beginning in the area were determined to be ephemeral. All features potentially fall 
under the jurisdiction of the RWQCB and the CDFW. On March 29, 2021, an application was submitted to 
the USACE for an approved jurisdictional determination with an aquatic resources inventory providing the 
survey data to support no jurisdictional waters being present within the Project Area or vicinity. The 
USACE’s approved jurisdictional determination is currently pending and is anticipated to be received 
within the timeline of completion prior to Project approval. 

Because there are no jurisdictional drainages within the Project Area, and because SMP would obtain the 
requisite approvals from the RWQCB, CDFW and the USACE, the Project would not have a substantial 
adverse effect on federally protected wetlands (including, but not limited to, marsh, vernal pool, coastal, 
etc.) as defined by Section 404 of the CWA through direct removal, filling, hydrological interruption, or 
other means, and there would be less than significant impacts. 

d) Would the Project interfere substantially with the movement of any resident or migratory fish or 
wildlife species or with established native resident or migratory wildlife corridors, or impede the 
use of native wildlife nursery sites? 
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Less Than Significant Impact:  See responses to CEQA Criteria a) and b) above. No, the proposed Project 
would not interfere substantially with the movement of any native resident or migratory fish or wildlife 
species or disrupt native nursery sites. The Imperial County General Plan (Imperial County 2015), 
specifically Figure 1 through Figure 3 within the Conservation and Open Space Element, depicts “sensitive 
habitats”, “sensitive species” and “agency-designated habitats” within the County, respectively. According 
to the Imperial County General Plan, the Project Area is not located within a County-designated wildlife 
corridor. Additionally, as stated above, there are no permanent waterways, perennial or intermittent streams, 
or diversion channels exist within or adjacent to the Project Area that could harbor migratory fish species. 
The only surface water features present within the Project Area are ephemeral drainages and do not support 
fish species. 

As with other undeveloped areas of the Cargo Muchacho Mountains, the Project Area would have the 
limited potential to provide limited upland wildlife movement opportunities across the Project site from 
other nearby undeveloped wilderness areas (e.g., Pilot Knob Mesa and Algodones Dunes areas to the 
southwest). However, since the majority of the Project Area and adjacent lands have been disturbed by 
historical mining, and the lack of suitable habitat that would be maintained through the life of the Project, 
wildlife movement opportunities through the Project Area would remain limited.  

WestLand also completed a raptor survey and evaluated the potential for species protected under the Bald 
and Golden Eagle Protection Act (BGEPA) to occur within the Project Area, the results for which are 
summarized under Section 3.23.2. Specific to species protected under the BGEPA, WestLand determined 
that the bald eagle has “no” potential to occur, and the golden eagle has an “unlikely” potential to occur as 
the habitat within the Project Area is unsuitable, and the habitat within the raptor area of analysis (see Figure 
3 in Biological Resource Technical Report and Assessment of Appendix E) was marginal. Additionally, as 
described under CEQA Criteria a) above, SMP would implement the PDFs for biological resources as 
included under Appendix F. This would include pre-construction biologist surveys, minimizing native 
ground disturbance/installation of barriers, worker training, and other measures which would ensure the 
Project would not substantially interfere with any migratory species that may happen to move through the 
Project Area. Through implementation of these avoidance and protection measures, SMP’s use of the 
Project Area for exploratory drilling operations would not impact wildlife movement opportunities or 
prevent the surrounding habitat from continuing to function as a wildlife corridor. Therefore, 
implementation of the Project (including construction, operations and reclamation) would not substantially 
alter existing wildlife movement patterns, and there would be less than significant impacts with mitigation 
incorporated. 

e) Would the Project conflict with any local policies or ordinance protecting biological resource, such 
as a tree preservation policy or ordinance? 

Less Than Significant Impact: No, the proposed Project would not conflict with any local policies or 
ordinances protecting biological resources, such as a tree preservation policy or ordinance. Both the 
Imperial County General Plan (Imperial County, 2015) and the Imperial County – Code of Ordinances 
(Imperial County, 2022) were reviewed. Specifically, the Conservation and Open Space Element of the 
General Plan, as well as Chapters 12.44 (Wildlife Protection) and 12.48 (Wild Flowers and Trees) of the 
Code of Ordinances outline specific preservation measures and provides regulations and guidelines for the 
management of plant resources in the unincorporated areas of the County. 

Chapter 12.44 of the County Code of Ordinances is specific to the protection of watercourses or wildlife 
watering holes. As discussed above, no permanent waterways, perennial or intermittent streams, or 
diversion channels exist within or adjacent to the Project Area, and none are proposed as a result of site 
development. The only surface water features present within the Project Area are ephemeral drainages. 
Water that contacts the Project Area, either from application for dust suppression or as a result of a 
precipitation event, would be contained onsite and either naturally evaporate or infiltrate into the ground. 
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There would be no discharges outside the drill sites or in surface tributaries, and no pollutants would be 
discharged, and Project water management would comply with applicable county, state, and federal laws. 
Additionally, as discussed in Section 3.22, the Project operations would be conducted pursuant to the CGP 
for stormwater discharges. For these reasons, the Project would comply with the provisions of outlined 
under Chapter 12.44 of the County Code. 

Chapter 12.48 of the County Code of Ordinances prohibits the destruction (e.g., dig up, remove, mutilate, 
or destroy) or disturbance of specific tree and flower species. Table 3-36 describes the trees and plants 
species regulated under Chapter 12.48 of the County Code of Ordinances and summarizes applicability to 
the proposed Project. Also see Biological Resource Technical Report and Assessment (WestLand, 2021) in 
Appendix E, which provides a comprehensive list of the potential wildlife and plant species observe 
on/near the Project Area. 

Table 3-36 Imperial County Code Plant Protection and Management 
Code Section/Text Protected Tress & Vegetation Applicable to Project 

12.48.010 – Picking or destroying of certain trees and flowers. 

It is unlawful for any 
person, firm or 
corporation to mutilate or 
destroy or pick blossoms, 
branches, leaves or 
berries from any: 

Mountain Dogwood (Cornus Nuttalli), 
Snow Plant (Sarcodes Sanguinea), 
Tiger Lily (Lilium Parryi), 
Western Azalea (Rhododendron Occidentale), 
California Holly Toyon Berry (Heteromeles 
Arbutifolia), 
Maiden-hair Fern (Adiantum), 
Sword Fern Family (Nephrolepic), 
Giant Canyon Fern (Woodwardia Radicans), 

Not Applicable. 
 
None of the plant species 
protected under Section 
12.48.010 were found within 
the Project Area. 

12.48.020 – Digging up, removal or possession of certain trees and flowers. 
To dig up or remove the bulbs of the Lemon Lily or 
the Tiger Lily, Not Applicable. 
To dig up or remove the Snow Plant, Maidenhair  

It is unlawful: Fern, Sword Fern Family, or Giant Canyon Fern, 
To remove or cut or have in possession any of the 

None of the plant species 
protected under Section 

branches, leaves, plants or berries of the Mountain 12.48.020 were found within 
Dogwood, Western Azalea, or the California Holly the Project Area. 
Toyon Berry, 

12.48.030 – Yucca plant. 

It is unlawful for any person, firm or corporation to dig up, remove, mutilate, or 
destroy any Yucca plant, or to pick or cut any bloom or blossoms therefrom, 
growing upon public or private land without a  permit issued by the board of 
supervisors of Imperial County, except by the owner of such land or with the 
written consent of such owner. 

Not Applicable. 
 
Per the biological baseline 
survey (Westland 2021), no 
Yucca plants were found 
within the Project Area. 

12.48.040 – Yucca trees. 
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Code Section/Text Protected Tress & Vegetation Applicable to Project 

It is unlawful for any 
person, firm or 
corporation to dig up, 
remove, mutilate, or 
destroy any Yucca Trees 
of the following varieties: 

Quixote Plant (Yucca Whipplei Torr.); 
Joshua Tree (Yucca brevifolia Engelm.); 
Spanish Dagger (Yucca mohavensis Sarg.); 
Spanish Bayonet (Yucca baccata Torr.); 
Desert Lily (Hesperocallis undulatus Wats.); 
Fan Palm (Washingtonia filifera Wendl.); 
Desert Holly, Atripiex hyhenelytra (Abronia Wats.); 
Desert Verbena (Abronia villosa Wats.); 
Desert Evening Primrose (Enothera trichocalyx 
Nutt.); 
Smoke Tree (Parosela spinosa [Gray] Heller); 
Lupin (Lupinus spp.); 
Coach Whip or Ocotillo (Fouquieria splendens 
Engelm.); 

Not Applicable. 
 
None of the Yucca tree 
species protected under 
Section 12.48.040 were 
found within the Project Area 
that would have to be 
removed or disturbed as a 
result of Project activities. 

Desert Willow (Chilopsis linearis D. C.); 
Sandfood (Ammobroma soncrae Torr.); 
Scarlet Bugler (Pentstemon centanthrifolius Benth.); 
Indigo Bush (Parosela Schottii); 

12.48.050 – Cactus. 

It is unlawful for any 
person, firm or 
corporation to dig up, 
remove, mutilate, destroy, 
or pick any cactus of the 
following varieties: 

Cholla (Opuntia echinocorpa Engelm.); 
Barrel Cactus (Echinocactus cylindraceus Enfielm.); 
Giant Cactus (Cereus gigantea Engelm.); 
Strawberry or Fish Hook Cactus (Mamillaria 
tetrancistra Engelm.); 
Bird Nest Cactus (Mamillaria grahami Engelm.); 
Acanthus (Beloperone californica Benth.); 
Hedgehog Cactus (Echinocactus polysancistrus 
Engelm. and Bigel.); 
Torch Cactus (Cereus engelmanni Parry); 
Beavertail Cactus (Oprentia basillaris Engelm.); 
Clavate Cactus (Opuntia clavata Engelm.); 
Grizzly Bear Cactus (Opuntia erinacea); 

Not Applicable. 
 
None of the cactus species 
protected under Section 
12.48.050 were found within 
the Project Area that would 
have to be removed or 
disturbed as a result of 
Project activities. 

Opuntia Cactus (Opuntia ramossissima Engelm.); 
and 
Marguey or Agaves (Agate deserti Engelm.); 

12.48.070 – Shrubs. 

It is unlawful for any person, firm or corporation, except the owner of such land 
or with the written consent of such owner, to dig up, remove, mutilate, or destroy 
shrubs of the following variety: 
Crucifixion Thorn (Holacantha Emoryi) 

Not Applicable. 
 
Per the biological baseline 
survey (WestLand 2021), no 
Crucifixion Thorn were 
found within the Project 
Area. 

12.48.080 – Tags, seals and wood receipts. 
Where a permit is required by this chapter, authorizing the harvesting, 
transporting or possessing of trees or plants, such permits would be accompanied 
by a tag or seal for each tree or plant to be harvested, possessed or transported. 
The tag and/or seal would be retained and utilized-pursuant to Sections 80101 and 
80102 of the Food and Agricultural Code of the state of California as it now 
exists, or may hereafter be amended. 

Not Applicable. 
 
No trees species were found 
within the Project Area that  

Each permit authorizing the harvesting, transporting or possessing of plants or 
trees, for wood, which plants or trees are listed in this chapter would be 
accompanied by a wood receipt. The wood receipt would be nontransferable and 

would have to be removed or 
disturbed as a result of the 
Project activities. 

would be retained pursuant to Section 80103 of the Food and Agricultural Code of 
the state of California as it now exists or may hereafter be amended. 
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Note: See Biological Resource Technical Report and Assessment in Appendix E for findings based on the biological 
baseline surveys for the Project.  

As shown in Table 3-36 above, none of the regulated trees, plants, or protected riparian areas outlined in 
the County Code of Ordinances pertain to this Project (i.e., none were found on/near the Project Area per 
the biological baseline surveys [WestLand 2021]). Per the discussions above, the Project is consistent with, 
and would not interfere substantially with, any local policies or ordinances protecting biological resources. 
Therefore, impacts are less than significant with no mitigation required. 

f) Would the Project conflict with the provisions of an adopted Habitat Conservation Plan, Natural 
Community Conservation Plan, or other approved local, regional, or state habitat conservation 
plan? 

Less Than Significant Impact with Mitigation: See response to CEQA Criteria e) above. No, the 
proposed Project would not conflict with the provisions of an adopted Habitat Conservation Plan (HCP), 
Natural Community Conservation Plan (NCCP), or other approved local, regional, or State HCP. As 
described under CEQA Criteria e) above, the Project would not conflict with the provisions of any adopted 
Habitat Conservation Plan, Natural Community Conservation Plan (i.e., Chapter 12.44 – Wildlife 
Protection, Chapter 12.48 – Wild Flowers and Trees, etc.), or other approved County habitat conservation 
plan. 

While the Project Area is not within a County-designate habitat conservation area, the Project Area does 
occur within the federal Picacho ACEC as designated under the DRECP (BLM 2016). The BLM’s goals 
for the management of the Picacho ACEC are to enhance, protect and preserve the cultural and biological 
resources while providing compatible recreational opportunities; and to maintain desert tortoise habitat 
connectivity between the Chuckwalla Desert Wildlife Management/ACEC/Critical Habitat Units and high 
value climate refugia for wildlife (BLM 2016). The Project has been designed to be consistent with the 
requirement outlined in the DRECP (BLM 2016), and PDFs specific to desert tortoise are described in full 
under Appendix F. Through the implementation of the PDFs, the Project would not conflict with the 
provisions of any adopted Habitat Conservation Plan, Natural Community Conservation Plan (i.e., 
DRECP), or other approved local, regional, and/or state habitat conservation plan. Therefore, proposed 
Project activities would not conflict with future HCPs, NCCPs, or other approved local, regional, or state 
HCPs, and there would be less than significant impacts with mitigation incorporated. 

3.23.6 Cumulative Effects  

The CESA boundary for wildlife, including migratory birds, special status species, and threatened and 
endangered species, includes the Project Area plus a five-mile buffer (Figure 3-3). This CESA was chosen 
as it is the geographic area to which cumulative impacts to wildlife species would occur based on surface 
disturbance proposed under the Project and known wildlife occurrences. The CESA encompasses 68,020 
acres. 

Within this CESA, past and present disturbance, as detailed in Table 3-37, has resulted from the following 
activities: mineral development and exploration projects (1,856 acres); oil and gas pipelines (1 acre); 
utilities, infrastructure, and public purpose projects (74 acres); roads and railroads (215 acres); and 
dispersed recreation. No documented recent and past wildland fires have occurred within the CESA. 

Table 3-37 Past, Present, and RFFAs in the Wildlife CESA 

Past, Present, and RFFAs, Disturbances and Projects CESA 
CESA Acres 68,020 

Past Actions 
Mineral Development and Exploration 
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Past, Present, and RFFAs, Disturbances and Projects CESA 
Sand and Gravel Operations, Materials Sites and Community Sand and Gravel Pits 360 
Notices 64 
Mining and Exploration Projects 1,432 
Utilities, Infrastructure, and Public Purpose 
Communication Facilities 9 
Water Pipelines and Water Infrastructure 4 
Other 21 

Past Actions Total Disturbance Acres 1,890 
Present Actions 
Oil and Gas Pipelines 
Pipelines 1 
Utilities, Infrastructure, and Public Purpose 
Powerlines 37 
Water Pipelines and Water Infrastructure 3 
Roads and Railroads Present Actions 
Roads 197 
Railroads 18 

Present Actions Total Disturbance Acres 257 
RFFAs 
Mineral Development and Exploration 
Mining and Exploration Projects 73 
Utilities, Infrastructure, and Public Purpose 
Power Lines 13,881 

RFFAs Total Disturbance Acres 13,954 
Past, Present, and RFFAs Total Disturbance Acres 16,101 

Percent of CESA 24 
Fires 0 

Source: BLM 2022a-b 

Of the 68,020 acres covered by the CESA, 16,101 acres of disturbance are associated with past, present, 
and RFFA disturbances, which is a disturbance of approximately 24 percent of the CESA. 

Past activities from mineral development and exploration activities and infrastructure in the CESA have 
resulted in removal of vegetation, dispersal or displacement of local populations, and fragmentation of 
certain wildlife habitats and populations. Removal of the vegetative understory may impact nesting success 
and predation. Road construction and use disturbs wildlife habitat by removing vegetation, compacting 
soils, displacing individuals, increasing noise, and by creating long-term impacts resulting from habitat 
fragmentation and direct mortality from vehicle collisions.  

Human presence tends to disturb many species of wildlife throughout their habitats. Past and present 
recreational uses in the area include hunting, OHV use, hiking, and primitive camping. Human disturbance 
during periods of the year when wildlife species are otherwise stressed due to a lack of forage and/or harsh 
weather (as occurs during the winter season), can further stress wildlife and may increase mortality.  
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RFFAs in the CESA would include mineral development and exploration projects (73 acres) and utilities, 
infrastructure, and public purpose projects (13,881 acres) (Table 3-36). Future mineral development and 
exploration would include the pending reclamation at the San Pedro Gravel Jackson Gulch Mine. 
Additionally, a proposed powerline from Yuma, Arizona to the Imperial Valley of California is currently 
pending that would include 13,881 acres of linear surface disturbance; however, the full extent of the 
powerline would not be within the Wildlife CESA and the BLM currently has an indefinite hold on the 
future action. Impacts from RFFAs may include habitat loss, removal of vegetation, fragmentation of 
migration corridors, displacement from increased human presence and noise, and introduction of invasive 
weed species. Wildland fires in this CESA may occur in the future, as would dispersed recreation. Impacts 
from these RFFAs would lead to similar impacts as stated for past and present actions.  

Proposed Action 
The Proposed Action would increase disturbance to wildlife habitat within the CESA by a maximum of 
20.54 acres (less than one percent of the CESA) for a total disturbance in combination with past, present, 
and RFFAs of 16,122 acres (approximately 24 percent of the CESA). Cumulative impacts on general 
wildlife from past, present, and RFFAs in combination with the Proposed Action would result in cumulative 
displacement and habitat fragmentation, as well as short-term disturbance and removal of habitat and forage 
area. Displacement and habitat fragmentation decreases survival rates of affected individuals to some 
degree and increases competition. The presence of new and improved roads may increase mortality from 
vehicle collisions. If disturbance areas are not properly reclaimed, invasive weeds may become established 
which would have additional long-term impacts on general wildlife habitat. However, proposed operations 
would be temporary, and reclamation would occur on all proposed disturbances concurrently, including 
revegetation with a BLM-approved seed mix, which would reduce these long-term impacts to wildlife and 
their habitat. PDFs for avoidance buffers and pre-construction surveys would be implemented to reduce 
impacts to avian species, including migratory birds, and bat species during the breeding season (Appendix 
F). The proposed new road for access to the staging area/underground portal would remain as a post-closure 
feature for access to the Project Area for reclamation and monitoring activities as well as continued 
underground exploration, which would be completed and remaining surface disturbance reclaimed within 
five years from Project implementation. It is not anticipated that the Proposed Action would have any 
cumulative impacts on avian or big game migratory corridors. Additionally, the Project would be completed 
outside the desert tortoise active season (March 15 through November 1) as feasible and pre-construction 
surveys would be completed within 24 hours of commencement of Project activities (year-round) within 
the proposed area for disturbance and a 500-foot buffer to determine potential desert tortoise presence, 
activity, and burrow sites for avoidance. A complete list of PDFs for minimization of impacts to wildlife 
species is provided in Appendix F. The Proposed Action, in combination with past, present, and RFFAs, 
would result in minor, short-term, and localized cumulative impacts to wildlife within the CESA, and it is 
anticipated most wildlife species would be able to relocate to similar habitat around the CESA during 
temporary exploration operations. 

No Action Alternative 
Under the No Action Alternative, the proposed Oro Cruz exploration activities would not be approved and 
the associated impacts to wildlife, including migratory birds, special status species, and threatened and 
endangered species, would not occur. Overall, cumulative effects to this CESA from the No Action 
Alternative would be less than the Proposed Action since additional surface disturbance from that 
alternative would not occur and thus would not additionally impact wildlife. There would be no cumulative 
impacts beyond those currently occurring from past, present, and RFFAs. 
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3.24 Wildfire 

3.24.1 Initial Study Determination (CEQA) 

Table 3-38 provides impact determinations of the Project on wildfire, per CEQA guidelines whether a 
project a located in or near state responsibility areas or lands classified as very high fire hazard severity 
zones.  

Table 3-38 Wildfire Environmental Checklist 

Potentially 
Potentially Significant Less Than No Wildfire Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 

Substantially impair an adopted emergency a)     response plan or emergency evacuation plan? 

Due to slope, prevailing winds, and other factors, 
exacerbate wildfire risks, and thereby expose b)     project occupants to pollutant concentrations from 
a wildfire or the uncontrolled spread of a  wildfire? 

Require the installation or maintenance of 
associated infrastructure (such as roads, fuel 
breaks, emergency water sources, power lines or c)     other utilities) that may exacerbate fire risk or that 
may result in temporary or ongoing impacts to the 
environment? 

Expose people or structures to significant risks, 
including downslope or downstream flooding or d)     landslides, as a  result of runoff, post-fire slope 
instability, or drainage changes? 

3.24.2 Affected Environment 

This resource is not a supplemental authority considered for analysis by the BLM under NEPA, and there 
is minimal risk of fire from Project activities with the implementation of the PDFs described in Appendix 
F. Therefore, this resource was not analyzed further under the NEPA requirements for the affected 
environment or environmental impacts for each alternative, per the determination in Table G-1 of 
Appendix G. 

3.24.3 Impact Analysis (CEQA) 

According to the California Department of Forestry and Fire Protection (CAL FIRE) Fire Hazard Severity 
Zone (FHSZ) maps (CAL FIRE 2022), the Project Area is located within a Federal Responsibility Area 
(FRA) as well as a Local Responsibility Area (LRA), specifically within a FHZS designated as having an 
“Other Moderate” or “LRA Moderate” risk of wildfire. There areas designated as having a “High” or “Very 
High” FHSZ potential within or near the Project Area. 
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a) Would the Project substantially impair an adopted emergency response plan or emergency 
evacuation plan? 

No Impact: No, the Project would not substantially impair an adopted emergency response plan or 
emergency evacuation plan. As discussed in Section 3.11, Imperial County maintains various emergency 
plans and emergency preparedness procedures, primarily outlined within the EOP (Imperial County 2016) 
and Multi-Jurisdictional Hazards Mitigation Plan Update (Imperial County 2015). Both documents were 
reviewed, and the Project would not conflict with any applicable provisions found in the County’s 
emergency response or hazard mitigation plan(s). 

The Project would not impair implementation of, or physically interfere with, these adopted emergency 
plans or emergency evacuation plans because the Project would not add to off-site traffic congestion above 
existing levels that might delay emergency response activities. As discussed above, existing access roads 
would be used to the extent possible but some new access roads would be required across BLM land (Figure 
2-1). New access roads would be used strictly for Project support vehicles to access the exploration Drill 
Areas. Drilling equipment would be trucked to one of two truck unloading points, and then would be safely 
mobilized to the Drill Areas within the Project Area (Figure 2-1). Equipment would be unloaded from 
lowboys onto the existing road at the unloading points and no improvements are needed to accommodate 
the unloading of equipment. Additionally, as discussed in Section 3.19, it’s estimate that the Project would 
generate a maximum of 64 one-way vehicle trips per day (resulting from 32 total vehicles traveling to and 
from the Project Area), to accommodate employees and contractors traveling to and from the site to conduct 
onsite exploration activities. The addition of up to 32 additional vehicles on County roadways would not 
impede or impair an adopted emergency response plan or emergency evacuation plan/route. 

Because the Project would not significantly increase off-site traffic above existing levels, and therefore not 
interfere with an adopted emergency response or evacuation plan, there would be no impacts. 

b) Would the Project, due to slope, prevailing winds, and other factors, exacerbate wildfire risks, and 
thereby expose project occupants to pollutant concentrations from a wildfire or the uncontrolled 
spread of a wildfire? 

Less Than Significant Impact: No, the Project would not expose project occupants to pollutant 
concentrations from a wildfire or the uncontrolled spread of a wildfire, due to slope, prevailing winds, or 
other factors. As discussed previously, the majority of the Project Area has been disturbed due to past 
mining and processing operations that have occurred historically. As such, both the Project site and adjacent 
areas are generally devoid of dense vegetation, and therefore pose minimal risk related to potential 
wildfires. Due to the lack of vegetation in the area, it is unlikely an uncontrolled wildfire would spread 
through the Project Area. 

Additionally, none of existing of the proposed Project site features (slopes, structures, etc.) would 
exacerbate and/or increase the spread of wildfires in the area. Conversely, the developed Project site, would 
be maintained in an orderly manner and would continue to be clear of vegetation during exploratory drilling 
and ancillary operations. Existing slopes would also be maintained to ensure safety and prevent erosion. 

As discussed in Section 3.11, SMP would implement site-specific fire prevention/protection actions. At a 
minimum these actions would include designating Project fire coordinators, providing adequate fire 
suppression equipment (including in vehicles), and establishing emergency response information relevant 
to the Project Area. SMP would also have a 2,000-gallon portable water storage tank onsite for dust 
suppression that would also be available to assist in firefighting operations. SMP would ensure that all 
mobile equipment be equipped with fire extinguishers, hand tools, and first aid kits. 

In the event of an initial, small fire that does not create enough smoke, flame, and heat to prevent fighting 
the fire using a hand-held fire extinguisher or a small water hose, and providing no one would be 
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endangered, SMP personnel and/or contractors would use make a reasonable effort to extinguish the fire. 
If two or more people are present, one would fight the fire while one reports to 911 the size, type, and 
location in the event the fire grows out of control. Personnel would not directly engage any fire which is 
beyond the incipient stage (i.e., a fire which has progressed to the point it has substantially involved any 
structure/equipment). 

Planning and prevention of fires is also managed through the appropriate handling and storage of fuels, 
inspections and recordkeeping, spill prevention and response procedures, proper use of safety equipment, 
resource management training, and fire prevention training. 

SMP would coordinate with local law enforcement and fire departments to provide 24-hour access as 
needed for emergency response. Both Imperial County as well as the nearby City of Yuma have fire 
departments which could service the Project site if needed. The fire station closest to the Project Area is 
Imperial County Fire Department Station #8 located at 518 Railroad Avenue in Winterhaven, California, 
approximately 14 miles away to the southeast. In the unlikely event of a wildfire, the Project site could be 
reach within a short timeframe. 

Cellular telephone service is generally available within the Project Area site for emergency and other 
communications. A satellite phone would also be made available in case of emergencies. Contractors would 
be trained in proper emergency response, incident reporting, and general health and safety issues. All 
equipment would be maintained in a safe and orderly manner. 

Lastly, in the unlikely event of a large wildfire within the Imperial County area that adversely impacts 
ambient air quality, the onsite manager may continue to limit operations if they feel worker safety is at risk. 
Thick smoke and debris may pose a risk to workers’ respiratory health or may present a safety hazard if 
visibility is extremely poor. Although considered highly unlikely, if conditions presented such risks to 
onsite workers, field managers would have the authority to restrict outdoor operations. 

For the reasons outlined above, the Project would not expose project occupants to pollutant concentrations 
from a wildfire or the uncontrolled spread of a wildfire, due to slope, prevailing winds, or other factors. 
Therefore, there would be less than significant impacts. 

c) Would the Project require the installation or maintenance of associated infrastructure (such as 
roads, fuel breaks, emergency water sources, power lines or other utilities) that may exacerbate 
fire risk or that may result in temporary or ongoing impacts to the environment? 

Less Than Significant Impacts: No, the Project would involve the installation or maintenance of 
infrastructure (such as roads, fuel breaks, emergency water sources, power lines or other utilities) that may 
exacerbate fire risk or that may result in temporary or ongoing impacts to the environment. As discussed 
above, the Project consists of using existing access roads and improving some existing roads, as well as 
constructing a new temporary exploration drilling access road, helicopter landing pads, and drill pads to 
support exploration in seven Drill Areas. The Project mobilization, road construction, drilling, and borehole 
abandonment would be completed within 12 to 24 months of Project initiation. Drilling activities potentially 
would be completed in up to two drill areas at once. Once operations are complete, Project Areas to be 
reclaimed would be converted to land uses consistent with mining, recreational uses, and open space. 

During all operations, SMP would maintain equipment and conduct activities in a safe and orderly manner. 
Due to the isolated nature and remote locations of the proposed access roads and drill sites, public security 
and safety are not a concern. As needed, certain access roads may be gated and/or locked to prevent public 
access, and the staging area would be secured with chain link fence and razor wire and locked with warning 
signs during brief periods of non-operation. All employees and contractors would be required to complete 
an employee safety training prior to commencement of operations. 
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None of the Project structures or features would exacerbate wildfire risks. As discussed under CEQA 
Criteria a) and b) above, SMP would implement site-specific fire prevention/protection actions throughout 
the life of the Project. SMP would ensure that all mobile equipment be equipped with fire extinguishers, 
hand tools, and first aid kits. 

Planning and prevention of fires is also managed through the appropriate handling and storage of fuels, 
inspections and recordkeeping, spill prevention and response procedures, proper use of safety equipment, 
resource management training, and fire prevention training. The components of the staging area are 
discussed in Section 2.1.  

As discussed in Section 3.11, SMP would implement Spill Contingency Plan that complies with federal 
and state regulations for storage and handling of oil at industrial facilities (40 CFR Part 112 and California 
Health and Safety Code Chapter 6.67, Section 25270). The Spill Contingency Plan would include a 
description of the regulated materials stored at the site, discharge prevention measures (e.g., secondary and 
general containment, fueling transfer procedures, etc.), drainage control to ensure spill containment, and 
spill response and clean up procedures. It would also include spill reporting procedures, training, and 
periodic updates to the plan. Adherence to Spill Contingency Plan and other safety measures would mitigate 
the potential for fires due to hazardous releases during equipment fueling and maintenance. It would also 
include spill reporting procedures, training, and periodic updates to the plan. Adherence to SMP’s Spill 
Contingency Plan would mitigate the potential for fires due to hazardous releases during equipment fueling 
and maintenance. The BMPs, operating practices and other environmental protection measures required by 
the federal, state and local Certified Unified Program Agency (CUPA) regulations would be incorporated 
into the Project to minimize potential impacts on the environment due to the routine transport, use, or 
disposal of hazardous materials. 

For the reasons outlined above, the Project would not involve the installation or relocation of any significant 
utility infrastructure that may exacerbate fire risk. Project infrastructure would be maintained, and 
equipment fueling and maintenance activities would be conducted in accordance with the appropriate safety 
and spill prevention plans and procedures found therein. For these reasons, the Project would have no 
impacts in terms of potential to generate onsite fires due to concerns related to infrastructure. 

d) Would the Project expose people or structures to significant risks, including downslope or 
downstream flooding or landslides, as a result of runoff, post-fire slope instability, or drainage 
changes? 

No Impact: No, the Project would not expose people or structures to significant risks, including downslope 
or downstream flooding or landslides, as a result of runoff, post-fire slope instability, or drainage changes. 
As discussed previously, the majority of the Project Area is disturbed due to historical mining and 
processing operations. Soils in the Project Area developed from weathered granitic rock and schistose rock 
substrates. The soils consist of extremely gravelly sands or gravelly loams with up to 90% coarse fragments. 
Soils within the Project Area are of two general types based on substrate and topographic position: residual 
soil material weathered in place on slopes and ridges; and deeper alluvial soils transported by water and 
gravity to toe slopes, washes and outwash fans. The soils within the Project Area also contain large areas 
of disturbance from previous mining and reclamation activities. 

Other than minimal slopes within the historical excavation pit, the Project site is relatively flat. 
Additionally, other than minimal clearing, grading, or grubbing to facilitate construction of the Oro Cruz 
Mine Portal, drill pads, access roads, and ancillary structures, no significant excavation or ground disturbing 
activities are proposed as part of the Project. As such, the Project would not increase the potential for 
landslides and erosion onsite. SMP would implement BMPs for erosion and sediment control measures that 
would be identified in the BLM approved SWPPP, and the effectiveness of erosion control measures would 
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be monitored throughout the duration of the Project. SMP would also follow all erosion and sediment 
control measures identified in the Plan (SMP 2021) and Reclamation Plan (Sespe 2022). 

Additionally, according to the California DOC’s Landslide Map Index and relevant exhibits within the 
Imperial County General Plan (Imperial County 2015), specifically the Seismic and Public Safety Element, 
the Project site is not located in an area with known slope instability and/or that is prone to mudslides. 

As discussed under CEQA Criteria b) above, implementation of the Project would not increase the risk of 
downstream flooding or landslides in the event of an upstream wildfire. Conversely, any existing or 
proposed onsite slopes and topography would be maintained in a safe, secure and stable manner. None of 
the Project aboveground features or structures would redirect uncontrolled flood or landslide flows due to 
upstream fire instability. 

For the reasons outlined, the Project would have no new impacts related to runoff, post-fire slope instability, 
or drainage changes, and there would be no impacts. 

3.25 Mandatory Findings of Significance (CEQA) 

Table 3-39 provides Mandatory Findings of Significance in accordance with Section 15065 of the CEQA 
Guidelines.  

Table 3-39 Mandatory Findings of Significance 

Potentially 
Potentially Significant Less Than No Significance Criteria Significant Unless Significant Impact Impact Mitigation Impact 

Incorporated 

Does the project have the potential to substantially 
degrade the quality of the environment, 
substantially reduce the habitat of a fish or wildlife 
species, cause a fish or wildlife population to drop 
below self-sustaining levels, threaten to eliminate 

a) a  plant or animal community, substantially reduce     
the number or restrict the range of a  rare or 
endangered plant or animal, eliminate tribal 
cultural resources or eliminate important examples 
of the major periods of California history or 
prehistory? 

Does the project have impacts that are individually 
limited, but cumulatively considerable? 
(“Cumulatively considerable” means that the 

b) incremental effects of a  project are considerable     
when viewed in connection with the effects of past 
projects, the effects of other current projects, and 
the effects of probable future projects.) 

Does the project have environmental effects, 
c) which will cause substantial adverse effects on     

human beings, either directly or indirectly? 
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a) Does the Project have the potential to substantially degrade the quality of the environment, 
substantially reduce the habitat of a fish or wildlife species, cause a fish or wildlife population to 
drop below self-sustaining levels, threaten to eliminate a plant or animal community, substantially 
reduce the number or restrict the range of a rare or endangered plant or animal or eliminate 
important examples of the major periods of California history or prehistory? 

Less Than Significant Impact: No, the Project would not have the potential to substantially degrade the 
quality of the environment, substantially reduce the habitat of a fish or wildlife species, cause a fish or 
wildlife population to drop below self-sustaining levels, threaten to eliminate a plant or animal community, 
substantially reduce the number or restrict the range of a rare or endangered plant or animal, or eliminate 
important examples of the major periods of California history or prehistory. As discussed above, the Project 
is an exploratory drilling project, that would occur entirely within an area disturbed by historical mining 
activities. The majority of the Project Area has been disturbed due to these historical mining operations. 

Additionally, no areas with significant natural vegetation and/or habitat would be disturbed as a result of 
the Project. Based on the discussions in Section 3.23 and with implementation of the PDFs described in 
Appendix F, the Project would have no significant impacts to threatened, endangered, candidate, or special 
status species. The proposed Project would also not have the potential to substantially reduce the habitat of 
fish and wildlife species, cause a fish or wildlife population to drop below self-sustaining levels, eliminate 
a plant or animal community, or reduce the number or restrict the range of a rare or endangered plant or 
animal. 

Lastly, as discussed in Section 3.8, the Project would not have the potential to substantially adversely affect 
previously unidentified archaeological resources or eliminate important examples of the major periods of 
California history or prehistory. 

For the reasons outlined above, the Project would not substantially degrade the quality of the environment, 
substantially reduce the habitat of a fish or wildlife species, cause a fish or wildlife population to drop below 
self-sustaining levels, threaten to eliminate a plant or animal community, substantially reduce the number 
or restrict the range of a rare or endangered plant or animal or eliminate important examples of the major 
periods of California history or prehistory, and therefore the Project would have less than significant 
impacts. 

b) Does the Project have impacts that are individually limited, but cumulatively considerable?  
(“Cumulatively considerable” means that the incremental effects of a project are considerable 
when viewed in connection with the effects of past projects, the effects of other current projects, 
and the effects of probable future projects)? 

Less Than Significant Impact: The Project does not have potential impacts that are individually limited, 
but cumulatively considerable. Based on the analysis contained in this CEQA IS, the proposed Project 
would not result in any significant and unmitigable impacts in any environmental categories. In all cases, 
effects associated with the Project would be limited to the existing Project Area/disturbance footprint and 
either result in no new impacts, less than significant impacts, or less than significant impacts with mitigation 
incorporated. As such, Project impacts are of such a negligible degree that they would not result in a 
significant contribution to any cumulative impacts. This is largely due to the fact that Project activities 
would not significantly alter the environment beyond the existing/baseline condition, and that Project 
activities would be short-term (12 to 24 months maximum), and the site would be fully reclaimed in 
accordance with SMARA once exploration activities are completed. 

Cumulative impacts could occur if the construction of other projects occurs at the same time as the proposed 
Project and in the same geographic scope, such that the effects of similar impacts of multiple projects 
combine to create greater levels of impact than would occur at the Project-level. For example, if the 
construction of other projects in the area occurs at the same time as construction of the proposed Project, 
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combined noise and transportation impacts may be greater than at the project-level. However, the Project 
is located in a remote and undeveloped area of the Tumco mining district in the Cargo Muchacho 
Mountains, with no cumulative County projects are expected to be constructed within the vicinity of the 
Project Area. Additionally, given that the Project operations would not occur in close proximity to any 
residences or neighborhood communities, and the fact that Project activities would be short-term (12 to 24 
months), the Project’s impacts would not combine with the impacts of other projects to create cumulative 
construction- and/or operation-related impacts in resource areas such as air quality, noise, and 
transportation.  

For these reasons, the incremental effects of the proposed Project would not be considerable when viewed 
in connection with the effects of past projects, current projects, or probable future projects, and the Project 
would have less than significant impacts. 

c) Does the Project have environmental effects which will cause substantial adverse effects on human 
beings, either directly or indirectly? 

Less Than Significant Impact: Based on the analysis contained in this CEQA IS, the proposed Project 
does not exceed any significance thresholds or result in significant impacts in the environmental categories 
typically associated with indirect or direct effects to human beings, such as aesthetics, air quality, hazards 
and hazardous materials, noise, public services, or transportation. As discussed in Section 3.3, Section 3.18, 
Section 3.11, Section 3.22, Section 3.15, Section 3.16, and Section 3.19 of this document, the proposed 
Project would not expose persons to the hazards of toxic air emissions, chemical or explosive materials, 
ground-shaking, flooding, noise, or transportation hazards. For these reasons, the proposed Project does not 
have a Mandatory Finding of Significance due to environmental effects that could cause substantial adverse 
effects on humans, and there would less than significant impacts. 
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4.0 Consultation, Coordination, and Public Participation 

4.1 Consultation and Coordination 
This section describes the specific actions taken by the BLM to consult and coordinate with Native 
American tribes and government agencies. Various federal laws require the BLM to consult with Native 
American tribes, the State Historic Preservation Office, the USFWS, and the EPA during the NEPA 
decision-making process. 

4.1.1 USFWS Consultation 

The BLM consulted with the USFWS pursuant to Section 7 of the ESA regarding presence of and potential 
impacts that could occur as a result of the Proposed Action to Mojave Desert tortoise, a threatened species 
designated by the ESA. The BLM prepared and submitted an Activity Request Form for the Project in 
accordance with the 2017 Programmatic Biological Opinion (Biological Opinion) for Activities in the CDCA 
(USFWS 2017), which was developed to provide guidance regarding the effects on federally listed desert 
tortoise and its critical habitat of existing and future actions likely to occur within the boundaries of the CDCA. 
The BLM further consulted with the USFWS on appropriate mitigation measures to be implemented under 
the Proposed Action to minimize impacts to Mojave Desert tortoise pursuant to requirements under the 
Biological Opinion. The USFWS did not request additional measures to be implemented in addition to the 
PDFs committed to by SMP, the CMAs required under the DRECP LUPA (BLM 2016), or the BLM-required 
mitigation measures, all included as Appendix F.  

4.1.2 Government-to-Government and SHPO Consultation 

The BLM contacted the following tribal entities during the EA process to participate in identifying potential 
areas of concern that may be associated with the Project in accordance with Section 106 of the NHPA: 

• Barona Band of Missions Indians
• Campo Band of Mission Indians
• Cocopah Indian Tribe
• Colorado River Indian Tribes
• Ewiiaapaayp Band of Kumeyaay Indians
• Fort Yuma Quechan Indian Tribe
• Iipay Nation of Santa Ysabel
• Jamul Indian Village
• Kwaaymii Laguna Band of Indians
• La Posta Band of Kumeyaay Indians
• Manzanita Band of Kumeyaay Indians
• Mesa Grande Band of Mission Indians
• San Pasqual Band of Diegueño Indians
• Sycuan Band of Kumeyaay Nation
• Torres-Martinez Desert Cahuilla Indians
• Viejas Band of Kumeyaay Indians

On March 31, 2021, the BLM sent letters to the Tribes initiating formal consultation on the Amended Plan, 
in accordance with the NHPA and other legal authorities. Consultation with the SHPO was initiated by 
letter dated April 16, 2021. The BLM held a formal consultation meeting with the Fort Yuma Quechan 
Indian Tribe on July 12, 2021. The BLM sent a letter to the Tribes on August 10, 2021 for review of the 
Class III Cultural Resources Inventory Work Plan and to explain the Physical APE. The BLM sent the 
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Tribes an email on March 4, 2022 to notify and provide a link to the News Release about the initiation of 
the scoping period. On August 23, 2022, the BLM sent the Tribes a letter discussing the expansion of the 
APE to include the VAA APE for indirect effects, presenting the Class III Cultural Resource Inventory 
Report for review and comment, and inviting the Tribes to the September 20, 2022 Field Visit and the 
September 21, 2022 virtual meeting. The BLM conducted a site visit on September 20, 2022, attended by 
the Fort Yuma Quechan Indian Tribe and the Campo Band of Mission Indians. The BLM held a virtual 
follow-up meeting to discuss cultural resources inventory findings and the site visit on September 21, 2022, 
at which representatives of the Fort Yuma Quechan Indian Tribe, the Campo Band of Diegueño Mission 
Indians, and the San Pasqual Band of Diegueño Indians participated. The BLM conducted another site visit 
on September 27, 2022, with representatives from the Fort Yuma Quechan Indian Tribe to visit potential 
sites of concern that were identified within the APEs during the first site visit and virtual meeting. On 
September 28, 2022, the BLM sent an email to the Tribes extending the Comment period on the Class III 
Cultural Resources Inventory report and the APE to October 17, 2022. A meeting was held on November 
9, 2022 with the Fort Yuma Quechan Indian Tribe to further discuss concerns on a potential TCP in the 
vicinity of the Project Area. On November 11, 2023, the BLM notified all tribes of publication of the EA 
and the 30-day comment period. Four additional meetings were held with the Fort Yuma Quechan Indian 
Tribe for the BLM to gain additional information regarding cultural resources and the TCP on January 10, 
2023 (virtual), January 30, 2023 (virtual), February 14, 2023 (in-person) and May 12, 2023 (virtual). One 
virtual meeting was held with the Campo Band of Kumeyaay Indians on May 26, 2023. The BLM provided 
its proposed Section 106 of the NHPA eligibility determinations and findings of effect to all Tribes for a 
30-day consultation period by letter dated April 13, 2023. The BLM subsequently provided these same
findings to the SHPO for concurrence and the BLM received a response letter dated June 28, 2023. The
Section 106 consultation process is now complete however, consultation with local tribal governments will
continue throughout the life of the Project.

4.1.3 Imperial County Consultation 

As required by CEQA under Assembly Bill 52, Imperial County also conducted consultation with tribes in 
the vicinity of the Project. A letter initiating consultation under CEQA was sent to the Fort Yuma Quechan 
Indian Tribe on September 9, 2021. Because the Fort Yuma Quechan Indian Tribe is the only Native 
American tribe that has claimed traditional and cultural affiliation with the Project Area, they were the only 
tribal entity required to be notified of the Project pursuant to AB 52. No response to the AB 52 consultation 
letter was received by Imperial County.  

4.2 Public Participation 

4.2.1 Public Scoping 

On March 4, 2022, a BLM press release was issued for the Project for a 30-day public scoping period, 
which ended on April 4, 2022. Six public scoping comment letters were received, one from a federal agency 
and five from public interest organizations. Issues identified during public scoping and internal scoping 
were documented in the scoping report (BLM 2022) and included in this document for NEPA analysis 
across the resources analyzed within Chapter 3. Overall, the majority of issues identified during public 
scoping requested analysis of air quality and Project emissions; development of a broad range of action 
alternatives, including alternatives for access and timing of the Project; measures to minimize impacts to 
cultural resources and Tribal concerns, and conducting Section 106 of the NHPA consultation with Tribes; 
development of a clear purpose and need and the level of NEPA analysis for compliance with land use 
plans; development of PDFs within the Plan for monitoring and exclusionary fencing to protect wildlife 
species; and development of mitigation measures specifically for desert tortoise individuals and habitat. 

Environmental Assessment/Mitigated Negative Declaration August 2023 
Oro Cruz Exploration Plan of Operations 125 PC ORIGINAL PKG



4.2.2 Public Comment Period 

BLM Public Comment Period 
The BLM held a 30-day public comment period from November 16, 2022 through December 16, 2022. A 
virtual public meeting was held via Zoom Webinar on November 30, 2022. During this time, the document 
was available on the BLM’s ePlanning website and public comments could be submitted through the 
ePlanning website, by email, by mail, or by fax to the BLM ECFO. The BLM received 373 public comment 
letters during the comment period. Public comments received did not result in substantive revisions to this 
document. All public comments are included as Appendix I within a comment response matrix.  

Imperial County Public Circulation Period 
Imperial County presented the Project Initial Study results during an Environmental Evaluation Committee 
(EEC) hearing on November 17, 2022. The results of the EEC hearing led to the determination that an MND 
was the appropriate determination for the Project. Following the EEC hearing, Imperial County issued a 
Notice of Intent to adopt an MND and held a public comment period beginning on December 15, 2022 and 
concluded on January 20, 2023. Imperial County received two comment letters during the public circulation 
period. Two of the comment letters submitted to the BLM under the public comment period discussed above 
were submitted as joint NEPA and CEQA public comment letters to both the BLM and Imperial County. 
A Public Planning Commission hearing is scheduled for September 13, 2023 to present the Project, provide 
the results of the public comment responses, and certify the findings presented in the MND. All public 
comments are included as Appendix I within a comment response matrix.  

4.3 Preparation of This EA/IS 
A complete list of preparers including from the BLM, Imperial County, and third-party NEPA and CEQA 
contractors is provided as Appendix J. 
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1. INTRODUCTION AND BACKGROUND 

SMP Gold Corp. (SMP) proposes mineral exploration activities at the Oro Cruz Pit Area (the Project) 
within lands administered by the Bureau of Land Management (BLM), northwest of Yuma, Arizona, 
in Imperial County, California. The Project is located on previously mined BLM lands within 
Township 15 South, Range 20 East, Sections 1, 2, 12 and 13, and Township 15 South, Range 21 East, 
Section 6, 7 and 18 (the Project Area, Figures 1 and 2) that are managed by the El Centro Field 
Office. The Project Area has been previously disturbed by mining activities. Current surrounding land 
uses include prospecting and recreation.  

Activities would be conducted in accordance with BLM regulations published in the Code of Federal 
Regulations (CFR) at 43 CFR part 3809 (BLM 2016). Pursuant to 43 CFR 3809.21 and 3809.301, the 
Project would result in minor surface reworking of previously mined and disturbed areas, and 
measures would be taken to prevent unnecessary or undue degradation during Project operations. The 
Project would comply with the performance standards in 43 CFR 3809.420 and other Federal and 
state laws related to environmental protection and protection of cultural resources, and the Project 
would attain the stated level of protection and reclamation required by specific laws in the California 
Desert Conservation Area. The Project Area occurs within the Picacho Area of Critical Environmental 
Concern (ACEC) as designated under the Desert Renewable Energy Conservation Plan, and thus 
requires a BLM Plan of Operations.  

The Project is described in this Draft Exploration Plan of Operations (Plan). 

2. CLAIMANT AND OPERATOR INFORMATION 

Claimant:  
Lincoln Gold US Corp. 
912 N. Division Street  
Carson City, Nevada 89703 

ADGIS, Inc. 
210 South Rock Blvd. 
Reno, Nevada 89502 

Operator: 
SMP Gold Corp. 
912 N. Division Street  
Carson City, Nevada 89703 
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Operator Employer Identification Number: 

85-1734310 

Contact: 
David Tupper 
Vice President - Exploration 
Phone: 604-802-0334 
Email: david@smp.gold 

Drilling Contractor: 
To be determined  

Subject Claims: 
See Table 1. 

3. PROJECT AREA DESCRIPTION 

The Project Area has been previously disturbed by significant mining activities. Current surrounding 
land uses include prospecting and recreation. The Tumco Historic Mine is a historic and recreational 
area managed by the BLM for uses such as hiking, prospecting, wildlife viewing, and photography 
within western portions of the Project Area.  

Soils on the site vary between rocky, hard-packed areas similar to desert pavement to pockets of loose 
sand. Soils in and adjacent to the existing Oro Cruz mine site are disturbed. Within the Project Area, 
elevations range from 600 feet (ft) above sea level (asl) to 800 ft asl. Vegetation within the Project 
Area is sparse consisting of primarily Creosote Bush Series, and Sonoran Creosote Scrub (Brown and 
Lowe 1994); dominant plant species include creosote bush (Larrea tridentata), burro bush (Ambrosia 
dumosa) and numerous annual and perennial scrubs and grasses (Tetra Tech 2011).  

The Project Area occurs within the Picacho ACEC. The BLM’s goals for the management of this 
ACEC are to enhance, protect and preserve the cultural and biological resources while providing 
compatible recreational opportunities; and to maintain desert tortoise habitat connectivity between 
the Chuckwalla Desert Wildlife Management/ACEC/Critical Habitat Units and high value climate 
refugia for wildlife (BLM 2016). 

4. PLANNED EXPLORATION PROGRAM 

The Project consists of using existing access roads, constructing approximately 10,410 ft (2.0 miles) 
of existing road improvements, approximately 6.2 miles of new 12-foot-wide temporary exploration 
drilling access road, up to 8 helicopter landing pads, and 65 drill pads to support exploration in seven 
Drill Areas; and constructing approximately 9,640 linear ft (1.8 miles)of new , 15-foot-wide access 
road and 2.8-acre staging area for access to the Oro Cruz Portal on BLM lands (Figures 2, 3a and 
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3b). The 2.8-acre staging area at the Oro Cruz Portal would be used for exploration within the 
proposed Drill Areas and underground mine area and resources. The area would house a 1,000-gallon 
diesel fuel tank and fueling station; helicopter landing area with 300-gallon Jet fuel tank and refueling 
station; two diesel-powered generators (125 kW or equivalent); two portable compressors (375 Series 
or equivalent); parking for access to the underground mine; small office and dry shop; and laydown 
areas for exploration drilling (Figure 4). Access to the portal staging area would be gated to prevent 
public access during Project implementation and reclamation.  

4.1. SCHEDULE OF ACTIVITIES 

The Project is proposed to begin upon completion of all BLM and Imperial County coordination, 
permitting and bonding. The Project mobilization, road construction, drilling, and borehole 
abandonment would be completed within 12 to 24 months. Activities at the Oro Cruz Mine Portal 
and project drilling activities in Drill Area 1 would be implemented first. Drilling activities potentially 
would be completed in up to two drill areas at once. Drill areas would be potentially revisited a second 
and third time based on the findings. Project reclamation would be completed concurrently for 
exploration drilling activities and monitoring for the success of reclamation of those areas would be 
completed within 5 years of Project implementation. Activities at the portal staging area and access 
route for underground investigations may extend beyond the 12- to 24- month exploration activities; 
but reclamation and monitoring of those areas would also be completed within 5 years of Project 
implementation. 

4.2. ACCESS 

Existing access roads would be used to the extent possible but some new access roads would be 
required across BLM land (Figures 2 and 3a-3h). The existing access routes that would be used are 
BLM-authorized routes. The proposed drill sites and new access roads would be mostly located within 
previously mined and disturbed areas. Interstate 8 and Ogilby Road (State Route 34) and Gold Rock 
Ranch Road are the primary roads that would be used for access (Figures 2 and 3a). Drilling 
equipment would be trucked to one of two truck unload points and then would be mobilized to the 
Drill Areas within the Project Area (Figures 2 and 3a). Equipment would be unloaded from low boys 
onto the existing road at the unload points and no improvements are needed to accommodate the 
unloading of equipment. 

Access to the drill pads would be gained via existing and new roadways and via helicopter (AStar 
AS350 B2 or similar) from the Yuma Airport. The exploration drilling aspects of the Project would 
require approximately 10,410 ft (2.0 miles) of existing road improvements; approximately 32,740 ft 
(6.2 miles) of new temporary access road construction; and the construction of up to 8 helicopter 
landing pads (Figure 2 and 3a-3h). These new access roads would be used strictly for Project support 
vehicles to access the exploration Drill Areas, and they would be signed as having limited access. 
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The helicopter used for access to up to 8 drill pads would only be flown during daylight hours. The 
helicopter would be used to transport the drilling equipment needed during drilling operations for up to 
ten (10) trips per day for drilling crew member access and delivery of water, fuel, and drilling supplies. 
Drilling operations would be conducted at each of the sites for 4 to 8 days, therefore a helicopter would 
be in use on the project for up to 64 days. The helicopter would fly from Yuma Airport, approximately 
20 miles east of the Project. The flight to and from the Project would be approximately 15 minutes in 
duration. An additional designated helicopter landing and refueling area would be provided at the 2.8-
acre portal staging area. 

Access to the Oro Cruz Portal would require the construction of 9,640 linear ft (1.8 miles) of new 15-
foot-wide road. The road would be secured from unauthorized access for the duration of activity at 
the portal staging area while assuring access by BLM staff. A gate would be placed across the road 
accompanied by proper deterrence on either side of the gate (i.e. fence, berm, or large boulder).  

Reclamation would be implemented at the 2.8-acre portal staging area and all equipment would be 
removed within the 5-year reclamation monitoring period. The portal staging area would be secured 
with chain link fence and razor wire and locked during brief periods of non-operation. 

Road construction would be conducted using a D8 Dozer (or equivalent). Vegetation disturbance 
would be avoided to the maximum extent possible. No maintenance is planned for improved existing 
roads, as they will only be used for 12 to 24 months during active drilling and then would be reclaimed. 
Improvements would require selected stretches of existing access road to be bladed and cleared of 
vegetation. Most of the existing roads in the Project Area are about 6 ft wide, so it is assumed that 
road improvements would require approximately 6 ft of additional disturbance.  

New access roads for exploration drilling would not disrupt the surface except where necessary to 
gain safe access. These roads would be used temporarily for access to the drill sites and would require 
a 12-foot width for access of drilling equipment. 

Where needed to restrict access to Drill Areas 1 and 6, barriers constructed of onsite materials from 
areas disturbed as part of the Project would be installed to prevent unauthorized vehicular traffic from 
interfering with the reclamation of access roads and signs would be posted indicating these roads would 
be for authorized use only. The conceptual locations of the planned safety barriers (or berms) are 
depicted in Figures 3b and 3g. Berms would be 6 ft in height and placed along new access routes to 
prevent the public from accessing the Drill Areas. Gold Rock Ranch Road is gated at its intersection 
with Tumco Wash, so that gate will serve as the safety barrier to Drill Areas 2, 3, 4, 5, and 7. Road fill 
will be stabilized and maintained during and following any construction to prevent any erosion. 

4.3. VEHICLES AND EQUIPMENT 

The proposed activities would be conducted using the following equipment (or similar): 
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• AStar AS350 B2 Helicopter or similar (size = 40 by 11 ft; weight ~ 2,600 lbs) 
• LF-90D – Boart Longyear track-mounted drill rig (up to two rigs; size = 12 by 20 ft; weight ~ 

18,000 lbs) 
• Pipe truck (size = 10 by 35 ft; weight ~ 35,000 lbs) 
• CAT® bulldozer (size = D8, weight ~80,000 lbs)  
• Track hoe (weight ~30,000 lbs) 
• Portable Water Tank (2,000 gallon; weight ~400 lbs) 
• Diesel Fuel Tank (1,000 gallon; weight ~1,500 lbs) 
• Above-Ground Jet fuel tank (300 gallon; weight ~500 lbs) 
• Excavator (Size = 200; weight ~52,000 lbs) 
• Water trucks (two 1,000 gallon; weight ~50,000 lbs each) 
• Generators associated with drill rig (one 125 kW) and Oro Cruz Portal Staging Area (two 

125 kW; weight ~13,000 lbs each) 
• Portable compressors (two 375 Series; weight ~4,500 lbs each) 
• Support vehicles (approximately five one-ton vehicles) 

4.4. DISTURBANCES ON PREVIOUSLY MINED LANDS  

The access routes will be used by a track-mounted drill rig and support vehicles. The drill pads will 
consist of an approximately 60-foot by 40-foot area that will be cleared to hold the drilling collar and 
sumps for drilling mud (wastewater and fluid), along with all drilling equipment and personnel during 
construction (Figure 5). The sumps would be approximately 12 ft by 12 ft and 6 ft deep, sloped 
approximately 2:1 on one side to allow for wildlife access out of the sump, if needed. 

Clearing activities would be conducted with a bulldozer, track hoe and hoe ram. The total surface 
disturbance for the proposed activities is estimated at 20.5 acres on BLM lands (Table 1). 
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Table 1. Project Estimated Disturbance Area 

Activity Area Claims  
(BLM Serial No.) Description of Activity 

Estimated 
Impact by 
Activity  

(square feet) 

Estimated 
Impact by 
Activity  
(Acres) 

Estimated 
Impact Per 
Drill Area  

(Acres) 

Drill Area 1 
Hercules 7 (CAMC-79795) 
Hercules 8 (CAMC-79796) 
Hercules 9 (CAMC-79797) 

Exploration Reverse Circulation (RC) or core drilling to 
be conducted within 14 60-by-40-ft drill sites (Accessed 
via Existing and New Roads) 

33,600 0.8 

1.9 Exploration core drilling to be conducted within 2 
40-ft drill sites (Accessed via Helicopter) 

60-by- 4,800 0.1 

Approximately 3,500 linear ft of 12-foot-wide New 
Temporary Exploration Drilling Access Road 42,000 1.0 

Drill Area 2 

Hercules 11 (CAMC-79799) 
Hercules 12 (CAMC-79800) 
Hercules 28 (CAMC-79816) 
Hercules 29 (CAMC-79817) 
Hercules 30 (CAMC-79818) 
Hercules 53 (CAMC-79818) 
OC 11 (CAMC-296330) 

Exploration RC or core drilling to be conducted within 
13 60-by-40-ft drill sites (Accessed via Existing and New 
Roads) 

31,200 0.7 

3.8 
Exploration core drilling to be conducted within 2 60-by-
40-ft drill sites (Accessed via Helicopter) 4,800 0.1 

2 Helicopter Landing Pads (50-by-50-ft area) 5,000 0.1 

Approximately 10,500 linear ft of 12-foot-wide New 
Temporary Exploration Drilling Access Road 126,000 2.9 

Drill Area 3 

Hercules 54 (CAMC-79842) 
Hercules 55 (CAMC-79843) 
OC 9 (CAMC- 296328) 
SMP 1 (Not staked yet) 
SMP 2 (Not staked yet) 

Exploration RC or core drilling to be conducted within 7 
60-by-40-ft drill sites (Accessed via Existing and New 
Roads) 

16,800 0.4 

1.8 
Exploration core drilling to be conducted within 3 60-by-
40-ft drill sites (Accessed via Helicopter) 7,200 0.2 

3 Helicopter Landing Pads (50-by-50-ft area) 7,500 0.2 

Approximately 3,500 linear ft of 12-foot-wide New 
Temporary Exploration Drilling Access Road 42,000 1.0 
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Table 1. Project Estimated Disturbance Area 

Estimated Estimated Estimated 

Activity Area Claims  
(BLM Serial No.) Description of Activity Impact by 

Activity  
(square feet) 

Impact by 
Activity  
(Acres) 

Impact Per 
Drill Area  

(Acres) 

Drill Area 4 

OC 13 (CAMC-296332) 
OC 14 (CAMC-296333) 
OC 15 (CAMC-296334) 
Hercules 32 (CAMC-79820) 
Hercules 33 (CAMC-79821) 

Exploration RC or core drilling to be conducted within 4 
60-by-40-ft drill sites (Accessed via Existing and New 
Roads) 

9,600 0.2 

1.2 
Approximately 3,500 linear ft of 12-foot-wide New 
Temporary Exploration Drilling Access Road 42,000 1.0 

Drill Area 5 
Hercules 26 (CAMC-79814) 
Hercules 27 (CAMC-79815) 

Exploration RC or core drilling to be conducted within 2 
60-by-40-ft drill sites (Accessed via Existing and New 
Roads) 

4,800 0.1 

1.2 
Exploration core drilling to be conducted within 3 60-by-
40-ft drill sites (Accessed via Helicopter) 7,200 0.2 

3 Helicopter Landing Pads (50-by-50-ft area) 7,500 0.2 

Approximately 2,700 linear ft of 12-foot-wide New 
Temporary Exploration Drilling Access Road 32,400 0.7 

Drill Area 6 

Hercules 6 (CAMC-79794) 
OC 55 (CAMC-297374) 
OC 57 (CAMC-297376) 
OC 58 (CAMC-297377) 
OC 59 (CAMC-297378) 
OC 60 (CAMC-297379) 
OC 61 (CAMC-297380) 
OC 62 (CAMC-297381) 

Exploration RC or core drilling to be conducted within 5 
60-by-40-ft drill sites (Accessed via new access road) 12,000 0.3 

0.8 

Approximately 1,800 linear ft of 12-foot-wide New 
Temporary Exploration Drilling Access Road 21,600 0.5 
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Table 1. Project Estimated Disturbance Area 

Estimated Estimated Estimated 
Claims  Impact by Impact by Impact Per Activity Area Description of Activity (BLM Serial No.) Activity  Activity  Drill Area  

(square feet) (Acres) (Acres) 

Hercules 10 (CAMC-79798) Exploration RC or core drilling to be conducted within 
Hercules 11 (CAMC-79799) 10 60-by-40-ft drill sites (Accessed via Existing and New 24,000 0.6 

Roads) Drill Area 7 Hercules 12 (CAMC-79800) 2.5 
OC 48 (CAMC-296367) Approximately 7,000 linear ft of 12-foot-wide New 84,000 1.9 OC 49 (CAMC-296368) Temporary Exploration Drilling Access Road 

SMP 1 (Not staked yet) 
SMP 2 (Not staked yet) 
OC 9 (CAMC- 296328) 
OC 13 (CAMC-296332) 

Existing Access OC 14 (CAMC-296333) Approximately 10,410 ft (2.0 miles) of existing road Roads Hercules 10 (CAMC-79798) improvements; Assumes an additional 6 ft of disturbance 62,460 1.4 NA (Improvements 
Hercules 11 (CAMC-79799) would be added to the width of the existing roads. Required) 
Hercules 12 (CAMC-79800) 
Hercules 26 (CAMC-79814) 
Hercules 55 (CAMC-79843) 
Hercules 31 (CAMC-79819) 

See Drill Area 6 
OC 64 (CAMC-297383) 

New Access to Approximately 9,640 linear ft (1.8 miles) of 15-foot-wide OC 66 (CAMC-297385) 144,600 3.3 NA Oro Cruz Portal New Portal Access Road 
OC 68 (CAMC-297387) 
OC 93 (CAMC-297934) 

Access, fueling station, staging and parking to support the 
exploration of the underground resource accessible 

Oro Cruz Portal Hercules 7 (CAMC-79795) through the Oro Cruz Portal  121,970 2.8 NA Staging Area Hercules 8 (CAMC-79796) 
Approximately 2.8-acre staging area in at the entrance of 
the Oro Cruz Portal 

TOTAL 895,030 20.5  
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4.5. DRILLING ACTIVITY 

Sixty-five (65) boreholes would be completed using reverse circulation or core techniques. The 
boreholes would be placed within seven Drill Areas (depicted in Figures 2 and 3a-3h). The 
anticipated maximum depth for the boreholes is approximately 800 ft. Drilling would be accomplished 
with a track-mounted rig. Any water encountered or generated by drilling will be fully contained within 
the drill sumps and removed, if required, to be recirculated for use in the drilling process or hauled 
away. The sumps will be backfilled once all water is evaporated.  

A drill rig would operate on a 12- or 24-hour-per-day schedule (12 hours per shift) for 12 to 24 
months. Once a hole is completed, the drillers would abandon the hole before moving to the next 
hole. There would only be two drill rigs in operation at a time within the Project Area.  

Each drill site requires an approximately 60-by-40-foot drill pad that will encompass approximately 
0.06 acres of disturbed area. A typical layout of a road-accessed drill site is provided in Figure 5. The 
drill sites would include sumps for drilling water and muds along with all drilling equipment and 
personnel during construction, portable toilet, and additional parking areas for support trucks and a 
water truck. The sumps would be approximately 12 ft by 12 ft and 6 ft deep. 

Drill sites requiring access by helicopter would be cleared by hand where required and would require 
a drill area that is a maximum 60-by-40-feet in area. The drill rigs that would be used (LF-90D – Boart 
Longyear drill rig or similar) are unitized to enable disassembly. The helicopter would be used to 
complete the heavy lifts and to deliver the drilling rig components in sequence on a long-line lanyard 
for reassembly at each site. A steel skid would be placed directly on the ground surface if a level drill 
site can be established using hand tools. If additional leveling is required, 10-inch by 10-inch timbers 
would be used to create a temporary cribbing structure for the skid set to sit on. The cribbing will not 
exceed 4 ft in height at the low elevation points of the drill site. The cribbing will be fastened together 
using steel spikes and fully disassembled and removed upon completion of each drill hole. Helicopter-
accessed drill sites would include all drilling equipment and personnel during construction and 
operation, and two hand dug sumps (maximum 12-ft by 12-ft in area) on the downslope sidehill. A 
portable toilet would be provided at each site. No support trucks or water trucks would be provided 
at the helicopter-accessed sites. Helicopter-accessed sites would be accessed only by helicopter and 
cleared entirely by hand. Water, fuel and supplies needed for the drilling process would be delivered 
by helicopter. Where necessary, daily crew changes would be done by helicopter. 
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4.6. WATER MANAGEMENT 

Water for drilling and dust suppression would be provided by the drilling company via a water truck. 
SMP would likely procure water from Gold Rock Ranch and/or Yuma. It is anticipated that two 
1,000-gallon water trucks would be required onsite each day. A 2,000-gallon portable water storage 
tank would also be kept onsite for drilling and dust suppression (Figure 4). 

Water would be needed during the drilling process, and the drill holes are expected to produce water 
during the drilling process. Water would come into contact with bentonite drilling mud and ground 
rock at depth. Water would be managed and handled at each drill site after it is pumped out of the 
hole either by recirculating it for use in the drilling process, by removing the water and hauling it away, 
or by evaporation and allowing solids to settle out in excavated mud pits or sumps at the drill site. The 
sumps would be backfilled after evaporation. There would be no discharges outside the drill site or in 
surface tributaries, and no pollutants would be discharged in accordance with Clean Water Act 
requirements. Activities would be in compliance with applicable state and federal laws.  

Upon completion of the exploration, the exploratory drill holes would be sealed and abandoned in 
compliance with the most current edition of State Water Resources Control Board Bulletin #74-81 
and #74-90. SMP would coordinate with Imperial County Planning and Development Services 
Department to obtain appropriate permitting for the exploration Project. 

4.7. HAZARDOUS AND SOLID WASTE MANAGEMENT 

No hazardous substances would be used in the drilling program and no hazardous wastes would be 
generated by the Project.  

Fuel and lubricants would be stored in a reservoir to prevent any leakage. During drilling operations, the 
drill rig would be parked on top of plastic sheeting overlain by absorbent clay or shale (i.e., Oil-Dri, or 
“kitty litter”).  

Trash generated by the contractors would be collected in appropriate containers and removed as 
required from the Project Area. Project-related refuse would be hauled to an authorized landfill for 
disposal in accordance with applicable laws and regulations. No refuse would be disposed onsite.  

4.8. SPILL CONTINGENCY PLAN 

SMP would have two fuel tanks onsite that would contain no more than 1,000 gallons of diesel fuel 
and 300 gallons of Jet fuel, respectively (Figure 4).  

To prevent the spread of any accidental leakage in storage, fuel and lubricants would be stored in a 
shallow (4-inch depth), 10-foot by 10-foot lined reservoir at each drill site and in an approximately 6-inch 
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deep, 20-foot by 40-foot lined reservoir at the fueling station. During drilling operations, the drill rig 
would be parked on top of plastic sheeting. A spill prevention kit would be stored on site consisting of 
an oil-only absorbent mat material (i.e., PIG ® adsorbent mat pad) and absorbent clay or shale (i.e., Oil-
Dri, or “kitty litter”). The volume of absorbent that would be kept onsite for potential spills is estimated 
to be 50 gallons at each active drill site and 100 gallons at the fueling station. Since there will be, at most, 
2 active drill sites at one time the estimated volume of absorbent onsite is 200 gallons.  

A Spill Contingency Plan would be prepared to describe the procedures followed by SMP and their 
contractors to prevent, control, and mitigate releases of oil and petroleum products to the 
environment within the Project Area. The following proposed spill prevention, control and 
countermeasures would be implemented: 

 

• Fueling would be performed on a 20-ft by 40-ft plastic sheeting over an approximately 6-inch 
deep reservoir. The fueling area would be sloped gently to one corner with a small sump to 
contain any accidental releases of fuel. 

• Equipment servicing would be performed within the fueling area or on plastic sheeting within 
the drill sites. 

• A standard procedure fueling and servicing would be performed at the designated fueling 
stations and drill sites; however, equipment may need to be serviced at times elsewhere within 
the Project Area, and spill protection measures would be implemented. 

• Diesel fuel is a major consumable for the mine equipment. Diesel fuel is available from local 
suppliers and would be received in tank trucks. The Project would receive and unload diesel 
to the onsite storage tank. 

• Diesel fuel would be offloaded using drip-less connections in a contained area to eliminate 
spillage contamination. The off-loading sites would be designed to drain into the main storage 
site containment and have a spill response kit containing booms, and clean-up materials to 
ensure that any off-containment spillage is immediately contained and cleaned. 

• A small spill response trailer would be maintained in the Project Area to clean-up any spills. 
• Inspections of fuel valves and other inlets and outlets as well as secondary containment would 

be made daily. 
• All site personnel that would be involved in fuel-handling would be trained in the operation 

and maintenance of equipment to prevent discharges. 
• The 1,300-gallon fuel tank would be secured and locked during times when SMP personnel 

and contractors are not on site. 
• Berms and protective barriers would be placed around the fuel tank to prevent accidental or 

malicious damage by vehicles or equipment. 
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4.9. FIRE PREVENTION PLAN AND PUBLIC SAFETY 

SMP would implement site-specific fire prevention/protection actions. At a minimum these actions 
would include designating Project fire coordinators, providing adequate fire suppression equipment 
(including in vehicles), and establishing emergency response information relevant to the Project Area.  

SMP would have a 2,000-gallon portable water storage tank onsite for dust suppression that would 
also be available to assist in firefighting operations (Figure 4). SMP would ensure that all mobile 
equipment be equipped with fire extinguishers, hand tools, and first aid kits.  

In the event of an initial, small fire that does not create enough smoke, flame, and heat to prevent 
fighting the fire using a hand-held fire extinguisher or a small water hose, and providing no one would 
be endangered, SMP personnel and/or contractors would use make a reasonable effort to extinguish 
the fire. If two or more people are present, one would fight the fire while one reports to 911 the size, 
type, and location in the event the fire grows out of control. Personnel would not directly engage any 
fire which is beyond the incipient stage, i.e., a fire which has progressed to the point it has substantially 
involved any structure/equipment. 

Planning and prevention of fires is also managed through the appropriate handling and storage of 
fuels, inspections and recordkeeping, spill prevention and response procedures, proper use of safety 
equipment, resource management training, and fire prevention training. 

SMP will coordinate with local law enforcement and fire departments to provide 24-hour access as 
needed for emergency response. 

Cellular telephone service is generally available within the Project Area site for emergency and other 
communications. A satellite phone would also be made available in case of emergencies. Contractors 
would be trained in proper emergency response, incident reporting, and general health and safety 
issues. All equipment would be maintained in a safe and orderly manner.  

4.10. PLAN FOR INTERIM CURTAILMENT 

This plan for interim curtailment describes the procedures that SMP will implement to prevent 
unnecessary or undue degradation of BLM lands in the event of a temporary suspension of the Project. 
These procedures are intended to provide for public safety and environmental protection, while 
facilitating resumption of operations when appropriate. 

SMP will implement the following procedures as appropriate in the event of a curtailment.  

• Measures to monitor the Project: SMP would designate a field contact representative (FCR) to 
conduct routine maintenance and inspections and maintain compliance with requirements in 
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environmental permits and this Plan. Monitoring would be conducted monthly or periodically 
as needed based on communications with BLM and Imperial County.  

• Measures to stabilize excavations: Excavations anywhere within the Project will be stabilized by 
preventing stormwater erosion of or excessive run-on into these features. Sediment control 
structures could include, but not be limited to fabric and/or hay bale filter fences, siltation or 
filter berms, and downgradient drainage channels in order to prevent unnecessary or undue 
degradation. 

• Measures to maintain the Project in a safe condition: Public access will be controlled by signing, 
fencing, gates, or berms to warn the public of hazards associated with the Project area.  All 
equipment, facilities and fuels would be removed from the site or secured at the Portal Staging 
Area, which would be fenced and locked to prevent access.  

 

5. ENVIRONMENTAL PROTECTION MEASURES 

5.1. PREVENTION OF UNNECESSARY OR UNDUE DEGRADATION 

SMP would prevent unnecessary or undue degradation of public lands by complying with the 
performance standards found in 43 CFR § 3809.415 and 3809.420, as applicable. SMP would comply 
with BLM’s terms and conditions related to the specific mining and reclamation activities and with 
other federal and state laws related to environmental protection and protection of cultural resources. 

SMP would commit to the following environmental protection measures to prevent unnecessary or 
undue degradation during project activities. The measures are derived from the general requirements 
established in 43 CFR § 3809.420, as applicable, as well as other federal and state water and air quality 
regulations. 

5.2. SURFACE WATER AND GROUNDWATER 

Surface water within the Project Area consists of stormwater runoff within natural ephemeral 
drainages. The Project will comply with all applicable regulations relating to hydrology and water 
quality. SMP would obtain coverage for the Project under a CGP pursuant to CGP Regulation 
(NPDES No. CAS000002; SWRCB Order No. 2009-0009-DWQ amended by 2010-0014-DWQ & 
2012-0006-DWQ), if required. The Project may be located in an area that is not hydrologically 
connected to waters of the U.S., and would be therefore, eligible for a Notice of Non-Applicability 
(NONA) in the Statewide Stormwater Industrial General Permit (IGP). 

Best Management Practices (BMPs) would be installed to manage disturbed surfaces. Sediment control 
structures could include, but not be limited to fabric and/or hay bale filter fences, siltation or filter berms, 
and downgradient drainage channels in order to prevent unnecessary or undue degradation. 
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Water used for dust control will be kept to a practicable minimum in order to minimize the risk of 
water runoff, and any water runoff will be managed so to not cause downstream erosion or flooding 
nor cause an exceedance of applicable water quality standards. 

Only minor servicing of mobile equipment (greasing and periodic fueling) would be conducted on 
BLM lands, limiting the potential for diesel fuel spills. Spill response kits would be maintained to 
ensure that pollutants are prevented from entering into washes. Any pollutants generated by Project 
activities would be properly disposed of in accordance with applicable regulations. 

The Project does not trigger any waste discharge requirements under Title 27, CCR, Section 20005 et seq. 

5.3. EROSION AND SEDIMENT CONTROL 

Prior to commencement of operations, site‐specific stormwater and erosion control BMP’s will be 
implemented on an as needed basis.  BMPs to be implemented onsite may include, but are not limited 
to, the following: specific prohibitions, effluent limitations, potential contaminant source 
identification, practices to reduce pollutants, assessment of pollutant sources, materials inventory, 
preventative maintenance program, spill prevention and response procedures, general storm water 
BMPs, training, record keeping, sampling procedures and a description of the monitoring program.     

Table 2 summarizes the potential erosion control BMPs that would be implemented as part of the 
Project.   

Table 2. Summary of Erosion BMPs 

Industrial 
Activity/Material 

Potential 
Pollutants 

BMPs Implemented 
Required Equipment & 

Tools 

Erosion control; Sediment Silt fencing and fiber rolls. 
Site Preparation Sediment control; Stormwater Mobile equipment for berm 

and/or containment. maintenance as needed. 
Exploratory 

Drilling Dust 
Wind erosion control; Erosion 
control; Sediment control; Water truck; Soil binders. 
Tracking control. 

Equipment and 
Vehicle 

Maintenance 

Oil & Grease 
Hydrocarbons 

Gross Pollutants 
Trace Metals 

Good housekeeping; Spill 
prevention & maintenance; 
Interior berms as needed to 
direct surface flows to pit; 
Secondary containment. 

Covered trash bin; Spill kit; 
Bulldozer for berm 
maintenance. 

 

No stockpiling of material is anticipated other than for temporary storage as may be necessary.  For 
example, temporary stockpiles may be formed when developing the access roads and/or individual 
drill pads.  If needed, additional BMPs (e.g., berms, sandbags, fiber rolls, or silt fencing, etc.) will be 
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installed to ensure sediment does not inadvertently erode into adjacent areas during a large storm 
event. 

Due to the existing topography and the proposed design of the access roads and drill pads, stormwater 
runoff and sediment erosion from the Project Area is considered unlikely.  Development of the Project 
would not add any paving or impervious surface areas.  Due to site topography and design, and 
through the implementation of BMPs, the chances of discharge, erosion, and/or sedimentation from 
the Project Area that could adversely impact adjacent properties is considered very low. 

5.4. AIR QUALITY 

Air quality impacts associated with the Project would be primarily from fugitive dust generation by 
vehicles and equipment during operations and from vehicle and drill powerplant emissions. Road dust 
emissions and tailpipe emissions from drilling activities and vehicle travel along the access roads have 
the potential to release regulated pollutants. The Project would comply with applicable State of 
California and Imperial County Air District rules for fugitive dust emissions and greenhouse gas 
emissions. 

5.5. SOLID WASTES 

SMP would properly dispose of waste oil, other related fluids, filters, oily rags, etc. in appropriate 
disposal locations. Litter and trash generated by the contractors would be collected in appropriate 
containers and removed as required from the Site. Project-related refuse would be hauled to an 
authorized landfill for disposal. No refuse would be disposed onsite.  

Portable toilet facilities provided for the duration of the Project would be maintained by contractors 
and accumulated human waste would periodically be collected and transported to an approved 
disposal site. No waste would be buried on site. 

5.6. BIOLOGICAL RESOURCES 

A biological resources assessment was conducted by Tetra Tech, Inc. within the Project Area in 
October 2011, and concluded that desert tortoise (Gopherus agassizii) has some potential to occur within 
the Project Area (Tetra Tech 2011). Known observations of desert tortoise in the general vicinity of 
the Project Area are not recent (1988-2005) and are primarily from desert wash habitat with little 
disturbance (BLM 2018), significantly different than the Project Area, which is on previously mined 
areas and associated access roads. The nearest designated critical habitat is approximately 10 miles 
from the Project Area. As provided in the measures below, adverse impacts to tortoise would be 
avoided. It was also determined that the Gila woodpecker (Melanerpes uropygialis), a state-listed 
endangered species may occur in the Project Area but that was determined to be unlikely due to the 
lack of large trees in this area (Tetra Tech 2011).  
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Given the following, no designated or proposed threatened or endangered species or designated or 
proposed critical habitat listed under the Endangered Species Act are expected to be adversely 
impacted by the Project.  

1. To the extent possible, the Project would be completed outside the tortoise active season 
(March 15-November 1), between November 2 and March 14.  

2. The Project would result in limited surface disturbance,  
3. Project impacts would occur on previously disturbed areas,  
4. The exploration drilling portion of the Project is short term, and would be conducted within 

a period of 12 to 24 months, 
5. Measures are proposed to avoid and limit effects to wildlife and vegetation,  

Similarly, because of the items identified above, the proposed exploration activities are not expected 
to result in adverse impacts to BLM-sensitive species that may be present in the area that would lead 
towards loss of viability or a trend towards listing. 

Due to the limited scope and duration of the Project, it is recommended that potential impacts to 
sensitive species habitats be avoided using measures identified below.  

1. Prior to Project activities, pre-construction tortoise surveys shall be conducted by a BLM-
approved Qualified Biologist within the area to be disturbed plus a 500-foot buffer, focusing 
on areas that could provide suitable burrow or cover sites, such as dry washes with caliche. A 
subsequent survey shall be conducted by a Qualified Biologist within 24 hours of the 
commencement of surface disturbance activities (should Project activities occur between 
March 15 and November 1). Burrows will be flagged such that they will be avoided by Project 
activities.  

2. A BLM-Qualified Biologist will be onsite during the initial activities or mobilization (should 
Project activities occur between March 15 and November 1).  

3. All surface disturbing activity shall be limited to the land area essential for the Project. In 
determining these limits, consideration shall be given to topography, public health and safety, 
placement of facilities, and other limiting factors. Work area boundaries shall be appropriately 
marked to minimize disturbance. All workers shall strictly limit their activities and vehicles to 
the areas marked. All workers shall be trained to recognize work area markers and to 
understand equipment movement restrictions.  

4. All workers, including all construction and drilling contractor personnel, and others who 
implement Project activities would be given special instruction, which would include training 
on distribution, general behavior and ecology, protection afforded by State and Federal 
endangered species acts (including prohibitions and penalties), and procedures for reporting 
encounters, and the importance of following the protection measures. The education program 
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may consist of a class or video presented by a BLM-approved Qualified Biologist. The 
presentation to be used would be reviewed and approved by a BLM biologist. 

5. All personnel would be notified that the desert tortoise is a species listed as threatened under 
the Endangered Species Act and protected by State and Federal law. Fines can be as high as 
$50,000 and/or one year in prison for violations. 

6. Personnel would be notified that desert tortoises are not to be handled, fed, or harassed in any 
way. If encountered, tortoises will be allowed space and time to move from the area on their 
own volition. 

7. Personnel who attend tortoise training will sign an attendance sheet, which would be 
submitted to the BLM for their information. Should BLM staff inspect the site during 
construction activities, workers onsite should be able to provide proof of tortoise training (a 
hard hat sticker is recommended for this purpose).  

8. SMP would designate a field contact representative (FCR) who will be responsible for 
overseeing compliance with protective stipulations for the desert tortoise and for coordination 
on compliance with the BLM. The FCR must be onsite during all Project activities (should 
Project activities occur between March 15 and November 1). The FCR would have the 
authority to halt Project activities that are in violation of the stipulations. The FCR would have 
a copy of all stipulations when work is being conducted on the site. The FCR may be a crew 
chief or field supervisor, a project manager, any other employee of the project proponent, or 
a BLM-approved Authorized Biologist Any incident occurring during project activities which 
is considered by the biological monitor to be in non-compliance with the mitigation plan shall 
be documented immediately by the biological monitor. The FCR shall ensure that appropriate 
corrective action is taken. Corrective actions shall be documented by the monitor. The 
following incidents shall require immediate cessation of the construction activities causing the 
incident, including:  

a) imminent threat of injury or death to a desert tortoise; 
b) unauthorized handling of a desert tortoise, regardless of intent; 
c) operation of construction equipment or vehicles outside a project area cleared of desert 

tortoise, except on designated roads, and  
d) conducting any construction activity without a biological monitor where one is required.  

9. If a tortoise is encountered during construction activities, work would be halted in proximity 
to the tortoise until an on-call BLM-approved Authorized Biologist can move the animal from 
harm’s way, or until the desert tortoise leaves of its own accord. 

10. Where possible, motor vehicle access would be limited to maintained roads and designated 
routes. All vehicle tracks that might encourage public use would be reclaimed after Project-
specific use. Barriers would be installed to prevent unauthorized vehicular traffic and signs 
would be posted indicating these roads would be for authorized use only. 
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11. The following requirements apply to vehicle use: 
a) Speed Limits: Vehicle speed within Project area, along right-of-way maintenance roads 

and on routes designated for limited use shall not exceed 20 miles per hour. Speed limits 
shall be clearly marked by the proponent, and workers shall be made aware of these 
limits. 

b) Tortoises Under Vehicles: Vehicles parked in desert tortoise habitat would be inspected 
immediately prior to being moved. The practice of placing an orange cone by the driver 
side door will be used as a reminder to check for tortoise before re-entering and moving 
the vehicle. If a tortoise is found beneath a vehicle, a BLM-approved Authorized 
Biologist would be contacted to move the animal from harm’s way, or the vehicle shall 
not be moved until the desert tortoise leaves of its own accord.  

12. Access roadside signs depicting a picture of desert tortoise will be posted to remind workers 
of the potential presence of tortoise within the Project Area. 

13. Project maintenance and construction, stockpiles of excavated materials, equipment storage, 
and vehicle parking shall be limited to existing disturbed areas wherever possible. Should use 
of existing disturbed areas prove infeasible, any new disturbance shall be confined to the 
smallest practical area, considering topography, placement of facilities, location of burrows or 
vegetation, public health and safety, and other limiting factors. Special habitat features, 
particularly tortoise burrows, shall be flagged by the Qualified Biologist so that they may be 
avoided by installation equipment and during placement of poles and anchors.  

14. All trash and food items generated by construction and maintenance activities shall be 
promptly contained and regularly removed from the project site to reduce the attractiveness 
of the area to common ravens and other desert predators. Portable toilets shall be provided 
on site if appropriate.  

15. Feeding of wildlife and/or leaving of food or trash as an attractive nuisance to wildlife is 
prohibited. Particular attention will be paid to “micro-trash” (including such small items as 
screws, nuts, washers, nails, coins, rags, small electrical components, small pieces of plastic, 
glass or wire, and any debris or trash that is colorful or shiny). All trash and food items shall 
be promptly contained within closed, wildlife-proof containers. These shall be regularly 
removed from the project site to reduce the attractiveness of the area to ravens and other 
predators.  

16. Domestic pets are prohibited on site. This prohibition does not apply to the use of domestic 
animals that may be used to aid in official and approved monitoring procedures/protocols, or 
service animals under Titles II and III of the Americans with Disabilities Act.  

17. Injury: Should any desert tortoise be injured or killed, all activities shall be halted, and the 
Authorized Biologist immediately contacted. The biologist shall have the responsibility for 
determining whether the animal should be transported to a veterinarian for care, which is paid 
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for by the project proponent, if involved. If the animal recovers, USFWS is to be contacted 
to determine the final disposition of the animal; few injured desert tortoises are returned to 
the wild. 

5.7. CULTURAL RESOURCES 

WestLand Resources, Inc. (WestLand) conducted a cultural resources assessment within the Project 
Area, where two cultural resources inventory projects have been previously conducted (WestLand 
2020). Eight known historic resources are located within the Project Area. The records search indicates 
all eight of the historic resources within the Project Area are related to and are located within the 
current boundary of the Hedges/Tumco Historic Townsite. No prehistoric archaeological sites have 
been previously identified within the Project Area. However, previous studies have documented late 
nineteenth–century Native American Quechan buff ware ceramics in other portions of the larger 
townsite (Burney et al. 1993:B.8). 

The results of the records search indicate that the prehistoric resources within the Project Area are 
within the geographic area previously described by Imperial County for the Keruk/Xam Kwatcan 
Trail Landscape (Imperial County 2015). Additionally, the results of the records search from the 
Native American Heritage Commission Sacred Lands Search (NAHC SLF) indicate that further tribal 
consultation, particularly with the Quechan Tribe of the Fort Yuma Reservation, may be required as 
part of additional data-gathering efforts for identifying cultural resources that could be affected by the 
proposed Project (WestLand 2020). 

Given the nature of the previous research in the Project Area, SMP plans to retain a qualified 
archaeologist to conduct cultural resources inventory in all areas that will be potentially affected by 
surface disturbance associated with the Project to identify any historic resources present on the surface 
and areas that may be sensitive to intact buried cultural deposits. This type of inventory will collect 
precise locational data on the resources present and allow SMP to incorporate avoidance measures. 
Additionally, SMP proposes to prepare and implement a tribal engagement plan with the Native 
American Heritage Commission and the Quechan Tribe of the Fort Yuma Reservation regarding the 
Project. 

All ground-disturbing activities have the potential to unearth archaeological sites or human remains 
and that all such discoveries on federal lands will be treated in accordance with the Native American 
Graves and Repatriation Act (25 USC 30001-3013). 

6.  RECLAMATION PLAN 

The intent of the California Surface Mining and Reclamation Act (SMARA) is to "maintain an effective 
and comprehensive surface mining and reclamation policy with regulation of surface mining 
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operations so as to assure that: (a) adverse environmental effects are prevented or minimized and that 
mined lands are reclaimed to a usable condition which is readily adaptable for alternative uses; (b) the 
production and conservation of aggregates are encouraged, while giving consideration to values 
relating to recreation, watershed, wildlife, range and forage, and aesthetic enjoyment; and ( c) residual 
hazards to the public health and safety are eliminated" (Section 2712)." Article 9, Section 3700 of 
SMARA states the following: "Reclamation of mined lands shall be implemented in conformance with 
standards in this Article. The standards shall apply to each surface mining operation to the extent that:  

• They are consistent with required mitigation identified in conformance with CEQA; and  
• They are consistent with the planned or actual subsequent use or uses of the site."  

Section 6 herein describes the Reclamation Plan for reclaiming land disturbed by exploration drilling 
within the Project Area, as required under SMARA. This Reclamation Plan addresses the reclamation 
activities that will be undertaken following completion of the exploratory drilling, in conformance 
with SMARA.  

6.1. PURPOSE, APPROACH, AND SCHEDULE 

The anticipated post-Project land uses are mining, recreational uses, and open space. Following the 
completion of all drilling, solids and desiccated drilling muds that have been contained in the sump 
would be treated by evaporation and by allowing solids to settle out in excavated mud pits or sumps 
at the drill site. The sumps would then be backfilled. The drilling muds that would be used do not 
contain toxic or deleterious materials. The proposed drilling mud material data sheets could be 
provided to BLM upon request. The inert drilling mud materials would be disposed of in accordance 
with applicable state and federal regulations. The drill site, mud pits, and outer berm would then be 
returned to natural grade with a track hoe using rocks and soil set aside during site construction and 
mud pit excavation.  

Water bars and erosion-control features would be repaired and constructed as necessary. All 
equipment and supporting structures would be removed from BLM lands. 

Upon completion of the exploration, the exploratory drill holes would be sealed and abandoned in 
compliance with the most current edition of State Water Resources Control Board Bulletin #74-81 
and #74-90. This would include backfilling with onsite materials, sealing with bentonite clay; and 
covering with a 2- to 3-foot mound of onsite material. Drilling and drill hole abandonment would be 
conducted in accordance with SMARA, Public Resources Code Sections 2710 et seq. and its 
regulations at 14 California Code of Regulations Section 3500 et seq. 

Consistent with the H-3809-1 Surface Management Handbook (BLM 2012), this Reclamation Plan 
would be updated or appended to reflect other agency permits or authorizations, final designs, or 
certain stipulations, as more specific and detailed plans become available. 

 PC ORIGINAL PKG



SMP Gold Corp. 
BLM Exploration Plan of Operations  Sixth Revision, January 30, 2023 
for the Existing Oro Cruz Pit Area Page 21 
 
 
Project reclamation for drilling activities and monitoring for the success of reclamation would be 
completed within 5 years of Project implementation. 

A reclamation cost estimate would be submitted to BLM upon approval of the Final Plan in 
accordance with 43 CFR 3809.401(d). 

6.2. REMOVAL OF EQUIPMENT AND FACILITIES 

Generally, the strategy for reclamation and closure of equipment and facilities would include: 

• Removing temporary instrumentation and equipment, utilities, and unneeded access roads; 
and 

• Reclaiming disturbed surfaces by ripping and/or covering and reseeding. 

6.3. ROAD CLOSURE 

The main entrance road would remain in use during the post-closure period to provide access for post 
closure land uses, including reclamation work and monitoring. 

Closure of roads that are not needed for post-closure access would involve demolishing fill while 
maintaining satisfactory drainage. Roads not needed for post-closure access would be reclaimed. The 
abandoned road surfaces would be scarified by ripping, if necessary. Where needed, rock or earthen 
berms and water bars would be placed to prevent vehicular access and reduce erosion. The road 
corridors would be reclaimed by treatment with a mulch/seed mix to promote revegetation. 

6.4. REVEGETATION 

Reclaimed areas would be revegetated with a BLM-approved seed mix. These areas would be 
revegetated after cover placement and at the appropriate time of the year for optimum seed 
germination and plant growth.  

6.4.1. Growth Media 

Generally, initial seedbed preparation on flatter surfaces would include ripping or discing the surface 
along contours. Conventional seeding techniques (including drill and broadcast) would be used as 
appropriate depending on soil/cover characteristics and landform. Hydroseed, hydromulch, and 
tackifier may be used on slopes that are not suitable for conventional seeding. Mulch may be applied 
to minimize erosion and promote moisture retention where appropriate. 
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6.4.2. Seed Mix 

Revegetation would require site-appropriate, BLM-approved native seed mixtures. A diverse native 
plant community would be targeted through the definition of seed mixtures and application rates. The 
seed mix list would be reviewed before revegetation activities are initiated to confirm the availability 
of the seeds, and the list would be adjusted as needed. The seed mix and mulch materials would be 
certified by the revegetation contractor to be relatively weed free. 

The proposed native seed mixture will consist of the following: creosotebush (Larrea tridentata), 
burrobush (Ambrosia dumosa), brittlebush (Encelia farinosa), desert spineflower (Geraea canescens), 
turtleback (Psathyrotes ramosissima), forget-me-not (Cryptantha spp.), and hairy prairie clover (Dalea 
mollis). Seeds will be purchased and mixed in equal quantities and will be hand broadcasted at 
approximately 10 pounds per acre.  

The seed mix would be designed to meet the following criteria: 

• Native non-invasive species that have a high compatibility with the existing landscape; 
• Species and plant type diversity to promote a sustainable vegetative cover throughout the 

seasonal changes and other climate related variances; and 
• Species and plant type diversity to promote a variety of germination periods and seasonal 

growth. 

7. MONITORING PLAN 

The scale of the Project is relatively small, affecting approximately only 21 acres of BLM lands. The 
Project poses relatively low risks of environmental impacts and would not require extensive 
monitoring at closure. Reclamation would occur concurrently with the Project implementation; once 
access is no longer required by SMP, the Project Area would be reclaimed and revegetated. The 
reclaimed and revegetated Project Area would be monitored and maintained annually in late Spring or 
early Summer for 3 years to ensure that vegetation is established, and reclaimed areas are stable. 

As described in detail in Section 5.6 (Biological Resources), Project activities will be monitored to 
avoid potential impacts to sensitive species habitats (particularly Mojave Desert tortoise habitat) 
should Project activities occur between March 15 and November 1 (the active Mojave Desert tortoise 
season). Pre-construction tortoise surveys shall be conducted by a BLM-approved Qualified Biologist 
within the area to be disturbed plus a 500-foot buffer, and a BLM-Qualified Biologist will be onsite 
during the initial activities or mobilization. In addition, SMP would designate a FCR who will be 
responsible for overseeing compliance with protective stipulations for the desert tortoise and for 
coordination on compliance with the BLM. The FCR must be onsite during all Project activities 
(should Project activities occur between March 15 and November 1).  

 PC ORIGINAL PKG



SMP Gold Corp. 
BLM Exploration Plan of Operations  Sixth Revision, January 30, 2023 
for the Existing Oro Cruz Pit Area Page 23 
 
 
As described in Section 5.7 (Cultural Resources), SMP will avoid impacts to cultural resources and 
engage in consultation with the Native American Heritage Commission and the Quechan Tribe of the 
Fort Yuma Reservation regarding the Project.   
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Appendix B: Conservation Management Actions  
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LUPA Wide         
Category CMA # CMA Text Applicability Explanation: Why CMA is not applicable Comments
Biological Resources

  

  

LUPA-BIO-1

  

  

Conduct a habitat assessment (see Glossary of Terms) of Focus and BLM Special Status Species’ suitable habitat for all activities and identify 
and/or delineate the DRECP vegetation types, rare alliances, and special features (e.g., Aeolian sand transport resources, Joshua tree, 
microphyll woodlands, carbon sequestration characteristics, seeps, climate refugia) present using the most current information, data sources, 
and tools (e.g., DRECP land cover mapping, aerial photos, DRECP species models, and reconnaissance site visits) to identify suitable habitat (see 
Glossary of Terms) for Focus and BLM Special Status Species. If required by the relevant species specific CMAs, conduct any subsequent 
protocol or adequate presence/absence surveys to identify species occupancy status and a more detailed mapping of suitable habitat to inform 
siting and design considerations. If required by relevant species specific CMAs, conduct analysis of percentage of impacts to suitable habitat 
and modeled suitable habitat.

•  BLM will not require protocol surveys in sites determined by the designated biologist to be unviable for occupancy of the species, or if 
baseline studies inferred absence during the current or previous active season.
Utilize the most recent and applicable assessment protocols and guidance documents for vegetation types and jurisdictional waters and 
wetlands that have been approved by BLM, and the appropriate responsible regulatory agencies, as applicable.

Yes

  

  

A habitat assessment was conducted during the 2021 biological survey and the resulting report was approved by the BLM. The 
Biological Resources Assessment is included within Appendix E of the EA and is on file with the BLM El Centro Field Office. Further 
mitigation would not be necessary in addition to the PDFs and an additional habitat assessment would not be required as it was 
already conducted; therefore this CMA would not be required to be implemented.

  LUPA-BIO-2 Designated biologist(s) (see Glossary of Terms), will conduct, and oversee where appropriate, activity-specific required biological monitoring 
during pre-construction, construction, and decommissioning to ensure that avoidance and minimization measures are appropriately 
implemented and are effective. The appropriate required monitoring will be determined during the environmental analysis and BLM approval 
process. The designated biologist(s) will submit monitoring reports directly to BLM.

Yes   Required pre-clearance surveys and continued monitoring would take place during all phases of the Proposed Action by a BLM-
approved biologist per the PDFs in Appendix F of the EA. Further mitigation would not be necessary in addition to the PDFs; therefore, 
this CMA would not be required to be implemented.

Resource Setback 
Standards

  

  

  
  

LUPA-BIO-3

  

  

  

  

Resource setbacks (see Glossary of Terms) have been identified to avoid and minimize the adverse effects to specific biological resources. 
Setbacks are not considered additive and are measured as specified in the applicable CMA. Allowable minor incursions (see Glossary of Terms), 
as per specific CMAs do not affect the following setback measurement descriptions. Generally, setbacks (which range in distances for different 
biological resources) for the appropriate resources are measured from:

• The edge of each of the DRECP desert vegetation types, including but not limited to those in the riparian or wetland vegetation groups (as 
defined by alliances within the vegetation type descriptions and mapped based on the vegetation type habitat assessments described in LUPA-
BIO-1).
• The edge of the mapped riparian vegetation or the Federal Emergency Management Agency (FEMA) 100-year floodplain, whichever is 
greater, for the Mojave River.
• The edge of the vegetation extent for specified Focus and BLM sensitive plant species.
•  The edge of suitable habitat or active nest substrates for the appropriate Focus and BLM Special Status Species.

Yes Avoidance buffers to protect special status species such as desert tortoise, migratory birds including raptors, and bats would be 
implemented per the PDFs within Appendix F of the EA. Further mitigation would not be necessary in addition to the PDFs; therefore, 
this CMA would not be required to be implemented.

Seasonal Restrictions

  
  

LUPA-BIO-4

  

  

For activities that may impact Focus and BLM Special Status Species, implement all required species-specific seasonal restrictions on pre- 
construction, construction, operations, and decommissioning activities.
Species-specific seasonal restriction dates are described in the applicable CMAs.
Alternatively, to avoid a seasonal restriction associated with visual disturbance, installation of a visual barrier may be evaluated on a case-by-
case basis that will result in the breeding, nesting, lambing, fawning, or roosting species not being affected by visual disturbance from 
construction activities subject to seasonal restriction. The proposed installation and use of a visual barrier to avoid a species seasonal restriction 
will be analyzed in the activity/project specific environmental analysis.

Yes Seasonal surface occupancy restrictions would be put in place for desert tortoise, migratory birds, and bats as defined in Appendix F of 
the EA. Further mitigation would not be necessary in addition to the PDFs; therefore, this CMA would not be required to be 
implemented.

Worker Education

  
  

  

  

  

LUPA-BIO-5

  

  

  

  

  

All activities, as determined appropriate on an activity-by-activity basis, will implement a worker education program that meets the approval of 
the BLM. The program will be carried out during all phases of the project (site mobilization, ground disturbance, grading, construction, 
operation, closure/decommissioning or project abandonment, and restoration/reclamation activities). The worker education program will 
provide interpretation for non-English speaking workers, and provide the same instruction for new workers prior to their working on site. As 
appropriate based on the activity, the program will contain information about:

• Site-specific biological and nonbiological resources.
• Information on the legal protection for protected resources and penalties for violation of federal and state laws and administrative sanctions 
for failure to comply with LUPA CMA requirements intended to protect site-specific biological and nonbiological resources.

• The required LUPA and project-specific measures for avoiding and minimizing effects during all project phases, including but not limited to 
resource setbacks, trash, speed limits, etc.
• Reporting requirements and measures to follow if protected resources are encountered, including potential work stoppage and requirements 
for notification of the designated biologist.
•  Measures that personnel can take to promote the conservation of biological and nonbiological resources.

Yes   

  
  

  

  

  

A worker education program would be implemented as associated with desert tortoise protection, raven control, and speed limits per 
Section 5.6 of the Plan of Operations and included as a PDF within Appendix F of the EA. Further mitigation would not be necessary in 
addition to the PDFs; therefore, this CMA would not be required to be implemented.

Subsidized Predators 
Standards

  

  

  

  

  

LUPA-BIO-6

  

  

  

  

  

Subsidized predator standards, approved by BLM, in coordination with the USFWS and CDFW, will be implemented during all appropriate 
phases of activities, including but not limited to renewable energy activities, to manage predator food subsidies, water subsidies, and breeding 
sites including the following:
• Common Raven management actions will be implemented for all activities to address food and water subsidies and roosting and nesting sites 
specific to the Common Raven. These include identification of monitoring reporting procedures and requirements; strategies for refuse 
management; as well as design strategies and passive repellant methods to avoid providing perches, nesting sites, and roosting sites for 
Common Ravens.
• The application of water and/or other palliatives for dust abatement in construction areas and during project operations and maintenance 
will be done with the minimum amount of water necessary to meet safety and air quality standards and in a manner that prevents the 
formation of puddles, which could attract wildlife and wildlife predators.
•  Following the most recent national policy and guidance, BLM will take actions to not introduce, dispose of, or release any non- native species 
into areas of native habitat, suitable habitat, and natural or artificial waterways/water bodies containing native species.

All activity work areas will be kept free of trash and debris. Particular attention will be paid to “micro-trash” (including such small items as 
screws, nuts, washers, nails, coins, rags, small electrical components, small pieces of plastic, glass or wire, and any debris or trash that is 
colorful or shiny) and organic waste that may subsidize predators. All trash will be covered, kept in closed containers, or otherwise removed 
from the project site at the end of each day or at regular intervals prior to periods when workers are not present at the site.

•  In addition to implementing the measures above on activity sites, each activity will provide compensatory mitigation that contributes to 
LUPA-wide raven management.

Yes   

  

  

  

Proposed desert tortoise protective measures, measures to prevent perching and nesting, water usage guidelines, and measures to 
control debris and trash would all be implemented per the PDFs in Appendix F of the EA. Further mitigation would not be necessary in 
addition to the PDFs; therefore, this CMA would not be required to be implemented.
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                  Restoration of Areas 
Disturbed by 
Construction Activities 
But Not Converted by 
Long-Term Disturbance 

  
  
  

  
  
  
  
  
  

  

  

LUPA-BIO-7

  

  

  

  

  

  

  

  

  

  

  

Where DRECP vegetation types or Focus or BLM Special Status Species habitats may be affected by ground- disturbance and/or vegetation 
removal during pre-construction, construction, operations, and decommissioning related activities but are not converted by long-term (i.e., 
more than two years of disturbance, see Glossary of Terms) ground disturbance, restore these areas following the standards, approved by BLM 
authorized officer, following the most recent BLM policies and procedures for the vegetation community or species habitat 
disturbance/impacts as appropriate, summarized below:
• Implement site-specific habitat restoration actions for the areas affected including specifying and using:
o   The appropriate seed (e.g., certified weed- free, native, and locally and genetically appropriate seed)
o   Appropriate soils (e.g., topsoil of the same original type on site or that was previously stored by soil type after being salvaged during 
excavation and construction activities)
o   Equipment
o   Timing (e.g., appropriate season, sufficient rainfall)
o   Location
o   Success criteria
o   Monitoring measures 
o   Contingency measures, relevant for restoration, which includes seeding that follows BLM policy when on BLM administered lands.

• Salvage and relocate cactus, nolina, and yucca from the site prior to disturbance using BLM protocols. To the maximum extent practicable for 
short-term disturbed areas (see Glossary of Terms), the cactus and yucca will be re-planted back to the original site.

•  Restore and reclaim short-term (i.e. 2 years or less, see Glossary of Terms) disturbed areas, including pipelines, transmission projects, staging 
areas, and short-term construction-related roads immediately or during the most biologically appropriate season as determined in the 
activity/project specific environmental analysis and decision, following completion of construction activities to reduce the amount of habitat 
converted at any one time and promote recovery to natural habitats and vegetation as well as climate refugia and ecosystem services such 
carbon storage.

Yes   

  
  
  

  

  

The Project would reclaim disturbed areas, except for the proposed permanent access road for access to Drill Area 1 using site-
appropriate, BLM-approved native seed mixtures that are weed-free and compatible with landscape conditions. The Reclamation Plan 
is included within Appendix E of the EA, and Appendix F further describes PDFs that would be implemented for revegetation. Further 
mitigation would not be necessary in addition to the PDFs; however, should additional revegetation measures be deemed necessary in 
combination with those outlined in the Reclamation Plan, this CMA would be implemented.

General Closure and 
Decommissioning 
Standards

  

  

  

  

LUPA-BIO-8

  

  

  

  

All activities that are required to close and decommission the site (e.g., renewable energy activities) will specify and implement project-specific 
closure and decommissioning actions that meet the approval of BLM, and that at a minimum address the following:

• Specifying and implementing the methods, timing (e.g., criteria for triggering closure and decommissioning actions), and criteria for success 
(including quantifiable and measurable criteria).
• Recontouring of areas that were substantially altered from their original contour or gradient and installing erosion control measures in 
disturbed areas where potential for erosion exists.
• Restoring vegetation as well as soil profiles and functions that will support and maintain native plant communities, associated carbon 
sequestration and nutrient cycling processes, and native wildlife species.
•  Vegetation restoration actions will identify and use native vegetation composition, native seed composition, and the diversity to values 
commensurate with the natural ecological setting and climate projections.

No Land use does not occur on project site. The Project proposes short-term exploration activities and would not entail renewable energy activities, thus no closure and 
decomissioning processes would be required. 

Water and Wetland 
Dependent Species 
Resources

  

  

  

  

  

  

  

  

  
  
  

  

  

LUPA-BIO-9

  

  

  

  

  

  

  

  

  

  

  

  

  

Implement the following general LUPA CMA for water and wetland dependent resources
• Implement construction site standard practices to prevent toxic chemicals, hazardous materials, and other fluids from entering vegetation 
type streams, washes, and tributary networks through water runoff, erosion, and sediment transport by, at a minimum, implementing the 
following:
o   On project sites, vehicles and other equipment will be maintained in proper working condition and only stored in designated containment 
areas where runoff is collected or controlled and that are located outside of streams, washes, and distributary networks to minimize accidental 
fluids and hazardous materials spills.
o   Hazardous material leaks, spills, or releases will be immediately cleaned and equipment will be repaired upon identification. Removal and 
disposal of spill and related clean-up materials will occur at an approved off-site landfill.
o   Maintenance and operations vehicles will carry the appropriate equipment and materials to isolate, clean up, and repair any hazardous 
material leaks, spills, or releases.
• Activity-specific drainage, erosion, and sedimentation control actions, which meet the approval of BLM and the applicable regulatory 
agencies, will be carried out during all appropriate phases of the approved project. These actions, as needed, will address measures to ensure 
the proper protection of water quality, site-specific stormwater and sediment retention, and design of the project to minimize site disturbance, 
including the following:
o   Identify site-specific surface water runoff patterns and implement measures to prevent excessive and unnatural soil deposition and erosion.

o   Implement measures to maintain natural drainages and to maintain hydrologic function in the event drainages are disturbed.

o   Reduce the amount of area covered by impervious surfaces through use of permeable pavement or other pervious surfaces. Direct runoff 
from impervious surfaces into retention basins.
o   Stabilize disturbed areas following grading in the manner appropriate to the soil type so that wind or water erosion is minimized.

o   Minimize irrigation runoff by using low or no irrigation native vegetation landscaping for landscaped retention basins.
o   Conduct regular inspections and maintenance of long-term erosion control measures to ensure long-term effectiveness.
o   Project applicants for sites that may affect intermittent and perennial streams, springs, swales, ephemeral washes, wetland vegetation, 
other DRECP water land covers, or sites occupied by aquatic or riparian Focus and BLM Special Status Species due to groundwater or surface 
water extraction will conduct hydrologic studies during project planning to determine the potential effect of groundwater and surface water 
extraction on the hydrologic unit. These studies will include both watershed effects as well as effects on perched, alluvial, and regional aquifers. 
Projects that are likely to affect ground-water resources in a manner that would result in substantial loss of riparian or wetland communities or 
habitat for riparian or aquatic Focus and BLM Special Status Species are prohibited.

o   The use of evaporation ponds for water management will be avoided when the water could harm birds or other terrestrial wildlife due to 
constituents of concern present in the wastewater (e.g., selenium, hypersalinity, etc.). Evaporation ponds will be configured to minimize 
attractiveness to shorebirds (e.g., maintain water depths over two feet; maintain steep slopes along edge; enclose evaporation ponds in long-
term structures; or obscure evaporation ponds from view using materials that blend in with the natural surroundings).

•  Ramps that allow the egress of wildlife from ponds or other water management infrastructure will be installed.

Yes   The Project does not trigger any waste discharge requirements under Title 27, CCR, Section 20005 et seq.  Construction Stormwater 
General Permits are required  pursuant to CGP Regulation (NPDES No. CAS000002; SWRCB Order No. 2009-0009-DWQ amended by 
2010-0014-DWQ & 2012-0006-DWQ). A Stormwater Pollution Prevention Plan (SWPPP) would be developed and implemented to 
control sedimentation from disturbance. Best Management Practices (BMPs) would be installed to manage disturbed surfaces. A 
detailed Spill Containment Plan is identified to prevent the spread of any accidental leakage in storage, fuel and lubricants per the PDFs 
in Appendix F.  Only minor servicing of mobile equipment (greasing and periodic fueling) would be conducted on BLM lands, limiting 
the potential for diesel fuel spills. Spill response kits would be maintained, pollutants generated would be properly disposed of in 
accordance with applicable regulations.  Further mitigation would not be necessary in addition to the PDFs; therefore, this CMA would 
not be required to be implemented.
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            Standard Practices for 
Weed Management

LUPA-BIO-10 Consistent with BLM state and national policies and guidance, integrated weed management actions, will be carried out during all phases of 
activities, as appropriate, and at a minimum will include the following:

Yes   This CMA would be implemented under the Project. SMP would be required to thoroughly clean the tires and undercarriage of vehicles       
entering or reentering the Project site to remove potential weeds, maintain vehicle wash and inspection stations, and closely monitor 
materials brought to site, in addition to the PDFs included in Appendix F for revegetation materials and invasive and non-native species 

    • Thoroughly clean the tires and undercarriage of vehicles entering or reentering the project site to remove potential weeds.
management. 

    • Store project vehicles on site in designated areas to minimize the need for multiple washings whenever vehicles re-enter the project site.

    • Properly maintain vehicle wash and inspection stations to minimize the introduction of invasive weeds or subsidy of invasive weeds.

    • Closely monitor the types of materials brought onto the site to avoid the introduction of invasive weeds and non-native species.

    • Reestablish native vegetation quickly on disturbed sites.
    • Monitor and quickly implement control measures to ensure early detection and eradication of weed invasions to avoid the spread of invasive 

weeds and non-native species on site and to adjacent off-site areas.
    •  Use certified weed-free mulch, straw, hay bales, or equivalent fabricated materials for installing sediment barriers.
Nuisance Animals and 
Invasive Species

LUPA-BIO-11 Implement the following CMAs for controlling nuisance animals and invasive species: No The Project does not propose use of herbicide, pesticides, rodenticides, or insecticides.

    • No fumigant, treated bait, or other means of poisoning nuisance animals including rodenticides will be used in areas where Focus and BLM 
Special Status Species are known or suspected to occur.

    • Manage the use of widely spread herbicides and do not apply herbicides effective against dicotyledonous plants within 1,000 feet from the 
edge of a 100-year floodplain, stream and wash channels, and riparian vegetation or to soils less than 25 feet from the edge of drains. 
Exceptions will be made when targeting the base and roots of invasive riparian species such as tamarisk and Arundo donax (giant reed). 
Manage herbicides consistent with the most current national and California BLM policies.

    • Minimize herbicide, pesticide, and insecticide treatment in areas that have a high risk for groundwater contamination. 
    • Clean and dispose of pesticide containers and equipment following professional standards. Avoid use of pesticides and cleaning containers 

and equipment in or near surface or subsurface water.
    •  When near surface or subsurface water, restrict pesticide use to those products labeled safe for use in/near water and safe for aquatic 

species of animals and plants.
Noise

  

LUPA-BIO-12

  

For activities that may impact Focus or BLM Special Status Species, implement the following LUPA CMA for noise:

• To the extent feasible, and determined necessary by BLM to protect Focus and BLM sensitive wildlife species, locate stationary noise sources 
that exceed background ambient noise levels away from known or likely locations of BLM sensitive wildlife species and their suitable habitat.

Yes   This CMA would be required for implementation. The Project would be required to implement noise controls to the extent feasible 
given the potential presence of desert tortoise and BLM Sensitive bat species.

    • Implement engineering controls on stationary equipment, buildings, and work areas including sound-insulation and noise enclosures to 
reduce the average noise level, if the activity will contribute to noise levels above existing background ambient levels.

    •  Use noise controls on standard construction equipment including mufflers to reduce noise
General Siting and Design LUPA-BIO-13

    

Implement the following CMA for project siting and design

• To the maximum extent practicable site and design projects to avoid impacts to vegetation types, unique plant assemblages, climate refugia 
as well as occupied habitat and suitable habitat for Focus and BLM Special Status Species (see “avoid to the maximum extent practicable” in 
Glossary of Terms). 

Yes   The Project would implement measures to minimize surface disturbance and vegetation disturbance would be avoided to the 
maximum extent possible per the Plan of Operations (SMP 2021) and the PDFs included in Appendix F. Special status plant and wildlife 
species are analyzed within the EA. Additional measures under this CMA, as applicable and determined by the BLM, would be 
implemented. 

    • The siting of projects along the edges (i.e. general linkage border) of the biological linkages identified in Appendix D (Figures D-1 and D-2) will 
be configured (1) to maximize the retention of microphyll woodlands and their constituent vegetation type and inclusion of other physical and 
biological features conducive to Focus and BLM Special Status Species’ dispersal, and (2) informed by existing available information on modeled 
focus and BLM Special Status Species habitat and element occurrence data, mapped delineations of vegetation types, and based on available 
empirical data, including radio telemetry, wildlife tracking sign, and road-kill information. Additionally, projects will be sited and designed to 
maintain the function of F Special Status Species connectivity and their associated habitats in the following linkage and connectivity areas:

    o   Within a 5-mile-wide linkage across Interstate 10 centered on Wiley’s Well Road to connect the Mule and McCoy mountains (the majority of 
this linkage is within the Chuckwalla ACEC and Mule-McCoy Linkage ACEC) .

    o   Within a 3-mile-wide linkage across Interstate 10 to connect the Chuckwalla and Palen mountains.
    o   Within a 1.5-mile-wide linkage across Interstate 10 to connect the Chuckwalla Mountains to the Chuckwalla Valley east of Desert Center.

    o   The confluence of Milpitas Wash and Colorado River floodplain within 2 miles of California State Route 78 (this linkage is entirely within the 
Chuckwalla ACEC) .

    • Delineate the boundaries of areas to be disturbed using temporary construction fencing and flagging prior to construction and confine 
disturbances, project vehicles, and equipment to the delineated project areas to protect vegetation types and focus and BLM Special Status 
Species.

    • Long-term nighttime lighting on project features will be limited to the minimum necessary for project security, safety, and compliance with 
Federal Aviation Administration requirements and will avoid the use of constant-burn lighting.

    • All long-term nighttime lighting will be directed away from riparian and wetland vegetation, occupied habitat, and suitable habitat areas for 
Focus and BLM Special Status Species. Long- term nighttime lighting will be directed and shielded downward to avoid interference with the 
navigation of night-migrating birds and to minimize the attraction of insects as well as insectivorous birds and bats to project infrastructure.

    • To the maximum extent practicable (see Glossary of Terms), restrict construction activity to existing roads, routes, and utility corridors to 
minimize the number and length/size of new roads, routes, disturbance, laydown, and borrow areas.

    • To the maximum extent practicable (see Glossary of Terms), confine vehicular traffic to designated open routes of travel to and from the 
project site, and prohibit, within project boundaries, cross- country vehicle and equipment use outside of approved designated work areas to 
prevent unnecessary ground and vegetation disturbance.
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                      • To the maximum extent practicable(see Glossary of Terms) , construction of new roads and/or routes will be avoided within Focus and BLM 
Special Status Species suitable habitat within identified linkages for those Focus and BLM Special Status Species, unless the new road and/or 
route is beneficial to minimize net impacts to natural or ecological resources of concern. These areas will have a goal of “no net gain” of project 
roads and/or routes

    • To the maximum extent practicable (see Glossary of Terms), any new road and/or route considered within Focus and BLM Special Status 
Species suitable habitat within identified linkages for those Focus and BLM Special Status Species will not be paved so as not to negatively affect 
the function of identified linkages.

    •  Use nontoxic road sealants and soil stabilizing agents.
Biology: General 
Standard Practices
  

LUPA-BIO-14

  

Implement the following general standard practices to protect Focus and BLM Special Status Species:

• Feeding of wildlife, leaving of food or trash as an attractive nuisance to wildlife, collection of native plants, or harassing of wildlife on a site is 
prohibited.

Yes   A worker education program, food/trash abatement measures, domestic pet prohibition, wildlife entrapment protective measures, 
and minimizing vegetative disturbance would be implemented per the PDFs in Appendix F; therefore, this CMA would not be required 
in addition to the proposed PDFs. 

    • Any wildlife encountered during the course of an activity, including construction, operation, and decommissioning will be allowed to leave the 
area unharmed.

    • Domestic pets are prohibited on sites. This prohibition does not apply to the use of domestic animals (e.g., dogs) that may be used to aid in 
official and approved monitoring procedures/protocols, or service animals (dogs) under Title II and Title III of the American with Disabilities Act.

    • All construction materials will be visually checked for the presence of wildlife prior to their movement or use. Any wildlife encountered during 
the course of these inspections will be allowed to leave the construction area unharmed.

    • All steep-walled trenches or excavations used during the project will be covered, except when being actively used, to prevent entrapment of 
wildlife. If trenches cannot be covered, they will be constructed with escape ramps, following up-to-date design standards to facilitate and 
allow wildlife to exit, or wildlife exclusion fencing will be installed around the trench(s) or excavation(s). Open trenches or other excavations 
will be inspected by a designated biologist immediately before backfilling, excavation, or other earthwork.

    •  Minimize natural vegetation removal through implementation of crush and drive or cut or mow vegetation rather than removing entirely.

  LUPA-BIO-15 Use state-of-the-art, as approved by BLM, construction and installation techniques, appropriate for the specific activity/project and site, that 
minimize new site disturbance, soil erosion and deposition, soil compaction, disturbance to topography, and removal of vegetation.

Yes   The Project is designed to minimize impacts, and additonal measures would be implemented as appropriate as determined by the 
BLM; therefore, this CMA is a duplication of the PDFs already included within Appendix F and therefore would not be required for 
implementation.

Activity-Specific Bird and 
Bat CMAs 

LUPA-BIO-16 For activities that may impact Focus and BLM sensitive birds, protected by the ESA and/or Migratory Bird Treaty Act of 1918, and bat species, 
implement appropriate measures as per the most up-to-date BLM state and national policy and guidance, and data on birds and bats, including 
but not limited to activity specific plans and actions. The goal of the activity -specific bird and bat actions is to avoid and minimize direct 
mortality of birds and bats from the construction, operation, maintenance, and decommissioning of the specific activities. 

Yes   SMP has committed to implement species-specific avoidance buffers around raptor and migratory bird nests as well as bat maternity 
roosts as described within Chapter 3 of the EA and within the PDFs in Appendix F. Further mitigation would not be necessary in 
addition to the PDFs; therefore, this CMA would not be required to be implemented in addition to the proposed PDFs in Appendix F. 

    Activity-specific measures to avoid and minimize impacts may include, but are not limited to:   
    • Siting and designing activities will avoid high bird and bat movement areas that separate birds and bats from their common nesting and 

roosting sites, feeding areas, or lakes and rivers.
  

    • For activities that impact bird and bat Focus and BLM Special Status Species, during project siting and design, conducting monitoring of bird 
and bat presence as well as bird and bat use of the project site using the most current survey methods and best procedures available at the 
time. 

  

    • Reusing or co-locating new transmission facilities and other ancillary facilities with existing facilities and disturbed areas to reduce habitat 
destruction and avoid additional collision risks.

    • Reducing bird and bat collision hazards by utilizing techniques such as unguyed monopole towers or tubular towers. Where the use of 
guywires is unavoidable, demarcate guywires using the best available methods to minimize avian species strikes. 

    • When fencing is necessary, use bird and bat compatible design standards.
    • Using lighting that does not attract birds and bats or their prey to project sites including using non-steady burning lights (red, dual red and 

white strobe, strobe- like flashing lights) to meet Federal Aviation Administration requirements, using motion or heat sensors and switches to 
reduce the time when lights are illuminated, using appropriate shielding to reduce horizontal or skyward illumination, and avoiding the use of 
high-intensity lights (e.g., sodium vapor, quartz, and halogen).

    • Implementing a robust monitoring program to regularly check for wildlife carcasses, document the cause of mortality, and promptly remove 
the carcasses.

    •  Incorporating a bird and bat use and mortality monitoring program during operations using current protocols and best procedures available 
at time of monitoring

Activity-Specific Bird and 
Bat CMAs 

LUPA-BIO-17 For activities that may result in mortality to Focus and BLM Special–Status bird and bat species, a Bird and Bat Conservation Strategy (BBCS) will 
be prepared with the goal of assessing operational impacts to bird and bat species and incorporating methods to reduce documented 
mortality. The BBCS actions for impacts to birds and bats during these activities will be determined by the activity-specific bird and bat 
operational actions. The strategy shall be approved by BLM in coordination with USFWS, and CDFW as appropriate, and may include, but is not 
limited to: 

Yes SMP has committed to implement species-specific avoidance buffers around raptor and migratory bird nests as well as bat maternity 
roosts, and measures to minimize wildlife mortalities, as described within Chapter 3 of the EA and within the PDFs in Appendix F. 
Further mitigation would not be necessary in addition to the PDFs; therefore, this CMA would not be required to be implemented in 
addition to the proposed PDFs in Appendix F. 

    • Incorporating a bird and bat use and mortality monitoring program during operations using current protocols and best procedures available 
at time of monitoring. 

    • Activity-specific operational avoidance and minimization actions that reduce the level of mortality on the populations of bird and bat species, 
such as:

    o   Use techniques that minimize attraction of birds to hazardous situations that are mistaken to be or simulate natural habitats (e.g., bodies of 
water).

    o   Implement operational management techniques that minimize impacts to migratory birds during diurnal and seasonal cycles (e.g., 
positioning of heliostats to decrease surface area exposed to avian species).

    o   Evaluation and installation of the best available bird and bat detection and deterrent technologies available at the time of construction. 

    Known important Focus and BLM Special Status bird areas are:
    • Dry lakes and playas of the north Mojave region, which include China Lake, Koehn Lake, Harper Lake, and Searles Lake (as shown in the 

Audubon Important Bird Areas in Appendix D)
    • Antelope Valley (as shown in the Audubon Important Bird Areas in Appendix D)
    • Lower Colorado River Valley (as shown in the Audubon Important Bird Areas in Appendix D)
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                      • The Salton Sea and bordering areas including agricultural land of the Imperial Valley (as shown in the Audubon Important Bird Areas in 
Appendix D)

    • Documented avian movement corridors along the north slope of the San Gabriel and San Bernardino mountain ranges
    •  Other regionally important seasonal use areas and migratory corridors identified in future studies or otherwise documented in the scientific 

literature over the term of the LUPA 
    The following provides the DRECP vegetation type, and Focus and BLM Special Status Species biological CMAs to be implemented throughout   

the LUPA Decision Area.
  

    Riparian and Wetland Vegetation Types and Associated Species (RIPWET)     
    Riparian Vegetation Types 
    • Madrean Warm Semi-Desert Wash Woodland/Scrub
    • Mojavean Semi-Desert Wash Scrub
    • Sonoran-Coloradan Semi-Desert Wash Woodland/Scrub
    • Southwestern North American Riparian Evergreen and Deciduous Woodland
    •  Southwestern North American Riparian/Wash Scrub
    Wetland Vegetation Types 
    • Arid west freshwater emergent marsh
    • Californian Warm Temperate Marsh/Seep
    • North American Warm Desert Alkaline Scrub and Herb Playa and Wet Flat
    •  Southwestern North American Salt Basin and High Marsh
    Riparian and Wetland Bird Focus Species 
    • Willow Flycatcher
    • Southwestern Willow Flycatcher
    • Least Bell’s Vireo
    • Western Yellow-billed Cuckoo
    • Yuma Clapper Rail
    • California Black Rail
    •  Tricolored Blackbird
    Fish Focus Species 
    • Desert pupfish
    • Mohave Tui Chub
    • Owens Tui Chub
    •  Owens Pupfish
Other Riparian & 
Wetland Focus Species: 
Tehachapi Slender 
Salamander

LUPA-BIO-RIPWET-1 The riparian and wetland DRECP vegetation types and other features listed in Table 17 will be avoided to the maximum extent practicable, 
except for allowable minor incursions (see Glossary of Terms for “avoidance to the maximum extent practicable” and “minor incursion”) with 
the specified setbacks.

No Resource not found on the project site There is no riparian or wetland vegetation present within the Project Area.

    For minor incursion (see “minor incursion” in the Glossary of Terms) to the DRECP riparian vegetation types, wetland vegetation types, or 
encroachments on the setbacks listed in Table 17, the hydrologic function of the avoided riparian or wetland communities will be maintained.

    •  Minor incursions in the riparian and wetland vegetation types or other features including the setbacks listed in Table 17 will occur outside of 
the avian nesting season, February 1 through August 31 or otherwise determined by BLM, USFWS and CDFW if the minor incursion(s) is likely to
result in impacts to nesting birds.

 

  LUPA-BIO-RIPWET-2 Hydrologic function of the following DRECP vegetation types will be maintained: North American Warm Desert Alkaline Scrub and Herb Playa 
and Wet Flat, Southwestern North American Salt Basin and High Marsh, and other undifferentiated wetland-related land covers (i.e., “Playa,” 
“Wetland,” and “Open Water”). 

No Resource not found on the project site There is no riparian or wetland vegetation present within the Project Area.

BLM Special Status 
Riparian Bird Species

LUPA-BIO-RIPWET-3 For activities that occur within 0.25 mile of a riparian or wetland DRECP vegetation type and may impact BLM Special Status riparian and 
wetland birds species, conduct a pre-construction/activity nesting bird survey for BLM Special Status riparian and wetland birds according to 
agency-approved protocols.

No Project is not located in or near the area specified in 
the CMA. 

There is no riparian or wetland vegetation present within the Project Area.

    •  Based on the results of the nesting bird survey above, setback activities that are likely to impact BLM Special Status riparian and wetland bird 
species, including but not limited to pre-construction, construction and decommissioning, 0.25 mile from active nests Special Status during the 
breeding season (February 1 through August 31 or otherwise determined by BLM, USFWS and CDFW). For activities in areas covered by this 
provision that occur during the breeding season and that last longer than one week, nesting bird surveys may need to be repeated, as 
determined by BLM, in coordination with USFWS and CDFW, as appropriate. No pre-activity nesting bird surveys are necessary for activities 
occurring outside of the breeding season. 

Federally Listed Fish 
Species

LUPA-BIO-RIPWET-4 Setback pre-construction, construction, and decommissioning activities and other activities that may impact federally listed fish species, 0.25 
mile from the edge of existing or newly discovered occurrences of federally listed fish species, except for minor incursions (see Glossary of 
Terms).

No Resource not found on the project site There are no fish species present within the Project Area. 

    •  Demonstrate neutral or beneficial long-term hydrologic effects on federally listed fish species and the adjoining riparian and wetland habitat 
prior to seeking authorization for and commencing a minor incursion. 

  LUPA-BIO-RIPWET-5 Site and design activities to fully avoid operational impacts to existing and newly discovered occurrences of federally listed fish species. No Resource not found on the project site There are no fish species present within the Project Area. 

Tehachapi Slender 
Salamander

LUPA-BIO-RIPWET-6 Avoid pre-construction, construction, and decommissioning activities or other activities that may impact the Tehachapi slender salamander 
within 0.25 mile of existing or newly discovered occurrences of or suitable habitat for Tehachapi slender salamander, except for minor 
incursions (see Glossary of Terms).

No Project not within the range or habitat of this species. The Tehachapi Slender Salamander does not occur within BLM El Centro Field Office-administered lands.

  LUPA-BIO-RIPWET-7 Construct culverts or other suitable below-grade crossings for new or improved roadways that bisect suitable habitat for the Tehachapi Slender 
Salamander.

No Project not within the range or habitat of this species. The Tehachapi Slender Salamander does not occur within BLM El Centro Field Office-administered lands.

    •  Construct barriers to reduce at-grade crossings along new or improved roadways that bisect suitable habitat.
Dune DRECP Vegetation 
Types, Aeolian Processes 
and Associated Species 
(DUNE): Aeolian 
Processes

LUPA-BIO-DUNE-1 Because DRECP sand dune vegetation types and Aeolian sand transport corridors are, by definition, shifting resources, activities that potentially 
occur within or bordering the sand dune DRECP vegetation types and/or Aeolian sand transport corridors must conduct studies to verify the 
location [refer to Appendix D, Figure D-7] and extent of the sand resource(s) for the activity-specific environmental analysis to determine:

No Project is not located in or near the area specified in 
the CMA. 

There are no Aeolian sand transport corridors within or in the vicinity of the Project Area.
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• Whether the proposed activity(s) occur within a sand dune or an Aeolian sand transport corridor
• If the activity(s) is subject to dune/Aeolian sand transport corridor CMAs
•  If the activity(s) needs to be reconfigured to satisfy applicable avoidance requirements

  LUPA-BIO-DUNE-2

    

    

    

Activities that potentially affect the amount of sand entering or transported within Aeolian sand transport corridors will be designed and 
operated to:
• Maintain the quality and function of Aeolian transport corridors and sand deposition zones, unless related to maintenance of existing [at the 
time of the DRECP LUPA ROD] facilities/operations/activities
• Avoid a reduction in sand-bearing sediments within the Aeolian system 
•  Minimize mortality to DUNE associated Focus and BLM Special Status Species

No Project is not located in or near the area specified in 
the CMA. 

There are no Aeolian sand transport corridors within or in the vicinity of the Project Area.

  LUPA-BIO-DUNE-3 Any facilities or activities that alter site hydrology (e.g., sediment barrier) will be designed to maintain continued sediment transport and 
deposition in the Aeolian corridor in a way that maintains the Aeolian sorting and transport to downwind deposition zones. Site designs for 
maintaining this transport function must be approved by BLM in coordination with USFWS and CDFW as appropriate.

No Project is not located in or near the area specified in 
the CMA. 

There are no Aeolian sand transport corridors within or in the vicinity of the Project Area.

Mohave Fringe-Toed 
Lizard

  

LUPA-BIO-DUNE-4

  

Dune formations and other sand accumulations (i.e., sand ramps, sand sheets) with suitable habitat characteristics for the Mojave fringe-toed 
lizard (i.e., unconsolidated blow-sand) will be mapped according to mapping standards established by the BLM National Operations Center.

For minor incursions (see “minor incursion” in the Glossary of Terms) into sand dunes and sand transport areas the activity will be sited in the 
mapped zone with the least impacts to sand dunes and sand transport and Mojave fringe-toed lizards.

No Project not within the range or habitat of this species. The Mohave Fringe-Toed Lizard does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-DUNE-5 If suitable habitat characteristics are identified during the habitat assessment, clearance surveys (see Glossary of Terms) for Mojave fringe-toed 
lizard will be performed in suitable habitat areas.

No Project not within the range or habitat of this species. The Mohave Fringe-Toed Lizard does not occur within BLM El Centro Field Office-administered lands. 

    

    

    

    

The following CMAs will be implemented for bat Focus and BLM Special Status Species, including but not limited to those listed below:

• California Leaf-nosed Bat
• Pallid Bat
•  Townsend’s Big-eared Bat

  

  
  
  

  

  
  
  

  

  
  
  

Bat Species (BAT) LUPA-BIO-BAT-1 Activities, except wind projects, will not be sited within 500 feet of any occupied maternity roost or presumed occupied maternity roost as 
described below. Refer to CMA DFA-VPL-BIO-BAT-1 for distances within DFAs and VPLs.

Yes   The Project would include a PDF to implement a 500-foot avoidance buffer of bat maternity roosts during the bat maternity season, as 
specified in the PDFs in Appendix F. This CMA would not be required to be implemented as it is a duplicate of the already proposed 
PDFs.

  LUPA-BIO-BAT-2 Mines will be assumed to be occupied bat roosts, unless appropriate surveys for bat use have been conducted during all seasons (including 
maternity, lekking or swarming, and winter use). Mines not considered potential bat roosts are only those that have no structure/workings 
(adits or shafts or crevices out of view).

Yes   The Project would include a PDF to implement a 500-foot avoidance buffer of bat maternity roosts during the bat maternity season, as 
specified in the PDFs in Appendix F. This CMA would not be required to be implemented as it is a duplicate of the already proposed 
PDFs.

  

  
  
  
  
  
  
  
  
  
  

  

  

  

  

  

  

  

  

  

  

  

The following CMAs will be implemented for all plant Focus and BLM Special Status Species, including but not limited to those listed below

• Alkali mariposa-lily
• Bakersfield cactus
• Barstow woolly sunflower
• Desert cymopterus
• Little San Bernardino Mountains linanthus
• Mojave monkeyflower
• Mojave tarplant
• Owens Valley checkerbloom
• Parish’s daisy
•  Triple-ribbed milk-vetch

  

  
  
  
  
  
  
  
  
  
  

  

  
  
  
  
  
  
  
  
  
  

  

  
  
  
  
  
  
  
  
  
  

Plant Species (PLANT): 
Plant Focus and BLM 
Special Status Species 
CMAs

LUPA-BIO-PLANT-1 Conduct properly timed protocol surveys in accordance with the BLM’s most current (at time of activity) survey protocols for plant Focus and 
BLM Special Status Species. 

Yes   A habitat assessment was conducted during the 2021 biological survey and the resulting report was approved by the BLM. The 
Biological Resources Assessment is included within Appendix E of the EA and is on file with the BLM El Centro Field Office. Further 
mitigation would not be necessary in addition to the PDFs and an additional habitat assessment would not be required; therefore, this 
CMA would not be required for implementation.

  LUPA-BIO-PLANT-2 Implement an avoidance setback of 0.25 mile for all Focus and BLM Special Status Species occurrences. Setbacks will be placed strategically 
adjacent to occurrences to protect ecological processes necessary to support the plant Species (see Appendix Q, Baseline Biology Report, in the 
Proposed LUPA and Final EIS [2015], or the most recent data and modeling).

Yes No avoidance buffers for special status plants have been identified. Should special status plants be identified upon Project surface 
occupancy, this CMA would be implemented in addition to the PDFs and mitigation measures in Appendix F. 

  

  

LUPA-BIO-PLANT-3

  

Impacts to suitable habitat for Focus and BLM Special Status plant species should be avoided to the extent feasible, and are limited [capped] to 
a maximum of 1% of their suitable habitat throughout the entire LUPA Decision Area. The baseline condition for measuring suitable habitat is 
the DRECP modeled suitable habitat for these species utilized in the EIS analysis (2014 and 2015), or the most recent suitable habitat modeling.

• For those plants with Species Specific DFA Suitable Habitat Impact Caps listed in Table 23, those caps apply in the DFAs only. Refer to CMA 
DFA-PLANT-1.

No Project is not located in or near the area specified in 
the CMA. 

Ground disturbance caps do not apply to mining and mineral exploration projects. 

Special Vegetation 
Features (SVF)

LUPA-BIO-SVF-1 For activity-specific NEPA analysis, a map delineating potential sites and habitat assessment of the following special vegetation features is 
required: Yucca clones, creosote rings, Saguaro cactus, Joshua tree woodland, microphyll woodland, Crucifixion thorn stands. BLM guidelines 
for mapping/surveying cactus, yuccas, and succulents shall be followed.

Yes Resource not found on the project site Special status vegetation species specified have not been identified within the Project Area; however a habitat assessment identified 
some limited areas of microphyll woodland, however, direct impacts from project disturbance to this habitat is not anticipated. Pre-
construction surveys would occur prior to any surface disturbing activities as outlined in the measures in Appendix F of the EA/MND, 
and this CMA would be implemented as necessary in coordination with the BLM.

  LUPA-BIO-SVF-2 Yucca clones larger than 3 meters in diameter (longest diameter if the clone forms an ellipse rather than a circular ring) shall be avoided. No Resource not found on the project site This species is not present within the Project Area. 

  LUPA-BIO-SVF-3 Creosote bush rings (see Glossary of Terms) larger than 5 meters in diameter (longest diameter if the “ring” forms an ellipse rather than a 
circle) shall be avoided. 

No Resource not found on the project site This species is not present within the Project Area. 

  LUPA-BIO-SVF-4 Saguaro cactus should be managed in such a way as to provide long-term habitat for the California populations not just individual plants, 
except in DFAs. 

No Resource not found on the project site This species is not present within the Project Area. 

  LUPA-BIO-SVF-5 Joshua tree woodland (Yucca brevifolia  Woodland Alliance): impacts to Joshua tree woodlands (see Glossary of Terms) will be avoided to the 
maximum extent practicable (see Glossary of Terms), except for minor incursions (see Glossary of Terms). 

No Project not within the range or habitat of this species. Joshua trees do not occur within BLM El Centro Field Office-administered lands. 
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             LUPA-BIO-SVF-6 Microphyll woodland: impacts to microphyll woodland (see Glossary of Terms) will be avoided, except for minor incursions (see Glossary of 
Terms). 

Yes   There are very limited microphyll woodland occurrences within the Project Area; however, if identifed upon Project surface occupancy,       
this CMA would be implemented. 

  LUPA-BIO-SVF-7 Crucifixion thorn stands: (Castela emoryi  Shrubland Special Stands) Crucifixion thorn stands with greater than 100 individuals will be avoided. No Resource not found on the project site This species is not present within the Project Area. 

General Vegetation 
Management (VEG)

LUPA-BIO-VEG-1 Management of cactus, yucca, and other succulents will adhere to current up-to-date BLM policy. Yes   Any  potential disturbance would be minimized per the measures in the Reclamation Plan. This CMA would be implemented should 
additional measures be determined necessary by the BLM for impact minimization to these species. 

  LUPA-BIO-VEG-2 Promote appropriate levels of dead and downed wood on the ground, outside of campground areas, to provide wildlife habitat, seed beds for 
vegetation establishment, and reduce soil erosion, as determined appropriate on an activity-specific basis. 

Yes The detailed Reclamation Plan has been submitted to the Imperial County Planning Department and is under review with the California 
Divison of Mining and Reclamation, which identifies appropriate measures using existing dead/downed wood; however, this CMA 
would be required to be implemented for appropriate monitoring. 

  LUPA-BIO-VEG-3 Allow for the collection of plant material consistent with the maintenance of natural ecosystem processes. No Land use does not occur on project site. The Project would not involve collection of plant material. 
  LUPA-BIO-VEG-4 Within the Bishop Field Office area, provide yearlong protection of endangered, threatened, candidate, and sensitive plant and animal habitats. 

Yearlong protection means that no discretionary actions which would adversely affect target resources will be allowed.
No Project is not located in or near the area specified in 

the CMA. 
This CMA is specific to the Bishop Field Office. 

  LUPA-BIO-VEG-5 All activities will follow applicable BLM state and national regulations and policies for salvage and transplant of cactus, yucca, other succulents, 
and BLM Sensitive plants. 

No Land use does not occur on project site. No salvage or transplant of cactus, yucca, other succulents, or BLM Senstive Species would occur under the Project. 

  LUPA-BIO-VEG-6 BLM may consider disposal of succulents through public sale, as per current up-to-date state and national policy. No Land use does not occur on project site. The Project would not involve disposal of succulents through public sale. 
Individual Focus Species 
(IFS): Desert Tortoise

LUPA-BIO-IFS-1 Activities within desert tortoise linkages, identified in Appendix D, that may have a negative impact on the linkage will require an evaluation, in 
the environmental document(s), of the effects on the maintenance of long- term viable desert tortoise populations within the affected linkage. 
The analysis will consider the amount of suitable habitat, including climate refugia, required to ensure long-term viability within each linkage 
given the linkage’s population density, long-term demographic and genetic needs, degree of existing habitat disturbance/impacts, mortality 
sources, and most up-to-date population viability modeling. Activities that would compromise the long-term viability of a linkage population or 
the function of the linkage, as determined by the BLM in coordination with USFWS and CDFW, are prohibited and will require reconfiguration 
or re-siting.

No Project is not located in or near the area specified in 
the CMA. 

The Project would not occur within desert tortoise linkages. 

  LUPA-BIO-IFS-2 Construction of new roads and/or routes will be avoided to the maximum extent practicable (see Glossary of Terms) within desert tortoise 
habitat in tortoise conservation areas (TCAs) or tortoise linkages identified in Appendix D, unless the new road and/or route is beneficial to 
minimize net impacts to natural or ecological resources of concern for desert tortoise. TCAs and identified linkages should have the goal of “no 
net gain” of road density.

No Project is not located in or near the area specified in 
the CMA. 

The Project would not occur within a Tortoise Conservation Area. 

    Any new road considered within a TCA or identified linkage will not be paved and will be designed and sited to minimize the effect to the 
function of identified linkages or local desert tortoise populations and shall have a maximum speed limit of 25 miles per hour.

    Roads requiring the installation of long-term desert tortoise exclusion fencing for construction or operation will incorporate wildlife 
underpasses (e.g., culverts) to reduce population fragmentation.

  LUPA-BIO-IFS-3 All culverts for access roads or other barriers will be designed to allow unrestricted access by desert tortoises and will be large enough that 
desert tortoises are unlikely to use them as shelter sites (e.g., 36 inches in diameter or larger). Desert tortoise exclusion fencing may be utilized 
to direct tortoise use of culverts and other passages.

No Land use does not occur on project site. No culverts would be constructed under the Project. Barriers would be installed to prevent unauthorized vehicular traffic from 
interfering with the reclamation of access roads. Conceptual locations of the planned safety barriers (or berms) are depicted in Figures 
3b and 3g of the Plan of Operations and would be approximately 6 feet in height. Barriers would be temporary and would not have the 
length to restrict access by desert tortoises.

  LUPA-BIO-IFS-4 In areas where protocol and clearance surveys are required (see Appendix D), prior to construction or commencement of any long-term activity 
that is likely to adversely affect desert tortoises, desert tortoise exclusion fencing shall be installed around the perimeter of the activity 
footprint (see Glossary of Terms) in accordance with the Desert Tortoise Field Manual (USFWS 2009) or most up-to- date USFWS protocol. 
Additionally, short-term desert tortoise exclusion fencing will be installed around short-term construction and/or activity areas (e.g., staging 
areas, storage yards, excavations, and linear facilities), as appropriate, per the Desert Tortoise Field Manual (USFWS 2009) or most up-to-date 
USFWS protocol. 

Yes A BLM-qualified biologist and/or field contact representative would be present (March 15 - November 1) to oversee compliance with 
protective measures per the PDFs in Appendix F. Exclusionary fencing would be required to prevent desert tortoise crossings and 
collisions per the mitigation measures in Appendix F. This CMA would not be required to be implemented as it would duplicate the 
existing PDFs and BLM-required mitigation. 

    • Exemption from desert tortoise protocol survey requirements can be obtained from BLM, in coordination with USFWS, and CDFW as 
applicable, on a case-by-case basis if a designated biologist determines the activity site does not contain the elements of desert tortoise habitat, 
is unviable for occupancy, or if baseline studies inferred absence during the current or previous active season.

    • Construction of desert tortoise exclusion fences will occur during the time of year when tortoise are less active in order to minimize impacts 
and to accommodate subsequent desert tortoise surveys. Any exemption or modification of desert tortoise exclusion fencing requirements will 
be based on the specifics of the activity and the site-specific population and habitat parameters. Sites with low population density and 
disturbed, fragmented, or poor habitat are likely to be candidates for fencing requirement exemptions or modifications. Substitute measures, 
such as on-site biological monitors in the place of the fencing requirement, may be required, as appropriate. 

    • After an area is fenced, and until desert tortoises are removed, the designated biologist is responsible for ensuring that desert tortoises are 
not being exposed to extreme temperatures or predators as a result of their pacing the fence. Remedies may include the use of shelter sites 
placed along the fence, immediate translocation, removal to a secure holding area, or other means determined by the BLM, USFWS, and CDFW, 
as applicable.

    • Modification or elimination of the above requirement may also be approved if the activity design will allow retention of desert tortoise 
habitat within the footprint. If such a modification is approved, modified protective measures may be required to minimize impacts to desert 
tortoises that may reside within the activity area. 

    • Immediately prior to desert tortoise exclusion fence construction, a designated biologist (see Glossary of Terms) will conduct a clearance 
survey of the fence alignment to clear desert tortoises from the proposed fence line’s path.

    • All desert tortoise exclusion fencing will incorporate desert tortoise proof gates or other approved barriers to prevent access of desert 
tortoises to work sites through access road entry points.

    • Following installation, long-term desert tortoise exclusion fencing will be inspected for damage quarterly and within 48 hours of a surface 
flow of water due to a rain event that may damage the fencing.

    •  All damage to long-term or short-term desert tortoise exclusion fencing will be immediately blocked to prevent desert tortoise access and 
repaired within 72 hours.
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LUPA-BIO-IFS-5

  

Following the clearance surveys (see Glossary of Terms) within sites that are fenced with long-term desert tortoise exclusion fencing a 
designated biologist (see Glossary of Terms) will monitor initial clearing and grading activities to ensure that desert tortoises missed during the 
initial clearance survey are moved from harm’s way.
A designated biologist will inspect construction pipes, culverts, or similar structures: (a) with a diameter greater than 3 inches, (b) stored for 
one or more nights, (c) less than 8 inches aboveground and (d) within desert tortoise habitat (such as, outside the long-term fenced area), 
before the materials are moved, buried, or capped.

Yes A BLM-qualified biologist and/or field contact representative would be present (March 15 - November 1) to oversee compliance with      
protective measures per the PDFs in Appendix F. Exclusionary fencing would be required to prevent desert tortoise crossings and 
collisions per the mitigation measures in Appendix F. This CMA would not be required to be implemented as it would duplicate the 
existing PDFs and BLM-required mitigation. 

    As an alternative, such materials shall be capped before storing outside the fenced area or placing on pipe racks. Pipes stored within the long-
term fenced area after completing desert tortoise clearance surveys will not require inspection.

  LUPA-BIO-IFS-6 When working in areas where protocol or clearance surveys are required (see Appendix D), biological monitoring will occur with any 
geotechnical boring or geotechnical boring vehicle movement to ensure no desert tortoises are killed or burrows are crushed.

No Land use does not occur on project site. Geotechnical testing would not be utilized under the Project within the Project Area. 

  LUPA-BIO-IFS-7 A designated biologist (see Glossary of Terms) will accompany any geotechnical testing equipment to ensure no tortoises are killed and no 
burrows are crushed. 

No Land use does not occur on project site. Geotechnical boring would not occur under the Project within the Project Area. 

  LUPA-BIO-IFS-8 Inspect the ground under the vehicle for the presence of desert tortoise any time a vehicle or construction equipment is parked in desert 
tortoise habitat outside of areas fenced with desert tortoise exclusion fencing. If a desert tortoise is seen, it may move on its own. If it does not 
move within 15 minutes, a designated biologist may remove and relocate the animal to a safe location. 

Yes   Specific protective measures for tortoises under vehicles are included in the PDFs in Appendix F. If desert tortoise are encountered 
during construction activities, work would be halted until a BLM-approved Qualified Biologist arrives to relocate the animal. No further 
mitigation would be required; therefore, this CMA would not be required to be implemented as it would duplicate the existing PDFs. 

  LUPA-BIO-IFS-9 Vehicular traffic will not exceed 15 miles per hour within the areas not cleared by protocol level surveys where desert tortoise may be 
impacted. 

Yes   The PDFs included in Appendix F state that vehicles would not exceed 20 miles per hour within the Project Area; therefore, this CMA 
would be implemented for areas that have not been cleared by pre-clearance surveys where desert tortoise may be impacted.

Flat-Tailed Horned Lizard LUPA-BIO-IFS-10 Comply with the conservation goals and objectives, criteria, and management planning actions identified in the most recent revision of the Flat-
tailed Horned Lizard Rangewide Management Strategy (RMS). Activities will include appropriate design features using the most current 
information from the RMS and RMS Interagency Coordinating Committee to minimize adverse impacts during siting, design, pre-construction, 
construction, operation, and decommissioning; ensure that current or potential linkages and habitat quality are maintained; reduce mortality; 
minimize other adverse impacts during operation; and ensure that activities have a neutral or positive effect on the species.

No Resource not found on the project site Habitat is not included in the DRECP FTHL species distribution model or identified occurrences and this species has not been 
documented within the Project Area. 

Bendire’s Thrasher LUPA-BIO-IFS-11 If Bendire’s thrasher is present, conduct appropriate activity-specific biological monitoring (see Glossary of Terms) to ensure that Bendire’s 
thrasher individuals are not directly affected by operations (i.e., mortality or injury, direct impacts on nest, eggs, or fledglings).

No Resource not found on the project site Habitat is not included in the DRECP FTHL species distribution model or identified occurrences and this species has not been 
documented within the Project Area. 

Burrowing Owl LUPA-BIO-IFS-12 If burrowing owls are present, a designated biologist (see Glossary of Terms) will conduct appropriate activity-specific biological monitoring 
(see Glossary of Terms) to ensure avoidance of occupied burrows and establishment of the 656 feet (200 meter) setback to sufficiently 
minimize disturbance during the nesting period on all activity sites, when practical.

Yes There is a low potential for occurrence within the Project Area; however, should burrowing owls be identified during pre-clearance 
surveys, this CMA would be implemented in additional the PDFs and mitigation measures in Appendix F. 

  LUPA-BIO-IFS-13 If burrows cannot be avoided on-site, passive burrow exclusion by a designated biologist (see Glossary of Terms) through the use of one-way 
doors will occur according to the specifications in Appendix D or the most up-to-date agency BLM or CDFW specifications. Before exclusion, 
there must be verification that burrows are empty as specified in Appendix D or the most up-to-date BLM or CDFW protocols. Confirmation 
that the burrow is not currently supporting nesting or fledgling activities is required prior to any burrow exclusions or excavations.

Yes   There is a low potential for occurrence within the Project Area; however, should burrowing owls be identified during pre-clearance 
surveys, this CMA would be implemented in additional the PDFs and mitigation measures in Appendix F. 

  LUPA-BIO-IFS-14 Activity-specific active translocation of burrowing owls may be considered, in coordination with CDFW. Yes   There is a low potential for occurrence within the Project Area; however, should burrowing owls be identified during pre-clearance 
surveys, this CMA would be implemented in additional the PDFs and mitigation measures in Appendix F. 

California Condor LUPA-BIO-IFS-15 All activities will be designed and sited in a manner to avoid or minimize the likelihood of contact, injury, and mortality of California condors. If 
a condor is identified at a site, the BLM biological staff and USFWS will be immediately notified for guidance.

No Project not within the range or habitat of this species. The California Condor does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-16 Flight activity (e.g., surveys, construction, as well as operation and maintenance activities) related to any activities will not be allowed in the 
airspace extending to 3,000 feet above condor nest sites.

No Project not within the range or habitat of this species. The California Condor does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-17 In the range of the California condor, 
appropriate spacing intervals.

structures supported by guy wires will be marked with recommended bird deterrent devices at the No Project not within the range or habitat of this species. The California Condor does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-18 In the range of the California condor, all equipment and work-related materials that are potentially hazardous to condors, including but not 
limited to items that can be ingested, picked up, or carried away (e.g., loose-wires, open containers with fluids, some construction materials, 
etc.) will be kept in closed containers either in the work area or placed inside vehicles when they are not being used and at the end of every 
work day.

No Project not within the range or habitat of this species. The California Condor does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-19 In the range of the California condor, when feasible, ethylene glycol-based anti-freeze or other ethylene glycol-based liquid substances will be 
avoided, and propylene glycol-based antifreeze will be used. Vehicles and equipment using ethylene glycol based substances will be inspected 
before and after field use as well as during storage on sites for leaks and puddles. Standing fluid will be remediated without unnecessary delay.

No Project not within the range or habitat of this species. The California Condor does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-20 Activities that are determined to have a potential risk of taking condors will implement the best detect, deter, and curtailment strategy 
available at the time of the activity to minimize adverse effects, and avoid or minimize the likelihood of condor injury and mortality. (An 
example of a 2015 curtailment strategy is shutting down wind generation operations when condor(s) are present, or wind generation facilities 
switching to night operations only). The strategy must be approved by the BLM and USFWS, in coordination with CDFW as appropriate. 

No Project not within the range or habitat of this species. The California Condor does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-21 If condors begin to regularly visit a site, BLM may require, in coordination with USFWS, and CDFW as appropriate, the implementation of 
additional measures to minimize potential impacts to condors. These measures will be based on best available data, activity and areas specifics, 
and may include, but are not limited to:

No Project not within the range or habitat of this species. The California Condor does not occur within BLM El Centro Field Office-administered lands. 

    • Barriers, including welded wire fabric or hardware cloth, will be installed to prevent access around any facility element that poses a danger to 
condors.

    • Stainless steel lines, rather than poly chemical lines will be used to preclude condors from obtaining and ingesting pieces of poly chemical 
lines.

    •  Landing deterrents attached to the walking perching substrates, such as porcupine wire or Daddi Long Legs ®.
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                    LUPA-BIO-IFS-22 Operations and/or activities that reach an activity-specified trigger for condor injury and/or mortality as determined by BLM and USFWS, and 
CDFW as appropriate, will curtail operations and/or activities using best available techniques, as determined by BLM and USFWS, and CDFW as 
appropriate. (An example of a 2015 curtailment strategy is shutting down wind generation operations when condor(s) are present, or wind 
generation facilities switching to night operations only.) If curtailment techniques are not viable or available, then operations and/or activities 
will be suspended until the injury and/or condor mortality issue is resolved to the satisfaction of BLM and USFWS, and CDFW, as appropriate.

No Project not within the range or habitat of this species. The California Condor does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-23 In the range of the California condor, if an activity may have an impact on California condors, a Condor Operations Strategy (COS) will be 
developed and implemented on a activity-specific basis in order to avoid and/or reduce the likelihood of injury and mortality from activities. 
The COS shall be approved by BLM in coordination with USFWS, and CDFW as appropriate for third party activities, and may include, but is not 
limited, to detailing specifics on: the activity-specific detect, deter and curtailment strategy; monitoring approach to detect condor use of the 
site; adaptive management approach if condors are found to visit the site; and, activity-specific measures that assist in the recovery of condor. 

No Project not within the range or habitat of this species. The California Condor does not occur within BLM El Centro Field Office-administered lands. 

Golden Eagle

  

LUPA-BIO-IFS-24

  

Provide protection from loss and harassment of active golden eagle nests through the following actions:

•  Activities that may impact nesting golden eagles, will not be sited or constructed within 1-mile of any active or alternative golden eagle nest 
within an active golden eagle territory, as determined by BLM in coordination with USFWS as appropriate.

Yes   

  

Pre-clearance migratory bird surveys would be conducted per the PDFs described in Appendix F; if activity of migratory bird nests, 
specifically golden eagle nests, are  identified, species-specific avoidance buffers would be implemented and nest information would 
be submitted to the BLM. SMP would coordinate with USFWS as necessary and this CMA would be implemented should it be 
determined that golden eagle are present and may be impacted.  

  LUPA-BIO-IFS-25 Cumulative loss of golden eagle foraging habitat within a 1 to 4 mile radius around active or alternative golden eagle nests (as identified or 
defined in the most recent USFWS guidance and/or policy) will be limited to less than 20%. See CONS-BIO-IFS-5 for the requirement in 
Conservation Lands.

No Loss of golden eagle foraging habitat is not anticipated to exceed 20 percent. Pre-clearance migratory bird surveys would be conducted 
per the PDFs described in Appendix F; if activity of migratory bird nests are identified, species-specific avoidance buffers would be 
implemented. Should golden eagles be identified as present during the pre-clearance surveys, SMP would consult with the USFWS and 
this CMA would be implemented. 

  LUPA-BIO-IFS-26 For activities that impact golden eagles, applicants will conduct a risk assessment per the applicable USFWS guidance (e.g. the Eagle 
Conservation Plan Guidance) using best available information as well as the data collected in the pre-project golden eagle surveys. 

No   Pre-clearance migratory bird surveys would be conducted per the PDFs described in Appendix F; if activity of migratory bird nests are 
identified, species-specific avoidance buffers would be implemented. Should golden eagles be identified as present during the pre-
clearance surveys, SMP would consult with the USFWS and this CMA would be implemented. 

  LUPA-BIO-IFS-27 If a permit for golden eagle take is determined to be necessary, an application will be submitted to the USFWS in order to pursue a take permit. No   Pre-clearance migratory bird and raptor surveys would be conducted per the PDFs described in Appendix F; if activity of migratory bird 
and raptor nests is identified, species-specific avoidance buffers would be implemented. Coordination with USFWS for an eagle take 
permit is not anticipated based on results of the Biological Resources Assessment; however, should golden eagles be identified as 
present during the pre-clearance surveys, SMP would consult with the USFWS and this CMA would be implemented.

  

  

LUPA-BIO-IFS-28

  

In order to evaluate the potential risk to golden eagles, the following activities are required to conduct 2 years of pre-project golden eagle 
surveys in accordance with USFWS Eagle Conservation Plan Guidance as follows:
• Wind projects and solar projects involving a power tower 

No Project is not located in or near the area specified in 
the CMA. 

No golden eagles or nests have been identified within the Project Area, therefore golden eagle take would not occur under the Project 
and is not being requested.

    •  Other activities for which the BLM, in coordination with USFWS, and CDFW as appropriate, determines take of golden eagle is reasonably 
foreseeable or there is a potential for take of golden eagle

  LUPA-BIO-IFS-29 For active nests with recreational conflicts that risk the occurrence of take, provide public notification (e.g., signs) of the sensitive area and 
implement seasonal closures as appropriate.

No Project is not located in or near the area specified in 
the CMA. 

No golden eagles or nests have been identified within the Project Area, therefore golden eagle take would not occur under the Project 
and is not being requested.

  LUPA-BIO-IFS-30 For activities where ongoing take of golden eagles is anticipated, develop advanced conservation practices per USFWS Eagle Conservation Plan 
Guidance. 

No Land use does not occur on project site. No golden eagles or nests have been identified within the Project Area, therefore golden eagle take would not occur under the Project 
and is not being requested.

  LUPA-BIO-IFS-31 As determined necessary by BLM in coordination with USFWS, and CDFW as appropriate, for activities/projects that are likely to impact golden 
eagles implement site-specific golden eagle mortality monitoring in support of the pre-construction, pre-activity risk assessment surveys.

No Land use does not occur on project site. No golden eagles or nests have been identified within the Project Area, therefore golden eagle take would not occur under the Project 
and is not being requested.

Swainson’s Hawk LUPA-BIO-IFS-32 Avoid use of rodenticides and insecticides within five miles of active Swainson’s hawk nest. No Land use does not occur on project site. Rodenticides or insecticides are not proposed for use under the Project.
Desert Bighorn Sheep LUPA-BIO-IFS-33 Access to, and use of, designated water sources for desert bighorn sheep will not be impeded by activities in designated and new utility 

corridors.
No Resource not found on the project site Desert bighorn sheep have not been identified within the Project Area or vicinity, and the Project would not restrict access to water 

sources.
  LUPA-BIO-IFS-34 Transmission projects and new utility corridors will minimize effects on access to, and use of, designated water sources for desert bighorn 

sheep.
No Project is not located in or near the area specified in 

the CMA. 
The Project is not a transmission project and does not propose a new utility corridor.

Mohave Ground Squirrel LUPA-BIO-IFS-35 Protocol surveys (see Glossary of Terms) are required for activities in Mohave ground squirrel key population centers and linkages as indicated 
in Appendix D. Results of protocol surveys will be provided to BLM and CDFW to consult on, as appropriate, for third party activities. 

No Project not within the range or habitat of this species. The Mohave ground squirrel does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-36 Activities in Mohave ground squirrel key population centers, as identified in Appendix D, requiring an Environmental Impact Statement are 
required to assess the effect of the activity on the long term function of the affected key population center. 

No Project not within the range or habitat of this species. The Mohave ground squirrel does not occur within BLM El Centro Field Office-administered lands. 

    •  Activities within a key population center, as identified in Appendix D, must be designed to avoid adversely impacting the long-term function 
of the affected key population center.

  LUPA-BIO-IFS-37 Activities in key population centers will be sited in previously disturbed areas, areas of low habitat quality and in areas with low habitat 
intactness, to the maximum extent practicable (see Glossary of Terms).

No Project not within the range or habitat of this species. The Mohave ground squirrel does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-38 Disturbance of suitable habitat from activities, requiring an EA or EIS, within the Mohave ground squirrel key population centers and linkages 
(as identified in Appendix D) will not occur during the typical dormant season (August 1 through February 28) unless absence is inferred and 
supported by protocol surveys or other available data during the previous active season. 

No Project not within the range or habitat of this species. The Mohave ground squirrel does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-39 During the typical active Mohave ground squirrel season (February 1 through August 31), conduct clearance surveys throughout the site, 
immediately prior to initial ground disturbance in the areas depicted in Appendix D. In the cleared areas, perform monitoring to determine if 
squirrels have entered cleared areas. Contain ground disturbance to within areas cleared of squirrels.

No Project not within the range or habitat of this species. The Mohave ground squirrel does not occur within BLM El Centro Field Office-administered lands. 

    •  Detected occurrences of Mohave ground squirrel will be flagged and avoided, with a minimum avoidance area of 50 feet, until the squirrels 
have moved out of harm’s way. A designated biologist (see Glossary of Terms) may also actively move squirrels out of harm’s way.

                       
                      

           

PC ORIGINAL PKG



LUPA Wide         
Category CMA # CMA Text Applicability Explanation: Why CMA is not applicable

  
Comments

                    

  

LUPA-BIO-IFS-40

  

Activities sited in a Mohave ground squirrel linkage (see Appendix D) that may impact the linkage are required to analyze the potential effects 
on connectivity through the linkage. The activity must be designed to maintain the function of the linkage after construction/implementation 
and during project/activity operations. Linkage function will be assessed by considering pre- and post-activity ability of the area to support 
resident Mohave ground squirrels and provide for dispersal of their offspring to key population centers outside the linkage, and dispersal 
through the linkage between key population centers.
Activities that occur in Mohave ground squirrel linkages shown in Appendix D must be configured and located in a manner that does not 
diminish Mohave ground squirrel populations in the linkage.

No Project not within the range or habitat of this species. The Mohave ground squirrel does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-41 For any ground-disturbing (e.g., vegetation removal, earthwork, trenching) activities, occurrences of Mohave ground squirrel will be flagged 
and avoided, with a minimum avoidance area of 50 feet, until the squirrels have moved out of harm’s way. A designated biologist (see Glossary
of Terms) may also actively move squirrels out of harm’s way.

No
 

Project not within the range or habitat of this species. The Mohave ground squirrel does not occur within BLM El Centro Field Office-administered lands. 

  LUPA-BIO-IFS-42 Rodenticides will not be used to manage rodents on activity within the range of the Mohave ground squirrel. Use of rodenticide inside of 
buildings is allowed.

No Project not within the range or habitat of this species. The Mohave ground squirrel does not occur within BLM El Centro Field Office-administered lands. 

Compensation

  

LUPA-BIO-COMP-1

  

Impacts to biological resources, identified and analyzed in the activity specific environmental document, from activities in the LUPA Decision 
Area will be compensated using the standard biological resources compensation ratio, except for the biological resources and specific 
geographic locations listed as compensation ratio exceptions, specifics in CMAs LUPA-BIO-COMP-2 through -4, and previously listed CMAs. 
Compensation acreage requirements may be fulfilled through non-acquisition (i.e., restoration and enhancement), land acquisition (i.e., 
preserve), or a combination of these options, depending on the activity specifics and BLM approval/authorization. 

Compensation for the impacts to designated desert tortoise critical habitat will be in the same critical habitat unit as the impact (see Table 18). 
Compensation for impacts to desert tortoise will be in the same recovery unit as the impact.

No Resource not found on the project site Biological resources compensation would not be required under the Project. 

    Refer to CMA LUPA-COMP-1 and 2 for the timing requirements for initiation or completion of compensation.
  

  

LUPA-BIO-COMP-2

  

Birds and Bats – The compensation for the mortality impacts to bird and bat Focus and BLM Special Status Species from activities will be 
determined based on monitoring of bird and bat mortality and a fee re-assessed every 5 years to fund compensatory mitigation. The initial 
compensation fee for bird and bat mortality impacts will be based on pre-project monitoring of bird use and estimated bird and bat species 
mortality from the activity. The approach to calculating the operational bird and bat compensation is based on the total replacement cost for a 
given resource, a Resource Equivalency Analysis. This involves measuring the relative loss to a population (debt) resulting from an activity and 
the productivity gain (credit) to a population from the implementation of compensatory mitigation actions. The measurement of these debts 
and gains (using the same “bird years” metric as described in Appendix D) is used to estimate the necessary compensation fee.

Each activity, as determined appropriate by BLM in coordination with USFWS, and CDFW as applicable, will include a monitoring strategy to 
provide activity-specific information on mortality effects on birds and bats in order to determine the amount and type of compensation 
required to offset the effects of the activity, as described above and in detail in Appendix D. Compensation will be satisfied by restoring, 
protecting, or otherwise improving habitat such that the carrying capacity or productivity is increased to offset the impacts resulting from the 
activity. Compensation may also be satisfied by non-restoration actions that reduce mortality risks to birds and bats (e.g., increased predator 
control and protection of roosting sites from human disturbance). Compensation will be consistent with the most up to date DOI mitigation 
policy.

No Resource not found on the project site Potential for bird and bat mortality is expected to be very low. Pre-clearance surveys for migratory birds and raptors would be 
conducted and species-specific avoidance buffers would be implemented should activity be identifed, and a 500-foot avoidance buffers 
around known features with evidence of bat presence would be implemented during the bat maternity season, as described in the 
PDFs in Appendix F. Biological resources compensation would not be required under the Project.

  LUPA-BIO-COMP-3 Golden eagle – BLM and third-party initiated activities, will provide specific golden eagle compensation in accordance with the most up to date 
BLM or USFWS policies, including applicable USFWS Eagle Conservation Plan Guidance.

No Resource not found on the project site No golden eagles or nests have been identified within the Project Area and golden eagle compensation would not be required under 
the Project

  LUPA-BIO-COMP-4 Golden eagle – Third-party applicant/activity proponents are required to contribute to a DRECP-wide golden eagle monitoring program, if the 
activity/project(s) has been determined, through the environmental analysis, to likely impact golden eagles. 

No Resource not found on the project site No golden eagles or nests have been identified within the Project Area and golden eagle compensation would not be required under 
the Project

Air Resources
  
  
  
  
  
  
  

LUPA-AIR-1
  

  

  

  

  

  

  

All activities must meet the following requirements:
• Applicable National Ambient Air Quality Standards (Section 109)
• State Implementation Plans (Section 110)
• Control of Pollution from Federal Facilities (Section 118) including non-point source
• Prevention of Significant Deterioration, including visibility impacts to mandatory Federal Class I Areas (Section 160 et seq.)
• Conformity Analyses and Determinations (Section 176[c])
• Apply best management practices on a case by case basis
•  Applicable local Air Quality Management Jurisdictions (e.g., 403 SCAQMD)

Yes   
  
  
  
  
  
  
  

The Project would comply with applicable State of California and Imperial County Air District rules for fugitive dust emissions and 
greenhouse gas emissions and significance thresholds would not be exceeded. No further mitigation would be necessary; this CMA 
would not be required for implementation in addition to the PDFs already proposed within Appendix F.

  LUPA-AIR-2 Because project authorizations are a federal undertaking, air quality standards for fugitive dust may not exceed local standards and 
requirements.

Yes   The Project would comply with applicable State of California and Imperial County Air District rules for fugitive dust emissions and 
greenhouse gas emissions and significance thresholds would not be exceeded. No further mitigation would be necessary; this CMA 
would not be required for implementation in addition to the PDFs already proposed within Appendix F.

  LUPA-AIR-3 Where impacts to air quality may be significant under NEPA, requiring analysis through an Environmental Impact Statement, require 
documentation for activities to include a detailed discussion and analysis of Ambient Air Quality conditions (baseline or existing), National 
Ambient Air Quality Standards, criteria pollutant nonattainment areas, and potential air quality impacts of the proposed project (including 
cumulative and indirect impacts and greenhouse gas emissions). This content is necessary to disclose the potential impacts from temporary or 
cumulative degradation of air quality. The discussion will include a description and estimate of air emissions from potential construction and 
maintenance activities, and proposed mitigation measures to minimize net PM10 and PM2.5 emissions. The documentation will specify the 
emission sources by pollutant from mobile sources, stationary sources, and ground disturbance. A Construction Emissions Mitigation Plan will 
be developed.

No Land use does not occur on project site. Impacts to air quality would be negliglble, per the analysis within Chapter 3 of the EA.

  

  

LUPA-AIR-4

  

Because fugitive dust is the number one source of PM10 and PM2.5 emissions in the Mojave and Sonoran Deserts, fugitive dust impacts to air 
quality must be analyzed for all activities/projects requiring an Environmental Impact Statement and Environmental Assessment. 

•  The NEPA air quality analysis may include modelling of the sources of PM10 and PM2.5 that occur prior to construction and/or ground 
disturbance from the activity/project, and show the timing, duration and transport of emissions off site. When utilized, the modeling will also 
identify how the generation and movement of PM10 and PM2.5 will change during and after construction and/or ground disturbance of the 
activity/project under all activity/project specific NEPA alternatives. The BLM air resource specialist and Authorizing Officer will determine if 
modelling is required as part of the NEPA analysis based on estimated types and amounts of emissions. 

Yes   

  

The Project would comply with applicable State of California and Imperial County Air District rules for fugitive dust emissions and 
greenhouse gas emissions. An air emissions inventory was analyzed in Chapter 3 of the EA and because significance thresholds would 
not be exceeded and the Project would comply with the aforementioned rules, air quality modeling is not determined necessary. No 
further mitigation would be necessary; this CMA would not be required for implementation in addition to the PDFs already proposed 
within Appendix F.
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                  LUPA-AIR-5

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

A fugitive Dust Control Plan will be developed for all projects where the NEPA analysis shows an impact on air quality from fugitive dust.

II.4.2.1.3 Comprehensive Trails and Travel Management
Components of a Designated Travel Network
In 2006, the BLM issued Instruction Memorandum No. 2006-173, which established policy for the use of terms and definitions associated with 
the management of transportation-related linear features. It also set a data standard and a method for storing electronic transportation asset 
data. According to the memorandum, all transportation assets are defined as follows:
• Road: A linear route declared a road by the owner, managed for use by low-clearance vehicles having four or more wheels, and maintained 
for regular and continuous use. These may include ROW roads granted by the BLM to other entities. 
• Primitive Road: A linear route managed for use by four-wheel drive or high-clearance vehicles. These routes do not normally meet any BLM 
road design standards.
•  Trail: A linear route managed for human-powered, stock, or OHV forms of transportation or for historical or heritage values. Trails are not 
generally managed for use by four-wheel drive or high-clearance vehicles.
Designated Roads, Primitive Roads, and Trails are categorized as follows:
• Tier 1: Roads and Primitive Roads with high values for commercial, recreational, casual uses, and/or to provide access to other recreation 
activities. 
• Tier 2: Roads and Primitive Roads with high values for recreation and other motorized access (i.e., important through routes).

•  Tier 3: Primitive Roads and Trails with high value for motorized and non-motorized recreational pursuits (i.e., spur routes).
Off Highway Vehicle Management
OHVs are synonymous with off-road vehicles. As defined in 43 CFR 8340.0-5 (a): Off-road vehicle means any motorized/battery-powered 
vehicle capable of, or designed for, travel on or immediately over land, water, or other natural terrain.

In accordance with 43 CFR 8342.1, the BLM’s regulations for OHV management, “the authorized officer shall designate all public lands as open, 
limited, or closed to [OHVs].” As such, all public lands within the Planning Area have been designated in one of three OHV designation 
categories, as follows: 
• Open Area Designations are used for intensive OHV or other transportation use areas where there are no special restrictions or where there 
are no compelling resource protection needs, user conflicts, or public safety issues to warrant limiting cross-country travel. 

• Limited Area Designations are used where travel must be restricted to meet specific resource/resource use objectives. For areas classified as 
limited, the BLM must consider a range of possibilities, including travel that will be limited to the following: 

o   Types or modes of travel, such as foot, equestrian, bicycle, and motorized
o   Existing roads and trails
o   Time or season of use; limited to certain types of vehicles (OHVs, motorcycles, all-terrain vehicles, high clearance, etc.); limited to licensed 
or permitted vehicles or use
o   BLM administrative use only
o   Other types of limitations
•  Closed Area Designations prohibit vehicular travel, both motorized and mechanized, transportation cross-country and on routes, except for 
where valid rights continue to allow access, such as within a designated Wilderness Area. Areas are designated closed if closure to all vehicular 
use is necessary to protect resources, promote visitor safety, or reduce use conflicts. 

Back Country Byways Program
The BLM developed the Back County Byway Program to complement the National Scenic Byway Program established by the U.S. Secretary of 
Transportation. Back County Byways highlight the spectacular nature of the western landscapes. These routes vary from narrow graded roads 
that are passable only during a few months of the year to two-lane paved highways with year-round access. 

BLM will comply with the policy and guidelines of the BLM Back Country Byway Program and intent to showcase routes with high scenic and 
outstanding natural, cultural, historic or other values consistent with the designation. Where appropriate and feasible, BLM will highlight the 
spectacular nature of the western landscapes through education and interpretation along linear travel routes which provide recreational 
driving opportunities that allow for the experiences of solitude and isolation by:

• Maintaining or improving access to BLM recreational destinations and activities
• Helping meet the increasing demand for pleasure driving in back country environments.
• Facilitating effective partnerships at the local, state, and national levels
• Contributing to local and regional economies through increased tourism 
• Increasing public awareness of the availability of outstanding recreation attractions on public lands
• Enhancing the visitors' recreation experience and communicate the multiple-use management message through an effective wayside 
interpretive program
• Increasing the visibility of BLM as a major supplier of outdoor recreation opportunities
• Managing the increased use created through the program to minimize impacts to the environment
•  Contributing to the National Scenic Byways Program in a way that is uniquely suited to national public lands managed by BLM

Back country byways are designated by the type of road and the vehicle needed to safely travel the byway. Some back country byways vary 
from a single track bike trail to a low speed paved road that traverses back country areas. Segments of Back Country Byways are subdivided 
into four types based on the characteristic of the road. 
Due to their remoteness, byway travelers should always inquire locally as to byway access and road conditions. 
• Type I – Roads are paved or have an all-weather surface and have grades that are negotiable by 2-wheel drive vehicles and passenger cars. 
Most of these roads are narrow, slow speed, secondary routes though public lands.
• Type II – Roads that require high-clearance type vehicles such as trucks or 4-wheel drive vehicles. These roads are usually not paved, but may 
have some type of surfacing. Grades, curves, and road surface are such that they can be negotiated with a 2-wheel drive high clearance vehicle 
without undue difficulty.

No The Project would have a negligible impact on air quality from fugitive dust as analyzed in Chapter 3 of the EA. The Project would 
comply with applicable State of California and Imperial County Air District rules for fugitive dust emissions.                       
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• Type III – Roads require 4-wheel drive vehicles or other specialized vehicles such as dirt bikes, all-terrain vehicles (ATVs), etc. These roads are 
usually not surfaced, but are managed to provide for safety and resource protection needs. These roads can often have steep grades, uneven 
tread surfaces, and other characteristics that will require specialized vehicles to negotiate usually at slow speeds.

•  Type IV – Trails are managed specifically to accommodate dirt bike, mountain bike, snowmobile or all-terrain vehicle use. Most of these 
routes are single track trails.

LUPA-Wide Conservation 
and Management Actions 
for Comprehensive Trails 
and Travel Management

LUPA-CTTM-1 Maintain and manage adequate Road, Primitive Road, and Trail Access to and within SRMAs, ERMAs, OHV Open Areas, and Level 1, 2, and 3 
Recreation Facilities.

Yes Project is not located in or near the area specified in 
the CMA. 

The Project is not located within an SRMA, ERMA, Level 1-3 Recreation Facilities. Open OHV roads occurs within the Project Area and 
the Project would restrict public access on some existing access roads and the temporary access roads that would be constructed for 
drill site access. Access road restrictions would be temporary. PDFs and additional mitigation measures for access restriction safety and 
restriction notifications to the public who may recreate within the area are included in Appendix F. No further mitigation would be 
required. 

  LUPA-CTTM-2 Avoid activities that would have a significant adverse impact on use and enjoyment within 0.5 mile from centerline of tier 2 Roads/Primitive 
Roads, and 300 feet from centerline of tier 3 primitive roads/trails. If avoidance of Tier 2 and 3 roads, primitive roads and trails is not 
practicable, relocate access to the same or higher standard and maintain the setting characteristics and access to recreation activities, facilities, 
and destinations. 

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located within the distances specified from Tier 2 and 3 roads and trails.

  LUPA-CTTM-3 Manage other significant linear features such as Mojave Road, Bradshaw Trail, or other recognized linear features to protect their important 
recreation activities, experiences and benefits. Prohibit activities that have a significant adverse impact on use and enjoyment within 0.5 mile 
(from centerline) of such linear features.

No Project is not located in or near the area specified in 
the CMA. 

The significant linear features specified do not occur within the Project Area or vicinity. 

  LUPA-CTTM-4 If residual impacts to Tier 1 and Tier 2 roads/primitive roads, Back Country Byways, or significant linear features occur from adjacent DFAs or 
other activities, commensurate compensation in the form of enhanced recreation operations, access, recreation facilities or opportunities will 
be required. 

No Project is not located in or near the area specified in 
the CMA. 

Residual impacts to the resources specified would not occur under the Project as such resources/areas are not present. 

  LUPA-CTTM-5 Manage OHV use per the appropriate Transportation and Travel Management Plan/RMP and/or the SRMA Objectives as outlined in Appendix C 
as Open, Limited or Closed.

No Land use does not occur on project site. No OHV use is proposed under the Project. 

  LUPA-CTTM-6 Manage Back Country Byways as a component of BLM Recreation and Travel and Transportation Management program. No Project is not located in or near the area specified in 
the CMA. 

There are no Back Country Byways present within the Project Area. 

  LUPA-CTTM-7 Manage Recreation Facilities consistent with the objectives for the recreation management areas and facilities (see also Section II.4.2.1.10). Yes The Tumco Historic Townsite is present within and adjacent to the Project Area. This CMA would be required for Project 
implementation as determined appropriate by the BLM to be consistent with recreation management objectives. 

Cultural Resources and 
Tribal Interests

LUPA-CUL-1 Continue working with the California Office of Historic Preservation (OHP) to develop and implement a program for record keeping and 
tracking agency actions that meets the needs of BLM and OHP organizations pursuant to existing State and National agreements and regulation 
(BLM State Protocol Agreement; BLM National Programmatic Agreement).

No   This is a BLM action, not relevant to a proposed project. 

  LUPA-CUL-2 Using relevant archaeological and environmental data, identify priority geographic areas for new field inventory, based upon a probability for 
unrecorded significant resources and other considerations.

No   This is a BLM action, not relevant to a proposed project. 

  LUPA-CUL-3 Identify places of traditional cultural and religious importance to federally recognized Tribes and maintain access to these locations for 
traditional use. 

No   This is a BLM action, not relevant to a proposed project. 

  LUPA-CUL-4 Design activities to minimize impacts on cultural resources including places of traditional cultural and religious importance to federally 
recognized Tribes. 

Yes   A BLM-approved Cultural Resources Inventory Report has been completed. The Project would be in compliance with Section 106 of the 
NHPA and other applicable requirements; Native American Tribal government-to-government consultation is ongoing and would occur 
throughout the life of the Project. All documented cultural resource sites would be avoided throughout the life of the Project, including 
reclamation. Additional mitigation measures for cultural resources have been identified as included in Appendix F. This CMA would not 
be required to be implemented separately in additional to the PDFs and mitigation measures in Appendix F. 

  LUPA-CUL-5 Develop interpretive material to correspond with recreational uses to educate the public about protecting cultural resources and avoiding 
disturbance of archaeological sites. 

No Land use does not occur on project site. This is a BLM action, not relevant to a proposed project. 

  LUPA-CUL-6 Develop partnerships to assist in the training of groups and individuals to participate in site stewardship programs. No Land use does not occur on project site. This is a BLM action, not relevant to a proposed project. 
  LUPA-CUL-7 Coordinate with visual resources staff to ensure VRM Classes consider cultural resources and tribal consultation to include landmarks of cultural 

significance to Native Americans (TCPs, trails, etc.).
No   This is a BLM action, not relevant to a proposed project. 

  LUPA-CUL-8 Conduct regular contact and consultation with federally recognized Tribes and individuals, consistent with statute, regulation and policy. Yes   Section 106 of the NHPA consultation will be ongoing throughout the life of the Project and additional mitigation measures required by 
the BLM have been included in Appendix F. Impacts to cultural resources would be neglible. No further mitigation measures in additon 
to the PDFs and mitigation in Appendix F would be required; therefore, this CMA would not need to be implemented separately. 
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               LUPA-CUL-9 Promote DRECP desert vegetation types/communities by avoiding them where possible, then use required compensatory mitigation, off-site 
mitigation, and other means to ensure Native American vegetation collection areas and practices are maintained.

Yes Impacts to DRECP desert vegetation types/communities important to Native American vegetation collection and pracities are not      
anticipated; however, if presence of such communities are identified upon surface occupancy of the Project and throughout Section 
106 of the NHPA consultation over the life of the Project, this CMA would be required for implementation in addition to the PDFs and 
mitigation measures for cultural resources identified in Appendix F.

  LUPA-CUL-10 Promote and protect desert fan palm oasis vegetation type/communities by avoiding where possible, then use required compensatory 
mitigation, off-site mitigation, and other means to ensure Native American cultural values are maintained.

No Project not within the range or habitat of this species. Desert fan palm oasis vegetation type and/or communities are not present within the Project Area or vicinity. 

  LUPA-CUL-11 Promote and protect desert microphyll woodland vegetation type/communities to ensure Native American cultural values are maintained. Yes Occurrence is very limited within the Project Area and impacts are not anticipated; however, if presence is identified upon surface 
occupancy of the Project, this CMA would be required for implementation in addition to the PDFs and mitigation measures for cultural 
resources identified in Appendix F.

Lands and Realty LUPA-LANDS-1 Identify acquired lands as right-of-way exclusion areas when development is incompatible with the purpose of the acquisition. No Project is not located in or near the area specified in 
the CMA. 

The Project would not require land acquisition or Right-of-Way exclusions. 

  LUPA-LANDS-2 Prioritize acquisition of land within and adjacent to conservation designation allocations. Acquired land in any land use allocation in this Plan 
will be managed according to the applicable allocation requirements and/or for the purposes of the acquisition. Management boundaries for 
the allocation may be adjusted to include the acquired land if the acquisition lies outside the allocation area through a future land use plan 
amendment process. 

No Project is not located in or near the area specified in 
the CMA. 

The Project would not require land acquisition. 

  LUPA-LANDS-3 Within land use allocations where renewable energy and ancillary facilities are not allowed, an exception exists for geothermal development. 
Geothermal development will be an allowable use if a geothermal-only DFA overlays the allocation and the lease includes a no surface 
occupancy stipulation with exception of three specific parcels in the Ocotillo Wells SRMA (refer to the Ocotillo Wells SRMA Special Unit 
Management Plan in Appendix C).

No Land use does not occur on project site. The Project does not involve geothermal development.

  LUPA-LANDS-4 Nonfederal lands within the boundaries of BLM LUPA land use allocations are not affected by the LUPA. No Project is not located in or near the area specified in 
the CMA. 

The Project is located entirely on lands managed by the BLM. 

  LUPA-LANDS-5 The MUCs used to determine land tenure in the CDCA Plan will be replaced by areas listed in the CMAs below. No Project is not located in or near the area specified in 
the CMA. 

The land tenture would not be replaced by the below areas under the Project. 

  LUPA-LANDS-6 Any activities on Catellus Agreement lands will be consistent with deed restrictions No Project is not located in or near the area specified in 
the CMA. 

The Project does not occur on Catellus Agreement lands. 

  LUPA-LANDS-7 Any activities on Catellus Agreement lands will be subject to the approval of the California State Director. No Project is not located in or near the area specified in 
the CMA. 

The Project does not occur on Catellus Agreement lands. 

  LUPA-LANDS-8 The CDCA Plan requirement that new transmission lines of 161kV or above, pipelines with diameters greater than 12 inches, coaxial cables for 
interstate communications, and major aqueducts or canals for interbasin transfers of water will be located in designated utility corridors, or 
considered through the plan amendment process outside of designated utility corridors, remains unchanged. The only exception is that 
transmission facilities may be located outside of designated corridors within DFAs without a plan amendment. This CMA does not apply the 
Bishop and Bakersfield RMPs.

No Project is not located in or near the area specified in 
the CMA. 

The Project does not propose transmission lines or pipelines, or major aqeudacts andor canals, or transmission facilities. 

Exchanges with the State 
of California

LUPA-LANDS-8 Continue land exchanges with the State of California, as per the LUPA goals and objectives in Section II.4.1.4. Refer to Appendix F. No Project is not located in or near the area specified in 
the CMA. 

No land exchanges would occur under the Project. 

  LUPA-LANDS-9 Enter into land exchanges with the California State Lands Commission (CSLC) which convey BLM lands suitable for, or developed as, large-scale 
renewable energy related projects in exchange for CSLC school lands located in and adjacent to designated conservation areas. These 
exchanges will follow the procedures outlined in Memorandum of Agreement Relating to Land Exchanges to Consolidate Land Parcels signed by 
the BLM and CSLC on May 21, 2012.

No Project is not located in or near the area specified in 
the CMA. 

No land exchanges would occur under the Project. 

  LUPA-LANDS-10 Prioritize land exchange proposals from the CSLC on available lands if there are competing land tenure proposals (e.g., land sale or exchange), 
CSLC proposals that enhance revenues for schools will generally be given priority.

No Project is not located in or near the area specified in 
the CMA. 

No land exchanges would occur under the Project. 

Livestock Grazing

  
  

  

  
  
  
  

  

  

  
  

  

  

  

LUPA-LIVE-1

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Adopt the Standards of Rangeland Health and Guidelines for Grazing Management, as detailed below, for the CDCA. This CMA does not apply in 
the Bishop and Bakersfield RMPs.
Standards of Rangeland Health and Guidelines for Grazing Management
Regional Public Land Health Standards and Guidelines are required for all BLM administered lands in accordance with Part 43 of the CFR 
subsection 4180. These regulations require that State Directors, in consultation with Resource Advisory Councils, develop Standards for 
Rangeland Health and Guidelines for grazing management. 
The BLM in coordination and consultation with the California Desert District Advisory Committee (see Section 601 of the FLPMA as amended) 
developed standards and guidelines for the CDCA and used the following land use plan amendments to analyze the specific standard and 
guideline and to provide the public and opportunity to comment.
• Northern and Eastern Colorado Desert Management Plan—NECO—ROD signed Dec. 2002 (BLM 2002a)
• Northern and Eastern Mojave Desert Management Plan—NEMO—ROD signed Dec. 2002 (BLM 2002b)
•  West Mojave Plan—WEMO—ROD signed March 2006 (BLM 2006)
The regulations require approval by the Secretary of the Interior prior to full implementation of standards and guidelines. Until approval is 
received, the fallback standards and guidelines will be used. 
The regulations require approval by the Secretary of the Interior prior to full implementation of the California Desert District standards and 
guidelines. Until approval is received, the fallback standards and guidelines will be used in the 5 Desert District Offices. 

Bakersfield and Bishop Field Offices are covered under the Central California Standards and Guidelines and require no additional approval to 
continue to use that document. 
Standards and Guidelines for the CDCA 
Standards of land health are expressions of levels of physical and biological condition or degree of function required for healthy lands and 
sustainable uses, and define minimum resource conditions that must be achieved and sustained (BLM 2001).

Guideline. A practice, method or technique determined to be appropriate to ensure that standards can be met or that significant progress can 
be made toward meeting the standard. Guidelines are tools such as grazing systems, vegetative treatments, or improvement projects that help 
managers and permittees achieve standards. Guidelines may be adapted or modified when monitoring or other information indicates the 
guideline is not effective, or a better means of achieving the applicable standard becomes appropriate (H-4180-1 Rangeland Health Standards).

The following Standards for the CDCA are from the NECO, NEMO, WEMO, and Palm Springs South Coast Resource Management Plan 
(PSSCRMP) land use plan amendments. 
Soils

No

  
  

  

  
  
  
  

  

  

  
  

  

  

  

Land use does not occur on project site.

  
  

  

  
  
  
  

  

  

  
  

  

  

  

The El Centro Field Office does not have any active livestock grazing leases. 
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Soils exhibit infiltration and permeability rates that are appropriate to soil type, climate, geology, land form, and past uses. Adequate   
infiltration and permeability of soils allow accumulation of soil moisture necessary for optimal plant growth and vigor, and provide a stable 
watershed, as indicated by:
• Canopy and ground cover are appropriate for the site.   
• There is a diversity of plant species with a variety of root depths.   
• Litter and soil organic matter are present at suitable sites.   
• Microbiotic soil crusts are maintained and in place at appropriate locations.   
• Evidence of wind or water erosion does not exceed natural rates for the site.   
•  Soil permeability, nutrient cycling, and water infiltration are appropriate for the soil type.   
Native Species   
Healthy, productive, and diverse habitats for native species, including Special Status Species (federal threatened and endangered, federally   
proposed, federal candidates, BLM sensitive, or California State threatened and endangered, and Unique Plant Assemblages), are maintained in 
places of natural occurrence, as indicated by:
• Photosynthetic and ecological processes are continuing at levels suitable for the site, season, and precipitation regimes.   
• Plant vigor, nutrient cycle, and energy flow are maintaining desirable plants and ensuring reproduction and recruitment.   
• Plant communities are producing litter within acceptable limits.   
• Age class distribution of plants and animals are sufficient to overcome mortality fluctuations.   
• Distribution and cover of plant species and their habitats allow for reproduction and recovery from localized catastrophic events.   

• Alien and noxious plants and wildlife do not dominate a site or do not require action to prevent the spread and introduction of   
noxious/invasive weeds. 
• Appropriate natural disturbances are evident.   
•  Populations and their habitats are sufficiently distributed and healthy to prevent the need for new listing as Special Status Species.   

Riparian/Wetland and Stream Function   
Wetland systems associated with subsurface, running, and standing water function properly and have the ability to recover from major   
disturbances. Hydrologic conditions are maintained, as indicated by:
• Vegetative cover adequately protects banks and dissipates energy during peak water flows.   
• Dominant vegetation is an appropriate mixture of vigorous riparian species.   
• Recruitment of preferred species is adequate to sustain the plant community.   
• Stable soils store and release water slowly.   
• Plant species present indicate soil moisture characteristics are being maintained.   
• There is minimal cover of shallow-rooted invader species, and they are not displacing deep-rooted native species.   
• Shading of stream courses and water courses is sufficient to support riparian vertebrates and invertebrates.   
• Stream is in balance with water and sediment being supplied by the watershed.   
• Stream channel size (depth and width) and meander is appropriate for soils, geology, and landscape.   
•  Adequate organic matter (litter and standing dead plant material) is present to protect the site from excessive erosion and to replenish soil   
nutrients through decomposition. 
Water Quality   
Surface and groundwater complies with objectives of the Clean Water Act and other applicable water quality requirements, including meeting   
the California State standards, as indicated by:
• The following do not exceed the applicable requirements: chemical constituents, water temperature, nutrient loads, fecal coliform, turbidity,   
suspended sediment, and dissolved oxygen. 
• Standards are achieved for riparian, wetlands, and water bodies.   
• Aquatic organisms and plants (e.g., macro-invertebrates, fish, algae, and plants) indicate support for beneficial uses.   
•  Monitoring results or other data show water quality is meting the Standard.   
The following Guidelines for grazing in the CDCA are from the NECO, NEMO, WEMO, and PSSCRMP land use plan amendments.   

• Facilities will be located away from riparian-wetland areas whenever they conflict with achieving or maintaining riparian-wetland functions.   

• The development of springs and seeps or other projects affecting water and associated resources will be designed to protect the ecological   
functions and processes of those sites. 
• Grazing activities at an existing range improvement that conflict with achieving proper functioning conditions (PFC) and resource objectives   
for wetland systems (lentic, lotic, springs, adits, and seeps) would be modified so PFC and resource objectives can be met, and incompatible 
projects would be modified to bring them into compliance. The BLM would consult, cooperate, and coordinate with affected interests and 
livestock producers prior to authorizing modification of existing projects and initiation of new projects. New range improvement facilities 
would be located away from wetland systems if they conflict with achieving or maintaining PFC and resource objectives. 

• Supplements (e.g., salt licks) will be located one-quarter mile or more away from wetland systems so they do not conflict with maintaining   
riparian-wetland functions. 
• Management practices will maintain or promote perennial stream channel morphology (e.g., gradient, width/depth ratio, channel roughness,   
and sinuosity) and functions that are appropriate to climate and landform. 
• Grazing management practices will meet state and federal water quality Standards. Impoundments (stock ponds) having a sustained   
discharge yield of less than 200 gallons per day to surface or groundwater, are excepted from meeting state drinking water standards per 
California State Water Resources Control Board Resolution Number 88-63. 
• Refer to the most-up-to-date BLM Fire Policy for information related to suppression and use of wildland fire within the planning area.   

• In years when weather results in extraordinary conditions, seed germination, seedling establishment, and native plant species growth should   
be allowed by modifying grazing use. 
• Grazing on designated ephemeral rangeland could be allowed only if reliable estimates of production have been made, an identified level of   
annual growth or residue to remain on site at the end of the grazing season has been established, and adverse effects on perennial species are 
avoided. 
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• During prolonged drought, range stocking will be reduced to achieve resource objectives and/or prescribed perennial forage utilization.   
Livestock utilization of key perennial species on year-long allotments should be checked about March 1 when the Palmer Severity Drought 
Index/Standardized Precipitation Index indicates dry conditions are expected to continue. 
• Through the assessment process or monitoring efforts, the extent of invasive and/or exotic plants and animals should be recorded and   
evaluated for future control measures. Methods and prescriptions should be implemented, and an evaluation would be completed to ascertain 
future control measures for undesirable species. 
• Restore, maintain or enhance habitats to assist in the recovery of federally listed threatened and endangered species. Restore, maintain or   
enhance habitats of Special Status Species including federally proposed, federal candidates, BLM sensitive, or California State threatened and 
endangered to promote their conservation. 
• Grazing activities should support biological diversity across the landscape, and native species and microbiotic crusts are to be maintained.   

• Experimental research efforts should be encouraged to provide answers to grazing management and related resource concerns through   
cooperative and collaborative efforts with outside agencies, groups, and entities. 
•  Livestock utilization limits of key perennial species will be as shown in (see Table 19) for the various range types.   
Monitoring   
Monitoring of grazing allotment resource conditions would be routinely assessed to determine if Public Land Health Standards are being met.   
In those areas not meeting one or more Standards, monitoring processes would be established where none exist to monitor indicators of 
health until the Standard or resource objective has been attained. Livestock trail networks, grazed plants, livestock facilities, and animal waste 
are expected impacts in all grazing allotments and these ongoing impacts would be considered during analysis of the assessment and 
monitoring process. Activity plans for other uses or resources that overlap an allotment could have prescribed resource objectives that may 
further constrain grazing activities (e.g., ACEC). In an area where a Standard has not been met, the results from monitoring changes to grazing 
management required to meet Standards would be reviewed annually. During the final phase of the assessment process, the Range 
Determination includes the schedule for the next assessment of resource conditions. To attain Standards and resource objectives, the best 
science would be used to determine appropriate grazing management actions. Cooperative funding and assistance from other agencies, 
individuals, and groups would be sought to collect prescribed monitoring data for indicators of each Standard. 

    

    

    

    

    

    
    
    

LUPA Wide Conservation 
and Management Actions 
for Livestock Grazing

LUPA-LIVE-2 In the CDCA only, accept grazing permit/lease donations in accordance with legislation in the Fiscal Year 2012 Appropriations Act (Public Law 
112-74). 

No Land use does not occur on project site. The El Centro Field Office does not have any active livestock grazing leases. 

  LUPA-LIVE-3 In the Bishop and Bakersfield RMPs, determine whether continued livestock grazing would be compatible with achieving land use plan 
management goals and objectives in the event that the permit/lease is relinquished. 

No Land use does not occur on project site. The El Centro Field Office does not have any active livestock grazing leases. 

  LUPA-LIVE-4 If the BLM determines that the grazing allotment is to be put to a different public purpose than grazing, follow the notification requirements 
outline in the Grazing Regulations at 43 CFR 4110.4-2(b) and BLM Instruction Memorandum (IM) 2011-181 (BLM 2011), or future policy 
replacing IM 2011-181. 

No Land use does not occur on project site. The El Centro Field Office does not have any active livestock grazing leases. 

  LUPA-LIVE-5 For grazing allotments within the CDCA that BLM has received a voluntary request for relinquishment prior to fiscal year 2012, continue the 
planning process for making these allotments unavailable for grazing. 

No Land use does not occur on project site. The El Centro Field Office does not have any active livestock grazing leases. 

  LUPA-LIVE-6 Complete the process for approving rangeland health standards and guidelines for the CDCA Plan (NEMO, WEMO, NECO and PSSCRMP). No Land use does not occur on project site. The El Centro Field Office does not have any active livestock grazing leases. 

  LUPA-LIVE-7 Make Pilot Knob, Valley View, Cady Mountain, Cronese Lake, and Harper Lake allotments, allocations unavailable for livestock grazing and 
change to management for wildlife conservation and ecosystem function. Reallocate the forage previously allocated to grazing use in these 
allotments to wildlife and ecosystem functions. Pilot Knob was closed in the WEMO plan amendment. The Cronese Lake, Harper Lake, and Cady 
Mountain allotments were closed as mitigation for the impacts to the Agassiz’s desert tortoise resulting from the Fort Irwin expansion. All 
forage allocated to livestock grazing in these allotments will be reallocated to wildlife use and ecosystem function. 

No Land use does not occur on project site. The El Centro Field Office does not have any active livestock grazing leases. 

  LUPA-LIVE-8 The following vacant grazing allotments within the CDCA will have all vegetation previously allocated to grazing use reallocated to wildlife use 
and ecosystem functions and will be closed and unavailable to future livestock grazing: Buckhorn Canyon, Crescent Peak, Double Mountain, 
Jean Lake, Johnson Valley, Kessler Springs, Oak Creek, Chemehuevi Valley, and Piute Valley.

No Land use does not occur on project site. The El Centro Field Office does not have any active livestock grazing leases. 

  LUPA-LIVE-9 Allocate the forage that was allocated to livestock use in the Lava Mountain and Walker Pass Desert allotments (which have already been 
relinquished under the 2012 Appropriations Act) to wildlife use and ecosystem function and permanently eliminate livestock grazing on the 
allotments. 

No Land use does not occur on project site. The El Centro Field Office does not have any active livestock grazing leases. 

Minerals
  

  

LUPA-MIN-1
  

  

High Potential Mineral Areas (identified in CA GEM data)
• These areas have been identified as mineral lands having existing and/or historic mining activity and a reasonable probability of future 
mineral resource development. These identified areas will be designated as mineral land polygons on DRECP maps, recognized as probable 
future development areas for planning purposes and allowable use areas.
•  If an activity is proposed in a High Potential Mineral Area, analyze and consider the mineral resource value in the NEPA analysis.

No Project not located on federal lands with this 
designation. 

The Project is not located wtihin a High Potential Mineral Area.

  LUPA-MIN-2

    

Existing Mineral/Energy Operations

Existing authorized mineral/energy operations, including existing authorizations, modifications, extensions and amendments and their required 
terms and conditions, are designated as an allowable use within all BLM lands in the LUPA Decision Area, and unpatented mining claims subject 
to valid existing rights. Amendments and expansions authorized after the signing of the DRECP LUPA ROD are subject to applicable CMAs, 
including ground disturbance caps within Ecological and Cultural Conservation Areas, subject to valid existing rights, subject to governing laws 
and regulations.

Yes This CMA would be required for implementation. 

  LUPA-MIN-3
    

    

    

    

Existing High Priority Mineral/Energy Operations Exclusion Areas
• Existing high-priority operation footprints and their identified expansion areas are excluded from DFA and conservation CMAs, but must 
comply with LUPA-wide CMAs subject to the governing laws and regulations.
• High priority operation exclusions are referenced by name with their respective footprint (acreage) below.
o   MolyCorp REE (General Legal Description: 35º 26'N; 115º 29'W)—10,490.9 surface acres
o   Briggs Au, Etna (General Legal Description: 35º 56'N; 117º 11'W)—3,216.9 surface acres

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located wtihin existing High Priority Mineral/Energy Operations Exclusion Areas and therefore would not impact 
such areas. 
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o  
o  
o  
o  
o  
o  

 Cadiz Evaporites (General Legal Description: 34º 17'N; 115º 23'W)—2,591.5 surface acres 
 Searles Dry Lake (Evaporate) Operation (General Legal Description: 35º 43'N; 117º 19'W)—72,000 surface acres
 Bristol Dry Lake (Evaporate) Operation (General Legal Description: 34º 29'N; 115º 43'W)—3,500 surface acres
 Mesquite Gold Mine (General Legal Description: 33º 04'N; 114º 59'W)—4,500 surface acres
 Hector Mine (Hectorite Clay) (General Legal Description: 34º 45'N; 116º 25'W)—1,500 surface acres
 Castle Mountain/Viceroy Mine (Gold) (General Legal Description: 35º 17'N; 115º 3'W)—5,000 surface acres

                  

 

  LUPA-MIN-4
    

    

Access to Existing Operations
• Established designated, approved, or authorized access routes to the aforementioned existing authorized operations and areas will be 
designated as allowable uses.
•  Access routes to Plans of Operations and Notices approved under 43 CFR 3809 will be granted subject to valid existing rights listed in 43 CFR 
3809.100.

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located wtihin existing High Priority Mineral/Energy Operations Exclusion Areas and therefore would not impact 
access to such areas. 

 

  LUPA-MIN-5

    

Areas Located Outside Identified Mineral Areas 

•  Areas which could not be characterized due to insufficient data and mineral potential may fluctuate dependent on market economy, 
extraction technology, and other geologic information- requiring periodic updating. Authorizations are subject to the governing laws and 
regulations and LUPA requirements.

No Project not located on federal lands with this 
designation. 
  

The Project is located within a historic mining district and a previously disturbed area from past-mining. 

  

 

  LUPA-MIN-6 New or expanded mineral operations will be evaluated on a case-by-case basis, and authorizations are subject to LUPA requirements, and the 
governing laws and regulations.

Yes   All applicable CMAs will be implemented under the Project that are not duplications of the already developed PDFs and the BLM-
required additional mitigation measures within Appendix F.

 

National Recreation 
Trails

LUPA-NRT-1 The Nadeau Road NRT was designated by the Secretary of the Interior in June 2013. The California Desert District nominates the Sperry Wash 
Road, El Mirage Interpretive Trail East, and El Mirage Interpretive Trail West for NRT designation. 

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located within the vicinity of the nominated trails. 

 

  LUPA-NRT-2 The Nadeau NRT Management Corridor will be protected and activities impacting use and enjoyment of the trail will be avoided within 0.5 mile 
from centerline of the route. 

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located wtihin the Nadeau National Recreation Trail Corridor. 

  

Paleontology LUPA-PALEO-1 If not previously available, prepare paleontological sensitivity maps consistent with the Potential Fossil Yield Classification for activities prior to 
NEPA analysis. 

Yes The Project Area has very low potential for preservation of significant fossils (i.e., paleontological resources) in the metamorphic 
Tumco Formation and in the igneous rocks, and low potential for preservation in the young colluvial and alluvial sediments deposited 
from high energy events. The project is unlikely to negatively impact fossil resources per Stantec 2022c referenced in the EA. This CMA 
would not be required for implementation as paleontological resources were determined present not affected. 

 

  LUPA-PALEO-2 Incorporate all guidance provided by the Paleontological Resources Protection Act. 
  LUPA-PALEO-3 Ensure proper data recovery of significant paleontological resources where adverse impacts cannot be avoided or otherwise mitigated.

  LUPA-PALEO-4 Paleontological surveys and construction monitors are required for ground disturbing activities that require an EIS. No Project is not located in or near the area specified in 
the CMA. 

The BLM has determined that the level of NEPA analysis required for the Project as proposed in the Plan of Operations is an EA; 
therefore, EIS-level analysis associated with this CMA is not relevant.

 

Recreation and Visitor 
Services

LUPA-REC-1 Maintain, and where possible enhance, the recreation setting characteristics – physical components of remoteness, naturalness and facilities; 
social components of contact, group size and evidence of use; and operational components of access, visitor services and management 
controls. 

Yes The physcial landscape would be reclaimed to near pre-disturbance conditions which would maintain a similar recreational setting 
within the Project Area as currently existing, per the Reclamation Plan included as Appendix E. No further mitigaiton would be required 
in addition the reclamation measures proposed and the PDFs and mitigation measures included in Appendix F; therefore, this CMA 
would not be required for implementation.

  LUPA-REC-2 Cooperate with the network of communities and recreation service providers active within the planning area to protect the principal recreation 
activities and opportunities, and the associated conditions for quality recreation, by enhancing appropriate visitor services, and by identifying 
and mitigating impacts from development, inconsistent land uses and unsustainable recreation practices such as minimizing impacts to known 
rockhounding gathering areas.

Yes Land use does not occur on project site. The BLM would require the Project to post signage in designated recreational areas known within the vicinity of the Project Area to 
notify the public of dates and times that drilling would occur, per the mitigation measures identified in Appendix F. No further 
mitigation would be required. 

  LUPA-REC-3 Manage lands not designated as SRMAs or ERMAs to meet recreation and visitor services and resource stewardship needs as described in 
Resource Management Plans (RMPs). 

  LUPA-REC-4 Prohibit activities that have a significant adverse impact and that do not enhance conservation or recreation values within one mile of Level 1 
and Level 2 Recreation facility footprint. 

  LUPA-REC-5 Avoid activities that have a significant adverse impact and that do not enhance conservation or recreation values within one-half mile of Level 3 
Recreation facility footprint including route access and staging areas. If avoidance is not practicable, the facility must be relocated to the same 
or higher recreation standard and maintain recreation objectives and setting characteristics. 

  LUPA-REC-6 Limit signage to that necessary for recreation facility/area identification, interpretation, education and safety/regulatory enforcement.

  LUPA-REC-7 Refer to local RMPs, RMP amendments, and activity level planning for specially designated areas for Vehicular Stopping, Parking, and Camping 
limitations. 

  LUPA-REC-8 Provide on-going maintenance of recreation and conservation facilities, interpretive and regulatory signs, roads, and trails.
Soil and Water General LUPA-SW-1 Stipulations or conditions of approval for any activity will be imposed that provide appropriate protective measures to protect the quantity and 

quality of all water resources (including ephemeral, intermittent, and perennial water bodies) and any associated riparian habitat (see 
biological CMAs for specific riparian habitat CMAs). The water resources to which this CMA applies will be identified through the activity-
specific NEPA analysis.

Yes   The Project would be required to obtain a California General Permit for protection of stormwater runoff within natural ephemeral 
drainages and impacts from construction activities. A Stormwater Pollution Prevention Plan would be developed and implemented to 
control sedimentation. No further mitigation would be required in addition to the PDFs included in Appendix F; therefore, this CMA 
would not be required for implementation. 

  LUPA-SW-2 Buffer zones, setbacks, and activity limitations specifically for soil and water (ground and surface) resources will be determined on an 
activity/site-specific basis through the environmental review process, and will be consistent with the soil and water resource goals and 
objectives to protect these resources . Specific requirements, such as buffer zones and setbacks, may be based, in part, on the results of the 
Water Supply Assessment defined below. In general, placement of long-term facilities within buffers or protected zones for soil and water 
resources is discouraged, but may be permitted if soil and water resource management objectives can be maintained.

No Project is not located in or near the area specified in 
the CMA. 

Buffers would not be required under the Project for soils or water resources. 

  LUPA-SW-3 Where a seeming conflict between CMAs within or between resources arises, the CMA(s) resulting in the most resource protection apply. Yes   This CMA would be implemented should the proposed PDFs within Appendix F not be sufficient for protection and/or impact 
minimization of a specific resource. 

  LUPA-SW-4 Nothing in the “Exceptions” below applies to or takes precedence over any of the CMAs for biological resources. No Land use does not occur on project site. The exceptions for groundwater resources below do not apply to the Project. 
Groundwater Resources LUPA-SW-5 Exceptions to any of the specific soil and water stipulations contained in this section, as well as those listed below under the subheadings “Soil 

Resources,” “Surface Water,” and “Groundwater Resources,” may be granted by the authorized officer if the applicant submits a plan, or, for 
BLM-initiated actions, the BLM provides documentation, that demonstrates:

Yes The estimated amount of water needed for the life of the Project is about 0.736 acre-feet or 0.0000098 percent of the total current 
level of Lake Mead. The natural groundwater recharge of the Ogilby Valley Groundwater Basin is 250 acre-feet per year (California’s 
Groundwater Bulletin 118) and the Project estimated water amount is 0.30 percent of the natural recharge rate. The project does not 

                       
                      

           

      

           
  

                  
  

PC ORIGINAL PKG



LUPA Wide         
Category CMA # CMA Text Applicability Explanation: Why CMA is not applicable

  
Comments

                •  The impacts are minimal (e.g., no predicted aquifer drawdown beyond existing annual variability in basins where cumulative groundwater 
use is not above perennial yield and water tables are not currently trending downward) or can be adequately mitigated.

propose groundwater pumping for Project activities. Procurement of water for Project activities from local vendors may be sourced      
from groundwater or from the Colorado River

Soil Resources LUPA-SW-6 In addition to the applicable required governmental safeguards, third party activities will implement up-to-date standard industry construction 
practices to prevent toxic substances from leaching into the soil.

Yes   

 

A Spill Contingency Plan would be developed and implemented per the PDF in Appendix F. No further mitigation would be required; 
therefore, this CMA would not be required for implementation. 

  LUPA-SW-7 Prepare an emergency response plan, approved by the BLM contaminant remediation specialist, that ensures rapid response in the event of 
spills of toxic substances over soils.

Yes   A Spill Contingency Plan would be developed and implemented per the PDF in Appendix F. No further mitigation would be required; 
therefore, this CMA would not be required for implementation. 

  LUPA-SW-8 As determined necessary on an activity specific basis, prepare a site plan specific to major soil types present (≥5% of footprint or laydown 
surfaces) in Wind Erodibility Groups 1 and 2 and in Hydrology Soil Class D as defined by the USDA Natural Resource Conservation Service to 
minimize water and air erosion from disturbed soils on activity sites.

No Project is not located in or near the area specified in 
the CMA. 

Soils within the Project Area are not classified as within Wind Erodibility Groups 1 and 2 or in Hydrology Soil Class D. 

  LUPA-SW-9 The extent of desert pavement within the proposed boundary of an activity shall be mapped if it is anticipated that the activity may create 
erosional or ecologic impacts. Mapping will use the best available data and standards, as determined by BLM. Disturbance of desert pavement 
within the boundary of an activity shall be limited to the extent possible. If disturbance from an activity is likely to exceed 10% of the desert 
pavement mapped within the activity boundary, the BLM will determine whether the erosional and ecologic impacts of exceeding the 10% cap 
by the proposed amount would be insignificant and/or whether the activity should be redesigned to minimize desert pavement disturbance. 

No Project is not located in or near the area specified in 
the CMA. 

Surface disturbing exploration activities are expected to be conducted within previously disturbed areas and outside of potential 
desert pavement areas.

  LUPA-SW-10 The extent of additional sensitive soil areas (cryptobiotic soil crusts, hydric soils, highly corrosive soils, expansive soils, and soils at severe risk of 
erosion) shall be mapped if it is anticipated that an activity will impact these resources. To the extent possible, avoid disturbance of desert 
biologically intact soil crusts, and soils highly susceptible to wind and water erosion. 

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located within an area with sensitive soils. 

  LUPA-SW-11 Where possible, side casting shall be avoided where road construction requires cut- and-fill procedures. Yes   All access areas, except for the proposed permanent access road for access to Drill Area 1, would be reclaimed; therefore this CMA 
would be implemented. 

Surface Water LUPA-SW-12 Except in DFAs, exclude long-term structures in, playas (dry lake beds), and Wild and Scenic River corridors, except as allowed with minor 
incursions (see definition in the Glossary of Terms).

No Land use does not occur on project site. The Project would not construct long-term structures. 

  LUPA-SW-13 BLM will manage all riparian areas to be maintained at, or brought to, proper functioning condition. No Project is not located in or near the area specified in 
the CMA. 

There are no riparian areas within the Project Area and vicinity. 

  LUPA-SW-14 All relevant requirements of Executive Orders 11988 (Floodplain Management) and 11990 (Protection of Wetlands) will be complied with. Yes All applicable requirements would be complied with. A jurisdictional determination is currently under review with the US Army Corps 
of Engineers detailed that no jurisdictional waters or wetlands are present within the Project Area and vicinity. No further mitigation 
measures would be required; therefore, this CMA would not be required for implementation.

  LUPA-SW-15 Surface water diversion for beneficial use will not occur absent a state water right. No Land use does not occur on project site. The Project would not divert surface water.
  LUPA-SW-16 The 100-year floodplain boundaries for any surface water feature in the vicinity of the project will be identified. If maps are not available from 

the Federal Emergency Management Agency (FEMA), these boundaries will be determined via hydrologic modeling and analysis as part of the 
environmental review process. Construction within, or alteration of, 100-year floodplains will be avoided where possible, and permitted only 
when all required permits from other agencies are obtained.

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located within a 100-year floodplain. 

Groundwater LUPA-SW-17 An activity’s groundwater extraction shall not contribute to exceeding the estimated perennial yield for the basin in which the extraction is 
taking place. Perennial yield is that quantity of groundwater that can be withdrawn from the groundwater basin without exceeding the long-
term recharge of the basin or unreasonably affecting the basin’s physical, chemical, or biological integrity. It is further clarified arithmetically 
below.

No Land use does not occur on project site. There would be no groundwater extraction activities under the Project.

  LUPA-SW-18 Water extracted or consumptively used for the construction, operation, maintenance, or remediation of the project shall be solely for the 
beneficial use of the project or its associated mitigation and remediation measures, as specified in approved plans and permits.

  LUPA-SW-19 Water flow meters shall be installed on all extraction wells permitted by BLM.
  LUPA-SW-20 After application of applicable avoidance and minimization measures, all remaining unavoidable residual impacts to surface waters from the 

proposed activity shall be mitigated to ensure no net loss of function and value, as determined by the BLM.
No Land use does not occur on project site. No unavoidable residual impacts to surface waters are anticiapted. A Stormwater Pollution Prevention Plan (SWPPP) would be 

developed and implemented and impacts to surface hydrology would be minimized and reclaimed as described in Appendix F of the 
EA.

  LUPA-SW-21 Consideration shall be given to design alternatives that maintain the existing hydrology of the site or redirect excess flows created by 
hardscapes and reduced permeability from surface waters to areas where they will dissipate by percolation into the landscape.

No Land use does not occur on project site. No obstructions to surface water flow are anticipated with the short-term, temporary nature of epxloration activities. A SWPPP would 
be developed and implemented and impacts to surface hydrology would be minimized and reclaimed as detailed in Appendix F of the 
EA.

  LUPA-SW-22 All hydrologic alterations shall be avoided that could reduce water quality or quantity for all applicable beneficial uses associated with the 
hydrologic unit in the project area, or specific mitigation measures shall be implemented that will minimize unavoidable water quality or 
quantity impacts, as determined by BLM in coordination with USFWS, CDFW, and other agencies, as appropriate. These beneficial uses may 
include municipal, domestic, or agricultural water supply; groundwater recharge; surface water replenishment; recreation; water quality 
enhancement; flood peak attenuation or flood water storage; and wildlife habitat. 

No Land use does not occur on project site. Water required for project activities would be purchased commercially and transported to the project site. 

  LUPA-SW-23

    

    

    

    

    

    

    

A Water (Groundwater) Supply Assessment shall be prepared in conjunction with the activity’s NEPA analysis and prior to an approval or 
authorization. This assessment must be approved by the BLM in coordination with USFWS, CDFW, and other agencies, as appropriate, prior to 
the development, extraction, injection, or consumptive use of any water resource. The purpose of the Water Supply Assessment is to 
determine whether over-use or over-draft conditions exist within the project basin(s), and whether the project creates or exacerbates these 
conditions. The Assessment shall include an evaluation of existing extractions, water rights, and management plans for the water supply in the 
basin(s) (i.e., cumulative impacts), and whether these cumulative impacts (including the proposed project) can maintain existing land uses as 
well as existing aquatic, riparian, and other water-dependent resources within the basin(s). This assessment shall identify:

• All relevant groundwater basins or sub-basins and their relationships.
• All known aquifers in the basin(s), including their dimensions, whether confined or unconfined, estimated hydraulic conductivity and 
transmissivity, groundwater surface elevations, and direction and movement of groundwater.
• All surface water basin(s) related to water runoff, delivery, and supply, if different from the groundwater basin(s).
• All sites of surface outflow (springs or seeps) contained within the basin(s), including historic sites.
• All other surface water bodies in the basins(s), including rivers, streams, ephemeral washes/drainages, lakes, wetlands, playas, and 
floodplains.
• The water requirements of the proposed project and the source(s) of that water.
• An analysis demonstrating that water of sufficient quantity and quality is available from identified source(s) for the life of the project.

No Land use does not occur on project site. There would be no groundwater extraction activities under the Project.
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Comments

                      • An analysis of potential project-related impacts on water quality and quantity needed for beneficial uses, reserved water rights, existing 
groundwater users, or habitat management within or down gradient of the groundwater basin within which the project would be constructed.

    •  The above analyses shall be in the form of a numerical groundwater model. The model extent shall encompass the groundwater basin within 
which the project would be constructed, and any groundwater-dependent resources within or down gradient of that basin.

    The primary product of the Water Supply Assessment shall be a baseline water budget, which shall be established based on the best-available 
data and hydrologic methods for the identified basin(s). This water budget shall classify and describe all water inflow and outflow to the 
identified basin(s) or system using best-available science and the following basic hydrologic formula or a derivation: P – R – E – T – G = ∆S

    where P is precipitation and all other water inflow or return flow, R is surface runoff or outflow, E is evaporation, T is transpiration, G is 
groundwater outflow (including consumptive component of existing pumping), and ∆S is the change in storage. The volumes in this calculation 
shall be in units of either acre-feet per year or gallons per year. The water budget shall quantify the existing perennial yield of the basin(s). 
Perennial yield is defined arithmetically as that amount such that  P – R – E – T – G  is greater than or equal to 0

    Water use by groundwater-dependent resources is implicitly included in the definition of perennial yield. For example, in many basins the 
transpiration component (T) includes water use by groundwater-dependent vegetation. Similarly, groundwater outflow (G) includes discharge 
to streams, springs, seeps, and wetlands. If one or more budget components is altered, then one or more of the remaining components must 
change for the hydrologic balance to be maintained. For example, an increase in the consumptive component of groundwater pumping can 
lower the water table and reduce transpiration by groundwater-dependent vegetation. The groundwater that had been utilized by the 
groundwater-dependent vegetation would then be considered “captured” by groundwater pumping. Similarly, increased groundwater 
consumption can capture groundwater that discharges to streams, springs, seeps, wetlands and playas. These changes can occur slowly over 
time, and may require years or decades before the budget components are fully adjusted. Accordingly, the water/groundwater supply 
assessment requires that the best-available data and hydrologic methods be employed to quantify these budgets, and that groundwater 
consumption effects on groundwater-dependent ecosystems be identified and addressed.

    The Water Supply Assessment shall also address:
    • Estimates of the total cone of depression considering cumulative drawdown from all potential pumping in the basin(s), including the project, 

for the life of the project through the decommissioning phase
    • Potential to cause subsidence and loss of aquifer storage capacity due to groundwater pumping
    • Potential to cause injury to other water rights, water uses, and land owners
    • Changes in water quality and quantity that affect other beneficial uses
    • Effects on groundwater dependent vegetation and groundwater discharge to surface water resources such as streams, springs, seeps, 

wetlands, and playas that could impact biological resources, habitat, or are culturally important to Native Americans

    • Additional field work that may be required, such as an aquifer test, to evaluate site specific project pumping impacts and if necessary, 
establish trigger points that can be used for a Groundwater Water Monitoring and Mitigation Plan

    •  The mitigation measures required, if there are significant or potentially significant impacts on water resources include but are not limited to, 
the use of specific technologies, management practices, retirement of active water rights, development of a recycled water supply, or water 
imports

  LUPA-SW-24 A Groundwater Monitoring and Reporting Plan, and Mitigation Action Plan shall be prepared to verify the Water Supply Assessment and 
adaptively manage water use as part of project operations. This plan shall be approved by BLM, in coordination with USFWS, CDFW, and other 
agencies as appropriate, prior to the development, extraction, injection, or consumptive use of any water resource. The quality and quantity of 
all surface water and groundwater used for the project shall be monitored and reported using this plan. Groundwater monitoring includes 
measuring the effects of a project’s groundwater extraction on groundwater surface elevations, groundwater flow paths, changes to 
groundwater-dependent vegetation, and of aquifer recovery after project decommissioning. Surface water monitoring, if applicable, shall 
monitor for changes in the flows, water volumes, channel characteristics, and water quality as a result of a project’s surface water use. 
Monitoring frequency and geographic scope and reporting frequency shall be decided on a project and site-specific basis and in coordination 
with the appropriate agencies that manage the water and land resources of the region. The geographic scope may include at the very least, all 
basins/sub-basins that potentially receive inflow from the basin where the proposed project may be sited, and all basins/sub-basins that may 
potentially contribute inflow to the basin where the proposed project is located. The plan shall also detail any mitigation measures that may be 
required as a result of the project. This plan and all monitoring results shall be made available to BLM. BLM will make the plan and results 
available to USFWS, CDFW, and other applicable agencies. 

No Land use does not occur on project site. There would be no groundwater extraction activities under the Project.

  LUPA-SW-25 Where groundwater extraction, in conjunction with other cumulative impacts in the basin, has potential to exceed the basin’s perennial yield 
or to impact water resources, one or more “trigger points,” or specified groundwater elevations in specific wells or surface water bodies, shall 
be established by BLM. If the groundwater elevation at the designated monitoring wells falls below the trigger point(s)(or exceeds the trigger 
pumping rate), additional mitigation measures, potentially including cessation of pumping, will be imposed.

No Land use does not occur on project site. There would be no groundwater extraction activities under the Project.

  LUPA-SW-26 Groundwater pumping mitigation shall be imposed if groundwater monitoring data indicate impacts on water-dependent resources that 
exceed those anticipated and otherwise mitigated for in the NEPA analysis and ROD, even if the basin’s perennial yield is not exceeded. Water-
dependent resources include riparian or phreatophytic vegetation, springs, seeps, streams, and other approved domestic or industrial uses of 
groundwater. Mitigation measures may include changes to pumping rates, volume, or timing of water withdrawals; coordinating and 
scheduling groundwater pumping activities in conjunction with other users in the basin; acquisition of project water from outside the basin; 
and/or replenishing the groundwater resource over a reasonably short timeframe. For permitted activities, permittees may also be required to 
contribute funds to basin-wide groundwater monitoring networks in basins such as those encompassed by the East Riverside DFA or in the 
Calvada Springs/South Pahrump Valley area, and to cooperate in the compilation and analysis of groundwater data.

No Land use does not occur on project site. There would be no groundwater extraction activities under the Project.
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  LUPA-SW-27 Water-conservation measures shall be required in basins where current groundwater demand is high and has the future potential to rise above 

the estimated perennial yield (e.g., Pahrump Valley). These measures may include the use of specific technology, management practices, or 
both. A detailed discussion and analysis of the effectiveness of mitigation measures must be included. Application of these measures shall be 
detailed in the Groundwater Water Monitoring and Mitigation Plan.

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located wtihin a basin with current high groundwater demands, and there would be no groundwater extraction 
activities under the Project. 

  LUPA-SW-28 Groundwater extractions from adjudicated basins, such as the Mojave River Basin, may be subject to additional restrictions imposed by the 
designated authority; examples include the Mojave Water Agency and San Bernardino County (see County Ordinance 3872). Where provisions 
of the adjudication allow for acquisition of water rights, project developers could be required to retire water rights at least equal in volume to 
those necessary for project operation or propose an alternative offset based on the conditions unique to the adjudicated basin.

No Land use does not occur on project site.

                    

There would be no groundwater extraction activities under the Project.

  LUPA-SW-29 Groundwater pumping mitigation may be imposed if monitoring data indicate impacts on groundwater or groundwater-dependent habitats 
outside the DRECP area, including those across the border in Nevada. See LUPA-SW-26 for potential mitigation measures.

No Land use does not occur on project site. There would be no groundwater extraction activities under the Project.

  LUPA-SW-30 Activities shall comply with local requirements for any long term or short term domestic water use and wastewater treatment. No Land use does not occur on project site. The Project would transport water to the Project site using water trucks and no wastewater treatment would occur.

  LUPA-SW-31 The siting, construction, operation, maintenance, remediation, and abandonment of all wells shall conform to specifications contained in the 
California Department of Water Resources Bulletins #74-81 and #74-90 and their updates.

No Land use does not occur on project site. There would be no new wells constructed under the Project.

  LUPA-SW-32 Colorado River hydrologic basin - The concepts, principles and general methodology used in the Colorado River Accounting Surface Method, as 
defined in U.S. Geological Survey Scientific Investigations Report 2008-5113 (USGS 2009), and existing and future updates or a similar 
methodology, are considered the best available data for assessing activity/project related ground water impacts in the Colorado River 
hydrologic basin. The best available data and methodology shall be used to determine whether activity/project-related pumping would result 
in the extracted water being replaced by water drawn from the Colorado River. If activity/project-related groundwater pumping results in the 
static groundwater level at the well being near (within 1 foot), equal to, or below the Accounting Surface in a basin hydrologically connected to 
the Colorado River, that consumption shall be considered subject to the Law of the River (Colorado River Compact of 1922 and amendments). 
In such circumstances, BLM shall require the applicant to offset or otherwise mitigate the volume of water causing drawdown below the 
Accounting Surface. Details of such mitigation measures and the right to the use of water shall be described in the Groundwater Water 
Monitoring and Mitigation Plan.

No Land use does not occur on project site. There would be no groundwater extraction activities under the Project.

Soil, Water, and Water-
Dependent Resources 
Restricted to Specific 
Areas on BLM Lands

LUPA-SW-33 Stipulations for groundwater development in the proximity of Devils Hole: Any development scenario for an activity within 25 miles of Devils 
Hole shall include a plan to achieve zero-net or net-reduced groundwater pumping to reduce the risk of adversely affecting senior federal 
reserved water rights, the designated critical habitat of the endangered Devils Hole pupfish, and the free-flowing requirements of the Wild and 
Scenic Amargosa River. This plan will require operators to acquire one or more minimization water rights (MWRs) in the over-appropriated, 
over-pumped, and hydraulically connected Amargosa Desert Hydrographic Basin in Nevada. The MWR(s) shall be: (1) an amount equal (at 
minimum) to that which is needed for construction and operations; (2) historically fully utilized, preferably for agricultural use; and (3) senior 
and closer to Devils Hole than the proposed point of diversion.

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located wtihin or in proximity to Devils Hole. 

  LUPA-SW-34 Stipulations for groundwater development in the Calvada Springs/South Pahrump Valley area: Activities in this area shall be required to 
acquire one or more MWRs in the Pahrump Valley Hydrographic Basin in Nevada. The acquired MWR(s) must: (1) be at least equal to the 
amount proposed to be required and actually used for project construction and operations; and (2) be fully utilized for at least the prior ten 
years.

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located wtihin the Calvada Springs/South Pahrump Valley area.

  

  
  

  
  

  

  

  

LUPA-SW-35

  

  

  

  

  

  

  

Stipulations for activities in the vicinity of Death Valley National Park, Joshua Tree National Park, or Mojave National Preserve: The NEPA for 
activities involving groundwater extraction that are in the vicinity of Death Valley National Park, Joshua Tree National Park, or the Mojave 
National Preserve shall analyze and address any potential impacts of groundwater extraction on Death Valley National Park, Joshua Tree 
National Park, or Mojave National Preserve. BLM will consult with the National Park Service on this process. The analysis or analyses shall 
include:
• Potential impacts on the water balances of groundwater basins within these parks and preserves
• A map identifying all potentially impacted surface water resources in the vicinity of the project, including a narrative discussion of the 
delineation methods used to discern those surface waters in the field
• Any project-related modifications to surface water resources, both temporary and permanent
• Analysis of any potential impacts on perennial streams, intermittent streams, and ephemeral drainages that could negatively impact natural 
riparian buffers
• Impacts of any project proposed truncation, realignment, channelization, lining, or filling of surface water resources that could change 
drainage patterns, reduce available riparian habitat, decrease water storage capacity, or increase water flow velocity or sediment deposition, in 
particular where stormwater diverted around or through the project site is returned to natural drainage systems downslope of the project

• Any potential indirect project-related causes of hydrologic changes that could exacerbate flooding, erosion, scouring, or sedimentation in 
stream channels
•  Alternatives and mitigation measures proposed to reduce or eliminate such impacts

No Project is not located in or near the area specified in 
the CMA. 

The Project is not located within or in the vicinity of Death Valley National Park, Joshua Tree National Park, or Mojave National 
Preserve.

Visual Resources 
Management

LUPA-VRM-1 Manage Visual Resources in accordance with the VRM classes shown on Figure 9. Yes   The majority of the Project Area falls within Class III, with some Class IV in the southernmost portion. Impacts to visual resources are 
analyzed within the EA and visual contrast rating worksheets are provided in Appendix H. The Project would comply with all VRM 
objectives. Further mitigation would not be required; therefore, this CMA would not be required for implementation in addition to the 
PDFs in Appendix F and based on the visual resources analysis. 

  LUPA-VRM-2 Ensure that activities within each of the VRM Class polygons meets the VRM objectives described above, as measured through a visual contrast 
rating process.

Yes   The majority of the Project Area falls within Class III, with some Class IV in the southernmost portion. Impacts to visual resources are 
analyzed within the EA and visual contrast rating worksheets are provided in Appendix H. The Project would comply with all VRM 
objectives. Further mitigation would not be required; therefore, this CMA would not be required for implementation in addition to the 
PDFs in Appendix F and based on the visual resources analysis.  

                       
                      

           

PC ORIGINAL PKG



LUPA Wide         
Category CMA # CMA Text Applicability Explanation: Why CMA is not applicable

  
Comments

                    LUPA-VRM-3 Ensure that transmission facilities are designed and located to meet the VRM Class objectives for the area in which they are located. New 
transmission lines routed through designated corridors where they do not meet VRM Class Objectives will require RMP amendments to 
establish a conforming VRM Objective. All reasonable effort must be made to reduce visual contrast of these facilities in order to meet the VRM 
Class before pursing RMP amendments. This includes changes in routing, using lattice towers (vs. monopole), color treating facilities using an 
approved color from the BLM Environmental Color Chart CC-001 (dated June 2008, as updated on April 2014, or the most recent version) (vs. 
galvanized) on towers and support facilities, and employing other BMPs to reduce contrast. Such efforts will be retained even if an RMP 
amendment is determined to be needed. Visual Resource BMPs that reduce adverse visual contrast will be applied in VRM Class conforming 
situations. For a reference of BMPs for reducing visual impacts see the “Best Management Practices for Reducing Visual Impacts of Renewable 
Energy Facilities on BLM-Administered Lands”, available at 
http://www.blm.gov/style/medialib/blm/wo/MINERALS__REALTY__AND_RESOURCE_PROTECTION_/energy/renewable_references.Par.1568.Fi
le.dat/RenewableEnergyVisualImpacts_BMPs.pdf, or the most recent version of the document or BMPs for VRM, as determined by BLM.

No Project is not located in or near the area specified in 
the CMA. 

The Project does not propose transmission facilities.

Wilderness 
Characteristics

LUPA-WC-1 Complete an inventory of areas for proposed activities that may impact wilderness characteristics if an updated wilderness characteristics 
inventory is not available. 

No Project is not located in or near the area specified in 
the CMA. 

Lands with Wilderness Characteristics are not present within the Project Area. 

  LUPA-WC-2 Employ avoidance measures as described under DFAs and approved transmission corridors. No Project is not located in or near the area specified in 
the CMA. 

Lands with Wilderness Characteristics are not present within the Project Area. 

  LUPA-WC-3 For inventoried lands found to have wilderness characteristics but not managed for those characteristics compensatory mitigation is required if 
wilderness characteristics are directly impacted. The compensation will be:

No Project is not located in or near the area specified in 
the CMA. 

Lands with Wilderness Characteristics are not present within the Project Area. 

    •    2:1 ratio for impacts from any activities that impact those wilderness characteristics, except in DFAs and transmission corridors

    •    1:1 ratio for impact from any activities that impact the wilderness characteristics in DFAs and transmission corridors 
    Wilderness compensatory mitigation may be accomplished through acquisition and donation, by willing landowners, to the federal government 

of (a) wilderness inholdings, (b) wilderness edge holdings that have inventoried wilderness characteristics, or (c) other areas within the LUPA 
Decision Area that are managed to protect wilderness characteristics. Restoration of impaired wilderness characteristics in Wilderness, 
Wilderness Study Area, and lands managed to protect wilderness characteristics could be substituted for acquisition.

  LUPA-WC-4 For areas identified to be managed to protect wilderness characteristics, identified in Figure 7, the following CMAs are required: No Project is not located in or near the area specified in 
the CMA. 

Lands with Wilderness Characteristics are not present within the Project Area. 

    • Include a no surface occupancy stipulation for any leasable minerals with no exceptions, waivers, or modifications.
    • Exclude these areas from land use authorizations, including transmission. 
    • Close areas to construction of new roads and routes. Vehicles will continue to be permitted on existing designated routes.
    • Close areas to mineral material sales.
    • Prohibit commercial or personal-use permits for extraction of materials (e. g. no wood-cutting permits).
    • Manage the area as VRM II.
    • Require that new structures and facilities are related to the protection or enhancement of wilderness characteristics or are necessary for the 

management of uses allowed under the land use plan.
    • Make lands unavailable for disposal from federal ownership.
  
  

LUPA-WC-5
  

Manage the following Wilderness Inventory Units to protect wilderness characteristics:
•  132A-2 / 132A-3 / 132B / 136 / 136-1 / 145-1-1 / 145-2-1 / 145-3-1 / 149-2 / 150-2-2 / 158-1 / 158-2 / 159 / 159-1 / 159A-1 / 160 / 160-1 / 
160B-2A / 160B-2B / 160B-2F / 160B-3A / 160B-4A / 160B-3B / 160B-4B / 170-1 / 170-3 / 193-1 / 206-1-1 / 206-1-2 / 206-1-3 / 206-1-4 / 222-2-
1 / 251-1 / 251-1-1 / 251-1-2 / 251-2-2 / 251-3 / 251A / 252 / 259-1 / 259-2 / 266-1 / 276-1 / 276-3 / 277 / 277A-1 / 278 / 280 / 294-1 / 294-2 / 
295 / 295A / 304-2 / 305-1 / 305-2 / 307-1 / 307-2 / 307-1-1 / 307-1-2 / 307-1-3 / 312-1 / 312-2 / 312-3 / 322-1 / 325-1 / 325-2 / 325-3 / 325-4 
/ 325-5 / 325-7 / 325-8 / 315-14 / 325-17 / 329 / 352-2 / 352A / 352A-1 / 354 / 355-1 / 355-2 / 355-3

No Project is not located in or near the area specified in 
the CMA. 

Lands with Wilderness Characteristics are not present within the Project Area. 
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Comprehensive Trails 
&Travel Management

NLCS-CTTM-1 Comprehensive Trails and Travel Management – Trails and Travel Management 
in California Desert National Conservation Lands will be in accordance with the 

No Land use does not occur on project site. The Project does not propose transportation routes for conservation, protection, restoration, or 
recreational use.

applicable Transportation and Travel Management Plan. Future Transportation 
and Travel Management Plans for National Conservation Lands would be 
developed in accordance to the appropriate BLM guidance and policy. The 
California Desert National Conservation Land designation will be addressed in 
those subsequent plans with an emphasis on routes that provide for the 
conservation, protection, and restoration, as well as recreational use and 
enjoyment of the California Desert National Conservation Lands that is 
compatible with the values for which the areas were designated.

Cultural Resources & Tribal 
Interests

NLCS-CUL-1 Any adverse effects to historic properties resulting from allowable uses will be 
addressed through the Section 106 process of the National Historic Preservation 
Act and the implementing regulations at 36 CFR Part 800. Resolution of adverse 
effects will in part be addressed via alternative mitigation that includes regional 
synthesis and interpretation of existing archaeological data in addition to 
mitigation measures determined through the Section 106 consultation process.

Yes   The Project would avoid all cultural resources. A Class III Cultural Resources Inventory Report is on file 
with the BLM El Centro Field Office. Additional mitigation measures for protection of cultural resources 
would be required by the BLM and are included as Appendix F of the EA. Section 106 of the NHPA 
consultation would continue throughout the life of the Project.

Ground Disturbance Caps NLCS-DIST-1  Ground Disturbance Caps – Development in California Desert National 
Conservation Lands are limited by the 1% ground disturbance cap which is the 
total ground disturbance (existing [past and present] plus future), or to the level 
allowed by collocated ACEC(s) with its smaller ground disturbance cap units, 
whichever is more restrictive. Refer to Appendix B for the ACEC Special Unit 
Management Plans. The ground disturbance caps will be used, managed and 
implemented following the methodology in the California Desert National 
Conservation Lands and ACEC land allocation sections, and repeated in, NLCS-
DIST-2 and ACEC-DIST-2.

No Land use does not occur on project site. Ground disturbance caps do not apply to mining or mineral exploration projects.

  NLCS-DIST-2 Ground Disturbance Cap Management and Implementation. Specifically, the 
ground disturbance caps would be implemented as a limitation and objective 
using the following process:

No Land use does not occur on project site. Ground disturbance caps do not apply to mining or mineral exploration projects.

    •  Limitation: If the ground disturbance condition of the California Desert 
National Conservation Lands and/or ACEC unit is below the designated 
ground disturbance cap (see calculation method), the ground disturbance cap 
is a limitation on ground-disturbing activities within the California Desert 
National Conservation Lands and/or ACEC, and precludes approval of future 
discretionary ground disturbing activities (see exceptions below) above the 

      

cap.
    •  Objective, triggering disturbance mitigation: If the ground disturbance 

condition of the California Desert National Conservation Lands and/or ACEC is 
at or above its designated cap, the cap functions as an objective, triggering 
the specific ground disturbance mitigation requirement. Ground disturbance 
mitigation is unique to ground disturbance cap implementation and a discrete 
form of compensatory mitigation, separate from other required mitigation in 
the DRECP LUPA (see Glossary of Terms). The ground disturbance mitigation 
requirement remains in effect for all (see exceptions below) activities until 
which time the California Desert National Conservation Lands and/or ACEC 
drops below the cap, at which time the cap becomes a limitation and the 
ground disturbance mitigation is no longer a requirement. If ground 
disturbance mitigation opportunities do not exist in a unit (see below for 
“unit” of measurement), ground disturbing activities (see exceptions below) 
will not be allowed in that unit until which time opportunities for ground 
disturbance mitigation in the unit become available (see types and forms of 
ground disturbance mitigation below) or the unit recovers and drops below 
the cap.

      

    •  Actions necessary to control the immediate impacts of an emergency that 
are urgently needed to reduce the risk to life, property, or important natural, 
cultural, or historic resources, in accordance with 43 Code of Federal 

      

Regulations (CFR) 46.150, are an exception to the ground disturbance cap 
limitation, objective and ground disturbance mitigation requirements. Ground 
disturbance from emergency actions will count in the ground disturbance 
calculation for other activities, and also be available for ground disturbance 
mitigation opportunities and restoration, as appropriate.
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    Calculating ground disturbance: Ground disturbance will be calculated on BLM 

managed land at the time of an individual proposal, by BLM for a BLM initiated 
action or by a third party for an activity needing BLM approval or authorization,
for analysis in the activity-specific National Environmental Policy Act (NEPA) 
document. Once BLM approves/accepts or conducts a calculation for a ACEC, that
calculation is considered the baseline of past and present disturbance and is valid 
for 12 months, and can be used by other proposed activities in the same unit. 
Ground disturbances, that meet the criteria below, would be added into the 
calculation for the 12 month period without having to revisit the entire 
calculation. After a 12 month period has passed and a proposed action triggers 
the disturbance calculation, BLM will examine the existing ground disturbance 
calculation to determine: 1) if the calculation is still reliable, in which case add in 
any additional disturbance that has occurred since that calculation; or 2) if the 
disturbance must be recalculated in its entirety. Once completed for a specific 
activity, the ground disturbance calculation may be used throughout the activity’s 
environmental analysis. However, the BLM may recalculate the affected unit(s) or 
portions of the unit(s) if it determines such recalculation is necessary for the 
BLM’s environmental analysis.

      
Applicability Explanation: Why CMA is not applicable Comments
      

 

 

    Unit of measurement: When calculating the ground disturbance, it is necessary 
to identify the appropriate unit level at which the disturbance will be calculated. 
For ground disturbing activities that occur within California Desert National 
Conservation Lands, the disturbance calculation will be based on the California 
Desert National Conservation Lands, ACEC unit boundary, or the boundary of the 

      

disturbance cap area(s), whichever area is smaller. If there is overlap between 
California Desert National Conservation Lands and an ACEC, the calculation will 
take place based on the smallest unit. If an activity/project overlaps two or more 
smaller units, the cap will be calculated, individually, for all affected units. 

    Ground disturbance includes: The calculation shall include existing ground       
disturbance in addition to the estimated ground disturbance from the proposed 
activity (future) determined at the time of the individual proposal:

    •  Authorized/approved ground disturbing activities – built and not yet built       

  

    

    

    

    

  • 

and unauthorized) 

based on:
o   Activity-specific environmental analysis, such as NEPA or ESA Section 7
Biological Assessment

Known and documented patterns of ground disturbance
Other documented site-specific factors that limit or play a role in 

 BLM identified routes – all routes, trails, etc., authorized and unauthorized, 
identified in the Ground Transportation Linear Feature (GTLF) and/or other 
BLM route network database (i.e., BLM local databases that contain the best 
available data on routes and trails, replacement for GTLF, etc.), following 
applicable BLM standards and policy for identification of routes (authorized 

• Assumptions may be used to identify the percentage/degree/area/etc. of 
ground disturbance for a specific authorized/approved activity or activity-type 

  

    

     

    

  

  

  

  
  

  

  

  

  

  

be seen at a 1:10,000 scale using the best available aerial imagery

    
 

 

       

  

    • Historic Route 66 maintenance - potential ground disturbance estimates:

    

      

    

o   
o   
ground disturbance, such as topography, geography, hydrology (e.g.
desert washes obliterating authorized routes on a regular basis), historical
and predicted patterns of use 

• Any unauthorized disturbance that can be seen at a 1:10,000 scale using the
best available aerial imagery
• Ground disturbance from wildfire, animals, or other disturbances that can 

−   As part of the ground disturbance calculation, the potential disturbance 
associated with estimated operations related to the maintenance of 
Historic Route 66 will automatically be included in the ground disturbance 
calculation as existing ground disturbance for the units specified below, 
until which time these estimated acres are no longer necessary due to 
approved operations: 
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  o   

  South Amboy-Mojave California   
Desert National Conservation Lands  
  Bristol Mountains ACEC 92 acres   
  Chemehuevi ACEC 43 acres   
  Pisgah ACEC 86 acres   

The estimated ground disturbance acreage includes disturbance   
associated with potential access to the locations if no current access 
exists. 
o   The estimated ground disturbance acres for maintenance of Historic   
Route 66 in the before mentioned conservation units is not approval of 
these activities by BLM. Activities associated with the management and 
maintenance of Historic Route 66 on BLM administered land will follow all 
applicable laws, regulations and policies.

  
Explanation: Why CMA is not applicable Comments

  

  
  
  
  

  

  

    

    

  • 
Exceptions to the disturbance calculation:

 Actions necessary to control the immediate impacts of an emergency that

    
Applicability

  

  
  
  
  

  

    
    

  
  

calculated for non-emergency activities.

    •  Actions that are authorized under a Department of Interior (DOI) or BLM 
NEPA Categorical Exclusion will not be required to conduct a disturbance 
calculation; however, these actions are not exempt from the disturbance 
mitigation requirement if a unit is at or above its cap. Although the BLM is not

   
are urgently needed to reduce the risk to life, property, or important natural, 
cultural, or historic resources, in accordance with 43 CFR 46.150, will not be 
required to conduct a disturbance calculation. If the actions are ground 
disturbing, that disturbance will count towards the disturbance cap when next 

      

disturbance mitigation requirements would apply to that activity.

  

  

  

    

  

  

  • 

• 

was designated.
•  Actions that are entirely within the footprint of an existing

above.

calculation and any mitigation requirements).
Ground disturbance mitigation: The purpose of ground disturbance mitigation 
(disturbance mitigation) is to allow actions to occur in California Desert National 

 BLM authorized/approved research or restoration activities that are 
designed or intended to promote and enhance the nationally significant 
landscape values for which the California Desert National Conservation Land 

authorized/approved site of ground disturbance that is within the calculation 

 Livestock grazing permit renewals (however, water developments or other   
range improvements requiring an Environmental Assessment or 
Environmental Impact Statement would be subject to the disturbance 

 
required to calculate the disturbance cap before approving an activity under a 
Categorical Exclusion, if the BLM knows an area is at or exceeding the cap, the 

  

   

  

    

    

  

  

Conservation Lands and/or ACEC that is at or above its designated disturbance 
cap(s), while at the same time providing a restoration mechanism that will, over 
time, improve the condition of the unit(s) and take them below their cap. 
Disturbance mitigation is compensatory. Disturbance mitigation is unique to 
ground disturbance cap implementation and a discrete form of compensatory 
mitigation, separate from other required mitigation in the DRECP (see Glossary of 
Terms). 

    

below.

Disturbance mitigation may only be used for ground disturbance that is 
otherwise allowed by the LUPA and consistent with the purposes for which the
California Desert National Conservation Lands and/or ACEC was designated. 
Areas used for disturbance mitigation are still considered disturbed until which 
time they meet the “Ground Disturbance Recovery” criteria in the description 
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    Unit for implementing disturbance mitigation: The appropriate unit level for 

implementing disturbance mitigation is the same as that used for calculating 
ground disturbance. For ground disturbing activities that occur within California 
Desert National Conservation Lands, the disturbance mitigation will be required 
within the California Desert National Conservation Lands, ACEC boundary, or the 
boundary of the disturbance cap area(s), whichever area is smaller. If there is 
overlap between California Desert National Conservation Lands and an ACEC, the 
disturbance mitigation will take place in the smallest unit. If an activity/project 
overlaps two or more smaller units, disturbance mitigation will be required for all 
units that are at or over their specified disturbance cap. 

      
Applicability Explanation: Why CMA is not applicable Comments

    

  

  

    

  

  • 

No disturbance mitigation required: If the calculated ground disturbance for the 
unit(s) is under the cap:

 No disturbance mitigation required; use activity design features to minimize 
new ground disturbance and help stay below cap.

Disturbance mitigation required: If the calculated ground disturbance is at or 
above the unit(s) cap, disturbance mitigation is required:

 Use activity design features to minimize new ground disturbance to the 

  

  

  

  

    

  

  

  

  

  

  

  

terminated the required disturbance mitigation ratio is 1.5 (1½):1.

    

    

    

  

  

  

  

  

  

• 
extent practicable.
•  For the portion of the proposed activity that is located on land within an 
area previously disturbed by an authorized/approved action that has been 

•  For the portion of the proposed activity that is located on undisturbed land 
or land disturbed by unauthorized activities, the required disturbance 
mitigation ratio is 3:1.

 Although the BLM is not required to calculate the ground disturbance cap 

  

      

requirements would apply to that activity.

    
 

  

    

  

respectively.
•  If disturbance mitigation opportunities do not exist in a unit, ground-

recovers and drops below the cap.

• 
before approving/authorizing an activity under a Categorical Exclusion, if the
BLM knows an area is at or exceeding the cap, the disturbance mitigation 

•  In the rare circumstance where the BLM authorizes activities on areas 
restored (e.g., as disturbance or other forms of mitigation), the required 
disturbance mitigation ratio requirement is doubled, that is, 3:1 or 6:1, 

disturbing activities (see exceptions below) will not be allowed in that unit 
until which time opportunities for disturbance mitigation in the unit become 
available (see types and forms of disturbance mitigation below) or the unit 

  

    

    

  
  

  

  
Exceptions to the disturbance mitigation requirement:

•  Any portion of the proposed activity that is located on land previously 
disturbed by an existing, valid authorized/approved action.

    
    

  
  

  

  
  

  

    •  Livestock grazing permit renewals (however, water developments or other 
range improvements requiring an Environmental Assessment or 
Environmental Impact Statement would be subject to the disturbance 

      

    • 
calculation and any mitigation requirements).

 Land use authorization assignments and renewals with no change in use.       

  

  

  
  

  

  

  

  

  

  • 

impacted.

• 

• 
compensatory mitigation.

Types and forms of disturbance mitigation:
•  Restoration of previously disturbed BLM lands within the boundary of the
specific California Desert National Conservation Lands and/or ACEC unit(s) 
being impacted.

 Acquisition of undisturbed lands within the boundary of the specific 
California Desert National Conservation Lands and/or ACEC unit being 

 BLM authorized/approved activities that are designed and implemented to 
reduce existing ground disturbance, such as ecological, cultural, or habitat 
restoration or enhancement activities.

 Non-discretionary actions, where BLM has no authority to require 
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    •  Ground disturbance mitigation can be “nested” (i.e., combined) with other 

resource mitigation requirements, when appropriate. For example, a parcel 
restored for desert tortoise habitat mitigation may also satisfy the 
disturbance mitigation requirement if the parcel is within the appropriate unit 
of California Desert National Conservation Lands, ACEC boundary, or smaller 
disturbance cap unit.

      

    Ground Disturbance Recovery       
    In general, California Desert National Conservation Lands and/or ACEC ground 

disturbance recovery would be determined during the decadal ground 
disturbance threshold ecoregion trend monitoring assessments (see below, and 
Monitoring and Adaptive Management). California Desert National Conservation 
Lands and/or ACEC recovery may be assessed at intermediate intervals, in 
between the decadal assessments, at BLM’s discretion based on adequate 
funding and staffing. Between the decadal assessments, BLM will assume 
disturbed areas and units (same as used for calculations and mitigation) are not 
yet recovered until data is presented and BLM determines the area meets one of 
the two criteria below:

      

    •  Field verification that disturbed area(s) are dominated by the establishment 
of native shrubs, as appropriate for the site, and demonstrated function of 
ecological processes (e.g., water flow, soil stability).

      

    •  Ground disturbance can no longer be seen at the 1:10,000 scale using the 
best available aerial imagery.

      

    Areas within California Desert National Conservation Lands and/or ACEC(s) may 
be determined recovered by BLM at any time, once one of the two criteria above 
are met, prior to the entire unit (of calculation and mitigation) being determined 
recovered. Areas determined recovered by BLM would be removed from the 
subsequent ground disturbance calculation for that unit.

      

Lands & Realty NLCS-LANDS-1 Renewable energy activities and related ancillary facilities are not allowed. New 
transmission and interconnect (i.e. generation tie lines) lines are allowed in 
designated corridors only. California Desert National Conservation Lands are a 
right-of-way avoidance areas for all other land use authorizations. Right-of-way 
avoidance areas are defined as areas to be avoided but may be available for 
location of right-of-ways with special stipulations.

No Land use does not occur on project site. The Project does not propose energy activities.

  NLCS-LANDS-2 Avoid use authorizations that negatively affect the values for which the California 
Desert National Conservation Lands are designated, unless mitigation, including 
compensatory mitigation, result in a net benefit to the California Desert National 
Conservation Lands. 

No Land use does not occur on project site. With the PDFs from the Plan of Operations (SMP 2021) and the implementation of BLM-required 
mitigation measures, the Project would not negatively affect California Desert NCLs.

  NLCS-LANDS-3 Public access will be designed to facilitate or enhance the use, enjoyment, 
conservation, protection, and restoration of California Desert National 
Conservation Land values identified for the ecoregion.

No Land use does not occur on project site. The Project would temporarily restrict access to the Project Area for public use; however, the BLM-
required mitigation for public notices (Appendix F) to be posted would inform the public of access 
restrictions, and restrictions would be lifted upon completion of the Project. 

  NLCS-LANDS-4 All lands within California Desert National Conservation Lands are identified for 
retention. If the BLM determines that disposal through exchange would result in 
a net benefit to the values of the California Desert National Conservation Lands, it 

No Land use does not occur on project site. Disposal through exchange would not occur and a land use plan amendment would not be necessary as 
a result of the Project. 

may consider that exchange through a land use plan amendment.

  NLCS-LANDS-5 Site authorizations that protect or enhance conservation values, such as those 
granted as compensatory mitigation or for habitat restoration, are allowed. 
Compensatory mitigation measures sited on California Desert National 
Conservation Lands are not be limited to mitigation for activities on BLM-
managed public land.

No Project not located on federal lands with this 
designation. 

The Project would not be located at a site that is designated for habitat restoration or compensatory 
mitigation. 

Minerals NLCS-MIN-1 High Potential Mineral Areas No Project not located on federal lands with this 
designation. 

The Project is not located within a High Potential Mineral Area.

    • In California Desert National Conservation Lands and ACECs, determine if     
reasonable alternatives exist outside of the California Desert National 
Conservation Lands and ACECs prior to proposing mineral resource 
development within one of these areas.

    • In California Desert National Conservation Lands, subject to valid existing 
rights, if mineral resource development is proposed on a parcel of public land 
administered by the BLM for conservation purposes and designated as part of 
the NLCS within the CDCA, pursuant to Omnibus Public Land Management Act 
Section 2002(b)(2)(D):
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    o   Identify, analyze, and consider the resources and values for which that 

parcel of public land is administered for conservation purposes.
    

    o   Determine whether development of mineral resources is compatible 
with the BLM’s administration of that parcel of public land for 
conservation purposes. If development is incompatible, the mineral 
resource would not be developed, subject to valid existing rights.

    

    o   Approve any operation for which valid existing rights have been 
determined, subject to the applicable CMAs in the DRECP LUPA, including 
LUPA-MIN-1 through 6.

    

    •  In California Desert National Conservation Lands, to protect the values for 
which a California Desert National Conservation Land unit was designated, 
and avoid, minimize, and compensate impacts to those values that results in 
net benefit for California Desert National Conservation Lands values, all Plans 

    

of Operation will meet the performance standards found at 43 CFR 3809.420, 
specifically 43 CFR 3809.420(a)(3)—Land-use plans, and 43 CFR 
3809.420(b)(7)—Fisheries, wildlife and plant habitat, and will be subject to 
the regulations found at 43 CFR 3809.100 and 43 CFR 3809.101, if applicable. 

  NLCS-MIN-2 For the purposes of locatable minerals, California Desert National Conservation 
Lands are treated as “controlled” or “limited” use areas in the CDCA, requiring a 
Plan of Operations for greater than casual use under 43 CFR 3809.11.

Yes   The Project is being considered based on the regulations set forth in 43 CFR 3809.11. A Plan of 
Operations (SMP 2021) has been submitted to the BLM for mineral exploration. 

  NLCS-MIN-3 California Desert National Conservation Lands are available for mineral material 
sales and solid mineral leases, and would require mitigation, including 
compensatory mitigation, that results in net benefit for California Desert National 
Conservation Lands values consistent with applicable statutes and regulations.

No Land use does not occur on project site. The Project does not propose mineral material sales or new solid mineral leases.

  NLCS-MIN-4 California Desert National Conservation Lands are available for geothermal 
leasing only in the specified areas where a DRECP LUPA DFA overlaps with the 
California Desert National Conservation Lands and the geothermal lease contains 
a specific no surface occupancy stipulation.

No Land use does not occur on project site. The Project does not propose geothermal activities.

  NLCS-MIN-5 Geothermal and other leasing must protect groundwater quality and quantity. No Land use does not occur on project site. The Project does not propose geothermal activities.

National Scenic 
Trails

& Historic NLCS-NSHT-1 Management of National Scenic and Historic Trails – Manage National Scenic 
and Historic Trails as units of the BLM’s NLCS per PL 111-11, and components of 
the National Trails System under the National Trails System Act. Where National 
Scenic and Historic Trails overlap California Desert National Conservation Lands 
or other NLCS units (e.g., Wilderness Areas), the more protective CMAs or land 
use allocations apply.

No Project not located on federal lands with this 
designation. 

No National Scenic or Historic Trails are present within the Project Area or vicinity.

  NLCS-NSHT-2 Management Corridor – The National Trail Management Corridor, on BLM land, 
has a width generally 1 mile from the centerline of the trail, 2-mile total width. 
Where the National Trail Management Corridors overlap California Desert 
National Conservation Lands or other NLCS units, the more protective CMAs or 
land use allocations will apply.

No Project not located on federal lands with this 
designation. 

There is no National Scenic or Historic Trail Management Corridor within the Project Area or vicinity.

  NLCS-NSHT-3 Site Authorization – NSHT Management Corridors are right-of-way avoidance 
areas for land use authorizations. Sites authorizations will require mitigation, 
including compensatory mitigation resulting in net benefit to the NSHT. 
Authorizations that interfere with the Nature and Purpose for which the NSHT 
was established are not be allowed, as required by the National Trail Systems Act.

No Project not located on federal lands with this 
designation. 

There is no National Scenic or Historic Trail Management Corridor within the Project Area or vicinity.

  NLCS-NSHT-4 Linear Rights-of-Way – Generally, the NSHT Management Corridors are 
avoidance areas for linear rights-of-way, except in existing designated 
transmission/utility corridors, which are available for linear rights-of-way. 
Cultural landscapes, high potential historic sites, and high potential route 
segments within or along National Historic Trail Management Corridors are 
excluded from transmission activities, except in existing designated 
transmission/utility corridors. For all linear rights-of-way adversely impacting 
NSHT Management Corridors, the BLM will follow the protocol in BLM Manual 
6280 to coordinate, as required, and complete an analysis showing that the 
development does not substantially interfere with the nature and purposes of 
the NSHT, and that mitigation results in a net benefit to the NSHT.

No Land use does not occur on project site. The Project does not propose any Rights-of-Way.
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  NLCS-NSHT-5 Renewable Energy Rights-of-Way – Renewable energy activities are not be 

allowed within NSHT Management Corridors, except in LUPA approved DFAs. 
Where development may adversely impact NSHT Management Corridors, the 
BLM will follow the protocol in BLM Manual 6280 as required and complete an 
analysis to ensure that it does not substantially interfere with the nature and 
purposes of the NSHT, avoids activities incompatible with NSHT nature and 
purposes, and that mitigation, including compensatory mitigation, results in a net 
benefit to the NSHT.

No Land use does not occur on project site. The Project does not entail geothermal activities.

  NLCS-NSHT-6 Land Tenure – All lands within NSHT Management Corridors are identified for 
retention. If the BLM determines that disposal through exchange would result in 
a net benefit to the values of the NSHT, it may consider that exchange through a 
land use plan amendment.

No Project not located on federal lands with this 
designation. 

There is no National Scenic or Historic Trail Management Corridor within the Project Area or vicinity.

  NLCS-NSHT-7 Locatable Minerals – For the purposes of locatable minerals, NSHT Management 
Corridors are treated as “controlled” or “limited” use areas in the CDCA, requiring
a Plan of Operations for greater than casual use under 43 CFR 3809.11.

No
 

Project not located on federal lands with this 
designation. 

There is no National Scenic or Historic Trail Management Corridor within the Project Area or vicinity.

  NLCS-NSHT-8 Mineral Material Sales – NSHT Management Corridors are available for mineral 
material sales if the sale does not conflict or cause adverse impact on resources, 
qualities, values, settings, or primary uses or substantially interfere with nature 
and purpose of NSHT, and avoids activities inconsistent with NHST purposes. The 
sale must require mitigation/compensation and must result in net benefit to 
NSHT values.

No Project not located on federal lands with this 
designation. 

There is no National Scenic or Historic Trail Management Corridor within the Project Area or vicinity.

  NLCS-NSHT-9 Solid Mineral Leases – NSHT Management Corridors will be available for solid 
mineral leases if the lease does not conflict or cause adverse impact on 
resources, qualities, values, settings, or primary uses or substantially interfere 
with nature and purpose of NSHT, and avoids activities inconsistent with NHST 
purposes. The lease must require mitigation/compensation and result in net 
benefit to NSHT values.

No Project not located on federal lands with this 
designation. 

There is no National Scenic or Historic Trail Management Corridor within the Project Area or vicinity.

  NLCS-NSHT-10 Geothermal Leasable Minerals – NSHT Management Corridors are available for 
geothermal leasing in LUPA approved DFAs only and with a no surface occupancy 
stipulation, as long as the action would not substantially interfere with the nature
and purposes of the NSHT, and will follow the most recent national policy and 
guidance.

No

 

Project not located on federal lands with this 
designation. 

There is no National Scenic or Historic Trail Management Corridor within the Project Area or vicinity and 
the Project does not propose geothermal activities.

  NLCS-NSHT-11 Recreation and Visitor Services – Commercial and competitive Special Recreation 
is a discretionary action and will be considered on a case-by-case basis for 
activities consistent with the NSHT nature and purposes.

No Project not located on federal lands with this 
designation. 

No National Scenic or Historic Trails are present within the Project Area or vicinity.

  NLCS-NSHT-12 Cultural Resources – Any adverse effects to historic properties resulting from 
allowable uses will be addressed through the Section 106 process of the National 
Historic Preservation Act and the implementing regulations at 36 CFR Part 800.

Yes   At this time, no National Scenic or Historic Trails have been identified within the Project Area of cultural 
resources area of analysis. Throughout archaeological monitoring of the Project per the mitigation 
measures included in Appendix F, should a National Scenic or Historic Trail be documented, the same 
mitigation measures for avoidance would be implemented. The Section 106 of the NHPA consultation 
process would be ongoing throughout the life of the Project. 

  NLCS-NSHT-13 Cultural Resources – All high potential NHT segments will be assumed to contain 
remnants, artifacts and other properties eligible for the National Register of 
Historic Places, pending evaluation.

No Project not located on federal lands with this 
designation. 

No high potential National Historic Trail segments have been identified within the Project Area or vicinity. 

  NLCS-NSHT-14 Visual Resources Management – All NSHT Management Corridors are designated 
as VRM Class I or II dependent on the CMA’s or land use allocation, except within 
existing approved transmission/utility corridors (VRM Class III) and DFAs (VRM 
Class IV). However, state of the art VRM BMPs for renewable energy will be 
employed commensurate with the protection of nationally significant scenic 
resources and cultural landscapes to minimize the level of intrusion and protect 
trail settings.

No Project not located on federal lands with this 
designation. 

There is no National Scenic or Historic Trail Management Corridor within the Project Area or vicinity and 
the Project does not propose renewable energy activities.
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Category CMA # CMA Text Applicability Explanation: Why CMA is not applicable Comments
  NLCS-NSHT-15 Mitigation Requirements – If there is overlap between a National Scenic or No Project not located on federal lands with this The Project is not located within a Development Focus Area and there are no National Scenic or Historic 

Historic Trail, National Trail Management Corridor on BLM land, or trail under designation. Trails or National Trail Management Corridors present within the Project Area and vicinity.
study for possible designation and a DFA, BLM Manual 6280 must be followed. 
Efforts will be made to avoid conflicting activities and approved activities will be 
subject to mitigation for adverse impacts to the resources, qualities, values, 
settings, and primary use or uses (RQVs), including, but not limited to, the 
following: avoidance, the cost of trail relocation, on-site mitigation and off-site 
mitigation. Compensation can include acquisition or restoration of corridor RQVs, 
features and landscapes will be at a minimum of 2:1, and must result in a net 
benefit to the overall trail corridor. Proposed development of high potential 
route segments must not substantially interfere with the nature and purposes of 
the National Scenic or Historic Trail.

Recreation & Visitor NLCS-REC-1 Commercial and competitive Special Recreation Permits are a discretionary action No Land use does not occur on project site. The Project would not require a Special Recreation Permit.
Services and will be issued on a case by case basis, for activities that do not diminish the 

values of the California Desert National Conservation Lands unit and will be 
prohibited if the proposed activities would adversely impact the nationally 
significant ecological, cultural or scientific values for which the area was 
designated.

  NLCS-SW-1 Apply for water rights on a case by case basis to protect water dependent No Land use does not occur on project site. The Project would not require water rights applications. 
California Desert National Conservation Land values.
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Category CMA # CMA Text Applicability Explanation: Why CMA is not applicable

Comments

Cultural Resources & 
Tribal Interests

ACEC-CUL-1 Survey, identify and record new cultural resources within ACEC boundaries prioritizing ACECs where the relevant and important 
criteria include cultural resources.

No
This CMA specifies actions the BLM will take regarding overall management of ACECs. 

  ACEC-CUL-2 Update records for existing cultural resources within ACECs, prioritizing ACECs where the relevant and important criteria include 
cultural resources.

No
This CMA specifies actions the BLM will take regarding overall management of ACECs. 

  ACEC-CUL-3 Develop baseline assessment of specific natural and man-made threats to cultural resources in ACECs (i.e., erosion, looting and 
vandalism, grazing, OHV), prioritizing ACECs where the relevant and important criteria include cultural resources.

No
This CMA specifies actions the BLM will take regarding overall management of ACECs. 

  ACEC-CUL-4 Provide on-going monitoring for cultural resources based on the threat assessment, prioritizing ACECs where the relevant and 
important criteria include cultural resources.

No
This CMA specifies actions the BLM will take regarding overall management of ACECs. 

  ACEC-CUL-5 Identify, develop or incorporate standard protection measures and best management practices to address threats. No   

This CMA specifies actions the BLM will take regarding overall management of ACECs. 

  ACEC-CUL-6 Where specific threats are identified, implement protection measures consistent with agency NHPA Section 106 responsibilities. Yes   
SMP has developed and implemented a tribal monitoring plan regarding the Project. Tribal 
consultation would be ongoing through the life of the Project and associated additional mitigation 
measures would be required by the BLM to ensure impacts to cultural resources are minimized. 
Required mitigation is provided in Chapter 5 of the EA as determined appropriate by the BLM and in 
acordance with the relevant regulations.

Ground Disturbance Cap ACEC-DIST-1 Development in ACECs is limited by specified ground disturbance caps which are the total ground disturbance (existing [past and 
present] plus future). The specific ACEC ground disturbance caps are delineated in each of the individual ACEC Special Unit 
Management Plans (Appendix B). The ground disturbance caps will be used, managed and implemented following the 
methodology for California Desert National Conservation Lands and ACECs identified in Section II.2 and repeated in CMAs NLCS-
DIST-2, and ACEC-DIST-2. 

No Land use does not occur on project site.

Ground disturbance caps do not apply to mining or mineral exploration projects.

  ACEC-DIST-2

    

    

    

Specifically, the ground disturbance caps would be implemented as a limitation and objective using the following process:

•  Limitation: If the ground disturbance condition of the ACEC is below the designated ground disturbance cap (see calculation 
method), the ground disturbance cap is a limitation on ground-disturbing activities within the California Desert National 
Conservation Lands and/or ACEC, and precludes approval of future discretionary ground disturbing activities (see exceptions 
below) above the cap.
•  Objective, triggering disturbance mitigation: If the ground disturbance condition of the ACEC is at or above its designated 
cap, the cap functions as an objective, triggering the specific ground disturbance mitigation requirement. Ground disturbance 
mitigation is unique to ground disturbance cap implementation and a discrete form of compensatory mitigation, separate 
from other required mitigation in the DRECP LUPA (see Glossary of Terms). The ground disturbance mitigation requirement 
remains in effect for all (see exceptions below) activities until which time the ACEC drops below the cap, at which time the cap 
becomes a limitation and the ground disturbance mitigation is no longer a requirement. If ground disturbance mitigation 
opportunities do not exist in a unit (see below for “unit” of measurement), ground disturbing activities (see exceptions below) 
will not be allowed in that unit until which time opportunities for ground disturbance mitigation in the unit become available 
(see types and forms of ground disturbance mitigation below) or the unit recovers and drops below the cap.

•  Actions necessary to control the immediate impacts of an emergency that are urgently needed to reduce the risk to life, 
property, or important natural, cultural, or historic resources, in accordance with 43 Code of Federal Regulations (CFR) 46.150, 
are an exception to the ground disturbance cap limitation, objective and ground disturbance mitigation requirements. Ground 
disturbance from emergency actions will count in the ground disturbance calculation for other activities, and also be available 
for ground disturbance mitigation opportunities and restoration, as appropriate.

No Land use does not occur on project site. Ground disturbance caps do not apply to mining or mineral exploration projects.
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Calculating ground disturbance: Ground disturbance will be calculated on BLM managed land at the time of an individual 
proposal, by BLM for a BLM initiated action or by a third party for an activity needing BLM approval or authorization, for analysis 
in the activity-specific National Environmental Policy Act (NEPA) document. Once BLM approves/accepts or conducts a 
calculation for a ACEC, that calculation is considered the baseline of past and present disturbance and is valid for 12 months, and 
can be used by other proposed activities in the same unit. Ground disturbances, that meet the criteria below, would be added 
into the calculation for the 12 month period without having to revisit the entire calculation After a 12 month period has passed 
and a proposed action triggers the disturbance calculation, BLM will examine the existing ground disturbance calculation to 
determine: 1) if the calculation is still reliable, in which case add in any additional disturbance that has occurred since that 
calculation; or 2) if the disturbance must be recalculated in its entirety. Once completed for a specific activity, the ground 
disturbance calculation may be used throughout the activity’s environmental analysis. However, the BLM may recalculate the 
affected unit(s) or portions of the unit(s) if it determines such recalculation is necessary for the BLM’s environmental analysis.

Unit of measurement: When calculating the ground disturbance, it is necessary to identify the appropriate unit level at which 
the disturbance will be calculated. For ground disturbing activities that occur within an ACEC, the disturbance calculation will be 
based on the ACEC unit boundary, or the boundary of the disturbance cap area(s), whichever area is smaller. If there is overlap 
between California Desert National Conservation Lands and an ACEC, the calculation will take place based on the smallest unit. If 
an activity/project overlaps two or more smaller units, the cap will be calculated, individually, for all affected units. 

Ground disturbance includes: The calculation shall include existing ground disturbance in addition to the estimated ground 
disturbance from the proposed activity (future) determined at the time of the individual proposal:

•  Authorized/approved ground disturbing activities – built and not yet built
•  BLM identified routes – all routes, trails, etc., authorized and unauthorized, identified in the Ground Transportation Linear 
Feature (GTLF) and/or other BLM route network database (i.e., BLM local databases that contain the best available data on 
routes and trails, replacement for GTLF, etc.), following applicable BLM standards and policy for identification of routes 
(authorized and unauthorized) 
• Assumptions may be used to identify the percentage/degree/area/etc. of ground disturbance for a specific 
authorized/approved activity or activity-type based on:
o   Activity-specific environmental analysis, such as NEPA or ESA Section 7 Biological Assessment
o   Known and documented patterns of ground disturbance
o   Other documented site-specific factors that limit or play a role in ground disturbance, such as topography, geography, 
hydrology (e.g. desert washes obliterating authorized routes on a regular basis), historical and predicted patterns of use 

• Any unauthorized disturbance that can be seen at a 1:10,000 scale using the best available aerial imagery
• Ground disturbance from wildfire, animals, or other disturbances that can be seen at a 1:10,000 scale using the best 
available aerial imagery
• Historic Route 66 maintenance - potential ground disturbance estimates:
−   As part of the ground disturbance calculation, the potential disturbance associated with estimated operations related to 
the maintenance of Historic Route 66 will automatically be included in the ground disturbance calculation as existing ground 
disturbance for the units specified below, until which time these estimated acres are no longer necessary due to approved 
operations: 

  South Amboy-Mojave California Desert National Conservation Lands 221 acres
  Bristol Mountains ACEC  92 acres
  Chemehuevi ACEC  43 acres
  Pisgah ACEC 86 acres

o   The estimated ground disturbance acreage includes disturbance associated with potential access to the locations if no 
current access exists. 
o   The estimated ground disturbance acres for maintenance of Historic Route 66 in the before mentioned conservation 
units is not approval of these activities by BLM. Activities associated with the management and maintenance of Historic 
Route 66 on BLM administered land will follow all applicable laws, regulations and policies.

Exceptions to the disturbance calculation:
•  Actions necessary to control the immediate impacts of an emergency that are urgently needed to reduce the risk to life, 
property, or important natural, cultural, or historic resources, in accordance with 43 CFR 46.150, will not be required to 
conduct a disturbance calculation. If the actions are ground disturbing, that disturbance will count towards the disturbance 
cap when next calculated for non-emergency activities.
•  Actions that are authorized under a Department of Interior (DOI) or BLM NEPA Categorical Exclusion will not be required to 
conduct a disturbance calculation; however, these actions are not exempt from the disturbance mitigation requirement if a 
unit is at or above its cap. Although the BLM is not required to calculate the disturbance cap before approving an activity 
under a Categorical Exclusion, if the BLM knows an area is at or exceeding the cap, the disturbance mitigation requirements 
would apply to that activity.
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•  BLM authorized/approved research or restoration activities that are designed or intended to promote and enhance the 
relevant and important values for which the ACEC was designated.
•  Actions that are entirely within the footprint of an existing authorized/approved site of ground disturbance that is within the 
calculation above.
•  Livestock grazing permit renewals (however, water developments or other range improvements requiring an Environmental 
Assessment or Environmental Impact Statement would be subject to the disturbance calculation and any mitigation 
requirements).

Ground disturbance mitigation: The purpose of ground disturbance mitigation (disturbance mitigation) is to allow actions to 
occur in California Desert National Conservation Lands and/or ACEC that is at or above its designated disturbance cap(s), while at 
the same time providing a restoration mechanism that will, over time, improve the condition of the unit(s) and take them below 
their cap. Disturbance mitigation is compensatory. Disturbance mitigation is unique to ground disturbance cap implementation 
and a discrete form of compensatory mitigation, separate from other required mitigation in the DRECP (see Glossary of Terms). 

Disturbance mitigation may only be used for ground disturbance that is otherwise allowed by the LUPA and consistent with the 
purposes for which the California Desert National Conservation Lands and/or ACEC was designated. Areas used for disturbance 
mitigation are still considered disturbed until which time they meet the “Ground Disturbance Recovery” criteria in the 
description below.
Unit for implementing disturbance mitigation: The appropriate unit level for implementing disturbance mitigation is the same as 
that used for calculating ground disturbance. For ground disturbing activities that occur within an ACEC, the disturbance 
mitigation will be required within the ACEC unit boundary, or the boundary of the disturbance cap area(s), whichever area is 
smaller. If there is overlap between California Desert National Conservation Lands and an ACEC, the disturbance mitigation will 
take place in the smallest unit. If an activity/project overlaps two or more smaller units, disturbance mitigation will be required 
for all units that are at or over their specified disturbance cap. 

No disturbance mitigation required: If the calculated ground disturbance for the unit(s) is under the cap:
•  No disturbance mitigation required; use activity design features to minimize new ground disturbance and help stay below 
cap.

Disturbance mitigation required: If the calculated ground disturbance is at or above the unit(s) cap, disturbance mitigation is 
required:
•  Use activity design features to minimize new ground disturbance to the extent practicable.
•  For the portion of the proposed activity that is located on land within an area previously disturbed by an 
authorized/approved action that has been terminated the required disturbance mitigation ratio is 1.5 (1½):1.
•  For the portion of the proposed activity that is located on undisturbed land or land disturbed by unauthorized activities, the 
required disturbance mitigation ratio is 3:1.
•  Although the BLM is not required to calculate the ground disturbance cap before approving/authorizing an activity under a 
Categorical Exclusion, if the BLM knows an area is at or exceeding the cap, the disturbance mitigation requirements would 
apply to that activity.
•  In the rare circumstance where the BLM authorizes activities on areas restored (e.g., as disturbance or other forms of 
mitigation), the required disturbance mitigation ratio requirement is doubled, that is, 3:1 or 6:1, respectively.

•  If disturbance mitigation opportunities do not exist in a unit, ground-disturbing activities (see exceptions below) will not be 
allowed in that unit until which time opportunities for disturbance mitigation in the unit become available (see types and 
forms of disturbance mitigation below) or the unit recovers and drops below the cap.

Exceptions to the disturbance mitigation requirement:
•  Any portion of the proposed activity that is located on land previously disturbed by an existing, valid authorized/approved 
action.
•  Livestock grazing permit renewals (however, water developments or other range improvements requiring an Environmental 
Assessment or Environmental would be subject to the disturbance calculation and any mitigation requirements).

•  Land use authorization assignments and renewals with no change in use. 
•  BLM authorized/approved activities that are designed and implemented to reduce existing ground disturbance, such as 
ecological, cultural, or habitat restoration or enhancement activities.
•  Non-discretionary actions, where BLM has no authority to require compensatory mitigation.

Types and forms of disturbance mitigation:
•  Restoration of previously disturbed BLM lands within the boundary of the specific ACEC unit(s) being impacted.

•  Acquisition of undisturbed lands within the boundary of the specific ACEC unit being impacted.
•  Ground disturbance mitigation can be “nested” (i.e., combined) with other resource mitigation requirements, when 
appropriate. For example, a parcel restored for desert tortoise habitat mitigation may also satisfy the disturbance mitigation 
requirement if the parcel is within the appropriate unit of California Desert National Conservation Lands, ACEC boundary, or 
smaller disturbance cap unit.
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Ground Disturbance Recovery
In general, California Desert National Conservation Lands and/or ACEC ground disturbance recovery would be determined during 
the decadal ground disturbance threshold ecoregion trend monitoring assessments (see below, and Monitoring and Adaptive 
Management). California Desert National Conservation Lands and/or ACEC recovery may be assessed at intermediate intervals, 
in between the decadal assessments, at BLM’s discretion based on adequate funding and staffing. Between the decadal 
assessments, BLM will assume disturbed areas and units (same as used for calculations and mitigation) are not yet recovered 
until data is presented and BLM determines the area meets one of the two criteria below:

  

  
  

  

  

  

•  Field verification that disturbed area(s) are dominated by the establishment of native shrubs, as appropriate for the site, 
and demonstrated function of ecological processes (e.g., water flow, soil stability).
•  Ground disturbance can no longer be seen at the 1:10,000 scale using the best available aerial imagery.

Areas within California Desert National Conservation Lands and/or ACEC(s) may be determined recovered by BLM at any time, 
once one of the two criteria above are met, prior to the entire unit (of calculation and mitigation) being determined recovered. 
Areas determined recovered by BLM would be removed from the subsequent ground disturbance calculation for that unit.

Lands & Realty ACEC-LANDS-1 Renewable energy activities are not allowed. ACECs are right-of-way avoidance areas for all other land use authorizations, except 
when identified as right-of-way exclusion areas in the individual unit’s Special Management Plan (Appendix B). Transmission is 
allowed. Re-powering of an existing wind facility is allowed if the re-power project remains within the existing approved wind 
energy ROW and reduces environmental impacts.

No Land use does not occur on project site.

The Project does not propose renewable energy activities or new land use authorizations. 

  ACEC-LANDS-2 All lands within Areas of Critical Environmental Concern are identified for retention. If the BLM determines that disposal through 
exchange would result in a net benefit to the values of the ACEC, it may consider that exchange through a land use plan 
amendment.

No Land use does not occur on project site.
CMA not relevant to the Project; a land use plan amendment is not necessary.

Minerals

  

ACEC-MIN-1

  

High Potential Mineral Areas

•  In California Desert National Conservation Lands and ACECs, determine if reasonable alternatives exist outside of the 
California Desert National Conservation Lands/ACEC areas prior to proposing mineral resource development within one of 
these areas.

No

  

Project is not located in or near the area 
specified in the CMA. 
  Project is not located within a High Potential Mineral Area.

  ACEC-VRM-1 Manage Manzanar ACEC to conform to VRM Class II standards. No Project is not located in or near the area 
specified in the CMA. 

Project is not located within the Manzanar ACEC.
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GLOSSARY OF TERMS 

A 

acquired lands. Lands in federal ownership that are not public domain1 and that 

have been obtained by the government by purchase, exchange, donation, or 

condemnation. Acquired lands are normally dedicated to a specific use or uses. 

acquisition. The activity of obtaining land and/or interest in land through purchase, 

exchange, donation, or condemnation. 

activity. Authorized projects and management activities conducted on BLM-administered 

lands. Activities include actions approved by permit or other authorization as well as 

actions conducted by the BLM. 

activity footprint. The area of long- and short-term ground disturbance associated with 

the pre-construction, construction, operation, implementation, maintenance, and 

decommissioning of an activity, including associated linear and non-linear components, 

such as staging areas, access routes and roads, gen-ties, pipelines, other utility lines, borrow 

pits, disposal areas, etc. May also be considered synonymous with project/activity site. 

adaptive management. A process for assimilating new information, including, but not 

limited to, from monitoring and research, and assessing if adjustments to the DRECP BLM 

Land Use Plan Amendment (LUPA) Conservation and Management Actions (CMAs), etc., 

are needed. The Monitoring and Adaptive Management Program (MAMP) is the vehicle 

for structuring adaptive management in the LUPA and implementing actions deemed 

necessary, as needed. 

Applicant. A public or private entity, or an individual, that applies to the BLM for a land 

use authorization or approval of activity. 

Area of Critical Environmental Concern (ACEC). A BLM area within public lands where 

special management attention is required to protect and prevent irreparable damage to 

important historic, cultural, or scenic values, fish and wildlife resources or other natural 

systems of processes, or to protect life and safety from natural hazards. The ACECs are 

part of the LUPA conservation land allocations. Defined in Section 103(a) of the Federal 

                                                        
1  Public domain. Vacant, unappropriated, and unreserved public lands, or public lands withdrawn by 

Executive Order 6910 of November 26, 1934, as amended, or Executive Order 6964 of February 5, 1935, 
as amended, and not otherwise withdrawn or reserved, or public lands within grazing districts 
established under Section 1 of the Act of June 28, 1934 (45 Stat. 1269), as amended, and not otherwise 
withdrawn or reserved. 
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Land Policy and Management Act (FLPMA) of 1976, as amended, and regulation 43 Code 

of Federal Regulations (CFR) 1601.0-5(a). 

avoidance to the maximum extent practicable (as utilized in the LUPA CMAs). A 

standard identified in the LUPA CMAs and applied to implementation of activities. Under 

this standard, impacts to identified resources are not allowed unless there is no 

reasonable or practicable means of avoidance that is consistent with the basic objectives 

of the activity. Compensation for unavoidable impacts will be required, as specified in the 

CMAs. The term “maximum extent practicable” as used here in the DRECP LUPA is 

applicable only to its use in the CMAs; it does not apply to the term as it is used in the 

Endangered Species Act of 1973, as amended. 

B 

baseline monitoring. A type of monitoring in which a designated resource specialist that 

assembles an initial set of information or quantitative data, through an accepted protocol, 

for comparison or a control by which a determination can be made in the future as to 

whether change has occurred through events, actions, or time. Baseline monitoring may 

be appropriate in areas that have not been sufficiently surveyed or for which relevant 

data is otherwise lacking. 

biological monitoring. Visual survey of an area conducted by a designated biologist to 

determine if a biological resource is present. Biological monitoring is commonly 

conducted on the sites of proposed projects. Biological monitoring conducted during the 

implementation of activities is used to implement LUPA CMAs that require construction 

setbacks or that require the designated biologist to move a biological resource out of 

harm’s way. 

BLM land (also known as BLM-managed lands, BLM-administered land, or public 

land). Land or interest in land owned by the United States and administered by the U.S. 

Secretary of the Interior through the Bureau of Land Management, without regard to how 

the United States acquired ownership. 

BLM LUPA conservation designations (also known as BLM conservation lands, BLM 

conservation areas, or conservation allocations). Administrative designations that 

include California Desert National Conservation Land, ACEC, and Wildlife Allocation 

designations on BLM-administered land. BLM Wilderness Areas, Wilderness Study Areas, 

National Monuments, National Historic Trails, and Wild and Scenic River designations 

(existing and proposed) are included as part of the existing Legislatively and Legally 

Protected Areas (LLPAs). The BLM LUPA conservation designations were identified 

through the planning process. 
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BLM Special-Status Species (also known as Special-Status Species). Includes those 

plant and animal species that are (1) species listed as threatened or endangered, or 

proposed for listing under the Endangered Species Act of 1973, and (2) species requiring 

special management consideration to promote their conservation and reduce the likelihood 

and need for future listing under the Endangered Species Act, which are designated as 

sensitive by the BLM California State Director. All federal Endangered Species Act candidate 

species, and delisted species in the 5 years following delisting, are considered and will be 

conserved as species sensitive. The BLM California State Director has also conferred 

sensitive status on California State endangered, threatened, and candidate species, and rare 

plant species, on species with a California Rare Plant Rank of 1B on the Special Vascular 

Plants, Bryophytes, and Lichens List maintained by the California Department of Fish and 

Wildlife that are on BLM lands or affected by BLM actions and that are not already special-

status plants by virtue of being federally listed or proposed (unless specifically excluded by 

the BLM California State Director on a case-by-case basis), and on certain other plants the 

BLM California State Director believes meet the definition of sensitive. See BLM Manual 

6840, Special Status Species Policy, for more detail. 

breeding habitat. Vegetation types or landscapes that contain elements required for the 

reproduction of wildlife Focus or BLM Special Status Species; for example, tree or canopy 

structure, vegetation composition, soil type, or hydrologic requirements.  

C
California Department of Fish and Wildlife (CDFW) fully protected species. Any 

species identified in California Fish and Game Code Sections 3511, 4700, 4800, 5050 or 

5515. Such species may not be taken or possessed at any time, and no licenses or permits 

may be issued for their take except under an approved Natural Community Conservation 

Plan (NCCP) or for collection for necessary scientific research. 

California Desert Biological Conservation Framework Land Cover Map. A detailed 

map of vegetation types and other land covers for the DRECP Plan Area. The land cover 

map is a composite of fine-scale and medium-scale mapping organized hierarchically 

according to the National Vegetation Classification Standard, including general community 

groupings, vegetation types, and alliance-level mapping units. 

California Desert Conservation Area (CDCA). As defined in Section 601 of the FLPMA, 

the CDCA is a 25-million-acre expanse of land in Southern California designated by 

Congress in 1976 through the FLPMA. About 10 million acres of the CDCA are 

administered by BLM under its CDCA Plan. 

California Desert National Conservation Lands (CDNCL or NCL). The Approved LUPA 

identifies California Desert National Conservation Lands, in accordance with the Omnibus 
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Public Land Management Act of 2009 (Omnibus Act), which are nationally significant 

landscapes within the CDCA with outstanding cultural, ecological, and scientific values. 

The LUPA also establishes CMAs to conserve, protect, and restore these landscapes. The 

California Desert National Conservation Lands are a permanent addition to the National 

Landscape Conservation System, as per the direction to BLM in the Omnibus Act. 

clearance survey. Survey for Focus and BLM Special Status Species conducted 

immediately prior to vegetation and/or ground disturbance from activities, as per the 

CMAs. Clearance surveys must be conducted throughout the LUPA Decision Area and in 

accordance with applicable species-specific CMAs and protocols, as approved by BLM 

and U.S. Fish and Wildlife Service (USFWS) and CDFW, if applicable , to detect and clear 

(i.e., remove, translocate) out of harm’s way individuals of a species prior to disturbance. 

compensation and compensatory mitigation. For the purposes of the DRECP LUPA, 

compensation and compensatory mitigation mean replacing or providing substitute 

resources or habitats by enhancing or restoring lands within appropriate BLM conservation 

and/or recreation designations, or acquiring and conserving lands from willing sellers. 

conservation easement. A partial interest in land that can be transferred to a qualified 

land conservancy or government entity. The purpose is to conserve or protect the land. 

Conservation easements typically restrict allowable uses of the land by prohibiting 

development and sometimes restricting or requiring particular management activities. A 

conservation easement is legally binding for a specified term, which may be in perpetuity. 

Conservation and Management Actions (CMAs). The specific set of avoidance, 

minimization, and compensation measures, and allowable and non-allowable actions 

for siting, design, pre-construction, construction, maintenance, implementation, 

operation, and decommissioning activities on BLM land. CMAs are required for 14 

different resources and 7 land allocations. 

conserve. The term “conserve” (or “conservation”) as used in the DRECP LUPA applies to 

the protection and management of the multitude of resources and values BLM is 

managing with land allocations and CMAs in the DRECP LUPA, including but not limited to 

biological/ecological, cultural, recreation, and visual resources, including the 

conservation and recreation land allocations and their management, specific CMAs, and 

compensation actions such as restoration, enhancement, and land acquisition (e.g., fee 

title purchase from willing sellers). In the DRECP biological conservation strategy, this 

term is applied more narrowly to the protection and management of ecological processes, 

Focus and BLM Special Status Species, and vegetation types. 

creosote bush rings. Rings of creosote bush (Larrea tridentata) that form over long 

periods of time. As a single creosote bush produces new branches at the periphery of its 
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crown, the branches in the center of the crown begin to die. Eventually a sterile area of 

bare ground occupies the center of the original shrub, and as the ring becomes larger the 

original shrub segments into several shrubs (satellites), forming a ring around the point 

where the original shrub originated. As more time goes by these rings become elliptical 

rather than circular. The satellite shrubs in a ring are the same genetically, attesting to the 

fact that they form a single clone originating from one original shrub. Vasek (1980) 

showed that some of these clones are several thousand years old. The largest known 

creosote ring is 20.5 feet in diameter and may be 11,700 years old. 

Critical Habitat. Critical habitat is defined in Section 3(5)(A) of the Endangered Species 

Act of 1973 as (1) the specific areas within the geographical area occupied by a species, at 

the time it is listed in accordance with the Endangered Species Act, on which are found 

those physical or biological features essential to the conservation of the species, and which 

may require special management considerations or protection; and (2) specific areas 

outside the geographical area occupied by the species at the time it is listed, upon a 

determination that such areas are essential for the conservation of the species. Designated 

critical habitat is protected under Section 7(a)(2) of the Endangered Species Act, which 

requires federal agencies to ensure that any action they fund, authorize, or carry out is not 

likely to result in the destruction or adverse modification of critical habitat. 

D 

Desert Renewable Energy Conservation Plan (DRECP). An interagency planning effort 

of the REAT agencies addressing a biological conservation framework and renewable 

energy strategy for the California desert. The DRECP consists of the DRECP BLM LUPA 

(Phase I), and a Phase II addressing nonfederal lands.  

designated biologist. A biologist who is approved as qualified by BLM, and USFWS 

and CDFW, as appropriate. A designated biologist is the person responsible for 

overseeing compliance with specific applicable LUPA biological CMAs. 

Development Focus Areas (DFAs). Locations where renewable energy generation is an 

allowable use, incentivized, and could be streamlined for approval under the DRECP 

LUPA. The LUPA will only streamline and provide incentives for renewable energy 

activities sited in a DFA.  

disposal. Conveyance of federal interest in public land to a nonfederal party through such 

actions as sale or exchange under various public land law authorities. 

distributed generation. The 2011 Integrated Energy Policy Report published by the 

California Energy Commission (CEC) defines distributed generation as: “(1) fuels and 
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technologies accepted as renewable for purposes of the Renewable Portfolio 

Standard supplying power directly to a consumer” (CEC 2012). 

DRECP Plan Area (as known as the interagency DRECP Plan Area or DRECP 

boundary). The Mojave and Colorado/Sonoran desert ecosystems in Southern 

California, with some map-based extractions primarily for the Coachella Valley Multiple 

Species Habitat Conservation Plan in Riverside County and the Tejon Ranch Tehachapi 

Uplands Multiple Species Habitat Conservation Plan in Kern County. This area does not 

include the lands in the LUPA Decision Area (see definition) in the CDCA but outside the 

DRECP boundary. 

E 

ecoregion subarea (also known as ecoregions or subareas). Planning and LUPA 

implementation units based on a consolidation of U.S. Department of Agriculture (USDA) 

ecoregion boundaries and U.S. Geological Survey Hydrologic Units. The DRECP LUPA 

contains 10 ecoregion subareas. 

existing conservation areas. Areas where natural resources are substantially protected 

under existing federal or state law or other legal protections. Existing conservation areas 

are referred to on the maps and figures as Legislatively and Legally Protected Areas 

(LLPAs). These lands are assumed to be protected and managed for the benefit of Focus 

and BLM Special Status Species under existing management regimes. 

existing transmission/utility corridors. Linear corridors on public lands designated 

through the West Wide Energy Corridor Programmatic Environmental Impact Statement, 

the CDCA Plan, or other Resource Management Plan as a preferred location for pipelines, 

transmission lines, and other linear infrastructure. Corridors are meant to minimize 

adverse impacts of these facilities and minimize the proliferation of rights-of-way across 

public lands. 

Extensive Recreation Management Areas (ERMAs). BLM administrative units that 

require specific management consideration in order to address recreation use and 

demand. The ERMAs are managed to support and sustain the principal recreation 

activities and associated qualities and conditions. Recreation management actions 

within an ERMA are limited to only those of a custodial nature. Management of ERMA 

areas are commensurate with the management of other resources and resource uses. 

F 

federal lands. Land or interest in land owned and/or administered by the United States. 

Activities on federal lands in the LUPA Decision Area are administered by the Secretary of 
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the Interior through the BLM. Other federal lands administered by the Bureau of 

Reclamation, or BLM lands withdrawn by other agencies are not included in the definition 

of federal lands as used in the DRECP LUPA context. 

Focus Species. Species whose conservation and management are provided for in the 

DRECP BLM LUPA.  

foraging habitat. Vegetation types or landscapes that contain elements required for 

Focus and BLM Special Status wildlife species foraging; for example, particular vegetation 

consumed by Focus or BLM Special-Status wildlife species or habitat for species that are a 

primary source of Focus or BLM Special Status Species’ diets. 

G 

General Public Lands (GPL). BLM-administered lands that do not have a specific land 

allocation or designation. These areas are available to renewable energy applications, but 

do not benefit from permit review streamlining or other incentives. Activities in these areas 

are required to follow the LUPA-wide CMAs, and the GPL specific CMAs. A land use plan 

amendment is needed to develop renewable energy and related activities in these areas.  

geothermal project. Activities that involve the construction, operation, and maintenance 

of a facility that generates energy through steam from wells in geothermally active areas. 

Geothermal projects may include well sites, pipelines, towers, roads, pump or maintenance 

buildings, generators, transformers, and other supporting infrastructure. Geothermal 

activities on BLM land are authorized through the geothermal leasing program. 

gigawatt (GW). Measure of energy equal to one billion watts. Used as a measure of 

instantaneous generation capacity. 

gigawatt-hour (GWh). Measure of power equivalent to 109 watt hours. Used as a 

measure of energy production from generation facilities. 

ground disturbance cap. Generally, a limitation on ground-disturbing activities in 

California Desert National Conservation Lands and ACECs. Expressed as a percentage of 

total BLM-managed California Desert National Conservation Lands and/or ACEC acreage, 

and cumulatively considers past, present, and future (proposed activity) ground 

disturbance. Baseline/existing (past plus present) ground disturbance would be 

determined using the most current imagery and knowledge at the time of an individual 

activity proposal. Specifically, the ground disturbance caps will be implemented as either 

a limitation or an objective triggering disturbance mitigation. The ground disturbance cap 

is a limitation on ground-disturbing activities within the California Desert National 

Conservation Lands and/or ACEC, and precludes approval of future ground-disturbing 
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activities if the ground disturbance condition of the California Desert National 

Conservation Lands and/or ACEC is below the designated ground disturbance cap. The 

ground disturbance cap functions as an objective, triggering a specific disturbance 

mitigation requirement if the ground disturbance condition of the California Desert 

National Conservation Lands and/or ACEC is at or above its designated cap. The 

disturbance mitigation requirement remains in effect until the unit drops below its 

specified cap, at which time the disturbance cap becomes a limitation. Refer to LUPA 

Section II.2.1, for the full implementation methodology. The methodology is repeated in 

Section II.2.2, and in CMAs NLCS-DIST-2 and ACEC-DIST-2. 

ground disturbance mitigation (also known as disturbance mitigation). A discrete 

form of compensatory mitigation, unique to the ground disturbance cap implementation, 

and separate and distinct from other required mitigation in the DRECP LUPA. The 

disturbance mitigation requirement is triggered when the ground disturbance condition 

of the California Desert National Conservation Lands and/or ACEC is at or above its 

designated cap. The disturbance mitigation requirement remains in effect until the 

California Desert National Conservation Lands and/or ACEC drops below its designated 

cap. Refer to LUPA Section II.2.1 for the full ground disturbance cap implementation 

methodology. The methodology is repeated in Section II.2.2, and in CMAs NLCS-DIST-2 

and ACEC-DIST-2. 

ground-mounted distributed generation project. For purposes of DRECP LUPA, a solar 

power system of 20 megawatts (MW) or less consisting of solar modules held in place by 

racks or frames that are attached to ground-based mounting supports. 

H 

habitat assessment. As required in the LUPA-BIO CMAs. The DRECP land cover mapping 

and/or species model(s), updated mapping and species models, reconnaissance-level site 

visits, available aerial photography/imagery, and mapping of vegetation types and species’ 

suitable habitat are all examples of the type of information that would be utilized during a 

habitat assessment. For all activities, a habitat assessment is required to assess site-

specific vegetation types and Focus and BLM Special Status Species. 

herd area. The areas on BLM land in which wild horses and burros were found when the 

Wild Free-Roaming Horses and Burros Act of 1971 was passed. These are the only areas 

BLM may manage horses by law. 

Herd Management Area. A BLM land allocation. The areas within each herd area that BLM 

manages to sustain healthy and diverse wild horse and burro populations over the long term. 
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I 

impervious and urban built-up land. Existing developed areas based on the DRECP land 

cover map. 

J 

Joshua tree woodlands. Evenly distributed with Joshua trees at ≥1% and Juniperus 

and/or Pinus spp. <1% absolute cover in the tree canopy (Thomas et al. 2004). 

K 

kilowatt (kW). Measure of energy equal to 1,000 watts. 

L 

land tenure actions. Jurisdictional or ownership changes in public lands. Tenure is 

derived from the Latin word “tenet” meaning “to hold.” Thus, land tenure describes the 

way in which land is held. These adjustments are accomplished through such actions as 

disposal, acquisition, or withdrawal. 

land use authorization. As used in this LUPA, a term to describe any authorization or 

instrument to occupy, develop, or use BLM land issued under various realty program 

authorities available to the BLM, including right-of-way grants, leases, permits, licenses, 

and easements. The term does not include renewable energy projects and their related 

ancillary facilities. 

Land Use Plan Amendment (LUPA). The LUPA is a set of decisions that establishes 

management direction for BLM-administered land within an administrative area through 

amendment to existing land use plans. The DRECP BLM LUPA amends the following BLM 

land use and resource management plans (RMPs): CDCA Plan and its amendments: 

Western Mojave Plan (WEMO), Northern and Eastern Colorado Desert Coordinated 

Management Plan (NECO), and Northern and Eastern Mojave Plan (NEMO). The DRECP 

LUPA also amends portions of the Bishop RMP and the Bakersfield RMP. Described in 

Section 202 of the FLPMA of 1976, as amended, and in regulation 43 CFR 1600. 

Legislatively and Legally Protected Areas (LLPAs). Existing protected lands, 

including: Wilderness Areas, National Monuments, National Parks, National Preserves, 

National Wildlife Refuges, California State Parks and Recreation Lands, CDFW 

Conservation Areas (Ecological Reserves and Wildlife Areas), CDFW areas, privately 

held conservation areas including mitigation/conservation banks approved by the 

USFWS and CDFW, land trust lands, Wilderness Study Areas, Wild and Scenic Rivers, 

and National Scenic and Historic Trails. 
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limited area. Under BLM’s Trails and Travel Management program, an area restricted at 

certain times, in certain areas, or to certain vehicular use. 

long-term impacts. Ground and/or vegetation disturbance that results in impacts lasting 

greater than 2 years. 

LUPA Decision Area. The lands within the LUPA area for which the BLM has the 

authority to make land use and management decisions. This includes all BLM-

administered lands within the interagency DRECP Plan Area, as well as BLM-administered 

lands within the CDCA outside of the interagency DRECP Plan Area. It excludes some 

LLPAs and all lands within 1 mile of the Colorado River, which are administered by the 

BLM-Arizona State Office. 

LUPA Planning Area. All BLM-managed lands in the LUPA Decision Area, as well 

as all BLM managed LLPAs.  

M 

maximum extent practicable or feasible (as utilized in the LUPA CMAs). A standard 

identified in the LUPA CMAs and applied to implementation of activities. Under this 

standard, implementation of the CMA is required unless there is no reasonable or 

practicable means of doing so that is consistent with the basic objectives of the activity. 

The term “maximum extent practicable” as used here in the DRECP LUPA is applicable 

only to its use in the CMAs; it does not apply to the term as it is used in the Endangered 

Species Act of 1973. 

megawatt (MW). Measure of energy equal to one million watts. Used as a measure of 

instantaneous generation capacity from a generation facility. 

microphyll woodlands. Consist of drought-deciduous, small-leaved (microphyllus), 

mostly leguminous trees. Occurs in bajadas and washes where water availability is 

somewhat higher than the plains occupied by creosote bush and has been called the 

“riparian phase” of desert scrub (Webster and Bahre 2001). Composed of the following 

alliances: desert willow, mesquite, smoke tree, and the blue palo verde-ironwood. 

Military Expansion Mitigation Lands (MEMLs). Lands conserved as mitigation for the 

expansion of Department of Defense installations and considered part of existing 

conservation areas under the DRECP BLM LUPA. 

military lands. Department of Defense installations within the DRECP Plan Area. 

minor incursion. Small-scale allowable impacts to sensitive resources, as per specific 

CMAs, that do not individually or cumulatively compromise the conservation objectives of 
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that resource or rise to a level of significance that warrants development and application 

of more rigorous CMAs or a DRECP LUPA amendment. Minor incursions may be allowed 

to prevent or minimize greater resource impacts from an alternative approach to the 

activity. Not all minor incursions are considered unavoidable impacts. 

mitigation. As defined under both the National Environmental Policy Act (NEPA), 

mitigation includes: (a) avoiding the impact altogether by not taking a certain action 

or parts of an action; (b) minimizing impacts by limiting the degree or magnitude of 

the action and its implementation; (c) rectifying the impact by repairing, 

rehabilitating, or restoring the affected environment; (d) reducing or eliminating the 

impact over time by preservation and maintenance operations during the life of the 

action; and (e) compensating for the impact by replacing or providing substitute 

resources or environments. 

Mojave yucca rings. Rings of Mojave yucca (Yucca schidigera) that form in a similar 

manner as described for creosote bush rings (see definition). Mojave yucca reproduces 

sexually through the production of seed; vegetative reproduction is much more common 

and likely much more important to its persistence and spread (LaPre 1979; Gucker 2006). 

The species produces sprouts from short rhizomes that are close to parent stems (Gucker 

2006). Rings form as the clonal growth proceeds outward from the original parent stem, 

and the central plant ages and dies (Gucker 2006). Mojave yucca rings can be as large as 

20 feet in diameter and have up to 130 stems. Rings this large are thought to be at least 

2,100 years old (mojavedesert.net 2013). 

Monitoring and Adaptive Management Program (MAMP). A component of the DRECP 

BLM LUPA. The MAMP is the vehicle for structuring and reporting adaptive management. 

N 

National Landscape Conservation System (NLCS). In accordance with and as defined 

by Public Law 111-11 in the Omnibus Public Land Management Act of 2009 (PL 111-

11), Sections 2002(a),(b)(1)(A–F), and (b)(2)(D), the NLCS is a BLM land use 

designation to conserve, protect, and restore nationally significant landscapes that have 

outstanding cultural, ecological, and scientific values for the benefit of current and 

future generations. Areas specially designated as part of the NLCS in PL 111-11 are 

Wilderness, Wilderness Study Areas, National Monuments, National Scenic Trails, 

National Historic Trails, and National and Wild and Scenic Rivers. These NLCS lands are 

part of the LLPAs in the DRECP LUPA. PL 111-11 also directed BLM to designate public 

land within the CDCA administered for conservation purposes as part of the NLCS. 

These lands are the California Desert National Conservation Lands and are part of 

the LUPA conservation designations. The California Desert National Conservation Lands 

designated in the DRECP LUPA are an addition to the other components of the NLCS. The 
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DRECP LUPA CMAs use the terms and acronyms, NLCS, CDNCL and NCL (National 

Conservation Lands) interchangeably.  

nonfederal lands. Land owned by state agencies, local jurisdictions (e.g., cities or 

counties), non-governmental organizations, or private citizens, or otherwise not under 

federal ownership or management. 

no surface occupancy. A fluid mineral leasing stipulation that prohibits occupancy or 

disturbance on all or part of the lease surface to protect special values of uses. Lessees 

may explore for or exploit the fluid minerals under leases restricted by this stipulation 

by using directional drilling from sites outside the no surface occupancy area. The no 

surface occupancy stipulation is used in CMAs relative to geothermal leasing on 

specific land allocations. 

O 

occupied habitat. Suitable habitat determined to be inhabited by a Focus or BLM Special 

Status Species based on the results of a habitat assessment and species-specific 

presence/absence or protocol surveys. This term is not applicable to wide-ranging large 

mammals with often poorly defined home ranges. For example, linkages may be typically 

unoccupied most of the time but nonetheless critical to population viability. In addition, the 

concept is not applicable to nomadic species, such as burro deer (Odocoileus hemionus 

eremicus), which opportunistically exploit flushes of new plant growth in response to 

unpredictable precipitation patterns. Thus, an area may not be used for many years because 

of a lack of summer thunderstorms, but then used heavily when it does rain in that area. 

occurrences. Positive detections of specific wildlife or plant species or vegetation type in an 

area, resulting from protocol or presence/absence surveys, generally confirmed by a qualified 

biologist or botanist. 

Open Off-Highway Vehicle (OHV) Lands. Designations on BLM-administered lands 

where motorized and non-motorized uses, including cross-country travel, is permitted 

(generally referred to as Open Areas or Designated Open OHV Areas). The LUPA has 

designated the open OHV Areas in the DRECP Plan Area as SRMAs. 

Open OHV Lands – Imperial Sand Dunes. Open OHV Lands within the approved 

Imperial Sand Dunes Recreation Area Management Plan (ISDRA). These lands are within 

the DRECP LUPA planning area boundary, but are not part of the DRECP LUPA Decision 

Area. The DRECP LUPA does not result in any changes to the ISDRA. 
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P 

pre-activity survey. Surveys conducted prior to project or activity site preparation and 

construction or implementation of an activity to determine presence and distribution of 

Focus and BLM Special Status Species, suitable habitat for these species, and/or 

vegetation types, as well as the need to implement applicable CMAs. 

presence/absence survey. A survey conducted during the planning phase of a proposed 

activity to determine the presence/absence by a Focus or BLM Special Status Species, when a 

standard protocol survey for that species is not available, as specified in the species-specific 

CMAs or available from BLM, or USFWS or CDFW as approved for use by BLM. A 

presence/absence survey may replace a protocol survey in some other circumstances, 

depending on site conditions and/or timing of the survey (e.g., breeding season), with 

approval from BLM, in coordination with USFWS and CDFW, as appropriate. 

Proposed LUPA. The Proposed LUPA was the BLM’s preferred alternative in the Final 

Environmental Impact Statement (EIS). The Proposed LUPA and Final EIS built on the Draft 

LUPA and EIS, and incorporated the response to public comment on the Draft LUPA and EIS. 

The Proposed LUPA was protestable to the BLM Director, as outlined in the Dear Reader 

Letter that accompanied the Proposed LUPA and Final EIS. 

protocol survey. Species-specific surveys that are conducted under a protocol that has 

been adopted by the USFWS and/or CDFW or is otherwise scientifically accepted for 

determining the occupancy or presence and absence of Focus and BLM Special Status 

Species. These surveys are required as specified in the species-specific CMAs in the LUPA. 

public land. Land or interest in land owned by the United States and administered by the 

U.S. Secretary of the Interior through the Bureau of Land Management, without regard to 

how the United States acquired ownership, but not including (1) lands on the outer 

continental shelf and (2) lands held for the benefit of Indians, Aluets, and Eskimos. 

public land, federal. Land or interest in land owned by the United States, and 

administered by a federal agency (see federal lands). 

public land, nonfederal. Land or interest in land owned by the State of California, or the 

counties, typically administered by a state or local agency. 

R 

Renewable Energy Action Team (REAT) Agencies (also known as REAT Agencies or 

DRECP partner agencies). The DRECP REAT comprises representatives from the BLM, 

California Energy Commission (CEC), USFWS, and CDFW. 
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renewable energy project area. The total land area affected by a renewable energy 

activity, including the area directly and indirectly affected (equates to approximately 

7.1 acres/MW for solar development, 40 acres/MW for wind development, and 5 

acres/MW for geothermal development). 

right-of-way avoidance area. An area that is to be avoided by, but may be available 

for, location of land use authorizations and non-renewable energy activities, if the 

authorization has special stipulations to meet planning goals and objectives for that 

area. If a land use authorization already exists in an avoidance area, a new 

authorization would be encouraged, and may be required, to collocate within the 

bounds of the existing use authorization. 

right-of-way exclusion area. An area that is not available for land use authorizations 

under any conditions.  

S 

setback. A defined distance, usually expressed in feet or miles, from a resource feature 
(such as the edge of a vegetation type or an occupied nest) within which an activity would 
not occur; otherwise often referred to as a buffer. The purpose of the setback is to maintain 
the function and value of the resource features identified in the DRECP LUPA CMAs.  

short-term impacts. Ground and/or vegetation impacts that result in effects lasting 2 

years or less. 

solar project. Activity that involves the construction, operation, maintenance and 

eventual decommissioning of a facility that generates energy from sunlight, including 

photovoltaic panels and thermal systems that convert the heat from sunlight into 

steam. Solar projects may include up to several acres of photovoltaic or mirror panel 

arrays, a thermal tower, access roads, maintenance facilities, generators, foundations, 

and transformers, or other supporting infrastructure. 

Special Recreation Management Area (SRMA). Designation on BLM-administered lands 

that are recognized and managed for their recreation opportunities, unique value and 

importance. SRMAs are high-priority areas for outdoor recreation as defined in the BLM 

Land Use Planning Handbook H-1601-1 (2005). It is a public lands unit identified in land 

use plans to direct recreation funding and personnel to manage for a specific set of 

recreation activities, experiences, opportunities and benefits. Both land use plan decisions 

and subsequent implementing actions for recreation in each SRMA are geared to a 

strategically identified primary market— destination, community, or undeveloped areas. 

stressors. Physical, chemical, or biological factors (or conditions) that affect biological 

resources, including species or their suitable habitat, vegetation types, and/or important 
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ecosystem processes. The precise contribution of each stressor to a species’ population 

may be uncertain, including which stressors have the greatest effect. In many cases 

stressors interact, and a combination of various stressors may affect a species. 

suitable habitat. In general, Focus and BLM Special Status Species habitat consisting 

of land within a species range that has—in the case of wildlife, breeding and foraging 

habitat characteristics required by the species, or in the case of plants, vegetation and 

microhabitat characteristics—consistent with known or likely occurrences, as 

determined by the habitat assessment.  

T 

transmission lines. Linear facilities that move electricity from generating sites to electrical 

substations, and then on to the electrical distribution network. Transmission lines generally 

consist of: 1) collector lines, or generator interconnection lines (“gen-tie” lines) that connect 

generation projects to collector substations; 2) connector lines that connect lower voltage 

substations with higher voltage substations; and 3) delivery lines that support the long 

distance, bulk power transfer of electricity between generation centers and load centers, 

generally at high voltage. 

transmission activity. Activities that involve the construction, operation, and maintenance 

of a transmission line, including step-up transformers, towers, and substations, but 

generally consisting of a linear type of disturbance. 

transmission aligned. Renewable energy generation development that occurs in areas 

immediately adjacent, or in close proximity, to existing transmission facilities and/or 

approved designated utility corridors. Aligning renewable energy generation 

development with the existing approved utility corridors or lines (i.e. transmission 

system) is meant to minimize resource impacts by reducing the need for new, 

unplanned transmission infrastructure. 

Transmission Technical Group (TTG). An independent technical advisory group, convened 

by the CEC, that assisted with transmission planning for the DRECP. 

Travel Management Areas. On BLM-administered land, polygons or delineated areas 

where a rational approach has been taken to classify areas as open, closed, or limited, and 

which have an identified and/or designated network of roads, trails, ways, and/or other 

routes that provide for public access and travel across the LUPA Planning Area. 

tribal lands. Those lands that constitute “Indian Country” within the meaning of Title 18 

United States Code Section 1151.  
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U 

unavoidable impacts to resources. Small-scale impacts to sensitive resources, as 

allowed per specific CMAs, that may occur even after such impacts have been avoided to 

the maximum extent practicable (see definition). Unavoidable impacts are limited to 

minor incursions (see definition), such as a necessary road or pipeline extension across a 

sensitive resource required to serve an activity. 

V 

valid existing rights. A documented, legal right or interest in the land that allows a 

person or entity to use said land for a specific purpose. Such rights include fee title 

ownership, mineral rights, rights-of-way, easements, permits, licenses, etc. Such rights 

may have been reserved, acquired, leased, granted, permitted, or otherwise 

authorized over time. 

Variance Process Lands (VPL). These lands are potentially available for renewable energy 

development, but projects on Variance Process Lands have minimal streamlining and are not 

incentivized. Variance Process Lands have a specific set of CMAs. Project Applicants must 

demonstrate that a proposed activity on Variance Process Lands will avoid, minimize, 

and/or mitigate sensitive resources as per the CMAs, will be compatible with any 

underlying BLM land allocation, and per the CMAs be compatible with and not have an 

adverse effect on the LUPA design and DRECP strategies. Renewable energy applications in 

Variance Process Lands will follow the process described in the Western Solar Plan Record 

of Decision, Section B.5.  

vegetation types (also referred to a desert vegetation types or communities and 

DRECP vegetation types). Vegetation types are defined as assemblages of vegetation of 

similar types and the plant and animal species that use those vegetation types as habitat. 

A vegetation type is generally characterized by its similarities and the natural ecological 

processes that dominate the type and give it its unique characteristics. Vegetation types 

are included as a key element of the DRECP conservation framework, and have specific 

CMAs. For the purposes of mapping and characterization in the DRECP, vegetation types 

are mapped within the National Vegetation Classification System hierarchy at the “group” 

level, which is finer- grained than the broad general community groupings but coarser 

than “alliances.” 

Visual Resource Management (VRM) Classes. BLM categories assigned to public lands 

based on scenic quality, sensitivity level, and distance zones. There are four classes, I–IV. 

Each class has an objective that prescribes the amount of change allowed in the 

characteristic landscape.  
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W 

Wildlife Allocation. BLM conservation designation on BLM-administered lands where 

management emphasizes wildlife values, but the area does not contain the same sensitive 

values or management limitations as an ACEC.  

wind project. An activity that involves the construction, operation, maintenance, and 

eventual decommissioning of a facility that generates energy from wind, using an array of 

turbines to capture and convert the wind energy to electricity. Wind projects may include 

up to several acres of turbines and foundations, access roads, maintenance facilities, 

generators, and transformers. 

withdrawal. Removal or withholding of public lands by statute or secretarial order 

from the operation of some or all of the public land laws, such as from hard-rock 

mining or patent entry, in order to maintain other public values in the area. A 

withdrawal can also be used to reserve an area for a particular public purpose or 

program or to transfer jurisdiction over an area of public land from one federal 

department, bureau, or agency to another. 
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Appendix C: Acronyms and Abbreviations 
°F Degrees Fahrenheit 
µg/m3 Micrograms Per Cubic Meter 
AADT Annual Average Daily Traffic  
AB Assembly Bill 
ACEC Picacho Area Of Critical Environmental Concern  
AMSL Above Mean Sea Level 
APCD Air Pollution Control Districts 
APE Area Of Potential Effects  
BLM Bureau of Land Management  
BMP Best Management Practice 
CAAQS California Ambient Air Quality Standards  
CARB California Air Resources Board  
CCR California Code of Regulations 
CDCA California Desert Conservation Area  
CDFA California Department of Food and Agriculture  
CDFW California Department of Fish and Wildlife 
CEQ President’s Council on Environmental Quality  
CEQA California Environmental Quality Act of 1970  
CESA Cumulative Effects Study Area  
CFR Code of Federal Regulations  
CGP California General Permit  
CMA Conservation Management Action  
CO Carbon Monoxide 
CO2 Carbon Dioxide 
CO2e Carbon Dioxide Equivalent 
CWA Clean Water Act  
dBA Decibels on the A-weighted Scale  
DRECP Desert Renewable Energy Conservation Plan  
EA Environmental Assessment  
ECFO El Centro Field Office 
EEC Environmental Evaluation Committee 
EIR Environmental Impact Report  
EO Executive Order 
EPA United States Environmental Protection Agency 
ESA Endangered Species Act of 1972  
FCR Field Contact Representative  
FLPMA Federal Land Policy and Management Act of 1876  
GHG Greenhouse Gas 
H:V Horizontal to Vertical 
HAP Hazardous Air Pollutant 
Imperial County Imperial County Planning Department  
IS Initial Study  
KOPs Key Observation Points  
kW Kilowatt 
Ldn Day/Night Average Sound Level  
Leq Energy-Averaged Sound Level  
LUPA Land Use Plan Amendment  
MBTA Migratory Bird Treaty Act of 1918 
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Mining Law General Mining Law of 1872 
MLRA Major Land Resource Area 
MND Mitigated Negative Declaration  
MSHA Mine Safety and Health Administration 
NAAQS National Ambient Air Quality Standards  
NAGPRA Native American Graves Repatriation Act 
NEPA National Environmental Policy Act of 1969  
NHPA National Historic Properties Act of 1966  
NOx Nitrogen Oxide 
NRCS Natural Resource Conservation Service  
NRHP National Register of Historic Places  
NWPR Navigable Waters Protection Rule  
OHV Off-Highway Vehicle 
PDF Project Design Feature    
Plan Existing Oro Cruz Pit Area Exploration Plan of Operations  
PM10 Particulate Matter 10 Microns in Diameter or Less 
PM2.5 Particulate Matter 2.5 Microns in Diameter or Less 
PRC Public Resources Code 
Project Oro Cruz Exploration Project  
RFFA Reasonably Foreseeable Future Actions  
RWQCB Regional Water Quality Control Board  
SCIC South Coastal Information Center  
SGMA Sustainable Groundwater Management Act of 2014  
SGP Stormwater General Permit  
SIP State Implementation Plan 
SMARA California Surface Mining and Reclamation Act of 1975  
SMP SMP Gold Corp.  
SO2 Sulfur Dioxide 
SWPPP Stormwater Pollution Prevention Plan  
TCP Traditional Cultural Place 
US United States 
USACE US Army Corps of Engineers  
USC US Code 
USDA US Department of Agriculture  
USFWS US Fish and Wildlife Service 
VAA Visual, Auditory, and Atmospheric 
VOC Volatile Organic Compound  
VRM Visual Resource Management  
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PM PM10 PM2.5 CO NOx SO2 VOC

(lb/day) (tons/yr) (lb/day) (tons/yr) (lb/day) (tons/yr) (lb/day) (tons/yr) (lb/day) (tons/yr) (lb/day) (tons/yr) (lb/day) (tons/yr)

Road Construction

Non-Fugitives 0.00 0.00 0.00 0.00 2.43 0.02 42.57 0.43 45.58 0.46 0.08 0.00 3.08 0.03

Fugitives 50.62 0.51 12.91 0.13 1.40 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Drill Site Construction

Non-Fugitives 0.00 0.00 0.00 0.00 0.97 0.00 16.92 0.07 18.07 0.07 0.03 0.00 1.27 0.01

Fugitives 87.26 0.35 22.20 0.09 2.80 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Exploratory Drilling**

Non-Fugitives 3.98 0.25 3.98 0.25 7.93 0.43 132.73 7.26 120.44 6.35 0.21 0.01 9.18 0.50

Fugitives 220.93 13.17 56.57 3.38 5.88 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Helicopter Use Emissions

Non-Fugitives 0.07 0.00 0.07 0.00 0.07 0.00 3.85 0.02 6.38 0.04 0.02 0.00 3.14 0.02

Laydown Yard Emissions**

Non-Fugitives 0.27 0.03 0.27 0.03 2.39 0.24 103.40 10.34 45.06 4.51 0.16 0.02 5.18 0.52

Fugitives 147.97 17.19 38.02 4.42 3.80 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Maximum Hourly and Annual Project Emissions*

Maximum Non-Fugitives 4.32 0.28 4.32 0.28 10.39 0.67 239.98 17.62 171.89 10.90 0.39 0.03 17.50 1.04

Maximum Fugitives 368.90 30.36 94.59 7.79 9.68 0.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Maximum 373.22 30.64 98.90 8.08 20.07 1.46 239.98 17.62 171.89 10.90 0.39 0.03 17.50 1.04

Hazardous Air Pollutants (HAPs)*

Pollutants (lbs/day) (tons/yr)

Benzene 2.15E-01 1.69E-02

Toluene 9.42E-02 7.37E-03

Xylenes 6.57E-02 5.14E-03

1,3-Butadiene 9.01E-03 7.05E-04

Formaldehyde 2.72E-01 2.13E-02

Acetaldehyde 1.77E-01 1.39E-02

Acrolein 2.13E-02 1.67E-03

Naphthalene 1.95E-02 1.53E-03

Acenaphthylene 1.17E-03 9.12E-05

Acenaphthene 3.27E-04 2.56E-05

Fluorene 6.73E-03 5.26E-04

Phenanthrene 6.77E-03 5.30E-04

Anthracene 4.31E-04 3.37E-05

Fluoranthene 1.75E-03 1.37E-04

Pyrene 1.10E-03 8.61E-05

Benzo(a)anthracene 3.87E-04 3.03E-05

Chrysene 8.13E-05 6.36E-06

Benzo(b)fluoranthene 2.28E-05 1.79E-06

Benzo(k)fluoranthene 3.57E-05 2.79E-06

Benzo(a)pyrene 4.33E-05 3.39E-06

Indeno(1,2,3-cd)pyrene 8.64E-05 6.76E-06

Dibenz(a,h)anthracene 1.34E-04 1.05E-05

Benzo(g,h,i)perylene 1.13E-04 8.81E-06

Total HAPs 0.8932774 0.06993675

Greenhouse Gas Emissions (GHGs)*

Pollutants (lb/day) (tons/yr)

CO2 53,121 2,955

CH4 110.76 0.80

N2O 21.62 0.16

Total CO2e 62,333 3,021

Project Operational Emissions

lb/day

NOx ROG/VOC PM10 SOx CO PM2.5

Operations 117.97 10.56 98.90 0.22 107.41 20.07

Thresholds 137 137 150 150 550 550

Construction Emissions

PM10 ROG/VOC NOx CO

Construction 35.12 4.35 63.65 59.50

Thresholds 150 75 100 550

Project Emissions Summary

*Assumes Exploratory Drilling and Laydown Yard emissions occur simultaneously 

**Includes Stationary Source Combustion Emissions
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Stantec Consulting Services Inc. 
1165 East Jennings Way, Suite 101 
Elko, NV 89801-7977 

 

5390 Kietzke Lane, Suite 103 
Reno, NV 89511-2213 

 

Memorandum 

To: Mayra Martinez, Bureau of Land Management 

Carrie Sahagun, Bureau of Land Management 

Grant Day, Bureau of Land Management 

From: Shelby Hockaday, Stantec Consulting Services Inc. 

Date: May 4, 2022 

Project: Oro Cruz Exploration Project 
Stantec Project Number 203722070 

Subject: Noise Modeling for Indirect Auditory Area of Potential Effect 

 
 
This memorandum transmits the noise modeling results for the SMP Gold Corp.’s (SMP) Oro Cruz 
Exploration Project (Project). 

INTRODUCTION 

Stantec Consulting Services Inc. (Stantec) was contracted by SMP to conduct a preliminary noise 
impact analysis following conversations with the Bureau of Land Management (BLM) El Centro 
Field Office to determine an appropriate Indirect Auditory Area of Potential Effect (Indirect 
Auditory APE) for a cultural resources and noise analysis in the anticipated Environmental 
Assessment (EA) for the Project under the National Environmental Policy Act (NEPA). The Noise 
Control Act of 1972 required the U.S. Environmental Protection Agency (EPA) to establish noise 
emission criteria as well as noise testing methods to protect public health and welfare against 
hearing loss, annoyance, and activity interference, which correlates with the human response to 
noise. The EPAs recommendation for acceptable noise level limits affecting residential land use is 
55 decibels on the A-weighted scale (dBA) day/night average sound level (Ldn) for outdoors and 
45 dBA Ldn for indoors (EPA 1972). These levels of noise are considered those that will permit 
spoken conversation and other activities such as sleeping, working, and recreation, which are all 
considered part of the daily human condition; these levels represent averages of acoustic energy 
over periods of time. Additionally, Section 106 of the National Historic Preservation Act (NHPA) of 
1966 (54 United States Code 300101 et seq.) guides that an Indirect Auditory APE should be 
delineated and should include all locations from which elements of the proposed Project may 
cause adverse auditory effects to cultural or historic properties.  

The Indirect Auditory APE developed for the Project is anticipated to be included in the pending 
Class III Inventory report that is currently being prepared as required under Section 106 of the 
NHPA. The Indirect Auditory APE would also be used for analysis of cultural resources and noise 
impacts in the respective Affective Environment and Environmental Consequences sections of the 
anticipated EA. Stantec subcontracted with Saxelby Acoustics to conduct an analysis of potential 
noise level occurrences associated with the Project. 
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The Project area would include a total of approximately 626 acres on public lands administered 
by the BLM El Centro Field Office with anticipated total surface disturbance from exploratory 
drilling activities of up to 20.54 acres. The Project proposes up to 65 temporary drilling locations 
within the Project area. The Project would have a life expectancy of up to two years, with drilling 
occurring over up to two weeks at each of the 65 proposed drill sites prior to moving to a new drill 
site location.  There would only be two drill rigs in operation at a time within the Project area, that 
would operate on a 12- or 24-hour-per-day schedule, with potential for both drill rigs operating 
within one Drill Area (SMP, 2021). 

METHODOLOGY 

Stantec consulted with Saxelby Acoustics to develop noise contours through noise modeling 
software (SoundPlan) to detail the furthest distance in miles where potential Project noise would 
attenuate to an imperceptible or nearly imperceptible level with a maximum of two drill rigs 
running at once, per the activities proposed in SMP’s Existing Oro Cruz Pit Area Exploration Plan of 
Operations (Plan). It was recommended that the furthest distance where noise would be nearly 
imperceptible would be measured down to 25 dBA. 

Exploration activities were quantified using a comprehensive list of Project-proposed equipment 
from the Plan. Because the exact locations of drill sites are unknown at this time and are flexible 
per the Plan, prior to Saxelby Acoustics running the noise model, Stantec developed potential 
noise source locations along the boundaries of each of the seven proposed drill areas. The 
number of potential noise source locations were chosen based on four points along four sides of 
each of the seven drill areas (28 points total) to represent noise sources along the boundary 
traveling from each cardinal direction (north, south, east, and west). 

Saxelby Acoustics then developed a noise model for the worst-case scenario of noise sources with 
all 28 points simulating drill rigs in all seven drill areas running at once to determine the absolute 
furthest distance, and in which direction, that noise would travel according to the following noise 
standards: Imperial County 45 dBA equivalent or energy-averaged sound level (Leq) nighttime 
noise standard, and the EPA’s 55 dBA Ldn. The noise contours resulting from this scenario showed 
that noise would likely travel the furthest west based on the topography of the area. Based on this 
initial scenario, it was determined that the following four scenarios would most realistically 
represent the furthest that noise would travel as generated from the Project: 

• Two drill rigs operating in Drill Area 2 to provide a realistic look at potential noise traveling 
to the northwest; 

• Two drill rigs operating in Drill Area 3 to provide a realistic look at potential noise traveling 
to the northwest; 

• Two drill rigs operating in Drill Area 4 to provide a realist look at potential noise traveling to 
the southwest; and 

• Two drill rigs operating in Drill Area 6 to provide a realistic look at potential noise traveling 
to the southwest. 

All scenarios included noise generated form the Drill Area and the staging area equipment. Noise 
generated from helicopter use via the helicopter landing pad proposed in Drill Area 1 was not 
included in the noise model as it would not contribute to continuous noise generated by Project 
drilling activities.  

RESULTS OF THE NOISE MODELING 
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The complete details of the noise modeling results as developed and analyzed by Saxelby 
Acoustics are included as Attachment 1.  

The Indirect Auditory APE is shown on Figure 1, which incorporates the areas from Drill Areas 2, 3, 
4, and 6 out to the furthest noise contour where noise would attenuate to 25 Leq (24-hour) (Leq over 
24-hours), a nearly inaudible level to the human ear (Attachment 1), which is approximately 1.7 
miles to the southwest from the Project area. Noise impacts as a result of exploratory drilling 
activities would be temporary in nature and would not be stationary throughout the one-to-two-
year life of the Project given the nature of the proposed approximately two-week drilling 
campaign at each drill site. The Indirect Auditory APE shown on Figure 1 was determined to be an 
appropriate distance to assess indirect auditory impacts to cultural and historic properties of 
concern in the area, including the Tumco Historic Mine (Figure 1), which has been identified as a 
cultural property of concern in relation to potential Project impacts. The Indirect Auditory APE will 
also be used as the noise area of analysis in the Project’s anticipated EA.  

REFERENCES 

Bureau of Land Management (BLM). 1984. Manual 8400-Visual Resource Management. United 
States Department of the Interior, Bureau of Land Management, Washington, D.C.  April 5, 
1984. 

Bureau of Land Management (BLM). 2005. Manual H-1601-1 Land Use Planning Handbook. United 
States Department of the Interior, Bureau of Land Management. March 11, 2005.  

Bureau of Land Management (BLM). 2015. Desert Renewable Energy Conservation Plan Proposed 
Land Use Plan Amendment and Final Environmental Impact Statement. October 2015. 
Available at: https://eplanning.blm.gov/eplanning-ui/project/66459/570. 

SMP Gold Corp. (SMP). 2021. Existing Oro Cruz Pit Area Exploration Plan of Operations. Submitted 
to the Bureau of Land Management, El Centro Field Office September 2020. BLM Case File 
Number CACA-059124. Revised December 2020. Revised August 2021. Revised September 
2021. Revised October 2021. 

U.S. Environmental Protection Agency (EPA). 1972. The Noise Control Act of 1972. Washington, D.C. 
October 27, 1972. 
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Memorandum 
 
To: Shelby Hockaday, Project Manager 
 Stantec  

5390 Kietzke Lane Suite 103 
Reno NV 89511-2302 
shelby.hockaday@stantec.com 

 

From:   Luke Saxelby, INCE Bd. Cert. 
  Principal Consultant 

Board Certified, Institute of Noise Control Engineering 
 

Date:  April 13, 2022 
 

Project:  SMP Gold Corp. Oro Cruz Exploration  
  Saxelby Acoustics Job Number 220208 
 

Subject:  Oro Cruz Exploration Drilling Noise Mapping 
 

 
INTRODUCTION 
Saxelby Acoustics has prepared this letter to summarize our noise modeling for the SMP Gold Corp. Oro 
Cruz Exploration Drilling project.   
 
BACKGROUND AND INTENT 
Saxelby Acoustics has been engaged to prepare noise modeling of proposed drilling operations for the 
above-reference project located in Imperial County, California.  The project is located within the Cargo 
Muchacho mountains, approximately 14 miles northwest of the City of Yuma, Arizona.  Saxelby Acoustics 
was engaged to map noise contours for the proposed drilling operations.  The four scenarios mapped in 
this analysis are considered worst-case for noise traveling west and south from the proposed drilling 
areas, resulting in the furthest potential for drilling noise audibility.  Drilling noise would be substantially 
shielded towards the east and north due to topography. 
 
NOISE CRITERIA 
For this analysis, Saxelby Acoustics mapped noise contours for four operating scenarios, as described 
below.  For each operating scenario, noise levels are mapped relative to three criteria.  The first map of 
each scenario shows noise levels down to 25 dBA Leq

1. Based upon our experience, an average drilling 
noise level of 25 dBA Leq would likely be barely audible to inaudible at most locations.  Noise levels were 
also mapped down to 55 dBA Ldn, which is the US EPA recommended exterior noise level limit for outdoor 
uses, as shown in Table 1. Finally, noise levels were also mapped down to 45 dBA Leq which is the Imperial 
County Municipal Code nighttime noise standard for residential uses.2 

 
1 See Appendix A for definitions of acoustic terms. 
2 Imperial County Code of Ordinances. Section 90702.00. 
https://library.municode.com/ca/imperial_county/codes/code_of_ordinances?nodeId=TIT9LAUSCO_DIV7NOABCO
_CH2LI_90702.00SOLELI 
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PROJECT ASSUMPTIONS 
Saxelby Acoustics assumed that up to two exploration drills could be operating simultaneously in a given 
drilling area.  The following outlines our noise modeling scenarios: 
 
Scenario 1 Continuous Noise Sources 

1. Two exploration drills in Area 2, each with 125kW generator 
2. Two portable compressors at Staging Area 
3. One 125kW generator at Staging Area 

 
Scenario 2 Continuous Noise Sources 

1. Two exploration drills in Area 3, each with 125kW generator 
2. Two portable compressors at Staging Area 
3. One 125kW generator at Staging Area 

 
Scenario 3 Continuous Noise Sources 

1. Two exploration drills in Area 4, each with 125kW generator 
2. Two portable compressors at Staging Area 
3. One 125kW generator at Staging Area 

 
Scenario 4 Continuous Noise Sources 

1. Two exploration drills in Area 6, each with 125kW generator 
2. Two portable compressors at Staging Area 
3. One 125kW generator at Staging Area 
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Job #220208  Page 2 

 
 
\\SAXDESKTOPNEW\Job Folders\220208 Oro Cruz Mine Exploration\Word\220208 Oro Cruz Exploration Noise Modeling 4-13-22.docx 

 

 

TABLE 1: SUMMARY OF NOISE LEVELS IDENTIFIED AS REQUISITE TO PROTECT THE PUBLIC HEALTH AND  
WELFARE WITH AN ADEQUATE MARGIN OF SAFETY 

 Effect 

 

Level dB Activity Area 

Hearing Loss 70 Leq (24-hour) All areas. 
 
  Outdoors in residential areas and farms and other 
Outdoor activity interference 
 

55 Ldn outdoor areas where people spend widely varying 
and annoyance  amounts of time and other places in which quiet is a basis 

 
 for use. 
  

 55 Leq (24-hour) Outdoor areas where people spend limited 
amounts of time (e.g., school yards, playgrounds) 

 

Indoor activity Interference 45 Ldn 
Indoor residential areas. 

 and Annoyance  

45 Leq (24-hour) 

 
Other indoor areas with human activities (e.g., 

 school yards playgrounds) 

 Equivalent A-weighted sound level over 24-hours Leq (24-hour) 

 Ldn Day-night average sound level-the 24-hour A-weighted equivalent sound level, with a 10-
decibel penalty applied to nighttime levels 

 Source: Information on Levels of Environmental Noise Requisite to Protect Public Health and Welfare 
 with an Adequate Margin of Safety. U.S. EPA March 1974. 
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NOISE MODELING 
For noise modeling input assumptions, Saxelby Acoustics utilized manufacturer’s sound pressure level 
data for the proposed generators, field-collected data for the drill rigs, and published data for the portable 
compressors.   
 

In order to input data directly into the SoundPLAN sound prediction model, sound pressure levels must 
be converted to sound power levels.  This conversion is made according to the following formula (Source: 
Miller, L. N., Bolt, Beranek, & Newman, Inc. (1981). Noise control for buildings and manufacturing plants. 
Equation 6-2): 

 

PWL = SPL+10 Log(2 d 2 )

 

Where: 
PWL = Sound Power Level 
SPL = Sound Pressure Level 
d = Distance from the center of the noise source to the noise measurement location, measured in meters. 
Assumes unobstructed sound propagation for a point source located on or near a large flat plane.  This is 
known as “hemispherical sound radiation.”   
 

Sound power level data for each noise source associated with the drilling operations were used as direct 
inputs to the SoundPLAN Noise Prediction Model (Table 2). Existing topography was also input into the 
noise model.  The SoundPLAN noise prediction model is able to predict overall noise levels for multiple 
noise sources. Inputs to the model included ground topography and ground type, noise source locations 
and heights, receiver locations, and sound power level data.  These predictions are made in accordance 
with International Organization for Standardization (ISO) standard 9613-2:1996 (Acoustics – Attenuation 
of sound during propagation outdoors).  Ground type was assumed soft (G=1) for the noise modeling 
exercise. 

 Table 2: Sound Power Levels, dBA L50 
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Equipment / Location 
Sound Pressure 

Level, dBA 
Sound Power Level 

(PWL) 
Utilization/Equipment 

Noise Level Assumptions 

LF-90D Boart Longyear track-
mounted drill rig, or similar 

87 dBA at 25 feet 113 dBA Continuous operation 

125 kW generator 65 dBA at 23 feet 90 dBA Continuous operation 

Portable compressor  
(375 series, or similar) 

76 dBA at 50 feet 108 dBA Continuous operation 

 
Figures 1A-1C show the results of the Scenario 1 noise modeling.  Figures 2A-2C show the results for 
Scenario 2. Figures 3A-3C show the results for Scenario 3. Figures 4A-4C show the results for Scenario 2. 
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 1A

Project Noise Contours (dBA Leq) –
2 Drills in Area 2 and Staging Area Equipment –
Contours Down to 25 dBA
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 1B

Project Noise Contours (dBA Ldn) –
2 Drills in Area 2 and Staging Area Equipment –
Contours Down to US EPA Exterior 55 dBA Ldn 
Standard
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 1C

Project Noise Contours (dBA Leq) –
2 Drills in Area 2 and Staging Area Equipment –
Contours Down to Imperial County 45 dBA Leq 
Nighttime Standard
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 2A

Project Noise Contours (dBA Leq) –
2 Drills in Area 3 and Staging Area Equipment –
Contours Down to 25 dBA
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 2B

Project Noise Contours (dBA Ldn) –
2 Drills in Area 3 and Staging Area Equipment –
Contours Down to US EPA Exterior 55 dBA Ldn 
Standard
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 2C

Project Noise Contours (dBA Leq) –
2 Drills in Area 3 and Staging Area Equipment –
Contours Down to Imperial County 45 dBA Leq 
Nighttime Standard
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 3A

Project Noise Contours (dBA Leq) –
2 Drills in Area 4 and Staging Area Equipment –
Contours Down to 25 dBA

PC ORIGINAL PKG



Oro Cruz Exploration Drilling

Imperial County, California

Figure 3B

Project Noise Contours (dBA Ldn) –
2 Drills in Area 4 and Staging Area Equipment –
Contours Down to US EPA Exterior 55 dBA Ldn 
Standard
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 3C

Project Noise Contours (dBA Leq) –
2 Drills in Area 4 and Staging Area Equipment –
Contours Down to Imperial County 45 dBA Leq 
Nighttime Standard
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 4A

Project Noise Contours (dBA Leq) –
2 Drills in Area 6 and Staging Area Equipment –
Contours Down to 25 dBA
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 4B

Project Noise Contours (dBA Ldn) –
2 Drills in Area 6 and Staging Area Equipment –
Contours Down to US EPA Exterior 55 dBA Ldn 
Standard
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Oro Cruz Exploration Drilling

Imperial County, California

Figure 4C

Project Noise Contours (dBA Leq) –
2 Drills in Area 6 and Staging Area Equipment –
Contours Down to Imperial County 45 dBA Leq 
Nighttime Standard
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1165 East Jennings Way, Suite 101 
Elko, NV 89801-7977 

5390 Kietzke Lane, Suite 103 
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Memorandum 

To: Mayra Martinez, Bureau of Land Management 

Carrie Sahagun, Bureau of Land Management 

Grant Day, Bureau of Land Management 

From: Shelby Hockaday, Stantec Consulting Services Inc. 

Date: April 15, 2022 

Project: Oro Cruz Exploration Project 
Stantec Project Number 203722070 

Subject: Viewshed Analysis for Indirect Visual Area of Potential Effect 

 
 
This memorandum transmits the viewshed analysis results for the SMP Gold Corp.’s (SMP) Oro 
Cruz Exploration Project (Project). 

INTRODUCTION 

Stantec Consulting Services Inc. (Stantec) was contracted by SMP to conduct a viewshed analysis 
following conversations with the Bureau of Land Management (BLM) El Centro Field Office to 
determine an appropriate Indirect Visual Area of Potential Effect (Indirect Visual APE) for a cultural 
resources and visual resources analysis in the anticipated Environmental Assessment (EA) for the 
Project under the National Environmental Policy Act (NEPA). Scenic quality is a measure of the 
visual appeal of a parcel of land. Section 102(a)(8) of the Federal Land Policy and Management 
Act (FLPMA) placed an emphasis on the protection of the quality of scenic resources on public 
lands. Similarly, Section 101(b) of NEPA requires that measures be taken to ensure that 
aesthetically pleasing surroundings be retained for all Americans. Additionally, Section 106 of the 
National Historic Preservation Act (NHPA) of 1966 (54 United States Code 300101 et seq.), guides 
that an Indirect Visual APE should be delineated and should include all locations from which 
elements of the proposed Project may cause adverse visible effects to cultural or historic 
properties.  

The Indirect Visual APE developed for the Project is anticipated to be included in the pending 
Class III Inventory report that is currently being prepared as required under Section 106 of the 
NHPA. The Indirect Visual APE would also be used for analysis of cultural and visual resources in the 
respective Affected Environment and Environmental Consequences sections of the anticipated 
EA.  

The Project area would include a total of approximately 626 acres on public lands administered 
by the BLM El Centro Field Office with anticipated total surface disturbance from exploratory 
drilling activities of up to 20.54 acres. The Project proposes up to 65 temporary drilling locations 
within the Project area. The Project would have a life expectancy of up to two years, with drilling 
occurring over up to two weeks at each of the 65 proposed drill sites prior to moving to a new drill 
site location.  There would only be two drill rigs in operation at a time within the Project area, that 
would operate on a 12- or 24-hour-per-day schedule, with potential for both drill rigs operating 
within one Drill Area (SMP, 2021). 

PC ORIGINAL PKG



April 15, 2022 
Viewshed Analysis for Indirect Visual Area of Potential Effect 
Page 2 of 3 
 
VISUAL RESOURCES MANAGEMENT DESIGNATION 

According to the BLM H-1601-1 Land Use Planning Handbook, the BLM manages resource uses 
and management activities consistent with the VRM objectives established in the land use plan 
(BLM, 2005) in compliance with the NEPA and FLPMA objectives for scenic quality. The VRM 
objectives designate classes for BLM-administered lands in order to identify and evaluate scenic 
values to determine the appropriate levels of management during land use planning. The BLM 
identifies four VRM Classes (I through IV) with specific management descriptions for each class. 
The Desert Renewable Energy Conservation Plan Proposed Land Use Plan Amendment and Final 
Environmental Impact Statement (BLM, 2015) assigned VRM classes ranging from Class I to Class 
IV to all BLM lands in the planning area based on BLM H-1601-1. The majority of the Project area 
falls within VRM Class III, with a small southern portion of Drill Area 6 being VRM Class IV (Figure 1). 
VRM Class III allows for moderate changes to the characteristic landscape to partially retain the 
existing character of the landscape, while VRM Class IV allows for major changes to the 
characteristic landscape to provide for management activities that require such. 

METHODOLOGY 

Stantec conducted the viewshed analysis through the use of topographic maps, aerial imagery, 
the geographic information system (GIS) ArcGIS software, publicly available Digital Elevation 
Model surface data, and the proposed Project’s layout. The viewshed analysis was run using the 
ArcGIS Viewshed Tool from a total of seven points derived from the central locations of the 
Project’s seven proposed drill areas (Figure 1). The analysis incorporated the views 40 feet high 
from the drill area centroids, which is the tallest height of drilling equipment proposed for use at 
the Project, to determine the overall visibility of the surrounding area where alternations in the 
character or use of historic properties may occur, facing all cardinal directions (north, south, east, 
and west).  

Stantec created a six-mile buffer around the Project area to determine the visibility within such 
area where cultural and/or visual resources may be impacted by structures in the drill areas, 
based on the areas determined to be visible from all directions from the seven drill area centroids. 
Stantec then created digital elevation profiles in ArcGIS Pro at a distance of six miles utilizing one 
to two view directions from each drill area centroid, depending on the topography and the 
potential visibility. Stantec interpolated topography along the view directions using a 10-meter 
Digital Elevation Model (DEM) as the elevation grid to create a three-dimensional line output, 
which allowed for development of DEM elevation profiles, shown in Attachment 1.  

The viewshed results from the elevation profiles were then used to delineate the Indirect Visual 
APE based on the potential visibility of the Project potentially indirectly affecting cultural/historic 
properties of concern. The proposed Indirect Visual APE took into account the scale and nature 
of the undertaking relative to cultural/historic properties of concern and accounted for site-
specific variables such as topography and height of the equipment proposed for the Project.  

RESULTS OF THE VIEWSHED ANALYSIS 

The elevation profiles included in Attachment 1 show the cross sections of topography from each 
drill area centroid from one to two directions, depending on topography and potential visibility in 
the area. Elevations are shown along the y-axis of the profile charts, wherein the height of the 
tallest proposed drilling equipment, 40 feet, may appear as a structure up to 40 feet above the 
surface elevation shown. The majority of the drilling areas would not be visible to the casual viewer; 
however, the southwestern view from Drill Area 2, the view from Drill Area 3, the northwestern view 
from Drill Area 4, the northwestern view from Drill Area 5, and the southwestern view from Drill Area 
6 showed the potential for a structure 40 feet high to be visible from the base elevation.  
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Stantec used Google Earth imagery to analyze the three-dimensional view one mile away from 
the drill areas where the elevation profiles showed potential visibility. These images are included 
in Attachment 2. Based on the results of the viewshed analysis, the elevation profiles, and the 
desktop analysis of the aerial imagery ground views of the potentially visible drill areas, a 40-foot 
drill rig line against the existing landscape would have weak degree of contrast to form, color, line 
and texture elements of the existing background and would not be noticeable to the casual 
viewer. Based on BLM Manual 8400-Visual Resource Management, the drill pad area would be in 
the background distance zone where the texture and form of individual elements are no longer 
readily apparent in the landscape, appearing only in patterns or outlines (BLM, 1984). The 
proposed drill rigs may add additional form and lines in the background zone, but they would not 
result in a strong degree of contrast and would likely be a weak, indistinct line element in the 
viewshed. Impacts to the existing landscape and scenic quality as a result of exploratory drilling 
activities would be temporary in nature and would not be stationary throughout the one-to-two-
year life of the Project or following reclamation given the nature of the proposed approximately 
two-week drilling campaign at each drill site.    

The Indirect Visual APE is shown on Figure 2, which incorporates the viewshed within a one-mile 
buffer of the Project area.  The one-mile buffer was determined to be an appropriate distance to 
assess indirect visual impacts to cultural and historic properties of concern in the area, including 
the Tumco Historic Mine (Figure 2), which has been identified as a cultural property of concern in 
relation to potential Project impacts. The Indirect Visual APE will also be used as the visual resources 
area of analysis in the Project’s anticipated EA.  
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Attachment 2: Three-Dimensional Photos of Potentially Visible Drill Areas 

Drill Area 2 .................................................................................................................................................... 2 

Drill Area 3 .................................................................................................................................................... 2 

Drill Area 4 .................................................................................................................................................... 3 

Drill Area 5 .................................................................................................................................................... 3 

Drill Area 6 .................................................................................................................................................... 4 

 

Photo Legend 

Red, straight lines visible on the photos that follow represent the viewing line facing the Drill 
Areas from the direction in the elevation profiles noted in the photo captions. These lines are not 
visible in all photos due to variations in satellite imagery and topography of the area which may 
cut off the line layer used in Google Earth to capture these photos.  

Purple, uneven lines visible on the photos that follow represent the portions of the Drill Area 
boundaries that are visible from the viewing point facing the Drill Areas. The Drill Area boundaries 
are not visible in all photos due to variations in the topography that exist in comparison with the 
Drill Area boundary layer used in Google Earth to capture these photos.   
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Drill Area 2 
View from the southwest (blue line of the elevation profile in Attachment 1) 

 

 
Drill Area 3 

View from the west (red line of the elevation profile in Attachment 1) 
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Drill Area 4 

View from the northwest (blue line of the elevation profile in Attachment 1) 
 

 
Drill Area 5 

View from the northwest (blue line of the elevation profile in Attachment 1) 
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Drill Area 6 
View from the southwest (blue line of the elevation profile in Attachment 1) 
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EXECUTIVE SUMMARY 

Southern Empire Resources Corp. (SMP) is proposing mineral exploration activities, the Oro Cruz 
Pit Area Exploration Project, on lands managed by the Bureau of Land Management (BLM) in the 
Cargo Muchacho Mountains of Imperial County in southeastern California (the Project) (Figures 1 
and 2).  The BLM Exploration Plan of Operations (EPO) consists of an approximately 600-acre area 
(Figure 2). Within the EPO the Project Area consists of seven drill pads and associated access roads, 
totaling 21.1 acres of surface disturbance (Figure 2). The Project Area occurs within the Picacho Area 
of Critical Environmental Concern (ACEC) as designated under the Desert Renewable Energy 
Conservation Plan, and thus requires a BLM Plan of Operations. The Project Area has been previously 
disturbed by mining activities. Current surrounding land uses include prospecting and recreation. 

WestLand Resources, Inc. (WestLand) was retained to complete a combined BLM Biological Resource 
Technical Report (BRTR) to support environmental review of the Project by the BLM and a Biological 
Resource Assessment (BRA) to support environmental review by Imperial County under the 
California Environmental Quality Act (CEQA).  This combined BRTR/BRA documents desktop and 
field studies and provides an assessment of the potential to occur for special-status species in the 
vicinity of the Project.  

Existing Vegetation 

Within the Analysis Area, vegetation is sparse in both the upland and xeroriparian habitats. The 
uplands consist of a very low-density shrub community dominated by creosote (Larrea tridentata) and 
brittlebush (Encelia farinose). In addition, large portions of the Analysis Area consist of disturbed 
habitats dominated by non-native annual plants. The xeroriparian habitat generally consists of the 
same sparce shrub community and includes widely spaced upland trees and ocotillo (Fouquieria 
splendens). In summation, vegetation in the Analysis Area is uniformly sparce and consist of very low 
density shrublands, upland trees and highly disturbed habitats. 

A total of 41 plant species were identified during field surveys within the Analysis Area in March 2021.  
Plant species observations do not represent a complete floristic survey. Three California Native Plant 
Society vegetation categories were identified during pedestrian surveys and thematically mapped using 
the Supervised Classification tool in ArcGIS Pro 2.7. 

California Native Plant Society vegetation categories observed within the Analysis Area and Project 
Area (Figure 5). These vegetation categories include Brassica (nigra) and other mustards semi-natural 
stands (18 percent of the Analysis Area and 24 percent of the Project Area), Parkinsonia florida—Olneya 
tesota alliance (2 percent of the Analysis Area and 2 percent of the Project Area), and Larrea tridentata 
— Encelia farinosa alliance (79 percent of the Analysis Area and 4 percent of the Project Area). 
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Special-Status Plant Species 

A screening analysis was conducted to determine the potential for special status plant species to occur 
in the Analysis Area. The following were analyzed: 

1. Plant species designated by the U.S. Fish and Wildlife Service (USFWS) as Endangered, 
Threatened, Proposed for listing, or Candidate for listing under the Endangered Species Act 
(ESA), as identified by the Information, Planning and Consultation (IPaC) system. 

2. Plant species designated as sensitive per the El Centro Field Office BLM list of California 
sensitive species. 

3. Plant species identified for analysis under the California Environmental Quality Act 
(CEQA), including Plants designated as special-status by the California Native Plant Society 
(CNPS). 

Three special status plant species, Munz cholla (Cylindropuntia munzii), Flat-seeded spurge (Euphorbia 
platysperma), and Pink fairy-duster (Calliandra erophylla), were determined to have a possible presence or 
a high potential to occur in the Analysis Area. 

Existing Wildlife Species 

During field survey conducted in March 2021 a total of 26 wildlife species were observed.  

A screening analysis was conducted to determine the potential for special status wildlife species to 
occur in the Analysis Area. The following were analyzed: 

1. Species and critical habitat designated by the U.S. Fish and Wildlife Service (USFWS) as 
Endangered, Threatened, Proposed for listing, or Candidate for listing under the Endangered 
Species Act (ESA), as identified by the Information, Planning and Consultation (IPaC) system. 

2. Species protected under the Bald and Golden Eagle Protection Act (BGEPA). 
3. Species designated as sensitive per the El Centro Field Office BLM list of California sensitive 

species. 
4. Species identified for analysis under the CEQA, including California Department of Fish 

and Wildlife (CDFW) Species of Special Concern; species designated as USFWS Birds of 
Conservation Concern; CDFW special-status invertebrates; and Species of bat listed as high 
and medium priority by the Western Bat Working Group. 

One ESA listed species, the threatened Mohave Desert tortoise (Gopherus agassizii), was determined to 
be present the Analysis Area. No designated or proposed critical habitat occurs within the Project 
Area. 

Three bats, pallid bat (Antrozous pallidus), Townsend’s big-eared bat (Corynorhinus townsendii), and greater 
western mastiff bat (Eumops perotis californicus), that are listed as BLM Sensitive and State-Ranked in the 
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California Natural Diversity Database (CNDDB) were determined to be present in the Analysis Area; 
and 2 bats, small-footed myotis (Myotis ciliolabrum) and cave myotis (Myotis velifer), that are also listed as 
BLM Sensitive and State-Ranked in the CNDDB were determined to have a possible presence in the 
Analysis Area. 

Two birds, Prairie falcon (Falco mexicanus) and Black-tailed gnatcatcher (Poliptila melanura) that are State-
Ranked in the CNDDB were determined to have a high potential to occur in the Analysis Area. 

One lizard, Colorado Desert fringe-toed lizard (Uma notata), that is listed as BLM Sensitive and State-
Ranked in the CNDDB was determined to be present in the Analysis Area. 
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1. INTRODUCTION 

Southern Empire Resources Corp. (SMP) is proposing mineral exploration activities, the Oro Cruz 
Pit Area Exploration Project, on lands managed by the Bureau of Land Management (BLM) in the 
Cargo Muchacho Mountains of Imperial County in southeastern California (the Project) (Figures 1 
and 2).  The BLM Exploration Plan of Operations (EPO) consists of an approximately 600-acre area 
(Figure 2). Within the EPO the Project Area consists of seven drill pads and associated access roads, 
totaling 21.1 acres of surface disturbance (Figure 2). The Project Area occurs within the Picacho Area 
of Critical Environmental Concern (ACEC) as designated under the Desert Renewable Energy 
Conservation Plan, and thus requires a BLM Plan of Operations. The Project Area has been previously 
disturbed by mining activities. Current surrounding land uses include prospecting and recreation. 

WestLand Resources, Inc. (WestLand) was retained to complete a combined BLM Biological Resource 
Technical Report (BRTR) to support environmental review of the Project by the BLM and a Biological 
Resource Assessment (BRA) to support environmental review by Imperial County under the 
California Environmental Quality Act (CEQA).  This combined BRTR/BRA documents desktop and 
field studies and provides an assessment of the potential to occur for special-status species in the 
vicinity of the Project. An assessment of drainage features, including the potential for Waters of the 
U.S. and Waters of the State are being provided under separate cover.  

For the purpose of this report, special-status species are defined as species designated by the U.S. Fish 
and Wildlife Service (USFWS) as Endangered, Threatened, Proposed for listing, or Candidate for 
listing under the Endangered Species Act (ESA), species listed under the Bald and Golden Eagle 
Protection Act (BGEPA), those species designated as sensitive by the BLM El Centro Field Office, 
and species reviewed to support Imperial County’s CEQA process.  

The following sections provide a Project description and location (Section 2), regulatory overview 
(Section 3), environmental setting (Section 4), methods (Section 5), results (Section 6), and 
references cited (Section 7).  

2. PROJECT DESCRIPTION AND LOCATION 

Within the Analysis Area, the disturbance occurs on seven drill areas and associated access roads 
(Figure 2). Within these areas, the Project entails 21.1 acres of surface disturbance. The Analysis Area 
is in Imperial County, California and occurs within portions of Township 15 South, Ranges 20 and 21 
East. The Project Area is located approximately 7 miles north of Ogilby, California, eight miles 
northwest of Yuma, Arizona, 45 miles southeast of Blythe, California and 50 miles east of El Centro, 
California (Figure 1). To evaluate the special-status species potential to occur, a broader Analysis Area 
consisting of the drill exploration areas and access roads and a 500-foot buffer around these was 
established (Figure 2). Additionally, a 2-mile buffer around the drill areas and associated access roads 
where surface disturbance would occur was established as the Raptor Survey Area (Figure 3).  
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3. REGULATORY OVERVIEW 

3.1. ENDANGERED SPECIES ACT 

The USFWS and the National Marine Fisheries Service (NMFS) are the agencies responsible for 
implementing the federal Endangered Species Act (ESA) of 1973 (16 USC Section 1531 et seq.). Under 
the ESA, threatened and endangered species on the federal list and their habitats (50 CFR Subsection 
17.11, 17.12) are protected from “take” (i.e., activities that harass, harm, pursue, hunt, shoot, wound, 
kill, trap, capture, or collect) as well as any attempt to engage in any such conduct, unless a Section 10 
permit is granted to an individual or a Section 7 consultation and a Biological Opinion with incidental 
take provisions are provided to a lead federal agency. Pursuant to the requirements of the ESA, an 
agency reviewing a proposed project within its jurisdiction must determine whether any federally listed 
species may be present within the study area and vicinity and determine whether the proposed project 
will have potential impacts upon such species.  

3.2. BALD AND GOLDEN EAGLE PROTECTION ACT 

The BGEPA (16 U.S.C. 668-668c), enacted in 1940, and amended several times since, prohibits 
anyone, without a permit issued by the Secretary of the Interior, from "taking" bald or golden eagles, 
including their parts, nests, or eggs. The Act provides criminal penalties for persons who "take, 
possess, sell, purchase, barter, offer to sell, purchase or barter, transport, export or import, at any time 
or any manner, any bald eagle or any golden eagle, alive or dead, or any part, nest, or egg thereof." 
The Act defines "take" as "pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest 
or disturb." 

3.3. MIGRATORY BIRD TREATY ACT 

Most bird species, especially those that are breeding, migrating, or of limited distribution, are protected 
under federal and/or State regulations. Under the Migratory Bird Treaty Act (MBTA) of 1918 (16 
USC Subsection 703-712) and USFWS regulations (50 CFR § 10.14), migratory bird species, their 
nests, and their eggs are protected from injury or death as a result of activities specifically directed at 
migratory birds. The USFWS recently proposed to revoke the existing regulations governing the 
implementation of the MBTA (86 FR 87: 24573-24581), effectively returning the interpretation of the 
prohibitions of the MBTA and enforcement discretion of the USFWS to the uncertainty associated 
with the split decisions among Federal Circuit Courts regarding the scope of the MBTA’s take 
prohibition.   

3.4. CALIFORNIA ENDANGERED SPECIES ACT 

The California Endangered Species Act (CESA) prohibits the take of State-listed threatened and 
endangered species. Under the CESA, the California Department of Fish and Wildlife (CDFW) is 
responsible for maintaining a list of rare, threatened, and endangered species designated under State 
law (California Fish and Game Code 2070-2079). The CDFW also maintains lists of candidate species, 
species of special concern, and fully protected species. Candidate species are those taxa which have 
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been formally recognized by the CDFW and are under review for addition to the State threatened and 
endangered list. Species of special concern are those taxa, which are considered sensitive, and this list 
serves as a “watch list.” Pursuant to the requirements of the CESA, agencies reviewing proposed 
projects within their jurisdictions must determine whether any State-listed species have the potential 
to occur within a proposed project site and if the proposed project would have potential impacts upon 
such species. Project-related impacts to species on the CESA’s rare, threatened, and endangered list 
would be considered significant and require mitigation. The CDFW can authorize take if an incidental 
take permit is issued by the Secretary of the Interior or Commerce in compliance with the ESA, or if 
the director of the CDFW issues a permit under Section 2081 in those cases where it is demonstrated 
that the impacts are minimized and fully mitigated. 

3.5. CALIFORNIA FISH AND GAME CODE 

The California Fish and Game Code defines take (Section 86) and prohibits taking of a species listed 
as threatened or endangered under the CESA (California Fish and Game Code Section 2080), or 
otherwise fully protected (California Fish and Game Code Sections §3511, §4700, §5050, and §5515). 
Section 2081(b) and (c) of the CESA allows the CDFW to issue an incidental take permit for a State 
listed threatened and endangered species if specific criteria outlined in Title 14 California Code of 
Regulations (CCR), Sections 783.4(a), (b) and California Fish and Game Code Section 2081(b) are 
met. The California Fish and Game Code Section 3503 states that it is unlawful to take, possess, or 
needlessly destroy the nest or eggs of any bird, except as otherwise provided by the code. Section 
3503.5 states that it is unlawful to take, possess, or destroy any birds in the order Falconiformes or 
Strigiformes (birds of prey) or to take, possess, or destroy the nest or eggs of any such bird. Section 
3513 states that it is unlawful to take or possess any migratory nongame bird as designated in the 
MBTA or any part of such migratory nongame bird except as provided by rules and regulations 
adopted by the Secretary of the Interior under provisions of the MBTA. The CDFW protects plants 
designated as endangered or rare under Fish and Game Code Section 1900.  

4. ENVIRONMENTAL SETTING 

4.1. PHYSIOGRAPHIC, CLIMATE AND SURFACE WATER 

The Analysis Area consists of rugged, eroding, rocky slopes composed of quartzites and schists that 
have been intruded by granitic rocks. In places there are andesite and dioritic dikes (Jennings et al. 
1977).  Climate within the Analysis Area is characterized by hot dry conditions in the summer months 
and dry mild winters. Average rainfall is 3.5 inches per year, occurring primarily during late winter 
(February and March) and the monsoon season (July to September).  Average high temperature of the 
hottest (August) month is 105˚F and average low temperature of the coldest month (December) is 
66˚F (Weather Underground 2021). No surface water features occur within the Analysis Area.  
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4.2. SOILS 

Soils in the Analysis Area developed from weathered granitic rock and schistose rock substrates. The 
soils consist of extremely gravelly sands or gravelly loams with up to 90 percent coarse fragments. 
Soils within the Analysis Area are of two general types based on substrate and topographic position: 
residual soil material weathered in place on slopes and ridges; and deeper alluvial soils transported by 
water and gravity to toe slopes, washes, and outwash fans. Hill slopes in the Analysis Area are steep 
and almost entirely covered in large, weathered rock (BLM & P.M. De Dycker & Associates, Inc. 
1994). The soils within the Analysis Area also contain large areas of disturbance from previous mining 
and reclamation activities.  

4.3. VEGETATION 

Vegetation in the Analysis Area is low desert scrub typical of the high temperature region of 
southeastern California. In general, vegetation is sparse in both the upland and xeroriparian habitats. 
The uplands consist of a very low-density shrub community dominated by creosote (Larrea tridentata) 
and brittlebush (Encelia farinose) (Appendix E Photo 12). In addition, large portions of the Analysis 
Area consist of disturbed habitats dominated by non-native annual plants (Appendix E Photo 11). 
The xeroriparian habitat generally consists of the same sparce shrub community and includes widely 
spaced upland trees and ocotillo (Fouquieria splendens) (Appendix E Photo 18). In summation, 
vegetation in the Analysis area is uniformly sparce and consists of very low density shrublands, upland 
trees and highly disturbed habitats (Appendix E Photos 11, 12 and 18). 

Three California Native Plant Society vegetation categories were identified during pedestrian surveys 
and thematically mapped using the Supervised Classification tool in ArcGIS Pro 2.7. 

California Native Plant Society vegetation categories observed within the Analysis Area are described 
below: 

Brassica (nigra) and other mustards semi-natural stands  

Brassica (nigra) and other mustards semi-natural stands vegetation category occupies approximately 18 
percent of the Analysis Area and 24 percent of the Project Area (Figure 5). This vegetation category 
corresponds with disturbed and barren areas. Although the named dominant species, black mustard 
(Brassica nigra), was not observed, Saharan mustard (Brassica tourneforti), a closely related non-native 
mustard was often present in both naturally disturbed areas including wash scour and human-
disturbed areas such as roads, camp sites, and rock waste piles. This natural community is not classified 
as sensitive by the CDFW (2020).  

Parkinsonia florida—Olneya tesota alliance  

Parkinsonia florida—Olneya tesota alliance occupies approximately 2 percent of the Analysis Area and 2 
percent of the Project Area (Figure 5). The vegetation category is primarily restricted to xeroriparian 
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areas including washes, drainages, and narrow canyons. Besides the named alliance’s dominant plants, 
blue palo verde (Parkinsonia florida) and ironwood (Olneya tesota), other commonly occurring plants 
include sweetbush (Bebbia juncea), lance leaved ditaxis (Ditaxis lanceolata), desert lavender (Hyptis emoryi), 
ocotillo, and Anderson's desert thorn (Lycium andersonii). This natural community is classified as 
sensitive by the CDFW (2020). 

Larrea tridentata — Encelia farinosa alliance 

Larrea tridentata — Encelia farinosa alliance occupies approximately 79 percent of the Analysis Area and 
74 percent of the Project Area and occurs in a variety of topographic settings (Figure 5). Besides the 
named alliance’s dominant plants, creosote (Larrea tridentata) and brittlebush (Encelia farinosa), other 
commonly occurring plants include ocotillo, beavertail prickly pear (Opuntia basilarus), and burrobush 
(Ambrosia dumosa). This natural community is classified as sensitive by the CDFW (2020). 

4.4. EXISTING CONDITIONS (OR LAND USE) 

Off-road vehicle use, recreational vehicle camping, and other outdoor activities have added to the 
disturbances in the Analysis Area.  Previous mining disturbance and underground mine features occur 
throughout the Analysis Area.   

5. METHODS 

In order to determine the potential to occur of special-status species two complementary methods 
were utilized: 1) Desktop screening and vegetation habitat mapping, and 2) Field survey.  

5.1. DESKTOP SCREENING AND VEGETATION HABITAT MAPPING  

5.1.1. Desktop Screening 

A desktop screening analysis was completed to evaluate the potential for special-status species or their 
critical habitat to occur within the Analysis Area. For this assessment, special-status species are defined 
as: 

1) Species and critical habitat designated by the U.S. Fish and Wildlife Service (USFWS) as 
Endangered, Threatened, Proposed for listing, or Candidate for listing under the Endangered 
Species Act (ESA), as identified by the Information, Planning and Consultation (IPaC) system 
(Appendix B). 

2) Species protected under the Bald and Golden Eagle Protection Act (BGEPA) (Appendix B). 
3) Species designated as sensitive per the El Centro Field Office BLM list of California sensitive 

species (Appendix C). 
4) California Environmental Quality Act (CEQA) species including CDFW Species of Special 

Concern; Plants designated as special-status by the California Native Plant Society (CNPS); 
USFWS Birds of Conservation Concern; CDFW special-status invertebrates; and Species of 
bat listed as high and medium priority by the Western Bat Working Group (Appendix D). 
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Special-status species were identified for the Analysis Area using a series of online databases and 
review of previous permitting efforts in the Project Area (Bureau of Land Management 2011, 2018, 
BLM & P.M. De Dycker & Associates, Inc. 1994). The IPaC system was used to create a list of ESA 
species and critical habitat likely to occur in the vicinity of the Analysis Area (Appendix B). WestLand 
reviewed California-specific special-status species that are documented to occur in the vicinity of the 
Project Area from the CDFW and CNPS using the BIOS and Rarefind tools (Appendix D). The 
BLM El Centro Field Office sensitive species list was also included in this screening (Appendix C)  
Previous permitting efforts in the Project Area include the American Girl Final Environmental Impact 
Statement (EIS), and American Girl East Mine Asphalt Batch Plant Environmental Assessment (EA) 
(BLM 2011, Bureau of Land Management 2018, BLM & P.M. De Dycker & Associates, Inc. 1994, 
Tetra Tech 2011). 

In order to accommodate both the BLM’s BRTR and the California Environmental Protection Agency 
(CalEPA) BRA requirements, two discrete potential to occur methods were used.  The first potential 
to occur method pertained to all ESA listed, BGEPA listed and BLM sensitive species. The second 
potential to occur pertained to the CEQA species only. Under the first method (ESA listed, BGEPA 
listed and BLM sensitive species) potential of occurrence were defined as follows: 

Present: The species has been observed to occur within the Analysis Area, the Analysis Area 
is within the known range and distribution of the species, and habitat characteristics required 
by the species are present. 

Possible: There are no known records of the species within the Analysis Area, but the known, 
current distribution of the species includes the Analysis Area and the required habitat 
characteristics of the species appear to be present in the Analysis Area. Given the uncertainty 
associated with species identification and accuracy of the location of observations from eBird 
and other citizen science databases, observations associated with citizen science databases are 
evidence that a species is possible within the Analysis Area. 

Unlikely: The known, current distribution of the species does not include the Analysis Area, 
but the distribution of the species is close enough such that the Analysis Area may be within 
the dispersal or foraging distance of the species, and they may show up as transients. The 
habitat characteristics required by the species may be present in the Analysis Area. 

None: The Analysis Area is outside of the known distribution of the species or the habitat 
characteristics required by the species are not present. 

Under the second method species evaluated for the CEQA process potential to occur was evaluated 
using the categories below. 

No potential of occurrence: The Analysis Area is outside of the known distribution of the 
species or the habitat characteristics required by the species are not present. 
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Low potential of occurrence: The known, current distribution of the species does not 
include the Analysis Area, but the distribution of the species is close enough such that the 
Analysis Area may be within the dispersal or foraging distance of the species, and they may 
show up as transients. The habitat characteristics required by the species may be present in 
the Analysis Area. 

Moderate potential of occurrence: There are no known records of the species within the 
Analysis Area, but the known, current distribution of the species includes the Analysis Area 
and the required habitat characteristics of the species appear to be present in the Analysis Area.  

High potential of occurrence: The species has been observed to occur within the Analysis 
Area, the Analysis Area is within the known range and distribution of the species, and habitat 
characteristics required by the species are present. 

5.1.2. Vegetation Habitat Mapping 

Vegetation habitat mapping was conducted using the Supervised Classification tool in ArcGIS Pro 2.7 
to provide site-specific vegetation mapping and to estimate the type and extent of vegetation habitat 
within the Analysis Area. Vegetation habitat mapping was then validated during the field survey and 
a total plant species list was created. Habitat mapping followed the recommended CNPS methods and 
nomenclature. In addition, mapping was used to identify California Sensitive Natural Communities 
(CDFW 2020).  

Field surveys were conducted to provide an overview of the environmental conditions within the 
analysis Area. This overview consisted of: 1) Vegetation mapping validation; 2) Diurnal raptor surveys; 
3) Habitat suitability assessments for Colorado desert fringe-toed lizard (Uma notata), western 
burrowing owl (Athene cunicularia), flat-tailed horned lizard (Phyrnos omamcalii), and bat species; and 4) 
creation of a vertebrate wildlife and plant species list. In addition, previous Mojave Desert tortoise 
(Gopherus agassizii) surveys conducted within the Project Area were utilized to assess habitat suitability 
for this species (Appendix A). Survey methods applied by Stantec followed protocol Preparing For Any 
Action That May Occur Within the Range Of The Mojave Tortoise as developed by USFWS (2017) which 
consisted of 100 percent coverage of proposed drill areas. Based on conversations with the BLM and 
input from the USFWS, tortoise surveys conducted for SMP by Stantec biologists in January 2021 
fulfill the survey obligations for this species (Appendix A).  

Diurnal raptor surveys followed the USFWS recommended golden eagle nest survey protocol and 
included the selection of appropriate observation points (Appendix E Photos 4, 5, 6 and 7). This 
survey followed the recommendations outlined in the USFWS Interim Golden Eagle Inventory and 
Monitoring Protocols; and Other Recommendations dated February 2010 (Pagel, Whittington, and 
Allen 2010). These methods relied on well‐placed observation posts and walking transects which 
provided unobstructed viewing of any potential nest locations. Each observation point or walking 
transect included a broad panorama of the surrounding habitat and was established in locations distant 
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enough from any potential nest sites to effectively observe the behavior of the adults (if present) 
without disturbing nesting behavior.  

Habitat assessments for Colorado desert fringe-toed lizard, western burrowing owl, and flat-tailed 
horned lizard consisted of onsite evaluation of suitable habitat within the Analysis Area.  These three 
species are listed as BLM sensitive species and CEQA species and have ranges which overlap the 
Analysis Area.  

Bat species habitat was evaluated by revisiting high value underground mine roosting habitat within 
the Analysis Area identified by the BLM in previous survey efforts. Previous survey efforts detected 
20 high value bat roosts in underground mines within the Analysis Area (Figure 4). WestLand 
conducted external habitat assessments of these mines to evaluate the habitat potential of each mine 
feature (Appendix E Photos 15 and 16). In addition, the Analysis Area was evaluated for bat roosting 
habitat including cliff, crevice, and vegetation roosts and foraging habitat.   

6. RESULTS 

6.1. PLANT SPECIES 

A total of 41 plant species were identified during field surveys within the Analysis Area (Table 1).  
Three CNPS vegetation categories were identified during pedestrian surveys and thematically mapped 
using the Supervised Classification tool in ArcGIS Pro 2.7 (Figure 5)(see discussion in Sec. 4.3). In 
general, plant cover in the Analysis Area is particularly sparse.  

6.2. WILDLIFE SPECIES 

During the field survey a total of 26 wildlife species were observed (Table 2). Five of these species 
were detected during the raptor surveys and two during evaluation of bat roosting habitat. These 
detections included two occupied prairie falcon (Falco mexicanus) eyries (nesting sites), a suspected red-
tailed hawk (Buteo jamaicensis) nest, and an unoccupied stick nest (Figure 3). A single prairie falcon 
(Falco mexicanus) eyrie was located within the Project Area and the second within the Analysis Area 
(Figure 3). The suspected red-tailed hawk and unoccupied stick nest occurred outside of the Analysis 
Area but within the raptor survey area (Figure 3). Black-tailed gnatcatchers (Polioptila melanura) were 
observed in the Analysis Area.    
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Table 1. Plant species observed in the Analysis Area during the field survey. This list represents species 
observed during the field survey and does not represent a complete floristic survey.   

I Common Name Scientific Name I  I Common Name Scientific Name I 
PLANTSI   I  PLANTSI   I 
PERENNIALS   ironwood Olneya tesota 
burrobush Ambrosia dumosa  beavertail pricklypear Opuntia basilaris 
burrobush Ambrosia salsola  blue paloverde Parkinsonia florida 
western milkweed Asclepias albicans  Schott’s pygmycedar Peucephyllum schottii 
sweetbush Bebbia juncea  velvet turtleback Psathyrotes ramosissima 
Paloverde Cercidium floridum  desert globemallow Sphaeralcea ambigua 
pink fairyduster Cylindropuntia erophylla  Mesquite Posopis juliflora 
hairy prairie clover Dalea mollis  Tamarisk* Tamarix pentandra 
narrowleaf silverbush Ditaxis lanceolata  American threefold Trixis californica 
Inciensio Encelia farinose  ANNUALS I  I 
rough jointfir Ephedra aspera  sixweeks threeawn Aristida adscensionis 
desert trumpet Eriogonum inflatum  Asian mustard* Brassica tournefortii 
California fagonbush Fagonia laevis  brittle spineflower Chorizanthe brevicornu 
California barrel cactus Ferocactus cylindraceus  devil’s spineflower Chorizanthe rigida 
ocotillo Fouquieria splendens  pygmy poppy Eschscholzia minutiflora 
paleface Hibiscus denudatus  Arizona lupine Lupinus arizonicus 
desert lavender Hyptis emoryi  Mojave desertstar Monoptilon bellioides 
creosote Larrea tridentata  desert palafox Palafoxia arida var. arida 
water jacket Lycium andersonii  cleftleaf phacelia Phacelia crenulata 
Parry’s false prairie-clover Marina parryi  desert Indianwheat Plantago ovata 
desert wishbone-bush Mirabilis laevis  yellowdome Trichoptilium incisum 
desert tobacco Nicotiana obtusifolia  *non-native  
 
Table 2. Wildlife species observed in the Analysis Area. This list represents the species observed during the 
field survey and does not represent a complete list of wildlife occurring within the Analysis Area.   

Common Name Scientific Name  Common Name Scientific Name I I I I 
Black-throated sparrow Amphispiza bilineata  canyon towhee Meloxone fusca 
verdin Auriparus flaviceps  northern mockingbird Mimus polyglottos 
great horned owl Bubo virginianus  Unknown Myotis  Myotis spp. 
red-tailed hawk Buteo jamaicensis  neotoma Neotoma spp. 
Costa’s hummingbird Calypte costae  ground squirrel Osteospermophilus spp. 
turkey vulture Cathartes aura  Black-tailed gnatcatcher Poliptila melanura 
common raven Corvus corax  rock wren Salpinctes obsuoletus 
ladder-backed woodpecker Dryobates scalaris  Say’s phoebe Sayornis saya 
burro Equus asinus  squirrel Scuridate spp. 
prairie falcon Falco mexicanus  northern rough-winged Stelgipdopteryx serripennis 

swallow 
house finch Haemorhous mexicancus  cottontail Sylvilagus spp. 
loggerhead shrike Lanius ludovicianus  side-blotched lizard Uta spp. 
California leaf-nosed bat Macrotus californicus  fox Vulpes spp. 
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During the field survey the Analysis Area was evaluated for habitat suitability for Colorado Desert 
Fringed-toed lizard, Western burrowing owl, and flat-tailed horned lizard (Figure 6). No habitat 
suitable for flat-tailed horned lizard was observed within the Analysis Area.  Several small areas on the 
western and southern extremes of the Analysis Area include isolated sandy patches that may provide 
marginal habitat for Colorado Desert fringe-toed lizard (Figure 6 and Appendix E Photos 13 and 
14). Areas of flat topography on the southern and western edges of the Analysis Area provide 
potentially suitable western burrowing owl habitat (Figure 6 and Appendix E Photos 11 and 12).   

6.2.1. Bats 

Bat surveys consisted of an external evaluation of all the high value bat roost locations provided by 
BLM. The BLM did not provide species specific use or roost types within these mine features. Bat 
surveys within these mines conducted for previous permitting efforts in the Project Area indicate that 
these mine features were occupied by a suite of species including California leaf-nosed bat (Macrotus 
californicus), Townsend’s big-eared bat (Corynorhinus townsendii), pallid bat (Antrozous pallidus) and an 
unknown Myotis species, likely cave myotis (Myotis velifer)  (BLM 2011, Bureau of Land Management 
2018, BLM & P.M. De Dycker & Associates, Inc. 1994, Tetra Tech 2011). Our external evaluation of 
these 20 mines detected bat guano and urine staining visible from the mine opening without entry. 
Guano and staining associated with California leaf-nosed bat activity was observed at five of the mine 
features. Identified California leaf-nosed bat guano consisted of 1 to 2 centimeter black to yellow 
streaking on the sides and roof of the mine (Mixan, Diamond, and Gwinn 2016). Two mine features 
contained guano and urine staining consistent with California leaf-nosed bat and an unknown Myotis 
species. Guano associated with an unknown Myotis species was observed at a single mine feature 
(Figure 4). Myotis guano consisted of pellets 1 to 3 millimeters long (Adams 2003). Myotis guano was 
most often detected at the mine openings on the angle-iron bat compatible gates. Bat activity could 
not be ascertained from external evaluations alone in the remaining 12 mine features and bat activity 
is unknown (Figure 4).   

6.3. SPECIES HISTORICAL OCCURRENCE WITHIN THE ANALYSIS AREA 

Historical occurrence data indicate that six special-status species have been detected within or adjacent 
to the Analysis Area (Figure 7). Two of these species were observed during the field survey (California 
leaf-nosed bat and pink fairy duster [Cylindropuntia erophylla]) (Tables 1 and 2). Suitable habitat was 
detected for three species (Townsend’s big-eared bat, pallid bat, and western mastiff bat [Eumops 
perotis]). The Mojave Desert tortoise has been documented within and adjacent to the Analysis Area 
(BLM 2011, 2018, BLM & P.M. De Dycker & Associates, Inc. 1994) (Appendix A). Stantec conducted 
Mohave Desert tortoise surveys in the Project Area from January 8 to 15, 2021. Within the Project 
Area a total of eight suitable tortoise burrows were detected (Appendix A). Of these eight burrows 
all but one was in good condition. Scat or recent tracks were observed at three of the detected tortoise 
burrows and a single scat was detected not associated with a burrow (Figure 7).  
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6.4. POTENTIAL FOR SPECIAL-STATUS SPECIES TO OCCUR 

WestLand identified special-status species using the sources described above and evaluated the 
potential for these special-status species to occur in the Analysis Area. The results of the desktop 
screening, vegetation mapping, and field survey were utilized to assess each special-status species 
potential to occur (Tables 3, 4, 5, and 6). The following sections provide potential to occur for ESA 
listed species (Section 6.5); BGEPA listed species (Section 6.6); BLM sensitive species (Section 6.7); 
and CEQA species (Section 6.8).  

6.5. ESA LISTED SPECIES 

One ESA listed species, the threatened Mohave Desert tortoise, has a potential to occur of Present 
within the Analysis Area (Table 3). No designated or proposed critical habitat occurs within the 
Analysis Area (Appendix B). 

6.6. BGEPA LISTED SPECIES 

The bald eagle has a potential to occur of None and golden eagle (Aquila chrysaetos) has an Unlikely 
potential to occur as the habitat within the Analysis Area is unsuitable and the habitat within the 2-
mile raptor survey buffer (Figure 3) was marginal. 

6.7. BLM SENSITIVE SPECIES 

The potential to occur for BLM Sensitive Species for the El Centro Field Office was evaluated through 
the desktop screening, field survey, and vegetation mapping. Species with a potential to occur of None 
are summarized in Appendix F and all others are in Table 5.  This approach was utilized to reduce 
table volume. In total, the potential to occur was evaluated for 55 BLM sensitive species. Of those 55, 
35 had a potential to occur of None (Appendix F). Of the remaining 20 species (Table 5); ten species 
had a potential to occur of Unlikely, five Possible and only five species had a potential to occur of 
Present. Four of the five species with a potential to occur of Present were bat species and the fifth 
was the Mojave Desert tortoise (Table 5). 

6.8. SPECIES EVALUATED FOR THE CEQA PROCESS POTENTIAL   

In total, the potential to occur within the Analysis Area was evaluated for 31 species for the CEQA 
process (Table 6). Of the 31 species evaluated nine had No Potential of Occurrence. Of the 
remaining 22 species, ten had a Low Potential of Occurrence, four had a Moderate Potential of 
Occurrence and eight had a High Potential of Occurrence.  The species with a High Potential of 
Occurrence consisted of a single plant, two birds, four bats, and the Mojave Desert tortoise.   

 

WestLand Resources ,  Inc.  11 
Q:\Jobs\2000's\2072.03\ENV\09_Biological\BE BRA\20210630_revised Submittal\Oro Cruz BRA_06.30.21.docx PC ORIGINAL PKG



Biological Resource Technical Report and Assessment 
Oro Cruz Exploration Project  SMP Gold Corp. 
 
 

Table 3. ESA Listed Species  

Species Name Federal Status Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Gopherus 
agassizii 
 
Mojave Desert 
Tortoise  

Threatened, 
populations north 
and west of the 
Colorado River 
(USFWS 1980, 
USFWS 1990), 
critical habitat 
(USFWS 1980, 
USFWS 1994); 
Similarity of 
appearance 
(threatened) 
(USFWS 1990). 

Inhabits valleys, bajadas and hills with 
sandy loam or rocky soils in Mojave 
desertscrub and Lower Colorado River 
Valley subdivision of the Sonoran 
Desert. To escape extreme 
temperatures, excavates burrows under 
vegetation or rocks. Will also use 
natural or manmade caves. Typically 
associated with areas of creosote bush, 
areas with other sclerophyll shrubs and 
with small cacti or areas with Joshua 
trees. Forages on grasses, forbs and 
succulents (AGFD 2010a). In the 
contact zone between the species (i.e., 
the Black Mountains), G. morafkai 
generally is found in foothills, hillside 
slopes and more mountainous terrain 
than G. agassizii that is typically found 
on alluvial fans and valley bottoms 
(Edwards et al. 2015). 
 
Elevation: Range-wide, from below sea 
level in Death Valley to 5,000 ft in 
elevation (AGFD 2010a). 

Occurs in the Mojave Desert 
of Arizona, California, 
Nevada and Utah (Edwards 
et al. 2015, Murphy et al. 
2011). 

This species occurs through 
the Mojave Desert in 
Southeastern California 
(Boarman 2002) 

Present. The Analysis Area is 
within the range and contains 
potentially appropriate habitat. 
Surveys were conducted for the 
desert tortoise for the Project 
Area by Stantec in 2020 and 
detected tortoise use (Appendix 
A). 
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Table 4. BGEPA Listed Species  

Species 
Name Federal Status Known Suitable Habitat Total Range Distribution in California Potential to Occur 

Aquila 
chrysaetos 
 
Golden eagle 

Bald and Golden 
Eagle Protection 
Act (16 U.S.C. 
668-668c) 

Range-wide, breeds in a wide variety of 
open habitats, with nests typically on 
cliffs, and avoids heavily forested areas 
(Katzner et al. 2020). In Arizona, 
prefers pinyon-juniper woodlands and 
Sonoran desertscrub (Driscoll 2005). 
Constructs large nests on cliff ledges, 
rock outcrops, tall trees or, rarely, 
transmission towers (Driscoll 2005). 
Golden eagles are known to forage 
within 4.4 miles of the nest (Tesky 
1994a), generally in open habitats where 
prey is available (Katzner et al. 2020). 
Primarily feeds on small mammals 
(greater than 80 percent of prey items) 
but also consumes birds, reptiles and 
fish (Katzner et al. 2020). In the 
western U.S. average territory size 
ranges from 22 to 55 square miles 
(AGFD 2002b). In California, typically 
occupy rolling foothills, mountain areas, 
sage-juniper flats and deserts (CDFW 
1990). 
 
Elevation: In California, near sea level 
up to 11,500 ft (CDFW 1990). 

This species is a short to 
medium-distance partial 
migrant with a Holarctic 
distribution (Katzner et al. 
2020). In North America, 
primarily breeds in western 
portion of the continent 
from Alaska to central 
Mexico. Northern most 
populations are typically 
migratory. Year-round and 
non-breeding populations 
occur from central 
Saskatchewan to British 
Columbia, Canada and 
south throughout its range 
and sparsely in the eastern 
U.S. (Katzner et al. 2020). 

Uncommon permanent 
resident and migrant 
throughout California, except 
center of Central Valley 
(CDFW 1990). Perhaps more 
common in northern and 
southern California (CDFW 
1990). 

Unlikely. The Analysis Area 
occurs within the know range of 
the species, however, no 
historical records for this species 
occur within the Analysis Area 
and the habitat within the 
Raptor survey area was searched 
and no evidence of Golden 
Eagle nesting was detected. No 
golden eagle nests are known to 
occur within 4.4 miles of the 
Analysis Area (Diamond 2016) 
and thus it is unlikely this species 
would utilize the Analysis Area 
as foraging habitat.  No 
historical records of this species 
occur within or adjacent to the 
Analysis Area (Figure 7 and 
Appendix D). 
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Species 
Name Federal Status Known Suitable Habitat Total Range Distribution in California Potential to Occur 

Haliaeetus 
leucocephalus 
 
Bald Eagle 

Bald and Golden 
Eagle Protection 
Act (16 U.S.C. 
668-668c) 

Breeding is concentrated in coastal 
areas, along rivers, lakes or reservoirs. 
Typically breeds in forested areas with 
edge habitat within 1.3 miles of aquatic 
habitats suitable for foraging. Prefers 
areas of shallow water and shorelines 
for fishing and hunting wide variety of 
waterfowl, and small aquatic and 
terrestrial mammals. Fish are preferred 
prey, but carrion is used extensively 
whenever encountered. Nests away 
from human disturbance in large trees 
and rarely on cliff ledges or on the 
ground when trees are absent. Winters 
primarily in coastal areas or along major 
river systems with adequate prey 
availability and large trees for perching 
(Buehler 2020). In California, more 
common at lower elevations (CDFW 
1999). 
 
Elevation: In California, nesting most 
commonly found about 1,000 to 6,000 
ft but can occur from near seal level to 
over 7,000 ft (Jurek 1988). 

Migratory behavior varies 
among populations and age 
groups (Buehler 2020). 
Breeds south of the tundra 
throughout Canada and the 
U.S., excluding Hawaii. 
Additionally, small breeding 
populations occur in Baja 
California, Sonora and 
Chihuahua, Mexico 
(Buehler 2020). Winter 
range appears to be 
expanding as populations 
increase in size. Most 
populations are year-round 
residents with only the 
northern most populations 
in Alaska, U.S. and Canada 
withdrawing southward or 
to coastal areas (Fink 2018). 

Permanent resident, and 
uncommon winter migrant, 
now restricted to breeding 
mostly in Butte, Lake, Lassen, 
Modoc, Plumas, Shasta, 
Siskiyou, and Trinity counties 
(CDFW 1999). Half of the 
wintering population is in the 
Klamath Basin (CDFW 1999). 
Not found in the high Sierra 
Nevada (CDFW 1999). 
Largest numbers found in Big 
Bear Lake, Cachuma Lake, 
Lake Mathews, Nacimiento 
Reservoir, San Antonio 
Reservoir, and along the 
Colorado River (CDFW 
1999). Local winter migrant at 
a few inland waters in 
southern California (CDFW 
1999).  

None. The Analysis Area 
occurs greater than the 
known foraging distance (1.3 
miles from aquatic habitats) 
for this species. In addition, 
no suitable large nesting trees 
or cliffs occur within the 
Analysis Area.  No historical 
records of this species occur 
within or adjacent to the 
Analysis Area (Figure 7 and 
Appendix D).  
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Table 5. BLM El Centro Field Office Sensitive species  

Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

AMPHIBIANS     
Scaphiopus couchii 
 
Couch’s spadefoot 
toad 

Occurs in arid and semi-arid habitats of 
the southwest, along desert washes, 
desert riparian, palm oasis, desert 
succulent shrub, and desert scrub 
habitats (CDFW 2000). Can also be 
found in cultivated croplands. Requires 
friable soils for burrowing often 
beneath desert plants, logs, and other 
debris. Reproduces in temporary pools 
and potholes with water present for at 
least 10-12 days (CDFW 2000).  
 
Elevation: In California, from 690 to 
1,120 ft (CDFW 2000). 

Found in southeastern California 
along the Arizona border in 
Imperial, Riverside, and San 
Bernadino counties (CDFW 2000).  

Southeastern California along the 
Arizona border (CDFW 2000). 

Unlikely. The Analysis is within the 
known range of the species. However, 
there are no occurrence records for 
this species within the California 
Natural Diversity Database in these 
quadrangles (CDFW 2021).  
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

BIRDS     
Athene 
hypugaea
 
Western 
owl 

cunicularia 
 

burrowing 

This species inhabits flat or gently-
sloping treeless and sparsely vegetated 
areas in deserts and grasslands (Poulin 
et al. 2011). In California, open, dry 
grassland and desert habitats, and in 
grass, forb and open shrub states of 
pinyon-juniper and ponderosa pine 
habitats. Areas with burrows and 
unobstructed perches are favored 
(Martin 2005). Largely reliant on 
burrows dug by mammals but, on rare 
occasion, will dig their own holes (Klute 
et al. 2003, Poulin et al. 2011). Northern 
populations are migratory, and habitat 
used migratory and winter period is 
similar to that used for breeding but 
with some evidence of increased 
reliance on agricultural areas (Klute et 
al. 2003, Poulin et al. 2011). 
 
Elevation: In California, up to 5,300 ft 
(CDFW 1999). 

This species is a partial migrant, 
with northern populations being 
primarily migratory (Poulin et al. 
2011). In southwestern states, 
individuals appear to make yearly 
decisions to remain on their 
breeding grounds or migrate, likely 
based on environmental conditions 
(Ogonowski and Conway 2009, 
Poulin et al. 2011). The hypugaea 
subspecies breeds in Alberta, British 
Columbia, Manitoba and 
Saskatchewan, Canada and 19 U.S. 
states including Arizona, California, 
Colorado, Idaho, Iowa, Kansas, 
Minnesota, Montana, Nebraska, 
Nevada, New Mexico, North 
Dakota, Oklahoma, Oregon, South 
Dakota, Texas, Utah, Washington 
and Wyoming (Klute et al. 2003). 
The breeding range extends 
southward into the Mexican states 
of Aguascalientes, Baja California, 
Baja California Sur, Chihuahua, 
Coahuila, Durango, Nuevo Leon, 
San Luis Potosí, Sinaloa, Sonora, 
Tamaulipas and Zacatecas (Poulin 
et al. 2011). Winters primarily in 
Arizona, California, Louisiana, New 
Mexico and Texas U.S., and 
southward through Mexico, 
excluding the Yucatan Peninsula, to 
Guatemala and Honduras, with rare 
reports as far south as Panama 
(Klute et al. 2003, Poulin et al. 
2011). 

In California, year-round resident 
throughout much of the state and 
on larger offshore islands (CDFW 
1999). 

Unlikely. The Analysis Area is within 
the known range of this species and 
potentially suitable habitat is present. 
No historical occurrence records are 
known from the Analysis Area 
(Appendix D). In addition, no Ebird 
observations have been made for this 
species within or adjacent to the 
Analysis Area (eBird 2021). No 
observation of this species or 
potential burrows were recorded 
during the field survey. However, 
potentially suitable habitat occurs on 
the western and southern ends of the 
Analysis Area outside of the Project 
Area (Figure 6 and Appendix E 
Photos 11 and 12). 

WestLand Resources ,  Inc.  16 
Q:\Jobs\2000's\2072.03\ENV\09_Biological\BE BRA\20210630_revised Submittal\Oro Cruz BRA_06.30.21.docx 

I 

PC ORIGINAL PKG



Biological Resource Technical Report and Assessment 
Oro Cruz Exploration Project  SMP Gold Corp. 
 
 

Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Melanerpes 
uropygialis 
 
Gila woodpecker 

This species utilizes desert riparian and 
desert wash habitats, and orchard-
vineyard and urban areas particularly in 
shade trees and date palm groves 
County (CDFW 1990). Utilizes areas 
with cottonwood and other desert 
riparian trees, shade trees, and date 
palms in California County (CDFW 
1990). Also uses saguaros where 
available (CDFW 1990).  

Found in southeast California, 
southwest Nevada, southern 
Arizona, southwest New Mexico 
and south into Mexico (Corman 
2005a).   

Resident in southern California 
along the Colorado River, and 
locally near Brawley, Imperial 
County (CDFW 1990).  

Unlikely. Low potential of 
occurrence. because the majority of 
the Analysis Area does not contain 
appropriate habitat. We assessed all 
washes within the Analysis Area for 
woodpecker suitability and all washes 
were characterized by sparse 
ironwood, ocotillo, and low density of 
blue palo verde. There is one 
occurrence record for this species 
within the California Natural 
Diversity Database in these 
quadrangles (CDFW 2020) in an 
unnamed wash south of Indian Wash 
about 2.25 miles West of the Cargo 
Mountains from March 2002. We 
inspected this wash (Appendix E 
Photo 17) and the washes within the 
Analysis Area varied widely from the 
occurrence site. The washes in the 
Analysis Area are dissimilar to the 
occurrence site as represented in 
Appendix E Photo 18.   
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Oreothlypis luciae 
 
Lucy’s warbler 

Frequents open to dense thickets of 
mesquite and other trees and shrubs in 
desert wash and desert riparian habitat 
(Corman 2005b). Cover includes 
mesquite, salt cedar, palo verde, 
ironwood, and other riparian trees and 
shrubs (CDFW 1990). Nest in hidden 
areas including natural cavity, 
woodpecker holes, and behind lose 
bark, in old verdin nest or in a bank 
(CDFW 1990c). 

Mainly breeds in the southwest U.S. 
and migrates to the Pacific slope of 
Mexico for the winter (Corman 
2005b). Recently arrived in New 
Mexico. Winters almost exclusively 
in Mexico (Shuford and Gardali 
2008a). 

Currently numerous locally along 
the Lower Colorado River and 
small populations west to the 
Borrego Valley in San Diego 
County and north through the 
Mojave Desert to Furnace Creek 
Ranch in Death Valley National 
Park in Inyo County (Shuford and 
Gardali 2008a). Rare fall (August-
February) migrant and winter 
visitor in California away from 
breeding habitats (Shuford and 
Gardali 2008a). In Lower Colorado 
River valley, occur in mesquite and 
other woodland in washes 
including Milpitas Wash in Imperial 
County, McCoy and Big washes in 
Riverside County, and Vidal and 
Chemehuevi washes in San 
Bernardino County (Shuford and 
Gardali 2008a).  

Unlikely. While the Analysis Area 
occurs within the known range of this 
species the low density xeroriparian 
washes within the analysis area 
provide marginal habitat. 

MAMMALS     
Antrozous pallidus 
 
Pallid bat 

Inhabits a wide variety of habitats 
including grasslands, shrublands, 
woodlands, and forest from sea level to 
mixed conifer forests (CDFW 1990c). 
Most common in open, dry habitats 
with rocky areas for roosting. Day 
roosts in caves, crevices, mines, and 
occasionally in hollow trees and 
buildings (CDFW 1990c). Night roots 
may be in more open sites including 
porches and buildings (CDFW 1990c). 
 
Elevation: 1,900 to 6,560 ft 
(NatureServe 2021a). 

Ranges throughout western North 
America, from British Columbia’s 
southern interior, south to 
Queretaro and Jalisco, and east to 
Texas. Isolated population in Cuba 
(WBWG 2018). Most abundant in 
xeric ecosystems, including the 
Great Basin, Mojave, and Sonoran 
Deserts (WBWG 2018).   

Locally common at low elevations 
in California. Occurs throughout 
California except for the high 
Sierra Nevada to Kern Count and 
the northwestern corner of the 
state from Del Norte and western 
Siskiyou counties to northern 
Mendocino County (CDFW 
1990c).  

Present.  Historical records for this 
species occur within the analysis Area 
and suitable roosting and foraging 
habitat exists within the Analysis 
Area. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Corynorhinus 
townsendii 
 
Townsend’s big-eared 
bat 

Forages in edge habitats along streams 
and adjacent to or within a variety of 
wooded habitats. Roosts in cliffs, caves, 
mines, tunnels, and buildings. Has a 
large home range and foraging distances 
(up to 93 miles) (Sherwin and Piaggio 
2005). 
 
Elevation: Below 10,830 ft 
(Hammerson 2014). 

Occurs from southern British 
Columbia, Canada and south 
through all western U.S. states 
eastward to the Black Hills of South 
Dakota and the Edwards Plateau in 
Texas. Isolated populations also 
exist in Oklahoma, Kansas, 
Arkansas, Missouri, Illinois, Indiana, 
Ohio, Kentucky, Virginia, and West 
Virginia. Range extends to the 
Isthmus of Tehuantepec, Mexico 
(Hammerson 2014).  

Found throughout California but 
details of its distribution are not 
well known (CDFW 2000b). 

Present.  Historical records for this 
species occur within the analysis Area 
and suitable roosting and foraging 
habitat exists within the Analysis 
Area. 

Eumops perotis 
californicus 
 
Greater western 
mastiff bat 

This species is found in areas with cliffs, 
which are used for roosting, in desert 
scrub, chaparral, oak woodland, 
ponderosa pine belt, mixed conifer 
forests and high elevation meadows 
(Siders and Pierson 2005). Maternity 
roosts occur in exfoliating rock slabs, 
crevices in boulders and buildings 
(Siders and Pierson 2005). The 
morphology of this species prevents it 
from drinking from water sources less 
than 98 ft in length and the availability 
of water limits its distribution across the 
landscape (AGFD 2014b). In Arizona, 
this species is a year-round resident that 
occurs in rocky canyons with abundant 
roosting crevices. Forages widely from 
roost sites in lower and upper Sonoran 
desertscrub near cliffs (AGFD 2014b) 
and has been captured more than 18 
miles from roost sites (Siders and 
Pierson 2005). 
 
Elevation: In Arizona, 240–8,475 ft 
(AGFD 2014b). Foraging up to 10,000 
ft in California (WBWG 2018). 

Occurs in Arizona, California, 
Nevada, New Mexico, Texas and 
Utah, U.S. and the Mexican states 
of Baja California, Chihuahua, 
Coahuila, Durango, Sinaloa, Sonora 
and Zacatecas (AGFD 2014b, 
Hammerson 1994, Siders and 
Pierson 2005). 

Found in southeastern San Joaquin 
Valley and Coastal Ranges from 
Monterey County southward 
through southern California, from 
the coast eastward to the Colorado 
Desert (CDFW 1990).  

Present.  Historical records for this 
species occur within the analysis Area 
and suitable roosting and foraging 
habitat exists within the Analysis 
Area. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Macrotus 
californicus 
 
California leaf-nosed 
bat 

Typically forages along washes within 
6.2 miles of their roost sites (Brown 
2005). Primarily consumes insects but 
also consumes fruits (AGFD 2014a, 
Brown 2005). In Arizona, this species is 
a year-round resident of Sonoran 
Desertscrub. Consumes primarily 
insects taken on the wing or gleaned 
from vegetation, but have also been 
reported to feed on fruits, including 
those of cacti. Roost sites have large 
areas of ceiling and flying space, and 
include abandoned underground mines, 
caves, and rock shelters (AGFD 2014a). 
 
Elevation: In Arizona, below 4,000 ft 
(AGFD 2014a). In California, records 
are below 2,000 ft (CDFW 1990a).  

Occurs in Arizona, California, 
Nevada and Utah, U.S. and the 
Mexican states of Baja California, 
Baja California Sur, Chihuahua, 
Sinaloa, Sonora and Tamaulipas 
(AGFD 2014a, Hammerson 2015a). 
(CDFW 1990a). 

Found from Riverside, Imperial, 
San Diego, and San Bernardino 
counties. Historically occurred 
from Los Angles to Sand Diego. 
Fairly common in some areas along 
the Colorado River (CDFW 
1990a).  

Present.  Historical records for this 
species occur within the analysis Area 
and suitable roosting and foraging 
habitat exists within the Analysis 
Area. In addition, sign associated with 
this species was detected within the 
Analysis Area. 

Myotis ciliolabrum 
 
Small-footed myotis 

Occur in a variety of habitat but 
primarily found in relatively arid 
wooded and brushy uplands near water 
(CDFW 1990d), chaparral, riparian 
zones, and western coniferous forests 
(WBWG 2018). Roost caves, buildings, 
mines, crevices, and occasionally under 
bridges or bark. Night roost in buildings 
and caves (CDFW 1990d).  
 
Elevation: In California, sea level to at 
least 8,900 ft (CDFW 1990d). 

Found across the western half of 
North American from British 
Columbia, Alberta, and 
Saskatchewan in Canada, 
throughout most of the U.S. west of 
the 100th Meridian, and into central 
Mexico (WBWG 2018).  

Common in arid uplands in 
California and occurs from Contra 
Costa County south to the Mexican 
border in the coastal region. Also 
found on the west and east sides of 
the Sierra Nevada, and in the Great 
Basin and desert habitats from 
Modoc to Kern and San 
Bernardino counties (CDFW 
1990d).  

Possible. The analysis Area occurs 
within the range of this species and 
suitable roosting and foraging habitat 
exists within the Analysis Area. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Myotis velifer 
 
Cave myotis 

Forages in desertscrub vegetation and is 
tolerant of high temperatures and low 
humidity. Roosts in caves, tunnels, 
abandoned underground mines, 
buildings and under bridges within a 
few miles of water. In Arizona, 
hibernation roosts are in wet mine 
tunnels above 6,000 ft (AGFD 2002a). 
In California, utilize desert scrub, desert 
succulent shrub, desert wash, and desert 
riparian.(CDFW 1990b). 
 
Elevation: 300–8,800 ft (AGFD 2002a). 

Occurs in Arizona, California, 
Kansas, Nevada, New Mexico, 
Oklahoma, Texas and Utah, U.S. 
Range extends southward through 
Mexico to Honduras (AGFD 
2002a, Hammerson 2015b). 

Restricted in California to lowlands 
of the Colorado River and adjacent 
mountain ranges, in San 
Bernardino, Riverside and Imperial 
counties, although more common 
farther east (CFDW 1990b). 

Possible. An observation record for 
this species occurs adjacent to the 
Analysis Area and the Analysis Area 
contains suitable mine roosting 
habitat. 

Myotis yumanensis 
 
Yuma myotis 

Inhabits riparian, scrublands, desert, 
forest near permanent sources of water 
including rivers, and streams but also 
uses tinajas (WBWG 2018). Optimal 
habitats in California in areas with open 
forest and woodland with sources of 
water (CDFW 1990e). Roosts in 
bridges, buildings, cliff crevices, caves, 
mines, and trees (WBWG 2018). Have 
been observed roosting in abandoned 
swallow nests (CDFW 1990e). 
 
Elevation: In California, seal level to 
11,000 ft considered uncommon to rare 
above 8,000 ft (CDFW 1990e). 

Found across the western third of 
North America from British 
Columbia, Canada, to Baja 
California and southern Mexico. In 
the U.S. it occurs in all the Pacific 
coastal states, as far east as western 
Montana to the north, and as far 
east as western Oklahoma south 
(WBWG 2018).  

Common and widespread in 
California but uncommon in the 
Mojave and Colorado desert 
regions, except for the mountain 
ranges bordering the Colorado 
River Valley (CDFW 1990e). 

Unlikely. No permanent water 
sources occur within or adjacent to 
the analysis Area.  
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Ovis canadensis 
nelsoni 
 
Desert bighorn sheep 
(aka. Nelson bighorn 
sheep) 

Inhabits alpine dwarf-shrub, low sage, 
sagebrush, bitterbrush, pinyon-juniper, 
palm oasis, desert riparian, desert 
succulent shrub, desert scrub, subalpine 
conifer, perennial grassland, montane 
chaparral, and montane riparian 
(CDFW 1990). Uses rocky, steep terrain 
for reproduction and escape,  prefers 
open areas of low-growing vegetation 
for feeding and requires adequate 
sources of water (CDFW 1990). 

Historica range extended from 
northeastern California, Oregon, 
northern Nevada, and southwestern 
Idaho southward through the 
deserts of the southwestern U.S. to 
southern Baja California, 
northwestern Sonora Mexico, 
southern Arizona, southern New 
Mexico, Chihuahua Mexico and 
western Texas (Hammerson 2011). 

Uncommon in California. There 
are three subspecies: California 
bighborn sheep (O. c. califoniana), 
peninsular bighorn sheep (O. c. 
cremnobates), and Nelson bighorn 
sheep aka. desert bighorn sheep (O. 
c. nelsoni) (CDFW 1990). The desert 
bighorn sheep occur in desert 
mountain ranges from White 
Mountains of Mono and Inyo 
counties south to the San 
Bernardino Mountains and 
southeastward to the Mexican 
border with an isolated population 
occurs in the San Gabriel 
Mountains (CDFW 1990).  

Unlikely. No historical occurrence 
records exist within the Analysis Area 
and no evidence of this species was 
observed during the field survey.   

PLANTS     
Croton wigginsii 
 
Wiggin’s croton 

Perennial shrub that blooms March 
through May. Inhabits desert dunes and 
Sonoran desert scrub in sandy areas 
(CNPS 2021g). 
 
Elevation: 165 to 330 ft (CNPS 2021g). 

Occurs in California, Arizona, Baja 
California and Sonora Mexico 
(CNPS 2021g). 

Found in Imperial County 
2021g). 

(CNPS Unlikely. While no records of this 
species occur within the Analysis Area 
a small area of suitable sandy habitat 
in Sonoran desert scrub vegetation 
occurs on the western edge of the 
Analysis Area outside of the Project 
Area (Appendix E Photos 13 and 
14). 

Cylindropuntia 
munzii 
 
Munz cholla 

Perennial stem succulent that blooms in 
May. Occurs on sandy or gravelly soils 
in Sonoran desert scrub (CNPS 2021d).   
 
Elevation: 500 to 1,970 ft (CNPS 
2021d).   

Found in California and Baja 
California (CNPS 2021d).   

Located in Imperial and Riverside 
counties (CNPS 2021d).   

Possible. A small area of potential 
suitable sandy substrate occurs at the 
western edge of the Analysis Area 
outside of the Project Area 
(Appendix E Photos 13 and 14).  
. 

Euphorbia 
platysperma 
 
Flat-seeded spurge 

Annual herb that blooms February 
through September. Occurs in desert 
dunes and sandy areas in Sonoran 
desert scrub (CNPS 2021a). 
 
Elevation: 215 to 330 ft (CNPS 2021a). 

Located in California, Arizona, Baja 
California and Sonora Mexico 
(CNPS 2021a). 
 

Found in Imperial, Riverside, San 
Diego counties and possibly in San 
Bernardino County (CNPS 2021a). 
 

Possible. A small area of potential 
suitable sandy substrate occurs at the 
western edge of the Analysis Area 
outside of the Project Area 
(Appendix E Photos 13 and 14).  
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Lupinus excubitus 
var. medius 
 
Mountain Springs 
bush lupine 

Perennial shrub that blooms March 
through May. Inhabits Pinyon and 
juniper woodland and Sonoran desert 
scrub (CNPS 2021c). 
 
Elevation: 1,395 to 4,495 ft (CNPS 
2021c). 

Occurs in California and Baja 
California (CNPS 2021c). 
 

Found in Imperial and San Diego 
counties (CNPS 2021c). 
 

Unlikely. While the Analysis Area 
includes Sonoran desert scrub habitats 
no historical records for this species 
exist within the analysis Area.  

Pholisma sonorae 
 
Sand food 

Perennial herb (parasitic) that blooms 
April through June (CNPS 2021f). 
Inhabits sandy soils, sand dunes and 
other sandy areas. It is a root parasite of 
desert shrubs (Arizona Rare Plant 
Committee 2001, CNPS 2021f). Known 
hosts include Ambrosia dumosa, 
Eriogonum deserticola, Pluchea sericea, 
Tiquilia palmeri and T. plicata 
(Yatskievych 1994). 
 
Elevation: In California, below 656 ft 
(CNPS 2021f). In Arizona, below 1,345 
ft (AGFD 2004). 

Occurs in Arizona and California, 
U.S. and the Mexican states of Baja 
California and Sonora (AGFD 
2004, CNPS 2021f).  

Known only from Imperial County 
(CNPS 2021f).   

Unlikely. Small pockets of suitable 
sandy soils occur in the western 
extent of the Analysis Area and the 
suitable host plant (Ambrosia dumosa) 
occurs within the Analysis Area 
(Appendix E Photos 13 and 14). 
 

Xylorhiza orcuttii 
 
Orcutt’s woody-aster 

Perennial herb that blooms March 
through April. Inhabits Sonoran desert 
scrub (CNPS 2021e).  
 
Elevation: 0 to 2,000 ft (CNPS 2021e). 

Occurs in California and Baja 
California (CNPS 2021e). 

Found in Imperial and San Diego 
counties (CNPS 2021e). 

Unlikely. No historical records exist 
for this species within the Analysis 
Area. However, suitable Sonoran 
desert scrub occurs within the analysis 
Area.  
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REPTILES     

Gopherus agassizii 1 
 
Mojave Desert 
Tortoise 

Inhabits valleys, bajadas and hills with 
sandy loam or rocky soils in Mojave 
desertscrub and Lower Colorado River 
Valley subdivision of the Sonoran 
Desert. To escape extreme 
temperatures, excavates burrows under 
vegetation or rocks. Will also use 
natural or manmade caves. Typically 
associated with areas of creosote bush, 
areas with other sclerophyll shrubs and 
with small cacti or areas with Joshua 
trees. Forages on grasses, forbs and 
succulents (AGFD 2010a). In the 
contact zone between the species (i.e., 
the Black Mountains), G. morafkai 
generally is found in foothills, hillside 
slopes and more mountainous terrain 
than G. agassizii that is typically found 
on alluvial fans and valley bottoms 
(Edwards et al. 2015). In California, 
found in arid sandy or gravelly locations 
along riverbanks, washes, sandy dunes, 
alluvial fans, canyon bottoms, desert 
oases, rocky hillsides, creosote flats, and 
hillsides (CHS 2021b)  
 
Elevation: Range-wide, from below sea 
level in Death Valley to 5,000 ft in 
elevation (AGFD 2010a). Possibly up to 
7,200 ft (CDFW 2000) 

Occurs in the Mojave desert of 
Arizona, California, Nevada and 
Utah (Edwards et al. 2015, Murphy 
et al. 2011). 

Throughout the Mojave Desert and 
south along the Colorado River 
along the east side of the Salton 
Basin in the Sonoran Desert but 
absent from the Coachella Valley 
except from the Boyd Deep 
Canyon Research Center area (CHS 
2021b). Introduced population in 
Anza-Borrego State Park in San 
Diego County (CHS 2021b). 

Present. Active Tortoise burrows and 
scat have been detected within the 
Analysis Area. Records of this species 
occur within the Analysis Area 
(Appendix A). 

 
1 Threatened, populations north and west of the Colorado River (USFWS 1980, USFWS 1990), critical habitat (USFWS 1980, USFWS 1994); Similarity of appearance (threatened) (USFWS 

1990). 
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Uma notata Occupies fine, loose, wind-blown sand Occurs in California and Baja Found in extreme southeast Possible. A small area of potential 
 dunes, dry lakebeds, sandy beaches or California (CHS 2021a). California in the Colorado Desert suitable sandy substrate occurs at the 
Colorado Desert riverbanks, desert washes, and sparse from the Salton Sea and Imperial western edge of the analysis Area 
fringe-toed lizard desert scrub in the Colorado and sand hills east to the Colorado outside of the Project Area 

Sonoran desert (CDFW 2000). Utilize River, south to the Colorado River (Appendix E Photos 13 and 14). 
sparsely-vegetated arid areas and delta and on into northeastern Baja 
burrows as refugia (CHS 2021a). California, and east to Borrego 
 Mountain (CHS 2021a). 
Elevation: sea level to 1,600 ft (CHS 
2021a). 
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Table 6  CEQA Special-Status Species

Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

BIRDS     
Melanerpes 
uropygialis 
 
Gila woodpecker 

This species utilizes desert riparian and desert 
wash habitats, and orchard-vineyard and 
urban areas particularly in shade trees and 
date palm groves County (CDFW 1990). 
Utilizes areas with cottonwood and other 
desert riparian trees, shade trees, and date 
palms in California County (CDFW 1990). 
Also uses saguaros where available (CDFW 
1990).  
 
Elevation: near sea level to 3,940 ft 
(NatureServe 2021e). 

Found in southeast California, 
southwest Nevada, southern Arizona, 
southwest New Mexico and south into 
Mexico (Corman 2005a).   

Resident in southern California 
along the Colorado River, and 
locally near Brawley, Imperial 
County (CDFW 1990).  

Low potential of occurrence. 
because the majority of the 
Analysis Area does not contain 
appropriate habitat. We assessed 
all washes within the Analysis 
Area for woodpecker suitability 
and all washes were characterized 
by sparse ironwood, ocotillo, and 
low density of blue palo verde. 
There is one occurrence record 
for this species within the 
California Natural Diversity 
Database in these quadrangles 
(CDFW 2021) in an unnamed 
wash south of Indian Wash about 
2.25 miles West of the Cargo 
Mountains from March 2002. We 
inspected this wash (Appendix E 
Photo 17) and the washes within 
the Analysis Area varied widely 
from the occurrence site. The 
washes in the Analysis Area are 
dissimilar to the occurrence site as 
represented in Appendix E 
Photo 18.   
 

Taxostoma crissale 
 
Crissal thrasher 

Inhabits dense sagebrush and other shrubs in 
desert washes and desert riparian areas with 
juniper and pinyon-juniper. Frequently found 
in habitats with mesquite, screwbean 
mesquite, ironwood, catclaw acacia, and 
arrowweed willow (CDFW 1990). 
 
Elevation: up to 5,900 ft (CDFW 1990).  

Found throughout southwestern 
portions of the U.S. from southeastern 
California east through southern 
Nevada, southwestern Utah, norther 
Arizona, and southwestern New Mexico 
to western Texas and south to south-
central Mexico and northeast Baja 
California (Shuford and Gardali 2008b). 

Eastern Mojave Desert of Sand 
Bernardino and southeaster Inyo 
counties also resident in Imperial, 
Coachella, and Borrego valleys 
(CDFW 1990).   

Moderate potential of 
occurrence due to range, 
appropriate habitat, but no 
occurrence record or observation 
during field investigation.  
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Taxostoma lecontei 
 
Le Conte’s thrasher 

Utilize open desert wash, desert scrub, alkali 
desert scrub, desert succulent shrub habitats, 
and in Joshua tree habitat with scattered 
shrubs. Frequently use saltbush and cholla 
(CDFW 2005). Rarely occurs in habitats 
consisting entirely of creosotebush 
(NatureServe 2021f). 
 
Elevation: below sea level to 5,250 ft, mostly 
between 0 to 492 ft(NatureServe 2021f). 

Occur throughout southwestern U.S. 
and northwestern Mexico (NatureServe 
2021f, Sheppard 2019). 

Found in southern California 
deserts from southern Mono 
County south to the Mexican 
border, and in western and 
southern San Joaquin Valley. 
Formerly found north to Fresno 
County and Kern County (CDFW 
2005). 

Low potential of occurrence. 
The low density cholla and 
creosotebush habitat dominance 
within the Analysis Area provides 
marginal habitat.  

Falco mexicanus 
 
Prairie falcon 

Breeds in open habitats, including shrub-step 
desert, grasslands with or without shrubs, and 
alpine tundra when cliffs or bluffs are present 
to provide nesting sites (Steenhof 2013). In 
Arizona, this species is found nesting in 
Sonoran desertscrub, in areas with mixed 
grassland and cold-temperate desertscrub, 
and pinyon pine-juniper or Madrean 
evergreen oak woodlands. Occasionally nest 
in areas of alpine grassland and mixed conifer 
forests. Open areas for foraging and the 
availability of nest sites are the primary 
determinants of the species distribution 
during the breeding season (Moors 2005). 
Nests primarily on cliff ledges but also use 
trees, buildings, electrical towers, and cliffs 
created by mines or quarries (Steenhof 2013). 
When food is plentiful, this raptor travels the 
least possible distance necessary to secure 
required food supplies but have been known 
to forage up to 15 miles from the nest (Tesky 
1994b). During the fall and winter, increased 
numbers of individuals occur in open 
grasslands, creosote-bursage habitats, and 
agricultural areas (Moors 2005, Steenhof 
2013). 
 
Elevation: Breeds 500–9,000 ft (Moors 2005). 
Elsewhere, up to 11,000 ft (Steenhof 2013). 

Not considered a true migrant but 
undertakes seasonal movements in 
response to food availability and 
typically has widely separated nesting, 
post-nesting and wintering areas 
(Steenhof 2013). However, populations 
in California are resident. Breeds from 
south-central British Columbia and 
southern Alberta, through the western 
U.S., including western Texas, and into 
central Baja California, Chihuahua, 
Coahuila, central Durango, and San 
Luis Potosí. Winter range extends west 
to the Pacific Coast and eastward to 
Minnesota, northwest Iowa, east-central 
Missouri, central Oklahoma, and most 
of Texas. Mexican range expands 
slightly southward to include Baja 
California Sur, Zacatecas and possibly 
even to Oaxaca (Steenhof 2013). 

Occurs throughout the state 
(Moors 2005). 

High potential of occurrence. 
The Analysis Area occurs within 
suitable habitat in the range of 
this species and 2 occupied eyries 
were detected within the analysis 
Area (Appendix E Photos 8 and 
9).  
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Athene cunicularia 
hypugaea 
 
Western burrowing 
owl 

This species inhabits flat or gently-sloping 
treeless and sparsely vegetated areas in 
deserts and grasslands (Poulin et al. 2011). In 
Arizona, this species most commonly breeds 
in grazed grasslands and open disturbed areas 
such as the edges of agricultural fields, fallow 
fields, bladed areas, irrigation embankments, 
airports and golf courses. This species 
additionally breeds in sparsely vegetated 
Sonoran or cold-temperate desertscrub 
(Martin 2005). Areas with burrows and 
unobstructed perches are favored (Martin 
2005). Largely reliant on burrows dug by 
mammals but, on rare occasion, will dig their 
own holes (Klute et al. 2003, Poulin et al. 
2011). Northern populations are migratory, 
and habitat used migratory and winter period 
is similar to that used for breeding but with 
some evidence of increased reliance on 
agricultural areas (Klute et al. 2003, Poulin et 
al. 2011). 
 
Elevation: In Arizona, 650–6,140 ft (AGFD 
2001). 

This species is a partial migrant, with 
northern populations being primarily 
migratory (Poulin et al. 2011). In 
southwestern states, individuals appear 
to make yearly decisions to remain on 
their breeding grounds or migrate, likely 
based on environmental conditions 
(Ogonowski and Conway 2009, Poulin 
et al. 2011). The hypugaea subspecies 
breeds in Alberta, British Columbia, 
Manitoba and Saskatchewan, Canada 
and 19 U.S. states including Arizona, 
California, Colorado, Idaho, Iowa, 
Kansas, Minnesota, Montana, 
Nebraska, Nevada, New Mexico, North 
Dakota, Oklahoma, Oregon, South 
Dakota, Texas, Utah, Washington and 
Wyoming (Klute et al. 2003). The 
breeding range extends southward into 
the Mexican states of Aguascalientes, 
Baja California, Baja California Sur, 
Chihuahua, Coahuila, Durango, Nuevo 
Leon, San Luis Potosí, Sinaloa, Sonora, 
Tamaulipas and Zacatecas (Poulin et al. 
2011). Winters primarily in Arizona, 
California, Louisiana, New Mexico and 
Texas U.S., and southward through 
Mexico, excluding the Yucatan 
Peninsula, to Guatemala and Honduras, 
with rare reports as far south as Panama 
(Klute et al. 2003, Poulin et al. 2011). 

Found nesting throughout the 
state where favorable habitat is 
present. Southern populations are 
primarily resident whereas 
northern populations are 
migratory and are on their 
breeding grounds mid-March 
through as late as mid-October 
(Martin 2005). 

Low potential of occurrence 
due to range, appropriate habitat, 
but no historical occurrence 
records (Appendix D). In 
addition, no Ebird observations 
have been made for this species 
within or adjacent to the Analysis 
Area (eBird 2021). No 
observation of this species or 
potential burrows were recorded 
during the field survey. However, 
potentially suitable habitat occurs 
on the western and southern ends 
of the Analysis Area outside of 
the Project Area (Figure 6 and 
Appendix E Photos 11 and 12). 

Poliptila melanura 
 
Black-tailed 
gnatcatcher 

This species is associated with Mojave and 
Sonoroan desert scrub habitats. These 
habitats include mesquite, creosotebush, 
ocotillo and various cactus species (Tinant 
2006).  

Black-tailed gnatcatchers range from 
southern Nevada to northern Mexico 
and from southeastern California to 
southwestern New Mexico (Tinant 
2006).  

In California this species occurs 
only in southeastern California 
within suitable Mojavian and 
Sonoroan desert scrub habitats 
(Tinant 2006).  

High potential of occurrence. 
The analysis Area occurs within 
suitable habitat within the range 
of this species and individuals 
were detected during the field 
survey. 
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INSECTS     
Anomala hardyorum Member of the family Scarabaeidae. Most Endemic to Algodones Dunes in North Known from two populations No potential of occurrence. No 
 often found on north or east facing dune slip America (UFWS 2006b). identified in Algodones Dune appropriate dune slip faces occur 
Hardy’s dune beetle faces (UFWS 2006b). system in Imperial County 

(UFWS 2006b). 
within the analysis Area. 

Apiocera warneri 
 
Glamis sand fly 

Member of the family Apioceridae. Flower-
loving flies that are most common in dry, 
sandy habitats (Yeates and Irwin 1996) . 

Family is known in the deserts of North 
America, South America, and Australia 
(Yeates and Irwin 1996).  

Known from southern California 
(NatureServe 2021b). 

Low potential of occurrence. A 
small area of sandy habitat occurs 
within the western edge of the 
Analysis Area outside of the 
Project Area.  

Cyclocephala 
wandae 
 
Wandae dune beetle 

Member of the family Scarabaeidae. Habitat 
information is lacking (UFWS 2006b). 

Endemic to Algodones Dunes in North 
America (UFWS 2006b). 

Known only from collections in 
the Algodones Dunes in Imperial 
County (UFWS 2006b). 

No potential of occurrence. 
The Analysis Area occurs outside 
of the known range and suitable 
dune habitat.  

Efferia macroxipha 
 
Glamis robberfly 

In the genus Efferia. High diversity in arid or 
semi-arid ecosystems. Tend to perch close to 
the ground and often remain immobile.  

Genus occur throughout the New 
World.  

Known from southern California 
(Forbes 1988, NatureServe 
2021c). 

Moderate Potential of 
occurrence. The Analysis Area 
occurs within the known range. 

Euparagia 
unidentata 
 
Algodones euparagia 

In the family Vespidae. Inhabits desert 
regions (Bohart 1989). Limited habitat 
information available. 

Endemic to Algodones Dunes in North 
America (Nature Serve 2021d, UFWS 
2006b). 

Endemic to Algodones Dunes in 
Imperial County (Nature Serve 
2021d, UFWS 2006b). 

No potential of occurrence. 
The Analysis Area occurs outside 
of the known range and suitable 
habitat. 

Microbembex 
elegans 
 
Algodones elegant 
sand wasp 

In the family Sphecidae. Small sized. Inhabits 
active slip faces within sand dune systems 
often found at the base of shrubs where 
detritus collects (UFWS 2006b).  

Species in genus Microbembix are found 
in North and South America. Endemic 
to Algodones Dunes in North America 
(UFWS 2006b). 

Known from two populations 
identified in Algodones Dune 
system in Imperial County 
(UFWS 2006b).  

No potential of occurrence. 
The Analysis Area occurs outside 
of the known range and suitable 
habitat. 

Perdita algodones 
 
Algodones perdita 

Dune habitats (UFWS 2006b) 
information available.  

Limited habitat Endemic to Algodones Dunes in North 
America (UFWS 2006b). 

Known in the vicinity of Glamis, 
in Imperial County (UFWS 
2006b). 

No potential of occurrence. 
The Analysis Area occurs outside 
of the known range and suitable 
habitat. 

Perdita frontalis 
 
Imperial perdita 

All species in Perdita genus nest in sandy or 
partially sandy soil. Specialize on a variety 
plant families (Portman, Griswold, and Nell 
2016).  

Southwestern U.S. and Mexico 
(Portman, Griswold, and Nell 2016). 

Southern California  Low potential of occurrence. A 
small area of sandy habitat occurs 
within the western edge of the 
Analysis Area outside of the 
Project Area. 
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Perdita 
stephanomeriae 
 
A miner bee 

All species in Perdita genus nest in sandy or 
partially sandy soil. Specialize on a variety 
plant families (Portman and Griswold 2017, 
Portman, Griswold, and Nell 2016).  

Southwestern U.S. and Mexico 
(Portman, Griswold, and Nell 2016). 

Southern California Low potential of occurrence. A 
small area of sandy habitat occurs 
within the western edge of the 
Analysis Area outside of the 
Project Area. 

Pseudocotalpa 
andrewsi 
 
Andrew’s dune scrab 
beetle 

In the family Scarabaeidae. Shining leaf 
chafer that inhabits drifting sand between 
dunes (USFW 2006a) 

Endemic to Algodones Dunes in North 
America (UFWS 2006b). 

Known from two populations 
identified in Algodones Dune 
system in Imperial County 
(UFWS 2006b). 

No potential of occurrence. 
The Analysis Area occurs outside 
of suitable dune habitat. 

MAMMALS     
Antrozous pallidus 
 
Pallid bat 

Inhabits a wide variety of habitats including 
grasslands, shrublands, woodlands, and forest 
from sea level to mixed conifer forests 
(CDFW 1990c). Most common in open, dry 
habitats with rocky areas for roosting. Day 
roosts in caves, crevices, mines, and 
occasionally in hollow trees and buildings 
(CDFW 1990c). Night roots may be in more 
open sites including porches and buildings 
(CDFW 1990c). 
 
Elevation: 1,900 to 6,560 ft (NatureServe 
2021a). 

Ranges throughout western North 
America, from British Columbia’s 
southern interior, south to Queretaro 
and Jalisco, and east to Texas. Isolated 
population in Cuba (WBWG 2018). 
Most abundant in xeric ecosystems, 
including the Great Basin, Mojave, and 
Sonoran Deserts (WBWG 2018).   

Locally common at low elevations 
in California. Occurs throughout 
California except for the high 
Sierra Nevada to Kern Count and 
the northwestern corner of the 
state from Del Norte and western 
Siskiyou counties to northern 
Mendocino County (CDFW 
1990c).  

High potential of occurrence. 
This species has been observed 
within the Analysis Area (Figure 
7) and suitable crevice and mine 
roosting habitat occurs within the 
Analysis Area (Appendix E 
Photos 15 and 16). 
 

Corynorhinus 
townsendii 
 
Townsend’s big-eared 
bat 

Forages in edge habitats along streams and 
adjacent to or within a variety of wooded 
habitats. Roosts in cliffs, caves, mines, 
tunnels, and buildings (Diamond and 
Diamond 2014). Has a large home range and 
foraging distances (up to 93 miles) (Sherwin 
and Piaggio 2005). 
 
Elevation: Below 10,830 ft (Hammerson 
2014). 

Occurs from southern British 
Columbia, Canada and south through 
all western U.S. states eastward to the 
Black Hills of South Dakota and the 
Edwards Plateau in Texas. Isolated 
populations also exist in Oklahoma, 
Kansas, Arkansas, Missouri, Illinois, 
Indiana, Ohio, Kentucky, Virginia, and 
West Virginia. Range extends to the 
Isthmus of Tehuantepec, Mexico 
(Hammerson 2014).  

Found throughout California but 
details of its distribution are not 
well known (CDFW 2000b). 

High potential of occurrence. 
This species has been observed 
within the Analysis Area (Figure 
7) and suitable mine roosting 
habitat occurs within the Analysis 
Area (Appendix E Photos 15 
and 16). 
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Eumops perotis 
californicus 
 
Greater western 
mastiff bat 

This species is found in areas with cliffs, 
which are used for roosting, in desert scrub, 
chaparral, oak woodland, ponderosa pine 
belt, mixed conifer forests and high elevation 
meadows (Siders and Pierson 2005). 
Maternity roosts occur in exfoliating rock 
slabs, crevices in boulders and buildings 
(Siders and Pierson 2005). The morphology 
of this species prevents it from drinking from 
water sources less than 98 ft in length and the 
availability of water limits its distribution 
across the landscape (AGFD 2014b). In 
Arizona, this species is a year-round resident 
that occurs in rocky canyons with abundant 
roosting crevices. Forages widely from roost 
sites in lower and upper Sonoran desertscrub 
near cliffs (AGFD 2014b) and has been 
captured more than 18 miles from roost sites 
(Siders and Pierson 2005). 
 
Elevation: In Arizona, 240–8,475 ft (AGFD 
2014b). Foraging up to 10,000 ft in California 
(WBWG 2018). 

Occurs in Arizona, California, Nevada, 
New Mexico, Texas and Utah, U.S. and 
the Mexican states of Baja California, 
Chihuahua, Coahuila, Durango, Sinaloa, 
Sonora and Zacatecas (AGFD 2014b, 
Hammerson 1994, Siders and Pierson 
2005). 

Found in southeastern San 
Joaquin Valley and Coastal 
Ranges from Monterey County 
southward through southern 
California, from the coast 
eastward to the Colorado Desert 
(CDFW 1990).  

High potential of occurrence.  
This species has been observed 
within the Analysis Area (Figure 
7) and suitable rock slabs and 
crevice roosting habitat occurs 
within the Analysis Area.   
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Macrotus 
californicus 
 
California leaf-nosed 
bat 

Typically forages along washes within 6.2 
miles of their roost sites (Brown 2005). 
Primarily consumes insects but also 
consumes fruits (AGFD 2014a, Brown 2005). 
In Arizona, this species is a year-round 
resident of Sonoran Desertscrub. Consumes 
primarily insects taken on the wing or gleaned 
from vegetation, but have also been reported 
to feed on fruits, including those of cacti. 
Roost sites have large areas of ceiling and 
flying space, and include abandoned 
underground mines, caves, and rock shelters 
(AGFD 2014a). 
 
Elevation: In Arizona, below 4,000 ft (AGFD 
2014a). In California, records are below 2,000 
ft (CDFW 1990a).  

Occurs in Arizona, California, Nevada 
and Utah, U.S. and the Mexican states 
of Baja California, Baja California Sur, 
Chihuahua, Sinaloa, Sonora and 
Tamaulipas (AGFD 2014a, Hammerson 
2015a). (CDFW 1990a). 

Found from Riverside, Imperial, 
San Diego, and San Bernardino 
counties. Historically occurred 
from Los Angles to Sand Diego. 
Fairly common in some areas 
along the Colorado River (CDFW 
1990a).  

High potential of occurrence. 
This species has been previously 
observed within the Analysis 
Area, and suitable mine roosting 
habitat occurs within the Analysis 
Area (Figure 7 and Appendix E 
Photos 15 and 16). In Addition, 
during the habitat assessment 
visit, stringy black guano and 
urine staining was detected on the 
sides of mines within the Analysis 
Area indicating that this species is 
present.   
 
 

Myotis velifer 
 
Cave myotis 

Forages in desertscrub vegetation and is 
tolerant of high temperatures and low 
humidity. Roosts in caves, tunnels, 
abandoned underground mines, buildings and 
under bridges within a few miles of water. In 
Arizona, hibernation roosts are in wet mine 
tunnels above 6,000 ft (AGFD 2002a). In 
California, utilize desert scrub, desert 
succulent shrub, desert wash, and desert 
riparian.(CDFW 1990b). 
 
Elevation: 300–8,800 ft (AGFD 2002a). 

Occurs in Arizona, California, Kansas, 
Nevada, New Mexico, Oklahoma, 
Texas and Utah, U.S. Range extends 
southward through Mexico to 
Honduras (AGFD 2002a, Hammerson 
2015b). 

Restricted in California to 
lowlands of the Colorado River 
and adjacent mountain ranges, in 
San Bernardino, Riverside and 
Imperial counties, although more 
common farther east (CFDW 
1990b). 

Moderate potential of 
occurrence. An observation 
record for this species occurs 
adjacent to the Analysis Area and 
the Analysis Area contains 
suitable mine roosting habitat 
Figure 7 and Appendix E 
Photos 15 and 16). 

Nyctinomops 
femorosaccus  
 
Pocketed free-tailed 
bat 

Inhabits pinyon-juniper woodlands, desert 
scrub, desert succulent shrub, desert riparian, 
desert wash, alkali desert scrub, Joshua tree, 
and palm oasis. Roosts in rock crevices, 
caverns, or buildings. Drinks water from 
sources with open access and large surface 
areas (CDFW 2000a).  
 
Elevation: near sea level to about 7,300 ft 
(WBWG 2018). 

Occurs in western North America from 
southern California, central Arizona, 
southern New Mexico, and western 
Texas, south into Mexico including Baja 
California (WBWG 2018). 

Found in Riverside, San Diego, 
and Imperial counties. Rare in 
California (CDFW 2000a). 

Moderate potential of 
occurrence. The Analysis Area 
occurs within the range of this 
species and suitable rock crevice 
roosting habitat occurs within the 
Analysis Area. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

PLANTS     
Astragalus insularis 
var. harwoodii 
 
Harwood’s milk-vetch 

Annual herb that blooms January through 
May. Inhabits sandy or gravely soils in desert 
dunes and Mohavean desert scrub (CNPS 
2021i). 
 
Elevation: 0 to 2,330 ft (CNPS 2021i). 

Occurs in Arizona, California, Baja 
California, Nevada, and Sonora Mexico 
(CNPS 2021i). 

Found in Imperial, Riverside, San 
Bernardino, and San Diego 
counties (CNPS 2021i). 

No potential of occurrence. No 
suitable dune habitat in Mohavean 
desert scrub occurs within the 
analysis Area and no records for 
this species occur within the 
Analysis Area. 

Calliandra erophylla 
 
Pink fairy-duster 

Perennial deciduous shrub that blooms 
January through March. Inhabits sandy or 
rocky soils in Sonoran desert scrub (CNPS 
2021j). 
 
Elevations: 393 to 4,925 ft (CNPS 2021j). 

Occurs in Arizona, California, Baja 
California, New Mexico, Texas, Utah, 
and Sonora Mexico (CNPS 2021j). 

Found in Imperial, Riverside, and 
San Diego counties (CNPS 2021j). 

High probability of occurrence. 
An occurrence record for this 
species exists within the Analysis 
Area and the species was 
observed in very low densities 
within the Analysis Area (Figure 
7).  

Croton wigginsii 
 
Wiggin’s croton 

Perennial shrub that blooms March through 
May. Inhabits desert dunes and Sonoran 
desert scrub in sandy areas (CNPS 2021g). 
 
Elevation: 165 to 330 ft (CNPS 2021g). 

Occurs in California, Arizona, Baja 
California and Sonora Mexico (CNPS 
2021g). 

Found in Imperial County 
2021g). 

(CNPS Low probability of occurrence. 
While no records of this species 
occur within the Analysis Area a 
small area of suitable sandy 
habitat in Sonoran desert scrub 
vegetation occurs on the western 
edge of the analysis Area outside 
of the Project Area. 

Ditaxis claryana 
 
Glandular ditaxis 

Perennial herb that blooms October, 
December, January, February, and March. 
Inhabits sandy areas in Mojavean desert scrub 
and Sonoran desert scrub (CNPS 2021h). 
 
Elevation: 0 to 1,525 ft (CNPS 2021h). 

Occurs in Arizona, California, and 
Sonora Mexico (CNPS 2021h). 

Found in Imperial, Riverside, and 
San Bernardino counties (CNPS 
2021h). 

Low probability of occurrence. 
While no records of this species 
occur within the Analysis Area a 
small area of suitable sandy area in 
Sonoran desert scrub vegetation 
occurs on the western edge of the 
analysis Area outside of the 
Project Area.  

Palafoxia arida var. 
g igantea 
 
Giant Spanish needle 

Annual/perennial herb that blooms January 
through May. Inhabits desert dunes (CNPS 
2021b). 
 
Elevation: 50 to 330 ft (CNPS 2021b). 

Occurs in California and Sonora 
Mexico (CNPS 2021b). 
 

Known only from Imperial 
County (CNPS 2021b). 

No potential of occurrence. No 
suitable dune habitats exist within 
the Analysis Area and no records 
of the species occur within the 
Analysis Area.  
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I Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur I 
Pholisma sonorae 
 
Sand food 

Perennial herb (parasitic) that blooms April 
through June (CNPS 2021f). Inhabits sandy 
soils, sand dunes and other sandy areas. It is a 
root parasite of desert shrubs (Arizona Rare 
Plant Committee 2001, CNPS 2021f). 
Known hosts include Ambrosia dumosa, 
Eriogonum deserticola, Pluchea sericea, Tiquilia 
palmeri and T. plicata (Yatskievych 1994). 
 

Occurs in Arizona and California, U.S. 
and the Mexican states of Baja 
California and Sonora (AGFD 2004, 
CNPS 2021f).  

Known only from Imperial 
County (CNPS 2021f).   

Low potential of occurrence. 
Small pockets of suitable sandy 
soils occur in the western extent 
of the Analysis Area and the 
suitable host plant (Ambrosia 
dumosa) occurs within the Analysis 
Area. 
 

Elevation: In California, below 656 ft (CNPS 
2021f). In Arizona, below 1,345 ft (AGFD 
2004). 

REPTILES     
Gopherus agassizii 2 
 
Mojave Desert 
Tortoise 

Inhabits valleys, bajadas and hills with sandy 
loam or rocky soils in Mojave desertscrub 
and Lower Colorado River Valley subdivision 
of the Sonoran Desert. To escape extreme 
temperatures, excavates burrows under 
vegetation or rocks. Will also use natural or 
manmade caves. Typically associated with 
areas of creosote bush, areas with other 
sclerophyll shrubs and with small cacti or 
areas with Joshua trees. Forages on grasses, 
forbs and succulents (AGFD 2010a). In the 
contact zone between the species (i.e., the 
Black Mountains), G. morafkai generally is 
found in foothills, hillside slopes and more 
mountainous terrain than G. agassizii that is 
typically found on alluvial fans and valley 
bottoms (Edwards et al. 2015). 
 

Occurs in the Mojave desert of Arizona, 
California, Nevada and Utah (Edwards 
et al. 2015, Murphy et al. 2011). 

More common in southern, 
central and the extreme northeast 
portion of state, but occurs 
throughout the state where 
suitable habitat exists (AGFD 
2011). 

High potential of occurrence. 
Active Tortoise burrows and scat 
have been detected within the 
Analysis Area. Records of this 
species occur within the Analysis 
Area (Appendices A and E 
Photo 19). 

Elevation: Range-wide, from below sea level 
in Death Valley to 5,000 ft in elevation 
(AGFD 2010a). 
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Phrynosoma mcallii 
 
Flat-tailed horned 
lizard 

Inhabits hard packed sandy flats and low 
dunes in Lower Colorado River desertscrub 
community, particularly in areas with 
creosote-white bursage vegetation (USFWS 
Brennan 2008, 2011). 
 
Elevation: Below 820 ft (AGFD 2010b). 

Occurs in Arizona and California, U.S. 
and the Mexican states of Baja 
California and Sonora (USFWS 2011). 

Found in the extreme 
southwestern portion of the state 
in the Yuma Desert (AGFD 
2010b, USFWS 2011). 

No potential of occurrence. No 
suitable hard packed sandy flats or 
low dunes occur within the 
Analysis Area. No records for this 
species occur within the Analysis 
Area.  

Uma notata 
 
Colorado desert 
fringe-toed lizard 

Occupies fine, loose, wind-blown sand dunes, 
dry lakebeds, sandy beaches or riverbanks, 
desert washes, and sparse desert scrub in the 
Colorado and Sonoran desert (CDFW 2000). 
Utilize sparsely-vegetated arid areas and 
burrows as refugia (CHS 2021a). 
 
Elevation: sea level to 1,600 ft (CHS 2021a). 

Occurs in California and Baja California 
(CHS 2021a). 

Found in extreme southeast 
California in the Colorado Desert 
from the Salton Sea and Imperial 
sand hills east to the Colorado 
River, south to the Colorado 
River delta and on into 
northeastern Baja California, and 
east to Borrego Mountain (CHS 
2021a). 

Low potential of occurrence. A 
small area of potential suitable 
sandy substrate occurs at the 
western edge of the Analysis Area 
outside of the Project Area 
(Figure 6 and Appendix E 
Photos 13 and 14). 
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1.0 SUMMARY 

Stantec Consulting Services Inc. (Stantec) completed a desert tortoise survey of the Oro Cruz 
Drilling Plan Project (Project), located in Imperial County, California in the historic mining area of 
Tumco (Figure 1). The survey was conducted January 8 through 15, 2021. 

The Project consists of seven planned drill exploration areas and associated access roads (Action 
Area, Figure 2). The total acres of surveys conducted in the drill exploration areas was 119.74 and 
the total miles of access road surveyed was 9.75. Areas of vertical, solid rock; highly-disturbed 
ground; or mine pits, within the drill areas, were considered unsuitable habitat for desert tortoise 
and not surveyed. Unsuitable habitat totaled 98.59 acres. 

The following items of note were identified during this survey:  

Drill Area 1 and associated access 
No tortoise or tortoise sign was found in the drill area or associated accesses. 

Drill Area 2 and associated access 
Two tortoise burrows were found, one with scat at the entrance, indicating this is likely an active 
borrow. Both burrows were in good condition. 

Drill Area 3 and associated access 
Four tortoise burrows and a piece of scat were found in the drill area. One burrow had tortoise 
tracks in the front of it and another had scat. All of the burrows are considered active or good 
condition. 

Drill Area 4 and associated access 
No tortoise or tortoise sign was found in the drill area or associated accesses. 

Drill Area 5 and associated access 
One piece of tortoise scat was found in the drill area; however, no burrows were located. 

Drill Area 6 and associated access 
Two tortoise burrows were found in the drill area. One was in good condition; the other was 
deteriorated but had the correct shape. 

Drill Area 7 and associated access 
This drill area was highly disturbed and consisted of unsuitable habitat. Access roads were 
surveyed, and no tortoise or tortoise sign was found. 

The preceding summary is intended for informational purposes only. Reading of the full body of 
this report is recommended. 
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2.0 INTRODUCTION 

2.1 ACTION AREA DESCRIPTION 

Stantec Consulting Services Inc. (Stantec) completed a desert tortoise survey of the Oro Cruz 
Drilling Plan Project (Project), located in Imperial County, California in the historic mining area of 
Tumco (Figure 1). The survey was conducted January 8 through 15, 2021.  

The Project consists of seven planned drill exploration areas (218.33 acres) and associated access 
roads (9.75 miles) (Action Area, Figure 2). The Action Area is located within the Cargo Muchacho 
Mountains which consists of very rugged, eroding, rocky slopes. Mining has occurred in this area 
since the early 1800s. The most recent mining activity was in the mid to late 1990s. As such, much 
of the area has been disturbed from mining activities. Off-road vehicle use, recreational vehicle 
camping, and other outdoor activities have added to the disturbances in the area. Vegetation 
in the Project is low desert scrub typical of the high temperature region of southeast California.  

The Action Area is within Bureau of Land Management (BLM) classified Category 3 desert tortoise 
habitat, lower quality habitat, and on the edge of tortoise’s general distribution in southern 
California (BLM, 1994). In these areas, the tortoises occur in relatively low numbers. The Action Area 
is approximately 6.8 miles from United States Fish and Wildlife Service (USFWS)-designated critical 
habitat and is 2,750 feet south of the designated Colorado Desert Recovery unit (Figure 1). 

A total of 119.74 acres were surveyed in the seven drill areas and 9.75 miles of access roads were 
surveyed. There were 98.59 acres within the seven drill areas that were determined to be 
unsuitable habitat and were not surveyed. These areas consisted of steep vertical cliffs; highly 
disturbed ground; or mine pits. 

2.2 PERSONNEL QUALIFICATIONS 

Greg Sharp – B.S. Degree, Fisheries and Wildlife Biology 
Mr. Sharp has utilized numerous survey techniques to assess the presence of Threatened, 
Endangered, Candidate, and Sensitive plant and animal species throughout the western states 
on private, BLM, and United States Forest Service lands. Mr. Sharp is a certified desert tortoise 
biologist and has been doing biological surveys in Utah, Nevada, and California for over 20 years. 
Mr. Sharp has completed tortoise surveys in conjunction with the National Environmental Policy 
Act (NEPA) process for many large projects in the southwest and in the greater southwestern Utah 
area.  

Seth Topham – B.S. Degree, Natural Resources 
Mr. Topham has more than 15 years of experience working as a natural resource biologist/certified 
desert tortoise biologist in many areas of the western United States. He also has more than 10 years 
of experience in providing Geographical Information System (GIS) support for various natural 
resource projects. Mr. Topham has utilized many survey techniques to assess the presence and/or 
monitor the status of plant and animal species, including many listed as Threatened, Endangered, 
Candidate, or otherwise considered Sensitive. Mr. Topham has completed numerous tortoise 
surveys in conjunction with the NEPA process for many large projects in the southwest and in the 
greater southwestern Utah area. 
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3.0 METHODS 

3.1 TORTOISE SURVEYS 

Stantec biologists conducted desert tortoise surveys in the Action Area following the USFWS 
protocol Preparing For Any Action That May Occur Within The Range Of The Mojave Desert Tortoise 
(Gopherus agassizii) (USFWS, 2019). As required by the protocol, biologists walked parallel transects 
spaced 10 meters apart to achieve 100 percent coverage of the areas surveyed. The Action Area 
transects were mapped in GIS and uploaded to Collector, a global positioning system (GPS) 
application for field data collection, prior to the survey. The Collector application was used to 
locate and follow the established transect lines in the field. During the survey, special attention 
was given to the identification of desert tortoise and desert tortoise sign (e.g., burrows, scat, 
carcasses, etc.). Vegetation and other wildlife species were also identified during the survey. 
Survey information was recorded on established data sheets. 
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4.0 RESULTS 

4.1 HABITAT 

The Action Area is located within the Cargo Muchacho Mountains which consists of very rugged, 
eroding, rocky slopes. The Action Area is located along the western side of the mountains at an 
elevation ranging from 500 to 800 feet. Mining has occurred in this area since the early 1800s. The 
most recent mining activity was in the mid to late 1990s. As such, much of the area has been 
disturbed from mining activities. Other significant human activity in the area consists of off-road 
vehicle driving, recreational vehicle camping, and other outdoor activities. Vegetation in the 
Action Area is typical low desert scrub found in southeast California. Habitat in the Action Area 
consists of four types: steep slopes, bajadas, desert pavement areas and washes.  

Vegetation cover is low but varies from almost zero on the steep rocky slopes and desert 
pavement to fairly dense in some of the washes and bajadas. Vegetation on the slopes and 
uplands consists of scattered creosote bush (Larrea tridentata), ocotillo (Fouquieria splendens), 
Inciensio (Encelia farinose) and scattered native grasses. Areas at the beginning of the bajadas 
and base of steep slopes offered foraging, shade and burrowing areas for desert tortoises. The 
deep cut washes concentrate rain fall and allow a greater variety of larger shrubs, trees, and 
ground cover. Dominant vegetation in these washes consisted of ironwood (Olneya tesota), 
mesquite (Posopis juliflora), palo verde (Cercidium floridum), and tamarisk (Tamarix pentandra). 
The washes in the area would supply needed forage and shade for the desert tortoise. The wash 
banks supply areas for caliche caves and burrows. Dominant vegetation in these washes 
consisted of ironwood, creosote bush, mesquite, palo verde, and tamarisk. A complete list of 
plants found in the survey area is included in Appendix A. 

Soils in the Action Area developed from weathered granitic rock and schistose rock substrates. 
The soils consist of gravelly sands with large amounts of cobble, rock, and boulders. Hill slopes in 
the Action Area are steep and almost entirely covered in large, weathered rock. Alluvial fans and 
washes in the area contained the deeper soils and would be considered suitable for tortoise 
burrowing. 

4.1.1 Physical and Biological Features of Critical Desert Tortoise Habitat Described for the 
Action Area 

Although the Action Area is within BLM category III habitat, the area is outside of USFWS 
designated Critical Habitat (Figure 1) but per protocol, the habitat is described below using the 
physical and biological features for Designated Desert Tortoise Critical Habitat (USFWS 2019). 

1. The Action Area provides areas of sufficient space for movement and for tortoise to reside 
in the area. However, large sections of the Action Area are made up of steep rocky slopes, 
past mining disturbances and mining pits that would preclude the tortoise from using these 
areas. 

2. The washes, bajadas, and upland areas do support native plant forage for the desert 
tortoise. Most of the forage species would be found in the washes or bajadas, were soils 
are better and water would promote plant growth.  

3. Suitable burrowing, nesting, and overwintering substrate is restricted in the Action Area to 
the deep cut washes where soils are deeper and consist of a sandy gravel mixture. Caliche 
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caves and other shelter sites are also found in these washes. Other deep shelter sites can 
be found at the base of the rocky steep slopes. 

4. Vegetation density is generally low in the Action Area. Shrubs grow large enough to 
provide shade and shelter but are sparse. The washes in the Action Area do supply a 
denser tree and shrub cover that provides shade and shelter. 

5. The Action Area is being disturbed from an increase in human activities related to 
recreational use of the area. Also, past mining activities have disturbed much of the Action 
Area. 

4.2 TORTOISE SURVEY 

The Action Area is located within 2,750 feet of the Colorado Desert Recovery Unit for the desert 
tortoise (Figure 1). Stantec completed desert tortoise surveys following the USFWS protocol- 
Preparing For Any Action That May Occur Within The Range Of The Mojave Desert Tortoise 
(Gopherus agassizii) (USFWS 2019). The survey was conducted January 8 through 15, 2021. The 
survey methods for small projects and linear projects were followed as the Action Area size was 
less than 500 acres and had linear access routes. The primary purpose of these surveys was to 
provide information on whether desert tortoises are likely to be present. Small project and linear 
project surveys can be completed any time of year as they are used to determine if desert 
tortoises are present in the area based on sign rather than live animals. 

As required by the protocol, biologists walked parallel transects spaced 10 meters apart to 
achieve 100 percent coverage of the area surveyed. Stantec used the datasheet included in the 
protocol to record all evidence that indicates desert tortoises may be present (e.g., scat, burrows, 
carcasses, courtship rings, drinking depressions, etc. in addition to live tortoises) (Appendix B). The 
Action Area transects were mapped in GIS and uploaded to the Collector application using a 
handheld GPS device. The application was used to locate and follow the established transect 
lines in the field. Temperatures ranged from the mid 40’s in the mornings, with afternoon highs 
ranging in the 70’s. Below are the survey findings in the Action Area: 

Drill Area 1 and associated access 
Drill Area 1 (Figure 2) was located almost entirely in the rocky steep slope habitat with 
approximately half of the area being an open pit (Photos 1-2, 27-28, Appendix C). The area was 
57.74 acres with 18.28 acres being surveyed as tortoise habitat. 

No tortoise or tortoise sign was found in the drill area or associated accesses. 

Drill Area 2 and associated access 
Drill Area 2 (Figure 2) was located with approximately half of the area being tortoise habitat and 
the other half was steep and solid rock. (Photos 3-4, 23, 25, 29, Appendix C). The area was 54.84 
acres with 34.03 acres being surveyed as tortoise habitat. 

Two tortoise burrows were found, one had scat at the entrance (Photos 5, 24, Appendix C). All 
burrows were in good condition (Datasheets, Appendix B). 
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Drill Area 3 and associated access 
Drill Area 3 (Figure 2) had a large wash that went down the middle of the area with the eastern 
portion of the area having steep and solid rock. (Photo 6, Appendix C). The area was 30.98 acres 
with 25.90 acres being surveyed as tortoise habitat. 

Four tortoise burrows and a piece of scat were found in the drill area (Photos 7-10, Appendix C). 
One burrow had tortoise tracks in the front of it and another had scat. All are considered active 
or good condition (Datasheets, Appendix B). 

Drill Area 4 and associated access 
Drill Area 4 (Figure 2) was located almost entirely in the rocky steep slope habitat (Photos 11-12, 
26, Appendix C). The area was 20.07 acres with 13.12 acres being surveyed as tortoise habitat. 

No tortoise or tortoise sign was found in the drill area or associated accesses. 

Drill Area 5 and associated access 
Drill Area 5 (Figure 2) was located almost entirely in the rocky steep slope habitat (Photo 13, 
Appendix C). The area was 9.24 acres with 3.44 acres being surveyed as tortoise habitat. 

One piece of tortoise scat was found in the drill area (Datasheets, Appendix B, Photo 14, 
Appendix C). 

Drill Area 6 and associated access 
Drill Area 6 (Figure 2) was located in an old, reclaimed haul route and included some rocky hills 
and bajada areas (Photo 15, Appendix C). The area was 24.98 acres with 100 percent being 
surveyed as tortoise habitat. 

Two tortoise burrows were found in this drill area (Photo 16-17, Appendix C). One was in good 
condition the other was deteriorated but had the correct shape (datasheets, Appendix B). 

 
Drill Area 7 and associated access 
Drill Area 7 (Figure 2) was located entirely in a mine waste dump area and was not surveyed as 
tortoise habitat. Access roads were surveyed (Photos 30-31, Appendix C). 

No tortoise or tortoise sign was found in the associated accesses. 

4.3 GENERAL WILDLIFE OBSERVATIONS 

During the survey, observations were made of other wildlife species found or their sign (scat or 
tracks) and included many typical desert species of birds, reptiles, and mammals. A complete list 
is located in Appendix A 
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Common Name Genus Species 
Plants 

catclaw Acacia greggii 
Burrow bush Ambrosia dumosa 
devil’s lettuce Amsinckia tessellata 
palo verde Cercidium floridum 
devil’s spine flower Chorizanthe rigida 
wingnut cryptantha Cryptantha pterocarya 
inciensio Encelia farinosa 
desert trumpet Eriogonum Inflatum 
buckwheat Eriogonum deflexum 
barrel cactus Ferocactus acanthodes 
ocotillo Fouquieria splendens 
hopsage Grayia spinosa 
range ratany Krameria  grayi 
creosote Larrea tridentata 
desert pepperweed Lepidium fremontii 
beaver tail cactus Opuntia basilaris 
golden cholla Opuntia acanthocarpa 
desert plantain Plantago  insularis 
mesquite  Prosopis juliflora 
nipple cactus Mammillaria acanthocarpa 
clump grass Shismus  arabicus 
globemallow Sphaeralcea emoryi 

Birds 
black-tailed gnatcatcher Polioptila melanura 
black-throated sparrow Amphispiza bilineata 
Costa's hummingbird Calypte  costae 
Gambel's quail Callipepla  gambelii 
ladder-backed woodpecker Picoides  scalaris 
loggerhead shrike Lanius  ludovicianus 
mourning dove Zenaida  macroura 
peregrine falcon Falco  peregrinus 
phainopepla Phainopepla  nitens 
red-tailed hawk Buteo  jamaicensis 
rock wren Salpinctes  obsoletus 
Say's phoebe Sayornis  saya 
turkey vulture Cathartes  aura 

Mammals 
antelope ground squirrel Ammospermophilus  leucurus 
mule deer Odocoileus hemionus 

Reptiles 
desert 

 

tortoise Gopherus agassizii 
Side-blotched lizard Uta stansburiana 
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Photo 1: Drill Area 1, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 2: Drill Area 1, general view of un-suitable desert tortoise habitat not surveyed. 
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Photo 3: Drill Area 2, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 4: Drill Area 2, general view of un-suitable desert tortoise habitat not surveyed.   
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Photo 5: Drill Area 2, desert tortoise scat. 

 
DIRECTION 1 ln 703699 ACCURACY 100 111 

262 deg(T) 3640713 DATUM WGS84 

 
Photo 6: Drill Area 3, general view of suitable desert tortoise habitat surveyed.   
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Photo 7: Drill Area 3, desert tortoise burrow with old desert tortoise scat and old tracks. 

 

 
Photo 8: Drill Area 3, desert tortoise burrow with desert tortoise scat.   
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Photo 9: Drill Area 3, desert tortoise burrow. 
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Photo 10: Drill Area 3, desert tortoise scat. 
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Photo 11: Drill Area 4, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 12: Drill Area 4, general view of unsuitable desert tortoise habitat not surveyed. 
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Photo 13: Drill Area 5, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 14: Drill Area 5, desert tortoise scat. 
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Photo 15: Drill Area 6, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 16: Drill Area 6, desert tortoise burrow. 
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Photo 17: Drill Area 6, desert tortoise burrow (desert tortoise scat was present). 

 

 
Photo 18: Portion of Access Tumco, general view of suitable desert tortoise habitat 

surveyed. 
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Photo 19: Access Road Tumco, desert tortoise burrow. 

 

 
Photo 20: Portion of Access Tumco Gate Fork, general view of suitable desert tortoise 

habitat surveyed. 
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Photo 21: Portion of Access Tumco Main, general view of suitable desert tortoise habitat 

surveyed. 
 

 
Photo 22: Portion of Access DH6 Main, general view of suitable desert tortoise habitat 

surveyed. 
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Photo 23: Portion of Access DH2, general view of suitable desert tortoise habitat 

surveyed. 
 

 
Photo 24: Access DH2, desert tortoise burrow with desert tortoise scat. 
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Photo 25: Access DH2, desert tortoise burrow. 

 

 
Photo 26: Portion of Access DH4, general view of suitable desert tortoise habitat 

surveyed. 
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Photo 27: Portion of Access DH1, general view of suitable desert tortoise habitat 

surveyed. 
 

 
Photo 28: Portion of Access DH1 Access Spur, un-suitable desert tortoise habitat. 
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Photo 29: Portion of Access DH2 Alt Access, general view of suitable desert tortoise 

habitat surveyed. 
 

 
Photo 30: Portion of Access DH7 Access East 1, general view. 
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Photo 31: Portion of Access DH7 East 2, general view of suitable desert tortoise habitat 

surveyed. 
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United States Department of the Interior
FISH AND WILDLIFE SERVICE

Carlsbad Fish And Wildlife Office
2177 Salk Avenue - Suite 250

Carlsbad, CA 92008-7385
Phone: (760) 431-9440 Fax: (760) 431-5901

http://www.fws.gov/carlsbad/

In Reply Refer To: March 05, 2021
Consultation Code: 08ECAR00-2021-SLI-0703 
Event Code: 08ECAR00-2021-E-01567  
Project Name: Oro Cruz
 
Subject: List of threatened and endangered species that may occur in your proposed project 

location or may be affected by your proposed project

To Whom It May Concern:

The enclosed species list identifies threatened, endangered, and proposed species, designated 
critical habitat, and candidate species that may occur within the boundary of your proposed 
project and/or may be affected by your proposed project. The species list fulfills the requirements 
of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the Endangered Species Act 
(Act) of 1973, as amended (16 U.S.C. 1531 et seq.).

New information based on updated surveys, changes in the abundance and distribution of 
species, changed habitat conditions, or other factors could change this list. Please feel free to 
contact us if you need more current information or assistance regarding the potential impacts to 
federally proposed, listed, and candidate species and federally designated and proposed critical 
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the 
Act, the accuracy of this species list should be verified after 90 days. This verification can be 
completed formally or informally as desired. The Service recommends that verification be 
completed by visiting the ECOS-IPaC website at regular intervals during project planning and 
implementation for updates to species lists and information. An updated list may be requested 
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.

The purpose of the Act is to provide a means whereby threatened and endangered species and the 
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the 
Act and its implementing regulations (50 CFR 402 et seq.), Federal agencies are required to 
utilize their authorities to carry out programs for the conservation of threatened and endangered 
species and to determine whether projects may affect threatened and endangered species and/or 
designated critical habitat.
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▪

A Biological Assessment is required for construction projects (or other undertakings having 
similar physical impacts) that are major Federal actions significantly affecting the quality of the 
human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2) 
(c)). For projects other than major construction activities, the Service suggests that a biological 
evaluation similar to a Biological Assessment be prepared to determine whether the project may 
affect listed or proposed species and/or designated or proposed critical habitat. Recommended 
contents of a Biological Assessment are described at 50 CFR 402.12.

If a Federal agency determines, based on the Biological Assessment or biological evaluation, that 
listed species and/or designated critical habitat may be affected by the proposed project, the 
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service 
recommends that candidate species, proposed species and proposed critical habitat be addressed 
within the consultation. More information on the regulations and procedures for section 7 
consultation, including the role of permit or license applicants, can be found in the "Endangered 
Species Consultation Handbook" at:

http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF

Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle 
Protection Act (16 U.S.C. 668 et seq.), and projects affecting these species may require 
development of an eagle conservation plan                                                                              
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects 
should follow the wind energy guidelines  (http://www.fws.gov/windenergy/) for minimizing 
impacts to migratory birds and bats.

Guidance for minimizing impacts to migratory birds for projects including communications 
towers (e.g., cellular, digital television, radio, and emergency broadcast)  can be found at:     
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;                  
http://www.towerkill.com; and                                                                                                 http:// 
www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.

We appreciate your concern for threatened and endangered species. The Service encourages 
Federal agencies to include conservation of threatened and endangered species into their project 
planning to further the purposes of the Act. Please include the Consultation Tracking Number in 
the header of this letter with any request for consultation or correspondence about your project 
that you submit to our office.

Attachment(s):

Official Species List
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03/05/2021 Event Code: 08ECAR00-2021-E-01567   1

   

Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the 
requirement for Federal agencies to "request of the Secretary of the Interior information whether 
any species which is listed or proposed to be listed may be present in the area of a proposed 
action".

This species list is provided by:

Carlsbad Fish And Wildlife Office
2177 Salk Avenue - Suite 250
Carlsbad, CA 92008-7385
(760) 431-9440
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03/05/2021 Event Code: 08ECAR00-2021-E-01567   2

   

Project Summary
Consultation Code: 08ECAR00-2021-SLI-0703
Event Code: 08ECAR00-2021-E-01567
Project Name: Oro Cruz
Project Type: MINING
Project Description: Mine
Project Location:

Approximate location of the project can be viewed in Google Maps: https:// 
www.google.com/maps/@32.8735665,-114.81136953158614,14z

Counties: Imperial County, California
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03/05/2021 Event Code: 08ECAR00-2021-E-01567   3

Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list.

Species on this list should be considered in an effects analysis for your project and could include 
species that exist in another geographic area. For example, certain fish may appear on the species 
list because a project could affect downstream species.

IPaC does not display listed species or critical habitats under the sole jurisdiction of NOAA 
Fisheries1, as USFWS does not have the authority to speak on behalf of NOAA and the 
Department of Commerce.

See the "Critical habitats" section below for those critical habitats that lie wholly or partially 
within your project area under this office's jurisdiction. Please contact the designated FWS office 
if you have questions.

1. NOAA Fisheries, also known as the National Marine Fisheries Service (NMFS), is an 
office of the National Oceanic and Atmospheric Administration within the Department of 
Commerce.

Reptiles
NAME STATUS

Desert Tortoise Gopherus agassizii Threatened
Population: Wherever found, except AZ south and east of Colorado R., and Mexico
There is final critical habitat for this species. The location of the critical habitat is not available.
Species profile: https://ecos.fws.gov/ecp/species/4481

Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S 
JURISDICTION.

PC ORIGINAL PKG
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Thursday, May 28, 2015 All BLM CALIFORNIA SPECIAL STATUS PLANTS 
11:00:38 AM 
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Abronia umbellata var. 
breviflora 

pink sand-verbena VASC Nyctaginaceae BLMS 1B.1 G4G5T2 S1 No 29-Apr-13 Formerly subsp. breviflora (Standl.) 
Munz. 

K 

Abronia villosa var. aurita chaparral sand-verbena VASC Nyctaginaceae BLMS 1B.1 G5T3T4 S2 No 06-Aug-13 CNDDB occurrences 2 and 91 are on 
BLM lands in the Palm Springs Field 
Office. 

S K 

Acanthomintha ilicifolia San Diego thornmint VASC Lamiaceae FT SE 1B.1 G1 S2 No 12-Mar-15 Status changed from "K" to "S" on 
8/6/2013.  Naomi Fraga was unable 
to find the species on BLM lands 
when trying to collect seeds in 2012.  
Although there are several CNDDB 
occurences close to BLM lands, none 
of these actually intersect with BLM 
lands. 

S 

Acanthoscyphus parishii 
var. goodmaniana 

Cushenberry oxytheca VASC Polygonaceae FE 1B.1 G4?T1 S1 No 06-Aug-13 Formerly Oxytheca parishii var. 
goodmaniana. Name change based 
on Reveal, J.L. 2004. Nomenclatural 
summary of Polygonaceae subfamily 
Eriogonoideae. Harvard Papers in 
Botany 9(1):144.  A draft Recovery 
Plan was issued in 1997 but as of 
8/6/2013 was not final. Some of the 
recovery actions in the draft plan 
have been started and partially 
implemented. 

K 

Acmispon argyraeus var. 
multicaulis 

scrub lotus VASC Fabaceae BLMS 1B.3 G4?T2 S2 No 13-Sep-12 Formerly Lotus argyraeus (Greene) 
Greene var. multicaulis (Ottley) 
Isely. Occurs on BLM lands in 
vicinity of Dinosaur Trackway ACEC.  
Occurrence there discovered in 2008 
acc. Jim Weigand. 

K 

Acmispon rubriflorus red-flowered lotus VASC Fabaceae BLMS 1B.1 G1 S1 No 16-Nov-10 Formerly Lotus rubriflorus H.K. 
Sharsm. 

S 
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Agave utahensis var. 
eborispina 

ivory-spined agave VASC Agavaceae BLMS 1B.3 G4T3Q S2 No 08-Dec-10 Added to list on 12/8/2010.  Species 
documented in April 2010 as part of 
CNPS Rare Plant Treasure Hunt on 
limestone outcrops in Chicago 
Canyon, Nopah Range, at a location 
where is was first discovered in 1978 
(CNDDB Occurrence No. 4).  Other 
older locations are also on BLM 
lands. 

K 

Agrostis blasdalei Blasdale's bent grass VASC Poaceae BLMS 1B.2 G2 S2 No 29-Apr-13 On Shell Island off of Sea Ranch, 
Sonoma County, part of the 
California Coastal National 
Monument (source: Jim Weigand).  
Also suspected on the Stornetta Unit 
because it is known from closeby at 
Manchester State Beach (Jim 
Weigand, 2/3/2015). 

K 

Agrostis hooveri Hoover's bent grass VASC Poaceae BLMS 1B.2 G2 S2 No 29-Apr-13 K 

Agrostis lacuna-vernalis vernal pool bent grass VASC Poaceae BLMS 1B.1 G1 S1 No 18-Sep-12 New species added as California 
Rare Plant Rank 1B.1 on 6-14-2012.  
Known only from Butterfly Valley 
and Machine Gun Flats in the Fort 
Ord National Monument and 
adjacent Army lands. 

K 

Albatrellus caeruleoporus blue-pored polypore FUNG Albatrellaceae BLMS G3? S1 No 16-Nov-10 G and S Heritage Rankings are from 
Oregon Natural Heritage 
Information Center 2007. 

S 

Albatrellus ellisii greening goat's foot FUNG Albatrellaceae BLMS G4 S2S3 No 16-Nov-10 G and S Heritage Rankings are from 
Oregon Natural Heritage 
Information Center 2007. 

S 

Albatrellus flettii blue-capped polypore FUNG Albatrellaceae BLMS None None No 16-Nov-10 S 

Allium hickmanii Hickman's onion VASC Alliaceae BLMS 1B.2 G2 S2 No 29-Apr-13 Fort Ord.  Added based on 9/9/08 
email from Bruce Delgado 

K 

Allium jepsonii Jepson's onion VASC Alliaceae BLMS 1B.2 G1 S1 No 15-Nov-10 K S 

Allium munzii Munz's onion VASC Alliaceae FE ST 1B.1 G1 S1 No 13-Sep-12 S 

Allium shevockii Spanish Needle onion VASC Alliaceae BLMS 1B.3 G2 S2 No 15-Nov-10 Southern Sierra Nevada. K K 
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Allium tuolumnense Rawhide Hill onion VASC Alliaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Ambrosia pumila San Diego ambrosia VASC Asteraceae FE 1B.1 G1 S1 No 06-Aug-13 CNDDB Occurrence 54 is based on a 
2005 collection by Salvato 
(UCR167870).  CNDDB shows BLM as 
the land owner and most of the 
mapped 2/5 mile radius circle is 
BLM.  On the basis of this 
occurrence the status was changed 
from "S" to "K" on 8/6/2013. 

K 

Amsinckia lunaris bent-flowered fiddleneck VASC Boraginaceae BLMS 1B.2 G2? S2? No 13-Sep-12 Walker Ridge/Bear Creek (Source: 
Jim Weigand).  Documented within 
the proposed right-of-way, as well 
as within the area of potential 
effect, of the AltaGas/Greenwing 
Energy proposed Walker Ridge wind 
farm (Vollmar Consulting, 2010 
Sensitive Botanical Resources Survey 
Report, Walker Ridge Project Site, 
Lake and Colusa Counties, California, 
October 2010). 

S K 

Ancistrocarphus keilii Santa Ynez groundstar VASC Asteraceace BLMS 1B.1 G1 S1 No 15-Nov-10 S 

Anisocarpus scabridus scabrid alpine tarplant VASC Asteraceae BLMS 1B.3 G2G3 S2S3 No 15-Nov-10 S 

Arabis mcdonaldiana McDonald's rock-cress VASC Brassicaceae FE SE 1B.1 G2 S2  Yes 13-Sep-12 Name change from Arabis 
macdonaldiana to Arabis 
mcdonaldiana as of March 3, 2011. 

K

Arctostaphylos bakeri 
subsp. sublaevis 

The Cedars manzanita VASC Ericaceae BLMS 1B.2 G2T2 S2 No 23-Oct-12 CNDDB occurrence 1 on BLM and 
pvt lands at The Cedars.  
Headwaters of Big Austin Creek and 
East Austin Creek. 10,000's of plants 
according to CNDDB. 

K 
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Arctostaphylos cansecens Sonoma canescent VASC Ericaceae BLMS 1B.2 G3G4T2 S2 No 31-Mar-15 Walker Ridge/Bear Creek (Source: K 
subsp. sonomensis manzanita Jim Weigand).  Documented within 

the proposed right-of-way, as well 
as within the area of potential 
effect, of the AltaGas/Greenwing 
Energy proposed Walker Ridge wind 
farm (Vollmar Consulting, 2010 
Sensitive Botanical Resources Survey 
Report, Walker Ridge Project Site, 
Lake and Colusa Counties, California, 
October 2010). 

Arctostaphylos cruzensis Arroya de La Cruz VASC Ericaceae BLMS 1B.2 G3 S3 No 31-Mar-15 S 
manzanita 

Arctostaphylos glandulosa Gabilan Mountains VASC Ericaceae BLMS 1B.2 G5T2 S2 No 13-Sep-12 Name change from Arctostaphylos S 
ssp. gabrielensis manzanita gabrielensis to Arctostaphylos 

glandulosa ssp. gabrielensis as of 
August 23, 2010 

Arctostaphylos hookeri Hooker's manzanita VASC Ericaceae BLMS 1B.2 G3T2 S2 No 31-Mar-15 K 
subsp. hookeri 

Arctostaphylos Klamath manzanita VASC Ericaceae BLMS 1B.2 G3 S3 No 31-Mar-15 S 
klamathensis 

Arctostaphylos Monterey manzanita VASC Ericaceae BLMS 1B.2 G2? S2? No 31-Mar-15 Fort Ord. K 
montereyensis 

Arctostaphylos morroensis Morro manzanita VASC Ericaceae FT 1B.1 G2 S2  Yes 13-Sep-12 K

Arctostaphylos myrtifolia Ione manzanita VASC Ericaceae FT 1B.2 G2 S2 No 13-Sep-12 K 

Arctostaphylos nissenana Nissenan manzanita VASC Ericaceae BLMS 1B.2 G1 S1 No 31-Mar-15 K 

Arctostaphylos otayensis Otay manzanita VASC Ericaceae BLMS 1B.2 G2 S2 No 31-Mar-15 K 

Arctostaphylos pajaroensis Pajaro manzanita VASC Ericaceae BLMS 1B.1 G1 S1 No 31-Mar-15 Fort Ord.  Added based on 9/9/08 K 
email from Bruce Delgado. 

Arctostaphylos pilosula Santa Margarita manzanita VASC Ericaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 

Arctostaphylos pumila sandmat manzanita VASC Ericaceae BLMS 1B.2 G1 S1 No 31-Mar-15 K 
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Arctostaphylos 
rainbowensis 

rainbow manzanita VASC Ericaceae BLMS 1B.1 G2 S2 No 31-Mar-15 CNDDB Occurrence 43 is on BLM 
lands in Riverside County.  
Occurrence 56, is based on a 2005 
collection by Woelfel and Woelfel, 
who claim it was collected on BLM 
lands in San Diego County, but 
CNDDB maps it as a 1/5 mile radius 
circle, some of which is BLM and 
some of which is private.  Some 
other occurrences are close to but 
not on BLM lands. 

K 

Arctostaphylos rudis sand mesa manzanita VASC Ericaceae BLMS 1B.2 G2 S2 No 31-Mar-15 K 

Aristocapsa insignis Indian Valley spineflower VASC Polygonaceae BLMS 1B.2 G2? S2? No 31-Mar-15 S 

Astragalus agnicidus Humboldt milk-vetch VASC Fabaceae SE BLMS 1B.1 G3 S3 No 13-Sep-12 S 

Astragalus agrestis field milk-vetch VASC Fabaceae BLMS 2.B2 G5 S2? No 31-Mar-15 This species is rather widespread 
elsewhere, so the primary value of 
this population is its disjunct 
location in CA, and maintaining the 
genetic viability of the species across 
its range. 

K K 

Astragalus albens Cushenberry milk-vetch VASC Fabaceae FE 1B.1 G1 S1 No 06-Aug-13 A draft Recovery Plan was issued in 
1997 but as of 8/6/2013 was not 
final.  Some of the recovery actions 
in the draft plan have been started 
and partially implemented. 

K 

Astragalus anxius Ash Valley milk-vetch VASC Fabaceae BLMS 1B.3 G1 S1 No In Ash Valley ACEC/RNA. K 

Astragalus argophyllus 
var. argophyllus 

silverleaf milk-vetch VASC Fabaceae BLMS 2B.2 G5T4 S1 No 31-Mar-15 K K 

Astragalus atratus var. 
mensanus 

Darwin Mesa milk-vetch VASC Fabaceae BLMS 1B.1 G4G5T1 S1 No 13-Sep-12 On Darwin Mesa. K 

Astragalus bernardinus San Bernardino Milk-Vetch VASC Fabaceae BLMS 1B.2 G2G3 S2S3 No 06-Aug-13 Currently shown in Little San 
Bernardino Mountains, Little San 
Bernardino Mountains, New York 
Mountains, and Big Horn Mountains. 
There are 33 known occurrences in 
CNDDB, 12 between 1992 and 2011. 

K K 
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Astragalus brauntonii Braunton's milk-vetch VASC Fabaceae FE 1B.1 G2 S2  Yes 13-Sep-12 S

Astragalus cimae var. inflated Cima milk-vetch VASC Fabaceae BLMS 1B.3 G3T3 S3 No 31-Mar-15 CNDDB Occurrence number 2 is on K 
sufflatus BLM lands within the new boundary 

of the Cerro Gordo/Conglomerate 
Mesa ACEC. 

Astragalus deanei Deane's milk-vetch VASC Fabaceae BLMS 1B.1 G1 S1 No 31-Mar-15 K 

Astragalus douglasii var. Jacumba milk-vetch VASC Fabaceae BLMS 1B.2 G5T2? S2? No 31-Mar-15 K 
perstrictus 

Astragalus ertterae Walker Pass milk-vetch VASC Fabaceae BLMS 1B.3 G2 S2 No K K 

Astragalus funereus black milk-vetch VASC Fabaceae BLMS 1B.2 G2 S2.2 No K 

Astragalus hornii var. Horn's milk-vetch VASC Fabaceae BLMS 1B.1 G4G5T2 S1 No 13-Sep-12 K 
hornii T3 

Astragalus jaegerianus Lane Mtn. milk-vetch VASC Fabaceae FE 1B.1 G1 S1 No 13-Sep-12 K 

Astragalus johannis- Long Valley milkvetch VASC Fabaceae SR BLMS 1B.2 G2 S2 No 31-Mar-15 K 
howellii 

Astragalus lemmonii Lemmon's milk-vetch VASC Fabaceae BLMS 1B.2 W G2 S2 No 13-Sep-12 S 

Astragalus lentiformis lens-pod milk-vetch VASC Fabaceae BLMS 1B.2 G2 S2 No K 

Astragalus lentiginosus Coachella Valley milk- VASC Fabaceae FE 1B.2 G5T1 S1 No 31-Mar-15 K 
var. coachellae vetch 

Astragalus lentiginosus Fish Slough milk-vetch VASC Fabaceae FT 1B.1 G5T1 S1  Yes 13-Sep-12 K
var. piscinensis 

Astragalus magdalenae Peirson's milk-vetch VASC Fabaceae FT SE 1B.2 G3G4T2 S2 No 13-Sep-12 K 
var. peirsonii 

Astragalus mojavensis var. curved-pod milkvetch VASC Fabaceae BLMS 1B.1 G3G4T2 S1 No 15-Nov-10 Formerly on List 1A.  Rediscovered K 
hemigyrus T3 on Darwin Mesa by Dana York in 

2001 and verified in 2009. 

Astragalus monoensis Mono milk-vetch VASC Fabaceae SR BLMS 1B.2 G2 S2 No 31-Mar-15 Was A. monoensis var. monoensis K 
until the former A. m. var. ravenii 
was elevated to its own species (A. 
ravenii Barneby). 
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Astragalus nyensis Nye milk-vetch VASC Fabaceae BLMS 1B.1 G3 S1 No 18-Sep-12 CNDDB mapped 19 specific 
occurrences of this species found 
during surveys for a private solar 
development project in 2011.  
Specific occurrence number 2 is 
mapped on BLM lands (occurrence 
rating poor, only 1 plant found).  
Although the records in RareFind for 
occurrences 9 and 13 state that 
those occurrences occupy both 
private and BLM lands, both 
occurrences are mapped only on 
private lands. 

K 

Astragalus oocarpus San Diego rattleweed VASC Fabaceae BLMS 1B.2 G3 S3 No 31-Mar-15 K 

Astragalus oophorus var. 
lavinii 

Lavin's milk-vetch VASC Fabaceae BLMS 1B.2 G4T2 S1 No 15-Nov-10 Bodie Hills. K 

Astragalus pachypus var. 
jaegeri 

Jaeger's bush milk-vetch VASC Fabaceae BLMS 1B.1 G4T1 S1 No 30-Jul-13 CNDDB Occurrence 43, in Riverside 
County, is nonspecific, mapped in a 
1 mile radius circle that includes 
BLM, State, and private lands; it is 
based on old (1880 and 1881) 
collections.  Nonspecific Occurrence 
6, also in Riverside County, has some 
BLM lands mapped inside a 1 mile 
radius circle, but most lands in the 
circle are private. 

S 

Astragalus pseudiodanthus Tonopah milk-vetch VASC Fabaceae BLMS 1B.2 G3Q S2 No 31-Mar-15 K 

Astragalus pulsiferae var. 
pulsiferae 

Pulsifer's milk-vetch VASC Fabaceae BLMS 1B.2 W G4T2 S2 in 
CA; 
S1 in 
NV 

No K 
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Astragalus pulsiferae var. 
suksdorfii 

Suksdorf's milk-vetch VASC Fabaceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 Occurrences formerly attributed to 
this species in the northern part of 
its range (formerly K in Alturas and 
Eagle Lake) are now A. pulsiferae 
var. coronensis [Welsh, S.L., R. 
Ondricek, and G. Clifton 2002.  
Varieties of Astragalus pulsiferae 
(Leguminosae). Rhodora 
104:271-279]. Suspected in the 
Eagle Lake Field Office on conifer 
sites near Lake Almanor. 

S 

Astragalus pycnostachyus 
var. pycnostachyus 

coastal marsh milk-vetch VASC Fabaceae BLMS 1B.2 G2T2 S2 No 28-Apr-15 K 

Astragalus rattanii var. 
jepsonianus 

Jepson's milk-vetch VASC Fabaceae BLMS 1B.2 G4T3 S3 No 13-Sep-12 Documented within the proposed 
right-of-way of the 
AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Vollmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010). 

S K 

Astragalus shevockii Shevock's milk-vetch VASC Fabaceae BLMS 1B.3 G3 S3 No 28-Apr-15 K 

Astragalus tener var. 
ferrisiae 

Ferris's milk-vetch VASC Fabaceae BLMS 1B.1 G1T1 S1 No 13-Sep-12 S 

Astragalus tiehmii Tiehm's milk-vetch VASC Fabaceae BLMS W G3 S2 No 28-Apr-15 Entire distribution of this plant is on 
public lands administered by the 
Surprise FO.  Nevada only. 

K 

Astragalus tricarinatus triple-ribbed milk-vetch VASC Fabaceae FE 1B.2 G1 S1 No 13-Sep-12 K 

Astragalus webberi Webber's milk-vetch VASC Fabaceae BLMS 1B.2 G1 S1 No S 
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Atriplex argentea var. 
longitrichoma 

Pahrump orache VASC Chenopodiaceae BLMS 1B.1 G5T2 S2 No 03-Oct-11 The only two occurrences in CA are 
mapped by CNDDB on BLM lands in 
CA near the NV border. The 
occurrences are based on a 1983 
collection by Mary DeDecker and on 
a 1991 collection by Stutz.  Added to 
BLM SS plant list on 10/3/2011.  Not 
sure why this species had not 
previously been on our list.  

K 

Atriplex cordulata var. 
cordulata 

heart-leaved saltbush VASC Chenopodiaceae BLMS 1B.2 G3T2 S2 No 28-Apr-15 Occurrence number 82 in the 
CNDDB is on BLM lands in the 
Carrizo Plain.  Other occurrences in 
the San Joaquin Valley are 
proximate to BLM lands. 

K 

Atriplex cordulata var. 
erecticaulis 

Earlimart orache VASC Chenopodaceae BLMS 1B.2 G3T1 S1 No 28-Apr-15 Formerly A. erecticaluis Stutz, Chu & 
Sanderson. 

S 

Atriplex coronata var. 
notatior 

San Jacinto Valley 
crownscale 

VASC Chenopodiaceae FE 1B.1 G4T1 S1 No 26-Aug-09 This plant had been considered K for 
many years but review of CNDDB on 
8-26-09 shows no occurrences on 
BLM lands. 

S 

Atriplex coronata var. 
vallicola 

Lost Hills crownscale VASC Chenopodiaceae BLMS 1B.2 G4T2 S2 No 15-Nov-10 Formerly A. vallicola Hoover. K 

Atriplex subtilis subtle orache VASC Chenopodaceae BLMS 1B.2 G1 S1 No 28-Apr-15 S 

Baccharis vanessae Encinitas coyotebrush VASC Asteraceae FT SE 1B.1 G1 S1 No 06-Aug-13 CNDDB Occurrence 30 is on BLM 
lands--11 plants observed in 2000 on 
south side of Otay Mountains in 
wilderness. 

K 

Balsamorhiza lanata woolly balsamroot VASC Asteraceae BLMS 1B.2 G3 S3 No 13-Sep-12 Elevated to B. lanata from B. hookeri 
Nutt. var. lanata Sharp. 

K 
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Balsamorhiza macrolepis big-scale balsamroot VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 Formerly B. macrolepis Sharp var. 
macrolepis. Jepson Manual 2nd 
edition submerges B. m. var. 
platylepis (Sharp) Ferris, which was 
the only variety, into B. hookeri 
Nutt. Documented in the Ukiah 
Field Office within the proposed 
right-of-way of the 
AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Vollmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010). 

K K K 

Balsamorhiza sericea silky balsamroot VASC Asteraceae BLMS 1B.3 G4Q S3 No 28-Apr-15 S 

Berberis harrisoniana Kofa Mountain barberry VASC Berberidaceae BLMS 1B.2 G1G2 S1 No 28-Apr-15 In Whipple Wash K 

Berberis nevinii Nevin's barberry VASC Berberidaceae FE SE 1B.1 G1 S1 No 13-Sep-12 Formerly Mahonia nevinii (Gray) 
Fedde 

K 

Bloomeria clevelandii San Diego goldenstar VASC Themidaceae BLMS 1B.1 G2 S2 No 06-Aug-13 Formerly Muilla clevelandii (S. 
Watson) Hoover. See discussion at: 
http://www.efloras.org/florataxon.a 
spx?flora_id=1&taxon_id=121293. 
CNDDB specific Occurrence 19 is on 
both BLM and private lands. 
Occurrence 41 appears to be 
partially on BLM lands as well. 
Status changed from "S" to "K" on 
8/6/2013. 

K 

Boechera bodiensis Bodie Hills rock cress VASC Brassicaceae BLMS 1B.3 G2 S2 No 15-Nov-10 Formerly Arabis bodiensis Roll. K 

Boechera lincolnensis Lincoln rock cress VASC Brassicaeae BLMS 2B.3 G4? S2 No 28-Apr-15 Formerly Arabis pulchra S. Watson 
var. munciensis M.E. Jones. On 
Darwin Mesa. Formerly known as 
Darwin rock cress. 

K 

Boechera serpenticola Serpentine Rockcress VASC Brassicaceae BLMS 1B.2 G1 S1 No 13-Sep-12 CNDDB maps nonspecific areas 
immediately adjacent to BLM lands 
near summit of Bully Choop 
Mountain.  North-facing slopes on 
serpentine talus. 

S 
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Boletus haematinus red-pored bolete FUNG Boletaceae BLMS G2G3 S2?  Yes 28-Apr-15 S

Brodiaea filifolia thread-leaved brodiaea VASC Themidaceae FT SE 1B.1 G1 S1 No 06-Aug-13 CNDDB specific Occurrence 25 is 
partly on BLM lands. Status changed 
from "S" to "K" on 8/6/2013. 

K 

Brodiaea insignis Kaweah brodiaea VASC Themidaceae SE BLMS 1B.2 G1 S1 No 13-Sep-12 S 

Brodiaea orcuttii Orcutt's brodiaea VASC Themidaceae BLMS 1B.1 G2 S2 No 28-Apr-15 K 

Brodiaea rosea Indian Valley brodiaea VASC Themidaceae SE BLMS 1B.1 G2 S2 No 28-Apr-15 Formerly Brodiaea coronaria 
(Salisb.) Engler subsp. rosea 
(Greene) Niehaus. Jepson Manual 
2nd edition elevates to species. 

S K 

Bryoria pseudocapillaris horsehair lichen LICH Parmeliaceae BLMS 3.2 G3 S2 No 28-Apr-15 K 

Bryoria spiralifera twisted horsehair lichen LICH Parmeliaceae BLMS 1B.1 G3 S1S2 No 26-Jan-15 Added to CDFW/CNPS list on 
2/1/2010.  Previously already on list 
as BLMS. 

K 

Bryoria tortuosa yellow-twist horsehair LICH Parmeliaceae BLMS G5 S2 No 28-Apr-15 S5 in OR; S3 in WA. K K 

Buxbaumia viridis green bug moss BRYO Buxbaumiaceae BLMS 2.2 G4G5 S2 No 03-Jun-13 K S 

California macrophylla round-leaved filaree VASC Geraniaceae BLMS 1B.1 G2 S2 No 28-May-15 Nine CNDDB occurrences on the 
Payne Ranch, Colusa and Lake 
counties, Ukiah Field Office.  CNDDB 
Occurrence 67 is on BLM lands in 
Riverside County, within the Palm 
Springs Field Office.  Documented 
occurrences on BLM lands in the 
Carrizo Plain and on BLM lands in 
Hollister. 

K K K K 

Calochortus clavatus var. 
avius 

Pleasant Valley mariposa 
lily 

VASC Liliaceae BLMS 1B.2 G4T2 S2 No 13-Sep-12 S 

Calochortus clavatus var. 
gracilis 

slender mariposa lily VASC Liliaceae BLMS 1B.2 G4T2T3 S2S3 No 28-Apr-15 The large polgon for nonspecific 
CNDDB Occurrence 18 in Los 
Angeles County overlaps some BLM 
lands and other occurrences are 
close to BLM lands in Los Angeles 
County. 

S 
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Calochortus dunnii Dunn's mariposa VASC Liliaceae SR BLMS 1B.2 G2? S2? No 28-Apr-15 K 

Calochortus excavatus Inyo mariposa VASC Liliaceae BLMS 1B.1 G2 S2 No 13-Sep-12 K 

Calochortus fimbriatus late-flowered mariposa lily VASC Liliaceae BLMS 1B.3 G3 S3 No 28-Apr-15 CNDDB Occurrence 41 on the Los S 
Padres National Forest is within 
800m of BLM lands in Ventura 
County.  Added to the CNPS/CDFG 
lists as RPR 1B.3 on 10-26-2012. 

Calochortus greenei Greene's mariposa VASC Liliaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 

Calochortus longebarbatus long-haired star-tulip VASC Liliaceae BLMS 1B.2 G4T3 S3 No S S 
var. longebarbatus 

Calochortus monanthus Shasta River mariposa VASC Liliaceae BLMS 1A GH SH No S 

Calochortus obispoensis San Luis mariposa lily VASC Liliaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Calochortus palmeri var. Palmer's mariposa lily VASC Liliaceae BLMS 1B.2 G3T3? s3? No 28-Apr-15 CNDDB occurrence number 66 is K K 
palmeri located on Ridgecrest Field Office 

parcels.  CNDDB occurrence 18 and 
20 are located on scattered  
Bakersfield Field Office parcels. 

Calochortus persistens Siskiyou mariposa lily VASC Liliaceae FC SR BLMS 1B.2 G1 S1 No 28-Apr-15 S 

Calochortus raichei The Cedars fairy-lantern VASC Liliaceae BLMS 1B.2 G2 S2 No 23-Oct-12 CNDDB occurences 4 and 8 are K 
definitely on BLM land at The 
Cedars; occurrence 7 is mapped as 
occurring partly on BLM land but 
RareFind account says it occurs on 
private land. 

Calochortus simulans San Luis Obispo mariposa VASC Liliaceae BLMS 1B.3 G2 S2 No 28-Apr-15 S 
lily 

Calochortus striatus alkali mariposa lily VASC Liliaceae BLMS 1B.2 G3 S3 No 28-Apr-15 K S K 

Calochortus westonii Shirley Meadows star-tulip VASC Liliaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Calycadenia hooveri Hoover's calycadenia VASC Asteraceae BLMS 1B.3 G3 S3 No 28-Apr-15 S 

Calycadenia micrantha small-flowered calycadenia VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Page 12 PC ORIGINAL PKG



SCIENTIFIC NAME COMMON NAME 

TYPE 
OF 

PLANT FAMILY 

FED
 STA

TU
S

C
A

 STA
TU

S

B
LM

 STA
TU

S

C
A

 R
A

R
E P

LA
N

T R
A

N
K

N
N

P
S STA

TU
S

G
LO

B
A

L R
A

N
K

STA
TE R

A
N

K

N
V

 STA
TU

S 

R
E
C

O
V
E
R

Y
 P

L
A
N

?
 

DATE 
UPDATED COMMENTS 

A
LTU

R
A

S

A
R

C
A

TA

B
A

K
ER

SFIELD

B
A

R
STO

W

B
ISH

O
P

EA
G

LE LA
K

E

EL C
EN

TR
O

H
O

LLISTER

M
O

TH
ER

 LO
D

E

N
EED

LES

P
A

LM
 SP

R
IN

G
S

R
ED

D
IN

G

R
ID

G
EC

R
EST

SU
R

P
R

ISE

U
K

IA
H

 

Calycadenia villosa dwarf calycadenia VASC Asteraceae BLMS 1B.1 G3 S3 No 28-Apr-15 S 

Calyptridium parryi var. 
hesseae 

Santa Cruz Mountains 
pussypaws 

VASC Montiaceae BLMS 1B.1 G3G4T2 S2 No 27-Jun-13 The Jepson Manual 2nd edition 
retains the genus Calyptridium as 
well as the combination C. parryi 
var. hesseae. Flora North America 
moves Calyptridium to Cistanthe and 
reduces this var. to a synonym of 
Cistanthe parryi. There are two 
collections by C. Matt Guilliams and 
Michael G. Simpson 
(SDSU17444/17445) on BLM near 
Big and Little Spanish Lakes in Clear 
Creek Rec. Area. There is another 
collection by Griffin (JEPS77709) on 
BLM in N. Clear Creek Canyon.  None 
of these yet mapped in CNDDB (as 
of 6/27/2013). 

K 

Calyptridium pulchellum Mariposa pussypaws VASC Montiaceae FT 1B.1 G1 S1 No 15-Nov-10 This is the treatment in the Jepson 
Manual 2nd edition.  Flora North 
America puts this species into the 
genus Cistanthe. 

S 

Calystegia collina subsp. 
tridactylosa 

three-fingered morning-
glory 

VASC Convolvulaceae BLMS 1B.2 G4T1 S1 No 22-Nov-10 Known to occur on BLM Toney Creek 
holding, Eden Valley.  Documented 
in the Ukiah Field Office within the 
proposed right-of-way, as well as 
within the area of potential effect, 
of the AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Vollmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010). 

K K 

Calystegia purpurata 
subsp. saxicola 

coastal bluff morning-glory VASC Convolvulaceae BLMS 1B.2 G4T2T3 S2S3 No 26-Feb-15 Known form the Stornetta Unit, per 
the following collections: 
CAS263828, 1937, and RSA7999419, 
2013. 

K 
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Calystegia stebbinsii Stebbins' morning glory VASC Convolvulaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 K

Calystegia vanzuukiae Van Zuuk's morning-glory VASC Convolvulaceae BLMS 1B.3 G2Q S2 No 20-Jan-15 First described by Brummitt, R.K. 
and S.M. Namoff. 2013. Calystegia 
vanzuukiae (Convolvulaceae), a 
remarkable new species from 
Central California. Aliso 31(1): 15-18.  
Added as 1B.3 on July 16, 2014.  On 
serpentine and gabbro soils in the 
Sierra Nevada foothills of Placer and 
El Dorado counties. On BLM lands 
according to Graciela Hinshaw 
(email dated June 11, 2014). 

K 

Camissonia benitensis San Benito evening-
primrose 

VASC Onagraceae FT 1B.1 G2 S2  Yes 13-Sep-12 K

Camissonia integrifolia Kern River evening-
primrose 

VASC Onagraceae BLMS 1B.3 G2 S2 No 13-Sep-12 S 

Camissoniopsis 
hardhamiae 

Hardham's evening-
primrose 

VASC Onagraceae BLMS 1B.2 G1Q S1 No 17-Mar-15 Formerly Camissonia hardhamiae 
P.H. Raven. Slightly less than half of 
CNDDB specific occurrence 8 is 
mapped on BLM lands. Occurrence 
record reports lands as private, but 
this likely the result of not knowing 
where boundary with BLM was.  
Record from 4/10/1987. 

K S 

Campanula californica swamp harebell VASC Campanulaceae BLMS 1B.2 G3 S3 No 26-Feb-15 Known form the Stornetta Unit, per 
the following collection: 
SBBG124996, 1967. 

K 

Campanula exigua chaparral harebell VASC Campanulaceae BLMS 1B.2 G2 S2 No 28-Apr-15 CNDDB maps a nonspecific 
occurrence based on two Griffin 
collections along Clear Creek Rd; 
also a collection in the area by C. & 
P. McMillan (JEPS3010) has not yet 
been mapped by CNDDB (as of 
6-27-2013). 

K 

Campanula sharsmithiae Sharsmith's harebell VASC Campanulaceae BLMS 1B.2 G1 S1 No S 

Campanula shetleri Castle Crags harebell VASC Campanulaceae BLMS 1B.3 G2 S2 No 28-Apr-15 S 
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Carex klamathensis Klamath sedge VASC Cyperaceae BLMS 1B.2 G2 S2 No 15-Nov-10 CNDDB maps (Occurrence 3) within 
1/2 mile of BLM lands in Tehama Co.  
BLM lands appear to have same 
serpentine substrate as Occurrence 
3 in CNDDB. 

S 

Carex obispoensis San Luis Obispo sedge VASC Cyperaceae BLMS 1B.2 G2G3 S2S3 No 28-Apr-15 K 

Carex saliniformis deceiving sedge VASC Cyperaceae BLMS 1B.2 G2 S2 No 17-Mar-15 Known from Alder Creek near 
Stornetta Unit, according to Jim 
Weigand (2/3/2015). 

S 

Carlquistia muirii Muir's raillardella VASC Asteraceae BLMS 1B.3 G2 S2 No 28-Apr-15 Formerly Raillardiopsis muirii (Gray) 
Rydb. 

K K 

Carpenteria californica tree-anemone VASC Hydrangeaceae ST BLMS 1B.2 G1? S1? No 28-Apr-15 S 

Castilleja ambigua subsp. 
humboldtiensis 

Humboldt Bay owl's-clover VASC Orobanchaceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 K 

Castilleja ambigua subsp. 
Insalutata 

pink Johnny-nip VASC Orobanchaceae BLMS 1B.1 G4T1 S1 No 26-Jan-15 Added to CDFW/CNPS list as 1B.1 on 
3/1/2010.  Occurrence Number 13 
(nonspecific 4/5 mile) is on Fort Ord 
in vicinity of Henneken Flats, "Mima 
Mound Area."  The mapped circle 
spans BLM and Army lands (the 
latter of which may be transferred 
to BLM in the future). 

S 

Castilleja campestris 
subsp. succulenta 

succulent owl's clover VASC Orobanchaceae FT SE 1B.2 G4?T2 S2 No 28-Apr-15 Formerly designated as "K" in the 
Hollister FO (see Occurrence #35 in 
the CNDDB), but this is a holdover 
from the time the Hollister FO 
managed some of the public lands 
now in the Bakersfield FO. 

K 

Castilleja densiflora subsp. 
obispoensis 

Obispo Indian paintbrush VASC Orobanchaceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 S 

Castilleja gleasoni Mt. Gleason Indian 
paintbrush 

VASC Orobanchaceae SR BLMS 1B.2 G2 S2 No 28-Apr-15 Name change from Castilleja 
gleasonii to Castilleja gleasoni as of 
March 3, 2011. 

S 
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Castilleja mendocinensis Mendocino Coast 
paintbrush 

VASC Orobanchaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Now known from the Stornetta Unit, 
as well as CCNM rocks at 
Mendocino.  Stornetta collection: 
SBBG21322, 1964. Info from Jim 
Weigand, 2/3/2015. 

S K 

Castilleja rubicundula 
subsp. rubicundula 

pink creamsacs VASC Orobanchaceae BLMS 1B.2 G5T2 S2 No 13-Sep-12 On BLM lands in Bear Creek 
Watershed acc to 12/10/08 email 
from Jim Weigand.  Documented 
within the proposed right-of-way, as 
well as within the area of potential 
effect, of the AltaGas/Greenwing 
Energy proposed Walker Ridge wind 
farm (Vollmar Consulting, 2010 
Sensitive Botanical Resources Survey 
Report, Walker Ridge Project Site, 
Lake and Colusa Counties, California, 
October 2010).  

S K 

Caulanthus californicus California jewelflower VASC Brassicaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 K K

Caulanthus lemmonii Lemmon's jewelflower VASC Brassicaceae BLMS 1B.2 G3 S3 No 28-Apr-15 Formerly C. coulteri Wats. var. 
lemmonii (Wats.) Munz. 

K 

Ceanothus confusus Rincon Ridge ceanothus VASC Rhamnaceae BLMS 1B.1 G1 S1 No 28-Apr-15 S 

Ceanothus cyaneus Lakeside ceanothus VASC Rhamnaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Ceanothus divergens Calistoga ceanothus VASC Rhamnaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Ceanothus ferrisiae coyote ceanothus VASC Rhamnaceae FE 1B.1 G2 S2  Yes 13-Sep-12 S

Ceanothus hearstiorum Hearst's ceanothus VASC Rhamnaceae SR BLMS 1B.2 G1 S1 No S 

Page 16 PC ORIGINAL PKG



SCIENTIFIC NAME COMMON NAME 

TYPE 
OF 

PLANT FAMILY 

FED
 STA

TU
S

C
A

 STA
TU

S

B
LM

 STA
TU

S

C
A

 R
A

R
E P

LA
N

T R
A

N
K

N
N

P
S STA

TU
S

G
LO

B
A

L R
A

N
K

STA
TE R

A
N

K

N
V

 STA
TU

S 

R
E
C

O
V
E
R

Y
 P

L
A
N

?
 

DATE 
UPDATED COMMENTS 

A
LTU

R
A

S

A
R

C
A

TA

B
A

K
ER

SFIELD

B
A

R
STO

W

B
ISH

O
P

EA
G

LE LA
K

E

EL C
EN

TR
O

H
O

LLISTER

M
O

TH
ER

 LO
D

E

N
EED

LES

P
A

LM
 SP

R
IN

G
S

R
ED

D
IN

G

R
ID

G
EC

R
EST

SU
R

P
R

ISE

U
K

IA
H

 

Ceanothus otayensis Otay Mountain ceanothus VASC Rhamnaceae BLMS 1B.2 G1 S1 No 30-Jul-13 CNDDB Occurrence 4 is clearly on 
BLM lands on the south slope of 
Otay Mountain, based on a 2001 
field survey form from Julie Evens. 
Nonspecific Occurrence 1, on the 
northeast face of Otay Mountain, 
has its entire mapped 1-mile radius 
circle on BLM lands, as does the 
nonspecific 2/5 mile radius circle of 
Occurrence 2. 

K 

Ceanothus roderickii Pine Hill ceanothus VASC Rhamnaceae FE SR 1B.2 G1 S1  Yes 13-Sep-12 K

Centromadia parryi subsp. 
congdonii 

Congdon's tarplant VASC Asteraceae BLMS 1B.1 G3T2 S2 No 28-Apr-15 Formerly Hemizonia parryi Greene 
subsp. congdonii (Rob. & Greenm.) 
Keck; Fort Ord.  Rare Plant Rank 
changed from 1B.2 to 1B.1 by 
CNPS/CDFW on 11-5-2012. 

K 

Centromadia parryi subsp. 
parryi 

pappose tarplant VASC Asteraceae BLMS 1B.2 G3T1 S1 No 28-Apr-15 Formerly Hemizonia parryi Greene. 
Known in Bear Creek watershed acc. 
12/10/2008 email from Jim 
Weigand. 

K 

Chaenactis glabriuscula 
var. orcuttiana 

Orcutt's pincushion VASC Asteraceae BLMS 1B.1 G5T1 S1 No 18-Sep-12 CNDDB historic, nonspecific 
occurrence 12 on land slated for 
wind energy.  There are BLM lands 
inside the 1 mile radius circle, but 
most of the lands inside the circle 
are private. 

S 

Chaenactis suffrutescens Shasta chaenactis VASC Asteraceae BLMS 1B.3 G3 S3 No K 

Chamaesyce hooveri Hoover's spurge VASC Euphorbiaceae FT 1B.2 G2 S2  Yes 13-Sep-12 Formerly Chamaesyce hooveri 
(Wheeler) Koutnik. 

S

Chlorogalum grandiflorum Red Hills soaproot VASC Agavaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 

Chlorogalum 
pomeridianum var. minus 

dwarf soaproot VASC Agavaceae BLMS 1B.2 G5T2 S2 No 13-Sep-12 K K 

Chlorogalum purpureum 
var. purpureum 

purple amole VASC Agavaceae FT 1B.1 G2T2 S2 No 13-Sep-12 Critical Habitat, known habitat in 
Bakersfield Field Office (Mineral 
Estate). 

S S 
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Chloropyron maritimum 
subsp. palustre 

Pt. Reyes birds-beak VASC Orobanchaceae BLMS 1B.2 G4?T2 S2 No 28-Apr-15 Name change from Cordylanthus 
maritimus subsp. palustris to 
Chloropyron maritimum subsp. 
palustre as of March 3, 2011. 

K 

Chloropyron molle subsp. 
hispidum 

hispid bird's-beak VASC Orobanchaceae BLMS 1B.1 G2T2 S2 No 28-Apr-15 Name change from Cordylanthus 
mollis subsp. hispidus to Chloropyron 
molle subsp. hispidum as of March 3, 
2011. 

S S 

Chloropyron tecopense Tecopa bird's-beak VASC Orobanchaceae BLMS 1B.2 G2 S1 No 03-Oct-11 Name change from Cordylanthus 
tecopensis to Chloropyron tecopense 
as of March 3, 2011. 

K 

Choiromyces venosus hypogeous truffle FUNG Tuberaceae BLMS G4G5 S1 No 28-Apr-15 Also S1 in OR. K 

Chorizanthe biloba var. 
immemora 

Hernandez spineflower VASC Polygonaceae BLMS 1B.2 G3T1? S1? No 13-Sep-12 Near mouth of Clear Creek. K 

Chorizanthe breweri Brewer's spineflower VASC Polygonaceae BLMS 1B.3 G2 S2 No 28-Apr-15 S 

Chorizanthe parryi var. 
parryi 

Parry's spineflower VASC Polygonaceae BLMS 1B.1 G3T3 S3 No 28-Apr-15 Occurrences 74 and 79 in CNDDB 
defintely on BLM lands; Occurrence 
43 may be on BLM lands. 

K 

Chorizanthe polygonoides 
var. longispina 

long-spined spineflower VASC Polygonaceae BLMS 1B.2 G5T3 S3 No 18-Sep-12 Specific CNDDB occurrences on BLM 
lands in Palm Springs, nonspecific 
CNDDB occurrence number 133 in El 
Centro includes BLM lands slated for 
renewable energy within the 1 mile 
radius mapped circle. 

S K 

Chorizanthe pungens var. 
pungens 

Monterey spineflower VASC Polygonaceae FT 1B.2 G2T2 S2  Yes 13-Sep-12 K

Chorizanthe rectispina straight-awned 
spineflower 

VASC Polygonaceae BLMS 1B.3 G1 S1 No K K 

Chorizanthe robusta var. 
robusta 

robust spineflower VASC Polygonaceae FE 1B.1 G2T1 S1  Yes 15-Nov-10 S
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Chorizanthe xanti var. white-bracted spineflower VASC Polygonaceae BLMS 1B.2 G4T3 S3 No 28-Apr-15 CNDDB nonspecific Occurrence 33 S K 
leucotheca near Old Woman Springs has BLM 

lands within the mapped 1-mile 
radius circle in the Barstow Field 
Office.  Several specific and 
nonspecific occurrences are on BLM 
lands in the Palm Springs Field Office 
in and near Whitewater Canyon. 

Cirsium ciliolatum Ashland thistle VASC Asteraceae SE BLMS 2B.1 G3 S1 No 28-Apr-15 S 

Cirsium crassicaule slough thistle VASC Asteraceae BLMS 1B.1 G2 S2 No 28-Apr-15 S 

Cirsium fontinale var. Mt. Hamilton thistle VASC Asteraceae BLMS 1B.2 G2T2 S2 No 13-Sep-12 S 
campylon 

Cirsium fontinale var. Chorro Creek bog thistle VASC Asteraceae FE SE 1B.2 G2T2 S2  Yes 13-Sep-12 S
obispoense 

Cirsium occidentale  var. Cuesta Ridge thistle VASC Asteraceae BLMS 1B.2 G3G4T2 S2 No 13-Sep-12 CNDDB maps about a mile from BLM S 
lucianum lands near Santa Margarita Lake.  

Cirsium rhothophilum surf thistle VASC Asteraceae ST BLMS 1B.2 G1 S1 No 13-Sep-12 On BLM lands at the Point Sal ACEC. K 

Cirsium scariosum  var. La Graciosa thistle VASC Asteraceae FE ST 1B.1 G5T1 S1 No 13-Sep-12 Critical Habitat, potential habitat in S 
loncholepis the Bakersfield Field Office (Mineral 

Estate). Name change from Cirsium 
loncholepis to Cirsium scariosum var. 
loncholepis as of March 3, 2011. 

Clarkia australis small southern clarkia VASC Onagraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Clarkia biloba subsp. Mariposa clarkia VASC Onagraceae BLMS 1B.2 G4G5T2 S2S3 No 28-Apr-15 K 
australis T3 

Clarkia biloba subsp. Brandegee's clarkia VASC Onagraceae BLMS 1B.2 G4G5T4 S2S3 No 28-Apr-15 K K 
brandegeae 

Clarkia borealis subsp. Shasta clarkia VASC Onagraceae BLMS 1B.1 G3T2 S2 No 18-Apr-13 K 
arida 

Clarkia borealis subsp. northern clarkia VASC Onagraceae BLMS 1B.3 G3T3 S3 No 28-Apr-15 S 
borealis 
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Clarkia delicata delicate clarkia VASC Onagraceae BLMS 1B.2 G3 S3 No 28-Apr-15 Collections by Mark Elvin 3365 (UC 
Irvine IRVC27200), April 24, 2004, 
and Jon P. Rebman et al. 8824 (UC 
Irvince IRVC27254), May 4, 2003, 
are both on BLM lands on Otay 
Mountain.  Nonspecific CNDDB 
Occurrence 12 has some BLM lands 
within the mapped 1-mile radius 
circle. 

K 

Clarkia gracilis subsp. 
albicaulis 

white-stemmed clarkia VASC Onagraceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 K 

Clarkia mildrediae subsp. 
mildrediae 

Mildred's clarkia VASC Onagraceae BLMS 1B.3 G3T3 S3 No 13-Sep-12 S 

Clarkia mosquinii Mosquin's clarkia VASC Onagraceae BLMS 1B.1 G2 S2 No 15-Nov-10 Formerly Clarkia mosquinii subsp. 
mosquinii and C. m. subsp. xerophila. 

K 

Clarkia rostrata beaked clarkia VASC Onagraceae BLMS 1B.3 G3 S3 No 28-Apr-15 K 

Clarkia springvillensis Springville clarkia VASC Onagraceae FT SE 1B.2 G2 S2 No 13-Sep-12 S 

Clarkia tembloriensis 
subsp. calientensis 

Vasek's clarkia VASC Onagraceae BLMS 1B.1 G3T1 S1 No 18-Apr-13 S 

Clavariadelphus ligula strap coral FUNG Gomphaceae BLMS None None No 16-Nov-10 S 

Clavulina castanopes var. 
lignicola 

'hairy-stemmed coral' FUNG Clavulinaceae BLMS None None No 16-Nov-10 S 

Clinopodium chandleri San Miguel savory VASC Lamiaceae BLMS 1B.2 G2 S2 No 30-Jul-13 CNDDB occurrences 1, 2, and 3 are 
all on BLM lands north of Otay 
Mountain.  Entire 1-mile radius 
circle of Occurrence 23 is on BLM 
lands on Otay Mountain. 

K 

Clitocybe subditopoda 'little brown mushroom' FUNG Tricholomataceae BLMS G3G4 S1S3 No 28-Apr-15 K 

Collinsia antonina San Antonio collinsia VASC Plantaginaceae BLMS 1B.2 G1 S1 No 18-Apr-13 S 

Page 20 PC ORIGINAL PKG



SCIENTIFIC NAME COMMON NAME 

TYPE 
OF 

PLANT FAMILY 

FED
 STA

TU
S

C
A

 STA
TU

S

B
LM

 STA
TU

S

C
A

 R
A

R
E P

LA
N

T R
A

N
K

N
N

P
S STA

TU
S

G
LO

B
A

L R
A

N
K

STA
TE R

A
N

K

N
V

 STA
TU

S 

R
E
C

O
V
E
R

Y
 P

L
A
N

?
 

DATE 
UPDATED COMMENTS 

A
LTU

R
A

S

A
R

C
A

TA

B
A

K
ER

SFIELD

B
A

R
STO

W

B
ISH

O
P

EA
G

LE LA
K

E

EL C
EN

TR
O

H
O

LLISTER

M
O

TH
ER

 LO
D

E

N
EED

LES

P
A

LM
 SP

R
IN

G
S

R
ED

D
IN

G

R
ID

G
EC

R
EST

SU
R

P
R

ISE

U
K

IA
H

 

Comarostaphylis 
diversifolia subsp. 
diversifolia 

summer holly VASC Rhamnaceae BLMS 1B.2 G3T2 S2 No 30-Jul-13 CNDDB Occurrences 10, 83, and 88 
are on BLM lands in the Otay 
Mountain area. Collection 
SD191122 by Jonathon K. Snapp-
Cook and others, April 28, 2006, is 
on BLM lands on the west side of 
Otay Mountain. 

K 

Cordyceps ophioglossoides truffle eater FUNG Clavicipitaceae BLMS G3G4 S3S4 No 28-Apr-15 S 

Cordylanthus nidularius Mt. Diablo bird's-beak VASC Orobanchaceae SR BLMS 1B.1 G1 S1 No 18-Apr-13 S 

Cordylanthus rigidus 
subsp. littoralis 

seaside bird's-beak VASC Orobanchaceae SE BLMS 1B.1 G5T2 S2 No 13-Sep-12 K K 

Cordylanthus tenuis subsp. 
pallescens 

pallid bird's-beak VASC Orobanchaceae BLMS 1B.2 G4G5T1 S1 No 13-Sep-12 S 

Croton wigginsii Wiggins' croton VASC Euphorbiaceae SR BLMS 2B.2 G2G3 S2 No 28-Apr-15 K 

Cryptantha clokeyi Clokey's cryptantha VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 SE Red Mt. S 

Cryptantha crinita silky cryptantha VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Cryptantha dissita serpentine cryptantha VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Suspected to occur at Eden Valley, 
Arcata Field Office. Name change 
from Cryptantha clevelandii var. 
dissita to Cryptantha dissita as of 
March 3, 2011.   Species found on 
Walker Ridge (Ukiah Field Office) as 
part of rare plant inventory for 
proposed wind energy development. 
Re-ranked from rare plant rank 1B.1 
to 1B.2 on 10-25-2012. 

S K 

Cryptantha excavata deep-scarred cryptantha VASC Boraginaceae BLMS 1B.3 G1 S1 No 28-Apr-15 Known from Walker Ridge/Bear 
Creek acc. Jim Weigand.  Old, 
nonspecific CNDDB occurrences 
mapped near BLM lands in Colusa 
County. 

K 

Cryptantha ganderi Gander's cryptantha VASC Boraginaceae BLMS 1B.1 G1G2 S1 No 13-Sep-12 S 
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Cryptantha mariposae Mariposa cryptantha VASC Boraginaceae BLMS 1B.3 G3 S3 No 28-Apr-15 Two collections by Vern Yadon, one 
in Clear Creek at 3307 ft elevation 
and the other at Santa Rita Peak, 
just below east side.  CNDDB doesn't 
yet show these occurrences (as of 
6/27/2013) but this is because they 
didn't know about them at last 
update (pers. comm. Nick Jensen, 
May 2009).  This is a significant 
range extension.  The Yadon 
collections were still not mapped in 
CDDB as of 4/28/2015. 

K K 

Cryptantha roosiorum bristlecone cryptantha VASC Boraginaceae SR BLMS 1B.2 G2 S2 No 18-Apr-13 S K 

Cryptantha schoolcraftii Schoolcraft's cryptantha VASC Boraginaceae BLMS 2B.2 W G3 S1 
(CA); 
S3 
(NV) 

No 28-Apr-15 Common name "ash cryptantha" 
used in Jepson Manual 2nd edition.  
Nevada Heritage Program uses 
"Schoolcraft catseye." 

K 

Cusickiella quadricostata Bodie Hills cusickiella VASC Brassicaceae BLMS 1B.2 G3 S2 No 28-Apr-15 K 

Cylindropuntia fosbergii pink teddy-bear cholla VASC Cactaceae BLMS 1B.3 G2 S2 No 18-Sep-12 Treated as a hybrid, C. xfosbergii in 
the Jepson Manual, Second Edition, 
but based on a recent paper by 
Mayer et al. (Madrono 58: 106-112), 
CDFG and CNPS have elevated to 
specific level and assigned a 
California Rare Plant Rank of 1.3 (on 
5-7-2012).  Several occurrencs on 
BLM lands in the Monument Peak 
Quadrangle. 

K 

Cylindropuntia munzii Munz cholla VASC Cactaceae BLMS 1B.3 G3 S1 No 18-Apr-13 Formerly Opuntia munzii C.B. Wolf. K K 

Cymopterus deserticola desert cymopterus VASC Apiaceae BLMS 1B.2 G2 S2 No 13-Sep-12 East of Cuddeback Lake and north of 
Edwards AFB. 

K K 

Cymopterus ripleyi var. 
saniculoides 

Ripley's cymopterus VASC Apiaceae BLMS 1B.2 G3G4T3 
Q 

S1 No 18-Apr-13 NE Haiwee Reservoir. K 

Cypripedium fasciculatum clustered lady's slipper VASC Orchidaceae BLMS 4.2 G4 S4 No 28-Apr-15 K 

Cypripedium montanum mountain lady's slipper VASC Orchidaceae BLMS 4.2 G4 S4 No 28-Apr-15 K 
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Dalea ornata ornate dalea VASC Fabaceae BLMS 2B.1 G4G5 S2 No 28-Apr-15 Only six closely associated 
occurrences are known of this plant 
in CA,  and they are disjunct from 
the others in western NV.  Known 
from the Snake and Columbia valleys 
in E. WA, OR, and SW ID.  
Occurrences in CA are grazed and 
subject to invasion form 
medusahead and cheatgrass. 

K 

Dedeckera eurekensis July gold VASC Polygonaceae SR BLMS 1B.3 G3 S3 No 28-Apr-15 K K 

Deinandra arida Red Rock tarplant VASC Asteraceae BLMS 1B.2 G1 S1 No 18-Apr-13 Formerly Hemizonia arida Keck. 
Known to occur in Red Rock State 
Park. 

S 

Deinandra conjugens Otay tarplant VASC Asteraceae FT SE 1B.1 G1 S1  Yes 13-Sep-12 Formerly Hemizonia conjugens Keck. 
Review of CNDDB does not show 
any occurences on BLM land, though 
some are close. 

S

Deinandra floribunda Tecate tarplant VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Hemizonia floribunda A. 
Gray. 

K 

Deinandra halliana Hall's tarplant VASC Asteraceae BLMS 1B.1 G2 S2 No 13-Sep-12 Formerly Hemizonia halliana Keck. S K 

Deinandra increscens 
subsp. villosa 

Gaviota tarplant VASC Asteraceae FE SE 1B.1 G4G5T2 S2 No 13-Sep-12 Formerly Hemizonia increscens Keck 
subsp. villosa Tanowitz.  Proposed 
Critical Habitat, mineral estate. 

S 

Deinandra minthornii Santa Suzana tarplant VASC Asteraceae SR BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Hemizonia minthornii Jeps. S 
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Deinandra mohavensis Mojave tarplant VASC Asteraceae SE BLMS 1B.3 G2G3 S2S3 No 30-Jul-13 Formerly Hemizonia mohavensis 
Keck. Already K for Ridgecrest and S 
for the Barstow Field Office.  Added 
as S for the Bakersfield Field Office 
and K for the Palm Springs Field 
Office on 7/30/2013.  CNDDB 
occurrences 34, 66, and 67 are 
entirely on BLM lands in the 
Ridgecrest Field Office, inside the 
DRECP planning area, but outside 
DFAs under any alternative.  
Occurrence 68 is non-specific; a 
small part of the mapped 1/5 mi 
radius circle has BLM lands and is 
outside of DFAs under any 
alternative.   Occurrences 69 and 33 
are in the Bakersfield Field Office, 
outside of the DRECP boundary; 
both are nonspecific occurrences 
with some BLM land inside 
polygons, but the species may not 
actually occur on BLM lands. 
Occurrence 15 in the Palm Springs 
Field Office is on BLM lands in San 
Diego County.  Occurrences 56 and 
64 are both nonspecific occurrences 
in Palm Springs with some BLM land 
inside polygons. Occurrence 1 is a 
nonspecific, 1-mile radius 
occurrence; the circle straddles the 
DRECP boundary and a small part of 
the circle is on BLM lands in Barstow 
(within DRECP boundary); the rest is 
military, Forest Service, and private. 

S S K K 

Delphinium hesperium 
subsp. cuyamaceae 

Cuyamaca larkspur VASC Ranunculaceae SR BLMS 1B.2 G4T2 S2 No 28-Apr-15 S 

Delphinium parryi subsp. 
blochmaniae 

dune larkspur VASC Ranunculaceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 S 
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Delphinium purpusii Kern County Larkspur VASC Ranunculaceae BLMS 1B.3 G2 S2 No 13-Sep-12 Known only from rocky areas in Kern 
and Tulare counties with 15-20 
occurrences known.  Very localized 
with several occurrences on road 
cuts. 

K 

Delphinium recurvatum recurved larkspur VASC Ranunculaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K K 

Delphinium umbraculorum umbrella larkspur VASC Ranunculaceae BLMS 1B.3 G3 S3 No 28-Apr-15 S 

Dendriscocaulon 
intricatulum 

northern moon shrub LICH Lobariaceae BLMS G3G4Q S1 No 28-Apr-15 S K 

Dendrocollybia racemosa no common name FUNG Tricholomataceae BLMS G4 None No 16-Nov-10 Formerly Collybia racemosa (Pers.) 
Quélet. 

K S 

Dermocybe humboldtensis 'little green mushroom' FUNG Cortinariaceae BLMS G1G2 S1? No 28-Apr-15 K 

Dieteria asteroides var. 
lagunensis 

Mount Laguna aster VASC Asteraceae SR BLMS 2B.1 G5T2T3 
Q 

S1 No 28-Apr-15 Formerly Machaeranthera 
asteroides (Torr.) Greene var. 
lagunensis (Keck) Turner. 

K 

Dithyrea maritima beach spectaclepod VASC Brassicaceae ST BLMS 1B.1 G2 S1 No 28-Apr-15 Removed from the "S" list for the 
Palm Springs Field Office on 
8/6/2013 because no known 
occurrences are near BLM lands.  
Still considered "S" for the 
Bakersfield Field Office based on 
CNDDB nonspecific Occurrence 29, 
the mapped 3/5 mile radius circle of 
which includes BLM lands at Point 
Sal. 

S 

Dodecahema leptoceras slender-horned 
spineflower 

VASC Polygonaceae FE SE 1B.1 G1 S1 No Formerly Centrostegia leptoceras 
Gray. 

K 

Dudleya abramsii subsp. 
murina 

mouse-gray dudleya VASC Crassulaceae BLMS 1B.3 G3T2 S2 No 28-Apr-15 S 

Dudleya multicaulis many-stemmed dudleya VASC Crassulaceae BLMS 1B.2 G2 S2 No 06-Aug-13 Status changed from "K" to "S" on 
8/6/2013.  Although nonspecific 
CNDDB Occurrence 9 has BLM lands 
within it (as well as private lands), 
the observers cite the lands as 
private. 

S 
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Dudleya saxosa subsp. Panamint dudleya VASC Crassulaceae BLMS 1B.3 G4T3 S3 No 13-Sep-12 Panamint Mts: on BLM lands in K 
saxosa Surprise Canyon--see 2005 Surprise 

Canyon ADEIS. 

Dudleya variegata variegated dudleya VASC Crassulaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Echinocereus engelmannii Howe's hedgehog cactus VASC Cactaceae BLMS 1B.1 G5T1 S1 No 18-Apr-13 E. e. var. howei not recognized in K 
var. howei Jepson Manual 1st or 2nd edition or 

in Flora North America.  It is 
recognized in the USDA Plants 
database.  Original description is in 
the Cactus and Succulent Journal 
46:80 (1974). 

Enceliopsis covillei Panamint daisy VASC Asteraceae BLMS 1B.2 G2? S2? No 28-Apr-15 Panamint Mts. K 

Entoloma nitidum 'indigo entoloma' FUNG Entolomataceae BLMS G5 S1S3 No 28-Apr-15 K 

Epilobium oreganum Oregon fireweed VASC Onagraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Epilobium siskiyouense Siskiyou fireweed VASC Onagraceae BLMS 1B.3 G3 S3 No 28-Apr-15 S 

Eremalche kernensis Kern mallow VASC Malvaceae FE 1B.1 G3?T2Q S2  Yes 18-Apr-13 K

Eriastrum brandegeeae Brandegee's eriastrum VASC Polemoniaceae BLMS 1B.1 G1Q S1 No 18-Apr-13 Reranked from California Rare Plant K K 
Rank 1B.2 to 1B.1 on 8-23-2012. 

Eriastrum densifolium Santa Ana River woolystar VASC Polemoniaceae FE SE 1B.1 G4T1 S1 No 13-Sep-12 K 
subsp. sanctorum 

Eriastrum harwoodii Harwood's eriastrum VASC Polemoniaceae BLMS 1B.2 G2 S2 No 28-Apr-15 CNDDB maps at least 3 occurrences K K 
on BLM lands in the Needles Field 
Office. Several new occurrences 
added in 2009 and 2010 as a result 
of solar power plant surveys and 
CNPS Rare Plant Treasure Hunt. 

Eriastrum luteum yellow-flowered eriastrum VASC Polemoniaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Ericameria fasciculata Eastwood's goldenbush VASC Asteraceae BLMS 1B.1 G2 S2 No 28-Apr-15 K 

Ericameria gilmanii Gilman's goldenbush VASC Asteraceae BLMS 1B.3 G1 S1 No 13-Sep-12 Owens Peak. S 

Ericameria palmeri var. Palmer's goldernbush VASC Asteraceae BLMS 1B.1 G4T2T3 S1 No 15-Nov-10 Moved from CNPS list 2.2 to 1B.1 on S 
palmeri 8/12/09.  CNDDB Occurrence 2, 

anon-specific 1-mile radius circle, 
includes BLM lands within it. 
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Erigeron aequifolius Hall's daisy VASC Asteraceae BLMS 1B.3 G3 S3 No 28-Apr-15 S. Sierra. K 

Erigeron blochmaniae Blochman's leafy daisy VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Erigeron calvus bald daisy VASC Asteraceae BLMS 1B.1 G1Q S1 No 18-Apr-13 This occurrence is based on a single 
collection by Olmstead in 1891.  It is 
mapped as a best guess “just north 
of Swansea,” and has a 1-mile radius 
circle to indicate a nonspecific 
occurrence.  Most of the lands 
within that circle are BLM lands, so 
we should at least have the species 
on our list as suspected to occur. 
Although the Rarefind report states 
that there are taxonomic questions 
(and the Global Natureserve rank of 
G1Q also indicates this), the species 
is included in both Jepson Manual 2 
and the Flora of North America. 

S 

Erigeron multiceps Kern River daisy VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Erigeron parishii Parish's daisy VASC Asteraceae FT 1B.1 G2 S2 No 06-Aug-13 A draft Recovery Plan was issued in 
1997 but as of 8/6/2013 was not 
final.  Some of the recovery actions 
in the draft plan have been started 
and partially implemented. Until 
8/6/2013 this was considered "K" in 
the Palm Springs Field Office, but a 
review of CNDDB records shows that 
although there are many 
occurrences within the boundaries 
of the Palm Springs Field Office, 
none of these are near BLM lands. 

K 

Erigeron serpentinus serpentine daisy VASC Asteraceae BLMS 1B.3 G2 S2 No 23-Oct-12 CNDDB Occurrence 3 is on BLM land 
at The Cedars. 

K 

Erigeron supplex supple daisy VASC Asteraceae BLMS 1B.2 G2 S2 No 17-Mar-15 Old records from the Garcia River 
just east of the Stornetta Unit, 
according to Jim Weigand 
(2/3/2015). 

S 
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Erigeron uncialis var. limestone daisy VASC Asteraceae BLMS 1B.2 G3G4T2 S2 No 31-Mar-15 On private land within the new S 
uncialis boundary of the Cerro 

Gordo/Conglomerate Mesa ACEC 

Eriodictyon altissimum Indian Knob mountainbalm VASC Boraginaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 S

Eriogonum alexanderae Alexander's buckwheat VASC Polygonaceae BLMS 1B.1 G2G3 S1 No 07-Jul-12 Name changed from Eriogonum S 
ochrocephalum var. alexanderae to 
Eriogonum alexanderae and rare 
plant rank changed from Rank 2.2 to 
1B.1 on 11/29/2011.  Located in 
Mono County on Bodie Mountain.  
Likely on BLM lands there. 

Eriogonum apricum var. Ione buckwheat VASC Polygonaceae FE SE 1B.1 G1T1 S1 No 13-Sep-12 K 
apricum 

Eriogonum bifurcatum forked buckwheat VASC Polygonaceae BLMS 1B.2 G3 S3 No 18-Apr-13 K 

Eriogonum cedrorum The Cedars buckwheat VASC Polygonaceae BLMS 1B.3 G1 S1 No 23-Oct-12 Specific CNDDB Occurrence 1 is K 
mapped on BLM land at The Cedars. 

Eriogonum contiguum Reveal's buckwheat VASC Polygonaceae BLMS 2B.3 G2 S2 No 28-Apr-15 CNDDB Occurrences 14, 15, and 18 K 
are on BLM lands. 

Eriogonum crosbyae Crosby's buckwheat VASC Polygonaceae BLMS W G3 S3 No S3 in NV.  This plant is threatened by K 
gold mining activity on the Nevada 
portion of the Surprise Field Office.  
82% of this plants' total numbers are 
within the mining claim area.  A few 
populations also occur in Oregon. 

Eriogonum eremicola Wildrose Canyon VASC Polygonaceae BLMS 1B.3 G1 S1 No 13-Sep-12 S K 
buckwheat 

Eriogonum hoffmannii var. Hoffmann's buckwheat VASC Polygonaceae BLMS 1B.3 G3T2 S2 No 28-Apr-15 Panamint Mts.; Found in Surprise K 
hoffmannii Canyon on BLM lands--see 2005 

ADEIS. 

Eriogonum kelloggii Red Mountain buckwheat VASC Polygonaceae SE BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly a Federal candidate for K 
listing.  Removed from candidate 
list,  Federal Register 29: 56029, 
September 18, 2014. 

Eriogonum kennedyi var. Kern buckwheat VASC Polygonaceae BLMS 1B.1 G4T1 S1 No 18-Apr-13 S K 
pinicola 
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Eriogonum mensicola Pinyon Mesa buckwheat VASC Polygonaceae BLMS 1B.3 G2G3 S2 No 31-Mar-15 CNDDB occurrences 6 and 8 on BLM, 
perhaps within the boundary of the 
new Cerro Gordo/Conglomerate 
Mesa ACEC (the occurrences 
straddle the boundary).  Other 
occurrences on Death Valley NP, 
China Lake NWS. 

K 

Eriogonum microthecum 
var. panamintense 

Panamint Mountains 
buckwheat 

VASC Polygonaceae BLMS 1B.3 G5T3 S3 No 28-Apr-15 CNDDB occurrence number 7 is 
within the boundary of the new 
Cerro Gordo/Conglomerate Mesa 
ACEC.  Other occurrences on BLM 
lands in the Ridgecrest and Bishop 
Field Offices. 

K K 

Eriogonum microthecum 
var. schoolcraftii 

Schoolcraft's wild 
buckwheat 

VASC Polygonaceae BLMS 1B.2 W G5T3 in 
CA; 
G5T2 in 
NV 

S3 
(CA); 
S1 
(NV) 

No 28-Apr-15 Taxon described by: Reveal, J. L. 
2004. New entities in Eriogonum 
(Polygonaceae: Eriogonoideae).  
Phytologia 86(3):121-159. 

K S 

Eriogonum nervulosum Snow Mtn. buckwheat VASC Polygonaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Eriogonum nudum var. 
murinum 

mouse buckwheat VASC Polygonaceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 K K 

Eriogonum ovalifolium var. 
vineum 

Cushenberry buckwheat VASC Polygonaceae FE 1B.1 G5T1 S1 No 06-Aug-13 A draft Recovery Plan was issued in 
1997 but as of 8/6/2013 was not 
final.  Some of the recovery actions 
in the draft plan have been started 
and partially implemented. 

K 

Eriogonum prociduum prostrate buckwheat VASC Polygonaceae BLMS 1B.2 W G3 S3 
(CA); 
S1 
(NV) 

No 28-Apr-15 Found in the Ash Valley RNA/ACEC. K K 

Eriogonum temblorense Temblor buckwheat VASC Polygonaceae BLMS 1B.2 G2 S2.2 No Known only from eastern Monterey 
Co., eastern San Luis Obispo Co., and 
western Kern Co.  Within the 
Bakersfield Field Office it occurs on 
shaly/barren soils in the Temblor 
Range and Elkhorn Plain.  This 
habitat type appears to by very 
scattered and limited. 

K 

Eriogonum thornei Thorne's buckwheat VASC Polygonaceae SE BLMS 1B.2 G1 S1 No 13-Sep-12 Formerly E. ericifolium var. thornei, 
now elevated to species. 

K 
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Eriogonum umbellatum 
var. ahartii 

Ahart's buckwheat VASC Polygonaceae BLMS 1B.2 G5T2 S2 No 03-Oct-11 Currently shown in 5 locations close 
to BLM lands. Rarefind shows that 
locations are near West Branch of 
Feather River, De Sabla, South of 
Paradise Lake, and near Magalia 
Reservoir on scattered parcels. 

S 

Eriogonum umbellatum 
var. glaberrimum 

green buckwheat VASC Polygonaceae BLMS 1B.3 G5T2? S2 No 18-Apr-13 S S 

Eriogonum ursinum var. 
erubescens 

blushing wild buckwheat VASC Polygonaceae BLMS 1B.3 G3G4T2 S2 No 28-Apr-15 CNDDB maps very close to BLM 
lands, especially Occurrence 1. 

S 

Eriophyllum mohavense Barstow woolly-sunflower VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 K K 

Erysimum ammophilum coast wallflower VASC Brassicaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Erysimum concinnum bluff wallflower VASC Brassicaceae BLMS 1B.2 G3 S3 No 26-Feb-15 Added to list as 1B.2 on 12/3/2012. 
Originally proposed to be added as 
4.2, but final decision 1B.2 based on 
comments from field botanists. 
Substantial population on the north 
end of the King Range acc. Jennifer 
Wheeler. Biosystematic study of this 
plant and closely related congeners 
is currently underway. 

K 

Erysimum menziesii Menzies' wallflower VASC Brassicaceae FE SE 1B.1 G1 S1 No 28-Apr-15 Formerly Erysimum menziesii 
(Hook.) Wettst. subsp. eurekense R. 
Price, but that combination, along 
with the two other subspecies that 
were formerly recognized by CNPS 
and CDFW, was never validly 
published.  All three subspecies, 
including subsp. eurekense, are now 
submerged into E. menziesii in the 
Jepson Manual II and by 
CNPS/CDFW per decision on 
12-11-2012.  The common name for 
the invalid combination, E. m. subsp. 
eurekense, Humboldt Bay 
wallflower, has also been dropped in 
favor of Menzies' wallflower. 

K 
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Erythranthe calcicola limestone monkeyflower VASC Phrymaceae BLMS 1B.3 G2 S2 No 25-Jun-13 This species was newly described in 
2012 by Naomi Fraga and added to 
RPR 1B.3 on on 6/24/2013.  There 
are three occurrences on BLM lands 
in the Ridgecrest Field Office, 
according to Naomi. 

K 

Erythranthe rhodopetra Red Rock Canyon 
monkeyflower 

VASC Phrymaceae BLMS 1B.1 G1 S1 No 30-Oct-13 This species was newly described in 
2012 by Naomi Fraga.  The 
discussion in the CNPS Rare Plant 
Forum 
(http://cnps.org/forums/showthrea 
d.php?t=1792) states that there are 
2 (and possibly 3) occurrences on 
BLM lands in CA in the El Paso Mts 
of the Ridgecrest FO. More recent 
occurrences are all in Red Rock SP.  
Added to CDFW/CNPS list as 1B.1 on 
Jul 8, 2013.  As of 10/30/2013 not 
yet mapped in CNDDB. 

K 

Erythronium citrinum var. 
roderickii 

Scott Mtn. fawn lily VASC Liliaceae BLMS 1B.3 G4T3 S3 No 15-Nov-10 S 

Erythronium tuolumnense Tuolumne fawn-lily VASC Liliaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Eschscholzia minutiflora 
subsp. twisselmannii 

Red Rock poppy VASC Papaveraceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 El Paso Mts. K 

Eschscholzia rhombipetala diamond-petaled 
California poppy 

VASC Papaveraceae BLMS 1B.1 G1 S1 No 18-Apr-13 S 

Etriplex joaquinana San Joaquin spearscale VASC Chenopodiaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Found by Craig Thomsen and Ellen 
Dean in Bear Creek Unit (Payne 
Ranch).  Formerly Atriplex 
joaquinana A. Nelson. 

K 
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Euphorbia jaegeri Orocopia Mountains 
spurge 

VASC Euphorbiaceae BLMS 1B.1 G1 S1 No 30-Jul-13 Newly described in 2012 (Aliso 30: 
1-4).  There are only four known 
occurrences.  CNDDB Occurrence 2 
(Marble Mountains) and 
occurrences 3 and 4 (Bristol 
Mountains) are all on BLM lands in 
the Needles Field Office.  
Occurrence 4 is within the 
boundaries of a proposed wind 
farm.  Occurrence 1, the type 
locality, is in the Orocopia 
Mountains (Palm Springs Field 
Office), where the nonspecific 
mapped 2/5 mile radius circle has 
both BLM and private lands within it.   
Added to the CNPS/CDFW lists on 
1-17-2013. 

K S 

Euphorbia ocellata subsp. 
rattanii 

Stony Creek spurge VASC Euphorbiaceae BLMS 1B.2 G4T1T2 S1S2 No 13-Sep-12 Formerly Chamaesyce ocellata (Dur. 
& Hilg.) Millsp. subsp. rattanii (S. 
Watson) Koutnik. 

K 

Euphorbia platysperma flat-seeded spurge VASC Euphorbiaceae BLMS 1B.2 G3 S1 No 28-Apr-15 Formerly Chamaesyce platysperma 
(Engelm.) Shinners. Until 8/6/2013 
was considered "S" in Palm Springs, 
but a review of the CNDDB reveals 
no occurrences close to BLM lands in 
that Field Office.  Still considered "S" 
in El Centro and added as "S" (on 
8/6/2013) to Barstow based on the 
mapped polygon for CNDDB 
nonspecific Occurrence 3, which has 
BLM lands (as well as private lands) 
within it.  Nonspecific Occurrence 4 
in El Centro has BLM lands within 
the mapped 1-mile radius circle. 

S S 

Fremontodendron 
decumbens 

Pine Hill flannelbush VASC Malvaceae FE SR 1B.2 G1 S1  Yes 13-Sep-12 K

Fremontodendron 
mexicanum 

Mexican flannelbush VASC Malvaceae FE SR 1B.1 G1 S1 No 13-Sep-12 K K 

Fritillaria falcata talus fritillary VASC Liliaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 
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Fritillaria gentneri Gentner's fritillaria VASC Liliaceae FE 1B.1 G1 S1  Yes 13-Sep-12 K

Fritillaria ojaiensis Ojai fritillary VASC Liliaceae BLMS 1B.2 G2 S2 No 13-Sep-12 S 

Fritillaria pluriflora adobe-lily VASC Liliaceae BLMS 1B.2 G3 S3 No 22-Nov-10 Documented in the Ukiah Field S K 
Office within the proposed right-of
way of the AltaGas/Greenwing 
Energy proposed Walker Ridge wind 
farm (Vollmar Consulting, 2010 
Sensitive Botanical Resources Survey 
Report, Walker Ridge Project Site, 
Lake and Colusa Counties, California, 
October 2010).  Also occurs 
elsewhere in the Ukiah Field Office. 

Fritillaria striata striped adobe-lily VASC Liliaceae ST BLMS 1B.1 G2 S2 No 13-Sep-12 S 

Fritillaria viridea San Benito fritillary VASC Liliaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Galium angustifolium Onyx peak bedstraw VASC Rubiaceae BLMS 1B.3 G5T3 S3 No 28-Apr-15 K 
subsp. onycense 

Galium californicum subsp. Alvin Meadow bedstraw VASC Rubiaceae BLMS 1B.2 G5T1Q S1 No 13-Sep-12 S 
primum 

Galium californicum subsp. El Dorado bedstraw VASC Rubiaceae FE SR 1B.2 G5T1 S1  Yes 13-Sep-12 K
sierrae 

Galium glabrescens subsp. Modoc bedstraw VASC Rubiaceae BLMS 1B.2 G4T3 S3 No 18-Apr-13 S K 
modocense 

Galium grande San Gabriel bedstraw VASC Rubiaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Galium hardhamiae Hardham's bedstraw VASC Rubiaceae BLMS 1B.3 G3 S3 No 28-Apr-15 K 

Galium hilendiae subsp. Kingston bedstraw VASC Rubiaceae BLMS 1B.3 G4T2 S2 No 18-Apr-13 K K 
kingstonense 

Galium serpenticum subsp. Scott Mtn. bedstraw VASC Rubiaceae BLMS 1B.2 G4G5T2 S2.2 No K 
scotticum 

Galium serpenticum subsp. Warner Mtns. bedstraw VASC Rubiaceae BLMS 1B.2 G4G5T2 S2 No 18-Apr-13 S S 
warnerense 

Gentiana setigera Mendocino gentian VASC Gentianaceae BLMS 1B.2 G2 S1 No K 
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Gilia capitata subsp. 
pacifica 

Pacific gilia VASC Polemoniaceae BLMS 1B.2 G5T3T4 S2 No 17-Mar-15 To be suspected on the Stornetta 
Unit according to Jim Weigand 
(2/3/2015). 

S 

Gilia millefoliata dark-eyed gilia VASC Polemoniaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Gilia tenuiflora subsp. 
arenaria 

sand gilia VASC Polemoniaceae FE ST 1B.2 G3G4T2 S2  Yes K

Glossopetalon pungens pungent glossopetalon VASC Crossosomataceae BLMS 1B.2 G2G3 S1 No 18-Apr-13 K 

Gratiola heterosepala Boggs Lake hedge-hyssop VASC Plantaginaceae SE BLMS 1B.2 G2 S2 No This is a vernal pool plant.  Can be 
found in man-made reservoirs. 

K K K K K 

Grindelia fraxinipratensis Ash Meadows gum-plant VASC Asteraceae FT 1B.2 G2 S1 CE  Yes 13-Sep-12 K

Grindelia hallii San Diego gumplant VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Although CNDDB occurrence 13 is 
nonspecific, the record states that 
the species was found on BLM lands. 

K 

Gymnopilus punctifolius 'blue-green gymnopilus' FUNG Cortinariaceae BLMS G3G4 S2? No 16-Nov-10 K 

Harmonia doris-nilesiae Niles's harmonia VASC Asteraceae BLMS 1B.1 G2 S2 No 28-Apr-15 Formerly Madia doris-nilesiae T.W. 
Nelson & J.P. Nelson. 

S 

Harmonia hallii Hall's harmonia VASC Asteraceae BLMS 1B.2 G2 S2? No 13-Sep-12 Formerly Madia hallii Keck. 
Documented in the Ukiah Field 
Office within the proposed right-of
way, as well as within the area of 
potential effect, of the 
AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Vollmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010).  Also elsewhere in the Ukiah 
Field Office. 

K 

Harmonia stebbinsii Stebbins's harmonia VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Madia stebbinsii T.W. 
Nelson & J.P. Nelson. 

K 

Helianthella castanea Diablo rock-rose VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 S 
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Helianthus niveus subsp. 
tephrodes 

Algodones Dunes 
sunflower 

VASC Asteraceae SE BLMS 1B.2 G4T2T3 S2 No 28-Apr-15 K 

Helianthus winteri Winter's sunflower VASC Asteraceae BLMS 1B.2 G1G2 S1S2 No 20-Jan-15 First described by Stebbins, J.C., C.J. 
Winchell, and J.V.H. Constable. 
2013. Helianthus winteri 
(Asteraceae), a new perennial 
species from the southern Sierra 
Nevada foothills, California. Aliso 31: 
19-24. Added to CDFW/CNPS list on 
10/15/2014.  Occurrence Number 2 
(80m accuracy) is within 200m of 
isolated BLM 40-acre parcel 
centered at 
approximately -119.253672 
36.592978 Decimal Degrees (NAD 
83, UTM Zone 11N) 

K 

Hesperevax sparsiflora 
subsp. brevifolia 

short-leaved evax VASC Asteraceae BLMS 1B.2 G4T2T3 S2S3 No 17-Mar-15 On BLM at Mattole Beach (in great 
numbers acc. Jennifer Wheeler) and 
at Samoa. 

K K 

Hesperidanthus jaegeri Jaeger's hesperidanthus VASC Brassicaceae BLMS 1B.2 G2 S2 No 31-Mar-15 Formerly Caulostramina jaegeri . 
CNDDB Occurrence number 4 is 
definitely on BLM lands within the 
boundary of the new Cerro 
Gordo/Congolmerate Mesa ACEC.  
Occurrence number 2 is likely on 
BLM lands with the ACEC.  
Occurrence number 6, Keynot Peak 
near head of Keynot Canyon is on 
BLM lands but not clear whether in 
the Bishop or Ridgecrest Field Office 
(occurrence as mapped straddles 
the border between the two field 
offices). 

S K 

Hesperidanthus jaegeri Jaeger's hesperidanthus VASC Brassicaceae BLMS 1B.2 G2 S2 No 03-Jun-13 Formerly Caulostramina jaegeri 
(Roll.) Roll. 

S K 
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Hesperocyparis forbesii Tecate cypress VASC Cupressaceae BLMS 1B.1 G2 S2 No 03-Jun-13 Formerly  Cupressus forbesii. The 
taxon was then moved to 
Callitropsis forbesii by Little (2006) 
Syst. Bot. 31(3):461-480.  The Jepson 
Manual second edition uses 
Hesperocyparis forbesii in 
accordance with Adams et al. 2009.  
A new genus, Hesperocyparis, for 
the cypresses of the western 
hemisphere (Cupressaceae).  
Phytologia 91: 160-185. 

K 

Hesperocyparis nevadensis Piute cypress VASC Cupressaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Cupressus nevadensis. The 
taxon was then moved to 
Callitropsis nevadensis by Little 
(2006) Syst. Bot. 31(3):461-480.  The 
Jepson Manual second edition uses 
Hesperocyparis nevadensis in 
accordance with Adams et al. 2009.  
A new genus, Hesperocyparis, for 
the cypresses of the western 
hemisphere (Cupressaceae).  
Phytologia 91: 160-185. 

K 

Hesperolinon 
adenophyllum 

glandular western flax VASC Linaceae BLMS 1B.2 G3 S3 No 28-Apr-15 K 

Hesperolinon breweri Brewer's dwarf flax VASC Linaceae BLMS 1B.2 G2 S2 No 13-Sep-12 S 

Hesperolinon 
didymocarpum 

Lake County dwarf flax VASC Linaceae SE BLMS 1B.2 G1 S1 No 13-Sep-12 S 

Hesperolinon drymarioides drymaria-like western flax VASC Linaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Documented in the Ukiah Field 
Office within the proposed right-of
way, as well as within the area of 
potential effect, of the 
AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Volmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010). 
Also occurs elsewhere in the Ukiah 
Field Office. 

K 
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Hesperolinon sharsmithiae Sharsmith's western flax VASC Linaceae BLMS 1B.2 G2Q S2 No 28-Mar-13 CNDDB Occurrence 53 is currently 
mapped by CNDDB as H. tehamense 
but CNPS/ CDFW now consider that 
occurrence to be H. sharsmithiae 
(http://cnps.org/forums/showthrea 
d.php?t=1723 
&highlight=Hesperolinon+sharsmithi 
ae). H. sharsmithiae was added to 
the CNPS and CDFW lists on 
12-14-2012. 

K 

Hesperolinon tehamense Tehama County western 
flax 

VASC Linaceae BLMS 1B.3 G2 S2 No 28-Mar-13 Added K for Ukiah on 3-28-2013 
(was previously K for Redding only).  
CNDDB occurrences 18, 20, and 40 
are all on BLM lands in the Ukiah FO. 
CNDDB Occurrence 53 is also 
currently mapped on BLM lands, but 
this occurrence is now considered by 
CNPS/CDFW to represent H. 
sharsmithiae 
(http://cnps.org/forums/showthrea 
d.php?t=1723 
&highlight=Hesperolinon+sharsmithi 
ae). 

K K 

Heterodermia leucomelos ciliate strap-lichen LICH Physciaceae BLMS G4 None No 16-Nov-10 K 

Heterotheca shevockii Shevock's golden-aster VASC Asteraceae BLMS 1B.3 G2 S2 No 03-Jun-13 S 

Heuchera brevistaminea Laguna Mountains 
alumroot 

VASC Saxifragaceae BLMS 1B.3 G3 S3 No 28-Apr-15 CNDDB Occurrence 5 is located on 
BLM lands. 

K 

Horkelia bolanderi Bolander's horkelia VASC Rosaceae BLMS 1B.2 G1 S1 No 03-Jun-13 Very non-specific occurrence, 
CNDDB occurrence 9, encompasses 
BLM lands.  Vollmar (Vollmar 
Consulting, 2010 Sensitive Botanical 
Resources Survey Report, Walker 
Ridge Project Site, Lake and Colusa 
Counties, California, October 2010) 
reported that suitable habitat is 
present on BLM lands. 

S 

Horkelia hendersonii Henderson's horkelia VASC Rosaceae BLMS 1B.1 G1G2 S1 No 28-Apr-15 S 

Horkelia parryi Parry's horkelia VASC Rosaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 
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Horkelia tenuiloba thin-lobed horkelia VASC Rosaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Suspected to occur on BLM lands on S 
and near Willis Ridge, acc. Jennifer 
Wheeler. 

Hosackia crassifolia var. Otay Mountain lotus VASC Fabaceae BLMS 1B.1 G5T1 S1 No 06-Aug-13 CNDDB occurrences 1, 2, and 3 are K 
otayensis all on BLM lands on Otay Mountain. 

Hulsea californica San Diego sunflower VASC Asteraceae BLMS 1B.3 G2 S2 No 28-Apr-15 CNDDB occurrences 2 and 24 are K S 
located on BLM lands in the El 
Centro Field Office portion of San 
Diego County.  Occurrences 10, 14, 
22, 23, 26 are non-specific CNDDB 
occurrences that are located next to 
BLM lands in the El Centro Field 
Office part of San Diego County.   
Nonspecific Occurrence 29 in the 
Palm Springs Field Office portion of 
San Diego County has some BLM 
lands within the mapped 1-mile 
radius circle. 

Hydropus marginellus 'little brown mushroom' FUNG Tricholomataceae BLMS G3 S1S2 No 16-Nov-10 K 

Iris hartwegii subsp. Tuolumne iris VASC Iridaceae BLMS 1B.2 G4T1 S2 No 28-Apr-15 K 
columbiana 

Iris munzii Munz's iris VASC Iridaceae BLMS 1B.3 G2 S2 No 28-Apr-15 S 

Ivesia aperta var. aperta Sierra Valley ivesia VASC Rosaceae BLMS 1B.2 T G2T2 S2 No 28-Apr-15 K 
(CA); 
S1 
(NV) 

Ivesia jaegeri Jaeger's ivesia VASC Rosaceae BLMS 1B.3 G2G3 S1 No 03-Jun-13 K 

Ivesia kingii var. kingii alkali ivesia VASC Rosaceae BLMS 2B.2 G4T3Q S2 No 19-Aug-09 Moved from CNPS 1B.2 to 2.2 on K 
11/23/08 because more common in 
NV. 

Ivesia longibracteata Castle Crags ivesia VASC Rosaceae BLMS 1B.3 G1 S1 No 03-Jun-13 S 

Ivesia paniculata Ash Creek ivesia VASC Rosaceae BLMS 1B.2 G2 S2 No 03-Jun-13 Found  in the Ash Valley RNA/ACEC. K 

Ivesia patellifera Kingston Mtns. ivesia VASC Rosaceae BLMS 1B.3 G1 S2 No 03-Jun-13 K K 

Ivesia pickeringii Pickering's ivesia VASC Rosaceae BLMS 1B.2 G2 S2.2 No S 
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Ivesia rhypara var. rhypara grimy ivesia VASC Rosaceae BLMS W G2T2 S2 
(NV) 

No 28-Apr-15 This plant has 5 small occurrences in 
the Surprise Field Office within one 
mile of each other in NV.  Listed as 
Endangered by the State of Oregon. 

K 

Ivesia sericoleuca Plumas ivesia VASC Rosaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Ivesia webberi Webber's ivesia VASC Rosaceae FT 1B.1 T G1 S2 
(CA); 
S1 
(NV) 

CE No 28-Apr-15 Listed as Threatened by the U.S. Fish 
and Wildlife Service on June 3, 2014 
(79 Federal Register 106: 
31878-31883).  Critical Habitat 
designated on June 3, 2014 (79 
Federal Register 106: 32126-32155).  
On BLM lands in Sierra Valley.  
Specific occurrence 1 as mapped by 
CNDDB does not include BLM lands 
within it, but 50 plants were found 
on BLM lands in the vicinity in 1992. 

K 

Juncus leiospermus var. 
leiospermus 

Red Bluff dwarf rush VASC Juncaceae BLMS 1B.1 G2T2 S2 No 28-Apr-15 K 

Kaernefeltia californica seaside thornbush LICH Parmeliaceae BLMS G3 None No 16-Nov-10 K 

Lagophylla diabolensis Diablo Range hare-leaf VASC Asteraceae BLMS 1B.2 G2G3 S2S3 No 20-Jan-15 Recently described by Baldwin, B.G. 
2013. Lagophylla diabolensis 
(Compositae-Madiinae), a new hare-
leaf from the southern Diablo 
Range, California. Madroño 60(3): 
249-254.  Final decision to add to list 
1B.2 made on 1/17/2014.  At least 5 
occurrences on BLM lands in 
Hollister FO.  

K 

Lasthenia californica 
subsp. macrantha 

perennial goldfields VASC Asteraceae BLMS 1B.2 G3T2 S2 No 17-Mar-15 Known form the Stornetta Unit, per 
the following collections: JEPS21849, 
1958, and CAS514082, 1967. 

K 

Lasthenia conjugens Contra Costa goldfields VASC Asteraceae FE 1B.1 G1 S1  Yes 13-Sep-12 Fort Ord. K

Lasthenia glabrata subsp. 
coulteri 

Coulter's goldfields VASC Asteraceae BLMS 1B.1 G4T2 S2 No 28-Apr-15 K 

Layia carnosa beach layia VASC Asteraceae FE SE 1B.1 G2 S2  Yes 13-Sep-12 K

Page 39 PC ORIGINAL PKG



C
A

 R R

A
R

E 

M P

TYPE 


P N
N

G
L A
LB
L

O

P N
V

EL

T M
OF
  

FED M

 ATE S

LA
N

T

O
B

A
L

STA
T D

H
O

L

HA
L

B
A

K
E

EA
G

L  C ER

 SP

R
E

SCIENTIFIC NAME COMMON NAME PLANT FAMILY 

T

C
A

 ST

 STA
T

E R R
A

S STA
TU

 R
A

STA
T

E
C

O
V
E
R

Y
 P

L
A
N

?
 

UPDATED COMMENTS 

T

A
R

C
A

T

R
SFIEL

B
A

R
STO

W

B
ISHU

R
A

S

E L

EN LI  

N
EE D

A
T

A
TU

S D D
I

SU
R

P

T

U
KT

LO LU
S

U
S

N N

K S K

A
K

E

R
O

IA

S

A
N

K

U
S 

O
P

ER

D

A D E ES

R
IN

G
S

N
G

R
ID

G
EC

R
EST

R
ISE H

 

Layia discoidea rayless tidytips VASC Asteraceae BLMS 1B.1 G1 S1 No 28-Apr-15 K 

Layia heterotricha pale-yellow layia VASC Asteraceae BLMS 1B.1 G2 S2 No 13-Sep-12 K K 

Layia jonesii Jones' layia VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Layia leucopappa Comanche Point layia VASC Asteraceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 

Layia munzii Munz's tidy-tips VASC Asteraceae BLMS 1B.2 G1 S1 No 03-Jun-13 K 

Layia septentrionalis Colusa layia VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S S 

Legenere limosa legenere VASC Campanulaceae BLMS 1B.1 G2 S2 No 28-Apr-15 K 

Lepechinia ganderi Gander's pitcher-sage VASC Lamiaceae BLMS 1B.3 G3? S3 No 28-Apr-15 K 

Lepidium flavum var. Borrego Valley pepper- VASC Brassicaceae BLMS 1B.2 G5T1 S1 No 06-Aug-13 This var. is not recognized by the S 
felipense grass Jepson Manual 2nd edition or by 

Flora North America.  Changed from 
"S" in Palm Springs to "S" in El 
Centro on 8/6/2013 because CNDDB 
Occurrence 1, which has some BLM 
lands within the nonspecific 1-mile 
radius circle, is in the El Centro Field 
Office, not the Palm Springs Field 
Office.  No occurrences are currently 
reported within the boundaries of 
the Palm Springs Field Office. 

Lepidium jaredii subsp. Panoche pepper-grass VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 03-Jun-13 This subsp. not recognized by Jepson K 
album Manual 1st or 2nd editions or by 

Flora North America. 

Lepidium jaredii subsp. Jared's pepper-grass VASC Brassicaceae BLMS 1B.2 G2T1T2 S1S2 No 28-Apr-15 Subspecies of L. jaredii are not K 
jaredii recognized in Jepson Manual 1st or 

2nd editions or by Flora North 
America. 

Leptosiphon nuttallii Mt. Tedoc linanthus VASC Polemoniaceae BLMS 1B.3 G5T2 S2 No 13-Sep-12 Formerly Linanthus nuttallii Mlkn. S 
subsp. howellii Subsp. howellii Nelson & Patterson. 

Leptosyne hamiltonii Mt. Hamilton coreopsis VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Coreopsis hamiltonii K 
(Elmer) H.K. Sharsm. 

Leucogaster citrinus 'yellow false truffle' FUNG Leucogastraceae BLMS G3G4 S1S2 No 28-Apr-15 K 

Lewisia cantelovii Cantelow's lewisia VASC Portulacaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K S 
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Lewisia cotyledon var. 
heckneri 

Heckner's lewisia VASC Portulacaeae BLMS 1B.2 G4T3 S3? No 28-Apr-15 K 

Lilium maritimum coast lily VASC Liliaceae BLMS 1B.1 G2 S2 No 17-Mar-15 Known form the Stornetta Unit, per 
the following collection: CAS51392, 
1967.  Also seen by Jim Weigand in 
2014 on Stornetta lands. 

K 

Lilium occidentale western lily VASC Liliaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 S

Limnanthes alba subsp. 
parishii 

Cuyamaca meadowfoam VASC Limnanthaceae SE BLMS 1B.2 G3T2T3 S2S3 No 13-Sep-12 Formerly L. gracilis J.T. Howell 
subsp. parishii (Jeps.) C. Mason 

S 

Limnanthes bakeri Baker's meadowfoam VASC Limnanthaceae SR BLMS 1B.1 G1 S1 No 03-Jun-13 S 

Limnanthes floccosa subsp. 
bellingeriana 

Bellinger's meadowfoam VASC Limnanthaceae BLMS 1B.2 G4T3 S1 No 03-Jun-13 S S 

Limnanthes floccosa subsp. 
californica 

Butte County 
meadowfoam 

VASC Limnanthaceae FE SE 1B.1 G4T1 S1  Yes 13-Sep-12 S

Linanthus bernardinus Pioneertown linanthus VASC Polemoniacaeae BLMS 1B.2 G2 G2 No 30-Oct-13 This species was newly described 
in 2012 by Naomi Fraga and D. 
Bell (Fraga, N. S. and D. S.Bell 
2012. A new species of Linanthus 
(Polemoniaceae) from San 
Bernardino County, California. 
Aliso 30:97-102. The discussion 
in the CNPS Rare Plant Forum 
(http://cnps.org/forums/showthrea 
d.php?t=1813) states that there is 
potential habitat on BLM lands in 
the eastern Sawtooth Range. 
Added by CDFW and CNPS as 
1B.2 on Sep 13, 2013. Several 
occurrences are mapped near 
BLM lands in the Barstow Field 
Office. 

S 

Linanthus maculatus Little San Bernardino 
Mtns. linanthus 

VASC Polemoniaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Formerly Gilia maculata Parrish. K K 

Linanthus orcuttii Orcutt's linanthus VASC Polemoniaceae BLMS 1B.3 G4 S2 No 13-Sep-12 S 

Lobaria oregana Oregon lettuce lung LICH Lobariaceae BLMS None None No 16-Nov-10 K 
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Loeflingia squarrosa var. 
artemisiarum 

Sagebrush loeflingia VASC Caryophyllaceae BLMS 2B.2 G5T2T3 S2 No 28-Apr-15 Known to CA from only Lassen 
County (6 occ), Inyo County (5 occ), 
and two occurrences from Kern and 
Los Angeles counties. Three 
occurrences are on BLM lands within 
the Eagle Lake Field Office, 3 on 
private, and disjunct.  Threatened by 
livestock trampling. 

K K S 

Lomatium congdonii Congdon's lomatium VASC Apiaceae BLMS 1B.2 G2 S2 No 28-Apr-15 On BLM lands in the Red Hills, 
Tuolumne County. 

K 

Lomatium roseanum adobe lomatium VASC Apiaceae BLMS 1B.2 W G2G3 S2 
(CA); 
S2 
(NV) 

No 03-Jun-13 Mike Dolan found ca. 500 plants on 
Likely Tablelands, in low sage 
infested with medusahead.  Lat: 
41.271339 degrees N, 
Long: -120.493347 degrees W; 
above and to south of Romero 
Creek, 4,640', clay loam soil. 

K S 

Lomatium shevockii Owens Peak lomatium VASC Apiaceae BLMS 1B.3 G2 S2 No 03-Jun-13 K K 

Lupinus citrinus var. 
citrinus 

orange lupine VASC Fabaceae BLMS 1B.2 G2T2 S2 No 28-Apr-15 S 

Lupinus citrinus var. 
deflexus 

Mariposa lupine VASC Fabaceae ST BLMS 1B.2 G2T1 S1 No 13-Sep-12 Previously shown as S in the 
Hollister Field Office, a holdover 
from the time that Hollister 
managed BLM lands in Mariposa 
County.  Removed as S from 
Hollister and put as S in the Mother 
Lode Field Office.  There are 
occurrences within 550 m from 
isolated BLM lands in T6S,R 19E, S6, 
MDM. 

S 

Lupinus duranii Mono Lake lupine VASC Fabaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Lupinus excubitus var. 
medius 

Mountain Springs bush 
lupine 

VASC Fabaceae BLMS 1B.3 G4T2T3 S2 No K K 

Lupinus ludovicianus San Luis Obispo County 
lupine 

VASC Fabaceae BLMS 1B.2 G1 S1 No 28-Apr-15 S 
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Lupinus magnificus var. 
hesperius 

McGee Meadows lupine VASC Fabaceae BLMS 1B.3 G3T2Q S2 No 28-Apr-15 Jepson Manual 2nd edition, 
equivocal about whether to 
recognize this variety, states: "If 
recognized taxonomically, straight-
keeled pls from SNE assignable to 
Lupinus magnificus var. hesperius (A. 
Heller) C.P. Sm., McGee Meadows 
lupine."  After review, CNPS and 
CNDDB kept as 1B.3 by decision 
dated Feb. 8, 2012.  Occurs on Mt. 
Tom. 

K 

Lupinus magnificus var. 
magnificus 

Panamint Mtns. lupine VASC Fabaceae BLMS 1B.2 G3T2Q S2 No 03-Jun-13 S K 

Lupinus sericatus Cobb Mountain lupine VASC Fabaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Walker Ridge/Bear Creek, Sulphur 
Creek sub-watershed (Source: Jim 
Weigand). 

K 

Lupinus spectabilis shaggyhair lupine VASC Fabaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Lupinus uncialis lilliput lupine VASC Fabaceae BLMS 2B.2 G4 S2 No 28-Apr-15 Five occurrences known in Alturas 
Field Office.  Twenty total 
occurences in CA, most on private 
lands, and some converted to 
homesites.  Disjunct in CA. CA 
occurrences important for 
maintaining genetic viability of the 
species. Threats include grazing. 

K 

Madia radiata showy golden madia VASC Asteraceae BLMS 1B.1 G2 S2 No S K 

Malacothamnus 
aboriginum 

Indian Valley bush mallow VASC Malvaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Malacothamnus hallii Hall's bush-mallow VASC Malvaceae BLMS 1B.2 G2Q S2 No 18-Sep-12 CNDDB Occurrence 38, population 
found on BLM lands on 6/2011. 

K 

Malacothamnus palmeri 
var. involucratus 

Carmel Valley bush-mallow VASC Malvaceae BLMS 1B.2 G3T3Q S3 No 28-Apr-15 K 

Malacothamnus palmeri 
var. lucianus 

Arroyo Seco bush-mallow VASC Malvaceae BLMS 1B.2 G3T1Q S1 No 28-Apr-15 K 

Malacothrix saxatilis var. 
arachnoidea 

Carmel Valley malacothrix VASC Asteraceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 S 
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Menodora spinescens var. Mojave menodora VASC Oleaceae BLMS 1B.2 G4T2T3 S2S3 No 18-Sep-12 CNDDB mapped occurrences on K 
mohavensis BLM lands.  One, Occurrence 10, on 

BLM lands slated for renewable 
energy. 

Mentzelia inyoensis Inyo blazing star VASC Loasaceae BLMS 1B.3 W G3 S3 No 28-Apr-15 According to Anne Halford we have K 
occurrences in Fish Slough and 
Travertine Hot Springs, and there's a 
very large population on the Inyo 
National Forest near Black Point 
(Mono Lake). 

Mentzelia polita polished blazing star VASC Loasaceae BLMS 1B.2 G2 S2 No 03-Jun-13 CNDDB maps one nonspecific K 
occurrence on BLM land just north 
of the Eastern Mojave National 
Preserve on the Clark Mountain 
quad.  CNPS Rare Plant Treasure 
Hunt found a new occurrence 
(CNDDB Occurrence No. 3) on the 
Ivanpah Lake quad. 

Mentzelia tridentata creamy blazing star VASC Loasaceae BLMS 1B.3 G3 S3 No 28-Apr-15 E. of Cuddeback Lake. S 

Microseris paludosa marsh microseris VASC Asteraceae BLMS 1B.2 G2 S2 No 17-Mar-15 Known form the Stornetta Unit, per K 
the following collection: CAS514442, 
1968. 

Mimulus evanescens ephemeral monkeyflower VASC Phrymaceae BLMS 1B.2 G3 S2 No 28-Apr-15 K S S 

Mimulus filicaulis slender-stemmed VASC Phrymaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 
monkeyflower 

Mimulus gracilipes slender-stalked VASC Phrymaceae BLMS 1B.2 G2G3 S2S3 No 16-Nov-10 S 
monkerflower 

Mimulus mohavensis Mojave monkeyflower VASC Phrymaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Mimulus norrisii Kaweah monkeyflower VASC Phrymaceae BLMS 1B.3 G2 S2 No 28-Apr-15 K 

Mimulus pictus Calico monkeyflower VASC Phrymaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Mimulus pulchellus pansy monkeyflower VASC Phrymaceae BLMS 1B.2 G2G3 S2S3 No 13-Sep-12 K 

Mimulus shevockii Kelso Creek monkeyflower VASC Phrymaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K K 

Minuartia howellii Howell's sandwort VASC Caryophyllaceae BLMS 1B.3 G4 S2 No 13-Sep-12 S 

Minuartia stolonifera Scott Mtn. sandwort VASC Caryophyllaceae BLMS 1B.3 G2 S2 No 03-Jun-13 S 
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Monardella beneolens sweet-smelling monardella VASC Lamiaceae BLMS 1B.3 G1 S1 No 03-Jun-13 S. Sierra Nevada. K 

Monardella boydii Boyd's monardella VASC Lamiaceae BLMS 1B.2 G2Q S2 No 13-Sep-12 Specific CNDDB occurrences on BLM 
lands in Rodman Mtn Wilderness 
and Ord Mtn. 

K 

Monardella eremicola Clark Mountain 
monardella 

VASC Lamiaceae BLMS 1B.3 G2G3Q S2S3 No 18-Sep-12 This species was added as California 
Rare Plant Rank 1B.3 on 12-16-2011.  
The CNDDB maps three occurrences 
on BLM lands in the Kingston 
Mountains, all of which list BLM as 
the landowner. 

K 

Monardella hypoleuca 
subsp. lanata 

felt-leaved monardella VASC Lamiaceae BLMS 1B.2 G4T3 S3 No 28-Apr-15 CNDDB Occurrence 2 is on BLM 
lands on Otay Mountain. 

K 

Monardella linoides subsp. 
oblonga 

Tehachapi monardella VASC Lamiaceae BLMS 1B.3 G5T2 S2 No 28-Apr-15 CNDDB maps specific occurrences 
on BLM in the Tehachapi Mountains. 

K 

Monardella nana subsp. 
leptosiphon 

San Felipe monardella VASC Lamiaceae BLMS 1B.2 G4G5T2 
Q 

S2 No 03-Jun-13 Kevin Doran of the Palm Springs 
Field Office received a comment 
from the BLM Washington Office 
inquiring why the draft South Coast 
RMP did not list this as a SS plant.  
Review of RareFind information on 
1-13-2011 shows that the plant is 
not very close to public lands in 
Palm Springs (it mostly occurs on 
higher elevation Forest Service 
lands), but that Occurrence 12 is 
close to public lands in El Centro 
(Banner Canyon area). CNPS and 
CNDDB originally considered 
dropping the species from its lists 
because The Jepson Manual, Second 
Edition, does not recognize any of 
the subspecies of M. nana. 
However, following a review on the 
CNPS Forum, the decision was made 
on 9-4-2012 to retain the taxon as a 
California Rare Plant Rank 1B.2 
plant. 

S 

Monardella robisonii Robison monardella VASC Lamiaceae BLMS 1B.3 G3 S3 No 13-Sep-12 K K S 
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Monardella sinuata subsp. northern curly-leaved VASC Lamiaceae BLMS 1B.2 G3T2 S2 No 26-Jan-15 Described by Elvin, M.A. and A.C. S 
nigrescens monardella Sanders. 2009. Nomenclatural 

changes for Monardella (Lamiaceae) 
in California. Novon 19(3): 315-345.  
Added to CDFW/CNPS list as 1B.2 on 
12-31-2013.  At Fort Ord.  Mapped 
mostly on Army lands but certainly 
to be expected on BLM (and the 
Army lands may be transferred to 
BLM in the future). 

Page 46 PC ORIGINAL PKG



SCIENTIFIC NAME COMMON NAME 

TYPE 
OF 

PLANT FAMILY 

FED
 STA

TU
S

C
A

 STA
TU

S

B
LM

 STA
TU

S

C
A

 R
A

R
E P

LA
N

T R
A

N
K

N
N

P
S STA

TU
S

G
LO

B
A

L R
A

N
K

STA
TE R

A
N

K

N
V

 STA
TU

S 

R
E
C

O
V
E
R

Y
 P

L
A
N

?
 

DATE 
UPDATED COMMENTS 

A
LTU

R
A

S

A
R

C
A

TA

B
A

K
ER

SFIELD

B
A

R
STO

W

B
ISH

O
P

EA
G

LE LA
K

E

EL C
EN

TR
O

H
O

LLISTER

M
O

TH
ER

 LO
D

E

N
EED

LES

P
A

LM
 SP

R
IN

G
S

R
ED

D
IN

G

R
ID

G
EC

R
EST

SU
R

P
R

ISE

U
K

IA
H

 

Monardella stoneana Jennifer's monardella VASC Lamiaceae BLMS 1B.2 G2 S1 No 28-Apr-15 CNDDB maps this species on BLM 
lands in the Otay Mt. Area. This 
species was formerly ascribed to M. 
linoides var. viminea, until the 
treatment by  Elvin and Sanders in 
2003 (Novon 13(4):425-432), which 
elevated the northern occurrences 
of M. l. var. viminea to M. viminea 
and included the southern 
occurrences in the new species M. 
stoneana. Despite the 2003 
treatment, the U.S. Fish and Wildlife 
Service (FWS) continued to consider 
this species to be a federally 
endangered species because the 
agency did not recognize the 2003 
treatment and continued to 
recognize the taxon it originally 
listed, M. linoides var. viminea, 
sensu lato, to include the new 
species, M. stoneana. By a 
rulemaking published in the Federal 
Register on March 6, 2012, FWS 
officially recognized the two new 
species, M. stoneana and M. 
viminea, and determined that M. 
stoneana does not warrant listing as 
endangered or threatened.  
Consequently, M. stoneana is no 
longer an endangered species. M. 
viminea is an endangered species, 
but is restricted to Miramar Marine 
Air Station and vicinity and does not 
occur on BLM lands. 

K 

Monardella undulata 
subsp. crispa 

crisp monardella VASC Lamiaceae BLMS 1B.2 G3T2 S2 No 28-Apr-15 K 
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Monardella undulata 
subsp. undulata 

San Luis Obispo 
monardella 

VASC Lamiaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly M. frutescens (Hoov.) 
Jokerst.  Occurs on BLM lands in the 
Point Sal ACEC (Occurrence 31 in the 
CNDDB). See Elvin, M. A. and A. C. 
Sanders. 2009.  Nomenclatural 
changes for Monardella (Lamiaceae) 
in California.  Novon 19:315-343. 

K 

Monardella venosa veiny monardella VASC Lamiaceae BLMS 1B.1 G1 S1 No 03-Jun-13 Formerly M. douglasii Benth. var. 
venosa (Torr.) Jeps. 

S 

Monolopia congdonii San Joaquin woolly threads VASC Asteraceae FE 1B.2 G2 S3  Yes 28-Apr-15 Formerly Lembertia congdonii (A. 
Gray) Greene. 

K K

Mycena quinaultensis 'little brown mushroom' FUNG Tricholomataceae BLMS G2 S3 No 28-Apr-15 K 

Navarretia leucocephala 
subsp. bakeri 

Baker's navarretia VASC Polemoniaceae BLMS 1B.1 G4T2 S2 No 13-Sep-12 S 

Navarretia nigelliformis 
subsp. radians 

shining navarretia VASC Polemoniaceae BLMS 1B.2 G4T2 S2 No 13-Sep-12 Mason collection along Clear Creek 
Rd. Collection by Michael Denslow, 
Vern Yadon, and Julie Anne Delgado 
from a north fork of Cantua Creek; 
coordinates at Consortium of CA 
Herbaria are on BLM lands. 

K 

Navarretia setiloba Piute Mountains 
navarretia 

VASC Polemoniaceae BLMS 1B.1 G2 S2 No 03-Jun-13 K 

Nemacladus twisselmannii Twisselmann's nemacladus VASC Campanulaceae SR BLMS 1B.2 G1 S1 No 03-Jun-13 S 

Neviusia cliftonii Shasta snow-wreath VASC Rosaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Nitrophila mohavensis Amargosa niterwort VASC Amaranthaceae FE SE 1B.1 G1 S1 CE  Yes 13-Sep-12 Formerly included in the family 
Chenopodiaceae but now 
considered by the Jepson Manual, 
2nd edition, to be a member of the 
family Amaranthaceae. 

K

Nolina interrata Dehesa nolina, bear grass VASC Ruscaceae SE BLMS 1B.1 G2 S2 No 13-Sep-12 S 

Oenothera wolfii Wolf's evening-primrose VASC Onagraceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 
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Opuntia basilaris var. short-joint beavertail VASC Cactaceae BLMS 1B.2 G5T3 S3 No 06-Aug-13 Until March 8, 2004, this var. had K S S 
brachyclada been considered K in both Needles 

and Barstow.  But the Jepson 
Manual does not consider this a 
desert species, and a report by 
Pamela MacKay calls into question 
whether it ever occurred in the 
eastern Mojave.  The draft BLM 
West Mojave Plan states that it only 
occurs on private lands in the 
WEMO planning area. It was 
therefore been changed to "S" in 
both Needles and Barstow.  The 
CNPS Rare Plant Treasure Hunt 
documented an occurrence about 1 
mile north of Cajon Pass on BLM 
land in 2010.  The taxon has 
therefore been moved back to "K" 
for Barstow.  On 8/6/2013 the taxon 
was added as "S" to the list for Palm 
Springs based on the fact that 
CNDDB nonspecific Occurrence 107 
has some BLM lands within the 
mapped 4/5 mile radius circle. 

Opuntia basilaris var. Bakersfield cactus VASC Cactaceae FE SE 1B.1 G5T1 S1 No 27-Jun-13 The Fish and Wildlife Service uses S S 
treleasei the name O. treleasei J.M. Coult., 

but both Jepson Manual 1st and 2nd 
editions use the nomenclature 
shown here.  Occurs on split estate 
(private surface, BLM subsurface) in 
the Bakersfield Field Office.  CNDDB 
occurrences 51 and 54 are very 
close to BLM lands in the Ridgecrest 
Field Office. 

Orcuttia californica California orcutt grass VASC Poaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 S

Orcuttia inaequalis San Joaquin Valley orcutt VASC Poaceae FT SE 1B.1 G1 S1  Yes 11-Mar-13 This was formerly designated as K K
grass from the Hollister Field Office, but 

this was a holdover from the time 
that Hollister managed a part of 
what is now managed by the 
Bakersfield FO. 
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Orcuttia pilosa hairy orcutt grass VASC Poaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 S

Orcuttia tenuis slender orcutt grass VASC Poaceae FT SE 1B.1 G2 S2  Yes 13-Sep-12 This is a vernal pool plant.  Only one 
known population of this plant 
occurs in the Alturas Field Office. 

K K

Oreostemma elatum tall alpine aster VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Orthocarpus 
pachystachyus 

Shasta orthocarpus VASC Orobanchaceae BLMS 1B.1 G1 S1 No 16-Nov-10 Previously thought to be extinct. S 

Orthodontium gracile slender thread moss BRYO Bryaceae BLMS G5 S2S3 No 28-Apr-15 S 

Packera eurycephala var. 
lewisrosei 

cut-leaved ragwort VASC Asteraceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 Formerly Senecio eurycephalus 
Torrey & A. Gray var. lewisrosei  (J.T. 
Howell) T.M. Barkley. 

K 

Packera ganderi Gander's butterweed VASC Asteraceae SR BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Senecio ganderi T.M. 
Barkley & R.M. Beauch. Known on 
Potrero Mt. (Potrero Peak in spring 
2007). 

K 

Packera layneae Layne's butterweed VASC Asteraceae FT SR 1B.2 G2 S2 No 13-Sep-12 Formerly Senecio layneae Greene. K S 

Palafoxia arida var. 
gigantea 

giant Spanish needle VASC Asteraceae BLMS 1B.3 G5T3 S2 No 13-Sep-12 K 

Panicum acuminatum var. 
thermale 

Geyser's panicum VASC Poaceae SE BLMS 1B.2 G5T2Q S2 No 28-Mar-13 Formerly Dichanthelium 
lanuginosum (Ell.) Gould var. 
thermale (Boland.) Spellenberg. 
Rare Plant Rank changed from 1B.1 
to 1B.2 by CNPS/CDFW on 
9-12-2012. 

S 

Pannaria rubiginosa petaled mouse LICH Pannariaceae BLMS G3G5 S1 No 28-Apr-15 K 

Paronychia ahartii Ahart's paronychia VASC Carophyllaceae BLMS 1B.1 G2 S2 No 13-Sep-12 K 
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Pedicularis centranthera dwarf lousewort VASC Orobanchaceae BLMS 2B.3 G4 S2 No 28-Apr-15 Only five known occurrences form 
CA, all from Secret Valley in Lassen 
Co, on BLM lands managed by the 
Eagle Lake Field Office. These 
occurrences are rather disjunct from 
Harney and Lake counties in OR and 
primarily the eastern half of NV. 

K 

Pediomelum castoreum Beaver Dam breadroot VASC Fabaceae BLMS 1B.2 G3 S2 No 13-Sep-12 Reranked from California Rare Plant 
Rank 4.3 to 1B.2 on 6-29-2011.   
CNDDB Occurrence 22 occurs on 
BLM lands in the Needles Field 
Office near Kingston Wash.  Several 
other occurrences are either on or 
near BLM lands in the Barstow Field 
Office. 

K K 

Penstemon 
albomarginatus 

white-margined 
beardtongue 

VASC Plataginaceae BLMS 1B.1 G2 S1 No 16-Nov-10 K K 

Penstemon bicolor subsp. 
roseus 

rosy two-toned 
beardtongue 

VASC Plataginaceae BLMS 1B.1 G3T3Q S1 No 13-Sep-12 On BLM lands near Castle Mt. Mine 
and Hart Mt.  Moved from CNPS List 
2.2 to List 1B.1 on 12/8/09. 

K 

Penstemon filiformis thread-leaved 
beardtongue 

VASC Plantaginaceae BLMS 1B.3 G3 S3 No 16-Nov-10 S 

Penstemon fruticiformis 
var. amargosae 

Death Valley beardtongue VASC Plantaginaceae BLMS 1B.3 G4T3 S2 No 28-Apr-15 K K 

Penstemon janishiae Janish's beardtongue VASC Plantaginaceae BLMS 2B.2 G4 S1 No 28-Apr-15 Status of populations unknown; 
some have been extirpated.  Threats 
are logging and home site 
development.  Rare in CA, OR, and 
ID. CNDDB Occurrence 8 is mapped 
specifically on BLM lands.  
Occurrence 9 is nonspecific but 
entire mapped polygon on BLM.  
Changed from S to K on 8-19-09. 

K 

Penstemon personatus closed-throated 
beardtongue 

VASC Plantaginaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Penstemon stephensii Stephens' beardtongue VASC Plantaginaceae BLMS 1B.3 G2 S2 No 13-Sep-12 K K 

Penstemon sudans Susanville beardtongue VASC Plantaginaceae BLMS 1B.3 G3 S3 No 16-Nov-10 K 
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Pentachaeta exilis subsp. slender pentachaeta VASC Asteraceae BLMS 1B.2 G5T1 S1 No 13-Sep-12 K 
aeolica 

Perityle inyoensis Inyo rock daisy VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Occurrences 1 and 8 are entirely S K 
within the boundary of the new 
Cerro Gordo/Conglomerate Mesa 
ACEC.  Occurrence 5 is partially 
within the ACEC, with the remainder 
on BLM land outside it. 

Perityle villosa Hanaupah rock daisy VASC Asteraceae BLMS 1B.3 G2 S2 No 03-Jun-13 Inyo Mts. K 

Petalonyx thurberi subsp. Death Valley sandpaper- VASC Loasaceae BLMS 1B.3 G5T2 S2 No K K 
gilmanii plant 

Phacelia cookei Cooke's phacelia VASC Boraginaceae BLMS 1B.1 G1 S1 No 16-Nov-10 S 

Phacelia greenei Scott Valley phacelia VASC Boraginaceae BLMS 1B.2 G2 S2 No 16-Nov-10 K 

Phacelia inundata playa phacelia VASC Boraginaceae BLMS 1B.3 W G2 S2 No 28-Apr-15 S K S 
(CA); 
S2? 
(NV) 

Phacelia inyoensis Inyo phacelia VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Fish Slough and Alabama Hills. K 

Phacelia leonis Siskiyou phacelia VASC Boraginaceae BLMS 1B.3 G3 S3 No 28-Apr-15 S 

Phacelia monoensis Mono County phacelia VASC Boraginaceae BLMS 1B.1 T G3 S2 No 28-Apr-15 K 

Phacelia mustelina Death Valley round-leaved VASC Boraginaceae BLMS 1B.3 G2 S2 No 03-Jun-13 Saline Valley. K 
phacelia 

Phacelia nashiana Charlotte's phacelia VASC Boraginaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K K 

Phacelia novenmillensis Nine Mile Canyon phacelia VASC Boraginaceae BLMS 1B.2 G3 S3 No 16-Nov-10 K K 

Phacelia parishii Parish's phacelia VASC Boraginaceae BLMS 1B.1 G2G3 S1 No 03-Jun-13 The only known population on BLM K 
lands in Southern California is within 
and immediately adjacent to a 
military maneuvering training area.  
This species was at one time 
considered extirpated in CA, but was 
rediscovered in 1989. 
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Phacelia phacelioides Mount Diablo phacelia VASC Boraginaceae BLMS 1B.2 G1 S1 No 03-Jun-13 Known but very uncommon within K 
ACEC of Clear Creek Management 
Area acc 2009 Draft CCMA RMP/EIS.  
Six records from CCMA in Cal Flora 
2009. 

Phaeocollybia californica California phaeocollybia FUNG Cortinariaceae BLMS G3 None No 28-Apr-15 K S 

Phaeocollybia olivacea olive phaeocollybia FUNG Cortinariaceae BLMS G3 None No 16-Nov-10 K S 

Phaeocollybia piceae 'spruce phaeocollybia' FUNG Cortinariaceae BLMS G3? None No 16-Nov-10 K 

Phaeocollybia no common name FUNG Cortinariaceae BLMS G3 None No 16-Nov-10 S 
pseudofestiva 

Phaeocollybia scatesiae no common name FUNG Cortinariaceae BLMS G3? None No 16-Nov-10 K 

Phaeocollybia spadicea spadicea phaecollybia FUNG Cortinariaceae BLMS G3G4 None No 16-Nov-10 K S 

Phlox hirsuta Yreka phlox VASC Polemoniaceae FE SE 1B.2 G1 S1  Yes S

Pholisma sonorae sand food VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Formerly included in the family K 
Lennoaceae. 

Piperia candida white-flowered rein orchid VASC Orchidaceae BLMS 1B.2 G3? S2 No 03-Jun-13 May be on public lands on Red Mt.  S 
Jennifer to check--will leave as 
suspected for now. 

Piperia yadonii Yadon's rein orchid VASC Orchciaceae FE 1B.1 G2 S2  Yes 13-Sep-12 K

Plagiobothrys uncinatus hooked popcorn-flower VASC Boraginaceae BLMS 1B.2 G2 S2 No 03-Jun-13 S 

Pleuropogon hooverianus Hoover's semaphore grass VASC Poaceae ST BLMS 1B.1 G2 S2 No 13-Sep-12 S 

Poa diaboli Diablo Canyon blue grass VASC Poaceae BLMS 1B.2 G2 S2 No 28-Apr-15 May be on BLM lands in Ruda S 
Canyon, San Luis Obispo Co. 

Polyctenium williamsiae Williams's combleaf VASC Brassicaceae BLMS 1B.2 T G2Q S1 CE No 03-Jun-13 Known in Bishop on BLM land in the S K S 
(CA); Bodie area.  Because the Jepson 
S2 Manual 2nd Edition and the Flora of 
(NV) North America reduced this species 

to synonomy under P. fremontii, the 
species was recently reviewed and 
kept on List 1B.2 by CNPS and 
CNDDB by decision dated February 
8, 2012. 
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Polygonum polygaloides Modoc County knotweed VASC Polygonaceae BLMS 1B.1 G4G5T3 S3 No 28-Apr-15 K 
subsp. esotericum 

Polyozellus multiplex blue chanterelle FUNG Thelephoraceae BLMS G4G5 None No 16-Nov-10 S 

Potentilla basaltica Black Rock potentilla VASC Rosaceae FC BLMS 1B.3 T G1 S1(CA No Threats appear to be competition K S 
); S1 from meadow plant species. 
(NV) 

Pseudobahia peirsonii Tulare pseudobahia VASC Asteraceae FT SE 1B.1 G1 S1 No S 

Ptilidium californicum Pacific fuzzwort BRYO Ptilidiaceae BLMS 4.3 G3G4 S3? No 03-Jun-13 K S 

Puccinellia howellii Howell's alkali-grass VASC Poaceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 

Puccinellia parishii Parish's alkaligrass VASC Poaceae BLMS 1B.1 G2G3 S1 No S 

Pyrrocoma lucida sticky pyrrocoma VASC Asteraceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 

Raillardella pringlei showy raillardella VASC Asteraceae BLMS 1B.2 G3 S3 No S 

Ramalina pollinaria dusty ramalina LICH Ramalinaceae BLMS G4 None No 16-Nov-10 K 

Ramaria amyloidea 'pinkish coral mushroom' FUNG Ramariaceae BLMS G3 None No 16-Nov-10 K 

Ramaria aurantiisiccescens 'yellow coral mushroom' FUNG Ramariaceae BLMS G3 None No 16-Nov-10 K 

Ramaria cyaneigranosa 'pinkish coral mushroom' FUNG Ramariaceae BLMS G3 None No 28-Apr-15 S 

Ramaria largentii 'orange coral mushroom' FUNG Ramariaceae BLMS G3 None No 16-Nov-10 K 

Rhynchospora californica California beaked-rush VASC Cyperaceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 

Ribes canthariforme Moreno currant, San VASC Grossulariaceae BLMS 1B.3 G2 S2 No 16-Nov-10 S 
Diego currant 

Ribes tularense Sequoia gooseberry VASC Grossulariaceae BLMS 1B.3 G2 S2 No 28-Apr-15 K 

Rorippa columbiae Columbia yellow cress VASC Brassicaceae BLMS 1B.2 G3 S1 No S S S 

Rupertia hallii Hall's rupertia VASC Fabaceae BLMS 1B.2 G2G3 S2S3 No 28-Apr-15 K 

Sagittaria sanfordii Sanford's arrowhead VASC Alismataceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 
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Saltugilia latimeri Latimer's woodland-gilia VASC Polemoniaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Known to occur on BLM lands along 
or near currently designated OHV 
routes in the Old Dad Mountains 
south of the west end of the Mojave 
National Preserve acc. Jim Weigand. 

K K K 

Salvia greatae Orocopia sage VASC Lamiaceae BLMS 1B.3 G2G3 S2S3 No 28-Apr-15 CNDDB Occurrence # 11 is from the 
south edge of the Trilobite 
Wilderness near Amboy (Needles 
Field Office), far from the core of its 
range in southern Riverside County.  
The occurrence (shown on BLM 
lands) is unvouchered and was listed 
as Salvia cf. funerea by Spaulding 
and Twitchell in 1978.  CNDDB 
decided it must be S. greatae. Kam 
Barrows looked at the occurrence in 
1986 and found no plants. 

S K 

Sanicula saxatilis rock sanicle VASC Apiaceae SR BLMS 1B.2 G2 S2 No 13-Sep-12 S 

Sarcodon fuscoindicum violet hedgehog FUNG Bankeraceae BLMS G3 None No 16-Nov-10 K 

Sedum albomarginatum Feather River stonecrop VASC Crassulaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Sedum laxum subsp. 
eastwoodiae 

Red Mountain stonecrop VASC Crassulaceae BLMS 1B.2 G5T2 S2 No 03-Jun-13 Formerly S. eastwoodiae (Britton) 
Berger.  Formerly a Federal 
candidate for listing, but removed 
from the candidate list on 
publication of a "Listing not 
warranted" finding by the U.S. Fish 
and Wildlife Service (Federal 
Register 79: 56029, September 18, 
2014). 

K 

Sedum obtusatum subsp. 
paradisum 

Canyon Creek stonecrop VASC Crassulaceae BLMS 1B.3 G4G5T2 S2 No 16-Nov-10 Formerly S. paradisum (M. Denton) 
M. Denton. 

K 
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Senecio clevelandii var. 
heterophyllus 

Red Hills ragwort VASC Asteraceae BLMS 1B.2 G4?T2Q S2?  Yes 03-Jun-13 Senecio clevelandii is now Packera 
clevelandii, but the combination 
Packera clevelandii var. heterophylla 
has not been validly published. This 
variety has been reduced to 
synonymy in the Jepson Manual 1st 
and 2nd editions. The treatment by 
Barkley in Jepson Manual 1 was not 
based on genetic work. Barkley's 
treatment has been continued by 
Trock in Jepson Manual 2 and Flora 
North America.  CDFW, CNPS, and 
BLM will continue to recognize the 
variety until genetic work 
conclusively shows that vars. 
clevelandii and heterophyllus are 
actually the same taxon. 

K

Sidalcea covillei Owens Valley 
checkerbloom 

VASC Malvaceae SE BLMS 1B.1 G2 S2 No 28-Apr-15 K 

Sidalcea hickmanii subsp. 
anomala 

Cuesta Pass checkerbloom VASC Malvaceae SR BLMS 1B.2 G3T1 S1 No 13-Sep-12 S S 

Sidalcea hickmanii subsp. 
parishii 

Parish's checkerbloom VASC Malvaceae SR BLMS 1B.2 G3T1 S1 No 03-Jun-13 This species used to be a Federal 
candidate but was removed from 
the candidate list in 2006. 

S 

Sidalcea keckii Keck's checkerbloom VASC Malvaceae FE 1B.1 G1 S1 No 13-Sep-12 K 

Sidalcea malviflora subsp. 
patula 

Siskiyou checkerbloom VASC Malvaceae BLMS 1B.2 G5T2 S2 No 13-Sep-12 S 

Sidalcea oregana subsp. 
eximia 

coast checkerbloom VASC Malvaceae BLMS 1B.2 G5T1 S1 No S 

Sidalcea robusta Butte County 
checkerbloom 

VASC Malvaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Silene campanulata subsp. 
campanulata 

Red Mountain catchfly VASC Caryophyllaceae SE BLMS 4.2 G5T3Q S3 No 28-Apr-15 Known from Red Mountain, 
Mendocino Co., Arcata FO; 
suspected on public lands in Ukiah 
FO from an occurrence near public 
lands in the Gilmore Peak 24k quad, 
Colusa Co. 

K S 
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Silene occidentalis subsp. 
longistipitata 

long-stiped campion VASC Caryophyllaceae BLMS 1B.2 G4T2Q S2 No 16-Nov-10 S 

Smilax jamesii English Peak greenbriar VASC Smilacaceae BLMS 1B.3 G2 S2 No S 

Sowerbyella rhenana stalked orange peel fungus FUNG Pyrenemataceae BLMS G3G5 None No 16-Nov-10 S S 

Sparassis crispa cauliflower mushroom FUNG Sparassidaceae BLMS None None No 16-Nov-10 K 

Spathularia flavida fairy fan FUNG Cudoniaceae BLMS G4G5 None No 16-Nov-10 K S 

Sphaeralcea rusbyi var. 
eremicola 

Rusby's desert-mallow VASC Malvaceae BLMS 1B.2 G4T2 S2 No 13-Sep-12 CNPS Rare Plant Treasure Hunt 
found 19 new occurrences in 2010. 

K 

Stenotus lanuginosus var. 
lanuginosus 

woolly stenotus VASC Asteraceae BLMS 2B.2 G5T3 S3 No 28-Apr-15 Known in CA from fewer than five 
occurrences.  This species occurs at 
low numbers at each site. 

K 

Stipa exigua little ricegrass VASC Poaceae BLMS 2B.3 G5 S2 No 03-Jun-13 Formerly Oryzopsis exigua Thurb. 
Known in CA from only two widely 
separated occurrences, one on 
public lands within the Eagle Lake 
Field Office which burned within the 
last few years.  It is not common in 
NV. Threats include grazing and 
weed invasion following the recent 
fire. 

K K S 

Streptanthus albidus 
subsp. albidus 

Metcalf Canyon jewel-
flower 

VASC Brassicaceae FE 1B.1 G2T1 S1  Yes 13-Sep-12 S

Streptanthus brachiatus 
subsp. brachiatus 

Socrates Mine jewel-
flower 

VASC Brassicaceae BLMS 1B.2 G2T1 S1  Yes 03-Jun-13 K

Streptanthus brachiatus 
subsp. hoffmanii 

Freed's jewelflower VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 16-Nov-10 This taxon was recognized in Jepson 
Manual 1st edition, but is reduced to 
synonymy under S. brachiatus in the 
2nd edition. 

K 

Streptanthus callistus Mount Hamilton jewel-
flower 

VASC Brassicaceae BLMS 1B.3 G1 S1 No 13-Sep-12 S 
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Streptanthus campestris southern jewel-flower VASC Brassicaceae BLMS 1B.3 G3 S3 No 28-Apr-15 Nonspecific CNDDB Occurrence 8, in 
the El Centro FO, is on lands slated 
for renewable energy; there are 
BLM lands within the mapped 1 mile 
radius circle, but there are also 
private lands. Occurrence 1, in the 
Palm Springs FO, contains BLM lands 
within the mapped 1 mile radius 
circle, but most of the lands within 
the circle are private. 

S S 

Streptanthus cordatus var. 
piutensis 

Piute Mountains jewel-
flower 

VASC Brassicaceae BLMS 1B.2 G5T1 S1 No 03-Jun-13 K K 

Streptanthus glandulosus 
subsp. hoffmannii 

Hoffmann's jewel-flower VASC Brassicaceae BLMS 1B.3 G4TH SH No 16-Nov-10 Elevated from S. g. var. hoffmannii 
Kruckeberg to subsp. hoffmannii in 
Jepson Manual 2nd edition. 

S 

Streptanthus morrisonii 
subsp. elatus 

Three Peaks jewel-flower VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 28-Apr-15 Reduced to synonymy under S. 
morrisonii in Jepson Manual 2nd 
edition. 

K 

Streptanthus morrisonii 
subsp. hirtiflorus 

Dorr's Cabin jewel-flower VASC Brassicaceae BLMS 1B.2 G2T1 S1 No 28-Apr-15 Reduced to synonymy under S. 
morrisonii in Jepson Manual 2nd 
edition. 

S 

Streptanthus morrisonii 
subsp. kruckebergii 

Kruckeberg's jewel-flower VASC Brassicaceae BLMS 1B.2 G2T1 S1 No 03-Jun-13 Reduced to synonymy under S. 
morrisonii in Jepson Manual 2nd 
edition. 

K 

Streptanthus morrisonii 
subsp. morrisonii 

Morrison's jewel-flower VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 28-Apr-15 The Jepson Manual 2nd edition does 
not recognize any subspecific taxa 
under S. morrisonii. 

K 

Streptanthus oliganthus Masonic Mountain jewel-
flower 

VASC Brassicaceae BLMS 1B.2 W G2G3 S2 No 28-Apr-15 K 

Streptanthus vernalis early jewel-flower VASC Brassicaceae BLMS 1B.2 G1 S1 No 24-Aug-09 Known from only one occurrence on 
serpentine at Three Peaks. 

K 

Stylocline citroleum oil neststraw VASC Asteraceae BLMS 1B.1 G2 S2 No 18-Sep-12 After reviewing CNDDB, specific 
occurrence 18 has BLM lands within 
the mapped circle. 

K 

Stylocline masonii Mason neststraw VASC Asteraceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 
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Sulcaria isidiifera splitting yarn lichen LICH Alectoriaceae BLMS 1B.1 G1 S1 No 26-Jan-15 A 5-acre BLM parcel is inside of the 
1/5 mile circle mapped for 
Occurrence Number 4 of this 
species. 

S 

Symphotrichum greatae Greata's aster VASC Asteraceae BLMS 1B.3 G3 S3 No 28-Apr-15 CNDDB Occurrence 41 in Ventura 
County abuts BLM lands in the 
Bakersfield Field Office.  Occurrence 
36 in Los Angeles County (Palm 
Springs Field Office) has small area 
of BLM lands within the nonspecific 
mapped 1-mile radius circle, this 
based on an 1893 collection. 

S S 

Symphyotrichum 
defoliatum 

San Bernardino aster VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 Newly accepted name for Aster 
bernardinus H.M. Hall. CNDDB maps 
nonspecific location close to BLM 
lands on Mt. Laguna. 

S S S 

Teloschistes flavicans orangebush lichen LICH Teloschistaceae BLMS G4G5 None No 16-Nov-10 S 

Tetracoccus dioicus Parry's tetracoccus VASC Euphorbiaceae BLMS 1B.2 G3? S2 No 28-Apr-15 K 

Tetraphis geniculata bent-kneed four-tooth 
moss 

BRYO Tetraphidaceae BLMS G3G5 None No 16-Nov-10 S 

Thelypodium howellii var. 
howellii 

Howell's thelypodium VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 03-Jun-13 S K S 

Thermopsis californica var. 
semota 

velvety false lupine VASC Fabaceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 Nonspecific CNDDB Occurrence 16 
borders BLM land slated for 
renewable energy. 

S 

Thysanocarpus rigidus Ridge Fringepod VASC Brassicaceae BLMS 1B.2 G1G2 S1S2 No 03-Oct-11 Currently shown in 2 locations close 
to BLM lands in the Laguna 
Mountains. 

S 

Tortula californica California screw moss BRYO Pottiaceae BLMS 1B.2 G2? S2 No 13-Sep-12 S 

Trifolium buckwestiorum Santa Cruz clover VASC Fabaceae BLMS 1B.1 G2 S2 No 03-Jun-13 Known from 3 locations at Fort Ord, 
one of which along road scheduled 
to be widened (entered 1/24/02). 

K 

Trifolium jokerstii Butte County golden clover VASC Fabaceae BLMS 1B.2 G2 S2 No 03-Jun-13 K 
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Trifolium kingii subsp. 
dedeckerae 

DeDecker's clover VASC Fabaceae BLMS 1B.3 G2 S2 No 28-Apr-15 DFG and CNPS still have as T. 
dedeckerae J.M Gillett.  Was 
Trifolium macilentum var. 
dedeckerae (J.M. Gillett) Barneby in 
Jepson Manual 1st edition.  The 
treatment used here is the 
treatment in Jepson Manual 2nd 
edition. 

S K 

Trifolium polyodon Pacific Grove clover VASC Fabaceae SR BLMS 1B.1 G1 S1 No 03-Jun-13 K 

Triteleia piutensis Piute Mountains triteleia VASC Themidaceae BLMS 1B.1 G1 S1 No 20-Jan-15 Recently described by Kentner, E. 
and K. Steiner. 2014. A new species 
of Triteleia (Themidaceae) from the 
southern Sierra Nevada. Madroño 
61(2): 227-230.  Added to 
CDFW/CNPS list on 7/24/2014. 

K 

Usnea longissima long beard lichen LICH Parmeliaceae BLMS 4.2 G4 S4 No 28-Apr-15 K 

Verbena californica Red Hills vervain VASC Verbenaceae FT ST 1B.1 G2 S2 No 13-Sep-12 K 

Vermilacinia cephalota powdery fog lichen LICH Ramalinaceae BLMS G3G4 None No 16-Nov-10 Formerly Niebla cephalota (Tuck.) 
Rundel & Bowler, which the PLANTS 
database treats as a synonym. 

K 

Wyethia reticulata El Dorado mule ears VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 FWS Recovery Plan for Gabbro Soil 
Plants of the Central Sierra Nevada 
Foothills addresses this species even 
though it's not federally listed. 

K 

Xylorhiza cognata Mecca-aster VASC Asteraceae BLMS 1B.2 G2 S2 No 03-Jun-13 Occurs on BLM lands along or near 
OHV routes and trails in the 
Meccacopia Special Recreation Area 
acc. Jim Weigand. 

K 

Xylorhiza orcuttii Orcutt's woody aster VASC Asteraceae BLMS 1B.2 G2G3 S2 No 13-Sep-12 K 
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Zeltnera namophila spring-loving centaury VASC Gentianaceae FT t G2Q S2 
(Neva 
da) 

CE  Yes 28-Apr-15 Formerly Centaurium namophilum 
Reveal, C.R. Boome, & Beatley, this 
species is now treated as Zeltnera 
namophila in the Jepson Manual, 
2nd edition.  Although the CNPS 
Inventory, accessed 8/8/2013, still 
treats this as Centaurium 
namophilum (var. namophilum) and 
states that the species does not 
occur in California, citing previous 
records they consider to be based 
on a misidentification of C. 
exaltatum (Griseb.) Piper, the 
Jepson Manual 2 believes that the 
specimens referred to C. exaltatum 
are in fact Z. namophila. This 
species is almost certainly in the 
Carson Slough area of the Barstow 
Field Office. 

K

Type of Plant: BRYO = Bryophyte; FUNG = Fungus; LICH = Lichen; VASC = Vascular plant; Federal Status: FE = Federally Endangered; FT = Federally Threatened; FC = Federal Candidate; FP = Proposed for Federal Listing; FD = Federally Delisted. State of California (CA) Status: SE = State Endangered; ST = State Threatened; SR = 
State Rare/  �alifornia Rare Plant Rank. 1! = Plants presumed extinct in �!- 1� = Plants rare, threatened, or endangered in �! and elsewhere- 2 = Plants rare, threatened, or endangered in �!, but more common elsewhere- 3 = Plants about which more Information is needed- 4 = Plants of limited distribution – a watch list/  
Decimals following the CA Rare Plant Rank Numbers: x.1 = Seriously endangered in CA; x.2 = Fairly endangered in CA; x.3 = Not very endangered in CA.  Nevada Native Plant Society (NNPS) Status: W = Watch List.  State of Nevada (NV) Status: CE = Critically Endangered; CE# = Proposed for Critically Endangered.  Global and 
State Rank:  The Global Rank is assigned by NatureServe and  reflects the overall condition of the element throughout its global range; G-ranks are used for species as a whole, T-ranks for subspecies; the State (S) Rank is assigned by the State Heritage Program and reflects the overall condition of the element within a State.  
Code meanings can be found at: http://www.natureserve.org/explorer/ranking.htm#interpret.  Comments: Additional information, only provided for some plants.  Date Updated: This field is provided to show when changes or updates were last made to an element; this tracking was implemented only in recent years, so 
the field is blank for most elements.  K or S under BLM field offices:  K = Known to occur on BLM lands managed by that field office; S = Suspected to occur on BLM lands managed by that field office.    
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FIELD OFFICE  COMMON NAME SCIENTIFIC NAME FEDERAL STATE BLM OTHER 
 STATUS STATUS STATUS STATUS

El Centro 40 Species

Mammal

California leaf-nosed bat Macrotus californicus BLMS SSC

Cave myotis Myotis velifer BLMS SSC

Desert bighorn sheep Ovis canadensis nelsoni BLMS SF

Fringed myotis Myotis thysanodes BLMS

Long-eared myotis Myotis evotis BLMS

Pallid bat Antrozous pallidus BLMS SSC

Palm Springs little pocket mouse Perognathus longimembris bangsi BLMS

Small-footed myotis Myotis ciliolabrum BLMS

Townsend's big-eared bat Corynorhinus townsendii BLMS SSC

Western mastiff-bat Eumops perotis californicus BLMS SSC

Yuma myotis Myotis yumanensis BLMS

Bird

Arizona bell's vireo Vireo bellii arizonae SE BLMS

Brown pelican Pelecanus occidentalis FD SD BLMS SF

Burrowing owl Athene cunicularia BLMS SSC

California black rail Laterallus jamaicensis coturniculus ST BLMS SF

California spotted owl Strix occidentalis occidentalis BLMS SSC

Elf owl Micrathene whitneyi SE BLMS

Gila woodpecker Melanerpes uropygialis SE BLMS

Gilded flicker Colaptes chrysoides SE BLMS

Least Bell's vireo Vireo bellii pusillus FE SE

Lucy's warbler Oreothlypis luciae BLMS SSC

Mountain plover Charadrius montanus BLMS SSC

Southwestern willow flycatcher Empidonax traillii extimus FE SE

Tricolored blackbird Agelaius tricolor BLMS SSC

Western yellow-billed cuckoo Coccyzus americanus occidentalis FC SE BLMS

Yuma clapper rail Rallus longirostris yumanensis FE ST SF

Reptile

Barefoot banded gecko Coleonyx switaki ST BLMS

Coast horned lizard Phrynosoma blainvillii BLMS

Colorado Desert fringe-toed lizard Uma notata BLMS

Federal Status: FE = Federally Endangered, FT = Federally Threatened, FC = Federal Candidate, FP = Proposed for Federal Listing, FD = Delisted from Federal ESA; State Status: SE = State Endangered, ST = State Threatened, 
SC = State Candidate, SD = Delisted from State ESA; Other Status: EA = Bald and Golden Eagle Protection Act, SF = Fully Protected, SSC = Species of Special Concern
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FIELD OFFICE  COMMON NAME SCIENTIFIC NAME FEDERAL STATE BLM OTHER 
 STATUS STATUS STATUS STATUS

Desert tortoise Gopherus agassizii FT ST

Flat-tailed horned lizard Phrynosoma mcalli BLMS

Southwestern pond turtle Actinemys marmorata pallida BLMS

Two-striped garter snake Thamnophis hammondii BLMS

Amphibian

Couch's spadefoot toad Scaphiopus couchi BLMS

Lowland leopard frog Lithobates yavapaiensis BLMS

Fish

Colorado pikeminnow Ptychocheilus lucius FE SE SF

Desert pupfish Cyprinodon macularius FE SE

Mojave tui chub Siphateles bicolor mohavensis FE SE SF

Razorback sucker Xyrauchen texanus FE SE SF

Unarmored threespine stickleback Gasterosteus aculeatus williamsoni FE SE SF

Federal Status: FE = Federally Endangered, FT = Federally Threatened, FC = Federal Candidate, FP = Proposed for Federal Listing, FD = Delisted from Federal ESA; State Status: SE = State Endangered, ST = State Threatened, 
SC = State Candidate, SD = Delisted from State ESA; Other Status: EA = Bald and Golden Eagle Protection Act, SF = Fully Protected, SSC = Species of Special Concern
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12/29/2020 Print View

CA lfO RNIA D PARTMENT OF 

FISH and WILD IFE Rarefind 
Query Summary:  
Quad IS (Ogilby (3211477) OR Hedges (3211487)) 
AND County IS (Imperial)

Print    Close.._..I .___I_, 
CNDDB Element Query Results

Scientific 
Name

Common 
Name

Taxonomic 
Group

Element 
Code

Total 
Occs

Returned 
Occs

Federal 
Status

State 
Status

Global 
Rank

State 
Rank

CA
Rare 
Plant
Rank

Other 
Status Habitats

Anomala
hardyorum

Hardy's
dune beetle Insects IICOL30060 17 1 None None G1 S1 null null

Desert
dunes,
Sonoran
desert scrub

Antrozous
pallidus pallid bat Mammals AMACC10010 420 2 None None G5 S3 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
USFS_S-Sensitive,
WBWG_H-High
Priority

Chaparral,
Coastal
scrub,
Desert
wash, Great
Basin
grassland,
Great Basin
scrub,
Mojavean
desert
scrub,
Riparian
woodland,
Sonoran
desert
scrub,
Upper
montane
coniferous
forest,
Valley &
foothill
grassland

Apiocera
warneri

Glamis
sand fly Insects IIDIP54020 1 1 None None G1G2 S1S2 null null Desert

dunes

Astragalus
insularis var.
harwoodii

Harwood's
milk-vetch Dicots PDFAB0F491 120 2 None None G5T4 S2 2B.2

SB_CalBG/RSABG-
California/Rancho
Santa Ana Botanic
Garden

Desert
dunes,
Desert
wash,
Mojavean
desert scrub

Calliandra
eriophylla

pink fairy-
duster Dicots PDFAB0N040 53 20 None None G5 S3 2B.3

SB_CalBG/RSABG-
California/Rancho
Santa Ana Botanic
Garden

Sonoran
desert scrub

Corynorhinus
townsendii

Townsend's
big-eared
bat

Mammals AMACC08010 635 1 None None G3G4 S2 null BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
USFS_S-Sensitive,
WBWG_H-High
Priority

Broadleaved
upland
forest,
Chaparral,
Chenopod
scrub, Great
Basin
grassland,
Great Basin
scrub,
Joshua tree
woodland,
Lower
montane
coniferous
forest,
Meadow &
seep,
Mojavean
desert
scrub,
Riparian
forest,
Riparian
woodland,
Sonoran
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desert
scrub,
Sonoran
thorn
woodland,
Upper
montane
coniferous
forest,
Valley &
foothill
grassland

Croton wigginsii Wiggins'
croton Dicots PDEUP0H140 12 1 None Rare G2G3 S2 2B.2

BLM_S-Sensitive,
SB_CalBG/RSABG-
California/Rancho
Santa Ana Botanic
Garden

Desert
dunes,
Sonoran
desert scrub

Cyclocephala
wandae

Wandae
dune beetle Insects IICOL33020 1 1 None None G1G2 S1S2 null null Desert

dunes

Ditaxis claryana glandular
ditaxis Dicots PDEUP080L0 26 1 None None G3G4 S2 2B.2 null

Desert
wash,
Mojavean
desert
scrub,
Sonoran
desert scrub

Efferia
macroxipha

Glamis
robberfly Insects IIDIP07040 1 1 None None G1G2 S1S2 null null Desert

dunes

Eumops perotis
californicus

western
mastiff bat Mammals AMACD02011 296 4 None None G5T4 S3S4 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern,
WBWG_H-High
Priority

Chaparral,
Cismontane
woodland,
Coastal
scrub, Valley
& foothill
grassland

Euparagia
unidentata

Algodones
euparagia Insects IIHYMBC010 3 1 None None G1G2 S1S2 null null Desert

dunes

Gopherus
agassizii

desert
tortoise Reptiles ARAAF01012 970 13 Threatened Threatened G3 S2S3 null IUCN_VU-

Vulnerable

Joshua tree
woodland,
Mojavean
desert
scrub,
Sonoran
desert scrub

Macrotus
californicus

California
leaf-nosed
bat

Mammals AMACB01010 46 11 None None G4 S3 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
WBWG_H-High
Priority

Riparian
scrub,
Sonoran
desert scrub

Melanerpes
uropygialis

Gila
woodpecker Birds ABNYF04150 62 1 None Endangered G5 S1 null

BLM_S-Sensitive,
IUCN_LC-Least
Concern,
USFWS_BCC-Birds
of Conservation
Concern

Riparian
forest,
Riparian
woodland

Microbembex
elegans

Algodones
elegant
sand wasp

Insects IIHYM90010 1 1 None None G1G2 S1S2 null null Desert
dunes

Myotis velifer cave myotis Mammals AMACC01050 9 1 None None G5 S1 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
WBWG_M-Medium
Priority

Riparian
scrub,
Sonoran
desert scrub

Nyctinomops
femorosaccus

pocketed
free-tailed
bat

Mammals AMACD04010 90 1 None None G4 S3 null

CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
WBWG_M-Medium
Priority

Joshua tree
woodland,
Pinon &
juniper
woodlands,
Riparian
scrub,
Sonoran
desert scrub

Palafoxia arida
var. gigantea

giant
spanish-
needle

Dicots PDAST6T012 6 2 None None G5T3? S2 1B.3

BLM_S-Sensitive,
SB_CalBG/RSABG-
California/Rancho
Santa Ana Botanic
Garden

Desert
dunes

Perdita Algodones Insects IIHYM01130 1 1 None None G1G2 S1S2 null null Desert
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algodones perdita dunes
Imperial DesertPerdita frontalis Insects IIHYM01140 2 1 None None G1G2 S1S2 null nullPerdita dunes

Perdita Deserta miner bee Insects IIHYM01840 3 1 None None GNR S1S2 null nullstephanomeriae dunes
BLM_S-Sensitive, DesertSB_CalBG/RSABG-Pholisma dunes,sand food Dicots PDLNN02020 14 2 None None G2 S2 1B.2 California/Ranchosonorae SonoranSanta Ana Botanic desert scrubGarden

Desert
BLM_S-Sensitive, dunes,

flat-tailed CDFW_SSC- MojaveanPhrynosoma horned Reptiles ARACF12040 340 6 None None G3 S2 null Species of Special desertmcallii lizard Concern, IUCN_NT- scrub,
Near Threatened Sonoran

desert scrub
Mojavean

CDFW_WL-Watch desertPolioptila black-tailed Birds ABPBJ08030 34 1 None None G5 S3S4 null List, IUCN_LC- scrub,melanura gnatcatcher Least Concern Sonoran
desert scrub

Andrew's Desert
Pseudocotalpa dune dunes,Insects IICOL37020 29 1 None None G1 S1 null nullandrewsi scarab Sonoran

beetle desert scrub
BLM_S-Sensitive,
CDFW_SSC-Toxostoma Crissal RiparianBirds ABPBK06090 67 1 None None G5 S3 null Species of Specialcrissale thrasher woodlandConcern, IUCN_LC-
Least Concern
BLM_S-Sensitive,
CDFW_SSC- DesertSpecies of Special wash,Concern, IUCN_LC- MojaveanToxostoma Le Conte's Least Concern,Birds ABPBK06100 238 2 None None G4 S3 null desertlecontei thrasher NABCI_RWL-Red scrub,Watch List, SonoranUSFWS_BCC-Birds desert scrubof Conservation
Concern
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Query Criteria: Quad<span style='color:Red'> IS </span>(Ogilby (3211477)<span style='color:Red'> OR </span>Hedges (3211487))<br /><span 
style='color:Red'> AND </span>County<span style='color:Red'> IS </span>(Imperial)

Map Index Number: 63284 EO Index: 63376

Key Quad: Hedges (3211487) Element Code: ABNYF04150

Occurrence Number: 30 Occurrence Last Updated: 2005-12-01

Scientific Name: Melanerpes uropygialis Common Name: Gila woodpecker

Listing Status: Federal: None Rare Plant Rank:

State: Endangered Other Lists: BLM_S-Sensitive
IUCN_LC-Least Concern

CNDDB Element Ranks: Global: G5 USFWS_BCC-Birds of Conservation Concern
State: S1

General Habitat: Micro Habitat:

IN CALIFORNIA, INHABITS COTTONWOODS AND OTHER DESERT CAVITY NESTER IN RIPARIAN TREES OR SAGUARO CACTUS.
RIPARIAN TREES, SHADE TREES, AND DATE PALMS.

Last Date Observed: 2002-03-09 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-03-09 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

UNNAMED WASH SOUTH OF INDIAN WASH, ABOUT 2.25 MILES WEST OF THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

Ecological:

DESERT WASH WOODLAND WITH PALO VERDE & IRONWOOD SURROUNDED BY DISTURBED CREOSOTE BUSH SCRUB.

Threats:

OFF-ROAD VEHICLE USE.

General:

1 ADULT OBSERVED 9 MAR 2002.

PLSS: T14S, R20E, Sec. 34 (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3642305 E699897 Latitude/Longitude: 32.90071 / -114.86272 Elevation (feet): 537

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

KON02F0001 KONECNY, J. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR MELANERPES UROPYGIALIS 2002-03-09

Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch Page 1 of 88

Report Printed on Tuesday, December 29, 2020 Information Expires 5/29/2021PC ORIGINAL PKG



Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06541 EO Index: 25005

Key Quad: Hedges (3211487) Element Code: ABPBJ08030

Occurrence Number: 31 Occurrence Last Updated: 1989-08-10

Scientific Name: Polioptila melanura Common Name: black-tailed gnatcatcher

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: CDFW_WL-Watch List
IUCN_LC-Least Concern

CNDDB Element Ranks: Global: G5

State: S3S4

General Habitat: Micro Habitat:

PRIMARILY INHABITS WOODED DESERT WASH HABITATS; ALSO NESTS IN DESERT WASHES CONTAINING MESQUITE, PALO VERDE, 
OCCURS IN DESERT SCRUB HABITAT, ESPECIALLY IN WINTER. IRONWOOD, ACACIA; ABSENT FROM AREAS WHERE SALT CEDAR 

INTRODUCED.

Last Date Observed: 1977-06-07 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1977-06-07 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INDIAN WASH, AT HWY S-34, APPROX 12.5 MI N OF I-80 AND 12 MILES S OF HWY 78.

Detailed Location:

Ecological:

Threats:

General:

NESTING BIRDS OBSERVED DURING SUMMER 1977 STUDY; 13 BREEDING PAIRS ESTIMATED.

PLSS: T14S, R20E, Sec. 22, NE (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3645946 E700809 Latitude/Longitude: 32.93336 / -114.85219 Elevation (feet): 620

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

BLM80S0014 BLM - DESERT PLAN STAFF - COMPILATION OF HISTORIC MUSEUM SPECIMEN INFORMATION FOR POLIOPTILA MELANURA 
LUCIDA, COLLECTED DURING THE PREPARATION OF "THE CALIFORNIA DESERT PLAN". 1980-XX-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06541 EO Index: 24395

Key Quad: Hedges (3211487) Element Code: ABPBK06090

Occurrence Number: 47 Occurrence Last Updated: 1989-08-10

Scientific Name: Toxostoma crissale Common Name: Crissal thrasher

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G5 IUCN_LC-Least Concern
State: S3

General Habitat: Micro Habitat:

RESIDENT OF SOUTHEASTERN DESERTS IN DESERT RIPARIAN AND NESTS IN DENSE VEGETATION ALONG STREAMS/WASHES; 
DESERT WASH HABITATS. MESQUITE, SCREWBEAN MESQUITE, IRONWOOD, CATCLAW, ACACIA, 

ARROWWEED, WILLOW.

Last Date Observed: 1977-06-07 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1977-06-07 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INDIAN WASH, AT HWY S-34, APPROX 12.5 MI N OF I-80 AND 12 MILES S OF HWY 78.

Detailed Location:

Ecological:

Threats:

General:

NESTING BIRDS OBS DURING SUMMER 1977 STUDY; ESTIMATED THREE BREEDING PAIRS.

PLSS: T14S, R20E, Sec. 22 (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3645946 E700809 Latitude/Longitude: 32.93336 / -114.85219 Elevation (feet): 620

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

BLM80S0013 BLM - DESERT PLAN STAFF - COMPILATION OF HISTORIC MUSEUM SPECIMEN INFORMATION FOR TOXOSTOMA DORSALE, 
COLLECTED DURING THE PREPARATION OF "THE CALIFORNIA DESERT PLAN". 1980-XX-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06550 EO Index: 24533

Key Quad: Ogilby (3211477) Element Code: ABPBK06100

Occurrence Number: 35 Occurrence Last Updated: 1989-08-10

Scientific Name: Toxostoma lecontei Common Name: Le Conte's thrasher

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 NABCI_RWL-Red Watch List

USFWS_BCC-Birds of Conservation Concern

General Habitat: Micro Habitat:

DESERT RESIDENT; PRIMARILY OF OPEN DESERT WASH, DESERT COMMONLY NESTS IN A DENSE, SPINY SHRUB OR DENSELY 
SCRUB, ALKALI DESERT SCRUB, AND DESERT SUCCULENT SCRUB BRANCHED CACTUS IN DESERT WASH HABITAT, USUALLY 2-8 FEET 
HABITATS. ABOVE GROUND.

Last Date Observed: 1896-03-16 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1896-03-16 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

OGILBY.

Detailed Location:

Ecological:

Threats:

General:

CAS SPECIMEN #55196.

PLSS: T15S, R20E, Sec. 35, NW (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3633124 E702138 Latitude/Longitude: 32.81754 / -114.84079 Elevation (feet): 360

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BLM80R0014 BUREAU OF LAND MANAGEMENT - THE CALIFORNIA DESERT PLAN 1980-02-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06541 EO Index: 24493

Key Quad: Hedges (3211487) Element Code: ABPBK06100

Occurrence Number: 88 Occurrence Last Updated: 1989-08-10

Scientific Name: Toxostoma lecontei Common Name: Le Conte's thrasher

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 NABCI_RWL-Red Watch List

USFWS_BCC-Birds of Conservation Concern

General Habitat: Micro Habitat:

DESERT RESIDENT; PRIMARILY OF OPEN DESERT WASH, DESERT COMMONLY NESTS IN A DENSE, SPINY SHRUB OR DENSELY 
SCRUB, ALKALI DESERT SCRUB, AND DESERT SUCCULENT SCRUB BRANCHED CACTUS IN DESERT WASH HABITAT, USUALLY 2-8 FEET 
HABITATS. ABOVE GROUND.

Last Date Observed: 1977-06-07 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1977-06-07 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INDIAN WASH, AT HWY S-34, APPROX 12.5 MI N OF I-80 AND 12 MILES S OF HWY 78.

Detailed Location:

Ecological:

Threats:

General:

NESTING BIRDS OBS DURING SUMMER 1977 STUDY; ESTIMATED ONE BREEDING PAIR.

PLSS: T14S, R20E, Sec. 22, NE (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3645946 E700809 Latitude/Longitude: 32.93336 / -114.85219 Elevation (feet): 620

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

BLM80R0014 BUREAU OF LAND MANAGEMENT - THE CALIFORNIA DESERT PLAN 1980-02-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 33092 EO Index: 3603

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 13 Occurrence Last Updated: 2007-04-03

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 1999-01-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1999-01-XX Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"CARGO MINE," IN JACKSON GULCH, ABOUT 3.5 MILES ENE OF OGILBY, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

THIS MINE IS PROTECTED BY A STURDY, HIGH CHAIN LINK FENCE, A LOCKED GATE, AND SIGNS. INDIVIDUALS WERE OBSERVED ROOSING ON 
30 APR 1992. 1993-1999 NUMBERS REFER TO OUTFLIGHT COUNTS. 650-750 OUTFLIGHT COUNT (OFC) WINTER 1990/91.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE. THIS POPULATION EXPERIENCES FLUCTUATIONS, 
BASED ON ACTIONS IN NEARBY MINES.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

132 INDIVS APRIL, 260 OFC MAY, 152 OFC JUNE, 636 OFC DEC 1992. 109 26 JUNE; 207 3 JULY; 1462 10 DEC 1993. 764 WINTER 1994. 222 JUL 1995. 
1289 JAN, 182 JUL 1996. 266 JAN, 195 JUN 1997. 221 JAN, 183 JUN 1998. 1292 JAN 1999.

PLSS: T15S, R21E, Sec. 20, SE (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3635139 E707835 Latitude/Longitude: 32.83464 / -114.77952 Elevation (feet): 720

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BRO92F0019 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-04-30

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO92R0003 BROWN, P.E. - A SPRING SURVEY FOR BATS OF THE AMERICAN GIRL CANYON PROJECT AND THE ORO CRUZ PROJECT, 
CARGO MUCHACHO MOUNTAINS, IMPERIAL COUNTY, CALIFORNIA. 1992-06-05

BRO93F0045 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1993-07-03

BRO98U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1998-05-04

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX

BRO99U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1999-02-08
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Information Expires 5/29/2021

Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 33093 EO Index: 3604

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 14 Occurrence Last Updated: 1995-04-04

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 1993-12-14 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1993-12-14 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"NE OF CARGO MINE," VICINITY OF JACKSON GULCH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

General:

1 ADULT OBSERVED ROOSTING.

PLSS: T15S, R21E (S) Accuracy: 1/5 mile Area (acres): 0

UTM: Zone-11 N3635466 E708291 Latitude/Longitude: 32.83750 / -114.77458 Elevation (feet): 880

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BRO93F0046 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1993-12-14
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 33096 EO Index: 3606

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 17 Occurrence Last Updated: 2007-03-05

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 2006-01-15 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2006-01-15 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"GUADALUPE MINE," IN THE VICINITY OF THE AMERICAN GIRL WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

2006 OBSERVATION FROM SHAFT OMR #13346.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISTURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

10 FEMALES AND 2 MALES OBSERVED ROOSTING ON 15 DECEMBER 1992; 10 OF THE BATS HAD BEEN PREVIOUSLY BANDED AND ROOSTED IN 
THE AMERICAN BOY MINE, WHCIH IS NOW AN ACTIVE MINING SITE. GUANO DETECTED DURING SURVEY ON 15 JAN 2006.

PLSS: T15S, R21E, Sec. 16, SW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3637459 E709123 Latitude/Longitude: 32.85530 / -114.76525 Elevation (feet): 880

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BRO06R0001 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-02-04

BRO92F0023 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-12-15
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 33095 EO Index: 3605

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 16 Occurrence Last Updated: 2007-04-03

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 1996-07-03 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1996-07-03 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"PADRE MADRE CLAIM," SOUTH OF THE AMERICAN GIRL WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

ONE PORTION OF THIS ROOST IS LOCATED OUTSIDE THE FENCE AND ONE PART IS LOCATED INSIDE THE FENCE. INCLUDES SOUTH OF MINE 
IN INCLINE ON TOP OF HILL.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISTURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

ROOST SITE. OUTSIDE FENCE: 10 OBSERVED 2 MAY, 10 OBSERVED 18 JUN 1992; INSIDE FENCE: 8 OBSERVED ON 2 MAY, 6 OBSERVED ON 18 
JUN 1992. OUTFLIGHT COUNT OF 55 + 25 ON 3 JUL 1996.

PLSS: T15S, R21E, Sec. 19, NE (S) Accuracy: 1/5 mile Area (acres): 0

UTM: Zone-11 N3635878 E706624 Latitude/Longitude: 32.84153 / -114.79229 Elevation (feet): 600

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BRO92F0021 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-05-02

BRO92F0022 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-05-02

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO92R0003 BROWN, P.E. - A SPRING SURVEY FOR BATS OF THE AMERICAN GIRL CANYON PROJECT AND THE ORO CRUZ PROJECT, 
CARGO MUCHACHO MOUNTAINS, IMPERIAL COUNTY, CALIFORNIA. 1992-06-05

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX
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Map Index Number: 33096 EO Index: 3606

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 17 Occurrence Last Updated: 2007-03-05

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 2006-01-15 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2006-01-15 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"GUADALUPE MINE," IN THE VICINITY OF THE AMERICAN GIRL WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

2006 OBSERVATION FROM SHAFT OMR #13346.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISTURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

10 FEMALES AND 2 MALES OBSERVED ROOSTING ON 15 DECEMBER 1992; 10 OF THE BATS HAD BEEN PREVIOUSLY BANDED AND ROOSTED IN 
THE AMERICAN BOY MINE, WHCIH IS NOW AN ACTIVE MINING SITE. GUANO DETECTED DURING SURVEY ON 15 JAN 2006.

PLSS: T15S, R21E, Sec. 16, SW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3637459 E709123 Latitude/Longitude: 32.85530 / -114.76525 Elevation (feet): 880

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BRO06R0001 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-02-04

BRO92F0023 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-12-15
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 33097 EO Index: 3607

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 18 Occurrence Last Updated: 2011-01-18

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 1992-10-12 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1992-10-12 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"TYBO MINE," VICINITY OF THE AMERICAN GIRL WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

INCLUDES LOCALITY "AMERICAN GIRL MINE."

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISTURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

HISTORIC SITE. 150-200 OBS BY P. BROWN 1977. POPULATION HAS LIKELY DECREASED DUE TO RENEWED MINING IN THE AREA AND 
REMOVAL OF WASH VEGETATION. 4 INDIVIDUALS OBSERVED ROOSTING ON 12 OCTOBER 1992.

PLSS: T15S, R21E (S) Accuracy: 1/5 mile Area (acres): 0

UTM: Zone-11 N3637467 E707137 Latitude/Longitude: 32.85575 / -114.78645 Elevation (feet): 740

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BLM80R0014 BUREAU OF LAND MANAGEMENT - THE CALIFORNIA DESERT PLAN 1980-02-XX

BRO92F0024 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-12-10

BRO93U0001 BROWN, P.E., R.D. BERRY & C. BROWN - ABSTRACT OF A PAPER PRESENTED AT THE CALIFORNIA MINING ASSOCIATION 
ANNUAL MEETING IN MONTEREY, MARCH 10, 1993. 1993-03-10
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 26333 EO Index: 40808

Key Quad: Hedges (3211487) Element Code: AMACB01010

Occurrence Number: 26 Occurrence Last Updated: 2007-04-03

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 1999-01-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1999-01-XX Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

MESQUITE ADIT, TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

GATED MINE ENTRANCE. LOCATED TO W OF THE GOLDEN RING. INCLUDES QUEEN INCLINE & MESQUITE MINE. ABOUT 80 OBS 1989. 12 
CAPT/BANDED (C/B) FEB, 49 OBS JUL, 44 IN DEC 1990. 2 C/B MAY, 12 CAPT, 8 OBS DEC 1991. 3 OBS APR/MAY 1992.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREAT OF MINING - SITE IS UNDER CLAIM TO A MINING COMPANY, HUMAN DISTURBANCE, CLOSURE FOR HAZARD ABATEMENT.

General:

3 BANDED BATS CAPT JUN, 15 C/B DEC 1992. ~5 CAPT JUN, 2 IN JUL, 1 OBS DEC '93.1 OBS MAR, OBS IN JUN, 27 IN DEC '94. OBS MAR, 18 IN 6 
JUL '95. 13 OBS IN JAN, OBS IN JUL '96.15 OBS JAN, OBS JUN '97. 13 OBS JAN, OBS JUN '98. 27 OBS JAN '99.

PLSS: T15S, R20E, Sec. 01, SW (S) Accuracy: 2/5 mile Area (acres): 0

UTM: Zone-11 N3640372 E703297 Latitude/Longitude: 32.88266 / -114.82683 Elevation (feet): 700

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

BRO92F0047 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-04-30

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO92R0003 BROWN, P.E. - A SPRING SURVEY FOR BATS OF THE AMERICAN GIRL CANYON PROJECT AND THE ORO CRUZ PROJECT, 
CARGO MUCHACHO MOUNTAINS, IMPERIAL COUNTY, CALIFORNIA. 1992-06-05

BRO93F0073 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-06-28

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 26334 EO Index: 40809

Key Quad: Hedges (3211487) Element Code: AMACB01010

Occurrence Number: 27 Occurrence Last Updated: 2011-08-16

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 1999-01-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1999-01-XX Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

(GOLDEN) QUEEN MINE, IN TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

1990 OBS MATERNITY ROOST. MESQUITE, GOLDEN KING & CROWN MINES & EAST & WEST SOVERIGN PROSPECT INCLUDED HERE. OBS 
EXITING INCLINE & SHAFT IN 1989 OBS & IN JUN 1992. 125 OBS AUG 1989. OBS FEB/JUL/DEC 1990. 2 OBS DEC 1991.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

RENEWED MINING, HUMAN DISTURBANCE, CLOSURE FOR HAZARD ABATEMENT.

General:

14 BANDED, 178 OBS MAY/JUN, 208 OBS DEC 1992. 40 OBS 29 JUN, 5 OBS JUL, 295 OBS DEC, 10 OBS DEC '93. OBS IN MAR/JUN/JUL/DEC '94. OBS 
MAR/JUL '95. 6 OBS JUN, 147 JAN/JUN/JUL '96. OBS JAN/JUN '97. 68 OBS JAN, 50 OBS JUN 1998. 190 OBS JAN '99.

PLSS: T15S, R20E, Sec. 01 (S) Accuracy: 2/5 mile Area (acres): 0

UTM: Zone-11 N3640600 E703890 Latitude/Longitude: 32.88460 / -114.82044 Elevation (feet): 720

County Summary: Quad Summary:

Imperial Hedges (3211487)
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Sources:

BRO92F0048 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-06-26

BRO92F0049 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-06-20

BRO92F0050 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-06-19

BRO92F0051 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-06-20

BRO92F0052 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-05-01

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO92R0003 BROWN, P.E. - A SPRING SURVEY FOR BATS OF THE AMERICAN GIRL CANYON PROJECT AND THE ORO CRUZ PROJECT, 
CARGO MUCHACHO MOUNTAINS, IMPERIAL COUNTY, CALIFORNIA. 1992-06-05

BRO93F0047 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1993-01-23

BRO93F0068 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-12-11

BRO93F0069 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-07-05

BRO93F0070 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-06-29

BRO93F0071 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-07-07

BRO93F0072 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-12-13

BRO98U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1998-05-04

BRO99U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1999-02-08
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 66655 EO Index: 68474

Key Quad: Hedges (3211487) Element Code: AMACB01010

Occurrence Number: 31 Occurrence Last Updated: 2007-04-20

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 2006-01-25 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2006-01-25 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

CARGO MUCHACHO MOUNTAINS, ABOUT 1.4 MI NORTH OF HEDGES.

Detailed Location:

SHAFT & ADIT OMR #13313 & 13316 AND DECLINE OMR #13320.

Ecological:

MATERNITY COLONY FOR MACROTUS CALIFORNICUS.

Threats:

General:

45 INDIVIDUALS OBSERVED IN A SIDE DRIFT OFF THE NORTHWEST BRANCH, 4 FEMALES CAPTURED, BANDED & RELEASED INSIDE THE MINE 
ON 25 JAN 2006.

PLSS: T14S, R20E, Sec. 36, W (S) Accuracy: non-specific area Area (acres): 156

UTM: Zone-11 N3642270 E703327 Latitude/Longitude: 32.89976 / -114.82608 Elevation (feet): 780

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

BRO06R0001 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-02-04

BRO06R0002 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-06-15

Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch Page 15 of 88

Report Printed on Tuesday, December 29, 2020 Information Expires 5/29/2021PC ORIGINAL PKG



Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 68784 EO Index: 69287

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 40 Occurrence Last Updated: 2007-04-10

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 1999-01-17 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1999-01-17 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

AMERICAN BOY MINE. CARGO MUCHACHO MOUNTAINS, TUMCO WASH.

Detailed Location:

Ecological:

Threats:

General:

MAINLY WINTER ROOST PRIOR TO CLOSURE IN 1992. 2 INDIVIDUALS OBSERVED EMERGING FROM ADIT IN JUN 1997. 1 INDIVIDUAL & GUANO 
OBSERVED IN JAN 1998. OUTFLIGHT COUNT OF 6 INDIVIDUALS AND GUANO OBSERVED 17 JAN 1999.

PLSS: T15S, R21E, Sec. 16, NW (S) Accuracy: 1/10 mile Area (acres): 0

UTM: Zone-11 N3638222 E708635 Latitude/Longitude: 32.86227 / -114.77028 Elevation (feet): 740

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BRO98U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1998-05-04

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX

BRO99U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1999-02-08
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06550 EO Index: 82343

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 46 Occurrence Last Updated: 2011-01-18

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G4 IUCN_LC-Least Concern
State: S3 WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS. ROOSTING.

Last Date Observed: 1944-11-23 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1944-11-23 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

OGILBY.

Detailed Location:

Ecological:

Threats:

General:

2 FEMALES COLLECTED 30 MAY 1943. 4 MALES COLLECTED 24 NOV 1944 BY D.G. CONSTANTINE (LACM #11652-11657).

PLSS: T15S, R20E, Sec. 35 (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3633124 E702138 Latitude/Longitude: 32.81754 / -114.84079 Elevation (feet): 360

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BLM80R0014 BUREAU OF LAND MANAGEMENT - THE CALIFORNIA DESERT PLAN 1980-02-XX

CON44S0001 CONSTANTINE, D.G. - LACM RECORDS FOR MACROTUS CALIFORNICUS RECORDS FROM OGILBY 1944-11-24
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 68363 EO Index: 68553

Key Quad: Hedges (3211487) Element Code: AMACC01050

Occurrence Number: 10 Occurrence Last Updated: 2007-03-07

Scientific Name: Myotis velifer Common Name: cave myotis

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G5 IUCN_LC-Least Concern
State: S1 WBWG_M-Medium Priority

General Habitat: Micro Habitat:

LOWLANDS OF THE COLORADO RIVER AND ADJACENT MOUNTAIN REQUIRE CAVES OR MINES FOR ROOSTING.
RANGES.

Last Date Observed: 2006-06-05 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2006-06-05 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

CARGO MUCHACHO MOUNTAINS, ABOUT 1.5 MI NORTH OF HEDGES.

Detailed Location:

SHAFT OMR 13328 IN NW 1/4 OF SECTION 36, NEAR THE BASE OF A WEST FACING HILL. SHAFT WAS 10 X 10 X 50 FT DEEP WITH UNSTABLE 
LOOSE ROCK IN THE TOP 10 FEET.

Ecological:

Threats:

General:

1 BAT OBSERVED EXITING THE SHAFT AFTER DARK 5 JUN 2005. BAT APPEARED TO BE MYOTIS VELIFER BASED ON A COMPARISON OF 
OBSERVATION TIME WITH TIME OF ACOUSTIC RECORDS BUT IDENTIFICATION IS NOT CONFIRMED. M. VELIFER IS RARE HERE.

PLSS: T14S, R20E, Sec. 36, NW (S) Accuracy: non-specific area Area (acres): 151

UTM: Zone-11 N3643058 E703316 Latitude/Longitude: 32.90686 / -114.82603 Elevation (feet): 820

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

BRO06R0002 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-06-15
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 91986 EO Index: 93061

Key Quad: Hedges (3211487) Element Code: AMACC08010

Occurrence Number: 252 Occurrence Last Updated: 2014-04-07

Scientific Name: Corynorhinus townsendii Common Name: Townsend's big-eared bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G3G4 IUCN_LC-Least Concern
State: S2 USFS_S-Sensitive

WBWG_H-High Priority

General Habitat: Micro Habitat:

THROUGHOUT CALIFORNIA IN A WIDE VARIETY OF HABITATS. MOST ROOSTS IN THE OPEN, HANGING FROM WALLS AND CEILINGS. 
COMMON IN MESIC SITES. ROOSTING SITES LIMITING. EXTREMELY SENSITIVE TO HUMAN 

DISTURBANCE.

Last Date Observed: 1947-05-28 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1947-05-28 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 1.4 MI E OF OGILBY ROAD AT GOLD ROCK RANCH ROAD AND ABOUT 3.2 MI NW OF PASADENA PEAK.

Detailed Location:

MAPPED TO LOCALITY STATED AS "TUMCO MINE, 5 MI N, 2 MI E OGILBY."

Ecological:

Threats:

General:

1 MALE COLLECTED ON 28 MAY 1947 (MVZ #106720) BY S. BENSON.

PLSS: T15S, R20E, Sec. 01, SE (S) Accuracy: 1/10 mile Area (acres): 0

UTM: Zone-11 N3640199 E704351 Latitude/Longitude: 32.88090 / -114.81559 Elevation (feet): 830

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

BEN47S0006 BENSON, S. - MVZ #106720 1947-05-28
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 66500 EO Index: 18838

Key Quad: Hedges (3211487) Element Code: AMACC10010

Occurrence Number: 21 Occurrence Last Updated: 2011-08-31

Scientific Name: Antrozous pallidus Common Name: pallid bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G5 IUCN_LC-Least Concern
State: S3 USFS_S-Sensitive

WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERTS, GRASSLANDS, SHRUBLANDS, WOODLANDS AND FORESTS. ROOSTS MUST PROTECT BATS FROM HIGH TEMPERATURES. VERY 
MOST COMMON IN OPEN, DRY HABITATS WITH ROCKY AREAS FOR SENSITIVE TO DISTURBANCE OF ROOSTING SITES.
ROOSTING.

Last Date Observed: 1998-06-13 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1998-06-13 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

INCLUDES QUEEN INCLINE, TUMCO WASH, MESQUITE ADIT, TUMCO WASH, CROWN, QUEEN, W & E SOVEREIGN & TUMCO MINE. OBS FLYING IN 
CAVE IN 1992. MATERNITY COLONY OBS IN 1998.

Ecological:

HABITAT SURROUNDING ROOST CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

THREATENED BY A PROPOSAL TO RENEW MINING.

General:

1 M COLL 17 JUL 1958 (MVZ #122877). 14 OBS AUG 1989. 4 JUV OBS JUN 1992. 5 IN CAVE, 87 IN OUTFLIGHT COUNT MIXED W/ MACROTUS, 25 
CAPT 26 JUN-1 JUL 1993. OBS IN MAR/JUN 1994, MAR 1995, JUL 1996, JUN 1997, & JUN 1998.

PLSS: T15S, R20E, Sec. 01 (S) Accuracy: 3/5 mile Area (acres): 0

UTM: Zone-11 N3640196 E703630 Latitude/Longitude: 32.88100 / -114.82330 Elevation (feet): 720

County Summary: Quad Summary:

Imperial Ogilby (3211477), Hedges (3211487)

Sources:

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO93F0003 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR ANTROZOUS PALLIDUS (ROOST SITE) 1993-06-27

BRO93F0004 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR ANTROZOUS PALLIDUS (ROOST SITE) 1993-06-26

BRO98U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1998-05-04

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX

BRO99U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1999-02-08

MAN04S0028 MAMMAL NETWORKED INFORMATION SYSTEM (MANIS) - PRINTOUT OF ANTROZOUS PALLIDUS SPECIMEN RECORDS FROM 
MANIS. INCLUDES RECORDS FROM MVZ, CAS, KU, UWBM, UMNH, LACM, MSB, FMNH, TTU, MSU. 2004-12-09
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 66655 EO Index: 66798

Key Quad: Hedges (3211487) Element Code: AMACC10010

Occurrence Number: 317 Occurrence Last Updated: 2007-03-12

Scientific Name: Antrozous pallidus Common Name: pallid bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G5 IUCN_LC-Least Concern
State: S3 USFS_S-Sensitive

WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERTS, GRASSLANDS, SHRUBLANDS, WOODLANDS AND FORESTS. ROOSTS MUST PROTECT BATS FROM HIGH TEMPERATURES. VERY 
MOST COMMON IN OPEN, DRY HABITATS WITH ROCKY AREAS FOR SENSITIVE TO DISTURBANCE OF ROOSTING SITES.
ROOSTING.

Last Date Observed: 2006-06-05 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2006-06-05 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

MINES IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

SHAFT & ADIT OMR #13313 & 13316 AND DECLINE OMR #13320.

Ecological:

NIGHT ROOST FOR ANTROZOUS PALLIDUS.

Threats:

General:

6 INDIVIDUALS OBSERVED NIGHT ROOSTING, INCLUDING 1 WITH A PUP ATTACHED, OBSERVED 5 JUN 2006.

PLSS: T14S, R20E, Sec. 36, W (S) Accuracy: non-specific area Area (acres): 156

UTM: Zone-11 N3642270 E703327 Latitude/Longitude: 32.89976 / -114.82608 Elevation (feet): 780

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

BRO06R0001 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-02-04

BRO06R0002 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-06-15
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 26366 EO Index: 4093

Key Quad: Ogilby (3211477) Element Code: AMACD02011

Occurrence Number: 3 Occurrence Last Updated: 1995-02-08

Scientific Name: Eumops perotis californicus Common Name: western mastiff bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G5T4 WBWG_H-High Priority
State: S3S4

General Habitat: Micro Habitat:

MANY OPEN, SEMI-ARID TO ARID HABITATS, INCLUDING CONIFER & ROOSTS IN CREVICES IN CLIFF FACES, HIGH BUILDINGS, TREES AND 
DECIDUOUS WOODLANDS, COASTAL SCRUB, GRASSLANDS, TUNNELS.
CHAPARRAL, ETC.

Last Date Observed: 1993-07-03 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1993-07-03 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

CARGO MINE, IN JACKSON GULCH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

General:

MINE SITE IS FENCED. MASTIFF BAT HEARD FLYING OVERHEAD.

PLSS: T15S, R21E (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3635161 E707853 Latitude/Longitude: 32.83483 / -114.77933 Elevation (feet): 720

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BRO93F0023 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR EUMOPS PEROTIS (CALIFORNICUS) 1993-07-03
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 26334 EO Index: 4095

Key Quad: Hedges (3211487) Element Code: AMACD02011

Occurrence Number: 4 Occurrence Last Updated: 1999-02-03

Scientific Name: Eumops perotis californicus Common Name: western mastiff bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G5T4 WBWG_H-High Priority
State: S3S4

General Habitat: Micro Habitat:

MANY OPEN, SEMI-ARID TO ARID HABITATS, INCLUDING CONIFER & ROOSTS IN CREVICES IN CLIFF FACES, HIGH BUILDINGS, TREES AND 
DECIDUOUS WOODLANDS, COASTAL SCRUB, GRASSLANDS, TUNNELS.
CHAPARRAL, ETC.

Last Date Observed: 1993-06-28 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1993-06-28 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

QUEEN MINE, IN TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

SITE: LARGE INCLINE ENTRANCE WITH A SHAFT TO THE SOUTHWEST.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

General:

TWO MASTIFF BATS HEARD FLYING OVERHEAD.

PLSS: T15S, R20E, Sec. 01 (S) Accuracy: 2/5 mile Area (acres): 0

UTM: Zone-11 N3640600 E703890 Latitude/Longitude: 32.88460 / -114.82044 Elevation (feet): 720

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

BRO93F0024 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR EUMOPS PEROTIS (CALIFORNICUS) 1993-06-28
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 26365 EO Index: 4094

Key Quad: Hedges (3211487) Element Code: AMACD02011

Occurrence Number: 5 Occurrence Last Updated: 1995-02-08

Scientific Name: Eumops perotis californicus Common Name: western mastiff bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G5T4 WBWG_H-High Priority
State: S3S4

General Habitat: Micro Habitat:

MANY OPEN, SEMI-ARID TO ARID HABITATS, INCLUDING CONIFER & ROOSTS IN CREVICES IN CLIFF FACES, HIGH BUILDINGS, TREES AND 
DECIDUOUS WOODLANDS, COASTAL SCRUB, GRASSLANDS, TUNNELS.
CHAPARRAL, ETC.

Last Date Observed: 1993-12-11 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1993-12-11 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

CROWN MINE, IN TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

General:

MASTIFF BATS WERE HEARD FLYING OVER THE SITE.

PLSS: T15S, R20E, Sec. 12 (S) Accuracy: 3/5 mile Area (acres): 0

UTM: Zone-11 N3639579 E704305 Latitude/Longitude: 32.87532 / -114.81623 Elevation (feet): 680

County Summary: Quad Summary:

Imperial Ogilby (3211477), Hedges (3211487)

Sources:

BRO93F0025 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR EUMOPS PEROTIS (CALIFORNICUS) 1993-12-11
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 68739 EO Index: 69217

Key Quad: Hedges (3211487) Element Code: AMACD02011

Occurrence Number: 199 Occurrence Last Updated: 2007-03-28

Scientific Name: Eumops perotis californicus Common Name: western mastiff bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G5T4 WBWG_H-High Priority
State: S3S4

General Habitat: Micro Habitat:

MANY OPEN, SEMI-ARID TO ARID HABITATS, INCLUDING CONIFER & ROOSTS IN CREVICES IN CLIFF FACES, HIGH BUILDINGS, TREES AND 
DECIDUOUS WOODLANDS, COASTAL SCRUB, GRASSLANDS, TUNNELS.
CHAPARRAL, ETC.

Last Date Observed: 1997-06-11 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1997-06-11 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 6 MILES NORTH OF CARGO MUCHACHO MOUNTAINS, VICINITY OF INDIAN WASH.

Detailed Location:

MAPPED ACCORDING TO T-R-S DATA PROVIDED BY SOURCE. SOURCE GIVES LOCALITY AS "CHEMGOLD IMPERIAL PROJECT SITE."

Ecological:

Threats:

General:

INDIVIDUAL(S) DETECTED ACOUSTICALLY (2 AUDIBLE PASSES OVER THE PROPERTY) ON 11 JUN 1997.

PLSS: T13S, R21E, Sec. 32 (S) Accuracy: non-specific area Area (acres): 4,252

UTM: Zone-11 N3652207 E706316 Latitude/Longitude: 32.98877 / -114.79191 Elevation (feet): 800

County Summary: Quad Summary:

Imperial Hedges (3211487), Quartz Peak (3311417)

Sources:

BRO97R0001 BROWN, P.E. (BROWN-BERRY BIOLOGICAL CONSULTING) - REGARDING: BAT SURVEY OF THE CHEMGOLD IMPERIAL PROJECT 
SITE. 1997-07-11
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 68739 EO Index: 69218

Key Quad: Hedges (3211487) Element Code: AMACD04010

Occurrence Number: 38 Occurrence Last Updated: 2007-03-28

Scientific Name: Nyctinomops femorosaccus Common Name: pocketed free-tailed bat

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern

CNDDB Element Ranks: Global: G4 WBWG_M-Medium Priority
State: S3

General Habitat: Micro Habitat:

VARIETY OF ARID AREAS IN SOUTHERN CALIFORNIA; PINE-JUNIPER ROCKY AREAS WITH HIGH CLIFFS.
WOODLANDS, DESERT SCRUB, PALM OASIS, DESERT WASH, DESERT 
RIPARIAN, ETC.

Last Date Observed: 1997-06-11 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1997-06-11 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 6 MILES NORTH OF CARGO MUCHACHO MOUNTAINS, VICINITY OF INDIAN WASH.

Detailed Location:

MAPPED ACCORDING TO T-R-S DATA PROVIDED BY SOURCE. SOURCE GIVES LOCALITY AS "CHEMGOLD IMPERIAL PROJECT SITE."

Ecological:

Threats:

General:

INDIVIDUAL(S) DETECTED ACOUSTICALLY ON 3 OCCASIONS ON 11 JUN 1997.

PLSS: T13S, R21E, Sec. 32 (S) Accuracy: non-specific area Area (acres): 4,252

UTM: Zone-11 N3652207 E706316 Latitude/Longitude: 32.98877 / -114.79191 Elevation (feet): 800

County Summary: Quad Summary:

Imperial Hedges (3211487), Quartz Peak (3311417)

Sources:

BRO97R0001 BROWN, P.E. (BROWN-BERRY BIOLOGICAL CONSULTING) - REGARDING: BAT SURVEY OF THE CHEMGOLD IMPERIAL PROJECT 
SITE. 1997-07-11
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 72878 EO Index: 73765

Key Quad: Clyde (3211488) Element Code: ARAAF01012

Occurrence Number: 150 Occurrence Last Updated: 2011-11-29

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2005-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-04-27 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALONG PIPELINE & WALKER WAY NORTH & SOUTH OF INDIAN WASH, 3.0 - 4.5 MI NW OF THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

MAPPED TO PROVIDED COORDINATES AND MAPS. SE SEC 20, W SEC 28, NE SEC 33, SW SEC 34, AND NW SEC 3.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH PATCHES OF DESERT WASH WOODLAND. DOMINANT SPECIES INCL. BURROBRUSH, BIG 
GALLETA, IRONWOOD, PALO VERDE, CHEESEWEED, BOXTHORN, AFRICAN MUSTARD, MEDITERRANEAN GRASS, & PLANTAIN.

Threats:

POTENTIAL THREATS INCLUDE ROAD & OFF-HIGHWAY TRAFFIC, MILITARY OPERATIONS, PIPELINE CONSTRUCTION, & DEVELOPMENT.

General:

3-4 APR 2001: 8 TORTOISES, 2 CARCASSES, 1 SCUTE, 8 BURROWS (1 OLD, 1 ABANDONED), & 7 SCAT SITES (2 OLD). 21 MAY-10 JUN 2002: 5 
TORTOISES (1 IN BURROW, ALL HEALTHY). 18-27 APR 2005: 5 TORTOISES, 27 BURROWS, 6 PALLET BURROWS, & 8 SCAT SITES.

PLSS: T14S, R20E, Sec. 28 (S) Accuracy: specific area Area (acres): 230

UTM: Zone-11 N3643986 E698390 Latitude/Longitude: 32.91613 / -114.87847 Elevation (feet): 550

County Summary: Quad Summary:

Imperial Hedges (3211487), Clyde (3211488)
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Sources:

GER02F0002 GERMAN, E. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-05-29

GOE02F0008 GOETTEE, P. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-06-07

GOE02F0009 GOETTEE, P. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-05-30

GOE02F0012 GOETTEE, R. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-06-10

GRA02F0003 GRANT, C. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-05-21

MAL01F0004 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0005 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0006 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0007 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0008 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0011 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0012 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0013 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0168 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0171 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0172 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0173 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0174 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0175 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0176 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0177 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0178 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0179 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0195 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0201 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0209 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0210 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0211 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

TET05R0001 TETRA TECH - 2005 SURVEY DESERT TORTOISE (GOPHERUS AZISII) NORTH BAJA PIPELINE EXPANSION PROJECT (NBX) 
RIVERSIDE AND IMPERIAL COUNTIES, CALIFORNIA. 2005-04-27

Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch Page 28 of 88

Report Printed on Tuesday, December 29, 2020 Information Expires 5/29/2021PC ORIGINAL PKG



Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 72990 EO Index: 73903

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 168 Occurrence Last Updated: 2008-11-24

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2005-01-23 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-01-23 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

WEST SIDE OF INDIAN PASS RD, 2.22 MI NE OF THE INTERSECTION OF HWY S34 & INDIAN PASS RD.

Detailed Location:

Ecological:

DESERT PAVEMENT WITH NUMEROUS SMALL WASHES DOMINATED BY IRONWOOD. SURROUNDING AREA IS USED FOR ORVS, RECREATION 
AND HUNTING.

Threats:

ORVS.

General:

1 JUVENILE (6" LONG) OBSERVED AT BURROW SITE ON 23 JAN 2005.

PLSS: T14S, R20E, Sec. 11 (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3648684 E702075 Latitude/Longitude: 32.95780 / -114.83806 Elevation (feet): 685

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

STE05F0004 STEWARD, D. (U.S. BUREAU OF LAND MANAGEMENT-EL CENTRO) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2005-01-
23
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 73129 EO Index: 74060

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 219 Occurrence Last Updated: 2011-11-28

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2005-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-04-27 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 0.7 MI W OF HEDGES ON EAST SIDE OF OGILBY RD, AND ABOUT 1.2 MI E OF GOLD ROCK RANCH.

Detailed Location:

SE QUARTER OF SEC 3, SW QUARTER OF SEC 2, AND NW QUARTER OF SEC 11. MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH PATCHES OF DESERT WASH WOODLAND. DOMINANT SPECIES INCLUDED BURROBRUSH, 
BIG GALLETA, IRONWOOD, PALO VERDE, CHEESEWEED, BOXTHORN, AFRICAN MUSTARD, MEDITERRANEAN GRASS, & PLANTAIN.

Threats:

POTENTIAL THREATS INCLUDED ROAD, PEDESTRIAN, & OFF-HIGHWAY TRAFFIC, MILITARY OPERATIONS, FIREARMS USAGE, & DEVELOPMENT.

General:

10 INCH FEMALE AND 210 MM MALE (BOTH IN A BURROWS), 2 ACTIVE BURROWS, AND 3 FRESH SCAT SITES OBSERVED ON 4 APR 2001. 2 
BURROWS AND 2 SCAT SITES OBSERVED BETWEEN 18 & 27 APR 2005.

PLSS: T15S, R20E, Sec. 03, SE (S) Accuracy: specific area Area (acres): 29

UTM: Zone-11 N3640253 E701613 Latitude/Longitude: 32.88189 / -114.84484 Elevation (feet): 550

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

MAL01F0002 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0003 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0181 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0182 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0183 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0184 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

TET05R0001 TETRA TECH - 2005 SURVEY DESERT TORTOISE (GOPHERUS AZISII) NORTH BAJA PIPELINE EXPANSION PROJECT (NBX) 
RIVERSIDE AND IMPERIAL COUNTIES, CALIFORNIA. 2005-04-27
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 73130 EO Index: 74061

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 220 Occurrence Last Updated: 2011-10-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INDIAN WASH, 0.25 MI SSW OF WHERE HWY 34 CROSSES THE WASH, NNW OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT WITH A MIX OF CREOSOTE AND AMBROSIA DUMOSA NEAR POWER LINES AND A 
ROAD.

Threats:

POTENTIAL THREATS INCLUDE ORV AND ROAD TRAFFIC.

General:

10" FEMALE TORTOISE, MALE CARCASS (LESS THAN 5 YEARS DEAD), 3 SCATS, AND A BURROW OBSERVED ON 6 APR 2001.

PLSS: T14S, R20E, Sec. 22 (S) Accuracy: specific area Area (acres): 15

UTM: Zone-11 N3645181 E700920 Latitude/Longitude: 32.92644 / -114.85117 Elevation (feet): 615

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

MAL01F0009 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0192 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0194 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 73131 EO Index: 74062

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 221 Occurrence Last Updated: 2011-10-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

0.9 MILE NE OF HWY 34 AT INDIAN PASS RD, NNW OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

NEAR CENTER OF SEC 15. MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT NEAR POWER LINES.

Threats:

POTENTIAL THREATS INCLUDE ROAD TRAFFIC AND OFF-HIGHWAY VEHICLES.

General:

1 TORTOISE (8-9" LONG) IN BURROW AND 6 OTHER BURROWS (AT LEAST 2 ACTIVE) OBSERVED ON 6 APR 2001.

PLSS: T14S, R20E, Sec. 15 (S) Accuracy: specific area Area (acres): 22

UTM: Zone-11 N3647577 E700243 Latitude/Longitude: 32.94817 / -114.85788 Elevation (feet): 630

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

MAL01F0010 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0188 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0189 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0190 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0191 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 82148 EO Index: 83131

Key Quad: Ogilby (3211477) Element Code: ARAAF01012

Occurrence Number: 294 Occurrence Last Updated: 2011-04-04

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 1988-03-19 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1988-03-19 Occurrence Rank: Unknown

Owner/Manager: BLM, PVT-EVERGLADE LLC Trend: Unknown

Presence: Presumed Extant

Location:

AMERICAN GIRL WASH NEAR OBREGON, IN THE CARGO MUCHACHO MOUNTAINS, ABOUT 9 MI NW OF ARAZ JUNCTION.

Detailed Location:

MAPPED TO PROVIDED MAP.

Ecological:

HABITAT CONSISTED OF A LOW VALLEY BETWEEN SEVERAL BARREN LOW HILLS. PALLET WAS OBSERVED UNDER A LARGE FRANSERIA 
SHRUB.

Threats:

POSSIBLY THREATENED BY EARTH MOVING ACTIVITIES FROM MINING OPERATIONS.

General:

1 ADULT MALE TORTOISE (>25 YEARS OLD, 258 MM MCL) OBS WALKING NEAR PALLET BURROW 20 MAR 1988. 8 OF 13 TRANSECTS IN GENERAL 
AREA FOUND BURROWS OR PALLET BURROWS & LARGE AMOUNTS OF TORTOISE SCAT WAS FOUND AT THE AMERICAN BOY MINE TUNNEL.

PLSS: T15S, R21E, Sec. 17 (S) Accuracy: 2/5 mile Area (acres): 0

UTM: Zone-11 N3637866 E707119 Latitude/Longitude: 32.85935 / -114.78655 Elevation (feet): 660

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

MED88R0001 MEDICA, P. - SURVEY OF THE SOUTHWESTERN PORTION OF THE CARGO MUCHACHO MOUNTAINS FOR THE DESERT 
TORTOISE IN THE VICINITY OF THE AMERICAN GIRL MINE. 1988-03-20
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 82786 EO Index: 83784

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 467 Occurrence Last Updated: 2011-07-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

0.9 MI WSW OF LA COLORADO MINE, 2 MI NW OF HEDGES, NW OF CARGO MUCHACHO MOUNTAINS, ABOUT 17.5 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN DESERT WASH WOODLAND WITH A MIX OF IRONWOOD AND PALO VERDE NEAR POWER LINES.

Threats:

POTENTIAL THREATS INCLUDE OFF-HIGHWAY VEHICLES.

General:

2 BURROWS WITH 4 OLD SCATS OBSERVED 6 APR 2001.

PLSS: T14S, R20E, Sec. 35, NW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3643007 E701447 Latitude/Longitude: 32.90674 / -114.84601 Elevation (feet): 620

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

MAL01F0193 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 82788 EO Index: 83785

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 468 Occurrence Last Updated: 2011-07-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

6 MI NNW OF HEDGES, JUST NW OF CARGO MUCHACHO MOUNTAINS, ABOUT 21 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT NEAR POWER LINES.

Threats:

POTENTIAL THREATS INCLUDE OFF-HIGHWAY VEHICLES.

General:

A 9" LONG MALE CARCASS RECENTLY KILLED OBSERVED WITH BURROW AND PALLETS BURROWS, AND ANOTHER ACTIVE BURROW 
OBSERVED SEPARATELY, BOTH ON 6 APR 2001.

PLSS: T14S, R20E, Sec. 10, NW (S) Accuracy: specific area Area (acres): 8

UTM: Zone-11 N3649143 E699938 Latitude/Longitude: 32.96234 / -114.86080 Elevation (feet): 700

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

MAL01F0185 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0186 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 82790 EO Index: 83786

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 469 Occurrence Last Updated: 2011-07-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

5.5 MI NNW OF HEDGES, JUST NW OF CARGO MUCHACHO MOUNTAINS, ABOUT 20.5 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES FOR BURROW WITH SCAT.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT NEAR POWER LINES.

Threats:

POTENTIAL THREATS INCLUDE OFF-HIGHWAY VEHICLES.

General:

BURROW WITH SCAT OBSERVED ON 6 APR 2001. OLD SCAT ALSO FOUND NEARBY TO THE NNW ON SAME DATE.

PLSS: T14S, R20E, Sec. 15, N (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3648110 E700475 Latitude/Longitude: 32.95293 / -114.85529 Elevation (feet): 650

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

MAL01F0187 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0199 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 84033 EO Index: 85069

Key Quad: Ogilby (3211477) Element Code: ARAAF01012

Occurrence Number: 876 Occurrence Last Updated: 2011-10-20

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2005-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-04-27 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1 MI SSW OF HEDGES, JUST NW OF CARGO MUCHACHO MTNS, ABOUT 15 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH PATCHES OF DESERT WASH WOODLAND. DOMINANT SPECIES INCL. BURROBRUSH, BIG 
GALLETA, IRONWOOD, PALO VERDE, CHEESEWEED, BOXTHORN, AFRICAN MUSTARD, MEDITERRANEAN GRASS, & PLANTAIN.

Threats:

POTENTIAL THREATS INCLUDE ROAD, PEDESTRIAN, & OFF-HIGHWAY TRAFFIC, MILITARY OPERATIONS, FIREARMS USAGE, & DEVELOPMENT.

General:

3 TORTOISE BURROWS OBSERVED BETWEEN 18 & 27 APR 2005.

PLSS: T15S, R20E, Sec. 14, SW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3637487 E702200 Latitude/Longitude: 32.85686 / -114.83917 Elevation (feet): 470

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

TET05R0001 TETRA TECH - 2005 SURVEY DESERT TORTOISE (GOPHERUS AZISII) NORTH BAJA PIPELINE EXPANSION PROJECT (NBX) 
RIVERSIDE AND IMPERIAL COUNTIES, CALIFORNIA. 2005-04-27
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 84034 EO Index: 85070

Key Quad: Ogilby (3211477) Element Code: ARAAF01012

Occurrence Number: 877 Occurrence Last Updated: 2011-11-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2005-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-04-27 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1 MI SSW OF HEDGES, JUST NW OF CARGO MUCHACHO MTNS, ABOUT 15 MI NW OF YUMA.

Detailed Location:

MAPPED TO CARCASS COORDINATES.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH PATCHES OF DESERT WASH WOODLAND. DOMINANT SPECIES INCL. BURROBRUSH, BIG 
GALLETA, IRONWOOD, PALO VERDE, CHEESEWEED, BOXTHORN, AFRICAN MUSTARD, MEDITERRANEAN GRASS, & PLANTAIN.

Threats:

POTENTIAL THREATS INCLUDE ROAD, PEDESTRIAN, & OFF-HIGHWAY TRAFFIC, MILITARY OPERATIONS, FIREARMS USAGE, & DEVELOPMENT.

General:

4 PIECES OF SCAT OBSERVED 4 APR 2001. TORTOISE CARCASS OBSERVED BETWEEN 18 & 27 APR 2005.

PLSS: T15S, R20E, Sec. 14, NW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3638296 E702226 Latitude/Longitude: 32.86414 / -114.83872 Elevation (feet): 490

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

MAL01F0247 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

TET05R0001 TETRA TECH - 2005 SURVEY DESERT TORTOISE (GOPHERUS AZISII) NORTH BAJA PIPELINE EXPANSION PROJECT (NBX) 
RIVERSIDE AND IMPERIAL COUNTIES, CALIFORNIA. 2005-04-27
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 84035 EO Index: 85071

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 878 Occurrence Last Updated: 2011-11-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2001-04-04 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-04 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1.5 MI WNW OF HEDGES, JUST NW OF CARGO MUCHACHO MTNS, ABOUT 17 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT.

Threats:

POTENTIAL THREATS INCLUDE OFF-HIGHWAY VEHICLES.

General:

CARCASS OBSERVED 4 APR 2001.

PLSS: T15S, R20E, Sec. 03, NE (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3640982 E701289 Latitude/Longitude: 32.88853 / -114.84813 Elevation (feet): 540

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

MAL01F0180 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 84137 EO Index: 85165

Key Quad: Ogilby (3211477) Element Code: ARAAF01012

Occurrence Number: 906 Occurrence Last Updated: 2011-11-04

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened Other Lists: IUCN_VU-Vulnerable

CNDDB Element Ranks: Global: G3

State: S2S3

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT. CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 

BLOOMS PREFERRED.

Last Date Observed: 2001-04-04 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-04 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

2 MI N OF OGILBY, 3.5 MI ESE OF CACTUS, W OF CARGO MUCHACHO MTNS.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH AMBROSIA.

Threats:

POTENTIAL THREATS INCLUDED ORV USE.

General:

FRESH SCAT OBSERVED 4 APR 2001.

PLSS: T15S, R20E, Sec. 23, NW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3636478 E702069 Latitude/Longitude: 32.84778 / -114.84078 Elevation (feet): 450

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

MAL01F0246 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06562 EO Index: 14018

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 32 Occurrence Last Updated: 2003-01-17

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G3 IUCN_NT-Near Threatened
State: S2

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES. BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 

VEGETATIVE COVER AND ANTS.

Last Date Observed: 2002-06-09 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-06-09 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 0.8 MILE SE OF I-8 AT OGILBY ROAD AND 4 MI S OF OGILBY.

Detailed Location:

1979: LOCATION GIVEN ONLY AS SECTION 24. 2002: SPECIFIC LOCATION GIVEN ON OBSERVATION ALONG PIPELINE.

Ecological:

CREOSOTE SCRUB, SANDY GRAVEL.

Threats:

OHV TRAFFIC AND PIPELINE CONSTRUCTION.

General:

1 LIZARD AND 3 SCATS OBSERVED ON 26 APR 1979, LOCATION GIVEN ONLY AS SECTION 24. 1 LIVE ADULT FOUND IN PIPELINE TRENCH AND 
MOVED 100 YDS WEST OF RIGHT-OF-WAY ON 9 JUN 2002.

PLSS: T16S, R20E, Sec. 24, SW (S) Accuracy: 1/10 mile Area (acres): 0

UTM: Zone-11 N3626132 E703835 Latitude/Longitude: 32.75420 / -114.82421 Elevation (feet): 240

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

HAS02F0004 HASHAGEN, K. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR PHRYNOSOMA MCALLII 2002-06-09

TUR80R0001 TURNER, F. ET AL. - A SURVEY OF THE OCCURRENCE AND ABUNDANCE OF THE FLAT-TAILED HORNED LIZARD IN CALIFORNIA. 
LABORATORY OF NUCLEAR MEDICINE AND RADIATION BIOLOGY, UC LOS ANGELES 1980-01-25
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 23027 EO Index: 14019

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 33 Occurrence Last Updated: 2015-09-03

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G3 IUCN_NT-Near Threatened
State: S2

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES. BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 

VEGETATIVE COVER AND ANTS.

Last Date Observed: 2013-04-28 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-04-28 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INTERSECTION OF INTERSTATE 8 AND BLYTHE OGILBY ROAD, PILOT KNOB MESA, EAST OF ALGODONES DUNES.

Detailed Location:

MAPPED TO INCLUDE 1966 LOCALITY, "3.9 MI S OGILBY," 1968 LOCALITY, "OGILBY RD NEAR US HWY 80" (NOW I-8), AND COORDINATES GIVEN 
FOR 2013 DETECTION.1979 DETECTION LOCATION REPORTED ONLY AS SECTION 23 ALSO ATTRIBUTED HERE.

Ecological:

DUNE HABITAT.

Threats:

General:

1 COLLECTED 14 MAY 1966. 1 COLLECTED 8 SEP 1968. ONE OBSERVED 26 APR 1979. 1 OBSERVED ON 28 APR 2013.

PLSS: T16S, R20E, Sec. 23, NW (S) Accuracy: 2/5 mile Area (acres): 0

UTM: Zone-11 N3626458 E702395 Latitude/Longitude: 32.75740 / -114.83950 Elevation (feet): 220

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

HER16D0001 HERP, INC. - HERPETOLOGICAL EDUCATION AND RESEARCH PROJECT (HERP) DATABASE. FORMERLY A PROJECT OF THE 
NORTH AMERICAN FIELD HERPING ASSOCIATION 2016-10-11

MCD66S0001 MCDIARMID, R. - MCDIARMID #66-17 -1 LACM #8862 COLLECTED FROM 3.9 MI S OGILBY 1966-05-14

TUR80R0001 TURNER, F. ET AL. - A SURVEY OF THE OCCURRENCE AND ABUNDANCE OF THE FLAT-TAILED HORNED LIZARD IN CALIFORNIA. 
LABORATORY OF NUCLEAR MEDICINE AND RADIATION BIOLOGY, UC LOS ANGELES 1980-01-25

WIE68S0001 WIEWANDT, T. - UAZ #28045 COLLECTED FROM OGILBY RD NEAR US HWY 80 1968-09-08
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06544 EO Index: 14020

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 34 Occurrence Last Updated: 2012-06-20

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G3 IUCN_NT-Near Threatened
State: S2

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES. BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 

VEGETATIVE COVER AND ANTS.

Last Date Observed: 1979-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1980-06-20 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

PILOT KNOB MESA, ABOUT 1 MILE NW OF I-8 AT OGILBY RD (S34) AND 2 MILES SSW OF OGILBY.

Detailed Location:

SDNHM LOCALITIES: "OGILBY; 2 MILES SW OF." MAPPED TO PROVIDED TRS FROM 1979 "SECTION SEARCHES." VICINITY OF PLOT #7 IN 1980 
SURVEY, ABOUT 1 MILE NW OF S34 AT I-8.

Ecological:

1980: CREOSOTE AND BURSAGE WERE DOMINANT PERENNIALS, IRONWOOD PRESENT. POGONOMYRMEX NESTS FOUND AT SITE. FRINGE-
TOED LIZARDS ALSO OCCUR IN THIS AREA & HAVE SCAT INDISTINGUISHABLE FROM THAT OF FTHL; MORE RESEARCH IN THIS AREA IS 
NEEDED.

Threats:

General:

SDNHM #56513 & 56514 COLLECTED BY M. MCCOID ON 25 MAY 1975. 1 OBSERVED IN SEC 10, 1 OBSERVED IN SEC 15 ON 27 APR 1979. 0 FTHL 
AND 6 SCATS FOUND 17-20 JUN 1980.

PLSS: T16S, R20E, Sec. 10 (S) Accuracy: non-specific area Area (acres): 1,296

UTM: Zone-11 N3628756 E701038 Latitude/Longitude: 32.77837 / -114.85348 Elevation (feet): 240

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

ALT80R0001 ALTMAN, E. ET AL. - AN EVALUATION OF THE RELATIVE ABUNDANCE OF THE FLAT-TAILED HORNED LIZARD (PHRYNOSOMA 
MCALLII) IN 10 AREAS IN SOUTHEASTERN CALIFORNIA 1980-09-XX

HER09S0001 HERPNET - PRINTOUT OF PHRYNOSOMA MCALLII RECORDS FROM MULTIPLE MUSEUMS EXCEPT MVZ. 2009-12-09

TUR80R0001 TURNER, F. ET AL. - A SURVEY OF THE OCCURRENCE AND ABUNDANCE OF THE FLAT-TAILED HORNED LIZARD IN CALIFORNIA. 
LABORATORY OF NUCLEAR MEDICINE AND RADIATION BIOLOGY, UC LOS ANGELES 1980-01-25
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06564 EO Index: 22417

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 39 Occurrence Last Updated: 2012-09-26

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G3 IUCN_NT-Near Threatened
State: S2

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES. BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 

VEGETATIVE COVER AND ANTS.

Last Date Observed: 1947-07-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1947-07-26 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ALONG I-8, ABOUT 2 MILES W OF FELICITY AND 5 MILES SSE OF OGILBY.

Detailed Location:

COULD NOT LOCATE PROVIDED LOCALITY "SPRINGERS." MAPPED TO TRS GIVEN IN BLM'S COMPILATION OF MUSEUM SPECIMENS 
(BLM80S0020).

Ecological:

Threats:

General:

SDMNH SPECIMEN #38521 COLLECTED BY CHARLES SHAW ON 26 JUL 1947.

PLSS: T16S, R21E, Sec. 19, NW (S) Accuracy: 2/5 mile Area (acres): 0

UTM: Zone-11 N3626155 E705959 Latitude/Longitude: 32.75401 / -114.80155 Elevation (feet): 253

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Ogilby (3211477)

Sources:

BLM80S0020 BUREAU OF LAND MANAGEMENT - DESERT PLAN STAFF - COMPILATION OF HISTORIC MUSEUM SPECIMEN INFORMATION FOR 
PHRYNOSOMA MCALLII, COLLECTED DURING THE PREPARATION OF "THE CALIFORNIA DESERT PLAN" 1980-XX-XX

HER09S0001 HERPNET - PRINTOUT OF PHRYNOSOMA MCALLII RECORDS FROM MULTIPLE MUSEUMS EXCEPT MVZ. 2009-12-09
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 39690 EO Index: 34692

Key Quad: Grays Well NE (3211467) Element Code: ARACF12040

Occurrence Number: 79 Occurrence Last Updated: 1998-09-10

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G3 IUCN_NT-Near Threatened
State: S2

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES. BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 

VEGETATIVE COVER AND ANTS.

Last Date Observed: 1984-05-17 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1984-05-17 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

WHERE HIGHWAY 8 CROSSES THE ALL AMERICAN CANAL (BM 196), SE TOWARD CALIFORNIA-MEXICO BORDER, 5 MILES NE OF GRAYS WELL.

Detailed Location:

SCAT FOUND ON NORTH SIDE OF CANAL FROM HIGHWAY CROSSING TO 3 MILES SOUTHEAST OF HIGHWAY 8.

Ecological:

MOST OF THE HABITAT ALONG THE PROPOSED CANAL ROUTE COULD CONTAIN LIZARDS EXCEPT WETLAND/RIPARIAN AREA BETWEEN 
DROPS 3 & 4, & ALGODONES DUNES (BETWEEN SEGMENT MARKERS 7 TO 11).

Threats:

General:

ABUNDANCE INDEX OF LIZARDS WAS DETERMINED PER SECTION BY COUNTING SCAT.

PLSS: T16S, R20E, Sec. 52 (S) Accuracy: non-specific area Area (acres): 193

UTM: Zone-11 N3624577 E701707 Latitude/Longitude: 32.74057 / -114.84725 Elevation (feet): 200

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Ogilby (3211477)

Sources:

ROR84R0001 RORABAUGH, J. (U.S. BUREAU OF RECLAMATION) - AN EVALUATION OF FLAT-TAILED HORNED LIZARD (PHRYNOSOMA 
MCALLII) HABITAT QUALITY ALONG 40.9 KM (25.4 MI) OF THE PROPOSED ALL-AMERICAN CANAL ROUTE IN IMPERIAL COUNTY, 
CALIFORNIA 1984-06-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 49935 EO Index: 49935

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 89 Occurrence Last Updated: 2015-09-03

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern

CNDDB Element Ranks: Global: G3 IUCN_NT-Near Threatened
State: S2

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES. BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 

VEGETATIVE COVER AND ANTS.

Last Date Observed: 2002-05-29 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-05-29 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

0.5 MILE ESE OF THE JUNCTION OF INTERSTATE 8 AND BLYTHE OGILBY ROAD, EAST SIDE OF ALGODONES DUNES.

Detailed Location:

Ecological:

CREOSOTE SCRUB, SANDY GRAVEL, FLAT.

Threats:

PIPELINE CONSTRUCTION, SURROUNDING USE IS DESERT RECREATION.

General:

ONE ADULT KILLED BY CONSTRUCTION EQUIPMENT 29 MAY 2002.

PLSS: T16S, R20E, Sec. 23, NE (S) Accuracy: 1/10 mile Area (acres): 0

UTM: Zone-11 N3626463 E703430 Latitude/Longitude: 32.75725 / -114.82845 Elevation (feet): 220

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

NIE02F0002 NIEUWEHUIZEN, I. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR PHRYNOSOMA MCALLII 2002-05-29
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06540 EO Index: 22762

Key Quad: Ogilby (3211477) Element Code: IICOL30060

Occurrence Number: 5 Occurrence Last Updated: 1989-08-11

Scientific Name: Anomala hardyorum Common Name: Hardy's dune beetle

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: G1

State: S1

General Habitat: Micro Habitat:

KNOWN ONLY FROM CREOSOTE BUSH SCRUB HABITAT IN THE ADULTS ACTIVE AT DUSK, GENERALLY ON NORTH OR EAST SLIP 
VICINITY OF THE ALGODONES DUNES, IMPERIAL COUNTY. FACES OF DUNES.

Last Date Observed: 1979-04-12 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1979-04-12 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNE SYSTEM, 4 MI SSW OF OGILBY.

Detailed Location:

Ecological:

NO KNOWN HOST PLANT. ADULTS HAVE BEEN SIFTED FROM SAND BENEATH A WIDE VARIETY OF PLANTS. NOTHING IS KNOWN OF THE 
IMMATURE STAGES. ADULTS ARE ACTIVE AT DUSK, GENERALLY ON NORTH- OR EAST-FACING SLIP FACES.

Threats:

General:

PLSS: T16S, R20E, Sec. 22, NW (S) Accuracy: 1/5 mile Area (acres): 0

UTM: Zone-11 N3626372 E700427 Latitude/Longitude: 32.75699 / -114.86051 Elevation (feet): 205

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

HAR79R0001 HARDY, A. ET AL. (CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE) - AN INVENTORY OF SELECTED COLEOPTERA 
FROM THE ALGODONES DUNES. REPORT TO BLM, CONTRACT CA-060-CT 8-68. 1979-XX-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: B5349 EO Index: 118239

Key Quad: Glamis (3211581) Element Code: IICOL33020

Occurrence Number: 1 Occurrence Last Updated: 2020-05-01

Scientific Name: Cyclocephala wandae Common Name: Wandae dune beetle

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: G1G2

State: S1S2

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY. �

Last Date Observed: 1972-09-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1972-09-XX Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

SPECIMENS WERE COLLECTED USING BLACKLIGHTS IN 1971 AND 1972.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

UTM: Zone-11 N3642497 E681857 Latitude/Longitude: 32.90558 / -115.05548 Elevation (feet): 250

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

AND79R0001 ANDREWS, F. ET AL. (CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE) - THE COLEOPTEROUS FAUNA OF SELECTED 
CALIFORNIA SAND DUNES. REPORT TO BLM. 1979-03-15

HAR74A0001 HARDY, A. (CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE) - A NEW SPECIES OF CYCLOCEPHALA LATREILLE FROM 
CALIFORNIA SAND DUNES (COLEOPTERA: SCARABAEIDAE). THE PAN-PACIFIC ENTOMOLOGIST 50: 160-161. 1974-04-XX

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

WAS72S0001 WASBAUER, M. & A. HARDY - CAS #11941 & USNM #11065335 & CMN #17140 COLLECTED 3 MI NW OF GLAMIS 1972-09-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 06540 EO Index: 22697

Key Quad: Ogilby (3211477) Element Code: IICOL37020

Occurrence Number: 15 Occurrence Last Updated: 1989-08-11

Scientific Name: Pseudocotalpa andrewsi Common Name: Andrew's dune scarab beetle

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: G1

State: S1

General Habitat: Micro Habitat:

ENDEMIC TO THE CREOSOTE BUSH SCRUB HABITAT OF ALGODONES INHABITS BOTH SURFACE AND SUB-SURFACE OF SAND, UTILIZING 
DUNES, NW OF GLAMIS, IMPERIAL COUNTY; 100-400 FT ELEVATION. THE WET SAND INTERFACE AS PROTECTION FROM THE HEAT OF 

THE DAY.

Last Date Observed: 1979-04-12 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1979-04-12 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNE SYSTEM, 4 MI SSW OF OGILBY.

Detailed Location:

ENDEMIC TO THE ALGODONES DUNES.

Ecological:

FLIGHT ACTIVITY 10-30 MINUTES AFTER SUNSET, DIGGING IN 1-2 MINUTES AFTER LANDING, DESCENDING TO THE WET SAND INTERFACE 
(USUALLY 5-8 CM, UP TO 30 CM). HOST PLANT UNKNOWN, ALTHOUGH MOST ADULTS SWARM AROUND CREOSOTE.

Threats:

OHVS. THE DUNES SOUTH OF HWY 78 ARE THE IMPERIAL SAND DUNES OHVA.

General:

ADULTS SWARM FROM APRIL TO MID-MAY.

PLSS: T16S, R20E, Sec. 22 (S) Accuracy: 1/5 mile Area (acres): 0

UTM: Zone-11 N3626372 E700427 Latitude/Longitude: 32.75699 / -114.86051 Elevation (feet): 200

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

HAR79R0001 HARDY, A. ET AL. (CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE) - AN INVENTORY OF SELECTED COLEOPTERA 
FROM THE ALGODONES DUNES. REPORT TO BLM, CONTRACT CA-060-CT 8-68. 1979-XX-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: B5349 EO Index: 118258

Key Quad: Glamis (3211581) Element Code: IIDIP07040

Occurrence Number: 1 Occurrence Last Updated: 2020-05-01

Scientific Name: Efferia macroxipha Common Name: Glamis robberfly

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: G1G2

State: S1S2

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY. �

Last Date Observed: 1988-09-12 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1988-09-12 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

SPECIMENS WERE COLLECTED IN THIS VICINITY IN 1986, 1987, AND 1988.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

UTM: Zone-11 N3642497 E681857 Latitude/Longitude: 32.90558 / -115.05548 Elevation (feet): 250

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

FOR88S0001 FORBES, G. - NMSU #48873, 48903, 48905, 48906, 48908-48911, 48914, 48915, 48919, 48922, 48925, 48928, 48929, 48931 & 48933 
COLLECTED FROM ALGODONES DUNES, RT 78, 0.8 MI W GECKO RD 1988-09-12

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

KIM17A0001 KIMSEY, L. ET AL. - INSECT BIODIVERSITY OF THE ALGODONES DUNES OF CALIFORNIA 2017-11-24

ROG86S0001 ROGERS, R. - CAS #16132 & NMSU #48932 COLLECTED FROM SAND DUNES, 2 MI W OF GLAMIS, HWY 78 1986-09-19

ROG87S0001 ROGERS, R. - NMSU #48916, 48918, 48926 & 48927 COLLECTED FROM GECKO CAMPGROUND RD, NEAR HWY 78 1987-09-12

ROG87S0002 ROGERS, R. - NMSU #48920 COLLECTED FROM GECKO CAMPGROUND RD, NEAR HWY 78 1987-09-21
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: B5349 EO Index: 118240

Key Quad: Glamis (3211581) Element Code: IIDIP54020

Occurrence Number: 1 Occurrence Last Updated: 2020-04-28

Scientific Name: Apiocera warneri Common Name: Glamis sand fly

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: G1G2

State: S1S2

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY. �

Last Date Observed: 1982-09-15 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1982-09-15 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

THIS SPECIES IS ONLY KNOWN FROM THE TYPE COLLECTIONS. THESE WERE MADE 1.5 MILES WEST OF GLAMIS AND 4 MILES NORTH OF 
GLAMIS ON 15 SEP 1982.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

UTM: Zone-11 N3642497 E681857 Latitude/Longitude: 32.90558 / -115.05548 Elevation (feet): 250

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

CAZ85A0002 CAZIER, M. - NEW SPECIES AND NOTES ON FLIES BELONGING TO THE GENUS APIOCERA (DIPTERA, APIOCERIDAE). AMERICAN 
MUSEUM NOVITATES 2837: 1-28. 1985-11-14

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch Page 51 of 88

Report Printed on Tuesday, December 29, 2020 Information Expires 5/29/2021PC ORIGINAL PKG



Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: B5349 EO Index: 118355

Key Quad: Glamis (3211581) Element Code: IIHYM01130

Occurrence Number: 1 Occurrence Last Updated: 2020-05-06

Scientific Name: Perdita algodones Common Name: Algodones perdita

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: G1G2

State: S1S2

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY. �

Last Date Observed: 1972-04-09 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1972-04-09 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

COLLECTIONS WERE MADE FROM THIS VICINITY IN 1965, 1968, AND 1972.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

UTM: Zone-11 N3642497 E681857 Latitude/Longitude: 32.90558 / -115.05548 Elevation (feet): 250

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

HAR72S0005 HARDY, A. - UCRC #165955 COLLECTED 3 MILES NW OF GLAMIS, KIPF ROAD, ALGODONES DUNES 1972-04-09

IRW65S0001 IRWIN, M. - UCRC #165956 COLLECTED 1 MILE WEST OF GLAMIS 1965-04-25

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

RAU68S0001 RAUCH, P. - CAS #14416 COLLECTED 3.5 MILES NW OF GLAMIS 1968-04-13

TIM80A0001 TIMBERLAKE, P. - SUPPLEMENTARY STUDIES ON THE SYSTEMATICS OF THE GENUS PERDITA (HYMENOPTERA, ANDRENIDAE), 
PART II. UNIVERSITY OF CALIFORNIA PUBLICATIONS IN ENTOMOLOGY 85. 1980-05-XX
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Map Index Number: B5349 EO Index: 119180

Key Quad: Glamis (3211581) Element Code: IIHYM01140

Occurrence Number: 1 Occurrence Last Updated: 2020-09-28

Scientific Name: Perdita frontalis Common Name: Imperial Perdita

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: G1G2

State: S1S2

General Habitat: Micro Habitat:

� �

Last Date Observed: 2014-05-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2014-05-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

VARIOUS COLLECTION LOCALITIES DESCRIBED AS FROM GLAMIS TO 5.7 MILES WEST OF GLAMIS. MAPPED NON-SPECIFICALLY ACROSS THE 
EXTENT OF THE ALGODONES DUNES.

Ecological:

MOST COLLECTIONS WERE MADE FROM FLOWERS OF TIQUILA PLICATA.

Threats:

General:

COLLECTIONS WERE MADE IN 1960, 1962, 2012, 2013, AND 2014.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

UTM: Zone-11 N3642497 E681857 Latitude/Longitude: 32.90558 / -115.05548 Elevation (feet): 250

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

DIC60S0004 DICKSON, R. - CAS #14531 COLLECTED FROM SAND DUNES, 5.7 MILES WEST OF GLAMIS, IMPERIAL CO, CA, ON ERIOGONUM 
DESERTICOLA 1960-07-25

DIC60S0005 DICKSON, R. - UCRC #173923 COLLECTED E BRAWLEY, ON ERIOGONUM DESERTICOLA 1960-06-28

DIC60S0006 DICKSON, R. - UCRC #173924 COLLECTED FROM SAND DUNES S OF BRAWLEY, ON COLDENIA PLICATA 1960-07-11

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

POR16A0001 PORTMAN, Z. ET AL. - TAXONOMIC REVISION OF PERDITA SUBGENUS HETEROPERDITA TIMBERLAKE (HYMENOPTERA: 
ANDREDIDAE), WITH DESCRIPTIONS OF TWO ANT-LIKE MALES. ZOOTAXA 4214(1): 1-97. 2016-XX-XX

TIM68A0001 TIMBERLAKE, P. - A REVISIONAL STUDY OF THE BEES OF THE GENUS PERDITA F. SMITH, WITH SPECIAL REFERENCE TO THE 
FAUNA OF THE PACFIC COAST. PART VII. UNIVERSITY OF CA PUBLICATIONS IN ENTOMOLOGY 49. 1968-XX-XX

YAN20U0001 YANEGA, D. (UNIVERSITY OF CALIFORNIA, RIVERSIDE) - EMAIL REGARDING PERDITA FRONTALIS COLLECTION LOCALITES 
2020-09-25
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Map Index Number: B5349 EO Index: 119019

Key Quad: Glamis (3211581) Element Code: IIHYM01840

Occurrence Number: 2 Occurrence Last Updated: 2020-08-10

Scientific Name: Perdita stephanomeriae Common Name: a miner bee

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: GNR

State: S1S2

General Habitat: Micro Habitat:

� �

Last Date Observed: 1965-06-13 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1965-06-13 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

COLLECTION LOCALITY GIVEN ONLY AS "GLAMIS." MAPPED BY CNDDB NON-SPECIFICALLY ACROSS THE EXTENT OF THE GLAMIS DUNES, 
ALSO KNOW AS THE ALGODONES DUNES.

Ecological:

Threats:

General:

COLLECTED ON 13 JUN 1965. SPECIMENS ORIGINALLY USED TO DESCRIBE THE SPECIES PERDITA GLAMIS, BUT THAT SPECIES WAS LATER 
LUMPED INTO PERDITA STEPHANOMERIAE.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

UTM: Zone-11 N3642497 E681857 Latitude/Longitude: 32.90558 / -115.05548 Elevation (feet): 250

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

POR17A0001 PORTMAN, Z. & T. GRISWOLD - REVIEW OF PERDITA SUBGENUS PROCOCKERELLIA TIMBERLAKE (HYMENOPTERA, 
ANDRENIDAE) AND THE FIRST PERDITA GYNANDROMORPH. ZOOKEYS 712: 87-111. 2017-XX-XX

TIM80A0001 TIMBERLAKE, P. - SUPPLEMENTARY STUDIES ON THE SYSTEMATICS OF THE GENUS PERDITA (HYMENOPTERA, ANDRENIDAE), 
PART II. UNIVERSITY OF CALIFORNIA PUBLICATIONS IN ENTOMOLOGY 85. 1980-05-XX

WAL65S0004 WALLACE, G. - UCRC #174303 & CAS #14544 COLLECTED FROM GLAMIS 1965-06-13
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: B5349 EO Index: 118339

Key Quad: Glamis (3211581) Element Code: IIHYM90010

Occurrence Number: 1 Occurrence Last Updated: 2020-05-05

Scientific Name: Microbembex elegans Common Name: Algodones elegant sand wasp

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: G1G2

State: S1S2

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY �

Last Date Observed: 1988-10-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1988-10-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

FOUND ONLY AROUND THE BASES OF SHRUBS WHERE DETRITUS COLLECTS ON ACTIVE SLIP FACES OF THE DUNES.

Threats:

General:

THIS SPECIES IS ONLY KNOWN FROM THE TYPE COLLECTIONS. THESE WERE MADE FROM GLAMIS DUNES, 1 MILE WEST OF GLAMIS IN SEP 
1987 AND OCT 1988, AND ALSO 4 MILES SOUTH OF OGILBY IN OCT 1988.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

UTM: Zone-11 N3642497 E681857 Latitude/Longitude: 32.90558 / -115.05548 Elevation (feet): 250

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

GRI96A0001 GRISWOLD, T. (UTAH STATE UNIVERSITY) - A NEW MICROBEMBEX ENDEMIC TO THE ALGODONES DUNES, CALIFORNIA 
(HYMENOPTERA: SPHECIDAE).PAN-PACIFIC ENTOMOLOGIST 72(3): 142-144. 1996-XX-XX

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: B5349 EO Index: 118271

Key Quad: Glamis (3211581) Element Code: IIHYMBC010

Occurrence Number: 1 Occurrence Last Updated: 2020-05-04

Scientific Name: Euparagia unidentata Common Name: Algodones euparagia

Listing Status: Federal: None Rare Plant Rank:

State: None Other Lists:

CNDDB Element Ranks: Global: G1G2

State: S1S2

General Habitat: Micro Habitat:

� �

Last Date Observed: 2008-06-03 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2008-06-03 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

COLLECTIONS WERE MADE FROM THIS VICINITY IN 1960 AND 2008.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

UTM: Zone-11 N3642497 E681857 Latitude/Longitude: 32.90558 / -115.05548 Elevation (feet): 250

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

ANONDS0367 ANONYMOUS - AMNH #178751 COLLECTED FROM GECKO RD S OF ALGODONES DUNES WILDERNESS AREA XXXX-XX-XX

CAR09A0001 CARPENTER, J. & L. KIMSEY - THE GENUS EUPARAGIA CRESSON (HYMENOPTERA: VESPIDAE; EUPARAGIINAE). AMERICAN 
MUSEUM NOVITATES 3643: 1-11. 2009-03-31

DIC60S0001 DICKSON, R. - UCRC #71283 & 71284 COLLECTED FROM ERIOGONUM DESERTICOLA AT SAND DUNES EAST OF BRAWLEY 1960-
06-13

DIC60S0002 DICKSON, R. - UCRC #71288 COLLECTED FROM ERIOGONUM DESERTICOLA 7 MILES WEST OF GLAMIS 1960-07-25

DIC60S0003 DICKSON, R. - UCRC #71285, 71286, 71287 & 71289 COLLECTED FROM COLDENIA PLICATA 2 MILES WEST OF GLAMIS 1960-07-25

KIM17A0001 KIMSEY, L. ET AL. - INSECT BIODIVERSITY OF THE ALGODONES DUNES OF CALIFORNIA 2017-11-24
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Occurrence Report
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California Natural Diversity Database

Map Index Number: 77872 EO Index: 6544

Key Quad: Glamis (3211581) Element Code: PDAST6T012

Occurrence Number: 1 Occurrence Last Updated: 2014-05-28

Scientific Name: Palafoxia arida var. gigantea Common Name: giant spanish-needle

Listing Status: Federal: None Rare Plant Rank: 1B.3

State: None Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 

CNDDB Element Ranks: Global: G5T3? Botanic Garden
State: S2

General Habitat: Micro Habitat:

DESERT DUNES. ACTIVE AND STABLE DUNE AREAS; ASSOCIATED WITH AMMOBROMA 
SONORAE, ASTRAGALUS LENTIGINOSUS BORREGANUS, ETC. 20-95 
M.

Last Date Observed: 2013-04-20 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-04-20 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES.

Detailed Location:

SCATTERED THROUGHOUT THE DUNES FROM SOUTHERN PACIFIC RR TRACKS WEST TO THE COACHELLA CANAL AND FROM MAMMOTH 
WASH SOUTH TO THE CA/MEXICO BORDER. MAPPED BY CNDDB USING MULTIPLE MAP SOURCES.

Ecological:

SAND DUNES WITHIN DESERT PSAMMOPHYTIC SCRUB (STABILIZED AND PARTIALLY STABILIZED DESERT DUNES). ASSOCIATES INCLUDE 
SEVERAL RARE PLANTS: AMMOBROMA SONORAE, ASTRAGALUS LENTIGINOSUS BORREGANUS, ERIOGONUM DESERTICOLA, PILOSTYLES 
THURBERI, ETC.

Threats:

ORV USE.

General:

>3,000 PLANTS SEEN ALONG ALL AMERICAN CANAL IN 1993. 34,649 IN 1998; 1,458 IN 1999; 13,933 IN 2000. 25 PLANTS ALONG HWY 78 JUST E OF 
GECKO RD IN 2009. 80+ PLANTS N OF HWY 78 ~1 MI NW OF OSBORNE LOOKOUT IN 2013. INCL FRMR EOS 2-49, 51, 52.

PLSS: T14S, R18E, Sec. 51 (S) Accuracy: specific area Area (acres): 118,017

UTM: Zone-11 N3644086 E681072 Latitude/Longitude: 32.92004 / -115.06355 Elevation (feet):

County Summary: Quad Summary:

Imperial, Mexico Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

ALE41S0030 ALEXANDER, A. & L. KELLOGG - ALEXANDER #1936 UC #669289 POM #115609, GH #427281 1941-03-14

AND09S0005 ANDRE, J. & T. LA DOUX - ANDRE #9871 UCR #211316, RSA #760079, GMDRC #2967 (CITED IN AND10D0001) 2009-02-26

AND10D0001 ANDRE, J. - EXCEL TABLE OF MULTIPLE PLANT COLLECTIONS 2010-01-18

ANO69S0003 ANONYMOUS - ANONYMOUS #11 UCR #16704 1969-05-24

BAR67S0001 BARR, R. - BARR #67-128 UA (AS CITED IN WAR87R0001) 1967-04-16

BEL13S0009 BELL, D. ET AL. - BELL #4823 RSA #806857 2013-04-20

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX

BEN33S0011 BENSON, L. - BENSON #4223 RSA #431136 1933-04-01
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BLM00R0001 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: RESULTS OF 1998 MONITORING AND COMPARISON WITH THE DATA FROM WESTECS 1977 
MONITORING STUDY 2000-11-XX

BLM01R0001 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: 1977, 1998, 1999, AND 2000 2001-06-XX

BLM77F0001 BLM-BUREAU OF LAND MANAGEMENT - FIELD SURVEY FORM FOR PALAFOXIA ARIDA VAR. GIGANTEA 1977-10-13

BLM78F0001 SEARS, W. - BLM (S-II) FIELD SURVEY FORM FOR PALAFOXIA ARIDA VAR. GIGANTEA 1978-XX-XX

BLM86R0002 BLM-BUREAU OF LAND MANAGEMENT - PROPOSED 1985 PLAN AMENDMENTS VOL. 2 1986-01-XX

BOW70S0001 BOWERS, D. - BOWERS #1608 RSA #786954 1970-12-29

BOW81S0001 BOWERS, J. - BOWERS #2076 UA (AS CITED IN WAR87R0001) 1981-03-14

BOW83S0003 BOWERS, J. & S. MCLAUGHLIN - BOWERS #2785 UCR #46271 1983-11-12

BRO80S0003 BROWNELL, K. - BROWNELL #206 UCSB #36654 1980-05-17

CHM00R0001 CH2M HILL - IMPERIAL IRRIGATION DISTRICT (IID)/SAN DIEGO COUNTY WATER AUTHORITY (SDCWA) WATER CONSERVATION 
AND TRANSFER PROJECT EIR/EIS, SCOPING SUMMARY REPORT 2000-03-10

DAV79S0003 DAVIDSON, C. ET AL. - DAVIDSON #7742 HSU #82914 POM #363734 1979-04-28

DAV79S0004 DAVIDSON, C. ET AL. - DAVIDSON #7792 POM #363735 1979-04-28

DEF33S0002 DE FOREST, H. & J. REMPEL - DE FOREST #17695 RSA #363761 1933-04-10

DUN35S0005 DUNKLE, M. - DUNKLE #4586 POM #363736 1935-04-18

FER38S0002 FERRIS, R. & R. ROSSBACH - FERRIS #9588 UC #604962 POM #19546, GH #427279 1938-05-17

FUL59S0002 FULLER, T. - FULLER #3273 CDA #8432 1959-10-07

GIL28S0004 GILMAN, M. - GILMAN SN POM #145269 1928-04-XX

GOR80S0003 GORDON, P. - GORDON #630 UCSB #37387 1980-05-17

GRA78S0002 GRANGER, S. - GRANGER SN RSA #650937 1978-04-03

GUI08S0005 GUILLIAMS, C. & J. MARSHALL - GUILLIAMS #635 SDSU #18373 & #18392 2008-04-23

GUS83S0012 GUSTAFSON, R. & KEELEY - GUSTAFSON #2569 POM #363733 1983-05-06

HIG74S0001 HIGGINS, L. - HIGGINS #8507 ASU (AS CITED IN WAR87R0001) 1974-04-12

HIT66S0008 HITCHCOCK, C. - HITCHCOCK #24287 DAV #134877 1966-03-19

HOW64S0005 HOWE, D. - HOWE #3756 SD #60969 SDSU #369 1964-04-11

HOW80S0004 HOWE, D. - HOWE SN SD #128762 1980-04-14

HUN80S0001 HUNKINS, C. - HUNKINS #80030903, SEINET #2053908, DES #27249, DBG (CITED IN WAR87R0001) 1980-03-09

JEP27S0017 JEPSON, W. - JEPSON #11722 JEPS #34765 1927-04-15

JON31S0014 JONES, M. - JONES #28599 POM #188054 UC #479265 1931-09-24

JOR82S0002 JORGENSEN, J. - JORGENSEN #305 UCSB #39124 1982-03-24

KEL37S0001 KELLER, A. - KELLER SN RSA #603891 SD #17611 1937-05-31

KEL37S0002 KELLER, A. - KELLER SN SD #17612 1937-05-31

KEL41S0001 KELLOGG, L. ET AL. - KELLOGG ET AL. #1936 UA #189037 (AS CITED IN WAR87R0001) 1941-03-14

LAT77S0004 LATTING, J. - LATTING SN UC #1746487 UCR #115382, SEINET #238517, UTC #230538, DAV #134884 1977-12-11

MAC97S0005 MACKAY, P. - MACKAY #130 VVC #648 1997-03-01

MCG71S0001 MCGEHEE, R. - MCGEHEE #352 SJSU #11689 1971-02-13

MIN64S0002 MINNICH, J. - MINNICH #64-3-25-14 UCR 1964-03-25

MUN32S0027 MUNZ, P. & C. HITCHCOCK - MUNZ #12131 UC #495107 1932-04-05

NEL30S0001 NELSON, A. - NELSON #11161 DS #231258 1930-02-27

NEL36A0001 NELSON, A. - ROCKY MOUNTAIN HERBARIUM STUDIES IV. AMERICAN JOURNAL OF BOTANY 23: 265-271. 1936-XX-XX

NIE77U0021 NIEHAUS, T. - CNPS STATUS REPORT 1977-XX-XX

PEI27S0010 PEIRSON, F. - PEIRSON #7198 RSA #92214 SD #87849 1927-04-15

PIT98S0003 PITZER, B. - PITZER #3477 SD #144029 UCR #102678 1998-02-02

POR03S0027 PORTER, J. - PORTER #13491 RSA #767601 2003-03-04
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RAV58S0027 RAVEN, P. - RAVEN #12910 JEPS #30466 RSA #127758 1958-05-06

REC79R0001 U.S. BUREAU OF RECLAMATION - REPORT ON RARE PLANT POPULATIONS ALONG THE ALL AMERICAN CANAL 1979-XX-XX

REI96S0007 REINA, A. & T. VAN DEVENDER - REINA #220 RSA #592920, UCR #97014. SEINET #1110597, ASU, SEINET #891496, ASU #324968 
1996-04-27

RIC79S0004 RICH, B. - RICH #79004 RSA #291588 1979-04-21

ROM79R0001 ROMSPERT, A. & J. BURK - ALGODONES DUNES SENSITIVE PLANT PROJECT - C.S.U. FULLERTON PREPARED FOR BLM 1979-
XX-XX

ROS63S0001 ROSSBACH, G. - ROSSBACH #5239 UC #1351650 1963-07-03

SEA78S0005 SEARS - SEARS #764 UCR #33542 1978-03-15

SIM65S0001 SIMPSON, J. - SIMPSON SN SD #103941 1965-05-13

STE90S0003 STEWART, J. - STEWART #649 UCR #89809 1990-03-14

STO96S0002 STONE, B. & J. DICE - STONE SN SD #138925 1996-04-29

SWA11S0038 SWANSON, A. - SWANSON #194 RSA #776107 2011-03-09

THO64S0037 THORNE, R. & RUTHERFORD - THORNE #33611 RSA #167678, GH #427280 1964-04-11

THO78S0051 THORNE, R. - THORNE #52150 RSA #336258 1978-05-30

THO84S0002 THORNE, R. ET AL. - THORNE #58265 RSA #331168 1984-04-27

TUR62S0001 TURNER, B. - TURNER #4757 SD #108087 1962-04-19

VAN05S0003 VAN DAM, A. - VAN DAM SN UCR #165596 2005-04-19

VAS64S0002 VASEK, F. - VASEK #640411-2 UCR #3820, UCSB #38383 1964-04-11

VAS64S0006 VASEK, F. - VASEK #640411-03 UCR #3819 1964-04-11

VER64S0005 VERITY, D. ET AL. - VERITY SN SFV #4269A 1964-02-15

WAR87R0001 WARREN, P. & A. LAURENZI - RARE PLANTS SURVEY OF THE YUMA DISTRICT. 1987-08-XX

WES77R0003 WESTEC SERVICES, INC. - SURVEY OF SENSITIVE PLANTS OF THE ALGODONES DUNES - PREPARED FOR BLM. 1977-08-XX

WIE35S0023 WIEGAND, K. & M. WIEGAND - WIEGAND #2578 GH #427282 1935-XX-XX

WIL05U0001 WILLOUGHBY, J. - EMAIL TO R. BITTMAN REGARDING DATA ON ALGODONES DUNES PLANTS 2005-11-30

WIL64S0002 WILSON, K. - WILSON #1327 SFV #4068 1964-04-11

WOL31S0036 WOLF, C. - WOLF #1888 RSA #2149 1931-03-14

WOLNDS0001 WOLF - WOLF #1888 HERBARIUM UNKNOWN XXXX-XX-XX
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Map Index Number: 92503 EO Index: 93647

Key Quad: Ogilby (3211477) Element Code: PDAST6T012

Occurrence Number: 56 Occurrence Last Updated: 2014-05-28

Scientific Name: Palafoxia arida var. gigantea Common Name: giant spanish-needle

Listing Status: Federal: None Rare Plant Rank: 1B.3

State: None Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 

CNDDB Element Ranks: Global: G5T3? Botanic Garden
State: S2

General Habitat: Micro Habitat:

DESERT DUNES. ACTIVE AND STABLE DUNE AREAS; ASSOCIATED WITH AMMOBROMA 
SONORAE, ASTRAGALUS LENTIGINOSUS BORREGANUS, ETC. 20-95 
M.

Last Date Observed: 2002-03-02 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-03-02 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

IMPERIAL DUNES RECREATION AREA (ALGODONES DUNES), 0.5 MILE WSW OF OGILBY, WEST OF COUNTY ROAD S34.

Detailed Location:

MAPPED ACCORDING TO COORDINATES PROVIDED ON A 2002 PORTER ET AL. COLLECTION; DATUM UNKNOWN; MAPPED TO ENCOMPASS 
NAD27 AND NAD83.

Ecological:

SHALLOW DUNES AND SANDY SOILS OF BRAIDED WASH.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 2002 PORTER ET AL. COLLECTION.

PLSS: T15S, R20E, Sec. 34, E (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3632803 E701564 Latitude/Longitude: 32.81475 / -114.84698 Elevation (feet): 310

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

POR02S0002 PORTER, J. ET AL. - PORTER #13401 RSA #767464, ARIZ #412699 2002-03-02
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 35287 EO Index: 5532

Key Quad: Ogilby (3211477) Element Code: PDEUP080L0

Occurrence Number: 1 Occurrence Last Updated: 1996-08-27

Scientific Name: Ditaxis claryana Common Name: glandular ditaxis

Listing Status: Federal: None Rare Plant Rank: 2B.2

State: None Other Lists:

CNDDB Element Ranks: Global: G3G4

State: S2

General Habitat: Micro Habitat:

MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB. IN DRY WASHES AND ON ROCKY HILLSIDES. SANDY SOILS.  15-505 M.

Last Date Observed: 1978-03-15 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1978-03-15 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 1.5 MILES NORTHEAST OF OGILBY, SOUTHWEST OF THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

OBSERVED AT T15S R20E SECTIONS 24 AND 25.

Ecological:

GROWING IN LOWER FAN OF DRY WASH ON GRAVELLY/SANDY SOILS WITHIN CREOSOTE SCRUB.

Threats:

General:

50-100 PLANTS OBSERVED OVER LESS THAN 100 ACRES IN 1978.

PLSS: T15S, R20E, Sec. 24 (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3635326 E704098 Latitude/Longitude: 32.83702 / -114.81938 Elevation (feet): 550

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

SEA78F0003 SEARS, W. - FIELD SURVEY FORM FOR DITAXIS CLARYANA 1978-03-15
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 76081 EO Index: 77074

Key Quad: Ogilby (3211477) Element Code: PDEUP0H140

Occurrence Number: 38 Occurrence Last Updated: 2014-09-17

Scientific Name: Croton wigginsii Common Name: Wiggins' croton

Listing Status: Federal: None Rare Plant Rank: 2B.2

State: Rare Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 

CNDDB Element Ranks: Global: G2G3 Botanic Garden
State: S2

General Habitat: Micro Habitat:

DESERT DUNES, SONORAN DESERT SCRUB. ON SAND DUNES AND IN SANDY ARROYOS.  0-155 M.

Last Date Observed: 2002-07-15 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-07-15 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

SE END OF THE ALGODONES DUNES; NEAR THE JUNCTION OF INTERSTATE 8 AND BLYTHE OGILBY ROAD.

Detailed Location:

MAPPED BY CNDDB AS BEST GUESS AROUND SECTION 23 ACCORDING TO TRS INFORMATION ON A 1978 SEARS FIELD SURVEY FORM.

Ecological:

SPARSE DESERT SCRUB ON LOOSE SAND. ASSOCIATES INCLUDE AMMOBROMA SONORAE, PETALONYX THURBERI, TIQUILIA PLICATA, 
PALAFOXIA ARIDA GIGANTEA, OENOTHERA.

Threats:

General:

SITE BASED ON A VAGUE 1978 SEARS SURVEY FORM. COLLECTIONS FROM "DIRT TRACK HEADING E 3.3 MI FROM GRAYS WELL RD EXIT OFF I-
8", "4.1 MI S OF OGILBY AT OGILBY RD, EXIT I-10", AND "OGILBY RD, E SIDE ALGODONES DUNES, S OF I-8" ATTRIBUTED HERE.

PLSS: T16S, R20E, Sec. 23 (S) Accuracy: non-specific area Area (acres): 649

UTM: Zone-11 N3626368 E702733 Latitude/Longitude: 32.75652 / -114.83591 Elevation (feet): 200

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Ogilby (3211477)

Sources:

DAV79S0009 DAVIDSON, C. - DAVIDSON #7794 RSA #480697 1979-04-28

SEA78F0001 SEARS, W. - FIELD SURVEY FORM FOR CROTON WIGGINSII 1978-03-15

SEA78S0010 SEARS - SEARS #765 SEINET #3107109, FLD #4500 1978-XX-XX

VAN02S0001 VAN DEVENDER, T. ET AL. - VAN DEVENDER #2002-473 SEINET #281192 & #286839, USON #12101 2002-07-15
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 28142 EO Index: 17711

Key Quad: Ogilby (3211477) Element Code: PDFAB0F491

Occurrence Number: 1 Occurrence Last Updated: 2011-10-18

Scientific Name: Astragalus insularis var. harwoodii Common Name: Harwood's milk-vetch

Listing Status: Federal: None Rare Plant Rank: 2B.2

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5T4

State: S2

General Habitat: Micro Habitat:

DESERT DUNES, MOJAVEAN DESERT SCRUB. OPEN SANDY FLATS AND SANDY OR STONY DESERT WASHES; 
MOSTLY IN CREOSOTE BUSH SCRUB. -45-700 M.

Last Date Observed: 2008-03-20 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2008-03-20 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

VICINITY OF THE INTERSECTION OF OLD HIGHWAY 80 (NOW I-8) AND OGILBY ROAD (HWY S34), SE END OF PILOT KNOB MESA.

Detailed Location:

MAPPED BY CNDDB AS A NON-SPECIFIC POLYGON ALONG OLIGBY RD (HWY S34) TO ENCOMPASS 3 COLLECTIONS FROM "0.5 MI N OF 
INTERSECTION", "100 M N OF JUNCTION, W SIDE OF ROAD" AND "SE OF INTERSECTION, 30 M E OF OGILBY ROAD".

Ecological:

SPARSE CREOSOTE BUSH SCRUB WITH ASCLEPIAS SP, STEPHANOMERIA SP, AMBROSIA DUMOSA, AND ABRONIA VILLOSA. IN SUN ON DRY, 
SANDY FLATS.

Threats:

General:

SITE BASED ON MULTIPLE COLLECTIONS FROM THIS AREA; LAST COLLECTED BY GUILLIAMS & MARSHALL IN 2008. NEED MAP DETAIL FOR 
THIS SITE.

PLSS: T16S, R20E, Sec. 14, S (S) Accuracy: non-specific area Area (acres): 69

UTM: Zone-11 N3627208 E702645 Latitude/Longitude: 32.76411 / -114.83667 Elevation (feet): 240

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

ARM83S0003 ARMSTRONG, W. - ARMSTRONG SN SD #115067 1983-05-10

ATW70S0001 ATWOOD, N. - ATWOOD #2335 NY #1258227 1970-04-02

BAL58S0002 BALLS, E. & P. EVERETT - BALLS #22890 UC #1080347, RSA #124371 1958-03-20

GUI08S0004 GUILLIAMS, C. & J. MARSHALL - GUILLIAMS #631 SDSU #18741 2008-04-23

MCL85S0002 MCLAUGHLIN, S. & J. BOWERS - MCLAUGHLIN #2946 ARIZ #257606 1985-03-10

MCL87A0001 MCLAUGHLIN, S. ET AL. - VASCULAR PLANTS OF EASTERN IMPERIAL COUNTY, CA. MADRONO VOL. 34, NO. 4, PP. 359-378, 1987. 
1987-XX-XX

THO64S0038 THORNE, R. & R. RUTHERFORD - THORNE #33564 RSA #754257 & #800188 1964-04-10
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 77752 EO Index: 78652

Key Quad: Grays Well NE (3211467) Element Code: PDFAB0F491

Occurrence Number: 43 Occurrence Last Updated: 2009-12-29

Scientific Name: Astragalus insularis var. harwoodii Common Name: Harwood's milk-vetch

Listing Status: Federal: None Rare Plant Rank: 2B.2

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5T4

State: S2

General Habitat: Micro Habitat:

DESERT DUNES, MOJAVEAN DESERT SCRUB. OPEN SANDY FLATS AND SANDY OR STONY DESERT WASHES; 
MOSTLY IN CREOSOTE BUSH SCRUB. -45-700 M.

Last Date Observed: 1985-03-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1985-03-10 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

I-8 AT JUNCTION WITH SIDEWINDER RD, SE END OF PILOT KNOB MESA.

Detailed Location:

MAPPED BY CNDDB AS BEST GUESS AT THE JUNCTION OF I-8 AND SIDEWINDER RD.

Ecological:

SANDY SOIL WITH LARREA AND CROTON CALIFORNICUS.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS SITE IS A 1985 MCLAUGHLIN & BOWERS COLLECTION, MENTIONED AS "UNCOMMON" IN 1985.

PLSS: T16S, R21E, Sec. 21 (S) Accuracy: 3/5 mile Area (acres): 0

UTM: Zone-11 N3625454 E710370 Latitude/Longitude: 32.74686 / -114.75465 Elevation (feet): 250

County Summary: Quad Summary:

Imperial Yuma West (3211466), Grays Well NE (3211467), Araz (3211476), Ogilby (3211477)

Sources:

MCL85S0001 MCLAUGHLIN, S. & J. BOWERS - MCLAUGHLIN #2942 ARIZ #257607 1985-03-10

MCL87A0001 MCLAUGHLIN, S. ET AL. - VASCULAR PLANTS OF EASTERN IMPERIAL COUNTY, CA. MADRONO VOL. 34, NO. 4, PP. 359-378, 1987. 
1987-XX-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 36276 EO Index: 31273

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 1 Occurrence Last Updated: 2014-08-25

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1990-XX-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1990-XX-XX Occurrence Rank: Unknown

Owner/Manager: BLM? Trend: Unknown

Presence: Presumed Extant

Location:

VICINITY OF AMERICAN GIRL MINE, CARGO MUCHACHO MOUNTAINS, EAST OF OGILBY.

Detailed Location:

E POLYGON: EXACT LOCATION OF POPULATION(S) NOT PROVIDED; PROJECT SITES ARE WITHIN LARGE PORTIONS OF T15S R21E SECTIONS 
17, 18, 19 AND THE SW 1/4 OF SEC 20. W POLYGON: EXACT LOCATION UNKNOWN; MAPPED BASED ON TRS FROM 1978 SEARS COLLECTION.

Ecological:

GROWING IN SHALLOW, STABLE HEAD WASHES AT THE BASE OF THE MOUNTAINS AND ON THE SHALLOW FAN WASHES OUT ON THE 
ALLUVIAL FANS WHERE THE WASHES BRANCH OUT AND FLOOD WATERS LOSE VELOCITY. DESERT PAVEMENT & WASHES; SANDY SOIL; WITH 
LARREA.

Threats:

MINING ACTIVITY. PLANTS REPORTEDLY RECOLONIZE DISTURBED AREAS.

General:

W POLYGON IS BASED ON A 1978 SEARS COLLECTION FROM "1 MI N OF OGILBY, 2 MI DOWN DESERT RAT TRAILER PARK RD" WITH GIVEN TRS 
"T15S R20E S24 & S25" AND GIVEN ELEVATION OF 500 TO 650 FT. E POLYGON OBSERVED IN 1990. NEEDS FIELDWORK.

PLSS: T15S, R21E, Sec. 17 (S) Accuracy: non-specific area Area (acres): 3,278

UTM: Zone-11 N3636835 E706926 Latitude/Longitude: 32.85010 / -114.78884 Elevation (feet): 1,000

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

NEW91U0001 NEWTON, G. - PORTION OF ENVIRONMENTAL DOCUMENT FOR AMERICAN GIRL CANYON PROJECT AND MESQUITE PROJECT. 
1991-03-06

SEA78S0009 SEARS - SEARS #776 SEINET #3107285, FLD #4678 1978-XX-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 36283 EO Index: 31280

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 2 Occurrence Last Updated: 1997-07-30

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1979-04-29 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1979-04-29 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALONG RAILROAD ACCESS ROAD 2.2 MILES SOUTHEAST OF CACTUS, PILOT KNOB MESA.

Detailed Location:

NEAR RAILROAD BRIDGE 714-12.

Ecological:

ROCKY WASH CHANNEL. CREOSOTE BUSH SCRUB WITH BEBBIA, OLNEYA, AND CERCIDIUM.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS SITE IS 1979 COLLECTION BY DAVIDSON ET AL.

PLSS: T15S, R20E, Sec. 21 (S) Accuracy: non-specific area Area (acres): 85

UTM: Zone-11 N3635628 E699398 Latitude/Longitude: 32.84061 / -114.86950 Elevation (feet): 390

County Summary: Quad Summary:

Imperial Ogilby (3211477), Cactus (3211478)

Sources:

DAV79S0001 DAVIDSON, C. ET AL. - DAVIDSON #7803 HSC #66468, POM #347335 1979-04-29
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 36278 EO Index: 31275

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 3 Occurrence Last Updated: 2014-08-25

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1958-03-20 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-03-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

3.5 MILES NORTH OF OGILBY ON ROAD TO BLYTHE.

Detailed Location:

EXACT LOCATION UNKNOWN. MAPPED AS BEST GUESS BASED ON 1958 BALLS COLLECTION WITH GIVEN ELEV OF 499 FT. A 1937 WIGGINS 
COLLECTION FROM "3.5 MI N OF OGILBY ON ROAD TO PALO VERDE, ELEV 440 FT" IS ATTRIBUTED HERE; ELEV DOES NOT MATCH LOCALITY.

Ecological:

GRAVELLY SLOPES AND RUNNEL-INTERFLUVE SYSTEM. PONDEROSA PINE COMMUNITY IN CLAY SOIL, SOUTH ASPECT.

Threats:

General:

MAIN SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 1958 BALLS COLLECTION. A 1940 WOGLUM COLLECTION FROM "4 MILES NORTH 
OF OGILBY" IS ALSO ATTRIBUTED TO THIS SITE. BELL SURVEYED THIS AREA IN 2013, BUT NO PLANTS WERE FOUND.

PLSS: T15S, R20E, Sec. 11, SW (S) Accuracy: non-specific area Area (acres): 31

UTM: Zone-11 N3638658 E702214 Latitude/Longitude: 32.86740 / -114.83877 Elevation (feet): 499

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BAL58S0015 BALLS, E. & P. EVERETT - BALLS #22923 SD #48547, RSA #124333 1958-03-20

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX

WIG37S0002 WIGGINS, I. - WIGGINS #8557 POM #265282, DS #278459, SEINET #902098, ARIZ #137709 1937-02-17

WOG40S0014 WOGLUM, R. - WOGLUM #2460 RSA #28737 & 630291, SEINET #2011354, SJNM 1940-03-10
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 36282 EO Index: 31279

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 5 Occurrence Last Updated: 2010-07-09

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1987-01-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1987-01-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

IN WASHES ALONG THE HYDUKE MINE ROAD NORTH OF THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

ALONG ROAD ON THE SOUTH SIDE OF INDIAN WASH. MAPPED AS LARGE AREA EXTENDING FROM T14S R20E S 1/2 SEC 13 AT THE W END TO 
T14S R21E N 1/2 SEC 10 (PROJECTED) AT THE E END. APPARENTLY RESTRICTED TO "BLUE DOTTED LINE" WASHES ON MAP PROVIDED.

Ecological:

LOW TOTAL COVER (<5%) IN SMALL WASHES WITH LARREA TRIDENTATA, FOQUIERIA SPLENDENS, FRANSERIA DUMOSA, ACACIA GREGGII, 
AND KRAMERIA PARVIFLORA. LARGER WASHES SUPPORT OLNEYA TESOTA-CERCIDIUM FLORIDUM WOODLAND.

Threats:

General:

FEWER THAN 5 PLANTS PER ACRE OBSERVED BY HOLLAND AND DAINS IN 1987.

PLSS: T14S, R21E, Sec. 17 (S) Accuracy: non-specific area Area (acres): 757

UTM: Zone-11 N3647996 E706948 Latitude/Longitude: 32.95070 / -114.78611 Elevation (feet): 720

County Summary: Quad Summary:

Imperial Picacho Peak (3211486), Hedges (3211487)

Sources:

HOL87F0070 HOLLAND, R. & V. DAINS - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 1987-01-10
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 36284 EO Index: 31281

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 6 Occurrence Last Updated: 2008-09-05

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1932-04-05 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1932-04-05 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

NEAR TUMCO IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

EXACT LOCATION UNKNOWN. MAPPED BY CNDDB AS A BEST GUESS IN THE VICINITY OF THE TUMCO MINE NEAR THE HEAD OF TUMCO WASH.

Ecological:

IN SMALL GULLIES.

Threats:

General:

SITE KNOWN FROM A 1932 COLLECTION BY MUNZ & HITCHCOCK. NEEDS FIELDWORK.

PLSS: T15S, R20E, Sec. 12 (S) Accuracy: 3/5 mile Area (acres): 0

UTM: Zone-11 N3640164 E704289 Latitude/Longitude: 32.88060 / -114.81628 Elevation (feet):

County Summary: Quad Summary:

Imperial Ogilby (3211477), Hedges (3211487)

Sources:

MUN32S0020 MUNZ, P. & C. HITCHCOCK - MUNZ #12134 POM #184095, DS #221047 & #690509 1932-04-05
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62018 EO Index: 62054

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 13 Occurrence Last Updated: 2005-07-19

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1991-04-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1991-04-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

IN AND ADJACENT TO INDIAN WASH; 6 MILES NORTH OF CARGO MUCHACHO MOUNTAINS, AND 7 TO 8 MILES NORTH OF HEDGES.

Detailed Location:

AROUND 800 FOOT ELEVATION.

Ecological:

DESERT PAVEMENT/DESERT WASH. FOUND WITH FOUQUIERIA SPLENDENS, LARREA TRIDENTATA, AMBROSIA DUMOSA, OLNEYA TESOTA, 
ENCELIA FARINOSA, ET AL.

Threats:

General:

1991 LARUE COLLECTION IS THE ONLY SOURCE FOR THIS SITE. NEEDS FIELDWORK.

PLSS: T14S, R21E, Sec. 05 (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3651157 E707383 Latitude/Longitude: 32.97910 / -114.78074 Elevation (feet): 800

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

LAR91S0001 LARUE, E. - LARUE #91-32 UCR #67337, RSA #528113, CAS #850219, SEINET #902096, ARIZ #294039 1991-04-10
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62020 EO Index: 62056

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 14 Occurrence Last Updated: 2005-07-19

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1.4 AIR MILES NNW OF GOLD ROCK RANCH.

Detailed Location:

IN THE NW 1/4 OF THE SW 1/4 OF SECTION 34.

Ecological:

STRINGER WASH, FOUND WITH OCOTILLO, CREOSOTE BUSH, AND WHITE BURSAGE.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT, LITTER, AND ORV USE.

General:

10 PLANTS SEEN IN 2001.

PLSS: T14S, R20E, Sec. 34, SW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3642412 E699726 Latitude/Longitude: 32.90170 / -114.86453 Elevation (feet): 545

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62021 EO Index: 62057

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 15 Occurrence Last Updated: 2005-07-19

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 0.7 AIR MILE NNE OF GOLD ROCK RANCH, NORTHWEST OF HEDGES.

Detailed Location:

Ecological:

FOUND WITH OCOTILLO, CREOSOTE BUSH, CHOLLA, WHITE BURSAGE, IRONWOOD, CAT CLAW, AND BOX THORN.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT.

General:

84 PLANTS TOTAL (FOR 8 SMALL COLONIES) OBSERVED IN 2001.

PLSS: T15S, R20E, Sec. 03, NW (S) Accuracy: specific area Area (acres): 39

UTM: Zone-11 N3641423 E700606 Latitude/Longitude: 32.89262 / -114.85533 Elevation (feet): 540

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62023 EO Index: 62059

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 16 Occurrence Last Updated: 2014-08-22

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2013-03-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-03-10 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

0.7 AIR MILE NORTHWEST OF HEDGES, 0.2 TO 0.6 MILE NORTH OF TUMCO WASH. NW SLOPES OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

IN THE SE 1/4 OF SECTION 3 AND THE SW 1/4 OF SECTION 2. 1958 BACIGALUPI COLLECTION FROM 4.8 MI N OF OGILBY, ON NW SLOPES OF 
CARGO MUCHACHO MTNS AND 1941 ALEXANDER & KELLOGG COLLECITON FROM 5 MI N OF OGILBY ALSO ATTRIBUTED TO THIS SITE.

Ecological:

OPEN ROCKY AREAS WITH SMALL DRAINAGES AND MICROPHYLL WOODLAND. FOUND WITH CREOSOTE BUSH, CHOLLA, WHITE BURSAGE, 
OCOTILLO, IRONWOOD, GALLETA, LUPINE, AND WHITE RATANY.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER, DUMPING, AND ORV USE MAY ALSO THREATEN.

General:

91 PLANTS TOTAL OBSERVED IN 2001. GREATER THAN 30 PLANTS OBSERVED IN THE SE CORNER OF POLYGON IN 2013.

PLSS: T15S, R20E, Sec. 02, SW (S) Accuracy: specific area Area (acres): 72

UTM: Zone-11 N3640268 E701986 Latitude/Longitude: 32.88196 / -114.84084 Elevation (feet): 560

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

ALE41S0025 ALEXANDER, A. & L. KELLOGG - ALEXANDER #1894 POM #211622, A #366147, DS #333554, SEINET #902097, ARIZ #34444 1941-03
-04

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

AND13S0001 ANDRE, J. - ANDRE #24103 RSA #806146 2013-03-04

BAC58S0014 BACIGALUPI, R. & P. HUTCHINSON - BACIGALUPI #6123 JEPS #22127 1958-02-17

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62024 EO Index: 62060

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 17 Occurrence Last Updated: 2005-07-19

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1.3 MILES NORTHWEST OF HEDGES.

Detailed Location:

SOUTH EDGE OF SW 1/4 OF SW 1/4 OF SECTION 35.

Ecological:

FOUND WITH WHITE BURSAGE, OCOTILLO, AND CREOSOTE BUSH.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

2 PLANTS SEEN IN 2001.

PLSS: T14S, R20E, Sec. 35, SW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3641836 E701852 Latitude/Longitude: 32.89612 / -114.84194 Elevation (feet): 605

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62025 EO Index: 62061

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 18 Occurrence Last Updated: 2008-09-05

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1.8 AIR MILES NORTHEAST OF GOLD ROCK RANCH, NORTHWEST OF HEDGES.

Detailed Location:

NE 1/4 OF NW 1/4 OF SW 1/4 OF SECTION 35.

Ecological:

FOUND WITH CREOSOTE BUSH, WHITE BURSAGE, PALO VERDE, IRONWOOD.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

5 PLANTS SEEN IN 2001. A 1932 PERISON COLLECTION FROM "6 MILES NORTH OF OGILBY" IS ALSO ATTRIBUTED TO THIS SITE.

PLSS: T14S, R20E, Sec. 35, SW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3642614 E701643 Latitude/Longitude: 32.90317 / -114.84399 Elevation (feet): 615

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

PEI32S0009 PEIRSON, F. - PEIRSON #9788 RSA #86977, DS #690508 1932-03-21
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62028 EO Index: 62064

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 19 Occurrence Last Updated: 2005-07-20

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

SOUTH OF INDIAN WASH; ON WEST SIDE OF TRANSMISSION LINE, ABOUT 2.2 TO 3.3 AIR MILES NNW OF HEDGES.

Detailed Location:

EAST EDGE OF SECTION 27, THE SW 1/4 OF SW 1/4 OF SECTION 26, AND NW 1/4 OF NW 1/4 OF SECTION 35.

Ecological:

FOUND WITH CREOSOTE BUSH, OCOTILLO, WHITE BURSAGE, CHOLLA, PALO VERDE, IRONWOOD, AFRICAN MUSTARD, ENCELIA, WHITE 
RATANY, MEDITERRANEAN GRASS, AND BOX THORN.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

56 PLANTS TOTAL (FOR 11 COLONIES) OBSERVED IN 2001.

PLSS: T14S, R20E, Sec. 27, E (S) Accuracy: specific area Area (acres): 75

UTM: Zone-11 N3644485 E701088 Latitude/Longitude: 32.92013 / -114.84952 Elevation (feet):

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62030 EO Index: 62066

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 20 Occurrence Last Updated: 2005-07-20

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

NORTH OF INDIAN WASH; ON WEST SIDE OF TRANSMISSION LINE, 5.4 AIR MILES NNW OF HEDGES.

Detailed Location:

IN THE SE 1/4 OF THE SW 1/4 OF SECTION 10.

Ecological:

FOUND WITH WHITE BURSAGE, CREOSOTE BUSH, OCOTILLO, AND ENCELIA.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

5 PLANTS OBSERVED IN 2001.

PLSS: T14S, R20E, Sec. 10, SW (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3648284 E700188 Latitude/Longitude: 32.95455 / -114.85831 Elevation (feet): 650

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62032 EO Index: 62068

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 21 Occurrence Last Updated: 2005-07-20

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

6.3 AIR MILES SW OF INDIAN PASS; ABOUT 2 AIR MILES NW OF INDIAN WASH, NW OF HEDGES.

Detailed Location:

NW 1/4 OF SECTION 10, AND INTO SW 1/4 OF SW 1/4 OF SECTION 3.

Ecological:

FOUND WITH WHITE BURSAGE, IRONWOOD, GALLETA, BOX THORN, WHITE RATANY, AFRICAN MUSTARD, CREOSOTE BUSH, OCOTILLO, 
MEDITERRANEAN GRASS, AND ENCELIA.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

304 PLANTS TOTAL (FOR 6 COLONIES) OBSERVED IN 2001.

PLSS: T14S, R20E, Sec. 10, NW (S) Accuracy: specific area Area (acres): 40

UTM: Zone-11 N3649280 E699895 Latitude/Longitude: 32.96358 / -114.86123 Elevation (feet): 690

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62091 EO Index: 62127

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 30 Occurrence Last Updated: 2005-07-22

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALONG WEST SIDE OF TRANSMISSION LINE, 3.1 MILES NORTHWEST OF INDIAN WASH.

Detailed Location:

IN THE SE 1/4 OF THE NE 1/4 OF SECTION 4, AND INTO SW 1/4 OF THE NW 1/4 OF SECTION 3.

Ecological:

STRINGER WASH FOUND WITH IRONWOOD, CREOSOTE BUSH, ENCELIA, AND WHITE BURSAGE.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO BE THREATS.

General:

15 PLANTS OBSERVED IN 2001.

PLSS: T14S, R20E, Sec. 04, NE (S) Accuracy: specific area Area (acres): 8

UTM: Zone-11 N3650791 E699529 Latitude/Longitude: 32.97726 / -114.86482 Elevation (feet): 710

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 62098 EO Index: 62134

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 31 Occurrence Last Updated: 2014-08-25

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1978-04-30 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-03-10 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

IN WASH ON ROAD S34 (OGILBY ROAD) NORTH OF I-8.

Detailed Location:

EXACT LOCATION UNKNOWN. MAPPED AS BEST GUESS BY CNDDB ALONG S34 NEAR AMERICAN GIRL WASH NORTH OF OGILBY.

Ecological:

WASH WOODLAND WITH OLNEYA, CERCIDIUM FLORIDUM, KRAMERIA GRAYI, LARREA, ETC. OPEN ROCKY AREAS WITH SMALL DRAINAGES AND 
MICROPHYLL WOODLAND.

Threats:

General:

1978 LATTING COLLECTION IS THE MAIN SOURCE OF INFORMATION FOR THIS SITE. BELL SURVEYED THIS AREA IN 2013, BUT NO PLANTS 
WERE FOUND.

PLSS: T15S, R20E, Sec. 26, W (S) Accuracy: non-specific area Area (acres): 112

UTM: Zone-11 N3634801 E702396 Latitude/Longitude: 32.83260 / -114.83766 Elevation (feet): 400

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX

LAT78S0002 LATTING, J. - LATTING SN UCR #137366 1978-04-30
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 72157 EO Index: 73122

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 35 Occurrence Last Updated: 2008-09-05

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1970-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1970-04-06 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

3 MILES EAST OF OGILBY, ON DIRT ROAD WEST OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

EXACT LOCATION UNKNOWN. MAPPED BY CNDDB AS A BEST GUESS.

Ecological:

LOW DESERT SCRUB, SANDY SOIL.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 1970 COLLECTION BY NIILUS. NEEDS FIELDWORK.

PLSS: T15S, R21E, Sec. 31 (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3633145 E706984 Latitude/Longitude: 32.81682 / -114.78905 Elevation (feet): 360

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

NII70S0001 NILUS, T. - NIILUS #173 RSA #658024 1970-04-06

Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch Page 81 of 88

Report Printed on Tuesday, December 29, 2020 Information Expires 5/29/2021PC ORIGINAL PKG



Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 72161 EO Index: 73127

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 38 Occurrence Last Updated: 2014-08-27

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2013-03-04 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-03-04 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ON BLM RD 664, 0.5 MILE EAST OF OGILBY RD, CARGO MUCHACO MOUNTAINS.

Detailed Location:

MAPPED ACCORDING TO COORDINATES PROVIDED ON A 2013 ANDRE COLLECTION, IN THE NW 1/4 OF THE SE 1/4 OF SECTION 26.

Ecological:

SPARSELY VEGETATED GRAVELLY TO ROCKY VOLCANIC HILLS AND PAVEMENTS. ASSOCIATED WITH ENCELIA FARINOSA, FOUQUIERIA, 
AMBROSIA DUMOSA, ERIOGONUM THOMASII, LARREA TRIDENTATA, AND FAGONIA PACHYACANTHA.

Threats:

General:

MAIN SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 2013 ANDRE COLLECTION; DESCRIBED AS "OCCASIONAL". A 2001 COLLECTION 
BY PITZER & BALLMER FROM "VICINITY OF INDIAN WASH, 13.9 MILES SOUTH OF HIGHWAY 78 ON OGILBY RD" IS ALSO ATTRIBUTED HERE.

PLSS: T14S, R20E, Sec. 26, SE (S) Accuracy: 80 meters Area (acres): 0

UTM: Zone-11 N3644031 E702274 Latitude/Longitude: 32.91583 / -114.83695 Elevation (feet): 640

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

AND13S0002 ANDRE, J. - ANDRE #24139 RSA #806150 2013-03-04

PIT01S0001 PITZER, B. & G. BALLMER - PITZER #4264 UCR #163763 2001-03-17
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 79366 EO Index: 80349

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 42 Occurrence Last Updated: 2010-07-09

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1998-03-22 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1998-03-22 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

APPROXIMATELY 1 MILE EAST OF OGILBY ROAD AND SOUTH OF INDIAN PASS ROAD, NORTH END OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

MAPPED BY CNDDB AS BEST GUESS BASED ON COORDINATES ON COLLECTION LABEL; COORDINATES ARE FROM 1998 WITH NO DATUM 
SPECIFIED.

Ecological:

VOLCANIC SUBSTRATES WITH LARREA TRIDENTATA, OLNEYA TESOTA, AND FOUQUIERIA SPLENDENS.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS SITE IS A 1998 REBMAN COLLECTION.

PLSS: T14S, R20E, Sec. 25, NW (S) Accuracy: 1/10 mile Area (acres): 0

UTM: Zone-11 N3644635 E703112 Latitude/Longitude: 32.92112 / -114.82786 Elevation (feet): 787

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

REB98S0001 REBMAN, J. ET AL. - REBMAN #4946 UCR #112167, SD #144883, RSA #643389 1998-03-22
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 86962 EO Index: 87923

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 49 Occurrence Last Updated: 2012-10-16

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

CNDDB Element Ranks: Global: G5

State: S3

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1985-03-09 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1985-03-09 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ENTRENCHED WASH NORTH END OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

MAPPED ALONG WASH NEAR COORDINATES PROVIDED ON HERBARIUM PRINTOUT FOR 1985 MCLAUGHLIN COLLECTION. SOURCE OF 
COORDINATES IS UNKNOWN; COORDINATES ARE LOCATED ON A SLOPE ON THE SOUTH SIDE OF THE WASH.

Ecological:

ASSOCIATED WITH ASCLEPIAS ALBICANS.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 1985 MCLAUGHLIN COLLECTION. NEEDS FIELDWORK.

PLSS: T14S, R20E, Sec. 36 (S) Accuracy: non-specific area Area (acres): 73

UTM: Zone-11 N3642459 E704203 Latitude/Longitude: 32.90129 / -114.81668 Elevation (feet): 800

County Summary: Quad Summary:

Imperial Hedges (3211487)

Sources:

MCL85S0005 MCLAUGHLIN, S. & J. BOWERS - MCLAUGHLIN #2931, SEINET #902093, ARIZ #257518 1985-03-09
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Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

Map Index Number: 46437 EO Index: 46437

Key Quad: Glamis (3211581) Element Code: PDLNN02020

Occurrence Number: 2 Occurrence Last Updated: 2019-01-03

Scientific Name: Pholisma sonorae Common Name: sand food

Listing Status: Federal: None Rare Plant Rank: 1B.2

State: None Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 

CNDDB Element Ranks: Global: G2 Botanic Garden
State: S2

General Habitat: Micro Habitat:

DESERT DUNES, SONORAN DESERT SCRUB. LOOSE, DEEP SAND DUNES, USUALLY ON THE MORE STABLE, 
WINDWARD FACE. 0-125 M.

Last Date Observed: 2018-04-22 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2018-04-22 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES.

Detailed Location:

MAPPED BY CNDDB TO ENCOMPASS VARIOUS SOURCES OF MAP INFORMATION. INCLUDES FORMER EO #S 3-11, 13-25, 28-41, 43-45, 47-49, 51, 
52. IN 2013, THE 4 PLANTS OBSERVED N OF HWY 78 WERE THE ONLY INDIVIDUALS SEEN OVER A LARGE AREA.

Ecological:

MOST COMMONLY FOUND IN SHELTERED STABILIZED SAND DUNES BUT IT MAY OCCUR IN LOOSE DEEP SAND ON THE WINDWARD FACES OF 
SAND DUNES. ROOT PARASITE ON COLDENIA PLICATA, ERIOGONUM DESERTICOLA, AND COLDENIA PALMERI.

Threats:

ORV ACTIVITY, BORDER PATROL USE.

General:

SEEN IN 1977 THROUGHOUT DUNES. POPULATION NUMBERS FOR PARTS OF OCC: 571 IN 1994, ~486 FLOWER HEADS IN '98, 385 IN '99, 1576 IN 
'00, 3740 IN '01, 3317 IN '02, 78,417 IN '04, 4 IN '13, 24 IN '17, 94 IN '18.

PLSS: T14S, R18E, Sec. 57, N (S) Accuracy: specific area Area (acres): 78,858

UTM: Zone-11 N3640419 E682852 Latitude/Longitude: 32.88668 / -115.04526 Elevation (feet): 300

County Summary: Quad Summary:

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Sources:

ANO36S0002 ANONYMOUS - ANONYMOUS SN SD #15582 1936-05-XX

AUB59S0001 AUBREY, F. - AUBREY SN UCR #16469 1959-04-25

BAR66S0001 BARR, R. - BARR #66-36 US ARIZ #161673 (AS CITED IN WAR87R0001) 1966-05-30

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX

BEN10I0002 BENNETT, A. - PHOTOS OF PHOLISMA SONORAE, CALPHOTOS ID #0000 0000 0510 2064-2072 2010-05-16

BEZ65S0001 BEZY, R. - BEZY SN UA #231779 (AS CITED IN WAR87R0001) 1965-05-28

BLM00R0001 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: RESULTS OF 1998 MONITORING AND COMPARISON WITH THE DATA FROM WESTECS 1977 
MONITORING STUDY 2000-11-XX

BLM01R0001 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: 1977, 1998, 1999, AND 2000 2001-06-XX
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Occurrence Report
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BLM04R0002 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: 1977, 1998, 1999, 2000, 2001, AND 2002 2004-10-XX

BLM04R0003 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA, RESULTS OF 2003 PILOT SAMPLING 2004-01-05

BLM05R0001 BLM-BUREAU OF LAND MANAGEMENT - 2004 MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, 
IMPERIAL COUNTY, CALIFORNIA 2005-03-24

BLM80M0001 BUREAU OF LAND MANAGEMENT - CALIFORNIA DESERT CONSERVATION AREA - MAP OF RARE, THREATENED, AND 
ENDANGERED PLANT SPECIES 1980-XX-XX

BLM86R0002 BLM-BUREAU OF LAND MANAGEMENT - PROPOSED 1985 PLAN AMENDMENTS VOL. 2 1986-01-XX

BRU17F0017 BRUNER, C. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2017-04-05

BRU17F0020 BRUNER, C. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2017-04-06

BRU17F0021 BRUNER, C. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2017-04-06

BRU17F0022 BRUNER, C. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2017-04-05

BRU18F0021 BRUNER, C. ET AL. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-03-27

BRU18F0035 BRUNER, C. ET AL. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-03-29

BRU18F0040 BRUNER, C. ET AL. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-03-29

BRU18F0045 BRUNER, C. ET AL. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-04-22

CAR73S0005 CARLQUIST, S. & WALLACE - CARLQUIST #4365 RSA #239048, SD #90614, NY #37805, CAS #577823, MO #100679897, SEINET 
#10847674, CAS-BOT-BC #230596 1973-05-14

CHA08I0001 CHARTERS, M. - PHOTOS OF PHOLISMA SONORAE, CALPHOTOS ID #0000 0000 0508 0614-0620 2008-05-05

CHM00R0001 CH2M HILL - IMPERIAL IRRIGATION DISTRICT (IID)/SAN DIEGO COUNTY WATER AUTHORITY (SDCWA) WATER CONSERVATION 
AND TRANSFER PROJECT EIR/EIS, SCOPING SUMMARY REPORT 2000-03-10

COO36S0001 COOK, L. - COOK SN UCR #95847 SD #16026 1936-06-13

COT67S0001 COTHRUN, D. - COTHRUN SN ASU #37347 (AS CITED IN WAR87R0001) 1967-07-07

COX63S0001 COX, G. - COX SN SDSU #7874 1963-04-28

DAV79F0001 DAVIDSON, C. ET AL. - FIELD SURVEY FORM FOR ASTRAGALUS MAGDALENAE VAR. PEIRSONII & PHOLISMA SONORAE 1979-04-
28

DAV79S0010 DAVIDSON, C. ET AL. - DAVIDSON #7759 RSA #446408 1979-04-28

DAV79S0011 DAVIDSON, C. ET AL. - DAVIDSON #7793 RSA #446407, HSC #82769 1979-04-28

DEF34S0001 DEFOREST, H. - DE FOREST #18614 RSA #446409 1934-03-29

DICNDU0001 DICE, J. - LOCATION OF PHOLISMA SONORAE IN COMMENTS OF SKI95F0013. XXXX-XX-XX

DIR03S0001 DIRIDONI, G. - DIRIDONI SN SD #243934 2003-01-21

ENG79S0001 ENGARD, R. - ENGARD #1132 DBG (AS CITED IN WAR87R0001) 1979-04-14

FIL18F0005 FILLIPI, D. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-04-18

GIL28S0005 GILMAN, M. - GILMAN SN POM #145275 & #145276, SBBG #59874, CAS #154857, DS #171324, CAS-BOT-BC #230598 & #230595 
1928-04-25

GUI08S0006 GUILLIAMS, C. & J. MARSHALL - GUILLIAMS #634 (A-D) SDSU #18394, #18388, #18364, & #18358 2008-04-23

GUS83S0013 GUSTAFSON, R. & KEELEY - GUSTAFSON #2571 RSA #446405 1983-05-06

HAR65S0004 HARWOOD, R. - HARWOOD SN SDSU #7880 1965-05-09

HEN64S0001 HENRICKSON, J. & RUTHERFORD - HENRICKSON #1836 RSA #182256, GH #376183 1964-05-16

HIL01S0005 HILL, S. & K. KRAMER - HILL #33499 UCR #123800, ILLS #211703, SEINET #7048030 2001-04-27

HOW64S0006 HOWE, D. - HOWE #3761 SDSU #8108 1964-04-12

HOW64S0007 HOWE, D. - HOWE #10193 RSA #172241 & #446406 1964-05-13

KOL46S0001 KOLUVEK, P. - KOLUVEK SN UC #775203, NY #37804, DS #342223, MO #100679895, SEINET #10946708, CAS-BOT-BC #230599 1946
-06-11

LUC83R0001 LUCKENBACH, R. A. & R. B. BURY - EFFECTS OF OFF-ROAD VEHICLES ON THE BIOTA OF THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA; JOURNAL OF APPLIED ECOLOGY (1983); 20; PG. 265-286 1983-XX-XX

MCC93R0003 MCCALVIN, C. (U.S. FISH AND WILDLIFE SERVICE) - SURVEYS FOR SEVEN RARE PLANT SPECIES, THE FLAT-TAILED HORNED 
LIZARD, AND THE COLORADO DESERT FRINGED-TOED LIZARD, ALL-AMERICAN CANAL LINING PROJECT, IMPERIAL COUNTY, 
CALIFORNIA 1993-08-XX

MOR81U0007 MOREY, S. - MAPS OF BOUNDED AREAS REPRESENTATIVE OF DATA POINTS FROM WES77R0004. 1981-04-24
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OESNDF0001 OESTERREIC, W. - BLM FIELD SURVEY FORM FOR PHOLISMA SONORAE XXXX-07-19

PEI32S0013 PEIRSON, M. - PEIRSON #9781 RSA #77813 1932-03-21

POR03S0028 PORTER, J. - PORTER #13491 RSA #0084082 2003-04-08

REC79R0001 U.S. BUREAU OF RECLAMATION - REPORT ON RARE PLANT POPULATIONS ALONG THE ALL AMERICAN CANAL 1979-XX-XX

ROM79R0001 ROMSPERT, A. & J. BURK - ALGODONES DUNES SENSITIVE PLANT PROJECT - C.S.U. FULLERTON PREPARED FOR BLM 1979-
XX-XX

ROO49S0046 ROOS, J. - ROOS #4984 RSA #89981 1949-04-07

RYA69S0007 RYAN, J. - RYAN #50 RSA #209611 1969-04-11

SDNNDU0003 SAN DIEGO NATURAL HISTORY MUSEUM - NOTES ON GENERAL LOCATIONS OF (AMMOBROMA) PHOLISMA SONORAE. XXXX-
XX-XX

SKI95F0013 SKINNER, M. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 1995-04-08

SPJ80S0003 SPJUT, R. & J. ADAMS - SPJUT #6153 HSC #66961 1980-04-30

THO78S0030 THORNE, R. - THORNE #52167 RSA #336093 1978-05-30

THO84S0003 THORNE, R. ET AL. - THORNE #58267 RSA #331172 & #0109169, NY #37806 1984-04-27

WAL73S0004 WALLACE, G. & CARLQUIST - WALLACE #1193 RSA #257643, CAS #763732, CAS-BOT-BC #293705 1973-05-14

WAL98F0006 WALL, M. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 1998-06-08

WAL98F0007 WALL, M. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 1998-06-08

WAL98F0008 WALL, M. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 1998-06-08

WAR87R0001 WARREN, P. & A. LAURENZI - RARE PLANTS SURVEY OF THE YUMA DISTRICT. 1987-08-XX

WED66S0002 WEDBERG, H. - WEDBERG #1234 SDSU #8102 1966-05-02

WES77R0003 WESTEC SERVICES, INC. - SURVEY OF SENSITIVE PLANTS OF THE ALGODONES DUNES - PREPARED FOR BLM. 1977-08-XX

WES77R0004 WESTEC SERVICES, INC. - SURVEY OF SENSITIVE PLANTS OF THE ALGODONES DUNES - PREPARED FOR BLM BY WESTEC. 
1977-XX-XX

WIE03A0001 WIESENBORN, W. - INSECTS ON PHOLISMA SONORAE FLOWERS AND THEIR CONSPECIFIC POLLEN LOADS, MADRONO VOL. 
50, NO. 2, PP. 110-114, 2003 2003-XX-XX

WIL66S0003 WILGUS, J. - WILGUS SN ARIZ #159492 (AS CITED IN WAR87R0001) 1966-05-15

YAT80S0001 YATSKIEVYCH, G. - YATSKIEVYCH #80-129 ARIZ #221475, MO #100654470, SEINET #10743474 (ALSO CITED IN WAR87R0001) 1980
-04-26
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Map Index Number: 06550 EO Index: 46458

Key Quad: Ogilby (3211477) Element Code: PDLNN02020

Occurrence Number: 12 Occurrence Last Updated: 2001-11-09

Scientific Name: Pholisma sonorae Common Name: sand food

Listing Status: Federal: None Rare Plant Rank: 1B.2

State: None Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 

CNDDB Element Ranks: Global: G2 Botanic Garden
State: S2

General Habitat: Micro Habitat:

DESERT DUNES, SONORAN DESERT SCRUB. LOOSE, DEEP SAND DUNES, USUALLY ON THE MORE STABLE, 
WINDWARD FACE. 0-125 M.

Last Date Observed: 1902-05-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1902-05-XX Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

OGILBY, NEAR HEDGES MINES.

Detailed Location:

EXACT LOCATION UNKNOWN, MAPPED AS BEST GUESS BY CNDDB AT OGILBY.

Ecological:

Threats:

General:

SITE BASED ON A 1902 COLLECTION BY STOCKTON. NEEDS FIELDWORK.

PLSS: T15S, R20E, Sec. 35, N (S) Accuracy: 1 mile Area (acres): 0

UTM: Zone-11 N3633124 E702138 Latitude/Longitude: 32.81754 / -114.84079 Elevation (feet): 400

County Summary: Quad Summary:

Imperial Ogilby (3211477)

Sources:

SDNNDU0003 SAN DIEGO NATURAL HISTORY MUSEUM - NOTES ON GENERAL LOCATIONS OF (AMMOBROMA) PHOLISMA SONORAE. XXXX-
XX-XX

STO02S0001 STOCKTON, A. - STOCKTON SN UC #105882 1902-05-XX
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Photo 1.  
Representative photo of the Brassica (nigra) and 
other mustards semi-natural stands CNPS vegetation 
category

Photo 2.  
Representative photo of the Larrea tridentata  
Encelia farinosa alliance CNPS vegetation 
category  

Photo 3.  
Representative photo of the Parkinsonia florida—
Olneya tesota alliance CNPS vegetation category   
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Photo 4.  
Example Observation point during raptor 
surveys. 

Photo 5.  
Example Observation point used during raptor 
surveys. 

Photo 6.  
Example Observation point used during raptor 
surveys. 
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Photopage 2
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Photo 7.  
Example Observation point used during 
raptor surveys. 

Photo 8.  
Active eyrie for prairie falcon observed 
during raptor surveys.  

Photo 9.  
Active eyrie for prairie falcon observed 
during raptor surveys.  
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Photopage 3
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Photo 10.  
Red-tailed hawk roost detected. 

Photo 11.  
Potentially suitable western burrowing owl 
habitat within the Analysis Area. 

  
 

Photo 12.  
Potentially suitable western burrowing owl 
habitat within the Analysis Area. 
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Photo 13.  
Habitat assessed for Colorado desert fringe-
toed lizard. Sandy area was assessed for 
potential habitat for the lizard.  

   

 

 

Photo 14.  
Habitat assessed for Colorado desert fringe-
toed lizard. 

   

 

 

   

Photo 15.  
Abandoned underground mine assessed for 
bat use. There is a bat compatible closure 
(angle-iron gate) in the mine portal.  
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Photo 16.  
Abandoned underground mine assessed for 
bat use. 

Photo 17.  
Location of Gila woodpecker historical 
detection location outside of Analysis Area.  

Photo 18.  
Representative small wash assessed for Gila 
woodpecker habitat within the Analysis Area.  
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Photo 19.  
Active desert tortoise burrow observed. 
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Appendix F. BLM Sensitive Species for the El Centro Field Office with a Potential to Occur of “None”. 

I Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur Effects Determination 
I 

AMPHIBIANS      

Lithobates yavapaiensis  
 
Lowland leopard frog 

Occurs in a variety of perennial to near 
perennial waters in desert grasslands to 
pinyon juniper biotic communities 
(AGFD 2006). Inhabits large rivers, 
streams, canals, cienegas, cattle tanks or 
other aquatic features (Rorabaugh 2008). 
Can survive in semi-permanent aquatic 
systems by retreating into deep mud 
cracks, mammal burrows, or rock fissures, 
but large pools are required for adult 
survival and reproductive efforts (Bureau 
of Reclamation 2016).  
 
Elevation: In California, from near sea 
level to 5,961 ft (CDFW 2018). 

Historic range included Arizona, 
California, Nevada, New Mexico, U.S. 
and extreme northeastern Baja California, 
northern Sonora, and possibly 
northwestern Chihuahua, Mexico 
(AGFD 2006, Bureau of Reclamation 
2016). Current range is restricted to 
southern Arizona and adjacent portions 
of Sonora (Bureau of Reclamation 2016). 

Assumed to be extirpated from 
California, otherwise extremely rare 
(CDFW 2018). Historically inhabited 
San Bernardino, Riverside and 
Imperial counties, along the Colorado 
River Valley and Imperial Valley 
(CDFW 2018). 

None. There is no perennial 
water in the Analysis Area and 
this species is considered 
extirpated from California. 

 

BIRDS      

Agelaius tricolor 
 
Tricolored blackbird 

Occupies areas near fresh water, 
preferably in emergent wetland with tall, 
dense cattails or tules, but also in thickets 
of willow, blackberry, wild rose, tall herbs 
(CDWF 2008c). Feeds in grasslands and 
cropland habitats. Seeks cover in 
emergent wetland vegetation and also in 
trees and shrubs (CDWF 2008c).  
 

Historically the ranged throughout most 
of lower-elevation California, with 
smaller nesting colonies known from Baja 
California, Nevada, and Oregon (USFWS 
2019). The majority of the breeding 
population was found in the Central 
Valley, along the California coast, in the 
Sierra Nevada foothills, and in southern 
California (USFWS 2019).  

Common locally throughout Central 
Valley and in coastal districts from 
Sonoma County (CDWF 2008c). 
More widespread in winter along the 
central coast and San Francisco Bay 
area and in portions of the Colorado 
Desert (CDWF 2008c).  

None. The Analysis Area does 
not contain appropriate habitat 
for this species are no 
occurrence records for this 
species within the California 
Natural Diversity Database in 
these quadrangles (CDFW 2020). 

 

Charadrius montanus 
 
Mountain plover 

Utilizes short grasslands, plowed fields 
with little vegetation, and open sagebrush 
areas. Avoids areas with dense cover. 
Nests in open areas in high-elevation 
grassland, often blue gramma and buffalo 
grass patches (CDFW 2008a). Does not 
nest in California (CDFW 2008a). 
 
Elevation: In California, below 3,200 ft in 
winter (CDFW 2008a). 

Breeds in western Great Plains and 
Rocky Mountains States from the 
Canadian border to Northern Mexico 
(USFWS 2021). In the U.S., breeding 
occurs in Colorado, Montana, Nebraska, 
New Mexico and Wyoming and less 
frequently in Kansas, Oklahoma, Texas, 
and Utah (USFWS 2021). 

In California, winter resident 
September through March in Central 
Valley from Sutler and Yuba counties 
southward. Also in foothills west of 
San Joaquin Valley, Imperial Valley, 
Los Angeles County, and San 
Bernardino County and along the 
central Colorado river valley (CDFW 
2008a, b). Extralimital records along 
the northern coast (CDFW 2008a).  

None. This species is only 
known to winter in California 
and is outside the known range. 
There are no records for this 
species within the California 
Natural Diversity Database in 
these quadrangles (CDFW 2020). 
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Colaptes chrysoides 
 
Gilded flicker 

This species is most common in riparian 
areas, desert washes, and other habitats 
with Joshua trees or saguaro cacti (CDFW 
1997). Typically avoids urban and rural 
neighborhoods, even when saguaros are 
present (CDFW 1997, Corman and Wise-
Gervais 2005). This species hybridizes 
with the Northern Flicker (Wiebe and 
Moore 2017). Hybrids are typically found 
in riparian woodlands at the upper end of 
the species’ elevational range (Corman 
2005b). This species is non-migratory and 
uses similar habitats year-round (Moore, 
Pyle, and Wiebe 2017). Nest in soft wood 
of a snag or dead branches of live 
cottonwood, willow, Joshua tree, or 
saguaro cacti (CDFW 1997). 
 
Elevation: In Arizona, typically 200–3,200 
ft but occasionally up to 4,600 ft in 
riparian areas (Corman 2005b). 

This species is non-migratory (Moore, 
Pyle, and Wiebe 2017). Occurs in 
Arizona, California and Nevada, U.S. and 
the Mexican states of Baja California, 
Baja California Sur, Sinaloa and Sonora 
(Moore, Pyle, and Wiebe 2017). 

Considered nearly extirpated 
California (CDFW 1997). 

in None. This species is considered 
extirpated, the Analysis Area 
lacks appropriate habitat, and 
there are no records for this 
species within the California 
Natural Diversity Database in 
these quadrangles (CDFW 2020). 

 

Laterallus jamaicensis 
coturniculus 
 
California black rail 

This species breeds in tidal marshes, 
shallow freshwater marshes, wet 
meadows, flooded grassy areas and 
wetlands fed by irrigation with persistent 
emergent vegetation (Eddleman, Flores, 
and Legare 1994, Richmond et al. 2010). 
Uses areas with water depths of roughly 
one inch or less (Dodge 2019). The 
coturniculus subspecies is non-migratory, 
although juveniles disperse erratically 
from their natal sites (Eddleman, Flores, 
and Legare 1994). Uses similar habitat 
year-round (Eddleman, Flores, and 
Legare 1994). Along the Colorado River 
they prefer dense bulrush stands, shallow 
water, and gently sloping shorelines 
(CDFW 1990b).   
 
Elevation: In Arizona, 150–600 ft 
(AGFD 2002a, Corman 2005a). 

The coturniculus subspecies occurs in 
Arizona and California, U.S. and Baja 
California and Sonora, Mexico 
(Eddleman, Flores, and Legare 1994, 
Hinojosa-Huerta et al. 2013). 

Scarce, yearlong resident of saline, 
brackish, and fresh emergent 
wetlands in the San Francisco Bay 
area, Sacramento-San Joaquin Delta, 
coastal southern California at Morro 
Bay and a few other locations, the 
Salton Sea, and lower Colorado River 
area (CDFW 1990b). Formerly a local 
resident in coastal wetlands from 
Santa Barbara County to San Diego 
County (CDFW 1990b).  

None. The Analysis Area lacks 
appropriate habitat and is outside 
the known ranged, and there are 
no records for this species within 
the California Natural Diversity 
Database in these quadrangles 
(CDFW 2020). 
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Micrathene 
 
Elf owl 

whitneyi Occupies desert riparian habitat of 
moderate to open canopy, often with a 
moderate to sparse shrub understory, and 
typically bordering desert wash, desert 
scrub, or grassland habitats (CDFW 
1990c). Taller trees with a shrub 
understory may be required. Utilizes 
moderately tall trees and snags, including 
cottonwood, sycamore, willow, mesquite, 
and saguaros often using cavities made by 
other birds (CDFW 1990c). Nested in 
cottonwood and saguaro in California but 
also nests in willow, sycamore, and 
mesquite trees or snags of moderate 
height (CDFW 1990c). In the Sonoran 
Desert regions they are found mainly in 
riparian habitats or in areas with 
numerous saguaro (Wise-Gervais 2005). 
 
Elevation: up to 7,000 ft  (CDFW 1990c). 

Found from the southwest U.S. to central 
Mexico and Baja California. Northern 
populations winter in central Mexico and 
on the Pacific slope north to Sinaloa, 
Mexico (Wise-Gervais 2005).  

Rarely seen spring and summer 
resident of the Colorado River Valley. 
Records at Cottonwood Springs and 
Corn Springs in Riverside County 
(CDFW 1990c). Now nearly 
extirpated along the length of 
Colorado River. Reported only north 
of Needles, San Bernadino County, 
roughly 22 miles north of Blythe, 
Riverside County, and at Corn 
Springs since 1970 (CDFW 1990c).   

None. This Analysis Area lacks 
appropriate habitat and there are 
no records for this species within 
the California Natural Diversity 
Database in these quadrangles 
(CDFW 2020) 

 

Pelecanus occidentalis 
 
Brown pelican 

Inhabits estuarine, marine subtidal, and 
marine pelagic waters along the coasts 
(CDFW 1990b). Usually rests on water or 
inaccessible rocks, but uses mudflats, 
sandy beaches, wharfs, and jetties. Nests 
on rocky or low and brushy slopes of 
undisturbed islands, usually on the 
ground, but less often in bushes. Requires 
undisturbed lands adjacent to good 
marine fishing areas.  

Found along the Atlantic, Pacific, and 
Gulf coasts of North and South America 
(USFWS 2009). Can also be found from 
Nova Scotia to Venezuela and on the 
Pacific Coast from British Columbia to 
south-central Chile and the Galapagos 
Islands (USFWS 2009). On the Gulf 
Coast they occur in Florida, Alabama, 
Louisiana, Texas, Mississippi, and 
Mexico. Can use the Salton Seas in 
California, lakes in Florida, and bodies of 
water in southeast Arizona (USFWS 
2009).  

Breeds on the Channel Islands, 
Anacapa in Santa Barbara and Santa 
Cruz counties (CDFW 1990b). Rare 
to uncommon on the Salton Sea and 
Colorado River reservoirs (CDFW 
1990b).  

None. The analysis area occurs 
outside of this species range and 
no suitable aquatic habitat exists 
within the Analysis Area. 
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Strix occidentalis 
occidentalis 
 
California spotted owl 

 Inhabits forests and woodlands with 
large old trees and snags, high basal areas 
of trees and snags, dense canopies, 
multiple canopy layers, and downed 
woody debris  (Shuford and Garadali 
2008). In southern California, occupies 
montane hardwood and montane 
hardwood-conifer forests, especially with 
Canyon Live Oak and Bigcone Douglas 
fir and mid to high elevations. Uses 
coastal oak woodland, valley foothill 
riparian, and redwood forests at low 
elevations (Shuford and Garadali 2008).. 
 
Elevation: seal level in San Diego County 
to 6,600 ft in Tulare County (Shuford and 
Garadali 2008).. 

Includes three resident subspecies: the 
Northern Spotted Owl (S. o. caturina) in 
the mountains of the Pacific coast from 
southwestern British Columbia south 
through western Washington and Oregon 
to San Francisco Bay, California; the 
Mexican Spotted Owl (S. o. lucida) in 
forested mountains from southern Utah 
and Colorado south to Michoacan 
Mexico; and the California Spotted Owl 
of northern California south along the 
western slope of Sierra Nevada and in 
mountains of central and southern 
Califronia nearly to the Mexican border 
with three sight records from the Sierra 
San Pedro Matir in northern Baja 
California (Shuford and Garadali 2008).  

In the southern California mountains, 
they are known to occur in the 
southern Coast ranges from 
Monterey County south through the 
Traverse and Peninsular ranges to 
southern San Diego County (Shuford 
and Garadali 2008). Detected in the 
Santa Cruz Mountains of San Mateo 
and Santa Cruz counties. Also 
observed in the San Bernardino 
Mountains (Shuford and Garadali 
2008).  

None. The analysis occurs 
outside this species range and no 
suitable forested habitat occurs 
within the Analysis Area. 

 

Vireo bellii arizonae 
 
Arizona bell’s vireo 

Inhabits low, dense riparian growth along 
water or intermittent streams. Typically 
associated with willow, cottonwood, 
baccharis, wild blackberry or mesquite in 
desert localities (CDFW 1990a). Utilizes 
thickets of willow and other low shrubs. 
Usually found near water (CDFW 1990a). 
 
Elevations: In California, summers below 
2,000 ft (CDFW 1990a).  

Primarily occurs throughout Arizona, 
Utah, Nevada, and Sonora Mexico and 
California along the lower Colorado 
River (CDFW 1990a). 

in 
Rare summer resident along the 
Colorado River from Needles in San 
Bernardino County south to Blythe in 
Riverside County (CDFW 1990a). 
Also found at Picacho State 
Recreation Area and near Laguna 
Dam in Imperial County (CDFW 
1990a). 

None. 
habitat 
Area.  

No suitable riparian a 
occurs within the analysis 

 

Vireo bellii pusillus 
 
Least bell’s vireo 

Inhabits low, dense riparian growth along 
water or intermittent streams. Typically 
associated with willow, cottonwood, 
baccharis, wild blackberry or mesquite in 
desert localities (CDFW 1990a). Utilizes 
thickets of willow and other low shrubs. 
Usually found near water (CDFW 1990a). 

Endemic to California and 
California (CDFW 1990a). 

northern Baja 
 

Summer resident mostly in San 
Benito and Monterey counties, in 
coastal southern California from 
Santa Barbara County south, and 
along the western edge of the deserts 
in desert riparian habitat (CDFW 
1990a).  

None. 
habitat 
Area. 

No suitable riparian a 
occurs within the analysis 

 

 
Elevations: In California, summers below 
2,000 ft (CDFW 1990a).  
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MAMMALS      

Myotis evotis 
 
Long-eared myotis 

Inhabits nearly all brush, woodland and 
forest habitats but coniferous woodlands 
and forests seem to be preferred. Roosts 
in buildings, crevices, under bark, and in 
snags(CDFW 1990g). Occurs in semiarid 
shrublands, sage, chaparral, and 
agricultural areas, but usually associated 
with coniferous forests (WBWG 2018).   
 
Elevation: sea level to at least 9,000 ft 
(CDFW 1990g). 

Found across western North American 
from southwestern Canada (British 
Columbia, Alberta, and Saskatchewan) to 
Baja California and eastward in the U.S. 
to the western Great Plains (WBWG 
2018).  

Widespread in California but believed 
to be uncommon in most of its range. 
Avoids arid Central Valley and hot 
deserts, occurring along the entire 
coast and in the Sierra Nevada, 
Cascades, and Great Basin from the 
Oregon border south through the 
Tehachapi Mountains to the Coast 
Ranges (CDFW 1990g).  

None. No suitable forest or 
woodland habitats occur within 
the analysis Area. 

 

Myotis thysanodes Utilizes a wide variety of habitats Throughout much of western North Widespread in California occurring in None. No suitable forest or  
 including pinyon-juniper, valley foothill American from southern British all but the Central Valley and woodland habitats occur within 
Fringed myotis hardwood and hardwood-conifer forests 

(CDFW 1990f). 
Roosts in crevices in buildings, mines, 
rocks, rock faces, bridges, and in large 
decadent trees or snags (WBWG 2018). 
 
Elevation: sea level to 9,350 ft but most 
common between 4,000 and 7,000 ft 
(WBWG 2018). 

Columbia, Canada, south the Chiapas, 
Mexico from Santa Cruz Island in 
California, east to the Black Hills of 
South Dakota (WBWG 2018). 

Colorado and Mojave deserts. 
Abundance appears to be irregular 
(CDFW 1990f).  

the analysis Area. 

Perognathus longimembris 
bangsi 
 
Palm Springs little pocket 
mouse 

Known from various vegetation 
communities including creosote scrub, 
desert scrub, and grasslands, generally 
occurring on loosely packed or sandy soils 
with sparse to moderately dense cover 
(Bolster 1998).  

Historically known from the San 
Gorgonino Pass area east to southern 
Joshua Tree National Park and Shaver’s 
Valley, south through the Coachella 
Valley to Ocotillo (Bolster 1998).  

Currently found in the northern and 
western regions of Coachella Valley 
north of Interstate 10 (Nature Serve 
2021).  

None. The 
outside the 
species. 

analysis Area occurs 
known range of this 

 

PLANTS      

Ambronia umbellate var. 
aurita 
 
chaparral sand-verbena 

Annual herb that blooms March through 
September. Inhabits chaparral, coastal 
scrub, and desert dunes (CNPS 2021c).  
 
Elevation: 250 to 5,250 ft (CNPS 2021c). 

Known from California, Arizona, 
Baja California (CNPS 2021c).  

and Imperial, Los Angeles, Orange, 
Riverside, San Bernardino, San 
Diego, and Ventura counties (CNPS 
2021c). One location in Anza-
Borrego does not appear to be 
naturally occurring.  

None. No suitable 
of chaparral habitat 
the Analysis Area. 

desert dunes 
occur within 
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Astragalus magdalenae 
var. peirsonii 
 
Peirson’s milk-vetch 

Perennial herb that blooms December 
through April. Inhabits desert dunes 
(CNPS 2021m). 
 
Elevation: 200 to 750 ft (CNPS 2021m). 

Occurs in California, Arizona, Baja 
California, and Sonora Mexico (CNPS 
2021m). 

Imperial County and presumed 
extirpated if once present in San 
Diego County (CNPS 2021m). 

None. 
habitat 
Area. 

No suitable desert dune 
occurs within the analysis 

 

Choenactis g labriuscula 
var. orcuttiana 
 
Orcutt’s pincushion 

Annual herb that blooms January through 
August. Inhabits sandy substrates 
including coastal bluff scrub in coastal 
dunes (CNPS 2021k). 
 
Elevation: sea level to 325 ft (CNPS 
2021k). 

Occurs 
(CNPS 
 

in California 
2021k). 

and Baja California Found in Los Angeles, San Diego, 
Venture counties and presume 
extirpated in Orange County (CNPS 
2021k). 
 

None. The analysis Area occurs 
outside of the range of this 
species and no suitable costal 
dunes occur within the analysis 
Area. 

 

Chorizanthe polygonoides 
var. longispina 
 
Long-spined spineflower 

Annual herb that blooms April through 
July. Inhabits clay substrates in chaparral, 
coastal scrub, meadows, seeps, valley, 
foothill grassland, and vernal pools 
(CNPS 2021f). 
 
Elevations: 100 to 5,000 ft (CNPS 2021f). 

Occurs 
(CNPS 
 

in California 
2021f). 

and Baja California Found in Orange, Riverside, Santa 
Barbara, and San Diego counties 
(CNPS 2021f). 

None. The analysis Area occurs 
outside of the range of this 
species and no suitable costal 
dunes occur within the analysis 
Area. 

 

Cylindropuntia
 
Pink teddy-bear 

 fosbergii 

cholla 

Perennial stem succulent that blooms 
March through May. Inhabits Sonoran 
desert scrub habitats (CNPS 2021n). 
 
Elevation: 280 to 2,790 ft (CNPS 2021n). 

Endemic 
 

to California (CNPS 2021n). Occurs 
2021n). 
 

in San Diego County (CNPS None. The Analysis Area occurs 
outside of the known range of 
this species.  

 

Dieteria asteroids 
lagunensis 
 
Mt. Laguna aster 

var. Perennial herb that blooms July through 
August. Utilizes cismontane woodland 
and lower montane coniferous forest 
(CNPS 2021i).  
 
Elevation: 2,600 to 7,900 ft (CNPS 
2021i).  

Located in California 
(CNPS 2021i).  
 

and Baja California Found 
2021i). 
 

in San Diego 
 

County (CNPS None. The 
outside the 
species.  

Analysis Area is 
known range of this 

 

Fremontodendron 
mexicanum 
 
Mexican flannelbush 

Perennial evergreen shrub that blooms 
March through June. Inhabits gabbroic, 
metavocalnic, or serpentine substrates 
within closed-cone coniferous forest, 
chaparral, and cismontane woodlands 
(CNPS 2021g). 
 
Elevation: 30 to 2,350 ft (CNPS 2021g). 

Known from California and 
California (CNPS 2021g). 

Baja Found in San Diego 
2021g). 

County (CNPS None. Outside known range 
no occurrence records. 

and  
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Grindelia halii 
 
San Diego gumplant 

Perennial herb that blooms May through 
October. Utilizes chaparral, lower 
montane coniferous forest, meadow, 
seeps, valley and foothill grassland (CNPS 
2021q). 
 
Elevation: 280 to 5,725 ft (CNPS 2021q). 

Endemic to California (CNPS 2021q). Found in San Diego 
2021q). 

County (CNPS None. Outside known range 
no occurrence records. 

and  

Helianthus niveus subsp. 
tephrodes 
 
Algodones Dunes sunflower 

Perennial herb that blooms September to 
May. Lives on desert dunes (CNPS 
2021a). 
 
Elevation: 165 to 330 ft (CNPS 2021a). 

Found in California, Arizona, 
Mexico (CNPS 2021a). 
 

and Sonora Occurs in Imperial and San 
counties (CNPS 2021a). 
 

Diego None. No suitable dune habitats 
exist within the Analysis Area 
and no records of the species 
occur within the Analysis Area.  

 

Hulsea californica 
 
San Diego sunflower 

Perennial herb that blooms April through 
June. Inhabits openings and burned areas 
in chaparral, lower montane coniferous 
forest, and upper montane coniferous 
forests (CNPS 2021r). 
 
Elevation: 3,000 to 9,565 ft (CNPS 
2021r). 

Endemic 
 

to California (CNPS 2021r). Found in Riverside and 
counties (CNPS 2021r). 
 

San Diego None. Outside known range 
no occurrence records. 

and  

Lepidium flavum var. 
felipense 
 
Borrego Valley peppergrass 

Annual herb that blooms March through 
May. Inhabits sandy areas in pinyon and 
juniper woodland and Sonoran desert 
scrub (CNPS 2021b).  
 
Elevation: 1,495 to 2,755 ft  (CNPS 
2021b). 

Occurs 
(CNPS 

in California 
2021b). 

and Baja California Found in San Diego 
2021b). 

County (CNPS None. Outside known range 
no occurrence records. 

and  

Monardella nana subsp. 
leptosiphon 
 
San Felipe monardella 

Perennial rhizomatous herb that blooms 
June through July. Inhabits chaparral and  
lower montane coniferous forest (CNPS 
2021s). 
 
Elevation: 3,940 to 6,085 ft (CNPS 
2021s). 
 
 
 

Occurs 
(CNPS 
 

in California 
2021s). 

and Baja California Found in Riverside and San Diego 
counties (CNPS 2021s). 
Note: Known mostly from Hot 
Springs Mountains. Most of the 
plants from the Palomar Mountains 
are mis-identified. May not warrant 
taxonomic recognition due to 
problems with type specimen and its 
distribution and a lot of intermediacy 
between current subtaxa, and evident 
integradations (CNPS 2021s). 

None. No suitable chaparral, or 
forest habitats occur within the 
Analysis Area. 
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Palafoxia arida var. 
g igantea 
 
Giant Spanish needle 

Annual/perennial herb that blooms 
January through May. Inhabits desert 
dunes (CNPS 2021e). 
 
Elevation: 50 to 330 ft (CNPS 2021e). 

Occurs
(CNPS 
 

in California 
2021e). 

and Sonora Mexico Known only from 
(CNPS 2021e). 

Imperial County None. No suitable dune habitats 
exist within the Analysis Area 
and no records of the species 
occur within the Analysis Area. 

 

Streptanthus campestris 
 
Southern jewel-flower 

Perennial herb that blooms May through 
July. Inhabits rocky areas in chaparral, 
lower montane coniferous forest, and 
pinyon juniper woodland (CNPS 2021u). 
 
Elevation: 2,950 to 7,545 ft (CNPS 
2021u). 

Found 
(CNPS 
 

in California 
2021u). 

and Baja California Occurs in Imperial, Los Angeles, 
Riverside, Santa Barbara, San 
Bernardino, San Diego, and Ventura 
counties (CNPS 2021u). 
 

None. No suitable chaparral, 
woodlands or forest habitats 
occur within the Analysis Area.  

 

Symphotrichum 
defoliatum 
 
San Bernardino aster 

Perennial rhizomatous herb that blooms 
July through November. Inhabits areas 
near ditches, streams and springs in 
cistomontane woodland, coastal scrub, 
lower montane coniferous forest, 
meadows and seeps, marshes and 
swamps, and valley and foothill grasslands 
that are vernally mesic (CNPS 2021p). 
 
Elevation: 0.6 to 620 ft (CNPS 2021p). 

Endemic 
 

to California (CNPS 2021p). Found in Imperial, Kern, Los 
Angeles, Orange, Riverside, Santa 
Barbara, San Bernardino, San Diego, 
and possibly in San Luis Obispo 
counties(CNPS 2021p). 
 

None. 
habitat 
Area.  

No suitable aquatic 
occurs within the analysis 

 

Thermopsis 
semota 
 
Velvety false 

californica var. 

lupine 

Perennial rhizomatous herb that blooms 
March through June. Inhabits cismontane 
woodland, lower montane coniferous 
forest, meadows and seeps, and valley and 
foothill grasslands (CNPS 2021v). 
 
Elevation: 305 to 570 ft (CNPS 2021v). 

Endemic 
 

to California (CNPS 2021v). Found in San Diego 
2021v). 
 

County (CNPS None. Outside known range 
no occurrence records. 

and  

Thysanocarpus rig idus Annual herb that blooms February Occurs in California and Baja California Found in Los Angeles, Riverside, San None. Outside the known range  
 through May. Inhabits dry rocky slopes in (CNPS 2021o).  Bernardino, and San Diego counties and no occurrence records. 
rigid fringepod pinyon and juniper woodland (CNPS 

2021o).  
 
Elevation: 185 to 70 ft (CNPS 2021o).  
 

 (CNPS 2021o).  
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REPTILES      

Actinemys marmorata 
pallida 
 
Southwestern pond turtle 

Inhabit ponds, lakes, rivers, streams, 
creek, marshes, and irrigation ditches with 
abundant vegetation and either rocky or 
muddy bottoms in woodland, forests, 
grassland (CHS 2021f). Prefers shallower 
area in pools with logs, rocks, cattail mats, 
and exposed banks required for basking. 
May enter brackish water and seawater 
(CHS 2021f).  

Occurs in California 
(CHS 2021f). 

and Baja California Found south, east, and west of the 
San Francisco Bay area with eastern 
boundary along the edge of the South 
Coast Ranges with an isolated, relict 
population along the Mojave River at 
Campy Cody and at Afton Canyon 
(CHS 2021f).  

None. The 
outside the 
species. 

analysis Area 
known range 

occurs 
of this 

 

 
Elevation: sea level to 6.696 ft but mostly 
below 4,890 ft (CHS 2021f). 

Coleonyx switaki 
 
Barefoot banded gecko 

Inhabits rocky areas at the heads of 
canyons. Restricted to areas dominated by 
massive rock formations (CDFW 1990j). 
In flatlands, canyons, thornscrub and in 
where vegetation is sparse (CHS 2021e). 
 
Elevation: near sea level to over 2,000 ft 
(CHS 2021e). 

Occurs in California 
(CDFW 1990j). 

and Baja California Found on the east face of the 
Peninsular Ranges with 
unsubstantiated reports near Anza 
Borrego Desert in San Diego 
County(CDFW 1990j). Isolated 
population of subspecies C.s. switaki 
is known from Coyote Mountains of 
Imperial County (CHS 1990j). 

None. The 
outside the 
species. 

analysis Area 
known range 

occurs 
of this 

 

Phrynosoma mcallii 
 
Flat-tailed horned lizard 

Inhabits hard packed sandy flats and low 
dunes in Lower Colorado River 
desertscrub community, particularly in 
areas with creosote-white bursage 
vegetation (USFWS Brennan 2008, 
2011). Restricted to areas of fine sand 
and sparse vegetation in desert washes 
and flats (CDFW 2000a). Most common 
in areas with high density of harvester 
ants and fine windblow sand but rarely 
occurs on dunes (CHS 2021b). 

Occurs in Arizona and California, U.S. 
and the Mexican states of Baja 
California and Sonora (USFWS 2011). 

Found in central Riverside, eastern 
San Diego and Imperial counties 
(CDFW 2000a). Throughout most 
of the Colorado desert from 
Coachella Valley south through the 
Imperial Valley and west into the 
Anza-Borrego desert, south to Baja 
California, southwestern Arizona, 
and northwestern Sonora (CHS 
2021b).  

None. No suitable hard packed 
sandy flats or low dunes occur 
within the Analysis Area. No 
records for this species occur 
within the Analysis Area. 

Phrynosoma mcallii 
 
Flat-tailed horned lizard 

 
Elevation: Below 820 ft (AGFD 2010b, 
CHS 2021b). 
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I Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur Effects Determination 
I 

Phrynosoma 
 
Coast horned 

blainvilli 

lizard 

Inhabits valley-foothill hardwood, conifer 
and riparian habitats, pine-cypress, 
juniper, and annual grassland habitats 
(CDFW 2000a). Occurs in open areas of 
sandy soil and low vegetation in valleys, 
foothills, semiarid mountains and along 
dirt roads or near ant hills (CHS 2021a). 
 
Elevation: Sea level to 6,000 ft (CDFW 
2000a) or 8,000 ft (CHS 2021a). 

Endemic 
 

to California (CHS 2021a). Historically found along the Pacific 
coast from the Bay Area to Baja 
California border and west the Sierra 
Nevada Mountains (CHS 2021a).  

None. The 
outside the 
species.  

analysis Area 
known range 

occurs 
of this 

 

Thamnophis hammondii Inhabit vegetated areas associated with Occurs in California and Baja California Found on the southeastern slope of None. The analysis Area occurs  
 permanent or semi-permanent bodies of (CHS 2021g) the Diablo Range and the Salinas outside the known range of this 
Two-striped gartersnake water (CDFW 2000). Associated 

vegetation includes oak woodland, willow, 
coastal sage scrub, scrub oak, sparce pine, 
chaparral, and brushland (CHS 2021g). 
 
Elevation: sea level to 8,000 ft (CDFW 
2000). 

 Valley south along the South Coast 
and Traverse ranges to the Mexican 
border and on Santa Catalina Island 
(CDFW 2000). 

species. 
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Appendix F: Project Design Features, Conservation 
Management Actions, and Mitigation Measures  

SMP would prevent unnecessary or undue degradation of public lands by complying with the performance 
standards found in 43 CFR 3809.415 and 3809.420, as applicable. SMP would comply with BLM’s terms 
and conditions related to the specific mining and reclamation activities and with other federal and state laws 
related to environmental protection and protection of cultural resources. SMP would commit to the 
following environmental protection measures to prevent unnecessary or undue degradation during Project 
activities. The measures are derived from the general requirements established in 43 CFR 3809.420, as 
applicable, as well as other federal and state water and air quality regulations. 

Table F-1: Project Design Features 

Number Project Design Feature Resources Impacted 
PDF-1 Surface water within the Project Area consists of stormwater 

runoff within natural ephemeral drainages. The Project would 
require a California General Permit (CGP) pursuant to CGP 
Regulation (National Pollutant Discharge Elimination System 
No. CAS000002; State Water Resources Control Board Order 

Water Resources 

No. 2009-0009-DWQ amended by 2010-0014-DWQ and 
2012-0006-DWQ). Construction activities subject to the CGP 
include: 

• Any construction or demolition activity, including, 
but not limited to, clearing, grading, grubbing, or 
excavation, or any other activity that results in a land 
disturbance of equal to or greater than one acre. 

• All areas subject to land surface disturbance 
activities related to the Project including, but not 
limited to, Project staging areas, immediate access 
areas, and storage areas. All previously active areas 
are still considered active areas until final 
stabilization is complete. 

PDF-2 A BLM approved SWPPP would be developed and 
implemented to control sedimentation from disturbance 
associated with Project activities. BMPs would be developed 
following the BLM’s BMPs for Water Quality 2022 to 
manage disturbed surfaces. Sediment control structures could 
include, but not be limited to, fabric and/or hay bale filter 
fences, siltation or filter berms, and downgradient drainage 
channels in order to prevent unnecessary or undue 
degradation.  

Water Resources 

PDF-3 Water used for dust control would be kept to a practicable 
minimum in order to minimize the risk of water runoff, and 

Water Resources 

any water runoff would be managed so not to cause 
downstream erosion or flooding nor cause an exceedance of 
applicable water quality standards. 

PDF-4 Only minor servicing of mobile equipment (greasing and 
periodic fueling) would be conducted on BLM lands, limiting 
the potential for diesel fuel spills. Spill response kits would 
be maintained to ensure that pollutants are prevented from 
entering into washes. Any pollutants generated by Project 
activities would be properly disposed of in accordance with 
applicable regulations. The Project does not trigger any waste 

Water Resources 
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Number Project Design Feature Resources Impacted 
discharge requirements under Title 27, California Code of 
Regulations, Section 20005 et seq. 

PDF-5 SMP would implement BMPs for erosion and sediment 
control measures that would be identified in the BLM 

Water Resources, Soils 

approved SWPPP. The effectiveness of erosion control 
measures would be monitored throughout the duration of the 
Project as required by the CGP. SMP would follow all 
erosion and sediment control measures identified in the 
Reclamation Plan (Sespe 2022), including, but not limited to, 
specific prohibitions, effluent limitations, potential 
contaminant source identification, practices to reduce 
pollutants, assessment of pollutant sources, materials 
inventory, preventative maintenance program, spill 
prevention and response procedures, general stormwater 
BMPs, training, recordkeeping, and sampling procedures. 

PDF-6 SMP would operate under a monitoring program that would 
be developed for BLM approval under the Proposed Action. 

Water Resources, Soils 

PDF-7 Air quality impacts associated with the Project would be 
primarily from fugitive dust generation by vehicles and 

Air Quality 

equipment during operations and from vehicle and drill 
powerplant emissions. Road dust emissions and tailpipe 
emissions from drilling activities and vehicle travel along the 
access roads have the potential to release regulated pollutants. 
The Project would comply with applicable State of California 
and Imperial County Air District rules for fugitive dust 
emissions and greenhouse gas emissions. 

PDF-8 SMP would properly dispose of waste oil, other related 
fluids, filters, oily rags, etc., in appropriate disposal locations. 
Litter and trash generated by the contractors would be 
collected in appropriate containers and removed as required 

Hazardous 
Waste 

Material/Solid 

from the Project Area. Project-related refuse would be hauled 
to an authorized landfill for disposal. No refuse would be 
disposed on-site. 

PDF-9 Portable toilet facilities provided for the duration of the 
Project would be maintained by contractors, and accumulated 
human waste would periodically be collected and transported 
to an approved disposal site. No waste would be buried on-

Hazardous Material/Solid 
Waste 

site. 
PDF-10 Prior to Project activities, pre-construction migratory bird 

surveys would be conducted by a BLM-approved Qualified 
Biologist within 48 hours of proposed disturbance during the 

Wildlife Resources, 
Vegetation 

migratory bird breeding season (February 15 to August 31). 
These pre-construction surveys would also include vegetation 
surveys, including noxious and invasive species and special 
status species. Should active nests be identified during the 
pre-construction surveys, the following species-specific 
avoidance buffers would be implemented: 200 feet for non-
ESA listed species; 300 feet for ESA listed species; and 500 
feet for raptor species. No work would be conducted within 
the avoidance buffer areas until a  BLM-approved Qualified 
Biologist determines that the nest is no longer active, 
fledglings are independent of the nest, the nest has failed, or 
the BLM approves a buffer reduction deemed appropriate by 
the Qualified Biologist. If an avoidance buffer needs to be 
reduced, SMP would contact the U.S. Fish and Wildlife 
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Service (USFWS) and BLM and provide the necessary 
survey information to support the buffer reduction.  

PDF-11 During the bat maternity season (April 1 to August 31), SMP 
would implement a 500-foot avoidance buffer for drilling 
activities around features with evidence of use by BLM 

Wildlife Resources 

sensitive bat species. No prolonged drilling activity (i.e., drill 
site operations) would occur within this buffer; however, 
overland travel via access routes through the buffer would be 
permitted. SMP would utilize shielded lights that would limit 
nighttime drilling lighting within the avoidance buffers. 

PDF-12 To the extent possible, the Project would be completed 
outside the Mojave Desert tortoise (Gopherus agassizii) 

Wildlife Resources 

active season (March 15 to November 1), between November 
2 and March 14. 

PDF-13 Within 24 hours of the commencement of Project activities, a  
BLM-approved Authorized or Qualified Biologist would 

Wildlife Resources 

inspect the area to be disturbed plus a 500-foot buffer, 
focusing on areas that could provide suitable desert tortoise 
burrow or cover sites, such as dry washes with caliche. This 
may be combined with the above pre-construction migratory 
bird survey if taking place during the nesting season. Burrows 
would be flagged such that they would be avoided by Project 
activities. When requesting authorization of biologists to 
handle desert tortoises, the Permittee/BLM will submit 
credentials to the USFWS for review and approval at least 30 
days prior to the need for the biologist to perform those 
activities in the field. 

PDF-14 A BLM-approved Authorized or Qualified Biologist would 
be on-site prior to and during Project actions involving heavy 
machinery or any surface disturbing activities to ensure no 

Wildlife Resources 

desert tortoises are killed or burrows crushed, and Project 
staff are compliant with tortoise best practices. 

PDF-15 All surface disturbing activity would be limited to the land 
area essential for the Project. In determining these limits, 

Wildlife Resources 

consideration would be given to topography, public health 
and safety, placement of facilities, and other limiting factors. 
Work area boundaries would be appropriately marked to 
minimize disturbance. All workers would strictly limit their 
activities and vehicles to the areas marked. All workers 
would be trained to recognize work area markers and to 
understand equipment movement restrictions. 

PDF-16 All workers, including all construction and drilling contractor 
personnel, and others who implement Project activities would 
be given special instruction, which would include training on 

Wildlife Resources 

desert tortoise distribution, general behavior and ecology, 
protection afforded by state and federal endangered species 
acts (including prohibitions and penalties), procedures for 
reporting encounters, and the importance of following the 
protection measures. The education program may consist of a  
class or video presented by a BLM-approved Authorized or 
Qualified Biologist. The presentation to be used would be 
reviewed and approved by the BLM Wildlife Biologist or 
other biologist. 

PDF-17 All personnel would be notified that the desert tortoise is a  Wildlife Resources 
species listed as threatened under the ESA and protected by 
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state and federal law. Fines can be as high as $50,000 and/or 
one year in prison for violations. 

PDF-18 Personnel would be notified that desert tortoises are not to be Wildlife Resources 
handled, fed, or harassed in any way. If encountered, tortoises 
would be allowed space and time to move from the area on 
their own volition. The only exception to this is if the tortoise 
is in imminent, unavoidable danger (i.e., certain to be injured 
or killed if no action is taken) and an Authorized Biologist is 
not present. In this case, Project personnel may move a desert 
tortoise the shortest distance necessary to remove the tortoise 
from imminent danger. The desert tortoise shall be monitored 
until an Authorized Biologist or USFWS is contacted for 
further instruction. 

PDF-19 If a  desert tortoise is discovered in harm’s way, an 
Authorized Biologist will move the tortoise into adjacent 

Wildlife Resources 

habitat following the latest USFWS clearance and handling 
procedures. The tortoise would not be moved more than 300 
meters from their capture location. If the Authorized 
Biologist observes significant clinical signs of ill health, the 
tortoise should be removed from the wild in coordination 
with the USFWS. If suitable habitat is not available within 
300 meters of the tortoises’ capture locations or other land 
ownership restrictions prevent the release of individuals 
within 300 meters (e.g., privately owned land lacking 
permission), the tortoise should be translocated to the 
Recipient Site identified (Figure 3-14). 

PDF-20 Personnel who attend tortoise training will sign an attendance 
sheet, which would be submitted to the BLM for their 

Wildlife Resources 

information. Should BLM staff inspect the site during 
construction activities, workers on-site should be able to 
provide proof of tortoise training (a hard hat sticker is 
recommended for this purpose). 

PDF-21 SMP would designate a field contact representative (FCR) Wildlife Resources 
who would be responsible for overseeing compliance with 
protective stipulations for the desert tortoise and for 
coordination on compliance with the BLM. The FCR must be 
on-site during all Project activities. The FCR would have the 
authority to halt Project activities that are in violation of the 
stipulations. The FCR would have a copy of all stipulations 
when work is being conducted on the site. The FCR may be a 
crew chief or field supervisor, a  project manager, any other 
employee of the Project Proponent, or a  BLM-approved 
Authorized or Qualified Biologist. Any incident occurring 
during Project activities that is considered by the FCR to be 
in non-compliance with the mitigation plan would be 
documented immediately by the FCR. The FCR would ensure 
that appropriate corrective action is taken. Corrective actions 
would be documented by the FCR. The following incidents 
would require immediate cessation of the construction 
activities causing the incident, including: 

• Imminent threat of injury or death to a desert tortoise; 
• Unauthorized handling of a desert tortoise, regardless 

of intent, except in the instance of imminent, 
unavoidable danger; 
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• Operation of construction equipment or vehicles 

outside a project area cleared of desert tortoise, except 
on designated roads, and 

• Conducting any construction activity without a  
biological monitor where one is required. If a  tortoise 
is encountered during construction activities, work 
would be halted in proximity to the tortoise until an 
on-call BLM-approved Authorized Biologist can 
move the animal from harm’s way or until the desert 
tortoise leaves of its own accord. 

PDF-22 Where possible, motor vehicle access would be limited to 
maintained roads and designated routes. All vehicle tracks 

Wildlife Resources 

that might encourage public use would be reclaimed after 
Project-specific use. Barriers would be installed to prevent 
unauthorized vehicular traffic and signs would be posted 
indicating these roads would be for authorized use only. 

PDF-23 Speed Limits: Vehicle speed within Project area, along right-
of-way maintenance roads and on routes designated for 
limited use, would not exceed 20 miles per hour. Speed limits 

Wildlife Resources, Access 
and Transportation 

would be clearly marked by the Proponent, and workers 
would be made aware of these limits. 

PDF-24 Tortoises Under Vehicles: Vehicles parked in desert tortoise 
habitat would be inspected immediately prior to being 

Wildlife Resources 

moved. The practice of placing an orange cone by the driver-
side door would be used as a reminder to check for tortoise 
before re-entering and moving the vehicle. If a  tortoise is 
found beneath a vehicle, a  BLM-approved Authorized 
Biologist would be contacted to move the animal from 
harm’s way, or the vehicle would not be moved until the 
desert tortoise leaves of its own accord. 

PDF-25 Access roadside signs depicting a picture of desert tortoise 
would be posted to remind workers of the potential presence 
of tortoise within the Project Area. 

Wildlife Resources 

PDF-26 Project maintenance and construction, stockpiles of 
excavated materials, equipment storage, and vehicle parking 
would be limited to existing disturbed areas wherever 
possible. Should use of existing disturbed areas prove 

Wildlife Resources, 
Vegetation, Soils 

infeasible, any new disturbance would be confined to the 
smallest practical area, considering topography, placement of 
facilities, location of burrows or vegetation, public health and 
safety, and other limiting factors. Special habitat features, 
particularly tortoise burrows, would be flagged by the BLM-
approved Authorized or Qualified Biologist so that they may 
be avoided by installation equipment and during placement of 
poles and anchors. 

PDF-27 All trash and food items generated by construction and 
maintenance activities would be promptly contained and 
regularly removed from the Project site to reduce the 
attractiveness of the area to common ravens and other desert 

Wildlife Resources, 
Hazardous Material/Solid 
Waste 

predators. Portable toilets would be provided on-site if 
appropriate. 

PDF-28 Feeding of wildlife and/or leaving of food or trash as an 
attractive nuisance to wildlife is prohibited. Particular 
attention would be paid to “micro-trash” (including such 
small items as screws, nuts, washers, nails, coins, rags, small 

Wildlife Resources, 
Hazardous Material/Solid 
Waste 
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electrical components, small pieces of plastic, glass or wire, 
and any debris or trash that is colorful or shiny). All trash and 
food items would be promptly contained within closed, 
wildlife-proof containers. These would be regularly removed 
from the Project site to reduce the attractiveness of the area to 
ravens and other predators. 

PDF-29 Domestic pets are prohibited on-site. This prohibition does 
not apply to the use of domestic animals that may be used to 

Wildlife Resources 

aid in official and approved monitoring procedures/protocols, 
or service animals under Titles II and III of the Americans 
with Disabilities Act. 

PDF-30 To prevent the introduction of new noxious and invasive 
weed species into the Project Area, all vehicles and 
equipment that will be used on-site transported from outside 
of the Project Area would be washed and cleaned prior to 

Vegetation, Noxious and Non-
native Invasive Species 

entering the Project Area at a  designated location outside of 
the Project Area.  

PDF-31 All seed mixes and natural erosion products used for 
reclamation would be certified weed-free. 

Vegetation, Noxious and Non-
native Invasive Species 

PDF-32 Weed control practices would be implemented as necessary 
in coordination with the BLM, and non-native invasive plants 
would be removed manually. 

Vegetation, Noxious and Non-
native Invasive Species 

PDF-33 All revegetation efforts in the Project Area will be done with 
a BLM-approved native seed mix that closely matches the 
surrounding vegetation type. 

Vegetation, Noxious and Non-
native Invasive Species 

PDF-34 Pre-construction vegetation surveys, including for noxious 
and non-native invasive species and special status species, 
would be conducted in tandem with the pre-construction 

Vegetation, Special Status 
Species 

migration bird surveys described above. Should special status 
plant species be identified during Project activities, the BLM 
would require SMP to implement temporary barrier fencing 
around the individual plants for avoidance and to minimize 
impacts throughout the life of the Project. 

PDF-35    Injury: Should any desert tortoise be injured or killed, all 
activities would be halted and the BLM-approved Authorized 

Wildlife Resources 

Biologist immediately contacted. The biologist would have 
the responsibility for determining whether the animal should 
be transported to a veterinarian for care, which is paid for by 
the Project Proponent, if involved. If the animal recovers, the 
USFWS is to be contacted to determine the final disposition 
of the animal; few injured desert tortoises are returned to the 
wild. 

PDF-36 SMP has committed to avoidinstances of all known cultural Cultural Resources 
resources and engage in consultation with the Native 
American Heritage Commission and the Quechan Tribe of 
the Fort Yuma Reservation regarding the Project. 
Additionally, SMP prepared and implemented a tribal 
monitoring plan regarding the Project.  

PDF-37 All ground-disturbing activities have the potential to unearth Cultural Resources 
archaeological sites or human remains; all such discoveries 
on federal lands would be treated in accordance with the 
Native American Graves and Repatriation Act (25 USC 
30001-3013) and other federal and state regulations. 

PDF-38 SMP would implement site-specific fire 
prevention/protection actions, which would, at a  minimum, 

Human Health and Safety 
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include designating Project fire coordinators, providing 
adequate fire suppression equipment (including in vehicles), 
and establishing emergency response information relevant to 
the Project Area. 

PDF-39 SMP would have a 2,000-gallon portable water storage tank 
on-site for dust suppression that would also be available to 
assist in firefighting operations. SMP would ensure that all 
mobile equipment be equipped with fire extinguishers, hand 

Air Quality, 
and Safety 

Human Health 

tools, and first aid kits. In the event of an initial, small fire 
that does not create enough smoke, flame, and heat to prevent 
fighting the fire using a hand-held fire extinguisher or a  small 
water hose, and providing no one would be endangered, SMP 
personnel and/or contractors would make a reasonable effort 
to extinguish the fire. If two or more people are present, one 
would fight the fire while one reports to 911 the size, type, 
and location in the event the fire grows out of control. 
Personnel would not directly engage any fire which is beyond 
the incipient stage (i.e., a  fire which has progressed to the 
point it has substantially involved any structure/equipment). 

PDF-40 Planning and prevention of fires would also be managed 
through the appropriate handling and storage of fuels, 

Human Health and Safety 

inspections, and recordkeeping, spill prevention and response 
procedures, proper use of safety equipment, resource 
management training, and fire prevention training. SMP 
would coordinate with local law enforcement and fire 
departments to provide 24-hour access as needed for 
emergency response. 

PDF-41 SMP would have two fuel tanks on-site that would contain no 
more than 1,000 gallons of diesel fuel and 300 gallons of jet 
fuel, respectively. To prevent the spread of any accidental 
leakage in storage, fuel and lubricants would be stored in a 
shallow (4-inch deep), 10-foot by 10-foot lined reservoir at 

Soils, Hazardous 
Material/Solid Waste 

each drill site and in an approximately 6-inch deep, 20-foot 
by 40-foot lined reservoir at the fueling station. During 
drilling operations, the drill rig would be parked on top of 
plastic sheeting. A spill prevention kit would be stored on-site 
consisting of an oil-only absorbent mat material (i.e., PIG® 
absorbent mat pad) and absorbent clay or shale (i.e., Oil-Dri 
or “kitty litter”). The volume of absorbent that would be kept 
on-site for potential spills is estimated to be 50 gallons at 
each active drill site and 100 gallons at the fueling station. As 
there would be up to two active drill sites at one time, an 
estimated 200 gallons of absorbent that would be kept on-site. 

PDF-42 Cellular telephone service is generally available within the 
Project Area site for emergency and other communications. A 

Human Health and Safety 

satellite phone would also be made available in case of 
emergencies. Contractors would be trained in proper 
emergency response, incident reporting, and general health 
and safety issues. All equipment would be maintained in a 
safe and orderly manner. 

PDF-43 A Spill Contingency Plan would be prepared to describe the 
procedures followed by SMP and their contractors to prevent, 
control, and mitigate releases of oil and petroleum products to 
the environment within the Project Area. 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 
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PDF-44 Fueling would be performed on a 20-foot by 40-foot plastic 

sheeting over an approximately 6-inch-deep reservoir. The 
fueling area would be sloped gently to one corner with a 
small sump to contain any accidental releases of fuel. 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 

PDF-45 Equipment servicing would be performed within the fueling 
area or on plastic sheeting within the drill sites. 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 

PDF-46 A standard procedure fueling and servicing would be 
performed at the designated fueling stations and drill sites; 
however, equipment may need to be serviced at times 
elsewhere within the Project Area, and spill protection 
measures would be implemented. 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 

PDF-47 Diesel fuel is a  major consumable for the exploration 
equipment. Diesel fuel is available from local suppliers and 
would be received in tank trucks. The Project would receive 
and unload diesel to the on-site storage tank. 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 

PDF-48 Diesel fuel would be offloaded using drip-less connections in 
a contained area to eliminate spillage contamination. The off-
loading sites would be designed to drain into the main storage 
site containment and have a spill response kit containing 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 

booms and clean-up materials to ensure that any off-
containment spillage is immediately contained and cleaned. 

PDF-49 A small spill response trailer would be maintained in the 
Project Area to clean up any spills. 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 

PDF-50 Inspections of fuel valves and other inlets and outlets as well 
as secondary containment would be made daily. 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 

PDF-51 All site personnel that would be involved in fuel-handling 
would be trained in the operation and maintenance of 
equipment to prevent discharges. 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 

PDF-52 The fuel tanks would be secured and locked during times 
when SMP personnel and contractors are not on-site. 

Soils, Hazardous 
Material/Solid Waste, Water 
Resources 

In addition to the applicant-committed PDFs, the following CMAs per the DRECP LUPA (BLM 2016), as 
described below, would be required by the BLM. All of the CMAs described below would be fully 
supported and covered financially by SMP. 

Table F-2: Conservation Management Actions 

Number Conservation Management Action Resources Affected 
LUPA-BIO-7 Where DRECP vegetation types or Focus or BLM Special Vegetation, including 

Status Species habitats may be affected by ground- Noxious and Non-
disturbance and/or vegetation removal during pre- native Invasive Species 
construction, construction, operations, and and Special Status 
decommissioning related activities but are not converted Species 
by long-term (i.e., more than two years of disturbance, see 
Glossary of Terms) ground disturbance, restore these areas 
following the standards, approved by BLM authorized 
officer, following the most recent BLM policies and 
procedures for the vegetation community or species 
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habitat disturbance/impacts as appropriate, summarized 
below: 

• Implement site-specific habitat restoration actions 
for the areas affected including specifying and 
using: 

• The appropriate seed (e.g., certified 
weed- free, native, and locally and 
genetically appropriate seed) 

• Appropriate soils (e.g., topsoil of 
the same original type on site or that 
was previously stored by soil type 
after being salvaged during 
excavation and construction 
activities) 

• Equipment 
• Timing (e.g., appropriate season, 

sufficient rainfall) 
• Location 
• Success criteria 
• Monitoring measures  
• Contingency measures, relevant for 

restoration, which includes seeding 
that follows BLM policy when on 
BLM administered lands. 

• Salvage and relocate cactus, nolina, and yucca 
from the site prior to disturbance using BLM 
protocols. To the maximum extent practicable for 
short-term disturbed areas (see Glossary of Terms), 
the cactus and yucca will be re-planted back to the 
original site. 

• Restore and reclaim short-term (i.e. 2 years or less, 
see Glossary of Terms) disturbed areas, including 
pipelines, transmission projects, staging areas, and 
short-term construction-related roads immediately 
or during the most biologically appropriate season 
as determined in the activity/project specific 
environmental analysis and decision, following 
completion of construction activities to reduce the 
amount of habitat converted at any one time and 
promote recovery to natural habitats and 
vegetation as well as climate refugia and 
ecosystem services such carbon storage. 

LUPA-BIO-10 Consistent with BLM state and national policies and 
guidance, integrated weed management actions, will be 
carried out during all phases of activities, as appropriate, 
and at a  minimum will include the following: 

• Thoroughly clean the tires and undercarriage of 
vehicles entering or reentering the project site to 
remove potential weeds. 

• Store project vehicles on site in designated areas to 
minimize the need for multiple washings whenever 
vehicles re-enter the project site. 

• Properly maintain vehicle wash and inspection 
stations to minimize the introduction of invasive 
weeds or subsidy of invasive weeds. 

Vegetation, including 
Noxious and Non-
native Invasive Species 
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• Closely monitor the types of materials brought 

onto the site to avoid the introduction of invasive 
weeds and non-native species. 

• Reestablish native vegetation quickly on disturbed 
sites. 

• Monitor and quickly implement control measures 
to ensure early detection and eradication of weed 
invasions to avoid the spread of invasive weeds 
and non-native species on site and to adjacent off-
site areas. 

• Use certified weed-free mulch, straw, hay bales, or 
equivalent fabricated materials for installing 
sediment barriers. 

LUPA-BIO-12 For activities that may impact Focus or BLM Special 
Status Species, implement the following LUPA CMA for 
noise: 

Noise; Wildlife, 
including Special 
Status Species 

• To the extent feasible, and determined necessary 
by BLM to protect Focus and BLM sensitive 
wildlife species, locate stationary noise sources 
that exceed background ambient noise levels away 
from known or likely locations of BLM sensitive 
wildlife species and their suitable habitat. 

• Implement engineering controls on stationary 
equipment, buildings, and work areas including 
sound‐insulation and noise enclosures to reduce 
the average noise level, if the activity will 
contribute to noise levels above existing 
background ambient levels. 

• Use noise controls on standard construction 
equipment including mufflers to reduce noise 

LUPA-BIO-13 Implement the following CMA for project siting and 
design 

• To the maximum extent practicable site and design 
projects to avoid impacts to vegetation types, 
unique plant assemblages, climate refugia as well 
as occupied habitat and suitable habitat for Focus 
and BLM Special Status Species (see “avoid to the 
maximum extent practicable” in Glossary of 
Terms).  

Wildlife, including 
Special Status Species; 
Vegetation, including 
Noxious and Non-
native Invasive Species 
and Special Status 
Species 

• The siting of projects along the edges (i.e. general 
linkage border) of the biological linkages 
identified in Appendix D (Figures D-1 and D-2) 
will be configured (1) to maximize the retention of 
microphyll woodlands and their constituent 
vegetation type and inclusion of other physical and 
biological features conducive to Focus and BLM 
Special Status Species’ dispersal, and (2) informed 
by existing available information on modeled 
focus and BLM Special Status Species habitat and 
element occurrence data, mapped delineations of 
vegetation types, and based on available empirical 
data, including radio telemetry, wildlife tracking 
sign, and road-kill information. Additionally, 
projects will be sited and designed to maintain the 
function of F Special Status Species connectivity 
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• 

• 

• 

• 

• 

and their associated habitats in the following 
linkage and connectivity areas: 

• Within a 5-mile-wide linkage across 
Interstate 10 centered on Wiley’s 
Well Road to connect the Mule and 
McCoy mountains (the majority of 
this linkage is within the 
Chuckwalla ACEC and Mule-
McCoy Linkage ACEC) . 

• Within a 3-mile-wide linkage across 
Interstate 10 to connect the 
Chuckwalla and Palen mountains. 

• Within a 1.5-mile-wide linkage 
across Interstate 10 to connect the 
Chuckwalla Mountains to the 
Chuckwalla Valley east of Desert 
Center. 

• The confluence of Milpitas Wash 
and Colorado River floodplain 
within 2 miles of California State 
Route 78 (this linkage is entirely 
within the Chuckwalla ACEC). 

Delineate the boundaries of areas to be disturbed 
using temporary construction fencing and flagging 
prior to construction and confine disturbances, 
project vehicles, and equipment to the delineated 
project areas to protect vegetation types and focus 
and BLM Special Status Species. 
Long-term nighttime lighting on project features 
will be limited to the minimum necessary for 
project security, safety, and compliance with 
Federal Aviation Administration requirements and 
will avoid the use of constant-burn lighting. 
All long-term nighttime lighting will be directed 
away from riparian and wetland vegetation, 
occupied habitat, and suitable habitat areas for 
Focus and BLM Special Status Species. Long- 
term nighttime lighting will be directed and 
shielded downward to avoid interference with the 
navigation of night-migrating birds and to 
minimize the attraction of insects as well as 
insectivorous birds and bats to project 
infrastructure. 
To the maximum extent practicable (see Glossary 
of Terms), restrict construction activity to existing 
roads, routes, and utility corridors to minimize the 
number and length/size of new roads, routes, 
disturbance, laydown, and borrow areas. 
To the maximum extent practicable (see Glossary 
of Terms), confine vehicular traffic to designated 
open routes of travel to and from the project site, 
and prohibit, within project boundaries, cross- 
country vehicle and equipment use outside of 
approved designated work areas to prevent 
unnecessary ground and vegetation disturbance. 
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• To the maximum extent practicable(see Glossary 

of Terms) , construction of new roads and/or routes 
will be avoided within Focus and BLM Special 
Status Species suitable habitat within identified 
linkages for those Focus and BLM Special Status 
Species, unless the new road and/or route is 
beneficial to minimize net impacts to natural or 
ecological resources of concern. These areas will 
have a goal of “no net gain” of project roads and/or 
routes 

• To the maximum extent practicable (see Glossary 
of Terms), any new road and/or route considered 
within Focus and BLM Special Status Species 
suitable habitat within identified linkages for those 
Focus and BLM Special Status Species will not be 
paved so as not to negatively affect the function of 
identified linkages. 

• Use nontoxic road sealants and soil stabilizing 
agents. 

LUPA-BIO-PLANT-2 Implement an avoidance setback of 0.25 mile for all Focus 
and BLM Special Status Species occurrences. Setbacks 

Vegetation, including 
Noxious and Non-

will be placed strategically adjacent to occurrences to 
protect ecological processes necessary to support the plant 
Species (see Appendix Q, Baseline Biology Report, in the 

native Invasive Species 

Proposed LUPA and Final EIS [2015], or the most recent 
data and modeling). 

LUPA-BIO-SVF-1 For activity-specific NEPA analysis, a  map delineating Vegetation, including 
potential sites and habitat assessment of the following 
special vegetation features is required: Yucca clones, 
creosote rings, Saguaro cactus, Joshua tree woodland, 

Noxious and Non-
native Invasive Species 
 

microphyll woodland, Crucifixion thorn stands. BLM 
guidelines for mapping/surveying cactus, yuccas, and 
succulents shall be followed. 

LUPA-BIO-SVF-6 Microphyll woodland: impacts to microphyll woodland 
(see Glossary of Terms) will be avoided, except for minor 
incursions (see Glossary of Terms). 

Vegetation, including 
Noxious and Non-
native Invasive Species 

LUPA-BIO-VEG-1 Management of cactus, yucca, and other succulents will Vegetation, including 
adhere to current up-to-date BLM policy. Noxious and Non-

native Invasive Species 
LUPA-BIO-VEG-2 Promote appropriate levels of dead and downed wood on 

the ground, outside of campground areas, to provide 
Vegetation, including 
Noxious and Non-

wildlife habitat, seed beds for vegetation establishment, 
and reduce soil erosion, as determined appropriate on an 
activity-specific basis. 

native Invasive Species 

LUPA-BIO-IFS-9 Vehicular traffic will not exceed 15 miles per hour within Wildlife, including 
the areas not cleared by protocol level surveys where 
desert tortoise may be impacted. 

Threatened and 
Endangered Species 

LUPA-BIO-IFS-12 If burrowing owls are present, a  designated biologist (see 
Glossary of Terms) will conduct appropriate activity-

Wildlife, including 
Special Status Species 

specific biological monitoring (see Glossary of Terms) to 
ensure avoidance of occupied burrows and establishment 
of the 656 feet (200 meter) setback to sufficiently 
minimize disturbance during the nesting period on all 
activity sites, when practical. 
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LUPA-BIO-IFS-13 If burrows cannot be avoided on-site, passive burrow 

exclusion by a designated biologist (see Glossary of 
Wildlife, including 
Special Status Species 

Terms) through the use of one-way doors will occur 
according to the specifications in Appendix D or the most 
up-to-date agency BLM or CDFW specifications. Before 
exclusion, there must be verification that burrows are 
empty as specified in Appendix D or the most up-to-date 
BLM or CDFW protocols. Confirmation that the burrow is 
not currently supporting nesting or fledgling activities is 
required prior to any burrow exclusions or excavations. 

LUPA-BIO-IFS-14 Activity-specific active translocation of burrowing owls 
may be considered, in coordination with CDFW. 

Wildlife, including 
Special Status Species 

LUPA-BIO-IFS-24 Provide protection from loss and harassment of active Wildlife, including 
golden eagle nests through the following actions: 

• Activities that may impact nesting golden eagles, 
will not be sited or constructed within 1-mile of 

Migratory Birds and 
Special Status Species 

any active or alternative golden eagle nest within 
an active golden eagle territory, as determined by 
BLM in coordination with USFWS as appropriate. 

LUPA-CTTM-7 Manage Recreation Facilities consistent with the 
objectives for the recreation management areas and 

Recreation 

facilities (see also Section II.4.2.1.10). 
LUPA-CUL-9 Promote DRECP desert vegetation types/communities by 

avoiding them where possible, then use required 
compensatory mitigation, off-site mitigation, and other 

Vegetation; Cultural 
Resources 

means to ensure Native American vegetation collection 
areas and practices are maintained. 

LUPA-CUL-11 Promote and protect desert microphyll woodland 
vegetation type/communities to ensure Native American 

Vegetation; Cultural 
Resources 

cultural values are maintained. 
LUPA-MIN-2 Existing authorized mineral/energy operations, including 

existing authorizations, modifications, extensions and 
amendments and their required terms and conditions, are 

All Resources; Land 
Use Plan Conformance 

designated as an allowable use within all BLM lands in the 
LUPA Decision Area, and unpatented mining claims 
subject to valid existing rights. Amendments and 
expansions authorized after the signing of the DRECP 
LUPA ROD are subject to applicable CMAs, including 
ground disturbance caps within Ecological and Cultural 
Conservation Areas, subject to valid existing rights, 
subject to governing laws and regulations. 

LUPA-MIN-6 New or expanded mineral operations will be evaluated on 
a case-by-case basis, and authorizations are subject to 

All Resources; Land 
Use Plan Conformance 

LUPA requirements, and the governing laws and 
regulations. 

LUPA-SW-3 Where a seeming conflict between CMAs within or 
between resources arises, the CMA(s) resulting in the most 

All Resources 

resource protection apply. 
LUPA-SW-5 Exceptions to any of the specific soil and water 

stipulations contained in this section, as well as those 
listed below under the subheadings “Soil Resources,” 

Water Resources 

“Surface Water,” and “Groundwater Resources,” may be 
granted by the authorized officer if the applicant submits a  
plan, or, for BLM-initiated actions, the BLM provides 
documentation, that demonstrates: 
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Number Conservation Management Action Resources Affected 
• The impacts are minimal (e.g., no predicted aquifer 

drawdown beyond existing annual variability in 
basins where cumulative groundwater use is not 
above perennial yield and water tables are not 
currently trending downward) or can be adequately 
mitigated. 

LUPA-SW-11 Where possible, side 
construction requires 

casting shall be avoided where road 
cut- and-fill procedures. 

Water Resources 

NLCS-CUL-1 Any adverse effects to historic properties resulting from 
allowable uses will be addressed through the Section 106 
process of the National Historic Preservation Act and the 
implementing regulations at 36 CFR Part 800. Resolution 
of adverse effects will in part be addressed via alternative 
mitigation that includes regional synthesis and 
interpretation of existing archaeological data in addition to 
mitigation measures determined through the Section 106 
consultation process. 

Cultural Resources; 
National Conservation 
Lands 

NLCS-MIN-2 For the purposes of locatable minerals, California Desert 
National Conservation Lands are treated as “controlled” or 

National Conservation 
Lands 

“limited” use areas in the CDCA, requiring a Plan of 
Operations for greater than casual use under 43 CFR 
3809.11. 

NLCS-NSHT-12 Cultural Resources – Any adverse effects to historic 
properties resulting from allowable uses will be addressed 
through the Section 106 process of the National Historic 
Preservation Act and the implementing regulations at 36 
CFR Part 800. 

Cultural Resources; 
National Conservation 
Lands 

ACEC-CUL-6 Where specific threats are identified, implement protection 
measures consistent with agency NHPA Section 106 
responsibilities. 

Cultural Resources; 
Areas of Critical 
Environmental Concern 

 
In addition to the applicant-committed PDFs and CMAs, the following mitigation measures, as described 
below, would be required by the BLM. All of the mitigation measures described below would be fully 
supported and covered financially by SMP. 

Table F-3: Required Mitigation Measures 

Number Mitigation Measure Resources 
Affected Effectiveness and Impacts of Mitigation 

M-1 SMP would install exclusionary Exclusionary fencing would limit tortoise 
fencing around the access road to access to roads and prevent potential 
prevent desert tortoise crossings mortality. Exclusionary fencing is often used 
and collisions with individual to control tortoises and limit access to 
species within the Tumco Wash. Wildlife, 

Special Status 
Species 

potentially hazardous conditions (AIDTT 
2008). The impacts associated with this 
mitigation include additional temporary 
disturbance associated with the fence. Fencing 
would be installed on the previously disturbed 
ROW to reduce impacts to vegetation and 
wildlife habitat. All disturbance would be 
reclaimed as described in Appendix E. 

M-2 Notices would be posted on the Noise, The impacts associated with this mitigation 
BLM’s website and at designated Recreation include a potential decrease in the utilization 
recreational sites in the area of the Project Area and surrounding public 
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Number Mitigation Measure Resources 
Affected Effectiveness and Impacts of Mitigation 

notifying the public of dates and 
times that drilling would occur, 
bringing awareness to potential 

land by recreationalists. Recreationalists may 
choose to use other public lands in the 
surrounding area.  

elevated levels of noise and 
activity in the Project Area during 
which time recreationalists may 
choose to visit locations outside 
of the Project Area. 

M-3 Idling of all vehicles would be 
reduced to a minimum necessary 

Air Quality Limiting idling would reduce overall 
emissions and therefore, reduce impacts to air 

for operational capacity. quality and climate change. 
M-4 The staging area would be 

stabilized during use using BLM 
approved methods, and staging 

Air Quality, 
Soils 

Stabilizing the staging area would reduce 
fugitive dust generation from loose soils and 
would reduce impacts from soil erosion.  

area soils will be stabilized upon 
Project completion. 

M-5 A Cultural Monitoring and 
Inadvertent Discovery Plan will be 

Cultural 
Resources 

Periodic monitoring would reduce impacts to 
known sites as well as any undocumented 

prepared in consultation with the 
BLM ECFO archaeologist and 
implemented prior to conducting 

cultural sites or sensitive areas identified. 
SMP would implement PDFs and mitigation 
measures to avoid and reduce impacts to 

fieldwork. Any inadvertent 
cultural resources discovered 

cultural resources. 

during construction, operations 
and/or reclamation would require 
SMP to cease all work 
immediately and notify the BLM 
Authorized Officer. The BLM 
Authorized Officer would then 
evaluate the discovery in 
coordination with other consulting 
parties to determine and 
implement appropriate treatment, 
if necessary. 

M-6 All known culturally sensitive 
areas within 100 feet of ground-
disturbing activities and access 

Cultural 
Resources 

Barrier fencing would reduce accidental 
impacts to culturally sensitive areas from 
personnel and equipment. The impacts 

roads will be safeguarded with 
periodic archaeological monitoring 
and possibly barrier fencing, in 

associated with this mitigation include 
additional temporary disturbance associated 
with the barrier fencing. Fencing would be 

consultation with the BLM ECFO 
archaeologist,  

placed so as to avoid impacts to vegetation. 
All disturbance would be reclaimed as 
described in Appendix E.   

M-7 Periodic archaeological Cultural Periodic monitoring would reduce impacts to 
monitoring (checking fencing, 
access routes, and drill pad 
locations, etc.) will be conducted 

Resources known sites as well as any undocumented 
cultural sites or sensitive areas. If any 
previously undocumented sites are identified, 

by SMP’s archaeological 
contractor (at least once every 
two weeks during drilling 

SMP would implement PDFs and mitigation 
measures to avoid and reduce impacts to 
cultural resources.  

activities) in consultation with the 
BLM ECFO archaeologist. 

M-8 Pre-construction vegetation 
surveys would be conducted prior 

Vegetation, 
Special Status 

Barrier fencing would reduce accidental 
impacts to special status plant species from 

to commencement of Project Species personnel and equipment. The impacts 
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Affected Effectiveness and Impacts of Mitigation 

activities and would occur in 
tandem with the pre-construction 
migratory bird surveys described 
in the above PDFs (Table F-1). 
Should special status plant 
species be identified during 
Project activities, the BLM would 
require SMP to implement 
temporary barrier fencing around 
the individual plants for 
avoidance and to minimize 
impacts throughout the life of the 
Project. 

associated with this mitigation include 
additional temporary disturbance associated 
with the barrier fencing. Fencing would be 
placed so as to avoid impacts to vegetation. 
All disturbance would be reclaimed as 
described in Appendix E.   

M-9 Netting or other applicable 
barriers would be placed over 
inactive sumps during the 
evaporation process and prior to 
backfilling to prevent wildlife 
entrapment. 

Wildlife Netting would reduce wildlife entrapment and 
mortality from potential wildlife ingress to 
inactive sumps during the evaporation process 
post-drilling. 

M-10 Minor incursions to microphyll 
woodland would be avoided or 
mitigated when construction the 
temporary portal access road.  

Vegetation, 
Special Status 
Species 

Avoidance of a  minor incursion would prevent 
impacts to present microphyll woodlands from 
temporary surface disturbance for construction 
of the portal access road and reclamation of 
the road upon Project completion. 
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Appendix G: Issues Considered 
as Part of the NEPA Analysis 

Table G-1: Issues Considered 

Determination Issue Rationale for Determination 

PI Air Quality Resource is present and potentially affected; please 
refer to Section 3.3 for a  detailed analysis. 

PI Areas of Critical Environmental Concern Resource is present and potentially affected; please 
refer to Section 3.5 for a  detailed analysis. 

PI Climate Change, including GHG Emissions Resource is present and potentially affected; please 
refer to Section 3.6 for a  detailed analysis. 

PI Conservation Lands Resource is present and potentially affected; please 
refer to Section 3.7 for a  detailed analysis. 

PI Cultural Resources Resource is present and potentially affected; please 
refer to Section 3.8 for a  detailed analysis. 

PI Environmental Justice Resource is present and potentially affected; please 
refer to Section 3.10 for a  detailed analysis. 
No prime and unique farmlands are present within 

NP Farmlands (Prime or Unique) the Project Area; resource is not present and 
therefore not affected.  

NI Fire Management 

Resource is present; however, there is minimal risk 
of fire from Project activities, and with the 
implementation of the PDFs, impacts would be 
minimized. 

NP Fish Habitat 
No existing surface water other than ephemeral 
drainages within the Project Area; resource is not 
present and therefore not affected. 

NP Floodplains 
No 100-year floodplains or wetlands exist within 
the Project Area; resource is not present and 
therefore not affected.  

NP Forests and Rangelands Resource is not present and therefore not affected. 

NP Forestry 
Products 

Resources and Woodland Resource is not present and therefore not affected. 

NI Human health and safety concerns 

Drill support vehicles would occur along public 
BLM roads and the general public’s access within 
the active drilling area would be temporarily 
limited; with the implementation of the PDFs, 
impacts would be minimized. 

PI Invasive, Non-native Species Resource is present and potentially affected; please 
refer to Section 3.20 for a  detailed analysis.  

NP Lands and Realty 
No existing Right-of-Ways or land use 
authorizations occur within the Project Area; 
resource is not present and therefore not affected. 
The Project Area is not within an area designated as 

NP Lands with Wilderness Characteristics Lands with Wilderness Characteristics; resource is 
not present and therefore not affected. 

NP Livestock Grazing Management 
No rangelands are allotments are present within the 
Project Area; resource is not present and therefore 
not affected. 

PI Migratory birds and wildlife Resource is present and potentially affected; please 
refer to Section 3.22 for a  detailed analysis. 
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Determination Issue Rationale for Determination 
The Proposed Action would not involve the 
removal of large quantities of earth that may 
potentially lead to structural instability. A small 
amount of material would be removed from 

NI Mineral Resources boreholes and would not affect potential mineral 
resources in the ground. Due to the short-term 
timeline of the Proposed Action and the small-scale 
surface disturbance for exploration activities, 
impacts to minerals are not anticipated; therefore, 
resource is present but not affected. 

PI Native American Religious Concerns Resource is present and potentially affected; please 
refer to Section 3.14 for a  detailed analysis. 

PI Noise Resources Resource is present and potentially affected; please 
refer to Section 3.15 for a  detailed analysis. 

NI Paleontological Resources 

The Project Area has limited potential for fossil 
preservation in the colluvial sediments (Stantec 
2022c); due to the short-term nature and the limited 
areas of impact from the Project, impacts to 
paleontological resources would not occur. 

PI Recreation Resources Resource is present and potentially affected; please 
refer to Section 3.17 for a  detailed analysis. 
There are no sage-grouse populations within or 

NP Sage Grouse Habitat nearby the Project Area; resource is not present and 
therefore not affected. 
Due to the short-term and small-scale nature of 
exploration activities and the remote area of the 
Project, impacts to socioeconomic values would not 
occur other than a net social and economic benefit 
from employment opportunities related to the 
Project. Temporary drilling crews would be on-site 
at the Project during exploration operations; 
employees may stay temporarily on-site or off-site 

NI Socioeconomics 
in the nearby communities of Winterhaven, 
California, El Centro, California, or Yuma, 
Arizona. The Proposed Action is unlikely to 
increase demand for short-term housing in the area 
or noticeably increase demand for public or private 
services. The Project may stimulate minor, 
temporary economic activity in nearby 
communities within Imperial County, California or 
in Yuma, Arizona; however, other socioeconomic 
impacts have not been identified and therefore 
socioeconomics is present but not affected. 

PI Soils Resource is present and potentially affected; please 
refer to Section 3.18 for a  detailed analysis. 

PI Threatened, Endangered or Candidate Plant or 
Animal Species 

Resource is present and potentially affected; please 
refer to Section 3.23 for a  detailed analysis. 

PI Travel and Transportation Resource is present and potentially affected; please 
refer to Section 3.19 for a  detailed analysis. 

PI Vegetation Resource is present and potentially affected; please 
refer to Section 3.20 for a  detailed analysis. 

PI Visual Resources Resource is present and potentially affected; please 
refer to Section 3.21 for a  detailed analysis. 
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Determination Issue Rationale for Determination 
No hazardous substances would be used in the 

NI Wastes, Hazardous or Solid drilling program so no hazardous waste would be 
generated by the Project; with the implementation 
of PDFs and BMPs, impacts would be minimized. 

PI Water Resource is present and potentially affected; 
refer to Section 3.22 for a  detailed analysis. 

please 

No wetlands or riparian zones are present within 
NP Wetlands/Riparian Zones the Project Area; resource not present and therefore 

not affected. 

NP Wild Horses and Burros 
The Project Area is not located within a Herd 
Management Area; resource not present and 
therefore not affected. 

NP Wild and Scenic Rivers 
The Project is not within one mile of a  designated 
Wild and Scenic River; resource not present and 
therefore not affected. 
The Project Area is not located within a designated 

NP Wilderness and Wilderness Study Areas wilderness area or wilderness study area; resource 
not present and therefore not affected. 

PI Wildlife Resource is present and potentially affected; please 
refer to Section 3.23 for a  detailed analysis. 

NP = not present in the area impacted by the proposed or alternative actions. 
NI = present, but not affected to a degree that detailed analysis is required. 
PI = present and may be impacted to some degree; detailed analysis required. 
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Appendix H: Visual Contrast Rating Worksheets
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D ate: 07/18/2022 
Form 8400-4 
(June 201 8) 

UNITED STATES 
D EPA RTMENT OF THE INTERIOR 

BUREAU OF LAND MANAGEMENT 
VISUAL CONTRAST RATING WORKSHEET 

Distr ict Office: California Desert District 

F ield Office: El Centro 

Land Use Planning A rea: 

SECTION A. PROJECT INFORMATION 

1. Proj ect Name 4. K OP Location 5. L ocation Sketc
Oro Cruz Exploration Project (T.R. S) 

2. K ey Observat ion Point (KOP) Name T15S, R20E, S2 SWSE 

KOP 1 - Tumco Parking LoUKiosk Area 

3. VRM Class at Proj ect Location (Lat. Long) 
Class Ill & IV 32.8809, -114.8326 

SECTION B . CHARACTERISTIC LAND SCAPE D ESCRIPTION 

I. LAND/WATER 2. VEGETATION 3. STRUCTURES 

~ 
FG: Rugged, defined , circular rough rocks FG: Sparse to clustered , irregular MG: Vertical and horizontal , short, linear, 

0 MG: Rugged to smooth, domed to flat MG: Sparse clustered irregular regular 
µ. BG: Jagged, rough, low to tall BG: Indistinct 

ell FG: Irregular, horizontal , curving FG: Diffuse, broken , jagged, clumped MG: Bold , perpendicular and parallel to 
~ MG: horizontal , curving, jagged , diverging MG: Diffuse, broken, indistinct in far MG land , simple, straight, broken posts and 
...J 

BG: angular, undulating , irregular BG: Indistinct gate, polygon BLM sign 

p:: FG: tan , light brown , gray, green FG: Green , brownish green, brown MG: Dark brown , white writing on sign, 0 
...J MG: tan, brown, gray-brown MG: Green, to brown , indistinct monotone, saturated 
0 u BG: dark brown-gray, blue, luminous BG: Indistinct 

' ell FG: Medium/coarse, clumped to stippled FG: Coarse, patchy to clumped , sparse MG: Coarse grain , uniform distribution , 
X p:: 

MG: Medium density, stippled to granular, MG: Coarse to fine, clumped to scattered ordered spatially ell:::> 
f-- f-- BG: Coarse to fine, directional , contrasty BG: Indistinct 

SECTION C. PROPOSED ACTIVITY DESCRIPTION 

I. LAND/WATER 2. VEGETATION 3. STRUCTURES 

~ BG: Solid contrasting linear forms , BG: Contrasting, void BG: Drilling equipment may appear as 

0 irregular tall , linear forms ; vehicles and helicopters 
µ. may appear contrasting geometric forms 

ell BG: Horizontal features against void soil BG: Irregular, void, indistinct from BG: Vertical , irregular and horizontal , 
~ disturbance vegetation removal/soil disturbance indistinct 
...J 

p:: BG: Lighter exposed soils, dark drill pads BG: Void if vegetation is disturbed BG: Reflective, opposing colors , dark 0 
...J and equipment against hillsides through exploration ; colored where 0 u reclaimed with native reseeding 

~g;j BG: Smoother, exposed soils BG: Smooth , sparse, void , but likely BG: Dotted , uniform, directional 
ell:::> indistinct from a distance 
f-- f--

SECTION D. CONTRAST RATING ✓ SHORT TERM LONG TERM 

l. FEATURES 
LAND/WATER BODY VEGETATION STRUCTURES 2. Does project design meet visual resource 

(I) (2) (3) management objectives? ✓ Yes No 
DEGREE - -

Lu Lu Lu 
(Exp lain on reverses side) 

OF Q 

~ " Ul 
Q 

~ " Lu 
Q 

~ " z z z Ul 
0 -< z 0 -< z 0 -< 5 CONTRAST "' 

Ul Ul 0 "' 
Ul Ul 0 "' 

Ul Ul 

f- Cl "' z f- Cl "' z f- Cl "' z 
C/l 0 C/l 0 C/l 0 3. Additional mitigating measures recommended ::; ::; ::; 

_ Yes _{_No (Explain on reverses side) 
FORM ✓ ✓ ✓ VJ 

f--
✓ ✓ ✓ z LINE Evaluator 's Names Date ell 

~ 
COLOR ✓ ✓ ✓ ell Gianni Giul iano ...J 07/18/2022 ell Shelby Hockaday TEXTURE ✓ ✓ ✓ 

(Continued on Page 2) (Form 8400-4) PC ORIGINAL PKG



SECTION D. (Continued) 

Comments from item 2. 

VRM Class Ill allows for moderate changes to the characteristic landscape. The distance between the KOP and the proposed Project, 
approximately facing Drill Areas 2, 3, and 5 is less than one mile away; however, it is anticipated that the mountainous topography of the 
area would prevent much of the Project from being visible. How far disturbance occurs vertically up the mountains in the background would 
dictate the amount of disturbance that may be seen. Assuming disturbance occurs at higher elevations along the mountainsides or lower 
within the valleys/canyons of the drill areas, the degree of contrast for form, line, color and texture to land/water, vegetation, and structures 
has been recorded as weak. It is possible that the degree of contrast would be none if disturbance occurs lower in the valleys behind the 
mountains directly in front of KOP 1. Project activities may attract attention from the public due to their distance from KOP 1 and the 
potential visibility of recreationalists/tourists visiting the historic Tumco walking area; however, drilling equipment, drill pad construction, and 
vehicles traveling on access roads would have weak to indistinct contrast. A helicopter may be visible for short periods of time traveling 
from Drill Area 1 to Drill Areas 3 and 5, but would likely not be visible traveling to Drill Area 2 from the viewpoint of KOP 1. All visual 
contrast would be temporary during exploration activities and would not be constant within either Drill Areas 2, 3 or 5 or along the access 
roads during the life of the Project. 

VRM Class IV allows for major changes to the landscape. The proposed Project is not anticipated to result in major changes to the 
landscape. 

Additional Mitigating Measures (See item 3) 

No mitigation measures are suggested at this time. If necessary, the Proponent would coordinate with the BLM to determine additional 
mitigation measures. 
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D ate: 07/18/2022 
Form 8400-4 
(June 201 8) 

UNITED STATES 
D EPA RTMENT OF THE INTERIOR 

BUREAU OF LAND MANAGEMENT 
VISUAL CONTRAST RATING WORKSHEET 

Distr ict Office: California Desert District 

F ield Office : El Centro 

Land Use Planning A rea: 

SECTION A . PROJECT INFORMATION 

1. Proj ect Name 4. K OP Location 5. L ocation Sketc
Oro Cruz Exploration Project (T.R. S) 

T15S, R20E, S14 SESW 2. K ey Observat ion Point (KOP) Name 
KOP 2 - Pullout traveling north on Ogilby Road 

3. VRM Class at Proj ect Location (Lat. Long) 
Class Ill & IV 32.8525, -114.8383 

SECTION B . CHARACTERISTIC LAND SCAPE D ESCRIPTION 

I. LAND/WATER 2. VEGETATION 3. STRUCTURES 

~ 
FG: Flat, low, wide, circular round rocks FG: Prominent, dense irregular clusters No structures are visible in the existing 

0 MG: Low, linear to curving MG: Definite to indistinct dense clusters landscape 
µ. BG: Jagged, rough, irregular BG: Indistinct 

ell FG: weak curving lines in gravel FG: Irregular, perpendicular, diagonal 
~ MG: horizontal , parallel soft dirt road MG: Irregular, perpendicular to horizontal 
...J 

BG: Jagged, angular, complex to faint BG: Indistinct 

p:: FG: Tan, grayish brown FG: Green , tan , brown 0 
...J MG: Tan , grayish brown , light brown MG: Green, brown to coppery 
0 u BG: gray to dark brown, blue, luminous BG: Indistinct 

' ell FG: fine to medium, uneven, dotted FG: Coarse, clumped to sparse 
X p:: 

MG: medium to smooth, scatter, indistinct MG: Coarse to smooth, slight gradation ell:::> 
f-- f-- BG: Directional , striated , rough to smooth BG: Indistinct 

SECTION C. PROPOSED ACTIVITY DESCRIPTION 

I. LAND/WATER 2. VEGETATION 3. STRUCTURES 

~ BG: Solid contrasting linear forms , BG: Contrasting, void, indistinct BG: Drilling equipment may appear as 

0 irregular, faint tall , linear forms ; vehicles and helicopters 
µ. may appear contrasting geometric forms 

ell BG: Horizontal features against void soil BG: Irregular, void, indistinct from BG: Vertical , irregular and horizontal , to 
~ disturbance vegetation removal and soil disturbance indistinct 
...J 

from distance 

p:: BG: Lighter exposed soils, dark drill pads, BG: Void if vegetation is disturbed in BG: Reflective opposing colors, dark 0 
...J equipment againsUatop hillsides, locations visible from KOP, colored where 0 u contrasting vehicle traffic on access road reclaimed with native reseeding 

~g;j BG: Smoother, exposed soils but BG: Smooth, sparse, void , likely indistinct BG: Dotted , uniform, directional 
ell:::> weak/faint from distance 
f-- f--

SECTION D. CONTRAST RATING ✓ SHORT TERM LONG TERM 

l. FEATURES 
LAND/WATER BODY VEGETATION STRUCTURES 2. Does project design meet visual resource 

(I) (2) (3) management objectives? ✓ Yes No 
DEGREE - -

Lu Lu Lu 
(Exp lain on reverses side) 

OF Q 

~ " Ul 
Q 

~ " Lu 
Q 

~ " z z z Ul 
0 -< z 0 -< z 0 -< 5 CONTRAST "' 

Ul Ul 0 "' 
Ul Ul 0 "' 

Ul Ul 

f- Cl "' z f- Cl "' z f- Cl "' z 
C/l 0 C/l 0 C/l 0 3. Additional mitigating measures recommended ::; ::; ::; 

_ Yes _{_No (Explain on reverses side) 
FORM ✓ ✓ ✓ VJ 

f--
✓ ✓ ✓ z LINE Evaluator 's Names Date ell 

~ 
COLOR ✓ ✓ ✓ ell Gianni Giul iano ...J 07/18/2022 ell Shelby Hockaday TEXTURE ✓ ✓ ✓ 

(Continued on Page 2) (Form 8400-4) PC ORIGINAL PKG



SECTION D. (Continued) 

Comments from item 2. 

VRM Class Ill allows for moderate changes to the characteristic landscape. KOP 2 is approximately two miles away from the proposed 
Project, specifically Drill Area 6 at the south end of the Project Area. It is anticipated that much of the Project would not be visible from this 
KOP due to the mountainous topography and proposed Project layout; however, some drilling equipment may be faintly visible in the far 
background atop/against the mountains and a helicopter may be temporarily visible during travel to Drill Area 6. How far disturbance occurs 
vertically up the mountains in the background would dictate the amount of disturbance that may be seen from KOP 2. Assuming 
disturbance occurs at higher elevation along the backsides of the mountains visible from this KOP, and potentially atop or along the front 
sides of the mountains, and lower valleys/canyons within the drill areas, the degree of contrast for form, line, color, and texture to 
land/water, vegetation, and structures has been recorded as weak. It is possible that the degree of contrast would be none if disturbance 
occurs lower in the valleys behind the face of the mountains directly in front of KOP 2. Project activities may attract attention from the public 
due to their distance from KOP 1, however, drilling equipment, drill pad construction, and vehicles traveling on the access road would have 
weak to indistinct contrast. All visual contrast would be temporary during exploration activities and would not be constant within Drill Area 6 
or along the access roads during the life of the Project. 

VRM Class IV allows for major changes to the landscape. The proposed Project is not anticipated to result in major changes to the 
landscape. 

Additional Mitigating Measures (See item 3) 

No mitigation measures are suggested at this time. If necessary, the Proponent would coordinate with the BLM to determine additional 
mitigation measures. 
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Date: 07/18/2022 
Form 8400-4 
(June 2018) 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF LAND MANAGEMENT 
VISUAL CONTRAST RATING WORKSHEET 

District Office: California Desert District 

Field Office: El Centro 

Land Use Planning Area: 

SECTION A . PROJECT INFORMATION 

1. Project Name 4. KOP Location 5. Location Sketch
Oro Cruz Exploration Project (T.R.S) Nn 2. Key Observation Point (KOP) Name T15S, R20E, S2 SENW ~· ,~ KOP 3 - Pullout traveling south on Ogilby Road 

3. VRM Class at Project Location (Lat. Long) 
Class Ill & IV 32.8895, -114.8391 

SECTION B. CHARACTERISTIC LANDSCAPE DESCRIPTION 

I. LAND/WATER 2. VEGETATION 3. STRUCTURES 

~ 
FG: Flat, linear road , parallel soil edges FG: Simple, vertical to complex shrubs MG: Tall, linear narrow power poles with 

0 MG: Rough to smooth, flat, wide MG: Sparse to amorphous diagonal supports 
µ. BG: irregular to smooth, indistinct BG: Indistinct 

ell FG: Linear, horizontal, straight, bold FG: Bold to weak, subangular to smooth MG: Vertical, straight, simple 
~ MG: Soft, weak converging soil lines MG: Irregular, soft to weak 
...J 

BG: Angular jagged mts to smooth sky BG: Indistinct 

p:: FG: Gray, yellow, tan , black FG: Green , brown to olive green MG: dark hue contrasted with 0 
...J MG: Tan , brownish gray MG: Greenish brown to indistinct, weak background , monochrome 
0 u BG: Gray, black, brown , blue, luminous BG: Indistinct 

' ell FG: Fine to medium, cracked, rough soils FG: Sparse to clustered/dense MG: Smooth 
X p:: 

MG: Gradational , coarse to smooth MG: Medium grain, low contrast, uneven ell:::> 
f-- f-- BG: Jagged rough mts to smooth sky BG: Indistinct 

SECTION C. PROPOSED ACTIVITY DESCRIPTION 

I. LAND/WATER 2. VEGETATION 3. STRUCTURES 

~ BG: Solid contrasting linear forms , BG: Contrasting, void, indistinct BG: Drilling equipment may appear tall, 

0 irregular and weak linear forms in the far BG, vehicles & 
µ. helicopters may appear contrasting 

ell BG: Horizontal and vertical features BG: Irregular, void, indistinct from BG: Vertical , irregular and horizontal , 
~ against void soil disturbance vegetation removal/soil disturbance indistinct, visibility would be faint 
...J 

p:: BG: lighter exposed soils but faint , dark BG: Void if vegetation is disturbed but BG: Reflective, opposing colors , faint 0 
...J drill pads and equipment faint against would be very faint; colored and uniform 0 u hillsides where reclaimed with native reseeding 

~g;j BG: smoother, exposed soils , irregular BG: smooth , sparse, void , likely indistinct BG: Dotted , uniform, directional , indistinct 
ell:::> in far BG 
f-- f--

SECTION D. CONTRAST RATING ✓ SHORT TERM LONG TERM 

l. FEATURES 
LAND/WATER BODY VEGETATION STRUCTURES 2. Does project design meet visual resource 

(I) (2) (3) management objectives? ✓ Yes No 
DEGREE - -

Lu Lu Lu 
(Explain on reverses side) 

OF Q 

~ " Ul 
Q 

~ " Lu 
Q 

~ " z z z Ul 
0 -< z 0 -< z 0 -< 5 CONTRAST "' 

Ul Ul 0 "' 
Ul Ul 0 "' 

Ul Ul 

f- Cl "' z f- Cl "' z f- Cl "' z 
C/l 0 C/l 0 C/l 0 3. Additional mitigating measures recommended ::; ::; ::; 

_Yes _{_No (Explain on reverses side) 
FORM ✓ ✓ ✓ VJ 

f--
✓ ✓ ✓ z LINE Evaluator's Names Date ell 

~ 
COLOR ✓ ✓ ✓ ell Gianni Giul iano ...J 07/18/2022 ell Shelby Hockaday TEXTURE ✓ ✓ ✓ 

(Continued on Page 2) (Form 8400-4) PC ORIGINAL PKG



SECTION D. (Continued) 

Comments from item 2. 

VRM Class Ill allows for moderate changes to the characteristic landscape. The distance between the KOP and the proposed Project, 
approximately facing Drill Area 3 is approximately one mile away. It is anticipated that the mountainous topography and the direction of the 
KOP facing the Project Area with tall vegetation in the foreground to middleground would prevent much of the Project from being visible. 
How far disturbance occurs vertically up the mountains int he background would dictate the amount of disturbance that may be seen, and 
much of the proposed disturbance would likely occur behind the face of the mountains that is not visible from KOP 3. Assuming disturbance 
occurs at higher elevations along the mountainsides or lower within the valleys/canyons of the drill areas, behind the face of the mountains 
visible from KOP 3, the degree of contrast for form, line, color, and texture to land/water, vegetation, and structures has been recorded as 
weak. It is possible that the degree of contrast would be none if disturbance occurs lower in the valleys or along the backside of the 
mountains as anticipated rather than along the mountain edges visible from KOP 3. Project activities may attract attention from the public 
due to their distance from KOP 3 and the potential visibility by travelers driving on Ogilby Road; however, drilling equipment, drill pad 
construction, and vehicles traveling on access roads would have weak to indistinct contract. A helicopter may be visible for short periods of 
time traveling from Drill Area 1 to Drill Area 3, but would be temporary and inconsistent. All visual contrast would be temporary during 
exploration activities and would not be constant within all drill areas, including Drill Area 3 that has the potential to be visible from KOP 3, or 
along the access roads during the life of the Project. 

VRM Class IV allows for major changes to the landscape. The proposed Project is not anticipated to result in major changes to the 
landscape. 

Additional Mitigating Measures (See item 3) 

No mitigation measures are suggested at this time. If necessary, the Proponent would coordinate with the BLM to determine additional 
mitigation measures. 

(Fonn 8400-4, Page 2) PC ORIGINAL PKG



KOP 3 – Pullout Traveling South on Ogilby Road 
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Oro Cruz Exploration Project 
EA/MND Public Comments and Responses 

I-1 

Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

1.0 1.1 

• Ah-Mut Pipa 
Foundation 

• Center for Biological 
Diversity 

• California Mining 
Organizer 
(Earthworks) 

• Sierra Club 
California/Nevada 
Desert Committee 

Dear Ms. Martinez, 
 
We are writing to request a  45-day extension of the public comment period for the SMP Gold Corp 
Oro Cruz Exploration Project. Given that the current comment period closing December 16th 
overlaps with the Thanksgiving holiday, and given the length of the EA (578 pages), an extension to 
January 30th will be necessary to ensure adequate time for the public to review and comment on the 
project. 
 
Thank you for your consideration 

Thank you for your comment. As stated by the BLM in an email response to the 
commenters on November 30, 2022, after review and consideration of the 
request, the BLM adhered to the public comment schedule as originally posted 
but please be advised, extra timing was considered and included within the 
deadline due to the Thanksgiving holiday.  

2.0 2.1 Individual 

I appreciate the diligent work involved in preparing this comprehensive EA. 
 
I am very concerned about the potential adverse impacts on the ESA threatened Mojave desert 
tortoises and other native wildlife species. 

Thank you for your comment. Per the analysis in Section 3.23.3 of the EA/MND, 
impacts to threatened and endangered species (including Mojave Desert tortoise), 
special status species, and general wildlife species are anticipated to be negligible 
to minor, short-term, and localized. Several Project Design Features (PDFs) have 
been developed by the proponent for implementation during the Project to 
minimize impacts. Additional wildlife-specific mitigation measures would be 
required for implementation by the BLM, as outlined in Appendix F of the 
EA/MND. Mitigation measures include monitoring of project activities by a 
BLM-approved Authorized or Qualified Biologist to ensure no desert tortoises 
are killed or burrows crushed, and project staff are compliant with tortoise best 
practices. Project activities would be monitored throughout the life of the Project 
to avoid potential impacts to Mojave Desert tortoise habitat. SMP would 
designate a Field Contact Representative (FCR) who would be responsible for 
overseeing compliance with protective stipulations for desert tortoise habitat, and 
for compliance coordination with the BLM. The FCR would be a BLM-approved 
Authorized or Qualified Biologist on-site year-round throughout the life of the 
Project in order to implement all tortoise-related PDFs to minimize impacts. The 
FCR would be an on-site compliance monitor for all aspects of the Project, and 
should desert tortoise be detected, the FCR would contact the BLM. 

2.0 2.2 Individual 

I am also concerned about potential harm to those resources that were intended for protection under 
the ACEC designation. 

As stated in Section 3.5.3 of the EA/MND, the Project would avoid the resources 
that the Picacho ACEC was designated to protect, including biological and 
cultural resources. Additional Conservation Management Actions (CMAs) and 
mitigation measures would be required by the BLM to minimize impacts, as 
outlined in Appendix F of the EA/MND. Impacts to the Picacho ACEC would be 
negligible, short-term, and localized.  

2.0 2.3 Individual 

BLM has an unreliable track record when it comes to approving mining operations and then 
preventing environmental damage from those operations. 
 

The proposed Project would entail construction, operation, and reclamation of 
mineral exploration drilling activities. Per 3809.401(d), an operator must submit 
a  reclamation cost estimate at a  time specified by the BLM. The BLM will 
coordinate with the proponent for submittal of the reclamation cost estimate 
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ID # Name/Entity Comment Response 

Some mining companies go bankrupt or otherwise default on their obligations. This leaves the 
public with the significant costs of cleaning up toxic wastes and land reclamation. BLM could 
require companies to post adequate bonds to cover such costs but often improperly fails to do so. 
 
History has repeatedly shown that environmental promises in final BLM NEPA and decision 
documents are not always kept. Words on paper don’t always translate into tangible actions. 
 
How can BLM ensure the public that this specific mining would be different?  

accordingly and will review the estimate to ensure it meets the federal 
requirements found at 3809.552. The BLM will request a  revised estimate if any 
deficiencies are found or if additional information must be submitted in order to 
determine a final reclamation cost. The BLM will notify the Project proponent 
when it has determined the final amount. Project operations must not begin until 
the BLM issues a decision approving a Plan of Operations and a financial 
guarantee has been provided (3809.412). The BLM will further coordinate with 
Imperial County (the SMARA lead) as to which agency will hold the bond. 
 
Furthermore, the Project would be in conformance with all federal and state land 
use plans as described in Chapter 1 of the EA/MND, and the BLM would require 
mitigation measures be implemented in addition to the PDFs committed to by the 
proponent to minimize environmental impacts to present resources, as included 
in Appendix F of the EA/MND.  

2.0 2.4 Individual 

What are the real risks of harm to tortoises and the ACEC? Per the analysis in Section 3.23.3 and Section 3.5.3 of the EA/MND, which  
analyze impacts to threatened and endangered species (including Mojave desert 
tortoise) and impacts to the Picacho ACEC, respectively, impacts to desert 
tortoise and the ACEC under the Proposed Action would be negligible, short-
term, and localized. Several PDFs have been developed by the proponent for 
implementation during the Project to minimize impacts. Additional wildlif e-
specific mitigation measures would be required for implementation by the BLM, 
as outlined in Appendix F of the EA/MND. Furthermore, the BLM has engaged 
in consultation with the U.S. Fish and Wildlife Service (USFWS) pursuant to 
Section 7 of the Endangered Species Act for approval of an Activity Request 
Form under the Programmatic Biological Opinion for Mojave Desert tortoise. 
The BLM further consulted with the USFWS on appropriate mitigation measures 
to be implemented under the Proposed Action to minimize impacts to Mojave 
Desert tortoise pursuant to requirements under the 2017 Programmatic Biological 
Opinion for activities in the California Desert Conservation Area. The USFWS 
did not request additional measures to be implemented in addition to the PDFs 
committed to by SMP, the CMAs required under the DRECP LUPA, or the BLM-
required mitigation measures, all included in Appendix F of the EA/MND. 

2.0 2.5 Individual 

Will a  sufficient bond be required as a condition of approval? 
 
Thanks for considering my comments. 

Should the Proposed Action be approved, the proponent would coordinate with 
the BLM and Imperial County to ensure a sufficient bond is in place for 
construction, operations, and reclamation for the Project. Development and 
approval of the bond is outside the scope of the NEPA and CEQA analysis in this 
EA/MND.  

3.0 3.1 Individual 
Kudos to BLM for this very comprehensive and informative EA. 
 
I appreciate the diligent and professional work that went into preparing it. 

Thank you for your comment and support of the mitigation measures proposed. 
Per the analysis in Section 3.23.3 of the EA/MND for threatened and endangered 
species and per the PDFs, CMAs, and additional BLM-required mitigation 
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My primary concern is any potential harm to ESA threatened Mojave desert tortoises. Despite ESA 
listing in 1990, most tortoise populations continue to rapidly decline. 
I support the EA measures to protect tortoises. I hope BLM will carefully monitor work activities to 
ensure these measures are being fully implemented. If tortoise habitats are destroyed, there should 
be effective mitigation. 
 
I care about tortoises and I ask BLM to do a better job of protecting them. 
 
Thank you very much for your consideration. 

measures included in Appendix F of the EA/MND, impacts to Mojave Desert  
tortoise under the Proposed Action would be minor, short-term, and localized. 
Mitigation measures include monitoring of project activities by a BLM-approved 
Authorized or Qualified Biologist to ensure no desert tortoises are killed or 
burrows crushed, and project staff are compliant with tortoise best practices. 
Project activities would be monitored throughout the life of the Project to avoid 
potential impacts to Mojave Desert tortoise habitat. SMP would designate an FCR 
who would be responsible for overseeing compliance with protective stipulations 
for desert tortoise habitat, and for compliance coordination with the BLM. The 
FCR would be a BLM-approved Authorized or Qualified Biologist on-site year-
round throughout the life of the Project in order to implement all tortoise-related 
PDFs to minimize impacts. The FCR would be an on-site compliance monitor for 
all aspects of the Project, and should desert tortoise be detected, the FCR would  
contact the BLM. 

4.0 4.1 Desert Tortoise Council 

RE: Oro Cruz Exploration Project Environmental Assessment (DOI-BLM-CA-D070-2022-
0012-EA; IS #21-0029)  
 
Dear Ms. Martinez, Ms. Sahagun, and Mr. Abraham,  
 
The Desert Tortoise Council (Council) is a  non-profit organization comprised of hundreds of 
professionals and laypersons who share a common concern for wild desert tortoises and a 
commitment to advancing the public’s understanding of desert tortoise species. Established in 1975 
to promote conservation of tortoises in the deserts of the southwestern United States and Mexico, 
the Council routinely provides information and other forms of assistance to individuals, 
organizations, and regulatory agencies on matters potentially affecting desert tortoises within their 
geographic ranges.  
 
As of June 2022, our mailing address has changed to:  
 

Desert Tortoise Council  
3807 Sierra Highway #6-4514  
Acton, CA 93510  

 
Our email address has not changed. Both our physical and email addresses are provided above in 
our letterhead for your use when providing future correspondence to us. When given a choice, we 
prefer that the Bureau of Land Management (BLM) and Imperial County Planning Department 
(ICPD) email to us future correspondence, as mail delivered via the U.S. Postal Service may take 
several days to be delivered. Email is an “environmentally friendlier way” of receiving 
correspondence and documents rather than “snail mail.” 

Thank you for your comments. The BLM has taken note of Desert Tortoise 
Council’s email correspondence preference and mailing address change for the 
interested parties list.  
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4.0 4.2 Desert Tortoise Council 

We appreciate this opportunity to provide comments on the above-referenced project. Given the 
location of the proposed project in habitats known to be occupied by Mojave desert tortoise 
(Gopherus agassizii) (synonymous with Agassiz’s desert tortoise), our comments pertain to 
enhancing protection of this species during activities funded, authorized, or carried out by the BLM 
and authorized by ICPD, which we assume will be added to the Decision Record for this project as 
needed. Please accept, carefully review, and include in the relevant project file the Council’s 
following comments and attachments for the proposed project.  
 
The Mojave desert tortoise is among the top 50 species on the list of the world’s most endangered 
tortoises and freshwater turtles. The International Union for Conservation of Nature’s (IUCN) 
Species Survival Commission, Tortoise and Freshwater Turtle Specialist Group, now considers the 
Mojave desert tortoise to be Critically Endangered (Berry et al. 2021), as it is a  “species that possess 
an extremely high risk of extinction as a result of rapid population declines of 80 to more than 90 
percent over the previous 10 years (or three generations), population size fewer than 50 individuals, 
other factors.” It is one of three turtle and tortoise species in the United States to be critically 
endangered. This status, in part, prompted the Council to join Defenders of Wildlife and Desert 
Tortoise Preserve Committee (Desert Tortoise Council 2020) to petition the California Fish and 
Game Commission in March 2020 to elevate the listing of the Mojave desert tortoise from 
threatened to endangered in California.  
 
The BLM’s press release indicates, “SMP Gold Corp. [Proponent] has submitted a Plan of 
Operations (Plan) to conduct exploratory drilling activities at the Oro Cruz historic mining area 
located in the Cargo Muchacho Mountains in eastern Imperial County, California. The BLM will 
analyze the proposed project and either approve, approve with conditions, or deny the Plan. The 
proposed project includes approximately two miles of existing road improvements and construction 
of 6.2 miles of new roads, up to eight helicopter landing pads, 65 drill pads, and a 2.8 acre staging 
area. The proposed exploration activities would occur within the Picacho Area of Critical 
Environmental Concern, approximately seven miles north of Ogilby. The surface disturbance on 
BLM-managed land from the proposed exploration activities is approximately 20.5 acres. 
Environmental Analysis of this project will include publication of a  joint National Environmental 
Policy Act (NEPA) and California Environmental Quality Act (CEQA) document. The BLM is the 
lead for compliance with the NEPA and Imperial County is the lead for CEQA.”  
 
Unless otherwise noted, referenced page numbers below refer to the November 2022, 
“Environmental Assessment/Mitigated Negative Declaration (EA/MND) Oro Cruz Exploration 
Project.”  
 
We note on page 2, “Pursuant to requirements under CEQA and the California Surface Mining and 
Reclamation Act of 1975 (SMARA) for projects that would entail over one acre of surface 
disturbance, a  Reclamation Plan is also required to address the reclamation activities that would be 

Thank you for providing the additional reference literature from Abella and Berry 
(2016) for consideration. The Plan of Operations, associated Reclamation Plan, 
and EA/MND have been prepared using the best available literature, data, and 
resources that are relevant to the activities proposed under the Proposed Action 
and the Project Area itself. 
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undertaken following completion of the proposed exploratory drilling activities.” We would like to 
offer a  document for your use (Abella and Berry 2016), entitled “Enhancing and restoring habitat for 
the desert tortoise (Gopherus agassizii)” that identifies best management practices to facilitate 
success of restoration activities in arid environments. 

4.0 4.3 Desert Tortoise Council 

We note in the above description and on page 5 that the Proponent intends on “…constructing 
approximately 6.2 miles of new, temporary 12-foot-wide exploration drilling access roads” and the 
“…exact location of proposed surface disturbance may change based on exploration results as 
exploration operations progress; therefore, the full extent of the disturbance locations has not been 
defined,” which we interpret to mean that even more roads may be created that could result in more 
than the 20.5 acres of disturbance. Although the project is identified as exploratory in nature, is it 
true that the eventual mine is a  foregone conclusion? Either way, will there be a future EA that 
covers development of the mine, which is connected to exploratory activities, but likely to be a 
much larger impact? These questions should be answered in the EA and decision document. 

The proposed surface disturbance for temporary drilling access roads and drill 
sites is included in the total surface disturbance calculation of 20.54 acres. While 
the exact locations of drill sites are flexible within the Plan boundary as well as 
the associated temporary access roads, the acres of surface disturbance for such 
would be within the 20.54-acre surface disturbance total analyzed in the 
EA/MND, per the activities outlined in Table 2-1 of the EA/MND. This EA/MND 
analyzes only the proposed exploratory drilling activities associated with the Oro 
Cruz Exploration Project. Any future proposed additional surface disturbance 
and/or project plans outside of the current analysis would be subject to individual 
future NEPA analysis at a  level deemed appropriate by the BLM. 

4.0 4.4 Desert Tortoise Council 

We question the Proponent’s need to create so many linear miles of new temporary roads and ask 
that, if not already, the BLM geologist work with the Proponent to reassess the locations of existing 
roads and insofar as possible restrict travel to those roads. Alternatively, the Proponent utilizing 
experienced tortoise biologist(s), could travel cross-country to drill sites without creating roads that 
will predictably be used by the public and may not ever be needed again for future mining activities. 
We strongly recommend that these temporary roads not be bladed with heavy equipment across our 
public lands; it will be very difficult to remove them from public use and restored to their previous 
condition after their construction. We also ask that if the number of linear miles cited in the EA is 
met, that the Proponent be required to consult with the BLM before any additional roads are created. 
So, even though “…the full extent of the disturbance locations has not been defined,” there must be 
some BLM-imposed limit, a  cap, to these undefined impacts by the Proponent. 

Road improvements to existing access roads would be bladed and cleared of 
vegetation, and road construction would be conducted using a bulldozer; 
however, access roads within each Drill Area for access to drill sites would be 
reclaimed and re-seeded concurrently throughout the life of the Project. Cross 
country travel was not considered due to the severity of the terrain in the area; the 
equipment that would be utilizing the cross country routes is large and could not 
be maneuvered in a safe manner without an established road. Increased damage 
to the landscape would also be caused by the volume of traffic using the cross-
country route, vehicles would not follow the same path every time and eventually 
several makeshift “roads” would be established. Therefore, road improvements 
to existing roads and the creation of new temporary exploration access roads are 
necessary to provide safe access to the Project.  
 
As stated in the analysis under Section 3.19.3 of the EA/MND, access roads 
would be used strictly for Project support vehicles to access the exploration Drill 
Areas and limited access signs and safety barriers would be erected. Reclamation 
actions would be closely coordinated with the BLM and a Reclamation Plan is 
under review for approval by Imperial County and the Division of Mine 
Reclamation in accordance with the Surface Mining and Reclamation Act. Areas 
disturbed would be reclaimed for pre-Project disturbance existing land uses. The 
extent of additional roads is calculated within the disturbance acres in each drill 
area as noted in Table 2-1 of the EA/MND; surface disturbance would not exceed 
the total proposed 20.54 acres. 

4.0 4.5 Desert Tortoise Council 
We question the math used to derive the acreages of impact predicted for “New Access Roads 
(Temporary and Permanent),” which is given as 3.32 acres in Table 2-1. We note that 6.2 linear 
miles of 12-foot-wide temporary roads equals 9.01 acres (6.2 x 5,280 x 12 = 392,832/43,560 

Thank you for pointing out the discrepancy in acreage calculations within Table 
2-1. The table mistakenly labeled the approximately 3.3 acres for new access 
roads as temporary and permanent; however, the acreages for the proposed 6.2 
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ft2/acre = 9.01 acres) and 1.8 miles of 15-foot-wide permanent roads = 3.27 acres (1.8 x 5,280 x 15 
= 142,560/43,560 ft2/acre = 3.27 acres), for a  total of 12.28 acres, not 3.32 acres as given in Table 
2-1 on page 5. These calculations need to be reconsidered and published in the record of decision or 
another subsequent BLM document. We note that the total impact of 20.5 acres will likely need to 
be changed throughout this and subsequent documents. 

miles of temporary, non-consecutive access roads within each drill area was 
already included within the surface disturbance totals for each respective drill 
area where temporary drill site access roads would be required. The table has 
been revised and a footnote noting the inclusion of the temporary access road 
acreages within the drill area disturbance acreages has been included. The total 
surface disturbance under the Proposed Action would be 20.54 as analyzed 
throughout the EA/MND.  Permanent disturbance is not anticipated from access 
road construction proposed under the Proposed Action. While the EA/MND 
previously noted that a  permanent access road would be constructed for access to 
the Project Area from the south through to Drill Area 1 for access to the 
underground Oro Cruz Mine Portal, the text of the EA/MND has been revised to 
clarify that the new access road would be fully reclaimed following BLM policy  
within five years from Project implementation (i.e., the total life of the Project). 

4.0 4.6 Desert Tortoise Council 

Furthermore, we question the BLM/ICPD’s assertion that these roads will be “temporary.” We note 
on page 5 that “Roads and drill sites would be reclaimed using a bulldozer and/or CAT excavator or 
equivalent,” which is similar to the machinery to be used to create the roads. Given the persistence 
of even a single pass by Patton-era tanks over this same area of the desert in the 1940s, we expect 
that these “temporary” roads will create “permanent” impacts that no additional use of heavy 
equipment will eradicate. We request that the permanent direct impacts of these roads and the 
indirect impacts to the tortoise and tortoise habitat be fully mitigated and the mitigation be 
monitored for effectiveness. Please see our April 4 comment letter regarding this issue1. 
 
1https://www.dropbox.com/s/u2acfv33q9vsfvt/El%20Centro%20Mining%20Exploration.4-3-
2022.pdf?dl=0 

Permanent disturbance is not anticipated from access road construction proposed 
under the Proposed Action. While the EA/MND previously noted that a  
permanent access road would be constructed for access to the Project Area from 
the south through to Drill Area 1 for access to the underground Oro Cruz Mine 
Portal, the text of the EA/MND has been revised to clarify that the new access 
road would be fully reclaimed following BLM policy upon completion of 
underground exploration activities. Temporary access roads within each drill area 
for access to drill sites would be reclaimed and re-seeded concurrently throughout 
the life of the Project. Reclamation actions would be closely coordinated with the 
BLM and a Reclamation Plan is under review for approval by Imperial County 
and the Division of Mine Reclamation in accordance with the Surface Mining 
and Reclamation Act. Furthermore, per the analysis in Section 3.23.3 of the 
EA/MND for threatened and endangered species and per the PDFs, CMAs, and 
additional BLM-required mitigation measures included in Appendix F of the 
EA/MND, impacts to Mojave Desert tortoise under the Proposed Action would 
be minor, short-term, and localized. Areas disturbed would be reclaimed for pre-
Project disturbance existing land uses.   

4.0 4.7 Desert Tortoise Council 

On page 9, we read the following: “Roads not needed for post-closure access would be reclaimed. 
The abandoned road surfaces would be scarified by ripping, if necessary. Where necessary, rock or 
earthen berms and water bars would be placed to prevent vehicular access and reduce erosion.” We 
strongly discourage the use of heavy equipment for “ripping, if necessary,” as such treatment of 
these “temporary” roads will predictably create more disturbance than they will eliminate. Where 
necessary, the interface between existing roads and temporary roads should be camouflaged with 
vertical mulching or other appropriate methods. We also provide for your use Abella and Berry 
(20162), which present best management practices for revegetation in arid habitats. 
 
2https://www.dropbox.com/s/nx1b5m2b5ehya12/%23Abella%20and%20Berry%202016.pdf?dl=0 

The text of the EA/MND under Section 2.1.2 and the Reclamation Plan that is 
currently under review by Imperial County has been revised to remove “The 
abandoned road surfaces would be scarified by ripping, if necessary”. 
Additionally, the Section 2.1.2 of the EA/MND and the Reclamation Plan has 
been revised to include the following text: “The interface between existing roads 
and the proposed temporary access roads would be camouflaged with vertical 
mulching”. 
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4.0 4.8 Desert Tortoise Council 

We strongly oppose the italicized wording in the following sentence given at the top of page 100: 
“Project activities would be monitored throughout the life of the Project to avoid potential impacts 
to Mojave Desert tortoise habitat, should Project activities be conducted during the Mojave Desert 
tortoise active season (March 15 through November 1).” The implication here is that activities 
would not be monitored from November 1 through March 15, which we strongly oppose and is not 
supported by scientific research. Although adult tortoises are typically less active during this time of 
year, they are not inactive; both adult tortoises and particularly juvenile tortoises may be active on 
warmer days and definitely during rainy days. 
 
Additionally, biological monitors are responsible to monitor all construction activities, including 
those that are not related to tortoise activities, such as maintaining litter-free conditions, containing 
all construction impacts within designated areas, and educating new construction workers as they 
enter the site. Also, who will be on hand to move a tortoise from harm’s way if one is found under a 
construction vehicle between November 1 and March 15? Construction workers are not allowed to 
handle tortoises; and given the remoteness of the project area, there would be no immediate remedy 
to move such animals out of harm’s way. 
 
Given the above information, we strongly recommend that BLM require that All exploratory 
activities, regardless of the season, be monitored. 

Per PDF-19 included in Table F-1 of Appendix F of the EA/MND, if a  tortoise is 
encountered during construction activities, work would be halted immediately per 
the authority of a  designated Field Contact Representative (who would be a BLM-
approved Authorized or Qualified Biologist), who would be on-site year-round 
during all Project activities, in proximity to the tortoise until an on-call BLM-
approved Authorized Biologist arrives to move the tortoise from harm’s way, or 
until the tortoise leaves of its own accord. The tortoise would not be moved more 
than 300 meters from their capture location. If the Authorized Biologist observes 
significant clinical signs of ill health, the tortoise should be removed from the 
wild in coordination with the USFWS. If suitable habitat is not available within  
300 meters of the tortoises’ capture locations or other land ownership restrictions 
prevent the release of individuals within 300 m (e.g., privately owned land 
lacking permission), the tortoise should be translocated to the Recipient Site 
identified in the revised Figure 3-14 of the EA/MND. The only exception to this 
measure is if the tortoise is in imminent, unavoidable danger (i.e., certain to be 
injured or killed if no action is taken) and an Authorized Biologist is not present. 
In this case, project personnel may move a desert tortoise the shortest distance 
necessary to remove the tortoise from imminent danger. The desert tortoise shall 
be monitored until an Authorized Biologist or USFWS is contacted for further 
instruction. 
 
Additionally, pre-construction surveys would be conducted year-round prior to 
surface disturbance occurring per the PDFs and BLM-required additional 
mitigation measures included in Appendix F of the EA/MND.  

4.0 4.9 Desert Tortoise Council 

Conversely, we do not recognize the following requirement as either feasible or reflecting current 
management: “The FCR [field contact representative] would be required to be onsite during all 
Project activities during the active season.” Often, in practice, FCRs are office managers or 
supervisors who are not field-based, so to require them to be onsite may prove to be unrealistic 
depending on their job responsibilities. Our suggestion is to drop this requirement. 

Per Table F-1 of Appendix F of the EA/MND, PDF-21 is a  component of the Plan 
of Operations to minimize impacts to desert tortoise and other wildlife species 
that may be present within the Project Area with designation of a Field Contact 
Representative (FCR) to oversee compliance with protective stipulations for 
desert tortoise. The BLM would require additional mitigation measures to further 
minimize wildlife impacts, as included in Table F-2 of Appendix F. The FCR 
would be a BLM-approved Authorized or Qualified Biologist on-site year-round 
throughout the life of the Project in order to implement all tortoise-related PDFs 
to minimize impacts. The FCR would be an on-site compliance monitor for all 
aspects of the Project, and should desert tortoise be detected, the FCR would 
contact the BLM. Furthermore, the BLM has completed consultation with the 
USFWS pursuant to Section 7 of the Endangered Species Act for approval of an 
Activity Request Form under the Programmatic Biological Opinion for Mojave 
Desert tortoise.  

4.0 4.10 Desert Tortoise Council We request that the Project Proponent contribute to the National Fish and Wildlife Foundation’s 
Raven Management Fund for regional and cumulative impacts of ravens on tortoises that are not 

The proposed mitigation measures required by the BLM for implementation, in 
addition to the proponent-committed PDFs in Appendix F of the EA/MND, have 
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addressed in the EA. BLM usually requires this mitigation, but we did not see this requirement in 
the EA. 

been deemed sufficient to minimize environmental impacts to threatened and 
endangered species, including desert tortoise, under the Proposed Action.  

4.0 4.11 Desert Tortoise Council 

We appreciate this opportunity to provide comments on this project and trust they will help protect 
tortoises during any resulting authorized activities. Herein, we reiterate that the Desert Tortoise 
Council wants to be identified as an Affected Interest for this and all other projects funded, 
authorized, or carried out by the BLM that may affect species of desert tortoises, and that any 
subsequent environmental documentation for this project is provided to us at the contact information 
listed above. Additionally, we ask that you respond in an email that you have received this comment 
letter so we can be sure our concerns have been registered with the appropriate personnel and office 
for this project. 
 
Respectfully, 
 
Edward L. LaRue, Jr., M.S. 
Ecosystems Advisory Committee, Chairperson 
Desert Tortoise Council 
 
Literature Cited 
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10.3996/052015-JFWM-046. 
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on 11 March 2020. 

The BLM confirms that the Desert Tortoise Council is listed as an interested 
party.  

5.0 5.1 Dita Skalic 

Dear Ms. Martinez,  Im writing to express my serious concerns about the impacts of the proposed 
Oro Cruz Exploration Project in Imperial County, California. Exploration by Southern Empire 
Resources Corp. would cause irreversible damage to a landscape of great cultural, religious, and 
spiritual importance to the Quechan people. Furthermore, the project would have significant impacts 
on the Picacho Area of Critical Environmental Concern, including on critical habitat for the 
threatened Mojave Desert Tortoise. I urge the Bureau of Land Management to require an 
Environmental Impact Statement to properly analyze these impacts before making a decision on the 
project. Sincerely, Dita Skalic Levstikova ulica Mor. 

Thank you for your comment. Impacts from the Proposed Action to Areas of 
Critical Environmental Concern (ACECs), Cultural Resources, Native American 
Religious Concerns and Traditional Values, and on Wildlife including 
Threatened and Endangered Species are analyzed in the following sections of the 
EA/MND, respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated Project 
Design Features (PDFs) and additional mitigation measures to minimize impacts 
are included as Appendix F of the EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
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and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

6.0 6.1 

Yvone Smith 
Michael Terry 

EP 
Karen Riggs 

Vicki Hughes 
Kim Peterson 
Ted Fishman 
Julie Adelson 

Stacie Charlebois 
Joseph Pluta 

Tamara Voyles 
Ronit Corry 

Kristina Fiorini 
Candace Hollis-Franklyn 

Lori Bates 
Therese Ryan 

Jamila Garrecht 
Candace Rocha 
Sudi McCollum 

Rachel Wolf 
Mark Kennedy 

Martin Henderson 
Linc Conard 

Alexandra Hart 
Sharon Barnes 

Jana Mariposa Niernberger 
Muhar 

Mal Gaff 
Karen Hellwig 

Bruce Grobman 
Pam Zimmerman 

Dear Ms. Martinez, Dear Ms. Martinez: 
 
I am concerned about the proposed Oro Cruz Exploration Project in Imperial County, California. 
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant effects on the Picacho Area of Critical Environmental Concern including on 
critical habitat for the threatened Mojave Desert Tortoise. 
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these effects before making a decision on the project. 
 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 
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David Stalder 
James Blair 

Madeline Sides 
Rayna Vilasenor 

Christobal Illingworth 
Alison Merkel 

Yazmin Gonzalez 
Alison Merkel 

Abraham Oboruemuh 
Willie White 

Daniel Murphy 
Anne Stewart 
Alhour Hasab 
Zainab Hasan 
Brad Nelson 
George Riuz 
Jana Harker 

Maria Cardenas 
Spencer Berman 
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7.0 7.1 Jeri Langham 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
AS A PROFESSOR EMERITUS OF BIOLOGICAL SCIENCES AFTER 38 YEARS OF 
TEACHING PRINCIPLES OF ECOLOGY AT CALIFORNIA STATE UNIVERSITY AND 36 
YEARS OF LEADING TRIPS FOR VICTOR EMANUEL NATURE TOURS, I’m writing to 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
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express my serious concerns about the impacts of the proposed Oro Cruz Exploration Project in 
Imperial County, California.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise.  
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project.  
 
Sincerely, 

 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

8.0 8.1 Scott Rubel 
Dear Ms. Martinez, 
 
United States 

Comment incomplete.  

9.0 9.1 Sara Hayes 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
I’m writing to express my serious concerns about the impacts of the proposed Oro Cruz Exploration 
Project in Imperial County, California.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. What you're making me 
wonder about if complete tribal consultation. Furthermore, the project would have significant 
impacts on the Picacho Area of Critical Environmental Concern, including on critical habitat for the 
threatened Mojave Desert Tortoise.  
 
I strongly urge the Bureau of Land Management to require an Environmental Impact Statement to 
properly analyze these impacts before making a decision on the project, and include the consultation 
mentioned earlier.  
 
Sincerely, 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND. Furthermore, formal government-to-government consultation with  
Native American tribes by the BLM has been conducted since March 2021. All 
instances of government-to-government consultation in accordance with Section 
106 of the National Historic Preservation Act are provided within Sections 3.14 
and 4.1 of the EA/MND.   
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
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analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

10.0 10.1 Georgia Labey 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
I’m writing to express my serious concerns about the impacts of the proposed Oro Cruz Exploration 
Project in Imperial County, California.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise. 
 
In addition to the above concerns, CA is in a severe drought and we will soon be facing water 
restrictions because of the rapidly declining water levels at Lake Mead and Lake Powell due to 
reduced flow from the Colorado River. There can be no justification for approving a project that 
would use thousands of gallons of water per day when we are already faced with a water crisis. 
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project.  
 
Sincerely, 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
 
The Proposed Action would purchase water from vendors as needed to support 
exploration drilling and dust suppression activities. The Project estimates a total 
of 240,000 gallons of water to be used over the life of the Project, which equates 
to approximately 0.736 acre-feet of water being used for the life of the project. 
The USGS estimates the Ogilby Valley Groundwater Basin, within with the 
Project Area is located, to have a natural recharge rate of 250 acre-feet per year 
(California’s Groundwater Bulletin 118). In relation to the Colorado River, the 
estimated 0.736 acre-feet of water needed for the life of the Project equates to 
0.00013 percent of the total current level of Lake Powell (5,462,412 acre-feet) 
and 0.0000098 percent of the total current level of Lake Mead amount (7,449,000 
acre-feet). Water for the Project would be trucked in and would be procured from 
the nearby Gold Rock Ranch RV Resort, a  local water purveyor, and/or the City 
of Yuma, using water that is already permitted for pumping/use (i.e., the total 
amount permitted has already been considered within the total water budget 
available for pumping and the Project would be purchasing via an agreement with 
the seller for an amount within the seller’s allowable acre-feet) and available for 
sale. The Project does not propose active groundwater pumping or drilling of new 
groundwater wells. As stated in Section 3.22 of the EA/MND, impacts to water 
resources would be negligible. 
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
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0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

11.0 11.1 Karen Jacques 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
I’m writing to express my serious concerns about the impacts of the proposed Oro Cruz Exploration 
Project in Imperial County, California. I see this project as yet another assault on an already badly 
damaged ecosystems that simply can't take anymore. I am sick and tired of greed driven 
corporations destroying one place after another and leaving toxic death scapes in their wake and I 
am equally sick and tired of the relentless, settler colonial assault on places scared to indigenous 
peoples.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise.  
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project. I believe that a  fairly done EIS would 
show this project to be untenable.  
 
Sincerely, 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

12.0 12.1 Charlene Woodcock 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
Our state government needs to respect the cultural values of the Quechan people and the state's need 
to conserve water. To allow gold mining prospecting on these desert lands would harm the 
indigenous people , the native plants and animals, and be a terrible waste of water. 
These impacts of the proposed Oro Cruz Exploration Project in Imperial County, California, are 
unacceptable.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise.  
 

Thank you for your comment. Formal government-to-government consultation 
with Native American tribes by the BLM has been conducted since March 2021, 
including extensive consultation meetings with the Fort Yuma Quechan Indian 
Tribe. All instances of government-to-government consultation in accordance 
with Section 106 of the National Historic Preservation Act are provided within  
Sections 3.14 and 4.1 of the EA/MND. 
 
The Proposed Action would purchase water from local vendors as needed to 
support exploration drilling and mandatory dust suppression activities. Water for 
the Project would be trucked in and would be procured from the nearby Gold  
Rock Ranch RV Resort, a  local water purveyor, and/or the City of Yuma, using 
water that is already permitted for pumping/use and available for sale. The Project 
does not propose active groundwater pumping or drilling of new groundwater 
wells. As stated in Section 3.22 of the EA/MND, impacts to water resources 
would be negligible. 
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I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project.  
 
Sincerely, 

The Project area does not include any designated critical habitat for the Mojave 
Desert Tortoise. Information on impacts from the Proposed Action to ACECs, 
Cultural Resources, Native American Religious Concerns and Traditional 
Values, and on Wildlife including Threatened and Endangered Species are 
analyzed in the following sections of the EA/MND, respectively: Section 3.5, 3.8, 
3.14, and 3.23. Associated PDFs and additional mitigation measures to minimize 
impacts are included as Appendix F of the EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

13.0 13.1 Mha Atma S Khalsa 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
As a California resident and an American citizen and taxpayer I have great concern about the 
impacts of the proposed Oro Cruz Exploration Project in Imperial County, California.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise.  
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project.  
 
Sincerely, 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
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analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

14.0 14.1 Martha Booz 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
I am very concerned about the impacts of the proposed Oro Cruz Exploration Project in Imperial 
County, California.  
 
You know that exploration by Southern Empire Resources Corp. would cause irreversible damage 
to the landscape of the Quechan people. Furthermore, the project would have significant impacts on 
the Picacho Area of Critical Environmental Concern, including on critical habitat for the threatened 
Mojave Desert Tortoise.  
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project.  
 
Sincerely, 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

15.0 15.1 Janet Girard 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
As a taxpayer and landowner in California, I wish to express my great concern about the 
environmental impacts of the proposed Oro Cruz Exploration Project in Imperial County, 
California.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise. (Unacceptable!) 
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project.  
 
Sincerely, 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
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2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

16.0 16.1 Mark Feldman 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
I' AM WRITING TO STRONGLY EXPRESS MY SERIOUS CONCERNS ABOUT THE 
IMPACTSD OF THE PROPOSED ORO CRUZ EXPLORATION PROJECT IN IMPERIAL 
COUNTY, CA.  
 
Exploration by Southern Empire Resources Corp. WOULD CAUSE IRREVERSIBLE DAMAGE 
TO A LANDSCAPE OF GREAT CULTURAL, RELIGOUS, AND SPIRITUAL IMPORTANCE 
TO THE QUECHAN PEOPLE, Furthermore, THIS DISASTEROUS WOULD HAVE 
SIGNIFICENT IMPACT ON THE Picacho Area of Critical Environmental Concern, INCLUDING 
on critical habitat FOR THE THREATENED Mojave Desert Tortoise.  
 
I STRONGLY THE Bureau of Land Management TO SWIFTLY REQUIRE AN Environmental 
Impact Statement TO PROPERLY ANALYZE THESE IMPACTS BEFORE MAKING A 
DECISON ON THIS TERRIBLE OUT OF TOUCH WITH WITH THIS DESTRUCTIVE 
PROJECT..  
 
Sincerely, 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

17.0 17.1 Bob Miller 

 
Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
I’m writing to express my serious concerns about the impacts of the proposed Oro Cruz Exploration 
Project in Imperial County, California.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise.  
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project.  

Thank you for your comment. The Proposed Action being considered by the BLM 
proposed exploratory drilling only. The EA/MND does not analyze impacts from 
mining. The Project area does not include any designated critical habitat for the 
Mojave Desert Tortoise. Information on impacts from the Proposed Action as a 
result of exploratory drilling to ACECs, Cultural Resources, Native American 
Religious Concerns and Traditional Values, and on Wildlife including 
Threatened and Endangered Species are analyzed in the following sections of the 
EA/MND, respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and 
additional mitigation measures to minimize impacts are included as Appendix F 
of the EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the recent CEQ guidelines revised in  
2020 and then again in  2022 for implementing regulations of NEPA, which does 
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Gold mining is VERY DESTRUCTIVE to the environment. 
 
Sincerely, 

not mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

18.0 18.1 Alexander Pellegrino 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
The mountaintops of my home region have been turned into valleys by mining operations. Sacred 
sites of the Monacan Nation have been built over and a dear friend has his family graveyard 
bulldozed. 
 
Spare other communities this pain.  
 
I’m writing to express my serious concerns about the impacts of the proposed Oro Cruz Exploration 
Project in Imperial County, California.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise.  
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project.  
 
Sincerely, 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND. Furthermore, all known cultural resources would be avoided under the 
Proposed Action.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

19.0 19.1 Zion White 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
I am from the Quechan Nation, and I’m writing to express my serious concerns about the impacts of 
the proposed Oro Cruz Exploration Project in Imperial County, California.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
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would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise.  
 
I urge the Bureau of Land Management to require an Environmental Impact Statement to properly 
analyze these impacts before making a decision on the project.  
 
Sincerely, 

Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

20.0 20.1 Gary Hughes 

Dear Ms. Martinez, 
 
Dear Ms. Martinez,  
 
I’m writing to express my serious concerns about the impacts of the proposed Oro Cruz Exploration 
Project in Imperial County, California.  
 
Exploration by Southern Empire Resources Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project 
would have significant impacts on the Picacho Area of Critical Environmental Concern, including 
on critical habitat for the threatened Mojave Desert Tortoise.  
 
I urge the Bureau of Land Management to at an absolute minimum require an Environmental Impact 
Statement to properly analyze these impacts before making a decision on the project. To fail to 
complete an EIS would be an arbitrary and capricious decision that violates bedrock environmental 
law. 
 
Sincerely, 

Thank you for your comment. The Project area does not include any designated 
critical habitat for the Mojave Desert Tortoise. Information on impacts from the 
Proposed Action to ACECs, Cultural Resources, Native American Religious 
Concerns and Traditional Values, and on Wildlife including Threatened and 
Endangered Species are analyzed in the following sections of the EA/MND, 
respectively: Section 3.5, 3.8, 3.14, and 3.23. Associated PDFs and additional 
mitigation measures to minimize impacts are included as Appendix F of the 
EA/MND.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

21.0 21.1 Patricia Brown, PH.D. 

I am a retired UCLA research biologist and a consultant. Since 1968, my research has concentrated 
exclusively on bats (auditory neurophysiology, echolocation behavior, ontogeny, thermoregulation 
and foraging and roosting ecology). Much of this research has been conducted on bats that live in 
abandoned mines, especially in desert areas. I have surveyed more than 10,000 mine features for 
bats in the California Desert as part of my research and for government agencies and mining 
companies as part of environmental assessments prior to and concurrent with renewed mining in 

Thank you for your comment. The PDF-11 to implement a 500-foot avoidance 
buffer during the bat maternity season (April 1 to August 31) for surface drilling 
around features with evidence of use by BLM sensitive bat species is in  
compliance with Volume IV Section 7 Biological Resources in the DRECP Final 
EIS (BLM 2015) for implementing an avoidance setback of 500 feet around 
known bat roosts. The EA/MND analyzes effects resulting from surface 
disturbance only. Underground exploration is not analyzed in the EA/MND as it  
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historic mining areas. Since 1976, I have surveyed (internally and externally) every mine working in 
the Cargo Muchacho Mountains to document seasonal bat use. 
 
In my research, the California leaf-nosed bat (Macrotus californicus) has been a species of interest 
since 1968. At that time, bat banding was supported by USFWS to determine movements and 
longevity in bats. My colleagues and I banded 14,431 California leaf-nosed bats from mines in 
mountain ranges close to the Lower Colorado River (LCR) between 1958 and 2016, of which 4,477 
individuals were recaptured at least once (and some up to six times). The maximum longevity 
between initial banding and recapture was 16 years. The banding data showed a strong correlation 
for bats remaining in the mountain range in which they were banded, but often switching mines 
between seasons within a mountain range. I banded several hundred bats in the Cargo Muchacho 
Mountains between 1978 and 1997. Of these, recaptures were documented on only two occasions of 
bats moving between two mines in the Chocolate Mountains close to the LCR and mines in the 
Cargo Muchachos (Brown 2017). 
 
The results of the banding research showed that California leaf-nosed bats move between mines 
seasonally between mines in the Cargo Muchacho Mountains, with most mines having resident bats 
year-round. This species is a  member of the tropical leaf-nosed bat family Phyllostomatidae and are 
active all year in the lower elevation deserts of California and Arizona and cannot lower their body 
temperature to enter winter hibernation. They survive by roosting in warm mines with temperatures 
of 80 º F or greater. Geothermally heated mines in some mountain ranges provide these 
temperatures at depths great than 100 feet below the surface (and sometimes over 1000 feet 
underground), and winter roosts can contain many times the number of bats (both males and 
females) of summer colonies. These large winter colonies are very important to the survival of the 
species and must be protected. 
 
With hot outside temperatures in the spring and summer, the bats are using areas in mines closer to 
the surface. Maternity colonies are often within sight of a  mine portal where temperatures are 90 º F 
or warmer during since the babies cannot thermal-regulate for several weeks and develop faster in 
warmer temperatures. Each female California leaf-nosed bat has a single baby (pup) each year. In 
the Cargo Muchacho Mountains, the colonies begin to form by late March and the pups are born in 
early May. This is a  period when any disturbance (such as drilling in the vicinity) can cause to 
abandon the roost, often leaving flightless juvenile bats behind to starve. Although the pups may 
begin to fly at a  month after birth, they continue to nurse beyond that period.  If undisturbed, the 
maternity colony will remain intact through the end of summer.  In the fall, the bats congregate in 
mines for breeding, often in a lek roost (i.e. separate mines or in complex mines that are not used 
during winter or maternity season). Groups of males perform courtship displays complete with 
vocalizations that attract the females. Following insemination, the pregnant females have delayed 
fetal development and give birth 9 months later (Brown 2004). 
 

is not subject to permitting under the 43 CFR 3809 Surface Management 
regulations and is therefore not under the decision-making realm of the BLM as 
it pertains to the proposed Project. However, the proponent has voluntarily 
conducted LiDAR mapping of the historic Oro Cruz Mine underground workings 
to inform the underground exploration activities. The proponent would use all 
best available LiDAR data to make the best effort to avoid drilling through voids 
in underground workings. Drill siting to avoid known voids in the underground 
workers is also in the best interest of the proponent as drills would be sited based 
on locations where a constant circulation of fluids to lubricate the drill rig and 
bring samples to the surface is possible, as lost circulation of the fluids would  
result in a lost drill hole at the depth at which an open cavity is encountered, 
should the drill rig go through a void.  
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The information provided above is why drilling should not disturb any mine roosts in the Cargo 
Muchachos at any season. The 500-foot rule given as mitigation in the EA was derived for surface 
disturbance ONLY in the DRECP during the exploration and development of renewable energy 
resources and would not be applicable to underground disturbance unless the portal of an adit or 
collar of a  shaft aligned perfectly with all the underground workings. 

21.0 21.2 Patricia Brown, PH.D. 

Most of the mines that are important to roosting bats (and sometimes hazardous to humans) have 
bat-compatible gates that were installed either by American Girl Mining Joint Venture or the BLM. 
All the drill areas except for the section connecting the Oro Cruz Underground to the American Girl 
Wash are close to historic mines, most with bat use. The majority shelter California leaf-nosed bats, 
although the “Mesquite” Mine adit (west of the King) and close to drill area 2 shelters a  pallid bat 
(Antrozous pallidus) maternity colony. The “Desert Lavender” adit near drill area 5 is a  big brown 
bat (Eptesicus fuscus) maternity roost.  
 
The portal is only the access point into the mine and is usually not where the bats are roosting. The 
California leaf-nosed bats could be hundreds of feet underground especially in the winter, and 
drilling through the roost could cause injuries and roost abandonment. The 40% dip in the ore body 
in the larger mines is to the southeast with drifts at about 100-foot levels. Without an accurate 
underground map, it would be impossible to predict if an 800-foot-long drill hole (often diagonal) 
will intersect historic underground workings. It is also in the best interest of the mining company not 
to drill through open areas. Although I have made hand drawn bats of many of the mine workings, 
some areas were too hazardous to enter (although they have bat residency). My maps would 
probably not be accurate enough to predict from the surface where a drill rig positioned 500 feet (or 
hopefully further) from the portal will intersect workings several hundred feet below the surface. 
For this reason, I recommend that Lidar mapping be conducted for the all the complex mines close 
to the drill areas, to guide the drilling away from underground workings. Especially Important is the 
Queen (the largest Macrotus year-round roost in the Tumco Area) with the only access to the 
underground via a 300-foot-deep shaft, with multiple drifts radiating from there.  
The Crown (and West Crown) are also complex mines, and significant portions of the underground 
mine were collapsed during drilling by American Girl Mining Joint Venture exploration, including 
the “Glory Hole” to the west of the main Crown decline. This large open chamber sheltered 
Mexican free-tailed bats (Tadarida mexicana brasiliensis) and cave myotis (Myotis velifer) until a  
drill road above it collapsed it to a small opening. These species have not returned to the Cargoes. In 
the drilling for the Oro Cruz pit, a  drill road above the historic portal to the underground completely 
sealed it during the spring, entombing maternity colonies of four bat species (including Townsend’s 
big-eared bats). While the King is not a  very complex mine, a  drill hole adjacent to the shaft 
displaced one of the main maternity colonies of California leaf-nosed bats. As of my last surveys in 
2016, the bats had not returned. While renewed mining does permanently destroy bat habitat, 
drilling not done in an informed and supervised manner can also do damage.  

The proponent has voluntarily conducted LiDAR mapping of the historic Oro 
Cruz Mine underground workings to inform the underground exploration 
activities; however, the proponent would make their best attempt at utilizing all 
best available LiDAR data to also support surface drill siting in order to avoid the 
known voids (including  mine shafts, and adits that may support bat species) in 
the underground workings. Furthermore, surface drill siting has been 
preliminarily located in the Plan of Operations based on geologic mapping and 
would be further developed should the Proposed Action be approved. Surface 
drilling relies on a constant circulation of fluids to lubricate the drill rig and bring 
samples to the surface; as such, lost circulation of the fluids would result in a lost 
drill hole at the depth at which an open cavity is encountered, should the drill rig 
go through a void, such as an area with an open underground mine working. The 
Proponent would make the best effort possible so that surface drilling would not 
intersect with underground workings due to not only technical infeasibility, but 
also economic infeasibility given the potential loss of productivity of a  drill site  
if it were to be sited in an area that would potentially intersect with an 
underground mine working. Per PDF-11 (described in Appendix F of the 
EA/MND), a 500-foot avoidance buffer would be implemented during the bat 
maternity season (April 1 to August 31) for surface drilling around features with 
evidence of use by BLM sensitive bat species. The proponent would utilize data 
provided by the BLM with locations of known abandoned mine sites that host 
populations of BLM sensitive bat species to implement the buffer and to inform 
surface drill siting. 

21.0 21.3 Patricia Brown, PH.D. The shielding of lights from the drilling is not real mitigation and the lights will not be a benefit for 
the bats in attracting insects. The four BLM and CDFW species of special concern do not “hawk” 

Shielded lights on drilling equipment is a  standard equipment feature that would 
be used during nighttime drilling to limit visual impacts from night lighting in the 
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insects. They are all gleaners, especially California leaf-nosed bats and Townsend’s big-eared bats 
while pallid bats forage for ground dwelling arthropods. I also noticed in that SMP Gold Corp also 
will enhance some “existing roads” that follow or cross dry washes. A radiotelemetry foraging 
project of Macrotus in the Tumco Wash are showed that although desert wash vegetation made up 
less than 5% of the available habitat, the bats foraged in it 90% of the time. This research was 
conducted because in the American Girl Wash much of the wash microphyll woodland was 
removed during construction, and the bat population sharply declined in the remaining roosts. It 
took two decades for the bat population to recover in the American Boy Mine. Care should be taken 
to avoid impacting ANY desert wash vegetation (including young plants). 

Project Area and is not included as a mitigation measure. Although some of the 
known bat species with potential to be present within the Project Area do not 
depend on “hawking” insects from the air and therefore would likely not be drawn 
to insect populations that may be attracted to nighttime drill lighting, there is a  
potential for some foraging bat species to be present that do rely on “hawking” 
insects rather than foraging from the ground and/or vegetation; therefore, the 
creation of a  source of light that would attract insects and thus some species of 
foraging bats is considered a potential impact under the Proposed Action.  
 
Additionally, per the PDFs, CMAs, and BLM required mitigation measures 
included in Appendix F of the EA/MND, pre-construction surveys would be 
conducted prior to surface disturbing activities in order to identify presence of 
both wildlife and vegetation species that may require coordinated avoidance with 
the BLM. Disturbance to washes would be limited to vehicular crossings and 
would not include construction disturbance.  

21.0 21.4 Patricia Brown, PH.D. 

The bat section of the WestLand Biological Report is not complete or accurate in several regards. 
They did not appear to have knowledge of my prior research and surveys in the area (although BLM 
should have provided them with reports written for the American Girl Mine JV and latter directly 
for the BLM AML program). It would be helpful if they had given the dates of their 2022 surveys as 
well as the names and coordinates of the features where bats were “observed”. What methods did 
the use to confirm the presence of bats? Did they enter the gated mines? The comment of “stringy” 
black guano and yellow urine staining is not indicative of Macrotus or any of the other bat species 
roosting in the mines. I suspect that they may have seen woodrat “amber rat” marking secretions. 
The sections on the natural history of California leaf-nosed bats and other bat species occurring in 
the Cargo Muchachos were “boiler plate”, included species that would not occur in this range and 
missed several that do (despite their occurrence in the CNDDB). 

Biological baseline surveys were conducted in March 2021, as stated in the 
biological baseline report (WestLand 2021) and Section 3.23.2 of the EA/MND. 
In addition to survey data gathered during the March 2021 surveys, the baseline 
report relied on literature reviews, information provided in the California Natural 
Diversity Database, known existing conditions from recent data collected, and 
details for monitoring for mobilization. The BLM considered the baseline report 
complete and accepted in June 2021. The BLM did not require baseline surveys 
to include gated mines. Per the PDFs, CMAs, and BLM required mitigation 
measures included in Appendix F of the EA/MND, pre-construction surveys 
would be constructed prior to surface disturbing activities in order to identify 
presence of wildlife species and any associated additional mitigation or avoidance 
measures that may be necessary, to be coordinated with the BLM. 

21.0 21.5 Patricia Brown, PH.D. 

They and the Stantec report did not mention the value of the horizontal underground workings as 
desert tortoise habitat. My late husband Dr. Tim Brown was a herpetologist (and graduate school 
classmate of Dr. Kristen Berry). Until his death in 1979, he assisted me in my underground mine 
surveys, looking for rattlesnakes. We frequently encountered tortoises or fresh scat in all seasons, 
but usually in the winter months. They can live hundreds of feet underground, but also use shallow 
prospects. When doing exclusions prior to renewed mining at the American Boy Mine, a  large male 
tortoise lived at the first drift level 100 feet below the portal and regularly accessed the surface via a 
40% rocky incline.  A tortoise nest (with eggs and hatchlings observed and photographed) occurred 
within 25 feet of the portal of the north entrance to the “Tunnel” Mine near proposed drill area 3. 
When looking for desert tortoises or their sign only on the surface, the population of tortoises in the 
Cargo Muchachos is under-estimated. They could also become casualties to drilling through 
underground workings.  

Per PDF-13 in Table F-1 of Appendix F of the EA/MND,  within 24 hours of the 
commencement of Project activities, pre-construction tortoise surveys would be 
conducted by a BLM-approved Authorized or Qualified Biologist would inspect 
within the area to be disturbed plus a 500-foot buffer, focusing on areas that could 
provide suitable desert tortoise burrow or cover sites, such as dry washes with  
caliche. Burrows would be flagged such that they would be avoided by Project 
activities. Mitigation measures also include monitoring of project activities by a 
BLM-approved Authorized or Qualified Biologist to ensure no desert tortoises 
are killed or burrows crushed, and project staff are compliant with tortoise best 
practices. 
 
Additionally, please refer to response to Comment # 21.1 and 21.2. Drilling 
through underground workings is not anticipated. The proponent would utilize all 
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best available LiDAR data to support surface drill siting in order to avoid the 
known voids in the underground workings; furthermore, this would be in the best 
interest of the proponent as surface drilling through open cavities is both 
technically and economically infeasible.  

21.0 21.6 Patricia Brown, PH.D. 

Big horn sheep were also regularly seen by me and others at American Girl Mining JV on the ridge 
on the north side of American Girl Wash during mining activities in the 1990s, just east of the area 
where the haul road will be reopened. A big horn sheep certified biologist (who can differentiate 
mule deer from big horn sheep scat) should conduct a  survey of the rocky “inaccessible areas” near 
the drill sites. I would predict that 10 helicopter flights a  day over the mountainous terrain might 
disturb them. 

Biological baseline surveys were conducted in March 2021 to ascertain the most 
current presence of wildlife species in the area of analysis. The baseline data 
collected was used to analyze impacts to present or potentially present wildlife 
species as a result of the Proposed Action. Bighorn sheep were not observed 
during the baseline surveys in the survey area and additional literature and 
information from recent surveys and the California Natural Diversity Database 
were reviewed to support the conclusions made in the baseline report. Pre-
construction surveys would be conducted prior to surface disturbance under the 
Proposed Action per the PDFs, CMAs, and BLM required mitigation measures 
outlined in Appendix F of the EA/MND. Should bighorn sheep or other additional 
wildlife species not previously present be observed, SMP would coordinate 
additional avoidance or mitigation measures with the BLM as necessary.  

21.0 21.7 Patricia Brown, PH.D. 

I believe that potential impacts of this project could be serious to bats, tortoises and big horn sheep 
unless mitigation is revised following more complete biological surveys. These wildlife were the 
one of the reasons for the creation of the Picacho ACEC. 
If you need any clarification of my comments or the addition of references, please contact me.  
Sincerely, 
Patricia Brown, Ph.D. 
134 Eagle Vista 
Bishop, CA 93514 
760 920 3975 

The BLM has determined the additional mitigation measures outlined in  
Appendix F of the EA/MND to be sufficient and appropriate for minimization of 
impacts to the wildlife species that have been documented as present. Per Section 
3.23.3, impacts to big game species, special status bat species, and desert tortoise 
would be minor, short-term, and localized. Additionally, as discussed in Section 
3.5.3, impacts to the Picacho ACEC would be negligible, short-term, and 
localized.  

22.0 22.1 William Rainey, Ph.D. 

Various statements in the EA and associated documents acknowledge the presence of sensitive bat 
species (Macrotus californicus and Corynorhinus townsendii) on the Oro Cruz project site, but the 
BLM acquired biological contract report (WestLand 2021) involved apparently  brief investigation 
with no description of methods. Other documentation in the EA shows that particularly M. 
californicus had been found in substantial numbers in surveys over many years at all seasons in the 
multiple underground workings in the project area. Given no significant underground survey or 
portal exodus monitoring effort in the biological contract report, the current distribution and activity 
of sensitive bat species on the site can only be inferred from prior investigations. These data and 
research at other mines both in the Cargo Muchacho Mountains and elsewhere indicate that the bats 
are present year round and Macrotus in particular is active throughout the year including emerging 
many nights in winter to forage in adjacent arborescent wash vegetation. 
 
The primary constraint on the proposed project directed at lessening negative impacts on sensitive 
bat species is that drilling will not be permitted  within 500 ft of features used by sensitive bats in 
the interval designated as the maternity season (April 1-August 31), and  the temporary drilling 

Thank you for your comment. Biological baseline surveys were conducted in  
March 2021, as stated in the biological baseline report (WestLand 2021) and 
Section 3.23.2 of the EA/MND. In addition to survey data gathered during the 
March 2021 surveys, the baseline report relied on literature reviews, information 
provided in the California Natural Diversity Database, known existing conditions 
from recent data collected, and details for monitoring for mobilization. The BLM 
considered the baseline report complete and accepted in June 2021.  
 
Shielded lighting for nighttime drilling would be implemented during all 
instances of nighttime drilling year-round to minimize impacts from ligh t  
pollution on wildlife and visual resources.  
 
Per PDF-11 (described in Appendix F of the EA/MND), a 500-foot avoidance 
buffer would be implemented during the bat maternity season (April 1 to August 
31) for surface drilling around features with evidence of use by BLM sensitive 
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facilities would use light shielding at night to lessen disturbance. It isn’t entirely clear from the text 
whether light shielding at night  is required at all times or only during the maternity season interval. 
A major concern with this limited seasonal buffer described as required around recognized bat 
activity sites is that the biological report or other text offers no compilation of such sites from the 
substantial amount of prior bat research in the area. An initial approximation of such a list would 
include the portals of all underground workings in the project area. 

bat species. The proponent would utilize data provided by the BLM with locations 
of known abandoned mine sites that host populations of BLM sensitive bat 
species to implement the buffer and to inform surface drill siting. This PDF is in  
compliance with Volume IV Section 7 Biological Resources in the DRECP Final 
EIS (BLM 2015) for implementing an avoidance setback of 500 feet around 
known bat roosts. The EA/MND analyzes effects resulting from surface 
disturbance only. Underground exploration is not analyzed in the EA/MND as it  
is not subject to permitting under the 43 CFR 3809 Surface Management 
regulations and is therefore not under the decision-making realm of the BLM as 
it pertains to the proposed Project. However, the proponent has voluntarily 
conducted LiDAR mapping of the historic Oro Cruz Mine underground workings 
to inform the underground exploration activities. The proponent would use all 
best available LiDAR data to make the best effort to avoid drilling through voids 
in underground workings. Drill siting to avoid known voids in the underground 
workings is also in the best interest of the proponent as drills would be sited based 
on locations where a constant circulation of fluids to lubricate the drill rig and 
bring samples to the surface is possible, as lost circulation of the fluids would  
result in a lost drill hole at the depth at which an open cavity is encountered, 
should the drill rig go through a void. 
 
Additionally, as described in the PDFs, CMAs, and BLM required mitigation 
measures, pre-construction surveys would be conducted prior to all surface 
disturbing activities in order to identify present of wildlife and vegetation species; 
any additional avoidance or impact minimization measures would be coordinated 
with the BLM based on the results of the pre-construction surveys. 

22.0 22.2 William Rainey, Ph.D. 

Another concern is the limited seasonal duration of the proposed buffer, so outside that interval a  
drill pad might be installed and operated semi-continuously for a  substantial interval without 
constraints on lighting or noise directly adjacent to a portal at which bats would have previously 
exited and entered in darkness every night for foraging. Disturbance constraints on available 
foraging time at low winter temperatures are a particular concern given both lowered prey activity 
and availability at that season and the bat’s potentially substantial increase in energy expenditure for 
thermoregulation while foraging at low ambient temperatures. 

The BLM has determined that implementation of the 500-foot avoidance buffer 
during the bat maternity season (April 1 through August 1) around known bat 
maternity roosts with evidence of use by BLM sensitive bat species would be 
sufficient in minimizing impacts to bat species under the Proposed Action. The 
proponent would utilize data provided by the BLM with locations of known 
abandoned mine sites that host populations of BLM sensitive bat species to 
implement the buffer and to inform surface drill siting. Overall, impacts to bat 
species under the Proposed Action would be minor, short-term, and localized and 
species populations are not anticipated to be impacted as a whole. 
 
Shielded lighting for nighttime drilling would be implemented during all 
instances of nighttime drilling year-round to minimize impacts from ligh t  
pollution on wildlife and visual resources. 

22.0 22.3 William Rainey, Ph.D. An allied comment on project noise analyses is that mapping and noise range analyses are based on 
audible range noise (I.e, below 20 kHz). Bats can hear in this range and   several species, notably 

No sensitive wildlife noise receptors were identified during baseline data 
collection or analysis of the Proposed Action. Overall, noise impacts under the 
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Antrozous pallidus, rely heavily on low intensity prey produced (e.g., scorpion movement through 
vegetative litter beneath a shrub) and bat foraging and probably efficiency may be reduced in areas 
of elevated anthropogenic sound (e.g., road corridors). A different foraging and communication 
interference not well represented by audio range sound assumptions is that the sensitive bat species 
(Macrotus and Corynorhinus) in the project area are both primarily gleaners, detecting prey on 
foliage by emitting multiharmonic pulses of  largely ultrasonic sound and listening for the returning 
echoes. The amount of ultrasound emission from drilling and associated static equipment 
(generators, etc.) is poorly known, but some masking effects near drill sites is likely to contribute 
along with other disturbance factors to a radius of avoidance for these species.  Because they 
primarily forage by gleaning rather than the aerial pursuit mode of smaller bats, the suggestion in 
the EA that Macrotus may benefit from insects attracted to project lighting seems quite unlikely. 

Proposed Action would be negligible and short-term given that noise impacts 
from both exploratory drilling and helicopter use would not be stationary and 
would be temporary in nature. Section 3.23.3 of the EA/MND has been revised 
to clarify potential noise impacts to special status wildlife species. Overall, bat 
species may experience indirect impacts from noise generation under the 
Proposed Action, as clarified in Section 3.23.3 of the Revised EA/MND, but 
impacts to bat species from Project activities are anticipated to be minor. Per the 
PDFs, CMAs, and BLM required mitigation measures outlined in Appendix F of 
the EA/MND, pre-construction surveys would be conducted prior to any surface 
disturbance commencing to identify presence of wildlife species, in accordance 
with the measures required under the DRECP for impacts to biological resources 
(BLM 2015). Should presence of wildlife species be identified, including bat 
species in abandoned mine features near to potential surface drilling sites that 
may host individuals, any additional avoidance or impact minimization measures 
would be coordinated with the BLM for implementation. 
 
Per Section 3.23.3 of the EA/MND, although drills would be shielded per the 
standard equipment specifications during nighttime drilling, the Proposed Action 
would create a source of light that would attract insects and, thus, foraging bats. 
Although some of the known bat species with potential to be present within the 
Project Area do not depend on “hawking” insects from the air and therefore would 
likely not be drawn to insect population that may be attracted to nighttime drill 
lighting, there is a  potential for some foraging bat species to be present that do 
rely on “hawking” insects rather than foraging from the ground and/or vegetation; 
therefore, the creation of a  source of light that would attract insects and thus some 
species of foraging bats is considered a potential impact under the Proposed 
Action. Shielded lighting for nighttime drilling would be implemented during all 
instances of nighttime drilling year-round to minimize impacts from ligh t  
pollution on wildlife and visual resources. 

22.0 22.4 William Rainey, Ph.D. 

Each drill pad will have a partially liquid filled sump for drilling coolant with additives and 
extracted drilling fines. These sumps are described as being excavated to have one low gradient 
slope that allows exodus of wildlife that might have approached to drink. For small wildlife with 
extensive wettable wing areas including birds and bats, such sumps can still generate substantial 
fatality rates particularly when traces of petroleum lubricants accumulate over time as a surface film 
and the viscosity near the surface increases from accumulating fines or additives and lessens the 
ability of small animals to move in the fluid. Bats may at least initially sink below visual detection 
during the night, so daytime evidence of mortality may be overlooked. The sumps should be 
monitored by a biologist and protectively netted if mortality is detected. The project description 
indicates the sumps will be backfilled after they have dried, but it is important to note that hazard to 

A BLM required mitigation measure has been added to Table F-3 of Appendix F 
of the EA/MND as M-9 that would require the proponent to place netting or other 
applicable barriers over inactive sumps during the evaporation process and prior 
to backfilling to prevent wildlife entrapment.  
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wildlife from sumps that are still liquid likely remains after the drill rigs have moved on to the next 
site. 

22.0 22.5 William Rainey, Ph.D. 

From the materials made available with the EA, it seems unclear that the proposed plan has maps of 
existing underground workings that will allow pad siting and drilling to avoid encountering prior 
underground mine workings. Beyond the operational issue of fluid loss, these areas include the 
daytime refuges of sensitive bat species, which may be at considerable depth to exploit the thermal 
gradient at different seasons. Given the major risk substantial undetected mortality from drilling 
collapsing aggregated bat refuge sites or occluding sometimes constricted and already unstable 
abandoned mine features that allow bats to  travel from geothermally heated refuges to  the surface 
it would be best to contract for laser mapping of the human accessible underground workings and 
designate a no-drill buffer around the mapped workings that allows for identifiable but inaccessible 
workings. 

The proponent has voluntarily conducted LiDAR mapping of the historic Oro 
Cruz Mine underground workings to inform the underground exploration 
activities. The proponent would use all available LiDAR data to make the best 
effort to avoid drilling through known voids (including roosts, mine shafts, and 
adits that may support bat species) in the underground workings. Furthermore, 
surface drill siting has been preliminarily located in the Plan of Operations based 
on geologic mapping and would be further developed should the Proposed Action 
be approved. Surface drilling relies on a constant circulation of fluids to lubricate 
the drill rig and bring samples to the surface; as such, lost circulation of the fluids 
would result in a lost drill hole at the depth at which an open cavity is 
encountered, should the drill rig go through a void, such as an area with an open 
underground mine working. The proponent would make the best effort to ensure 
that surface drilling would not intersect with underground workings due to not 
only technical infeasibility, but also economic infeasibility given the potential 
loss of productivity of a  drill site if it were to be sited in an area that would  
potentially intersect with an underground mine working. 

22.0 22.6 EPA 

Subject: EPA’s Comments on the Draft Environmental Assessment/Mitigated Negative Declaration 
and Draft/Unsigned Finding of No Significant Impact for the SMP Gold Corp. Oro Cruz 
Exploration Project, Imperial County, California  
 
Dear Mayra Martinez:  
 
The U.S. Environmental Protection Agency has reviewed the Bureau of Land Management’s Draft 
Environmental Assessment / Mitigated Negative Declaration and draft Finding of No Significant 
Impact (FONSI) for the above referenced project. The EPA’s comments are provided pursuant to 
the National Environmental Policy Act, Council on Environmental Quality regulations (40 CFR 
Parts 1500-1508) and our NEPA review authority under Section 309 of the Clean Air Act.  
 
SMP Gold Corp. proposes mineral exploration activities at the Oro Cruz Pit Area on land managed 
by the BLM in Imperial County, California. The project proposes up to 65 drill pads and associated 
access roads, with possible heli-portable operations, in a historical mining area with previous 
surface disturbance. The DEA/MND describes the Proposed Action and alternatives, including a 
“no action” alternative.  
 
We appreciate the opportunity to review the DEA and FONSI and offer the following 
recommendations for the Final EA and the BLM’s Finding of No Significant Impact.  
 
Impacts to Tribe’s Traditional Cultural Places  

Thank you for your comment. The Fort Yuma Quechan Indian Tribe identified 
that the proposed project is located within a larger landscape they consider a 
Traditional Cultural Property. The BLM continues to consult with the Quechan 
about the nature and extent of the Traditional Cultural Property as part of its 
Government-to-Government consultation, as well as for Section 106 of the 
NHPA consultation and relevant to other EOs and regulations. The BLM 
recognizes the attributes that give Traditional Cultural Properties significance, 
such as their association with historical events or traditional practices, are often 
intangible in nature. The status of the Section 106 process and tribal consultation 
is located in Sections 3. 8, 3.14 and 4.12.  Additionally, as stated in Section 3.8 
of the EA/MND, all known cultural resource sites would be avoided thus 
minimizing direct impacts. No adverse impacts would occur with avoidance 
measures implemented. Project activities would be considered temporary in  
nature, as exploratory drilling would occur within one to two years from the 
beginning of the Project, followed by monitoring and reclamation activities 
through the remaining three years. The BLM would require additional mitigation 
measures to minimize indirect impacts to known cultural resource sites, as 
described in Section 3.8.3 and Appendix F of the EA/MND, resulting in indirect  
impacts being negligible, short-term, and localized.  
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The draft FONSI (p. 4) indicates the Fort Yuma Quechan Tribe considers the area a Traditional 
Cultural Place. The DEA states that the Fort Yuma Quechan Indian Tribe has expressed opposition 
to the project as the project location is in an area with “great cultural, religious and spiritual 
significance.” It further describes the area as being a significant cultural landscape that is “integral 
to the spiritual and everyday lives of the Quechan people” (p. 48).  
 
Based on the analysis in the document for Tribes’ Traditional Cultural Places, it is unclear whether 
the BLM has confirmed that the area is to be considered a Traditional Cultural Place for the purpose 
of BLM compliance with the National Historic Preservation Act. According to the DEA, the BLM 
has requested further information from the Fort Yuma Quechan Tribe about the Traditional Cultural 
Place but, as of the date of the draft FONSI, this has not been provided and consultation remains 
ongoing. Still, the BLM concludes “due to the short-term nature of the Project, impacts to Native 
American religious concerns and traditional values would be minor, short-term, and localized.” 
 
Appendix F of the DEA contains mitigation measures in terms of Project Design Features and 
includes PDF-35 which states that the project proponent has committed to avoiding impacts to 
cultural resources, engaging with tribes and preparing and implementing a tribal monitoring plan. It 
is unclear whether and how the objections of the Quechan Tribe would be resolved and if that would 
affect the level of significance of the impact. 
 
Recommendations for the Final EA and FONSI: 

• Describe whether the BLM considers the area a Traditional Cultural Place for the 
purposes of NHPA compliance.1 

• Describe the status of consultation with the Fort Yuma Quechan Tribe, issues raised 
during consultation and any proposed or agreed upon mitigation measures. 

• Discuss the resolution of the Tribe’s objections and document how impacts to cultural 
resources would be less than significant. 

 
The EPA appreciates the opportunity to review this Draft EA and draft/unsigned FONSI. When the 
Final EA and FONSI are available, please email the documents to quam.spencer@epa.gov. If you 
have any questions, please contact me at 415-947-4167, or Spencer Quam, the lead reviewer for this 
project, at 415-972-3768. 

23.0 23.1 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

RE: SMP Gold Corp. Oro Cruz Exploration Project EA/MND 
 
Dear Ms. Martinez, 
 
These comments are timely submitted on the BLM’s Environmental Assessment (EA) and Draft 
Finding of No Significant Impact (FONSI) and proposal to approve the Plan of Operations (PoO) 
for the SMP Gold Corp. Oro Cruz Exploration Project (Project) from the Center for Biological 
Diversity, Western Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert 

Thank you for your comment. The BLM held a public comment period from 
November 16 – December 16, 2022 in accordance with the NEPA process for the 
EA portions of the joint document. Although a joint document was prepared by 
the BLM and Imperial County in accordance with NEPA and CEQA, the two 
analyses are considered separate for the two separate review processes under 
NEPA and CEQA by the lead agencies. Although the two agencies have 
coordinated, the review and decision making processes are considered separate 
under the two regulations. The public review periods for the EA/MND for 
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• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

• Kelly Herbinson and 
Cody Hanford, Mojave 
Desert Land Trust 

• Preston J. Arrow-weed, 
Ahumt Pipa Foundation 

Committee, Conservation Lands Foundation, Greenaction for Health and Environmental Justice, 
Mojave Desert Land Trust, California Native Plant Society, and the Ahmut Pipa Foundation 
(collectively “Conservation Organizations”). These comments are timely submitted. Although the 
BLM and Imperial County prepared a joint document with the EA and a Mitigated Negative 
Declaration (MND) combined, BLM provided public notice for the EA comment period ending 
December 16, 2022. On December 13, 2022, Imperial County notified the public of an opportunity 
to comment on the MND with comments due January 20, 2023. Because the project is a  single 
project and both NEPA and CEQA require the agencies to consider the whole of the project in their 
review, the Conservation Organizations reserve the right to add additional comments regarding the 
joint EA/MND and compliance with State laws including SMARA and CEQA during the comment 
period noticed by Imperial County. 
 
As detailed below, BLM’s review and proposed approval of the Project violates a number of federal 
laws, including the Federal Land Policy Management Act (FLPMA), the National Environmental 
Policy Act (NEPA), and other federal laws and regulations. At a minimum, due to the likely 
potential for significant impacts, BLM must prepare a full Environmental Impact Statement (EIS) 
for this Project. In addition, because there is a  fair argument that the project will have significant 
impacts, Imperial County must prepare an EIR. 
 
These comments incorporate the previous comments submitted by the above groups, especially as 
the EA fails to adequately respond to those comments. 

comments related to the NEPA and CEQA analyses were attempted to be as 
aligned as possible.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action per the analysis in the EA/MND that no 
significant impacts would occur under the Proposed Action.  
 
Consistent with the CEQA statutes, if a  project is found to have no adverse 
effects, or if the potential effect can be reduced to a level that is less than 
significant through project revisions/mitigations, a  Negative Declaration or MND 
can be adopted (§21080). Specifically, the statute provides that MNDs may be 
used, “when the initial study has identified potentially significant effects on the 
environment, but (1) revisions in the project plans or proposals made by, or 
agreed to by, the applicant before the proposed negative declaration and initial 
study are released for public review would avoid the effects or mitigate the effects 
to a point where clearly no significant effect on the environment would occur, 
and (2) there is no substantial evidence in light of the whole record before the 
public agency that the project, as revised, may have a significant effect on the 
environment” (§21064.5).  In summary, if all potential significant impacts can be 
eliminated or reduced to less than significant, a  MND can be prepared in lieu of 
an EIR. Through preparation of a  detailed initial study, as well as a  detailed suite 
of technical studies, Imperial County determined that an MND was the 
appropriate project document under CEQA. The County held an Environmental 
Evaluation Committee (EEC) meeting on November 17th, 2022, where a draft 
version of the initial study/MND was presented to the public, and to a seven-
member panel representing various County agencies/organizations. Through this 
public process, the EEC determined that the mitigations measures as proposed 
would reduce the significant effects to a less than significant level, or project 
design features as included would avoid them all together. For these reasons, the 
County found that an MND was the appropriate CEQA level of 
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review/documentation for the project. Further, public controversy over the 
possible environmental effects of a  project is not sufficient reason to require an 
EIR "if there is no substantial evidence in light of the whole record before the 
Lead Agency that the project may have a significant effect on the environment" 
(§ 21082.2). 
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I. The Project, and BLM’s Review and Proposed Approval, Violates FLPMA 
 
BLM’s review and proposed approval of the Project violates the agency’s multiple duties to protect 
public land resources under FLPMA. 
 
A. The Project Must Comply with All Applicable Land Use Plans 

 
FLPMA is the basic “organic act” for management of the BLM public lands. Under FLPMA, BLM 
must develop land use plans for the public lands under its control, 43 U.S.C. § 1712, and all 
resource management decisions must be in accordance with those plans. Id. § 1732(a), 43 C.F.R. § 
1610.5-3(a). See Norton v. S. Utah Wilderness Alliance, 542 U.S. 55, 69 (2004) (this requirement 
“prevent[s] BLM from taking actions inconsistent with the provisions of a  land use plan”); Ore. 
Natural Res. Council v. Brong, 492 F.3d 1120, 1128 (9th Cir. 2007) (holding BLM decision is 
“inconsistent with the [Land Use] Plan and, consequently, violate FLPMA”); W. Watersheds Project 
v. Salazar, 843 F.Supp.2d 1105, 1114 (D. Id. 2012) (reversing BLM decisions as inconsistent with 
land use plans); W. Watersheds Project v. Bennett, 392 F.Supp.2d 1217, 1227 (D. Id. 2005) (same). 
 
If a  Proposed Action is not clearly consistent with the land use plan, BLM must either deny the 
Proposed Action or amend the plan, complying with NEPA and allowing for public participation. 
See 43 C.F.R. §§ 1610.5-3, 1610.5-5. See also National Parks and Conservation Ass’n v. FAA, 998 
F.2d 1523, 1526 (10th Cir. 1993) (nonconforming land use required RMP amendment). The Interior 
Board of Land Appeals recognizes that this “consistency” requirement reflects the mandatory duty 
to fully and strictly comply with the governing land management plans. See, e.g. Jenott Mining 
Corp., 134 IBLA 191, 194 (1995); Uintah Mountain Club, 112 IBLA 287, 291 (1990); Marvin 
Hutchings v. BLM, 116 IBLA 55, 62 
(1990); Southern Utah Wilderness Alliance, 111 IBLA 207, 210-211 (1989). 
 
Complying with the RMP is required by both the general land use conformity requirement of 
FLPMA as well as BLM’s duty under FLPMA to “prevent unnecessary or undue degradation” 
(“UUD”) of the public lands. 43 U.S.C. §1732(b). To prevent UUD, BLM must ensure that all 
environmental protection standards will be met at all times. 43 C.F.R. § 3809.5 (definition of UUD 
prohibited by FLPMA includes “fail[ure] to comply with one or more of the following: … Federal 
and state laws related to environmental protection.”). 
 

As described under Section 1.3 of the EA/MND, under 43 CFR 3809.415, the 
operator of the Plan of Operations must prevent unnecessary or undue 
degradation to the public lands. The Proposed Action is in conformance with 
FLPMA in ensuring that resource protection is not compromised in accordance 
with the mandated principles of FLPMA. The Proposed Action is also in  
conformance with the California Desert Conservation Area (CDCA) Plan and the 
DRECP Land Use Plan Amendment (LUPA), which amended the CDCA Plan. 
The Proposed Action specifically conforms to the following Land Use Plan 
objectives from the CDCA and DRECP: encourage the development of mineral 
resources in a manner which satisfies national and local needs and provides for 
economically and environmentally sound exploration, extraction and reclamation 
practices; and support responsible mining and energy development operations 
necessary for California’s infrastructure, commerce and economic well-being. 
The Proposed Action would include the implementation of applicant-committed 
environmental protection measures, avoidance, and minimization measures 
CMAs in conformance with the DRECP LUPA, and per BLM mitigation 
requirements (Appendix F of the EA/MND). The BLM has determined that no 
unnecessary or undue degradation would occur under the Proposed Action, and 
thus the Project would remain in compliance with FLPMA and all applicable land 
use plans.  
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“All future resource management authorizations and actions … shall conform to the approved plan.” 
43 C.F.R. §1610.5-3(a). BLM defines “conformity” as requiring that “a resource management action 
shall be specifically provided for in the plan, or if not specifically mentioned, shall be clearly 
consistent with the terms, conditions, and decisions of the approved plan or plan amendment.” Id. 
§1601.0-5(b). “Consistent” is defined as requiring that decisions “will adhere to the terms, 
conditions, and decisions of officially approved and adopted resource related plans.” Id. §1601.0-
5(c). 
 
Mining operations are not exempted from FLPMA’s requirement to comply with the RMP. For 
example, in Western Exploration v. U.S. Dept. of the Interior, 250 F. Supp. 3d 718, 747 (D. Nev. 
2017), the court held that in the mining context, as well as for other potential uses of public land, 
RMP standards to protect the Greater Sage Grouse must be met to comply with BLM’s duty to 
“prevent unnecessary or undue degradation” under FLPMA. The court rejected a challenge from the 
mining industry and others and agreed with the Interior Department that meeting the RMP 
requirements was part of the UUD mandate: 
 

Defendants [Interior Department et al.] contend that the ‘‘unnecessary or undue 
degradation’’ standard in the statute does not preclude the agency from establishing a more 
protective standard that seeks improvements in land conditions that ‘‘go beyond the status 
quo.’’ The FEIS states that “if actions by third parties result in habitat loss and degradation, 
even after applying avoidance and minimization measures, then compensatory mitigation 
projects will be used to provide a net conservation gain to the sage-grouse.’’ The Agencies’ 
goals to enhance, conserve, and restore sage-grouse habitat and to increase the abundance 
and distribution of the species, they argue, is best met by the net conservation gain strategy 
because it permits disturbances so long as habitat loss is both mitigated and counteracted 
through restorative projects. If anything, this strategy demonstrates that the Agencies allow 
some degradation to public land to occur for multiple use purposes, but that degradation 
caused to sage- grouse habitat on that land be counteracted. The Court fails to see how 
BLM’s decision to implement this standard is arbitrary and capricious. Moreover, the Court 
cannot find that BLM did not consider all relevant factors in choosing this strategy, as it 
appears to possess elements proposed in the DEIS. 

 
In sum, Plaintiffs fail to establish that BLM’s challenged decisions under FLPMA are 
arbitrary, capricious, an abuse of discretion, or otherwise not in accordance with law. 

 
Western Exploration, at 747 (internal citations omitted). See also Mineral Policy Center v. Norton, 
292 F. Supp. 2d 30, 49 (D.D.C. 2003) (“when BLM receives a proposed Plan of Operations under 
the 2001 rules, pursuant to Section 3809.420(a)(3), it assures that the proposed mining use conforms 
to the terms, conditions, and decisions of the applicable land use plan, in full compliance with 
FLPMA’s land use planning and multiple use policies.”). 
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BLM’s mitigation policy, as detailed by the Interior Solicitor, acknowledges the need to ensure 
compliance with an RMP as part of its mitigation duties under the FLPMA UUD standard. In 
discussing the previous rulemaking (quoted above) with approval, the Solicitor reiterated “‘the 
operator’s responsibility to comply with applicable land use plans and BLM’s responsibility to 
specify necessary mitigation measures.’ Id. at 54,840 (emphasis supplied).” M-37039, The Bureau 
of Land Management’s Authority to Address Impacts of its Land Use Authorizations through 
Mitigation, 20, n. 115 (Dec. 21, 2016)(Mitigation Opinion). The 2016 Mitigation Opinion was 
temporarily revoked in 2017, but was recently reinstated by the Solicitor. M-37075, Withdrawal of 
M-37046 and Reinstatement of M-37039 (April 15, 2022) (Exhibit 2). This new Opinion noted that 
the 2017 Opinion (M-37046) “expresses no views regarding the merits of the legal analysis or 
conclusions contained in the [2016 Opinion].” M-37075 at 2. 
 
The Solicitor noted that “in the hardrock mining context, the BLM has long recognized that the 
UUD requirement creates a ‘responsibility [for the BLM] to specify necessary mitigation measures’ 
when approving mining plans of operations.” M-37039, at 19 (citations omitted). “The BLM 
regulations addressing surface management of hardrock mining operations on public lands have 
consistently included mitigation as a requirement for preventing UUD, including as part of the 
general performance standards in the current regulations.” Id. 
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B. The Project Does Not Comply with the Management Requirements and Prescriptions of the 
DRECP and Federal Law. 
 
1. California Desert National Conservation Lands 
 
The Picacho ACEC was designated as an ACEC and as California Desert National Conservation 
Lands (CDNCLs) by the Desert Renewable Energy Conservation Plan (DRECP) Record of 
Decision signed in September of 2016. The DRECP identifies CDNCLs, in accordance with the 
Omnibus Public Land Management Act of 2009 (Omnibus Act), which are nationally significant 
landscapes within the California Desert Conservation Area (CDCA) with outstanding cultural, 
ecological, and scientific values. The CDNCLs are a permanent addition to the National Landscape 
Conservation System (NLCS), as per the direction to BLM in the Omnibus Act. DRECP at xi-xii. 
 
The Omnibus Act added to the newly established NLCS “[a]ny area designated by Congress to be 
administered for conservation purposes, including…public land within the [CDCA] administered by 
the [BLM] for conservation purposes.” 16 U.S.C. § 7202(b)(2)(D). Unlike other CDCA lands 
managed under multiple‐use principles, these areas are to be managed “in a manner that protects the 
values for which [they were] designated.” Id. § 7202(c)(2); see also 43 U.S.C. §1732(a). 
 
The Federal Land Policy Management Act (FLPMA) requires that public lands be managed under 
multiple use principles “except that where a tract of such public land has been dedicated to specific 

As stated in the comment response for Comment #23.2 and provided in Section 
1.3 of the EA/MND, the Proposed Action is in conformance with the CDCA Plan 
and the DRECP LUPA, which amended the CDCA Plan. The Proposed Action 
specifically conforms to the following Land Use Plan objectives from the CDCA 
and DRECP: encourage the development of mineral resources in a manner which 
satisfies national and local needs and provides for economically and 
environmentally sound exploration, extraction, and reclamation practices; and 
support responsible mining and energy development operations necessary for 
California’s infrastructure, commerce, and economic well-being. Furthermore, 
per the analysis under Section 3.7.3 of the EA/MND, relevant CMAs for National 
Conservation Lands (Appendix F of the EA/MND) would be required to be 
implemented under the Proposed Action, and impacts to National Conservation 
Lands would be negligible, short-term, and localized. Relatedly, mineral entry 
within the Picacho ACEC has not been withdrawn; therefore, locatable mineral 
exploration and development is not prohibited on lands within the ACEC. Per the 
analysis in Section 3.5.3 of the EA/MND, with implementation of the PDFs and 
relevant CMAs for ACECs (Appendix F of the EA/MND), impacts to the Picacho 
ACEC under the Proposed Action would be negligible, short-term, and localized.   
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uses according to any other provisions of law it shall be managed in accordance with such law” 
(emphasis added). Thus, all NLCS lands within the CDCA must be managed to prohibit 
discretionary uses that are incompatible with the conservation, protection, and restoration of their 
landscapes. See 16 U.S.C. § 7202. 
 
Because the project is in the Picacho Area of Critical Environmental Concern it will significantly 
impact nationally significant values therein, including cultural, ecological, and scientific resources 
of this area. These values and the management goals are detailed in the DRECP Appendix B 
regarding the Picacho ACEC. Most importantly, the BLM EA/MND must consider how the goals 
can be met if the Project is approved. The goals include to enhance, protect, and preserve the 
cultural and biological resources, and to maintain desert tortoise habitat connectivity between the 
Chuckwalla Desert Wildlife Management/Area of Critical Environmental Concern/ Critical Habitat 
Units and high value climate refugia for wildlife. Due to their special protective designation, 
ACECs, including the Picacho ACEC, must be managed to a higher conservation standard that is 
consistently implemented across all ACECs. The EA/MND fails to show that BLM fully considered 
how the Project would affect these management goals. 
 
2. National Conservation Lands Standards 
 
The 2009 Omnibus Bill (Omnibus) established the National Conservation Lands as a permanent 
system of protected lands, “...to conserve, protect and restore nationally significant landscapes that 
have outstanding cultural, ecological, and scientific values for the benefit of current and future 
generations.” Id. To ensure that the permanently protected National Conservation Lands are 
managed in order to “conserve, protect and restore nationally significant landscapes,” all units 
within the system have several basic conservation standards, including: 
 

1) Prescriptive language that requires the area to be managed for the conservation, protection 
and enhancement of resources over other uses; 

2) A prohibition on discretionary uses that are not consistent with conservation and 
protection of these resources; 

3) A mineral withdrawal; and 
4) Restrictions on off-road vehicles and a travel management plan with restrictions ry to 

protect the area. 
 
These standards ensure that lands within the system are managed consistently for conservation and 
safeguarded for future generations. The Omnibus Bill makes clear that units of the system must be 
managed to a higher conservation standard. 

23.0 23.4 • Lisa Velenky Center 
for Biological Diversity 

3. Department of the Interior and BLM Policy 
 

Per Section 3.7.3 of the EA/MND, the Proposed Action would result in 20.54 
acres of surface disturbance, all anticipated to occur within the CDCA and 
specifically the Picacho ACEC National Conservation Lands. Mineral entry 
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Conservation primacy and standards for the system have also been outlined in Department of the 
Interior guidance and BLM policies. In 2010, Secretarial Order 3308 established a unified 
conservation vision for managing the National Conservation Lands ‘as required by the Omnibus Act 
of 2009’ to ‘conserve, protect, and restore nationally significant landscapes.´ Further stating that 
“the BLM shall ensure that the components of the [system] are managed to protect the values for 
which they were designated, including, where appropriate, prohibiting uses that are in conflict with 
those values.” Secretarial Order 3308, Management of the National Landscape Conservation 
System, Nov 15, 2010, Sec. 4. 
 
In 2011, BLM released the 15-Year Strategic Plan, setting specific goals for how to manage the 
National Conservation Lands focused on conservation, protection, and restoration. The Strategic 
Plan further expanded that “there is an overarching and explicit commitment to conservation and 
resource protection as the primary objective” and that the BLM shall “not authorize discretionary 
uses that cannot be managed in a manner compatible with the designation proclamation or 
legislation.” The National Landscape Conservation System, 15 Year Strategy, 2010. 
 
In 2012, BLM released two relevant Policy Manuals: 6100-National Landscape Conservation 
System Management; and 6220-National Monuments, Conservation areas, and Similar 
Designations. When making management decisions BLM must use these manuals as guidance. 
Secretarial Order 3308, and policy manual 6100 and 6220 provide guidance to BLM employees on 
the drafting of management plans and land use plan decisions as related to the National 
Conservation Lands. The Secretarial Order, 15-Year Strategy and Policy Manuals make clear that 
agency policy prioritizes conservation over other uses within the National Conservation Lands. 
 
Lastly, it should be clear, that the CDNCLs are managed as part of the National Conservation 
Lands, and no longer managed under multiple-use standards as outlined in the Federal Land Policy 
Management Act. See BLM’s 15-Year Strategy for the National Conservation Lands, citing 
FLPMA, as amended, Public Law No. 94-579, Title III, Sec. 302(a). Clearly, units of the National 
Conservation Lands must be managed for the specific uses for which they were designated. 
 
BLM is precluded from permitting exploration activities that may run afoul of the requirements of 
the governing land use plan, and adversely impact the very purposes for which the ACEC and 
CDNCL were designated. Exploration activities will result in habitat loss, fragmentation, noise and 
dust, as well as adverse impacts to groundwater, cultural and scenic resources. FLPMA requires 
BLM to conduct all management and implementation activities “in accordance with” governing 
RMPs. 43 U.S.C. § 1732(a); see also 43 CFR § 1610.5-3(a) (“All future resource management 
authorizations and actions .. . shall conform to the approved plan”). The EA was required to fully 
analyze and disclose whether the actions proposed in the amended Plan of Operations (PoO) 
conform to the requirements of the DRECP, including the objectives for land; wildlife; 
vegetation; cultural and tribal resources, and other resources. It has failed to do so. 

within the Picacho ACEC has not been withdrawn; therefore, locatable mineral 
exploration and development is not prohibited on lands within the ACEC. All 
areas of surface disturbance resulting from Project-related activities would be 
reclaimed concurrently throughout the life of the surface exploration Project, 
except for the proposed new 1.8-mile main access road to the underground portal 
within Drill Area 1 and the staging area, which would be reclaimed following 
SMP’s completion of underground exploration activities. The relevant CMAs for 
National Conservation Lands (Appendix F of the EA/MND) would be required 
to be implemented under the Proposed Action, and impacts to National 
Conservation Lands would be negligible, short-term, and localized. As stated in 
the comment response for Comment #23.2 and provided in Section 1.3 of the 
EA/MND, the Proposed Action is in conformance with FLPMA in ensuring that 
resource protection is not compromised in accordance with the mandated 
principles of FLPMA. The Proposed Action is also in conformance with the 
CDCA Plan and the DRECP LUPA. No impacts to groundwater would occur per 
Section 3.22.3 of the EA/MND. Direct impacts to cultural resources would not 
occur, and indirect impacts to cultural resources would be negligible per Section 
3.8.3 of the EA/MND. Impacts to visual (scenic) resources would be negligib le 
per Section 3.21.3 of the EA/MND. The Project would be required to implement 
all relevant CMAs per the DRECP, as outlined in Table F-2 of Appendix F of the 
EA/MND, and the BLM would require additional mitigation measures across 
several resource management categories as provided in Table F-3 of Appendix F 
of the EA/MND. Furthermore, the EA/MND sections relevant to the NEPA 
analysis were prepared in conformance with NEPA implementing regulations (40 
CFR 1500-1508) and per policy guidance provided in the BLM NEPA Handbook 
H-1790-1. 
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BLM cannot approve any actions under the PoO that are inconsistent with BLM’s own management 
plans, management policies, guidelines, handbooks, and manuals. Here the EA/MND fails to show 
that the Project will not be inconsistent with the management plans and policies, and therefore BLM 
should not approve the Project. 
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4. The EA/MND Fails to Fully Address ACEC and CDNCL Standards 
 
While the SMP Gold Corporation’s Oro Cruz Pit Area Exploration Plan of Operation recognizes 
that the proposed project is within an Area of Critical Environmental Concern (ACEC) - specifically 
the Picacho ACEC, it fails to identify that it is also within an area identified as part of the California 
Desert National Conservation Lands (CDNCL), which are part of the National Conservation Lands 
System (NLCS). The EA now acknowledges the project is within CDNCL lands but still fails to 
adequately address the project in the context of the NCLS. 
 
The Desert Renewable Energy Conservation Plan (DRECP) provided a framework for the Picacho 
ACEC. Applicable Objectives (from Appendix L of the DRECP) for the Picacho ACEC/CDNCL 
lands that need to be addressed for compliance in the environmental review include: 
 

− Minimize soil disturbance. 
− Protect and enhance robust populations of both rare and common native plants. Unique 

plant assemblages exist within this ACEC, including mesquite and all thorn assemblages. 
− Create a baseline of plant species to track environmental changes. 
− Maintain and enhance habitat that supports native wildlife; Desert Tortoise, Mule Deer, 

Bighorn Sheep. 
− Manage landscape to ensure wildlife passage and connectivity between wildlife 

populations. 
− Protect biodiversity and manage for resilience (protect climate refugia and provide for 

migration corridors). 
− Maintain and or enhance key ecosystem processes (e.g., carbon sequestration, water 

residence time) and prepare and respond to significant disturbances to the environment 
(e.g., floods). 

− Encourage compliance with ACEC management recommendations 
− Protect resource values of the ACEC 
− Review certain proposed mining activities to ensure that they provide adequate protection 

of public lands and their resources. Mining activities would be allowed with appropriate 
analysis, stipulations, and mitigation. 

 

Per Section 3.7.3 of the EA/MND, the Proposed Action would result in 20.54 
acres of surface disturbance, all anticipated to occur within the CDCA and 
specifically the Picacho ACEC National Conservation Lands. Mineral entry 
within the Picacho ACEC has not been withdrawn; therefore, locatable mineral 
exploration and development is not prohibited on lands within the ACEC. All 
areas of surface disturbance resulting from Project-related activities would be 
reclaimed concurrently throughout the life of the surface exploration Project, 
except for the proposed new 1.8-mile main access road to the underground portal 
within Drill Area 1 and the staging area, which would be reclaimed following 
SMP’s completion of underground exploration activities within five years of 
Project implementation. The relevant CMAs for National Conservation Lands 
(Appendix F of the EA/MND) would be required to be implemented under the 
Proposed Action, and impacts to National Conservation Lands would be 
negligible, short-term, and localized. 

Additionally, the Plan of Operations provided details of the amount of water 
needed for the life of the project based on a preliminary water supply assessment. 
Groundwater pumping is not proposed under the Project. Water utilized for 
Project activities would be provided by a local water purveyor, Gold Rock Ranch 
and/or City of Yuma, which may be sourced from groundwater or the Colorado 
river. Sourcing is dependent on the purveyors and all water rights are secured by 
those entities.  

The estimated amount of water needed for the life of the Project is about 0.736 
acre-feet or 0.0000098 percent of the total current level of Lake Mead. The 
natural groundwater recharge of the Ogilby Valley Groundwater Basin is 250 
acre-feet per year (California’s Groundwater Bulletin 118) and the Project 
estimated water amount is 0.30 percent of the natural recharge rate. Based on the 
Plan of Operations and EA analysis, a  detailed Water Supply Assessment was not 
required.  

While it is stated in the EA/MND that groundwater may be encountered during 
drilling activities, the volume of groundwater would be minimal if at all within  
the drill sumps and would be fully contained within the sumps. Sumps would be 
backfilled once all water has evaporated. Per the analysis in Section 3.22.3 and 
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Special attention is to be given to project impacts that may affect groundwater. Specifically, “for 
any activity that proposes to utilize groundwater resources regardless of project location,” BLM 
must comply with the groundwater CMA’s, including CMA LUPA-SW-23 that states: 
 

LUPA-SW-23: A Water (Groundwater) Supply Assessment shall be prepared in 
conjunction with the activity’s NEPA analysis and prior to an approval or authorization. 
This assessment must be approved by the BLM in coordination with USFWS, CDFW, and 
other agencies, as appropriate, prior to the development, extraction, injection, or 
consumptive use of any water resource. The purpose of the Water Supply Assessment is to 
determine whether over-use or over-draft conditions exist within the project basin(s), and 
whether the project creates or exacerbates these conditions. The Assessment shall include 
an evaluation of existing extractions, water rights, and management plans for the water 
supply in the basin(s) (i.e., cumulative impacts), and whether these cumulative impacts 
(including the proposed project) can maintain existing land uses as well as existing aquatic, 
riparian, and other water- dependent resources within the basin(s) (i.e., cumulative 
impacts), and whether these cumulative impacts (including the proposed project) can 
maintain existing land uses as well as existing aquatic, riparian, and other water-dependent 
resources within the basin(s). 

 
DRECP at 141. 
 
The Water Supply Assessment shall also address: 

• Estimates of the total cone of depression considering cumulative drawdown from all 
potential pumping in the basin(s), including the project, for the life of the project through 
the decommissioning phase 

• Potential to cause subsidence and loss of aquifer storage capacity due to groundwater 
pumping 

• Potential to cause injury to other water rights, water uses, and landowners 
• Changes in water quality and quantity that affect other beneficial uses 
• Effects on groundwater dependent vegetation and groundwater discharge to surface water 

resources such as streams, springs, seeps, wetlands, and playas that could impact biological 
resources, habitat, or are culturally important to Native Americans 

• Additional field work that may be required, such as an aquifer test, to evaluate site specific 
project pumping impacts and if necessary, establish trigger points that can be used for a  
Groundwater Water Monitoring and Mitigation Plan 

• The mitigation measures required, if there are significant or potentially significant impacts 
on water resources include but are not limited to, the use of specific technologies, 
management practices, retirement of active water rights, development of a  recycled water 
supply, or water imports. 

with compliance with state and county permitting requirements, the Proposed 
Action would have a negligible, short-term, and localized impact on groundwater 
resources. 
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BLM’s environmental review must provide a Groundwater Supply Assessment in conjunction with 
its analysis of the proposed project under NEPA to comply with the Plan requirements and FLPMA. 
But has failed to do so. The EA/MND, Appendix B says that it is unnecessary to provide a Ground 
Water Supply Assessment and that other groundwater CMAs do not apply because the groundwater 
extraction is not under the Project site, but this response fails to address the key question—whether 
and how the use of groundwater for this Project may affect resources and potentially cause injury to 
other water uses and whether mitigation is needed. In addition, as discussed below, the failure to 
fully analyze these uses and impacts violates BLM’s duties under NEPA. The EA/MND at 59 states 
the water will come from either Gold Rock Ranch and/or a local water purveyor and without even 
fully identifying the source states there will be “sufficient water supplies available to serve the 
Project. Therefore, the Project would have less than significant impacts.” EA/MND at 59. This kind 
of conclusory statement without support does not meet the requirements of the Plan in the CMAs, 
NEPA, or CEQA. Further, the EA/MND (at 92) admits “Groundwater may be encountered during 
the course of exploratory drilling within the Drill Pads.” But fails to quantify the amount of 
groundwater that may be affected if it is encountered as well as the baseline conditions of the 
groundwater. This also contradicts the premise in the EA/MND that no groundwater on site would 
be affected. 

23.0 23.5 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

C.    The Project Fails to Prevent Undue Impairment of the Scenic, Scientific and 
Environmental Values of the CDCA. 
 
BLM must also consider whether the proposed PoO complies with the FLPMA requirements “to 
protect the scenic, scientific, and environmental values of the public lands of the California Desert 
Conservation Area against undue impairment, and to assure against pollution of the streams and 
waters within the California Desert Conservation Area.” 43 U.S.C. § 1781. 
 
The undue impairment standard is a  more environmentally protective standard than the unnecessary 
and undue degradation (UUD) standard (discussed in more detail below), which applies on all BLM 
lands: 
 

Under FLPMA section 601(f), BLM can prevent activities that cause undue impairment to 
the scenic, scientific, and environmental values or cause pollution of streams and waters of 
the CDCA, separate and apart from BLM’s authority to prevent unnecessary or undue 
degradation. The IBLA has agreed that BLM’s obligation to protect the three enumerated 
CDCA values from ‘‘undue impairment’’ supplements the unnecessary or undue 
degradation standard for CDCA lands. See Eric L. Price, James C. Thomas, 116 IBLA 210, 
218–219 (1990). Thus, BLM decisions with respect to development proposals in the CDCA 
are governed by both the ‘‘undue impairment’’ standard of subsection 601(f) and the 
‘‘unnecessary or undue degradation’’ standard of section 302(b), as implemented by the 
subpart 3809 regulations. 

The Proposed Action is in conformance with the mandated principles of FLPMA 
in ensuring that resource protection is not compromised, including in relation to 
the CDCA. The Proposed Action would be in compliance with the CDCA Plan 
and the DRECP LUPA (which amended the CDCA Plan). In accordance with 43 
USC 1781(f), the General Mining Law of 1872 remains applicable on public 
lands within the CDCA, such that measures must be in place to protect the scenic, 
scientific, and environmental values of the CDCA against undue impairment, and 
to assure against pollution of the streams and waters within the CDCA. The 
Proposed Action specifically conforms to the following Land Use Plan objectives 
from the CDCA and DRECP: Encourage the development of mineral resources 
in a manner which satisfies national and local needs and provides for 
economically and environmentally sound exploration, extraction and reclamation 
practices; and, support responsible mining and energy development operations 
necessary for California’s infrastructure, commerce and economic well-being. 
Impacts to surface and groundwater under the Proposed Action, including water 
quality, would be negligible, short-term, and localized per the analysis provided 
in Section 3.22.3. Additionally, the Project would acquire the necessary waters 
of the state permitting, including the Lake and Streambed Alteration Agreement 
with the California Department of Fish and Wildlife, and a Construction 
Stormwater General Permit with the Regional Water Quality Board pursuant to 
California State Water Resources Control Board requirements. Neither undue 
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66 Fed. Reg. 69998, 70018 (Nov. 21, 2000). See also Reeves v. U.S., 54 Fed. Cl. 652, 670-674 
(Fed. Cl. 2002) (in the context of the “nonimpairment” standard for Wilderness Study Areas, federal 
claims court held that mining claimant had no property right under the Mining Law to violate the 
standard, upholding BLM’s denial of the proposed Plan of Operations). BLM’s surface mining 
regulations, 43 C.F.R. § 3809 et seq., specifically define UUD as occurring when operations “[f]ail 
to attain a stated level of protection or reclamation required by specific laws in areas such as the 
California Desert Conservation Area.” 43 C.F.R. § 3809.5. 
 
BLM was required to fully consider FLPMA’s “undue impairment” standard for the CDCA and 
require measures “to protect the scenic, scientific, and environmental values of the public lands of 
the California Desert Conservation Area against undue impairment, and to assure against pollution 
of the streams and waters within the California Desert Conservation Area.” FLPMA Section 601(f), 
43 U.S.C. § 1781(f). All of the areas within the proposed Plan of Operations are protected as 
CDNCL and/or ACEC; therefore, as part of the analysis of the proposed Plan of Operations, BLM 
must look to the objectives, desired future conditions, allowable uses, and Conservation 
Management Actions (CMAs) adopted in the DRECP (as detailed above), but the EA/MND fails to 
show that BLM has done so. Allowing any unmitigated adverse impacts to sensitive and protected 
plant species, wildlife, water resources, cultural resources, scenic, and other environment values 
would violate FLPMA’s standards for these lands, and therefore the Project should not be approved. 

impairment nor pollution of streams and waters within the CDCA would occur 
under the Proposed Action.  

As stated throughout the EA/MND and noted in this comment, the Proposed 
Action would be located within the CDCA designated as California Desert  
National Conservation Lands, specifically within the Picacho ACEC. The BLM 
has determined that no significant impacts would occur to any of the present and 
potentially affected resources (analyzed in Chapter 3) under the Proposed Action. 
The activities under the Proposed Action would be short-term, and all surface 
disturbance would be reclaimed. Project reclamation would be completed 
concurrently with exploratory drilling activities, and monitoring for the success 
of reclamation of those areas would be completed within five years of Project 
implementation. In addition to the PDFs committed to by the proponent and the 
CMAs that would be required for implementation per the DRECP (Tables F-1  
and F-2 of Appendix F of the EA/MND), the BLM would require additional 
mitigation measures related to Wildlife, Special Status Species, Noise, 
Recreation, Air Quality, Soils, Cultural Resources, and Vegetation to further 
minimize the negligible to minor, short-term, and localized impacts anticipated 
under the Proposed Action. 
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D.    The Project Fails to Prevent Unnecessary or Undue Degradation of Public Land 
Resources. 
 
FLPMA requires that the BLM “take any action necessary to prevent unnecessary or undue 
degradation of the lands.” 43 U.S.C. § 1732(b). This is known as the “prevent UUD” standard. This 
duty to “prevent undue degradation” is “the heart of FLPMA [that] amends and supersedes the 
Mining Law.” Mineral Policy Center v. Norton, 292 F.Supp.2d 30, 42 (D.D.C. 2003). “FLPMA, by 
its plain terms, vests the Secretary of the Interior [and the BLM] with the authority – indeed the 
obligation – to disapprove of an otherwise permissible mining operation because the operation, 
though necessary for mining, would unduly harm or degrade the public land.” Id. 
 
The 3809 regulations implement FLPMA’s mandate to prevent UUD through two primary 
provisions: (1) the definition of UUD at 3809.5; and (2) the Performance Standards at 3809.420. As 
detailed below, BLM must fully consider the UUD mandate and protect public resources. The 
Performance Standards in Part 3809 mandates that all operations “must take mitigation measures 
specified by BLM to protect public lands.” 43 CFR § 3809.420(a)(4). BLM cannot approve a 
mining project that would cause UUD. 43 C.F.R. § 3809.411(d)(3)(iii). “FLPMA’s requirement that 
the Secretary prevent UUD supplements requirements imposed by other federal laws and by state 
law.” 

As stated in Chapter 1 of the EA/MND, pursuant to 43 CFR 3809.11 and 
3809.415, the Project would result in minor surface reworking of previously  
mined and disturbed areas, and measures would be taken to prevent unnecessary 
or undue degradation during Project operations. The Project would comply with  
the performance standards in 43 CFR 3809.420 and other federal and state laws 
related to environmental protection and protection of cultural resources. The 
Project is “reasonably incident” to mining as defined in 43 CFR 3715.0-5, and 
the Project would attain the stated level of protection and reclamation required by 
specific laws in the CDCA. Given that the Project would comply with all relevant 
land use plans and state and federal regulations, per the impact analysis provided 
in Chapter 3 of the EA/MND, and with the implementation of applicant-
committed PDFs, DRECP-required CMAs, and BLM-required additional 
mitigation measures, the Project would not result in unnecessary or undue 
degradation and is therefore in compliance with FLPMA.  

Direct and indirect impacts are discussed for all present and potentially affected 
resources under NEPA within Chapter 3 of the EA/MND. Cumulative impacts to 
resources that are anticipated to have greater than negligible impacts, per the 
requirements under the BLM NEPA Handbook (Manual H-1790-1, BLM 2008) 
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Center for Biological Diversity v. Dept. of Interior, 623 F.3d 633, 644 (9th Cir. 2010). BLM 
complies with this mandate “by exercising case-by-case discretion to protect the environment 
through the process of: (1) approving or rejecting individual mining plans of operation.” Id. at 645, 
quoting Mineral Policy Center, 292 F.Supp.2d at 44: 
 

“Mitigation measures fall squarely within the actions the Secretary can direct to prevent 
unnecessary or undue degradation of the public lands. An impact that can be mitigated, but 
is not, is clearly unnecessary.” 65 Fed. Reg. 69998, 70052 (Nov. 21, 2000) (preamble to 
BLM’s 43 C.F.R. Part 3809 mining regulations). Furthermore, if an UUD cannot be 
prevented through mitigation measures, BLM must reject the Plan of Operations. Kendall’s 
Concerned Area Residents, 129 IBLA 130, 138 (1994) (“If unnecessary or undue 
degradation cannot be prevented by mitigation measures, BLM is required to deny 
approval of the plan.”). 

 
In undertaking environmental review of this proposed Plan of Operations, BLM must consider 
whether mitigation measures can protect the species, habitats, soils, cultural and water resources 
affected by the proposed Plan of Operations in order to prevent UUD. That analysis must include 
detailed identification of direct and indirect impacts as well as cumulative impacts. It must identify 
specific mitigation measures that address each impact and also include an analysis of the 
effectiveness of each measure in order to meet BLM’s duties under NEPA as well as FLPMA. As 
detailed below, the EA/MND fails to adequately address environmental impacts and as a result has 
also failed to show it has taken steps to prevent UUD. 

stating that a  cumulative effects analysis is not needed on resources determined 
to not be impacted by the Proposed Action, alternatives (pg. 57), are also 
discussed within Chapter 3 for Native American Religious Concerns and 
Traditional Values, Recreation, Soils, Vegetation, and Wildlife resources. 
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E.  The Project Fails to Meet the FLPMA and Part 3809 Reclamation and Submittal 
Requirements and the SMARA requirements 
 
Related to, and part of, the failure to prevent undue impairment and UUD under FLPMA, the 
Project fails to meet all of the requirements of the 43 CFR Part 3809.420 Performance Standards 
and the PoO submittal requirements of 3809.401. Those rules require detailed operational and 
reclamation requirements for all proposed activities. 
 
But the EA and the PoO fall far short of these mandates. As one example, the EA says that there 
will be 65 drill sites (EA at 6). Yet the maps of the drill sites in the PoO show well over 100 sites. 
See PoO Figures 3a-3h. In addition, many, indeed most, of these drill sites do not show any road 
access, whether existing or proposed. Section 3809.401(b) requires detailed plans for all “drill sites” 
and “access routes,” as well as detailed reclamation plans for all these sites. Yet, while the PoO 
clearly shows the company’s drilling sites, the EA contains no analysis of these additional sites (a 
NEPA violation as well, as noted below). 
 

The Plan of Operations details proposed reclamation activities within Section 6, 
and a Reclamation Plan pursuant to SMARA is under review and subject to 
approval by Imperial County. The Reclamation Plan has also been reviewed and 
coordinated on with the BLM and with the California Division of Mine 
Reclamation accordingly.  
 
The Proposed Action would entail surface disturbance and exploratory drilling 
activities for drilling at up to a total of 65 drill sites. The locations shown on 
Figures 3a through 3h of the Plan of Operations provide only potential drill site  
locations and are not representative of exact locations, nor do they represent the 
total number of drill sites that would be explored. While more than 65 potential 
drill sites are shown as points on the aforementioned figures, these sites represent 
potential locations for up to 65 drill sites that would be dependent on geology, 
topography, and findings from initial drilling activities at the start of the Project. 
 
Permanent disturbance is not anticipated from access road construction proposed 
under the Proposed Action. While the EA/MND previously noted that a  
permanent access road would be constructed for access to the Project Area from 
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Regarding the “reclamation” professed to comply with the 3809 standards, the BLM does not intend 
to require reclamation of the newly-constructed road coming up from the south from American Girl 
Wash for 5 or more years. 
 

Access to the Oro Cruz Portal would require the construction of 9,640 linear ft (1.8 miles) 
of new 15-foot-wide road. The road would be secured from unauthorized access for the 
duration of activity at the portal staging area while assuring access by BLM staff. A gate 
would be placed across the road accompanied by proper deterrence on either side of the 
gate (i.e. fence, berm, or large boulder). 

 
Reclamation would be implemented at the 2.8-acre portal staging area and all equipment 
would be removed within the 5-year reclamation monitoring period. 

 
PoO at 4. BLM does not explain why reclamation will take 5 years at this site, especially when it 
would begin concurrently. Nor does BLM why all of the equipment and facilities could not be 
removed immediately, not just within 5 years. 
 
It appears that BLM is keeping this new road open to the portal area (and allowing its construction 
in the first place) in order to facilitate the company’s future mining operations. Indeed, there is no 
mention of closing the road, even after that 5 years. BLM does not explain why drilling areas 1 and 
6 could not occur first, and be fully reclaimed, along with the southern access road. 
 
Notably, “The anticipated post-Project land uses are mining, recreational uses, and open space.” 
PoO at 20 (emphasis added). As the company has stated: “the Oro Cruz Gold Project hosts many 
exploration targets in addition to a high-grade oxide gold zone that, based on the historical mine 
operation records, is amenable to conventional heap leach extractive methods.” About Us - Southern 
Empire Resources at https://smp.gold/about/ (pdf from December 14, 2022) (Attachment 1). 
 
Under NEPA and FLPMA, if the post-Project land use is “mining,” then this future use should have 
been analyzed. 
 
Further, the EA and project documents available to the public by BLM do not contain the 
reclamation cost estimate and bonding for all these facilities/activities as required by the Part 3809 
rules. This includes the failure to include the operational and reclamation information and analysis 
for the additional dozens/scores of drill sites noted above, but also for the construction and 
reclamation of the new southern access route. 

the south through to Drill Area 1 for access to the underground Oro Cruz Mine 
Portal, the text of the EA/MND has been revised to clarify that all areas of surface 
disturbance resulting from Project-related activities would be reclaimed 
concurrently throughout the life of the surface exploration Project, except for the 
proposed new 1.8-mile main access road to the underground portal within Drill 
Area 1 and staging area, which would be reclaimed following SMP’s completion 
of underground exploration activities, to be completed within five years from 
Project implementation. Reclamation actions would be closely coordinated with 
the BLM and a Reclamation Plan is under review for approval by Imperial County 
and the Division of Mine Reclamation in accordance with the Surface Mining 
and Reclamation Act.  
 
This EA/MND analyzes only the Proposed Action and does not assume future 
uses. Cumulative impacts have been analyzed including reasonably foreseeable 
future actions that are associated with plans and/or notices that have been 
submitted to the BLM, as analyzed within Chapter 3 of the EA/MND. Historic 
mining is a  past use that is present on the existing landscape; following 
reclamation, the newly disturbed areas would be reclaimed to be consistent with  
pre-Project disturbance land uses, which include mineral development and 
exploration, utilities and public purpose, roads, and dispersed recreation. The 
BLM does not consider any actions that have not submitted notices or 
applications with a developed plan as a reasonably foreseeable future project. 
 
Per 3809.401(d), an operator must submit a reclamation cost estimate at a  time 
specified by the BLM. The BLM will coordinate with the proponent for submittal 
of the estimate accordingly and will review the estimate to ensure it meets the 
federal requirements and request a  revised estimate if any deficiencies are found. 
The BLM will further coordinate with Imperial County (the SMARA lead) as to 
which agency will hold the bond. 

23.0 23.8 • Lisa Velenky Center 
for Biological Diversity 

F.   BLM Failed to Comply with the Requirements for Rights of Ways Under FLPMA Title V. 
 
The EA and proposed Project approval fail to meet the strict public interest, environmental 
protection, and financial requirements of the Federal Land Policy and Management Act (FLPMA). 

Pursuant to 43 CFR 3809.401(b)(2)(i), if the section of a  proposed road is 
identified as the access route in the Plan of Operations and its use is reasonably 
incident to the mining operation (in the case of this Project, exploration 
operation), then a ROW is not required. New road building or improvements are 
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BLM is under the mistaken view that all of the new access roads are governed by “rights” under the 
1872 Mining Law and the 43 CFR part 3809 regulations. Although it could be argued that the 
company has a right for one access road into its claim block, BLM proposes additional new route(s), 
especially the new road from the south to access drill areas 1 and 6. See PoO Figure 2. 
 
But as shown in that Figure 2, these drill areas can be accessed from the north, from the existing 
road along Tumco Wash (with only a slight area of new construction needed). See also PoO Figure 
3b. With that access from the north, drill areas 1 and 6 can be accessed without the construction of a  
new road coming up from American Girl Wash. Thus, the new road all the way up from American 
Girl Wash is not needed to access the claims and drilling areas. As such, the company cannot assert 
any legitimate “right” under the Mining Law, and that road is not “authorized by the mining laws” 
under 43 CFR 3809.1(a) and 3809.2(a). 
 
In addition, constructing this new, and unneeded, road, violates the protective standards and 
requirements under the FLPMA undue impairment, UUD, Land Use Plan, and other requirements 
noted above. 
 
Even if it could be constructed, this access road is governed by FLPMA Title V, Section 504, and 
requires the issuance of a  Right-of-Way (ROW) to construct the road across public lands. See 
Alanco Environmental Resources Corp., 145 IBLA 289, 297 (1998) (“construction of a road, was 
subject not only to authorization under 43 C.F.R. Subpart 3809, but also to issuance of a  right-of-
way under 43 C.F.R. Part 2800.”); Wayne D. Klump, 130 IBLA 98, 100 (1995) (“Regardless of his 
right of access across the public lands to his mining claims and of his prior water rights, use of the 
public lands must be in compliance with the requirements of the relevant statutes and regulations 
[FLPMA Title V and ROW regulations].”). The leading treatise on federal natural resources law 
confirms this rule: “Rights-of-way must be explicitly applied for and granted; approvals of mining 
plans or other operational plans do not implicitly confer a  right-of-way.” George C. Coggins & 
Robert L. Glicksman, Pub. Nat. Res. Law, § 15.21 (2d ed. 2020). 
 
BLM may grant a  Right-of-Way (ROW) only if it “(4) will do no unnecessary damage to the 
environment.” 43 U.S.C. § 1764(a). Rights of way “shall be granted, issued or renewed … 
consistent with… any other applicable laws.” Id. § 1764(c). A right-of-way that “may have 
significant impact on the environment” requires submission of a  plan of construction, operation, and 
rehabilitation of the right-of- way. Id. § 1764(d). A Title V SUP/ROW “shall contain terms and 
conditions which will … (ii) minimize damage to scenic and esthetic values and fish and wildlife 
habitat and otherwise protect the environment.” Id. § 1765(a). In addition, the ROW can only be 
issued if activities resulting from the ROW: 
 

(i)protect Federal property and economic interests; (ii) manage efficiently the lands which 
are subject to the right-of-way or adjacent thereto and protect the other lawful users of the 

not considered casual use activities and must be conducted under a notice or 
authorized Plan of Operations; however, for mineral leases, a  ROW is not 
required for access on roads within the boundaries of a  mineral lease.  
 
Per Section 8.8 of the BLM Surface Management Handbook (H-3809-1), if an 
operator makes use of existing workings, then that operator assumes 
responsibility for reclaiming those workings. As the proponent would likely  
continue to use the access road proposed for access to Drill Area 1 for access to 
the Oro Cruz Mine Portal and staging area for underground exploration activities 
after the close of exploratory drilling on the surface (i.e., the Proposed Action), 
access to the portal using such road would be considered reasonably incident after 
completion of drilling and the proponent would be responsible for securing the 
portal and its final closure as well as reclamation of the access road at the 
completion of underground exploration activities. The life of the Project per the 
Plan of Operations analyzed under the Proposed Action anticipates surface 
exploration occurring over one to two years, with activities at the portal staging 
area and portal access road for underground exploration potentially extending 
beyond the initial one to two years of surface exploration. Reclamation and 
monitoring of all surface disturbance under the Project would be completed 
within five years of Project implementation. 
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lands adjacent to or traversed by such right-of-way; (iii) protect lives and property; (iv) 
protect the interests of individuals living in the general area traversed by the right-of-way 
who rely on the fish, wildlife, and other biotic resources of the area for subsistence 
purposes; (v) require location of the right-of-way along a route that will cause least damage 
to the environment, taking into consideration feasibility and other relevant factors; and (vi) 
otherwise protect the public interest in the lands traversed by the right-of-way or adjacent 
thereto. 

 
FLPMA, § 1765(b). 
 
At least three important potential substantive requirements flow from the FLPMA’s ROW 
provisions. First, BLM has a mandatory duty under Section 505(a) to impose conditions that “will 
minimize damage to scenic and esthetic values and fish and wildlife habitat and otherwise protect 
the environment.” Id. §1765(a). The terms of this section do not limit “damage” specifically to the 
land within the ROW corridor. Rather, the repeated use of the expansive term “the environment” 
indicates that the overall effects of the ROW on wildlife, environmental, scenic and aesthetic values 
must be evaluated and these resources protected. In addition, the obligation to impose terms and 
conditions that “protect Federal property and economic interests” in Section 505(b) requires that the 
BLM must impose conditions that protect not only the land crossed by the right-of-way, but all 
federal land affected by the approval of the ROW. In this case, as noted herein, BLM failed to 
evaluate all aspects and ramifications of issuing the ROW for the Ambler Road. At a minimum, the 
DEIS failed to consider the mineral material/gravel mines and related infrastructure made possible 
by the ROW. Also as noted herein, the DEIS fails to show how the mineral projects in the Ambler 
District made possible by the issuance of the ROW meet these FLPMA requirements. 
 
Second, the requirements in Section 505(b) mandate a BLM determination as to what conditions are 
“necessary” to protect federal property and economic interests, as well as “otherwise protect[ing] the 
public interest in the lands traversed by the right-of-way or adjacent thereto.” This means that the 
agency can only approve the ROW if it “protects the public interest in lands” not only upon which 
the road would traverse, but also lands and resources adjacent to and associated with the ROW. 
 
Third, is the requirement that the right-of-way grant “do no unnecessary damage to the 
environment” and be “consistent with … any other applicable laws,” id. §§ 1764(a)-(c). This means 
that a  grant of a  ROW leading to the exploration and mining must satisfy all applicable laws, 
regulations and policies, including all state and local laws, etc. 
 
The federal courts have repeatedly held that the federal land agency not only has the authority to 
consider the adverse impacts on lands and waters outside the immediate ROW corridor, it has an 
obligation to protect these resources under FLPMA. In County of Okanogan v. National Marine 
Fisheries Service, 347 F.3d 1081 (9th Cir. 2003), the court affirmed the Forest Service’s imposition 
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of mandatory minimum stream flows as a condition of granting a ROW for a water pipeline across 
USFS land. This was true even when the condition/requirement restricted or denied vested property 
rights (in that case, water rights). Id. at 1085-86. 
 
The BLM thus cannot issue a ROW that fails to “protect the environment” as required by FLPMA, 
including the environmental resource values in and not within the ROW corridor. “FLPMA itself 
does not authorize the Supervisor’s consideration of the interests of private facility owners as 
weighed against environmental interests such as protection of fish and wildlife habitat. FLPMA 
requires all land-use authorizations to contain terms and conditions which will protect resources and 
the environment.” Colorado Trout Unlimited v. U.S. Dept. of Agriculture, 320 F.Supp.2d 1090, 
1108 (D. Colo. 2004)(emphasis inoriginal) appeal dismissed as moot, 441 F.3d 1214 (10th Cir. 
2006). 
 
The Interior Department, interpreting FLPMA V and its right-of-way regulations, has held that: “A 
right-of-way application may be denied, however, if the authorized officer determines that the grant 
of the proposed right-of-way would be inconsistent with the purpose for which the public lands are 
managed or if the grant of the proposed right-of-way would not be in the public interest or would be 
inconsistent with applicable laws.” Clifford Bryden, 139 IBLA 387, 389-90 (1997) 1997 WL 
558400 at *3 (affirming denial of right-of-way for water pipeline, where diversion from spring 
would be inconsistent with BLM wetland protection standards). Here, allowing access and granting 
a ROW for the southern route would be “inconsistent with the purpose for which the public lands 
are managed,” as detailed above, and thus cannot be authorized. 
 
Similar to the County of Okanogan and Colorado Trout Unlimited federal court decisions noted 
above, the Interior Department has held that the fact that a  ROW applicant has a property right that 
may be adversely affected by the denial of the ROW does not override the agency’s duties to protect 
the “public interest.” In Kenneth Knight, 129 IBLA 182, 185 (1994), the BLM’s denial of the ROW 
was affirmed due not only to the direct impact of the water pipeline, but on the adverse effects of the 
removal of the water in the first place: 
 

[T]he granting of the right-of-way and concomitant reduction of that resource, would, in all 
likelihood, adversely affect public land values, including grazing, wildlife, and riparian 
vegetation and wildlife habitat. The record is clear that, while construction of the 
improvements associated with the proposed right-of-way would have minimal immediate 
physical impact on the public lands, the effect of removal of water from those lands would 
be environmental degradation. Prevention of that degradation, by itself, justified BLM's 
rejection of the application. 

 
1994 WL 481924 at *3. That was also the case in Clifford Bryden, as the adverse impacts from the 
removal of the water was considered just as important as the adverse impacts from the pipeline that 
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would deliver the water. 139 IBLA at 388-89. See also C.B. Slabaugh, 116 IBLA 63 (1990) 1990 
WL 308006 (affirming denial of right-of-way for water pipeline, where BLM sought to prevent 
applicant from establishing a water right in a wilderness study area). 
 
In King’s Meadow Ranches, 126 IBLA 339 (1993), 1993 WL 417949, the IBLA affirmed the denial 
of right-of-way for a  water pipeline, where the pipeline would degrade riparian vegetation and 
reduce bald eagle habitat. The Department specifically noted that under FLPMA Title V: “[A]s 
BLM has held, it is not private interests but the public interest that must be served by the issuance of 
a  right-of-way.” 126 IBLA at 342, 1993 WL 417949 at *3 (emphasis added). As the IBLA recently 
held: 
 

The public interest determination is more than a finding that no laws will be violated by 
granting the ROW. Even if UUD [Unnecessary or Undue Degradation] can be avoided, 
degradation to public resources posed by a requested ROW may factor into BLM's 
determination of whether that ROW would be in the public interest. For example, in Sun 
Studs, we upheld BLM's rejection of a logging road ROW permit based on environmental 
considerations without any suggestion that the environmental harm rose to the level of 
unlawful degradation. 

 
Klamath-Siskiyou Wildlands Center, IBLA 2019-75, at 9 (April 29, 2019), citing Sun Studs, 27 
IBLA at 282-83. 

23.0 23.9 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

II.   The EA and Proposed FONSI Violate NEPA 
 
NEPA requires federal agencies to take a “hard look” at the environmental consequences of their 
Proposed Actions. Kleppe v. Sierra Club, 427 U.S. 390, 410 n.21 (1976); Blue Mountain 
Biodiversity Project v. Blackwood, 161 F.3d 1208, 1211 (9th Cir. 1998). To take this “hard look,” 
agencies must prepare an EIS for all “major Federal actions significantly affecting the quality of the 
human environment.” 42 U.S.C. § 4332(C). The standard for when an agency must prepare an EIS 
is a  “low standard.” Klamath Siskiyou Wildlands Ctr. v. Boody, 468 F.3d 549, 562 (9th Cir. 2006). 
 
The Council on Environmental Quality (CEQ) establishes NEPA regulations, which are binding on 
every federal agency. 40 C.F.R. § 1500.3(a) (2020). The original regulations implementing NEPA 
were published by CEQ in 1978. See 40 Fed. Reg. 55,978 (Nov. 29, 1978). In 2020, the Trump 
administration published new CEQ NEPA regulations. See 85 Fed. Reg. 43,304 (July 16, 2020) 
(codified at 40 C.F.R. Part 1500). The Biden administration has since revised the regulations and is 
making further revisions. See 87 Fed. Reg. 23,453 (April 20, 2022). 
 
The Secretary of the Interior issued Order #3399, on April 16, 2021, which states that: 
“Bureaus/Offices will not apply the 2020 Rule in a manner that would change the application or 

Please see response to Comment #23.1 regarding the BLM determination to 
prepare an EA in accordance with NEPA and the CEQ implementing regulations. 
Furthermore, the BLM has determined that no significant impacts would occur to 
any of the resources determined present under the Proposed Action, and thus has 
deemed issuance of a  FONSI appropriate per the CEQ implementing regulations 
for NEPA. 
 
As analyzed throughout Chapter 3 of the EA/MND, direct and indirect impacts 
anticipated to occur as a result of the Proposed Action are disclosed for all 
resources that were determined Present and Potentially Affected. Per the BLM 
NEPA Handbook (Manual H-1790-1, BLM 2008) guidelines, a  cumulative 
effects analysis is not needed on resources determined to not be impacted by the 
Proposed Action and alternatives. Resources that may experience minor impacts 
may require cumulative effects analysis, but negligible impacts are not 
considered significant as a result of the Proposed Action and action alternatives. 
As such, a  cumulative impacts analysis was prepared and provided for the 
following resources within their associated analysis sections in Chapter 3 of the 
EA: Native American Religious Concerns and Traditional Values, Recreation, 
Soils, Vegetation, and Wildlife Resources. 
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level of NEPA that would have been applied to a Proposed Action before the 2020 Rule went into 
effect on September 14, 2020.” Thus, the 1978 NEPA rules apply here. 
 
Under NEPA, if an agency is unsure whether a Proposed Action may have significant environmental 
effects, it may prepare a shorter “environmental assessment” to determine whether an EIS is 
necessary. 40 C.F.R. § 1501.4(c) (1978); 40 C.F.R. § 1501.5 (2020). To avoid preparing an EIS, the 
agency’s EA and FONSI must provide a “convincing statement of reasons” why a project’s impacts 
are insignificant. 40 C.F.R. §§ 1501.4, 1508.9, 1508.13 (1978). 
 
The scope of NEPA review is broad. BLM must evaluate and disclose the direct, indirect, and 
cumulative effects of the Proposed Action and its alternatives on ecological, aesthetic, historic, 
cultural, economic, social, and health interests. 40 C.F.R. §§ 1508.7–1508.8 (1978). That did not 
happen here. 
 
It should also be noted that the EA repeatedly describes the Project lands as “previously disturbed,” 
as one of the grounds to support its truncated FLPMA and NEPA review. “[T]he Project is an 
exploratory drilling project, that would occur entirely within an area disturbed by historical mining 
activities. The majority of the Project Area has been disturbed due to these historical mining 
operations.” EA at 114. BLM does not inform the public as to which “majority” Project lands were 
“previously disturbed” by mineral operations. 
 
Yet, even if some, but certainly not most, of the Project lands experienced previous mining 
activities, under BLM regulations, these lands were satisfactorily “reclaimed.” Thus, BLM cannot 
justify new and significant impacts to public land and resources under the guise that the lands had 
been “previously disturbed” by mining, as all of those lands have been supposedly reclaimed to 
support public uses such as for recreation, wildlife, cultural values, etc. – resources that will be 
impacted by the Project. 

 
The Project is located in a historic mining district, Tumco, the delineated area for 
which is shown on Figures 3-2, 3-6, and 3-9. Other past mining features and 
previous disturbance conducted by other operators are present on the landscape 
within the Project Area. Existing disturbance is also present within the Project 
Area from existing roads, utilities and public purpose projects, and dispersed  
recreation as identified in the cumulative impacts analysis within Sections 3.14.6, 
3.17.6, 3.18.6, 3.20.6, and 3.23.6 and was compiled based on available land and 
mineral system reports available in the BLM’s Legacy Rehost 2000 and Mineral 
and Lands Records System. Existing disturbance and/or past reclamation 
activities from previously authorized projects is outside the scope of this 
EA/MND. 
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A.   The EA Failed to Fully Analyze Direct, Indirect and Cumulative Impacts. 
 
The EA fails to conduct the required “hard look” at the Project’s impacts, including both the drilling 
areas and the access route(s) and the Project as a whole. 
 
Under NEPA, BLM must consider all direct, indirect, and cumulative environmental impacts of the 
Proposed Action. 40 CFR §§ 1502.16, 1508.8, 1508.25(c). Direct effects are caused by the action 
and occur at the same time and place as the proposed project. 40 CFR § 1508.8(a). Indirect effects 
are caused by the action and are later in time or farther removed in distance, but are still reasonably 
foreseeable. 40 CFR § 1508.8(b). Both types of impacts include “effects on natural resources and on 
the components, structures, and functioning of affected ecosystems,” as well as “aesthetic, historic, 
cultural, economic, social or health [effects].” Id. 
 

Direct and indirect impacts to all resources that were determined to be Present 
and Potentially Affected are analyzed in Chapter 3, including the following 
resources stated in the comment here: wildlife (Section 3.23), vegetation or native 
habitat (Section 3.20), soils (Section 3.18), water resources (Section 3.22), air 
quality (Section 3.3), ACECs (Section 3.5), cultural resources (Section 3.8), and 
environmental justice populations (Section 3.10). Consistency with resource 
management plans and federal, state, and local regulations is discussed within  
Chapter 1 of the EA/MND, and throughout Chapter 3 as relevant to each resource 
section’s analysis.  
 
Figure 3-4 of the EA shows the Environmental Justice Area of Analysis for direct 
and indirect impacts. Impacts to environmental justice would be negligible under 
the Proposed Action per the analysis provided in Section 3.10.3, as potential 
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BLM’s limited environmental review of the exploratory drilling and road access is inadequate under 
NEPA. At a minimum, as noted above, the PoO proposed to be approved shows well over 100 drill 
sites, but the EA is based on only 65 drill sites. EA at 6. Additionally, the likely impacts of use of 
these public lands by heavy equipment and exploratory drilling that are not adequately disclosed or 
addressed include, but are not limited to: 
 

• Impacts to wildlife; 
• Impacts to native habitat; 
• Impacts to soils; 
• Impacts to groundwater and hydrology; 
• Impacts to air quality; 
• Impacts to the ACEC; 
• Impacts to cultural resources and Environmental Justice; 
• Consistency with Resource Management Plans. 

 
BLM must also fully review the impacts from all “past, present, and reasonably foreseeable future 
actions.” These are the “cumulative effect/impacts” under NEPA. Cumulative effects/impacts are 
defined as: 
 

[T]he impact on the environment which results from the incremental impact of the action 
when added to other past, present, and reasonably foreseeable future actions regardless of 
what agency (Federal or non-Federal) or person undertakes such other actions. Cumulative 
impacts can result from individually minor but collectively significant actions taking place 
over a period of time. 

 
40 CFR § 1508.7. In a cumulative impact analysis, an agency must take a “hard look” at all actions.  
 

An EA’s analysis of cumulative impacts must give a sufficiently detailed catalogue of past, 
present, and future projects, and provide adequate analysis about how these projects, and 
differences between the projects, are thought to have impacted the environment. … 
Without such information, neither the courts nor the public ... can be assured that the 
[agency] provided the hard look that it is required to provide. 

 
Te-Moak Tribe of Western Shoshone v. U.S. Dept. of Interior, 608 F.3d 592, 603 (9th Cir. 2010) 
(rejecting BLM-issued EA for mineral exploration that had failed to include detailed analysis of 
impacts from nearby proposed mining operations). 
 
NEPA’s mandate to analyze cumulative impacts applies to all “past,” “present,” and “reasonably 
foreseeable future actions.” 40 C.F.R. §1508.7. BLM must include “mine-specific or cumulative 

impacts from the Project to noise, dust generation, travel patterns, etc. in the 
remote Project Area would be realized by communities as a whole and no 
disproportionate impacts to environmental justice communities would occur. 
Therefore, a  cumulative impacts analysis was not conducted per the BLM NEPA 
Handbook guidelines.  
 
The BLM NEPA Handbook (Manual H-1790-1, BLM 2008) states that a  
cumulative effects analysis is not needed on resources determined to not be 
impacted by the Proposed Action and alternatives (pg. 57). Resources that may 
experience minor impacts may require cumulative effects analysis. The BLM has 
determined that impacts to air quality, ACECs, climate change, including GHG 
emissions, National Conservation Lands, cultural resources, environmental 
justice, noise, travel and transportation, visual resources, and water resources as 
a result of the Proposed Action would be negligible, CESAs for such resources 
were not required or developed and therefore were not analyzed under the EA 
Chapter 3 cumulative effects analysis sections. The CESA boundaries for those 
resources that were brought forward for a  cumulative impacts assessment (Native 
American Religious Concerns and Traditional Values, Recreation, Soils, 
Vegetation, and Wildlife Resources) were developed as the boundaries were 
determined to represent the geographic areas to which cumulative impacts could 
occur under the Proposed Action.  
 
The Proposed Action would entail surface disturbance and exploratory drilling 
activities for drilling at up to a total of 65 drill sites. The locations shown on 
Figures 3a through 3h of the Plan of Operations provide only potential drill site  
locations and are not representative of exact locations, nor do they represent the 
total number of drill sites that would be explored. While more than 65 potential 
drill sites are shown as points on the aforementioned figures, these sites represent 
potential locations for up to 65 drill sites that would be dependent on geology, 
topography, and findings from initial drilling activities at the start of the Project. 
 
Furthermore, the BLM continues to consult with the Quechan and other Tribes 
and has requested additional information about the nature and extent of the 
Traditional Cultural Property as part of its Government-to-Government 
consultation, as well as for Section 106 of the NHPA consultation and relevant to 
other Executive Orders and regulations. The BLM recognizes the attributes that 
give Traditional Cultural Properties significance, such as their association with  
historical events or traditional practices, are often intangible in nature. The status 
of the Section 106 process, the Traditional Cultural Property and tribal 
consultation is described in Sections 3. 8, 3.14 and 4.12. As stated in Section 3.8 
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data.” Great Basin Resource Watch v. BLM, 844 F.3d 1095, 1105 (9th Cir. 2016), quoting Great 
Basin Mine Watch v. Hankins, 456 F.3d 955, 973 (9th Cir. 2006). It must provide a detailed 
“quantified” analysis of other projects’ combined environmental impacts, and “identify and discuss 
the impacts that will be caused by each successive project. Including how the combination of those 
various impacts is expected to affect the environment” within the area. Great Basin Res. Watch, 844 
F.3d at 1105. 
 
The EA does not adequately analyze the cumulative impacts from the other proposed activities 
within the cumulative effects study area on environmental justice, cultural resources and uses, 
wildlife, recreation, air quality, and other potentially affected resources. The EA contains little, if 
any, detailed analysis of these and other past, present, and “Reasonably Foreseeable Future 
Activities” (RFFAs) within the potentially affected areas that may cumulatively affect these 
resources. BLM simply lists the acreages of these activities, with no detailed impacts analysis. 
 
The Ninth Circuit has repeatedly rejected similarly cursory analyses contained in BLM EAs and 
EISs for mineral operations, holding that listing other projects does not satisfy NEPA: 
 

[S]imply listing all relevant actions is not sufficient. Rather, “some quantified or detailed 
information is required. Without such information, neither the courts nor the public ... can 
be assured that the [agency] provided the hard look that it is required to provide.” 
Neighbors of Cuddy Mountain v. U.S. Forest Serv., 137 F.3d 1372, 1379 (9th Cir. 1998). 

 
Great Basin Res. Watch, 844 F.3d at 1104. The Ninth Circuit in Great Basin Mine Watch v. 
Hankins specifically rejected BLM’s argument that a  list of other projects and their acreages 
satisfied NEPA’s cumulative impacts analysis requirements: “A calculation of the total number of 
acres to be impacted by other projects in the watershed is a necessary component of a 
cumulative effects analysis, but is not a sufficient description of the actual environmental 
effects that can be expected.” 456 F.3d at 973 (emph. added). 
 
But that’s exactly what the EA does here. It provides a general description of other types of projects 
in the area, and their general impacts, and their acreages. But no details or analysis is provided – not 
even the names of the RFFA projects. See EA Table 3-37 (for the cumulative impacts to wildlife, 
merely listing the general types of past, present, and RFFAs, and their acreages). EA at 106-07. 
 
In addition, the EA fails to even mention other existing and RFFA operations/activities in the 
cumulative affects study area (CESA). For example, for the Environmental Justice CESA, the EA 
correctly notes its large area. EA Figure 3-4. Yet there is no discussion, analysis, or even a list, of 
the other current and RFFA projects in this CESA. As BLM knows, there are a number of mineral 
projects proposed in this CESA. See Imperial Exploration Project (and maps showing the projects 
within the Environmental Justice CESA for the Oro Cruz Project) (Attachment 2). 

of the EA/MND, all known cultural resource sites would be avoided thus 
minimizing direct impacts. No adverse impacts would occur with avoidance 
measures implemented. The BLM would require additional mitigation measures 
to minimize indirect impacts to known cultural resource sites such as a cultural 
monitoring and inadvertent discovery plan, periodic archaeological monitoring in  
consultation with the BLM ECFO archaeologist, and safeguarding all known 
culturally sensitive areas within 100 feet of ground disturbance with periodic 
archaeological monitoring and barrier fencing, as described in Section 3.8.3 and 
Appendix F of the EA/MND, resulting in indirect impacts being negligible, short-
term, and localized. 
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Regarding the CESAs themselves, the EA improperly restricted the scope of analysis for critical 
resources such as wildlife, and even more importantly, Native American Cultural/Historical 
Resources. See EA Figures 3-2, 3-12. As discussed in more detail below, BLM is aware, the Tribes 
and Native communities that have lived and used these areas for millennium consider these 
mountains, and the Project site, as part of a  much larger cultural landscape, which includes Indian 
Pass and related Trails network (such as the Trail of Dreams). See Record of Decision for the 
Imperial Project, at 10 (discussing Trail of Dreams as a ground for denying the Project)(Attachment 
3). BLM cannot avoid its duties to the Tribes, and under NEPA and FLPMA cannot ignore these 
facts. 
 
Here, the adverse impacts from the Project when added to other past, present or reasonably 
foreseeable future actions is clearly essential to the BLM’s determination (and duty to ensure) that 
the Project complies with all legal requirements and minimizes all adverse environmental impacts. 
“[W]hen the nature of the effect is reasonably foreseeable but its extent is not, we think that the 
agency may not simply ignore the effect. The CEQ has devised a specific procedure for ‘evaluating 
reasonably foreseeable significant adverse effects on the human environment’ when ‘there is 
incomplete or unavailable information.’ 40 C.F.R. § 1502.22.” Mid States Coalition for Progress v. 
Surface Transportation Board, 345 F.3d 520, 549-550 (8th Cir. 2003). The BLM’s failure to obtain 
this information, or make the necessary showings under § 1502.22, for all direct, indirect and 
cumulative impacts violates NEPA. 
 
Thus, BLM failed to fully consider the cumulative impacts from all past, present, and reasonably 
foreseeable future projects in the region on, at a  minimum, environmental justice, water and air 
quality, recreation, cultural/religious, wildlife, scenic and visual resources, etc. BLM must fully 
review, and subject such review to public comment in a revised draft EA or EIS, the cumulative 
impacts from all other past, present and RFFAs including mining/exploration, grazing, recreation, 
energy development, roads, ORV use, etc., in the region. The EA’s failure to include these reviews 
violates NEPA. 
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B.   The EA fails to fully review all baseline conditions. 
 
The establishment of the baseline conditions of the affected environment is a  fundamental 
requirement of the NEPA process whether an EA or EIS is prepared: 
 

“NEPA clearly requires that consideration of environmental impacts of proposed projects 
take place before [a final decision] is made.” LaFlamme v. FERC, 842 F.2d 1063, 1071 
(9th Cir.1988) (emphasis in original). Once a project begins, the “pre-project environment” 
becomes a thing of the past, thereby making evaluation of the project's effect on pre-project 
resources impossible. Id. Without establishing the baseline conditions which exist in the 
vicinity … before [the project] begins, there is simply no way to determine what effect the 

Baseline conditions (i.e., affected environment) are presented within Chapter 3 
for all resources that were identified as Present and Potentially Affected and were 
thus analyzed for potential impacts under the Proposed Action. Baseline 
conditions for assessing the affected environment were gathered from literature 
reviews, recently collected and publicly available data, and baseline surveys 
where required by the BLM. Baseline conditions for Vegetation, including 
Noxious and Non-Native Invasive Species and Special Status Plant Species is 
described per baseline studies conducted in March 2021 within Section 3.20.2 of 
the EA/MND. Baseline conditions for Wildlife, including Migratory Birds, 
Special Status Species, and Threatened and Endangered Species is described per 
the baseline studies conducted in 2021 within Section 3.23.2 of the EA/MND. 
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proposed [project] will have on the environment and, consequently, no way to comply with 
NEPA. Half Moon Bay Fisherman’s Mark’t Ass’n v. Carlucci, 857 F.2d 505, 510 (9th Cir. 
1988). “In analyzing the affected environment, NEPA requires the agency to set forth the 
baseline conditions.” 

 
Western Watersheds Project v. BLM, 552 F.Supp.2d 1113, 1126 (D. Nev. 2008). Similarly, the 
CEQ explained: “The concept of a  baseline against which to compare predictions of the effects of 
the Proposed Action and reasonable alternatives is critical to the NEPA process.” Council of 
Environmental Quality, Considering Cumulative Effects under the National Environmental Policy 
Act (May 11, 1999). “NEPA requires that the agency provide the data on which it bases its 
environmental analysis. Such analyses must occur before the Proposed Action is approved, not 
afterward.” Northern Plains v. Surf. Transp. Brd., 668 F.3d 1067, 1083 (9th Cir 2011) (concluding 
that an agency’s “plans to conduct surveys and studies as part of its post-approval mitigation 
measures,” in the absence of baseline data, indicate failure to take the requisite “hard look” at 
environmental impacts). Baseline information and analysis must be part of the environmental review 
and be subject to public review and comment under NEPA. 
 
Federal courts have repeatedly rejected EAs for mineral exploration project that do not contain 
detailed analysis of baseline conditions for all potentially affected resources, such as groundwater, 
wildlife, etc. See Gifford Pinchot Task Force v. Perez, 2014 WL 3019165, **27-33 (D. Or. 2014) 
(BLM EA for mineral exploration failed to analyze baseline ground water conditions); Cascade 
Forest Conservancy v. Heppler, 2021 WL 641614, *17–20 (D. Oregon 2021); ICL v. U.S. Forest 
Serv., 2012 WL 3758161, *14–17 (D. Idaho 2012); ICL v. U.S. Forest Serv., 429 F. Supp. 3d 719, 
730-32 (D. Idaho 2019). 
 
Here, the EA failed to obtain this baseline information on all potentially affected resources, 
including listed and imperiled plants and animals, other native and non-native vegetation and 
wildlife, ground and surface waters resources and water quality, air quality, recreation, 
cultural/religious/historical, and soils. 

Baseline conditions for Water Resources, including surface water resources and 
general groundwater (the Project does not propose use of groundwater) is 
described per the aquatic resources inventory conducted in 2021 within Section 
3.22.2 of the EA/MND. The affected environment for air quality per county and 
state current conditions and regulations is described within Section 3.3.3 of the 
EA/MND. The affected environment for recreation based on a desktop review of 
existing dispersed recreation activities is described within Section 3.17.2 of the 
EA/MND. A Class III Cultural Resources Inventory Report was prepared in 2021 
and accepted by the BLM, and the non-confidential results of such represent the 
baseline conditions and are described in Section 3.8 of the EA/MND. Finally, 
existing soil resource conditions per a  desktop review and a combination of field 
observations during baseline studies is described within Section 3.18.2 of the 
EA/MND. Baseline conditions for all other resources analyzed that are not 
specifically mentioned in the comment here are provided within Chapter 3 of the 
EA/MND.  
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C.   The EA failed to include an adequate mitigation plan under NEPA and BLM mining 
regulations 
 
As noted herein, the EA fails to have an adequate plan to mitigate the significant impacts to cultural 
and environmental resources, as required by NEPA, FLPMA, and BLM regulations (e.g., Part 
3809). As just one example, the EA fails to analyze mitigation of the dozens/scores of potential drill 
sites (and access routes), as it fails to analyze their impacts at all. There is also no mitigation for the 
loss of Native American religious and cultural use and values at and around the Project site. 
 
Under NEPA, the agency must have an adequate mitigation plan to minimize or eliminate all 
potential project impacts. NEPA requires the agency to: (1) “include appropriate mitigation 

Mitigation measures would be required for implementation by the BLM in  
addition to the proponent-committed PDFs and the relevant CMAs under the 
Proposed Action, as described in Table F-3 of Appendix F of the EA/MND, to 
minimize impacts to potentially affected resources. Table F-3 includes 
effectiveness and impacts of the additional required mitigation measures.  
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measures not already included in the Proposed Action or alternatives,” 40 CFR § 1502.14(e); and 
(2) “include discussions of: . . . Means to mitigate adverse environmental impacts (if not already 
covered under 1502.14(e)).” 40 CFR § 1502.16(a)(9). NEPA regulations define “mitigation” as a 
way to avoid, minimize, rectify, or compensate for the impact of a  potentially harmful action. 40 
C.F.R. §§1508.1(s). “[O]mission of a  reasonably complete discussion of possible mitigation 
measures would undermine the ‘action-forcing’ function of NEPA. Without such a discussion, 
neither the agency nor other interested groups and individuals can properly evaluate the severity of 
the adverse effects.” Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 353 (1989). 
NEPA requires that the agency discuss mitigation measures, with “sufficient detail to ensure that 
environmental consequences have been fairly evaluated.” Methow Valley, 490 U.S. at 52. 
 
An essential component of a  reasonably complete mitigation discussion is an assessment of whether 
the proposed mitigation measures can be effective. Compare Neighbors of Cuddy Mountain v. U.S. 
Forest Service, 137 F.3d 1372, 1381 (9th Cir.1998) (disapproving an EIS that lacked such an 
assessment) with Okanogan Highlands Alliance v. Williams, 236 F.3d 468, 477 (9th Cir.2000) 
(upholding an EIS where “[e]ach mitigating process was evaluated separately and given an 
effectiveness rating”). The Supreme Court has required a mitigation discussion precisely for the 
purpose of evaluating whether anticipated environmental impacts can be avoided. Methow Valley, 
490 U.S. at 351–52 (citing 42 U.S.C. § 4332(C)(ii)). 
 
A mitigation discussion without at least some evaluation of effectiveness is useless in making that 
determination. South Fork Band Council v. Dept. of Interior, 588 F.3d 718, 727 (9th Cir. 2009) 
(rejecting EIS for failure to conduct adequate review of mitigation and mitigation effectiveness in 
mine EIS). “The comments submitted by [plaintiff] also call into question the efficacy of the 
mitigation measures and rely on several scientific studies. In the face of such concerns, it is difficult 
for this Court to see how the [agency’s] reliance on mitigation is supported by substantial evidence 
in the record.” Wyoming Outdoor Council v. U.S. Army Corps of Eng’rs, 351 F. Supp. 2d 1232, 
1251 n. 8 (D. Wyo. 2005). See also Dine Citizens v. Klein, 747 F.Supp.2d 1234, 1258-59 (D. Colo. 
2010) (finding “lack of detail as the nature of the mitigation measures” precluded “meaningful 
judicial review”). 
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D.     The agency must fully review all reasonable alternatives 
 
NEPA requires the agency to “study, develop, and describe appropriate alternatives to recommended 
courses of action in any proposal that involves unresolved conflicts concerning alternative uses of 
available resources.” 42 U.S.C. § 4332(E); 40 CFR § 1502.14. It must “rigorously explore and 
objectively evaluate all reasonable alternatives” to the Proposed Action. City of Tenakee Springs v. 
Clough, 915 F.2d 1308, 1310 (9th Cir. 1990). NEPA requires the environmental review to "present 
the environmental impacts of the proposal and the alternatives in comparative form, thus sharply 
defining the issues and providing a clear basis for choice among options by the decisionmaker and 
the public.” League of Wilderness Defs.-Blue Mts. Biodiversity Project v. United States Forest 

As discussed in Section 2.3 of the EA/MND, the BLM considered the following 
three alternatives to the Proposed Action to be reasonable for consideration in  
accordance with 40 CFR 1501.5 and the requirements of Section 102(2)(E) of 
NEPA: Access Road Restriction Alternative, Seasonal Restriction Alternative, 
and Helicopter Access Only Alternative. The consideration for each alternative 
for analysis is described in each subsection of Section 2.3. All three alternatives 
that were considered in addition to the Proposed Action and No Action 
Alternative were deemed infeasible per the justifications provided in Section 2.3 
and were eliminated from further analysis in the EA/MND.  
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Serv., 689 F.3d 1060, 1069 (9th Cir. 2012). Whether an EA or EIS is prepared, BLM must 
“rigorously explore and objectively evaluate all reasonable alternatives” including alternatives that 
are “not within the [lead agency’s] jurisdiction. 40 C.F.R. § 1502.14(a), (c).” Id. at 1071. “While a 
federal agency need not consider all possible alternatives for a  given action in preparing an EA, it 
must consider a range of alternatives that covers the full spectrum of possibilities.” Ayers v. Espy, 
873 F.Supp. 455, 473 (D. Colo. 1994). 
 
In this case, the EA failed to justify its rejection and/or failure to fully consider, at a  minimum, the 
following reasonable alternatives: (1) access to each activity without the construction of new roads 
or reconstruction/improvement any existing or reclaimed, which could require helicopter access; (2) 
reduction in the amount, scope, and impact of each activity or group of activities including drilling 
waste disposal; (3) timing restrictions to protect wildlife; (4) preclusion of any impact to 
cultural/religious/historical resources, (5) moving the activities further from wildlife core/home 
ranges and (6) avoidance of rare plants/plant communities and their ecological/hydrological 
requirements. 
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III.  Failure to Prepare EIS Violates NEPA 
 
BLM’s proposed issuance of a  FONSI, and failure to prepare an EIS, violates NEPA and FLPMA. 
At the outset, due to the fundamental NEPA deficiencies in the EA noted above, BLM cannot issue 
a FONSI. BLM’s deficient EA renders its FONSI inadequate. “[I]f the EA is deficient under NEPA 
in one of the ways Plaintiff has previously argued, then the [agency’s] DN/FONSI is necessarily 
arbitrary and capricious because it relied on the 2012 EA.” Gifford Pinchot Task Force v. Perez, 
2014 WL 3019165, *40 (D. Or. 2014). 
 
This follows a line of well-established Ninth Circuit precedent. See Native Ecosystems Council v. 
Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (USFS violated NEPA in issuing FONSI based on 
inadequate analysis); Ctr. for Biological Diversity v. NHTSA, 508 F.3d 1212, 1223-24 (9th Cir. 
2007) (When an EA fails to comply with NEPA requirements, it “do[es] not constitute a ‘hard look’ 
at the environmental consequences of the action as required by NEPA. Thus, the FONSI is arbitrary 
and capricious.”). 
 
Here, BLM’s decision not to prepare an EIS was made without the critical information regarding 
cumulative and other impacts, alternatives, mitigation, and baseline conditions detailed above. As 
such, the FONSI is consequently invalid. 
 
NEPA requires federal agencies to prepare an EIS for “major Federal actions significantly affecting 
the quality of the human environment.” 42 U.S.C. § 4332(C). “If an agency decides not to prepare 

Federal agencies, including the BLM, implement NEPA per the procedures 
developed by the CEQ, which is the agency responsible for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2020 and 2022 updates to the NEPA Implementing Regulations under Docket 
CEQ-2021-0002, the BLM has determined that it has provided sufficient 
evidence and analysis to deem preparation of an EA followed by issuance of a  
FONSI appropriate for the Proposed Action. NEPA decisions for projects located 
elsewhere in the California Desert District are outside the scope of this EA/MND. 
This EA/MND also does not rely on previous NEPA decisions for projects 
wherein the geographic and resource conditions are not substantially similar or 
relevant.  
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an EIS, it must supply a convincing statement of reasons to explain why a project’s impacts are 
insignificant.” Native Ecosystems Council v. Tidwell, 599 F.3d 926, 937 (9th Cir. 2010) (quotation 
omitted). It is well established in the Ninth Circuit that an “EIS must be prepared if substantial 
questions are raised as to whether a project .. . may cause significant degradation of some human 
environmental factor.” Blue Mountains, 161 F.3d at 1212 (quotation omitted). “Thus, to prevail on a 
claim that the [agency] violated its statutory duty to prepare an EIS, a  plaintiff need not show that 
significant effects will in fact occur.” Id. (quotation omitted). “It is enough for the plaintiff to raise 
substantial questions whether a project may have a significant effect on the environment.” Id. 
(quotation omitted). 
 
The Ninth Circuit has regularly described the bar for whether significant effects may occur as a “low 
standard.” See, e.g., League of Wilderness Defenders v. Connaughton, 752 F.3d 755, 760 (9th Cir. 
2014); Cal. Wilderness Coal. v. U.S. Dep’t of Energy, 631 F.3d 1072, 1097 (9th Cir. 2011); 
Klamath Siskiyou Wildlands Center v. Boody, 468 F.3d 549, 562 (9th Cir. 2006). Applying these 
principles, the Ninth Circuit has ordered EISs where plaintiffs raise substantial questions as to 
whether there may be significant impacts. See, e.g., Blue Mountains, 161 F.3d at 1212–16; Nat’l 
Parks, 241 F.3d at 732; Ocean Advocates v. U.S. Army Corps of Eng’rs, 402 F.3d 846, 868 (9th Cir. 
2005); Bark, 958 F.3d at 873; Envtl. Def. Ctr., 36 F.4th at 882. 
 
Courts have ordered an EIS where cursory analysis in an EA—like BLM’s analysis here—renders 
effects highly controversial, unknown, or uncertain and, thus, potentially significant. The Ninth 
Circuit held that an EA with “data gaps” and “lack of data” concerning potential effects requires an 
EIS. See National Parks, 241 F.3d at 733 (an agency’s “lack of knowledge does not excuse the 
preparation of an EIS; rather it requires the [agency] to do the necessary work to obtain it.”); Blue 
Mountains, 161 F.3d at 1212–16 (lack of supporting data and cursory treatment of environmental 
effects in EA warranted preparation of EIS). 
 
Similarly, in Hausrath v. U.S. Dep’t of the Air Force, 491 F. Supp. 3d 770 (D. Idaho 2020), the 
court found effects were controversial and required preparation of an EIS where plaintiffs 
“identified serious gaps in the USFAF’s analyses concerning the effects of noise from the Proposed 
Action” to the community and wildlife. Id. at 802. The court also found that an EIS was required 
because the action in Hausrath had uncertain effects due to “the absence of baseline noise data 
actually measuring the ambient noise levels in the affected communities.” Id. at 802–03. 
 
Here, based on the EA’s inadequate analysis, the significance of the Project’s impacts to public 
resources, an EIS is required. That was the case recently in the California Desert as found by BLM. 
For an exploration drilling proposed on Conglomerate Mesa, BLM is requiring an EIS instead of an 
EA. That was for an exploration drilling project of far fewer drill sites, road construction, and 
environmental impacts. See March 9, 2022 letter from Carl Symons, BLM Ridgecrest Field 
Manager, to Mojave Precious Metals (Attachment 4). That project at Conglomerate Mesa involves 
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only 12 acres and 30 drill sites, far less drill sites and surface impacts than are contemplated for this 
Oro Cruz project. Id. Notably, the Conglomerate Mesa project is within the same California Desert 
Resource Management Plan for the CDCA, also involves ACEC and CDNCL lands, and other 
critical public resources as does the much-larger Oro Cruz Project. 
BLM properly found that an EIS is required for the Conglomerate Mesa proposal, and should make 
the same finding here. 
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A.  Biological Resources 
1. Desert Tortoise 
The Picacho Area of Environmental Concern (ACEC) was established in part to conserve the 
declining Mojave desert tortoise (EA at 25). Active burrows and tortoise sign were found in the drill 
areas (EA at 98). 
 
The environmental review must clearly address alternative proposals for avoiding, minimizing, and 
mitigating the impacts to the desert tortoise and any occupied habitat. Yet the required mitigation 
measures outlined in Appendix F, Table F-3 simply state that access roads will be fenced with 
tortoise exclusion fencing in Tumco Wash. 
 
An aggressive raven prevention plan also needs to be developed as part of the environmental review 
and followed during project development and implementation. LUPA-BIO-6 is listed as a mitigation 
measure, with raven management guidelines, but nothing specific to the project area. More detail of 
raven management specific to this area needs to be given, including nest management. Ravens are 
an increasing threat to Mojave desert tortoises range-wide. 
 

The BLM determined after consideration of several alternatives for the Project 
(Section 2.3 of the EA/MND) that only the Proposed Action and the No Action 
Alternative would be carried through for analysis within the EA/MND. The BLM 
required that mitigation measures outlined in Table F-3 of Appendix F would be 
implemented in addition to the PDFs (i.e., environmental protection measures) 
that the proponent has committed to, which are outlined in full in Table F-1 of 
Appendix F. Several measures would be implemented to minimize impacts to 
desert tortoise as described in Section 3.23.3 Threatened and Endangered Species 
and Appendix F. Additionally, pre-construction surveys would be conducted 
prior to surface disturbing activities to identify species presence and any 
additional impact minimization or avoidance measures that may be necessary 
would be coordinated with the BLM. Furthermore, per the analysis in Section 
3.23.3, impacts to desert tortoise as a result of the Proposed Action are anticipated 
to be minor, short-term, and localized. The BLM has also engaged in consultation 
with the USFWS pursuant to Section 7 of the Endangered Species Act for 
approval of an Activity Request Form under the Programmatic Biological 
Opinion for Mojave Desert tortoise. 
 
Additionally, PDF-27 and PDF-28 within Table F-1 of Appendix F of the 
EA/MND include measures that the proponent would implement to deter ravens 
and other predators from entering the Project Area. Per the CMA table provided 
in Appendix B of the EA/MND, LUPA-BIO-6 would not be required to be 
implemented in addition to the applicant-committed PDFs.  
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2. Flat-tailed horned lizard and Colorado fringe-toed lizard 
 
Small areas of sand can harbor fringe-toed lizards (Uma notata) and fringe-toed lizards 
(Phrynosoma mccallii), and the EA at 79 mentions that surveyors found small sand patches in the 
western edge of the area of analysis during March 2021 plant surveys. The Plan of Operations states 
that loose sandy soils are present in the project area. But surveys during the main activity time for 
reptiles—May and June—were not undertaken. These reptile species may have been dormant in 
underground burrows in March. Therefore, the presence of these two lizard species needs to be 

Per the requirements and assessment for LUPA-BIO-IFS-10 related to flat-tailed 
horned lizards in the CMA table in Appendix B, habitat is not included in the 
DRECP flat-tailed horned lizard species distribution model and identified 
occurrence of this species has not been documented within the Project Area. 
Furthermore, per Tables 5 and 6 of the Biological Resource Technical Report and 
Assessment (WestLand 2021), there is no potential of occurrence within the 
Project Area for flat-tailed horned lizard. Per the baseline report, some habitat 
does exist within the Project Area for Colorado fringe-toed lizard, however there 
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assessed with targeted surveys during the proper season. No Aeolian Sand Transport assessment 
was conducted, as is required by LUPA-BIO-1. A Habitat Assessment was undertaken but is simply 
shown as habitat photos in Appendix E. No sand areas were mapped. Photos 13 and 14 in Appendix 
E show sandy areas, but methods for assessing sand habitats or sand transport are not given. 
 

is low potential for occurrence and no species individuals or sign was identified 
during the 2021 baseline surveys. Per the analysis in Section 3.23.3, the Proposed 
Action would temporarily remove potential forage and habitat for reptile species 
that would be unavailable until successful completion of reclamation. 
Disturbance of habitat may impact individual species, but it is not anticipated to 
impact species populations; impacts to reptiles would be minor, short-term, and 
localized. Additionally, there are no Aeolian sand transport corridors within or in  
the vicinity of the Project Area, therefore, per the assessment in the CMA table 
in Appendix B, LUPA-BIO-1 would not be required to be implemented under the 
Project. Additionally, pre-construction surveys of all drill pads would be 
conducted prior to surface disturbance. 
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3. Golden Eagles 
Apparently, no nest surveys were undertaken. Avian surveys found active nesting prairie falcons 
(EA at 96). Helicopter operations to deliver drilling equipment, water, and other supplies to 
mountain drill sites could disturb any golden eagles nesting in the area and could lead to take under 
the Bald and Golden Eagle Protection Act. Golden eagles are also fully protected species under 
California law and cannot be taken at any time. (Cal. Fish and Game Code §3511(b)(7).) Targeted 
surveys during the winter nesting season should be undertaken. 
 
The EA states at 100: 
 

Should golden eagles or golden eagle nests be identified during pre-clearance surveys, 
CMA LUPA-BIO-IFS-24 would be implemented to minimize impacts of surface 
disturbance within one-mile of active golden eagle nests or territories, as included in 
Appendix F. 

 
This indicates that no nest surveys were undertaken to determine the location and number of 
breeding pairs and active nests in the Project Area. This is not acceptable. 
 
The Finding of No Significant Impact for the Silicon Exploration Project Environmental 
Assessment DOIBLM-NV-B020-2020-0017-EA (Attachment 5) states for golden eagles: 
 

Golden eagle nest ground surveys were conducted in March 2021 in accordance 
with the USFWS recommended golden eagle nest survey protocols. Section 
3.23.2 of the EA/MND has been revised to clarify that golden eagle nesting 
surveys were completed and the results of such noted that golden eagles were not 
present within the raptor analysis area (two-mile buffer around the Project Area). 
Per the Biological Resource Technical Report and Assessment (WestLand 2021), 
the raptor analysis area occurs within the known range of golden eagles; however, 
no historical records for the species occurs within the analysis area and no 
evidence of golden eagles or golden eagle nesting was observed during the 
baseline surveys. Additionally, no golden eagle nests are known to occur within  
4.4 miles of the analysis area per Diamond et al.’s 2016 species status and 
distribution model for golden eagles (Westland 2021). As such, golden eagle take, 
including loss of productivity, would not occur under the Proposed Action.  
 
Per the PDFs, CMAs, and BLM required mitigation measures outlined in  
Appendix F of the EA/MND, pre-construction surveys would be conducted prior 
to surface disturbing activities under the Proposed Action in order to identify 
present of wildlife species and determine whether a change in drill siting must 
occur and/or additional impact minimization or avoidance measures may be 
necessary, which would be coordinated directly with the BLM. 
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There was one golden eagle nest and five possible golden eagle nests within one mile of the 
Project Area. None of the nests were occupied during 2019 field surveys; however, one 
nest was active during 2020 field surveys. To avoid impacts to those nests, AGA would 
implement the EPM in Section 2.2.6.10 that states Project activities would not be 
conducted between January 1 and August 31 within one mile of a  nest. However, if that is 
not practicable, a  survey would be conducted after March 21 at eagle nest sites that are 
within one mile of the Project Area to determine occupancy. The timing of the surveys may 
be adjusted due to winter weather conditions and is subject to approval from the NDOW 
based on consideration of bighorn sheep (Ovis canadensis) lambing activity. If a  nest has a 
bird in an incubating/brooding posture, it would be assumed that the nest is active that year, 
and a one-mile disturbance buffer would be applied until August 31, or until it has been 
determined that 1) the nest has failed; or 2) the young have fledged and are no longer 
dependent on the nest. The buffer sizes may be reduced with approval from the US Fish 
and Wildlife Service (USFWS). If the nest is not active at the time of the surveys, the one-
mile buffer would not apply and Project activities could commence. (FONSI at 6). 

 
Ultimately the gold exploration company decided to seek a take permit from US Fish and Wild 
Service, which was analyzed in a March 2022 Environmental Assessment. (Attachment 6). This 
gold exploration project did not use helicopters. The Service discusses the need for a  take permit: 
 

This Environmental Assessment (EA) analyzes the environmental consequences of the 
United States (U.S.) Fish and Wildlife Service (Service) issuing an incidental take permit 
for the take of golden eagles (Aquila chrysaetos) associated with the Silicon Exploration 
Project (Project) pursuant to the National Environmental Policy Act (NEPA) (42 United 
States Code [U.S.C.] §§ 4321–4347). Issuance of an eagle take permit by the Service for 
take that is incidental to otherwise lawful activities under the Bald and Golden Eagle 
Protection Act (Eagle Act) (16 U.S.C. §§ 668–668d and 50 Code of Federal Regulations 
[CFR] § 22.26) constitutes a discretionary federal action that is subject to NEPA. This EA 
assists the Service in ensuring compliance with NEPA, and in making a determination as to 
whether any “significant” impacts could result from the analyzed actions that would require 
preparation of an Environmental Impact Statement (EIS). This EA evaluates the effects of 
alternatives for the Service’s decision whether to issue an eagle take permit. (EA at 1) 

 
The Service issued a take permit for eagles for the Silicon Exploration Project. (See Attachment 5). 
 
Without proper eagle nest surveys, the Oro Cruz applicant may unintentionally harass golden eagles 
that might be nesting in the mountains around the drill areas, especially with the use of helicopters. 
This could result in the loss of productivity of eagles in the region. 
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4. Desert Bighorn Sheep 
 

Biological baseline surveys were conducted in March 2021 to ascertain the most 
current presence of wildlife species in the area of analysis. The baseline data 
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Currently desert bighorn sheep are not known to be present in the Cargo Muchacho mountains, but 
the proposed project area is within the desert bighorn Wildlife Habitat Management Area designated 
in BLM’s 2002 Northern and Eastern Colorado Desert Plan Amendment. Repatriating the desert 
bighorn sheep in the Cargo Muchacho Mountains is a  key goal to sustaining the desert bighorn 
sheep metapopulation particularly as the effects of climate change advance. The environmental 
review must analyze the impacts to bighorn sheep habitat from the proposed project and whether it 
could impact future recovery efforts. 
 
The EA at 95 states that no known guzzlers are in the area, but otherwise the EA does not analyze 
potential bighorn sheep habitat here, nor future recovery efforts. 
 

collected was used to analyze impacts to present or potentially present wildlife 
species as a result of the Proposed Action. Bighorn sheep were not observed 
during the baseline surveys in the survey area, and no historical bighorn sheep 
occurrence records exist for the survey area. Additional literature and information 
from recent surveys and the California Natural Diversity Database were reviewed  
to support the conclusions made in the baseline report. Pre-construction surveys 
would be conducted prior to surface disturbance under the Proposed Action per 
the PDFs, CMAs, and BLM required mitigation measures outlined in Appendix 
F of the EA/MND. Should bighorn sheep or other additional wildlife species not 
previously present be observed, SMP would coordinate additional avoidance or 
mitigation measures with the BLM as necessary. Per the analysis in Section 
3.23.3 of the EA/MND, potential impacts to big game species, including bighorn  
sheep should they become present, that may use the Project Area for available 
forage would be an increase in potential habitat fragmentation and less available 
forage; however, given the minimal distribution of individual species and 
populations within the area of analysis, impacts to big game habitat under the 
Proposed Action would be minor, short-term, and localized. Impacts to individual 
large and small mammal species may be realized as a result of surface disturbance 
and potential vehicular mortality may occur from overland travel and access road 
construction and improvements; however, impacts would not affect species 
populations. Further assessment of future recovery efforts of bighorn sheep 
populations is outside the scope of this EA/MND.  

23.0 23.19 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 

5. Burro Deer 
The EA at 97 states that mule deer were observed during 2021 desert tortoise surveys. This narrow 
endemic mule deer subspecies (Odocoileus hemionus eremicus) is only found in the Colorado 
Desert of southeastern California. Measures should be outlined that avoid disturbing these deer 
populations. 
 

While some mule deer distributions exist within the Project area, population 
statistics are not well known (WestLand 2021), populations fluctuate year-to-year 
likely due to low water and forage availability, and no known migration corridors 
exist within the area of analysis. Potential impacts to big game species that may 
use the Project Area for available forage would be an increase in potential habitat 
fragmentation and less available forage; however, given the minimal distribution 
of individual species and populations within the area of analysis, impacts to big 
game habitat under the Proposed Action would be minor, short-term, and 
localized. Impacts to individual large and small mammal species may be realized 
as a result of surface disturbance and potential vehicular mortality may occur 
from overland travel and access road construction and improvements; however, 
impacts would not affect species populations. To minimize potential impacts 
from vehicular collisions and/or mortality, SMP would implement 20 mile per 
hour speed limits along all routes within the Project Area as outlined in Appendix 
F of the EA/MND. 
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6. Rare Plants 
Although several rare plants are known in this area and some are identified in the EA/MND (at 79), 
it is unclear when plant surveys were conducted and whether they were seasonally appropriate to 
find certain plants. Therefore other rare plants may have been missed. Without more information it 
appears that the conclusions in the EA/MND that rare plants will not be significantly impacted is 
unsupported. 

Biological baseline surveys, including vegetation surveys, were conducted in  
March 2021, as described in Section 3.20.2 of the EA/MND. The timing of 
baseline surveys was coordinated with the BLM and the baseline report was 
deemed complete and approved in June 2021. Additional literature, information 
from recent surveys, and the California Natural Diversity Database were 
reviewed to support the conclusions made in the baseline report. Per the impact 
analysis in Section 3.20.3 and the reclamation measures that would be conducted 
on all disturbed surfaces, long-term impacts from habitat removal would be 
reduced. Per the PDFs, CMAs, and BLM required mitigation measures outlined 
in Appendix F of the EA/MND, pre-construction surveys would be conducted 
prior to surface disturbing activities under the Proposed Action and any further 
impact minimization or avoidance measures would be coordinated with the BLM 
as necessary and appropriate based on the findings of the surveys. Furthermore, 
should special status plants be identified during pre-construction surveys, barrier 
fencing would be required to be implemented around individual plants to 
minimize impacts to special status species. 

23.0 23.21 • Lisa Velenky Center 
for Biological Diversity 

B.  Cultural Resources 
 
The Proposed Action would adversely affect the sacred Tribal Cultural Landscape that consists of 
the ancient trail network, called Trail of Dreams or Xam Kwatchan Trail Network, which extends 

Please refer to the response to Comment #23.10, which describes the Section 106 
of the NHPA consultation process wherein the BLM requested additional 
information about the nature and extent of the Traditional Cultural Property. The 
updated status of the Section 106 process and tribal consultation is in the EA in  

PC ORIGINAL PKG



Oro Cruz Exploration Project 
EA/MND Public Comments and Responses 

I-63 

Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

• Kelly Herbinson and 
Cody Hanford, Mojave 
Desert Land Trust 

• Preston J. Arrow-weed, 
Ahumt Pipa Foundation 

from Avi Kwa Ame (Spirit Mountain, Nevada) to the Avi Kwlal (Pilot Knob, California). The area 
that would be disturbed by the Oro Cruz exploration project is included in this Tribal Cultural 
Landscape. (See Figure 2 (map) Attachment 7). The EA has failed to analyze the impact on this 
Tribal Cultural Landscape held sacred by six native American Tribes in the region. Comments 
submitted by the Quechan Tribe are referenced in the EA (section 3.14.3): 
 

The proposed Project location is sited within a region that is highly significant to the Fort 
Yuma Quechan Indian Tribe. This is a  location that the Tribe attaches great cultural, 
religious and spiritual significance to. The Fort Yuma Quechan Indian Tribe objects to the 
proposed mining project and the proximity of the operation to a significant cultural 
landscape and items of cultural patrimony which are integral to the spiritual and everyday 
lives of the Quechan people. 

 
However, the EA states (section 3.14.3) states that “Currently, not enough information has been 
provided to understand the nature, extent and use of the resource, and therefore to fully assess 
impacts or determine if there are minimization or avoidance measures that would apply.” Not 
having enough information to analyze the impacts on the Tribal Cultural Landscape is not sufficient 
grounds to determine the project would have no significant impacts on Native American Religious 
Concerns and Traditional Values. Instead, the BLM should require an EIS to analyze these impacts 
in detail. 
 
Furthermore, BLM pursuant to the 2019 Dingell Act the BLM was required to develop and 
implement a cultural resources management plan for the Xam Kwatchan Trail Network: 
 

Not later than 2 years after the date of enactment of the John D. Dingell, Jr. Conservation, 
Management, and Recreation Act [enacted March 12, 2019], the Secretary shall develop 
and implement a Tribal cultural resources management plan to identify, protect, and 
conserve cultural resources of Indian Tribes associated with the Xam Kwatchan Trail 
network extending from Avikwaame (Spirit Mountain, Nevada) to Avikwlal (Pilot Knob, 
California). 

 
16 U.S.C.S. § 410aaa-75. That plan is overdue and BLM cannot authorize mine exploration 
activities on lands associated with the Xam Kwatchan Trail Network until it completes the tribal 
cultural resources management plan which is needed to ensure protection and conservation of these 
resources. 

Sections 3. 8, 3.14 and 4.12. The Department of the Interior’s development of a  
cultural resources management plan for the Xam Kwatchan Trail network is 
outside the scope of the project or the EA analysis.  
 
Furthermore, as stated in the response to Comment #23.1, the BLM has 
determined an EA is the appropriate level of NEPA analysis per the implement 
NEPA in accordance with 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) 
per the 2020 and 2022 updates to the NEPA Implementing Regulations under 
Docket CEQ-2021-0002. Additionally, the BLM has determined that it has 
provided sufficient evidence and analysis to deem preparation of an EA followed 
by issuance of a  FONSI appropriate for the Proposed Action per the analysis in 
the EA/MND that no significant impacts would occur under the Proposed Action. 
 

23.0 23.22 

• Lisa Velenky Center 
for Biological Diversity 
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C. Additional Resource Issues 
 
The environmental review must provide sufficient information to evaluate serious aspects of the 
project and raise many questions, which if answered, might expose environmental impacts. 
 

The Proposed Action would purchase water from vendors as needed to support 
exploration drilling and dust suppression activities. The Plan of Operations 
provided details of the amount of water needed for the life of the project based 
on a preliminary water supply assessment. Groundwater pumping is not proposed 
under the Project. Water utilized for Project activities would be provided by a 
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1. Source of Groundwater and Impacts 
The EA, at 87-92, states that 2,000 gallons of water per day will be required for drilling and dust 
suppression. The water would be procured from Gold Rock Ranch and/or another local water 
purveyor. A mobile water truck would be utilized onsite for dust suppression, and applied water 
would either naturally evaporate or infiltrate into the ground. The impact of taking that water from 
existing wells is not addressed despite the drought conditions in the area. And even though the 
specific source of water is not known, the EA/MND at 92 claims that the “Project would not 
consume groundwater from the Imperial Valley Groundwater Basin” – there is no support for this 
statement. In addition, because the groundwater in this area is connected to the Colorado River, 
taking any water from the water table must be strictly accounted for under the law of the river. (See 
Map 7 in Attachment 8). The EA/MND fails to analyze how groundwater pumping from off-site 
sources may impact the Imperial Valley groundwater district and the Colorado River accounting 
surface (as noted above). Because the identification and analysis of groundwater resources, 
including the source of water and the impacts of its extractions, are not adequately disclosed or 
addressed the EA/MND violates NEPA and CEQA. 

local water purveyor, Gold Rock Ranch and/or City of Yuma, which may be 
sourced from groundwater or the Colorado river. Sourcing is dependent on the 
purveyors and all water rights are secured by those entities, thus, groundwater 
pumping for the water that would be purchased is outside the scope of the analysis 
of this EA/MND.  

The estimated amount of water needed for the life of the Project is approximately 
0.736 acre-feet or 0.0000098 percent of the total current level of Lake Mead. The 
natural groundwater recharge of the Ogilby Valley Groundwater Basin is 250 
acre-feet per year (California’s Groundwater Bulletin 118) and the Project 
estimated water amount is 0.30 percent of the natural recharge rate. Based on the 
Plan of Operations and EA analysis, a  detailed Water Supply Assessment was not 
required. As stated in Section 3.22 of the EA/MND, impacts to surface and 
groundwater resources would be negligible. 
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2. Surface Disturbance 
 
The EA/MND (at 5) calculates the surface disturbance at 20.54 acres – but it is unclear if that 
calculation accounts for additional for turnaround spaces for the large trucks and heavy equipment, 
sumps, and overburden. All the road segments and drill pads must be considered new ground 
disturbances regardless of being on top of the roads and pads of previous mining/drilling/disturbed 
areas. Use of all road segments and pads for the proposed project will cause new disturbances. The 
EA/MND attempts to waive away the significance of these new surface disturbances on previously 
reclaimed areas, undermining the environmental review. 
 

The total 20.54 acres of surface disturbance proposed under the Project and 
analyzed under the Proposed Action includes all aspects of surface disturbance, 
including road improvements, construction of new access roads, construction of 
the staging area, and all 65 drill sites and associated drill pads, as outlined in 
Section 2.1 of the EA/MND and specifically calculated in Table 2-1. All surface 
disturbance would be reclaimed concurrently within the drill areas, except for the 
staging area and new access road that connects to the Oro Cruz Mine Portal, 
which would be reclaimed after completion of underground exploration and other 
post-closure reclamation and monitoring activities, which would be completed 
within the total five year life of the Project.  
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3. Reclamation Plan is Not Provided 
 
The EA/MND refers to a Reclamation Plan (Sespe 2022) (at 8), but it is not provided with the 
EA/MND. Instead the EA/MND provides only a summary: “A summary of the Reclamation Plan is 
provided below, and complete details are provided in SMP – Oro Cruz Exploration Project 
Reclamation Plan (Sespe 2022), on file with Imperial County (Reclamation Plan #21-0001).” 
EA/MND at 8-10. A copy of the plan should have been circulated to the public during the comment 
period. Several important recommendations for reclamation from scoping comments do not appear 
to have been addressed in the EA/MND: 
 

• Prohibit blading of road segments or the staging area. Mow or hand cut vegetation to 
within inches of the ground on the road segments and then drive over them to the drill pad, 
creating a 2-track path and leaving the roots intact. Vegetation will grow back faster from 
root stock than from seed. 

• Prohibit tracked vehicles and require only vehicles equipped with oversized, balloon tires 
to minimize soil compaction and to speed revegetation. 

• Topsoil is thin in the desert and what is scraped off for reclamation may blow away, if not 
covered. That topsoil needs to be protected by stockpiling at appropriate height to prevent 
composting from occurring which would kill off propagules and soil fauna. 

• Plant seedlings and require reseeding only in the fall. Do not use hydroseeding methods. 
• The seed source for reseeding must contain locally sourced native species only. The grasses 

should be grasses that are native to the project site. 
• The BLM or an independent botanist needs to survey all of the drill sites and roads to them 

annually starting after the drilling ends, to determine whether SMP Gold Corporation has 
complied with the reclamation requirements. This information should be shared with the 
public. Issue a notice of violation if the results are substandard. 

• Require an annual report in the fall on how the revegetation is progressing and the presence 
of and removal of all noxious weeds. 

• Establish criteria  for “successful reclamation”. Including the density and diversity of 
species 

• Require remediation if plants aren’t established after three years. 

A Reclamation Plan has been prepared for the Project in accordance with the 
requirements under SMARA and has been coordinated between Imperial County, 
BLM, and the Division of Mine Reclamation. The proposed exploration 
operations and site reclamation of the Project is evaluated within this EA/MND 
pursuant to CEQA. A summary of the Reclamation Plan is provided within  
Section 2.1.2, and the Reclamation Plan is on file with Imperial County 
(Reclamation Plan #21-0001) and available by public request. 
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• Identify who will be responsible for the monitoring after three years if the goals have not 
been met and funding from the project proponent to be sure it continues. 

• Clean vehicles before entering the project site if they have been driven where they could 
pick up non-native plant propagules on their vehicle. 

 
Because these important issues regarding reclamation raised in scoping were not addressed in the 
EA/MND, and a copy of the full Reclamation Plan is not provided for public review, the document 
is inadequate as an informational document under NEPA and CEQA. 
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IV.  The Mitigated Negative Declaration is Inadequate to Fulfill the Requirements of SMARA 
or CEQA. 
A. SMARA and the County Ordinance Require the County to Evaluate Both the Mining 

Exploration Project and the Reclamation Plan 
 
Imperial County is identified as the lead agency for both SMARA and CEQA. EA/MND at 2. As the 
court explained in Nelson v. County of Kern, 190 Cal. App. 4th 252 (2010): 
 

The Legislature declared that its intent in enacting SMARA was “to create and maintain an 
effective and comprehensive surface mining and reclamation policy with regulation of 
surface mining operations so as to assure that: [¶] (a) Adverse environmental effects are 
prevented or minimized and that mined lands are reclaimed to a usable condition which is 
readily adaptable for alternative land uses[; and ¶] (b) The production and conservation of 
minerals are encouraged, while giving consideration to values relating to recreation, 
watershed, wildlife, range and forage, and aesthetic enjoyment.” (§ 2712, subds. (a) & (b).) 
“To achieve those goals, SMARA requires that persons conducting surface mining 
operations obtain a permit and obtain approval of a  reclamation plan from a designated lead 
agency for areas subjected to post-January 1, 1976, mining. (§§ 2770, 2776.)” (Hansen 
Brothers Enterprises, Inc. v. Board of Supervisors (1996) 12 Cal.4th 533, 547, fn. omitted.) 
In particular, SMARA provides: “[N]o person shall conduct surface mining operations 
unless a permit is obtained from, a reclamation plan has been submitted to and approved 
by, and financial assurances for reclamation have been approved by, the lead agency for the 
operation pursuant to this article.” (§ 2770, subd. (a).) This section, including the 
requirement that a  surface mining permit be obtained from the lead agency, has been 
described as “‘[a]t the heart of SMARA.’ ” (People ex rel. Dept. of Conservation v. El 
Dorado County (2005) 36 Cal.4th 971, 984.) 

 
To facilitate the enforcement of SMARA, section 2774 states that “[e]very lead agency 
shall adopt ordinances in accordance with state policy that establish procedures for the 
review and approval of reclamation plans and financial assurances and the issuance of a  
permit to conduct surface mining operations . . .” (§ 2774, subd. (a).) 

 

As stated above, a  Reclamation Plan has been prepared for the Project in 
accordance with the requirements under SMARA and has been coordinated 
between Imperial County, BLM, and the Division of Mine Reclamation (DMR). 
The proposed exploration operations and site reclamation associated with the 
Project was evaluated in its entirety within this EA/MND pursuant to CEQA. A 
detailed summary of the Reclamation Plan is provided within Section 2.1.2, and 
the Reclamation Plan is on file with Imperial County (Reclamation Plan #21-
0001) and available by public request. Note that the site reclamation activities 
required in the Reclamation Plan as described and evaluated in full within the 
EA/MND. The Reclamation Plan has also been submitted to the DMR, to which  
the agency has determined the document conforms to the requirements of 
SMARA. Additionally, onsite reclamation activities also described in the 
Reclamation Plan were described in detail within the Plan of Operations, which  
was included as Appendix A within the EA/MND.   
 
The BLM is the sole owner of the land where the project is proposed, and 
therefore Imperial County only has discretionary authority over the Reclamation 
Plan and reclamation activities described therein pursuant to SMARA. 
Nonetheless, consistent with the Nelson v. County of Kern court decision, 
Imperial County and the BLM opted to prepare a joint EA/MND document to 
ensure that the potential environmental effects of both mining/exploration 
activities as well as reclamation activities were fully evaluated under CEQA and 
NEPA. 
 
Lastly, consistent Title 9, Div. 20: Surface Mining & Reclamation of the Imperial 
County Ordinance, the Planning Commission will hold a noticed public hearing 
prior to approval of the Reclamation Plan, at which point the public, as well as 
the Department of Conservation, will again have the opportunity to comment on 
the Project’s proposed Reclamation Plan prior to approval of the 
document/Project pursuant to SMARA. 
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Under the Imperial County Ordinance, exploratory mining activities fall within the definition of 
Surface Mining Operations (Title 9, Div. 20: Surface Mining & Reclamation (hereinafter “Title 9”) 
§ 92001.01.) The County Ordinance prohibits mining activities without first obtaining County 
approval of “a Permit, Reclamation Plan, and financial assurances for reclamation,” subject to 
narrow exceptions which are not relevant here. Title 9 § 92001.03. 
 
The EA/MND acknowledges that Imperial County must approve the reclamation plan (at 2), but 
fails to acknowledge that a  permit approval is also needed. Just as in Nelson, here, the is no question 
that the County, as lead agency, “is responsible under SMARA and the local ordinance to evaluate 
the entire [] proposal and to determine both whether to issue a permit for mining operations and 
whether to approve the reclamation plan.” Nelson, 190 Cal. App. 4th at 269 (emphasis in original; 
citing Pub. Res. Code §§ 2770, subd. (a), 2774, subd. (a)). And as in Nelson, “[t]hat being the case, 
it was improper for County to sever the mining operations from the scope of its review under 
SMARA.” Id. 190 Cal. App. 4th at 269. 
 
As noted above, a  complete copy of the reclamation plan was not provided to the public during this 
comment period. On this basis, the conservation groups reserve the right to provide additional 
comments once a complete copy of the reclamation plan is provided. The summary provided in the 
EA/MND is insufficient for the public or decision makers to determine if the reclamation plan is 
adequate to meet SMARA standards, and because the reclamation plan is a  key part of the 
mitigation for the project, the failure to provide the public with all relevant studies and information 
also fails CEQA and fails to show that an MND is appropriate. 
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B. CEQA requires the County to consider the whole of the action in an EIR. 
 
The joint EA/MND section “3.2 CEQA Checklist and Impact Analysis” is insufficient in several 
ways as detailed below and an EIR is needed. The purpose of CEQA is to provide decision-makers 
and the public with environmental information before decisions are made, not after. As the 
California Supreme Court observed in Laurel Heights I, “[i]f post-approval environmental review 
were allowed, [CEQA analyses] would likely become nothing more than post hoc rationalizations to 
support action already taken. We have expressly condemned this [practice].” Laurel Heights 
Improvement Ass’n v. Regents of Univ. of Cal. (“Laurel Heights I”), (1988) 47 Cal. 3d 376, 394 
(citation omitted). Accordingly, “public agencies shall not undertake actions concerning the 
proposed public project that would have a significant adverse effect or limit the choice of 
alternatives or mitigation measures, before completion of CEQA compliance.” CEQA Guidelines § 
15004(b)(2). In particular, an agency shall not “take any action which gives impetus to a planned or 
foreseeable project in a manner that forecloses alternatives or mitigation measures that would 
ordinarily be part of CEQA review of that public project.” CEQA Guidelines § 15004(b)(2)(B). 
CEQA requires the preparation of environmental review documents “as early as feasible in the 
planning process to enable environmental considerations to influence project program and design 

Consistent with the CEQA statutes, if a  project is found to have no adverse 
effects, or if the potential effect can be reduced to a level that is less than 
significant through project revisions/mitigations, a  Negative Declaration or MND 
can be adopted (§21080). Specifically, the statute provides that MNDs may be 
used, “when the initial study has identified potentially significant effects on the 
environment, but (1) revisions in the project plans or proposals made by, or 
agreed to by, the applicant before the proposed negative declaration and initial 
study are released for public review would avoid the effects or mitigate the effects 
to a point where clearly no significant effect on the environment would occur, 
and (2) there is no substantial evidence in light of the whole record before the 
public agency that the project, as revised, may have a significant effect on the 
environment” (§21064.5). In summary, if all potential significant impacts can be 
eliminated or reduced to less than significant, a  MND can be prepared in lieu of 
an EIR. Through preparation of a  detailed initial study, as well as a  detailed suite 
of technical studies, Imperial County determined that an MND was the 
appropriate project document under CEQA. The County held an Environmental 
Evaluation Committee (EEC) meeting on November 17th, 2022, where a draft 
version of the initial study/MND was presented to the public, and to a seven-
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and yet late enough to provide meaningful information for environmental assessment.” Laurel 
Heights I, 47 Cal. 3d at 395; see also CEQA Guidelines § 15004(b). 
 
Only when “there is no substantial evidence in light of the whole record before the public agency 
that the project . . . may have a significant effect on the environment” may an agency prepare a 
negative declaration or mitigated negative declaration instead of an EIR. (Public Res. Code § 
21064.5; see also id. §§ 21064, 21080(c).). A mitigated negative declaration, in particular, is 
prepared “when the initial study has identified potentially significant effects on the environment, but 
. . . revisions in the project plans or proposals . . . would avoid the effects or mitigate the effects to a 
point where clearly no significant effect on the environment would occur” and there is no substantial 
evidence the project may have a significant effect on the environment. (Id. § 20164.5.) If there is 
substantial evidence that a  project may have a significant effect on the environment, an agency must 
prepare an EIR. (Id. § 21080(d).) 
 
If an agency is presented with so much as “a fair argument that a  project may have a significant 
effect on the environment, the lead agency shall prepare an EIR even though it may also be 
presented with other substantial evidence that the project will not have a significant effect.” (CEQA 
Guidelines § 15064(f)(1); see also No Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 68, 75. By contrast, 
negative declarations are appropriate only when there is no substantial evidence in light of the whole 
record before the public agency that the project, as revised, may have a significant effect on the 
environment. Pub. Resources Code, 
§ 21064.5; see also § 21080, subd. (c); CEQA Guidelines §§ 15006, subd. (h), 15064, subd. (f)(2), 
15070, subd. (b), 15369.5. 
 
Where, as here, there is a  fair argument that the proposed project – the proposed mine exploration 
activities including new and expanded access roads and a reclamation plan—may have a significant 
effect on the environment, preparation of an EIR is required. Public Resources Code §§ 21100, 
21151; CEQA Guidelines § 15064(a)(1); No Oil, Inc. v. City of Los Angeles (1974) 13 Cal. 3d 68, 
82. No such determination can be made in this instance as detailed in this letter, there are potentially 
significant impacts to wildlife, water, air, cultural resources, and other resources. 
 
Furthermore, under CEQA, an EIR must be prepared even if the lead agency can point to substantial 
evidence in the record supporting its determination that no significant effect will occur. 
Architectural Heritage Assn. v. County of Monterey (2004) 122 Cal. App. 4th 1095, 1110. The lead 
agency may not dismiss evidence because it believes that there is contrary evidence that is more 
credible. Pocket Protectors v. City of Sacramento (2005) 124 Cal. App. 4th 903, 935. Either there is 
substantial evidence showing the possibility of a  significant environmental effect or there is not. If 
there is, then the lead agency must prepare an EIR. Architectural Heritage Assn., 122 Cal. App. 4th 
at 1109-1110. Importantly, the “fair argument” test “establishes a low threshold for initial 

member panel representing various County agencies/organizations. The 
hearing/Project was also properly noticed as part of the EEC process, and County 
Planning Staff consulted with all appropriate County Departments, as well as all 
applicable local, state and federal agencies. Through this public process, the EEC 
determined that the mitigations measures as proposed would reduce the 
significant effects to a less than significant level, or project design features as 
included would avoid them all together. For these reasons, the County found that 
an MND was the appropriate CEQA level of review/documentation for the 
Project. 
 
As discussed above, although Imperial County only has discretionary authority 
over the Reclamation Plan and reclamation activities described therein pursuant 
to SMARA, Imperial County and the BLM opted to prepare a joint EA/MND 
document to ensure that the potential environmental effects of both 
mining/exploration activities as well as reclamation activities were fully 
evaluated under CEQA and NEPA. Both the public and the County EEC panel 
members reviewed the entirety of the joint CEQA/NEPA document when 
rendering the decision to prepare an EA/MND for the Project. 
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preparation of an EIR, which reflects a  preference for resolving doubts in favor of environmental 
review.” Id. at 1110. 
 
The County is required to consider the whole of the action in its CEQA review. CEQA Guidelines, 
Section 15378. The definition of “project” is “given a broad interpretation in order to maximize 
protection of the environment.” Lighthouse Field Beach Rescue v. City of Santa Cruz (2005) 131 
Cal.App.4th 1170, 1180 (internal quotation omitted); see also, Muzzy Ranch Co. v. Solano County 
Airport Land Use Com. (2007) 41 Cal.4th 372, 381-83; Fullerton Joint Union High Sch. Dist. v. 
State Bd. of Educ. (1982) 32 Cal.3d 779, 796-97; Bozung v. Local Agency Formation Com. (1975) 
13 Cal.3d 263, 277-81.) A “project” is “the whole of an action” directly undertaken, supported, or 
authorized by a public agency “which may cause either a  direct physical change in the environment, 
or a  reasonably foreseeable indirect physical change in the environment.” (Public Resources Code § 
21065; CEQA Guidelines § 15378(a).) Under CEQA, “the term ‘project’ refers to the underlying 
activity and not the governmental approval process.” California Unions for Reliable Energy v. 
Mojave Desert Air Quality Mgmt. Dist. (2009) 178 Cal.App.4th 1225, 1241, (quoting Orinda Assn 
v. Bd. of Supervisors (1986) 182 Cal.App.3d 1145, 1171-72 [emphasis added].) (CEQA Guidelines, 
§ 15378(c) [“The term 'project' refers to the activity which is being approved and which may be 
subject to several discretionary approvals by governmental agencies. The term 'project' does not 
mean each separate governmental approval.”]. As the court concluded in Nelson, 190 Cal. App. 4th 
at 272 “the entire CEQA project that had to be reviewed by County included both the mining 
operations and the reclamation plan. Both aspects were integrally related and constituted the whole 
of the action or the entire activity for which approvals were being sought.” Put another way, “CEQA 
required County to engage in an environmental review of both the mining operations and the 
reclamation plan—the entire project.” Id. 
 
Under the County Ordinance, before a permit or reclamation plan can be approved, the site plan and 
reclamation plan must be found to meet the requirements of SMARA and other state statutes and 
regulations including CEQA. See Title 9 § 92002.03. Unfortunately, the County’s ordinance does 
not fully describe the County’s CEQA obligations because it only expressly mentions CEQA in the 
context of approval of the reclamation plan. Title 9 § 92002.03(B)(4). Here, the County does not 
acknowledge the need for a  permit for all operations and the IS/MND fails to address several 
potentially significant impacts, rendering it inadequate. 

23.0 23.27 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

As detailed above, the Project may have significant direct and indirect impacts on listed species 
(desert tortoise), fully protected species (golden eagles), as well as other wildlife species of special 
concern (flat-tailed horned lizard and Colorado fringe-toed lizard), therefore, an EIR is required. 
See, e.g., CEQA Guidelines §15065(a)(1) (mandatory findings of significance). Impacts to habitat 
for rare flora and fauna are significant under section 15065 and require full evaluation under CEQA. 
See Mira Monte Homeowners Association v. Ventura County, 165 Cal.App.3d 357, 363-364. In 
addition, the EA/MND fails to show that all needed plant surveys were undertaken, particularly fall 
plant surveys. On this basis as well the EA/MND is inadequate. 

Please refer to response to Comments #23.15 and Section 3.23.5 of the EA/MND 
regarding impacts to desert tortoise. Please refer to response to Comment# 23.16 
regarding determination of non-presence, and Section 3.23.5 regarding impacts 
to reptile species. Please refer to response to Comment #23.17 regarding 
determination of non-presence and impacts to golden eagles. Furthermore, please 
refer to the detailed response to Comment #23.1 regarding the determination to 
prepare an IS/MND for the Project.  
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Comment 
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• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

• Kelly Herbinson and 
Cody Hanford, Mojave 
Desert Land Trust 

• Preston J. Arrow-weed, 
Ahumt Pipa Foundation 

23.0 23.28 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

As detailed above, the analysis of impacts to water resources is woefully incomplete. EA/MND 
states that Project water use overall will be up to 2,000 gallons per day and approximately 240,000 
gallons of water over the life of the Project (EA/MND at 90) and that the water would be trucked in 
from existing wells but does not identify which wells (at 92). And even though the specific source 
of water is not known, the EA/MND at 92 claims that “Project would not consume groundwater 
from the Imperial Valley Groundwater Basin” – there is no support for this statement. Further, the 
EA/MND at 92 admits “Groundwater may be encountered during the course of exploratory drilling 
within the Drill Pads.” But the EA/MND fails to quantify the amount of groundwater that may be 
affected if it is encountered. This also contradicts the premise in the EA/MND that no groundwater 
on site would be affected. The IS/MND notes that the area is not an adjudicated basin but provides 
no analysis to support the determination that this level of groundwater use is not significant in this 
arid environment that is currently in drought conditions. Water, especially in the desert and even 
more so in the time of chronic drought in California is a  key resource that needs to have a full 
analysis in an EIR for this proposed project. The County should have fully addressed those 
potentially significant impacts but did not, on this basis as well an EIR is needed. In addition, as 
noted above, groundwater in this area is limited because it’s use may draw water from the Colorado 
River, the CEQA review did not disclose whether a water right is needed. Because the EA/MND 
fails address this potentially significant impact to Colorado River water resources, it is inadequate 
on this basis as well. 
 
Because the IS/MND failed to fully identify and analyze impacts of groundwater use by the Project 
it fails to comply with CEQA. 

The Proposed Action would purchase water from vendors as needed to support 
exploration drilling and dust suppression activities. Water for the Project would  
be trucked in and would be procured from the nearby Gold Rock Ranch RV 
Resort, a  local water purveyor, and/or the City of Yuma, using water that is 
already permitted for pumping/use and available for sale. Sourcing is dependent 
on the purveyors and all water rights are secured by those entities, thus, 
groundwater pumping for the water that would be purchased is outside the scope 
of the analysis of this EA/MND. The Proposed Action itself would not include 
pumping activities. Furthermore, no groundwater wells are present within the 
Project Area per the affected environment discussion in Section 3.22.2, and the 
State of California does not permit groundwater rights or require groundwater use 
monitoring for the basin within which the Project Area sites. The estimated 
amount of water needed for the life of the Project is approximately 0.736 acre-
feet or 0.0000098 percent of the total current level of Lake Mead. The natural 
groundwater recharge of the Ogilby Valley Groundwater Basin is 250 acre-feet 
per year (California’s Groundwater Bulletin 118) and the Project estimated water 
amount is 0.30 percent of the natural recharge rate. SMP would not be required 
to retain any water rights as the Project does not propose groundwater or surface 
water pumping for use. Per the analysis described in Section 3.22.1 and 3.22.5 
and pursuant to CEQA, the Project would have No Impact to a Less Than 
Significant Impacts on hydrology and water quality. 
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ID # 
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• Kelly Herbinson and 
Cody Hanford, Mojave 
Desert Land Trust 

• Preston J. Arrow-weed, 
Ahumt Pipa Foundation 

23.0 23.29 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

• Kelly Herbinson and 
Cody Hanford, Mojave 
Desert Land Trust 

• Preston J. Arrow-weed, 
Ahumt Pipa Foundation 

CEQA also requires that environmental review must analyze the effects of any proposed mitigation 
measures and their likely efficacy. CEQA Guidelines § 15126.4(a)(1)(D) (“If a  mitigation measure 
would cause one or more significant effects in addition to those that would be caused by the project 
as proposed, the effects of the mitigation measures shall be discussed”); Save Our Peninsula Comm. 
v. Monterey Board of Supervisors (2001) 87 Cal.App.4th 99, 130 (“An EIR is required to discuss 
the impacts of mitigation measures”). An agency's determination that a  proposed mitigation measure 
will effectively mitigate an impact must be supported by substantial evidence. City of Irvine v. 
County of Orange (2015) 238 Cal.App.4th 526. 

Mitigation measures would be required for implementation by the BLM in  
addition to the proponent-committed PDFs and the relevant CMAs under the 
Proposed Action, as designated in Table F-3 of Appendix F of the EA/MND, to 
minimize impacts to potentially affected resources. The Imperial County 
Planning Department is in agreement with the BLM required additional 
mitigation measures that would be implemented. Table F-3 includes effectiveness 
and impacts of the additional required mitigation measures. 
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23.0 23.30 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

• Kelly Herbinson and 
Cody Hanford, Mojave 
Desert Land Trust 

• Preston J. Arrow-weed, 
Ahumt Pipa Foundation 

The IS/MND suggests several mitigation measures that may themselves have impacts which are not 
analyzed. For example, the IS/MND acknowledges for air quality that the area is in nonattainment 
for PM10 (at 17), and that the project will cause emissions and relies on standard “project design 
features (“PDFs”) incorporating the local air district rules for fugitive dust emissions and GHG 
emissions to mitigate impacts to PM10 air quality (at 19). However, those PDFs which would 
potentially reduce impacts to air quality, which address mitigation measures for air quality relied on 
in the IS/MND, would use potentially significant amounts of water and the mitigation measures are 
very general. PDF-7 for Air Quality only states that “The Project would comply with applicable 
State of California and Imperial County Air District rules for fugitive dust emissions and 
greenhouse gas emissions.” It does not provide details of those rules. 
 
Compliance with the law alone is not sufficient evidence to support a  finding of no significant 
impact under the CEQA. See Oro Fino Gold Mining Corp. v. County of El Dorado (1990) 225 Cal. 
App. 3d 872, 881–882. The IS/MND assumes that compliance with other regulations and programs 
will mitigate the air quality impacts to less-than-significant levels. The IS/MND lacks any project-
specific analysis of the potential impacts and the effect that regulatory compliance could have on 
those impacts. Because the Project does not disclose the specifics of the Project’s impacts in the first 
instance, nor provide any specifics on these regulatory programs, the IS/MND lacks a basis to 
conclude that these regulatory programs in and of themselves will reduce the environmental impacts 
of this project to less-than-significant levels. Accordingly, the IS/MND’s conclusion that air quality 
impacts will be mitigated to less-than-significant levels is unsupported. 
 
Further, although EA/MND at 91 and Appendix F Table F-1, PDF-3 state “Water used for dust 
control would be kept to a practicable minimum . . .”, the EA/MND elsewhere states that Project 
water use overall will be up to 2,000 gallons per day and approximately 240,000 gallons of water 
over the life of the Project (EA/MND at 90) and that the water would be trucked in from existing 
wells but does not identify which wells (at 92). As explained above, this discussion of the 
groundwater use is in adequate. Because the mitigation measure to address potential impacts to air 
quality may have potentially significant impacts to water resources, the MND should have fully 
addressed those potentially significant impacts but did not. In addition, as noted above, groundwater 
in this area is limited because it’s use may draw water from the Colorado River, the CEQA review 
did not disclose whether a water right is needed. Because the EA/MND fails to mention this 
additional potential limit on water availability for the mitigation measure it relies on, it is inadequate 
on this basis as well. Because the IS/MND failed to address the impacts of the water use for the air 
quality mitigation measure the MND cannot be relied on and the County has failed to comply with 
CEQA. 

The Imperial County Air Pollution Control District’s (ICAPCD) Fugitive Dust 
Rules 800 can be found on the ICAPCD’s website under Regulation VIII – 
Fugitive Dust Rules.  https://apcd.imperialcounty.org/rules-and-regulations/  
 
As stated in Section 3.3.5, the Project would specifically comply with the 
Imperial County Air Pollution Control District (ICAPCD) Regulation VIII – 
Fugitive Dust Rules, specifically Rules 800 through 806, which prescribe 
measures for the management of windblown dust. Additionally, consistent with 
ICAPCD Rule 801, SMP would develop a site-specific Operation Dust Control 
Plan, which would be submitted to the ICAPCD, and consistent with Rule 801 
requirements, approval would be obtained a minimum of 10 days prior to the first 
ground disturbing activities as a result of the Project. The Operation Dust Control 
Plan would also be subject to approval by the BLM. The ICAPCD Fugitive Dust 
Rules have been reviewed and approved by the California Air Resource Board 
and the Environmental Protection Agency. These rules are in compliance with  
both state and federal law and are used as the main guidance document for 
fugitive dust suppression in the County of Imperial. All projects of this scale and 
nature occurring in the County of Imperial must conduct an Air Emissions 
Analysis to determine whether the project meets National Ambient Air Quality 
Standards (NAAQS).  
 
An air quality analysis was conducted as part of the EA/MND, and is summarized 
under Section 3.3.3 and determined that the Project would fall below all emission 
thresholds (as defined by the EPA and ICAPCD). The PDFs found in Appendix 
F and the ICAPCD Rule 800 documents provide standard procedures to reduce 
the emissions of the project.  It’s also important to note that these emissions 
estimates did not take into account standard emissions/dust controls or other 
regulatory programs that the Project would implement.  Specifically, as stated in 
Section 3.3.3 and 3.3.5 in the EA/MND, the emissions estimates presented in 
Table 3-6 and Table 3-7 did not account for the implementation of standard 
mitigation measures for construction combustion equipment from the ICAPCD 
CEQA Air Quality Handbook (ICAPCD 2017), and therefore represented a 
conservative overestimate of Project impacts. 
 
Groundwater Rights and Surface Water Rights are defined separately by the State 
of California, Supreme Court cases and the State Water Resource Control Board. 
Groundwater rights are not regulated by the State of California and are subject to 
overlying landowners’ discretion within “reasonable use” in a groundwater basin. 
Surface Water rights is a  highly regulated permitting process and involves any 
form of water above land. 
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SMP identified two sources of water for the project: Gold Rock Ranch RV Resort 
and the City of Yuma. Gold Rock Ranch RV Resort lies within the Ogilby Valley 
Groundwater Basin (CA) and the City of Yuma lies within the Yuma 
Groundwater Basin (AZ). Gold Rock Ranch is a  privately owned RV resort and 
is the overlying landowner of its property. Any water wells permitted to Gold  
Rock Ranch are owned and maintained by Gold Rock Ranch. Neither the BLM 
nor the County has jurisdiction over Gold Rock Ranch’s use of groundwater 
unless the ECFO BLM has identified that there is not a  “reasonable use” to the 
groundwater and proceeds with adjudication of groundwater. The analysis 
conducted in 3.22.2 has shown that impacts to groundwater basin and water 
resources is negligible, short-term, and localized.  
 
Lastly, Section 2.1.1 (Water Management) within the EA/MND states that “water 
for both drilling and dust suppression would be provided by the drilling company 
via a water truck and would be procured from the nearby Gold Rock Ranch RV 
Resort, a  local water purveyor, and/or the City of Yuma” and further states in 
Section 3.22.3 that “Project does not anticipate using Groundwater”. The Project 
estimates a total of 240,000 gallons of water to be used over the life of the project, 
which equates to approximately 0.736 acre-feet of water being used for the life 
of the Project. These minimal quantities of water purchased from a third-party 
and delivered to the site would not impact groundwater supplies, nor result in  
overdraft, as the operator would only purchase water from those purveyors with 
the capacity to service the Project. Additionally, the USGS estimates the Ogilby  
Valley Groundwater Basin, within which the Project Area is located, to have a 
natural recharge rate of 250 acre-feet per year (California’s Groundwater Bulletin  
118). The natural recharge rate would supersede the lifetime water use of the 
Project and impacts would be negligible, short-term, and localized. 
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23.0 23.31 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

• Kelly Herbinson and 
Cody Hanford, Mojave 
Desert Land Trust 

• Preston J. Arrow-weed, 
Ahumt Pipa Foundation 

Here, there are several potentially significant impacts that are not shown to be fully mitigated 
including impacts to wildlife, cultural resources, air quality and ground water and there are 
potentially significant impacts to the environment that are not adequately identified and analyzed 
including inconsistencies with the governing land use management plan (as detailed above). 
Therefore, the County must prepare an EIR and cannot rely on a mitigated negative declaration. 

Several mitigation measures have been included in Table F-3 of Appendix F of 
the EA/MND that would be required for implementation in addition to applicant-
committed PDFs to further minimize potential impacts to wildlife, noise, 
recreation, air quality, soils, cultural resources, and vegetation. Furthermore, the 
Project would be in conformance with all applicable land use plans, as described 
in Section 1.3 of the EA/MND. Please refer to the response to Comment #23.1 
regarding Imperial County’s determination that preparation of an IS/MND was 
the appropriate CEQA documentation for the proposed Project. 

23.0 23.32 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

The proposed mining exploration project may also have significant impacts to cultural resources. 
Imperial County claims it has fulfilled its obligations under AB 52 with a letter to a single tribe that 
went unanswered (EA/MND at 49). This fails to comply with the spirit of consultation requirement 
cannot excuse the County’s failure to consider cultural resources and information tribal 
representatives have provided to BLM regarding the Project’s potentially significant effects on 
cultural resources. On this basis as well, an EIR is needed. 

On September 9, 2021, the County distributed an AB 52 consultation letter for 
the proposed Project. Specifically, Project information, a  map, and contact 
information was sent to the Fort Yuma Quechan Indian Tribe. Due to the 
geographic location of the Project, the Fort Yuma Quechan Indian Tribe is the 
only Native American tribe that has claimed traditional and cultural affiliation 
with the Project Area and is therefore the only tribal entity required to be notified 
of the Project by Imperial County pursuant to AB 52. No response letter was 
received by Imperial County from the Fort Yuma Quechan Indian Tribe;  
however, since March 2021, the BLM and County have had extensive 
consultation meetings with the Fort Yuma Quechan Indian Tribe in accordance 
with Section 106 of the National Historic Preservation Act (see Sections 3.14 and 
4.1 of the EA/MND). Additionally, the BLM has and continues to consult with 
the Fort Yuma Quechan Indian Tribe to ensure that potential concerns regarding 
tribal cultural resources are properly addressed. 
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• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

• Kelly Herbinson and 
Cody Hanford, Mojave 
Desert Land Trust 

• Preston J. Arrow-weed, 
Ahumt Pipa Foundation 

23.0 23.33 

• Lisa Velenky Center 
for Biological Diversity 

• Joan Taylor, Sierra 
Club California/Nevada 
Desert Committee 

• Laura Cunningham 
Western Watersheds 
Project 

• Jared Naimark, 
Earthworks 

• Isabella Langone, 
California Native Plant 
Society 

• Bradley Angel, 
Greenaction for Health 
and Environmental 
Justice 

• Kara Matsumoto, 
Conservation Lands 
Foundation 

• Kelly Herbinson and 
Cody Hanford, Mojave 
Desert Land Trust 

• Preston J. Arrow-weed, 
Ahumt Pipa Foundation 

Based on the number of imperiled species with potential to be affected by the proposed mining 
exploration, lack of adequate biological surveys, and because potential impacts to water resources 
and air quality that have not been fully identified or analyzed in the EA/MND, an EIR is required. 
 
Conclusion 
Due to the numerous violations of FLPMA, NEPA, and other laws, BLM cannot approve the Project 
based on the EA and must prepare an EIS. Due to Imperial County’s failure to comply with 
SMARA, CEQA and other laws and regulations, and because there is a  fair argument that the 
Project will significantly impact the environment Imperial County cannot approve the Project based 
on the IS/MND and must prepare an EIR.1 Please keep us informed of all notices associated with 
this project. 
 
Respectfully, 
Lisa Belenky, Senior Attorney Hallie Kutak, Staff Attorney Center for Biological Diversity 
lbelenky@biologicaldiversity.org 
hkutak@biologicaldiversity.org 
 
Joan Taylor, Chair 
Sierra Club California/Nevada Desert Committee 
Laura Cunningham California Director Western Watersheds Project 
lcunningham@westernwatersheds.or 
 
Jared Naimark, California Minin Organizer 
EARTHWORKS 
jnaimark@earthworksaction.org 
 

Please refer to the response to Comment #23.1 and regarding the determination 
to prepare an EA/MND pursuant to NEPA and CEQA implementing regulations. 
The BLM and Imperial County confirm that the Center for Biological Diversity , 
the Sierra Club California/Nevada Desert Committee, Western Watersheds 
Projects, Earthworks, California Native Plant Society, Greenaction for Health and 
Environmental Justice, Conservation lands Foundation, Desert Land Trust, and 
Ahumt Pipa Foundation are on the interested parties list.  
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Kara Matsumoto, Public Lands Policy Director Conservation Lands Foundation 
kara@conservationlands.org 
 
Kelly Herbinson and Cody Hanford Joint Executive Directors 
Mojave Desert Land Trust kelly@mdlt.org 
 
Isabella Langone, J.D. Conservation Program Manager California Native Plant Society 
ilangone@cnps.org 
 
Bradley Angel Greenaction for Health and Environmental Justice bradley@greenaction.org 
 
Preston J. Arrow-weed, President Ahmut Pipa Foundation ahmut@earthlink.net 
 
Attachments: 
 
• Attachment 1: About Us - Southern Empire Resources at https://smp.gold/about/ (pdf from 

December 14, 2022) 
 

• Attachment 2: EXPLORATION PLAN OF OPERATION for the IMPERIAL EXPLORATION 
PROJECT IMPERIAL COUNTY, CA, revised Oct. 2020 
 

• Attachment 3: Record of Decision for the Imperial Project Gold Mine Proposal Imperial County, 
California, U.S. Department of Interior, BLM Case File No. CA 670-41027 OEPC #DES-97-43 
and #DES-99-8 OEPC #FES-00-50, Signed by the Secretary of Interior, January 17, 2001 
 

• Attachment 4: March 9, 2022 letter from Carl Symons, BLM Ridgecrest Field Manager, to 
Mojave Precious Metals 
 

• Attachment 5: FONSI for the Silicon Exploration Project Plan of Operations Nevada 
Reclamation Permit Application DOI-BLM-NV-B020-2020-0017-EA available at 
https://www.fws.gov/media/silicon-exploration-project-eagle-permit-nepa-documents ; 
https://eplanning.blm.gov/public_projects/1505119/200366575/20022705/250028909/20200724
_Silicon_FONSI_Final_Signed.pdf 
 

• Attachment 6: Environmental Assessment for the Issuance of an Eagle Take Permit for the 
Silicon Exploration Project, U.S. Fish and Wildlife Service, March 2022 available at 
https://www.fws.gov/sites/default/files/documents/EA-silicon-exploration-project-eagle- 
permit.pdf 
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• Attachment 7: Cleland, James H. 2008. Ethnographic Trail Systems as Large-Scale Cultural 
Landscapes: Preservation and Management Issues in Preserving the Boundaries of Historic 
Landscape Preservation, edited by Cari Goetcheus and Eric MacDonald (Clemson, SC: Clemson 
University Digital Press, 2008), [6]+208 pp. Paper (out of print). ISBN 978-0-9796066-5-6 
available at 
https://tigerprints.clemson.edu/cgi/viewcontent.cgi?article=1003&context=cudp_environment 
 

• Attachment 8: Wiele, S.M., Leake, S.A., Owen-Joyce, S.J., and McGuire, E.H., 2009, Update of 
the accounting surface along the lower Colorado River: U.S. Geological Survey Scientific 
Investigations Report 2008-5113, version 1.1, 16 p., 3 plates in pocket. Available at 
https://pubs.usgs.gov/sir/2008/5113/sir2008-5113_text.pdf  

24.0 24.1 Individual 

I am submitting these comments in response to the Bureau of Land Management evaluation of the 
proposed Oro Cruz mineral exploration mining project. I have extensive experience with a variety of 
bat research and monitoring projects in southwestern deserts and elsewhere. My thesis work 
evaluated California leaf-nosed bat (MACA) and Townsend’s big-eared bat (COTO) use of habitat 
along the Lower Colorado River (LCR), including sites adjacent to the Cargo Muchacho Mountains 
in Mojave Desert habitat. I have also worked as a bat biologist in military training areas where 
shooting of guns, explosive detonation, and drilling exploration activities took place. In addition, I 
have also worked as a Wildlife Lead Planner in desert habitats that to a great extent included the 
same wildlife species that currently inhabit the proposed project area. 
 
I am particularly concerned about how the Proposed Action will affect the maternity roosts colonies 
of MACA, and desert tortoises which have been known to use mines to hibernate in the winter (Dr. 
Pat Brown pers. comm.) and in the summer months in the proposed project area. It is not uncommon 
to encounter tortoises in shallow and deeper locations inside mines. I have personally witnessed one 
Desert tortoise inside a mine of the Cargo Muchacho Mountains. This is not one isolated event as 
stated by Mistcehnko, “During the hot season, much of the desert wildlife spend daylight hours 
underground. We found rattlesnakes, desert tortoises, rats, and bee honeycombs underground.” See 
pictures below. (https://calconservation.blog/2018/10/26/its-california-bat-week-october-24-31-
2018/). 
 
I believe that BLM’s classification of Criteria d and f (as shown in Table 3-32 of the EA) as “Less 
than Significant Impact” is inappropriate and should have been instead classified as “Potentially 
Significant Impact Unless Mitigation Incorporated”. 
My reasons are as follows. 

Thank you for your comment. Baseline surveys for wildlife and vegetation were 
conducted in March 2021, and desert tortoise surveys were conducted in January 
2021, and are discussed in Section 3.23.2 of the EA/MND. As stated within this 
section for Threatened and Endangered Species, eight desert tortoise burrows 
were documented during the baseline surveys. The BLM did not require baseline 
surveys to include underground mine workings. The EA/MND analyzes effects 
resulting from surface disturbance only. Underground exploration is not analyzed 
in the EA/MND as it is not subject to permitting under the 43 CFR 3809 Surface 
Management regulations and is therefore not under the decision-making realm of 
the BLM as it pertains to the proposed Project. However, the proponent has 
voluntarily conducted LiDAR mapping of the historic Oro Cruz Mine 
underground mine workings to inform the underground exploration activities; the 
proponent would use all available LiDAR data to make the best effort to avoid 
drilling through voids in underground workings. The LiDAR data would also 
support the technical and economic feasibility of surface drill siting in order to 
avoid the known voids in the underground workings, which may include areas 
where various wildlife species may be present, including desert tortoise and/or 
bat species. 
 
The PDF-11 to implement a 500-foot avoidance buffer for surface drilling around 
features with evidence of use by BLM sensitive bat species is in compliance with 
Volume IV Section 7 Biological Resources in the DRECP Final EIS (BLM 2015) 
for implementing an avoidance setback of 500 feet around known bat roosts. 
Also, several mitigation measures have been included in Table F-3 of Appendix 
F of the EA/MND that would be required for implementation in addition to 
applicant-committed PDFs to further avoid potential impacts to wildlife. 
 
Further, please note that Table 3-32 contains the environmental checklist for 
biological resources pursuant to CEQA and is a  part of the Initial Study analyzed 
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by Imperial County. This analysis was conducted in accordance with CEQA per 
Imperial County processes for analysis in an Initial Study. The Imperial County 
EEC has approved of the Initial Study determinations included within the 
EA/MND to move forward to an MND per the analysis conducted in Section 
3.23.5. BLM impact analysis criteria  for wildlife is discussed in Section 3.23.3. 

24.0 24.2 Individual 

1) BLM proposes a 500-foot surface disturbance buffer around maternity roosts serves. I am 
concerned that this will not adequately ameliorate or mitigate the underground effects the Proposed 
Action could have on potentially pregnant bat females and even desert tortoises. Mainly because the 
disruption isn’t so much about noise per se but rather particle vibration and the way sound or energy 
moves through earth. This varies significantly depending on the local geology and soils in the area. 
Therefore, it is wrong to assume that this is a  one size fits all mitigation effect. 
 
Forced vibrations can create an inhospitable environment if Reverse Circulation (RC) drillings do 
not observe an underground buffer zone. Reverse Circulation drillings usually create 6-inch 
diameter holes (Fred Croxen, AWC Geology Professor pers comm). This is particularly important to 
consider in Drill Area 3 where previous underground workings may have incidentally created 
subterranean habitat for bats and Desert tortoises.  
 
Drilling can create disturbance not only through noise and simple vibration, but also through 
resonance. This occurs when a system is continuously driven by an external agency. 
Resonance occurs when the riving frequency approaches the natural frequency of free vibrations. 
The result is a  rapid take-up of energy by the vibrating system, with an attendant growth of the 
vibration amplitude. Ultimately, the growth in amplitude is limited by the presence of damping, but 
the response can, in practice, be very great. It is said that soldiers marching across a bridge can set 
up resonant vibrations sufficient to destroy the structure (Encyclopedia Britannica). 
 
It is predicted that Desert Tortoises can perceive a wide variety of military sound sources and would 
be more sensitive to lower frequency sounds and vibrations (Delaney, D.K. 2002. Prioritization of 
Threatened and Endangered Species Sound Research on Army Corps of Engineers, Engineer 
Research and Development Center and the Construction Engineering Research Laboratory 
(ERDC/CERL TR-03-30). 
 
Bowles et al. (1999) tested tortoise sensitivity to ground-borne vibrations below 200 Hz and found 
that tortoises could still perceive vibrations down to 50 Hz. These data imply that tortoises can 
perceive a large portion of sound energy from military sound sources, especially in the lower 
portion of the frequency range. These may be the same frequencies that would be expected from the 
proposed drilling activities. 

The PDF-11 states implementing a 500-foot avoidance buffer for surface drilling 
around features with evidence of use by BLM sensitive bat species is in  
compliance with Volume IV Section 7 Biological Resources in the DRECP Final 
EIS (BLM 2015) for implementing an avoidance setback of 500 feet around 
known bat roosts. Additionally, pre-construction desert tortoise surveys would be 
conducted by a BLM-approved Authorized or Qualified Biologist within the area 
to be disturbed, plus a 500-foot buffer, and the BLM-approved Authorized or 
Qualified Biologist would be onsite during Project activities. Additionally, 
several mitigation measures have been included in Table F-3 of Appendix F of 
the EA/MND that would be required for implementation in addition to applicant-
committed PDFs to further ensure potential impacts to wildlife would be less than 
significant. 
 
The proponent has voluntarily conducted LiDAR mapping of the historic Oro 
Cruz Mine underground workings to inform the underground exploration 
activities. The proponent would use all available LiDAR data to make the best 
effort to avoid surface drilling through voids in underground workings  (including 
roosts, mine shafts, and adits that may support bat species) and to use all available 
LiDAR data to inform surface drill siting. Furthermore, surface drill siting has 
been preliminarily located in the Plan of Operations based on geologic mapping 
and would be further developed should the Proposed Action be approved. Surface 
drilling relies on a constant circulation of fluids to lubricate the drill rig and bring 
samples to the surface; as such, lost circulation of the fluids would result in a lost 
drill hole at the depth at which an open cavity is encountered, should the drill rig 
go through a void, such as an area with an open underground mine working. 
Surface drilling would not intersect with underground workings due to not only 
technical infeasibility, but also economic infeasibility given the potential loss of 
productivity of a  drill site if it were to be sited in an area that would potentially 
intersect with an underground mine working. 
 
Acoustic modeling was conducted to determine the furthest distance that noise 
generated by the Proposed Action would travel, attenuating at 25 dBA, a nearly 
imperceptible level of noise to the human ear (Saxelby 2022). The BLM did not 
identify wildlife sensitive receptors during baseline data collection for noise 
and/or vibrational impacts as a result of drilling activities. The Project would be 
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temporary and not stationary to one location as Project activities would move 
between each Drill Area. CMA LUPA-BIO-12 would also be implemented to 
mitigate noise impacts to BLM special status and sensitive wildlife species 
(including threatened and endangered species), as described in Appendix F of the 
EA/MND. Potential impacts to Mojave Desert tortoise under the Proposed Action 
are anticipated to be either avoided or mitigated to less than significant levels 
through the implementation of the measures described in Appendix F of the 
EA/MND. Furthermore, the BLM has engaged in consultation with the USFWS 
pursuant to Section 7 of the Endangered Species Act for approval of an Activity 
Request Form under the Programmatic Biological Opinion for Mojave Desert  
tortoise. 

24.0 24.3 Individual 

2) I feel there needs to be a better knowledge of species presence or absence at targeted areas to 
better estimate the real impacts that the Proposed Action may have on current and future bat 
populations. At Drill Area 1, there need to be measures to ensure that drill rods will not perforate 
through previously created holes that may currently be used by bats and desert tortoises as well as 
other wildlife habitat. According to Professor Fred Croxen “Drill Area 1 is adjacent to the open pit 
and drill holes could likely encountered old buried underground workings.” An updated 
underground map needs to be created to show potential habitat areas near the Proposed Actions. 
Wildlife surveys should then be conducted to determine areas that are currently occupied.  

Please refer to the response to Comment #24.2 regarding the use of LiDAR 
mapping to assist with surface drill siting. The proponent would use all available 
LiDAR data to make the best effort to avoid surface drilling through voids in  
underground workings and to use all available LiDAR data to inform surface drill 
siting. Additionally, pre-construction surveys would be conducted prior to all 
surface disturbance to identify any wildlife, including special status species 
presence and determine any addition impact minimization or avoidance measures 
that may be required at the time of drilling. Underground surveys are not 
determined to be required at this time, and underground activities are outside the 
scope of this EA/MND, which analyzes impacts of surface disturbance under the 
BLM’s jurisdiction over the Plan of Operations pursuant to 43 CFR 3809 Surface 
Management Regulations, and Imperial County’s jurisdiction over the 
Reclamation Plan pursuant to SMARA. 

24.0 24.4  

3) I also believe that the assumption (page 106 on the EA) that MACA bat species may likely 
benefit from light sources the machinery and actions will bring to the area is erroneous. To my 
knowledge, MACA are not found to forage around lights sources that are concurrently used by 
drilling operations. These bat species have feeding habits that differ from other insectivorous bats 
feeding behaviors. In addition, MACA are particularly susceptible to disturbance and development 
and would not be expected to benefit from these types of artificial structures.  

Although some of the known bat species with potential to be present within the 
Project Area do not depend on “hawking” insects from the air and therefore would 
likely not be drawn to insect population that may be attracted to nighttime drill 
lighting, there is a  potential for some foraging bat species to be present that do 
rely on “hawking” insects rather than foraging from the ground and/or vegetation; 
therefore, the creation of a  source of light that would attract insects and thus some 
species of foraging bats is considered a potential impact under the Proposed 
Action. Shielded lights on drilling equipment is a  standard equipment feature that 
would be used during nighttime drilling to limit visual impacts from night lighting 
in the Project Area and is not included as a mitigation measure. 
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24.0 24.5 Individual 

 
 

Impacts to the Picacho ACEC anticipated to occur under the Proposed Action are 
described under Section 3.5.3 of the EA/MND, and would be negligible, short-
term, and localized with the implementation of the PDFs and relevant CMAs per 
Appendix F of the EA/MND. Additionally, cumulative impacts to wildlif e 
species are analyzed under Section 3.23.6. Existing past, present, and reasonably 
foreseeable future actions analyzed by the BLM include those that are tangible in 
analyzing cumulative surface disturbance impacts, including mineral 
development and exploration projects, utilities and infrastructure public purpose 
projects, oil and gas pipelines, roads and railroads, and dispersed recreation. 
Direct and indirect impacts as a result of several aspects of the Proposed Action 
are disclosed under Section 3.23.3. Overall, impacts to wildlife species, including 
threatened and endangered species (i.e., desert tortoise) would be minor, short-
term, and localized. 
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My other more general observations of this Proposed Action are that I am concerned that BLM 
would consider exploration mining and drilling activities in lands designated as Area of Critical 
Environmental Concern (ACEC). Also, the effects of the Proposed Actions should be considered in 
light of the cumulative effects of other factors that wildlife in the area are currently facing. These 
include habitat fragmentation, habitat degradation, climate change, other non-related anthropogenic 
effects, disease, vandalism, soil erosion, and environmental pollution.  
 
Thank you for the opportunity to provide comments on this important project. 

25.0 25.1 Quechan Indian Tribe 

RE: SMP Gold Corp. – Environmental Assessment / Mitigated Negative Declaration for the 
Proposed Oro Cruz Exploration Project, Imperial County, California 
 
Dear Ms. Sahagun: 
 
We would like to provide the following comments on the above referenced project. 
 
The proposed project location is sited within an area that is highly significant to the Quechan Tribe. 
This is a  location that the Tribe attaches great cultural, religious and spiritual significance to. The 
Quechan Tribe objects to the proposed mining project and the proximity of the operation to a 

Thank you for your comment. The Fort Yuma Quechan Indian Tribe identified 
that the proposed Project is located within a larger landscape they consider a 
Traditional Cultural Property; the BLM requested additional information about 
the nature and extent of the Traditional Cultural Property as part of its 
Government-to-Government consultation, as well as for Section 106 of the 
NHPA consultation and relevant to other EOs and regulations. The BLM 
recognizes the attributes that give Traditional Cultural Properties significance, 
such as their association with historical events or traditional practices, are often 
intangible in nature. As stated in Section 3.8 of the EA/MND, all known cultural 
resource sites would be avoided thus minimizing direct impacts. No adverse 
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significant cultural landscape and Traditional Cultural Place (Traditional Cultural Property), that is 
essential to the cultural patrimony of the Quechan people and will directly impact the religious, 
spiritual, and everyday lives of the Quechan people. 
 
Although the proposed project will be utilizing locations that have been disturbed by previous 
mining activities, the project location is within the Picacho Area of Critical Environmental Concern, 
which contains significant religious, cultural and biological resources for the Tribe.  These cultural 
and biological resources are still integral to the Quechan culture, religion, and spiritual practices and 
therefore, any impact to the area would cause great harm to the overall cultural practices of the 
Tribe. 
 
The location holds its significance to the Quechan People as a part of a  greater cultural, religious 
and spiritual landscape that is entwined with origin stories, traditions and ceremonies, and the 
cultural patrimony of the Quechan People. The Quechan Tribe considers this landscape a Traditional 
Cultural Place (Traditional Cultural Property). This location has a specific name within the Quechan 
language. As stated previously, this landscape is associated with the cultural practices, religious 
beliefs and history that are important to the Tribe to continue and maintain the Tribe’s cultural 
identity. The large number of trails, geoglyphs, ceramics, etc. in this location is proof of the long-
term history, continued use and significance of this area to the Quechan people and the connection 
of this location to the broader cultural landscape in this region. The Quechan people still utilize this 
area today in various cultural capacities. The preservation of this area is essential to continue the 
cultural, religious and traditional practices and teaching of future generations of Quechan youth. 
 
This location is tied to the origins of song cycles which live within this landscape. These songs 
specifically reference and speak of the landscape contained within the proposed project area. These 
songs are still sung today by the Quechan people. Therefore, they are still a  part of everyday life and 
tie the Quechan people to these places. Use of this landscape for the proposed project would be a 
direct assault on the preservation of the history, culture and religion of the Quechan people, and for 
that reason this landscape must be preserved for the Quechan culture to continue. 
 
We feel that the NEPA assessment of this project should be elevated to an Environmental Impact 
Statement due to the potential significant adverse impacts this project will create. A more thorough 
environmental review is required to assess the impacts to the ACEC, ESA species, cultural 
resources and the Traditional Cultural Place named by the Quechan Tribe 

impacts would occur with avoidance measures implemented. The BLM would  
require additional mitigation measures to minimize indirect impacts to known 
cultural resource sites, as described in Section 3.8.3 and Appendix F of the 
EA/MND, resulting in indirect impacts being negligible, short-term, and 
localized. 
 
Furthermore, federal agencies, including the BLM, implement NEPA per the 
procedures developed by CEQ. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 

25.0 25.2 Quechan Indian Tribe 

EA/NMD Comments 
 

• Section 3.8.2 Affected Environment - Delineation of the Area of Potential Effect 
(APE) and Visual, Auditory, and Atmospheric Effects (VAA) - We disagree with the 
physical APE and the VAA APE as determined by the BLM. The VAA was determined 
by BLM ECFO and Stantec Consulting without any input from the Quechan Tribe 

The VAA APE was developed through a combination of the Visual and Auditory 
APEs. The BLM determined that the Visual and Auditory APEs would  
encapsulate potential Atmospheric effects as well. The viewshed analysis to 
develop the VAA APE utilized topographic maps, aerial imagery, ArcGI S 
software, publicly available Digital Elevation Model (DEM) surface data, and the 
proposed Project’s layout, as further described in Section 3.21 of the EA/MND 
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regarding identification of sites or locations potentially deemed sacred or traditionally 
important to the Quechan Tribe. Why was the VAA APE determined by Stantec and the 
BLM without consultation with the Quechan Tribe? How can Stantec and the BLM 
determine traditional, religious and culturally significant sites for the Quechan Tribe? The 
VAA must include input from the Tribe to accurately assess the effects/impacts of the 
proposed project to the Quechan people. Consequently, the results of the VAA are 
irrelevant, because there was no input on the cultural, religious, and spiritual effects of 
this project on the Quechan people. 

 
Further, the VAA APE does not include all sites that have been previously identified within the 
VAA, some of which are eligible for the NRHP. 
Additionally, the BLM has not assessed the impacts of the proposed project on the Traditional 
Cultural Property named by the Quechan Tribe. 

and the Oro Cruz Indirect Visual APE Memo (Stantec 2022a). The noise 
modeling to develop the Auditory APE utilized noise modeling software to detail 
the furthest distance where potential Project noise would attenuate to an 
imperceptible or nearly imperceptible level with the maximum drilling activities 
being conducted, as described in Section 3.15 of the EA/MND and the Oro Cruz 
Indirect Auditory APE Memo (Stantec 2022b). The VAA APE took into account 
the scale and nature of the undertaking relative to known cultural/historic 
properties of concern and accounted for site-specific variables such as topography 
and height of the equipment proposed for the Project. The VAA APE and 
associated analysis of known cultural and historic properties was included in the 
Class III Cultural Resources Inventory Report and provided to all Section 106 of 
the NHPA consulting parties, including Tribes, for a  30-day review and 
consultation period. As a result of this consultation, and specifically due to the 
information provided by the Quechan Indian Tribe, the sites included within the 
VAA APE was updated. These sites, the Traditional Cultural Property and the 
sites within the physical effect APE were included in the BLM’s findings and 
determinations under Section 106 and a no adverse effect determination was the 
outcome. The status of the Section 106 process and tribal consultation is 
discussed in Sections 3. 8, 3.14 and 4.12. 

25.0 25.3 Quechan Indian Tribe 

Section 3.8.3 – BLM Required mitigation measures – Page 33 - The proposed periodic 
archaeological monitoring should be conducted by the Quechan Tribe. The full impact of the 
Proposed Actions can only be adequately assessed by the Tribe and therefore, a  Quechan Tribal 
Cultural Monitor should be conducting the monitoring during any project activities. 

Should the Proposed Action be approved and, as such, the cultural monitoring 
commences upon Project initiation, the BLM will contact all tribes that have 
engaged in Government-to-Government consultation with the opportunity to 
participate as Tribal Cultural Monitors to conduct the BLM-required  
archaeological monitoring.  

25.0 25.4 Quechan Indian Tribe 

Section 3.85 – 3.146 Impact Analysis (CEQA) – The CEQA analysis conducted by Imperial 
County is inadequate and does not assess the impacts to Tribal Cultural Resources. The EA/MND 
asserts that the Quechan Tribe did not respond to the AB 52 consultation notification, however this 
is an incorrect statement. The Quechan Tribe did notify Imperial County of their desire to engage in 
consultation for this project. 

The Imperial County Planning Department distributed an AB 52 consultation 
letter for the proposed Project on September 9, 2021. Specifically, Project 
information, a  map, and contact information was sent to the Fort Yuma Quechan 
Indian Tribe. Due to the geographic location of the Project, the Fort Yuma 
Quechan Indian Tribe is the only Native American tribe that has claimed 
traditional and cultural affiliation with the Project Area and is therefore the only 
tribal entity required to be notified of the Project by Imperial County pursuant to 
AB 52. Imperial County did not receive a response to this consultation letter from 
the Fort Yuma Quechan Indian Tribe; however, Imperial County has participated 
in the Section 106 of the NHPA process being conducted by the BLM. 

25.0 25.5 Quechan Indian Tribe 

Section 3.14 Native American Religious Concerns and Traditional Values - This section does 
not include any of the information the Quechan Tribe has provided to the BLM ECFO regarding the 
Tribes’ cultural and religious connections to this area. Additionally, the BLM ECFO is in possession 
of ethnographic materials which contain information on the significance of this location to the 
Quechan Tribe. However, none of that information is included. BLM ECFO continues to request 
that the Quechan Tribe provide additional information on their connections to the area and the 

Please refer to the response to Comment #25.1.  The status of tribal consultation 
and the Section 106 process is located in Sections 3. 8, 3.14 and 4.12. The BLM 
utilized the information provided regarding the Traditional Cultural Property to 
update the EA and make its findings and determinations under Section 106.   
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significance of the area to the Tribe without first reviewing the information that the Tribe has 
provided over several decades. This fact speaks to the lack of adequate review and analysis of 
pertinent project information provided by the Quechan Tribe to the BLM ECFO. Therefore, this 
EA/MND is wholly inadequate. 

25.0 25.6 Quechan Indian Tribe 

Table 3-19 BLM and Tribal Meetings on the Proposed Action to Date – Please explain why this 
table includes monthly project coordination meeting between the BLM ECFO archaeologist and the 
Quechan Tribe HPO?  Although the listed meetings were conducted, these meetings were not 
specific to this project and new information on the project was rarely provided during these 
meetings. 

All meetings included in Table 3-19 are a part of the BLM’s consultation 
processes for the Project including consultation under Section 106 of the NHPA 
. The monthly project consultation meetings provide important cultural resources 
information sharing opportunities about this Project as well as others that the 
Quechan Indian Tribe is interested in.  

25.0 25.7 Quechan Indian Tribe 

Section 3.14.5, page 50, paragraph 5 – The first sentence of this paragraph states that SMP has 
engaged with the Fort Yuma Quechan Indian Tribe regarding the Project. Please explain this 
statement. The proponent has not specifically engaged in any way with the Quechan Tribe. This 
statement should be removed from the document. 

SMP has reached out to engage in informal consultation with the Quechan Tribe 
outside of the BLM’s Section 106 of the NHPA consultation process. Emails were 
sent in April, June, and July 2021 by SMP to the Quechan Tribe, and in October, 
a  member of the Tribe accompanied the Class III Cultural Resources Inventory 
field survey. In January 2022, SMP present the proposed Project to the Quechan 
Cultural Committee via a virtual meeting, and email correspondence continued 
in January and March 2022 regarding potential site visits and presentation follow 
up. SMP conducted a site visit in September 2022 with the Quechan Cultural 
Committee, and attended a virtual meeting with SHPO, BLM, and Quechan 
Cultural Committee also in September 2022.   

25.0 25.8 Quechan Indian Tribe 
Figures 1-1 through 3-14 - Many of these maps do not contain a legend. We have no idea what 
these maps are depicting and therefore cannot properly review these items and their context with the 
NEPA/CEQA analysis 

A legend is present in the lower right corner of the map extent in all figures 
included in the EA/MND.  

25.0 25.9 Quechan Indian Tribe 

Appendix F: Project Design Features, Conservation Management Actions and Mitigation 
Measures – These actions and mitigation measures were created without input from the Quechan 
Tribe.  Given that the impacts will directly affect the Quechan Tribe, specific input from the Tribe 
should have been requested during the creation of any conservation actions or mitigation measures. 

Throughout the Section 106 consultation process and during the NEPA analysis, 
the BLM has determined that the additional mitigation measures that would be 
required under the Proposed Action in addition to the applicant-committed PDFs 
and the land use plan required CMAs would be sufficient in ensuring that no 
adverse impacts would occur to any of the resources identified to require 
additional mitigation. Mitigation measures, described fully in Appendix F of the 
EA/MND, include development of a  cultural monitoring and inadvertent 
discovering plan, a  safeguard that all known culturally sensitive areas within 100 
feet of ground disturbance and access roads will be monitored and protected by 
barrier fencing, and periodic archaeological monitoring that is recommended for 
participation by Tribes in addition to the contracted archaeologist.  

25.0 25.10 Quechan Indian Tribe 

Appendix F – NLCS-CUL-1, ACEC-CUL-6 – Please explain how Section 106 will be implemented 
in reference to these two CMAs. 

NLCS-CUL-1 is a  CMA required for implementation in accordance with the 
DRECP LUPA. The BLM has concluded its Section 106 consultation process and 
determined that there are no adverse effects to Historic Properties. Please refer to 
the Section 106 status updates and tribal consultation information located in 
Sections 3. 8, 3.14 and 4.12. ACEC-CUL-6 is also a CMA required for 
implementation in accordance with the DRECP LUPA. The proponent has 
committed to avoidance of all known cultural resource sites, and the BLM 
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developed additional mitigation measures (M-5 through M-7) that would be 
required for implementation under the Proposed Action, as outlined in Table F-3 
of Appendix F of the EA/MND.  

25.0 25.11 Quechan Indian Tribe 

Appendix F, Table F-3: Required Mitigation Measures – The proposed monitoring should be 
conducted by the Quechan Tribe not archaeologists.  Any impacts from this project would be best 
assessed by the Tribe as this area is culturally and religiously significant to the Tribe. 

The BLM acknowledges that the Fort Yuma Quechan Indian Tribe requests to be 
involved in archaeological monitoring for the proposed Project, as described in 
Mitigation Measure 7 (M-7). Should the Project be approved, the BLM would  
coordinate with SMP accordingly to contract with the appropriate archaeologists 
and tribal contacts to conduct the required monitoring.  

25.0 25.12 Quechan Indian Tribe 

Appendix G: Issues Considered as Part of the NEPA Analysis – This table does not include an 
analysis of the Traditional Cultural Property. Additionally, the assessments of the ACEC, Cultural 
Resources and Native American Religious Concerns are inadequate. BLM ECFO and Imperial 
County have not engaged in consultation with the Quechan Tribe regarding the Traditional Cultural 
Property, ACEC, and Native American Religious Concerns. Although the Tribe has provided ample 
information on the significance of the project location to the Tribe, provided comments on the 
Cultural Resources Survey Report, and provided information via letters and meetings to BLM, they 
have failed to address the concerns raised by the Tribe or respond to the comments and concerns 
that the Tribe has provided. 

Please refer to the response to Comment #25.1 and the updated information 
located in Sections 3.8, 3.14 and 4.12. 

25.0 25.13 Quechan Indian Tribe 

We would like to point out that this letter does not contain a comprehensive review of the EA/MND 
by the Historic Preservation Office (HPO). This office requested additional time to review this 
document due to internal issues that limited the review process time frame, however BLM ECFO 
refused to grant the requested two additional weeks for the HPO to have time to completely review 
the document. 
 
The Fort Yuma Quechan Tribe would like to continue consultation on this project with the BLM. 
More discussion on the effects of this project and its impact to the Quechan Tribe must occur before 
any further decisions on this project are made. If you have any questions or need additional 
information, please feel free to contact the Historic Preservation Office. 
 
Sincerely, 
H. Jill McCormick 
Historic Preservation Officer 

The BLM adhered to the timeline for the public comment period, which was a 
31-day public comment period from November 16 through December 16, 2022 
and which took into account the Thanksgiving holiday.  
 
The BLM will continue to engage with the Fort Yuma Quechan Indian Tribe 
through Government-to-Government consultation.  

26.0 26.1 California Native Plant 
Society 

Re: California Native Plant Society Comments on Oro Cruz Exploration Project 
DOI-BLM-CA-D070-2022-0012-EA 
Dear Ms. Martinez: 
 
Thank you for the opportunity to comment on the Environmental Assessment/Mitigated Negative 
Declaration (EA/MND) for the Oro Cruz Exploration Project. The following comments are 
submitted on behalf of the California Native Plant Society (CNPS), anon-profit environmental 
organization with over 12,000 members in 36 Chapters across California and Baja California, 
Mexico. CNPS’s mission is to protect California’s native plant heritage and preserve it for future 

Thank you for your comment. As stated in Section 3.5.3 of the EA/MND, the 
Project would avoid the resources the Picacho ACEC was designated to protect, 
including biological and cultural resources. Additional CMAs and mitigation 
measures would be required by the BLM to minimize impacts, as outlined in 
Appendix F of the EA/MND, and impacts to the Picacho ACEC would be 
negligible, short-term, and localized. 
 
Baseline conditions (i.e., affected environment) are presented within Chapter 3 
for all resources that were identified as Present and Potentially Affected and were 
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generations through the application of science, research, education, and conservation. We work 
closely with decision-makers, scientists, and local planners to advocate for well-informed policies, 
regulations, and land management practices. 
 
This EA/MND claims that the impacts from this project are expected to be negligible, short-term, 
and localized, but the project does not adhere to Area of Critical Environmental Concern (ACEC) 
management requirements or local ordinances, fails to adequately establish baseline conditions on 
the project site, and does not consider impacts to seasonal waterways and sensitive natural 
communities. Approving exploration would lay the groundwork for future mining projects in this 
area and this exploratory project should not be pursued. At a minimum, the BLM needs to properly 
establish baseline conditions for special-status and locally protected plant species through protocol-
level floristic surveys and circulate a revised environmental review document. Given the potentially 
significant impacts and unique ecological and cultural resources in the area, the BLM should prepare 
an EIS that accurately analyzes the project’s potential impacts to botanical resources. 

thus analyzed for potential impacts under the Proposed Action. Baseline 
conditions for assessing the affected environment were gathered from literature 
reviews, recently collected and publicly available data, and baseline surveys 
where required by the BLM. 
 
Impacts to surface and groundwater under the Proposed Action, including water 
quality, would be negligible, short-term, and localized per the analysis provided 
in Section 3.22.3. Additionally, the Project would acquire the necessary waters 
of the state permitting, including the Lake and Streambed Alteration Agreement 
with the California Department of Fish and Wildlife, and a Construction 
Stormwater General Permit with the Regional Water Quality Board pursuant to 
California State Water Resources Control Board requirements. 
 
Biological baseline surveys, including vegetation surveys, were conducted in  
March 2021, as described in Section 3.20.2 of the EA/MND. The timing of 
baseline surveys was coordinated with the BLM and the baseline report was 
deemed complete and approved in June 2021. Impacts to vegetation were 
analyzed accordingly based on baseline conditions under Sections 3.20.3, 3.20.5, 
and 3.20.6 in the EA/MND. 
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by the CEQ. In line with the CEQ guidelines revised in 2020 and then 
again in 2022 for implementing regulations of NEPA, which does not mandate 
particular results or substantive outcomes but rather requires Federal agencies to 
consider environmental impacts of Proposed Actions, the BLM determined that 
an EA is the appropriate level of NEPA review for the Proposed Action. In 
following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 2022 
updates to the NEPA Implementing Regulations under Docket CEQ-2021-0002, 
the BLM has determined that it has provided sufficient evidence and analysis to 
deem preparation of an EA followed by issuance of a  FONSI appropriate for the 
Proposed Action. 

26.0 26.2 California Native Plant 
Society 

Picacho Area of Critical Environmental Concern 
While mineral exploration and development is not prohibited in the Picacho ACEC, introducing 
mining would not align with the management objectives of protecting critical desert tortoise habitat 
and other biological resources and preserving the wilderness character of the area. The Federal Land 
Policy and Management Act of 1976 (FLPMA) (43 U.S.C. § 1712 Sec. 202 (c)(3)) requires the 
BLM to prioritize the protection of ACECs. As defined, ACECs are “public lands where special 
management attention is required to protect and prevent irreparable damage.” This exploratory 
action could lead to a full scale mining operation which would have much greater impacts than 
exploration alone. Allowing exploration opens the door to future mining in this area, which would 

As analyzed under Section 3.5.3 of the EA/MND, impacts to the Picacho ACEC 
would be negligible, short-term, and localized. In addition to the applicant-
committed PDFs to avoid the resources that the Picacho ACEC was designated 
to protect, the relevant CMAs in compliance with the DRECP LUPA would be 
implemented, as outlined in Appendix F of the EA/MND. This EA/MND 
analyzes only the proposed exploratory drilling activities associated with the Oro 
Cruz Exploration Project. Cumulative impacts have been analyzed including 
reasonably foreseeable future actions that are associated with plans and/or notices 
that have been submitted to the BLM, as analyzed within Chapter 3 of the 
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contradict the mandate to prioritize protection or uphold the initial intent of the designation of this 
ACEC. We urge the BLM to prioritize the conservation of the biological resources in the Picacho 
ACEC and to not jeopardize its ecological values by re-introducing mining operations into the area. 

EA/MND. The BLM does not consider any actions that have not submitted 
notices or applications with a developed plan as a reasonably foreseeable future 
project. Any future proposed additional surface disturbance and/or project plans 
outside of the current analysis would be subject to individual future NEPA 
analysis at a  level deemed appropriate by the BLM. 

26.0 26.3 California Native Plant 
Society 

Special-Status Plant Species 
The plant lists from the WestLand and Stantec surveys are inconsistent with each other, and both 
include inaccurate scientific names and may have potentially misidentified Prosopis juliflora (which 
does not appear to be native to this area). In light of these flaws, neither survey effort seems to be 
accurate or comprehensive enough to establish baseline conditions. The EA/MND concludes that 
the project will result in disturbance of 20.54 acres of potential habitat for special status plant 
species, but that “no direct impact to sensitive plant species would occur from direct removal of 
individuals or populations.” (Section 3.20.2, p. 79). This conclusion apparently is based on the 
statement that “No special status plant species have been identified within the Project Area,” which 
is based on an inaccurate baseline setting and is contradicted by the evidence provided in the 
EA/MND. The EA/MND states that no special-status plant species have been identified in the 
project area, however pink fairyduster (Calliandra eriophylla) was identified during the WestLand 
Resources survey in tables 1 and 6, although it was mis-spelled as Cylindropuntia eriophylla in 
table 1. The map in figure 7 appears to show the pink fairyduster being located in drill area 2. These 
surveys are insufficient to conclude that additional habitat assessments or surveys would not be 
required, as stated in LUPA BIO-1. It is unlikely that project work would occur at a  time that 
monitors would be able to accurately identify special status plant species, as described in PDF-33, 
and therefore it is unlikely that impacts to occurrences of this species will be adequately avoided or 
minimized. 
 
An EIS should be prepared that includes appropriate botanical surveys, so that the analysis of 
potential impacts can be based on an accurate environmental baseline. As stated by WestLand on 
page ES-1 “Plant species observations do not represent a  complete floristic survey.” According to 
the California Department of Fish and Wildlife’s (CDFW) Protocols for Surveying and Evaluating 
Impacts to Special Status Native Plant Populations and Sensitive Natural Communities (protocols),1 
“Botanical field surveys and subsequent reporting should be comprehensive and floristic in nature 
and not restricted to or focused only on a list.” The EA/MND should describe the baseline physical 
conditions on the project site through which the lead agency will determine whether an impact is 
significant (CEQA Guidelines, § 15125(a)(1)), and shall succinctly describe the environment of the 
area(s) to be affected (NEPA Guidelines, § 1502.15). The failure to conduct floristic surveys 
precludes the agency from being able to accurately establish the baseline physical conditions, and 
thereby precludes the EA/MND from meeting the CEQA and NEPA mandates of making an 
evidence-based determination of the project’s impacts to botanical resources and mitigating those 
impacts if they are significant. The CDFW protocols recommend the following regarding the extent, 
timing, and number of surveys that would be needed to capture baseline conditions: 

No BLM special status plant species were found within the Project Area or the 
vegetation area of analysis (the Project Area plus a 500-foot buffer) during the 
March 2021 biological baseline surveys, which included vegetation baseline 
surveys (WestLand 2021). All data sheets are included within the Biologica l 
Resource Technical Report and Assessment appended to the EA/MND. 
 
The January 2021 desert tortoise baseline surveys included incidental vegetation 
sightings while in the field but did not include a complete habitat evaluation or 
vegetation inventory as such work was outside the scope of the desert tortoise 
surveys (Stantec 2021). 
 
The pink fairyduster plant is listed as a CEQA special status species and is not a  
BLM special status species, as delineated in the biological baseline report 
(WestLand 2021). Figure 7 of the Biological Resource Technical Report and 
Assessment shows historical occurrences of special status species within the 
analysis area. During the field survey to validate the desktop analysis, pink 
fairyduster (Calliandra eriophylla) was identified in low densities within the 
central portion of the proposed Project area within the desktop delineated micro 
Parkinsonia florida—Olneya tesota vegetation category. Additional clarifying 
text has been added to Section 3.20.2 of the EA/MND, and Figure 3-8 of the 
EA/MND was revised to visualize the desktop-delineated vegetation categories 
as well.  
 
According to Imperial County Ordinance code 12.48.40 & 12.48.50 "it is 
unlawful for any person, firm or corporation to dig up, remove, mutilate, or 
destroy any [species] of the following varieties....growing upon public or private 
land in the county of Imperial, without a  permit issued by the board of supervisors 
of Imperial County, EXCEPT by the owner of such land, or with the written 
consent of such owner.". The BLM is the sole owner of the land where the project 
is proposed. The signing of the FONSI and Decision Record is written consent of 
the BLM to the project proponent to conduct their project within the parameters 
of the Plan of Operations and in accordance with applicable CMAs. LUPA-BIO-
7 states that DRECP vegetation types of Focus that may be affected by ground-
disturbance and/or vegetation removal would be restored including but not 
limited to "Salvage and relocate cactus, nolina, and yucca from the site prior to 
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Survey Extent - “Botanical field surveys should be comprehensive over the entire project area, 
including areas that will be directly or indirectly impacted by the project. Adjoining properties 
should also be surveyed where direct or indirect project effects could occur, such as those from fuel 
modification, herbicide application, invasive species, and altered hydrology. Surveys restricted to 
known locations of special status plants may not identify all special status plants and sensitive 
natural communities present, and therefore do not provide a sufficient level of information to 
determine potential impacts.” 
 
Timing and Number of Visits - “Conduct botanical field surveys in the field at the times of year 
when plants will be both evident and identifiable. Usually this is during flowering or fruiting. Space 
botanical field survey visits throughout the growing season to accurately determine what plants exist 
in the project area. This usually involves multiple visits to the project area (e.g., in early, mid, and 
late-season) to capture the floristic diversity at a  level necessary to determine if special status plants 
are present. The timing and number of visits necessary to determine if special status plants are 
present is determined by geographic location, the natural communities present, and the weather 
patterns of the year(s) in which botanical field surveys are conducted.” 
 
The BLM’s Survey Protocols Required for NEPA and ESA Compliance for BLM Special Status 
Plant Species (CA IB-2010-012) echo many of the CDFW guidelines, and should be followed to 
identify special status plant species in this DEIR. 
 
“A single inventory on a single date will seldom suffice. For example, when one special status plant 
species suspected to be in the inventory can only be found and identified in April and another 
species can only be located and identified in August, at least two inventories are necessary.” 
 
“In advance of the project site inventory, contractors should visit known populations of the target 
species in similar habitat conditions to determine current-year growth conditions and phenology. If, 
based on these visits to known populations, it appears likely that the project site inventory will fail 
to detect occurrences because of drought conditions (as may be the case for annual plant species or 
geophytic plants), BLM may require contractors to perform additional inventories in the following 
year.” 
 
There is no indication that reference sites of known populations were used to verify that special-
status populations would be detectable. The Stantec surveys were conducted in January and the 
WestLand surveys were conducted in March. The March survey may have been able to identify 
many species, however this survey was on the leading edge of the bloom period for Croton 
wigginsii and Pholisma sonorae, and without establishing reference sites it is unsure whether these 
species would have been identifiable during these surveys. A nine-quad CNPS Rare Plant Inventory 
search of the surrounding area showed that Colubrina californica, Koeberlinia spinosa var. 

disturbance using BLM protocols." SMP's reclamation plan incorporates 
reclamation of temporary access roads created by the Project and SMP would 
follow all applicable CMAs and PDFs. No BLM special status species were 
identified within the vegetation area of analysis. A habitat assessment in  
accordance with LUPA-BIO-1 was conducted as part of the biological baseline 
report (WestLand 2021) for species with potential to occur or may have suitable 
habitat in the Project Area or vicinity; therefore, this CMA would not be required 
to be implemented under the Project in addition to the applicant-committed PDFs, 
additional CMAs, and BLM required additional mitigation (outlined in Appendix 
F of the EA/MND).  
 
Please refer to response to Comment# 26.1 regarding the BLM’s determination 
to prepare an EA and issue a FONSI.  Plant species observed in the field during 
the March 2021 biological baseline surveys do not represent a  complete floristic  
inventory as it is representative of the species that were identified during the 
surveys and may not be representative of species that are present year-round. 
 
The text of the BLM required mitigation measures in Table F-3 of Appendix F of 
the EA/MND, M-8 and PDF-34 has been clarified to state the pre-construction 
surveys conducted prior to surface disturbance would include vegetation surveys 
to ensure that no special status plants are present within areas proposed for 
disturbance. Appropriate biological monitoring and avoidance measures would 
be coordinated with the BLM should special status plants be identified during 
Project implementation. Please note that per Appendix B and Table F-2 of 
Appendix F of the EA/MND, LUPA-BIO-2 would not be required for 
implementation under the Proposed Action as required pre-construction surveys 
and continued monitoring would take place during all phases of the Proposed 
Action by a BLM Authorized Biologist.  
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tenuispina, and Panicum hirticaule ssp. hirticaule all have the potential to occur here, and all bloom 
outside of the window of the surveys. These surveys need to be conducted not only during times 
when plant species would be identifiable, but also in years with sufficient rain that they would be 
identifiable, as verified by reference sites. 
 
Chapter 12.48 of the County Code of Ordinances prohibits the destruction (e.g., dig up, remove, 
mutilate, or destroy) or disturbance of specific tree and flower species. Though the EA states that 
none of these species were found in the project area, two of these species appear in table 1 (Plant 
species observed in the Analysis Area during the field survey) of the WestLand Resources 
Biological Resources Technical Report. The beavertail pricklypear (Opuntia basilaris) and ocotillo 
(Fouquieria splendens) are both protected from destruction or disturbance. The locations of these 
species should be recorded during the floristic surveys recommended above, along with any other 
locally protected or special-status species that are discovered. Any additional protected or special-
status species should be analyzed for potential impacts and added to figure 7. 
 
The description of pre-construction surveys performed pursuant to CMA LUPA-BIO-2 should be 
clarified to reflect that special-status plants would be identified and PDF-33 should be amended to 
include a requirement that pre-construction or pre-construction surveys be conducted to identify 
botanical resources. 

26.0 26.4 California Native Plant 
Society 

Sensitive Natural Communities 
Though the 2021 baseline surveys done by WestLand stated that there were no streams or riparian 
areas located in the project area (page 102 of EA/MND), the map in figure 2-1 clearly shows a 
stream running directly through the project area. The road improvements running south from the 
existing access road into drill area 4 crosses through ephemeral streams and washes of Tumco wash 
and the new permanent access road would impact the American Girl wash. The construction and 
improvement of these roads should be evaluated for impacts to these habitats, including the potential 
for introducing illegal OHV use to this area. Additionally WestLand identified Blue paloverde-
ironwood alliance in xeroriparian habitat across 2% of the project area; this natural community is 
classified as sensitive by the CDFW. Creosote-brittlebush alliance covers 74% of the project area 
and is also listed by CDFW as a sensitive natural community. The potential impacts to the seasonal 
streams illustrated in figure 3.1 and the sensitive natural communities that make up the vast majority 
of the project area need to be addressed in an EIS. 
 
The Picacho ACEC is covered by the Desert Renewable Energy Conservation Plan (DRECP), and 
therefore the project must comply with all applicable Conservation and Management Actions 
(CMAs). LUPA-BIO-SVF-1 states that “For activity-specific NEPA analysis, a  map delineating 
potential sites and habitat assessment of the following special vegetation features is required: Yucca 
clones, creosote rings, Saguaro cactus, Joshua tree woodland, microphyll woodland, Crucifixion 
thorn stands” and goes on to state that “Resource not found on the project site” although areas of 
microphyll woodland are present and would likely be impacted by the road improvements and by 

The Tumco Wash, depicted on Figure 2-1 of the EA/MND is an ephemeral stream 
and conveys water only during storm events, as stated in Section 3.22.3 of the 
EA/MND. The Project would require a Construction Stormwater General Permit  
(CGP) pursuant to the Regional Water Resources Control Board National 
Pollutant Discharge Elimination System requirements, and a BLM approved 
SWPPP would be developed and implemented to control sedimentation from 
disturbance associated with Project activities. The Project would also require a 
Lake and Streambed Alteration Agreement with the CDFW pursuant to 
California Fish and Game Code Section 1602. Potential impacts to surface water 
quality would be minimized by the implementation of the PDFs outlined in 
Appendix F, as well as incremental reclamation. Additional CMAs would also be 
implemented to minimize resource conflicts and water quality impacts, described 
in Appendix F. The Proposed Action would have a negligible, short-term, and 
localized impact on surface water resources. 
 
All Project access roads would be used strictly for Project support vehicles to 
access the exploration Drill Areas, and they would be signed as having limited  
access to prevent public use. Please note that the text of the EA/MND has been 
clarified to state the proposed new access road leading to Drill Area 1 would not 
be permanent – it would remain as a post-surface exploration feature for 
reclamation, monitoring, and underground exploration activities until complete, 

PC ORIGINAL PKG



Oro Cruz Exploration Project 
EA/MND Public Comments and Responses 

I-90 

Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

the new permanent access road. Despite being identified, the required map identifying microphyll 
woodlands is not included in the EA/MND. LUPA-BIO-SVF-6 goes on to say that “impacts to 
microphyll woodlands will be avoided, except for minor incursions,” citing the Glossary of Terms 
to define “microphyll woodlands” and “minor incursions” however this glossary does not appear to 
have been included in this document. The meaning of “minor incursion” is key to understanding the 
potential impacts to microphyll woodlands. The EA/MND fails to show that these CMAs have been 
followed. 

which would occur within five years from Project implementation. Additionally, 
pre-construction surveys would be conducted prior to any surface disturbance 
activity, which would include vegetation surveys. Any results from the pre-
construction surveys that may require additional impact minimization or 
avoidance measures would be coordinated with the BLM.  
 
As stated in Appendix B, LUPA-BIO-SVF-1 would be required to be 
implemented. Special status vegetation species specified have not been identified 
within the Project Area; however, a  habitat assessment identified some limited 
areas of microphyll woodland, however, direct impacts from project disturbance 
to this habitat is not anticipated. Pre-construction surveys would occur prior to 
any surface disturbing activities as outlined in the measures in Appendix F of the 
EA/MND, and this CMA would be implemented as necessary in coordination 
with the BLM. Per Appendix B, LUPA-BIO-SVF-6 would be required for 
implementation upon identification of microphyll woodland occurrences during 
pre-construction surveys. Analysis of the provisions of the CMAs or associated 
CMA-developed documentation per the DRECP is out of the scope of this 
EA/MND and is thus not included as documentation; however, the DRECP 
Glossary of Terms has been included within Appendix B to supplement the CMA 
table. Microphyll Woodland consists of drought-deciduous, small-leaved 
(microphyllus), mostly leguminous trees and occurs in bajadas and washes where 
water availability is somewhat higher than the plains occupied by creosote bush 
and has been called the “riparian phase” of desert scrub (Webster and Bahre 
2001). The BLM would require implementation of the relevant CMAs that were 
developed as part of the DRECP LUPA; those CMAs that would be relevant for 
implementation under the Proposed Action are identified in Appendix F of the 
EA/MND. The relevant CMAs would be implemented under the Proposed Action 
should the Project be approved by the BLM. t. An additional mitigation measure 
would be required by the BLM as listed in Table F-3 of Appendix F to avoid 
minor incursions to microphyll woodland during construction of the temporary 
portal access road, as potential presence of microphyll woodland may overlap 
with proposed disturbance of the road. Figure 3-8 of the EA/MND has been 
revised to show the mapped vegetation classifications delineated during the 
biological baseline surveys, as described below. 
 
Three CNPS vegetation categories were identified during pedestrian surveys:  the 
Parkinsonia florida—Olneya tesota a lliance, the Larrea tridentata—Encelia 
farinosa alliance, and the Brassica (nigra) and other mustards semi-natural 
stands ‘alliance’. A machine learning assisted analysis of the vegetation using the 
Supervised Classification tool in ArcGIS Pro 2.7 was performed on NAIP 2020 
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imagery to help estimate the approximate horizontal space occupied by these 
three CNPS categories, keeping in mind that this kind of visualization exercise is 
not a  perfect representation of the complex ecological reality on the ground. The 
CNPS vegetation categories were designed to provide nomenclatural frameworks 
for characterizing these complex vegetative realities and thus using them in a 
near-quantitative way should be accompanied with the caveat that a  high level of 
abstraction and compression is occurring in the final data product. Consistent 
categorization would be expected if the classification were to be repeated using 
the same three CNPS vegetation categories with training input from a human 
interpreter/supervisor. The micro Parkinsonia florida—Olneya tesota vegetation 
category provides an estimate of the maximum extent of this habitat type within 
the analysis area. This vegetation category represents areas of potential 
microphyll woodland occurrences, as well as the area with the highest density of 
the pink fairy duster, a  CEQA special status species.  

26.0 26.5 California Native Plant 
Society 

We urge the BLM to not approve this application for exploratory drilling, as mining is not a  
desirable use for the area given the extensive environmental risks it poses to the natural resources, 
and mining is inconsistent with the management and protection of critical habitat and resources in 
the ACEC. The project should also not be approved until an EIS is produced to correct the errors in 
the botanical resources analysis and adequately describe the baseline conditions of the project site. 
Thank you for the opportunity to comment on this project and please contact me if you have any 
questions. 
 
Sincerely, 
Brendan Wilce 
Conservation Program Coordinator California Native lant Society 
bwilce@cnps.org 
 
Attachment 1 CDFW 2018 Protocols 

Please refer to the response to Comment #26.1 regarding the BLM’s 
determination that an EA is the appropriate level of analysis for the Proposed 
Action.  

27.0 27.1 Native American Land 
Conservancy 

RE: Public comment period for the Oro Cruz exploration project 
 
Dear Ms. Martinez, 
 
I write on behalf of the Native American Land Conservancy to express serious concerns about the 
proposed SMP Gold Corp. Oro Cruz Exploration Project within the Picacho Area of Critical 
Environmental Concern. This excavation would take place at Indian Pass, the traditional cultural 
homelands of the Fort Yuma Quechan Tribe and a place of great spiritual significance.  
 
The Native American Land Conservancy (NALC) is a  nonprofit, intertribal organization. Our 
mission is to acquire, preserve, and protect our sacred lands. We do this through land acquisition, 
education, cultural programming, and the survey and monitoring of Tribal historic properties. The 

Thank you for your comment. The Indian Pass area is located outside the vicinity 
of the Project Area. The Project Area is located in the Cargo Muchacho 
Mountains. 
 
The BLM is currently engaged in Section 106 of the NHPA consultation with the 
Fort Yuma Quechan Indian Tribe, and consultation will be ongoing through the 
life of the Project.  
 
As a result of the Proposed Action, impacts to surface and groundwater resources 
would be negligible, short-term, and localized (Section 3.22.3 of the EA/MND). 
Potential impacts to air quality were found to be negligible, short-term and 
localized (Section 3.3.3 of the EA/MND), and Project emissions were below 
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NALC provides culturally appropriate protective management and stewardship of natural and 
cultural areas, engaging Tribal communities in California, Arizona, and Nevada. Through our 
Learning Landscapes program, we inspire Tribal youth to engage with their history and culture on 
the land. 
 
Indian Pass is of paramount importance to the continued health and wellbeing of the Quechan 
people. It is part of a  greater interconnected landscape which they term a Tribal Cultural Place, and 
it is central to their day-to-day life and religion. It contains ancestral trails, cultural sites, sleeping 
circles, and other evidence of the Quechan people’s historic and continued presence in the area. The 
Oro Cruz Exploration Project would put future generations of Quechan people and their cultural 
survival in jeopardy. 
 
The processes required for gold mining - such as extensive topsoil removal - create irreparable and 
permanent harm to the land. Gold mines leak, despite assurances by companies to say otherwise, 
and they release contaminates such as arsenic, cyanide, and other hazardous materials. The 2015 
Gold King Mine disaster, which contaminated the Animas River and endangered multiple Tribal 
communities, is just one example of the catastrophic consequences resulting from gold mining. The 
Oro Cruz Exploration Project would negatively impact the landscape’s water, air, and soil quality, 
creating dangerous outcomes for plants, animals, insects, and nearby communities long into the 
future. The Picacho Area of Critical Environmental Concern is also critical habitat for the threatened 
Mojave Desert Tortoise. 
 
The Oro Cruz Exploration Project threatens the entire ecosystem at Indian Pass, as well as the 
cultural heritage and religious values of the Quechan people. For centuries, Indigenous peoples 
across the United States have been greatly impacted by the damages caused by mining projects. This 
proposal, if approved, would continue this harmful legacy and cause irreversible damage to a 
landscape of great cultural, religious, and spiritual importance. Indian Pass is a  sacred place of 
healing, growth, and learning for the Quechan people, and it must be protected for all future 
generations. 
 
NALC stands with the Fort Yuma Quechan Tribe in opposing the Oro Cruz Exploration Project 
proposal. Additionally, we request the Bureau of Land Management to require an Environmental 
Impact Statement to evaluate the comprehensive impacts of this proposal. 
 
Thank you for your consideration of this request. Please feel free to contact me at 
rprzeklasa@nativamericanland.org if you have any additional questions. 
 
Sincerely, 
T. Robert Przeklasa, Ph. D. 
Executive Director 

applicable Federal and Imperial County thresholds. Although potential impacts 
were found to be less than significant, air quality and GHG emissions would be 
further mitigated by following the Project Design Features outlined in Appendix 
F of the EA. Impacts to soils would be minor, short-term, and localized (Section  
3.18.3 of the EA/MND). Additionally, impacts to wildlife resources, including 
Mojave Desert tortoise, would be minor, short-term, and localized (Section 3.23.3 
of the EA/MND), and impacts to vegetation would be minor, short-term, and 
localized (Section 3.20.3 of the EA/MND). All surfaces that would be disturbed 
under the Proposed Action would be reclaimed to pre-Project conditions. 
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by the CEQ. In line with the CEQ guidelines revised in 2020 and then 
again in 2022 for implementing regulations of NEPA, which does not mandate 
particular results or substantive outcomes but rather requires Federal agencies to 
consider environmental impacts of Proposed Actions, the BLM determined that 
an EA is the appropriate level of NEPA review for the Proposed Action. In 
following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 2022 
updates to the NEPA Implementing Regulations under Docket CEQ-2021-0002, 
the BLM has determined that it has provided sufficient evidence and analysis to 
deem preparation of an EA followed by issuance of a  FONSI appropriate for the 
Proposed Action. 
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28.0 28.1 California Department of 
Fish and Wildlife 

Dear Mr. Abraham: 
 
The California Department of Fish and Wildlife (CDFW) received a Notice of Intent to Adopt an 
MND/EA from Imperial County Planning and Development Services Department (Imperial County) 
for the Project pursuant the California Environmental Quality Act (CEQA) and CEQA Guidelines. 
 
Thank you for the opportunity to provide comments and recommendations regarding those activities 
involved in the Project that may affect California fish and wildlife. Likewise, we appreciate the 
opportunity to provide comments regarding those aspects of the Project that CDFW, by law, may be 
required to carry out or approve through the exercise of its own regulatory authority under the Fish 
and Game Code. 
 
CDFW ROLE 
 
CDFW is California’s Trustee Agency for fish and wildlife resources and holds those resources in 
trust by statute for all the people of the State. (Fish & G. Code, §§ 711.7, subd. (a) & 1802; Pub. 
Resources Code, § 21070; CEQA Guidelines § 15386, subd. (a).) CDFW, in its trustee capacity, has 
jurisdiction over the conservation, protection, and management of fish, wildlife, native plants, and 
habitat necessary for biologically sustainable populations of those species. (Id., § 1802.) Similarly, 
for purposes of CEQA, CDFW is charged by law to provide, as available, biological expertise 
during public agency environmental review efforts, focusing specifically on projects and related 
activities that have the potential to adversely affect fish and wildlife resources. 
 
CDFW is also submitting comments as a Responsible Agency under CEQA. (Pub. Resources Code, 
§ 21069; CEQA Guidelines, § 15381.) CDFW expects that it may need to exercise regulatory 
authority as provided by the Fish and Game Code. As proposed, for example, the Project may be 
subject to CDFW’s lake and streambed alteration regulatory authority. (Fish & G. Code, § 1600 et 
seq.) Likewise, to the extent implementation of the Project as proposed may result in “take” as 
defined by State law of any species protected under the California Endangered Species Act (CESA) 
(Fish & G. Code, § 2050 et seq.), the project proponent may seek related take authorization as 
provided by the Fish and Game Code. 
 
[This comment letter included a summary of the Proposed Action per the Plan of Operations and 
EA/MND. This summary has not been re-transcribed here and does not include a comment on the 
decision under review.] 

Thank you for your comment. Imperial County confirms that the California 
Department of Fish and Wildlife (CDFW) is a  responsible agency under CEQA 
and recognizes that the CDFW may exercise its own regulatory authority over 
certain aspects of the Project pursuant to the Fish and Game Code. 

28.0 28.2 California Department of 
Fish and Wildlife 

COMMENTS AND RECOMMENDATIONS 
 
CDFW has jurisdiction over the conservation, protection, and management of fish, wildlife, native 
plants, and habitat necessary for biologically sustainable populations of those species (i.e., 
biological resources). CDFW offers the comments and recommendations below to assist Imperial 

Regarding CDFW’s comment on whether the EA/MND is the appropriate level 
of environmental documentation for the Project, as discussed under Comment 
#23.1 above, consistent with the CEQA statutes, if a  project is found to have no 
adverse effects, or if the potential effect can be reduced to a level that is less than 
significant through project revisions/mitigations, a  Negative Declaration or MND 
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County in adequately identifying and/or mitigating the Project’s significant, or potentially 
significant, direct and indirect impacts on fish and wildlife (biological) resources. The MND/EA has 
not adequately identified and disclosed the Project’s impacts (i.e., direct, indirect, and cumulative) 
to biological resources and whether those impacts are less than significant. Moreover, CDFW is 
concerned that an MND/EA may not be appropriate for the Project because of the potential for 
significant impacts that have not been mitigated to a level that is less than significant. CDFW’s 
comments and recommendations on the MND/EA are explained in greater detail below and 
summarized here. 

can be adopted (§21080). Specifically, the statute provides that MNDs may be 
used, “when the initial study has identified potentially significant effects on the 
environment, but (1) revisions in the project plans or proposals made by, or 
agreed to by, the applicant before the proposed negative declaration and initial 
study are released for public review would avoid the effects or mitigate the effects 
to a point where clearly no significant effect on the environment would occur, 
and (2) there is no substantial evidence in light of the whole record before the 
public agency that the project, as revised, may have a significant effect on the 
environment” (§21064.5).  In summary, if all potential significant impacts can be 
eliminated or reduced to less than significant, a  MND can be prepared in lieu of 
an EIR. Through preparation of a  detailed initial study, as well as a  detailed suite 
of technical studies, Imperial County determined that an MND was the 
appropriate project document under CEQA. The County also held an 
Environmental Evaluation Committee (EEC) meeting on November 17th, 2022, 
where a draft version of the initial study/MND was presented to the public, and 
to a seven-member panel representing various County agencies/organizations. 
The hearing/Project was also properly noticed as part of the EEC process, and 
County Planning Staff consulted with all appropriate County Departments, as 
well as all applicable local, state and federal agencies.  Through this public 
process, the EEC determined that the mitigation measures as proposed would 
reduce the significant effects to a less than significant level, or project design 
features as included would avoid them all together. For these reasons, the County 
found that an MND was the appropriate CEQA level of review/documentation 
for the Project. 

28.0 28.3 California Department of 
Fish and Wildlife 

Project Description 
 
CEQA is predicated on a complete and accurate description of the proposed Project. Without a  
complete and accurate project description, the MND/EA likely provides an incomplete assessment 
of Project-related impacts to biological resources. CDFW has identified gaps in information and 
discrepancies related to the project description. 
 
The MND/EA (Section 3.22.5) states the “Project would not consume groundwater from the 
Imperial Valley Groundwater Basin.” However, a  contradictory statement appears in Section 3.22.5, 
which indicates “groundwater may be encountered during the course of exploratory drilling within 
the Drill Pads,” and no groundwater on-site will be affected. Groundwater is critical for the 
sustainability of natural ecosystems. However, if the connection between groundwater-dependent 
ecosystems and groundwater is lost from unsustainable pumping practices, the result could be 
depleted streams, wetlands, and springs and vulnerable species that depend on them (Rohde et al. 
2019). The MND/EA should quantify the amount of groundwater that may be affected along with 
the adverse impacts on groundwater-dependent species and surface water resources affected from 

As discussed above, the Project would purchase water from vendors as needed to 
support exploration drilling and dust suppression activities. The Project estimates 
a total of 240,000 gallons of water to be used over the life of the Project, which  
equates to approximately 0.736 acre-feet of water being used for the life of the 
Project. The USGS estimates the Ogibly Valley Groundwater Basin, within  
which the Project Area is located, to have a natural recharge rate of 250 acre-feet 
per year (California’s Groundwater Bulletin 118). The Project estimated need for 
water compared to the natural recharge rate of the Ogilby Valley Groundwater 
Basin is approximately 0.0029% of the annual natural recharge rate. In relation 
to the Colorado River, the estimated 0.736 acre-feet of water needed for the life  
of the Project equates to 0.00013 percent of the total current level of Lake Powell 
(5,462,412 acre-feet) and 0.0000098 percent of the total current level of Lake 
Mead amount (7,449,000 acre-feet). Thus it was deemed that LUPA-SW-17 was 
not applicable. However, with this assessment to confirm that cumulative 
groundwater use would not be above the perennial yield of the basin, LUPA-SW-
5 was deemed applicable and Appendix B and F have been revised accordingly 
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groundwater discharge. Species that have the potential to be directly impacted (i.e., some or all of 
their water needs) by groundwater depletion include vegetation, toads, frogs, and fish. Species that 
have to potential to be indirectly impacted (i.e., support habitat and foraging requirements) by 
groundwater depletion include snakes, birds, rodents, and large game. In addition, the MND/EA 
(Section 3.22.5) states the water required for drilling and dust suppression “would be procured from 
Gold Rock Ranch and/or a local water purveyor,” but does not disclose whether a water right is 
needed or if a  water right is in place due to the proximity to the Colorado River. Instead, the 
MND/EA proposes application for water rights on a case-by-case basis at the time of Project 
activities and defers analysis of impacts and development of species-specific mitigation to that time. 
CDFW is concerned that the conservation management actions proposed in the MND/EA 
(Appendix B) that were deemed to be inapplicable (LUPA-SW-5, LUPA-SW-15, LUPA-SW-16, 
LUPA-SW-17 through 32, and NLCS-SW-1) have not been analyzed to determine if groundwater 
impacts could occur. Without the proper environmental assessment, the MND/EA likely provides an 
incomplete or inaccurate analysis of Project-related environmental impacts and whether those 
impacts have been mitigated to a level that is less than significant. CDFW recommends that a  
complete analysis of groundwater use and impacts to biological resources be included in a revised 
MND/EA or other CEQA document. 

in the Revised EA/MND to incorporate the CMA.  Gold Rock Ranch RV Resort 
and the City of Yuma are the sole parties responsible for acquiring permitting and 
water rights by the appropriate authorities to access groundwater or surface water 
resources (I.e., Imperial County or AZ water agency). The Project does not entail 
diverting any surface water sources to supply the Project activities and thus 
LUPA-SW-16 was deemed not applicable. The total amount permitted has 
already been considered within the total water budget available for pumping and 
the Project would be purchasing via an agreement with the seller for an amount 
within the seller’s allowable acre-feet) and available for sale. Under Section 
3.22.2 of the EA/MND, no floodplains were mapped in the Project Area (FEMA 
2021) thus LUPA-SW-15 was deemed not applicable. As such, the Project itself  
would not include active groundwater pumping activities. Water utilized for 
Project activities would be provided by a local water purveyor, Gold Rock Ranch 
and/or City of Yuma, which may be sourced from groundwater or the Colorado 
river. Sourcing is dependent on the purveyors and all water rights are secured by 
those entities, thus, groundwater pumping for the water that would be purchased 
is outside the scope of the analysis of this EA/MND. LUPA-SW-18 through 32 
were deemed not applicable due to the above reasons as well as the NEPA 
analysis under Section 3.22.2 of the EA/MND. 
 
Furthermore, no groundwater wells are present within the Project Area per the 
affected environment discussion in Section 3.22.2, and the State of California 
does not permit groundwater rights or require current groundwater use 
monitoring for the basin under a Groundwater Management Plan within which 
the Project Area is located. Therefore, groundwater pumping for water that would 
be purchased from an appropriate third-party purveyor is outside the scope of the 
analysis of this EA/MND. The Project does not propose active groundwater 
pumping. As stated in Section 3.22 of the EA/MND, impacts to surface and 
groundwater resources would be negligible. 
 
Furthermore, while minimal quantities of groundwater may be encountered 
through the course of exploratory drilling, as discussed in the EA/MND any water 
encountered or generated by drilling (e.g., drilling mug) would be fully contained 
within the drill sumps, and would be managed at each drill site by either 
recirculating it for use in the drilling process to the extent feasible, removing the 
water and hauling it away, or by evaporation and allowing solids to settle in 
excavated mud pits or sumps at the drill site.  It’s expected that groundwater 
encountered during the drilling process would be minimal, and the majority 
would be recirculating or allowed to naturally reinfiltrate into the ground. 
Therefore, any groundwater loss due to evaporation would be de minimis. 
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Furthermore, the sumps for drilling mud would be designed with a slope ratio of 
approximately 2H:1V (horizontal to vertical) on one side to allow for wildlif e 
egress out of the sump, if needed. 

28.0 28.4 California Department of 
Fish and Wildlife 

There is a  discrepancy between the MND/EA and the Biological Resources Assessment (Appendix 
E of the MND/EA, as indicated in the Table of Contents), which estimates surface disturbance to be 
20.54 acres from Drill Areas 1-7, staging area, new access roads, and improvements to existing 
roads. The Biological Resources Assessment (Appendix E, Section I) estimates surface disturbance 
to be 21.1 acres. Also, the MND/EA is unclear if these estimations include all 65 proposed drilling 
locations, spaces and turnarounds for large trucks, heavy equipment, and sumps. The MND/EA 
should clarify the correct estimation of surface disturbance and provide an accurate description of 
the accompanying Project activities. 

As discussed above, the total 20.54 acres of surface disturbance proposed under 
the Project was analyzed in the EA/MND, and the analysis accounted for all 
aspects of surface disturbance, including road improvements, construction of new 
access roads, construction of the staging area, and all 65 drill sites and associated 
drill pads, as outlined in Section 2.1 of the EA/MND and specifically calculated 
in Table 2-1. While the exact locations of drill sites are flexible within the Plan 
boundary as well as the associated temporary access roads, the acres of surface 
disturbance for such would be within the 20.54-acre surface disturbance total 
analyzed in the EA/MND, per the activities outlined in Table 2-1 of the EA/MND. 
All surface disturbance would be reclaimed concurrently within the drill areas, 
except for the staging area and new access road that connects to the Oro Cruz 
Mine Portal, which would be reclaimed after completion of underground 
exploration and other post-closure reclamation and monitoring activities, 
anticipated within five years.   
 
Note that while the Biological Resources Assessment (Appendix E of the 
MND/EA) noted a slightly larger surface area of disturbance, 20.54 acres is the 
correct proposed acres of disturbance per the Plan of Operations deemed 
complete by the BLM, and the entirety of this proposed surface disturbance area 
was evaluated within the Biological Resources Assessment. 

28.0 28.5 California Department of 
Fish and Wildlife 

Finally, the MND/EA (Appendix A, Section 4.1) includes an estimated time frame for Project 
mobilization, road construction, drilling, and borehole abandonment to be completed within 12 to 24 
months following mining exploration. However, the MND/EA fails to state the estimated period for 
mining exploration to begin. The MND/EA should clearly state the timing of the entire window of 
Project activities. In addition, the MND/EA (Appendix A, Section 4.1) states that “drill areas would 
be potentially revisited a second and third time based on findings,” but fails to consider that repeated 
focused and/or preactivity biological surveys would need to be completed before Project areas are 
revisited. Due to the unclear timing of the entire project window, revisiting sites without the proper 
environmental assessment could result in Project-related environmental impacts that cannot be 
mitigated to a level that is less than significant. 

Project activities will commence once the necessary approvals are obtained from 
both Imperial County and the BLM, as well as other relevant responsible 
agencies, such as the CDFW, which is currently estimated to occur in the 3rd 
Quarter of 2023.  In general, each drill pad/area would be reclaimed and 
revegetated following the completion of exploration activities. As discussed in  
Section 3.23.3 of the EA/MND, interim and concurrent reclamation would be 
maximized to the extent possible to accelerate revegetation of disturbed areas and 
would help re-establish wildlife habitat in the short-term; however, reclamation 
would only commence in those drill areas that would not be revisited. 
 
The biological resource surveys and avoidance measures would apply throughout 
the entirety of the Project, and applicable measures would be implemented as 
needed if/when certain drill areas are revisited to conduct additional drilling 
operations. Specifically, a  BLM Approved Authorized or Qualified biologist  
would be onsite anytime equipment is relocated to a new location to ensure 
potential impacts to desert tortoises are avoided, including if a  previously utilized 
drill area is revisited. The onsite biologist would also survey for special status 
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plants and noxious weeds as needed.  See the complete list of PDFs for avoidance 
and minimization of impacts to wildlife species as provided in Appendix F of the 
EA/MND. 
 

28.0 28.6 California Department of 
Fish and Wildlife 

Existing Environmental Setting  
 
Compliance with CEQA is predicated on a complete and accurate description of the environmental 
setting that may be affected by the proposed Project. CDFW is concerned that the assessment of the 
existing environmental setting has not been adequately analyzed in the MND/EA. CDFW is 
concerned that without a  complete and accurate description of the existing environmental setting, 
the MND/EA likely provides an incomplete or inaccurate analysis of Project-related environmental 
impacts and whether those impacts have been mitigated to a level that is less than significant. 
 
The MND/EA bases its analysis of impacts to biological resources on three reports: (1) WestLand 
Resources Inc., which conducted a field assessment of the Project site in March 2021 (Appendix E 
of the MND/EA); (2) Tetra Tech, Inc., which conducted a biological resources assessment in 
October 2011 (referenced in Appendix A and Appendix E of the MND/EA); and (3) a  focused 
desert tortoise survey conducted by Stantec Consulting Services Inc., on January 8 through 15, 2021 
(Appendix E of the MND/EA). However, the MND/EA (Appendix E, Section 5.1.2) indicates that 
vegetation mapping validation, diurnal raptor surveys, and habitat suitability assessments for 
Colorado Desert fringe-toed lizard, western burrowing owl, flat-tailed horned lizard, and bat species 
were all performed during the single field visit conducted by WestLand Resources. In addition, no 
focused, protocol level surveys were conducted for special-status plant or animal species aside from 
the focused survey for desert tortoise, which is currently outdated. CDFW is concerned that the field 
assessments are outdated and were not conducted at the appropriate time(s) of year or using standard 
protocols to detect all special-status species on-site. CDFW generally considers biological field 
assessments for wildlife to be valid for a  one-year period, and assessments for rare plants may be 
considered valid for a  period of up to three years. Therefore, CDFW recommends that a  revised 
MND/EA or other CEQA document include the results of a  complete, recent inventory of rare, 
threatened, endangered, and other sensitive species located within the Project footprint and within 
off-site areas with the potential to be affected by Project activities (see “Assessment of Biological 
Resources” section below). 

As discussed under Comment #26.1, biological baseline surveys, including 
vegetation surveys, were conducted in March 2021, as described in Section 3.20.2 
of the EA/MND. The timing of baseline surveys was coordinated with the BLM 
and the baseline report was deemed complete and approved in June 2021. Impacts 
to vegetation were analyzed accordingly based on baseline conditions under 
Sections 3.20.3, 3.20.5, and 3.20.6 in the EA/MND. 
 
In addition to the baseline studies conducted in coordination with the BLM, the 
Project has also incorporated numerous avoidance and minimization measures to 
ensure that Project activities do not adversely impact threatened, endangered, or 
other sensitive species.  Specifically, detailed desert tortoise avoidance measures 
(17 total), summarized within the Plan of Operations (Appendix A of the 
EA/MND), would be implemented onsite.  These include but are not limited to 
pre-construction tortoise surveys, onsite monitoring during tortoise active season, 
and employee training. Additionally, as discussed in Section 3.23.3 of the 
EA/MND, SMP has committed to conducting pre-construction surveys within 48 
hours of surface disturbance within the species-specific buffers outlined in 
Appendix F of the EA/MND from the area to be disturbed in order to avoid 
impacts to migratory birds. Should active nests be identified during the pre-
construction surveys, SMP would implement appropriate avoidance buffers 
around the nest in coordination with the BLM based on the nest species identified. 
Additionally, Project design features would also be implemented to avoid impacts 
to other avian, mammalian, and plant species, including the use of avoidance 
buffers and pre-construction surveys to reduce impacts to less than significant 
levels during the applicable breeding seasons.  A complete list of Project design  
features for avoidance and minimization of impacts to wildlife species was 
provided in Appendix F of the EA/MND. 

28.0 28.7 California Department of 
Fish and Wildlife  

Assessment of Impacts to Biological Resources 
 
Assessment of Biological Resources  
 
CDFW is concerned about the potential for special-status species to occur on the Project site. The 
MND/EA acknowledges the potential for the following special-status species to occur: desert 
tortoise (Gopherus agassizii), burrowing owl (Athene cunicularia), prairie falcon (Falco 
mexicanus), peregrine falcon (Falco peregrinus), golden eagle (Aquila chrysaetos), black-tailed 

As discussed under Comment #26.1 and #28.6 above, biological baseline surveys, 
including vegetation surveys, were conducted in March 2021, as described in 
Section 3.20.2 of the EA/MND. The timing of baseline surveys was coordinated 
with the BLM and the baseline report was deemed complete and approved in June 
2021. Impacts to vegetation were analyzed accordingly based on baseline 
conditions under Sections 3.20.3, 3.20.5, and 3.20.6 in the EA/MND. 
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gnatcatcher (Poliptila melanura), loggerhead shrike (Lanius ludovicianus), Crissal thrasher 
(Taxostoma crissale), Le Conte’s thrasher (Taxostoma lecontei), nesting birds, Townsend’s big-
eared bat (Corynorhinus townsendii), pallid bat (Antrozous pallidus), greater western mastiff bat 
(Eumops perotis californicus), cave myotis (Myotis velifer), small-footed myotis (Myotis 
ciliolabrum), California leaf-nosed bat (Macrotus californicus), pocketed free-tailed bat 
(Nyctinomops femorosaccus), desert bighorn sheep (Ovis canadensis nelsoni), mule deer 
(Odocoileus hemionus eremicus), flattailed horned lizard (Phrynosoma mccallii), and Colorado 
Desert fringe-toed lizard (Uma notata). A query of California Natural Diversity Database (CNDDB) 
and the Biogeographic Information and Observation System (BIOS) also indicates potential for 
other special-status species to occur in the Project area, such as Gila woodpecker (Melanerpes 
uropygialis). The MND/EA lacks a recent general assessment of biological resources and surveys 
for rare, threatened, endangered, and other special-status species located within the Project footprint 
and surrounding areas. CDFW is concerned that the MND/EA does not include a complete and 
accurate description of the existing environmental setting. This may result in the MND/EA having 
an incomplete or inaccurate analysis of Project-related environmental impacts and whether those 
impacts have been mitigated to a level that is less than significant. 
 
To establish the existing environmental setting, the MND/EA should include a complete assessment 
of the flora and fauna within and adjacent to the Project footprint, with particular emphasis on 
identifying rare, threatened, endangered, and other special-status species and their associated 
habitats and an analysis of the level of impacts the Project will have on these resources. No recent, 
focused, protocol-level surveys were conducted for special-status plant or animal species aside from 
the focused survey for desert tortoise, which is currently outdated. Absent this information, CDFW 
cannot conclude that the Project will not have a significant effect on fish and wildlife resources. 
CDFW recommends that the MND/EA be revised to include the following: 
 

A complete, recent inventory of rare, threatened, endangered, and other sensitive species 
located within the Project footprint and within offsite areas with the potential to be 
 affected, including California Species of Special Concern (CSSC) and California Fully 
 Protected Species (Fish and Game Code § 3511). Species to be addressed should include 
 all those which meet the CEQA definition (CEQA Guidelines § 15380). The inventory 
 should address seasonal variations in use of the Project area and should not be limited to 
 resident species. Focused species-specific surveys, completed by a qualified biologist and 
 conducted at the appropriate time of year and time of day when the sensitive species are 
 active or otherwise identifiable, are required. Acceptable species-specific survey 
 procedures should be developed in consultation with CDFW and the U.S. Fish and Wildlife 
 Service, where necessary. Note that CDFW generally considers biological field 
 assessments for wildlife to be valid for a  one-year period, and assessments for rare plants 
 may be considered valid for a  period of up to three years. Some aspects of the proposed 
Project may warrant periodic updated surveys for certain sensitive taxa, particularly if the 

Additionally, as discussed under Comment #28.5 above, extensive pre-
construction surveys will be conducted on and adjacent to the Project site by a 
qualified biologist, prior to any new disturbance.  These pre-disturbance surveys 
will ensure that any wildlife species that may have migrated into the Project area 
following completion of the baseline surveys will be properly avoided and/or 
effects fully mitigated in accordance with State and Federal law. 
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Project is proposed to occur over a protracted time frame, or in phases, or if surveys are 
 completed during periods of drought. 

 
CDFW is also concerned about the potential for special-status species to occur on the Project site 
over the duration of the Project. A complete assessment of the flora and fauna within and adjacent to 
the Project footprint should be conducted at each Drill Area prior to mining and reclamation 
activities. CDFW suggests this information, and any necessary mitigation measures, be addressed in 
a revised MND/EA or other CEQA document. 

28.0 28.8 California Department of 
Fish and Wildlife 

California Endangered Species Act (CESA) 
 
CESA prohibits the take (under Fish & G. Code, § 86, “take” means to hunt, pursue, catch, capture, 
or kill, or to attempt to hunt, pursue, catch, capture, or kill) of any endangered, threatened, or 
candidate species that results from a proposed project, except as authorized by state law (Fish & G. 
Code, §§ 2080, 2085). Consequently, if Project construction or any Project-related activity during 
the life of the proposed Project would result in take of a  CESA-listed species, CDFW recommends 
that the Project applicant seek appropriate take authorization under CESA prior to implementing the 
proposed Project. Appropriate authorization from CDFW may include an Incidental Take Permit 
(ITP), a  consistency determination, or other permitting options (Fish and G. Code, §§ 2080.1, 2081, 
subds. (b), (c)). CDFW encourages early consultation, as significant modification to the proposed 
Project and avoidance, minimization, and mitigation measures may be necessary to obtain a CESA 
ITP. Proposed avoidance, minimization, and mitigation measures must be sufficient for CDFW to 
conclude that the Project’s impacts are fully mitigated. 
 
CDFW is responsible for ensuring appropriate conservation of fish and wildlife resources including 
threatened, endangered, and/or candidate plant and animal species, pursuant to CESA. CESA ITPs 
are issued to conserve protect, enhance, and restore state-listed CESA species and their habitats. 
More information on ITPs can be found at: 
https://wildlife.ca.gov/Conservation/CESA/Permitting/Incidental-Take-Permits. Species protected 
under CESA have the potential to occur within the Project site, such as desert tortoise. 

As noted in Section 3.23 of the EA/MND, a biological analysis was conducted 
that analyzed both the broader Project Area and proposed disturbance footprint 
to determine the presence of threatened and endangered species covered under 
the California Endangered Species Act (CESA). Based upon the results of the 
biological analysis baseline surveys, it was determined that potential impacts to 
threatened or endangered species covered under CESA, including the desert 
tortoise, would be avoided through the implementation of avoidance and 
minimization measures. Specifically, Project activities would be monitored 
throughout the life of the Project to avoid potential impacts to Mojave Desert  
tortoise habitat year round. Pre-construction desert tortoise surveys would be 
conducted by an Authorized or Qualified Biologist within the area to be disturbed, 
plus a 500-foot buffer, and the Authorized or Qualified Biologist would be onsite 
within 24 hours of commencement of Project activities. 
 
Per the PDFs, CMAs, and BLM required mitigation measures outlined in  
Appendix F of the EA/MND, pre-construction surveys would be conducted prior 
to surface disturbing activities under the Proposed Action in order to identify 
present of wildlife species and determine whether a change in drill siting must 
occur and/or additional impact minimization or avoidance measures may be 
necessary, which would be coordinated directly with the BLM.  If future site 
biological surveys indicate additional permits are required, SMP will work with  
both the CDFW and BLM to ensure that all State and Federal laws are adhered 
to. 

28.0 28.9 California Department of 
Fish and Wildlife  

Special-Status Plants  
 
Based on review of the California Natural Diversity Database (CNDDB) and the Biogeographic 
Information and Observation System (BIOS), plant species that are state and/or federally listed as 
endangered and plant species with California Rare Plant Ranks of 1B and 2B have the potential to 
occur in the Project area. The California Rare Plant Rank 1B indicates plants that are rare, 
threatened, or endangered in California and elsewhere, and California Rare Plant Rank 2B indicates 
plants that are rare, threatened, or endangered in California but more common elsewhere. Impacts to 

As discussed in Sections 3.23.2 and 3.25.5 of the EA/MND, The USFWS and the 
CDFW were contacted to obtain a list of threatened and endangered and sensitive 
species that have the potential to occur within the Project Area (the Project Area 
plus a 500-foot buffer). The most recent BLM Sensitive Species List was also 
obtained, which includes threatened and endangered species, and evaluated to 
determine if any species had the potential to occur within the area of analysis.  
WestLand evaluated the potential for special-status species to occur in the Project 
Area. WestLand identified three California Native Plant Society (CNPS) 
vegetation categories that occur in the Project Area – black mustard (Brassica 
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these species must be analyzed during preparation of environmental documents relating to CEQA 
because they meet the definition of rare or endangered under CEQA Guidelines §15125 (c) and/or 
§15380. 
 
The MND/EA (Section 3.20.2) indicates that “impacts to special status plant species would include 
the disturbance of up to 20.54 acres of vegetation communities.” The MND/EA continues to state 
that direct impacts to sensitive plant species would occur because “surface disturbance could occur 
at any location throughout the Project Area as exploration activities progress through the life of the 
Project.” CDFW is concerned that the habitat assessments were not conducted at the appropriate 
time(s) of year to detect all special status plants on the Project site and did not follow the standard 
protocol to detect special status plants. The MND/EA (Section 3.20.2) and CNDDB/BIOS indicates 
that the following special-status plants have historically occurred near the Project site or have the 
potential to occur: Wiggin’s croton (Croton wigginsii), sand foot (Pholisma sonorae), Munz cholla 
(Cylindropuntia munzii), flat-seeded spurge (Euphorbia platysperma), pink fairy-duster (Calliandra 
erophylla), and glandular ditaxis (Ditaxis claryana). 
 
The MND/EA includes mitigation measures (PDF-33, LUPA-BIO-PLANT-2, LUPA-BIOSVF-6, 
LUPA-BIO-VEG-1, and M-8) to address surveys and protections for special-status plants. However, 
the MND/EA has not provided a complete and accurate analysis of the current environmental setting 
for the Project site. CDFW recommends that a  revised MND/EA or other CEQA document include 
a thorough, recent, floristic-based assessment of special-status plants completed at the appropriate 
time(s) of year before Imperial County adopts the MND/EA. CDFW generally considers biological 
field assessments for rare plants to be valid for a  period of up to three years. The results of this 
assessment should be included in a revised MND/EA or other CEQA document. If any rare, 
threatened, endangered, or other sensitive plant species are located within the Project site, CDFW 
recommends that the MND/EA be revised to include appropriate avoidance, minimization, and 
mitigation measures. For unavoidable impacts to special-status species, on-site habitat restoration 
and/or enhancement and preservation should be evaluated and discussed in detail. Where habitat 
preservation is not available on-site, off-site land acquisition, management, and preservation should 
be evaluated and discussed in detail in a revised MND/EA or other CEQA document. CDFW 
recommends inclusion of the following mitigation measure: 
 
MM BIO-[A]: Special-Status Plants 
 

Prior to the adoption of the CEQA document and prior to mining and reclamation 
 activities at each Drill Area and construction site, a thorough floristic-based 
 assessment of special-status plants and natural communities, following CDFW's 
 Protocols for Surveying and Evaluating Impacts to Special-Status Native Plant 
 Populations and Natural Communities (CDFW 2018 or most recent version) shall be 
performed by a qualified biologist. Should any state-listed plant species be present in 

nigra) and other mustards seminatural stands, blue palo verde (Parkinsonia 
florida)-ironwood alliance, and creosote-brittlebush alliance –  as well as three 
special status plant species – Munz cholla (Cylindropuntia munzii), Flat-seeded 
spurge (Euphorbia platysperma), and Pink fairy-duster (Calliandra erophylla) –  
that were determined to have a possible presence or a  high potential to occur in 
the Project Area (WestLand 2021).  Note, as discussed in Section 3.20.2 of the 
EA/MND, these three plant communities are classified as sensitive by the CDFW. 
 
Biological baseline surveys, including vegetation and rare plant community 
surveys, were conducted in March 2021, as described in Section 3.20.2 of the 
EA/MND. The timing of baseline surveys was coordinated with the BLM and the 
baseline report was deemed complete and approved in June 2021. Additionally, 
the timing of the baseline flora surveys was strategically chosen to coincide with  
the flowering seasons of potential species of concern. 
 
Although the three sensitive species above were noted to have the potential to 
occur within the Project Area, through their onsite surveys WestLand found that 
vegetation is sparse in both the upland and xeroriparian habitats of the Project 
area. The uplands consist of a  very low-density shrub community dominated by 
creosote (Larrea tridentata) and brittlebush (Encelia farinose). In addition, large 
portions of the Project Area consist of disturbed habitats dominated by non-native 
annual plants. The xeroriparian habitat generally consists of the same sparse 
shrub community and includes widely spaced upland trees and ocotillo  
(Fouquieria splendens). In summation, WestLand found that vegetation in the 
Project Area is uniformly sparse and consists of very low density shrublands, 
upland trees and highly disturbed habitats. 
 
In addition to the CNPS vegetation categories, as discussed under Comment 
#26.3 above, no BLM special status species have been identified within the 
Project Area or the vegetation area of analysis per the March 2021 biological 
baseline surveys, which included vegetation baseline surveys (WestLand 2021). 
The January 2021 desert tortoise baseline surveys included incidental vegetation 
sightings while in the field but did not include a complete habitat evaluation or 
floristic inventory as such work was outside the scope of the desert tortoise 
surveys (Stantec 2021). The pink fairyduster plant is listed as a CESA special 
status species and is not a  BLM special status species, as delineated in the 
biological baseline report (WestLand 2021). . Additionally, as outlined in Table 
3-36 of the EA/MND, no plant species protected under Imperial County Code are 
present within the Project Area or vegetation area of analysis. A habitat 
assessment in accordance with LUPA-BIO-1 was conducted as part of the 
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the Project area, the Project proponent shall obtain an Incidental Take Permit for 
those species prior to the start of Project activities. Should other special-status plants 
or natural communities be present in the Project area, the Project proponent shall 
 either fully avoid the plant(s), with an appropriate buffer established by a qualified 
botanist and marked in the field (i.e., fencing or flagging), or mitigate the loss of the 
plant(s) through the purchase of mitigation credits from a CDFW-approved bank, or 
the acquisition and conservation of land approved by CDFW at a minimum 3:1 
(replacement-to-impact) ratio. 

 
Pursuant to the CEQA Guidelines, section 15097(f), CDFW has prepared a draft mitigation 
monitoring and reporting program (MMRP) for proposed MM BIO-A–L (see Attachment 1). 

biological baseline report (WestLand 2021) for species with potential to occur or 
may have suitable habitat in the Project Area or vicinity; therefore, this CMA 
would not be required to be implanted under the Project in addition to the 
applicant-committed PDFs, additional CMAs, and BLM required additional 
mitigation (outlined in Appendix F of the EA/MND).  
 
Although based on the analysis in the EA/MND summarized above indicate the 
potential for the Project to impact special-status plant species covered under the 
CESA would be avoided through the implementation of avoidance and 
minimization measures, plant species observed in the field during the March 2021 
biological baseline surveys do not represent a  complete floristic inventory as it is 
representative of the species that were identified during the surveys and may not 
be representative of species that are present year-round. As such, the text of the 
required mitigation measures in Table F-3 of Appendix F of the EA/MND, M-8 
and PDF-34 has been clarified to state the pre-construction surveys conducted 
prior to surface disturbance would include vegetation surveys to ensure that no 
special status plants are present within areas proposed for disturbance. 
Appropriate biological monitoring and avoidance measures would be coordinated 
with the BLM should special status plants be identified during Project 
implementation. Please note that per Appendix B and Table F-2 of Appendix F 
of the EA/MND, LUPA-BIO-2 would not be required for implementation under 
the Proposed Action as required pre-construction surveys and continued 
monitoring would take place during all phases of the Proposed Action by a BLM 
Authorized Biologist. 
 
Specifically, the following PDFs and CMAs, which are similar in nature to 
CDFW’s suggested MM BIO-[A], will be implemented to ensure potential 
impacts to special-status species are fully avoided: 

• PDF-34: Pre-construction vegetation surveys, including for noxious 
and non-native invasive species and special status species, would be 
conducted in tandem with the pre-construction migration bird surveys 
described above. Should special status plant species be identified 
during Project activities, the BLM would require SMP to implement 
temporary barrier fencing around the individual plants for avoidance 
and to minimize impacts throughout the life of the Project. 

• LUPA-BIO-PLANT-2: Implement an avoidance setback of 0.25 mile 
for all Focus and BLM Special Status Species occurrences. Setbacks 
will be placed strategically adjacent to occurrences to protect 
ecological processes necessary to support the plant Species (see 
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Appendix Q, Baseline Biology Report, in the Proposed LUPA and 
Final EIS [2015], or the most recent data and modeling). 

• M-8:  Should special status plant species be identified during Project 
activities, the BLM would require SMP to implement temporary 
barrier fencing around the individual plants for avoidance and to 
minimize impacts throughout the life of the Project. 

 
Through the required pre-construction surveys, including onsite surveys anytime 
construction equipment is moved to a new location, as well as the implementation 
of PDFs and CMAs (Appendix F), impacts to special status plants are expected 
to be avoided and no direct or indirect adverse effects would occur.  Nonetheless, 
if special status plants are observed during the pre-construction surveys that 
cannot be avoided, SMP would work with CDFW and the appropriate agencies 
to minimize impacts.  
 

28.0 28.10 California Department of 
Fish and Wildlife 

Nesting Birds  
 
It is the Project proponent’s responsibility to comply with all applicable laws related to nesting birds 
and birds of prey. Fish and Game Code sections 3503, 3503.5, and 3513 afford protective measures 
as follows: Fish and Game Code section 3503 states that it is unlawful to take, possess, or needlessly 
destroy the nest or eggs of any bird, except as otherwise provided by Fish and Game Code or any 
regulation made pursuant thereto. Fish and Game Code section 3503.5 makes it unlawful to take, 
possess, or destroy any birds in the orders Falconiformes or Strigiformes (birds-of-prey) or to take, 
possess, or destroy the nest or eggs of any such bird except as otherwise provided by Fish and Game 
Code or any regulation adopted pursuant thereto. Fish and Game Code section 3513 makes it 
unlawful to take or possess any migratory nongame bird except as provided by rules and regulations 
adopted by the Secretary of the Interior under provisions of the Migratory Bird Treaty Act of 1918, 
as amended (16 U.S.C. § 703 et seq.). 
 
The MND/EA (Section 3.23.2) acknowledges that “twenty avian species have the potential to occur 
within or near the area” and “17 avian species were documented during the 2021 biological baseline 
surveys.” CDFW is concerned about impacts to nesting birds throughout all phases of the proposed 
Project activities. Although the MND/EA includes information about performing nesting bird 
surveys (Appendix F) and offers mitigation measures (PDF-10 and LUPA-BIO-IFS-24), the timing 
and scope are insufficient to protect nesting birds. CDFW recommends the revised MND/EA or 
other CEQA document include specific avoidance and minimization measures to ensure that 
impacts to nesting birds do not occur. Project-specific avoidance and minimization measures may 
include, but are not limited to, Project phasing and timing, monitoring of Project-related noise 
(where applicable), sound walls, and buffers, where appropriate. CDFW recommends that 
disturbance of occupied nests of migratory birds and raptors within the Project site be avoided any 

As discussed under #23.17 above, per the PDFs, CMAs, and BLM/County 
required mitigation measures outlined in Appendix F of the EA/MND, pre-
construction surveys for nesting birds would be conducted prior to surface 
disturbing activities under the Project in order to identify the presence of avian 
wildlife species and determine whether a change in drill siting must occur 
and/or additional impact minimization or avoidance measures may be 
necessary, which would be coordinated directly with the BLM. Specifically, the 
following PDFs and CMAs, which are similar in nature to CDFW’s suggested 
MM BIO-[B], will be implemented to ensure potential impacts to nesting birds 
are properly mitigated: 

• PDF-10: Prior to project activities, pre-construction migratory bird 
surveys would be conducted by a BLM approved Qualified Biologist 
within 48 hours of proposed disturbance during the migratory bird 
breeding season (February 15 to August 31). Should active nests be 
identified during the pre-construction surveys, the following species-
specific avoidance buffers would be implemented: 200 feet for non-
ESA listed species; 300 feet for ESA listed species; and 500 feet for 
raptor species. No work would be conducted within the avoidance 
buffer areas until a  BLM-approved Qualified Biologist determines that 
the nest is no longer active, fledglings are independent of the nest, the 
nest has failed, or the BLM approves a buffer reduction deemed 
appropriate by the Qualified Biologist. If an avoidance buffer needs to 
be reduced, SMP would contact the U.S. Fish and Wildlife Service 
(USFWS) and BLM and provide the necessary survey information to 
support the buffer reduction. 
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time birds are nesting on-site. Pre-activity nesting bird surveys shall be performed within 3 days 
prior to Project activities to determine the presence and location of nesting birds. As a result, CDFW 
recommends adding the following mitigation measure: 
 
MM BIO-[B]: Avoidance of Nesting Birds 
 

Prior to commencing Project activities at each Drill Area and construction site, 
nesting bird surveys shall be performed by a qualified avian biologist no more than 
(3) days prior to vegetation removal or ground-disturbing activities. Pre-activity 
surveys shall focus on both direct and indirect evidence of nesting, including nest 
locations and nesting behavior. The qualified avian biologist will make every effort to 
avoid potential nest predation as a result of survey and monitoring efforts. If active 
nests are found during the pre-activity nesting bird surveys, a qualified biologist shall 
establish an appropriate nest buffer to be marked on the ground. Nest buffers are 
 species specific and shall be at least 300 feet for passerines and 500 feet for raptors. A 
smaller or larger buffer may be determined by the qualified biologist familiar with 
the nesting phenology of the nesting species and based on nest and buffer monitoring 
results. Established buffers shall remain on-site until a qualified biologist determines 
the young have fledged or the nest is no longer active. Active nests and adequacy of 
the established buffer distance shall be monitored daily by the qualified biologist until 
the qualified biologist has determined the young have fledged or the Project has been 
completed. The qualified biologist has the authority to stop work if nesting pairs 
exhibit signs of disturbance. 

 

 
Through the required pre-construction surveys, including onsite surveys 
anytime construction equipment is moved to a new location, as well as the 
implementation of PDFs and CMAs (Appendix F), impacts to nesting bird 
species are expected to be properly avoided.   
 
Additionally, as described in Section 3.23.3 of the EA/MND, SMP has committed 
to conducting pre-construction surveys within 48 hours of surface disturbance 
within the species-specific buffers outlined in Appendix F of the EA/MND from 
the area to be disturbed in order to avoid impacts to migratory birds. Should active 
nests be identified during the pre-construction surveys, SMP would implement 
appropriate avoidance buffers around the nest in coordination with the BLM 
based on the nest species identified. As such, any potential impacts to migratory 
birds and raptors would be minor, short-term, and localized, and would generally 
be avoided through pre-construction nesting bird surveys. 
 

28.0 28.11 California Department of 
Fish and Wildlife  

Burrowing Owl (Athene Cunicurlaria)  
 
Burrowing owl is a  California Species of Special Concern (SSC). Take of individual burrowing 
owls and their nests is defined by Fish and Game Code section 86, and prohibited by sections 3503, 
3503.5, and 3513. Fish and Game Code section 3513 makes it unlawful to take or possess any 
migratory nongame bird except as provided by rules and regulations adopted by the Secretary of the 
Interior under provisions of the Migratory Bird Treaty Act of 1918, as amended (16 U.S.C. § 703 et 
seq.). 
 
The MND/EA (Section 3.23.2) acknowledges that “potentially suitable habitat exists within the 
area” for western burrowing owl. Burrowing owls are known to occupy burrows created by ground 
squirrels, which were observed during the field assessments (Table 3-34). Also, CNDDB/BIOS 
indicates that burrowing owl have historically occurred near the Project site. Although the MND/EA 
includes mitigation measures (LUPA-BIO-IFS-12, LUPA-BIO-IFS-13, and LUPA-BIO-IFS-14) for 
burrowing owl, the timing and scope are insufficient to protect burrowing owls. CDFW 
recommends that prior to adoption of the MND/EA, a focused survey for burrowing owl following 

As discussed in Section 3.23.2 of the EA/MND, while during WestLand’s 
biological baseline surveys, suitable habitat was documented in the western and 
southern portions of the area of analysis, but no individuals or sign were 
physically observed (WestLand 2021). Per the PDFs, CMAs, and BLM required 
mitigation measures outlined in Appendix F, while there is a  low potential for 
burrowing owl occurrence within the Project Area, should burrowing owls be 
identified during pre-construction, surveys, the CMA’s,  LUPA-BIO-IFS-12 
through 14 identified in the EA/MND, would be implemented in additional the 
PDFs and mitigation measures already prescribed within Appendix F of the 
EA/MND. Specifically, the following PDFs and CMAs, which are similar in 
nature to CDFW’s suggested MM BIO-[C], will be implemented to ensure 
potential impacts to burrowing owls are properly avoided and/or mitigated: 

• LUPA-BIO-IFS-12: If burrowing owls are present, a  designated 
biologist (see Glossary of Terms) will conduct appropriate activity 
specific biological monitoring (see Glossary of Terms) to ensure 
avoidance of occupied burrows and establishment of the 656 feet (200 
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the recommendations and guidelines provided in the Staff Report on Burrowing Owl Mitigation 
(CDFG 2012 or most recent version) should be conducted by a qualified biologist. The Staff Report 
on Burrowing Owl Mitigation specifies that project impact evaluations include the following steps: 
(1) habitat assessment, (2) surveys, and (3) an impact assessment. The three progressive steps are 
effective in evaluating whether a project will result in impacts to burrowing owls. The focused 
survey should be repeated prior to commencement of Project-related activities at each site. 
Preactivity surveys should also be conducted prior to commencement of Project-related activities at 
each borrow site. CDFW recommends the revised MND/EA or other CEQA document include 
specific avoidance and minimization measures to ensure that impacts to burrowing owls do not 
occur. As a result, CDFW recommends adding the following mitigation measure which includes 
both focused and pre-activity surveys: 
 
MM BIO-[C]: Burrowing Owl Surveys 
 

Suitable burrowing owl habitat has been confirmed on the site; therefore, focused 
burrowing owl surveys shall be conducted in accordance with the Staff Report on 
Burrowing Owl mitigation (2012 or most recent version) prior to adoption of the 
CEQA document and no less than 30 days prior to the start of Project activities at 
each Drill Area and construction site. If burrowing owls are detected during the 
focused surveys, the qualified biologist and Project Applicant shall prepare a 
Burrowing Owl Plan that shall be submitted to CDFW for review and approval prior 
to commencing Project activities. The Burrowing Owl Plan shall describe proposed 
avoidance, monitoring, relocation, minimization, and/or mitigation actions. The 
Burrowing Owl Plan shall include the number and location of occupied burrow sites, 
acres of burrowing owl habitat that will be impacted, details of site monitoring, and 
 details on proposed buffers and other avoidance measures if avoidance is proposed. If 
 impacts to occupied burrowing owl habitat or burrow cannot be avoided, the 
 Burrowing Owl Plan shall also describe minimization and compensatory mitigation 
actions that will be implemented. Proposed implementation of burrow exclusion and 
closure should only be considered as a last resort, after all other options have been 
evaluated as exclusion is not in itself an avoidance, minimization, or mitigation 
method and has the possibility to result in take. The Burrowing Owl Plan shall 
identify compensatory mitigation for the temporary or permanent loss of occupied 
burrow(s) and habitat consistent with the “Mitigation Impacts” section of the 2012 
Staff Report and shall implement CDFW-approved mitigation prior to initiation of 
 Project activities. If impacts to occupied burrows cannot be avoided, information 
shall be provided regarding adjacent or nearby suitable habitat available to owls. If 
no suitable habitat is available nearby, details regarding the creation and funding of 
artificial burrows (numbers, location, and type of burrows) and management 
activities for relocated owls shall also be included in the Burrowing Owl Plan. The 

meter) setback to sufficiently minimize disturbance during the nesting 
period on all activity sites, when practical. 

• LUPA-BIO-IFS-13: If burrows cannot be avoided on-site, passive 
burrow exclusion by a designated biologist (see Glossary of Terms) 
through the use of one-way doors will occur according to the 
specifications in Appendix D or the most up-to-date agency BLM or 
CDFW specifications. Before exclusion, there must be verification that 
burrows are empty as specified in Appendix D or the most up-to-date 
BLM or CDFW protocols. Confirmation that the burrow is not 
currently supporting nesting or fledgling activities is required prior to 
any burrow exclusions or excavations. 

• LUPA-BIO-IFS-14: Activity-specific active translocation of burrowing 
owls may be considered, in coordination with CDFW. 

 
Through the required pre-construction surveys, including onsite surveys anytime 
construction equipment is moved to a new location, as well as the implementation 
of PDFs and CMAs (Appendix F), impacts to nesting bird species are expected 
to be properly avoided. Therefore, through the implementation of the pre-
construction surveys and CMAs/PDFs approved by the BLM, the Project would  
have less than significant impacts to burrowing owls. 
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 Permittee shall implement the Burrowing Owl Plan following CDFW review and 
approval. 
 

At each Drill Area and construction site, pre-activity burrowing owl surveys shall be 
conducted no less than 14 days prior to the start of Project-related activities and within 24 
hours prior to ground disturbance, in accordance with the Staff Report on  Burrowing Owl 
Mitigation (CDFG 2012 or most recent version). Pre-activity surveys should be performed by 
a qualified biologist following the recommendations and guidelines provided in the Staff 
Report on Burrowing Owl Mitigation. If the pre-activity surveys confirm occupied burrowing 
owl habitat, Project activities shall be immediately halted. The qualified biologist shall 
coordinate with CDFW and USFWS to conduct an impact assessment to develop avoidance 
and minimization measures to be approved by CDFW prior to commencing Project activities. 

28.0 28.12 California Department of 
Fish and Wildlife 

Bats 
 
Bats are considered non-game mammals and are afforded protection by State law from take and/or 
harassment (Fish & G. Code, § 4150; Cal. Code of Regs, § 251.1). Several bat species are 
considered SSC (CDFW 2022). Impacts on SSC could require a mandatory finding of significance 
under CEQA (CEQA Guidelines, § 15065). Impacts on bats, either directly or indirectly through 
disturbances to roosts and loss of habitat, would be a significant impact. 
 
Project construction and activities may result in direct and indirect impacts to bats. Direct impacts 
include removal of vegetation and structures occupied by roosting bats. This could result in injury 
or mortality to bats as well as loss of roosting habitat. Indirect impacts to bats and roosts could 
result from increased noise disturbances, human activity, dust, ground-disturbing activities (e.g., 
staging, mobilizing, excavating, and grading), and vibrations caused by heavy equipment. The 
MND/EA (Appendix E, Biological Assessment Section 5.1.2) indicates “previous survey efforts 
detected 20 high value bat roosts in underground mines within the Analysis Area.” Additionally, 
the MND/EA states “these mine features were occupied by a suite of species including California 
leaf-nosed bat (Macrotus californicus), Townsend’s big-eared bat (Corynorhinus townsendii), 
pallid bat (Antrozous pallidus) and an unknown myotis species, likely cave myotis (Myotis 
velifer).” Appendix E indicates the greater western mastiff bat (Eumops perotis californicus) and 
pocketed free- tailed bat (Nyctinomops femorosaccus) also have the potential to occur in the Project 
Area. 
 
Due to the historical occurrence of bats in the Project Area and optimal roosting habitat in mining 
features, focused surveys and pre-activity surveys for bats should be performed before the 
commencement of project activities. No compensatory mitigation is proposed in the MND/EA. 
The Project could result in loss of roosting habitat. Relocating or evicting active hibernacula or 
maternity roosts is not mitigating for loss of habitat that would occur. CDFW recommends the 
Lead Agency revise mitigation measure PDF-11 to state that Drill Area-specific field surveys be 

See Comments #21.1 through Comment #21.7 above.   
 
The PDF-11 to implement a 500-foot avoidance buffer during the bat maternity 
season (April 1 through August 31) for surface drilling around features with  
evidence of use by sensitive bat species is in compliance with Volume IV Section 
7 Biological Resources in the DRECP Final EIS (BLM 2015) for implementing 
an avoidance setback of 500 feet around known bat roosts. The EA/MND 
analyzes effects resulting from surface disturbance only. Underground 
exploration is not analyzed in the EA/MND as it is not subject to permitting under 
the 43 CFR 3809 Surface Management regulations, nor SMARA, and is therefore 
not under the decision-making realm of the BLM or County, respectively, as it 
pertains to the proposed Project.  
 
The proponent has voluntarily conducted LiDAR mapping of the historic Oro 
Cruz Mine underground workings to inform the underground exploration 
activities; however, the proponent would make their best attempt at utilizing all 
available LiDAR data to also support surface drill siting in order to avoid the 
known voids (including roosts, mine shafts, and adits that may support bat 
species) in the underground workings. Furthermore, surface drill siting has been 
preliminarily located in the Plan of Operations based on geologic mapping and 
would be further developed should the Proposed Action be approved. Surface 
drilling relies on a constant circulation of fluids to lubricate the drill rig and bring 
samples to the surface; as such, lost circulation of the fluids would result in a lost 
drill hole at the depth at which an open cavity is encountered, should the drill rig 
go through a void, such as an area with an open underground mine working. The 
Proponent would make the best effort possible so that surface drilling would not 
intersect with underground workings due to not only technical infeasibility, but 
also economic infeasibility given the potential loss of productivity of a  drill site  
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conducted to determine presence of daytime, nighttime, wintering (hibernacula), and maternity 
roost sites. Therefore, CDFW recommends adding the following mitigation measure, which 
includes both focused and pre-activity surveys: 
 
MM BIO-[D]: Bat Surveys  
 

Prior to adoption of the CEQA document, Imperial County shall retain a qualified 
biologist to conduct focused surveys to determine presence of daytime, nighttime, 
wintering (hibernacula), and maternity roost sites in the Project area. Two spring 
surveys (April through June) and two winter surveys (November through January) 
shall be performed by qualified biologists. Surveys shall be conducted during 
favorable weather conditions only. Each survey shall consist of one dusk emergence 
survey (start one hour before sunset and last for three hours), followed by one pre-
dawn re-entry survey (start one hour before sunrise and last for two hours), and one 
daytime visual inspection of all potential roosting habitat on the Project site. Surveys 
shall be conducted within one 24-hour period. Visual inspections shall focus on the 
identification of bat sign (i.e., individuals, guano, urine staining, corpses, feeding 
remains, scratch marks and bats squeaking and chattering). Bat detectors, bat call 
analysis, and visual observation shall be used during all dusk emergence and pre-
dawn re-entry surveys. 

 
If active hibernacula or maternity roosts are identified in the work area or 500 feet 
extending from the work area during preconstruction surveys, for maternity 
roosts, Project construction will only between October 1 and February 28, outside 
of the maternity roosting season when young bats are present but are not yet ready 
to fly out of the roost. Maternity roosts shall not be evicted, excluded, removed, or 
disturbed. A minimum 500-foot no-work buffer shall be provided around 
hibernacula. The buffer shall not be reduced. Project-related construction and 
activities shall not occur within 500 feet of or directly under or adjacent to 
hibernacula. Buffers shall be left in place until the end of Project construction and 
activities or until a qualified bat biologist determines that the hibernacula are no 
longer active. Project-related construction and activities shall not occur between 
30 minutes before sunset and 30 minutes after sunrise. Hibernacula roosts shall 
not be evicted, excluded, removed, or disturbed. If avoidance of a hibernacula is 
not feasible, the qualified biologist will prepare a relocation plan to remove the 
hibernacula and provide for construction of an alternative bat roost outside of the 
work area. A bat roost relocation plan shall be submitted for CDFW review prior 
to construction activities. The qualified biologist will implement the relocation plan 
and new roost sites shall be in place before the commencement of any ground-
disturbing activities that will occur within 500 feet of the hibernacula. New roost 

if it were to be sited in an area that would potentially intersect with an 
underground mine working. Per PDF-11 (described in Appendix F of the 
EA/MND) to implement a 500-foot avoidance buffer during the bat maternity 
season for surface drilling around features with evidence of use by BLM sensitive 
bat species, the proponent would utilize data provided by the BLM with locations 
of known abandoned mine sites that host populations of BLM sensitive bat 
species to implement the buffer and to inform surface drill siting. 
 
Although not included as a mitigation measure, shielded lights on drilling 
equipment is a  standard equipment feature that would be used during nighttime 
drilling to limit visual impacts from night lighting in the Project Area. Although 
some of the known bat species with potential to be present within the Project 
Area do not depend on “hawking” insects from the air and therefore would 
likely not be drawn to insect population that may be attracted to nighttime drill 
lighting, there is a  potential for some foraging bat species to be present that do 
rely on “hawking” insects rather than foraging from the ground and/or 
vegetation; therefore, the creation of a source of light that would attract insects 
and thus some species of foraging bats is was disclosed as a potential impact 
within the EA/MND. Additionally, per LUPA-BIO-14, all long-term nighttime 
lighting will be directed away from riparian and wetland vegetation, occupied 
habitat, and suitable habitat areas for Focus and BLM Special Status Species. 
Long-term nighttime lighting will be directed and shielded downward to avoid 
interference with the navigation of night-migrating birds and to minimize the 
attraction of insects as well as insectivores birds and bats to project 
infrastructure. Therefore, through the implementation of the PDFs and CMAs 
summarized above, which are similar in nature to CDFW’s suggested MM BIO-
[D], potential impacts to bat species would be properly avoided and/or 
mitigated. As such, per the PDFs, CMAs, and BLM required mitigation 
measures included in Appendix F of the EA/MND, pre-construction surveys 
would be conducted prior to surface disturbing activities in order to identify 
presence of both wildlife, including bat species, and vegetation species that may 
require additional coordinated avoidance with the BLM. 
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sites shall be in place prior to the initiation of Project-related activities to allow 
enough time for bats to relocate. Removal of roosts will be guided by accepted 
exclusion and deterrent techniques. 

 

28.0 28.13 California Department of 
Fish and Wildlife  

Colorado Desert Fringe-toed Lizard (Uma notata) 
 
Colorado Desert fringe-toed lizard is a  California Species of Special Concern (SSC). The 
MND/EA (Appendix E, Biological Assessment Section 6.2) acknowledges there are several areas 
within the Project area that include isolated sandy patches that may provide habitat for Colorado 
Desert fringe-toed lizard. These lizards burrow in sand to deposit eggs, thermoregulate, and/or to 
avoid predators at various times throughout the year. It is crucial to adequately assess whether 
these reptiles or signs of their presence are present on the Project site well in advance of 
commencing Project activities. If any special-status reptiles are found onsite, it could delay Project 
activities. 
 
CDFW is concerned that the timing and scope of the habitat assessment were not sufficient to 
assess whether Colorado Desert fringe-toed lizard are present on the Project site due to their 
burrowing capabilities, which would be difficult to detect during quick, reconnaissance surveys. 
Therefore, CDFW recommends that prior to the adoption of the CEQA document, a  focused 
survey for special-status lizards be conducted by a qualified biologist. The focused survey should 
be repeated prior to commencement of reclamation activities at each Drill Area. The focused 
surveys should be followed by pre-activity surveys. CDFW recommends the revised CEQA 
document include specific avoidance and minimization measures to ensure that impacts to the 
above-listed special-status lizards do not occur. As a result, CDFW recommends adding the 
following mitigation measure which includes both focused and pre-activity surveys: 

 
MM BIO-[E]: Colorado Desert Fringe-toed Lizard Surveys  
 

Prior to the adoption of the CEQA document and prior to Project activities at 
each Drill Area and construction site, a focused survey for Colorado Desert fringe-
toed lizards be conducted by a qualified biologist, following the Survey Protocol for 
the Blunt-nosed Leopard Lizard (2019 or most current version), during the species’ 
most active periods (February through November, however, juveniles can be 
active all year). CDFW recommends working with USFWS and CDFW 
concurrently to ensure a consistent and adequate approach to planning survey 
work and that biologists retained to complete special-status lizard protocol-level 
surveys submit their qualifications to CDFW and USFWS prior to the initiation of 
surveys. 
 

As noted previously in response to Comment #23.16, per the requirements and 
assessment for LUPA-BIO-IFS-10 related to flat-tailed horned lizards in the 
CMA table in Appendix B of the EA/MND, habitat is not included in the DRECP 
flat-tailed horned lizard species distribution model and identified occurrence of 
this species has not been documented within the Project Area. Furthermore, per 
Tables 5 and 6 of the Biological Resource Technical Report and Assessment 
(WestLand 2021), there is no potential of occurrence within the Project Area for 
flat-tailed horned lizard. Per the baseline report, some habitat does exist within 
the Project Area for Colorado fringe-toed lizard, however there is low potential 
for occurrence and no species individuals or sign was identified during the 2021 
baseline surveys. Per the analysis in Section 3.23.3 of the EA/MND, the Proposed 
Action would temporarily remove potential forage and habitat for reptile species 
that would be unavailable until successful completion of reclamation. 
Disturbance of habitat may impact individual species, but it is not anticipated to 
impact species populations; as such, potential impacts to reptiles would be minor, 
short-term, and localized, and would be sufficiently mitigated to less than 
significant levels through the implementation of applicable avoidance and 
mitigation measures. Additionally, there are no Aeolian sand transport corridors 
within or in the vicinity of the Project Area, therefore, per the assessment in the 
CMA table in Appendix B, LUPA-BIO-1 would not be required to be 
implemented under the Project. 
 
Lastly, per the PDFs, CMAs, and BLM required mitigation measures included in  
Appendix F of the EA/MND, pre-construction surveys would be conducted prior 
to surface disturbing activities, or prior to anytime construction equipment is 
moved to a new location in order to identify presence of both wildlife, including 
reptilian species such as the Colorado Desert Fringe-toed Lizard, and vegetation 
species that may require coordinated avoidance with the BLM. Through the 
implementation of these avoidance and mitigation measures, potential impacts to 
Colorado Desert Fringe-toed lizard would be less than significant. 
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No more than 30 calendar days prior to the beginning of ground disturbance and/or Project 
activities at each Drill Area and construction site, a qualified biologist shall conduct pre-
activity surveys for Colorado Desert fringe-toed lizard as described in the Survey Protocol for 
the Blunt-nosed Leopard Lizard (2019 or most current version). Pre-activity surveys should 
include 100- percent visual coverage of the Project area and cannot be combined with other 
surveys conducted for other species while using the same personnel. If the pre-activity surveys 
confirm occupied Colorado Desert fringe-toed lizard habitat, Project activities shall be 
immediately halted, and the qualified biologist shall notify CDFW and USFWS to develop 
avoidance, minimization, and mitigation measures. 

28.0 28.14 California Department of 
Fish and Wildlife  

Desert Tortoise (Gopherus agazzizii) 
 
Desert tortoise is listed as a threatened species under CESA and is a  candidate for up- listing to 
endangered under CESA. According to the MND/EA (Section 3.23.2), “evidence of tortoise use 
of the area was detected in some of the proposed Drill Areas” during the focused desert tortoise 
surveys conducted by Stantec Consulting Service Inc. on January 8 to 15, 2021. The MND/EA 
(Section 3.23.2) also acknowledges that appropriate Mojave Desert tortoise habitat is located 
within the Project area. Additionally, the Project area is closely located (about 6 miles) to the 
USFWS Critical Habitat for desert tortoise, and CNDDB/BIOS indicates that desert tortoise have 
historically occurred near the Project site. Chapter 4 of the Desert Tortoise (Mojave Population) 
Field Manual indicates that “surveys should be conducted during the desert tortoise’s most active 
periods (April through May or September through October)” (USFWS 2009, p. 4–8). CDFW is 
concerned that the timing and scope of the surveys were insufficient to determine the full extent of 
desert tortoise on the Project site. 
 
Although the MND/EA includes mitigation measures (PDF-12, PDF-13, PDF-14, and M-1) for 
desert tortoise, the timing and scope are insufficient to protect desert tortoise. CDFW recommends 
that prior to adoption of the CEQA document, an updated focused survey for desert tortoise 
following the Desert Tortoise (Mojave Population) Field Manual should be conducted by a 
qualified biologist. This focused survey should be repeated prior to commencement of Project-
related activities at each site. Pre-activity surveys should also be conducted prior to 
commencement of Project-related activities at each site. CDFW recommends the revised 
MND/EA or other CEQA document include specific avoidance and minimization measures to 
ensure that impacts to desert tortoise do not occur. 
 
In addition, research indicates a link between mineral mining and toxicant-based disease in desert 
tortoise (Chaffee and Berry 2006). Mineral mining can result in the delivery of toxicants into 
nearby soil, water resources, and habitats used by many vulnerable desert species. Soil anomalies 
in areas near mining districts often contain the elements arsenic, gold, cadmium, mercury, 
antimony, and tungsten, and plant anomalies contain the elements arsenic, antimony, and 
tungsten. High concentrations of mercury and arsenic have been found in ill desert tortoises 

See previous comment responses related to the Desert Tortoise, primarily in  
response to Letter #4 received from the Desert Tortoise Council. 
 
Per the analysis in Section 3.23.3 of the EA/MND, impacts to threatened and 
endangered species (including Mojave Desert tortoise), special status species, and 
general wildlife species are anticipated to be negligible to minor, short-term, and 
localized, and sufficiently mitigated to less than significant levels through the 
implementation of the avoidance and minimization measures summarized below. 
Several Project Design Features (PDFs) have been developed by the proponent 
for implementation during the Project to avoid or sufficiently mitigate potential 
impacts. Additional wildlife-specific mitigation measures would be required for 
implementation by the BLM, as outlined in Appendix F of the EA/MND.  
Specifically, detailed desert tortoise avoidance measures (17 total), summarized 
within the Plan of Operations (Appendix A of the EA/MND), would be 
implemented onsite.  These include but are not limited to pre-construction tortoise 
surveys, onsite monitoring during tortoise active season, and employee training. 
Additionally, as discussed in Section 3.23.3 of the EA/MND, SMP has committed 
to conducting pre-construction surveys within 48 hours of surface disturbance 
within the species-specific buffers outlined in Appendix F of the EA/MND from 
the area to be disturbed in order to avoid impacts to Mojave Desert tortoise. 
Surveys for Mojave Desert tortoise may be combined with pre-construction 
migratory bird surveys if taking place during the nesting season. 
 
In addition to the PDFs/CMAs cited by the CDFW, PDF-21 included in Table 
F-1 of Appendix F of the EA/MND would also be implemented, which notes 
that if a  tortoise is encountered during construction activities, work would be 
halted immediately per the authority of a  designated Field Contact 
Representative (who would be a BLM-approved Authorized or Qualified 
Biologist), who would be on-site year round  during all Project activities, in 
proximity to the tortoise until an on-call BLM-approved Authorized Biologist 
arrives to move the tortoise from harm’s way, or until the tortoise leaves of its 
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(Chaffee and Berry 2006). Toxic chemicals from mining have been documented to travel as far as 
22 km from the mining areas probably due to wind-borne dust, vehicles, and rainfall. CDFW 
encourages Imperial County to include in a revised CEQA document an analysis of this 
potentially significant impact on desert tortoise, as well as appropriate avoidance, minimization, 
and mitigation measures. 
 
CDFW recommends inclusion of the following mitigation measure, which includes focused and pre-
activity surveys, in the revised MND/EA or other CEQA document: 

 
MM BIO-[F]: Desert Tortoise Surveys  
 

Prior to adoption of the CEQA document and prior to commencing Project 
activities at each Drill Area and construction site, a focused survey for desert 
tortoise shall be conducted by a qualified biologist, according to protocols in 
chapter 4 of the Desert Tortoise (Mojave Population) Field Manual (USFWS 2009 
or most recent version), during the species’ most active periods (April through 
May or September through October). CDFW recommends working with USFWS 
and CDFW concurrently to ensure a consistent and adequate approach to planning 
survey work and that biologists retained to complete desert tortoise protocol-level 
surveys submit their qualifications to CDFW and USFWS prior to initiation of 
surveys. 

 
At each Drill Area and construction site, no more than 14 calendar days prior to 
start of Project activities, a qualified biologist shall conduct pre-activity surveys 
for desert tortoise as described in the USFWS Desert Tortoise (Mojave Population) 
Field Manual (USFWS 2009 or most recent version). Pre- activity surveys shall be 
completed using perpendicular survey routes within the Project area and 50-foot 
buffer zone. Pre-activity surveys cannot be combined with other surveys 
conducted for other species while using the same personnel. Project activities 
cannot start until two negative results from consecutive surveys using 
perpendicular survey routes for desert tortoise are documented. Should desert 
tortoise presence be confirmed during the survey, the qualified biologist shall 
immediately notify CDFW and USFWS to determine appropriate avoidance, 
minimization, and mitigation measures. 

 

own accord. Specifically, the following PDFs and CMAs, which are similar in 
nature to CDFW’s suggested MM BIO-[F], will be implemented to ensure 
potential impacts to desert tortoises are properly avoided and/or mitigated: 

• PDF-13: Within 24 hours of the commencement of Project activities, a  
BLM-approved Authorized or Qualified Biologist would inspect the 
area to be disturbed plus a 500-foot buffer, focusing on areas that could 
provide suitable desert tortoise burrow or cover sites, such as dry 
washes with caliche. This may be combined with the above pre-
construction migratory bird survey if taking place during the nesting 
season. Burrows would be flagged such that they would be avoided by 
Project activities. When requesting authorization of biologists to 
handle desert tortoises, the Permittee/BLM will submit credentials to 
the USFWS for review and approval at least 30 days prior to the need 
for the biologist to perform those activities in the field.  

• PDF-21: SMP would designate a field contact representative (FCR) 
who would be responsible for overseeing compliance with protective 
stipulations for the desert tortoise and for coordination on compliance 
with the BLM. The FCR must be on-site during all Project activities. 
The FCR would have the authority to halt Project activities that are in 
violation of the stipulations. The FCR would have a copy of all 
stipulations when work is being conducted on the site. The FCR may 
be a crew chief or field supervisor, a  project manager, any other 
employee of the Project Proponent, or a  BLM-approved Authorized 
Biologist. Any incident occurring during Project activities that is 
considered by the FCR to be in non-compliance with the mitigation 
plan would be documented immediately by the FCR. The FCR would 
ensure that appropriate corrective action is taken. Corrective actions 
would be documented by the FCR. The following incidents would 
require immediate cessation of the construction activities causing the 
incident, including: 

o Imminent threat of injury or death to a desert tortoise; 
o Unauthorized handling of a  desert tortoise, except on 

designated roads; 
o Conducting any construction activity without a  biological 

monitor where one is required. If a  tortoise is encountered 
during construction activities, work would be halted in 
proximity to the tortoise until an on-call BLM-approved 
Authorized Biologist can move the animal from harm’s way 
or until the desert tortoise leaves of its own accord. 

PC ORIGINAL PKG



Oro Cruz Exploration Project 
EA/MND Public Comments and Responses 

I-110 

Letter 
ID # 

Comment 
ID # Name/Entity Comment Response 

• PDF-34: Injury: Should any desert tortoise be injured or killed, all 
activities would be halted and the Authorized Biologist immediately 
contacted. The biologist would have the responsibility for determining 
whether the animal should be transported to a veterinarian for care, 
which is paid for by the Project Proponent, if involved. If the animal 
recovers, the USFWS is to be contacted to determine the final 
disposition of the animal; few injured desert tortoises are returned to 
the wild 

 
Through the required pre-construction surveys, including onsite surveys 
anytime construction equipment is moved to a new location, as well as the 
implementation of PDFs and CMAs (Appendix F) summarized above, impacts 
to desert tortoise are expected to be fully avoided, or mitigated to less than 
significant levels. 
 
Additionally, pre-construction surveys would be conducted year-round prior to 
surface disturbance occurring per the PDFs and BLM-required additional 
mitigation measures included in Appendix F of the EA/MND. 
 
Furthermore, the BLM has engaged in consultation with the USFWS pursuant to 
Section 7 of the Endangered Species Act for approval of an Activity Request 
Form under the Programmatic Biological Opinion for Mojave Desert tortoise. 
 
Lastly, the Project is an exploratory drilling project, and therefore no mining or 
significant ground disturbance will occur.  For this reason, and through ongoing 
pre-construction surveys for desert tortoise, there would be no Project impacts to 
desert tortoise related to toxicant-based disease due to mining. 
 
For these reasons, the proposed mitigation measures required by the BLM for 
implementation, in addition to the proponent-committed PDFs in Appendix F of 
the EA/MND, have been deemed sufficient to avoid or mitigate environmental 
impacts to threatened and endangered species, including desert tortoise, to less 
than significant levels under the Proposed Action. 

28.0 28.15 California Department of 
Fish and Wildlife  

Minimizing Impacts to Other Species  
 
The MND/EA (Section 3.23.5) acknowledges that proposed Project activities have the potential to 
effect natural communities and lists common species identified during the biological surveys but 
includes no avoidance and minimization measures. Because of the potential for previously 
undetected wildlife to occur on the Project site, CDFW recommends inclusion of the following 

As discussed in response to previous comments above, per the PDFs and BLM-
required additional mitigation measures included in Appendix F of the 
EA/MND required pre-construction surveys and continued monitoring would 
take place during all phases of the Proposed Action by a BLM Authorized 
Biologist. Specifically, PDF-14 requires that a  BLM-Qualified Biologist would 
be on-site during all Project activities or mobilization. Through the required pre-
construction surveys, including onsite surveys anytime construction equipment 
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mitigation measure to allow non-listed, non-special- status terrestrial wildlife to leave or be moved 
out of harm’s way: 

 
MM BIO-[G]: Minimizing Impacts to Other Species  
 

To avoid impacts to terrestrial wildlife, a qualified biologist shall be on-site prior to 
and during all ground- and habitat-disturbing activities to inspect the Project area 
prior to any Project activities. Individuals of any wildlife species found shall not be 
harassed and shall be allowed to leave the project area unharmed. If needed, a 
qualified biologist may guide, handle, or capture an individual non-listed, non-
special-status wildlife species to move it to a nearby safe location within nearby 
refugium, or it shall be allowed to leave the project site of its own volition. Capture 
methods may include hand, dip net, lizard lasso, snake tongs, and snake hook. If 
the wildlife species is discovered or is caught in any pits, ditches, or other types of 
excavations, the qualified biologist shall release it into the most suitable habitat 
nearby the site of capture. Movement of wildlife out of harm’s way should be 
limited to only those individuals that would otherwise by injured or killed, and 
individuals should be moved only as far a necessary to ensure their safety. 
Measures shall be taken to prevent wildlife from re-entering the Project site. Only 
biologists with appropriate authorization by CDFW shall move CESA-listed or 
other special-status species. 

 

is moved to a new location, as well as the implementation of PDFs and CMAs 
(Appendix F), potential impacts to wildlife species would be fully avoided or 
mitigated to less than significant levels. Additionally, the following PDFs and 
CMAs, which are similar in nature to CDFW’s suggested MM BIO-[G], will 
also be implemented: 

• PDF-10: Prior to Project activities, pre-construction migratory bird 
surveys would be conducted by a BLM-approved Qualified Biologist 
within 48 hours of proposed disturbance during the migratory bird 
breeding season (February 15 to August 31). These pre-construction 
surveys would also include vegetation surveys, including noxious and 
invasive species and special status species. Should active nests be 
identified during the pre-construction surveys, the following species-
specific avoidance buffers would be implemented: 200 feet for non-
ESA listed species; 300 feet for ESA listed species; and 500 feet for 
raptor species. No work would be conducted within the avoidance 
buffer areas until a  BLM-approved Qualified Biologist determines that 
the nest is no longer active, fledglings are independent of the nest, the 
nest has failed, or the BLM approves a buffer reduction deemed 
appropriate by the Qualified Biologist. If an avoidance buffer needs to 
be reduced, SMP would contact the U.S. Fish and Wildlife Service 
(USFWS) and BLM and provide the necessary survey information to 
support the buffer reduction. 

• PDF-16: All workers, including all construction and drilling contractor 
personnel, and others who implement Project activities would be given 
special instruction, which would include training on desert tortoise 
distribution, general behavior and ecology, protection afforded by state 
and federal endangered species acts (including prohibitions and 
penalties), procedures for reporting encounters, and the importance of 
following the protection measures. The education program may consist 
of a  class or video presented by a BLM-approved Qualified Biologist. 
The presentation to be used would be reviewed and approved by a 
BLM biologist. 

• PDF-18: Personnel would be notified that desert tortoises are not to be 
handled, fed, or harassed in any way. If encountered, tortoises would 
be allowed space and time to move from the area on their own volition. 

• PDF-27: All trash and food items generated by construction and 
maintenance activities would be promptly contained and regularly 
removed from the Project site to reduce the attractiveness of the area to 
common ravens and other desert predators. Portable toilets would be 
provided on-site if appropriate. 
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• LUPA-BIO-IFS-14: Activity-specific active translocation of burrowing 
owls may be considered, in coordination with CDFW. 

• LUPA-BIO-IFS-24: Provide protection from loss and harassment of 
active golden eagle nests through the following actions:  

o Activities that may impact nesting golden eagles, will not be 
sited or constructed within 1-mile of any active or alternative 
golden eagle nest within an active golden eagle territory, as 
determined by BLM in coordination with USFWS as 
appropriate. 

 
Appropriate biological monitoring and avoidance measures would be 
coordinated with the BLM should wildlife and vegetation species be identified 
during Project implementation. 

28.0 28.16 California Department of 
Fish and Wildlife 

Revegetation Plan  
 
Imperial County outlines their revegetation plan in the MND/EA Appendix A, Section 6.4 and in 
the MND/EA Reclamation Plan Application Attachment D. However, CDFW is concerned that 
the revegetation plan does not identify specific precautions that should be taken to reduce impacts 
to a level that is less than significant. Therefore, specific areas of focus are outlined below 
followed by the addition of an avoidance, minimization, and mitigation measure. 
 
The MND/EA (Reclamation Plan Application Attachment D, Section 2) acknowledges that 
vegetation in the Project area consists of low desert shrub dominated by creosote and brittlebush, 
in addition to disturbed habitats. However, CDFW is concerned that the habitat assessment 
conducted in March 2021 does not adequately specify or quantify the relative cover of each 
species in each of the seven Drill Areas. Specifically, before reclamation activities commence, 
CDFW encourages Imperial County to identify the alliances in the plan and list the species with 
corresponding relative cover that are found in each alliance in each Drill Area independently. In 
this way, Imperial County can use the species cover information as a success criterion to identify 
in detail which components of the communities they are trying to restore. Creosote bush 
shrubland alliance membership rules per the California Native Plant Society have been developed 
by local and regional vegetation studies and could offer localized understanding to provide better 
revegetation success. 
 
The MND/EA (Reclamation Plan Application Attachment D, Section 6) states seeds will be 
purchased from a commercial vendor. CDFW strongly encourages the seeds that are used be from 
local populations because using non-local seeds introduces plants that are not locally adapted to the 
area. Restoration projects that use species that are non-local often do not restore natural communities 
as intended but bring in non-local materials (i.e., genes, pathogens, outbreeding depression, etc.) 
(Mijnsbrugge et al. 2010) and distribute plants in unnatural groupings. 

Revegetation of the disturbed areas would be completed in accordance with 
applicable BLM standards, as well as Section 3705 (Performance Standards for 
Revegetation) of the Surface Mining and Reclamation Act (SMARA).  The goal 
of the revegetation efforts will be to ensure the reclaimed lands have a “vegetative 
cover or density, and species-richness…sufficient to stabilize the surface against 
effects of long-term erosion and…be similar to naturally occurring habitats in the 
surrounding area”.   
 
WestLand found that vegetation within the Project site is sparse in both the upland 
and xeroriparian habitats, and generally consist of a  very low-density shrub 
community dominated by creosote (Larrea tridentata) and brittlebush (Encelia 
farinose). As such, the goal of revegetation will be to establish a similar plant 
community that is self-sustaining. Additionally, success criteria  is identified 
within Section 2.6.5 of the Reclamation Plan, noting that site revegetation will be 
deemed successful upon achieving 25 percent of the vegetative cover of adjacent 
similar vegetation per 20-meter by 1-meter transects. Additionally, success for 
vegetation density shall be achieved by the establishment of 25 percent total plant 
cover per 20-meter by 1-meter transect.  Similarly, species richness shall be 
achieved through the establishment of 4 native plant species per 20-meter by 1-
meter transect.  These species cover and richness success criteria metrics have 
been approved by both the BLM and County. 
 
The proposed revegetation seed mix is a  native seed mixture that would be 
approved by the BLM prior to seeding activities.  Seeds will be selected from a 
local vendor, if available, or from other sources as recommended by the qualified 
biologist/revegetation specialist.  Just prior to seeding, the qualified 
biologist/revegetation specialist will determine the final species type and 
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The MND/EA (Section 2.1.2) mentions salvaged topsoil and subsoil will be used as a growth 
medium for revegetation. Salvaged topsoil and subsoil during mining activities is linked to two 
primary concerns: toxicants and soil age. Mineral mining often results in the delivery of heavy 
metal toxicants into nearby soil, water resources, and habitats, which is associated with illness in 
desert tortoise (Chaffee and Berry 2006). Additionally, soil age is an important factor to consider 
during vegetation restoration. Studies have found that microbial communities in soil stockpiles 
degreed drastically when stored up to 10-years and reduce plant performance (Gorzelak et al. 
2020). Soil microbial communities plan important role in ecosystem functioning and are essential 
for plant nutrition and health. CDFW is concerned that high levels of metals in soils near the 
mining areas would ultimately lead to negative biological impacts during revegetation. CDFW is 
also concerned about the length of time that topsoil will be stored in stockpiles unused as the 
microbial community within them will degrade and prevent successful revegetation. As a result, 
CDFW encourages Imperial County to test for heavy metals in their soil stockpiles prior to being 
used for revegetation and use the soil in a timely manner, preferable less than 10 years of being 
stored, to prevent the degradation of microbiota necessary for plant health. 
 
Activities related to revegetation could lead to negative impacts that cannot be reduced to a level 
less than significant if Imperial County does not account for species relative cover in their seed 
mix, sources non-local seeds, and/or disregards possible soil stockpile toxicants or age. As a 
result, CDFW recommends the following mitigation measure be included in a revised MND/EA 
or other CEQA document: 

 
MM BIO-[H]: Revegetation Plan  
 

Within 12 months prior to the initiation of Project activities, and during the 
appropriate periods (e.g., seasons, weather conditions, times of day) to identify 
species potentially occurring onsite, the Project proponent shall conduct general 
and, if necessary, focused biological surveys to identify alliances that occur on the 
Project site. The Project proponent shall list the species with corresponding 
relative cover that are found in each alliance in the surrounding area to provide a 
baseline for vegetation selection. Once the appropriate species are identified that 
are deemed appropriate to use in the vegetation restoration, the project proponent 
shall also identify the correct variety or subspecies appropriate for the borrow site 
locations. If the Project proponent intends to use a commercial vendor to obtain 
seed mixes, they should ensure that the vendor is using local seeds in their mix 
with the appropriate variety and subspecies. The Project proponent shall ensure 
topsoil stockpiles do not contain potentially harmful toxicants and are not stored 
for over a period of 10-years before being utilized during the vegetation 
restoration. 

application rates based on the amount and quality of the seeds that are sourced 
for the Project.  The qualified biologist/revegetation specialist will ensure that the 
selected seed mix, which will also be approved by the BLM, is from local 
populations.  Detailed information of the type and amount of seed planted will be 
recorded. 
 
State law (i.e., SMARA Section 3711) requires that topsoil/subsoil be salvaged 
and maintained onsite for use as a growth medium for revegetation.  Any 
topsoil/subsoil stored in separate stockpiles and/or berms will be maintained and 
BMPs implemented to minimize soil erosion.  These measures will ensure the 
topsoil/subsoil would not be impacted by Project exploration activities, and 
would remain a healthy growth medium for use in site reclamation/revegetation, 
Furthermore, the following PDFs and CMAs, which are similar in nature to 
CDFW’s suggested MM BIO-[H], will be implemented to ensure reclamation 
efforts comply with applicable CDFW requirements: 

• PDF-31: All seed mixes and natural erosion products used for 
reclamation would be certified weed-free.  

• PDF-33: All revegetation efforts in the Project Area will be done with 
a BLM-approved native seed mix that closely matches the surrounding 
vegetation type.  

• LUPA-BIO-13: Implement the following CMA for project siting and 
Design: 

o Use nontoxic road sealants and soil stabilizing agents. 
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28.0 28.17 California Department of 
Fish and Wildlife  

Noise 
 
Project exploration activities may result in substantial noise through access road use, equipment, 
and other Project-related activities. This may adversely affect wildlife species in several ways as 
wildlife responses to noise can occur at exposure levels of only 55 to 60 dB (Barber et al. 2009). 
Anthropogenic noise can disrupt the communication of many wildlife species including frogs, 
birds, and bats (Sun and Narins 2005, Patricelli and Blickley 2006, Gillam and McCracken 2007, 
Slabbekoorn and Ripmeester 2008). Noise can also affect predator-prey relationships as many 
nocturnal animals such as bats and owls primarily use auditory cures (i.e., hearing) to hunt. 
Additionally, many prey species increase their vigilance behavior when exposed to noise because 
they need to rely more on visual detection of predators when auditory cues may be masked by 
noise (Rabin et al. 2006, Quinn et al. 2017). Noise has also been shown to reduce the density of 
nesting birds(Francis et al. 2009) and cause increased stress that results in decreased immune 
responses (Kight and Swaddle 2011). The MND/EA (Section 3.15.5) acknowledges that sources of 
construction noise from the Project will be generated using a combination of heavy equipment, 
including loaders and dozers with the potential to generate ground-borne vibration. Results from 
three noise scenarios calculated for the various potential equipment to be used in conjunction 
documented in Appendix E in Figures 1A-1C, Figures 2A-2C, Figures 3A-3C, and Figures 4A-4C, 
all show that noise levels are likely to exceed 55 dBA in the immediate project vicinity. However, 
the MND/EA includes no analysis of the impacts of Project-related noise to biological resources. 
Although the MND/EA includes mitigation measure LUPA-BIO-12 for noise, the timing and 
scope are insufficient to protect biological resources. Because of the potential for Project-related 
noise to negatively impact wildlife, CDFW recommends including the following mitigation 
measure: 
 
MM BIO-[I]: Noise  
 

Restrict use of equipment to hours least likely to disrupt wildlife (e.g., not at night 
or in early morning). Do not use generators except for temporary use in 
emergencies. Power to sites can be provided by solar PV (photovoltaic) systems, 
cogeneration systems (natural gas generator), small micro- hydroelectric systems, 
or small wind turbine systems. Consider use of noise suppression devices such as 
mufflers or enclosure for generators. Sounds generated from any means must be 
below the 55-60 dB range within 50-feet from the source. 

 

As discussed in response to Comment #22.3 above, no sensitive wildlife noise 
receptors were identified during baseline data collection or analysis of the Project. 
Overall, noise impacts under the Project would be negligible and short-term given 
that noise impacts from both exploratory drilling and helicopter use would not be 
stationary and would be temporary in nature. Per the PDFs, CMAs, and BLM 
required mitigation measures outlined in Appendix F of the EA/MND, pre-
construction surveys would be conducted prior to any surface disturbance 
commencing to identify presence of wildlife species, in accordance with the 
measures required under the DRECP for impacts to biological resources (BLM 
2015). Should the presence of wildlife species be identified, any additional 
avoidance or impact minimization measures, including those related to noise, 
would be coordinated with the BLM for implementation.  Additionally, per 
Section 3.23.3 of the EA/MND, drills would be shielded per the standard 
equipment specifications during nighttime drilling.   
 
Furthermore, as discussed in response to Comment #24.2 above, PDF-11 states 
the Project would implement an avoidance setback of 500 feet around known bat 
roosts. Additionally, pre-construction desert tortoise surveys would be conducted 
by a BLM Authorized or Qualified Biologist within the area to be disturbed, plus 
a 500-foot buffer, and the BLM Authorized or Qualified Biologist would be 
onsite during initial Project activities or mobilization.  
 
Acoustic modeling was conducted to determine the furthest distance that noise 
generated by the Project would travel, attenuating at 25 dBA, a nearly 
imperceptible level of noise to the human ear (Saxelby 2022). The BLM did not 
identify wildlife sensitive receptors during baseline data collection for noise 
and/or vibrational impacts as a result of drilling activities. The Project would be 
temporary and not stationary to one location as Project activities would move 
between each Drill Area. CMA LUPA-BIO-12 would also be implemented to 
minimize noise impacts to BLM special status and sensitive wildlife species 
(including threatened and endangered species), as described in Appendix F of the 
EA/MND. Impacts to Mojave Desert tortoise under the Project are anticipated to 
be minor, short-term, and localized. Furthermore, the BLM has engaged in  
consultation with the USFWS pursuant to Section 7 of the Endangered Species 
Act for approval of an Activity Request Form under the Programmatic Biological 
Opinion for Mojave Desert tortoise. 
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Additionally, the following PDFs and CMAs, which are similar in nature to 
CDFW’s suggested MM BIO-[I], will be implemented to ensure potential 
impacts related to noise are properly avoided and/or mitigated: 

• LUPA-BIO-12: For activities that may impact Focus or BLM Special 
Status Species, implement the following LUPA CMA for noise: 

o To the extent feasible, and determined necessary by BLM to 
protect Focus and BLM sensitive wildlife species, locate 
stationary noise sources that exceed background ambient 
noise levels away from known or likely locations of BLM 
sensitive wildlife species and their suitable habitat. 

o Implement engineering controls on stationary equipment, 
buildings, and work areas including sound-insulation and 
noise enclosures to reduce the average noise level, if the 
activity will contribute to noise levels above existing 
background ambient levels. 

o Use noise controls on standard construction equipment 
including mufflers to reduce noise. 

 
Based upon the results of the EA/MND analysis, and through the continued 
implementation of the PDFs and CMAs (Appendix F) summarized above, 
potential noise impacts would be less than significant, with no additional 
mitigation required. 

28.0 28.18 California Department of 
Fish and Wildlife 

Artificial Light 
 
Artificial nighttime lighting often results in light pollution, which has the potential to significantly 
and adversely affect fish and wildlife. Artificial lighting alters ecological processes including, but 
not limited to, the temporal niches of species; the repair and recovery of physiological function; 
the measurement of time through interference with the detection of circadian and lunar and 
seasonal cycles; and the detection of resources and natural enemies and navigation (Gatson et al. 
2013). Many species use photoperiod cues for communication (e.g., bird song; Miller 2006), 
determining when to begin foraging (Stone et al. 2009), behavior thermoregulation (Beiswenger 
1977), and migration (Longcore and Rich 2004). Phototaxis, a  phenomenon which results in 
attraction and movement towards light, can disorient, entrap, and temporarily blind wildlife 
species that experience it (Longcore and Rich 2004). 

 
The MND/EA (Section 3.21.5) indicates nighttime operations would require the use of artificial 
light; however, impacts to biological resources are not analyzed. Although the MND/EA includes 
mitigation LUPA-BIO-13 for light, the timing and scope are insufficient to protect biological 
resources. The direct and indirect impacts of artificial nighttime lighting on biological resources 

As discussed in response to Comment #21.3 above, shielded lights on drilling 
equipment is a  standard equipment feature that would be used during nighttime 
drilling to limit visual impacts from night lighting in the Project Area and is not 
included as a mitigation measure. Although some of the known bat species with  
potential to be present within the Project Area do not depend on “hawking” 
insects from the air and therefore would likely not be drawn to insect population 
that may be attracted to nighttime drill lighting, there is a  potential for some 
foraging bat species to be present that do rely on “hawking” insects rather than 
foraging from the ground and/or vegetation. 
 
Additionally, although not prescribed as a mitigation measure, Section 3.21.5 of 
the EA/MND notes that operations during the time of year when daylight hours 
are shorter, or for any required outdoor nighttime operations, only minimal 
nighttime lighting would be employed to provide a safe working environment. If 
nighttime lighting is required, high-pressure sodium and/or cut-off fixtures (or 
equivalent International Dark-Sky Association-approved fixtures) would be used 
instead of mercury-vapor fixtures for any required nighttime lighting. 
Additionally, the lighting fixtures would be used in manner intended to illuminate 
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including migratory birds that fly at night, bats, and other nocturnal and crepuscular wildlife 
should be analyzed, and appropriate avoidance and minimization measures should be included in 
a revised MND/EA or other CEQA document. Because of the potential for artificial nighttime 
lighting used during construction to impact biological resources, CDFW recommends that the 
revised MND/EA or other CEQA document include the following mitigation measure: 
 
MM BIO-[J]: Artificial Light  
 

During Project construction and operation, Imperial County shall eliminate all 
nonessential lighting throughout the Project area and avoid or limit the use of 
artificial light during the hours of dawn and dusk when many wildlife species are 
most active. The County shall ensure that lighting for Project activities is shielded, 
cast downward, and does not spill over onto other properties or upward into the 
night sky (see the International Dark-Sky Association standards at 
http://darksky.org/). Use LED lighting with a correlated color temperature of 3,000 
Kelvins or less, properly dispose of hazardous waste, and recycle lighting that 
contains toxic compounds with a qualified recycler. 

 

work areas within the Project site, and/or to areas that do not include light -
sensitive uses. 
 
Additionally, per the PDFs, CMAs, and BLM required mitigation measures 
included in Appendix F of the EA/MND, pre-construction surveys would be 
constructed prior to surface disturbing activities in order to identify presence of 
both wildlife and vegetation species that may require coordinated avoidance, 
including measures related to artificial light, with the BLM. 
 
Additionally, the following PDFs and CMAs, which are similar in nature to 
CDFW’s suggested MM BIO-[J], will be implemented to ensure potential 
impacts related to artificial light are properly avoided and/or mitigated: 

• PDF-11: During the bat maternity season (April 1 to August 31), SMP 
would implement a 500-foot avoidance buffer for drilling activities 
around features with evidence of use by BLM sensitive bat species. No 
prolonged drilling activity (i.e., drill site operations) would occur 
within this buffer; however, overland travel via access routes through 
the buffer would be permitted. SMP would utilize shielded lights that 
would limit nighttime drilling lighting within the avoidance buffers. 

• LUPA-BIO-13:  
o Long-term nighttime lighting on project features will be 

limited to the minimum necessary for project security, safety, 
and compliance with Federal Aviation Administration 
requirements and will avoid the use of constant-burn lighting. 

o All long-term nighttime lighting will be directed away from 
riparian and wetland vegetation, occupied habitat, and suitable 
habitat areas for Focus and BLM Special Status Species. Long 
term nighttime lighting will be directed and shielded 
downward to avoid interference with the navigation of night-
migrating birds and to minimize the attraction of insects as 
well as insectivorous birds and bats to project infrastructure. 

 
Based upon the results of the EA/MND analysis, and through the continued 
implementation of the PDFs and CMAs (Appendix F) summarized above, 
potential lighting impacts would be less than significant, with no additional 
mitigation required.For these reasons, the minimal use of nighttime lighting 
would not create undue light pollution, nor result in a significant impact to 
nocturnal wildlife species. 

28.0 28.19 California Department of 
Fish and Wildlife 

CDFW’s Lake and Streambed Alteration Program  
 

As discussed under Comment #26.4, the Tumco Wash, depicted on Figure 2-1 of 
the EA/MND is an ephemeral washand conveys water only during storm events, 
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Fish and Game Code section 1602 requires an entity to notify CDFW prior to commencing any 
activity that may do one or more of the following: substantially divert or obstruct the natural flow 
of any river, stream, or lake; substantially change or use any material from the bed, channel or 
bank of any river, stream, or lake; or deposit debris, waste or other materials that could pass into 
any river, stream or lake. Note that "any river, stream or lake" includes those that are episodic (i.e., 
those that are dry for periods of time) as well as those that are perennial (i.e., those that flow year-
round). This includes ephemeral streams, desert washes, and watercourses with a subsurface flow. 
It may also apply to work undertaken within the flood plain of a  body of water. Upon receipt of a  
complete notification, CDFW determines if the proposed Project activities may substantially 
adversely affect existing fish and wildlife resources and whether a Lake and Streambed Alteration 
(LSA) Agreement is required. An LSA Agreement includes measures necessary to protect existing 
fish and wildlife resources. CDFW may suggest ways to modify the Project that would eliminate 
or reduce harmful impacts to fish and wildlife resources. 
 
CDFW’s issuance of an LSA Agreement is a  “project” subject to CEQA (see Pub. Resources Code 
§ 21065). To facilitate issuance of an LSA Agreement, if necessary, the MND/EA should fully 
identify the potential impacts to the lake, stream, or riparian resources, and provide adequate 
avoidance, mitigation, and monitoring and reporting commitments. Early consultation with CDFW 
is recommended since modification of the proposed Project may be required to avoid or reduce 
impacts to fish and wildlife resources. To submit a  Lake or Streambed Alteration notification, visit: 
https://wildlife.ca.gov/Conservation/Environmental-Review/LSA. 
 
The MND/EA (Section 3.22.2) indicates that “a total of 432 aquatic resource features (i.e., 
drainages, tributaries, stream channels), including one pond, have been mapped within and in the 
vicinity of the Project Area.” CDFW recommends the following mitigation measure be added to a 
revised MND/EA or other CEQA document: 
 
MM BIO-[K]: Lake and Streambed Alteration (LSA) Program  
 

Prior to Project-activities and issuance of any grading permit, the Project Sponsor 
shall obtain written correspondence from the California Department of Fish and 
Wildlife (CDFW) stating that notification under section 1602 of the Fish and Game 
Code is not required for the Project, or the Project Sponsor shall obtain a CDFW-
executed Lake and Streambed Alteration Agreement, authorizing impacts to Fish 
and Game Code section 1602 resources associated with the Project. 

 

as stated in Section 3.22.3 of the EA/MND. The Project would require a 
Construction Stormwater General Permit (CGP) pursuant to the Regional Water 
Resources Control Board National Pollutant Discharge Elimination System 
requirements, and a BLM approved SWPPP would be developed and 
implemented to control sedimentation from disturbance associated with Project 
activities. The Project would also require a Lake and Streambed Alteration (LSA) 
Agreement with the California Department of Fish and Wildlife (CDFW) 
pursuant to California Fish and Game Code Section 1602. Potential impacts to 
surface water quality would be minimized by the implementation of the PDFs 
outlined in Appendix F, as well as incremental reclamation. Additional CMAs 
would also be implemented to minimize resource conflicts and water quality 
impacts, described in Appendix F. For these reasons, the Project would have a 
negligible, short-term, and localized potential impacts on surface water resources, 
and potential impacts would be avoided or mitigated to less than significant levels 
through the implementation of the BLM-approved SWPPP. All Project access 
roads would be used strictly for Project support vehicles to access the exploration 
Drill Areas, and they would be signed as having limited access to prevent public 
use. Please note that the text of the EA/MND has been clarified to state the 
proposed new access road leading to Drill Area 1 would not be permanent – it 
would remain as a post-exploration feature for reclamation, monitoring, and 
underground exploration activities until complete, anticipated within five years. 
Additionally, pre-construction surveys would be conducted prior to any surface 
disturbance activity. Any results from the pre-construction surveys that may 
require additional impact minimization or avoidance measures, including those 
related to surface waters, would be coordinated with the BLM. 
 
As discussed under Comment #23.5, potential impacts to surface and 
groundwater under the Proposed Action, including water quality, would be 
negligible, short-term, and localized per the analysis provided in Section 3.22.3, 
and were found to be less than significant through implementation of 
appropriate avoidance and mitigation measures. Additionally, the Project would 
acquire the necessary waters of the state permitting, including the Lake and 
Streambed Alteration (LSA) Agreement with the CDFW, and a Construction 
Stormwater General Permit with the Regional Water Quality Board pursuant to 
California State Water Resources Control Board requirements. As such, neither 
undue impairment nor pollution of streams and waters within the CDCA would 
occur under the Project. An LSA application was submitted to the CDFW for 
the Project, and either final approval or concurrence that no Waters of the State 
(WOTS) will be impacted by the Project will be obtained from the CDFW prior 
to any ground-disturbing activities.  Similarly, a  draft SWPPP has been 
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prepared for the Project site.  The SWPPP, which has been reviewed and 
approved by the BLM, will be submitted to and approved by the Water Board 
prior to any ground-disturbing activities.  Note that through obtaining the 
necessary approvals from both the CDFW and the Water Board, the Project 
would address CDFW’s recommended measures under MM BIO-[K], and 
impacts would be less than significant. 
 

28.0 28.20 California Department of 
Fish and Wildlife 

Employee Awareness of Wildlife Resources  
 
CDFW is concerned that because the Project area is surrounded by open desert, reclamation 
activities will bring biological hazards common to urban areas to the rural landscape. Waste 
management must be a priority as accessible waste can encourage opportunistic species such as 
rats, ravens, and coyotes to become more prevalent, posing a substantial predation hazard to 
wildlife. Predators like ravens and coyotes are both known to prey on desert tortoise and other 
sensitive species. Waste management plans should include waste receptacles with closing, 
lockable lids and a waste removal schedule that does not allow for excess waste to accrue. 
Increased traffic may also pose a hazard to species in the form of vehicle-animal collisions, which 
often lead to the death of the animal. For slow-moving species like desert tortoise, busy access 
roads in their territory can have a significant impact on populations. Project activities, including all 
phases of the mining plan for the life of the Project, will affect local wildlife. Part of the Project 
Proponent’s responsibility is to educate individuals that will be on-site, whether they are 
employees or contractors, on the wildlife species that may be present and how to limit impacts to 
wildlife species in the area. CDFW recommends that the following mitigation measure be added to 
the revised MND/EA or other CEQA document: 
 
MM BIO-[L]: Employee Awareness of Wildlife Resources  
 

A qualified biologist shall conduct an education program for all persons employed 
or otherwise working on the Project site prior to performing any work on-site. The 
program shall consist of a presentation that includes a discussion of the biology of 
the habitats and species that may be present at the site. The qualified biologist shall 
also include as part of the education program information about the distribution 
and habitat needs of any special status species that may be present, legal 
protections for those species, penalties for violations, and mitigation measures. The 
Employee Education Program should include, but not be limited to: (1) best 
practices for managing waste and reducing activities that can lead to increased 
occurrences of opportunistic species and the impacts these species can have on 
wildlife in the area; (2) protected species that have the potential to occur on the 
Project site including, but not limited to, rare and sensitive plants, burrowing owl, 
desert tortoise, Colorado Desert Fringe-toed Lizard, bats, and nesting birds; (3) 

As discussed throughout the EA/MND, as well as within the Plan of Operations 
(SMP 2021) and the Reclamation Plan (Sespe 2022), all onsite workers, including 
all construction and drilling contractor personnel, and others who implement 
Project activities would be given special instruction, which would include 
training on distribution, general behavior and ecology, protection afforded by 
State and Federal endangered species acts (including prohibitions and penalties), 
and procedures for reporting encounters, and the importance of following the 
protection measures.  See the 17 avoidance and minimization measures outlined 
in the Plan of Operations (Appendix A of the EA/MND) which provide additional 
detail related to worker training and wildlife education programs, maintenance of 
onsite roads and speed limit requirements, food and trash management, etc. 
 
Minimal quantities of any non-hazardous trash generated by the contractors and 
onsite employees would be collected in appropriate containers and removed as 
required in accordance with applicable laws and regulations. No refuse would be 
disposed of onsite. 
 
Additionally, the following PDFs and CMAs, which are similar in nature to 
CDFW’s suggested MM BIO-[L], will be implemented to ensure onsite 
employees are properly trained  to avoid and/or mitigate potential effects to 
wildlife and biology: 

• PDF-16: All workers, including all construction and drilling contractor 
personnel, and others who implement Project activities would be given 
special instruction, which would include training on desert tortoise 
distribution, general behavior and ecology, protection afforded by state 
and federal endangered species acts (including prohibitions and 
penalties), procedures for reporting encounters, and the importance of 
following the protection measures. The education program may consist 
of a  class or video presented by a BLM-approved Authorized or 
Qualified Biologist. The presentation to be used would be reviewed 
and approved by the BLM Wildlife biologist or another BLM 
biologist. 
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the location of conservation areas, as well as the importance of ensuring that no 
refuse or pollution enters the streams or conservation areas and that encroachment 
into the streams and conservation areas is not permitted during construction or 
other Project activities. Interpretation shall be provided for any non-English-
speaking workers, and the same instruction shall be provided for any new workers 
prior to their performing any work on- site. 

 

• PDF-28: Feeding of wildlife and/or leaving of food or trash as an 
attractive nuisance to wildlife is prohibited. Particular attention would 
be paid to “micro-trash” (including such small items as screws, nuts, 
washers, nails, coins, rags, small electrical components, small pieces of 
plastic, glass or wire, and any debris or trash that is colorful or shiny). 
All trash and food items would be promptly contained within closed, 
wildlife-proof containers. These would be regularly removed from the 
Project site to reduce the attractiveness of the area to ravens and other 
predators. 

 
Based upon the results of the EA/MND analysis, and through the continued 
implementation of the PDFs and CMAs (Appendix F) summarized above, onsite 
employees will be sufficiently trained to ensure impacts to biological resources 
are avoided, with no additional mitigation required. 

28.0 28.21 California Department of 
Fish and Wildlife 

ENVIRONMENTAL DATA  
 
CEQA requires that information developed in environmental impact reports and negative 
declarations be incorporated into a database which may be used to make subsequent or supplemental 
environmental determinations. (Pub. Resources Code, § 21003, subd. (e).) Accordingly, please 
report any special-status species and natural communities detected during Project surveys to the 
California Natural Diversity Database (CNDDB). The CNNDB field survey form can be filled out 
and submitted online at the following link: https://wildlife.ca.gov/Data/CNDDB/Submitting-Data. 
The types of information reported to CNDDB can be found at the following link: 
https://www.wildlife.ca.gov/Data/CNDDB/Plants- and-Animals. 

As needed, special-status species and natural communities detected during 
Project surveys, both those already prepared for the EA/MND as well as future 
site surveys required during the life of the Project, will be reported to the 
California Natural Diversity Database (CNDDB).  Any relevant special-status 
species or natural communities observed during the ongoing pre-construction 
surveys will be appropriately reported to the CNDDB. 

28.0 28.22 California Department of 
Fish and Wildlife 

ENVIRONMENTAL DOCUMENT FILING FEES  
 
The Project, as proposed, would have an impact on fish and/or wildlife, and assessment of 
environmental document filing fees is necessary. Fees are payable upon filing of the Notice of 
Determination by the Lead Agency and serve to help defray the cost of environmental review by 
CDFW. Payment of the environmental document filing fee is required in order for the underlying 
project approval to be operative, vested, and final. (Cal. Code Regs, tit. 14, § 753.5; Fish & G. Code, 
§ 711.4; Pub. Resources Code, § 21089.) 

The County will ensure that the proper CDFW filing fees have been paid in  
accordance with applicable State law. 

28.0 28.23 California Department of 
Fish and Wildlife 

CONCLUSION  
 
CDFW appreciates the opportunity to comment on the MND/EA to assist Imperial County in 
identifying and mitigating Project impacts on biological resources. CDFW concludes that the 
MND/EA does not adequately identify or mitigate for the Project’s significant, or potentially 
significant, impacts on biological resources. CDFW is concerned that the proposed Project may 
result in significant impacts to the environment and that the MND/EA may not be appropriate for 
the Project because of the difficulty of determining impacts and whether those impacts have been 

Thank you for your comments.  As discussed under Comment #28.3 regarding 
CDFW’s comment on whether the EA/MND is the appropriate level of 
environmental documentation for the Project, consistent with the CEQA statutes, 
if a  project is found to have no adverse effects, or if the potential effect can be 
reduced to a level that is less than significant through project 
revisions/mitigations, a  Negative Declaration or MND can be adopted (§21080). 
Specifically, the statute provides that MNDs may be used, “when the initial study 
has identified potentially significant effects on the environment, but (1) revisions 
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mitigated to a level that is less than significant. If the revised MND/EA cannot demonstrate that 
impacts to biological resources are mitigated to a level that is less than significant, CDFW 
recommends that an Environmental Impact Report be prepared by Imperial County for the 
Project. 
 
CDFW personnel are available for consultation regarding biological resources and strategies to 
minimize impacts. Questions regarding this letter or further coordination should be directed to 
Alyssa Hockaday, Senior Environmental Scientist (Specialist), at (760) 920-8252 or 
Alyssa.Hockaday@wildlife.ca.gov. 
 

in the project plans or proposals made by, or agreed to by, the applicant before 
the proposed negative declaration and initial study are released for public review 
would avoid the effects or mitigate the effects to a point where clearly no 
significant effect on the environment would occur, and (2) there is no substantial 
evidence in light of the whole record before the public agency that the project, as 
revised, may have a significant effect on the environment” (§21064.5).  In 
summary, if all potential significant impacts can be eliminated or reduced to less 
than significant, a  MND can be prepared in lieu of an EIR. Through preparation 
of a  detailed initial study, as well as a  detailed suite of technical studies, Imperial 
County determined that an MND was the appropriate project document under 
CEQA. The County also held an Environmental Evaluation Committee (EEC) 
meeting on November 17th, 2022, where a draft version of the initial study/MND 
was presented to the public, and to a seven-member panel representing various 
County agencies/organizations. Through this public process, the EEC determined 
that the mitigation measures as proposed would reduce the significant effects to 
a less than significant level, or project design features as included would avoid 
them all together. For these reasons, the County found that an MND was the 
appropriate CEQA level of review/documentation for the project. 
 
Furthermore, as discussed in response to Comment #23.25 above, the BLM is the 
sole owner of the land where the Project is proposed, and therefore Imperial 
County only has discretionary authority over the Reclamation Plan and 
reclamation activities described therein pursuant to SMARA. As such, the 
“project” evaluated under CEQA would be those activities specific to site 
reclamation. Nonetheless, Imperial County and the BLM opted to prepare a joint 
EA/MND document to ensure that the potential environmental effects of both 
mining/exploration activities as well as reclamation activities were fully 
evaluated under CEQA and NEPA. 

29.0 29.1 Center for Biological 
Diversity  

Dear Mr. Abraham: 

These comments are submitted on the IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan 
#21-0001 Mineral Exploration Project (SCH No. 2022120331) (“Project”) from Center for 
Biological Diversity, Western Watersheds Project, Earthworks, the Sierra Club California/Nevada 
Desert Committee, Conservation Lands Foundation, Greenaction for Health and Environmental 
Justice, Mojave Desert Land Trust, California Native Plant Society, and the Ahmut Pipa Foundation 
(collectively “Conservation Organizations”). These comments supplement and incorporate by 
reference our previous comments (dated December 16, 2022) on BLM’s Environmental Assessment 
(EA) and Draft Finding of No Significant Impact (FONSI) and proposal to approve the Plan of 
Operations for the SMP Gold Corp. These comments were sent to the County and are also attached 
as Exhibit 1. The Conservation Organizations have reviewed the Environmental Assessment and 

Thank you for your comments.  Note that both comment letters received from the 
Conservation Organizations have been incorporated by reference pursuant to 
NEPA and CEQA. 
 
As discussed in response to Comment #23.1 above, the BLM held a public 
comment period from November 16 – December 16, 2022 in accordance with the 
NEPA process for the EA portions of the joint document. Although a joint 
document was prepared by the BLM and Imperial County in accordance with 
NEPA and CEQA, the two analyses are considered separate for the two separate 
review processes under NEPA and CEQA by the lead agencies. Although the two 
agencies have coordinated, the review and decision-making processes are 
considered separate under the two regulations. The public review periods for the 
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Mitigated Negative Declaration (“EA/MND”) and associated environmental review documents 
closely and are concerned that Imperial County (“County”) has failed to adequately disclose, 
analyze, and mitigate the Project’s significant environmental impacts as required under the 
California Environmental Quality Act, Public Resources Code section 21000 et seq. (“CEQA”) and 
14 California Code of Regulations section 15000 et seq. (“CEQA Guidelines”). The Conservation 
Organizations urge the County to prepare and circulate an Environmental Impact Report (“EIR”) for 
the Project prior to taking any further action on the Project application. 

EA/MND for comments related to the NEPA and CEQA analyses were attempted 
to be as aligned as possible.  
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action per the analysis in the EA/MND that no 
significant impacts would occur under the Proposed Action.  
 
Consistent with the CEQA statutes, if a  project is found to have no adverse 
effects, or if the potential effect can be reduced to a level that is less than 
significant through project revisions/mitigations, a  Negative Declaration or MND 
can be adopted (§21080). Specifically, the statute provides that MNDs may be 
used, “when the initial study has identified potentially significant effects on the 
environment, but (1) revisions in the project plans or proposals made by, or 
agreed to by, the applicant before the proposed negative declaration and initial 
study are released for public review would avoid the effects or mitigate the effects 
to a point where clearly no significant effect on the environment would occur, 
and (2) there is no substantial evidence in light of the whole record before the 
public agency that the project, as revised, may have a significant effect on the 
environment” (§21064.5).  In summary, if all potential significant impacts can be 
eliminated or reduced to less than significant, a  MND can be prepared in lieu of 
an EIR. Through preparation of a  detailed initial study, as well as a  detailed suite 
of technical studies, Imperial County determined that an MND was the 
appropriate project document under CEQA. The County held an Environmental 
Evaluation Committee (EEC) meeting on November 17th, 2022, where a draft 
version of the initial study/MND was presented to the public, and to a seven-
member panel representing various County agencies/organizations. Through this 
public process, the EEC determined that the mitigations measures as proposed 
would reduce the significant effects to a less than significant level, or project 
design features as included would avoid them all together. For these reasons, the 
County found that an MND was the appropriate CEQA level of 
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review/documentation for the project. Further, public controversy over the 
possible environmental effects of a  project is not sufficient reason to require an 
EIR "if there is no substantial evidence in light of the whole record before the 
Lead Agency that the project may have a significant effect on the environment" 
(§ 21082.2). 
 
Furthermore, as discussed in response to Comment #23.25 above, the BLM is the 
sole owner of the land where the Project is proposed, and therefore Imperial 
County only has discretionary authority over the Reclamation Plan and 
reclamation activities described therein pursuant to SMARA. As such, the 
“project” evaluated under CEQA would be those activities specific to site 
reclamation. Nonetheless, Imperial County and the BLM opted to prepare a joint 
EA/MND document to ensure that the potential environmental effects of both 
mining/exploration activities as well as reclamation activities were fully 
evaluated under CEQA and NEPA. 

29.0 29.2 Center for Biological 
Diversity  

I. The County Must Prepare an EIR for the Project.  

CEQA was enacted for the state to “take all action necessary to protect, rehabilitate, and enhance the 
environmental quality of the state” and to “[e]nsure that the long-term protection of the environment 
. . . shall be the guiding criterion in public decisions.” (Pub. Res. Code § 21001.) The CEQA 
Guidelines state that “CEQA was intended to be interpreted in such a manner as to afford the fullest 
possible protection to the environment within the reasonable scope of the statutory language,” and 
that “[t]he purpose of CEQA is . . . to compel government at all levels to make decisions with 
environmental consequences in mind.” (CEQA Guidelines § 15003.) CEQA is an information 
document and, as such, “requires full environmental disclosure.” (Communities for a  Better 
Environment v. City of Richmond (2010) 184 Cal.App.4th 70, 89.) 
 
Only when “there is no substantial evidence in light of the whole record before the public agency 
that the project . . . may have a significant effect on the environment” may an agency prepare a 
negative declaration or mitigated negative declaration instead of an EIR. (Pub. Res. Code § 21064.5; 
see also id. §§ 21064, 21080(c).) A mitigated negative declaration, in particular, is prepared “when 
the initial study has identified potentially significant effects on the environment, but . . . revisions in 
the project plans or proposals . . . would avoid the effects or mitigate the effects to a point where 
clearly no significant effect on the environment would occur” and there is no substantial evidence 
the project may have a significant effect on the environment. (Id. § 20164.5.) If there is substantial 
evidence that a  project may have a significant effect on the environment, an agency must prepare an 
EIR. (Id. § 21080(d).) 
 
If an agency is presented with so much as “a fair argument that a  project may have a significant 
effect on the environment, the lead agency shall prepare an EIR even though it may also be 

See previous responses to Comments #23.1 and #23.26 above. 
 
Consistent with the CEQA statutes, if a  project is found to have no adverse 
effects, or if the potential effect can be reduced to a level that is less than 
significant through project revisions/mitigations, a  Negative Declaration or MND 
can be adopted (§21080). Specifically, the statute provides that MNDs may be 
used, “when the initial study has identified potentially significant effects on the 
environment, but (1) revisions in the project plans or proposals made by, or 
agreed to by, the applicant before the proposed negative declaration and initial 
study are released for public review would avoid the effects or mitigate the effects 
to a point where clearly no significant effect on the environment would occur, 
and (2) there is no substantial evidence in light of the whole record before the 
public agency that the project, as revised, may have a significant effect on the 
environment” (§21064.5).  In summary, if all potential significant impacts can be 
eliminated or reduced to less than significant, a  MND can be prepared in lieu of 
an EIR. Through preparation of a  detailed initial study, as well as a  detailed suite 
of technical studies, Imperial County determined that an MND was the 
appropriate project document under CEQA. The County held an Environmental 
Evaluation Committee (EEC) meeting on November 17th, 2022, where a draft 
version of the initial study/MND was presented to the public, and to a seven-
member panel representing various County agencies/organizations. Through this 
public process, the EEC determined that the mitigations measures as proposed 
would reduce the significant effects to a less than significant level, or project 
design features as included would avoid them all together. For these reasons, the 
County found that an MND was the appropriate CEQA level of 
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presented with other substantial evidence that the project will not have a significant effect.” (CEQA 
Guidelines § 15064(f)(1); see also No Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 68, 75.) 
 
The CEQA Guidelines provide guidance for determining if a  project’s effects are significant. Such a 
determination “calls for careful judgment on the part of the public agency involved, based to the 
extent possible on scientific and factual data” and a “consider[ation of] the views held by members 
of the public in all areas affected.” (Id. § 15064(b)-(c).) The lead agency must consider both direct 
and indirect physical changes in the environment caused by the project. (Id. § 15064(d).) 
 
CEQA also requires consideration of cumulative impacts. An EIR is required “if the cumulative 
impact may be significant and the project’s incremental effect, though individually limited, is 
cumulatively considerable . . . when viewed in connection with the effects of past projects, the 
effects of other current project, and the effects of probable future projects.” (Id. § 15064(h)(1).) 
Cumulatively considerable environmental effects require a mandatory finding of significance. (Id. § 
15065(a)(3).) 
 
CEQA also has a substantive mandate and requires effective mitigation. “Public agencies should not 
approve projects as proposed if there are feasible alternatives or feasible mitigation measures 
available which would substantially lessen the significant environmental effects of such projects.” 
(Pub. Res. Code § 21002.) CEQA requires mitigation measures to be “fully enforceable through 
permit conditions, agreements, or other measures.” (See id. § 21081.6(b); CEQA Guidelines § 
15126.4(a)(2).) “Formulation of mitigation measures should not be deferred until some future time.” 
(CEQA Guidelines § 15126.4(a)(1)(B).) 
 
The Project’s impacts on biological resources, air quality and greenhouse emissions, energy, water 
supply, cultural resources and numerous other factors are readily apparent given the type, location 
and scale of the project. Any one of these factors alone is sufficient to warrant preparation of an EIR. 

review/documentation for the project. Further, public controversy over the 
possible environmental effects of a  project is not sufficient reason to require an 
EIR "if there is no substantial evidence in light of the whole record before the 
Lead Agency that the project may have a significant effect on the environment" 
(§ 21082.2). 
 
Although not required under CEQA for an MND, direct and indirect (i.e., 
cumulative) impacts are discussed for all present and potentially affected 
resources under NEPA within Chapter 3 of the EA/MND. Cumulative impacts to 
resources that are anticipated to have greater than negligible impacts, per the 
requirements under the BLM NEPA Handbook (Manual H-1790-1, BLM 2008) 
stating that a  cumulative effects analysis is not needed on resources determined 
to not be impacted by the Project, alternatives (pg. 57), are also discussed within 
Chapter 3 for Native American Religious Concerns and Traditional Values, 
Recreation, Soils, Vegetation, and Wildlife resources. 
 
Furthermore, although also not require under CEQA for an MND, the BLM 
considered the following three alternatives to the Project (see Section 2.3 of the 
EA/MND) to be reasonable for consideration in accordance with 40 CFR 1501.5 
and the requirements of Section 102(2)(E) of NEPA: Access Road Restriction  
Alternative, Seasonal Restriction Alternative, and Helicopter Access Only  
Alternative. The consideration for each alternative for analysis is described in 
each subsection of Section 2.3. All three alternatives that were considered in  
addition to the Proposed Action/Project and No Action Alternative were deemed 
infeasible per the justifications provided in Section 2.3 and were eliminated from 
further analysis in the EA/MND. 
 
Lastly, due to the nature of the Project (i.e., an exploratory drilling project), in  
general the EA/MND found that potential environmental effects would be 
negligible, short-term, and localized, and would either be avoided or mitigated to 
less than significant levels through the implementation of the measures described 
in the EA/MND. Additionally, following the exploratory drilling phase 
(estimated to last between 12 and 24 months), the entirety of the disturbed areas 
would be reclaimed in accordance with applicable State and Federal laws.  As 
such, all potential environmental effects were sufficiently avoided or mitigated to 
less than significant levels, and therefore the County determined an MND was 
the appropriate level of CEQA documentation, and that an EIR would not be 
required. 
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As discussed above, the BLM is the sole owner of the land where the Project is 
proposed; therefore, Imperial County only has discretionary authority over the 
Reclamation Plan and reclamation activities described therein, pursuant to 
SMARA. As such, the “project” evaluated under CEQA includes those activities 
specific to site reclamation. Nonetheless, Imperial County and the BLM opted to 
prepare a joint EA/MND document to ensure that the potential environmental 
effects of both mining/exploration activities as well as reclamation activities were 
fully evaluated, although Imperial County only has discretionary authority over 
the Reclamation Plan and reclamation activities described therein pursuant to 
SMARA.  Both the public and the County EEC panel members reviewed the 
entirety of the joint CEQA/NEPA document when rendering the decision to 
prepare an EA/MND for the Project. 

29.0 29.3 Center for Biological 
Diversity  

II. The EA/MND Lacks an Adequate Analysis of and Mitigation for the Project’s 
Impacts to Biological Resources  
 
The EA/MND lacks adequate detail in the description and analysis of special-status species that 
occur, have the potential to occur, or historically occurred in and near the Project area. Below we 
provide just a  few illustrative examples of the EA/MND’s shortcomings in this respect, though this 
is not a  comprehensive list. The below information provides ample support of a  fair argument that 
the project may have a significant effect on the environment. Accordingly, the County must prepare 
an EIR. (CEQA Guidelines § 15064(f)(1); see also No Oil, Inc. v. Los Angeles (1974) 13 Cal.3d 68, 
75.) 

Please refer to the response to Comment #23.1, #23.26 and #29.2 regarding the 
determination to prepare an EA/MND pursuant to NEPA and CEQA 
implementing regulations. The BLM and Imperial County confirm that the Center 
for Biological Diversity, the Sierra Club California/Nevada Desert Committee, 
Western Watersheds Projects, Earthworks, California Native Plant Society, 
Greenaction for Health and Environmental Justice, Conservation lands 
Foundation, Desert Land Trust, and Ahumt Pipa Foundation are on the interested 
parties list. 
 
As discussed under Comment #26.1, #28.6 and #28.8 above, biological baseline 
surveys, including special-status surveys, were conducted in March 2021, as 
described in Section 3.20.2 of the EA/MND. The timing of baseline surveys was 
coordinated with the BLM and the baseline report was deemed complete and 
approved in June 2021. Based upon the baseline surveys, for those special-status 
species that were determined to be potentially impacted by the proposed Project, 
appropriate avoidance and mitigation measures were proposed, and described in 
the EA/MND, to ensure potential impacts would be less than significant. 
 
Additionally, per the PDFs, CMAs, and BLM required mitigation measures 
outlined in Appendix F of the EA/MND, pre-construction surveys would be 
conducted prior to surface disturbing activities under the Project and would  
ensure that any further potential impacts remain less than significant, and that 
additional minimization or avoidance measures would be coordinated with the 
BLM as necessary and appropriate based on the findings of the surveys. 
Furthermore, should special status plants be identified during pre-construction 
surveys, barrier fencing would be required to be implemented around individual 
plants to minimize impacts to special status species. 
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29.0 29.4 Center for Biological 
Diversity  

A. Desert Tortoise Are a Special Status Species, the Impacts to Which are Presumed to 
be Significant.  
 
The CEQA Guidelines indicate that a  Project can be expected to have significant impacts to 
biological resources if the Project has a substantial adverse effect, either directly or through 
habitat modifications, on any species identified as a candidate, sensitive, or special status species 
in local or regional plans, policies, or regulations, or by the California Department of Fish and 
Game or U.S. Fish and Wildlife Service. (CEQA Guidelines, Appendix G, subd. IV(a).) 
Accordingly, the EA/MND itself indicates that the Project’s impacts will be significant if it will 
“have a substantial adverse effect, either directly or through habitat modifications, on any species 
identified as a candidate . . . species . . . by the California Department of Fish and Game.” 
(EA/MND at 1021; see also CEQA Guidelines § 15065(a)(1) [when performing an initial study, 
agencies shall make a mandatory finding of significance where a proposed project has the 
potential to substantially reduce the number or restrict the range of a  listed species], California 
Fish and Game Code § 2085 [CESA candidate species treated like threatened or endangered 
species].) 
 
The Mojave Desert Tortoise is listed as threatened under the Endangered Species Act and 
California Endangered Species Act (“CESA”). (55 Fed. Reg. 12178 12191, 14 CCR § 670.5.) The 
tortoise has been the official State Reptile since 1972. (Assembly Bill 1089, Chapter 683, 1972.) 
In addition, on October 14, 2020, the California Fish and Game Commission (“CFGC”) advanced 
the Mojave Desert Tortoise to candidacy to uplist it from threatened to endangered under CESA, 
protecting these imperiled species from harm during the ongoing review process. (CFGC 2020.) 
Consequently, the Project’s impacts to the desert tortoise must be considered significant and fully 
evaluated and disclosed to the public. (Nelson v. Cnty. of Kern (2010) 190 Cal.App.4th 252, 284 
[information before County showing that mining exploration project could significantly impact 
plant and animal life in the area meets the fair argument test to require preparation of an EIR.].) 
 
Desert tortoise are on the decline throughout their range, including in Imperial County (Allison 
and McLuckie 2018). In this area, the desert tortoise are part of the most southern population in 
California, where they endure the most arid and hottest habitat in California. As noted in our 
attached comments on the NEPA document, “the Picacho Area of Environmental Concern 
(ACEC) was established in part to conserve the declining Mojave desert tortoise.” (Exhibit 1 at p. 
21; BLM 2016.) 
 
With active burrows and tortoise sign found in some of the drill areas (EA at 98), it is incumbent 
that these animals be protected from any harms. The EA/MND assumes that any impacts will be 
mitigated to less-than-significant levels with the avoidance, minimization and mitigation measures 
outlined in Appendix F, Table F-3. The proposed measures are wholly inadequate to protect the 
on-site desert tortoise. Accordingly, the Project’s impacts will remain significant and should be 

See previous comment responses related to the Desert Tortoise, primarily in  
response to Letter #4 received from the Desert Tortoise Council.  Also see the 
response to Comment #28.15 received from the CDFW. 
 
Per the analysis in Section 3.23.3 of the EA/MND, potential Project effects to 
threatened and endangered species (including Mojave Desert tortoise), special 
status species, and general wildlife species are anticipated to be negligible to 
minor, short-term, and localized, and the avoidance and mitigation measures 
outlined within the EA/MND would ensure potential impacts to Mojave Desert 
tortoise would be mitigated to less than significant levels. Several PDFs have 
been developed by the proponent for implementation during the Project to 
minimize impacts. Additional wildlife-specific mitigation measures would be 
required for implementation by the BLM, as outlined in Appendix F of the 
EA/MND.  Specifically, detailed desert tortoise avoidance measures (17 total), 
summarized within the Plan of Operations (Appendix A of the EA/MND), would 
be implemented onsite.  These include but are not limited to pre-construction 
tortoise surveys, onsite monitoring during tortoise active season, and employee 
training. Additionally, as discussed in Section 3.23.3 of the EA/MND, SMP has 
committed to conducting pre-construction surveys within 48 hours of surface 
disturbance within the species-specific buffers outlined in Appendix F of the 
EA/MND from the area to be disturbed in order to avoid impacts to special-status 
species. 
 
In addition to the PDFs/CMAs cited by the CDFW, PDF-21 included in Table F-
1 of Appendix F of the EA/MND would also be implemented, which notes that 
if a  tortoise is encountered during construction activities, work would be halted 
immediately per the authority of a  designated Field Contact Representative (who 
would be a BLM-approved Authorized or Qualified Biologist), who would be on-
site year round within 24 hours of Project activities commencing. Only a BLM-
approved Authorized Biologist would  move the tortoise from harm’s way, or 
until the tortoise leaves of its own accord. If a  desert tortoise is discovered in  
harm’s way, an Authorized Biologist would move the tortoise into adjacent 
habitat following the latest USFWS clearance and handling procedures. The 
tortoise would not be moved more than 300 meters from their capture location. If 
the Authorized Biologist observes significant clinical signs of ill health, the 
tortoise should be removed from the wild in coordination with the USFWS. If 
suitable habitat is not available within 300 m of the tortoises’ capture locations 
or other land ownership restrictions prevent the release of individuals within 300 
meters (e.g., privately owned land lacking permission), the tortoise should be 
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considered in an EIR. In that analysis the County must consider adoption of the following 
additional feasible mitigation measures at minimum: 

• Commit to secure an “incidental take permit” from the California Department of Fish and 
Wildlife, in addition to the Federal “take” permit, prior to any groundbreaking activities; 

• Preconstruction surveys prior to the proposed project implementation; 
• On-site biological monitor during project implementation who has wildlife agency 

permits to move desert tortoise out of harm’s way; 
• Fencing of all worksites, roads and other areas of disturbance associated with the proposed 

project; 
A detailed raven plan that effectively discourages ravens from being drawn to the site during 
proposed project implementation as well as during the restoration efforts and fencing removal. 

translocated to the Recipient Site identified in the revised Figure 3-14 of the 
EA/MND. 
 
Additionally, pre-construction surveys would be conducted year-round prior to 
surface disturbance occurring per the PDFs and BLM-required additional 
mitigation measures included in Appendix F of the EA/MND. 
 
Furthermore, the BLM has engaged in consultation with the USFWS pursuant to 
Section 7 of the Endangered Species Act for approval of an Activity Request 
Form under the Programmatic Biological Opinion for Mojave Desert tortoise. 
 
For these reasons, the proposed mitigation measures required by the BLM for 
implementation, in addition to the proponent-committed PDFs in Appendix F of 
the EA/MND, have been deemed sufficient to minimize environmental impacts 
to threatened and endangered species, including Mojave Desert tortoise, to less 
than significant levels under the proposed Project. 

29.0 29.5 Center for Biological 
Diversity  

B. The EA/MND Does Not Adequately Describe the Environmental Baseline for Various 
Other Species. 
 
The EA/MND fails to provide adequate baseline information and description of the environmental 
setting for species other than the desert tortoise. This deficiency extends to the EA/MND’s treatment 
of rare plants, animals, and communities. For some species or habitats baseline conditions are 
lacking or totally absent and as a result no impact assessment is provided for these biological 
resources. The failure to address numerous species may be the result of inadequate surveys. 

As discussed under Comment #26.1, #28.6 and #28.8 above, biological baseline 
surveys, including vegetation surveys, were conducted in March 2021, as 
described in Section 3.20.2 of the EA/MND. The timing of baseline surveys was 
coordinated with the BLM and the baseline report was deemed complete and 
approved in June 2021. Per the impact analysis in Section 3.20.3 and the 
reclamation measures that would be conducted on all disturbed surfaces, long-
term impacts from habitat removal would be reduced. Per the PDFs, CMAs, and 
BLM required mitigation measures outlined in Appendix F of the EA/MND, pre-
construction surveys would also be conducted prior to surface disturbing 
activities under the Proposed Action and any further impact minimization or 
avoidance measures would be coordinated with the BLM as necessary and 
appropriate based on the findings of the surveys. Furthermore, should special-
status wildlife or plants be identified during pre-construction surveys, barrier 
fencing would be required to be implemented around individual plants to 
minimize impacts to special status species. 

29.0 29.6 Center for Biological 
Diversity  

1. Flat-tailed horned lizard and Colorado fringe-toed lizard 
 
The EA/MND (at 79) states that surveyors found small sand patches in the western edge of the area 
of analysis during March 2021 plant surveys. The Plan of Operations states that loose sandy soils are 
present in the project area. Sandy soils are the preferred habitat for the imperiled flat-tailed horned 
lizard Phrynosoma mccallii and the Colorado Desert fringe-toed lizard (Uma notata), both of which 
are State Species of Special Concern (Thompson 2016). These reptile species may have been 
dormant in underground burrows or inactive during the surveys which were performed in March 
2021. California Department of Wildlife’s recommendations for managing the flat-tailed horned 

As discussed previously in response to Comment #23.16, per the requirements 
and assessment for LUPA-BIO-IFS-10 related to flat-tailed horned lizards in the 
CMA table in Appendix B, habitat is not included in the DRECP flat-tailed 
horned lizard species distribution model and identified occurrence of this species 
has not been documented within the Project Area, but outside the area of 
disturbance. Furthermore, per Tables 5 and 6 of the Biological Resource 
Technical Report and Assessment (WestLand 2021), there is no potential of 
occurrence within the Project Area for flat-tailed horned lizard. Per the baseline 
report, some habitat does exist within the Project Area for Colorado fringe-toed 
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lizard include “limit[ing] habitat disturbance and destruction. Development that leads to habitat 
conversion or fragmentation should be avoided or limited in … habitat.” (Ibid.) For the Colorado 
Desert fringe-toed lizard, “[p]rotecting sand dune habitat from the impact of off-highway vehicle 
use” is a  key management strategy. (Ibid.) Implementing these management strategies will help 
minimize impacts to these lizards and need to be included in the MND. Creation of new roads in this 
area as part of the proposed Project is of concern because it could further fragment habitat and 
provide new access for off-highway vehicles. Additionally, the avoidance and minimization 
measures for desert tortoise may benefit these lizards, but additional analysis and avoidance measure 
need to be put in place to avoid lizard impacts. 

lizard, however there is low potential for occurrence and no species individuals 
or sign was identified during the 2021 baseline surveys. Per the analysis in 
Section 3.23.3, the Proposed Action would temporarily remove potential forage 
and habitat for reptile species that would be unavailable until successful 
completion of reclamation. Disturbance of habitat may impact individual species, 
but it is not anticipated to impact species populations; impacts to reptiles would  
be minor, short-term, and localized, and would be either avoided or mitigated to 
less than significant levels through the implementation of the measures described 
in Appendix F of the EA/MND. Additionally, there are no Aeolian sand transport 
corridors within or in the vicinity of the Project Area, therefore, per the 
assessment in the CMA table in Appendix B, LUPA-BIO-1 would not be required  
to be implemented under the Project. 
 
Per the PDFs, CMAs, and BLM required mitigation measures outlined in  
Appendix F, while there is a  low potential for Flat-tailed horned lizard and 
Colorado fringe-toed lizard occurrence within the Project Area, should these 
lizard species be identified during pre-construction surveys, the appropriate 
CMA’s identified in the EA/MND, would be implemented in additional the PDFs 
and mitigation measures already prescribed within Appendix F of the EA/MND. 
Therefore, through the implementation of the pre-construction surveys and 
CMA’s approved by the BLM, the Project would have less than significant  
impacts to Flat-tailed horned lizard and Colorado fringe-toed lizard, with no 
additional mitigation required. 

29.0 29.7 Center for Biological 
Diversity 

2. Golden Eagles  
 
As per our comments on the EA, it is imperative that the County conduct golden eagle nest surveys 
and discuss compliance with all the federal and state requirements for eagles in detail. 

See response to Comment #23.17 above.  Golden eagle nest ground surveys were 
conducted in March 2021 in accordance with the USFWS recommended golden 
eagle nest survey protocols. Section 3.23.2 of the EA/MND has been revised to 
clarify that golden eagle nesting surveys were completed and the results of such 
noted that golden eagles were not present within the raptor analysis area (two-
mile buffer around the Project Area). Per the Biological Resource Technical 
Report and Assessment (WestLand 2021), the raptor analysis area occurs within 
the known range of golden eagles; however, no historical records for the species 
occurs within the analysis area and no evidence of golden eagles or golden eagle 
nesting was observed during the baseline surveys. Additionally, no golden eagle 
nests are known to occur within 4.4 miles of the analysis area per Diamond et 
al.’s 2016 species status and distribution model for golden eagles (Westland 
2021). As such, golden eagle take, including loss of productivity, would not occur 
under the Proposed Action and there would be no impacts.  
 
Per the PDFs, CMAs, and BLM required mitigation measures outlined in  
Appendix F of the EA/MND, pre-construction surveys would be conducted prior 
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to surface disturbing activities under the Project in order to identify present of 
wildlife species and determine whether a change in drill siting must occur and/or 
additional impact minimization or avoidance measures may be necessary, which 
would be coordinated directly with the BLM. 

29.0 29.8 Center for Biological 
Diversity 

3. Le Conte’s Thrasher 
 
The California Natural Diversity Database (2023) documents that the Le Conte’s thrasher 
(Toxostoma lecontei), a  California Species of Special Concern, is present in the general proposed 
project area. These very shy, non-migratory birds are easily disturbed and known to be “[o]ften 
exceptionally wary of humans; vulnerable to off-road vehicle activity, other disturbance, and 
removal of shrubs for agricultural or other development.” (CDFW 2005). These birds have been 
known to be declining for years. (CDFW 2005). The MND must include the results of targeted 
surveys for Le Conte’s thrasher. Based on the outcome of the surveys the MND must be updated to 
include the outcome of the surveys and the analysis of impacts from the proposed action. 

As discussed under Comment #26.1 and #28.6 above, biological baseline surveys, 
including vegetation surveys, were conducted in March 2021, as described in 
Section 3.20.2 of the EA/MND. The timing of baseline surveys was coordinated 
with the BLM and the baseline report was deemed complete and approved in June 
2021.  Le Conte’s Thrasher was not observed onsite during the baseline surveys, 
and WestLand determined that this species has a “low potential of occurrence” to 
occur within the Project Area.   
 
Additionally, as discussed previously, extensive pre-construction surveys will be 
conducted on and adjacent to the Project site by a qualified BLM-approved 
biologist, prior to any new disturbance.  These pre-disturbance surveys will 
ensure that any wildlife species that may have migrated into the Project area 
following completion of the baseline surveys, including Le Conte’s Thrasher, will 
be properly avoided and/or effects properly mitigated to less than significant  
levels in accordance with State and Federal law. 

29.0 29.9 Center for Biological 
Diversity 

4. Desert Bighorn Sheep  
 
Desert bighorn sheep (see map below) historically occupied the Cargo Muchacho 
Mountains. California Department of Fish and Wildlife is repatriating desert bighorn to 
various ranges throughout their historic range. While the Cargo Muchachos are not 
currently being repatriated, the impact to habitat from the exploratory drilling must be 
analyzed in the context of impacts to future desert bighorn repatriation. Desert bighorn 
are a “fully protected” species under California law.  
 

See response to Comment #21.6 above.  Biological baseline surveys were 
conducted in March 2021 to ascertain the most current presence of wildlife 
species in the area of analysis. The baseline data collected was used to analyze 
impacts to present or potentially present wildlife species as a result of the 
Proposed Action. Bighorn sheep were not observed during the baseline surveys 
in the survey area and additional literature and information from recent surveys 
and the California Natural Diversity Database were reviewed to support the 
conclusions made in the baseline report. Pre-construction surveys would be 
conducted prior to surface disturbance under the Proposed Action per the PDFs, 
CMAs, and BLM required mitigation measures outlined in Appendix F of the 
EA/MND. Should bighorn sheep or other additional wildlife species not 
previously present be observed, SMP would coordinate additional avoidance or 
mitigation measures with the BLM as necessary. 
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Map of Desert Bighorn Sheep habitat. – CDFW  
 

29.0 29.10 Center for Biological 
Diversity 

5. Bats  
 
While three bat species were identified definitively in the EA/MND and an additional species was 
speculated, the California Natural Diversity Database (2023) has one record of the western mastiff 
bat (Eumops perotis californicus) occurring in the general area of the proposed project. All these bat 
species are State Species of Special Concern. These findings collectively also indicate a high level 
of diversity of bats in the localized area. Additional surveys need to be conducted during the 
appropriate time of year to evaluate the presence of important roosting sites, including maternity 
roosts for these species that have that life history requirement, and provide an analysis of potential 
impacts to these species from the proposed project. 

See Comments #21.1 through Comment #21.7, and Comment #28.13 above.   
 
The PDF-11 would require SMP to implement a 500-foot avoidance buffer for 
surface drilling around features with evidence of use by sensitive bat species is in 
compliance with Volume IV Section 7 Biological Resources in the DRECP Final 
EIS (BLM 2015) for implementing an avoidance setback of 500 feet around 
known bat roosts. The EA/MND analyzes effects resulting from surface 
disturbance only. Underground exploration is not analyzed in the EA/MND as it  
is not subject to permitting under the 43 CFR 3809 Surface Management 
regulations, nor SMARA, and is therefore not under the decision-making realm 
of the BLM or County, respectively, as it pertains to the proposed Project.  
 
The proponent has also voluntarily conducted LiDAR mapping of the historic 
Oro Cruz Mine underground workings to inform the underground exploration 
activities. The proponent would use all best available LiDAR data to make the 
best effort to avoid drilling through voids in underground workings. Drill siting 
to avoid known voids in the underground workings is also in the best interest of 
the proponent as drills would be sited based on locations where a constant 
circulation of fluids to lubricate the drill rig and bring samples to the surface is 
possible, as lost circulation of the fluids would result in a lost drill hole at the 
depth at which an open cavity is encountered, should the drill rig go through a 
void, such as an area with an open underground mine working. Surface drilling 
would not intersect with underground workings due to not only technical 
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infeasibility, but also economic infeasibility given the potential loss of 
productivity of a  drill site if it were to be sited in an area that would potentially 
intersect with an underground mine working. Per PDF-11 (described in Appendix 
F of the EA/MND) to implement a 500-foot avoidance buffer during the bat 
maternity season (April 1 through August 31) for surface drilling around features 
with evidence of use by BLM sensitive bat species, the proponent would utilize 
data provided by the BLM with locations of known abandoned mine sites that 
host populations of BLM sensitive bat species to implement the buffer and to 
inform surface drill siting. 
 
Further, although not included as a mitigation measure, shielded lights on drilling 
equipment is a  standard equipment feature that would be used during nighttime 
drilling to limit visual impacts from night lighting in the Project Area. Although  
some of the known bat species with potential to be present within the Project Area 
do not depend on “hawking” insects from the air and therefore would likely not 
be drawn to insect population that may be attracted to nighttime drill lighting, 
there is a  potential for some foraging bat species to be present that do rely on 
“hawking” insects rather than foraging from the ground and/or vegetation; 
therefore, the creation of a  source of light that would attract insects and thus some 
species of foraging bats is was disclosed as a potential impact within the 
EA/MND.  
 
Therefore, per the PDFs, CMAs, and BLM required mitigation measures included 
in Appendix F of the EA/MND, pre-construction surveys would be conducted 
prior to surface disturbing activities in order to identify presence of both wildlif e, 
including bat species, and vegetation species that may require coordinated 
avoidance with the BLM. Through the implementation of the measures outlined 
above, potential impacts to bat species would be less than significant. 

29.0 29.11 Center for Biological 
Diversity  

6. Rare Plants  
 
According to the California Natural Diversity Data base (2023), two additional rare plants have been 
documented in the general area of the proposed project area. These include the pink fairy-duster 
(Calliandra eriophylla) CRPR 2.3, which is not analyzed despite the EA/MND’s acknowledgment 
that it has a “high likelihood” of occurrence, and the glandular ditaxis (Ditaxis claryana) CRPR 2.2, 
which also is not analyzed despite the EA/MND’s acknowledgment that it may occur on site. 
(EA/MND at 302.) These species, in addition to the plants analyzed in the EA/MND, are tracked by 
the State of California because of their rarity/threats. As such, the MND is inadequate because it 
failed to target these species in the appropriately timed botanical surveys and failed to provide a full 
floral inventory of the species identified on site. Absent adequate surveys, the EA/MND lacks 

See response to Comment #23.20 above. 
 
Biological baseline surveys, including vegetation surveys, were conducted in  
March 2021, as described in Section 3.20.2 of the EA/MND. The timing of 
baseline surveys was coordinated with the BLM and the baseline report was 
deemed complete and approved in June 2021. Per the impact analysis in Section 
3.20.3 and the reclamation measures that would be conducted on all disturbed 
surfaces, long-term impacts from habitat removal would be reduced. Per the 
PDFs, CMAs, and BLM required mitigation measures outlined in Appendix F of 
the EA/MND, pre-construction surveys would be conducted prior to surface 
disturbing activities under the Proposed Action and any further impact 
minimization or avoidance measures would be coordinated with the BLM as 
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evidence showing that the Project will not impact these rare plants. Since evidence exists supporting 
a fair argument that there may be an impact, the County must prepare an EIR. 

necessary and appropriate based on the findings of the surveys. Furthermore, 
should special status plants, including rare listed within the California Natural 
Diversity Data base, be identified during pre-construction surveys, barrier 
fencing would be required to be implemented around individual plants to ensure 
potential impacts to special status species remain less than significant. 

29.0 29.12 Center for Biological 
Diversity  

7. Rare Plant Communities  
 
The EA/MND identifies the Blue Palo Verde-Ironwood Alliance (also identified by its scientific 
name Parkinsonia florida—Olneya tesota alliance) as microphyll woodlands existing on-site. 
(EA/MND at 78.) Microphyll woodlands are very important habitat for migratory bird species as 
well as desert tortoise. (Audubon 2019; Luckenbach 1972.) It is also a sensitive plant community 
identified by the State of California. (EA/MND at 78.) The EA/MND mapped microphyll 
woodlands to cover 2 percent of the proposed project area, but the Conservation Biology Institute 
mapping – which was contracted by federal and state agencies for the Desert Renewable Energy 
Conservation Plan (DRECP) – mapped a much greater extent of microphyll woodlands than the 
MND identifies. (Databasin 2014.) A site-specific mapping of the microphyll woodlands (aka Blue 
Palo Verde- Ironwood Alliance or Parkinsonia florida—Olneya tesota alliance) must be done. Since 
evidence exists supporting a fair argument that there may be an impact to the microphyll woodlands 
identified in the DRECP, the County must prepare an EIR. 

Biological baseline surveys, including vegetation and rare plant community 
surveys, were conducted in March 2021, as described in Section 3.20.2 of the 
EA/MND. An analysis of the microphyll woodlands was completed during 
biological baseline surveys and is included in Appendix E of the EA/MND. 
Additionally, Figure 3-8 of the EA/MND has been revised to visual the desktop 
delineated vegetation communities, which includes areas where limited  
microphyll woodlands are present. The timing of baseline surveys was 
coordinated with the BLM and the baseline report was deemed complete and 
approved in June 2021. Impacts to vegetation were analyzed accordingly based 
on baseline conditions under Sections 3.20.3, 3.20.5, and 3.20.6 in the EA/MND. 
 
Please refer to response to Comments #26.1. #26.3 and #28.10 above.  While 
plant species observed in the field during the March 2021 biological baseline 
surveys make up a representative sample of plant species expected to occur within 
the Project Area, the observed species do not necessarily represent a  complete 
floristic inventory as it is representative of the species that were identified during 
the surveys and may not be representative of species that are present year-round. 
Therefore, to ensure all potential plant communities are properly identified and 
potential impacts remain less than significant, the text of the BLM required 
mitigation measures in Table F-3 of Appendix F of the EA/MND, M-8 and PDF-
34 has been clarified to state the pre-construction surveys conducted prior to 
surface disturbance would include vegetation surveys to ensure that no special 
status plants are present within areas proposed for disturbance. Appropriate 
biological mitigation and avoidance measures would be coordinated with the 
BLM should special status plants be identified during Project implementation. 
Please note that per Appendix B and Table F-2 of Appendix F of the EA/MND, 
LUPA-BIO-2 would not be required for implementation under the Proposed 
Action as required pre-construction surveys and continued monitoring would take 
place during all phases of the Proposed Action by a BLM Authorized Biologist . 
Through the implementation of the measures outlined above, potential impacts to 
rare plant communities would be less than significant.  

29.0 29.13 Center for Biological 
Diversity  

III. The EA/MND Fails to Adequately Analyze, Disclose, and Mitigate the Project’s 
Significant Adverse Air Quality Impacts.  
 

See response to Comment #23.30 above. 
 
As stated in Section 3.3.5, the Project would comply with the ICAPCD 
Regulation VIII – Fugitive Dust Rules, specifically Rules 800 through 806, which  
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The EA/MND’s evaluation of the Project’s air quality impacts is flawed. It fails to disclose and 
study the Project’s full suite of air quality impacts and fails to adopt all feasible mitigation measures 
to mitigate those impacts. (See EA/MND Sec. 3.3.5.) The County must require an EIR to adequately 
analyze the Project’s air quality impacts, acknowledge their significance, and consider and adopt 
feasible mitigation to reduce those impacts. 

prescribe measures for the management of windblown dust. Additionally, 
consistent with ICAPCD Rule 801, SMP would develop a site-specific Operation 
Dust Control Plan, which would be submitted to the ICAPCD, and consistent 
with Rule 801 requirements, approval would be obtained a minimum of 10 days 
prior to the first ground disturbing activities as a result of the Project. The 
Operation Dust Control Plan would also be subject to approval by the BLM. 
 
Further, the Project’s potential air emissions, including fugitive dust, were 
quantified and compared to the appropriate annual and daily CEQA emissions 
thresholds promulgated by the ICAPCD.  As shown in Table 3-6 and 3-7 within  
the EA/MND, the Project’s unmitigated air emissions were found to be below 
applicable ICAPCD construction and operations thresholds pursuant to CEQA.  
It’s also important to note that these emissions estimates did not take into account 
standard emissions/dust controls or other regulatory programs that the Project 
would implement.  Specifically, as stated in Section 3.3.3 and 3.3.5 in the 
EA/MND, the emissions estimates presented in Table 3-6 and Table 3-7 did not 
account for the implementation of standard mitigation measures for construction 
combustion equipment from the ICAPCD CEQA Air Quality Handbook 
(ICAPCD 2017), and therefore represented a conservative overestimate of Project 
impacts. As such, potential air quality impacts associated with the Project would 
be less than significant, with no mitigation measures required. 

29.0 29.14 Center for Biological 
Diversity  

A. This Project would add extractive development to a region already suffering from 
poor air quality.  
 
Air quality is a  significant environmental and public health concern in California. 
Unhealthy, polluted air contributes to and exacerbates many diseases and increases 
mortality rates. The U.S. government estimates that between 10-12 percent of total health 
costs can be attributed to air pollution. (VCAPCD 2003.) Many plants and trees, including 
agricultural crops, are also injured by air pollutants. This damage ranges from decreases 
in productivity, a  weakened ability to survive drought and pests, to direct mortality. (Id.) 
Terrestrial wildlife is also affected by air pollution as the plants and trees that constitute 
their habitats are weakened or killed. Aquatic species and habitats are also affected by air 
pollution through the formation of acid rain that raises the pH level in oceans, rivers and 
lakes. Greenhouse gases, such as the air pollutant carbon dioxide which is released by 
fossil fuel combustion, contribute directly to human-induced climate change (EPA 2016), 
and in a positive feedback loop, poor air quality that contributes to climate change will in 
turn worsen the impacts of climate change and attendant air pollution. (BAAQMD 2016.) 
 
According to the American Lung Association’s 2022 “State of the Air” report, Imperial 
County has a “Fail” grade for both year-round ozone and particulate matter pollution, 

See responses to Comments #23.30 and #29.4 above. 
 
As stated in Section 3.3.5, the Project would comply with the ICAPCD 
Regulation VIII – Fugitive Dust Rules, specifically Rules 800 through 806, which  
prescribe measures for the management of windblown dust. Additionally, 
consistent with ICAPCD Rule 801, SMP would develop a site-specific Operation 
Dust Control Plan, which would be submitted to the ICAPCD, and consistent 
with Rule 801 requirements, approval would be obtained a minimum of 10 days 
prior to the first ground disturbing activities as a result of the Project. The 
Operation Dust Control Plan would also be subject to approval by the BLM. 
 
Further, the Project’s potential air emissions, including fugitive dust, were 
quantified and compared to the appropriate annual and daily CEQA emissions 
thresholds promulgated by the ICAPCD.  As shown in Table 3-6 and 3-7 within  
the EA/MND, the Project’s unmitigated air emissions were found to be below 
applicable construction and operations thresholds pursuant to CEQA.  It’s also 
important to note that these emissions estimates did not take into account standard 
emissions/dust controls or other regulatory programs that the Project would 
implement.  Specifically, as stated in Section 3.3.3 and 3.3.5 in the EA/MND, the 
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under both the 24-hour and annual metrics. (Id.) Ozone (commonly referred to as smog) is 
created by the atmospheric mixing of gases from fossil fuel combustion and other volatile 
organic compounds and sunlight. Although it is invisible, ozone poses one of the greatest 
health risks, prompting the EPA to strengthen its National Ambient Air Quality Standard 
for Ozone in 2015. (ALA 2022.) PM2.5 is a  common component of vehicle exhaust 
emissions and contributes to visible air pollution. These tiny participles are dangerous 
because they are small enough to escape our body’s natural defenses and enter the blood 
stream. 
 
Fugitive dust is the term used to describe the fine particulate matter – PM2.5 and PM10 – that 
results from ground disturbance, such as construction, road-building operations, or mining. Fugitive 
dust can impede breathing and cause respiratory irritation, cough, airway obstruction and poor lung 
function. (Blodgett 2004.) Chronic or long-term exposure can lead to lung inflammation, bronchitis 
and emphysema and produce a severe lung disease known as silicosis, a  form of pulmonary fibrosis. 
(Hnizdo 2003.) Fugitive dust emissions would result from project operations. (EA/MND at Sec. 
3.3.3.) 

emissions estimates presented in Table 3-6 and Table 3-7 did not account for the 
implementation of standard mitigation measures for construction combustion 
equipment from the ICAPCD CEQA Air Quality Handbook (ICAPCD 2017), and 
therefore represented a conservative overestimate of Project impacts. As such, 
potential air quality impacts associated with the Project would be less than 
significant, with no mitigation measures required.  

29.0 29.15 Center for Biological 
Diversity  

B. By Excluding Stationary Source Emissions, the Project Improperly Underestimates 
the project’s Air Quality Emissions 
 
Although the EA/MND purports to evaluate whether the Project would emit criteria 
pollutants for which the region is in nonattainment status, it fails to analyze the Project’s 
total emissions. (EA/MND at Sec. 3.3.5(b).) The EA/MND’s air quality analysis 
inexplicably omits the Project’s stationary source emissions and concludes, based on 
mobile sources alone, that the Project will have less-than-significant impacts. (Ibid.) 
 
The EA/MND does not define what is included under the umbrella term “stationary 
source.” It appears to refer to the Imperial County Air Pollution Control District 
(ICAPCD) rules, which define stationary source to encompass “any building, structure, 
facility, Equipment, or Emissions Unit which emits or may emit any Affected Pollutant 
directly or as a Fugitive Emission.” (ICAPCD Rule 207.) The County’s definition appear 
to include the wide-range of on-site activities, including the drill rigs, generators, and 
construction. Even comparing the emissions calculations in Appendix E to the disclosed 
mobile source emissions in EA/MND Section 3.3.5(b), “stationary sources” appear to be 
the main driver of the Project’s air quality impacts. (See Appendix E.) When the Project’s 
total emissions are calculated, they well exceed the County’s thresholds of significance. 
Yet nowhere does the EA/MND analyze or make a significance finding for total Project 
emissions. This obscures the Project’s true impacts. 
 
The EA/MND also claims that it need not consider stationary source emissions because 
the County’s threshold of significance is designed to only evaluate mobile sources. 

As described within the  ICAPCD’s CEQA Air Quality Handbook (ICAPCD, 
2017), the thresholds of significance for project operations (Table 1) “would not 
be used to determine significance for the air emissions associated with the 
stationary source, including off-road mobile emissions produced within the 
stationary source. Those stationary source emissions are already subject to 
mitigation according to Rule 207, New and Modified Stationary Source Review 
and Rule 201 and must therefore be excluded. However, the Lead Agency has the 
authority to request a comprehensive air quality analysis or an EIR to address 
the impact of the stationary source regardless of the threshold in table 1, 
according to CEQA guidelines.”   
 
While this statement is consistent with County/ICAPCD CEQA guidance, and 
was therefore included in the EA/MND for context. Although ICAPCD CEQA 
guidance notes stationary sources may be omitted from a project-specific 
analysis, all Project emissions sources were quantified within EA/MND and the 
resulting emissions compared to the applicable ICAPCD CEQA thresholds to 
determine significance.  Specifically, emissions from drill rigs, onsite generators, 
fuel storage tanks, etc, were quantified and conservatively included in the air 
quality analysis.  No Project emissions sources were excluded from the analysis.  
Therefore, the Project emissions disclosed in the EA/MND represent a  
conservative over-estimation of Project impacts, which are less than significant.  
 
It's also important to note that Imperial County only has discretionary authority 
over the Reclamation Plan and reclamation activities described therein pursuant 
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(EA/MND at 28.) Even if the Project’s mobile source emissions are less-than-significant 
under this threshold, a  determination that an environmental impact complies with a 
particular threshold of significance does not relieve a lead agency of its obligation to 
consider evidence that indicates the impact may be significant despite compliance with 
the threshold. (CEQA Guidelines § 15064(b)(2).) 
 
The primary and overriding basis for the County's conclusion here was its assumption that the 
project’s CEQA analysis is limited to mobile sources only. But once that assumption is removed, the 
situation is entirely different. When the entire project is considered, the record reveals sufficient 
information and inferences to indicate a fair argument that significant environmental impacts may 
exist, requiring an EIR. (Nelson v. County. of Kern (2010) 190 Cal. App. 4th 252, 283.) 

to SMARA. As such, the “project” evaluated under CEQA, and the emissions by 
which ICAPCD thresholds would be applied, would be those activities specific  
to site reclamation. Nonetheless, Imperial County and the BLM opted to prepare 
a joint EA/MND document to ensure that the potential environmental effects of 
both mining/exploration activities as well as reclamation activities were fully 
evaluated under CEQA and NEPA. 

29.0 29.16 Center for Biological 
Diversity  

C. The EA/MND Fails to Analyze or Disclose the Project’s Fugitive Dust Emissions.  
 
Furthermore, nowhere does the EA/MND analyze the significance of the Project’s 
fugitive dust impacts. Fugitive dust is typically used to describe the fine particulate 
matter – PM2.5 and PM10. The EA/MND separately evaluates the Project’s PM2.5 and 
PM10 emissions, finding neither meet the respective thresholds of significance. In 
Appendix E, however, the EA/MND recognizes a third category of particulate matter, 
called “PM,” and estimates those emissions will reach up to 373.22 pounds per year, the 
vast majority of which will come from helicopter use and laydown yard emissions 
(220.93 and 147.97 pounds per year, respectively). This estimate well exceeds any 
threshold of significance for any criteria  pollutant set by the County. Inexplicably, 
nowhere in the EA/MND’s air quality analysis is this impact disclosed or analyzed 
against a  threshold of significance. 
 
The Project then attempts to dispel any concerns about fugitive dust by concluding that compliance 
with construction fugitive dust control measures will reduce any impacts to less- than-significant 
levels. (EA/MND at 29 [“[T]hrough implementation of the ICAPCD’s standard construction fugitive 
dust controls and standard construction mitigation measures, the Project would not result in a 
cumulatively considerable net increase of any criteria  pollutant…].) Appendix E makes clear that 
the majority of fugitive dust emissions will come from project operations (helicopter use and 
laydown yard emissions), not construction. Mitigation to reduce construction impacts does not 
provide evidence that the Project’s overall fugitive dust will be reduced to less-than-significant 
levels. Therefore, a  fair argument exists that the Project may have a significant effect on the 
environment necessitating the preparation of an EIR. 

See response to Comment #23.30 and #29.4 above. 
 
As stated in Section 3.3.5, the Project would specifically comply with the 
ICAPCD Regulation VIII – Fugitive Dust Rules, specifically Rules 800 through 
806, which prescribe measures for the management of windblown dust. 
Additionally, consistent with ICAPCD Rule 801, SMP would develop a site-
specific Operation Dust Control Plan, which would be submitted to the ICAPCD, 
and consistent with Rule 801 requirements, approval would be obtained a 
minimum of 10 days prior to the first ground disturbing activities as a result of 
the Project. The Operation Dust Control Plan would also be subject to approval 
by the BLM. 
 
The emissions inventory summary provided in Appendix E provides an overview 
of the final calculations of potential emissions resulting from the Proposed 
Action. As included in Table 3-4 of the EA/MND, potential annual emissions 
associated with the Proposed Action were compared against the EPA Significant 
Emission Rates for all analyzed pollutants in tons per year, as well as the Federal 
Conformity de minimis thresholds. As stated in Section 3.3.3 of the EA/MND 
associated with Table 3-4, annual fugitive emissions for PM (30.36 tons per year 
estimated) would exceed the EPA signification emission rate of 25 tons per year 
under the maximum scenario that was run for construction and operations 
occurring simultaneously. The highest emissions under the Project would result  
from exploratory drilling and laydown yard activities, which would occur 
simultaneously for approximately four to six months during the first year of the 
two-year Project operations. After Project start-up, activities would occur more 
dispersed over time due to the intermittent nature of exploratory drilling. 
Therefore, the estimated annual emissions would not reach the maximum 
emissions shown in Table 3-4 of the EA/MND as all phases of the Project would  
not be operating simultaneously each year, leading to much lower overall 
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emissions that would not exceed any federal thresholds. This clarifying text has 
been included in Section 3.3.3 of the Revised EA/MND.  
 
Further, the Project’s potential air emissions, including fugitive dust, were 
quantified and compared to the appropriate daily CEQA emissions thresholds 
promulgated by the ICAPCD. As shown in Table 3-6 and 3-7 within the 
EA/MND, the Project’s unmitigated daily air emissions, including fugitive dust, 
were found to be below applicable construction and operations thresholds 
pursuant to CEQA. It’s also important to note that these emissions estimates did 
not take into account standard emissions/dust controls or other regulatory 
programs that the Project would implement. Specifically, as stated in Section 
3.3.3 and 3.3.5 in the EA/MND, the emissions estimates presented in Table 3-6 
and Table 3-7 did not account for the implementation of standard mitigation 
measures for construction combustion equipment from the ICAPCD CEQA Air 
Quality Handbook (ICAPCD 2017), and therefore represented a conservative 
overestimate of Project impacts. As such, the Project’s potential fugitive dust 
emissions would be less than significant, with no mitigation measures required. 

29.0 29.17 Center for Biological 
Diversity  

D. The EA/MND’s Few Air Quality Mitigation Measures Are Unenforceable and 
Deferred.  
 
Generally, mitigation measures should not be deferred, and feasibility findings should not 
be delegated to staff. (CEQA Guidelines, §§ 15126.4(a)(1)(B), 15025(b)(2).) Specific 
details of a  mitigation measure “may be developed after project approval when it is 
impractical or infeasible to include those details during the project's environmental review 
provided that the agency (1) commits itself to the mitigation, (2) adopts specific 
performance standards the mitigation will achieve, and (3) identifies the type(s) of 
potential action(s) that can feasibly achieve that performance standard and that will [be] 
considered, analyzed, and potentially incorporated in the mitigation measure.’” (Golden 
Door Properties v. County of San Diego (2020) 50 Cal.App.5th 467, 518.) The EA/MND 
fails to meet these requirements. 
 
The EA/MND notes that the Project Applicant will comply with ICAPCD Regulation VIII – 
Fugitive Dust Rules to develop and implement—at a later date and outside of the public process – a 
dust control plan to address fugitive dust. (EA/MND at Sec. 3.3.5(b).) The lead agency is expected 
to develop mitigation in an open public process. (Communities for a Better Environment v. City of 
Richmond (2010) 184 Cal.App.4th 70, 93.) The EA/MND offers no reason why a dust control plan 
cannot be developed as part of the Project’s environmental review, nor does it include objective 
standards to guide the County’s approval of the plan. As written, the measure creates an enormous 
loophole and allows the Project applicant and the County to determine—at a later date, without 
oversight or objective standards, and without supporting its decision with substantial evidence—

As discussed above, the Project’s potential air emissions, including fugitive dust, 
were quantified and compared to the appropriate daily CEQA emissions 
thresholds promulgated by the ICAPCD.  As shown in Table 3-6 and 3-7 within  
the EA/MND, the Project’s unmitigated daily air emissions were found to be 
below applicable construction and operations thresholds pursuant to CEQA.  
Because fugitive dust impacts were found to be less than significant, mitigation 
measures were not required.  Nonetheless, SMP would comply with all applicable 
ICAPCD rules and regulations that related to fugitive dust controls, including 
preparation of a  site-specific dust control plan, which would further ensure 
potential air quality impacts remain less than significant.   
 
As discussed above, it’s also important to note that the emissions estimates 
presented in the EA/MND conservatively did not take into account the standard 
emissions/dust controls or other regulatory programs that the Project would 
implement, such as any future measures outlined within a dust control plan. As 
such, even though the fugitive dust emissions disclosed in the EA/MND represent 
a  conservative overestimate which do not account for potential reductions 
realized through compliance with applicable ICAPCD rules, impacts were found 
to be less than significant/below applicable CEQA thresholds with no additional 
mitigation required. 
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whether mitigation will be implemented. It is entirely inappropriate to defer analysis of fugitive dust 
mitigation until after Project approval, especially since formulating a plan appears to be entirely 
feasible. 

29.0 29.18 Center For Biological 
Diversity  

IV. The EA/MND Failed to Properly Analyze or Adequately Mitigate 
Greenhouse Gas Emissions. 
 
A. Climate Change is a Catastrophic and Pressing Threat to California.  
 
A strong, international scientific consensus has established that human-caused climate 
change is causing widespread harms to human society and natural systems, and that 
climate change threats are becoming increasingly dangerous. The Intergovernmental Panel 
on Climate Change (IPCC), the leading international scientific body for the assessment of 
climate change, concluded in its 2014 Fifth Assessment Report that: “[w]arming of the 
climate system is unequivocal, and since the 1950s, many of the observed changes are 
unprecedented over decades to millennia. The atmosphere and ocean have warmed, the 
amounts of snow and ice have diminished, and sea level has risen,” and further that 
“[r]ecent climate changes have had widespread impacts on human and natural systems.” 
(IPCC 2014.) These findings were echoed in the United States’ own 2014 Third National 
Climate Assessment and 2017 Climate Science Special Report, prepared by scientific 
experts and reviewed by the National Academy of Sciences and multiple federal 
agencies. The Third National Climate Assessment concluded that “[m]ultiple lines of 
independent evidence confirm that human activities are the primary cause of the global 
warming of the past 50 years” and “[i]impacts related to climate change are already 
evident in many regions and are expected to become increasingly disruptive across the 
nation throughout this century and beyond.” (Melillo 2014.) 
 
Immediate and aggressive greenhouse gas emissions reductions are necessary to keep 
warming well below 2°C above pre-industrial levels. The IPCC Fifth Assessment Report 
and other expert assessments have established global carbon budgets, or the total amount 
of carbon that can be burned while maintaining some probability of staying below a 
given temperature target. According to the IPCC, total cumulative anthropogenic 
emissions of CO2 must remain below about 1,000 GtCO2 from 2011 onward for a 66 
percent probability of limiting warming to 2°C above pre-industrial levels, and to 400 
GtCO2 from 2011 onward for a  66 percent probability of limiting warming to 1.5°C. 
(IPCC 2014 at 63-64 & Table 2.) These carbon budgets have been reduced to 850 GtCO2 
and 240 GtCO2, respectively, from 2015 onward. (Rogelj 2016 at Table 2.) As of 2022, 
climate policies by the world’s countries would lead to an estimated 2.7°C of warming, 
and possibly up to 3.6°C of warming, well above the level needed to avoid the worst 
dangers of climate change. (Climate Action Tracker 2022.) 
 

Thank you for your comment.  The Project’s GHG emissions were quantified and 
disclosed within Section 3.6 of the EA/MND.  In lieu of specific and applicable 
guidance from Imperial County, estimated Project GHG emissions were 
compared to applicable numeric thresholds published by the SCAQMD. Note that 
due to the lack of specific guidance and appropriate numeric thresholds, GHG 
emissions were quantified for the Project primarily for disclosure purposes in  
relation to CEQA analysis (i.e., 3,021 metric tons of CO2e per year). Nonetheless, 
as shown in Table 3-10 within the EA/MND, the Project’s GHG emissions are 
well below the applicable SCAQMD threshold for industrial projects. 
 
Furthermore, as discussed in Section 3.6.5. California’s current Scoping Plan, 
which is the State’s blueprint for how GHG reductions will be achieved, generally 
recognized that consumers of electricity and transportation fuels, such as SMP, 
are, in effect, regulated by requiring providers and importers of electricity and 
fuel to participate in the GHG Cap‐and‐Trade Program and other statewide 
programs (e.g., low carbon fuel standard, renewable portfolio standard, etc.). 
Each such sector‐wide program exists within the framework of AB 32 and its 
descendant laws, the purposes of which is to achieve GHG emissions reductions 
consistent with the AB 32 Scoping Plan.  Therefore, while the Project would  
generate short-term (i.e., over 12- to 24-months) GHG emissions due to 
combustion of transportation fuels, the GHG emissions associated with the 
Project’s fuel consumption would be regulated near the top of the supply‐chain 
as transportation fuel suppliers and importers are required to report emissions 
under the Cap-and-Trade which is designed to reduce GHG emissions as needed 
to achieve emissions reductions described in related planning documents which 
primarily consists of the AB 32 Scoping Plan. As such, each citizen of California 
(including SMP) must necessarily purchase fuels produced in a way that is 
acceptable to the California market, and the Project would meet its fair share of 
the cost to mitigate the cumulative impact of global climate change because the 
applicant is purchasing energy from the California market. Thus, the Project 
would also be consistent with the relevant state-wide GHG reduction plan (i.e., 
AB 32 Scoping Plan). Please refer to the revised Section 3.6.5 of the EA/MND 
for additional detail. Based on the above analysis and that contained within  
Section 3.6.5 of the EA/MND, potential GHG emissions associated with the 
proposed Project activities were found to be less than significant, with no 
mitigation required. 
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The United States has contributed more to climate change than any other country. The U.S. is the 
world’s biggest cumulative emitter of greenhouse gas pollution, responsible for 27 percent of 
cumulative global CO2 emissions since 1850, and the U.S. is currently the world’s second highest 
emitter on an annual and per capita basis. (World Resources Institute 2020.) Nonetheless, U.S. 
climate policy is wholly inadequate to meet the international climate target to hold global average 
temperature rise to well below 2°C above pre-industrial levels to avoid the worst dangers of climate 
change. Current U.S. climate policy has been ranked as “critically insufficient” by an international 
team of climate policy experts and climate scientists which concluded: “These steps represent a  
severe backwards move and an abrogation of the United States’ responsibility as the world’s second 
largest emitter at a  time when more, not less, commitment is needed from all governments to avert 
the worst impacts of climate change.” (Climate Action Tracker 2022.) 
 
In its 2018 Special Report on Global Warming of 1.5°C, the IPCC—the leading 
international scientific body for the assessment of climate change—described the 
devastating harms that would occur at 2°C warming. The report highlights the necessity of 
limiting warming to 1.5°C to avoid catastrophic impacts to people and life on Earth. 
(IPCC 2018.) The report also provides overwhelming evidence that climate hazards are 
more urgent and more severe than previously thought, and that aggressive reductions in 
emissions within the next decade are essential to avoid the most devastating climate 
change harms. 
 
In response to inadequate action on the national level, California has taken steps through 
legislation and regulation to fight climate change and reduce statewide GHG emissions. 
Enforcement and compliance with these steps are essential to help stabilize the climate 
and avoid catastrophic impacts to our environment. California has a mandate under AB 32 
to reach 1990 levels of GHG emissions by the year 2020, equivalent to approximately a 
15 percent reduction from a business-as-usual projection. (Health & Saf. Code, § 38550.)  
 
Based on the warning of the Intergovernmental panel on Climate Change and leading 
climate scientists, Governor Brown issued an executive order in April 2015 requiring 
GHG emission reduction 40 percent below 1990 levels by 2030. (Executive Order B-30-
15 (2015).) The Executive Order is in line with a previous Executive Order mandating the 
state reduce emission levels to 80 percent below 1990 levels by 2050 in order to minimize 
significant climate change impacts. (Executive Order S-3-05 (2005).) In enacting SB 375, 
the state has also recognized the critical role that land use planning plays in achieving 
greenhouse gas emission reductions in California. 
 
The state Legislature has found that failure to achieve greenhouse gas reduction would be 
“detrimental” to the state’s economy. (Health & Saf. Code § 38501(b).) In his 2015 
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Inaugural Address, Governor Brown reiterated his commitment to reduce greenhouse gas 
emissions with three new goals for the next fifteen years: 
 

• Increase electricity derived from renewable sources to 50 percent; 

• Reduce today’s petroleum use in cars and trucks by 50 percent; 
• Double the efficiency of existing buildings and make 

heating fuels cleaner. (Brown 2015 Address.) 
 
Although some sources of GHG emissions may seem insignificant, climate change is a  
problem with cumulative impacts and effects. (Ctr. for Biological Diversity v. Nat’l 
Highway Traffic Safety Admin., (9th Cir. 2008) 538 F.3d 1172, 1217 (“the impact of 
greenhouse gas emissions on climate change is precisely the kind of cumulative impacts 
analysis” that agencies must conduct).) One source or one small project may not appear to 
have a significant effect on climate change, but the combined impacts of many sources 
can drastically damage California’s climate as a whole. Therefore, project-specific GHG 
emission disclosure, analysis and mitigation is vital to California meeting its climate goals 
and maintaining our climate. 
 
The impacts of climate change are already being felt by humans and wildlife. Human- 
induced climate change, including more frequent and intense extreme events, has caused 
widespread adverse impacts and related losses and damages to nature and people. (IPCC 
2022.) This rise in weather and climate extremes has led to some irreversible impacts, as 
natural and human systems are pushed beyond their ability to adapt. (IPCC 2022.) 
 
In the IPCC’s most recent report, entitled Climate Change 2022: Impacts, Adaptation and 
Vulnerability, it found that warming is proceeding even faster than anticipated, and the 
best-case scenario for climate change is slipping out of reach. (IPCC 2022.) The report 
now estimates that, over the next 20 years, the world will cross the global warming 
threshold of 1.5°C. And unless there are immediate, rapid and large-scale reductions in 
greenhouse gas emissions, limiting warming to close to 1.5°C—or even 2°C—will be 
beyond reach. The United Nations Secretary General described the forecasts in this report 
as an “atlas of human suffering.” (Borenstein 2022.) 
 
Given the increasingly urgent need for drastic action to reduce GHG emissions, the EA/MND’s 
decision to give short shrift to the Project’s significant climate change effects is all the more 
alarming. 

29.0 29.19 Center for Biological 
Diversity  

B. The EA/MND Fails to Adequately Disclose the Project’s GHG Impacts.  
 

See response to Comment #29.6 above.  Similar to the Project’s criteria  pollutant 
emissions, the GHG emissions presented in Table 3-1 of the EA/MND is 
inclusive of all Project sources, both mobile and stationary.  Furthermore, the 
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A CEQA document “must present facts and analysis, not simply the bare conclusions or 
opinions of the agency.” (Bay Area Citizens v. Association of Bay Area Governments 
(2016) 248 Cal.App.4th 966, 977 (quoting Californians for Alternatives to Toxics v. Calif. 
Dept. of Food and Agric. (2005) 136 Cal.App.4th 1, 13). The discussion of impacts must 
provide sufficient information and analysis to allow the public to discern the basis for the 
agency’s impact findings. (Sierra Club, supra, 6 Cal. 5th at p. 513 [“There must be a 
disclosure of the ‘analytic route the… agency traveled from evidence to action.”].) A 
“conclusory discussion” of a  significant environmental impact makes a CEQA document 
“inadequate as an informational document” as a matter of law.” (Id. at 514.) 
 
A “conclusory discussion” of a  significant environmental impact makes an EA/MND 
“inadequate as an informational document” as a matter of law. (Sierra Club, supra, 6 
Cal.5th at p. 514.) An EIR must provide information regarding the project's significant 
environmental impacts that is sufficient to allow decision-makers and the public to 
understand the environmental consequences of the project. (Id. at p. 520; Laurel Heights 
Improvement Ass'n v Regents of Univ. of Cal. (1988) 47 Cal.3d 376, 404; See CEQA 
Guidelines § 15151.) The document must include enough detail to enable the public “to 
understand and to consider meaningfully the issues raised by the proposed project.” (Id. 
at 516 (citation omitted).) 
 
The analysis of greenhouse gas impacts offers the public little information to understand 
Project activities that will generate GHG emissions. The EA/MND presents one table 
with the Project’s projected GHG emissions. (EA/MND at 28.) While the EA/MND 
expends dozens of pages identifying the global sources of GHG emissions, the EA/MND 
discloses only a single Project sources of emissions underlying these totals: fuel 
consumption. (Ibid.) The EA/MND fails to analyze and disclose the activities that would 
result in GHG emissions, primarily associated with use of off-road construction 
equipment, on-road hauling and vendor (material delivery) trucks, and worker vehicles. 
From the sole table provided, and without any basic explanation, the public and 
decisionmakers have no way to understand and independently evaluate the environmental 
consequences of the Project. (See EA/MND Sec. 3.6.5 and Appendix E at 224.) 
 
While EA/MND purports to provide additional detail in Appendix E, Appendix E merely 
breaks down greenhouse gas emissions into CO2, CH4, and N20, rather than detailing the 
actual sources of greenhouse gas emissions.2 Such a conclusory discussion of the 
Project’s GHG impacts renders the EA/MND inadequate as an informational document. 
 

emissions were calculated using conservative assumptions, and assumed that on- 
and off-site equipment and vehicles would operate at full capacity during the 
given operational year.  See the tables presented in Appendix E which summarize 
the GHG emissions sources quantified, and the description of equipment and 
associated activity levels assumed as part of the GHG analysis in Section 2.1 of 
the EA/MND. 

29.0 29.20 Center for Biological 
Diversity  

C. By Excluding Stationary Source Emissions, the Project Underestimates 
the Project’s Greenhouse Gas Emissions.  
 

See response to Comment #29.6 and #29.10 above. Similar to the Project’s 
criteria pollutant emissions, the GHG emissions presented in Table 3-10 of the 
EA/MND is inclusive of all Project sources, both mobile and stationary. The 
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One need look no further than the EA/MND’s lack of disclosure for the activities 
underlying its greenhouse gas estimates to understand why CEQA requires such 
disclosure. The EA/MND fails to include GHG emissions from stationary sources and 
therefore underestimates the Project’s impact on climate change. (Appendix E at 224.) 
 
The EA/MND estimates that the Project’s greenhouse gas emissions will be 3,021 metric 
tons per year and summarily concludes that, based on SCAQMD’s 10,000 metric ton 
threshold, that the Project will have less than significant climate impacts. (EA/MND at 
28.) However, according to a footnote in Appendix E, this estimate too “does not include 
stationary source emissions.” (Appendix E at 224.) 
 
The EA/MND provides no justification for omitting the greenhouse gas impacts 
generated by stationary sources which appear to comprise a large portion of the Project’s 
activity. (Appendix E at 224.) Given the information gleaned from elsewhere in the 
EA/MND, however, there is ample evidence to suggest that the Project would have 
significant GHG impacts. This Project proposes to construct approximately two miles of 
road improvements for existing roads, approximately 6.2 miles of new and temporary 12-
foot-wide exploration drilling access roads; eight helicopter landing pads; 65 drill pads; 
1.8 miles of new permanent access roads; a  staging area for access to the Project Area; 
and seven drill sites. (EA/MND at 5.) The Project would disturb 21 acres. (Ibid.) The 
Project proposes to utilize gasoline-powered helicopter equipment and rely primarily on 
diesel and gasoline (see sec 3.9.3) – an anthropogenic source of carbon – for energy 
generation. The Project identifies not a  single project design feature or mitigation 
measures aimed to lessen these emissions. 
 
Consequently, because of the deficiencies of the impact analysis for the proposed Project, the 
EA/MND fails to adequately disclose and properly estimate the Project’s GHG emissions. A fair 
argument exists to show the Project may have an impact on greenhouse gas emissions, and the 
County must prepare an EIR to disclose, analyze, and mitigate these impacts. 

footnote within Appendix E was included in error and has been removed from 
the revised EA/MND that will be certified by the BLM and Imperial County.  
Furthermore, the emissions were calculated using conservative assumptions, and 
assumed that on- and off-site equipment and vehicles would operate at full 
capacity during the given operational year. See the tables presented in Appendix 
E which summarize the GHG emissions sources quantified, and the annual 
equipment activity levels assumed as part of the GHG analysis. 

29.0 29.21 Center for Biological 
Diversity  

D. The EA/MND Lacks Evidentiary Support that GHG Impacts Would Be 
Less-Than Significant.  
 
The document offers three reasons for why the Project’s greenhouse gas emissions should 
not be considered a significant impact. Each of these reasons is unavailing. 
 
First, as discussed above, the EA/MND relies on a numerical estimate that excludes most 
of the GHG-generating activity associated with the Project. 
 
Second, the EA/MND relies on the fuel efficiency of vehicles established by California’s 
2017 Scoping Plan to suggest that the Project “does not have its own GHG emissions but 

See responses to Comments #29.9 through #29.11 above. 
 
As discussed above, the GHG emissions presented in Table 3-10 of the EA/MND 
is inclusive of all Project sources, both mobile (e.g., trucks helicopters, etc.) and 
stationary, including drill rigs, generators and tanks. The footnote within  
Appendix E was included in error and has been removed from the Revised 
EA/MND. Furthermore, the emissions were calculated using conservative 
assumptions, and assumed that on- and off-site equipment and vehicles would 
operate at full capacity during the given operational year.  See the tables presented 
in Appendix E which summarize the GHG emissions sources quantified, and the 
annual equipment activity levels assumed as part of the GHG analysis. 
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is simply a location in which GHG emissions are taking place.” (EA/MND at 28.) This 
argument ignores what CEQA is meant to do – namely, ensure that a  lead agency fully 
evaluates, discloses, and mitigates wherever feasible a project’s significant environmental 
effects. (Pub. Res. Code,§§ 21000, et seq.) The EA/MND may consider what mitigation is 
within the County’s jurisdiction when analyzing feasible mitigation measures, but these 
statewide fuel standards do not absolve the EA/MND of CEQA’s requirement that it 
disclose and analyze all potentially significant impacts associated with a project. 
 
The GHG analysis here is similar to the one that failed in Friends of Oroville v. City of 
Oroville (2013) 219 Cal.App.4th 832, 842. In that case, the Court held that the City of 
Oroville had failed to assess the impact of a  project’s greenhouse gas emission because it 
had improperly applied the threshold for determining the significance of project 
greenhouse gas emissions. (Ibid.) There, the EIR used the “Scoping Plan Measures” from 
the Assembly Bill 32 Scoping Plan to create a significance threshold. (Id. at 843.) 
However, it concluded that the certain measures need not be applied to the project 
because they were meant to be implemented at a  state-wide level. (Ibid.) The court said 
that by choosing a framework that excluded consideration of fuel consumption, the EIR 
“ignore[ed] the elephant in the room,” since 68% of the Project’s GHG emissions came 
from these impacts. (Ibid.) By relying on an inapplicable state-wide plan to disclaim 
responsibility to fully analyze and disclose impacts, that analysis – and this one, too – are 
deficient. Plus, the 2017 Scoping Plan is no longer valid; the California Air Resources 
Board in 2022 issued a new Scoping Plan, which the EA/MND did not consider. 
 
The EA/MND’s third reason as to why the Project has no significant climate impact is the most 
illogical. The EA/MND concludes that, since climate change is a  global problem, “no single project 
is large enough to impact climate change.” (EA/MND at 28.) Courts have rejected this “drop-in-the-
bucket” approach to impact analysis. In Kings County, the court invalidated an EIR that concluded 
increased ozone impacts from the project would be insignificant because it would emit relatively 
minor amounts of precursor pollutants compared to the large volume already emitted by other 
sources in the county, (1990) 221 Cal.App.3d 692, 717-18. The Kings County court rightly stated, 
“The relevant question to be addressed…is not the relative amount of precursors emitted by the 
project when compared with preexisting emissions, but whether any additional amount should be 
considered significant in light of the serious nature of the ozone problems in this air basin. (Id. at 
718.) Likewise, here, the EA/MND may not minimize the Project’s impacts by comparing them to a 
global problem. (CEQA Guidelines §15064.4(b) [In determining the significance of a  project's GHG 
emissions, the lead agency "should focus its analysis on the reasonably foreseeable incremental 
contribution of the project's emissions to the effects of climate change … even if [such contribution] 
appears relatively small compared to statewide, national or global emissions."].) 

 
Additionally, CARB’s Scoping Plan was discussed in response to CEQA 
Guidelines GHG Environmental Checklist Question VIII-b), as this is the State’s 
primary blueprint for how GHG reductions will be achieved.  The Imperial 
County Regional Climate Action Plan (ICTC 2021) was also reviewed.  Because 
the Project was found to be consistent with both the County’s and State’s primary 
GHG plans and policies, impacts were determined to be less than significant with 
no mitigation required.  While it is true the Project would comply with all 
applicable statewide fuel standards, and that any local fuel providers would have 
to participate in the GHG Cap-and-Trade Program and other state-wide Programs 
(e.g., low carbon fuel standard, renewable portfolio standard, etc.), this fact was 
not cited as mitigation measure nor a reason to defer disclosure of the Project’s 
potential GHG impacts. As noted above and within Section 3.6 of the EA/MND, 
the Project is estimated to emit in approximately 3,021 metric tons of CO2e per 
year from combustion of gasoline/diesel fuels. 
 
Additionally, in the decade since SCAQMD adopted the Interim GHG 
Significance Threshold, specifically the 10,000 metric ton CO2e threshold 
applied within the EA/MND, several new laws and executive orders were adopted 
that require additional reductions in years after 2020. Thus, as discussed in the 
most recent updates to the Scoping Plan, objectives of the Scoping Plan affect 
entire sectors of the economy and it no longer makes sense to evaluate GHG 
emissions on a project-level. Although the Project would generate approximately 
3,021 metric tons of CO2e per year from combustion of gasoline/diesel fuels, these 
fuels are regulated near the top of the supply-chain. As such, each citizen of 
California (including SMP) must necessarily purchase fuels produced in a way 
that is acceptable to the California market. Thus, Project GHG emissions would  
be consistent with the relevant AB 32 Scoping Plan, and the Project would meet 
its fair share of the cost to mitigate the cumulative impact of global climate 
change because the applicant is purchasing energy from the California market. 
This concept is reflected in both the 2017 and subsequent 2022 Scoping Plans, 
which regulates fuels at a  level in the supply chain above the Project, such that 
the Project has no choice but to use fuel energy in California that is already 
regulated. Nonetheless, GHG emissions impacts from implementing the Project 
were quantified at the Project-specific level for construction and operations as 
explained in Section 3.6.5 of the EA/MND. The impact analysis for the Project 
follows the approach certified by South Coast AQMD in the Final Negative 
Declaration for the Phillips 66 Los Angeles Refinery Carson Plant – Crude Oil 
Storage Capacity Project on December 12, 2014 (South Coast AQMD 2014). 
This approach considers the cumulative nature of the energy industry and 
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recognizes that consumers of diesel fuel are in effect regulated by higher level 
emissions restrictions on the producers of these energy sources. Therefore, the 
Project’s contribution to global climate change impacts would not be 
cumulatively considerable. 

29.0 29.22 Center for Biological 
Diversity  

V. The EA/MND’s Analysis of the Project’s Energy Impacts is Incomplete 
and Inadequate.  
 
CEQA requires agencies to analyze whether their projects will result in wasteful or 
inefficient use of energy. (Pub. Res. Code, § 21100(b)(3); CEQA Guidelines §15126.2(b) 
CEQA Guidelines Appendix F.) To demonstrate that a  project will not result in the 
wasteful use of energy, agencies must show that the project has decreased per capita 
energy consumption, decreased reliance on fossil fuel use, and increased reliance on 
renewable energy sources. (Cal. Clean Energy Com. v. City of Woodland (2014) 225 
Cal.App.4th 173, 209; Pub. Res. C §21100(b)(3); see also People v. County of Kern 
(1976) 62 Cal.App.3d 761, 774.) 
 
The entirety of fuel consumption resulting from this Project would be attributable to the 
burning of diesel, gasoline, and jet fuel – all fossil fuels. (EA/MND at 35.) The Project is 
expected to consume approximately 36,138 gallons of diesel fuel and 1,500 gallons of 
JetB fuel. (EA/MND at 36.) Despite the Project’s massive fuel consumption, the 
EA/MND concludes that any impacts would be less than significant because this amount 
is “nominal” compared to the fuel consumed in the entirety of Imperial Country. (Ibid.) 
 
The EA/MND attempts to minimize the impact of the Project’s fuel consumption by 
comparing it to the County’s annual fuel consumption, which is 24.3 million gallons. 
(EA/MND at 35.) This is disingenuous. The more applicable statistic would be to 
compare annual fuel consumption to similarly sized mining exploration Projects, an 
analysis the EA/MND does not undertake. 
 
The EA/MND again argues that current fuel efficiency standards, in and of themselves, 
suggest that this Project should not be considered inefficient or wasteful. Yet this Project 
does nothing to facilitate increased fuel efficiency. Compliance with existing fuel 
efficiency standards alone – absent project-specific analysis—is not sufficient evidence to 
support a  finding of no significant impact under the CEQA. (Oro Fino Gold Mining 
Corp. v. County of El Dorado (1990) 225 Cal. App. 3d 872, 881–882.) Otherwise, any 
projects burning fossil fuels – regardless of the amount – could claim an efficient use of 
energy. 
 
This reasoning also ignores what CEQA is meant to do – namely, ensure that a  lead 
agency fully evaluates, discloses, and mitigates wherever feasible a project’s significant 

While it is true the CEQA Guidelines Energy Environmental Checklist Question 
VI-a) requires CEQA determine if a  project would result the “wasteful, 
inefficient, or unnecessary consumption of energy resources”, CEQA does not 
require that an individual project demonstrate it would decreased per capita 
energy consumption (this is simply listed in Appendix F of the CEQA Guidelines 
as a means of achieving the State’s energy conservation goals). 
 
While it is true that the Project’s primary source of energy would be fossil fuel 
consumption, due to the nature and remote location of the proposed Project 
operations, use of other energy sources would be infeasible, and potentially even 
more impactful (e.g., additional disturbance for access to other energy sources 
would require additional disturbance, etc.). However, the Project has been 
designed to minimize wasteful energy consumption, and ensure onsite operations 
remain as efficient as possible.  For example, the use of helicopters in lieu of more 
convention trucks and vehicles was proposed as this would significantly reduce 
both the total length of new roadways that would need to be graded using heavy-
equipment during construction, as well as the total distance travelled by during 
operations to access the drill sites.  Ultimately, the consumption of fossil fuel 
energy alone is not a  reason to determine an individual project would result in a 
significant energy impact. 
 
The commenter notes the Project’s total fuel consumption should have been 
compared to a similarly sized exploration Project.  Gold mining operations, and 
even more so smaller exploratory projects, are exceedingly rare in California.  
Nonetheless, as described above, the Project has been designed to minimize 
environmental impacts and energy consumption to the extent feasible.  For 
example, Cahuilla  Exploratory Gold Project Phase III, for the which Imperial 
County was also intended to serve as the CEQA lead agency (see 
https://ceqanet.opr.ca.gov/2015061088), would cover approximately 214 acres 
total, and drill up to 2,000 total exploratory boreholes.  By comparison, SMP’s 
proposed Project would disturb up to 20.54 acres total and drill up to 65 proposed 
drill holes. As such, the Project’s total energy consumption is expected to be 
comparatively far less than analogous exploratory drilling projects in the region. 
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environmental effects. (Pub. Res. Code, §§ 21000, et seq.) The EA/MND may consider 
what mitigation is within the County’s jurisdiction when analyzing feasible mitigation 
measures, but these statewide standards do not absolve the EA/MND of CEQA’s 
requirement that it disclose and analyze all potentially significant impacts associated with 
a project. Significance thresholds must not foreclose consideration of any potentially 
significant environmental effect, or the CEQA analysis is deficient. (Protect the Historic 
Amador Waterways v. Amador Water Agency (2004) 116 Cal.App.4th 1099, 1109 [“A 
threshold of significance cannot be applied in a way that would foreclose the 
consideration of other substantial evidence tending to show the environmental effect to 
which the threshold relates might be significant.”].) 
 
Finally, the EA/MND ignores the requirements of Appendix F of CEQA. Neither the EA/MND nor 
any of the technical appendices provide any information on how this Project seeks to decrease 
overall energy use or its reliance on fossil fuels; instead, the Project relies exclusively on fossil fuels. 
This misses the clear legislative intent driving an energy analysis – to reduce fossil fuel use and 
maximize energy efficiency. 

29.0 29.23 Center for Biological 
Diversity  

VI. The EA/MND Fails to Adequately Analyze the Project’s Impacts on 
Water Supplies.  
 
California faces unprecedented challenges in its effort to allocate and conserve limited 
water resources, especially as water supply dwindles in the face of climate change and 
population growth. The Project would further exacerbate regional and statewide supply 
by constructing new roads and engaging in mining exploration activities that, absent an 
identified water source, threatens to overdraft local groundwater supply. In light of these, 
and other, underlying concerns, the EA/MND’s analysis of the Project’s water supply 
fails to adequately consider all potential significant impacts. 
 
The Project anticipates using up to approximately 2,000 gallons of water daily for active 
drilling periods. (EA/MND at 97.) The EA/MND surmises that water would be procured 
from Gold Rock Ranch “and/or” a local water purveyor. (Ibid.) On these facts alone, the 
EA/MND concludes there is adequate water supply available to meet the needs of the 
Project and finds a less than significant impact related to water supply. (EA/MND at 66.) 
 
CEQA requires that an analysis present decisionmakers “with sufficient facts to evaluate 
the pros and cons of supplying the amount of water that the [project] will need.” 
(Vineyard Area Citizens for Responsible Growth, Inc. v. City of Rancho Cordova (2007) 
40 Cal.4th 412, 430-31.) This includes identifying and analyzing water supplies that “bear 
a likelihood of actually proving available; speculative sources and unrealistic allocations 
(‘paper water’) are insufficient bases for decision-making under CEQA.” (Id. at 42.) 
 

See responses to Comments #10.1, #12.1, #23.5, #23.22, #23.28, #23.30, and 
#28.4 above which relate to the Project water supply. 
 
The Proposed Action would purchase water from vendors as needed to support 
exploration drilling and dust suppression activities. Water for the Project would  
be trucked in and would be procured from the nearby Gold Rock Ranch RV 
Resort, a  local water purveyor, and/or the City of Yuma, using water that is 
already permitted for pumping/use and available for sale. The Project does not 
propose groundwater pumping. As stated in Section 3.22 of the EA/MND, 
impacts to water resources would be negligible. 
 
Federal agencies, including the BLM, implement NEPA per the procedures 
developed by CEQ, which is the responsible agency for developing NEPA 
guidance for implementation. In line with the CEQ guidelines revised in 2020 
and then again in 2022 for implementing regulations of NEPA, which does not 
mandate particular results or substantive outcomes but rather requires Federal 
agencies to consider environmental impacts of Proposed Actions, the BLM 
determined that an EA is the appropriate level of NEPA review for the Proposed 
Action. In following 40 CFR Section 1501.5(c)(1) and 40 CFR 1501.6(a) per the 
2022 updates to the NEPA Implementing Regulations under Docket CEQ-2021-
0002, the BLM has determined that it has provided sufficient evidence and 
analysis to deem preparation of an EA followed by issuance of a  FONSI 
appropriate for the Proposed Action. 
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The EA/MND’s water supply analysis does not comply with this mandate. Instead, it 
falters from the outset because the EA/MND acknowledges that water for the project has 
not yet been secured. The EA/MND cannot rely on paper water to conclude the Project 
has adequate water available to supply its needs. 
 
Furthermore, while the EA/MND promises to not rely on surface and groundwater “within the 
Project Area,” it provides no assurances that it will not buy groundwater from the neighboring Gold 
Rock Ranch or the local water purveyor. (EA/MND at 65.) Given the “minimal amount” of surface 
water in the region (EA/MND at 74), nothing is stopping the Project from purchasing and using 
groundwater from the local basin. CEQA requires that the Project disclose and analyze if it will 
“[s]ubstantially decrease groundwater supplies or interfere substantially with groundwater recharge. 
(CEQA Guidelines, Appendix G, X(b).) This analysis is not limited to the Project area. The 
EA/MND fails to study this impact. 

29.0 29.24 Center for Biological 
Diversity  

VII. The Project will Have a Significant Impact on Cultural Resources and 
Cultural Landscapes. 
 
Substantial evidence, gathered through BLM’s government-to-government consultation 
with culturally affiliated tribes in the project area, supports a  “fair argument” that there is 
a  significant effect on the environment. (See MND § 3.14 Native American Religious 
Concerns and Traditional Values.) Despite this evidence, the County has failed to engage 
in a “good faith” effort and consult with all affected tribes, in violation of AB 52. (Pub. 
Res. Code § 21082.3(a).) 
 
This failure underscores the EA/MND’s failure to evaluate all known facts about the cultural 
resources and cultural landscapes that were obtained through ongoing consultation by BLM. (See 
MND § 3.14.2) 

Both the BLM and County have coordinated in extensive consultation efforts 
with Native American tribes who are potentially culturally affiliated with the 
Porject Area.  Please refer to the response to Comment #23.10 and #23.21 
above, which describes the Section 106 of the NHPA consultation process 
wherein the BLM has requested additional information about the nature and 
extent of the claim that the Project Area is located within a Traditional Cultural 
Property.  Also see Section 3.14.5 in the EA/MND which describes the 
County’s AB 52 consultation process.  In addition to letter notifications, County 
staff has participated in numerous in-person meetings, site visits, etc. in 
coordination with the BLM. 
 
As discussed in the EA/MND, in accordance PRC Section 21074 – AB 52, the 
County contacted the Fort Yuma Quechan Indian Tribe to obtain their input and 
concern with potential impacts to tribal cultural resources as a result of the 
Project. The Fort Yuma Quechan Indian Tribe is that only Native American 
tribe that has claimed traditional and cultural affiliation with the Project Area 
and is therefore the only tribal entity required to be notified of the Project by 
Imperial County pursuant to AB 52.  As discussed under Comment #22.6, the 
Fort Yuma Quechan Indian Tribe identified that the proposed project is located 
within a larger landscape they consider a Traditional Cultural Property. The 
BLM requested additional information about the nature and extent of the 
Traditional Cultural Property as part of its Government-to-Government 
consultation, as well as for Section 106 of the NHPA consultation and relevant 
to other EOs and regulations. The BLM recognizes the attributes that give 
Traditional Cultural Propertys significance, such as their association with 
historical events or traditional practices, are often intangible in nature. As stated 
in Section 3.8 of the EA/MND, all known cultural resource sites would be 
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avoided thus minimizing direct impacts. No adverse impacts would occur with 
avoidance measures implemented. The BLM would require additional 
mitigation measures to minimize indirect impacts to known cultural resource 
sites, as described in Section 3.8.3 and Appendix F of the EA/MND, resulting in 
indirect impacts being negligible, short-term, and localized, and therefore less 
than significant under CEQA. 
 

29.0 29.25 Center for Biological 
Diversity  

1. The County has Failed to Consult with Affected Tribes, As AB 52 
Requires.  
 
Under CEQA, as set forth in AB 52, a  lead agency must engage in a “good faith” effort to 
consult with all affected tribes to develop mitigation measures that are reasonable and 
mutually agreed upon. (Pub. Res. Code, § 21082.3(a).) An agency cannot certify an 
MND if it has not conducted and completed consultation with all affected tribes that are 
willing to engage. (Pub. Res. Code, § 21082.3(b).) Agencies are required to provide 
notice to all “California Native American tribe(s) traditionally and culturally affiliated 
with a geographic area of the proposed project.” (Pub. Res. Code § 21080.3.1(a)-(b).) 
 
The MND identified several tribes that could potentially be impacted by the project. BLM sent 16 
notice letters initiating formal government-to-government consultation and received 7 comment 
letters. Imperial County, on the other hand, sent out only one written notice for consultation, to the 
Fort Yuma Quechan Indian Tribe. (See MND at Sec.3.14.2-5) 
 
By failing to engage in a “good faith” effort and consult with all affected tribes to develop 
mitigation measures that are reasonable and mutually agreed upon, the County has not complied 
with CEQA. (Pub. Res. Code § 21082.3(a).) The County must contact all affected tribes and work 
together with those tribes to develop mitigation measures. Until the County has performed 
consultation, it cannot move forward with certifying the project. 

As discussed in response Comment #29.15, the County has been working closely 
with the BLM to ensure that tribal cultural consultation and engagement efforts 
are coordinated and comprehensive.   
 
AB 52 requires lead agencies to consult with California Native American tribes 
that have requested formal consultation on a project. The Fort Yuma Quechan 
Indian Tribe is the only California Native American tribes that indicated they are 
traditionally and culturally affiliated with the geographic area where the Project 
is located, and has formally requested consultation. Therefore, in accordance with 
PRC sections 21080.3.1 and 21080.3.2, the County provided formal notification 
to the designated contact of the Fort Yuma Quechan Indian Tribe. 
 
On September 9, 2021, the County distributed an AB 52 consultation letter for 
the proposed Project. Specifically, Project information, a  map, and contact 
information was sent to the Fort Yuma Quechan Indian Tribe. Due to the 
geographic location of the Project, the Fort Yuma Quechan Indian Tribe is the 
only Native American tribe that has claimed traditional and cultural affiliation 
with the Project Area and is therefore the only tribal entity required to be notified 
of the Project by Imperial County pursuant to AB 52. No response letter was 
received by Imperial County from the Fort Yuma Quechan Indian Tribe 
 
Although no formal response was received by the County in response to their AB 
52 notification, it is also important to note that consultation with the Fort Yuma 
Quechan Indian Tribe is ongoing, and both the BLM and County are committed 
to ensuring that any potential effects to cultural resources are either avoided or 
minimized to the extent feasible.   

29.0 29.26 Center for Biological 
Diversity  

2. Absent Adequate Consultation, the EA/MND Lacks a Basis to 
Conclude Impacts to Tribal Cultural Resources are Fully Disclosed and 
Properly Mitigated. 
 
Under CEQA, a historical resource is a  resource listed or determined to be eligible for 
listing in the California Register of Historical Resources. (Pub. Res. Code § 21084.1) 
The fact that a  resource is not listed or determined to be eligible for listing or not 

See responses to Comments #29.15 and #29.16 above.  Both the County and the 
BLM have engaged in extensive and comprehensive tribal consultation in  
accordance with AB 52 and Section 106.  See responses above for additional 
detail regarding the tribal cultural resource evaluation and related tribal 
consultation process. 
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included in a local register of historical resources, or not deemed significant pursuant to 
criteria set forth in subdivision (g) of Section 5024.1 “shall not preclude a lead agency 
from determining whether the resource may be an historical resource for purposes of this 
section.” (Id.) Historic resources are subject to CEQA and should be given “special 
recognition.” (See Friends of Sierra Madre v. City of Sierra Madre (2001) 25 Cal.4th 
165, 186; Citizens for a Sustainable Treasure Island v. City & County of San Francisco 
(2014) 227 Cal.App.4th 1036, 1065.) Tribal cultural resources include places and 
objects that hold cultural value to California Native American tribes, regardless of the 
tribe’s recognition status. (Pub. Res. Code § 21084.2(b).) A tribal cultural landscape may 
also qualify as a cultural resource depending on the extent it is “geographically defined 
in terms of the size and scope of the landscape.” (Pub. Res. Code § 21074(b).) 
 
The EA/MND identified a total of 75 cultural resources within a mile of the site and 12 
that intersect the project site. Within the relevant area, “25 cultural prehistoric resources 
were identified that may be in continued use by Native American individuals, such as 
trails, geoglyphs, and rock art sites." (EA/MND at 38, emphasis added.) Furthermore, in 
consultation with BLM, the Fort Yuma Quechan Indian Tribe objected to the project due 
to impacts to "a significant cultural landscape and items of cultural patrimony which are 
integral to the spiritual and everyday lives of the Quechan people." (EA/MND at 48.) 
 
Evidence exists from BLM’s consultation that the Project is within a region that is 
“highly significant” and holds great cultural, religious, and spiritual significance to the 
Fort Yuma Quechan Indian Tribe. (EA/MND at sec. 3.1.3.) The County disregards this 
evidence, and concludes that, because the Fort Yuma Quechan Indian Tribe did not 
respond to the County’s letter, it need not consider the evidence secured through BLM’s 
consultation of cultural resources on site. Instead, the County considered only impacts to 
cultural resources identified via record searches. It refused to evaluate the impacts to 
tribal cultural resources or cultural landscapes. Until BLM completes consultation and 
Imperial County starts consultation with all culturally affiliated and affected tribes, the 
EA/MND cannot accurately conclude that impacts to tribal resources will be less than 
significant. (Pub. Res. Code § 21074(b) [consultation ensures that tribal knowledge about 
cultural resources and landscapes are fully considered.]) Given this clear evidence of 
tribal cultural resources within and near the project area, lack of response to the AB 52 
consultation letter is not adequate to support the County’s conclusion that impacts to 
cultural resources are less than significant. 
 

Additionally, a  detailed Class III Cultural Resources Inventory Report was 
prepared and accepted by the BLM, and the non-confidential results of such 
represent the baseline conditions and are described in Section 3.8 of the 
EA/MND.  Additionally, should the Project be approved and, as such, the cultural 
monitoring commences upon Project initiation, the BLM will contact all tribes 
that have engaged in Government-to-Government consultation with the 
opportunity to participate as Tribal Cultural Monitors to conduct the BLM-
required archaeological monitoring. 
 

29.0 29.27 Center for Biological 
Diversity  

VIII. CONCLUSION  
 
Thank you for the opportunity to submit comments on the EA/MND for the Project. We 
urge the County not to approve the Project without first preparing an EIR and complying 

Thank you for your comments. Note that both comment letters received from the 
Conservation Organizations have been placed on file with the lead agencies 
pursuant to NEPA and CEQA. Both the County and BLM have maintained 
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with CEQA. The EIR should, among other things, address and evaluate the potentially 
significant impacts described in this letter. 
 
Given the possibility that the Conservation Organizations may choose to pursue legal 
remedies in order to ensure that the County complies with its legal obligations, including 
those arising under CEQA, we respectfully remind the County of its statutory duty to 
maintain and preserve all documents and communications that may constitute part of the 
“administrative record” of this proceeding. (§ 21167.6(e); see Golden Door Properties, 
LLC v. Superior Court (2020) 53 Cal.App.5th 733.) The administrative record 
encompasses any and all documents and communications that relate to any and all actions 
taken by the County with respect to the Project, and includes “pretty much everything that 
ever came near a proposed [project] or [] the agency’s compliance with CEQA…” 
(County of Orange v. Superior Court (2003) 113 Cal.App.4th 1,8.) The administrative 
record further includes all correspondence, emails, and text messages sent to or received 
by the County’s representatives or employees, that relate to the Project, including any 
correspondence, emails, and text messages sent between the County’s representatives or 
employees and the Applicant’s representatives or employees. Maintenance and 
preservation of the administrative record requires that, inter alia, the County (1) suspend 
all data destruction policies; and (2) preserve all relevant hardware unless an exact replica 
of each file is made. 
 
Please include this letter and all references in your project file for the Project. Please also include all 
of the signatories below on your notice list for all future updates, notices, and documents related to 
the Project and do not hesitate to contact us with any questions at the numbers or emails listed 
below. 

administrative records in accordance with applicable laws and requirements 
under NEPA and CEQA. 
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Appendix J: List of Preparers 

Table J-1: NEPA Preparers (Stantec Consulting Services Inc.) 
Name Title Resource Area 

Shelby Hockaday Project Manager NEPA Manager, Lead Author 

Steve Morton Principal Senior Review, Cumulative 

Hayley Barnes Environmental Scientist Project Coordinator, Recreation, Soils 

Jason Trook GIS Analyst GIS Support 

Shantanu Kongara Air Specialist Air Quality, Climate Change and Greenhouse 
Gases 

Ellen Brady Archaeologist Cultural Resources, Native American Religious 
Concerns and Traditions 

Sierra Marke Environmental Scientist Soils 

Ian Dudley Environmental Scientist 
Wildlife, including Migratory Birds, Special 
Status Species, and Threatened and Endangered 
Species 

Gianni Giuliano Technical Writer Visual Resources 

Dani Putney Project Coordinator Technical Editor/Formatting 

Table J-2: CEQA Preparers (Sespe Consulting, Inc.) 
Name Title Resource Area 

John Hecht President CEQA, Reclamation 

Graham Stephens Project Manager CEQA 

Table I-3: Bureau of Land Management 
 

Name Title Resource Area 

Mayra Martinez Geologist Project Manager 

Carrie Sahagun Associate Field Manager  Senior Review 

Jennifer Whyte Field Manager (Detailed) Field Manager Coordination and Oversight  

Christian Rodriguez Planning and Environmental 
Specialist, El Centro Field Office NEPA Review 

Regan Watt 
Planning and Environmental 
Specialist, California Desert District 
Office 

NEPA Review 

Amy McGowan Planning and Environmental Specialist, 
California State Office  NEPA Review 

Peter DeJongh Wildlife Biologist 
Wildlife Resources, Vegetation, Invasive and 
Non-Native Noxious Weeds, Threatened and 
Endangered Species 

Grant Day Archaeologist Cultural Resources, Native American Religious 
Concerns and Traditions 

John Johnson Visual Resources Specialist Visual Resources 

Ismael Ramirez Natural Resource Specialist 
General Biology, Vegetation, Invasive and 
Non-Native Noxious Weeds, Air Quality, Soil, 
and Water Resources 

Hannah Robinson Archaeologist, California Desert 
District Office 

Cultural Resources, Native American Religious 
Concerns and Traditions 
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Frank Giles Air Resource Specialist, California and 
Nevada 

Air Quality, Climate Change, and Greenhouse 
Gases 

Table J-4: Imperial County Planning Department 
Name Title Resource Area 

Michael Abraham Assistant Planning & Development 
Services Director CEQA 
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EXPLORATION RECLAMATION PLAN  
 

SMP – Oro Cruz Exploration Project 
Imperial County, California 

CA Mine ID No. – TBD 
 

March 2023 
 

1.0 EXPLORATION PLAN 

1.1 Introduction 

SMP Gold Corp.  (SMP) proposes mineral exploration activities at  the Oro Cruz Pit Area  (the “Project”) 
within  lands administered by  the Bureau of Land Management  (BLM), northwest of Yuma, Arizona,  in 
Imperial County (the “County”), California.  The Project is located on previously mined BLM lands, within 
Township 15 South, Range 20 East, Sections 1, 2, 12 and 13, and Township 15 South, Range 21 East, 
Sections 6, 7 and 18 (the “Project Area,” see Figure 1 and Figure 2), that are managed by the BLM’s El 
Centro  Field  Office.  The  Project  Area  has  been  previously  disturbed  by  mining  activities.  Current 
surrounding land uses include prospecting and recreation. 
 
The  Project  consists  of  using  existing  access  roads  and  improving  some  existing  roads,  as  well  as 
constructing a new temporary exploration drilling access road, up to sixty‐five (65) exploration drill pads, 
including eight (8) helicopter  landing pads, to support exploration  in seven (7) Drill Areas.   The Project 
would also entail constructing a new access road and 2.8‐acre staging area  for access to the Oro Cruz 
Portal on BLM  lands (Figure 5A).   The total surface disturbance on BLM  lands for the proposed Project 
activities is estimated at 20.5 acres. 
 
The Project is proposed to begin upon completion of all BLM and Imperial County coordination, permitting 
and bonding.  The Project mobilization, road construction, drilling, and borehole abandonment would be 
completed within 12 to 24 months of Project initiation.  Drilling activities potentially would be completed 
in up to two drill areas at once. Drill areas would be potentially revisited a second and third time based 
on the findings. Once operations are complete, Project areas to be reclaimed would be converted to land 
uses consistent with mining, recreational uses, and open space.  As feasible, Project reclamation would 
be  completed  concurrently with exploration drilling activities.   Reclamation activities and  subsequent 
monitoring  for  the success of  reclamation of  those areas would be completed within  five  (5) years of 
Project initiation. 
 
As required by the California Surface Mining and Reclamation Act (SMARA) and applicable County mining 
ordinance(s),  this  Reclamation  Plan  was  prepared  and  submitted  to  the  County  for  approval.  This 
Reclamation Plan was prepared in compliance with the following: 

 SMARA, as amended (Public Resources Code Section 2710 et seq.); 
 California Code of Regulations (CCR; Title 14, Division 2, Chapter 8, Subchapter 1, Section 3500 et 

seq.); 
 Imperial County, Code of Ordinances (Title 9, Division 20 – Surface Mining and Reclamation); 
 Imperial County, General Plan (1993); and 
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 California Environmental Quality Act  (California Public Resources Code  [PRC], Sections 21000  ‐ 
21178, and Title 14 CCR, Section 753, and Chapter 3, Sections 15000 – 15387). 

 
1.2 Site Location & History, CCR §3502(b)(1) 

The Oro Cruz Project is in the Tumco mining district in the Cargo Muchacho Mountains, 14 miles southeast 
of the operating Mesquite gold mine in Imperial County, California.  The site is located approximately 35 
minutes northwest of Yuma, Arizona, and is accessed via various paved highways and graded roads. The 
Project Area has been previously disturbed by significant mining activities. Current surrounding land uses 
include prospecting and recreation. The Tumco Historic Mine is a historic and recreational area managed 
by the BLM for uses such as hiking, prospecting, wildlife viewing, and photography within western portions 
of the Project Area. 
 
The Cargo Muchacho Mountains have an extensive history of gold mining, dating back more than 130 
years.   According to Tetra Tech (Tetra Tech, 2011), gold mining has occurred historically in the area from 
1890 to 1916 and 1932 to 1941, producing greater than 150,000 ounces of gold.  In the mid‐1990s, the 
Project property was developed by MK Gold Company. 
 
As discussed above, the Project Area  is within previously mined BLM  lands within Township 15 South, 
Range 20 East, Sections 1, 2, 12 and 13, and Township 15 South, Range 21 East, Sections 6, 7 and 18.  The 
Project Area and parcels therein are shown on Figure 2.  The Project is comprised of the nine (9) Assessor’s 
Parcel Numbers  (APNs).   Please  see Table 1 and Table 2 which  summarize County and BLM  land use 
information applicable to the Project Area. 
 

Table 1:  Imperial County Land Use Summary 

Assessor’s Parcel 
Number 

Property Owner 
County General Plan 

Designation 
County Zoning 

Designation 

050‐110‐006  BLM  Recreation/Open Space  N/A (BLM Land) 
050‐110‐007  BLM  Recreation/Open Space  N/A (BLM Land) 
050‐110‐008  BLM  Recreation/Open Space  N/A (BLM Land) 
050‐110‐009  BLM  Recreation/Open Space  N/A (BLM Land) 
050‐110‐023  BLM  Recreation/Open Space  N/A (BLM Land) 
050‐110‐024  BLM  Recreation/Open Space  N/A (BLM Land) 
050‐280‐001  BLM  Recreation/Open Space  N/A (BLM Land) 
050‐280‐012  BLM  Recreation/Open Space  N/A (BLM Land) 
050‐280‐013  BLM  Recreation/Open Space  N/A (BLM Land) 

See Figure 2 for more detail. 
 

Table 2:  Bureau of Land Management Land Use Summary 

Land Use Category  Project Area Designation 

Land Status  Bureau of Land Management 
Area of Critical Environmental Concern (ACEC)  Picacho ACEC 
Desert Wildlife Management Area  N/A (No Designations) 
BLM Wilderness  N/A (No Designations) 
BLM Imperial Sand Dunes Recreation Area (ISDRA) Fee Area Boundary  N/A (No Designations) 
Field Office Boundary  El Centro Field Office 
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See Figure 1 for more detail. 
 

1.3 General Ownership / Operation Information, CCR §2772(c) 

1.3.1 Operator & Property Owner Information 

PROJECT/OPERATIONS NAME:    Oro Cruz Exploration Project 
 
PROJECT OWNER/OPERATOR:    SMP Gold Corp. (SMP) 
 
POINT OF CONTACT:      David Tupper 
 
EMAIL:          dtupper@smp.com  
 
TELEPHONE NUMBER:      Phone: (604) 682‐8592 
           
MAILING ADDRESS:      Suite 420 – 789 West Pender Street 
          Vancouver, B.C., Canada V6C 1H2 
 
1.3.2 SMARA Lead Agency Information 

SMARA LEAD AGENCY:      Imperial County 
          Planning & Development Services 
 
STAFF CONTACT:      Michael Abraham 
          Assistant Planning & Development Services Director 
          michaelabraham@co.imperial.ca.us  
 
TELEPHONE NUMBER:      Phone: (442) 265‐1736 
          Fax: (442) 265‐1735 
 
MAILING ADDRESS:      801 Main Street 
          El Centro, California 92243 
 
1.3.3 General Operation Schedule & Information 

Estimated Initiation Date:        3rd Quarter 2023  

Estimated Operating Life:      12 to 24 months (from Project initiation) 

Estimated Operations Termination Date:  3rd Quarter 2022 to 2025  

Estimated Reclamation Completion:    2028 (5 years from Project initiation) 

Reclaimed End Use:  Land  consistent with mining,  recreational uses, and/or 
open space. 
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Table 3:  Operation Information 

Component  Proposed Plan 

SMARA Project Type  Prospecting and Exploratory Activities 

Quantity & Type of Mineral Commodity  N/A  
(Project is an exploratory drilling program) 

Estimated Total Disturbance/Reclamation Area (acres)  20.5 acres 

Number of Exploratory Boreholes  65 boreholes 

Maximum Anticipated Depth of Boreholes (feet bgs)  800‐feet bgs 

Total Duration of Exploratory Activities  12 to 24 months (approximate) 

Total Maximum Duration of Project  5 years (approximate) 
“bgs” = below ground surface 
 

1.4 Environmental Setting, CCR §3502(b)(1) 

1.4.1 Geologic Setting 

As  previously  discussed,  the  Oro  Cruz  Project  is  in  the  Cargo  Muchacho  Mountains  in  southeastern 
California.  Based on a technical report prepared by Tetra Tech (Tetra Tech, 2011), the range is comprised 
predominately of Jurassic metavolcaniclastic rocks of the Tumco Formation, now present as well‐foliated 
amphibolite‐facies gneiss and schist.   Mesozoic biotite granite and associated pegmatite dikes cut  the 
Tumco Formation and cut Mesozoic hornblende‐biotite quartz monzonite.   The granite and monzonite 
form large intrusive bodies in the range.  The principal structural fabric in the range is west‐northwest.  
Low‐angle faults are cut by northwest trending faults.   
 
Given that the exploration activities will occur primarily within areas comprised of crystalline rocks, no 
paleontological resources are expected.  Additionally, a review of literature pertaining to the geology of 
the Cargo Muchacho Mountains did not identify fossil localities in the Project Area, and the nature and 
type of Quaternary alluvium does not exhibit biostratinomic characteristics favorable for preservation. 
 
With respects to the Project Area mineralization, the description below  is compiled from the technical 
report prepared by Tetra Tech  (Tetra Tech, 2011).   The Oro Cruz mineral deposit  is believed  to be a 
detachment‐fault‐related  gold  deposit  consisting  of  replacement  mineralization  along  a  low‐angle 
detachment fault related to regional extensional fault systems.  Mineralization is hosted predominantly 
within or along  the boundaries  the Tumco Formation.   Mesothermal mineralization occurs  in multiple 
brown to brownish gray siliceous zones containing hematite, magnetite, quartz, mica, feldspar, chlorite, 
and copper oxides.  Native gold containing very low silver is associated with iron and copper oxides. 
 
1.4.2 Hydrogeology 

A review of the California Groundwater Bulletin Groundwater 118 (CA Department of Water Resources, 
2004) indicates the Project area is situated within the Imperial Valley Groundwater Basin, located in the 
southeastern part of California at the international border with Mexico.  The basin lies within the southern 
part of the Colorado Desert Hydrologic Region, south of the Salton Sea.  The groundwater basin extends 
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across  the border  into Baja California where  it underlies a contiguous part of  the Mexicali Valley  (CA 
Department of Public Works, 1954). The primary hydrologic features are the New and Alamo rivers, which 
flow north towards the Salton Sea. The rivers were formed in the mid to late 1800s when the Colorado 
River occasionally escaped the normal channel and flowed northward towards the present‐day Salton Sea 
(Setmire, 1979).   The All‐American Canal (AAC) and the Coachella Canal also occur over the top of the 
basin. 
 
According to Coes, et al. (Coes, et al., 2015), groundwater in the Project Area is recharged naturally near 
the mountain fronts along the washes from precipitation runoff and by underflow from the east between 
the Cargo Muchacho Mountains and Pilot Knob.  Since 1940, groundwater has been recharged along the 
AAC and Coachella Canal from seepage of Colorado River water.  Also, Tompson, et al. (Tompson, et al., 
2008) note  that  irrigation‐return  flow  could also  serve as a  recharge  source  to  the aquifer  system  in 
Imperial Valley. 
 
As noted in the study by Coes, et al. (Coes, et al., 2015), prior to 1940 the AAC was not carrying water, and 
groundwater pumping was minimal in the study area; the groundwater system is considered to have been 
in steady‐state conditions.  Well elevation data collected before 1940 indicate groundwater elevations at 
that time ranged from more than 100‐feet above mean sea level (amsl) on the east side of the study area 
near the Cargo Muchacho Mountains and Pilot Knob to 10‐ to 20‐feet amsl on the west side of the study 
area near  Imperial Valley. Groundwater movement generally was from east to west, and groundwater 
was recharged primarily by underflow through alluvial deposits between the Cargo Muchacho Mountains 
and Pilot Knob (Loeltz, Irelan, Robison, & Olmsted, 1975)/ (Harshbarger, 1977). 
 
1.4.3 Climate 

Climate within the Project Area is characterized by hot dry conditions in the summer months and dry mild 
winters.  Average  annual  rainfall  is  3.9  inches  per  year,  occurring  primarily  during winter  (December 
through February) and the monsoon season (August and September).  Average high temperature of the 
hottest (July) month is 107° Fahrenheit (F) and average low temperature of the coldest month (December) 
is 46° F (WRCC, 1964 ‐ 1996). 
 
1.4.4 Soils, Erosion, & Slope Stability 

Within the Project Area, elevations range from 600‐feet amsl to 800‐feet amsl. 
 
Soils in the Project Area developed from weathered granitic rock and schistose rock substrates. The soils 
consist of extremely gravelly sands or gravelly loams with up to 90% coarse fragments. Soils within the 
Project Area are of two general types based on substrate and topographic position: residual soil material 
weathered in place on slopes and ridges; and deeper alluvial soils transported by water and gravity to toe 
slopes, washes and outwash fans. The soils within the Project Area also contain large areas of disturbance 
from previous mining and reclamation activities.  
 
A review of a technical report prepared by Dycker & Associates,  Inc.  (Dycker & Associates,  Inc., 1995) 
indicates the native soils within the Project Area have developed under desert conditions of low moisture, 
high temperatures, and little or no chemical weathering.  Soils are a product of the mechanical weathering 
process  in this arid climate and are generally composed of coarse sands, gravel, and cobbles with  little 
profile development. Soils vary from rock outcrops and a thin residual veneer of in‐place rock materials 
on  mountain  ridges  and  slopes,  to  deep,  coarse,  alluvial  material  in  washes  and  outwash  fans.  Old 
piedmont  surfaces,  such  as  desert  pavement,  have  developed  a  characteristic  type  of  rock  surface 
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underlain by vesicular and saline subsoils peculiar to this desert region.  Rock outcrops on peaks, ridges, 
and knobs occur throughout the area. Cobbles and rock fragments are common on the ground surface 
and form part of the weathered desert pavement on stable bajadas (Dycker & Associates, Inc., 1995). 
 
SMARA regulations (§3711) require salvage of topsoil and other suitable growth media (subsoil) prior to 
mining activities, and redistribution in areas to be revegetated.  SMARA regulations (§3705) also require 
soil analysis  to determine  if  the growth media  in  revegetation  areas  consists of native  topsoil and  is 
otherwise adequate to support successful revegetation.  Although the potential to salvage topsoil/subsoil 
from the Project Area is limited, as feasible topsoil and subsoil will initially be scraped off the drill pads 
and new access road areas and stored along the edges of the pads/roads in small stockpiles and/or berms 
in accordance with §3711.  The topsoil and subsoil will be salvaged and stored through the duration of 
Project  activities,  and  then  used  as  backfill  for  reclamation  activities  once  drilling  is  complete  and 
equipment demobilization occurs.  Please see Section 2.10 for more detail related to topsoil and subsoil 
storage. 
 
1.4.4.1 Erosion, Sediment Transport, & Windblown Dust 

Erosion, sediment transport and windblown dust are controlled by  implementation of the storm water 
Best  Management  Practices  (BMPs),  compliance  with  Imperial  County  Air  Pollution  Control  District 
(ICAPCD) applicable  rules and  regulations, and  site‐specific  inspections  (as needed)  conducted by  the 
operator.  Also, see Sections 1.11 and 2.11 for summaries of dust control and storm water BMPs to be 
implemented onsite. 
 
As needed, SMP will implement BMPs for erosion and sediment control measures.  The effectiveness of 
erosion control measures would be monitored throughout the duration of the Project. Additionally, SMP 
will follow all erosion and sediment control measures identified in this Reclamation Plan. 
 
Air  quality  impacts  associated  with  the  Project would  be  primarily  from  fugitive  dust  generation  by 
vehicles and equipment during operations and from vehicle and drill powerplant emissions. The Project 
Area is within the jurisdiction of the ICAPCD.  The Project would comply with applicable State of California 
and ICAPCD rules for fugitive dust emissions. Specifically, the Project will comply with Regulation VIII – 
Fugitive Dust Rules, specifically Rules 800 through 806, which prescribe measures for the management of 
windblown dust.   
 
1.4.5 Vegetation & Biological Resources 

Vegetation in the Project Area is low desert scrub typical of the high temperature region of southeastern 
California.  The following description of the Project Area biological and vegetation setting is taken from 
the technical report prepared by Dycker & Associates, Inc. (Dycker & Associates, Inc., 1995).   Vegetation 
within the Project Area  is  low desert scrub typical of the severe temperate desert.   Vegetative cover is 
extremely low and variable, and species diversity is minimal. The existing vegetation is highly adaptable 
to  the desert heat and droughts, and on  the higher ground consists of  scattered desert  species  (e.g., 
creosote bush, etc.).  Wash areas in the region collect rain runoff and provide a break in the arid desert 
areas and, therefore, have the potential to support a wider variety of plants including large shrubs and 
small trees, and a variety of ground cover.  The vegetation is sparse, with denser overall cover on upland 
mountain slopes that decreases on the alluvial fans and flats.   
 
Recent  field  surveys  conducted  by  WestLand  Resources  Inc.  (2021)  document  similar  conditions.  In 
general, vegetation  in  the Project Area  is slow desert scrub  typical of  the high  temperature  region of 
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southeastern California. In general, vegetation is sparse in both the upland and xeroriparian habitats. The 
uplands consist of a very  low‐density shrub community dominated by creosote (Larrea tridentata) and 
brittlebush (Encelia farinose). In addition, large portions of the Project Area consist of disturbed habitats 
dominated by non‐native annual plants. The xeroriparian habitat generally consists of the same sparce 
shrub  community  and  includes  widely  spaced  upland  trees  and  ocotillo  (Fouquieria  splendens).  In 
summary, vegetation in the Project Area is uniformly sparce and consist of very low density shrublands, 
upland trees and highly disturbed habitats. The floral community is more specifically described in Section 
2.3. 
 
1.4.6 Wildlife 

Wildlife habitats on and around  the Project Area have been significantly  influenced by historic mining 
activities, as well as by recreational and mine exploration activities.   During field surveys conducted  in 
March 2021 a total of 26 wildlife species were observed. See Section 2.4 below for more detail. 
 
To  avoid  potential  adverse  impacts  to  sensitive  plant  and  wildlife  species  and  habitats  a  variety  of 
protection measures are associated with  the Project. These  include  specific measures  for  the Mojave 
desert  tortoise  (SMP Gold  Corp.,  2020).    Please  see  the  Biological  Resources Assessment  (WestLand 
Resources, Inc., 2021) included in Appendix B for additional detail. 
 
1.5 Exploration Activities, CCR §2772, §3502, §3503 

1.5.1 Project Summary, CCR §2772(c) 

The Project Area  is within previously mined BLM  lands that are managed by the BLM’s El Centro Field 
Office  (Figure  1).    The  total  surface  disturbance  for  the  proposed  Project  activities  on  BLM  lands  is 
estimated at 20.5 acres. 
 
As discussed in Section 1.0, the Project consists of the following: 

 Using existing access roads and improving approximately 2.6 miles of existing roads; 
 Constructing approximately 6.2 miles of new 12‐foot‐wide temporary exploration drilling access 

roads; 
 Constructing up to 65 drill pads (including 8 helicopter landing pads) to support exploration; and, 
 Constructing approximately 9,640 linear feet (1.8 miles) of new, 15‐foot‐wide access road and a 

2.8‐acre staging area to serve as primary access to the Oro Cruz Portal on BLM lands (Figure 5A). 
 
The 2.8‐acre staging area at the Oro Cruz Portal would be used for exploration within the proposed Drill 
Areas and underground mine area and resources.  The area would house a 1,000‐gallon diesel fuel tank 
and fueling station; helicopter landing area with 300‐gallon JetB fuel tank and refueling station; two (2) 
diesel‐powered generators (125 kilowatts [kW] or equivalent); two (2) portable compressors (375 Series 
or equivalent); parking for access to the underground mine; and laydown areas for exploration drilling. 
 
The Project is proposed to begin upon completion of applicable BLM and Imperial County coordination, 
permitting and bonding requirements. The Project mobilization, road construction, drilling, and borehole 
abandonment would be completed within 12 to 24 months, following issuance of the necessary approvals 
by the County and BLM.  Drilling activities potentially would be completed in up to two (2) drill areas at 
once. Drill areas would be potentially revisited a second and third time based on the findings.  As feasible, 
Project reclamation would be conducted concurrently with exploration drilling activities, and monitoring 
for  the  success  of  reclamation  of  those  areas  would  be  completed  within  five  (5)  years  of  Project 
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implementation.   
 
1.5.2 Project Area of Disturbance Summary 

As discussed above and summarized in Table 4 below, Project Areas would be disturbed by construction 
of  new  access  roads,  helicopter  landing  pads,  drill  pads,  and  the  Oro  Cruz  Portal  staging  area 
(approximately 2.8 acres in size).  To minimize land disturbance, existing access roads would be used to 
the extent possible, but some new access roads would be required across BLM  land (see Figure 2 and 
Figure 3).   
 
The access routes will be used by a track‐mounted drill rig and support vehicles.  The drill pads will consist 
of an approximately 60‐foot by 40‐foot area that will be cleared to hold the drilling collar and sumps for 
drilling mud (wastewater and fluid), along with all drilling equipment and personnel during construction. 
The sumps would be approximately 12‐feet by 12‐feet and 6 feet deep. 
 
Clearing activities would be conducted with a bulldozer, track hoe and hoe ram.  As summarized in Table 
4 below, the total surface disturbance for the proposed activities is estimated at 20.5 acres on BLM lands. 
 

Table 4:  Estimated Project Surface Disturbance 

Activity Area  Description of Activity 
Est. Impact 
by Activity 

(square feet) 

Est. Impact 
by Activity 

(acres) 

Est. Impact 
Per Drill 

Area (acres) 

Drill Area 1 

Exploration Reverse Circulation (RC) or 
core drilling to be conducted within 
14, 60‐by‐40‐foot drill sites (accessed 
via existing and new roads). 

33,600  0.8 

1.9 Exploration core drilling to be 
conducted within 2, 60‐by‐40‐foot drill 
sites (accessed via helicopter). 

4,800  0.1 

Approximately 3,500 linear feet of 12‐
foot‐wide new temporary exploration 
drilling access road. 

42,000  1.0 

Drill Area 2 

Exploration RC or core drilling to be 
conducted within 13, 60‐by‐40‐foot 
drill sites (accessed via existing and 
new roads). 

31,200  0.7 

3.8 

Exploration core drilling to be 
conducted within 2, 60‐by‐40‐foot drill 
sites (accessed via helicopter). 

4,800  0.1 

2 helicopter landing pads (50‐by‐50‐
foot area).  5,000  0.1 

Approximately 10,500 linear feet of 
12‐foot‐wide new temporary 
exploration drilling access road. 

126,000  2.9 
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Activity Area  Description of Activity 
Est. Impact 
by Activity 

(square feet) 

Est. Impact 
by Activity 

(acres) 

Est. Impact 
Per Drill 

Area (acres) 

Drill Area 3 

Exploration RC or core drilling to be 
conducted within 7, 60‐by‐40‐foot drill 
sites (accessed via existing and new 
roads). 

16,800  0.4 

1.8 

Exploration core drilling to be 
conducted within 3, 60‐by‐40‐foot drill 
sites (accessed via helicopter). 

7,200  0.2 

3 helicopter landing pads (50‐by‐50‐
foot area).  7,500  0.2 

Approximately 3,500 linear feet of 12‐
foot‐wide new temporary exploration 
drilling access road. 

42,000  1.0 

Drill Area 4 

Exploration RC or core drilling to be 
conducted within 4, 60‐by‐40‐foot drill 
sites (accessed via existing and new 
roads). 

9,600  0.2 

1.2 
Approximately 3,500 linear feet of 12‐
foot‐wide new temporary exploration 
drilling access road. 

42,000  1.0 

Drill Area 5 

Exploration RC or core drilling to be 
conducted within 2, 60‐by‐40‐foot drill 
sites (accessed via existing and new 
roads). 

4,800  0.1 

1.2 

Exploration core drilling to be 
conducted within 3, 60‐by‐40‐foot drill 
sites (accessed via helicopter). 

7,200  0.2 

3 helicopter landing pads (50‐by‐50‐
foot area).  7,500  0.2 

Approximately 2,700 linear feet of 12‐
foot‐wide new temporary exploration 
drilling access road. 

32,400  0.7 

Drill Area 6 

Exploration RC or core drilling to be 
conducted within 5, 60‐by‐40‐foot drill 
sites (accessed via new access road). 

12,000  0.3 

0.8 
Approximately 1,800 linear feet of 12‐
foot‐wide new temporary exploration 
drilling access road. 

21,600  0.5 

Drill Area 7 

Exploration RC or core drilling to be 
conducted within 10, 60‐by‐40‐foot 
drill sites (accessed via existing and 
new roads). 

24,000  0.6 

2.5 
Approximately 7,000 linear feet of 12‐
foot‐wide new temporary exploration 
drilling access road. 

84,000  1.9 
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Activity Area  Description of Activity 
Est. Impact 
by Activity 

(square feet) 

Est. Impact 
by Activity 

(acres) 

Est. Impact 
Per Drill 

Area (acres) 

Existing Access 
Roads 
(Improvements 
Required) 

Approximately 10,410‐feet (2.0 miles) 
of existing road improvements; 
Assumes an additional 6‐feet of 
disturbance would be added to the 
width of the existing roads. 

62,460  1.4  N/A 

New Access to 
Oro Cruz Portal 

Approximately 9,640 linear feet (1.8 
miles) of 15‐foot‐wide new access 
road. 

144,600  3.3  N/A 

Oro Cruz Portal 
Staging Area 

Access, fueling stations, staging and 
parking to support the exploration of 
the underground resource accessible 
through the Oro Cruz Portal. 

Approximately 2.6‐acre staging area in 
at the entrance of the Oro Cruz Portal. 

121,970  2.8  N/A 

See Figure 3 for more detail.  Total:  895,030  20.5   
 

1.5.3 Site Access 

As discussed above, existing access roads would be used to the extent possible but some new access roads 
would be required across BLM land (see Figure 2 and Figure 3). The access routes that would be used are 
pre‐existing  BLM‐authorized  routes.  The  proposed  drill  sites  and  new  access  roads would  be mostly 
located within previously mined and disturbed areas.  Interstate 8 (I‐8) and Ogilby Road (State Route 34) 
and Gold Rock Ranch Road are the primary roads that would be used for access.  Drilling equipment would 
be trucked to one of two truck unloading points, and then would be mobilized to the Drill Areas within 
the Project Area (Figure 3).  Equipment would be unloaded from lowboys onto the existing road at the 
unloading points and no improvements are needed to accommodate the unloading of equipment. 
 
Access to the drill pads would be gained via existing and new roadways, and via helicopter from the Yuma 
Airport. The exploration drilling aspects of  the Project would require approximately 13,820‐linear‐feet 
(2.6 miles) of existing road improvements; approximately 32,740‐linear‐feet (6.2 miles) of new temporary 
access road construction; and the construction of up to eight (8) helicopter landing pads (Figure 3).  These 
new access roads would be used strictly for Project support vehicles to access the exploration Drill Areas.  
Signage would be  installed at appropriate  ingress/egress points clearly describing  the  roads as having 
limited access. 
 
Access to the Oro Cruz Portal would require the construction of 9,640‐linear‐feet (1.8 miles) of a new 15‐
foot‐wide road.  The road would be secured from unauthorized access for the duration of activity at the 
portal  staging  area  while  assuring  access  by  BLM  staff.    A  gate  would  be  placed  across  the  road 
accompanied by proper deterrence on either side of the gate (i.e., fence, berm, or large boulder). Activities 
at the Oro Cruz Portal staging area and access route for underground investigations may extend beyond 
the 12‐  to 24‐month  exploration  activities; but  reclamation  and monitoring of  those  areas would be 
completed within 5 years of Project implementation. 
 
Reclamation would be  implemented  at  the  2.8‐acre portal  staging  area  and  all  equipment would  be 
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removed within the 5‐year reclamation monitoring period.  The portal staging area would be secured with 
chain link fence and razor wire, and locked during brief periods of non‐operation.  Roads would also be 
reclaimed. 
 
Road construction would be conducted using a D8 Dozer (or equivalent).  Vegetation disturbance would 
be avoided to the maximum extent possible.  No maintenance is planned for improved existing roads, as 
they  will  only  be  used  for  12  to  24  months  during  active  drilling  and  then  would  be  reclaimed. 
Improvements would  require  selected  stretches  of  existing  access  road  to  be  bladed  and  cleared  of 
vegetation.   Most of the existing roads in the Project Area are about 6‐feet wide, so it is assumed that 
road improvements would require approximately 6‐feet of additional width disturbance. 
 
New access roads for exploration drilling would not disrupt the surface except where necessary to gain 
safe access.  These roads would be used temporarily for access to the drill sites and would require a 12‐
foot width for access of drilling equipment. 
 
Where needed to restrict access to Drill Areas 1 and 6, barriers constructed of onsite materials from areas 
disturbed  as  part  of  the  Project  would  be  installed  to  prevent  unauthorized  vehicular  traffic  from 
interfering with the reclamation of access roads.  As appropriate, signs would be posted indicating these 
roads would be for authorized use only.  Berms would be 6‐feet in height and placed along new access 
routes  to  prevent  the  public  from  accessing  the Drill Areas.    The  Project  access  road  is  gated  at  its 
intersection with Tumco Wash, so that gate will serve as the safety barrier to Drill Areas 2, 3, 4, 5, and 7.  
Road fill will be stabilized and maintained during and following any construction to prevent any erosion. 
 
1.5.4 Drilling Activity 

Sixty‐five (65) boreholes would primarily be completed using RC techniques, however a portion of those 
boreholes might also be completed using core techniques. The boreholes would be placed within seven 
(7) Drill Areas (see Figure 3). The anticipated maximum depth for the boreholes is approximately 800‐feet 
bgs. Drilling would be accomplished with a track‐mounted rig. Any water encountered or generated by 
drilling will be fully contained within the drill sumps, and the sumps will be backfilled once all water  is 
evaporated. 
 
A drill rig would operate on a 12‐ or 24‐hour‐per‐day schedule (12 hours per shift) for 12 to 24 months. 
Once a hole is completed, the drillers would abandon the hole before moving to the next hole. Typically, 
there would only be one drill rig in operation at a time within the Project Area. The exception would be 
when RC holes are completed with core tails, at which time there would be two (2) drill rigs on site and in 
operation at the same time.  
 
Each drill site requires an approximately 60‐by‐40‐foot drill pad that will encompass approximately 0.06 
acres of disturbed area (Figure 5B). 
 
1.5.5 Vehicle/Equipment & Maintenance 

The proposed exploration activities would be conducted using the following equipment (or similar): 

 LF‐90D – Boart‐Longyear track‐mounted drill rig (size = 12 by 20 ft; weight ~18,000 lbs) 
 Drill pipe and equipment truck (size = 10 by 35 ft; weight ~35,000 lbs) 
 CAT® bulldozer (size = D8, weight ~80,000 lbs)  
 Track hoe (weight ~30,000 lbs) 

PC ORIGINAL PKG



SMP – Oro Cruz Exploration Project    March 2023 
Reclamation Plan     

 

   
Reclamation Plan_03‐14‐2023  12  Sespe Consulting, Inc. 

 Hoe ram (weight ~10,000 lbs) 
 Portable water tank (2,000 gallon; weight ~400 lbs) 
 Above‐Ground diesel fuel tank (1,000 gallon; weight ~1,500 lbs) 
 Above‐Ground JetB fuel Tank (300 gallon; weight ~500 lbs) 
 Excavator (Size = 200; weight ~52,000 lbs) 
 Water trucks (two 1,000 gallon; weight ~50,000 lbs each) 
 Generators associated with drill rig (one 125 kW) and Oro Cruz Portal staging area (two 125 kW; 

weight ~13,000 lbs each) 
 Portable compressors (two 375 Series; weight ~4,500 lbs each) 
 Support vehicles (approximately five, one‐ton vehicles) 

 
Minor equipment maintenance will be conducted  in the  field using maintenance and  fueling trucks as 
needed.    If equipment  requires major  repairs,  it would be hauled off by  the contractor and  replaced.  
Waste  oil  and  engine  fluids  generated  at  the  operations  will  be  collected  and  transported  by  the 
maintenance truck contractor for offsite disposal by approved methods via properly trained and licensed 
personnel.    Refueling  and  maintenance  will  comply  with  all  rules  and  regulations  with  regard  to 
implementing proper fueling procedures and spill control measures and employee training.  Drip pans or 
absorbent pads shall be used during fueling and maintenance and absorbent spill cleanup materials and 
spill kits shall be available and disposed of properly after use. 
 
1.6 Waste Management & Disposal 

1.6.1 Mine Wastes, CCR §2772(c)(8)(A) 

Mining waste includes the residual of soil, rock, mineral, liquid, vegetation, equipment, machines, tools, 
or other materials or property directly resulting from, or displaced by, surface mining operations.  Mining 
waste also includes, but is not limited to, soil, waste rock, and overburden, as defined in Section 2732 of 
the Public Resources Code, and tailings, slag, and other processed waste materials,  including materials 
that are managed at a manufacturing facility where the materials were generated.  
 
Mining wastes associated with this Project include residual solids and desiccated drilling muds generated 
during the exploration process, and in particular the drilling campaign.  Given the nature of the exploratory 
activities, there would be no significant quantities of mining wastes produced as a result of this Project.  
Drilling mud (wastewater and fluid) would be stored in sumps (estimated to be 12‐feet by 12‐feet, and 6‐
feet deep) constructed adjacent  to each drill rig.   Other  than cuttings and water used  to advance  the 
drilling, no other solid or liquid investigative derived wastes (IDW) are anticipated.  The IDW will be fully 
contained within sumps the sumps constructed at each drill site.  Specifically, drilling mud encountered 
would be pumped back out of the drill hole and into the sump, where solids would be allowed to settle 
out and water allowed to naturally evaporate.  The sumps would then be backfilled using the excavated 
soils once the water is evaporated. 
 
Upon completion of the exploration, the exploratory drill holes would also be sealed and abandoned in 
compliance with the most current edition of State Water Resources Control Board Bulletin #74‐81 and 
#74‐90. Following abandonment of the exploratory boreholes, any remaining drill cuttings will be spread 
out on the drill pad surfaces, and reseeded in accordance with the revegetation procedures described in 
Section 2.7. 
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1.6.2 Hazardous & Solid Waste Management 

No hazardous waste  is expected to be generated  in connection with this Project, and there will be no 
onsite disposal of hazardous materials.  Hazardous substances used in the course of the Project, such as 
fuels  and  lubricants  would  be  stored  at  the  drill  sites  in  accordance  with  manufacture  prescribed 
instructions and applicable regulations.  During drilling operations, the drill rig would be parked on top of 
plastic sheeting overlain by absorbent clay or shale  (i.e., Oil‐Dri, or “kitty  litter”)  to prevent  incidental 
releases to the ground surface. 
 
Any  trash generated by  the contractors would be collected  in appropriate containers and removed as 
required for accordance with applicable laws and regulations. No refuse would be disposed of onsite. 
 
1.7 Water Resources 

1.7.1 Fresh Water 

Surface and groundwater within the Project Area would not be used as a source for water for the drilling.  
Rather, water for drilling and dust suppression would be provided by the drilling company via a mobile 
water  truck.    Specifically,  the water would  be  procured  from Gold Rock Ranch  and/or  a  local water 
purveyor.  It  is anticipated  that  two  (2) 1,000‐gallon water  trucks would be  required onsite each day. 
Additionally,  a  2,000‐gallon  portable  water  storage  tank  would  be  kept  onsite  for  drilling  and  dust 
suppression. 
 
Water  that contacts  the Project Area, either  from application  for dust  suppression or as a  result of a 
precipitation event, will be contained onsite and either naturally evaporate or infiltrate into the ground.  
No permanent waterways, streams, or diversion channels exist within or adjacent to the Project Area, and 
none are proposed as a result of site development.  There would be no discharges outside the drill sites 
or  in surface  tributaries, and no pollutants would be discharged.   Activities water management would 
comply with applicable county, state, and federal  laws.   Additionally, as discussed  in Section 1.4.4, the 
Project operations would be conducted pursuant to the State of California CGP for stormwater discharges. 
 
1.7.2 Wastewater 

No wastewater will be generated during Project operations, as no onsite processing will occur within the 
site. All rock products and waste rock generated during Project operations would be naturally occurring 
rock.  Chemicals or other hazardous materials will not be utilized during drilling activities.   
 
Water used during the drilling process would come into contact with bentonite drilling mud and ground 
rock at depth. It would be managed and handled after it is pumped back out of the hole by evaporation 
and by allowing solids to settle out in excavated mud pits or sumps at the drill site. The sumps would be 
backfilled after evaporation. There would be no discharges outside the drill site or in surface tributaries, 
and  no  pollutants  would  be  discharged  in  accordance  with  CWA  requirements.  As  discussed  above, 
activities would be conducted  in compliance with applicable county, state, and  federal  laws,  including 
requirements specific to California’s CGP for stormwater discharges, if deemed necessary by BLM and/or 
the County. 
 
A mobile water truck will be utilized onsite for dust suppression, and applied water will either naturally 
evaporate or infiltrate into the ground. 
 
If needed, temporary portable toilets may be placed within the Project Area. If installed, portable toilet 
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facilities provided for the duration of the Project would be maintained by contractors and accumulated 
human waste would periodically be collected and  transported  to an approved disposal site. No waste 
would be buried on  site.   Operations  in  the Project Area will not produce any  industrial or domestic 
wastewater discharges onsite. 
 
1.8 Spill Prevention & Cleanup 

To prevent the spread of any accidental leakage in storage, fuel and lubricant containers would be stored 
in shallow (4‐inch depth), 10‐foot by 10‐foot lined secondary containment areas at each drill site and in 
an  approximately  6‐inch  deep,  20‐foot  by  40‐foot  lined  secondary  containment  area  at  the  fueling 
stations. During  drilling  operations,  the  drill  rig would  be  parked  on  top  of  plastic  sheeting.   A  spill 
prevention kit would be stored on site consisting of an oil absorbent mat material (i.e., PIG® adsorbent 
mat pad) and absorbent clay or shale (i.e., Oil‐Dri, or “kitty litter”).  The volume of absorbent that would 
be kept onsite for potential spills is estimated to be 50 gallons at each active drill site and 100 gallons at 
the fueling stations. Since there will be, at most, two (2) active drill sites at one time the estimated volume 
of absorbent onsite is 200 gallons. 
 
A  Spill  Contingency  Plan  would  be  prepared  to  describe  the  procedures  followed  by  SMP  and  their 
contractors to prevent, control, and mitigate releases of oil and petroleum products to the environment 
within the Project Area.   The following proposed spill prevention, control and countermeasures (SPCC) 
would be implemented: 

 Fueling would be performed on a 20‐feet by 40‐feet plastic sheeting over an approximately 6‐inch 
deep  reservoir. The  fueling areas would be  sloped gently  to one corner with a  small  sump  to 
contain any accidental releases of fuel. 

 Equipment servicing would be performed within the fueling areas or on plastic sheeting within 
the drill sites. 

 A  standard  procedure  for  fueling  and  servicing  would  be  initiated  and  performed  at  the 
designated fueling stations and drill sites; however, equipment may need to be serviced at times 
elsewhere within the Project Area, and spill protection measures would be implemented. 

 Diesel fuel  is a major consumable for the mine and drilling equipment.   Diesel fuel  is available 
from local suppliers and would be received in tank trucks.  The Project would receive and unload 
diesel to the onsite storage tank, using best practices for fuel transfer as described below. 

 Diesel fuel would be offloaded using drip‐less connections in a contained area to eliminate spillage 
contamination.  The  off‐loading  sites  would  be  designed  to  drain  into  the  main  storage  site 
containment and have a spill response kit containing booms, and clean‐up materials to ensure 
that any off‐containment spillage is immediately contained and cleaned. 

 A small spill response trailer would be maintained in the Project Area to clean‐up any spills. 

 Inspections of fuel valves and other inlets and outlets as well as secondary containment would be 
made daily. 

 All site personnel that would be involved in fuel‐handling would be trained in the operation and 
maintenance of equipment to prevent discharges. 

 The 1,000‐gallon diesel fuel tank and 300‐gallon JetB fuel tank would be secured and locked during 
times when SMP personnel and contractors are not on site. 
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 Berms and protective barriers would be placed around the  fuel  tanks to prevent accidental or 
malicious damage by vehicles or equipment. 

 
1.9 Public Safety & Fire Prevention 

During all operations, SMP will maintain equipment and conduct activities in a safe and orderly manner. 
Due  to  the  isolated nature  and  remote  locations of  the proposed  access  roads  and drill  sites, public 
security and safety are not a concern.  As needed, certain access roads may be gated and/or locked to 
prevent public access.  For example, the Oro Cruz Portal staging area (Figure 5A) would be secured with 
chain link fence and razor wire, and locked with warning signs during brief periods of non‐operation.  All 
employees and contractors will be  required  to complete a  safety  training prior  to commencement of 
operations. 
 
SMP would implement site‐specific fire prevention/protection actions.  At a minimum these actions would 
include designating Project fire coordinators, providing adequate fire suppression equipment (including 
in vehicles), and establishing emergency response information relevant to the Project Area. 
 
SMP would have a 2,000‐gallon portable water storage tank onsite for dust suppression that would also 
be available to assist in firefighting operations.  SMP would ensure that all mobile equipment be equipped 
with fire extinguishers, hand tools, and first aid kits. 
 
In the event of an initial, small fire that does not create enough smoke, flame, and heat to prevent fighting 
the  fire  using  a  hand‐held  fire  extinguisher  or  a  small  water  hose,  and  providing  no  one  would  be 
endangered, SMP personnel and/or contractors would make a reasonable effort to extinguish the fire. If 
two or more people are present, one would fight the fire while one reports to 911 the size, type, and 
location in the event the fire grows out of control. Personnel would not directly engage any fire which is 
beyond the incipient stage (i.e., a fire which has progressed to the point it has substantially involved any 
structure/equipment). 
 
Planning and prevention of fires is also managed through the appropriate handling and storage of fuels, 
inspections  and  recordkeeping,  spill  prevention  and  response  procedures,  proper  use  of  safety 
equipment, resource management training, and fire prevention training. 
 
1.10 Erosion and Sediment Control, CCR §3503(a), (e), §3706 

Prior  to  commencement  of  operations,  site‐specific  stormwater  and  erosion  control  BMP’s  will  be 
implemented on an as needed basis.  BMPs to be implemented onsite may include, but are not limited to, 
the  following:  specific  prohibitions,  effluent  limitations,  potential  contaminant  source  identification, 
practices  to  reduce  pollutants,  assessment  of  pollutant  sources,  materials  inventory,  preventative 
maintenance program, spill prevention and response procedures, general storm water BMPs, training, 
record keeping, sampling procedures and a description of the monitoring program.     
 
Table 5 summarizes the potential erosion control BMPs that would be implemented as part of the Project.   
 

Table 5:  Summary of Erosion BMPs 
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Industrial 
Activity/Material 

Potential 
Pollutants 

BMPs Implemented  Required Equipment & Tools 

Site Preparation 
and/or 

Exploratory 
Drilling 

Sediment 
Erosion control; Sediment 
control; Stormwater 
containment. 

Silt fencing and fiber rolls. 
Mobile equipment for berm 
maintenance as needed. 

Dust 
Wind erosion control; Erosion 
control; Sediment control; 
Tracking control. 

Water truck; Soil binders. 

Equipment and 
Vehicle 

Maintenance 

Oil & Grease 
Hydrocarbons 

Gross Pollutants 
Trace Metals 

Good housekeeping; Spill 
prevention & maintenance; 
Interior berms as needed to 
direct surface flows to pit; 
Secondary containment. 

Covered trash bin; Spill kit; 
Bulldozer for berm 
maintenance. 

 

No  stockpiling of material  is anticipated other  than  for  temporary  storage as may be necessary.   For 
example, temporary stockpiles may be formed when developing the access roads and/or individual drill 
pads.  If needed, additional BMPs (e.g., berms, sandbags, fiber rolls, or silt fencing, etc.) will be installed 
to ensure sediment does not inadvertently erode into adjacent areas during a large storm event. 
 
Due to the existing topography and the proposed design of the access roads and drill pads, stormwater 
runoff and sediment erosion from the Project Area  is considered unlikely.   Development of the Project 
would not add any paving or impervious surface areas.  Due to site topography and design, and through 
the implementation of BMPs, the chances of discharge, erosion, and/or sedimentation from the Project 
Area that could adversely impact adjacent properties is considered very low. 
 
1.11 Dust Control 

As discussed in Section 1.4.4, dust will be controlled by water spraying the access roads by the water truck 
at  the start of  the operating day as needed  to control visible dust. All equipment  is  required  to meet 
current Federal and State air quality standards including the federal and state Clean Air Acts, and rules 
and regulations of the California Air Resources Board (CARB) and the ICAPCD. 
 
1.12 Material Processing 

No onsite material processing would occur within the Project Area. 
 
1.13 Blasting 

Due to the nature of the operations, blasting is not required and will not be conducted onsite.  Therefore, 
no explosives will be stored and/or utilized within the Project Area. 
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2.0 RECLAMATION PLAN 

The following section has been prepared and organized pursuant to the requirements outlined within the 
Surface Mining and Reclamation Act  (SMARA) and  the County’s requirements.   The California Code of 
Regulations  (CCR)  citations  presented  within  each  titled  section  reference  specific  SMARA  statutes 
applicable to each section (also see the “Table of Compliance for SMARA Requirements”). 
 
The  intent of SMARA  is  to "maintain an effective and comprehensive surface mining and  reclamation 
policy with regulation of surface mining operations so as to assure that:  

(a) Adverse environmental effects are prevented or minimized and that mined lands are reclaimed 
to a usable condition which is readily adaptable for alternative uses; 

(b) The production and conservation of aggregates are encouraged, while giving consideration  to 
values relating to recreation, watershed, wildlife, range and forage, and aesthetic enjoyment; and 

(c) Residual hazards to the public health and safety are eliminated" (Section 2712). 
 
Article 9, Section 3700 of SMARA states the following: "Reclamation of mined lands shall be implemented 
in conformance with standards in this Article. The standards shall apply to each surface mining operation 
to the extent that: 

 They  are  consistent  with  required  mitigation  identified  in  conformance  with  the  California 
Environmental Quality Act (CEQA); and  

 They are consistent with the planned or actual subsequent use or uses of the site" (Section 2712). 
 
Since  the  Project  would  entail  surface  disturbance  beyond  1‐acre,  in  accordance  with  SMARA  this 
Reclamation Plan has been prepared which details the reclamation activities and applicable performance 
standards.    This  Reclamation  Plan  has  been  designed  to  address  the  scope  of  exploratory  work,  as 
described below. 
 
2.1 Existing & Proposed Land Uses, CCR §2772 (c)(7), §3502 (b)(1) 

As shown on Figure 1 and discussed in Section 1.2, the Project Area is located within the Cargo Muchacho 
Mountains, to the north and south of the Tumco Wash.  Existing land uses within and near the Project 
Area can generally be characterized as undeveloped barren desert land, low‐lying desert foothills and dry 
alluvial basins that have been previously disturbed by past mining activities. 
 
There  are  no  streams  or  riparian  areas  located  within  the  Project  Area.    Other  than  miscellaneous 
structures  (e.g., material  stockpiles, berms, etc.)  and existing  access  roads  (that would be  improved) 
associated with the historical mining operations, the existing Project Area has few features and no existing 
structures. 
 
The entirety of the Project Area and adjacent areas are located on BLM land, and currently have a County 
land use designation of “Recreation/Open Space”.  Please see Figure 1 and Figure 2, which displays the 
Project Area and surrounding setting, and Figure 3 and Figure 4 which shows the operations/exploration 
site plan. 
 
Once exploratory drilling operations are complete, SMP will reclaim the Project Area to a state readily 
adaptable for  land uses consistent with mining, recreational uses, and open space. Reclamation of the 
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Project Area has been designed to complement the adjacent land uses. Please see Figure 4 which shows 
the layout/design of the reclamation Project Area. 
 
2.2 Public Access, Visibility & Health/Safety, CCR §3502 (b)(2) 

As  discussed  above,  the  Project Area  is  located  on  BLM  land within  an  undeveloped  desert  area  of 
unincorporated Imperial County, and is generally isolated from public view and/or access.  The existing 
topography immediately surrounding the Project Area is generally barren and flat desert areas, with more 
mountainous areas (i.e., Cargo Muchacho Mountains) to the north, east and south. 
 
The  surrounding  topography  generally  obscures  views  of  the  Project  Area  from  most  nearby  public 
viewpoints.  Views of the Project Area are generally limited to the publicly accessible areas and roadways 
(e.g., Gold Rock Ranch Road) located adjacent to the perimeter of the site.  Gold Rock Ranch Road will be 
gated at the intersection with Tumco Wash, and this gate will serve as the safety barrier to Drill Areas 2, 
3, 4, 5,  and 7.   Additionally, planned  safety barriers  (or berms) may  also be  installed  in  this  area  to 
discourage public access.  As needed, certain safety features (e.g., berms, fences, signs, etc.) may remain 
in place during and after site reclamation.  Please see Section 1.5.3 for more detail. 
 
Exploration and reclamation activities will comply with all Federal Mine Safety and Health Administration 
(MSHA) and California Occupational Safety and Health Administration (Cal/OSHA) mine safety regulations 
concerning operating standards and operation of equipment. 
 
Workers, including contract labor, will be trained in mine safety and first aid.  Refresher courses will be 
conducted periodically in accordance with applicable regulations. 
 
Onsite operations personnel will carry portable cellular phones and will have access to a satellite phone 
(for instances where cell tower services is poor) for offsite communications and for safety purposes.  All 
visitors, outside vendors, and truck drivers will be required to check‐in and check‐out with the appropriate 
onsite manager.  Conditions affecting safety will be continually monitored by onsite operations personnel.  
During operations and until reclamation of the Project Area  is complete, the general public will not be 
admitted to these lands without prior permission of the BLM and SMP’s onsite manager. 
 
2.2.1 Berms and Screens 

Barriers (or berms) would be installed to prevent unauthorized vehicular traffic and signs would be posted 
indicating these roads would be for authorized use only.  Where needed to restrict access to Drill Areas 1 
and 6, barriers  constructed of onsite materials  from areas disturbed as part of  the Project would be 
installed to prevent unauthorized vehicular traffic from interfering with the reclamation of access roads. 
Earthen berms would be approximately 6‐feet in height and placed along new access routes, as needed, 
to prevent the public from accessing the Project Areas. 
 
2.2.2 Fencing 

As discussed above, access to the Project Area, specifically the Oro Cruz Portal, would be provided by a 
new, 15‐foot‐wide access  road as shown on Figure 3.   The  road would be secured  from unauthorized 
access for the duration of activity at the portal staging area while assuring access by BLM staff.  The portal 
staging area would be secured with chain link fence and razor wire and locked during brief periods of non‐
operation.    As  discussed  above,  activities  at  the  Oro  Cruz  Portal  staging  area  and  access  route  for 
underground  investigations  may  extend  beyond  the  12‐  to  24‐month  exploration  activities;  but 
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reclamation and monitoring of those areas would be completed within 5 years of Project implementation. 
 
Other than the primary access road, no other fencing and/or gating within the Project Area is proposed. 
If  safety becomes a concern, additional private access  roads controlled by SMP may be gated and/or 
locked to prevent inadvertent public access.  Additionally, as needed signs may be placed at the access 
roads  and  on  perimeter  fencing  as  necessary  to  identify  the  operations  (in  English  and  Spanish,  as 
necessary), to ensure public safety and to prevent inadvertent public access to active mining areas. 
 
2.2.3 Lighting 

Project operations and  reclamation activities would generally happen during daylight hours, with  the 
exception of drilling operations that would occur up to 24‐hours per day.   Specifically, a drill rig would 
operate on a 12‐ or 24‐hour‐per‐day schedule (12 hours per shift) for approximately 4 months. 
 
Lighting for nighttime operations and security will be provided as needed.  Lighting within the Project Area 
will be installed in a manner to minimize unnecessary glare onto adjacent areas. The lights will comply 
with all applicable  federal, state, and county standards and  industry practices.   High pressure sodium 
and/or cut‐off fixtures (or equivalent International Dark‐Sky Association [IDA]‐approved fixtures) will be 
used  instead of mercury‐vapor  fixtures  for  any  required  nighttime  lighting.    The  lighting will  also be 
designed to confine  illumination to the site and/or to working areas that do not  include  light‐sensitive 
uses. 
 
2.3 Vegetation, CCR §3502 (b)(1), §3503 (c), §3703 

2.3.1 Existing Vegetation 

As described in Section 1.5, the exploration activities will utilize, to the extent feasible, existing roads to 
access the Project site.  As needed, new roads will be constructed along with the drill pads, resulting in an 
estimated 20.5 acres of new Project‐related disturbance. These new areas are  included as part of this 
Reclamation Plan, and therefore will be revegetated in accordance with the plan described below. 
 
As previously discussed, the Project Area is a common desert habitat. It is an arid site with some dissected 
alluvial  piedmont  surfaces  covered  with  partial  desert  pavement.    Surfaces  are  generally  sparsely 
vegetated, with minimal plant cover and thin, poorly developed soil profiles.   
 
Vegetation in the Project Area is low desert scrub typical of the high temperature region of southeastern 
California.  In general, vegetation  is  sparse  in both  the upland and desert wash habitats. The uplands 
consist of a very low‐density shrub community dominated by creosote and brittlebush. In addition, large 
portions of the Project Area consist of disturbed habitats dominated by non‐native annual plants. The 
desert wash habitat generally consists of the same sparse shrub community and includes widely spaced 
upland trees and ocotillo. In summation, vegetation in the Project Area is uniformly sparse and consist of 
very low density shrublands, upland trees and highly disturbed habitats. 
 
For the purposes of vegetation mapping, an analysis area that encompasses the proposed disturbance on 
seven (7) drill areas and associated access roads was defined. A total of 37 plant species were identified 
during field surveys, which are included listed in the Revegetation Plan provide as Appendix A. 
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As  summarized below,  three  (3) California Native Plant  Society  vegetation  categories were  identified 
during pedestrian surveys and thematically mapped using the Supervised Classification tool in ArcGIS Pro 
2.7. 
 
Brassica (nigra) and other mustards semi‐natural stands:  Brassica (nigra) and other mustards semi‐natural 
stands vegetation category occupies approximately 18% of the Analysis Area and 24% of the Project Area 
(WestLand Resources, Inc., 2021). This vegetation category corresponds with disturbed and barren areas. 
Although  the  named  dominant  species,  black  mustard  (Brassica  nigra),  was  not  observed,  Saharan 
mustard (Brassica tourneforti), a closely related non‐native mustard was often present in both naturally 
disturbed areas  including wash scour and human‐disturbed areas such as  roads, camp sites, and  rock 
waste piles. This natural community is not classified as sensitive by the California Department of Fish and 
Wildlife (CDFW 2020).  
 
Parkinsonia  florida  –  Olneya  tesota  alliance:    Parkinsonia  florida  –  Olneya  tesota  alliance  occupies 
approximately 2% of the Analysis Area and 2% of the Project Area (WestLand Resources, Inc., 2021).  The 
vegetation category is primarily restricted to washes, drainages and narrow canyons.  Besides the named 
alliance’s dominant plants, blue palo  verde  (Parkinsonia  florida) and  ironwood  (Olneya  tesota), other 
commonly occurring plants include sweetbush (Bebbia juncea), lance leaved ditaxis (Ditaxis lanceolata), 
desert  lavender  (Hyptis  emoryi), ocotillo  (Fouquieria  splendens)  and Anderson's desert  thorn  (Lycium 
andersonii). This natural community  is classified as sensitive by  the California Department of Fish and 
Wildlife (CDFW 2020). 
 
Larrea  tridentate  –  Encelia  farinosa  alliance:    Larrea  tridentata  –  Encelia  farinosa  alliance  occupies 
approximately 79% of the Analysis Area and 74% of the Project Area and occurs in a variety of topographic 
settings  (WestLand  Resources,  Inc.,  2021).    Besides  the  named  alliance’s  dominant  plants,  creosote 
(Larrea tridentata) and brittlebush (Encelia farinosa), other commonly occurring plants include ocotillo, 
beavertail prickly pear (Opuntia basilarus), and burrobush (Ambrosia dumosa). This natural community is 
classified as sensitive by the California Department of Fish and Wildlife (CDFW 2020). 
 
2.3.2 Special‐Status Plant Species, CCR §3503(c) 

A screening analysis was conducted to determine the potential for special status plant species to occur in 
the vicinity of the Project Area. The following were analyzed: 

1. Plant  species  designated  by  the  U.S.  Fish  and  Wildlife  Service  (USFWS)  as  Endangered, 
Threatened, Proposed for listing, or Candidate for listing under the Endangered Species Act (ESA), 
as identified by the Information, Planning and Consultation (IPaC) system. 

2. Plant species designated as sensitive per the El Centro Field Office BLM list of California sensitive 
species. 

3. Plant  species  identified  for  analysis  under  the  California  Environmental  Quality  Act  (CEQA), 
including Plants designated as special‐status by the California Native Plant Society (CNPS). 

 
Three (3) special status plant species, Munz cholla (Cylindropuntia munzii), Flat‐seeded spurge (Euphorbia 
platysperma), and Pink fairy‐duster (Calliandra erophylla), were determined to have a possible presence 
or a high potential to occur in the vicinity of the Project Area.  Specifically, Munz Cholla and Flat‐seeded 
spurge were  found  to  be  “possible”  to  occur within  the  Project Area,  and  the  Pink  fairy‐duster was 
determined to have a “high” possibility of occurrence. 
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2.4 Wildlife, CCR §3503 (c), §3703 

2.4.1 Existing Wildlife Species, CCR §3703 

As discussed in Section 1.4.6, WestLand determined there was a potential for various reptiles, birds, and 
mammal species to be found within the San Bernardino County borrow site area.  Specifically, during field 
surveys conducted in March 2021 a total of 26 wildlife species were observed, as summarized in Table 6 
below. 
 

Table 6:  Wildlife Species Observed in the Project Area 

 

2.4.2 Special‐Status Wildlife Species, CCR §3703(c) 

A screening analysis was conducted to determine the potential for special status wildlife species to occur 
in the vicinity of the Project Area. The following were analyzed: 

1. Species and critical habitat designated by the USFWS as Endangered, Threatened, Proposed for 
listing, or Candidate for listing under the ESA, as identified by the IPaC system. 

2. Species protected under the Bald and Golden Eagle Protection Act (BGEPA). 

3. Species  designated  as  sensitive  per  the  El  Centro  Field Office  BLM  list  of  California  sensitive 
species. 

4. Species identified for analysis under the CEQA, including California Department of Fish and 
Wildlife (CDFW) Species of Special Concern; Plants designated as USFWS Birds of Conservation 

Common Name  Scientific Name    Common Name  Scientific Name 
Black‐throated 
sparrow 

Amphispiza bilineata    canyon towhee  Meloxone fusca 

verdin  Auriparus flaviceps    northern mockingbird  Mimus polyglottos 

great horned owl  Bubo virginianus    Unknown Myotis   Myotis spp. 

red‐tailed hawk  Buteo jamaicensis    neotoma  Neotoma spp. 
Costa’s hummingbird  Calypte costae    ground squirrel  Osteospermophilus 

spp. 
turkey vulture  Cathartes aura    Black‐tailed gnatcatcher  Poliptila melanura 

common raven  Corvus corax    rock wren  Salpinctes obsuoletus 

ladder‐backed 
woodpecker 

Dryobates scalaris    Say’s phoebe  Sayornis saya 

burro  Equus asinus    squirrel  Scuridate spp. 
prairie falcon  Falco mexicanus    northern rough‐winged 

swallow 
Stelgipdopteryx 
serripennis 

house finch  Haemorhous 
mexicancus 

  cottontail  Sylvilagus spp. 

loggerhead shrike  Lanius ludovicianus    side‐blotched lizard  Uta spp. 
California leaf‐nosed 
bat 

Macrotus californicus    fox  Vulpes spp. 
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Concern; CDFW special‐status invertebrates; and Species of bat listed as high and medium 
priority by the Western Bat Working Group. 

 
One (1) ESA listed species, the threatened Mohave Desert tortoise (Gopherus agassizii), was determined 
to be present the vicinity of the Project Area (see Table 6).   No designated or proposed critical habitat 
occurs within the Project Area. 
 
Three (3) bats, pallid bat (Antrozous pallidus), Townsend’s big‐eared bat (Corynorhinus townsendii), and 
greater western mastiff bat  (Eumops perotis  californicus),  that are  listed as BLM  Sensitive and  State‐
Ranked in the California Natural Diversity Database (CNDDB) were determined to be present in the vicinity 
of the Project Area; and 2 bats, small‐footed myotis (Myotis ciliolabrum) and cave myotis  (Myotis velifer), 
that are also listed as BLM Sensitive and State‐Ranked in the CNDDB were determined to have a possible 
presence in the vicinity of the Project Area. 
 
Two (2) birds, Prairie falcon (Falco mexicanus) and Black‐tailed gnatcatcher (Poliptila melanura) that are 
State‐Ranked in the CNDDB were determined to have a high potential to occur in the vicinity of the Project 
Area. 
 
One (1) lizard, Colorado Desert fringe‐toed lizard (Uma notata), that is listed as BLM Sensitive and State‐
Ranked in the CNDDB was determined to be present in the vicinity of the Project Area. 
 
Please see the Biological Resources Assessment prepared by WestLand (WestLand Resources, Inc., 2021) 
in Appendix B for additional rationale in support of these findings. 
 
Due to the limited scope and duration of the Project, it is recommended that potential impacts to sensitive 
species habitats be avoided using measures identified below.  These measures will be employed during 
exploratory drilling operations and reclamation activities:  

1. Prior  to  Project  activities,  pre‐construction  tortoise  surveys  shall  be  conducted  by  a  BLM‐
approved Qualified Biologist within the area to be disturbed plus a 500‐foot buffer, focusing on 
areas  that  could  provide  suitable  burrow  or  cover  sites,  such  as  dry  washes  with  caliche.  A 
subsequent  survey  shall  be  conducted  by  a  Qualified  Biologist  within  24  hours  of  the 
commencement of surface disturbance activities (should Project activities occur between March 
15 and November 1). Burrows will be flagged such that they will be avoided by Project activities.  

2. A BLM‐Qualified Biologist will be onsite during the initial activities or mobilization (should Project 
activities occur between March 15 and November 1).  

3. All  surface  disturbing  activity  shall  be  limited  to  the  land  area  essential  for  the  Project.  In 
determining these  limits, consideration shall be given to topography, public health and safety, 
placement of facilities, and other  limiting factors. Work area boundaries shall be appropriately 
marked to minimize disturbance. All workers shall limit their activities and vehicles to the areas 
marked.  All  workers  shall  be  trained  to  recognize  work  area  markers  and  to  understand 
equipment movement restrictions.  

4. All  workers,  including  all  construction  and  drilling  contractor  personnel,  and  others  who 
implement Project activities would be given special instruction, which would include training on 
distribution, general behavior and ecology, protection afforded by State and Federal endangered 
species acts (including prohibitions and penalties), and procedures for reporting encounters, and 
the  importance of following the protection measures. The education program may consist of a 
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class or video presented by a BLM‐approved Qualified Biologist. The presentation  to be used 
would be reviewed and approved by a BLM biologist. 

5. All personnel would be notified that the desert tortoise is a species listed as threatened under the 
Endangered Species Act and protected by State and Federal law. Fines can be as high as $50,000 
and/or one year in prison for violations. 

6. Personnel would be notified that desert tortoises are not to be handled, fed, or harassed in any 
way. If encountered, tortoises will be allowed space and time to move from the area on their own 
volition. 

7. Personnel who attend tortoise training will sign an attendance sheet, which would be submitted 
to the BLM for their information. Should BLM staff inspect the site during construction activities, 
workers  onsite  should  be  able  to  provide  proof  of  tortoise  training  (a  hard  hat  sticker  is 
recommended for this purpose).  

8. SMP would designate a field contact representative (FCR) who will be responsible for overseeing 
compliance  with  protective  stipulations  for  the  desert  tortoise  and  for  coordination  on 
compliance with  the BLM. The FCR must be onsite during all Project activities  (should Project 
activities occur between March 15 and November 1). The FCR would have the authority to halt 
Project  activities  that  are  in  violation  of  the  stipulations.  The  FCR  would  have  a  copy  of  all 
stipulations when work  is being  conducted on  the  site. The FCR may be a  crew  chief or  field 
supervisor, a project manager, any other employee of the project proponent, or a BLM‐approved 
Qualified Biologist. Any  incident occurring during project activities which  is considered by  the 
biological monitor or FCR to be in non‐compliance with the mitigation plan shall be documented 
immediately  by  the  FCR.  The  FCR  shall  ensure  that  appropriate  corrective  action  is  taken. 
Corrective  actions  shall be documented by  the monitor. The  following  incidents  shall  require 
immediate cessation of the construction activities causing the incident, including:  

a. imminent threat of injury or death to a desert tortoise; 
b. unauthorized handling of a desert tortoise, regardless of intent; 
c. operation of construction equipment or vehicles outside a project area cleared of desert 

tortoise, except on designated roads, and  
d. conducting any construction activity without a biological monitor where one is required.  

9. If a tortoise is encountered during construction activities, work would be halted in proximity to 
the tortoise until an on‐call BLM‐approved Qualified Biologist can move the animal from harm’s 
way, or until the desert tortoise leaves of its own accord. 

10. Where  possible, motor  vehicle  access would  be  limited  to maintained  roads  and  designated 
routes. All  vehicle  tracks  that might  encourage  public  use would  be  reclaimed  after  Project‐
specific use. Barriers would be installed to prevent unauthorized vehicular traffic and signs would 
be posted indicating these roads would be for authorized use only. 

11. The following requirements apply to vehicle use: 
a. Speed Limits: Vehicle speed within Project area, along right‐of‐way maintenance roads 

and on routes designated for limited use shall not exceed 20 miles per hour. Speed limits 
shall be clearly marked by  the proponent, and workers  shall be made aware of  these 
limits. 

b. Tortoises Under Vehicles: Vehicles parked in desert tortoise habitat would be inspected 
immediately prior to being moved. The practice of placing an orange cone by the driver 
side door will be used as a reminder to check for tortoise before re‐entering and moving 
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the vehicle. If a tortoise is found beneath a vehicle, a BLM‐approved Qualified Biologist 
would be contacted  to move  the animal  from harm’s way, or  the vehicle shall not be 
moved until the desert tortoise leaves of its own accord.  

12. Access roadside signs depicting a picture of desert tortoise will be posted to remind workers of 
the potential presence of tortoise within the Project Area. 

13. Project maintenance and construction, stockpiles of excavated materials, equipment storage, and 
vehicle  parking  shall  be  limited  to  existing  disturbed  areas wherever  possible.  Should  use  of 
existing disturbed areas prove infeasible, any new disturbance shall be confined to the smallest 
practical area, considering topography, placement of facilities, location of burrows or vegetation, 
public health and safety, and other limiting factors. Special habitat features, particularly tortoise 
burrows, shall be flagged by the Qualified Biologist so that they may be avoided by installation 
equipment and during placement of poles and anchors.  

14. All trash and food items generated by construction and maintenance activities shall be promptly 
contained and regularly removed from the project site to reduce the attractiveness of the area to 
common  ravens  and  other  desert  predators.  Portable  toilets  shall  be  provided  on  site  if 
appropriate.  

15. Feeding  of  wildlife  and/or  leaving  of  food  or  trash  as  an  attractive  nuisance  to  wildlife  is 
prohibited. Particular attention will be paid to “micro‐trash” (including such small items as screws, 
nuts, washers, nails, coins, rags, small electrical components, small pieces of plastic, glass or wire, 
and  any debris or  trash  that  is  colorful or  shiny). All  trash  and  food  items  shall be promptly 
contained within  closed, wildlife‐proof  containers. These  shall be  regularly  removed  from  the 
project site to reduce the attractiveness of the area to ravens and other predators.  

16. Domestic pets are prohibited on  site. This prohibition does not apply  to  the use of domestic 
animals  that may be used  to aid  in official and approved monitoring procedures/protocols, or 
service animals under Titles II and III of the Americans with Disabilities Act.  

17. Injury:  Should  any  desert  tortoise  be  injured  or  killed,  all  activities  shall  be  halted,  and  the 
Qualified  Biologist  immediately  contacted.  The  biologist  shall  have  the  responsibility  for 
determining whether the animal should be transported to a veterinarian for care, which is paid 
for by  the project proponent,  if  involved.  If  the animal recovers, USFWS  is  to be contacted  to 
determine  the  final disposition of the animal;  few  injured desert  tortoises are returned to the 
wild. 

 
2.5 Reclamation Specifics & Schedule, CCR §2772 (c)(8) 

2.5.1 Reclamation Slopes, CCR §3502 (b)(3), §3704 

Because  the  Project  only  involves  exploratory  drilling  and  ancillary  operations  (e.g., 
improving/constructing access roads, installing helipads and drill pads, constructing staging areas, etc.), 
no significant slopes will be created.  Therefore, significant recontouring and/or revegetating of slopes is 
not anticipated.  Similarly, since there will be no mining spoils associated with the drilling campaign, other 
than nominal quantities of drill cuttings, there will be no waste piles that would need to be knocked down, 
re‐sloped and revegetated.   Following abandonment of  the exploratory boreholes, any remaining drill 
cuttings will be spread out on the drill pad surfaces, and reseeded in accordance with the revegetation 
plan provided herein.   
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Where needed, SMP will flatten all slopes and floors using mobile equipment, to ensure no slopes exceed 
a 2H:1V (horizontal to vertical) angle in accordance with SMARA performance standards (Section 3704).  
Proposed  revegetation  in  applicable  portions  of  the  Project  Area  will  also  help  further  stabilize  any 
regraded areas/slopes and prevent erosion once roots are established.  See Section 1.4.4 above for more 
detail. 
 
2.5.2 Reclamation Backfilling, CCR §3502 (b)(3), (4), §3704 

Because the Project only entails exploratory drilling, no mining excavation will occur and thus there will 
be no need for significant backfilling of materials. 
 
As previously mentioned  in Section 1.4.4, soils development  in the Project Area  is generally poor, with 
profiles  tending  to be very  thin  to non‐existent  in  those areas where  the Project will  result  in ground 
disturbance.   The potential  to  salvage  topsoil/subsoil  for use as a growth medium  for  revegetation  is 
limited.  Consequently, topsoil/and subsoil will be salvaged where feasible by pushing the material along 
the edge of the drill pads and along the sides of the new access roads.   Once the drilling campaign  is 
complete, the stored topsoil/subsoil will be spread out and reseeded. 
 
The drilling campaign will also utilize mud sumps to house the drilling fluids. These mud sumps will be dug 
during development of the drill pads, or as part of the drill rig set‐up.  The excavated spoils will be stored 
along  the edges of  the pads and  then backfilled  into  the excavated pits once drilling  is complete and 
equipment demobilization occurs.  These backfilled materials and any topsoil/subsoil that is salvaged will 
then be reseeded as part of the overall revegetation efforts.  
 
2.5.3 Proposed Time Schedule of Reclamation, CCR §2772 (c)(6) 

As discussed  in Section 1.3.3, the Project  is proposed to begin upon completion of all BLM and County 
coordination, permitting and bonding. The Project mobilization, road construction, drilling, and borehole 
abandonment (i.e., exploratory operations) would be completed within approximately 12 to 24 months. 
Project reclamation would be completed concurrently for exploration drilling activities, and monitoring 
for  the  success  of  reclamation  of  those  areas  would  be  completed  within  five  (5)  years  of  Project 
implementation. As discussed previously, while access to and activity at the Oro Cruz Portal within Drill 
Area 1 may extend beyond the 12‐ to 24‐ month exploration activities, reclamation and monitoring of 
those areas would also be completed within 5 years of Project implementation. 
 
Either during development of the drill pads, or as equipment is being set‐up, the mud pits (i.e., sumps) for 
the drilling fluids will be constructed.  These sumps will be approximately 12‐feet by 12‐feet and 6‐feet 
deep earthen basins used to house the drilling fluids.  The excavated materials removed to form the sumps 
will be placed at the sides of the pads and stored until backfilled into the pits as part of reclamation. 
 
Once drilling is complete, each exploratory borehole will be abandoned in accordance with County drill 
permit conditions and applicable State standards.  The mud pits will be allowed to evaporate and then the 
stored  excavated  materials  will  be  reintroduced  into  the  pits,  followed  by  pushing  any  salvaged 
topsoil/subsoils.  Once each pad has been graded and contoured, they will be reseeded using the seed 
mix described in Section 2.6.3 below. 
 
The new roads constructed as part of this Project will also be reclaimed (except for the new road to the 
underground portal) by placing recovered topsoil/subsoil stored along the roadway edges, and blading 
the surfaces prior to revegetating. The same seed mix that will be applied to the drill pads will be used for 
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the  roads.   Pre‐existing  roads will be maintained  in  their current condition and status and will not be 
reclaimed under this Reclamation Plan, since they represent pre‐existing disturbance and will continue to 
be used in the future. 
 
After the drill pads and roads are prepared, these areas will be revegetated using the prescribed seed mix.  
Following  reseeding,  a qualified biologist will periodically monitor  the  revegetation  and  evaluate  the 
extent to which plant establishment  is occurring.   Given the unique and quite arid environment of the 
Project site, while a 2‐year duration is planned for the revegetation monitoring, it is possible that it could 
take additional time for the plant succession to fully establish. 
 
Project  reclamation  for  drilling  activities  and  monitoring  for  the  success  of  reclamation  would  be 
completed within 5 years of Project implementation. 
 
2.6 Revegetation Plan, CCR §3503(g), §3705 

The revegetation plan is based on those portions of the Project Area proposed to be reclaimed to open 
space.   A detailed revegetation plan was prepared for the Project by Westland Resources,  Inc.  (2021), 
which is incorporated herein by reference, and included as Appendix A. 
 
For  those areas  to be  reclaimed  for  future mining and/or  recreational uses,  revegetation may not be 
feasible and/or appropriate.  See Figure 6 which shows the Project Areas to be revegetated.  The proposed 
revegetation seed mix is based, in part, on the species list described in Section 2.3.1, with the objective to 
establish a vegetative palette that is generally similar to the observed plant communities in the Project 
area. 
 
Following completion of exploratory drilling, equipment demobilization and surface preparation of the 
roads and drill pads, the following typical sequence of revegetation activities will be undertaken: 

 Installation of erosion control devices, such as waddles, where necessary; 
 Application of seed mix either by hydroseeding or mechanical broadcasting; and, 
 Maintenance and monitoring. 

 
Revegetation will be achieved by using a combination of site preparations, planting activities, and ongoing 
maintenance procedures.  
 
2.6.1 Revegetation Personnel & Methods 

Revegetation  activities  will  be  conducted  under  the  supervision  of  a  qualified  biologist  and/or 
revegetation  specialist.    The  qualified  biologist/revegetation  specialist  will  work  closely  with  SMP’s 
operations personnel  to  assure  that  revegetation  is accomplished according  to applicable plans  (e.g., 
County Conditions of Approval, Reclamation Plan, etc.).  Any deviation from the applicable revegetation 
plans will be approved by  the qualified biologist/revegetation  specialist prior  to  implementation. The 
qualified biologist/revegetation specialist will be onsite during initiation of each revegetation task (e.g., 
site preparation, plant  installation, seeding, etc.), and work will be monitored on a regular basis.   The 
qualified biologist/revegetation  specialist will be  required  to keep activity  logs  to document  the work 
accomplished and any issues encountered. The qualified biologist/revegetation specialist will also prepare 
field memos to document the progress of revegetation. 
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2.6.2 Site Preparation for Revegetation, CCR §3503(f), §3711 

Prior  to  application  of  the  seed  mix,  the  final  contours,  hydrology,  and  soils  composition  of  the 
revegetation  areas will  be  reviewed  by  a  qualified  biologist/revegetation  specialist  to  determine  the 
optimal broadcast rates and make any appropriate modifications to the overall revegetation plan.   
 
Areas to be revegetated will be prepared as follows: 

 Vegetation, trash, debris, and weeds will be cleared.   All weeds will be removed from the area 
and properly disposed of offsite. 

 Any eroded areas will be repaired uniformly without leaving pits, holes, or depressions that would 
potentially prohibit plant growth. 

 Ripping compacted areas to a depth of one foot and  left  in a textured or rough condition with 
shallow rills and furrows to create optimal conditions for revegetation; 

 Replanting any salvaged plants on the pads and roads in a random pattern; 

 Broadcast seed with a native plant seed mix at a rate recommended by the BLM and County which 
will include a mixture of shrubs, native grasses, and annuals; and 

 Hand‐rake or use a chain attached to a small tractor to cover the seeds with any topsoil to protect 
the seeds from desiccation and predation. 

 
2.6.3 Seed Mixes 

The seed mix described below will be applied to the areas indicated on Figure 6.  Research has established 
that plant materials genetically adapted  to  the particular environmental conditions of a given site are 
critical to the success of revegetation.  Therefore, seeds will be selected from a local vendor, if available, 
or from other sources as recommended by the qualified biologist/revegetation specialist. 
 
Revegetation would require site‐appropriate, BLM‐approved native seed mixtures. A diverse native plant 
community would be targeted through the definition of seed mixtures and application rates. Just prior to 
seeding,  the  qualified  biologist/revegetation  specialist  will  determine  the  final  species  type  and 
application rates based on the amount and quality of the seeds that are sourced for the Project.  Detailed 
information of the type and amount of seed planted will be recorded.  Please see the Revegetation Plan 
in Appendix A for additional detail. 
 
The  proposed  native  seed  mixture  will  consist  of  the  following:  creosotebush  (Larrea  tridentata), 
burrobush  (Ambrosia  dumosa),  brittlebush  (Encelia  farinosa),  desert  spineflower  (Geraea  canescens), 
turtleback  (Psathyrotes  ramosissima),  forget‐me‐not  (Cryptantha  spp.), and hairy prairie clover  (Dalea 
mollis).  Seeds  will  be  purchased  and  mixed  in  equal  quantities  and  will  be  hand  broadcasted  at 
approximately 10 pounds per acre (Table 7). If any part of the proposed seed mixture is not commercially 
available  at  the  time  of  purchase,  BLM  will  be  consulted  to  identify  appropriate  and  available 
replacements for the seed mixture. 
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Table 7:  Revegetation Seed Mixture 

Common Name  Scientific Name  Pounds/Acre 

creosotebush  Larrea tridentata  3.0 
burrobush  Ambrosia dumosa  3.0 
brittlebush  Encelia farinosa  1.5 
desert spineflower  Geraea canescens  1.0 
turtleback  Psathyrotes ramosissima  0.5 
forget‐me‐not  Cryptantha spp.  0.5 
hairy prairie clover  Dalea mollis  0.5 

Total:  10.0 

 

Seeds will be purchased and mixed in equal quantities and will be hand broadcasted at approximately 10 
pounds per acre.  The seed mix would be designed to meet the following criteria: 

 Native non‐invasive species that have a high compatibility with the existing landscape; 

 Species  and  plant  type  diversity  to  promote  a  sustainable  vegetative  cover  throughout  the 
seasonal changes and other climate related variances; and 

 Species and plant type diversity to promote a variety of germination periods and seasonal growth. 
 
2.6.4 Control of Weeds & Non‐Native Vegetation 

The predominance of exotic,  invasive weed  species  throughout California has presented a  formidable 
challenge  to  most  revegetation  projects.  Weed  species  are  opportunistic  and  have  mechanisms  for 
dispersal and establishment that can eventually lead to displacement of native species.  To ensure that 
weed  species  competition  is  controlled,  the  Project  site  areas  will  be  inspected  by  the  qualified 
biologist/revegetation  specialist  prior  to  revegetation  implementation.  The  qualified 
biologist/revegetation specialist will also determine the most effective treatments for control of invasive 
species.  If weed control activities are necessary, they could include a combination of treatments such as 
hand removal, and soil solarization.  Herbicides shall not be utilized to control weeds or invasive species. 
 
Non‐native  invasive plants that threaten California’s wildlands have been categorized by the California 
Invasive Plant Council  (Cal‐IPC).    Invasive plants  that have been classified by Cal‐IPC as “High”  (severe 
ecological  impacts on physical processes, plant and animal communities, and vegetation  structure) or 
“Moderate”  (substantial  and  apparent—but  generally  not  severe—ecological  impacts  on  physical 
processes, plant and animal communities, and vegetation structure) in terms of ecological threat will be 
controlled  as  necessary  within  the  revegetation  areas  for  up  to  three  (3)  years  in  order  to  prevent 
aggressive weeds from out‐competing native plant species for resources  (e.g., space, water, nutrients, 
and light). These invasive weeds will be removed manually by hand, as needed.  
 
Prior to initiation of revegetation efforts, the biologist will consult the most recent Cal‐IPC list, and a list 
of specific species to be controlled under this Reclamation Plan will be developed.  Additional species may 
be  added  to  the  list  based  on  actual  conditions  and  the  recommendation  of  the  qualified 
biologist/revegetation specialist. 
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2.6.5 Revegetation Success Criteria (Performance Standards), CCR §3705(m) 

The  basic  goal  of  revegetation  is  to  re‐establish  self‐sustaining  native  plant  communities  within  the 
disturbed  areas.    California  Code  of  Regulations  (CCR)  Section  3705(m)  requires  that  reclaimed 
revegetated sites be "similar to naturally occurring habitats in the surrounding area." 
 
Detailed vegetation mapping and surveys were completed by WestLand as part of their Revegetation Plan 
include  as  Appendix  A.  Please  see  the  representative  photos  presented  in  the  Revegetation  Plan 
(WestLand Resources, Inc., 2021) for additional detail.  Specifically, existing vegetative cover, as well as 
species density and richness, were evaluated for the proposed areas of disturbance (i.e., Drill Areas, and 
associated  access  roads).    These  baseline  evaluations  will  be  used  as  a  reference  area  for  the 
establishment  of  revegetation  within  the  Drill  Areas  and  associated  access  roads  to  be 
reclaimed/revegetated.  The pads and roads will be reclaimed and revegetated as described above. The 
revegetation effort will enhance the success of the revegetation and will augment the reseeding that will 
occur naturally. 
 
The Project will entail only a small amount of total disturbance, and much of this will be within areas that 
have been previously disturbed. The Project also contemplates temporary activities over a relatively short 
time period. Moreover, there  is a striking  lack of vegetation throughout the Project Area. As described 
above, the vegetation in both the uplands and washes is sparse with limited vegetation cover. 
 
In addition to the onsite baseline data collected by WestLand and included within the Revegetation Plan 
(Appendix  A),  nearby  naturally  occurring  habitat  areas  will  also  be  examined  by  the  qualified 
biologist/revegetation specialist for potential use as reference sites prior to initiating revegetation within 
a  specific  area.    Proposed  revegetation  standards,  including  plant  palettes,  plant  densities  and 
performance standards, will be evaluated and revised by the qualified biologist/revegetation specialist as 
appropriate based on the observed reference areas. 
 
In order  to accomplish  this  revegetation will be deemed  successful upon achieving 25 percent of  the 
vegetative cover of adjacent similar vegetation per 20‐meter by 1‐meter transects. In addition to the 25 
percent of vegetative covered of adjacent similar vegetation as noted previously, success for vegetation 
density shall be achieved by the establishment of 25 percent total plant cover per 20‐meter by 1‐meter 
transect.  Similarly, species richness shall be achieved through the establishment of 4 native plant species 
per 20‐meter by 1‐meter transect. 
 
Because the specific locations of drill pads are not known at this time and flexibility is built into the project 
to allow for adaptation of exact locations based on drilling results, comparison sites will be chosen in field 
by  the  qualified  biologist/revegetation  specialist  once  the  exact  drill  pad  locations  are  identified. 
Additionally, the success criteria noted above may be revised if warranted at the discretion of the qualified 
biologist/revegetation specialist.  This is an appropriate success criterion for the following reasons: 

 The Project will entail only a small amount of total disturbance, and much of this will be within 
areas that have been previously disturbed. 

 The Project contemplates temporary activities over a relatively short time period. 

 The Project Area has been previously disturbed from past mining activities, and there is a striking 
lack of vegetation  throughout  the Project Area. Vegetation  in both  the uplands and washes  is 
sparse with limited vegetation cover (Appendix A). 
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 The planned revegetation effort is planned to enhance the success of the revegetation and will 
augment the reseeding that will occur naturally. 

 
Please see the Revegetation Plan (WestLand Resources, Inc., 2021) presented in Appendix A for additional 
detail. 
 
2.6.6 Test Plots, CCR §3705(b) 

SMARA  regulations  require  test plots be established  to determine appropriate planting procedures  to 
assure successful revegetation (14 CCR §3705(b)). However, this requirement may be waived if success 
can be documented from previous experience with similar species and conditions, or based on competent 
professional advice. 
 
The revegetation seed mix presented in Table 7 was developed by WestLand based upon detailed baseline 
vegetation mapping surveys, and was reviewed/approved by the BLM.  As such, the use of test plots is not 
expected  to  be  necessary.  Nonetheless,  prior  to  initiating  revegetation,  the  qualified 
biologist/revegetation specialist will be consulted to determine if test plots are necessary at the Project 
site(s). The qualified biologist/revegetation specialist will have experience with the species approved in 
the  seed  mix  (see  Table  7)  to  advise  whether  test  plots  will  be  needed  to  ensure  successful 
implementation of the proposed revegetation plan. 
 
2.7 Site Cleanup, CCR §2772 (c)(8), §3502 (b)(5) 

2.7.1 Building Structure & Equipment Removal, CCR §3709 

No permanent buildings or structures will be erected as part of this Project.  Any temporary facilities used 
in support of the drilling campaign, such as portable toilet systems, portable storage containers and trash 
bins will be removed once drilling is complete. 
 
Generally, the strategy for reclamation and closure of equipment and facilities would include: 

 Removing temporary instrumentation and equipment, utilities, and unneeded access roads; and 
 Reclaiming disturbed surfaces by ripping and/or covering and reseeding. 

 
2.7.2 Road Closure 

As discussed previously, the main entrance road may remain beyond the 12‐ to 24‐month exploration 
activities; but  reclamation and monitoring of  those areas would also be  completed within 5 years of 
Project implementation. 
 
Closure of roads would involve demolishing fill while maintaining satisfactory drainage. Roads would be 
reclaimed. Where needed, rock or earthen berms and water bars would be placed to prevent vehicular 
access and reduce erosion. The road corridors would be reclaimed by treatment with a mulch/seed mix 
to promote revegetation. 
 
2.7.3 Tailing & Mine Waste Management, CCR §3712 

As described previously, other than nominal quantities of drill cuttings, no mine wastes and/or tailings 
will  be  generated  by  the  exploratory  drilling  operations  in  the  Project  Area. The  inert  drilling  mud 
materials would be disposed of in accordance with applicable County, state, and federal regulations. The 
drill site, mud pits, and outer berm would then be returned to natural grade with a track hoe using rocks 
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and soil set aside during site construction and mud pit excavation. 
 
2.7.4 Closure of Surface Openings, CCR §3713 

As discussed above, upon completion of the exploration, the exploratory drill holes would be sealed and 
abandoned in compliance with the most current edition of State Water Resources Control Board Bulletin 
#74‐81 and #74‐90. This would include backfilling with onsite materials, sealing with bentonite clay; and 
covering with a 2‐  to 3‐foot mound of onsite material. Drilling and drill hole abandonment would be 
conducted in accordance with SMARA, Public Resources Code Sections 2710 et seq. and its regulations at 
14 CCR Section 3500 et seq. 
 
2.8 Post‐Reclamation and Future Mining, CCR §2772 (c)(7) 

As described above, the anticipated post‐Project (i.e., post‐reclamation) land uses are mining, recreational 
uses, and open space.  Final reclaimed side‐slopes will not exceed the SMARA criteria of 2H:1V (horizontal 
to vertical)  in any Project Area.   For areas proposed  to be  revegetated  (see Figure 6),  the site will be 
revegetated using  the  seed mix described  in Section 2.6.3 above.   The  reclaimed Project Area will be 
compatible with the proposed end uses, as well as the adjacent properties.   Please see Figure 6 which 
displays the final design of the reclaimed Project Area. 
 
2.8.1 Impact of Reclamation on Future Mining, CCR §2772 (c)(9) 

The proposed end use of the final reclaimed Project Area will be land uses compatible with future mining, 
recreational uses, and/or open  space.   As  such,  the  implementation of  this Reclamation Plan will not 
preclude or impact future mining in the area.   
 
2.9 Ponds, Reservoirs, Tailings & Wastes, CCR §3706, §3712 

As discussed above, following the completion of all drilling, solids and desiccated drilling muds that have 
been  contained  in  the  sump would be  treated by evaporation and by allowing  solids  to  settle out  in 
excavated mud pits or sumps at the drill site. The sumps would then be backfilled. The drilling muds that 
would be used would not contain toxic or deleterious materials. The proposed drilling mud material data 
sheets could be provided to BLM upon request. The inert drilling mud materials would be disposed of in 
accordance with applicable County, state, and federal regulations. The drill site, mud pits, and outer berm 
would  then  be  returned  to natural  grade with  a  track hoe using  rocks  and  soil  set  aside during  site 
construction and mud pit excavation. Once reclaimed, onsite slopes would not exceed 2H:1V (horizontal 
to vertical).  Water bars and erosion‐control features would be repaired and constructed as necessary. All 
equipment and supporting structures would be removed from BLM lands. 
 
Other than temporary mud pits/sumps described above, no ponds, tailings, and/or mine waste basins or 
impoundments  resulting  from  the  Project  that would  require  reclamation will  be  present within  the 
Project Area.   
 
2.10 Topsoil Salvage, Maintenance, & Redistribution, CCR §3711 

Please see Section 1.4.1, which describes the site geology and soils found within the Project Area.   As 
discussed previously, the potential to salvage topsoil/subsoil from the Project Area for use as a growth 
medium for revegetation is limited.  Consequently, topsoil/and subsoil will be salvaged where feasible by 
pushing the material along the edge of the drill pads and along the sides of the new access roads.  Any 
topsoil/subsoil stored in stockpiles and/or berms will be maintained and BMPs implemented to minimize 

PC ORIGINAL PKG



SMP – Oro Cruz Exploration Project    March 2023 
Reclamation Plan     

 

   
Reclamation Plan_03‐14‐2023  32  Sespe Consulting, Inc. 

soil erosion.   Once the drilling campaign  is complete, the stored topsoil/subsoil will be spread out and 
reseeded. 
 
Additionally, the drilling campaign will utilize mud sumps to house the drilling fluids. The excavated spoils 
will be stored along  the edges of  the pads and  then backfilled  into  the excavated pits once drilling  is 
complete and equipment demobilization occurs.  These backfilled materials and any topsoil/subsoil that 
is salvaged will then be reseeded as part of the overall revegetation efforts. 
 
2.11 Drainage, Erosion & Pollution Controls 

2.11.1 Drainage, Diversion Structures, & Erosion Control, CCR §3706 

There are no existing or proposed drainage or stream features within the Project Area, and exploration 
operations and reclamation activities in the Project Area will not impact nearby waterways. 
 
Development and exploration of the site is not expected to create an increased potential for stormwater 
runoff that could adversely impact adjacent areas.  Additionally, due to the existing topography and land 
uses, the site is not expected to receive significant local runoff from neighboring properties.  Generally, 
stormwater that falls on the site will be contained and will either naturally evaporate or infiltrate into the 
ground.  Because runoff will ultimately not change as a result of the Project, post‐reclamation runoff and 
erosion sedimentation will also not change.  Drainage and erosion control during and after reclamation 
activities will be managed using BMPs.   For  further detail on drainage and erosion control measures, 
please refer to Section 1.10. 
 
2.11.2 Stream Protection, Including Surface Water, & Groundwater, CCR §3710 

The  exploratory  activities  within  the  Project  Area  will  not  affect  streams,  surface  water  bodies  or 
groundwater; and  therefore protective measures are not  required as part of  reclamation.     However, 
approved BMPs  to protect  stormwater quality within  the Project Area will be  implemented on an as 
needed basis.   The approved BMPs will be  implemented within the Project Area to prevent runoff and 
control erosion.   
 
2.12 Other SMARA Reclamation Standards 

2.12.1 Prime Agricultural Land Reclamation, CCR §3707 

Per the California Department of Conservation’s Farmland Mapping and Monitoring Program, no portions 
of the Project Area are located within Prime Agricultural land. 
 
2.12.2 Other Agricultural Land Reclamation, CCR §3708 

The reclaimed area will be returned to  land uses readily adaptable to future mining, recreational uses, 
and open space.  None of the Project Area would be reclaimed to an agricultural land use. 
 
2.12.3 Other Lead Agency Requirements, CCR §2772(c)(11) 

In addition to the SMARA requirements addressed in this Reclamation Plan, the following BLM, County 
zoning/land use requirements and CEQA requirements are applicable to the Project: 

 BLM, H‐3809‐1 Surface Management Handbook; 
 BLM, 43 Code of Federal Regulations (CFR) 3809.401(d); 
 Imperial County, Code of Ordinances (Title 9, Division 20 – Surface Mining and Reclamation); 

PC ORIGINAL PKG



SMP – Oro Cruz Exploration Project    March 2023 
Reclamation Plan     

 

   
Reclamation Plan_03‐14‐2023  33  Sespe Consulting, Inc. 

 Imperial County, General Plan (1993); and 
 CEQA Appendix G Environmental Checklist and subsequent CEQA documents. 

 
2.13 Monitoring, Maintenance, & Reporting 

As discussed above, performance monitoring will include both qualitative and quantitative assessment. 
Qualitative monitoring will occur during periodic inspections of the reclamation and revegetation areas. 
These inspections will occur frequently (approximately every month) during the first 12 to 14 months of 
reclamation, and less often in subsequent years.  This monitoring schedule may be revised depending on 
the results of the revegetation effort and the meeting of the success criteria.  Quantitative monitoring will 
typically occur annually, beginning during  the  first year after planting.   Monitoring of  the  reclamation 
areas will cease once the Project Area has been fully reclaimed and revegetated to the satisfaction of the 
County, in accordance with this Reclamation Plan. 
 
2.13.1 Qualitative Monitoring 

Qualitative monitoring methods will include visual observation and photo documentation. There are no 
specific performance criteria associated with this monitoring.  
 
During monitoring events,  the qualified biologist/revegetation specialist will document  the conditions, 
potential issues (i.e., vandalism, fence damage, presence of exotic species, herbivory, erosion, etc.), and 
recommended actions in a field memo. Copies of all field memos will be included in each year’s annual 
SMARA report, which will be submitted to the County for review.   
 
Annual photographs of revegetation areas will be taken from preset photo stations during data collection 
events. Additional photographs will be  taken of any potential problem areas. All photographs will be 
logged and included in each annual report. 
 
2.13.2 Quantitative Monitoring 

Vegetative cover and species composition will be assessed using the sampling methods described below 
and the success criteria described in Section 2.6.5.  Sampling will generally be conducted at the end of the 
growing  season.    Following  each  annual  data  collection  event,  the  qualified  biologist/revegetation 
specialist will compile data and prepare an analysis of the results. 
 
As discussed in Section 2.6.5, quantitative data will be collected using the line‐intercept method for a 20‐
square‐meter area.   Success monitoring will  include sampling along six (6) randomly placed 20‐square‐
meter  transects per each reclaimed area.   Data  for all transects will  then be averaged  to produce  the 
results.  Success criteria are based on the overall quality of the revegetation results compared to recorded 
vegetation data described in Section 2.3.1 and qualitative comparison with reference areas, as deemed 
appropriate by the qualified biologist/revegetation specialist.   
 
Following  completion of  revegetation  for a  specific area,  the  surviving perennial plant  species will be 
evaluated annually for at least two years by the qualified biologist/revegetation specialist. The first 12 to 
14 months will measure survival of revegetated areas, need for weeding, and successful establishment of 
seeded  native  plants.    During  the  third  year,  monitoring  will  focus  on  the  site’s  resemblance  to 
undisturbed vegetation  in terms of the performance criteria presented  in Section 2.6.5.   This schedule 
may be revised depending on the results of the revegetation effort and the meeting of the success criteria.  
Monitoring data will be reviewed by the qualified biologist/revegetation specialist and reviewed annually 
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by the County through submittal of the annual SMARA report (see Section 2.13.3). 
 
2.13.3 Annual Monitoring Reports 

Annual monitoring  reports will  be  prepared  that  include  a  summary  of  the  revegetation  effort,  site 
conditions,  any  issues  encountered,  evaluation  of  the  data  collected  and  success  achieved,  and 
recommendations  for meeting  the performance criteria.   Reports will be submitted  to  the County  for 
review annually. 
 
2.14 Reclamation Assurance, CCR §2773.1(a) 

A  detailed  Financial  Assurance  Cost  Estimate  (FACE)  will  be  prepared  prior  to  commencement  or 
operations in the Project Area. The FACE will include detailed descriptions and spreadsheets estimating 
the cost for reclamation of the site to the specifications established in this Reclamation Plan. 
 
A  performance  bond  payable  to  the  County  and,  in  the  alternative,  the  California  Department  of 
Conservation  (DOC), Department of Mine Reclamation  (DMR), will be provided  to  the County  in  the 
amount of the estimated cost of reclamation.  Alternatively, if provided for by future regulations, other 
forms of equivalent surety may be substituted. 
 
Please see Section 4.0 below for more detail. 
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3.0 STATEMENT OF RESPONSIBILITY, CCR §2772(C)(10) 

As required by Public Resources Code §2772  (c)(10),  the owner and operator accept responsibility  for 
reclaiming the mined lands in accordance with the provisions of this Reclamation Plan.  
 
I, the undersigned, hereby acknowledge that all of the provisions of said permit and reclamation plan, and 
any and all  conditions appended  thereto will be  faithfully performed and  completed within  the  time 
therein  provided,  or  within  any  additional  time  as  may  be  allowed  pursuant  to  the  Surface  Mining 
Ordinance Code of the lead agency and with the applicable requirements of Articles 1 and 9 (commencing 
with  section  3500  et  seq.,  respectively)  of  Chapter  8,  Division  2,  Title  14,  of  the  California  Code  of 
Regulations, the Surface Mining and Reclamation Act of 1975 (SMARA), as amended (Section 2710 et seq. 
of the Public Resources Code) which are incorporated herein by reference.  

 
I,  the undersigned, hereby agree  to perform and complete  the provisions of  said permit and/or plan, 
including any and all conditions appended thereto, shall be subject to the provisions of said Ordinance 
Code and SMARA and the State Mining and Geology Board’s implementing regulations and guidelines.  
 
That the place of performance by the undersigned of the covenants herein, shall be the area managed by 
the lead agency in the State of California.  
 
That, pursuant to Public Resources Code section 2774.1 (a) notice procedures, any notice required to be 
given, or otherwise given to the undersigned may be by personal service or by certified mail. 
 
 
Signature                                                                                                   
 
Name                                                                                                         
 
Signed this               day of                                                , 20               
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4.0 FINANCIAL ASSURANCES, CCR §2773.1 (A) 

A Financial Assurance Cost Estimate (FACE) will be prepared for the Oro Cruz Exploration Project.   This 
FACE will be reviewed annually and updated accordingly. 
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STANDARD OF CARE ORDINARY AND CUSTOMARY WITHIN THE
PRACTICE OF ENGINEERING. THE SCOPE OF RESPONSIBILITY OF THE
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SOURCE DATA:
BOUNDARIES:

ORO CRUZ CLAIM BOUNDARY: WESTLAND RESOURCES
ORO CRUZ EXPLORATION: WESTLAND RESOURCES

TOPOGRAPHY:
LiDAR: EAGLE MAPPING LTD., FLIGHT DATE 01/15/2021
GROUND CONTROL: DESERT SURVEYING & ENGINEERING, 

GORDON O. OLSON, PE, PLS (CA PLS NO. 7107)
CONTOUR INTERVAL: 10 FEET
DATUM: HORZ= NAD83, CALIFORNIA ZONE 5, US FOOT

VERT= NAVD88 4

NOTES:
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STRETCHES OF EXISTING ACCESS ROAD (AS
SHOWN HEREON) TO BE BLADED AND CLEARED OF
VEGETATION.

3. ROADS WILL GENERALLY BE CONSTRUCTED
APPROXIMATELY 12 FEET WIDE. EXISTING ROADS
IN THE PROJECT AREA THAT REQUIRE
IMPROVEMENTS WILL BE WIDENED TO 12 FEET AS
NECESSARY.

4. WHERE NEEDED TO RESTRICT ACCESS TO DRILL
AREAS, EITHER GATES, FENCES, OR BARRIERS
CONSTRUCTED OF ONSITE MATERIALS WILL BE
INSTALLED TO PREVENT UNAUTHORIZED
VEHICULAR TRAFFIC FROM INTERFERING WITH
THE RECLAMATION OF ACCESS ROADS.

5. DRILL PADS WILL CONSIST OF AN APPROXIMATELY
60-FOOT BY 40-FOOT AREA THAT WILL BE CLEARED
TO HOLD THE DRILLING COLLAR AND SUMPS FOR
DRILLING MUD (WASTEWATER AND FLUID), ALONG
WITH ALL DRILLING EQUIPMENT AND PERSONNEL
DURING CONSTRUCTION.

6. BEST MANAGEMENT PRACTICES (BMPs) TO
PREVENT EROSION, SEDIMENT TRANSPORT, AND
WINDBLOWN DUST WILL BE IMPLEMENTED AS
DESCRIBED IN THE SITE SPECIFIC STORM WATER
POLLUTION PREVENTION PLAN (SWPPP).
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GEOLOGIC SETTING:
THE ORO CRUZ PROJECT IS LOCATED IN THE CARGO
MUCHACHO MOUNTAINS IN SOUTHEASTERN
CALIFORNIA.  BASED ON TECHNICAL REPORT
PREPARED BY TETRA TECH (TETRA TECH, 2011), THE
RANGE IS COMPRISED OF WELL-FOLIATED GNEISS AND
SCHIST OF THE JURASSIC TUMCO FORMATION WHICH
HAS BEEN METAMORPHOSED TO AMPHIBOLITE FACIES.
MESOZOIC BIOTITE GRANITE AND ASSOCIATED
PEGMATITE DIKES CUT THE TUMCO FORMATION AND
ALSO CUT MESOZOIC HORNBLENDE-BIOTITE QUARTZ
MONZONITE.  THE GRANITE AND MONZONITE FORM
LARGE INTRUSIVE BODIES IN THE RANGE.  THE
PRINCIPAL STRUCTURAL FABRIC IN THE RANGE IS
WEST-NORTHWEST.  LOW-ANGLE FAULTS ARE CUT BY
NORTHWEST TRENDING FAULTS.

THE ORO CRUZ MINERAL DEPOSIT IS BELIEVED TO BE A
DETACHMENT-FAULT-RELATED GOLD DEPOSIT
CONSISTING OF REPLACEMENT MINERALIZATION
ALONG A LOW-ANGLE DETACHMENT (LISTRIC) FAULT
RELATED TO AN EXTENSIONAL FAULT SYSTEM IN THE
CARGO MUCHACHO MOUNTAINS.  PREVIOUSLY,
TEXASGULF BELIEVED THAT THE ORO CRUZ GOLD
DEPOSIT WAS AN EXHALITE.  MINERALIZATION IS
HOSTED WHOLLY WITHIN THE TUMCO FORMATION.
MESOTHERMAL MINERALIZATION OCCURS IN MULTIPLE
BROWN TO BROWNISH GRAY SILICEOUS ZONES
CONTAINING HEMATITE, MAGNETITE, QUARTZ, MICA,
FELDSPAR, CHLORITE, AND BLUE COPPER OXIDES.
NATIVE GOLD CONTAINING VERY LOW SILVER IS
ASSOCIATED WITH IRON OXIDES (TETRA TECH, 2011).
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RECLAMATION NOTES
1. PROJECT AREAS TO BE RECLAIMED WOULD BE

CONVERTED TO LAND USES CONSISTENT WITH
MINING, RECREATIONAL USES, AND OPEN SPACE.

2. RECLAMATION WILL BE COMPLETED
CONCURRENTLY FOR EXPLORATION DRILLING
ACTIVITIES (AS FEASIBLE), AND MONITORING FOR
THE SUCCESS OF RECLAMATION OF THOSE AREAS
WOULD BE COMPLETED WITHIN 5 YEARS OF
PROJECT IMPLEMENTATION.

3. THE PROJECT MOBILIZATION, ROAD CONSTRUCTION,
DRILLING, AND BOREHOLE ABANDONMENT WILL BE
COMPLETED WITHIN APPROXIMATELY 4 MONTHS
(FOLLOWING PROJECT INITIATION).

4. RECLAMATION ACTIVITIES AND SUBSEQUENT
MONITORING FOR THE SUCCESS OF RECLAMATION
OF THOSE AREAS WOULD BE COMPLETED WITHIN
FIVE (5) YEARS OF PROJECT INITIATION.

5. WHERE NEEDED, ALL SLOPES AND FLOORS WILL BE
FLATTENED TO ENSURE NO SLOPES EXCEED A 2H:1V
(HORIZONTAL TO VERTICAL) ANGLE.

6. EACH EXPLORATORY BOREHOLE WILL BE
ABANDONED IN ACCORDANCE WITH IMPERIAL
COUNTY DRILL PERMIT CONDITIONS AND
APPLICABLE STATE STANDARDS. THE MUD PITS WILL
BE ALLOWED TO EVAPORATE AND THE STORED
EXCAVATED MATERIALS WILL BE REINTRODUCED
INTO THE PITS, FOLLOWED BY PUSHING ANY
SALVAGED TOPSOIL/SUBSOILS.  ONCE EACH PAD
HAS BEEN GRADED AND CONTOURED, THEY WILL BE
REVEGETATED USING THE SEED MIX BELOW.

7. NEW ROADS CONSTRUCTED AS PART OF THIS
PROJECT WILL BE RECLAIMED BY PLACING
RECOVERED TOPSOIL/SUBSOIL STORED ALONG THE
ROADWAY EDGES, AND BLADING THE SURFACES
PRIOR TO REVEGETATING USING THE SEED MIX
BELOW.

REVEGETATION NOTES
1. REVEGETATION WILL ONLY OCCUR ON THOSE

PORTIONS OF THE PROJECT AREA PROPOSED TO BE
RECLAIMED TO OPEN SPACE.

2. THE PROPOSED NATIVE SEED MIXTURE WILL
CONSIST OF THE FOLLOWING:
· CREOSOTEBUSH (LARREA TRIDENTATA)
· BURROBUSH (AMBROSIA DUMOSA)
· BRITTLEBUSH (ENCELIA FARINOSA)
· DESERT SPINEFLOWER (GERAEA CANESCENS)
· TURTLEBACK (PSATHYROTES RAMOSISSIMA)
· FORGET-ME-NOT (CRYPTANTHA SPP.)
· HAIRY PRAIRIE CLOVER (DALEA MOLLIS)

2. SEEDS WILL BE PURCHASED AND MIXED IN EQUAL
QUANTITIES AND WILL BE HAND BROADCASTED AT
APPROXIMATELY 10 POUNDS PER ACRE.

3. THE SEED MIXTURE IS SUBJECT TO CHANGE AND
SHOULD BE VERIFIED BY A QUALIFIED BIOLOGIST
PRIOR TO REVEGETATION.
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1. INTRODUCTION AND BACKGROUND 

SMP Gold Corp. (SMP) proposes mineral exploration activities at the Oro Cruz Pit Area (the Project) 
within lands administered by the Bureau of Land Management (BLM), northwest of Yuma, Arizona, 
in Imperial County, California. The Project is located on previously mined BLM lands within 
Township 15 South, Range 20 East, Sections 1, 2, 12, and 13, and Township 15 South, Range 21 East, 
Sections 6, 7, and 18 (the Project Area, Figures 1 and 2) that are managed by the El Centro Field 
Office. The Project Area includes seven drill areas and access roads (Figure 2). Within these areas, 
the Project entails 21.1 acres of surface disturbance. The Project Area has been previously disturbed 
by mining activities. Current surrounding land uses include prospecting and recreation. 

Activities would be conducted in accordance with BLM regulations published in the Code of Federal 
Regulations (CFR) at 43 CFR part 3809 (BLM 2016) and 43 CFR 3715 (BLM 1998). Pursuant to 43 
CFR 3809.21 and 3809.301, the Project would result in minor surface reworking of previously mined 
and disturbed areas, and measures would be taken to prevent unnecessary or undue degradation during 
Project operations. The Project would comply with the performance standards in 43 CFR 3809.420 
and other Federal and state laws related to environmental protection and protection of cultural 
resources; the Project is “reasonably incident” to mining as defined in 43 CFR 3715.0-5; and the 
Project would attain the stated level of protection and reclamation required by specific laws in the 
California Desert Conservation Area. The Project Area occurs within the Picacho Area of Critical 
Environmental Concern (ACEC) as designated under the Desert Renewable Energy Conservation 
Plan, and thus requires a BLM Plan of Operations. 

The Project is described in the Draft Exploration Plan of Operations (Plan) dated December 17, 2020. 
The BLM has reviewed the Plan and has determined that the filed Plan meets the content requirements 
at 43 CFR 3809.401(b). 

2. PROJECT AREA DESCRIPTION 

Vegetation in the Project Area is low desert scrub typical of the high temperature region of 
southeastern California. In general, vegetation is sparse in both the upland and xeroriparian habitats. 
The uplands consist of a very low-density shrub community dominated by creosote (Larrea tridentata) 
and brittlebush (Encelia farinose). In addition, large portions of the Project Area consist of disturbed 
habitats dominated by non-native annual plants. The xeroriparian habitat generally consists of the 
same sparce shrub community and includes widely spaced upland trees and ocotillo (Fouquieria 
splendens). In summation, vegetation in the Project Area is uniformly sparce and consist of very low 
density shrublands, upland trees and highly disturbed habitats. Representative photographs of the 
Project Area are provided in Appendix A. 
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For the purposes of vegetation mapping, an Analysis Area that encompasses the proposed disturbance 
on seven drill areas and associated access roads was defined (Figure 3). A total of 37 plant species 
were identified during field surveys within the Analysis Area (Table 1). Plant species observations do 
not represent a complete floristic survey. Three California Native Plant Society vegetation categories 
were identified during pedestrian surveys and thematically mapped using the Supervised Classification 
tool in ArcGIS Pro 2.7 (Figure 3). 

Brassica (nigra) and other mustards semi-natural stands 

Brassica (nigra) and other mustards semi-natural stands vegetation category occupies approximately 
18% of the Analysis Area and 24% of the Project Area (Figure 3). This vegetation category 
corresponds with disturbed and barren areas. Although the named dominant species, black mustard 
(Brassica nigra), was not observed, Saharan mustard (Brassica tourneforti), a closely related non-native 
mustard was often present in both naturally disturbed areas including wash scour and 
human- disturbed areas such as roads, camp sites, and rock waste piles. This natural community is not 
classified as sensitive by the California Department of Fish and Wildlife (CDFW 2020) 

Parkinsonia florida—Olneya tesota alliance  

Parkinsonia florida—Olneya tesota alliance occupies approximately 2% of the Analysis Area and 2% 
of the Project Area (Figure 3). The vegetation category is primarily restricted to xeroriparian areas 
including washes, drainages and narrow canyons. Besides the named alliance’s dominant plants, blue 
palo verde (Parkinsonia florida) and ironwood (Olneya tesota), other commonly occurring plants include 
sweetbush (Bebbia juncea), lance leaved ditaxis (Ditaxis lanceolata), desert lavender (Hyptis emoryi), ocotillo 
(Fouquieria splendens) and Anderson's desert thorn (Lycium andersonii). This natural community is 
classified as sensitive by the California Department of Fish and Wildlife (CDFW 2020). 

Larrea tridentata — Encelia farinosa alliance 

Larrea tridentata — Encelia farinosa alliance occupies approximately 79% of the Analysis Area and 
74% of the Project Area and occurs in a variety of topographic settings (Figure 3). Besides the named 
alliance’s dominant plants, creosote (Larrea tridentata) and brittlebush (Encelia farinosa), other commonly 
occurring plants include ocotillo, beavertail prickly pear (Opuntia basilarus), and burrobush (Ambrosia 
dumosa). This natural community is classified as sensitive by the California Department of Fish and 
Wildlife (CDFW 2020). 
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Table 1. Plant Species Observed in the Analysis Area During the Field Survey 
This list represents species observed during the field survey and does not represent a complete floristic survey. 

 

3. RECLAMATION AND REVEGETATION PLAN OVERVIEW 

The intent of the California Surface Mining and Reclamation Act (SMARA) is to "maintain an effective 
and comprehensive surface mining and reclamation policy with regulation of surface mining 
operations so as to assure that: (a) adverse environmental effects are prevented or minimized and that 
mined lands are reclaimed to a usable condition which is readily adaptable for alternative uses; (b) the 
production and conservation of aggregates are encouraged, while giving consideration to values 
relating to recreation, watershed, wildlife, range and forage, and aesthetic enjoyment; and ( c) residual 
hazards to the public health and safety are eliminated" (Section 2712). Article 9, Section 3700 of 
SMARA states the following: "Reclamation of mined lands shall be implemented in conformance with 
standards in this Article. The standards shall apply to each surface mining operation to the extent that: 

   

Common Name Scientific Name  Common Name Scientific Name 

PLANTS     
PERENNIALS    beavertail pricklypear Opuntia basilaris 
burrobush Ambrosia dumosa   blue paloverde Parkinsonia florida 
burrobush Ambrosia salsola   Schott’s pygmycedar Peucephyllum schottii 
western milkweed Asclepias albicans   velvet turtleback Psathyrotes ramosissima 
sweetbush Bebbia juncea   desert globemallow Sphaeralcea ambigua 
Paloverde Cercidium floridum   Mesquite Posopis juliflora 
pink fairyduster Cylindropuntia erophylla   Tamarisk* Tamarix pentandra 
hairy prairie clover Dalea mollis  American threefold Trixis californica 
narrowleaf silverbush Ditaxis lanceolata  ANNUALS  
Inciensio Encelia farinose  sixweeks threeawn Aristida adscensionis 
rough jointfir Ephedra aspera  Asian mustard* Brassica tournefortii 
desert trumpet Eriogonum inflatum  brittle spineflower Chorizanthe brevicornu 
California fagonbush Fagonia laevis  devil’s spineflower Chorizanthe rigida 
California barrel cactus Ferocactus cylindraceus  pygmy poppy Eschscholzia minutiflora 
ocotillo Fouquieria splendens  Arizona lupine Lupinus arizonicus 
paleface Hibiscus denudatus  Mojave desertstar Monoptilon bellioides 
desert lavender Hyptis emoryi  desert palafox Palafoxia arida var. arida 
creosote Larrea tridentata  cleftleaf phacelia Phacelia crenulata 
water jacket Lycium andersonii  desert Indianwheat Plantago ovata 
Parry’s false prairie-clover Marina parryi  yellowdome Trichoptilium incisum 
desert wishbone-bush Mirabilis laevis    
desert tobacco Nicotiana obtusifolia    
ironwood Olneya tesota  *non-native  
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 They are consistent with required mitigation identified in conformance with CEQA; and  

 They are consistent with the planned or actual subsequent use or uses of the site."  

The Oro Cruz Exploration Project Reclamation Plan prepared by Sespe Consulting Inc. (2021) 
describes the Reclamation Plan for reclaiming land disturbed by exploration drilling within the Project 
Area, as required under SMARA. This Reclamation Plan addresses the reclamation activities that will 
be undertaken following completion of the exploratory drilling, in conformance with SMARA. 

The anticipated post-Project land uses are mining, recreational uses, and open space. Following the 
completion of all drilling, solids, and desiccated drilling muds that have been contained in the sump 
would be treated by evaporation and by allowing solids to settle out in excavated mud pits or sumps 
at the drill site. The sumps would then be backfilled. The drilling muds that would be used do not 
contain toxic or deleterious materials. The proposed drilling mud material data sheets could be 
provided to BLM upon request. The inert drilling mud materials would be disposed of in accordance 
with applicable state and federal regulations. The drill site, mud pits, and outer berm would then be 
returned to natural grade with a track hoe using rocks and soil set aside during site construction and 
mud pit excavation. 

This technical memorandum describes the revegetation plan associated with the planned reclamation. 

Reclaimed areas would be revegetated with a BLM-approved seed mix. These areas would be 
revegetated after cover placement and at the appropriate time of the year for optimum seed 
germination and plant growth. 

4. SITE PREPARATION 

The revegetation plan is based on those portions of the Project Area proposed to be reclaimed to 
open space. For those portions of the Project Area to be reclaimed for future mining and/or 
recreational uses, revegetation may not be feasible and/or appropriate. 

Following completion of exploratory drilling, equipment demobilization and surface preparation of 
the roads and drill pads, the following typical sequence of revegetation activities will be undertaken: 

 Installation of erosion control devices, such as waddles, where necessary; 

 Application of seed mix either by hydroseeding or mechanical broadcasting; and 

 Maintenance and monitoring. 

Generally, initial seedbed preparation on flatter surfaces would include ripping or discing the surface 
along contours. Conventional seeding techniques (including drill and broadcast) would be used as 
appropriate depending on soil/cover characteristics and landform. Hydroseed, hydromulch, and 
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tackifier may be used on slopes that are not suitable for conventional seeding. Mulch may be applied 
to minimize erosion and promote moisture retention where appropriate. 

Prior to application of the seed mix, the final contours, hydrology, and soils composition of the 
revegetation areas will be reviewed by a qualified biologist/revegetation specialist to determine the 
optimal broadcast rates and make any appropriate modifications to the overall revegetation plan. 

Areas to be revegetated will be prepared as follows: 

 Vegetation, trash, debris, and weeds will be cleared. All weeds will be removed from the area 
and properly disposed of offsite. 

 Any eroded areas will be repaired uniformly without leaving holes or depressions that would 
potentially prohibit plant growth. 

 Compacted areas will be ripped to a depth of one foot and left in a textured or rough condition 
with shallow rills and furrows to create optimal conditions for revegetation. 

 Any salvaged plants will be replanted on the pads and roads in a random pattern. 

 A native plant seed mix will be broadcast at a rate recommended by the BLM and Imperial 
County which will include a mixture of shrubs, native grasses, and annuals; and 

 The seeds will be covered by hand-rake or using a chain attached to a small tractor with any 
salvaged top soil to protect the seeds from desiccation and predation. 

5. CONTROL OF WEEDS AND NON-NATIVE VEGETATION 

The predominance of exotic, invasive weed species throughout California has presented a formidable 
challenge to most revegetation projects. Weed species are opportunistic and have mechanisms for 
dispersal and establishment that can eventually lead to displacement of native species. To ensure that 
weed species competition is controlled, the Project site areas will be inspected by the qualified 
biologist/revegetation specialist prior to revegetation implementation. The qualified 
biologist/revegetation specialist will also determine the most effective treatments for control of 
invasive species. If weed control activities are necessary, they will likely include a combination of 
treatments such as herbicide application, hand removal, and soil solarization. 

Non-native invasive plants that threaten California’s wildlands have been categorized by the California 
Invasive Plant Council (Cal-IPC). Invasive plants that have been classified by Cal-IPC as “High” 
(severe ecological impacts on physical processes, plant and animal communities, and vegetation 
structure) or “Moderate” (substantial and apparent—but generally not severe—ecological impacts on 
physical processes, plant and animal communities, and vegetation structure) in terms of ecological 
threat will be controlled as necessary within the revegetation areas for up to three (3) years in order to 
prevent aggressive weeds from out-competing native plant species for resources (e.g., space, water, 
nutrients, and light). These invasive weeds will be removed mechanically, if feasible. In circumstances 
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where mechanical control is not effective, EPA-approved systemic herbicides may be used. Herbicides 
will be applied under the direction of a licensed applicator. 

Prior to initiation of revegetation efforts, the biologist will consult the most recent Cal-IPC list, and a 
list of specific species to be controlled under this Reclamation Plan will be developed. Additional 
species may be added to the list based on actual conditions and the recommendation of the qualified 
biologist/revegetation specialist. 

6. SEED MIX 

Revegetation would require site-appropriate, BLM-approved native seed mixtures. A diverse native 
plant community would be targeted through the definition of seed mixtures and application rates. The 
seed mix list would be reviewed before revegetation activities are initiated to confirm the availability 
of the seeds, and the list would be adjusted as needed. The seed mix and mulch materials would be 
certified by the revegetation contractor to be relatively weed free. 

The proposed native seed mixture will consist of the following: creosotebush (Larrea tridentata), 
burrobush (Ambrosia dumosa), brittlebush (Encelia farinosa), desert spineflower (Geraea canescens), 
turtleback (Psathyrotes ramosissima), forget-me-not (Cryptantha spp.), and hairy prairie clover (Dalea 
mollis). Seeds will be purchased and mixed in equal quantities and will be hand broadcasted at 
approximately 10 pounds per acre (Table 2). If any part of the proposed seed mixture is not 
commercially available at the time of purchase, BLM will be consulted to identify appropriate and 
available replacements for the seed mixture. 

Table 2. Native Live Seed Mixture 

Common Name Scientific Name Pounds/Acre 

creosotebush  Larrea tridentata 3 

burrobush  Ambrosia dumosa 3 

brittlebush  Encelia farinosa 1.5 

desert spineflower  Geraea canescens 1 

turtleback  Psathyrotes ramosissima 0.5 

forget-me-not  Cryptantha spp. 0.5 

hairy prairie clover  Dalea mollis 0.5 

Total 10 

 
The seed mix would be designed to meet the following criteria: 
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 Native non-invasive species that have a high compatibility with the existing landscape; 

 Species and plant type diversity to promote a sustainable vegetative cover throughout the 
seasonal changes and other climate related variances; and 

 Species and plant type diversity to promote a variety of germination periods and seasonal 
growth. 

7. SUCCESS CRITERIA 

The basic goal of revegetation is to re-establish self-sustaining native plant communities within the 
disturbed areas. California Code of Regulations (CCR) Section 3705(m) requires that reclaimed 
revegetated sites be "similar to naturally occurring habitats in the surrounding area." In order to 
accomplish this revegetation will be deemed successful upon achieving 25 percent of the vegetative 
cover of adjacent similar vegetation. Because the specific locations of drill pads are not known at this 
time and flexibility is built into the project to allow for adaptation of exact locations based on drilling 
results, comparison sites will be chosen in field once the exact drill pad locations are identified. This 
is an appropriate success criterium for the following reasons: 

 The Project will entail only a small amount of total disturbance, and much of this will be within 
areas that have been previously disturbed. 

 The Project contemplates temporary activities over a relatively short time period. 

 The Project Area has been previously disturbed from past mining activities, and there is a 
striking lack of vegetation throughout the Project Area. Vegetation in both the uplands and 
washes is sparse with limited vegetation cover (Appendix A). 

 The planned revegetation effort is planned to enhance the success of the revegetation and will 
augment the reseeding that will occur naturally. 
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EXECUTIVE SUMMARY 

Southern Empire Resources Corp. (SMP) is proposing mineral exploration activities, the Oro Cruz 
Pit Area Exploration Project, on lands managed by the Bureau of Land Management (BLM) in the 
Cargo Muchacho Mountains of Imperial County in southeastern California (the Project) (Figures 1 
and 2).  The BLM Exploration Plan of Operations (EPO) consists of an approximately 600-acre area 
(Figure 2). Within the EPO the Project Area consists of seven drill pads and associated access roads, 
totaling 21.1 acres of surface disturbance (Figure 2). The Project Area occurs within the Picacho Area 
of Critical Environmental Concern (ACEC) as designated under the Desert Renewable Energy 
Conservation Plan, and thus requires a BLM Plan of Operations. The Project Area has been previously 
disturbed by mining activities. Current surrounding land uses include prospecting and recreation. 

WestLand Resources, Inc. (WestLand) was retained to complete a combined BLM Biological Resource 
Technical Report (BRTR) to support environmental review of the Project by the BLM and a Biological 
Resource Assessment (BRA) to support environmental review by Imperial County under the 
California Environmental Quality Act (CEQA).  This combined BRTR/BRA documents desktop and 
field studies and provides an assessment of the potential to occur for special-status species in the 
vicinity of the Project.  

Existing Vegetation 

Within the Analysis Area, vegetation is sparse in both the upland and xeroriparian habitats. The 
uplands consist of a very low-density shrub community dominated by creosote (Larrea tridentata) and 
brittlebush (Encelia farinose). In addition, large portions of the Analysis Area consist of disturbed 
habitats dominated by non-native annual plants. The xeroriparian habitat generally consists of the 
same sparce shrub community and includes widely spaced upland trees and ocotillo (Fouquieria 
splendens). In summation, vegetation in the Analysis Area is uniformly sparce and consist of very low 
density shrublands, upland trees and highly disturbed habitats. 

A total of 41 plant species were identified during field surveys within the Analysis Area in March 2021.  
Plant species observations do not represent a complete floristic survey. Three California Native Plant 
Society vegetation categories were identified during pedestrian surveys and thematically mapped using 
the Supervised Classification tool in ArcGIS Pro 2.7. 

California Native Plant Society vegetation categories observed within the Analysis Area and Project 
Area (Figure 5). These vegetation categories include Brassica (nigra) and other mustards semi-natural 
stands (18 percent of the Analysis Area and 24 percent of the Project Area), Parkinsonia florida—Olneya 
tesota alliance (2 percent of the Analysis Area and 2 percent of the Project Area), and Larrea tridentata 
— Encelia farinosa alliance (79 percent of the Analysis Area and 4 percent of the Project Area). 
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Special-Status Plant Species 

A screening analysis was conducted to determine the potential for special status plant species to occur 
in the Analysis Area. The following were analyzed: 

1. Plant species designated by the U.S. Fish and Wildlife Service (USFWS) as Endangered, 
Threatened, Proposed for listing, or Candidate for listing under the Endangered Species Act 
(ESA), as identified by the Information, Planning and Consultation (IPaC) system. 

2. Plant species designated as sensitive per the El Centro Field Office BLM list of California 
sensitive species. 

3. Plant species identified for analysis under the California Environmental Quality Act 
(CEQA), including Plants designated as special-status by the California Native Plant Society 
(CNPS). 

Three special status plant species, Munz cholla (Cylindropuntia munzii), Flat-seeded spurge (Euphorbia 
platysperma), and Pink fairy-duster (Calliandra erophylla), were determined to have a possible presence or 
a high potential to occur in the Analysis Area. 

Existing Wildlife Species 

During field survey conducted in March 2021 a total of 26 wildlife species were observed.  

A screening analysis was conducted to determine the potential for special status wildlife species to 
occur in the Analysis Area. The following were analyzed: 

1. Species and critical habitat designated by the U.S. Fish and Wildlife Service (USFWS) as 
Endangered, Threatened, Proposed for listing, or Candidate for listing under the Endangered 
Species Act (ESA), as identified by the Information, Planning and Consultation (IPaC) system. 

2. Species protected under the Bald and Golden Eagle Protection Act (BGEPA). 
3. Species designated as sensitive per the El Centro Field Office BLM list of California sensitive 

species. 
4. Species identified for analysis under the CEQA, including California Department of Fish 

and Wildlife (CDFW) Species of Special Concern; species designated as USFWS Birds of 
Conservation Concern; CDFW special-status invertebrates; and Species of bat listed as high 
and medium priority by the Western Bat Working Group. 

One ESA listed species, the threatened Mohave Desert tortoise (Gopherus agassizii), was determined to 
be present the Analysis Area. No designated or proposed critical habitat occurs within the Project 
Area. 

Three bats, pallid bat (Antrozous pallidus), Townsend’s big-eared bat (Corynorhinus townsendii), and greater 
western mastiff bat (Eumops perotis californicus), that are listed as BLM Sensitive and State-Ranked in the 
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California Natural Diversity Database (CNDDB) were determined to be present in the Analysis Area; 
and 2 bats, small-footed myotis (Myotis ciliolabrum) and cave myotis (Myotis velifer), that are also listed as 
BLM Sensitive and State-Ranked in the CNDDB were determined to have a possible presence in the 
Analysis Area. 

Two birds, Prairie falcon (Falco mexicanus) and Black-tailed gnatcatcher (Poliptila melanura) that are State-
Ranked in the CNDDB were determined to have a high potential to occur in the Analysis Area. 

One lizard, Colorado Desert fringe-toed lizard (Uma notata), that is listed as BLM Sensitive and State-
Ranked in the CNDDB was determined to be present in the Analysis Area. 
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1. INTRODUCTION 

Southern Empire Resources Corp. (SMP) is proposing mineral exploration activities, the Oro Cruz 
Pit Area Exploration Project, on lands managed by the Bureau of Land Management (BLM) in the 
Cargo Muchacho Mountains of Imperial County in southeastern California (the Project) (Figures 1 
and 2).  The BLM Exploration Plan of Operations (EPO) consists of an approximately 600-acre area 
(Figure 2). Within the EPO the Project Area consists of seven drill pads and associated access roads, 
totaling 21.1 acres of surface disturbance (Figure 2). The Project Area occurs within the Picacho Area 
of Critical Environmental Concern (ACEC) as designated under the Desert Renewable Energy 
Conservation Plan, and thus requires a BLM Plan of Operations. The Project Area has been previously 
disturbed by mining activities. Current surrounding land uses include prospecting and recreation. 

WestLand Resources, Inc. (WestLand) was retained to complete a combined BLM Biological Resource 
Technical Report (BRTR) to support environmental review of the Project by the BLM and a Biological 
Resource Assessment (BRA) to support environmental review by Imperial County under the 
California Environmental Quality Act (CEQA).  This combined BRTR/BRA documents desktop and 
field studies and provides an assessment of the potential to occur for special-status species in the 
vicinity of the Project. An assessment of drainage features, including the potential for Waters of the 
U.S. and Waters of the State are being provided under separate cover.  

For the purpose of this report, special-status species are defined as species designated by the U.S. Fish 
and Wildlife Service (USFWS) as Endangered, Threatened, Proposed for listing, or Candidate for 
listing under the Endangered Species Act (ESA), species listed under the Bald and Golden Eagle 
Protection Act (BGEPA), those species designated as sensitive by the BLM El Centro Field Office, 
and species reviewed to support Imperial County’s CEQA process.  

The following sections provide a Project description and location (Section 2), regulatory overview 
(Section 3), environmental setting (Section 4), methods (Section 5), results (Section 6), and 
references cited (Section 7).  

2. PROJECT DESCRIPTION AND LOCATION 

Within the Analysis Area, the disturbance occurs on seven drill areas and associated access roads 
(Figure 2). Within these areas, the Project entails 21.1 acres of surface disturbance. The Analysis Area 
is in Imperial County, California and occurs within portions of Township 15 South, Ranges 20 and 21 
East. The Project Area is located approximately 7 miles north of Ogilby, California, eight miles 
northwest of Yuma, Arizona, 45 miles southeast of Blythe, California and 50 miles east of El Centro, 
California (Figure 1). To evaluate the special-status species potential to occur, a broader Analysis Area 
consisting of the drill exploration areas and access roads and a 500-foot buffer around these was 
established (Figure 2). Additionally, a 2-mile buffer around the drill areas and associated access roads 
where surface disturbance would occur was established as the Raptor Survey Area (Figure 3).  
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3. REGULATORY OVERVIEW 

3.1. ENDANGERED SPECIES ACT 

The USFWS and the National Marine Fisheries Service (NMFS) are the agencies responsible for 
implementing the federal Endangered Species Act (ESA) of 1973 (16 USC Section 1531 et seq.). Under 
the ESA, threatened and endangered species on the federal list and their habitats (50 CFR Subsection 
17.11, 17.12) are protected from “take” (i.e., activities that harass, harm, pursue, hunt, shoot, wound, 
kill, trap, capture, or collect) as well as any attempt to engage in any such conduct, unless a Section 10 
permit is granted to an individual or a Section 7 consultation and a Biological Opinion with incidental 
take provisions are provided to a lead federal agency. Pursuant to the requirements of the ESA, an 
agency reviewing a proposed project within its jurisdiction must determine whether any federally listed 
species may be present within the study area and vicinity and determine whether the proposed project 
will have potential impacts upon such species.  

3.2. BALD AND GOLDEN EAGLE PROTECTION ACT 

The BGEPA (16 U.S.C. 668-668c), enacted in 1940, and amended several times since, prohibits 
anyone, without a permit issued by the Secretary of the Interior, from "taking" bald or golden eagles, 
including their parts, nests, or eggs. The Act provides criminal penalties for persons who "take, 
possess, sell, purchase, barter, offer to sell, purchase or barter, transport, export or import, at any time 
or any manner, any bald eagle or any golden eagle, alive or dead, or any part, nest, or egg thereof." 
The Act defines "take" as "pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest 
or disturb." 

3.3. MIGRATORY BIRD TREATY ACT 

Most bird species, especially those that are breeding, migrating, or of limited distribution, are protected 
under federal and/or State regulations. Under the Migratory Bird Treaty Act (MBTA) of 1918 (16 
USC Subsection 703-712) and USFWS regulations (50 CFR § 10.14), migratory bird species, their 
nests, and their eggs are protected from injury or death as a result of activities specifically directed at 
migratory birds. The USFWS recently proposed to revoke the existing regulations governing the 
implementation of the MBTA (86 FR 87: 24573-24581), effectively returning the interpretation of the 
prohibitions of the MBTA and enforcement discretion of the USFWS to the uncertainty associated 
with the split decisions among Federal Circuit Courts regarding the scope of the MBTA’s take 
prohibition.   

3.4. CALIFORNIA ENDANGERED SPECIES ACT 

The California Endangered Species Act (CESA) prohibits the take of State-listed threatened and 
endangered species. Under the CESA, the California Department of Fish and Wildlife (CDFW) is 
responsible for maintaining a list of rare, threatened, and endangered species designated under State 
law (California Fish and Game Code 2070-2079). The CDFW also maintains lists of candidate species, 
species of special concern, and fully protected species. Candidate species are those taxa which have 
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been formally recognized by the CDFW and are under review for addition to the State threatened and 
endangered list. Species of special concern are those taxa, which are considered sensitive, and this list 
serves as a “watch list.” Pursuant to the requirements of the CESA, agencies reviewing proposed 
projects within their jurisdictions must determine whether any State-listed species have the potential 
to occur within a proposed project site and if the proposed project would have potential impacts upon 
such species. Project-related impacts to species on the CESA’s rare, threatened, and endangered list 
would be considered significant and require mitigation. The CDFW can authorize take if an incidental 
take permit is issued by the Secretary of the Interior or Commerce in compliance with the ESA, or if 
the director of the CDFW issues a permit under Section 2081 in those cases where it is demonstrated 
that the impacts are minimized and fully mitigated. 

3.5. CALIFORNIA FISH AND GAME CODE 

The California Fish and Game Code defines take (Section 86) and prohibits taking of a species listed 
as threatened or endangered under the CESA (California Fish and Game Code Section 2080), or 
otherwise fully protected (California Fish and Game Code Sections §3511, §4700, §5050, and §5515). 
Section 2081(b) and (c) of the CESA allows the CDFW to issue an incidental take permit for a State 
listed threatened and endangered species if specific criteria outlined in Title 14 California Code of 
Regulations (CCR), Sections 783.4(a), (b) and California Fish and Game Code Section 2081(b) are 
met. The California Fish and Game Code Section 3503 states that it is unlawful to take, possess, or 
needlessly destroy the nest or eggs of any bird, except as otherwise provided by the code. Section 
3503.5 states that it is unlawful to take, possess, or destroy any birds in the order Falconiformes or 
Strigiformes (birds of prey) or to take, possess, or destroy the nest or eggs of any such bird. Section 
3513 states that it is unlawful to take or possess any migratory nongame bird as designated in the 
MBTA or any part of such migratory nongame bird except as provided by rules and regulations 
adopted by the Secretary of the Interior under provisions of the MBTA. The CDFW protects plants 
designated as endangered or rare under Fish and Game Code Section 1900.  

4. ENVIRONMENTAL SETTING 

4.1. PHYSIOGRAPHIC, CLIMATE AND SURFACE WATER 

The Analysis Area consists of rugged, eroding, rocky slopes composed of quartzites and schists that 
have been intruded by granitic rocks. In places there are andesite and dioritic dikes (Jennings et al. 
1977).  Climate within the Analysis Area is characterized by hot dry conditions in the summer months 
and dry mild winters. Average rainfall is 3.5 inches per year, occurring primarily during late winter 
(February and March) and the monsoon season (July to September).  Average high temperature of the 
hottest (August) month is 105˚F and average low temperature of the coldest month (December) is 
66˚F (Weather Underground 2021). No surface water features occur within the Analysis Area.  
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4.2. SOILS 

Soils in the Analysis Area developed from weathered granitic rock and schistose rock substrates. The 
soils consist of extremely gravelly sands or gravelly loams with up to 90 percent coarse fragments. 
Soils within the Analysis Area are of two general types based on substrate and topographic position: 
residual soil material weathered in place on slopes and ridges; and deeper alluvial soils transported by 
water and gravity to toe slopes, washes, and outwash fans. Hill slopes in the Analysis Area are steep 
and almost entirely covered in large, weathered rock (BLM & P.M. De Dycker & Associates, Inc. 
1994). The soils within the Analysis Area also contain large areas of disturbance from previous mining 
and reclamation activities.  

4.3. VEGETATION 

Vegetation in the Analysis Area is low desert scrub typical of the high temperature region of 
southeastern California. In general, vegetation is sparse in both the upland and xeroriparian habitats. 
The uplands consist of a very low-density shrub community dominated by creosote (Larrea tridentata) 
and brittlebush (Encelia farinose) (Appendix E Photo 12). In addition, large portions of the Analysis 
Area consist of disturbed habitats dominated by non-native annual plants (Appendix E Photo 11). 
The xeroriparian habitat generally consists of the same sparce shrub community and includes widely 
spaced upland trees and ocotillo (Fouquieria splendens) (Appendix E Photo 18). In summation, 
vegetation in the Analysis area is uniformly sparce and consists of very low density shrublands, upland 
trees and highly disturbed habitats (Appendix E Photos 11, 12 and 18). 

Three California Native Plant Society vegetation categories were identified during pedestrian surveys 
and thematically mapped using the Supervised Classification tool in ArcGIS Pro 2.7. 

California Native Plant Society vegetation categories observed within the Analysis Area are described 
below: 

Brassica (nigra) and other mustards semi-natural stands  

Brassica (nigra) and other mustards semi-natural stands vegetation category occupies approximately 18 
percent of the Analysis Area and 24 percent of the Project Area (Figure 5). This vegetation category 
corresponds with disturbed and barren areas. Although the named dominant species, black mustard 
(Brassica nigra), was not observed, Saharan mustard (Brassica tourneforti), a closely related non-native 
mustard was often present in both naturally disturbed areas including wash scour and human-
disturbed areas such as roads, camp sites, and rock waste piles. This natural community is not classified 
as sensitive by the CDFW (2020).  

Parkinsonia florida—Olneya tesota alliance  

Parkinsonia florida—Olneya tesota alliance occupies approximately 2 percent of the Analysis Area and 2 
percent of the Project Area (Figure 5). The vegetation category is primarily restricted to xeroriparian 
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areas including washes, drainages, and narrow canyons. Besides the named alliance’s dominant plants, 
blue palo verde (Parkinsonia florida) and ironwood (Olneya tesota), other commonly occurring plants 
include sweetbush (Bebbia juncea), lance leaved ditaxis (Ditaxis lanceolata), desert lavender (Hyptis emoryi), 
ocotillo, and Anderson's desert thorn (Lycium andersonii). This natural community is classified as 
sensitive by the CDFW (2020). 

Larrea tridentata — Encelia farinosa alliance 

Larrea tridentata — Encelia farinosa alliance occupies approximately 79 percent of the Analysis Area and 
74 percent of the Project Area and occurs in a variety of topographic settings (Figure 5). Besides the 
named alliance’s dominant plants, creosote (Larrea tridentata) and brittlebush (Encelia farinosa), other 
commonly occurring plants include ocotillo, beavertail prickly pear (Opuntia basilarus), and burrobush 
(Ambrosia dumosa). This natural community is classified as sensitive by the CDFW (2020). 

4.4. EXISTING CONDITIONS (OR LAND USE) 

Off-road vehicle use, recreational vehicle camping, and other outdoor activities have added to the 
disturbances in the Analysis Area.  Previous mining disturbance and underground mine features occur 
throughout the Analysis Area.   

5. METHODS 

In order to determine the potential to occur of special-status species two complementary methods 
were utilized: 1) Desktop screening and vegetation habitat mapping, and 2) Field survey.  

5.1. DESKTOP SCREENING AND VEGETATION HABITAT MAPPING  

5.1.1. Desktop Screening 

A desktop screening analysis was completed to evaluate the potential for special-status species or their 
critical habitat to occur within the Analysis Area. For this assessment, special-status species are defined 
as: 

1) Species and critical habitat designated by the U.S. Fish and Wildlife Service (USFWS) as 
Endangered, Threatened, Proposed for listing, or Candidate for listing under the Endangered 
Species Act (ESA), as identified by the Information, Planning and Consultation (IPaC) system 
(Appendix B). 

2) Species protected under the Bald and Golden Eagle Protection Act (BGEPA) (Appendix B). 
3) Species designated as sensitive per the El Centro Field Office BLM list of California sensitive 

species (Appendix C). 
4) California Environmental Quality Act (CEQA) species including CDFW Species of Special 

Concern; Plants designated as special-status by the California Native Plant Society (CNPS); 
USFWS Birds of Conservation Concern; CDFW special-status invertebrates; and Species of 
bat listed as high and medium priority by the Western Bat Working Group (Appendix D). 
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Special-status species were identified for the Analysis Area using a series of online databases and 
review of previous permitting efforts in the Project Area (Bureau of Land Management 2011, 2018, 
BLM & P.M. De Dycker & Associates, Inc. 1994). The IPaC system was used to create a list of ESA 
species and critical habitat likely to occur in the vicinity of the Analysis Area (Appendix B). WestLand 
reviewed California-specific special-status species that are documented to occur in the vicinity of the 
Project Area from the CDFW and CNPS using the BIOS and Rarefind tools (Appendix D). The 
BLM El Centro Field Office sensitive species list was also included in this screening (Appendix C)  
Previous permitting efforts in the Project Area include the American Girl Final Environmental Impact 
Statement (EIS), and American Girl East Mine Asphalt Batch Plant Environmental Assessment (EA) 
(BLM 2011, Bureau of Land Management 2018, BLM & P.M. De Dycker & Associates, Inc. 1994, 
Tetra Tech 2011). 

In order to accommodate both the BLM’s BRTR and the California Environmental Protection Agency 
(CalEPA) BRA requirements, two discrete potential to occur methods were used.  The first potential 
to occur method pertained to all ESA listed, BGEPA listed and BLM sensitive species. The second 
potential to occur pertained to the CEQA species only. Under the first method (ESA listed, BGEPA 
listed and BLM sensitive species) potential of occurrence were defined as follows: 

Present: The species has been observed to occur within the Analysis Area, the Analysis Area 
is within the known range and distribution of the species, and habitat characteristics required 
by the species are present. 

Possible: There are no known records of the species within the Analysis Area, but the known, 
current distribution of the species includes the Analysis Area and the required habitat 
characteristics of the species appear to be present in the Analysis Area. Given the uncertainty 
associated with species identification and accuracy of the location of observations from eBird 
and other citizen science databases, observations associated with citizen science databases are 
evidence that a species is possible within the Analysis Area. 

Unlikely: The known, current distribution of the species does not include the Analysis Area, 
but the distribution of the species is close enough such that the Analysis Area may be within 
the dispersal or foraging distance of the species, and they may show up as transients. The 
habitat characteristics required by the species may be present in the Analysis Area. 

None: The Analysis Area is outside of the known distribution of the species or the habitat 
characteristics required by the species are not present. 

Under the second method species evaluated for the CEQA process potential to occur was evaluated 
using the categories below. 

No potential of occurrence: The Analysis Area is outside of the known distribution of the 
species or the habitat characteristics required by the species are not present. 
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Low potential of occurrence: The known, current distribution of the species does not 
include the Analysis Area, but the distribution of the species is close enough such that the 
Analysis Area may be within the dispersal or foraging distance of the species, and they may 
show up as transients. The habitat characteristics required by the species may be present in 
the Analysis Area. 

Moderate potential of occurrence: There are no known records of the species within the 
Analysis Area, but the known, current distribution of the species includes the Analysis Area 
and the required habitat characteristics of the species appear to be present in the Analysis Area.  

High potential of occurrence: The species has been observed to occur within the Analysis 
Area, the Analysis Area is within the known range and distribution of the species, and habitat 
characteristics required by the species are present. 

5.1.2. Vegetation Habitat Mapping 

Vegetation habitat mapping was conducted using the Supervised Classification tool in ArcGIS Pro 2.7 
to provide site-specific vegetation mapping and to estimate the type and extent of vegetation habitat 
within the Analysis Area. Vegetation habitat mapping was then validated during the field survey and 
a total plant species list was created. Habitat mapping followed the recommended CNPS methods and 
nomenclature. In addition, mapping was used to identify California Sensitive Natural Communities 
(CDFW 2020).  

Field surveys were conducted to provide an overview of the environmental conditions within the 
analysis Area. This overview consisted of: 1) Vegetation mapping validation; 2) Diurnal raptor surveys; 
3) Habitat suitability assessments for Colorado desert fringe-toed lizard (Uma notata), western 
burrowing owl (Athene cunicularia), flat-tailed horned lizard (Phyrnos omamcalii), and bat species; and 4) 
creation of a vertebrate wildlife and plant species list. In addition, previous Mojave Desert tortoise 
(Gopherus agassizii) surveys conducted within the Project Area were utilized to assess habitat suitability 
for this species (Appendix A). Survey methods applied by Stantec followed protocol Preparing For Any 
Action That May Occur Within the Range Of The Mojave Tortoise as developed by USFWS (2017) which 
consisted of 100 percent coverage of proposed drill areas. Based on conversations with the BLM and 
input from the USFWS, tortoise surveys conducted for SMP by Stantec biologists in January 2021 
fulfill the survey obligations for this species (Appendix A).  

Diurnal raptor surveys followed the USFWS recommended golden eagle nest survey protocol and 
included the selection of appropriate observation points (Appendix E Photos 4, 5, 6 and 7). This 
survey followed the recommendations outlined in the USFWS Interim Golden Eagle Inventory and 
Monitoring Protocols; and Other Recommendations dated February 2010 (Pagel, Whittington, and 
Allen 2010). These methods relied on well‐placed observation posts and walking transects which 
provided unobstructed viewing of any potential nest locations. Each observation point or walking 
transect included a broad panorama of the surrounding habitat and was established in locations distant 
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enough from any potential nest sites to effectively observe the behavior of the adults (if present) 
without disturbing nesting behavior.  

Habitat assessments for Colorado desert fringe-toed lizard, western burrowing owl, and flat-tailed 
horned lizard consisted of onsite evaluation of suitable habitat within the Analysis Area.  These three 
species are listed as BLM sensitive species and CEQA species and have ranges which overlap the 
Analysis Area.  

Bat species habitat was evaluated by revisiting high value underground mine roosting habitat within 
the Analysis Area identified by the BLM in previous survey efforts. Previous survey efforts detected 
20 high value bat roosts in underground mines within the Analysis Area (Figure 4). WestLand 
conducted external habitat assessments of these mines to evaluate the habitat potential of each mine 
feature (Appendix E Photos 15 and 16). In addition, the Analysis Area was evaluated for bat roosting 
habitat including cliff, crevice, and vegetation roosts and foraging habitat.   

6. RESULTS 

6.1. PLANT SPECIES 

A total of 41 plant species were identified during field surveys within the Analysis Area (Table 1).  
Three CNPS vegetation categories were identified during pedestrian surveys and thematically mapped 
using the Supervised Classification tool in ArcGIS Pro 2.7 (Figure 5)(see discussion in Sec. 4.3). In 
general, plant cover in the Analysis Area is particularly sparse.  

6.2. WILDLIFE SPECIES 

During the field survey a total of 26 wildlife species were observed (Table 2). Five of these species 
were detected during the raptor surveys and two during evaluation of bat roosting habitat. These 
detections included two occupied prairie falcon (Falco mexicanus) eyries (nesting sites), a suspected red-
tailed hawk (Buteo jamaicensis) nest, and an unoccupied stick nest (Figure 3). A single prairie falcon 
(Falco mexicanus) eyrie was located within the Project Area and the second within the Analysis Area 
(Figure 3). The suspected red-tailed hawk and unoccupied stick nest occurred outside of the Analysis 
Area but within the raptor survey area (Figure 3). Black-tailed gnatcatchers (Polioptila melanura) were 
observed in the Analysis Area.    
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Table 1. Plant species observed in the Analysis Area during the field survey. This list represents species 
observed during the field survey and does not represent a complete floristic survey.   

 
Table 2. Wildlife species observed in the Analysis Area. This list represents the species observed during the 
field survey and does not represent a complete list of wildlife occurring within the Analysis Area.   

Common Name Scientific Name  Common Name Scientific Name 
PLANTS   PLANTS  
PERENNIALS   ironwood Olneya tesota 
burrobush Ambrosia dumosa  beavertail pricklypear Opuntia basilaris 
burrobush Ambrosia salsola  blue paloverde Parkinsonia florida 
western milkweed Asclepias albicans  Schott’s pygmycedar Peucephyllum schottii 
sweetbush Bebbia juncea  velvet turtleback Psathyrotes ramosissima 
Paloverde Cercidium floridum  desert globemallow Sphaeralcea ambigua 
pink fairyduster Cylindropuntia erophylla  Mesquite Posopis juliflora 
hairy prairie clover Dalea mollis  Tamarisk* Tamarix pentandra 
narrowleaf silverbush Ditaxis lanceolata  American threefold Trixis californica 
Inciensio Encelia farinose  ANNUALS  
rough jointfir Ephedra aspera  sixweeks threeawn Aristida adscensionis 
desert trumpet Eriogonum inflatum  Asian mustard* Brassica tournefortii 
California fagonbush Fagonia laevis  brittle spineflower Chorizanthe brevicornu 
California barrel cactus Ferocactus cylindraceus  devil’s spineflower Chorizanthe rigida 
ocotillo Fouquieria splendens  pygmy poppy Eschscholzia minutiflora 
paleface Hibiscus denudatus  Arizona lupine Lupinus arizonicus 
desert lavender Hyptis emoryi  Mojave desertstar Monoptilon bellioides 
creosote Larrea tridentata  desert palafox Palafoxia arida var. arida 
water jacket Lycium andersonii  cleftleaf phacelia Phacelia crenulata 
Parry’s false prairie-clover Marina parryi  desert Indianwheat Plantago ovata 
desert wishbone-bush Mirabilis laevis  yellowdome Trichoptilium incisum 
desert tobacco Nicotiana obtusifolia  *non-native  

Common Name Scientific Name  Common Name Scientific Name 
Black-throated sparrow Amphispiza bilineata  canyon towhee Meloxone fusca 
verdin Auriparus flaviceps  northern mockingbird Mimus polyglottos 
great horned owl Bubo virginianus  Unknown Myotis  Myotis spp. 
red-tailed hawk Buteo jamaicensis  neotoma Neotoma spp. 
Costa’s hummingbird Calypte costae  ground squirrel Osteospermophilus spp. 
turkey vulture Cathartes aura  Black-tailed gnatcatcher Poliptila melanura 
common raven Corvus corax  rock wren Salpinctes obsuoletus 
ladder-backed woodpecker Dryobates scalaris  Say’s phoebe Sayornis saya 
burro Equus asinus  squirrel Scuridate spp. 
prairie falcon Falco mexicanus  northern rough-winged 

swallow 
Stelgipdopteryx serripennis 

house finch Haemorhous mexicancus  cottontail Sylvilagus spp. 
loggerhead shrike Lanius ludovicianus  side-blotched lizard Uta spp. 
California leaf-nosed bat Macrotus californicus  fox Vulpes spp. 
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During the field survey the Analysis Area was evaluated for habitat suitability for Colorado Desert 
Fringed-toed lizard, Western burrowing owl, and flat-tailed horned lizard (Figure 6). No habitat 
suitable for flat-tailed horned lizard was observed within the Analysis Area.  Several small areas on the 
western and southern extremes of the Analysis Area include isolated sandy patches that may provide 
marginal habitat for Colorado Desert fringe-toed lizard (Figure 6 and Appendix E Photos 13 and 
14). Areas of flat topography on the southern and western edges of the Analysis Area provide 
potentially suitable western burrowing owl habitat (Figure 6 and Appendix E Photos 11 and 12).   

6.2.1. Bats 

Bat surveys consisted of an external evaluation of all the high value bat roost locations provided by 
BLM. The BLM did not provide species specific use or roost types within these mine features. Bat 
surveys within these mines conducted for previous permitting efforts in the Project Area indicate that 
these mine features were occupied by a suite of species including California leaf-nosed bat (Macrotus 
californicus), Townsend’s big-eared bat (Corynorhinus townsendii), pallid bat (Antrozous pallidus) and an 
unknown Myotis species, likely cave myotis (Myotis velifer)  (BLM 2011, Bureau of Land Management 
2018, BLM & P.M. De Dycker & Associates, Inc. 1994, Tetra Tech 2011). Our external evaluation of 
these 20 mines detected bat guano and urine staining visible from the mine opening without entry. 
Guano and staining associated with California leaf-nosed bat activity was observed at five of the mine 
features. Identified California leaf-nosed bat guano consisted of 1 to 2 centimeter black to yellow 
streaking on the sides and roof of the mine (Mixan, Diamond, and Gwinn 2016). Two mine features 
contained guano and urine staining consistent with California leaf-nosed bat and an unknown Myotis 
species. Guano associated with an unknown Myotis species was observed at a single mine feature 
(Figure 4). Myotis guano consisted of pellets 1 to 3 millimeters long (Adams 2003). Myotis guano was 
most often detected at the mine openings on the angle-iron bat compatible gates. Bat activity could 
not be ascertained from external evaluations alone in the remaining 12 mine features and bat activity 
is unknown (Figure 4).   

6.3. SPECIES HISTORICAL OCCURRENCE WITHIN THE ANALYSIS AREA 

Historical occurrence data indicate that six special-status species have been detected within or adjacent 
to the Analysis Area (Figure 7). Two of these species were observed during the field survey (California 
leaf-nosed bat and pink fairy duster [Cylindropuntia erophylla]) (Tables 1 and 2). Suitable habitat was 
detected for three species (Townsend’s big-eared bat, pallid bat, and western mastiff bat [Eumops 
perotis]). The Mojave Desert tortoise has been documented within and adjacent to the Analysis Area 
(BLM 2011, 2018, BLM & P.M. De Dycker & Associates, Inc. 1994) (Appendix A). Stantec conducted 
Mohave Desert tortoise surveys in the Project Area from January 8 to 15, 2021. Within the Project 
Area a total of eight suitable tortoise burrows were detected (Appendix A). Of these eight burrows 
all but one was in good condition. Scat or recent tracks were observed at three of the detected tortoise 
burrows and a single scat was detected not associated with a burrow (Figure 7).  
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6.4. POTENTIAL FOR SPECIAL-STATUS SPECIES TO OCCUR 

WestLand identified special-status species using the sources described above and evaluated the 
potential for these special-status species to occur in the Analysis Area. The results of the desktop 
screening, vegetation mapping, and field survey were utilized to assess each special-status species 
potential to occur (Tables 3, 4, 5, and 6). The following sections provide potential to occur for ESA 
listed species (Section 6.5); BGEPA listed species (Section 6.6); BLM sensitive species (Section 6.7); 
and CEQA species (Section 6.8).  

6.5. ESA LISTED SPECIES 

One ESA listed species, the threatened Mohave Desert tortoise, has a potential to occur of Present 
within the Analysis Area (Table 3). No designated or proposed critical habitat occurs within the 
Analysis Area (Appendix B). 

6.6. BGEPA LISTED SPECIES 

The bald eagle has a potential to occur of None and golden eagle (Aquila chrysaetos) has an Unlikely 
potential to occur as the habitat within the Analysis Area is unsuitable and the habitat within the 2-
mile raptor survey buffer (Figure 3) was marginal. 

6.7. BLM SENSITIVE SPECIES 

The potential to occur for BLM Sensitive Species for the El Centro Field Office was evaluated through 
the desktop screening, field survey, and vegetation mapping. Species with a potential to occur of None 
are summarized in Appendix F and all others are in Table 5.  This approach was utilized to reduce 
table volume. In total, the potential to occur was evaluated for 55 BLM sensitive species. Of those 55, 
35 had a potential to occur of None (Appendix F). Of the remaining 20 species (Table 5); ten species 
had a potential to occur of Unlikely, five Possible and only five species had a potential to occur of 
Present. Four of the five species with a potential to occur of Present were bat species and the fifth 
was the Mojave Desert tortoise (Table 5). 

6.8. SPECIES EVALUATED FOR THE CEQA PROCESS POTENTIAL   

In total, the potential to occur within the Analysis Area was evaluated for 31 species for the CEQA 
process (Table 6). Of the 31 species evaluated nine had No Potential of Occurrence. Of the 
remaining 22 species, ten had a Low Potential of Occurrence, four had a Moderate Potential of 
Occurrence and eight had a High Potential of Occurrence.  The species with a High Potential of 
Occurrence consisted of a single plant, two birds, four bats, and the Mojave Desert tortoise.   
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Table 3. ESA Listed Species  

Species Name Federal Status Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Gopherus 
agassizii 
 
Mojave Desert 
Tortoise  

Threatened, 
populations north 
and west of the 
Colorado River 
(USFWS 1980, 
USFWS 1990), 
critical habitat 
(USFWS 1980, 
USFWS 1994); 
Similarity of 
appearance 
(threatened) 
(USFWS 1990). 

Inhabits valleys, bajadas and hills with 
sandy loam or rocky soils in Mojave 
desertscrub and Lower Colorado River 
Valley subdivision of the Sonoran 
Desert. To escape extreme 
temperatures, excavates burrows under 
vegetation or rocks. Will also use 
natural or manmade caves. Typically 
associated with areas of creosote bush, 
areas with other sclerophyll shrubs and 
with small cacti or areas with Joshua 
trees. Forages on grasses, forbs and 
succulents (AGFD 2010a). In the 
contact zone between the species (i.e., 
the Black Mountains), G. morafkai 
generally is found in foothills, hillside 
slopes and more mountainous terrain 
than G. agassizii that is typically found 
on alluvial fans and valley bottoms 
(Edwards et al. 2015). 
 
Elevation: Range-wide, from below sea 
level in Death Valley to 5,000 ft in 
elevation (AGFD 2010a). 

Occurs in the Mojave Desert 
of Arizona, California, 
Nevada and Utah (Edwards 
et al. 2015, Murphy et al. 
2011). 

This species occurs through 
the Mojave Desert in 
Southeastern California 
(Boarman 2002) 

Present. The Analysis Area is 
within the range and contains 
potentially appropriate habitat. 
Surveys were conducted for the 
desert tortoise for the Project 
Area by Stantec in 2020 and 
detected tortoise use (Appendix 
A). 
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Table 4. BGEPA Listed Species  

Species 
Name Federal Status Known Suitable Habitat Total Range Distribution in California Potential to Occur 

Aquila 
chrysaetos 
 
Golden eagle 

Bald and Golden 
Eagle Protection 
Act (16 U.S.C. 
668-668c) 

Range-wide, breeds in a wide variety of 
open habitats, with nests typically on 
cliffs, and avoids heavily forested areas 
(Katzner et al. 2020). In Arizona, 
prefers pinyon-juniper woodlands and 
Sonoran desertscrub (Driscoll 2005). 
Constructs large nests on cliff ledges, 
rock outcrops, tall trees or, rarely, 
transmission towers (Driscoll 2005). 
Golden eagles are known to forage 
within 4.4 miles of the nest (Tesky 
1994a), generally in open habitats where 
prey is available (Katzner et al. 2020). 
Primarily feeds on small mammals 
(greater than 80 percent of prey items) 
but also consumes birds, reptiles and 
fish (Katzner et al. 2020). In the 
western U.S. average territory size 
ranges from 22 to 55 square miles 
(AGFD 2002b). In California, typically 
occupy rolling foothills, mountain areas, 
sage-juniper flats and deserts (CDFW 
1990). 
 
Elevation: In California, near sea level 
up to 11,500 ft (CDFW 1990). 

This species is a short to 
medium-distance partial 
migrant with a Holarctic 
distribution (Katzner et al. 
2020). In North America, 
primarily breeds in western 
portion of the continent 
from Alaska to central 
Mexico. Northern most 
populations are typically 
migratory. Year-round and 
non-breeding populations 
occur from central 
Saskatchewan to British 
Columbia, Canada and 
south throughout its range 
and sparsely in the eastern 
U.S. (Katzner et al. 2020). 

Uncommon permanent 
resident and migrant 
throughout California, except 
center of Central Valley 
(CDFW 1990). Perhaps more 
common in northern and 
southern California (CDFW 
1990). 

Unlikely. The Analysis Area 
occurs within the know range of 
the species, however, no 
historical records for this species 
occur within the Analysis Area 
and the habitat within the 
Raptor survey area was searched 
and no evidence of Golden 
Eagle nesting was detected. No 
golden eagle nests are known to 
occur within 4.4 miles of the 
Analysis Area (Diamond 2016) 
and thus it is unlikely this species 
would utilize the Analysis Area 
as foraging habitat.  No 
historical records of this species 
occur within or adjacent to the 
Analysis Area (Figure 7 and 
Appendix D). 
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Species 
Name Federal Status Known Suitable Habitat Total Range Distribution in California Potential to Occur 

Haliaeetus 
leucocephalus 
 
Bald Eagle 

Bald and Golden 
Eagle Protection 
Act (16 U.S.C. 
668-668c) 

Breeding is concentrated in coastal 
areas, along rivers, lakes or reservoirs. 
Typically breeds in forested areas with 
edge habitat within 1.3 miles of aquatic 
habitats suitable for foraging. Prefers 
areas of shallow water and shorelines 
for fishing and hunting wide variety of 
waterfowl, and small aquatic and 
terrestrial mammals. Fish are preferred 
prey, but carrion is used extensively 
whenever encountered. Nests away 
from human disturbance in large trees 
and rarely on cliff ledges or on the 
ground when trees are absent. Winters 
primarily in coastal areas or along major 
river systems with adequate prey 
availability and large trees for perching 
(Buehler 2020). In California, more 
common at lower elevations (CDFW 
1999). 
 
Elevation: In California, nesting most 
commonly found about 1,000 to 6,000 
ft but can occur from near seal level to 
over 7,000 ft (Jurek 1988). 

Migratory behavior varies 
among populations and age 
groups (Buehler 2020). 
Breeds south of the tundra 
throughout Canada and the 
U.S., excluding Hawaii. 
Additionally, small breeding 
populations occur in Baja 
California, Sonora and 
Chihuahua, Mexico 
(Buehler 2020). Winter 
range appears to be 
expanding as populations 
increase in size. Most 
populations are year-round 
residents with only the 
northern most populations 
in Alaska, U.S. and Canada 
withdrawing southward or 
to coastal areas (Fink 2018). 

Permanent resident, and 
uncommon winter migrant, 
now restricted to breeding 
mostly in Butte, Lake, Lassen, 
Modoc, Plumas, Shasta, 
Siskiyou, and Trinity counties 
(CDFW 1999). Half of the 
wintering population is in the 
Klamath Basin (CDFW 1999). 
Not found in the high Sierra 
Nevada (CDFW 1999). 
Largest numbers found in Big 
Bear Lake, Cachuma Lake, 
Lake Mathews, Nacimiento 
Reservoir, San Antonio 
Reservoir, and along the 
Colorado River (CDFW 
1999). Local winter migrant at 
a few inland waters in 
southern California (CDFW 
1999).  

None. The Analysis Area 
occurs greater than the 
known foraging distance (1.3 
miles from aquatic habitats) 
for this species. In addition, 
no suitable large nesting trees 
or cliffs occur within the 
Analysis Area.  No historical 
records of this species occur 
within or adjacent to the 
Analysis Area (Figure 7 and 
Appendix D).  
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Table 5. BLM El Centro Field Office Sensitive species  

Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

AMPHIBIANS     
Scaphiopus couchii 
 
Couch’s spadefoot 
toad 

Occurs in arid and semi-arid habitats of 
the southwest, along desert washes, 
desert riparian, palm oasis, desert 
succulent shrub, and desert scrub 
habitats (CDFW 2000). Can also be 
found in cultivated croplands. Requires 
friable soils for burrowing often 
beneath desert plants, logs, and other 
debris. Reproduces in temporary pools 
and potholes with water present for at 
least 10-12 days (CDFW 2000).  
 
Elevation: In California, from 690 to 
1,120 ft (CDFW 2000). 

Found in southeastern California 
along the Arizona border in 
Imperial, Riverside, and San 
Bernadino counties (CDFW 2000).  

Southeastern California along the 
Arizona border (CDFW 2000). 

Unlikely. The Analysis is within the 
known range of the species. However, 
there are no occurrence records for 
this species within the California 
Natural Diversity Database in these 
quadrangles (CDFW 2021).  
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

BIRDS     
Athene cunicularia 
hypugaea 
 
Western burrowing 
owl 

This species inhabits flat or gently-
sloping treeless and sparsely vegetated 
areas in deserts and grasslands (Poulin 
et al. 2011). In California, open, dry 
grassland and desert habitats, and in 
grass, forb and open shrub states of 
pinyon-juniper and ponderosa pine 
habitats. Areas with burrows and 
unobstructed perches are favored 
(Martin 2005). Largely reliant on 
burrows dug by mammals but, on rare 
occasion, will dig their own holes (Klute 
et al. 2003, Poulin et al. 2011). Northern 
populations are migratory, and habitat 
used migratory and winter period is 
similar to that used for breeding but 
with some evidence of increased 
reliance on agricultural areas (Klute et 
al. 2003, Poulin et al. 2011). 
 
Elevation: In California, up to 5,300 ft 
(CDFW 1999). 

This species is a partial migrant, 
with northern populations being 
primarily migratory (Poulin et al. 
2011). In southwestern states, 
individuals appear to make yearly 
decisions to remain on their 
breeding grounds or migrate, likely 
based on environmental conditions 
(Ogonowski and Conway 2009, 
Poulin et al. 2011). The hypugaea 
subspecies breeds in Alberta, British 
Columbia, Manitoba and 
Saskatchewan, Canada and 19 U.S. 
states including Arizona, California, 
Colorado, Idaho, Iowa, Kansas, 
Minnesota, Montana, Nebraska, 
Nevada, New Mexico, North 
Dakota, Oklahoma, Oregon, South 
Dakota, Texas, Utah, Washington 
and Wyoming (Klute et al. 2003). 
The breeding range extends 
southward into the Mexican states 
of Aguascalientes, Baja California, 
Baja California Sur, Chihuahua, 
Coahuila, Durango, Nuevo Leon, 
San Luis Potosí, Sinaloa, Sonora, 
Tamaulipas and Zacatecas (Poulin 
et al. 2011). Winters primarily in 
Arizona, California, Louisiana, New 
Mexico and Texas U.S., and 
southward through Mexico, 
excluding the Yucatan Peninsula, to 
Guatemala and Honduras, with rare 
reports as far south as Panama 
(Klute et al. 2003, Poulin et al. 
2011). 

In California, year-round resident 
throughout much of the state and 
on larger offshore islands (CDFW 
1999). 

Unlikely. The Analysis Area is within 
the known range of this species and 
potentially suitable habitat is present. 
No historical occurrence records are 
known from the Analysis Area 
(Appendix D). In addition, no Ebird 
observations have been made for this 
species within or adjacent to the 
Analysis Area (eBird 2021). No 
observation of this species or 
potential burrows were recorded 
during the field survey. However, 
potentially suitable habitat occurs on 
the western and southern ends of the 
Analysis Area outside of the Project 
Area (Figure 6 and Appendix E 
Photos 11 and 12). 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Melanerpes 
uropygialis 
 
Gila woodpecker 

This species utilizes desert riparian and 
desert wash habitats, and orchard-
vineyard and urban areas particularly in 
shade trees and date palm groves 
County (CDFW 1990). Utilizes areas 
with cottonwood and other desert 
riparian trees, shade trees, and date 
palms in California County (CDFW 
1990). Also uses saguaros where 
available (CDFW 1990).  

Found in southeast California, 
southwest Nevada, southern 
Arizona, southwest New Mexico 
and south into Mexico (Corman 
2005a).   

Resident in southern California 
along the Colorado River, and 
locally near Brawley, Imperial 
County (CDFW 1990).  

Unlikely. Low potential of 
occurrence. because the majority of 
the Analysis Area does not contain 
appropriate habitat. We assessed all 
washes within the Analysis Area for 
woodpecker suitability and all washes 
were characterized by sparse 
ironwood, ocotillo, and low density of 
blue palo verde. There is one 
occurrence record for this species 
within the California Natural 
Diversity Database in these 
quadrangles (CDFW 2020) in an 
unnamed wash south of Indian Wash 
about 2.25 miles West of the Cargo 
Mountains from March 2002. We 
inspected this wash (Appendix E 
Photo 17) and the washes within the 
Analysis Area varied widely from the 
occurrence site. The washes in the 
Analysis Area are dissimilar to the 
occurrence site as represented in 
Appendix E Photo 18.   
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Oreothlypis luciae 
 
Lucy’s warbler 

Frequents open to dense thickets of 
mesquite and other trees and shrubs in 
desert wash and desert riparian habitat 
(Corman 2005b). Cover includes 
mesquite, salt cedar, palo verde, 
ironwood, and other riparian trees and 
shrubs (CDFW 1990). Nest in hidden 
areas including natural cavity, 
woodpecker holes, and behind lose 
bark, in old verdin nest or in a bank 
(CDFW 1990c). 

Mainly breeds in the southwest U.S. 
and migrates to the Pacific slope of 
Mexico for the winter (Corman 
2005b). Recently arrived in New 
Mexico. Winters almost exclusively 
in Mexico (Shuford and Gardali 
2008a). 

Currently numerous locally along 
the Lower Colorado River and 
small populations west to the 
Borrego Valley in San Diego 
County and north through the 
Mojave Desert to Furnace Creek 
Ranch in Death Valley National 
Park in Inyo County (Shuford and 
Gardali 2008a). Rare fall (August-
February) migrant and winter 
visitor in California away from 
breeding habitats (Shuford and 
Gardali 2008a). In Lower Colorado 
River valley, occur in mesquite and 
other woodland in washes 
including Milpitas Wash in Imperial 
County, McCoy and Big washes in 
Riverside County, and Vidal and 
Chemehuevi washes in San 
Bernardino County (Shuford and 
Gardali 2008a).  

Unlikely. While the Analysis Area 
occurs within the known range of this 
species the low density xeroriparian 
washes within the analysis area 
provide marginal habitat. 

MAMMALS     
Antrozous pallidus 
 
Pallid bat 

Inhabits a wide variety of habitats 
including grasslands, shrublands, 
woodlands, and forest from sea level to 
mixed conifer forests (CDFW 1990c). 
Most common in open, dry habitats 
with rocky areas for roosting. Day 
roosts in caves, crevices, mines, and 
occasionally in hollow trees and 
buildings (CDFW 1990c). Night roots 
may be in more open sites including 
porches and buildings (CDFW 1990c). 
 
Elevation: 1,900 to 6,560 ft 
(NatureServe 2021a). 

Ranges throughout western North 
America, from British Columbia’s 
southern interior, south to 
Queretaro and Jalisco, and east to 
Texas. Isolated population in Cuba 
(WBWG 2018). Most abundant in 
xeric ecosystems, including the 
Great Basin, Mojave, and Sonoran 
Deserts (WBWG 2018).   

Locally common at low elevations 
in California. Occurs throughout 
California except for the high 
Sierra Nevada to Kern Count and 
the northwestern corner of the 
state from Del Norte and western 
Siskiyou counties to northern 
Mendocino County (CDFW 
1990c).  

Present.  Historical records for this 
species occur within the analysis Area 
and suitable roosting and foraging 
habitat exists within the Analysis 
Area. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Corynorhinus 
townsendii 
 
Townsend’s big-eared 
bat 

Forages in edge habitats along streams 
and adjacent to or within a variety of 
wooded habitats. Roosts in cliffs, caves, 
mines, tunnels, and buildings. Has a 
large home range and foraging distances 
(up to 93 miles) (Sherwin and Piaggio 
2005). 
 
Elevation: Below 10,830 ft 
(Hammerson 2014). 

Occurs from southern British 
Columbia, Canada and south 
through all western U.S. states 
eastward to the Black Hills of South 
Dakota and the Edwards Plateau in 
Texas. Isolated populations also 
exist in Oklahoma, Kansas, 
Arkansas, Missouri, Illinois, Indiana, 
Ohio, Kentucky, Virginia, and West 
Virginia. Range extends to the 
Isthmus of Tehuantepec, Mexico 
(Hammerson 2014).  

Found throughout California but 
details of its distribution are not 
well known (CDFW 2000b). 

Present.  Historical records for this 
species occur within the analysis Area 
and suitable roosting and foraging 
habitat exists within the Analysis 
Area. 

Eumops perotis 
californicus 
 
Greater western 
mastiff bat 

This species is found in areas with cliffs, 
which are used for roosting, in desert 
scrub, chaparral, oak woodland, 
ponderosa pine belt, mixed conifer 
forests and high elevation meadows 
(Siders and Pierson 2005). Maternity 
roosts occur in exfoliating rock slabs, 
crevices in boulders and buildings 
(Siders and Pierson 2005). The 
morphology of this species prevents it 
from drinking from water sources less 
than 98 ft in length and the availability 
of water limits its distribution across the 
landscape (AGFD 2014b). In Arizona, 
this species is a year-round resident that 
occurs in rocky canyons with abundant 
roosting crevices. Forages widely from 
roost sites in lower and upper Sonoran 
desertscrub near cliffs (AGFD 2014b) 
and has been captured more than 18 
miles from roost sites (Siders and 
Pierson 2005). 
 
Elevation: In Arizona, 240–8,475 ft 
(AGFD 2014b). Foraging up to 10,000 
ft in California (WBWG 2018). 

Occurs in Arizona, California, 
Nevada, New Mexico, Texas and 
Utah, U.S. and the Mexican states 
of Baja California, Chihuahua, 
Coahuila, Durango, Sinaloa, Sonora 
and Zacatecas (AGFD 2014b, 
Hammerson 1994, Siders and 
Pierson 2005). 

Found in southeastern San Joaquin 
Valley and Coastal Ranges from 
Monterey County southward 
through southern California, from 
the coast eastward to the Colorado 
Desert (CDFW 1990).  

Present.  Historical records for this 
species occur within the analysis Area 
and suitable roosting and foraging 
habitat exists within the Analysis 
Area. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Macrotus 
californicus 
 
California leaf-nosed 
bat 

Typically forages along washes within 
6.2 miles of their roost sites (Brown 
2005). Primarily consumes insects but 
also consumes fruits (AGFD 2014a, 
Brown 2005). In Arizona, this species is 
a year-round resident of Sonoran 
Desertscrub. Consumes primarily 
insects taken on the wing or gleaned 
from vegetation, but have also been 
reported to feed on fruits, including 
those of cacti. Roost sites have large 
areas of ceiling and flying space, and 
include abandoned underground mines, 
caves, and rock shelters (AGFD 2014a). 
 
Elevation: In Arizona, below 4,000 ft 
(AGFD 2014a). In California, records 
are below 2,000 ft (CDFW 1990a).  

Occurs in Arizona, California, 
Nevada and Utah, U.S. and the 
Mexican states of Baja California, 
Baja California Sur, Chihuahua, 
Sinaloa, Sonora and Tamaulipas 
(AGFD 2014a, Hammerson 2015a). 
(CDFW 1990a). 

Found from Riverside, Imperial, 
San Diego, and San Bernardino 
counties. Historically occurred 
from Los Angles to Sand Diego. 
Fairly common in some areas along 
the Colorado River (CDFW 
1990a).  

Present.  Historical records for this 
species occur within the analysis Area 
and suitable roosting and foraging 
habitat exists within the Analysis 
Area. In addition, sign associated with 
this species was detected within the 
Analysis Area. 

Myotis ciliolabrum 
 
Small-footed myotis 

Occur in a variety of habitat but 
primarily found in relatively arid 
wooded and brushy uplands near water 
(CDFW 1990d), chaparral, riparian 
zones, and western coniferous forests 
(WBWG 2018). Roost caves, buildings, 
mines, crevices, and occasionally under 
bridges or bark. Night roost in buildings 
and caves (CDFW 1990d).  
 
Elevation: In California, sea level to at 
least 8,900 ft (CDFW 1990d). 

Found across the western half of 
North American from British 
Columbia, Alberta, and 
Saskatchewan in Canada, 
throughout most of the U.S. west of 
the 100th Meridian, and into central 
Mexico (WBWG 2018).  

Common in arid uplands in 
California and occurs from Contra 
Costa County south to the Mexican 
border in the coastal region. Also 
found on the west and east sides of 
the Sierra Nevada, and in the Great 
Basin and desert habitats from 
Modoc to Kern and San 
Bernardino counties (CDFW 
1990d).  

Possible. The analysis Area occurs 
within the range of this species and 
suitable roosting and foraging habitat 
exists within the Analysis Area. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Myotis velifer 
 
Cave myotis 

Forages in desertscrub vegetation and is 
tolerant of high temperatures and low 
humidity. Roosts in caves, tunnels, 
abandoned underground mines, 
buildings and under bridges within a 
few miles of water. In Arizona, 
hibernation roosts are in wet mine 
tunnels above 6,000 ft (AGFD 2002a). 
In California, utilize desert scrub, desert 
succulent shrub, desert wash, and desert 
riparian.(CDFW 1990b). 
 
Elevation: 300–8,800 ft (AGFD 2002a). 

Occurs in Arizona, California, 
Kansas, Nevada, New Mexico, 
Oklahoma, Texas and Utah, U.S. 
Range extends southward through 
Mexico to Honduras (AGFD 
2002a, Hammerson 2015b). 

Restricted in California to lowlands 
of the Colorado River and adjacent 
mountain ranges, in San 
Bernardino, Riverside and Imperial 
counties, although more common 
farther east (CFDW 1990b). 

Possible. An observation record for 
this species occurs adjacent to the 
Analysis Area and the Analysis Area 
contains suitable mine roosting 
habitat. 

Myotis yumanensis 
 
Yuma myotis 

Inhabits riparian, scrublands, desert, 
forest near permanent sources of water 
including rivers, and streams but also 
uses tinajas (WBWG 2018). Optimal 
habitats in California in areas with open 
forest and woodland with sources of 
water (CDFW 1990e). Roosts in 
bridges, buildings, cliff crevices, caves, 
mines, and trees (WBWG 2018). Have 
been observed roosting in abandoned 
swallow nests (CDFW 1990e). 
 
Elevation: In California, seal level to 
11,000 ft considered uncommon to rare 
above 8,000 ft (CDFW 1990e). 

Found across the western third of 
North America from British 
Columbia, Canada, to Baja 
California and southern Mexico. In 
the U.S. it occurs in all the Pacific 
coastal states, as far east as western 
Montana to the north, and as far 
east as western Oklahoma south 
(WBWG 2018).  

Common and widespread in 
California but uncommon in the 
Mojave and Colorado desert 
regions, except for the mountain 
ranges bordering the Colorado 
River Valley (CDFW 1990e). 

Unlikely. No permanent water 
sources occur within or adjacent to 
the analysis Area.  
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Ovis canadensis 
nelsoni 
 
Desert bighorn sheep 
(aka. Nelson bighorn 
sheep) 

Inhabits alpine dwarf-shrub, low sage, 
sagebrush, bitterbrush, pinyon-juniper, 
palm oasis, desert riparian, desert 
succulent shrub, desert scrub, subalpine 
conifer, perennial grassland, montane 
chaparral, and montane riparian 
(CDFW 1990). Uses rocky, steep terrain 
for reproduction and escape,  prefers 
open areas of low-growing vegetation 
for feeding and requires adequate 
sources of water (CDFW 1990). 

Historica range extended from 
northeastern California, Oregon, 
northern Nevada, and southwestern 
Idaho southward through the 
deserts of the southwestern U.S. to 
southern Baja California, 
northwestern Sonora Mexico, 
southern Arizona, southern New 
Mexico, Chihuahua Mexico and 
western Texas (Hammerson 2011). 

Uncommon in California. There 
are three subspecies: California 
bighborn sheep (O. c. califoniana), 
peninsular bighorn sheep (O. c. 
cremnobates), and Nelson bighorn 
sheep aka. desert bighorn sheep (O. 
c. nelsoni) (CDFW 1990). The desert 
bighorn sheep occur in desert 
mountain ranges from White 
Mountains of Mono and Inyo 
counties south to the San 
Bernardino Mountains and 
southeastward to the Mexican 
border with an isolated population 
occurs in the San Gabriel 
Mountains (CDFW 1990).  

Unlikely. No historical occurrence 
records exist within the Analysis Area 
and no evidence of this species was 
observed during the field survey.   

PLANTS     
Croton wigginsii 
 
Wiggin’s croton 

Perennial shrub that blooms March 
through May. Inhabits desert dunes and 
Sonoran desert scrub in sandy areas 
(CNPS 2021g). 
 
Elevation: 165 to 330 ft (CNPS 2021g). 

Occurs in California, Arizona, Baja 
California and Sonora Mexico 
(CNPS 2021g). 

Found in Imperial County (CNPS 
2021g). 

Unlikely. While no records of this 
species occur within the Analysis Area 
a small area of suitable sandy habitat 
in Sonoran desert scrub vegetation 
occurs on the western edge of the 
Analysis Area outside of the Project 
Area (Appendix E Photos 13 and 
14). 

Cylindropuntia 
munzii 
 
Munz cholla 

Perennial stem succulent that blooms in 
May. Occurs on sandy or gravelly soils 
in Sonoran desert scrub (CNPS 2021d).   
 
Elevation: 500 to 1,970 ft (CNPS 
2021d).   

Found in California and Baja 
California (CNPS 2021d).   

Located in Imperial and Riverside 
counties (CNPS 2021d).   

Possible. A small area of potential 
suitable sandy substrate occurs at the 
western edge of the Analysis Area 
outside of the Project Area 
(Appendix E Photos 13 and 14).  
. 

Euphorbia 
platysperma 
 
Flat-seeded spurge 

Annual herb that blooms February 
through September. Occurs in desert 
dunes and sandy areas in Sonoran 
desert scrub (CNPS 2021a). 
 
Elevation: 215 to 330 ft (CNPS 2021a). 

Located in California, Arizona, Baja 
California and Sonora Mexico 
(CNPS 2021a). 
 

Found in Imperial, Riverside, San 
Diego counties and possibly in San 
Bernardino County (CNPS 2021a). 
 

Possible. A small area of potential 
suitable sandy substrate occurs at the 
western edge of the Analysis Area 
outside of the Project Area 
(Appendix E Photos 13 and 14).  
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Lupinus excubitus 
var. medius 
 
Mountain Springs 
bush lupine 

Perennial shrub that blooms March 
through May. Inhabits Pinyon and 
juniper woodland and Sonoran desert 
scrub (CNPS 2021c). 
 
Elevation: 1,395 to 4,495 ft (CNPS 
2021c). 

Occurs in California and Baja 
California (CNPS 2021c). 
 

Found in Imperial and San Diego 
counties (CNPS 2021c). 
 

Unlikely. While the Analysis Area 
includes Sonoran desert scrub habitats 
no historical records for this species 
exist within the analysis Area.  

Pholisma sonorae 
 
Sand food 

Perennial herb (parasitic) that blooms 
April through June (CNPS 2021f). 
Inhabits sandy soils, sand dunes and 
other sandy areas. It is a root parasite of 
desert shrubs (Arizona Rare Plant 
Committee 2001, CNPS 2021f). Known 
hosts include Ambrosia dumosa, 
Eriogonum deserticola, Pluchea sericea, 
Tiquilia palmeri and T. plicata 
(Yatskievych 1994). 
 
Elevation: In California, below 656 ft 
(CNPS 2021f). In Arizona, below 1,345 
ft (AGFD 2004). 

Occurs in Arizona and California, 
U.S. and the Mexican states of Baja 
California and Sonora (AGFD 
2004, CNPS 2021f).  

Known only from Imperial County 
(CNPS 2021f).   

Unlikely. Small pockets of suitable 
sandy soils occur in the western 
extent of the Analysis Area and the 
suitable host plant (Ambrosia dumosa) 
occurs within the Analysis Area 
(Appendix E Photos 13 and 14). 
 

Xylorhiza orcuttii 
 
Orcutt’s woody-aster 

Perennial herb that blooms March 
through April. Inhabits Sonoran desert 
scrub (CNPS 2021e).  
 
Elevation: 0 to 2,000 ft (CNPS 2021e). 

Occurs in California and Baja 
California (CNPS 2021e). 

Found in Imperial and San Diego 
counties (CNPS 2021e). 

Unlikely. No historical records exist 
for this species within the Analysis 
Area. However, suitable Sonoran 
desert scrub occurs within the analysis 
Area.  
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

REPTILES     

Gopherus agassizii 1 
 
Mojave Desert 
Tortoise 

Inhabits valleys, bajadas and hills with 
sandy loam or rocky soils in Mojave 
desertscrub and Lower Colorado River 
Valley subdivision of the Sonoran 
Desert. To escape extreme 
temperatures, excavates burrows under 
vegetation or rocks. Will also use 
natural or manmade caves. Typically 
associated with areas of creosote bush, 
areas with other sclerophyll shrubs and 
with small cacti or areas with Joshua 
trees. Forages on grasses, forbs and 
succulents (AGFD 2010a). In the 
contact zone between the species (i.e., 
the Black Mountains), G. morafkai 
generally is found in foothills, hillside 
slopes and more mountainous terrain 
than G. agassizii that is typically found 
on alluvial fans and valley bottoms 
(Edwards et al. 2015). In California, 
found in arid sandy or gravelly locations 
along riverbanks, washes, sandy dunes, 
alluvial fans, canyon bottoms, desert 
oases, rocky hillsides, creosote flats, and 
hillsides (CHS 2021b)  
 
Elevation: Range-wide, from below sea 
level in Death Valley to 5,000 ft in 
elevation (AGFD 2010a). Possibly up to 
7,200 ft (CDFW 2000) 

Occurs in the Mojave desert of 
Arizona, California, Nevada and 
Utah (Edwards et al. 2015, Murphy 
et al. 2011). 

Throughout the Mojave Desert and 
south along the Colorado River 
along the east side of the Salton 
Basin in the Sonoran Desert but 
absent from the Coachella Valley 
except from the Boyd Deep 
Canyon Research Center area (CHS 
2021b). Introduced population in 
Anza-Borrego State Park in San 
Diego County (CHS 2021b). 

Present. Active Tortoise burrows and 
scat have been detected within the 
Analysis Area. Records of this species 
occur within the Analysis Area 
(Appendix A). 

 
1 Threatened, populations north and west of the Colorado River (USFWS 1980, USFWS 1990), critical habitat (USFWS 1980, USFWS 1994); Similarity of appearance (threatened) (USFWS 

1990). 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Uma notata 
 
Colorado Desert 
fringe-toed lizard 

Occupies fine, loose, wind-blown sand 
dunes, dry lakebeds, sandy beaches or 
riverbanks, desert washes, and sparse 
desert scrub in the Colorado and 
Sonoran desert (CDFW 2000). Utilize 
sparsely-vegetated arid areas and 
burrows as refugia (CHS 2021a). 
 
Elevation: sea level to 1,600 ft (CHS 
2021a). 

Occurs in California and Baja 
California (CHS 2021a). 

Found in extreme southeast 
California in the Colorado Desert 
from the Salton Sea and Imperial 
sand hills east to the Colorado 
River, south to the Colorado River 
delta and on into northeastern Baja 
California, and east to Borrego 
Mountain (CHS 2021a). 

Possible. A small area of potential 
suitable sandy substrate occurs at the 
western edge of the analysis Area 
outside of the Project Area 
(Appendix E Photos 13 and 14). 
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Table 6. CEQA Special-Status Species 

Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

BIRDS     
Melanerpes 
uropygialis 
 
Gila woodpecker 

This species utilizes desert riparian and desert 
wash habitats, and orchard-vineyard and 
urban areas particularly in shade trees and 
date palm groves County (CDFW 1990). 
Utilizes areas with cottonwood and other 
desert riparian trees, shade trees, and date 
palms in California County (CDFW 1990). 
Also uses saguaros where available (CDFW 
1990).  
 
Elevation: near sea level to 3,940 ft 
(NatureServe 2021e). 

Found in southeast California, 
southwest Nevada, southern Arizona, 
southwest New Mexico and south into 
Mexico (Corman 2005a).   

Resident in southern California 
along the Colorado River, and 
locally near Brawley, Imperial 
County (CDFW 1990).  

Low potential of occurrence. 
because the majority of the 
Analysis Area does not contain 
appropriate habitat. We assessed 
all washes within the Analysis 
Area for woodpecker suitability 
and all washes were characterized 
by sparse ironwood, ocotillo, and 
low density of blue palo verde. 
There is one occurrence record 
for this species within the 
California Natural Diversity 
Database in these quadrangles 
(CDFW 2021) in an unnamed 
wash south of Indian Wash about 
2.25 miles West of the Cargo 
Mountains from March 2002. We 
inspected this wash (Appendix E 
Photo 17) and the washes within 
the Analysis Area varied widely 
from the occurrence site. The 
washes in the Analysis Area are 
dissimilar to the occurrence site as 
represented in Appendix E 
Photo 18.   
 

Taxostoma crissale 
 
Crissal thrasher 

Inhabits dense sagebrush and other shrubs in 
desert washes and desert riparian areas with 
juniper and pinyon-juniper. Frequently found 
in habitats with mesquite, screwbean 
mesquite, ironwood, catclaw acacia, and 
arrowweed willow (CDFW 1990). 
 
Elevation: up to 5,900 ft (CDFW 1990).  

Found throughout southwestern 
portions of the U.S. from southeastern 
California east through southern 
Nevada, southwestern Utah, norther 
Arizona, and southwestern New Mexico 
to western Texas and south to south-
central Mexico and northeast Baja 
California (Shuford and Gardali 2008b). 

Eastern Mojave Desert of Sand 
Bernardino and southeaster Inyo 
counties also resident in Imperial, 
Coachella, and Borrego valleys 
(CDFW 1990).   

Moderate potential of 
occurrence due to range, 
appropriate habitat, but no 
occurrence record or observation 
during field investigation.  
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Taxostoma lecontei 
 
Le Conte’s thrasher 

Utilize open desert wash, desert scrub, alkali 
desert scrub, desert succulent shrub habitats, 
and in Joshua tree habitat with scattered 
shrubs. Frequently use saltbush and cholla 
(CDFW 2005). Rarely occurs in habitats 
consisting entirely of creosotebush 
(NatureServe 2021f). 
 
Elevation: below sea level to 5,250 ft, mostly 
between 0 to 492 ft(NatureServe 2021f). 

Occur throughout southwestern U.S. 
and northwestern Mexico (NatureServe 
2021f, Sheppard 2019). 

Found in southern California 
deserts from southern Mono 
County south to the Mexican 
border, and in western and 
southern San Joaquin Valley. 
Formerly found north to Fresno 
County and Kern County (CDFW 
2005). 

Low potential of occurrence. 
The low density cholla and 
creosotebush habitat dominance 
within the Analysis Area provides 
marginal habitat.  

Falco mexicanus 
 
Prairie falcon 

Breeds in open habitats, including shrub-step 
desert, grasslands with or without shrubs, and 
alpine tundra when cliffs or bluffs are present 
to provide nesting sites (Steenhof 2013). In 
Arizona, this species is found nesting in 
Sonoran desertscrub, in areas with mixed 
grassland and cold-temperate desertscrub, 
and pinyon pine-juniper or Madrean 
evergreen oak woodlands. Occasionally nest 
in areas of alpine grassland and mixed conifer 
forests. Open areas for foraging and the 
availability of nest sites are the primary 
determinants of the species distribution 
during the breeding season (Moors 2005). 
Nests primarily on cliff ledges but also use 
trees, buildings, electrical towers, and cliffs 
created by mines or quarries (Steenhof 2013). 
When food is plentiful, this raptor travels the 
least possible distance necessary to secure 
required food supplies but have been known 
to forage up to 15 miles from the nest (Tesky 
1994b). During the fall and winter, increased 
numbers of individuals occur in open 
grasslands, creosote-bursage habitats, and 
agricultural areas (Moors 2005, Steenhof 
2013). 
 
Elevation: Breeds 500–9,000 ft (Moors 2005). 
Elsewhere, up to 11,000 ft (Steenhof 2013). 

Not considered a true migrant but 
undertakes seasonal movements in 
response to food availability and 
typically has widely separated nesting, 
post-nesting and wintering areas 
(Steenhof 2013). However, populations 
in California are resident. Breeds from 
south-central British Columbia and 
southern Alberta, through the western 
U.S., including western Texas, and into 
central Baja California, Chihuahua, 
Coahuila, central Durango, and San 
Luis Potosí. Winter range extends west 
to the Pacific Coast and eastward to 
Minnesota, northwest Iowa, east-central 
Missouri, central Oklahoma, and most 
of Texas. Mexican range expands 
slightly southward to include Baja 
California Sur, Zacatecas and possibly 
even to Oaxaca (Steenhof 2013). 

Occurs throughout the state 
(Moors 2005). 

High potential of occurrence. 
The Analysis Area occurs within 
suitable habitat in the range of 
this species and 2 occupied eyries 
were detected within the analysis 
Area (Appendix E Photos 8 and 
9).  
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Athene cunicularia 
hypugaea 
 
Western burrowing 
owl 

This species inhabits flat or gently-sloping 
treeless and sparsely vegetated areas in 
deserts and grasslands (Poulin et al. 2011). In 
Arizona, this species most commonly breeds 
in grazed grasslands and open disturbed areas 
such as the edges of agricultural fields, fallow 
fields, bladed areas, irrigation embankments, 
airports and golf courses. This species 
additionally breeds in sparsely vegetated 
Sonoran or cold-temperate desertscrub 
(Martin 2005). Areas with burrows and 
unobstructed perches are favored (Martin 
2005). Largely reliant on burrows dug by 
mammals but, on rare occasion, will dig their 
own holes (Klute et al. 2003, Poulin et al. 
2011). Northern populations are migratory, 
and habitat used migratory and winter period 
is similar to that used for breeding but with 
some evidence of increased reliance on 
agricultural areas (Klute et al. 2003, Poulin et 
al. 2011). 
 
Elevation: In Arizona, 650–6,140 ft (AGFD 
2001). 

This species is a partial migrant, with 
northern populations being primarily 
migratory (Poulin et al. 2011). In 
southwestern states, individuals appear 
to make yearly decisions to remain on 
their breeding grounds or migrate, likely 
based on environmental conditions 
(Ogonowski and Conway 2009, Poulin 
et al. 2011). The hypugaea subspecies 
breeds in Alberta, British Columbia, 
Manitoba and Saskatchewan, Canada 
and 19 U.S. states including Arizona, 
California, Colorado, Idaho, Iowa, 
Kansas, Minnesota, Montana, 
Nebraska, Nevada, New Mexico, North 
Dakota, Oklahoma, Oregon, South 
Dakota, Texas, Utah, Washington and 
Wyoming (Klute et al. 2003). The 
breeding range extends southward into 
the Mexican states of Aguascalientes, 
Baja California, Baja California Sur, 
Chihuahua, Coahuila, Durango, Nuevo 
Leon, San Luis Potosí, Sinaloa, Sonora, 
Tamaulipas and Zacatecas (Poulin et al. 
2011). Winters primarily in Arizona, 
California, Louisiana, New Mexico and 
Texas U.S., and southward through 
Mexico, excluding the Yucatan 
Peninsula, to Guatemala and Honduras, 
with rare reports as far south as Panama 
(Klute et al. 2003, Poulin et al. 2011). 

Found nesting throughout the 
state where favorable habitat is 
present. Southern populations are 
primarily resident whereas 
northern populations are 
migratory and are on their 
breeding grounds mid-March 
through as late as mid-October 
(Martin 2005). 

Low potential of occurrence 
due to range, appropriate habitat, 
but no historical occurrence 
records (Appendix D). In 
addition, no Ebird observations 
have been made for this species 
within or adjacent to the Analysis 
Area (eBird 2021). No 
observation of this species or 
potential burrows were recorded 
during the field survey. However, 
potentially suitable habitat occurs 
on the western and southern ends 
of the Analysis Area outside of 
the Project Area (Figure 6 and 
Appendix E Photos 11 and 12). 

Poliptila melanura 
 
Black-tailed 
gnatcatcher 

This species is associated with Mojave and 
Sonoroan desert scrub habitats. These 
habitats include mesquite, creosotebush, 
ocotillo and various cactus species (Tinant 
2006).  

Black-tailed gnatcatchers range from 
southern Nevada to northern Mexico 
and from southeastern California to 
southwestern New Mexico (Tinant 
2006).  

In California this species occurs 
only in southeastern California 
within suitable Mojavian and 
Sonoroan desert scrub habitats 
(Tinant 2006).  

High potential of occurrence. 
The analysis Area occurs within 
suitable habitat within the range 
of this species and individuals 
were detected during the field 
survey. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

INSECTS     
Anomala hardyorum 
 
Hardy’s dune beetle 

Member of the family Scarabaeidae. Most 
often found on north or east facing dune slip 
faces (UFWS 2006b). 

Endemic to Algodones Dunes in North 
America (UFWS 2006b). 

Known from two populations 
identified in Algodones Dune 
system in Imperial County 
(UFWS 2006b). 

No potential of occurrence. No 
appropriate dune slip faces occur 
within the analysis Area. 

Apiocera warneri 
 
Glamis sand fly 

Member of the family Apioceridae. Flower-
loving flies that are most common in dry, 
sandy habitats (Yeates and Irwin 1996) . 

Family is known in the deserts of North 
America, South America, and Australia 
(Yeates and Irwin 1996).  

Known from southern California 
(NatureServe 2021b). 

Low potential of occurrence. A 
small area of sandy habitat occurs 
within the western edge of the 
Analysis Area outside of the 
Project Area.  

Cyclocephala 
wandae 
 
Wandae dune beetle 

Member of the family Scarabaeidae. Habitat 
information is lacking (UFWS 2006b). 

Endemic to Algodones Dunes in North 
America (UFWS 2006b). 

Known only from collections in 
the Algodones Dunes in Imperial 
County (UFWS 2006b). 

No potential of occurrence. 
The Analysis Area occurs outside 
of the known range and suitable 
dune habitat.  

Efferia macroxipha 
 
Glamis robberfly 

In the genus Efferia. High diversity in arid or 
semi-arid ecosystems. Tend to perch close to 
the ground and often remain immobile.  

Genus occur throughout the New 
World.  

Known from southern California 
(Forbes 1988, NatureServe 
2021c). 

Moderate Potential of 
occurrence. The Analysis Area 
occurs within the known range. 

Euparagia 
unidentata 
 
Algodones euparagia 

In the family Vespidae. Inhabits desert 
regions (Bohart 1989). Limited habitat 
information available. 

Endemic to Algodones Dunes in North 
America (Nature Serve 2021d, UFWS 
2006b). 

Endemic to Algodones Dunes in 
Imperial County (Nature Serve 
2021d, UFWS 2006b). 

No potential of occurrence. 
The Analysis Area occurs outside 
of the known range and suitable 
habitat. 

Microbembex 
elegans 
 
Algodones elegant 
sand wasp 

In the family Sphecidae. Small sized. Inhabits 
active slip faces within sand dune systems 
often found at the base of shrubs where 
detritus collects (UFWS 2006b).  

Species in genus Microbembix are found 
in North and South America. Endemic 
to Algodones Dunes in North America 
(UFWS 2006b). 

Known from two populations 
identified in Algodones Dune 
system in Imperial County 
(UFWS 2006b).  

No potential of occurrence. 
The Analysis Area occurs outside 
of the known range and suitable 
habitat. 

Perdita algodones 
 
Algodones perdita 

Dune habitats (UFWS 2006b) Limited habitat 
information available.  

Endemic to Algodones Dunes in North 
America (UFWS 2006b). 

Known in the vicinity of Glamis, 
in Imperial County (UFWS 
2006b). 

No potential of occurrence. 
The Analysis Area occurs outside 
of the known range and suitable 
habitat. 

Perdita frontalis 
 
Imperial perdita 

All species in Perdita genus nest in sandy or 
partially sandy soil. Specialize on a variety 
plant families (Portman, Griswold, and Nell 
2016).  

Southwestern U.S. and Mexico 
(Portman, Griswold, and Nell 2016). 

Southern California  Low potential of occurrence. A 
small area of sandy habitat occurs 
within the western edge of the 
Analysis Area outside of the 
Project Area. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Perdita 
stephanomeriae 
 
A miner bee 

All species in Perdita genus nest in sandy or 
partially sandy soil. Specialize on a variety 
plant families (Portman and Griswold 2017, 
Portman, Griswold, and Nell 2016).  

Southwestern U.S. and Mexico 
(Portman, Griswold, and Nell 2016). 

Southern California Low potential of occurrence. A 
small area of sandy habitat occurs 
within the western edge of the 
Analysis Area outside of the 
Project Area. 

Pseudocotalpa 
andrewsi 
 
Andrew’s dune scrab 
beetle 

In the family Scarabaeidae. Shining leaf 
chafer that inhabits drifting sand between 
dunes (USFW 2006a) 

Endemic to Algodones Dunes in North 
America (UFWS 2006b). 

Known from two populations 
identified in Algodones Dune 
system in Imperial County 
(UFWS 2006b). 

No potential of occurrence. 
The Analysis Area occurs outside 
of suitable dune habitat. 

MAMMALS     
Antrozous pallidus 
 
Pallid bat 

Inhabits a wide variety of habitats including 
grasslands, shrublands, woodlands, and forest 
from sea level to mixed conifer forests 
(CDFW 1990c). Most common in open, dry 
habitats with rocky areas for roosting. Day 
roosts in caves, crevices, mines, and 
occasionally in hollow trees and buildings 
(CDFW 1990c). Night roots may be in more 
open sites including porches and buildings 
(CDFW 1990c). 
 
Elevation: 1,900 to 6,560 ft (NatureServe 
2021a). 

Ranges throughout western North 
America, from British Columbia’s 
southern interior, south to Queretaro 
and Jalisco, and east to Texas. Isolated 
population in Cuba (WBWG 2018). 
Most abundant in xeric ecosystems, 
including the Great Basin, Mojave, and 
Sonoran Deserts (WBWG 2018).   

Locally common at low elevations 
in California. Occurs throughout 
California except for the high 
Sierra Nevada to Kern Count and 
the northwestern corner of the 
state from Del Norte and western 
Siskiyou counties to northern 
Mendocino County (CDFW 
1990c).  

High potential of occurrence. 
This species has been observed 
within the Analysis Area (Figure 
7) and suitable crevice and mine 
roosting habitat occurs within the 
Analysis Area (Appendix E 
Photos 15 and 16). 
 

Corynorhinus 
townsendii 
 
Townsend’s big-eared 
bat 

Forages in edge habitats along streams and 
adjacent to or within a variety of wooded 
habitats. Roosts in cliffs, caves, mines, 
tunnels, and buildings (Diamond and 
Diamond 2014). Has a large home range and 
foraging distances (up to 93 miles) (Sherwin 
and Piaggio 2005). 
 
Elevation: Below 10,830 ft (Hammerson 
2014). 

Occurs from southern British 
Columbia, Canada and south through 
all western U.S. states eastward to the 
Black Hills of South Dakota and the 
Edwards Plateau in Texas. Isolated 
populations also exist in Oklahoma, 
Kansas, Arkansas, Missouri, Illinois, 
Indiana, Ohio, Kentucky, Virginia, and 
West Virginia. Range extends to the 
Isthmus of Tehuantepec, Mexico 
(Hammerson 2014).  

Found throughout California but 
details of its distribution are not 
well known (CDFW 2000b). 

High potential of occurrence. 
This species has been observed 
within the Analysis Area (Figure 
7) and suitable mine roosting 
habitat occurs within the Analysis 
Area (Appendix E Photos 15 
and 16). 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Eumops perotis 
californicus 
 
Greater western 
mastiff bat 

This species is found in areas with cliffs, 
which are used for roosting, in desert scrub, 
chaparral, oak woodland, ponderosa pine 
belt, mixed conifer forests and high elevation 
meadows (Siders and Pierson 2005). 
Maternity roosts occur in exfoliating rock 
slabs, crevices in boulders and buildings 
(Siders and Pierson 2005). The morphology 
of this species prevents it from drinking from 
water sources less than 98 ft in length and the 
availability of water limits its distribution 
across the landscape (AGFD 2014b). In 
Arizona, this species is a year-round resident 
that occurs in rocky canyons with abundant 
roosting crevices. Forages widely from roost 
sites in lower and upper Sonoran desertscrub 
near cliffs (AGFD 2014b) and has been 
captured more than 18 miles from roost sites 
(Siders and Pierson 2005). 
 
Elevation: In Arizona, 240–8,475 ft (AGFD 
2014b). Foraging up to 10,000 ft in California 
(WBWG 2018). 

Occurs in Arizona, California, Nevada, 
New Mexico, Texas and Utah, U.S. and 
the Mexican states of Baja California, 
Chihuahua, Coahuila, Durango, Sinaloa, 
Sonora and Zacatecas (AGFD 2014b, 
Hammerson 1994, Siders and Pierson 
2005). 

Found in southeastern San 
Joaquin Valley and Coastal 
Ranges from Monterey County 
southward through southern 
California, from the coast 
eastward to the Colorado Desert 
(CDFW 1990).  

High potential of occurrence.  
This species has been observed 
within the Analysis Area (Figure 
7) and suitable rock slabs and 
crevice roosting habitat occurs 
within the Analysis Area.   
 

PC ORIGINAL PKG



Biological Resource Technical Report and Assessment 
Oro Cruz Exploration Project  SMP Gold Corp. 
 
 

WestLand Resources ,  Inc.  32 
Q:\Jobs\2000's\2072.03\ENV\09_Biological\BE BRA\20210630_revised Submittal\Oro Cruz BRA_06.30.21.docx 

Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Macrotus 
californicus 
 
California leaf-nosed 
bat 

Typically forages along washes within 6.2 
miles of their roost sites (Brown 2005). 
Primarily consumes insects but also 
consumes fruits (AGFD 2014a, Brown 2005). 
In Arizona, this species is a year-round 
resident of Sonoran Desertscrub. Consumes 
primarily insects taken on the wing or gleaned 
from vegetation, but have also been reported 
to feed on fruits, including those of cacti. 
Roost sites have large areas of ceiling and 
flying space, and include abandoned 
underground mines, caves, and rock shelters 
(AGFD 2014a). 
 
Elevation: In Arizona, below 4,000 ft (AGFD 
2014a). In California, records are below 2,000 
ft (CDFW 1990a).  

Occurs in Arizona, California, Nevada 
and Utah, U.S. and the Mexican states 
of Baja California, Baja California Sur, 
Chihuahua, Sinaloa, Sonora and 
Tamaulipas (AGFD 2014a, Hammerson 
2015a). (CDFW 1990a). 

Found from Riverside, Imperial, 
San Diego, and San Bernardino 
counties. Historically occurred 
from Los Angles to Sand Diego. 
Fairly common in some areas 
along the Colorado River (CDFW 
1990a).  

High potential of occurrence. 
This species has been previously 
observed within the Analysis 
Area, and suitable mine roosting 
habitat occurs within the Analysis 
Area (Figure 7 and Appendix E 
Photos 15 and 16). In Addition, 
during the habitat assessment 
visit, stringy black guano and 
urine staining was detected on the 
sides of mines within the Analysis 
Area indicating that this species is 
present.   
 
 

Myotis velifer 
 
Cave myotis 

Forages in desertscrub vegetation and is 
tolerant of high temperatures and low 
humidity. Roosts in caves, tunnels, 
abandoned underground mines, buildings and 
under bridges within a few miles of water. In 
Arizona, hibernation roosts are in wet mine 
tunnels above 6,000 ft (AGFD 2002a). In 
California, utilize desert scrub, desert 
succulent shrub, desert wash, and desert 
riparian.(CDFW 1990b). 
 
Elevation: 300–8,800 ft (AGFD 2002a). 

Occurs in Arizona, California, Kansas, 
Nevada, New Mexico, Oklahoma, 
Texas and Utah, U.S. Range extends 
southward through Mexico to 
Honduras (AGFD 2002a, Hammerson 
2015b). 

Restricted in California to 
lowlands of the Colorado River 
and adjacent mountain ranges, in 
San Bernardino, Riverside and 
Imperial counties, although more 
common farther east (CFDW 
1990b). 

Moderate potential of 
occurrence. An observation 
record for this species occurs 
adjacent to the Analysis Area and 
the Analysis Area contains 
suitable mine roosting habitat 
Figure 7 and Appendix E 
Photos 15 and 16). 

Nyctinomops 
femorosaccus  
 
Pocketed free-tailed 
bat 

Inhabits pinyon-juniper woodlands, desert 
scrub, desert succulent shrub, desert riparian, 
desert wash, alkali desert scrub, Joshua tree, 
and palm oasis. Roosts in rock crevices, 
caverns, or buildings. Drinks water from 
sources with open access and large surface 
areas (CDFW 2000a).  
 
Elevation: near sea level to about 7,300 ft 
(WBWG 2018). 

Occurs in western North America from 
southern California, central Arizona, 
southern New Mexico, and western 
Texas, south into Mexico including Baja 
California (WBWG 2018). 

Found in Riverside, San Diego, 
and Imperial counties. Rare in 
California (CDFW 2000a). 

Moderate potential of 
occurrence. The Analysis Area 
occurs within the range of this 
species and suitable rock crevice 
roosting habitat occurs within the 
Analysis Area. 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 

PLANTS     
Astragalus insularis 
var. harwoodii 
 
Harwood’s milk-vetch 

Annual herb that blooms January through 
May. Inhabits sandy or gravely soils in desert 
dunes and Mohavean desert scrub (CNPS 
2021i). 
 
Elevation: 0 to 2,330 ft (CNPS 2021i). 

Occurs in Arizona, California, Baja 
California, Nevada, and Sonora Mexico 
(CNPS 2021i). 

Found in Imperial, Riverside, San 
Bernardino, and San Diego 
counties (CNPS 2021i). 

No potential of occurrence. No 
suitable dune habitat in Mohavean 
desert scrub occurs within the 
analysis Area and no records for 
this species occur within the 
Analysis Area. 

Calliandra erophylla 
 
Pink fairy-duster 

Perennial deciduous shrub that blooms 
January through March. Inhabits sandy or 
rocky soils in Sonoran desert scrub (CNPS 
2021j). 
 
Elevations: 393 to 4,925 ft (CNPS 2021j). 

Occurs in Arizona, California, Baja 
California, New Mexico, Texas, Utah, 
and Sonora Mexico (CNPS 2021j). 

Found in Imperial, Riverside, and 
San Diego counties (CNPS 2021j). 

High probability of occurrence. 
An occurrence record for this 
species exists within the Analysis 
Area and the species was 
observed in very low densities 
within the Analysis Area (Figure 
7).  

Croton wigginsii 
 
Wiggin’s croton 

Perennial shrub that blooms March through 
May. Inhabits desert dunes and Sonoran 
desert scrub in sandy areas (CNPS 2021g). 
 
Elevation: 165 to 330 ft (CNPS 2021g). 

Occurs in California, Arizona, Baja 
California and Sonora Mexico (CNPS 
2021g). 

Found in Imperial County (CNPS 
2021g). 

Low probability of occurrence. 
While no records of this species 
occur within the Analysis Area a 
small area of suitable sandy 
habitat in Sonoran desert scrub 
vegetation occurs on the western 
edge of the analysis Area outside 
of the Project Area. 

Ditaxis claryana 
 
Glandular ditaxis 

Perennial herb that blooms October, 
December, January, February, and March. 
Inhabits sandy areas in Mojavean desert scrub 
and Sonoran desert scrub (CNPS 2021h). 
 
Elevation: 0 to 1,525 ft (CNPS 2021h). 

Occurs in Arizona, California, and 
Sonora Mexico (CNPS 2021h). 

Found in Imperial, Riverside, and 
San Bernardino counties (CNPS 
2021h). 

Low probability of occurrence. 
While no records of this species 
occur within the Analysis Area a 
small area of suitable sandy area in 
Sonoran desert scrub vegetation 
occurs on the western edge of the 
analysis Area outside of the 
Project Area.  

Palafoxia arida var. 
g igantea 
 
Giant Spanish needle 

Annual/perennial herb that blooms January 
through May. Inhabits desert dunes (CNPS 
2021b). 
 
Elevation: 50 to 330 ft (CNPS 2021b). 

Occurs in California and Sonora 
Mexico (CNPS 2021b). 
 

Known only from Imperial 
County (CNPS 2021b). 

No potential of occurrence. No 
suitable dune habitats exist within 
the Analysis Area and no records 
of the species occur within the 
Analysis Area.  
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur 
Pholisma sonorae 
 
Sand food 

Perennial herb (parasitic) that blooms April 
through June (CNPS 2021f). Inhabits sandy 
soils, sand dunes and other sandy areas. It is a 
root parasite of desert shrubs (Arizona Rare 
Plant Committee 2001, CNPS 2021f). 
Known hosts include Ambrosia dumosa, 
Eriogonum deserticola, Pluchea sericea, Tiquilia 
palmeri and T. plicata (Yatskievych 1994). 
 
Elevation: In California, below 656 ft (CNPS 
2021f). In Arizona, below 1,345 ft (AGFD 
2004). 

Occurs in Arizona and California, U.S. 
and the Mexican states of Baja 
California and Sonora (AGFD 2004, 
CNPS 2021f).  

Known only from Imperial 
County (CNPS 2021f).   

Low potential of occurrence. 
Small pockets of suitable sandy 
soils occur in the western extent 
of the Analysis Area and the 
suitable host plant (Ambrosia 
dumosa) occurs within the Analysis 
Area. 
 

REPTILES     
Gopherus agassizii 2 
 
Mojave Desert 
Tortoise 

Inhabits valleys, bajadas and hills with sandy 
loam or rocky soils in Mojave desertscrub 
and Lower Colorado River Valley subdivision 
of the Sonoran Desert. To escape extreme 
temperatures, excavates burrows under 
vegetation or rocks. Will also use natural or 
manmade caves. Typically associated with 
areas of creosote bush, areas with other 
sclerophyll shrubs and with small cacti or 
areas with Joshua trees. Forages on grasses, 
forbs and succulents (AGFD 2010a). In the 
contact zone between the species (i.e., the 
Black Mountains), G. morafkai generally is 
found in foothills, hillside slopes and more 
mountainous terrain than G. agassizii that is 
typically found on alluvial fans and valley 
bottoms (Edwards et al. 2015). 
 
Elevation: Range-wide, from below sea level 
in Death Valley to 5,000 ft in elevation 
(AGFD 2010a). 

Occurs in the Mojave desert of Arizona, 
California, Nevada and Utah (Edwards 
et al. 2015, Murphy et al. 2011). 

More common in southern, 
central and the extreme northeast 
portion of state, but occurs 
throughout the state where 
suitable habitat exists (AGFD 
2011). 

High potential of occurrence. 
Active Tortoise burrows and scat 
have been detected within the 
Analysis Area. Records of this 
species occur within the Analysis 
Area (Appendices A and E 
Photo 19). 

 
2 Threatened, populations north and west of the Colorado River (USFWS 1980, USFWS 1990), critical habitat (USFWS 1980, USFWS 1994); Similarity of appearance (threatened) (USFWS 

1990). 
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Phrynosoma mcallii 
 
Flat-tailed horned 
lizard 

Inhabits hard packed sandy flats and low 
dunes in Lower Colorado River desertscrub 
community, particularly in areas with 
creosote-white bursage vegetation (USFWS 
Brennan 2008, 2011). 
 
Elevation: Below 820 ft (AGFD 2010b). 

Occurs in Arizona and California, U.S. 
and the Mexican states of Baja 
California and Sonora (USFWS 2011). 

Found in the extreme 
southwestern portion of the state 
in the Yuma Desert (AGFD 
2010b, USFWS 2011). 

No potential of occurrence. No 
suitable hard packed sandy flats or 
low dunes occur within the 
Analysis Area. No records for this 
species occur within the Analysis 
Area.  

Uma notata 
 
Colorado desert 
fringe-toed lizard 

Occupies fine, loose, wind-blown sand dunes, 
dry lakebeds, sandy beaches or riverbanks, 
desert washes, and sparse desert scrub in the 
Colorado and Sonoran desert (CDFW 2000). 
Utilize sparsely-vegetated arid areas and 
burrows as refugia (CHS 2021a). 
 
Elevation: sea level to 1,600 ft (CHS 2021a). 

Occurs in California and Baja California 
(CHS 2021a). 

Found in extreme southeast 
California in the Colorado Desert 
from the Salton Sea and Imperial 
sand hills east to the Colorado 
River, south to the Colorado 
River delta and on into 
northeastern Baja California, and 
east to Borrego Mountain (CHS 
2021a). 

Low potential of occurrence. A 
small area of potential suitable 
sandy substrate occurs at the 
western edge of the Analysis Area 
outside of the Project Area 
(Figure 6 and Appendix E 
Photos 13 and 14). 
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1.0 SUMMARY 

Stantec Consulting Services Inc. (Stantec) completed a desert tortoise survey of the Oro Cruz 
Drilling Plan Project (Project), located in Imperial County, California in the historic mining area of 
Tumco (Figure 1). The survey was conducted January 8 through 15, 2021. 

The Project consists of seven planned drill exploration areas and associated access roads (Action 
Area, Figure 2). The total acres of surveys conducted in the drill exploration areas was 119.74 and 
the total miles of access road surveyed was 9.75. Areas of vertical, solid rock; highly-disturbed 
ground; or mine pits, within the drill areas, were considered unsuitable habitat for desert tortoise 
and not surveyed. Unsuitable habitat totaled 98.59 acres. 

The following items of note were identified during this survey:  

Drill Area 1 and associated access 
No tortoise or tortoise sign was found in the drill area or associated accesses. 

Drill Area 2 and associated access 
Two tortoise burrows were found, one with scat at the entrance, indicating this is likely an active 
borrow. Both burrows were in good condition. 

Drill Area 3 and associated access 
Four tortoise burrows and a piece of scat were found in the drill area. One burrow had tortoise 
tracks in the front of it and another had scat. All of the burrows are considered active or good 
condition. 

Drill Area 4 and associated access 
No tortoise or tortoise sign was found in the drill area or associated accesses. 

Drill Area 5 and associated access 
One piece of tortoise scat was found in the drill area; however, no burrows were located. 

Drill Area 6 and associated access 
Two tortoise burrows were found in the drill area. One was in good condition; the other was 
deteriorated but had the correct shape. 

Drill Area 7 and associated access 
This drill area was highly disturbed and consisted of unsuitable habitat. Access roads were 
surveyed, and no tortoise or tortoise sign was found. 

The preceding summary is intended for informational purposes only. Reading of the full body of 
this report is recommended. 
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2.0 INTRODUCTION 

2.1 ACTION AREA DESCRIPTION 

Stantec Consulting Services Inc. (Stantec) completed a desert tortoise survey of the Oro Cruz 
Drilling Plan Project (Project), located in Imperial County, California in the historic mining area of 
Tumco (Figure 1). The survey was conducted January 8 through 15, 2021.  

The Project consists of seven planned drill exploration areas (218.33 acres) and associated access 
roads (9.75 miles) (Action Area, Figure 2). The Action Area is located within the Cargo Muchacho 
Mountains which consists of very rugged, eroding, rocky slopes. Mining has occurred in this area 
since the early 1800s. The most recent mining activity was in the mid to late 1990s. As such, much 
of the area has been disturbed from mining activities. Off-road vehicle use, recreational vehicle 
camping, and other outdoor activities have added to the disturbances in the area. Vegetation 
in the Project is low desert scrub typical of the high temperature region of southeast California.  

The Action Area is within Bureau of Land Management (BLM) classified Category 3 desert tortoise 
habitat, lower quality habitat, and on the edge of tortoise’s general distribution in southern 
California (BLM, 1994). In these areas, the tortoises occur in relatively low numbers. The Action Area 
is approximately 6.8 miles from United States Fish and Wildlife Service (USFWS)-designated critical 
habitat and is 2,750 feet south of the designated Colorado Desert Recovery unit (Figure 1). 

A total of 119.74 acres were surveyed in the seven drill areas and 9.75 miles of access roads were 
surveyed. There were 98.59 acres within the seven drill areas that were determined to be 
unsuitable habitat and were not surveyed. These areas consisted of steep vertical cliffs; highly 
disturbed ground; or mine pits. 

2.2 PERSONNEL QUALIFICATIONS 

Greg Sharp – B.S. Degree, Fisheries and Wildlife Biology 
Mr. Sharp has utilized numerous survey techniques to assess the presence of Threatened, 
Endangered, Candidate, and Sensitive plant and animal species throughout the western states 
on private, BLM, and United States Forest Service lands. Mr. Sharp is a certified desert tortoise 
biologist and has been doing biological surveys in Utah, Nevada, and California for over 20 years. 
Mr. Sharp has completed tortoise surveys in conjunction with the National Environmental Policy 
Act (NEPA) process for many large projects in the southwest and in the greater southwestern Utah 
area.  

Seth Topham – B.S. Degree, Natural Resources 
Mr. Topham has more than 15 years of experience working as a natural resource biologist/certified 
desert tortoise biologist in many areas of the western United States. He also has more than 10 years 
of experience in providing Geographical Information System (GIS) support for various natural 
resource projects. Mr. Topham has utilized many survey techniques to assess the presence and/or 
monitor the status of plant and animal species, including many listed as Threatened, Endangered, 
Candidate, or otherwise considered Sensitive. Mr. Topham has completed numerous tortoise 
surveys in conjunction with the NEPA process for many large projects in the southwest and in the 
greater southwestern Utah area. 
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3.0 METHODS 

3.1 TORTOISE SURVEYS 

Stantec biologists conducted desert tortoise surveys in the Action Area following the USFWS 
protocol Preparing For Any Action That May Occur Within The Range Of The Mojave Desert Tortoise 
(Gopherus agassizii) (USFWS, 2019). As required by the protocol, biologists walked parallel transects 
spaced 10 meters apart to achieve 100 percent coverage of the areas surveyed. The Action Area 
transects were mapped in GIS and uploaded to Collector, a global positioning system (GPS) 
application for field data collection, prior to the survey. The Collector application was used to 
locate and follow the established transect lines in the field. During the survey, special attention 
was given to the identification of desert tortoise and desert tortoise sign (e.g., burrows, scat, 
carcasses, etc.). Vegetation and other wildlife species were also identified during the survey. 
Survey information was recorded on established data sheets. 
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4.0 RESULTS 

4.1 HABITAT 

The Action Area is located within the Cargo Muchacho Mountains which consists of very rugged, 
eroding, rocky slopes. The Action Area is located along the western side of the mountains at an 
elevation ranging from 500 to 800 feet. Mining has occurred in this area since the early 1800s. The 
most recent mining activity was in the mid to late 1990s. As such, much of the area has been 
disturbed from mining activities. Other significant human activity in the area consists of off-road 
vehicle driving, recreational vehicle camping, and other outdoor activities. Vegetation in the 
Action Area is typical low desert scrub found in southeast California. Habitat in the Action Area 
consists of four types: steep slopes, bajadas, desert pavement areas and washes.  

Vegetation cover is low but varies from almost zero on the steep rocky slopes and desert 
pavement to fairly dense in some of the washes and bajadas. Vegetation on the slopes and 
uplands consists of scattered creosote bush (Larrea tridentata), ocotillo (Fouquieria splendens), 
Inciensio (Encelia farinose) and scattered native grasses. Areas at the beginning of the bajadas 
and base of steep slopes offered foraging, shade and burrowing areas for desert tortoises. The 
deep cut washes concentrate rain fall and allow a greater variety of larger shrubs, trees, and 
ground cover. Dominant vegetation in these washes consisted of ironwood (Olneya tesota), 
mesquite (Posopis juliflora), palo verde (Cercidium floridum), and tamarisk (Tamarix pentandra). 
The washes in the area would supply needed forage and shade for the desert tortoise. The wash 
banks supply areas for caliche caves and burrows. Dominant vegetation in these washes 
consisted of ironwood, creosote bush, mesquite, palo verde, and tamarisk. A complete list of 
plants found in the survey area is included in Appendix A. 

Soils in the Action Area developed from weathered granitic rock and schistose rock substrates. 
The soils consist of gravelly sands with large amounts of cobble, rock, and boulders. Hill slopes in 
the Action Area are steep and almost entirely covered in large, weathered rock. Alluvial fans and 
washes in the area contained the deeper soils and would be considered suitable for tortoise 
burrowing. 

4.1.1 Physical and Biological Features of Critical Desert Tortoise Habitat Described for the 
Action Area 

Although the Action Area is within BLM category III habitat, the area is outside of USFWS 
designated Critical Habitat (Figure 1) but per protocol, the habitat is described below using the 
physical and biological features for Designated Desert Tortoise Critical Habitat (USFWS 2019). 

1. The Action Area provides areas of sufficient space for movement and for tortoise to reside 
in the area. However, large sections of the Action Area are made up of steep rocky slopes, 
past mining disturbances and mining pits that would preclude the tortoise from using these 
areas. 

2. The washes, bajadas, and upland areas do support native plant forage for the desert 
tortoise. Most of the forage species would be found in the washes or bajadas, were soils 
are better and water would promote plant growth.  

3. Suitable burrowing, nesting, and overwintering substrate is restricted in the Action Area to 
the deep cut washes where soils are deeper and consist of a sandy gravel mixture. Caliche 
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caves and other shelter sites are also found in these washes. Other deep shelter sites can 
be found at the base of the rocky steep slopes. 

4. Vegetation density is generally low in the Action Area. Shrubs grow large enough to 
provide shade and shelter but are sparse. The washes in the Action Area do supply a 
denser tree and shrub cover that provides shade and shelter. 

5. The Action Area is being disturbed from an increase in human activities related to 
recreational use of the area. Also, past mining activities have disturbed much of the Action 
Area. 

4.2 TORTOISE SURVEY 

The Action Area is located within 2,750 feet of the Colorado Desert Recovery Unit for the desert 
tortoise (Figure 1). Stantec completed desert tortoise surveys following the USFWS protocol- 
Preparing For Any Action That May Occur Within The Range Of The Mojave Desert Tortoise 
(Gopherus agassizii) (USFWS 2019). The survey was conducted January 8 through 15, 2021. The 
survey methods for small projects and linear projects were followed as the Action Area size was 
less than 500 acres and had linear access routes. The primary purpose of these surveys was to 
provide information on whether desert tortoises are likely to be present. Small project and linear 
project surveys can be completed any time of year as they are used to determine if desert 
tortoises are present in the area based on sign rather than live animals. 

As required by the protocol, biologists walked parallel transects spaced 10 meters apart to 
achieve 100 percent coverage of the area surveyed. Stantec used the datasheet included in the 
protocol to record all evidence that indicates desert tortoises may be present (e.g., scat, burrows, 
carcasses, courtship rings, drinking depressions, etc. in addition to live tortoises) (Appendix B). The 
Action Area transects were mapped in GIS and uploaded to the Collector application using a 
handheld GPS device. The application was used to locate and follow the established transect 
lines in the field. Temperatures ranged from the mid 40’s in the mornings, with afternoon highs 
ranging in the 70’s. Below are the survey findings in the Action Area: 

Drill Area 1 and associated access 
Drill Area 1 (Figure 2) was located almost entirely in the rocky steep slope habitat with 
approximately half of the area being an open pit (Photos 1-2, 27-28, Appendix C). The area was 
57.74 acres with 18.28 acres being surveyed as tortoise habitat. 

No tortoise or tortoise sign was found in the drill area or associated accesses. 

Drill Area 2 and associated access 
Drill Area 2 (Figure 2) was located with approximately half of the area being tortoise habitat and 
the other half was steep and solid rock. (Photos 3-4, 23, 25, 29, Appendix C). The area was 54.84 
acres with 34.03 acres being surveyed as tortoise habitat. 

Two tortoise burrows were found, one had scat at the entrance (Photos 5, 24, Appendix C). All 
burrows were in good condition (Datasheets, Appendix B). 
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Drill Area 3 and associated access 
Drill Area 3 (Figure 2) had a large wash that went down the middle of the area with the eastern 
portion of the area having steep and solid rock. (Photo 6, Appendix C). The area was 30.98 acres 
with 25.90 acres being surveyed as tortoise habitat. 

Four tortoise burrows and a piece of scat were found in the drill area (Photos 7-10, Appendix C). 
One burrow had tortoise tracks in the front of it and another had scat. All are considered active 
or good condition (Datasheets, Appendix B). 

Drill Area 4 and associated access 
Drill Area 4 (Figure 2) was located almost entirely in the rocky steep slope habitat (Photos 11-12, 
26, Appendix C). The area was 20.07 acres with 13.12 acres being surveyed as tortoise habitat. 

No tortoise or tortoise sign was found in the drill area or associated accesses. 

Drill Area 5 and associated access 
Drill Area 5 (Figure 2) was located almost entirely in the rocky steep slope habitat (Photo 13, 
Appendix C). The area was 9.24 acres with 3.44 acres being surveyed as tortoise habitat. 

One piece of tortoise scat was found in the drill area (Datasheets, Appendix B, Photo 14, 
Appendix C). 

Drill Area 6 and associated access 
Drill Area 6 (Figure 2) was located in an old, reclaimed haul route and included some rocky hills 
and bajada areas (Photo 15, Appendix C). The area was 24.98 acres with 100 percent being 
surveyed as tortoise habitat. 

Two tortoise burrows were found in this drill area (Photo 16-17, Appendix C). One was in good 
condition the other was deteriorated but had the correct shape (datasheets, Appendix B). 

 
Drill Area 7 and associated access 
Drill Area 7 (Figure 2) was located entirely in a mine waste dump area and was not surveyed as 
tortoise habitat. Access roads were surveyed (Photos 30-31, Appendix C). 

No tortoise or tortoise sign was found in the associated accesses. 

4.3 GENERAL WILDLIFE OBSERVATIONS 

During the survey, observations were made of other wildlife species found or their sign (scat or 
tracks) and included many typical desert species of birds, reptiles, and mammals. A complete list 
is located in Appendix A 
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Common Name Genus Species 
Plants 

catclaw Acacia greggii 
Burrow bush Ambrosia dumosa 
devil’s lettuce Amsinckia tessellata 
palo verde Cercidium floridum 
devil’s spine flower Chorizanthe rigida 
wingnut cryptantha Cryptantha pterocarya 
inciensio Encelia farinosa 
desert trumpet Eriogonum Inflatum 
buckwheat Eriogonum deflexum 
barrel cactus Ferocactus acanthodes 
ocotillo Fouquieria splendens 
hopsage Grayia spinosa 
range ratany Krameria  grayi 
creosote Larrea tridentata 
desert pepperweed Lepidium fremontii 
beaver tail cactus Opuntia basilaris 
golden cholla Opuntia acanthocarpa 
desert plantain Plantago  insularis 
mesquite  Prosopis juliflora 
nipple cactus Mammillaria acanthocarpa 
clump grass Shismus  arabicus 
globemallow Sphaeralcea emoryi 

Birds 
black-tailed gnatcatcher Polioptila melanura 
black-throated sparrow Amphispiza bilineata 
Costa's hummingbird Calypte  costae 
Gambel's quail Callipepla  gambelii 
ladder-backed woodpecker Picoides  scalaris 
loggerhead shrike Lanius  ludovicianus 
mourning dove Zenaida  macroura 
peregrine falcon Falco  peregrinus 
phainopepla Phainopepla  nitens 
red-tailed hawk Buteo  jamaicensis 
rock wren Salpinctes  obsoletus 
Say's phoebe Sayornis  saya 
turkey vulture Cathartes  aura 

Mammals 
antelope ground squirrel Ammospermophilus  leucurus 
mule deer Odocoileus hemionus 

Reptiles 
desert tortoise Gopherus agassizii 
Side-blotched lizard Uta stansburiana 
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Photo 1: Drill Area 1, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 2: Drill Area 1, general view of un-suitable desert tortoise habitat not surveyed. 
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Photo 3: Drill Area 2, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 4: Drill Area 2, general view of un-suitable desert tortoise habitat not surveyed.   
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Photo 5: Drill Area 2, desert tortoise scat. 

 

 
Photo 6: Drill Area 3, general view of suitable desert tortoise habitat surveyed.   
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Photo 7: Drill Area 3, desert tortoise burrow with old desert tortoise scat and old tracks. 

 

 
Photo 8: Drill Area 3, desert tortoise burrow with desert tortoise scat.   
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Photo 9: Drill Area 3, desert tortoise burrow. 
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Photo 10: Drill Area 3, desert tortoise scat. 
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Photo 11: Drill Area 4, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 12: Drill Area 4, general view of unsuitable desert tortoise habitat not surveyed. 
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Photo 13: Drill Area 5, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 14: Drill Area 5, desert tortoise scat. 
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Photo 15: Drill Area 6, general view of suitable desert tortoise habitat surveyed. 

 

 
Photo 16: Drill Area 6, desert tortoise burrow. 
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Photo 17: Drill Area 6, desert tortoise burrow (desert tortoise scat was present). 

 

 
Photo 18: Portion of Access Tumco, general view of suitable desert tortoise habitat 

surveyed. 
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Photo 19: Access Road Tumco, desert tortoise burrow. 

 

 
Photo 20: Portion of Access Tumco Gate Fork, general view of suitable desert tortoise 

habitat surveyed. 
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Photo 21: Portion of Access Tumco Main, general view of suitable desert tortoise habitat 

surveyed. 
 

 
Photo 22: Portion of Access DH6 Main, general view of suitable desert tortoise habitat 

surveyed. 
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Photo 23: Portion of Access DH2, general view of suitable desert tortoise habitat 

surveyed. 
 

 
Photo 24: Access DH2, desert tortoise burrow with desert tortoise scat. 
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Photo 25: Access DH2, desert tortoise burrow. 

 

 
Photo 26: Portion of Access DH4, general view of suitable desert tortoise habitat 

surveyed. 
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Photo 27: Portion of Access DH1, general view of suitable desert tortoise habitat 

surveyed. 
 

 
Photo 28: Portion of Access DH1 Access Spur, un-suitable desert tortoise habitat. 
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Photo 29: Portion of Access DH2 Alt Access, general view of suitable desert tortoise 

habitat surveyed. 
 

 
Photo 30: Portion of Access DH7 Access East 1, general view. 
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Photo 31: Portion of Access DH7 East 2, general view of suitable desert tortoise habitat 

surveyed. 
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March 05, 2021

United States Department of the Interior
FISH AND WILDLIFE SERVICE

Carlsbad Fish And Wildlife Office
2177 Salk Avenue - Suite 250

Carlsbad, CA 92008-7385
Phone: (760) 431-9440 Fax: (760) 431-5901

http://www.fws.gov/carlsbad/

In Reply Refer To: 
Consultation Code: 08ECAR00-2021-SLI-0703 
Event Code: 08ECAR00-2021-E-01567  
Project Name: Oro Cruz
 
Subject: List of threatened and endangered species that may occur in your proposed project 

location or may be affected by your proposed project

To Whom It May Concern:

The enclosed species list identifies threatened, endangered, and proposed species, designated 
critical habitat, and candidate species that may occur within the boundary of your proposed 
project and/or may be affected by your proposed project. The species list fulfills the requirements 
of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the Endangered Species Act 
(Act) of 1973, as amended (16 U.S.C. 1531 et seq.).

New information based on updated surveys, changes in the abundance and distribution of 
species, changed habitat conditions, or other factors could change this list. Please feel free to 
contact us if you need more current information or assistance regarding the potential impacts to 
federally proposed, listed, and candidate species and federally designated and proposed critical 
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the 
Act, the accuracy of this species list should be verified after 90 days. This verification can be 
completed formally or informally as desired. The Service recommends that verification be 
completed by visiting the ECOS-IPaC website at regular intervals during project planning and 
implementation for updates to species lists and information. An updated list may be requested 
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.

The purpose of the Act is to provide a means whereby threatened and endangered species and the 
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the 
Act and its implementing regulations (50 CFR 402 et seq.), Federal agencies are required to 
utilize their authorities to carry out programs for the conservation of threatened and endangered 
species and to determine whether projects may affect threatened and endangered species and/or 
designated critical habitat.

PC ORIGINAL PKG

http://www.fws.gov/carlsbad/


03/05/2021 Event Code: 08ECAR00-2021-E-01567   2

   

▪

A Biological Assessment is required for construction projects (or other undertakings having 
similar physical impacts) that are major Federal actions significantly affecting the quality of the 
human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2) 
(c)). For projects other than major construction activities, the Service suggests that a biological 
evaluation similar to a Biological Assessment be prepared to determine whether the project may 
affect listed or proposed species and/or designated or proposed critical habitat. Recommended 
contents of a Biological Assessment are described at 50 CFR 402.12.

If a Federal agency determines, based on the Biological Assessment or biological evaluation, that 
listed species and/or designated critical habitat may be affected by the proposed project, the 
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service 
recommends that candidate species, proposed species and proposed critical habitat be addressed 
within the consultation. More information on the regulations and procedures for section 7 
consultation, including the role of permit or license applicants, can be found in the "Endangered 
Species Consultation Handbook" at:

http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF

Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle 
Protection Act (16 U.S.C. 668 et seq.), and projects affecting these species may require 
development of an eagle conservation plan                                                                              
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects 
should follow the wind energy guidelines  (http://www.fws.gov/windenergy/) for minimizing 
impacts to migratory birds and bats.

Guidance for minimizing impacts to migratory birds for projects including communications 
towers (e.g., cellular, digital television, radio, and emergency broadcast)  can be found at:     
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;                  
http://www.towerkill.com; and                                                                                                 http:// 
www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.

We appreciate your concern for threatened and endangered species. The Service encourages 
Federal agencies to include conservation of threatened and endangered species into their project 
planning to further the purposes of the Act. Please include the Consultation Tracking Number in 
the header of this letter with any request for consultation or correspondence about your project 
that you submit to our office.

Attachment(s):

Official Species List
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03/05/2021 Event Code: 08ECAR00-2021-E-01567   1

   

Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the 
requirement for Federal agencies to "request of the Secretary of the Interior information whether 
any species which is listed or proposed to be listed may be present in the area of a proposed 
action".

This species list is provided by:

Carlsbad Fish And Wildlife Office
2177 Salk Avenue - Suite 250
Carlsbad, CA 92008-7385
(760) 431-9440
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Project Summary
Consultation Code: 08ECAR00-2021-SLI-0703
Event Code: 08ECAR00-2021-E-01567
Project Name: Oro Cruz
Project Type: MINING
Project Description: Mine
Project Location:

Approximate location of the project can be viewed in Google Maps: https:// 
www.google.com/maps/@32.8735665,-114.81136953158614,14z

Counties: Imperial County, California

PC ORIGINAL PKG
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1.

Endangered Species Act Species
There is a total of 1 threatened, endangered, or candidate species on this species list.

Species on this list should be considered in an effects analysis for your project and could include 
species that exist in another geographic area. For example, certain fish may appear on the species 
list because a project could affect downstream species.

IPaC does not display listed species or critical habitats under the sole jurisdiction of NOAA 
Fisheries , as USFWS does not have the authority to speak on behalf of NOAA and the 
Department of Commerce.

See the "Critical habitats" section below for those critical habitats that lie wholly or partially 
within your project area under this office's jurisdiction. Please contact the designated FWS office 
if you have questions.

NOAA Fisheries, also known as the National Marine Fisheries Service (NMFS), is an 
office of the National Oceanic and Atmospheric Administration within the Department of 
Commerce.

Reptiles
NAME STATUS

Desert Tortoise Gopherus agassizii
Population: Wherever found, except AZ south and east of Colorado R., and Mexico
There is final critical habitat for this species. The location of the critical habitat is not available.
Species profile: https://ecos.fws.gov/ecp/species/4481

Threatened

Critical habitats
THERE ARE NO CRITICAL HABITATS WITHIN YOUR PROJECT AREA UNDER THIS OFFICE'S 
JURISDICTION.

1
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BLM Special Status Animal Species by Field Office
FIELD OFFICE  SCIENTIFIC NAMECOMMON NAME FEDERAL

 STATUS
STATE 
STATUS

BLM 
STATUS

OTHER 
STATUS

Alturas 24 Species

Mammal

Myotis evotisLong-eared myotis BLMS

Martes pennanti (pacifica) DPSPacific fisher FC SC BLMS SSC

Antrozous pallidusPallid bat BLMS SSC

Myotis ciliolabrumSmall-footed myotis BLMS

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Athene cuniculariaBurrowing owl BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Centrocercus urophasianusGreater sage-grouse FC BLMS SSC

Grus canadensis tabidaGreater sandhill crane ST BLMS SF

Accipiter gentilisNorthern goshawk BLMS SSC

Buteo swainsoniSwainson's hawk ST BLMS

Agelaius tricolorTricolored blackbird BLMS SSC

Reptile

Sceloporus graciosus graciosusNorthern sagebrush lizard BLMS

Amphibian

Rana pretiosaOregon spotted frog FC BLMS

Spea hammondiiWestern spadefoot toad BLMS

Fish

Deltistes luxatusLost River sucker FE SE SF

Catostomus micropsModoc sucker FE SE SF

Entosphenus tridentatusPacific lamprey BLMS

Cottus asperrimusRough sculpin ST BLMS

Chasmistes brevirostrisShortnose sucker FE SE SF

Invertebrate

September-23-14 Page 1 of 22

Federal Status: FE = Federally Endangered, FT = Federally Threatened, FC = Federal Candidate, FP = Proposed for Federal Listing, FD = Delisted from Federal ESA; State Status: SE = State Endangered, ST = State Threatened, 
SC = State Candidate, SD = Delisted from State ESA; Other Status: EA = Bald and Golden Eagle Protection Act, SF = Fully Protected, SSC = Species of Special Concern
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Thursday, May 28, 2015 All BLM CALIFORNIA SPECIAL STATUS PLANTS 
11:00:38 AM 
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Abronia umbellata var. 
breviflora 

pink sand-verbena VASC Nyctaginaceae BLMS 1B.1 G4G5T2 S1 No 29-Apr-13 Formerly subsp. breviflora (Standl.) 
Munz. 

K 

Abronia villosa var. aurita chaparral sand-verbena VASC Nyctaginaceae BLMS 1B.1 G5T3T4 S2 No 06-Aug-13 CNDDB occurrences 2 and 91 are on 
BLM lands in the Palm Springs Field 
Office. 

S K 

Acanthomintha ilicifolia San Diego thornmint VASC Lamiaceae FT SE 1B.1 G1 S2 No 12-Mar-15 Status changed from "K" to "S" on 
8/6/2013.  Naomi Fraga was unable 
to find the species on BLM lands 
when trying to collect seeds in 2012.  
Although there are several CNDDB 
occurences close to BLM lands, none 
of these actually intersect with BLM 
lands. 

S 

Acanthoscyphus parishii 
var. goodmaniana 

Cushenberry oxytheca VASC Polygonaceae FE 1B.1 G4?T1 S1 No 06-Aug-13 Formerly Oxytheca parishii var. 
goodmaniana. Name change based 
on Reveal, J.L. 2004. Nomenclatural 
summary of Polygonaceae subfamily 
Eriogonoideae. Harvard Papers in 
Botany 9(1):144.  A draft Recovery 
Plan was issued in 1997 but as of 
8/6/2013 was not final. Some of the 
recovery actions in the draft plan 
have been started and partially 
implemented. 

K 

Acmispon argyraeus var. 
multicaulis 

scrub lotus VASC Fabaceae BLMS 1B.3 G4?T2 S2 No 13-Sep-12 Formerly Lotus argyraeus (Greene) 
Greene var. multicaulis (Ottley) 
Isely. Occurs on BLM lands in 
vicinity of Dinosaur Trackway ACEC.  
Occurrence there discovered in 2008 
acc. Jim Weigand. 

K 

Acmispon rubriflorus red-flowered lotus VASC Fabaceae BLMS 1B.1 G1 S1 No 16-Nov-10 Formerly Lotus rubriflorus H.K. 
Sharsm. 

S 
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Agave utahensis var. 
eborispina 

ivory-spined agave VASC Agavaceae BLMS 1B.3 G4T3Q S2 No 08-Dec-10 Added to list on 12/8/2010.  Species 
documented in April 2010 as part of 
CNPS Rare Plant Treasure Hunt on 
limestone outcrops in Chicago 
Canyon, Nopah Range, at a location 
where is was first discovered in 1978 
(CNDDB Occurrence No. 4).  Other 
older locations are also on BLM 
lands. 

K 

Agrostis blasdalei Blasdale's bent grass VASC Poaceae BLMS 1B.2 G2 S2 No 29-Apr-13 On Shell Island off of Sea Ranch, 
Sonoma County, part of the 
California Coastal National 
Monument (source: Jim Weigand).  
Also suspected on the Stornetta Unit 
because it is known from closeby at 
Manchester State Beach (Jim 
Weigand, 2/3/2015). 

K 

Agrostis hooveri Hoover's bent grass VASC Poaceae BLMS 1B.2 G2 S2 No 29-Apr-13 K 

Agrostis lacuna-vernalis vernal pool bent grass VASC Poaceae BLMS 1B.1 G1 S1 No 18-Sep-12 New species added as California 
Rare Plant Rank 1B.1 on 6-14-2012.  
Known only from Butterfly Valley 
and Machine Gun Flats in the Fort 
Ord National Monument and 
adjacent Army lands. 

K 

Albatrellus caeruleoporus blue-pored polypore FUNG Albatrellaceae BLMS G3? S1 No 16-Nov-10 G and S Heritage Rankings are from 
Oregon Natural Heritage 
Information Center 2007. 

S 

Albatrellus ellisii greening goat's foot FUNG Albatrellaceae BLMS G4 S2S3 No 16-Nov-10 G and S Heritage Rankings are from 
Oregon Natural Heritage 
Information Center 2007. 

S 

Albatrellus flettii blue-capped polypore FUNG Albatrellaceae BLMS None None No 16-Nov-10 S 

Allium hickmanii Hickman's onion VASC Alliaceae BLMS 1B.2 G2 S2 No 29-Apr-13 Fort Ord.  Added based on 9/9/08 
email from Bruce Delgado 

K 

Allium jepsonii Jepson's onion VASC Alliaceae BLMS 1B.2 G1 S1 No 15-Nov-10 K S 

Allium munzii Munz's onion VASC Alliaceae FE ST 1B.1 G1 S1 No 13-Sep-12 S 

Allium shevockii Spanish Needle onion VASC Alliaceae BLMS 1B.3 G2 S2 No 15-Nov-10 Southern Sierra Nevada. K K 
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Allium tuolumnense Rawhide Hill onion VASC Alliaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Ambrosia pumila San Diego ambrosia VASC Asteraceae FE 1B.1 G1 S1 No 06-Aug-13 CNDDB Occurrence 54 is based on a 
2005 collection by Salvato 
(UCR167870).  CNDDB shows BLM as 
the land owner and most of the 
mapped 2/5 mile radius circle is 
BLM.  On the basis of this 
occurrence the status was changed 
from "S" to "K" on 8/6/2013. 

K 

Amsinckia lunaris bent-flowered fiddleneck VASC Boraginaceae BLMS 1B.2 G2? S2? No 13-Sep-12 Walker Ridge/Bear Creek (Source: 
Jim Weigand).  Documented within 
the proposed right-of-way, as well 
as within the area of potential 
effect, of the AltaGas/Greenwing 
Energy proposed Walker Ridge wind 
farm (Vollmar Consulting, 2010 
Sensitive Botanical Resources Survey 
Report, Walker Ridge Project Site, 
Lake and Colusa Counties, California, 
October 2010). 

S K 

Ancistrocarphus keilii Santa Ynez groundstar VASC Asteraceace BLMS 1B.1 G1 S1 No 15-Nov-10 S 

Anisocarpus scabridus scabrid alpine tarplant VASC Asteraceae BLMS 1B.3 G2G3 S2S3 No 15-Nov-10 S 

Arabis mcdonaldiana McDonald's rock-cress VASC Brassicaceae FE SE 1B.1 G2 S2  Yes 13-Sep-12 Name change from Arabis 
macdonaldiana to Arabis 
mcdonaldiana as of March 3, 2011. 

K

Arctostaphylos bakeri 
subsp. sublaevis 

The Cedars manzanita VASC Ericaceae BLMS 1B.2 G2T2 S2 No 23-Oct-12 CNDDB occurrence 1 on BLM and 
pvt lands at The Cedars.  
Headwaters of Big Austin Creek and 
East Austin Creek. 10,000's of plants 
according to CNDDB. 

K 
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Arctostaphylos cansecens Sonoma canescent VASC Ericaceae BLMS 1B.2 G3G4T2 S2 No 31-Mar-15 Walker Ridge/Bear Creek (Source: K 
subsp. sonomensis manzanita Jim Weigand).  Documented within 

the proposed right-of-way, as well 
as within the area of potential 
effect, of the AltaGas/Greenwing 
Energy proposed Walker Ridge wind 
farm (Vollmar Consulting, 2010 
Sensitive Botanical Resources Survey 
Report, Walker Ridge Project Site, 
Lake and Colusa Counties, California, 
October 2010). 

Arctostaphylos cruzensis Arroya de La Cruz VASC Ericaceae BLMS 1B.2 G3 S3 No 31-Mar-15 S 
manzanita 

Arctostaphylos glandulosa Gabilan Mountains VASC Ericaceae BLMS 1B.2 G5T2 S2 No 13-Sep-12 Name change from Arctostaphylos S 
ssp. gabrielensis manzanita gabrielensis to Arctostaphylos 

glandulosa ssp. gabrielensis as of 
August 23, 2010 

Arctostaphylos hookeri Hooker's manzanita VASC Ericaceae BLMS 1B.2 G3T2 S2 No 31-Mar-15 K 
subsp. hookeri 

Arctostaphylos Klamath manzanita VASC Ericaceae BLMS 1B.2 G3 S3 No 31-Mar-15 S 
klamathensis 

Arctostaphylos Monterey manzanita VASC Ericaceae BLMS 1B.2 G2? S2? No 31-Mar-15 Fort Ord. K 
montereyensis 

Arctostaphylos morroensis Morro manzanita VASC Ericaceae FT 1B.1 G2 S2  Yes 13-Sep-12 K

Arctostaphylos myrtifolia Ione manzanita VASC Ericaceae FT 1B.2 G2 S2 No 13-Sep-12 K 

Arctostaphylos nissenana Nissenan manzanita VASC Ericaceae BLMS 1B.2 G1 S1 No 31-Mar-15 K 

Arctostaphylos otayensis Otay manzanita VASC Ericaceae BLMS 1B.2 G2 S2 No 31-Mar-15 K 

Arctostaphylos pajaroensis Pajaro manzanita VASC Ericaceae BLMS 1B.1 G1 S1 No 31-Mar-15 Fort Ord.  Added based on 9/9/08 K 
email from Bruce Delgado. 

Arctostaphylos pilosula Santa Margarita manzanita VASC Ericaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 

Arctostaphylos pumila sandmat manzanita VASC Ericaceae BLMS 1B.2 G1 S1 No 31-Mar-15 K 
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Arctostaphylos 
rainbowensis 

rainbow manzanita VASC Ericaceae BLMS 1B.1 G2 S2 No 31-Mar-15 CNDDB Occurrence 43 is on BLM 
lands in Riverside County.  
Occurrence 56, is based on a 2005 
collection by Woelfel and Woelfel, 
who claim it was collected on BLM 
lands in San Diego County, but 
CNDDB maps it as a 1/5 mile radius 
circle, some of which is BLM and 
some of which is private.  Some 
other occurrences are close to but 
not on BLM lands. 

K 

Arctostaphylos rudis sand mesa manzanita VASC Ericaceae BLMS 1B.2 G2 S2 No 31-Mar-15 K 

Aristocapsa insignis Indian Valley spineflower VASC Polygonaceae BLMS 1B.2 G2? S2? No 31-Mar-15 S 

Astragalus agnicidus Humboldt milk-vetch VASC Fabaceae SE BLMS 1B.1 G3 S3 No 13-Sep-12 S 

Astragalus agrestis field milk-vetch VASC Fabaceae BLMS 2.B2 G5 S2? No 31-Mar-15 This species is rather widespread 
elsewhere, so the primary value of 
this population is its disjunct 
location in CA, and maintaining the 
genetic viability of the species across 
its range. 

K K 

Astragalus albens Cushenberry milk-vetch VASC Fabaceae FE 1B.1 G1 S1 No 06-Aug-13 A draft Recovery Plan was issued in 
1997 but as of 8/6/2013 was not 
final.  Some of the recovery actions 
in the draft plan have been started 
and partially implemented. 

K 

Astragalus anxius Ash Valley milk-vetch VASC Fabaceae BLMS 1B.3 G1 S1 No In Ash Valley ACEC/RNA. K 

Astragalus argophyllus 
var. argophyllus 

silverleaf milk-vetch VASC Fabaceae BLMS 2B.2 G5T4 S1 No 31-Mar-15 K K 

Astragalus atratus var. 
mensanus 

Darwin Mesa milk-vetch VASC Fabaceae BLMS 1B.1 G4G5T1 S1 No 13-Sep-12 On Darwin Mesa. K 

Astragalus bernardinus San Bernardino Milk-Vetch VASC Fabaceae BLMS 1B.2 G2G3 S2S3 No 06-Aug-13 Currently shown in Little San 
Bernardino Mountains, Little San 
Bernardino Mountains, New York 
Mountains, and Big Horn Mountains. 
There are 33 known occurrences in 
CNDDB, 12 between 1992 and 2011. 

K K 
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Astragalus brauntonii Braunton's milk-vetch VASC Fabaceae FE 1B.1 G2 S2  Yes 13-Sep-12 S

Astragalus cimae var. inflated Cima milk-vetch VASC Fabaceae BLMS 1B.3 G3T3 S3 No 31-Mar-15 CNDDB Occurrence number 2 is on K 
sufflatus BLM lands within the new boundary 

of the Cerro Gordo/Conglomerate 
Mesa ACEC. 

Astragalus deanei Deane's milk-vetch VASC Fabaceae BLMS 1B.1 G1 S1 No 31-Mar-15 K 

Astragalus douglasii var. Jacumba milk-vetch VASC Fabaceae BLMS 1B.2 G5T2? S2? No 31-Mar-15 K 
perstrictus 

Astragalus ertterae Walker Pass milk-vetch VASC Fabaceae BLMS 1B.3 G2 S2 No K K 

Astragalus funereus black milk-vetch VASC Fabaceae BLMS 1B.2 G2 S2.2 No K 

Astragalus hornii var. Horn's milk-vetch VASC Fabaceae BLMS 1B.1 G4G5T2 S1 No 13-Sep-12 K 
hornii T3 

Astragalus jaegerianus Lane Mtn. milk-vetch VASC Fabaceae FE 1B.1 G1 S1 No 13-Sep-12 K 

Astragalus johannis- Long Valley milkvetch VASC Fabaceae SR BLMS 1B.2 G2 S2 No 31-Mar-15 K 
howellii 

Astragalus lemmonii Lemmon's milk-vetch VASC Fabaceae BLMS 1B.2 W G2 S2 No 13-Sep-12 S 

Astragalus lentiformis lens-pod milk-vetch VASC Fabaceae BLMS 1B.2 G2 S2 No K 

Astragalus lentiginosus Coachella Valley milk- VASC Fabaceae FE 1B.2 G5T1 S1 No 31-Mar-15 K 
var. coachellae vetch 

Astragalus lentiginosus Fish Slough milk-vetch VASC Fabaceae FT 1B.1 G5T1 S1  Yes 13-Sep-12 K
var. piscinensis 

Astragalus magdalenae Peirson's milk-vetch VASC Fabaceae FT SE 1B.2 G3G4T2 S2 No 13-Sep-12 K 
var. peirsonii 

Astragalus mojavensis var. curved-pod milkvetch VASC Fabaceae BLMS 1B.1 G3G4T2 S1 No 15-Nov-10 Formerly on List 1A.  Rediscovered K 
hemigyrus T3 on Darwin Mesa by Dana York in 

2001 and verified in 2009. 

Astragalus monoensis Mono milk-vetch VASC Fabaceae SR BLMS 1B.2 G2 S2 No 31-Mar-15 Was A. monoensis var. monoensis K 
until the former A. m. var. ravenii 
was elevated to its own species (A. 
ravenii Barneby). 
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Astragalus nyensis Nye milk-vetch VASC Fabaceae BLMS 1B.1 G3 S1 No 18-Sep-12 CNDDB mapped 19 specific 
occurrences of this species found 
during surveys for a private solar 
development project in 2011.  
Specific occurrence number 2 is 
mapped on BLM lands (occurrence 
rating poor, only 1 plant found).  
Although the records in RareFind for 
occurrences 9 and 13 state that 

K 

those occurrences occupy both 
private and BLM lands, both 
occurrences are mapped only on 
private lands. 

Astragalus oocarpus San Diego rattleweed VASC Fabaceae BLMS 1B.2 G3 S3 No 31-Mar-15 K 

Astragalus oophorus var. 
lavinii 

Lavin's milk-vetch VASC Fabaceae BLMS 1B.2 G4T2 S1 No 15-Nov-10 Bodie Hills. K 

Astragalus pachypus var. 
jaegeri 

Jaeger's bush milk-vetch VASC Fabaceae BLMS 1B.1 G4T1 S1 No 30-Jul-13 CNDDB Occurrence 43, in Riverside 
County, is nonspecific, mapped in a 
1 mile radius circle that includes 

S 

BLM, State, and private lands; it is 
based on old (1880 and 1881) 
collections.  Nonspecific Occurrence 
6, also in Riverside County, has some 
BLM lands mapped inside a 1 mile 
radius circle, but most lands in the 
circle are private. 

Astragalus pseudiodanthus Tonopah milk-vetch VASC Fabaceae BLMS 1B.2 G3Q S2 No 31-Mar-15 K 

Astragalus pulsiferae var. Pulsifer's milk-vetch VASC Fabaceae BLMS 1B.2 W G4T2 S2 in No K 
pulsiferae CA; 

S1 in 
NV 
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Astragalus pulsiferae var. 
suksdorfii 

Suksdorf's milk-vetch VASC Fabaceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 Occurrences formerly attributed to 
this species in the northern part of 
its range (formerly K in Alturas and 
Eagle Lake) are now A. pulsiferae 
var. coronensis [Welsh, S.L., R. 
Ondricek, and G. Clifton 2002.  
Varieties of Astragalus pulsiferae 
(Leguminosae). Rhodora 
104:271-279]. Suspected in the 
Eagle Lake Field Office on conifer 
sites near Lake Almanor. 

S 

Astragalus pycnostachyus 
var. pycnostachyus 

coastal marsh milk-vetch VASC Fabaceae BLMS 1B.2 G2T2 S2 No 28-Apr-15 K 

Astragalus rattanii var. 
jepsonianus 

Jepson's milk-vetch VASC Fabaceae BLMS 1B.2 G4T3 S3 No 13-Sep-12 Documented within the proposed 
right-of-way of the 
AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Vollmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010). 

S K 

Astragalus shevockii Shevock's milk-vetch VASC Fabaceae BLMS 1B.3 G3 S3 No 28-Apr-15 K 

Astragalus tener var. 
ferrisiae 

Ferris's milk-vetch VASC Fabaceae BLMS 1B.1 G1T1 S1 No 13-Sep-12 S 

Astragalus tiehmii Tiehm's milk-vetch VASC Fabaceae BLMS W G3 S2 No 28-Apr-15 Entire distribution of this plant is on 
public lands administered by the 
Surprise FO.  Nevada only. 

K 

Astragalus tricarinatus triple-ribbed milk-vetch VASC Fabaceae FE 1B.2 G1 S1 No 13-Sep-12 K 

Astragalus webberi Webber's milk-vetch VASC Fabaceae BLMS 1B.2 G1 S1 No S 
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Atriplex argentea var. 
longitrichoma 

Pahrump orache VASC Chenopodiaceae BLMS 1B.1 G5T2 S2 No 03-Oct-11 The only two occurrences in CA are 
mapped by CNDDB on BLM lands in 
CA near the NV border. The 
occurrences are based on a 1983 
collection by Mary DeDecker and on 
a 1991 collection by Stutz.  Added to 
BLM SS plant list on 10/3/2011.  Not 
sure why this species had not 
previously been on our list.  

K 

Atriplex cordulata var. 
cordulata 

heart-leaved saltbush VASC Chenopodiaceae BLMS 1B.2 G3T2 S2 No 28-Apr-15 Occurrence number 82 in the 
CNDDB is on BLM lands in the 
Carrizo Plain.  Other occurrences in 
the San Joaquin Valley are 
proximate to BLM lands. 

K 

Atriplex cordulata var. 
erecticaulis 

Earlimart orache VASC Chenopodaceae BLMS 1B.2 G3T1 S1 No 28-Apr-15 Formerly A. erecticaluis Stutz, Chu & 
Sanderson. 

S 

Atriplex coronata var. 
notatior 

San Jacinto Valley 
crownscale 

VASC Chenopodiaceae FE 1B.1 G4T1 S1 No 26-Aug-09 This plant had been considered K for 
many years but review of CNDDB on 
8-26-09 shows no occurrences on 
BLM lands. 

S 

Atriplex coronata var. 
vallicola 

Lost Hills crownscale VASC Chenopodiaceae BLMS 1B.2 G4T2 S2 No 15-Nov-10 Formerly A. vallicola Hoover. K 

Atriplex subtilis subtle orache VASC Chenopodaceae BLMS 1B.2 G1 S1 No 28-Apr-15 S 

Baccharis vanessae Encinitas coyotebrush VASC Asteraceae FT SE 1B.1 G1 S1 No 06-Aug-13 CNDDB Occurrence 30 is on BLM 
lands--11 plants observed in 2000 on 
south side of Otay Mountains in 
wilderness. 

K 

Balsamorhiza lanata woolly balsamroot VASC Asteraceae BLMS 1B.2 G3 S3 No 13-Sep-12 Elevated to B. lanata from B. hookeri 
Nutt. var. lanata Sharp. 

K 
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Balsamorhiza macrolepis big-scale balsamroot VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 Formerly B. macrolepis Sharp var. 
macrolepis. Jepson Manual 2nd 
edition submerges B. m. var. 
platylepis (Sharp) Ferris, which was 
the only variety, into B. hookeri 
Nutt. Documented in the Ukiah 
Field Office within the proposed 
right-of-way of the 
AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Vollmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010). 

K K K 

Balsamorhiza sericea silky balsamroot VASC Asteraceae BLMS 1B.3 G4Q S3 No 28-Apr-15 S 

Berberis harrisoniana Kofa Mountain barberry VASC Berberidaceae BLMS 1B.2 G1G2 S1 No 28-Apr-15 In Whipple Wash K 

Berberis nevinii Nevin's barberry VASC Berberidaceae FE SE 1B.1 G1 S1 No 13-Sep-12 Formerly Mahonia nevinii (Gray) 
Fedde 

K 

Bloomeria clevelandii San Diego goldenstar VASC Themidaceae BLMS 1B.1 G2 S2 No 06-Aug-13 Formerly Muilla clevelandii (S. 
Watson) Hoover. See discussion at: 
http://www.efloras.org/florataxon.a 
spx?flora_id=1&taxon_id=121293. 
CNDDB specific Occurrence 19 is on 
both BLM and private lands. 
Occurrence 41 appears to be 
partially on BLM lands as well. 
Status changed from "S" to "K" on 
8/6/2013. 

K 

Boechera bodiensis Bodie Hills rock cress VASC Brassicaceae BLMS 1B.3 G2 S2 No 15-Nov-10 Formerly Arabis bodiensis Roll. K 

Boechera lincolnensis Lincoln rock cress VASC Brassicaeae BLMS 2B.3 G4? S2 No 28-Apr-15 Formerly Arabis pulchra S. Watson 
var. munciensis M.E. Jones. On 
Darwin Mesa. Formerly known as 
Darwin rock cress. 

K 

Boechera serpenticola Serpentine Rockcress VASC Brassicaceae BLMS 1B.2 G1 S1 No 13-Sep-12 CNDDB maps nonspecific areas 
immediately adjacent to BLM lands 
near summit of Bully Choop 
Mountain.  North-facing slopes on 
serpentine talus. 

S 
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Boletus haematinus red-pored bolete FUNG Boletaceae BLMS G2G3 S2?  Yes 28-Apr-15 S

Brodiaea filifolia thread-leaved brodiaea VASC Themidaceae FT SE 1B.1 G1 S1 No 06-Aug-13 CNDDB specific Occurrence 25 is 
partly on BLM lands. Status changed 
from "S" to "K" on 8/6/2013. 

K 

Brodiaea insignis Kaweah brodiaea VASC Themidaceae SE BLMS 1B.2 G1 S1 No 13-Sep-12 S 

Brodiaea orcuttii Orcutt's brodiaea VASC Themidaceae BLMS 1B.1 G2 S2 No 28-Apr-15 K 

Brodiaea rosea Indian Valley brodiaea VASC Themidaceae SE BLMS 1B.1 G2 S2 No 28-Apr-15 Formerly Brodiaea coronaria 
(Salisb.) Engler subsp. rosea 
(Greene) Niehaus. Jepson Manual 
2nd edition elevates to species. 

S K 

Bryoria pseudocapillaris horsehair lichen LICH Parmeliaceae BLMS 3.2 G3 S2 No 28-Apr-15 K 

Bryoria spiralifera twisted horsehair lichen LICH Parmeliaceae BLMS 1B.1 G3 S1S2 No 26-Jan-15 Added to CDFW/CNPS list on 
2/1/2010.  Previously already on list 
as BLMS. 

K 

Bryoria tortuosa yellow-twist horsehair LICH Parmeliaceae BLMS G5 S2 No 28-Apr-15 S5 in OR; S3 in WA. K K 

Buxbaumia viridis green bug moss BRYO Buxbaumiaceae BLMS 2.2 G4G5 S2 No 03-Jun-13 K S 

California macrophylla round-leaved filaree VASC Geraniaceae BLMS 1B.1 G2 S2 No 28-May-15 Nine CNDDB occurrences on the 
Payne Ranch, Colusa and Lake 
counties, Ukiah Field Office.  CNDDB 
Occurrence 67 is on BLM lands in 
Riverside County, within the Palm 
Springs Field Office.  Documented 
occurrences on BLM lands in the 
Carrizo Plain and on BLM lands in 
Hollister. 

K K K K 

Calochortus clavatus var. 
avius 

Pleasant Valley mariposa 
lily 

VASC Liliaceae BLMS 1B.2 G4T2 S2 No 13-Sep-12 S 

Calochortus clavatus var. 
gracilis 

slender mariposa lily VASC Liliaceae BLMS 1B.2 G4T2T3 S2S3 No 28-Apr-15 The large polgon for nonspecific 
CNDDB Occurrence 18 in Los 
Angeles County overlaps some BLM 
lands and other occurrences are 
close to BLM lands in Los Angeles 
County. 

S 
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Calochortus dunnii Dunn's mariposa VASC Liliaceae SR BLMS 1B.2 G2? S2? No 28-Apr-15 K 

Calochortus excavatus Inyo mariposa VASC Liliaceae BLMS 1B.1 G2 S2 No 13-Sep-12 K 

Calochortus fimbriatus late-flowered mariposa lily VASC Liliaceae BLMS 1B.3 G3 S3 No 28-Apr-15 CNDDB Occurrence 41 on the Los S 
Padres National Forest is within 
800m of BLM lands in Ventura 
County.  Added to the CNPS/CDFG 
lists as RPR 1B.3 on 10-26-2012. 

Calochortus greenei Greene's mariposa VASC Liliaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 

Calochortus longebarbatus long-haired star-tulip VASC Liliaceae BLMS 1B.2 G4T3 S3 No S S 
var. longebarbatus 

Calochortus monanthus Shasta River mariposa VASC Liliaceae BLMS 1A GH SH No S 

Calochortus obispoensis San Luis mariposa lily VASC Liliaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Calochortus palmeri var. Palmer's mariposa lily VASC Liliaceae BLMS 1B.2 G3T3? s3? No 28-Apr-15 CNDDB occurrence number 66 is K K 
palmeri located on Ridgecrest Field Office 

parcels.  CNDDB occurrence 18 and 
20 are located on scattered  
Bakersfield Field Office parcels. 

Calochortus persistens Siskiyou mariposa lily VASC Liliaceae FC SR BLMS 1B.2 G1 S1 No 28-Apr-15 S 

Calochortus raichei The Cedars fairy-lantern VASC Liliaceae BLMS 1B.2 G2 S2 No 23-Oct-12 CNDDB occurences 4 and 8 are K 
definitely on BLM land at The 
Cedars; occurrence 7 is mapped as 
occurring partly on BLM land but 
RareFind account says it occurs on 
private land. 

Calochortus simulans San Luis Obispo mariposa VASC Liliaceae BLMS 1B.3 G2 S2 No 28-Apr-15 S 
lily 

Calochortus striatus alkali mariposa lily VASC Liliaceae BLMS 1B.2 G3 S3 No 28-Apr-15 K S K 

Calochortus westonii Shirley Meadows star-tulip VASC Liliaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Calycadenia hooveri Hoover's calycadenia VASC Asteraceae BLMS 1B.3 G3 S3 No 28-Apr-15 S 

Calycadenia micrantha small-flowered calycadenia VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 
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Calycadenia villosa dwarf calycadenia VASC Asteraceae BLMS 1B.1 G3 S3 No 28-Apr-15 S 

Calyptridium parryi var. 
hesseae 

Santa Cruz Mountains 
pussypaws 

VASC Montiaceae BLMS 1B.1 G3G4T2 S2 No 27-Jun-13 The Jepson Manual 2nd edition 
retains the genus Calyptridium as 
well as the combination C. parryi 
var. hesseae. Flora North America 

K 

moves Calyptridium to Cistanthe and 
reduces this var. to a synonym of 
Cistanthe parryi. There are two 
collections by C. Matt Guilliams and 
Michael G. Simpson 
(SDSU17444/17445) on BLM near 
Big and Little Spanish Lakes in Clear 
Creek Rec. Area. There is another 
collection by Griffin (JEPS77709) on 
BLM in N. Clear Creek Canyon.  None 
of these yet mapped in CNDDB (as 
of 6/27/2013). 

Calyptridium pulchellum Mariposa pussypaws VASC Montiaceae FT 1B.1 G1 S1 No 15-Nov-10 This is the treatment in the Jepson 
Manual 2nd edition.  Flora North 

S 

America puts this species into the 
genus Cistanthe. 

Calystegia collina subsp. 
tridactylosa 

three-fingered morning-
glory 

VASC Convolvulaceae BLMS 1B.2 G4T1 S1 No 22-Nov-10 Known to occur on BLM Toney Creek 
holding, Eden Valley.  Documented 
in the Ukiah Field Office within the 

K K 

proposed right-of-way, as well as 
within the area of potential effect, 
of the AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Vollmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010). 

Calystegia purpurata coastal bluff morning-glory VASC Convolvulaceae BLMS 1B.2 G4T2T3 S2S3 No 26-Feb-15 Known form the Stornetta Unit, per K 
subsp. saxicola the following collections: 

CAS263828, 1937, and RSA7999419, 
2013. 
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Calystegia stebbinsii Stebbins' morning glory VASC Convolvulaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 K

Calystegia vanzuukiae Van Zuuk's morning-glory VASC Convolvulaceae BLMS 1B.3 G2Q S2 No 20-Jan-15 First described by Brummitt, R.K. 
and S.M. Namoff. 2013. Calystegia 
vanzuukiae (Convolvulaceae), a 
remarkable new species from 
Central California. Aliso 31(1): 15-18.  
Added as 1B.3 on July 16, 2014.  On 
serpentine and gabbro soils in the 
Sierra Nevada foothills of Placer and 
El Dorado counties. On BLM lands 
according to Graciela Hinshaw 
(email dated June 11, 2014). 

K 

Camissonia benitensis San Benito evening-
primrose 

VASC Onagraceae FT 1B.1 G2 S2  Yes 13-Sep-12 K

Camissonia integrifolia Kern River evening-
primrose 

VASC Onagraceae BLMS 1B.3 G2 S2 No 13-Sep-12 S 

Camissoniopsis 
hardhamiae 

Hardham's evening-
primrose 

VASC Onagraceae BLMS 1B.2 G1Q S1 No 17-Mar-15 Formerly Camissonia hardhamiae 
P.H. Raven. Slightly less than half of 
CNDDB specific occurrence 8 is 
mapped on BLM lands. Occurrence 
record reports lands as private, but 
this likely the result of not knowing 
where boundary with BLM was.  
Record from 4/10/1987. 

K S 

Campanula californica swamp harebell VASC Campanulaceae BLMS 1B.2 G3 S3 No 26-Feb-15 Known form the Stornetta Unit, per 
the following collection: 
SBBG124996, 1967. 

K 

Campanula exigua chaparral harebell VASC Campanulaceae BLMS 1B.2 G2 S2 No 28-Apr-15 CNDDB maps a nonspecific 
occurrence based on two Griffin 
collections along Clear Creek Rd; 
also a collection in the area by C. & 
P. McMillan (JEPS3010) has not yet 
been mapped by CNDDB (as of 
6-27-2013). 

K 

Campanula sharsmithiae Sharsmith's harebell VASC Campanulaceae BLMS 1B.2 G1 S1 No S 

Campanula shetleri Castle Crags harebell VASC Campanulaceae BLMS 1B.3 G2 S2 No 28-Apr-15 S 
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Carex klamathensis Klamath sedge VASC Cyperaceae BLMS 1B.2 G2 S2 No 15-Nov-10 CNDDB maps (Occurrence 3) within 
1/2 mile of BLM lands in Tehama Co.  
BLM lands appear to have same 
serpentine substrate as Occurrence 
3 in CNDDB. 

S 

Carex obispoensis San Luis Obispo sedge VASC Cyperaceae BLMS 1B.2 G2G3 S2S3 No 28-Apr-15 K 

Carex saliniformis deceiving sedge VASC Cyperaceae BLMS 1B.2 G2 S2 No 17-Mar-15 Known from Alder Creek near 
Stornetta Unit, according to Jim 
Weigand (2/3/2015). 

S 

Carlquistia muirii Muir's raillardella VASC Asteraceae BLMS 1B.3 G2 S2 No 28-Apr-15 Formerly Raillardiopsis muirii (Gray) 
Rydb. 

K K 

Carpenteria californica tree-anemone VASC Hydrangeaceae ST BLMS 1B.2 G1? S1? No 28-Apr-15 S 

Castilleja ambigua subsp. 
humboldtiensis 

Humboldt Bay owl's-clover VASC Orobanchaceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 K 

Castilleja ambigua subsp. 
Insalutata 

pink Johnny-nip VASC Orobanchaceae BLMS 1B.1 G4T1 S1 No 26-Jan-15 Added to CDFW/CNPS list as 1B.1 on 
3/1/2010.  Occurrence Number 13 
(nonspecific 4/5 mile) is on Fort Ord 
in vicinity of Henneken Flats, "Mima 
Mound Area."  The mapped circle 
spans BLM and Army lands (the 
latter of which may be transferred 
to BLM in the future). 

S 

Castilleja campestris 
subsp. succulenta 

succulent owl's clover VASC Orobanchaceae FT SE 1B.2 G4?T2 S2 No 28-Apr-15 Formerly designated as "K" in the 
Hollister FO (see Occurrence #35 in 
the CNDDB), but this is a holdover 
from the time the Hollister FO 
managed some of the public lands 
now in the Bakersfield FO. 

K 

Castilleja densiflora subsp. 
obispoensis 

Obispo Indian paintbrush VASC Orobanchaceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 S 

Castilleja gleasoni Mt. Gleason Indian 
paintbrush 

VASC Orobanchaceae SR BLMS 1B.2 G2 S2 No 28-Apr-15 Name change from Castilleja 
gleasonii to Castilleja gleasoni as of 
March 3, 2011. 

S 
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Castilleja mendocinensis Mendocino Coast 
paintbrush 

VASC Orobanchaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Now known from the Stornetta Unit, 
as well as CCNM rocks at 
Mendocino.  Stornetta collection: 
SBBG21322, 1964. Info from Jim 
Weigand, 2/3/2015. 

S K 

Castilleja rubicundula 
subsp. rubicundula 

pink creamsacs VASC Orobanchaceae BLMS 1B.2 G5T2 S2 No 13-Sep-12 On BLM lands in Bear Creek 
Watershed acc to 12/10/08 email 
from Jim Weigand.  Documented 
within the proposed right-of-way, as 
well as within the area of potential 
effect, of the AltaGas/Greenwing 
Energy proposed Walker Ridge wind 
farm (Vollmar Consulting, 2010 
Sensitive Botanical Resources Survey 
Report, Walker Ridge Project Site, 
Lake and Colusa Counties, California, 
October 2010).  

S K 

Caulanthus californicus California jewelflower VASC Brassicaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 K K

Caulanthus lemmonii Lemmon's jewelflower VASC Brassicaceae BLMS 1B.2 G3 S3 No 28-Apr-15 Formerly C. coulteri Wats. var. 
lemmonii (Wats.) Munz. 

K 

Ceanothus confusus Rincon Ridge ceanothus VASC Rhamnaceae BLMS 1B.1 G1 S1 No 28-Apr-15 S 

Ceanothus cyaneus Lakeside ceanothus VASC Rhamnaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Ceanothus divergens Calistoga ceanothus VASC Rhamnaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Ceanothus ferrisiae coyote ceanothus VASC Rhamnaceae FE 1B.1 G2 S2  Yes 13-Sep-12 S

Ceanothus hearstiorum Hearst's ceanothus VASC Rhamnaceae SR BLMS 1B.2 G1 S1 No S 
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Ceanothus otayensis Otay Mountain ceanothus VASC Rhamnaceae BLMS 1B.2 G1 S1 No 30-Jul-13 CNDDB Occurrence 4 is clearly on 
BLM lands on the south slope of 
Otay Mountain, based on a 2001 
field survey form from Julie Evens. 
Nonspecific Occurrence 1, on the 
northeast face of Otay Mountain, 
has its entire mapped 1-mile radius 
circle on BLM lands, as does the 
nonspecific 2/5 mile radius circle of 
Occurrence 2. 

K 

Ceanothus roderickii Pine Hill ceanothus VASC Rhamnaceae FE SR 1B.2 G1 S1  Yes 13-Sep-12 K

Centromadia parryi subsp. 
congdonii 

Congdon's tarplant VASC Asteraceae BLMS 1B.1 G3T2 S2 No 28-Apr-15 Formerly Hemizonia parryi Greene 
subsp. congdonii (Rob. & Greenm.) 
Keck; Fort Ord.  Rare Plant Rank 
changed from 1B.2 to 1B.1 by 
CNPS/CDFW on 11-5-2012. 

K 

Centromadia parryi subsp. 
parryi 

pappose tarplant VASC Asteraceae BLMS 1B.2 G3T1 S1 No 28-Apr-15 Formerly Hemizonia parryi Greene. 
Known in Bear Creek watershed acc. 
12/10/2008 email from Jim 
Weigand. 

K 

Chaenactis glabriuscula 
var. orcuttiana 

Orcutt's pincushion VASC Asteraceae BLMS 1B.1 G5T1 S1 No 18-Sep-12 CNDDB historic, nonspecific 
occurrence 12 on land slated for 
wind energy.  There are BLM lands 
inside the 1 mile radius circle, but 
most of the lands inside the circle 
are private. 

S 

Chaenactis suffrutescens Shasta chaenactis VASC Asteraceae BLMS 1B.3 G3 S3 No K 

Chamaesyce hooveri Hoover's spurge VASC Euphorbiaceae FT 1B.2 G2 S2  Yes 13-Sep-12 Formerly Chamaesyce hooveri 
(Wheeler) Koutnik. 

S

Chlorogalum grandiflorum Red Hills soaproot VASC Agavaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 

Chlorogalum 
pomeridianum var. minus 

dwarf soaproot VASC Agavaceae BLMS 1B.2 G5T2 S2 No 13-Sep-12 K K 

Chlorogalum purpureum 
var. purpureum 

purple amole VASC Agavaceae FT 1B.1 G2T2 S2 No 13-Sep-12 Critical Habitat, known habitat in 
Bakersfield Field Office (Mineral 
Estate). 

S S 
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Chloropyron maritimum 
subsp. palustre 

Pt. Reyes birds-beak VASC Orobanchaceae BLMS 1B.2 G4?T2 S2 No 28-Apr-15 Name change from Cordylanthus 
maritimus subsp. palustris to 
Chloropyron maritimum subsp. 
palustre as of March 3, 2011. 

K 

Chloropyron molle subsp. 
hispidum 

hispid bird's-beak VASC Orobanchaceae BLMS 1B.1 G2T2 S2 No 28-Apr-15 Name change from Cordylanthus 
mollis subsp. hispidus to Chloropyron 
molle subsp. hispidum as of March 3, 
2011. 

S S 

Chloropyron tecopense Tecopa bird's-beak VASC Orobanchaceae BLMS 1B.2 G2 S1 No 03-Oct-11 Name change from Cordylanthus 
tecopensis to Chloropyron tecopense 
as of March 3, 2011. 

K 

Choiromyces venosus hypogeous truffle FUNG Tuberaceae BLMS G4G5 S1 No 28-Apr-15 Also S1 in OR. K 

Chorizanthe biloba var. 
immemora 

Hernandez spineflower VASC Polygonaceae BLMS 1B.2 G3T1? S1? No 13-Sep-12 Near mouth of Clear Creek. K 

Chorizanthe breweri Brewer's spineflower VASC Polygonaceae BLMS 1B.3 G2 S2 No 28-Apr-15 S 

Chorizanthe parryi var. 
parryi 

Parry's spineflower VASC Polygonaceae BLMS 1B.1 G3T3 S3 No 28-Apr-15 Occurrences 74 and 79 in CNDDB 
defintely on BLM lands; Occurrence 
43 may be on BLM lands. 

K 

Chorizanthe polygonoides 
var. longispina 

long-spined spineflower VASC Polygonaceae BLMS 1B.2 G5T3 S3 No 18-Sep-12 Specific CNDDB occurrences on BLM 
lands in Palm Springs, nonspecific 
CNDDB occurrence number 133 in El 
Centro includes BLM lands slated for 
renewable energy within the 1 mile 
radius mapped circle. 

S K 

Chorizanthe pungens var. 
pungens 

Monterey spineflower VASC Polygonaceae FT 1B.2 G2T2 S2  Yes 13-Sep-12 K

Chorizanthe rectispina straight-awned 
spineflower 

VASC Polygonaceae BLMS 1B.3 G1 S1 No K K 

Chorizanthe robusta var. 
robusta 

robust spineflower VASC Polygonaceae FE 1B.1 G2T1 S1  Yes 15-Nov-10 S
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Chorizanthe xanti var. white-bracted spineflower VASC Polygonaceae BLMS 1B.2 G4T3 S3 No 28-Apr-15 CNDDB nonspecific Occurrence 33 S K 
leucotheca near Old Woman Springs has BLM 

lands within the mapped 1-mile 
radius circle in the Barstow Field 
Office.  Several specific and 
nonspecific occurrences are on BLM 
lands in the Palm Springs Field Office 
in and near Whitewater Canyon. 

Cirsium ciliolatum Ashland thistle VASC Asteraceae SE BLMS 2B.1 G3 S1 No 28-Apr-15 S 

Cirsium crassicaule slough thistle VASC Asteraceae BLMS 1B.1 G2 S2 No 28-Apr-15 S 

Cirsium fontinale var. Mt. Hamilton thistle VASC Asteraceae BLMS 1B.2 G2T2 S2 No 13-Sep-12 S 
campylon 

Cirsium fontinale var. Chorro Creek bog thistle VASC Asteraceae FE SE 1B.2 G2T2 S2  Yes 13-Sep-12 S
obispoense 

Cirsium occidentale  var. Cuesta Ridge thistle VASC Asteraceae BLMS 1B.2 G3G4T2 S2 No 13-Sep-12 CNDDB maps about a mile from BLM S 
lucianum lands near Santa Margarita Lake.  

Cirsium rhothophilum surf thistle VASC Asteraceae ST BLMS 1B.2 G1 S1 No 13-Sep-12 On BLM lands at the Point Sal ACEC. K 

Cirsium scariosum  var. La Graciosa thistle VASC Asteraceae FE ST 1B.1 G5T1 S1 No 13-Sep-12 Critical Habitat, potential habitat in S 
loncholepis the Bakersfield Field Office (Mineral 

Estate). Name change from Cirsium 
loncholepis to Cirsium scariosum var. 
loncholepis as of March 3, 2011. 

Clarkia australis small southern clarkia VASC Onagraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Clarkia biloba subsp. Mariposa clarkia VASC Onagraceae BLMS 1B.2 G4G5T2 S2S3 No 28-Apr-15 K 
australis T3 

Clarkia biloba subsp. Brandegee's clarkia VASC Onagraceae BLMS 1B.2 G4G5T4 S2S3 No 28-Apr-15 K K 
brandegeae 

Clarkia borealis subsp. Shasta clarkia VASC Onagraceae BLMS 1B.1 G3T2 S2 No 18-Apr-13 K 
arida 

Clarkia borealis subsp. northern clarkia VASC Onagraceae BLMS 1B.3 G3T3 S3 No 28-Apr-15 S 
borealis 
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Clarkia delicata delicate clarkia VASC Onagraceae BLMS 1B.2 G3 S3 No 28-Apr-15 Collections by Mark Elvin 3365 (UC 
Irvine IRVC27200), April 24, 2004, 
and Jon P. Rebman et al. 8824 (UC 
Irvince IRVC27254), May 4, 2003, 
are both on BLM lands on Otay 
Mountain.  Nonspecific CNDDB 
Occurrence 12 has some BLM lands 
within the mapped 1-mile radius 
circle. 

K 

Clarkia gracilis subsp. 
albicaulis 

white-stemmed clarkia VASC Onagraceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 K 

Clarkia mildrediae subsp. 
mildrediae 

Mildred's clarkia VASC Onagraceae BLMS 1B.3 G3T3 S3 No 13-Sep-12 S 

Clarkia mosquinii Mosquin's clarkia VASC Onagraceae BLMS 1B.1 G2 S2 No 15-Nov-10 Formerly Clarkia mosquinii subsp. 
mosquinii and C. m. subsp. xerophila. 

K 

Clarkia rostrata beaked clarkia VASC Onagraceae BLMS 1B.3 G3 S3 No 28-Apr-15 K 

Clarkia springvillensis Springville clarkia VASC Onagraceae FT SE 1B.2 G2 S2 No 13-Sep-12 S 

Clarkia tembloriensis 
subsp. calientensis 

Vasek's clarkia VASC Onagraceae BLMS 1B.1 G3T1 S1 No 18-Apr-13 S 

Clavariadelphus ligula strap coral FUNG Gomphaceae BLMS None None No 16-Nov-10 S 

Clavulina castanopes var. 
lignicola 

'hairy-stemmed coral' FUNG Clavulinaceae BLMS None None No 16-Nov-10 S 

Clinopodium chandleri San Miguel savory VASC Lamiaceae BLMS 1B.2 G2 S2 No 30-Jul-13 CNDDB occurrences 1, 2, and 3 are 
all on BLM lands north of Otay 
Mountain.  Entire 1-mile radius 
circle of Occurrence 23 is on BLM 
lands on Otay Mountain. 

K 

Clitocybe subditopoda 'little brown mushroom' FUNG Tricholomataceae BLMS G3G4 S1S3 No 28-Apr-15 K 

Collinsia antonina San Antonio collinsia VASC Plantaginaceae BLMS 1B.2 G1 S1 No 18-Apr-13 S 
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Comarostaphylis 
diversifolia subsp. 
diversifolia 

summer holly VASC Rhamnaceae BLMS 1B.2 G3T2 S2 No 30-Jul-13 CNDDB Occurrences 10, 83, and 88 
are on BLM lands in the Otay 
Mountain area. Collection 
SD191122 by Jonathon K. Snapp-
Cook and others, April 28, 2006, is 
on BLM lands on the west side of 
Otay Mountain. 

K 

Cordyceps ophioglossoides truffle eater FUNG Clavicipitaceae BLMS G3G4 S3S4 No 28-Apr-15 S 

Cordylanthus nidularius Mt. Diablo bird's-beak VASC Orobanchaceae SR BLMS 1B.1 G1 S1 No 18-Apr-13 S 

Cordylanthus rigidus 
subsp. littoralis 

seaside bird's-beak VASC Orobanchaceae SE BLMS 1B.1 G5T2 S2 No 13-Sep-12 K K 

Cordylanthus tenuis subsp. 
pallescens 

pallid bird's-beak VASC Orobanchaceae BLMS 1B.2 G4G5T1 S1 No 13-Sep-12 S 

Croton wigginsii Wiggins' croton VASC Euphorbiaceae SR BLMS 2B.2 G2G3 S2 No 28-Apr-15 K 

Cryptantha clokeyi Clokey's cryptantha VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 SE Red Mt. S 

Cryptantha crinita silky cryptantha VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Cryptantha dissita serpentine cryptantha VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Suspected to occur at Eden Valley, 
Arcata Field Office. Name change 
from Cryptantha clevelandii var. 
dissita to Cryptantha dissita as of 
March 3, 2011.   Species found on 
Walker Ridge (Ukiah Field Office) as 
part of rare plant inventory for 
proposed wind energy development. 
Re-ranked from rare plant rank 1B.1 
to 1B.2 on 10-25-2012. 

S K 

Cryptantha excavata deep-scarred cryptantha VASC Boraginaceae BLMS 1B.3 G1 S1 No 28-Apr-15 Known from Walker Ridge/Bear 
Creek acc. Jim Weigand.  Old, 
nonspecific CNDDB occurrences 
mapped near BLM lands in Colusa 
County. 

K 

Cryptantha ganderi Gander's cryptantha VASC Boraginaceae BLMS 1B.1 G1G2 S1 No 13-Sep-12 S 

Page 21 PC ORIGINAL PKG



 

   

 

 

 
 

  
 

 

  

  

 

 
 

  

 
  

  

 

  

SCIENTIFIC NAME COMMON NAME 

TYPE 
OF 

PLANT FAMILY 

FED STATU
S

CA STATU
S

BLM
 STATU

S

CA RARE PLAN
T RAN

K

N
N

PS STATU
S

GLO
BAL RAN

K

STATE RAN
K

N
V STATU

S 

R
E
C

O
V
E
R

Y
 P

L
A
N

?
 

DATE 
UPDATED COMMENTS 

ALTU
RAS

ARCATA

BAKERSFIELD

BARSTO
W

BISHO
P

EAGLE LAKE

EL CEN
TRO

HO
LLISTER

M
O

THER LO
DE

N
EEDLES

PALM
 SPRIN

GS

REDDIN
G

RIDGECREST

SU
RPRISE

U
KIAH 

Cryptantha mariposae Mariposa cryptantha VASC Boraginaceae BLMS 1B.3 G3 S3 No 28-Apr-15 Two collections by Vern Yadon, one 
in Clear Creek at 3307 ft elevation 
and the other at Santa Rita Peak, 
just below east side.  CNDDB doesn't 
yet show these occurrences (as of 
6/27/2013) but this is because they 
didn't know about them at last 
update (pers. comm. Nick Jensen, 
May 2009).  This is a significant 
range extension.  The Yadon 
collections were still not mapped in 
CDDB as of 4/28/2015. 

K K 

Cryptantha roosiorum bristlecone cryptantha VASC Boraginaceae SR BLMS 1B.2 G2 S2 No 18-Apr-13 S K 

Cryptantha schoolcraftii Schoolcraft's cryptantha VASC Boraginaceae BLMS 2B.2 W G3 S1 
(CA); 
S3 
(NV) 

No 28-Apr-15 Common name "ash cryptantha" 
used in Jepson Manual 2nd edition.  
Nevada Heritage Program uses 
"Schoolcraft catseye." 

K 

Cusickiella quadricostata Bodie Hills cusickiella VASC Brassicaceae BLMS 1B.2 G3 S2 No 28-Apr-15 K 

Cylindropuntia fosbergii pink teddy-bear cholla VASC Cactaceae BLMS 1B.3 G2 S2 No 18-Sep-12 Treated as a hybrid, C. xfosbergii in 
the Jepson Manual, Second Edition, 
but based on a recent paper by 
Mayer et al. (Madrono 58: 106-112), 
CDFG and CNPS have elevated to 
specific level and assigned a 
California Rare Plant Rank of 1.3 (on 
5-7-2012).  Several occurrencs on 
BLM lands in the Monument Peak 
Quadrangle. 

K 

Cylindropuntia munzii Munz cholla VASC Cactaceae BLMS 1B.3 G3 S1 No 18-Apr-13 Formerly Opuntia munzii C.B. Wolf. K K 

Cymopterus deserticola desert cymopterus VASC Apiaceae BLMS 1B.2 G2 S2 No 13-Sep-12 East of Cuddeback Lake and north of 
Edwards AFB. 

K K 

Cymopterus ripleyi var. 
saniculoides 

Ripley's cymopterus VASC Apiaceae BLMS 1B.2 G3G4T3 
Q 

S1 No 18-Apr-13 NE Haiwee Reservoir. K 

Cypripedium fasciculatum clustered lady's slipper VASC Orchidaceae BLMS 4.2 G4 S4 No 28-Apr-15 K 

Cypripedium montanum mountain lady's slipper VASC Orchidaceae BLMS 4.2 G4 S4 No 28-Apr-15 K 
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Dalea ornata ornate dalea VASC Fabaceae BLMS 2B.1 G4G5 S2 No 28-Apr-15 Only six closely associated 
occurrences are known of this plant 
in CA,  and they are disjunct from 
the others in western NV.  Known 
from the Snake and Columbia valleys 
in E. WA, OR, and SW ID.  
Occurrences in CA are grazed and 
subject to invasion form 
medusahead and cheatgrass. 

K 

Dedeckera eurekensis July gold VASC Polygonaceae SR BLMS 1B.3 G3 S3 No 28-Apr-15 K K 

Deinandra arida Red Rock tarplant VASC Asteraceae BLMS 1B.2 G1 S1 No 18-Apr-13 Formerly Hemizonia arida Keck. 
Known to occur in Red Rock State 
Park. 

S 

Deinandra conjugens Otay tarplant VASC Asteraceae FT SE 1B.1 G1 S1  Yes 13-Sep-12 Formerly Hemizonia conjugens Keck. 
Review of CNDDB does not show 
any occurences on BLM land, though 
some are close. 

S

Deinandra floribunda Tecate tarplant VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Hemizonia floribunda A. 
Gray. 

K 

Deinandra halliana Hall's tarplant VASC Asteraceae BLMS 1B.1 G2 S2 No 13-Sep-12 Formerly Hemizonia halliana Keck. S K 

Deinandra increscens 
subsp. villosa 

Gaviota tarplant VASC Asteraceae FE SE 1B.1 G4G5T2 S2 No 13-Sep-12 Formerly Hemizonia increscens Keck 
subsp. villosa Tanowitz.  Proposed 
Critical Habitat, mineral estate. 

S 

Deinandra minthornii Santa Suzana tarplant VASC Asteraceae SR BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Hemizonia minthornii Jeps. S 
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Deinandra mohavensis Mojave tarplant VASC Asteraceae SE BLMS 1B.3 G2G3 S2S3 No 30-Jul-13 Formerly Hemizonia mohavensis 
Keck. Already K for Ridgecrest and S 
for the Barstow Field Office.  Added 
as S for the Bakersfield Field Office 
and K for the Palm Springs Field 
Office on 7/30/2013.  CNDDB 
occurrences 34, 66, and 67 are 
entirely on BLM lands in the 
Ridgecrest Field Office, inside the 
DRECP planning area, but outside 
DFAs under any alternative.  
Occurrence 68 is non-specific; a 
small part of the mapped 1/5 mi 
radius circle has BLM lands and is 
outside of DFAs under any 
alternative.   Occurrences 69 and 33 
are in the Bakersfield Field Office, 
outside of the DRECP boundary; 
both are nonspecific occurrences 
with some BLM land inside 
polygons, but the species may not 
actually occur on BLM lands. 
Occurrence 15 in the Palm Springs 
Field Office is on BLM lands in San 
Diego County.  Occurrences 56 and 
64 are both nonspecific occurrences 
in Palm Springs with some BLM land 
inside polygons. Occurrence 1 is a 
nonspecific, 1-mile radius 
occurrence; the circle straddles the 
DRECP boundary and a small part of 
the circle is on BLM lands in Barstow 
(within DRECP boundary); the rest is 
military, Forest Service, and private. 

S S K K 

Delphinium hesperium 
subsp. cuyamaceae 

Cuyamaca larkspur VASC Ranunculaceae SR BLMS 1B.2 G4T2 S2 No 28-Apr-15 S 

Delphinium parryi subsp. 
blochmaniae 

dune larkspur VASC Ranunculaceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 S 
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Delphinium purpusii Kern County Larkspur VASC Ranunculaceae BLMS 1B.3 G2 S2 No 13-Sep-12 Known only from rocky areas in Kern 
and Tulare counties with 15-20 
occurrences known.  Very localized 
with several occurrences on road 
cuts. 

K 

Delphinium recurvatum recurved larkspur VASC Ranunculaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K K 

Delphinium umbraculorum umbrella larkspur VASC Ranunculaceae BLMS 1B.3 G3 S3 No 28-Apr-15 S 

Dendriscocaulon 
intricatulum 

northern moon shrub LICH Lobariaceae BLMS G3G4Q S1 No 28-Apr-15 S K 

Dendrocollybia racemosa no common name FUNG Tricholomataceae BLMS G4 None No 16-Nov-10 Formerly Collybia racemosa (Pers.) 
Quélet. 

K S 

Dermocybe humboldtensis 'little green mushroom' FUNG Cortinariaceae BLMS G1G2 S1? No 28-Apr-15 K 

Dieteria asteroides var. 
lagunensis 

Mount Laguna aster VASC Asteraceae SR BLMS 2B.1 G5T2T3 
Q 

S1 No 28-Apr-15 Formerly Machaeranthera 
asteroides (Torr.) Greene var. 
lagunensis (Keck) Turner. 

K 

Dithyrea maritima beach spectaclepod VASC Brassicaceae ST BLMS 1B.1 G2 S1 No 28-Apr-15 Removed from the "S" list for the 
Palm Springs Field Office on 
8/6/2013 because no known 
occurrences are near BLM lands.  
Still considered "S" for the 
Bakersfield Field Office based on 
CNDDB nonspecific Occurrence 29, 
the mapped 3/5 mile radius circle of 
which includes BLM lands at Point 
Sal. 

S 

Dodecahema leptoceras slender-horned 
spineflower 

VASC Polygonaceae FE SE 1B.1 G1 S1 No Formerly Centrostegia leptoceras 
Gray. 

K 

Dudleya abramsii subsp. 
murina 

mouse-gray dudleya VASC Crassulaceae BLMS 1B.3 G3T2 S2 No 28-Apr-15 S 

Dudleya multicaulis many-stemmed dudleya VASC Crassulaceae BLMS 1B.2 G2 S2 No 06-Aug-13 Status changed from "K" to "S" on 
8/6/2013.  Although nonspecific 
CNDDB Occurrence 9 has BLM lands 
within it (as well as private lands), 
the observers cite the lands as 
private. 

S 

Page 25 PC ORIGINAL PKG



TYPE 

OF
 

SCIENTIFIC NAME COMMON NAME PLANT FAMILY 

R
E
C

O
V
E
R

Y
 P

L
A
N

?
 

N
V STATU

S 

STATE RAN
K

GLO
BAL RAN

K

N
N

PS STATU
S

CA RARE PLAN
T RAN

K

BLM
 STATU

S

CA STATU
S

FED STATU
S

DATE 
UPDATED COMMENTS U

KIAH 

SU
RPRISE

RIDGECREST

REDDIN
G

PALM
 SPRIN

GS

N
EEDLES

M
O

THER LO
DE

HO
LLISTER

EL CEN
TRO

EAGLE LAKE

BISHO
P

BARSTO
W

BAKERSFIELD

ARCATA

ALTU
RAS

Dudleya saxosa subsp. Panamint dudleya VASC Crassulaceae BLMS 1B.3 G4T3 S3 No 13-Sep-12 Panamint Mts: on BLM lands in K 
saxosa Surprise Canyon--see 2005 Surprise 

Canyon ADEIS. 

Dudleya variegata variegated dudleya VASC Crassulaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Echinocereus engelmannii Howe's hedgehog cactus VASC Cactaceae BLMS 1B.1 G5T1 S1 No 18-Apr-13 E. e. var. howei not recognized in K 
var. howei Jepson Manual 1st or 2nd edition or 

in Flora North America.  It is 
recognized in the USDA Plants 
database.  Original description is in 
the Cactus and Succulent Journal 
46:80 (1974). 

Enceliopsis covillei Panamint daisy VASC Asteraceae BLMS 1B.2 G2? S2? No 28-Apr-15 Panamint Mts. K 

Entoloma nitidum 'indigo entoloma' FUNG Entolomataceae BLMS G5 S1S3 No 28-Apr-15 K 

Epilobium oreganum Oregon fireweed VASC Onagraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Epilobium siskiyouense Siskiyou fireweed VASC Onagraceae BLMS 1B.3 G3 S3 No 28-Apr-15 S 

Eremalche kernensis Kern mallow VASC Malvaceae FE 1B.1 G3?T2Q S2  Yes 18-Apr-13 K

Eriastrum brandegeeae Brandegee's eriastrum VASC Polemoniaceae BLMS 1B.1 G1Q S1 No 18-Apr-13 Reranked from California Rare Plant K K 
Rank 1B.2 to 1B.1 on 8-23-2012. 

Eriastrum densifolium Santa Ana River woolystar VASC Polemoniaceae FE SE 1B.1 G4T1 S1 No 13-Sep-12 K 
subsp. sanctorum 

Eriastrum harwoodii Harwood's eriastrum VASC Polemoniaceae BLMS 1B.2 G2 S2 No 28-Apr-15 CNDDB maps at least 3 occurrences K K 
on BLM lands in the Needles Field 
Office. Several new occurrences 
added in 2009 and 2010 as a result 
of solar power plant surveys and 
CNPS Rare Plant Treasure Hunt. 

Eriastrum luteum yellow-flowered eriastrum VASC Polemoniaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Ericameria fasciculata Eastwood's goldenbush VASC Asteraceae BLMS 1B.1 G2 S2 No 28-Apr-15 K 

Ericameria gilmanii Gilman's goldenbush VASC Asteraceae BLMS 1B.3 G1 S1 No 13-Sep-12 Owens Peak. S 

Ericameria palmeri var. Palmer's goldernbush VASC Asteraceae BLMS 1B.1 G4T2T3 S1 No 15-Nov-10 Moved from CNPS list 2.2 to 1B.1 on S 
palmeri 8/12/09.  CNDDB Occurrence 2, 

anon-specific 1-mile radius circle, 
includes BLM lands within it. 
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Erigeron aequifolius Hall's daisy VASC Asteraceae BLMS 1B.3 G3 S3 No 28-Apr-15 S. Sierra. K 

Erigeron blochmaniae Blochman's leafy daisy VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Erigeron calvus bald daisy VASC Asteraceae BLMS 1B.1 G1Q S1 No 18-Apr-13 This occurrence is based on a single 
collection by Olmstead in 1891.  It is 
mapped as a best guess “just north 
of Swansea,” and has a 1-mile radius 
circle to indicate a nonspecific 
occurrence.  Most of the lands 
within that circle are BLM lands, so 
we should at least have the species 
on our list as suspected to occur. 
Although the Rarefind report states 
that there are taxonomic questions 
(and the Global Natureserve rank of 
G1Q also indicates this), the species 
is included in both Jepson Manual 2 
and the Flora of North America. 

S 

Erigeron multiceps Kern River daisy VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Erigeron parishii Parish's daisy VASC Asteraceae FT 1B.1 G2 S2 No 06-Aug-13 A draft Recovery Plan was issued in 
1997 but as of 8/6/2013 was not 
final.  Some of the recovery actions 
in the draft plan have been started 
and partially implemented. Until 
8/6/2013 this was considered "K" in 
the Palm Springs Field Office, but a 
review of CNDDB records shows that 
although there are many 
occurrences within the boundaries 
of the Palm Springs Field Office, 
none of these are near BLM lands. 

K 

Erigeron serpentinus serpentine daisy VASC Asteraceae BLMS 1B.3 G2 S2 No 23-Oct-12 CNDDB Occurrence 3 is on BLM land 
at The Cedars. 

K 

Erigeron supplex supple daisy VASC Asteraceae BLMS 1B.2 G2 S2 No 17-Mar-15 Old records from the Garcia River 
just east of the Stornetta Unit, 
according to Jim Weigand 
(2/3/2015). 

S 
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Erigeron uncialis var. limestone daisy VASC Asteraceae BLMS 1B.2 G3G4T2 S2 No 31-Mar-15 On private land within the new S 
uncialis boundary of the Cerro 

Gordo/Conglomerate Mesa ACEC 

Eriodictyon altissimum Indian Knob mountainbalm VASC Boraginaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 S

Eriogonum alexanderae Alexander's buckwheat VASC Polygonaceae BLMS 1B.1 G2G3 S1 No 07-Jul-12 Name changed from Eriogonum S 
ochrocephalum var. alexanderae to 
Eriogonum alexanderae and rare 
plant rank changed from Rank 2.2 to 
1B.1 on 11/29/2011.  Located in 
Mono County on Bodie Mountain.  
Likely on BLM lands there. 

Eriogonum apricum var. Ione buckwheat VASC Polygonaceae FE SE 1B.1 G1T1 S1 No 13-Sep-12 K 
apricum 

Eriogonum bifurcatum forked buckwheat VASC Polygonaceae BLMS 1B.2 G3 S3 No 18-Apr-13 K 

Eriogonum cedrorum The Cedars buckwheat VASC Polygonaceae BLMS 1B.3 G1 S1 No 23-Oct-12 Specific CNDDB Occurrence 1 is K 
mapped on BLM land at The Cedars. 

Eriogonum contiguum Reveal's buckwheat VASC Polygonaceae BLMS 2B.3 G2 S2 No 28-Apr-15 CNDDB Occurrences 14, 15, and 18 K 
are on BLM lands. 

Eriogonum crosbyae Crosby's buckwheat VASC Polygonaceae BLMS W G3 S3 No S3 in NV.  This plant is threatened by K 
gold mining activity on the Nevada 
portion of the Surprise Field Office.  
82% of this plants' total numbers are 
within the mining claim area.  A few 
populations also occur in Oregon. 

Eriogonum eremicola Wildrose Canyon VASC Polygonaceae BLMS 1B.3 G1 S1 No 13-Sep-12 S K 
buckwheat 

Eriogonum hoffmannii var. Hoffmann's buckwheat VASC Polygonaceae BLMS 1B.3 G3T2 S2 No 28-Apr-15 Panamint Mts.; Found in Surprise K 
hoffmannii Canyon on BLM lands--see 2005 

ADEIS. 

Eriogonum kelloggii Red Mountain buckwheat VASC Polygonaceae SE BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly a Federal candidate for K 
listing.  Removed from candidate 
list,  Federal Register 29: 56029, 
September 18, 2014. 

Eriogonum kennedyi var. Kern buckwheat VASC Polygonaceae BLMS 1B.1 G4T1 S1 No 18-Apr-13 S K 
pinicola 
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Eriogonum mensicola Pinyon Mesa buckwheat VASC Polygonaceae BLMS 1B.3 G2G3 S2 No 31-Mar-15 CNDDB occurrences 6 and 8 on BLM, 
perhaps within the boundary of the 
new Cerro Gordo/Conglomerate 
Mesa ACEC (the occurrences 
straddle the boundary).  Other 
occurrences on Death Valley NP, 
China Lake NWS. 

K 

Eriogonum microthecum 
var. panamintense 

Panamint Mountains 
buckwheat 

VASC Polygonaceae BLMS 1B.3 G5T3 S3 No 28-Apr-15 CNDDB occurrence number 7 is 
within the boundary of the new 
Cerro Gordo/Conglomerate Mesa 
ACEC.  Other occurrences on BLM 
lands in the Ridgecrest and Bishop 
Field Offices. 

K K 

Eriogonum microthecum 
var. schoolcraftii 

Schoolcraft's wild 
buckwheat 

VASC Polygonaceae BLMS 1B.2 W G5T3 in 
CA; 
G5T2 in 
NV 

S3 
(CA); 
S1 
(NV) 

No 28-Apr-15 Taxon described by: Reveal, J. L. 
2004. New entities in Eriogonum 
(Polygonaceae: Eriogonoideae).  
Phytologia 86(3):121-159. 

K S 

Eriogonum nervulosum Snow Mtn. buckwheat VASC Polygonaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Eriogonum nudum var. 
murinum 

mouse buckwheat VASC Polygonaceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 K K 

Eriogonum ovalifolium var. 
vineum 

Cushenberry buckwheat VASC Polygonaceae FE 1B.1 G5T1 S1 No 06-Aug-13 A draft Recovery Plan was issued in 
1997 but as of 8/6/2013 was not 
final.  Some of the recovery actions 
in the draft plan have been started 
and partially implemented. 

K 

Eriogonum prociduum prostrate buckwheat VASC Polygonaceae BLMS 1B.2 W G3 S3 
(CA); 
S1 
(NV) 

No 28-Apr-15 Found in the Ash Valley RNA/ACEC. K K 

Eriogonum temblorense Temblor buckwheat VASC Polygonaceae BLMS 1B.2 G2 S2.2 No Known only from eastern Monterey 
Co., eastern San Luis Obispo Co., and 
western Kern Co.  Within the 
Bakersfield Field Office it occurs on 
shaly/barren soils in the Temblor 
Range and Elkhorn Plain.  This 
habitat type appears to by very 
scattered and limited. 

K 

Eriogonum thornei Thorne's buckwheat VASC Polygonaceae SE BLMS 1B.2 G1 S1 No 13-Sep-12 Formerly E. ericifolium var. thornei, 
now elevated to species. 

K 
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Eriogonum umbellatum 
var. ahartii 

Ahart's buckwheat VASC Polygonaceae BLMS 1B.2 G5T2 S2 No 03-Oct-11 Currently shown in 5 locations close 
to BLM lands. Rarefind shows that 
locations are near West Branch of 
Feather River, De Sabla, South of 
Paradise Lake, and near Magalia 
Reservoir on scattered parcels. 

S 

Eriogonum umbellatum 
var. glaberrimum 

green buckwheat VASC Polygonaceae BLMS 1B.3 G5T2? S2 No 18-Apr-13 S S 

Eriogonum ursinum var. 
erubescens 

blushing wild buckwheat VASC Polygonaceae BLMS 1B.3 G3G4T2 S2 No 28-Apr-15 CNDDB maps very close to BLM 
lands, especially Occurrence 1. 

S 

Eriophyllum mohavense Barstow woolly-sunflower VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 K K 

Erysimum ammophilum coast wallflower VASC Brassicaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Erysimum concinnum bluff wallflower VASC Brassicaceae BLMS 1B.2 G3 S3 No 26-Feb-15 Added to list as 1B.2 on 12/3/2012. 
Originally proposed to be added as 
4.2, but final decision 1B.2 based on 
comments from field botanists. 
Substantial population on the north 
end of the King Range acc. Jennifer 
Wheeler. Biosystematic study of this 
plant and closely related congeners 
is currently underway. 

K 

Erysimum menziesii Menzies' wallflower VASC Brassicaceae FE SE 1B.1 G1 S1 No 28-Apr-15 Formerly Erysimum menziesii 
(Hook.) Wettst. subsp. eurekense R. 
Price, but that combination, along 
with the two other subspecies that 
were formerly recognized by CNPS 
and CDFW, was never validly 
published.  All three subspecies, 
including subsp. eurekense, are now 
submerged into E. menziesii in the 
Jepson Manual II and by 
CNPS/CDFW per decision on 
12-11-2012.  The common name for 
the invalid combination, E. m. subsp. 
eurekense, Humboldt Bay 
wallflower, has also been dropped in 
favor of Menzies' wallflower. 

K 
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Erythranthe calcicola limestone monkeyflower VASC Phrymaceae BLMS 1B.3 G2 S2 No 25-Jun-13 This species was newly described in 
2012 by Naomi Fraga and added to 
RPR 1B.3 on on 6/24/2013.  There 
are three occurrences on BLM lands 
in the Ridgecrest Field Office, 
according to Naomi. 

K 

Erythranthe rhodopetra Red Rock Canyon 
monkeyflower 

VASC Phrymaceae BLMS 1B.1 G1 S1 No 30-Oct-13 This species was newly described in 
2012 by Naomi Fraga.  The 
discussion in the CNPS Rare Plant 
Forum 
(http://cnps.org/forums/showthrea 
d.php?t=1792) states that there are 
2 (and possibly 3) occurrences on 
BLM lands in CA in the El Paso Mts 
of the Ridgecrest FO. More recent 
occurrences are all in Red Rock SP.  
Added to CDFW/CNPS list as 1B.1 on 
Jul 8, 2013.  As of 10/30/2013 not 
yet mapped in CNDDB. 

K 

Erythronium citrinum var. 
roderickii 

Scott Mtn. fawn lily VASC Liliaceae BLMS 1B.3 G4T3 S3 No 15-Nov-10 S 

Erythronium tuolumnense Tuolumne fawn-lily VASC Liliaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Eschscholzia minutiflora 
subsp. twisselmannii 

Red Rock poppy VASC Papaveraceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 El Paso Mts. K 

Eschscholzia rhombipetala diamond-petaled 
California poppy 

VASC Papaveraceae BLMS 1B.1 G1 S1 No 18-Apr-13 S 

Etriplex joaquinana San Joaquin spearscale VASC Chenopodiaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Found by Craig Thomsen and Ellen 
Dean in Bear Creek Unit (Payne 
Ranch).  Formerly Atriplex 
joaquinana A. Nelson. 

K 

Page 31 PC ORIGINAL PKG



 

   

 

 
 

 

 

 

 
 

 

    
 

 
   

 

 

 
 

 

 

  

TYPE FED STATU
S

CA STATU
S

BLM
 STATU

S

CA RARE PL

N
N

PS STATU
S

GLO N
V STATU

S 

R
E
C

O
V
E
R

Y
 P

L
A
N

?
 

BA EL CEN
TRO

M
O

THER 

PALM
 SPRIN

GS

RI

OF 

STATE DATE A A

KER

BA

EAGLE

HO N RE

DG SU

SCIENTIFIC NAME COMMON NAME PLANT FAMILY 

AN
T RAN

K

BAL RAN
K

 RAN
K

UPDATED COMMENTS 

LTU
RAS

RCATA

SFIELD

RSTO
W

BISHO
P

 LAKE

LLISTER

LO
DE

EEDLES

DDIN
G

ECREST

RPRISE

U
KIAH 

Euphorbia jaegeri Orocopia Mountains 
spurge 

VASC Euphorbiaceae BLMS 1B.1 G1 S1 No 30-Jul-13 Newly described in 2012 (Aliso 30: 
1-4).  There are only four known 
occurrences.  CNDDB Occurrence 2 

K S 

(Marble Mountains) and 
occurrences 3 and 4 (Bristol 
Mountains) are all on BLM lands in 
the Needles Field Office.  
Occurrence 4 is within the 
boundaries of a proposed wind 
farm.  Occurrence 1, the type 
locality, is in the Orocopia 
Mountains (Palm Springs Field 
Office), where the nonspecific 
mapped 2/5 mile radius circle has 
both BLM and private lands within it.   
Added to the CNPS/CDFW lists on 
1-17-2013. 

Euphorbia ocellata subsp. Stony Creek spurge VASC Euphorbiaceae BLMS 1B.2 G4T1T2 S1S2 No 13-Sep-12 Formerly Chamaesyce ocellata (Dur. K 
rattanii & Hilg.) Millsp. subsp. rattanii (S. 

Watson) Koutnik. 

Euphorbia platysperma flat-seeded spurge VASC Euphorbiaceae BLMS 1B.2 G3 S1 No 28-Apr-15 Formerly Chamaesyce platysperma 
(Engelm.) Shinners. Until 8/6/2013 
was considered "S" in Palm Springs, 
but a review of the CNDDB reveals 

S S 

no occurrences close to BLM lands in 
that Field Office.  Still considered "S" 
in El Centro and added as "S" (on 
8/6/2013) to Barstow based on the 
mapped polygon for CNDDB 
nonspecific Occurrence 3, which has 
BLM lands (as well as private lands) 
within it.  Nonspecific Occurrence 4 
in El Centro has BLM lands within 
the mapped 1-mile radius circle. 

Fremontodendron 
decumbens 

Pine Hill flannelbush VASC Malvaceae FE SR 1B.2 G1 S1  Yes 13-Sep-12 K

Fremontodendron 
mexicanum 

Mexican flannelbush VASC Malvaceae FE SR 1B.1 G1 S1 No 13-Sep-12 K K 

Fritillaria falcata talus fritillary VASC Liliaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 
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Fritillaria gentneri Gentner's fritillaria VASC Liliaceae FE 1B.1 G1 S1  Yes 13-Sep-12 K

Fritillaria ojaiensis Ojai fritillary VASC Liliaceae BLMS 1B.2 G2 S2 No 13-Sep-12 S 

Fritillaria pluriflora adobe-lily VASC Liliaceae BLMS 1B.2 G3 S3 No 22-Nov-10 Documented in the Ukiah Field S K 
Office within the proposed right-of-
way of the AltaGas/Greenwing 
Energy proposed Walker Ridge wind 
farm (Vollmar Consulting, 2010 
Sensitive Botanical Resources Survey 
Report, Walker Ridge Project Site, 
Lake and Colusa Counties, California, 
October 2010).  Also occurs 
elsewhere in the Ukiah Field Office. 

Fritillaria striata striped adobe-lily VASC Liliaceae ST BLMS 1B.1 G2 S2 No 13-Sep-12 S 

Fritillaria viridea San Benito fritillary VASC Liliaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Galium angustifolium Onyx peak bedstraw VASC Rubiaceae BLMS 1B.3 G5T3 S3 No 28-Apr-15 K 
subsp. onycense 

Galium californicum subsp. Alvin Meadow bedstraw VASC Rubiaceae BLMS 1B.2 G5T1Q S1 No 13-Sep-12 S 
primum 

Galium californicum subsp. El Dorado bedstraw VASC Rubiaceae FE SR 1B.2 G5T1 S1  Yes 13-Sep-12 K
sierrae 

Galium glabrescens subsp. Modoc bedstraw VASC Rubiaceae BLMS 1B.2 G4T3 S3 No 18-Apr-13 S K 
modocense 

Galium grande San Gabriel bedstraw VASC Rubiaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Galium hardhamiae Hardham's bedstraw VASC Rubiaceae BLMS 1B.3 G3 S3 No 28-Apr-15 K 

Galium hilendiae subsp. Kingston bedstraw VASC Rubiaceae BLMS 1B.3 G4T2 S2 No 18-Apr-13 K K 
kingstonense 

Galium serpenticum subsp. Scott Mtn. bedstraw VASC Rubiaceae BLMS 1B.2 G4G5T2 S2.2 No K 
scotticum 

Galium serpenticum subsp. Warner Mtns. bedstraw VASC Rubiaceae BLMS 1B.2 G4G5T2 S2 No 18-Apr-13 S S 
warnerense 

Gentiana setigera Mendocino gentian VASC Gentianaceae BLMS 1B.2 G2 S1 No K 
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Gilia capitata subsp. 
pacifica 

Pacific gilia VASC Polemoniaceae BLMS 1B.2 G5T3T4 S2 No 17-Mar-15 To be suspected on the Stornetta 
Unit according to Jim Weigand 
(2/3/2015). 

S 

Gilia millefoliata dark-eyed gilia VASC Polemoniaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Gilia tenuiflora subsp. 
arenaria 

sand gilia VASC Polemoniaceae FE ST 1B.2 G3G4T2 S2  Yes K

Glossopetalon pungens pungent glossopetalon VASC Crossosomataceae BLMS 1B.2 G2G3 S1 No 18-Apr-13 K 

Gratiola heterosepala Boggs Lake hedge-hyssop VASC Plantaginaceae SE BLMS 1B.2 G2 S2 No This is a vernal pool plant.  Can be 
found in man-made reservoirs. 

K K K K K 

Grindelia fraxinipratensis Ash Meadows gum-plant VASC Asteraceae FT 1B.2 G2 S1 CE  Yes 13-Sep-12 K

Grindelia hallii San Diego gumplant VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Although CNDDB occurrence 13 is 
nonspecific, the record states that 
the species was found on BLM lands. 

K 

Gymnopilus punctifolius 'blue-green gymnopilus' FUNG Cortinariaceae BLMS G3G4 S2? No 16-Nov-10 K 

Harmonia doris-nilesiae Niles's harmonia VASC Asteraceae BLMS 1B.1 G2 S2 No 28-Apr-15 Formerly Madia doris-nilesiae T.W. 
Nelson & J.P. Nelson. 

S 

Harmonia hallii Hall's harmonia VASC Asteraceae BLMS 1B.2 G2 S2? No 13-Sep-12 Formerly Madia hallii Keck. 
Documented in the Ukiah Field 
Office within the proposed right-of-
way, as well as within the area of 
potential effect, of the 
AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Vollmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010).  Also elsewhere in the Ukiah 
Field Office. 

K 

Harmonia stebbinsii Stebbins's harmonia VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Madia stebbinsii T.W. 
Nelson & J.P. Nelson. 

K 

Helianthella castanea Diablo rock-rose VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 S 
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Helianthus niveus subsp. 
tephrodes 

Algodones Dunes 
sunflower 

VASC Asteraceae SE BLMS 1B.2 G4T2T3 S2 No 28-Apr-15 K 

Helianthus winteri Winter's sunflower VASC Asteraceae BLMS 1B.2 G1G2 S1S2 No 20-Jan-15 First described by Stebbins, J.C., C.J. 
Winchell, and J.V.H. Constable. 

K 

2013. Helianthus winteri 
(Asteraceae), a new perennial 
species from the southern Sierra 
Nevada foothills, California. Aliso 31: 
19-24. Added to CDFW/CNPS list on 
10/15/2014.  Occurrence Number 2 
(80m accuracy) is within 200m of 
isolated BLM 40-acre parcel 
centered at 
approximately -119.253672 
36.592978 Decimal Degrees (NAD 
83, UTM Zone 11N) 

Hesperevax sparsiflora short-leaved evax VASC Asteraceae BLMS 1B.2 G4T2T3 S2S3 No 17-Mar-15 On BLM at Mattole Beach (in great K K 
subsp. brevifolia numbers acc. Jennifer Wheeler) and 

at Samoa. 

Hesperidanthus jaegeri Jaeger's hesperidanthus VASC Brassicaceae BLMS 1B.2 G2 S2 No 31-Mar-15 Formerly Caulostramina jaegeri . 
CNDDB Occurrence number 4 is 

S K 

definitely on BLM lands within the 
boundary of the new Cerro 
Gordo/Congolmerate Mesa ACEC.  
Occurrence number 2 is likely on 
BLM lands with the ACEC.  
Occurrence number 6, Keynot Peak 
near head of Keynot Canyon is on 
BLM lands but not clear whether in 
the Bishop or Ridgecrest Field Office 
(occurrence as mapped straddles 
the border between the two field 
offices). 

Hesperidanthus jaegeri Jaeger's hesperidanthus VASC Brassicaceae BLMS 1B.2 G2 S2 No 03-Jun-13 Formerly Caulostramina jaegeri 
(Roll.) Roll. 

S K 
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Hesperocyparis forbesii Tecate cypress VASC Cupressaceae BLMS 1B.1 G2 S2 No 03-Jun-13 Formerly  Cupressus forbesii. The 
taxon was then moved to 
Callitropsis forbesii by Little (2006) 
Syst. Bot. 31(3):461-480.  The Jepson 
Manual second edition uses 
Hesperocyparis forbesii in 
accordance with Adams et al. 2009.  
A new genus, Hesperocyparis, for 
the cypresses of the western 
hemisphere (Cupressaceae).  
Phytologia 91: 160-185. 

K 

Hesperocyparis nevadensis Piute cypress VASC Cupressaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Cupressus nevadensis. The 
taxon was then moved to 
Callitropsis nevadensis by Little 
(2006) Syst. Bot. 31(3):461-480.  The 
Jepson Manual second edition uses 
Hesperocyparis nevadensis in 
accordance with Adams et al. 2009.  
A new genus, Hesperocyparis, for 
the cypresses of the western 
hemisphere (Cupressaceae).  
Phytologia 91: 160-185. 

K 

Hesperolinon 
adenophyllum 

glandular western flax VASC Linaceae BLMS 1B.2 G3 S3 No 28-Apr-15 K 

Hesperolinon breweri Brewer's dwarf flax VASC Linaceae BLMS 1B.2 G2 S2 No 13-Sep-12 S 

Hesperolinon 
didymocarpum 

Lake County dwarf flax VASC Linaceae SE BLMS 1B.2 G1 S1 No 13-Sep-12 S 

Hesperolinon drymarioides drymaria-like western flax VASC Linaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Documented in the Ukiah Field 
Office within the proposed right-of-
way, as well as within the area of 
potential effect, of the 
AltaGas/Greenwing Energy 
proposed Walker Ridge wind farm 
(Volmar Consulting, 2010 Sensitive 
Botanical Resources Survey Report, 
Walker Ridge Project Site, Lake and 
Colusa Counties, California, October 
2010). 
Also occurs elsewhere in the Ukiah 
Field Office. 

K 
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Hesperolinon sharsmithiae Sharsmith's western flax VASC Linaceae BLMS 1B.2 G2Q S2 No 28-Mar-13 CNDDB Occurrence 53 is currently 
mapped by CNDDB as H. tehamense 
but CNPS/ CDFW now consider that 
occurrence to be H. sharsmithiae 
(http://cnps.org/forums/showthrea 
d.php?t=1723 
&highlight=Hesperolinon+sharsmithi 
ae). H. sharsmithiae was added to 
the CNPS and CDFW lists on 
12-14-2012. 

K 

Hesperolinon tehamense Tehama County western 
flax 

VASC Linaceae BLMS 1B.3 G2 S2 No 28-Mar-13 Added K for Ukiah on 3-28-2013 
(was previously K for Redding only).  
CNDDB occurrences 18, 20, and 40 
are all on BLM lands in the Ukiah FO. 
CNDDB Occurrence 53 is also 
currently mapped on BLM lands, but 
this occurrence is now considered by 
CNPS/CDFW to represent H. 
sharsmithiae 
(http://cnps.org/forums/showthrea 
d.php?t=1723 
&highlight=Hesperolinon+sharsmithi 
ae). 

K K 

Heterodermia leucomelos ciliate strap-lichen LICH Physciaceae BLMS G4 None No 16-Nov-10 K 

Heterotheca shevockii Shevock's golden-aster VASC Asteraceae BLMS 1B.3 G2 S2 No 03-Jun-13 S 

Heuchera brevistaminea Laguna Mountains 
alumroot 

VASC Saxifragaceae BLMS 1B.3 G3 S3 No 28-Apr-15 CNDDB Occurrence 5 is located on 
BLM lands. 

K 

Horkelia bolanderi Bolander's horkelia VASC Rosaceae BLMS 1B.2 G1 S1 No 03-Jun-13 Very non-specific occurrence, 
CNDDB occurrence 9, encompasses 
BLM lands.  Vollmar (Vollmar 
Consulting, 2010 Sensitive Botanical 
Resources Survey Report, Walker 
Ridge Project Site, Lake and Colusa 
Counties, California, October 2010) 
reported that suitable habitat is 
present on BLM lands. 

S 

Horkelia hendersonii Henderson's horkelia VASC Rosaceae BLMS 1B.1 G1G2 S1 No 28-Apr-15 S 

Horkelia parryi Parry's horkelia VASC Rosaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 
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Horkelia tenuiloba thin-lobed horkelia VASC Rosaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Suspected to occur on BLM lands on S 
and near Willis Ridge, acc. Jennifer 
Wheeler. 

Hosackia crassifolia var. Otay Mountain lotus VASC Fabaceae BLMS 1B.1 G5T1 S1 No 06-Aug-13 CNDDB occurrences 1, 2, and 3 are K 
otayensis all on BLM lands on Otay Mountain. 

Hulsea californica San Diego sunflower VASC Asteraceae BLMS 1B.3 G2 S2 No 28-Apr-15 CNDDB occurrences 2 and 24 are K S 
located on BLM lands in the El 
Centro Field Office portion of San 
Diego County.  Occurrences 10, 14, 
22, 23, 26 are non-specific CNDDB 
occurrences that are located next to 
BLM lands in the El Centro Field 
Office part of San Diego County.   
Nonspecific Occurrence 29 in the 
Palm Springs Field Office portion of 
San Diego County has some BLM 
lands within the mapped 1-mile 
radius circle. 

Hydropus marginellus 'little brown mushroom' FUNG Tricholomataceae BLMS G3 S1S2 No 16-Nov-10 K 

Iris hartwegii subsp. Tuolumne iris VASC Iridaceae BLMS 1B.2 G4T1 S2 No 28-Apr-15 K 
columbiana 

Iris munzii Munz's iris VASC Iridaceae BLMS 1B.3 G2 S2 No 28-Apr-15 S 

Ivesia aperta var. aperta Sierra Valley ivesia VASC Rosaceae BLMS 1B.2 T G2T2 S2 No 28-Apr-15 K 
(CA); 
S1 
(NV) 

Ivesia jaegeri Jaeger's ivesia VASC Rosaceae BLMS 1B.3 G2G3 S1 No 03-Jun-13 K 

Ivesia kingii var. kingii alkali ivesia VASC Rosaceae BLMS 2B.2 G4T3Q S2 No 19-Aug-09 Moved from CNPS 1B.2 to 2.2 on K 
11/23/08 because more common in 
NV. 

Ivesia longibracteata Castle Crags ivesia VASC Rosaceae BLMS 1B.3 G1 S1 No 03-Jun-13 S 

Ivesia paniculata Ash Creek ivesia VASC Rosaceae BLMS 1B.2 G2 S2 No 03-Jun-13 Found  in the Ash Valley RNA/ACEC. K 

Ivesia patellifera Kingston Mtns. ivesia VASC Rosaceae BLMS 1B.3 G1 S2 No 03-Jun-13 K K 

Ivesia pickeringii Pickering's ivesia VASC Rosaceae BLMS 1B.2 G2 S2.2 No S 
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Ivesia rhypara var. rhypara grimy ivesia VASC Rosaceae BLMS W G2T2 S2 
(NV) 

No 28-Apr-15 This plant has 5 small occurrences in 
the Surprise Field Office within one 
mile of each other in NV.  Listed as 
Endangered by the State of Oregon. 

K 

Ivesia sericoleuca Plumas ivesia VASC Rosaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Ivesia webberi Webber's ivesia VASC Rosaceae FT 1B.1 T G1 S2 
(CA); 
S1 
(NV) 

CE No 28-Apr-15 Listed as Threatened by the U.S. Fish 
and Wildlife Service on June 3, 2014 
(79 Federal Register 106: 
31878-31883).  Critical Habitat 
designated on June 3, 2014 (79 
Federal Register 106: 32126-32155).  
On BLM lands in Sierra Valley.  
Specific occurrence 1 as mapped by 
CNDDB does not include BLM lands 
within it, but 50 plants were found 
on BLM lands in the vicinity in 1992. 

K 

Juncus leiospermus var. 
leiospermus 

Red Bluff dwarf rush VASC Juncaceae BLMS 1B.1 G2T2 S2 No 28-Apr-15 K 

Kaernefeltia californica seaside thornbush LICH Parmeliaceae BLMS G3 None No 16-Nov-10 K 

Lagophylla diabolensis Diablo Range hare-leaf VASC Asteraceae BLMS 1B.2 G2G3 S2S3 No 20-Jan-15 Recently described by Baldwin, B.G. 
2013. Lagophylla diabolensis 
(Compositae-Madiinae), a new hare-
leaf from the southern Diablo 
Range, California. Madroño 60(3): 
249-254.  Final decision to add to list 
1B.2 made on 1/17/2014.  At least 5 
occurrences on BLM lands in 
Hollister FO.  

K 

Lasthenia californica 
subsp. macrantha 

perennial goldfields VASC Asteraceae BLMS 1B.2 G3T2 S2 No 17-Mar-15 Known form the Stornetta Unit, per 
the following collections: JEPS21849, 
1958, and CAS514082, 1967. 

K 

Lasthenia conjugens Contra Costa goldfields VASC Asteraceae FE 1B.1 G1 S1  Yes 13-Sep-12 Fort Ord. K

Lasthenia glabrata subsp. 
coulteri 

Coulter's goldfields VASC Asteraceae BLMS 1B.1 G4T2 S2 No 28-Apr-15 K 

Layia carnosa beach layia VASC Asteraceae FE SE 1B.1 G2 S2  Yes 13-Sep-12 K
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Layia discoidea rayless tidytips VASC Asteraceae BLMS 1B.1 G1 S1 No 28-Apr-15 K 

Layia heterotricha pale-yellow layia VASC Asteraceae BLMS 1B.1 G2 S2 No 13-Sep-12 K K 

Layia jonesii Jones' layia VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Layia leucopappa Comanche Point layia VASC Asteraceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 

Layia munzii Munz's tidy-tips VASC Asteraceae BLMS 1B.2 G1 S1 No 03-Jun-13 K 

Layia septentrionalis Colusa layia VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S S 

Legenere limosa legenere VASC Campanulaceae BLMS 1B.1 G2 S2 No 28-Apr-15 K 

Lepechinia ganderi Gander's pitcher-sage VASC Lamiaceae BLMS 1B.3 G3? S3 No 28-Apr-15 K 

Lepidium flavum var. Borrego Valley pepper- VASC Brassicaceae BLMS 1B.2 G5T1 S1 No 06-Aug-13 This var. is not recognized by the S 
felipense grass Jepson Manual 2nd edition or by 

Flora North America.  Changed from 
"S" in Palm Springs to "S" in El 
Centro on 8/6/2013 because CNDDB 
Occurrence 1, which has some BLM 
lands within the nonspecific 1-mile 
radius circle, is in the El Centro Field 
Office, not the Palm Springs Field 
Office.  No occurrences are currently 
reported within the boundaries of 
the Palm Springs Field Office. 

Lepidium jaredii subsp. Panoche pepper-grass VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 03-Jun-13 This subsp. not recognized by Jepson K 
album Manual 1st or 2nd editions or by 

Flora North America. 

Lepidium jaredii subsp. Jared's pepper-grass VASC Brassicaceae BLMS 1B.2 G2T1T2 S1S2 No 28-Apr-15 Subspecies of L. jaredii are not K 
jaredii recognized in Jepson Manual 1st or 

2nd editions or by Flora North 
America. 

Leptosiphon nuttallii Mt. Tedoc linanthus VASC Polemoniaceae BLMS 1B.3 G5T2 S2 No 13-Sep-12 Formerly Linanthus nuttallii Mlkn. S 
subsp. howellii Subsp. howellii Nelson & Patterson. 

Leptosyne hamiltonii Mt. Hamilton coreopsis VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Coreopsis hamiltonii K 
(Elmer) H.K. Sharsm. 

Leucogaster citrinus 'yellow false truffle' FUNG Leucogastraceae BLMS G3G4 S1S2 No 28-Apr-15 K 

Lewisia cantelovii Cantelow's lewisia VASC Portulacaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K S 
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Lewisia cotyledon var. 
heckneri 

Heckner's lewisia VASC Portulacaeae BLMS 1B.2 G4T3 S3? No 28-Apr-15 K 

Lilium maritimum coast lily VASC Liliaceae BLMS 1B.1 G2 S2 No 17-Mar-15 Known form the Stornetta Unit, per 
the following collection: CAS51392, 
1967.  Also seen by Jim Weigand in 
2014 on Stornetta lands. 

K 

Lilium occidentale western lily VASC Liliaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 S

Limnanthes alba subsp. 
parishii 

Cuyamaca meadowfoam VASC Limnanthaceae SE BLMS 1B.2 G3T2T3 S2S3 No 13-Sep-12 Formerly L. gracilis J.T. Howell 
subsp. parishii (Jeps.) C. Mason 

S 

Limnanthes bakeri Baker's meadowfoam VASC Limnanthaceae SR BLMS 1B.1 G1 S1 No 03-Jun-13 S 

Limnanthes floccosa subsp. 
bellingeriana 

Bellinger's meadowfoam VASC Limnanthaceae BLMS 1B.2 G4T3 S1 No 03-Jun-13 S S 

Limnanthes floccosa subsp. 
californica 

Butte County 
meadowfoam 

VASC Limnanthaceae FE SE 1B.1 G4T1 S1  Yes 13-Sep-12 S

Linanthus bernardinus Pioneertown linanthus VASC Polemoniacaeae BLMS 1B.2 G2 G2 No 30-Oct-13 This species was newly described 
in 2012 by Naomi Fraga and D. 
Bell (Fraga, N. S. and D. S.Bell 
2012. A new species of Linanthus 
(Polemoniaceae) from San 
Bernardino County, California. 
Aliso 30:97-102. The discussion 
in the CNPS Rare Plant Forum 
(http://cnps.org/forums/showthrea 
d.php?t=1813) states that there is 
potential habitat on BLM lands in 
the eastern Sawtooth Range. 
Added by CDFW and CNPS as 
1B.2 on Sep 13, 2013. Several 
occurrences are mapped near 
BLM lands in the Barstow Field 
Office. 

S 

Linanthus maculatus Little San Bernardino 
Mtns. linanthus 

VASC Polemoniaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Formerly Gilia maculata Parrish. K K 

Linanthus orcuttii Orcutt's linanthus VASC Polemoniaceae BLMS 1B.3 G4 S2 No 13-Sep-12 S 

Lobaria oregana Oregon lettuce lung LICH Lobariaceae BLMS None None No 16-Nov-10 K 
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Loeflingia squarrosa var. 
artemisiarum 

Sagebrush loeflingia VASC Caryophyllaceae BLMS 2B.2 G5T2T3 S2 No 28-Apr-15 Known to CA from only Lassen 
County (6 occ), Inyo County (5 occ), 
and two occurrences from Kern and 
Los Angeles counties. Three 
occurrences are on BLM lands within 
the Eagle Lake Field Office, 3 on 
private, and disjunct.  Threatened by 
livestock trampling. 

K K S 

Lomatium congdonii Congdon's lomatium VASC Apiaceae BLMS 1B.2 G2 S2 No 28-Apr-15 On BLM lands in the Red Hills, 
Tuolumne County. 

K 

Lomatium roseanum adobe lomatium VASC Apiaceae BLMS 1B.2 W G2G3 S2 
(CA); 
S2 
(NV) 

No 03-Jun-13 Mike Dolan found ca. 500 plants on 
Likely Tablelands, in low sage 
infested with medusahead.  Lat: 
41.271339 degrees N, 
Long: -120.493347 degrees W; 
above and to south of Romero 
Creek, 4,640', clay loam soil. 

K S 

Lomatium shevockii Owens Peak lomatium VASC Apiaceae BLMS 1B.3 G2 S2 No 03-Jun-13 K K 

Lupinus citrinus var. 
citrinus 

orange lupine VASC Fabaceae BLMS 1B.2 G2T2 S2 No 28-Apr-15 S 

Lupinus citrinus var. 
deflexus 

Mariposa lupine VASC Fabaceae ST BLMS 1B.2 G2T1 S1 No 13-Sep-12 Previously shown as S in the 
Hollister Field Office, a holdover 
from the time that Hollister 
managed BLM lands in Mariposa 
County.  Removed as S from 
Hollister and put as S in the Mother 
Lode Field Office.  There are 
occurrences within 550 m from 
isolated BLM lands in T6S,R 19E, S6, 
MDM. 

S 

Lupinus duranii Mono Lake lupine VASC Fabaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Lupinus excubitus var. 
medius 

Mountain Springs bush 
lupine 

VASC Fabaceae BLMS 1B.3 G4T2T3 S2 No K K 

Lupinus ludovicianus San Luis Obispo County 
lupine 

VASC Fabaceae BLMS 1B.2 G1 S1 No 28-Apr-15 S 
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Lupinus magnificus var. 
hesperius 

McGee Meadows lupine VASC Fabaceae BLMS 1B.3 G3T2Q S2 No 28-Apr-15 Jepson Manual 2nd edition, 
equivocal about whether to 
recognize this variety, states: "If 
recognized taxonomically, straight-
keeled pls from SNE assignable to 
Lupinus magnificus var. hesperius (A. 
Heller) C.P. Sm., McGee Meadows 
lupine."  After review, CNPS and 
CNDDB kept as 1B.3 by decision 
dated Feb. 8, 2012.  Occurs on Mt. 
Tom. 

K 

Lupinus magnificus var. 
magnificus 

Panamint Mtns. lupine VASC Fabaceae BLMS 1B.2 G3T2Q S2 No 03-Jun-13 S K 

Lupinus sericatus Cobb Mountain lupine VASC Fabaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Walker Ridge/Bear Creek, Sulphur 
Creek sub-watershed (Source: Jim 
Weigand). 

K 

Lupinus spectabilis shaggyhair lupine VASC Fabaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Lupinus uncialis lilliput lupine VASC Fabaceae BLMS 2B.2 G4 S2 No 28-Apr-15 Five occurrences known in Alturas 
Field Office.  Twenty total 
occurences in CA, most on private 
lands, and some converted to 
homesites.  Disjunct in CA. CA 
occurrences important for 
maintaining genetic viability of the 
species. Threats include grazing. 

K 

Madia radiata showy golden madia VASC Asteraceae BLMS 1B.1 G2 S2 No S K 

Malacothamnus 
aboriginum 

Indian Valley bush mallow VASC Malvaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Malacothamnus hallii Hall's bush-mallow VASC Malvaceae BLMS 1B.2 G2Q S2 No 18-Sep-12 CNDDB Occurrence 38, population 
found on BLM lands on 6/2011. 

K 

Malacothamnus palmeri 
var. involucratus 

Carmel Valley bush-mallow VASC Malvaceae BLMS 1B.2 G3T3Q S3 No 28-Apr-15 K 

Malacothamnus palmeri 
var. lucianus 

Arroyo Seco bush-mallow VASC Malvaceae BLMS 1B.2 G3T1Q S1 No 28-Apr-15 K 

Malacothrix saxatilis var. 
arachnoidea 

Carmel Valley malacothrix VASC Asteraceae BLMS 1B.2 G5T2 S2 No 28-Apr-15 S 
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Menodora spinescens var. Mojave menodora VASC Oleaceae BLMS 1B.2 G4T2T3 S2S3 No 18-Sep-12 CNDDB mapped occurrences on K 
mohavensis BLM lands.  One, Occurrence 10, on 

BLM lands slated for renewable 
energy. 

Mentzelia inyoensis Inyo blazing star VASC Loasaceae BLMS 1B.3 W G3 S3 No 28-Apr-15 According to Anne Halford we have K 
occurrences in Fish Slough and 
Travertine Hot Springs, and there's a 
very large population on the Inyo 
National Forest near Black Point 
(Mono Lake). 

Mentzelia polita polished blazing star VASC Loasaceae BLMS 1B.2 G2 S2 No 03-Jun-13 CNDDB maps one nonspecific K 
occurrence on BLM land just north 
of the Eastern Mojave National 
Preserve on the Clark Mountain 
quad.  CNPS Rare Plant Treasure 
Hunt found a new occurrence 
(CNDDB Occurrence No. 3) on the 
Ivanpah Lake quad. 

Mentzelia tridentata creamy blazing star VASC Loasaceae BLMS 1B.3 G3 S3 No 28-Apr-15 E. of Cuddeback Lake. S 

Microseris paludosa marsh microseris VASC Asteraceae BLMS 1B.2 G2 S2 No 17-Mar-15 Known form the Stornetta Unit, per K 
the following collection: CAS514442, 
1968. 

Mimulus evanescens ephemeral monkeyflower VASC Phrymaceae BLMS 1B.2 G3 S2 No 28-Apr-15 K S S 

Mimulus filicaulis slender-stemmed VASC Phrymaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 
monkeyflower 

Mimulus gracilipes slender-stalked VASC Phrymaceae BLMS 1B.2 G2G3 S2S3 No 16-Nov-10 S 
monkerflower 

Mimulus mohavensis Mojave monkeyflower VASC Phrymaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Mimulus norrisii Kaweah monkeyflower VASC Phrymaceae BLMS 1B.3 G2 S2 No 28-Apr-15 K 

Mimulus pictus Calico monkeyflower VASC Phrymaceae BLMS 1B.2 G2 S2 No 28-Apr-15 K 

Mimulus pulchellus pansy monkeyflower VASC Phrymaceae BLMS 1B.2 G2G3 S2S3 No 13-Sep-12 K 

Mimulus shevockii Kelso Creek monkeyflower VASC Phrymaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K K 

Minuartia howellii Howell's sandwort VASC Caryophyllaceae BLMS 1B.3 G4 S2 No 13-Sep-12 S 

Minuartia stolonifera Scott Mtn. sandwort VASC Caryophyllaceae BLMS 1B.3 G2 S2 No 03-Jun-13 S 
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Monardella beneolens sweet-smelling monardella VASC Lamiaceae BLMS 1B.3 G1 S1 No 03-Jun-13 S. Sierra Nevada. K 

Monardella boydii Boyd's monardella VASC Lamiaceae BLMS 1B.2 G2Q S2 No 13-Sep-12 Specific CNDDB occurrences on BLM 
lands in Rodman Mtn Wilderness 
and Ord Mtn. 

K 

Monardella eremicola Clark Mountain 
monardella 

VASC Lamiaceae BLMS 1B.3 G2G3Q S2S3 No 18-Sep-12 This species was added as California 
Rare Plant Rank 1B.3 on 12-16-2011.  
The CNDDB maps three occurrences 
on BLM lands in the Kingston 
Mountains, all of which list BLM as 
the landowner. 

K 

Monardella hypoleuca 
subsp. lanata 

felt-leaved monardella VASC Lamiaceae BLMS 1B.2 G4T3 S3 No 28-Apr-15 CNDDB Occurrence 2 is on BLM 
lands on Otay Mountain. 

K 

Monardella linoides subsp. 
oblonga 

Tehachapi monardella VASC Lamiaceae BLMS 1B.3 G5T2 S2 No 28-Apr-15 CNDDB maps specific occurrences 
on BLM in the Tehachapi Mountains. 

K 

Monardella nana subsp. 
leptosiphon 

San Felipe monardella VASC Lamiaceae BLMS 1B.2 G4G5T2 
Q 

S2 No 03-Jun-13 Kevin Doran of the Palm Springs 
Field Office received a comment 
from the BLM Washington Office 
inquiring why the draft South Coast 
RMP did not list this as a SS plant.  
Review of RareFind information on 
1-13-2011 shows that the plant is 
not very close to public lands in 
Palm Springs (it mostly occurs on 
higher elevation Forest Service 
lands), but that Occurrence 12 is 
close to public lands in El Centro 
(Banner Canyon area). CNPS and 
CNDDB originally considered 
dropping the species from its lists 
because The Jepson Manual, Second 
Edition, does not recognize any of 
the subspecies of M. nana. 
However, following a review on the 
CNPS Forum, the decision was made 
on 9-4-2012 to retain the taxon as a 
California Rare Plant Rank 1B.2 
plant. 

S 

Monardella robisonii Robison monardella VASC Lamiaceae BLMS 1B.3 G3 S3 No 13-Sep-12 K K S 
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Monardella sinuata subsp. 
nigrescens 

northern curly-leaved 
monardella 

VASC Lamiaceae BLMS 1B.2 G3T2 S2 No 26-Jan-15 Described by Elvin, M.A. and A.C. 
Sanders. 2009. Nomenclatural 

S 

changes for Monardella (Lamiaceae) 
in California. Novon 19(3): 315-345.  
Added to CDFW/CNPS list as 1B.2 on 
12-31-2013.  At Fort Ord.  Mapped 
mostly on Army lands but certainly 
to be expected on BLM (and the 
Army lands may be transferred to 
BLM in the future). 
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Monardella stoneana Jennifer's monardella VASC Lamiaceae BLMS 1B.2 G2 S1 No 28-Apr-15 CNDDB maps this species on BLM 
lands in the Otay Mt. Area. This 
species was formerly ascribed to M. 
linoides var. viminea, until the 
treatment by  Elvin and Sanders in 
2003 (Novon 13(4):425-432), which 
elevated the northern occurrences 
of M. l. var. viminea to M. viminea 
and included the southern 
occurrences in the new species M. 
stoneana. Despite the 2003 
treatment, the U.S. Fish and Wildlife 
Service (FWS) continued to consider 
this species to be a federally 
endangered species because the 
agency did not recognize the 2003 
treatment and continued to 
recognize the taxon it originally 
listed, M. linoides var. viminea, 
sensu lato, to include the new 
species, M. stoneana. By a 
rulemaking published in the Federal 
Register on March 6, 2012, FWS 
officially recognized the two new 
species, M. stoneana and M. 
viminea, and determined that M. 
stoneana does not warrant listing as 
endangered or threatened.  
Consequently, M. stoneana is no 
longer an endangered species. M. 
viminea is an endangered species, 
but is restricted to Miramar Marine 
Air Station and vicinity and does not 
occur on BLM lands. 

K 

Monardella undulata 
subsp. crispa 

crisp monardella VASC Lamiaceae BLMS 1B.2 G3T2 S2 No 28-Apr-15 K 
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Monardella undulata 
subsp. undulata 

San Luis Obispo 
monardella 

VASC Lamiaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly M. frutescens (Hoov.) 
Jokerst.  Occurs on BLM lands in the 
Point Sal ACEC (Occurrence 31 in the 
CNDDB). See Elvin, M. A. and A. C. 
Sanders. 2009.  Nomenclatural 
changes for Monardella (Lamiaceae) 
in California.  Novon 19:315-343. 

K 

Monardella venosa veiny monardella VASC Lamiaceae BLMS 1B.1 G1 S1 No 03-Jun-13 Formerly M. douglasii Benth. var. 
venosa (Torr.) Jeps. 

S 

Monolopia congdonii San Joaquin woolly threads VASC Asteraceae FE 1B.2 G2 S3  Yes 28-Apr-15 Formerly Lembertia congdonii (A. 
Gray) Greene. 

K K

Mycena quinaultensis 'little brown mushroom' FUNG Tricholomataceae BLMS G2 S3 No 28-Apr-15 K 

Navarretia leucocephala 
subsp. bakeri 

Baker's navarretia VASC Polemoniaceae BLMS 1B.1 G4T2 S2 No 13-Sep-12 S 

Navarretia nigelliformis 
subsp. radians 

shining navarretia VASC Polemoniaceae BLMS 1B.2 G4T2 S2 No 13-Sep-12 Mason collection along Clear Creek 
Rd. Collection by Michael Denslow, 
Vern Yadon, and Julie Anne Delgado 
from a north fork of Cantua Creek; 
coordinates at Consortium of CA 
Herbaria are on BLM lands. 

K 

Navarretia setiloba Piute Mountains 
navarretia 

VASC Polemoniaceae BLMS 1B.1 G2 S2 No 03-Jun-13 K 

Nemacladus twisselmannii Twisselmann's nemacladus VASC Campanulaceae SR BLMS 1B.2 G1 S1 No 03-Jun-13 S 

Neviusia cliftonii Shasta snow-wreath VASC Rosaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Nitrophila mohavensis Amargosa niterwort VASC Amaranthaceae FE SE 1B.1 G1 S1 CE  Yes 13-Sep-12 Formerly included in the family 
Chenopodiaceae but now 
considered by the Jepson Manual, 
2nd edition, to be a member of the 
family Amaranthaceae. 

K

Nolina interrata Dehesa nolina, bear grass VASC Ruscaceae SE BLMS 1B.1 G2 S2 No 13-Sep-12 S 

Oenothera wolfii Wolf's evening-primrose VASC Onagraceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 
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Opuntia basilaris var. 
brachyclada 

short-joint beavertail VASC Cactaceae BLMS 1B.2 G5T3 S3 No 06-Aug-13 Until March 8, 2004, this var. had 
been considered K in both Needles 
and Barstow.  But the Jepson 
Manual does not consider this a 

K S S 

desert species, and a report by 
Pamela MacKay calls into question 
whether it ever occurred in the 
eastern Mojave.  The draft BLM 
West Mojave Plan states that it only 
occurs on private lands in the 
WEMO planning area. It was 
therefore been changed to "S" in 
both Needles and Barstow.  The 
CNPS Rare Plant Treasure Hunt 
documented an occurrence about 1 
mile north of Cajon Pass on BLM 
land in 2010.  The taxon has 
therefore been moved back to "K" 
for Barstow.  On 8/6/2013 the taxon 
was added as "S" to the list for Palm 
Springs based on the fact that 
CNDDB nonspecific Occurrence 107 
has some BLM lands within the 
mapped 4/5 mile radius circle. 

Opuntia basilaris var. 
treleasei 

Bakersfield cactus VASC Cactaceae FE SE 1B.1 G5T1 S1 No 27-Jun-13 The Fish and Wildlife Service uses 
the name O. treleasei J.M. Coult., 

S S 

but both Jepson Manual 1st and 2nd 
editions use the nomenclature 
shown here.  Occurs on split estate 
(private surface, BLM subsurface) in 
the Bakersfield Field Office.  CNDDB 
occurrences 51 and 54 are very 
close to BLM lands in the Ridgecrest 
Field Office. 

Orcuttia californica California orcutt grass VASC Poaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 S

Orcuttia inaequalis San Joaquin Valley orcutt 
grass 

VASC Poaceae FT SE 1B.1 G1 S1  Yes 11-Mar-13 This was formerly designated as K 
from the Hollister Field Office, but 
this was a holdover from the time 

K

that Hollister managed a part of 
what is now managed by the 
Bakersfield FO. 
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Orcuttia pilosa hairy orcutt grass VASC Poaceae FE SE 1B.1 G1 S1  Yes 13-Sep-12 S

Orcuttia tenuis slender orcutt grass VASC Poaceae FT SE 1B.1 G2 S2  Yes 13-Sep-12 This is a vernal pool plant.  Only one 
known population of this plant 
occurs in the Alturas Field Office. 

K K

Oreostemma elatum tall alpine aster VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Orthocarpus 
pachystachyus 

Shasta orthocarpus VASC Orobanchaceae BLMS 1B.1 G1 S1 No 16-Nov-10 Previously thought to be extinct. S 

Orthodontium gracile slender thread moss BRYO Bryaceae BLMS G5 S2S3 No 28-Apr-15 S 

Packera eurycephala var. 
lewisrosei 

cut-leaved ragwort VASC Asteraceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 Formerly Senecio eurycephalus 
Torrey & A. Gray var. lewisrosei  (J.T. 
Howell) T.M. Barkley. 

K 

Packera ganderi Gander's butterweed VASC Asteraceae SR BLMS 1B.2 G2 S2 No 28-Apr-15 Formerly Senecio ganderi T.M. 
Barkley & R.M. Beauch. Known on 
Potrero Mt. (Potrero Peak in spring 
2007). 

K 

Packera layneae Layne's butterweed VASC Asteraceae FT SR 1B.2 G2 S2 No 13-Sep-12 Formerly Senecio layneae Greene. K S 

Palafoxia arida var. 
gigantea 

giant Spanish needle VASC Asteraceae BLMS 1B.3 G5T3 S2 No 13-Sep-12 K 

Panicum acuminatum var. 
thermale 

Geyser's panicum VASC Poaceae SE BLMS 1B.2 G5T2Q S2 No 28-Mar-13 Formerly Dichanthelium 
lanuginosum (Ell.) Gould var. 
thermale (Boland.) Spellenberg. 
Rare Plant Rank changed from 1B.1 
to 1B.2 by CNPS/CDFW on 
9-12-2012. 

S 

Pannaria rubiginosa petaled mouse LICH Pannariaceae BLMS G3G5 S1 No 28-Apr-15 K 

Paronychia ahartii Ahart's paronychia VASC Carophyllaceae BLMS 1B.1 G2 S2 No 13-Sep-12 K 
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Pedicularis centranthera dwarf lousewort VASC Orobanchaceae BLMS 2B.3 G4 S2 No 28-Apr-15 Only five known occurrences form 
CA, all from Secret Valley in Lassen 
Co, on BLM lands managed by the 
Eagle Lake Field Office. These 
occurrences are rather disjunct from 
Harney and Lake counties in OR and 
primarily the eastern half of NV. 

K 

Pediomelum castoreum Beaver Dam breadroot VASC Fabaceae BLMS 1B.2 G3 S2 No 13-Sep-12 Reranked from California Rare Plant 
Rank 4.3 to 1B.2 on 6-29-2011.   
CNDDB Occurrence 22 occurs on 
BLM lands in the Needles Field 
Office near Kingston Wash.  Several 
other occurrences are either on or 
near BLM lands in the Barstow Field 
Office. 

K K 

Penstemon 
albomarginatus 

white-margined 
beardtongue 

VASC Plataginaceae BLMS 1B.1 G2 S1 No 16-Nov-10 K K 

Penstemon bicolor subsp. 
roseus 

rosy two-toned 
beardtongue 

VASC Plataginaceae BLMS 1B.1 G3T3Q S1 No 13-Sep-12 On BLM lands near Castle Mt. Mine 
and Hart Mt.  Moved from CNPS List 
2.2 to List 1B.1 on 12/8/09. 

K 

Penstemon filiformis thread-leaved 
beardtongue 

VASC Plantaginaceae BLMS 1B.3 G3 S3 No 16-Nov-10 S 

Penstemon fruticiformis 
var. amargosae 

Death Valley beardtongue VASC Plantaginaceae BLMS 1B.3 G4T3 S2 No 28-Apr-15 K K 

Penstemon janishiae Janish's beardtongue VASC Plantaginaceae BLMS 2B.2 G4 S1 No 28-Apr-15 Status of populations unknown; 
some have been extirpated.  Threats 
are logging and home site 
development.  Rare in CA, OR, and 
ID. CNDDB Occurrence 8 is mapped 
specifically on BLM lands.  
Occurrence 9 is nonspecific but 
entire mapped polygon on BLM.  
Changed from S to K on 8-19-09. 

K 

Penstemon personatus closed-throated 
beardtongue 

VASC Plantaginaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Penstemon stephensii Stephens' beardtongue VASC Plantaginaceae BLMS 1B.3 G2 S2 No 13-Sep-12 K K 

Penstemon sudans Susanville beardtongue VASC Plantaginaceae BLMS 1B.3 G3 S3 No 16-Nov-10 K 
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Pentachaeta exilis subsp. slender pentachaeta VASC Asteraceae BLMS 1B.2 G5T1 S1 No 13-Sep-12 K 
aeolica 

Perityle inyoensis Inyo rock daisy VASC Asteraceae BLMS 1B.2 G2 S2 No 28-Apr-15 Occurrences 1 and 8 are entirely S K 
within the boundary of the new 
Cerro Gordo/Conglomerate Mesa 
ACEC.  Occurrence 5 is partially 
within the ACEC, with the remainder 
on BLM land outside it. 

Perityle villosa Hanaupah rock daisy VASC Asteraceae BLMS 1B.3 G2 S2 No 03-Jun-13 Inyo Mts. K 

Petalonyx thurberi subsp. Death Valley sandpaper- VASC Loasaceae BLMS 1B.3 G5T2 S2 No K K 
gilmanii plant 

Phacelia cookei Cooke's phacelia VASC Boraginaceae BLMS 1B.1 G1 S1 No 16-Nov-10 S 

Phacelia greenei Scott Valley phacelia VASC Boraginaceae BLMS 1B.2 G2 S2 No 16-Nov-10 K 

Phacelia inundata playa phacelia VASC Boraginaceae BLMS 1B.3 W G2 S2 No 28-Apr-15 S K S 
(CA); 
S2? 
(NV) 

Phacelia inyoensis Inyo phacelia VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Fish Slough and Alabama Hills. K 

Phacelia leonis Siskiyou phacelia VASC Boraginaceae BLMS 1B.3 G3 S3 No 28-Apr-15 S 

Phacelia monoensis Mono County phacelia VASC Boraginaceae BLMS 1B.1 T G3 S2 No 28-Apr-15 K 

Phacelia mustelina Death Valley round-leaved VASC Boraginaceae BLMS 1B.3 G2 S2 No 03-Jun-13 Saline Valley. K 
phacelia 

Phacelia nashiana Charlotte's phacelia VASC Boraginaceae BLMS 1B.2 G3 S3 No 13-Sep-12 K K 

Phacelia novenmillensis Nine Mile Canyon phacelia VASC Boraginaceae BLMS 1B.2 G3 S3 No 16-Nov-10 K K 

Phacelia parishii Parish's phacelia VASC Boraginaceae BLMS 1B.1 G2G3 S1 No 03-Jun-13 The only known population on BLM K 
lands in Southern California is within 
and immediately adjacent to a 
military maneuvering training area.  
This species was at one time 
considered extirpated in CA, but was 
rediscovered in 1989. 
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Phacelia phacelioides Mount Diablo phacelia VASC Boraginaceae BLMS 1B.2 G1 S1 No 03-Jun-13 Known but very uncommon within K 
ACEC of Clear Creek Management 
Area acc 2009 Draft CCMA RMP/EIS.  
Six records from CCMA in Cal Flora 
2009. 

Phaeocollybia californica California phaeocollybia FUNG Cortinariaceae BLMS G3 None No 28-Apr-15 K S 

Phaeocollybia olivacea olive phaeocollybia FUNG Cortinariaceae BLMS G3 None No 16-Nov-10 K S 

Phaeocollybia piceae 'spruce phaeocollybia' FUNG Cortinariaceae BLMS G3? None No 16-Nov-10 K 

Phaeocollybia no common name FUNG Cortinariaceae BLMS G3 None No 16-Nov-10 S 
pseudofestiva 

Phaeocollybia scatesiae no common name FUNG Cortinariaceae BLMS G3? None No 16-Nov-10 K 

Phaeocollybia spadicea spadicea phaecollybia FUNG Cortinariaceae BLMS G3G4 None No 16-Nov-10 K S 

Phlox hirsuta Yreka phlox VASC Polemoniaceae FE SE 1B.2 G1 S1  Yes S

Pholisma sonorae sand food VASC Boraginaceae BLMS 1B.2 G2 S2 No 13-Sep-12 Formerly included in the family K 
Lennoaceae. 

Piperia candida white-flowered rein orchid VASC Orchidaceae BLMS 1B.2 G3? S2 No 03-Jun-13 May be on public lands on Red Mt.  S 
Jennifer to check--will leave as 
suspected for now. 

Piperia yadonii Yadon's rein orchid VASC Orchciaceae FE 1B.1 G2 S2  Yes 13-Sep-12 K

Plagiobothrys uncinatus hooked popcorn-flower VASC Boraginaceae BLMS 1B.2 G2 S2 No 03-Jun-13 S 

Pleuropogon hooverianus Hoover's semaphore grass VASC Poaceae ST BLMS 1B.1 G2 S2 No 13-Sep-12 S 

Poa diaboli Diablo Canyon blue grass VASC Poaceae BLMS 1B.2 G2 S2 No 28-Apr-15 May be on BLM lands in Ruda S 
Canyon, San Luis Obispo Co. 

Polyctenium williamsiae Williams's combleaf VASC Brassicaceae BLMS 1B.2 T G2Q S1 CE No 03-Jun-13 Known in Bishop on BLM land in the S K S 
(CA); Bodie area.  Because the Jepson 
S2 Manual 2nd Edition and the Flora of 
(NV) North America reduced this species 

to synonomy under P. fremontii, the 
species was recently reviewed and 
kept on List 1B.2 by CNPS and 
CNDDB by decision dated February 
8, 2012. 
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Polygonum polygaloides Modoc County knotweed VASC Polygonaceae BLMS 1B.1 G4G5T3 S3 No 28-Apr-15 K 
subsp. esotericum 

Polyozellus multiplex blue chanterelle FUNG Thelephoraceae BLMS G4G5 None No 16-Nov-10 S 

Potentilla basaltica Black Rock potentilla VASC Rosaceae FC BLMS 1B.3 T G1 S1(CA No Threats appear to be competition K S 
); S1 from meadow plant species. 
(NV) 

Pseudobahia peirsonii Tulare pseudobahia VASC Asteraceae FT SE 1B.1 G1 S1 No S 

Ptilidium californicum Pacific fuzzwort BRYO Ptilidiaceae BLMS 4.3 G3G4 S3? No 03-Jun-13 K S 

Puccinellia howellii Howell's alkali-grass VASC Poaceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 

Puccinellia parishii Parish's alkaligrass VASC Poaceae BLMS 1B.1 G2G3 S1 No S 

Pyrrocoma lucida sticky pyrrocoma VASC Asteraceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 

Raillardella pringlei showy raillardella VASC Asteraceae BLMS 1B.2 G3 S3 No S 

Ramalina pollinaria dusty ramalina LICH Ramalinaceae BLMS G4 None No 16-Nov-10 K 

Ramaria amyloidea 'pinkish coral mushroom' FUNG Ramariaceae BLMS G3 None No 16-Nov-10 K 

Ramaria aurantiisiccescens 'yellow coral mushroom' FUNG Ramariaceae BLMS G3 None No 16-Nov-10 K 

Ramaria cyaneigranosa 'pinkish coral mushroom' FUNG Ramariaceae BLMS G3 None No 28-Apr-15 S 

Ramaria largentii 'orange coral mushroom' FUNG Ramariaceae BLMS G3 None No 16-Nov-10 K 

Rhynchospora californica California beaked-rush VASC Cyperaceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 

Ribes canthariforme Moreno currant, San VASC Grossulariaceae BLMS 1B.3 G2 S2 No 16-Nov-10 S 
Diego currant 

Ribes tularense Sequoia gooseberry VASC Grossulariaceae BLMS 1B.3 G2 S2 No 28-Apr-15 K 

Rorippa columbiae Columbia yellow cress VASC Brassicaceae BLMS 1B.2 G3 S1 No S S S 

Rupertia hallii Hall's rupertia VASC Fabaceae BLMS 1B.2 G2G3 S2S3 No 28-Apr-15 K 

Sagittaria sanfordii Sanford's arrowhead VASC Alismataceae BLMS 1B.2 G3 S3 No 13-Sep-12 K 
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Saltugilia latimeri Latimer's woodland-gilia VASC Polemoniaceae BLMS 1B.2 G2 S2 No 28-Apr-15 Known to occur on BLM lands along 
or near currently designated OHV 
routes in the Old Dad Mountains 
south of the west end of the Mojave 
National Preserve acc. Jim Weigand. 

K K K 

Salvia greatae Orocopia sage VASC Lamiaceae BLMS 1B.3 G2G3 S2S3 No 28-Apr-15 CNDDB Occurrence # 11 is from the 
south edge of the Trilobite 
Wilderness near Amboy (Needles 
Field Office), far from the core of its 
range in southern Riverside County.  
The occurrence (shown on BLM 
lands) is unvouchered and was listed 
as Salvia cf. funerea by Spaulding 
and Twitchell in 1978.  CNDDB 
decided it must be S. greatae. Kam 
Barrows looked at the occurrence in 
1986 and found no plants. 

S K 

Sanicula saxatilis rock sanicle VASC Apiaceae SR BLMS 1B.2 G2 S2 No 13-Sep-12 S 

Sarcodon fuscoindicum violet hedgehog FUNG Bankeraceae BLMS G3 None No 16-Nov-10 K 

Sedum albomarginatum Feather River stonecrop VASC Crassulaceae BLMS 1B.2 G2 S2 No 28-Apr-15 S 

Sedum laxum subsp. 
eastwoodiae 

Red Mountain stonecrop VASC Crassulaceae BLMS 1B.2 G5T2 S2 No 03-Jun-13 Formerly S. eastwoodiae (Britton) 
Berger.  Formerly a Federal 
candidate for listing, but removed 
from the candidate list on 
publication of a "Listing not 
warranted" finding by the U.S. Fish 
and Wildlife Service (Federal 
Register 79: 56029, September 18, 
2014). 

K 

Sedum obtusatum subsp. 
paradisum 

Canyon Creek stonecrop VASC Crassulaceae BLMS 1B.3 G4G5T2 S2 No 16-Nov-10 Formerly S. paradisum (M. Denton) 
M. Denton. 

K 
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Senecio clevelandii var. 
heterophyllus 

Red Hills ragwort VASC Asteraceae BLMS 1B.2 G4?T2Q S2?  Yes 03-Jun-13 Senecio clevelandii is now Packera 
clevelandii, but the combination 
Packera clevelandii var. heterophylla 
has not been validly published. This 
variety has been reduced to 
synonymy in the Jepson Manual 1st 
and 2nd editions. The treatment by 
Barkley in Jepson Manual 1 was not 
based on genetic work. Barkley's 
treatment has been continued by 
Trock in Jepson Manual 2 and Flora 
North America.  CDFW, CNPS, and 
BLM will continue to recognize the 
variety until genetic work 
conclusively shows that vars. 
clevelandii and heterophyllus are 
actually the same taxon. 

K

Sidalcea covillei Owens Valley 
checkerbloom 

VASC Malvaceae SE BLMS 1B.1 G2 S2 No 28-Apr-15 K 

Sidalcea hickmanii subsp. 
anomala 

Cuesta Pass checkerbloom VASC Malvaceae SR BLMS 1B.2 G3T1 S1 No 13-Sep-12 S S 

Sidalcea hickmanii subsp. 
parishii 

Parish's checkerbloom VASC Malvaceae SR BLMS 1B.2 G3T1 S1 No 03-Jun-13 This species used to be a Federal 
candidate but was removed from 
the candidate list in 2006. 

S 

Sidalcea keckii Keck's checkerbloom VASC Malvaceae FE 1B.1 G1 S1 No 13-Sep-12 K 

Sidalcea malviflora subsp. 
patula 

Siskiyou checkerbloom VASC Malvaceae BLMS 1B.2 G5T2 S2 No 13-Sep-12 S 

Sidalcea oregana subsp. 
eximia 

coast checkerbloom VASC Malvaceae BLMS 1B.2 G5T1 S1 No S 

Sidalcea robusta Butte County 
checkerbloom 

VASC Malvaceae BLMS 1B.2 G2 S2 No 13-Sep-12 K 

Silene campanulata subsp. 
campanulata 

Red Mountain catchfly VASC Caryophyllaceae SE BLMS 4.2 G5T3Q S3 No 28-Apr-15 Known from Red Mountain, 
Mendocino Co., Arcata FO; 
suspected on public lands in Ukiah 
FO from an occurrence near public 
lands in the Gilmore Peak 24k quad, 
Colusa Co. 

K S 
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Silene occidentalis subsp. 
longistipitata 

long-stiped campion VASC Caryophyllaceae BLMS 1B.2 G4T2Q S2 No 16-Nov-10 S 

Smilax jamesii English Peak greenbriar VASC Smilacaceae BLMS 1B.3 G2 S2 No S 

Sowerbyella rhenana stalked orange peel fungus FUNG Pyrenemataceae BLMS G3G5 None No 16-Nov-10 S S 

Sparassis crispa cauliflower mushroom FUNG Sparassidaceae BLMS None None No 16-Nov-10 K 

Spathularia flavida fairy fan FUNG Cudoniaceae BLMS G4G5 None No 16-Nov-10 K S 

Sphaeralcea rusbyi var. 
eremicola 

Rusby's desert-mallow VASC Malvaceae BLMS 1B.2 G4T2 S2 No 13-Sep-12 CNPS Rare Plant Treasure Hunt 
found 19 new occurrences in 2010. 

K 

Stenotus lanuginosus var. 
lanuginosus 

woolly stenotus VASC Asteraceae BLMS 2B.2 G5T3 S3 No 28-Apr-15 Known in CA from fewer than five 
occurrences.  This species occurs at 
low numbers at each site. 

K 

Stipa exigua little ricegrass VASC Poaceae BLMS 2B.3 G5 S2 No 03-Jun-13 Formerly Oryzopsis exigua Thurb. 
Known in CA from only two widely 
separated occurrences, one on 
public lands within the Eagle Lake 
Field Office which burned within the 
last few years.  It is not common in 
NV. Threats include grazing and 
weed invasion following the recent 
fire. 

K K S 

Streptanthus albidus 
subsp. albidus 

Metcalf Canyon jewel-
flower 

VASC Brassicaceae FE 1B.1 G2T1 S1  Yes 13-Sep-12 S

Streptanthus brachiatus 
subsp. brachiatus 

Socrates Mine jewel-
flower 

VASC Brassicaceae BLMS 1B.2 G2T1 S1  Yes 03-Jun-13 K

Streptanthus brachiatus 
subsp. hoffmanii 

Freed's jewelflower VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 16-Nov-10 This taxon was recognized in Jepson 
Manual 1st edition, but is reduced to 
synonymy under S. brachiatus in the 
2nd edition. 

K 

Streptanthus callistus Mount Hamilton jewel-
flower 

VASC Brassicaceae BLMS 1B.3 G1 S1 No 13-Sep-12 S 
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Streptanthus campestris southern jewel-flower VASC Brassicaceae BLMS 1B.3 G3 S3 No 28-Apr-15 Nonspecific CNDDB Occurrence 8, in 
the El Centro FO, is on lands slated 
for renewable energy; there are 
BLM lands within the mapped 1 mile 
radius circle, but there are also 
private lands. Occurrence 1, in the 
Palm Springs FO, contains BLM lands 
within the mapped 1 mile radius 
circle, but most of the lands within 
the circle are private. 

S S 

Streptanthus cordatus var. 
piutensis 

Piute Mountains jewel-
flower 

VASC Brassicaceae BLMS 1B.2 G5T1 S1 No 03-Jun-13 K K 

Streptanthus glandulosus 
subsp. hoffmannii 

Hoffmann's jewel-flower VASC Brassicaceae BLMS 1B.3 G4TH SH No 16-Nov-10 Elevated from S. g. var. hoffmannii 
Kruckeberg to subsp. hoffmannii in 
Jepson Manual 2nd edition. 

S 

Streptanthus morrisonii 
subsp. elatus 

Three Peaks jewel-flower VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 28-Apr-15 Reduced to synonymy under S. 
morrisonii in Jepson Manual 2nd 
edition. 

K 

Streptanthus morrisonii 
subsp. hirtiflorus 

Dorr's Cabin jewel-flower VASC Brassicaceae BLMS 1B.2 G2T1 S1 No 28-Apr-15 Reduced to synonymy under S. 
morrisonii in Jepson Manual 2nd 
edition. 

S 

Streptanthus morrisonii 
subsp. kruckebergii 

Kruckeberg's jewel-flower VASC Brassicaceae BLMS 1B.2 G2T1 S1 No 03-Jun-13 Reduced to synonymy under S. 
morrisonii in Jepson Manual 2nd 
edition. 

K 

Streptanthus morrisonii 
subsp. morrisonii 

Morrison's jewel-flower VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 28-Apr-15 The Jepson Manual 2nd edition does 
not recognize any subspecific taxa 
under S. morrisonii. 

K 

Streptanthus oliganthus Masonic Mountain jewel-
flower 

VASC Brassicaceae BLMS 1B.2 W G2G3 S2 No 28-Apr-15 K 

Streptanthus vernalis early jewel-flower VASC Brassicaceae BLMS 1B.2 G1 S1 No 24-Aug-09 Known from only one occurrence on 
serpentine at Three Peaks. 

K 

Stylocline citroleum oil neststraw VASC Asteraceae BLMS 1B.1 G2 S2 No 18-Sep-12 After reviewing CNDDB, specific 
occurrence 18 has BLM lands within 
the mapped circle. 

K 

Stylocline masonii Mason neststraw VASC Asteraceae BLMS 1B.1 G1 S1 No 03-Jun-13 S 
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Sulcaria isidiifera splitting yarn lichen LICH Alectoriaceae BLMS 1B.1 G1 S1 No 26-Jan-15 A 5-acre BLM parcel is inside of the 
1/5 mile circle mapped for 
Occurrence Number 4 of this 
species. 

S 

Symphotrichum greatae Greata's aster VASC Asteraceae BLMS 1B.3 G3 S3 No 28-Apr-15 CNDDB Occurrence 41 in Ventura 
County abuts BLM lands in the 
Bakersfield Field Office.  Occurrence 
36 in Los Angeles County (Palm 
Springs Field Office) has small area 
of BLM lands within the nonspecific 
mapped 1-mile radius circle, this 
based on an 1893 collection. 

S S 

Symphyotrichum 
defoliatum 

San Bernardino aster VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 Newly accepted name for Aster 
bernardinus H.M. Hall. CNDDB maps 
nonspecific location close to BLM 
lands on Mt. Laguna. 

S S S 

Teloschistes flavicans orangebush lichen LICH Teloschistaceae BLMS G4G5 None No 16-Nov-10 S 

Tetracoccus dioicus Parry's tetracoccus VASC Euphorbiaceae BLMS 1B.2 G3? S2 No 28-Apr-15 K 

Tetraphis geniculata bent-kneed four-tooth 
moss 

BRYO Tetraphidaceae BLMS G3G5 None No 16-Nov-10 S 

Thelypodium howellii var. 
howellii 

Howell's thelypodium VASC Brassicaceae BLMS 1B.2 G2T2 S2 No 03-Jun-13 S K S 

Thermopsis californica var. 
semota 

velvety false lupine VASC Fabaceae BLMS 1B.2 G4T2 S2 No 28-Apr-15 Nonspecific CNDDB Occurrence 16 
borders BLM land slated for 
renewable energy. 

S 

Thysanocarpus rigidus Ridge Fringepod VASC Brassicaceae BLMS 1B.2 G1G2 S1S2 No 03-Oct-11 Currently shown in 2 locations close 
to BLM lands in the Laguna 
Mountains. 

S 

Tortula californica California screw moss BRYO Pottiaceae BLMS 1B.2 G2? S2 No 13-Sep-12 S 

Trifolium buckwestiorum Santa Cruz clover VASC Fabaceae BLMS 1B.1 G2 S2 No 03-Jun-13 Known from 3 locations at Fort Ord, 
one of which along road scheduled 
to be widened (entered 1/24/02). 

K 

Trifolium jokerstii Butte County golden clover VASC Fabaceae BLMS 1B.2 G2 S2 No 03-Jun-13 K 
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Trifolium kingii subsp. 
dedeckerae 

DeDecker's clover VASC Fabaceae BLMS 1B.3 G2 S2 No 28-Apr-15 DFG and CNPS still have as T. 
dedeckerae J.M Gillett.  Was 
Trifolium macilentum var. 
dedeckerae (J.M. Gillett) Barneby in 
Jepson Manual 1st edition.  The 
treatment used here is the 
treatment in Jepson Manual 2nd 
edition. 

S K 

Trifolium polyodon Pacific Grove clover VASC Fabaceae SR BLMS 1B.1 G1 S1 No 03-Jun-13 K 

Triteleia piutensis Piute Mountains triteleia VASC Themidaceae BLMS 1B.1 G1 S1 No 20-Jan-15 Recently described by Kentner, E. 
and K. Steiner. 2014. A new species 
of Triteleia (Themidaceae) from the 
southern Sierra Nevada. Madroño 
61(2): 227-230.  Added to 
CDFW/CNPS list on 7/24/2014. 

K 

Usnea longissima long beard lichen LICH Parmeliaceae BLMS 4.2 G4 S4 No 28-Apr-15 K 

Verbena californica Red Hills vervain VASC Verbenaceae FT ST 1B.1 G2 S2 No 13-Sep-12 K 

Vermilacinia cephalota powdery fog lichen LICH Ramalinaceae BLMS G3G4 None No 16-Nov-10 Formerly Niebla cephalota (Tuck.) 
Rundel & Bowler, which the PLANTS 
database treats as a synonym. 

K 

Wyethia reticulata El Dorado mule ears VASC Asteraceae BLMS 1B.2 G2 S2 No 13-Sep-12 FWS Recovery Plan for Gabbro Soil 
Plants of the Central Sierra Nevada 
Foothills addresses this species even 
though it's not federally listed. 

K 

Xylorhiza cognata Mecca-aster VASC Asteraceae BLMS 1B.2 G2 S2 No 03-Jun-13 Occurs on BLM lands along or near 
OHV routes and trails in the 
Meccacopia Special Recreation Area 
acc. Jim Weigand. 

K 

Xylorhiza orcuttii Orcutt's woody aster VASC Asteraceae BLMS 1B.2 G2G3 S2 No 13-Sep-12 K 
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Zeltnera namophila spring-loving centaury VASC Gentianaceae FT t G2Q S2 
(Neva 
da) 

CE  Yes 28-Apr-15 Formerly Centaurium namophilum 
Reveal, C.R. Boome, & Beatley, this 
species is now treated as Zeltnera 
namophila in the Jepson Manual, 
2nd edition.  Although the CNPS 
Inventory, accessed 8/8/2013, still 
treats this as Centaurium 
namophilum (var. namophilum) and 
states that the species does not 
occur in California, citing previous 
records they consider to be based 
on a misidentification of C. 
exaltatum (Griseb.) Piper, the 
Jepson Manual 2 believes that the 
specimens referred to C. exaltatum 
are in fact Z. namophila. This 
species is almost certainly in the 
Carson Slough area of the Barstow 
Field Office. 

K

Type of Plant: BRYO = Bryophyte; FUNG = Fungus; LICH = Lichen; VASC = Vascular plant; Federal Status: FE = Federally Endangered; FT = Federally Threatened; FC = Federal Candidate; FP = Proposed for Federal Listing; FD = Federally Delisted. State of California (CA) Status: SE = State Endangered; ST = State Threatened; SR = 
State Rare/  �alifornia Rare Plant Rank. 1!  = Plants presumed extinct in �!- 1� = Plants rare, threatened, or endangered in �! and elsewhere- 2 = Plants rare, threatened, or endangered in �!, but more common elsewhere- 3 = Plants about which more Information is needed- 4 = Plants of limited distribution – a watch list/  
Decimals following the CA Rare Plant Rank Numbers: x.1 = Seriously endangered in CA; x.2 = Fairly endangered in CA; x.3 = Not very endangered in CA.  Nevada Native Plant Society (NNPS) Status: W = Watch List.  State of Nevada (NV) Status: CE = Critically Endangered; CE# = Proposed for Critically Endangered.  Global and 
State Rank:  The Global Rank is assigned by NatureServe and  reflects the overall condition of the element throughout its global range; G-ranks are used for species as a whole, T-ranks for subspecies; the State (S) Rank is assigned by the State Heritage Program and reflects the overall condition of the element within a State.  
Code meanings can be found at: http://www.natureserve.org/explorer/ranking.htm#interpret.  Comments: Additional information, only provided for some plants.  Date Updated: This field is provided to show when changes or updates were last made to an element; this tracking was implemented only in recent years, so 
the field is blank for most elements.  K or S under BLM field offices:  K = Known to occur on BLM lands managed by that field office; S = Suspected to occur on BLM lands managed by that field office.    
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Pacifastacus fortisShasta crayfish FE SE

Arcata 22 Species

Mammal

Myotis thysanodesFringed myotis BLMS

Myotis evotisLong-eared myotis BLMS

Martes pennanti (pacifica) DPSPacific fisher FC SC BLMS SSC

Antrozous pallidusPallid bat BLMS SSC

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Myotis yumanensisYuma myotis BLMS

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Oceanodroma furcataFork-tailed storm-petrel BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Accipiter gentilisNorthern goshawk BLMS SSC

Agelaius tricolorTricolored blackbird BLMS SSC

Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Elanus leucurusWhite-tailed kite BLMS SF

Reptile

Lampropeltis zonataCalifornia mountain kingsnake BLMS

Amphibian

Rana boyliiFoothill yellow-legged frog BLMS

Fish

Oncorhynchus tshawytscha ESU spring-runCentral Valley spring-run chinook salmon FT ST

Oncorhynchus kisutchCoho salmon - central California coast FE SE

Entosphenus tridentatusPacific lamprey BLMS

Invertebrate

Ancotrema voyanumHooded lancetooth BLMS

Helminthoglypta hertleiniOregon shoulderband snail BLMS

Helminthoglypta talmadgeiTrinity shoulderband snail BLMS

September-23-14 Page 2 of 22
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Bakersfield 50 Species

Mammal

Macrotus californicusCalifornia leaf-nosed bat BLMS SSC

Myotis thysanodesFringed myotis BLMS

Dipodomys ingensGiant kangaroo rat FE SE

Myotis evotisLong-eared myotis BLMS

Ammospermophilus nelsoniNelson's antelope squirrel ST BLMS

Microtus californicus vallicolaOwens Valley vole BLMS

Martes pennanti (pacifica) DPSPacific fisher FC SC BLMS SSC

Antrozous pallidusPallid bat BLMS SSC

Vulpes macrotis muticaSan Joaquin kit fox FE ST

Perognathus inornatusSan Joaquin pocket mouse BLMS

Dipodomys nitratoides brevinasusShort-nosed kangaroo rat BLMS

Ovis canadensis sierraeSierra Nevada bighorn sheep FE SE SF

Myotis ciliolabrumSmall-footed myotis BLMS

Euderma maculatumSpotted bat BLMS SSC

Dipodomys nitratoides nitratoidesTipton kangaroo rat FE SE

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Onychomys torridus tularensisTulare grasshopper mouse BLMS

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Perognathus  xanthonotusYellow-eared pocket mouse BLMS

Myotis yumanensisYuma myotis BLMS

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Pelecanus occidentalisBrown pelican FD SD BLMS SF

Athene cuniculariaBurrowing owl BLMS SSC

Laterallus jamaicensis coturniculusCalifornia black rail ST BLMS SF

Strix occidentalis occidentalisCalifornia spotted owl BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Vireo viciniorGray vireo BLMS SSC

Vireo bellii pusillusLeast Bell's vireo FE SE

Charadrius montanusMountain plover BLMS SSC
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Accipiter gentilisNorthern goshawk BLMS SSC

Toxostoma lecontei macmillanorumSan Joaquin Le Conte's thrasher BLMS SSC

Empidonax traillii extimusSouthwestern willow flycatcher FE SE

Buteo swainsoniSwainson's hawk ST BLMS

Agelaius tricolorTricolored blackbird BLMS SSC

Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Elanus leucurusWhite-tailed kite BLMS SF

Reptile

Gambelia silaBlunt-nosed leopard lizard FE SE SF

Lampropeltis zonataCalifornia mountain kingsnake BLMS

Phrynosoma blainvilliiCoast horned lizard BLMS

Actinemys marmorata pallidaSouthwestern pond turtle BLMS

Thamnophis hammondiiTwo-striped garter snake BLMS

Amphibian

Ambystoma californienseCalifornia tiger salamander FT SC SSC

Rana boyliiFoothill yellow-legged frog BLMS

Batrachoseps stebbinsiTehachapi slender salamander BLMS

Spea hammondiiWestern spadefoot toad BLMS

Ensatina eschscholtzii croceatorYellow-blotched salamander BLMS

Fish

Entosphenus tridentatusPacific lamprey BLMS

Gasterosteus aculeatus williamsoniUnarmored threespine stickleback FE SE SF

Invertebrate

Coelus gracilisSan Joaquin dune beetle BLMS
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Barstow 23 Species

Mammal

Microtus californicus scirpensisAmargosa vole FE SE

Macrotus californicusCalifornia leaf-nosed bat BLMS SSC

Ovis canadensis nelsoniDesert bighorn sheep BLMS SF

Myotis thysanodesFringed myotis BLMS

Spermophilus mohavensisMohave ground squirrel ST BLMS

Antrozous pallidusPallid bat BLMS SSC

Euderma maculatumSpotted bat BLMS SSC

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Bird

Toxostoma bendireiBendire’s thrasher BLMS SSC

Athene cuniculariaBurrowing owl BLMS SSC

Vireo viciniorGray vireo BLMS SSC

Vireo bellii pusillusLeast Bell's vireo FE SE

Empidonax traillii extimusSouthwestern willow flycatcher FE SE

Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Reptile

Gopherus agassiziiDesert tortoise FT ST

Heloderma suspectumGila monster BLMS

Uma scopariaMojave fringe-toed lizard BLMS

Actinemys marmorata pallidaSouthwestern pond turtle BLMS

Fish

Cyprinodon nevadensis amargosaeAmargosa River pupfish BLMS

Rhinichthys osculus ssp. 1Amargosa speckled dace BLMS

Siphateles bicolor mohavensisMojave tui chub FE SE SF

Invertebrate

Hubbardia shoshonensisShoshone Cave whip-scorpion BLMS
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Bishop 30 Species

Mammal

Ovis canadensis nelsoniDesert bighorn sheep BLMS SF

Myotis thysanodesFringed myotis BLMS

Myotis evotisLong-eared myotis BLMS

Spermophilus mohavensisMohave ground squirrel ST BLMS

Microtus californicus vallicolaOwens Valley vole BLMS

Martes pennanti (pacifica) DPSPacific fisher FC SC BLMS SSC

Antrozous pallidusPallid bat BLMS SSC

Brachylagus idahoensisPygmy rabbit BLMS

Ovis canadensis sierraeSierra Nevada bighorn sheep FE SE SF

Myotis ciliolabrumSmall-footed myotis BLMS

Euderma maculatumSpotted bat BLMS SSC

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Myotis yumanensisYuma myotis BLMS

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Athene cuniculariaBurrowing owl BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Centrocercus urophasianusGreater sage-grouse FC BLMS SSC

Vireo bellii pusillusLeast Bell's vireo FE SE

Accipiter gentilisNorthern goshawk BLMS SSC

Buteo swainsoniSwainson's hawk ST BLMS

Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Reptile

Sceloporus graciosus graciosusNorthern sagebrush lizard BLMS

Elgaria panamintinaPanamint alligator lizard BLMS

Amphibian

Anaxyrus exsulBlack toad ST BLMS SF

Batrachoseps campiInyo Mountains slender salamander BLMS

Fish

Cyprinodon nevadensis amargosaeAmargosa River pupfish BLMS
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Cyprinodon radiosusOwens pupfish FE SE SF

Rhinichthys osculus ssp. 2Owens speckled dace BLMS

Siphateles bicolor snyderiOwens tui chub FE SE

Eagle Lake 20 Species

Mammal

Myotis thysanodesFringed myotis BLMS

Myotis evotisLong-eared myotis BLMS

Martes pennanti (pacifica) DPSPacific fisher FC SC BLMS SSC

Antrozous pallidusPallid bat BLMS SSC

Brachylagus idahoensisPygmy rabbit BLMS

Myotis ciliolabrumSmall-footed myotis BLMS

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Myotis yumanensisYuma myotis BLMS

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Athene cuniculariaBurrowing owl BLMS SSC

Strix occidentalis occidentalisCalifornia spotted owl BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Centrocercus urophasianusGreater sage-grouse FC BLMS SSC

Grus canadensis tabidaGreater sandhill crane ST BLMS SF

Accipiter gentilisNorthern goshawk BLMS SSC

Buteo swainsoniSwainson's hawk ST BLMS

Agelaius tricolorTricolored blackbird BLMS SSC

Reptile

Lampropeltis zonataCalifornia mountain kingsnake BLMS

Sceloporus graciosus graciosusNorthern sagebrush lizard BLMS
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El Centro 40 Species

Mammal

Macrotus californicusCalifornia leaf-nosed bat BLMS SSC

Myotis veliferCave myotis BLMS SSC

Ovis canadensis nelsoniDesert bighorn sheep BLMS SF

Myotis thysanodesFringed myotis BLMS

Myotis evotisLong-eared myotis BLMS

Antrozous pallidusPallid bat BLMS SSC

Perognathus longimembris bangsiPalm Springs little pocket mouse BLMS

Myotis ciliolabrumSmall-footed myotis BLMS

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Myotis yumanensisYuma myotis BLMS

Bird

Vireo bellii arizonaeArizona bell's vireo SE BLMS

Pelecanus occidentalisBrown pelican FD SD BLMS SF

Athene cuniculariaBurrowing owl BLMS SSC

Laterallus jamaicensis coturniculusCalifornia black rail ST BLMS SF

Strix occidentalis occidentalisCalifornia spotted owl BLMS SSC

Micrathene whitneyiElf owl SE BLMS

Melanerpes uropygialisGila woodpecker SE BLMS

Colaptes chrysoidesGilded flicker SE BLMS

Vireo bellii pusillusLeast Bell's vireo FE SE

Oreothlypis luciaeLucy's warbler BLMS SSC

Charadrius montanusMountain plover BLMS SSC

Empidonax traillii extimusSouthwestern willow flycatcher FE SE

Agelaius tricolorTricolored blackbird BLMS SSC

Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Rallus longirostris yumanensisYuma clapper rail FE ST SF

Reptile

Coleonyx switakiBarefoot banded gecko ST BLMS

Phrynosoma blainvilliiCoast horned lizard BLMS

Uma notataColorado Desert fringe-toed lizard BLMS
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Gopherus agassiziiDesert tortoise FT ST

Phrynosoma mcalliFlat-tailed horned lizard BLMS

Actinemys marmorata pallidaSouthwestern pond turtle BLMS

Thamnophis hammondiiTwo-striped garter snake BLMS

Amphibian

Scaphiopus couchiCouch's spadefoot toad BLMS

Lithobates yavapaiensisLowland leopard frog BLMS

Fish

Ptychocheilus luciusColorado pikeminnow FE SE SF

Cyprinodon maculariusDesert pupfish FE SE

Siphateles bicolor mohavensisMojave tui chub FE SE SF

Xyrauchen texanusRazorback sucker FE SE SF

Gasterosteus aculeatus williamsoniUnarmored threespine stickleback FE SE SF
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Hollister 37 Species

Mammal

Myotis thysanodesFringed myotis BLMS

Dipodomys ingensGiant kangaroo rat FE SE

Myotis evotisLong-eared myotis BLMS

Ammospermophilus nelsoniNelson's antelope squirrel ST BLMS

Antrozous pallidusPallid bat BLMS SSC

Vulpes macrotis muticaSan Joaquin kit fox FE ST

Perognathus inornatusSan Joaquin pocket mouse BLMS

Dipodomys nitratoides brevinasusShort-nosed kangaroo rat BLMS

Myotis ciliolabrumSmall-footed myotis BLMS

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Onychomys torridus tularensisTulare grasshopper mouse BLMS

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Myotis yumanensisYuma myotis BLMS

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Pelecanus occidentalisBrown pelican FD SD BLMS SF

Athene cuniculariaBurrowing owl BLMS SSC

Laterallus jamaicensis coturniculusCalifornia black rail ST BLMS SF

Strix occidentalis occidentalisCalifornia spotted owl BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Charadrius montanusMountain plover BLMS SSC

Buteo swainsoniSwainson's hawk ST BLMS

Agelaius tricolorTricolored blackbird BLMS SSC

Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Elanus leucurusWhite-tailed kite BLMS SF

Reptile

Gambelia silaBlunt-nosed leopard lizard FE SE SF

Lampropeltis zonataCalifornia mountain kingsnake BLMS

Phrynosoma blainvilliiCoast horned lizard BLMS

Actinemys marmorata pallidaSouthwestern pond turtle BLMS

September-23-14 Page 10 of 22

Federal Status: FE = Federally Endangered, FT = Federally Threatened, FC = Federal Candidate, FP = Proposed for Federal Listing, FD = Delisted from Federal ESA; State Status: SE = State Endangered, ST = State Threatened, 
SC = State Candidate, SD = Delisted from State ESA; Other Status: EA = Bald and Golden Eagle Protection Act, SF = Fully Protected, SSC = Species of Special Concern

PC ORIGINAL PKG



FIELD OFFICE  SCIENTIFIC NAMECOMMON NAME FEDERAL
 STATUS

STATE 
STATUS

BLM 
STATUS

OTHER 
STATUS

Thamnophis hammondiiTwo-striped garter snake BLMS

Amphibian

Ambystoma californienseCalifornia tiger salamander FT SC SSC

Rana boyliiFoothill yellow-legged frog BLMS

Spea hammondiiWestern spadefoot toad BLMS

Fish

Oncorhynchus kisutchCoho salmon - central California coast FE SE

Entosphenus tridentatusPacific lamprey BLMS

Invertebrate

Aegialia concinnaCiervo aegialian scarab beetle BLMS

Coelus gracilisSan Joaquin dune beetle BLMS
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Mother Lode 33 Species

Mammal

Myotis thysanodesFringed myotis BLMS

Myotis evotisLong-eared myotis BLMS

Martes pennanti (pacifica) DPSPacific fisher FC SC BLMS SSC

Antrozous pallidusPallid bat BLMS SSC

Myotis ciliolabrumSmall-footed myotis BLMS

Euderma maculatumSpotted bat BLMS SSC

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Myotis yumanensisYuma myotis BLMS

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Athene cuniculariaBurrowing owl BLMS SSC

Laterallus jamaicensis coturniculusCalifornia black rail ST BLMS SF

Strix occidentalis occidentalisCalifornia spotted owl BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Grus canadensis tabidaGreater sandhill crane ST BLMS SF

Accipiter gentilisNorthern goshawk BLMS SSC

Buteo swainsoniSwainson's hawk ST BLMS

Agelaius tricolorTricolored blackbird BLMS SSC

Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Elanus leucurusWhite-tailed kite BLMS SF

Reptile

Lampropeltis zonataCalifornia mountain kingsnake BLMS

Phrynosoma blainvilliiCoast horned lizard BLMS

Amphibian

Ambystoma californienseCalifornia tiger salamander FT SC SSC

Rana boyliiFoothill yellow-legged frog BLMS

Hydromantes brunusLimestone salamander ST BLMS SF

Spea hammondiiWestern spadefoot toad BLMS

Fish
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Oncorhynchus tshawytscha ESU spring-runCentral Valley spring-run chinook salmon FT ST

Entosphenus tridentatusPacific lamprey BLMS

Lavinia symmetricus ssp. 3Red Hills roach BLMS

Invertebrate

Monadenia mormonum hirsuteHirsute Sierra sideband snail BLMS

Monadenia circumcarinataKeeled sideband snail BLMS

Monadenia tuolumneanaTuolumne sideband snail BLMS
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Needles 22 Species

Mammal

Macrotus californicusCalifornia leaf-nosed bat BLMS SSC

Ovis canadensis nelsoniDesert bighorn sheep BLMS SF

Antrozous pallidusPallid bat BLMS SSC

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Myotis yumanensisYuma myotis BLMS

Bird

Vireo bellii arizonaeArizona bell's vireo SE BLMS

Toxostoma bendireiBendire’s thrasher BLMS SSC

Athene cuniculariaBurrowing owl BLMS SSC

Micrathene whitneyiElf owl SE BLMS

Melanerpes uropygialisGila woodpecker SE BLMS

Colaptes chrysoidesGilded flicker SE BLMS

Vireo viciniorGray vireo BLMS SSC

Oreothlypis luciaeLucy's warbler BLMS SSC

Empidonax traillii extimusSouthwestern willow flycatcher FE SE

Buteo swainsoniSwainson's hawk ST BLMS

Rallus longirostris yumanensisYuma clapper rail FE ST SF

Reptile

Gopherus agassiziiDesert tortoise FT ST

Heloderma suspectumGila monster BLMS

Uma scopariaMojave fringe-toed lizard BLMS

Fish

Ptychocheilus luciusColorado pikeminnow FE SE SF

Siphateles bicolor mohavensisMojave tui chub FE SE SF

Xyrauchen texanusRazorback sucker FE SE SF
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Palm Springs 53 Species

Mammal

Macrotus californicusCalifornia leaf-nosed bat BLMS SSC

Myotis veliferCave myotis BLMS SSC

Ovis canadensis nelsoniDesert bighorn sheep BLMS SF

Myotis thysanodesFringed myotis BLMS

Myotis evotisLong-eared myotis BLMS

Antrozous pallidusPallid bat BLMS SSC

Perognathus longimembris bangsiPalm Springs little pocket mouse BLMS

Spermophilus tereticaudus chlorusPalm Springs round-tailed ground squirrel FC BLMS SSC

Myotis ciliolabrumSmall-footed myotis BLMS

Euderma maculatumSpotted bat BLMS SSC

Dipodomys stephensiStephens' kangaroo rat FE ST

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Perognathus alticolaWhite-eared pocket mouse BLMS

Myotis yumanensisYuma myotis BLMS

Bird

Oceanodroma homochroaAshy storm-petrel BLMS SSC

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Toxostoma bendireiBendire’s thrasher BLMS SSC

Pelecanus occidentalisBrown pelican FD SD BLMS SF

Athene cuniculariaBurrowing owl BLMS SSC

Laterallus jamaicensis coturniculusCalifornia black rail ST BLMS SF

Strix occidentalis occidentalisCalifornia spotted owl BLMS SSC

Micrathene whitneyiElf owl SE BLMS

Colaptes chrysoidesGilded flicker SE BLMS

Aquila chrysaetosGolden eagle BLMS EA

Vireo bellii pusillusLeast Bell's vireo FE SE

Oreothlypis luciaeLucy's warbler BLMS SSC

Empidonax traillii extimusSouthwestern willow flycatcher FE SE

Agelaius tricolorTricolored blackbird BLMS SSC
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Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Elanus leucurusWhite-tailed kite BLMS SF

Synthliboramphus hypoleucusXantus' murrelet FC ST BLMS

Rallus longirostris yumanensisYuma clapper rail FE ST SF

Reptile

Uma inornataCoachella Valley fringe-toed lizard FT SE

Phrynosoma blainvilliiCoast horned lizard BLMS

Plestiodon skiltonianus interparietalisCoronado skink BLMS

Gopherus agassiziiDesert tortoise FT ST

Phrynosoma mcalliFlat-tailed horned lizard BLMS

Heloderma suspectumGila monster BLMS

Uma scopariaMojave fringe-toed lizard BLMS

Actinemys marmorata pallidaSouthwestern pond turtle BLMS

Thamnophis hammondiiTwo-striped garter snake BLMS

Amphibian

Scaphiopus couchiCouch's spadefoot toad BLMS

Batrachoseps major aridusDesert slender salamander FE SE

Spea hammondiiWestern spadefoot toad BLMS

Ensatina eschscholtzii croceatorYellow-blotched salamander BLMS

Fish

Ptychocheilus luciusColorado pikeminnow FE SE SF

Cyprinodon maculariusDesert pupfish FE SE

Siphateles bicolor mohavensisMojave tui chub FE SE SF

Xyrauchen texanusRazorback sucker FE SE SF

Gasterosteus aculeatus williamsoniUnarmored threespine stickleback FE SE SF

Invertebrate

Callophrys thorneiThorne's hairstreak butterfly BLMS
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Redding 38 Species

Mammal

Myotis thysanodesFringed myotis BLMS

Myotis evotisLong-eared myotis BLMS

Martes pennanti (pacifica) DPSPacific fisher FC SC BLMS SSC

Antrozous pallidusPallid bat BLMS SSC

Perognathus inornatusSan Joaquin pocket mouse BLMS

Euderma maculatumSpotted bat BLMS SSC

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Myotis yumanensisYuma myotis BLMS

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Athene cuniculariaBurrowing owl BLMS SSC

Laterallus jamaicensis coturniculusCalifornia black rail ST BLMS SF

Strix occidentalis occidentalisCalifornia spotted owl BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Grus canadensis tabidaGreater sandhill crane ST BLMS SF

Accipiter gentilisNorthern goshawk BLMS SSC

Buteo swainsoniSwainson's hawk ST BLMS

Agelaius tricolorTricolored blackbird BLMS SSC

Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Elanus leucurusWhite-tailed kite BLMS SF

Reptile

Lampropeltis zonataCalifornia mountain kingsnake BLMS

Phrynosoma blainvilliiCoast horned lizard BLMS

Amphibian

Rana boyliiFoothill yellow-legged frog BLMS

Hydromantes shastaeShasta salamander BLMS

Spea hammondiiWestern spadefoot toad BLMS

Fish

Oncorhynchus tshawytscha ESU spring-runCentral Valley spring-run chinook salmon FT ST
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Deltistes luxatusLost River sucker FE SE SF

Entosphenus tridentatusPacific lamprey BLMS

Cottus asperrimusRough sculpin ST BLMS

Oncorhynchus tshawytscha ESU winter-runSacramento River winter-run chinook salmon FE SE

Chasmistes brevirostrisShortnose sucker FE SE SF

Invertebrate

Vespericola pressleyiBig Bar hesperian snail BLMS

Ancotrema voyanumHooded lancetooth BLMS

Helminthoglypta hertleiniOregon shoulderband snail BLMS

Monadenia chaceanaSiskiyou shoulderband snail BLMS

Trilobopsis tehamanaTehama chaparral snail BLMS

Helminthoglypta talmadgeiTrinity shoulderband snail BLMS
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Ridgecrest 31 Species

Mammal

Ovis canadensis nelsoniDesert bighorn sheep BLMS SF

Myotis evotisLong-eared myotis BLMS

Spermophilus mohavensisMohave ground squirrel ST BLMS

Ammospermophilus nelsoniNelson's antelope squirrel ST BLMS

Microtus californicus vallicolaOwens Valley vole BLMS

Antrozous pallidusPallid bat BLMS SSC

Perognathus inornatusSan Joaquin pocket mouse BLMS

Myotis ciliolabrumSmall-footed myotis BLMS

Euderma maculatumSpotted bat BLMS SSC

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Onychomys torridus tularensisTulare grasshopper mouse BLMS

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Perognathus  xanthonotusYellow-eared pocket mouse BLMS

Myotis yumanensisYuma myotis BLMS

Bird

Toxostoma bendireiBendire’s thrasher BLMS SSC

Athene cuniculariaBurrowing owl BLMS SSC

Strix occidentalis occidentalisCalifornia spotted owl BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Vireo viciniorGray vireo BLMS SSC

Melozone crissalis eremophilusInyo California towhee FT SE

Charadrius montanusMountain plover BLMS SSC

Buteo swainsoniSwainson's hawk ST BLMS

Agelaius tricolorTricolored blackbird BLMS SSC

Reptile

Gopherus agassiziiDesert tortoise FT ST

Sceloporus graciosus graciosusNorthern sagebrush lizard BLMS

Elgaria panamintinaPanamint alligator lizard BLMS

Actinemys marmorata pallidaSouthwestern pond turtle BLMS

Thamnophis hammondiiTwo-striped garter snake BLMS

Amphibian
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Anaxyrus exsulBlack toad ST BLMS SF

Batrachoseps campiInyo Mountains slender salamander BLMS

Fish

Siphateles bicolor mohavensisMojave tui chub FE SE SF

Surprise 10 Species

Mammal

Antrozous pallidusPallid bat BLMS SSC

Ovis canadensis sierraeSierra Nevada bighorn sheep FE SE SF

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Athene cuniculariaBurrowing owl BLMS SSC

Aquila chrysaetosGolden eagle BLMS EA

Centrocercus urophasianusGreater sage-grouse FC BLMS SSC

Grus canadensis tabidaGreater sandhill crane ST BLMS SF

Accipiter gentilisNorthern goshawk BLMS SSC

Reptile

Sceloporus graciosus graciosusNorthern sagebrush lizard BLMS

Fish

Catostomus murivallisWall Canyon sucker BLMS
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FIELD OFFICE  SCIENTIFIC NAMECOMMON NAME FEDERAL
 STATUS

STATE 
STATUS

BLM 
STATUS

OTHER 
STATUS

Ukiah 27 Species

Mammal

Myotis thysanodesFringed myotis BLMS

Myotis evotisLong-eared myotis BLMS

Martes pennanti (pacifica) DPSPacific fisher FC SC BLMS SSC

Antrozous pallidusPallid bat BLMS SSC

Perognathus inornatusSan Joaquin pocket mouse BLMS

Myotis ciliolabrumSmall-footed myotis BLMS

Corynorhinus townsendiiTownsend's big-eared bat BLMS SSC

Eumops perotis californicusWestern mastiff-bat BLMS SSC

Myotis yumanensisYuma myotis BLMS

Bird

Haliaeetus leucocephalusBald eagle FD SE BLMS EA

Riparia ripariaBank swallow ST BLMS

Athene cuniculariaBurrowing owl BLMS SSC

Laterallus jamaicensis coturniculusCalifornia black rail ST BLMS SF

Aquila chrysaetosGolden eagle BLMS EA

Charadrius montanusMountain plover BLMS SSC

Accipiter gentilisNorthern goshawk BLMS SSC

Buteo swainsoniSwainson's hawk ST BLMS

Agelaius tricolorTricolored blackbird BLMS SSC

Coccyzus americanus occidentalisWestern yellow-billed cuckoo FC SE BLMS

Elanus leucurusWhite-tailed kite BLMS SF

Reptile

Lampropeltis zonataCalifornia mountain kingsnake BLMS

Amphibian

Ambystoma californienseCalifornia tiger salamander FT SC SSC

Rana boyliiFoothill yellow-legged frog BLMS

Spea hammondiiWestern spadefoot toad BLMS

Fish

Oncorhynchus tshawytscha ESU spring-runCentral Valley spring-run chinook salmon FT ST

Oncorhynchus kisutchCoho salmon - central California coast FE SE

Entosphenus tridentatusPacific lamprey BLMS
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12/29/2020 Print View

https://apps.wildlife.ca.gov/rarefind/view/QuickElementListView.html 1/3

Query Summary:  
Quad IS (Ogilby (3211477) OR Hedges (3211487)) 
AND County IS (Imperial)

Print    Close

CNDDB Element Query Results

Scientific 
Name

Common 
Name

Taxonomic 
Group

Element 
Code

Total 
Occs

Returned 
Occs

Federal 
Status

State 
Status

Global 
Rank

State 
Rank

CA
Rare 
Plant
Rank

Other 
Status Habitats

Anomala
hardyorum

Hardy's
dune beetle Insects IICOL30060 17 1 None None G1 S1 null null

Desert
dunes,
Sonoran
desert scrub

Antrozous
pallidus pallid bat Mammals AMACC10010 420 2 None None G5 S3 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
USFS_S-Sensitive,
WBWG_H-High
Priority

Chaparral,
Coastal
scrub,
Desert
wash, Great
Basin
grassland,
Great Basin
scrub,
Mojavean
desert
scrub,
Riparian
woodland,
Sonoran
desert
scrub,
Upper
montane
coniferous
forest,
Valley &
foothill
grassland

Apiocera
warneri

Glamis
sand fly Insects IIDIP54020 1 1 None None G1G2 S1S2 null null Desert

dunes

Astragalus
insularis var.
harwoodii

Harwood's
milk-vetch Dicots PDFAB0F491 120 2 None None G5T4 S2 2B.2

SB_CalBG/RSABG-
California/Rancho
Santa Ana Botanic
Garden

Desert
dunes,
Desert
wash,
Mojavean
desert scrub

Calliandra
eriophylla

pink fairy-
duster Dicots PDFAB0N040 53 20 None None G5 S3 2B.3

SB_CalBG/RSABG-
California/Rancho
Santa Ana Botanic
Garden

Sonoran
desert scrub

Corynorhinus
townsendii

Townsend's
big-eared
bat

Mammals AMACC08010 635 1 None None G3G4 S2 null BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
USFS_S-Sensitive,
WBWG_H-High
Priority

Broadleaved
upland
forest,
Chaparral,
Chenopod
scrub, Great
Basin
grassland,
Great Basin
scrub,
Joshua tree
woodland,
Lower
montane
coniferous
forest,
Meadow &
seep,
Mojavean
desert
scrub,
Riparian
forest,
Riparian
woodland,
Sonoran
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Sources:

KON02F0001 KONECNY, J. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR MELANERPES UROPYGIALIS 2002-03-09

Map Index Number: 63284 EO Index: 63376

Key Quad: Hedges (3211487) Element Code: ABNYF04150

Occurrence Number: 30 Occurrence Last Updated: 2005-12-01

Scientific Name: Melanerpes uropygialis Common Name: Gila woodpecker

Listing Status: Federal: None Rare Plant Rank:

State: Endangered

CNDDB Element Ranks: Global: G5

State: S1

Other Lists: BLM_S-Sensitive
IUCN_LC-Least Concern
USFWS_BCC-Birds of Conservation Concern

General Habitat: Micro Habitat:

IN CALIFORNIA, INHABITS COTTONWOODS AND OTHER DESERT 
RIPARIAN TREES, SHADE TREES, AND DATE PALMS.

CAVITY NESTER IN RIPARIAN TREES OR SAGUARO CACTUS.

Last Date Observed: 2002-03-09 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-03-09 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

UNNAMED WASH SOUTH OF INDIAN WASH, ABOUT 2.25 MILES WEST OF THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

Ecological:

DESERT WASH WOODLAND WITH PALO VERDE & IRONWOOD SURROUNDED BY DISTURBED CREOSOTE BUSH SCRUB.

Threats:

OFF-ROAD VEHICLE USE.

General:

1 ADULT OBSERVED 9 MAR 2002.

PLSS: T14S, R20E, Sec. 34 (S) Accuracy: 80 meters Area (acres): 0

537Elevation (feet):Latitude/Longitude: 32.90071 / -114.86272UTM: Zone-11 N3642305 E699897

Imperial Hedges (3211487)

Quad Summary:County Summary:

Query Criteria: Quad<span style='color:Red'> IS </span>(Ogilby (3211477)<span style='color:Red'> OR </span>Hedges (3211487))<br /><span 
style='color:Red'> AND </span>County<span style='color:Red'> IS </span>(Imperial)
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Sources:

BLM80S0014 BLM - DESERT PLAN STAFF - COMPILATION OF HISTORIC MUSEUM SPECIMEN INFORMATION FOR POLIOPTILA MELANURA 
LUCIDA, COLLECTED DURING THE PREPARATION OF "THE CALIFORNIA DESERT PLAN". 1980-XX-XX

Map Index Number: 06541 EO Index: 25005

Key Quad: Hedges (3211487) Element Code: ABPBJ08030

Occurrence Number: 31 Occurrence Last Updated: 1989-08-10

Scientific Name: Polioptila melanura Common Name: black-tailed gnatcatcher

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G5

State: S3S4

Other Lists: CDFW_WL-Watch List
IUCN_LC-Least Concern

General Habitat: Micro Habitat:

PRIMARILY INHABITS WOODED DESERT WASH HABITATS; ALSO 
OCCURS IN DESERT SCRUB HABITAT, ESPECIALLY IN WINTER.

NESTS IN DESERT WASHES CONTAINING MESQUITE, PALO VERDE, 
IRONWOOD, ACACIA; ABSENT FROM AREAS WHERE SALT CEDAR 
INTRODUCED.

Last Date Observed: 1977-06-07 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1977-06-07 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INDIAN WASH, AT HWY S-34, APPROX 12.5 MI N OF I-80 AND 12 MILES S OF HWY 78.

Detailed Location:

Ecological:

Threats:

General:

NESTING BIRDS OBSERVED DURING SUMMER 1977 STUDY; 13 BREEDING PAIRS ESTIMATED.

PLSS: T14S, R20E, Sec. 22, NE (S) Accuracy: 1 mile Area (acres): 0

620Elevation (feet):Latitude/Longitude: 32.93336 / -114.85219UTM: Zone-11 N3645946 E700809

Imperial Hedges (3211487)

Quad Summary:County Summary:
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Sources:

BLM80S0013 BLM - DESERT PLAN STAFF - COMPILATION OF HISTORIC MUSEUM SPECIMEN INFORMATION FOR TOXOSTOMA DORSALE, 
COLLECTED DURING THE PREPARATION OF "THE CALIFORNIA DESERT PLAN". 1980-XX-XX

Map Index Number: 06541 EO Index: 24395

Key Quad: Hedges (3211487) Element Code: ABPBK06090

Occurrence Number: 47 Occurrence Last Updated: 1989-08-10

Scientific Name: Toxostoma crissale Common Name: Crissal thrasher

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern

General Habitat: Micro Habitat:

RESIDENT OF SOUTHEASTERN DESERTS IN DESERT RIPARIAN AND 
DESERT WASH HABITATS.

NESTS IN DENSE VEGETATION ALONG STREAMS/WASHES; 
MESQUITE, SCREWBEAN MESQUITE, IRONWOOD, CATCLAW, ACACIA, 
ARROWWEED, WILLOW.

Last Date Observed: 1977-06-07 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1977-06-07 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INDIAN WASH, AT HWY S-34, APPROX 12.5 MI N OF I-80 AND 12 MILES S OF HWY 78.

Detailed Location:

Ecological:

Threats:

General:

NESTING BIRDS OBS DURING SUMMER 1977 STUDY; ESTIMATED THREE BREEDING PAIRS.

PLSS: T14S, R20E, Sec. 22 (S) Accuracy: 1 mile Area (acres): 0

620Elevation (feet):Latitude/Longitude: 32.93336 / -114.85219UTM: Zone-11 N3645946 E700809

Imperial Hedges (3211487)

Quad Summary:County Summary:
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Sources:

BLM80R0014 BUREAU OF LAND MANAGEMENT - THE CALIFORNIA DESERT PLAN 1980-02-XX

Map Index Number: 06550 EO Index: 24533

Key Quad: Ogilby (3211477) Element Code: ABPBK06100

Occurrence Number: 35 Occurrence Last Updated: 1989-08-10

Scientific Name: Toxostoma lecontei Common Name: Le Conte's thrasher

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
NABCI_RWL-Red Watch List
USFWS_BCC-Birds of Conservation Concern

General Habitat: Micro Habitat:

DESERT RESIDENT; PRIMARILY OF OPEN DESERT WASH, DESERT 
SCRUB, ALKALI DESERT SCRUB, AND DESERT SUCCULENT SCRUB 
HABITATS.

COMMONLY NESTS IN A DENSE, SPINY SHRUB OR DENSELY 
BRANCHED CACTUS IN DESERT WASH HABITAT, USUALLY 2-8 FEET 
ABOVE GROUND.

Last Date Observed: 1896-03-16 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1896-03-16 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

OGILBY.

Detailed Location:

Ecological:

Threats:

General:

CAS SPECIMEN #55196.

PLSS: T15S, R20E, Sec. 35, NW (S) Accuracy: 1 mile Area (acres): 0

360Elevation (feet):Latitude/Longitude: 32.81754 / -114.84079UTM: Zone-11 N3633124 E702138

Imperial Ogilby (3211477)

Quad Summary:County Summary:
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Sources:

BLM80R0014 BUREAU OF LAND MANAGEMENT - THE CALIFORNIA DESERT PLAN 1980-02-XX

Map Index Number: 06541 EO Index: 24493

Key Quad: Hedges (3211487) Element Code: ABPBK06100

Occurrence Number: 88 Occurrence Last Updated: 1989-08-10

Scientific Name: Toxostoma lecontei Common Name: Le Conte's thrasher

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
NABCI_RWL-Red Watch List
USFWS_BCC-Birds of Conservation Concern

General Habitat: Micro Habitat:

DESERT RESIDENT; PRIMARILY OF OPEN DESERT WASH, DESERT 
SCRUB, ALKALI DESERT SCRUB, AND DESERT SUCCULENT SCRUB 
HABITATS.

COMMONLY NESTS IN A DENSE, SPINY SHRUB OR DENSELY 
BRANCHED CACTUS IN DESERT WASH HABITAT, USUALLY 2-8 FEET 
ABOVE GROUND.

Last Date Observed: 1977-06-07 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1977-06-07 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INDIAN WASH, AT HWY S-34, APPROX 12.5 MI N OF I-80 AND 12 MILES S OF HWY 78.

Detailed Location:

Ecological:

Threats:

General:

NESTING BIRDS OBS DURING SUMMER 1977 STUDY; ESTIMATED ONE BREEDING PAIR.

PLSS: T14S, R20E, Sec. 22, NE (S) Accuracy: 1 mile Area (acres): 0

620Elevation (feet):Latitude/Longitude: 32.93336 / -114.85219UTM: Zone-11 N3645946 E700809

Imperial Hedges (3211487)

Quad Summary:County Summary:
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Sources:

BRO92F0019 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-04-30

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO92R0003 BROWN, P.E. - A SPRING SURVEY FOR BATS OF THE AMERICAN GIRL CANYON PROJECT AND THE ORO CRUZ PROJECT, 
CARGO MUCHACHO MOUNTAINS, IMPERIAL COUNTY, CALIFORNIA. 1992-06-05

BRO93F0045 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1993-07-03

BRO98U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1998-05-04

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX

BRO99U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1999-02-08

Map Index Number: 33092 EO Index: 3603

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 13 Occurrence Last Updated: 2007-04-03

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 1999-01-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1999-01-XX Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"CARGO MINE," IN JACKSON GULCH, ABOUT 3.5 MILES ENE OF OGILBY, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

THIS MINE IS PROTECTED BY A STURDY, HIGH CHAIN LINK FENCE, A LOCKED GATE, AND SIGNS. INDIVIDUALS WERE OBSERVED ROOSING ON 
30 APR 1992. 1993-1999 NUMBERS REFER TO OUTFLIGHT COUNTS. 650-750 OUTFLIGHT COUNT (OFC) WINTER 1990/91.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE. THIS POPULATION EXPERIENCES FLUCTUATIONS, 
BASED ON ACTIONS IN NEARBY MINES.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

132 INDIVS APRIL, 260 OFC MAY, 152 OFC JUNE, 636 OFC DEC 1992. 109 26 JUNE; 207 3 JULY; 1462 10 DEC 1993. 764 WINTER 1994. 222 JUL 1995. 
1289 JAN, 182 JUL 1996. 266 JAN, 195 JUN 1997. 221 JAN, 183 JUN 1998. 1292 JAN 1999.

PLSS: T15S, R21E, Sec. 20, SE (S) Accuracy: 80 meters Area (acres): 0

720Elevation (feet):Latitude/Longitude: 32.83464 / -114.77952UTM: Zone-11 N3635139 E707835

Imperial Ogilby (3211477)

Quad Summary:County Summary:
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Sources:

BRO93F0046 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1993-12-14

Map Index Number: 33093 EO Index: 3604

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 14 Occurrence Last Updated: 1995-04-04

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 1993-12-14 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1993-12-14 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"NE OF CARGO MINE," VICINITY OF JACKSON GULCH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

General:

1 ADULT OBSERVED ROOSTING.

PLSS: T15S, R21E (S) Accuracy: 1/5 mile Area (acres): 0

880Elevation (feet):Latitude/Longitude: 32.83750 / -114.77458UTM: Zone-11 N3635466 E708291

Imperial Ogilby (3211477)

Quad Summary:County Summary:
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Sources:

BRO92F0020 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-05-04

Map Index Number: 33094 EO Index: 3602

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 15 Occurrence Last Updated: 1995-04-12

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 1992-05-04 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1992-05-04 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"SOUTH OF CARGO MINE," VICINITY OF JACKSON GULCH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISTURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

3 INDIVIDUALS OBSERVED ROOSTING & 54 COUNTED ENTERING & EXITING THE MINE ON 4 MAY 1992. EUMOPS PEROTIS HEARD FLYING OVER.

PLSS: T15S, R21E (S) Accuracy: 1/5 mile Area (acres): 0

560Elevation (feet):Latitude/Longitude: 32.83105 / -114.77886UTM: Zone-11 N3634743 E707905

Imperial Ogilby (3211477)

Quad Summary:County Summary:
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Sources:

BRO92F0021 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-05-02

BRO92F0022 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-05-02

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO92R0003 BROWN, P.E. - A SPRING SURVEY FOR BATS OF THE AMERICAN GIRL CANYON PROJECT AND THE ORO CRUZ PROJECT, 
CARGO MUCHACHO MOUNTAINS, IMPERIAL COUNTY, CALIFORNIA. 1992-06-05

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX

Map Index Number: 33095 EO Index: 3605

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 16 Occurrence Last Updated: 2007-04-03

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 1996-07-03 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1996-07-03 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"PADRE MADRE CLAIM," SOUTH OF THE AMERICAN GIRL WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

ONE PORTION OF THIS ROOST IS LOCATED OUTSIDE THE FENCE AND ONE PART IS LOCATED INSIDE THE FENCE. INCLUDES SOUTH OF MINE 
IN INCLINE ON TOP OF HILL.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISTURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

ROOST SITE. OUTSIDE FENCE: 10 OBSERVED 2 MAY, 10 OBSERVED 18 JUN 1992; INSIDE FENCE: 8 OBSERVED ON 2 MAY, 6 OBSERVED ON 18 
JUN 1992. OUTFLIGHT COUNT OF 55 + 25 ON 3 JUL 1996.

PLSS: T15S, R21E, Sec. 19, NE (S) Accuracy: 1/5 mile Area (acres): 0

600Elevation (feet):Latitude/Longitude: 32.84153 / -114.79229UTM: Zone-11 N3635878 E706624

Imperial Ogilby (3211477)

Quad Summary:County Summary:

Report Printed on Tuesday, December 29, 2020

Page 9 of 88Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch

Information Expires 5/29/2021

Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

PC ORIGINAL PKG



Sources:

BRO06R0001 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-02-04

BRO92F0023 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-12-15

Map Index Number: 33096 EO Index: 3606

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 17 Occurrence Last Updated: 2007-03-05

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 2006-01-15 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2006-01-15 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"GUADALUPE MINE," IN THE VICINITY OF THE AMERICAN GIRL WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

2006 OBSERVATION FROM SHAFT OMR #13346.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISTURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

10 FEMALES AND 2 MALES OBSERVED ROOSTING ON 15 DECEMBER 1992; 10 OF THE BATS HAD BEEN PREVIOUSLY BANDED AND ROOSTED IN 
THE AMERICAN BOY MINE, WHCIH IS NOW AN ACTIVE MINING SITE. GUANO DETECTED DURING SURVEY ON 15 JAN 2006.

PLSS: T15S, R21E, Sec. 16, SW (S) Accuracy: 80 meters Area (acres): 0

880Elevation (feet):Latitude/Longitude: 32.85530 / -114.76525UTM: Zone-11 N3637459 E709123

Imperial Ogilby (3211477)
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Sources:

BLM80R0014 BUREAU OF LAND MANAGEMENT - THE CALIFORNIA DESERT PLAN 1980-02-XX

BRO92F0024 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1992-12-10

BRO93U0001 BROWN, P.E., R.D. BERRY & C. BROWN - ABSTRACT OF A PAPER PRESENTED AT THE CALIFORNIA MINING ASSOCIATION 
ANNUAL MEETING IN MONTEREY, MARCH 10, 1993. 1993-03-10

Map Index Number: 33097 EO Index: 3607

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 18 Occurrence Last Updated: 2011-01-18

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 1992-10-12 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1992-10-12 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

"TYBO MINE," VICINITY OF THE AMERICAN GIRL WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

INCLUDES LOCALITY "AMERICAN GIRL MINE."

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREATS INCLUDE RENEWED MINING, HUMAN (RECREATIONAL) DISTURBANCE, AND MINE CLOSURE FOR HAZARD ABATEMENT.

General:

HISTORIC SITE. 150-200 OBS BY P. BROWN 1977. POPULATION HAS LIKELY DECREASED DUE TO RENEWED MINING IN THE AREA AND 
REMOVAL OF WASH VEGETATION. 4 INDIVIDUALS OBSERVED ROOSTING ON 12 OCTOBER 1992.

PLSS: T15S, R21E (S) Accuracy: 1/5 mile Area (acres): 0

740Elevation (feet):Latitude/Longitude: 32.85575 / -114.78645UTM: Zone-11 N3637467 E707137

Imperial Ogilby (3211477)
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Sources:

BRO92F0047 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-04-30

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO92R0003 BROWN, P.E. - A SPRING SURVEY FOR BATS OF THE AMERICAN GIRL CANYON PROJECT AND THE ORO CRUZ PROJECT, 
CARGO MUCHACHO MOUNTAINS, IMPERIAL COUNTY, CALIFORNIA. 1992-06-05

BRO93F0073 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-06-28

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX

Map Index Number: 26333 EO Index: 40808

Key Quad: Hedges (3211487) Element Code: AMACB01010

Occurrence Number: 26 Occurrence Last Updated: 2007-04-03

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 1999-01-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1999-01-XX Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

MESQUITE ADIT, TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

GATED MINE ENTRANCE. LOCATED TO W OF THE GOLDEN RING. INCLUDES QUEEN INCLINE & MESQUITE MINE. ABOUT 80 OBS 1989. 12 
CAPT/BANDED (C/B) FEB, 49 OBS JUL, 44 IN DEC 1990. 2 C/B MAY, 12 CAPT, 8 OBS DEC 1991. 3 OBS APR/MAY 1992.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

POSSIBLE THREAT OF MINING - SITE IS UNDER CLAIM TO A MINING COMPANY, HUMAN DISTURBANCE, CLOSURE FOR HAZARD ABATEMENT.

General:

3 BANDED BATS CAPT JUN, 15 C/B DEC 1992. ~5 CAPT JUN, 2 IN JUL, 1 OBS DEC '93.1 OBS MAR, OBS IN JUN, 27 IN DEC '94. OBS MAR, 18 IN 6 
JUL '95. 13 OBS IN JAN, OBS IN JUL '96.15 OBS JAN, OBS JUN '97. 13 OBS JAN, OBS JUN '98. 27 OBS JAN '99.

PLSS: T15S, R20E, Sec. 01, SW (S) Accuracy: 2/5 mile Area (acres): 0

700Elevation (feet):Latitude/Longitude: 32.88266 / -114.82683UTM: Zone-11 N3640372 E703297

Imperial Hedges (3211487)
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Map Index Number: 26334 EO Index: 40809

Key Quad: Hedges (3211487) Element Code: AMACB01010

Occurrence Number: 27 Occurrence Last Updated: 2011-08-16

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 1999-01-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1999-01-XX Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

(GOLDEN) QUEEN MINE, IN TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

1990 OBS MATERNITY ROOST. MESQUITE, GOLDEN KING & CROWN MINES & EAST & WEST SOVERIGN PROSPECT INCLUDED HERE. OBS 
EXITING INCLINE & SHAFT IN 1989 OBS & IN JUN 1992. 125 OBS AUG 1989. OBS FEB/JUL/DEC 1990. 2 OBS DEC 1991.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

RENEWED MINING, HUMAN DISTURBANCE, CLOSURE FOR HAZARD ABATEMENT.

General:

14 BANDED, 178 OBS MAY/JUN, 208 OBS DEC 1992. 40 OBS 29 JUN, 5 OBS JUL, 295 OBS DEC, 10 OBS DEC '93. OBS IN MAR/JUN/JUL/DEC '94. OBS 
MAR/JUL '95. 6 OBS JUN, 147 JAN/JUN/JUL '96. OBS JAN/JUN '97. 68 OBS JAN, 50 OBS JUN 1998. 190 OBS JAN '99.

PLSS: T15S, R20E, Sec. 01 (S) Accuracy: 2/5 mile Area (acres): 0

720Elevation (feet):Latitude/Longitude: 32.88460 / -114.82044UTM: Zone-11 N3640600 E703890

Imperial Hedges (3211487)

Quad Summary:County Summary:
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Sources:

BRO92F0048 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-06-26

BRO92F0049 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-06-20

BRO92F0050 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-06-19

BRO92F0051 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-06-20

BRO92F0052 BROWN, P. - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1992-05-01

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO92R0003 BROWN, P.E. - A SPRING SURVEY FOR BATS OF THE AMERICAN GIRL CANYON PROJECT AND THE ORO CRUZ PROJECT, 
CARGO MUCHACHO MOUNTAINS, IMPERIAL COUNTY, CALIFORNIA. 1992-06-05

BRO93F0047 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS (ROOST SITE) 1993-01-23

BRO93F0068 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-12-11

BRO93F0069 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-07-05

BRO93F0070 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-06-29

BRO93F0071 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-07-07

BRO93F0072 BROWN & BERRY BIOLOGICAL - FIELD SURVEY FORM FOR MACROTUS CALIFORNICUS 1993-12-13

BRO98U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1998-05-04

BRO99U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1999-02-08
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Sources:

BRO06R0001 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-02-04

BRO06R0002 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-06-15

Map Index Number: 66655 EO Index: 68474

Key Quad: Hedges (3211487) Element Code: AMACB01010

Occurrence Number: 31 Occurrence Last Updated: 2007-04-20

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 2006-01-25 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2006-01-25 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

CARGO MUCHACHO MOUNTAINS, ABOUT 1.4 MI NORTH OF HEDGES.

Detailed Location:

SHAFT & ADIT OMR #13313 & 13316 AND DECLINE OMR #13320.

Ecological:

MATERNITY COLONY FOR MACROTUS CALIFORNICUS.

Threats:

General:

45 INDIVIDUALS OBSERVED IN A SIDE DRIFT OFF THE NORTHWEST BRANCH, 4 FEMALES CAPTURED, BANDED & RELEASED INSIDE THE MINE 
ON 25 JAN 2006.

PLSS: T14S, R20E, Sec. 36, W (S) Accuracy: non-specific area Area (acres): 156

780Elevation (feet):Latitude/Longitude: 32.89976 / -114.82608UTM: Zone-11 N3642270 E703327

Imperial Hedges (3211487)

Quad Summary:County Summary:
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Sources:

BRO98U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1998-05-04

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX

BRO99U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1999-02-08

Map Index Number: 68784 EO Index: 69287

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 40 Occurrence Last Updated: 2007-04-10

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 1999-01-17 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1999-01-17 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

AMERICAN BOY MINE. CARGO MUCHACHO MOUNTAINS, TUMCO WASH.

Detailed Location:

Ecological:

Threats:

General:

MAINLY WINTER ROOST PRIOR TO CLOSURE IN 1992. 2 INDIVIDUALS OBSERVED EMERGING FROM ADIT IN JUN 1997. 1 INDIVIDUAL & GUANO 
OBSERVED IN JAN 1998. OUTFLIGHT COUNT OF 6 INDIVIDUALS AND GUANO OBSERVED 17 JAN 1999.

PLSS: T15S, R21E, Sec. 16, NW (S) Accuracy: 1/10 mile Area (acres): 0

740Elevation (feet):Latitude/Longitude: 32.86227 / -114.77028UTM: Zone-11 N3638222 E708635

Imperial Ogilby (3211477)

Quad Summary:County Summary:

Report Printed on Tuesday, December 29, 2020

Page 16 of 88Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch

Information Expires 5/29/2021

Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

PC ORIGINAL PKG



Sources:

BLM80R0014 BUREAU OF LAND MANAGEMENT - THE CALIFORNIA DESERT PLAN 1980-02-XX

CON44S0001 CONSTANTINE, D.G. - LACM RECORDS FOR MACROTUS CALIFORNICUS RECORDS FROM OGILBY 1944-11-24

Map Index Number: 06550 EO Index: 82343

Key Quad: Ogilby (3211477) Element Code: AMACB01010

Occurrence Number: 46 Occurrence Last Updated: 2011-01-18

Scientific Name: Macrotus californicus Common Name: California leaf-nosed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERT RIPARIAN, DESERT WASH, DESERT SCRUB, DESERT 
SUCCULENT SCRUB, ALKALI SCRUB AND PALM OASIS HABITATS.

NEEDS ROCKY, RUGGED TERRAIN WITH MINES OR CAVES FOR 
ROOSTING.

Last Date Observed: 1944-11-23 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1944-11-23 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

OGILBY.

Detailed Location:

Ecological:

Threats:

General:

2 FEMALES COLLECTED 30 MAY 1943. 4 MALES COLLECTED 24 NOV 1944 BY D.G. CONSTANTINE (LACM #11652-11657).

PLSS: T15S, R20E, Sec. 35 (S) Accuracy: 1 mile Area (acres): 0

360Elevation (feet):Latitude/Longitude: 32.81754 / -114.84079UTM: Zone-11 N3633124 E702138

Imperial Ogilby (3211477)
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Sources:

BRO06R0002 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-06-15

Map Index Number: 68363 EO Index: 68553

Key Quad: Hedges (3211487) Element Code: AMACC01050

Occurrence Number: 10 Occurrence Last Updated: 2007-03-07

Scientific Name: Myotis velifer Common Name: cave myotis

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G5

State: S1

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_M-Medium Priority

General Habitat: Micro Habitat:

LOWLANDS OF THE COLORADO RIVER AND ADJACENT MOUNTAIN 
RANGES.

REQUIRE CAVES OR MINES FOR ROOSTING.

Last Date Observed: 2006-06-05 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2006-06-05 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

CARGO MUCHACHO MOUNTAINS, ABOUT 1.5 MI NORTH OF HEDGES.

Detailed Location:

SHAFT OMR 13328 IN NW 1/4 OF SECTION 36, NEAR THE BASE OF A WEST FACING HILL. SHAFT WAS 10 X 10 X 50 FT DEEP WITH UNSTABLE 
LOOSE ROCK IN THE TOP 10 FEET.

Ecological:

Threats:

General:

1 BAT OBSERVED EXITING THE SHAFT AFTER DARK 5 JUN 2005. BAT APPEARED TO BE MYOTIS VELIFER BASED ON A COMPARISON OF 
OBSERVATION TIME WITH TIME OF ACOUSTIC RECORDS BUT IDENTIFICATION IS NOT CONFIRMED. M. VELIFER IS RARE HERE.

PLSS: T14S, R20E, Sec. 36, NW (S) Accuracy: non-specific area Area (acres): 151

820Elevation (feet):Latitude/Longitude: 32.90686 / -114.82603UTM: Zone-11 N3643058 E703316

Imperial Hedges (3211487)
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Sources:

BEN47S0006 BENSON, S. - MVZ #106720 1947-05-28

Map Index Number: 91986 EO Index: 93061

Key Quad: Hedges (3211487) Element Code: AMACC08010

Occurrence Number: 252 Occurrence Last Updated: 2014-04-07

Scientific Name: Corynorhinus townsendii Common Name: Townsend's big-eared bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G3G4

State: S2

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
USFS_S-Sensitive
WBWG_H-High Priority

General Habitat: Micro Habitat:

THROUGHOUT CALIFORNIA IN A WIDE VARIETY OF HABITATS. MOST 
COMMON IN MESIC SITES.

ROOSTS IN THE OPEN, HANGING FROM WALLS AND CEILINGS. 
ROOSTING SITES LIMITING. EXTREMELY SENSITIVE TO HUMAN 
DISTURBANCE.

Last Date Observed: 1947-05-28 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1947-05-28 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 1.4 MI E OF OGILBY ROAD AT GOLD ROCK RANCH ROAD AND ABOUT 3.2 MI NW OF PASADENA PEAK.

Detailed Location:

MAPPED TO LOCALITY STATED AS "TUMCO MINE, 5 MI N, 2 MI E OGILBY."

Ecological:

Threats:

General:

1 MALE COLLECTED ON 28 MAY 1947 (MVZ #106720) BY S. BENSON.

PLSS: T15S, R20E, Sec. 01, SE (S) Accuracy: 1/10 mile Area (acres): 0

830Elevation (feet):Latitude/Longitude: 32.88090 / -114.81559UTM: Zone-11 N3640199 E704351

Imperial Hedges (3211487)
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Sources:

BRO92R0002 BROWN-BERRY BIOLOGICAL CONSULTING - A SUMMER BASELINE SURVEY FOR THE CALIFORNIA LEAF-NOSED BAT IN THE 
CARGO MUCHACHO MOUNTAINS. 1992-10-02

BRO93F0003 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR ANTROZOUS PALLIDUS (ROOST SITE) 1993-06-27

BRO93F0004 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR ANTROZOUS PALLIDUS (ROOST SITE) 1993-06-26

BRO98U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1998-05-04

BRO99U0001 BROWN-BERRY BIOLOGICAL CONSULTING - BAT CENSUS OF CARGO MUCHACHO MINES, AUGUST 1989-JANUARY 1999 1999-01
-XX

BRO99U0002 BROWN-BERRY BIOLOGICAL CONSULTING - REGARDING: RESULTS OF SUMMER AND WINTER BASELINE MONITORING FOR 
BATS IN THE VICINITY OF THE ORO CRUZ PROJECT AND THE CARGO MINE, CARGO MUCHACHO MOUNTAINS, CA. 1999-02-08

MAN04S0028 MAMMAL NETWORKED INFORMATION SYSTEM (MANIS) - PRINTOUT OF ANTROZOUS PALLIDUS SPECIMEN RECORDS FROM 
MANIS. INCLUDES RECORDS FROM MVZ, CAS, KU, UWBM, UMNH, LACM, MSB, FMNH, TTU, MSU. 2004-12-09

Map Index Number: 66500 EO Index: 18838

Key Quad: Hedges (3211487) Element Code: AMACC10010

Occurrence Number: 21 Occurrence Last Updated: 2011-08-31

Scientific Name: Antrozous pallidus Common Name: pallid bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
USFS_S-Sensitive
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERTS, GRASSLANDS, SHRUBLANDS, WOODLANDS AND FORESTS. 
MOST COMMON IN OPEN, DRY HABITATS WITH ROCKY AREAS FOR 
ROOSTING.

ROOSTS MUST PROTECT BATS FROM HIGH TEMPERATURES. VERY 
SENSITIVE TO DISTURBANCE OF ROOSTING SITES.

Last Date Observed: 1998-06-13 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1998-06-13 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

INCLUDES QUEEN INCLINE, TUMCO WASH, MESQUITE ADIT, TUMCO WASH, CROWN, QUEEN, W & E SOVEREIGN & TUMCO MINE. OBS FLYING IN 
CAVE IN 1992. MATERNITY COLONY OBS IN 1998.

Ecological:

HABITAT SURROUNDING ROOST CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

THREATENED BY A PROPOSAL TO RENEW MINING.

General:

1 M COLL 17 JUL 1958 (MVZ #122877). 14 OBS AUG 1989. 4 JUV OBS JUN 1992. 5 IN CAVE, 87 IN OUTFLIGHT COUNT MIXED W/ MACROTUS, 25 
CAPT 26 JUN-1 JUL 1993. OBS IN MAR/JUN 1994, MAR 1995, JUL 1996, JUN 1997, & JUN 1998.

PLSS: T15S, R20E, Sec. 01 (S) Accuracy: 3/5 mile Area (acres): 0

720Elevation (feet):Latitude/Longitude: 32.88100 / -114.82330UTM: Zone-11 N3640196 E703630

Imperial Ogilby (3211477), Hedges (3211487)
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Sources:

BRO06R0001 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-02-04

BRO06R0002 BROWN, P. (BROWN-BERRY BIOLOGICAL CONSULTING) - CALIFORNIA STATE LANDS COMMISSION MINE SITE DESCRIPTIONS 
AND BAT SURVEY RESULTS 2006-06-15

Map Index Number: 66655 EO Index: 66798

Key Quad: Hedges (3211487) Element Code: AMACC10010

Occurrence Number: 317 Occurrence Last Updated: 2007-03-12

Scientific Name: Antrozous pallidus Common Name: pallid bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
USFS_S-Sensitive
WBWG_H-High Priority

General Habitat: Micro Habitat:

DESERTS, GRASSLANDS, SHRUBLANDS, WOODLANDS AND FORESTS. 
MOST COMMON IN OPEN, DRY HABITATS WITH ROCKY AREAS FOR 
ROOSTING.

ROOSTS MUST PROTECT BATS FROM HIGH TEMPERATURES. VERY 
SENSITIVE TO DISTURBANCE OF ROOSTING SITES.

Last Date Observed: 2006-06-05 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2006-06-05 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

MINES IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

SHAFT & ADIT OMR #13313 & 13316 AND DECLINE OMR #13320.

Ecological:

NIGHT ROOST FOR ANTROZOUS PALLIDUS.

Threats:

General:

6 INDIVIDUALS OBSERVED NIGHT ROOSTING, INCLUDING 1 WITH A PUP ATTACHED, OBSERVED 5 JUN 2006.

PLSS: T14S, R20E, Sec. 36, W (S) Accuracy: non-specific area Area (acres): 156

780Elevation (feet):Latitude/Longitude: 32.89976 / -114.82608UTM: Zone-11 N3642270 E703327

Imperial Hedges (3211487)
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Sources:

BRO93F0023 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR EUMOPS PEROTIS (CALIFORNICUS) 1993-07-03

Map Index Number: 26366 EO Index: 4093

Key Quad: Ogilby (3211477) Element Code: AMACD02011

Occurrence Number: 3 Occurrence Last Updated: 1995-02-08

Scientific Name: Eumops perotis californicus Common Name: western mastiff bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G5T4

State: S3S4

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

MANY OPEN, SEMI-ARID TO ARID HABITATS, INCLUDING CONIFER & 
DECIDUOUS WOODLANDS, COASTAL SCRUB, GRASSLANDS, 
CHAPARRAL, ETC.

ROOSTS IN CREVICES IN CLIFF FACES, HIGH BUILDINGS, TREES AND 
TUNNELS.

Last Date Observed: 1993-07-03 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1993-07-03 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

CARGO MINE, IN JACKSON GULCH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

General:

MINE SITE IS FENCED. MASTIFF BAT HEARD FLYING OVERHEAD.

PLSS: T15S, R21E (S) Accuracy: 1 mile Area (acres): 0

720Elevation (feet):Latitude/Longitude: 32.83483 / -114.77933UTM: Zone-11 N3635161 E707853

Imperial Ogilby (3211477)
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Sources:

BRO93F0024 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR EUMOPS PEROTIS (CALIFORNICUS) 1993-06-28

Map Index Number: 26334 EO Index: 4095

Key Quad: Hedges (3211487) Element Code: AMACD02011

Occurrence Number: 4 Occurrence Last Updated: 1999-02-03

Scientific Name: Eumops perotis californicus Common Name: western mastiff bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G5T4

State: S3S4

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

MANY OPEN, SEMI-ARID TO ARID HABITATS, INCLUDING CONIFER & 
DECIDUOUS WOODLANDS, COASTAL SCRUB, GRASSLANDS, 
CHAPARRAL, ETC.

ROOSTS IN CREVICES IN CLIFF FACES, HIGH BUILDINGS, TREES AND 
TUNNELS.

Last Date Observed: 1993-06-28 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1993-06-28 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

QUEEN MINE, IN TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

SITE: LARGE INCLINE ENTRANCE WITH A SHAFT TO THE SOUTHWEST.

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

General:

TWO MASTIFF BATS HEARD FLYING OVERHEAD.

PLSS: T15S, R20E, Sec. 01 (S) Accuracy: 2/5 mile Area (acres): 0

720Elevation (feet):Latitude/Longitude: 32.88460 / -114.82044UTM: Zone-11 N3640600 E703890

Imperial Hedges (3211487)
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Sources:

BRO93F0025 BROWN-BERRY BIOLOGICAL CONSULTING - FIELD SURVEY FORM FOR EUMOPS PEROTIS (CALIFORNICUS) 1993-12-11

Map Index Number: 26365 EO Index: 4094

Key Quad: Hedges (3211487) Element Code: AMACD02011

Occurrence Number: 5 Occurrence Last Updated: 1995-02-08

Scientific Name: Eumops perotis californicus Common Name: western mastiff bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G5T4

State: S3S4

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

MANY OPEN, SEMI-ARID TO ARID HABITATS, INCLUDING CONIFER & 
DECIDUOUS WOODLANDS, COASTAL SCRUB, GRASSLANDS, 
CHAPARRAL, ETC.

ROOSTS IN CREVICES IN CLIFF FACES, HIGH BUILDINGS, TREES AND 
TUNNELS.

Last Date Observed: 1993-12-11 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1993-12-11 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

CROWN MINE, IN TUMCO WASH, IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

Ecological:

HABITAT CONSISTS OF CREOSOTE BUSH SCRUB IN THE LOWER SONORAN LIFE ZONE.

Threats:

General:

MASTIFF BATS WERE HEARD FLYING OVER THE SITE.

PLSS: T15S, R20E, Sec. 12 (S) Accuracy: 3/5 mile Area (acres): 0

680Elevation (feet):Latitude/Longitude: 32.87532 / -114.81623UTM: Zone-11 N3639579 E704305

Imperial Ogilby (3211477), Hedges (3211487)
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Sources:

BRO97R0001 BROWN, P.E. (BROWN-BERRY BIOLOGICAL CONSULTING) - REGARDING: BAT SURVEY OF THE CHEMGOLD IMPERIAL PROJECT 
SITE. 1997-07-11

Map Index Number: 68739 EO Index: 69217

Key Quad: Hedges (3211487) Element Code: AMACD02011

Occurrence Number: 199 Occurrence Last Updated: 2007-03-28

Scientific Name: Eumops perotis californicus Common Name: western mastiff bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G5T4

State: S3S4

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
WBWG_H-High Priority

General Habitat: Micro Habitat:

MANY OPEN, SEMI-ARID TO ARID HABITATS, INCLUDING CONIFER & 
DECIDUOUS WOODLANDS, COASTAL SCRUB, GRASSLANDS, 
CHAPARRAL, ETC.

ROOSTS IN CREVICES IN CLIFF FACES, HIGH BUILDINGS, TREES AND 
TUNNELS.

Last Date Observed: 1997-06-11 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1997-06-11 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 6 MILES NORTH OF CARGO MUCHACHO MOUNTAINS, VICINITY OF INDIAN WASH.

Detailed Location:

MAPPED ACCORDING TO T-R-S DATA PROVIDED BY SOURCE. SOURCE GIVES LOCALITY AS "CHEMGOLD IMPERIAL PROJECT SITE."

Ecological:

Threats:

General:

INDIVIDUAL(S) DETECTED ACOUSTICALLY (2 AUDIBLE PASSES OVER THE PROPERTY) ON 11 JUN 1997.

PLSS: T13S, R21E, Sec. 32 (S) Accuracy: non-specific area Area (acres): 4,252

800Elevation (feet):Latitude/Longitude: 32.98877 / -114.79191UTM: Zone-11 N3652207 E706316

Imperial Hedges (3211487), Quartz Peak (3311417)
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Sources:

BRO97R0001 BROWN, P.E. (BROWN-BERRY BIOLOGICAL CONSULTING) - REGARDING: BAT SURVEY OF THE CHEMGOLD IMPERIAL PROJECT 
SITE. 1997-07-11

Map Index Number: 68739 EO Index: 69218

Key Quad: Hedges (3211487) Element Code: AMACD04010

Occurrence Number: 38 Occurrence Last Updated: 2007-03-28

Scientific Name: Nyctinomops femorosaccus Common Name: pocketed free-tailed bat

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G4

State: S3

Other Lists: CDFW_SSC-Species of Special Concern
IUCN_LC-Least Concern
WBWG_M-Medium Priority

General Habitat: Micro Habitat:

VARIETY OF ARID AREAS IN SOUTHERN CALIFORNIA; PINE-JUNIPER 
WOODLANDS, DESERT SCRUB, PALM OASIS, DESERT WASH, DESERT 
RIPARIAN, ETC.

ROCKY AREAS WITH HIGH CLIFFS.

Last Date Observed: 1997-06-11 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1997-06-11 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 6 MILES NORTH OF CARGO MUCHACHO MOUNTAINS, VICINITY OF INDIAN WASH.

Detailed Location:

MAPPED ACCORDING TO T-R-S DATA PROVIDED BY SOURCE. SOURCE GIVES LOCALITY AS "CHEMGOLD IMPERIAL PROJECT SITE."

Ecological:

Threats:

General:

INDIVIDUAL(S) DETECTED ACOUSTICALLY ON 3 OCCASIONS ON 11 JUN 1997.

PLSS: T13S, R21E, Sec. 32 (S) Accuracy: non-specific area Area (acres): 4,252

800Elevation (feet):Latitude/Longitude: 32.98877 / -114.79191UTM: Zone-11 N3652207 E706316

Imperial Hedges (3211487), Quartz Peak (3311417)
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Map Index Number: 72878 EO Index: 73765

Key Quad: Clyde (3211488) Element Code: ARAAF01012

Occurrence Number: 150 Occurrence Last Updated: 2011-11-29

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2005-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-04-27 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALONG PIPELINE & WALKER WAY NORTH & SOUTH OF INDIAN WASH, 3.0 - 4.5 MI NW OF THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

MAPPED TO PROVIDED COORDINATES AND MAPS. SE SEC 20, W SEC 28, NE SEC 33, SW SEC 34, AND NW SEC 3.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH PATCHES OF DESERT WASH WOODLAND. DOMINANT SPECIES INCL. BURROBRUSH, BIG 
GALLETA, IRONWOOD, PALO VERDE, CHEESEWEED, BOXTHORN, AFRICAN MUSTARD, MEDITERRANEAN GRASS, & PLANTAIN.

Threats:

POTENTIAL THREATS INCLUDE ROAD & OFF-HIGHWAY TRAFFIC, MILITARY OPERATIONS, PIPELINE CONSTRUCTION, & DEVELOPMENT.

General:

3-4 APR 2001: 8 TORTOISES, 2 CARCASSES, 1 SCUTE, 8 BURROWS (1 OLD, 1 ABANDONED), & 7 SCAT SITES (2 OLD). 21 MAY-10 JUN 2002: 5 
TORTOISES (1 IN BURROW, ALL HEALTHY). 18-27 APR 2005: 5 TORTOISES, 27 BURROWS, 6 PALLET BURROWS, & 8 SCAT SITES.

PLSS: T14S, R20E, Sec. 28 (S) Accuracy: specific area Area (acres): 230

550Elevation (feet):Latitude/Longitude: 32.91613 / -114.87847UTM: Zone-11 N3643986 E698390

Imperial Hedges (3211487), Clyde (3211488)
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Sources:

GER02F0002 GERMAN, E. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-05-29

GOE02F0008 GOETTEE, P. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-06-07

GOE02F0009 GOETTEE, P. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-05-30

GOE02F0012 GOETTEE, R. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-06-10

GRA02F0003 GRANT, C. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2002-05-21

MAL01F0004 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0005 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0006 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0007 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0008 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0011 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0012 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0013 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0168 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0171 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0172 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0173 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0174 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0175 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0176 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0177 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0178 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0179 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0195 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0201 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0209 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0210 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

MAL01F0211 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-03

TET05R0001 TETRA TECH - 2005 SURVEY DESERT TORTOISE (GOPHERUS AZISII) NORTH BAJA PIPELINE EXPANSION PROJECT (NBX) 
RIVERSIDE AND IMPERIAL COUNTIES, CALIFORNIA. 2005-04-27
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Sources:

STE05F0004 STEWARD, D. (U.S. BUREAU OF LAND MANAGEMENT-EL CENTRO) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2005-01-
23

Map Index Number: 72990 EO Index: 73903

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 168 Occurrence Last Updated: 2008-11-24

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2005-01-23 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-01-23 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

WEST SIDE OF INDIAN PASS RD, 2.22 MI NE OF THE INTERSECTION OF HWY S34 & INDIAN PASS RD.

Detailed Location:

Ecological:

DESERT PAVEMENT WITH NUMEROUS SMALL WASHES DOMINATED BY IRONWOOD. SURROUNDING AREA IS USED FOR ORVS, RECREATION 
AND HUNTING.

Threats:

ORVS.

General:

1 JUVENILE (6" LONG) OBSERVED AT BURROW SITE ON 23 JAN 2005.

PLSS: T14S, R20E, Sec. 11 (S) Accuracy: 80 meters Area (acres): 0

685Elevation (feet):Latitude/Longitude: 32.95780 / -114.83806UTM: Zone-11 N3648684 E702075

Imperial Hedges (3211487)
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Sources:

MAL01F0002 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0003 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0181 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0182 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0183 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

MAL01F0184 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

TET05R0001 TETRA TECH - 2005 SURVEY DESERT TORTOISE (GOPHERUS AZISII) NORTH BAJA PIPELINE EXPANSION PROJECT (NBX) 
RIVERSIDE AND IMPERIAL COUNTIES, CALIFORNIA. 2005-04-27

Map Index Number: 73129 EO Index: 74060

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 219 Occurrence Last Updated: 2011-11-28

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2005-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-04-27 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 0.7 MI W OF HEDGES ON EAST SIDE OF OGILBY RD, AND ABOUT 1.2 MI E OF GOLD ROCK RANCH.

Detailed Location:

SE QUARTER OF SEC 3, SW QUARTER OF SEC 2, AND NW QUARTER OF SEC 11. MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH PATCHES OF DESERT WASH WOODLAND. DOMINANT SPECIES INCLUDED BURROBRUSH, 
BIG GALLETA, IRONWOOD, PALO VERDE, CHEESEWEED, BOXTHORN, AFRICAN MUSTARD, MEDITERRANEAN GRASS, & PLANTAIN.

Threats:

POTENTIAL THREATS INCLUDED ROAD, PEDESTRIAN, & OFF-HIGHWAY TRAFFIC, MILITARY OPERATIONS, FIREARMS USAGE, & DEVELOPMENT.

General:

10 INCH FEMALE AND 210 MM MALE (BOTH IN A BURROWS), 2 ACTIVE BURROWS, AND 3 FRESH SCAT SITES OBSERVED ON 4 APR 2001. 2 
BURROWS AND 2 SCAT SITES OBSERVED BETWEEN 18 & 27 APR 2005.

PLSS: T15S, R20E, Sec. 03, SE (S) Accuracy: specific area Area (acres): 29

550Elevation (feet):Latitude/Longitude: 32.88189 / -114.84484UTM: Zone-11 N3640253 E701613

Imperial Hedges (3211487)
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Sources:

MAL01F0009 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0192 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0194 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

Map Index Number: 73130 EO Index: 74061

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 220 Occurrence Last Updated: 2011-10-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INDIAN WASH, 0.25 MI SSW OF WHERE HWY 34 CROSSES THE WASH, NNW OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT WITH A MIX OF CREOSOTE AND AMBROSIA DUMOSA NEAR POWER LINES AND A 
ROAD.

Threats:

POTENTIAL THREATS INCLUDE ORV AND ROAD TRAFFIC.

General:

10" FEMALE TORTOISE, MALE CARCASS (LESS THAN 5 YEARS DEAD), 3 SCATS, AND A BURROW OBSERVED ON 6 APR 2001.

PLSS: T14S, R20E, Sec. 22 (S) Accuracy: specific area Area (acres): 15

615Elevation (feet):Latitude/Longitude: 32.92644 / -114.85117UTM: Zone-11 N3645181 E700920

Imperial Hedges (3211487)
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Sources:

MAL01F0010 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0188 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0189 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0190 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0191 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

Map Index Number: 73131 EO Index: 74062

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 221 Occurrence Last Updated: 2011-10-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

0.9 MILE NE OF HWY 34 AT INDIAN PASS RD, NNW OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

NEAR CENTER OF SEC 15. MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT NEAR POWER LINES.

Threats:

POTENTIAL THREATS INCLUDE ROAD TRAFFIC AND OFF-HIGHWAY VEHICLES.

General:

1 TORTOISE (8-9" LONG) IN BURROW AND 6 OTHER BURROWS (AT LEAST 2 ACTIVE) OBSERVED ON 6 APR 2001.

PLSS: T14S, R20E, Sec. 15 (S) Accuracy: specific area Area (acres): 22

630Elevation (feet):Latitude/Longitude: 32.94817 / -114.85788UTM: Zone-11 N3647577 E700243

Imperial Hedges (3211487)
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Sources:

MED88R0001 MEDICA, P. - SURVEY OF THE SOUTHWESTERN PORTION OF THE CARGO MUCHACHO MOUNTAINS FOR THE DESERT 
TORTOISE IN THE VICINITY OF THE AMERICAN GIRL MINE. 1988-03-20

Map Index Number: 82148 EO Index: 83131

Key Quad: Ogilby (3211477) Element Code: ARAAF01012

Occurrence Number: 294 Occurrence Last Updated: 2011-04-04

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 1988-03-19 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1988-03-19 Occurrence Rank: Unknown

Owner/Manager: BLM, PVT-EVERGLADE LLC Trend: Unknown

Presence: Presumed Extant

Location:

AMERICAN GIRL WASH NEAR OBREGON, IN THE CARGO MUCHACHO MOUNTAINS, ABOUT 9 MI NW OF ARAZ JUNCTION.

Detailed Location:

MAPPED TO PROVIDED MAP.

Ecological:

HABITAT CONSISTED OF A LOW VALLEY BETWEEN SEVERAL BARREN LOW HILLS. PALLET WAS OBSERVED UNDER A LARGE FRANSERIA 
SHRUB.

Threats:

POSSIBLY THREATENED BY EARTH MOVING ACTIVITIES FROM MINING OPERATIONS.

General:

1 ADULT MALE TORTOISE (>25 YEARS OLD, 258 MM MCL) OBS WALKING NEAR PALLET BURROW 20 MAR 1988. 8 OF 13 TRANSECTS IN GENERAL 
AREA FOUND BURROWS OR PALLET BURROWS & LARGE AMOUNTS OF TORTOISE SCAT WAS FOUND AT THE AMERICAN BOY MINE TUNNEL.

PLSS: T15S, R21E, Sec. 17 (S) Accuracy: 2/5 mile Area (acres): 0

660Elevation (feet):Latitude/Longitude: 32.85935 / -114.78655UTM: Zone-11 N3637866 E707119

Imperial Ogilby (3211477)
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Sources:

MAL01F0193 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

Map Index Number: 82786 EO Index: 83784

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 467 Occurrence Last Updated: 2011-07-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

0.9 MI WSW OF LA COLORADO MINE, 2 MI NW OF HEDGES, NW OF CARGO MUCHACHO MOUNTAINS, ABOUT 17.5 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN DESERT WASH WOODLAND WITH A MIX OF IRONWOOD AND PALO VERDE NEAR POWER LINES.

Threats:

POTENTIAL THREATS INCLUDE OFF-HIGHWAY VEHICLES.

General:

2 BURROWS WITH 4 OLD SCATS OBSERVED 6 APR 2001.

PLSS: T14S, R20E, Sec. 35, NW (S) Accuracy: 80 meters Area (acres): 0

620Elevation (feet):Latitude/Longitude: 32.90674 / -114.84601UTM: Zone-11 N3643007 E701447

Imperial Hedges (3211487)
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Sources:

MAL01F0185 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0186 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

Map Index Number: 82788 EO Index: 83785

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 468 Occurrence Last Updated: 2011-07-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

6 MI NNW OF HEDGES, JUST NW OF CARGO MUCHACHO MOUNTAINS, ABOUT 21 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT NEAR POWER LINES.

Threats:

POTENTIAL THREATS INCLUDE OFF-HIGHWAY VEHICLES.

General:

A 9" LONG MALE CARCASS RECENTLY KILLED OBSERVED WITH BURROW AND PALLETS BURROWS, AND ANOTHER ACTIVE BURROW 
OBSERVED SEPARATELY, BOTH ON 6 APR 2001.

PLSS: T14S, R20E, Sec. 10, NW (S) Accuracy: specific area Area (acres): 8

700Elevation (feet):Latitude/Longitude: 32.96234 / -114.86080UTM: Zone-11 N3649143 E699938

Imperial Hedges (3211487)
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Sources:

MAL01F0187 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

MAL01F0199 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-06

Map Index Number: 82790 EO Index: 83786

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 469 Occurrence Last Updated: 2011-07-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2001-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-06 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

5.5 MI NNW OF HEDGES, JUST NW OF CARGO MUCHACHO MOUNTAINS, ABOUT 20.5 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES FOR BURROW WITH SCAT.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT NEAR POWER LINES.

Threats:

POTENTIAL THREATS INCLUDE OFF-HIGHWAY VEHICLES.

General:

BURROW WITH SCAT OBSERVED ON 6 APR 2001. OLD SCAT ALSO FOUND NEARBY TO THE NNW ON SAME DATE.

PLSS: T14S, R20E, Sec. 15, N (S) Accuracy: 80 meters Area (acres): 0

650Elevation (feet):Latitude/Longitude: 32.95293 / -114.85529UTM: Zone-11 N3648110 E700475

Imperial Hedges (3211487)
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Sources:

TET05R0001 TETRA TECH - 2005 SURVEY DESERT TORTOISE (GOPHERUS AZISII) NORTH BAJA PIPELINE EXPANSION PROJECT (NBX) 
RIVERSIDE AND IMPERIAL COUNTIES, CALIFORNIA. 2005-04-27

Map Index Number: 84033 EO Index: 85069

Key Quad: Ogilby (3211477) Element Code: ARAAF01012

Occurrence Number: 876 Occurrence Last Updated: 2011-10-20

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2005-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-04-27 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1 MI SSW OF HEDGES, JUST NW OF CARGO MUCHACHO MTNS, ABOUT 15 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH PATCHES OF DESERT WASH WOODLAND. DOMINANT SPECIES INCL. BURROBRUSH, BIG 
GALLETA, IRONWOOD, PALO VERDE, CHEESEWEED, BOXTHORN, AFRICAN MUSTARD, MEDITERRANEAN GRASS, & PLANTAIN.

Threats:

POTENTIAL THREATS INCLUDE ROAD, PEDESTRIAN, & OFF-HIGHWAY TRAFFIC, MILITARY OPERATIONS, FIREARMS USAGE, & DEVELOPMENT.

General:

3 TORTOISE BURROWS OBSERVED BETWEEN 18 & 27 APR 2005.

PLSS: T15S, R20E, Sec. 14, SW (S) Accuracy: 80 meters Area (acres): 0

470Elevation (feet):Latitude/Longitude: 32.85686 / -114.83917UTM: Zone-11 N3637487 E702200

Imperial Ogilby (3211477)

Quad Summary:County Summary:

Report Printed on Tuesday, December 29, 2020

Page 37 of 88Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch

Information Expires 5/29/2021

Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

PC ORIGINAL PKG



Sources:

MAL01F0247 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

TET05R0001 TETRA TECH - 2005 SURVEY DESERT TORTOISE (GOPHERUS AZISII) NORTH BAJA PIPELINE EXPANSION PROJECT (NBX) 
RIVERSIDE AND IMPERIAL COUNTIES, CALIFORNIA. 2005-04-27

Map Index Number: 84034 EO Index: 85070

Key Quad: Ogilby (3211477) Element Code: ARAAF01012

Occurrence Number: 877 Occurrence Last Updated: 2011-11-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2005-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2005-04-27 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1 MI SSW OF HEDGES, JUST NW OF CARGO MUCHACHO MTNS, ABOUT 15 MI NW OF YUMA.

Detailed Location:

MAPPED TO CARCASS COORDINATES.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH PATCHES OF DESERT WASH WOODLAND. DOMINANT SPECIES INCL. BURROBRUSH, BIG 
GALLETA, IRONWOOD, PALO VERDE, CHEESEWEED, BOXTHORN, AFRICAN MUSTARD, MEDITERRANEAN GRASS, & PLANTAIN.

Threats:

POTENTIAL THREATS INCLUDE ROAD, PEDESTRIAN, & OFF-HIGHWAY TRAFFIC, MILITARY OPERATIONS, FIREARMS USAGE, & DEVELOPMENT.

General:

4 PIECES OF SCAT OBSERVED 4 APR 2001. TORTOISE CARCASS OBSERVED BETWEEN 18 & 27 APR 2005.

PLSS: T15S, R20E, Sec. 14, NW (S) Accuracy: 80 meters Area (acres): 0

490Elevation (feet):Latitude/Longitude: 32.86414 / -114.83872UTM: Zone-11 N3638296 E702226

Imperial Ogilby (3211477)
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Sources:

MAL01F0180 MALO, L. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

Map Index Number: 84035 EO Index: 85071

Key Quad: Hedges (3211487) Element Code: ARAAF01012

Occurrence Number: 878 Occurrence Last Updated: 2011-11-21

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2001-04-04 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-04 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1.5 MI WNW OF HEDGES, JUST NW OF CARGO MUCHACHO MTNS, ABOUT 17 MI NW OF YUMA.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF OPEN CREOSOTE SCRUB HABITAT.

Threats:

POTENTIAL THREATS INCLUDE OFF-HIGHWAY VEHICLES.

General:

CARCASS OBSERVED 4 APR 2001.

PLSS: T15S, R20E, Sec. 03, NE (S) Accuracy: 80 meters Area (acres): 0

540Elevation (feet):Latitude/Longitude: 32.88853 / -114.84813UTM: Zone-11 N3640982 E701289

Imperial Hedges (3211487)
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Sources:

MAL01F0246 MALO, L. - FIELD SURVEY FORM FOR GOPHERUS AGASSIZII 2001-04-04

Map Index Number: 84137 EO Index: 85165

Key Quad: Ogilby (3211477) Element Code: ARAAF01012

Occurrence Number: 906 Occurrence Last Updated: 2011-11-04

Scientific Name: Gopherus agassizii Common Name: desert tortoise

Listing Status: Federal: Threatened Rare Plant Rank:

State: Threatened

CNDDB Element Ranks: Global: G3

State: S2S3

Other Lists: IUCN_VU-Vulnerable

General Habitat: Micro Habitat:

MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA 
TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

REQUIRE FRIABLE SOIL FOR BURROW AND NEST CONSTRUCTION. 
CREOSOTE BUSH HABITAT WITH LARGE ANNUAL WILDFLOWER 
BLOOMS PREFERRED.

Last Date Observed: 2001-04-04 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-04-04 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

2 MI N OF OGILBY, 3.5 MI ESE OF CACTUS, W OF CARGO MUCHACHO MTNS.

Detailed Location:

MAPPED TO PROVIDED COORDINATES.

Ecological:

HABITAT CONSISTED OF CREOSOTE SCRUB WITH AMBROSIA.

Threats:

POTENTIAL THREATS INCLUDED ORV USE.

General:

FRESH SCAT OBSERVED 4 APR 2001.

PLSS: T15S, R20E, Sec. 23, NW (S) Accuracy: 80 meters Area (acres): 0

450Elevation (feet):Latitude/Longitude: 32.84778 / -114.84078UTM: Zone-11 N3636478 E702069

Imperial Ogilby (3211477)
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Sources:

HAS02F0004 HASHAGEN, K. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR PHRYNOSOMA MCALLII 2002-06-09

TUR80R0001 TURNER, F. ET AL. - A SURVEY OF THE OCCURRENCE AND ABUNDANCE OF THE FLAT-TAILED HORNED LIZARD IN CALIFORNIA. 
LABORATORY OF NUCLEAR MEDICINE AND RADIATION BIOLOGY, UC LOS ANGELES 1980-01-25

Map Index Number: 06562 EO Index: 14018

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 32 Occurrence Last Updated: 2003-01-17

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G3

State: S2

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_NT-Near Threatened

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES.

CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 
VEGETATIVE COVER AND ANTS.

Last Date Observed: 2002-06-09 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-06-09 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 0.8 MILE SE OF I-8 AT OGILBY ROAD AND 4 MI S OF OGILBY.

Detailed Location:

1979: LOCATION GIVEN ONLY AS SECTION 24. 2002: SPECIFIC LOCATION GIVEN ON OBSERVATION ALONG PIPELINE.

Ecological:

CREOSOTE SCRUB, SANDY GRAVEL.

Threats:

OHV TRAFFIC AND PIPELINE CONSTRUCTION.

General:

1 LIZARD AND 3 SCATS OBSERVED ON 26 APR 1979, LOCATION GIVEN ONLY AS SECTION 24. 1 LIVE ADULT FOUND IN PIPELINE TRENCH AND 
MOVED 100 YDS WEST OF RIGHT-OF-WAY ON 9 JUN 2002.

PLSS: T16S, R20E, Sec. 24, SW (S) Accuracy: 1/10 mile Area (acres): 0

240Elevation (feet):Latitude/Longitude: 32.75420 / -114.82421UTM: Zone-11 N3626132 E703835

Imperial Ogilby (3211477)
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Sources:

HER16D0001 HERP, INC. - HERPETOLOGICAL EDUCATION AND RESEARCH PROJECT (HERP) DATABASE. FORMERLY A PROJECT OF THE 
NORTH AMERICAN FIELD HERPING ASSOCIATION 2016-10-11

MCD66S0001 MCDIARMID, R. - MCDIARMID #66-17 -1 LACM #8862 COLLECTED FROM 3.9 MI S OGILBY 1966-05-14

TUR80R0001 TURNER, F. ET AL. - A SURVEY OF THE OCCURRENCE AND ABUNDANCE OF THE FLAT-TAILED HORNED LIZARD IN CALIFORNIA. 
LABORATORY OF NUCLEAR MEDICINE AND RADIATION BIOLOGY, UC LOS ANGELES 1980-01-25

WIE68S0001 WIEWANDT, T. - UAZ #28045 COLLECTED FROM OGILBY RD NEAR US HWY 80 1968-09-08

Map Index Number: 23027 EO Index: 14019

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 33 Occurrence Last Updated: 2015-09-03

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G3

State: S2

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_NT-Near Threatened

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES.

CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 
VEGETATIVE COVER AND ANTS.

Last Date Observed: 2013-04-28 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-04-28 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

INTERSECTION OF INTERSTATE 8 AND BLYTHE OGILBY ROAD, PILOT KNOB MESA, EAST OF ALGODONES DUNES.

Detailed Location:

MAPPED TO INCLUDE 1966 LOCALITY, "3.9 MI S OGILBY," 1968 LOCALITY, "OGILBY RD NEAR US HWY 80" (NOW I-8), AND COORDINATES GIVEN 
FOR 2013 DETECTION.1979 DETECTION LOCATION REPORTED ONLY AS SECTION 23 ALSO ATTRIBUTED HERE.

Ecological:

DUNE HABITAT.

Threats:

General:

1 COLLECTED 14 MAY 1966. 1 COLLECTED 8 SEP 1968. ONE OBSERVED 26 APR 1979. 1 OBSERVED ON 28 APR 2013.

PLSS: T16S, R20E, Sec. 23, NW (S) Accuracy: 2/5 mile Area (acres): 0

220Elevation (feet):Latitude/Longitude: 32.75740 / -114.83950UTM: Zone-11 N3626458 E702395

Imperial Ogilby (3211477)
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Sources:

ALT80R0001 ALTMAN, E. ET AL. - AN EVALUATION OF THE RELATIVE ABUNDANCE OF THE FLAT-TAILED HORNED LIZARD (PHRYNOSOMA 
MCALLII) IN 10 AREAS IN SOUTHEASTERN CALIFORNIA 1980-09-XX

HER09S0001 HERPNET - PRINTOUT OF PHRYNOSOMA MCALLII RECORDS FROM MULTIPLE MUSEUMS EXCEPT MVZ. 2009-12-09

TUR80R0001 TURNER, F. ET AL. - A SURVEY OF THE OCCURRENCE AND ABUNDANCE OF THE FLAT-TAILED HORNED LIZARD IN CALIFORNIA. 
LABORATORY OF NUCLEAR MEDICINE AND RADIATION BIOLOGY, UC LOS ANGELES 1980-01-25

Map Index Number: 06544 EO Index: 14020

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 34 Occurrence Last Updated: 2012-06-20

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G3

State: S2

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_NT-Near Threatened

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES.

CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 
VEGETATIVE COVER AND ANTS.

Last Date Observed: 1979-04-27 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1980-06-20 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

PILOT KNOB MESA, ABOUT 1 MILE NW OF I-8 AT OGILBY RD (S34) AND 2 MILES SSW OF OGILBY.

Detailed Location:

SDNHM LOCALITIES: "OGILBY; 2 MILES SW OF." MAPPED TO PROVIDED TRS FROM 1979 "SECTION SEARCHES." VICINITY OF PLOT #7 IN 1980 
SURVEY, ABOUT 1 MILE NW OF S34 AT I-8.

Ecological:

1980: CREOSOTE AND BURSAGE WERE DOMINANT PERENNIALS, IRONWOOD PRESENT. POGONOMYRMEX NESTS FOUND AT SITE. FRINGE-
TOED LIZARDS ALSO OCCUR IN THIS AREA & HAVE SCAT INDISTINGUISHABLE FROM THAT OF FTHL; MORE RESEARCH IN THIS AREA IS 
NEEDED.

Threats:

General:

SDNHM #56513 & 56514 COLLECTED BY M. MCCOID ON 25 MAY 1975. 1 OBSERVED IN SEC 10, 1 OBSERVED IN SEC 15 ON 27 APR 1979. 0 FTHL 
AND 6 SCATS FOUND 17-20 JUN 1980.

PLSS: T16S, R20E, Sec. 10 (S) Accuracy: non-specific area Area (acres): 1,296

240Elevation (feet):Latitude/Longitude: 32.77837 / -114.85348UTM: Zone-11 N3628756 E701038

Imperial Ogilby (3211477)
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Sources:

BLM80S0020 BUREAU OF LAND MANAGEMENT - DESERT PLAN STAFF - COMPILATION OF HISTORIC MUSEUM SPECIMEN INFORMATION FOR 
PHRYNOSOMA MCALLII, COLLECTED DURING THE PREPARATION OF "THE CALIFORNIA DESERT PLAN" 1980-XX-XX

HER09S0001 HERPNET - PRINTOUT OF PHRYNOSOMA MCALLII RECORDS FROM MULTIPLE MUSEUMS EXCEPT MVZ. 2009-12-09

Map Index Number: 06564 EO Index: 22417

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 39 Occurrence Last Updated: 2012-09-26

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G3

State: S2

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_NT-Near Threatened

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES.

CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 
VEGETATIVE COVER AND ANTS.

Last Date Observed: 1947-07-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1947-07-26 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ALONG I-8, ABOUT 2 MILES W OF FELICITY AND 5 MILES SSE OF OGILBY.

Detailed Location:

COULD NOT LOCATE PROVIDED LOCALITY "SPRINGERS." MAPPED TO TRS GIVEN IN BLM'S COMPILATION OF MUSEUM SPECIMENS 
(BLM80S0020).

Ecological:

Threats:

General:

SDMNH SPECIMEN #38521 COLLECTED BY CHARLES SHAW ON 26 JUL 1947.

PLSS: T16S, R21E, Sec. 19, NW (S) Accuracy: 2/5 mile Area (acres): 0

253Elevation (feet):Latitude/Longitude: 32.75401 / -114.80155UTM: Zone-11 N3626155 E705959

Imperial Grays Well NE (3211467), Ogilby (3211477)
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Sources:

ROR84R0001 RORABAUGH, J. (U.S. BUREAU OF RECLAMATION) - AN EVALUATION OF FLAT-TAILED HORNED LIZARD (PHRYNOSOMA 
MCALLII) HABITAT QUALITY ALONG 40.9 KM (25.4 MI) OF THE PROPOSED ALL-AMERICAN CANAL ROUTE IN IMPERIAL COUNTY, 
CALIFORNIA 1984-06-XX

Map Index Number: 39690 EO Index: 34692

Key Quad: Grays Well NE (3211467) Element Code: ARACF12040

Occurrence Number: 79 Occurrence Last Updated: 1998-09-10

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G3

State: S2

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_NT-Near Threatened

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES.

CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 
VEGETATIVE COVER AND ANTS.

Last Date Observed: 1984-05-17 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1984-05-17 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

WHERE HIGHWAY 8 CROSSES THE ALL AMERICAN CANAL (BM 196), SE TOWARD CALIFORNIA-MEXICO BORDER, 5 MILES NE OF GRAYS WELL.

Detailed Location:

SCAT FOUND ON NORTH SIDE OF CANAL FROM HIGHWAY CROSSING TO 3 MILES SOUTHEAST OF HIGHWAY 8.

Ecological:

MOST OF THE HABITAT ALONG THE PROPOSED CANAL ROUTE COULD CONTAIN LIZARDS EXCEPT WETLAND/RIPARIAN AREA BETWEEN 
DROPS 3 & 4, & ALGODONES DUNES (BETWEEN SEGMENT MARKERS 7 TO 11).

Threats:

General:

ABUNDANCE INDEX OF LIZARDS WAS DETERMINED PER SECTION BY COUNTING SCAT.

PLSS: T16S, R20E, Sec. 52 (S) Accuracy: non-specific area Area (acres): 193

200Elevation (feet):Latitude/Longitude: 32.74057 / -114.84725UTM: Zone-11 N3624577 E701707

Imperial Grays Well NE (3211467), Ogilby (3211477)
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Sources:

NIE02F0002 NIEUWEHUIZEN, I. (FOSTER WHEELER ENVIRONMENTAL) - FIELD SURVEY FORM FOR PHRYNOSOMA MCALLII 2002-05-29

Map Index Number: 49935 EO Index: 49935

Key Quad: Ogilby (3211477) Element Code: ARACF12040

Occurrence Number: 89 Occurrence Last Updated: 2015-09-03

Scientific Name: Phrynosoma mcallii Common Name: flat-tailed horned lizard

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G3

State: S2

Other Lists: BLM_S-Sensitive
CDFW_SSC-Species of Special Concern
IUCN_NT-Near Threatened

General Habitat: Micro Habitat:

RESTRICTED TO DESERT WASHES AND DESERT FLATS IN CENTRAL 
RIVERSIDE, EASTERN SAN DIEGO, AND IMPERIAL COUNTIES.

CRITICAL HABITAT ELEMENT IS FINE SAND, INTO WHICH LIZARDS 
BURROW TO AVOID TEMPERATURE EXTREMES; REQUIRES 
VEGETATIVE COVER AND ANTS.

Last Date Observed: 2002-05-29 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-05-29 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

0.5 MILE ESE OF THE JUNCTION OF INTERSTATE 8 AND BLYTHE OGILBY ROAD, EAST SIDE OF ALGODONES DUNES.

Detailed Location:

Ecological:

CREOSOTE SCRUB, SANDY GRAVEL, FLAT.

Threats:

PIPELINE CONSTRUCTION, SURROUNDING USE IS DESERT RECREATION.

General:

ONE ADULT KILLED BY CONSTRUCTION EQUIPMENT 29 MAY 2002.

PLSS: T16S, R20E, Sec. 23, NE (S) Accuracy: 1/10 mile Area (acres): 0

220Elevation (feet):Latitude/Longitude: 32.75725 / -114.82845UTM: Zone-11 N3626463 E703430

Imperial Ogilby (3211477)
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Sources:

HAR79R0001 HARDY, A. ET AL. (CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE) - AN INVENTORY OF SELECTED COLEOPTERA 
FROM THE ALGODONES DUNES. REPORT TO BLM, CONTRACT CA-060-CT 8-68. 1979-XX-XX

Map Index Number: 06540 EO Index: 22762

Key Quad: Ogilby (3211477) Element Code: IICOL30060

Occurrence Number: 5 Occurrence Last Updated: 1989-08-11

Scientific Name: Anomala hardyorum Common Name: Hardy's dune beetle

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G1

State: S1

Other Lists:

General Habitat: Micro Habitat:

KNOWN ONLY FROM CREOSOTE BUSH SCRUB HABITAT IN THE 
VICINITY OF THE ALGODONES DUNES, IMPERIAL COUNTY.

ADULTS ACTIVE AT DUSK, GENERALLY ON NORTH OR EAST SLIP 
FACES OF DUNES.

Last Date Observed: 1979-04-12 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1979-04-12 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNE SYSTEM, 4 MI SSW OF OGILBY.

Detailed Location:

Ecological:

NO KNOWN HOST PLANT. ADULTS HAVE BEEN SIFTED FROM SAND BENEATH A WIDE VARIETY OF PLANTS. NOTHING IS KNOWN OF THE 
IMMATURE STAGES. ADULTS ARE ACTIVE AT DUSK, GENERALLY ON NORTH- OR EAST-FACING SLIP FACES.

Threats:

General:

PLSS: T16S, R20E, Sec. 22, NW (S) Accuracy: 1/5 mile Area (acres): 0

205Elevation (feet):Latitude/Longitude: 32.75699 / -114.86051UTM: Zone-11 N3626372 E700427

Imperial Ogilby (3211477)
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Sources:

AND79R0001 ANDREWS, F. ET AL. (CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE) - THE COLEOPTEROUS FAUNA OF SELECTED 
CALIFORNIA SAND DUNES. REPORT TO BLM. 1979-03-15

HAR74A0001 HARDY, A. (CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE) - A NEW SPECIES OF CYCLOCEPHALA LATREILLE FROM 
CALIFORNIA SAND DUNES (COLEOPTERA: SCARABAEIDAE). THE PAN-PACIFIC ENTOMOLOGIST 50: 160-161. 1974-04-XX

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

WAS72S0001 WASBAUER, M. & A. HARDY - CAS #11941 & USNM #11065335 & CMN #17140 COLLECTED 3 MI NW OF GLAMIS 1972-09-XX

Map Index Number: B5349 EO Index: 118239

Key Quad: Glamis (3211581) Element Code: IICOL33020

Occurrence Number: 1 Occurrence Last Updated: 2020-05-01

Scientific Name: Cyclocephala wandae Common Name: Wandae dune beetle

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G1G2

State: S1S2

Other Lists:

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY. �

Last Date Observed: 1972-09-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1972-09-XX Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

SPECIMENS WERE COLLECTED USING BLACKLIGHTS IN 1971 AND 1972.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

250Elevation (feet):Latitude/Longitude: 32.90558 / -115.05548UTM: Zone-11 N3642497 E681857

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)
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HAR79R0001 HARDY, A. ET AL. (CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE) - AN INVENTORY OF SELECTED COLEOPTERA 
FROM THE ALGODONES DUNES. REPORT TO BLM, CONTRACT CA-060-CT 8-68. 1979-XX-XX

Map Index Number: 06540 EO Index: 22697

Key Quad: Ogilby (3211477) Element Code: IICOL37020

Occurrence Number: 15 Occurrence Last Updated: 1989-08-11

Scientific Name: Pseudocotalpa andrewsi Common Name: Andrew's dune scarab beetle

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G1

State: S1

Other Lists:

General Habitat: Micro Habitat:

ENDEMIC TO THE CREOSOTE BUSH SCRUB HABITAT OF ALGODONES 
DUNES, NW OF GLAMIS, IMPERIAL COUNTY; 100-400 FT ELEVATION.

INHABITS BOTH SURFACE AND SUB-SURFACE OF SAND, UTILIZING 
THE WET SAND INTERFACE AS PROTECTION FROM THE HEAT OF 
THE DAY.

Last Date Observed: 1979-04-12 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1979-04-12 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNE SYSTEM, 4 MI SSW OF OGILBY.

Detailed Location:

ENDEMIC TO THE ALGODONES DUNES.

Ecological:

FLIGHT ACTIVITY 10-30 MINUTES AFTER SUNSET, DIGGING IN 1-2 MINUTES AFTER LANDING, DESCENDING TO THE WET SAND INTERFACE 
(USUALLY 5-8 CM, UP TO 30 CM). HOST PLANT UNKNOWN, ALTHOUGH MOST ADULTS SWARM AROUND CREOSOTE.

Threats:

OHVS. THE DUNES SOUTH OF HWY 78 ARE THE IMPERIAL SAND DUNES OHVA.

General:

ADULTS SWARM FROM APRIL TO MID-MAY.

PLSS: T16S, R20E, Sec. 22 (S) Accuracy: 1/5 mile Area (acres): 0

200Elevation (feet):Latitude/Longitude: 32.75699 / -114.86051UTM: Zone-11 N3626372 E700427

Imperial Ogilby (3211477)
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Sources:

FOR88S0001 FORBES, G. - NMSU #48873, 48903, 48905, 48906, 48908-48911, 48914, 48915, 48919, 48922, 48925, 48928, 48929, 48931 & 48933 
COLLECTED FROM ALGODONES DUNES, RT 78, 0.8 MI W GECKO RD 1988-09-12

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

KIM17A0001 KIMSEY, L. ET AL. - INSECT BIODIVERSITY OF THE ALGODONES DUNES OF CALIFORNIA 2017-11-24

ROG86S0001 ROGERS, R. - CAS #16132 & NMSU #48932 COLLECTED FROM SAND DUNES, 2 MI W OF GLAMIS, HWY 78 1986-09-19

ROG87S0001 ROGERS, R. - NMSU #48916, 48918, 48926 & 48927 COLLECTED FROM GECKO CAMPGROUND RD, NEAR HWY 78 1987-09-12

ROG87S0002 ROGERS, R. - NMSU #48920 COLLECTED FROM GECKO CAMPGROUND RD, NEAR HWY 78 1987-09-21

Map Index Number: B5349 EO Index: 118258

Key Quad: Glamis (3211581) Element Code: IIDIP07040

Occurrence Number: 1 Occurrence Last Updated: 2020-05-01

Scientific Name: Efferia macroxipha Common Name: Glamis robberfly

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G1G2

State: S1S2

Other Lists:

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY. �

Last Date Observed: 1988-09-12 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1988-09-12 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

SPECIMENS WERE COLLECTED IN THIS VICINITY IN 1986, 1987, AND 1988.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

250Elevation (feet):Latitude/Longitude: 32.90558 / -115.05548UTM: Zone-11 N3642497 E681857

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Quad Summary:County Summary:

Report Printed on Tuesday, December 29, 2020

Page 50 of 88Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch

Information Expires 5/29/2021

Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

PC ORIGINAL PKG



Sources:

CAZ85A0002 CAZIER, M. - NEW SPECIES AND NOTES ON FLIES BELONGING TO THE GENUS APIOCERA (DIPTERA, APIOCERIDAE). AMERICAN 
MUSEUM NOVITATES 2837: 1-28. 1985-11-14

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

Map Index Number: B5349 EO Index: 118240

Key Quad: Glamis (3211581) Element Code: IIDIP54020

Occurrence Number: 1 Occurrence Last Updated: 2020-04-28

Scientific Name: Apiocera warneri Common Name: Glamis sand fly

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G1G2

State: S1S2

Other Lists:

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY. �

Last Date Observed: 1982-09-15 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1982-09-15 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

THIS SPECIES IS ONLY KNOWN FROM THE TYPE COLLECTIONS. THESE WERE MADE 1.5 MILES WEST OF GLAMIS AND 4 MILES NORTH OF 
GLAMIS ON 15 SEP 1982.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

250Elevation (feet):Latitude/Longitude: 32.90558 / -115.05548UTM: Zone-11 N3642497 E681857

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)
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Sources:

HAR72S0005 HARDY, A. - UCRC #165955 COLLECTED 3 MILES NW OF GLAMIS, KIPF ROAD, ALGODONES DUNES 1972-04-09

IRW65S0001 IRWIN, M. - UCRC #165956 COLLECTED 1 MILE WEST OF GLAMIS 1965-04-25

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

RAU68S0001 RAUCH, P. - CAS #14416 COLLECTED 3.5 MILES NW OF GLAMIS 1968-04-13

TIM80A0001 TIMBERLAKE, P. - SUPPLEMENTARY STUDIES ON THE SYSTEMATICS OF THE GENUS PERDITA (HYMENOPTERA, ANDRENIDAE), 
PART II. UNIVERSITY OF CALIFORNIA PUBLICATIONS IN ENTOMOLOGY 85. 1980-05-XX

Map Index Number: B5349 EO Index: 118355

Key Quad: Glamis (3211581) Element Code: IIHYM01130

Occurrence Number: 1 Occurrence Last Updated: 2020-05-06

Scientific Name: Perdita algodones Common Name: Algodones perdita

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G1G2

State: S1S2

Other Lists:

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY. �

Last Date Observed: 1972-04-09 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1972-04-09 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

COLLECTIONS WERE MADE FROM THIS VICINITY IN 1965, 1968, AND 1972.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

250Elevation (feet):Latitude/Longitude: 32.90558 / -115.05548UTM: Zone-11 N3642497 E681857

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)
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Sources:

DIC60S0004 DICKSON, R. - CAS #14531 COLLECTED FROM SAND DUNES, 5.7 MILES WEST OF GLAMIS, IMPERIAL CO, CA, ON ERIOGONUM 
DESERTICOLA 1960-07-25

DIC60S0005 DICKSON, R. - UCRC #173923 COLLECTED E BRAWLEY, ON ERIOGONUM DESERTICOLA 1960-06-28

DIC60S0006 DICKSON, R. - UCRC #173924 COLLECTED FROM SAND DUNES S OF BRAWLEY, ON COLDENIA PLICATA 1960-07-11

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

POR16A0001 PORTMAN, Z. ET AL. - TAXONOMIC REVISION OF PERDITA SUBGENUS HETEROPERDITA TIMBERLAKE (HYMENOPTERA: 
ANDREDIDAE), WITH DESCRIPTIONS OF TWO ANT-LIKE MALES. ZOOTAXA 4214(1): 1-97. 2016-XX-XX

TIM68A0001 TIMBERLAKE, P. - A REVISIONAL STUDY OF THE BEES OF THE GENUS PERDITA F. SMITH, WITH SPECIAL REFERENCE TO THE 
FAUNA OF THE PACFIC COAST. PART VII. UNIVERSITY OF CA PUBLICATIONS IN ENTOMOLOGY 49. 1968-XX-XX

YAN20U0001 YANEGA, D. (UNIVERSITY OF CALIFORNIA, RIVERSIDE) - EMAIL REGARDING PERDITA FRONTALIS COLLECTION LOCALITES 
2020-09-25

Map Index Number: B5349 EO Index: 119180

Key Quad: Glamis (3211581) Element Code: IIHYM01140

Occurrence Number: 1 Occurrence Last Updated: 2020-09-28

Scientific Name: Perdita frontalis Common Name: Imperial Perdita

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G1G2

State: S1S2

Other Lists:

General Habitat: Micro Habitat:

� �

Last Date Observed: 2014-05-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2014-05-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

VARIOUS COLLECTION LOCALITIES DESCRIBED AS FROM GLAMIS TO 5.7 MILES WEST OF GLAMIS. MAPPED NON-SPECIFICALLY ACROSS THE 
EXTENT OF THE ALGODONES DUNES.

Ecological:

MOST COLLECTIONS WERE MADE FROM FLOWERS OF TIQUILA PLICATA.

Threats:

General:

COLLECTIONS WERE MADE IN 1960, 1962, 2012, 2013, AND 2014.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

250Elevation (feet):Latitude/Longitude: 32.90558 / -115.05548UTM: Zone-11 N3642497 E681857

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)
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Sources:

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

POR17A0001 PORTMAN, Z. & T. GRISWOLD - REVIEW OF PERDITA SUBGENUS PROCOCKERELLIA TIMBERLAKE (HYMENOPTERA, 
ANDRENIDAE) AND THE FIRST PERDITA GYNANDROMORPH. ZOOKEYS 712: 87-111. 2017-XX-XX

TIM80A0001 TIMBERLAKE, P. - SUPPLEMENTARY STUDIES ON THE SYSTEMATICS OF THE GENUS PERDITA (HYMENOPTERA, ANDRENIDAE), 
PART II. UNIVERSITY OF CALIFORNIA PUBLICATIONS IN ENTOMOLOGY 85. 1980-05-XX

WAL65S0004 WALLACE, G. - UCRC #174303 & CAS #14544 COLLECTED FROM GLAMIS 1965-06-13

Map Index Number: B5349 EO Index: 119019

Key Quad: Glamis (3211581) Element Code: IIHYM01840

Occurrence Number: 2 Occurrence Last Updated: 2020-08-10

Scientific Name: Perdita stephanomeriae Common Name: a miner bee

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: GNR

State: S1S2

Other Lists:

General Habitat: Micro Habitat:

� �

Last Date Observed: 1965-06-13 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1965-06-13 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

COLLECTION LOCALITY GIVEN ONLY AS "GLAMIS." MAPPED BY CNDDB NON-SPECIFICALLY ACROSS THE EXTENT OF THE GLAMIS DUNES, 
ALSO KNOW AS THE ALGODONES DUNES.

Ecological:

Threats:

General:

COLLECTED ON 13 JUN 1965. SPECIMENS ORIGINALLY USED TO DESCRIBE THE SPECIES PERDITA GLAMIS, BUT THAT SPECIES WAS LATER 
LUMPED INTO PERDITA STEPHANOMERIAE.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

250Elevation (feet):Latitude/Longitude: 32.90558 / -115.05548UTM: Zone-11 N3642497 E681857

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)
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Sources:

GRI96A0001 GRISWOLD, T. (UTAH STATE UNIVERSITY) - A NEW MICROBEMBEX ENDEMIC TO THE ALGODONES DUNES, CALIFORNIA 
(HYMENOPTERA: SPHECIDAE).PAN-PACIFIC ENTOMOLOGIST 72(3): 142-144. 1996-XX-XX

KIM07U0001 KIMSEY, L. (UNIVERSITY OF CALIFORNIA, DAVIS) - COMPILED INVERTEBRATE COLLECTION RECORDS NEAR ALGODONES 
DUNES FROM VARIOUS INSTITUTIONS (UCB, UCD, UCR, USU, USNM, CAS, MCZ, LAMNH, AMNH, CDFA). 2007-04-XX

Map Index Number: B5349 EO Index: 118339

Key Quad: Glamis (3211581) Element Code: IIHYM90010

Occurrence Number: 1 Occurrence Last Updated: 2020-05-05

Scientific Name: Microbembex elegans Common Name: Algodones elegant sand wasp

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G1G2

State: S1S2

Other Lists:

General Habitat: Micro Habitat:

ENDEMIC TO THE ALGODONES DUNES IN IMPERIAL COUNTY �

Last Date Observed: 1988-10-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1988-10-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

FOUND ONLY AROUND THE BASES OF SHRUBS WHERE DETRITUS COLLECTS ON ACTIVE SLIP FACES OF THE DUNES.

Threats:

General:

THIS SPECIES IS ONLY KNOWN FROM THE TYPE COLLECTIONS. THESE WERE MADE FROM GLAMIS DUNES, 1 MILE WEST OF GLAMIS IN SEP 
1987 AND OCT 1988, AND ALSO 4 MILES SOUTH OF OGILBY IN OCT 1988.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

250Elevation (feet):Latitude/Longitude: 32.90558 / -115.05548UTM: Zone-11 N3642497 E681857

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)
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Sources:

ANONDS0367 ANONYMOUS - AMNH #178751 COLLECTED FROM GECKO RD S OF ALGODONES DUNES WILDERNESS AREA XXXX-XX-XX

CAR09A0001 CARPENTER, J. & L. KIMSEY - THE GENUS EUPARAGIA CRESSON (HYMENOPTERA: VESPIDAE; EUPARAGIINAE). AMERICAN 
MUSEUM NOVITATES 3643: 1-11. 2009-03-31

DIC60S0001 DICKSON, R. - UCRC #71283 & 71284 COLLECTED FROM ERIOGONUM DESERTICOLA AT SAND DUNES EAST OF BRAWLEY 1960-
06-13

DIC60S0002 DICKSON, R. - UCRC #71288 COLLECTED FROM ERIOGONUM DESERTICOLA 7 MILES WEST OF GLAMIS 1960-07-25

DIC60S0003 DICKSON, R. - UCRC #71285, 71286, 71287 & 71289 COLLECTED FROM COLDENIA PLICATA 2 MILES WEST OF GLAMIS 1960-07-25

KIM17A0001 KIMSEY, L. ET AL. - INSECT BIODIVERSITY OF THE ALGODONES DUNES OF CALIFORNIA 2017-11-24

Map Index Number: B5349 EO Index: 118271

Key Quad: Glamis (3211581) Element Code: IIHYMBC010

Occurrence Number: 1 Occurrence Last Updated: 2020-05-04

Scientific Name: Euparagia unidentata Common Name: Algodones euparagia

Listing Status: Federal: None Rare Plant Rank:

State: None

CNDDB Element Ranks: Global: G1G2

State: S1S2

Other Lists:

General Habitat: Micro Habitat:

� �

Last Date Observed: 2008-06-03 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2008-06-03 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES, SE OF THE SALTON SEA.

Detailed Location:

MAPPED NON-SPECIFICALLY ACROSS THE EXTENT OF THE ALGODONES DUNES.

Ecological:

Threats:

General:

COLLECTIONS WERE MADE FROM THIS VICINITY IN 1960 AND 2008.

PLSS: T14S, R18E, Sec. 53 (S) Accuracy: non-specific area Area (acres): 148,089

250Elevation (feet):Latitude/Longitude: 32.90558 / -115.05548UTM: Zone-11 N3642497 E681857

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)
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Sources:

ALE41S0030 ALEXANDER, A. & L. KELLOGG - ALEXANDER #1936 UC #669289 POM #115609, GH #427281 1941-03-14

AND09S0005 ANDRE, J. & T. LA DOUX - ANDRE #9871 UCR #211316, RSA #760079, GMDRC #2967 (CITED IN AND10D0001) 2009-02-26

AND10D0001 ANDRE, J. - EXCEL TABLE OF MULTIPLE PLANT COLLECTIONS 2010-01-18

ANO69S0003 ANONYMOUS - ANONYMOUS #11 UCR #16704 1969-05-24

BAR67S0001 BARR, R. - BARR #67-128 UA (AS CITED IN WAR87R0001) 1967-04-16

BEL13S0009 BELL, D. ET AL. - BELL #4823 RSA #806857 2013-04-20

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX

BEN33S0011 BENSON, L. - BENSON #4223 RSA #431136 1933-04-01

Map Index Number: 77872 EO Index: 6544

Key Quad: Glamis (3211581) Element Code: PDAST6T012

Occurrence Number: 1 Occurrence Last Updated: 2014-05-28

Scientific Name: Palafoxia arida var. gigantea Common Name: giant spanish-needle

Listing Status: Federal: None Rare Plant Rank: 1B.3

State: None

CNDDB Element Ranks: Global: G5T3?

State: S2

Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

DESERT DUNES. ACTIVE AND STABLE DUNE AREAS; ASSOCIATED WITH AMMOBROMA 
SONORAE, ASTRAGALUS LENTIGINOSUS BORREGANUS, ETC. 20-95 
M.

Last Date Observed: 2013-04-20 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-04-20 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES.

Detailed Location:

SCATTERED THROUGHOUT THE DUNES FROM SOUTHERN PACIFIC RR TRACKS WEST TO THE COACHELLA CANAL AND FROM MAMMOTH 
WASH SOUTH TO THE CA/MEXICO BORDER. MAPPED BY CNDDB USING MULTIPLE MAP SOURCES.

Ecological:

SAND DUNES WITHIN DESERT PSAMMOPHYTIC SCRUB (STABILIZED AND PARTIALLY STABILIZED DESERT DUNES). ASSOCIATES INCLUDE 
SEVERAL RARE PLANTS: AMMOBROMA SONORAE, ASTRAGALUS LENTIGINOSUS BORREGANUS, ERIOGONUM DESERTICOLA, PILOSTYLES 
THURBERI, ETC.

Threats:

ORV USE.

General:

>3,000 PLANTS SEEN ALONG ALL AMERICAN CANAL IN 1993. 34,649 IN 1998; 1,458 IN 1999; 13,933 IN 2000. 25 PLANTS ALONG HWY 78 JUST E OF 
GECKO RD IN 2009. 80+ PLANTS N OF HWY 78 ~1 MI NW OF OSBORNE LOOKOUT IN 2013. INCL FRMR EOS 2-49, 51, 52.

PLSS: T14S, R18E, Sec. 51 (S) Accuracy: specific area Area (acres): 118,017

Elevation (feet):Latitude/Longitude: 32.92004 / -115.06355UTM: Zone-11 N3644086 E681072

Imperial, Mexico Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)

Quad Summary:County Summary:
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BLM00R0001 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: RESULTS OF 1998 MONITORING AND COMPARISON WITH THE DATA FROM WESTECS 1977 
MONITORING STUDY 2000-11-XX

BLM01R0001 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: 1977, 1998, 1999, AND 2000 2001-06-XX

BLM77F0001 BLM-BUREAU OF LAND MANAGEMENT - FIELD SURVEY FORM FOR PALAFOXIA ARIDA VAR. GIGANTEA 1977-10-13

BLM78F0001 SEARS, W. - BLM (S-II) FIELD SURVEY FORM FOR PALAFOXIA ARIDA VAR. GIGANTEA 1978-XX-XX

BLM86R0002 BLM-BUREAU OF LAND MANAGEMENT - PROPOSED 1985 PLAN AMENDMENTS VOL. 2 1986-01-XX

BOW70S0001 BOWERS, D. - BOWERS #1608 RSA #786954 1970-12-29

BOW81S0001 BOWERS, J. - BOWERS #2076 UA (AS CITED IN WAR87R0001) 1981-03-14

BOW83S0003 BOWERS, J. & S. MCLAUGHLIN - BOWERS #2785 UCR #46271 1983-11-12

BRO80S0003 BROWNELL, K. - BROWNELL #206 UCSB #36654 1980-05-17

CHM00R0001 CH2M HILL - IMPERIAL IRRIGATION DISTRICT (IID)/SAN DIEGO COUNTY WATER AUTHORITY (SDCWA) WATER CONSERVATION 
AND TRANSFER PROJECT EIR/EIS, SCOPING SUMMARY REPORT 2000-03-10

DAV79S0003 DAVIDSON, C. ET AL. - DAVIDSON #7742 HSU #82914 POM #363734 1979-04-28

DAV79S0004 DAVIDSON, C. ET AL. - DAVIDSON #7792 POM #363735 1979-04-28

DEF33S0002 DE FOREST, H. & J. REMPEL - DE FOREST #17695 RSA #363761 1933-04-10

DUN35S0005 DUNKLE, M. - DUNKLE #4586 POM #363736 1935-04-18

FER38S0002 FERRIS, R. & R. ROSSBACH - FERRIS #9588 UC #604962 POM #19546, GH #427279 1938-05-17

FUL59S0002 FULLER, T. - FULLER #3273 CDA #8432 1959-10-07

GIL28S0004 GILMAN, M. - GILMAN SN POM #145269 1928-04-XX

GOR80S0003 GORDON, P. - GORDON #630 UCSB #37387 1980-05-17

GRA78S0002 GRANGER, S. - GRANGER SN RSA #650937 1978-04-03

GUI08S0005 GUILLIAMS, C. & J. MARSHALL - GUILLIAMS #635 SDSU #18373 & #18392 2008-04-23

GUS83S0012 GUSTAFSON, R. & KEELEY - GUSTAFSON #2569 POM #363733 1983-05-06

HIG74S0001 HIGGINS, L. - HIGGINS #8507 ASU (AS CITED IN WAR87R0001) 1974-04-12

HIT66S0008 HITCHCOCK, C. - HITCHCOCK #24287 DAV #134877 1966-03-19

HOW64S0005 HOWE, D. - HOWE #3756 SD #60969 SDSU #369 1964-04-11

HOW80S0004 HOWE, D. - HOWE SN SD #128762 1980-04-14

HUN80S0001 HUNKINS, C. - HUNKINS #80030903, SEINET #2053908, DES #27249, DBG (CITED IN WAR87R0001) 1980-03-09

JEP27S0017 JEPSON, W. - JEPSON #11722 JEPS #34765 1927-04-15

JON31S0014 JONES, M. - JONES #28599 POM #188054 UC #479265 1931-09-24

JOR82S0002 JORGENSEN, J. - JORGENSEN #305 UCSB #39124 1982-03-24

KEL37S0001 KELLER, A. - KELLER SN RSA #603891 SD #17611 1937-05-31

KEL37S0002 KELLER, A. - KELLER SN SD #17612 1937-05-31

KEL41S0001 KELLOGG, L. ET AL. - KELLOGG ET AL. #1936 UA #189037 (AS CITED IN WAR87R0001) 1941-03-14

LAT77S0004 LATTING, J. - LATTING SN UC #1746487 UCR #115382, SEINET #238517, UTC #230538, DAV #134884 1977-12-11

MAC97S0005 MACKAY, P. - MACKAY #130 VVC #648 1997-03-01

MCG71S0001 MCGEHEE, R. - MCGEHEE #352 SJSU #11689 1971-02-13

MIN64S0002 MINNICH, J. - MINNICH #64-3-25-14 UCR 1964-03-25

MUN32S0027 MUNZ, P. & C. HITCHCOCK - MUNZ #12131 UC #495107 1932-04-05

NEL30S0001 NELSON, A. - NELSON #11161 DS #231258 1930-02-27

NEL36A0001 NELSON, A. - ROCKY MOUNTAIN HERBARIUM STUDIES IV. AMERICAN JOURNAL OF BOTANY 23: 265-271. 1936-XX-XX

NIE77U0021 NIEHAUS, T. - CNPS STATUS REPORT 1977-XX-XX

PEI27S0010 PEIRSON, F. - PEIRSON #7198 RSA #92214 SD #87849 1927-04-15

PIT98S0003 PITZER, B. - PITZER #3477 SD #144029 UCR #102678 1998-02-02

POR03S0027 PORTER, J. - PORTER #13491 RSA #767601 2003-03-04
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RAV58S0027 RAVEN, P. - RAVEN #12910 JEPS #30466 RSA #127758 1958-05-06

REC79R0001 U.S. BUREAU OF RECLAMATION - REPORT ON RARE PLANT POPULATIONS ALONG THE ALL AMERICAN CANAL 1979-XX-XX

REI96S0007 REINA, A. & T. VAN DEVENDER - REINA #220 RSA #592920, UCR #97014. SEINET #1110597, ASU, SEINET #891496, ASU #324968 
1996-04-27

RIC79S0004 RICH, B. - RICH #79004 RSA #291588 1979-04-21

ROM79R0001 ROMSPERT, A. & J. BURK - ALGODONES DUNES SENSITIVE PLANT PROJECT - C.S.U. FULLERTON PREPARED FOR BLM 1979-
XX-XX

ROS63S0001 ROSSBACH, G. - ROSSBACH #5239 UC #1351650 1963-07-03

SEA78S0005 SEARS - SEARS #764 UCR #33542 1978-03-15

SIM65S0001 SIMPSON, J. - SIMPSON SN SD #103941 1965-05-13

STE90S0003 STEWART, J. - STEWART #649 UCR #89809 1990-03-14

STO96S0002 STONE, B. & J. DICE - STONE SN SD #138925 1996-04-29

SWA11S0038 SWANSON, A. - SWANSON #194 RSA #776107 2011-03-09

THO64S0037 THORNE, R. & RUTHERFORD - THORNE #33611 RSA #167678, GH #427280 1964-04-11

THO78S0051 THORNE, R. - THORNE #52150 RSA #336258 1978-05-30

THO84S0002 THORNE, R. ET AL. - THORNE #58265 RSA #331168 1984-04-27

TUR62S0001 TURNER, B. - TURNER #4757 SD #108087 1962-04-19

VAN05S0003 VAN DAM, A. - VAN DAM SN UCR #165596 2005-04-19

VAS64S0002 VASEK, F. - VASEK #640411-2 UCR #3820, UCSB #38383 1964-04-11

VAS64S0006 VASEK, F. - VASEK #640411-03 UCR #3819 1964-04-11

VER64S0005 VERITY, D. ET AL. - VERITY SN SFV #4269A 1964-02-15

WAR87R0001 WARREN, P. & A. LAURENZI - RARE PLANTS SURVEY OF THE YUMA DISTRICT. 1987-08-XX

WES77R0003 WESTEC SERVICES, INC. - SURVEY OF SENSITIVE PLANTS OF THE ALGODONES DUNES - PREPARED FOR BLM. 1977-08-XX

WIE35S0023 WIEGAND, K. & M. WIEGAND - WIEGAND #2578 GH #427282 1935-XX-XX

WIL05U0001 WILLOUGHBY, J. - EMAIL TO R. BITTMAN REGARDING DATA ON ALGODONES DUNES PLANTS 2005-11-30

WIL64S0002 WILSON, K. - WILSON #1327 SFV #4068 1964-04-11

WOL31S0036 WOLF, C. - WOLF #1888 RSA #2149 1931-03-14

WOLNDS0001 WOLF - WOLF #1888 HERBARIUM UNKNOWN XXXX-XX-XX
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Sources:

POR02S0002 PORTER, J. ET AL. - PORTER #13401 RSA #767464, ARIZ #412699 2002-03-02

Map Index Number: 92503 EO Index: 93647

Key Quad: Ogilby (3211477) Element Code: PDAST6T012

Occurrence Number: 56 Occurrence Last Updated: 2014-05-28

Scientific Name: Palafoxia arida var. gigantea Common Name: giant spanish-needle

Listing Status: Federal: None Rare Plant Rank: 1B.3

State: None

CNDDB Element Ranks: Global: G5T3?

State: S2

Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

DESERT DUNES. ACTIVE AND STABLE DUNE AREAS; ASSOCIATED WITH AMMOBROMA 
SONORAE, ASTRAGALUS LENTIGINOSUS BORREGANUS, ETC. 20-95 
M.

Last Date Observed: 2002-03-02 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-03-02 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

IMPERIAL DUNES RECREATION AREA (ALGODONES DUNES), 0.5 MILE WSW OF OGILBY, WEST OF COUNTY ROAD S34.

Detailed Location:

MAPPED ACCORDING TO COORDINATES PROVIDED ON A 2002 PORTER ET AL. COLLECTION; DATUM UNKNOWN; MAPPED TO ENCOMPASS 
NAD27 AND NAD83.

Ecological:

SHALLOW DUNES AND SANDY SOILS OF BRAIDED WASH.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 2002 PORTER ET AL. COLLECTION.

PLSS: T15S, R20E, Sec. 34, E (S) Accuracy: 80 meters Area (acres): 0

310Elevation (feet):Latitude/Longitude: 32.81475 / -114.84698UTM: Zone-11 N3632803 E701564

Imperial Ogilby (3211477)

Quad Summary:County Summary:
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Sources:

SEA78F0003 SEARS, W. - FIELD SURVEY FORM FOR DITAXIS CLARYANA 1978-03-15

Map Index Number: 35287 EO Index: 5532

Key Quad: Ogilby (3211477) Element Code: PDEUP080L0

Occurrence Number: 1 Occurrence Last Updated: 1996-08-27

Scientific Name: Ditaxis claryana Common Name: glandular ditaxis

Listing Status: Federal: None Rare Plant Rank: 2B.2

State: None

CNDDB Element Ranks: Global: G3G4

State: S2

Other Lists:

General Habitat: Micro Habitat:

MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB. IN DRY WASHES AND ON ROCKY HILLSIDES. SANDY SOILS.  15-505 M.

Last Date Observed: 1978-03-15 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1978-03-15 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 1.5 MILES NORTHEAST OF OGILBY, SOUTHWEST OF THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

OBSERVED AT T15S R20E SECTIONS 24 AND 25.

Ecological:

GROWING IN LOWER FAN OF DRY WASH ON GRAVELLY/SANDY SOILS WITHIN CREOSOTE SCRUB.

Threats:

General:

50-100 PLANTS OBSERVED OVER LESS THAN 100 ACRES IN 1978.

PLSS: T15S, R20E, Sec. 24 (S) Accuracy: 1 mile Area (acres): 0

550Elevation (feet):Latitude/Longitude: 32.83702 / -114.81938UTM: Zone-11 N3635326 E704098

Imperial Ogilby (3211477)

Quad Summary:County Summary:
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Sources:

DAV79S0009 DAVIDSON, C. - DAVIDSON #7794 RSA #480697 1979-04-28

SEA78F0001 SEARS, W. - FIELD SURVEY FORM FOR CROTON WIGGINSII 1978-03-15

SEA78S0010 SEARS - SEARS #765 SEINET #3107109, FLD #4500 1978-XX-XX

VAN02S0001 VAN DEVENDER, T. ET AL. - VAN DEVENDER #2002-473 SEINET #281192 & #286839, USON #12101 2002-07-15

Map Index Number: 76081 EO Index: 77074

Key Quad: Ogilby (3211477) Element Code: PDEUP0H140

Occurrence Number: 38 Occurrence Last Updated: 2014-09-17

Scientific Name: Croton wigginsii Common Name: Wiggins' croton

Listing Status: Federal: None Rare Plant Rank: 2B.2

State: Rare

CNDDB Element Ranks: Global: G2G3

State: S2

Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

DESERT DUNES, SONORAN DESERT SCRUB. ON SAND DUNES AND IN SANDY ARROYOS.  0-155 M.

Last Date Observed: 2002-07-15 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2002-07-15 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

SE END OF THE ALGODONES DUNES; NEAR THE JUNCTION OF INTERSTATE 8 AND BLYTHE OGILBY ROAD.

Detailed Location:

MAPPED BY CNDDB AS BEST GUESS AROUND SECTION 23 ACCORDING TO TRS INFORMATION ON A 1978 SEARS FIELD SURVEY FORM.

Ecological:

SPARSE DESERT SCRUB ON LOOSE SAND. ASSOCIATES INCLUDE AMMOBROMA SONORAE, PETALONYX THURBERI, TIQUILIA PLICATA, 
PALAFOXIA ARIDA GIGANTEA, OENOTHERA.

Threats:

General:

SITE BASED ON A VAGUE 1978 SEARS SURVEY FORM. COLLECTIONS FROM "DIRT TRACK HEADING E 3.3 MI FROM GRAYS WELL RD EXIT OFF I-
8", "4.1 MI S OF OGILBY AT OGILBY RD, EXIT I-10", AND "OGILBY RD, E SIDE ALGODONES DUNES, S OF I-8" ATTRIBUTED HERE.

PLSS: T16S, R20E, Sec. 23 (S) Accuracy: non-specific area Area (acres): 649

200Elevation (feet):Latitude/Longitude: 32.75652 / -114.83591UTM: Zone-11 N3626368 E702733

Imperial Grays Well NE (3211467), Ogilby (3211477)

Quad Summary:County Summary:
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Sources:

ARM83S0003 ARMSTRONG, W. - ARMSTRONG SN SD #115067 1983-05-10

ATW70S0001 ATWOOD, N. - ATWOOD #2335 NY #1258227 1970-04-02

BAL58S0002 BALLS, E. & P. EVERETT - BALLS #22890 UC #1080347, RSA #124371 1958-03-20

GUI08S0004 GUILLIAMS, C. & J. MARSHALL - GUILLIAMS #631 SDSU #18741 2008-04-23

MCL85S0002 MCLAUGHLIN, S. & J. BOWERS - MCLAUGHLIN #2946 ARIZ #257606 1985-03-10

MCL87A0001 MCLAUGHLIN, S. ET AL. - VASCULAR PLANTS OF EASTERN IMPERIAL COUNTY, CA. MADRONO VOL. 34, NO. 4, PP. 359-378, 1987. 
1987-XX-XX

THO64S0038 THORNE, R. & R. RUTHERFORD - THORNE #33564 RSA #754257 & #800188 1964-04-10

Map Index Number: 28142 EO Index: 17711

Key Quad: Ogilby (3211477) Element Code: PDFAB0F491

Occurrence Number: 1 Occurrence Last Updated: 2011-10-18

Scientific Name: Astragalus insularis var. harwoodii Common Name: Harwood's milk-vetch

Listing Status: Federal: None Rare Plant Rank: 2B.2

State: None

CNDDB Element Ranks: Global: G5T4

State: S2

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

DESERT DUNES, MOJAVEAN DESERT SCRUB. OPEN SANDY FLATS AND SANDY OR STONY DESERT WASHES; 
MOSTLY IN CREOSOTE BUSH SCRUB. -45-700 M.

Last Date Observed: 2008-03-20 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2008-03-20 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

VICINITY OF THE INTERSECTION OF OLD HIGHWAY 80 (NOW I-8) AND OGILBY ROAD (HWY S34), SE END OF PILOT KNOB MESA.

Detailed Location:

MAPPED BY CNDDB AS A NON-SPECIFIC POLYGON ALONG OLIGBY RD (HWY S34) TO ENCOMPASS 3 COLLECTIONS FROM "0.5 MI N OF 
INTERSECTION", "100 M N OF JUNCTION, W SIDE OF ROAD" AND "SE OF INTERSECTION, 30 M E OF OGILBY ROAD".

Ecological:

SPARSE CREOSOTE BUSH SCRUB WITH ASCLEPIAS SP, STEPHANOMERIA SP, AMBROSIA DUMOSA, AND ABRONIA VILLOSA. IN SUN ON DRY, 
SANDY FLATS.

Threats:

General:

SITE BASED ON MULTIPLE COLLECTIONS FROM THIS AREA; LAST COLLECTED BY GUILLIAMS & MARSHALL IN 2008. NEED MAP DETAIL FOR 
THIS SITE.

PLSS: T16S, R20E, Sec. 14, S (S) Accuracy: non-specific area Area (acres): 69

240Elevation (feet):Latitude/Longitude: 32.76411 / -114.83667UTM: Zone-11 N3627208 E702645

Imperial Ogilby (3211477)

Quad Summary:County Summary:
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Sources:

MCL85S0001 MCLAUGHLIN, S. & J. BOWERS - MCLAUGHLIN #2942 ARIZ #257607 1985-03-10

MCL87A0001 MCLAUGHLIN, S. ET AL. - VASCULAR PLANTS OF EASTERN IMPERIAL COUNTY, CA. MADRONO VOL. 34, NO. 4, PP. 359-378, 1987. 
1987-XX-XX

Map Index Number: 77752 EO Index: 78652

Key Quad: Grays Well NE (3211467) Element Code: PDFAB0F491

Occurrence Number: 43 Occurrence Last Updated: 2009-12-29

Scientific Name: Astragalus insularis var. harwoodii Common Name: Harwood's milk-vetch

Listing Status: Federal: None Rare Plant Rank: 2B.2

State: None

CNDDB Element Ranks: Global: G5T4

State: S2

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

DESERT DUNES, MOJAVEAN DESERT SCRUB. OPEN SANDY FLATS AND SANDY OR STONY DESERT WASHES; 
MOSTLY IN CREOSOTE BUSH SCRUB. -45-700 M.

Last Date Observed: 1985-03-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1985-03-10 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

I-8 AT JUNCTION WITH SIDEWINDER RD, SE END OF PILOT KNOB MESA.

Detailed Location:

MAPPED BY CNDDB AS BEST GUESS AT THE JUNCTION OF I-8 AND SIDEWINDER RD.

Ecological:

SANDY SOIL WITH LARREA AND CROTON CALIFORNICUS.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS SITE IS A 1985 MCLAUGHLIN & BOWERS COLLECTION, MENTIONED AS "UNCOMMON" IN 1985.

PLSS: T16S, R21E, Sec. 21 (S) Accuracy: 3/5 mile Area (acres): 0

250Elevation (feet):Latitude/Longitude: 32.74686 / -114.75465UTM: Zone-11 N3625454 E710370

Imperial Yuma West (3211466), Grays Well NE (3211467), Araz (3211476), Ogilby (3211477)

Quad Summary:County Summary:
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Sources:

NEW91U0001 NEWTON, G. - PORTION OF ENVIRONMENTAL DOCUMENT FOR AMERICAN GIRL CANYON PROJECT AND MESQUITE PROJECT. 
1991-03-06

SEA78S0009 SEARS - SEARS #776 SEINET #3107285, FLD #4678 1978-XX-XX

Map Index Number: 36276 EO Index: 31273

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 1 Occurrence Last Updated: 2014-08-25

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1990-XX-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1990-XX-XX Occurrence Rank: Unknown

Owner/Manager: BLM? Trend: Unknown

Presence: Presumed Extant

Location:

VICINITY OF AMERICAN GIRL MINE, CARGO MUCHACHO MOUNTAINS, EAST OF OGILBY.

Detailed Location:

E POLYGON: EXACT LOCATION OF POPULATION(S) NOT PROVIDED; PROJECT SITES ARE WITHIN LARGE PORTIONS OF T15S R21E SECTIONS 
17, 18, 19 AND THE SW 1/4 OF SEC 20. W POLYGON: EXACT LOCATION UNKNOWN; MAPPED BASED ON TRS FROM 1978 SEARS COLLECTION.

Ecological:

GROWING IN SHALLOW, STABLE HEAD WASHES AT THE BASE OF THE MOUNTAINS AND ON THE SHALLOW FAN WASHES OUT ON THE 
ALLUVIAL FANS WHERE THE WASHES BRANCH OUT AND FLOOD WATERS LOSE VELOCITY. DESERT PAVEMENT & WASHES; SANDY SOIL; WITH 
LARREA.

Threats:

MINING ACTIVITY. PLANTS REPORTEDLY RECOLONIZE DISTURBED AREAS.

General:

W POLYGON IS BASED ON A 1978 SEARS COLLECTION FROM "1 MI N OF OGILBY, 2 MI DOWN DESERT RAT TRAILER PARK RD" WITH GIVEN TRS 
"T15S R20E S24 & S25" AND GIVEN ELEVATION OF 500 TO 650 FT. E POLYGON OBSERVED IN 1990. NEEDS FIELDWORK.

PLSS: T15S, R21E, Sec. 17 (S) Accuracy: non-specific area Area (acres): 3,278

1,000Elevation (feet):Latitude/Longitude: 32.85010 / -114.78884UTM: Zone-11 N3636835 E706926

Imperial Ogilby (3211477)
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Sources:

DAV79S0001 DAVIDSON, C. ET AL. - DAVIDSON #7803 HSC #66468, POM #347335 1979-04-29

Map Index Number: 36283 EO Index: 31280

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 2 Occurrence Last Updated: 1997-07-30

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1979-04-29 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1979-04-29 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALONG RAILROAD ACCESS ROAD 2.2 MILES SOUTHEAST OF CACTUS, PILOT KNOB MESA.

Detailed Location:

NEAR RAILROAD BRIDGE 714-12.

Ecological:

ROCKY WASH CHANNEL. CREOSOTE BUSH SCRUB WITH BEBBIA, OLNEYA, AND CERCIDIUM.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS SITE IS 1979 COLLECTION BY DAVIDSON ET AL.

PLSS: T15S, R20E, Sec. 21 (S) Accuracy: non-specific area Area (acres): 85

390Elevation (feet):Latitude/Longitude: 32.84061 / -114.86950UTM: Zone-11 N3635628 E699398

Imperial Ogilby (3211477), Cactus (3211478)
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Sources:

BAL58S0015 BALLS, E. & P. EVERETT - BALLS #22923 SD #48547, RSA #124333 1958-03-20

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX

WIG37S0002 WIGGINS, I. - WIGGINS #8557 POM #265282, DS #278459, SEINET #902098, ARIZ #137709 1937-02-17

WOG40S0014 WOGLUM, R. - WOGLUM #2460 RSA #28737 & 630291, SEINET #2011354, SJNM 1940-03-10

Map Index Number: 36278 EO Index: 31275

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 3 Occurrence Last Updated: 2014-08-25

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1958-03-20 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-03-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

3.5 MILES NORTH OF OGILBY ON ROAD TO BLYTHE.

Detailed Location:

EXACT LOCATION UNKNOWN. MAPPED AS BEST GUESS BASED ON 1958 BALLS COLLECTION WITH GIVEN ELEV OF 499 FT. A 1937 WIGGINS 
COLLECTION FROM "3.5 MI N OF OGILBY ON ROAD TO PALO VERDE, ELEV 440 FT" IS ATTRIBUTED HERE; ELEV DOES NOT MATCH LOCALITY.

Ecological:

GRAVELLY SLOPES AND RUNNEL-INTERFLUVE SYSTEM. PONDEROSA PINE COMMUNITY IN CLAY SOIL, SOUTH ASPECT.

Threats:

General:

MAIN SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 1958 BALLS COLLECTION. A 1940 WOGLUM COLLECTION FROM "4 MILES NORTH 
OF OGILBY" IS ALSO ATTRIBUTED TO THIS SITE. BELL SURVEYED THIS AREA IN 2013, BUT NO PLANTS WERE FOUND.

PLSS: T15S, R20E, Sec. 11, SW (S) Accuracy: non-specific area Area (acres): 31

499Elevation (feet):Latitude/Longitude: 32.86740 / -114.83877UTM: Zone-11 N3638658 E702214

Imperial Ogilby (3211477)
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Sources:

HOL87F0070 HOLLAND, R. & V. DAINS - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 1987-01-10

Map Index Number: 36282 EO Index: 31279

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 5 Occurrence Last Updated: 2010-07-09

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1987-01-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1987-01-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

IN WASHES ALONG THE HYDUKE MINE ROAD NORTH OF THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

ALONG ROAD ON THE SOUTH SIDE OF INDIAN WASH. MAPPED AS LARGE AREA EXTENDING FROM T14S R20E S 1/2 SEC 13 AT THE W END TO 
T14S R21E N 1/2 SEC 10 (PROJECTED) AT THE E END. APPARENTLY RESTRICTED TO "BLUE DOTTED LINE" WASHES ON MAP PROVIDED.

Ecological:

LOW TOTAL COVER (<5%) IN SMALL WASHES WITH LARREA TRIDENTATA, FOQUIERIA SPLENDENS, FRANSERIA DUMOSA, ACACIA GREGGII, 
AND KRAMERIA PARVIFLORA. LARGER WASHES SUPPORT OLNEYA TESOTA-CERCIDIUM FLORIDUM WOODLAND.

Threats:

General:

FEWER THAN 5 PLANTS PER ACRE OBSERVED BY HOLLAND AND DAINS IN 1987.

PLSS: T14S, R21E, Sec. 17 (S) Accuracy: non-specific area Area (acres): 757

720Elevation (feet):Latitude/Longitude: 32.95070 / -114.78611UTM: Zone-11 N3647996 E706948

Imperial Picacho Peak (3211486), Hedges (3211487)
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Sources:

MUN32S0020 MUNZ, P. & C. HITCHCOCK - MUNZ #12134 POM #184095, DS #221047 & #690509 1932-04-05

Map Index Number: 36284 EO Index: 31281

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 6 Occurrence Last Updated: 2008-09-05

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1932-04-05 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1932-04-05 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

NEAR TUMCO IN THE CARGO MUCHACHO MOUNTAINS.

Detailed Location:

EXACT LOCATION UNKNOWN. MAPPED BY CNDDB AS A BEST GUESS IN THE VICINITY OF THE TUMCO MINE NEAR THE HEAD OF TUMCO WASH.

Ecological:

IN SMALL GULLIES.

Threats:

General:

SITE KNOWN FROM A 1932 COLLECTION BY MUNZ & HITCHCOCK. NEEDS FIELDWORK.

PLSS: T15S, R20E, Sec. 12 (S) Accuracy: 3/5 mile Area (acres): 0

Elevation (feet):Latitude/Longitude: 32.88060 / -114.81628UTM: Zone-11 N3640164 E704289

Imperial Ogilby (3211477), Hedges (3211487)
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Sources:

LAR91S0001 LARUE, E. - LARUE #91-32 UCR #67337, RSA #528113, CAS #850219, SEINET #902096, ARIZ #294039 1991-04-10

Map Index Number: 62018 EO Index: 62054

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 13 Occurrence Last Updated: 2005-07-19

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1991-04-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1991-04-10 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

IN AND ADJACENT TO INDIAN WASH; 6 MILES NORTH OF CARGO MUCHACHO MOUNTAINS, AND 7 TO 8 MILES NORTH OF HEDGES.

Detailed Location:

AROUND 800 FOOT ELEVATION.

Ecological:

DESERT PAVEMENT/DESERT WASH. FOUND WITH FOUQUIERIA SPLENDENS, LARREA TRIDENTATA, AMBROSIA DUMOSA, OLNEYA TESOTA, 
ENCELIA FARINOSA, ET AL.

Threats:

General:

1991 LARUE COLLECTION IS THE ONLY SOURCE FOR THIS SITE. NEEDS FIELDWORK.

PLSS: T14S, R21E, Sec. 05 (S) Accuracy: 1 mile Area (acres): 0

800Elevation (feet):Latitude/Longitude: 32.97910 / -114.78074UTM: Zone-11 N3651157 E707383

Imperial Hedges (3211487)
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Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

Map Index Number: 62020 EO Index: 62056

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 14 Occurrence Last Updated: 2005-07-19

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1.4 AIR MILES NNW OF GOLD ROCK RANCH.

Detailed Location:

IN THE NW 1/4 OF THE SW 1/4 OF SECTION 34.

Ecological:

STRINGER WASH, FOUND WITH OCOTILLO, CREOSOTE BUSH, AND WHITE BURSAGE.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT, LITTER, AND ORV USE.

General:

10 PLANTS SEEN IN 2001.

PLSS: T14S, R20E, Sec. 34, SW (S) Accuracy: 80 meters Area (acres): 0

545Elevation (feet):Latitude/Longitude: 32.90170 / -114.86453UTM: Zone-11 N3642412 E699726

Imperial Hedges (3211487)
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Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

Map Index Number: 62021 EO Index: 62057

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 15 Occurrence Last Updated: 2005-07-19

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ABOUT 0.7 AIR MILE NNE OF GOLD ROCK RANCH, NORTHWEST OF HEDGES.

Detailed Location:

Ecological:

FOUND WITH OCOTILLO, CREOSOTE BUSH, CHOLLA, WHITE BURSAGE, IRONWOOD, CAT CLAW, AND BOX THORN.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT.

General:

84 PLANTS TOTAL (FOR 8 SMALL COLONIES) OBSERVED IN 2001.

PLSS: T15S, R20E, Sec. 03, NW (S) Accuracy: specific area Area (acres): 39

540Elevation (feet):Latitude/Longitude: 32.89262 / -114.85533UTM: Zone-11 N3641423 E700606

Imperial Hedges (3211487)
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Sources:

ALE41S0025 ALEXANDER, A. & L. KELLOGG - ALEXANDER #1894 POM #211622, A #366147, DS #333554, SEINET #902097, ARIZ #34444 1941-03
-04

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

AND13S0001 ANDRE, J. - ANDRE #24103 RSA #806146 2013-03-04

BAC58S0014 BACIGALUPI, R. & P. HUTCHINSON - BACIGALUPI #6123 JEPS #22127 1958-02-17

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX

Map Index Number: 62023 EO Index: 62059

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 16 Occurrence Last Updated: 2014-08-22

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2013-03-10 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-03-10 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

0.7 AIR MILE NORTHWEST OF HEDGES, 0.2 TO 0.6 MILE NORTH OF TUMCO WASH. NW SLOPES OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

IN THE SE 1/4 OF SECTION 3 AND THE SW 1/4 OF SECTION 2. 1958 BACIGALUPI COLLECTION FROM 4.8 MI N OF OGILBY, ON NW SLOPES OF 
CARGO MUCHACHO MTNS AND 1941 ALEXANDER & KELLOGG COLLECITON FROM 5 MI N OF OGILBY ALSO ATTRIBUTED TO THIS SITE.

Ecological:

OPEN ROCKY AREAS WITH SMALL DRAINAGES AND MICROPHYLL WOODLAND. FOUND WITH CREOSOTE BUSH, CHOLLA, WHITE BURSAGE, 
OCOTILLO, IRONWOOD, GALLETA, LUPINE, AND WHITE RATANY.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER, DUMPING, AND ORV USE MAY ALSO THREATEN.

General:

91 PLANTS TOTAL OBSERVED IN 2001. GREATER THAN 30 PLANTS OBSERVED IN THE SE CORNER OF POLYGON IN 2013.

PLSS: T15S, R20E, Sec. 02, SW (S) Accuracy: specific area Area (acres): 72

560Elevation (feet):Latitude/Longitude: 32.88196 / -114.84084UTM: Zone-11 N3640268 E701986

Imperial Hedges (3211487)
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Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

Map Index Number: 62024 EO Index: 62060

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 17 Occurrence Last Updated: 2005-07-19

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1.3 MILES NORTHWEST OF HEDGES.

Detailed Location:

SOUTH EDGE OF SW 1/4 OF SW 1/4 OF SECTION 35.

Ecological:

FOUND WITH WHITE BURSAGE, OCOTILLO, AND CREOSOTE BUSH.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

2 PLANTS SEEN IN 2001.

PLSS: T14S, R20E, Sec. 35, SW (S) Accuracy: 80 meters Area (acres): 0

605Elevation (feet):Latitude/Longitude: 32.89612 / -114.84194UTM: Zone-11 N3641836 E701852

Imperial Hedges (3211487)
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Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

PEI32S0009 PEIRSON, F. - PEIRSON #9788 RSA #86977, DS #690508 1932-03-21

Map Index Number: 62025 EO Index: 62061

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 18 Occurrence Last Updated: 2008-09-05

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

1.8 AIR MILES NORTHEAST OF GOLD ROCK RANCH, NORTHWEST OF HEDGES.

Detailed Location:

NE 1/4 OF NW 1/4 OF SW 1/4 OF SECTION 35.

Ecological:

FOUND WITH CREOSOTE BUSH, WHITE BURSAGE, PALO VERDE, IRONWOOD.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

5 PLANTS SEEN IN 2001. A 1932 PERISON COLLECTION FROM "6 MILES NORTH OF OGILBY" IS ALSO ATTRIBUTED TO THIS SITE.

PLSS: T14S, R20E, Sec. 35, SW (S) Accuracy: 80 meters Area (acres): 0

615Elevation (feet):Latitude/Longitude: 32.90317 / -114.84399UTM: Zone-11 N3642614 E701643

Imperial Hedges (3211487)
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Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

Map Index Number: 62028 EO Index: 62064

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 19 Occurrence Last Updated: 2005-07-20

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

SOUTH OF INDIAN WASH; ON WEST SIDE OF TRANSMISSION LINE, ABOUT 2.2 TO 3.3 AIR MILES NNW OF HEDGES.

Detailed Location:

EAST EDGE OF SECTION 27, THE SW 1/4 OF SW 1/4 OF SECTION 26, AND NW 1/4 OF NW 1/4 OF SECTION 35.

Ecological:

FOUND WITH CREOSOTE BUSH, OCOTILLO, WHITE BURSAGE, CHOLLA, PALO VERDE, IRONWOOD, AFRICAN MUSTARD, ENCELIA, WHITE 
RATANY, MEDITERRANEAN GRASS, AND BOX THORN.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

56 PLANTS TOTAL (FOR 11 COLONIES) OBSERVED IN 2001.

PLSS: T14S, R20E, Sec. 27, E (S) Accuracy: specific area Area (acres): 75

Elevation (feet):Latitude/Longitude: 32.92013 / -114.84952UTM: Zone-11 N3644485 E701088

Imperial Hedges (3211487)
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Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

Map Index Number: 62030 EO Index: 62066

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 20 Occurrence Last Updated: 2005-07-20

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

NORTH OF INDIAN WASH; ON WEST SIDE OF TRANSMISSION LINE, 5.4 AIR MILES NNW OF HEDGES.

Detailed Location:

IN THE SE 1/4 OF THE SW 1/4 OF SECTION 10.

Ecological:

FOUND WITH WHITE BURSAGE, CREOSOTE BUSH, OCOTILLO, AND ENCELIA.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

5 PLANTS OBSERVED IN 2001.

PLSS: T14S, R20E, Sec. 10, SW (S) Accuracy: 80 meters Area (acres): 0

650Elevation (feet):Latitude/Longitude: 32.95455 / -114.85831UTM: Zone-11 N3648284 E700188

Imperial Hedges (3211487)
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Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

Map Index Number: 62032 EO Index: 62068

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 21 Occurrence Last Updated: 2005-07-20

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Excellent

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

6.3 AIR MILES SW OF INDIAN PASS; ABOUT 2 AIR MILES NW OF INDIAN WASH, NW OF HEDGES.

Detailed Location:

NW 1/4 OF SECTION 10, AND INTO SW 1/4 OF SW 1/4 OF SECTION 3.

Ecological:

FOUND WITH WHITE BURSAGE, IRONWOOD, GALLETA, BOX THORN, WHITE RATANY, AFRICAN MUSTARD, CREOSOTE BUSH, OCOTILLO, 
MEDITERRANEAN GRASS, AND ENCELIA.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO THREATEN.

General:

304 PLANTS TOTAL (FOR 6 COLONIES) OBSERVED IN 2001.

PLSS: T14S, R20E, Sec. 10, NW (S) Accuracy: specific area Area (acres): 40

690Elevation (feet):Latitude/Longitude: 32.96358 / -114.86123UTM: Zone-11 N3649280 E699895

Imperial Hedges (3211487)
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Sources:

AND01F0024 ANDERSON, B. & J. SCHEFFEL - FIELD SURVEY FORM FOR CALLIANDRA ERIOPHYLLA 2001-03-26

Map Index Number: 62091 EO Index: 62127

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 30 Occurrence Last Updated: 2005-07-22

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2001-03-26 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2001-03-26 Occurrence Rank: Fair

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALONG WEST SIDE OF TRANSMISSION LINE, 3.1 MILES NORTHWEST OF INDIAN WASH.

Detailed Location:

IN THE SE 1/4 OF THE NE 1/4 OF SECTION 4, AND INTO SW 1/4 OF THE NW 1/4 OF SECTION 3.

Ecological:

STRINGER WASH FOUND WITH IRONWOOD, CREOSOTE BUSH, ENCELIA, AND WHITE BURSAGE.

Threats:

THREATENED BY NORTH BAJA PIPELINE PROJECT. LITTER AND ORV USE MAY ALSO BE THREATS.

General:

15 PLANTS OBSERVED IN 2001.

PLSS: T14S, R20E, Sec. 04, NE (S) Accuracy: specific area Area (acres): 8

710Elevation (feet):Latitude/Longitude: 32.97726 / -114.86482UTM: Zone-11 N3650791 E699529

Imperial Hedges (3211487)
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Sources:

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX

LAT78S0002 LATTING, J. - LATTING SN UCR #137366 1978-04-30

Map Index Number: 62098 EO Index: 62134

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 31 Occurrence Last Updated: 2014-08-25

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1978-04-30 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-03-10 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

IN WASH ON ROAD S34 (OGILBY ROAD) NORTH OF I-8.

Detailed Location:

EXACT LOCATION UNKNOWN. MAPPED AS BEST GUESS BY CNDDB ALONG S34 NEAR AMERICAN GIRL WASH NORTH OF OGILBY.

Ecological:

WASH WOODLAND WITH OLNEYA, CERCIDIUM FLORIDUM, KRAMERIA GRAYI, LARREA, ETC. OPEN ROCKY AREAS WITH SMALL DRAINAGES AND 
MICROPHYLL WOODLAND.

Threats:

General:

1978 LATTING COLLECTION IS THE MAIN SOURCE OF INFORMATION FOR THIS SITE. BELL SURVEYED THIS AREA IN 2013, BUT NO PLANTS 
WERE FOUND.

PLSS: T15S, R20E, Sec. 26, W (S) Accuracy: non-specific area Area (acres): 112

400Elevation (feet):Latitude/Longitude: 32.83260 / -114.83766UTM: Zone-11 N3634801 E702396

Imperial Ogilby (3211477)
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Sources:

NII70S0001 NILUS, T. - NIILUS #173 RSA #658024 1970-04-06

Map Index Number: 72157 EO Index: 73122

Key Quad: Ogilby (3211477) Element Code: PDFAB0N040

Occurrence Number: 35 Occurrence Last Updated: 2008-09-05

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1970-04-06 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1970-04-06 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

3 MILES EAST OF OGILBY, ON DIRT ROAD WEST OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

EXACT LOCATION UNKNOWN. MAPPED BY CNDDB AS A BEST GUESS.

Ecological:

LOW DESERT SCRUB, SANDY SOIL.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 1970 COLLECTION BY NIILUS. NEEDS FIELDWORK.

PLSS: T15S, R21E, Sec. 31 (S) Accuracy: 1 mile Area (acres): 0

360Elevation (feet):Latitude/Longitude: 32.81682 / -114.78905UTM: Zone-11 N3633145 E706984

Imperial Ogilby (3211477)
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Sources:

AND13S0002 ANDRE, J. - ANDRE #24139 RSA #806150 2013-03-04

PIT01S0001 PITZER, B. & G. BALLMER - PITZER #4264 UCR #163763 2001-03-17

Map Index Number: 72161 EO Index: 73127

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 38 Occurrence Last Updated: 2014-08-27

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 2013-03-04 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2013-03-04 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ON BLM RD 664, 0.5 MILE EAST OF OGILBY RD, CARGO MUCHACO MOUNTAINS.

Detailed Location:

MAPPED ACCORDING TO COORDINATES PROVIDED ON A 2013 ANDRE COLLECTION, IN THE NW 1/4 OF THE SE 1/4 OF SECTION 26.

Ecological:

SPARSELY VEGETATED GRAVELLY TO ROCKY VOLCANIC HILLS AND PAVEMENTS. ASSOCIATED WITH ENCELIA FARINOSA, FOUQUIERIA, 
AMBROSIA DUMOSA, ERIOGONUM THOMASII, LARREA TRIDENTATA, AND FAGONIA PACHYACANTHA.

Threats:

General:

MAIN SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 2013 ANDRE COLLECTION; DESCRIBED AS "OCCASIONAL". A 2001 COLLECTION 
BY PITZER & BALLMER FROM "VICINITY OF INDIAN WASH, 13.9 MILES SOUTH OF HIGHWAY 78 ON OGILBY RD" IS ALSO ATTRIBUTED HERE.

PLSS: T14S, R20E, Sec. 26, SE (S) Accuracy: 80 meters Area (acres): 0

640Elevation (feet):Latitude/Longitude: 32.91583 / -114.83695UTM: Zone-11 N3644031 E702274

Imperial Hedges (3211487)
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Sources:

REB98S0001 REBMAN, J. ET AL. - REBMAN #4946 UCR #112167, SD #144883, RSA #643389 1998-03-22

Map Index Number: 79366 EO Index: 80349

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 42 Occurrence Last Updated: 2010-07-09

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1998-03-22 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1998-03-22 Occurrence Rank: Unknown

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

APPROXIMATELY 1 MILE EAST OF OGILBY ROAD AND SOUTH OF INDIAN PASS ROAD, NORTH END OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

MAPPED BY CNDDB AS BEST GUESS BASED ON COORDINATES ON COLLECTION LABEL; COORDINATES ARE FROM 1998 WITH NO DATUM 
SPECIFIED.

Ecological:

VOLCANIC SUBSTRATES WITH LARREA TRIDENTATA, OLNEYA TESOTA, AND FOUQUIERIA SPLENDENS.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS SITE IS A 1998 REBMAN COLLECTION.

PLSS: T14S, R20E, Sec. 25, NW (S) Accuracy: 1/10 mile Area (acres): 0

787Elevation (feet):Latitude/Longitude: 32.92112 / -114.82786UTM: Zone-11 N3644635 E703112

Imperial Hedges (3211487)
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Sources:

MCL85S0005 MCLAUGHLIN, S. & J. BOWERS - MCLAUGHLIN #2931, SEINET #902093, ARIZ #257518 1985-03-09

Map Index Number: 86962 EO Index: 87923

Key Quad: Hedges (3211487) Element Code: PDFAB0N040

Occurrence Number: 49 Occurrence Last Updated: 2012-10-16

Scientific Name: Calliandra eriophylla Common Name: pink fairy-duster

Listing Status: Federal: None Rare Plant Rank: 2B.3

State: None

CNDDB Element Ranks: Global: G5

State: S3

Other Lists: SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

SONORAN DESERT SCRUB. SANDY OR ROCKY SITES IN THE DESERT. 105-1015 M.

Last Date Observed: 1985-03-09 Occurrence Type: Natural/Native occurrence

Last Survey Date: 1985-03-09 Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

ENTRENCHED WASH NORTH END OF CARGO MUCHACHO MOUNTAINS.

Detailed Location:

MAPPED ALONG WASH NEAR COORDINATES PROVIDED ON HERBARIUM PRINTOUT FOR 1985 MCLAUGHLIN COLLECTION. SOURCE OF 
COORDINATES IS UNKNOWN; COORDINATES ARE LOCATED ON A SLOPE ON THE SOUTH SIDE OF THE WASH.

Ecological:

ASSOCIATED WITH ASCLEPIAS ALBICANS.

Threats:

General:

ONLY SOURCE OF INFORMATION FOR THIS OCCURRENCE IS A 1985 MCLAUGHLIN COLLECTION. NEEDS FIELDWORK.

PLSS: T14S, R20E, Sec. 36 (S) Accuracy: non-specific area Area (acres): 73

800Elevation (feet):Latitude/Longitude: 32.90129 / -114.81668UTM: Zone-11 N3642459 E704203

Imperial Hedges (3211487)
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Sources:

ANO36S0002 ANONYMOUS - ANONYMOUS SN SD #15582 1936-05-XX

AUB59S0001 AUBREY, F. - AUBREY SN UCR #16469 1959-04-25

BAR66S0001 BARR, R. - BARR #66-36 US ARIZ #161673 (AS CITED IN WAR87R0001) 1966-05-30

BEL13U0002 BELL, D. - OBSERVATIONS OF RARE PLANT TAXA FROM DESERT CNPS RARE PLANT TREASURE HUNT SURVEYS, SPRING 2013 
2013-03-XX

BEN10I0002 BENNETT, A. - PHOTOS OF PHOLISMA SONORAE, CALPHOTOS ID #0000 0000 0510 2064-2072 2010-05-16

BEZ65S0001 BEZY, R. - BEZY SN UA #231779 (AS CITED IN WAR87R0001) 1965-05-28

BLM00R0001 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: RESULTS OF 1998 MONITORING AND COMPARISON WITH THE DATA FROM WESTECS 1977 
MONITORING STUDY 2000-11-XX

BLM01R0001 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: 1977, 1998, 1999, AND 2000 2001-06-XX

Map Index Number: 46437 EO Index: 46437

Key Quad: Glamis (3211581) Element Code: PDLNN02020

Occurrence Number: 2 Occurrence Last Updated: 2019-01-03

Scientific Name: Pholisma sonorae Common Name: sand food

Listing Status: Federal: None Rare Plant Rank: 1B.2

State: None

CNDDB Element Ranks: Global: G2

State: S2

Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

DESERT DUNES, SONORAN DESERT SCRUB. LOOSE, DEEP SAND DUNES, USUALLY ON THE MORE STABLE, 
WINDWARD FACE. 0-125 M.

Last Date Observed: 2018-04-22 Occurrence Type: Natural/Native occurrence

Last Survey Date: 2018-04-22 Occurrence Rank: Good

Owner/Manager: BLM Trend: Unknown

Presence: Presumed Extant

Location:

ALGODONES DUNES.

Detailed Location:

MAPPED BY CNDDB TO ENCOMPASS VARIOUS SOURCES OF MAP INFORMATION. INCLUDES FORMER EO #S 3-11, 13-25, 28-41, 43-45, 47-49, 51, 
52. IN 2013, THE 4 PLANTS OBSERVED N OF HWY 78 WERE THE ONLY INDIVIDUALS SEEN OVER A LARGE AREA.

Ecological:

MOST COMMONLY FOUND IN SHELTERED STABILIZED SAND DUNES BUT IT MAY OCCUR IN LOOSE DEEP SAND ON THE WINDWARD FACES OF 
SAND DUNES. ROOT PARASITE ON COLDENIA PLICATA, ERIOGONUM DESERTICOLA, AND COLDENIA PALMERI.

Threats:

ORV ACTIVITY, BORDER PATROL USE.

General:

SEEN IN 1977 THROUGHOUT DUNES. POPULATION NUMBERS FOR PARTS OF OCC: 571 IN 1994, ~486 FLOWER HEADS IN '98, 385 IN '99, 1576 IN 
'00, 3740 IN '01, 3317 IN '02, 78,417 IN '04, 4 IN '13, 24 IN '17, 94 IN '18.

PLSS: T14S, R18E, Sec. 57, N (S) Accuracy: specific area Area (acres): 78,858

300Elevation (feet):Latitude/Longitude: 32.88668 / -115.04526UTM: Zone-11 N3640419 E682852

Imperial Grays Well NE (3211467), Grays Well (3211468), Ogilby (3211477), Cactus (3211478), Clyde (3211488), 
Glamis SE (3211571), Glamis (3211581), Glamis NW (3211582), East of Acolita (3311511), Acolita 
(3311512), Amos (3311513), Tortuga (3311523)
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BLM04R0002 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA: 1977, 1998, 1999, 2000, 2001, AND 2002 2004-10-XX

BLM04R0003 BLM-BUREAU OF LAND MANAGEMENT - MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA, RESULTS OF 2003 PILOT SAMPLING 2004-01-05

BLM05R0001 BLM-BUREAU OF LAND MANAGEMENT - 2004 MONITORING OF SPECIAL STATUS PLANTS IN THE ALGODONES DUNES, 
IMPERIAL COUNTY, CALIFORNIA 2005-03-24

BLM80M0001 BUREAU OF LAND MANAGEMENT - CALIFORNIA DESERT CONSERVATION AREA - MAP OF RARE, THREATENED, AND 
ENDANGERED PLANT SPECIES 1980-XX-XX

BLM86R0002 BLM-BUREAU OF LAND MANAGEMENT - PROPOSED 1985 PLAN AMENDMENTS VOL. 2 1986-01-XX

BRU17F0017 BRUNER, C. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2017-04-05

BRU17F0020 BRUNER, C. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2017-04-06

BRU17F0021 BRUNER, C. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2017-04-06

BRU17F0022 BRUNER, C. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2017-04-05

BRU18F0021 BRUNER, C. ET AL. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-03-27

BRU18F0035 BRUNER, C. ET AL. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-03-29

BRU18F0040 BRUNER, C. ET AL. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-03-29

BRU18F0045 BRUNER, C. ET AL. (U.S. BUREAU OF LAND MANAGEMENT) - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-04-22

CAR73S0005 CARLQUIST, S. & WALLACE - CARLQUIST #4365 RSA #239048, SD #90614, NY #37805, CAS #577823, MO #100679897, SEINET 
#10847674, CAS-BOT-BC #230596 1973-05-14

CHA08I0001 CHARTERS, M. - PHOTOS OF PHOLISMA SONORAE, CALPHOTOS ID #0000 0000 0508 0614-0620 2008-05-05

CHM00R0001 CH2M HILL - IMPERIAL IRRIGATION DISTRICT (IID)/SAN DIEGO COUNTY WATER AUTHORITY (SDCWA) WATER CONSERVATION 
AND TRANSFER PROJECT EIR/EIS, SCOPING SUMMARY REPORT 2000-03-10

COO36S0001 COOK, L. - COOK SN UCR #95847 SD #16026 1936-06-13

COT67S0001 COTHRUN, D. - COTHRUN SN ASU #37347 (AS CITED IN WAR87R0001) 1967-07-07

COX63S0001 COX, G. - COX SN SDSU #7874 1963-04-28

DAV79F0001 DAVIDSON, C. ET AL. - FIELD SURVEY FORM FOR ASTRAGALUS MAGDALENAE VAR. PEIRSONII & PHOLISMA SONORAE 1979-04-
28

DAV79S0010 DAVIDSON, C. ET AL. - DAVIDSON #7759 RSA #446408 1979-04-28

DAV79S0011 DAVIDSON, C. ET AL. - DAVIDSON #7793 RSA #446407, HSC #82769 1979-04-28

DEF34S0001 DEFOREST, H. - DE FOREST #18614 RSA #446409 1934-03-29

DICNDU0001 DICE, J. - LOCATION OF PHOLISMA SONORAE IN COMMENTS OF SKI95F0013. XXXX-XX-XX

DIR03S0001 DIRIDONI, G. - DIRIDONI SN SD #243934 2003-01-21

ENG79S0001 ENGARD, R. - ENGARD #1132 DBG (AS CITED IN WAR87R0001) 1979-04-14

FIL18F0005 FILLIPI, D. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 2018-04-18

GIL28S0005 GILMAN, M. - GILMAN SN POM #145275 & #145276, SBBG #59874, CAS #154857, DS #171324, CAS-BOT-BC #230598 & #230595 
1928-04-25

GUI08S0006 GUILLIAMS, C. & J. MARSHALL - GUILLIAMS #634 (A-D) SDSU #18394, #18388, #18364, & #18358 2008-04-23

GUS83S0013 GUSTAFSON, R. & KEELEY - GUSTAFSON #2571 RSA #446405 1983-05-06

HAR65S0004 HARWOOD, R. - HARWOOD SN SDSU #7880 1965-05-09

HEN64S0001 HENRICKSON, J. & RUTHERFORD - HENRICKSON #1836 RSA #182256, GH #376183 1964-05-16

HIL01S0005 HILL, S. & K. KRAMER - HILL #33499 UCR #123800, ILLS #211703, SEINET #7048030 2001-04-27

HOW64S0006 HOWE, D. - HOWE #3761 SDSU #8108 1964-04-12

HOW64S0007 HOWE, D. - HOWE #10193 RSA #172241 & #446406 1964-05-13

KOL46S0001 KOLUVEK, P. - KOLUVEK SN UC #775203, NY #37804, DS #342223, MO #100679895, SEINET #10946708, CAS-BOT-BC #230599 1946
-06-11

LUC83R0001 LUCKENBACH, R. A. & R. B. BURY - EFFECTS OF OFF-ROAD VEHICLES ON THE BIOTA OF THE ALGODONES DUNES, IMPERIAL 
COUNTY, CALIFORNIA; JOURNAL OF APPLIED ECOLOGY (1983); 20; PG. 265-286 1983-XX-XX

MCC93R0003 MCCALVIN, C. (U.S. FISH AND WILDLIFE SERVICE) - SURVEYS FOR SEVEN RARE PLANT SPECIES, THE FLAT-TAILED HORNED 
LIZARD, AND THE COLORADO DESERT FRINGED-TOED LIZARD, ALL-AMERICAN CANAL LINING PROJECT, IMPERIAL COUNTY, 
CALIFORNIA 1993-08-XX

MOR81U0007 MOREY, S. - MAPS OF BOUNDED AREAS REPRESENTATIVE OF DATA POINTS FROM WES77R0004. 1981-04-24
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OESNDF0001 OESTERREIC, W. - BLM FIELD SURVEY FORM FOR PHOLISMA SONORAE XXXX-07-19

PEI32S0013 PEIRSON, M. - PEIRSON #9781 RSA #77813 1932-03-21

POR03S0028 PORTER, J. - PORTER #13491 RSA #0084082 2003-04-08

REC79R0001 U.S. BUREAU OF RECLAMATION - REPORT ON RARE PLANT POPULATIONS ALONG THE ALL AMERICAN CANAL 1979-XX-XX

ROM79R0001 ROMSPERT, A. & J. BURK - ALGODONES DUNES SENSITIVE PLANT PROJECT - C.S.U. FULLERTON PREPARED FOR BLM 1979-
XX-XX

ROO49S0046 ROOS, J. - ROOS #4984 RSA #89981 1949-04-07

RYA69S0007 RYAN, J. - RYAN #50 RSA #209611 1969-04-11

SDNNDU0003 SAN DIEGO NATURAL HISTORY MUSEUM - NOTES ON GENERAL LOCATIONS OF (AMMOBROMA) PHOLISMA SONORAE. XXXX-
XX-XX

SKI95F0013 SKINNER, M. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 1995-04-08

SPJ80S0003 SPJUT, R. & J. ADAMS - SPJUT #6153 HSC #66961 1980-04-30

THO78S0030 THORNE, R. - THORNE #52167 RSA #336093 1978-05-30

THO84S0003 THORNE, R. ET AL. - THORNE #58267 RSA #331172 & #0109169, NY #37806 1984-04-27

WAL73S0004 WALLACE, G. & CARLQUIST - WALLACE #1193 RSA #257643, CAS #763732, CAS-BOT-BC #293705 1973-05-14

WAL98F0006 WALL, M. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 1998-06-08

WAL98F0007 WALL, M. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 1998-06-08

WAL98F0008 WALL, M. - FIELD SURVEY FORM FOR PHOLISMA SONORAE 1998-06-08

WAR87R0001 WARREN, P. & A. LAURENZI - RARE PLANTS SURVEY OF THE YUMA DISTRICT. 1987-08-XX

WED66S0002 WEDBERG, H. - WEDBERG #1234 SDSU #8102 1966-05-02

WES77R0003 WESTEC SERVICES, INC. - SURVEY OF SENSITIVE PLANTS OF THE ALGODONES DUNES - PREPARED FOR BLM. 1977-08-XX

WES77R0004 WESTEC SERVICES, INC. - SURVEY OF SENSITIVE PLANTS OF THE ALGODONES DUNES - PREPARED FOR BLM BY WESTEC. 
1977-XX-XX

WIE03A0001 WIESENBORN, W. - INSECTS ON PHOLISMA SONORAE FLOWERS AND THEIR CONSPECIFIC POLLEN LOADS, MADRONO VOL. 
50, NO. 2, PP. 110-114, 2003 2003-XX-XX

WIL66S0003 WILGUS, J. - WILGUS SN ARIZ #159492 (AS CITED IN WAR87R0001) 1966-05-15

YAT80S0001 YATSKIEVYCH, G. - YATSKIEVYCH #80-129 ARIZ #221475, MO #100654470, SEINET #10743474 (ALSO CITED IN WAR87R0001) 1980
-04-26
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Sources:

SDNNDU0003 SAN DIEGO NATURAL HISTORY MUSEUM - NOTES ON GENERAL LOCATIONS OF (AMMOBROMA) PHOLISMA SONORAE. XXXX-
XX-XX

STO02S0001 STOCKTON, A. - STOCKTON SN UC #105882 1902-05-XX

Map Index Number: 06550 EO Index: 46458

Key Quad: Ogilby (3211477) Element Code: PDLNN02020

Occurrence Number: 12 Occurrence Last Updated: 2001-11-09

Scientific Name: Pholisma sonorae Common Name: sand food

Listing Status: Federal: None Rare Plant Rank: 1B.2

State: None

CNDDB Element Ranks: Global: G2

State: S2

Other Lists: BLM_S-Sensitive
SB_CalBG/RSABG-California/Rancho Santa Ana 
Botanic Garden

General Habitat: Micro Habitat:

DESERT DUNES, SONORAN DESERT SCRUB. LOOSE, DEEP SAND DUNES, USUALLY ON THE MORE STABLE, 
WINDWARD FACE. 0-125 M.

Last Date Observed: 1902-05-XX Occurrence Type: Natural/Native occurrence

Last Survey Date: 1902-05-XX Occurrence Rank: Unknown

Owner/Manager: UNKNOWN Trend: Unknown

Presence: Presumed Extant

Location:

OGILBY, NEAR HEDGES MINES.

Detailed Location:

EXACT LOCATION UNKNOWN, MAPPED AS BEST GUESS BY CNDDB AT OGILBY.

Ecological:

Threats:

General:

SITE BASED ON A 1902 COLLECTION BY STOCKTON. NEEDS FIELDWORK.

PLSS: T15S, R20E, Sec. 35, N (S) Accuracy: 1 mile Area (acres): 0

400Elevation (feet):Latitude/Longitude: 32.81754 / -114.84079UTM: Zone-11 N3633124 E702138

Imperial Ogilby (3211477)

Quad Summary:County Summary:

Report Printed on Tuesday, December 29, 2020

Page 88 of 88Commercial Version -- Dated November, 29 2020 -- Biogeographic Data Branch

Information Expires 5/29/2021

Occurrence Report
California Department of Fish and Wildlife

California Natural Diversity Database

PC ORIGINAL PKG



12/29/2020 Print View

https://apps.wildlife.ca.gov/rarefind/view/QuickElementListView.html 2/3

desert
scrub,
Sonoran
thorn
woodland,
Upper
montane
coniferous
forest,
Valley &
foothill
grassland

Croton wigginsii Wiggins'
croton Dicots PDEUP0H140 12 1 None Rare G2G3 S2 2B.2

BLM_S-Sensitive,
SB_CalBG/RSABG-
California/Rancho
Santa Ana Botanic
Garden

Desert
dunes,
Sonoran
desert scrub

Cyclocephala
wandae

Wandae
dune beetle Insects IICOL33020 1 1 None None G1G2 S1S2 null null Desert

dunes

Ditaxis claryana glandular
ditaxis Dicots PDEUP080L0 26 1 None None G3G4 S2 2B.2 null

Desert
wash,
Mojavean
desert
scrub,
Sonoran
desert scrub

Efferia
macroxipha

Glamis
robberfly Insects IIDIP07040 1 1 None None G1G2 S1S2 null null Desert

dunes

Eumops perotis
californicus

western
mastiff bat Mammals AMACD02011 296 4 None None G5T4 S3S4 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern,
WBWG_H-High
Priority

Chaparral,
Cismontane
woodland,
Coastal
scrub, Valley
& foothill
grassland

Euparagia
unidentata

Algodones
euparagia Insects IIHYMBC010 3 1 None None G1G2 S1S2 null null Desert

dunes

Gopherus
agassizii

desert
tortoise Reptiles ARAAF01012 970 13 Threatened Threatened G3 S2S3 null IUCN_VU-

Vulnerable

Joshua tree
woodland,
Mojavean
desert
scrub,
Sonoran
desert scrub

Macrotus
californicus

California
leaf-nosed
bat

Mammals AMACB01010 46 11 None None G4 S3 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
WBWG_H-High
Priority

Riparian
scrub,
Sonoran
desert scrub

Melanerpes
uropygialis

Gila
woodpecker Birds ABNYF04150 62 1 None Endangered G5 S1 null

BLM_S-Sensitive,
IUCN_LC-Least
Concern,
USFWS_BCC-Birds
of Conservation
Concern

Riparian
forest,
Riparian
woodland

Microbembex
elegans

Algodones
elegant
sand wasp

Insects IIHYM90010 1 1 None None G1G2 S1S2 null null Desert
dunes

Myotis velifer cave myotis Mammals AMACC01050 9 1 None None G5 S1 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
WBWG_M-Medium
Priority

Riparian
scrub,
Sonoran
desert scrub

Nyctinomops
femorosaccus

pocketed
free-tailed
bat

Mammals AMACD04010 90 1 None None G4 S3 null

CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
WBWG_M-Medium
Priority

Joshua tree
woodland,
Pinon &
juniper
woodlands,
Riparian
scrub,
Sonoran
desert scrub

Palafoxia arida
var. gigantea

giant
spanish-
needle

Dicots PDAST6T012 6 2 None None G5T3? S2 1B.3

BLM_S-Sensitive,
SB_CalBG/RSABG-
California/Rancho
Santa Ana Botanic
Garden

Desert
dunes

Perdita Algodones Insects IIHYM01130 1 1 None None G1G2 S1S2 null null Desert
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algodones perdita dunes

Perdita frontalis Imperial
Perdita Insects IIHYM01140 2 1 None None G1G2 S1S2 null null Desert

dunes
Perdita
stephanomeriae a miner bee Insects IIHYM01840 3 1 None None GNR S1S2 null null Desert

dunes

Pholisma
sonorae sand food Dicots PDLNN02020 14 2 None None G2 S2 1B.2

BLM_S-Sensitive,
SB_CalBG/RSABG-
California/Rancho
Santa Ana Botanic
Garden

Desert
dunes,
Sonoran
desert scrub

Phrynosoma
mcallii

flat-tailed
horned
lizard

Reptiles ARACF12040 340 6 None None G3 S2 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_NT-
Near Threatened

Desert
dunes,
Mojavean
desert
scrub,
Sonoran
desert scrub

Polioptila
melanura

black-tailed
gnatcatcher Birds ABPBJ08030 34 1 None None G5 S3S4 null

CDFW_WL-Watch
List, IUCN_LC-
Least Concern

Mojavean
desert
scrub,
Sonoran
desert scrub

Pseudocotalpa
andrewsi

Andrew's
dune
scarab
beetle

Insects IICOL37020 29 1 None None G1 S1 null null
Desert
dunes,
Sonoran
desert scrub

Toxostoma
crissale

Crissal
thrasher Birds ABPBK06090 67 1 None None G5 S3 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern

Riparian
woodland

Toxostoma
lecontei

Le Conte's
thrasher Birds ABPBK06100 238 2 None None G4 S3 null

BLM_S-Sensitive,
CDFW_SSC-
Species of Special
Concern, IUCN_LC-
Least Concern,
NABCI_RWL-Red
Watch List,
USFWS_BCC-Birds
of Conservation
Concern

Desert
wash,
Mojavean
desert
scrub,
Sonoran
desert scrub
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Oro Cruz Exploration Project 
Appendix E 

Photopage 1 

Q:\Jobs\2000's\2072.03\ENV\09_Biological\BE BRA\20210428_draft Submittal\Appendices\App E. OroCruzPhotopages.docx  

Photo 1.  
Representative photo of the Brassica (nigra) and 
other mustards semi-natural stands CNPS vegetation 
category.  

Photo 2.  
Representative photo of the Larrea tridentata  
Encelia farinosa alliance CNPS vegetation 
category. 

Photo 3.  
Representative photo of the Parkinsonia florida—
Olneya tesota alliance CNPS vegetation category.  
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Oro Cruz Exploration Project 
Appendix E 

Photopage 2 

Q:\Jobs\2000's\2072.03\ENV\09_Biological\BE BRA\20210428_draft Submittal\Appendices\App E. OroCruzPhotopages.docx  

Photo 4.  
Example Observation point during raptor 
surveys. 

Photo 5.  
Example Observation point used during raptor 
surveys. 

Photo 6.  
Example Observation point used during raptor 
surveys. 
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Oro Cruz Exploration Project 
Appendix E 

Photopage 3 

Q:\Jobs\2000's\2072.03\ENV\09_Biological\BE BRA\20210428_draft Submittal\Appendices\App E. OroCruzPhotopages.docx  

Photo 7.  
Example Observation point used during 
raptor surveys. 

Photo 8.  
Active eyrie for prairie falcon observed 
during raptor surveys.  

Photo 9.  
Active eyrie for prairie falcon observed 
during raptor surveys.  
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Oro Cruz Exploration Project 
Appendix E 

Photopage 4 
 

Q:\Jobs\2000's\2072.03\ENV\09_Biological\BE BRA\20210428_draft Submittal\Appendices\App E. OroCruzPhotopages.docx  

 
 

Photo 10.  
Red-tailed hawk roost detected. 

   

 

 

Photo 11.  
Potentially suitable western burrowing owl 
habitat within the Analysis Area. 

   

 

 

Photo 12.  
Potentially suitable western burrowing owl 
habitat within the Analysis Area. 
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Oro Cruz Exploration Project 
Appendix E 

Photopage 5 
 

Q:\Jobs\2000's\2072.03\ENV\09_Biological\BE BRA\20210428_draft Submittal\Appendices\App E. OroCruzPhotopages.docx  

 
 

Photo 13.  
Habitat assessed for Colorado desert fringe-
toed lizard. Sandy area was assessed for 
potential habitat for the lizard.  

   

 

 

Photo 14.  
Habitat assessed for Colorado desert fringe-
toed lizard. 

   

 

 

Photo 15.  
Abandoned underground mine assessed for 
bat use. There is a bat compatible closure 
(angle-iron gate) in the mine portal.  
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Oro Cruz Exploration Project 
Appendix E 

Photopage 6 
 

Q:\Jobs\2000's\2072.03\ENV\09_Biological\BE BRA\20210428_draft Submittal\Appendices\App E. OroCruzPhotopages.docx  

 

 

Photo 16.  
Abandoned underground mine assessed for 
bat use. 

   

 

 

Photo 17.  
Location of Gila woodpecker historical 
detection location outside of Analysis Area.  

   

 

 

Photo 18.  
Representative small wash assessed for Gila 
woodpecker habitat within the Analysis Area.  
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Oro Cruz Exploration Project 
Appendix E 

Photopage 7 
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Photo 19.  
Active desert tortoise burrow observed. 
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Appendix F. BLM Sensitive Species for the El Centro Field Office with a Potential to Occur of “None”. 

Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur Effects Determination 

AMPHIBIANS      

Lithobates yavapaiensis  
 
Lowland leopard frog 

Occurs in a variety of perennial to near 
perennial waters in desert grasslands to 
pinyon juniper biotic communities 
(AGFD 2006). Inhabits large rivers, 
streams, canals, cienegas, cattle tanks or 
other aquatic features (Rorabaugh 2008). 
Can survive in semi-permanent aquatic 
systems by retreating into deep mud 
cracks, mammal burrows, or rock fissures, 
but large pools are required for adult 
survival and reproductive efforts (Bureau 
of Reclamation 2016).  
 
Elevation: In California, from near sea 
level to 5,961 ft (CDFW 2018). 

Historic range included Arizona, 
California, Nevada, New Mexico, U.S. 
and extreme northeastern Baja California, 
northern Sonora, and possibly 
northwestern Chihuahua, Mexico 
(AGFD 2006, Bureau of Reclamation 
2016). Current range is restricted to 
southern Arizona and adjacent portions 
of Sonora (Bureau of Reclamation 2016). 

Assumed to be extirpated from 
California, otherwise extremely rare 
(CDFW 2018). Historically inhabited 
San Bernardino, Riverside and 
Imperial counties, along the Colorado 
River Valley and Imperial Valley 
(CDFW 2018). 

None. There is no perennial 
water in the Analysis Area and 
this species is considered 
extirpated from California. 

 

BIRDS      

Agelaius tricolor 
 
Tricolored blackbird 

Occupies areas near fresh water, 
preferably in emergent wetland with tall, 
dense cattails or tules, but also in thickets 
of willow, blackberry, wild rose, tall herbs 
(CDWF 2008c). Feeds in grasslands and 
cropland habitats. Seeks cover in 
emergent wetland vegetation and also in 
trees and shrubs (CDWF 2008c).  
 

Historically the ranged throughout most 
of lower-elevation California, with 
smaller nesting colonies known from Baja 
California, Nevada, and Oregon (USFWS 
2019). The majority of the breeding 
population was found in the Central 
Valley, along the California coast, in the 
Sierra Nevada foothills, and in southern 
California (USFWS 2019).  

Common locally throughout Central 
Valley and in coastal districts from 
Sonoma County (CDWF 2008c). 
More widespread in winter along the 
central coast and San Francisco Bay 
area and in portions of the Colorado 
Desert (CDWF 2008c).  

None. The Analysis Area does 
not contain appropriate habitat 
for this species are no 
occurrence records for this 
species within the California 
Natural Diversity Database in 
these quadrangles (CDFW 2020). 

 

Charadrius montanus 
 
Mountain plover 

Utilizes short grasslands, plowed fields 
with little vegetation, and open sagebrush 
areas. Avoids areas with dense cover. 
Nests in open areas in high-elevation 
grassland, often blue gramma and buffalo 
grass patches (CDFW 2008a). Does not 
nest in California (CDFW 2008a). 
 
Elevation: In California, below 3,200 ft in 
winter (CDFW 2008a). 

Breeds in western Great Plains and 
Rocky Mountains States from the 
Canadian border to Northern Mexico 
(USFWS 2021). In the U.S., breeding 
occurs in Colorado, Montana, Nebraska, 
New Mexico and Wyoming and less 
frequently in Kansas, Oklahoma, Texas, 
and Utah (USFWS 2021). 

In California, winter resident 
September through March in Central 
Valley from Sutler and Yuba counties 
southward. Also in foothills west of 
San Joaquin Valley, Imperial Valley, 
Los Angeles County, and San 
Bernardino County and along the 
central Colorado river valley (CDFW 
2008a, b). Extralimital records along 
the northern coast (CDFW 2008a).  

None. This species is only 
known to winter in California 
and is outside the known range. 
There are no records for this 
species within the California 
Natural Diversity Database in 
these quadrangles (CDFW 2020). 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur Effects Determination 

Colaptes chrysoides 
 
Gilded flicker 

This species is most common in riparian 
areas, desert washes, and other habitats 
with Joshua trees or saguaro cacti (CDFW 
1997). Typically avoids urban and rural 
neighborhoods, even when saguaros are 
present (CDFW 1997, Corman and Wise-
Gervais 2005). This species hybridizes 
with the Northern Flicker (Wiebe and 
Moore 2017). Hybrids are typically found 
in riparian woodlands at the upper end of 
the species’ elevational range (Corman 
2005b). This species is non-migratory and 
uses similar habitats year-round (Moore, 
Pyle, and Wiebe 2017). Nest in soft wood 
of a snag or dead branches of live 
cottonwood, willow, Joshua tree, or 
saguaro cacti (CDFW 1997). 
 
Elevation: In Arizona, typically 200–3,200 
ft but occasionally up to 4,600 ft in 
riparian areas (Corman 2005b). 

This species is non-migratory (Moore, 
Pyle, and Wiebe 2017). Occurs in 
Arizona, California and Nevada, U.S. and 
the Mexican states of Baja California, 
Baja California Sur, Sinaloa and Sonora 
(Moore, Pyle, and Wiebe 2017). 

Considered nearly extirpated in 
California (CDFW 1997). 

None. This species is considered 
extirpated, the Analysis Area 
lacks appropriate habitat, and 
there are no records for this 
species within the California 
Natural Diversity Database in 
these quadrangles (CDFW 2020). 

 

Laterallus jamaicensis 
coturniculus 
 
California black rail 

This species breeds in tidal marshes, 
shallow freshwater marshes, wet 
meadows, flooded grassy areas and 
wetlands fed by irrigation with persistent 
emergent vegetation (Eddleman, Flores, 
and Legare 1994, Richmond et al. 2010). 
Uses areas with water depths of roughly 
one inch or less (Dodge 2019). The 
coturniculus subspecies is non-migratory, 
although juveniles disperse erratically 
from their natal sites (Eddleman, Flores, 
and Legare 1994). Uses similar habitat 
year-round (Eddleman, Flores, and 
Legare 1994). Along the Colorado River 
they prefer dense bulrush stands, shallow 
water, and gently sloping shorelines 
(CDFW 1990b).   
 
Elevation: In Arizona, 150–600 ft 
(AGFD 2002a, Corman 2005a). 

The coturniculus subspecies occurs in 
Arizona and California, U.S. and Baja 
California and Sonora, Mexico 
(Eddleman, Flores, and Legare 1994, 
Hinojosa-Huerta et al. 2013). 

Scarce, yearlong resident of saline, 
brackish, and fresh emergent 
wetlands in the San Francisco Bay 
area, Sacramento-San Joaquin Delta, 
coastal southern California at Morro 
Bay and a few other locations, the 
Salton Sea, and lower Colorado River 
area (CDFW 1990b). Formerly a local 
resident in coastal wetlands from 
Santa Barbara County to San Diego 
County (CDFW 1990b).  

None. The Analysis Area lacks 
appropriate habitat and is outside 
the known ranged, and there are 
no records for this species within 
the California Natural Diversity 
Database in these quadrangles 
(CDFW 2020). 
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Species Name Known Suitable Habitat Total Range Distribution in California Potential to Occur Effects Determination 

Micrathene whitneyi 
 
Elf owl 

Occupies desert riparian habitat of 
moderate to open canopy, often with a 
moderate to sparse shrub understory, and 
typically bordering desert wash, desert 
scrub, or grassland habitats (CDFW 
1990c). Taller trees with a shrub 
understory may be required. Utilizes 
moderately tall trees and snags, including 
cottonwood, sycamore, willow, mesquite, 
and saguaros often using cavities made by 
other birds (CDFW 1990c). Nested in 
cottonwood and saguaro in California but 
also nests in willow, sycamore, and 
mesquite trees or snags of moderate 
height (CDFW 1990c). In the Sonoran 
Desert regions they are found mainly in 
riparian habitats or in areas with 
numerous saguaro (Wise-Gervais 2005). 
 
Elevation: up to 7,000 ft  (CDFW 1990c). 

Found from the southwest U.S. to central 
Mexico and Baja California. Northern 
populations winter in central Mexico and 
on the Pacific slope north to Sinaloa, 
Mexico (Wise-Gervais 2005).  

Rarely seen spring and summer 
resident of the Colorado River Valley. 
Records at Cottonwood Springs and 
Corn Springs in Riverside County 
(CDFW 1990c). Now nearly 
extirpated along the length of 
Colorado River. Reported only north 
of Needles, San Bernadino County, 
roughly 22 miles north of Blythe, 
Riverside County, and at Corn 
Springs since 1970 (CDFW 1990c).   

None. This Analysis Area lacks 
appropriate habitat and there are 
no records for this species within 
the California Natural Diversity 
Database in these quadrangles 
(CDFW 2020) 

 

Pelecanus occidentalis 
 
Brown pelican 

Inhabits estuarine, marine subtidal, and 
marine pelagic waters along the coasts 
(CDFW 1990b). Usually rests on water or 
inaccessible rocks, but uses mudflats, 
sandy beaches, wharfs, and jetties. Nests 
on rocky or low and brushy slopes of 
undisturbed islands, usually on the 
ground, but less often in bushes. Requires 
undisturbed lands adjacent to good 
marine fishing areas.  

Found along the Atlantic, Pacific, and 
Gulf coasts of North and South America 
(USFWS 2009). Can also be found from 
Nova Scotia to Venezuela and on the 
Pacific Coast from British Columbia to 
south-central Chile and the Galapagos 
Islands (USFWS 2009). On the Gulf 
Coast they occur in Florida, Alabama, 
Louisiana, Texas, Mississippi, and 
Mexico. Can use the Salton Seas in 
California, lakes in Florida, and bodies of 
water in southeast Arizona (USFWS 
2009).  

Breeds on the Channel Islands, 
Anacapa in Santa Barbara and Santa 
Cruz counties (CDFW 1990b). Rare 
to uncommon on the Salton Sea and 
Colorado River reservoirs (CDFW 
1990b).  

None. The analysis area occurs 
outside of this species range and 
no suitable aquatic habitat exists 
within the Analysis Area. 
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Strix occidentalis 
occidentalis 
 
California spotted owl 

 Inhabits forests and woodlands with 
large old trees and snags, high basal areas 
of trees and snags, dense canopies, 
multiple canopy layers, and downed 
woody debris  (Shuford and Garadali 
2008). In southern California, occupies 
montane hardwood and montane 
hardwood-conifer forests, especially with 
Canyon Live Oak and Bigcone Douglas 
fir and mid to high elevations. Uses 
coastal oak woodland, valley foothill 
riparian, and redwood forests at low 
elevations (Shuford and Garadali 2008).. 
 
Elevation: seal level in San Diego County 
to 6,600 ft in Tulare County (Shuford and 
Garadali 2008).. 

Includes three resident subspecies: the 
Northern Spotted Owl (S. o. caturina) in 
the mountains of the Pacific coast from 
southwestern British Columbia south 
through western Washington and Oregon 
to San Francisco Bay, California; the 
Mexican Spotted Owl (S. o. lucida) in 
forested mountains from southern Utah 
and Colorado south to Michoacan 
Mexico; and the California Spotted Owl 
of northern California south along the 
western slope of Sierra Nevada and in 
mountains of central and southern 
Califronia nearly to the Mexican border 
with three sight records from the Sierra 
San Pedro Matir in northern Baja 
California (Shuford and Garadali 2008).  

In the southern California mountains, 
they are known to occur in the 
southern Coast ranges from 
Monterey County south through the 
Traverse and Peninsular ranges to 
southern San Diego County (Shuford 
and Garadali 2008). Detected in the 
Santa Cruz Mountains of San Mateo 
and Santa Cruz counties. Also 
observed in the San Bernardino 
Mountains (Shuford and Garadali 
2008).  

None. The analysis occurs 
outside this species range and no 
suitable forested habitat occurs 
within the Analysis Area. 

 

Vireo bellii arizonae 
 
Arizona bell’s vireo 

Inhabits low, dense riparian growth along 
water or intermittent streams. Typically 
associated with willow, cottonwood, 
baccharis, wild blackberry or mesquite in 
desert localities (CDFW 1990a). Utilizes 
thickets of willow and other low shrubs. 
Usually found near water (CDFW 1990a). 
 
Elevations: In California, summers below 
2,000 ft (CDFW 1990a).  

Primarily occurs throughout Arizona, 
Utah, Nevada, and Sonora Mexico and in 
California along the lower Colorado 
River (CDFW 1990a). 

Rare summer resident along the 
Colorado River from Needles in San 
Bernardino County south to Blythe in 
Riverside County (CDFW 1990a). 
Also found at Picacho State 
Recreation Area and near Laguna 
Dam in Imperial County (CDFW 
1990a). 

None. No suitable riparian a 
habitat occurs within the analysis 
Area.  

 

Vireo bellii pusillus 
 
Least bell’s vireo 

Inhabits low, dense riparian growth along 
water or intermittent streams. Typically 
associated with willow, cottonwood, 
baccharis, wild blackberry or mesquite in 
desert localities (CDFW 1990a). Utilizes 
thickets of willow and other low shrubs. 
Usually found near water (CDFW 1990a). 
 
Elevations: In California, summers below 
2,000 ft (CDFW 1990a).  

Endemic to California and northern Baja 
California (CDFW 1990a).  

Summer resident mostly in San 
Benito and Monterey counties, in 
coastal southern California from 
Santa Barbara County south, and 
along the western edge of the deserts 
in desert riparian habitat (CDFW 
1990a).  

None. No suitable riparian a 
habitat occurs within the analysis 
Area. 
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MAMMALS      

Myotis evotis 
 
Long-eared myotis 

Inhabits nearly all brush, woodland and 
forest habitats but coniferous woodlands 
and forests seem to be preferred. Roosts 
in buildings, crevices, under bark, and in 
snags(CDFW 1990g). Occurs in semiarid 
shrublands, sage, chaparral, and 
agricultural areas, but usually associated 
with coniferous forests (WBWG 2018).   
 
Elevation: sea level to at least 9,000 ft 
(CDFW 1990g). 

Found across western North American 
from southwestern Canada (British 
Columbia, Alberta, and Saskatchewan) to 
Baja California and eastward in the U.S. 
to the western Great Plains (WBWG 
2018).  

Widespread in California but believed 
to be uncommon in most of its range. 
Avoids arid Central Valley and hot 
deserts, occurring along the entire 
coast and in the Sierra Nevada, 
Cascades, and Great Basin from the 
Oregon border south through the 
Tehachapi Mountains to the Coast 
Ranges (CDFW 1990g).  

None. No suitable forest or 
woodland habitats occur within 
the analysis Area. 

 

Myotis thysanodes 
 
Fringed myotis 

Utilizes a wide variety of habitats 
including pinyon-juniper, valley foothill 
hardwood and hardwood-conifer forests 
(CDFW 1990f). 
Roosts in crevices in buildings, mines, 
rocks, rock faces, bridges, and in large 
decadent trees or snags (WBWG 2018). 
 
Elevation: sea level to 9,350 ft but most 
common between 4,000 and 7,000 ft 
(WBWG 2018). 

Throughout much of western North 
American from southern British 
Columbia, Canada, south the Chiapas, 
Mexico from Santa Cruz Island in 
California, east to the Black Hills of 
South Dakota (WBWG 2018). 

Widespread in California occurring in 
all but the Central Valley and 
Colorado and Mojave deserts. 
Abundance appears to be irregular 
(CDFW 1990f).  

None. No suitable forest or 
woodland habitats occur within 
the analysis Area. 

 

Perognathus longimembris 
bangsi 
 
Palm Springs little pocket 
mouse 

Known from various vegetation 
communities including creosote scrub, 
desert scrub, and grasslands, generally 
occurring on loosely packed or sandy soils 
with sparse to moderately dense cover 
(Bolster 1998).  

Historically known from the San 
Gorgonino Pass area east to southern 
Joshua Tree National Park and Shaver’s 
Valley, south through the Coachella 
Valley to Ocotillo (Bolster 1998).  

Currently found in the northern and 
western regions of Coachella Valley 
north of Interstate 10 (Nature Serve 
2021).  

None. The analysis Area occurs 
outside the known range of this 
species. 

 

PLANTS      

Ambronia umbellate var. 
aurita 
 
chaparral sand-verbena 

Annual herb that blooms March through 
September. Inhabits chaparral, coastal 
scrub, and desert dunes (CNPS 2021c).  
 
Elevation: 250 to 5,250 ft (CNPS 2021c). 

Known from California, Arizona, and 
Baja California (CNPS 2021c).  

Imperial, Los Angeles, Orange, 
Riverside, San Bernardino, San 
Diego, and Ventura counties (CNPS 
2021c). One location in Anza-
Borrego does not appear to be 
naturally occurring.  

None. No suitable desert dunes 
of chaparral habitat occur within 
the Analysis Area. 
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Astragalus magdalenae 
var. peirsonii 
 
Peirson’s milk-vetch 

Perennial herb that blooms December 
through April. Inhabits desert dunes 
(CNPS 2021m). 
 
Elevation: 200 to 750 ft (CNPS 2021m). 

Occurs in California, Arizona, Baja 
California, and Sonora Mexico (CNPS 
2021m). 

Imperial County and presumed 
extirpated if once present in San 
Diego County (CNPS 2021m). 

None. No suitable desert dune 
habitat occurs within the analysis 
Area. 

 

Choenactis g labriuscula 
var. orcuttiana 
 
Orcutt’s pincushion 

Annual herb that blooms January through 
August. Inhabits sandy substrates 
including coastal bluff scrub in coastal 
dunes (CNPS 2021k). 
 
Elevation: sea level to 325 ft (CNPS 
2021k). 

Occurs in California and Baja California 
(CNPS 2021k). 
 

Found in Los Angeles, San Diego, 
Venture counties and presume 
extirpated in Orange County (CNPS 
2021k). 
 

None. The analysis Area occurs 
outside of the range of this 
species and no suitable costal 
dunes occur within the analysis 
Area. 

 

Chorizanthe polygonoides 
var. longispina 
 
Long-spined spineflower 

Annual herb that blooms April through 
July. Inhabits clay substrates in chaparral, 
coastal scrub, meadows, seeps, valley, 
foothill grassland, and vernal pools 
(CNPS 2021f). 
 
Elevations: 100 to 5,000 ft (CNPS 2021f). 

Occurs in California and Baja California 
(CNPS 2021f). 
 

Found in Orange, Riverside, Santa 
Barbara, and San Diego counties 
(CNPS 2021f). 

None. The analysis Area occurs 
outside of the range of this 
species and no suitable costal 
dunes occur within the analysis 
Area. 

 

Cylindropuntia fosbergii 
 
Pink teddy-bear cholla 

Perennial stem succulent that blooms 
March through May. Inhabits Sonoran 
desert scrub habitats (CNPS 2021n). 
 
Elevation: 280 to 2,790 ft (CNPS 2021n). 

Endemic to California (CNPS 2021n). 
 

Occurs in San Diego County (CNPS 
2021n). 
 

None. The Analysis Area occurs 
outside of the known range of 
this species.  

 

Dieteria asteroids var. 
lagunensis 
 
Mt. Laguna aster 

Perennial herb that blooms July through 
August. Utilizes cismontane woodland 
and lower montane coniferous forest 
(CNPS 2021i).  
 
Elevation: 2,600 to 7,900 ft (CNPS 
2021i).  

Located in California and Baja California 
(CNPS 2021i).  
 

Found in San Diego County (CNPS 
2021i).  
 

None. The Analysis Area is 
outside the known range of this 
species.  

 

Fremontodendron 
mexicanum 
 
Mexican flannelbush 

Perennial evergreen shrub that blooms 
March through June. Inhabits gabbroic, 
metavocalnic, or serpentine substrates 
within closed-cone coniferous forest, 
chaparral, and cismontane woodlands 
(CNPS 2021g). 
 
Elevation: 30 to 2,350 ft (CNPS 2021g). 

Known from California and Baja 
California (CNPS 2021g). 

Found in San Diego County (CNPS 
2021g). 

None. Outside known range and 
no occurrence records. 
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Grindelia halii 
 
San Diego gumplant 

Perennial herb that blooms May through 
October. Utilizes chaparral, lower 
montane coniferous forest, meadow, 
seeps, valley and foothill grassland (CNPS 
2021q). 
 
Elevation: 280 to 5,725 ft (CNPS 2021q). 

Endemic to California (CNPS 2021q). Found in San Diego County (CNPS 
2021q). 

None. Outside known range and 
no occurrence records. 

 

Helianthus niveus subsp. 
tephrodes 
 
Algodones Dunes sunflower 

Perennial herb that blooms September to 
May. Lives on desert dunes (CNPS 
2021a). 
 
Elevation: 165 to 330 ft (CNPS 2021a). 

Found in California, Arizona, and Sonora 
Mexico (CNPS 2021a). 
 

Occurs in Imperial and San Diego 
counties (CNPS 2021a). 
 

None. No suitable dune habitats 
exist within the Analysis Area 
and no records of the species 
occur within the Analysis Area.  

 

Hulsea californica 
 
San Diego sunflower 

Perennial herb that blooms April through 
June. Inhabits openings and burned areas 
in chaparral, lower montane coniferous 
forest, and upper montane coniferous 
forests (CNPS 2021r). 
 
Elevation: 3,000 to 9,565 ft (CNPS 
2021r). 

Endemic to California (CNPS 2021r). 
 

Found in Riverside and San Diego 
counties (CNPS 2021r). 
 

None. Outside known range and 
no occurrence records. 

 

Lepidium flavum var. 
felipense 
 
Borrego Valley peppergrass 

Annual herb that blooms March through 
May. Inhabits sandy areas in pinyon and 
juniper woodland and Sonoran desert 
scrub (CNPS 2021b).  
 
Elevation: 1,495 to 2,755 ft  (CNPS 
2021b). 

Occurs in California and Baja California 
(CNPS 2021b). 

Found in San Diego County (CNPS 
2021b). 

None. Outside known range and 
no occurrence records. 

 

Monardella nana subsp. 
leptosiphon 
 
San Felipe monardella 

Perennial rhizomatous herb that blooms 
June through July. Inhabits chaparral and  
lower montane coniferous forest (CNPS 
2021s). 
 
Elevation: 3,940 to 6,085 ft (CNPS 
2021s). 
 
 
 

Occurs in California and Baja California 
(CNPS 2021s). 
 

Found in Riverside and San Diego 
counties (CNPS 2021s). 
Note: Known mostly from Hot 
Springs Mountains. Most of the 
plants from the Palomar Mountains 
are mis-identified. May not warrant 
taxonomic recognition due to 
problems with type specimen and its 
distribution and a lot of intermediacy 
between current subtaxa, and evident 
integradations (CNPS 2021s). 

None. No suitable chaparral, or 
forest habitats occur within the 
Analysis Area. 
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Palafoxia arida var. 
g igantea 
 
Giant Spanish needle 

Annual/perennial herb that blooms 
January through May. Inhabits desert 
dunes (CNPS 2021e). 
 
Elevation: 50 to 330 ft (CNPS 2021e). 

Occurs in California and Sonora Mexico 
(CNPS 2021e). 
 

Known only from Imperial County 
(CNPS 2021e). 

None. No suitable dune habitats 
exist within the Analysis Area 
and no records of the species 
occur within the Analysis Area. 

 

Streptanthus campestris 
 
Southern jewel-flower 

Perennial herb that blooms May through 
July. Inhabits rocky areas in chaparral, 
lower montane coniferous forest, and 
pinyon juniper woodland (CNPS 2021u). 
 
Elevation: 2,950 to 7,545 ft (CNPS 
2021u). 

Found in California and Baja California 
(CNPS 2021u). 
 

Occurs in Imperial, Los Angeles, 
Riverside, Santa Barbara, San 
Bernardino, San Diego, and Ventura 
counties (CNPS 2021u). 
 

None. No suitable chaparral, 
woodlands or forest habitats 
occur within the Analysis Area.  

 

Symphotrichum 
defoliatum 
 
San Bernardino aster 

Perennial rhizomatous herb that blooms 
July through November. Inhabits areas 
near ditches, streams and springs in 
cistomontane woodland, coastal scrub, 
lower montane coniferous forest, 
meadows and seeps, marshes and 
swamps, and valley and foothill grasslands 
that are vernally mesic (CNPS 2021p). 
 
Elevation: 0.6 to 620 ft (CNPS 2021p). 

Endemic to California (CNPS 2021p). 
 

Found in Imperial, Kern, Los 
Angeles, Orange, Riverside, Santa 
Barbara, San Bernardino, San Diego, 
and possibly in San Luis Obispo 
counties(CNPS 2021p). 
 

None. No suitable aquatic 
habitat occurs within the analysis 
Area.  

 

Thermopsis californica var. 
semota 
 
Velvety false lupine 

Perennial rhizomatous herb that blooms 
March through June. Inhabits cismontane 
woodland, lower montane coniferous 
forest, meadows and seeps, and valley and 
foothill grasslands (CNPS 2021v). 
 
Elevation: 305 to 570 ft (CNPS 2021v). 

Endemic to California (CNPS 2021v). 
 

Found in San Diego County (CNPS 
2021v). 
 

None. Outside known range and 
no occurrence records. 

 

Thysanocarpus rig idus 
 
rigid fringepod 

Annual herb that blooms February 
through May. Inhabits dry rocky slopes in 
pinyon and juniper woodland (CNPS 
2021o).  
 
Elevation: 185 to 70 ft (CNPS 2021o).  
 

Occurs in California and Baja California 
(CNPS 2021o).  
 

Found in Los Angeles, Riverside, San 
Bernardino, and San Diego counties 
(CNPS 2021o).  
 

None. Outside the known range 
and no occurrence records. 
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REPTILES      

Actinemys marmorata 
pallida 
 
Southwestern pond turtle 

Inhabit ponds, lakes, rivers, streams, 
creek, marshes, and irrigation ditches with 
abundant vegetation and either rocky or 
muddy bottoms in woodland, forests, 
grassland (CHS 2021f). Prefers shallower 
area in pools with logs, rocks, cattail mats, 
and exposed banks required for basking. 
May enter brackish water and seawater 
(CHS 2021f).  
 
Elevation: sea level to 6.696 ft but mostly 
below 4,890 ft (CHS 2021f). 

Occurs in California and Baja California 
(CHS 2021f). 

Found south, east, and west of the 
San Francisco Bay area with eastern 
boundary along the edge of the South 
Coast Ranges with an isolated, relict 
population along the Mojave River at 
Campy Cody and at Afton Canyon 
(CHS 2021f).  

None. The analysis Area occurs 
outside the known range of this 
species. 

 

Coleonyx switaki 
 
Barefoot banded gecko 

Inhabits rocky areas at the heads of 
canyons. Restricted to areas dominated by 
massive rock formations (CDFW 1990j). 
In flatlands, canyons, thornscrub and in 
where vegetation is sparse (CHS 2021e). 
 
Elevation: near sea level to over 2,000 ft 
(CHS 2021e). 

Occurs in California and Baja California 
(CDFW 1990j). 

Found on the east face of the 
Peninsular Ranges with 
unsubstantiated reports near Anza 
Borrego Desert in San Diego 
County(CDFW 1990j). Isolated 
population of subspecies C.s. switaki 
is known from Coyote Mountains of 
Imperial County (CHS 1990j). 

None. The analysis Area occurs 
outside the known range of this 
species. 

 

Phrynosoma mcallii 
 
Flat-tailed horned lizard 

Inhabits hard packed sandy flats and low 
dunes in Lower Colorado River 
desertscrub community, particularly in 
areas with creosote-white bursage 
vegetation (USFWS Brennan 2008, 
2011). Restricted to areas of fine sand 
and sparse vegetation in desert washes 
and flats (CDFW 2000a). Most common 
in areas with high density of harvester 
ants and fine windblow sand but rarely 
occurs on dunes (CHS 2021b). 
 
Elevation: Below 820 ft (AGFD 2010b, 
CHS 2021b). 

Occurs in Arizona and California, U.S. 
and the Mexican states of Baja 
California and Sonora (USFWS 2011). 

Found in central Riverside, eastern 
San Diego and Imperial counties 
(CDFW 2000a). Throughout most 
of the Colorado desert from 
Coachella Valley south through the 
Imperial Valley and west into the 
Anza-Borrego desert, south to Baja 
California, southwestern Arizona, 
and northwestern Sonora (CHS 
2021b).  

None. No suitable hard packed 
sandy flats or low dunes occur 
within the Analysis Area. No 
records for this species occur 
within the Analysis Area. 

Phrynosoma mcallii 
 
Flat-tailed horned lizard 
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Phrynosoma blainvilli 
 
Coast horned lizard 

Inhabits valley-foothill hardwood, conifer 
and riparian habitats, pine-cypress, 
juniper, and annual grassland habitats 
(CDFW 2000a). Occurs in open areas of 
sandy soil and low vegetation in valleys, 
foothills, semiarid mountains and along 
dirt roads or near ant hills (CHS 2021a). 
 
Elevation: Sea level to 6,000 ft (CDFW 
2000a) or 8,000 ft (CHS 2021a). 

Endemic to California (CHS 2021a). 
 

Historically found along the Pacific 
coast from the Bay Area to Baja 
California border and west the Sierra 
Nevada Mountains (CHS 2021a).  

None. The analysis Area occurs 
outside the known range of this 
species.  

 

Thamnophis hammondii 
 
Two-striped gartersnake 

Inhabit vegetated areas associated with 
permanent or semi-permanent bodies of 
water (CDFW 2000). Associated 
vegetation includes oak woodland, willow, 
coastal sage scrub, scrub oak, sparce pine, 
chaparral, and brushland (CHS 2021g). 
 
Elevation: sea level to 8,000 ft (CDFW 
2000). 

Occurs in California and Baja California 
(CHS 2021g) 
 

Found on the southeastern slope of 
the Diablo Range and the Salinas 
Valley south along the South Coast 
and Traverse ranges to the Mexican 
border and on Santa Catalina Island 
(CDFW 2000). 

None. The analysis Area occurs 
outside the known range of this 
species. 
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AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 6 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1542, and filed with the Bureau of Land 
Management under Serial No. CAMC 79794. 

This Amended Notice of Location and Notice of Location 
( hereinafter "Notice" ) is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the _2_4_ day of 
198Y,. 

January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 50 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Southeast Quarter 
of Section 12, T. 15 S., R. 20 E., San Bernardino Base and 
Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
13, T. 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
South 36° 12' 58" East a distance of 2,454.16 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining claim is contiguous to and is bounded by 
the following claims: 

Hercules No. 7 on the North 
Hercules No. 35 on the West 
Hercules No. 5 on the South 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: / ,£/,,J J.J.,,u~ 1-1, . 
William H. Strait , Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MAR.KING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 6 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-6 Corner l" 

Corner No. 2 is a 4 "x4" wooden post, 4' long with metal tag 
marked "H-6 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-6 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-6 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-6 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-6 West End Center" 

This claim is located in Section 12, T. 15 S., R. 20 E., 
San Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

I}..+ ) 
By : ___Ld J. d.-4a 4 M H · JJ.d__., cu 1! . I 

William H. Strait , Vi ce Pres ident 
AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

2-- of 1--

·, 
ri 
ti 

:I 
11 

ii 
ii 
ii 
li 
n ,. 

I 
I 
i 
f 
l 

PC ORIGINAL PKG



PC ORIGINAL PKG



88:.06125 
BJOY.1801 PAG[ 919 

RECORDING REQUESTED BY: 

Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: 

Von Porter 
Texasgulf Minerals and Metals, Inc. 
5932 McIntyre Street 
Golden, Colorado 80403 

REG 

RIF 

MC 
NIL 

TOTAL 

$ 4-
$ ). 

$ I 

$ -

$ 1 
AMENDED NOTICE OF LOCATION 

and Notice of Location 
(California - Lode) 

DOLORES PROVEN Cl(; 
COUNTY REGORflER 
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OFF/Clt.L Rt.CORDS 

HPErt AL COUNTY, CAL IF 
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Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 7 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1495, and filed with the Bureau of Land 
Management under Serial No. CAMC 79795. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the _2_4_ day of 
198?,. 

January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 50 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Northeast and 
Southeast Quarters of Section 12, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
North 28° 14' 14" East a distance of 3,064.72 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining claim is contiguous to and is bounded by 
the following claims: 

Hercules No. 8 on the North 
Hercules No. 34 on the West 
Hercules No. 6 on the South 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: 7Srt}~,-<&1- f.)_ Av:£',-
Wiliam B . Strait , Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(Cal ifornia - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 7 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4 1 long with metal tag 
marked "H-7 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4 1 long with metal tag 
marked "H-7 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-7 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-7 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-7 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-7 West End Center" 

This claim is located in Section 12, T. 15 s., R. 20 E., 
San Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of -~J~a~n~u~a~r~y __ , 19Bi. 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: ~ )..A..(/, ...,_.,. /-) ;rt -r> j:; 
Wi liam H. St rai t , Vic e President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

_ l~ of -----
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Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. B 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1496, and filed with the Bureau of Land 
Management under Serial No. CAMC 79796. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the ~ day of 
198i. 

January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 50 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Northeast Quarter 
of Section 12, T. 15 s., R. 20 E., San Bernardino Base and 
Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
North 34° 37' 26" East a distance of 2,551.96 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining claim is contiguous to and is bounded by 
the following claims: 

Hercules No. 9 o.n the North 
Hercules No. 33 on the West 
Hercules No. 7 on the South 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

I •r 
By: kr14tm 11:: !tr~it .J&iFrresident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 8 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-8 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-8 Corner 2" 

The East End Center is a 4 "x4" wooden post, 4' long with 
metal tag marked "H-8 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-8 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-8 Corner 4" 

The West End Center is a 4 "x4" wooden post, 4' long with 
metal tag marked "H-8 West End Center" 

This claim is located in Section 12, T. 15 S., R. 20 E., 
San Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of __ J_a_n_u_a_r~y __ , 198i. 

2--

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation , 

By: Jdfitif"1&ait~vr!li~~stlX: 
AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 
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g 11 E f.' •1 i -/v/2 0 - <--- ,:'•~•;, ~ 1.., ,)(' 
(___ ~,.-'l_ _ '6--'-~ f ,,Y, l ' I :;, ♦1 
Chuck Storey - • I 1, • •• .. · .. ) ! 
County Ckrk - Rcrnrc1cr .:: ...-' * : 
County of [mperial, ~;t,ste of ia ';•,.:' 
Dstc fssucd: 
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AMENDED NOTICE OP LOCATION 
a nd Notic e of Location 

(California - Lode) 

OFFI CIAL REC0ROS 
HPERIAl.~Ol,1,/JIY, CALIF 

BOOX1t;U PAGE 923 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 9 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1497, and filed with the Bureau of Land 
Management under Serial No. CAMC 79797. The most recent 
amendment of the location is recorded in Book 1535, Page 723, of 
the Imperial County, California, records. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any s uch title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the ~ day of January 
l9Bi. - ---"'--

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 50 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Northeast Quarter 
of Section 12, T. 15 s., R. 20 E., San Bernardino Base and 
Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 s., R. 20 E., San Bernardino Base and Meridian, bears 
North 44° 01' 44" East a distance of 2,086.26 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 

of 2------
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This lode mining claim is contiguous to and is bounded by 
the following claims: 

Hercules No. 10 on the North 
Hercules No. 32 on the West 
Hercules No. 8 on the South 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: /j)~ f} . dt-:.r 
Wi l liam H. Str ait, Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF TBE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 9 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-9 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-9 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-9 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-9 Corner 3 11 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-9 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-9 West End Center" 

This claim is located in Section 12, T. 15 S., R. 20 E., 
San Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of _ _ J_a_nu_a_r~y __ , 198i. 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: Wft<t&:':\ N JZ,. z-
William H. Strait, Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 
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the record filed or 1ccorded in ihis office if it bears the 
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Date Issued: ~;. 
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AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

OfFICIAL Rf:CORDS 
MPER!AL COUNTY, CA~l/' 

BOOK 1601 PAGE 925 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (herein3.fter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 10 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1498, and filed with the Bureau of Land 
Management under Serial No. CAMC 79798. The most recent 
amendment of the location is recorded in Book 1535, Page 722, of 
the Imperial County, California, records. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the _2_4_ day of 
19si. 

January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 50 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Northeast Quarter 
of Section 12, T. 15 S., R. 20 E., San Bernardino Base and 
Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, ~- 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
North 58° 10' 21" East a distance of 1,706.60 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining claim is contiguous to and is bounded by 
the following claims: 

Hercules No. 11 on the North 
Hercules No. 31 on the West 
Hercules No. 9 on the South 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 10 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4 "x4" wooden post, 4' long with metal tag 
marked "H-10 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-10 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-10 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-10 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-10 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-10 West End Center" 

This claim is located in Section 12, T. 15 s., R. 20 E., 
San Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: M1ri~ah~vic~~nt 
AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

of 7------- -----
PC ORIGINAL PKG



I hereby certify that this is a true and correct copy of 
the record filed or recorded in this office if it bears the 
seal of this office. .-- •~ 

... , ,. neco ''• 
~ /7 ,.., ~ f'~y-".,..f;., ,•?~;• 
~ ~ - - ~ f ''f::, : .\ . 1' \ 

Chuck Storey t (· ~-;: ·;· ·:·- - } J 
County Clerk - ~ecorder . . \ * , '' ¼·.,, ,r 
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AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

BOOK 1C01 PAGE 927 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 11 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1499, and filed with the Bureau of Land 
Management under Serial No. CAMC 79799. The most recent 
amendment of the location is recorded in Book 1535, Page 721, of 
the Imperial County, California, records. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of tocation shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the 
198'i!. 

24 day of January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 50 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Northeast Quarter 
of Section 12, T. 15 S., R. 20 E., San Bernardino Base and 
Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 s., R. 20 E., San Bernardino Base and Meridian, bears 
North 78° 18' 38" East a distance of 1,480.71 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining claim is contiguous to and is bounded by 
following claims: 

Hercules No. 12 
Hercules No. 30 
Hercules No. 10 

on the North 
on the West 
on the South 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: Vil~, /./.. ~ ;ii; 
W lliam H. Strait , Vi c e Pres i dent 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 11 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4 "x4" wooden post, 4' long with metal tag 
marked "H-11 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-11 Corner 2" 

The East End Center is a 4"x4" wooden post, 4 1 long with 
metal tag marked "H-11 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-11 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-11 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-11 West End Center'' 

This claim is located in Section 12, T. 15 S., R. 20 E., 
San Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of __ J_a_n_u_a_r~y __ , 198i. 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

{".,t)4 i <& kY-- ;). xtl ;J) By: 
Will i am H. Strait, Vi ce Pres i de nt 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

L of --i- --
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Th rcby certify that this is n true and corrc<.:l copy of 
the record filed or r ~corded in this office if it bears the 
seal of this office. ~-•· · 

~~~ ;., !: ~'~o -~ .,...,, 17 r, '\ <,, 1/ .., Q ., 
~ ~ f ,;~ tr? , ... ,, \ 
Chuck Storey { ( _ ·.,, · -·1 ) 
County Clerk - Recorder \ • ,,, ,f 
County of unperial, Slate of California • · _ , / 
Date Issued: l 11

' • • r.~r ,.:~,;-
By __ _ 

; j 1ly 
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RECORDING REQUESTED BY: 

Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: 

Von Porter 
Texasgulf Minerals and Metals, Inc. 
5932 McIntyre Street 
Golden, Colorado 80403 

REG 

RIF 

MC 
NIL 

TOTAL 

$ lL 
$ ), 

$ I 

$ -

$ ? 
AMENDED NOTICE OF LOCATION 

and Notice of Location 
(California - Lode) 

DOLORES PROVENCIO 
COUNTY REC ORDER 

ArR I~ 4 01 PH 'BB 
OFFICIA.l RECORDS 

I MPERIAL COUHrY, C~LI F 

BOOY.1601 PAGE 929 

Texasgulf Minerals and Metals, Inc,, a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 12 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 14 6 3, Page 150 0, and filed with the Bureau of Land 
Management under Serial No. CAMC 79800. The most recent 
amendment of the location is recorded in Book 1535, Page 720, of 
the Imperial County, California, records. 

This Amended Notice of Location and Noti~e of Location 
(hereinafter "Notice") is made to correct any defects, errors, . 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the __ 2_4_ day of 
198'b. 

January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 50 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Southeast Quarter 
of Section 1, T. 15 S., R. 20 E., San Bernardino Base and 
Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
South 78° 18' 38" East a distance of 1,480.71 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2: 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 

of 1 ---------
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Hercules No. 
Hercules No. 
Hercules No. 
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claim is contiguous to and is bounded by 

13 
29 
11 

on the North 
on the West 
on the south 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By:_/,,1)~ H--~ -- -
William li . Strait , Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 12 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-12 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-12 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-12 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-12 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-12 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-12 West End Center" 

This claim is located in Section 1, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California, 

The date of marking was the~ day of 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By:_i»~ j.J. -~ 
William H. Strait, Vi ce Pres ident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

_ 2_ of_ l __ 
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I hereby certify that this is a true and correct copy of 
the record filed or recorded in this office if it bears the 
sea I of this office. -~• "~ 

... .. n ec 1 , 

~ ~ (1p:,-~-1 u~i;•\ 
Chuck Storey . ( f ~, · ~- -:} J 
County Clerk - Recorder t * • , *; 
County of [mperial, State of California ,;1- .~

1 
~-- ,,,.u;/ 

Date Issued: By C) ~,.r!L ~:-. . v 
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RECORDING REQUESTED BY: 

DOLORES PROVEHOIO 
COUNTY RECORDER 

Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: 
$ (j., 

ArR 14 4 00 PK 188 

REG 
Von Porte;i:: RIF $ ,2. 
Texasgulf Minerals and Metals, 
5932 McIntyre Street 

Inc. 
MC $ I 

Golden, Colorado 80403 NIL $ -

TOTAL $1 
AMENDED NOTICE OF LOCATION 

and Notice of Location 
(California - Lode) 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 26 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1631, and filed with the Bureau of Land 
Management under Serial No. CAMC 79814. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owqer held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

198?,. 
The date of this notice is the _2_4_ day of Janua r y 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 50 feet in 
an easterly direction and 1450 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west, 

This lode mining claim is located in the Southwest and 
Southeast Quarters of Section 1, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
South 36° 25' 51" East a distance of 2,610.08 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Southeast corner, 
Thence West a distance of 1500 feet to Corner No. 2; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to corner No. 3; 
Thence East a distance of 1500 feet to Corner No. 4; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. l; 

the place of beginning. 

\ of L -----
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This lode mining claim is contiguous to and is bounded by 
following claims: 

Hercules No. 25 
Hercules No. 55 
Hercules No. 27 
Hercules No. 15 

on the North 
on the West 
on the South 
on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: u L!,,.~ J.) ~b 
Wi~liam H. Strait , Vi ce Pr esident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 26 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4 1 long with metal tag 
marked "H-26 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-26 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-26 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-26 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-26 Corner 4" 

The West End Center is a 4 "x4" wooden post, 4' long with 
metal tag marked "H-26 West End Center" 

This claim is located in Section 1, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of _ _ J_a_n_u_a_r~y __ , 19 8 i. 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: wi(t iiti.6.?tr'ai f ! v t?f.ifsiden t 
AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

_____ 2---of 1: 
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1 ltrrcby certify that this is a true and con-ect copy of 
the rt'.COrd filed or recorded in this office if it bears the 
seal of this office. • .. ~-

1 .~x . . 1 ei;a ••• 

CJ2_s_ ~ ;;f5t-J' ~.,~ \ 
Chuck Storey ' (~ -:_ ·: ,. J • 

t .,,, . ··J I 
County Clerk - Recorder • ~ • ;!.. ~.: 
Co"nty of Imoeri•\ srate of ~ nrnia \.. ,, , .. "i<.-/ 
Date Issued: ,,,: 1 c->'- •~'.r" 

By 
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RECORDING REQUESTED BY: 
DOLORES PROVENCIO 
COUNTY RECORIJER 

Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: REG $ 

Arn 14 4 09 PH 'BB 

v ~ OFFICIAL RECORD~ 
HPEAIAL COUNTY, CALIF 

Von Porter RIF $ ). BJDY.1601mr 953 
Texasgulf Minerals and Metals, Inc. 
5932 McIntyre Street 

MC 
N!L 

$ I 
$ Golden, Colorado 80403 -

TOTt.l. $ .,.., 

AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 2 7 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1553, and filed with the Bureau of Land 
Management under Serial No. CAMC 79815. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

198'g. 
The date of this notice is the _2_4_ day of January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 50 feet in 
an easterly direction and l450 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Southwest and 
Southeast Quarters of Section 1, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 s., R. 20 E., San Bernardino Base and Meridian, bears 
South 45° 56' 21" East a distance of 2,156.97 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Southeast corner, 
Thence West a distance of 1500 feet to Corner No. 2; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. 3; 
Thence East a distance of 1500 feet to Corner No. 4; 
Thence south a distance of 300 feet to the East End Center; 
Thence South a distahce of 300 feet to Corner No. l; 

the place of beginning. 

of l -------
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following claims: 

Hercules No. 
Hercules No. 
Hercules No. 
Hercules No. 
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claim is contiguous to and is bounded by 

26 
54 
28 
14 

on the North 
on the West 
on the South 
on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: _1.{'-"-).;..-~--'' =-=,._,._..-,."--'--'-~jl----=--d,t;,_J---c---C= ·=--=-)....,....,-
Williarn H. Strait , Vice Pres ident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 27 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-27 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-27 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-27 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-27 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-27 Corner 4" 

The West End Center is a 4"x4" wooden post, 4 1 long with 
metal tag marked "H-27 West End Center" 

This claim is located in Section l, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of __ J_a_n_u_a_r~y _ _ , 19Bi. 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By; .LJ-r-J. L{- ·I 1 • ;J J;L..:;J < • 

William H. Strait, Vice President 
AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

2- of ------ ___ L __ 
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I hereby certify that thi s is 1 true and cotTect copy or 
the record filed or rrconkd in this office ifit !>cars lhe 
seal of this offi<:e. 

Chuck S1nrcy 
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RECORDING REQUESTED BY: 

Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: 

Von Porter 
Texasgulf Minerals and Metals, Inc. 
5932 McIntyre Street 
Golden, Colorado 80403 

REG 

RIF 

MC 

NIL 

, TOTAL 

s '+ 
$ .2. 

$ I 

$ -

s1 
AMENDED NOTICE OF LOCATION 

and Notice of Loca tion 
(California - Lode) 

DOLORES PROVENCIO 
COUHTY RECORDER 

AFR 14 4 09 PH '88 
OFFICIAL REC O~DS 

IMPERIAL COllllTY, CALIF 
BJOK1801 rm 961 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 28 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1502, and filed with the Bureau of Land 
Management under Serial No. CAMC 79816. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the _2_4_ day of 
198'a. 

January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 50 feet in 
an easterly direction and 1450 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Southwest and 
Southeast Quarters of Section 1, T. 15 s., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 s., R. 20 E., San Bernardino Base and Meridian, bears 
South 59° 51' 31" East a distance of 1,792.34 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Southeast corner, 
Thence West a distance of 1500 feet to Corner No, 2; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. 3; 
Thence East a distance of 1500 feet to Corner No. 4; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. l; 

the place of beginning. 

\ of 2 ------ ------
PC ORIGINAL PKG



the 
This lode mining 

following claims: 
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Hercules No. 
Hercules No. 
Hercules No. 
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claim is contiguous to and is bounded by 

27 
53 
29 
13 

on the North 
on the West 
on the South 
on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: -Af/,f fM,_._,,.__ )/_ ft,; ...,.r,-
Wiiam B. . Strait , Vice Pres ident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE HARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 28 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-28 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-28 Corner 2" 

The East End Center is a 4 "x4" wooden post, 4' long with 
metal tag marked "H-28 East End Center" 

Corner No. 3 is a 4 "x4" wooden post, 4' long with metal tag 
marked "H-28 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-28 Corner 4" 

The West End Center is a 4"x4" wooden post, 4 1 long with 
metal tag marked "H-28 West End Center" 

This claim is located in Section 1, T. 15 s., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the _ii__ day of 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: / / 2JL,,o d 06 ti ,.;;tr:;;[; 
Tihiam H. Stralt , Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

2.. of ).,-------- ------
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I hereby certif1 that this is a true and correct copy of 
the record filed or recorded in this office if it bears the 
seal of this office. 
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RECORDING REQUESTED BY: 
DOLORES PROVENCIO 
COUNTY RE"OORDER 

Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: REG $ J_ 

Arn 14 4 09 PH 'BB 
OFFICIAL Rl:COROS 

HPER/Al COUNTY, CALIF 

Von Porter RIF $ J BJ~K1f3Q1 PAGE 963 
Texasgulf Minerals and Metals, Inc. 
5932 McIntyre Street 

MC 
NIL 

$ I 
s-

Golden, Colorado 80403 
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AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 29 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1503, and filed with the Bureau of Land 
Management under Serial No. CAMC 79817. The most recent 
amendment of the location is recorded in Book 1535, Page 725, of 
the Imperial County, California, records. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice" l is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the _2_4_ day of Januarv 
198'i-

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 50 feet in 
an easterly direction and 1450 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Southwest and 
Southeast Quarters of Section 1, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 s., R. 20 E., San Bernardino Base and Meridian, bears 
South 79° 02' 45" East a distance of 1,578.77 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Southeast corner, 
Thence West a distance of 1500 feet to Corner No. 2; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. 3; 
Thence East a distance of 1500 feet to Corner No. 4; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. l; 

the place of beginning. 

of ----- -----2-
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This lode mining claim is contiguous to and is bounded by 
following claims: 

Hercules No. 28 
Hercules No. 52 
Hercules No. 30 
Hercules No. 12 

on the North 
on the West 
on the South 
on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: ...... r.,...,,__,L_L'-=J.-1._ .. .<><,rtM'=-t...!-).}.;.....· Aa:,..&.'.J'"'-<~'-""<>"""-_j_._~: ·~
Wi1lia1Ti s·. Strait , Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE HARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 29 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-29 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-29 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-29 East End Center" 

Corne:. No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-29 Corner 3" 

Corner No. 4 is a 4 "x4" wooden post, 4' long with metal tag 
marked "H-29 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-29 West End Center" 

This claim is located in Section 1, T. 15 s., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: ~<f ~-½-½ " 'f ) ~ -) 
Wil lam H. Strait , Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

__ )..._of __ 1-_ 

PC ORIGINAL PKG



PC ORIGINAL PKG



RECORDING REQUESTED BY: 

Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: 

Von Porter 
Texasgulf Minerals and Metals, Inc 
5932 McIntyre Street 
Golden, Colorado 80403 
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AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 30 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1504, and filed with the Bureau of Land 
Management under Serial No. CAMC 79818. The most recent 
amendment of the location is recorded in Book 1535, Page 726, of 
the Imperial County, California, records. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the _ 2_4_ day of January 
198i. -------

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 50 feet in 
an easterly direction and 1450 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Northwest and 
Northeast Quarters of Section 12, T. 15 s., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
North 79o 02 1 45" East a distance of 1,578.77 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Southeast corner, 
Thence West a distance of 1500 feet to Corner No. 2; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. 3; 
Thence East a distance of 1500 feet to Corner No. 4; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. li 

the place of beginning. 

of 2-------
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claim is contiguous to and is bounded by 

29 
51 
31 
11 

on the North 
on the West 
on the South 
on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: ~ },j {), c= J-1. ,d/;;2/,-
Wil iam H. Strait , Vice Pres.ident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 30 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-30 Corner l" 

Corner No. 2 is a 4 "x4" wooden post, 4' long with metal tag 
marked "H-30 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-30 East End Center" 

Corner No. 3 is a 4 "x4" wooden post, 4' long with metal tag 
marked "H-30 Corner 3" 

Corner No. 4 is a 4 "x4" wooden post, 4' long with metal tag 
marked "H-30 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-30 West End Center" 

This claim is located in Section 12, T. 15 s., R, 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of __ J_a_n_u_a_r_y __ , 198~. 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: ~W,~~'-'-~....,_.__~----,,.,.,...ft-d=--'tt:=6"'='. = ·"-'i'. ~ 
William H. Strait, Vice Presidei:it 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

____ 2-_ of_ 2-_ 
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I hereby certify that this is a true and con-ect copy of 
the record filed or recorded in this office if it bears the 
seal of this office. • ••. • , 

,,lt"f,, . ll f r,q • • 
~ /7 rJ ,. "~' '/ .·J'.¢", 

Cl~~~ /<Y.{. ;,.? _~'\ 
Chuck Stl>rcy t .,,,, ._) J 
County Clerk • Recorder • * • • , * • 
County of Imperial, State of California \· _-::_/ 
Date Issued: .~ 
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.AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

DOLORES PROVENCI O 
COUNTY RECO RDER 

APR 14 4 09 PH '88 
OFF/C!AL RECORDS 

IMPERIAL COUNTY, CALIF 

BJuK1801 rAGt '3E7 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado B0403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, and 
Brigham Young University, the current mailing address of which is 
387A ASB Administration Building, Provo, Utah 84602, the locators 
and/or owners (hereinafter "owner" whether one or more) of the 
mining claim hereinafter described, by right of discovery and 
location and desiring to amend the claim under and pursuant to 
the laws thereto applicable, has amended the Hercules No. 31 lode 
mining claim which was located the 23rd day of January, 1981, and 
recorded in the Imperial County, California, records at Book 
1463, Page 1506, and filed with the Bureau of Land Management 
under Serial No. CAMC 79819. The most recent amendment of the 
location is recorded in Book 1535, Page 724, of the Imperial 
County, California, records. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the 
198i. 

24 day of January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 50 feet in 
an easterly direction and 1450 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Northwest and 
Northeast Quarters of Section 12, T. 15 s., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
North 59° 51' 31" East a distance of 1,792.34 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Southeast corner, 
Thence West a distance of 1500 feet to Corner No. 2; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. 3; 
Thence East a distance of 1500 feet to Corner No. 4; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining claim is contiguous to and is bounded by 
following claims: 

Hercules No. 30 
Hercules No. so 
Hercules No. 32 
Hercules No. lO 

on the North 
on the West 
on the South 
on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: u./J.~ f/. ~ -
WiJ.liam H. Strait, Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
Brigham Young University 

OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 31 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-31 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-31 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-31 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-31 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-31 Corner 4" 

The West End Center is a 4 "x4" wooden post, 4' long with 
metal tag marked "H-31 West End Center" 

This claim is located in Section 12, T. 15 s., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of -~J~a~n~u_a~ry ___ , 19si. 

l 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: __/4}.J.~ /J ~ --
William H. Strait , VJ.ce President 

AUTHORIZED AGEN'l' 

FOR: Michael G. Tornabene 
Brigham Young University 

OWNER 

of 
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I hereby certifJ that this is a true and con-ect copy of 
the record filed or recorded in this office if it bears the 
seal of this office. ..~~·n • • ...,. ... ecn"" ...-., 17 ,t""1 .... ~,s-,,,,,,,,- . ,~ .,,-.,,. 
~ ~ ;-if t !:7 fi>\ - ~ - '\,;;:-- i ('fJ..~- ·-- -l • 

Chuck Storey 1 ( ;:.>·· • •• j ~ 
County Clerk - Recorder \ , · · :/_ . J 
County of Imperial, State of California \ .,; . ··- , 1::,~i· 
Date Issued: l •-:~•·t.c<>_;:1·•-· 

SEP 
By _ --
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Texasgulf Minerals and Metals, Inc. 
5932 McIntyre Street 

MC 

Nil 

$ 

$ -
Golden, Colorado 80403 

7 ~1 ;7f-!,. $ 

AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, and 
Brigham Young University, the current mailing address of which is 
387A ASB Administration Building, Provo, Utah 84602, the locators 
and/or owners (hereinafter "owner" whether one or more) of the 
mining claim hereinafter described, by right of discovery and 
location and desiring to amend the claim under and pursuant to 
the laws thereto applicable, has amended the Hercules No. 32 lode 
mining claim which was located the 23rd day of January, 1981, and 
recorded in the Imperial County, California, records at Book 
1463, Page 1508, and filed with the Bureau of Land Management 
under Serial No. CAMC 79820. The most recent amendment of the 
location is recorded in Book 1535, Page 719, of the Imperial 
County, California, records. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the _2_4 __ day of Junuarv 
198,Z . 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 50 feet in 
an easterly direction and 1450 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Northwest and 
Northeast Quarters of Section 12, T. 15 s., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

From the discovery monument, the North~ast corner of Section 
12, T. 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
North 45° 56' 21" East a distance of 2,156.97 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Southeast corner, 
Thence West a distance of 1500 feet to Corner No. 2; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. 3; 
Thence East a distance of 1500 feet to Corner No. 4; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining claim is contiguous to and is bounded by 
the following claims: 

Hercules No. 31 on the North 
Hercules No. 49 on the West 
Hercules No. 33 on the South 
Hercules No. 9 on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: {J)J&n= t-1 ~· 
Wllliam H. Strait , Vice Fresident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
Brigham Young University 

OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 32 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-32 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-32 Corner 2" 

The East End Center is a 4"x4" wooden post, 4 1 long with 
metal tag marked "H-32 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4 1 long with metal tag 
marked "H-32 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4 1 long with metal tag 
marked "H-32 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-32 West End Center" 

This claim is located in Section 12, T. 15 s., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the __ 24_ day of January 198~. 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: uu<~v-- H A--:,;;t: 
William H. Strai t, Vi c e President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
Brigham Young University 

OWNER 

2- of ----~-- -----2--
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I hereby certif; that this is a true and correct copy of 
lhe record filed or recorded in this office if it bears the 
seal of this office. .,.••

1 
• ·;: .. ~r.4,;• •• 

cJZ,._y_ ~ /.i,Y ft1 a1\ ~, ("~,, ..... ~ \ 
Chuck Storey J \- · :: ' :J , 
County Clerk - Recorder , ~ . "/ ,. J 
Cmmty of fmperial State ofCnlifornia v t. ,.,.-.,,c..., / ' 

' \\ .,tltltl _...,._,~_♦ 
Date Issued: •~.- l r~.:,.,.-

S E P 1 3. 2022 By - I) I~ 
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, 
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AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G, Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 33 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1509, and filed with the Bureau of Land 
Management under Serial No. CAMC 79821. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice•) is made to correct any defects, errors, 
and omissions in the location and/or the record thereof, Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the ~ day of January 
l98'il, 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 50 feet in 
an easterly direction and 1450 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Northwest and 
Northeast Quarters of Section 12, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
12, T. 15 s., R. 20 E., San Bernardino Base and Meridian, bears 
North 36° 25' 51" East a distance of 2,610.08 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Southeast corner, 
Thence West a distance of 1500 feet to Corner No. 2; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. 3; 
Thence East a distance of 1500 feet to Corner No. 4; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. l; 

the place of beginning. 

' of 2 ------ ------
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This lode m:i.n:i.ng claim is contiguous to and is bounded by 
the following claims: 

Hercules No. 32 on the North 
Hercules No. 48 on the West 
Hercules No. 34 on the South 
Hercules No. 8 on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: 1:r2 ... -1 L-=-- u ..J;t.z,J::-· 
William H. Strait, Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 33 

The boundaries of this clairn have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-33 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked hH-33 Corner 2" 

The East End Center is a 4"x4" wooden post, 4 1 long with 
metal tag marked "H-33 East End Center" 

Corner No. 3 is a 4 "x4" wooden post, 4' long with metal tag 
marked "H-33 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-33 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-33 West End Center" 

This claim is located in Section 12, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of January 198~. 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By:-=-7':-(--:-,;..<=)~~~'--,- -'-f--,,f -~=-.c,.=c.....,._ ...,,....··. ,~ 

Willi am H. Strait, Vice President 
AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

of ------
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RECORDING REQUESTED BY: 

Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: 
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Texasgulf Minerals and Metals, Inc. 
5932 McIntyre Street 
Golden, Colorado 80403 
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AMENDED NOTICE OF LOCATION 

and Notice of Location 
(California - Lode) 

DOLORES PROVENCIO 
COUNTY RECORDER 

ArR I~ 4 10 PH '88 
OFFIC/A~ RECOR DS 

HP ~R/AL COUIITY, CALIF 

BJCY.1C0i PJiG£1011 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 53 
lode mining claim which was located the 23~d day of January, 
1981, and recorded in the Imperial County, Califo~nia, records at 
Book 1463, Page 1520, and filed with the Bureau of Land 
Management under Serial No. CAMC 79841. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the __ 2_5_ day of 
1981. 

January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 5 0 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Southwest Quarter 
of Section 1, T. 15 S., R. 20 E., San Bernardino Base and 
Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
11, T. 15 s., R. 20 E., San Bernardino Base and Meridian, bears 
South 42° 04' 23" West a distance of 1,224.86 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining claim is contiguous to and is bounded by 
following claims: 

Hercules No. 54 
Hercules No. 68 
Hercules No. 52 
Hercules No. 28 

on the North 
on the West 
on the South 
on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By: ~l~ N. __jx_S 
filliam B. Strait , Vi ce President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 53 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-53 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-53 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-53 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-53 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-53 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-53 West End Center" 

This claim is located in Section 1, T. 15 s., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the _2_5_ day of __ J_a_n_u_a_r_y __ , 198i. 

2. 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation . 

By: ulJ~ 11. ~ ---
William H. Strait, Vice Pres ident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

of ------ -----
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RECORDING REQUESTED BY: 
DOLORES PROVENCI(; 
COUNT'/ nl:CORDF.fl 

APR 14 4 10 PH '88 
REG 

$ ,,, 
Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: 
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or-FrCIAL RF.CORPS 
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TOTAL 
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AMENDED NOTICE OF LOCATION 
and Notice of Location 

(California - Lode) 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner ( hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, haB amended the Hercules No. 54 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1521, and filed with the Bureau of Land 
Management under Serial No. CAMC 79842. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the _2_5_ day of 
198',l. 

January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 50 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Southwest Quarter 
of Section 1, T. 15 S,, R. 20 E., San Bernardino Base and 
Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
11, T. 15 s., R. 20 E., San Bernardino Base and Meridian, bears 
South 28° 32' 19" West a distance of l,7l7.94 feet. 

This lode mining claim is described by metes and bounds as 
follows; 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining 

following claims: 

Hercules No. 
Hercules No. 
Hercules No. 
Hercules No. 

BCCK1C01 PAG£1014 

claim is contiguous to and is bounded by 

55 
67 
53 
27 

on the North 
on the West 
on the South 
on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By ; _& }, d R, ,., , M> /J ~ 
William H. Stra i t, Vice Pre sident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 54 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-54 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-54 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-54 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-54 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-54 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-54 West End Center" 

This claim is located in Section 1, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the _2_5_ day of __ J"'a .. n.,_,u,.,a,..r_.y _ _ , 19 8 ~ • 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation . 

1 

By: _k().d ~ . fl. d;::l;;.,,J ~ 
William H. Str ait , Vi c e ~resident 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

2. of 2,--
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I hereby certir; that this is a true and con-ect copy of 
the record filed or recorded in this office if it bears the 
seal of th is office. 

,,-., 17 r, _ .... ; 

~ =-~~ r .. + 
Chuck Storey , 
County Clerk - Recorder \ 
County of [mperial, State of California ' 
Date Issued: ,0 
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RECORDING REQUESTED BY: 

Texasgulf Minerals and Metals, Inc. 

AND WHEN RECORDED MAIL TO: 

Von Porter 
Texasgulf Minerals and Metals, Inc. 
5932 McIntyre Street 
Golden, Colorado 80403 

REG 

RIF 

MC 
NIL 

TOT;[ 

$ 4 
$ ). 

$ ( 
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$! 
AMENDED NOTICE OF LOCATION 

a nd Notice of Location 
{California - Lode) 

DOLORES PROYEH0/0 
(;QUNT Y RECORnER 

Ar1t 14 4 10 PH '88 
OFFJ CIAL ll ECOROS 

IMPERIAL CO UHTY, CALIF 

mx 1C01 l'AGI 1015 

Texasgulf Minerals and Metals, Inc., a Delaware corporation 
authorized to do business in the State of California, the current 
office and mailing address of which is 5932 McIntyre Street, 
Golden, Colorado 80403, being the lessee from and agent for 
Michael G. Tornabene, whose current residence and/or mailing 
address is 285 Oak Neck Lane, West Islip, New York 11795, the 
locator and/or owner (hereinafter "owner" whether one or more) 
of the mining claim hereinafter described, by right of discovery 
and location and desiring to amend the claim under and pursuant 
to the laws thereto applicable, has amended the Hercules No. 55 
lode mining claim which was located the 23rd day of January, 
1981, and recorded in the Imperial County, California, records at 
Book 1463, Page 1536, and filed with the Bureau of Land 
Management under Serial No. CAMC 79843. 

This Amended Notice of Location and Notice of Location 
(hereinafter "Notice") is made to correct any defects, errors, 
and omissions in the location and/or the record thereof. Neither 
this Notice nor the record thereof shall preclude owner from 
proving any such title as owner held under previous locations. 
If, and to the extent, the original location is invalid, this 
Amended Notice of Location and Notice of Location shall be deemed 
to be the original Notice of Location. This Notice was posted on 
the ground located on the date of this Notice. 

The date of this notice is the _2_5 __ day of 
198'6. 

January 

The number of linear feet claimed in length along the course 
of the vein, each way from the point of discovery is 1450 feet in 
an easterly direction and 50 feet in a westerly direction, 
together with 300 feet on each side of the center of the claim. 
The general course of the lode or vein is east/west. 

This lode mining claim is located in the Southwest Quarter 
of Section 1, T. 15 S., R. 20 E., San Bernardino Base and 
Meridian, Imperial County, California. 

From the discovery monument, the Northeast corner of Section 
11, T. 15 S., R. 20 E., San Bernardino Base and Meridian, bears 
South 21° 15' 44" West a distance of 2,263.26 feet. 

This lode mining claim is described by metes and bounds as 
follows: 

Beginning at Corner No. 1, the Northwest corner, 
Thence East a distance of 1500 feet to Corner No. 2; 
Thence South a distance of 300 feet to the East End Center; 
Thence South a distance of 300 feet to Corner No. 3; 
Thence West a distance of 1500 feet to Corner No. 4; 
Thence North a distance of 300 feet to the West End Center; 
Thence North a distance of 300 feet to Corner No. l; 

the place of beginning. 
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This lode mining claim is contiguous to and is bounded by 
following claims: 

Hercules No. 56 
Hercules No. 66 
Hercules No. 54 
Hercules No. 26 

on the North 
on the West 
on the South 
on the East 

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

~4 By: lf)~ //_,,{ > 
William H. Strait, Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

STATEMENT OF THE MARKING OF THE BOUNDARIES 
(California - Lode Mining Claim) 

Name of Lode Mining Claim: Hercules No. 55 

The boundaries of this claim have been marked by monuments 
marked as follows: 

Corner No. 1 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-55 Corner l" 

Corner No. 2 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-55 Corner 2" 

The East End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-55 East End Center" 

Corner No. 3 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-55 Corner 3" 

Corner No. 4 is a 4"x4" wooden post, 4' long with metal tag 
marked "H-55 Corner 4" 

The West End Center is a 4"x4" wooden post, 4' long with 
metal tag marked "H-55 West End Center" 

This claim is located in Section 1, T. 15 S., R. 20 E., San 
Bernardino Base and Meridian, Imperial County, California. 

The date of marking was the~ day of January 198~-

TEXASGULF MINERALS AND METALS, INC., a 
Delaware corporation 

By : J,{ J J..Jr c&c-'½- J j_ ;i:,.t;, ~--/:,. 
William a. Strait, Vice President 

AUTHORIZED AGENT 

FOR: Michael G. Tornabene 
OWNER 

2 of 2---
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lh t cord filed or recorded in this office if it bears the 
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... •;",_:.. "Ecol;' • ,,,-,,/7 ,.., -,;:~ ,. , .. , ,(' 
~ .--'6- .,,-------.. ; .;-~t-J . <'.';, ' , 

Chuck Storey ~ { 1 
·:: ••• ·-} j 

County Clerk -Recorder 1. _.,, , •J 
Countyof[mperial,StateofC~alifomia •• "' .. 

1
,, '•· , 1 t'I'.' 
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ANO WHtN Rl!:CORD[D MAIL TO 

7 

98 26757 

~ov 11 1/ 53 ~M q~8 
•·"'·"/\lhL 11.E(!Jl/1.ll <; 

l-lWt~M.-'.H;-... ~ 1 i, i.. ►.LiF, 

BOOK 1954 ml 59 

BOOK1954PAGE 59 

NAME 

ITltlU.:T 
-.cc111c1• 
ClTV • 
ITATE 

MICHAEL G. TORNABENE 
1523 SW Troon Circle 
Palm City, Florida 

34990 L ...I 
________________ __:..(SPACE ABOVE THIS L INE FOR RECOROER"S USE) ___ _ 

LODE MINING CLAIM - LOCATION NOTICE 

TO WHOM IT MAY CONCERN: Please take notice lhat: 
1. The name of this claim Is .f&.ec11u;s /::fz. a lode mining claim. 
2. This claim is situated in Seclinn r , Township /5' s , Range Z, ,e , f#" EEIZN!-t.l>/11/t) Meridian, 

in the tq,<,;.o ,4J?vett~& Mining District (if known), Coun)'y of /'1'1PE~,,tL 

Stale of California. ,...,1 
J. The date of this location ls the,_,,.2""':f"------""day of If?,:,,,:, Keg , 19..f'£._ on which date the notice of locallon was posted 

on the claim. 
4. The locator,_. of this claim• , s. Name(s) 

MICHAEL G. TORNABENE 

5. Each locator Is a citizen of the United States, or has declared Intention lo become such. 

Current Mailing or Residence ~ddress 

1523 SW Troon Circle 
Palm City, Florida 

. 34990 

6, The locatorM do(es) hereby locate and claim /57,o linear feel of this vein or lode, together with surface ground extending 
(nol lo emed 1500) 

__ ::r._0 _
0 
__ _,f,,t In width on each side of the middle of the vein or lode and more particul1rly described as follows: 

(not to mud 3001 

Commencing at the monument where this notice is posted, which monument is at the point of discover• on said vein or lode and on the center 
line of this location, _....::?::...._ hereby claim /f'.'.?u feet extending in ~rt(' direction along the ~curse of u... . 
the vein from the discovery monument apd /o to•t in a ..5i,., 3/ direction from the discovery monument, along the 
course of lhe vein. The general course of the vein is in a ~..f-~erly and. .So<>;r-i erly direction. 

7. The discovery monument is situated abou /5/o ,:'~s :r #'7-< a ..JbtJ ~Esr :r · 
IOllll'tl from lll~l•;UI, P!!"J•~jf.•~nJ;~w.•..,diJJfion as muntoly IS 

~ '.If' S~,<',v.t'./!:.. p.,,e ~c.;r;tJ,v /..Z ~- 7'"'>.S-S #20..S .S:D , 

8. All dips, variations, spurs, angles and all veins, ledges, or deposils~lthin the lines of this claim, together with all water and limber and any 
other rights appurtenant, allowed by the laws of this State. or of the United States are hereby claimed. . 

*including but not limited to mineral and surface ground 
LOCATORS 

STATEMENT OF TME MARKINGS OF THE BOUNDARIES 
AND OF PERFORMANCE OF LOCATION WORK 

NOTICE IS HEREBY GIVEN by the undersigned localor that in accordance with the provisions of the Mining Law: 
I, The bound\nles of the claim have been defined so that they can be readily traced on \he ground. There has been erected at the discovery point, 

at each corner and at the center of each end line of the clal s'T .I /. 
0 

.OY / r. " /N J,1zg 
tHer< llteribe lhe ~011uffltals, etrlni ~'P• 1nd 111< 

.;! F.eer ,f'.a>4i/e &:~oP/V~ ~ ; /41';:;r /,-,/ &f.A!',,u,t.11; 

Each corner monument bears .°HP:t~"Y11'Hill itslgnale tho corner and name of the claim. 

t .. d,m I,~- ;So>loo i' :\oimo,, r,r ~ , ""'° :. ; E -_-'-J.."'~;...:...->~"-'.e:""~=;,;:,,~~"'"'""o..._ Meridian. 

DATED t!'?nJ.;,,,z., .z..:r 19.2'.i._ LOOAT~.A-«~ 

SEE REVERSE SIDE 

HOT,c~ OP' LOCATJON-LCDE 
WOLCOT"1'9 P"OIUI No, 1134--Rir.v. :,.75 

__ of.___._l __ 

I 
i 
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ANO WH£N Rl:CORD~D MAIL TO 

MICHAEL G. TORN~BENE 
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34990 
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98 26758 
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________________ _.:., !SPACE ABOVE THIS ~INE FOR RECORDER'S USE) ___ _ 

LODE MINING CLAIM - LOCATION NOTICE 

TO WHOM IT MAY CONCERN: Please take notice that, 
1. The Mme of this claim is f{ez.,:tu."'s /..1':s , a lo~e mining claim. 

2. !his olal.m is situated in Section ;z.,, 6 , Township 

in th• 4&b' 4'v-';Y2'o/!' 
/.s' s lbnge Z(.E. , f"p a.<e,e,v:f<.:J>.1N,, Merh1l1n, 

Mining District (II Mown), County of, ________ _ 
Slate or canfornl1. .,,,; 

J. The d1le ol lhls location Is !h,.e,. _;;;;;Z..;;.:T ___ _,,1fay ot e'f.=ife~ , 19 fJI on which dale the notice of location was p-0sled 

Current Mailing or Residence Address 
on the claim. 

4, The loc.itor.,...of this claim• 1s. Name(s) 

MICHAEL G. TORNABENE 

5. Each locator is a citizen of the United Stales, or has declared intention lo become such. 

1523 SW Troon Circle 
Palm City, Florida 

349"90 

6. The locatorM do(es) hereby locale and claim /.,S';;t:J linear feet of this vein or lode, together with surface ground extending 
(l,ol lo tl.CUd 15001 

Jo" feel in width on each side of lhe middle of the vein or lode and more particularly described as follows: 
(notlomeed300I 

Commencing at the monument where this notice is posted, which monument is at the point of discover• on said vein or lode and on the center 
line of this location, --.:E._ hereby claim /t> feet extending in a ,,,Yu. rz:: direction along the course of 

II~ 
the vein from the discl)Yery monument and -'f'fo f,o,t In a ..si u T;lf _direction from the discovery monument, along the 

course of lhe vein. The general course of the •1ein is in a.dfr5.z-~erly and .s;;" r;i". erly direction. 
7. The discovery monument is situated ibout YF?o .,c.--;e., M~ ?,Y ¢?/4' aoo ,,:htf.:r E:fs-:, · 

..-. (Di,t,nc, from n1Jur1I ol!letl °'.tr,•ntol inonu~,U\l 111d Iii! di11ctlon u 11,ml!IJ as 
-1~ .,,J'No A/6 4".t: tv: ~,,.-_,~,,,, ✓7 

H iJ(# C4A'PE li:: .,,_,,. .,s',E,::.n,.1fV1 /z. r✓,s:s KZ.o .s ~ .S. <f_ ,..., • 

possible, to ldtnllly Ille claim IGCal~dJ 

8, All dips, variations, spurs, angles and all veins, ledges, or deposits"within the lines of this claim, together with all waler and timber and any 
other rights appurtenant, allowed by the laws of this State or, of the United Stales are hereby claimed. . 

*including but not limited to mineral and surface ground 
LOCATORS 

STATEMENT OF THE MARKINGS OF THE BOUNDARIES 
AND OF PERFORMANCE OF LOCATION WORK 

NOTICE IS HEREBY GIVfN by the undersigned locator that in accordance with the provisions of the Mining Law: 

I. The boundaries or the claim have been defined so that they can be readily !raced on the ground. There has bi.en erected al the di~covery point, 

at each corner and al the center of each end lino of the c~l A41o~ ~~7" I A" zsy / ~ ·" /N J'J~s.. 
Olm dmnlr lhe monun1,ols, 1 ,~, type , 1l1tJ 

.3 /.t!.£!r ?'~v-£ ~,,,142; :¢w .,, ~r .,,,,,/ ,.-,,=,&,,.,:,4, 

Each corner monument bears or j;l,2:}a~,,.,~ lo designate the: corner and Mme of the claim. 

2. TheclalmlssiluatedlnSaollon r ,Township /S':s Range~21 ~ .A ·~ ;s,,t:;1/, d.n Meridian. 
<Y _r..., QV~,CTIU:. 

.J,l:t!Yl~-t/ If{ ' 

DATED lf7(J;>'K.E.lf!.. :z-;s 19-2.i LOCAT · · ~7=( 

SEE REVERSE SIDE 

NOtlCE OP' LOCATION--LOOE 
WOLCDTTI P'OftN ND, 1134--RIV, 34?• 
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I hereby certify that this is, tme and C(lrrect copy of 
the record filed or recorded in this office if it bears the 
seal of this office. .. •• 0 

-, 

/.•{._,;, AEpc,,;•, 

CJL5L ~ ~J~;¥. :.1.~ ~<:p\ 
Chuck Storey ( t _,;: J} ! 
County Clerk - Recorder •, • \ ,, _ ' ,. J 
County of Imperial, State of California \:,;,Q ... ... :: ,. ;\ ~:/ 
Date Issued: \ ~;!':.~~ ....... 

St.P 13 2022 
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Carson City, NV 89703 

Recorded in Olliclal Records, Imperial County 

Dolores Provencio 
County Clark/ Recorder 

P Public 

Doc#: 2010- 003173 

11111111111111 

Titles: 1 

Fees 

Taxes 

Other 

PAID 

Space above for Recorder's Use 

NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001614 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC l 

¼ 
NW 

Section 
l 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) ....lQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The ...£E.._ comer of this claim bears NORTH and ~ feet and bears East and -2.l2L feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ...ll. th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each corner monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: 1 ½" x l ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 
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I Tl4~ n')_OR '14S1ITIE 
'1'1 ~ n,., 

T 15 S R21 E The Western Common Comer The Common Comer ofOC I, .a.- ,1...,J ~-vi.:, 
QC 2, OC 3, and QC 4 bcars OCl OC2 OC34 of QC 34 and OC 35 hem 
N0° 4845' and East 90° 2165' - North 0° 4883' and East 90° 
from the SW comer of Section - 3664' from the SW corner of 
1T15S R20E OC3 OC4 OC35 Scclion 1 T15S R20E 

The Common Comer ofOC 5 
OC36 

The Common Comer of OC 
OC 6, QC 7, and QC 8 bears ocs OC6 OC37 36, QC 37, QC 38 and QC 39 
NO" 36◄ 5' and wt 90° 2 I 95' bears Nor1h 0° 3 722' and East 
from the SW comer of S.:ctlon 

OC39 OC38 90° 5194' from the SW comer 
I Tl5SR20E OC7 OC8 of Section J TI 5S R20E 

The Southern Common 1 OC40 
The Common Comer of QC 

2 Come, of QC 9 and OC 10 OC9 OCIO OC41 40, QC 41, OC 42 andOC 43 
h¢ln NO- 2458' and East 90° - bears North 0° 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90° 5225' from the SW comer 
Section I Tl 5S R20E of 8«.lion I T15S R20E 

OC44 
The Common Comer of OC 

OC45 44, OC 45, OC 46 and OC 47 
bears North 0° 1323' and East 

OC47 0<.:46 9-0° 5255' from the SW comer 
of Section I Tl5S R20E 

The Eastern Common Comer OC48 
The West.em Common Comer 

of QC 11 and OC 12 bears OC II ofOC 48 and OC 49 bears 

No· 4 7' and .EM1 9D" wrr t; - ' '- - • "
0 123' and East 90" 

trom tile SW comer of Scctioh: ~ OC49 5286' from the SW comer ol 

I Tl5SR20E oc 12 Section I Tl5S R20E 

The Easlem Common Comer OC 50 
The Western Common Comer 

of QC 13 end QC 14bears oc 13 of QC 50 and QC 5 I bcars 
S0° I 153' and Eaat90° 2317' - South 0° J 077' and East 90° --from the NW comer of OC51 5316' from the NW comer of 
Section I 2 TI 5S R20E OC 14 Section 12 TI 5S R20E 

The Common Comer of OC OC52 
The Western Common Comer 

\5, QC 16 and OC l7bears OC 15 12 ofOC 52 and OC 53 bcars 
S0° 2352' and East 90" 2348' - South 0° 2276' and East 90° 
from the NW Comer of - 7 H47' from the NW comer of 

11 Section 12 Tl5S R20E OC 17 0C 16 OC53 
Section 12 Tl 5S R20E 

The Common Comer of OC OC54 
The Conuuon Comor of OC 

18, QC 19, OC 20 and OC 21 OC19 OC 18 54, OC 55 and OC 56 bcars 
bcars SO" 3552' end East 90" - South 0° 3476' and East 90° 
2378' from the NW Com,r of 

OC55 OC56 537ft' from the NW comer of 
Section 12 Tl 5S R20E OC21 OC20 Section 12 Tl5S R20E 

The Common Comer of OC 
OC58 

The Common Coma- ofOC 
22, QC 23, OC 24 and OC 25 0<.:23 OC22 OC57 57, QC 58, OC 59 and QC 60 
bears SO" 4752' and East 90" bears South 0° 4675' and East 
2409' from the NW Comer of OC59 OC60 90° 5408' from the NW comer 
Section 12 Tl SS R20E OC25 OC24 of Section 12 Tl 5S R20E 

The Common Comer of OC IIICU'illm~n .,IV" 
26, QC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61, OC 62, OC 63 and OC 64-
bcars S0° 5951' and East 90° - bears South 0° 5875' end East -2439' from the NW Comer of 

OC63 OC64 90° 5439' fmm the NW comer 
Section 12 Tl5S R20E OC29 OC28 of Section 12 Tl 5S R20E 

The Commoo Comer of OC OC66 
The Common Comer ofOC 

30, OC 31, OC 32 andOC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bears SO" 715 I' and East 90° bears South 0° 7075' and East 
24 70' from the NW Com<T of 

OC32 OC67 OC 68 90° 5469' from the NW comer 
Section 12 Tl5S R20E OC33 of Section 12 Tl 5S R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 I" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in ;1\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl l.dwg 

noted otheiwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Can;on C ilv NV RQ703 Drawn By: G.l.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on SwveyedBy: T&T Exploration 
IITM North . San Benwrdino Ba.~e & M(:rid i.an. Datum: 1927 Projection: UTM Zone 11 Units: Feet 

Document Number: 2010003173 Page: 2 of 3 

PC ORIGINAL PKG



I 1111'!- ~/t"'' ) 
I l•t:I l ,.', 
( )! I ' " 111 

r,• 1 11 l 

SEP 1 3-2022 

).,, .... . ,, 

.11, i ·, lJ ,JL m :ti rrn r1.: ·L copy c r 
'lll..i rl 11 1:' , I 11 t:t: ii ii l1i•,1 ,; lftC 

. , 
\,. ; 

,lcl, \LH of C . .lilo,,1ia 

E / v ,Lll)' -

PC ORIGINAL PKG



.., 

THIS IS A TRUE CERTIFIED COPY ' 
RECORD, IF IT BEARS THE SEAL AN 
OF THE I:MPERIAL COUNTY CLER K-R 

DATE: __ 9/_1_3_/2_0_2_2_ 
CERTIFICATION FEE: 3 · 5 Q 

COUNTY CLERK-RECORDER 

IMPERIAL COUNTY 
STATE OF CALIFORNIA 

Document Number: 2010003174 Page: 3 of 3 

PC ORIGINAL PKG
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Recorded In Olliclat Record1, Imperial County 

Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89703 
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County Clerk/ Recorder 
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Fees 
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Olher 
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Space above for Recorder's Use 

NOTICE OF LOCATION LODE MINING CLArn 
Amended for Imperial County• Document No. 2010001615 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the QC 2 

¼ 
NW 
NE 

Section 
I 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and __lQ_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The~ comer of this claim bears NORTH and _4ML feet and bears East and~ feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ..Jl_ th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the corner of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: I½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

~ By: ----~'"".;...._.,,,.===-:.,,..n-==g,-A-g~e'-n-4t .c:;a,--=7=-.---
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, ' .. ... 

I Tl4S R?OF I 114S R21E 
-,,..1,: , .... ,.,.,...., 

T 15 S R21 E The Western Common Comer -The Common Comer ofOC I, .. ,._ ~-v-
OC 2, OC 3, and OC 4 bears OCI OC2 OC34 of OC 34 and OC 35 bean 
NO• 4845' and East 90° 2165' North o• 4883' and East 90° 
from the SW comer of Section OC35 

3664' from the SW comer of 
I Tl5S R20E OC3 OC4 Scclion I Tl5S R20E 

The Common Comer ofOC S, OC36 
The Common Comer of OC 

0C 6, 0C 7, and OC 8 bears OC5 OC6 OC37 36, OC 37, OC 38 and 0C 39 
N0° 3645' and East 90° 2195' - bean North 00 3 722' and East 
from the SW comer of Socrion OC39 OC38 90° 5194' from the SW comer 
1 TISS R20E OC7 OC8 of Section 1 TI 5S R20E 

The Southern Common 1 OC40 
The Common Comer of OC 

2 Comer of OC 9 and OC 1 O OC9 OC 10 OC41 40, OC 41, OC 42 and OC 43 
bears NO" 2458' and East 90° - 1,e.,. North 00 2522' and East 
2226' from lhe SW comer of 

OC43 OC42 6 90° 5225' from lhc SW comer 
Section 1 Tl5S R20E ofScclioo 1 Tl5S R20E 

OC44 
The Common Comer of OC 

OC45 44, OC 45, OC 46 and OC 47 
- beani North 0° 1323' and East 

OC47 OC46 
90° 5255' from the SW comer 
of Section I TISS R20E 

The Eastem Common Comer OC48 
1hc Wcs\Cm Common Come,: 

of OC 11 and OC 12 bears OCJI of OC 48 and OC 49 bean 

Nif ◄ r andE~t90• 22sr /, - .,_, n• 123 • and w t 90' 

trom lhe SW comer ofScctioll::~ OC49 5186' fi,,m lhe SW comer iir 
I Tl5S R20E oc 12 Section I Tl 5S R20E 

Tbe Easlem Common Comer ocso The Western Common Comer 
of OC 13 andOC 14 bears oc 13 ofOC 50 and QC 51 bean 
so• 1153' and Ea&t 90° 23 I 7' - South 0° 1077' and East 90° 
from the NW comer of - 5316' from !he NW comer of 
Section 12 Tl5S R20E OCl4 

OCSI 
Section 12 T 15S R20E 

Tbe Common Comer of OC OC 52 
The We&lem Common Comer 

15, QC 16 and 0C 17 bean; oc 15 12 of QC 52 and QC 53 bean 
so• 2352' and Eas1 90• 2348' - Soulh o• 2276' and East 90° 
from the NW Comer of 

11 Section 12 Tl5S R20E OC 17 oc 16 OC53 7 534 r from the NW comer of 
Seclion 12 TISS R20E 

Tbe Common Comer of OC OC54 
The Common Comer ofOC 

18,0C 19,0C20andOC21 OC19 oc 18 S4, 0C S5 and QC S6 beon; 
bears so• 3552' and East 90° - Soulh o• 34 76' and East 90° 
2378' from the NW Comer of OC55 OC56 S378' from lhe NW oomer of 
Section 12 TI SS R20E OC21 OC20 Section 12 T 15S R20E 

The Common Comer of OC 
OC58 

Tbe Common Comer of OC 
22, OC 23, OC 24 and QC 25 OC23 OC22 OC57 57, OC 58, OC 59 ond OC 60 
bears Sif 4752' and East 90° - bears Soulh 0° 4675' and East 
2409' from the NW Comer of OC59 OC60 90° 5408' from lhe NW oomer 
Section 12 Tl5S R20E OC25 OC24 of Section 12 TISS R20E 

The Common Comer of OC Ill< ,r ,v-

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 6J,OC62, QC63 and OC64 
bean SO- 5951' and East 900 - bears South o• 5S75' and East 
2439' from the NW Comer of 

OC63 OC64 90° 5439' from the NW comer 
Section 12 Tl 5S R20E OC29 OC28 of Section 12 TISS R20E 

The Common Comer of OC OC66 
The Common Comer of OC 

30, OC 31, OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
be8"' Sif 7151' and East 90° - bean South o• 7075' and East 
24 70' from the NW Comer of 

OC67 OC68 90° 5469' from the NW comer 
Section 12 Tl 5S R20E OC 33 OC32 of Section 12 Tl 5S R20E 

14 13 18 
"OC" lode claims 1- 10, & 34~7 were located on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims I 1-33 & 48-54 were located on November 13, 2009 and 0 I" ~2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in 1' Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z 11.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal t.11gs. All claims are Carson Citv. NV 89703 Drawn By: G.I.S. Land Setviccs 

600' by 1500' unless noted otheiwise. All bearings based on Surveyed By: T&T Exploration 
UTM North. San Bem.ardino BHse & Meridian. Datum: 1927 Proicction: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No. 2010001616 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 3 Lode Mining Claim in the following quarter section(s): 

¼ 
NW 

Section 
I 

Township 
15 South 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location)~ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monwnents are 1 ½" x 1 ½" x 4' wood posts. 

The _NE_ comer of this claim bears NORTH and ~ feet and bears East and~ feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ...12.. 1h day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: 1 ½" x I ½" x 4' wood 
monwnent with scribed metal tag. 

Lincoln Gold US Corp. 

By: - ~--:__,1&-.,...__.:;_~~ .__~,._-=~-
~ Agent / 
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! Tl4; R?OJ. I 14S R21E 
.,.. C n,..nr, 

T 15 S R21 E The Western Common Comer -ThcCommonComerofOC I, .. - --v~ 
OC 2, OC 3, and OC 4 bean OCI OC2 OC34 of QC 34 and OC 35 bean 
NO' 4845' and East 90' 2165' North o• 4883' and Eas1 90' -
from the SW comer ofSeclion 3664' from the SW comer or 
I Tl5SR20E OC3 OC4 OC35 Seclion 1 Tl 5S R20E 

The Common Come,-orOC 5 OC36 
The Common Cnm<:r orOC 

OC 6, OC 7, and 0C 8 bears OC5 OC6 OC37 36, QC 37, OC 38 and OC 39 
NO' 3645' and wt 90' 2195' bean North 0° 3 722' and East 
fnlm the SW comcrors,ction - 90° 5194' from lhc SW comer 
I TISSR20E OC7 OC8 OC39 OC38 of Section 1 Tl5S R20E 

The Southern Common 1 OC40 
The Common Comee ofOC 

2 Comcrof OC9 andOC 10 OC9 oc 10 OC41 40, OC 41 , OC 42 andOC 43 
bean NO' 2458' and East 90' - bears North o• 2522' and East 
2226' from lhc SW comer or 

OC43 OC42 6 90• 522S' from the SW come, 
Section I Tl 5S R20E ofSeclioo I Tl5S R20E 

OC44 
The Common Comer orOC 

OC45 44, OC 45, OC 46 and QC 47 

- bean; North 0° 1323' and East 

OC47 OC46 90' 5255' from the SW comer 
of Section I TI 5S R20E 

The Eastern Common Comer OC48 
The Western Common Comer 

of OC 11 andOC 12 bcors OCII of OC 48 and OC 49 bears 

NO' 4T Uld WI 90' 2287' 
. ., __ , n• 123' and East 90° 

rrom the SW comer ofScctinl.:: "/ OC49 5286' from the SW com« of 

I Tl5SR20E OCl2 Section I T 15S R20E 

The Eastern Common Comer ocso The Western Common Comer 
of QC 13 andOC 14 bear.< OC 13 ofOC 50 and OC 51 bean 
SO' 1153' and East 90' 23 I 7' - South o• I 077' and Eas1 90' 
from the NW corner of OCSl 53 l 6' from the NW comer of 
Section 12 T15S R20E OC 14 Section 12 Tl5S R20E 

The Common Corner of OC OC52 
The Western Common Comer 

15,QC 16aod0C 17bcars OC 15 12 ofOC 52 and OC 53 bean 
so• 2352' and East 90' 2348' - South o• 2276' and East 90' -
from the NW Comer of OC53 7 534T from the NW comer of 

11 Section 12 T15S R20E OC 17 oc 16 Section 12 TI 5S R20E 

The Common Comer of OC OC54 
The Common Coma of OC 

18, OC 19, QC 20 and OC 21 OC19 OCl8 54, 0C 55 and 0C 56 bean; 

bears Sil" 3552' and East 90° South o• 3476' and East 90' 
23 78' from the NW Corner of - 5378' from the NW comer of 
Section 12 Tl5S R20E OC21 OC20 OC55 OC56 Section 12 T15S R20E 

The Common Comer of QC OC58 
The Common Comer of OC 

22, OC 23, OC 24 and OC 25 OC23 OC22 OC:57 57, 0C 58, OC 59 and QC 60 
bears SO' 4752' and East 90° bears Souti, O' 4675' and East 
2409' from the NW Comer of - 90° 5408' from the NW comer 
Section 12 Tl 5S R20E OC25 OC24 OC59 OC60 of Section 12 TISS R20E 

The Common Comer of OC 1/>c --~~ 
26, QC 27, OC 28 and OC 29 OC27 OC26 OC:61 OC62 61,0C62,0C63 and OC64-
bears so• 5951' and East 90° bears South 0° S87S' and East 
2439' from the NW Comer of - 90° 5439' from the NW comer 
Section 12 TISS R20E OC29 OC:28 OC63 OC64 of Section 12 Tl SS R20E 

The Common Comr:r or OC OC66 
The Common Comer ofOC 

30, OC 31 , OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bears SO' 715 I' and East 90° bears South 0° 7075' and East 
24 70' from lhe NW Comer of - OC68 90° 5469' from the NW comer 
Section 12 Tl 5S RlOE OC33 OC 32 OC67 of Section 12 TISS R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale 1 :24000 
"OC" lode claims J 1-33 & 48-54 were located on November 13, 2009 and 0 1"=2000' 3000' 
"OC" lode claims 55--08 were located on November 14, 2009 in fl\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _Z 11 .dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv. NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyco By: T&T Exploration 
I JTM North. San Bernardino Ba•e & Meridian. Datum: 1927 Proicction: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001617 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 4 

¼ 
NW 
NE 

Section 
1 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and _l!L_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are I ½" x 1 ½" x 4' wood posts. 

The NW comer of this claim bears NORTH and ..AML feet and bears East and __ll&L feet from the SW 
Corner of Section 1, Township 1 S South, Range 20 East, S.B .B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this --11.. th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is I 2/ I 0/2009, and the description of monument are: I ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: 
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I Tl4S R?OP l '14S R21E 
'T'1£:" ....... - ....... 

T 15 S R21 E The Wcslcm Common Comer Tbe Common Comer ofOC I, ~ . ., _. ,.,__.,..,,1..., 

OC 2, OC 3, and OC 4 bears OCI OC2 OC34 ofOC 34 1111d OC 35 bean 
NO" 4845' and East 90° 2165' North 0° 4883' and Eut 90' 
from the SW comer of Section OC35 

3~' from the SW comer of 
I Tl5S R20E OC3 OC4 Section I Tl5S R20E 

The Common Comer of OC 5, 
OC37 OC36 

The Common Comer of OC 
OC 6, QC '7, end OC 8 bears ocs OC6 36, OC 3'7, OC 38 and OC 39 
NO" 3645' and East 90' 2195' - bears North 0° 3722' and East 
from the SW corner of Section 

OC39 OC38 90° 5194' from the SW comer 
I Tl5S R20E OC7 OC8 of Section I Tl5S R20E 

The Southern Commoo 1 OC40 
The Common Comer of OC 

2 Como, of OC 9 and OC 10 OC9 oc 10 OC41 40, OC 41, OC 42 and OC 43 
ban NO" 2458' and East 90• bears North o• 2522' and East 
2226' from the: SW comer of 

OC43 OC42 6 90° 5225' from the SW comer 
Section l Tl 5S R20E of Section I Tl5S R20E 

OC45 OC44 
The Common Comer of QC 
44, OC 45, OC 46 and OC 47 

- bcars North 0° 1323' and East 

OC 47 OC46 90° 5255' from the SW corner 
of Section I Tl5S R20E 

The Eastern Common Comer OC48 
The Wes tern Common Comer 

of QC 11 and OC 12 bcaB OC 11 ofOC 48 and OC 49 bcars 

NO' 47' and East 90' 2287' ' - "-~• n• , 21' and &st 90' 

rrom tile SW comer ofScctiol>: ~ OC49 S286' from the SW comer of 
I Tl5S R20E oc 12 Section I T 15S R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of QC 13 andOC 14 bcars oc 13 of OC 50 and OC 51 bears 
so• I 153' and East 90• 2317' - South o• I 077' and East 90' 
from the NW comer of - OC51 5316' from the NW comer of 
Section l2 Tl5S R20E OC 14 Section 12 TISS R20E 

The Common Comer of OC OC52 
TilC Western Common Comer 

15,0C l6andQC 17bcars oc 15 12 ofOC 52 and OC 53 bears 
SO" 2352' and East 90° 2348' - South 0° 2276' and East 90' -from the NW Comer of OC53 7 5347' from the NW comer of 

11 Section 12 Tl 5S R20E oc [7 OC 16 Section 12 TISS R20E 

The Common Comer of OC OC54 
The Common Comer of OC 

18, OC 19, OC 20and0C 21 OC19 oc 18 54, OC 55 and OC 56 bears 
bears so• 3552' and East 90' - South o• 3476' 1111d East 90' 
2378' from the NW Comer of 

OC55 OC56 5378' from \he NW comer of 
Section 12 TI 5S R20E OC21 OC20 Section 12 TI SS R20E 

The Common Comer of OC 
OC58 

The Common Comer of QC 
22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
bean so• 4752' and East 90' - bears Soulh 0' 4675' and East 
2409' from the NW Comer of - 90" 5408' from the NW comer 
Section 12 Tl 5S R20E OC25 OC24 OC59 OC60 of Section 12 Tl 5S R20E 

The Common Comer of OC ·--
OC62 

Tlic ,v,... ~,. _ 

26, QC 27, OC 28 and OC 29 OC27 OC26 OC61 61, OC 62, 0C 63 and OC 64 
bears so• 5951' and Ea.st 90° - bean South 0° 5875' and East 
2439' from the NW Comer of 

. 
90° 5439' from \he NW comer 

Section 12 Tl5S R20E OC29 OC28 OC63 OC64 of Section 12 Tl5S R20E 

The Common Comer of OC 
OC66 

The Common Comer of OC 
30, QC 31, OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bcars SO' 7151' and East 90° bears South 0° 7075' and wt 
24 70' from the NW Corner of 

OC32 OC67 OC68 90° 5469' from the NW comer 
Section 12 TL5S R20E OC33 of Section 12 TISS R20E 

14 13 18 
"OC" lode claims 1- 10 & 34-47 were located on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1"=2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in lj\ Se,;tions I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims 1,mperial County, California 

Notes: Imperial County, California 

Location Monuments are set IO' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl Ldwg 

noted otherwise, All location and comer monuments are 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703' Drawn By: GJ.S. Land Services 
600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UTM Nonh. San Bernardino Rase & Meridian. Datum: 1927 Proieclion: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001618 

To correct a typographical error in the Meridian to S.B.B.&M. 

2/02/2010 
9:58 AM 
IV 

Pages: 2 

10.00 

0.00 
1.50 

s-11.s0 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 5 

¼ 
NW 

Section 
I 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument oflocation) ___!Q_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are I ½" x I ½" x 4' wood posts. 

The~ comer of this claim bears NORTH and _1ML feet and bears East and--2.l.2l_ feet from the SW 
Corner of Section I, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this --11. 1h day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
l. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/ 10/2009, and the description of monument are: I ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: ---~~-----------,,'l,!"./--=~--,........,_,,,-~"'-"----
H. ~Agent I 
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.. 

I Tl4S R')OF I '14S R21E 
'T' I r ~ -n ",_...., 

T 15 S R21 E The Wcslem Common Comer The Common Comer of OC I, ~ ~.., ..... ~,JI,:i 

OC 2, OC 3, and OC 4 bcars OCI OC2 OC34 ofOC 34 and OC 35 bear, 

N0° 4845' and East 90° 2165' Nortb o• 4883' and East 90° 
from the SW comer ofSeclion 

OC35 
3664' from the SW comer of 

I TISS R20E OC3 OC4 Section I Tl 5S R20E 

The Common Comer ofOC 5, OC36 
The Common Comer ofOC 

0C 6, OC 1, and 0C 8 bears OC5 OC6 OC37 36, QC 37, QC 38 and QC 39 
NO" 3645' and Ea>t 90" 2195' - bears North 0° 3 722' and East 
from the SW comer of Section 

OC39 OC3ll 90° 5194' from the SW comer 
I Tl5SR20E OC7 ocs of Section I Tl 5S R20E 

The Southern Common 
1 OC40 

Tbe Common Comer of QC 
2 Comet or OC 9 and QC lO OC9 0C 10 OC41 40, 0C 41,QC 42 and OC 43 

hcan NO" 2458' and East 90° bears North 0° 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90° 5225' from lhc SW comer 
Section I Tl5S R20E of Section I TI 5S R20E 

OC44 
The Common Comer of QC 

OC45 44, QC 45, 0C 46 and QC 47 

- bears North 0° 1323' and East 

OC47 OC46 90° 5255' from the SW comer 
of Section I Tl5S R20E 

Tbe Eastern Common Comer OC48 
The Wcslem Commoo Comer 

of QC 11 and QC 12 bears OCII of OC 48 and OC 49 beam 

NO" 47' and East 90' 22R'1' r, - ''--•'M t1)'andEast 91)" 

trom lhe SW comer of Scctiob: r,, OC49 5286' from th.e SW comer 01 
I TISS R20E oc 12 Section I Tl5S R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of OC 13 and OC 14 bears OC 13 of QC 50 and QC 51 bears 
SO" 1153' and East 90° 2317' - South 0° l077' and East 90° 
from \he NW comer of 

~ 5316' from \he NW comer of 
Section 12 Tl5S R20E OCl4 

OC51 
Section 12 Tl5S R20E 

The Common Comer of QC OC52 1bc Western Commoo Comer 
15, QC 16 and QC 17 bcars OC 15 12 ofOC 52 and QC 53 bw-s 
so• 2352' and East 90° 2348' South 0° 2276' and East 90° 
from \he NW Corner of OC53 7 5347' from the NW comer of 

11 Section I 2 Tl 5S R20E OC 17 OC16 Scctioo 12 Tl5S R20E 

The Common Comer of QC OC54 
The Common Comer of QC 

18,QC l9,0C20andQC21 OC 19 oc 18 54, OC 55 and OC 56 bears 
bears SC° 3552' and East 90° South o• 3476' and East 90" 
2378' from lhe NW Comer of 

OC55 OC56 S378' from lhc NW comer of 
Section 12 Tl5S R20E OC21 OC20 Section 12 Tl5S R20E 

The Common Comer of QC 
OC58 

The Common Comer of OC 
22, QC 23, QC 24 and OC 25 OC23 OC22 OC57 S7, OC 58, OC 59 and OC 60 
bears so• 4 752' and East 90° - bean; South 0° 467 5' and East 
2409' from the NW Comer of 

OC59 OC60 90° S408' from \he NW comer 
Section 12 TI 5S R20E OC25 OC24 of Section 12 Tl5S R20E 

The Common Comer of QC The · - ~ 

26, QC 27, QC 28 1nd OC 29 OC27 OC26 OC61 OC62 61, QC 62, QC 63 and QC 64-
bcani so• 5951' and East 90° - bears South o• 5875' and East 
2439' from the NW Comer of - 90° 5439' from the NW comer 
Section 12 T 15S R20E OC29 OC28 OC63 OC64 of Section 12 T 15S R20E 

The Common Corner of QC 
OC66 

The Common Com<r of OC 
30, OC 31, OC32 and QC 33 OC31 OC30 OC65 65, oc 66, OC 67 and oc 68 
bean so• 7151' and East 90" - bear.i Soulh o• 7075' ond East 
24 70' from lhc NW Comer of 

OC67 OC68 90" S469' from the NW corner 
Section 12 TISS R20E OC33 OC32 of Section 12 Tl5S R20E 

14 13 18 
"OC" lode claims 1-10 & 3447 were loca1cd on November 12, 2009 and 

N Scale 1 :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in If\ Sections 1 & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl L.dwg 

noted otherwise. All location and comer monwnents are 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T & T Explo111tion 
UTM North_ San .Bernardino Base & Meridian. Datum: 1927 Proieclion.: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No. 2010001619 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 6 Lode Mining Claim in the following quarter section(s): 

¼ 
NW 
NE 

Section 
I 

Township 
15 South 
15 South 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and __.lQ_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The~ comer of this claim bears NORTH and __lML feet and bears East and -212.L feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ...ll.. th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the corner of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: I ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: _______,,.c;.~~--.LZZ-· ~~-
~~ 
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I T148 R?OF l 14S R2IE 
., I:~...,.,."- T 15 S R21 E The Wc.<tcm Common Com,r The Common Comer of QC 1, 4 ~ _, i~UU 

QC 2, QC 3, and QC 4 hears OCI OC2 OC34 of QC 34 and QC 35 bcars 
No• 4845' and East 90• 2165' - North o· 4883' and East 90° 
from thc SW comer of Section 

OC35 
3664' from lhe SW comer of 

I TISSR20E OC3 OC4 Section 1 Tl 5S R20E 

The Common Comer of QC 5, 
QC 6, QC 7, and QC 8 bean; OC5 OC6 OC37 OC36 

The Common Comer of OC 
36, QC 37, QC 38 and QC 39 

N0° 3645' and East 90° 2195' - bears North 0° 3722' and East 
from lhc SW comor of Section 

. 
90° 5194' from tbe SW comer 

I TISSR20E OC7 ocs OC39 OC38 
of Section I Tl 5S R20E 

The Southern Common 1 OC40 
The Common Comer of QC 

2 Comer of QC 9 and OC 10 OC9 OC JO OC41 40, QC 41, OC 42 and OC 43 
bean! NO" 2458' and East 90° bcars North O" 2522' 1111d East 
2226' from the SW comer of 

OC43 OC42 6 90° 5225' from 1bc SW com,r 
Section I Tl 5S R20E of Section I Tl5S R20E 

OC44 
The Common Comer of OC 

OC45 44, QC 45, QC 46 and QC 47 
- bcars Nonh 0° 1323' and East 

OC47 OC46 90° 5255' from the SW comtr 
of Section I TISS R20E 

The Eastern Common Comer OC48 
The Wc.stem Common Comer 

of QC 11 and QC 12 bcars OC 11 of QC 48 and OC 49 hears 

ND° 47' and East 90° 2287' ,-, 
- ~-~~ ~• 123' and wt 90° 

trom lhe SW comer ofSectioll:: :/ OC49 5286' from the SW comer of 

1 Tl5S R20E OC12 Section 1 TI 5S R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of QC 13 and OC 14 hcars OC 13 ofOC 50 and OC 51 bcars 
so• 1153' and Eost 90• 2317' South 0° 1077' and East 90° 
from the NW comer of - 5316' from the NW corner of 
Section 12 T 1 5S R20E OC14 

OC51 
Section 12 Tl 5S R20E 

The Common Comer of QC OC52 
The Wc.<tem Common Comer 

15, OC 16 and QC 17 beais OC 15 12 ofOC S2 and 0C 53 hcars 
so• 2352' and East 90• 2348' - Soulh o• 2276' and East 90° -fron, tbc NW Comor or OC53 7 5347' fro,n the NW comer of 

11 Section 12 TISS R20E OC 17 oc 16 $~ion 12 Tl 5S R20E 

The Common Corner of OC OC54 
The Common Comer or OC 

18,QC 19,0C20andOC21 OC19 oc 18 S4, OC 55 and OC 56 hcars 
bears SO" 3552' and East 9D° - South 0° 3476' and East 90° 
2378' from the NW Comer of 

OC55 OC56 5378' from the NW comer of 
Section 12 Tl5S R20E OC21 OC20 Section 12 Tl5S R20E 

The Common Comer of OC ocss The Common Comer of QC 
22, OC 23, QC 24 and OC 25 OC23 OC22 OC57 57, OC 58, 0C 59 and 0C 60 
bears SO" 4 752' and East 90• - bear.; South 0° 4675' and East 
2409' from the NW Comer of - 90° 5408' from lhe NW corner 
Section 12 TI 5S R20E OC25 OC24 OC59 OC60 of Section 12 Tl5S R20E 

- - -
The Common Comer of OC 

OC62 
)"" 

26, 0C 27, OC 28 and OC 29 OC27 OC26 OC61 61, OC 62, OC 63 and OC M 
bean SD° 5951' and East 90° bean; Soulh o• 5875' and Easl 
2439' from the NW Comer of - 90° 5439' rrom !he NW comer 
Section 12 Tl5S R20E OC29 OC28 OC63 OC64 of Section 12 Tl 5S R20E 

The Common Comer of QC 
OC66 

The Common Comer ofOC 
30, OC 3 I, OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and QC 68 
bear, SD° 7151' and East 90° - beo5 Soulh 0° 1015' and East 
2470' from the NW Comer of 

OC67 OC68 90° 5469' from lhe NW comer 
Section 12 Tl 5S R20E OC33 OC32 of Section 12 Tl5S R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on Novembe((i°, 2009 and 

N Scale l :24000 
"OC" lode claims I 1-33 & 48-54 were located on November 13, 2009 and 0 ]" = 2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in if\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sco1ions 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z I I .dwg 
noted otheiwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.l.S. Land Services 
600' by 1500' unless noted otheiwise. All bearings based on Surveyed By: T&T Exploration 
UTM North. San Bernardino Base & Meridian. Datum: 1927 Proicction: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001620 

To correct a typographical error in the Meridian to S.B.B.&M. 

2/02/2010 
D:58 AM 

IV 

Pages: 2 

10.00 

0.00 

1.5@ 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the QC 7 

¼ 
NW 

Section 
I 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) _lQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The NE comer of this claim bears NORTH and -1§il... feet and bears East and ...1.fil_ feet from the SW 
Comer of Section I, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this _J,l_ th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: 1 ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: - - ~~------,,;-_-/~-..-7=·~-
H. ~~ ~ 
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I 
The Common Corner ofOC I, 
OC 2, OC 3, and OC 4 bean 
NO" 4845' and East 90" 2165' 
from \he SW comer of Section 
I T\5SR20E 

The Common Comer ofOC 5, 
OC 6, 0C 7, and OC 8 bears 
NO" 3645' and East 90° 2195' 
fi'om the SW comer of Section 
I Tl5SR20E 

Tl4~ R10F. 
'T'1 ~ ... ....... AT 

...__ .... - ~ ... '--vu 
OC I OC2 

OC3 OC4 

OC5 OC6 

OC7 OC8 

l 

OC34 

OC35 

OC37 

OC39 

T14SIDIE 
T 15 S R2 l E The Western Common Coma 

ofOC 34 and OC 35 bears 
North 0° 4883' and F.ast 90" 
3664' from the SW com..- of 
Section I Tl5S R20E 

OC36 

OC38 

The Common Comer of OC 
36, OC 37, OC 38 and OC 39 
bean North o• 3722' and East 
90' 5 I 94' from the SW comer 
of Section I TI 5S R20E 

The Soulhan Common The Common Comer of OC 
2 Comer af OC9andOCI0 OC9 1 OC 10 0C41 OC 40 40,0C4l,OC42andOC43 

- -NO' 2458' and East 90• ll===t===;;;;;;-=~-======-+----➔-~----, bears North O" 2522' and !last 
2226' from the SW comer of OC 42 6 90' 5225' from the SW comer 
Section I Tl5S R20E 0C 43 ofSectioa I Tl5S R20E 

The Easlffll Common Comer 
of 0C 11 and 0C 12 bears 
NO" 41' and East 90" 2281' /', 
trom the SW corner ofSeclio~~ 
1 Tl5S R20E 

The Eastern Common Comer 
of OC 13 and OC 14 bears 
so• 1153' and East 90• 2311' 
from lhe NW comer of 
Section I 2 T 15S R20E 

OC II 

oc 12 

oc 13 

0C 14 

OC45 

OC47 

-

OC44 

OC46 

OC48 

OC49 

OC50 

OC51 

The Common Comer of OC 
44, OC 45, QC 46 and OC 47 
bears North O" 1323' and East 
90' 5255' ti-om the SW corner 
of Section I Tl5S R20E 

The Western Common Corner 
ofOC 48 and OC 49 bears 
"--

0 r.• l'tl' and Eas, 90' 
5286' from the 'irW comer of 
Section I Tl5S R20E 

The Wes~ Common Comer 
of QC 50 and OC 51 bears 
South o• I 071' and East 90• 
5316' from the NW comer of 
Section 12 T\5S R20E 

The Common Comer of OC OC 52 The Western Common Comer 
15, OC 16 and 0C 17 beu& QC 15 12 ofOC 52 and QC 53 bears 
SO' 2352' and East 90• 2348' ll====l;;;:===::::w;l::::==:= =-,------i-.;-----7 S011th0° 2276' and East 90' 
from lhe NW Corner of ~ OC 53 7 5341' from the NW comer of 11 Section 12 Tl5S R20E 0C 17 0C 16 Section 12 Tl5S R20E 

The Common Corner of OC 
18, OC 19, OC 20 and QC 21 
bean SO' 3552' and East 90° 
23 78' from \he NW Corner of 
Section 12 TI 5S R20E 

The Common Comer of OC 
22, OC 23, QC 24 and QC 25 
bears so• 4752' and East 90" 
2409' from the NW Corner of 
Section 12 Tl5S R20E 

The Common Comer of OC 
26, OC 27, OC 28 and OC 29 
bears so• 5951' and East 90' 
2439' from the NW Comer of 
Seciion 12 Tl5S R20E 

The Common Comer of OC 
30, 0C 31, OC 32 andOC 33 
bean SO" 7151' and East 90° 
24 70' from the NW Comer of 
Section 12 Tl 5S R20E 

14 

OC19 

OC21 

OC23 

OC25 

OC27 

OC29 

OC31 

OC33 

oc 18 

OC20 

OC22 

OC24 

OC26 

OC28 

OC30 

OC32 

13 

OC55 

OC57 

OC59 

OC6I 
--

OC63 

OC65 
--

OC67 

OC54 

OC56 

OC58 

OC60 

OC62 

OC64 

OC66 

OC68 

18 

The Common Corner of OC 
54, OC 55 andOC 56 bears 
South 0' 3476' and East 90° 
53 78' from lhe NW comer of 
Section 12 Tl5S R20E 

The Common Comer of OC 
57, QC 58, QC 59 and OC 60 
bears South 0° 4675' and East 
90" 5408' from the NW comer 
of Section 12 Tl5S R20E 

lhc .,nr 
61, QC 62, OC 63 and QC 64 
bears South o• 5875' and East 
90" 5439' from the NW comer 
of Section 12 Tl5S R20E 

The Common Comer of OC 
65, OC 66, OC 67 and OC 68 
bears South 0° 7075' and East 
90" 5469' from the NW comer 
ofSeclion 12 Tl5S R20E 

"OC" lode claims 1-10 & 34--47 were located on November 12, 2009 and 
"OC'' lode claims 11-33 & 48-54 were located on November 13, 2009 and 
"OC" lode claims 55~8 were located on November 14, 2009 in 

N o 

f1\ 
Scale 1:24000 

I" =2000' 3000' 

Sections I & 11-14 Township 15 South Range 20 East and in 
Sections 6, 7, & 18 Township JS South Range 21 East in 
lmpcriaJ County, California 

Notes: 
Location Monuments are set 10' from claim end lines unless 
noted otherwise. All location and comer monuments are 2" X 
2"X 4' wooden posts with scribed metal tags. All claims are 
600' by 1500' unless noted otherwise. All bearings based on 
UTM North. San Bemllf'dino Base & Meridian. 

FEET 

Location Map for OC 1-68 Lode Claims 
lrooerial County, California 

Lincoln Gold US Corp OC_Claims_N27_ZI 1.dwg 
325 Tahoe Drive January 28, 2010 

Carson Citv NV 89703 Drawn By: G.l.S. Land Services 
Surveyed By: T&T Exploration 

Datum: 1927 Projection: UTM Zone 11 Units: Feet 
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RECORDING REQUESTED BY AND MAIL TO: 

Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89703 

Recorded in Olficilll Records, lmperiol Counly 

Dolores Provencio 
County Clerk I Recorder 

P Public 

Doc#: 2010-003180 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No. 2010001621 

Titles: 1 

Fees 
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PAID 

To correct a typographical error in the Meridian to S.B.B.&M. 

2/02/2010 
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IV 

Pages: 2 

10.00 

.i.00 

l.50 

$] l. 50 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC__8__ Lode Mining Claim in the following quarter section(s): 

¼ 
NW 
NE 

Section 
I 

Township 
15 South 
IS South 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) _J490 feet in a East direction and _jQ_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
corner monuments are I ½" x I ½" x 4' wood posts. 

The NW corner of this claim bears NORTH and __1ML feet and bears East and -112.L_ feet from the SW 
Comer of Section I, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ..Jl. 11, day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
I. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each corner monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: l ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 
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l Tl4', R"OF I 14S R21E ., ,, -.,.:....-..-
T 15 S R21 E The Western Common Comer The Common Comer of OC l, 4 • - ,.......,v,_, 

OC 2, 0C 3, and OC 4 bears OCI OC2 OC34 of OC )4 and OC 35 bears 
N0° 4845' and East 90' 2165' North 0° 4883' and East 90° 
from the SW comer ofSoction 

OC35 
3664' from lhe SW comer of 

I T15S R20E OC3 OC4 Section l Tl5S R20E 

The Common Comer ofOC S, OC36 
The Co1DD1on Comet of OC 

OC 6, oc 7, and OC 8 bears OC5 OC6 OC37 36, OC 37, OC 38 and OC 39 
NO' 3645' and wt 90" 2 l 95' bears North 0° 3722' and East 
from lhc SW comer ofSccrion 

OC39 OC38 90° S l 'J4' from the SW comer 
l TlSS R20E OC7 ocs ofSoction I TISS R20E 

The Southern Common 1 OC40 
Tno Common Comer ofOC 

2 Comer or OC 9 and oc 10 OC9 OC 10 OC41 40,0C41,0C42 and0C43 
bwt NO" 2458' and Easl 90° bean North O' 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90° 522S' from die SW corm, 
Section l TISS R20E of Socliou 1 TlSS R20E 

OC44 
The Common Comer of OC 

OC45 44, OC 45, OC 46 and OC 47 
. bears North 0° 1323' and Ea,1 

OC47 OC46 90' S2S5' from the SW comer 
ofSoction I TlSS R20E 

The Eastern Common Comer OC48 The W,.tem Common Comer 

of OC II and OC l 2 bears OCll of OC 48 and OC 49 bean; 

NO' 4 T 1111d Ea.11 90" 22.81' ' 
., __ , no '21' and Et.<1 90' 

trom lhc SW comer of Scctiol\ ~ OC49 Sl86' from the SW comer of 

I Tl5S R20E oc 12 Soction I TI 5S R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of OC 13 and OC 14 bcars OC 13 of 0C 50 and 0C 5 I bears 

so· I I 53' and East 90' 2) I 7' - South 0° I 071 and East 90° -from the NW comer of OC5I 5316' from the NW comer of 
Section 12 Tl 5S R20E OC 14 Section 12 Tl 5S R20E 

The Common Comer of OC OC52 
The Western Common Comer 

15, 0C 16and OC 17 bears OC 15 12 of OC 52 and OC SJ bears 
so• 2352' and East 90' 2348' - Soulh 0° 2276' and East 90° 
from the NW Comer of OC53 7 5347' from the NW comer of 

11 Section 12 Tl 5S R20E OC 17 OC16 Section 12 TISS R20E 

The Common Comer of QC OC54 
The Common Comer of OC 

18, OC 19, OC 20 and QC 21 oc 19 oc 18 54, OC 55 and OC 56 bears 
bears SO' 3552' and East 90° . South o• 3476' and East 90' 
23 78' from the NW Comer of 

OC55 OC56 5378' from lhe NW corner of 
Section 12 T 15S R20E OC21 OC:20 Soction 12 Tl 5S R20E 

The Common Comer of OC OC58 
The Common Comer of OC 

22, OC 23, OC 24 and OC 25 OC23 OC:22 OC57 57, OC 58, OC 59 1111d OC 60 
bcacs so• ◄752' and East 90' bears South 0° 4675' and East 
2409' from the NW Corner of 

OC24 OC59 OC:60 90" 5408' from the NW comer 
Section 12 T 15S R20E OC25 of Soctioo 12 Tl 5S R20E 

The Common Comer of OC OC62 inc IPUH --

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 61, 0C 62, OC 63 andOC 64 
bcacs SO' 595 I' and East 90° bears South o• 5875' and East 
2439' from the NW Comer of OC63 OC64 90° 5439' from lhe NW comer 
Section 12 Tl 5S R20E OC29 OC28 of Section 12 T 15S R20E 

The Common Comer of QC OC66 
The Common Comer of OC 

30, OC 31 , OC 32 and QC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bean, SO' 7151' and East 90° - bears South o• 7075' and East 
2470' from the NW Comer of 

OC67 OC68 90° 5469' from the NW comer 
Section 12 TISS R20E OC:33 OC32 of Section 12 Tl SS R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 l" =2000' 3000' 
"OC" lode claims 55-{i8 were located on November 14, 2009 in 1' Sections I & 11-14 Township l 5 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set I 0' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl 1.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.l.S. Land Services 

600' by 1500' unlel!s noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UTM North. San Bernardino B~e & Meridian. Datum: 1927 Proicction: UTM Zone 11 Units: Feet 
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Ut'"",.,, MUU'I'"' av• .&.""""·--· ., _..,.., 

NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No. 2010001622 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 9 

¼ 

NW 
SW 

Section 
I 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument oflocation) _J_Q_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are I ½" x 1 ½" x 4' wood posts. 

The _sg_ corner of this claim bears NORTH and ~ feet and bears East and 2226 feet from the SW 
Corner of Section I, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this _n_ th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each corner monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: 1 ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 
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,., 

I Tl4S R'JOF I 14S R21E 
.,.., ,:n n"A-

T 15 S R2 l E The Wcslcrn Common Comer The Common Corner of QC I, ~ ~ _, v..l~V.._, 

OC 2, QC 3, and QC 4 bears OCl OC2 OC34 of OC 34 and DC 35 bean 
NO' 4845' and East 90° 2165' North o• 4883' and l!ut 90° 
from the SW comer of Section OC35 

3664' from the SW comer of 
I Tl5S R20E OC3 OC4 Section I T 15S R20E 

The Common Comer of OC , , 
OC36 

The Common Comer of QC 
QC 6, QC'· aod OC 8 bears ocs OC6 OC37 36, OC 37, QC 38 and QC 39 
NO' 3645' and East 90' 2195' bears North 0° 3 722' and East 
from the SW comerofs«lion - 90° S 194' from the SW comer 
I TISSR20E OC7 OC8 OC39 OC38 of Section 1 TISS R20E 

The Southern Common 1 OC40 
The Common Comer of QC 

2 ComerofQC9andQC10 OC9 OCI0 OC41 40, QC 41, QC 42 and QC 43 
bean NO' 2458' and East 90' bcars North o• 2522' and Ea>t 
2226' from the SW comer of 

OC43 OC42 6 90' S225' from the SW comer 
Section 1 Tl SS R20E ofScctillll I TISS R20E 

OC44 
The Common Comer of QC 

OC45 44, OC 45, OC 46 and OC 47 
- bCAni North 0° 1323' 1111d East 

OC47 OC46 90° S15S' from the SW comer 
of Section 1 TlSS R20E 

The Eastern Common Comer OC48 
The Western Common Comer 

of 0C 11 1111d QC 12 bears OCII of QC 48 1111d OC 49 bcars 

NO' 4 7' llld w t 90"
0

2231' r. - ""-~,"' •ll' and East 90• 

rrom the SW comer ofScctio1' ~ OC49 5286' from the SW comer of 

1 TISS R20E OCl2 Section I Tl5S R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of QC 13 and QC 14 bears OC 13 of QC 50 and OC Sl bears 
so• 1153' and East 90• 2317' - South 0° I 077' and East 90" 
from the NW comet of OC51 5316' from the NW comer of 
Section 12 Tl SS R20E OC 14 Section 12 Tl5S R20E 

The Common Comer of OC OCS2 
The Wcslcrn Common Comer 

15, QC 16 and QC 17 bcars OC 15 12 of QC 52 and QC S3 bears 
so• 2352' and East 90• 2J48' - South o• 2276' and East 90' 
from the NW Comer of OC53 7 5347' from the NW comer of 

11 Section 12 Tl 5S R20E OC 17 oc 16 Section 12 TISS R20E 

The Common Comet of QC OC54 The Common Comer of DC 
18,QC 19,QC20andQC21 oc 19 oc 18 54, OC 55 and OC 56 bcars 
bears SO" 3S52' and East 90' - South 0° 3476' and East 90' 
2378' from the NW Comer of - SJ 78' from the NW comer of 
Section 12 Tl 5S R20E OC21 OC20 OC55 OC56 

Section 12 Tl 5S R20E 

The Common Comet of OC OC58 
The Common Comer of OC 

22, OC 23, OC 24 and OC 25 OC23 OC22 OC51 57, OC 58, QC 59 and QC 60 
bears so• 4752' and East 90" - bears South 0° 4675' and East 
2409' from the NW Comer of 

OC59 OC60 90" 5408' from the NW comer 
Section 12 T 15S R20E OC2S OC24 of Section 12 Tl5S R20E 

Tbe Common Comer of OC Tile 
- ·~ 

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61, QC 62, OC 63 and OC 64 
beats SO' 5951' and East 90" . bears South o• 5875' and East 
2439' from !he NW Corner of 

OC63 OC64 90° 5439' from the NW comer 
Section 12 Tl SS R20E OC29 OC28 ofScction 12 Tl5S R20E 

The Common Comer of OC 
OC66 

The Common Comer of OC 
30, OC 31, OC 32 and QC 33 OC31 OC30 OC65 65, QC 66, OC 67 and QC 68 
bears SO' 71 SI' and East 90' - bears South 0° 7075' and East 
24 70' from the NW Cornet of - 90" 5469' from !he NW corner 
Section 12 Tl 5S R20E OC33 OC32 OC67 OC68 

of Section 12 T15S R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale 1 :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1"=2000' 3000' 
"OC'' lode claims 55-68 were located on November 14, 2009 in 1' Stotions 1 & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_ Claims_N27 _ ZI l.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 20 I 0 

2 "X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Swveyed By: T&T Exploration 
UTM North . San Bernardino Base & Mcrldion. Datum; 1927 Proicction: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001623 

To correct a typographical error in the Meridian to S.B.B.&M. 
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Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 10 

¼ 
NW 
NE 
SW 
SE 

Section 
I 

Township 
15 South 
15 South 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument oflocation) 1490 feet in a East direction and --1.!L.. feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
corner monuments are 1 ½" x 1 ½" x 4' wood posts. 

The~ comer of this claim bears NORTH and 2458 feet and bears East and 2226 feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ...12..."' day ofNovember, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: 1 ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: - -~-=--. -.,;........,i,,c.~-g~-A"""'ge'-nt.-m:::z::7=.-?c...c....._-
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! Tl4S R'JOF '14S R21E 
'1'1 t: .. -n.--- T 15 S R21 E The Wcslcm Common Comer 

-
The Common Comer of OC I , ~ A ~ ....... v ..... 

OC 2, OC 3, and OC 4 bears OCI OC2 OC34 of OC 34 and OC 3S bears 
Nil" 4845' and East 90" 2165' North 0° 4883' and East 90• 
from lhc SW comer or Section OC35 

3664' from lhe SW come, of 
I Tl5S R20E OC3 OC4 Section I Tl SS R20E 

. 
The Common Comer of OC S, The Common Comer of OC 
OC 6, OC 7, and OC 8 bears OC5 OC6 OC37 OC36 36, OC 37, OC 38 and OC 39 
NO• 3645' and East 90° 2195' bears North O" 3722' and East 
from the SW comer ofs«tk>n OC39 OC38 90° 5194' from the SW comer 
I Tl5S R20E OC7 OC8 of Section 1 TISS R20E 

The Soulhcm Common 1 OC40 
The Common Comer of OC 

2 Comer of OC 9 and OC 10 OC9 OCI0 OC41 40, OC 41, OC 42 and OC 43 
bears N0° 2◄58' and East 90° - bears North 0° 2S22' and East 
2226' from the SW comer of 

OC43 OC42 6 90' 5225' from the SW com<z: 
Section 1 Tl 5S RlOE of Section 1 TI SS R20E 

OC44 
The Common Corner ofOC 

OC45 44, OC 45, OC 46 and OC 47 
bears North 0° 1323' and East 

OC47 OC46 90" 5255' from the SW corner 
of Section I Tl 5S RlOE 

The Eastern Common Comc:r OC48 
The W~lern Common Comer 

of OC 11 and OC 12 bears OCII ofOC 48 and OC 49 bears 

NO• 47' and w t 90• 228'7' I 
- •• -• , n• ,,, , and East !IO' 

trom the SW comer ofSccliol> i::;t OC49 5286' from the SW comer or 
1 Tl5S R20E OCl2 Section 1 Tl 5S R20E 

The Ea.stem Common Comer OC50 
The Western Common Comer 

of OC 13 and OC 14 bears 0C 13 ofOC50andOC 51 bcars 
SO" 1153' and East 90° 23 17' - Sooth 0' I077' and East 90' 
from the NW comer of OC51 5316' from the NW comer of 
Section 12 Tl5S RlOE OC 14 Section 12 TISS R20E 

The Common Comer of OC OC52 
The Western Common Comer 

15, QC 16 and QC 17 bcars OC 15 12 of QC 52 and QC 53 bears 
SO" 2352' and East 90' 2348' - Soulh 0° 2276' and Easl 90° 
from the NW Comer of OC 53 7 5347' from lhe NW comer of 

11 Section 12T I SS R20E 0C 17 OC 16 Section 12 TI SS R20E 

The Common Comer of 0C OC54 
The Common Comer ofOC 

18, QC 19, OC 20 and OC 21 OC 19 oc 18 54, 0C 55 and 0C 56 bears 
bears so· 3552' and East 90• - South 0° 3476' and East 90' 
23 78' from the NW Corner of - 5378' from the NW comer of 
Section 12 TISS RlOE OC21 OC20 OC55 OC56 

Section 12 Tl 5S RlOE 

The Common Comer of OC OC58 
The Common Comer ofOC 

22, oc 23 , QC 24 and OC 25 OC23 OC22 OC57 S1, QC SS, OC 59 and OC 60 
bcars SO" 4752' and East 90" - bears South o• 4675' and East 
2409' from the NW Comer of - 90" S408' from lhe NW comer 
Section 12 Tl SS R20E OC25 OC24 OC59 OC60 of Section 12 TISS R20E 

- - -Too Common Coma- of OC 
OC61 OC62 

, .. _ -
26, 0C 27, QC 28 and OC 29 OC27 OC26 61, OC 62, OC 63 and OC 64 
bears SO" 5951' and East 90° - bears South 0° 5875' and East 
2439' from the NW Comer of - 90° 5439' from lhe NW comer 
Section 12 Tl SS R20E OC29 OC28 OC63 OC64 of Section 12 TISS R20E 

The Common Coma- of OC 
OC66 

The Common Comer ofOC 
30, 0C 31, QC 32 andOC 33 CC31 OC30 OC65 65, OC 66, 0C 67 and OC 68 
bears SO" 715 I' and East 90° - - bears Soulh o• 7075' and East 

24 70' from the NW Comer of - 90° 5469' from the NW comer 
Section 12 Tl5S R20E OC33 OC32 OC67 OC68 

of Section 12 Tl5S RlOE 

14 I ... . 18 ) 
1"0C" lode claims 1-10 & 344-7 were localed on Nwemb~ 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 wer-- 1oei1ta1 on November 13, 2009 and 0 l" = 2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in If\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sec1ions 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial Count)', California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z 11 .dwg 

noted otherwise_ All location and comer monuments are 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV RQ703 Drawn Dy: G.l.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Siuveycd By: T&T Exploration 
UTM North . San Bernardino Base & Meridian. Datum: 1927 Proicct ion: UTM Zone 11 Units: Feet 
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RECORDING REQUESTED BY AND MAIL TO: 

Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89703 

Recorded In Offlcllll Records, Imperial Counly 
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County Clerk/ Recorder 

P Public 

Doc#: 2010-003183 

1111111111111 

Titles: 1 

Fees 

Ta><es 

Other 

PF'\ID 

NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No, 2010001624 

To correct a typographical error in the Meridian to S.B.B.&M. 

2/02/2010 
9:58 AM 
IV 

Pages: 2 

10.00 

0.00 

1.50 

'Iii 1.50 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 11 

SW 
NW 

Section 
I 

12 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and _JQ_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The -.SL corner of this claim bears NORTH and ~ feet and bears East and 2287 feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this .J..l th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each corner monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: I ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: --H~-...,_o,..___..,~.-g~-A~g~en.....,,t ..-.c,c,7=---.---
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I Tl4', "R?()F I T4SR2lE 
T1 r ~ n,., ~-

T 15 S R21 E Tbe Wcstcm Common Comer The Commnn C<1mc,0r oc I. ~ . ., J.'-.LivA-J 

OC 2, 0C 3, and OC 4 bears OCl OC2 OC34 of OC 34 and OC 35 bears 
No• 4845' and &.190" 2J6S' - North 0° 4883' and East 90" 
from the SW comer or Section 

. 3664' from the SW corner of 
I Tl5SR20E OC3 OC4 OC35 Section I Tl5S R20E 

The Common Comer ofOC 5, OC36 
The Common Comer of QC 

OC 6, 0C 7, and OC 8 bears OC5 OC6 OC37 36, OC 37, QC 38 and OC 39 
NO' 3645' and East 90' 2195' bean; North 0° 3722' and East 
fiom the SW corner of Section OC39 OC38 90° 5194' from the SW comer 
I Tl5SR20E OC7 OC8 of Section 1 Tl5S R20E 

The Southern Common 1 OC40 
The Common Comer of OC 

2 Comer of OC 9 and OC 10 OC9 OCI0 OC41 40, 0C 41, OC 42 and 0C 43 
bcm NO" 2458' and East 90' - bears North O' 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90' 5225' from the SW comez 
Scciioo I Tl 5S R20E of Section 1 Tl5S R20E 

OC44 
The Common Comer of OC 

OC45 44, OC 45, OC 46 and OC 47 
- bears North 0° 1323' and East 

OC47 OC46 90" 5255' from the SW corner 
of Section 1 Tl 5S Rl0E 

The F..as~rn Common Comer OC48 The Wcslcm Common Comer 

of OC 11 and OC 12 bears OCII ofOC ◄8 and OC 49 bears 

N0° 4 7' and East 90° 2287' " - Ji, n• 121' and Eut 90• 

ITOm the SW comer of Sectio!.: ~ OC49 5286' Fmm 1hc SW comer cir 
1 Tl5SR20E oc 12 Section I Tl5S R20E 

' 
The Easlcm Common Comer OC50 The Wcstem Common Comer 
of OC 13 and OC 14 bears oc 13 of OC 50 and OC 51 bears 
SO' 1153' and East 90°2317' Sooth 0° l077' and Easl 90° 
from the NW comer of OC51 53 I 6' from the NW comer of 
Section I 2 TI 5S R20E OC14 Section 12 Tl5S R20E 

The Common Comer of OC OC52 
The Western Common Comer 

15, 0C 16 and 0C 17 bears 0C 15 12 ofOC 52 and OC 53 bears 
SO' 2352' and East 90' 2348' - South o• 2276' and East 90° 
from the NW Comer of OC53 7 5347' from the NW comer of 

11 Section 12 Tl5S R20E oc 17 OC 16 Section 12 Tl5S R20E 

The Common Comer or OC OC54 
The Common Comer of OC 

18, OC 19, OC 20 and OC 21 oc 19 oc 18 54, OC 55 and oc 56 bears 
bears so• 3552' and East 90' South o• 3476' and East 90° 
23 78' from the NW Comer of - 5378' from the NW comer of 
Section I 2 TI 5S R20E OC21 OC20 OC55 OC56 

Section 12 Tl 5S R20E 

Tbe Common Comer of OC OC58 
Tbe Common Corner ofOC 

22, OC 23. OC 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
bears SO' 4752' and East 90° - bean; Solllh o• 467 5' and East 
2409' from the NW Comer of - 90° 5408' from the NW comer 
Section l 2 T 15S R20E OC25 OC24 OC59 OC60 of Soc ti on 12 Tl 5S R10E 

The Common Comer of OC ll\e --~ 
26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61, OC 62,0C 63 andOC M -
bears so• 595 I' and East 90' - bears South 0° 5875' and East 
24391 from the NW Corner of 

. 90° 5439' from the NW comer 
Section 12 Tl5S R20E OC29 OC28 OC63 OC64 of Section 12 Tl5S R20E 

The Common Comer of OC OC66 
The Common Comer of OC 

30, OC 31, OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bears SO' 7 I 5 I' and East 90° - bears South 0° 7075' and East 
24 70' from the NW Corner of 

. 90° 5469' from the NW comer 
Section 12 Tl 5S Rl0E OC33 OC 32 OC67 OC68 

of Section 12 Tl5S R20E 

14 13 18 
"OC" lode claims 1- 10 & 34-47 were located on November 12, 2009 and 

N Scale 1 :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 I" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in If\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_ZI I.dwg 

noted otherwise. All location and comer monwnents are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Survey~d By: T&T Exploration 
UTM North. San Bernardino Base & Meridian. Datum: 1927 Proiection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001625 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 12 

¼ 
NW 

Section 
12 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and __.1Q_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are I ½" x 1 ½" x 4' wood posts. 

The ..lffi__ comer of this claim bears NORTH and ....il_ feet and bears East and 2287 feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ...ll..111 day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDA,RIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: 1 ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: -§Pi'=----7".. T2'~- in---rg~~n --=:7io"'----------
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I Tl4' ~ R?OF I l 14S R21E 
,: ,. n-~-

T 15 S R21 E The Western Common Comer The Common Comer of OC I , . ~ ~ ... .__ .... _ 
OC 2, OC 3, and OC 4 bears OCl OC2 OC34 ofOC 34 and OC 35 bean 
NO' 4845' and East 90° 2165' - North 0' 4883' and East 90' 
from the SW comer of Section - 3664' from Ille SW comer of 
I TISSR20E OC3 OC4 OC35 Section I TI 5S R20E 

The Common Comer of OC S OC36 
The Common Comer ofOC 

OC 6, OC 7, and OC 8 bears OC5 OC6 OC 37 36, OC 37, OC 38 and OC 39 
NO' 3645' and Eut 90° 2195' - bears North o• 3722' and EaSI 

from the SW comer of Section - 90" 51 94' from the SW comer 
I TISS R20E OC7 ocs OC39 OC38 of Section I TISS R20E 

The Southern Convnon 1 OC40 
The Common Comer ofOC 

2 Com<rof OC9andOC JO OC9 OCI0 OC41 40, OC 41, OC ◄2 and OC 43 
burs NO" 2458' and East 90' - bears North O' 2522' and East 
2226' from !he SW comer of 

OC43 OC42 6 90° 5225' from the SW comer 
Section I Tl SS R20E or Section I Tl 5S R20E 

OC44 
The Common Comer of OC 

OC45 44, 0C 45, OC 46 and OC 47 
- bears North o• 1323' and Eut 

OC47 OC46 90' 5255' from Ille SW comer 
of Section I TI SS R20E 

The Eastern Common Comer OC48 
The WC<tem Common Comer 

of OC 11 and OC 12 bears OC II of OC 48 and OC 49 bears 

NO' 41andEas1 90" 218T I', 
.,_ . no Ill' and F.a.<t 90" 

trom the SW comer of Scctlo!. ij OC49 5286' from the SW comer ii( 

I Tl5S R20E OCl2 Scc!ion I TIS$ R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of OC 13 and OC 14 beats OC 13 of OC SO and OC 51 bears 
SO" I 153' and E.lsl 90" 2317' - South 0° J07T and East 90° 
from the NW comer of OC51 S 316' from the NW comer of 
Section 12 TISS R20E OC14 Section 12 TISS R20E 

The Common Comer of OC OC52 
The Western Common Comer 

IS, OC 16 and OC 17 bears oc 15 12 of OC 52 and OC 53 bears 
SO" 2352' and East 90" 2348' - South O" 2276' and East 90° 
from Ille NW Comer of - OC53 7 Sl4T from lhc NW comer of 

11 Section 12 Tl 5S R20E OC 17 oc 16 Section 12 Tl SS R20E 

The Common Comer of OC OC54 
The Common Comet of OC 

18,0C 19,0C20 andOC 21 OC 19 oc 18 54, 0C 55 and OC 56 bears 
bean so• 3552' and East 90" - South o• 3476' and East 90° -2378' from the NW Comer of - 5318' from lhe NW comer of 
Section 12 TISS R20E OC21 OC20 OC55 OC56 Section 12 TI 5S R20E 

The Common Comer or OC OC58 
The Common Comer ofOC 

22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
bears so• 4752' and East 90" - bean; South o· 4675' and East 
2409' from the NW Comer of OC59 OC60 90" 5408' from lhe NW comer 
Section ! 2 Tl SS Rl0E OC25 OC24 of Section 12 Tl SS R20E 

The Comroon Comer of OC ·1 ho •,V-

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61, QC 62, OC 63 and OC M 
bean; so• 5951' and East 90' - bears South o• 5875' and East 
2439' from the NW Comer of OC63 OC64 90' 5439' from the NW comer 
Section 12 Tl 5S R20E OC29 OC28 of Section 12 T15S R20E 

The Common Comer of OC OC66 
The Common Corner of OC 

30, QC 31, OC 32 and QC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bcaro so• 7151' and East 90• - bean South o• 7075' and Ea.st 
24 70' from the NW Comer of OC67 OC68 90" 5469' from the NW oomcr 
Section 12 Tl5S R20E OC33 OC32 ofSoction 12 TISS R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale 1:24000 
"OC" lode claims 11 -33 & 48-54 were located on November 13, 2009 and 0 I"= 2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in If\ Sections I & J 1-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z 11.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv. NV 89703 Drawn By: G.l.S. Land Services 

600' by I 500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UTM North San Bernardino Base & Meridian. Datum: 1927 Projection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001626 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC I 3 

¼ 
NW 

Section 
12 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) ___H:90 feet in a East direction and _ 1 _0 _ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The _filL comer of this claim bears SOUTH and _1153 feet and bears East and __lll1_ feet from the SW 
Comer of Section l, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this _ll lh day ofNovember, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
l. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: l ½" x l ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: --~---=----,:;:_,,-___.::.-....,,,.,~==--.,,.~--
H~ 7 
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I Tl4~ lD.OF I T4S R2TE 
,.,.. 1 ,::, , n,.," ,.... 

T 15 S R2 l E The Wes1cm Common Comer The Common Comer ofOC 11 
.. _._ J.'u:.VU 

OC 2, OC 3, and OC 4 bears OCI OC2 OC34 ofOC 34 and OC 35 bears 
N0° 4S45' and East 90° 2165' North 0° 4883' and East 90° 
from I.be SW comer of Section 

OC35 
3664' from I.be SW comer of 

I Tl5SR20E OC3 OC4 Section I Tl5S R20E 

The Common Comer ofOC 5, OC36 
The Common Comer ofOC 

OC 6, OC 7, and QC 8 bears ocs OC6 OC37 36, OC 37, OC 38 and OC 39 
NO• 3645' and East 90° 2195' bears North o• 3722' and Easl 
from I.be SW comer of Section 

OC39 OC38 90° 5194' from I.be SW corner 
I Tl5SR20E OC7 OCB of Section I Tl SS R20E 

The Southern COlllJl1on 1 OC40 
The Common Comer ofOC 

2 Comer of OC9 andOC l0 OC9 oc 10 OC41 40,0C 41,0C 42andOC43 
be.us NO" 2458' and East 90" - bears North 00 2522' and East -2226' from the SW comer of 

OC43 OC42 6 90° 5225' from the SW corner 
Section I Tl 5S R20E of Section I Tl5S R20E 

OC44 
The Common Comer of OC 

OC45 44, 0C 45, OC 46 and OC 47 
- bears North o• 1323' and East 

OC47 OC46 90" 5255' from I.be SW comer 
of Section I Tl5S R20E 

The Easlcm Common Corner OC48 
The w .. 1cm Common Comer 

of OC 11 and OC 12 bears OCII of OC 48 and OC 49 bears 

NO" 47' and East 90° 2287' " - " --L n• ' " ' and EA« 90° 
,rom u,e SW corner of Scctioh:: ~ OC49 5286' from the SW comer of 

I TISS R20E oc 12 Section I TI 5S R20E 

The Eastern Common Comer oc 50 
The w .. 1cm Common Comer 

of OC 13 and OC 14 bears oc 13 of OC 50 and OC 51 bears 
so· l I 53' and East 90• 23 I 7' - South 0° I 077' and East 90° -from I.be NW comer of OC51 5316' from the NW comer of 
Section 12 Tl5S R20E OC\4 Section 12 Tl 5S R20E 

The Common Comer of QC OC52 
The w .. 1cm Common Comer 

15, QC 16 and OC 17 bears OCl5 12 ofOC 52 and OC 53 bears 
SO" 2352' and East 90° 2348' - South 0° 2276' and East 90" 
from I.be NW Comer of - 7 5347' from the NW come,- of 

11 Section 12 Tl 5S R20E OC 17 OC 16 OC53 
Section 12 Tl5S R20E 

The Common Comer of OC OC54 
The Common Comer of OC 

18, QC 19, OC 20 andOC 21 OCl9 OC!8 54, OC 55 and OC 56 bears 
beano so• 3552' and East 90° - South o· 3476' and East 90° 
23 78' from I.be NW Comer of - 53 78' from the NW comer of 
Section 12 Tl5S R20E OC21 OC20 OC55 OC56 Section 12 T15S R20E 

The Common Comer of OC OC58 
The Common Comer ofOC 

22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 51, OC 58, OC 59 and OC 60 
bean so• 4752' and East 90• bears South 0° 4675' and East 
2409' from the NW Comer of - 90° 5408' from the NW comer 
Section l 2 TI 5S R20E OC25 OC24 OC59 OC60 

of Section 12 Tl5S R20E 

The Common Comer of OC The 
- ·= 

26, OC 27, OC 28 and OC 29 OC27 OC26 OC6\ OC62 61, OC 62, OC 63 and OC M 
beano SO" 595 l' and EB.St 90° - bean South o• 5875' and Ea.st 
2439' from the NW Comer of 

OC63 OC64 90° 5439' from the NW comer 
Scctioa 12 Tl5S R20E OC29 OC28 of Section 12 Tl5S R20E 

Tbc Common Comer of OC OC66 
The Common Comer ofOC 

30, OC 31, OC 32 andOC 33 OC31 OC30 OC65 65, 0C 66, 0C 67 and 0C 68 
bears so· 7151' and Eost 90° bears South o• 7075' and East 
24 70' from the NW Comer of - 90° 5469' from I.be NW comer 
Section 12 TISS R20E OC33 OC32 OC67 OC68 of Section 12 TISS R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale 1:24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1" :2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in fl\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z 11.dwg 

noted otherwise. All location and corner monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv. NV 89703 Drawn By: G.I.S. Land Services 

600' by I 500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UTMNorth San Bernardino Base & Meridian. Datum: 1927 Proiection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAm1 
Amended for Imperial County- Document No. 2010001627 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 14 

¼ 
NW 

Section 
12 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

10.00 
\!1.00 

1.50 
'lll 1. 50 

From this point of discovery (monument of location) 1490 feet in a East direction and _!Q_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The ...NE._ comer of this claim bears SOUTH and -1..1.ll_ feet and bears East and ..21l1_ feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this _ll_ th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: l ½" x l ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: -~...-::;...-=--"'--~_.,,,_2:_M.,__..-=-
~ Agent • 7 
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I Tl4~ R?()F l Tl4SIDTE 
'l'I C, """'"' T 15 S R21 E The Western Common Comer -

The Common Comer of QC I , .. ~ ... ~JD 

QC 2, QC 3, and QC 4 boars OCl OC2 OC34 of OC 34 and QC 35 bears 
NO" 4845' and East 90" 2165' - North 0° 4883' and Eut 90" 
from lhc SW comer of Section - 3664' from lhc SW comer of 
I TISS R20E OC3 OC4 OC35 Sec lion I TI 5S R20E 

The Common Comer of QC 5, OC36 
The Common Comer ofOC 

0C 6, QC 7, and QC R bean OC5 OC6 OC37 36, OC 37, OC 38 and QC 39 
NO" 3645' and East 90" 2195' - bears North 0° 3722' and East 
from lhe SW corner of Section 

OC39 OC38 90° 5194' from lhe SW comer 
I Tl5S R20E OC7 OC8 of Section I Tl5S R20E 

The Southern Common 1 OC40 
The Common Comcr ofOC 

2 Comuof QC 9 and QC IO OC9 oc 10 OC4I 40, QC 41, OC 42 and OC 43 
bcm NO• 2458' and E851 90" - bears North 0° 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90° 5225' from the SW coma 
Section I T \ 5S R20E of Section I Tl5S R20E 

OC44 
The Common Comer of QC 

OC45 44, QC 45, QC46 and QC 47 

- bears North 0° 1323' and East 

OC47 OC46 90° 5255' from the SW comer 
of Section I TISS R20E 

The Eastern Common Comer OC48 
The Western Commoa Coma 

of QC 11 and QC 12 bears OC II of QC 48 and OC 49 bears 

N0° 47' aad Eos1 90" 22B7' I', - •L -" O" •23' and Ea.<1 90° 

trom the SW comerofSectio!.:~ OC49 5286' from lhe SW comer of 
I Tl5S R20E oc 12 Section I T 15S R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of OC 13 and QC 14 boars OC 13 of QC SO and QC 51 bears 

SO" 1153' and East 90° 2317' - Soulh 0° I 077' and East 90° -from lhe NW comer of 
~ 53 I 6' from lhe NW comer of 

Scction 12 Tl 5S R20E OCl4 
OC51 

Section 12 Tl 5S R20E 

The Common Comer of QC OC52 The Western Common Comer 
15, OC 16 and QC 17 bears oc 15 12 of QC 52 and QC 53 beats 
SO" 2352' and East 90° 2348' - South 0° 2276' and East 90° 
from the NW Come,- of OC53 7 5347' from the NW comer of 

11 Section 12T I 5S R20E OC 17 OC 16 Section 12 Tl 5S R20E 

The Common Comer of QC 
OC54 

The Common Comer of OC 
18, QC 19,QC 20andOC2\ oc 19 oc 18 54, QC 55 and QC 56 bears 
boars so• 3552' and East 90" - South 0° 3476' and East 90° 
2378' from the NW Comcr of - 53 78' from lhe NW comer of 
Scction 12 Tl5S R20E OC21 OC20 OC55 OC56 

Section 12 Tl 5S R20E 

The Common Comer of OC 
OC58 

The Common Comer ofOC 
22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and QC 60 
bears S0° 4752' and East 90° - bears South 0° 4675' and East 
2409' from the NW Comer of - 90° 5408' from the NW comer 
Section l 2 T 15S R20E OC25 OC24 OC59 OC60 

of Section 12 T15S R20E 

The Common Comer of OC 
~ ,,,,. 

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 t~ OC 62, OC 63 and 0C: 64 
bears S0° 5951' and East 90° - bears South 0" 5875' and East 
2439' from the NW Comer of - 90° 5439' from the NW comer 
Scction 12 Tl 5S R20E OC29 OC28 OC63 OC64 

of Section 12 Tl5S R20E 

The Common Comer of OC 
OC66 

The Common Comer of OC 
30, OC 31, OC 32andOC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bears SO" 7151 ' and East 90° - bears South 0° 7075' and East -2470' from the NW Comer of OC6? OC68 90° 5469' from the NW comer 
Scction 12 Tl 5S R20E OC33 OC32 ofSection \2 Tl5S R20E 

14 13 18 
"OC" lode claims 1-J O & 34-4 7 were located on November 12, 2009 and 

N Scale 1 :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1" = 2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in If\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sect.ions 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z 11.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 8Q703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Swveyed By: T&T Exploration 
UTM North. San Bernardino Base & Meridian. Datum: 1927 Projection: UTM Zone 11 Units: Feet 
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325 Tahoe Drive 
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Uf6"""'-., ...,_" •""' ,._..,. ... ,., , _ __ .. - - - - - - . 

NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001628 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 15 

¼ 
NW 

Section 
12 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and __l_Q__ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x I ½" x 4' wood posts. 

The __sE..__ comer of this claim bears SOUTH and ~ feet and bears East and~ feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ...11. th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
I. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: I ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 
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I T14'~ R'JOF. I 1'14SlITIE 
, '1 L" ~ .,...,..,_. .... 

T 15 S R21 E The Western Common Comer TheCommonComerofOC I, ... .., .&.~JD -
OC2, OC:3,and OC4 bears OCI OC2 OC34 of OC 34 and OC 35 bears 
N0° 4845' and Easl 90° 2165' North 0° 4883' 111d East 90° 
from the SW corner of Section 

OC35 
3664' from the SW comer of 

I Tt5S R20E OC3 OC4 Section I Tt5S R20E 

The Commo,, Comer ofOC 5, 
OC36 

The Common Comer of OC 
OC 6,0C 7, and0C8 bears ocs OC6 OC37 36, OC 37, OC 38 and OC 39 
NO' 3645' and East 90° 2195' - beam North O' 3722' and East 
from lhe SW comer of Section 

OC39 OC38 90° 5 I 94' from the SW comer 
I Tl5S R20E OC7 ocs of Section I Tl5S R20E 

The Southern Common 
1 OC40 

The Common Comer ofOC 
2 Comer or OC 9 andOC 10 OC9 OC 10 OC41 40, OC 41, OC 42 and OC 43 

bcars NO• 2458' and East 90° - be"" North 0° 2522' 111d Eas1 
2226' from lhe SW comer of 

OC43 OC42 6 90• ms· from !be s w comer 
Section I Tl5S R20E ofSootioo I TISS R20F. 

OC44 
The Common Comer ofOC 

OC4S 44, OC 45, OC 46 and OC 47 
- be8" Nortlt 0° 1323' and East 

OC47 OC46 90° 5255' from lhe SW comer 
of Section 1 Tl 5S R20E 

The Eastern Common Comer OC48 
The Western Common Corner 

of OC 11 and OC 12 be8" OCII ofOC 48 and OC 49 bears 

NO' 47' and East 90° 2287' 
.., __ , n> •ll' ··• Eut 90' 

rrom the SW corner of Sectio1': ~ OC49 5286' from lhe SW corner of 

1 Tl5S R20E OC 12 Section I Tl5S R20E 

The Eastm> Common Comer ocso The Western Common Comer 
of OC 13 and OC 14 bears OC 13 of OC 50 and OC 5 l bears 
so• t 153' and East90° 2317' - Soulh 0° l 077' and East 90° 
from the NW corner of 

. 
OCSI 5316' from the NW comer of 

Section 12 Tl 5S R20E OC14 Section 12 Tl 5S R20E 

The Common Corner of OC OCS2 
The Western Common Comer 

15, OC 16 and OC 17 bcm OC IS 12 ofOC 52 and OC 53 bears 
SO' 2352' and East 90° 2348' - South 0° 2276' and East 90' -from the NW Comer of OC53 7 5347' from the NW comer of 

11 Section 12 Tl 5S R20E OC 17 OCI6 Section 12 T15S R20E 

The Common Comer of OC OC54 
The Common Comer of OC 

18, OC 19, OC 20 and OC 21 OCl9 oc 18 54, OC 55 and OC 56 bears 
bears S0° 3552' and Ea.I 90" Soulh 0° 3476' and East 90" 
2378' from lhe NW Comer of - 5378' from the NW corner of 
Section 12 T 1 5S R20E OC21 OC20 ocss OC56 

Section 12 T 15S R20E 

The Common Comer of OC 
OCS8 

The Common Corner of QC 

22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
bears so• 4752' and East 90° - bears South 0° 4675' and East 
2409' from the NW Corner of 

OC59 OC60 90° 5408' from the NW corner 
Section 12 Tl SS R20E OC25 OC24 of Section 12 T15S R20E 

The Common Comer of OC lh< w 

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61, OC 62, OC 63 and 0C 64 
bears SO' 5951' and East 90° - bears South 0° 5875' and East 
2439' Ii-om the NW Comer of 

OC63 OC64 90° 5439' from the NW corner 
Section 12 T\5S R201'. OC29 OC28 of Section 12 TI 5S R20E 

The Common Comer of OC 
OC66 

The Common Comer ofOC 
30, OC 31, OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bean SO' 715 I' and East 90° . bears South 0° 7075' and F.aat 
24 70' from the NW Comer of OC67 OC68 90" 5469' from the NW comer 
Section 12 Tl5S R20E OC33 OC32 of Section 12 TISS R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were localed on November 12, 2009 and 

N Scale I :24000 
"0C" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1"=2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in If\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
S~1ions 6, 7, & 18 Township IS South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_ZI 1.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.l.S. Land Services 

600' by 1500' unless noted otheiwise. All bearings based on Surveyed By: T&T Exploracion 
OTM North. San Bernardino Base & Meridian. Datum: 1927 ProiccLion: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001629 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 16 Lode Mining Claim in the following quarter section(s): 

¼ 
NW 
NE 
SW 
SE 

Section 
12 
12 
12 
12 

Township 
15 South 
15 South 
15 South 
15 South 

Range 
20 East 
20 East 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) _J490 feet in a East direction and _JQ__ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x l ½" x 4' wood posts. 

The NW comer of this claim bears SOUTH and ..lJ.R_ feet and bears East and 2348 feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this __u_ 111 day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each corner of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is l2/lonoo9, and the description of monument are: 1 ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: - -=:;l~LL.....:...~-,,,,LL-47r:.-=-c::;;;z___ 
H.~,Age~t7 
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l Tl4~ R?OF I Tl4S R21E 
..... t: n--n~ T 15 S R21 E The Western Common Comer The Common Comer of OC I , .L. - ~~·~~ 

OC 2, OC 3, and OC 4 bears OCl OC2 OC34 of OC 34 and OC 35 bears 
NO' 4845' and East 90° 2165' - Nortb o• 4883' and East 90' 
from lhe SW comer of Scclion 

OC35 
3664' from the SW comer of 

I Tl5SR20E OC3 OC4 Section I Tl5S R20E 

The Common Comer ofOC 5, 
OC37 OC36 

The Common ComcrofOC 
OC 6, OC 7, and OC 8 bc:ar> OC5 OC6 36, OC J7, OC 38 and OC 39 
NO' 3645' and East 90° 2195' - bcars North 0° 3722' and East 
from !he SW comer of Section 

OC39 OC:38 90' 5194' from the SW comer 
I Tl5SR20E OC7 OC8 of Section I Tl5S R20E 

The Southern Common 1 OC40 
The Common Comer of OC 

2 Com<r of OC 9 and OC I 0 OC9 OC 10 OC41 40, OC 41, OC 42 andOC 43 
bcars NO" 2458' and East 90° - bcars Nonh 0° 2522' and East 
2226' from tile SW comer of 

OC43 OC42 6 90' 5225' from the SW coma 
Seclion I Tl SS R20E of Section I Tl5S R20E 

OC44 
Tbe Common Comer of OC 

OC45 44, OC 45, OC 46 and OC 47 
- bears North o• 1323' and East 

OC47 OC46 90° 5255' from the SW comer 
of Section I TI SS R20E 

The Easlem Common Comer OC48 
The Western Common Comer 

of OC 11 and OC 12 bears OCII of OC 48 and OC 49 bears 

NO' 47' and East 90' 2287' . "·-• n• 121 ' and wt 90' 

1mm 11,e :;w comer ofSectio~~ OC49 5286' from the SW comer of 

I Tl5SR20E OC12 Section I T 1 SS R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of OC 13 and OC 14 bear., OC 13 of OC 50 and OC 51 bears 
SO' 1153' and East90° 2317' - South O' I 077' and East 90' -from the NW comer or -

OC51 5316' from the NW comer of 
Section 12 Tl5S R20E oc 14 Section 12 Tl 5S R20E 

The Common Comer of OC OC52 
The Wcslem Common Comer 

15, OC 16 and OC 17 bean OC 15 12 of OC 52 and OC 53 bears 

SO' 2352' and East 90" 2348' - South o• 2276' and East 90' 
from the NW Comer of OC53 7 5347' from the NW comer of 

11 Section 12 TI 5S R20E OC 17 oc 16 Section 12 Tl 5S R20E 

The Common Comer of OC OC54 
The Common Comer of QC 

18, QC 19, OC 20 and OC 21 oc 19 oc 18 !14, 0C !15 and OC 56 bears 

bean so· 3552' and East 90" - South o• 34 76' and East 90' 
2378' from the NW Comer of ocss OC56 5378' from the NW comer of 
Section 12 Tl5S R20E OC21 OC20 Section 12 TlSS R20E 

The Common Comer of OC 
OC58 

The Common Comer ofOC 
22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 S7, OC 58, OC 59 and OC 60 
bean SO' 4 752' and East 90° - bean. South 0' 4675' and East 
2409' from the NW Comer of 

OC59 OC60 90' 5408' from the NW comer 
Section 12 TI 5S R20E OC25 OC24 ofSoction 12 Tl5S R20E 

The Common Comer of OC OC62 
1ne _ 

26, 0C 27, OC 28 and OC 29 OC27 OC26 OC61 6J, OC 62, OC 63 and OC 64 
bean SO' 5951' and East 90° - bears South O' 5875' and East -2439' from the NW Comer of 

OC63 OC64 90° 5439' from the NW comer 
Section 12 Tl!iS R20E OC29 OC28 of Section 12 TI 5S R20E 

The Common Comer of OC OC66 
The Common Comer ofOC 

30, OC 31, OC 32 andOC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bears so• 7151' and East 90" - bears Soutll o• 7075' and East 
2470' from the NW Comer of 90' 5469' from the NW corner 
Soction 12 Tl5S R20E OC33 OC32 OC67 OC68 ofSoction 12 TISS R20E 

14 13 18 
"OC" lode claims 1- 10 & 34-47 were located on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 l" c2000' 3000' 
"OC" lode claims 55--68 were located on November 14, 2009 in 1' Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial Cowity, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl 1.dwg 

noted otherwise. All location and comer monuments arc 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.I .S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UTM North. San Bernardino Base & Meridian. Datum: 1927 Proiection: UTM Zone 11 Units: Feet 
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-
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001630 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the QLll__ Lode Mining Claim in the following quarter section(s): 

¼ 
NW 
SW 

Section 
12 
12 

Township 
15 South 
15 South 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) __lQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are I ½" x 1 ½" x 4' wood posts. 

The~ comer of this claim bears SOUTH and ~ feet and bears East and 2348 feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.8.8.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this J1. 1h day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
l. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each corner monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: l ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 
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I Tl4 'R?OF. I 114S R21E 
'T' C :, T\t"\Ay-, 

T 15 S R21 E The Wesicm Common Coma The Common Comer or OC I, •i- ... ___ 
OC 2, OC 3, and OC 4 bears OCI OC2 OC34 of OC 34 and OC JS bean 
N0° 484S' and East 90" 2165' North 0° 4883' and Ea&t 90• 
from lhc SW comer or Section OC35 

3664' from lhe SW comer or 
I TISSR20E OC3 OC4 Soc lion I TI SS R20E 

The Common Corner ofOC 5, OC36 
The Common Comer of QC 

QC 6, OC 7, and 0C R bear.; OC5 OC6 OC37 36, OC 37, OC 38 and OC 39 
NO' 3645' and Easl 90° 2195' bean; North 0° 3722' and East 
from lhe SW corner of Section OC39 OC38 90° 5194' from the SW comer 
I Tl5S R20E OC7 OC8 or Section I Tl 5S R20E 

The Soulhom Common 1 OC40 
The Common Coma of OC 

2 Comcro[ QC9 and OC 10 OC9 OC IO OC41 40, OC 41 , OC 42 and OC 43 
bcl1l NO- 2458' and Ea&t 90' bears North 00 2522' aod East 
2226' from the SW comer or OC43 OC42 6 90' 5225' from the SW comer 
Section I TISS R20E of Section I Tl5S R20E 

OC44 
The Common Corner of OC 

OC45 «, QC 45, OC 46 and OC 47 
bears North 0° 1323' and East 

OC47 OC46 90° 5255' from the SW comer 
of Section I TISS R20E 

The Eastern Common Comer OC48 
The w .. 1crn Common Comer 

of QC 11 and 0C 12 bears OC 11 of QC 48 and OC 49 bears 

NO' 47' and Ea.t 90° 2287' /; 
- "'·-• a• 123• aod wt 90• 

trom lhe SW comer of Scctio~ V' OC49 5286' from tlle SW comer of 

I Tl5SR20E OCl2 Section I TISS R20E 

The Easlcm Common Comer OC50 
The Western Common Comer 

of QC 13 and QC I ◄ hears oc 13 ofOC 50 md 0C SI bears 
so· I IH and East 90° 2317' South 0' 1077' and East 90' 
from lhe NW ccmer of - OC51 53 I 6' rrom Ibo NW comer of 
Section 12 Tl5S R20E OC 14 Section 12 TI SS R.20E 

The Common Comer of OC OC52 
The Weslcm Common Comer 

15,0C 16and0C 17bears OC 15 12 of OC 52 and OC 53 burs 
SO- 2352' and East 90° 2348' - South 0° 2276' and East 90" -
from the NW Corner of OC53 7 5347' from the NW corner or 

11 Sec1ion 12 Tl 5S R20E OC 17 OC16 Scctioo 12 TI SS R20E 

The Common Corner of OC OC54 
The Common Corner ofOC 

18, QC 19, OC 20 and QC 21 OC19 oc 18 54, OC 55 and OC 56 bears 

bears so• 3552' and East 90' - South o• 34 76' and East 90' 
2378' from lhe NW Comer of OC55 OC56 5378' from the NW comer of 
Section 12 Tl5S R20E OC21 OC20 Section 12 Tl5S R20E 

The Common Comer of OC OC58 
The Common Corner of QC 

22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 57, QC 58, OC 59 and QC 60 
bears SO' 4752' and East 90' - bears South o• 4675' and East 
24-09' from lhe NW Comer of - 90' 5408' rrom lhe NW comer 
Section 12 Tl 5S R.20E OC25 OC24 OC59 OC60 of Section 12 Tl5S R20E 

. 

The Common Comer of QC 
OC61 OC62 

fhC 

26, QC 27, QC 28 and OC 29 OC27 OC26 61, QC 62, OC 63 and OC 64 
bears so• 5951' and East 90' bears South 0° 5875' and East 
2439' from lhe NW Comer of - 90' 5439' from the NW ccmcr 
Section 12 Tl5S R20E OC29 OC28 OC63 OC64 of Section 12 TISS R20E 

The Commoo Comer of OC OC66 
The Common Comer ofOC 

30, OC 31, OC 32 and OC 33 OC31 OC30 OC65 65, QC 66, 0C 67 and QC 68 
bears so• 7151' and East 90' - bears Soulh o• 7075' and East 
2470' from the NW Comer of 

OC32 OC67 OC68 90' 5469' from the NW ccmer 
Section 12 Tl5S R20E OC33 of Section 12 Tl5S R20E 

14 13 18 
"OC" lode claims 1- 10 & 34-4 7 were localed on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November l 3, 2009 and 0 1"=2000' 3000' 
"OC" lode claims 55--08 were located on November 14, 2009 in If\ Section.s I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set IO' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_ZI 1.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims arc Carson Citv NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UiM North. Slln Bernardino .Bose & Mcridilln. Datum: 1927 Proiection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No. 2010001631 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 18 

¼ 
SW 
SE 

Section 
12 
12 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and _jQ__ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are l ½" x 1 ½" x 4' wood posts. 

The~ comer of this claim bears SOUTH and 3552 feet and bears East and ....2ill_ feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this _u_ 1h day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the corner of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: I ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

- ~ 
By: _ _ H .. ~:c...,_·~o/C-. -"'g""',-A_g..,,,.en'-t--=7=:.,,,c.---
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I Tl4 ~ R?OP I 'l 14S R21E 
,..., r ,n""'-r..~ 

T 15 S R21 E The Western Common Comer The Common Comer of OC 1, ~ - •-V.L, 

OC 2, QC 3, and QC 4 bears OCI OC2 OC34 ofOC 34 and QC JS bean 
NO" 484S' and 1!,ist 90' 2165' - North 0° 4883' and East 90" 
from the SW comer of Sec lion OC35 

3664' from the SW comer of 
I TISS R20E OC3 OC4 Scclion I TJSS R20E 

The Common ComerofOC 5, OC36 
The Common Comer of OC 

OC 6,QC 7,and 0C 8 bcars OC5 OC6 OC37 36, OC 37, OC JS and OC 39 
NO" J645' and Eut 90" 2 l 9S' - bears North 0° 3722' and East 
from the SW comer of Section 

OC39 OC38 90° S 194' from the SW comer 
ITHSR20E OC7 ocs of Section I TISS R20E 

The Southern Common 1 
The Common Comer of OC 

2 Comer nf QC 9 and QC 10 OC9 oc 10 OC:41 OC40 40, OC 41, 0C 42 and OC:43 
bears NO" 24S8' and East 90' - bears North o: 2S22' and East 
2226' from the SW comer of 

OC:43 OC42 6 90• S225' from the SW comer 
Section I Tl 5S R20E ofSo;;tion I Tl5S R20E 

OC44 
The Common Comer of OC 

OC45 44, OC 45, OC 46 and OC 47 

- bear, North 0° I J2J' and East 

OC47 OC46 90° S255' from the SW comer 
of Section I TJSS R20E 

Tbc Eastern Common Comer OC48 
Tile Western Common Comer 

of OC I I and OC I 2bears OCll of OC 48 and OC 49 bean. 

NO' 47' and East 90° 2287' ,, " -~ n• I 21' and Ea.<t 90° 

from the SW comer of Scctioh: 17 OC49 5286' from tho SW comer of 

I Tl5SR20E oc 12 Section I Tl5S R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of OC 13 and OC 14 bean OC 13 ofOC 50 and 0C SI bears 
SO' I I 53' and East 90° 2317' - South O' 1077' and East 90' 
from the NW comer of OC51 5316' from the NW comer of 
Section I 2 T 1 SS R20E OC14 Section 12 Tl5S R20E 

Tile Common Comer of OC OC52 
The Western Common Comer 

IS, OC 16 and OC 17 bears oc 15 12 oroc 52 andOC SJ bears 
SO' 2352' and wt 90' 2348' - South 0' 2276' and East 90° 
from the NW Comer of OC53 7 5347' from the NW comer of 

11 Scctioo 12 TISS R20E oc 17 OC 16 Section 12 Tl 5S R20E 

The Common Comer of OC OC54 The Commoo Comer of OC 
18, OC 19, OC 20 ond OC21 OC 19 OC 18 54, oc 55 and OC S6 bears 
bears SO' 3552' and East 90° - South o• 3476' and East 90' 
2378' from the NW Comer of 

OC20 OC55 OC56 5378' from the NW comer of 
Section 12 Tl5S R20E OC21 Section 12 Tl5S R20E 

Tbe Common Comer of OC ocss TheCommonCornerofOC 
22, OC 23, OC 24 and OC 2S OC23 OC22 OC57 S7, OC 58, OC 59 and OC 60 
bean SO' 47S2' and East 90' bears South 0° 4675' and East 
2409' from the NW Comer of - 90° 5408' from the NW comer 
Sec1ion 12 Tl 5S R20E OC25 OC24 OC59 OC60 of Section 12 Tl5S R20E 

The Common Comer of OC OC62 
lhe~v• 

26, OC 27, OC 28 and OC 29 OC27 OC 26 OC61 61, OC 62, QC 63 and QC 64-
bear, SO' 595 I' and East 90° - bears South o• 5875' and East 
2439' from the NW Comer of OC63 OC64 90° 5439' from the NW comer 
Sec1ion 12 Tl5S RlOE OC29 OC28 of Section 11 TI SS RlOE 

The Common Comer of OC OC66 
The Common Comer of QC 

30,QC 31, OC 32 ond QC 33 OC31 OC30 OC65 65, OC 66, QC 67 and QC 68 
beam S0° 71 S I' and East 90° bears South 0° 7075' and Easl 

24 70' from the NW Comer of - OC68 90' 5469' from the NW comer 
SCC1ion 12 Tl SS R20E OC33 OC32 0C67 of Section 12 TlSS R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale 1 :24000 
"0C" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 l" =2000' 3000' 
"OC" lode claims SS-68 were located on November 14, 2009 in !j\ Sections 1 & 11-14 Township 15 South Range 20 East and in FEET 
SeCLions 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial Cowity, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp 0C_Oaims_N27_Zl l.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G,I.S. Land Services 

600' by 1500' unless noted otheiwise. All bearings based on Surveyed By: T&T Exploration 
UTM Nnrth. San Bernardino Bn•e & Meridian, Datum: 1927 Proiection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001632 

To correct a typographical error in the Meridian to S.B.B.&M. 

2/02/2010 
9:58 AM 

IV 

Pages: 2 
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0.00 

1.50 

$! 1.5111 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 19 

¼ 
SW 

Section 
12 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument oflocation) __lQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are l ½" x 1 ½" x 4' wood posts. 

The _filL_ comer of this claim bears SOUTH and ~ feet and bears East and 2378 feet from the SW 
Comer of Section l, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this _u_ lh day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: 1 ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

- ✓~ 
By: --~....:·:::___·--,,,,.::......,•""n""'g,-A-g-e~n'-t -1-...,.,7-==:::;.z.__ 
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I Tl4..; R?OF I T l4S R21E 
,,.., t.: T'\, ""-f\.,,.... 

T 15 S R21 E The Wcslem Common Comer The Common Comer of OC I, ~-- ~-~~ 

QC 2, QC 3, and QC 4 bcars OCI OC2 OC34 of OC 34 and OC 35 bcars 
NO' 4845' llld East 90° 2165' - North 0° 4883' and East 90" 
f'rom lhe SW comer orSeclion 

OC35 
3664' from the SW comer or 

I Tl5SR20E OC3 OC4 Section I Tl 5S R20E 

The Common Comer ofOC 5, 
OC36 

The Common Corner of OC 
QC 6, 0C 7, and OC 8 bears OC5 OC6 OC37 36, OC 37, OC 38 and OC 39 
No• 3645' and East 90° 2195' - bcars North 0° 3722' and East 
from the SW comer or Section - 90° 5194' from the SW comer 
I Tl5SR20E OC7 OC8 OC39 OC38 or Section l TI 5S R20E 

The So<lthcm Common 
1 OC40 

The Common Comer of OC 
2 Comer of OC:9 andOC 10 OC9 OClO OC41 40, OC 41, OC 42 and QC 43 

bear! NO" 2458' and East 90• - bears North o• 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90' S22.S' from tbc SW comer 
Section I Tl 5S R20E orSecllon I T15S R2<1E 

OC44 
The Common Comer of QC 

OC45 44, OC 45, OC 46 and QC 47 
- bears North o• 1323' and East 

OC47 OC46 90" 5255' from the SW comer 
of Section l TISS R20E 

The Eastern Common Comer OC48 
The Western Common Comer 

of OC 11 and OC 12 bears OCII ofOC 48 and OC 49 bcars 

NO" ◄1 and East 90' 2787' 
_, _ _., 0' I 23' and £a.st 90" 

rrom tllC SW comer of Seceio~ 0 OC49 5286' from lhe SW corner or 

I Tl5SR20E OCl2 Section I T15S R20E 

The Eastern Common Comer OC50 
The West.em Common Comer 

of OC 13 and OC 14 bears OC 13 ofOC SO and OC 5 I bears 
so• I I 53' and East 90° 23 I 7' - South 0° l 077' and East 90' -from lhe NW comer of -

OC51 5316' from the NW comer of 
Section 12 TISS R20E OC 14 Section 12 TI 5S R20E 

The Common Comer of QC OC52 
The Wcslem Common Comer 

IS, 0C 16 end OC 17 beat> oc 15 12 of 0C 52 and OC 53 bean 
so• 2352' and East 90' 2348' - South 0° 2276' and East 90° 
from the NW Corner of OC53 7 S3H' from the NW comer of 

11 Section 12 Tl5S R20E OC 17 oc 16 Section 12 TISS R20E 

The Common Comer of OC OC54 
The Common Comer of OC 

18, oc 19, OC 20 and oc 21 OC 19 oc 18 54, OC 55 and OC 56 bean 
beuo SO" 3552' and East 90" - South O" 3476' and East 90" 
23 78' from the NW Co= of OC55 OC56 5378' from the NW comer of 
Seclion 12 Tl SS R20E OC21 OC20 Section 12 Tl5S R20E 

The Common Comer of OC OC58 
The Common Comer ofOC 

22, OC 23, QC 24 and OC 25 OC23 OC22 OC57 51, 0C S8, OC 59 and OC 60 
bears S0° 4752' and East 90" - be"" South 0° 4615' and East 
2409' from the NW Comer of -

OC60 90• 5408' from the NW comer 
Section 12 Tl5S R20E OC25 OC24 OC59 of Section 12 Tl SS R20E 

The Common Comer of OC OC62 
Ille 

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 61, 0C 62, OC 63 and OC 64 -
bears SO" 59S I' llDd East 90° - bears South o• 5875' and East 
2439' from the NW Comer of - 90• 5439' from the NW comer 
Section 12 Tl5S R20E OC29 OC28 OC63 OC64 of Section 12 TISS R20E 

The Common Comer of OC OC66 
The Common Comer ofOC 

30, OC 31, OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bean SO" 71 SI' and East 90° - bears South 0° 7075' and East -2470' from the NW Comer of 

OC67 OC68 90" 5469' from the NW comer 
Section 12 TISS R20E OC33 OC32 of Section 12 TlSS R20E 

14 13 18 
~OC" lode claims t:f O & 34-47 were loc-ated on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 I" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in /j\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC l -68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set IO' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl l.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive Janual)' 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.l.S. Land Services 

600' by I 500' unless noted otherwise. All bearings based on Surveyed By: T & T Exploration 

UTM Nor1h. San Bernardino Base & Mcridia.n. Datum: 1927 Proiection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001633 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 20 

¼ 
SW 
SE 

Section 
12 
12 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

10.00 

0.00 

1.50 

$11.50 

From this point of discovery (monument of location) 1490 feet in a East direction and _1_0_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are I ½" x I ½" x 4' wood posts. 

The ....NYl_ comer of this claim bears SOUTH and __ll& feet and bears East and 2378 feet from the SW 
Comer of Section I, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this -11. th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
I. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each corner of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each corner monument so erected contains 
markings sufficient to appropriately designate the corner of the mining claim to which it pertains and the name of 
the claim. The date of marking is _ 12/10/2009. and the description of monument are: I ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 
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I 
The Common Comer of QC I, 
QC 2, QC 3, and QC 4 bears 
NO' 4845' and East 90' 2165' 
from the SW comer of Section 
I Ti5S R20E 

The Common Comer of QC S, 
QC 6, QC 7, and QC 8 bears 
NO' 3645' and East 90° 2195' 
from the SW corner of Sec.ti on 
I Tl5SR20E 

Tl4S R'JOR 
.,.., C .. .. ., 

OCl 

OC3 

OC5 

OC7 

n "".,... 
.-. -...-..JU 

OC2 

OC4 

OC6 

OC8 

I 

OC34 

OC35 

OC37 

OC39 

T14SR21E 
T 15 S R21 E The Western Common Comer 

of QC 34 and QC 35 bears 
North 0° 4883' and East 90" 
3664' from the SW corner of 
Section I Tl 5S R20E 

OC36 

OC38 

The Common Comer of QC 
36, QC 37, QC 38 and QC 39 
bcars North o• 3722' and East 
90° 5194' from !he SW comer 
of Section 1 Tl5S R20E 

The Southern Common Tbe Common Comer ofOC 
2 C..mcrcFQC9andOCIO OC9 1 0C 10 OC41 OC40 40,0C41,0C42andOC43 

b<ln NO' 2458' and East 90° ll===i====-ai!:::=====4------ti--t-"-----( hears North 0' 2522' and East 
2226' from the SW corner of OC 42 6 90" 5225' from lhe SW com..-
Scction I Tl5S R20E 0C 4) ofScction I Tl5S R20E 

The Eastern Common ComCT 
of QC 11 and OC 12 hears 
NO' 47' and East 90° 2287' 
lium the SW comer of Scctio1' ~ 
I Tl5S R20E 

The Eastern Common Comer 
of QC 13 end OC 14 bean; 
so· I I 53' and East 90° 23 I 7' 
from the NW comer of 
Seciion 12 Tl5S R20E 

OC45 

OC47 

OCll 

oc 12 

OC 13 

OCl4 

OC44 

OC46 

OC48 

OC49 

OC50 

OC51 

The Common Comer of OC 
44, OC 45, OC 46 and OC 47 
bean; North 0" 1323' and East 
90° 5255' from the SW comer 
of Scction I Tl 5S R20E 

The Western Common Corner 
ofOC 48 and OC 49 bears 
... ~, no 123• and Eas, 90° 
5286' fmm the SW comer or 
Sc<,tion I Tl 5S R20E 

The Western Common Comer 
ofOC 50 and QC 51 bears 
South o· I 077' and East 90" 
SJ 16' from the NW comer of 
Section 12 Tl5S R20E 

The Common Comer of OC OC 52 The Wcslcrn Common Comer 
15, OC 16 and OC 17 bears OC 15 12 ofOC 52 and OC 53 burs 
SO' 23S2' and East 90• 2348' i!'.==:=l;;;.;;;;;;;::==:a.i======--r-----1~"f-----7 South 0° 2276' and East 90' 
fromtheNWCornerof - OC 53 7 5J47'fromthcNWcomerof 

11 Seciion 12 Tl 5S R20E OC 17 0C 16 Scction 12 Tl 5S R20E 

The Common Comer of OC 
18, OC 19, OC 20 and OC 21 
bears SO' 3552' and East 90" 
2378' from the NW Comer of 
Section 12 Tl5S R20E 

The Common Comer of OC 
22, QC 23, OC 24 and OC 25 
bcars so• 4752' and East 90' 
2409' from the NW Comer of 
Section 12 Tl5S R20E 

The Common Come, of OC 
26, 0C 27, 0C 28 and OC 29 
bears S0° 5951' and East 90° 
2439' from the NW Comer of 
Section 12 T 15S R20E 

The Common Corner of OC 
30, OC 31, OC 32 andOC 33 
bcars SD° 7151' and East 90° 
24 70' from the NW Comer of 
Section 12 Tl5S R20E 

14 

oc 19 

OC21 

OC23 

OC25 

OC27 

OC29 

OC3I 

OC3_3 

OC 18 

OC20 

OC22 

OC24 

OC26 

OC28 

OC30 

OC32 

13 

OC54 

OC55 OC56 

OC57 OC58 

OC59 OC60 

OC61 OC62 

OC63 OC64 

OC65 OC66 

OC67 OC68 

18 

The Common Comer of OC 
54, OC 55 and OC 56 bears 
South 0° 3476' and East 90' 
5378' From the NW comer of 
Section 12 Tl5S R20E 

The Common Comer of OC 
57, OC 58, oc 59 and OC 60 
bears Soulh 0' 46 75' and Eas1 
90° 5408' from lhe NW corner 
of Section 12 Tl5S R20E 

Tnc - ,:. ,,,,. _ 
61, 0C 62, OC 63 and OC 64 
bears Soulh 0° 5875' and Easl 
90' 5439' from lhe NW comer 
of Sc<,tion 12 TI 5S R20E 

The Common Comer of OC 
65, OC 66, OC 67 and OC 68 
bears South 0° 7075' and East 
90° 5469' from the NW comer 
of Section 12 TlSS R20E 

"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 and 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 
"OC" lode claims 55-68 were located on November 14, 2009 in 

N o 

~ 
Scale 1 :24000 

l" = 2000' 3000' 

Sections I & 11-14 Township 15 South Range 20 East and in 
Sections 6, 7, & 18 Township 15 South Range 21 East in 
Imperial County, California 

Notes: 
Location Monuments are set l O' from claim end lines unless 
noted otheiwise. All location and corner monuments are 2" X 
2"X 4' wooden posts with scribed metal tags. All claims are 
600' by 1500' unless noted otherwise. All bearings based on 
UTM North, San Bernardino BMC & Meridian. 

FEET 

Location Map for OC 1-68 Lode Claims 
Imperial County, California 

Lincoln Gold US Corp OC _Claims_ N27 _ Z 11.dwg 
325 Tahoe Drive January 28, 2010 

Carson Cilv. NV 89703 Drawn Dy: G.l.S. Land Services 
Surveyed By: T&T Bxploration 

Datum: 1927 Proieciion: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No. 2010001634 

To correct a typographical error in the Meridian to S.B.B.&M. 

Fees 

Taxes 

Other 
PAID 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 21 

¼ 
SW 

Section 
12 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) _jQ__ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The ..lill_ comer of this claim bears SOUTH and ~ feet and bears East and _lill.._ feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this _u_ 1h day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 

10.00 

0. 00 

1.50 

$] 1.50 

Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: 1 ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: --~~_.,,..-,i'---'---~~""""'---
~ / 
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I Tl.:1~ R20R I Tl4S R21E 
,,. n"n'r T 15 S R2 l E The Westcm Common Comer The Common Comer of OC I , .. ._ _ ~-VL, 

-
OC 2, OC 3, and OC 4 bean OCI OC2 OC34 of OC 34 and OC 35 bears 
N0° 4845' and East 90° 2165' North 0° 4883' and East 90° 
from the SW comer of Section 

OCJ5 
3664' from the SW comer of 

1 T15S R20E OC3 OC4 Section 1 T 15S R20E 

The Common Comer ofOC 5, 
OC37 OC36 

The Co!ll1l1<ln Comer of OC 
OC 6, OC 7, and OC 8 bears ocs OC6 36, OC 37, OC 38 and OC 39 
N0° 3645' llJld East 90° 2195' bean North o• 3 722' and East 
tiom the SW comer ofScclion - 90° 5194' from the SW comer 
1 Tl5S RlOE OC7 OCB OC39 OC38 of Section I T15S R20E 

The Southern Common 1 OC40 
The Common Comer of QC 

2 Comu of QC 9 and QC lO OC9 OCIO OC41 40, OC 41, OC 42 andOC 43 
bwo Nil° 2458' and East 90° bcars North o• 2522' and Eu1 
2226' from the SW comer of 

OC43 OC42 6 90• 521S from~ SW com" 
Section 1 Tl 5S R20E of Scot ion 1 Tl SS R20E 

OC44 
The Common Comer of OC 

OC45 44, OC 45, OC 46 and OC 47 
- bears Nonh 0° 1323' and East 

OC47 OC46 90° 5255' from the SW comer 
of Section I Tl5S R20E 

The Eastern Common Comer OC48 
The Western Common Comer 

of OC 11 ondOC 12 bean OC II of OC 48 and oc 49 bears 

NO" 47' and East 90° 2287' ' - " --•"' 11,, and East 90' 

from the SW comer or Sectioli ~ OC49 5286' from the SW comer or 

I TISS R20E 0C 12 Section 1 T15S R20E 

The Eastcm Common Comer ocso The Wcslcm Common Comer 
of QC 13 and QC 14 bears oc 13 ofOC 50 and OC 51 bears 
so• t 153' and East 90° 2317' - South 0° I 077' and F.ast 90° 
from the NW corner or OC51 53 I 6' from the NW comer of 
Section 12 Tl 5S R20E oc 14 Section 12 Tl5S R20E 

The Cammon Comer of OC OC52 
The Western Cammon Comer 

15, QC 16andOC 17beais OC 15 12 ofOC 52 and OC 53 bears 
S00 2352' and East 90° 2348' - South o• 2276' and East 90' -from the NW Comer of - OC53 7 5347' from the NW comer of 

11 Section 12 Tl 5S R20E OC 17 OC 16 Section 12 TI SS R20E 

The Common Com<r of OC OC54 
The Common Comer of OC 

18,0C 19,0C20and0C21 OC 19 OC 18 54, 0C 55 and 0C 56 bears 
bean SO° 3552' and wt 90• - South o• 3476' and East 90' 
23 78' from lhe NW Comer of OC55 OC56 5378' from the NW comer of 
Section 12 TI 5S R20E OC2I OC20 Sec,ioo 12 TISS R20E 

The Common Comer of OC 
OC58 

The Common Comer afOC 
22, OC 23, 0C 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
bean so· 4752' IIJld E..i 90" bcars South 0° 4675' and East 
2409' from the NW Comer of 

OC59 OC60 90• 5408' from the NW comer 
Section 12 TI SS RlOE OC25 OC24 or Section 11 Tl SS R20E 

- . 

The Commoo Comer of OC The 
26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61 , OC 62, OC 63 and OC ~ 
bears so• 5951 · and East 90• bears South o• 5875' and East 
2439' from the NW Comer of 

OC63 OC64 900 5439' from the NW comer 
Section 12 T 15S R20E OC29 OC28 of Section 12 Tl5S R20E 

The Common Comer of OC OC66 
The Common Comer ofOC 

30, OC 31, OC 32 and OC 33 OC31 OC30 OC65 65, 0C 66, OC 67 and 0C 68 
bcan so• 7151' and wt 90" - bears South O" 7075' and East 

2470' from lhe NW Comer of 90" 5469' liom the NW comer 
Section 12 Tl5S R20E OC33 OC32 OC67 OC68 of Section 12 Tl 5S R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 Wld 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 I" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in If\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_ZI 1.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags . All claims are Carson Citv. NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted othciwisc. All bearings based on Surveyed By: T&T Exploration 

UTM North. San Bernardino Base & Meridian. Darum: 1927 Proiection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001635 

To correct a typographical error in the Meridian to S.B.B.&M. 

2/02/2010 
9:58 AM 

IV 

Pages: 2 

10,012, 

0.00 

1.50 

SI 1.51:' 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 22 

¼ 
SW 
SE 

Section 
12 
12 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and ...JJL feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are l ½" x 1 ½" x 4' wood posts. 

The _filY_ comer of this claim bears SOUTH and ~ feet and bears East and 2409 feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ...11. th day ofNovember, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: l ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: --~a;c_-~.,.___......,,.. ___ ~-=- '---- -
~- / 
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! Tl4 \ R?CIF I '14S R21E 
-,,... r , nnf\ 

T 15 S R21 E The Western Common Comer The Common Comer of QC I , I•~ 
__ JL, -

OC 2, OC J, and OC 4 bears OCI OC2 OC34 of OC 34 and OC JS bears 
N0° 41145' 1111d East 90° 2165' North 0° 4883' 1111d Bast 90° 
from lhe SW comer of Sec lion - 3664' from the SW~ of 
I TISSR20E OC3 OC4 OC35 Sectioo I Tl SS R20E 

The Common Comer orOC S, 
OC37 OC36 

Tbc Common Comer of OC 
OC 6, 0C 7, and OC 8 bears OC5 OC6 36, OC 37, OC 38 and OC 39 
NO" 3645' and East 90" 2195' bears North o• J 722' and East 
from !he SW comer of Section 

OC39 OC38 90° 5194' from the SW comer 
I TISS RlOE OC7 OC8 of Section I TISS R20E 

The Southern Common 1 OC40 
The Common Comer of OC 

2 Comer of OC9and OC JO OC9 OC 10 OC41 40, OC 41, OC 42 and 0C 43 
ball NO" 2458' and East 90° - bean North 0° 2S22' and East 
2226' from the SW comer of 

OC43 OC42 6 90° S225' from the SW comer 
Section I TISS R20E of Section I Tl5S R20E 

OC44 
The Common Comer of OC 

OC45 44, oc 45, OC 46 and OC 47 
- bears Nonh o• 1323' and East 

OC47 OC46 90" S255' from the SW comer 
of Section I Tl SS R20E 

The Eastcm Common Comer OC48 
The Wesi..m Cornmoo Comer 

of OC 11 andOC 12 bears OC!l of0C48 and0C49 bears 
NO" 47' 1111d Eut 90" 2'87' /, 

., __ ,"" 123' 111d Ea.<t 90" 

fi'om the SW comcrofSecliot.::~ OC49 5286' fiom the SW comer of 

I TISS R20E oc 12 Section I T 15S R20E 

The Eastern Common Comer OC50 
The Weslcm Common Comer 

of OC 13 and OC 14 bears OC 13 of 0C 50 and OC 51 bears 
so· 1153' and East 90" 2117' - South 0° I 077' and East 90" -from the NW comer of - SJ 16' from the NW comer of 
Seclion 12 Tl5S R20E oc 14 

OC51 
Section 12 Tl SS R20E 

The Common Comer of OC OC52 
The Wcsttrn Common Comer 

15,0Cl6andOC !?bears OC 15 12 ofOC 52 and OC 53 bears 
SO' 2352' and East 90" 2348' Soulh 0° 2276' and Easl 90° 
from lhc NW Comer of OC53 7 5347' from the NW comer of 

11 Section 12 TISS R20E OC 17 OC 16 Section 12 TISS R20E 

The Common Comer of OC OC54 
The Common Comer of OC 

18,0C 19,0C20andOC2I oc 19 OC 18 54, OC 55 and OC S6 bears 
beats so- 3552' and East 90° South 0° 3476' and East 90° 
23 78' from the NW Comer of 

OC55 OC56 5378' from Ille NW comer of 
Section 12 TISS R20E OC21 OC20 Section 12 TISS R20E 

Tho Common Comer of OC OC58 
The Common Comer of OC 

22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 57, OC S8, OC S9 and OC 60 
beanl SO" 4 752' and East 90° - bean South o• 4675' and East 
2409' from the NW Corner or - 90° 5408' from the NW comer 
Section 12 Tl 5S R20E OC25 OC24 OC59 OC60 of Section 12 Tl SS R20E 

The Common Comer of OC Jhc ·- ~ 

26, OC 27, 0C 28 and OC 29 OC27 OC26 OC61 OC62 61,0C62, OC63 andOC 64-
bearo S0° 595 I' and East 90° - bears South 0° 5875' and East 
2439' from the NW Comer of 

OC63 OC64 90° 5439' from the NW comer 
Section 12 TISS R10E OC29 OC28 of Section 11 TISS R20E 

The Common Comer of OC 
OC66 

The Common Comer of OC 
JO, OC 31, OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bean so• 71 S I' and East 90° - beats South o• 7075' and East -24 70' from the NW Comer of - 90° 5469' from the NW comer 
Section 12 Tl 5S R20E OC33 OC32 OC67 OC68 

of Section 12 TISS R20E 

14 13 18 
"OC" lode claims 1-10 & 34-4 7 were located on November 12, 2009 and 

N Scale 1 :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1" = 2000' 3000' 
"OC" lode claims 55--08 were located on November 14, 2009 in 1' Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial Countv, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z I 1.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims arc Carson Citv. NV 89703 Drawn By: GJ.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Swveyed By: T&T Exploration 

UTM Nn.rth. San Bernardino Base & Meridian. Datum: 1927 Proicction: UTM Zone 11 Units: Feet 

Document Number: 2010003194 Page: 2 of 3 

PC ORIGINAL PKG



I hereby certify thar I his i:, a tm:: and correct mpy 01 
the record fikd or rcco lcci iti !his offic,.: if it 1c; rs the 
seal of this office. 

Chuck Storey 
County Cieri;·_ Rccorcl<:'t 
c_·cur.ty or [rnp•~;-ial, :;1a1c ofC«~i! , 
Date Issued: 

SEP 1 3 2022 By l 

PC ORIGINAL PKG



THIS IS A TRUE CERTIFIED COPY ~ 
RECORD, IF IT BEARS THE SEAL ANr~NATURE 
OF THE J:MPERIAL COUNTY CLERK-R RDER 

DATE: _ _ 9/_1_3_/2_0_2_2_ 
CERTIFICATIONFEE: 3.50 ~ 

'?~ 
~~ 
~~ 

'?<S 
~"' 

COUNTY CLERK-RECORDER 

IMPERIAL COUNTY 
STATE OF CALIFORNIA 

Document Number: 2010003195 Page: 3 of 3 

PC ORIGINAL PKG



RECORDING REQUESTED BY AND MAIL TO: 

Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89703 

-- - - - - -
Recorded in lllliclftl Records, Impanel Counlr 

Dolores Provencio 
County Clerk / Recorder 

P Public 

Doc#: 2010- 003195 

I Ill 1111111111111111 

Titles: 

Fees 

Taxes 
Other 

PAID 

NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001636 

To correct a typographical error in the Meridian to S.B.B.&M. 

2/02/2010 
9:58 AM 

IV 

Pages: 2 

1€1.00 

0.00 

l.50 

SI 1.50 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 23 

¼ 
SW 

Section 
12 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) __JQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are l ½" x I ½" x 4' wood posts. 

The ...s.IL comer of this claim bears SOUTH and ...£lll.._ feet and bears East and 2409 feet from the SW 
Comer of Section l, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ...ll. th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the corner of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/J0/2009. and the description of monument are: I ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: -~-=---..,.,c:_.,p,,.✓-....::...~--,,,c.......,,,,,,.· -=::::;;zY_ 

~g,Agent / 
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I TI4•; R20R I 14S R21E 
'T'1 ,: , n,.,n-

T 15 S R21 E The Western Common Comer The Common Comer of OC 1, TA-, - ~v,.__, 
OC 2, OC 3, and OC 4 bears OCl OC2 OC34 ofOC 34 and OC 35 bears 
NO" 4845' and Easl 90° 2165' - Nonh O" 4883' and East 90° 
from the SW comer of Section OC35 

3664' from lhe SW comer of 
I Tl5SR20E OC3 OC4 Section I Tl 5S R20E 

The Common Comer ofOC 5, 
OC37 OC36 

The Common Corner of OC 
OC 6, OC 7, and OC 8 hears ocs OC6 36, OC 37, OC 38 and OC 39 
No• 3645' and East 90' 2195' - bears North 0' 3722' and East -from the SW corner ofS.dion OC39 OC38 90° 5194' from the SW comer 
I Tl5S R20E OC7 OC8 of Section 1 T 15S R20E 

The Southern Common 1 OC40 
Tho Common Corner ofOC 

2 ComcrofOC9andOCIO OC9 OC!0 OC4! 40, OC 41, OC 42 andOC 43 
beut NO- 2458' and East 90° beats North O" 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90° 5225' from the SW coma 
Seclion I TI 5S R20E of Section I Tl5S R20E 

OC44 
The Common Comer ofOC 

OC45 44, OC 45, OC 46 and OC 47 - hears North O" 1323' and East -
OC47 OC46 90° 5255' from the SW corner 

of Section I TI 5S R20E 

The Eastcm Common Comer OC48 
The Westan Common Comer 

of OC 11 and OC 12 beats OC 11 of OC 48 and OC 49 hears 

N0° 4 7' and WI 90° :z:2 B" ,, - ., _ _ c n• 113• and f.ast 90" 

from !he SW comer of Sectioli:: ~ OC49 5286' from the SW corner of 

I Tl5SR20E oc 12 Section I T15S R20E 

The Eastern Common Comer ocso The Western Common Comer 
of OC 13 and OC 14 hears OC 13 of OC 50 and OC 51 hears 
so• 1153' and East 90• 2317' South 0° I 077' and East 90° 
from the NW comer of - 5316' from the NW comer of 
Section 12 Tl 5S R20E OC 14 

OC51 
Section 12 Tl5S R20E 

The Common Comer of OC OC52 
The W~tcm Common Comer 

15,0C l6and0C 17hears OC 15 u of OC 52 and OC 53 hears 
SD° 2352' and East 90' 2348' South o• 2276' and Bui 90' 
from the NW Comer of OC53 7 5347' from the NW comer of 

11 Section 12 TISS R20E OC 17 OCl6 Section 12 TISS R20E 

The Common Comer of OC OC54 
The Common Comer of OC 

18,0C 19,0C20and0C2I OC 19 OC 18 54, OC 55 and OC 56 hears 
bears SO" 3552' and East 90° - Soulh 0' 34 76' and Eo.<l 90° 
2378' from lhe NW Comer of 

OC55 OC56 5378' from the NW comer of 
S<x:lion 12 Tl5S R20E OC21 OC20 Section 12 Tl5S R20E 

The Common Comer of OC ocss The Common Comer ofOC 
22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
hears so• 4752' and East 90" - bears South o• 4675' and East ·-2409' from the NW Comer of OC59 OC60 90° 5408' from lhe NW comer 
Section 12 Tl5S R20E OC25 OC24 of Section 12 Tl5S R20E 

The Common Comer of OC Jllc V 

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61, OC 62, OC 63 and OC 64 -
bears SO" 5951' and East 90° - bars South o· 5875' and East 
2439' from the NW Comer of -

OC64 90" 5439' from the NW comer 
Section 12 Tl 5S R20E OC29 OC28 OC63 of Section 12 T 15S R20E 

The Common Comer of OC OC66 
The Common Comer ofOC 

30, OC 31, OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bean SO" 7151' ond East 90" - bear.; South 0° 7075' and East 
24 70' from the NW Comer of OC67 OC68 90" 5469' from the NW comer 
Section 12 Tl 5S R20E OC33 OC32 of Section 12 Tl5S R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 I" "'2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in 11' Sections I & I 1-14 Township I 5 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_ZI I .dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv_ NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
lJTM North. San Bernardino B••D & Merillian. Datum: 1927 Projection: UTM Zone I I Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001637 

To correct a typographical error in the Meridian to S.B.B.&M. 

Fees 

Taxes 

Other 
PAID 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the QQl!._ Lode Mining Claim in the following quarter section(s): 

¼ Section TownshiE Range Meridian 
SW 12 15 South 20 East S.B.B.&M. 
NW 13 15 South 20 East S.B.B.&M. 
SE 12 15 South 20 East S.B.B.&M. 

:.w71£ 13 15 South 20 East S.B.B.&M . . 
From this point of discovery (monument of location) 1490 feet in a East direction and ......1Q_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are l ½" x l ½" x 4' wood posts. 

The NW comer of this claim bears SOUTH and 4752 feet and bears East and 2409 feet from the SW 
Comer of Section l, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this _ll_ th day ofNovember, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
I. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/ 10/2009, and the description of monument are: 1 ½" x l ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 
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I Tl4; R?_OF. I 114SR21E 
'T' I I: .., n""'-"- ,....,, 

T 15 S R21 E The Wcstcrn Common Comet The Common Comer or QC I, ._ ·- ~-~- -
OC 2, OC 3, and OC 4 bears OCI OC2 OC34 of OC 34 and OC 35 bears 
NO' 4845' and East 90° 2165' North 0° 4883' Bild East 90" 
from lhe SW comer or Section 

OC35 
3664' from the SW comer or 

I TISS R20E OC3 OC4 Section I Tl SS R20E 

The Common Comer of QC S, OC36 
The Common Comer ofOC 

QC 6, OC 7, and OC 8 bears OC5 OC6 OC37 36, QC 37, OC 38 and OC 39 
NO' 3645' and East 90' 2195' bears North 0° 3 722' and East 
from the SW comer of Sec lion - 90° 5194' from the SW comer 
I Tl5SR20E OC7 OC8 OC39 OC38 of Section I Tl5S R20E 

The Southern Common 1 OC40 
The Common Comer of OC 

2 Com« of QC 9 and OC IO OC9 OC 10 OC41 40, QC 41, QC 42 and OC 43 
bean NO" 2458' and East 90' bears North 0' 2522' and EAst 
2226' from the SW comer of 

OC43 OC42 6 90° S22S' from the SW comtt 
Section I Tl 5S R20E of Section I Tl5S R20E 

OC44 
The Common Comer ofOC 

OC45 4-4, QC45, QC 46 and QC47 

- bears North 0' 1323' and East 

OC47 OC46 90' 5255' from the SW oomcr 
of Section I TlSS R20E 

The Eastern Common Comer OC48 
The Western Common Corna 

of OC l I and OC 12 bears OCII of OC 48 and OC 49 bears 

NO' 47' and Eur 90° 2287' I'. - ., __ , " 0 123' and East 90° 

lrom the SW comerofSectio~ ~ OC49 5286' from the SW comer of 

I Tl5S R20E OCl2 Section I Tl5S R20E 

The Wtcm Common Comer OC50 
The Western Common Comer 

of OC 13 and OC 14 bears oc 13 ofOC SO and OC SI bears 
so• 1153' and East 90" 2317' - South 0° l 077' and Easl 90' 
from the NW comer of OC51 5316' from the NW comer of 
Section 12 TISS R20E OC 14 Section l 2 Tl SS R20E 

The Common Comer of QC OC52 
The Western Common Comer 

15, OC l 6 and OC 17 bear> OC 15 12 of QC 52 and OC 53 bears 
SO' 2352' and East 90' 2348' - South 0° 2276' and East 90° 
from the NW Comer of - OC53 7 534T from lhe NW comer or 

11 Section 12 TlSS R20E OC 17 OC 16 Section 12 Tl5S R20E 

The Common Comer of OC OC54 
The Common Comer ofOC 

18, OC 19, oc 20 and OC 21 OC 19 oc 18 54, OC 55 and OC 56 bean 
bears SO" 3552' and Ea<I 90' - South 0° 34 76' and East 90" 
2378' from the NW Comer or 

OC20 ocss OC56 5378' from the NW comer of 
Section 12 Tl5S R20E OC21 Scc(ion 12 Tl 55 R20E 

The Common Comer of OC ocss The Common Comer of QC 
22, OC 23, OC 24 and QC 25 OCB OC22 OC57 57, QC 58, QC 59 and QC 60 
bears SO' 4752' and Easl 90° - bears South 0° 4675' and F.ast 
2409' from lhe NW Comer of OC59 OC60 90' 5408' from the NW comer 
Section I 2 TI SS R20E OC25 OC24 of Section 12 Tl5S R20E 

The Common Comer of OC fhc - ~ 

26, oc 27, QC 28 and oc 29 OC27 OC26 OC61 OC62 61, OC 62, OC 63 andOC 64 -
beam so• 595 t' and East 90° - bears South 0° 5875' and East 
2439' from the NW Corner of 

OC28 OC63 OC64 90° S439' from lhc NW comer 
Section I 2 Tl SS R20E OC29 of Section 12 Tl SS RlOE 

The Common Comer of OC OC66 
The Common Comer of OC 

30, QC 31, QC 32 and QC 33 OC31 OC30 OC65 65, OC 66, QC 67 and OC 68 
bears S0° 7151' and East 90° beam Soulh 0° 7075' and Ea.st 
24 70' from the NW Comer of 

OC67 OC68 90° 5469' trom \he NW comer 
Section I 2 Tl 5S R20E OC33 OC32 of Section 12 Tl 5S R20E 

14 13 18 
"OC" lode claims 1-10 & 34-4 7 were located on November 12, 2009 and 

N Scale 1 :24000 
"OC'' lode claims l 1-33 & 48-54 were located on November 13, 2009 and 0 I" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in lj\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Seel.ions 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims fmperial County, California 

Notes; 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl l.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 20 JO 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Cltv. NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UTM North, San Bernardino Base & Meridian. Darum: 1927 Projection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001638 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 25 

¼ 
SW 
NW 

Section 
12 
13 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) _.lQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The ...NE_ comer of this claim bears SOUTH and ...ill2._ feet and bears East and ...M22._ feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this __il_ th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: I ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: _ _ ..,,.~,e::._-,/1!::......,,,iJ:-:/=-~~~--fo::::;,,:-
H. ~,¼e7t--fo- / 
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l Tl4', "R?OP I '14S R2-fE 
'T''"' '..,.-,..,.,- T 15 S R21 E The Western Common Comer The ComlllOll Comer of OC I , ~ .... .l'-,L,vJ._;, 

OC 2, OC 3, and OC 4 bears OC l OC2 OC34 ofOC J4 and OC 35 bean 
NO" 4845' and East 90° 2165' - North 0° 4883' and East 90° 
from the SW comet of Section OC35 

3664' from the SW comer of 
I TISS R20E OC3 OC4 Section I TISS R20E 

The Common Comer of OC S, OC36 
The Common Corner ofOC 

0C 6, OC 7, and OC 8 bears OC5 OC6 OC37 36, OC 37, OC 38 and OC 39 
NO• 3645' and East 90° 2 I 95' - bear, North O" 3722' and East 
from lbc SW comer of Section - 90° 5 1 '14' from !he SW comer 
I Tl5SR20E OC7 OC8 OC39 OC38 

of Section I Tl SS R20E 

The Southern Common 1 OC40 
The Common Comer ofOC 

2 Comer of OC9 andOC JO OC9 OCI0 OC41 40, OC 41, OC 42 and OC 43 
ban No• 2458' and Eas1 90• . bcaro North o• 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90° 5225' from lbc SW comer 
Section I Tl 5S R20E of Section I TISS R20E 

OC44 
The Common Comer of OC 

OC45 44, 0C 45, 0C 46 and OC 4 7 
- bean North 0° 1323' and Easl 

OC47 OC46 90' 5255' from the SW comer 
of Section I TI 5S R20E 

The Eastern Common Comer OC48 
The Western Common Comer 

of OC 11 and OC 12 bear.; OC II of OC 48 and OC 49 bean 

NO' 4 7' &Od WI 90° 228'7' /. 
- ''- ~, ft' l 23' and Ea.st 90' 

1TOm the SW comcrofScctiol> ~ OC49 5286' from the SW comer oT 

I Tl5S R20E OC12 Section I Tl 5S R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of OC 13 and OC 14 bears oc 13 of OC SO and OC 51 bears 
SO" 1153' and East 90' 23 I 7' . South o• !077' and East 90° 
from the NW comer of OC51 5316' from the NW comer of 
Section 12 TI 5S R20E OCl4 Section 12 Tl 5S R20E 

The Common Comer of OC OC52 The Wcslcm Common Comer 
15, OC 16111d OC 17 bears OC 15 12 ofOC 52 and OC 53 bears 
SO" 2352' and East 90° 2348' - South o• 22 76' and East 90° 
from the NW Comer of OC53 7 5347' from the NW comer of 

11 Section 12 T15S R20E OC 17 OC16 Section 12 Tl 5S R20E 

The Common Comer of OC OC54 
The Common Comer of QC 

18, OC 19, OC 20 and OC 21 OCl9 OC 18 54, OC 55 and OC 56 bears 
bean SO" 3552' and East 90° . South o• 3476' and East 90° 
2378' from the NW Comer of 

OC55 OC56 5378' from the NW comer of 
Section 12 Tl5S R20E OC21 OC20 Section 12 Tl 5S R20E 

The Common Comer of OC OC58 
The Common Comer ofOC 

22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
bean SO' 4752' and Easl 90° - bears South o• 4675' ond East 
2409' from the NW Comer of OC59 OC60 90° 5408' from the NW comer 
Section 12 Tl5S R20E OC25 OC24 ofScciion 12 Tl 5S R20E 

The Common Comer of OC OC62 
lbc ' IV" 

26, 0C 27, QC 28 11I1d 0C 29 OC27 OC26 OC61 61, OC62, OC 63 andOC ~ 
bears so• 5951' and East 90° - bears South O' S875' and East 
2439' from the NW Comer of ()C63 OC64 90° 5439' from the NW comer 
Section 12 T15S R20E OC29 OC21\ of Section 12 TI SS R20E 

The Common Corner of OC OC66 
The Common Comer ofOC 

JO, OC 31, OC 32 ondOC 33 OCJI OC30 OC65 65, OC 66, OC 67 and OC 68 
bears SO" 7 I 5 1' and East 90° bears South o• 707 S' and East 
24 70' from the NW Comer of OC67 OC68 90° 5469' from the NW comer 
Section 12 T!5S R20E OC33 OC32 of Section 12 Tl 5S R20E 

14 13 18 
"OC" lode claims 1- 10 & 34-47 were located on November 12, 2009 and 

N Scale 1 :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 I" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in If\ Sections I & 11-14 Township 15 South Range 20 East lllld in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z I l.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T &T Explora.tion 
UTM North. Sllll Bernardino Base & Meridian. Datum: 1927 Projection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001639 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 26 

¼ 
NW 
NE 

Section 
13 
13 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and _lO_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
corner monuments are 1 ½" x I ½" x 4' wood posts. 

The~ corner of this claim bears SOUTH and .22ll._ feet and bears East and 2439 feet from the SW 
Corner of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this _u_ th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
l. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each corner monument so erected contains 
markings sufficient to appropriately designate the corner of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: 1 ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 
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l T14S R?ffR I Tl4S R21E 
rr ,: """'" T 15 S R2 l E The Wtstcm Common Comer The Common Comer of QC I, A ~ - ~~VJ..; 

QC2,QC 3, andQC4 bears OCI OC2 OC34 ofOC 34 and QC 35 bears 
NO' 4845' and East90° 216.5' North 0° 4883' and East 90° 
from the SW comer of Section 

OC35 
3664' from the SW comer of 

I TISS R20E OC3 OC4 Section I Tl 5S R20E 

The Common Comer of QC S, 
OC37 OC36 

The Common Comer ofOC 
OC 6, QC 7, and QC 8 bears ocs OC6 36,QC 37,QC 38 andQC39 
NO' 3645' and Ea.! 90' 2195' - bears North 0° 3 722' and East 
from lhe SW comer of Section 

OC39 OC38 90' 5194' from lhe SW comer 
I Tl5SR20E OC7 OC8 of Section I Tl5S R20E 

The Sollthcrn Common 1 OC40 
The Common Comer of QC 

2 Comer or QC 9 and OC JO OC9 OCI0 OC41 40, QC 41, QC 42 and OC 43 
bc.lti NO" 2458' and East 90° - · bears North o• 2522' and East 
2226' from the SW comer of OC43 OC42 6 90" SUS from the SW comer 
Section I TI.5S R20E orScct.ion I Tl5S R20E 

OC44 
The Common Coma of QC 

OC45 44, QC 4.5, QC 46 and QC 47 
~ - hears North a• 1323' and East 

OC47 OC46 90° .52.55' from the SW comer 
of Section I TJ.5SR20E 

The Eastern Common Comer OC48 
The Wcskm Common Comer 

of QC 11 and QC 12 hears OC II of QC 48 and QC 49 bears 

N0"47'and Ea,t !IO" 22&.,, t: - "--,n• 12-''andE&sl!IO' 

from the SW comer ofSccti<>1': 'l OC49 5286' from the SW comer of 

I Tl5S R20E OCl2 Section l Tl5S R20E 

The Eastern Common Corner OC50 
The Western Common Comer 

of OC 13 and QC 14 bears OC 13 of QC 50 and OC 51 bears 
so· 1153' and East 90' 23 I 7' - South 0' l 077' and East 90' -from the NW comer of -

OC51 .5316' from the NW comer of 
Section 12 Tl5S RlOE OCl4 Section 12 Tl5S R20E 

The Common Comer of OC OC 52 
The Wtskm Common Comer 

15, QC 16 and QC 17 bears OC 15 12 of QC 52 and QC 53 bears 
so• 2352' and East 90' 2348' South o• 2276' and Ea.st 90° 
from the NW Comer of - OC53 7 5347' from the NW comer of 

11 Section 12 Tl5S R20E oc 17 OC 16 Section 12 Tl 5S R20E 

The Common Comer of QC OC54 
The Common Comor of OC 

18, QC 19, OC 20 and QC 21 OC 19 oc 18 54, 0C 55 and QC 56 bears 
bears so• 3552' and East 90' - South 0' 3476' and East 90° 
23 7B' from the NW Corner of OC55 OC56 5378' from lhe NW comor of 
Section 12 TI 5S R20E OC21 OC20 Section 12 Tl 5S R20E 

The Common Comer of OC OC58 
The Common Comer of OC 

22, OC 23, QC 24 and OC 25 OC23 OC22 OC57 57, QC 58, QC 59 and QC 60 
bears so• 4752' and East 90' - bears South 0° 4675' and East 
2409' from the NW Comer of OC59 OC60 90' 5408' from the NW comer 
Section 12 Tl5S R20E OC25 OC24 ofScction 12 Tl5S R20E 

The Common Comer of OC OC62 
the _,, 

26, QC 27, 0C 28 and OC 29 OC27 OC26 OC61 61, OC 62, OC 63 and OC &I 
bears S0° 5951' and East 90° - heal'! South o• 5875' and East 
2439' from the NW Comer of 

OC63 OC64 90' 5439' from the NW comer 
Section 12 Tl 5S R20E OC29 OC28 of Scc!ion 12 TI 5S R20E 

The Common Comer of OC 
OC66 

The Common Comer of OC 
30, OC 31, OC 32 end OC 33 OC31 OC30 OC65 65, OC 66, QC 67 and OC 68 
bears so0 7151' and East 90' - bears South 0° 7075' and East 
24 70' from the NW Corner of 

OC32 0C67 OC68 90' 5469' from the NW comer 
Section 12 Tl 5S R20E OC33 of Section 12 Tl5S R20E 

14 13 18 
"OC" lode claims 1-10 & 34--47 were located on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1" =2000' 3000' 
"OC" lode claims 55--68 were located on November 14, 2009 in If\ 'Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for 0C 1-68 Lode Claims Imperial County, California 

Noles: 
Imperial County, California 

Location Monuments are set IO' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z 11.dwg 

noted otherwise. All location and corner monwnents are 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims are Cars.on Citv. NV 89703 Drawn By: G.l.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UTM Nnrih. San Bernardino Base& Meridian. Datum: 1927 Proiectioo: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001640 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 27 Lode Mining Claim in the following quarter section(s): 

¼ 
NW 

Section 
13 

Township 
15 South 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument oflocation) _lQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x l ½" x 4' wood posts. 

The _filL corner of this claim bears SOUTH and ~ feet and bears East and _M12_ feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, CaJifomia. 
Located this --11. th day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each corner of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/ I 0/2009, and the description of monument are: 1 ½" x 1 ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: ---~-==---... b.=w:~------'-----.11-Z~....,,--:;,,.c...._ 
H.'Hyi;;~ ~ 
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I • 

l Tl4, R?OF I '14S R21E .,... , ,: ~-n,..--
T 15 S R21 £ The Western Common Comer -The Common Comer of QC I, A .. W ' .l.~V.&....t 

QC 2, OC 3, and QC 4 bears OCI OC2 OC34 of QC 34 and QC 35 bears 
N0° 4845' and East 90° 2165' North D° 4883' and Bast 90° 
from the SW comer of Section 

OC35 
3664' from the SW com..- of 

I Tl5S R20E OC3 OC4 Section I Tl 5S R20E 

The Common Comer of QC 5, OC36 
The Common Comer of QC 

QC 6, OC 7, and OC 8 bcars OC5 OC6 OC37 36, OC 37, QC 38 and OC 39 
N0° 3645' and East 90° 2195' - bears North 0° 3722' and East 
from \he SW comer of Section 

. 90° 5194' from the SW comer 
I TISS R20E OC7 OC8 OC39 OC38 

of Section I TI 5S R20E 

The Southern Common 1 OC40 
The Common Corner of OC 

2 Comer o( QC 9 and OC 10 OC9 OCI0 OC41 40, OC 41, QC 42 and QC 43 
bean N<r' 2458' and East 90' . bears North o• 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90° 5225' from the SW comer 
Section I Tl 5S R20E of Section I Tl5S R20E 

OC44 
The Common Comer ofOC 

OC45 44, 0C 45, QC 46 and QC 47 
- bcars North o· 1323' and East 

OC47 OC46 90° 5255' from \he SW corner 
of Section I Tl5S R20E 

The Eastern Common Comer OC48 
The We<I.Ctn Common Comer 

of 0C 11 and OC 12 bears OC II of OC 48 and OC 49 bears 

ND° 41' and East 90° 2287' ' " - -Ln• '23'and£ut90° 

rrom lhe SW comer of Sectiol,; ~ OC49 5186' from the SW corner of 

I Tl5SR20E OC12 Section I Tl 5S R20E 

The Eastern Common Comer OC50 
The Western Common Co111<r 

of OC 13 and OC 14 bears oc 13 of OC 50 and OC 51 bears 
SO' 1153' and East90° 2317' - South 0° I 077' and East 90" -from the NW comer of OC51 5316' from the NW comer of 
Section 12 Tl5S R20E OCl4 Section 12 Tl 5S R20E 

The Common Comer of OC OC52 
'Inc Western Common Comer 

15,0C l6and0C 17bears OC 15 12 of QC 52 and OC 53 bears 
SO" 2352' and East 90° 2348' - South o· 2276' and East 90" 
from the NW Comer of - 7 5347' from the NW comer of 

11 Section 12 Tl1S R20E oc 17 OCI6 OC 53 
Section 12 TI 5S R20E 

The Common Comer of QC OC54 
The Common Corner of QC 

18, QC 19, OC 20 and QC 21 OC19 oc 18 54, OC 55 and OC 56 bears 
bears so• 3552' and East 90° - South 0° 3476' and East 90° 
2378' from the NW Corner of - 5378' from the NW comer of 
Section 12 Tl5S R20E OC21 OC20 OC55 OC56 Section 12 Tl5S R20E 

The Common Comer of QC OC:58 
The Common Comer of QC 

22, QC 23, QC 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
bears so• 4752' and East 90• bcars South o• 4675' and East 
2409' from the NW Comer of OC59 OC60 90' 5408' from the NW comer 
Section 12 Tl5S R20E OC25 OC24 of Section 12 Tl5S R20E 

Tbe Common Comer of OC rn, -

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61, OC62,0C 63 and OCM 
bean! so• 5951' and East 90° . bears South 0' 5875' and East 
2439' from the NW Comer of OC63 OC64 900 5439' from the NW comer 
Section 12 Tl5S R20E OC29 OC28 of Section 12 Ti5S R20E 

The Common Comer of OC 
OC66 

The Common Comer of OC 
30, OC 31, OC 32 and oc 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bean! SO" 7151' and East 90° bears South o• 7075' and East 
24 70' from the NW Comer of 

OC67 OC68 90° 5469' from the NW comer 
Section 12 T 15S R20E OC33 0Cl2 of Section 12 Tl5S R20E 

14 13 18 
"OC" lode claims 1-10 & 34-47 were located on November 12, 2009 ond 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in !j\ S~tions 1 & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial Countv, California 

Location Monuments arc set 10' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z 11.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv NV 89703 Drawn By: G.l.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UTM North. San Bernardino Base & Meridian. Datum: 1927 Proiection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001641 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 28 Lode Mining Claim in the following quarter section(s): 

¼ 
NW 
NE 

Section 
13 
13 

Township 
15 South 
15 South 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument oflocation) 1490 feet in a East direction and __l9_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are l ½" x 1 ½" x 4' wood posts. 

The NW comer of this claim bears SOUTH and ..22.ll_ feet and bears East and 2439 feet from the SW 
Comer of Section I, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California . 
Located this _u_lh day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: I ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: -~----.,....,./-'--~-J:_.._--L_ __ 
H.~t 7 
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I Tl4t ; R?OP I n4S R21E 
T 1 ,:- ,n"\J'\ 

T 15 S R2 l E The Wes~m Common Comer The Common Comer of QC I, . ., -~VL, 
-

QC 2, OC 3, and QC 4 bea.-s OCl OC2 OC34 of QC 34 and QC 35 bcars 
NO' 4845' and East 90' 2165' - North 0° 4883' and East 90° 
from tbc SW comer ofScclion OC35 

3664' from tbc SW comer of 
I Tl5S R20E OC3 OC4 Scclion l Tl5S R20E 

The Common Comer of QC 5, OC36 
The Common Comer of OC 

QC 6, QC 7, and QC 8 bears OC5 OC6 OC:37 36, QC 37, QC 38 and QC 39 
NO' 3645' and East 90° 2195' bears North o• 3 722' and East 
from tbc SW comer of Section - 90° 5194' from lhe SW comer 
l Tl5S R20E OC7 OC8 OC:39 OC38 

of Section I Tl5S R20E 

The Soulhcrn Common 1 OC:40 
The Common Comer of OC 

2 Comer of QC 9 aod OC 10 OC:9 OCIO OC:41 40, QC 41, QC 42 and OC43 
bean NO" 2458' and East 90° - bears North 0° 2522' and East 
2226' from tbe SW comer of 

OC:43 OC42 6 90' 5225' from the SW comer 
Section l Tl 5S R20E of Section 1 Tl5S R20E 

OC:44 
The Common Comer of OC 

OC45 44, OC 45, QC 46 and OC 47 - bean North 0° 1323' and East 

OC47 OC46 90° 5255' from the SW comer 
ofSeccion l Tl5S R20E 

The Eastern Common Comet OC48 
The Western Common Comer 

of OC 11 and 0C 12 bea.-s OCll of QC 48 and QC 49 bcars 

NO' 47' 1111d East 90' 2287' "'--· no 123' and 1:.,,$190' 
rromthc SW comer of Sectio~ /,/ OC49 5286' from the SW coma of 

I TISSR20E oc l2 Section I Tl SS R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

ofOC13andOC14bea.-s OC 13 ofOC 50 and OC 51 bean 
SO' 1153' and East 90° 23 I 7' - Soutb 0° I 077' and East 90° 
from tbc NW comer of - OC51 5316' from the NW comer of 
Section 12 115S R20E OCl4 Section 12 Tl 5S R20E 

The Common Corner of OC OC52 
The Western Common Comer 

15, OC 16 and OC 17 bea.-s oc 15 12 of QC 52 and OC 53 bean 
S0° 2352' and East 90' 2348' - South 0° 2276' and East 90° -from the NW Comer of - OC53 7 5347' from tbc NW comer of 

11 Section 12 Tl5S R20E OC 17 oc 16 Section 12 Tl5S R20E 

The Common Comer of QC OCS4 
The Common Comer of OC 

18,0C 19,QC20andQC21 OC19 OC 18 54, QC 55 and OC 56 bears 

bears SO' 3552' and East 90° Soutb o• 3476' and East 90' 
2378' from the NW Comer of OC55 OC56 5378' from the NW comer of 
Section 12 Tl 5S R20E OC21 OC:20 Section 12 Tl5S R20E 

Tbc Common Comer of QC 
OC58 

The Common Comer of OC 
22, OC 23, QC 24 and OC 25 OC23 OC22 OC51 51, QC 58, 0C 59 and OC 60 
bears SO' 4752' and East 90° - bears South 0° 4675' and East 
2409' from the NW Comer of -

OC60 90" 5408' from the NW comer 
Section 12 Tl 5S R20E OC25 OC24 OC59 of Section 12 Tl 5S R20E 

The Common Comer of QC 111c .... "j V 

26, OC 27, QC 28 and OC 29 OC27 OC26 OC61 OC62 61,0C:62, OC 63 and0C64-
bcars SO' 5951' and East90" - bears South 0° 5875' and East 
2439' from the NW Comer of - 90' 5439' from the NW comer 
Section 12 Tl5S R20E OC29 OC28 OC:63 OC64 of Section 12 TI SS R20E 

The Common Comer of QC 
OC66 

The Common Comer ofOC 
30, OC 31 , OC 32 and OC 33 OC31 OC30 OC65 65, QC 66, OC 67 and OC 68 
bears SO' 715 I' and East 90° - bear.I South 0° 7075' and East 
24 70' from the NW Comer of 90° 5469' from tbc NW comer 
Section 12 TISS R20E OC33 OC32 OC67 OC68 of Section 12 T15S R20E 

14 13 18 
"OC" lode claims 1- IO & 34-47 were localed on November 12, 2009 and 

N Scale I :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 1" = 2000' 3000' 
"OC" lode claims 55--68 were located on November 14, 2009 in fl\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments life set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl l.dwg 

noted otherwise. All location and corner monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv. NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted othetwise. Al! bearings based on Surveyed By: T&T Exploration 
UTM North. San Bernardino Ba.,. & Meridian. Datum: 1927 Proiection: UTM Zone 11 Units: Feet 
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Carson City, NV 89703 
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County Clerk / Recorder 

2/02/2010 
9:58 AM 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001642 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 29 

¼ 
NW 

Section 
13 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) ...JQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
corner monuments are l ½" x l ½" x 4' wood posts. 

The _trn_ corner of this claim bears SOUTH and -2ill_ feet and bears East and~ feet from the SW 
Corner of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, Cali fornia. 
Located this ...11.111 day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
l. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each corner monument so erected contains 
markings sufficient to appropriately designate the corner of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: I ½" x l ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: _ _ ...,.oe.__ ----.L_""-__,_~~-~-==-=-=2=r-:;;...,,<'--
H. ~ t 
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I Tl4 \ "R')OH I Tl4S R21E 
,, e n"""'_"'_ 

T 15 S R21 E The Western Common Comer The Common Comer of OC I, .. ,._ ~~vu 
OC 2, OC 3, and OC 4 bears OCI OC2 OC34 of QC 34 and OC 35 bears 
NO" 4S45' and Eut90° 2165' North 0° 4883' lllld East 90° 
from lhe SW comer of Section - 3664' from lhe SW comer of 
I TISS R20E OC3 OC4 OC35 Scclion I Tl5S R20E 

The Common Come, ofOC 5, OC36 
The Common Comer of OC 

OC 6, OC 7, and OC 8 bem OC5 OC6 OC37 36, OC 37, OC 38 and OC 39 
NO' 3645' and East 90° 2195' bcars North 0' 3 722' and &sl 
from the SW comer of Section 

OC39 OC38 90° S 194' from the SW comer 
I TISSR20E OC7 OC8 of s«tion I Tl 5S R20E 

The Soutbcm Common 1 OC40 
The Common Comer ofOC 

2 Comer of OC 9 and QC 10 OC9 OCI0 OC41 40, QC 41, OC 42 and OC 43 
bcan NO' 2458' and East 90° - bears North o• 2522' and East 
2226' from lhe SW comer of 

OC43 OC42 6 90" 5225' from the SW corocr 
Scc1ion 1 Tl 5S R20E of Sec lion I Tl 5S R20E 

OC44 
The Common Comer of QC 

OC45 44, QC 45, QC 46 and OC 47 

- bears North 0° 1323' and East 

OC47 OC46 90' 5255' from tbc SW comer 
of Section I TI 5S R20E 

The Eastern Common Comer OC48 
The Western Common Comer 

of QC 11 and OC 12 bears OCII ofOC 48 and OC 49 bean 

NO" 47' and Eaot 90° 2287' ' - -- --,"" 123•an11 w t90' 
trom the SW comer ofSectio!.: ':,I OC49 5286' from the SW comer of 

I TISS R20E OC12 Section I TISS R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of OC 13 and QC 14 bear.; oc 13 ofOC SO and OC 51 bears 
SO' 1153' and East 90° 2317' Soulh 0° I 077' and East 90° 
from the NW comer of OCSI 5316' from lhe NW comer of 
Scclion 12 Tl SS R20E OC 14 Section 12 TISS R20E 

The Common Comer of QC OC52 
The Wc,;tem Common Comer 

15,0C 16aodOC 17bcars OCIS 12 of OC 52 and QC 53 bears 
so• 2352' and East 90" 2348' 

.. 
South 0° 2276' and East 90° -from lhe NW Corner of - OC53 7 5347' from the NW comer of 

11 Section 12 TISS R20E OC\7 OC 16 Section 12 Tl SS R20E 

The Common Comer of QC OC54 
The Common Comer of OC 

18, OC 19, QC 20 and OC 21 OC 19 oc 18 54, OC 55 and OC 56 bears 
bean so• 3552' and East 90' - Soulh o• 34 76' and &st 90" -23 78' from the NW Comer of - 5378' from the NW comer of 
Section 12 Tl5S R20E OC21 OC20 ocss OC56 

Sccrion 12 Tl5S R20E 

The Common Comer of OC OC58 
The Common Comer of OC 

22, OC 23, OC 24 1nd OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
bean so• 4752' and East 90" burs South 0° 4675' and East 
2409' from the NW Comer of OC59 OC60 90' 5408' from lhe NW comer 
Section 12 TI SS R20E OC25 OC24 of Section 12 Tl5S R20E 

The Common Comer of OC 
. .,.,,. 

OC61 OC62 
tne _ 

26, OC 27, OC 28 and OC 29 OC27 OC26 61, OC 62, OC 63 and QC 64 
beam SO" 595 I' and East 90' - bears South 0° 5875' and East 
2439' from the NW Comer of 

OC63 OC64 90' 5439' from the NW comcr 
Section 12 TISS R20E OC29 OC28 of Section 12 T 15S R20E 

The Common Corner of QC OC66 
The Common Comer ofOC 

30, OC 31, QC 32 and QC 3) OC31 OC30 OC65 65, oe 66, oc 67 and oc 68 
bears SO' 7151' and East 90' . bcffl South o• 707 5' and East 
2470' from lhe NW Comer of 

OC67 OC68 90' 5469' from lhc NW comer 
Section 12 Tl5S R20E OC33 OC32 of Section 12 Tl 5S R20E 

14 13 18 
"0C'' lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale 1:24000 
"OC" lode claims 11-33 & 48-S4 were located on November 13, 2009 and 0 )"=2000' 3000' 
"OC" lode claims S5-68 were located on November 14, 2009 in 1' Sections l & 11- I 4 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial Cowity, California 

Location Monuments are set I 0' from claim end lines unless Lincoln Gold US Corp OC _Claims_ N27 _ Z I 1.dwg 

noted otherwise. All location and comer monuments arc 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags, All claims are Carson Citv NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 
UTM North . San Bernardino Base & Meridian. Datum: 1927 Proiection: UTM Zone II Units: Feet 
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Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89703 

Recorded In Oltlcllll Records, lmperllll County 

Dolores Provencio 
County Clerk / Recorder 

2/0212010 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001643 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 30 

¼ 
NW 
NE 

Section 
13 
13 

Township 
15 South 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and -1.Q_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x l ½" x 4' wood posts. 

The~ comer of this claim bears SOUTH and ...1liL feet and bears East and ...MlQ_ feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this .J1.. 1h day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: 1 ½" x l ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 
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1 Tl4C:: R?O~ I 14S R21E 
'T' Ir .,,n ..... ---.;;;.;;;,· 

T 15 S R2 l E The Wcslml Common Comer The Common Comer ofOC I, ... ., i-JL 
-

DC 2, DC 3, and OC 4 bears OCI OC2 OC34 of OC 34 and DC 35 bears 

N0° 4845' and East 90° 2165' North 0° 4883' and East 90° 
from lhe SW comer of Section - 3664' from lhe SW comer of 
I Tl5SR20E OC3 OC4 OC35 Section I Tl5S R20E 

The Common Comer ofOC 5, 
OC37 OC36 

The Common Comer ofOC 
DC 6, OC 7, and OC 8 bears OC5 OC6 36, DC 37, DC 38 and DC 39 
NOO 3645' and East 90° 2195' bcars North 00 3722' and East 
from lhe SW comer of Section 

OC8 OC39 OC38 90° 5194' from the SW comer 
I Tl5S R20E OC7 of Section I Tl 5S R20E 

The Southern Common 1 OC40 
The Common Comer ofOC 

2 Comer or OC 9 and OC 10 OC9 OC 10 OC41 40, OC 41, OC 42andOC 43 
bears N0° 2458' and East 90° - bears North 00 2522' and East 
2226' from lhc SW comer of OC43 OC42 6 90° 5225' from the SW com<:r 
Section I Tl 5S R20E of Section I Tl5S R20E 

OC44 
The Common Comer of OC 

OC45 44, OC 45, OC 46 and DC 47 
bean; North 00 I 323' and East -

OC47 OC46 90° 5255' from the SW comer 
of Section I Tl5S R20E 

Tbe Eastern Common Comer OC48 
The We&tem Common Comer 

of OC 11 and OC 12 bears OC11 of DC 48 and OC 49 bears 

NOO 47' and East 90° 2287' - ••--• n• , H' OJ\d Ea<t 90" 

trom lhe SW comer of Sectio~ "/ OC49 5286' from the SW comer of 

1 Tl5S R20E oc 12 Section I Tl5S R201'. 

The Eastern Common Comer OC50 
The Western Common Comer 

of OC 13 and OC 14 bears OCl3 ofOC 50 and OC 51 bears 

S0° I 153' and East 90° 2317' 
. South 0° 1077' and East 900 

rrom the NW corner of OC51 5316' from ihe NW comer of 
Section 12 Tl5S R20E OC 14 Section 12 Tl5S R20E 

The Common Comer of OC OC52 
The Western Common Comer 

15, OC 16 and OC 17 bears OC 15 12 ofOC 52 and OC 53 bears 
so• 2352' and East 90° 2348' - Soulh 0° 2276' and East 90° -
from ihc NW Comer of - OC 53 7 5347' from the NW comer of 

11 Section 12 Tl 5S R20E oc 17 OC16 Section 12 Tl5S R20E 

The Common Comet of OC OC54 
The Common Comer ofOC 

18, OC 19,0C 20 andOC 21 OC 19 OC 18 54, OC 55 and OC 56 bears 
bears so• 3552' and East 90° Soulh 00 3476' and East 900 
2378' from the NW Comer of OC55 OC56 5378' from the NW comer of 
Section 12 TI SS R20E OC21 OC20 Section 12 Tl SS R20E 

The Common Comer of OC OC 58 
The Common Comer ofOC 

22, OC 23, DC 24 and OC 25 OC23 OC22 OC57 57, DC 58, OC 59 and OC 60 
bears SOO 4752' and East 90° bcars South 0° 4675' and East -
2409' from the NW Comer of 90° 54-08' from the NW comer 
Section 12 Tl 5S R20E OC25 OC24 OC59 OC60 of Section 12 Tl5S R20E 

The Common Comer of OC I ll< 
- ·'"" 

26, OC 27, DC 28 and OC 29 OC27 OC26 OC61 OC62 61, OC 62, OC 63 and DC 64-
bears so• 5951' and East 90° . bears South 0° 5875' 811d Easl 
2439' from the NW Comer of OC63 OC64 90° 5439' from the NW comer 
Section 12 Tl5S R20E OC29 OC28 of Section 12 Tl SS RlOE 

The Common Comer of OC OC66 
The Common Comer of OC 

30, OC 31, DC 32 andOC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bears so• 7151' and East 90° . bcars South 0° 7075' and East 
24 70' from the NW Comer of OC67 OC68 90° 5469' from the NW comer 
Section 12 T\5S R20E OC33 OC32 of Section 12 Tl5S R20E 

14 13 18 
"OC" lode claims 1-1 O & 34-47 were located on November 12, 2009 and 

N Scale 1 :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 I"= 2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in f1\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl l.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Cilv NV 89703 Drawn By; G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Swveycd By: T&T Exploration 

UTM North San Bernardino Base & Meridian. Datum: 1927 Projcclion: UTM Zone 11 Units: Feet 
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Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89703 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No. 2010001644 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 31 

¼ 
NW 

Section 
13 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument oflocation) _lQ__ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are l ½" x l ½" x 4' wood posts. 

The .....sE._ comer of this claim bears SOUTH and ...1llL feet and bears East and 2470 feet from the SW 
Comer of Section l, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ...!l. 1h day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: I ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: --~-----.. j-✓~-----........ ____.., ~c.---

H~ ~ 
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I T14; R'>OF I 14S R21E 
'T°' t: :, T'\-1'\A,..., 

T J 5 S R21 E The Western Common Comer The Common Comer ofOC I, ~4~ 4~V~ 

QC 2, OC 3, and OC 4 bear.; OCI OC2 OC34 of OC 34 and OC 35 beus 
N0° 4845' and East 90' 2165' Nonb 0° 4883' and East 90° 
from lhe SW comer of Section 

OC35 
3664' from the SW comer of 

I TISS R20E OC3 OC4 Section I Tl5S R20E 

The Common Comer ofOC 5, 
OC36 

The Common Comer of OC 
OC 6, 0C 7, and 0C 8 bear.; ocs OC6 OC37 36, OC 37, OC 38 and OC 39 
NO' 3645' and East 90° 2195' beus North 0° 3TI2' and Eut 
from the SW corner of Section - 90° 5194' from the SW comer 
I T!SS R20E OC7 OCB OC39 OC38 of Section I T!SS R20E 

The Soudicm Common 1 OC40 
The Common Comer of OC 

2 Comer of OC 9 and OC 10 OC9 OC 10 OC41 40, OC 41 , OC 42 and OC 43 
bean NO' 2458' and East 90' bear> North O" 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90' SUS' from ~SW coma 
Section 1 T 1 SS R20E of Seclion I TISS Rl0E 

OC44 
The Common Comer of OC 

OC45 44, QC 45, OC 46 and QC 47 
- bears Nonh o• 1323' and East 

OC47 OC46 
90' 5255' from the SW comer 
of Section I Tl5S R20E 

The Eastern Common Comer OC48 
The Wes tern Common Comer 

of QC 11 and QC 12 bear.; OCII ofOC 48 and QC 49 bean 

NO" ◄ 7' and East 90" 2287' /. "'-~, 11• 123' and l!a.<t 90' 

trom the SW comer ofSectiol.: '.I OC49 5286' from the SW oomc:< al 

I Tl5S R20E OC 12 Section I TI 5S Rl0E 

The Eastern Common Comer OC50 
The Wcslcm Common Comer 

of QC 13 and OC 14 bear.; oc 13 ofOC SO and QC 51 beaB 
so• 115 3• and Eas1 90° 23 17' - South 0° I 077' and East 90° 
from the NW comer of OC51 5316' from die NW comer of 
Sec1ion 12 TISS R20E 0C 14 Seelion 12 Tl5S R20E 

The Common Corner of OC OC52 
The Wcst<m Common Comer 

15, OC 16 and QC 17 bears oc 15 12 of QC 52 and OC 53 bears 
so• 2352' and Easl 90• 2348' South 0' 2276' and East 90° 

from the NW Comer of - OC53 7 5347' from the NW comer of 
11 Section 12 T!5S R20E OC 17 oc 16 Scclion 12 Tl SS R20E 

The Common Comer of OC OC54 
The Common Comer of OC 

18, OC 19, OC 20 and OC 21 OC 19 oc 18 54, OC 55 and QC 56 bean 
bears S0° 3552' and East 90° - South O" 3476' and East 90" 
2378' from the NW Comer of 

OC55 OC56 
53 78' from the NW comer of 

Sec1ion 12 Tl5S R20E OC21 OC20 Sec1ion 12 TISS R20E 

The Common Comer of OC 
OC58 

The Common Corner of OC 
22, QC 23, QC 24 and OC 25 OC23 OC22 OC57 51, OC 58, OC 59 and OC 60 
bears so• 4752' and East 90" - bear.; South o• 4675' and East 
2-409' from the NW Comer of -

OC60 90° 5408' from tho NW comer 
Section 12 Tl SS R20E OC25 OC24 OC59 of Section 12 TISS R20E 

The Common Comer of OC 
. .,.... , ne 

26, OC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61, OC 62, OC 63 and OC64 
bean; SO" 5951' and East 90° - bears South o• 5875' and East -2439' from the NW Comer of - 90' 5439' from the NW comer 
Section 12 Tl5S R20E OC29 OC28 OC63 OC64 of Section 12 Tl 5$ R20E 

The Common Corner of OC 
OC66 

The Common Comer of OC 
30, OC JI, OC 32 andOC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
bean; SO" 7 IS I' and East 90" - beaB South O" 7075' and East 
2470' from the NW Comer of 

OC67 OC68 90° 5469' from the NW comer 
Section 12 Tl 5S R20E OC33 OC32 of Section 12 Tl5S R20E 

14 13 18 . 
''OC'' lode claims 1-10 & 34-47 were located on November 12, 2009 and 

N Scale 1:24000 
"OC" lode claims l 1-33 & 48-54 were located on November 13, 2009 and 0 l" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in !j\ Sections I & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Townshlp 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments arc set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl l.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv. NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T&T Exploration 

UTM Nonh. San Bernardino Base &Meridian. Datum: 1927 Project.ion: UTM Zone 11 Units: Feet 
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RECORDING REQUESTED BY AND MAIL TO: 

Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89703 

lleeorded In Olflclnl Records, Imperial County 

Dolores Provencio 
County Clerk / Recorder 
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Doc#: 2010- 003204 

1111111111 11 

Titles: 1 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No. 2010001645 

To correct a typographical error in the Meridian to S.B.B.&M. 

2/02/2010 
9:58 AM 

IV 

Pages: 2 
10.00 

0.00 

1.50 

$I I. 50 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 32 Lode Mining Claim in the following quarter section(s): 

¼ 
NW 
NE 

Section 
13 
13 

Township 
15 South 
15 South 

Range 
20 East 
20 East 

Meridian 
S.B.B.&M. 
S.B.B.&M. 

From this point of discovery (monument of location) 1490 feet in a East direction and _lQ_ feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x l ½" x 4' wood posts. 

The NW comer of this claim bears SOUTH and ....1lll_ feet and bears East and _]fil_ feet from the SW 
Comer of Section l, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this --1.l. 111 day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009. and the description of monument are: 1 ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: ------~.c::...-c.....,.,;,c;...._-,,'----,j--=~=--.,,:.,,.__ 

H.~/ 
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I Tl4; R?OF 1 Tl4S R21E 
'1 ' 1 C '\ T\,"r-.,.....,._ 

T 15 S R21 E The Weslern Common Comer The Common Corner of OC l 1 
A A _, ... ~v.1..J 

OC 2, OC 3, and OC 4 bears OCI OC2 OC34 of OC 34 and OC 35 bears 
N0° 4845' and East 90° 2165' North o• 4883' and East 90° -
from !he SW comer of Section 3664' from I.he SW comer of 
I Tl5S R20E OC3 OC4 OC35 Section I Tl5S R20E 

The Common Comer of OC 5. OC36 
The Common Comer ofOC 

OC 6, QC 7, and OC 8 bears ocs OC6 OC37 36, OC 37, OC 38 and OC 39 
NO" 3645' and East 90° 2195' bears North o• 3722' and Eut 
from Lhe SW corncr ofScction -- 90° 5194' from the SW comer 
I Tl5SR20E OC7 ocs OC39 OC38 of Section I TISS R20E 

The Southern Common 1 OC40 
The Common Comer ofOC 

2 Com<I of OC 9 andOC 10 OC9 OCI0 OC41 40, OC 41, OC 42 and OC 43 
bears NO' 2458' and East 90° bears North 00 2522' and East 
2226' from the SW comer of 

OC43 OC42 6 90° S2lS' from 1bc SW co= 
Section I Tl5S R20E or Sot ti on 1 Tl ss R20E 

OC44 
The Common Comer of QC 

OC45 44, QC 45, OC 46 and OC 47 
bears North o• 1323' and East -

OC47 OC46 90° 5255' from the SW comer 
of Section I Tl 5S R20E 

The Eastern Common Coma OC48 
The Western Common Comer 

of QC 111111d OC 12 bears OCII of OC 48 and OC 49 bears 

No• 41 and WI 90° i 2s1 - _, __ Lo• 123' and U5I 90'" 

from the SW corner of Scctiot.:: I;::/ OC49 5286' from the SW comer al 

1 Tl5S R20E oc 12 Section I Tl5S R20E 

The Eastern Common Comer OC50 
The Western Common Comer 

of QC 13 and OC 14 bears OC 13 of OC 50 and OC 51 bears 

SO" 1153' and East90° 2317' - South 0° I 077' and East 90° 
from the NW comer of OC 51 5316' from the NW comer of 
Section 12 Tl5S R20E OC 14 Section 12 Tl 5S R20E 

The Common Comer of OC OC52 
The Wes1':m Common Comer 

15, QC 16 and OC 17 bears OC 15 12 ofOC 52 and OC 53 bears 
SO" 2352' and East 90° 2348' - South o• 2276' and East 90" -
from the NW Comer of - OC53 7 5341 from the NW comer of 

11 Section 12 Tl 5S R20E OC 17 OC 16 Section 12 T 15S R20E 

The Common Comer of OC OC54 
The Common Comer of QC 

18, QC 19, OC 20 and QC 21 OC 19 oc 18 54, OC 55 and 0C 56 bell!> 
bears so• 3552' and East 90° - South 0° 3476' and East 90° 
23 78' from the NW Comer of OC55 OC56 5378' from the NW comer of 
Section 12 Tl 5S R20E OC21 OC20 Section I 2 TI 5S R20E 

The Common Comer of OC OC58 
The Common Comer of QC 

22, QC 23, QC 24 and QC 25 OC23 OC22 OC57 57, QC 58, QC 59 and QC 60 
bears so• 4 7 52' and East 90• - bears South o• 4675' and East 
2409' from the NW Comer of OC59 OC60 90° 5408' from the NW comer 
Section 12 T15S R20E OC25 OC24 of Section 12 TlSS R20E 

The Common Comer of OC 'lbe - _,,..,,. 
26, QC 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61, OC 62, OC 63 and OC 64 
bears SO" 5951' and East 90° - bcara South 0° 5875' and East 
2439' from the NW Comer of 

. 
OC63 OC64 90° 5439' from the NW comer 

Section 12 Tl 5S R20E OC29 OC28 of Section 12 Tl5S R20E 

The Common Comer of OC OC66 
The Common Comer of QC 

30, QC 31, QC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and QC 68 
bears so• 715 I' and East 90• bears South 0° 7075' and East 
24 70' from the NW Comer of OC67 OC68 

90° 5469' from the NW comer 
Section 12 T15S R20E OC33 OC32 of Section 12 Tl5S R20E 

14 13 18 
"OC" loM claims 1- 10 & 34-47 were located on November 12, 2009 and 

N Scale l :24000 
"OC" lode claims J 1-33 & 48-54 were located on November 13, 2009 and 0 l" ~2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in 1' Sections l & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for OC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless Lincoln Gold US Corp OC_Claims_N27_Zl 1.dwg 

noted otheiwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 2010 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Citv. NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on Surveyed By: T &T Exploration 

UTM North. San Be,,, ardino Buse & Meridian. Datum: 1927 Projection: UTM Zone 11 Units: Feet 
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RECORDING REQUESTED BY AND MAIL TO: 

Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89703 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County- Document No. 2010001646 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 33 

¼ 
NW 

Section 
13 

Township 
15 South 

Lode Mining Claim in the following quarter section(s): 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) _lQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x l ½" x 4' wood posts. 

The _lffi_ comer of this claim bears SOUTH and --1U.L feet and bears East and 2470 feet from the SW 
Comer of Section l, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California. 
Located this ..1l. 1h day of November, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/10/2009, and the description of monument are: 1 ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By, ~ ,~ing,Agent 
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\ T14S R'JOF I Tl4S R2lE ..,. CC' n,.,.1\.,-. T 15 S R2 l E The Western Common Comer The Common Comer of OC l 1 
,LL~ ~-v..., 

OC 2, OC 3, and OC 4 bean OCl OC2 OC34 of OC 34 and OC 35 bean 

NO' 4845' and East 90° 2165' North O" 4883' and East 90' 
from the SW comer of Section OC35 

3664' from the SW comer of 
I Tl5S R20E OC3 OC4 Seclion 1 TI 5S R20E 

The Common Comer ofOC S, OC36 
The Common Comer ofOC 

OC 6, OC 7, and OC 8 bcan OC5 OC6 OC37 36, OC 37, OC 38 and OC 39 
NO' 3645' and East 90° 2195' bean; N onh 0° 3 722' and East 
from the SW comer of Section - 90° 5194' fmm the SW comer 
I TISSR20E OC7 OC8 OC39 OC38 of Section I Tl 5S R20E 

The Southern Common 1 OC40 
The Common Comer of OC 

2 Comer of OC 9 and OC IO OC9 OC IO OC41 40, OC 41, OC 42 andOC43 
bean NO" 2458' and East 90° bears North 0° 2522' and Easl 

2226' from the SW corner of 
OC43 OC42 6 90° 522 S' from the SW com..-

Section I Tl 5S R20E of Scclicn I Tl 5S lU0E 

OC44 
The Common Corner of OC 

OC45 44, OC 45, OC 46 and OC 47 - bears Nonh 0° 1323' and East -
OC47 OC46 90° 5255' from the SW comer 

of Section I TISS R20E 

The Eastern Common Comer OC48 
The Wcs(.crn. Common Corner 

of OC 11 and OC 12 bears OCll of OC 48 and OC 49 bears 

N0° 47' and Ea.SI 90° 22Sl' - .,_-L n• !H' and East 90' 

trom the 'iIW comer of Seclio~ ~ OC49 5286' from the SW comer o1 
I Tl5S R20E OC12 Section I Tl5S R20E 

The Eastern Commoo Comer OC50 
The Western Common Corner 

of OC 13 and OC 14 bears OC 13 of OC 50 and OC 5 I bears 
SO" 1153' and East 90° 2317' - South 0° 1077' and East 90' 
from the NW comer of OC51 5316' from the NW corner of 
Section 12 TI 5S R20E OC 14 Section 12 Tl5S R20E 

The Common Corner of 0C OC52 
The Western Common Corner 

15,0C 16and0C 17bcan OC 15 12 ofOC 52 and OC 53 bean 
SO" 2352' and East 90° 2348' - South 00 22 76' and East 90" -from lhe NW Comer of -

OC53 7 5347' from tbe NW comer of 
11 Section 12 Tl 5S R20E OC 17 OC 16 Section 12 Tl5S R20E 

Tbe Common Corne, of OC OC54 
The Common Corner of OC 

18, OC 19, OC 20 and OC 21 OC 19 oc 18 54, 0C 55 and OC 56 bears 
~ S0° 3552' and East 90' South 0° 3476' and East 90" 
23 78' from the NW Comer of - 5378' from the NW comer of 
Section 12 TI 5S R20E OC21 OC20 OC55 OC56 Section 12 Tl 5S R20E 

The Common Comer of OC OC58 
The Common Comer of OC 

22, OC 23, OC 24 and OC 25 OC23 OC22 OC57 57, OC 58, OC 59 and OC 60 
ooirs so• 4752' and East 90" bears South 0' 4675' and East 
2409' from the NW Comer of OC59 OC60 90' 5408' from the NW comer 
Section 12 Tl5S R20E OC25 OC24 ofSectioo 12 Tl5S R20E 

The Common Comer of OC Tl,e 
- -~ 

26, 0C 27, OC 28 and OC 29 OC27 OC26 OC61 OC62 61,0C 62, OC63 and0C 64-
b<ars S00 5951' and East 90° - hea" South 0' 5875' and East 
2439' from the NW Comer of 90° 5439' from the NW comer 
Section 12 Tl5S R20E OC29 OC28 OC63 OC64 of Section 12 Tl5S R20E 

The Common Comer of OC OC66 
The Common Comer ofOC 

30, OC 31, OC 32 and OC 33 OC31 OC30 OC65 65, OC 66, OC 67 and OC 68 
b<ars SOO 7151' and East 90° bears South 0° 7075' and East 
24 70' from the NW Comer of 

OC32 OC67 OC68 90° 5469' from the NW comer 
Section 12 Tl 5S R20E OC33 of Section 12 Tl 5S R20E 

14 13 18 
·-

"OC" lode claims l•IO & 34-47 were located on November 12, 2009 and N Scale 1 :24000 
"OC" lode claims 11-33 & 48-54 were located on November 13, 2009 and 0 I" =2000' 3000' 
"OC" lode claims 55-68 were located on November 14, 2009 in t1' Sections 1 & 11-14 Township 15 South Range 20 East and in FEET 
Sections 6, 7, & 18 Township 15 South Range 21 East in 

Location Map for QC 1-68 Lode Claims Imperial County, California 

Notes: 
Imperial County, California 

Location Monuments are set 10' from claim end lines unless L incoln Gold US Corp OC_Claims_N27_Zl l.dwg 

noted otherwise. All location and comer monuments are 2" X 325 Tahoe Drive January 28, 20 I 0 

2"X 4' wooden posts with scribed metal tags. All claims are Carson Ciiv. NV 89703 Drawn By: G.I.S. Land Services 

600' by 1500' unless noted otherwise. All bearings based on S urveyed By: T&T Exploration 

UTM North. !':an Bemardinn Ba!IC & Meridian. Datum: 1927 Pro jection: UTM Zone 11 Units: Feet 
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NOTICE OF LOCATION LODE MINING CLAIM 
Amended for Imperial County - Document No. 2010001647 

To correct a typographical error in the Meridian to S.B.B.&M. 

Notice is hereby given that the Undersigned, as agent for Lincoln Gold US Corp. hereby locates and claims the 
following described mineral bearing ground as a lode claim: 

This claim shall be known as the OC 34 Lode Mining Claim in the following quarter section(s): 

¼ 
NE 

Section 
I 

Township 
15 South 

Range 
20 East 

Meridian 
S.B.B.&M. 

From this point of discovery (monument of location) ___JQ_ feet in a East direction and 1490 feet in a West 
direction, and 300 feet on each side of the centerline of the claim. The claim is approximately 1500 feet long and 
600 feet wide and the general course of the lode or vein is from the East to the West direction. The discovery and 
comer monuments are 1 ½" x 1 ½" x 4' wood posts. 

The _.SL comer of this claim bears_ NORTH and 4883 feet and bears East and 3664 feet from the SW 
Comer of Section 1, Township 15 South, Range 20 East, S.B.B.&M., and is in Mesquite Mining District, Imperial 
County, California . 
Located this _ll_th day ofNovember, 2009. 

Locator: Lincoln Gold US Corp. 
325 Tahoe Drive 
Carson City, NV 89702 

STATEMENT OF THE BOUNDARIES: 
Notice is hereby given by locator that in accordance with the requirements of the California Public Resources Code. 
1. The above Notice of Location is a true and correct copy of said notice. 
2. The locator has defined the boundaries of this claim by erecting at each comer of the claim, or the nearest 
accessible points thereto, a conspicuous and substantial monument, and each comer monument so erected contains 
markings sufficient to appropriately designate the comer of the mining claim to which it pertains and the name of 
the claim. The date of marking is 12/L0/2009, and the description of monument are: 1 ½" x I ½" x 4' wood 
monument with scribed metal tag. 

Lincoln Gold US Corp. 

By: -~~~✓--=--~-+~-~-;;z.....2 

~g,Agent / 
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■ 3620 American River Dr., Suite 205 
Sacramento, CA 95864 
T:  916.570.2500 

 
■ daycartermurphy.com 
 
■ Ralph R. Nevis 

RNevis@daycartermurphy.com 

 
December 19, 2023 
 
 
VIA EMAIL  
ERICHAVENS@CO.IMPERIAL.CA.US  
COUNTYCOUNSEL@CO.IMPERIAL.CA.US   
 
 
Eric R. Havens 
County Counsel 
Imperial County 
940 W. Main St., Suite 205 
El Centro, California 92243 
 
 
Re: SMP Gold Corp., Reclamation Plan #21-0001/Initial Study #21-0029 (“Reclamation Plan”)   
 
 
Dear Mr. Havens: 

Our firm represents SMP Gold Corp. (“SMP”) with respect to SMP’s Oro Cruz precious metal 
exploration project (the “Project”) and the associated Reclamation Plan now pending before the 
Imperial County Planning Commission (the “ICPC”). We are writing to you to request that your 
office instruct the ICPC to comply with the law as outlined in this letter and take action on the 
Reclamation Plan at its next scheduled meeting. If necessary, we are available for a meeting with 
your office to discuss SMP’s concerns. As explained in detail below, the ICPC has failed to act on 
the Reclamation Plan in violation of the Surface Mining and Reclamation Act (“SMARA”) (and 
regulations promulgated thereunder) and in violation of the applicable provisions of the County of 
Imperial Codified Ordinances (“County Code”). SMP seeks to have the ICPC comply with the law 
and render a decision on the Reclamation Plan at its next scheduled meeting. 

Background 

The proposed project is for exploration only, not mining. It is located on previously-mined federal 
lands in an unincorporated area of the County of Imperial, State of California. The Project site is 
located within the historic Cargo Muchacho-Tumco Mining District area, historically disturbed by 
mining activities with surrounding land uses that include prospecting and recreation. The Project 
area is surrounded by vacant desert parcels administered by the Bureau of Land Management 
(“BLM”). 
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Eric R. Havens 
County Counsel 
Imperial County 

December 19, 2023 
Page 2 

SMP submitted the Reclamation Plan to the County more than two years ago, on or about July 23, 
2021. On November 17, 2022, the County’s Environmental Evaluation Committee (“EEC”) 
determined that the Reclamation Plan, with proposed mitigation measures, would not have a 
significant effect on the environment and recommended a Mitigated Negative Declaration (MND) to 
be prepared. The EEC also made the De Minimus Finding that the project will not individually or 
cumulatively have an adverse effect on Fish and Wildlife Resources, as defined in Section 711.2 of 
the Fish and Game Codes. On December 13, 2022, the public notice for the Mitigated Negative 
Declaration was filed with the Imperial County Clerk-Recorder, posted and circulated for a 35-day 
comment period from December 13, 2022, to January 20, 2023. Comments received were made part 
of the final package before the ICPC. On or about September 1, 2023, the BLM approved the 
combined EA/MND for the Project. 

The Reclamation Plan and associated documents have been before the ICPC for three public 
hearings on September 13, October 25, and December 13, 2023. At each public hearing, ICPC staff 
has consistently recommended that the ICPC approve the Reclamation Plan and pass the associated 
resolutions necessary to approve the Project. Each time the ICPC has continued the matter it did so 
not because of any alleged deficiencies in the Reclamation Plan, but instead because, based on 
public comments, it believes the BLM failed to properly consult with the Quechan Indian Tribe (the 
“Tribe”) pursuant to Section 106 of the National Historic Preservation Act (“NHPA”), in approving 
the BLM Plan of Operations. The ICPC most recently continued this matter at its December 13, 
2023, meeting, despite the fact that the BLM State Director had already declined the Tribe’s appeal 
of the very same issue.  

As described below, unlike other types of permits, the ICPC must act to confirm or deny approval of 
the reclamation plan, and must, under State law, limit its consideration of the reclamation plan to 
those standards set out in SMARA.   

Analysis 

The ICPC has failed to act in accordance with applicable law by: (1) failing to act within a 
reasonable time of receipt of a completed reclamation plan application, (2) improperly relying on 
considerations not related to the specific applicable requirements of SMARA and the County’s own 
surface mining ordinance; and (3) failing to act in accordance with due process; (4) continuing the 
hearing on the Reclamation Plan without designating a specific date and time as required by the 
County Code. The practical effect of ICPC’s action and inaction has been to effectively deny 
approval of SMP’s Reclamation Plan on improper grounds. As it stands, action on the Reclamation 
Plan is subject to an indefinite postponement on impermissible grounds.  
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The ICPC is Impermissibly Delaying Action on the Reclamation Plan 

The scope of the ICPC’s actions after receipt of a compliant reclamation plan is limited and does not 
allow for endless continuances. The ICPC, after receipt of a compliant plan, “shall then take action 
to approve, conditionally approve, or deny the mining permit reclamation plan, and to approve the 
financial assurances pursuant to PRC Section 2770(d).” County Code, Section 92002.00(J). Further, 
the ICPC must act on a compliant reclamation plan within a reasonable time after receipt. Pub. Res. 
Code section 2770(e)(1). After a hearing on a reclamation plan (and here there have now been three 
public hearings), the ICPC is further restricted on the actions it can take with respect to a reclamation 
plan: “[a]fter the matter has been heard and considered, the planning commission may do any or all 
of the following: . . . [a]pprove, approve subject to conditions, or disapprove any reclamation plan 
which it has considered”. County Code, Section 92002.00(M). Nothing in the County Code allows 
for serial continuances that result in a tacit denial caused by the ICPC’s failure to act. And yet, that is 
exactly what has occurred here. SMP’s Reclamation Plan complies with SMARA and the County 
Code and SMP provided it to the County on or about July 23, 2021. Public hearings were then held 
in September, October and December. After the ICPC received the plan and held the public hearings, 
there were three potential paths to take: approve, conditionally approve, or deny. The ICPC chose 
none of the above and instead continued the matter three times without taking action. These serial 
continuances deny SMP due process and deny SMP its rights under SMARA and the County Code. 
The ICPC has not acted within a reasonable time of its receipt of the Reclamation Plan, in violation 
of SMARA. See, Pub. Res. Code section 2770(e)(1). The ICPC should, as it is mandated to do, place 
the Reclamation Plan on its next agenda and act on it without further delay. That is what the law 
unambiguously requires.  

The ICPC is Improperly Considering Issues of Federal Law 

The ICPC is also failing to act in accordance with applicable law by basing its serial continuances on 
considerations other than those set forth in SMARA and the County Code. SMP has the right to 
appeal the ICPC’s actions and failure to act to the State Mining and Geology Board. The ICPC 
improperly considered matters beyond the specifically applicable requirements of Public Resources 
Code sections 2772, 2772.1, 2773, 2773.1, 2773.3, and 2773.4 and the County Code adopted under 
SMARA. Pub. Res. Code, § 2770(e)(1). The ICPC has repeatedly conditioned action on the 
Reclamation Plan on independent federal issues concerning the BLM relating to consultations with 
the Tribe. The federal issues are not before the ICPC. The federal issues are not considerations upon 
which the ICPC may rely under section 2770(e)(1). Rather, the ICPC is required by law to only 
consider the SMARA requirements described above in considering whether to approve the 
reclamation plan.   
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Nonetheless, after the ICPC’s September 23 public hearing, the ICPC continued any action on the 
Reclamation Plan until the BLM and the Tribe could meet and consult on the Project. That 
requirement, which was itself unlawful under SMARA, was imposed despite the ample record 
before the ICPC of the consultations that had already taken place on the Project between the BLM 
and the Tribe. The matter was next heard at the October 25 ICPC meeting, again a public hearing 
was held, and the ICPC learned that the BLM and the Tribe had a meeting set for November 3. The 
ICPC continued the matter on the condition that the BLM and Tribe meet and consult on the Project.  

The BLM and the Tribe did meet on November 3, 2023, as sought by the ICPC as a condition to 
acting on the Reclamation Plan, for a government-to-government consultation. According to the 
BLM, by letter to the County dated December 12, 2023, that meeting was at least the third 
government-to-government consultation between the Tribe and BLM on the Project. Indeed, the 
BLM’s documentation of its ongoing consultation with the Tribe on the Project reveals the falsity of 
the Tribe’s oft-repeated claim to the ICPC that it has not been consulted on the Project.    

The Reclamation Plan came up again for public hearing on December 13. Over SMP’s objection, the 
ICPC continued the matter indefinitely, apparently on the grounds that the BLM has not consulted 
enough with the Tribe and on the grounds the Tribe challenged the BLM’s approval of the Project, 
lost that challenge, and now plans to appeal to the federal Interior Board of Land Appeals (“IBLA”). 
The ICPC continued the matter indefinitely “until such time that both parties can get together; there 
is no set date”, as reflected in the meeting video. This the ICPC cannot legally do. The ICPC has no 
authority or jurisdiction over consultations between the BLM and the Tribe. The ICPC cannot 
compel the BLM to do anything at all. By continuing the action on these grounds, the ICPC has 
unlawfully considered issues that are not appropriate under SMARA and the County Code. The 
Tribe’s issues at the federal level are not a basis under SMARA or the County Code upon which the 
ICPC may rely. The federal issues will be addressed at the federal level. The ICPC is forbidden from 
conflating the federal issues with the narrow considerations outlined in SMARA and the County 
Code. To the extent the ICPC continues to rely on these improper considerations it is proceeding 
contrary to law and may be subject to mandate or mandamus requiring it to proceed in accordance 
with its legal duties. 

 The ICPC Improperly Continued the Hearing Indefinitely 

The County Code provides that “[a]ny scheduled hearing may be continued by the hearing body.” 
County Code, Section 90104.10. But “[i]f a continuance is granted it shall be for a specific date and 
time, and no continuance shall be granted that would cause the project to be heard beyond a statutory 
time limit.” County Code, Section 90104.10. As explained above, the ICPC continued the hearing 
“until such time that both parties can get together; there is no set date . . .”. That continuance was 
clearly in violation of the County Code for failure to set a specific date and time and to because 
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SMARA and the County Code require action to be taken to approve or deny once a compliant 
reclamation plan has been submitted. For this reason, and the reasons discussed above, the ICPC 
should put this matter on its next agenda. 

The ICPC’s Actions Warrant Issuance of a Writ of Mandate or Mandamus Requiring the 
ICPC to Act on the Reclamation Plan    

As you are aware, “[a] writ of mandate may be issued by any court to any inferior tribunal, 
corporation, board, or person, to compel the performance of an act which the law specially enjoins, 
as a duty resulting from an office, trust, or station, or to compel the admission of a party to the use 
and enjoyment of a right or office to which the party is entitled, and from which the party is 
unlawfully precluded by that inferior tribunal, corporation, board, or person.” Code Civ. Proc., § 
1085(a). “Generally, a writ will lie when there is no plain, speedy, and adequate alternative remedy; 
the respondent has a duty to perform; and the petitioner has a clear and beneficial right to 
performance.” Payne v. Superior Court of Los Angeles County (1976) 17 Cal.3d 908, 925. “Mandate 
is not available to compel the exercise of discretion on the part of a public official, but it is available 
to correct an abuse of discretion.” Kong v. City of Hawaiian Gardens Redevelopment Agency (2002) 
101 Cal.App.4th 1317, 1326. Here, the ICPC’s failure to act on the Reclamation Plan and its 
continued reliance on considerations that are not properly before it constitutes abuses of discretion. 
SMP does not seek conflict. SMP does not seek to further delay its project in litigation. But unless 
the ICPC changes course, SMP will be left with no choice but to seek its remedy in court. 

On behalf of SMP, and for the reasons set forth above, we request that County Counsel advise the 
ICPC to take action on the Reclamation Plan in the manner set forth in this letter and in compliance 
with SMARA and the County Code. We are available to discuss this matter at your earliest 
convenience.  

We request a response by tomorrow, December 20, so that SMP may ensure it complies with any 
potentially applicable claim or appeal requirements. 

Sincerely, 

DAY CARTER & MURPHY LLP 
 
 
 
Ralph R. Nevis 
 
RRN:cb 
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December 7, 2023 

 

Sent via email 

 

Michael Abraham 

Assistant Director 

Imperial County Planning and Development Services Department 

801 Main St 

El Centro, CA 92243 

MichaelAbraham@co.imperial.ca.us 

442-265-1736 

 

Gerardo Quero 

Planner II 

Imperial County Planning and Development Services Department 

801 Main St 

El Centro, CA 92243 

gerardoquero@co.imperial.ca.us  

442-265-1736 

 

Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-0001, a 

Mineral Exploration Project (SCH No. 2022120331) Environmental Assessment and 

Mitigated Negative Declaration 

 

Dear Mr. Abraham, Mr. Quero, and the Planning Commission: 

 

 We respectfully submit this letter on behalf of the Center for Biological Diversity, 

Western Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Committee, 

Conservation Lands Foundation, Greenaction for Health and Environmental Justice, California 

Native Plant Society, Yuma Audubon Society, the Ahmut Pipa Foundation, and Native 

American Lands Conservancy (collectively “Conservation Organizations”) with respect to the 

above referenced matter. These comments supplement and incorporate by reference our previous 

comments (dated December 16, 2022, December 23, 2022, January 20, 2023, September 12, 

2023, and October 24, 2023) on the County’s Mitigated Negative Declaration (MND) and 

BLM’s Environmental Assessment (EA) and Draft Finding of No Significant Impact (FONSI) 

and proposal to approve the Plan of Operations for the SMP Gold Corp. We submit these 

comments in advance of the December 13, 2023 Planning Commission meeting.1 

 
1 Conservation Organizations have requested several times—including in their December 16, 

2022, January 20, 2023, September 12, 2023, and October 24, 2023 comments—to be placed on 
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The County, as lead agency under the California Environmental Quality Act (“CEQA”), 

prepared a joint EA/MND for the Project. The Conservation Organizations’ comments on the 

EA/MND explained how the EA/MND failed to comply with CEQA’s basic requirement to act 

as an informational document, in that it lacked meaningful details in critical areas, such as air 

quality, biological resources, cultural resources, and greenhouse gas impacts, without which the 

public and decisionmakers cannot adequately assess the Project’s significant impacts. Because of 

the EA/MND’s shortcomings, it is deficient as a matter of law, and CEQA requires the County 

prepare an environmental impact report to properly disclose and mitigate the Project’s potentially 

significant impacts. The EA/MND also lacks substantial evidence to support the County’s 

conclusions regarding the Project’s impacts and proposed mitigation. These deficiencies 

rendered the document inadequate for purposes of compliance with CEQA. 

 

The Conservation Organizations submit these comments to raise a significant discrepancy 

in the County’s understanding of the Project that must be remedied and clarified in the record 

before the Project can proceed.  

 

I. The County Record Contains A Significant Error That Must Be Resolved. 

 

At the October 25, 2023 Planning Commission meeting, County Planning Development 

Services Staff gave a presentation to the Commission, in which they described the proposed 

Project before the County for consideration. 2 Planning Staff explained that exploration activities 

“would consist of improving and utilizing existing roads and the construction of temporary 

access roads.”3 County staff then proceeded to claim that the Project also “would construct 1.8 

miles of new permanent access road.”4  Then, on December 1, Planning staff released the agenda 

for the December 13, 2023 Planning Commission meeting, recommending approval of the 

Project, which they again claim “would entail constructing a new permanent access road.” 

(Planning Commission Agenda, County of Imperial, December 13, 2023, Item #9.) 

 

The County has made a significant error. The Project permitted by BLM involves no 

permanent access roads. BLM’s Record of Decision confirms that “all proposed new access 

roads would be temporary and would be reclaimed following Project closure. No new 

permanent access roads would be constructed as a result of the Project.” (Exhibit A, 

Decision Record, Oro Cruz Exploration Project, DOI-BLM-CA-D070-2022-0012-EA, p. 4.) 

 

the Project notice list. County Planning Staff continue to notify some – but not all—of the 

interested parties for the project. CEQA requires that lead agencies provide notice to the name 

and last known address of all individuals and organizations that have previously made a written 

request for such notice. (Pub. Resources Code, § 21092, subd. (b)(3); CEQA Guidelines § 15087, 

subd. (a).) Please add all signatories below to the Project notice list. 
2 Audio-Video available at 

https://imperial.granicus.com/player/clip/2460?view_id=2&redirect=true&h=3064b4ae87c139ef

0d0d3342cee2396a.  
3 Ibid. at 1:20. 
4 Ibid. 
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BLM has confirmed that the Project will not result in any permanent roads. As a result, the 

County is required to approve a Reclamation Plan that reclaims all of the Project roads. 

 

As we raised in our October 24, 2023 comments, the updated EA/MND revealed that the 

proposed new access road leading to Drill 1 will remain in place as a “post‐surface exploration 

feature” for up to five years after project implementation. (PDF page 2370.) The continuing use 

of the temporary road for up to five years and impacts of providing access by others to the site 

and surrounding lands from this open road was not previously disclosed or analyzed in the 

EA/MND. This raises significant issues, as the EA/MND did not analyze how the ongoing 

presence of this road during those five years may result in myriad impacts to cultural and 

environmental resources resulting from increased use/access of the Project area.  

 

This distinction is critical and goes directly to the sufficiency of the Project’s 

environmental analysis. Permanent roads can have several effects that cause negative impacts to 

wildlife: mortality from road construction, mortality from collision with vehicles, modification 

of animal behavior, alteration of the physical environment, alteration of the chemical 

environment, spread of exotics, and increased use of areas by humans. The County’s failure to 

accurately describe the Project features, let alone analyze its potential impacts of this new road, 

precludes an assessment of the full extent of such impacts. The public and other governmental 

agencies have been denied the opportunity to evaluate the new information and its significance in 

violation of CEQA. 

 

Furthermore, since the road cannot be permanent, it must be reclaimed. This directly 

pertains to the requirements of the Project’s Reclamation Plan, which the County is required to 

approve. As the court explained in Nelson v. County of Kern, 190 Cal. App. 4th 252 (2010): 

 

The Surface Mining and Reclamation Act (SMARA) requires that persons conducting 

surface mining operations obtain a permit and obtain approval of a reclamation plan from 

a designated lead agency for areas subjected to post-January 1, 1976, mining. (Pub. Res. 

Code, §§ 2770, 2776.)” (Hansen Brothers Enterprises, Inc. v. Board of Supervisors 

(1996) 12 Cal.4th 533, 547, fn. omitted.) In particular, SMARA provides: “[N]o person 

shall conduct surface mining operations unless a permit is obtained from, a reclamation 

plan has been submitted to and approved by, and financial assurances for reclamation 

have been approved by, the lead agency for the operation pursuant to this article.” (§ 

2770, subd. (a).) This section, including the requirement that a surface mining permit be 

obtained from the lead agency, has been described as “‘[a]t the heart of SMARA.’ ” 

(People ex rel. Dept. of Conservation v. El Dorado County (2005) 36 Cal.4th 971, 984.) 

 

SMARA requires that the County approve an adequate reclamation plan. (Pub. Res. Code, 

2773.3.) Under the Imperial County Ordinance, exploratory mining activities fall within the 

definition of Surface Mining Operations (Title 9, Div. 20: Surface Mining & Reclamation 

(hereinafter “Title 9”) § 92001.01.) The County Ordinance prohibits mining activities without 

first obtaining County approval of “a Permit, Reclamation Plan, and financial assurances for 

reclamation,” subject to narrow exceptions which are not relevant here. (Title 9 § 92001.03.) 
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Under SMARA and the County Municipal Code, the Reclamation Plan must provide for 

reclamation of all temporary access roads. (14 CCR § 3502, 3503, Pub. Res. Code, § 92001.03) 

Accordingly, the County cannot proceed with the Project until it amends the project documents 

to confirm that the Project will not result in any new permanent access roads, and ensures that 

the Reclamation Plan details how this road will be reclaimed, which includes describing the 

amount of earthwork required to remediate it. 

 

In sum, the County’s reclamation plan fails to address all of the aspects of the project 

which the BLM permitted by failing to provide a reclamation plan for this temporary access 

road. Moreover, the County’s MND failed to address potentially significant impacts of the 

Project to biological and cultural resources impacts during the five-year period when the 

temporary access road would remain open. The County is required under SMARA and its own 

municipal code to ensure reclamation of the road.  

 

II.  Conclusion 

 

In light of the foregoing, the EA/MND still fails to satisfy CEQA’s requirements and the 

reclamation plan is inadequate. Because the Project will have irreparable impacts, we 

respectfully request that the Project be denied at this time. The Project should not be 

reconsidered until a legally adequate Reclamation Plan and EIR are prepared and certified.   

 

Please include this letter and all references in your project file for the Project. Please also 

include all of the signatories below on your notice list for all future updates, notices, and 

documents related to the Project and do not hesitate to contact us with any questions at the 

number or email listed below.   

 

 

Sincerely, 

 

 
 

Lisa Belenky, Senior Attorney  

Hallie Kutak, Staff Attorney 

Center for Biological Diversity 1212 Broadway, Suite 800 

Oakland, CA 94612  

lbelenky@biologicaldiversity.org  

hkutak@biologicaldiversity.org  

 

 
Joan Taylor, Chair 

California/Nevada Desert Committee 
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Sierra Club 

palmcanyon@mac.com  

 

 
T. Robert Przeklasa, Ph.D. 

Executive Director 

Native American Land Conservancy 

rprzeklasa@nativeamericanland.org  

 

 

 
Laura Cunningham, California Director 

Western Watersheds Project  

lcunningham@westernwatersheds.org  

 

 
Jared Naimark, California Mining Organizer  

EARTHWORKS 

jnaimark@earthworksaction.org  

 
Kara Matsumoto, Public Lands Policy Director 

Conservation Lands Foundation  

kara@conservationlands.org  

 
Brendan Wilce 

Conservation Program Coordinator 

California Native Plant Society 

bwilce@cnps.org  
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Bradley Angel 

Greenaction for Health and Environmental Justice 

bradley@greenaction.org  

 

Preston J. Arrow-weed, President 

Ahmut Pipa Foundation 

ahmut@earthlink.net  

 

 
 

Nancy Meister, President 

Yuma Audubon Society 

Facebook: Yuma Birders 

Website: http://www.yumaaudubon.org  

 

Cc:  

Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  

Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  

Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  

Alyssa Hockaday, CDFW, Alyssa.Hockaday@wildlife.ca.gov  

Heather Brashear, Heather.Brashear@wildlife.ca.gov  

Tom Plenys, EPA, Plenys.Thomas@epa.gov  

Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  

Julianne Polanco, State Historic Preservation Officer (SHPO), julianne.polanco@parks.ca.gov  

Commissioner Laura Miranda, California Native American Heritage Commission. Chairperson 

Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  
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1.1 Summary of Oro Cruz Exploration Project 

The Bureau of Land Management (BLM) received an exploration plan of operations (Plan) titled 
SMP Gold Corporation Existing Oro Cruz Pit Area Exploration Plan of Operations, BLM Case 
File Number CACA-059124, and has prepared an Environmental Assessment (EA), DOI-BLM-
CA-D070-2022-0012-EA, that analyzes the affected environment, environmental impacts, and 
identifies environmental protection measures associated with the Oro Cruz Exploration Project 
(Project). The EA was prepared as a joint environmental document in coordination with the 
Imperial County Planning Department, which is the lead agency for the California Environmental 
Quality Act (CEQA) permitting for the Project.  

SMP Gold Corp. (SMP) is currently proposing underground and surface mineral exploration 
activities for the Project at the existing Oro Cruz Pit Area within lands administered and managed 
by the BLM, California Desert District Office, El Centro Field Office, in Imperial County, 
California. This EA only analyzes the surface disturbance associated with the Project as the BLM 
does not regulate underground activities. The Project is located in the Cargo Muchacho Mountains 
of the Imperial Valley in southeastern California on BLM-administered lands within Township 15 
South, Range 20 East, Sections 1, 2, 12, and 13, and Township 15 South, Range 21 East, Sections 
6, 7, and 18 (Project Area). The Project Area spans 626.3 acres and is approximately 15 miles 
northwest of Winterhaven, California, 50 miles east of El Centro, California, and 23 miles 
northwest of Yuma, Arizona, by road travel. Area within and surrounding the Project has been 
previously disturbed by historic mining activities, and current surrounding land uses include 
prospecting and dispersed recreation. The Project Area is located within the historic Cargo 
Muchacho-Tumco Mining District. The Project would occur within the Picacho Area of Critical 
Environmental Concern (ACEC), as designated under the Desert Renewable Energy Conservation 
Plan (DRECP). The Project would entail up to 20.54 acres of surface disturbance associated with 
exploratory drilling, road improvements, and temporary access road construction. 

SMP submitted the Plan for the proposed exploration activities in accordance with BLM regulations 
published in 43 Code of Federal Regulations (CFR) 3809 and 43 CFR 3715. Pursuant to 43 CFR 
3809.11 and 3809.401, the Project would result in minor surface reworking of previously mined and 
disturbed areas, and measures would be taken to prevent unnecessary or undue degradation during 
Project operations. The Project would comply with the performance standards in 43 CFR 3809.420 
and other Federal and state laws related to environmental protection and protection of cultural 
resources. The Project is “reasonably incident” to mining as defined in 43 CFR 3715.0-5, and the 
Project would attain the stated level of protection and reclamation required by specific laws in the 
California Desert Conservation Area (CDCA). 

1.2 Decision 

1.2.1  Alternatives Considered for Analysis 

Proposed Action – Exploration activities would consist of utilizing the existing road network for 
Project access; constructing approximately two miles of road improvements for existing roads, 
constructing approximately 6.2 miles of new, temporary 12-foot-wide exploration drilling access 
roads (which would be dependent on accessibility of drill site locations chosen for exploration 
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activities), eight helicopter landing pads, and 65 drill pads to support exploration in seven drill 
areas; and constructing 1.8 miles of a new 15-foot-wide access road and a staging area for access 
to the Project Area and the underground existing Oro Cruz Mine Portal for underground 
exploration within Drill Area 1, all on BLM-administered lands. The proposed disturbance would 
create up to 20.54 acres of surface disturbance under the Proposed Action. The exact location of 
proposed surface disturbance may change based on exploration results as exploration operations 
progress; therefore, the full extent of the disturbance locations has not been defined. Each 
campaign of drilling would determine the subsequent locations of proposed disturbance based on 
the geology or mineralization found. 

Primary highway access to the Project area is off of Interstate 8 to Ogilby Road (State Route 34). 
Existing access roads would be used to the extent possible but some new temporary access roads 
would be required across BLM land. The existing access routes that would be used are BLM-
authorized routes. The proposed drill sites and new temporary access roads would be mostly 
located within previously mined and disturbed areas. 

The Applicant is proposing to implement Project design features (PDFs) to protect resources 
during mineral exploration activities that would be conducted under the Proposed Action. PDFs 
that would be implemented under the Proposed Action, in addition to Conservation Management 
Actions (CMAs) and BLM-required mitigation measures, are detailed in Appendix F of the EA. 

No Action Alternative – Under the No Action Alternative, the Project would not be approved by 
the BLM. The 626.3-acre area would remain available for other existing and future multiple-use 
activities, including future mineral exploration and mining activities, or for other purposes, as 
approved by the BLM. 

1.2.2  Decision and Rationale 

The purpose of the Proposed Action is to provide SMP the opportunity to explore, locate, and 
delineate precious metal (gold) deposits on its mining claims on public lands, as provided under 
the Mining Law. The need for action is established by the BLM’s responsibility under Section 302 
of FLPMA and the BLM Surface Management Regulations at 43 CFR 3809 to respond to a plan 
of operations to allow an operator to prospect, explore, and assess locatable mineral resources on 
public lands, and to take any action to prevent unnecessary or undue degradation of the public 
lands. 

Based on information in the EA, signed Finding of No Significant Impact (FONSI), and other 
related documents, the BLM has decided to approve the Proposed Action as described in 
Section 2.1 of the Environmental Assessment/Mitigated Negative Declaration (EA/MND) Oro 
Cruz Exploration Project, listed on ePlanning as DOI-BLM-CA-D070-2022-0012-EA. The BLM 
finds this action conforms to BLM National Environmental Policy Act (NEPA) requirements. The 
BLM further finds this action in conformance with applicable land use plans, laws, and regulations 
and that it will not cause unnecessary or undue degradation. The Proposed Action, is preferred 
over the No Action Alternative, for the following reasons: 

• The Proposed Action is consistent with the Land Use Plan objectives from the CDCA 
Plan and DRECP which encourages the development of mineral resources in a manner 
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which satisfies national and local needs and provides for economically and 
environmentally sound exploration, extraction and reclamation practices.  

• Drilling is the best method to obtain direct, quantifiable baseline samples for subsurface 
resources and conditions of mineral resources.  

• The Proposed Action may result in or cause temporary impacts to resources described in 
the EA. None of the impacts are considered significant and the Applicant has incorporated 
measures to reduce or mitigate impacts into the Proposed Action. 

As part of this Decision, the PDFs, CMAs and required mitigation measures as contained in the 
EA and as listed in Appendix F of the referenced EA shall be adhered to by the Applicant. 

1.3 Compliance with Laws, Regulations, Policies and Land Use Plans  

The EA and FONSI were prepared in conformance with NEPA, applicable laws and regulations 
passed subsequently, including President’s Council on Environmental Quality regulations 
implementing NEPA (40 CFR 1500-1508), United States (U.S.) Department of the Interior 
requirements, and the policy guidance provided in the BLM NEPA Handbook H-1790-1. Under 
43 CFR 3809.415, the operator of the plan of operations must prevent unnecessary or undue 
degradation to the public lands. The Proposed Action is in conformance with the Federal Land 
Policy and Management Act of 1976 (FLPMA) in ensuring that resource protection is not 
compromised in accordance with the mandated principles of FLPMA.  

The Proposed Action is subject to the 1980 CDCA Plan and the DRECP Land Use Plan 
Amendment (LUPA), which amended the CDCA Plan. Relevant LUPA and ACEC goals and 
objectives under the DRECP for biological, air, cultural, mineral, paleontological, soil and water, 
and visual resource management resources are outlined in the CMA tables. Relevant additional 
CMAs would be implemented for National Conservation Lands and ACECs as well, as the Project 
is located within the Picacho ACEC. The Proposed Action would not result in permanent surface 
disturbance; all areas disturbed under the Project would be reclaimed as outlined in the EA/MND.  

The Proposed Action would include the implementation of best management practices, applicant-
committed environmental protection measures (PDFs), and avoidance and minimization measures. 
Additional CMAs and mitigation measures would also be implemented in conformance with the 
DRECP LUPA and per BLM requirements, as outlined in Appendix F of the EA/MND. 

The Proposed Action and the No Action Alternative analyzed in the EA/MND are consistent with 
federal, state, and local laws, regulations, and plans and programs. The Proposed Action and the 
No Action Alternative are also consistent with state plans and policies for the management of 
mineral and water resources, conservation of threatened and endangered species (Endangered 
Species Act of 1972) and special status species, and cultural resources protection (National 
Historic Preservation Act of 1966), including the DRECP LUPA and the Imperial County General 
Plan. The Proposed Action is in compliance with Sections 401 and 404 of the Clean Water Act 
and the Navigable Waters Protection Rule, California Water Code (Chapter 2 Section 13050), and 
the California Fish and Game Code (Section 1600) for Project permitting in relation to determining 
jurisdictional waters and aquatic resources. The Project would also comply with California Surface 
Mining and Reclamation Act of 1975 (SMARA), including applicable performance standards 
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related to post-exploration site reclamation. A Reclamation Plan has been prepared in accordance 
with SMARA. The action taken herein is in the public interest as there are no hazards to public 
health and safety and environmental damage would be minimized and mitigated under the 
Proposed Action.  

1.4 Public Involvement  

On March 4, 2022, a BLM press release was issued for the Project for a 30-day public scoping 
period, which ended on April 4, 2022. Six public scoping comment letters were received, one from 
a federal agency and five from public interest organizations. Overall, the majority of issues 
identified during public scoping requested analysis of air quality and Project emissions; 
development of a broad range of action alternatives, including alternatives for access and timing 
of the Project; measures to minimize impacts to cultural resources and Tribal concerns, and 
conducting Section 106 of the National Historic Preservation Act (NHPA) consultation with 
Tribes; development of a clear purpose and need and the level of NEPA analysis for compliance 
with land use plans; development of PDFs within the Plan for monitoring and exclusionary fencing 
to protect wildlife species; and development of mitigation measures specifically for desert tortoise 
individuals and habitat. 

The EA/MND and associated unsigned FONSI were available for a 30-day public review and 
comment period from November 16, 2022 through December 16, 2022. The BLM received 373 
public comment letters during the comment period. Public comments received did not result in 
substantive revisions to the EA/MND. All public comments and responses are included as 
Appendix I in the EA/MND. 

Summary of Revisions  

Although the public comments received on the EA/MND did not result in substantive revisions, 
the following list provides a summary of updates that were made for clarity per discrepancies 
noted during the public comment review and response process: 

• Headings within Chapter 1 were revised according to the information provided in each 
paragraph, and text was moved where appropriate within the revised headings. 

• Description of the Proposed Action was clarified throughout Chapters 2 and 3 of the 
EA/MND to specify that all proposed new access roads would be temporary and would be 
reclaimed following Project closure. No new permanent access roads would be constructed 
as a result of the Project.  

• Additional text was included in the analysis for Air Quality (Section 3.3 of the EA/MND) 
to provide the annual Federal Conformity emissions thresholds for all pollutants, where 
available, per 40 CFR 93.153(b) and describe the potential impacts that could result from 
increased particulate matter (PM) emissions. Clarifying text was also added to this section 
to describe the conditions of the Project wherein emissions would be the highest during 
overlap of laydown yard activities and exploratory drilling during the first four to six 
months of the Project, after which point the phases of the Project would not occur 
simultaneously throughout each year of the Project. These revisions did not result in 
revisions to the air quality impact determination for the Proposed Action. 
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• Additional detail was included Section 3.2 of the EA/MND to describe the guidance for 
applying ground disturbance caps within Areas of Critical Environmental Concern in 
compliance with the DRECP LUPA, and regulatory language detailing why disturbance 
caps are not implements for mining or mineral exploration projects in compliance with the 
Mining Law of 1872 and 43 CFR 3809.   

• Clarifying text was included in the analysis for Climate Change, including Greenhouse Gas 
(GHG) Emissions (Section 3.6 of the EA/MND) to provide an accurate comparison of the 
anticipated Project emissions to other U.S. Environmental Protection Agency-monitored 
sources of GHGs (i.e., passenger vehicle use, energy use for homes, and wind turbines) 
and notate impacts of climate change on the proposed Project activities and requirements.  
This section was also revised to summarize the cumulative nature of climate change 
analysis. These revisions did not result in revisions to the climate change and GHGs impact 
determinations for the Proposed Action.  

• Section 106 of the NHPA, updates were added to the EA/MND regarding the status of 
consultation with the State Historic Preservation Office, Tribes and the Traditional Cultural 
Property in the vicinity of the Project Area. Updates were made to Section 3. 8 Cultural 
Resources, Section 3.14 Native American Religious Concerns and Traditional Values and 
Section 4.1.2 Government-to-Government and SHPO Consultation.  

• Additional detail regarding past and present actions within the Visual, Auditory, and 
Atmospheric Area of Potential Effect, which has been identified as occurring within the 
Traditional Cultural Property, was added to the cumulative effects analysis for Native 
American Religious Concerns and Traditional Values within Section 3.14.6 of the 
EA/MND. 

• Clarifying text was added to Section 3.17.2 of the EA/MND to note that the area of analysis 
does not fall within any Special Recreation Management Areas, Extensive Recreation 
Management Ares, or National Scenic Cooperative Management Areas. 

• Section 3.23.3 of the EA/MND was revised to clarify that no sensitive wildlife noise 
receptors were identified, and while special status species may experience indirect impacts 
from noise generation as a result of the Project, overall noise impacts under the Proposed 
Action would be negligible and short-term given that noise impacts from both exploratory 
drilling and helicopter use would not be stationary and would be temporary in nature. 

• The analysis for impacts to threatened and endangered species under Section 3.23.3 of the 
EA/MND was re-organized to separate the discussion of impacts to Mojave Desert tortoise 
habitat and impacts to individual species.  

• Descriptions of applicant-committed PDFs, DRECP-required CMAs, and BLM-required 
mitigation measures were clarified following completion of Section 7 of the Endangered 
Species Act consultation for desert tortoise protection measures, and identification of two 
additional CMAs that were unintentionally omitted from Appendix F in the previously 
published version of the EA/MND.  

• Additional clarification on baseline data collection methods and results for the affected 
environment of vegetation and wildlife species was included in Section 3.23, which did not 
result in revisions to the vegetation or wildlife impact determinations for the Proposed 
Action.  

• Clarifying text was included in the affected environment and analysis for Water Resources 
(Section 3.22 of the EA/MND) to provide details on the volumes of water currently 
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available in reservoirs connected to the Colorado River, as well as the natural groundwater 
recharge rate of the groundwater basin, to provide context for the volumes of water that 
would be required under the Project. Text was also included to describe the process for 
purchasing water under the Project. These revisions did not result in revisions to the water 
resources impact determinations for the Proposed Action.  

• Updates were made to Section 4.1.1 USFWS Consultation to document completion of the 
Section 7 ESA consultation process. 

• The public comment response matrix was included (Appendix I of the EA/MND) along 
with a description of the public comment period in Section 4.2 of the EA/MND.  

• The previously published unsigned FONSI was updated to be consistent with the 
clarifications in the revised EA/MND and to incorporate it into the latest CEQ-compliant 
format.  

1.6 Administrative Remedies  

If you are adversely affected by this decision, you may request that the BLM California State 
Director review this decision. If you request a State Director Review, the request must be received 
in the BLM California State Office at 2800 Cottage Way, Suite W1623, Sacramento, CA 95825, 
no later than 30 calendar days after you receive or have been notified of this decision. The request 
for State Director Review must be filed in accordance with the provisions in 43 CFR 3809.805. 
This decision will remain in effect while the State Director Review is pending, unless a stay is 
granted by the State Director. If you request a stay, you have the burden of proof to demonstrate 
that a stay should be granted. 

If the State Director does not make a decision on your request for review of this decision within 
21 days of receipt of the request, you should consider the request declined and you may appeal 
this decision to the Interior Board of Land Appeals (IBLA). You may contact the BLM California 
State Office to determine when the BLM received the request for State Director Review. You may 
file your Notice of Appeal with this office at 1661 South 4th Street, El Centro, CA 92243 which 
we will forward to IBLA. 

 If you wish to bypass a State Director Review, this decision may be appealed directly to the IBLA 
in accordance with the regulations at 43 CFR 3809.801(a)(1). Your Notice of Appeal must be filed 
in this office at 1661 South 4th Street, El Centro, CA 92243 within 30 days from receipt of this 
decision. As the appellant you have the burden of showing that the decision appealed from is in 
error. Enclosed is BLM Form 1842-1 that contains information on taking appeals to the IBLA. 

This decision will remain in effect while the IBLA reviews the case, unless a stay is granted by 
the IBLA. If you request a stay, you have the burden of proof to demonstrate that a stay should be 
granted. 

Request for a Stay 

If you wish to file a petition pursuant to regulations 43 CFR 4.21 for a stay of the effectiveness of 
this decision during the time that your appeal is being reviewed by Interior Board of Land Appeals 
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October 24, 2023 

 
Sent via email 

 
Michael Abraham 
Assistant Director 
Imperial County Planning and Development Services Department 
801 Main St 
El Centro, CA 92243 
MichaelAbraham@co.imperial.ca.us 
442-265-1736 
 
Gerardo Quero 
Planner II 
Imperial County Planning and Development Services Department 
801 Main St 
El Centro, CA 92243 
gerardoquero@co.imperial.ca.us  
442-265-1736 
 
Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-0001, a 
Mineral Exploration Project (SCH No. 2022120331) Environmental Assessment and 
Mitigated Negative Declaration 
 
Dear Mr. Abraham, Mr. Quero, and the Planning Commission: 
 
 We respectfully submit this letter on behalf of the Center for Biological Diversity, 
Western Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Committee, 
Conservation Lands Foundation, Greenaction for Health and Environmental Justice, California 
Native Plant Society, Native American Land Conservancy, and the Ahmut Pipa Foundation 
(collectively “Conservation Organizations”) with respect to the above referenced matter, in 
advance of the October 25, 2023 Planning Commission meeting where this item is on the agenda 
(#7). These comments supplement and incorporate by reference our previous comments (dated 
December 16, 2022, January 20, 2023, and September 12, 2023) on the County’s Mitigated 
Negative Declaration (MND) and BLM’s Environmental Assessment (EA) and Draft Finding of 
No Significant Impact (FONSI) and proposal to approve the Plan of Operations for the SMP 
Gold Corp. The updates to the EA/MND resolve neither the substantive nor procedural issues. 
For the below reasons, along with those detailed in our prior letter, the EA/MND should be 
denied. 
 

PC ORIGINAL PKG

mailto:MichaelAbraham@co.imperial.ca.us
mailto:gerardoquero@co.imperial.ca.us
laryssaalvarado
Received



  

    October 24, 2023 
   Page 2 
 

I. The County Must Allow More Time for the Public to Evaluate and Comment on the 
Updated EA/MND for the Proposed Project.   

The Conservation Organizations voice their strong objection to the way that the Planning 
Commission has handled the publication and posting of documents associated County’s 
Mitigated Negative Declaration (MND) and BLM’s Environmental Assessment (EA) and Draft 
Finding of No Significant Impact (FONSI) and proposal to approve the Plan of Operations for 
the SMP Gold Corp (“Project”). County Planning Staff emailed the updated EA/MND and 
associated documents to some – but not all—of the interested parties for the project on October 
13, 2023—less than 2 weeks before the County’s consideration of the project.1 On October 17, 
four days later, the County circulated another staff report with even more pages, and with zero 
explanation of what material may be new. 

The EA/MND and staff report consist of over two thousand pages, with hundreds of 
pages of additional material. The staff report contained no red line or other explanation of what 
the changes may be, which forced the Conservation Organizations to sift through and compare 
all two thousand pages to see where the new material might be. What’s worse, within these new 
materials, the County repeatedly stated that it had made various updates to the EA/MND’s 
mitigation and analysis, without providing any redline or reference to those changes. The 
additions and revisions to the EA/MND, which constitute hundreds of pages of new information, 
so close to the County’s consideration of this Project deprives the public and the Planning 
Commission of the opportunity to meaningfully consider the issues raised by the proposed 
Project. It is difficult, if not impossible, for the public and interested parties to provide accurate 
and up-to-date comments when the environmental review documents themselves are subject to 
ongoing revisions and changes without proper notice about which material is new and at the last 
minute.  

We urge the County to continue the hearing and make available redline versions of the 
updated documents that show the changes made to the EA/MND since the Planning 
Commission’s September 14, 2023 hearing.  

II. The County’s Changes to the EA/MND Do Not Remedy the Document’s 
Fundamental Flaws. 
 

Like any component of environmental review, a mitigated negative declaration must 
effectuate CEQA’s fundamental purpose to “inform the public and responsible officials of the 
environmental consequences of their decisions before they are made.” (Laurel Heights 
Improvement Ass’n v. Regents of University of California (1993) 6 Cal.4th 1112, 1123.) If 
inform contains a misleading or inadequate discussion of environmental impacts, or fails “to 
include relevant evidence,” it is “inadequate as an informational document.” (Kings County 
Farm Bureau v. City of Hanford (1990) 221 Cal.App.3d 692, 718.)  

 

 
1 For instance, County staff emailed Lisa Belenky, attorney for the Center for Biological Diversity, with links to the 
updated EA/MND and notice for the upcoming Planning Commission hearing. County staff has failed, however, to 
notify any other signatories to Conservation Organizations, or other interested parties who have repeatedly engaged 
on the project, such as the California Department of Fish and Wildlife.  
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The EA/MND remains fundamentally flawed as an informational document, and the 
County’s edits do nothing to remedy those flaws. The updated EA/MND repeatedly fails to 
include information necessary for decisionmakers to meaningfully understand the impacts of the 
proposed Project, and how the Project will effectively mitigate those impacts to less than 
significant levels. For example, the EA/MND acknowledges that plant species observed in the 
field during the March 2021 biological baseline surveys “do not represent a complete floristic 
inventory,” a concern Conservation Organizations repeatedly raised. Rather than remedy that 
inadequacy by conducting the necessary surveys, the EA/MND updated the text of its mitigation 
measure, specifically M‐8 and PDF‐34, to add pre‐construction vegetation surveys prior to 
surface disturbance.2 The vague promise to conduct a vegetation survey does little to resolve the 
EA/MND’s acknowledged information gaps. The EA/MND fails to explain how these surveys 
will be conducted, when they will be conducted, or to provide any other assurances that the 
surveys will be designed to accurately capture the floristic diversity of the site. Rather, the 
EA/MND states in vague and conclusory fashion that a pre-construction survey will “ensure that 
no special status plants are present within areas proposed for disturbance.” But without actually 
including the baseline data on the plants that exist on the Project site, it is impossible for 
decisionmakers to determine the gravity of the Project’s impacts, or whether their severity 
requires the County to prepare an EIR to better assess and mitigate these impacts. 
 

Similarly, the updated EA/MND now reveals that the proposed new access road leading 
to Drill 1 will remain in place as a “post‐surface exploration feature” for reclamation, 
monitoring, and underground exploration activities and would be in place up to five years after 
project implementation. (PDF page 2370.) The continuing use of the road was not previously 
disclosed or analyzed in the EA/MND. The EA/MND did not analyze how the ongoing presence 
of this road may result in myriad environmental impacts resulting from increased use/access of 
the area. These includes dust, which would reduce photosynthesis, affect stomata function, and 
inhibit reproduction on vegetation resources. And although, the EA/MND asserts that the road 
would eventually be removed as part of the project—not as an enforceable mitigation measure as 
CEQA requires (see Lotus v. Department of Transportation (2014) 223 Cal.App.4th 645, 656, 
658)—without describing the amount of earthwork required to remediate it, it is impossible for 
decision makers to understand the scope and impacts from any earthwork that would be 
necessary. 

 
Similar cursory conclusions pervade the EA/MND. The EA/MND repeatedly fails to 

provide comparative evidence to support its conclusions that environmental impacts will be 
sufficiently mitigated with the new and added “clarifications” to its mitigation program. As a 
result, the County’s decisionmakers lack necessary information to determine whether the County 
may proceed with an EA/MND, or instead must prepare an EIR. 
 
III. The EA/MND’s Analysis Remains Deficient. 

 

 
2 CEQA requires that, if the mitigation measures are changed, or mitigation measures are added after public review, 
the mitigated negative declaration ordinarily will have to be recirculated for a second round of public review. (14 
Cal Code Regs §15073.5.) Here, the County did not provide adequate notice or time for the public to adequately 
review the changes to the EA/MND. 
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During the Imperial County Planning Commission meeting held on September 13, 2023,3 
numerous members of the Fort Yuma Quechan Indian Tribe, including several tribal council 
members, voiced their concerns regarding the BLM’s failure to consult. Their testimonies 
emphasized the significance of the traditional cultural resources and landscape, highlighting 
BLM's failure to acknowledge or incorporate the valuable information provided by the tribe 
regarding the location of many cultural resources. 
 

Jordan Joaquin, the President of the Quechan Tribe, and Donald Medart Junior, a Tribal 
Councilmember, both attested that during meetings with BLM, the agency explicitly stated that 
these gatherings should not be considered official tribal consultations and that government-to-
government consultation has not occurred. Furthermore, they pointed out glaring omissions in 
BLM's documentation, noting that “hundreds, if not thousands, of specific glyphs” shared by the 
tribe did not find their way onto the maps provided to Oro Cruz for the project.4 

 
Preston J. Arrow-Weed, a traditional practitioner, also testified about the cycles of 

traditional songs he sings and teaches, and the importance of protecting the land and 
groundwater needed for all living things in the desert.5  
 

Faron Owl, discussed the religious and cultural importance of the “Trail of Dreams” to 
the Quechan and explained that Project activities could “permanently desecrate area belonging to 
our cultural heritage.”6 
 

In response to the concerns raised by the tribal members and the Planning 
Commissioners, BLM staff at the meeting asserted that "consultations are ongoing," despite the 
apparent inadequacy of their previous efforts. In light of these issues, the Imperial County 
Planning Commission made a unanimous decision to postpone consideration of the project until 
such time as BLM could engage in a proper consultation process with the Quechan tribe. 

 
 The updated EA/MND makes abundantly clear that neither BLM nor the County 

engaged in any additional consultation, as the Planning Commission ordered. Instead, it merely 
contains a memorandum written by the developer’s consultant, containing the consultant’s 
summary of communications between the requisite agencies and the tribes. This summary does 
little to address the Quechan’s ongoing concerns about the project, and BLM and the County’s 
failure to consult with the Quechan regarding those concerns. 

 
VI.  Conclusion 
 

In light of the foregoing, the EA/MND still fails to satisfy CEQA’s requirements. At the 
same time, ample evidence still demonstrates that a fair argument exists that the Project may 

 
3 Audio-Video available at 
https://imperial.granicus.com/player/clip/2431?view_id=2&redirect=true&h=f1baefeef32433332
b4c0cd698f7480d. 
4 Id. at minute 1:10-1:15 and 1:18-1:20.  
5 Id. at 1:20-1:24. 
6 Id. at 1:16-1:18. 
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result in significant environmental impacts. In light of this evidence, CEQA requires that an EIR 
be prepared. For this reason, and because the Project will have irreparable impacts, we 
respectfully request that the Project be denied at this time. The Project should not be 
reconsidered until a legally adequate EIR is prepared and certified.   
 

Please include this letter and all references in your project file for the Project. Please also 
include all of the signatories below on your notice list for all future updates, notices, and 
documents related to the Project and do not hesitate to contact us with any questions at the 
number or email listed below.   
 
 
Sincerely, 
 

 
 
Lisa Belenky, Senior Attorney  
Hallie Kutak, Staff Attorney 
Center for Biological Diversity 1212 Broadway, Suite 800 
Oakland, CA 94612  
lbelenky@biologicaldiversity.org  
hkutak@biologicaldiversity.org  
 

 
 
Joan Taylor, Chair 
California/Nevada Desert Committee 
Sierra Club 
palmcanyon@mac.com  
 

 
T. Robert Przeklasa, Ph.D. 
Executive Director 
Native American Land Conservancy 
rprzeklasa@nativeamericanland.org  
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Laura Cunningham California Director 
Western Watersheds Project  
lcunningham@westernwatersheds.org  
 

 
Jared Naimark, California Mining Organizer  
EARTHWORKS 
jnaimark@earthworksaction.org  

 
Kara Matsumoto, Public Lands Policy Director 
Conservation Lands Foundation  
kara@conservationlands.org  

 
Brendan Wilce 
Conservation Program Coordinator 
California Native Plant Society 
bwilce@cnps.org  
 

 
 
Bradley Angel 
Greenaction for Health and Environmental Justice 
bradley@greenaction.org  
 
Preston J. Arrow-weed, President 
Ahmut Pipa Foundation 
ahmut@earthlink.net  
 
Cc:  
Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  
Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  
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Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  
Alyssa Hockaday, CDFW, Alyssa.Hockaday@wildlife.ca.gov  
Heather Brashear, Heather.Brashear@wildlife.ca.gov  
Tom Plenys, EPA, Plenys.Thomas@epa.gov  
Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  
Julianne Polanco, State Historic Preservation Officer (SHPO), 

julianne.polanco@parks.ca.gov  
Commissioner Laura Miranda, California Native American Heritage Commission. 
Chairperson Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  
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374 Poli Street, Suite 200 • Ventura, CA 93001 • (805) 275‐1515  

 
December 1, 2023 
 
Imperial County, Planning and Development Services Department 
Attn: Michael Abraham 
801 Main Street 
El Centro, California 92234 
 

Re:  Response  to Comment  Letters Received  from  the Center  for Biological, Fort Yuma‐Quechan 
Indian Tribe, and Michael Garitty 

 

Dear Mr. Abraham, 
 
The following has been prepared in response to the letter received from the Center for Biological Diversity 
(“CBD”) dated October 24, 2023,  the  letter  received  from  the Fort Yuma‐Quechan  Indian Tribe dated 
October 24, 2023, and  the email  received Michael Garitty dated November 16, 2023 which provided 
additional comments regarding the Oro Cruz Exploration Project (the “Project”) in advance of the initial 
Imperial County Planning Commission (“ICPC”) hearing to be held on December 13, 2023. The majority of 
the additional comments provided by the commentators noted above mirror those previously provided 
in advanced of the September 13th, 2023 and October 25th, 2023 Imperial County Planning Commission 
Hearings  (and which were previously  responded  to within  the hearing packets), as well as comments 
previously  received  during  the  public  comment  period  for  the  Environmental  Assessment/Mitigated 
Negative Declaration (EA/MND) conducted between November 2022 and January 2023, pursuant to the 
National Environmental Quality Act (NEPA)/California Environmental Quality Act (CEQA).   Nonetheless, 
we have responded to each comment and highlighted information within the existing Project record that 
addresses each of the concerns raised. 
 
Center for Biological Diversity 

The  comments  provided  by  the  CBD  have  generally  already  been  addressed  in  previous  documents; 
however,  see  Attachment  1  which  contains  a  comment  response  matrix,  identifying  each  individual 
comment/issue raised by the CBD in the October 24, 2023 letter (see Attachment 2), along with detailed 
responses corresponding to each comment. Also see the previous responses to CBD’s comments within 
Appendix I of the final EA/MND, as well as the response to CBD’s letter dated September 12, 2023 which 
was included in the ICPC packet disseminated to the public (and the CBD) prior to the October 25, 2023 
Planning Commission Hearing. 
 
Fort Yuma‐Quechan Indian Tribe 

Since  the  previous  two  Planning  Commission  meetings  were  held  on  September  13,  2023  and 
subsequently on October 25, 2023, and since the letter dated October 24, 2023 was received from the 
Quechan Indian Tribe (see Attachment 3), the Bureau of Land Management (BLM) and the Quechan Tribe 
had a follow up meeting November 3, 2023 at the behest of the ICPC.  The meeting was held in‐person, 
at the Quechan’s tribal chambers. 
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As stated in the previous response letters included within the Planning Commission packet prior to the 
October 25, 2023 hearing, as well as verbal comments stated throughout the various ICPC hearings, both 
Imperial County and the BLM understand that the Project area is of great cultural, religious, and spiritual 
importance  to the Quechan people, and as a result, have conducted extensive  formal government‐to‐
government consultation with the Quechan dating back to March 2021. The ICPC has been provided an 
extensive  summary  of  County  and  BLM  consultation  with  impacted  Native  American  tribes  to  date, 
regarding the Oro Cruz Exploration Project (OCEP) as required by Assembly Bill (AB) 52 and by Section 106 
of  the  National  Historic  Preservation  Act  of  1966.  The  full  record  of  tribal  consultation,  along  with 
pertinent and supporting documents, was submitted under separate cover and entered into the County 
record prior the October 25, 2023 ICPC hearing. 
 
Additionally, a Class III Cultural Resources Inventory Report was prepared  in 2021 and accepted by the 
BLM, and  the non‐confidential  results of  such  represent  the baseline  conditions and are described  in 
Section 3.8 of the EA/MND. The Fort Yuma Quechan Indian Tribe was instrumental in preparing the Class 
III Cultural Resources Inventory Report by providing extensive input so that the BLM, County, and Project 
Proponent could redesign the Project to ensure that potentially  important cultural resources would be 
avoided. As stated in Section 3.8 of the EA/MND, all known cultural resource sites would be avoided thus 
minimizing direct impacts. No adverse impacts would occur with avoidance measures implemented. The 
BLM  would  require  additional  mitigation  measures  to  minimize  indirect  impacts  to  known  cultural 
resource  sites  such  as  a  cultural  monitoring  and  inadvertent  discovery  plan,  periodic  archaeological 
monitoring in consultation with the BLM El Centro Field Office (ECFO) archaeologist, and safeguarding all 
known  culturally  sensitive  areas  within  100  feet  of  ground  disturbance  with  periodic  archaeological 
monitoring and barrier fencing, as described in Section 3.8.3 and Appendix F of the EA/MND, resulting in 
indirect impacts being negligible, short‐term, and localized. 
 
Lastly, should the Project be approved and, as such, the cultural monitoring commences upon Project 
initiation, the BLM will contact all tribes that have engaged in government‐to‐government consultation 
with  the  opportunity  to  participate  as  Tribal  Cultural  Monitors  to  conduct  the  BLM‐required 
archaeological monitoring. 
 
Michael Garitty 

The  commenter  indicated  that  the  Project would  cause  irreversible  damage  to  a  landscape  of  great 
cultural, religious, and spiritual importance to the Quechan people, as well as have significant impacts on 
the Picacho Area of Critical Environmental Concern (ACEC), including to critical habitat for the threatened 
Mojave  Desert  Tortoise.  This  comment  is  identical  to  those  received  prior  to  the  previous  Planning 
Commission hearings, and which were since responded to in the previous hearing packets.   
 
In addition to the Quechan Indian Tribe response information noted above, the following response is re‐
included here regarding the ACEC and the Mojave Desert Tortoise: 
 
Mojave Desert Tortoise: Extensive Mojave Desert  tortoise  surveys were  conducted  in  support of  the 
CEQA/NEPA  process,  and  extensive  Mojave  Desert  tortoise  avoidance  and  mitigation/minimization 
measures will be implemented throughout the life of the Project. 
 
Per  the  analysis  in  Section  3.23.3  of  the  EA/MND,  impacts  to  threatened  and  endangered  species 
(including Mojave Desert tortoise), special status species, and general wildlife species are anticipated to 
be  negligible  to minor,  short‐term,  localized,  and  sufficiently mitigated  to  less  than  significant  levels 
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through  the  implementation of  the avoidance and minimization measures summarized below. Several 
Project Design Features (PDFs) have been developed by the Project proponent for implementation during 
the  Project  to  avoid  or  sufficiently  mitigate  potential  impacts.  Additional  wildlife‐specific  mitigation 
measures would be required for implementation by the BLM, as outlined in Appendix F of the EA/MND. 
Specifically,  detailed  desert  tortoise  avoidance  measures  (17  total),  summarized  within  the  Plan  of 
Operations (Appendix A of the EA/MND), would be implemented onsite. These include but are not limited 
to  pre‐construction  tortoise  surveys,  onsite  monitoring  during  tortoise  active  season,  and  employee 
training. Additionally, as discussed in Section 3.23.3 of the EA/MND, SMP has committed to conducting 
pre‐construction  surveys  within  48  hours  of  surface  disturbance  within  the  species‐specific  buffers 
outlined in Appendix F of the EA/MND from the area to be disturbed in order to avoid impacts to Mojave 
Desert tortoise. Surveys for Mojave Desert tortoise may be combined with pre‐construction migratory 
bird surveys if taking place during the nesting season. 
 
In addition to the PDFs/CMAs cited by CDFW, PDF‐21 included in Table F‐1 of Appendix F of the EA/MND 
would also be implemented, which notes that if a tortoise is encountered during construction activities, 
work would be halted  immediately, per the authority of a designated Field Contact Representative,  in 
proximity to the tortoise until an on‐call BLM‐approved Authorized Biologist arrives to move the tortoise 
from harm’s way, or until the tortoise leaves of its own accord. The Field Contact Representative would 
be a BLM‐approved Authorized or Qualified Biologist and would be on‐site year‐round during all Project 
activities. The following PDFs and CMAs, which are similar in nature to CDFW’s suggested MM BIO‐[F], will 
be implemented to ensure potential impacts to desert tortoises are properly avoided and/or mitigated: 

 PDF‐13: Within 24 hours of the commencement of Project activities, a BLM‐approved Authorized 
or Qualified Biologist would inspect the area to be disturbed plus a 500‐foot buffer, focusing on 
areas that could provide suitable desert tortoise burrow or cover sites, such as dry washes with 
caliche. This may be combined with the above pre‐construction migratory bird survey  if taking 
place during the nesting season. Burrows would be flagged such that they would be avoided by 
Project  activities. When  requesting  authorization of biologists  to handle desert  tortoises,  the 
Permittee/BLM will submit credentials  to the USFWS  for review and approval at  least 30 days 
prior to the need for the biologist to perform those activities in the field. 

 PDF‐21: SMP would designate a Field Contact Representative (FCR) who would be responsible for 
overseeing compliance with protective stipulations for the desert tortoise and for coordination 
on compliance with the BLM. The FCR must be on‐site during all Project activities. The FCR would 
have the authority to halt Project activities that are in violation of the stipulations. The FCR would 
have a copy of all stipulations when work is being conducted on the site. The FCR may be a crew 
chief or field supervisor, a project manager, any other employee of the Project Proponent, or a 
BLM‐approved  Authorized  Biologist.  Any  incident  occurring  during  Project  activities  that  is 
considered by the FCR to be in non‐compliance with the mitigation plan would be documented 
immediately  by  the  FCR.  The  FCR  would  ensure  that  appropriate  corrective  action  is  taken. 
Corrective  actions would  be  documented  by  the  FCR.  The  following  incidents would  require 
immediate cessation of the construction activities causing the incident, including: 

o Imminent threat of injury or death to a desert tortoise; 
o Unauthorized handling of a desert tortoise, except on designated roads; 
o Conducting any construction activity without a biological monitor where one is required. 

If  a  tortoise  is  encountered  during  construction  activities,  work  would  be  halted  in 
proximity to the tortoise until an on‐call BLM‐approved Authorized Biologist can move 
the animal from harm’s way or until the desert tortoise leaves of its own accord. 
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 PDF‐34: Injury: Should any desert tortoise be injured or killed, all activities would be halted, and 
the Authorized Biologist immediately contacted. The biologist would have the responsibility for 
determining whether the animal should be transported to a veterinarian for care, which is paid 
for by the Project Proponent if involved. If the animal recovers, the USFWS is to be contacted to 
determine the final disposition of the animal; few injured desert tortoises are returned to the wild 

 
Through the required pre‐construction surveys, including onsite surveys anytime construction equipment 
is moved to a new location, as well as the implementation of PDFs and CMAs (Appendix F of EA/MND) 
summarized above, impacts to desert tortoise are expected to be fully avoided, or mitigated to less than 
significant levels. 
 
Additionally,  pre‐construction  surveys  would  be  conducted  year‐round  prior  to  surface  disturbance 
occurring per the PDFs and BLM‐required additional mitigation measures included in Appendix F of the 
EA/MND. 
 
Conclusion 

Thank you for your time and consideration in this matter. We respectfully request that this letter response 
be disseminated to the Commissioners prior to the third ICPC hearing currently scheduled for December 
13th, 2023. We also request that the Commissioners review the full record of consultation with tribes, 
including  the Quechan, along with pertinent and supporting documents, which were submitted under 
separate cover prior to the October 25th, 2023 ICPC hearing. Please feel free to contact me, or Ben Veach, 
P.E., with Stantec if you have any questions or if you need additional information. 
 
Respectfully submitted, 

 
Graham Stephens 
Sespe Consulting, Inc. 
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Oro Cruz Explora on Project – Response to CBD Comment Le er (10/24/2023) 

Comment No. Comment Response 

#1 

Re: Comments on IS21‐0029 SMP Gold Corp (Oro Cruz) Reclama on Plan #21‐0001, a Mineral Explora on 
Project (SCH No. 2022120331) Environmental Assessment and Mi gated Nega ve Declara on 
 
Dear Mr. Abraham, Mr. Quero, and the Planning Commission: 
 
We respec ully submit this le er on behalf of the Center for Biological Diversity, Western Watersheds 
Project, Earthworks, the Sierra Club California/Nevada Desert Commi ee, Conserva on Lands Founda on, 
Greenac on for Health and Environmental Jus ce, California Na ve Plant Society, Na ve American Land 
Conservancy, and the Ahmut Pipa Founda on (collec vely “Conserva on Organiza ons”) with respect to 
the above referenced ma er, in advance of the October 25, 2023 Planning Commission mee ng where this 
item is on the agenda (#7). These comments supplement and incorporate by reference our previous 
comments (dated December 16, 2022, January 20, 2023, and September 12, 2023) on the County’s 
Mi gated Nega ve Declara on (MND) and BLM’s Environmental Assessment (EA) and Dra  Finding of No 
Significant Impact (FONSI) and proposal to approve the Plan of Opera ons for the SMP Gold Corp. The 
updates to the EA/MND resolve neither the substan ve nor procedural issues. For the below reasons, along 
with those detailed in our prior le er, the EA/MND should be denied. 

Thank you for your comment.  Both the Bureau of Land Management (BLM) and the County responded to 
the Center for Biological Diversity (CBD) le er dated December 16, 2022 in detail within the revised 
EA/MND, specifically in the response to comment matrix included as Appendix I of the revised 
environmental document, which was also included within the Planning Commission packet prior to the 
September 13, 2023 Imperial County Planning Commission (ICPC) Hearing.  The comment response matrix 
also provided responses to the CBD’s subsequent le er dated January 20, 2023.  Furthermore, CBD’s le er 
dated September 12, 2023 was also responded to prior to the October 25, 2023 ICPC hearing, and the 
responses included within the hearing packet made available to the public, and sent directly to the CBD 
commenters. 
 
 

#2 

I. The County Must Allow More Time for the Public to Evaluate and Comment on the Updated 
EA/MND for the Proposed Project. 

 
The Conserva on Organiza ons voice their strong objec on to the way that the Planning Commission has 
handled the publica on and pos ng of documents associated County’s Mi gated Nega ve Declara on 
(MND) and BLM’s Environmental Assessment (EA) and Dra  Finding of No Significant Impact (FONSI) and 
proposal to approve the Plan of Opera ons for the SMP Gold Corp (“Project”). County Planning Staff 
emailed the updated EA/MND and associated documents to some – but not all—of the interested par es 
for the project on October 13, 2023—less than 2 weeks before the County’s considera on of the project.1 
On October 17, four days later, the County circulated another staff report with even more pages, and with 
zero explana on of what material may be new. 
 
The EA/MND and staff report consist of over two thousand pages, with hundreds of pages of addi onal 
material. The staff report contained no red line or other explana on of what the changes may be, which 
forced the Conserva on Organiza ons to si  through and compare all two thousand pages to see where 
the new material might be. What’s worse, within these new materials, the County repeatedly stated that it 
had made various updates to the EA/MND’s mi ga on and analysis, without providing any redline or 
reference to those changes. The addi ons and revisions to the EA/MND, which cons tute hundreds of 
pages of new informa on, so close to the County’s considera on of this Project deprives the public and the 
Planning Commission of the opportunity to meaningfully consider the issues raised by the proposed 
Project. It is difficult, if not impossible, for the public and interested par es to provide accurate and up‐to‐
date comments when the environmental review documents themselves are subject to ongoing revisions 
and changes without proper no ce about which material is new and at the last minute. 
 

Pursuant to Sec on 15088 of the CEQA Guidelines, a Lead Agency is not required to prepare wri en 
responses to comments received when an MND is prepared.  Nonetheless, the County opted to provide 
detailed responses to each of the comment le ers received during the 45‐day public review period, 
including both le ers received from the CBD.  The public comments and responses to comments were 
included in the public record and were available to the Lead Agency decision‐makers (i.e., ICPC 
Commissioners) as well as the public, including the CBD, as part of the September 14, 2023 Planning 
Commission hearing for the Commissioner’s review and considera on prior to making their decision 
whether to approve the proposed Project.  
 
Furthermore, as noted in previous responses to CBD comments, Pursuant to State CEQA Guidelines Sec on 
15074(b) (Considera on and Adop on of a Nega ve Declara on or Mi gated Nega ve Declara on), none 
of the comments provide substan al evidence that the Project will have significant environmental effects 
which would require prepara on of an EIR. None of the informa on in the le ers or responses cons tute 
the type of significant new informa on that requires recircula on of the EA/MND for further public review 
under State CEQA Guidelines Sec on 15073.5 (Recircula on of a Nega ve Declara on Prior to Adop on). 
None of the new material presented in the responses to comments (see Appendix I within the revised 
EA/MND) indicated that the Project will result in a significant new environmental impact not previously 
disclosed in the EA/MND published during the public review period. Addi onally, none of this informa on 
indicated that there would be a substan al increase in the severity of a previously iden fied environmental 
impacts that would not be mi gated, or that there would be any of the other circumstances requiring 
recircula on described in State CEQA Guidelines Sec on 15073.5. 
 
No changes to the County’s Mi gated Nega ve Declara on (MND), BLM’s Environmental Assessment (EA), 
the Reclama on Plan were made prior to the County Planning Commission hearing on October 25, 2023.  

 
1 For instance, County staff emailed Lisa Belenky, a orney for the Center for Biological Diversity, with links to the updated EA/MND and no ce for the upcoming Planning Commission hearing. County staff has failed, however, to no fy any other signatories to 
Conserva on Organiza ons, or other interested par es who have repeatedly engaged on the project, such as the California Department of Fish and Wildlife. 
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We urge the County to con nue the hearing and make available redline versions of the updated documents 
that show the changes made to the EA/MND since the Planning Commission’s September 14, 2023 hearing. 
 

The only addi onal documenta on provided prior to the October 25, 2023 Planning Commission hearing as 
part of the staff report were specific responses to the various public comments received prior to that 
specific hearing, including a detailed responses to the CBD’s le er dated September 12, 2023. 
 

#3 

II. The County’s Changes to the EA/MND Do Not Remedy the Document’s Fundamental Flaws. 
 
Like any component of environmental review, a mi gated nega ve declara on must effectuate CEQA’s 
fundamental purpose to “inform the public and responsible officials of the environmental consequences of 
their decisions before they are made.” (Laurel Heights Improvement Ass’n v. Regents of University of 
California (1993) 6 Cal.4th 1112, 1123.) If inform contains a misleading or inadequate discussion of 
environmental impacts, or fails “to include relevant evidence,” it is “inadequate as an informa onal 
document.” (Kings County Farm Bureau v. City of Hanford (1990) 221 Cal.App.3d 692, 718.) 
 
The EA/MND remains fundamentally flawed as an informa onal document, and the County’s edits do 
nothing to remedy those flaws. The updated EA/MND repeatedly fails to include informa on necessary for 
decisionmakers to meaningfully understand the impacts of the proposed Project, and how the Project will 
effec vely mi gate those impacts to less than significant levels. For example, the EA/MND acknowledges 
that plant species observed in the field during the March 2021 biological baseline surveys “do not 
represent a complete floris c inventory,” a concern Conserva on Organiza ons repeatedly raised. Rather 
than remedy that inadequacy by conduc ng the necessary surveys, the EA/MND updated the text of its 
mi ga on measure, specifically M‐8 and PDF‐34, to add pre‐construc on vegeta on surveys prior to 
surface disturbance.2 The vague promise to conduct a vegeta on survey does li le to resolve the EA/MND’s 
acknowledged informa on gaps. The EA/MND fails to explain how these surveys will be conducted, when 
they will be conducted, or to provide any other assurances that the surveys will be designed to accurately 
capture the floris c diversity of the site. Rather, the EA/MND states in vague and conclusory fashion that a 
pre‐construc on survey will “ensure that no special status plants are present within areas proposed for 
disturbance.” But without actually including the baseline data on the plants that exist on the Project site, it 
is impossible for decisionmakers to determine the gravity of the Project’s impacts, or whether their severity 
requires the County to prepare an EIR to be er assess and mi gate these impacts. 
 
Similarly, the updated EA/MND now reveals that the proposed new access road leading to Drill 1 will 
remain in place as a “post‐surface explora on feature” for reclama on, monitoring, and underground 
explora on ac vi es and would be in place up to five years a er project implementa on. (PDF page 2370.) 
The con nuing use of the road was not previously disclosed or analyzed in the EA/MND. The EA/MND did 
not analyze how the ongoing presence of this road may result in myriad environmental impacts resul ng 
from increased use/access of the area. These includes dust, which would reduce photosynthesis, affect 
stomata func on, and inhibit reproduc on on vegeta on resources. And although, the EA/MND asserts 
that the road would eventually be removed as part of the project—not as an enforceable mi ga on 
measure as CEQA requires (see Lotus v. Department of Transporta on (2014) 223 Cal.App.4th 645, 656, 
658)—without describing the amount of earthwork required to remediate it, it is impossible for decision 
makers to understand the scope and impacts from any earthwork that would be necessary. 
 
Similar cursory conclusions pervade the EA/MND. The EA/MND repeatedly fails to provide compara ve 
evidence to support its conclusions that environmental impacts will be sufficiently mi gated with the new 

See previous responses to CBD’s comments within Appendix I of the final EA/MND, as well as the response 
to CBD’s le er dated September 12, 2023 which was included in the ICPC packet disseminated to the public 
(and the CBD) prior to the October 25, 2023 Planning Commission Hearing. The comments presented here 
have  been  previously  addressed;  however,  the  following  notes  are  offered  again  here  in  response  to 
Comment #3: 
 
Baseline Plant/Wildlife Surveys:  As stated throughout the EA/MND, the responses to comments in Appendix 
I of the EA/MND, and in the various County response le ers included in the Planning Commission packets 
da ng  back  to  September  2023,  extensive  baseline  floris c  surveys were  completed,  and  any  poten al 
species  found  onsite  were  documented  within  the  EA/MND,  and  appropriate  mi ga on  measures 
incorporated to ensure poten al impacts would be less than significant. Nonetheless, to ensure impacts to 
plant  and wildlife  species  remain  less  than  significant,  pre‐construc on/pre‐disturbance  surveys will  be 
completed to further ensure poten al impacts are avoided or mi gated to less than significant levels. 
 
Although based on the analysis in the EA/MND the poten al for the Project to impact plant species would 
be  avoided  through  the  implementa on  of  avoidance  and  minimiza on  measures,  the  EA/MND  did 
acknowledge that plant species observed in the field during the March 2021 biological baseline surveys do 
not represent a complete floris c inventory as it was representa ve of the species that were iden fied during 
the surveys, and may not be representa ve of species that are present year‐round. A floris c survey  is a 
snapshot in  me, and there is always the poten al for plant species to migrate into a new area that might 
not have been observed at the  me of a given survey; however, this is not indica ve that the detail baseline 
survey completed by WestLand in 2021 is deficient under CEQA. Nonetheless, the EA/MND acknowledges 
that because species could have migrated into the Project area a er WestLand’s survey was conducted, the 
EA/MND  required  appropriate  biological  monitoring  and  avoidance  measures  to  be  implemented  and 
coordinated with the BLM should special status plants be iden fied during Project implementa on, including 
prior to any new disturbances, to ensure impacts remain less than significant. Please note that per Appendix 
B and Table F‐2 of Appendix F of the EA/MND, LUPA‐BIO‐2 would not be required for implementa on under 
the Proposed Ac on as required pre‐construc on surveys and con nued monitoring would take place during 
all phases of the Proposed Ac on by a BLM Authorized Biologist. 
 
Specifically, the following Project Design Features (PDFs) and CMAs, will be implemented to ensure 
poten al impacts to special‐status species are fully avoided: 

 PDF‐34: Pre‐construc on vegeta on surveys, including for noxious and non‐na ve invasive species 
and special status species, would be conducted in tandem with the pre‐construc on migra on bird 
surveys described above. Should special status plant species be iden fied during Project ac vi es, 
the BLM would require SMP to implement temporary barrier fencing around the individual plants 
for avoidance and to minimize impacts throughout the life of the Project. 

 LUPA‐BIO‐PLANT‐2: Implement an avoidance setback of 0.25 mile for all Focus and BLM Special 
Status Species occurrences. Setbacks will be placed strategically adjacent to occurrences to protect 

 
2 CEQA requires that, if the mi ga on measures are changed, or mi ga on measures are added a er public review, the mi gated nega ve declara on ordinarily will have to be recirculated for a second round of public review. (14 Cal Code Regs §15073.5.) Here, the 
County did not provide adequate no ce or  me for the public to adequately review the changes to the EA/MND. 
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and added “clarifica ons” to its mi ga on program. As a result, the County’s decisionmakers lack necessary 
informa on to determine whether the County may proceed with an EA/MND, or instead must prepare an 
EIR. 

ecological processes necessary to support the plant Species (see Appendix Q, Baseline Biology 
Report, in the Proposed LUPA and Final EIS [2015], or the most recent data and modeling). 

 M‐8:  Should special status plant species be iden fied during Project ac vi es, the BLM would 
require SMP to implement temporary barrier fencing around the individual plants for avoidance 
and to minimize impacts throughout the life of the Project. 

 
Through the required pre‐construc on surveys, including onsite surveys any me construc on equipment is 
moved to a new loca on, as well as the implementa on of PDFs and CMAs (Appendix F), the BLM and County 
would ensure that poten al impacts to special status plants are avoided or sufficiently mi gated to less than 
significant levels, and no direct or indirect adverse effects would occur.   
 
Road Dust:   Onsite reclama on ac vi es,  including reclama on of the access road referenced within the 
comment that would occur within the 5‐year reclama on period, was fully described and analyzed within 
the EA/MND, including the air quality road dust analysis. To ensure a conserva ve analysis, road dust was 
quan fied during the explora on phase of the Project which would involve more equipment, more onsite 
workers/vehicles, higher levels of new disturbance, etc. compared to the reduced ac vity levels associated 
with site reclama on.  Road dust impacts during the Project’s opera onal/exploratory phase were found to 
be  less  than  significant, and par culate ma er emissions were below applicable  federal  and Air District 
thresholds.  Furthermore, road dust throughout the life of the Project, including during reclama on, will be 
controlled per Project Design Feature 7  (PDF‐7) will be controlled  in accordance with applicable State of 
California and Imperial County Air District rules. 
 
Addi onally,  although not necessary  to mi gated  a poten ally  significant  impact pursuant  to CEQA,  the 
Project will require prepara on and implementa on of an Opera on Dust Control Plan, which is an Imperial 
County Air Pollu on Control District (ICAPCD) requirement. Consistent with ICAPCD Rule 801, the proponent 
would develop a site‐specific Opera on Dust Control Plan, which would be submi ed to the  ICAPCD, and 
consistent with Rule 801 requirements, approval would be obtained a minimum of 10 days prior to the first 
ground disturbing ac vi es as a result of the Project. Because the Opera ons Dust Control Plan is required 
per ICAPCD Rule 801, and because  implementa on of said plan  is relevant to air quality,  it was described 
within the EA/MND; however, even if the measures described within the Opera ons Dust Control Plan were 
not  implemented,  poten al  air  quality  and  dust  impacts  would  remain  less  than  significant,  with  no 
mi ga on required.  The Opera ons Dust Control Plan will be implemented throughout the life of the Project, 
including during the 5‐year site reclama on phase. 
 
Conclusion:  See responses above.  We understand that the CBD feels the EA/MND is inadequate; however, 
it’s unclear what other “cursory conclusions” the CBD takes issue with based on the comment provided.   
 
Lastly, as stated previously in response to CBD’s comment le er dated September 12, 2023, the County only 
has discre onary authority over the Reclama on Plan and reclama on ac vi es described therein pursuant 
to SMARA. As  such,  the  “project” evaluated under CEQA,  the biological effects, and  the air quality dust 
emissions by which CEQA impact determina ons would be applied would be those ac vi es specific to site 
reclama on. Nonetheless,  Imperial County and  the BLM opted  to prepare a  joint EA/MND document  to 
ensure that the poten al environmental effects of both mining/explora on ac vi es as well as reclama on 
ac vi es were fully evaluated under CEQA and NEPA. 
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III. The EA/MND’s Analysis Remains Deficient. 
 
During the Imperial County Planning Commission mee ng held on September 13, 2023,3 numerous 
members of the Fort Yuma Quechan Indian Tribe, including several tribal council members, voiced their 
concerns regarding the BLM’s failure to consult. Their tes monies emphasized the significance of the 
tradi onal cultural resources and landscape, highligh ng BLM's failure to acknowledge or incorporate the 
valuable informa on provided by the tribe regarding the loca on of many cultural resources. 
 
Jordan Joaquin, the President of the Quechan Tribe, and Donald Medart Junior, a Tribal Councilmember, 
both a ested that during mee ngs with BLM, the agency explicitly stated that these gatherings should not 
be considered official tribal consulta ons and that government‐to‐government consulta on has not 
occurred. Furthermore, they pointed out glaring omissions in BLM's documenta on, no ng that “hundreds, 
if not thousands, of specific glyphs” shared by the tribe did not find their way onto the maps provided to 
Oro Cruz for the project.4 
 
Preston J. Arrow‐Weed, a tradi onal prac oner, also tes fied about the cycles of tradi onal songs he sings 
and teaches, and the importance of protec ng the land and groundwater needed for all living things in the 
desert.5 
 
Faron Owl, discussed the religious and cultural importance of the “Trail of Dreams” to the Quechan and 
explained that Project ac vi es could “permanently desecrate area belonging to our cultural heritage.”6 
 
In response to the concerns raised by the tribal members and the Planning Commissioners, BLM staff at the 
mee ng asserted that "consulta ons are ongoing," despite the apparent inadequacy of their previous 
efforts. In light of these issues, the Imperial County Planning Commission made a unanimous decision to 
postpone considera on of the project un l such  me as BLM could engage in a proper consulta on process 
with the Quechan tribe. 
 
The updated EA/MND makes abundantly clear that neither BLM nor the County engaged in any addi onal 
consulta on, as the Planning Commission ordered. Instead, it merely contains a memorandum wri en by 
the developer’s consultant, containing the consultant’s summary of communica ons between the requisite 
agencies and the tribes. This summary does li le to address the Quechan’s ongoing concerns about the 
project, and BLM and the County’s failure to consult with the Quechan regarding those concerns. 
 

Since the previous two Planning Commission mee ngs, the BLM and the Quechan Tribe had a follow up 
mee ng November 3, 2023 at the behest of the ICPC.  The mee ng was held in‐person, at the Quechan’s 
tribal chambers. 
 
As stated in the previous response le ers included within the Planning Commission packet prior to the 
October 25, 2023 hearing, both Imperial County and the BLM understand and acknowledge that the Project 
area is of great cultural, religious, and spiritual importance to the Quechan people, and as a result, have 
conducted extensive formal government‐to‐government consulta on with the Quechan da ng back to 
March 2021. The ICPC has been provided an extensive summary of all County and BLM consulta on with 
impacted Na ve American tribes to date, regarding the Oro Cruz Explora on Project (OCEP) as required by 
Assembly Bill (AB) 52 and by Sec on 106 of the Na onal Historic Preserva on Act of 1966. The full record 
of tribal consulta on, along with per nent and suppor ng documents, was submi ed under separate cover 
and entered into the County record prior the October 25, 2023 ICPC hearing. 
 
Addi onally, a Class III Cultural Resources Inventory Report was prepared in 2021 and accepted by the BLM, 
and the non‐confiden al results of such represent the baseline condi ons and are described in Sec on 3.8 
of the EA/MND. The Fort Yuma Quechan Indian Tribe was instrumental in preparing the Class III Cultural 
Resources Inventory Report by providing extensive input so that the BLM, County, and Project Proponent 
could redesign the Project to ensure that poten ally important cultural resources would be avoided. As 
stated in Sec on 3.8 of the EA/MND, all known cultural resource sites would be avoided thus minimizing 
direct impacts. No adverse impacts would occur with avoidance measures implemented. The BLM would 
require addi onal mi ga on measures to minimize indirect impacts to known cultural resource sites such 
as a cultural monitoring and inadvertent discovery plan, periodic archaeological monitoring in consulta on 
with the BLM El Centro Field Office (ECFO) archaeologist, and safeguarding all known culturally sensi ve 
areas within 100 feet of ground disturbance with periodic archaeological monitoring and barrier fencing, as 
described in Sec on 3.8.3 and Appendix F of the EA/MND. 
 
Lastly, should the Project be approved and, as such, the cultural monitoring commences upon Project 
ini a on, the BLM will contact all tribes that have engaged in government‐to‐government consulta on 
with the opportunity to par cipate as Tribal Cultural Monitors to conduct the BLM‐required archaeological 
monitoring. 

#5 

VI. Conclusion 
 
In light of the foregoing, the EA/MND s ll fails to sa sfy CEQA’s requirements. At the same  me, ample 
evidence s ll demonstrates that a fair argument exists that the Project may result in significant 
environmental impacts. In light of this evidence, CEQA requires that an EIR be prepared. For this reason, 
and because the Project will have irreparable impacts, we respec ully request that the Project be denied at 
this  me. The Project should not be reconsidered un l a legally adequate EIR is prepared and cer fied. 
 

As stated in previous response le ers, regarding the request to prepare an EIR in lieu of the EA/MND, 
consistent with the CEQA statutes, if a project is found to have no adverse effects, or if the poten al effect 
can be reduced to a level that is less than significant through project revisions/mi ga ons, a Nega ve 
Declara on or MND can be adopted (§21080). Specifically, the statute provides that MNDs may be used, 
“when the ini al study has iden fied poten ally significant effects on the environment, but (1) revisions in 
the project plans or proposals made by, or agreed to by, the applicant before the proposed nega ve 
declara on and ini al study are released for public review would avoid the effects or mi gate the effects to 
a point where clearly no significant effect on the environment would occur, and (2) there is no substan al 

 
3 Audio‐Video available at h ps://imperial.granicus.com/player/clip/2431?view_id=2&redirect=true&h=f1baefeef32433332b4c0cd698f7480d.  
4 Id. at minute 1:10‐1:15 and 1:18‐1:20. 
5 Id. at 1:20‐1:24. 
6 Id. at 1:16‐1:18. 
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Please include this le er and all references in your project file for the Project. Please also include all of the 
signatories below on your no ce list for all future updates, no ces, and documents related to the Project 
and do not hesitate to contact us with any ques ons at the number or email listed below. 

evidence in light of the whole record before the public agency that the project, as revised, may have a 
significant effect on the environment” (§21064.5).  In summary, if all poten al significant impacts can be 
eliminated or reduced to less than significant, a MND can be prepared in lieu of an EIR.  
 
Through prepara on of a detailed ini al study, as well as a detailed suite of technical studies, Imperial 
County determined that an MND was the appropriate project document under CEQA. The County held an 
Environmental Evalua on Commi ee (EEC) mee ng on November 17th, 2022, where a dra  version of the 
ini al study/MND was presented to the public, and to a seven‐member panel represen ng various County 
agencies/organiza ons. Through this public process, the EEC determined that the mi ga ons measures as 
proposed would reduce the significant effects to a less than significant level, or project design features as 
included would avoid them all together. For these reasons, the County found that an MND was the 
appropriate CEQA level of review/documenta on for the project. Further, public controversy over the 
possible environmental effects of a project is not sufficient reason to require an EIR "if there is no 
substan al evidence in light of the whole record before the Lead Agency that the project may have a 
significant effect on the environment" (§ 21082.2). 
 
Lastly, as noted under Comment #4 above, the County only has discre onary authority over the 
Reclama on Plan and reclama on ac vi es described therein pursuant to SMARA. As such, the “project” 
evaluated under CEQA, and the emissions by which ICAPCD thresholds would be applied, would be those 
ac vi es specific to site reclama on. Nonetheless, Imperial County and the BLM opted to prepare a joint 
EA/MND document to ensure that the poten al environmental effects of both mining/explora on ac vi es 
as well as reclama on ac vi es were fully evaluated under CEQA and NEPA. 
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October 24, 2023 

 
Sent via email 

 
Michael Abraham 
Assistant Director 
Imperial County Planning and Development Services Department 
801 Main St 
El Centro, CA 92243 
MichaelAbraham@co.imperial.ca.us 
442-265-1736 
 
Gerardo Quero 
Planner II 
Imperial County Planning and Development Services Department 
801 Main St 
El Centro, CA 92243 
gerardoquero@co.imperial.ca.us  
442-265-1736 
 
Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-0001, a 
Mineral Exploration Project (SCH No. 2022120331) Environmental Assessment and 
Mitigated Negative Declaration 
 
Dear Mr. Abraham, Mr. Quero, and the Planning Commission: 
 
 We respectfully submit this letter on behalf of the Center for Biological Diversity, 
Western Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Committee, 
Conservation Lands Foundation, Greenaction for Health and Environmental Justice, California 
Native Plant Society, Native American Land Conservancy, and the Ahmut Pipa Foundation 
(collectively “Conservation Organizations”) with respect to the above referenced matter, in 
advance of the October 25, 2023 Planning Commission meeting where this item is on the agenda 
(#7). These comments supplement and incorporate by reference our previous comments (dated 
December 16, 2022, January 20, 2023, and September 12, 2023) on the County’s Mitigated 
Negative Declaration (MND) and BLM’s Environmental Assessment (EA) and Draft Finding of 
No Significant Impact (FONSI) and proposal to approve the Plan of Operations for the SMP 
Gold Corp. The updates to the EA/MND resolve neither the substantive nor procedural issues. 
For the below reasons, along with those detailed in our prior letter, the EA/MND should be 
denied. 
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I. The County Must Allow More Time for the Public to Evaluate and Comment on the 
Updated EA/MND for the Proposed Project.   

The Conservation Organizations voice their strong objection to the way that the Planning 
Commission has handled the publication and posting of documents associated County’s 
Mitigated Negative Declaration (MND) and BLM’s Environmental Assessment (EA) and Draft 
Finding of No Significant Impact (FONSI) and proposal to approve the Plan of Operations for 
the SMP Gold Corp (“Project”). County Planning Staff emailed the updated EA/MND and 
associated documents to some – but not all—of the interested parties for the project on October 
13, 2023—less than 2 weeks before the County’s consideration of the project.1 On October 17, 
four days later, the County circulated another staff report with even more pages, and with zero 
explanation of what material may be new. 

The EA/MND and staff report consist of over two thousand pages, with hundreds of 
pages of additional material. The staff report contained no red line or other explanation of what 
the changes may be, which forced the Conservation Organizations to sift through and compare 
all two thousand pages to see where the new material might be. What’s worse, within these new 
materials, the County repeatedly stated that it had made various updates to the EA/MND’s 
mitigation and analysis, without providing any redline or reference to those changes. The 
additions and revisions to the EA/MND, which constitute hundreds of pages of new information, 
so close to the County’s consideration of this Project deprives the public and the Planning 
Commission of the opportunity to meaningfully consider the issues raised by the proposed 
Project. It is difficult, if not impossible, for the public and interested parties to provide accurate 
and up-to-date comments when the environmental review documents themselves are subject to 
ongoing revisions and changes without proper notice about which material is new and at the last 
minute.  

We urge the County to continue the hearing and make available redline versions of the 
updated documents that show the changes made to the EA/MND since the Planning 
Commission’s September 14, 2023 hearing.  

II. The County’s Changes to the EA/MND Do Not Remedy the Document’s 
Fundamental Flaws. 
 

Like any component of environmental review, a mitigated negative declaration must 
effectuate CEQA’s fundamental purpose to “inform the public and responsible officials of the 
environmental consequences of their decisions before they are made.” (Laurel Heights 
Improvement Ass’n v. Regents of University of California (1993) 6 Cal.4th 1112, 1123.) If 
inform contains a misleading or inadequate discussion of environmental impacts, or fails “to 
include relevant evidence,” it is “inadequate as an informational document.” (Kings County 
Farm Bureau v. City of Hanford (1990) 221 Cal.App.3d 692, 718.)  

 

 
1 For instance, County staff emailed Lisa Belenky, attorney for the Center for Biological Diversity, with links to the 
updated EA/MND and notice for the upcoming Planning Commission hearing. County staff has failed, however, to 
notify any other signatories to Conservation Organizations, or other interested parties who have repeatedly engaged 
on the project, such as the California Department of Fish and Wildlife.  
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The EA/MND remains fundamentally flawed as an informational document, and the 
County’s edits do nothing to remedy those flaws. The updated EA/MND repeatedly fails to 
include information necessary for decisionmakers to meaningfully understand the impacts of the 
proposed Project, and how the Project will effectively mitigate those impacts to less than 
significant levels. For example, the EA/MND acknowledges that plant species observed in the 
field during the March 2021 biological baseline surveys “do not represent a complete floristic 
inventory,” a concern Conservation Organizations repeatedly raised. Rather than remedy that 
inadequacy by conducting the necessary surveys, the EA/MND updated the text of its mitigation 
measure, specifically M‐8 and PDF‐34, to add pre‐construction vegetation surveys prior to 
surface disturbance.2 The vague promise to conduct a vegetation survey does little to resolve the 
EA/MND’s acknowledged information gaps. The EA/MND fails to explain how these surveys 
will be conducted, when they will be conducted, or to provide any other assurances that the 
surveys will be designed to accurately capture the floristic diversity of the site. Rather, the 
EA/MND states in vague and conclusory fashion that a pre-construction survey will “ensure that 
no special status plants are present within areas proposed for disturbance.” But without actually 
including the baseline data on the plants that exist on the Project site, it is impossible for 
decisionmakers to determine the gravity of the Project’s impacts, or whether their severity 
requires the County to prepare an EIR to better assess and mitigate these impacts. 
 

Similarly, the updated EA/MND now reveals that the proposed new access road leading 
to Drill 1 will remain in place as a “post‐surface exploration feature” for reclamation, 
monitoring, and underground exploration activities and would be in place up to five years after 
project implementation. (PDF page 2370.) The continuing use of the road was not previously 
disclosed or analyzed in the EA/MND. The EA/MND did not analyze how the ongoing presence 
of this road may result in myriad environmental impacts resulting from increased use/access of 
the area. These includes dust, which would reduce photosynthesis, affect stomata function, and 
inhibit reproduction on vegetation resources. And although, the EA/MND asserts that the road 
would eventually be removed as part of the project—not as an enforceable mitigation measure as 
CEQA requires (see Lotus v. Department of Transportation (2014) 223 Cal.App.4th 645, 656, 
658)—without describing the amount of earthwork required to remediate it, it is impossible for 
decision makers to understand the scope and impacts from any earthwork that would be 
necessary. 

 
Similar cursory conclusions pervade the EA/MND. The EA/MND repeatedly fails to 

provide comparative evidence to support its conclusions that environmental impacts will be 
sufficiently mitigated with the new and added “clarifications” to its mitigation program. As a 
result, the County’s decisionmakers lack necessary information to determine whether the County 
may proceed with an EA/MND, or instead must prepare an EIR. 
 
III. The EA/MND’s Analysis Remains Deficient. 

 

 
2 CEQA requires that, if the mitigation measures are changed, or mitigation measures are added after public review, 
the mitigated negative declaration ordinarily will have to be recirculated for a second round of public review. (14 
Cal Code Regs §15073.5.) Here, the County did not provide adequate notice or time for the public to adequately 
review the changes to the EA/MND. 
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During the Imperial County Planning Commission meeting held on September 13, 2023,3 
numerous members of the Fort Yuma Quechan Indian Tribe, including several tribal council 
members, voiced their concerns regarding the BLM’s failure to consult. Their testimonies 
emphasized the significance of the traditional cultural resources and landscape, highlighting 
BLM's failure to acknowledge or incorporate the valuable information provided by the tribe 
regarding the location of many cultural resources. 
 

Jordan Joaquin, the President of the Quechan Tribe, and Donald Medart Junior, a Tribal 
Councilmember, both attested that during meetings with BLM, the agency explicitly stated that 
these gatherings should not be considered official tribal consultations and that government-to-
government consultation has not occurred. Furthermore, they pointed out glaring omissions in 
BLM's documentation, noting that “hundreds, if not thousands, of specific glyphs” shared by the 
tribe did not find their way onto the maps provided to Oro Cruz for the project.4 

 
Preston J. Arrow-Weed, a traditional practitioner, also testified about the cycles of 

traditional songs he sings and teaches, and the importance of protecting the land and 
groundwater needed for all living things in the desert.5  
 

Faron Owl, discussed the religious and cultural importance of the “Trail of Dreams” to 
the Quechan and explained that Project activities could “permanently desecrate area belonging to 
our cultural heritage.”6 
 

In response to the concerns raised by the tribal members and the Planning 
Commissioners, BLM staff at the meeting asserted that "consultations are ongoing," despite the 
apparent inadequacy of their previous efforts. In light of these issues, the Imperial County 
Planning Commission made a unanimous decision to postpone consideration of the project until 
such time as BLM could engage in a proper consultation process with the Quechan tribe. 

 
 The updated EA/MND makes abundantly clear that neither BLM nor the County 

engaged in any additional consultation, as the Planning Commission ordered. Instead, it merely 
contains a memorandum written by the developer’s consultant, containing the consultant’s 
summary of communications between the requisite agencies and the tribes. This summary does 
little to address the Quechan’s ongoing concerns about the project, and BLM and the County’s 
failure to consult with the Quechan regarding those concerns. 

 
VI.  Conclusion 
 

In light of the foregoing, the EA/MND still fails to satisfy CEQA’s requirements. At the 
same time, ample evidence still demonstrates that a fair argument exists that the Project may 

 
3 Audio-Video available at 
https://imperial.granicus.com/player/clip/2431?view_id=2&redirect=true&h=f1baefeef32433332
b4c0cd698f7480d. 
4 Id. at minute 1:10-1:15 and 1:18-1:20.  
5 Id. at 1:20-1:24. 
6 Id. at 1:16-1:18. 
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result in significant environmental impacts. In light of this evidence, CEQA requires that an EIR 
be prepared. For this reason, and because the Project will have irreparable impacts, we 
respectfully request that the Project be denied at this time. The Project should not be 
reconsidered until a legally adequate EIR is prepared and certified.   
 

Please include this letter and all references in your project file for the Project. Please also 
include all of the signatories below on your notice list for all future updates, notices, and 
documents related to the Project and do not hesitate to contact us with any questions at the 
number or email listed below.   
 
 
Sincerely, 
 

 
 
Lisa Belenky, Senior Attorney  
Hallie Kutak, Staff Attorney 
Center for Biological Diversity 1212 Broadway, Suite 800 
Oakland, CA 94612  
lbelenky@biologicaldiversity.org  
hkutak@biologicaldiversity.org  
 

 
 
Joan Taylor, Chair 
California/Nevada Desert Committee 
Sierra Club 
palmcanyon@mac.com  
 

 
T. Robert Przeklasa, Ph.D. 
Executive Director 
Native American Land Conservancy 
rprzeklasa@nativeamericanland.org  
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Laura Cunningham California Director 
Western Watersheds Project  
lcunningham@westernwatersheds.org  
 

 
Jared Naimark, California Mining Organizer  
EARTHWORKS 
jnaimark@earthworksaction.org  

 
Kara Matsumoto, Public Lands Policy Director 
Conservation Lands Foundation  
kara@conservationlands.org  

 
Brendan Wilce 
Conservation Program Coordinator 
California Native Plant Society 
bwilce@cnps.org  
 

 
 
Bradley Angel 
Greenaction for Health and Environmental Justice 
bradley@greenaction.org  
 
Preston J. Arrow-weed, President 
Ahmut Pipa Foundation 
ahmut@earthlink.net  
 
Cc:  
Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  
Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  
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Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  
Alyssa Hockaday, CDFW, Alyssa.Hockaday@wildlife.ca.gov  
Heather Brashear, Heather.Brashear@wildlife.ca.gov  
Tom Plenys, EPA, Plenys.Thomas@epa.gov  
Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  
Julianne Polanco, State Historic Preservation Officer (SHPO), 

julianne.polanco@parks.ca.gov  
Commissioner Laura Miranda, California Native American Heritage Commission. 
Chairperson Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  
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Response to Comment Letters  Oro Cruz Exploration Project  
      December 1, 2023 
 

 
Oro Cruz Project ‐ Response Cover Letter_12‐01‐2023  Sespe Consulting, Inc. 

ATTACHMENT 3 
 

Fort Yuma‐Quechan Indian Tribe – Request to Stay Consideration of Reclamation Plan #21‐0001 
 

October 24, 2023 
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Response to Comment Letters  Oro Cruz Exploration Project  
      December 1, 2023 
 

 
Oro Cruz Project ‐ Response Cover Letter_12‐01‐2023  Sespe Consulting, Inc. 

ATTACHMENT 4 
 

Email from Michael Garitty – “Reject the Oro Cruz Mitigated Negative Declaration (MND) and require an 
EIR” 

 
November 16, 2023 
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Gerardo Quero 

From: 
Sent: 
To: 
Subject: 

Michael Garitty <garitty@nccn.net> 
Thursday, 16 November, 2023 10:46 AM 
Gerardo Quero 
Reject the Oro Cruz Mitigated Negative Declaration (MND) and require an EIR 

!CAUTION: This email originated outside our organization; please use caution. 
Dear Imperial County Planning Commission, 

I'm writing to express my serious concerns about the impacts of the proposed Oro Cruz Exploration Project in Imperial 
County, California. Exploration by SMP Gold Corp. would cause irreversible damage to a landscape of great cultural, 
religious, and spiritual importance to the Quechan people. Furthermore, the project would have significant impacts on 
the Picacho Area of Critical Environmental Concern, including on critical habitat for the threatened Mojave Desert 
Tortoise. I urge the commission to reject the Mitigated Negative Declaration and require an Environmental Impact 
Report to fully analyze these significant impacts. 

Sincerely, 
Michael Garitty 
13088 Vista Knls 
Nevada City, CA 95959 

1 
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Oro Cruz Project ‐ CBD Response Letter_v0.1  1  Sespe Consulting, Inc. 

 
374 Poli Street, Suite 200 • Ventura, CA 93001 • (805) 275‐1515  

 
October 13, 2023 
 
Imperial County, Planning and Development Services Department 
Attn: Michael Abraham 
801 Main Street 
El Centro, California 92234 
 

Re:  Response to Comment Letter Received from the Center for Biological Diversity dated September 
12, 2023 

 

Dear Mr. Abraham, 
 
The following has been prepared in response to the letter received from the Center for Biological Diversity 
(“CBD”)  dated  September  12,  2023,  which  provided  additional  comments  regarding  the  Oro  Cruz 
Exploration Project (the “Project”) in advance of the initial Imperial County Planning Commission (“ICPC”) 
hearing held on September 13, 2023.  Note that the majority of the additional comments provided by the 
CBD in the September 12th letter mirror those previously provided during the public comment period for 
the Environmental Assessment/Mitigated Negative Declaration (EA/MND) conducted between November 
2022  and  January  2023,  pursuant  to  the  National  Environmental  Quality  Act  (NEPA)/California 
Environmental Quality Act (CEQA).  Nonetheless, we have responded to each comment and highlighted 
information within  the existing Project  record  that addresses each of  the  concerns  raised. Please  see 
Attachment 1 which contains a copy of the CBD’s September 12th letter, and Attachment 2 which contains 
a comment response matrix,  identifying each  individual comment/issue raised by  the CBD, along with 
detailed responses corresponding to each comment. 
 
Thank you for your time and consideration in this matter. We respectfully request that this letter and the 
comment  response  matrix  be  disseminated  to  the  Commissioners  prior  to  the  second  ICPC  hearing 
currently scheduled for October 25th, 2023. Please feel free to contact me, or Ben Veach, P.E., with Stantec 
if you have any questions or if you need additional information. 
 
Respectfully submitted, 

 
Graham Stephens 
Sespe Consulting, Inc. 
 
 
ATTACHMENTS 

1. CBD – Comment Letter on IS21‐0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21‐0001 (2023) 
2. Summary of CBD Comments & Response Matrix 
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Response to CBD Letter (9/12/2023)   Oro Cruz Exploration Project  
      October 13, 2023 

 
Oro Cruz Project ‐ CBD Response Letter_v0.1  Sespe Consulting, Inc. 

ATTACHMENT 1 
 

Center for Biological Diversity 
 

Comments on IS21‐0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21‐0001, a Mineral Exploration 
Project (SCH No. 2022120331) Environmental Assessment and Mitigated Negative Declaration 

 
September 12, 2023 
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September 12, 2023 

 

Sent via email (with attachments by electronic file transfer) 

 

Imperial County Planning Commission 

 

Michael Abraham 

Assistant Director 

Imperial County Planning and Development Services Department 

801 Main St 

El Centro, CA 92243 

MichaelAbraham@co.imperial.ca.us 

ICPDSCommentLetters@co.imperial.ca.us  

442-265-1736 

 

Re: Comments on IS21-0029 SMP Gold Corp (Oro Cruz) Reclamation Plan #21-

0001, a Mineral Exploration Project (SCH No. 2022120331) Environmental 

Assessment and Mitigated Negative Declaration 

 

Dear Mr. Abraham: 

 

 We respectfully submit this letter and the accompanying references on behalf of 

the Center for Biological Diversity, Western Watersheds Project, Earthworks, the Sierra 

Club California/Nevada Desert Committee, the Native American Lands Conservancy, 

Conservation Lands Foundation, Greenaction for Health and Environmental Justice, 

California Native Plant Society, and the Ahmut Pipa Foundation (collectively 

“Conservation Organizations”) with respect to the above referenced matter, in advance of 

the September 13, 2023 Planning Commission meeting where this item is on the agenda 

(#3). These comments supplement and incorporate by reference our previous comments 

(dated December 16, 2022, December 23, 2022, and January 20, 2023 and attached 

hereto as Exhibits A through E) on the County’s Mitigated Negative Declaration (MND) 

and BLM’s Environmental Assessment (EA) and Draft Finding of No Significant Impact 

(FONSI) and proposal to approve the Plan of Operations for the SMP Gold Corp.  

 

I. The County Failed To Provide Notice to the Conservation 

Organizations, As Required By Law. 
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On December 16, 2022, the Conservation Organizations emailed the County, 

submitting comments on the EA/MND and requesting to be placed on the notice list. 

Again on January 20, 2023, the Conservation Organizations emailed the County to 

submit additional comments and asked once more to be placed on the notice list. The 

County has confirmed in writing that the Conservation Organizations are in fact on the 

interested parties list. (EA/MND at I-75.) Inexplicably, the Conservation Organizations 

received no update on the Project’s environmental review.  

 

CEQA requires that lead agencies provide notice to the name and last known 

address of all individuals and organizations that have previously made a written request 

for such notice. (Pub. Resources Code, § 21092, subd. (b)(3); CEQA Guidelines § 15087, 

subd. (a).) The Conservation Organizations have made multiple written requests. This 

letter was submitted on September 12, the day before the public hearing scheduled for 

September 13, 2023, and the County has not provided the Conservation Organizations 

with notice of any Project documents, deadlines, hearing dates, or developments. This 

violates CEQA’s clear mandates to provide notice to interested parties. 

 

What’s more, the Final EA/MND and response to comments and associated 

documents made available for public review in connection with the hearing contain over 

one thousand pages of revised analysis and technical reports, which were made public 

without notice to interested parties, depriving the public and decision-makers the time 

necessary to review, understand, and comment on the new materials. As a result, the 

County’s failure to comply with the notice requirement has deprived the Conservation 

Organizations of the opportunity to fully comment upon the Project and associated 

environmental review documents, or prepare to appear at the hearing, 

 

Should the County approve and certify the Project without first providing 

adequate notice, it will do so in violation of CEQA. The Conservation Organizations 

request that the County continue the hearing to a later date in order to give the 

Conservation Organizations —and any other potentially interested parties who were not 

notified of the document’s availability—time to review and comment. At a minimum, the 

County should continue the Commission’s hearing on this highly controversial project 

until such time as the public is able to process this voluminous information. 

 

Given the voluminous nature of the new material, which includes significant new 

information, and the extremely limited time the County has provided for the public to 

review it, the Conservation Organizations have been unable to fully review and respond. 

Despite the lack of adequate time to review and comment on the documentation, it is 

clear that approval of the Project would violate the California Environmental Quality Act 

(“CEQA”) and the Surface Mining and Reclamation Act (“SMARA”), among others. 

These comments provide responses to some points raised but are not exhaustive.  
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I. The EA/MND’s Analysis of Biological Resources Remains Deficient. 

 

A. The EA/MND Fails to Properly Assess and Mitigate Impacts to the Desert 

Tortoise. 

 

Numerous commenters, including the California Department of Fish and Wildlife 

(CDFW), observed that the EA/MND failed to analyze the Project’s foreseeable impacts 

to the endangered Mojave Desert Tortoise. According to the EA/MND (Section 3.23.2), 

“evidence of tortoise use of the area was detected in some of the proposed Drill Areas” 

during the focused desert tortoise surveys, making direct impacts to this threatened 

species a certainty if the Project is approved. Rather than remedy its deficient analysis of 

the Project’s foreseeable direct impacts, the EA/MND attempts to excuse its lack of 

analysis by relying exclusively on post-approval preconstruction surveys and avoidance 

measures. The inadequacy of these measures aside, the County’s EA/MND is legally 

inadequate because it fails to disclose in the first instance the Project’s significant 

impacts to the Desert Tortoise. 

 

i. The EA/MND Presents a Fundamentally Flawed Description of the 

Project’s Environmental Setting. 

 

An accurate depiction of existing environmental conditions is critical to a 

complete assessment of project impacts. “[T]o inform decision makers and the public of 

any significant adverse effects a project is likely to have on the physical environment . . ., 

an EIR must delineate environmental conditions prevailing absent the project, defining a 

baseline against which predicted effects can be described and quantified.” (Neighbors for 

Smart Rail v. Exposition Metro Line Construction Authority (2013) 57 Cal.4th 439, 447.) 

Investigating and reporting existing conditions are “crucial function[s] of the EIR.” (Save 

Our Peninsula Comm. v. Monterey County (2001) 87 Cal.App.4th 99, 122 (“SOPC”).) 

“[W]ithout such a description, analysis of impacts, mitigation measures and project 

alternatives becomes impossible.” (County of Amador v. El Dorado County Water 

Agency (1999) 76 Cal.App.4th 931, 953.) Decisionmakers must be able to weigh the 

project’s effects against “real conditions on the ground.” (City of Carmel-by-the-Sea v. 

Bd. of Supervisors (1986) 183 Cal.App.3d 229, 246.) 

 

Here, the EA/MND fails to accurately survey for and identify the desert tortoise 

that may be affected by the Project and therefore undercuts the legitimacy of the 

environmental impact analysis from the outset. Indeed, as many agency and expert 

commenters, the desert tortoise surveys for the Project were conducted over one week in 

January 2021, outside of the tortoise’s active period. “(See USFWS 2009, p. 4–8 

[“surveys should be conducted during the desert tortoise’s most active periods (April 

through May or September through October.”]) Because desert tortoises hibernate in 

underground burrows during winter months, adults are essentially unobservable during 
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January, and therefore the timing and scope of the surveys were insufficient to determine 

the full extent of desert tortoise on the Project site. (See CDFW comment, EA/MND, I-

108.) 

 

CEQA requires the County to describe the environmental setting in a manner “that 

will give the public and decision makers the most accurate picture practically possible of 

the project’s likely impacts.” (Neighbors for Smart Rail, 57 Cal.4th at 449.) By failing to 

conduct proper surveys for the desert tortoise, the EA/MND falls far short of this 

requirement. 

 

ii. The EA/MND Fails to Analyze the Impacts to Desert Tortoise Habitat. 

 

The Project will require the removal of vegetation from the site prior to the start of 

construction for up to 20.54 acres, which will necessarily include any desert tortoise 

habitat located in the Project footprint. Yet the EA/MND fails to acknowledge any 

potentially significant direct or indirect impacts associated with the destruction or adverse 

modification of the desert tortoise’s habitat.  

 

Habitat destruction due to urban development, mining activities, and off-road 

vehicle use has significantly reduced the tortoise's available living space. Moreover, 

factors like climate change, prolonged droughts, and invasive plant species have 

disrupted the fragile desert ecosystems on which these tortoises depend for food and 

shelter. (USFWS 2022). Range-wide, the desert tortoise continues to lose over ten 

thousand acres each year. (Ibid.) According to the USFWS: 

 
Overall, desert tortoises do not coexist well with human development and disturbances; 

tortoises are essentially absent from habitat within 1 km of areas with greater than 10% 

development (including … surface mines and quarries; Carter et al. 2020).  

 

(USFWS 2022.)  

 

Operations on the Project site will result not just in the loss of desert tortoises from 

the site itself, but will eliminate this habitat from use, potentially resulting in significant 

adverse impacts. Large expanses of high-quality habitat are necessary to provide 

resilience to populations as they fluctuate due to threats under the other listing factors, 

such as variability in precipitation patterns; localized declines attributed to drought, 

disease, or predation events; or stochastic population dynamics (USFWS 2022, Averill-

Murray et al. 2021). As habitat is lost and fragmented, habitat patches become smaller, 

patch populations (e.g., clusters of tortoises) have fewer tortoises and become more 

disjunct, extinction probabilities within patches increase, and the number of occupied 

patches decreases (USFWS 2022).  
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None of these impacts are analyzed in the EA/MND. The EA/MND does not 

acknowledge significant individual or cumulative impacts to desert tortoises associated 

with the reduction in habitat or habitat connectivity.  

 

B. The EA/MND Fails to Properly Describe the Environmental Setting and 

Assess and Mitigate Impacts to Special Status Plants and Wildlife. 

 

The EA/MND fails to provide adequate baseline information and description of 

the environmental setting for species other than the desert tortoise. This deficiency 

extends to the EA/MND’s treatment of rare plants, animals, and other imperiled desert 

species, as well as more common species likely present on the Project site. For some 

species or habitats baseline conditions are lacking or totally absent and as a result no 

impact assessment is provided for these biological resources. (Nelson v. Cnty. of Kern 

(2010) 190 Cal. App. 4th 252, 284 [information before County showing that mining 

exploration project could significantly impact plant and animal life in the area meets the 

fair argument test to require preparation of an EIR.].) 

 

The failure to address numerous species is the inevitable result of inadequate 

surveys.  The EA/MND conducted one plant and wildlife survey in March 2021.  It 

conducted no other focused or protocol level surveys for any special-status plant or 

animal species aside from the focused survey for desert tortoise. (EA/MND at I-97.) 

 

The MND/EA (Section 3.20.2) concluded that the following special-status plants 

have historically occurred near the Project site or have the potential to occur: Wiggin’s 

croton (Croton wigginsii), sand foot (Pholisma sonorae), Munz cholla (Cylindropuntia 

munzii), flat-seeded spurge (Euphorbia platysperma), pink fairy-duster (Calliandra 

erophylla), and glandular ditaxis (Ditaxis claryana). While no BLM special status species 

were documented during the survey, section 3.20.2 of the EA/MND was amended to 

clarify that pink fairyduster (Calliandra eriophylla) was found on the project site and that 

this 2B.3 listed species does require CEQA review, despite not being a BLM listed 

species. 

 

Many sensitive plant species are either annuals or herbaceous perennials. The 

EA/MND presumed any remaining special-status plant species were absent, even though 

the EA/MND’s single survey was outside their blooming period, and thus the 

presumption is unsupported. For example, a March survey would not detect Pholisma 

sonorae, despite the plant’s likelihood of being present. This perennial species is only 

visible aboveground for a portion of the year, typically in April and May. The California 

Consortium of Herbaria records show that, of the 29 collections of this species, 55% 

occurred in April, 38% occurred in May, and only 7% occurred in March (The Jepson 

Herbarium, 2023a), demonstrating statistically how uncommon it would be for this 

species to be present in March.  
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A 9 quad CNDDB rare plant search of the project area showed additional species 

with the potential to occur that, while not BLM special status species, should have been 

included for CEQA review. California snake bush (Colubrina californica), and crown of 

thorns (Koeberlinia spinosa var. tenuispina) are shrub species that may have been 

detectable during the March 2021 surveys. Roughstalk witch grass (Panicum hirticaule 

ssp. hirticaule), however, would not have been detectable at this time. The species 

blooms from August through December, and the California Consortium of Herbaria 

records show that the majority of collections were made between September and 

November (87.5%), with one collection in December, one in January, and one in May. 

The Jepson Herbarium, 2023b). There are no collections from February through April 

(The Jepson Herbarium, 2023b).   

 

Seasonally appropriate surveys (e.g., spring surveys after adequate precipitation) 

are necessary to accurately evaluate whether these sensitive annual and herbaceous 

perennial species are present on site. CDFW highlighted this requirement in its comments 

on the EA/MND for the project.  
 

CDFW is concerned that the habitat assessments were not conducted at the appropriate 

time(s) of year to detect all special status plants on the Project site and did not follow the 

standard protocol to detect special status plants… . CDFW recommends that a revised 

MND/EA or other CEQA document include a thorough, recent, floristic-based 

assessment of special-status plants completed at the appropriate time(s) of year before 

Imperial County adopts the MND/EA. 

 

(EA/MND at I-100.) 

 

California has experienced a significant shift in ecological conditions after the wet 

winter of 2022-2023. This is true of the Project Area as well. The EA/MND’s biological 

surveys were conducted in the March 2021, in the midst of a multi-year drought. Due to 

the extremely high precipitation of the past winter, current ecological conditions are 

likely significantly different. It is extremely likely that this wet winter and recent summer 

rains have impacted special-status species in the Project Area and that several species not 

detected during the 2021 surveys would have been present during the spring of this year. 

The Applicant must conduct additional follow-up surveys to reassess the baseline 

conditions and potential impacts to sensitive species and habitats after the significant 

increase in precipitation over the past year. 

 

Critically, even the County acknowledges that its surveys were inadequate. It 

agreed that “the March 2021 biological baseline surveys do not represent a complete 

floristic inventory as it is representative of the species that were identified during the 

surveys and may not be representative of species that are present year-round.” (EA/MND 

at I-101.) Because of the deficiencies of the baseline data for the proposed project area, 
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the EA/MND fails to adequately describe the environmental baseline for biological 

conditions on the Project site. And without the proper baseline data, the EA/MND also 

lacks evidence to presume that temporary barrier fencing around the few  individual 

plants found in earlier surveys will minimize impacts to any special status plant species 

throughout the Project. (EA/MND, PDF-34.) In sum, the EA/MND lacks evidence to 

conclude that the project will not have a significant impact with mitigation incorporated, 

and a fair argument still exists that the Project may have such impacts. 

 

C. The EA/MND Fails To Assess and Mitigate Impacts to Bat Species. 

 

Numerous commenters, including CDFW, observed that the EA/MND failed to 

assess or mitigate impacts to bats roosting in underground mines. (See, e.g., EA/MND at 

I-75).  Specifically, the MND/EA (Appendix E, Biological Assessment Section 5.1.2) 

acknowledged that “previous survey efforts detected 20 high value bat roosts in 

underground mines within the Analysis Area.” Additionally, the MND/EA states “these 

mine features were occupied by a suite of species including California leaf-nosed bat 

(Macrotus californicus), Townsend’s big-eared bat (Corynorhinus townsendii), pallid bat 

(Antrozous pallidus) and an unknown myotis species, likely cave myotis (Myotis 

velifer).” While the EA/MND failed to conduct any underground survey or monitoring 

effort, commenters presented evidence from prior surveys showing that these bats are 

present year-round. 

 

The EA/MND does not dispute that a fair argument exists that these species may 

be impacted. Rather than remedy its deficient survey efforts or undertake a sufficient 

analysis of the Project’s foreseeable direct impacts, the EA/MND attempts to excuse its 

lack of analysis and mitigation by claiming that the EA/MND need “analyze[] effects 

resulting from surface disturbance only” and explains that underground exploration is 

“not subject to permitting under the 43 CFR 3809 Surface Management regulations.” 

Such an assertion is irrelevant and failure to address these issues violates CEQA and 

renders the EA/MND legally inadequate. 

 

Under CEQA, the County is required to consider the whole of the action in its 

environmental review. (CEQA Guidelines, Section 15378.) The definition of “project” is 

“given a broad interpretation in order to maximize protection of the environment.” 

(Nelson, supra, 190 Cal.App.4th at p. 278 [BLM’s review of proposed surface mining 

operations under NEPA does not preclude county from undertaking environmental 

review of entire mining proposal under CEQA]; Lighthouse Field Beach Rescue v. City of 

Santa Cruz (2005) 131 Cal.App.4th 1170, 1180 (internal quotation omitted); see also, 

Muzzy Ranch Co. v. Solano County Airport Land Use Com. (2007) 41 Cal.4th 372, 381-

83; Fullerton Joint Union High Sch. Dist. v. State Bd. of Educ. (1982) 32 Cal.3d 779, 

796-97; Bozung v. Local Agency Formation Com. (1975) 13 Cal.3d 263, 277-81.) A 

“project” is “the whole of an action” directly undertaken, supported, or authorized by a 
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public agency “which may cause either a direct physical change in the environment, or a 

reasonably foreseeable indirect physical change in the environment.” (Pub. Resources 

Code, § 21065; CEQA Guidelines, § 15378(a).) Critically, under CEQA, “the term 

‘project’ refers to the underlying activity and not the governmental approval process.” 

(California Unions for Reliable Energy v. Mojave Desert Air Quality Mgmt. Dist. (2009) 

178 Cal.App.4th 1225, 1241, (quoting Orinda Assn v. Bd. of Supervisors (1986) 182 

Cal.App.3d 1145, 1171-72 [emphasis added]; CEQA Guidelines, § 15378(c).) This 

means that the project encompasses all foreseeable direct and indirect environmental 

impacts associated with the project, not just those activities subject to a governmental 

permit. (Id. [“The term 'project' refers to the activity which is being approved and which 

may be subject to several discretionary approvals by governmental agencies. The term 

'project' does not mean each separate governmental approval.”]) 

 

 Bats have been frequently observed in and around the Project site and are known 

to roost in the existing underground mines in the Cargos Muchachos Mountains. The 

purpose of the Project is “to access the underground Oro Cruz Mine portal 

for underground exploration” via drilling, making direct impacts to these species a 

certainty if the Project is approved. (EA/MND, sec. 2.1.1.) The County cannot hide 

behind the scope of BLM’s permitting authority when defining the environmental 

impacts of the Project. (Nelson, supra, 190 Cal.App.4th at p. 278.) By failing to disclose 

or analyze the potentially significant impacts to bat species, the EA/MND is left legally 

inadequate. 

 

II.      The EA/MND’s Cultural Resources Analysis Is Inadequate, and 

There Is a Fair Argument that the Project May Have Significant 

Impacts to Cultural Resources. 

 

A. The County Has Not Properly Analyzed or Mitigated Impacts to Tribal 

Cultural Resources.  

The site is an important cultural resource for the Fort Yuma Quechan Indian Tribe, 

which has been affiliated with the location for thousands of years. In the tribe’s own 

words:  

 

“The location holds its significance to the Quechan People as a part of a greater 

cultural, religious and spiritual landscape that is entwined with origin stories, 

traditions and ceremonies, and the cultural patrimony of the Quechan People. The 

Quechan Tribe considers this landscape a Traditional Cultural Place (Traditional 

Cultural Property). This location has a specific name within the Quechan 

language. As stated previously, this landscape is associated with the cultural 

practices, religious beliefs and history that are important to the Tribe to continue 

and maintain the Tribe’s cultural identity. The large number of trails, geoglyphs, 

ceramics, etc. in this location is proof of the longterm history, continued use and 
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significance of this area to the Quechan people and the connection of this location 

to the broader cultural landscape in this region. The Quechan people still utilize 

this area today in various cultural capacities. The preservation of this area is 

essential to continue the cultural, religious and traditional practices and teaching of 

future generations of Quechan youth. 

 

This location is tied to the origins of song cycles which live within this landscape. 

These songs specifically reference and speak of the landscape contained within the 

proposed project area. These songs are still sung today by the Quechan people. 

Therefore, they are still a part of everyday life and tie the Quechan people to these 

places. Use of this landscape for the proposed project would be a direct assault on 

the preservation of the history, culture and religion of the Quechan people, and for 

that reason this landscape must be preserved for the Quechan culture to continue. 

 

(EA/MND, Appendix I p. I-82)1 

 

B. The Tribe Requested Consultation Under AB 52 and the County Did 

Not Consult. 

Recognizing the irreplaceable nature of tribal cultural resources, California passed 

AB 52 to require lead agencies to consult with tribes during the CEQA process. (OPR 

2023.) The consultation process is necessary for the protection of the resources that are 

“centrally important to tribal culture and tradition,” which include sites, features, places, 

or cultural landscapes. (Id, Pub. Res. Code § 21074.) The consultation process requires 

the lead agency to “seek, discuss, and consider carefully” the views of the tribe, and to 

“seek agreement.” (OPR 2017.) This is necessary to respect and honor tribal sovereignty. 

(Id.) Effective consultation is an ongoing conversation, not a single event. (Id.) 

 

The law also imposes substantive requirements, namely, that “[a] project with an 

effect that may cause a substantial adverse change in the significance of a tribal cultural 

resource is a project that may have a significant effect on the environment.” (Pub. Res. 

Code, § 21084.2.) Evidence that could support the finding of a significant effect on a 

tribal resource includes formal statements from a Tribal Historic Preservation Officer. 

(OPR 2017) If, through consultation with a tribe, the lead agency determines that the 

project may hurt a tribal cultural resource, the agency must consider mitigation measures. 

(Id.) 

 

The Fort Yuma Quechan Indian Tribe asserts that it notified Imperial County of its 

desire to engage in consultation regarding this Project. (EA/MND, Appendix I p. I-82.) 

 
1 See also Creative FRONTLINE airs on KPFK, from Producers Robert Lundahl and Tracker Quinone (July 19, 

2023). Interview available at: 

https://www.youtube.com/watch?v=GoCe_lIGTZ4&t=1s&ab_channel=ROBERTLUNDAHLFILMMAKING. The 

Conservation Organizations request that this interview be placed in the administrative record. 

PC ORIGINAL PKG

https://www.youtube.com/watch?v=GoCe_lIGTZ4&t=1s&ab_channel=ROBERTLUNDAHLFILMMAKING


  

    September 12, 2023 

   Page 10 

 

The County claims that the tribe did not respond to the letter it sent initiating 

consultation, and therefore no consultation was required. (Id.) This factual dispute shows 

that Imperial County has not successfully communicated with the tribe as intended by AB 

52. 

 

Further, the evidence in the record shows that the Fort Yuma Quechan Indian 

Tribe was very engaged in advocating to protect their cultural resources on the site. The 

tribe was in frequent contact with BLM to “identify[] potential areas of concern that may 

be associated with the Project.” (EA/MND, p. 123.) The tribe first met with BLM 

regarding the Project on July 12, 2021, and the EA/MND details how tribal 

representatives attended at least eight site visits and meetings with BLM over the next 

two years. (Id.) 

 

The tribe demonstrated its profound concern about the Project’s impacts and its 

willingness to participate extensively in the review process. The County has violated AB 

52 by ignoring this request for consultation.  

 

C. The County’s Determination of No Significant Impact to Cultural 

Resources Is Not Supported by Evidence.  

It is a violation of CEQA to approve a project using an MND without first 

resolving uncertainties regarding the project’s potential to cause significant impacts. 

(Sunstrom v. County of Mendocino (1988) 202 Cal.App.3d 296.) This is because a lead 

agency must prepare an EIR whenever a fair argument supports the project could have a 

significant impact. (Id.) 

 

Despite the lack of adequate consultation, the County has concluded through an 

EA/MND that the Project would not have significant impacts on tribal cultural resources. 

(EA/MND, p. 53.) The MND cannot support this claim. The EA/MND did not find that 

the site is not historically or culturally significant. (Pub. Res. Code, § 21084.1.)  Instead, 

the EA/MND merely notes that “not enough information has been provided to understand 

the nature, extent, and use of the resource, and therefore to fully assess impacts.” 

(EA/MND, p. 56.) The EA/MND stops short of explaining how, if the County cannot 

“fully assess impacts,” it can still conclude that there is no substantial evidence 

supporting a fair argument that the impacts may be significant.  

 

The EA/MND itself includes a letter from H. Jill McCormick, the tribe’s Historic 

Preservation Officer, explaining that BLM’s analysis of impacts did not incorporate input 

from the tribe regarding what sites were sacred or traditionally important. As Ms. 

McCormick said in the comment letter, it is not possible for BLM to make any 

conclusions about the impact of the Project when “there was no input on the cultural, 

religious, or spiritual effects of this project on the Quechan people.” (EA/MND, 

Appendix I p. I-82)  
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The Governor’s Office of Planning and Research advises lead agencies to “invest 

time and effort into” gathering information and “seeking a mutually agreeable 

resolution,” and the EA/MND does not show that the County followed this guidance. 

(OPR 2017.) A Tribal Historic Preservation Officer’s statement that the tribe has not been 

adequately consulted and that the project would cause “great harm” to their cultural 

practices establishes a “fair argument” that the project might have a significant effect on 

tribal cultural resources. (CEQA Guidelines § 15064(f)(1), Pub. Res. Code, § 21084.2.) 

The County admits that it does not have enough information to assess impacts and to 

establish that there will not be such an impact. Therefore, the EA/MND is inadequate and 

an EIS/EIR is required to gather the necessary information before the Project may 

proceed. 

 

III. The EA/MND’s Analysis of Hydrological and Water Quality Impacts 

Remains Deficient. 

 

The EA/MND’s evaluation of the Project’s hydrological and water quality impacts 

is flawed because it lacks the necessary facts and analysis to support its conclusions that 

the Project would not create significant impacts.  

 

The EA/MND recognizes that substantially degrading surface water quality, or 

altering the existing draining pattern of an area, including through the alteration of the 

course of streams, could negatively affect the hydrology of the Project site and 

surrounding areas. As a result, the EA/MND’s thresholds of significance recognize that 

the Project would have a significant hydrology impact if it would 1) “substantially 

degrade surface or ground water quality,” or 2) “substantially alter the existing drainage 

pattern of the site or area, including through the alteration of the course of a stream or 

river or through the addition of impervious surfaces,” such as in a manner that could 

result in siltation on- or off-site. (EA/MND, Table 3-31.)  

 

The EA/MND’s mapping identifies natural ephemeral drainages throughout the 

site, which convey water during storm events. (EA/MND, Sec. 3.22.3.) Elsewhere, the 

mapping shows that the Project plans to drill immediately adjacent to or on top of these 

ephemeral streams. (EA/MND, Figure 2-1, 3-11.)  

 

A thorough analysis of these issues is critical. Yet the EA/MND summarily 

concluded there would be a less than significant impact, without disclosing or analyzing 

how drilling may affect these streams, what mitigation might be required, or what actions 

the Project would take to prevent drilling from affecting the streams. (EA/MND, Sec. 

3.22.3.) The EA/MND does not describe the type of drilling that would occur, what 

chemicals may be involved, the slope of the surrounding areas (which would inform the 

measures needed to prevent run off), or the steps it will take to ensure that drilling will 
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not result in chemical or sediment runoff.2 And while the EA/MND makes a vague 

reference to best management practices (“BMPs”), it fails to commit to any such 

practices, which also constitutes an unlawful deferral of mitigation (see, infra, section V.)  

 

It is beyond dispute that surface mining for gold may have significant 

environmental impacts on perennial or intermittent streams. (Martin 2020, Okanogan 

2023, Punia 2021, Timsina 2022, Yaraghi 2020.) The Department of Interior’s surface 

mining regulations specifically prohibit surface mining activities within 100 feet of an 

ephemeral stream. (30 C.F.R. 816.57 [“No land within 100 feet of a perennial stream or 

an intermittent stream shall be disturbed by surface mining activities, unless the 

regulatory authority specifically authorizes surface mining activities closer to, or 

through, such a stream.].) Not only does the EA/MND appear to be in violation of these 

regulations, but it fails to provide the necessary disclosures so that the public may assess 

the Project’s compliance with these regulations, as well as the potential environmental 

effects on hydrology. And without any of these necessary facts, such as the planned areas 

for drilling or the planned distance between drilling and streams, the EA/MND cannot 

specifically authorize these activities. In sum, the EA/MND simply lacks information to 

conclude that the Project would not result in a significant environmental impact. 

 

V.      The EA/MND’s Mitigation Is Improperly Deferred 

 

A lead agency cannot base a negative declaration on the presumed success of 

mitigation measures that have not been formulated at the time of project approval. 

(Sunstrom v. County of Mendocino (1988) 202 Cal.App.3d 296.) To address fugitive dust, 

the County claims any impacts will be mitigated to less than significant levels because 

SMP “would develop a site-specific Operation Dust Control Plan, which would be 

submitted to the ICAPCD.” (EA/MND at I-72.) Similarly, to address any hydrological 

impacts, the EA/MND 

The California Court of Appeal had held that such improper deferral of mitigation 

renders an MND inadequate as a matter of law. In Schaeffer Land Trust v. San Jose City 

Council, a proposed mitigation measure required a project applicant “to obtain a 

biological report regarding the Stephens’ kangaroo rat” and to “comply with any 

recommendations in the report.” ((1995) 36 Cal.App.4th 1359.) Since the measure 

“required the applicant to comply with any recommendations of a report that had yet to 

be performed,” the court found that the measure “was on all fours” and could not serve as 

the basis for a legal adequate MND. (Ibid.) 

 
2 Roads and other project features could disrupt surface hydrology, including washes and ephemeral streams that are 

protected under California law as “waters of the state.” Alteration of those features requires an agreement with the 

California Department of Fish and Wildlife (see Fish and Game Code section 1602) and dredge or fill activities in 

those areas are regulated by the California State Water Resources Control Board and/or the local Regional Board 

(see State Water Resources Control Board Resolution No. 2019-0015 and Resolution No. 2021-0012). 
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Since the EA/MND only requires SMP to comply with recommendations that have 

yet to be developed or performed, the measure cannot serve as the basis for this MND. 

This is because the circumstances under which a lead agency may rely on a mitigated 

negative declaration are limited: only when “there is no substantial evidence in light of 

the whole record before the public agency that the project . . . may have a significant 

effect on the environment” may an agency prepare a negative declaration or mitigated 

negative declaration instead of an EIR. (Pub. Res. Code § 21064.5; see also id. §§ 21064, 

21080(c).) If there is substantial evidence supporting a fair argument (a low threshold) 

that a project may have a significant effect on the environment, an agency must prepare 

an EIR. (Id. § 21080(d).) Without such disclosure or analysis before Project approval, the 

EA/MND simply lacks a basis or any information to conclude that there is no fair 

argument that there may be significant fugitive dust impacts, including the potential dust 

impacts to wildlife. Proper analysis of the air quality impacts is especially important due 

to the significant cumulative air quality issues in the Imperial County basin. 

VI. The Project’s Potentially Significant Impacts Require Preparation of 

an EIR. 

 

An agency must prepare an EIR whenever it is presented with a “fair argument” 

that a project may have a significant effect on the environment, even if there is also 

substantial evidence to indicate that the impact is not significant. (See No Oil, Inc. v. City 

of Los Angeles (1974) 13 Cal.3d 68; see also Friends of B Street v. City of Hayward 

(1980) 106 Cal.App.3d 988; Guidelines § 15064(f)(1).) Where there are conflicting 

opinions regarding the significance of an impact, the agency must treat the impact 

as significant and prepare an EIR. (Stanislaus Audubon Society v. County of Stanislaus 

(1995) 33 Cal.App.4th 144, 150-51; Guidelines § 15064(f)(1).) 

 

An initial study also must provide the factual basis, with analysis included, for 

making the determination that no significant impact will result from the project. 

(Guidelines, § 15063(d)(3).) In making this determination, the agency must consider the 

direct and indirect impacts of the project as a whole (Guidelines § 15064(d)), as well as 

the project’s cumulative impacts (see City of Antioch v. City Council of Pittsburg (1986) 

187 Cal.App.3d 1325, 1332-33). 

 

Here, the County must prepare an EIR because, as set forth above, there is a fair 

argument that the Project will cause significant impacts related to cultural resources and 

biological resources, among other impacts. There is substantial evidence in light of the 

whole record that the project may have a significant effect on the environment which 

cannot be mitigated or avoided, requiring recirculation and preparation of an EIR. 

(CEQA Guidelines, § 15073.5.) For such a controversial project with significant, 

irreversible environmental impacts, the environmental document must include a detailed 

and thorough analysis of the Project’s likely impacts to permit informed decisions about 
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the Project and identify effective mitigation measures and alternatives that could reduce 

these impacts. 

 

VII.  Conclusion 

 

As set forth above, the EA/MND does not come close to satisfying CEQA’s 

requirements. It fails to describe the Project setting based on adequate survey data and 

consultation with the affected tribe and fails to provide a complete analysis of Project 

impacts and feasible mitigation measures. At the same time, ample evidence 

demonstrates that a fair argument exists that the Project may result in significant 

environmental impacts. In light of this evidence, CEQA requires that an EIR be prepared. 

 

For this reason, and because the Project will have irreparable impacts, we 

respectfully request that the Project be denied at this time. The Project should not be 

reconsidered until a legally adequate EIR is prepared and certified.   

 

Please include this letter and all references in your project file for the Project. 

Please also include all of the signatories below on your notice list for all future updates, 

notices, and documents related to the Project and do not hesitate to contact us with any 

questions at the email listed below.   

 

 

Sincerely, 

 

 
 

Lisa Belenky, Senior Attorney  

Hallie Kutak, Staff Attorney 

Center for Biological Diversity 1212 Broadway, Suite 800 

Oakland, CA 94612  

lbelenky@biologicaldiversity.org  

hkutak@biologicaldiversity.org  

 

 
 

Joan Taylor, Chair 

California/Nevada Desert Committee 

Sierra Club 
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palmcanyon@mac.com  

 

 
T. Robert Przeklasa, Ph.D. 

Executive Director 

Native American Land Conservancy 

rprzeklasa@nativeamericanland.org  

 

 

 

 
Laura Cunningham California Director 

Western Watersheds Project  

lcunningham@westernwatersheds.org  

 

 
Jared Naimark, California Mining Organizer  

EARTHWORKS 

jnaimark@earthworksaction.org  

 
Kara Matsumoto, Public Lands Policy Director 

Conservation Lands Foundation  

kara@conservationlands.org  

 
Brendan Wilce 

Conservation Program Coordinator 

California Native Plant Society 
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bwilce@cnps.org  

 

 
 

Bradley Angel 

Greenaction for Health and Environmental Justice 

bradley@greenaction.org  

 

Preston J. Arrow-weed, President 

Ahmut Pipa Foundation 

ahmut@earthlink.net  

 

Cc:  

Mayra Martinez, Bureau of Land Management, mymartinez@blm.gov  

Brian Croft, US Fish and Wildlife Services, Brian_Croft@fws.gov  

Magdalena Rodriguez, CDFW, Magdalena.Rodriguez@wildlife.ca.gov  

Alyssa Hockaday, CDFW, Alyssa.Hockaday@wildlife.ca.gov  

Heather Brashear, Heather.Brashear@wildlife.ca.gov  

Tom Plenys, EPA, Plenys.Thomas@epa.gov  

Chris Harris, Executive Director, Colorado River Board of California crb@crb.ca.gov  

Julianne Polanco, State Historic Preservation Officer (SHPO), 

julianne.polanco@parks.ca.gov  

Commissioner Laura Miranda, California Native American Heritage Commission. 

Chairperson Laura.Miranda@nahc.ca.gov, nahc@nahc.ca.gov  

 

Attachments: 

 

Exhibit A: December 23, 2022 Conservation Organizations Letter re Oro Cruz EA/MND 

Exhibit B: January 20, 2023 Conservation Organizations Letter re Oro Cruz EA/MND 

Exhibit C: January 20, 2023 Site Photographs of Oro Cruz Project Site 

Exhibit D: December 16, 2022 CNPS Letter re Oro Cruz Project 

Exhibit E: December 16, 2022 NALC Letter re Oro Cruz Project 
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Oro Cruz Explora on Project – Response to CBD Comment Le er (9/12/2023) 

Comment No. Comment Response 

#1 

Re: Comments on IS21‐0029 SMP Gold Corp (Oro Cruz) Reclama on Plan #21‐0001, a Mineral Explora on 
Project (SCH No. 2022120331) Environmental Assessment and Mi gated Nega ve Declara on 
 
Dear Mr. Abraham: 
 
These comments are submi ed on the IS21‐0029 SMP Gold Corp (Oro Cruz) Reclama on Plan #21‐0001 
Mineral Explora on Project (SCH No. 2022120331) (“Project”) from Center for Biological Diversity, Western 
Watersheds Project, Earthworks, the Sierra Club California/Nevada Desert Commi ee, Conserva on Lands 
Founda on, Greenac on for Health and Environmental Jus ce, Mojave Desert Land Trust, California Na ve 
Plant Society, and the Ahmut Pipa Founda on (collec vely “Conserva on Organiza ons”). These comments 
supplement and incorporate by reference our previous comments (dated December 16, 2022) on BLM’s 
Environmental Assessment (EA) and Dra  Finding of No Significant Impact (FONSI) and proposal to approve 
the Plan of Opera ons for the SMP Gold Corp. These comments were sent to the County and are also 
a ached as Exhibit 1. The Conserva on Organiza ons have reviewed the Environmental Assessment and 
Mi gated Nega ve Declara on (“EA/MND”) and associated environmental review documents closely and 
are concerned that Imperial County (“County”) has failed to adequately disclose, analyze, and mi gate the 
Project’s significant environmental impacts as required under the California Environmental Quality Act, 
Public Resources Code sec on 21000 et seq. (“CEQA”) and 14 California Code of Regula ons sec on 15000 
et seq. (“CEQA Guidelines”). The Conserva on Organiza ons urge the County to prepare and circulate an 
Environmental Impact Report (“EIR”) for the Project prior to taking any further ac on on the Project 
applica on. 

Thank you for your comment.  Both the Bureau of Land Management (BLM) and the County responded to 
the Center for Biological Diversity (CBD) le er dated December 16, 2022 in detail within the revised 
EA/MND, specifically in the response to comment matrix included as Appendix I of the revised 
environmental document, which was also included within the Planning Commission packet prior to the 
September 13, 2023 ICPC Hearing.  The comment response matrix also provided responses to the CBD’s 
subsequent le er dated January 20, 2023. 
 
Regarding the request to prepare an EIR in lieu of the EA/MND, consistent with the CEQA statutes, if a 
project is found to have no adverse effects, or if the poten al effect can be reduced to a level that is less 
than significant through project revisions/mi ga ons, a Nega ve Declara on or MND can be adopted 
(§21080). Specifically, the statute provides that MNDs may be used, “when the ini al study has iden fied 
poten ally significant effects on the environment, but (1) revisions in the project plans or proposals made 
by, or agreed to by, the applicant before the proposed nega ve declara on and ini al study are released for 
public review would avoid the effects or mi gate the effects to a point where clearly no significant effect on 
the environment would occur, and (2) there is no substan al evidence in light of the whole record before 
the public agency that the project, as revised, may have a significant effect on the environment” 
(§21064.5).  In summary, if all poten al significant impacts can be eliminated or reduced to less than 
significant, a MND can be prepared in lieu of an EIR.  
 
Through prepara on of a detailed ini al study, as well as a detailed suite of technical studies, Imperial 
County determined that an MND was the appropriate project document under CEQA. The County held an 
Environmental Evalua on Commi ee (EEC) mee ng on November 17th, 2022, where a dra  version of the 
ini al study/MND was presented to the public, and to a seven‐member panel represen ng various County 
agencies/organiza ons. Through this public process, the EEC determined that the mi ga ons measures as 
proposed would reduce the significant effects to a less than significant level, or project design features as 
included would avoid them all together. For these reasons, the County found that an MND was the 
appropriate CEQA level of review/documenta on for the project. Further, public controversy over the 
possible environmental effects of a project is not sufficient reason to require an EIR "if there is no 
substan al evidence in light of the whole record before the Lead Agency that the project may have a 
significant effect on the environment" (§ 21082.2). 

#2 

I. The County Failed To Provide No ce to the Conserva on Organiza ons, As Required By Law. 
 
On December 16, 2022, the Conserva on Organiza ons emailed the County, submi ng comments on the 
EA/MND and reques ng to be placed on the no ce list. Again on January 20, 2023, the Conserva on 
Organiza ons emailed the County to submit addi onal comments and asked once more to be placed on 
the no ce list. The County has confirmed in wri ng that the Conserva on Organiza ons are in fact on the 
interested par es list. (EA/MND at I‐75.) Inexplicably, the Conserva on Organiza ons received no update 
on the Project’s environmental review. 
 
CEQA requires that lead agencies provide no ce to the name and last known address of all individuals and 
organiza ons that have previously made a wri en request for such no ce. (Pub. Resources Code, § 21092, 
subd. (b)(3); CEQA Guidelines § 15087, subd. (a).) The Conserva on Organiza ons have made mul ple 
wri en requests. This le er was submi ed on September 12, the day before the public hearing scheduled 

Both the BLM and the County have provided numerous public no ces, including to the CDB, during both 
the environmental public review process which occurred between November 2022 and January 2023, as 
well as leading up the BLM’s Decision Record and the County’s ICPC approval hearings.  This is evidenced by 
the fact that the CBD provided two detail comment le ers during the NEPA/CEQA public review process, as 
well as the le er dated September 12, 2023 in which the County is responding to here, in advance of the 
ini al ICPC hearing held on September 13, 2023. 
 
Pursuant to Sec on 15088 of the CEQA Guidelines, a Lead Agency is not required to prepare wri en 
responses to comments received when an MND is prepared.  Nonetheless, the County opted to provide 
detailed responses to each of the comment le ers received during the 45‐day public review period, 
including both le ers received from the CBD.  The public comments and responses to comments were 
included in the public record and were available to the Lead Agency decision‐makers (i.e., ICPC 
Commissioners) for their review and considera on prior to making their decision whether to approve the 
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for September 13, 2023, and the County has not provided the Conserva on Organiza ons with no ce of 
any Project documents, deadlines, hearing dates, or developments. This violates CEQA’s clear mandates to 
provide no ce to interested par es. 
 
What’s more, the Final EA/MND and response to comments and associated documents made available for 
public review in connec on with the hearing contain over one thousand pages of revised analysis and 
technical reports, which were made public without no ce to interested par es, depriving the public and 
decision‐makers the me necessary to review, understand, and comment on the new materials. As a result, 
the County’s failure to comply with the no ce requirement has deprived the Conserva on Organiza ons of 
the opportunity to fully comment upon the Project and associated environmental review documents, or 
prepare to appear at the hearing, 
 
Should the County approve and cer fy the Project without first providing adequate no ce, it will do so in 
viola on of CEQA. The Conserva on Organiza ons request that the County con nue the hearing to a later 
date in order to give the Conserva on Organiza ons —and any other poten ally interested par es who 
were not no fied of the document’s availability— me to review and comment. At a minimum, the County 
should con nue the Commission’s hearing on this highly controversial project un l such me as the public 
is able to process this voluminous informa on. 
 
Given the voluminous nature of the new material, which includes significant new informa on, and the 
extremely limited me the County has provided for the public to review it, the Conserva on Organiza ons 
have been unable to fully review and respond. Despite the lack of adequate me to review and comment 
on the documenta on, it is clear that approval of the Project would violate the California Environmental 
Quality Act (“CEQA”) and the Surface Mining and Reclama on Act (“SMARA”), among others. These 
comments provide responses to some points raised but are not exhaus ve. 

proposed Project. Pursuant to State CEQA Guidelines Sec on 15074(b) (Considera on and Adop on of a 
Nega ve Declara on or Mi gated Nega ve Declara on), none of the comments provide substan al 
evidence that the Project will have significant environmental effects which would require prepara on of an 
EIR. Further, none of the informa on in the le ers or responses cons tute the type of significant new 
informa on that requires recircula on of the EA/MND for further public review under State CEQA 
Guidelines Sec on 15073.5 (Recircula on of a Nega ve Declara on Prior to Adop on). None of the new 
material presented in the responses to comments (see Appendix I within the revised EA/MND) indicated 
that the Project will result in a significant new environmental impact not previously disclosed in the 
EA/MND published during the public review period. Addi onally, none of this informa on indicated that 
there would be a substan al increase in the severity of a previously iden fied environmental impacts that 
would not be mi gated, or that there would be any of the other circumstances requiring recircula on 
described in State CEQA Guidelines Sec on 15073.5. 

#3 

I. The EA/MND’s Analysis of Biological Resources Remains Deficient. 
 
 A.  The EA/MND Fails to Properly Assess and Mi gate Impacts to the Desert Tortoise. 
 
Numerous commenters, including the California Department of Fish and Wildlife (CDFW), observed that 
the EA/MND failed to analyze the Project’s foreseeable impacts to the endangered Mojave Desert Tortoise. 
According to the EA/MND (Sec on 3.23.2), “evidence of tortoise use of the area was detected in some of 
the proposed Drill Areas” during the focused desert tortoise surveys, making direct impacts to this 
threatened species a certainty if the Project is approved. Rather than remedy its deficient analysis of the 
Project’s foreseeable direct impacts, the EA/MND a empts to excuse its lack of analysis by relying 
exclusively on post‐approval preconstruc on surveys and avoidance measures. The inadequacy of these 
measures aside, the County’s EA/MND is legally inadequate because it fails to disclose in the first instance 
the Project’s significant impacts to the Desert Tortoise. 

Extensive Mojave Desert tortoise surveys were conducted in support of the CEQA/NEPA process, and 
extensive Mojave Desert tortoise avoidance and mi ga on/minimiza on measures will be implemented 
throughout the life of the Project. 
 
Per the analysis in Sec on 3.23.3 of the EA/MND, impacts to threatened and endangered species (including 
Mojave Desert tortoise), special status species, and general wildlife species are an cipated to be negligible 
to minor, short‐term, and localized, and sufficiently mi gated to less than significant levels through the 
implementa on of the avoidance and minimiza on measures summarized below. Several Project Design 
Features (PDFs) have been developed by the proponent for implementa on during the Project to avoid or 
sufficiently mi gate poten al impacts. Addi onal wildlife‐specific mi ga on measures would be required for 
implementa on by the BLM, as outlined in Appendix F of the EA/MND.  Specifically, detailed desert tortoise 
avoidance measures (17 total), summarized within the Plan of Opera ons (Appendix A of the EA/MND), 
would be implemented onsite.  These include but are not limited to pre‐construc on tortoise surveys, onsite 
monitoring during tortoise ac ve season, and employee training. Addi onally, as discussed in Sec on 3.23.3 
of the EA/MND, SMP has commi ed to conduc ng pre‐construc on surveys within 48 hours of surface 
disturbance within the species‐specific buffers outlined in Appendix F of the EA/MND from the area to be 
disturbed in order to avoid impacts to Mojave Desert tortoise. Surveys for Mojave Desert tortoise may be 
combined with pre‐construc on migratory bird surveys if taking place during the nes ng season. 
 
In addi on to the PDFs/CMAs cited by the CDFW, PDF‐21 included in Table F‐1 of Appendix F of the 
EA/MND would also be implemented, which notes that if a tortoise is encountered during construc on 
ac vi es, work would be halted immediately per the authority of a designated Field Contact 
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Representa ve (who would be a BLM‐approved Authorized or Qualified Biologist), who would be on‐site 
year round  during all Project ac vi es, in proximity to the tortoise un l an on‐call BLM‐approved 
Authorized Biologist arrives to move the tortoise from harm’s way, or un l the tortoise leaves of its own 
accord. Specifically, the following PDFs and CMAs, which are similar in nature to CDFW’s suggested MM 
BIO‐[F], will be implemented to ensure poten al impacts to desert tortoises are properly avoided and/or 
mi gated: 

 PDF‐13: Within 24 hours of the commencement of Project ac vi es, a BLM‐approved Authorized or 
Qualified Biologist would inspect the area to be disturbed plus a 500‐foot buffer, focusing on areas 
that could provide suitable desert tortoise burrow or cover sites, such as dry washes with caliche. 
This may be combined with the above pre‐construc on migratory bird survey if taking place during 
the nes ng season. Burrows would be flagged such that they would be avoided by Project 
ac vi es. When reques ng authoriza on of biologists to handle desert tortoises, the 
Permi ee/BLM will submit creden als to the USFWS for review and approval at least 30 days prior 
to the need for the biologist to perform those ac vi es in the field.  

 PDF‐21: SMP would designate a field contact representa ve (FCR) who would be responsible for 
overseeing compliance with protec ve s pula ons for the desert tortoise and for coordina on on 
compliance with the BLM. The FCR must be on‐site during all Project ac vi es. The FCR would have 
the authority to halt Project ac vi es that are in viola on of the s pula ons. The FCR would have a 
copy of all s pula ons when work is being conducted on the site. The FCR may be a crew chief or 
field supervisor, a project manager, any other employee of the Project Proponent, or a BLM‐
approved Authorized Biologist. Any incident occurring during Project ac vi es that is considered by 
the FCR to be in non‐compliance with the mi ga on plan would be documented immediately by 
the FCR. The FCR would ensure that appropriate correc ve ac on is taken. Correc ve ac ons 
would be documented by the FCR. The following incidents would require immediate cessa on of 
the construc on ac vi es causing the incident, including: 

o Imminent threat of injury or death to a desert tortoise; 
o Unauthorized handling of a desert tortoise, except on designated roads; 
o Conduc ng any construc on ac vity without a biological monitor where one is required. If 

a tortoise is encountered during construc on ac vi es, work would be halted in proximity 
to the tortoise un l an on‐call BLM‐approved Authorized Biologist can move the animal 
from harm’s way or un l the desert tortoise leaves of its own accord. 

 PDF‐34: Injury: Should any desert tortoise be injured or killed, all ac vi es would be halted and the 
Authorized Biologist immediately contacted. The biologist would have the responsibility for 
determining whether the animal should be transported to a veterinarian for care, which is paid for 
by the Project Proponent, if involved. If the animal recovers, the USFWS is to be contacted to 
determine the final disposi on of the animal; few injured desert tortoises are returned to the wild 

 
Through the required pre‐construc on surveys, including onsite surveys any me construc on equipment is 
moved to a new loca on, as well as the implementa on of PDFs and CMAs (Appendix F) summarized 
above, impacts to desert tortoise are expected to be fully avoided, or mi gated to less than significant 
levels. 
 
Addi onally, pre‐construc on surveys would be conducted year‐round prior to surface disturbance occurring 
per the PDFs and BLM‐required addi onal mi ga on measures included in Appendix F of the EA/MND. 
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Furthermore, the BLM has engaged in consulta on with the USFWS pursuant to Sec on 7 of the Endangered 
Species Act for approval of an Ac vity Request Form under the Programma c Biological Opinion for Mojave 
Desert tortoise. 
 
Lastly, the Project is an exploratory drilling project, and therefore no mining or significant ground disturbance 
will occur.  For this reason, and through ongoing pre‐construc on surveys for desert tortoise, there would be 
no Project impacts to desert tortoise related to toxicant‐based disease due to mining. 
 
For these reasons, the proposed mi ga on measures required by the BLM for implementa on, in addi on 
to the proponent‐commi ed PDFs in Appendix F of the EA/MND, have been deemed sufficient to avoid or 
mi gate environmental impacts to threatened and endangered species, including desert tortoise, to less 
than significant levels under the Proposed Ac on. 

#4 

i. The EA/MND Presents a Fundamentally Flawed Descrip on of the Project’s Environmental 
Se ng. 

 
An accurate depic on of exis ng environmental condi ons is cri cal to a complete assessment of project 
impacts. “[T]o inform decision makers and the public of any significant adverse effects a project is likely to 
have on the physical environment . . ., an EIR must delineate environmental condi ons prevailing absent 
the project, defining a baseline against which predicted effects can be described and quan fied.” 
(Neighbors for Smart Rail v. Exposi on Metro Line Construc on Authority (2013) 57 Cal.4th 439, 447.) 
Inves ga ng and repor ng exis ng condi ons are “crucial func on[s] of the EIR.” (Save Our Peninsula 
Comm. v. Monterey County (2001) 87 Cal.App.4th 99, 122 (“SOPC”).) “[W]ithout such a descrip on, analysis 
of impacts, mi ga on measures and project alterna ves becomes impossible.” (County of Amador v. El 
Dorado County Water Agency (1999) 76 Cal.App.4th 931, 953.) Decisionmakers must be able to weigh the 
project’s effects against “real condi ons on the ground.” (City of Carmel‐by‐the‐Sea v. Bd. of Supervisors 
(1986) 183 Cal.App.3d 229, 246.) 
 
Here, the EA/MND fails to accurately survey for and iden fy the desert tortoise that may be affected by the 
Project and therefore undercuts the legi macy of the environmental impact analysis from the outset. 
Indeed, as many agency and expert commenters, the desert tortoise surveys for the Project were 
conducted over one week in January 2021, outside of the tortoise’s ac ve period. “(See USFWS 2009, p. 4–
8 [“surveys should be conducted during the desert tortoise’s most ac ve periods (April through May or 
September through October.”]) Because desert tortoises hibernate in underground burrows during winter 
months, adults are essen ally unobservable during January, and therefore the ming and scope of the 
surveys were insufficient to determine the full extent of desert tortoise on the Project site. (See CDFW 
comment, EA/MND, I‐108.) 
 
CEQA requires the County to describe the environmental se ng in a manner “that will give the public and 
decision makers the most accurate picture prac cally possible of the project’s likely impacts.” (Neighbors 
for Smart Rail, 57 Cal.4th at 449.) By failing to conduct proper surveys for the desert tortoise, the EA/MND 
falls far short of this requirement. 

Extensive biological baseline surveys, including Mojave Desert tortoise surveys, were conducted in March 
2021, as described in Sec on 3.20.2 of the EA/MND. The ming of baseline surveys was coordinated with 
the BLM and the baseline report was deemed complete and approved in June 2021. Based upon the baseline 
surveys, for those special‐status species, including Mojave Desert tortoise, that were determined to be 
poten ally impacted by the proposed Project, appropriate avoidance and mi ga on measures were 
proposed, and described in the EA/MND, to ensure poten al impacts would be less than significant. 
 
In addi on to the exis ng baseline surveys, per the PDFs, CMAs, and BLM required mi ga on measures 
outlined in Appendix F of the EA/MND, pre‐construc on surveys would be conducted prior to surface 
disturbing ac vi es under the Project and would ensure that any further poten al impacts to Mojave 
Desert tortoise remain less than significant, and that addi onal minimiza on or avoidance measures would 
be coordinated with the BLM as necessary and appropriate based on the findings of the surveys. 
Furthermore, should Mojave Desert tortoise be iden fied during pre‐construc on surveys, barrier fencing 
would be required to be implemented around individual plants to minimize impacts to special status 
species. 
 
Per the analysis in Sec on 3.23.3 of the EA/MND, poten al Project effects to threatened and endangered 
species (including Mojave Desert tortoise), special status species, and general wildlife species are 
an cipated to be negligible to minor, short‐term, and localized, and the avoidance and mi ga on measures 
outlined within the EA/MND would ensure poten al impacts to Mojave Desert tortoise would be mi gated 
to less than significant levels. Several PDFs have been developed by the proponent for implementa on 
during the Project to minimize impacts. Addi onal wildlife‐specific mi ga on measures would be required 
for implementa on by the BLM, as outlined in Appendix F of the EA/MND.  Specifically, detailed desert 
tortoise avoidance measures (17 total), summarized within the Plan of Opera ons (Appendix A of the 
EA/MND), would be implemented onsite.  These include but are not limited to pre‐construc on tortoise 
surveys, onsite monitoring during tortoise ac ve season, and employee training. Addi onally, as discussed 
in Sec on 3.23.3 of the EA/MND, SMP has commi ed to conduc ng pre‐construc on surveys within 48 
hours of surface disturbance within the species‐specific buffers outlined in Appendix F of the EA/MND from 
the area to be disturbed in order to avoid impacts to special‐status species. 
 
In addi on to the PDFs/CMAs cited by the CDFW, PDF‐21 included in Table F‐1 of Appendix F of the 
EA/MND would also be implemented, which notes that if a tortoise is encountered during construc on 
ac vi es, work would be halted immediately per the authority of a designated Field Contact 
Representa ve (who would be a BLM‐approved Authorized or Qualified Biologist), who would be on‐site 
year round within 24 hours of Project ac vi es commencing. Only a BLM‐approved Authorized Biologist 
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would move the tortoise from harm’s way, or un l the tortoise leaves of its own accord. If a desert tortoise 
is discovered in harm’s way, an Authorized Biologist would move the tortoise into adjacent habitat 
following the latest USFWS clearance and handling procedures. The tortoise would not be moved more 
than 300 meters from their capture loca on. If the Authorized Biologist observes significant clinical signs of 
ill health, the tortoise should be removed from the wild in coordina on with the USFWS. If suitable habitat 
is not available within 300 meters of the tortoises’ capture loca ons or other land ownership restric ons 
prevent the release of individuals within 300 meters (e.g., privately owned land lacking permission), the 
tortoise should be translocated to the Recipient Site iden fied in the revised Figure 3‐14 of the EA/MND. 
 
Addi onally, pre‐construc on surveys would be conducted year‐round prior to surface disturbance 
occurring per the PDFs and BLM‐required addi onal mi ga on measures included in Appendix F of the 
EA/MND. 
 
Furthermore, the BLM has engaged in consulta on with the USFWS pursuant to Sec on 7 of the 
Endangered Species Act for approval of an Ac vity Request Form under the Programma c Biological 
Opinion for Mojave Desert tortoise. 
 
For these reasons, the proposed mi ga on measures required by the BLM for implementa on, in addi on 
to the proponent‐commi ed PDFs in Appendix F of the EA/MND, have been deemed sufficient to minimize 
environmental impacts to threatened and endangered species, including Mojave Desert tortoise, to less 
than significant levels under the proposed Project. 

#5 

ii. The EA/MND Fails to Analyze the Impacts to Desert Tortoise Habitat. 
 
The Project will require the removal of vegeta on from the site prior to the start of construc on for up to 
20.54 acres, which will necessarily include any desert tortoise habitat located in the Project footprint. Yet 
the EA/MND fails to acknowledge any poten ally significant direct or indirect impacts associated with the 
destruc on or adverse modifica on of the desert tortoise’s habitat. 
 
Habitat destruc on due to urban development, mining ac vi es, and off‐road vehicle use has significantly 
reduced the tortoise's available living space. Moreover, factors like climate change, prolonged droughts, 
and invasive plant species have disrupted the fragile desert ecosystems on which these tortoises depend 
for food and shelter. (USFWS 2022). Range‐wide, the desert tortoise con nues to lose over ten thousand 
acres each year. (Ibid.) According to the USFWS: 
 

Overall, desert tortoises do not coexist well with human development and disturbances; tortoises 
are essen ally absent from habitat within 1 km of areas with greater than 10% development 
(including … surface mines and quarries; Carter et al. 2020). 

 
(USFWS 2022.) 
 
Opera ons on the Project site will result not just in the loss of desert tortoises from the site itself, but will 
eliminate this habitat from use, poten ally resul ng in significant adverse impacts. Large expanses of high‐
quality habitat are necessary to provide resilience to popula ons as they fluctuate due to threats under the 
other lis ng factors, such as variability in precipita on pa erns; localized declines a ributed to drought, 
disease, or preda on events; or stochas c popula on dynamics (USFWS 2022, Averill‐Murray et al. 2021). 
As habitat is lost and fragmented, habitat patches become smaller, patch popula ons (e.g., clusters of 

See response to Comment #3 above. Extensive Mojave Desert tortoise surveys were conducted in support 
of the CEQA/NEPA process, and extensive Mojave Desert tortoise avoidance and mi ga on/minimiza on 
measures will be implemented throughout the life of the project. 
 
To re‐summarize, per the analysis in Sec on 3.23.3 of the EA/MND, impacts to threatened and endangered 
species (including Mojave Desert tortoise), special status species, and general wildlife species are 
an cipated to be negligible to minor, short‐term, and localized, and all surface disturbance would be 
reclaimed and revegetated to pre‐Project condi ons in accordance with the Surface Mining and 
Reclama on Act (SMARA). Revegeta on of the disturbed areas would be completed in accordance with 
applicable BLM standards, as well as Sec on 3705 (Performance Standards for Revegeta on) of the Surface 
Mining and Reclama on Act (SMARA).  The goal of the revegeta on efforts will be to ensure the reclaimed 
lands have a “vegeta ve cover or density, and species‐richness…sufficient to stabilize the surface against 
effects of long‐term erosion and…be similar to naturally occurring habitats in the surrounding area”. Project 
reclama on would be completed concurrently with exploratory drilling ac vi es, and monitoring for the 
success of reclama on of those areas would be completed within five years of Project implementa on.  
 
In addi on to post‐explora on reclama on of the site, as noted above numerous Project Design Features 
(PDFs) have been developed by the proponent for implementa on during the Project to minimize poten al 
impacts to Mojave Desert tortoises. Addi onal wildlife‐specific mi ga on measures would be required for 
implementa on by the BLM, as outlined in Appendix F of the EA/MND. Mi ga on measures include 
monitoring of project ac vi es by a BLM‐approved Authorized or Qualified Biologist to ensure no desert 
tortoises are killed or burrows crushed, and project staff are compliant with tortoise best prac ces. Project 
ac vi es would be monitored throughout the life of the Project to avoid poten al impacts to Mojave 
Desert tortoise habitat. SMP would designate a Field Contact Representa ve (FCR) who would be 
responsible for overseeing compliance with protec ve s pula ons for desert tortoise habitat, and for 
compliance coordina on with the BLM. The FCR would be a BLM‐approved Authorized or Qualified 
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tortoises) have fewer tortoises and become more disjunct, ex nc on probabili es within patches increase, 
and the number of occupied patches decreases (USFWS 2022). 
 
None of these impacts are analyzed in the EA/MND. The EA/MND does not acknowledge significant 
individual or cumula ve impacts to desert tortoises associated with the reduc on in habitat or habitat 
connec vity. 

Biologist on‐site year‐round throughout the life of the Project in order to implement all tortoise‐related 
PDFs to minimize impacts. The FCR would be an on‐site compliance monitor for all aspects of the Project, 
and should desert tortoise be detected, the FCR would contact the BLM. 

#6 

B. The EA/MND Fails to Properly Describe the Environmental Se ng and Assess and Mi gate 
Impacts to Special Status Plants and Wildlife. 

 
The EA/MND fails to provide adequate baseline informa on and descrip on of the environmental se ng 
for species other than the desert tortoise. This deficiency extends to the EA/MND’s treatment of rare 
plants, animals, and other imperiled desert species, as well as more common species likely present on the 
Project site. For some species or habitats baseline condi ons are lacking or totally absent and as a result no 
impact assessment is provided for these biological resources. (Nelson v. Cnty. of Kern (2010) 190 Cal. App. 
4th 252, 284 [informa on before County showing that mining explora on project could significantly impact 
plant and animal life in the area meets the fair argument test to require prepara on of an EIR.].) 
 
The failure to address numerous species is the inevitable result of inadequate surveys. The EA/MND 
conducted one plant and wildlife survey in March 2021. It conducted no other focused or protocol level 
surveys for any special‐status plant or animal species aside from the focused survey for desert tortoise. 
(EA/MND at I‐97.) 
 
The MND/EA (Sec on 3.20.2) concluded that the following special‐status plants have historically occurred 
near the Project site or have the poten al to occur: Wiggin’s croton (Croton wigginsii), sand foot (Pholisma 
sonorae), Munz cholla (Cylindropun a munzii), flat‐seeded spurge (Euphorbia platysperma), pink fairy‐
duster (Calliandra erophylla), and glandular ditaxis (Ditaxis claryana). While no BLM special status species 
were documented during the survey, sec on 3.20.2 of the EA/MND was amended to clarify that pink 
fairyduster (Calliandra eriophylla) was found on the project site and that this 2B.3 listed species does 
require CEQA review, despite not being a BLM listed species. 
 
Many sensi ve plant species are either annuals or herbaceous perennials. The EA/MND presumed any 
remaining special‐status plant species were absent, even though the EA/MND’s single survey was outside 
their blooming period, and thus the presump on is unsupported. For example, a March survey would not 
detect Pholisma sonorae, despite the plant’s likelihood of being present. This perennial species is only 
visible aboveground for a por on of the year, typically in April and May. The California Consor um of 
Herbaria records show that, of the 29 collec ons of this species, 55% occurred in April, 38% occurred in 
May, and only 7% occurred in March (The Jepson Herbarium, 2023a), demonstra ng sta s cally how 
uncommon it would be for this species to be present in March. 
 
A 9 quad CNDDB rare plant search of the project area showed addi onal species with the poten al to occur 
that, while not BLM special status species, should have been included for CEQA review. California snake 
bush (Colubrina californica), and crown of thorns (Koeberlinia spinosa var. tenuispina) are shrub species 
that may have been detectable during the March 2021 surveys. Roughstalk witch grass (Panicum hir caule 
ssp. hir caule), however, would not have been detectable at this me. The species blooms from August 
through December, and the California Consor um of Herbaria records show that the majority of collec ons 
were made between September and November (87.5%), with one collec on in December, one in January, 

Baseline condi ons (i.e., affected environment) were presented within Chapter 3 of the EA/MND for all 
resources that were iden fied as Present and Poten ally Affected and were thus analyzed for poten al 
impacts under the Proposed Ac on/Project. Baseline condi ons for assessing the affected environment were 
gathered from literature reviews, recently collected and publicly available data, and baseline surveys, where 
required by the BLM. Baseline condi ons for Vegeta on, including Noxious and Non‐Na ve Invasive Species 
and Special Status Plant Species is described per baseline studies conducted in March 2021 within Sec on 
3.20.2 of the EA/MND. Baseline condi ons for Wildlife, including Migratory Birds, Special Status Species, and 
Threatened and Endangered Species is described per the baseline studies conducted in 2021 within Sec on 
3.23.2 of the EA/MND. Baseline condi ons for Water Resources, including surface water resources and 
general groundwater (the Project does not propose use of groundwater) is described per the aqua c 
resources inventory conducted in 2021 within Sec on 3.22.2 of the EA/MND. The affected environment for 
air quality per county and state current condi ons and regula ons is described within Sec on 3.3.3 of the 
EA/MND. The affected environment for recrea on based on a desktop review of exis ng dispersed recrea on 
ac vi es is described within Sec on 3.17.2 of the EA/MND. A Class III Cultural Resources Inventory Report 
was prepared in 2021 and accepted by the BLM, and the non‐confiden al results of such represent the 
baseline condi ons and are described in Sec on 3.8 of the EA/MND. Finally, exis ng soil resource condi ons 
per a desktop review and a combina on of field observa ons during baseline studies is described within 
Sec on 3.18.2 of the EA/MND. Baseline condi ons for all other resources analyzed that are not specifically 
men oned in the comment here are provided within Chapter 3 of the EA/MND. 
 
Furthermore, as discussed in Sec ons 3.23.2 and 3.25.5 of the EA/MND, The USFWS and the CDFW were 
contacted to obtain a list of threatened and endangered and sensi ve species that have the poten al to 
occur within the Project Area (the Project Area plus a 500‐foot buffer). The most recent BLM Sensi ve Species 
List was also obtained, which includes threatened and endangered species, and evaluated to determine if 
any species had the poten al to occur within the area of analysis.  WestLand evaluated the poten al for 
special‐status species to occur in the Project Area. WestLand iden fied three California Na ve Plant Society 
(CNPS) vegeta on categories that occur in the Project Area – black mustard (Brassica nigra) and other 
mustards seminatural stands, blue palo verde (Parkinsonia florida)‐ironwood alliance, and creosote‐
bri lebush alliance –  as well as three special status plant species – Munz cholla (Cylindropun a munzii), Flat‐
seeded spurge (Euphorbia platysperma), and Pink fairy‐duster (Calliandra erophylla) –  that were determined 
to have a possible presence or a high poten al to occur in the Project Area (WestLand 2021).  Note, as 
discussed in Sec on 3.20.2 of the EA/MND, these three plant communi es are classified as sensi ve by the 
CDFW. 
 
Biological baseline surveys, including vegeta on and rare plant community surveys, were conducted in March 
2021, as described in Sec on 3.20.2 of the EA/MND. The ming of baseline surveys was coordinated with 
the BLM and the baseline report was deemed complete and approved in June 2021. Addi onally, the ming 
of the baseline flora surveys was strategically chosen to coincide with the flowering seasons of poten al 
species of concern. 
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and one in May. The Jepson Herbarium, 2023b). There are no collec ons from February through April (The 
Jepson Herbarium, 2023b). 
 
Seasonally appropriate surveys (e.g., spring surveys a er adequate precipita on) are necessary to 
accurately evaluate whether these sensi ve annual and herbaceous perennial species are present on site. 
CDFW highlighted this requirement in its comments on the EA/MND for the project. 
 

CDFW is concerned that the habitat assessments were not conducted at the appropriate me(s) 
of year to detect all special status plants on the Project site and did not follow the standard 
protocol to detect special status plants…. CDFW recommends that a revised MND/EA or other 
CEQA document include a thorough, recent, floris c‐based assessment of special‐status plants 
completed at the appropriate me(s) of year before Imperial County adopts the MND/EA. 

 
(EA/MND at I‐100.) 
 
California has experienced a significant shi  in ecological condi ons a er the wet winter of 2022‐2023. This 
is true of the Project Area as well. The EA/MND’s biological surveys were conducted in the March 2021, in 
the midst of a mul ‐year drought. Due to the extremely high precipita on of the past winter, current 
ecological condi ons are likely significantly different. It is extremely likely that this wet winter and recent 
summer rains have impacted special‐status species in the Project Area and that several species not 
detected during the 2021 surveys would have been present during the spring of this year. The Applicant 
must conduct addi onal follow‐up surveys to reassess the baseline condi ons and poten al impacts to 
sensi ve species and habitats a er the significant increase in precipita on over the past year. 
 
Cri cally, even the County acknowledges that its surveys were inadequate. It agreed that “the March 2021 
biological baseline surveys do not represent a complete floris c inventory as it is representa ve of the 
species that were iden fied during the surveys and may not be representa ve of species that are present 
year‐round.” (EA/MND at I‐101.) Because of the deficiencies of the baseline data for the proposed project 
area, the EA/MND fails to adequately describe the environmental baseline for biological condi ons on the 
Project site. And without the proper baseline data, the EA/MND also lacks evidence to presume that 
temporary barrier fencing around the few individual plants found in earlier surveys will minimize impacts to 
any special status plant species throughout the Project. (EA/MND, PDF‐34.) In sum, the EA/MND lacks 
evidence to conclude that the project will not have a significant impact with mi ga on incorporated, and a 
fair argument s ll exists that the Project may have such impacts. 

Although the three sensi ve species above were noted to have the poten al to occur within the Project Area, 
through their onsite surveys WestLand found that vegeta on is sparse in both the upland and xeroriparian 
habitats of the Project area. The uplands consist of a very low‐density shrub community dominated by 
creosote (Larrea tridentata) and bri lebush (Encelia farinose). In addi on, large por ons of the Project Area 
consist of disturbed habitats dominated by non‐na ve annual plants. The xeroriparian habitat generally 
consists of the same sparse shrub community and includes widely spaced upland trees and oco llo 
(Fouquieria splendens). In summa on, WestLand found that vegeta on in the Project Area is uniformly sparse 
and consists of very low density shrublands, upland trees and highly disturbed habitats. 
 
In addi on to the CNPS vegeta on categories, no BLM special status species have been iden fied within the 
Project Area or the vegeta on area of analysis per the March 2021 biological baseline surveys, which included 
vegeta on baseline surveys (WestLand 2021). The January 2021 desert tortoise baseline surveys included 
incidental vegeta on sigh ngs while in the field but did not include a complete habitat evalua on or floris c 
inventory as such work was outside the scope of the desert tortoise surveys (Stantec 2021). The pink 
fairyduster plant is listed as a CESA special status species and is not a BLM special status species, as delineated 
in the biological baseline report (WestLand 2021). Addi onally, as outlined in Table 3‐36 of the EA/MND, no 
plant species protected under Imperial County Code are present within the Project Area or vegeta on area 
of analysis. A habitat assessment in accordance with LUPA‐BIO‐1 was conducted as part of the biological 
baseline report (WestLand 2021) for species with poten al to occur or may have suitable habitat in the 
Project Area or vicinity; therefore, this CMA would not be required to be implanted under the Project in 
addi on to the applicant‐commi ed PDFs, addi onal CMAs, and BLM required addi onal mi ga on 
(outlined in Appendix F of the EA/MND).  
 
Although based on the analysis in the EA/MND summarized above indicate the poten al for the Project to 
impact special‐status plant species covered under the CESA would be avoided through the implementa on 
of avoidance and minimiza on measures, the EA/MND did acknowledge that plant species observed in the 
field during the March 2021 biological baseline surveys do not represent a complete floris c inventory as it 
is representa ve of the species that were iden fied during the surveys and may not be representa ve of 
species that are present year‐round. As such, the text of the required mi ga on measures in Table F‐3 of 
Appendix F of the EA/MND, M‐8 and PDF‐34 has been clarified to state the pre‐construc on surveys 
conducted prior to surface disturbance would include vegeta on surveys to ensure that no special status 
plants are present within areas proposed for disturbance. Appropriate biological monitoring and avoidance 
measures would be coordinated with the BLM should special status plants be iden fied during Project 
implementa on. Please note that per Appendix B and Table F‐2 of Appendix F of the EA/MND, LUPA‐BIO‐2 
would not be required for implementa on under the Proposed Ac on as required pre‐construc on surveys 
and con nued monitoring would take place during all phases of the Proposed Ac on by a BLM Authorized 
Biologist. 
 
Specifically, the following PDFs and CMAs, will be implemented to ensure poten al impacts to special‐
status species are fully avoided: 

 PDF‐34: Pre‐construc on vegeta on surveys, including for noxious and non‐na ve invasive species 
and special status species, would be conducted in tandem with the pre‐construc on migra on bird 
surveys described above. Should special status plant species be iden fied during Project ac vi es, 
the BLM would require SMP to implement temporary barrier fencing around the individual plants 
for avoidance and to minimize impacts throughout the life of the Project. 

 LUPA‐BIO‐PLANT‐2: Implement an avoidance setback of 0.25 mile for all Focus and BLM Special 
Status Species occurrences. Setbacks will be placed strategically adjacent to occurrences to protect 
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ecological processes necessary to support the plant Species (see Appendix Q, Baseline Biology 
Report, in the Proposed LUPA and Final EIS [2015], or the most recent data and modeling). 

 M‐8:  Should special status plant species be iden fied during Project ac vi es, the BLM would 
require SMP to implement temporary barrier fencing around the individual plants for avoidance 
and to minimize impacts throughout the life of the Project. 

 
Through the required pre‐construc on surveys, including onsite surveys any me construc on equipment is 
moved to a new loca on, as well as the implementa on of PDFs and CMAs (Appendix F), impacts to special 
status plants are expected to be avoided and no direct or indirect adverse effects would occur.  Nonetheless, 
if special status plants are observed during the pre‐construc on surveys that cannot be avoided, SMP would 
work with CDFW and the appropriate agencies to minimize impacts.  

#7 

C. The EA/MND Fails To Assess and Mi gate Impacts to Bat Species. 
 
Numerous commenters, including CDFW, observed that the EA/MND failed to assess or mi gate impacts to 
bats roos ng in underground mines. (See, e.g., EA/MND at I‐75). Specifically, the MND/EA (Appendix E, 
Biological Assessment Sec on 5.1.2) acknowledged that “previous survey efforts detected 20 high value bat 
roosts in underground mines within the Analysis Area.” Addi onally, the MND/EA states “these mine 
features were occupied by a suite of species including California leaf‐nosed bat (Macrotus californicus), 
Townsend’s big‐eared bat (Corynorhinus townsendii), pallid bat (Antrozous pallidus) and an unknown myo s 
species, likely cave myo s (Myo s velifer).” While the EA/MND failed to conduct any underground survey or 
monitoring effort, commenters presented evidence from prior surveys showing that these bats are present 
year‐round. 
 
The EA/MND does not dispute that a fair argument exists that these species may be impacted. Rather than 
remedy its deficient survey efforts or undertake a sufficient analysis of the Project’s foreseeable direct 
impacts, the EA/MND a empts to excuse its lack of analysis and mi ga on by claiming that the EA/MND 
need “analyze[] effects resul ng from surface disturbance only” and explains that underground explora on 
is “not subject to permi ng under the 43 CFR 3809 Surface Management regula ons.” Such an asser on is 
irrelevant and failure to address these issues violates CEQA and renders the EA/MND legally inadequate. 
 
Under CEQA, the County is required to consider the whole of the ac on in its environmental review. (CEQA 
Guidelines, Sec on 15378.) The defini on of “project” is “given a broad interpreta on in order to maximize 
protec on of the environment.” (Nelson, supra, 190 Cal.App.4th at p. 278 [BLM’s review of proposed 
surface mining opera ons under NEPA does not preclude county from undertaking environmental review of 
en re mining proposal under CEQA]; Lighthouse Field Beach Rescue v. City of Santa Cruz (2005) 131 
Cal.App.4th 1170, 1180 (internal quota on omi ed); see also, Muzzy Ranch Co. v. Solano County Airport 
Land Use Com. (2007) 41 Cal.4th 372, 381‐83; Fullerton Joint Union High Sch. Dist. v. State Bd. of Educ. 
(1982) 32 Cal.3d 779, 796‐97; Bozung v. Local Agency Forma on Com. (1975) 13 Cal.3d 263, 277‐81.) A 
“project” is “the whole of an ac on” directly undertaken, supported, or authorized by a public agency 
“which may cause either a direct physical change in the environment, or a reasonably foreseeable indirect 
physical change in the environment.” (Pub. Resources Code, § 21065; CEQA Guidelines, § 15378(a).) 
Cri cally, under CEQA, “the term ‘project’ refers to the underlying ac vity and not the governmental 
approval process.” (California Unions for Reliable Energy v. Mojave Desert Air Quality Mgmt. Dist. (2009) 
178 Cal.App.4th 1225, 1241, (quo ng Orinda Assn v. Bd. of Supervisors (1986) 182 Cal.App.3d 1145, 1171‐
72 [emphasis added]; CEQA Guidelines, § 15378(c).) This means that the project encompasses all 
foreseeable direct and indirect environmental impacts associated with the project, not just those ac vi es 
subject to a governmental permit. (Id. [“The term 'project' refers to the ac vity which is being approved 

Poten al impacts to bat species were evaluated within the EA/MND and related technical appendices.  
Addi onally, minimiza on and avoidance measures, as well as Project design features, have been 
incorporated into the Project to ensure poten al impacts to bat species are mi gated. 
 
The Project Design Feature (PDF)‐11 to implement a 500‐foot avoidance buffer during the bat maternity 
season (April 1 through August 31) for surface drilling around features with evidence of use by sensi ve bat 
species is in compliance with Volume IV Sec on 7 Biological Resources in the DRECP Final EIS (BLM 2015) 
for implemen ng an avoidance setback of 500 feet around known bat roosts.  
 
While it is true that the EA/MND primarily analyzed effects resul ng from surface disturbance only, as 
underground explora on is not subject to permi ng under the 43 CFR 3809 Surface Management 
regula ons, nor SMARA, and is therefore not under the decision‐making realm of the BLM or County, the 
proponent s ll voluntarily conducted LiDAR mapping of the historic Oro Cruz Mine underground workings 
to inform the underground explora on ac vi es. The proponent would make their best a empt at u lizing 
all available LiDAR data to also support surface drill si ng in order to avoid the known voids (including 
roosts, mine sha s, and adits that may support bat species) in the underground workings. Furthermore, 
surface drill si ng has been preliminarily located in the Plan of Opera ons based on geologic mapping and 
would be further developed should the Proposed Ac on be approved. Surface drilling relies on a constant 
circula on of fluids to lubricate the drill rig and bring samples to the surface; as such, lost circula on of the 
fluids would result in a lost drill hole at the depth at which an open cavity is encountered, should the drill 
rig go through a void, such as an area with an open underground mine working. The Proponent would 
make the best effort possible so that surface drilling would not intersect with underground workings due to 
not only technical infeasibility, but also economic infeasibility given the poten al loss of produc vity of a 
drill site if it were to be sited in an area that would poten ally intersect with an underground mine working. 
Per PDF‐11 (described in Appendix F of the EA/MND) to implement a 500‐foot avoidance buffer during the 
bat maternity season for surface drilling around features with evidence of use by BLM sensi ve bat species, 
the proponent would u lize data provided by the BLM with loca ons of known abandoned mine sites that 
host popula ons of BLM sensi ve bat species to implement the buffer and to inform surface drill si ng. 
 
Addi onally, shielded lights on drilling equipment is a standard equipment feature that would be used 
during nigh me drilling to limit visual impacts from night ligh ng in the Project Area. Although some of 
the known bat species with poten al to be present within the Project Area do not depend on “hawking” 
insects from the air and therefore would likely not be drawn to insect popula on that may be a racted to 
nigh me drill ligh ng, there is a poten al for some foraging bat species to be present that do rely on 
“hawking” insects rather than foraging from the ground and/or vegeta on; therefore, the crea on of a 
source of light that would a ract insects and thus some species of foraging bats is was disclosed as a 
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and which may be subject to several discre onary approvals by governmental agencies. The term 'project' 
does not mean each separate governmental approval.”]) 
 
Bats have been frequently observed in and around the Project site and are known to roost in the exis ng 
underground mines in the Cargos Muchachos Mountains. The purpose of the Project is “to access the 
underground Oro Cruz Mine portal for underground explora on” via drilling, making direct impacts to 
these species a certainty if the Project is approved. (EA/MND, sec. 2.1.1.) The County cannot hide behind 
the scope of BLM’s permi ng authority when defining the environmental impacts of the Project. (Nelson, 
supra, 190 Cal.App.4th at p. 278.) By failing to disclose or analyze the poten ally significant impacts to bat 
species, the EA/MND is le  legally inadequate. 

poten al impact within the EA/MND. Addi onally, per LUPA‐BIO‐14, all long‐term nigh me ligh ng will be 
directed away from riparian and wetland vegeta on, occupied habitat, and suitable habitat areas for Focus 
and BLM Special Status Species. Long‐term nigh me ligh ng will be directed and shielded downward to 
avoid interference with the naviga on of night‐migra ng birds and to minimize the a rac on of insects as 
well as insec vores birds and bats to project infrastructure.  
 
Therefore, through the implementa on of the PDFs and CMAs summarized above, which are similar in 
nature to CDFW’s suggested MM BIO‐[D], poten al impacts to bat species would be properly avoided 
and/or mi gated. As such, per the PDFs, CMAs, and BLM required mi ga on measures included in 
Appendix F of the EA/MND, pre‐construc on surveys would be conducted prior to surface disturbing 
ac vi es in order to iden fy presence of both wildlife, including bat species, and vegeta on species that 
may require addi onal coordinated avoidance with the BLM. 

#8 

II.  The EA/MND’s Cultural Resources Analysis Is Inadequate, and There Is a Fair Argument that the 
Project May Have Significant Impacts to Cultural Resources. 

 
A. The County Has Not Properly Analyzed or Mi gated Impacts to Tribal Cultural Resources. 
 
The site is an important cultural resource for the Fort Yuma Quechan Indian Tribe, which has been affiliated 
with the loca on for thousands of years. In the tribe’s own words: 
 

“The loca on holds its significance to the Quechan People as a part of a greater cultural, religious 
and spiritual landscape that is entwined with origin stories, tradi ons and ceremonies, and the 
cultural patrimony of the Quechan People. The Quechan Tribe considers this landscape a 
Tradi onal Cultural Place (Tradi onal Cultural Property). This loca on has a specific name within 
the Quechan language. As stated previously, this landscape is associated with the cultural prac ces, 
religious beliefs and history that are important to the Tribe to con nue and maintain the Tribe’s 
cultural iden ty. The large number of trails, geoglyphs, ceramics, etc. in this loca on is proof of the 
longterm history, con nued use and significance of this area to the Quechan people and the 
connec on of this loca on to the broader cultural landscape in this region. The Quechan people 
s ll u lize this area today in various cultural capaci es. The preserva on of this area is essen al to 
con nue the cultural, religious and tradi onal prac ces and teaching of future genera ons of 
Quechan youth. 
 
This loca on is ed to the origins of song cycles which live within this landscape. These songs 
specifically reference and speak of the landscape contained within the proposed project area. 
These songs are s ll sung today by the Quechan people. Therefore, they are s ll a part of everyday 
life and e the Quechan people to these places. Use of this landscape for the proposed project 
would be a direct assault on the preserva on of the history, culture and religion of the Quechan 
people, and for that reason this landscape must be preserved for the Quechan culture to con nue. 

 
(EA/MND, Appendix I p. I‐82) 

Formal government‐to‐government consulta on with Na ve American tribes by the BLM has been 
conducted since March 2021, including extensive consulta on mee ngs with the Fort Yuma Quechan 
Indian Tribe. All instances of government‐to‐government consulta on in accordance with Sec on 106 of 
the Na onal Historic Preserva on Act were provided within Sec ons 3.14 and 4.1 of the EA/MND. 
 
Addi onally, the Imperial County Planning Commission (ICPC) has been provided an extensive summary of 
all County and BLM consulta on with impacted Na ve American tribes to date, regarding the Oro Cruz 
Explora on Project (OCEP) as required by AB 52 and by Sec on 106 of the Na onal Historic Preserva on 
Act of 1966. The full record of tribal consula on, along with per nent and suppor ng documents have 
been entered into the County record in an cipa on of the October 25, 2023 ICPC hearing. 
 
Addi onally, a Class III Cultural Resources Inventory Report was prepared in 2021 and accepted by the BLM, 
and the non‐confiden al results of such represent the baseline condi ons and are described in Sec on 3.8 
of the EA/MND.  The Fort Yuma Quechan Indian Tribe was instrumental in preparing the Class III Cultural 
Resources Inventory Report, and provided extensive input so that the BLM, County, and Project proponent 
could redesign the Project to ensure that poten al important cultural resources would be avoided. As 
stated in Sec on 3.8 of the EA/MND, all known cultural resource sites would be avoided thus minimizing 
direct impacts. No adverse impacts would occur with avoidance measures implemented. The BLM would 
require addi onal mi ga on measures to minimize indirect impacts to known cultural resource sites such 
as a cultural monitoring and inadvertent discovery plan, periodic archaeological monitoring in consulta on 
with the BLM ECFO archaeologist, and safeguarding all known culturally sensi ve areas within 100 feet of 
ground disturbance with periodic archaeological monitoring and barrier fencing, as described in Sec on 
3.8.3 and Appendix F of the EA/MND, resul ng in indirect impacts being negligible, short‐term, and 
localized. 
 
Lastly, should the Project be approved and, as such, the cultural monitoring commences upon Project 
ini a on, the BLM will contact all tribes that have engaged in Government‐to‐Government consulta on 
with the opportunity to par cipate as Tribal Cultural Monitors to conduct the BLM‐required archaeological 
monitoring. 

#9 

B. The Tribe Requested Consulta on Under AB 52 and the County Did Not Consult. 
 
Recognizing the irreplaceable nature of tribal cultural resources, California passed AB 52 to require lead 
agencies to consult with tribes during the CEQA process. (OPR 2023.) The consulta on process is necessary 
for the protec on of the resources that are “centrally important to tribal culture and tradi on,” which 
include sites, features, places, or cultural landscapes. (Id, Pub. Res. Code § 21074.) The consulta on process 

Please refer to the response to Comment #8 above, as well as the detailed tribal consulta on summary 
submi ed into the County record in prepara on for the October 25, 2023, ICPC hearing. 
 
To reiterate the informa on presented in the EA/MND, as well as the detail tribal consulta on summary 
submi ed into the County record in prepara on for the October 25, 2023, ICPC hearing, on September 9, 
2021, the County distributed an AB 52 consulta on le er for the proposed Project. Specifically, Project 
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requires the lead agency to “seek, discuss, and consider carefully” the views of the tribe, and to “seek 
agreement.” (OPR 2017.) This is necessary to respect and honor tribal sovereignty. (Id.) Effec ve 
consulta on is an ongoing conversa on, not a single event. (Id.) 
 
The law also imposes substan ve requirements, namely, that “[a] project with an effect that may cause a 
substan al adverse change in the significance of a tribal cultural resource is a project that may have a 
significant effect on the environment.” (Pub. Res. Code, § 21084.2.) Evidence that could support the finding 
of a significant effect on a tribal resource includes formal statements from a Tribal Historic Preserva on 
Officer. (OPR 2017) If, through consulta on with a tribe, the lead agency determines that the project may 
hurt a tribal cultural resource, the agency must consider mi ga on measures. (Id.) 
 
The Fort Yuma Quechan Indian Tribe asserts that it no fied Imperial County of its desire to engage in 
consulta on regarding this Project. (EA/MND, Appendix I p. I‐82.) The County claims that the tribe did not 
respond to the le er it sent ini a ng consulta on, and therefore no consulta on was required. (Id.) This 
factual dispute shows that Imperial County has not successfully communicated with the tribe as intended 
by AB 52. 
 
Further, the evidence in the record shows that the Fort Yuma Quechan Indian Tribe was very engaged in 
advoca ng to protect their cultural resources on the site. The tribe was in frequent contact with BLM to 
“iden fy[] poten al areas of concern that may be associated with the Project.” (EA/MND, p. 123.) The tribe 
first met with BLM regarding the Project on July 12, 2021, and the EA/MND details how tribal 
representa ves a ended at least eight site visits and mee ngs with BLM over the next two years. (Id.) 
 
The tribe demonstrated its profound concern about the Project’s impacts and its willingness to par cipate 
extensively in the review process. The County has violated AB 52 by ignoring this request for consulta on. 

informa on, a map, and contact informa on was sent to the Fort Yuma Quechan Indian Tribe. Due to the 
geographic loca on of the Project, the Fort Yuma Quechan Indian Tribe is the only Na ve American tribe 
that has claimed tradi onal and cultural affilia on with the Project Area and is therefore the only tribal 
en ty required to be no fied of the Project by Imperial County pursuant to AB 52. No response le er was 
received by Imperial County from the Fort Yuma Quechan Indian Tribe; however, since March 2021, the 
BLM and County have had extensive consulta on mee ngs with the Fort Yuma Quechan Indian Tribe in 
accordance with Sec on 106 of the Na onal Historic Preserva on Act (see Sec ons 3.14 and 4.1 of the 
EA/MND). Addi onally, the BLM has and con nues to consult with the Fort Yuma Quechan Indian Tribe to 
ensure that poten al concerns regarding tribal cultural resources are properly addressed. 
 
 

#10 

C.  The County’s Determina on of No Significant Impact to Cultural Resources Is Not Supported by 
Evidence. 

 
It is a viola on of CEQA to approve a project using an MND without first resolving uncertain es regarding 
the project’s poten al to cause significant impacts. (Sunstrom v. County of Mendocino (1988) 202 
Cal.App.3d 296.) This is because a lead agency must prepare an EIR whenever a fair argument supports the 
project could have a significant impact. (Id.) 
 
Despite the lack of adequate consulta on, the County has concluded through an EA/MND that the Project 
would not have significant impacts on tribal cultural resources. (EA/MND, p. 53.) The MND cannot support 
this claim. The EA/MND did not find that the site is not historically or culturally significant. (Pub. Res. Code, 
§ 21084.1.) Instead, the EA/MND merely notes that “not enough informa on has been provided to 
understand the nature, extent, and use of the resource, and therefore to fully assess impacts.” (EA/MND, p. 
56.) The EA/MND stops short of explaining how, if the County cannot “fully assess impacts,” it can s ll 
conclude that there is no substan al evidence suppor ng a fair argument that the impacts may be 
significant. 
 
The EA/MND itself includes a le er from H. Jill McCormick, the tribe’s Historic Preserva on Officer, 
explaining that BLM’s analysis of impacts did not incorporate input from the tribe regarding what sites were 
sacred or tradi onally important. As Ms. McCormick said in the comment le er, it is not possible for BLM to 
make any conclusions about the impact of the Project when “there was no input on the cultural, religious, 
or spiritual effects of this project on the Quechan people.” (EA/MND, Appendix I p. I‐82) 

As stated in response to Comment #1, consistent with the CEQA statutes, if a project is found to have no 
adverse effects, or if the poten al effect can be reduced to a level that is less than significant through 
project revisions/mi ga ons, a Nega ve Declara on or MND can be adopted (§21080). Specifically, the 
statute provides that MNDs may be used, “when the ini al study has iden fied poten ally significant 
effects on the environment, but (1) revisions in the project plans or proposals made by, or agreed to by, the 
applicant before the proposed nega ve declara on and ini al study are released for public review would 
avoid the effects or mi gate the effects to a point where clearly no significant effect on the environment 
would occur, and (2) there is no substan al evidence in light of the whole record before the public agency 
that the project, as revised, may have a significant effect on the environment” (§21064.5).  In summary, if 
all poten al significant impacts can be eliminated or reduced to less than significant, a MND can be 
prepared in lieu of an EIR. Through prepara on of a detailed ini al study, as well as a detailed suite of 
technical studies, Imperial County determined that an MND was the appropriate project document under 
CEQA. The County held an Environmental Evalua on Commi ee (EEC) mee ng on November 17th, 2022, 
where a dra  version of the ini al study/MND was presented to the public, and to a seven‐member panel 
represen ng various County agencies/organiza ons. Through this public process, the EEC determined that 
the mi ga ons measures as proposed would reduce the significant effects to a less than significant level, or 
project design features as included would avoid them all together. For these reasons, the County found that 
an MND was the appropriate CEQA level of review/documenta on for the project. Further, public 
controversy over the possible environmental effects of a project is not sufficient reason to require an EIR "if 
there is no substan al evidence in light of the whole record before the Lead Agency that the project may 
have a significant effect on the environment" (§ 21082.2). 
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The Governor’s Office of Planning and Research advises lead agencies to “invest me and effort into” 
gathering informa on and “seeking a mutually agreeable resolu on,” and the EA/MND does not show that 
the County followed this guidance. (OPR 2017.) A Tribal Historic Preserva on Officer’s statement that the 
tribe has not been adequately consulted and that the project would cause “great harm” to their cultural 
prac ces establishes a “fair argument” that the project might have a significant effect on tribal cultural 
resources. (CEQA Guidelines § 15064(f)(1), Pub. Res. Code, § 21084.2.) The County admits that it does not 
have enough informa on to assess impacts and to establish that there will not be such an impact. 
Therefore, the EA/MND is inadequate and an EIS/EIR is required to gather the necessary informa on before 
the Project may proceed. 

As stated in response to Comment #8 and #9, as well as within the detailed tribal consulta on summary 
submi ed into the County record in prepara on for the October 25, 2023, ICPC hearing, extensive 
government‐to‐government tribal consulta on conducted by both the County and the BLM has occurred 
with the Quechan and other Tribes da ng back to 2021. The BLM recognizes the a ributes that give 
Tradi onal Cultural Proper es significance, such as their associa on with historical events or tradi onal 
prac ces, are o en intangible in nature. The status of the Sec on 106 process, the Tradi onal Cultural 
Property and tribal consulta on was described in Sec ons 3. 8, 3.14 and 4.12 of the EA/MND. As stated in 
Sec on 3.8 of the EA/MND, all known cultural resource sites would be avoided thus minimizing direct 
impacts. No adverse impacts would occur with avoidance measures implemented. The BLM would require 
addi onal mi ga on measures to minimize indirect impacts to known cultural resource sites such as a 
cultural monitoring and inadvertent discovery plan, periodic archaeological monitoring in consulta on with 
the BLM ECFO archaeologist, and safeguarding all known culturally sensi ve areas within 100 feet of 
ground disturbance with periodic archaeological monitoring and barrier fencing, as described in Sec on 
3.8.3 and Appendix F of the EA/MND, resul ng in indirect impacts being negligible, short‐term, and 
localized. 
 
Lastly, the BLM will con nue government‐to‐government consulta on in accordance with Sec on 106 
throughout the life of the Project. In fact, since the ini al ICPC hearing on September 13, 2023, BLM has 
requested addi onal consulta on mee ngs with the Quechan on a proposed Discovery and Monitoring 
Plan (DMP). The DMP is intended to provide con nued opportunity for tribal engagement during the life of 
the Project. Once consulta on on the DMP is complete and accepted, tribal members from the Quechan 
and/or other tribes would be offered an opportunity to monitor the ac vi es of the proponent to ensure 
compliance with all cultural resource protec on measures. 

#11 

III.  The EA/MND’s Analysis of Hydrological and Water Quality Impacts Remains Deficient. 
 
The EA/MND’s evalua on of the Project’s hydrological and water quality impacts is flawed because it lacks 
the necessary facts and analysis to support its conclusions that the Project would not create significant 
impacts. 
 
The EA/MND recognizes that substan ally degrading surface water quality, or altering the exis ng draining 
pa ern of an area, including through the altera on of the course of streams, could nega vely affect the 
hydrology of the Project site and surrounding areas. As a result, the EA/MND’s thresholds of significance 
recognize that the Project would have a significant hydrology impact if it would 1) “substan ally degrade 
surface or ground water quality,” or 2) “substan ally alter the exis ng drainage pa ern of the site or area, 
including through the altera on of the course of a stream or river or through the addi on of impervious 
surfaces,” such as in a manner that could result in silta on on‐ or off‐site. (EA/MND, Table 3‐31.) 
The EA/MND’s mapping iden fies natural ephemeral drainages throughout the site, which convey water 
during storm events. (EA/MND, Sec. 3.22.3.) Elsewhere, the mapping shows that the Project plans to drill 
immediately adjacent to or on top of these ephemeral streams. (EA/MND, Figure 2‐1, 3‐11.) 
 
A thorough analysis of these issues is cri cal. Yet the EA/MND summarily concluded there would be a less 
than significant impact, without disclosing or analyzing how drilling may affect these streams, what 
mi ga on might be required, or what ac ons the Project would take to prevent drilling from affec ng the 
streams. (EA/MND, Sec. 3.22.3.) The EA/MND does not describe the type of drilling that would occur, what 
chemicals may be involved, the slope of the surrounding areas (which would inform the measures needed 
to prevent run off), or the steps it will take to ensure that drilling will not result in chemical or sediment 
runoff.2 And while the EA/MND makes a vague reference to best management prac ces (“BMPs”), it fails to 

The Tumco Wash, depicted on Figure 2‐1 of the EA/MND is an ephemeral stream and conveys water only 
during storm events, as stated in Sec on 3.22.3 of the EA/MND. The Project would require a Construc on 
Stormwater General Permit (CGP) pursuant to the Regional Water Resources Control Board Na onal 
Pollutant Discharge Elimina on System requirements, and a BLM approved SWPPP would be developed 
and implemented to control sedimenta on from disturbance associated with Project ac vi es. The Project 
would also require a Lake and Streambed Altera on Agreement with the CDFW pursuant to California Fish 
and Game Code Sec on 1602. Poten al impacts to surface water quality would be minimized by the 
implementa on of the PDFs outlined in Appendix F, as well as incremental reclama on. Addi onal CMAs 
would also be implemented to minimize resource conflicts and water quality impacts, described in 
Appendix F. The Proposed Ac on would have a negligible, short‐term, and localized impact on surface 
water resources. 
 
All Project access roads would be used strictly for Project support vehicles to access the explora on Drill 
Areas, and they would be signed as having limited access to prevent public use. Please note that the text of 
the EA/MND has been clarified to state the proposed new access road leading to Drill Area 1 would not be 
permanent – it would remain as a post‐surface explora on feature for reclama on, monitoring, and 
underground explora on ac vi es un l complete, which would occur within five years from Project 
implementa on. Addi onally, pre‐construc on surveys would be conducted prior to any surface 
disturbance ac vity, which would include vegeta on surveys. Any results from the pre‐construc on surveys 
that may require addi onal impact minimiza on or avoidance measures would be coordinated with the 
BLM.  
 
As stated throughout the EA/MND and the Reclama on Plan, chemicals or other hazardous materials 
would not be u lized during drilling ac vi es.  SMP would implement Spill Con ngency Plan that complies 
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commit to any such prac ces, which also cons tutes an unlawful deferral of mi ga on (see, infra, sec on 
V.) 
 
It is beyond dispute that surface mining for gold may have significant environmental impacts on perennial 
or intermi ent streams. (Mar n 2020, Okanogan 2023, Punia 2021, Timsina 2022, Yaraghi 2020.) The 
Department of Interior’s surface mining regula ons specifically prohibit surface mining ac vi es within 100 
feet of an ephemeral stream. (30 C.F.R. 816.57 [“No land within 100 feet of a perennial stream or an 
intermi ent stream shall be disturbed by surface mining ac vi es, unless the regulatory authority 
specifically authorizes surface mining ac vi es closer to, or through, such a stream.].) Not only does the 
EA/MND appear to be in viola on of these regula ons, but it fails to provide the necessary disclosures so 
that the public may assess the Project’s compliance with these regula ons, as well as the poten al 
environmental effects on hydrology. And without any of these necessary facts, such as the planned areas 
for drilling or the planned distance between drilling and streams, the EA/MND cannot specifically authorize 
these ac vi es. In sum, the EA/MND simply lacks informa on to conclude that the Project would not result 
in a significant environmental impact. 

with federal and state regula ons for storage and handling of oil at industrial facili es (40 CFR Part 112 and 
California Health and Safety Code Chapter 6.67, Sec on 25270). The Spill Con ngency Plan would include a 
descrip on of the regulated materials stored at the site, discharge preven on measures (e.g., secondary 
and general containment, fueling transfer procedures, etc.), drainage control to ensure spill containment, 
and spill response and clean up procedures. It would also include spill repor ng procedures, training, and 
periodic updates to the plan. Adherence to Spill Con ngency Plan and other safety measures would 
mi gate the poten al for fires due to hazardous releases during equipment fueling and maintenance. It 
would also include spill repor ng procedures, training, and periodic updates to the plan. Adherence to 
SMP’s Spill Con ngency Plan would mi gate the poten al for fires due to hazardous releases during 
equipment fueling and maintenance. The BMPs, opera ng prac ces and other environmental protec on 
measures required by the federal, state and local Cer fied Unified Program Agency (CUPA) regula ons 
would be incorporated into the Project to minimize poten al impacts on the environment due to the 
rou ne transport, use, or disposal of hazardous materials. 
 
As noted above, the Project will obtain a Lake and Streambed Altera on (LSA) Agreement with the 
California Department of Fish and Wildlife (CDFW) pursuant to California Fish and Game Code Sec on 
1602, and this is clearly acknowledged in the EA/MND. Poten al impacts to surface water quality would be 
minimized by the implementa on of the PDFs outlined in Appendix F, as well as incremental reclama on. 
Addi onal CMAs would also be implemented to minimize resource conflicts and water quality impacts, 
described in Appendix F. For these reasons, the Project would have a negligible, short‐term, and localized 
poten al impacts on surface water resources, and poten al impacts would be avoided or mi gated to less 
than significant levels through the implementa on of the BLM‐approved SWPPP. All Project access roads 
would be used strictly for Project support vehicles to access the explora on Drill Areas, and they would be 
signed as having limited access to prevent public use. Please note that the text of the EA/MND has been 
clarified to state the proposed new access road leading to Drill Area 1 would not be permanent – it would 
remain as a post‐explora on feature for reclama on, monitoring, and underground explora on ac vi es 
un l complete, an cipated within five years. Addi onally, pre‐construc on surveys would be conducted 
prior to any surface disturbance ac vity. Any results from the pre‐construc on surveys that may require 
addi onal impact minimiza on or avoidance measures, including those related to surface waters, would be 
coordinated with the BLM. 
 
As discussed in the EA/MND, poten al impacts to surface and groundwater under the Proposed Ac on, 
including water quality, would be negligible, short‐term, and localized per the analysis provided in Sec on 
3.22.3, and were found to be less than significant through implementa on of appropriate avoidance and 
mi ga on measures. Addi onally, the Project would acquire the necessary waters of the state permi ng, 
including the Lake and Streambed Altera on (LSA) Agreement with the CDFW, and a Construc on 
Stormwater General Permit with the Regional Water Quality Board pursuant to California State Water 
Resources Control Board requirements. As such, neither undue impairment nor pollu on of streams and 
waters within the CDCA would occur under the Project. An LSA applica on was submi ed to the CDFW for 
the Project, and either final approval or concurrence that no Waters of the State (WOTS) will be impacted 
by the Project will be obtained from the CDFW prior to any ground‐disturbing ac vi es.  Similarly, a dra  
SWPPP has been prepared for the Project site, and has been approved by Water Board as of September 
2023.  Note that through obtaining the necessary approvals from both the CDFW and the Water Board, the 
Project has address CBD’s comment. 

#12 
V.  The EA/MND’s Mi ga on Is Improperly Deferred 
 

The prepara on and implementa on of an Opera on Dust Control Plan is an Imperial County Air Pollu on 
Control District (ICAPCD) requirement, and is not necessary to mi gated a poten ally significant impact 
pursuant to CEQA.  Consistent with ICAPCD Rule 801, the proponent would develop a site‐specific 
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A lead agency cannot base a nega ve declara on on the presumed success of mi ga on measures that 
have not been formulated at the me of project approval. (Sunstrom v. County of Mendocino (1988) 202 
Cal.App.3d 296.) To address fugi ve dust, the County claims any impacts will be mi gated to less than 
significant levels because SMP “would develop a site‐specific Opera on Dust Control Plan, which would be 
submi ed to the ICAPCD.” (EA/MND at I‐72.) Similarly, to address any hydrological impacts, the EA/MND 
 
The California Court of Appeal had held that such improper deferral of mi ga on renders an MND 
inadequate as a ma er of law. In Schaeffer Land Trust v. San Jose City Council, a proposed mi ga on 
measure required a project applicant “to obtain a biological report regarding the Stephens’ kangaroo rat” 
and to “comply with any recommenda ons in the report.” ((1995) 36 Cal.App.4th 1359.) Since the measure 
“required the applicant to comply with any recommenda ons of a report that had yet to be performed,” 
the court found that the measure “was on all fours” and could not serve as the basis for a legal adequate 
MND. (Ibid.) 
 
Since the EA/MND only requires SMP to comply with recommenda ons that have yet to be developed or 
performed, the measure cannot serve as the basis for this MND. This is because the circumstances under 
which a lead agency may rely on a mi gated nega ve declara on are limited: only when “there is no 
substan al evidence in light of the whole record before the public agency that the project ... may have a 
significant effect on the environment” may an agency prepare a nega ve declara on or mi gated nega ve 
declara on instead of an EIR. (Pub. Res. Code § 21064.5; see also id. §§ 21064, 21080(c).) If there is 
substan al evidence suppor ng a fair argument (a low threshold) that a project may have a significant 
effect on the environment, an agency must prepare an EIR. (Id. § 21080(d).) Without such disclosure or 
analysis before Project approval, the EA/MND simply lacks a basis or any informa on to conclude that there 
is no fair argument that there may be significant fugi ve dust impacts, including the poten al dust impacts 
to wildlife. Proper analysis of the air quality impacts is especially important due to the significant 
cumula ve air quality issues in the Imperial County basin. 

Opera on Dust Control Plan, which would be submi ed to the ICAPCD, and consistent with Rule 801 
requirements, approval would be obtained a minimum of 10 days prior to the first ground disturbing 
ac vi es as a result of the Project. Because the Opera ons Dust Control Plan is required per ICAPCD Rule 
801, and because implementa on of said plan is relevant to air quality, it was described within the 
EA/MND; however, even if the measures described within the Opera ons Dust Control Plan were not 
implemented, poten al air quality and dust impacts would remain less than significant, with no mi ga on 
required.  Therefore, the Opera ons Dust Control Plan is not deferred mi ga on measure. 

#13 

VI.  The Project’s Poten ally Significant Impacts Require Prepara on of an EIR. 
 
An agency must prepare an EIR whenever it is presented with a “fair argument” that a project may have a 
significant effect on the environment, even if there is also substan al evidence to indicate that the impact 
is not significant. (See No Oil, Inc. v. City of Los Angeles (1974) 13 Cal.3d 68; see also Friends of B Street v. 
City of Hayward (1980) 106 Cal.App.3d 988; Guidelines § 15064(f)(1).) Where there are conflic ng 
opinions regarding the significance of an impact, the agency must treat the impact as significant and 
prepare an EIR. (Stanislaus Audubon Society v. County of Stanislaus (1995) 33 Cal.App.4th 144, 150‐51; 
Guidelines § 15064(f)(1).) 
 
An ini al study also must provide the factual basis, with analysis included, for making the determina on 
that no significant impact will result from the project. (Guidelines, § 15063(d)(3).) In making this 
determina on, the agency must consider the direct and indirect impacts of the project as a whole 
(Guidelines § 15064(d)), as well as the project’s cumula ve impacts (see City of An och v. City Council of 
Pi sburg (1986) 187 Cal.App.3d 1325, 1332‐33). 
 
Here, the County must prepare an EIR because, as set forth above, there is a fair argument that the Project 
will cause significant impacts related to cultural resources and biological resources, among other impacts. 
There is substan al evidence in light of the whole record that the project may have a significant effect on 
the environment which cannot be mi gated or avoided, requiring recircula on and prepara on of an EIR. 
(CEQA Guidelines, § 15073.5.) For such a controversial project with significant, irreversible environmental 

As stated in response to Comments #1 and #10, consistent with the CEQA statutes, if a project is found to 
have no adverse effects, or if the poten al effect can be reduced to a level that is less than significant 
through project revisions/mi ga ons, a Nega ve Declara on or MND can be adopted (§21080). 
Specifically, the statute provides that MNDs may be used, “when the ini al study has iden fied poten ally 
significant effects on the environment, but (1) revisions in the project plans or proposals made by, or 
agreed to by, the applicant before the proposed nega ve declara on and ini al study are released for 
public review would avoid the effects or mi gate the effects to a point where clearly no significant effect on 
the environment would occur, and (2) there is no substan al evidence in light of the whole record before 
the public agency that the project, as revised, may have a significant effect on the environment” 
(§21064.5).  In summary, if all poten al significant impacts can be eliminated or reduced to less than 
significant, a MND can be prepared in lieu of an EIR. Through prepara on of a detailed ini al study, as well 
as a detailed suite of technical studies, Imperial County determined that an MND was the appropriate 
project document under CEQA. The County held an Environmental Evalua on Commi ee (EEC) mee ng on 
November 17th, 2022, where a dra  version of the ini al study/MND was presented to the public, and to a 
seven‐member panel represen ng various County agencies/organiza ons. Through this public process, the 
EEC determined that the mi ga ons measures as proposed would reduce the significant effects to a less 
than significant level, or project design features as included would avoid them all together. For these 
reasons, the County found that an MND was the appropriate CEQA level of review/documenta on for the 
project. Further, public controversy over the possible environmental effects of a project is not sufficient 
reason to require an EIR "if there is no substan al evidence in light of the whole record before the Lead 
Agency that the project may have a significant effect on the environment" (§ 21082.2). 
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impacts, the environmental document must include a detailed and thorough analysis of the Project’s likely 
impacts to permit informed decisions about the Project and iden fy effec ve mi ga on measures and 
alterna ves that could reduce these impacts. 

 
It is also important to note that the BLM is the sole owner of the land where the Project is proposed, and 
therefore Imperial County only has discre onary authority over the Reclama on Plan and reclama on 
ac vi es described therein pursuant to SMARA. As such, the “project” evaluated under CEQA would be 
those ac vi es specific to site reclama on. Nonetheless, Imperial County and the BLM opted to prepare a 
joint EA/MND document to ensure that the poten al environmental effects of both explora on ac vi es as 
well as reclama on ac vi es were fully evaluated under CEQA and NEPA. Both the public and the County 
EEC panel members reviewed the en rety of the joint CEQA/NEPA document when rendering the decision 
to prepare an EA/MND for the Project. 

#14 

VII.  Conclusion 
 
As set forth above, the EA/MND does not come close to sa sfying CEQA’s requirements. It fails to describe 
the Project se ng based on adequate survey data and consulta on with the affected tribe and fails to 
provide a complete analysis of Project impacts and feasible mi ga on measures. At the same me, ample 
evidence demonstrates that a fair argument exists that the Project may result in significant environmental 
impacts. In light of this evidence, CEQA requires that an EIR be prepared. 
 
For this reason, and because the Project will have irreparable impacts, we respec ully request that the 
Project be denied at this me. The Project should not be reconsidered un l a legally adequate EIR is 
prepared and cer fied. Please include this le er and all references in your project file for the Project. 
 
Please also include all of the signatories below on your no ce list for all future updates, no ces, and 
documents related to the Project and do not hesitate to contact us with any ques ons at the email listed 
below. 

See responses to Comments #1, #10 and #11 above for details regarding why the County confirmed that a 
MND was the appropriate CEQA level of review/documenta on for the Project. 
 
Lastly, as noted under Comment #13 above, the County only has discre onary authority over the 
Reclama on Plan and reclama on ac vi es described therein pursuant to SMARA. As such, the “project” 
evaluated under CEQA, and the emissions by which ICAPCD thresholds would be applied, would be those 
ac vi es specific to site reclama on. Nonetheless, Imperial County and the BLM opted to prepare a joint 
EA/MND document to ensure that the poten al environmental effects of both mining/explora on ac vi es 
as well as reclama on ac vi es were fully evaluated under CEQA and NEPA. 
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374 Poli Street, Suite 200 • Ventura, CA 93001 • (805) 275‐1515  

 
October 16, 2023 
 
Imperial County, Planning and Development Services Department 
Attn: Michael Abraham 
801 Main Street 
El Centro, California 92234 
 

Re:  Response  to  Comment  Letters  Received  from  Individuals  Requesting  that  the  Mitigated 
Negative Declaration be Rejected in favor of an Environmental Impact Report 

 

Dear Mr. Abraham, 
 
The following has been prepared in response to emails received from numerous individuals who provided 
additional comments regarding the Oro Cruz Exploration Project (the “Project”) in advance of the initial 
Imperial County Planning Commission (ICPC) hearing held on September 13, 2023. The emails, which were 
received from approximately 102 individuals, essentially provided identical comments urging the County 
to reject the Mitigated Negative Declaration (MND) and prepare an Environmental Impact Report (EIR). 
These  comments were made  on  the  grounds  that  the  Project would  cause  irreversible  damage  to  a 
landscape of great cultural, religious, and spiritual  importance to the Quechan people, as well as have 
significant  impacts on  the Picacho Area of Critical Environmental Concern  (ACEC),  including  to critical 
habitat  for  the  threatened Mojave Desert Tortoise. Note  the additional comments provided by  these 
individuals  mirror  comments  previously  provided  during  the  public  comment  period  for  the 
Environmental Assessment/Mitigated Negative Declaration  (EA/MND)  conducted  between November 
2022  and  January  2023,  pursuant  to  the  National  Environmental  Quality  Act  (NEPA)/California 
Environmental Quality Act (CEQA). Nonetheless, we have responded to the comments and highlighted 
information within the existing Project record that addresses each of the concerns raised. See Attachment 
1 which contains a copy of one of the comment emails received. 
 
Quechan Tribe: Imperial County and the Bureau of Land Management (BLM) understand that the Project 
area is of great cultural, religious, and spiritual importance to the Quechan people, and as a result, have 
conducted extensive formal government‐to‐government consultation with the Quechan dating back to 
March 2021. The ICPC has been provided an extensive summary of all County and BLM consultation with 
impacted Native American tribes to date, regarding the Oro Cruz Exploration Project (OCEP) as required 
by Assembly Bill (AB) 52 and by Section 106 of the National Historic Preservation Act of 1966. The full 
record of tribal consultation, along with pertinent and supporting documents, has been submitted under 
separate cover and entered into the County record in anticipation of the October 25, 2023 ICPC hearing. 
 
Additionally, a Class III Cultural Resources Inventory Report was prepared  in 2021 and accepted by the 
BLM, and  the non‐confidential  results of  such  represent  the baseline  conditions and are described  in 
Section 3.8 of the EA/MND. The Fort Yuma Quechan Indian Tribe was instrumental in preparing the Class 
III Cultural Resources Inventory Report by providing extensive input so that the BLM, County, and Project 
Proponent could redesign the Project to ensure that potentially  important cultural resources would be 
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avoided. As stated in Section 3.8 of the EA/MND, all known cultural resource sites would be avoided thus 
minimizing direct impacts. No adverse impacts would occur with avoidance measures implemented. The 
BLM  would  require  additional  mitigation  measures  to  minimize  indirect  impacts  to  known  cultural 
resource  sites  such  as  a  cultural  monitoring  and  inadvertent  discovery  plan,  periodic  archaeological 
monitoring in consultation with the BLM El Centro Field Office (ECFO) archaeologist, and safeguarding all 
known  culturally  sensitive  areas  within  100  feet  of  ground  disturbance  with  periodic  archaeological 
monitoring and barrier fencing, as described in Section 3.8.3 and Appendix F of the EA/MND, resulting in 
indirect impacts being negligible, short‐term, and localized. 
 
Lastly, should the Project be approved and, as such, the cultural monitoring commences upon Project 
initiation, the BLM will contact all tribes that have engaged in government‐to‐government consultation 
with  the  opportunity  to  participate  as  Tribal  Cultural  Monitors  to  conduct  the  BLM‐required 
archaeological monitoring. 
 
Mojave Desert Tortoise: Extensive Mojave Desert  tortoise  surveys were  conducted  in  support of  the 
CEQA/NEPA  process,  and  extensive  Mojave  Desert  tortoise  avoidance  and  mitigation/minimization 
measures will be implemented throughout the life of the Project. 
 
Per  the  analysis  in  Section  3.23.3  of  the  EA/MND,  impacts  to  threatened  and  endangered  species 
(including Mojave Desert tortoise), special status species, and general wildlife species are anticipated to 
be  negligible  to minor,  short‐term,  localized,  and  sufficiently mitigated  to  less  than  significant  levels 
through  the  implementation of  the avoidance and minimization measures summarized below. Several 
Project Design Features  (PDFs) have been developed by the proponent for  implementation during the 
Project to avoid or sufficiently mitigate potential impacts. Additional wildlife‐specific mitigation measures 
would be required for implementation by the BLM, as outlined in Appendix F of the EA/MND. Specifically, 
detailed  desert  tortoise  avoidance  measures  (17  total),  summarized  within  the  Plan  of  Operations 
(Appendix A of the EA/MND), would be  implemented onsite. These  include but are not  limited to pre‐
construction  tortoise surveys, onsite monitoring during  tortoise active season, and employee  training. 
Additionally,  as  discussed  in  Section  3.23.3  of  the  EA/MND,  SMP  has  committed  to  conducting  pre‐
construction surveys within 48 hours of surface disturbance within the species‐specific buffers outlined in 
Appendix F of the EA/MND from the area to be disturbed  in order to avoid  impacts to Mojave Desert 
tortoise.  Surveys  for Mojave Desert  tortoise may  be  combined with  pre‐construction migratory  bird 
surveys if taking place during the nesting season. 
 
In addition to the PDFs/CMAs cited by CDFW, PDF‐21 included in Table F‐1 of Appendix F of the EA/MND 
would also be implemented, which notes that if a tortoise is encountered during construction activities, 
work would be halted immediately per the authority of a designated Field Contact Representative (who 
would be a BLM‐approved Authorized or Qualified Biologist). The representative would be on‐site year‐
round during all Project activities, in proximity to the tortoise until an on‐call BLM‐approved Authorized 
Biologist arrives  to move  the  tortoise  from harm’s way, or until  the  tortoise  leaves of  its own accord. 
Specifically, the following PDFs and CMAs, which are similar in nature to CDFW’s suggested MM BIO‐[F], 
will  be  implemented  to  ensure  potential  impacts  to  desert  tortoises  are  properly  avoided  and/or 
mitigated: 

 PDF‐13: Within 24 hours of the commencement of Project activities, a BLM‐approved Authorized 
or Qualified Biologist would inspect the area to be disturbed plus a 500‐foot buffer, focusing on 
areas that could provide suitable desert tortoise burrow or cover sites, such as dry washes with 
caliche. This may be combined with the above pre‐construction migratory bird survey  if taking 
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place during the nesting season. Burrows would be flagged such that they would be avoided by 
Project  activities. When  requesting  authorization of biologists  to handle desert  tortoises,  the 
Permittee/BLM will submit credentials  to the USFWS  for review and approval at  least 30 days 
prior to the need for the biologist to perform those activities in the field. 

 PDF‐21: SMP would designate a field contact representative (FCR) who would be responsible for 
overseeing compliance with protective stipulations for the desert tortoise and for coordination 
on compliance with the BLM. The FCR must be on‐site during all Project activities. The FCR would 
have the authority to halt Project activities that are in violation of the stipulations. The FCR would 
have a copy of all stipulations when work is being conducted on the site. The FCR may be a crew 
chief or field supervisor, a project manager, any other employee of the Project Proponent, or a 
BLM‐approved  Authorized  Biologist.  Any  incident  occurring  during  Project  activities  that  is 
considered by the FCR to be in non‐compliance with the mitigation plan would be documented 
immediately  by  the  FCR.  The  FCR  would  ensure  that  appropriate  corrective  action  is  taken. 
Corrective  actions would  be  documented  by  the  FCR.  The  following  incidents would  require 
immediate cessation of the construction activities causing the incident, including: 

o Imminent threat of injury or death to a desert tortoise; 
o Unauthorized handling of a desert tortoise, except on designated roads; 
o Conducting any construction activity without a biological monitor where one is required. 

If  a  tortoise  is  encountered  during  construction  activities,  work  would  be  halted  in 
proximity to the tortoise until an on‐call BLM‐approved Authorized Biologist can move 
the animal from harm’s way or until the desert tortoise leaves of its own accord. 

 PDF‐34: Injury: Should any desert tortoise be injured or killed, all activities would be halted, and 
the Authorized Biologist immediately contacted. The biologist would have the responsibility for 
determining whether the animal should be transported to a veterinarian for care, which is paid 
for by the Project Proponent if involved. If the animal recovers, the USFWS is to be contacted to 
determine the final disposition of the animal; few injured desert tortoises are returned to the wild 

 
Through the required pre‐construction surveys, including onsite surveys anytime construction equipment 
is moved to a new location, as well as the implementation of PDFs and CMAs (Appendix F of EA/MND) 
summarized above, impacts to desert tortoise are expected to be fully avoided, or mitigated to less than 
significant levels. 
 
Additionally,  pre‐construction  surveys  would  be  conducted  year‐round  prior  to  surface  disturbance 
occurring per the PDFs and BLM‐required additional mitigation measures included in Appendix F of the 
EA/MND. 
 
MND vs. EIR: Consistent with the CEQA statutes, if a project is found to have no adverse effects, or if the 
potential effect can be reduced to a level that is less than significant through project revisions/mitigations, 
a Negative Declaration or MND can be adopted (§21080). Specifically, the statute provides that MNDs 
may be used, “when the initial study has identified potentially significant effects on the environment, but 
(1) revisions in the project plans or proposals made by, or agreed to by, the applicant before the proposed 
negative declaration and initial study are released for public review would avoid the effects or mitigate 
the effects to a point where clearly no significant effect on the environment would occur, and (2) there is 
no substantial evidence in light of the whole record before the public agency that the project, as revised, 
may have a significant effect on the environment” (§21064.5).  In summary,  if all potentially significant 
impacts can be eliminated or reduced to less than significant, an MND can be prepared in lieu of an EIR. 
Through the preparation of a detailed initial study, as well as a detailed suite of technical studies, Imperial 
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County determined that an MND was the appropriate project document under CEQA. The County held an 
Environmental Evaluation Committee (EEC) meeting on November 17th, 2022, where a draft version of the 
initial study/MND was presented to the public, and a seven‐member panel representing various County 
agencies/organizations. Through this public process, the EEC determined that the mitigation measures as 
proposed would reduce the significant effects to a less than significant level, or Project design features as 
included would  avoid  them  all  together.  For  these  reasons,  the County  found  that  an MND was  the 
appropriate CEQA  level of review/documentation  for the project. Further, public controversy over the 
possible  environmental  effects  of  a  project  is  not  sufficient  reason  to  require  an  EIR  "if  there  is  no 
substantial evidence  in  light of the whole record before the Lead Agency that the project may have a 
significant effect on the environment" (§ 21082.2). 
 
It is also important to note that the BLM is the sole owner of the land where the Project is proposed, and 
therefore  Imperial County only has discretionary authority over the Reclamation Plan and reclamation 
activities described therein pursuant to the Surface Mining and Reclamation Act (SMARA). As such, the 
“Project”  evaluated  under  CEQA  would  be  those  activities  specific  to  site  reclamation.  Nonetheless, 
Imperial County and the BLM opted to prepare a joint EA/MND document to ensure that the potential 
environmental effects of both exploration activities as well as reclamation activities were fully evaluated 
under CEQA and NEPA. Both the public and the County EEC panel members reviewed the entirety of the 
joint CEQA/NEPA document when rendering the decision to prepare an EA/MND for the Project. 
 
Conclusion: Thank you for your time and consideration in this matter. We respectfully request that this 
letter  response  be  disseminated  to  the  Commissioners  prior  to  the  second  ICPC  hearing  currently 
scheduled  for October 25th, 2023. We  also  request  that  the Commissioners  review  the  full  record of 
consultation with tribes, including the Quechan, along with pertinent and supporting documents, which 
have been  submitted under  separate  cover. Please  feel  free  to  contact me, or Ben Veach, P.E., with 
Stantec if you have any questions or if you need additional information. 
 
Respectfully submitted, 

 
Graham Stephens 
Sespe Consulting, Inc. 
 
 
ATTACHMENTS 

1. Email Template Received  from 102  Individual Commenters  (example provided  from Valerie A 
Kobal, dated September 11, 2023) 
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Email Template Received from 102 Individual Commenters 
(example provided from Valerie A Kobal, dated September 11, 2023) 
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Graham Stephens

From: Michael Abraham <MichaelAbraham@co.imperial.ca.us>
Sent: Tuesday, September 12, 2023 9:11 AM
To: Shelby.Hockaday@stantec.com; 'Veach, Ben'
Cc: Rodriguez Sanchez, Christian M; Martinez, Mayra Y; Sahagun, Carrie; Graham Stephens; Barnes, 

Hayley
Subject: FW: Reject the Oro Cruz Mitigated Negative Declaration (MND) and require an EIR

Good Morning, 
 
Please see email below, and be prepare to response the comments. 
 
We have received numerous email comments (with the same language) as shown 
below. 
 
Thanks, 
 
 
From: Valerie A Kobal <twoval@vom.com>  
Sent: Monday, 11 September, 2023 8:53 PM 
To: Gerardo Quero <gerardoquero@co.imperial.ca.us> 
Subject: Reject the Oro Cruz Mitigated Negative Declaration (MND) and require an EIR 
 
CAUTION: This email originated outside our organization; please use caution. 
Dear Imperial County Planning Commission, 
 
I’m writing to express my serious concerns about the impacts of the proposed Oro Cruz Exploration Project in 
Imperial County, California. Exploration by SMP Gold Corp. would cause irreversible damage to a landscape of 
great cultural, religious, and spiritual importance to the Quechan people. Furthermore, the project would have 
significant impacts on the Picacho Area of Critical Environmental Concern, including on critical habitat for the 
threatened Mojave Desert Tortoise. I urge the commission to reject the Mitigated Negative Declaration and 
require an Environmental Impact Report to fully analyze these significant impacts. 
 
Sincerely, 
Valerie A Kobal 
p.o. box 27 
Vineburg, CA 95487 
CAUTION: This email originated from outside of the Trinity Consultants organization. Do not click links or open attachments unless 
you recognize the sender's name, sender's email address and know the content is safe. 
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374 Poli Street, Suite 200 • Ventura, CA 93001 • (805) 275‐1515  

 
October 16, 2023 
 
Imperial County, Planning and Development Services Department 
Attn: Michael Abraham 
801 Main Street 
El Centro, California 92234 
 

Re:  Response to Comment Letter Received from Faron Owl dated September 13, 2023 
 

Dear Mr. Abraham, 
 
The  following has been prepared  in response to the  letter received  from Faron Owl, a Quechan Tribal 
Elder/Member, dated September 13, 2023, which provided additional comments regarding the Oro Cruz 
Exploration Project (the “Project”) in advance of the initial Imperial County Planning Commission (“ICPC”) 
hearing held on September 13, 2023. 
 
As reaffirmed in Faron’s letter, the area in which the Project is proposed is of great cultural importance to 
the  Fort  Yuma  Quechan  Indian  Tribe.  As  such,  both  the  County  and  primarily  the  Bureau  of  Land 
Management (BLM), who is the sole owner of the land where the Project is proposed, have engaged in 
extensive  government‐to‐government  consultation  in  accordance  with  Section  106  of  the  National 
Historic Preservation Act, dating back to 2021, in an attempt to identify and avoid those areas that are 
considered  sacred  to  the  Quechan.  The  Quechan  provided  extensive  input  during  the  years‐long 
preparation of the Class III Cultural Resources Inventory Report, and interested parties took great care to 
ensure that any identified tribal cultural resources would be properly avoided. The BLM has and would 
continue to conduct Section 106 government‐to‐government consultation with the Quechan throughout 
the  life  of  the  project.  In  fact,  since  the  September  13th  ICPC  Hearing,  BLM  has  requested  another 
consultation meeting with the Quechan on a proposed Discovery and Monitoring Plan. The Discovery and 
Monitoring Plan is intended to provide continued opportunity for tribal engagement during the life of the 
Project. Tribal members  from  the Quechan and/or other  tribes will also be offered an opportunity  to 
monitor onsite activities during operations  to ensure compliance with all cultural  resource protection 
measures. 
 
It  is also  important  to note  that because  the BLM  is  the  sole owner of  the  land where  the Project  is 
proposed, Imperial County only has discretionary authority over the Reclamation Plan and reclamation 
activities described therein pursuant to the Surface Mining and Reclamation Act (SMARA). As such, the 
“project”  evaluated  under  CEQA  would  be  those  activities  specific  to  site  reclamation.  Nonetheless, 
Imperial County and  the BLM opted  to prepare a  joint Environmental Assessment/Mitigated Negative 
Declaration  (EA/MND) document  to  ensure  that  the potential  environmental  effects,  including  those 
pertaining  to  tribal  cultural  resources,  of  both  mining/exploration  activities  as  well  as  reclamation 
activities were fully evaluated under CEQA and NEPA.  
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Thank you for your time and consideration in this matter. We respectfully request that this letter response 
be disseminated to the Commissioners prior to the second ICPC hearing currently scheduled for October 
25th, 2023. We also request that the Commissioners review the full record of consultation with tribes, 
including  the Quechan, along with pertinent and  supporting documents, which have been  submitted 
under separate cover.  Please feel free to contact me, or Ben Veach, P.E., with Stantec if you have any 
questions or if you need additional information. 
 
Respectfully submitted, 

 
Graham Stephens 
Sespe Consulting, Inc. 
 
 
ATTACHMENTS 

1. Letter Received from Faron Owl (September 13, 2023) 
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Letter Received from Faron Owl (September 13, 2023) 
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September 13, 2023 

Dear Imperial County Planning Commission: 

RE: Oro Cruz Exploration Project 

Just west of the Quechan Indian land lays a place many believe has 
magical powers. However, for the Quechan and other native people 
in the region for centuries, the land holds not mythical magic, but a 
real religious and cultural connection with the land, air, water insects, 
winged, and four legged beings. 

The preservation of this site (Trail of Dreams to the Quechan) is 
important to the Quechans to continue religious, traditional practices, 
and cultural teaching of future generations of Quechan children. The 
site is a place for prayers and ceremonies; it is the site of our creation 
story and should be interpreted as a literal and historical account of 
how the Quechan people were created. 

I am writing to you because of my growing concern regarding the 
impacts of the proposed Oro Cruz Exploration Project in Imperial 
County, California. Exploration, by SMP Gold Corp., will permanently 
desecrate the area and destroy our tribal cultural and religious 
heritage. I urge the Imperial County Planning Commission to require 
an Environmental Impact Study to properly analyze the irreparable 
impact on this sacred land before making a decision on the project. 

Please include this letter in your project file for the Oro Cruz 
Exploration Project. Also, include all future updates, notices, and 
documents related to the Project. Please do not hesitate to 
contact me with any questions at the number or email listed below. 

Sincerely, 

Faron Owl 
Quechan Tribal Elder/Member 
(928) 210-0114 
owl.rez19@gmail.com 
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From: Sahagun, Carrie L
To: Tribal Chair - Sherry Cordova, Chairwoman
Cc: Martinez, Mayra Y; Robinson, Hannah A
Subject: BLM updates on the Oro Cruz mining exploration project, Imperial County
Date: Thursday, April 13, 2023 10:21:54 AM
Attachments: BLM letter to Cocopah_Oro Cruz_4-13-2023.pdf

Dear Chairwoman Cordova,
I hope this email finds you well. Please find attached a copy of our most recent letter to the
Tribe regarding the proposed Oro Cruz mining exploration project within Imperial County.  The
purpose of the letter is to provide an updated summary of identification efforts, the final
revised Class III report and the BLM's proposed determinations of eligibility and findings of
effect for a 30-day consultation period concluding on May 14, 2023. Thank you very much and
please let us know if you have any questions or would like to schedule a government-to-
government meeting to discuss the project.
-Carrie

Carrie L. Sahagun
Acting Field Manager
BLM El Centro Field Office
1661 S. 4th Street
El Centro, CA  92243
(760) 337-4437
USDI, Region 8
she/her

 Caution: This email originated from outside of Stantec. Please take extra precaution.
 Attention: Ce courriel provient de l'extérieur de Stantec. Veuillez prendre des précautions
supplémentaires.
 Atención: Este correo electrónico proviene de fuera de Stantec. Por favor, tome
precauciones adicionales.

PC ORIGINAL PKG

mailto:csahagun@blm.gov
mailto:cocotcsec@cocopah.com
mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=usere43a5231
mailto:hrobinson@blm.gov



































United States Depa1i1nent of the Interior 
BUREAU OF LAND 1\!ANAGEMENT 

El Centro Field Office 
1661 S. 4th Street 

El Centro CA 92243 
\\WW bhu go\·, office: el-cenh·o-fielcl-office 

April 13, 2023 

In Reply Refer To: 
CACA-059124/ CR CA-670-21-003/81 00(P) 
CA670.25 

CERTIFIED MAIL/RETURN RECEIPT REQUESTED 

Ms. Sherry Cordova, Chairperson 
Cocopah Indian Tribe 
14515 S. Veterans Dr. 
Somerton, AZ 85350 

Dear Chairperson Cordova, 

The Bureau of Land Management (BLM) El Centro Field Office (ECFO) would like to continue 
our government-to-government consultation with you pursuant to Section 106 of the National 
Historic Preservation Act and other relevant laws and regulations regarding the SMP Gold Corp. 
(SMP) proposed project to conduct exploratory drilling activities in south-eastern Imperial 
County. The purpose of this letter is: 

1) Update the BLM's summary of identification efforts, 
2) Provide the final revised Class Ill Cultural Resource lnvento,y for Oro Cruz Exploration 

Project, Imperial County, California prepared by ASM Affiliates Inc. (ASM) with a 
summary of changes from the draft report, 

3) Provide the Agency's proposed determinations of eligibility and findings of effect for the 
Project for a 30-day consultation period. 

Summary of Identification Efforts 
On August 25, 2022, the BLM sent to all Tribes and consulting parties an updated description of 
the area of potential effects (APE), a summary of the results of the field inventories and a copy 
of the draft inventory report for a 30-day consultation period1. Below is a comprehensive 
summary update of the status and results of all the identification efforts to date. 

Westland Resources, Inc. contracted ASM on behalf of the BLM to conduct a Class III cultural 
resource inventory to identify cultural resources that are eligible or potentially eligible for listing 
on the National Register of Historic Places (NRHP). The Class III inventory included a records 
search at the South Coastal Information Center (SCIC) and an intensive pedestrian survey within 
the physical effects APE. On September 20 through 24 and October 30 and 31, 2021, 
archaeologists from ASM completed the Class III field inventory. All survey was conducted with 
a Native American monitor present. 

1 Prior BLM Se.ction 106 consultation letters for the proposed project include those dated March 31, 2021 and 
August 10, 2021. 
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The results of the records search identified 11 previously recorded cultural resources that 
intersect the Physical Effects APE, including one prehistoric trail (CA-IMP-1469), the Ruins of 
Tumco Mining Town (CA-IMP-3297/3300H/3302), a historic cemetery (CA-IMP-3298), the 
Golden Queen Mine (CA-IMP-11343H), the Crowns Mine (CA-1MP-11344H), and five other 
unnamed mines (P-13-015600, P-13-015601, P-13-015602, P-13-015656, and P-13-015841). 
During the inventory, ASM relocated the 11 previously recorded cultural resources, recorded one 
new prehistoric site (CA-IMP-I 3336) and several historic mining features within the Physical 
Effects APE.- ASM also completed a visual and auditory affects (V AA) analysis of cultural 
resources that could be affected by the Project but that were outside the Physical effects APE. 
Below is a summary description of the resources documented by ASM along with their 
recommendations. As a result of BLM consultation efforts with the Tribes, a Traditional Cultural 
Property (TCP) has also been identified encompassing the project area and a summary of that 
resource is also provided. 

CA-IMP-1469 
This previously recorded site is a prehistoric trail approximately 740 m long and 30 cm wide, 
tamped into the desert pavement and divided into two segments by an unnamed wash. The 
southernmost end of the site occurs within the physical effects APE for the Project. During the 
pedestrian survey, ASM revisited the southernmost 17 m of the site, which falls within the 
proposed APE for an existing access road. The 17m portion of the site inspected appeared to be 
moderately disturbed by off-road vehicle traffic and seasonal/ephemeral sheet wash erosion. No 
other artifacts or features were identified at this portion of the site. CA-SDI-1469 will be treated 
as eligible for inclusion on the NRHP and avoided during the drilling project . The potential for 
adverse effects is low for this site as it is adjacent to an existing road not scheduled for 
improvements. Additionally, ESA fencing can ensure that mining vehicles do not veer offroad in 
this section. 

CA-IMP-3297/3300/3302 
This previously recorded site is the Hedges/Tumco Historical Townsite designated by the 
California State Department of Parks and Recreation as California Historic Landmark No. 182. 
The site was initially recorded by Rudolf Miller in 1977. The Hedges/Tumco Historic Townsite 
ruins include residential areas, two cemeteries, a commercial district, a company district, and 
many mining-related features. The site was evaluated for the Oro Cruz Plan of Operation of the 
American Girl Project in 1992 by Burney and Associates through archaeological testing, oral 
history, geomorphology, aerial photography, and extensive archival research and was 
recommended as eligible for listing in the NRHP. In 1994, the BLM determined in consultation 
with the California State Historic Preservation Office (SHPO) that the site was indeed eligible 
for listing in the NRHP under Criteria (a), (c), and (d). The current Project plan will avoid 
physically affecting all features identified during the survey associated with CA-IMP-
3297/3300/3302, and thus the Project is not likely to have an adverse effect on the NRHP 
eligible site. Temporary fencing and periodic monitoring may be needed to ensure that those 
features in close proximity to the proposed access roads are not impacted. 

CA-IMP-3298 
This previously recorded site is a historic cemetery adjacent to an existing access road designated 
as Road Segment No. I of the Project. CA-IMP-3298 is technically a feature within CA-IMP-
3297/3300/3302 and the site boundaries have been updated to include it. While this road segment 
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is planned for improvements, the cemetery is currently fenced. Additionally, ESA fencing can be 
placed along this road segment to ensure avoidance during construction. The current Project 
plans are such that avoidance of this resource is feasible. Thus the Project will not adversely 
affect this site. 

CA-IMP-7915 
This previously recorded historic site was recorded as part of the North Baja Gas Pipeline 
alignment project. The site consists of a wooden pole, H-frame, 161kV transmission line built in 
1951 and stretches from a substation in Pilot Knob in Imperial County to Blythe in Riverside 
County. The line is part of a transmission line system that carries power from the Davis and 
Parker Dams on the Colorado River to 31 substations. ASM relocated the transmission line 
during the survey and determined that it only intersects a small section of Road Segment No. 17, 
and none of the existing poles fall within the Physical Effects APE; therefore these features can 
be avoided by the currently proposed Project. 

CA-IMP-11343 
The Golden Queen mine is technically a feature within CA-IMP-3297/3300/3302. In 1994 it was 
determined by BLM in consultation with SHPO to not be a contributing component to the 
Hedgesffumco Historic Townsite due to the poor condition and natural weathering of the 
features associated with the Queen mine area. This determination occurred before it was 
recorded in 2010 by J. Kellogg of the BLM Needles office during a survey in association with 
the California Desert District Abandoned Mine Lands program. In his report, Kellogg 
recommended it as eligible. The proposed Project component that intersects the site is an existing 
access road with no plans for improvements. Given that there are no plans to improve this 
segment of the Physical Effects APE, the Project will likely have no adverse effect on this site. 

CA-IMP-11344 
This previously recorded site is the Crowns mine which is technically a feature within CA-IMP-
3297 /3300/3302. Three mining features were identified during the current survey within the 
boundaries of this site, including an adit, the remains of a shaft, and a prospect. Additionally, one 
milled lumber feature was identified during the survey with no associated artifacts. These 
features may correspond to those identified by the BLM as. not eligible for listing in the NRHP in 
the 1994 Oro Cruz Operation of the American Girl Mining Project EIS. For the present project · 
these features will be treated as eligible and avoided. The current Project plans will avoid these 
features, and thus the Project will not have an adverse effect on the site. 

CA-IMP-13336 
This newly recorded site consists of four potsherds that include one rim and three body sherds. 
The ceramic fragments are distributed with a maximum of 2 m between sherds. Ceramics are 
associated with late prehistory in general, and in the area specifically from AD 700-900, and 
onwards. No other artifacts or features were identified at the site. The condition of CA-IMP-
13336 is good, with minimal disturbance limited to minor silt deposition in the site area due to 
seasonal water flow. CA-IMP-13336 will be treated as eligible for inclusion on the NRHP and 
avoided during the drilling project This small site can easily be avoided by placing temporary 
environmentally sensitive area (ESA) fencing around it during construction. 
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P-13-15600 
This previously recorded resource was documented as a mine consisting of two shafts, an adit, 
and a prospect. One of the shafts was reported to have an opening measuring 10 x 10 ft. with a 
depth of 15 ft., and the site was mapped as spanning an area measuring 43 m across. No 
associated artifacts were observed during its recordation, and it was noted that the various 
features appeared to be in the process of collapse. ASM revisited P-13-15600. However, none of 
the features recorded at the site were found to fall within the Physical Effects APE, which is 
composed of an access route that intersects with the site's eastern boundary. As the site will be 
avoided, there will be no adverse effects to historic properties. 

P-13-15601 
This previously recorded resource was documented as a mine consisting of two shafts, an adit, 
and a prospect situated on a north-facing slope. The site was associated with a 55-gallon barrel, 
undiagnostic cans, and glass fragments. ASM revisited a portion of the site during the survey and 
relocated the previously recorded features within the Physical Effects APE. The site will be 
treated as NRHP eligible and avoided, so there will be no adverse affects to historic properties. 

P-13-15602 
This previously recorded resource was documented as a mine consisting of two shafts, a prospect 
trench, and a prospect pit. The presence of fencing, modem trash, and possible remaining 
cribbing was noted during the site's recordation. ASM revisited a small portion of P-13-15602 
during the current survey, with most of the site found outside the Physical Effects APE to the 
west. The site will be treated as NRHP eligible and avoided so that there will be no affects to 
historic properties. 

P-13-15656 
This previously recorded resource was documented as a mine site composed of a single shaft and 
adit. The two were connected underground and found with an associated rock waste pile to the 
west. A small undiagnostic can scatter and piece of sheet metal were noted during the 
recordation. ASM revisited the very small portion of P-13-15656 that intersected with the 
proposed Project APE. However, none of the previously recorded features were relocated in that 
area. A small scatter of metal strands that appear to be the remains of a cable were identified 
along the eastern site boundary. No other artifacts or features associated with this site were 
identified within the Physical Effects APE. The site will be treated as NRHP eligible and 
avoided, there will be no affects to historic properties. 

P-13-15841 
This previously recorded resource was documented as a mine consisting of two shafts and an adit 
located on the north end of the Tumco valley. All three features were associated with waste rock 
piles, and no associated artifacts were identified. One of the shafts, Shaft 1, was noted to have a 
wire fence, and the adit was reported to have been previously filled in. ASM revisited P-13-
15841 during the survey and relocated the sealed adit (Adil 1) and one of the shafts (Shaft 2). In 
the northern portion of the site, the cut on the slope for the adit was found to be approximately 10 
m long and 3 m wide. As the site will be treated as NRHP eligible and avoided, there will be no 
effects to historic properties. 
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Finally, six newly recorded historic mine features, P-13-018460, -018461, -018462, -018463, -
018464, and 018465, were also recorded during the current survey. They consist of adits and 
prospects and are all isolated mining features that were likely created sometime between 1953 
and 1961 based on historic topographic maps and aerials of the area. All features will be treated 
as NRHP eligible and avoided for this project. 

Archaeological Sites Located within the V AA APE 
The V AA APE intersects 3 7 prehistoric trails, geoglyphs, ceramic scatters, lithic scatters, rock 
art sites, and isolates that have potential to be deemed sacred or traditionally important by Native 
American tribes. The use of these sites and locations by Native American tribes may be affected 
by the Project through temporary visual obstructions and loud noise levels such that the integrity 
of the "setting" and "feeling" of the sites is disturbed. 

Of the 35 proposed potential drill sites, the closest of the prehistoric sites is 630 meters (2,067 
feet) away, and the rest are between 950 and 2565 meters (3,117 and 8,415 feet) away. The 
viewshed analysis and line of site examples indicate that a 40-foot drill rig line against the 
existing landscape would not create a strong contrast against the backdrop of the existing 
landscape and would likely not be noticed by the casual viewer. Of 18 selected sites that intersect 
the potential visual APE the drill rigs would not be likely to have an adverse visual effect on the 
integrity of the setting or feeling of the selected sites from a distance of 630 meters or greater. 

The auditory APE report suggests that drilling noise from the Project would be substantially 
shielded towards the east and north due to the topography of the Cargo Muchacho Mountains. 
Most of the sites are far enough away from the Project area, the Physical Effects APE, and the 
proposed helicopter drill sites that they would fall within the noise level contours of ~40-35 dBa 
Lt.'<! or lower, which would be the equivalent of a suburban residential area at night. Based on the 
contours provided by Saxelby Acoustics, the proposed Project would not be likely to have an 
adverse auditory effect on the integrity of the setting or feeling of the 25 selected sites that 
intersect the V AA APE. 

Identified Traditional Cultural Property 
The Quechan Indian Tribe has conveyed to the BLM that the Oro Cruz project area is located 
within and encompassed by a much larger TCP as described in the 1997 cultural report titled, 
Where Trails Cross: Cultural Resources Invento,y and Eva/uatio11for the Imperial Project, 
Imperial County, California. This 1997 report recorded the Quechan elders' discussions of the 
trails and associated features and the importance of this region to the Quechan Tribe for 
conducting ceremonies and rituals, storytelling and song cycles, and for resource gathering. To 
briefly summarize, the preservation of this area is essential to maintain cultural, religious and 
traditional practices and teaching of future generations of Quechan youth. This 1997 cultural 
report also defines the Running Mari Area of Traditional Cultural Concern (A TCC) located about 
9 miles northeast of the Oro Cruz project area. Although a boundary was created to define the 
Running Man A TCC for management purposes, the report clearly states that an extensive and 
complex network of trails and associated sites and "potentially other A TC Cs and linking trail 
systems" are running throughout the region. 

The physical or tangible cultural resource evidence of this TCP identified within the Project area 
are the prehistoric trails, geoglyphs, rock art, and numerous other associated sites containing 
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ceramics and lithics primarily located within the V AA APE. The network of prehistoric trails 
and associated features are tied directly to the Quechan's stories of origin, religious ceremonies, 
and traditional cultural teachings as are the Cargo Muchacho Mountains themselves. The TCP 
extends from this trail network and associated cultural sites to the "mountains, rivers and springs. 
and includes the plants and animals" living within the region. The Keruk/Xam Kwatsam Trail 
system is one of the largest known (but not fully recorded or defined) trail systems that runs the 
length of the Colorado River between the Newberry Mountains in the north to Pilot Knob near 
the southeastern comer oflmperial County, California. The 1997 report identifies approximate 
locations for trails significant to the Tribe(s) running on both the East and West sides of the 
Cargo Muchacho Mountains. The trail on the west side of the Cargo Muchacho Mountains is 
within the V AA APE for the Oro Cruz Project. The entire system consists of various segments of 
the trail, several significant mountain ranges and specific peaks, numerous side trails, numerous 
earth figures/geoglyphs, and thousands of objects such as lithics, cairns, potsherds, and cleared 
sleeping or camping areas. Quechan elders testified, elaborately, about the importance of these 
cultural features during the late 1990's proposed mining project (Imperial Gold) located near 
Indian Pass, approximately 10 miles northeast of the current Oro Cruz Project. The 1997 report 
states that additional ethnographic information may be required to understand if this trail 
network should be recorded and NRHP evaluated as one very large all-encompassing TCP or if 
the individual .components/ areas / sites of the larger complex should be identified and evaluated 
separately. Additional work understanding this TCP or complex ofTCPs will continue to be 
conducted by the BLM in consultation with the Tribe. 

Class III Cultural Resources Inventory Report 
A draft of the Class III cultural resources inventory report titled, Class III Cultural Resource 
I11ve11t01y for the Oro Cruz Exploration Project, Imperial County, California (Report), was sent 
to Tribes and consulting parties August 25, 2022, for review and comments. Based upon the 
comments and input the BLM received, the following modifications were made to the Report: 

I) Archae9logical site CA-IMP-13336 was revisited by ASM, the.ceramic sherds were 
analyzed in more detail and the Report was updated with additional characteristics. 

2) The TCP identified by the Quechan Indian Tribe was identified and the Class Ill 
Inventory report was amended to include a discussion of the TCP in association with 
the proposed Project as well as the prehistoric archaeological sites within the V AA 
APE. • 

3) Archaeological sites identified within the physical APE and the V AA APE were 
reviewed again to consider the potential effects that the proposed project may have. 
These sites were also considered as potentially contributing elements of the TCP. 
Additional protections were added to the project design such as additional physical 
barriers and increased cultural monitoring. 

4) Avoidance of all archaeological sites, regardless of their status has been 
recommended for this project; fencing and periodic archaeological monitoring have 
been recommended for sites located near existing and proposed roads and ground 
disturbing activity areas. 

The revised final Report (non-confidential version) has been uploaded to an ASM ftp website 
and is available for download. You can access the ftp website at the following address: 
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https://asmaffiliates.filecloudonline.com/url/an4kfzjxhumghxfp 

If you would like to request a hardcopy or the confidential appendices, please coordinate with 
Hannah Robinson, BLM Desert District Archaeologist (contact information below). 

Agencv Proposed Determinations of Eligibility and Findings of Effect 
Based on the results of the record search, archaeological inventory, the contractors' 
recommendations, Section 106 and government-to-government consultations, the BLM staff 
review of all the information and analysis provided and pursuant to 36 CFR 800.4 and 800.5, the 
BLM makes the following determinations regarding NRHP eligibility and findings of effect for 
historic properties: 

• CA-IMP-1469 is determined eligible for inclusion in the NRHP under Criterion A and D. 
The BLM concurs with ASM's recommendations and finds that there will be no adverse 
effect as the site will be avoided and protected with protective fencing, matting and other 
management conditions. 

• The BLM concurs with and reaffirms the previous determinations that site CA-IMP-
3297/3300/3302 is eligible for inclusion in the NRHP under Criterion A, C and D. The 
BLM concurs with ASM's recommendations and finds that there will be no adverse 
effect as the site and features within will be avoided and protected with protective fencing 
where needed and other management conditions. 

• The following resources located within the Physical APE CA-IMP-3298, -79 I 5, -1 1343, -
11344,-13336, P-13-15600,-15601,-15602,-15656,-15841,-18460,-18461,-18462,-
18463, -18464, -18465 will be treated as eligible for inclusion in the NRHP for project 
management purposes. The BLM concurs with ASM's recommendations and finds that 
there will be no adverse effect to these resources with management conditions and 
protective fencing where needed. 

• The 37 cultural resources within the VAA APE, remain formally unevaluated but will be 
treated as eligible for inclusion in the NRHP for project management purposes and they 
will be avoided. The BLM concurs with ASM's recommendations and finds that there 
will be no adverse effect from visual or auditory intrusions. 

• The Identified TCP is assumed eligible for inclusion in the NRHP under Criterion A and 
D. The BLM finds that there will be no adverse effect to this resource. The 
archaeological resources that may be components of the TCP will be avoided and the 
auditory and visual impacts created by this Project will be temporary in nature. 

• The BLM finds that there will be no adverse effects to historic properties from this 
undertaking. 

Consistent with 36 CFR 800.S(b) the BLM will avoid effects to the significant values of the 
historic properties by requiring the development and implementation of a cultural resources 
monitoring program for the Project. The monitoring program for the Project will include 
procedures for cultural resources monitoring, post-review discovery and unanticipated effects to 
known historic properties. Qualified cultural resources monitor(s) will be on site during Project 
construction related to the undertaking and tribal monitors will be invited to participate. 

Based on the results of the cultural resources studies and project management actions that will be 
taken to monitor and avoid resources within the APE, the SLM proposes that there will be no 
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adve1·se effects to historic properties by the undertaking. We request your review and comment 
for a 30-day consultation period. Please provide your input by May 14; 2023. 

We appreciate your time and attention in reviewing the information provided in this letter. For 
information or further clarification, or to schedule a government-to-government consultation 
meeting with the BLM, please contact Hannah Robinson, BLM District Archaeologist, 
at hrobinson@blm.gov or by telephone at (435) 253-3706. If you have any questions please do 
not hesitate to contact us.lam also available at csahagun@blm.gov or by telephone at 760-337-
4437. Thank you for your continued cooperation with this office. 

Electronic cc: 

Sincerely, 
·/"/ r' 

1/L___ 
Carrie L. Sahagun 
Acting Field Manager 

Mayra Martinez, Project Manager (mymartinez@blm.gov) 
Hannah Robinson, Archaeologist, California Desert District (hrobinson@blm.gov) 
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From: Sahagun, Carrie L
To: counciloffice@barona-nsn.gov
Cc: Martinez, Mayra Y; Robinson, Hannah A
Subject: BLM updates on the Oro Cruz mining exploration project, Imperial County
Date: Thursday, April 13, 2023 10:18:20 AM
Attachments: BLM letter to Barona_Oro Cruz_4-13-2023.pdf

Dear Tribal leaders,
I hope this email finds you well. Please find attached a copy of our most recent letter to the
Tribe regarding the proposed Oro Cruz mining exploration project within Imperial County.  The
purpose of the letter is to provide an updated summary of identification efforts, the final
revised Class III report and the BLM's proposed determinations of eligibility and findings of
effect for a 30-day consultation period concluding on May 14, 2023. Thank you very much and
please let us know if you have any questions or would like to schedule a government-to-
government meeting to discuss the project.
-Carrie

Carrie L. Sahagun
Acting Field Manager
BLM El Centro Field Office
1661 S. 4th Street
El Centro, CA  92243
(760) 337-4437
USDI, Region 8
she/her

 Caution: This email originated from outside of Stantec. Please take extra precaution.
 Attention: Ce courriel provient de l'extérieur de Stantec. Veuillez prendre des précautions
supplémentaires.
 Atención: Este correo electrónico proviene de fuera de Stantec. Por favor, tome precauciones
adicionales.
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United States Depa1i1nent of the Interior 
BUREAU OF LAND l\IANAGEl\IENT 

El Centro Field Office 
1661 S. 4th Street 

El Centro CA 922.J.3 
ww,,· blm goYtoffice. el-ceutro-field-office 

April 13, 2023 

/11 Reply Refer To: 
CACA-059124/ CR CA-670-21-003/81 00(P) 
CA670.25 

CERTIFIED MAIL/RETURN RECEIPT REQUESTED 

Mr. Raymond Welch, Chairman 
Barona Band of Mission Indians 
1095 Barona Road 
Lakeside, CA 92040 

Dear Chairman Welch, 

The Bureau of Land Management (BLM) El Centro Field Office (ECFO) would like to continue 
our government-to-government consultation with you pursuant to Section 106 of the National 
Historic Preservation Act and other relevant laws and regulations regarding the SMP Gold Corp. 
(SMP) proposed project to conduct exploratory drilling activities in south-eastern Imperial 
County. The purpose of this letter is: 

1) Update the BLM's summary of identification efforts, 
2) Provide the final revised Class Ill Cultural Resource Invento,y for Oro Cruz Exploration 

Project, Imperial County, California prepared by ASM Affiliates Inc. (ASM) with a 
summary of changes from the draft report, 

3) Provide the Agency's proposed determinations of eligibility and findings of effect for the 
Project for a 30-day consultation period. 

Summary of Identification Efforts 
On August 25, 2022, the BLM sent to all Tribes and consulting parties an updated description of 
the area of potential effects (APE), a summary of the results of the field inventories and a copy 
of the draft inventory report for a 30-day consultation period1. Below is a comprehensive 
summary update of the status and results of all the identification efforts to date. 

Westland Resources, Inc. contracted ASM on behalf of the BLM to conduct a Class III cultural 
resource inventory to identify cultural resources that are eligible or potentially eligible for listing 
on the National Register of Historic Places (NRHP). The Class III inventory included a records 
search at the South Coastal Information Center (SCIC) and an intensive pedestrian survey within 
the physical effects APE. On September 20 through 24 and October 30 and 31, 2021, 
archaeologists from ASM completed the Class III field inventory. All survey was conducted with 
a Native American monitor present. 

1 Prior BLM Section I 06 consultation letters for the proposed project include those dated March 31, 2021 and 
August IO, 2021. 
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The results of the records search identified l l previously recorded cultural resources that 
intersect the Physical Effects APE, including one prehistoric trail (CA-IMP-1469), the Ruins of 
Tumco Mining Town (CA-IMP-3297/3300H/3302), a historic cemetery (CA-IMP-3298), the 
Golden Queen Mine (CA-IMP-I 1343H), the Crowns Mine (CA-IMP-11344H), and five other 
unnamed mines (P-13-015600, P-13-015601, P-13-015602, P-13-015656, and P-13-015841). 
During the inventory, ASM relocated the 11 previously recorded cultural resources, recorded one 
new prehistoric site (CA-IMP-13336) and several historic mining features within the Physical 
Effects APE. ASM also completed a visual and auditory affects (V AA) analysis of cultural 
resources that could be affected by the Project but that were outside the Physical effects APE. 
Below is a summary description of the resources documented by ASM along with their 
recommendations. As a result ofBLM consultation efforts with the Tribes, a Traditional Cultural 
Property (TCP) has also been identified encompassing the project area and a summary of that 
resource is also provided. 

CA-IMP-1469 
This previously recorded site is a prehistoric trail approximately 740 m long and 30 cm wide, 
tamped into the desert pavement and divided into two segments by an unnamed wash. The 
southernmost end of the•site occurs within the physical effects APE for the Project. During the 
pedestrian survey, ASM revisited the southernmost 17 m of the site, which falls within the 
proposed APE for an existing access road. The I 7m portion of the site inspected appeared to be 
moderately disturbed by off-road vehicle traffic and seasonal/ephemeral sheet wash erosion. No 
other artifacts or features were identified at this portion of the site. CA-SD 1-1469 will be treated 
as eligible for inclusion on the NRHP and avoided during the drilling project . The potential for 
adverse effects is low for this site as it is adjacent to an existing road not scheduled for 
improvements. Additionally, ESA fencing can ensure that mining vehicles do not veer offroad in 
this section. 

CA-IM P-3297 /3300/3302 
This previously recorded site is the Hedges/Tumco Historical Townsite designated by the 
California State Department of Parks and Recreation as California Historic Landmark No. 182. 
The site was initially recorded by Rudolf Miller in 1977. The Hedges/Tumco Historic Townsite 
ruins include residential areas, two cemeteries, a commercial district, a company district, and 
many mining-related features. The site was evaluated for the Oro Cruz Plan of Operation of the 
American Girl Project in 1992 by Burney and Associates through archaeological testing, oral 
history, geomorphology, aerial photography, and extensive archival research and was 
recommended as eligible for listing in the NRHP. In 1994, the BLM determined in consultation 
with the California State Historic Preservation Office (SHPO) that the site was indeed eligible 
for listing in the NRHP under Criteria (a), (c), and (d). The current Project plan will avoid 
physically affecting all features identified during the survey associated with CA-IMP-
3297/3300/3302, and thus the Project is not likely to have an adverse effect on the NRHP 
eligible site. Temporary fencing and periodic monitoring may be needed to ensure that those 
features in close proximity to the proposed access roads are not impacted. 

CA-IMP-3298 
This previously recorded site is a historic cemetery adjacent to an existing access road designated 
as Road Segment No. 1 of the Project. CA-IMP-3298 is technically a feature within CA-IMP-
3297/3300/3302 and the site boundaries have been updated to include it. While this road segment 
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is planned for improvements, the cemetery is currently fenced. Additionally, ESA fencing can be 
placed along this road segment to ensure avoidance during construction. The current Project 
plans are such that avoidance of this resource is feasible. Thus the Project will not adversely 
affect this site. 

CA-IMP-7915 
This previously recorded historic site was recorded as part of the North Baja Gas Pipeline 
alignment project. The site consists of a wooden pole, H-frame, 16lkV transmission line built in 
1951 and stretches from a substation in Pilot Knob in Imperial County to Blythe in Riverside 
County. The line is part of a transmission line system that carries power from the Davis and 

. Parker Dams on the Colorado River to 31 substations. ASM relocated the transmission line 
during the survey and detennined that it only intersects a small section of Road Segment No. 17, 
and none of the existing poles fall within the Physical Effects APE; therefore these features can 
be avoided by the currently proposed Project. 

CA-IMP-11343 
The Golden Queen mine is technically a feature within CA-IMP-3297/3300/3302. In 1994 it was 
detennined by BLM in consultation with SHPO to not be a contributing component to the 
Hedges/Tumco Historic Townsite due to the poor condition and natural weathering of the 
features associated with the Queen mine area. This determination occurred before it was 
recorded in 2010 by J. Kellogg of the BLM Needles office during a survey in association with 
the California Desert District Abandoned Mine Lands program. In his report, Kellogg 
recommended it as eligible. The proposed Project component that intersects the site is an existing 
access road with no plans for improvements. Given that there are no plans to improve this 
segment of the Physical Effects APE, the Project will likely have no adverse effect on this site. 

CA-IMP-11344 
This previously recorded site is the Crowns mine which is technically a feature within CA-IMP-
3297/3300/3302. Three mining features were identified during the current survey within the 
boundaries of this site, including an adit, the remains of a shaft, and a prospect. Additionally, one 
milled lumber feature was identified during the survey with no associated artifacts. These 
features may correspond to those identified by the BLM as not eligible for listing in the NRHP in 
the 1994 Oro Cruz Operation of the American Girl Mining Project EIS. For the present project 
these features will be treated as eligible and avoided. The current Project plans will avoid these 
features, and thus the Project will not have an adverse effect on the site. 

CA-IMP-13336 
This newly recorded site consists of four potsherds that include one rim and three body sherds. 
The ceramic fragments are distributed with a maximum of2 m between sherds. Ceramics are 
associated with late prehistory in general, and in the area specifically from AD 700-900, and 
onwards. No other artifacts or features were identified at the site. The condition of CA-IMP-
13336 is good, with minimal disturbance limited to minor silt deposition in the site area due to 
seasonal water flow. CA-IMP-13336 will be treated as eligible for inclusion on the NRHP and 
avoided during the drilling project This small site can easily be avoided by placing temporary 
environmentally sensitive area (ESA) fencing around it during construction. 
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P-13-15600 
This previously recorded resource was documented as a mine consisting of two shafts, an adit, 
and a prospect. One of the shafts was reported to have an opening measuring 10 x IO ft. with a 
depth of 15 ft., and the site was mapped as spanning an area measuring 43 m across. No 
associated artifacts were observed during its recordation, and it was noted that the various 
features appeared to be in the process of collapse. ASM revisited P-13-15600. However, none of 
the features recorded at the site were found to fall within the Physical Effects APE, which is 
composed of an access route that intersects with the site's eastern boundary. As the site will be 
avoided, there will be no adverse effects to historic properties. 

P-13-15601 
This previously recorded resource was documented as a mine consisting of two shafts, an adit, 
and a prospect situated on a north-facing slope. The site was associated with a 55-gallon barrel, 
undiagnostic cans, and glass fragments. ASM revisited a portion of the site during the survey and 
relocated the previously recorded features within the Physical Effects APE. The site will be 
treated as NRHP eligible and avoided, so there will be no adverse affects to historic properties. 

P-13-15602 
This previously recorded resource was documented as a mine consisting of two shafts, a prospect 
trench, and a prospect pit. The presence of fencing, modem trash, and possible remaining 
cribbing was noted during the site's recordation. ASM revisited a small portion of P-13-15602 
during the current survey, with most of the site found outside the Physical Effects APE to the 
west. The site will be treated as NRHP eligible and avoided so that there will be no affects to 
historic properties. 

P-13-15656 
This previously recorded resource was documented as a mine site composed of a single shaft and 
adit. The two were connected underground and found with an associated rock waste pile to the 
west. A small undiagnostic can scatter and piece of sheet metal were noted during the 
recordation. ASM revisited the very small portion of P-13-15656 that intersected with the 
proposed Project APE. However, none of the previously recorded features were relocated in that 
area. A small scatter of metal strands that appear to be the remains of a cable were identified 
along the eastern site boundary. No other artifacts or features associated with this site were 
identified within the Physical Effects APE. The site will be treated as NRHP eligible and 
avoided, there will be no affects to historic properties. 

P-13-15841 
This previously recorded resource was documented as a mine consisting of two shafts and an adit 
located on the north end of the Tumco valley. All three features were associated with waste rock 
piles, and no associated artifacts were identified. One of the shafts, Shaft I, was noted to have a 
wire fence, and the adit was reported to have been previously filled in. ASM revisited P-13-
15841 during the survey and relocated the sealed adit (Adit I) and one of the shafts (Shaft 2). In 
the northern portion of the site, the cut on the slope for the adit was found to be approximately 10 
m long and 3 m wide. As the site will be treated as NRHP eligible and avoided, there will be no 
effects to historic properties. 
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Finally, six newly recorded historic mine features, P-13-018460, -018461, -018462, -018463, -
018464, and 018465, were also recorded during the current survey. They consist of adits and 
prospects and are all isolated mining features that were likely created sometime between 1953 
and 1961 based on historic topographic maps and aerials of the area. All features will be treated 
as NRHP eligible and avoided for this project. 

Archaeological Sites Located within the V AA APE 
The V AA APE intersects 3 7 prehistoric trails, geoglyphs, ceramic scatters, lithic scatters, rock 
art sites, and isolates that have potential to be deemed sacred or traditionally important by Native 
American tribes. The use of these sites and locations by Native American tribes may be affected 
by the Project through temporary visual obstructions and loud noise levels such that the integrity 
of the "setting" and "feeling" of the sites is disturbed. 

Of the 35 proposed potential drill sites, the closest of the prehistoric sites is 630 meters (2,067 
feet) away, and the rest are between 950 and 2565 meters (3,117 and 8,415 feet) away. The 
viewshed analysis and line of site examples indicate that a 40-foot drill rig line against the 
existing landscape would not create a strong contrast against the backdrop of the existing 
landscape and would likely not be noticed by the casual viewer. Of 18 selected sites that intersect 
the potential visual APE the drill rigs would not be likely to have an adverse visual effect on the 
integrity of the setting or feeling of the selected sites from a distance of 630 meters or greater. 

The auditory APE report suggests that drilling noise from the Project would be substantially 
shielded towards the east and north due to the topography of the Cargo Muchacho Mountains. 
Most of the sites are far enough away from the Project area, the Physical Effects APE, and the 
proposed helicopter drill sites that they would fall within the noise level contours of ~40-35 dBa 
Lcq or lower, which would be the equivalent of a suburban residential area at night. Based on the 
contours provided by Saxelby Acoustics, the proposed Project would not be likely to have an 
adverse auditory effect on the integrity of the setting or feeling of the 25 selected sites that 
intersect the V AA APE. 

Identified Traditional Cultural Property 
The Quechan Indian Tribe has conveyed to the BLM that the Oro Cruz project area is located 
within and encompassed by a much larger TCP as described in the 1997 cultural report titled, 
Where Trails Cross: Cultural Resources I11ve11t01y and Evaluation/or the Imperial Project, 
Imperial County, California. This 1997 report recorded the Quechan elders' discussions of the 
trails and associated features and the importance of this region to the Quechan Tribe for 
conducting ceremonies and rituals, storytelling and song cycles, and for resource gathering. To 
briefly summarize, the preservation of this area is essential to maintain cultural, religious and 
traditional practices and teaching of future generations of Quechan youth. This 1997 cultural 
report also defines the Running Man Area of Traditional Cultural Concern (ATCC) located about 
9 miles northeast of the Oro Cruz project area. Although a boundary was created to define the 
Running Man A TCC for management purposes, the report clearly states that an extensive and 
complex network of trails and associated sites and "potentially other A TCCs and linking trail 
systems" are running throughout the region. 

The physical or tangible cultural resource evidence of this TCP identified within the Project area 
are the prehistoric trails, geoglyphs, rock art, and numerous other associated sites containing 
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ceramics and lithics primarily located within the V AA APE. The network of prehistoric trails 
and associated features are tied directly to the Quechan 's stories of origin, religious ceremonies, 
and traditional cultural teachings as are the Cargo Muchacho Mountains themselves. The TCP 
extends from this trail network and associated cultural sites to the "mountains, rivers and springs, 
and includes the plants and animals" living within the region. The Keruk/Xam Kwatsam Trail 
system is one of the largest known (but not fully recorded or defined} trail systems that runs the 
length of the Colorado River between the Newberry Mountains in the north to Pilot Knob near 
the southeastern comer oflmperial County, California. The 1997 report identifies approximate 
locations for trails significant to the Tribe(s) running on both the East and West sides of the 
Cargo Muchacho Mountains. The trail on the west side of the Cargo Muchacho Mountains is 
within the VAA APE for the Oro Cruz Project. The entire system consists of various segments of 
the trail, several significant mountain ranges and specific peaks, numerous side trails, numerous 
earth figures/geoglyphs, and thousands of objects such as lithics, cairns, potsherds, and cleared 
sleeping or camping areas. Quechan elders testified, elaborately, about the importance of these 
cultural features during the late l 990's proposed mining project (Imperial Gold) located near 
Indian Pass, approximately 10 miles northeast of the current Oro Cruz Project. The 1997 report 
states that additional ethnographic infonnation may be required to understand if this trail 
network should be recorded and NRHP evaluated as one very large all-encompassing TCP or if 
the individual components/ areas / sites of the larger complex should be identified and evaluated 
separately. Additional work understanding this TCP or complex ofTCPs will continue to be 
conducted by the BLM in consultation with the Tribe. 

Class III Cultural Resources Inventory Report 
A draft of the Class III cultural resources inventory report titled, Class Ill Cultural Resource 
Invento,y for the Oro Cruz Exploration Project, Imperial County, California (Report), was sent 
to Tribes and consulting parties August 25, 2022, for review and comments. Based upon the 
comments and input the BLM received, the following modifications were made to the Report: 

1) Archaeological site CA-IMP-13336 was revisited by ASM, the ceramic sherds were 
analyzed in more detail and the Report was updated with additional characteristics. 

2) The TCP identified by the Quechan Indian Tribe was identified and the Class III 
Inventory report was amended to include a discussion of the TCP in association with 
the proposed Project as well as the prehistoric archaeological sites within the V AA 
APE. 

3) Archaeological sites identified within the physical APE and the VAA APE were 
reviewed again to consider the potential effects that the proposed project may have. 
These sites were also considered as potentially contributing elements of the TCP. 
Additional protections were added to the project design such as additional physical 
barriers and increased cultural monitoring. 

4) Avoidance of all archaeological sites, regardless of their status has been 
recommended for this project; fencing and periodic archaeological monitoring have 
been recommended for sites located n~ar existing and proposed roads and ground 
disturbing activity areas. 

The revised final Report (non-confidential version) has been uploaded to an ASM ftp website 
and is available for download. You can access the ftp website at the following address: 
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https://asmaffiliates.filecloudonline.com/url/an4kfzjxhumghxfp 

If you would like to request a hardcopy or the confidential appendices, please coordinate with 
Hannah Robinson, BLM Desert District Archaeologist (contact information below). 

Agency Proposed Determinations of Eligibility and Findings of Effect 
Based on the results of the record search, archaeological inventory, the contractors' 
recommendations, Section 106 and government-to-government consultations, the BLM staff 
review of all the information and analysis provided and pursuant to 36 CFR 800.4 and 800.5, the 
BLM makes the following determinations regarding NRHP eligibility and findings of effect for 
historic properties: 

• CA-IMP-1469 is determined eligible for inclusion in the NRHP under Criterion A and D. 
The BLM concurs with ASM's recommendations and finds that there will be no adverse 
effect as the site will be avoided and protected with protective fencing, matting and other 
management conditions. 

• The BLM concurs with and reaffinns the previous determinations that site CA-IMP-
3297/3300/3302 is eligible for inclusion in the NRHP under Criterion A, C and D. The 
BLM concurs with ASM's recommendations and finds that there will be no adverse 
effect as the site and features within will be avoided and protected with protective fencing 
where needed and other management conditions. 

• The following resources located within the Physical APE CA-IMP-3298, -7915, -11343, -
11344,-13336,P-13-15600,-15601,-15602,-15656,-15841,-18460,-18461,-18462,-
18463, -18464, -18465 will be treated as eligible for inclusion in the NRHP for project 
management purposes. The BLM concurs with ASM's recommendations and finds that 
there will be no adverse effect to these resources with management conditions and 
protective fencing where needed. 

• The 37 cultural resources within the VAA APE, remain formally unevaluated but will be 
treated as eligible for inclusion in the NRHP for project management purposes and they 
will be avoided. The BLM concurs with ASM's recommendations and finds that there 
will be no adverse effect from visual or auditory intrusions. 

• The Identified TCP is assumed eligible for inclusion in the NRHP under Criterion A and 
D. The BLM finds that there will be no adverse effect to this resource. The 
archaeological resources that may be components of the TCP will be avoided and the 
auditory and visual impacts created by this Project will be temporary in nature. 

• The BLM finds that there will be no adverse effects to historic properties from this 
undertaking. 

Consistent with 36 CFR 800.S(b) the BLM will avoid effects to the significant values of the 
historic properties by requiring the development and implementation of a cultural resources 
monitoring program for the Project. The monitoring program for the Project will include 
procedures for cultural resources monitoring, post-review discovery and unanticipated effects to 
known historic properties. Qualified cultural resources monitor(s) will be on site during Project 
construction related to the undertaking and tribal monitors will be invited to participate. 

Based on the results of the cultural resources studies and project management actions that will be 
taken to monitor and avoid resources within the APE, the BLM proposes that there will be 110 
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adverse effects to historic properties by the undertaking. We request your review and comment 
for a 30-day consultation period. Please provide your input by May 14, 2023. 

We appreciate your time and attention in reviewing the information provided in this letter. For 
information or further clarification, or to schedule a government-to-government consultation 
meeting with the BLM, please contact Hannah Robinson, BLM District Archaeologist, 
at hrobinson@blm.gov or by telephone at (435) 253-3706. If you have any questions please do 
not hesitate to contact us. I am also available at csahagun@blm.gov or by telephone at 760-337-
443 7. Thank you for your continued cooperation with this office. 

Electronic cc: 

Carrie L. Sahagun 
Acting Field Manager 

Mayra Martinez, Project Manager (mymartinez@blm.gov) 
Hannah Robinson, Archaeologist, California Desert District (hrobinson@blm.gov) 
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From: Sahagun, Carrie L
To: rgoff@campo-nsn.gov; jmesa@campo-nsn.gov
Cc: Martinez, Mayra Y; Robinson, Hannah A
Subject: BLM updates on the Oro Cruz mining exploration project, Imperial County
Date: Thursday, April 13, 2023 10:20:26 AM
Attachments: BLM letter to Campo_Oro Cruz_4-13-2023.pdf

Dear Tribal leaders,
I hope this email finds you well. Please find attached a copy of our most recent letter to the
Tribe regarding the proposed Oro Cruz mining exploration project within Imperial County.  The
purpose of the letter is to provide an updated summary of identification efforts, the final
revised Class III report and the BLM's proposed determinations of eligibility and findings of
effect for a 30-day consultation period concluding on May 14, 2023. Thank you very much and
please let us know if you have any questions or would like to schedule a government-to-
government meeting to discuss the project.
-Carrie

Carrie L. Sahagun
Acting Field Manager
BLM El Centro Field Office
1661 S. 4th Street
El Centro, CA  92243
(760) 337-4437
USDI, Region 8
she/her

 Caution: This email originated from outside of Stantec. Please take extra precaution.
 Attention: Ce courriel provient de l'extérieur de Stantec. Veuillez prendre des précautions
supplémentaires.
 Atención: Este correo electrónico proviene de fuera de Stantec. Por favor, tome
precauciones adicionales.
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United States Departtnent of the Interior 
BUREAU OF LAND ~IANAGIThrENT 

El Centro Field Office 
1661 S. 4th Street 

El Centro CA 92243 
www bl111,~ov1office.- el-centro-field-office 

April 13, 2023 

In Reply Refer To: 
CACA-059124/ CR CA-670-21-003/8 l 00(P) 
CA670.25 

CERTIFIED MAIL/RETURN RECEIPT REQUESTED 

Mr. Ralph Goff, Chairman 
Campo Band of Mission Indians 
36190 Church Road, Suite 1 
Campo, CA 91906 

Dear Chairman Goff, 

The Bureau of Land Management (BLM) El Centro Field Office (ECFO) would like to continue 
our government-to-government consultation with you pursuant to Section 106 of the National 
Historic Preservation Act and other relevant laws and regulations regarding the SMP Gold Corp. 
(SMP) proposed project to conduct exploratory drilling activities in south-eastern Imperial 
County. The purpose of this letter is: 

1) Update the BLM's summary of identification efforts, 
2) Provide the final revised Class III Cultural Resource Invento,y for Oro Ci·uz Exploration 

Project, Imperial County, California prepared by ASM Affiliates Inc. (ASM) with a 
summary of changes from the draft report, 

3) Provide the Agency's proposed determinations of eligibility and findings of effect for the 
Project for a 30-day consultation period. 

Summary of Identification Efforts 
On August 25, 2022, the BLM sent to all Tribes and consulting parties an updated description of 
the area of potential effects (APE), a summary of the results of the field inventories and a copy 
of the draft inventory report for a 30-day consultation period 1. Below is a comprehensive 
summary update of the status and results of all the identification efforts to date. 

Westland Resources, Inc. contracted ASM on behalf of the BLM to conduct a Class Ill cultural 
resource inventory to identify cultural resources that are eligible or potentially eligible for listing 
on the National Register of Historic Places (NRHP). The Class Ill inventory included a records 
search at the South Coastal Information Center (SCIC) and an intensive pedestrian survey within 
the physical effects APE. On September 20 through 24 and October 30 and 31, 2021, 
archaeologists from ASM completed the Class III field inventory. All survey was conducted with 
a Native American monitor present. 

1 Prior BLM Section 106 consultation letters for the proposed project include those dated March 31, 2021 and 
August I 0, 2021. 
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The results of the records search identified 11 previously recorded cultural resources that 
intersect the Physical Effects APE, including one prehistoric trail (CA-IMP-1469), the Ruins of 
Tumco Mining Town (CA-IMP-3297/3300H/3302), a historic cemetery (CA-IMP-3298), the 
Golden Queen Mine (CA-IMP-I 1343H), the Crowns Mine (CA-IMP-l 1344H), and five other 
unnamed mines (P-13-015600, P-13-015601, P-13-015602, P-13-015656, and P-13-015841). 
During the inventory, ASM relocated the 11 previously recorded cultural resources, recorded one 
new prehistoric site (CA-IMP-13336) and several historic mining features within the Physical 
Effects APE. ASM also completed a visual and auditory affects (V AA) analysis of cultural 
resources that could be affected by the Project but that were outside the Physical effects APE. 
Below is a summary description of the resources documented by ASM along with their 
recommendations. As a result of BLM consultation efforts with the Tribes, a Traditional Cultural 
Property (TCP) has also been identified encompassing the project area and a summary of that 
resource is also provided. 

CA-IMP-1469 
This previously recorded site is a prehistoric trail approximately 740 m long and 30 cm wide, 
tamped into the desert pavement and divided into two segments by an unnamed wash. The 
southernmost end of the site occurs within the physical effects APE for the Project. During the 
pedestrian survey, ASM revisited the southernmost 17 m of the site, which falls within the 
proposed APE for an existing access road. The 17m portion of the site inspected appeared to be 
moderately disturbed by off-road vehicle traffic and seasonal/ephemeral sheet wash erosion. No 
other artifacts or features were identified at this portion of the site. CA-SDI-1469 will be treated 
as eligible for inclusion on the NRHP and avoided during the drilling project . The potential for 
adverse effects is low for this site as it is adjacent to an existing road not scheduled for 
improvements. Additionally, ESA fencing can ensure that mining vehicles do not veer offroad in 
this section. 

CA-IMP-3297 /3300/3302 
This previously recorded site is the Hedges/Tumco Historical Townsite designated by the 
California State Department of Parks and Recreation as California Historic Landmark No. 182. 
The site was initially recorded by Rudolf Miller in 1977. The Hedges/Tumco Historic Townsite 
ruins include residential areas, two cemeteries, a commercial district, a company district, and 
many mining-related features. The site was evaluated for the Oro Cruz Plan of Operation of the 
American Girl Project in 1992 by Burney and Associates through archaeological testing, oral 
history, geomorphology, aerial photography, and extensive archival research and was 
recommended as eligible for listing in the NRHP. In 1994, the BLM determined in consultation 
with the California State Historic Preservation Office (SHPO) that the site was indeed eligible 
for listing in the NRHP under Criteria (a), (c), and (d). The current Project plan will avoid 
physically affecting all features identified during the survey associated with CA-IMP-
3297/3300/3302, and thus the Project is not likely to have an adverse effect on the NRHP 
eligible site. Temporary fencing and periodic monitoring may be needed to ensure that those 
features in close proximity to the proposed access roads are not impacted. 

CA-IMP-3298 
This previously recorded site is a historic cemetery adjacent to an existing access road designated 
as Road Segment No. 1 of the Project. CA-IMP-3298 is technically a feature within CA-IMP-
3297/3300/3302 and the site boundaries have been updated to include it. While this road segment 

INTERIOR REGION 8 • LOWER COLORADO BASIN 
ARIZONA. CALIFORNIA*, NEVADA* 

• PARTIAL 

2 

PC ORIGINAL PKG



is planned for improvements, the cemetery is currently fenced. Additionally, ESA fencing can be 
placed along this road segment to ensure avoidance during construction. The current Project 
plans are such that avoidance of this resource is feasible. Thus the Project will not adversely 
affect this site. 

CA-IMP-7915 
This previously recorded historic site was recorded as part of the North Baja Gas Pipeline 
alignment project. The site consists of a wooden pole, H-frame, 161 kV transmission line built in 
1951 and stretches from a substation in Pilot Knob in Imperial County to Blythe in Riverside 
County. The line is part of a transmission line system that carries power from the Davis and 
Parker Dams on the Colorado River to 31 substations. ASM relocated the transmission line 
during the survey and determined that it only intersects a small section of Road Segment No. 17, 
and none of the existing poles fall within the Physical Effects APE; therefore these features can 
be avoided by the currently proposed Project. 

CA-IMP-11343 
The Golden Queen mine is technically a feature within CA-IMP-3297/3300/3302. In 1994 it was 
determined by BLM in consultation with SHPO to not be a contributing component to the 
Hedges/Tumco Historic Townsite due to the poor condition and natural weathering of the 
features associated with the Queen mine area. This determination occurred before it was 
recorded in 2010 by J. Kellogg of the BLM Needles office during a survey in association with 
the California Desert District Abandoned Mine Lands program. In his report, Kellogg 
recommended it as eligible. The proposed Project component that intersects the site is an existing 
access road with no plans for improvements. Given that there are no plans to improve this 
segment of the Physical Effects APE, the Project will likely have no adverse effect on this site. 

CA-IMP-11344 
This previously recorded site is the Crowns mine which is technically a feature within CA-IMP-
3297/3300/3302. Three mining features were identified during the current survey within the 
boundaries of this site, including an adit, the remains of a shaft, and a prospect. Additionally, one 
milled lumber feature was identified during the survey with no associated artifacts. These 
features may correspond to those identified by the BLM as not eligible for listing in the NRHP in 
the 1994 Oro Cruz Operation of the American Girl Mining Project EIS. For the present project 
these features will be treated as eligible and avoided. The current Project plans will avoid these 
features, and thus the Project will not have an adverse effect on the site. 

CA-IMP-13336 
This newly recorded site consists of four potsherds that include one rim and three body sherds. 
The ceramic fragments are distributed with a maximum of 2 m between sherds. Ceramics are 
associated with late prehistory in general, and in the area specifically from AD 700-900, and 
onwards. No other artifacts or features were identified at the site. The condition of CA-IMP-
13336 is good, with minimal disturbance limited to minor silt deposition in the site area due to 
seasonal water flow. CA-IMP-13336 will be treated as eligible for inclusion on the NRHP and 
avoided during the drilling project This small site can easily be avoided by placing temporary 
environmentally sensitive area (ESA) fencing around it during construction. 
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P-13-15600 
This previously recorded resource was documented as a mine consisting of two shafts, an adit, 
and a prospect. One of the shafts was reported to have an opening measuring 10 x 10 ft. with a 
depth of 15 ft., and the site was mapped as spanning an area measuring 43 m across. No 
associated artifacts were observed during its recordation, and it was noted that the various 
features appeared to be in the process of collapse. ASM revisited P-13-15600. However, none of 
the features recorded at the site were found to fall within the Physical Effects APE, which is 
composed of an access route that intersects with the site's eastern boundary. As the site will be 
avoided, there will be no adverse effects to historic properties. 

P-13-15601 
This previously recorded resource was documented as a mine consisting of two shafts, an adit, 
and a prospect situated on a north-facing slope. The site was associated with a 55-gallon barrel, 
undiagnostic cans, and glass fragments. ASM revisited a portion of the site during the survey and 
relocated the previously recorded features within the Physical Effects APE. The site will be 
treated as NRHP eligible and avoided, so there will be no adverse affects to historic properties. 

P-13-15602 
This previously recorded resource was documented as a mine consisting of two shafts, a prospect 
trench, and a prospect pit. The presence of fencing, modem trash, and possible remaining 
cribbing was noted during the site's recordation. ASM revisited a small portion of P-13-15602 
during the current survey, with most of the site found outside the Physical Effects APE to the 
west. The site will be treated as NRHP eligible and avoided so that there will be no affects to 
historic properties. 

P-13-15656 
This previously recorded resource was documented as a mine site composed of a single shaft and 
adit. The two were connected underground and found with an associated rock waste pile to the 
west. A small undiagnostic can scatter and piece of sheet metal were noted during the 
recordation. ASM revisited the very small portion of P-13-15656 that intersected with the 
proposed Project APE. However, none of the previously recorded features were relocated in that 
area. A small scatter of metal strands that appear to be the remains of a cable were identified 
along the eastern site boundary. No other artifacts or features associated with this site were 
identified within the Physical Effects APE. The site will be treated as NRHP eligible and 
avoided, there will be no affects to historic properties. 

P-13-15841 
This previously recorded resource was documented as a mine consisting of two shafts and an adit 
located on the north end of the Tumco valley. All three features were associated with waste rock 
piles, and no associated artifacts were identified. One of the shafts, Shaft I, was noted to have a 
wire fence, and the adit was reported to have been previously filled in. ASM revisited P-13-
15841 during the survey and relocated the sealed adit (Adit l) and one of the shafts (Shaft 2). In 
the northern portion of the site, the cut on the slope for the adit was found to be approximately 10 
m long and 3 m wide. As the site will be treated as NRHP eligible and avoided, there will be no 
effects to historic properties. 
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Finally, six newly recorded historic mine features, P-13-018460, -018461', -018462, -018463, -
018464, and 018465, were also recorded during the current survey. They consist ofadits and 
prospects and are all isolated mining features that were likely created sometime between 1953 
and 1961 based on historic topographic maps and aerials of the area. All features will be treated _ 
as NRHP eligible and avoided for this project. 

Archaeological Sites Located within the VAA APE 
The VAA APE intersects 37 prehistoric trails, geoglyphs, ceramic scatters, lithic scatters, rock 
art sites, and isolates that have potential to be deemed sacred or traditionally important by Native 
American tribes. The use of these sites and locations by Native American tribes may be affected 
by the Project through temporary visual obstructions and loud noise levels such that the integrity 
of the "setting" and "feeling" of the sites is disturbed. 

Of the 35 proposed potential drill sites, the closest of the prehistoric sites is 630 meters (2,067 
feet) away, and the rest are between 950 and 2565 meters (3,117 and 8,415 feet) away. The 
viewshed analysis and line of site examples indicate that a 40-foot drill rig line against the 
existing landscape would not create a strong contrast against the backdrop of the existing 
landscape and would likely not be noticed by the casual viewer. Of 18 selected sites that intersect 
the potential visual APE the drill rigs would not be likely to have an adverse visual effect on the 
integrity of the setting or feeling of the selected sites from a distance of 630 meters or greater. 

The auditory APE report suggests that drilling noise from the Project would be substantially 
shielded towards the east and north due to the topography of the Cargo Muchacho Mountains. 
Most of the sites are far enough away from the Project area, the Physical Effects APE, and the 
proposed helicopter drill sites that they would fall within the noise level contours of ~40-35 dBa 
Lcq or lower, which would be the equivalent of a suburban residential area at night. Based on the 
contours provided by Saxelby Acoustics, the proposed Project would not be likely to have an 
adverse auditory effect on the integrity of the setting or feeling of the 25 selected sites that 
intersect the V AA APE. 

Identified Traditional Cultural Property 
The Quechan Indian Tribe has conveyed to the BLM that the Oro Cruz project area is located 
within and encompassed by a much larger TCP as described in the 1997 cultural report titled, 
Where Trails Cross: Cultural Resources !11ve11to1y and Evaluation for the Imperial Project, 
Imperial County, California. This 1997 report recorded the Quechan elders' discussions of the 
trails and associated features and the importance of this region to the Quechan Tribe for 
conducting ceremonies and rituals, storytelling and song cycles, and for resource gathering. To 
briefly summarize, the preservation of this area is essential to maintain cultural, religious and 
traditional practices and teaching of future generations of Quechan youth. This 1997 cultural 
report also defines the Running Man Area of Traditional Cultural Concern (A TCC) located about 
9 miles northeast of the Oro Cruz project area. Although a boundary was created to define the 
Running Man A TCC for management purposes, the report clearly states that an extensive and 
complex network of trails and associated sites and "potentially other A TCCs and linking trail 
systems" are running throughout the region. 

The physical or tangible cultural resource evidence of this TCP identified within the Project area 
are the prehistoric trails, geoglyphs, rock art, and numerous other associated sites containing 
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ceramics and lithics primarily located within the VAA APE. The network of prehistoric trails 
and associated features are tied directly to the Quechan's stories of origin, religious ceremonies, 
and traditional cultural teachings as are the Cargo Muchacho Mountains themselves. The TCP 
extends from this trail network and associated cultural sites to the "mountains, rivers and springs, 
and includes the plants and animals" living within the region. The Keruk/Xam Kwatsam Trail 
system is one of the largest known (but not fully recorded or defined) trail systems that runs the 
length of the Colorado River between the Newberry Mountains in the north to Pilot Knob near 
the southeastern comer of Imperial County, California. The 1997 report identifies approximate 
locations for trails significant to the Tribe(s) running on both the East and West sides of the 
Cargo Muchacho Mountains. The trail on the west side of the Cargo Muchacho Mountains is 
within the V AA APE for the Oro Cruz Project. The entire system consists of various segments of 
the trail, several significant mountain ranges and specific peaks, numerous side trails, numerous 
earth figures/geoglyphs, and thousands of objects such as lithics, cairns, potsherds, and cleared 
sleeping or camping areas. Quechan elders testified, elaborately, about the importance of these 
cultural features during the late 1990's proposed mining project (Imperial Gold) located near 
Indian Pass, approximately IO miles northeast of the current Oro Cruz Project. The 1997 report 
states that additional ethnographic information may be required to understand if this trail 
network should be recorded and NRHP evaluated as one very large all-encompassing TCP or if 
the individual components/ areas/ sites of the larger complex should be identified and evaluated 
separately. Additional work understanding this TCP or complex ofTCPs will continue to be 
conducted by the BLM in consultation with the Tribe. 

Class III Cultural Resources Inventory Report 
A draft of the Class III cultural resources inventory report titled, Class III Cultural Resource 
Invento,y for the Oro Cruz Exploration Project, Imperial County, California (Report), was sent 
to Tribes and consulting parties August 25, 2022, for review and comments. Based upon the 
comments and input the BLM received, the following modifications were made to the Report: 

1) Archaeological site CA-IMP-i 3336 was revisited by ASM, the ceramic sherds were 
analyzed in more detail and the Report was updated with additional characteristics. 

2) The TCP identified by the Quechan Indian Tribe was identified and the Class III 
Inventory report was amended to include a discussion of the TCP in association with 
the proposed Project as well as the prehistoric archaeological sites within the V AA 
APE. 

3) Archaeological sites identified within the physical APE and the V AA APE were 
reviewed again to consider the potential effects that the proposed project may have. 
These sites were also considered as potentially contributing elements of the TCP. 
Additional protections were added to the project design such as additional physical 
barriers and increased cultural monitoring. 

4) Avoidance of all archaeological sites, regardless of their status has been 
recommended for this project; fencing and periodic archaeological monitoring have 
been recommended for sites located near existing and proposed roads and ground 
disturbing activity areas. 

The revised final Report (non-confidential version) has been uploaded to an ASM ftp website 
and is available for download. You can access the ftp website at the following address: 
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https://asmaffiliates.filecloudonline.com/url/an4kfzjxhumghxfp 

If you would like to request a hardcopy or the confidential appendices, please coordinate with 
Hannah Robinson, BLM Desert District Archaeologist (contact information below). 

Agency Proposed Determinations of Eligibility and Findings of Effect 
Based on the results of the record search, archaeological inventory, the contractors' 
recommendations, Section 106 and government-to-government consultations, the BLM staff 
review of all the information and analysis provided and pursuant to 36 CFR 800.4 and 800.5, the 
BLM makes the following determinations regarding NRHP eligibility and findings of effect for 
historic properties: 

• CA-IMP-1469 is determined eligible for inclusion in the NRHP under Criterion A and D. 
The BLM concurs with ASM's recommendations and finds that there will be no adverse 
effect as the site will be avoided and protected with protective fencing, matting and other 
management conditions. 

• The BLM concurs with and reaffirms the previous determinations that site CA-IMP-
3297/3300/3302 is eligible for inclusion in the NRHP under Criterion A, C and D. The 
BLM concurs with ASM's recommendations and finds that there will be no adverse 
effect as the site and features within will be avoided and protected with protective fencing 
where needed and other management conditions. 

• The following resources located within the Physical APE CA-IMP-3298, -7915, -11343, -
11344,-13336,P-13-15600,-15601,-15602,-15656,-15841,-18460,-18461,-18462,-
18463, -18464, -18465 will be treated as eligible for inclusion in the NRHP for project 
management purposes. The BLM concurs with ASM's recommendations and finds that 
there will be no adverse effect to these resources with management conditions and 
protective fencing where needed. 

• The 37 cultural resources within the VAA APE, remain formally unevaluated but will be 
treated as eligible for inclusion in the NRHP for project management purposes and they 
will be avoided. The BLM concurs with ASM's recommendations and finds that there 
will be no adverse effect from visual or auditory intrusions. 

• The Identified TCP is assumed eligible for inclusion in the NRHP under Criterion A and 
D. The BLM finds that there will be no adverse effect to this resource. The 
archaeological resources that may be components of the TCP will be avoided and the 
auditory and visual impacts created by this Project will be temporary in nature. 

• The BLM finds that there will be no adverse effects to historic properties from this 
undertaking. 

Consistent with 36 CFR 800.5(b) the BLM will avoid effects to the significant values of the 
historic properties by requiring the development and implementation of a cultural resources 
monitoring program for the Project. The monitoring program for the Project will include 
procedures for cultural resources monitoring, post-review discovery and unanticipated effects to 
known historic properties. Qualified cultural resources monitor(s) will be on site during Project 
construction related to the undertaking and tribal monitors will be invited to participate. 

Based on the results of the cultural resources studies and project management actions that will be 
taken to monitor and avoid resources within the APE, the BLM proposes that there will be 110 
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adverse effects to historic properties by the undertaking. We request your review and comment 
for a 30-day consultation period. Please provide your input by May 14, 2023. 

We appreciate your time and attention in reviewing the information provided in this letter. For 
information or further clarification, or to schedule a government-to-government consultation 
meeting with the BLM, please contact Hannah Robinson, BLM District Archaeologist, 
at hrobinson@blm.gov or by telephone at (435) 253-3706. If you have any questions please do 
not hesitate to contact us. I am also available at csahagun@blm.gov or by telephone at 760-337-
4437. Thank you for your continued cooperation with this office. 

Electronic cc: 

Sincerely, 

C 
Carrie L. Sahagun 
Acting Field Manager 

Mayra Martinez, Project Manager (mymartinez@blm.gov) 
Hannah Robinson, Archaeologist, California Desert District (hrobioson@blm.gov) 
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From: Sahagun, Carrie L
To: Robinson, Hannah A; Martinez, Mayra Y
Cc: Hockaday, Shelby
Subject: Fw: BLM updates on the Oro Cruz mining exploration project, Imperial County
Date: Thursday, April 13, 2023 10:26:01 AM
Attachments: BLM letter to CRIT_Oro Cruz_4-13-2023.pdf

Forgot to copy you on this email.

Carrie L. Sahagun
Acting Field Manager
BLM El Centro Field Office
1661 S. 4th Street
El Centro, CA  92243
(760) 337-4437
USDI, Region 8
she/her

From: Sahagun, Carrie L
Sent: Thursday, April 13, 2023 10:24 AM
To: Tashina Harper Executive Assistant <tashina.harper@crit-nsn.gov>; critthpo@crit-nsn.gov
<critthpo@crit-nsn.gov>
Subject: BLM updates on the Oro Cruz mining exploration project, Imperial County
 
Dear Tribal leaders,
I hope this email finds you well. Please find attached a copy of our most recent letter to the
Tribe regarding the proposed Oro Cruz mining exploration project within Imperial County.  The
purpose of the letter is to provide an updated summary of identification efforts, the final
revised Class III report and the BLM's proposed determinations of eligibility and findings of
effect for a 30-day consultation period concluding on May 14, 2023. Thank you very much and
please let us know if you have any questions or would like to schedule a government-to-
government meeting to discuss the project.
-Carrie

Carrie L. Sahagun
Acting Field Manager
BLM El Centro Field Office
1661 S. 4th Street
El Centro, CA  92243
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(760) 337-4437
USDI, Region 8
she/her

 Caution: This email originated from outside of Stantec. Please take extra precaution.
 Attention: Ce courriel provient de l'extérieur de Stantec. Veuillez prendre des précautions
supplémentaires.
 Atención: Este correo electrónico proviene de fuera de Stantec. Por favor, tome
precauciones adicionales.
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United States Depa1i1nent of the Interior 
BUREAU OF LAND l\IANAGEl\IENT 

El Ceutro Field Office 
1661 S. -lth Street 

El Centro CA 922-B 
www lilm ~ov!office. el-cenb·o-field-office 

April 13, 2023 

/11 Reply Refer To: 
CACA-059124/ CR CA-670-21-003/8100(P) 
CA670.25 

CERTIFIED MAIL/RETURN RECEIPT REQUESTED 

Ms. Amelia Flores, Chairwoman 
Colorado River Indian Tribes 
26600 Mohave Rd. 
Parker, AZ 85344 

Dear Chairwoman Flores, 

The Bureau of Land Management (BLM) El Centro Field Office (ECFO) would like to continue 
our government-to-government consultation with you pursuant to Section 106 of the National 
Historic Preservation Act and other relevant laws and regulations regarding the SMP Gold Corp. 
(SMP) proposed project to conduct exploratory drilling activities in south-eastern Imperial 
County. The purpose of this letter is: 

l) Update the BLM's summary of identification efforts, 
2) Provide the final revised Class Ill Cultural Resource l11ve11to1y for Oro Cruz Exploration 

Project, Imperial County, California prepared by ASM Affiliates Inc. (ASM) with a 
summary of changes from the draft report, 

3) Provide the Agency's proposed detenninations of eligibility and findings of effect for the 
Project for a 30-day consultation period. 

Summarv of Identification Efforts 
On August 25, 2022, the BLM sent to all Tribes and consulting parties an updated description of 
the area of potential effects (APE), a summary of the results of the field inventories and a copy 
of the draft inventory report for a 30-day consultation period1

• Below is a comprehensive 
summary update of the status and results of all the identification efforts to date. 

Westland Resources, Inc. contracted ASM on behalf of the BLM to conduct a Class III cultural 
resource inventory to identify cultural resources that are eligible or potentially eligible for listing 
on the National Register of Historic Places (NRHP). The Class III inventory included a records 
search at the South Coastal lnfonnation Center (SCIC) and an intensive pedestrian survey within 
the physical effects APE. On September 20 through 24 and October 30 and 31, 2021, 
archaeologists from ASM completed the Class III field inventory. All survey was conducted with 
a Native American monitor present. 

1 Prior BLM Section l 06 consultation letters for the proposed project include those dated March 31, 2021 and 
August l 0, 202 l. 
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The results of the records search identified 11 previously recorded cultural resources that 
intersect the Physical Effects APE, including one prehistoric trail (CA-IMP-1469), the Ruins of 
Tumco Mining Town (CA-IMP-3297/3300H/3302), a historic cemetery (CA-IMP-3298), the 
Golden Queen Mine (CA-IMP-11343H), the Crowns Mine (CA-IMP-11344H), and five other 
unnamed mines (P-13-015600, P-13-015601, P-13-015602, P-13-015656, and P-13-015841). 
During the inventory, ASM relocated the 11 previously recorded cultural resources, recorded one 
new prehistoric site (CA-IMP-13336) and several historic mining features within the Physical 
Effects APE. ASM also completed a visual and auditory affects (V AA) analysis of cultural 
resources that could be affected by the Project but that were outside the Physical effects APE. 
Below is a summary description of the resources documented by ASM along with their 
recommendations. As a result of BLM consultation efforts with the Tribes, a Traditional Cultural 
Property (TCP) has also been identified encompassing the project area and a summary of that 
resource is also provided. 

CA-IMP-1469 
This previously recorded site is a prehistoric trail approximately 740 m long and.30 cm wide, 
tamped into the desert pavement and divided into two segments by an unnamed wash. The 
southernmost end of the site occurs within the physical effects APE for the Project. During the 
pedestrian survey, ASM revisited the southernmost 17 m of the site, which falls within the 
proposed APE for an existing access road. The 17m portion of the site inspected appeared to be 
moderately disturbed by off-road vehicle traffic and seasonal/ephemeral sheet wash erosion. No 
other artifacts or features were identified at this portion of the site. CA-SDI-1469 will be treated 
as eligible for inclusion on the NRHP and avoided during the drilling project . The potential for 
adverse effects is low for this site as it is adjacent to an existing road not scheduled for 
improvements. Additionally, ESA fencing can ensure that mining vehicles do not veer offroad in 
this section. 

CA-IMP-3297 /3300/3302 
This previously recorded site is the Hedges/Tumco Historical Townsite designated by the 
California State Department of Parks and Recreation as California Historic Landmark No. 182. 
The site was initially recorded by Rudolf Miller in 1977. The Hedges/Tumco Historic Townsite 
ruins include residential areas, two cemeteries, a commercial district, a company district, and 
many mining-related teatures. The site was evaluated for the Oro Cruz Plan of Operation of the 
American Girl Project in 1992 by Burney and Associates through archaeological testing, oral 
history, geomorphology, aerial photography, and extensive archival research and was 
recommended as eligible for listing in the NRHP. In 1994, the BLM determined in consultation 
with the California State Historic Preservation Office (SHPO) that the site was indeed eligible 
for listing in the NRHP under Criteria (a), (c), and (d). The current Project plan will avoid 
physically affecting all features identified during the survey associated with CA-IMP-
3297/3300/3302, and thus the Project is not likely to have an adverse effect on the NRHP 
eligible site. Temporary fencing and periodic monitoring may be needed to ensure that those 
features in close proximity to the proposed access roads are not impacted. 

CA-IMP-3298 
This previously recorded site is a historic cemetery adjacent to an existing access road designated 
as Road Segment No. 1 of the Project. CA-IMP-3298 is technically a feature within CA-IMP-
3297/3300/3302 and the site boundaries have been updated to include it. While this road segment 
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is planned for improvements, the cemetery is currently fenced. Additionally, ESA fencing can be 
placed along this road segment to ensure avoidance during construction. The current Project 
plans are such that avoidance of this resource is feasible. Thus the Project will not adversely 
affect this site. 

CA-IMP-7915 
This previously recorded historic site was recorded as part of the North Baja Gas Pipeline 
alignment project. The site consists of a wooden pole, H-frame, 161 kV transmission line built in 
1951 and stretches from a substation in Pilot Knob in Imperial County to Blythe in Riverside 
County. The line is part of a transmission line system that carries power from the Davis and 
Parker Dams on the Colorado River to 31 substations. ASM relocated the transmission line 
during the survey and determined that it only intersects a small section of Road Segment No. 17, 
and none of the existing poles fall within the Physical Effects APE; therefore these features can 
be avoided by the currently proposed Project. 

CA-IMP-11343 
The Golden Queen mine is technically a feature within CA-IMP-3297/3300/3302. In 1994 it was 
determined by BLM in consultation with SHPO to not be a contributing component to the 
Hedges/Tumco Historic Townsite due to the poor condition and natural weathering of the 
features associated with the Queen mine area. This determination occurred before it was 
recorded in 2010 by J. Kellogg of the BLM Needles office during a survey in association with 
the California Desert District Abandoned Mine Lands program. In his report, Kellogg 
recommended it as eligible. The proposed Project component that intersects the site is an existing 
access road with no plans for improvements. Given that there are no plans to improve this 
segment of the Physical Effects APE, the Project will likely have no adverse effect on this site. 

CA-IMP-11344 
This previously recorded site is the Crowns mine which is technically a feature within CA-IMP-
3297/3300/3302. Three mining features were identified during the current survey within the 
boundaries of this site, including an adit, the remains of a shaft, and a prospect. Additionally, one 
milled lumber feature was identified during the survey with no associated artifacts. These 
features may correspond to those identified by the BLM as not eligible for listing in the NRHP in 
the 1994 Oro Cruz Operation of the American Girl Mining Project EIS. For the present project 
these features will be treated as eligible and avoided. The current Project plans will avoid these 
features, and thus the Project will not have an adverse effect on the site. 

CA-IMP-13336 
This newly recorded site consists of four potsherds that include one rim and three body sherds. 
The ceramic fragments are distributed with a maximum of 2 m between sherds. Ceramics are 
associated with late prehistory in general, and in the area specifically from AD 700-900, and 
onwards. No other artifacts or features were identified at the site. The condition of CA-IMP-
13336 is good, with minimal disturbance limited to minor silt deposition in the site area due to 
seasonal water flow. CA-IMP-13336 will be treated as eligible for inclusion on the NRHP and 
avoided during the drilling project This small site can easily be avoided by placing temporary 
environmentally sensitive area (ESA) fencing around it during construction. 
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P-13-15600 
This previously recorded resource was documented as a mine consisting of two shafts, an adit, 
and a prospect. One of the shafts was reported to have an opening measuring 10 x 10 ft. with a 
depth of 15 ft., and the site was mapped as spanning an area measuring 43 m across. No 
associated artifacts were observed during its recordation, and it was noted that the various 
features appeared to be in the process of collapse. ASM revisited P-13-15600. However, none of 
the features recorded at the site were found to fall within the Physical Effects APE, which is 
composed of an access route that intersects with the site's eastern boundary. As the site will be 
avoided, there will be no adverse effects to historic properties. 

P-13-15601 
This previously recorded resource was documented as a mine consisting of two shafts, an adit, 
and a prospect situated on a north-facing slope. The site was associated with a 55-gallon barrel, 
undiagnostic cans, and glass fragments. ASM revisited a portion of the site during the survey and 
relocated the previously recorded features within the Physical Effects APE. The site will be 
treated as NRHP eligible and avoided, so there will be no adverse affects to historic properties. 

P-13-15602 
This previously recorded resource was documented as a mine consisting of two shafts, a prospect 
trench, and a prospect pit. The presence of fencing, modem trash, and possible remaining 
cribbing was noted during the site's recordation. ASM revisited a small portion of P-13-15602 
during the current survey, with most of the site found outside the Physical Effects APE to the 
west. The site will be treated as NRHP eligible and avoided so that there will be no affects to 
historic properties. 

P-13-15656 
This previously recorded resource was documented as a mine site composed of a single shaft and 
adit. The two were connected underground and found with an associated rock waste pile to the 
west. A small undiagnostic can scatter and piece of sheet metal were noted during the 
recordation. ASM revisited the very small portion of P-13-15656 that intersected with the 
proposed Project APE. However, none of the previously recorded features were relocated in that 
area. A small scatter of metal strands that appear to be the remains of a cable were identi tied 
along the eastern site boundary. No other artifacts or features associated with this site were 
identified within the Physical Effects APE. The site will be treated as NRHP eligible and 
avoided, there will be no affects to historic properties. 

P-13-15841 
This previously recorded resource was documented as a mine consisting of two shafts and an adit 
located on the north end of the Tumco valley. All three features were associated with waste rock 
piles, and no associated artifacts were identified. ·one of the shafts, Shaft 1, was noted to have a 
wire fence, and the adit was reported to have been previously filled in. ASM revisited P-13-
15841 during the survey and relocated the sealed adit (Adit 1) and one of the shafts (Shaft 2). In 
the northern portion of the site, the cut on the slope for the adit was found to be approximately 10 
m long and 3 m wide. As the site will be treated as NRHP eligible and avoided, there will be no 
effects to historic properties. 
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Finally, six newly recorded historic mine features, P-13-018460, -018461, -018462, -018463, -
018464, and O 18465, were also recorded during the current survey. They consist of adits and 
prospects and are all isolated mining features that were likely created sometime between 1953 
and 1961 based on historic topographic maps and aerials of the area. All features will be treated 
as NRHP eligible and avoided for this project. 

Archaeological Sites Located within the V AA APE 
The V AA APE intersects 37 prehistoric trails, geoglyphs, ceramic scatters, lithic scatters, rock 
art sites, and isolates that have potential to be deemed sacred or traditionally important by Native 
American tribes. The use of these sites and locations by Native American tribes may be affected 
by the Project through temporary visual obstructions and loud noise levels such that the integrity 
of the "setting" and "feeling" of the sites is disturbed. 

Of the 35 proposed potential drill sites, the closest of the prehistoric sites is 630 meters (2,067 
feet) away, and the rest are between 950 and 2565 meters (3,117 and 8,415 feet) away. The 
viewshed analysis and line of site examples indicate that a 40-foot drill rig line against the 
existing landscape would not create a strong contrast against the backdrop of the existing 
landscape and would likely not be noticed by the casual viewer. Of 18 selected sites that intersect 
the potential visual APE the drill rigs would not be likely to have an adverse visual effect on the 
integrity of the setting or feeling of the selected sites from a distance of 630 meters or greater. 

The auditory APE report suggests that drilling noise from the Project would be substantially 
shielded towards the east and north due to the topography of the Cargo Muchacho Mountains. 
Most of the sites are far enough away from the Project area, the Physical Effects APE, and the 
proposed helicopter drill sites that they would fall within the noise level contours of ~40-35 dBa 
Lcq or lower, which would be the equivalent of a suburban residential area at night. Based on the 
contours provided by Saxelby Acoustics, the proposed Project would not be likely to have an 
adverse auditory effect on the integrity of the setting or feeling of the 25 selected sites that 
intersect the V AA APE. 

Identified Traditional Cultural Property 
The Quechan Indian Tribe has conveyed to the BLM that the Oro Cruz project area is located 
within and encompassed by a much larger TCP as described in the 1997 cultural report titled, 
Where Trails Cross: Cultural Resources I11vent01y and Evaluation/or the Imperial Project, 
Imperial Co1111ty, Califomia. This 1997 report recorded the Quechan elders' discussions of the 
trails and associated features and the importance of this region to the Quechan Tribe for 
conducting ceremonies and rituals, storytelling and song cycles, and for resource gathering. To 
briefly summarize, the preservation of this area is essential to maintain cultural, religious and 
traditional practices and teaching of future generations of Quechan youth. This 1997 cultural 
report also defines the Running Man Area of Traditional Cultural Concern (ATCC) located about 
9 miles northeast of the Oro Cruz project area. Although a boundary was created to define the 
Running Man A TCC for management purposes, the report clear_ly states that an extensive and 
complex network of trails and associated sites and "potentially other A TCCs and linking trail 
systems" are running throughout the region. 

The physical or tangible cultural resource evidence of this TCP identified within the Project area 
are the prehistoric trails, geoglyphs, rock art, and numerous other associated sites containing 
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ceramics and lithics primarily located within the V AA APE. The network of prehistoric trails 
and associated features are tied directly to the Quechan' s stories of origin, religious ceremonies, 
and traditional cultural teachings as are the Cargo Muchacho Mountains themselves. The TCP 
extends from this trail network and associated cultural sites to the "mountains, rivers and springs, 
and includes the plants and animals" living within the region. The Keruk/Xam Kwatsam Trail 
system is one of the largest known (but not fully recorded or defined) trail systems that runs the 
length of the Colorado River between the Newberry Mountains in the north to Pilot Knob near 
the southeastern corner of Imperial County, California. The 1997 report identifies approximate 
locations for trails significant to the Tribe(s) running on both the East and West sides of the 
Cargo Muchacho Mountains. The trail on the west side of the Cargo Muchacho Mountains is 
within the VAA APE for the Oro Cruz Project. The entire system consists of various segments of 
the trail, several significant mountain ranges and specific peaks, numerous side trails, numerous 
earth figures/geoglyphs, and thousands of objects such as lithics, cairns, potsherds, and cleared 
sleeping or camping areas. Quechan elders testified, elaborately, about the importance of these 
cultural features during the late 1990's proposed mining project (Imperial Gold) located near 
Indian Pass, approximately 10 miles northeast of the current Oro Cruz Project. The 1997 report 
states that additional ethnographic information may be required to understand if this trail 
network should be recorded and NRHP evaluated as cine very large all-encompassing TCP or if 
the individual components/ areas/ sites of the larger complex should be identified and evaluated 
separately. Additional work understanding this TCP or complex ofTCPs will continue to be 
conducted by the BLM in consultation with the Tribe. 

Class III Cultural Resources Inventory Report 
A draft of the Class Ill cultural resources inventory report titled, Class Ill Cultural Resource 
Invento,y for the Oro Cruz Exploration Project, Imperial County, California (Report), was sent 
to Tribes and consulting parties August 25, 2022, for review and comments. Based upon the 
comments and input the BLM received, the following modifications were made to the Report: 

1) Archaeological site CA-IMP-13336 was revisited by ASM, the ceramic sherds were 
analyzed in more detail and the Report was updated with additional characteristics. 

2) The TCP identified by the Quechan Indian Tribe was identified and the Class III 
Inventory report was amended to include a discussion of the TCP in association with 
the proposed Project as well as the prehistoric archaeological sites within the VAA 
APE. 

3) Archaeological sites identified within the physical APE and the VAA APE were 
reviewed again to consider the potential effects that the proposed project may have. 
These sites were also considered as potentially contributing elements of the TCP. 
Additional protections were added to the project design such as additional physical 
barriers and increased cultural monitoring. 

4) Avoidance of all archaeological sites, regardless of their status has been 
recommended for this project; fencing and periodic archaeological monitoring have 
been recommended for sites located near existing and proposed roads and ground 
disturbing activity areas. 

The revised final Report (non-confidential version) has been uploaded to an ASM ftp website 
and is available for download. You can access the ftp website at the following address: 
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https://asmaffiliates.filecloudonline.com/url/an4kfzjxhumghxfp 

If you would like to request a hardcopy or the confidential appendices, please coordinate with 
Hannah Robinson, BLM Desert District Archaeologist (contact infonnation below). 

Agency Proposed Determinations of Eligibility and Findings of Effect 
Based on the results of the record search, archaeological inventory, the contractors' 
recommendations, Section 106 and government-to-government consultations, the BLM staff 
review of all the information and analysis provided and pursuant to 36 CFR 800.4 and 800.5, the 
BLM makes the following detenninations regarding NRHP eligibility and findings of effect for 
historic properties: 

• CA-IMP-1469 is detennined eligible for inclusion in the NRHP under Criterion A and D. 
The BLM concurs with ASM's recommendations and finds that there will be no adverse 
effect as the site will be avoided and protected with protective fencing, matting and other 
management conditions. 

• The BLM concurs with and reaffirms the previous detenninations that site CA-IMP-
3297/3300/3302 is eligible for inclusion in the NRHP under Criterion A, C and D. The 
BLM concurs with ASM's recommendations and finds that there will be no adverse 
effect as the site and features within will be avoided and protected with protective fencing 
where needed and other management conditions. 

• The following resources located within the Physical APE CA-IMP-3298, -7915, -11343, -
11344,-13336,P-13-15600,-15601,-15602,-15656,-15841,-18460,-18461,-18462,-
18463, -18464, -18465 will be treated as eligible for inclusion in the NRHP for project 
management purposes. The BLM concurs with ASM's recommendations and finds that 
there will be no adverse effect to these resources with management conditions and 
protective fencing where needed. 

• The 37 cultural resources within the V AA APE, remain fonnally unevaluated but will be 
treated as eligible for inclusion in the NRHP for project management purposes and they 
will be avoided. The BLM concurs with ASM's recommendations and finds that there 
will be no adverse effect from visual or auditory intrusions. 

• The Identified TCP is assumed eligible for inclusion in the NRHP under Criterion A and 
D. The BLM finds that there will be no adverse effect to this resource. The 
archaeological resources that may be components of the TCP will be avoided and the 
auditory and visual impacts created by this Project will be temporary in nature. 

• The BLM finds that there will be no adverse effects to historic properties from this 
undertaking. 

Consistent with 36 CFR 800.S(b) the BLM will avoid effects to the significant values of the 
historic properties by requiring the development and implementation of a cultural resources 
monitoring program for the Project. The monitoring program for the Project will include 
procedures for cultural resources monitoring, post-review discovery and unanticipated effects to 
known historic properties. Qualified cultural resources monitor(s) will be on site during Project 
construction related to the undertaking and tribal monitors will be invited to participate. 

Based on the results of the cultural resources studies and project management actions that will be 
taken to monitor and avoid resources within the APE, the BLM proposes that there will be 110 
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adverse effects to historic properties by the undertaking. We request your review and comment 
for a 30-day consultation period. Please provide your input by May 14, 2023. 

We appreciate your time and attention in reviewing the information provided in this letter. For 
information or further clarification, or to schedule a government-to-government consultation 
meeting with the BLM, please contact Hannah Robinson, BLM District Archaeologist, 
at hrobinson@blm.gov or by telephone at ( 435) 253-3 706. If you have any questions please do 
not hesitate to contact us. I am also available at csahagun@blm.gov or by telephone at 760-337-
4437. Thank you for your continued cooperation with this office. 

Electronic cc: 

Sincere( 

Carrie L. Sahagun 
Acting Field Manager 

Mayra Martinez, Project Manager (mymartinez@blm.gov) 
Hannah Robinson, Archaeologist, California Desert District (hrobinson@blm.gov) 
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 State of California • Natural Resources Agency Gavin Newsom, Governor 

DEPARTMENT OF PARKS AND RECREATION 
OFFICE OF HISTORIC PRESERVATION 
Julianne Polanco, State Historic Preservation Officer 

1725 23rd Street, Suite 100,  Sacramento,  CA  95816-7100 
Telephone:  (916) 445-7000             FAX:  (916) 445-7053 
calshpo.ohp@parks.ca.gov         www.ohp.parks.ca.gov 

Armando Quintero, Director 

June 28, 2023   
 
VIA EMAIL                                   
    

            In reply refer to: BLM_2021_0416_001 
  
Mr. Neil Hamada 
Acting Field Manager 
Bureau of Land Management  
El Centro Field Office  
1661 S. 4th Street 
El Centro, CA 92243  
 
RE: SMP Oro Cruz Mining Exploration Project 
 
Dear Mr. Hamada,   
  
The State Historic Preservation Officer (SHPO) received your consultation letter dated 
May 18, 2023, pursuant to Section 106 of the National Historic Preservation Act of 1966 
(54 U.S.C. § 300101), as amended, and its implementing regulation found at 36 CFR § 
800. 
 
The Bureau of Land Management El Centro Field Office (BLM) is continuing its Section 
106 consultation for the undertaking referenced above which would approve a mining 
Exploration Plan of Operations submitted by SMP Gold Corp. to conduct exploratory 
drilling on public lands (Project) in south-eastern Imperial County.  The undertaking 
would permit SMP Gold Corp. to conduct new exploration at the existing Oro Cruz mine 
site within seven drill areas across an area of approximately 279 acres, with 
approximately only 21 acres proposed for actual construction impacts.  While existing 
roads would be utilized, approximately 2.0 miles of existing roads would need 
improvements.  In addition, the following new construction would occur:   
 

• one new 12-foot-wide temporary exploration drilling access road 6.2 miles long, 
• 8 helicopter landing pads, 
• 65 drill pads to support exploration in the seven drill areas, 
• one new permanent 15-foot-wide access road 1.8 miles long, 
• 2.8-acre staging area for access to the Oro Cruz Portal on BLM lands to house a 

1,300-gallon diesel fuel tank and fueling station, two diesel-powered generators 
(125kW or equivalent), two portable compressors, parking for access to the 
underground mine, and laydown areas for exploration drilling.   
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Once exploration activities are completed (12-24 months), disturbed areas would be 
restored within 5 years of Project implementation.   
 
The project area is located within the Picacho Area of Critical Environmental Concern 
and more specifically, the Cargo Muchacho Mountains, an area that BLM characterized 
in its April 16, 2021, letter as being heavily disturbed by prior mining.  Proposed 
exploration activities will take place in the Hedges/Tumco historic mining district which 
was previously determined eligible for listing in the NRHP.  The Area of Potential Effects 
(APE) was consulted on in previous correspondence; it consists of areas to account for 
ground disturbing activities such as access roads, fencing, drill pads, helicopter landing 
pads, and staging areas as well as areas to consider visual, auditory, and atmospheric 
effects from drilling and exploratory activities.   
 
BLM required Class III inventory to identify historic properties within the APE.  The 
results of those historic property identification efforts were provided in the inventory 
report titled, Class III Cultural Resource Inventory for the Oro Cruz Exploration Project, 
Imperial County, California (ASM Affiliates, April 2023).  Eleven previously recorded 
resources and six newly recorded resources are present within the APE in areas 
proposed for exploration activities, while thirty-seven additional resources are present in 
the area analyzed for visual, auditory, and atmospheric effects.   
 
One previously recorded resource, the Hedges/Tumco Historical Townsite (CA-IMP-
3297/3300/3302) received SHPO concurrence in 1994 for the determination that it is 
eligible for inclusion in the National Register of Historic Places (NRHP) under Criteria A, 
C, and D.  Effects to this historic property are able to be avoided through project design.   
 
Previously recorded resources that are also able to be avoided will be assumed eligible 
for inclusion in the NRHP and treated as such for the purposes of this undertaking.  
These include:   
 

• CA-IMP-1469, a trail dating to the precontact period; 
• CA-IMP-3298, a historic cemetery; 
• CA-IMP-7915, a transmission line built in 1951; 
• CA-IMP-11343, the Golden Queen mine; 
• CA-IMP-11344, the Crowns mine; 
• CA-IMP-13336, a ceramic potsherd scatter; 
• P-12-15600, a mine consisting of two shafts, an adit, and a prospect; 
• P-13-15601, a mine consisting of two shafts, an adit, and a prospect; 
• P-13-15602, a mine consisting of two shafts, a prospect trench and a prospect 

pit; 
• P-13-15656, a mine site consisting of a single shaft and adit; 
• P-13-15841, a mine site consisting of two shafts, and an adit; 
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The following newly recorded historic mining features will also be avoided by the Project 
and thus will also be treated as eligible for inclusion in the NRHP:  
 

• P-13-018460 
• P-13-018461 
• P-13-018462 

• P-13-018463 
• P-13-018464 
• P-13-018465 

 
Thirty-seven known archaeological sites consisting of precontact trails, geoglyphs, 
ceramic and lithic scatters, rock art sites, and isolated artifacts are known to be present 
within an area surrounding the Project site that may be affected by temporary visual and 
noise intrusions such that the integrity of setting and feeling might be affected. 
Viewshed and auditory effects analysis concluded that the temporary introduction of 
visual and auditory elements would not constitute an adverse effect to historic 
properties.  The analyses conclude that the Project would not create a strong visual 
contrast against the backdrop of the landscape, or the nearest resource located 
approximately 600-meters away, further the temporary noise levels introduced by the 
Project would be similar to a suburban residential area at night (approximately 40-35 
dBa or lower).   
 
BLM has conducted or offered formal government-to-government consultation on the 
proposed project since March 31, 2021, with the following Indian tribes: 
 

• Barona Band of Mission Indians 
• Campo Band of Mission Indians 
• Cocopah Indian tribe 
• Colorado River Indian tribes 
• Ewiiaapaayp Band of Kumeyaay 

Indians 
• Manzanita Band of Kumeyaay 

Indians 
• Mesa Grande Band of Mission 

Indians 

• Quechan Indian tribe 
• San Pasqual Band of Digueño 

Indians 
• Sycuan Band of Kumeraay 

Nation 
• Torres-Martinez Desert Cahuilla 

Indians 
• Viejas Band of Kumeyaay Indians 

 
During consultation, the Quechan Indian Tribe conveyed to BLM that the project area is 
located within a much larger Traditional Cultural Property (TCP) and that within the 
Project APE, there are trails, geoglyphs, rock art, ceramic and lithic sites that are 
associated with significant mountains, rivers and springs, plants and animals in the 
larger area.   
 
For the purposes of this undertaking BLM will treat the TCP as eligible for inclusion in 
the NRHP under Criterion A and D.  BLM determined that due to the avoidance of 
resources that would contribute to the TCP, protection measures for wildlife and plants, 
and the temporary and minimal nature of any visual and auditory effects, the TCP will 
not be adversely affected by the undertaking.   
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Following review of the submitted supporting documentation, pursuant to 36 CFR § 
800.5(b), I do not object to a finding of no adverse effects to historic properties.  Please 
consider that in the event of a post-review discovery or Project redesign, BLM might 
have additional responsibilities pursuant to 36 CFR 800.  If you have any questions or 
concerns, please contact Senior State Archaeologist Brendon Greenaway at 
Brendon.Greenaway@parks.ca.gov.    
 
Sincerely,  
 

  
Julianne Polanco  
State Historic Preservation Officer 
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9/1/23, 1:21 PM Mail - Sahagun, Carrie L - Outlook

https://outlook.office365.com/mail/sentitems/id/AAMkADk3OTVhY2RmLThjOGEtNDZjYS1hODA1LTQyMTQzYzBhZDkwNABGAAAAAAAVkXPlJyTwT… 1/1

Oro Cruz mining exploration project update

Sahagun, Carrie L
Fri 9/1/2023 1:15 PM

Cc:Whyte, Jennifer D <jwhyte@blm.gov>;Martinez, Mayra Y <mymartinez@blm.gov>;Rodriguez Sanchez,
Christian M <crodriguezsanchez@blm.gov>;Robinson, Hannah A <hrobinson@blm.gov>
Bcc:Michael Abraham <michaelabraham@co.imperial.ca.us>;Dale Wallster
<dale@mulgravian.com>;Hockaday, Shelby <shelby.hockaday@stantec.com>;Del Fortner
<delfortner.df@gmail.com>;Greenaway, Brendon@Parks
<brendon.greenaway@parks.ca.gov>;counciloffice@barona-nsn.gov <counciloffice@barona-
nsn.gov>;rgoff@campo-nsn.gov <rgoff@campo-nsn.gov>;Johnathan Mesa <jmesa@campo-
nsn.gov>;executivesecretary@quechantribe.com
<executivesecretary@quechantribe.com>;scottmanfred@yahoo.com
<scottmanfred@yahoo.com>;tribaladministrator@quechantribe.com
<tribaladministrator@quechantribe.com>;Tribal Chair - Sherry Cordova, Chairwoman
<cocotcsec@cocopah.com>;critthpo@crit-nsn.gov <critthpo@crit-nsn.gov>;Robert Pinto
<rpinto@leaningrock.net>;culturalcomittee@quechantribe.com
<culturalcomittee@quechantribe.com>;'Willie Micklin' <ceo@ebki-nsn.gov>;Bernice Paipa
<bpaipa@iipaynation-nsn.gov>;Lisa Cumper <lcumper@jiv-nsn.gov>;Erica M. Pinto <epinto@jiv-
nsn.gov>;Michael Garcia <michaelg@leaningrock.net>

1 attachments (162 KB)
Oro Cruz Decision News Release.pdf;

Dear Tribal Leaders and Sec� on 106 Consul� ng par� es,
I wanted to let you know that the BLM has published its Decision Record, signed Finding of No
Significant Impact and revised joint Environmental Assessment/Mi� gated Nega� ve Declara� on in
coordina� on with Imperial County for the SMP Gold Corp. Oro Cruz Explora� on Project.  Please see the
a� ached news release for more informa� on. This office will send out formal le� ers regarding this topic
as well as ini� ate consulta� on on a Monitoring and Discovery Plan for the project so please keep an eye
out for that in the next week or two. Thank you very much. 

Carrie L. Sahagun
Associate Field Manager
BLM El Centro Field Of� ice
1661 S. 4th Street
El Centro, CA  92243
(760) 337-4437
USDI, Region 8
she/her

PC ORIGINAL PKG



Oro Cruz Explora on Project  September 2023 
Reclama on Plan #21‐0001 
 

Oro Cruz ‐ Tribal Consulta on Summary_v1.0 

A achment 30 
 

BLM 
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Fw: Oro Cruz mining exploration project update

Sahagun, Carrie L
Fri 9/1/2023 1:18 PM

To:culturalcommittee@quechantribe.com <culturalcommittee@quechantribe.com>

1 attachments (162 KB)
Oro Cruz Decision News Release.pdf;

Dear Tribal Leaders and Sec� on 106 Consul� ng par� es,
I wanted to let you know that the BLM has published its Decision Record, signed Finding of No
Significant Impact and revised joint Environmental Assessment/Mi� gated Nega� ve Declara� on in
coordina� on with Imperial County for the SMP Gold Corp. Oro Cruz Explora� on Project.  Please see the
a� ached news release for more informa� on. This office will send out formal le� ers regarding this topic
as well as ini� ate consulta� on on a Monitoring and Discovery Plan for the project so please keep an eye
out for that in the next week or two. Thank you very much. 

Carrie L. Sahagun
Associate Field Manager
BLM El Centro Field Of� ice
1661 S. 4th Street
El Centro, CA  92243
(760) 337-4437
USDI, Region 8
she/her
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Maricela Rosales ,Conserva0on Lands Founda0on, Oro Cruz oral comment, Jan 10th, 2024
 
Good morning, my name is Maricela Rosales, I’m the California Associate Program Director for 
Conserva0on Lands Founda0on.  CLF is a nonprofit organiza0on whose mission is to protect, 
restore, and expand the Na0onal Conserva0on Lands through educa0on, advocacy, and 
partnerships. We work closely with partners who care about protec0ng the lands and waters 
within Na0onal Conserva0on Lands in the California Desert. We also are supporters of 
respec0ng indigenous people's rights and protec0ng the tradi0onal cultural landscape in the 
eastern imperial county.  
 
I am here concerned about the impacts of gold explora0on in eastern Imperial County. 
Unlike lithium, we simply don’t need more gold. I’m here today to comment in solidarity with 
the Quechan people and the communi0es' concerns.  
 
The Cargo Muchachos don’t need more destruc0on from historic mining. Open pits, and old 
heap leach piles have impacted this landscape and will not recover, the California Desert takes 
life0mes to recover. But even amidst all this destruc0on, there is much to be saved for the right 
reasons. 
 
Intact mountains, habitat for desert tortoises, and an ancient trail that goes through the area, 
part of the larger, sacred, tradi0onal cultural lands, connec0ng Quechan people all 
the way north to Avi Kwa Ame. That should be enough to halt further conversa0ons and 
approvals of gold explora0on. 
 
The gold explora0on would have a significant impact on the land and the ability of 
the Quechan to prac0ce their religion, preserve their lifelong history, and protect their animal 
rela0ves. Please hear the pleas from the indigenous peoples of this land to put off a decision. 
Un0l there is robust tribal consulta0on and for the county to take seriously the tribe’s 
objec0ons to this project. 
 
Given these issues, I respecYully request that the project be denied robust tribal consulta0on, 
an adequate reclama0on plan, and an EIR prepared. Thank you. 
 
 

PC ORIGINAL PKG
















	RP21-0001 SMP Gold Corp (Oro Cruz) PC Original Pkg 01.10.24.pdf
	RP21-0001 Center for Biological Diversity Comment Letter 10.24.23 .pdf
	I. The County Must Allow More Time for the Public to Evaluate and Comment on the Updated EA/MND for the Proposed Project.

	RP21-0001 PROJECT REPORT 12 13 23.pdf
	TO:   PLANNING COMMISSION                          AGENDA DATE: December 13, 2023
	FROM: PLANNING & DEVELOPMENT SERVICES      AGENDA TIME 9:00 AM/ No.9


	RP21-0001 PROJECT REPORT 01 10 24.pdf
	TO:   PLANNING COMMISSION                          AGENDA DATE: January 10, 2024
	FROM: PLANNING & DEVELOPMENT SERVICES      AGENDA TIME 9:00 AM/ No.2


	Center for Biological Diversity 2023-12-07 EAMND comments for December PC meeting-Final.pdf
	Decision Record Oro Cruz Exploration Project - 20230901_508.pdf
	1.1 Summary of Oro Cruz Exploration Project
	1.2 Decision
	1.2.1  Alternatives Considered for Analysis
	1.2.2  Decision and Rationale
	1.3 Compliance with Laws, Regulations, Policies and Land Use Plans
	1.4 Public Involvement
	1.6 Administrative Remedies
	1.7 Approval from Authorized Official



	EA MND Oro Cruz Conservation Organization comments with Attachments.pdf
	EA MND Oro Cruz Conservation Organizations comments 12_16_22 FINAL.pdf
	Re: SMP Gold Corp. Oro Cruz Exploration Project EA/MND
	C. The EA failed to include an adequate mitigation plan under NEPA and BLM mining regulations
	D. The agency must fully review all reasonable alternatives

	A. Biological Resources
	B.  Cultural Resources
	C.  Additional Resource Issues
	1. Source of Groundwater and Impacts
	2. Surface Disturbance
	3. Reclamation Plan is Not Provided

	Conclusion

	Attach 1_8 Oro Cruz comments reduced
	Attach 1 About Us – Southern Empire Resources
	Attachment  1
	Attach 1 About Us – Southern Empire Resources.pdf
	Attach 1 About Us – Southern Empire Resources

	Attach 2 Exploration Plan of operations oct 2020
	Attachment  2.pdf
	Attach 2 Exploration Plan of operations oct 2020
	Imperial Explor. Plan of Ops._Revised  10.16.20
	1.0 Introduction
	1.1 Purpose and Scope
	1.2  Project Overview
	1.3  History
	1.4  Environmental Setting

	2.0  Applicant Information
	2.1  Name of Operator and Claimant
	2.2  Taxpayer EIN:
	2.3  Individual Completing Application
	2.4  Legal Description and Claim Information
	2.5  Claim type
	2.6  Relationship to BLM Regulations and Land Use Plan Conformance

	3.0.  Description of Exploration Activity
	3.1  Activity Description
	3.2  Location and Access
	3.3  Project Area Biology
	3.3.1 Vegetation
	3.3.2 Wildlife
	3.3.3  Mitigation

	3.4  Other Permits
	3.5  Drill Site & Two-track Trail Establishment
	3.6  Drill Site/Drill Hole Locations
	3.7  Operations
	3.7.1  Dust Control and Water Use
	3.7.2  Power and Communications
	3.7.3  Storm Water

	3.8  Environmental Protection Measures
	3.8.1  Air Quality
	3.8.2  Water Quality
	3.8.3  Spill Contingency Plan
	3.8.4  Soils and Erosion Prevention and Control
	3.8.5  Surface Water Resources
	3.8.6  Solid and Hazardous Wastes
	3.8.8  Special Status Species
	3.8.9  Cultural and Paleontological Resources
	3.8.10 Survey Monuments
	3.8.11 Vegetation/Desert Shrub Resources
	3.8.12 Wildland Fire Protection
	3.8.13 Public and Wildlife Safety


	4.0  Reclamation Plan
	4.1  Reclamation Grading
	4.2  Revegetation
	4.3  Weed Control
	5.1  Wildlife
	5.2  Archaeological Sites
	5.3  Surface Water Quality
	5.4  Reclamation Success
	5.5  Annual Reporting

	6.0  Interim Management Plan
	7.0  Schedule of Activities
	8.0  Reclamation Cost Estimate/Financial Assurance
	9.0  Occupancy
	10.0 Acknowledgements
	11.0  References



	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	Attachment  3.pdf
	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	Figure 1 - Map
	Figure 2 - modeled
	Figure 3 - before/after simulation

	DECISION
	RATIONALE
	ALTERNATIVES CONSIDERED
	PUBLIC INVOLVEMENT
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F
	Appendix G


	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22
	Attachment  4.pdf
	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22

	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Attachment  5.pdf
	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Finding of No Significant Impact
	Finding of No Significant Impact
	Context
	Lands and Realty
	Lands with Wilderness Characteristics
	Migratory Birds
	Noxious Weeds, Invasive and Non-native Species
	Recreation
	Soils
	Special Status Species
	Surface and Groundwater Resources
	Vegetation
	Wildlife


	Attach 6 EA-silicon-exploration-project-eagle-permit
	Attachment  6.pdf
	Attach 6 EA-silicon-exploration-project-eagle-permit
	1.0 Introduction
	1.1 Purpose and Need
	1.2 Authorities
	1.3 Background
	1.4 Scoping, Consultation, and Coordination
	1.5 Tribal Coordination

	2.0 Proposed Action and Alternatives
	2.1 Alternative 1: Proposed Action
	2.1.1 Compensatory Mitigation
	2.1.2 Adaptive Management
	2.1.3 Eagle Nest Monitoring
	2.1.4 Five Year Review

	2.2 Alternative 2: No Action Alternative
	2.3 Common to All Alternatives
	2.3.1 Monitoring
	2.3.2 Minimization Measures
	2.3.3 Detection and Reporting Measures

	2.4 Other Alternatives Considered but Not Evaluated in this Environmental Assessment
	2.4.1 Alternative 3: Deny Permit


	3.0 Affected Environment
	3.1 Golden Eagles
	3.1.1 Project Area Habitat
	3.1.2 Project Area Golden Eagle Population
	3.1.3 Territories Within the Project’s Plan Boundary
	3.1.4 Project Eagle Population Stressors
	Exploration Activities
	Roads
	Utilities


	3.2 Bald Eagles
	3.3 Migratory Birds
	3.4 Species Listed under the Endangered Species Act
	3.5 Coordination with Tribal Governments
	3.6 Climate Change

	4.0 Environmental Consequences
	4.1 Alternative 1: Proposed Action
	4.1.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.1.2 Cumulative Effects

	4.2 Alternative 2: No Action Alternative
	4.2.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.2.2 Cumulative Effects

	4.3 Comparison of Effects of Alternatives

	5.0 Mitigation
	6.0 List of Preparers and Reviewers
	7.0 References
	AngloGold Silicon ECP - 20211111_508.pdf
	TABLE OF CONTENTS
	FIGURES
	ACRONYMS AND ABBREVIATIONS
	1.0 PURPOSE OF THIS PLAN
	2.0 INTRODUCTION AND BACKGROUND
	2.1 Location and Exploration History
	2.2 Authorized and Proposed Facilities

	3.0 AREA HABITATS
	3.1 Foraging Habitat
	3.2 Nesting Habitat
	3.3 Topographic Features Attractive to Eagles

	Table 1 SWReGAP Vegetation Communities within the Study Area (Four-mile Radius)
	4.0 TERRITORIES PROPOSED FOR TAKE
	Table 2 Golden Eagle Nests Within the Vicinity of the Project and Status (2014-2021)
	4.1 Beatty Wash Territory: SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502

	5.0 RISK ASSESSMENT
	Table 3 Summary of Impacts to Eagles at the Silicon Exploration Project
	5.1 Habitat-Related Risks
	5.2 Vehicle Collision-Related Risks

	6.0 AVOIDANCE AND MINIMIZATION MEASURES
	Table 4 Golden Eagle Protection Measures
	7.0  MONITORING AND ADAPTIVE MANAGEMENT
	8.0  REFERENCES



	Attach 7 Cleland Ethnographic Trail Systems
	Attachment  7
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation.pdf
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation
	Attach 7 Cleland Ethnographic Trail Systems

	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced
	Attachment  8.pdf
	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced



	2023-12-07 EAMND comments for December PC meeting-Final.pdf
	Decision Record Oro Cruz Exploration Project - 20230901_508.pdf
	1.1 Summary of Oro Cruz Exploration Project
	1.2 Decision
	1.2.1  Alternatives Considered for Analysis
	1.2.2  Decision and Rationale
	1.3 Compliance with Laws, Regulations, Policies and Land Use Plans
	1.4 Public Involvement
	1.6 Administrative Remedies
	1.7 Approval from Authorized Official


	2023-10-24 EAMND comments for 10.25 PC meeting item #7.pdf
	I. The County Must Allow More Time for the Public to Evaluate and Comment on the Updated EA/MND for the Proposed Project.

	Exhibit A - EA MND Oro Cruz Conservation Organization comments with Attach 1 to 8 12_26_22.pdf
	EA MND Oro Cruz Conservation Organizations comments 12_16_22 FINAL.pdf
	Re: SMP Gold Corp. Oro Cruz Exploration Project EA/MND
	C. The EA failed to include an adequate mitigation plan under NEPA and BLM mining regulations
	D. The agency must fully review all reasonable alternatives

	A. Biological Resources
	B.  Cultural Resources
	C.  Additional Resource Issues
	1. Source of Groundwater and Impacts
	2. Surface Disturbance
	3. Reclamation Plan is Not Provided

	Conclusion

	Attach 1_8 Oro Cruz comments reduced
	Attach 1 About Us – Southern Empire Resources
	Attachment  1
	Attach 1 About Us – Southern Empire Resources.pdf
	Attach 1 About Us – Southern Empire Resources

	Attach 2 Exploration Plan of operations oct 2020
	Attachment  2.pdf
	Attach 2 Exploration Plan of operations oct 2020
	Imperial Explor. Plan of Ops._Revised  10.16.20
	1.0 Introduction
	1.1 Purpose and Scope
	1.2  Project Overview
	1.3  History
	1.4  Environmental Setting

	2.0  Applicant Information
	2.1  Name of Operator and Claimant
	2.2  Taxpayer EIN:
	2.3  Individual Completing Application
	2.4  Legal Description and Claim Information
	2.5  Claim type
	2.6  Relationship to BLM Regulations and Land Use Plan Conformance

	3.0.  Description of Exploration Activity
	3.1  Activity Description
	3.2  Location and Access
	3.3  Project Area Biology
	3.3.1 Vegetation
	3.3.2 Wildlife
	3.3.3  Mitigation

	3.4  Other Permits
	3.5  Drill Site & Two-track Trail Establishment
	3.6  Drill Site/Drill Hole Locations
	3.7  Operations
	3.7.1  Dust Control and Water Use
	3.7.2  Power and Communications
	3.7.3  Storm Water

	3.8  Environmental Protection Measures
	3.8.1  Air Quality
	3.8.2  Water Quality
	3.8.3  Spill Contingency Plan
	3.8.4  Soils and Erosion Prevention and Control
	3.8.5  Surface Water Resources
	3.8.6  Solid and Hazardous Wastes
	3.8.8  Special Status Species
	3.8.9  Cultural and Paleontological Resources
	3.8.10 Survey Monuments
	3.8.11 Vegetation/Desert Shrub Resources
	3.8.12 Wildland Fire Protection
	3.8.13 Public and Wildlife Safety


	4.0  Reclamation Plan
	4.1  Reclamation Grading
	4.2  Revegetation
	4.3  Weed Control
	5.1  Wildlife
	5.2  Archaeological Sites
	5.3  Surface Water Quality
	5.4  Reclamation Success
	5.5  Annual Reporting

	6.0  Interim Management Plan
	7.0  Schedule of Activities
	8.0  Reclamation Cost Estimate/Financial Assurance
	9.0  Occupancy
	10.0 Acknowledgements
	11.0  References



	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	Attachment  3.pdf
	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	Figure 1 - Map
	Figure 2 - modeled
	Figure 3 - before/after simulation

	DECISION
	RATIONALE
	ALTERNATIVES CONSIDERED
	PUBLIC INVOLVEMENT
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F
	Appendix G


	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22
	Attachment  4.pdf
	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22

	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Attachment  5.pdf
	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Finding of No Significant Impact
	Finding of No Significant Impact
	Context
	Lands and Realty
	Lands with Wilderness Characteristics
	Migratory Birds
	Noxious Weeds, Invasive and Non-native Species
	Recreation
	Soils
	Special Status Species
	Surface and Groundwater Resources
	Vegetation
	Wildlife


	Attach 6 EA-silicon-exploration-project-eagle-permit
	Attachment  6.pdf
	Attach 6 EA-silicon-exploration-project-eagle-permit
	1.0 Introduction
	1.1 Purpose and Need
	1.2 Authorities
	1.3 Background
	1.4 Scoping, Consultation, and Coordination
	1.5 Tribal Coordination

	2.0 Proposed Action and Alternatives
	2.1 Alternative 1: Proposed Action
	2.1.1 Compensatory Mitigation
	2.1.2 Adaptive Management
	2.1.3 Eagle Nest Monitoring
	2.1.4 Five Year Review

	2.2 Alternative 2: No Action Alternative
	2.3 Common to All Alternatives
	2.3.1 Monitoring
	2.3.2 Minimization Measures
	2.3.3 Detection and Reporting Measures

	2.4 Other Alternatives Considered but Not Evaluated in this Environmental Assessment
	2.4.1 Alternative 3: Deny Permit


	3.0 Affected Environment
	3.1 Golden Eagles
	3.1.1 Project Area Habitat
	3.1.2 Project Area Golden Eagle Population
	3.1.3 Territories Within the Project’s Plan Boundary
	3.1.4 Project Eagle Population Stressors
	Exploration Activities
	Roads
	Utilities


	3.2 Bald Eagles
	3.3 Migratory Birds
	3.4 Species Listed under the Endangered Species Act
	3.5 Coordination with Tribal Governments
	3.6 Climate Change

	4.0 Environmental Consequences
	4.1 Alternative 1: Proposed Action
	4.1.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.1.2 Cumulative Effects

	4.2 Alternative 2: No Action Alternative
	4.2.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.2.2 Cumulative Effects

	4.3 Comparison of Effects of Alternatives

	5.0 Mitigation
	6.0 List of Preparers and Reviewers
	7.0 References
	AngloGold Silicon ECP - 20211111_508.pdf
	TABLE OF CONTENTS
	FIGURES
	ACRONYMS AND ABBREVIATIONS
	1.0 PURPOSE OF THIS PLAN
	2.0 INTRODUCTION AND BACKGROUND
	2.1 Location and Exploration History
	2.2 Authorized and Proposed Facilities

	3.0 AREA HABITATS
	3.1 Foraging Habitat
	3.2 Nesting Habitat
	3.3 Topographic Features Attractive to Eagles

	Table 1 SWReGAP Vegetation Communities within the Study Area (Four-mile Radius)
	4.0 TERRITORIES PROPOSED FOR TAKE
	Table 2 Golden Eagle Nests Within the Vicinity of the Project and Status (2014-2021)
	4.1 Beatty Wash Territory: SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502

	5.0 RISK ASSESSMENT
	Table 3 Summary of Impacts to Eagles at the Silicon Exploration Project
	5.1 Habitat-Related Risks
	5.2 Vehicle Collision-Related Risks

	6.0 AVOIDANCE AND MINIMIZATION MEASURES
	Table 4 Golden Eagle Protection Measures
	7.0  MONITORING AND ADAPTIVE MANAGEMENT
	8.0  REFERENCES



	Attach 7 Cleland Ethnographic Trail Systems
	Attachment  7
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation.pdf
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation
	Attach 7 Cleland Ethnographic Trail Systems

	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced
	Attachment  8.pdf
	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced



	Exhibit B - 2023-01-20 Oro Cruz Exploration EA-MND CEQA comments with Exhibit 1.pdf
	Exhibit 1 - EA MND Oro Cruz Conservation Organization comments with Attach 1 to 8 12_26_22.pdf
	EA MND Oro Cruz Conservation Organizations comments 12_16_22 FINAL.pdf
	Re: SMP Gold Corp. Oro Cruz Exploration Project EA/MND
	C. The EA failed to include an adequate mitigation plan under NEPA and BLM mining regulations
	D. The agency must fully review all reasonable alternatives

	A. Biological Resources
	B.  Cultural Resources
	C.  Additional Resource Issues
	1. Source of Groundwater and Impacts
	2. Surface Disturbance
	3. Reclamation Plan is Not Provided

	Conclusion

	Attach 1_8 Oro Cruz comments reduced
	Attach 1 About Us – Southern Empire Resources
	Attachment  1
	Attach 1 About Us – Southern Empire Resources.pdf
	Attach 1 About Us – Southern Empire Resources

	Attach 2 Exploration Plan of operations oct 2020
	Attachment  2.pdf
	Attach 2 Exploration Plan of operations oct 2020
	Imperial Explor. Plan of Ops._Revised  10.16.20
	1.0 Introduction
	1.1 Purpose and Scope
	1.2  Project Overview
	1.3  History
	1.4  Environmental Setting

	2.0  Applicant Information
	2.1  Name of Operator and Claimant
	2.2  Taxpayer EIN:
	2.3  Individual Completing Application
	2.4  Legal Description and Claim Information
	2.5  Claim type
	2.6  Relationship to BLM Regulations and Land Use Plan Conformance

	3.0.  Description of Exploration Activity
	3.1  Activity Description
	3.2  Location and Access
	3.3  Project Area Biology
	3.3.1 Vegetation
	3.3.2 Wildlife
	3.3.3  Mitigation

	3.4  Other Permits
	3.5  Drill Site & Two-track Trail Establishment
	3.6  Drill Site/Drill Hole Locations
	3.7  Operations
	3.7.1  Dust Control and Water Use
	3.7.2  Power and Communications
	3.7.3  Storm Water

	3.8  Environmental Protection Measures
	3.8.1  Air Quality
	3.8.2  Water Quality
	3.8.3  Spill Contingency Plan
	3.8.4  Soils and Erosion Prevention and Control
	3.8.5  Surface Water Resources
	3.8.6  Solid and Hazardous Wastes
	3.8.8  Special Status Species
	3.8.9  Cultural and Paleontological Resources
	3.8.10 Survey Monuments
	3.8.11 Vegetation/Desert Shrub Resources
	3.8.12 Wildland Fire Protection
	3.8.13 Public and Wildlife Safety


	4.0  Reclamation Plan
	4.1  Reclamation Grading
	4.2  Revegetation
	4.3  Weed Control
	5.1  Wildlife
	5.2  Archaeological Sites
	5.3  Surface Water Quality
	5.4  Reclamation Success
	5.5  Annual Reporting

	6.0  Interim Management Plan
	7.0  Schedule of Activities
	8.0  Reclamation Cost Estimate/Financial Assurance
	9.0  Occupancy
	10.0 Acknowledgements
	11.0  References



	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	Attachment  3.pdf
	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	Figure 1 - Map
	Figure 2 - modeled
	Figure 3 - before/after simulation

	DECISION
	RATIONALE
	ALTERNATIVES CONSIDERED
	PUBLIC INVOLVEMENT
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F
	Appendix G


	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22
	Attachment  4.pdf
	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22

	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Attachment  5.pdf
	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Finding of No Significant Impact
	Finding of No Significant Impact
	Context
	Lands and Realty
	Lands with Wilderness Characteristics
	Migratory Birds
	Noxious Weeds, Invasive and Non-native Species
	Recreation
	Soils
	Special Status Species
	Surface and Groundwater Resources
	Vegetation
	Wildlife


	Attach 6 EA-silicon-exploration-project-eagle-permit
	Attachment  6.pdf
	Attach 6 EA-silicon-exploration-project-eagle-permit
	1.0 Introduction
	1.1 Purpose and Need
	1.2 Authorities
	1.3 Background
	1.4 Scoping, Consultation, and Coordination
	1.5 Tribal Coordination

	2.0 Proposed Action and Alternatives
	2.1 Alternative 1: Proposed Action
	2.1.1 Compensatory Mitigation
	2.1.2 Adaptive Management
	2.1.3 Eagle Nest Monitoring
	2.1.4 Five Year Review

	2.2 Alternative 2: No Action Alternative
	2.3 Common to All Alternatives
	2.3.1 Monitoring
	2.3.2 Minimization Measures
	2.3.3 Detection and Reporting Measures

	2.4 Other Alternatives Considered but Not Evaluated in this Environmental Assessment
	2.4.1 Alternative 3: Deny Permit


	3.0 Affected Environment
	3.1 Golden Eagles
	3.1.1 Project Area Habitat
	3.1.2 Project Area Golden Eagle Population
	3.1.3 Territories Within the Project’s Plan Boundary
	3.1.4 Project Eagle Population Stressors
	Exploration Activities
	Roads
	Utilities


	3.2 Bald Eagles
	3.3 Migratory Birds
	3.4 Species Listed under the Endangered Species Act
	3.5 Coordination with Tribal Governments
	3.6 Climate Change

	4.0 Environmental Consequences
	4.1 Alternative 1: Proposed Action
	4.1.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.1.2 Cumulative Effects

	4.2 Alternative 2: No Action Alternative
	4.2.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.2.2 Cumulative Effects

	4.3 Comparison of Effects of Alternatives

	5.0 Mitigation
	6.0 List of Preparers and Reviewers
	7.0 References
	AngloGold Silicon ECP - 20211111_508.pdf
	TABLE OF CONTENTS
	FIGURES
	ACRONYMS AND ABBREVIATIONS
	1.0 PURPOSE OF THIS PLAN
	2.0 INTRODUCTION AND BACKGROUND
	2.1 Location and Exploration History
	2.2 Authorized and Proposed Facilities

	3.0 AREA HABITATS
	3.1 Foraging Habitat
	3.2 Nesting Habitat
	3.3 Topographic Features Attractive to Eagles

	Table 1 SWReGAP Vegetation Communities within the Study Area (Four-mile Radius)
	4.0 TERRITORIES PROPOSED FOR TAKE
	Table 2 Golden Eagle Nests Within the Vicinity of the Project and Status (2014-2021)
	4.1 Beatty Wash Territory: SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502

	5.0 RISK ASSESSMENT
	Table 3 Summary of Impacts to Eagles at the Silicon Exploration Project
	5.1 Habitat-Related Risks
	5.2 Vehicle Collision-Related Risks

	6.0 AVOIDANCE AND MINIMIZATION MEASURES
	Table 4 Golden Eagle Protection Measures
	7.0  MONITORING AND ADAPTIVE MANAGEMENT
	8.0  REFERENCES



	Attach 7 Cleland Ethnographic Trail Systems
	Attachment  7
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation.pdf
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation
	Attach 7 Cleland Ethnographic Trail Systems

	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced
	Attachment  8.pdf
	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced




	Averill-Murray 2021.pdf
	Acknowledgments
	Executive Summary
	Introduction
	The Framework for Mojave Desert Tortoise Recovery
	Historic Population Connectivity
	Design and Goals of the Current Network of Tortoise Conservation Areas
	Challenges and Weaknesses of the Current Network of Tortoise Conservation Areas
	Functional Connectivity of Desert Tortoise Populations Across the Landscape
	Structure and Dynamics of Desert Tortoise Populations
	Effectively Connecting Current Desert Tortoise Habitat to Recover Populations

	Recent Research Relevant to Desert Tortoise Habitat and Connectivity
	Management implications
	(1) Management of All Desert Tortoise Habitat for Persistence and Connectivity
	(2) Limitations on Landscape-level Disturbance Across Habitat Managed for the Desert Tortoise
	(3) Minimization of Mortality from Roads and Maximization of Passage Under Roads
	(4) Adaptation of Management Based on New Information

	Summary
	References Cited
	Appendix 1. Recent Desert Tortoise Habitat and Connectivity Models
	1. Map showing population trends and abundance of adult Mojave desert tortoises within tortoise conservation areas
	2. Images showing diagrammatic representation of inter-patch habitat connectivity of Mojave desert tortoises
	3. Graph showing observations of live Mojave desert tortoises from the U.S. Fish and Wildlife Service range-wide monitoring program relative to the proportion of development in the surrounding landscape within 1 kilometer of the observation location
	4. Map showing desert tortoise conservation areas and linkages in the California Desert Renewable Energy Conservation Plan
	5. Map showing tortoise conservation areas, linkages, and other habitat managed for desert tortoise population connectivity in Nevada, Utah, and Arizona
	1. Surface-disturbance caps in desert tortoise conservation areas and linkages in the California Desert Renewable Energy Conservation Plan

	Martin 2020.pdf
	Introduction 
	Materials and Methods 
	Study Area 
	Water Physicochemical Analysis, Heavy Metals, and Cyanide Detection 
	Bioassays 
	Endpoint and Toxic Response Model 
	Toxicity 

	Ames Test 
	Statistic Analysis 
	Microbiological Analysis 

	Results 
	Physicochemical Parameters 
	Bioassays 
	Ames Test 
	Statistical Analysis 
	Microbiological Analysis 

	Discussion 
	Bioassays 
	Hydra attenuata and Daphnia magna 
	Lactuca Sativa 

	Ames Test 
	Statistical Analysis 
	Total Coliforms, Escherichia Coli, and Somatic Coliphages 

	Conclusions 
	
	References

	Timsina 2022 Land Degrad Dev - 2022 - Timsina.pdf
	Tropical surface gold mining: A review of ecological impacts and restoration strategies
	1  INTRODUCTION
	2  SCALES AND MODALITIES OF OPERATIONS
	2.1  Large-scale gold mining
	2.2  Artisanal and small-scale gold mining

	3  BIOPHYSICAL DEGRADATION FROM SURFACE GOLD MINING IN THE TROPICS
	3.1  Deforestation
	3.2  Soil degradation
	3.2.1  Soil dislodgement and erosion
	3.2.2  Soil fertility

	3.3  Toxicity and contamination
	3.3.1  Acid mine drainage
	3.3.2  Mercury
	3.3.3  Cyanide
	3.3.4  Contamination and plant growth

	3.4  Social challenges
	3.4.1  Social challenges to ASGM restoration
	3.4.2  Social challenges to large-scale gold mine restoration


	4  RESTORATION AND REHABILITATION OF GOLD-MINING SITES IN THE TROPICS
	4.1  Basic site preparation: Backfilling and topsoil conservation
	4.2  Restoration using natural regeneration
	4.2.1  Natural regeneration without topsoil conservation
	4.2.2  Natural regeneration with topsoil conservation

	4.3  Restoration using planting approaches
	4.3.1  Leguminous tree planting
	4.3.2  Non-leguminous tree planting
	4.3.3  Tree planting on overburden and tailings
	4.3.4  Phytoremediation

	4.4  Restoration pathways for former gold mines in the tropics

	5  CONCLUSIONS AND RECOMMENDATIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


	USFWS 2009.pdf
	Chapter 1.  Purpose
	CHAPTER 2.pdf
	Chapter 2.  Procedures for Federal Endangered Species Act Compliance for the Desert Tortoise
	2.1.    Federal Actions
	2.2.    Non-Federal Actions
	2.3.    Recommended Format for Biological Evaluations/Biological Assessment


	CHAPTER 3.pdf
	Chapter 3.  Federal and State Authorizations for Implementing Measures Required under Sections 7 or 10 of the ESA for the Desert Tortoise - Mojave Population
	3.1.   Desert Tortoise - Authorized Biologist and Monitor Responsibilities and Qualifications Form 
	3.2.  Desert Tortoise Authorized Biologist Qualifications Form 


	CHAPTER 5.pdf
	Chapter  5.  After a Biological Opinion or Take Permit Has Been Issued for the Desert Tortoise - Mojave Population:  Preliminary Considerations Before Going to the Field 
	5.1. Marking and Numbering
	5.2.    Field Supplies and Equipment


	CHAPTER 6.pdf
	Chapter 6.  Clearance Survey Protocol for the Desert Tortoise - Mojave Population
	6.1.   Objectives
	6.2.   Applicability of Clearance Surveys
	6.3.   Methodology
	6.4.   Extracting Desert Tortoises from Burrows
	6.5.   Excavating Burrows
	6.6.   Nest and Egg Handling Protocol
	6.7.   Constructing Artificial Burrows
	6.8.  Mapping and Finding Blocked Burrows
	6.9.   Temporarily Confining Desert Tortoises


	CHAPTER 7.pdf
	Chapter 7.   Guidelines for Handling Desert Tortoises- Mojave Population and Their Eggs
	7.1.   Objectives
	7.2.   Specific Considerations before Handling Desert Tortoises
	7.3.    Temperature Considerations
	7.4.   Hot Temperatures
	7.5.   Cold Temperatures
	7.6.   Procedures to Avoid Transmission of Diseases or Parasites
	7.7.   Capturing Desert Tortoises
	7.8.   Processing Desert Tortoises
	7.9.   Desert Tortoise Urination and Hydration
	7.10.   Moving and Releasing Desert Tortoises
	7.11.   Injured or Dead Desert Tortoises


	CHAPTER 8.pdf
	Chapter 8.  Desert tortoise exclusion fence
	Recommended Specifications for  Desert Tortoise Exclusion Fencing
	Fence Construction
	Inspection of Desert Tortoise Barriers
	Repair and Maintenance of Desert Tortoise Barriers


	ADPCF.tmp
	Unequal length transects


	USFWS 2022 - five year status review.pdf
	GENERAL INFORMATION
	Methodology used to complete the review

	REVIEW ANALYSIS
	Application of the 1996 Distinct Population Segment (DPS) policy
	Recovery Criteria
	Recovery Objective 1 (Demography)
	Recovery Criterion 1. Rates of population change (λ) for desert tortoises are increasing (i.e., λ > 1) over at least 25 years (a single tortoise generation), as measured a) by extensive, range-wide monitoring across tortoise conservation areas within ...

	Recovery Objective 2 (Distribution)
	Recovery Criterion 2. Distribution of desert tortoises throughout each tortoise conservation area is increasing over at least 25 years (i.e., ψ [occupancy] > 0).

	Recovery Objective 3 (Habitat)

	Updated Information and Current Species Status
	Biology and Habitat
	Genetics
	Spatial Distribution
	Abundance, Density, and Population Viability

	Threats Analysis
	Factor A: Present or Threatened Destruction, Modification, or Curtailment of Habitat or Range
	Factor B: Overutilization for Commercial, Recreational, Scientific, or Educational Purposes
	Factor C: Disease or Predation
	Factor D: Inadequacy of Existing Regulatory Mechanisms
	Factor E: Other Natural or Manmade Factors Affecting its Continued Existence

	Synthesis


	RESULTS
	Recommended Classification: No change is needed
	Recovery Priority Number: 11C (no change)

	RECOMMENDATIONS FOR FUTURE ACTIONS
	REFERENCES
	APPENDIX: Published Research Since 2011
	Other recent publications on the Mojave Desert Tortoise


	2023-01-20 Oro Cruz comments Exhibit 1.pdf
	Exhibit 1 - EA MND Oro Cruz Conservation Organization comments with Attach 1 to 8 12_26_22.pdf
	EA MND Oro Cruz Conservation Organizations comments 12_16_22 FINAL.pdf
	Re: SMP Gold Corp. Oro Cruz Exploration Project EA/MND
	C. The EA failed to include an adequate mitigation plan under NEPA and BLM mining regulations
	D. The agency must fully review all reasonable alternatives

	A. Biological Resources
	B.  Cultural Resources
	C.  Additional Resource Issues
	1. Source of Groundwater and Impacts
	2. Surface Disturbance
	3. Reclamation Plan is Not Provided

	Conclusion

	Attach 1_8 Oro Cruz comments reduced
	Attach 1 About Us – Southern Empire Resources
	Attachment  1
	Attach 1 About Us – Southern Empire Resources.pdf
	Attach 1 About Us – Southern Empire Resources

	Attach 2 Exploration Plan of operations oct 2020
	Attachment  2.pdf
	Attach 2 Exploration Plan of operations oct 2020
	Imperial Explor. Plan of Ops._Revised  10.16.20
	1.0 Introduction
	1.1 Purpose and Scope
	1.2  Project Overview
	1.3  History
	1.4  Environmental Setting

	2.0  Applicant Information
	2.1  Name of Operator and Claimant
	2.2  Taxpayer EIN:
	2.3  Individual Completing Application
	2.4  Legal Description and Claim Information
	2.5  Claim type
	2.6  Relationship to BLM Regulations and Land Use Plan Conformance

	3.0.  Description of Exploration Activity
	3.1  Activity Description
	3.2  Location and Access
	3.3  Project Area Biology
	3.3.1 Vegetation
	3.3.2 Wildlife
	3.3.3  Mitigation

	3.4  Other Permits
	3.5  Drill Site & Two-track Trail Establishment
	3.6  Drill Site/Drill Hole Locations
	3.7  Operations
	3.7.1  Dust Control and Water Use
	3.7.2  Power and Communications
	3.7.3  Storm Water

	3.8  Environmental Protection Measures
	3.8.1  Air Quality
	3.8.2  Water Quality
	3.8.3  Spill Contingency Plan
	3.8.4  Soils and Erosion Prevention and Control
	3.8.5  Surface Water Resources
	3.8.6  Solid and Hazardous Wastes
	3.8.8  Special Status Species
	3.8.9  Cultural and Paleontological Resources
	3.8.10 Survey Monuments
	3.8.11 Vegetation/Desert Shrub Resources
	3.8.12 Wildland Fire Protection
	3.8.13 Public and Wildlife Safety


	4.0  Reclamation Plan
	4.1  Reclamation Grading
	4.2  Revegetation
	4.3  Weed Control
	5.1  Wildlife
	5.2  Archaeological Sites
	5.3  Surface Water Quality
	5.4  Reclamation Success
	5.5  Annual Reporting

	6.0  Interim Management Plan
	7.0  Schedule of Activities
	8.0  Reclamation Cost Estimate/Financial Assurance
	9.0  Occupancy
	10.0 Acknowledgements
	11.0  References



	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	Attachment  3.pdf
	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	Figure 1 - Map
	Figure 2 - modeled
	Figure 3 - before/after simulation

	DECISION
	RATIONALE
	ALTERNATIVES CONSIDERED
	PUBLIC INVOLVEMENT
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F
	Appendix G


	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22
	Attachment  4.pdf
	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22

	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Attachment  5.pdf
	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Finding of No Significant Impact
	Finding of No Significant Impact
	Context
	Lands and Realty
	Lands with Wilderness Characteristics
	Migratory Birds
	Noxious Weeds, Invasive and Non-native Species
	Recreation
	Soils
	Special Status Species
	Surface and Groundwater Resources
	Vegetation
	Wildlife


	Attach 6 EA-silicon-exploration-project-eagle-permit
	Attachment  6.pdf
	Attach 6 EA-silicon-exploration-project-eagle-permit
	1.0 Introduction
	1.1 Purpose and Need
	1.2 Authorities
	1.3 Background
	1.4 Scoping, Consultation, and Coordination
	1.5 Tribal Coordination

	2.0 Proposed Action and Alternatives
	2.1 Alternative 1: Proposed Action
	2.1.1 Compensatory Mitigation
	2.1.2 Adaptive Management
	2.1.3 Eagle Nest Monitoring
	2.1.4 Five Year Review

	2.2 Alternative 2: No Action Alternative
	2.3 Common to All Alternatives
	2.3.1 Monitoring
	2.3.2 Minimization Measures
	2.3.3 Detection and Reporting Measures

	2.4 Other Alternatives Considered but Not Evaluated in this Environmental Assessment
	2.4.1 Alternative 3: Deny Permit


	3.0 Affected Environment
	3.1 Golden Eagles
	3.1.1 Project Area Habitat
	3.1.2 Project Area Golden Eagle Population
	3.1.3 Territories Within the Project’s Plan Boundary
	3.1.4 Project Eagle Population Stressors
	Exploration Activities
	Roads
	Utilities


	3.2 Bald Eagles
	3.3 Migratory Birds
	3.4 Species Listed under the Endangered Species Act
	3.5 Coordination with Tribal Governments
	3.6 Climate Change

	4.0 Environmental Consequences
	4.1 Alternative 1: Proposed Action
	4.1.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.1.2 Cumulative Effects

	4.2 Alternative 2: No Action Alternative
	4.2.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.2.2 Cumulative Effects

	4.3 Comparison of Effects of Alternatives

	5.0 Mitigation
	6.0 List of Preparers and Reviewers
	7.0 References
	AngloGold Silicon ECP - 20211111_508.pdf
	TABLE OF CONTENTS
	FIGURES
	ACRONYMS AND ABBREVIATIONS
	1.0 PURPOSE OF THIS PLAN
	2.0 INTRODUCTION AND BACKGROUND
	2.1 Location and Exploration History
	2.2 Authorized and Proposed Facilities

	3.0 AREA HABITATS
	3.1 Foraging Habitat
	3.2 Nesting Habitat
	3.3 Topographic Features Attractive to Eagles

	Table 1 SWReGAP Vegetation Communities within the Study Area (Four-mile Radius)
	4.0 TERRITORIES PROPOSED FOR TAKE
	Table 2 Golden Eagle Nests Within the Vicinity of the Project and Status (2014-2021)
	4.1 Beatty Wash Territory: SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502

	5.0 RISK ASSESSMENT
	Table 3 Summary of Impacts to Eagles at the Silicon Exploration Project
	5.1 Habitat-Related Risks
	5.2 Vehicle Collision-Related Risks

	6.0 AVOIDANCE AND MINIMIZATION MEASURES
	Table 4 Golden Eagle Protection Measures
	7.0  MONITORING AND ADAPTIVE MANAGEMENT
	8.0  REFERENCES



	Attach 7 Cleland Ethnographic Trail Systems
	Attachment  7
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation.pdf
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation
	Attach 7 Cleland Ethnographic Trail Systems

	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced
	Attachment  8.pdf
	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced




	BAAQMD 2016_Planning Healthy Places.pdf
	_GoBack
	Planning Healthy Places
	Efforts to Reduce Air Pollution & Exposure
	On-Going Challenges
	Climate Change & Public Health

	Health Impacts
	Sensitive Populations & Land Uses

	Planning Strategies
	Reduce Emissions
	Further Study Areas

	Applying the Planning Strategies
	Implementation
	Planning for Construction
	References
	Appendix A: Best Practices to Reduce Emissions of Local Air Pollution 
	Appendix B: Best Practices to Reduce Exposure to Local Air Pollution 

	ICAPCD 2017 - CEQAHandbk.pdf
	Tier I. Less than 137 lbs/day of NOx or ROG; less than 150 lbs/day of PM10 or SOx; or less than 550 lbs/day of CO or PM2.5
	Tier II. 137 lbs/day or greater of NOx or ROG; 150 lbs/day or greater of PM10 or SOx; or 550 lbs/day or greater of CO or PM2.5

	IPCC 2018.pdf
	Frontmatter
	Contents
	SPM
	TS
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Annex I Glossary
	Annex II Acronymes
	Annex III Contributors
	AnnexIV Expert Reviewers
	Index

	IPCC 2022 - IPCC_AR6_WGII_Chapter14.pdf
	Executive Summary
	14.1	Introduction and Point of Departure
	14.1.1	Context

	14.2	Current and Future Climate in North America
	14.2.1	Observed Changes in North American Climate
	14.2.2	Projected Changes in North American Climate

	Frequently Asked Questions
	FAQ 14.1 | How has climate change contributed to recent extreme events in North America and their impacts?

	14.3	Perception of Climate-Change Hazards, Risks and Adaptation in North America
	14.3.1	Climate Change as a Salient Issue
	14.3.2	Public Perceptions, Opinions and Understanding of Climate Change
	14.3.3	Building Consensus on Climate Change
	14.3.4	Factors Influencing Perceptions of Climate-Change Risks and Adaptation Action

	14.4	Indigenous Peoples and Climate Change
	Box 14.1 | Integrating Indigenous ‘Responsibility-Based Thinking’ into Climate-Change Adaptation and Mitigation Strategies

	14.5	Observed Impacts, Projected Risks and Adaptation by Sector
	14.5.1	Terrestrial and Freshwater Ecosystems and 
Communities
	14.5.2	Ocean and Coastal Social–Ecological Systems
	Box 14.2 | Wildfire in North America
	Box 14.3 | Marine Heatwaves
	14.5.3	Water Resources
	14.5.4	Food, Fibre and Other Ecosystem Products
	14.5.5	Cities, Settlements and Infrastructure
	Box 14.4 | Sea Level Rise Risks and Adaptation Responses for Selected North American Cities and Settlements
	14.5.6	Health and Well-being
	14.5.7	Tourism and Recreation
	14.5.8	Economic Activities and Sectors in North America
	Box 14.5 | Climate-Change Impacts on Trade Affecting North America
	14.5.9	Livelihoods
	Box 14.6 | The Costs and Economic Consequences of Climate Change in North America
	14.5.10	Violence, Crime and Security

	14.6	Key Risks
	14.6.1	Key Risks of Climate Change for North America
	14.6.2	Key Risks Across Sectors in North America
	14.6.3	Cumulative Risk, Tipping Points, Thresholds and Limits

	Frequently Asked Questions
	FAQ 14.2 | What can we learn from the North American past about adapting to climate change?

	FAQ 14.3 | What impacts do changes in the North American Arctic have within and outside the region?
	14.7	Adaptation in North America
	14.7.1	Overview of Observed Adaptation 
in North America
	14.7.2	The Solution Space
	Box 14.7 | Nature-based Solutions to Support Adaptation to Climate Change

	Frequently Asked Questions
	FAQ 14.4 | What are some effective strategies for adapting to climate change that have been implemented across North America, and are there limits to our ability to adapt successfully to future change?
	References


	Rogelj 2016 - Differencesbetweencarbonbudgetestimatesunravelled.pdf
	Differences between carbon budget estimates unravelled
	The purpose of budgets
	An abundance of carbon budgets
	Budget for CO2-induced warming only.
	Threshold exceedance budgets.
	Threshold avoidance budgets.

	The numbers compared
	Strengths and limitations
	Underlying data and modelling.
	Scenario selection.

	Figure 1 | Proportionality of global-mean temperature increase to cumulative emissions of CO2.
	Figure 2 | An illustration of the methods for computing TEBs versus TABs.
	Figure 3 | Non-CO2 forcing and cumulative CO2 emissions.
	Table 1 | Three different types of carbon budgets and their definitions.
	Table 2 | A selection of carbon emission budgets related to a global temperature limit of 2 °C relative to pre-industrial levels from various sources. 
	Box 1 | Non-CO2 temperature contributions.
	References
	Acknowledgements
	Author contributions
	Additional information
	Competing financial interests

	EA MND Oro Cruz Conservation Organization comments with Attachments.pdf
	EA MND Oro Cruz Conservation Organizations comments 12_16_22 FINAL.pdf
	Re: SMP Gold Corp. Oro Cruz Exploration Project EA/MND
	C. The EA failed to include an adequate mitigation plan under NEPA and BLM mining regulations
	D. The agency must fully review all reasonable alternatives

	A. Biological Resources
	B.  Cultural Resources
	C.  Additional Resource Issues
	1. Source of Groundwater and Impacts
	2. Surface Disturbance
	3. Reclamation Plan is Not Provided

	Conclusion

	Attach 1_8 Oro Cruz comments reduced
	Attach 1 About Us – Southern Empire Resources
	Attachment  1
	Attach 1 About Us – Southern Empire Resources.pdf
	Attach 1 About Us – Southern Empire Resources

	Attach 2 Exploration Plan of operations oct 2020
	Attachment  2.pdf
	Attach 2 Exploration Plan of operations oct 2020
	Imperial Explor. Plan of Ops._Revised  10.16.20
	1.0 Introduction
	1.1 Purpose and Scope
	1.2  Project Overview
	1.3  History
	1.4  Environmental Setting

	2.0  Applicant Information
	2.1  Name of Operator and Claimant
	2.2  Taxpayer EIN:
	2.3  Individual Completing Application
	2.4  Legal Description and Claim Information
	2.5  Claim type
	2.6  Relationship to BLM Regulations and Land Use Plan Conformance

	3.0.  Description of Exploration Activity
	3.1  Activity Description
	3.2  Location and Access
	3.3  Project Area Biology
	3.3.1 Vegetation
	3.3.2 Wildlife
	3.3.3  Mitigation

	3.4  Other Permits
	3.5  Drill Site & Two-track Trail Establishment
	3.6  Drill Site/Drill Hole Locations
	3.7  Operations
	3.7.1  Dust Control and Water Use
	3.7.2  Power and Communications
	3.7.3  Storm Water

	3.8  Environmental Protection Measures
	3.8.1  Air Quality
	3.8.2  Water Quality
	3.8.3  Spill Contingency Plan
	3.8.4  Soils and Erosion Prevention and Control
	3.8.5  Surface Water Resources
	3.8.6  Solid and Hazardous Wastes
	3.8.8  Special Status Species
	3.8.9  Cultural and Paleontological Resources
	3.8.10 Survey Monuments
	3.8.11 Vegetation/Desert Shrub Resources
	3.8.12 Wildland Fire Protection
	3.8.13 Public and Wildlife Safety


	4.0  Reclamation Plan
	4.1  Reclamation Grading
	4.2  Revegetation
	4.3  Weed Control
	5.1  Wildlife
	5.2  Archaeological Sites
	5.3  Surface Water Quality
	5.4  Reclamation Success
	5.5  Annual Reporting

	6.0  Interim Management Plan
	7.0  Schedule of Activities
	8.0  Reclamation Cost Estimate/Financial Assurance
	9.0  Occupancy
	10.0 Acknowledgements
	11.0  References



	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	Attachment  3.pdf
	Attach 3 Imperial_ROD_final_1-01 with 1999 Solicitor's Opnion
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	Figure 1 - Map
	Figure 2 - modeled
	Figure 3 - before/after simulation

	DECISION
	RATIONALE
	ALTERNATIVES CONSIDERED
	PUBLIC INVOLVEMENT
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F
	Appendix G


	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22
	Attachment  4.pdf
	Attach 4 BLM letter to Mojave K2 on need for EIS 3-9-22

	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Attachment  5.pdf
	Attach 5 20200724_Silicon_FONSI_Final_Signed
	Finding of No Significant Impact
	Finding of No Significant Impact
	Context
	Lands and Realty
	Lands with Wilderness Characteristics
	Migratory Birds
	Noxious Weeds, Invasive and Non-native Species
	Recreation
	Soils
	Special Status Species
	Surface and Groundwater Resources
	Vegetation
	Wildlife


	Attach 6 EA-silicon-exploration-project-eagle-permit
	Attachment  6.pdf
	Attach 6 EA-silicon-exploration-project-eagle-permit
	1.0 Introduction
	1.1 Purpose and Need
	1.2 Authorities
	1.3 Background
	1.4 Scoping, Consultation, and Coordination
	1.5 Tribal Coordination

	2.0 Proposed Action and Alternatives
	2.1 Alternative 1: Proposed Action
	2.1.1 Compensatory Mitigation
	2.1.2 Adaptive Management
	2.1.3 Eagle Nest Monitoring
	2.1.4 Five Year Review

	2.2 Alternative 2: No Action Alternative
	2.3 Common to All Alternatives
	2.3.1 Monitoring
	2.3.2 Minimization Measures
	2.3.3 Detection and Reporting Measures

	2.4 Other Alternatives Considered but Not Evaluated in this Environmental Assessment
	2.4.1 Alternative 3: Deny Permit


	3.0 Affected Environment
	3.1 Golden Eagles
	3.1.1 Project Area Habitat
	3.1.2 Project Area Golden Eagle Population
	3.1.3 Territories Within the Project’s Plan Boundary
	3.1.4 Project Eagle Population Stressors
	Exploration Activities
	Roads
	Utilities


	3.2 Bald Eagles
	3.3 Migratory Birds
	3.4 Species Listed under the Endangered Species Act
	3.5 Coordination with Tribal Governments
	3.6 Climate Change

	4.0 Environmental Consequences
	4.1 Alternative 1: Proposed Action
	4.1.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.1.2 Cumulative Effects

	4.2 Alternative 2: No Action Alternative
	4.2.1 Direct and Indirect Effects
	Bald Eagles
	Migratory Birds
	Species Listed under the Endangered Species Act

	4.2.2 Cumulative Effects

	4.3 Comparison of Effects of Alternatives

	5.0 Mitigation
	6.0 List of Preparers and Reviewers
	7.0 References
	AngloGold Silicon ECP - 20211111_508.pdf
	TABLE OF CONTENTS
	FIGURES
	ACRONYMS AND ABBREVIATIONS
	1.0 PURPOSE OF THIS PLAN
	2.0 INTRODUCTION AND BACKGROUND
	2.1 Location and Exploration History
	2.2 Authorized and Proposed Facilities

	3.0 AREA HABITATS
	3.1 Foraging Habitat
	3.2 Nesting Habitat
	3.3 Topographic Features Attractive to Eagles

	Table 1 SWReGAP Vegetation Communities within the Study Area (Four-mile Radius)
	4.0 TERRITORIES PROPOSED FOR TAKE
	Table 2 Golden Eagle Nests Within the Vicinity of the Project and Status (2014-2021)
	4.1 Beatty Wash Territory: SI-301, SI-302, SI-303, SI-304, SI-305, and SI-502

	5.0 RISK ASSESSMENT
	Table 3 Summary of Impacts to Eagles at the Silicon Exploration Project
	5.1 Habitat-Related Risks
	5.2 Vehicle Collision-Related Risks

	6.0 AVOIDANCE AND MINIMIZATION MEASURES
	Table 4 Golden Eagle Protection Measures
	7.0  MONITORING AND ADAPTIVE MANAGEMENT
	8.0  REFERENCES



	Attach 7 Cleland Ethnographic Trail Systems
	Attachment  7
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation.pdf
	Title Pages from Exploring the Boundaries of Historic Landscape Preservation
	Attach 7 Cleland Ethnographic Trail Systems

	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced
	Attachment  8.pdf
	Attach 8 Wiele et al 2008 USGS accounting surface sir2008-5113_text reduced




	undefined: 
	Subtotal: 
	31549: 
	Downlist to Threatened: 
	Uplist to Endangered: 
	Delist Indicate reasons for delisting per 50 CFR 42411: 
	Extinction: 
	Recovery: 
	Original data for classification in error: 
	Date: 
	The lead Field Office must ensure that other offices within the range of the species have been: May 20, 2022


